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Abstract
Background 
and Study Aim

Understanding the physical condition parameters of students  during physical education classes is 
essential in the context of modern education. This understanding contributes to the development 
of effective teaching strategies tailored to the specific needs of this demographic. The aim of the 
study is to investigate the structure and interrelations of physical condition (PC) parameters of 
students aged 17-19 years in the process of physical education classes.

Material and 
Methods

The study involved 153 students aged 17-19 years old, and their physical development, functional, 
and physical fitness indices were recorded. The study analyzed intra- and intergroup correlations 
among 55 physical condition (PC) indices. It examined the correlations among integral components 
of students’ structure, including somatic health (SH), adaptation potential (AP), aerobic physical 
work capacity (APWC), and biological age (BA). The study utilized factor analysis, correlation 
analysis, dispersion analysis, and regression analysis to examine the relationships and patterns 
within the collected data.

Results The analysis of intra- and intergroup relationships among the studied parameters revealed that 
the structure of physical condition (PC) is consistent between girls and boys. There are close 
linear dependencies, similarities, and differences in the interrelations of integral PC parameters, 
including somatic health (SH), adaptation potential (AP), aerobic physical work capacity (APWC), 
and biological age (BA), between boys and girls. The regression model coefficients indicate that for 
both genders, SH is influenced by APWC and AP. In girls, AP is dependent on SH and BA, while in 
boys, AP depends on SH, BA, and APWC. 
A strong relationship between APWC and resting heart rate (HR) was identified during testing, with 
boys demonstrating higher levels of APWC at lower initial HR values compared to girls.

Conclusions The study has provided valuable insights into the key components of the physical condition 
(PC) structure among 1st-year students. These components encompass physical development, 
adaptation potential, health, cardiorespiratory system functional capacities, speed-strength fitness, 
biological age, and degree of aging. Findings emphasize the significance of resting bradycardia as 
an informative marker and criterion for assessing APWC during moderate-intensity muscle activity. 
The developed mathematical models have proven effective in modeling and predicting students’ 
PC, including the individual integral components (SH, AP, APWC, and BA). These models provide 
valuable tools for anticipating potential changes in these parameters.

Keywords: students, physical condition, somatic health, work capacity, adaptive potential, models.

Introduction 1`

Physical development, physical fitness, 
biological age, and somatic health of a person are 
integral components of physical condition (PC) that 
determine functional reserves, mental and physical 
work capacity, and lifespan of an individual [1, 2, 3, 
4]. The effectiveness of PC control and management 
depends to a large extent on the knowledge of the 
structure and interrelations of its components, 
mechanisms of their improvement in the process 
of growth and development, human adaptation 
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to different conditions of vital activity, including 
physical loads. Despite the fact that researchers 
note the importance of mechanisms of interaction 
of human PC structure parameters in the process of 
implementing various motor tasks, the interrelations 
of its integral parameters are insufficiently studied. 
The partial role and interrelations of individual 
morphofunctional and metabolic indices of the 
human body PC in the process of ensuring the 
functional effect of a separate integral parameter 
are also under-explored. The coverage of these 
issues requires comprehensive studies based 
on the methodological principles of the system 
approach [5], methods of mathematical analysis, 
and modeling.
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The material presented in the publications of 
the majority of authors is mainly devoted to the 
characterization of individual integral parameters 
of the human body’s physical condition (PC) [6, 7]. 
It also explores the interrelations of their individual 
morphofunctional and metabolic components in 
various conditions of motor activity, including 
during the practice of various kinds of sports [8, 9, 
10]. At the same time, the publications of different 
authors have noted positive effects of regular motor 
activity and sports on some integral components 
of the human PC structure. In particular, positive 
adaptation effects were characterized by: 

a) an increase in functional reserves [4, 11]; 
b) an increase in physical and mental work 

capacity [6]; 
c) a slowing down of the processes of body aging 

[10, 12, 13, 14] 
d) a decrease in biological age [10, 15]; 
e) a decrease in mortality rate due to 

cardiovascular diseases [16, 7] and all other causes 
[13, 17, 18]; an increase in human lifespan [1, 19, 20].

Garatachea et al. [20] noted that regular physical 
loads in endurance sports events have a multisystem 
rejuvenating effect on the body of athletes - they 
had a longer average life expectancy than the 
average population. A comparative analysis of the 
impact of physical loads of moderate and relatively 
high intensity on human PC indicates that moderate 
intensity physical loads are the most efficient 
for reducing the intensity of aging and the risk of 
mortality due to cardiovascular diseases [7, 20, 21].

The health-related impact of aerobic physical 
loads on PC was noted in several studies [6, 12, 22]. 
These studies demonstrated a close relationship 
between the level of health and motor activity of 
moderate intensity, which is characterized by an 
aerobic mechanism of energy supply. According to 
the findings of these studies, aerobic physical work 
capacity is considered an integral parameter of PC 
and serves as one of the key biological markers 
and criteria for assessing an individual’s health 
and lifespan [23, 20]. A similar point of view on the 
relationship between regular motor activity, health, 
and longevity may be found in the works of other 
authors [1, 10, 13]. According to the findings of 
Parsons et al. [13], moderate motor activity of middle-
aged and elderly people improves their health and 
reduces mortality due to all causes by 20-30%. It has 
been noted in a number of studies that the index 
of physical work capacity is an objective, integral 
characteristic of adaptation functional reserves of the 
body of athletes [8, 11]. This index is interrelated with 
many cardiometabolic, inflammatory, endothelial, 
and adipokine biomarkers [6, 16, 13]. Additionally, 
it is often used as a criterion of individual health, 
aging, and lifespan [4, 6].

Insufficient level of motor activity is one of the 
factors of decreased health level [20], functional 

reserves [4], physical and mental work capacity 
[6], increased intensity of aging [13, 15, 24] and 
decreased lifespan [1, 21].

A number of studies present objective signs of the 
negative impact of insufficient motor activity on the 
PC of young people [15, 25, 26]. Materials published 
by different authors show that the insufficient 
number of physical education classes in universities 
is associated with a decrease in physical and mental 
work capacity, somatic health, functional status, 
and adaptive capacities, increase in biological age 
and aging of students [15, 27, 28].

Boiarska and Dotsenko [29] conducted research 
to determine biological age, adaptive potential, and 
the level of physical condition. The results have 
proven to be informative for diagnosing the health 
level of students. The identified biological age of the 
students can serve as a baseline for adjusting work 
functions and body systems.

In the studies of Repalova and Avdeeva [30] 
it was noted that in foreign students of a Medical 
University not engaged in motor activity under 
conditions of pre-examination stress, the tension of 
adaptation mechanisms is increased along with the 
decrease of the cardiovascular system functions.

In general, the analysis indicates that the issues of 
motor activity, health, adaptation potential, lifespan, 
and physical work capacity are closely interrelated. 
Therefore, the comprehensive understanding of the 
structure of human PC necessitates considering the 
interrelationships of each of its integral components 
with other components.

The majority of researchers studied mainly 
pairwise interrelations of integral components of 
the human body PC. These pairs included adaptation 
potential and biological age, somatic health and 
biological age, somatic health and physical work 
capacity, as well as other pairwise interactions. 
This did not allow researchers to fully describe the 
structure of the PC and the interrelations of its 
integral components, as well as the interrelations 
of the components of each individual integral 
parameter in different conditions of the body vital 
activity. Insufficient state of knowledge of the issues 
under consideration, their theoretical and practical 
significance served as a basis for conducting 
comprehensive research to study the structure 
and interrelationships of the PC parameters of the 
bodies of University students.

The objective of this work is to study the 
structure and interrelations of physical condition 
key parameters of students aged 17-19 years in the 
process of physical education classes.

Materials and methods
Participants
The experiment involved 153 students of the 

National Aviation University of Ukraine aged 17-
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19 years old, including 79 boys and 74 girls. Study 
protocol was approved by Ethical Committee of 
the National Aviation University [Kyiv, Ukraine]. 
The research was fulfilled in compliance with WMA 
Declaration of Helsinki – Ethical Principles for 
Medical Research Involving Human Subjects [31].

Research Design
An experimental study of the physical condition 

of the students was carried out in physical 
education classes, which were conducted once a 
week according to the generally accepted university 
program in accordance with the schedule for the 
first year of study. A set of methods of pedagogical 
testing, instrumental methods, and mathematical 
statistics was used.

To assess the structure of students’ physical 
condition, the indices of physical development, 
functional state, and physical fitness were recorded.

In the process of research, the following integral 
indices of students’ physical condition were determined: 
the level of somatic health, biological age, the value 
of adaptation potential, the level of aerobic physical 
work capacity.

The physical development of students was assessed 
according to body mass (BM, kg) and length (cm), 
body mass index (kg/height2, cm), Quetelet index, 
body fat and water volume, chest circumference 
at rest, on inhalation and exhalation, and chest 
excursion.

Functional state of students was assessed using 
a range of parameters related to the cardiovascular 
and respiratory systems, including:
1) Heart rate (HR).
2) Systolic blood pressure (SBP) and diastolic 

blood pressure (DBP).
3) Vital capacity (VC).
4) Respiratory pause measured during Stange-

Hench tests (sec.).
5) Pulmonary capacity-body mass index (VC(ml)/

BM(kg)).
6) Skibinsky index (calculated as 0.01 VC × BH/

HR, where BH represents the time of inspiration 
breath hold in seconds).

7) Kerdo autonomic index (calculated as (1-DBP/
HR) × 100).

8) Robinson index (calculated as HR × SBP/100).
9) Autonomic reactivity measured during an 

orthostatic test (bt/min).
10) Index of economic functioning of the body, 

represented by the HR/Ruffier index [32].
The level of physical fitness was assessed using 

various parameters, including:
1) Wrist strength, measured during dynamometry 

(kg).
2) Strength index, calculated as the ratio of wrist 

strength to body mass (kg).
3) Speed, determined by the result of a 60 m 

running test (sec).

4) Explosive strength, evaluated based on the 
result of performing a standing long jump (cm).

5) Strength endurance, assessed by the number of 
push-ups to exhaustion and the number of sit-
ups.

6) Motor coordination, measured while balancing 
on the left leg (sec).

The level of somatic health was assessed using 
the express method developed by Prof. Apanasenko 
[2, 3]. This method involved recording various 
anthropometric and functional parameters, 
including:
−	 Body length and mass.
−	 Vital capacity (VC).
−	 Muscle strength of the dominant wrist.
−	 Systolic blood pressure (SBP).
−	 Heart rate (HR).

These measurements were conducted following 
established and widely accepted methods [32].

Rapid assessment of physical health level was 
conducted through the calculation of the following 
parameters:

a) Physical development indices, including:
−	 Body mass index (BMI) calculated as BMI = 

BM(kg)/height2(m2).
−	 Pulmonary capacity-body mass index (PC-BMI) 

calculated as PC-BMI = VC(ml)/BM(kg).
−	 Strength index (SI) calculated as SI = wrist 

strength(kg)/BM(kg) × 100%.
−	 Robinson index (RI) as a measure of systolic 

work of the heart, calculated as RI = HR × 
SBP/100.

b) Characteristics of cardiovascular system 
functioning at rest and after dosed physical load, 
determined through Martinet’s test.

Somatic health was assessed based on the total 
points corresponding to the calculated indices [2].”

Biological age (BA) was determined using the 
method developed by Voitenko [33] and following 
the recommendations of Prysiazhniuk et al. [15]. 
The assessment involved recording indices related 
to the functional state of the cardiovascular system 
(HR, SBP, and DBP), respiratory system (VC, breath-
holding time during Stange-Hench tests), and 
central nervous system (static balancing) using 
established methods.

The calculation of BA was based on the following 
formulas:
For males: BA = 27.0 + 0.22 × SBP - 0.15 × IBH + 0.72 
× SHA - 0.15 × SB.

For females: BA = 1.46 + 0.42 × PP + 0.25 × BM + 0.7 
× SHA - 0.14 × SB.

Where: SBP - systolic blood pressure in mm Hg; 
IBH - inspiration breath-hold time in seconds; SHA 
- subjective health assessment (in arbitrary units); 
SB - static balancing on the left leg in seconds; PP - 
pulse pressure in mm Hg; BM - body mass in kg.
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The assessment of adaptation potential was 
conducted using the method developed by Baevsky 
and Berseneva [34]. According to this methodology, 
various indices of the circulatory system, which play 
a significant role in the formation and consolidation 
of the body’s adaptation to different environmental 
influences, were recorded. These indices included 
HR, BP, age, BM, and height. The calculation of 
adaptation potential (AP) was based on the formula 
by Baevsky:
AP = (0.011 × HR + 0.014 × SBP + 0.008 × DBP + 0.014 
× A + 0.009 × BM - 0.009 × H) - 0.27,

Where: SBP - systolic blood pressure in mm Hg; 
DBP - diastolic blood pressure in mm Hg; A - age in 
years; BM - body mass in kg; H - height in cm.

The assessment was carried out according to the 
following criteria:
−	 ≤2.1: 4 points - satisfactory adaptation, 

indicating sufficient reserves of the circulatory 
system.

−	 2.11-3.20: 3 points - satisfactory adaptation with 
functional tension of adaptation mechanisms.

−	 3.21-4.30: 2 points - unsatisfactory adaptation 
to loads, indicating a decrease in functional 
reserves of the circulatory system.

−	 More than 4.30: 1 point - failure of adaptation, 
signifying a sharp decrease in functional 
reserves of the circulatory system with signs of 
failure of adaptation mechanisms of the whole 
body.

The level of aerobic physical work capacity was 
assessed during the performance of Rufier-Dickson 
test (c.u.) [35].

Statistical Analysis
The STATISTICA 13.5 statistical software 

package was used for statistical processing of 
the experimental material [36]. The methods of 
correlation, factor, regression, and dispersion 
analysis were used to process and analyze the 
structure and interrelations of PC parameters 
of students of different genders, biological age, 
somatic health, and adaptive potential.

Results
In order to characterize the structure of the 

students’ body PC, factor analysis of experimental 
data with varimax rotation of 55 indices of physical 
development, speed-strength fitness, functional 
state, biological age, and somatic health was 
performed.

This allowed the identification of 5 generalized 
factors of students’ physical condition structure in 
each experimental group (Fig. 1).

The comparison of the key factors indicates 
that the structure of students’ PC in both groups is 
identical. The key integral components of the PC 
structure of both the boys and the girls include: 

1) physical development; 

2) level of adaptation potential and health; 
3) cardiorespiratory system reserves; 
4) speed-strength fitness; 
5) biological age and degree of aging (Fig. 1).
The identified factors, as a whole, determined 

the variability of the most part of the variance of 
students’ PC indices: in girls - 61.73 % of the total 
variance, in boys - 61.25 %.

The greatest influence on the variability of the 
total variance of PC structure indices in both groups 
is exerted by the factor of physical development: in 
girls - 19.75% of the total variance, in boys - 21.47%. 
The indices of body mass, body fat and water volume 
have the greatest load in this factor.

The second factor that we called the factor of 
adaptation potential and somatic health level, also 
exerts a significant impact on the variability of the 
total variance of students’ PC structure indices: in 
girls, the degree of variability constitutes 15.78 % of 
the total variance, whereas in boys - 13.42 %.

The third factor according to the degree of 
influence on the variability of the total dispersion 
of the PC structure indices in girls is the factor that 
we called the factor of the cardiorespiratory system 
functional capacities (11.07 %), whereas in boys 
- the factor of biological age and aging of the body 
(11.36 %).

The fourth factor in girls included the indices of 
speed-strength fitness (8.47 % of the total variance), 
and in boys - those of the cardiorespiratory system 
(8.83 %).

The least contribution to the variability of the 
total variance of PC structure indices in girls is made 
by the factor of biological age and degree of aging (6.66 
%), whereas in boys – the factor of strength fitness 
(6.17 %).

The averaged values of individual integral 
parameters of students’ PC structure are presented 
in Table 1.

Comparison of averaged values of individual 
integral parameters of the PC structure of boys and 
girls indicates that boys have a slight advantage 
in the level of somatic health and physical work 
capacity, whereas girls have a slight advantage in 
the level of adaptation potential and lower values 
of BA, which is indicative of their less pronounced 
degree of aging.

In general, according to the data presented in 
Table 1, students of both groups are characterized 
by a low health level (below average), sufficient 
reserves of the circulatory system (according to the 
values of adaptation potential), and average values 
of physical work capacity.

As for BA, it is significantly ahead of the 
chronologic age in boys as compared to girls.

Table 2 presents the averaged values of 
correlation coefficients reflecting intragroup and 
intergroup interrelations of the parameters of 
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Figure 1. Key factors of physical condition structure of Technical University students (а – boys, b - girls)

Physical development;
21,47 %

The level of adaptation potential and 
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Cardiorespiratory system 
reserves; 8,83 %
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reserves; 11,07 %
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b)

Таble 1. Integral parameters of the structure of students’ physical condition (somatic health, level of 
adaptive potential, biological age, physical work capacity).

Groups Statistical 
parameters

Somatic health 
level, points

Physical work 
capacity (Ruffier 
test) points

Adaptation 
potential, 
points

Chronologic 
age, years

Biological 
age, years

boys

X̄ 4.89 9.5 2.03 18.56 59.44

±m 0.33 0.4 0.04 0.17 0.74

n 79 79 79 79 79

girls

X̄ 2.50 10.9 1.86 17.32 28.74

±m 0.31 0.5 0.03 0.09 0.83

n 74 74 74 74 74

t Student’s 5.27 2.19 3.40 6.58 4.83

P <0.001 <0.05 <0.001 <0.001 <0.001

students’ PC structure: physical development, 
physical fitness, and functional state.

The values of correlation coefficients presented 
in Table 2 indicate that the degree of interrelations 
between the studied indices is relatively low in 
both groups. Students of both sexes have the most 
integrated indices of physical development; lesser 
interrelations are manifested between the indices of 

physical fitness and functional state. The differences 
in the average values of correlation coefficients 
between boys and girls in each group of indices are 
statistically insignificant.

At the same time, the level of intragroup 
interrelations in both groups of students is 
higher than that of intergroup interrelations. 
Differences between the mean values of intra- and 
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Table 2. Intra- and intergroup interrelations of indices of students’ physical condition structure (average 
values of correlation coefficients)
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boys

X̄ 0.496 0.243 0.243 0.190 0.131 0.217 0.298 0.177

±m 0.043 0.054 0.020 0.014 0.009 0.020 0.019 0.008

n 45 28 130 130 104 80 203 314

girls

X̄ 0.479 0.351 0.270 0.193 0.117 0.194 0.327 0.168

±m 0.04 0.04 0.24 0.016 0.009 0.013 0.018 0.008

n 45 28 130 130 104 80 203 314

t Student’s 0.29 1.61 0.11 0.14 1.10 0.96 1.08 -1.08

P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

intergroup interrelations in each group of students 
are statistically significant: in boys t-Student’s 
coefficient = 5.8 (p<0.01), in girls -7.94 (p<0.01).

The data presented in Table 2 suggest that 
the structure of girls’ and boys’ PC, according 
to the average values of intra- and intergroup 
interrelations, is identical.

Factor analysis allowed us to determine the 
generalized factors and key indices of students’ PC 
that determine the structure of individual integral 
parameters.

To identify specific features in the PC structure 
of students of different genders, the analysis 
of experimental material was continued using 
dispersion and stepwise regression methods.

The regression equations presented below 
reflect the interrelations of integral parameters of 
students’ PC structure: the level of somatic health, 
adaptive potential, biological age, and physical work 
capacity.

Table 3 presents regression models, multiple 
correlation and determination coefficients reflecting 
statistically significant dependencies of individual 
PC integral parameters on the combined and 
interacting influence of other integral parameters 
(Table 3):

1] the level of somatic health on the level of 
aerobic physical work capacity and the level of 
adaptation potential - Y1;

2] the level of adaptation potential on the level 
of somatic health and the level of aerobic physical 
work capacity - Y2;

3] the level of aerobic physical work capacity 
on the level of somatic health and the level of 
adaptation potential - Y3;

4] biological age on the level of somatic health 

and the level of adaptation potential - Y4.
As a result of the analysis performed, the total 

and partial impact of individual integral parameters 
on the dependent integral parameter (Y1 - Y4 in 
Table 3) was determined.

Somatic health level (Y1). The parameters of the 
regression model Y1, presented in Table 3, suggest 
that in girls 53.6% (F = 43.1, p<0.00001) of the total 
variance of somatic health indices are determined 
by the value of aerobic physical work capacity (x1) 
and the level of adaptive potential (x2). Of these, 
the factor of aerobic physical work capacity (x1) 
determines the variability of 45.0 % of the variance 
of somatic health indices (F = 58.8, p<0.0001), 
whereas the factor of adaptation potential (x2) - 9.91 
% (F = 15.6, p<0.0001). The remaining 46.4 % of the 
total variance of somatic health indices is due to 
factors not taken into account in this experiment.

In boys, 67.5% (Table 3, Y1) of the total variance 
of somatic health indices is also determined by two 
parameters. Of these, aerobic physical work capacity 
(x1) accounts for 43.1% (F = 58.4, p<0.0001) of the 
variance of somatic health indices, and adaptive 
potential (x2) accounts for 23.1% (F = 52.01, 
p<0.00001).

The results of modeling using equation Y1, (Table 
3, equation Y1) suggest that in girls the increase 
in aerobic physical work capacity by 10%, at the 
unchanged parameter of adaptation potential (the 
second parameter of the model), is accompanied by 
an increase in their somatic health level by 7%.

A 10 % increase in the adaptation potential of 
girls at the stability of the physical work capacity 
parameter is accompanied by an increase in somatic 
health level by 10.8 %. The simultaneous increase 
in physical work capacity and adaptation potential 
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Table 3. Model characteristics of interrelations of physical condition integral parameters of students of 
different genders

Integral 
parameters

Groups 
of 
students

Regression equation

Coefficients

Correlation, 
r

Determination,
d

Fisher’s 
[F], 
p

Somatic health level

Y1

Girls (4.182–0.096х1-0.875х2) ±0.52* 0.741 0.536
43.1

<0.00000

Boys (21.096–0.54312х1-7.165х2)±1.9 0.881 0.777 120.4 
<0.00000

Adaptation 
potential level

Y2

Girls (1.782–0.185х4+0.012х3)±0,24 0.600 0.359
19.9

<0.00000

Boys (1.635+0.02х3-0.294х4-0.0218х1) ±0.25, 0.754 0.569
33.0

<0.00000

Level of aerobic 
physical work 
capacity

Y3

Girls (16.584–3.82х4)±3.2 0.671 0.450
58.8

<0.00000

Boys (22.128–3.114х4-3.157х2)±0.27 0.698 0.488
35.6

<0,00000

Biological age

Y4

Girls (16.584–3.82х4)±3.2 0.671 0.450
58.8

<0.00000

Boys (22.128–3.114х4-3.157х2)±0.27 0.698 0.488
35.6

<0.00000
* where: x1 - level of physical work capacity (when performing the Ruffier test), c.u.; x2 - level of adaptation 
potential, c.u.; x3 - biological age, years; x4 - level of somatic health, points; r - correlation coefficient; d – 
determination coefficient.

of female students by 10% results in somatic health 
improvement by 17.7%.

An increase in physical work capacity by 10% 
(x1) in boys at unchanged adaptation potential 
parameters (x2) is accompanied by somatic health 
level improvement by 7.07% (Table 3, equation Y1). 
In addition, the increase of adaptation potential 
by 10 % at the unchanged physical work capacity 
parameter is accompanied by the level of somatic 
health improvement by 14.48 %. The simultaneous 
increase in physical work capacity and adaptation 
potential leads to a 21.56 % improvement in somatic 
health level.

Students were divided into 3 groups according 
to the level of physical performance and the 
corresponding level of somatic health (Fig.2).

Figure 2 illustrates the distribution of the number 
of students (in %) with different levels of somatic 
health (in points) by levels of aerobic physical work 
capacity (low, average, above average). The results 
indicate that the majority of students with low and 
average levels of physical work capacity have low 
(31.1% of boys and 52.8% of girls) and below average 
(55.4% of boys and 38.9% of girls) levels of somatic 
health.

Only a small number of examined boys (13.5 %) 
and girls (8.3 %) with above average level of physical 

work capacity have an average level of somatic 
health (boys - 11.2±0.86 points, girls - 8.83±1.24 
points). However, the difference in the level of 
somatic health between boys and girls of this group 
is not statistically significant (t=1.9, p<0.05).

Figure 2 also presents pairwise regression 
equations of correlation and determination 
coefficients, reflecting the linear nature of the 
relationship between the two integral parameters 
- somatic health and the level of aerobic physical 
work capacity.

Modeling through the use of these equations 
demonstrated that in order to move from the group 
with a low somatic health level to the middle group, 
boys and girls need to increase their level of aerobic 
work capacity by 44% and 63%, respectively. To pass 
from the group with low to the group with average 
physical work capacity, boys and girls should 
increase their level of somatic health by 313.2%, and 
321.1%, respectively.

According to Apanasenko [2], the level of somatic 
health of a person can vary from ≈1 to 15-20 points, 
which reflects the range of its percentage change - 
up to 1500-2000 %.

The level of adaptation potential (Y2). The 
parameters of the regression model Y2 (Table 3, 
Y2) suggest that in girls the level of adaptation 
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potential depends on the level of somatic health 
(x4) and biological age (x3). Of these, the influence 
of somatic health factor (x4) accounts for 28.8% 
(F = 29.14, p<0.00001) of the total variance of 
adaptation potential, while the biological age factor 
[x3] accounts for 7.1% (F = 7.91, p<0.006).

In boys, 56.9% of the total variance of adaptation 
potential is determined by three parameters (Table 
2, Y2). Of these, the impact of somatic health (x4) 
accounts for 40.5% (F = 52.5, p<0.00001) of the total 
variance of adaptation potential, biological age (x3] 
- 13.5% (F = 22.2, p<0.00001), and aerobic physical 
work capacity (x1] - 2.9% (F = 5.07, p<0.027).

Level of aerobic physical work capacity (Y3). The 
level of aerobic physical work capacity in girls is 
statistically significantly determined by the level 
of somatic health (Table 3, Y3). Its influence can 
explain the variability of 45% of the total variance 

of the result in the aerobic test (d= 0.450; F=58.8 
p<0.00000). The remaining 55.0% of the variation of 
the result in the Ruffier test is determined by the 
impact of factors not taken into consideration in 
this experiment.

In boys, 48.76% of the total variation in aerobic 
physical work capacity is determined by two 
parameters (Table 3, Y3], of which, somatic health 
factor (x4] accounts for 43.0% (F = 57.3, p<0.00001] of 
the total variance in physical work capacity, whereas 
adaptation potential (x2] accounts for 5.8% (F = 8.4, 
p<0.005].

Figure 3 graphically depicts the level of physical 
work capacity (in points) of students in four groups 
differing in the level of somatic health (1-4], and 
also presents the number of students in percent (%] 
belonging to each group.

Figure 2. Model characteristics of somatic health level (in points) in students with different levels of physical 
work capacity; a. - boys; b. - girls; y - pairwise regression equations; F - Fisher’s coefficient; r - correlation 
coefficient; d – determination coefficient. Level of aerobic work capacity: 1 - Above average; 2 – Average; 
3 – Low.

Figure 3. Physical work capacity of boys (a) and girls (b) in groups with different levels of somatic health 
(1-4 groups). The number of students in each group is presented in percentages; Y - pairwise regression 
equations; F - Fisher’s coefficient; r - correlation coefficient; d – determination coefficient.
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The data presented in Figure 3 shows that the 
majority of boys and girls have low and below 
average levels of somatic health and corresponding 
to them average and below average levels of physical 
work capacity. The low level of somatic health of 
students in both groups is characterized by a low 
level of physical work capacity. The majority of the 
examined students (40.5% of boys and 62.5% of 
girls) have both a low level of health and a low level 
of physical work capacity.

Students of the group with a high level of somatic 
health tend to manifest the highest level of physical 
work capacity. However, the group of a high level 
of somatic health and physical work capacity is the 
smallest: only 10.8% of boys and 1.4% of girls have 
simultaneously a high level of health and physical 
work capacity.

In general, the analyzed integral parameters 
demonstrate linear dependencies with relatively 
high and statistically significant correlation 
coefficients. The distribution of students by groups 
of somatic health and physical work capacity 
suggests that among boys there is a greater number 
of those with average (21.6%) and high (10.8%) 
levels of somatic health, who showed average and 
above average values of physical work capacity 
during testing, whereas among girls - 12.5% and 
1.4%, respectively.  27.0% of boys and 23.6% of girls 
with below average health level have an average 
levels of physical work capacity.

The dependencies of each of the integral 
parameters of physical condition on the total and 
share influence of individual indices of physical 
development, physical fitness and functional state 
of boys and girls were determined in the process of 
step-by-step regression and variance analysis (Table 
4). (Y1 - Y4). The interrelations of indices included 
in the regression models only with statistically 
significant coefficients were analyzed.

The level of somatic health (tab. 4). The 
coefficients presented in the first model (model 
Y1) indicate that in girls the level of somatic health 
depends on vegetative parameters (Robinson index, 
pulmonary capacity-body mass index, VC) (d = 0.452, 
p<0.00000), to the greatest extent. The somatic 
parameters included in the model (strength index, 
strength endurance, body length, explosive power) 
have less impact on the level of health (d = 0.188, 
p<0.00000). Together, the somatic and vegetative 
parameters of the model determine the variability of 
64% of the total variance of somatic health indices 
(p<0.00000).

The level of somatic health in boys also depends 
mainly on vegetative indices (Skibinsky index, 
resting HR, systolic blood pressure, the result of the 
Stange’s test, VC). Their combined influence on the 
variability of the total variance of somatic health 
indices constitutes 57.3%. The impact of somatic 
parameters of the model (balancing on the left leg, 

expiratory chest circumference, body water content) 
is significantly less (16.5%).

The total effect of all model parameters on 
the level of somatic health constitutes 73.8% 
(p<0.00000).

The value of adaptation potential (Table 4, model 
Y2). The coefficients presented in the second model 
(model Y2) indicate that in girls the value of adaptation 
potential depends on vegetative and somatic 
parameters of the model by 98.1 % (p<0.00000). Of 
these, vegetative parameters determine 92.68 % of 
the variability of the total variance of adaptation 
potential, whereas somatic - 7.0 % (p<0.00000).

In boys, 99.18 % (p<0.00000) of adaptation 
potential is determined by both vegetative and 
somatic parameters of the model (Table 3, model 
Y2). Of these, the degree of influence of vegetative 
parameters constitutes 92.5%, whereas that of 
somatic parameters - 6.71% (p<.00000).

The level of physical aerobic work capacity. 
According to the parameters of model 3 (Table 4, 
model Y3), the level of physical aerobic work capacity 
depends on vegetative and somatic indices, which in 
boys determine the variability of 80.5% of its variance, 
and in girls - 68.5%.  Of all the model parameters, the 
greatest influence on physical work capacity in both 
groups is exerted by HR recorded immediately before 
performing the Ruffier aerobic test.

The graphical and mathematical models of 
physical aerobic work capacity dependence on the 
initial values of HR recorded before performing the 
Ruffier aerobic test are presented below (Fig. 4).

The presented models suggest that a decrease 
in resting HR is associated with a decrease in the 
Ruffier index, indicating physical work capacity 
improvement. Conversely, an increase in resting HR 
is associated with an increase in the Ruffier index, 
indicating a decrease in physical work capacity [35]. 
High correlation and determination coefficients 
(in girls - r = 0.723, d=0.522, p<0.00001; in boys 
- r =0.864, d=0.747, p<0.00001) afford ground to 
consider resting bradycardia as an informative 
marker and criterion of physical work capacity at 
moderate intensity muscle activity (assessed by the 
results of the aerobic Ruffier test).

As compared with girls, boys had lower values 
of HR in the supine position and before the Ruffier 
test, and a higher level of physical work capacity. 
High values of correlation and determination 
coefficients reflect a more pronounced dependence 
of their aerobic work capacity on the initial values of 
HR - the lower the resting HR, the higher the work 
capacity.

In general, the correlations between resting HR 
and the Ruffier index in both groups are identical. 
Some advantage of boys is manifested in the 
average values of the result in the Ruffier test: in 
boys - 9.28±0.41, and in girls - 10.91±0.44 c.u.. The 
advantage of boys is small, but the differences are 
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Figure 4. Graphical and mathematical models of aerobic physical work capacity dependence on initial HR 
values (a. - boys; b. - girls).

Table 4. Model characteristics of integral parameters of students’ PC (Y1 - Y4) dependence on individual 
indices of physical development, physical fitness and functional state

Integral 
parameters
(Y1 - Y4)

Groups Regression equations*
Coefficients**

r d F p

Somatic health

(Y1)

Girls (0.019х1+0.018х2+0.059х3-0,021х4-0.021х5-
11.406х6- 0.008х7) ±0.48 0.800 0.640 16.8 <0.00000

Boys (10.36+0.065х8-0.018 х9-0.02х10-0.034 х11-0.033 х12-
0.006 х13-0.348х6) ±0,57 0.846 0.716 16.1 <0.00000

Adaptation 
potential

(Y2)

Girls (0.014х10+0.018х9+0.015х14-0.013х3-
0.006х15-0.248)±0.048 0.991 0.981 1530. 3 <0.00000

Boys (0.014х10+0.019х9+0.015х16 –0.007х15 –0.003х5 – 
1.948) ±0.41 0.994 0.987 1079.0 <0.00000

Physical work 
capacity

(Y3)

Girls (0.244х17+0.053х4+0.11х8+0.462х18-0.073х2-
0.531х19-11.695)±2.5 0.828 0.685 24.3 <0.00000

Boys (0.215х17+0.031х15+0.054х20-0.12х21-0.027х8 
-0.454х22-3.594)±1.7 0.897 0.805 46.1 <0.00000

Biological age

(Y4)

Girls (5.723+0,657х10+0.237х23+0.304х15–0.206х13-
0.267х4)±2.56 0.927 0.859 83.3 <0.00000

Boys (28.20+0,105х11+0.209х10+0.089 х24+0.062х8–
0.139х13)±1.8 0.965 0.932 86.4 <0.00000

* where: x1 - strength index; x2 - trunk lifting in lying position, quantity; x3 - height, cm; x4 - Robinson 
index; x5 – pulmonary capacity-body mass index; x6 - VC; x7 – standing long jump, cm; x8 - Skibinsky index; 
x9 - resting HR, bpm; x10 - systolic BP, mmHg; x11 – Stange’s test, s; x12 - expiratory chest circumference; x13 
- balancing on the left leg, s; x14 - water content in the body, l; x15 - Kerdo autonomic index; x16 - volume of 
adipose tissue, %; x17 - HR before Ruffier test, bpm; x18 - dynamic strength; x19 - right arm dynamometry, kg; 
x20 – chest circumference, cm; x21 - chest excursion, cm; x22 – 60 m running; x23 - body mass, kg; x24 - Hench 
test, s; ** - r - correlation coefficient; d – determination coefficient; F - Fisher’s coefficient.

statistically significant (t=2.7<0.01). Higher values 
of correlation and determination coefficients also 
confirm some advantages of boys.

Biological age. In girls, the variance of biological 
age was 85.93 % (p<0.00000) determined by 
vegetative [Robinson index, systolic blood pressure, 
autonomic Kerdo index] and somatic [balancing on 
the left leg, body mass] parameters of the model 
(model Y4). Of these, the former determined 39.2% 

of the variance of BA variance, whereas the latter - 
46.7% (p<0.00000).

In boys, 93.2% (p<0.00000) of the variance 
of biological age was determined by vegetative 
[Skibinsky index, systolic blood pressure; Stange’s 
test, Hench test) and somatic [balancing on the left 
leg] parameters of the model. Of these, the former 
determined 49.8% of the variance of biological age, 
and the latter - 43.4% (p<0.00000).
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Discussion
As a result of processing and analyzing the 

experimental material the intra- and intergroup 
interrelations of parameters of physical development, 
physical fitness, and functional state of the body of 
the first-year students of the Technical University 
aged 17-19 years were studied. The use of methods 
of factor, dispersion, correlation, and regression 
analysis allowed to reveal the composition, ratio, 
and interrelations of the physical condition (PC) 
key indices of the students’ bodies, determining its 
integral characteristics: the level of somatic health, 
aerobic physical work capacity, adaptation potential, 
and biological age. As a result, the corresponding 
mathematical models were constructed.

The analysis of publications on the problem 
under consideration shows that they present 
experimental material characterizing the physical 
condition of an individual mainly according to 
separate integral indices: physical work capacity 
[8, 37, 38], adaptation potential [34, 39, 30], level of 
somatic health [2, 3], morphofunctional and energy 
reserves [4, 8, 11, 40], biological age [15, 41, 42, 43], 
adaptation potential and biological age [29], and 
other parameters.

However, while studying the PC structure of the 
subjects, the interrelations of integral components 
in the process of their association to ensure the 
holistic activity of the human body were not 
addressed, as a rule. This reduced the possibilities of 
adequately interpreting the mechanisms of the body 
functioning as a system in the process of adaptation 
to various conditions of life activity.

A number of complex studies based on the 
methodological principles of the system approach 
were conducted on top-level athletes, whose body 
was adapted to the performance of specialized 
maximal or close to maximal physical loads [8, 37, 
39, 44]. However, the criteria for assessing physical 
development, physical fitness, adaptation potential, 
and other integral characteristics of the PC of top-
level athletes cannot be adequate benchmarks for 
evaluating the PC of non-athletes - students or 
middle-aged and elderly people.

The lack of analysis of ratios and interrelations of 
PC integral parameters of a person as fundamental 
principles of the system approach in biology is the 
main shortcoming of most complex studies. Such 
studies are necessary for system physiology at the 
present stage of its development and improvement.

Application of the methods of system approach, 
mathematical analysis, and modeling allowed us 
to determine the most informative indices and key 
components of the PC structure of the first-year 
students of the Technical University aged 17-19 
years and to study their interrelations.

The following components of students’ PC 
structure were investigated as the key ones: 

1) level of physical development; 
2) level of adaptation potential and health; 
3) cardiorespiratory system capacities; 
4) parameters of speed-strength fitness; 
5) biological age and degree of aging; 
6) physical work capacity.
Physical work capacity was also considered as 

one of the key integral parameters of students’ PC, 
and its interrelations with other integral parameters 
were analyzed.

The novelty of the findings consists in the fact 
that the composition, ratios, and interrelations of 
the key integral factors of the PC structure have 
been studied for the first time in first-year students 
aged 17-19 years.

The factor analysis revealed that the general 
structure of PC in students of both sexes is identical. 
In both groups, the indices of physical development 
are the most integrated, whereas those of physical 
fitness and functional state - to a lesser extent.

In the process of stepwise regression analysis, 
statistically significant interrelations and 
dependencies of some integral parameters of the 
PC structure on others were revealed in students 
of both sexes; in addition, adequate mathematical 
models reflecting the specifics of their interaction 
were developed.

In particular, it was revealed that:
- the level of somatic health, in girls and boys, 

is primarily determined by the value of aerobic 
physical work capacity and the level of adaptation 
potential;

- the level of adaptation potential in girls depends 
mainly on somatic health and biological age, 
whereas in boys - on somatic health, biological age, 
and aerobic physical work capacity;

- the level of aerobic physical work capacity is 
determined mainly by the level of somatic health 
and the level of somatic health and the level of 
adaptation potential in girls and boys, respectively;

- biological age in girls is determined by the level 
of somatic health (45% of the variance), whereas in 
boys - by the level of somatic health and the level of 
adaptation potential.

The developed mathematical models can be 
used for modeling and predicting the dependence 
of individual integral parameters of students’ PC 
on the cumulative and interacting impact of other 
integral parameters.

Different researchers analyzed mainly pairwise 
interrelations of physical condition integral 
parameters of a person: the level of health and motor 
activity [6, 45, 46]; motor activity and longevity 
[1, 13, 20]; motor activity and mortality [7, 17, 21]; 
motor activity and biological age [10, 15, 43]; motor 
activity and aging processes [1, 12], adaptation 
potential and health [30, 34], adaptation potential 
and biological age [29].

Of the pairwise dependencies in our study, the 
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closest interrelation was observed between the 
level of somatic health and aerobic physical work 
capacity. This is consistent with the results of studies 
by Elhakeem et al. [6], Parsons et al. [13], Jennifer 
et al. [16], demonstrating the positive influence 
of physical exercises of moderate intensity on the 
health status of the subjects and vice versa - the 
impact of the health level on physical work capacity 
[27, 46].

However, the object of study in most works was, 
as a rule, middle-aged, elderly people or athletes 
[10, 14, 20].

In the present study, in contrast to the 
above-mentioned works, the object of study was 
17-19-year-old students not engaged in sports. 
Their distribution by groups of somatic health and 
physical work capacity indicates that the majority 
of boys and girls of the Technical University have 
low and average levels of physical work capacity. 
According to these levels they have low and below 
average levels of health. Among boys there is a 
greater number of those with average and high 
levels of somatic health, manifesting average and 
above average values of aerobic PC.

The developed regression models and the 
modeling carried out on them showed that to move 
from the group with a low level of somatic health to 
the average group boys and girls need to increase 
the level of aerobic physical work capacity by 44% 
and 63%, respectively.

These data suggest that the modern university 
system of physical education (with two hours of 
physical education classes per week as envisaged by 
the curriculum) is not effective enough to strengthen 
and improve the level of somatic health, aerobic 
physical work capacity, and adaptation functional 
potential of students.

The results of assessing the PC of students of 
a Technical University obtained in the present 
study coincide with those observed in several other 
studies, in which a decrease in the level of physical 
health and adaptation potential of modern student 
youth and graduates of higher education institutions 
was noted [15, 30, 47].

According to the researchers, the key factors 
that exert a negative impact on student’s physical 
condition are hypodynamia and hypokinesia, 
excessive emotional stress, decreased motivation for 
systematic physical exercise, insufficient number of 
physical education classes, etc. [25, 26, 30].

Improving the efficiency of physical education 
of students requires the solution of a number of 
scientific issues related to the substantiation of both 
more rational forms, means, and methods of g their 
physical fitness and health optimization [2, 43], and 
methods for assessing the integral parameters of 
the PC, the mechanisms of their interrelations and 
integration in providing holistic activity.

The novelty of the present study should also 
include the development of mathematical models 
containing PC indices that have the greatest 
partial, total, and interacting influence on integral 
parameters - somatic health, adaptation potential, 
biological age, physical work capacity of moderate 
intensity.

According to the developed models, in girls 
somatic health and adaptation potential are 
determined to the greatest extent by somatic indices, 
whereas biological age - by vegetative indices. In 
boys, somatic health is determined to the greatest 
extent by vegetative and somatic indices, adaptation 
potential - by somatic indices, and biological age - by 
vegetative indices.

It was found that among the individual 
vegetative indices of the PC structure of students’ 
bodies, one of the most informative is resting HR - 
resting bradycardia. The data suggest that resting 
bradycardia is an informative marker of aerobic 
physical work capacity during moderate-intensity 
muscle activity.

The results of the present study are consistent 
with the studies we have conducted on combat 
athletes of the national team of Ukraine [44] and 
cadets of the National University of Bioresources 
and Nature Management of Ukraine aged 17-19 years 
[48], in which a statistically significant dependence 
of the level of aerobic-anaerobic work capacity on 
the initial values of HR was revealed. This allows 
considering resting bradycardia as a marker and 
criterion of physical work capacity.

Somatic indices of physical development and 
physical fitness analyzed in this work did not 
manifest themselves as important determinants of 
integral parameters of students’ physical condition.

It may be explained by the fact that the methods 
developed by the authors to assess individual 
integral parameters of physical fitness were based 
mainly on the registration and analysis of vegetative 
indices [3, 34, 37, 41].

As far as vegetative parameters prevail in the 
experimental material of this article, the developed 
regression models should be considered as models 
of the influence, mainly, of the parameters of the 
vegetative component of the PC structure on the 
level of somatic health, aerobic physical work 
capacity, adaptation potential, and biological age of 
students.

The highest coefficients of multiple correlations, 
regressions, and determinations, reflecting, 
preferentially, the linear nature of the interrelations 
of the analyzed parameters give reason to 
recommend the developed models for modeling, 
inter- and extrapolation forecasting of students’ 
PC depending on various factors analyzed in this 
work. They can also be used to design normative 
assessment scales.
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Conclusions
1. The key components of the physical condition 

structure of the first-year students of the 
Technical University include: 1) physical 
development; 2) level of adaptation potential 
and health; 3) cardiorespiratory system 
functional capacities; 4) speed-strength 
fitness; 5) biological age and degree of aging.

2. Close linear interrelations and dependencies of 
student physical condition integral parameters: 
somatic health, physical work capacity, 
adaptation potential, biological age were 
revealed. The parameters of somatic health 
and physical work capacity are most closely 
interrelated. The level of somatic health is the 
key determinant of students’ aerobic physical 
work capacity, whereas aerobic physical work 
capacity is a biological marker of the somatic 
health of boys and girls.

3. The majority of examined students are 
characterized by low and below average levels 
of somatic health, sufficient circulatory system 
reserves (according to AP values, average 

values of aerobic physical work capacity, and 
high values of biological age. Among boys, as 
compared to girls, there is a great number of 
those with average and high levels of somatic 
health and, accordingly, average and above 
average levels of physical work capacity.

4. Resting bradycardia is an informative marker 
and criterion of physical work capacity during 
moderate-intensity muscle activity: a decrease 
in resting HR is associated with an increase in 
aerobic physical work capacity. As compared 
to girls, boys tend to manifest a higher level of 
physical work capacity at lower values of initial 
resting HR.

5. Gender differentiated mathematical 
models allow modeling and predicting the 
physical condition of students or the level 
of manifestation of its individual integral 
components depending on possible changes in 
the parameters of each model.

Conflict of interests
The authors declare that there is no conflict of 

interests.

References
1. Moore SC, Patel AV, Matthews CE, Berrington De 

Gonzalez A, Park Y, Katki HA, et al. Leisure Time 
Physical Activity of Moderate to Vigorous Intensity 
and Mortality: A Large Pooled Cohort Analysis. 
Khaw KT (ed.) PLoS Medicine, 2012;9(11): e1001335. 
https://doi.org/10.1371/journal.pmed.1001335

2. Apanasenko GL. The Individual health: in search of 
essence and quantitative estimation. Environment 
and Health, 2015; 3:8–12 (in Russian).

3. Apanasenko GL. Laws of thermodynamics and 
human health. Sechenovskiy Vestnik, 2017;2(28):61– 
66.

4. Mikhailova SV, Poliakova TA, Semovova SG, Sidorov 
BB. Characteristics of physiological functions 
determining the functional reserves of students 
with varying motor activity level. Science and Sport: 
Current Trends, 2019;7(2):74–80. (in Russian).

5. Sudakov KV. Information properties of functional 
systems: theoretical aspects. Bulletin of RAMS 
1997;12:3–21.

6. Elhakeem A, Murray ET, Cooper R, Kuh D, Whincup 
P, Hardy R. Leisure-time physical activity across 
adulthood and biomarkers of cardiovascular 
disease at age 60-64: A prospective cohort study. 
Atherosclerosis, 2018;269:279–287. https://doi.
org/10.1016/j.atherosclerosis.2017.11.019

7. Bergwall Sara, Acosta Stefan, Ramne Stina, Mutie 
Pascal, Sonestedt Emily. (2021). Leisure-time 
physical activities and the risk of cardiovascular 
mortality in the Malmö diet and Cancer study 
BMC Public Health, 2021;21(1):1948. https://doi.
org/10.1186/s12889-021-11972-6

8. Mishchenko VS. Functional potentials of athletes. 
Kiev: Health; 1990. (In Russian).

9. Lysenko EN, Mishchenko VS. Changes in reactive 
properties of cardiorespiratory system in the 
process and after strenuous physical load. Sports 
Medicine, 2016;1:11–19. http://nbuv.gov.ua/UJRN/
smed_2016_1_3

10. Chainikov P.N., Cherkasova V.G. Biological age 
and age changes rate in athletes of playing kinds of 
sport and untrained persons. Perm Medical Journal, 
2017;34(1):95–99. https://doi.org/10.17816/
pmj34195-99

11. Mishchenko V. Physiological monitoring of 
athletic training: current approaches and directions 
of improvement. Nauka v Olimpiyskom Sporte, 
1997;1(6):92–103.  (In Russian).

12. Sirotin AB, Belozerova LM, Shchepina GM. Motor 
activity impact on aging of middle age men. Remedial 
Gymnastics and Sports Medicine, 2009;6:21–24.

13. Parsons N, Griffin XL, Achten J, Chesser TJ, Lamb 
SE, Costa ML. Modelling and estimation of health-
related quality of life after hip fracture: A re-analysis 
of data from a prospective cohort study. Bone Joint 
Res., 2018;7(1):1–5. https://doi.org/10.1302/2046-
3758.71.BJR-2017-0199

14. Rebelo-Marques A, De Sousa Lages A, Andrade R, 
Ribeiro CF, Mota-Pinto A, Carrilho F, et al. Aging 
Hallmarks: The Benefits of Physical Exercise. 
Frontiers in Endocrinology, 2018;9: 258. https://doi.
org/10.3389/fendo.2018.00258

15. Prysiazhniuk S, Pryimakov O, Iermakov S, Oleniev 
D, Eider J, Mazurok N. Influence of weekly physical 
exercises on indicators of biological age of student’s 
youth. Physical Education of Students, 2021;25(1):58–



292

   PHYSICAL 
  EDUCATION 
OF STUDENTS

66. https://doi.org/10.15561/20755279.2021.0108
16. Reed JL, Prince SA, Elliott CG, Mullen KA, Tulloch 

HE, Hiremath S, et al. Impact of Workplace Physical 
Activity Interventions on Physical Activity and 
Cardiometabolic Health Among Working-Age 
Women: A Systematic Review and Meta-Analysis. 
Circulation: Cardiovascular Quality and Outcomes, 
2017;10(2): e003516. https://doi.org/10.1161/
CIRCOUTCOMES.116.003516

17. Beddhu S, Wei G, Marcus RL, Chonchol M, 
Greene T. Light-intensity physical activities and 
mortality in the United States general population 
and CKD subpopulation. Clin J Am Soc Nephrol., 
2015;10(7):1145-53.https://doi.org/10.2215/
CJN.08410814

18. Fishman EI, Steeves JA, Zipunnikov V, Koster A, 
Berrigan D, Harris TA, et al. Association between 
Objectively Measured Physical Activity and 
Mortality in NHANES. Medicine & Science in Sports 
& Exercise, 2016;48(7): 1303–1311. https://doi.
org/10.1249/MSS.0000000000000885

19. Belozerova LM. Work capacity and age. Perm: RF, 
Prikamsky Social Institute; 2001. (In Russian).

20. Garatachea N, Pareja-Galeano H, Sanchis-Gomar 
F, Santos-Lozano A, Fiuza-Luces C, Morán M, et al. 
Exercise Attenuates the Major Hallmarks of Aging. 
Rejuvenation Research, 2015;18(1): 57–89. https://
doi.org/10.1089/rej.2014.1623

21. Arem H, Moore SC, Patel A, Hartge P, Berrington 
De Gonzalez A, Visvanathan K, et al. Leisure Time 
Physical Activity and Mortality: A Detailed Pooled 
Analysis of the Dose-Response Relationship. JAMA 
Internal Medicine, 2015;175(6): 959. https://doi.
org/10.1001/jamainternmed.2015.0533

22. Mikhailov PV. Age changes of physical performance, 
hemorheology and microcirculation in persons 
with different levels of motor activity [PhD thesis]. 
Yaroslavl; 2020. (in Russian).

23. Sonkin VD, Таmbovtseva RV. Development of 
muscular energy and work capacity in ontogenesis. 
Моscow: RF, LIBROKOM book house; 2011. (In 
Russian).

24. Prysiazhnyuk S, Pryimakov O, Оleniev D, Ejder 
E, Popov M, Kolenkov O. Research health-keeping 
technologies in the system of physical education 
of students from special medical groups. Journal of 
Physical Education and Sport, 2019;19(3):1663–1669. 
https://doi.org/10.7752/jpes.2019.03241

25. Guthold R, Stevens GA, Riley LM, Bull FC. Global 
trends in insufficient physical activity among 
adolescents: a pooled analysis of 298 population-
based surveys with 1.6 million participants. Lancet 
Child & Adolescent Health, 2020;4(1):23–35. https://
doi.org/10.1016/s2352-4642(19)30323-2 

26. Khalfieva AR, Yusupov MG. Study of students’ 
cognitive states self-regulation during lessons. 
Journal of Human Sport and Exercise, 2020;15: 898–
906. https://doi.org/10.14198/jhse.2020.15.Proc3.41

27. Sazanov AV, Sazanova ML, Demina NL, Popova 
GA. Assessment of the level of physical health and 
adaptive capabilities of freshmen of a humanitarian 
university. Modern Problems of Science and Education, 

2015;5:34–40.  
28. Marakushin DI, Chernobay LV, Isaeva IM, 

Karmazina IS, Vashchuk MA, et al. Functional Body 
Reserves as an Indicator of the Regulatory Processes 
Effectiveness ensuring the Body Adaptation to the 
Environmental Factors. Ukrainsʹkij žurnal medicini, 
bìologii ta sportu, 2020;5(1): 21–28. https://doi.
org/10.26693/jmbs05.01.021

29. Boiarska Z, Dotsenko O. Comparative 
characteristics of biological age and rate of aging of 
internally displaced and local students. ScienceRise: 
Biological Science, 2019;0(5-6(20-21)): 24–29. 
https://doi.org/10.15587/2519-8025.2019.193789

30. Repalova NV, Avdeeva EV. Changes in the 
adaptation potential of the cardiovascular system 
in foreign students under conditions of pre-
exam stress. International Journal of Applied and 
Fundamental Research, 2021;4:12–16. https://doi.
org/10.17513/mjpfi.13197

31. World Medical Association Declaration of 
Helsinki: Ethical Principles for Medical Research 
Involving Human Subjects. JAMA, 2013;310:2191. 
https://doi.org/10.1001/jama.2013.281053

32. Golyaka SK, Glukhov IG. Physiological bases of 
physical culture and sports. Kherson: Vyshemyrskyi 
VS; 2019. (In Ukrainian).

33. Voitenko VP. Health of the healthy. Introduction to 
Sanology. Кyiv: Health; 1991. (In Russian).

34. Baevsky RM, Berseneva AP. Assessment of 
adaptation capabilities of the organism and the risk 
of disease development. Moscow: Medicine; 1997. (In 
Russian).

35. Dickson J. Utilisation de l’indice cardiaque de 
Ruffier dans le contrôle médico-sportif. Med. Educ. 
Phys. Sport, 1950;2:1–65.

36. Borovikov VP. Popular introduction in modern 
data analysis and machine teaching on STATISTICA. 
Moscow: STI «Hot line – Теlecom»; 2018. (in 
Russian).

37. Mishchenko V, Shynkaruk O, Suchanowski 
A, Lysenko O, Tomiak T, Diachenko A, et al. 
Individualities of Cardiorespiratory Responsiveness 
to Shifts in Respiratory Homeostasis and Physical 
Exercise in Homogeneous Groups of High 
Performance Athletes. Baltic Journal of Health and 
Physical Activity, 2010;2(1):13–29. https://doi.
org/10.2478/v10131-010-0001-1

38. Westerståhl M, Jansson E, Barnekow-Bergkvist M, 
Aasa U. Longitudinal changes in physical capacity 
from adolescence to middle age in men and women. 
Scientific Reports, 2018;8(1): 14767. https://doi.
org/10.1038/s41598-018-33141-3

39. Pryimakov O, Eider J, Mazurok N, Omelchuk O. 
Functional reserves and reliability of controlling 
stereotyped motions of different coordination 
structures in athletes during muscular activity. 
Journal of Physical Education and Sport, 
2021;21(2):819–828. https://doi.org/10.7752/
jpes.2021.02102

40. Kurzanov AN. Methodological aspects of 
assessment of functional reserves of the body. 
Modern Problems of Science and Education, 



2023

0505

293

2016;2:34–43. (in Russian).
41. Voitenko VP, Tokar AV, Rudaia YeS, Kolodchenko 

VP, Ena LM, Lanova VB, et al. Definition of biological 
age as a problem of nonnosological diagnostics. 
Questions of Gerontology, 1989;11:9–16.

42. Dao Chanh T. The influence of physical activities 
on biological age parameters of females from 17 to 
18 years old. Journal of Sports Medicine and Therapy, 
2018;3(3): 075–079. https://doi.org/10.29328/
journal.jsmt.1001030

43. Prysiazhniuk S, Tolubko V, Oleniev D, Parczevskyy 
Y, Prontenko K, Griban G, et al. The influence of 
physical activities on biological age parameters 
of the first-year female students from the special 
medical department. Journal of Physical Education 
and Sport, 2018;18(2):561–64. https://doi.
org/10.7752/jpes.2018.02081

44. Parshukova OI, Varlamova NG, Potolitsyna NN, 
Lyudinina AY, Bojko ER. Features of Metabolic 
Support of Physical Performance in Highly Trained 
Cross-Country Skiers of Different Qualifications 
during Physical Activity at Maximum Load. 

Cells, 2022;11(1): 39. https://doi.org/10.3390/
cells11010039

45. Belozerova LM. Меthod of determining biological 
age according to work capacity. Clinical gerontology, 
1998;2:34–38. (in Russian).

46. Korol SA. Assessment of physical health 
and physical fitness of students of technical 
specialties of I course. Pedagogics, Psychology, 
Medical-Biological Problems of Physical Training 
and Sports, 2014;18(11):23–9. https://doi.
org/10.15561/18189172.2014.1105

47. Oleniev DG, Prysiazhniuk SI, Petrachkov OV. 
Physical education of student youth: Problematic 
issues and possible solutions. Asia Life Sciences, 
2020;22:315–328.

48. Pryimakov O, Prysiazhniuk S, Korobeynikov 
G, Oleniev D, Polyvaniuk V, Mazurok N, et al. 
Improvement of students’ physical fitness in 
physical education classes using CrossFit means. 
Physical Education of Students, 2023;27(2): 71–81. 
https://doi.org/10.15561/20755279.2023.0203

Information about the authors:

Oleksandr Pryimakov; (Corresponding author); https://orcid.org/0000-0003-0351-486X;  sanaol7.alex@
gmail.com; Institute of Physical Culture Sciences, Szczecin University; Szczecin, Poland.

Marek Sawczuk; https://orcid.org/0000-0002-5730-5249; Marek.Sawczuk@usz.edu.pl; Department of 
Physical Education, Gdansk University of Physical Education and Sport (Gdansk, Poland); Institute of Physical 
Culture Sciences, Szczecin University (Szczecin, Poland).

Oleksii Tymoshenko; https://orcid.org/0000-0002-5310-4941;  tav.ffvs@ukr.net;  Department of Physical 
Education, Sports and Health, Mikhail Dragomanov Ukrainian State University; Kiev, Ukraine.

Nataliya Mazurok; https://orcid.org/0000-0001-7346-1156; natprim75@gmail.com; Center for Human 
Structural and Functional Research, University of Szczecin; Szczecin, Poland.

Cite this article as:  
Pryimakov O, Sawczuk M, Tymoshenko O, Mazurok N. Model characteristics of the structure and interrelations 
of integral parameters of students’ physical condition.  Physical Education of Students, 2023;27(5):279–293. 
https://doi.org/10.15561/20755279.2023.0508

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited  
http://creativecommons.org/licenses/by/4.0/deed.en

Received: 20.08.2023

Accepted: 28.09.2023; Published: 30.10.2023


	Model characteristics of the structure and interrelations of integral parameters of students’ physical condition. Oleksander Pryimakov, Marek Sawczuk, Oleksii Tymoshenko, Nataliya Mazurok
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Conflict of interests
	References
	Information about the authors
	https://doi.org/10.15561/20755279.2023.0508


