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Abstract

Health, as a phenomenon of a planetary scale, reflects the life of mankind, the world of animals and plants.
Human health issues from the mid-20th century began to come out of the exclusive medical control. The
increase in the average life expectancy of the population of developed countries, the globalization of economic,
political, cultural life, the emergence of pandemics of viral infections - all these factors have shown that in
maintaining the health of the population, the actual medical contribution is no more than 10%. The rest of the
influence is exerted by economic, environmental, social and hereditary factors. The burden of disease of the
population causes significant damage to the economies of even the most developed countries.

Human health is a comprehensive, integrative assessment of the quality of his being for each specific time
and age period. Thus, we consider health as a derivative of the ontogenetic scale. A feature of this scale is the
unification on the time axis (x) of both calendar and biological ages. The axis () reflects the magnitudes of the
influence of known determinants of health that accompany a person at each stage of his ontogenetic movement.

One of the most important conditions for the functioning of the human body and animals is the
constancy of the internal environment, defined as homeostasis. It is thanks to homeostasis that every cell of the
body is in a relatively constant environment, which is an extracellular fluid. Earlier we drew attention to the fact
that all the parameters of extracellular fluid can be divided into indicators of water-salt homeostasis (osmolality,
concentrations of ions Na, K, Ca, pH). The task of water-salt homeostasis is to ensure water balance, both
intracellular water content and the total amount in the body.
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The second group of homeostasis indicators is represented by metabolites (glucose, lipids, amino acids,
proteins, urea, creatinine, bilirubin, etc.). On the one hand, metabolic indicators are quite stable, which made it
possible to attribute them to homeostasis, but on the other hand, their most important feature is that they are very
closely related to the functional state of the body (organs, tissues, cells), since the main task of metabolism is to
adequately provide the organs and tissues of functioning systems with the necessary amount of energy and
plastic substrates. Accordingly, with changing functions, the levels of the main metabolites should also change.
At the same time, the main criterion for the adequacy of the metabolic support of functioning systems is not their
homeostating concentration, but compliance with the changing needs of organs and tissues. That is, in the body it
is necessary to ensure a sufficiently strong relationship between function and metabolism.

In the literature, the subjective assessment of whether social factors affecting health can be avoided through
structural changes in policy and practice appears to be the dominant way to determine the social determinant of
health. In addition, the term "social" remains ambiguous and difficult to define within the clear boundaries of
health care.

There are already concerns about the requirements and approaches to their screening, as well as their
benefits and unintended harm. A long list of CLE can prevent doctors from prioritizing screening for social
determinants and referring patients to support services. Politicians may also be less inclined to continue working
with such a long and growing list. In most government agencies, there are inherent barriers to adopting a social
determinant approach in policymaking.

A long list can add additional restrictions on adoption. A clear understanding of the "social determinants
of health" is critical for all key stakeholders, including the public.

Key words: health, social health, homeostasis.

Introduction

Health, as a phenomenon of a planetary scale, reflects the life of mankind, the world of animals and plants.
Human health issues from the mid-20th century began to come out of the exclusive medical control. The
increase in the average life expectancy of the population of developed countries, the globalization of economic,
political, cultural life, the emergence of pandemics of viral infections - all these factors have shown that in
maintaining the health of the population, the actual medical contribution is no more than 10%. The rest of the
influence is exerted by economic, environmental, social and hereditary factors. The burden of disease of the
population causes significant damage to the economies of even the most developed countries.

Traditionally, within the framework of educational programs of medical universities, the doctrine of public
health is presented within the framework of the discipline "public health", where three categories of health are
considered.

Individual health is an assessment of the health of a particular person. It is evaluated by the presence of
complaints, an assessment of personal well-being, the data of an objective examination by medical workers
(clinical and paraclinical signs of the presence or absence of diseases, the degree of physical development,
mentality, etc.). The health of an individual is traditionally considered by clinical disciplines from the position
of the "doctor-patient" system, i.e. searching for symptoms of various infectious and non-infectious diseases and
eliminating health disorders.

Group health is the health of homogeneous cohorts of people selected separately for different reasons:
gender, age, profession, etc.

Population health is a territorial characteristic of the health of people living in a certain territory (district,
region, region, zone, country, continent, etc.).

The science of health is claimed by a relatively young direction - valeology, the object of study of which is
the characteristic of the internal reserves of the human body and the possibility of their increase.

It should be noted that if the conclusion on the state of health of an individual is not difficult, since there is
a significant basis of established clinical, laboratory and instrumental criteria, then there are a number of
problems for the aggregate assessment of public health, since it reflects the statistical group processing of the
health of individuals of which the population consists, but is not the sum of the health of these people.

1. METHODS OF STUDYING BIOLOGICAL HEALTH

1.1. Anthropological and ontogenetic approaches

Man, as a biosocial intelligent being, is studied by various sciences. The most general approach belongs to
anthropology, the task of which is to integrate the biological essence of man with the evolution of his cultural
development and social relations.
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Such a wide field of the unitary philosophical approach, formed by Aristotle since the time of ancient
philosophy, from the middle of the 20th century began to differentiate into smaller specialized sectors. In
particular, social anthropology, cultural, political, philosophical, media, visual, feminist, judicial, cybernetic,
religious, pedagogical and other types of anthropology appeared [1].

In this regard, the study of human health and the health of various population groups will relate to the
biosocial aspects of anthropology, the purpose of which is to study the category of "human health" through the
prism of the socio-biological essence of man, reflecting the boundaries of his harmonious existence in the natural
(natural) and artificial (socio-cultural) environments.

In our previous work on the concept of human health on the model of the space-time continuum (SPVC),
an approach to combining the biological and social determinants of health on the basis of the time axis, which
includes the main known stages of human development, was substantiated. Thus, the concept of PVC is based on
an ontogenetic platform that suggests the possibility of studying human development from its inception to death:
from embryonic development to age-related involutional changes in the body of elderly people.

Modern views on the essence of human health are extremely diverse. And the category of "health", as well
as "anthropology", has undergone a split into many narrow utilitarian directions. There were directions that study
the "health of chromosomes", "cell health", "health of organs and tissues", "healthy food", etc.

In this paper, we adhere to the view that the category of health is initially applicable exclusively to the
person himself. The generalized health of various groups of people or group health indicators (morbidity, birth
rate, mortality, etc.) do not carry the same depth of understanding of health disorders at the biological level, but
more reflect epidemiological and socio-economic relations in the regions where people live.

Human health is a comprehensive, integrative assessment of the quality of his being for each specific time
and age period. Thus, we consider health as a derivative of the ontogenetic scale. A feature of this scale is the
unification on the time axis (x) of both calendar and biological ages. The axis (y) reflects the magnitudes of the
influence of known determinants of health that accompany a person at each stage of his ontogenetic movement
(Figure 1).

Such spatial visualization helps to assess the multifactoriality and strength of the influence of determinants
in different periods of life and to understand the essence of the indicator of the reliability of the vital systems of
the body. From this point of view, health is an indicator of the reliability of the adaptive psychophysical and
social mechanisms inherent in a person at this particular, ontogenetic moment in time.
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Figure 1. Anthropogenic factors in the formation of the spatial-temporal continuum of man (A. L
Gozhenko, V. S. Biryukov, 2019) [2].

From a biological point of view, human ontogeny is no different from the ontogeny of the animal world. It
includes several mandatory, irreversible, sequential stages. At each of these stages, there are well-identified risks
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that disrupt or destroy health. But for humans, in addition to the biological determinants of health, there are

many soc
using the

ial determinants that must also be taken into account when developing an ontogenetic model of health
example of PVC.

In human ontogeny, the following irreversible successive periods should be distinguished:

1.

2.

W

NN e

9.

10.
11.
12.
13.
14.
15.
16.

Early progenesis reflects the formation of gametes of the parent pair (the period of development and
maturation of germ cells - eggs (ovogenesis) and spermatozoa (spermatogenesis).

Late progenesis - fertilization, the formation of a single-celled organism - zygotes.
Mother-placenta-fetus system. Transformation of the zygote with the formation of a blastocyst
(multicellular human embryo).

Mother-placenta-fetus system. Embryogenesis (phase of histogenesis, up to 22 weeks of gestation).
Mother-placenta-fetus system. Fetal development. Fetal period. From 22 weeks of gestation to delivery.
Neonatal period (the first 28 days of life).

Infancy (from 29 days to a year).

Junior pre-school age.

Senior pre-school age.

Junior High School

High School (Teen)

Adolescent

Mature age

Old age

Longevity

Dying and death (it does not come suddenly, there are palliative and hospice periods that facilitate the
quality of life of dying people).

The ontogenetic "lifeline" presented above includes 16 stages, each of which, at a certain period of time, is
capable of having a significant impact on human life and health in a specific way characteristic of a given
ontogenetic period of time [3].

There are numerous tabular data reflecting the relationship between the age of the human embryo and its
size. Visualization and mathematical processing of these data [3] reflect the rapid exponential growth of the
embryo (y = 0.3627x*", where y is the body length of the embryo, and x is a week of life), especially in the
period 5-8 months (y = 0.2132x>%7) (Fig. 2).
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This

period reflects the most important stage in the development of the human embryo - organogenesis. It is

at this stage of life that the mother's state of health plays a crucial role for the health of the unborn child. Stress,
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malnutrition, intoxication (smoking, drugs, alcohol, a number of medications), inflammatory processes in the
uterus, TORCH infection can dramatically affect the spatial structure of the embryo's body, its organogenesis
and viability.

At the end of organogenesis, the embryo passes into the fetal stage and before delivery, the development of
the unborn child depends entirely on the "mother - placenta - fetus" system. However, after birth, not only
biological factors come into force, but also social factors (determinants) of health, which become decisive factors
in maintaining health and significantly change the structure of the spatio-temporal continuum of human health
(see section 2).

1.2. Homeostatic approach — hierarchy of stability
1.2.1. Stability of chemical elements in biological systems

In our earlier works on the idea of human health [2], it was proposed to use indicators of the reliability of
organs and systems as a measure of the health reserve. This approach was based on engineering developments in
the field of reliability calculations of complex systems.

The concept of reliability of any complex system is the main temporal characteristic of its adequate
functioning. How long can our body maintain its vital activity during cardiac arrest? When breathing stops? With
kidney failure? When suppressing the immune system? These temporal characteristics form the features of the
tactics of emergency therapy, provide a key to understanding the reversibility and irreversibility of pathogenetic
processes. The concept of the reliability of complex systems is similar to the principles of the concept of
homeostasis or stable states of the body, proposed by the American physiologist Walter B. Cannon in 1932.
According to this concept, the stability of the organism is ensured by coordinated physiological processes.

The concept of the role of homeostasis as a regulator of the health of the human body is firmly established in
the theory and practice of medicine. The stable state of the body is characterized by the constancy of its internal
environment, which is a complex dynamic system of biochemical relationships between simple and complex
substances, substrates and enzymes, minerals, proteins, fats and carbohydrates, free radicals and antioxidants.
How stable are these material processes that provide homeostasis?

The study of the microcosm helps researchers to better understand the laws of the chemical world, to
explain the essence of chemical processes. The multi-level structure of chemical objects is revealed, explaining
their multifaceted impact on many complex phenomena of the surrounding world.

In the early 50s, by introducing radioactive atoms into living objects and observing their movement,
scientists managed to look into the metabolism of simple atoms and molecules. It was found that on average,
98% of the atoms in the body — small particles of matter that form the molecules and cells of the body — are
replaced every year. Most new atoms are taken along with the air we breathe, the food we eat, and the liquid we
drink.

The principle of the stability of matter, originally called the principle of the stability of a chemical, was
created on the basis of the extended theory of J. S. Miller. W. Gibbs and was first formulated by professor of
physical chemistry G. Gladyshev (1977). Later, this principle was extended to all hierarchies of the living world
[4,5].

The principle of stability of matter has a simple qualitative physical justification from the standpoint of the
law of conservation of energy. It is postulated that each atom, molecule or structure-forming particle of any
hierarchy has a strictly limited potential ability to participate in interactions with similar particles of its hierarchy
and particles of adjacent hierarchies. For example, the less stable molecules are formed from atoms, the more
stable supramolecular structures arise from the interaction of these molecules. Thus, the possibilities of
molecules to form bonds within the temperature regimes of our body are far from unlimited.

One of the formulations of the principle is the statement:

"Nature , in the formation or self-assembly of the most thermodynamically stable structures of the highest
hierarchical level (j), for example, supramolecular level, in accordance with the second law, spontaneously uses
mainly the least thermodynamically stable structures (available in a given local region of the biological system)
belonging to the lowest level, i.e. the molecular level (j-1). These comparatively unstable structures are
embedded in the next higher level, that is, the supramolecular level (j)."

Conversely, stable molecules form comparatively unstable supramolecular structures. It is argued that if
particle i of some hierarchy j (or podirarchy ;) spent a lot of energy to form a bond with another particle (or
particles) of the same hierarchy j, then this i particle has relatively little energy left to form bonds with other
particles of its hierarchy or particles of higher hierarchies (j + 7).

The principle is qualitative, since it is applicable to substances of variable composition. The author assesses
the stability of simple and complex molecules based on the assessment of the value of the free energy of their
formation. He presents a directed series of reducing the stability of the chemical elements in question in living
systems in the form of:

0O (0.89) > H (0.97), C (1.16) > S > (3) > N (10) > P (13.6).
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The series corresponds to the increase in the number of relatively unstable phosphorus and nitrogen atoms
in organisms in their evolution, phylogeny and ontogenesis (with aging). The sign > means a decrease in the
stability of the elements when moving from left to right: from oxygen to phosphorus. This approach makes it
possible to trace the evolution of "supramolecular" structures during evolutionary changes in living beings.

The most stable "supramolecular” structure is DNA and RNA molecules, which is proved by studying the
label with radioactive carbon C14. So, unlike other atoms and molecules that are constantly transformed, human
DNA remains unchanged from the moment the cell is born: after the division of parent cells - and until the end of
its life.

1.2.2. The concept of homeostatic regulation of health

The stable simple and complex molecules of chemicals mentioned in the previous chapter often serve as
markers for determining a particular type of metabolism. Clinical practice shows that the content of such
persistent compounds (oxygen, carbon dioxide and monoxide, sodium chloride, glucose, urea, bilirubin,
malondialdehyde, etc.) in the intercellular fluid, blood and serum is extremely variable and can fluctuate within
significant limits, sometimes tens of times.

Does this phenomenon, proposed by Claude Bernard about 150 years ago, reject the concept of the
constancy of the internal environment of the body necessary for full health?

The internal environment of man and animals is understood as an extracellular fluid, the relative
constancy of which is primarily due to the fact that this environment washing the cells, formed in the process of
evolution, corresponds to the conditions in the water of the Primary Ocean, in which multicellular organisms
arose, which then came to land, but at the same time retained a part of the Primary Ocean around the cells of a
multicellular organism. For most terrestrial organisms, especially humans, the stability of extracellular fluid has
become the main condition for existence and an unshakable theoretical concept of physiology [6].

A more complicated question is what is meant by controlled parameters. Since sometimes they are
understood even as morphological constants, but still most authors refer to them as concentrations of substances
in the environment surrounding the cells.

Thus, it is the ionic parameters of the extracellular fluid that are controlled homeostatic quantities. Such
constants of extracellular fluid include those characteristics that were inherent in the surrounding fluid around
cells and cellular systems that arose during their existence in the waters of the Primary Ocean, in which there
was initially no organic matter, but there were initially stable concentrations of ions: sodium, protons, potassium,
calcium, magnesium.

It should be noted that in evolution, mechanisms were formed in the cells of living systems that ensure the
ability to exist precisely in such water systems that were characterized by similar in ionic composition to the
Primordial Ocean. Subsequently, this became a prerequisite for the vital activity of multicellular organisms, in
which cells are in a stable environment with a fairly constant ionic composition. Moreover, the control of these
ionic parameters of the extracellular fluid is different in the accuracy of regulation. Currently available data
allow us to consider the concentration of sodium ions to be the most accurate regulated parameter. According to
existing ideas, this is due, on the one hand, to the fact that in the waters of the Primary Ocean the main ion was
sodium, and in cells its concentration was much lower - so in the cells of modern mammals on average 10 times,
and potassium became the predominant intracellular ion. The latter, according to a number of authors, indicates
that, apparently, cells originally arose in an aqueous medium with a predominance of potassium.

The next stage after the emergence and evolution of cells is associated with their existence in the waters of
the Primary Ocean. As a result, mechanisms were formed in cells that ensure a non-equilibrium distribution of
basic ions between the cell and the extracellular fluid, which for them was the environment of the Primary Ocean
(highly specialized ion channels and pumps with all the necessary regulatory mechanisms), which is largely due
to the physiological role of individual ions in cells. Such conditions of existence allowed cells to actively
develop up to the emergence of multicellular organisms. At the same time, the stable state in the composition of
the Primary Ocean allowed cells with their system of regulation of ionic composition to function successfully
with the development of specialized vital systems. The subsequent release of multicellular organisms on land
was accompanied by the preservation of their constant internal, that is, the surrounding cell environment, which
was actively maintained in a relatively stable state. In this regard, a special role in the homeostasis of
extracellular fluid, indeed, is assigned to sodium [6].

Consequently, it can be concluded that sodium, as the main ion in the water of the Primary Ocean, has
become the main constant of extracellular fluid in terrestrial organisms, especially in humans and mammals.
However, when analyzing information on maintaining the concentration of sodium in the extracellular fluid of a
person, attention should be paid to those fluctuations that are usually detected - from 125 mmol / 1to 145 mmol /
1, i.e. they correspond to a fairly large range of changes ranging from 10 to 15%, and sometimes more. These
data do not quite correspond to the ideas about the stability of the parameters of the internal environment of a
person. In this regard, attention should be paid to another constant of extracellular fluid in humans - osmolality,
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which is a characteristic of the aggregate ability of all water-soluble substances that bind water. Indeed,
according to existing ideas, the value of osmolality in humans varies within narrower limits, from 1 to 3% [6].

1.2.3. Functional-metabolic continuum

One of the most important conditions for the functioning of the human body and animals is the
constancy of the internal environment, defined as homeostasis. It is thanks to homeostasis that every cell of the
body is in a relatively constant environment, which is an extracellular fluid. Earlier we drew attention to the fact
that all the parameters of extracellular fluid can be divided into indicators of water-salt homeostasis (osmolality,
concentrations of ions Na, K, Ca, pH). The task of water-salt homeostasis is to ensure water balance, both
intracellular water content and the total amount in the body.

The second group of homeostasis indicators is represented by metabolites (glucose, lipids, amino acids,
proteins, urea, creatinine, bilirubin, etc.). On the one hand, metabolic indicators are quite stable, which made it
possible to attribute them to homeostasis, but on the other hand, their most important feature is that they are very
closely related to the functional state of the body (organs, tissues, cells), since the main task of metabolism is to
adequately provide the organs and tissues of functioning systems with the necessary amount of energy and
plastic substrates. Accordingly, with changing functions, the levels of the main metabolites should also change.
At the same time, the main criterion for the adequacy of the metabolic support of functioning systems is not their
homeostating concentration, but compliance with the changing needs of organs and tissues. That is, in the body it
is necessary to ensure a sufficiently strong relationship between function and metabolism.

We have defined this functional relationship as a functional-metabolic continuum (PMC) [7]. It follows that with
changes in function, appropriate changes in metabolism aimed at metabolic support should occur. Support for
PMC is a prerequisite for the vital activity of the body. At the same time, this is an extremely difficult task, due
to the fact that, firstly, metabolites, as components of food, enter the body in a variable mode, while changes in
function, as a rule, are not associated with the nutritional metabolic needs of functioning systems. At the same
time, PMC is achieved through a complex system that provides a combination of function and metabolism. The
regulatory mechanisms that provide PMC of the body are represented by neurogenic, hormonal, mediator
metabolic mechanisms.

Relatively conventionally, the tasks of PMC can be divided into energy and plastic support, which are very
closely interrelated. However, it is the energy supply that is both a priority and a very urgent and permanent one.
In fact, each cell (tissue, organ, system) must be supplied with energy substrates in accordance with the function.
The organization of this provision is such that one of the important conditions is the relative stability of the
concentration of these substrates in the extracellular fluid and, first of all, the level of the most important energy
substrate glucose. Accordingly, glycemia is a condition for adequate energy supply and a criterion for PMC's
functioning.

In this case, glucose provides the first and fast phase of energy supply to cells. However, all cells of the body in
functional terms can be conditionally divided into two groups: cells of organs and tissues that function in a
relatively stable mode, which can be activated, but in a relatively limited range - brain cells, endothelium, liver,
kidneys, lymphoid tissue. The second group is muscle tissue, the function of which can increase tenfold with
intense muscle work compared to a resting state. In this regard, the provision of these tissues is different. All
tissues of the human body are divided into insulin-independent (the first group) and insulin-dependent (the
second group). The latter is represented by muscle and fat, the functions of which are sharply different. The
energy supply of muscle tissue at the first stage occurs due to the mobilization of glycogen in myocytes,
followed by an increased intake of glucose into muscle tissue by stimulating transmembrane insulin transfer.

In adipose tissue, insulin increases the flow of glucose into adipocytes and the synthesis of neutral fat as a
reserve depot of energy. Such an insulin-dependent pathway of energy supply is included in food hyperlipemia
and then, as a rule, in both muscles and adipose tissue, glucose is actively deposited in the form of glycogen or
neutral fat. In the case of mobilization hyperlipemia with systemic somatic activation (stress), an increase in
glucose intake into the muscles also provides the energy needs of muscle contraction. The amount of glucose
necessary for cells, primarily insulin-dependent tissues, in the period between meals is provided by mobilizing
liver glycogen stimulated by counter insular hormones, primarily catecholamines, glucagon. To maintain
glycemia during long periods between meals and especially fasting, the source of glucose is gluconeogenesis
from amino acids influenced by the effect of glucocorticoids.

At the same time, it should be noted that the main amount of energy in the cells is formed during the oxidation
of lipids.

First, especially for non-insulin-dependent tissues, ketone bodies are extremely important substrates.
Importantly, ketone bodies are not only energy substrates, but also inhibit the oxidation of glucose by cells,
especially the brain. This is very important during fasting, when the supply and source of glucose are limited.
Another source of energy especially for tissues with intensive metabolism (muscles that contract) are fatty acids,
which are released in tissues (capillary lumen) from lipoproteins under the influence of lipoprotein lipase, fixed
on the endothelium of capillaries as the level of free fatty acids in the blood plasma. too low and within Imm.
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Accordingly, in the human body, depending on the intake of energy substrates from the outside (nutrition) and
the functional activity of tissues, a complex regulatory system functions that ensures that each cell of an organ
receives the necessary amount of energy substrates. At the same time, in the blood plasma, the level of glucose
and lipids change, although they are contained within certain limits. The purpose of such regulation is not to
maintain a strictly constant (hemostatic) level of substrates, but their compliance with the functions of organs
and tissues, which is the essence of PMC.

If the energy needs of the cells of the body are sufficient and the PMC is preserved, then we can talk about
physiological correspondence. PMC deficiency, in turn, is a manifestation of pathology or leads to it. The
following variants of PMC are possible [7]:

* Balanced functional state - 2-3-4 hours after eating with normal functional load - stabilized PMC.

*» Excessive intake of energy substrates with food:

A) physiological deposition even before obesity - hyperglycemia, hyperinsulinemia;

B) pathological excess of energy substrates - TS - hyperglycemia, hyperlipemia, hyperinsulinemia, glycosing of
proteins, insulin resistance of membranes (DM), arterial hypertension.

It can be assumed that an imbalance in PMC may be manifested by a stereotypical disorder through an
increase in ketone bodies, fatty acids (total lipids) with the activation of POL. These changes lead to endothelial
dysfunction, and then to endothelial insufficiency with the development of atherosclerotic vascular lesions.
Endothelial dysfunction is one of the pathogenetic mechanisms of the development of hypertension, other
vascular lesions (diabetic nephropathy, retinopathy, vascular lesions of the lower extremities, etc.) with the
occurrence as a consequence of CRF, myocardial infarction and stroke [7].

A separate issue is the development of protein deficiency due to the activation of gluconeogenesis,
which with the rest is manifested by immune deficiency, a decrease in regenerative processes with a transition to
organ-tissue dystrophy.

1.2.4. Cellular "health"

The elementary living particle of our body is the cell. As for all living things, a universal process is
prepared for cells: nucleation, functioning, aging, wear, destruction and death. It was revealed that the rate of
these processes for different types of cells is not the same - from several days to several years [8].

However, cellular life is not a limiting factor in human life expectancy, since unstable cells in the body
combine into more stable structures — organs and tissues.

The greatest activity is noted in the cells of the embryo, when there is an hourly formation of organs,
tissues and an increase in the weight of the embryo's body. After the completion of the laying of body structures
and the differentiation of cell functions, their life expectancy changes significantly.

The longest life, throughout a person's life, is noted in such body structures as the lens and vitreous body of
the eye, neurons of the cerebral cortex, muscle cells [8,9].

Centenarians include cells of the skeletal system, capable of slow regeneration within 8-10 years. The
renewal process slows down as we age, leading to a well-known pathological condition called osteoporosis. The
cutaneous epidermis, exposed to constant exposure to the external environment, is renewed every 2-4 weeks.
Skin derivative — hair is renewed every 6 years for women and 3 years for men.

The shortest life in the cells of the intestinal epithelium: 1-2 days. But the intestine itself, as the structure of
the digestive system, remains unchanged, due to the constant renewal and rapid regeneration of its working
surface. It is estimated that up to 70 billion cells are renewed in it per day.

An intermediate place in life expectancy is occupied by blood cells: in healthy erythrocytes, the life cycle
lasts up to 3 months, in platelets - up to 8-10 days.

Liver cells are capable of active regeneration. Their life expectancy is up to 1 year.

Thus, the death of cells of different organs and systems is a normal process for maintaining human health.
Violation of this process - accelerated destruction and death of cells, their delayed recovery or excessive
proliferation - are signs of a violation of health at the cellular level.

Although the survivability of different cells is not the same, they are all equally important for the body.
And neurons that can work for a whole century, and epithelial cells that serve only a few days.

The work of the Swedish molecular biologist D. Friesen, who studied the renewal of body tissues by
measuring the level of radioactive material - carbon-14, showed that the human body for the most part renews
itself every 7-10 years.

1.3. Biokinetic approach. Human health from the point of view of reliability of complex systems
The definition of human health by WHO experts as "a state of complete physical, mental and social
well-being, and not only the absence of diseases and physical defects" is not able to cover the entire period of a
person's life. It applies only to young and middle-aged people, since for the elderly, senile and advanced age,
significant amendments are needed in the understanding of the term "full well-being" against the background of
a number of serious physical, mental and social "age-" losses.
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This discrepancy is particularly evident in the analysis of human health, which combines the concept of
reliability of complex systems (CRCS) and the model of the space-time continuum (STC) of human health,
covering his life from the moment of conception to biological death.

With this approach to the study of health, it is necessary to introduce definitions additional to medical
terminology.

Reliability (Reliability, dependability) - The property of an organ or body system to maintain in time within
the established limits the values of all parameters that ensure the performance of the required functions in
physiological modes.

Reliability, as the most general concept, integrates a number of additional parameters: reliability,

durability, the possibility of correction or certain combinations of these properties.
Reliability: The property of an organ or system to continuously maintain a healthy state for some time. It is an
element of reliability.

Durability (Durability, longevity) - the element of reliability. The property of an organ or system to
maintain a working state until the onset of the limit state with the established system of preventive observation
and treatment.

Maintainability is an element of reliability. A property of an organ or system that consists in the ability to
restore and maintain a working state under the influence of directed therapy.

To the traditional clinical assessment of health, a number of new assessment approaches of the CRCS are
added.

Good state : The state of an organ or system that meets all the clinical and laboratory criteria of a healthy
organism adopted in medicine.

Abnormal state (Fault, faulty state) - a state of an organ or system in which inconsistencies are identified
according to at least one of the criteria of a healthy organism.

Up state - a state of an organ or system in which the values of all parameters characterizing the ability to
perform specified functions correspond to physiological standards.

Down state - a state of an organ or system in which the value of at least one parameter characterizing the
ability to perform specified functions does not correspond to physiological standards. At the same time, the
object under study is able to partially perform the required functions.

Limiting state: The state of an organ or system in which its further operation is unacceptable or impractical,
or the restoration of its operational state is impossible or impractical.

Damage is an event that disrupts the normal state of an organ or system while maintaining a healthy state.

Failure - an event consisting in a violation of the working state of an organ or system.

Failure criterion is a sign or set of signs of a violation of the working condition of an organ or system
established in medical regulatory documents.

Failure effect - phenomena, processes, complications, events and conditions caused by the occurrence of
organ or system failure.

Sudden failure is a failure characterized by a jump-like change in the values of one or more parameters of
the activity of an organ or system.

Gradual failure is a failure resulting from a gradual change in the values of one or more parameters of an
organ or system.

With the above approach, a multifactorial analysis of maintaining a healthy life is carried out. In
particular, the literature contains a huge amount of material on the age characteristics of the functioning of the
main life support systems (here in after referred to as the LSS):

— cardiovascular system (CVS);

— respiratory system (RS);

— nervous system (NC);

— digestive system (DS);

— endocrine system (ES);

— immune system (IS);

— genitourinary system (GC);

— system of higher nervous activity (SHNA);
— musculoskeletal system of MSS);

— hematopoietic system (HPS).

There is a widespread belief that all of these human life support systems function most reliably and
flawlessly by the age of 30 [10,11,12]. Many researchers, as a standard of reliability of the human body,
associate the "golden time" with the age of 30 years. Further monitoring of age-related health is carried out
only in a comparative aspect with the capabilities of a particular system at the age of 30. A graphical
representation of this most common approach is shown in Figure 3.
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Figure 3. Comparative activity of human life support systems in the age aspect: DS - digestive system; ES -
endocrine system; SHNA - system of higher nervous activity; NS - nervous system; GS - genitourinary
system; MSS - musculoskeletal system); CVS - cardiovascular system; HP - hematopoietic system; RS-
respiratory system; IS - immune system.

The quantitative representation of the functional systems of the body allows us to use these data to calculate
the reliability of the general life support system of a person at each time period of his life or PVC. For this
approach, mathematical modeling is successfully used in calculating the reliability of complex systems [13,14]

For the human body, the systems that ensure the health and life of the system are far from equivalent in
terms of the risks of sudden failures, durability and correction capabilities. Based on the ideas of the concept of
reliability of systems, as well as from the experience of practical disaster medicine, it is necessary to divide the
multicomponent human life support system into two levels.

The first level is represented by a block of sequential elements, where a sudden failure of any of them
leads to the failure of the LSS as a whole.

The second level includes a block of parallel elements, when the failure of the LSS occurs only when
all elements fail.

The first level should include LSS, the failure of whose activity leads to an immediate cessation of vital
activity and is not compatible with life: cardiovascular system (CVS), respiratory system (RS), nervous system
(NS).

According to the concept of reliability of systems, such a strict regulation of the vital activity of the
organism is characteristic of a consistent structure (Fig. 4).
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Figure 4. The consistent structure of the first level of life support of the human body. Violation of the
reliability of any element of the chain causes the failure of the entire life support system. The meaning of
the designations CVS, RS, NS in the text.

The second level of life support of the body can be represented by a parallel system (Fig. 5).
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Figure 5. Parallel structure of the second level of life support of the human body. The meaning of the
designations in the text. With such a life support structure, the failure of one of the elements disrupts the
system as a whole, but is not fatal.
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The ability to quantitatively measure some parameters of human health clearly shows the lack of ideas
about him as a factor in the "state of complete well-being". The time period of a person's life is limited. It is
homogeneous in the social time scale — passport age, but not homogeneous in biological time. The ontogenetic
time scale is clear and confirms this with numerous examples.

In particular, the analysis of mortality of the population as a result of domestic injuries, accompanied by
falls and fractures of tubular and flat bones, showed on a large statistical material an exponential increase in
adverse outcomes with the age of patients (Figure 6).
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Figure 6. Mortality from bone fractures as a result of domestic injuries (falls).

An exponential increase in age-related mortality from hip fractures in the United States was noted in a
study [C. Brauer, 2009]: Mortality from hip fractures in men and women aged 65-74 years is less than 75-84
years by 1.5 times and less than in people older than 85 years. This fact does not allow to explain the exponential
growth of fractures and mortality from them only by one mechanism of osteoporosis, which develops gradually,
with a linear nature of changes in the composition and structure of bone tissue.

In real life, statistical data show a cascading mechanism for increasing the severe consequences of banal
domestic injuries [15]. Such a contradiction can be explained by taking into account the influence of the so-
called comorbid conditions that accompany the process of osteoporosis in men and women with age. In this case,
according to the principles of the theory of stability of complex systems, all concomitant diseases, as indicators
of failure or violations of accompanying processes, will mutually potentiate each other, sharply or exponentially
increasing the risk of an unfavorable outcome in domestic injuries. The burden of comorbid conditions
accumulating with age is growing rapidly, which contradicts the concept of "complete well-being" with age.
Thus, in the manual of the Mayo Clinic (USA) on risk factors for hip fractures [16], the following comorbid
diseases that aggravate the prognosis are presented:

— Acute myocardial infarction or the presence of a heart attack in the anamnesis;
—  Cancer or metastatic cancer;

—  Cerebrovascular disorders;

—  Chronic lung diseases;

—  Chronic renal failure;

—  Congestive heart failure;

— Dementia;

—  Diabetes with or without complications;

— Liver damage of moderate or severe degree;
—  Paralysis;

—  Peripheral vascular diseases;

— Rheumatological diseases;

—  Peptic ulcer disease;

—  Cirrhosis.

Thus, it is quite obvious that the age-related violation of human adaptation to the forces of gravity ends
with an inevitable fall, followed by an unfavorable outcome when the bones of the skull, spine or femoral neck
are damaged. By itself, the specific cause of the fall ma