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Abstract. Resilience of individual health and endogenous response to determinants of motor activity of athletes. 
Sirenko P.O., Storozhenko I.P., Sirenko R.R., Yuzyk O.P., Kindrat V.K., Lietuviete D., Kolesnyk T.V. The issue of 
specialized multicomponent studies of defining the functional state of the organism under the influence of personalized 
factors of external influence in sport is not sufficiently studied in the scientific and methodological literature. It needs to 
be expanded and supplemented. The aim of the study was to determine the resilience of an individual's health and the 
components of the endogenous response to the determinants of athlets's motor activity. The study involved 15 experienced 
football players, whose average age was 25.47±4.66 years.To achieve this goal, based on the analysis of scientific and 
methodological literature and the questionnaire, we identified the factors of exogenous influence and the main 
determinants of motor activity of athletes. An additional specialized questionnaire was conducted to assess the per-
sonalized general state of health. According to the previous diagnostic data and on the basis of empirical components, a 
programme for the development of certain motor qualities (general, power endurance) as a specialized training was 
developed, which was coordinated with the training process of athletes. Before the beginning of the formed programme 
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the testing of the background assessment of development of aerobic functional capabilities was carried out. In the context 
of the research the programme with the use of certain determinants of motor activity was implemented. We repeatedly 
tested the development of aerobic capabilities, determined the resilience of an individual's health and the impact of the 
research block of exogenous agents on the state of the cardiovascular and muscular systems. We also used a repeated 
questionnaire to assess the general state of health and health resilience of the individual. We determined the conditions 
for the implementation and effectiveness of the use of determinants of motor activity as exogenous factors of influence on 
the health resilience of an individual. Specialized questionnaires and protocols have been created to determine the 
priority personalized factors of exogenous influence and the operational state of the organism. Based on the data 
obtained, a programme for the development of motor skills was developed and scientifically and methodically regulated. 
A systematic assessment of the functional state of athlets on the basis of test models and statistical processing unit was 
carried out. Defining determinants of motor activity of athletes, resilience of health of an individual and specialized 
methods of assessment of influence of exogenous factors requires statistically confirmed efficiency of the offered methods 
in the structure of experimental and research check of their use. The methodology for applying an individual programme 
for the development of functional capabilities of the motor systems of the body of athletes has been established and 
substantiated. The effectiveness of the influence of exogenous means on the state of functional systems of the organism in 
the direction of general and power endurance is statistically substantiated. The positive influence on the general state of 
health (according to the questionnaire, monitoring of heart rate and intensity of movement, analysis of graphic images 
built on the obtained indicators) is established. 
 
Реферат. Резильєнтність здоров’я індивідуума та ендогенна відповідь на детермінанти рухової активності 
спортсменів. Сіренко П.О., Стороженко І.П., Сіренко Р.Р., Юзик О.П., Кіндрат В.К., Лієтувієте Д., 
Колесник Т.В. Питання спеціалізованих багатокомпонентних досліджень визначення функціонального стану орга-
нізму під впливом персоналізованих чинників зовнішнього впливу в спорті в науковій та методичній літературі вивчене 
не достатньо, тож потребує розширення та доповнення. Метою дослідження було визначення резильєнтності 
здоров'я індивідуума та складових ендогенної відповіді на детермінанти рухової активності спортсменів. У до-
слідженні брали участь 15 досвідчених футболістів, середній вік яких був 25,47±4,66 року. Для виконання поставленої 
мети на підставі аналізу науково-методичної літератури та проведеного анкетування нами були визначені фактори 
екзогенного впливу та основні детермінанти рухової активності спортсменів. Було проведене додаткове спе-
ціалізоване анкетування стосовно персоналізованої оцінки загального стану здоров'я. За даними попередніх діагно-
стичних пунктів та на підставі емпіричних складових розробляли програму розвитку визначених рухових якостей 
(загальної, силової витривалості) в якості спеціалізованого тренування, що було узгоджено з навчально-трену-
вальним процесом спортсменів. Перед початком сформованої програми проводили тестування фонової оцінки роз-
витку аеробних функціональних можливостей. У контексті дослідження впроваджували програму із застосуванням 
визначених детермінант рухової активності. Проводили повторне тестування розвитку аеробних можливостей, 
визначали резильєнтність здоров'я індивідуума та вплив на стан серцево-судинної та м'язової систем дослідницького 
блоку засобів екзогенного впливу. Також нами було застосоване повторне анкетування щодо загального стану та 
резильєнтності здоров'я індивідуума. Нами було визначено умови впровадження та ефективності застосування 
детермінантів рухової активності як екзогенних факторів впливу на резильєнтність здоров’я індивідуума. Створені 
спеціалізовані анкети, протоколи для визначення пріоритетних персоналізованих чинників екзогенного впливу та 
оперативного стану організму. На підставі отриманих даних розроблена та науково – методично регламентована 
програма розвитку рухових якостей. Проведено системне оцінювання функціонального стану спортсменів на 
підставі моделей тестів та блоку статистичної обробки. Визначення детермінантів рухової активності спорт-
сменів, резильєнтності здоров’я індивідуума та спеціалізованих методик оцінювання впливу екзогенних факторів 
потребує статистично підтвердженої ефективності запропонованих методик у структурі експериментально-
дослідної перевірки їх застосування. Встановлено та обґрунтовано методику застосування індивідуальної програми 
розвитку функціональних можливостей рухових систем організму спортсменів. Статистично обґрунтовано 
ефективність впливу на стан функціональних систем організму екзогенних засобів у напрямку загальної та силової 
витривалості. Встановлений позитивний вплив на загальний стан організму (за даними анкетування, моніторингу 
серцевого ритму та інтенсивності руху, аналізу побудованих за отриманими показниками графічних зображень). 

 
Increasing the intensity of external influence on 

the body of modern athletes of game sports (in the 
case of our study – professional football) forces us to 
face the problem of urgent and long-term definition 
of the main determinants of motor activity [1]. 
Determinants that regulate the response of humoral 
and morphological systems of the body to the 
endogenous component: individual determinants of 
motor activity, namely the definition of the paradigm 

of physical activity and the resilience of the 
individual's health [2]. 

Of their considerable number, we will single out 
several that generalize health, physical performance 
and load structure under certain conditions [3]. A 
modern athlete, as a result of the development of 
remote visual technologies, tries to apply certain 
physical components of influence on his body without 
sufficient rationalization in their construction. 
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The organization of the training process is not always 
based on substantiated physiological indicators [4, 5]. 
Due to the limitation of motor activity data and the level 
of its organization, the percentage of athletes with insuf-
ficiently developed specialized motor endurance quali-
ties and the level of development of general working 
capacity is increasing [4]. These factors not only reduce 
the quality of life and increase injury rate, but also 
worsen the quality of everyday life, the effectiveness of 
training and competitive actions. It is also relevant that 
today there is insufficient study of the influence of the 
main determinants of motor activity and resilience of the 
individual's health [6]. Theoretical, methodological and 
experimental substantiation of a unified structure of 
classes for people with an active lifestyle and athletes, 
using the capabilities of the most useful types of motor 
activity, is a priority issue for the formation of general 
components of improving the quality of life [7, 8]. The 
use of a conglomerate of specialized exercises and 
morphological studies allows overcoming the ste-
reotypes of a limited set of diagnostic methods not only 
by combining pedagogical and analytical directions, but 
also by an individual-personal approach to improving 
the level of health resilience [9, 10]. Analysis of scien-
tific data on the determinants of athletes' motor activity 
and their impact on the resilience of an individual's 
health made it possible to identify the components of the 
problem in the form of the following contradictions: 

- at the scientific-theoretical level: between the 
need for in-depth knowledge of the use of exogenous 
means of influence on the functional systems of the 
body and the limited number of scientific and 
methodological works of theoretical substantiation of 
their components; 

- at the socio-pedagogical level: between the 
social needs of implementing the latest methods; 

- at the practical-methodical level: between the 
context of implementing practical methods in the 
field of sports and the limited amount of material for 
training specialists in specialized areas with the 
appropriate level of preparedness. 

Therefore, the insufficient study of the impact of 
determinants of motor activity on the health of an 
individual became the basis for choosing the direction 
of research. 

The purpose of the study is to define the 
determinants of motor activity of athletes and the 
resilience of the individual's health under the in-
fluence of exogenous factors. 

MATERIALS AND METHODS OF RESEARCH 
Verification of the use of determinants of motor 

activity in the training process of athletes and control 
of the effectiveness of the impact of the proposed 
methods on the health of an individual were carried 
out by conducting a research block, which included 

the ascertaining and forming stages. Based on the 
factors highlighted in the previous sections, we 
determine the individual determinants of motor 
activity, which are responsible for the physical and 
functional component. 15 experienced football 
players were involved in the studies. The average age 
of the participants was 25.47±4.66 years.  

All athletes received written consent to conduct and 
publish the results of the study. The study was 
conducted in accordance with the principles of bioethics 
set forth in the Declaration of Helsinki “Ethical prin-
ciples of medical research involving humans” and the 
“Universal declaration on bioethics and human rights 
(UNESCO)”. Protocol of the Commission on Ethics and 
Academic Integrity No. 8 of the P.L. Shupyk National 
University of Health Care of Ukraine 

1. The ascertaining stage of the pedagogical ex-
periment provided for the implementation of the 
following theoretical and practical tasks: 

- theoretical tasks: to develop a methodology for in-
troducing individual determinants of motor activity of 
athletes into the educational and training process; to sub-
stantiate the practical application of an individual pro-
gram for the development of the functional capabilities 
of the motor systems of the athletes' body; to systema-
tize the data of the first block of the staged questionnaire 
on the assessment of the health of the individual and the 
staged functional testing of aerobic performance; 

- practical tasks: to develop a questionnaire and 
conduct a survey on the topic of a personalized prio-
rity sequence of the importance of specialized factors 
of the determinants of athletes' motor activity for the 
health of an individual (based on the analysis of 
scientific and methodological literature and the data 
obtained, determine the main directions of imple-
menting the experimental program); to develop a 
questionnaire and conduct the first block of a staged 
survey on assessing the health of an individual; to 
create a combined program for the development of 
specialized motor qualities and its coordination with 
the structure of the educational and training process 
of experienced football players (FCI Levadia, Tal-
linn, Estonia); to conduct the first block of staged 
functional testing (according to the defined and 
recommended components); to implement and apply 
exercises of a certain orientation. 

2. The formative stage of the study was aimed at 
solving the following theoretical and practical tasks: 

- theoretical tasks: systematization of data from 
the second block of a staged survey on assessing the 
health of an individual and staged functional testing 
of aerobic performance; statistical processing; gene-
ralization of the obtained data (formulation of 
conclusions regarding the influence of determinants 
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of motor activity on the resilience of the indi-
vidual's health); 

- practical tasks: conducting the second block of 
staged functional testing; conducting the second 
block of staged questionnaires on assessing the in-
dividual's health. 

The implementation of the proposed comprehensive 
program was implemented over 4 months from 12.2023 
to 03.2024. From 12.2023-02.2024 – conducting an 
experimental block of research. From 03.2024 – pro-
cessing and systematization of the obtained data. 

At the beginning of the ascertaining stage of the 
study, we conducted a general survey using a created 
specialized questionnaire with the corresponding 
survey (Survey Questionnaire No. 1 (Appendix a)). 
The task was to determine the points regarding the 
most important component of the physical and 
functional determinants of motor activity and their 
impact on the individual's health (in percentages). 
Nought (0) was taken to mean the absence of im-
portance of the factor of determinants of motor 
activity, and 100 was the most important component. 

 
Questionnaire No. 1 (Appendix a) 

Priority sequence of importance of specialized factors  
of determinants of motor activity of athletes for the health of an individual in % 

1. Full name  
2. Age  
3. Weight  
4. Height  
5. Resting heart rate   

Estimate the importance in percentage of importance for the health  
of an individual of the following specialized factors of determinants of motor activity: 
Block 1. Physiological  
6. General level of physical fitness  
7. General endurance   
8. Speed endurance  
9. Power endurance  
10. Strength  
11. Flexibility  
Block 2. Medical  
12. General health   
13. Injury prevention  
14. Rehabilitation after injuries  
Block 3. Psychological  
15. Motivation  
16. Resilience  
17. Self-confidence  
18. Emotional state  
Block 4. Social  
19. Family support  
20. Coaches and team  
21. Social recognition  
Block 5. Technological  
22. Innovations in training equipment  
23. Digital technologies  
24. Data analytics  

By signing this Questionnaire, I consent to the processing of personal data. 

 
Having determined the contextual component of 

the main factors of the determinants of motor activity, 
the question of a system for assessing the resilience 
of an individual's health arose, namely, the internal 
perception of the state of the organism, the coordinated 
regulation of all organs and systems. We developed a 
questionnaire (Survey Questionnaire No. 1 (Appen-
dix b)) for personalized health assessment. Its use 

involved the implementation of a survey before the 
start of the experiment and at its completion. 

Based on the systematized data of the initial infor-
mation base, a scientific and methodological basis was 
formed, pedagogical methods were developed for opti-
mizing the determinant factors of the motor activity of 
athletes and analyzing their impact on the health of the 
individual. Optimal conditions are created for im-
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proving health and general physical fitness and spe-
cialized development of certain determinants of motor 
activity in the organization of motor activity of profes-
sional football players at the beginning of the annual 
periodization [11]. Separately identified by us, of the 
total number of determinants of motor activity, were 
those that affect the development of general and strength 
endurance. We have developed and implemented a spe-
cialized methodological program in the structure of the 
involving and basic mesocycle of the general prepa-
ratory stage of the preparatory period, divided into sepa-
rate blocks lasting 14 days for 3 months. It is the basis 
for the consistent formation of specialized functional 
components (starting with a small (20-40%), gradually 
moving to the limits of 60-70% intensity). The upper 
limit is 60-70% since this regulation is the average 
physiological limitation of the zone of development of 
aerobic qualities. In the context of the development of 
strength endurance on mechanical simulators, we will 
focus on the generalized effect on the muscles of the 
lower limbs in the structure of circuit training with an 
asymmetric (on the antagonist muscles) load distribu-
tion. In percentages, we considered the total intensity of 
the load during training. If 0% is rest, 100% is a game. 
The optimal conditions for the development of strength 

and speed endurance are the component of a certain 
"underrecovery". The content of the microcycle limits 
the phase of full recovery. We regulate the context of 
loads by intervals of specialized classes every two days 
on the third in an alternating sequence: combined ge-
neral and special endurance training with training on 
mechanical simulators. Methodologically, the de-
velopment of strength endurance involves 6-7 sets and 
12-15 repetitions per individual muscle group with a 
small rest interval; the development of general endu-
rance involves performing movements within the aero-
bic heart rate zone (HR). 

The organization of the experimental group's acti-
vities included the following areas: 

- training on mechanical simulators lasting 60-
80 minutes was carried out 2 times a week in the 
mode of involving the main muscle groups of the 
lower limbs. By the method of strictly regulated 
exercise, in a circular manner. The total number of 
circles was 5-6, the number of repetitions was regu-
lated by a time interval of 30 seconds (Fig. 1). 

- aerobic training (combined or specialized) was car-
ried out 2 times a week at the specified load intensity 
with differentiated regulation of exercise time (Fig. 1). 

 

 

Fig. 1. A fragment of the program in the structure of the involving and basic mesocycle of the general 
preparatory stage of the preparatory period (vertical axis - load intensity, horizontal axis - days of the week) 

 

In addition to the factors that were determined by 
means of the questionnaire, an important component is 
the component of assessing performance in the general 
endurance zone. At the beginning of the experiment and 
at its completion, we introduced a test for assessing the 
aerobic capabilities of the body "Yo-Yo intermitted 
recovery level 2" [7]. The ratio of indicators and the 
obtained statistical data was determined. We examined 
the dependence of the indicators of the cardiovascular 
system and the intensity of movement at the first and 
second stages of the study. It was presented in the form 
of a graphic image and tables. 

The results of the questionnaire and the quantitative 
characteristic of Yo-Yo testing were subjected to 
statistical processing. The initial data of the Yo-Yo test 
are the dependence of heart rate on the intensity of 

movement (running speed). However, as a quantitative 
characteristic for statistical comparison of results, we 
used the integral HR – the integral of the dependence of 
heart rate on the intensity of athletes’ movement and the 
average heart rate values within the Yo-Yo test. 

Statistical processing of the study results was carried 
out using standard free open source statistical software 
packages (GNU PSPP (https://www.gnu.org/software/-
pspp/), GNU Octave (https://octave.org/), and Fityk 
(https://fityk.nieto.pl/). The statistical significance level 
was p≤0.05. 

The homogeneity of the sample was ensured by 
approximately the same level of physical fitness, 
gender, and age of the study participants. The training 
group included 15 experienced male football players, 
aged 20.8 to 30.1 years. 
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The homogeneity of the sample was checked by 
the modified Z-score. The modified Z-score is a 
reliable nonparametric method for detecting outliers 
in small samples, as it is based on the median and the 
median absolute deviation (MAD), which provides 
robustness to extreme values and does not require 
normality of the distribution [12]. This is important, 
since very often the distribution quantitative characte-
ristics of a social group differ from a normal distri-
bution. The modified Z-score can be used for samples 
from n=5, but it is optimal to use it for n≥10, when 
the median and MAD are more stable. This corres-
ponds to the sample being analyzed. 

To compare quantitative indicators, we used the 
Wilcoxon paired t-test [13] and the parametric t-test. 
The Wilcoxon test is a reliable nonparametric method 
for comparing two dependent samples when the 
normality of the distribution cannot be guaranteed. 
Since the same group of athletes is tested before and 
after the training process, the samples are dependent. 
In this case, instead of the Mann–Whitney test [14], 
the Wilcoxon test is usually used. The use of the 
parametric t-test requires additional testing of the 
hypothesis of normal distribution and its acceptance. 

Therefore, we checked the subordination of the 
obtained Yo-Yo-testing data to the normal distribu-
tion law using the Shapiro-Wilk agreement criterion 
[15]. The test The Shapiro-Wilk test is one of the most 
reliable methods for testing the normality of distri-
bution for small sample sizes. Its high sensitivity al-
lows for effective detection of deviations from normal 
distribution even with limited data. As will be shown, 
all random variables in the Yo-Yo test were found to 
be normally distributed.  

The confirmation of the hypothesis of a normal 
distribution makes it possible to use parametric 
methods together with nonparametric ones, which 
increases the reliability of our conclusions. For a 
sample of 15, which has a normal distribution, the use 
of parametric statistical methods is justified, since 
these methods assume the normality of the data for 
the correct estimation of parameters. Provided that 
the assumption of a normal distribution is observed, 
parametric methods provide higher statistical power 
compared to nonparametric analogues, which is espe-
cially important with a small sample size [16]. 

So, we checked the equality of medians using the 
Wilcoxon test and, taking into account the confir-
mation of the hypothesis of a normal distribution of 
the quantitative characteristic of the Yo-Yo test, the 
equality of mean values using the t-test. 

RESULTS AND DISCUSSION 

The main resulting component of the study was to 
determine the conditions for the application and 

effectiveness of the application of determinants of 
motor activity as exogenous factors of influence on 
the resilience of the individual’s health. 

At the beginning of the study, we conducted a 
general survey using a questionnaire form of the prio-
rity sequence of importance of specialized factors of 
determinants of motor activity of athletes for the 
health of the individual in % (from 0 to 100), (Survey 
questionnaire No. 1 (Appendix a)). The points were 
determined regarding the most important component 
of physical and functional determinants of motor 
activity of their influence on the health of the indi-
vidual. We selected the first 2 ranked factors on the 
basis of which we formed the resulting base. Where 0 
is the lack of importance of the determinants of motor 
activity, and 100 is the most important component. 
Out of 15 respondents, the highest percentage recei-
ved items 6, 7, 9 of block 1 regarding physiological 
determinants (Table 1). Item 6, regarding the general 
level of physical fitness – 95%; item 7, regarding 
general endurance – 85%; item 9, regarding strength 
endurance – 78%. Also, item 12, block 2 regarding 
medical determinants received 93%. 

 
T a b l e  1  

Results of 15 subjects after the survey based 
on questionnaire No. 1 (Appendix a) 

Block 1. Physiological 
6. General level of physical fitness 95% 
7. General endurance 85% 
8. Speed endurance 71% 
9. Power endurance 78% 
10. Strength 67% 
11. Flexibility 51% 

Block 2. Medical 
12. General health 94% 
13. Injury prevention 72% 
14. Rehabilitation after injuries 65% 

Block 3. Psychological 
15. Motivation 54% 
16. Stress resistance 32% 
17. Self-confidence 41% 
18. Emotional state 49% 

Block 4. Social 
19. Family support 37% 
20. Coaches and team 40% 
21. Social recognition 27% 

Block 5. Technological 
22. Innovations in training equipment 33% 
23. Digital technologies 29% 
24. Data analytics 25% 

 
The next step in our work was the individual 

health assessment system, which involved the 
implementation of a survey before the start of the 
experiment and at its completion using a personalized 
health assessment questionnaire (Table 2, Survey 
questionnaire No. 1 (Appendix b)). 
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T a b l e  2  

Results of 15 subjects (in tabular form) after the survey based  
on questionnaire No. 1 (Appendix b) 

 
Questions Possible answers (points) Before After 

General state of health 

1 Have you had any injuries in the last 3 months? Yes (1) 12 4 

No (0) 3 11 

2 Do you have any chronic diseases? Yes 1 1 

No 14 14 

3 Do you experience fatigue or overexertion after training? Rarely (0) 2 7 

Sometimes (1) 2 4 

Often (2) 11 4 

 Have you experienced any sleep disturbances over past 
month? 

No (0) 3 6 

Yes, but rarely (1) 2 3 

Often (2) 10 6 

Level of physical activity 

 How much time do you dedicate to training on a daily basis? <1 hour (0) 2 1 

1-2 hours (1) 10 4 

>2 hours (2) 3 10 

 Does your training program include the following types of 
exercises?  

Cardio 15 15 

Strength exercises 15 15 

Exercises to develop flexibility 15 15 

Rehabilitation exercises 15 15 

 How would you rate your physical fitness? Low (0) 4 1 

Moderate (1) 8 3 

High (2) 3 11 

Diet and hydration 

 Do you keep a special diet? Yes 3 3 

No 12 12 

 How many times a day do you take food? 1-2 times 0 0 

3-4 times 14 13 

5 and more 1 2 

 Do you drink sufficient amount of fluid during a day? Yes 14 13 

No 1 2 
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c o n t i n u a t i o n  o f  T a b l e  2  

Questions Possible answers (points) Before After 

Rehabilitation 

 Do you use rehabilitation treatment (massage, sauna, 
cryotherapy)? 

Yes 15 15 

No 0 0 

 Does your rest program include active recovery (light 
exercise, walking)? 

Yes 15 15 

No 0 0 

 How many hours a day do you spend resting or sleeping? <6 hours 3 1 

6-8 hours 5 11 

>8 hours 7 3 

Well-being and psychological state 

 How do you rate your stress level? Low 4 8 

Moderate 7 6 

High 4 1 

 Do you feel motivated to train? Constantly 6 8 

Sometimes 6 6 

Rarely 3 1 

 How do you assess your overall well-being at this moment? Good 4 10 

Satisfactory 10 5 

Bad 1 0 

Note. research element – before the start of the experiment (Before) and at the end of the experiment (After). 

 
The diagrams of the survey results on some 

important questions are presented in Fig. 2. They 
show that the number of injuries during the expe-
riment decreased from 80% to 27%. The Wilcoxon 
test shows that at the significance level p>0.002 the 
number of injuries before and after the experiment 
differ significantly. The number of chronic diseases 
did not change, which is natural. 

The number of overloads has significantly dec-
reased. If before the experiment 73% of respondents 
often felt tired or overloaded after training, then after the 
experiment only 47%. According to the Wilcoxon test, 
the feeling of overloads differs at the significance level 
of p>0.007. During the experiment, sleep was regulated. 
Before the experiment, 67% of respondents complained 
of frequent sleep problems, and after the experiment – 
40%. At the significance level of p>0.001, the medians 
of the distributions of sleep problems before and after 
the experiment differ significantly. 

The training time and self-assessment of physical 
fitness increased statistically significantly at the signi-
ficance level, p>0.006 and p>0.001, respectively. 

The next step of the scientific and methodological 
analysis was the coordination of the obtained statis-
tical data of the questionnaire and the pedagogical 
block of research. Before the implementation of the 
specialized program for the introduction of spe-
cialized determinants of motor activity and after its 
completion, we implemented the well-known test for 
assessing the aerobic capabilities of the body “Yo-Yo 
intermitted recovery level 2”. The study was conduc-
ted in the morning, air temperature +18 degrees, on a 
natural grass lawn. The level of resilience of the body 
and functional shifts in the overall ratio of indicators 
and the obtained statistical data were determined. We 
also examined the dependence of the indicators of the 
cardiovascular system (HR) under the influence of 
exogenous components at the first and second stages 
of the study. This dependence was presented by us in 
the form of personalized analytical tables to 
determine the integral of HR and the exogenous 
factor of movement intensity. 
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Fig. 2. Diagrams of survey results before and after a special training process  

 
The test was conducted in the range of running 

speed from 13 km/h to the maximum that the parti-
cipant can maintain. The highest speed was 19 km/h 
in participant No. 3 in two tests, and the lowest was 

Before Before 

Before Before 

Before Before 
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17.5 km/h in participant No. 9 only in the first test. 
Our assumption about the homogeneity of the 
physical training of the group is justified. The maxi-
mum speed that the participants can maintain is in a 
narrow interval from 17.5 to 19 km/h. 

The special training process increased the maximum 
speed by 0.5 km/h in almost all participants. The maxi-
mum speed did not change only in athletes No. 3, 5, 7, 
10, 14. There was no decrease in the maximum speed. 
Thus, the speed endurance at the maximum speed im-
proved in 10 participants and remained unchanged in 5. 

According to the results of Yo-Yo testing, the 
dependences of heart rate on running speed HR(v) 
were obtained. They turned out to be ambiguous. In 
some athletes (No. 4, 6, 8, 12) the training process 
reduced the heart rate for any speed. In others only in 
certain intervals, usually at high speed (No. 1, 2, 3, 7, 
9, 11, 15). Running at low speed changed less. A 
decrease in HR only at low speed was observed in 
participant 11, 13. To reduce these dependencies to 

one quantitative characteristic that can be statistically 
compared, we integrated the obtained dependencies 
of HR(v) on running speed within the limits of the 
test. Accordingly, the following were found: S1 – 
integral of HR(v) Yo-Yo-testing before the special 
program, and S2 – integral of heart rate(v) after its 
completion and ΔS=S1 and S2 – their difference. The 
average values of HR within the test were also found – 
AHR1, AHR2 and ΔAHR=AHR1 - AHR2. The study 
revealed that the test time for each athlete almost did 
not change. Therefore, S1 and S2 indicate the total 
number of heart beats. The higher the integral HR, the 
more heart beats occurred during the test. Therefore, if 
S1 and S2 is positive, then the integral characteristic of 
heart rate is considered to have improved. This means 
that during the Yo-Yo test conducted after the training 
process according to the special program, fewer heart 
beats occurred than in the test before the special 
training process. The results obtained are presented in 
Table 3 and Figure 3. 

 

T a b l e  3  

Integral HR of different athlets in the first and second Yo-Yo-tests 

Number of 
participant 

Integral HR Average HR 

S1 S2 S AHR1 AHR2 𝚫𝑨𝑯𝑹 

1 775.00 753.25 21.75 155.0 150.7 4.3 

2 735.75 668.25 67.50 147.2 133.7 13.5 

3 921.00 878.75 42.25 153.5 146.5 7.0 

4 758.25 647.75 110.50 151.7 129.6 22.1 

5 856.5 830.25 26.25 155.7 151.0 4.8 

6 805.25 727.75 77.50 146.4 132.3 14.1 

7 759.00 727.50 31.50 138.0 132.3 5.7 

8 776.75 660.00 116.75 155.4 132.0 23.4 

9 635.5 589.25 46.25 141.2 130.9 10.3 

10 764.00 766.00 -2.00 138.9 139.3 -0.4 

11 662.75 641.50 21.25 132.6 128.3 4.3 

12 833.25 730.25 103.00 151.5 132.8 18.7 

13 855.50 824.50 31.00 155.5 149.9 5.6 

14 852.25 856.25 -4.00 155.0 155.7 -0.7 

15 635.50 647.25 -11.75 141.2 143.8 -2.6 

 
In Figure 3, it can be seen that the average heart 

rate values in test No. 3 are generally lower than in 
test No. 1. This is clearly seen in Figure 3b, which 

shows the difference between AHR1 and AHR2. Only 
in athletes No. 10, 14 and 15 this difference was ne-
gative. The largest decrease in average heart rate 
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occurred in participants No. 4 and 8. It can be 
assumed that the average heart rate in test No. 2 is 
lower than in No. 1. This can be verified by testing 

the statistical hypothesis of equality of means and 
medians. However, first, the samples must be 
checked for outliers and for normality of distribution. 

 

    
a                     b 

Fig. 3. Integral HR of different athlets in the first and second Yo-Yo-tests and their difference 

 
Outlier statistic of samples S1 and S2 using a 

modified Z-score (M) based on the median and 
median absolute deviation with an outlier threshold of 
M=2 showed the absence of gross errors. Usually, the 
outlier threshold is used at the level of 3.5. The largest 
deviations from the median were observed in sample 
S1 for 3 participants with M3=1.69. Samples AHR1 
and AHR 2 have worse homogeneity. The largest 
outlier in sample AHR1 was in participant No. 11 with 
M11=3.02. Therefore, the outlier threshold was in-
creased to 3.1, which is acceptable. Thus, we consider 
that the samples are homogeneous. 

Since the sample of the studied subjects was small 
n=15, we used the Shapiro–Wilk test to test the 
hypothesis of normal distribution, which is optimal 
for small samples. The results of the test are presented 

in Table 4. The integral HRs in the first and second 
tests and their difference at the 0.05 significance level 
(W(0.05;15)=0.881) can be considered to be normally 
distributed. The difference in mean HRs is also 
normally distributed with p=0.05. However, the mean 
HRs for the first and second tests at the 0.05 signi-
ficance level cannot be considered to be normally 
distributed. These samples can be considered to be 
taken from a normally distributed population only at 
a significance level less than 0.03. 

Since the Shapiro-Wilk test confirms the hypo-
thesis of normal distribution with p=0.05, the equality 
of the mean values, can be tested using the parametric 
t-test. In addition, the hypothesis of equality of the 
medians was also tested using the Wilcoxon test. 

 

T a b l e  4  

Results of Shapiro-Wilk test  

Distribution 𝐖 𝐩 

S 0.9263 0.240 

S1 0.9439 0.435 

S 0.9459 0.462 

𝚫𝐀𝐇𝐑 0.9304 0.277 

AHR1 0.8744 0.039 

AHR2 0.8686 0.032 
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The statistical data on the integral heart rate and 
the results of the parametric t-test and the Wilcoxon 
test are presented in Table 5. There it can be seen that 
the mean values and medians of the samples differ 
significantly with a significance level of p≥0.001. 
Therefore, it can be stated that at the significance 
level of p=0.05, the average value of the integral HR 
during the special training process decreased by 

ΔS=45.18±22.95 units, which is 5.83±2.96%. The 
significance level can be increased to a maximum of 
0.24 (Table 3). Then, ΔS=45.18±13.13. The average 
HR also statistically significantly decreases by 
ΔAHR=8.675±4.498 min-1 for the p=0.05 level, 
which is a decrease of 5.87±3.04%, and 
ΔAHR=8.675±5.064 min-1 for p=0.03. 

 

T a b l e  5  

Statistics of integral HR, results of nonparametric t-test and Wilcoxon test 

Data Mean 
Standard 
deviation 

SD 

Median 
Me 

MAD 
t-tets Wilcoxon test 

t p W p 

𝚫𝑺 45.18 41.44 31.50 33.50 4.223 0.001 114 0.001 

𝑺𝟏 775.08 83.85 775.00 58.25 

𝑺𝟐 729.9 88.18 727.75 80.00 

𝚫𝑨𝑯𝑹 8.675 8.121 5.727 6.09 4.137 0.001 114 0.001 

AHR1 147.91 7.741 151.50 4.23 

AHR2 139.24 9.370 133.65 5.35 

Note. Statistical data. 

 
The nonparametric Wilcoxon test (W=114) at the 

significance level of p>0.001 also shows that the 
values of S1 have a significant tendency to be greater 
than S2. The median of the sign ΔS=31.5 was positive. 
The difference between the medians of S1=775 and S2 

=27.75 is 49.25. Thus, during the special training 
process, the median of the integral heart rate dec-
reased by 6.10%. The median of the average heart rate 
decreased from 147.91 to 139.24, i.e. by 5.86% 

Thus, taking into account the limitations of the 
significance level according to the Shapiro-Wilk test 
for AHR1 and AHR2 (Table 4), it can be stated that at 
the level of 0.001≤p≤0.03 by the t-test and at the 
significance level p≥0.001 by the Wilcoxon test, the 
data obtained indicate that as a result of specialized 
exposure, the integral and average heart rate when 
performing the Yo-Yo test decreases by an average of 
5.8%. The multicombinant relationship between the 
functional state of the cardiovascular system and the 
body's ability to have stable progressive resilience to 
exogenous factors has significantly improved. 

In previous studies, Smith J. et al., (2018) [17], 
Warburton D.E.R. et al. (2018) [18], Sirenko P.O. 
et al. (2022, 2023, 2024) [3, 10, 11] only the level of 
development of certain functional qualities was 
assessed based on local diagnostic measures. The 
studies were considered isolated, without consi-
deration of factors of generalized influence on general 

performance and impact on the resilience of the 
individual's health. Krustrup P. et al., (2006) [7], 
performance in the aerobic power zone was deter-
mined without controlling the heart rate. 

We have supplemented and expanded data on the 
determinants of motor activity of athletes and factors 
of functional exogenous influence on the performance 
of the athlete's body in difficult environmental condi-
tions. The structure and system of analysis of perso-
nalized perception of load by functional systems (ba-
sed on the analysis of the cardiovascular system's per-
formance) in combination with endogenous (psycholo-
gical, emotional) response have been agreed upon. 

CONCLUSIONS 

1. The essence of the content of the introduction of 
determinants of motor activity of athletes and the 
resilience of the individual's health in the context of the 
endogenous response has been clarified. Including the 
content with statistically confirmed effectiveness of the 
impact of the proposed methods in the structure of ex-
perimental and research verification of their application. 

2. A methodology for the implementation and as-
sessment of the effectiveness of the implementation of 
individual specialized determinants to the content of the 
general motor activity of athletes, in particular in 
professional football has been developed. 
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3. A methodology for applying an individual 
program for the development of the functional capa-
bilities of the motor systems of the athlete's body has 
been established and substantiated. Points regarding 
the most important components of the determinants 
of motor activity and their impact on the health of the 
individual have been identified. The highest per-
centage, out of 15 subjects, were items 6, 7, 9 of 
block 1 regarding physiological determinants. Item 6, 
regarding the general level of physical fitness – 95%; 
item 7, regarding general endurance – 85%; item 9, 
regarding strength endurance – 78%. Also, item 12, 
block 2 regarding medical determinants received 93%.  

4. The effectiveness of the influence on the state 
of the functional systems of the body of professional 
football players, the use of specialized means of 
exogenous influence in the structure of the general 
preparatory and special preparatory stages of the 
preparatory periods in the direction of general and 
strength endurance, is statistically substantiated. 

5. A positive effect on the general condition of the 
body has been established (according to the data of 
the questionnaire, monitoring of heart rate and in-
tensity of movement, analysis of graphic images con-
structed based on the obtained indicators) and those 
that determine the development of aerobic and 
strength capabilities in the context of the general 
conglomerate of motor activity. The average heart 
rate during the Yo-Yo test before the special training 
process is 147.9±4.3 min-1 (p=0.05), with a median 
of 151.5 min-1. After the special training process, the 
average heart rate decreased to 139.2±5.2 min-1 
(p=0.05), with a median of 133.7 min-1. At the signi-
ficance level of p>0.001 by the Wilcoxon paired test 
and by the t-test, the data obtained indicate that the 
specialized training complex reduced the average value 
of the integral and average heart rate during the Yo-
Yo test. At the significance level of p=0.05, the integral 
heart rate decreases by ΔS=45.18±22.95 units, which is 
a decrease of 5.83±2.96%. The average heart rate 
decreases by ΔAHR =8.68±4.50 min-1, which is a 
decrease of 5.86±3.04%. The median values of the 
integral and average heart rate also decreased, 
respectively by 6.10 and 5.86%. This indicates a dec-
rease in the total number of heart beats per unit load 
during the Yo-Yo test in the second test compared to 
the first. Thus, there is a multicombinant relationship 
between the functional state of the cardiovascular and 
muscular systems in the context of positive adaptive 
shifts under the influence of exogenous factors. 

6. Analyzing the data, it can be concluded that the 
level of the functional state of the cardiovascular and 
muscular systems has significantly improved. The 
main narrative is a decrease in heart rate with a 
corresponding increase in the ability to cover a 

greater distance with greater intensity. We can state 
about the improvement of the health of the organism 
and the ability to counteract exogenous factors based 
on the assessment of the state of the cardiovascular 
and muscular systems in the subjects, according to the 
eponymous protocols No. 1-4, 6-13, 15. The ability to 
maintain high intensity of movement with a change 
of direction with complicated external regulation in 
specialized conditions also developed. The power 
component also received a significant improvement, 
since an important component in the content of 
multidirectional overcoming movement is the 
combination of the structure of eccentric and isoki-
netic movements in each phase of the completion of 
the running segment. The correlation of these indi-
cators an excellent endogenous response of shows 
the body's motor systems, an improvement in the 
level of fitness, adaptive capabilities, and the body's 
ability to counteract exogenous factors. A cor-
responding improvement in the overall functional 
state of the organism and the resilience of the 
individual's health. In subjects No. 5 and No. 14, the 
curve of the main indicators did not tend to improve. 
Subject No. 5 had a long-term (1 month) infectious 
disease, subject No. 14 had a limitation of motor 
activity (1.5 months) due to an occupational injury. 
The above factors indicate a correlation between the 
general functional state and the organization of 
specialized training programs. 

7. According to the data of questionnaire No. 1 
(Appendix b.1.) regarding the repeated survey of the 
individual's health assessment, after the implemen-
tation of the experimental practical block at the stage 
of completion of the experiment, it can be stated 
about the general improvement of the personalized 
health assessment. 

8. We experimentally tested (based on the ob-
tained biological data regarding the endogenous 
response of the functional systems of the body to 
factors of external influence and the resilience of the 
individual's health) the effectiveness of the methods 
of influencing the determinants of the athletes' motor 
activity on the state of the body. 

The prospect of further research is to identify 
determinants of physical activity for others, including 
cyclic sports and people leading an active lifestyle. The 
proposed practical and diagnostic methods, conditions 
for their application and regulation can be recom-
mended for the practice of physical therapists, occupa-
tional therapists, physical therapy instructors, rehabili-
tation specialists, and coaches in acyclic sports. 

Contributors:  
Sirenko P.O. – resources, conceptualization, me-

thodology, writing – review and editing; 



 
МЕДИЧНІ ПЕРСПЕКТИВИ / MEDICNI PERSPEKTIVI 

 203 25/Том XXX/2 

Storozhenko I.P. – statistical processing of obser-
vation results, verification of biophysical consistency 
of results; 

Sirenko R.R., Kindrat V.K., Yuzyk O.P., Lietu-
viete D., Kolesnyk T.V. – research methodology, 
data curation, formal analysis, visualization, research, 
writing – original draft, supervision. 

Funding. This research received no external 
funding. 

Conflict of interests. The authors declare no 
conflict of interest. 

 

REFERENCES 

1. [WHO. Physical activity and health. Global report 
on physical activity]. [Intenet]. 2022 [cited 2025 Apr 12]. 
Ukrainian. Available from: https://resources.physio-
pedia.com/uk/resource/global-status-report-on-physical-
activity-2022-uk/   

2. Nikitina LP. [Biological and medical aspects of a 
healthy lifestyle]. Zaporizhzhia: ZDMU; 2021. p. 50-65. 
Ukrainian. 

3. Yuzyk O, Honcharuk V, Pelekh Y, Bilanych L, 
Sirenko P, Voitovych I, et al. Research on Generative Arti-
ficial Intelligence Technologies in Education: Oppor-
tunities, Challenges, and Ethical Aspects. BRAIN Broad 
Research in Artificial Intelligence and Neuroscience. 
2025;16(Supl 1):139-51. 
doi: https://doi.org/10.70594/brain/16.S1/12   

4. Dyachenko PA, Kurhanska VO, Dyachenko AG, 
Smiianova OI. A rural-based medical and sociological stu-
dy on the results of the primary care reform. Wiadomosci 
Lekarskie. 2020;73(5):963-6. 
doi: https://doi.org/10.36740/WLek202005123   

5. Ivakhniuk TV, Holubnycha VM, Smiianov VA, 
Rudenko LA, Smiianov YV. Basic principles of behavioral 
economics and prospects for their application in the public 
health system. Wiadomosci Lekarskie. 2020;73(9):2036-41. 
doi: https://doi.org/10.36740/WLek202009231  

6. Kohl HW, Murray TD. Foundations of Physical Ac-
tivity and Public Health. Human Kinetics; 2021. р. 50-65. 

7. Krustrup P, Mohr M, Nybo L, Jensen JM, Niel-
sen JJ, Bangsbo J. The Yo-Yo IR2 test: physiological 
response, reliability, and application to elite soccer. Med 
Sci Sports Exerc. 2006 Sep;38(9):1666-73. 
doi: https://doi.org/10.1249/01.mss.0000227538.20799.08  

8. Sallis JF, Cervero RB, Ascher W, Henderson KA, 
Kraft MK, Kerr J. An Ecological Approach to Creating 
Active Living Communities. Annual Review of Public 
Health. 2006;27:297-322. 
doi: https://doi.org/10.1146/annurev.publhealth.27.02140
5.102100    

9. Sartorius N. The Meanings of Health and its Pro-
motion. Croat Med J. 2006 Aug;47(4):662-4. PMID: 
16909464; PMCID: PMC2080455. Functional Training 

and Flexibility: Modern Approaches. Cambridge: Cam-
bridge University Press; 2020. р. 112-8. 

10. Sirenko PO, Storozhenko IP, Žīdens J, Zuša A, 
Yuzyk OP, Lietuviete D, et al. Functional testing of the lower 
extremity muscles. Medicni perspektivi. 2023;28(2):150-63.  
doi: https://doi.org/10.26641/2307-0404.2023.2.283388   

11. Sirenko PO, Istomin AH, Sirenko RR, Khorka-
vyi BV, Rybchych IE. Special and preventive exercises for 
hamstring muscles in the training process of experienced 
football players. Pedagogy of Physical Culture and Sports, 
2022;26(5):344-52. 
doi: https://doi.org/10.15561/26649837.2022.0509  

12. Hampel FR. The Influence Curve and Its Rolein 
Robust Estimation. Journal of the American Statistical 
Association. 1974;69(346):383-93. 
doi: https://doi.org/10.1080/01621459.1974.10482962  

13. Wilcoxon F. Individual comparis ons by ranking 
methods. Biometrics. 1945;1(6):80-83. 
doi: https://doi.org/10.2307/3001968  

14. Mann HB, Whitney DR. On a test of whether 
one of two random variablesis stochastically larger than 
the other. The Annals of Mathematical Statistics. 
1947;18(1):50-60. 
doi: https://doi.org/10.1214/aoms/1177730491 

15. Shapiro SS, Wilk MB. An analysis of variance test 
for normality (complete samples). Biometrika. 
1965;52(3/4):591-611. 
doi: https://doi.org/10.1093/biomet/52.3-4.591  

16. Yuzyk O, Pelekh Y, Voitovych I, Pavlova N, 
Briukhovetska I, Sirenko P, et al. Peculiarities of Profes-
sional Training of Informatics and Mathematics Teachers 
at Universities in Poland and Ukraine. In: Štarchoň P, 
Fedushko S, Gubíniová K, editors. Data-Centric Business 
and Applications. Lecture Notes on Data Engineering and 
Communications Technologies. Springer, Cham; 2024. 
doi: https://doi.org/10.1007/978-3-031-62213-7_1 

17. Smith J. Training Principles for Athletes. Oxford: 
Oxford University Press; 2018. р. 150-67. 

18. Warburton DER, Nicol CW, Bredin SS. Health 
Benefits of Physical Activity. CMAJ. 2006;174(6):801-9. 
doi: https://doi.org/10.1503/cmaj.051351  

Стаття надійшла до редакції 05.03.2025; 
затверджена до публікації 22.05.2025 




