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Introduction. The cardiovascular system is a dy-
namic structure that quickly responds to various fac-
tors of the external and internal environment: psycho-
emotional state, physical activity, weather conditions, 
etc. [3, 4, 8, 9]. The study of the functional state of the 
cardiovascular system of athletes is important for as-
sessing the adequacy of physical activity and adapta-
tion to it, as well as for determining the morphological 
and functional characteristics of the body [7].

Objective of the study was a comparative assess-
ment of the functional state of the cardiovascular sys-
tem of underwater swimmers in different time periods.

Methods and structure of the study. The survey 
involved divers of three generations (conditionally di-
vided into groups): group A - 2004, group B - 2014, 
group C - 2022. Each group consisted of 10 boys and 
10 women aged 17 to 25 years. Each of the examined 

has high sports results and a sports title not lower than 
masters of sports (MS). The study was carried out in 
several stages, at the sports bases of the city of Kras-
noyarsk (sports complex “Avangard”, “Water Sports 
Palace of the Siberian State University”).

Anthropometric indicators were assessed: body 
length (height), body weight (weight), chest circum-
ference, hand strength, calculation of the weight-
height index (WHI), life index (LI); morphological and 
functional indicators: heart rate (HR), systolic blood 
pressure (SBP).

Results of the study and their discussion. An 
assessment of the anthropometric indicators of swim-
mers revealed that the height of women involved in un-
derwater sports in 2004 was 165-173 cm. In 2014, the 
same level remained, and in 2022, the average height 
increased by 3 cm. engaged in underwater sports in 
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2004, the growth was 167-184 cm. In 2014 and 2022 
growth rates increased by 2-5 cm, respectively (Ta-
bles 1, 2).

Different dynamics of body weight was established. 
In women, the difference depending on the time pe-
riod ranged from 1 to 3 kg. The largest body weight 
was noted in men in 2022, the difference from 2004 
was 6 kg.

The muscle strength of the hands has slight fluc-
tuations, both in women and men, within 1-3 kg, which 
can be explained by the specifics of this sport. Swim-
ming in a monofin excludes the work of the hands, a 
slight increase over the years indicates the predomi-
nance of hand strength, which is associated with an 
increase in body weight.

An important indicator in scuba diving is the indi-
cators of the cardiovascular system, which depend 
both on the biological characteristics of the body and 
on what distances the athlete specializes in. Regard-
less of specialization, a significant load in scuba diving 
falls on the circulatory system. Since the heart rate re-
sponds to emotional and physical stress, to the inter-
nal and external environment of the body, we studied 
heart rate and blood pressure at rest.

The highest rate of heart rate in men was noted 
in group C - 62 beats/min, in groups A and B it was 
61 beats/min, which does not have statistically sig-
nificant differences. The highest rate of heart rate in 
women, depending on the time period, in group A was 

61 beats/min, in group B - 62 beats/min, in group C - 
64 beats/min. There is a slight increase in heart rate at 
rest, which can be regarded as a positive effect on the 
cardiovascular system.

The highest rate of systolic blood pressure (SBP) 
was observed in men: in group A, its average values 
were 125 mm Hg. Art., in group B - 115 mm Hg. Art., 
in group B - 120 mm Hg. Art. All indicators are within 
the physiological norm for highly qualified athletes, 
which also indicates the favorable effect of underwa-
ter sports on the circulatory system. The highest indi-
cator of systolic blood pressure in women: in group A - 
125 mm Hg. Art., in groups B and C - 120 mm Hg. Art. 
These indicators are within the physiological norm for 
highly qualified athletes and correspond to the stand-
ards of healthy people.

The discussion of the results. Heart rate is a sensi-
tive marker of the body’s vegetative homeostasis, one 
of the first to respond to its changes during adaptation. 
The slowing of heart rate at rest is associated with an 
increase in parasympathetic influences on the autom-
atism function of the heart. Some authors note a posi-
tive relationship between the volume of the heart and 
the power of contractions and an inverse relationship 
with heart rate (the larger the heart, the more power-
ful the contractions, the lower the pulse). A number of 
authors [1, 2, 5], who study the influence of the direc-
tion of the training process on cardiac performance, 
note that the highest values of heart rate are observed 
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Table 1. Indicators of physical development of underwater swimmers according to anthropometric data in 
women

Indicators Time period
2004 2014 2022 

Height, cm 165-173 166-174 165-177

Body weight, kg 56-68 59-69 53-70

Chest circumference, cm 75-83 74-84 75-86

WHI 339-400 355-404 325-409

LI 52-75 54-71 58-81

Wrist strength, kg (right hand) 27-29 28-29 27-32

Wrist strength, kg (left hand) 25-27 26-28 25-29

Table 2. Indicators of physical development of underwater swimmers according to anthropometric data in 
men

Indicators Time period
2004 2014 2022 

Height, cm 167-184 172-186 165-191

Body weight, kg 67-88 66-92 65-94
Chest circumference, cm 87-110 89-108 90-110
WHI 394-478 379-494 375-497
LI 67-79 71-81 75-84
Wrist strength, kg (right hand) 46-51 47-50 45-52

Wrist strength, kg (left hand) 46-49 47-50 43-50
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in athletes who develop the quality of endurance. Our 
data are consistent with those of S.K. Andreeva, who 
notes that among highly qualified divers, the heart 
rate in men is 62 beats/min (intragroup variation 48-
80 beats/min), in women - 65 beats/min (intragroup 
variation was 62-83 beats/min). It follows that under-
water sports have a positive effect on the cardiovas-
cular system. Arterial pressure is an integral indicator 
of hemodynamics and characterizes the state of the 
circulatory system.

Conclusions. The study made it possible to sum-
marize that women involved in underwater sports in 
2022 have higher indicators characterizing the mor-
phological and functional capabilities of the body. 
They are taller, have the greatest weight, hand muscle 
strength, higher weight-height index (WHI), life index 
(LI), resting heart rate (HR) than athletes of 2004 and 
2014. In men, the same trend persists, there is an in-
crease in weight, height, hand strength, WHI, LI, heart 
rate at rest.

Thus, the monitoring of the functional state of ath-
letes is of great importance in the distribution of loads 
in the process of sports activities. As a result of the 
competent construction of the training process, tak-
ing into account individual functional indicators, the 
reserve capabilities of the athlete’s body increase, 
increasing its biological stability and system reliability.
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