
  



2 

 

 

 

 

 

 

 

 

PRIORITY DIRECTIONS OF 

SCIENCE AND TECHNOLOGY 

DEVELOPMENT 
 

 

 

Proceedings of XI International Scientific and Practical Conference 

Kyiv, Ukraine 

11-13 July 2021 

 

 

 

 

 

 

 

 

Kyiv, Ukraine 

2021 



3 

UDC 001.1 

 

 

The 11
th

 International scientific and practical conference ―Priority 

directions of science and technology development‖ (July 11-13, 2021) 

SPC ―Sci-conf.com.ua‖, Kyiv, Ukraine. 2021. 755 p. 

 

ISBN 978-966-8219-84-9 

 

The recommended citation for this publication is: 
Ivanov I. Analysis of the phaunistic composition of Ukraine // Priority directions of 

science and technology development. Proceedings of the 11th International scientific and 

practical conference. SPC “Sci-conf.com.ua”. Kyiv, Ukraine. 2021. Pp. 21-27. URL: 

https://sci-conf.com.ua/xi-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-

priority-directions-of-science-and-technology-development-11-13-iyulya-2021-goda-kiev-

ukraina-arhiv/. 

 

Editor 

Komarytskyy M.L. 

Ph.D. in Economics, Associate Professor 

 

 
Collection of scientific articles published is the scientific and practical publication, 

which contains scientific articles of students, graduate students, Candidates and 

Doctors of Sciences, research workers and practitioners from Europe, Ukraine, 

Russia and from neighbouring coutries and beyond. The articles contain the study, 

reflecting the processes and changes in the structure of modern science. The 

collection of scientific articles is for students, postgraduate students, doctoral 

candidates, teachers, researchers, practitioners and people interested in the trends of 

modern science development. 

 

e-mail: kyiv@sci-conf.com.ua 

 

homepage: https://sci-conf.com.ua 
 
©2021 Scientific Publishing Center ―Sci-conf.com.ua‖ ® 

©2021 Authors of the articles 

  

https://sci-conf.com.ua/xi-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-priority-directions-of-science-and-technology-development-11-13-iyulya-2021-goda-kiev-ukraina-arhiv/
https://sci-conf.com.ua/xi-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-priority-directions-of-science-and-technology-development-11-13-iyulya-2021-goda-kiev-ukraina-arhiv/
https://sci-conf.com.ua/xi-mezhdunarodnaya-nauchno-prakticheskaya-konferentsiya-priority-directions-of-science-and-technology-development-11-13-iyulya-2021-goda-kiev-ukraina-arhiv/
mailto:kyiv@sci-conf.com.ua
http://sci-conf.com.ua/


5 

MAGNOLIOPHYTA ДЕРЖАВНОГО ДЕНДРОЛОГІЧНОГО 

ПАРКУ «ТРОСТЯНЕЦЬ» НАН УКРАЇНИ 

  

МЕДИЦИНСКИЕ НАУКИ 

 

15. Artemov A. V., Narbutova T. E. 

AGING THEORY AND MATHEMATICAL MODEL OF AGE-

RELATED CHANGES IN THE TISSUE SYSTEM 

83 

16. Гнатюк М. С., Рубас Л. В., Татарчук Л. В., Монастирська Н. Я. 

МОРФОМЕТРИЧНА ОЦІНКА ОСОБЛИВОСТЕЙ 

РЕМОДЕЛЮВАННЯ АРТЕРІЙ ЖУВАЛЬНИХ М‘ЯЗІВ ПРИ 

ЕКСПЕРИМЕНТАЛЬНІЙ ГІПЕРГЛІКЕМІЇ 

90 

17. Гомола А. В., Худецький І. Ю., Антонова-Рафі Ю. В. 

ФІЗИЧНА ТЕРАПІЯ ПАЦІЄНТІВ ПІСЛЯ ІНСУЛЬТУ ЗІ 

СПАСТИЧНІСТЮ ВЕРХНЬОЇ КІНЦІВКИ У ПІЗНЬОМУ ПЕРІОДІ 

94 

18. Данюк І. О., Риндіна Н. Г. 

КЛІНІЧНИЙ ВИПАДОК У ПРАКТИЦІ РЕВМАТОЛОГА: 

МНОЖИННА МІЄЛОМА ПІД МАСКОЮ ВУЗЛИКОВОГО 

ПОЛІАРТЕРІЇТУ 

100 

19. Дзевульcкая И. В., Маликов А. В. 

ИЗМЕНЕНИЕ РАЗМЕРОВ ОТВЕРСТИЙ ЧЕРЕПА В ПРОЦЕССЕ 

РАЗВИТИЯ 

103 

20. Маньковський Д. С. 

ІНСУЛЬТ ГОЛОВНОГО МОЗКУ: ПРОГНОСТИЧНИЙ 

ПОТЕНЦІАЛ КЛІНІКО-АНАМНЕСТИЧНИХ ФАКТОРІВ ДЛЯ 

ОЦІНКИ ЙОГО РИЗИКУ ПРИ КАРДІОХІРУРГІЧНИХ 

ВТРУЧАННЯХ З ВИКОРИСТАННЯМ ШТУЧНОГО 

КРОВООБІГУ 

106 

21. Прокопенко О. С. 

СТАТЕВИЙ ДИМОРФІЗМ ЗА ТЕЛЕРЕНТГЕНОГРАФІЧНИМИ 

ПОКАЗНИКАМИ ПОЛОЖЕННЯ ЗУБІВ ТА ПРОФІЛЮ МʼЯКИХ 

ТКАНИН ОБЛИЧЧЯ ЗА SCHWARZ A. M. В МЕШКАНЦІВ 

УКРАЇНИ ЮНАЦЬКОГО ВІКУ З ОРТОГНАТИЧНИМ 

ПРИКУСОМ ТА РІЗНИМИ ПРОФІЛЯМИ ОБЛИЧЧЯ 

113 

22. Яковлева О. О., Кохан Б. І., Плющик Н. В. 

СТРУКТУРА ФАРМАЦЕВТИЧНОГО РИНКУ АНТИБІОТИКІВ 

ПІД ЧАС ПАНДЕМІЇ COVID-19 ЗА 2020 РІК 

117 

  

ФАРМАЦЕВТИЧЕСКИЕ НАУКИ 

 

23. Прокопець В. В., Васіна А. С. 

ВАЛІДАЦІЯ МЕТОДИК КОНТРОЛЮ ЯКОСТІ КОФЕЇНУ 

БЕНЗОАТУ НАТРІЮ ЗА ДОПОМОГОЮ ТЕСТ-СИСТЕМ 

123 

  

ХИМИЧЕСКИЕ НАУКИ 

 

24. Бурмістр М. В., Вакуліч А. М. 

СИНТЕЗ ТА ДОСЛІДЖЕННЯ ВЛАСТИВОСТЕЙ ПОЛІІОНЕНІВ З 

128 



83 

МЕДИЦИНСКИЕ НАУКИ 

 
AGING THEORY AND MATHEMATICAL MODEL OF AGE-RELATED 

CHANGES IN THE TISSUE SYSTEM 

 

Artemov Alexander Valentinovich, 

candidate of medical sciences, assistant of the department 

Narbutova Tamara Evgenievna, 

candidate of medical sciences, assistant of the department 

Odessa National Medical University, Odessa, Ukraine 

 

Introduction. As Bertrand Russell figuratively put it, "reasonable" arguments 

in science sometimes lead to false conclusions if we do not use mathematical models. 

Therefore, the desire to seek an explanation of biological phenomena using 

mathematical methods that have long been used to describe physical and chemical 

processes is justified. So, the law of aging must simultaneously explain the endless 

life in the biosphere. it can be noted that aging, both in living and in inanimate nature, 

has something in common and can be characterized as the destruction of a system 

that is not capable of self-preservation. 

Aging of objects can be represented as the decay of a system consisting of 

ageless elements. This follows from a mathematical law and formula proposed by 

Benjamin Gompertz in the 19th century to describe real-life mortality charts. His 

mathematical model of aging considers an increase in the likelihood of death as a 

result of a uniform and age-independent loss of vitality (vitality). It is important to 

emphasize that the Gompertz formula is analogous to the equations of a number of 

physical processes, it reflects a very realistic graph, that dependence can be expressed 

by an exponential function: 

µ(t) = R e 
kt

                                                      (1), 

where µt is the probability of death in a certain period of life, R –parameter of 

Gomperz function reflecting the initial viability; k - option Gompertz‘ function 

reflecting the loss of vitality, e - base of natural logarithm, t - time. 
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The most interesting in this formula is a coefficient k that reflects the regular 

loss of vitality. During the creation of this law microscopic structure of the tissues 

and organs and, in particular, the universal role of cells shown later in the theory of 

the cell pathology by R. Virchow, was not known. However, even without this it is 

clear that a loss of the vitality should be understood as the loss of material substrates - 

the elementary structures that provide certain vital functions. Thus, if we replace the 

value of µ, which reflects the probability of death in the formula (1), by the amount 

of vitality - V, then we get: 

V(t) = V0 e 
-kt

                                                  (2) 

In this formula, the exponent will have a decreasing character, as for the 

radioactive decay curve. By the way, formula (2) also completely coincides with the 

equation of radioactive decay. However, the law of radioactive decay was deduced 

from the actually observed physical process, where the decay coefficient k was 

established experimentally. However, gerontology does not link the coefficient k to 

real events and structures; it is determined from the mortality curve, consequently, 

the life force has no real content. 

Aim. In this work, we want to characterize what is called life force in the 

Gompertz formula. This life force not only determines the exponential nature of 

aging, but also represents the specific biological structure that we want to show. 

Materials and methods. So, it is necessary to find an ageless unit in the 

structure of the object that is the kind of vitality, losing in proportion to their volume 

and available to quantify, so that the law of aging has acquired the precision of 

physical law. Then, the formula (2) becomes a real law of biological aging, where V 

and k will have the status of values that are bound to a specific structure of a living 

object. To demonstrate the medical and biological meaning of mathematical 

reasoning, we present the results of observations of a particular tissue system during 

aging. Below are data on the cell density of 286 corneas obtained using endothelial 

microscope from the Eye Bank from 196 donors aged 20 to 70 years. The objects 

were divided into 5 age groups by decade for the purpose of a more detailed (step-by-

step) assessment of age-related changes. The data obtained is presented below. 
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Results and discussion. The knowledge about the functioning of cells at the 

level of ultrastructure and macromolecules, accumulated over the past century, did 

not bring us an understanding of the mechanism of aging. As at the beginning of the 

last century, there are no methods that could detect cell aging. From a medical and 

biological point of view, there is no doubt that the body is aging, and organs and 

tissues are aging, and this opinion has a certain morphological confirmation. With 

regard to cell aging, no equivalent has yet been found. Here we want to draw your 

attention to the fact of contradiction between the idea of cell aging and a 

mathematical law. First of all, it is necessary to pay attention to the numerous facts 

indicating that the number of cells in the body decreases with age. 

Thus, according to the mathematical law, a regularly disappearing structure 

cannot age. In other words, the loss of cells in tissues as a result of aging cannot exist 

within the framework of a mathematical law. The fact is that in this case there will be 

no age-related loss of vitality - as required by the mathematical law! The loss of 

vitality will increase with age, and another equation should be introduced to reflect 

the loss of vitality. Thus, age-related cell loss requires a new formula that contradicts 

Gompertz's mathematical law. However, Gompertz's law has been successfully used 

for many decades without the need for any fundamental changes. Theoretically, based 

on the analysis of the known fact within the mathematical law of aging, we may 

conclude that the cell elimination of the organism tissue is not dependent on the age. 

This conclusion is the result of the mathematical law of aging, indicating the 

impossibility of cell loss in the body due to their aging. Here we are faced with an 

unusual situation for medicine and biology where 'reasonable' explanation must give 

way to the mathematical arguments. 

We came to the resolution of this contradiction with medical and biological 

position, suggesting the concept of stochastic (age-independent) elimination of cells 

in tissues by a mechanism of apoptosis. At the same time, not knowing how the loss 

of cells occurs in the body, we noted that there is age-independent process in the 

endothelium of the cornea. In other words, the first was seen medical-biological 

mechanism of age-independent cell elimination, that was promoted by studying of the 
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cornea in the aging process and, in particular, the impact of age-related changes of 

the cell number on the functional state of the tissue. This study led to the conclusion 

that aging of an organism is not the result of the aging of cells, and is the result of the 

aging of tissues. The very same aging of the tissue is the result of a regular age-

independent elimination of cells, leading to a reduction in the functional abilities of 

the tissue. 

As noted earlier, the initial view of cell elimination, independent of age, that is, 

the view that there is no aging of cells, arose on the basis of observations not related 

to statistical analysis. Therefore, at first, medical and biological arguments 

dominated. We can now demonstrate the medical and biological implications of 

mathematical reasoning using observations of a particular tissue system (Table 1). 

Table 1 

The changes of the cell density of the posterior corneal epithelium  

depending on age 

Number 

of group 

Age group Density of endothelial cells  

in 1mm² (M±m) 

Number of 

observations (n) 

1 20-29 3560±470 19 

2 30-39 3380±170 19 

3 40-49 3100±290 53 

4 50-59 2970±360 110 

5 60-70 2850±250 85 

 

If you build a graph of changes in cell density during aging, using the data in 

the table, it will look like this (Figure 1). As you can see, the exponent of tissue 

decay, which the corneal endothelium shows, close to the well known classic graph 

of radioactive decay. It is also important to note that the presented tissue aging curve 

is fundamentally different from the standard curves generally known in gerontology, 

characterizing the increase in mortality during the aging of the population. 

Comparison of these two processes makes it possible to make sure that the 

aging of the tissue system, which shows the endothelium of the cornea, cannot be the 
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result of aging of its cells. Moreover, the coincidence of the chart shown in Fig. 2, 

with a chart of radioactive decay, allows us to call this phenomenon the disintegration 

of the tissue system, by analogy with the known physical process. 

Fig. 1. The graph of the cell density changes in the tissue system (corneal 

endothelium) with age 

 

Hence, it is clear that the coefficient of destruction of the tissue system (k) can 

be represented by the differential equation: 

k = dV / V dt                                                  (3), 

where k is the decay coefficient (in this case it means the probability of cells 

disappearing within one year and is taken with a minus, taking into account the 

decrease in the number of cells), V is the number of cells (in our case, the density). 

The formula for calculating the coefficient k can be obtained from the formula (2): 

k = ln Vt /V0   /t                                                 (4) 

Table 1 and Figure 1 shows that cell density is decreased from 3560 (V0) to 

2850 (Vt) during a period (t) from 20 to 70 years old. Substituting these data into the 

formula (4) we obtain an approximate value: k ≈ - 0.006. 

Thus, the mathematical quantity, symbolizing the loss of vitality in the 

Gompertz‘ equation, appears as a biological constant characterizing the loss of cells 

in the tissue system. The elimination of the cells of the corneal endothelium became 

known in ophthalmology due to specular microscopy in 70-80
th

 of the last century, 



88 

even the percentage of cell density loss can be found in the literature as equal to 0.6% 

per year. Presented as a probability – 0.6 / 100, this value is the same as the 

coefficient of decay (k) found above. However, before this value was mentioned only 

as a statistical fact, and its mathematical relation to function of Gompertz has not 

been realized. 

Knowing the constant k, and the starting number of the cells in the tissue 

system (V0) and the finite number, i.e. minimal number (Vt), below which the tissue 

system cannot function in the interests of the body, can determine the time (t), which 

is designed for the function of the tissue system in the body. This leads to the formula 

(2), but is easier to use logistic formula, based on the known initial and final 

parameters as well as the loss ratio, then: 

Vt  = V0 (1 – k)
t 
                                                    (5), 

wherefrom 

t = log ( 1 – k) 
V

t 
/ V

0                                                   (6). 

Vt value can be obtained as the minimal density of cells providing safety of barrier 

function, which is associated with the transparency of the cornea. This border, 

according to ophthalmologists, is close to the level of 500 cells / mm 
2
. Then, on the 

basis of the data presented above, where the density in the younger age group is 3560 

cells / mm
2
, the time, for which the number of cells will be enough with an annual 

loss determined by coefficient k, will be: 

Vt / V0  = 500/3560 ≈ 0.14, then 

1 – k = 0.994, from here 

t = log 0.994
0.14       

≈ 326. 

So, this logarithm corresponds to 326 years. This is how long it takes for the 

cell density to drop to 500 cells / mm
2
. This time is many times longer than real time 

of life. However, there are individual deviations in the human population, when at a 

young age the cell density can be at the level of 1000 cells / mm
2
 or less. This reserve 

can be used up for up to 100 years. In this case, the chances of maintaining the 

functionality of the tissue system are reduced, which sometimes manifests itself in the 

form of a special age-related pathology called endothelial dystrophy. 
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Conclusions. We have presented here, using the example of the corneal 

endothelium, how the aging of the tissue system occurs. There is no doubt that each 

tissue system has its own reserve of life, which explains the uneven aging of various 

organs and tissues. It is especially important to know the reserve (Vt / V0) for tissue 

systems that determine vital functions, in particular the contractile function of the 

heart. This will make it possible to realistically estimate the maximum life 

expectancy and explain the cause of the so-called "sudden" death. When this ratio is 

found, ―sudden‖ death will cease to be sudden and unpredictable. Corneal endothelial 

dystrophy was similarly unpredictable until a cut-off level (Vt) was found for this 

tissue system. The ability to determine a person's maximum lifespan, as can now be 

done with respect to corneal vitality, stops speculation about immortality or longevity 

records. We hope that this article, as the attempt to study a new mathematical concept 

of aging, will draw the attention of the exact sciences to this subject, thanks to which 

biomedical science will be able to overcome the dogmatic view of cell aging, which 

is a brake on gerontology. 

  


