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Abstract

The author of this article proposes that the representation of Charles Darwin and Alfred Wallace’s
theory on “variation and selection” in the living world is a reflection of the action of hierarchical
thermodynamics. Hierarchical thermodynamics is based on the law of temporal hierarchies and
on the principle of substance stability. This principle enables the transmission of thermodynamic
information between lower and higher structural hierarchies, in both forward and reverse direc-
tion: from nucleic acids to higher structural hierarchies and back. The principle of substance sta-
bility, in fact, is the main dynamical and thermodynamic mechanism of natural selection. It is al-
leged that the natural selection of atoms, molecules, organisms, populations, and other hierar-
chical structures takes place under the action of a variety of internal factors within organisms and
the external environmental factors that can be considered as tropisms. Forms (design) of living
organisms are formed as a result of spontaneous and non-spontaneous processes that lead to the
adaptation of living systems to the environment. The selection is carried out as a result of the im-
pacts of different energy types and the principle of substance stability at all levels of hierarchical
structures. Actions of tropisms are presented by various members of the generalized Gibbs equa-
tion.
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1. Epigraphs

“One of the principal objects of theoretical research in any department of knowledge is to find the point of view
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from which the subject appears in its greatest simplicity.”
J. Willard Gibbs
“... the true and only goal of science is to reveal unity rather than mechanism.”
Henri Poincare
“Hierarchical thermodynamics in accordance with the laws of nature creates and optimizes forms and func-
tions of living systems in their habitat. This optimization is connected with the search for minimums of specific
Gibbs free energy formation of dynamic structures of all hierarchies.”
Author

2. General Presentation

This article is a brief overview of selected works of the author in the field of thermodynamics of the origin of
life, biological evolution and aging of living beings. It should be noted that this area of research is the subject of
many studies. For a long time, many scientists try to use thermodynamics to explain biological issues. Some of
researchers have made achievements and progress, while the disagreements and arguments in this area do exist.

The review focuses on the theoretical issues concerning natural selection in biological evolution. Hierarchical
thermodynamics of the author studies the complex thermodynamic systems, where some work aside from exten-
sion work is performed. It is alleged that living dynamic structures are the quasi-closed and quasi-equilibrium
supramolecular systems. As a result of self-assembly, these structures are condensed and are converted into
structures of higher hierarchies. It is shown that the variation of the chemical composition and the structure of
living systems have thermodynamic orientation.

Representations of Charles Darwin and Alfred Wallace’s theory on “variation and selection” in the living
world is a reflection of the laws of hierarchical thermodynamics created by the author based on the solid founda-
tion of J.W. Gibbs theory [1].

Hierarchical thermodynamics, using the principle of substance stability (the principle put forth by the author),
describes evolution and development, and defines the appearance of living systems at all hierarchical levels. In a
hierarchical thermodynamics introduced notion of dynamical thermodynamic mechanism of transformation of
hierarchical structures [2]-[8]. Here we are talking about changes in the thermodynamic functions of states of
systems in time. It is assumed that the functions of a state near to equilibrium systems have a real physical
meaning [9], i.e., these features are similar to the functions of the state of relevant equilibrium systems. Ther-
modynamic theory of biological evolution is represented by the author, was published in leading journals, mo-
nographs, patents and essays notes on the Internet. It can be assumed that these works on thermodynamic theory
of biological evolution are the foundations laid by the author, creating a new field of research that uses the me-
thods of near-equilibrium thermodynamics. This new concept of thermodynamics uses representations of quasi-
closed systems of variable composition. Dynamic behavior of these systems with a good approximation is de-
scribed based on the representation of the functions of the state i.e., functions that have full differentials. In other
words, it is assumed that biological systems at each hierarchical level can be characterized by functions of the
states which have real physical meaning. This approach is consistent with the concept of non-equilibrium ther-
modynamics of systems close to equilibrium [9]. This approach highlights the difference between hierarchical
thermodynamics and Prigogine's thermodynamics of systems far from equilibrium [10]. Prigogine’s thermody-
namics is actually a type of kinetics, because it cannot be described in terms of state functions. For instance, ac-
cording to Prigogine’s theory, the system’s entropy has no full differential. Therefore, the idea of living dissipa-
tive structures cannot be considered thermodynamic.

Recently, Professor Fouad El-Diasty presented an ice original article on the “Origin of Order: Emergence and
Evolution of Biological Organization as a Problem in Thermal Physics” [11]. However, the hierarchical ther-
modynamics of the origin of life and biological evolution (the variation and the selection that define evolution)
describes the behavior of complex thermodynamic living systems, in which and over which various types of
work can be performed [12]-[17]. This article of author takes into account this situation. Due to broad diversity
within this research field which is beyond the scope of this review, we will consider only some general theoreti-
cal concepts. Of note, the author published many studies in peer-reviewed Russian scientific journals, which are
not internationally known. References to these publications are generally not presented here. These references
can be found in separate monographs and articles in leading journals, and the Internet. Various assumptions and
approximations made while creating the thermodynamic theory of the origin of life, biological evolution and
aging of living beings was considered in the author’s works and cited in the bibliography.
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3. History of the Application of Thermodynamics to the Problems of Origin of
Life, Biological Evolution and Aging

There are many attempts to apply thermodynamics for explaining the phenomena of life [8] [18]. L. Boltzmann
wrote that life is connected with the production of negative entropy (negentropy). This concept was developed
by E. Schrodinger in his famous work “What is life”. In the future, I. Prigogine proposed to consider living ob-
jects as the far from equilibrium “dissipative structures”. He argued that the thermodynamics of J. W. Gibbs [1]
is of no interest from the perspective of the origin of life, evolution and aging of living beings. Moreover, long
before the mentioned works of I. Prigogine, Erwin Bauer introduced the concept of “structural energy” and for-
mulated the principle of sustainable disequilibrium: “All and only living systems are never in equilibrium and
perform due to its free energy constantly working against the equilibrium...” However, Bauer’s theory was not
experimentally confirmed. It is difficult to understand the origin of “work against the equilibrium”. One cannot
say what kind of equilibrium, chemical or supramolecular, was investigated in these works. Furthermore, we
now know that the independent local supramolecular and other quasi-equilibriums do exist in living systems.

“Thermodynamics of dissipative structures” is certain Kinetics describing the behavior of systems far from
equilibrium. In this “thermodynamics” there are no state functions. For example, “Prigogine’s entropy” in the
system is far from equilibrium and has no full differential. This “entropy” cannot be calculated or determined
[15]-[17]. Prigogine’s theory, at best, can be regarded as a trial or deadlock theory. Representations of Prigo-
gine’s theory were widely used by M. Volkenstein, A. Zotin and many of their followers. However, these re-
searchers were eclectic as they often mixed some concepts of Prigogine’s theory with that of J.W. Gibbs theory
and the “information entropy” of K. Shannon. These scientists and a number of gerontologists apparently were
far from the modern ideas on the subject. In fact, my opinion on the quasi-equilibrium hierarchical thermody-
namics of biological evolution and aging is that the works of Prigogine and his colleagues are now of historical
interest only.

The author of this article believes that it is hardly appropriate to use clearly unfounded statements of L.
Boltzmann, E. Schrodinger, I. Prigogine and other researchers that associate the phenomenon of life and its
evolution with an increase in the entropy of the universe (or negentropy of living systems) only. A huge amount
of mistakes exist due to the unacceptable confusion in terminology and a lack of understanding or neglect by
many authors on the foundations of equilibrium thermodynamics, as well as quasi-equilibrium hierarchical
thermodynamics applicable to describe the evolution of living and non-living matter. For example, the conclu-
sions on the thermodynamics of ideal systems are being extrapolated to “the complex systems with interactions”
or reduce everything to the change of “imaginary entropy” [18] [19].

It is noteworthy that a number of scientists long before I. Prigogine realized the “spirit and letter” of classical
thermodynamics by Clausius-Gibbs and put forward reasonable concepts of the origin of life and its evolution
from the viewpoint of physical chemistry. It is necessary to point out the well-known outstanding works of Al-
exander Oparin, John Haldane, Stanley Miller and Harold Urey. Currently, many organic chemists and physical
chemists are studying the origin of life at the molecular level based on classical thermodynamics. Here we can
mention the outstanding works of David Dimler and his colleagues, who offer a very reasonable model of the
origin of life. Proceedings of these scientists are posted online. In recent decades, researchers have begun to pay
attention to the role of catalysis in the phenomena of life. Many important considerations are presented from the
perspective of the kinetics and mechanisms of these phenomena.

The author presented the history of hierarchical thermodynamics in [8] and in essays online. It was noted that
the open nature of biological systems is not an obstacle for using the same methods of thermodynamics to study
them. It is appropriate to recall the methods of equilibrium chromatography to study the dynamical systems in
the case of quasiequilibrium [7].

Access to the Internet has triggered widely distributed controversies regarding ideas about life and its origins.
For example, the online multi-volume edition EoHT [19] discussed statements belonging to not only profession-
al researchers, but also to great scientists from other subject areas, who are specialists in their own fields. In ad-
dition, opinions of science enthusiasts and lay persons on the problems of the origin of life and its evolution are
also presented. But in some cases, many issues are described from perspectives that are not consistent with
modern science. For example, there are discussions of the views concerning “the defunct theory of life” [20] and
the idea about “molecules” as different types of particles and bodies of different nature in the EOHT [19]. One
table in EOHT shows the experimental data on the atomic composition of organisms. However, | believe the au-
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thor of this article in EoHT clearly used an unacceptable concept of molecules. In addition, as in the past century,
“Human thermodynamics” is often considered as thermodynamics of simple systems (ideal gases or ideal solu-
tions). However, thermodynamics of interaction between people (as well as any organisms) must be investigated
from the perspective of complex systems that perform various kinds of work, not just the work of expansion [4]
[5] [17]. The categorical rejection by some authors that strictly warranted established views on the problems of
life is not conducive to the realization of the progress in this field of research. Nevertheless, | note that the
above-mentioned work may be useful to historians of science and art, which distinguish fantasies from reliable
information.

4. The Hierarchical Approach to the Study of Life and the Law of Temporal
Hierarchies

The study of life, as a phenomenon is greatly simplified if we consider the processes in living systems as a
transformation of structure of living objects. This transformation leads to the appearance of well-known hierar-
chical systems, which arise due to the condensation of the structures of each of the lower hierarchy to form the
structures of the higher hierarchies [2] [5]-[7]. This sequential condensation is a “structural collapse of living
matter”, which consistently unites molecules, supramolecular structures, cells, organisms, populations and other
structures resulting from the self-assembly. The collapse of living matter develops under the action of hierar-
chical thermodynamics and this process is a reverse process of branched chain reaction. In a limited sense, it re-
sembles the gravitational collapse. Inside each hierarchy this collapse is similar to the crystallization of individ-
ual substance which is accompanied by the formation of a new phase. From this perspective, the development of
a living system is a hierarchical process of phase formations. Hierarchical thermodynamics was created on the
basis of Gibbs's thermodynamics [1], which is the most accurate physical theory. Hierarchical thermodynamics
allow us in quasi-approximation to explain the known phenomena and to make numerous predictions.

Hierarchical thermodynamics was created from the discovery of the law of temporal hierarchies, which
proves the possibility of an independent study of the processes within each hierarchical level [2] [5] [7].

The law of temporal hierarchies was formulated by the author in the late 70s of the XX century [2]. Some
colleagues referred to the law as “Gladyshev’s law” or “Gladyshev law”. One of the formulations of this law can
be defined as: the law of temporal hierarchies states that any living system of any temporal hierarchical level in
a normal state has a thermostat (physical thermostat), which is a surrounding medium that is characterized by
slightly changing average values of thermodynamic parameters [3] [5]. In simple terms, the law of temporal
hierarchies is a means of identifying or discerning a systems-within-systems point of view in the classical ther-
modynamic analysis of a living system both internally and socially. The main reason for this statement is the
connection with the phenomenon of metabolism. Lower level hierarchical structures are often reproduced in a
medium of higher-level hierarchical structures during the lifetime of the latter. Thus, we have:

th <« ti* (1)
where tj—average lifetime of structures of lower hierarchical level, t‘”—average lifetime of structures of
higher hierarchical level.

I would like to stress that the law of temporal hierarchies makes it possible to identify quasi-closed thermo-
dynamic systems (subsystems) in open biosystems [3] [5]. It is possible to study their development (ontogenesis)
and evolution (phylogenies) by studying the changes of the value of specific (per unit of volume or mass) Gibbs
function of the formation of the given higher hierarchical structure out of lower-level structures. Thus, it was
established that in ontogenesis (or phylogenies), the specific Gibbs function of the formation of supramolecular

structures of an organism’s tissues (Gi"“) tends to be a minimum:
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where V is the volume of the system; m is the mass of the identified micro-volumes; x, y, z are coordi-
nates; symbol “~” means that the value G™ is specific; and symbol emphasizes the heterogeneous character
of the system. Let us note that Equation (2) implies taking account of all supramolecular interactions in all hie-

rarchical bio-tissue structures (intracellular, intercellular and others). This is fully justified because the structural
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hierarchy does not always coincide with the temporal hierarchy. Thus, some types of cells do not divide and like
organisms, age simultaneously with the organism. However, any supramolecular hierarchy (j—l) has some
higher hierarchy (j+Xx), so that

It

where t'™ and t’** are the mean duration of the existence of the corresponding structural hierarchies in a living
system,and x=0,1,2,---, etc.
The use of equality (2) means, in fact, that we apply the law of temporal hierarchies as:

e M M (OO o PP (3)

Here, t™ (t°“) is the average life span of an organism’s molecules (chemical compounds) that take part in
metabolism, t™ (tS”p“‘) is the average life span of any supramolecular structures of an organism’s tissues that

are renewed in the process of its growth and development, t"®"™™ s the average life span of an organism in a
populationand t isthe population’s average life span. The series of strong inequalities (3) does not include the
life span (lifetime) of cells (cell) and some other supramolecular structures. However, this series of course tallies
well with reality and reflects the existence of temporal hierarchies in living systems. The latter rigidly substan-
tiates the possibility of identifying quasi-closed systems (subsystems) in open biological systems.

The thermodynamic theory of biological evolution and the aging of living beings accords with numerous facts
and with mankind’s empirical experience.

The existence of laws 1 and 3 allows us to use quasi-closed thermodynamic models to investigate living systems.
I note that the sequences (1) and (3) are the series of overlapping triads of Nikolai Bogolubov [21]. This clearly
proves the possibility of using thermodynamics for describing each hierarchical level.

5. The Principle of Substance Stability. Biological Diversity and Natural Selection

In hierarchical thermodynamics, the principle of substance stability describes the tendency of natural systems
to seek local and general equilibria at all temporal and structural levels of organizational matter [5]. For example,
it establishes a predominant direction of stable and unstable atomic and molecular movements between hierar-
chies. The principle of substance stability was presented in the form of a figure in a preprint in 1977 and in the
paper published in 1978 [2]. Laterit was formulated as “the principle of the stability of a chemical substance” in
the books published in 1996 and 1997 [5] [7]. This principle is now applied to all hierarchies [22]-[25]. The au-
thor called this principle as “the principle of substance stability” [25]. This principle in fact, is the main “ther-
modynamic mechanism” of natural selection. In a concise form, “the principle of substance stability” states that:

“During the formation or self-assembly of the most thermodynamically stable structures at the highest hierar-
chical level (j), e.g., the supramolecular level, nature in accordance with the second law, spontaneously and
predominantly uses the least thermodynamically stable structures available from a given local part of the bio-
logical system, belonging to a lower level, i.e., the molecular level (j—1). Moreover, nature incorporates these
unstable structures into the next higher level i.e., the supramolecular level (j).”

In short, the principle of substance stability argues that each subsystem of the biosphere evolves according to
its thermodynamic tendency to seek free energy minimums during each evolution cycle.

Note that in 1977 the author wrote “after the concluding stages of general evolution the concentration of free
energy occurs not only owing to the growth of the chemical component G j-im (intermolecular) and higher order
components, but also owing to the G-j at the atomic component (as well as to other components not considered
here)”. In these early formulations of the principle of substance stability based on hierarchical thermodynamics,
| believed in the importance of the atomic component (G j-at) for understanding the direction of biological evo-
lution. Laterit was showed that the composition variation (the selection) of chemical elements (atoms) during
evolution indeed corresponds to “the principle of substance stability” [19] [26]. The same situation should be
found with the variation of isotope concentration of elements during ontogenesis and phylogenies. This predic-
tion was confirmed in the future [27]. In the sphere of sociology, with reference to family ties and their relation
to society, the principle of substance stability operates in social hierarchies [17]. In a generalized social matrix
one can visualize the substance considered as an elementary structure of any “inside” social hierarchy being de-
fined as an understructure hierarchy, for e.g. a hierarchy of organisms, groups of organisms, etc. To cite one
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example, the stronger the love and mutual understanding between the husband and the wife, i.e., the understruc-
ture hierarchy, the less time they spend “outside” the family, i.e., the “over-structure hierarchy”. Marriage part-
ners in types of stable relationships will not have the desire or impetus to seek external interaction and bonding
as compared to less stable couples. Furthermore, the principle of substance stability corresponds to the well-
known rules of maintenance of stabilities of parties, unions, states, and nations, as personified by the age-old so-
cial management custom of “divide and rule”, in which higher hierarchies have fewer but more powerful and
stable members [17]. The levels of the Gibbs function of formation of all monohierarchical systems during the
emergence and degradation of living matter shift to lesser negative values. It should be noted that in his works
the author wrote primarily about natural selection with common positions of hierarchical thermodynamics. In
some articles he discusses only the general thermodynamic mechanisms of natural selection. Undoubtedly, in
the future is interesting to study the important details of these processes.

In line with the presence of feedbacks among the structures in different hierarchies, this scheme should be
presented as [2] [3] [5] [16] [17]:

Molecular structures (nucleic acids-proteins. other biological polymers and molecules) 2 Supramolecular
structures 2 Cells 2 Organisms 2 Populations 2 Communities 2 Ecosystems, etc.

Arrows in this scheme 2 indicate the possibility of reading off direct and reverse (backward) information. As
was repeatedly stressed, the rate of transmission of reverse information is, for the examined reasons, low as
compared with that of direct information. This scheme (in accordance with the well-known facts) points to the
relatively slow effect of the environment on the structure and characteristics of populations (on the time scale of
their life) and in the final analysis, on the supramolecular and chemical structure of nucleic acids.

Figure 1 presents the scheme of the change in the Gibbs function (the Gibbs free energy of formation of
structures of the biological world). This scheme is a scheme of a cycle of the relative circulation of matter in
nature. This cycle can be studied from the viewpoint of hierarchical thermodynamics [18] [22] [25].

The long arrows in the center (the gray area) of the scheme at the bottom show the direction of thermodynamic
self-organization (self-assembly) of the elementary structures of every (j—1)th monohierarchy, which are con-
densed to form the structures of the next (higher) j'" monohierarchy. The short parallel arrows of the scheme show
the displacement of Gibbs function to the back side—to lesser negative values during ontogenesis, phylogenies
and evolution. This, as was already noted, is a consequence of the effect of the principle of substance stability! The
principle contributes to the natural selection at each hierarchical level.

The bottom of Figure 1 shows the relatively stable chemical substances including minerals. These relatively
stable compounds under the influence of different types of energy (in conditions of the existence of planets and
other celestial bodies, or in space) transform to unstable products or products with low stability (top of Figure 1).
Such products are C,N,, HCN, CsHsNs (adenine) among others [24] [25].

Of course the stability of these substances is determined by the conditions of their formation and existence.
Furthermore, a comparison of the stability of the substances (for example, under standard conditions) is relative,
because the stability of all the elements (simple substances) is equal to zero (i.e., the stability is accepted to be the
same for all elements). However, the identification of new thermodynamic correlations in the “chemistry of life”
and the confirmation of numerous predictions shows that this comparison is justified and reasonable. One ratio-
nale for this is the author’s argument that the basic elements of life, apparently, can be considered as “objects of
same type”. Of course the foregoing statement must be subjected to an additional test.

In conditions of the earth, the conversion to relatively stable chemicals occurs under the influence of solar and
other energies. As a result of this exposure, sugars, amino acids and other products that are involved in the
spontaneous chemical reactions and processes of hierarchical supramolecular condensation are formed.

It should be kept in mind that the energy of the external environment acts in all hierarchical structures of the
living matter. This leads to the transformation (the conversion) of structures of all hierarchical levels and their
mutual adaptation. Due to the large variety of environmental conditions (i.e., the surrounding environments of all
hierarchies of living structures), there is a wide variety of structures in all hierarchies. The intensity of the action of
physical fields and forces to different hierarchical structures of living matter is determined by the nature of these
structures and, above all by their sizes [5] [25]. For example, light mainly contributes to molecular transforma-
tions but mechanical and gravitational fields are manifested primarily at the level of organisms. In general, the
series of transformation of living matter involves electromagnetic forces, thermal effects (thermal energy),
acoustic, mechanical, gravitational and all other possible actions of the surrounding environment. All of these
effects can be represented as tropisms, which manifest themselves in the form of behavioral responses of living
bodies or their adaptation to the environment [18] [25] [28] [29].

(=)
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is the type of structural hierarchy.

Thus, a variety of environmental conditions lead to high biological diversity and selection of living beings in a
constantly changing environment. It is clear that on earth there are so many different places of dwelling for living
beings. In other words, there are a myriad of physical thermostats [18] [25] [26], inhabited by a variety of or-
ganisms. Although the parameters of such thermostats are constantly changing, we can reasonably assume that
during the relatively small time of existence of these thermostats, living structures have time to adapt to their
environment. In brief, living systems (organisms) exist in dynamic quasi-equilibrium conditions. Supramolecular
and higher quasi-equilibriums can be adapted to the environment during a short time. Environmental changes due
to the action of the principle of substance stability can be recorded in the structure of nucleic acids—the carriers of
hereditary information. This promotes natural selection. However, when revolutionary changes take place (e.g.
action of volcanic eruptions, falls of meteorites, and other disasters), living systems cannot adapt to dramatically
changed environment and they die. Thus, natural selection is only possible in the case of evolutionary processes
when the selection thermodynamics is active.

All of the above is true for artificial selection, which is implemented within individual species of living beings
but hampered in the interaction of different species.

(=)
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Natural selection and adaptation can occur at the social level of development of human society. Thus, beautiful
and talented people congregate in large cities and developed countries where there are good living conditions and
work in various spheres of human activity. There are many analogical examples, some of which are presented by
the author in [17] [30] [31].

In the study of evolutionary transformations in living systems including natural selection, for pre-qualitative
assessment of the role of individual processes in evolution, one can consider the well-known equation for the total
differential of the Gibbs function [5] [7] [25]:

dG™ = ZdGi* = _Zsld-rl +Zvidpi _zzxkidxki +zzfuki dmki (4)
i i i ik ik
where: G —Gibbs free energy; T —temperature; S —entropy; V —volume; p—pressure; X —any gene-
ralized force except pressure; x—any generalized coordinate except volume; u —chemical (evolutionary)
potential; m—mass of k -substance; work realized by the system is negative. Index i pertains to the specific
evolution, k—to the component i evolution. The superscript = means that the behavior of a quasi-equili-
brium complex system is considered.

The above equation is a generalized equation since in principle all interactions (inside and outside) of all
structures of every hierarchical level are taken into consideration independently of the scale of these interactions.
It is logical to consider this equation as one with considerably divided parameters, symbolic or speculative, that
can be efficiently used only in relation to everyone or adjacent hierarchies of structures.

In this case, the Gibbs equation is considerably simplified in connection with negligibly small values of the
majority of its isolated or individual members. Symbolism or speculation consists in the fact that it is difficult to
take into consideration simultaneously all multi-scale effects determining the behavior of complex heterogene-
ous poly-hierarchical system at once. This statement is connected to the principle of mathematics, which allows
us to combine like with like only and prefers the simplicity and unity in the description of the physical picture of
the real world. Although, I should note that the above equation is characterized by a unity that is associated with
a general thermodynamic approach to study the behavior of all individual mono hierarchical systems that form
polyhierarchical systems.

Importantly, the simplified relations obtained from Equation (4) are used in the study of tropisms [10] [18]
[25] [28] [29] and in many physiological and other studies [29]. The law of temporal hierarchies first substan-
tiated the correctness of these approaches based on thermodynamics.

It should also be noted that the present equation must contain terms that take into account the interaction be-
tween biological objects (e.g. cells, organisms and other structures) arising from actions, physical fields and
radiation, the origin of which is associated with chemical and physiochemical processes in living systems. Many
that are often not strictly identified as “weak” interactions in the living world can be attributed to tropisms,
which detail the mechanisms of these interactions, are not clear. The complexity of studying these phenomena,
as a rule, is the lack of highly sensitive physical devices that measure these interactions. However, biological
sensors can detect these mutual effects of biological objects. Thus it can be argued that the transfer of “structure
information” between biological molecules and supramolecular structures by organisms do not necessarily re-
quire direct close contact of the said structures (e.g. information transfer that occurs at the contact of nucleotides
during the formation of DNA or during the formation of acetic acid dimers).

Presented in this section, the data suggest that it is difficult to give a general definition to the phenomenon of
life [20]. The only thing in common is that the characteristic of life apparently is a hierarchical structure and de-
velopment of living objects. There are many definitions of life from different perspectives. One of the defini-
tions of life based on thermodynamics is: the existence of spatially allocated polyhierarchical renewing struc-
tures in the circulation (in the cycle) of labile chemicals in the presence of liquid water on the planet.

6. Final Remarks on the Predictions of Hierarchical Thermodynamics

Hierarchical thermodynamics, despite a number of approximations, can explain many known facts and make a
number of predictions. The author is not aware of any events and facts in the life sciences, which cannot be un-
derstood at least in principle, from the perspective of this field of science.

In 1977 it was shown that the variation of chemical and also supramolecular composition of living beings is a
result of the action of laws of hierarchical thermodynamics [2] [5] [7]. The theory predicted enrichment of living
beings by heavy isotopes and heavy chemical elements during evolution [27]. The author of this article unders-



G. P. Gladyshev

tood the nature of molecular selection in evolution including the selection of lipids, proteins and nucleic acids
from the viewpoint of physical chemistry [3]. It was termed as thermodynamic dietetics [25] [32] [33]. On the
basis of calculations presented, some recommendations were made regarding the establishment of anti-aging di-
ets prolonging healthy life of animals and humans [25] [32]-[34]. These recommendations are fully consistent
with the experience of ancient and modern medicine, and nutritional science. Furthermore, the author has made
a number of completely new, practically important, recommendations in sport medicine, pharmacology and oth-
er areas of expertise [3] [7] [25]. It can be argued that through the principle of substance stability [25], hierar-
chical thermodynamics determines the natural selection of elements, molecules and structures of the higher hie-
rarchies during the origin of life and biological evolution. This area of science has accumulated a lot of impor-
tant information [26] [35], which should be carefully analyzed from the standpoint of thermodynamic selection.

Hierarchical thermodynamics allows us to understand social phenomena. From the standpoint of thermody-
namics we can understand the ancient principle of “divide and rule”. It is also shown that for most times the
history of the development of society is predictable [16] [21].

On the basis of thermodynamic theory, hypotheses on the origins of cancer, the nature of some pathology, the
common (identical) genetic code in the universe, and about the phenomenon of life as self-defending process
can also be formulated [18] [27].

In recent years, attention was drawn to the opportunity to explain the phenomenon of natural selection based
on thermodynamic concepts of the dynamical mechanism of this phenomenon. The author of this article every
time emphasizes that the thermodynamics of biological phenomenon should not be looked into independent.
This phenomenon has to be considered together with the thermodynamics of external environment.

7. Conclusion

The presented results give reason to believe that natural selection structures at all levels of organization of
chemical and biological matter are the result of the laws of thermodynamics, and above all the principles of sub-
stance stability. The principle of substance stability reflects the basic thermodynamic mechanism of natural se-
lection. From the perspective of this principle, we can explain the origin of life and its evolution, development
and aging of living systems at all levels of biological organization. It can be assumed that hierarchical thermo-
dynamics is the driving force behind the emergence and development of life in the universe.
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