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PREFACE

Welcome to XV International Scientific and Technical Conference Computer Sciences
and Information Technologies CSIT 2020, which is organized by IEEE Ukraine Section, IEEE
West Ukraine AP/ED/MTT/CPMT/SSC Societies Joint Chapter, Lviv Polytechnic National
University, National Academy of Sciences of Ukraine, Institute of Computer Science and
Information Technologies, Technical University of Lodz, Kharkiv National University of Radio
Electronics, International research and training center for information technologies and systems,
Western Scientific Center of the National Academy of Sciences of Ukraine and of Ministry of
Education and Science of Ukraine, Karpenko Physico-Mechanical Institute of the National Academy
of Sciences of Ukraine, patronized by Ministry of Education and Science of Ukraine.

The Scientific and Technical Conference on Computer Science and Information
technologies has been organized regularly since 2004, its reputation increases year by year, the same
as the number of participants. It also proofs that the primary objective of the conference is reached,
i.e. to promote the international exchange of scientific and technical information in the wide area of
computer sciences. To achieve this goal, various aspects of computer science will be presented in
such major topics:

e Atrtificial Intelligence

e Mathematical Modeling

e Applied Linguistics

e Big Data and Data Science

e Software Engineering

e Intelligent Management Technologies

e Data and Knowledge Engineering

e Project Management

e Inductive Modeling

e Computational methods and information transformation

For the main conference, we received about 150 submissions which engaged over 350
authors. Together with our satellite workshops, it was over 270 submissions and about 500 authors
from Poland, Germany, Czech Republic, Spain, Japan, Italy, Georgia, and Ukraine, and Program
Committee have crystallized a high-level technical program of oral presentations. To continue
previous successful practice, CSIT 2020 hosts three international scientific workshops: International
Workshop on Inductive Modelling IWIM-2020, International Workshop on Project Management



\%

IWPM 2020, International Workshop on Information modeling, Data and knowledge engineering
IWIMDKE 2020, and International Workshop on Computational methods and information
transformation 2020, all supported by IEEE.

The sincerest, boundless gratitude of organizers is sent to members of International
Program Committee, who supported CSIT 2020 conference by participating in it, their
comprehensive reviews allowed the conference to participate in the promotion of science and
technological excellence. It should be proudly mentioned, that some papers are common for several
institutions, and even countries, involved in the conference. Such examples of international
cooperation, that we have noticed in papers, submitted this year, has inspired CSIT 2020
International Program Committee and Organizing Committee to encourage the cooperation.

There is no reason to explain the unfortunate events that brought us to distant Conference
mode, but let me reassure you the safety and health of the participants is a priority for the conference
organizers. Both participants and organizers won't miss a chance to enrich their experience without
risking your health.

| am sure that this event will provide participants with an excellent opportunity to exchange
ideas and information about their research findings and will give us all the opportunity to refresh
personal contacts and establish the new ones.

Once again, welcome at the 15th Scientific and Technical Conference on Computer Science
and Information technologies!

Sincerely yours,

/ Mykola Medykovskyy
M Director of Institute of Computer Sciences and
Information Technologies of Lviv Polytechnic

National University, Ukraine

. CSIT 2020 Executive Chair
Lviv 2020
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Abstract—The article suggests a new model of the Earth's
thermal processes, based on a new understanding and formaliza-
tion of cumulative processes of heating and cooling of parts of the
Earth (inner core, outer core and mantle, crust, atmosphere).
The geothermal model of the Earth with heat fluxes constructed
according to the laws of thermodynamics, in which from a depth
near to the center of the Earth's core there is a constant power
coming from a depth to the surface of the Earth. One of the con-
sequences of the new model of the Earth's thermal processes is
the justification of the existence of an internal source of heat in
the center of the Earth's core, from which an energy is absorbed
in a small part by its substance and, in the larger part, is emitted
into the open physical space. Mathematical modeling of the Earth
heat processes formulate a new understanding of the thermal
processes in our planet in general and is the basis for creating
tools for predicting dangerous natural processes of endogenous
origin, making possible the stability analyzing of natural geosys-
tems, developing and new eco-geotechnologies.

Keywords — geothermal model of the Earth; forecasting emer-
gencies; natural ecosystems; civil protection

I. INTRODUCTION

Predicting emergencies of natural endogenous origin at the
current stage of science is unreliable. One of the reasons for the
low reliability of such forecasts is the unresolved fundamental
issues of the Earth's thermal processes. The analysis of the de-
veloped geothermal model of the Earth with heat fluxes indi-
cates the increase of the planet's temperature with constant total
gravitational energy with increasing depth. Alongside in the
model have place the existence of the physical sequential
mechanisms that are triggered by the thermal energy when ap-
proaching the Earth's center with the increase of the thermal
energy density in the center of the Earth's core.

The present state of the Earth is filled with various threats
of emergencies of natural and man-made origin. If man-made
threats of emergencies are widely investigated, alongside natu-
ral threats are much less studied.

Annually, there are approximately about 1200 earthquakes
in the world with magnitude over 6 points. Over the past 30
years, there has been a tendency for an increase of ruining
earthquakes with magnitudes greater than 6 points (Fig. 1).
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Fig. 1. Dynamics of earthquakes in the world: 1 - the number of all
earthquakes, 2 - the number of earthquakes with a magnitude greater
than 6 points [1]

Accordingly, there are increasing material losses and hu-
man casualties as a result of earthquakes. The record year was
the 2010 earthquake that killed 226,000 people [1]. One of the
reasons for such great human casualties from the impact of
earthquakes is the poor accuracy and reliability of their predic-
tion. The reliability of predicting endogenous activity is so low
that the United State Geological Survey use information from
Twitter popular service information site.

The main problem of predicting emergencies of natural
endogenous origin is white spots in understanding of the
Earth’s thermal processes. It is impossible to predict the occur-
rence of an earthquake without a reliable model of thermal
processes in insides of the Earth, those processes determine the
motion of lithospheric plates, and smaller elements of the
Earth's crust. Also, a poor understanding of thermal processes
leads to emergencies in mining [2] and delay the development
of eco-technologies.

Il. STATE OF THE STUDY OF THE EARTH’S HEAT PROCESSES

A number of scientists investigated a problem of the geo-
thermal model of the Earth. In particular, Sorohtin O., Ushakov
S. [3] have proposed geothermal models of “cold” Earth. The
authors of this model consider the process of cooling the Earth
with radioactive sources of internal heat as a conductive heat
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flux, the temperature in the center of the Earth is constant
throughout its evolution, about - 6370 ° K.

Kuznetsov V.V. [4] have proposed a model of "hot" Earth.
According to this model, the conductive heat flux of the Earth
occurs as a result of phase transformations of matter on the
surface of the nucleus. He go out from the initial temperature in
the center of the Earth at the level of 30000°K.

Despite the significant contributions of these and other re-
searchers, some fundamental issues remain unresolved. In par-
ticular, why is the power density (398.2 W/m?) of radiate heat
flux from the Earth's surface 4577 times greater than the power
density (0.087W/m?) of its conductive heating-cooling, and at a
depth of 50 m (364.46W/m?) — 4189 times? What heat fluxes
are the cause, and what are the consequences in the geothermal
Earth’s model, and from which physical processes or from one
common physical process? This contradiction shapes the pur-
pose and objectives of the presented study.

I11. AIM OF THE RESEARCH

Develop and investigate a dynamic geothermal model of
the Earth with exogenous and endogenous heat fluxes observed
on the Earth's surface at given values of their thermal energy
power, elastic parameters distribution in the nucleus, mantle,
crust, and temperature of the atmosphere. The model will cre-
ate a new fundamental basis for a variety of practical applica-
tions, including an improvement of the reliability predicting
dangerous natural processes of endogenous origin.

IVV. RESULTS OF THE RESEARH AND DISCUSSION

In general, the intensity of the Earth's heat fluxes depends
on the energy of the Sun, the parameters of the atmosphere, the
lithosphere, the mantle, and the core of the Earth. The geo-
thermal model of the Earth (GTME) with heat fluxes is con-
structed according to the laws of thermodynamics, in which the
Earth's internal heat source (EIHS) has a constant power of
1,859*10Y'W (364,46 W/m?), which extends from a depth of
50 m to the Earth's surface. The model works as follows: EIHS
heat the inner core, which cool, heating the outer core and man-
tle. The cooling of the mantle is accompanied by the heating of
the lithosphere. In addition, the cooling of the lithosphere is
due to the heating of the atmosphere, which cool with a radia-
tion flux density of 239.9 W/m? of average infrared (IR) waves
[5]. Analysis of the Earth's heat balance shows that the atmos-
phere transmits 66% of the average IR waves of the EIHS.
Thermal flux of short absorbed IR waves penetrates the Earth's
surface at 0.41*10Y W (161W/m?) [6], (163.3 W/m?) [5]. The
heat flux density of 398.2 W/m? [5] from medium and long IR
waves corresponds to an average temperature on the Earth's
surface of 16.3°C according to the Stefan-Boltzmann law. At
the depth of the neutral layer, exogenous and endogenous heat
fluxes are composed of opposite gradients. The Earth's neutral
layer is characterized by a constant temperature throughout the
day and year. Within Ukraine, the temperature of the neutral
layer varies from 7 to 12°C. Below the neutral layer, the tem-
perature naturally increases with depth. Above the neutral layer
temperature changes during the day and year is more affected
by exogenous heat, that is, by the Sun's heat than by endoge-
nous heat. Conductive cooling of the Earth at the depth of the
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neutral layer is almost stopped. The Earth is in an adiabatic
thermodynamic state. The surface temperature of the litho-
sphere remains unchanged at an average of 10°C (283.15 K)
with the corresponding heat flux density of 364.46 W/m?. Fail-
ure to account for the close thermal connection between the
mantle and the Earth's atmosphere results in erroneous models
of the Earth's thermal field, which in turn makes it impossible
to create reliable forecast systems.

It should be noted that on the eve of earthquakes in the at-
mosphere, an increase in the luminescence (up to 30%) of the
lower atmosphere, variations of the magnetic and electrical
components of the field of noise low-frequency radiation and
other changes in the atmosphere of the Earth, etc. are recorded.
It is proved that during the earthquake, when the ionization in
the D-region of the atmosphere sharply increases, the thermal
balance of the upper atmosphere at altitudes of 80-130 km
changes. The heating of the upper atmosphere by the flow of
energy electrons is related to the action of seismic low-
frequency radiation and to the oscillation of the power geo-
magnetism under the action of moving tectonic plates [7].

The GTME study is performed by thermodynamic and en-
ergy analysis methods using the probability deterministic func-
tion, which will be more detailed explained in the following
paper to this article. Energy analysis method exploits the idea
of compatible action at every point in the physical space of
laws: the conservation, modification, transfer, and packing of
energy in the stochastic movement of physical points.

It is important to note that the thermal balance on the sur-
faces of the planets of the Solar system, where the amount of
endogenous heat generated by the planets, depending on their
mass, increases. All planets (except Jupiter and Saturn), at
some depth, are in an adiabatic thermodynamic state and have
close exogenous and endogenous heat fluxes. Jupiter and Sat-
urn have endogenous heat fluxes greater than exogenous ones.
This raises the question of the time profile of the temperature
on the Earth's surface from its formation, when the temperature
of the entire planet was equal to, say, 6000°C (6273°K), which
forms the initial density of the endogenous heat flux by the
Stefan-Boltzmann law 8.78*107 W/m? for the cold Earth mod-
el. For the hot Earth model, the density of endogenous heat flux
is assumed to be constant at 364.46 W/m?. Then, the process of
the Earth’s deposit take place in an adiabatic state with the in-
crease of the internal temperature in the nucleus to a given lev-
el of its stabilization.

It is proved that the internal energy of rocks at each depth is
in thermodynamic equilibrium with gravitational energy. The
rock temperature at each point in the vertical direction is de-
termined by the Stefan-Boltzmann law, which apparently forms
the heat exchange determined by the Fourier heat conduction
law.

The dependence of the geological strata of the medium is
approximated as dependence of depth z in the model. Based on
the equality of the heat flux density according to the law of

Fourier with coefficient of thermal conductivity A, ,W/m/°K,

in the left part and the Stefan-Boltzmann's law in the right-hand
side of the differential equation, the geological environment
temperature distribution by depth z for a stationary thermody-
namic state of appearance is valid:
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A -grad(T,) =z, .aRga[{T3 +2,-grad (T, )}4 —T;‘J (1)

or

T*(z)-aT (2)+b=0. (2)

f /’{’f 4 -

Wherea = ————, b=| —— T, =T, | are the coeffi-
Zy -0RgEC 7y - 0REC

cients of layers of geological medium (GM) at a given depth z,
which vary in depth and composition of rocks, & - blackness
factor, «, - coefficient of radiation absorption, m;

T(z) ™

which depends on two main factors, namely, the in-depth com-
pression and absorption of part of the energy of electromagnet-
ic waves emitted by the EIHS from the bowels according to the
Stefan-Boltzmann law at a temperature in the center of the nu-

cleus 6273°K; o =5,67-10° W/m?/°K* is a Stefan-Boltzmann
constant.

+T3(Z)} — GM temperature, °K,

On the surface of the lithosphere, the energy of the EIHS
waves have the density of 364.46 W/m?, which, according to
the Stefan-Boltzmann law forms a stationary temperature of
T,=283°K, (273+10) °K. With increasing a depth, the tempera-
ture of the rocks increases, that is, the temperature of the Earth
is a function of the density of gravitational energy, where E; -

the gravitational energy of the Earth, which increases towards
the center.

Experimental and theoretical geophysical studies of tem-
perature dependence and stress of rocks in their depth allowed
the authors to develop the T3 function .

Using the Debye Solid State Theory, which determines the
substance density of thermal energy of a solid and the energy
approach for modeling the change in the modulus of substance
elasticity in GM from the change in gravitational energy. The
relation between the density of elastic energy, which depends
on its own gravitational energy with the density of thermal
energy in the Earth's lithosphere is described by the equation

7' RT; _

Pey 18 T

s

p

e(T)=e(Es)—> (Es)Im®,  (3)

or for the temperature-dependent gravitational energy in the

form
ou
T3(EG)Z‘J3R;;“ [

where R =8,31451, J/mol/°K is the universal gas constant;
7 =6,626-10 J*s is the Planck constant, determines Debye

(Es).°K, (4

iz_”jsv5
I(B ﬂ’min !
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planet temperature T, = M 7 k; =1,380648-10%J/°K is
a Boltzmann constant; y,, p - molar mass and density of mat-
ter of the planet, respectively, kg/mole, kg/m?; T(EG)- inter-
nal temperature of planet matter, Q. =22V, (Eg)/ Ay, °K -

the maximum frequency of oscillation of elementary objects of
matter of the planet, depending on its gravitational energy, s;

Vo (Eg) = Vb [ 141 {1+ Eg (2)/we, (2)}] -
velocity of P-wave at depth z in GM, m/s; V,,- the average
velocity of the P-wave on the planet's surface, m/s;
e,(z)=p(2)V¥ (z)- volumetric density of elastic energy,
Jm3; w, - of GS, m?

propagation

unit volume

R-zpp

Es(2)=7 _[ m(z)/(R-z)dm(z) - the gravitational energy
R

of the planet, J., y — gravitational constant; V ;,, V, ;, - interval

velocities of S and P waves, respectively, m/s;
th—ian—in 1272'2 - R
i = 37— ~— - Minimum acoustic wave-
TD I(B (Vs—in +Vp—in )
length, m.

The connection of radiation and conductive heat fluxes of
the Earth is also proved, the total thermal conductive power in
the atmosphere of solar rays is determined, the temperature of
their photons, and the temperature characteristics of the Earth's
surface are calculated taking into account the thermal energy of
the Sun.

The results obtained provided a sound scientific basis for
the development of an Earth model with exogenous and endog-
enous radiate heat fluxes.

Geothermal model of the Earth for sequential processes of
heating and cooling of its phases (inner core, outer core and
mantle, crust, atmosphere) is presented in the form for the
equations following subsequently for the internal core, external
core, crust, and atmosphere:

N3_th = CGd ek AGTGdt ;

AGert =CM dz’M +AM ™ dt ;

_ . )
AM ™ dt —C[(drK +AKrKdt ;

(AKTK +NC_3)dt :CAdrA +AArAdt :

where N,_.dt- total thermal energy of the Earth, J;
N._,dt - the total thermal energy of electromagnetic waves
from the Sun on the Earth's surface, J.; C,dz; - the energy of
heating the inner core of the Earth, J.; 75 - the current overage

temperature of the inner core above the magma temperature,
°K; A,7dt - cooling energy of the surface of the inner core, J.;

C,dz,, - heating energy of magma, J.; z,, - the current excess
temperature of magma on its surface above the temperature of
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the crust, ° K; A, 7,,dt- energy of cooling by the magmatic
phase for heating of the crust and atmosphere, J.; C,.dz, - crust
heating energy, J.; 7, - the current excess crust temperature on
the Earth's surface above atmospheric temperature, °K;
(Actq +Nc)dt - energy that warms the atmosphere from
Earth and the Sun, J.; A 7, dt - cooling energy of the crust, J.;
C,dz, - atmospheric heating energy, J.; 7, - the current excess

temperature of the atmosphere on the Earth's surface above the
temperature of the open physical space, °K; A,7,dt - energy

released by the atmosphere into the open physical space, J.;
As =N, . /T, - coefficient of heat transfer of the surface of

the inner core of the Earth, J.°C/s; A, =N, /'FM - coefficient
of heat transfer of the surface of the mantle of the Earth,
J./°Cls; A =N, /T, - heat transfer coefficient of the surface
of the Earth's crust, J./°C/s; A, =N, ,./T, - coefficient of heat
transfer of the atmosphere, J./°C/s;
Cg =cgmg +c,,my, +c,my, +c,m, - entropy of all phase
states of the substance of the Earth, I./°C;
Cy =cymy, +cemy +c,m, - entropy of magma, crust, Earth's
atmosphere, J./°C; C, =c,m, +c,m, - entropy of the crust
and atmosphere, J./°C; C, =c,m - entropy of the Earth's at-
mosphere, J./°C; T, = 6000 - surface temperature of the inner
core, °C; Ty =0,5(T +T,o)=0,5-(1320+10) = 665- the

average temperature of the crust between the temperatures of
the inner and outer surfaces, °C;

Ty =0,5-(T, +T,,)=0,5-(1320+4026) =2673 - average
temperature of the magmatic phase, ° C; TTA =14,2- average
temperature of the Earth's atmosphere, °C; E; = N, _, -t,- the
total thermal energy spent on heating the Earth during its geo-

logical existence during time t;, J.; mg = pg gﬂRé - mass of

the inner core, kg; m,, = py, ~g7r|:(R3 —ALg )3 - Ri} - mass of

outer core and mantle, kg;

My = Py -gﬂ'[(Rg)S—(R?—ALK)S}' mass of the crust, kg;

m, =5,3-10"- given mass of the atmosphere, Kkg;
Pss Pus Prr Pa- average densities of the nucleus, magma,
crust, Earth's atmosphere, respectively, kg/m?;
N, » = Acty =15, S; =1,_,-4zR; - set the total thermal
power of the conductive heating-cooling on the surface of the
Earth's crust, W; 7, , =0,087 - the average density of thermal

conductive flow on the surface of the crust, W/m2. The first
equation describes the thermal processes in the Earth's inner
core, the second - in the outer core and mantle, the third - in the

Earth's crust, and the fourth - in the atmosphere. Only a con-
sistent consideration of all these relations can ensure the con-
struction of a reliable geothermal model of the Earth.

Analysis of the developed geothermal model of the Earth
with heat fluxes indicates an increase in the planet's tempera-
ture with constant total gravitational energy with increasing
depth, as well as the existence of the following physical se-
quential mechanisms that are triggered by the thermal energy
when approaching the Earth's center with an increase in the
thermal energy density.

The new geothermal model of the Earth provides the scien-
tific basis for a more accurate prediction of the geodynamic
activity of the Earth, which will help to solve the important
task of civil protection - ensuring the safety and protection of
the population and territories from the negative consequences
of emergencies.

V. CONCLUSIONS

The developed geothermal model of the Earth forms a new
understanding of the thermal processes of our planet and is the
basis for the creation of the tools for predicting dangerous natu-
ral processes of endogenous origin, the development of new
energy saving geophysical technologies. Basing on the experi-
ment data material will be given in a full paper.

The scientific significance of the geothermal model of the
Earth with exogenous and endogenous heat fluxes substantiate
the existence of an internal source of thermal energy in the
center of the Earth's core, the energy is absorbed in a small part
by the substance of the Earth, and the larger part is emitted into
open physical space. The endogenous source is caused by the
change of thermoplastic parameters of the substance with the
change of depth, which are characterized by temperature gradi-
ents, conductive heat fluxes and velocities of acoustic waves.
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Olha Mokrytska 415
Pawetl Czarnul 407

Petro Kostrobij 208, 221
Petro Onyskiv 155, 163
Petro Pukach 141

Piotr Lipinski 15

Rina Novogrudska 320
Roksolana Nazarchuk 263
Roksolyana Stolyarchuk 150
Roman Bazylevych 192, 407
Roman Melnyk 419

Roman Stupen 88

VIl
Roman Volianskyi 212

Roman Vovnyanka 285
Rostyslav Bun 84

Ruslan Lavshhenko 100
Ruslan Tushnytskyy 419
Sergei Yelmanov 382, 440
Sergey P. Tsarev 175
Sergii Gubin 167

Sergii Kliuiev 369

Sergii Kuzmin 361

Serhii Spivak 159, 387
Serhii Lupenko 155, 163
Serhii Mentynskyi 150
Serhii Mitsenko 423
Serhiy Shcherbovskykh 373
Serhiy Soroka 369
Solomiia Albota 295
Svetlana Sinchenko 167
Svitlana Krepych 159, 387
Taisa Borovska 400

Taras Chaikivskyi 396
Taras Dolynyuk 62
Tatiana Kolesnikova 183
Tatsuya Yamazaki 340

Tetiana Hovorushchenko 308,
312

Tetiana Shestakevych 276, 400

Tetyana Olyanyshen 251

Tetyana Petrushka 229
Tetyana Stefanovych 373
Tomohiro Oda 84
Valentyna Panasyuk 285
Vasyl Dubuk 369

Vasyl Andrunyk 55, 66, 119,
125,134

Vasyl Dozosky 188
Vasyl Karabin 146
Vasyl Karpenko 146

Vasyl Lytvyn 40, 109, 267,
280, 285

Vasyl Mandziy 7

Vasyl Rabyk 47

Vasyl Teslyuk 259
Viacheslav Zosimov 428
Victor Severilov 400

Victoria Vysotska 40, 109,
114, 267, 280, 285

Viktor Shynkarenko 336, 392,
411

Viktor Zhukovskyy 237
Viktoriia Vasyliuk 276
Vitalii Koshovyi 247
Vitalii Larin 352

Vitaliy Yakovyna 377, 436
Vitaliy Kinakh 84

Vitaliy Polovyi 208

Vladimir Mitrohyn 247



Vladislav Neshachin 24
Vladyslav Glukhov 308
Vladyslav Kotsovsky 28, 32
Vladyslav Shuryhin 146
Volodymyr Lytvynenko 36
Volodymyr Riznyk 105
Volodymyr Shymanskyi 200
Vyacheslav Nykytyuk 188
Winfried Auzinger 175
Yaroslav Hlynskyi 141
Yaroslav Pelekh 150
Yaroslav Krainyk 80

Yaroslav Sokolovskyy 200,
212, 415

Yelyzaveta Hnatchuk 312
Yevgen Burov 267
Yevgen Burov 280
Yevgeniy Bodyanskiy 92, 96
Yevhen Darnapuk 80
Yevhen Davydenko 332
Yevheniia Kataieva 423
Yulia Pukach 141

Yuliia Shyika 276

Yurii Havrylko 419

Yurii Hulyk 272

Yurii Pronchakov 324
Yurii Stoianov 204

Yuriy Romanyshyn 382, 440

IX
Yuriy Shpak 109

Yuriy Starodub 146
Yuriy Zaychenko 1
Zinovij Lyubun 47

Zoriana Ryzhok 88



