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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 °C. 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;

1 — 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).

Table
Diving reaction type

Characteristics 1 BI Vbr
Highly reactive 1<9s BI>1,25 Vbr => 0,025
Reactive 1>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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Research results

Diving reaction of a person has a number of features connected with vegetative regulation and can be
used to estimate the organism's resistance to stress. Depending on the nature of reflex bradycardia develop-
ment caused by the reactivity of the vagus nerve, four types of diving reaction, reflecting the degree of ten-
sion of regulatory systems of the body were revealed [17].

According to data obtained during performing CHE, it was revealed that 23 % of students from the first
group had reactive type of diving reaction (Fig. 1), similar reaction was observed at 35 % of students of the
second group (Fig. 2). Reactive type is characterized by the gradual and rather long development of
bradycardia. Long latent period and the gradual nature of bradycardia’s development indicate a high thresh-
old of tactile and cold receptors of the skin, and generally indicates the body's resistance to cold and less se-
vere tension of regulatory systems [18].

Highly reactive type of response was met in both groups in 24 % of cases. People with highly reactive
type of response are characterized by the rapid development of bradycardia, while the duration of apnea is
low. The short latent period of development and high rate of increase of bradycardia indicate a low threshold
of activation of tactile and cold receptors of the face and nasal passages, which is typical for activation of the
sympathetic component of vegetative nervous system and is an indirect indicator of tension of regulatory
systems [19].

Unresponsive type was found at 35 % of students regularly engaged in physical culture and sports, and
at 41 % of students who don't do regular exercises. Unresponsive type of reaction, is displayed with absence
of any changes in response to CHE that can be caused by a predominance of intracardiac factors of «re-
sistance» of the vagal stimulation and by the end of apnea a slight slowing of the heart rate may be observed,
which disappears immediately after apnea is ceased. At the same time blood pressure increases significant-
ly [19].

Among students of the first group 18 % of examined had paradoxical type of response to HBV while in
the second group of students this type of response was not found. People with paradoxical type of reaction
are characterized with tachycardia at the beginning of sleep apnea, which is gradually transformed into
normocardia, then, by the end of apnea, or after its cessation bradycardia may develop. According
T.I.Baranova (1994) physical training affects the character of the implementation of diving reaction doubly.
There is a higher percentage of representatives paradoxical type among the well-trained athletes [20].
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Figure 1. Type of implementation
of diving reaction among athletes

Figure 2. Type of implementation
of diving reaction in control group

According to data obtained in the result of researches of an overall effect of heart rate regulation it was
revealed that normocardia (70+6,16) composed 41 % of students from the first group (Fig. 3), and of 82 % of
students from the second group (70+4,14) (Fig. 4). Mild tachycardia was detected at 6 % of the students in
the control group (80+2,11) and at 23 % of the students of the experimental group (84,5+2,38). 24 % of the
students from the first group had severe tachycardia (92,3+3,2) while in the second group 12 % of students
had severe tachycardia (96,5+6,3).
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Figure 3. The overall effect of heart rate Figure 4. The overall effect of heart rate
regulation among athletes regulation in control group

Regular and methodically properly constructed sport exercising leads in most cases to a reduction of
heart rate during rest. In our researches, moderate and severe bradycardia (48+) was found from students
who exercise sport regularly in 6 % of cases respectively. Bradycardia was not found from students of the
control group. The slow pace of heartbeat of well trained, accustomed to great physical loads people is the
result of adaptation [21].

Thus, the studies of the overall effect of heart rate regulation suggest that heart rate decreases only at
12 % of examined students that are engaged in regular exercises. To estimate the degree of tension of regula-
tory systems, we also determined integrative activity index of regulatory systems of the organism (AIRS).

In our studies, the optimal tension (1,8+0,2) of regulatory systems was observed at 12 % of the exam-
ined students who do sports (Fig. 5), and at 18 % students in the control group. Moderate stress (3,5+0,5) of
regulatory systems was noted at 41 % of the students involved in sports, while in the control group it was
53 % (Fig. 6). Severe stress (5,3+£0,4) of regulatory systems was detected at 35 % of students of the first
group and at 29 % students in control group. Overstrain of regulatory systems was found at 12 % of the stu-
dents involved in sports, and in the control group overstrain of regulatory systems was not found. Exhaustion
of regulatory systems was not identified in any group.
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Figure 5. Activity index Figure 6. Activity index
of regulatory systems of athletes of regulatory systems in control group

Thus, the research showed that the regulatory systems of the majority of examined students that are en-
gaged in regular exercises, function in the state of expressed stress and overstrain. This demonstrates the de-
terioration of the general current functional state and decreasing of adaptation reserves of the organism of
students, due to regular phisycal loads, which can be viewed as excessive.
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A .E.Konkabaesa, T..bapanosa, I'.M.Trixexxanosa, K.A.Hypneibaesa,
b.A .Kanapuna, A.T.byrembaeBa, M.Pacon

CnoprneH yHeMi IIYFbLIIAHATHIH K9HE IYFbLIIAHOANTHIH CTYIeHTTEP
ar3achbIHbIH PEryJsiTOPJIbIK KYHeCiHiH (PyHKIUMOHAJABIK KYiiHe 0ara Oepy

Maxkanana 6uosorus-reorpadus xoHe ieHe TopOueci MeH cropT (akyibTeTTepinae OiTiM alaThH eKi TONKa
Oeninren yi Oanmamapra SKYprisreH (opTa jkachl 22+2) 3epTTey HOTIXKeNepi KapacThIpbUiasl. JKypek
COFBICBIHBIH Bapuabeniniri «Bapukapm» (Poccust) KOMIbIOTEpIIiK KelleHHiH kemeriMeH 3eprrengi. JKypek
coFbIChIHBIH  @3reprimutiri P.M.baeBckuiinin MaremaTukanslk ofici OoiipiHina OGaranmanapl. CryaeHTTEp
arzacbiHbl  JKKOK-HIH — KaHINANBIKTBI  JKATTBHIKAHABIFBIH ~ CYHTY  pe(JieKC THINH  CYyBIK-TUIIOKCH-
THIICPKATHUKANIBIK 9Cep €Ty dici apKbUIbl aHbIKTanabl. JleHe Topbueci MeH crmopT (akyinbTeTiHae OiniM
aJIaTBIH CTYAEHTTEP/iH KONIIUIriHe PerysITOPIIBIK )KYHeHIH MHUPHIFYBI J)KOHE IIHPBIFYIBIH KOFapFel MOHI
aHBIKTANIBL. Byl ar3aHblH OeUiMAENTIIITIK KOPBIHBIH TOMEHACYiH kepcereni. OChl XKYpri3uireH 3epTreyae
CIIOPTIICH IIYFBUIJAHATBIH CTYICHTTEpre OepiieTiH (HM3MKANbIK XYKTEMEHIH MOJIIEepIeH THIC EKEeHIri
Oaiikapl.
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A.E.KonkabaeBa, T.U.bapanosa, I'.M.TrikexxanoBa, K.A.Hypnribaesa,
b.A Kanaduna, A.T.byrembaeBa, M.Pacon

CpaBHHTeJIbHaH OIlCHKA (l)yHKIII/IOHaJ'ILHOI‘O COCTOSAHUSA PETYJSATOPHBIX CUCTEM
opranuima CTyAC€CHTOB, PETYJIAPHO 3aHUMAKIIUXCHA X1 HE 3BAHUMAIOIIUXCH CIIOPTOM

B cratee mpencTaBieHsl pe3ynbTaThl 0OCIEIOBAHUS JBYX TPYII CTYJISHTOB MYXCKOTO Toa (CpeaHuH BO3-
pact 20+2) ¢axynpTeToB przmUeckoi KyIbTYpHl U cropra U Ouonoro-reorpadudeckoro. Mcecnenosana Ba-
pHabeIPHOCT CEPJEYHOr0 PUTMA C IIOMOIIBI0 KOMIIBIOTEPH3UPOBAHHOTO KoMIuiekca «Bapukapm» (Poccns).
OneHka HU3MEHYMBOCTU CEPICYHOrO0 PUTMA MIPOBOAMIACH METOJOM MAaTEMATUYECKOW CTATHUCTUKH 10
P.M.Baesckomy. TpenupoBanaocts CCC olLeHHBaNach IIyTEM OINPEIENICHUs TUIA PearMpoBaHMs HA HbIPA-
TENbHBIN pediieKkc ¢ IPUMEHEHHEM METO/Ia X0JI00-THIIOKCH-TUIepKaHndeckoro Boszaeicteus (XI'B). Bousis-
JIEHO BBIPAKEHHOE HAIpPsHKEHHE M TEePEeHaNpsHKEHUE PErysiTOPHBIX CHCTEM Y OONBIIMHCTBA CTYAEHTOB (a-
KyJbTeTa (hU3MUECKOI KyJIBTYPhI M CIIOPTA, YTO CBHAETENILCTBYET O CHWKCHHMH aJalTallMOHHBIX PE3epPBOB
opraHu3sma, o0ycJIOBJIEHHOM YPe3MEPHBIMH Harpy3KaMH.
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