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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Physical activity is such an essential socio-

biological element, which provides a balance between the body 
and the external environment and contributes to the improvement 
of metabolic process regulation mechanisms. However, the 
abuse of physical activity often leads to unwanted changes in 
the basic physiological processes in the athletes' organism, due 
to the impact of a variety of reasons. The state of the organism's 
regulatory systems and the provision of the necessary adaptation 
of the organism to physical activity are crucial in assessing 
the athlete's physical fitness. It is known that during physical 
exertion, the functional state of the organism is determined 
by a reaction limiting the efficiency of the cardiovascular and 
respiratory systems. It was revealed that with long-term physical 
activity restriction, blood circulation regulatory mechanisms, as 
well as synocardial reflexes, are disrupted. 

Approach: This research is devoted to the study of students' 
organism adaptive capabilities depending on the central or 
autonomous type of vegetative regulation. Registration and 
analysis of ECG of students by the method of variational heart 
rate monitoring were carried out. With the help of a special 
program, the students' heart rate integral indicators were 
analyzed. All studies were carried out twice: before physical 
exertion and immediately after physical exertion. 

Purpose: In this study, we aimed to explore the adaptive 
capabilities of students bodies depending on the central or 
autonomous type of autonomic regulation.

Results: Three types of response to physical activity have 
been identified: optimal, paradoxical, and atypical. In all types 
of reactions, a certain level and direction of intensity of the 
processes of regulation of the athletes' organism is expressed. 
The study of the distinctive features of vegetative regulation 
makes it possible to assess athletes' organism functional state 
better and determine violations of their adaptive capabilities. 

Conclusion: According to the research results, based on the 
primary signs of the athletes' organism adaptive capabilities 
and the corresponding reaction, it is possible to determine the 
optimal dose of physical exertion for athletes.

Key words. Vegetative regulation, registration and ECG 
analysis, physical exertion, adaptive reaction, integral indicators, 
heart rate.
Introduction.

Currently, the problem of preserving and strengthening health, 
as well as preventing various types of diseases, has received 
important social significance in the society [1-6]. Physical 
activity is such an important socio-biological element that 
provides a balance between the organism and the external 
environment and contributes to the improvement of metabolic 
process regulation mechanisms.

Due to the impact of various reasons, the abuse of physical 
activity often leads to unwanted changes in the basic 
physiological processes in the athletes' organism. The state 
of the organism's regulatory systems and the provision of the 
necessary adaptation of the organism to physical activity are 
crucial in assessing the athlete's physical fitness, early revealing 
the state of overloading, and controlling the process of fitness 
[7].

At the same time, efficient motor activities and physical 
exercises are not only means of active recreation, but they 
also enhance the functional and adaptive capabilities of the 
organism. An individual approach to determine the level of 
physical activity is also important. The workload that does not 
correspond to the capabilities of the body leaves a negative 
impact on the musculoskeletal, cardiovascular, respiratory, and 
neuropsychiatric systems. However, an objective assessment 
of the organism's functional capabilities and the performance 
measurement at various stages of sports training attracted 
the attention of many researchers [7-10]. It is known that 
during physical exertion, the functional state of the organism 
is determined by a reaction limiting the efficiency of the 
cardiovascular and respiratory systems. It was revealed that 
with long-term physical activity restriction, blood circulation 
regulatory mechanisms, as well as synocardial reflexes, are 
disrupted [8,11-13].

This research is devoted to the students' organism adaptive 
capability study depending on the central or autonomous type 
of vegetative regulation. In this regard, students' organism 
autonomous balance and autonomous reactivity were studied.

Three types of response to physical activity have been 
identified: optimal, paradoxical, and atypical. In all types 
of reactions, a certain level and direction of intensity of the 
processes of regulation of the athletes' organism is expressed. 
The study of the distinctive features of vegetative regulation 
makes it possible to assess athletes' organism functional state 
better and determine violations of their adaptive capabilities.
Materials and Methods.

The purpose of this research was to study the adaptive 
capabilities of the athletes' organisms depending on vegetative 
regulation type. 20 male students from the 2nd to the 4th courses 
of the Armenian State Institute of Physical Culture and Sport at 
the age of 17-20 (ASIPCS) were examined. All the studies were 
carried out twice: before the physical exertion (physiological 
norm), and immediately after the physical exertion (20 squats). 
An electrocardiogram (ECG) was registered according to the 
second standard guide to study the features of cardiac activity 
regulation. ECG analysis and registration were carried out by the 
method of variation heart rate monitoring. They used a software 
complex specially developed at the Institute of Physiology of 
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the National Academy of Sciences of the RA, which includes a 
portable cardiograph «Bio-Arm 001", a personal computer and 
an automated program for recording and analyzing the ECG, 
which provides analyses of more than 30 heart rate indicators.

The students were divided into 4 groups, according to the 
classification of vegetative regulation types by N.I. Shlyk 
[14,15] (Table 1).

Table 1. Types of vegetative regulation according to N.I. Shlyk.
I type II type III type IV type
Central regulation Autonomic regulation
Moderate
Dominance

Expressed
Dominance

Moderate
Dominance

Expressed
Dominance

SI>100 ms2 SI>100 ms2 SI<100 ms2 SI<70 ms2

VLF>240 ms2 VLF<240 ms2 VLF>240 ms2 VLF>240 ms2

As a result, the distribution of students according to the 
abovementioned indicators was unequal, so groups 1 and 4 
included 4 students each, group 2 had 7 students, and group 3 
had 5 students. Surveys of students in each group were carried 
out in several repetitions, to obtain reliable results, the average 
indicators of which are shown in Tables 2 and 3.

In each experimental situation, 5-minute ECG intervals were 
analyzed. The study and analysis of the ECG were carried 
out according to the instructions of the European Association 
of Cardiology and the North American Association of 
Electrophysiology and Cardiorhythmology based on heart rate 
variability (HRV).

The study of heart rate variability indicators has diagnostic and 
prophylactic, preventive significance in various pathological 
situations. The HRV indicator accounting method can be used 
to assess healthy people and athletes’ fitness, as well as to carry 
out various medical and biological studies.

Considering the psychophysiological importance of HRV 
indicators, it becomes possible to estimate the physiological 
"significance" of various types of activities. Using the program, 
the following histographic (Mo, AMo, ∆Χ), integral (IN, IVR, 
VPR, PAPR) and spectral (HF, LF, VLF, TP, LF/HF) heart rate 

indicators were analyzed:
• Mo-mode, the most common value of cardio-intervals.
• AMo - mode amplitude, the number of cardio-intervals 

corresponding to the mode significance in % of the total sample 
size.

• ∆Χ - variation range, the difference between the maximum 
and minimum significance of cardio-intervals.

• tension index of regulating system (IN=AM0 /2ΔX×M0), 
which reflects the degree of tension of compensatory 
mechanisms.

• vegetative balance indicator (IVR=AM0/ΔX), reflecting the 
relationship of the sympathetic and parasympathetic links of the 
ANS.

• vegetative rhythm indicator (VPR=1/ M0×ΔX), which 
allows to judge the vegetative balance from the point of view 
of assessing the activity of the autonomous regulation circuit.

• Indicator of the validity of regulatory processes (PAPR = 
AM 0 /M 0), reflecting the relationship between the activity of 
the sympathetic part of the vegetative nervous system and the 
leading level of activity of the sinus node.

Spectral parameters of heart rate variability were also studied:
• HF (ms2, %) - is the power of the range of high frequencies 

(0.15-0.4 Hz) associated with the act of breathing and reflecting 
the level of functioning of the parasympathetic nervous system 
in the process of the heart rate regulation.

•  LF (ms2, %) - is the power of the spectrum in the low-
frequency range (0.04–0.15 Hz) associated with the blood 
pressure system and primarily expressing the degree of 
activation of the sympathetic link in the regulation of heart 
rhythm (although it has a mixed -sympathetic–parasympathetic 
origin).

• VLF (ms2, %) - is the power of the spectrum in the range of 
very low frequencies (0.003-0.04 Hz), reflecting the influence 
of higher vegetative centers on subcortical centers of the 
cardiovascular system. This indicator can be used as a reliable 
marker to assess the relationship between the autonomous 
humoral-metabolic (hypothalamic-pituitary) and central 
ergotropic (cortical) levels of blood circulation regulation.

I Group II Group

Indicators At rest After physical exertion At rest After physical exertion

МO  0.68±0.02 0.56±0.02*** 0.51±0.02 0.56±0.02***
АМO  54.76±4.21 70.70±5.31** 55.26±3.28 68.70±4.81**
ΔX  0.30±0.02 0.170.02** 0.28±0.02 0.17±0.02**
VK   7.87±0.13 6.09±0.40*** 7.48±0.16 6.86±0.61***
IN  141.21±13.57 244.92±75.31** 128.39±11.69 287.63±14.96**
IVR 5.59±0.48 12.84±2.21*** 4.78±0.48 9.78±1.91***
PAPR 80.99±6.47 126.50±8.01*** 74.25±5.78 118.96±7.78***
VPR 193.21±15.56 288.40±77.14** 158.96±14.78 368.29±45.84**
TP 1774.01±93.90 780.40±22.01*** 1549.01±69.90 690.47±18.01***
HF 34.20±3.67 29.15±5.69 46.20±2.78 34.58±2.69
LF 46.85±1.81 58.15±2.34** 39.59±2.01 42.15±1.94**
VLF 269.25±19.69 188.75±11.58 209.10±13.76 198.75±12.07
LF/HF 1.63±0.21 2.08±0.55** 1.64±0.17 3.08±0.45**

Table 2. Changes in indicators of vegetative balance of I and II group students in terms of physical exertion.

Note: Significance of differences in groups *-p<0.05, **-p<0.01, ***-p<0.001
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Discussion.
According to the research results, the applied physical 

exertion makes it possible to analyze the functional resources of 
vegetative regulation.

Using the concept of the two-heart rate control circuit model, 
N.I. Shlyk identifies four groups of autonomous regulation: two 
with central control circuit dominance and two with autonomous 
control circuit dominance (with moderate and clear dominance 
in each case) [14,15] (Table 1).

These regulation groups correspond to the classification 
adopted on the basis of the IN amount: types of sympathotonia, 
normotonia and vagotonia. At the same time, the type of 
normotonics is studied in two variants – sympatho-normotonic 
(group I) and vago-normotonic (group III). This classification is 
based not on the sympathetic and parasympathetic parts of the 
autonomic nervous system, but on the mechanisms of central 
and autonomous regulation of autonomic functions [10].

Thus, the participation of various links in the process of 
autonomic regulation is emphasized by Shlyk as a single 
mechanism of regulation, which is a systematic approach to a 
complex mechanism for analysing heart rate variability data. 
Such an approach provides important information about the 
assessment of the functional and adaptive capabilities of the 
athlete's organism, and also allows to identify the primary signs 
of their impairments [15].

The analysis of heart rate variability indicators reflecting the 
vegetative balance of the organism allowed the classification of 
athletes according to vegetative regulation type: athletes with 
central regulation were assigned to groups I and II, and with 
autonomous regulation - to groups III and IV.

In terms of physical exertion (20 squats), the study of 
vegetative reactivity revealed a number of changes signifying 
students’ organisms regulatory adaptive capability level.

Vegetative balance among the students of the first group was 
expressed by moderate tension of the regulatory system of the 
organism, at the same time, against the backdrop of decreasing 
the autonomous regulation circuit activity, the dominance of the 
central regulation of the heart rate was observed. The observed 
changes indicate a high activity of sympathetic mechanisms of 

• TP (ms2) - is the total power of the spectrum, which 
characterizes the degree of heart rate variability. Activation 
of the parasympathetic link increases the TP significance, but 
in the case of an increase in the influence of the sympathetic 
nervous system, the reverse result is observed.

• LF/HF - is the indicator of vegetative relationships, 
conditionally characterizing the percentage contribution of 
sympathetic and parasympathetic influences on the mechanisms 
of heart rhythm autonomous regulation (an indicator of 
sympathetic-parasympathetic balance).

The obtained data were statistically processed through the 
"Biostat" program according to the Student's t-criterion (M±m).
Results.

The results of the studies showed that changes in most 
indicators were optimal in group 1 (Table 2).

As it can be seen from Table 2, students of the first group had a 
reliable increase in the parameters characterizing the activity of 
the sympathetic link regulating the heart rhythm after physical 
exertion. Indicators of IN and AM0 increased by 73.44% and 
29.01%, correspondingly. The latter was followed by a marked 
decrease in the activity of the parasympathetic (ΔX) and 
humoral (M0) mechanisms regulating heart rhythm by 43.4% 
(p<0.001) and 12%, correspondingly.

There was a considerable increase in the indicator IN in group 
II, more than 2 times (by 124.02%), and AM0 – by 24.32%. The 
value of the indicator M0 had hardly changed, while ΔX had 
decreased by 39.28% (Table 2).

The significance of analogous indicators underwent the 
following changes in group III: IN and AM0 increased, 
correspondingly, by 43.48% and 2.25%. M0 and ΔX decreased, 
correspondingly by 12,5% and 48,0%.

Changes in LF and VLF indicators had controversial 
characteristics (Table 3).

As it can be seen from Table 3, there was a decrease in the 
indicators characterizing the activity of the parasympathetic 
link regulating the heart rhythm after physical exertion in group 
IV. The indicators of ΔX and M0 decreased by 17.39% and 
45.28%, correspondingly. Indicators of IN and AM0 increased 
by 48.06% and 32.03%, correspondingly.

III Group IV Group
Indicators At rest After physical exertion At rest After physical exertion
МO  0.72±0.03 0.63±0.02 0.53±0.01 0.29±0.01
АМO  75.50±3.21 77.20±4.02 66.502.98 87.80±1.97
ΔX  0.25±0.01 0.13±0.02 0.23±0.01 0.19±0.01
VK   7.81±0.16 6.49±0.61* 8.51±0.16 6.94±0.61*
IN  96.52±2.16 138.49±1.98** 66.52±1.97 98.49±3.89**
IVR 6.27±0.09 8.09±1.02** 7.78±0.05 9.09±0.09**
PAPR 129.80±4.59 225.02±5.39** 150.37±5.78 217.02±7.60**
VPR 258.17±11.29 392.52±10.98** 258.17±7.58 392.52±6.78**
TP 1124.01±61.45 989.28±37.01*** 1347.01±51.45 989.28±27.01**
HF 44.18±2.59 29.78±1.89 54.18±3.59 36.78±2.89
LF 40.19±1.84 49.81±1.54** 42.89±1.84 37.81±1.54
VLF 298.00±11.76 220.75±9.47 258.0011.76 220.75±9.47
LF/HF 2.44±0.57 2.880.35** 2.44±0.57 2.88±0.35
Note: Significance of differences in groups *-p<0.05, **-p<0.01, ***-p<0.001

Table 3. Changes in indicators of vegetative balance of  III and IVgroup students in conditions of physical exertion.
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heart rate regulation after physical work and a decrease in the 
activity of the parasympathetic and humoral links. This is also 
evidenced by a significant decrease in the coefficient of variability 
of cardiointervals (Vk) by 22.62% (p<0.001) (Table 2).

Vegetative balance of the II group student organism reflects 
the state of autonomic malfunction with the dominance of 
sympathetic regulation of the heart rate and an abrupt increase 
in the activity of central regulation compared to autonomous 
(Table 2). Paradoxical reaction is observed after physical 
exertion - a decline in the functional state of regulatory systems.

Studies of some authors also indicate that during physical 
exertion, wrestlers and athletes have a significant shift in 
sympathetic-parasympathetic balance towards sympathicotonia, 
due to the multidirectional dynamics of changes in the power of 
vasomotor waves LF [16].

Vegetative balance of the III group student organism 
corresponded to the optimal state of regulatory systems with 
moderate dominance of parasympathetic activity (Table 3). 
Nevertheless, 3 types of reactions were revealed after physical 
exertion. 55% of athletes showed an optimal response, 20% - 
paradoxical, and 25% of athletes - only an increase in LF and 
VLF significance.

In group IV, tension of vegetative balance with a clear 
dominance of the parasympathetic nervous system was observed. 
However, the reaction of the students' organism to physical 
activity was optimal with a fairly high activity of regulatory 
systems with autonomous regulation circuit dominance (Table 
3).

In our opinion, vegetative balance, and a similar case of 
vegetative regulation of athletes, reflects a high level of fitness. 
It should be noted that when the autonomous control circuit 
dominates, less effort is spent to maintain the optimal functional 
level than when the central regulation circuit dominates.

As it can be seen from the data of 4 presented groups in Table 
3, physical activity contributes to a decrease in the overall range 
of heart rate regulation mechanism activity (TR) by 26.56%, 
which reflects the influence of the autonomic nervous system 
on heart rate. The latter was accompanied by a simultaneous 
decrease in all components of the range (VLF, LF, HF).

The disadvantages and limitations of our research include the 
following aspects:

• Despite the fact that we used a special software package 
for ECG registration and analysis providing analysis of more 
than 30 heart rate indicators, we limited ourselves to only some 
indicators.

• When choosing the students for the research, their belonging 
to a particular sport was not taken into account.

• For some students, for various reasons, it was not always 
possible to register indicators twice: in the norm and after 
physical activity.

• To obtain reliable statistical data, it was necessary to extend 
the scheduled research time due to the implementation of 
several repetitions.
Conclusion.

From the data we obtained it follows that the picture of 
vegetative balance without studying vegetative reactivity cannot 
provide complete information about the state of regulatory 

systems. When studying autonomous reactivity, both optimal 
and paradoxical reactions were discovered with indicators 
corresponding to those described in the works of N.I. Shlyk and 
M.G Agadzhanyan et al. [17].

Against the background of optimal changes among some 
students, an increase in LF and VLF was observed.

The optimal reaction of the students of the III group to physical 
exertion indicates a normal level of fitness; the paradoxical 
reaction reflects a sharp predominance of central regulation and 
indicates overload and overexertion.

The increase in the amplitude of slow waves (LF and VLF) 
reflects the tension of the vasomotor and ergotropic regulation 
centers. VLF is closely related to psychoemotional and 
functional stress. Such reactions reflect changes in individual 
parts of the regulation process, and they are commonly called 
atypical.
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Резюме
Актуалность. Физическая активность является таким 

важным социально-биологическим фактором, который 
обеспечивает равновесие между организмом и внешней 
средой и способствует усовершенствованию механизмов 
регуляции процессов метаболизма.

Однако, злоупотребление физической нагрузкой часто 
приводит к нежелательным изменениям основных 
физиологических процессов в организме спортсменов, 
обусловленые влиянием ряда факторов. Состояние 
регулирующих систем организма и обеспечение 
необходимой адаптации организма к физической 
активности являются определяющими в оценке физической 
подготовленности спортсмена.

Известно, что при физической нагрузке функциональное 
состояние организма обусловлено реакцией, 
ограничивающей работоспособность сердечно-сосудистой 
и дыхательной систем. Выявлено, что при длительном 
ограничении физической активности нарушаются 
регуляторные механизмы кровообращения, а также 
синокардиальные рефлексы. 

Целью исследования является изучение адаптационных 
возможностей организма студентов в зависимости от 
центрального или автономного типа вегетативного 
регулирования. Осуществлялись регистрация и анализ 
ЭКГ студентов по методу вариационной пульсометрии. 
При помощи специальной программы анализировались 
интегральные показатели сердечного ритма студентов. 
Все исследования были проведены дважды: до физической 
нагрузки и сразу после физической нагрузки.

Результаты и заключение. Выявлены три типа 
реагирования на физическую нагрузку: оптимальный, 
парадоксальный и атипичный. Во всех типах реагирования 
выражается определенная степень и направленность 
напряженности процессов регуляции организма 
спортсменов. Исследование отличительных признаков 
вегетативной регуляции позволяет лучше оценить 
функциональное состояние организма спортсменов и 
определить нарушения их адаптационных возможностей.

По результатам исследования, исходя из первичных 
признаков адаптационных возможностей организма 
спортсменов и проявленной соответствующей реакцией, 
можно определить оптимальную дозу физической нагрузки 
спортсменов.
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