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Abstract.
Building an evolutionary model of human physical state necessitates information about his/her life periodization
according to a criterion that correlates with vitality, health level, and work capacity. Therefore, the objective of
our study was to analytically describe and determine the duration and most typical and characteristic determinants
of periods of adaptation, normal vital activity, aging and death based on the function of the intensity of aging and
death of the population of Ukraine in 2020. It reflects clearly and informatively its vitality, health level, and
physical work capacity. Material and methods: Periodization was carried out according to the age and cause of
death of 616,835 people, of which 305,755 were men and 311,080 were women based on the methods of statistical
analysis, approximation, and systematization using the "STATISTICA 13.5" program. Results: The average life
expectancy of men 66 years, women 76 years, and both sexes 71 years was differentiated into periods of
adaptation, normal vital activity, aging and death, and their duration was determined, which constituted 5 – 41 –
20, 5 – 43 – 28, 5 – 42 – 24, respectively. The main cause of death during the period of adaptation is the
manifestation of certain conditions that arise in the perinatal period, whereas during those of normal vital activity
and aging and death - external factors and diseases of the circulatory system, respectively. Conclusions: For the
first time in 2020, an analytical model of the function of the intensity of aging and death was defined for the
population of Ukraine, and according to the unified criterion of its speed change, life periods were differentiated
and described by the superposition of exponents, their duration and the most typical and characteristic causes were
determined.
Keywords: intensity function, aging and death, periodization criteria, periods.
Introduction
In many scientific disciplines; biological, psychological, social, etc., when studying the evolution of
human life, it is differentiated into periods or stages (Vasiliev, 2012; Gurov, 2018; Polishchuk, 2017; Khukhlaeva
2006; Shapovalenko, 2005).
For instance, building an evolutionary model of the human physical state necessitates information about
the periodization of life according to criteria that would correlate with the level of somatic health (Apanasenko,
2016, 2017) and physical work capacity (Mikhailov, 2020).
At present, chronological differentiation in the most well-known periodization systems according to Erik
Erikson, Elkonin, Vygotsky, Piaget, etc. is quite relative, since it is traditionally carried out according to nonunified criteria and is mainly descriptive and qualitative in nature (Shapovalenko, 2005; Khukhlaeva, 2006;
Vasiliev , 2012; Polishchuk, 2017).
In addition, such periodization is practically neither updated for years nor specified by gender
(Shapovalenko, 2005; Khukhlaeva, 2006; Vasiliev, 2012; Polishchuk, 2017).
According to various sources (State Statistics Service of Ukraine, 2020; World Population Aging 2020;
Aging and health. © 2022 WHO; Nagorna et al., 2021), the state of health and demographic indices of the world
and Ukraine change annually, which directly affects the change of the definition of periods.
Therefore, to obtain relevant and reliable information about life periodization, it is appropriate to
determine it based on a statistical analysis of life expectancy and causes of death of the Ukrainian population in a
single year. Such an analysis can be rationally made using the function of the intensity of aging and death, which
clearly and informatively reflects the vitality of the population and thus its physical condition, including the level
of somatic health (Apanasenko, 2016, 2017) and physical work capacity (Belozerova, 2008; Sirotin et al., 2009).
According to Belozerov (2008), Sirotin et al., (2009), Mikhailov (2020), the physical work capacity index
is one of the key biomarkers of aging. Differentiation of vital activity into periods is expedient to perform
according to the criterion of change in its speed, which, as opposed to traditional periodization, will allow
analytical describing and analyzing the regularities of modern life and the specifics of individual age periods of
adaptation, normal vital activity, aging and death, for men and women, as well as both sexes (Gnedenko et al.,
1965; Mazurok 2011; Kyrylenko, et al., 2013).
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--------------------------------------------------------------------------------------------------------------------------------------In this regard, the objective of our study was to analytically describe and determine the duration and most
typical and characteristic causes of periods of adaptation, normal vital activity, aging and death based on the
function of the intensity of aging and death according to the data of the State Population Statistical Service of
Ukraine for 2020.
Material & methods
The study was carried out using official and reliable data on the age and cause of death of 616,835
people, including 305,755 men and 311,080 women. The data were obtained from the State Statistical Service of
Ukraine for 2020 (State Statistical Service of Ukraine, 2020).
The study was conducted using:
- statistical analysis, which consisted in constructing a function of the intensity of aging and death.
The construction methodology is borrowed from the theory and practice of reliability, in which the
function of the intensity of aging and failures is widely and effectively used to analyze the performance of various
technical objects, assess the time of their failure-free operation, and identify the dominant causes of their failures
in certain time periods (Gnedenko et al., 1965; Mazurok, 2011; Kyrylenko, et al., 2013);
- approximation of the function of the intensity of aging and death in certain time intervals and selection
of the most adequate law for its description and determination of parameters (Laurent, 1975; Kononyuk, 2012);
- "STATISTICA 13.5" program based on which statistical analysis and approximation was made
(Borovikov, 2018);
- systematization of the findings for the possibility of analyzing the data of a specific person as part of the
whole system. Systematization was implemented by classifying the results into certain age intervals according to
the criterion suggested in the work and establishing cause-and-effect relationships (Gnedenko et al., 1965;
Warfield, 2006; Zhuravlev, 1989; Mazurok, 2011; Kyrylenko, et al., 2013) .
Results
The determination of the function of the intensity of human aging and death λ(t) is associated with the
lifetime (age) t - the term from birth to death. From the angle of statistical analysis, lifetime is a random value with
integral distribution f(t).
The ratio of the number of dead people at age t in a certain time interval ∆t to the total number of people
who lived up to this age n(t) determines the intensity of their aging and death (Gnedenko et al., 1965; Mazurok
2011; Kyrylenko, et al., 2013 ):
.

(1)

In 2020, 616,835 people died in Ukraine, including 305,755 men and 311,080 women (State Statistics
Service of Ukraine, 2020). Based on the number of deaths at a certain age grouped into five-year intervals ∆t=5,
the function of the intensity of aging and death for men, women, and both sexes of Ukrainians, respectively was
determined and depicted graphically in Fig. 1 and 2.

Fig.1 Intensity of aging and death of men and women
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Fig. 2. Intensity of aging and death of both sexes of Ukrainians.
The analysis of the presented graphs demonstrated that the functions λ(t) have a characteristic form of a
"trough-like" curve, which initially declines, then stabilizes, and finally increases, that is, a certain part of the
graphs fundamentally differs in the speed of the function of the intensity of aging and death .
This adherence to the principle allows the graphs of the functions λ(t) of men, women, and both sexes of
Ukrainians to be differentiated by the change in the speed of the function into three periods: adaptation, normal
vital activity, aging and death. The first period corresponds to a negative speed

< 0, the second to a constant

.

= 0, and the third to a positive

The change in the speed of function, is due to the fact that the studied population of deceased persons
is heterogeneous in terms of the causes of death, that is, it consists of a sum of subspecies, each of which has its
"own" cause. It is noteworthy that peculiar for a certain age interval causes, one or several of which are dominant
correspond to each period. These are the dominant causes that are responsible for the change in the speed of
and the formation of clear periods of intensity decline, stability, and increase (Gnedenko et al., 1965; Mazurok,
2011; Кyrylenko, et al., 2013). An adequate statistical description of the intensity requires finding the distribution
law of the lifetime of the examined population as the sum of the distribution laws of each sub-population with
account for its numerical proportion (Gnedenko et al., 1965; Mazurok, 2011; Kyrylenko, et al,. 2013).
Due to the lack of detailed information in the "age of the deceased - cause of death" system on the official
website of the State Statistical Service it is impossible to determine the law of distribution of the lifetime of the
deceased. Therefore, to describe the intensity, one may use the superposition of exponents and present each of the
periods in the following form:
,
(2)
where
, – some parameters. Parameter for the periods of adaptation, normal vital activity, aging and
,
,
.
death will take on the following values
The modulus of the parameter represents the relaxation time of the life period. Its double value approximately
determines
duration of the period (Gnedenko et al. 1965, Кyrylenko, et al. 2013, Mazurok 2011):
(3)
The duration of the periods can also be determined graphically by means of a tangent line drawn to the
corresponding parts of the curve of aging and death intensity.
The first period of adaptation is caused by direct and hidden defects and deviations in the development of
children, which lead to their rapid death, mainly under the age of 1 year. The number of boys, girls, and both sexes
constitutes 1,086, 902, 1,988 persona, respectively (State Statistics Service of Ukraine, 2020).
The intensity of this period decreases, that is, it has a negative speed
, and is described by the exponent for
men (4), women (5), and both sexes (6), respectively:
(4)
with parameters

,

;

with parameters

,

;

(5)
(6)
with parameters
,
.
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--------------------------------------------------------------------------------------------------------------------------------------The analysis of the parameters demonstrated that the first period of adaptation is characterized by
decreasing intensity and its duration determined by the formula (4) lasts tп=5.2 years, tп=5 years, and tп=5.1 years
for men, women, and both sexes of Ukrainians, respectively. The value of the parameter λ0 of the adaptation
period corresponds to the intensity of newborn mortality. In recent years, the λ0 parameter has reached minimum
values of λ0=min, which indicates a decrease in child mortality. This is due to the fact that over the past 10 years,
the birth rate has decreased to 293,457 people, whereas the death rate has reached a maximum value of 616,835,
that is, there are approximately two deaths per one birth, and therefore the main reason for the low value of λ0 is
just the low birth rate (State Statistics Service of Ukraine, 2020). Data analysis (State Statistics Service of Ukraine,
2020; Krinichko, F., 2020) showed that the cause of death of 60% of infants under 1 year was the manifestation of
certain conditions occurring in the prenatal period, such as; disorders associated with the duration of pregnancy
and fetus size; intrauterine hypoxia and asphyxia during an act of delivery; respiratory disorder in a newborn
(distress); bacterial sepsis in a newborn; hemorrhagic and hematological disorders of the fetus and newborn, etc.
Congenital developmental disorders, deformities, and chromosomal abnormalities, such as congenital
heart defects, Down’s syndrome, and other chromosomal abnormalities caused the death of 22% of children (State
Statistics Service of Ukraine, 2020; Krynychko, F., 2020). In the remaining 18% of children, various defects and
deviations constituted the cause of death, each of which has a statistically insignificant contribution compared to
the two previous ones, which led to the loss of 60% and 22% of children, respectively (State Statistical Service of
Ukraine, 2020; Krinichko, F., 2020). The next period of intensity is the period of normal vital activity. It begins
from the age of 5 and is characterized by an almost constant intensity λ(t) ≈ const and, accordingly, its speed
, and has a relatively low mortality rate: for men, women, and both sexes, the intensity of this period is
almost similar and is determined by the pre-exponential parameter:
.
(7)
The cause of death in this period is mainly associated with random external forces and is not related to the
processes of aging and diseases (Mazurok, 2011; Kyrylenko, et al., 2013; Nagorna et al., 2021).
External causes include; transport accidents; falls; accidental drowning and immersion in water; accidents
caused by smoke, fire, and flame; accidental poisoning caused by poisonous substances; intentional self-harm;
consequences of an attack with intent to kill or injure; cases of injury with an unspecified intention.
In Fig. 1, 2, for men from the age of 20, women from the age of 26, and both sexes from the age of 21,
the period of normal vital activity has atypical for this period abnormal zone of increasing intensity, with a
positive rate of
.
According to Table 1, this zone is mainly due to a high number of deaths in men, women, and both sexes
related to external causes constituting 7%, 2%, and 5%, respectively, that is, the mortality of men is 5% higher
than that of women.
The increasing intensity of the abnormal zone is also subject to exponents for men (8), women (9), and
both sexes (10), respectively:
(8)
with parameters

,

;

with parameters

,

;

(9)
(10)
with parameters
,
.
According to formula (3), the duration of the abnormal zone constitutes tп=32.4 years, tп=27.2 years, and
tп=31.6 years for men, women, and both sexes Ukrainians, respectively. This zone accordingly ends at the age of
52.4 years, 53.2 years, and 52.6 years for men, women, and both sexes, respectively.
Table 1. Number of deaths by main classes of causes of death and sex in 2020* (State Statistics Service of
Ukraine, 2020)
Causes
І. Some infectious and parasitic diseases
ІІ. Neoplasms
ІХ. Circulatory diseases
Х. Diseases of the respiratory system
ХІ. Diseases of the digestive system
ХХ. External causes of death
ХXІI. Codes for special purposes
Other unspecified causes
In total

Men
persons
4941
43295
182095
10619
14971
22852
11505
15477
305755

%
2
14
60
3
5
7
4
5
100

Women
persons
%
2039
1
34585
11
226068 72
5860
2
9196
3
5783
2
9779
3
17770
6
311080 100

Both sexes
persons
%
6980
1
77880
13
408163 66
16479
3
24167
4
28635
5
21284
3
33247
5
616835 100

*Note: The data do not include the territory of the Autonomous Republic of Crimea and parts of the
territories in the Donetsk and Luhansk regions.
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--------------------------------------------------------------------------------------------------------------------------------------The duration of the period of normal vital activity characterizes the healthy period of human life. The
longer the period, the healthier the population. For men, women, and both sexes, this period begins, as it was
indicated, from the age of 5, but ends differently.
The end of the period of normal vital activity is masked by an abnormal zone. Therefore, it was defined
as the point of intersection with the life time axis of the tangent line drawn to the rectilinear zone of the next
period. Points of 46, 48, 47 years determine the end of the period of normal vital activity for men, women, and
both sexes, respectively (Fig. 1, 2).
Thus, in 2020, the duration of normal vital activity period in men, women, and both sexes constituted 41
years, 43 years, and 42 years, respectively. In women, the second period was two years longer than in men.
The point of divergence between the tangent line and the third period of intensity also graphically
determines the end of the abnormal zone of the second period. For men, women, and both sexes, it approximately
constitutes 52-53 years, which practically coincides with the obtained above result of 52.4-53.2 years.
Data analysis indicated that the abnormal zone overlaps two periods of intensity and for men, this zone is
5 years longer than for women and begins 6 years earlier.
The end of the normal vital activity period is simultaneously the beginning of the last period for humans,
. For men (11),
that of aging and death. The intensity in this period increases rapidly, its rate is positive
women (12), and both sexes (13), the intensity is described by the exponent:
(11)
with parameters

,

;

with parameters

,

;

(12)
(13)
,
.
with parameters
The last period of intensity for men, women, and both sexes begins at the age of 46, 48, and 47 years,
respectively, and according to formula (3) lasts an average of 20, 28, and 24 years.
According to our data, the average life expectancy of men is 66 years, whereas that of women 76 years,
that is, women live 10 years longer than men and the last period of their life begins two years later. The average
life expectancy for both sexes of Ukrainians is 71 years.
The cause of death during this period is irreversible physiological processes that lead to deterioration of
health, aging, and natural end of life (The top 10 causes of death. © 2022 WHO; World Population Aging, 2020).
Table 1 shows the most statistically significant causes of death (The top 10 causes of death. © 2022
WHO; State Statistics Service of Ukraine, 2020). Their analysis showed that in 2020, the cause of death of 66% of
Ukrainians of both sexes was diseases of the circulatory system, namely ischemic heart disease - 46% and
cerebrovascular diseases - 13%. Moreover, the number of women who died as a result of circulatory system
diseases was 12% higher than that of men and constituted 72% and 60%, respectively.
The next 13% of Ukrainians lost their lives as a result of neoplasms, of which malignant neoplasms
constituted 12%, including those of digestive organs - 4% and those of respiratory and thoracic organs - 2%.
Mortality due to neoplasms in men was 3% higher than in women.
The remaining 21% of Ukrainians died of a variety of less statistically significant causes, such as diseases
of the digestive system; respiratory diseases; codes for special purposes (COVID-19); symptoms, signs, and
deviations from the norm, detected during clinical and laboratory tests, not classified in other headings; some
infectious and parasitic diseases (tuberculosis, diseases caused by human immunodeficiency virus); diseases of the
nervous system; endocrine diseases, nutritional and metabolic disorders (diabetes); diseases of the genitourinary
system; mental and behavioral disorders, etc.
It should be noted that among the listed less statistically significant causes of death, COVID-19 ranks first
and accounts for 5% of the total number of dead Ukrainians in 2020.
Discussion
Built on the statistical analysis of official data on the age and causes of death of 616,835 people, the
analytical model of the function of the intensity of aging and death is an integral function of the "unhealthiness" of
the population of Ukraine in 2020.
A change in its speed is a criterion for differentiating human life into periods in which the vitality of the
population fundamentally changes due to internal and external causes along with its level of physical condition,
including somatic health (Apanasenko, 2016, 2017) and physical work capacity ( Mikhailov, 2020).
Thus, during the first period from 0 to 5 years, mortality due to internal causes drops to a minimum level,
and the vitality of the population in the second period reaches a maximum and stable value.
In the third period, due to the irreversible processes of body aging and degradation, mortality increases
and, accordingly, the vitality of the population (functional capacities, level of health, physical development) drops
to a minimum value. The presence of an abnormal zone from 20 to 50 years leads to an increase in mortality and a
decrease in the vitality of the population due to external causes.
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--------------------------------------------------------------------------------------------------------------------------------------Graphs of the function of the intensity of aging and mortality illustrate the effect of the main causes of the
"unhealthiness" of the population on its vitality during the period of adaptation, normal vital activity, and aging
and death of men, women, and the entire population of the country in one year. The significant difference between
the maximum intensity values in the first and last period visually emphasizes the low potential vitality of the
population, which is due to the existence of a disproportion between birth and death rates over the last three
decades. From 1993 to 2020, the population decreased from 51,870,400 to 41,732,779 people, which constitutes
approximately 10 million people (State Statistics Service of Ukraine, 2020).
The analytical model of aging and death intensity developed on actual, reliable, and modern data can be
recommended for increasing the reliability and relevancy of existing and developing new diagnostic and
prognostic models of both the intensity of aging and death, as well as the level of somatic health and physical
work capacity for the population of Ukraine ( Krinichko, L.., 2020; Krinichko, F., 2020; Nagorna et al., 2021). As
for the principle of its building. it can be useful for specifying such models for other countries (World Health
Organization 2021; Aging and health. © 2022 WHO).
Due to the possibility of obtaining operational information for any period of time on the basis of an
analytical model, it is possible to evaluate the effectiveness of the measures taken to improve the physical
condition, health, and physical work capacity of the population of Ukraine, and, if necessary, implement their
correction (Aging and health. © 2022 WHO; Krinichko, L., 2020; Krinichko, F., 2020; Word Health Organization,
2021). In addition, this possibility fundamentally distinguishes the suggested periodization from the traditionally
accepted ones, in which, despite the change of factors (demographic, biological, social, psychological, etc.) that
directly impact the determination of the duration of vital activity periods, the information is neither confirmed nor
updated decades if necessary (Shapovalenko, 2005; Khukhlaeva, 2006; Vasiliev, 2012; Polishchuk, 2017).
Some studies show that human biological age is significantly associated with physical work capacity
(Moore et al., 2012). Thus, according to Moore et al., (2012), a higher level of physical activity ≥450 min./week,
which clearly exceeded the minimum international recommendations of WHO in 2010 (150 min./week), was
associated with higher life expectancy The principle of building an analytical model with the determination of
periods of their duration and reasons in any time intervals can be extended to the study of evolutionary processes,
gender differences, both for Ukraine and other countries (World Health Organization, 2021).
Conclusions
Based on systematization and statistical analysis of data of 616,835 people of the Ukrainian population in 2020:
 the function of aging and death of the Ukrainian population was described for the first time by an exponential
law;
 as opposed to traditional approaches to human life periodization, according to the unified criterion of changes
in the intensity of aging and death, the average life expectancy of men, women, and both sexes equal to 66, 76,
and 71 years, respectively were for the first time differentiated into periods of adaptation, normal vital activity,
and aging and death;
 the duration of the periods of adaptation, normal vital activity, and aging and death for men, women, and both
sexes constitutes 5 – 41 – 20, 5 – 43 – 28, 5 – 42 – 24 years, respectively;
 the main cause of death during the adaptation period is the manifestation of certain conditions, which arise in
the perinatal period, whereas during those of normal vital activity and aging and death – external factors and
diseases of the circulatory system, respectively;
 the mortality of men due to circulatory system diseases is 12% lower than that of women.
 it was established for the first time that the duration of an abnormal zone for men, women, and both sexes
constitutes 20 – 52; 26 – 53; 21 – 53 years, respectively;
 the main cause of abnormal zone is the mortality rate due to external factors, which is 5% higher in men as
compared to women.
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