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In the article, investigation is given of the developed mathematical models of nonequilibrium in time and distributed in space
thermodynamic state of Earth’s matter from its center to its surface depending on the cases of the presence and absence of an
internal source of thermal energy concentrated in the center of mass taking into account known geophysical data about the
nucleus, mantle, lithosphere and atmosphere, and endogenous and exogenous heat fluxes. +e objects of research are as follows:
mathematical models of geothermal energy of the Earth, its internal source, and heat balance of endogenous and exogenous heat
fluxes on the Earth’s surface. Research methods used are as follows: thermometry in deep wells, ground and remote sensing of heat
fluxes of the Earth and the planets of the Solar System, mathematical modeling of heat exchange and thermoelastic processes from
compression of Earth’s matter by gravitational field energy information and classical physical and mathematical methods, and
computer modeling. +e aim of research: in computer modeling to provide new mathematical models that determine the
geophysical parameters of geothermal energy, which are aimed on solving problems of energy, environmental and economic
security of society, using modern technical means of calculating ground and remote sensing data development of geothermal
resources, and regulation of the heat balance of the ecosystem, namely: (i) study of the geological structure of the lithosphere to a
depth of 10 km by remote sensing to determine the physical parameters of its layers more accurately than ground methods; (ii)
development of projects of geothermal power plants on the basis of single isolated wells of a given depth with a capacity of up to
2÷ 3mW of electricity on continents of the globe; (iii) real-time monitoring and forecasting of the temperature field of the
atmosphere according to its physical and chemical composition. +e novelty of the obtained research results: (i) developed the
mathematical model of the physical process of origin and distribution in the bowels of the density of geothermal energy of the
Earth from the surface to its center, which is the density of internal energy of an elementary geological object, and which increases
when approaching the center of the planet; (ii) developed the mathematical model of the thermal energy source of infrared (IR)
waves of the elementary geophysical object of the Earth’s interior depending on the depth of its occurrence, which allows to
determine the stable generation of geothermal energy by rocks in a deep well for extraction and conversion into electricity and to
study the geological structure and physical properties of the Earth’s interior; (iii) the mathematical model of heat exchange
between the layers of the Earth’s subsoil with the thermal energy of infrared waves according to the laws of Fourier thermal
conductivity and Stefan–Boltzmann heat transfer, which together with the geothermal energy source model allows to determine a
thermal capacity of rocks in a deep well; (iv) developed the mathematical model of stable action of a source of thermal energy in
the center of mass of the Earth, in the absence of which it is hard to explain the power of its endogenous infrared heat flux,
parameters of geothermal energy distribution in the Earth, and the current thermodynamic state of the atmosphere, and the
change in temperature of which depends on the thermophysical parameters of the physical-chemical composition of the at-
mosphere more than on changes in the thermal activity of the Sun; (v) determination of new numerical values: thermophysical
parameters of the Earth’s interior; kinetic, potential and own gravitational energy of the Earth and own gravitational energy of the
planets of the Solar System.
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1. Introduction

-e process of development of geothermal resources (GTRs)
for energy, environmental and social security of local society
is growing in many countries around the world. -e ex-
perience (of the Organic Rankine Cycle World) of using
GTR shows that the most promising technology for the use
and conversion of geothermal energy into thermal and
electrical energy consumption is electric geothermal station
technology based on an isolated single well (EGS-ISW).
However, the current scientific and technical level of means
of development of GTR does not allow to make this tech-
nology economically attractive. -e reason is the lack of an
adequate unified physical idea of the nature of geothermal
energy. Existing physical ideas about the origin of geo-
thermal energy are based on two hypotheses: “cold” and
“hot” Earth [1], which do not answer a number of important
questions for the development of society based on geo-
thermal energy, which arise in the analysis of endogenous
and exogenous thermal flows of the Earth.

At the same time, the experience [1] of drilling deep,
more than 3500m, oil and gas wells and special experimental
studies [2] of wells with a depth of more than 4000m show
that single deep wells have significant potential for stable
heat generation up to 15MW, which increases with the
depth of the well. -is GTR can be widely used.

In [3], an analysis of 94 electric geothermal stations
(EGSs) located around the world was performed. -e
analysis showed that the scientific and technical level created
by EGS for the use of geothermal waters and the conversion
of their thermal energy into electricity provides different
efficiencies of 1÷ 27% of their work.-e economic efficiency
of EGS is less than 5 years and depends on the generation of
absolute power of thermal energy for consumption. -e
efficiency of EGS-ISW technology [4, 5] has a similar
technical efficiency of converting thermal energy into

electricity, but the economic efficiency has a payback period
of more than 5 years.

+e task of the article is to provide and prove a physical
representation of the hypothesis of “hot” Earth about the
nature of geothermal energy, the conversion of gravitational
energy into thermal energy, and to investigate the developed
complex mathematical substantiation of this representation
on known ground and remote sensing data tasks of devel-
opment of geothermal resources, ecological monitoring, and
forecasting of thermodynamic state of the atmosphere.

For heat and mass transfer problems, in particular, for
EGS-ISW technology, studies of the thermal conductivity of
nanofluids play an important role [6]. In addition to thermal
conductivity, nanofluids have lubricating, anticorrosive,
absorbing properties of thermal energy of IR waves. -e
results obtained in this work on the complexation of con-
ductive and radiative thermal conductivity allow us to study
the energy-absorbing properties of infrared waves by
nanofluids of different composition.

2. Materials and Methods

We study the geothermal model of the Earth with radiate
and conductive endogenous and exogenous heat fluxes,
taking into account well-known geophysical parameters,
namely: the distribution of average temperatures in its
subsoil and on the surface and its external general gravi-
tational, internal potential, and kinetic energy using an
energy method. -e statement involves an interpretation of
the joint action in every point of the physical space of the
conservation, change, and transfer energy laws [7].

Consider the known energy balance of radiated exoge-
nous and endogenous heat fluxes on the Earth’s surface.

-e proposed geothermal model of the Earth (GTME)
with thermal flows has the form

geothermal Earthmodel � Sun
���→

+ atmosphere + lithosphere
⟵

0–50km
+mantle + external core

⟵

50–2890–5150km
+ core
⟵

5150–6371km
+ ISE
Core centre

. (1)

-us, the geothermal model of the Earth includes en-
ergies of the Sun + atmosphere + lithosphere + (Earth man-
tle + outer core) + core + internal source of the Earth (ISE)
based on the laws of thermodynamics, in which the ISE has a
constant power of 1.859 ·1017W (364.46W/m2), which is
observed at a depth of 50m.-emodel works as follows: ISE
heats the inner core, which cools, heating the outer core and
mantle. Cooling of the mantle is accompanied by the heating
of the lithosphere. And the cooling of the lithosphere takes
place also due to the influence of the atmosphere, which
cools with the density of the radiation flux of 239.9W/m2 of
infrared waves. -e analysis of the thermal balance of the
Earth shows that the atmosphere passes 66% of the IR waves.
-e heat flux of short IR waves penetrates on the Earth’s

surface from the Sun and is absorbed at the level 0.41∙1017W
(161W/m2) [8] and (163.3W/m2) [9, 10].

According to the authors of this article, the density of the
thermal flux of 398.2W/m2 from the medium and long
infrared waves corresponds to an average temperature of the
Earth’s surface, which is 16.3°C according to the Ste-
fan–Boltzmann law. At a depth of 50m, where the typical
temperature is 10°C, exogenous and endogenous heat fluxes
are formed with opposite gradients. -erefore, the con-
ductive cooling of the Earth at this depth is almost stopped.
-e Earth is in an adiabatic thermodynamic state. -e
temperature of the lithosphere at a depth of 50m remains
unchanged at an average temperature of 10°C (283.15K)
with a corresponding heat flux density of 364.46W/m2.
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A similar adiabatic situation is experimentally estab-
lished on the Mercury and the Moon [11].

-e research of GTME is carried out by the method of
energy analysis (MEA) [12] using the laws of thermody-
namics and the function of deterministic probability (FDP)
[6]. -e main ideas of the MEA are the idea of a coherent
action at each point of the physical space of laws: conser-
vation, modification, transport, and packing of energy in
physical points.

-e adiabatic distribution of temperatures in the middle
of the planets is considered in the work [13].

-e average conductive heat flux for the Earth model
assumed spherical is of η3 � η · 4πR2

3 � 4.42∙1013W
(η� 0.087W/m2), where R3 is the average radius of the
Earth. -e heat flux existence on the Earth’s surface (at an
average depth of 50m) and a stable generation of significant
thermal energy continued by deep wells requires a much
greater density of thermal energy. -us, the heat flux cannot
be considered the main thermal flux of cooling the Earth and
heating the energy in the well. -en, the question about the
physical cause of the origin of an endogenous heat flux in the
geological environment (GE) arises.

-e authors of this article explain the physical fact of the
thermogradient in the GE with difference between the
stationary thermoplastic states of the rocks at the depth of

their occurrence, the main factor. In addition, we consider
additional anomalies: different horizontal tectonic stresses
and faults, different fluid saturation, physic-chemical
transformations, different composition of rocks absorbing
the particle, the main heat flux of the IR wave of the ISE, and
the proximity of the magmatic activity. -e accumulated
gravitational energy in the unit volume of rocks in depth
increases their internal energy, which leads to an increase in
their temperature and volume modulus of elasticity. -at is,
the internal energy of rocks at each depth is in thermody-
namic equilibrium with gravitational energy. -e Ste-
fan–Boltzmann law determines temperature of rocks at each
point in the vertical direction. -e temperature of rocks
supposedly forms the heat exchange determined by the
Fourier thermal conductivity law. In fact, there is no such
heat exchange, but there is a fixation of various stationary
thermodynamic states of rocks. -is fact proves the method
of thermometry in deep wells, when the washer fluid, after a
day’s carrying, on the face is 130°C and at the mouth is 10°C.

For example, for rocks with a blackness factor ε � 0.68,
temperature T3 � 283.15K at a depth of 50m, coefficient of
thermal conductivityλf � 3.5W/m/K, grad(T3) � 0.03K/
m, coefficient of radiation absorption αR � − (dη/ηdz)

� 1m− 1 for large thicknesses, and normalized on z0 � 1m,
when the absorption is equal to radiation, the equation holds

η � λf · grad T3(  � z0 · αRεσ T3 + z0 · grad T3(  
4

− T
4
3 , (2)

η � 3.5 · 0.03 ≈ 1 · 1 · 0.68 · 5.67 · 10− 8
· [10 + 273.15 + 1 · 0.03]

4
− [10 + 273.15]

4
  � 0.105 W/m2

 . (3)

Formula (2) reflects the equality of the heat flux density
according to the law of Fourier thermal conductivity in the
left part and the Stefan–Boltzmann law in the right-hand
side. In the right-hand side here, the difference between the
density of the heat flux emitted in the linear approximation,
which increases with depth, and the density of the heat flux
that occurs for the temperature of the Earth T3 is recorded.
-at is, a differential equation for the distribution of tem-
perature at depth for a stationary thermodynamic state of the
form is fair in GE:

λf · grad T3(  � z0 · αRεσ T3 + z0 · grad T3(  
4

− T
4
3 ,

(4)

or

T
4
(z) − aT(z) + b � 0. (5)

Here, a � (λf/(z2
0 · αRεσ)), b � (a · T3 − T4

3) are coeffi-
cients of layers of the GE at a given depth, which vary with
depth and composition of rocks, and T(z) � [z0(dT3(z)/
dz) + T3(z)] is the temperature of the GTME, K. -e
temperature depends on two main factors, namely, on the
comprehensive compression and absorption of a portion of
the energy of electromagnetic waves emitting by internal
Earth’s source (ISE) from the depths under the law of

Stefan–Boltzmann at the surface temperature of the nu-
cleus 6273 K, σ � 5.67 · 10− 8 W/m2/K4, Stefan–Boltzmann
constant.

-e energy of the waves of the ISE has the density
364.46W/m2 on the surface of the lithosphere, which forms
the stationary temperature according to Stefan–Boltzmann’s
law T30 � (10 + 273.15)K. As the depth increases, the
temperature of the rocks increases; that is, the Earth’s
temperature T3 is a function of the density of gravitational
energy T3(EG), where EG is the gravitational energy of the
Earth, which increases to the center to the final value.

-e temperature of the GTME depends on the gravi-
tational energy. Experimental and theoretical geophysical
studies of temperature dependence and the stress state of
rocks on the depth of their occurrence, performed by the
authors of this article, allowed to develop a function T3(EG).

-e authors of this paper use the theory of Debye’s solids
[14, 15], which determines the volume density of the thermal
energy e(T) of a solid, and the energy approach to modeling
the change of the volume elastic modulus in the GTME from
the change in gravitational energy e(EG). -e authors
propose and investigate the relationship between the density
of elastic energy, which depends on its own gravitational
energy, and the density of thermal energy in the Earth’s
lithosphere by the equation
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e(T) � e EG( ⟶ ρ
3π4

5μ
·
R · T

4
3 EG( 

T
3
D EG( 

� ρV
2
p EG(  J/m3

 .

(6)

From (6) for a temperature dependent on gravitational
energy, we have

T3 EG(  �

��������������������

5μ3
3Rπ

Z

kB

2
λmin

 

3

V
5
p EG( 

4




(K), (7)

where R � 8.31451 J/moles/K which is the universal gas
constant; Z � 6.626 · 10− 34 J·s which is Planck’s constant;
kB � 1.380648 · 10− 23 J/K which is the Boltzman constant;
μ3, ρ are the molar mass and density of matter of the planet,
respectively, kg/mol, kg/m3; T(EG), TD � (ZΩmax/k) are the
inner temperature and temperature Debye matter of the
planet, K; Ωmax � 2π(Vp(EG)/λmin) which is the planet’s
matter maximum frequency of oscillations of elementary

objects, depending on its gravitational energy, s− 1; VP(EG) �

VP0

�������������������������
[1 + ln 1 + (EG(z)/w0eg(z)) ]


which is the P-wave

propagation velocity at depth z in the GE, m/s [16];VP0 is the
average velocity of the P-wave on the surface of the planet,
m/s; eg(z) � ρ(z)V2

P(z) which is the volumetric density of
elastic energy, J/m3; w0 � 1 which is the unit volume of GE,
m3; λmin � (Z/k B) · ((Vs− in · Vp− in)/TD_Fe) ·

����������

12π2/(V3
s− in

3


+V3
p− in) � 7.368·10− 10m which is the actual minimum length

of the acoustic wave in the core of the Earth, m; Vs− in �

3474, Vp− in � 11260 which is the interval speeds of S- and P-
waves, respectively, m/s; TD_Fe � 1096.68 K which is the
temperature of Debye for iron in the core (Table 1); and
EG(z) � − c 

R− zm

R
(m(z)/(R − z))dm(z) which is the grav-

itational energy of the planet, J.
-e Earth’s own total gravitational energy, provided by

ρ � ρ0 + χ · z, is determined by the integral

EG(z) � − c 
R3− zm

R3

m(z)

R3 − z
dm(z) � m(z) �

4π
3

ρ0 + zχ( z
3
; dm(z) � 3ρ0 + 4zχ( 

4π
3

z
2dz  �

� − c 
R3− zm

R3

3ρ20z
5

R3 − z
dz + 

R3− zm

R3

7χρ0z
6

R3 − z
dz + 

R3− zm

R3

4χ2z7

R3 − z
dz 

� − 3cρ20
4π
3

 
2 137

60
+ ln|σ| R

5
3 − − 7cχρ0

4π
3

 
2 882
360

+ ln|σ| R
6
3 − 4cχ2

4π
3

 
2 6534
2520

+ ln|σ| R
7
3,

(8)

where |σ| � ((R3 − zm)/R3), zm � 6301000m, which is the
depth of integration, R3 � 6371008.8m which is the radius of
the Earth, and ((ρm − ρ0)/R3) � χ which is the increasing
density to the center of the Earth; ρm � 13290 kg/m3, and
ρ0 � 2850 kg/m3, being equal to 2.6275·1033 J. -e known
[19–21] gravitational energy of the Earth is defined at the

level of EG(z) � c 
R

0 (m3(z)/z)dm3(z) � (3/5)c(m2
3

(z)/z) � 2.23945∙1032 J, m3(z) � ρ3W3(z), ρ3 � const.
Figure 1 shows the characteristics of the Earth’s own

gravitational energy determined according to Table 1
equations of the form

e
V2

P− teor(z)/V2
0( )− 1( ) − 1 ρfact(z)V

2
P− fact(z) · w0

√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√√
EG(z)− teor EIM

� EG(z) � c 
R− zm

R

m(z)

R − z
dm(z)

√√√√√√√√√√√√√√√√
EG(z)− teorNewton’smethod

;

eteor(z) � ρ0 + χz( V
2
P− teor,

V
2
P− teor � V

2
0 1 + ln 1 +

EG(z)

ρfact(z)V
2
P− fact(z) · w0

  ;

efact(z) � ρfact(z)V
2
P− fact(z);

eteor+fact(z) � ρfact(z)V
2
P− teor(z).

(9)
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Figure 2 shows the characteristics of the distribution of
the determined energy density of gravitational energy (Ta-
ble 2) in 1m3 and the known temperature [22].

-e Earth’s temperature at a depth z� 50m is

T3(z) �

�������������������������

5μ3(z)

3πR

2Z

kBλ3min(z)
 

3

V
5
p03(z)

4




� 285.3K,

(10)

where μ3 � 0.001942 kg/mol which is the average molar
mass of the Earth’s substance (Table 1);

λ3min � 2πZ(Vp03/TD_GRkB) � 1.5254·10− 9m which is
the minimum P-wavelength, TD_GR � 364.44K which is the
average Debye temperature of the geological environment
(Table 1); and Vp03 � 1850m/s which is the average speed of
the P-wave at a depth of 50m.

-e temperature of the Earth’s core, z� 6371 km, is

T3(z) �

�����������������������

5μ3(z)

3πR

2Z

kCλmin(z)
 

3

V
5
P(z)

4




� 6128.7K. (11)

In addition, TD_Fe � T0D_Fe exp((κ/q)

[ρ0Fe/ρmax]
q) � 478.46 · exp(1.4 · (7.868/13.29)) � 1096.68 -

K which is Debye temperature of iron in the core (Table 1);
κ � 1.4 which is the first parameter of Gruneisen; q � 1
which is the second parameter of Gruneisen;
λ3min � 7.368·10− 10m is the minimum P-wavelength in the
nucleus; ρ0Fe � 7.868 which is the density of iron [18], g/m3;

and Vp(z � 6371 km) � 11260m/s which is the average
velocity of the P-wave in the nucleus [24].

Figure 3 shows the actual characteristics in the GE: (a)
distribution of temperature and velocity of the P-wave; (b)
the distribution of the density of elastic energy
[ρ(zi) · V2

p(zi)], dotted lines, defined by seismic data.
Figure 4 shows the characteristics of the temperature

distribution in the Earth’s interior, determined by the theory
of elasticity, 1 (Table 2), and the method of the energy
analysis, 2 by equation (7), where λmin(z) � (ZVs− inVp

− in/TDkB)
�����������������
12π2/(V3

s− in + V3
p− in)3


� 2πZ(VP(z)/TDkB)c,

Vs− in
�
3

√
� Vp− in; c � 0.5 ·

�������������
12/π(1 +

�
3

√
3)

3


 for a homogeneous isotropicmedium,
TD(z) � TD0

exp((κ/q)[ρ3(z)/ρmax]
q), k � 1.52, q � 1,

TD0
� 364.44K; VP(z) � VP(G3) according to (9);

μ(z) � μ0(ρ3(z)/ρ30), μ0 � 0.01942 g/mol, ρ30 � 2.85 g/m3,
ρ3(z), Table 2.

In Table 2 for the calculation of gravitational energy at
z� 0m, the velocity of the P-wave Vp � 1600m/s is taken for
water. To calculate the parameters λmin (z� 0), TD (z� 0),
and TZ (z� 0), the P-wave velocity Vp (z� 0)� 1850m/s is
taken for the crust on the Earth’s surface. For z> 0, the given
physical parameters of the Earth are used.

2.1. Notes. (1) Important value in these studies is
ρmV2

mPW3 � 1.8252 · 1033 J which is the elastic energy in the
center of the Earth, where W3 � (4/3)πR3

3
� 1.08691 · 1021 m3 which is the volume of the Earth;
ρm � 13290 kg/m3 which is the density in the center of the
Earth; VmP � 11260m/s which is the velocity of the P-wave
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Figure 1: Characteristics of the Earth’s own gravitational energy depending on the depth R3 from the surface, determined by the energy
information method (EIM) and Newton’s method (NM).

Table 1: Physical parameters of the crust of the geological medium (GM) according to the main physical-chemical elements [17].

Parameters of physical-chemical elements Si O Al GM Fe
Heat capacity (J/kg/°C) 760 919.32 902.47 816.61
Heat capacity (J/mol/K) 20.16 29.4 24.35 24.55
Molar mass (g/mol) 28.08 15.99 26.98 19.42 55.845
Debye temperature∗ (K) 625 155 394 364.44 478.46/1096.68
Number of moles per 1 kg 35.61 62.54 37.06 51.5
-e composition of the elements in the GM (%) 29 57 8 94
∗Debye iron temperature is given for normal and core conditions [18].
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in the center of the Earth; and R3 is the average radius of the
Earth, m.

-e temperature in the Earth is a consequence of its
compression by a gravitational field, which proves the
characteristics in Figures 1–4. If in (7), we substitute the
value VP(EG) with the substitution in (9) of the form
(EG(z)/(ρfact(z)V2

P− fact(z) · w0)) � (W/w0), we obtain
qualitative logarithmic characteristics of the maximum
temperature in the center of the nuclei depending on the
gravitational energy U (volume W) of the planet (Figure 5).

ln(T) ≡ f(U) � ε · ln[
�����������
1 + ln(1 + U)


·

������������
1 + ln

√
4



(1 + U) ]≃ε · ln[
������������
1 + ln(1 + W)


·

��������������������������
1 + ln(1 + W)


4



], on
the y-axis, as an analogue of equation (7), where
U � 6 · EG(z) ≈ EG(z), the planet’s own gravitational en-
ergy (Table 3), where the column numbers indicate the
following: 1 is the name of the planet, 2 is the mass of the
planet, 3 is the gravitational energy of the planet, 4 is the
solar constant of the planet, 5 is the logarithm of the planet’s
mass, 6 is the albedo of the planet, 7 is the total power of
endogenous heat flow of the planet, 8 is the night total heat
flow on the planet’s surface, 9 is the day total heat flow on the
planet’s surface, 10 is the distance of the planet from the Sun,
11 is the absolute average daytime temperature of the
planet’s surface, 12 is the absolute average nighttime tem-
perature of the planet’s surface, 13 is the absolute temper-
ature of the planet’s core), J;M is the mass of planets, kg; R is
the radius of the planet, m; ε � 3.21 is the coefficient of scale
of normalization of the characteristic; temperatures of the
nuclei of the planets f(Tmax) � ln(Tmax), where Tmax is the
known temperatures of the nuclei of the planets [26], K, and
masses of planets ln(M), on the abscissa.

In Figure 5, the characteristics of the planet’s core
temperature functions indicate a qualitative physical

relationship between the maximum temperature in the
center of the core and the planet’s gravitational energy. -e
analysis of the characteristic f(U) points to the hypothesis, a
constant temperature in the center of the nuclei of the
planets. Provided EG(z) � ρfact(z)V2

P− fact(z)W, the charac-
teristic f(U) � const (approximation f(U), f (Tmax) in
EXCEL).

2.2. Development of GeothermalModel of the Earth with Heat
Fluxes. -e task is to investigate the nonstationary ther-
modynamic state of the Earth depending on the power of the
internal source of the Earth and the external heat flux from
the Sun according to the known temperature distribution in
the Earth’s interior T3 (z) from Table 2.

Equation (2) is considered in the form
σ(τ(z) + zm(dτ(z)/dz))4 � λSB(dτ(z)/dz) + στ4(z), the
radiant transfer of thermal energy in a unit volume of the
geological environment, in which the term
τ(z) + zm(dτ(z)/dz) � Tm has heating to a temperature Tm

at an unknown coordinate zm at known parameters
z, τ(z), Tm, T0, namely,

zm � − z · ln
Tm − τ(z)

Tm − T0




 

− 1

⟶ τ(z)

� Tm − Tm − T0( exp −
z

zm

 .

(12)

ISE is a source of electromagnetic waves, and an energy of
which is partially absorbed by matter of the Earth and partly
radiated into the open physical space. Simulating the data of
physical processes for the Earth, using the results of work [20],
we perform a system of equations of the formecmath;
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Figure 2: Characteristics of the distribution: gravitational energy densities in the middle of the Earth, determined by the method of the
theory of elasticity and EIM and temperature [22].
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Figure 3: Characteristics: (a) the average velocity V(z) of the P-wave and temperature T (z); (b) volume density ρV2
p(z), no elastic and

thermal energy ρV2
p(T), according to equation (6) in the GM (geological medium). According to the VSP (vertical seismic profiling) and

thermometry, geophysical studies of well number 10 of Sentyanivska Square.

5000

6000

7000

4000

3000

Te
m

pe
ra

tu
re

 (K
)

2000

1000

0
0 1000 2000 3000

Depth (km)
4000 5000 6000 7000

1
2

3

6 145.56

Rapid cooling zones 

Figure 4: Characteristics of the temperature distribution in the Earth are determined by 1, authors in [22], and 2, by equations (7), and 3, by
equation (7), for average density ρ(z) � ρ0 + χ · z.

Table 3: Geophysical parameters of the planets of the Solar System [25].

Object N (kg) U (J) F∗0 (W/m2) ln (N) A (%) ln (J) ln (Nmin) ln (Nmax) R (km) Tmax (K) Tmin (K) T∗∗core (K)

1 2 3 4 5 6 7 8 9 10 11 12 13
Pluto 1.30E+ 22 4.51E+ 27 0.87 50.92 0.5 29.45 28.27 29.77 1500 48 33 1190
Moon 7.36E+ 22 1.25E+ 29 1360 52.65 0.12 37.10 34.70 38.77 1737 390 95 1427
Mercury 3.28E+ 23 1.77E+ 30 9228 54.15 0.142 39.69 33.26 41.46 2439 700 90 2204
Mars 6.40E+ 23 4.83E+ 30 586 54.82 0.17 37.59 36.46 38.64 3393 293 170 3315
Venus 4.88E+ 24 1.58E+ 32 2586 56.85 0.67 40.23 43.48 43.82 6051 800 735 5537
Land 5.98E+ 24 2.25E+ 32 1360 57.05 0.367 39.70 38.02 40.53 6378 343 183 6273
Uranus 8.70E+ 25 1.25E+ 34 3.7 59.73 0.51 36.47 35.81 37.18 24300 76 54 8315
Neptune 1.03E+ 26 1.70E+ 34 1.5 59.90 0.41 35.62 36.30 37.02 25050 72 60 8400
Saturn 5.68E+ 26 2.14E+ 35 15 61.60 0.47 39.69 39.45 41.27 60400 134 85 16650
Jupiter 1.90E+ 27 2.02E+ 36 50.3 62.81 0.52 41.23 41.33 42.19 71400 155 125 27760
Sonce 1.99E+ 30 2.28E+ 41 69.77 695700 15000000
∗F0 is the solar constant and A is the albedo of the planet [25]. ∗∗Data obtained from [26].
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σT4
ms0dt

internal source of themedium
� si(z)λSB

dτ(z)

dz
dt

heat transfer of themedium

+ smA(z)τ(z)dt
heat transfer of medium space into an open space

J,

nf � λf

dτ(z)

dz
,

nSB � λSB
dτ(z)

dz
W/m2

,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(13)

where z is the coordinate from the Earth’s surface to its
center, m; Tm is the radiant source temperature (for ex-
ample, ISE of internal core), K; σ is the Stefan–Boltzmann
coefficient, W/m2/K4; s0 � si � sm is the single surface, 1m2;
nSB(T0) � σT4

0 is the heat flux density of infrared waves at
temperature T0 � 288K, (Tm � 6140K), W/m2;
λSB � (16n2σ/3αR)τ3 is the coefficient of radiation thermal
conductivity of the environment [15, 27], W/(m·K); αR �

(16σ/3n2λSB)τ3 � (16σ/3λf)(nf/nSB)τ3 [28, 29] is the av-
erage Rossland coefficient of energy absorption of radiation
rays through which the given rays penetrate, m− 1; n is the
refractive index of the medium by electromagnetic waves; τ
is the temperature of the substance of the Earth, K; m(z) is
the mass of environment, and (dτ/dz) � grad(τ) is the
conductive temperature gradient in the GE, K/m;

λf(z) �
z
3
U

zτ · zz · zt
�

z
3
[C(z) · m(z) · τ(z)]

zτ · zz · zt

� Cρ
z
3

zτ · zz · zt
[w(z) · τ] � 8πCρz

zz

zt

� 8π(C)
G

g(z) · w0
  z

dz

dt
  � 8πCρzVp

� 8π
3R

μ3
 

G

g(z) · w0
  λmin(z)Vp(z) , (14)

which is coefficient of conductive thermal conductivity of
the environment W/(m·K); U is the internal energy of the
environment, J; C � 3R which is the heat capacity of the
environment, J/(mol·K), R � 8.314510 J/Mole/K which is the
universal gas constant; (dz/dt) � Vp is the velocity of the P-
wave in the environment, m/s; ρ � (G/(g · w0)) � (m/w0)

which is the environment density, N/(m/s2)/m3 � kg/m3

(mol/kg/m3); Cρ � 3Rμ which is the entropy density of the
environment [30], J/(kg·K·m3), where μ is the number of
moles in 1m3 (or (3R/μ3) � S � (5/T4

3(z)π)(2Z/kBλ3min
(z))3V5

p3(z) for μ3 kg/mol); A(z) � στ3(z) which is the
coefficient of heat transfer of the surface of the environment,
W/m2/K; z � λ30 � 2πZ(Vp3/TDkB) which is the minimum
wavelength of the acoustic phonon in the environment, m,
where TD � 290K is Debye’s temperature SiOi and Vp3 �

8000m/s at a depth of 50 km; and s0 � 4πR2
C, si(z) �

4πz2, sm � 4πR2
3. -e problem is considered for
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Figure 5: Qualitative logarithmic characteristics of functions (polynomial approximations) of the temperature of the nucleus of the Solar
System planets. Depending on their mass:f(Tmax) � ln(Tmax), according to the known hypothetical values of the temperature of the
nucleus;f(U), analogous to equation (7).
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s0 � si � sm � 1m2; Vm � 22.4139695 which is the molar
volume, l/mol.

-e solution of the system of equations (13) will be
performed for the following initial and boundary conditions:
τ0(z0 � 0m) � T0 � 288K and τm(zm � 6371008m) �

Tm � 6140K.
-e first equation of the system of equations (13) has [29]

an integral function of the form

 dz �
λSB
σ


dτ(z)

T
4
m − τ4(z)

+ S0⟶ z �
λSB
σ4T

3
m

ln
Tm + τ(z)

Tm − τ(z)






+2arc tg
τ(z)

Tm

  + C0.

(15)

-e solution (15) of the system of equations (13) is the
exact solution integral function for the dependence of z from
the temperature distribution in the depths of the Earth in the
model.

For ln|(Tm + τ(z))/(Tm − τ(z))|≫ (1/4T3
m)arc tg(τ

(z)/Tm), we obtain a simplified analytical solution of the
temperature function from depth:

exp z − C0(z)(  σ4T
3
m/λSB(z)   − 1 

exp z − C0(z)(  σ4T
3
m/λSB(z)   + 1 

Tm � τ(z),

C0(z) � z −
λSB(z)

σ4T
3
m

· ln
Tm + τ(z)

Tm − τ(z)




 ,

(16)

where C0(z), the constant, is defined as the analytical depth
for each pair of parameters τ(z), z; the radial thermal
conductivity parameter λSB(z) of the Earth’s geological
environment was determined by the following equation:

λSB(z) � σ τ(z) + zm

dτ(z)

dz
 

4

− τ4(z)⎡⎣ ⎤⎦
dτ(z)

dz
 

− 1

� σ τ(z) + zm

Δτ(z)

Δz
 

4

− τ4(z)⎡⎣ ⎤⎦
Δτ(z)

Δz
 

− 1

,

τ(z) � Δτ(z)

z � Δz

zm � 1m
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⎪⎪⎪⎪⎪⎪⎭

⟶ λSB � στ3(z)z 1 + zm

1
z

 
4

− 1 ⟶
αR(z)

n
2
(z)

�
16σ
3λSB

τ3(z) �
16

3z 1 + zm(1/z)( 
4

− 1 
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(17)

In Figures 6–11, the results of research equation (16) are
presented. Characteristics of distributions of radiation
thermal conductivity λSB and absorption αR are determined
by known data on the distribution of Earth’s temperature
τ(z) [14] by formulas (17).

Figure 6 shows the characteristics of the temperature
profiles known [22] and determined by equation (7),
T(z) − teor, and equation (16), as well as the Rosseland
coefficient with the refractive index determined by equation
(17).

Figure 7 shows the characteristics of the radial, λSB(z),
and conductive, λf(z), heat transfer profiles from the center
of the Earth to its surface, as well as their relationship.
Moreover, the parameter λf(z) is defined for constant ac-
celeration g(z) � const and variable actual g(z) � var ac-
celeration of gravity.

Experimental laboratory studies of iron conductivity for
geobaric conditions of the Earth at a depth of 3000m are
given in the paper [32], where, for conditions 112GPa,
3000K, the authors determined the value of heat conduc-
tivity 20÷ 80W/m/K, shown in Figure 8.

-e thermal conductivity in Figure 7 has a max value
67.7W/m/K. -e graph of the distribution of the heat
content of the Earth’s substance is shown in Figure 9.

Figure 10 shows the characteristics of the acoustic
wavelength distribution and the heat capacity of the Earth’s
substance. -e frequency of oscillations of elementary
objects of the Earth’s substance was determined by the
equation ω3(z) � (Vp3(z)/λ3min(z)) [16]. -e character-
istic of the frequency of oscillations of atoms and molecules
in the propagation of the Earth’s P-waves is shown in
Figure 10.

-e temperature on the Earth’s surface due to the heat
flux of the Sun.

To build the temperature characteristics of the Earth’s
surface, taking into account the thermal energy of the Sun,
the authors determined the total thermal conductive power
in the atmosphere of sunlight rays and the temperature of
their absorbed photons, by the following equation [27]:

NC− 3 � 0.5S3 n3− CkR(  � 0.5S3
16σ
3

T
3
C− 3

dTA

dz
  � 2.766 · 1013 W,

(18)

with density (0.108W/m2), where TC � 273.15 + 5870 which
is the temperature of the Sun surface, K, and (dTA/dz) is the
temperature gradient of the Earth’s atmosphere, K/m
(0.0056K/m) [33].TC− 3 � TC

��������
R2

C1/L2
C− 3

4


� 400Kwhich is the
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determined temperature of the solar photons on the Earth’s
surface. RC � 0.695 million kmwhich is the radius of the Sun;
LC− 3 � 149. 6 million km which is the average distance from
the Sun to Earth; 0.5S3 is the Earth’s surface, m2, which
absorbs the thermal energy of the Sun; n3− C � 163.3W/m2

which is the density of the heat flux from the Sun on the
Earth’s surface; and kR is an unknown coefficient of

absorption of short infrared waves by the Earth’s atmosphere,
which can be determined from equation (18).

Model of the Earth with exogenous and endogenous
radiative heat fluxes represents the model of the process of
sequential heating-cooling of the Earth’s layers [34].

-e authors propose a geothermal model of the Earth (1)
in a thermodynamic formulation by a system of equations
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Figure 11: Characteristics of the values of the temperature of the nucleus, mantle, crust, and Earth’s atmosphere, depending on the time:
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for successive processes of heating and cooling of its phases
(inner core, outer core and mantle, crust, and atmosphere)
in the form internal:

N3− Fdt � CGdτG + AGτGdt, − internal core;

AGτGdt � CMdτM + AMτMdt, − external core + mantle;

AMτMdt � CKdτK + AKτKdt, − crust;

AKτK + NC− 3dt(  � CAdτA + AAτAdt, − atmosphere;

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(19)

where N3− Fdt is the total thermal energy of ISE, J; NC− 3dt is
the total thermal energy of electromagnetic waves from the
Sun on the Earth’s surface, J; CGdτG is the energy of heating
the inner core of the Earth, J; τG is the current excess
temperature of the inner core above the temperature of the
magma, K; AGτGdt is the energy of cooling the surface of the
inner core, J; CMdτM is the energy of heating magma, J;
CKdτK is the energy of heating the core, J; τM is the current
excess temperature of the magma on its surface above the
crust temperature, K; AMτMdt is the cooling energy by a
magmatic phase for the heating of the atmosphere, J; τK is
the current excess temperature of the crust on the surface of
the Earth above the temperature of the atmosphere, K;
(AKτK + NC)dt is the energy that heats the atmosphere
from the Earth and the Sun, J; AKτKdt is the energy of
cooling the crust, J; CAdτA is the energy of heating the
atmosphere, J; τA is the current high temperature of the
atmosphere on the Earth’s surface above the temperature of
the open physical space, K; AAτAdt is the energy that is
devoted by the atmosphere to the open physical space, J;
AG � (N3− F/TG0) is the coefficient of heat transfer of the
surface of the inner core Earth, J/°S/sec; AM � (N3− F/TM) is
the coefficient of heat transfer of the surface of the mantle, J/
°S/sec; AK � (N3− F/TK) is the coefficient of heat transfer of
the Earth’s crust surface, J/°S/sec; AA � (N3− F/TA) is the
coefficient of heat transfer of atmosphere, J/°S/sec; CG �

sGmG + sMmM + sKmK + sAmA is the entropy of all phase
states of the Earth substance, J/°S; CM � sMmM + sKmK +

sAmA is the entropy of magma, crust, and atmosphere, J/°S;
CK � sKmK + sAmA is the entropy of the crust and atmo-
sphere, J/°S; CA � sAmA is the entropy of the Earth’s at-
mosphere, J/°S; TG0 � 6000 is the temperature of the surface
of the inner core, °S; TK � 0.5(TK + TK0) � 0.5 · (1320 +

10) � 665 which is the average temperature of the crust
between the temperatures of the inner and outer surfaces, °S;
TM � 0.5 · (TR + TM) � 0.5 · (1320 + 6000) � 3660 which is
the average temperature of the magmatic phase, °S; TA �

14.2 which is the average temperature of the Earth’s at-
mosphere, °S; E3 � N3− F · t3 which is the total heat energy
spent on heating the Earth during its geological existence
time, t3; mG � ρG · (4/3)πR3

G which is the mass of internal
core, kg; mM � ρM · (4/3)π[(R3 − ΔLK)3 − R3

G] is the mass
of outer core and mantle, kg; mK � ρK · (4/3)π [(R3)

3 −

(R3 − ΔLK)3] which is the mass of Earth crust, kg; mA �

5.3 · 1018 which is the given mass of atmosphere [35, 36], kg;
ρG, ρM, ρA are the average densities of the inner core, the
outer core and the magma, the crust, and the Earth’s at-
mosphere, respectively, kg/m3; N3− F � AKτK � η3− f·

S3 � η3− f · 4πR2
3 which is the given total thermal power of

conductive heating-cooling on the surface of the Earth’s
crust, W; η3− f � 0.087 which is the average square density of
the thermal conductive flux on the surface of the crus,W/m2.

-e solution of the system of differential equations (19) is
a function of the form

τG(t) � TG0 −
N3− F

AG

 e
− ωGt

+
N3− F

AG

,

τM(t) � TG0 −
AG

AM

· τG(t) e
− ωMt

+ τG(t)
AG

AM

,

τK(t) � TG0 −
AM

AK

· τM(t) e
− ωKt

+ τM(t)
AM

AK

,

τA(t) � TG0 −
NC− 3

AA

−
AK

AAτK(t)
 e

− ωAt
+

NC− 3

AA

+
AK

AAτK(t)
,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(20)

where ωG � AG · [CGmG + CMmM +CKmK + CAmA]− 1;

ωM � AM · [C MmM + CKmK + CAmA] − 1; ωK � AK·

[CKmK + CAmA]− 1; ωA � AA · [CAmA]− 1,which is the heat
exchange frequency, and s− 1 is found by the method of
successive integration of temperature functions for sta-
tionary mode of heat transfer. -e solution of the system
of differential equations (19) is executed for the given
initial and boundary conditions of the stationary regime,
given in Table 4.

3. Results and Discussion

-e investigation of the geothermal model of the Earth with
endogenous and exogenous heat fluxes by equations (20) is
fulfilled for the following conditions:

(1) Lack of ISE and heat flux from the Sun (pure cooling)
(2) Lack of ISE and the presence of heat flux from the

Sun (cooling the Earth and heating the atmosphere
and the Earth’s surface from the Sun)

(3) Presence of ISE and heat flux from the Sun (real-
heating-cooling)

(4) -e individual influence of random variations in the
increase of the activity of the Sun and the reduction
of the heat transfer of the atmosphere to 50%

Substitution of values from Table 4 into the system of
equations (20) allowed to construct temporal characteristics
of the temperature values of the inner core, Tg(t), the inner
core and the mantle, the crust, and the Earth’s atmosphere,
which are shown in Figure 11.

-e value of temperature on the Earth’s surface, as
shown in Figure 12, shows the individual influence of ar-
bitrary variations (increase) in the solar power and (de-
crease) the heat transfer of the atmosphere by 50%.

3.1. Analysis of Results. Function of deterministic proba-
bility (FDP) also suggests a hypothesis about ISE [12, 37],
which is based on two principles: first, there is a joint action
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of the laws of conservation, modification, transfer, and
packaging of energy in a physical point (PP); second, there
is physical space, as a system of physical points (SPP), at
each point of which the joint action of the laws of con-
servation, modification, transfer, and packaging of energy
is carried out.

-e dimensionless FDP of space is represented in the
following form:

E � K + U � A
2
(x),

KU

E
2 � lnA

− 2
(x),

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(21)

where (F(x)/E0) � A2(x) is the value of the total energy at a
point, which is distributed in space, y, of a particular
physical system with given energy E0 � const;

Table 4: Specified initial, boundary, and defined geophysical parameters of the Earth.

Geophysical parameters Marking formula Value Unit of
measure

Known parameters
Earth’s existence time (4.5 billion years) t3 1.42·1017 s
-e Earth’s own gravitational energy FGI(z) 2.23945·103 J
Total power of radiation ISE N3− SB 1.86·1017 W
Total power of conductive heating of the Earth N3− F 4.44·1013 W
-e total power of conductive heating of the atmosphere by short infrared waves from
the Sun NC− 3 2.77·1013 W

Maximum density in the center of the Earth ρ3− m 13290 kg/m3

-e average radius of the Earth R3 6371008.8 m
Average density of conductive heat flux on the surface of the lithosphere at the present
time η3− f 0.087 W/m2

Average density of heat flux of infrared waves on the surface of the lithosphere (depth
of 50m) at present η3− SB 364.46 W/m2

Earth mass (average density 5510 kg/m3) M3 5.969·1024 kg
-e mass of the atmosphere mA 5.3·1018 kg
Average atmospheric temperature near the Earth’s surface T0 14.2 °S

Average temperature of the lithosphere at a depth of 50m TK0 10 °S

-e surface temperature of the mantle at a depth of 50 km TK 1320 °S

Temperature of the surface of the inner core of the Earth TG0 6000 °S

-e average specific heat of the atmosphere CA 1005 J/kg/°S
Defined parameters

-e Earth’s own gravitational energy FG3(z) 2.65·1033 J
-e mass of the inner core of the Earth (radius 1455 km, average density
12657.8 kg/m3) mG 1.633·1023 kg

Mass of mantle and outer core (average density 5876.4 kg/m3, 1455÷6321 km) mM 3.26·1024 kg
-e mass of crust (thickness 50 km, density 2850 kg/m3) mK 8.64·1022 kg
Average temperature of the Earth’s magmatic phase TM 3660 °K
Average temperature of the solid phase of the Earth TK 665 °K
Average atmospheric temperature on the Earth’s surface TA 14.2 °K
Average specific heat of internal core CG 275 J/kg/°S
Average specific heat of the outer core and mantle of the Earth CM 630 J/kg/°S
Average specific heat of measles CK 1285 J/kg/°S
Total internal energy of heating the Earth E3 � t3N3− F 6.297·1030 J
-e total energy dissipated by the Earth in an open physical space EE3− SB � t3N3− SB 2.635·1034 J
General gravitational energy of the Earth EGP � UG � 0.5E3− S 2.661·1033 J
Total internal energy of the inner core EG 1.652·1029 J
Total internal energy of the mantle and the outer core EM 6.075·1030 J
Total internal energy of crust EK 8.01·1028 J
Total internal energy of the atmosphere EA 1.64·1029 J
-e coefficient of heat transfer on the surface of the inner core to the inner core and
mantle AG 7.396·109 J/s/°S

Coefficient of heat transfer of the mantle to its solid phase AM 1.212·1010 J/s/°S
Coefficient of heat transfer of solid phase to atmosphere AK 6.673·1010 J/s/°S
Coefficient of heat transfer of the atmosphere into space AA 3.125·1012 J/s/°S
Temperature of physical space TSB − 269 (4.15) °S (K)
Core cooling frequency ωg 3.34·10− 18 s− 1

-e cooling frequency of the external core and mantle ωM 5.59·10− 18 s− 1

Crust cooling frequency ωK 6.00·10− 16 s− 1

Atmosphere cooling frequency ωa 1.198·10− 9 s− 1
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K � (K(x)/E0). U � (U(x)/E0) is the relative units of ki-
netic and potential energies at a point that are also dis-
tributed in the physical system (furthermore, we accept
const � 1).

-e system of equations (21) defines the values of po-
tential and kinetic energy at each point of the physical
system by the formulas

U(x) � A
2
(x) ·

1
2
±

����������
1
4

− ln
1

A
2
(x)



⎛⎝ ⎞⎠,

K(x) � A
2
(x) ·

1
2
∓

����������
1
4

− ln
1

A
2
(x)



⎛⎝ ⎞⎠.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(22)

For the Solar System, the energy characteristics are
shown in Figures 13 and 14.

According to Zone III, where the external influence
allows an increase in potential or kinetic energy, the Earth’s
own gravitational potential energy is determined from the
system of equations (22).

3.2. Analysis of Energy Relations for Planets of the Solar
System. Figure 14 testifies that (a) all planets of the Solar
System are located at point B in Figure 13 (energy pack-
aging law); (b) the total energy of each planet is determined
by the system of equations (21) in its center and in orbit
(24); and (c) the own total gravitational energy of each
planet is divided into potential gravitational and thermo-
elastic in Zones I and II.

Example 1. (1) SPP-«Sun-Earth», (2) SPP-«Earth».

EC− 3 � c
MCm3

LC− 3
� 5.3 · 1033 J;

K3 �
m3V

2

2
� 0.5EC− 3 � 2.65 · 1033 J;

U3 � EC− 3 − K3 � 0.5EC− 3,

EG � K3 � U3;

E3 � K3 + U3 � U3 � 2.65 · 1033 J.

(23)

-e Earth’s own gravitational total energy provided by
ρ � ρ0 + χ · z is determined by the integral:U3 � 2.65 · 1033 J.

From Figure 13, it is evident that the internal kinetic
(thermal) energy of the planet reaches the total gravitational
energy in the center, and the potential energy disappears, as
is the acceleration of gravity.

-e geothermal model of the Earth with endogenous and
exogenous heat fluxes suggests an increase in the temper-
ature of the bowels of the planet with an unchanging total
gravitational energy with increasing depth, as well as the
existence of the following geophysical sequential mecha-
nisms triggered by the ISE thermal density when
approaching the center of the Earth.

-e boundary of Zone III and the whole Zone II:

(1) -e existence of a solid lithosphere on the Earth’s
surface.

(2) Destruction-formation of a solid body of the litho-
sphere on the border with the mantle.

(3) Formation of the liquid phase of the Earth from
different atoms and molecules, various compounds
from chemical elements.
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Figure 12: Characteristics of the values of atmospheric temperature, depending on the increase in the activity of the Sun and the accidental
decrease in the heat transfer of the atmosphere to 50%: (a) variations in the increase of the heat flux of the Sun on the Earth’s surface to 50%;
(b) variations in the reduction of the heat transfer of the atmosphere to 50%.
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Figure 13: Characteristics of the function of the determined probability (FDP), planet Earth, and planets of the Solar System, as systems of
physical points: (a) physical parameters of the Earth; (b) the energy characteristics of the FDP states of internal and external points of the
physical system, depending on the ratio U/E where K is the kinetic (calorific) energy of the system, U is a potential (elastic) energy of the
system, E is the total energy of the system, KU is the transfer of the energy invariant in the system,KU/E2 �Ψ2 is the phase of the energy state
of the system, E0 �1 is the initial given energy in the system of physical points; F> 0 is the gravitational compression force; F< 0 is the
gravitational tensile force.
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(4) Dissociation and synthesis of atoms and molecules.
Atoms of hydrogen are destroyed by the latter with
increasing depth, after which sharply increases the
density of matter, and the nuclei of light chemical
elements (the middle of the radius of the Earth)
accumulate. -e nucleus of heavier elements moves
to Zone I.

(5) Dissociation and synthesis of the nucleus of chemical
elements (the latter, closer to the center of the Earth,
the nuclei of iron break down into protons and
neutrons).

(6) At the center of the Earth on the surface of a sphere
with a radius of proton, the density of thermal energy
reaches ηP � η3− f− max(R2

3/R
2
P) � 0.35 · (6371000

2/(8.78 · 10− 16)2) � 1.84287· 1043 W/m2, and for the
destruction of the proton, density of thermal energy
on its surface should be equal to 1.5923·1043W/m2

(the corresponding temperature of electromagnetic
waves 7.26212·1012 K, and the frequency of oscilla-
tions of the De Broglie wave of the proton
2.27766·1023Hz [20]). -e destroyed proton will
create a density of heat flux 0.3W/m2 on the Earth’s
surface. -at is, we can assume that physical

conditions in the center of the Earth’s core for the
destruction of protons and neutrons exist. -e
maximum density of the heat flux recorded on the
Earth’s surface is η3− f− max � 0.35W/m2 [38]:

E � c
Mm

R
,

K �
mV

2

2
,

U � E − K,

E

K
�

c(M/R)

V
2/2

� 2c
M

ω2
R
3.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(24)

3.3. Analysis of Results. Formulas (2), (4), and (5) are pro-
posed by the author Karpenko for modeling the energy
equilibrium of the joint action of heat fluxes of conductive
and radiant EM waves in a geological environment.

Formula (5) for the input data provides the following
solutions of temperature:

T3 � 273.15 + 10 � 283.15K; λf � 3.5W/m · K; ε � 1;

z0 � 1m; αR � 1m− 1
;

a �
λf

z
2
0 · αR · ε · σ

� 617283950.06K3
;

b � 11050537213K4
; σ ≃ 5.6704 × 10− 8 W/m2

· K4
;

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

⟹

T1 � 283.15K;

T2 � 211.331K;

T3 � − 247.24 − j351.24K;

T4 � − 247.24 + j351.24K;

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

⟹ T1 + T2


 � T3 + T4


 ,

(25)

where the temperature T1 � 283.15K characterizes the
heating temperature of the geological environment by
electromagnetic IR waves, which have an absorption coef-
ficient αR � 1m− 1. Temperatures T2,

T3,
T4 provide addi-

tional physical information, but the interpretation of these
temperatures is currently unknown and requires further
research.

Formula (6) is proposed by the author Karpenko to
identify the energy density of Debye theory and elasticity
theory, which provides important geophysical information
about the physical relationships of elastic and thermody-
namic parameters of the geological environment with the
kinematic parameters of the P-wave and thermometry pa-
rameters obtained in terrestrial and downhole geophysics.

Formula (7) is derived from formula (6) for physical
identification: T3(EG) � TD(EG). As a result, we obtain
information about the frequency of oscillations Ωmax of the
thermal field of the geological environment, which transmits
infrared waves from the depths of the Earth to the Earth’s

surface and is observed by satellite equipment. And seismic
prospecting information about Vs− in, Vp− in, allows you to
determine the parameter λmin. Known parameters Ωmax and
λmin allow from equation (7) to determine the depth pa-
rameters μ3, ρ of the geological environment.

Formula (8), obtained by the author Karpenko, provides
information about the increasing temperature of the geo-
logical environment from the growth of gravitational (total)
energy of the geological environment of the Earth depending
on the depth, which is physically related to the average P-
wave velocity at a given depth. -is information is the basis
for determining the total thermal capacity of a geothermal
well to select the stable operation of a geothermal station by
the technology of an isolated single well.

A new value of the Earth’s own gravitational energy is
2.6275·1033 J, which is an order of magnitude greater than
the known value 2.23945·1032 J, and which is equal to the
kinetic energy of the Earth’s motion in orbit around the
Sun, as proved by formula (24). An important parameter in
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formula (8) is the parameter |σ| � ((R3 − zm)/R3), which
indicates the empty space in the center of mass of the
Earth.

Formula (9) is obtained by the author Karpenko in [16].
-e characteristic f(U) in Figure 5 indicates that the

maximum temperature in the center of mass of the planets
has the same value, which suggests the hypothesis of a single
mechanism for converting the total gravitational energy of
the planet into its thermal energy, which depends on the
mass of the planet.-is hypothesis is tested by equation (20),
which takes into account the effective capacities of endog-
enous and exogenous heat fluxes on the Earth’s surface and
shows that the presence of a heat source in the center of the
Earth allows to maintain a temperature of 6000°C.

-e formula ln(T) � f(U) � ε[
�������
1 + ln(1



+ U) ·

������������������������
1 + ln(1 + U)


4



]≃[
������������
1 + ln(1 + W)


·

������������������
1 + ln(1+


4



W) ] is the identification formula from equation (9), which is
used to study the internal maximum temperatures of the
planets of the Solar System depending on their own grav-
itational energy, as shown by the characteristic f(Tmax) �

ln(Tmax) in Figure 5. -is characteristic suggests that the
center of mass of each planet’s maximum temperatures is
almost identical. -is result suggests the following hy-
pothesis: “In the center of mass of each space object, the
gravitational energy is converted into thermal energy of EM
waves, the power of which depends on the mass of the object,
and the maximum temperature in the center of mass of objects
is the same.”

-e formulas λf(z) � (z3U/(zτ · zz · zt)) and
C(z) � (5/T4

3(z)π)(2Z/kBλ3min(z))3V5
p3(z) are obtained by

the author Karpenko.
Figures 6–10 using solution (16) of the system of

equations (13) and (17) obtained from equation (2) and
known experimental geophysical data on the temperature
distribution in the center of the Earth show the character-
istics of the distribution in the middle. -e Earth has its
thermodynamic parameters: λf(z), λSB(z), ω3(z), λ3min(z),
C(z), (αR(z)/n2(z)).

In the system of equations (19), first developed by the
author Karpenko in [38], for heat transfer processes in time
in multilayer media, the author investigates the thermo-
dynamic state of the Earth in the presence and absence of a
heat source in the center of the Earth and on its surface from
the Sun. Studies of equation (20) have shown that the
presence of an internal heat source in the center of the Earth
provides a stable surface temperature of the inner core at the
level of 6000°C. And the change in heat transfer of the at-
mosphere significantly affects the average temperature of the
Earth’s surface of Figure 12(a), and to a greater extent than
the fluctuations of heat from the Sun in Figure 12(b).

-e system of equations (21), first developed by the
authors in [34, 37, 39], models the infinite physical space of
Gauss, in which the laws act together and simultaneously:
conservation, change, transfer, and packaging of energy.
From this space, various micro- and macrophysical objects
are formed, in particular, space objects, which have an in-
ternal energy structure, which is shown in Figure 13 with
identification to the various geophysical parameters of the

Earth. -e energy structure can explain the jumps, fractures,
and the very characteristics of the distribution of geophysical
parameters in the middle of the Earth. -e main conse-
quence of the energy analysis of gravitational energy in the
middle of the Earth is the following hypothesis: “the increase
in the body’s own gravitational energy, E, from the surface to
the center of mass, masses (from 3000m to 6378m) of the
inner masses of the electronic shells of molecules, atoms,
nuclei of physicochemical elements, and quark shells of free
protons and neutrons in the center of the masses, releasing
their internal energy.

-is hypothesis explains the origin and dissociation of
nuclei, physicochemical atoms, molecules, elements, and
substances of the lithosphere, and the generation of en-
dogenous heat by planets and stars, accompanied by a
change in the gravitational force from the change in po-
tential energy by the depth of compression by internal
masses (to a depth of 3000m) to the gravitational tensile
force by external masses (from 3000m to 6378m) of internal
masses of electronic shells of molecules, atoms, nuclei of
physicochemical elements, and quark shells of free protons
and neutrons in the very center of the masses, releasing their
inner energy.”

-is hypothesis explains the origin and dissociation of
nuclei, physicochemical atoms, molecules, elements, and
substances of the lithosphere, and the generation of en-
dogenous heat by planets and stars.

4. Conclusions

-e developed geothermal model of the Earth with internal
and external sources of thermal energy showed the
following:

(1) -e absence of an internal source of thermal energy
of the Earth, of arbitrary physical nature, and
thermal energy of the Sun on its surface leads to a
decrease in core temperature to 4500K and the
average Earth surface temperature to 10K
(Figure 11(a)) with existing atmospheric heat
transfer.

(2) -e absence of an internal source of thermal energy
and the presence of thermal energy of the Sun on its
surface leads to a decrease in core temperature to
4500K and raises the temperature on the Earth’s
surface to the existing value of 14.2 K (Figure 11(b)).

(3) -e presence of an internal source of thermal energy
of the Earth with a value of 1,859·1017W and the
presence of thermal energy of the Sun on its surface
leads to stabilization of the core temperature at
5986.88 K and raises the temperature on the Earth’s
surface to 15°C (Figure 11(c)).

(4) -e established connection of the radiation heat flux
with a capacity of 1.859·1017W and conductive heat
flux with a capacity of 4.42·1013W is the result of one
physical process, namely, the transfer of electro-
magnetic waves through the substance of the Earth,
which arises from the work of the internal heat source
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of the Earth. -at allows to determine the basic
geothermal parameters of the calorific value of rocks.

(5) -e energy is determined by the energy method; that
is, the proper total gravitational energy of the Earth
at the level 2.65·1033 J is structured on the potential
0.5·2.65·1033 J and kinetic (thermal) 0.5·2.65·1033 J
energy.

(6) -e performed research studies established the fol-
lowing: reduction of heat transfer of the atmosphere,
or increase of its specific heat capacity by 1% of
emissions from dirty technologies of generation of
thermal and electric energy at the level of
1.992·1013W, which in the model increases endog-
enous heat of the Earth by (1.992·1013)/(4.42·1013)·
100% by 45%, forms a thermal resonance with an
increase in its temperature by 1.43% per year.
-ermal resonance in the atmosphere: a higher
temperature increases the water vapor in the at-
mosphere, which further independently increases
the heat capacity and, accordingly, the temperature
of the atmosphere.
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A. F. Goncharov, “Direct measurement of thermal conduc-
tivity in solid iron at planetary core conditions,” Nature,
vol. 534, no. 7605, pp. 99–101, 2016.

[33] V. G. Gorshkov, A. M. Makarieva, and K. S. Losev, “Planetary
greenhouse effect and the biotic stability of the Earth’s cli-
mate,” Transactions of the Earth Sciences Section of the Russian
Academy of Natural Sciences, vol. 7, pp. 62–74, 2001.

[34] V. Morgalyuk, New Vision of the Problem of the Heat Flow of
the Earth, INEOS, London, UK, 2016.

[35] M. I. Budyko and K. Y. Kondratyev, “Atmosphere of the
Earth,” Great Soviet Encyclopediapp. 380–384, Soviet Ency-
clopedia, Moscow, Russia, 3rd edition, 1970.

[36] D. R. Lide, Handbook of Chemistry and Physics, CRC, Boca
Raton, FL, USA, 1996.

[37] V. M. Karpenko and O. V. Karpenko, “Energy information
analysis of oscillations of a physical oscillator of inhomoge-
neous half-space,” Geoinformatics, vol. 45, pp. P31–P48, 2013.

[38] V. N. Karpenko and A. I. Polituchiy, “Modeling of the process
of multistage heating of electric machines,” in Technical
Electrodynamics, National Academy of Sciences of Ukraine,
Kyiv, Ukraine, 2002.

[39] Y. Starodub, V. Karpenko, V. Karabyn, and V Shuryhin,
“Mathematical modeling of the earth heat processes for the
purposes of ecotechnology and civil safety,” in Proceedings of
the 2020 IEEE 15th International Scientific and Technical
Conference on Computer Sciences and Information Technol-
ogies, CSIT 2020-Proceedings, pp. 146–149, Zbarazh, Ukraine,
2020.

Advances in Civil Engineering 23


