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Abstract— Civilization of people is presented as a thermodynamic nonequilibrium system with all types of human activity
including the territory of residence. The main types and aspects of human’s activity are presented as thermo dynamic
energies or extensials, and their derivatives as the speed of their development or intensials. Territories of peoples' residence
are presented as hierarchies of areas or volumes of the thermodynamic nonequilibrium system. The representation of states
or their unions in the form of thermodynamic models of nonequilibrium systems with their equations and taking into account
the hierarchy of their sub-territories that give a possibility to calculate and avoid wars, revolutions, pandemics in certain
states, unions of states and continents. Separately, given an group of equations for taking into account the relations of
individuals in society, their consumer basket, an increasing or decreasing in the population of people living in a given
territory. Thermodynamic nonequilibrium models and equations have been applied for expansion and filling by civilization
of new territories and transition her to a new level.
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l. INTRODUCTION

Until now, there are no calculational methods for predicting and developing intelligent life on Earth and on other planets.
Evaluation of the prediction of local and major wars, epidemics, taking into account the current codivirus pandemic, lack of
food and water, environmental and man-made impacts on the human population on Earth are more than actual. The target of
present work is performance of civilization as a thermodynamic nonequilibrium system with all aspects of the present and
past human’s activity. Thermodynamic nonequilibrium system laws and basic equations are applied for descriptions,
development, expansion and filling by civilization and transition her to new progressive level. The main types and aspects of
human’s activity are presented as thermo dynamic energies or extensials, and their derivatives as the speed of their
development or intensials. Territories of peoples' residence are presented as hierarchies of areas or volumes of the
thermodynamic nonequilibrium system. The representation of states or their unions in the form of thermodynamic models of
nonequilibrium systems with their equations and taking into account the hierarchy of their sub-territories that give a
possibility to calculate and avoid wars, revolutions, pandemics in certain states, unions of states and continents. Separately,
given an group of equations for taking into account the relations of individuals in society, their consumer basket, an
increasing or decreasing in the population of people living in a given territory. The equations are programmed into numerical
methods and can be useful for analysis by power structures as in particular country so in international organizations of the
United Nations.

1. PROBLEM FORMULATION

The life of people population that live in certain territory, or state, or union of states or territories can be representing as
nature phenomenon of various interactions. Under interactions we will to understand all energies, produced and accumulated
by static or kinetic energies or work of human population. She creates different types of energies of existence and
interactions. Thermodynamically, can also be called it a functionals. [1-4] Thermodynamically, civilization as system can be
to describe as thermodynamic nonequilibrium system. The life of an animal population in a certain territory already has its
own biological laws. They can be designated as thermodynamic and apply to people as well. The life of human civilization is
much wider than the animal population and affects various aspects of human life (state, business, history, culture, creation of
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means of production, language, traditions, religion, art and much more) All this can be described thermodynamically as
energy and work of creation by man. The thermodynamic equations bring us closer to common understanding of the
development and filling by civilizations in certain territories in the form states, territorial and union associations. The
thermodinamical equations can also be used for determining of the directions development and filling by civilizations.
Mathematical analysis allows us to understand in advance what is happening with population of people in territory on which
they live. This allows avoiding the wars, revolutions, as well as pandemics.

1. RESULTS AND DISCUSSION
3.1 Equation 1: The civilization as thermodynamic nonequilibrium or equilibrium system

The thermodynamic nonequilibrium system has behavioral interactions of energies or functionals, civilizational aspirations,
democratization of business, human rights and freedoms, rule of law, economy as a function of the state, state structure,
political parties, territory, borders, linguistic, religious, cultural, historical, community, traditions, etc. However, the main
types of behavioral interactions or functionals of the people population are includes: (1) historical extensial (traditions,
language, culture, songs, dances, religion, marriage, relationships in the family, parenting, traditions of despotism or
democracy, climate, food consumption chain, food-producing skills), economic functional (the state and forms of economic
relations in society, country); (2) state functional (the structure of state and political system, the structure of the courts, the
law enforcement system, the police, the army); (3) religious functionals (the population of people living in a given territory
has that religion, philosophy or does not have one that is close to her in mentality); as well as (4) territorial extensial: the
territory or its parts in which the human population lives for a certain period of time. There may also be other extensions of
the population of people living in a given area. The functionals can have the sub functionals, for example, historical
functional can have such sub functionals on sub territory also: traditions, language, culture, songs, dances, religion, marriage,
relationships in the family, traditions of despotism or democracy, climate, food consumption chain, food procurement skills,
and others. Each functional or sub functional has its intensity for certain period of time. The author name it the functional as
is customary in the thermodynamics of nonequilibrium systems.

3.2 Equation 2: Thermodynamics of the cyclical native of civilization in certain territory and in space time
interval.

Civilization develops with increasing freedom of human intelligence and the growth of production means production for
serving of civilization. Such a center is Western Europe. She give a cyclical reproduction of new level civilization in
Western Europe and these people that all the time creates a new type of civilization according to the following law:

g=awl/4 @

Where, g is the average time cycle of the reproduction of civilization in this territory; a referring to constant number; and W
is the average size of the consumer basket. The periodicity of the time interval human population in this territory or the
territory of state associations is subject to the Fibonacci number series.

3.3 Equation 3: Thermodynamics of initiation to new model of civilization for certain territory.

For understanding on how civilization is changing, introduction to coefficient A of the thermodynamic condition
nonequilibrium system for people population of living in certain territory, and also introduce the reciprocal of the coefficient
A and call it the capacity of the thermodynamic condition system.

K=1/A=dE/P;A=1/K )

Where, A refer to the coefficient of the thermodynamic condition nonequilibrium system for people population of living in
certain territory; E is the extensional of the behavioral condition; P is the territory area; as well as K is the capacity of the
thermodynamic nonequilibrium system for people population of living in this territory. The capacity of the thermodynamic
condition system is numerically equal to the thermodynamic energy of the thermodynamic nonequilibrium system of
population people of living in certain territory, which changes the functional by one. For example, the produced amount of
GDP, d¥, the derivative of the manufactured products and services and its cost price d¢, are interconnected by the following,
resulting from Eq. (1).

K=(d¥/dg) ® ©)

Where, @ refer as the area for this sub-extension; as well as the A which refer to the coefficient of the thermodynamic
condition of the state is the reciprocal of the state capacity and has directly opposite properties, that is ability of the
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nonequilibrium system to withstand the influence filling from other states and civilizations. According to Eq. (1) and (2),
then higher the capacitance K, the more thermodynamic energy must be brought to this territory of people population, so that
the coefficient A increases functional by 1. This outcome are exactly the same approach is applicable for other extensions
(Historical, economic, state, religious and others) and their sub-extensions.

3.4 Equation 4: Thermodynamics of the development territories.

The thermodynamics of the change for one hierarchy territories to another occurs when the thermodynamic condition
changes with any extensional. With this effect, at first, change any functional of the subterritories, and then change all
hierarchy ensembles of subterritories. The thermodynamic condition becomes to equilibrium for certain period of time as for
this functional as and by territorial extensional also. For some states, such square territorial functional may be quite long.
Changes of i functional as territories of structural units of state, regions, or provinces for 2 functional or their sub functional
have the form:

P.=f (E1, E2)

P,=1, (E;, Ez) (4)
Differentiating among the equation, absolutely the outcome will be:

dP,=A ndE;+AdE,

dP,=A ,dE; + A ,d E, (5)

The state coefficient of the state nonequilibrium system A connects the functional and intensials, when changing from one
nonequilibrium state to another, coefficient A changes. Obviously, the coefficient of state is also a measure of the quality or
structure of state territory or unit of state’s territory, province, region, region, territorial community. There are simple and
cross-sectional coefficients of connections between singles structures of state and interactions of structures under territories
state with the center. Basic and cross coefficients A in the form of corresponding functions of various functionals E:

Aq =111 (Eq, Ep)
A =112 (Ey, Ep)
Ay =1y (Eq, Ep)
Agy =T (EL, E) (6)

The author limited on the testing to 2 functionals, and apply the differentiation, that to show the capacitive characteristics of
2 functionals:

dAy = BindE; + BiiodE,
dA = BindE; + BiodE,
dA = BandE; + BaodE,
dAq1 = By dE; + BodE (7

When it changes take place under the influence of which functionals then can change territory parts for thermodynamic
nonequilibrium condition system of the state. These changes can affect in all territory of this state and it can then enter some
another territory parts in another thermodynamic condition state. Otherwise, under the influence of other functionals these
territory parts can leave this state and become to another equilibrium thermodynamic condition of the state, but without these
territory parts with other interactions of functionals that are not characteristic of the former thermodynamic system of this
state. It can be said that in territory parts influence hostile functionals to this state that it demonstrate an asymmetry of
ensemble structures territory parts and has the form a nonequilibrium thermodynamic system. After the influence of some
extensions, territory parts again can demonstrate symmetry of ensemble structures territory parts and the state become to
equilibrium thermodynamic condition system of the state again. However, some territorial parts may retain the asymmetry of
ensembles of territorial parts or it can be a nonequilibrium thermodynamic system of territorial parts and can enter in another
state. After the entry of these territorial parts, another state also passes from a nonequilibrium thermodynamic condition
system to an equilibrium one with symmetry of ensembles of structures territorial parts of its own state.
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3.5 Equation 5: Thermodynamics of the influence of human well-being or consumer basket on the people
population density in certain territory.

A group of equations for the people population living in given territory depending from consumer basket, increasing,
decreasing of the population size, depending from various conditions, the behavior of individuals in the population also
shows how the density of people population that correlates with wealth or consumer basket.

d = aw-3/4 @)

Where, d is the average population density in certain territory, A refer to the constant number, and W is the average size of
the consumer basket. According to this law, those people that has most size of the consumer basket usually has and more
lower average population density, or rather, the average population density decreases with increasing of the size consumer
basket increase at proportion to approximately equal to the consumer basket in degree % [5].

3.6 Equation 6: Thermodynamics of the influence consumer basket on the formation person for ensuring quality
of life.

This law shows how the formation person connect with consumer basket in according with grow and achieve adulthood
formation and as correlates with the size of the consumer person basket in certain territory. It says that people population
with larger size of the consumer basket that the period of personality formation is usually longer. The period of formation
increases with increasing of the size consumer basket in proportion to the value of approximately equal to the consumer
basket in degree ¥ [6] (Body weight in this law is mass during the reproductive period as animal population). The law for the
period of personality formation is expressed by the following allometric equation [7]:

r = aw-1/4 )

Where, r is the level of natural growth inherent in the state people population, A refer to the constant number, and W is the
average size of the consumer basket.

3.7 Equation 7: Thermodynamics of interactions 2 competitive groups of state territory for gravitating to other
thermodynamic centres of states or union of states.

The Lotka-Volterra model considers 2-3 groups of people population of with different behavioral interactions in certain
territory, gravitating to different types of thermodinamical state system [8]. In mathematical form, the proposed system of
equations has the following form:

dx/dt =(a—By)x
dy/dt=(-y+8 X)y (10)

Where, X is the number of citizens of type 1, y is the number of citizens of type 2, and t is the time, alpha, beta, gamma, as
well as delta are coefficients that reflect interactions between communities of different citizens. These are interactions of
various functionals or their sub functionals with negative feedbacks connections. An example of negative feedback
connections can be increasing of consumer basket and this may cause restrictive measures from the state. But, this can reduce
the civilization development: due to deterioration of the investment climate, the growth of constraints and the vertical of
power.

3.8 Equation 8: The thermodynamics of the cyclical growth of people population in this territory depends from
consumer basket size.

It says that for people population in certain territory with larger sizes of consumer basket, the cycles of population
reproduction less. The length of the reproduction cycle increases along with consumer basket and in proportion to value
equal to approximately the consumer basket in degree ¥4 [9]:

t=awi/4 (11)

Where, t is the average duration of reproduction cycle, A refer to the constant number, and W is the average value of
consumer basket.
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3.9 Equation 9: Thermodynamics of the reproduction people population.

It is proportional to the amount of available resources, analogous to the law for animal population. The rate of reproduction
people population is proportional to amount of available resources. Thus, second member of the equation reflects
competition at resources, which limits population growth in this territory.

dP/dt=rP(1-P/K) (12)

Where, P is the number of people population, t is the time, r is the parameter or reproduction growth, K is the reproducing
power of environment for maximum possible of population size.

The mechanisms of the within civilizational struggle people population intensify with increasing population density.
Subsequently, it limits the growth of civilization people population with aggression within civilization. These mechanisms
are activated with increasing population density, because individuals tend to occupy a space, which is currently not enough
for everyone. The individuals protects own civilizational space and all of them are required to look for the necessary or basic
space resources [10]. Other factors usually limit people population before than its density will increase before offensive of
mechanisms of interethnic struggle.

3.10 Equation 10: Thermodynamics of the growth and decreasing people population in certain territory change
exponentially without transition to another level.

The civilization of people population is growing exponentially without transition to new level. Malthusian law [11] describes
how populations grow or decreasing in according with this level of civilization when nothing else happens. It describes the
natural condition of populations or when nothing else.

3.11 Equation 11: Thermodynamics of increasing number people population with increasing the ability of
civilization to survive.

There is a positive relationship between individual adaptability to living conditions and the number or density of people in
this territory. With increasing of the ability population to survive and civilizational ability could also be increase, for
examples can be any Empire, the Soviet Union, the European Union, and NATO. According to Allé’s law, [12] there is
decrease reproduction or survival ability of populations with decreasing density of civilization.

V. CONCLUSION

In this paper, the basis has been developed for representing civilization as a thermodynamic no equilibrium system. The
thermodynamic characteristics of the people’s life and activity are introduced as functionals and their derivatives, intensials,
hierarchies of the sub territories of living there people. Also, the concept of a thermodynamic nonequilibrium system for the
state and alliances of states is introduced. Not to mention, the laws of thermodynamics of nonequilibrium systems and their
biological analogues of animal populations are applied for the development, expansion and filling of civilization.
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