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Annotation. Relevance. Assessment of the functional state of the body is one of the leading tasks of physiology. The article
deals with the analysis of the initial vegetative status of students with different levels of motor activity. Materials and Methods.
Registration and analysis of the heart rate variability was carried out with the help of a modern complex electrophysiological
laboratory «CONAN —4.5». The heart activity of students engaged in physical culture within the educational process was evaluated
on the basis of heart rate variability analysis. Results and Discussion. It was revealed that among the entire studied array of
students (with the differentiation of the initial vegetative status calculated according to muscle tension index), «normotonics»
are characterized by an optimal ratio between the parasympathetic and sympathetic divisions of the autonomic nervous system.
At the same time, the value of the coefficient of physical activity in the studied group was determined at the level of 1.73+0.1.
Conclusion. For vagotonics, the value of the triangular index was 2.5+0.2 conventional units (CU), which confirms the idea of an
increase in the influence on the autonomic nervous system. The value for normotonics is 2.2+0.1 CU. This group was characterized
by the balance between the sympathetic and parasympathetic parts of the autonomic nervous system. In sympathicotonics —
1.940.5 CU, which confirms the idea of increasing the influence of the sympathetic division of the autonomic nervous system.
In hypersympathicotonics-1.1+0.4 CU. To ensure adequate functioning of the cardiovascular system and for normal adaptation
to physical exertion in students, it is necessary to form a level of motor activity that quantitatively corresponds to a coefficient
of physical activity of at least 1.75.
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AnHoTanmsa. AkmyanbHocmb. OlieHKa (yHKIMOHANMBHOTO COCTOSTHUSL OpPraHu3Ma sIBJIsIeTCsT OLHOM U3 BeAyILuX 3aja4 (hu-
3uonoruy. B craTbe paccMaTpuBaeTCst aHa/IM3 MCXOJHOTO BeTeTaTUBHOIO CTaTyca CTY[,eHTOB C pa3HbIM YPOBHEM JIBUTaTeIbHON
aKTHUBHOCTH. Mamepuanbl u Memoobl. Perucrpauys ¥ aHaiu3 BaprabelbHOCTH CepZieYHOTo pUTMa TIPOBeZieH C MOMOLIBIO COBpe-
MEHHOU KOMIUIEKCHOM 3/1eKTpodusnoiornueckoii maboparopurt «CONAN —4.5». OrieHeHa cep/ieuHast 1esiTeJIbHOCTh CTY/IEHTOB,
3aHUMAIOILMXCS (PU3UUECKOM Ky/IBTYpPO B paMKax 00pa30BaTe/IbHOrO MpoLjecca Ha OCHOBe aHasM3a BaprabelbHOCTH CepiedHoro
putMa. Pe3yibmambi u 06cydicOeHue. BhISIBIEHO, UTO Cpe/ii BCETO U3yUeHHOT0 MacCUBa CTYeHTOB (ripu auddepeHLpoBaHuu
WICXOZIHOTO BereTaTHBHOTO CTaTyCa, PACCUMTaHHOIO 110 UH/IEKCY HarpshKeHHUs) «<HOPMOTOHUKN» XapaKTepU3yHOTCs ONTUMa/IbHbIM
COOTHOILIEHHEeM MeXK/ly TlapacUMIIaTHUeCKUM M CUMITaTUueCcKUM OT/ie/laMU BereTaTUBHOM HepBHOM cucTeMbl. [1py 5ToM 3Haue-
Hue ko3 duimenTa ¢pu3nUeCcKol aKTUBHOCTU Y UCC/IeJOBAHHBIX JAHHOU TPYIIITBI OTIPeiesisiiCsl Ha ypOBHe 3HaueHui 1,73+0,1.
Bb1600bI. [17151 BATOTOHUKOB 3HaueHHe TPUAHTY/ISIPHOTO UHJEKCa COCTaB/sAno 2,5+0,2 y.e., UTO MOATBEPKAAeT Tpe/iCTaBIeHre
0 TIOBBIIIEHNUH BIIMSHUS MTapaCUMITAaTHUeCKOTo OT/Ieia BeTeTaTUBHON HePBHOM CHCTeMbl. 3HaueHHe Y HOPMOTOHUKOB — 2,2+0,1 y.e.
[laHHas rpymna xapakTepr3oBasaachk PaBHOBECHEM MeX/y CUMITaTUYeCKUM Y TlapacHMIaTHUeCKUM OT/ie/laMM BereTaTHBHON
HEPBHOU CUCTEeMBI. Y CUMITAaTUKOTOHUKOB — 1,940,5 y.e., 4To TOATBepKAaeT Mpe/CTaB/IeHNe O TIOBBIIIIEHUH BITUSTHUS CUMITaTH-
YeCKOro OT/[eJla BereTaTUBHOW HEPBHOM CUCTEMBbI. Y TUMePCUMITATUKOTOHUKOB — 1,1+0,4 y.e. [Insi obecrieueHust aZieKBaTHOTO
(YHKLIMOHMPOBaHUS CepJeYHO-COCYANCTOM CUCTEMBI U /sl HOpMaJIbHOM aZianTalyi K GU3MUecKUM HarpysKaM y CTyIeHTOB
Heo6xoAMMOo (OPMUPOBATh YPOBEHb JBUTaTe/IbHOM aKTUBHOCTH, KOJIMUECTBEHHO COOTBETCTBYIOIIMH KO3 huLveHTy husunue-
CKOM aKTHBHOCTHU He Hivke 1,75.

KiroueBble c/10Ba: 3/1eKTpOKapAorpaMMa, Cep/ieyHO-COCYAUCTast CUCTeMa, UH/IeKC HallpsDKeHUs], NCXOZHbBIN BereTaTHBHbINA
TOHYC, KO3pPULMeHT (Pr3nueCcKoi aKTUBHOCTH
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Introduction a relationship between such indicators as physical

The body’s functional reserves are developing
and adapting during physical exertion, and the level
of physical activity determines their quantitative
equivalent [1—7]. According to the investigation
of Dorontsev A.V. and Kozlyatnikova O.A. there is
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development and physical fitness of the body [8—12].
During physical exertion, there is a change in functional
systems, a change in adaptive-regulatory systems,
predetermining the further course of adaptation of
the organism. The functional reserves of the body are
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influenced not only by training activity, but also by the
training load, which makes increased demands on the
state of health of students [13—19].

The purpose of the scientific work is to analyze the
heart rate variability (HRV) among students, taking into
account the level of physical activity.

The objectives of this work are:

1) to conduct ECG registration of students with
different coefficient of physical activity (CPA); 2) to
conduct a mathematical analysis of HRV of students
with different coefficient of physical activity using
the modern complex electrophysiological laboratory
«CONAN —4.5»; 3) to establish the initial vegetative
tone based on the stress index in students with different
CPA; 4) to analyze the obtained numerical values of
the primary indicators of HRV —mode, mode amplitude
and variation range and heart rate, obtained on the
basis of electrocardiogram processing; 5) to analyze
the triangular HRV index of students, with different
CPA; 6) to determine the relationship between CPA
and HRV indicators.

Materials and methods

Heart rate and ECG were recorded at rest in an
amount of 100 students (31 women and 69 men, aged
from 18 to 22). All study participants received informed
consent to participate in the study in accordance with
the World Medical Association’s Declaration of Helsinki
(WMA Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013)
and the processing of personal data.

ECG recording was carried out using the complex
electrophysiological laboratory « CONAN — 4.5» with
logging of heart rate variability indicators calculated
from the electrocardiogram, followed by computer data
processing in Microsoft Excel 2007 software package
for statistical analysis Statistical0. All experiments
were carried out in compliance with the principles of
bioethics.

Results and discussion

The resulting electrocardiograms were mathematically
analyzed. In the course of mathematical analysis, the stress
index of each examined student was obtained. To divide the
stress index into groups, we used the gradation of numerical
values of the authors O.Yu. Shiryaev and E.I. Ivleva, they
believed that under stress or any diseases, the value of the
stress index increases.

The authors identified in their studies five types
of the initial autonomic tone: vagotonic, normotonic,
sympathicotonic, oversymaticotonic and transcendent
supersymaticotonic. In our studies, all the students
were healthy and the transcendental supersymaticotonic
tone was not detected in any student (the value of the
transcendental supersymaticotonic tone is more than
600 conventional units (CU)).

As a result of the research, the students were divi-
ded into 4 groups, each group had its own stress index
and the estimated initial autonomic tone. The obtained
ratios of the stress index and the estimated initial tone
and the number of students under study are presented
in Table 1.

Table 1

The ratio of students on the basis of the initial vegetative status (IVT)

Muscle tension index, CU IVT by Muscle tension index Number of subjects examined
<30 Vagotonia 10
31-120 Normotonia 22
121-300 Sympathicotonia 63
=301 Hypersympathicotonia 5

When analyzing the electrocardiogram using

students with different initial vegetative status, the

the modern complex electrophysiological laboratory obtained numerical values are presented in Table 2.
«CONAN —4.5», the heart rate was established in
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Table 2

Heart rate of students with different autonomic regulation

N2 | Muscle tension index, CU | IVT by Muscle tension index

Heart rate, beats/min

Type of rhythm change / absence of rhythm
disturbance

1 <30 Vagotonia 65+0,13 Reasonable normocarbia
2 31—-120 Normotonia 70+ 0,21 Normocarbia
3 121-300 Sympathicotonia 73+0,16 Normocarbia
4 =301 Hypersympathicotonia 800,27 Tachycardia

Note: the significance of heart rate differences was evaluated between the groups using the Student’s t-test, p<0.001

When analyzing Table 1, the first group of students
(10 people) with the by Muscle tension index of
regulatory systems up to 30 with the expected IVT —
«vagotonia» —was characterized by the predominance
of parasympathetic autonomic nervous system (ANS).
At rest, the examined group has a heart rate of 65 +
0.13 beats / min (p <0.001) — moderate normocardia
is observed.

In the second study group of students (22 people)
with different levels of physical activity with Muscle
tension index from 31 to 120 conventional units. with
the alleged IVT — «normotonia» — was characterized
by an equilibrium state of the ANS between the
parasympathetic and sympathetic divisions, which
indicated the activity of the parasympathetic division
of the nervous system. Heart rate was 70 + 0.21 bpm
(p <0.001) — normocardia.

The third group of students (63 people) was
characterized by a predominance of sympathetic ANS

with Muscle tension index from 121 to 300 CU with
the supposed IVT — «sympathicotonia». The heart rate
in comparison with the previous groups is 8 and 3 beats /
min more vagotonia and normotonia, respectively,
and amounted to 73 + 0.16 beats / min (p <0.001) —
normocardia.

The fourth group of students (5 people) is
characterized by an increase in the activity index of
the sympathetic ANS with Muscle tension index > 301
CU, with the assumed I'VT — «hypersympathicotonia».
The heart rate was 80 + 0.27 beats / min (p <0.001),
the type of arrhythmia was tachycardia.

When analyzing the electrocardiogram
using the modern complex electrophysiological
laboratory « CONAN — 4.5», the numerical values
of heart rate variability indicators in students with
different initial vegetative status were obtained
and analyzed, the values obtained are presented
in tables 3, 4, 5.

Table 3
The value of the mode (Mo) of heart rate variability of students
Ne Muscle tension index, CU IVT by Muscle tension index Confidence Mo, sec
between groups
1 <30 Vagotonia 1-3 (p<0,001) 0,881+0,01
1—2 (p<0,001)
1—4 (p<0,001)
2 31-120 Normotonia 2-3 (p<0,001) 0,821+0,01
2—4 (p<0,001)
3 121-300 Sympathicotonia 3—4 (p<0,01) 0,792+0,01
4 =301 Hypersympathicotonia 0,763+0,01

Note: the significance of the Mo differences was evaluated between the groups using the Student’s t-test

Analysis of tables 3, 4, 5 showed the following
physiological picture of the primary indicators of heart rate
variability in students with different initial vegetative status.
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Mode is the range of values for the most common
R-R intervals. In hypersympathicotonics it was 0.763 +
0.01 sec (p <0.05) —it was characterized by the lowest
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value of the frequently occurring cardiointerval among
the other examined groups.

In the group of vagotonics, the parasympathetic
section prevails over the sympathetic section of the
ANS, the value of this indicator is 0.881 + 0.1 sec
(p <0.05). The lowest value of heart rate among students
is observed among the entire investigated array.

The value of this indicator in normotonics was
0.821 + 0.1 sec (p <0.05) —they were characterized by
the equilibrium state of the autonomic nervous system
between the parasympathetic and sympathetic divisions,

which indicated the tone of the parasympathetic division
of the ANS.

The group of sympathicotonics, which was
characterized by a shift in the autonomic balance
towards the sympathetic autonomic nervous system —
0.792 + 0.1 sec (p <0.05).

The number of cardiointervals that correspond to the
value of the mode index characterizes the amplitude of the
mode. The predominance of the autonomous control loop is
indicated by low values of this parameter, while the activity
of the central control loop is indicated by high values.

The value of the amplitude mode (AMo) of the heart rate variability of students able 4
Ne Muscle tension index, CU IVT by Muscle tension index Confidence between groups AMo,%
1 <30 Vagotonia 1—2 (p<0,05) 40,311,2
2 31-120 Normotonia s 8:81883 452£2,1
3 121-300 Sympathicotonia 2—4 (p<0,001) 52,413,5
4 =301 Hypersympathicotonia 3—4 (p<0,001) 89,3184

Note: the significance of the AMo differences was evaluated between the groups using the Student’s t-test

The data in Table 4 indicate that the highest value
of this indicator is observed in hypersympathicotonics —
89.3 £ 8.4 % (p <0.01), thus, the process turns on the
central circuit of regulation.

For the group of subjects with IVT vagotonia, the
analyzed indicator was 40.3 + 4.2 % (p <0.05), and
in the group of subjects with IVT, normotonia and
sympathicotonia—45.2 + 2.1 % (p <0.001) and 52, 4
+ 3.5 % (p <0.001), respectively. When analyzing the
studied indicator, low ones indicate the predominance
of the autonomous regulation circuit.

In the study group with IVT vagotonia, the analysis
of the variation indicator—0.651 + 0.02 sec (p <0.05),
indicates a decrease in myocardial contractile functions
and the prevalence of vagotonic tone.

This value of the analyzed indicator in the group
of normotonics was 0.323 + 0.07 sec (p <0.05), which
indicates the tone of the parasympathetic part of the
nervous system.

In the examined groups — sympathicotonics and
hypersympathicotonics, the smallest indicators of the
variation range were 0.222 + 0.04 sec (p <0.05) and 0.121
+0.06 sec (p <0.05), respectively. It is a consequence of
the predominance of the non-respiratory component of
the heart rate and the parasympathetic link. Consequently,
such groups of students are characterized by a low
adaptive capacity, which may be characterized by low
indicators of the level of innate reserves.

Table 5
The value of the variation range (AX) of the heart rate variability of students with different vegetative status
Ne Muscle tension index, CU IVT by Muscle tension index Confidence between groups AX, sec
1 <30 Vagotonia 1-2 (p<0,001) 0,651+0,02
— - 1-3 (p<0,001)
2 31-120 Normotonia 1-4 (p<0,001) 0,323+0,07
3 121-300 Sympathicotonia 2—3 (p<0,001) 0,222+0,04
4 =301 Hypersympathicotonia 2—4 (p<0,001) 0,121+0,06
3—4 (p<0,001)

Note: the significance of the differences in AX was evaluated between the groups using the Student’s t-test
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When analyzing the electrocardiogram using
the modern complex electrophysiological laboratory
«CONAN —4.5», the values of the triangular index
(TiNN) of heart rate variability were obtained and

analyzed in students with different initial vegetative
status, the numerical values of this indicator are
presented in Table 6.

Indicators of the triangular index (TiNN) of heart rate variability of students with different vegetative status able 6
Ne Muscle tension index, CU IVT by Muscle tension index Confidence between groups TiNN, y.e.
1 <30 Vagotonia 1—2 (p<0,05) 2,5+0,1
2 31-120 Normotonia L ((pp<<0%0051)) 2,2+0,1
3 121-300 Sympathicotonia 2—4 (p<0,05) 1,940,2
4 =301 Hypersympathicotonia 1,104

Note: The significance of TiNN differences was evaluated between the groups using the Student’s t-test

For vagotonics, in which the parasympathetic
division prevails over the sympathetic division of the
ANS, the value of the triangular index was 2.5+ 0.1 CU
(p <0.05), the number of heart contractions decreases
in comparison with normotonics, sympathicotonics
and hypersympathicotonics. This confirms the idea
of an increase in the influence of the parasympathetic
division of the autonomic nervous system.

The triangular index value in normotonics was
2.2 £ 0.1 CU (p <0.05). This group was characterized
by an equilibrium state of the autonomic nervous system
between the parasympathetic and sympathetic divisions,
which indicated the tone of the parasympathetic division
of the nervous system.

In sympathicotonics, which were characterized
by a predominance of the sympathetic division of the

autonomic nervous system, the indicator of this value
was 1.9 £ 0.2 a.u. (p <0.05). This confirms the idea of
an increase in the influence of the sympathetic division
of the autonomic nervous system.

In hypersympathicotonics, the triangular index
was 1.1 £ 0.4 CU (p <0.05). This group of students
is characterized by a decrease in the most frequent
cardiointerval among the entire array.

The students were offered a test to determine
the coefficient of physical activity. The coefficient of
physical activity is the ratio of a person’s average daily
energy expenditure to energy expenditure at rest, to the
so-called basal metabolic rate.

Table 7 shows the values of the coefficient of
physical activity among students with different initial
vegetative tone.

Table 7
Indicators of the coefficient of physical activity (CPA) in students with different vegetative status
Ne Muscle tension index, CU IVT by Muscle tension index Confidence between groups CPA, points
1 <30 Vagotonia 1-2 (p<0,05) 1,4120,1
_ . 1-3 (p<0,001)
2 31-120 Normotonia 1—4 (p<0.001) 1,7310,1
3 121-300 Sympathicotonia 2—3 (p<0,001) 2,01+0,1
4 =301 Hypersympathicotonia 2—4 (p<0,001) 2,42+0,2
3—4 (p<0,001)

Note: The significance of the CPA differences was evaluated between the groups using the Student’s t-test

The first group included students with Muscle
tension index up to 30. with the original vegetative
tone «vagotonia». This group was characterized by
a predominance of the parasympathetic autonomic
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nervous system. The coefficient of physical activity
was 1.41 + 0.1 points.

The second group with a muscle tension index
from 31 to 120 CU with the expected initial vegetative
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tone «normotonia». Such a group was characterized by
an equilibrium state of the autonomic nervous system
between the parasympathetic and sympathetic divisions.
The coefficient of physical activity in this group of
students was 1.73 + 0.1 points.

The third group was characterized by a predominance
of the sympathetic autonomic nervous system with a
stress index from 121 to 300 CU with the initial vegetative
tone «sympathicotonia». For this group, the coefficient
of physical activity was 2.01 + 0.1 points.

The fourth group was characterized by a significant
increase in the indicators of the activity of the
sympathetic autonomic nervous system with a stress
index of more than 301 CU, with an initial autonomic
tone of «hypersympathicotonia». The coefficient of
physical activity was 2.42 + 0.2 points.

It was revealed that among the entire study group
of students (when differentiating the initial vegetative
tone, calculated by the stress index), «normotonics»
were characterized by the optimal ratio between the
parasympathetic and sympathetic divisions of the
autonomic nervous system. At the same time, the value
of the coefficient of physical activity in the studied
group was determined at the level of values 1.73 +
0.1 points.

Thus, to ensure adequate functioning of the
cardiovascular system and for normal adaptation to
physical activity in students, it is necessary to form the
level of physical activity, quantitatively corresponding
to the coefficient of physical activity not lower than
1.75 points.

Conclusion

In the course of registration and mathematical
analysis of heart rate variability among students using
the modern complex electrophysiological laboratory
«CONAN —4.5», we came to the following conclusions.

1. As a result of the research, the tested students
were divided into four subgroups: the first subgroup
with an initial vegetative tone — vagotonia included 10
people, the second with an assumed initial vegetative
tone — normotonia — 22 students, the third subgroup

CLINICAL PHYSIOLOGY

with an initial vegetative tone — sympathicotonia — 63
students, and in the fourth with the initial vegetative
tone — hypersympathicotonia — 5 people.

2. The value of fashion in hypersympathicotonics
is 0.76 + 0.01 sec. For vagotonics, in which the
parasympathetic department predominates, the value
was 0.88 £ 0.1 sec. In normotonics it was 0.82 + 0.1
sec —there is an equilibrium in the autonomic status of
the ANS. In sympathicotonics —0.79 + 0.1 sec.

3. The highest value of the AMo index is typical
for the study group — hypersympathicotonics —89.3 +
8.4 %. The smallest value for vagotonics was 40.3 +
4.2 %, and intermediate values were in the groups of
normotonics and sympathicotonics —45.2 + 2.1 % and
52.4 + 3.5 %, respectively.

4. In the studied group of vagotonic patients the
variation range is 0.651 + 0.02 sec, vagotonic tone
prevails. Normotonics — 0.323 + 0.07 sec, which
indicates the tone of the ANS and the predominance
of respiratory changes in the heart rate. In groups —
sympathicotonics and hypersympathicotonics it was
0.222 + 0.04 sec and 0.121 £ 0.06 sec, respectively.

5. For vagotonics, the value of the triangular index
was 2.5 + 0.2 CU, which confirms the idea of an increase
in the influence of parasympathetic nervous system.
The value for normotonics is 2.2 + 0.1 CU. This group
is characterized by a balance between the sympathetic
and parasympathetic divisions of the autonomic nervous
system. In sympathicotonics — 1.9 + 0.5 CU, which
confirms the idea of an increase in the influence of the
sympathetic division of the autonomic nervous system.
In hypersympathicotonics — 1.1 + 0.4 CU.

6. To ensure adequate functioning of the cardi-
ovascular system and for normal adaptation to physical
activity in students, it is necessary to form the level of
physical activity, quantitatively corresponding to the
coefficient of physical activity not lower than 1.75.
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