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Abstract 

96 first-year students of the Astrakhan State University of Architecture and Civil Engineering and the Astrakhan State Technical 

University, boys aged 17-18 years old, took part in the study on a voluntary basis.In the first group (students were engaged in an 

experimental program of a health-improving nature), at the start of the study, significant differences were shown in lower results 

of right-hand dynamometry (p<0.05). In the second group (students were engaged in a standard program of physical education), 

the studied indicators significantly exceeded such indicators in the main group according to the Genche`s test and the pulse 

mailto:kuzen7171@mail.ru
mailto:kachanov1@rambler.ru
mailto:burovae_65.65@mail.ru
mailto:marina_grig05@mail.ru
http://e.mail.ru/compose/?mailto=mailto%3aLLM@extech.ru
mailto:kuzen7171@mail.ru
mailto:maksud@bk.ru


Nat. Volatiles & Essent. Oils, 2021; 8(4): 7384-7395 

 

7385 

 

recovery time after exercise (p<0.05).A high percentage of boys of the first group with a weak pulse recovery reaction was found 

(42.9%), in the second group, a bad reaction was determined in 28.6% of boys.In the first group, when using a health-improving 

technique in physical education classes and after two courses of using trekrezan (in autumn and spring) at the end of the study, i.e. 

at the end of the academic year, a significant improvement was registered in the indicators of the speed of pulse recovery after 

physical exertion (p<0.01). In the first group changes towards growth are noted in these indicators: by 6.1% for the Stange`s test 

and by 14.2% for the Genche`s test. In the first group, the results significantly improved for most indicators of the studied 

characteristics (p<0.01; 0.05), with the exception of static endurance of the back and arm muscles.They haven't changed. The 

maximum positive changes in this group were recorded at 18.6% in the study of dynamic endurance, at 10.2% of working capacity, 

and at 15.0% of power endurance.The indicators in the Juhash test increased by 21.0%. The comparison of intergroup differences 

showed significant changes of the first group of boys in the indicators of the step test (p<0.01). Most of the boys of the first group 

at the beginning of the study had a lower level of some qualities and functions that determine the adaptive capabilities of the 

human body.At the end of the study, positive dynamics was noted for most indicators in the first and second groups. Health-

improving methods in practical physical education classes and the use of trekrezan are an effective means of strengthening health, 

preventing acute respiratory infections and increasing the adaptive potential of the body. 

 

Keywords: students; boys; adaptive capabilities; adaptive potential; trekrezan; health; physical education classes; wellness 

methods; tests. 

 

Introduction.  A significant disadvantage of the development of modern science and technology is 

inactivity, which is gradually becoming a pandemic. Inactivity is one of the main causes of metabolic 

disorders in the human body, diseases of the central nervous system, respiratory and cardiovascular 

systems, musculoskeletal system, the formation of chronic fatigue syndrome (2,p.2, 4,p. 2, 14,p. 2).With 

the intensification of physical and mental activity, energy expenditure increases, the amount of energy-

forming substances sharply decreases, the body's resources are intensively consumed, etc., therefore, the 

role of physical education and sports (PE&S) plays a great importance.And the process of education and 

upbringing in universities plays an important role in the comprehensive physical development of young 

people, who will then work productively, clearly and firmly make important decisions, courageously endure 

failures and strive for success in any activity and under any circumstances (5, p.3, 6, p. 3, 7, p. 3,10, p. 3,14, 

p. 3,15, p. 3,16, p. 3,17, p. 3,). 

Functional changes in the body that occur when exposed to physical training are determined by the 

nature, volume and intensity of the loads used. The most effective means of increasing the adaptive 

potential (AP) are physical exercises (PE) for various types of endurance, since the manifestations of this 

quality depend on the state of the cardiovascular system (CVS) and the respiratory organs of a person.But 

the desired results can be achieved only with systematic classes of PE&S, built on the knowledge of the 

laws of the development of adaptive capabilities of the body, ways to improve performance under muscle 

loads (2,p. 3, 5,p.3, 6,p. 3, 7,p. 3, 8,p. 3, 9,p. 3 10,p. 3, 18,p. 3, 21,p. 3, 23,p. 3, 26,p. 3, 27,p. 3). There are 

also chemical preparations with adaptogenic and immunogenic properties, which are available in the form 

of medicines or biologically active additives).These include, in particular, protatrans – these are salts of 
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biologically active acids of triethanolammonium, under the general formula X - N+H(CH2CH2OH)3. The 

ancestor of this class of medicines is Trekresan – Tk) - the triethanolammonium salt of 2-

methylphenoxyacetic acid, which has the above-listed effects (1, p. 3, 3, p.3,4, p. 3). 

A clearly and precisely planned educational process according to the PE&S of a health-improving 

orientation and using the principle of continuity significantly increases the body's defenses and contributes 

to the formation and improvement of the AP of the body. The alternation of practical exercises of various 

types, varying the intensity of loads develops a stereotype of a sequential change of functional states, 

which gives an increase in AP (2, p. 3, 11, p.3,12, p. 3,13, p. 3,25, p. 3,22, p. 3). With the help of such lessons 

ofPE&S many of the indicators of physical development and functional state of the organism can be 

changed directly (10,p. 3, 19,p. 3, 20,p. 3, 24,p. 3). 

Thus, studies of evaluating the effectiveness of training sessions of PE&Saimed at improving of AP of 

theboys’organism and concurrent use of prophylactic course of trekrezan, is an urgent task and they 

significantly extend the range of wellness techniques of sports science. 

 

Materials and methods. All in all, 96 male first-year students of the Astrakhan State University of 

Architecture and Civil Engineering (ASUACE) and Astrakhan State Technical University (ASTU) studying 

construction and technical specialties, aged 17-18 years old took part in the survey.At the start of the study, 

a written voluntary consent to participate in this study was received from all the students. The study was 

conducted in three stages. 2 groups of boys were formed: the first (49 people) with classes of a health-

improving orientation and the second (47 people), engaged in the standard program of physical education 

in universities.The first group included boys according to the results of a self-assessment survey of their 

own health and those who suffer from acute respiratory infections from 4 or more times during the 

academic year. Also, to reduce the number of colds, i.e. the prevention of acute respiratory infections and 

increase immunity, the boys of the first group were offered on a voluntary basis 2 courses of trekrezan in 

the form of a biologically active additive (dietary supplement). The 1st course was conducted in early 

October and the 2nd course - at the end of February, i.e. during the periods of the most frequent acute 

respiratory infections. Dietary supplement trekrean was prescribed at a dose of 200 mg, 2 times a day 

(morning and evening) for 10 days, 15-30 minutes before meals. 

The entire annual physical load was divided into VII stages. Stages I-III are focused on the 

development of general endurance, IV-VII – special endurance. To form the overall endurance, we used a 

long, uniform running, determining its 3 working zones by heart rate: Stage I-heart rate 120-140 beats / 

min; II-140-160; III – 160-180 beats/min.Special endurance was developed by repeated running on 

segments of 80-1000 m. Each of the VII stages (except for the first one) included 8 training sessions (2 times 

a week) and 8 independent ones according to the individual task of the teacher-coach. During the running 

mode, auxiliary complexes of circular training were performed for the development of physical 
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qualities.Circular training includes the PE of directed action on certain muscle groups in accordance with 

the running training regime. Functional indicators were evaluated using tests that characterize the state of 

the CVS (the speed of pulse recovery after physical exertion) and the respiratory system (the Stange`s test, 

the Genche`s test). The Harvard-step test (general performance), the Juhash test (strength endurance), the 

dynamic endurance of the abdominal and back muscles and the static endurance of the back and arm 

muscles were determined. In statistical calculations we used: the arithmetic mean (X), the mean square 

deviation (), the correlation coefficient (r), the standard error of the arithmetic mean (Sx), the Student's 

criterion and the significant reliability of the differences was considered at 1-5% significance level. 

 

Results and discussions. 

Table 1 presents data characterizing the physical development of first-year students (boys) at the beginning 

of the study. 

 

№  

Studied indicators 

Studied groups of students  

Р the first group, 

n=49 

the second group, 

n=47 

Х  m 

1 Body weight (kg) 68,3  1,4 67,7  0,9 >0,05 

2 Body Length (cm) 178,0  1,4 177,6  1,6 >0,05 

3 Chest circumference (cm) 89,1  0,9 88,5  0,8 >0,05 

4 Vital capacity of the lungs (ml) 3608,1  134,2 3612,8  92,3 >0,05 

5 Dead weight (kg) 127,4  8,1 115,1  4,2 >0,05 

6 Dynamometry (kg) right hand 

left hand 

47,2  2,3 

48,3  0,9 

52,8  1,4 

49,8  2,0 

<0,05 

>0,05 

Table 1. Indicators of physical development of boys at the beginning of the academic year in the 1st year 

The results of the functional readiness of boys in the 1st year are presented in Table 2. 

 

 

№ 

 

Studied indicators 

Studied groups of students  

Р the first group, 

n=49 

the second group, 

n=47 

Х m 

1 Genche`s test, (s) 40,3  3,3 48,9  2,4 <0,05 

2 Stange`s test, (s) 48,6  3,2 51,7  1,9 >0,05 

3 Speed of pulse recovery, s 37,0  1,5 32,7  1,1 <0,05 
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Table 2. Indicators of the functional state of boys in the 1st year at the beginning of the academic year. 

Next, we evaluated various types of endurance as the most informative indicators of the state of CVS (Table 

3). 

 

№  

Studied indicators 

Studied groups of students  

 

Р 

the first group, 

n=49 

the second group, 

n=47 

Xm 

1 Strength endurance (Juhash test) 

 

 

Quantity 

of repetition 

1st exercise 37,5   1,3 45,11,6 <0,01 

2nd exercise 25,3   1,0 29,7   1,3 <0,05 

3rd exercise 47,2   1,5 48,3   1,3 >0,05 

4th exercise 34,6   2,1 40,5   1,3 <0,05 

5th exercise 17,1   2,7 24,6   1,1 <0,05 

6th exercise 17,4  1,4 23,3   0,8 <0,01 

The sum of all repetitions () 174,1  1,7 206,5  1,2 <0,01 

Number of points scored (level) 939 1214  

2 Overall performance (step-test) 

 

Heart rate 

dynamics (30 

s) 

Heart rate after 1 

min 

74,1 0,8 72,2  0,9 >0,05 

Heart rate after 2 

min 

69,0  1,1 67,5  0,9 >0,05 

Heart rate after 3 

min 

66,4  1,3 65,6  1,0 >0,05 

Step test index 73,7  1,1 75,1  0,9 >0,05 

3 Dynamic endurance of the back and abdominal muscles 

Lifting the corpus in 1 min 27,3   0,9 30,8  1,3 <0,05 

4 Static endurance of the arms, back and abdominal press muscles 

Load retention of 10 kg (s) 38,9  1,0 41,9  1,3 >0,05 

Holding the 90° angle in the hang 

(s) 

5,53  1,8 5, 26  1,1 >0,05 

 

Table 3. Indicators of various types of endurance of boys in the 1st year at the beginning of the study 
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To assess the effectiveness of the studied indicators, at the end of the study we conducted final testing, 

which took place in the first and second groups using the same diagnostic methods as at the beginning of 

the study (Table 4). 

 

Studied indicators Stages of 

the 

study 

Studied groups of students  

 

Р 

the first group, 

n=49 

the second group, 

n=47 

m 

 

Genche`s test (s) 

Beginning 40,3 ± 3,3 48,9 ± 2,4 <0,05 

End 45,9 ± 2,0 46,7 ± 1,8 >0,05 

Р >0,05 >0,05  

 

Stange`s test (s) 

Beginning 48,6 ± 3,2 51,7 ± 1,9 >0,05 

End 51,5 ± 1,7 52,1 ± 1,2 >0,05 

P >0,05 >0,05  

 

Speed of pulse recovery (s) 

Beginning 37,0 ± 1,5 32,7 ± 1,1 <0,05 

End 32,2 ± 0,9 32,1 ± 1,2 >0,05 

P >0,05 <0,01  

 

Table 4. Indicators of the functional state of boys in the 1st year at the end of the study 

 

Strength endurance was determined using the Juhash test, consisting of 6 diverse PE (Figure 1). 

At the next stage, the analysis of the level of formation of various types of endurance, as an integral 

adaptive indicator, was carried out. The data obtained are shown in Table 5. 

 

№ Studied indicators Stages of the 

study 

Studied groups of students  

Р the first group, 

n=49 

the second group, 

n=47 

Х m 

1 Strength endurance (Juhash test) 

The sum of all 

exercises 

Beginning 174,1 ± 1,7 206,5 ± 1,2 <0,01 

End 200,1 ± 1,4 201,6 ± 1,5 >0,05 

P < 0,05 < 0,01  

The amount of points 

scored (evaluation) 

Beginning 939 1214  

 End 1196 1198 
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2 Overall performance (step-test) 

 

Step test index 

Beginning 73,7 ± 1,1 75,1 ± 0,9 >0,05 

End 81,1 ± 0,8 76,2 ± 0,8 <0,01 

P <0,01 >0,05  

3 Dynamic endurance of the back and abdominal muscles 

 

Lifting the corpusin 

1 min. 

Beginning 27,3 ± 0,9 30,8 ± 1,3 <0,05 

End 32,2 ± 0,8 31,9 ± 0,7 >0,05 

P < 0,01 >0,05  

4 Static endurance of the arms, back and abdominal press muscles 

 

Load retention of 10 

kg (s) 

Beginning 38,9 ± 1,0 41,9 ± 1,3 >0,05 

End 40,6 ± 0,6 41,5 ± 0,7 >0,05 

P >0,05 >0,05  

 

Holding the 90° angle 

in the hang (c) 

Beginning 5,53 ± 1,8 5,26 ± 1,1 >0,05 

End 5,99 ± 0,9 5,78 ± 1,2 >0,05 

P >0,05 >0,05  

 

Table 5. Indicators of the level of endurance development of boys in the 1st year at the end of the study. 

In the end, we found out that most of the boys from the first group in the beginning of the study 

have lower levels of some features and qualities that define the AP of the body, namely: 

- worst performance of the respiratory system (Genche`s testwith a breathholding) and CVS (speed 

of heart rate recovery after exercise), which are most important for the formation of AP of an organism, 

with statistical confidence (p<0.05). Poor fitness for physical activity is a characteristic of 42.9% of boys in 

this group. 

- a lower initial level of formation of special conditioned qualities was noted. In strength endurance, 

the first group of boys is significantly inferior to the boys of the second group in all components and the 

total sum of all PE (p<0.01; 0.05). The worst results were determined with high confidence in the first group 

of boys in tests of dynamic endurance of the back muscles (p<0.05). 

The obtained results of the study allow us to state a positive trend in most indicators in the first and 

second groups of boys. But the most significant positive changes in comparison with the initial data 

occurred in the first group under the influence of health-improving activities (+trekrezan), namely: 

- a significant improvement in functional indicators was determined by the parameters of the speed 

of pulse recovery after physical exertion (p<0.01), which characterizes the fitness for long-term physical 

work. The improvement of indicators at this stage of the study is noted by 6.1% in the Stange`s test and by 

14.2% in the Genche`s test; 
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- the maximum positive indicators were noted among the boys of the first group - by 15.0% in the 

study of power endurance (p<0.01), by 10.2% in the study of working capacity (p<0.01) and by 18.6% in the 

study of dynamic endurance; 

- a significantly positive increase in the results of all professionally important qualities was 

determined (p<0.01). The final score in the Juhash test increased by 21.0%, which is equal to the average 

level of strength endurance compared to the low level registered at the beginning of the study. 

- the incidence of acute respiratory infectionsamong students of the first group decreased by 2 times 

during the academic year. 

The method of improving the AP of boys with a weakened level of physical health through the 

development of complex endurance in the practical classes of the PE&S and 2 seasonal courses of 

trekrezan, is an effective means of preventing acute respiratory infections and functional readiness for 

further training of students at the university. 

 

Conclusion. At the start of the studies, significant differences in physical development indicators between 

the first and the second groups were revealed only in lower right-hand dynamometry indicators (p<0.05) of 

boys of the first group, i.e., that these groups of boys are homogeneous in terms of physical development. 

Comparison of the obtained initial results of functional tests showed that the studied indicators in the 

second group of boys significantly exceed similar indicators in the first group in the Genche`s test and the 

speed of pulse recovery after exercise (p<0.05).In the Stange`stest, there were no significant differences 

between the groups (p<0.05). It is necessary to note a high percentage of boys of the first group who have 

a poor reaction to the speed of pulse recovery (42.9%), according to the assessment of this technique, 

while in the second group, a bad reaction was registered among 28.6% of boys. This suggests that most of 

the boys of the first group who are engaged in PE&S have some deviations in the functioning of the 

respiratory system and CVS, which are most important for the formation of the AP of the body.A 

particularly significant function, in our opinion, is the speed of pulse recovery, since it characterizes the 

fitness of the body to physical exertion, which is the key in the development of efficiency and endurance. 

The dynamics of heart rate indicators during the recovery period and the step test index of the first group 

exceed similar indicators of the second group of boys, but these differences are not statistically significant 

(p>0.05).The results of the step test index correspond to the average level of physical performance. The 

initial results obtained in the tests indicate a significant advantage of the boys of the second group in all the 

components of the test (p<0.01; 0.05), except for the third PE for pulling the leg aside in 1 min. (p<0.05). 

According to the sum of all PE, the boys of the second group also significantly exceed (p<0.01) the 

indicators of the boys from the first group at the beginning of the study.This was manifested in rapid 

fatigue and a decrease in the productivity of the performed PE, which indicates a low ability for long-term 

work of the boys in this group. Significantly lower values in the first group of boys were also determined by 
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tests evaluating the spatial differentiation of muscle effort (p<0.05), the dynamic endurance of the back 

muscles (p<0.05) and the accuracy of motor reactions (p<0.05).The study of the manifestations of static 

endurance of the back, arms and abdominal press muscles did not determine statistical differences 

between the first and the second groups (p>0.05). The final study of the functional indicators of the boys 

revealed ambiguous intra-group dynamics of the characteristics of the CVS and the respiratory system in 2 

groups. So, in the first group of boys, a positive shift was noted for all the studied functions, especially in 

terms of the parameters of the speed of pulse recovery after physical exertion (p<0.01), which 

characterizes the fitness for long-term physical work.The increase in indicators in the first group of boys is 

noted by 6.1% in the Stange`s test and by 14.2% in the Genche`s test. In the second group of boys, there 

was also an improvement in functional indicators by 1.9% in the reaction of load tolerance and by 0.8% in 

the Stange`s test, and in the Genche`s test, a decrease in time of holding breath on exhalation was noted by 

4.6% (changes are not significant, p>0.05).According to the level of functioning of the CVS and the 

respiratory system, the boys of the second group lost their reliable superiority, revealed at the beginning of 

the school year. In the second group of boys, there was a slight deterioration in the results of the strength 

endurance test (p<0.05), which was determined by a decrease in the number of points scored by the sum 

of all PE.According to the remaining tests, the second group showed a slight increase in the studied 

indicators, but statistically significant (p>0.05). In the first group of boys, the qualitative changes were more 

significant at the end of the study. Thus, the boys of this group significantly improved the results in many 

indicators of the studied characteristics (p<0.01; 0.05), with the exception of static endurance of the back 

and arms muscles.The best indicators in the first group were determined by 18.6% in the study of dynamic 

endurance, by 10.2% in the study of working capacity and by 15.0% in power endurance. In the Juhash test, 

there was a 21.0% increase in the total amount of points, which corresponds to the average level of 

strength endurance in comparison with the low level determined at the start of the study.A comparison of 

intergroup differences showed that significant changes were also detected in the first group of boys 

according to the step test (p<0.01). Also, the incidence of acute respiratory infections among students of 

the first group decreased by 2 times. According to the rest of the final indicators, the results in the first 

group exceed similar data in the second group, but it is statistically unreliable, despite the fact that at the 

start of the studies, the boys of the second group had a significant superiority in most of the studied 

endurance characteristics. 
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Figure 1. The ratio of the average indicators of boys in the 1st year in the Juhash test at the start of the  
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