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ABSTRACT 
Objective: The article contains the results of studying homeostasis of the cardiovascular system by the method of cardiointervalography in students 
with limited abilities of various programs of study at university. A psychological assessment of the attitude of students with limited abilities to their 
health was made. The problem of the components of the personal-adaptive potential has been studied. A study of the level of human potential of 
students on a separate component of “health” and in the aggregate has been conducted, as well as conclusions based on this research work have 
been drawn. 
Method: To solve the objectives set in the study, the following methods were used: the review of scientific and methodological literature, instrumental 
and calculated physiological research methods: variational pulsometry; mathematical analysis of the heart rate variability; calculation method for 
assessing adaptive capacity - adaptive capacity offered by Bayevsky; the questionnaire “Psychological features of a person’s attitude to his health”, in 
the framework of a study of the human potential index (health component), a questionnaire was developed based on a questionnaire for assessing 
the quality of life, developed at the Institute of Stress Medicine (USA) in 1993, methods - descriptive mathematical statistics and testing the hypothesis 
by Student’s t-test. 
Results: The analysis of the activity index of the sympathic regulation link - mode amplitude (AMo%) according to the standards of homeostasis, in 
view of variation pulsograms, is characterized in the studied groups, as moderate sympathicotonia. The AMo index in the groups is not statistically 
different, reflects the stabilizing effect of centralization of the heart rate control, and indicates the activation of the sympathic division of the autonomic 
nervous system (ANS). AMo 1 year = 40.8 ± 8.1%; AMo 2 year = 44.9 ± 4.8%; AMo 3 year = 43.9 ± 8.8% the index is in the upper limits of the norm, 
the index is normal only in the group of first year students. It can be stated that the body of students with limited abilities reacts with a nonspecific 
adaptive response to the study load, and this depends on the specifics of the diseases and functional reserves that are low in this category of students. 
The indicator of urgent adaptation - vagosympathetic balance (LF / HF) shows the greatest stress in the group of first-year students. The index is 
statistically reliably different from the LF / HF1 year = 2.074 ± 0.39 * (according to the paired Student’s t-criterion of dependent indices p ≤ 0.5) from 
that of students in the second LF / HF2 year = 1.174 ± 0.25 and the third LF / HF3 year = 1.308 ± 0.26 years of study, indicating an increase in sympathic 
influences. A decrease in the ratio of the LF / HF index in the groups of second and third year students can be interpreted as a positive effect. There 
was general adaptation to the educational process at the university, and the correct construction of training and health-related workloads, in 
accordance with the medical diagnosis, led to a balanced regulation of the sympathic and parasympathic nervous system. 
Conclusion: The stress level of regulatory systems is assessed by the value of the adaptation potential. The higher is the adaptive capacity of the 
circulatory system, the lower the values of the adaptive potential. The adaptive potential is an indicator that determines the interrelation of two 
opposite concepts: “health” and “disease”, morpho-functional changes. In case of illness, a shift towards disadaptation takes place. 
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INTRODUCTION 

Human capital is one of the most valuable resources for society. In recent years, the general opinion has been that 
the effectiveness of the economy development of many contemporary states to a great extent depends on how much 
money the state invests in its citizens. To measure the standard of living, literacy, education, and longevity as the main 
characteristics of human potential, we have introduced such indicator as the IHD (Index of Human Development). This 
indicator has been published in the framework of the United Nations Development Program in the annual reports on 
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human development since 1990. Referring to the “Human Development Report in the Russian Federation for 2017”, we 
found that Russia with an index of 0.804 for the first time in 2015 was among the countries with a high level of human 
development (Norway leads with an index of 0.949 in 2015). The world average index was 0.717, which is significantly 
lower than in Russia. Having given the value of the IHD for Russia at the level of 0.805, that is, according to the data of 
the 2016 report, the index in Russia in 2015 decreased slightly due to a decrease in GDP at PPP (purchasing power parity) 
(1). 

The current stage of economic development determines the importance of considering human capital as a holistic 
reflection of human resources and the foundation for allocating and functioning intellectual, social and cultural capital, 
since this is what contributes to the recognition of the need to invest in the full development of human potential. 

Human capital is the most important (but not the only) form of the human potential manifestation. We stick to the 
position that the definition of human potential is an integral part of the concept of human capital, since in both cases 
an individual with a certain education, a state of health, upbringing and motivation is considered, but the concept of 
human capital relates more to economic activity, while human potential is closer to sociological and psychological 
concept (2 -11). 

Health remains the most important value, and its integral index is the end result of a person’s effective functioning. 
The state of health of students is one of the most important generalizing parameters of a nation’s health (1). 

From the point of view of the medical aspect: social health is a characteristic of the physical and mental health of 
society, i.e. health of society (12). 

The shift from psychological health to the social level is very conditional. However, in the second case, a person is 
thought of as a social being, and here the most important issues are the impact on the health of the individual, as well 
as the fulfillment of social functions by the person. This fact is of great importance for students with disabilities. Social 
health is determined by the quantity and quality of the interpersonal relationships of the individual and the degree of 
his participation in the life of society. Disorders in the field of social health may be due to the dominance of certain 
personal characteristics (conflict, self-centeredness, etc.). In addition, according to a number of authors (13) these 
properties determine the process of the deviant behavior formation. They can be divided into external factors and 
internal development processes leading to the personality deformation. 

The problem of social health of students with disabilities under modern conditions is starting to assume a mobile 
character. “Social changes can turn a previously formed socialization into unsuccessful one, and the opportunity to 
achieve success in this regard also depends on the ability to adapt under changed conditions” (14-19). 

The person himself plays a decisive role in maintaining and saving his own health. This is connected with his ability 
to assess the state of his health. At the same time, the effectiveness of self-assessment of health directly depends on 
understanding oneself. 

The attitude to health is a system of individual, selective connections of a personality with various phenomena of the 
surrounding reality, contributing to or, on the contrary, threatening the health of people, as well as a definite assessment 
by an individual of his social health, physical and mental state (19, 20). 

The need for health has a potential value that is actualized in a state of illness, and, secondly, a value that varies in 
meaning. Its importance especially increases for students with disabilities (HIA) under conditions of an accelerated pace 
of life, an increase in the volume of educational information, and a complication of the learning process in higher 
education. 

Thus, we took interest in determining the psychological characteristics of the attitude of students with disabilities to 
their health, to study the influence of training at the university on their functional state, and to trace changes in the 
indicator (health component) of human potential among students (7, 21 - 25). 

MATERIALS AND METHODS 

To solve the problems posed in the course of the study, the following methods were used: the analysis of the scientific 
and methodological literature, instrumental and calculated physiological research methods: variational pulsometry; 
mathematical analysis of the heart rate variability; the calculation method for assessing adaptive capacity - adaptive 
capacity offered by Bayevsky; psychological studies - a questionnaire “Psychological features of a person’s attitude to 
his health”, in the framework of a study of the human potential index (health component), a questionnaire was developed 
on the basis of a questionnaire to assess the quality of life, developed at the Institute of Stress Medicine (USA) in 1993 
(25), the methods - descriptive mathematical statistics and testing the hypothesis using Student’s t-criterion. 
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Experimental Part 

The study was conducted in the physiological laboratory of the Faculty of Physical Education, Institute of Medicine, 
Ecology and Physical Education, Ulyanovsk State University. The study involved students with disabilities of Ulyanovsk 
State University from the first to the third year of full-time study of various programs, the total number of 30 young 
people. The subjects were divided into three groups (n-10): group 1 - 1 year, group 2 - 2 year, group 3 - 3 year. 

In these groups the students were distributed according to their diseases in the following way: 
Group 1 - 50% diseases of the loco-motor system (with outcomes of complex fractures, spinal surgery, arthritis, etc.) 

30% diseases related to endocrinology and nephrology, 20% of students with diseases of the cardiovascular system. 
Group 2 - 60% of students with diseases of the cardiovascular system, 10% - diseases related to the clinic of nervous 

diseases (epilepsy), 10% - with chronic nonspecific lung diseases, 20% - diseases of the loco-motor system. 
Group 3 - 10% of students with diseases of the loc-motor system, 20% of diseases related to nephrology, 30% of 

students with diseases of the cardiovascular system, 10% with chronic nonspecific lung diseases, 30% diseases of the 
digestive system. 

Each group was examined with the use of the computer technology and “a complex for processing 
cardiointervalograms and analysis of the heart rate variability Varicard 2.51”. 

Each group was examined using the computer program Varicard 2.51. 
Cardiointervalography by Bayevsky (heart rate variability - HRV) is recognized by the Western scientific community 

as the only means of integrated assessment of the sympathic and parasympathic activity of the ANS. Although one of 
the leading vegetologists (Wayne) draws attention to the fact that its indicators testify only to the “homeostasis of the 
cardiovascular system” and very relatively to the general vegetative tone. In addition, developers think of homeostasis 
as the dynamic balance between environmental conditions and physiological functions of the body, in which each 
physiological system at the same time provides its own stability and adaptation to new needs (23). It was important for 
us to trace the adaptation and adaptive capacity of the body of a student with disabilities to university studies, and the 
cardiointervalography method can provide an objective assessment and result in terms of the objectives set in the study. 

RESULTS AND DISCUSSION 

After conducting a statistical and autocorrelation analysis of the heart rate, we found that the heart rate indices are 
gradually increased in all groups, relative to age. The heart rate indices in groups 1 and 3 are in the upper limits of the 
norm (HR1 year = 86 ± 5.3 beats / min; HR3 year = 88.9 ± 5.2 units / min). The students of the 2 year HR2 = 109.6 ± 9.1 
beats / min. above normal. By paired Student t-test of dependent indices (p ≤ 0.5), HR2 year is statistically different than 
in the other two groups. Perhaps this is due to the specificity of the disease, 60% of the 2nd year students have a history 
of cardiovascular diseases. We also believe that the 2nd year students react to the educational process with a nonspecific 
adaptive response. We can support this conclusion with the following results of our research. 

A “stress index” (SI) of the first year students has a functional norm on average, while in the other two studied groups 
the regulatory systems of the body have moderate sympathicotomy (autonomic tone SI 1 year = 142.5 ± 48.8; SI 2 year 
= 198.5 ± 48 , 9; SI 3 year = 171.6 ± 76.7). In the second group, the “SI” has an upper limit of moderate sympathicotomy, 
which indicates a more pronounced stress state of second-year students. This index is extremely sensitive to an increase 
in the tone of the sympathetic nervous system. The organism reacts to such “excitation” as studying at the university for 
students with disabilities “by mobilizing functional reserve mechanisms that smooth out and compensate for possible 
disturbances of homeostasis” (27). 

In our work, we obtained data that reflect a psycho-emotional stress. The mobilization of energy and metabolic 
reserves during functional effects may be reflected by changes in the power of the spectrum in the VLF range. Despite 
the conditional and in many ways still controversial nature of this interpretation of changes in VLF, it can be useful in 
studies of both healthy people and patients with various conditions associated with impaired metabolic and energy 
processes in the body. The VLF index in the studied groups is in the range of 18.4 ± 4.5%, 17.9 ± 5.9%, 18.9 ± 6.0% of 
low values (in the first, second and third research groups, respectively), which corresponds to VLF “below the norm”. 
Changes in the index do not differ significantly in groups, and the values are slightly below the norm, but this result can 
be interpreted as a lack of body reserves, the effect of the disease. The psycho-emotional burden on students with 
disabilities in higher education institutions is complex, during training students with health impairments develop their 
inherent abilities and organize their behavior, resulting in the formation of motivational, psychosomatic and somatic 
aspects that distinguish them from other students. In scientific papers there are studies confirming this fact (28). 

http://www.ejgm.co.uk/


Kalenik et al. / Psychophysiologic features and personal-adaptive potential of students with limited abilities 

 

4 / 7  http://www.ejgm.co.uk  

The quantitative characteristic of the relationship between the central and autonomous circuits of the heart rate 
regulation, the IC (index of centralization), in the studied groups is within the normal range and is not statistically different 
(IC1 year = 2.88 ± 0.51; IC 2 year = 2.21 ± 0.87; IC 3 year = 2.11 ± 0.46). However, the indicator is within the lowest 
values, as evidenced by the somatic aspect of students with disabilities. 

We considered the results by the method of “manual” mathematical analysis of the heart rate variability according to 
Bayevsky in the following mathematical indicator - AMo (mode amplitude). The amplitude of the mode (AMO) is the 
number of cardiointervals, corresponding to the value of Mo, as a percentage of the sample size. The mode (Mo) is the 
value of the cardiointerval, most often found in the dynamic range. This is the most reliable level of functioning of the 
cardiovascular system. With a normal distribution and high stationarity of the process under study, Mo differs little from 
the mathematical expectation. It displays the stabilizing effect of controlling the heart rate, which is caused by the 
activation of the sympathic part of the ANS. 

The analysis of the activity of the sympathic regulation link - mode amplitude (AMo%) according to homeostasis 
standards, according to variation pulsograms offered by R.M. Baevsky (26), is characterized in the studied groups, as 
moderate sympathicotonia. The AMo index in the groups is not statistically different, reflects the stabilizing effect of 
centralization of the heart rate control, and indicates the activation of the sympathic division of the autonomic nervous 
system (ANS). AMo1 year = 40.8 ± 8.1%; AMo 2 year = 44.9 ± 4.8%; AMo 3 year = 43.9 ± 8.8% index is in the upper 
limits of the norm, the index is normal only in the group of the 1 year students. It can be stated that the body of students 
with disabilities reacts with a nonspecific adaptive response to the study load, and this depends on the specifics of the 
diseases and functional reserves that are low in this category of students. 

The indicator of urgent adaptation - vagosympathic balance (LF / HF) shows the greatest stress in the group of first-
year students. This index statistically reliably differs from the LF / HF1 year = 2.074 ± 0.39 * (according to the paired 
Student’s t-criterion of dependent indices p ≤ 0.5) from that of the students of the second LF / HF2 year = 1.174 ± 0.25 
and the third LF / HF3 year = 1.308 ± 0.26 years of study, which indicates an increase in sympathic influences. A decrease 
in the ratio of the LF / HF index in the second and third year groups can be interpreted as a positive effect. There was a 
general adaptation to the educational process at the university, and the correct construction of training and health-
related workloads, in accordance with the medical diagnosis, led to a balanced regulation of the sympathic and 
parasympathic nervous system. This fact is consistent with the results of the work conducted by R.S. Minvaleyev, A.I. 
Ivanova, V.A. Vishnevsky, S.I. Loginov, A.Sh. Bektimirov, E.N. Lopatnikova, A.A. Fedyakina, N.A. Semyonova, Zh.G. Kortava, 
and others, where was shown that after the proper execution of loads, an increase in the tone of the parasympathic 
division of the autonomic nervous system leads to a balanced regulation (29). Although other indicators prove that there 
is a difficult process of adaptation and not always a positive balance of regulation among students with disabilities, and 
especially among second-year students. 

The tension level of regulatory systems is assessed according to the magnitude of the adaptive potential. The higher 
the adaptive capacity of the circulatory system is, the lower the values of the adaptive potential. The adaptive potential 
is an indicator that determines the interrelation of two opposite concepts: “health” and “disease”. As one of the criteria 
for assessing adaptation abilities, the assessment of the adaptive potential according to Bayevsky was proposed for 
students (29). 

At the time of the study in groups, among students, the assessment of the adaptation potential (AP) according to 
Bayevsky (29) corresponded to a normal (satisfactory) adaptation in the first and third years AP1 year = 2.05 ± 0.03 and 
AP 3 year = 2.04 ± 0.04, respectively. In the group of second year students, the values were slightly worse and 
corresponded to the stresses of the adaptation mechanisms of AP 2 year = 2.1 ± 0.07. We believe that it is more difficult 
for 2nd year students to adapt to the university environment. There is a greater number of special subjects in the 
curriculum of 2nd year students, the volume of hours in the subjects of the general - humanities course decreases. Due 
to the complexity of mastering special subjects, theoretical and practical training, leading to a greater burden for students 
with disabilities, morpho-functional changes take place. A shift towards disadaptation takes place in case of illness. This 
indicator is confirmed by the following psychological research. 

A healthy person should be as adaptable as possible to the environment. Assessing the health status with the use of 
the “Express - health assessment” the overall assessment represents a low level of health in all the groups, both among 
girls and boys. 
1. To interpret the answers to the question “What is health?”, The content analysis procedure was used: 
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• when analyzing the definitions of the concept “health” obtained in the study of a group of subjects, the essential 
signs of health were considered as semantic units of content, as well as the frequency of their occurrence was determined: 
(% of the total number of respondents). 

Thus, the most frequent characteristics of health, reflecting the individual characteristics of students’ attitudes toward 
their health, were the following: 

1. The majority of respondents (40.6%) define health as a state characterized by well-being (feeling of comfort, well-
being, serenity). 

2. Health is characterized as the absence of painful sensations or diseases (approximately 21.8% of respondents 
express this opinion, for example, stating that “Health is the absence of diseases” or “Health is when nothing 
hurts”). 

3. 15.6% of respondents consider the harmonious combination of spiritual and physical principles in a person an 
important characteristic of health (for example, “Health is physical, mental, social and spiritual well-being”). 

4. Health is also regarded as a required condition to achieve success in various fields of activity (for example, 15% of 
respondents defined health as “the opportunity to be active and live comfortably”). 

On the basis of the study results of the psychological characteristics of the attitude to their health, students of all 
years have a high degree of adequacy at the value-motivational level. In the hierarchy of values, students are motivated 
to preserve and improve health. Thus, the attitude of students to their health, on the one hand, reflects the experience 
of the individual, and on the other, has a significant impact on his behavior. Students act adequately by the degree of 
compliance of actions and deeds with the requirements of a healthy lifestyle.  

However, the assessment of the behavioral scale of the 2nd year students is lower than that of the freshmen and 
senior students. It means that 2nd year students understand that they do little to take actions aimed at preserving their 
health. 

At the cognitive level, students have the following assessment: 1st year = 64 ± 4.1 p., 2nd year = 75.9 ± 5.3 p., 3rd year 
= 74.2 ± 5.7 p. First-year students have a lower grade than in the other two groups and indicate: a low degree of 
awareness and competence in the field of health. They believe that they have little knowledge of the main risk factors 
and anti-risk in understanding the role of health in ensuring an active and long life. 

At the emotional level, the indicator of anxiety in relation to one’s health is inadequate in all groups. Because of their 
limited abilities, students do not know how to “enjoy the state of health and be happy with it.” Correcting unfavorable 
aspects, the adaptation to study at the university, taking account of the disease, is a long and sometimes very painful 
process for the student’s personality, combined with overcoming internal conflicts and negative emotional experiences 
(30). The reason for this discrepancy, apparently, is that very often people perceive health as something unconditionally 
given or taken for granted, the need for which, although realized, is felt only in the context of deficiency, which is clearly 
expressed in students with impaired health. 

CONCLUSION 

Discussing the changes of the human potential index in students studying at USU, in the component “health” we 
found that - the average index of the health potential in the first year students reaches 17.6 points - “average”. 
Comparing the data of the first stage and the second in dynamics, we obtained the following data: - the average index 
of the health potential in the group of second year students reached 19.5 points, and we see an increase in comparison 
with the group of first year students (17.6 b.), - the average index of the potential health among third year students 
reached 20.4 points; 

Summarizing the results of the study, we observe that the index of human potential of USU students during the 
period of study fluctuated slightly, but, nevertheless, it maintained its position at an average level. This is indicative of 
the stability of the studied index in the formed focus group. However, in the questionnaires about their human capital, 
students admitted low potential: “one’s own physical development seems to be extremely low. There are practically no 
elements of special education in this area, and the respondent is far from his physical perfection. Motivation and value 
orientations are sometimes directed away from those that a healthy lifestyle implies. The origins of this state of poor 
physical culture should be sought from the time of studying at school, when, for health reasons, the respondent was 
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released from PT classes. In this regard, there was a certain alienation from physical culture, and in fact the need for it 
was eliminated.” A student of the 2 year. 

Thus, the targeted formation of the correct attitude to health is of particular importance for students with limited 
abilities. A special role is given to physical training classes, the creation of cognitive conditions for the acquisition of 
knowledge and skills that would contribute to the prevention of diseases caused by pathological changes in the body. 
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