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heart rate variability metrics, in the coaching of elite 

swimmers

Corresponding author:  wimmings98@mail.ru

D.A. Pankov
The Fеdеrаl Trаining Sроrts Center of the representative teams of Russia, Moscow

Introduction.  Solving the problem of reliable in-

terpretation of HRV indicators during training will allow 

achieving tangible progress in competitive activities 

[8, 12]. To assess the state of the regulatory systems 

of the athletes’ body, it is important to have accessible 

and simple measurement methods. The main thing in 

these cases will be the dynamics of changes and the 

repetition of control measurements. In the analysis of 

HRV indicators, it is important to select digital indica-

tors that will reliably correlate with each other [7]. On 

the way to a sports result, a balance is needed be-

tween additional resources of the body and the main-

tenance of natural homeostasis [8, 11].

To monitor the current state, it is necessary to use, 

including in different directions, various functional 

tests and make minor but important changes to the 

training program [9]. It is noted that, in general, for 

the most effective impact on strength endurance, as 

a developing quality, training should be built in aerobic 

zones. (V. S. Gorozhanin, 1984, Avdienko V. B., So-

lopov I. N., 2019, Avdienko V. B., 2021, V. M. Volkov, 

1990). For correct reproduction of the research re-

sults, a similar qualification level of athletes, a number 

of measurements and suitable standard conditions 

are required [6]. The whole range of control measures 

will help to avoid premature intensification of the train-

ing process. (A. G. Dembo, 1980; P. P. Ozolin, 1984). 

It is necessary to create conditions for the realization 

of a high training potential. A higher training level is 

ensured on the basis of a high level of development 

of aerobic endurance (V. N. Platonov, 1998; V. B. Av-

dienko et al., 2005, I. N. Solopov) [2]. Control over 

the activity of adaptation mechanisms is carried out 

along two contours. Minimal participation of the cen-

tral circuit provides the underlying regulatory systems 

with a large number of degrees of freedom and helps 

to achieve a functional optimum (V.V. Parin, R.M. Bae-

vsky) [6].

HRV indicators have certain differences associ-

ated with the characteristics of different sports. For 
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our study, the differences in the indicators of the total 

power of the spectral waves TP were very important [4].

Objective of the study was to assess the effec-

tiveness of the Variсard system in optimizing the train-

ing regimen for elite swimmers.

Methods and structure of the study. The re-

search work was conducted over two years during the 

preparation of swimmers of the Russian national team 

at year-round centralized training events. The obser-

vation involved 30 qualified athletes: 10 masters of 

sports, 14 masters of sports of international class, 6 

honored masters of sports.

The task was to use the HRV indicators in training 

management during the selected period, the same for 

the control and experimental groups.

The conditions for the experiment, confirming the 

equivalence of the two groups, were: swimming spe-

cialization - distances up to 200 meters, WA (World 

Aqutics - former FINA) score level of at least 800 

points, mixed groups - men and women, performance 

at the same competitions at the same time.

The study used the VARICARD complex and the IS-

CIM6 program. The standard scenario of «sitting posi-

tion» at rest was used. Athletes visited the treatment 

room in the evening, after the training day, strictly ac-

cording to an individual schedule. The minimum num-

ber of measurements according to the regulations is 

twice a week. The following HRV indices were used: 

TI – tension index, TP – index of total spectral wave 

power, HR, PARS – index of regulatory systems activi-

ty, PAPR – index of regulation process activity, pNN50, 

MxDMn – variation range. Individual dynamics of 

changes in the listed indices were taken into account. 

With the help of the above-mentioned HRV indices, 

practical changes were made to the training plan of 

the weekly microcycle. The experimental group used 

the method of minor correction taking into account 

the obtained criterion assessments and pedagogical 

interpretation of the data. The control group did not 

Table 1. Interdependence of HRV indicators

Indicators Criterion Notes

TI + ТР -0,895 Inverse correlation

pNN50 + TI -0,838 Inverse correlation

PAPR + TI 0,949 Direct dependence

ТР + MxMDn 0,928 Direct dependence

Table 2. Criteria for HRV indicators

Indicators Norm Correction

TP 1100 - 5000

Work in any zonesTI 20 - 170

PARS 1-4

Indicators Norm Correction

TP <1100
Work in compensatory 

zones
TI >300

PARS 5-7

Indicators Norm Correction

TP >6000

Work in zones A1 and A2TI >200

PARS 8-10

Table 3. Example of individual changes in HRV
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make any changes to the training at different stages of 

preparation, receiving data.

Results of the study and discussion. During the 

observation period, 3820 measurements of highly 

qualified swimmers were taken under the conditions 

of training events held by the Russian Swimming 

Federation at the Olympic base «Lake Krugloe». The 

proposed training format allows observing changes 

in the functional state of athletes. The interdepen-

dence of the used HRV indicators is determined by 

the method of mathematical statistics. Table 1 shows 

the values.

It is worth noting that the MxDMn variation range 

indicators are used by us to determine the pathologi-

cal condition and a reactive change above 650 ms [14] 

can serve as a basis for additional consultation with 

the team doctor. The PARS indicators, although they 

have program criteria, were developed by Baevsky R. 

M. not for athletes and in assessing the state of regu-

latory systems have a reliable connection mainly with 

high point scores - 1-2 (physiological norm zone). Ta-

ble 2 shows the criteria for indicators developed dur-

ing the experiment that are most dependent on the 

state of the body after training work – TP, pNN50, Ten-

sion Index. 

Table 3 shows the HRV indices in swimmers after 

training in the PAN, Glycolysis, and maximum anaero-

bic power zones.

In the case where the indicators of the tension of 

the regulatory systems had a pronounced centraliza-

tion (PAPR), the other taken into account indicators of 

the HRV changed interdependently. The pedagogical 

interpretation of the results was expressed in reduc-

ing the load on the next day, maintaining the planned 

work and, in rare cases, increasing the load. The task 

of the coaches was to make a moderate adjustment 

to the training program of the next training day. The 

changes mostly concerned a decrease in intensity. A 

similar scheme in training management was used at 

each stage of preparation. After the experiment, the 

results shown at the competitions by the observed 

athletes were assessed using the SPLIT SMASH MAN-

AGER electronic system. The results of the compari-

son of the control and experimental groups at the Rus-

sian Championships in 2022 and 2023 are shown. The 

figure shows the percentage of deterioration in the 

speed of the starting 50-meter and finishing 50-meter 

segments for each swimmer who participated in the 

study (see figure).

Сonclusions. The problem of effective control 

over the management of an athlete’s training will al-

ways be one of the key tasks of growth and improve-

ment of sports skills. A promising direction for this will 

be control over the course of adaptation processes 

of the athletes’ body. The presence of athletes in a 

group whose hardware measurement indicators will 

correlate with available non-invasive methods for de-

termining their current state will simplify the problem 

of current control by the coach. This, in turn, will help 

avoid methodological errors when planning the train-

ing process.
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