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Comparative estimation of regulatory systems’ functional state  
of regularly exercising and not exercising sports students 

The article presents the results of survey of two groups of male students (mean age 20 ± 2) from the Depart-
ment of Physical Culture and Sports as well as the biology and geography departments. The heart rate varia-
bility was examined using a computerized complex «Varikard» (Russia). Estimation of heart rate variability 
was performed using mathematical statistics method of R.M.Baevsky. Cardiovascular system’s fitness was 
estimated by determining the type of response to the diving reflex using the method of cold-hypoxia-
hypercanic effect (CHE). There was a substantial stress and strain of regulatory systems at the majority of 
students of the Faculty of Physical Education and Sport, what shows a decline of adaptive reserves of the 
body, caused by excessive loads. 
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Regular physical loads lead to specific changes in the unit of circulation and in autonomic regulation of 

the heart rhythm which occur during both muscular work and period of relative calm [1, 2]. These changes 
are associated with the length of training, the intensity of training load and other factors [3]. Long-term exer-
cising of physical culture and sport contributes to the increased productivity of the cardiovascular system and 
to the formation of a physiological «athlete's heart», a characteristic feature of which is the triad: 
bradycardia, arterial hypotension and myocardial hypertrophy [4]. Inconsistency between the level of prepar-
edness of athletes and load requests leads to the development of overstrain of cardiovascular system, the 
emergence of pre- and pathological changes in organs and systems. 

Investigating the mechanisms of heart rate regulation, you can get an objective picture of the functional 
state of the body, the adaptive capabilities of the regulatory systems, as well as the dynamics of their devel-
opment. According to some authors [5, 6], the objective criteria for estimating the current functional status 
and physical fitness of athletes are physiological indicators, reflecting the state of mechanisms of vegetative 
regulation of cardiac activity. 

In this regard, when examining the athletes the particular interest is presented by stress tests that 
concider indicators of HRV as a criterion for evaluation of early and latent changes in the functional state of 
the cardiovascular system. At the present time, during trainings a variety of training and competition loads 
are used, the volume and intensity of which vary depending on the goals and objectives of the stages of train-
ing and competition schedule. Their impact significantly affects the degree of tension of adaptation mecha-
nisms [7]. The correct and rational use of physical activity causes significant changes of morphology and 
functioning of the cardiovascular system. The relationship between the type of vegetative regulation of heart 
rate and the level of functioning of the cardiovascular and respiratory systems of athletes, regardless of sports 
specialization was revealed [8]. 

According to data [9] activity of parasympathetic influences of the autonomic nervous system increases 
with the increase of total cyclic loads volume and speed training work. The activity of the sympathetic influ-
ences of the autonomic nervous system is enhanced with increasing number of starts and scope of the compe-
tition loads. 

The rational organization of the training process is the leader in the training of athletes in higher educa-
tion institutions, where they have both the training and the studying loads. For the proper construction and 
correction of training process it is necessary to have sufficient information about the dynamics of changes in 
the functional state of the organism occurring during trainings and about physical fitness of athletes. Physical 
activity has an effect on all body systems, so inconsistency between training loads and capabilities of an ath-
lete, can lead to the breakdown of the processes of adaptation, development of prenosological states and 
pathological processes. Generally accepted methods for estimation of the functional state and physical fitness 
do not fully reflect the ongoing changes in the body of an athlete in the course of a year cycle of train-
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ings [10]. Most, informative and sensitive method for estimation of the functional state and physical fitness 
can be considered an analysis of heart rate variability in rest and during functional tests. 

Estimation of the functional state of the organism in which a significant role belongs to the level of ad-
aptation of the cardiovascular system (CVS), is one of the major problems of athletes [11, 12]. 

In connection with the foregoing, the purpose of this study is: a comparative estimation of the regulato-
ry systems' functional state of regularly exercising and not exercising sports students. 

Research methods 

Work was carried out on the basis of biological and geographical faculty of the E.A.Buketov Karaganda 
State University in the framework of the agreement on cooperation with the department of general physiolo-
gy of biological faculty at St. Petersburg State University. 

The study involved 44 male students with no bad habits at the age of 18–22 (20 ± 2) years old from the 
faculties of biology and geography and of physical culture and sports. Students were divided into two 
groups: one group consisted of students who exercise sports regularly with duration of training from 3 to 5 
years. The second group — the control one, consisted of students, that are not regularly involved in sports. 

Diving Reflex was imitated by CHE, which was carried out three times consecutively, with calm expi-
ration immersing face in water with temperature 12–14 ºC. The interval between dives was 2 min. The dura-
tion of the first dive was limited by the first urge to breath, subsequent dives were made by willed effort [13]. 

During state of rest, before the dive, during the dive and in the process of recovery after cessation of 
apnea, ECG (in the second standard deviation), blood pressure and pulse were registrated. ECG was 
implemeted on a computerized complex for analysis of heart rate variability «Varikard» (Russia). Estimation 
of heart rate variability was performed by mathematical statistics method of R.M.Baevsky [14]. 

Type of reaction to diving was determined by the character of reflex bradycardia's development during 
apnea with face diving in water. Depending on the individual characteristics of the cardiovascular system to 
CHE examined students were divided into 4 types: highly reactive, reactive, paradoxical, unresponsive [15]. 
To characterize diving reaction the following indicators were used: 

T — apnea time (dive — CHE); 
(RR) max — interval (CI — cardiointerval) 
(RR) max b — maximum cardiointerval in a background (record of initial state) 
(RR) min b — minimum cardiointerval in a background; 
(RR) max che — maximum cardiointerval during the dive; 
l — the latent period of bradycardia — is determined from the start of dive to 
R — Rche > R-Rmax b; 
tmax che — time from the start of dive until (RR) max che (maximum CI during the dive); 
BI — bradycardia intensity = (RR) max che / (RR) max b; 
Vbr — the rate of increase of bradycardia; it is calculated by the formula — 
Vbr = (RR) max che – (RR) max b / tmax che; 
(R–R) min b > R–R < (R–R) max b; sometimes ECG can be stabilized with (R–R)-intervals that may be 

somewhat larger than (R–R) max b. In this case, the determining factor is stabilization of the ECG (Table). 

T a b l e  
Diving reaction type 

Characteristics l BI Vbr 
Highly reactive l < 9s BI > 1,25 Vbr => 0,025 
Reactive l > 9s BI > 1,12 Vbr > 0,01 
Unresponsive – 0,9 < BI < 1,1 – 
Paradoxical – 0,89 < BI – 

 
Complex estimation of heart rate variability was made in accordance with activity index of regulatory 

systems (AIRS). It was calculated in points (0 to 10) using special algorithm that takes into account the sta-
tistical parameters, histogram indicators and data of cardio intervals’ spectral analysis. AIRS allows to dif-
ferentiate varying degrees of tension of regulatory systems [16]. 

Statistical data processing was performed using Microsoft Excel. 
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А.Е.Қоңқабаева, Т.И.Баранова, Г.М.Тыкежанова, Қ.А.Нұрлыбаева,  
Б.А.Қанафина, А.Т.Бүгембаева, М.Расол 

Спортпен үнемі шұғылданатын жəне шұғылданбайтын студенттер  
ағзасының регуляторлық жүйесінің функционалдық күйіне баға беру 

Мақалада биология-география жəне дене тəрбиесі мен спорт факультеттерінде білім алатын екі топқа 
бөлінген ұл балаларға жүргізген (орта жасы 22±2) зерттеу нəтижелері қарастырылды. Жүрек 
соғысының вариабелділігі «Варикард» (Россия) компьютерлік кешеннің көмегімен зерттелді. Жүрек 
соғысының өзгергіштігі Р.М.Баевскийдің математикалық əдісі бойынша бағаланды. Студенттер 
ағзасының ЖҚЖ-нің қаншалықты жаттықандығын сүңгу рефлекс типін суық-гипокси-
гиперкапникалық əсер ету əдісі арқылы анықталды. Дене тəрбиесі мен спорт факультетінде білім 
алатын студенттердің көпшілігінде регуляторлық жүйенің ширығуы жəне ширығудың жоғарғы мəні 
анықталды. Бұл ағзаның бейімделгіштік қорының төмендеуін көрсетеді. Осы жүргізілген зерттеуде 
спортпен шұғылданатын студенттерге берілетін физикалық жүктеменің мөлшерден тыс екендігі 
байқалды. 
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А.Е.Конкабаева, Т.И.Баранова, Г.М.Тыкежанова, К.А.Нурлыбаева,  
Б.А.Канафина, А.Т.Бугембаева, М.Расол 

Сравнительная оценка функционального состояния регуляторных систем 
организма студентов, регулярно занимающихся и не занимающихся спортом 

В статье представлены результаты обследования двух групп студентов мужского пола (средний воз-
раст 20±2) факультетов физической культуры и спорта и биолого-географического. Исследована ва-
риабельность сердечного ритма с помощью компьютеризированного комплекса «Варикард» (Россия). 
Оценка изменчивости сердечного ритма проводилась методом математической статистики по 
Р.М.Баевскому. Тренированность ССС оценивалась путем определения типа реагирования на ныря-
тельный рефлекс с применением метода холодо-гипокси-гиперканического воздействия (ХГВ). Выяв-
лено выраженное напряжение и перенапряжение регуляторных систем у большинства студентов фа-
культета физической культуры и спорта, что свидетельствует о снижении адаптационных резервов 
организма, обусловленном чрезмерными нагрузками. 
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