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The aim of the study was to analyze the features of the autonomic maintenance of central hemodynamics and physical efficiency
in high-class sprint swimmers in the distance from 50 to 200 meters.

Materials and methods. The study compared indicators of the heart rate variability, central hemodynamic and physical working
capacity in sprint swimmers with the following qualifications: Master of Sports, Master of Sports of International Class (n = 36),
Candidate Master of Sports and first-class sportsman (n = 50).

Results. It has been shown that Masters of Sports and Masters of Sports of International Class in swimming are significantly
older, have longer swimming experience, higher body height and weight, greater relative indices of the physical working
capacity and lower heart rate in comparison with the Candidate Master of Sports and first-class sportsmen. A tendency to
the prevalence of swimmers with hyperkinetic blood circulation and vagotonia has been noted.

OcobAMBOCTI BereTaTUBHOr0 3a6e3neueHHsA LeHTPaAbHOI reMOAUHAMIKM | Gi3UUHOI
npaue3AaTHOCTI NAOBLIB-CNIPUHTEPIB BUCOKOI KBaAidikaLii

€. \. Muxantok, M. C. Notanexko, €. 0. fopoxoBcbkum, A. M. TyHiHa, P. B. fonoBaLLeHKO

MeTta po6GoTu — npoaHaniaysaTit 0COBNMBOCTI BEreTaTMBHOIO 3abe3ne4eHHs LIEHTPanbHOI reMoamHaMikv Ta ¢isuyHoi npaLle-
3AaTHOCTi y NNaBLiB-CNPUHTEPIB BUCOKOrO KNnacy Ha BiAcTaHi Big 50 Ao 200 meTpib.

Marepianu Ta metoau. NopiBHAMM NOKa3HUKKM BapiabenbHOCTi CEPLIEBOrO PUTMY, LieHTpabHOI reMoguHamiku i isnyHoi npa-
LespaTHocTi y nnasLiB-cnipunTepis piBHs MC-MCMK (n = 36) i KMC-1 po3psa (n = 50).

PesynkraTtu. MNokasaHo, wo nnasui pisHg MC-MCMK nopiBHsiHO 3 nnaBusmu keanidikauii KMC-1 pospsig BiporiaHo
cTapLUi, MatoThb GiNbLUMIA CTaX 3aHATb NNABAHHAM, JOBXWHY, Macy Tina, BiZHOCHY Benu4uHy ¢isnyHoi npavlesnaTHoCTi,
meHLWwy YCC; y HUX BU3Ha4YeHa TeHAeHLis 40 nepeBaXaHHS rinoKIHETUYHOrO TUMY KPOBOOBiIry, a Takox cepen Hux binblue
CMOPTCMEHIB i3 BaroTOHi€H0.

OcobeHHOCTH BereTaTUBHOro o6ecneyeHus LLeHTPaAbHOM reMOAMHAMUKH
U Gpu3nueckon paboTocnocobHOCTH NAOBLOB-CNPUHTEPOB BbICOKOM KBaAMDUKALIUK

E. A. Muxantok, M. C. NMotaneHko, E. K0. fopoxoBckui, A. M. TyHuHa, P. B. fonoBaLLeHKo

Llenb pabotbl — aHanu3 0cobeHHOCTeN BeretTaTMBHOMO 0BeCcneYeHmnst LeHTparnbHOM reMoauHaMuKL 1 dnanyeckon pabotocno-
COBHOCTM Y CNOPTCMEHOB-CNPUHTEPOB BbICOKOTO Knacca Ha auctaHuum ot 50 fo 200 meTpos.

Marepuans! u metoaebl. [poBeaeHO CpaBHeHME nokasaTteneit BapuabenbHOCT CEPAEYHOT0 pUTMAa, LIEHTparbHON reMoamnHa-
MUKM 1 corandeckoi paboTocnocobHocTV Mexay nnosLamu-cnpuHtTepam yposHst MC-MCMK (n = 36) n KMC-1 paspsg (n = 50).

Pesynbrartbl. MokasaHo, 4to nnosubl yposHs MC-MCMK no cpasHeHwto ¢ nnosuamm ksanudumkaum KMC-1 paspsg go-
CTOBEPHO CTapLue, UMetoT BoMbLLNIA CTax 3aHATWIA NaBaHWeM, ASVHY, Maccy Tena, OTHOCUTENbHYHO BENUYMHY u3nYeckon
pabotocnocobHocT, MeHblue YCC; y HUX OTMEYEHa TEHAEHUMS K MPEBaNMPOBAHUIO MMMNOKUHETUYECKOTO THMa KpoBoobpa-
LLIeHUs1, @ TakoKke cpean HUX 6onbLue COPTCMEHOB C BarOTOHWEN.

Modern methods of the training swimmers must be in-
extricably linked with well-organized medical support.
Unfortunately, swimmers’ coaches have no motivation
to apply testing to date [9]. In that regard, we agree with
the thought of some authors [3] about selection for sports
swimming, which is rather subjective in most cases. It can
be explained by insufficient methodological works and
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lack of criteria based on modern medical and biological
research.

The achievement of high sports results in swimming is
largely determined by the high level of the body’s energy-re-
lated processes, as well as the ability to realize its aerobic
and anaerobic potencies in conditions of overcoming com-
petitive distances [12]. Taking into account the fact that one
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of the most important systems determining the functional
state of the athlete is the cardiovascular system, we exa-
mined the autonomic maintenance of central hemodynamics
and physical efficiency in high-class sprint swimmers.

Aim
The aim of the study was to analyze the features of the auto-
nomic maintenance of central hemodynamics and physical

efficiency in high-class sprint swimmers in the distance from
50 to 200 meters.

Materials and methods

At the beginning of the preparatory period, a comprehensive
examination was conducted, which included the measure-
ment of anthropometric indices, heart rate variability (HRV),
central hemodynamics and physical working capacity in 86
swimmers (average age 16.8 + 0.30 years, swimming experi-
ence —8.8 £ 0.27 years), specializing in the distance from 50
to 200 meters and having sport qualifications from first-class
sportsman to Master of Sports of International Class (MSIC).

Mathematical methods of HRV analysis were used to
analyze the autonomic regulation of cardiac activity. The
following characteristics were identified: mode (Mo, s),
amplitude of mode (AMo, %), and variation range (D, s).
Some derived indices were calculated: autonomic equilibri-
um index (AMo/E, %/s), autonomic rhythm index (AR, 1/s?),
adequacy of regulation processes (ARP, %/s), stress-index
(relative units, r.u.). Analysis and estimation of frequency
components of cardiac rhythm was carried out by examining
spectral indices of autocorrelation functions: total power
(TP) of spectrum (ms?), power in the range of very low
frequencies VLF (ms?), power in the range of low LF (ms?)
and high HF (ms?) frequencies, LF and HF in normalized
units (LFN and HFN, %, relative units).

The analysis of the autonomous nervous system was
carried out using a stress-index, an integral indicator of
HRV. According to the recommendation of R. M. Baevskii
[1], vagotonia is considered if stroke index (SI) is less than
50 r.u., eutonia —if Sl is within the range of 51-199 r.u. and
sympathicotonia — if Sl is more than 200 r.u.

Central hemodynamics was studied by the method of
automated tetrapolar rheography according to W. Kubicek
et al. (1970) in Y. T. Pushkar’s et al. modification (1970).
Stroke volume and cardiac output (SV, CO), Sl and cardiac
index (Cl), systemic vascular resistance (SVR) and systemic
vascular resistance index (SVRI) were calculated.

Physical working capacity was measured according
to a common technique on a cycling ergometer using a
submaximal PWC, test [13] and calculating the relative
value of physical performance, i.e. PWC,,, . The functional
state index (FSI) was calculated according to the formula
proposed and previously used by us.

The results of the study were analyzed statis-
tically with Statistica for Windows 13 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J). All the data were presented
as the sample mean (M) * the standard error (m). The sig-
nificance of average differences was analyzed by two-tailed
t-test forindependent samples. The difference between two
subsets of data was considered statistically significant if a
significance level P (P-value) was less than 0.05. Pairwise

Pearson correlation was used to analyze the association
between HRV, central hemodynamics and physical working
capacity indices.

Results

The results of anthropometric indices measurements in
swimmers showed that in the whole group, the body height
was — 181.6 £ 0.87 cm, and the body weight — 70.60 +
1.01 kg. From the time and frequency indicators of HRV,
the stress index should be noted, as its average value
was 54.84 + 5.11 r.u., which corresponded to eitonia, and
the sympathetic index was 1.703 £ 0.139 r.u., corresponding
to its normal value.

Among the central hemodynamics indices, the mean
value of HR was 58.520 + 1.067 bpm, S| — 49.05 + 0.82
ml-m?, Cl-2.870 + 0.044 I-min”"-m2, SVRI - 29.44 £ 0.52
r.u., and the average CI value corresponded to the eu-
kinetic type of circulation. The relative value of physical
working capacity was 17.17 + 0.31 kgm'min‘-kg"', IFS —
6.422 + 0.166 r.u. Distribution of the swimmers by circula-
tory type (CT) showed that 43.0 %, 50.0 % and 7.0 % of
the athletes were classified as hypokinetic, eukinetic and
hyperkinetic CT, respectively. This showed a trend to euki-
netic CT (P = 0.358) and confirmed the mean CI values.
The initial autonomic tone in the swimmers, according to
the classification proposed by R. M. Bayevskiy [1], was as
follow: 65.0 % — vagotonics, 33.7 % — eutonics and 1.3 % —
sympathicotonics. This reliably indicated the prevalence
of swimmers with vagotonia (P = 0.006) and eutonics
(P=0.023) compared with sympathicotonics. The FSI mean
value was 6.422 + 0.166 units, which rated the level “below
average” according to our classification.

Acorrelation analysis of the studied indicators revealed
a positive correlation between Mo and SI (r = 0.377,
P =0.0001), Mo and SVR (r = 0.414, P = 0.0001), Mo and
SVRI (r=10.526, P = 0,0001), Mo and PWC,,,, (r=0.480,
P=0.0001), Moand IFS (r=0.307, P=0.004), VPRand HR
(r=0.360,P=0.001), VPR and CI (R =0.312, P = 0.003),
stress-index and HR (r = 0.239, P = 0.026), stress-index
and Cl (r = 0.259, P = 0.016), and negative — between Mo
and HR (r =-0.773, P = 0.0001), Mo and CI (r = -0.466,
P =0.0001), VPR and SVR (r = -0.337, P = 0.002), VPR
and SRVI (r = -0.349, P = 0.001), stress-index and SVR
(r=-0.303, P =0.005), stress-index and SRVI (r =-0.305,
P =0.004).

Concerning the correlation of Mo, which indicates
the most probable level of cardiovascular functioning, its
association confirmed the fact of vagus control over the si-
nus node. This contributed to a decrease in HR and Cl, and
manifested as an economy of the circulatory system and
was associated with increased physical working capacity. It
is known that the autonomous rhythm index makes it possi-
ble to conclude about the autonomic balance, as the lower
its value, the more the autonomic balance is shifted towards
the parasympathetic regulation prevalence. In our study,
the most interesting was the positive association between
VPR and Cl, indicating that the decrease in VPR was fol-
lowed by a decrease in Cl, which is energy-efficiently for
the athletes’ cardiovascular system.

However, the positive relationship between the stress-in-
dex and the CI (r = 0.259, P = 0.016) was the most signi-
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ficant. This indicated the direct effect of the autonomous
nervous system on the integral index of central hemody-
namics when the decrease in the stress-index was followed
by a decrease in the Cl, which approximated the values of
the hypokinetic type of circulation. Among the remaining
indicators, there were no significant correlations.

Tofacilitate a correct interpretation of the data obtained,
all the swimmers were divided into two groups by sports
qualification.

Group | (n = 36) were Master of Sports (MS) and
Master of Sport of International Class (MSIC) swimmers
(average age 18.61 £ 0.41 years, experience in swimming
10.40 £ 0.44 years, body height — 186.60 + 1.23 cm, body
weight — 77.2 £ 1.36 kg).

Group Il (n = 50) were Candidate Master of Sports
(CMS) and first-class swimmers (average age 15.60 + 0.33
years, experience in swimming 7.63 £ 0.23 years, body
height 178.00 £ 0.92 cm, body weight 65.90 + 0.98 kg).

When comparing anthropometric indices, it was found
that the body height and weight of Group | swimmers
were greater compared to Group |l swimmers with a
high degree of statistical significance (P = 0.00001). For
most time and frequency indicators of HRV, there were
no significant differences between groups. In particular,
the stress-index was within the range of 51.13 + 6.05 r.u.
in Group |, and up to 57.51 + 7.66 r.u. in Group Il, which
corresponded to the eutonia state. The average HR value
was the lowest in Group | — 56.00 + 1.76 bpm, compared
to Group Il — 60.40 + 1.35 bpm (P = 0,047). In Group |,
the average Cl was 2.795 £ 0.058 L'min"-m?, in Group
I1-2.925 + 0.063 L-min-'-m, which were comparable and
consistent with the eukinetic CT. It should be noted that
the average SVR values between the studied groups were
statistically insignificant, but the SVRI were greater in Group
I than in Group Il (30.78 £ 0.76 r.u. versus 28.47 £ 0.69 r.u.
(P =0.029).

A ratio of CTs in swimmers with different sports clas-
ses was interesting. Thus, in the group of MS and MSIC
swimmers, it was as follows: 50.0 %: 44.4 %: 5.6 % of
hypo-, eu- and hyperkinetic type, respectively. That is, there
was a tendency to hypokinetic CT (P = 0.744) prevalence
compared to eukinetic and hyperkinetic CT (P = 0.872). In
the group of first-class and CMS swimmers, the CT ratio
was as follows: 38.0 %: 54.0 %: 8.0 % of hypo-, eu- and
hyperkinetic CT, respectively. That means, there was a
tendency to the eukinetic CT prevalence (P = 0.284). It
should be noted that in the groups, with raising of the sports
class, there were a tendency to increase in the number of
swimmers with hypokinetic CT (from 38.0 % to 50.0 %) and
decrease in the number of swimmers with hyperkinetic TC
(from 8.0 % to0 5.6 %).

In the group of MS and MSIC swimmers, the ratio of
autonomic tone was 61.1 %: 38.9 %: 0.0 %, and in the group
of first-class and CMS swimmers — 68.0 %: 30.0 %: 2.0 %,
corresponding to vagotonia, eutonia and sympathicotonia,
respectively. Thus, the lower the sports class of swimmers,
the greater number of athletes with vagotonia (P = 0.092).
It should be noted that according to the data of I. M. Kur-
banova [8], in young swimmers, with raising of the sports
class from the third-class sportsman to MS, the percentage
of normotonics significantly decreases and the proportion
of sympathicotonics is nearly tripled.
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The relative value of physical working capacity was
the greatest in Group | — 18.37 + 0.37 kgm-min“'-kg™ in
comparison with Group Il — 16.30 + 0.41 kgm-min*'-kg"!
(P =0.0006).

The FSI was significantly higher in Group | compared
to Group Il (6.924 + 0.205 versus 6.061 + 0.233 r.u.,
P =0.009). At the same time, according to our classifica-
tion, swimmers of both groups matched the level “below
average” on this index.

The correlation analysis of the studied indicators in
Group | swimmers showed a positive correlation between
Mo and SVR (r = 0.630, P = 0.0001), Mo and SRVI
(r=0.615, P = 0.0001), Mo and PWC,, (r = 0.442,
P = 0.007) and a negative correlation between Mo and
HR (r = -0.752, P = 0.0001) and Mo and CI (r = -0,519,
P =0.001). The correlation between Mo and PWC,,;, .
as well as Mo and Cl, is very important, as it shows that
the increase in the athlete’s current functional state, mani-
fested by the HR decrease, is followed by high physical
working capacity and low Cl values which come close to
hypokinetic CT.

The similar analysis of the studied indicators in first-
class and CMS swimmers showed positive correlation
between Mo and Sl (r = 0.501, P = 0.0001), Mo and SVR
(r=0.332,P=0.018), Mo and SVRI (r = 0.401, P = 0.004),
Mo and PWC,, . (r=0.427, P = 0.002), stress-index and
Cl (r=10.385, P =0.006) and negative correlation between
Mo and HR (r=-0.770, P = 0.0001), Mo and Cl (r =-0.411,
P =0.003). Swimmers of this classes as well as MS and
MSIC athletes had rather strong positive correlation be-
tween Mo and PWC,,, , Mo and Cl, in addition, between
stress-index and CI, which indicated that the decrease
in stress-index was followed by a Cl decrease, which
could reach the values characteristic for hypokinetic
CT.

Discussion

In the available scientific literature, we have found some
works related to the studies on the swimmers’ HRV, central
hemodynamics, and physical working capacity. Thus, accor-
ding to the results of T. V. Krasnoperova [6] obtained during
the examination of 22 swimmers, the average observed HR
was 58.17 + 1.68 bpm. M. A. Kiryanova and |. N. Kalinina [7]
found that the average HR among 24 sprint swimmers from
first-class to MS sportsmen in the pre-competition period
was 62.90 + 2.91 bpm. A. D. Vikulov et al. [2], in the middle
of the competitive period among twenty 18-23-year-old
swimmers from CMS to MSIC, obtain an average value
of HR which accounted for 56.4 + 5.5 bpm. Our previous
study has shown, that the average value of HR in 13 first-
class and CMS swimmers in the pre-competition period was
60.1 £ 1.8 bpm, and HR in 12 MS and MSIC swimmers was
55.1 £ 2.5 bpm [11]. Quite close values have been obtained
in the present study: first-class and CMS swimmers (n = 50)
had HR 60.40 £ 1.35 bpm, while MS and MSIC swimmers
(n = 36) had HR 56.0 + 1.76 bpm. Thus, highly qualified
swimmers were characterized by the average value of
HR within 55.1 £ 2.5 — 62.90 + 2.91 bpm range. However,
not all authors conducted their studies in the pre-com-
petition period, which could have affected the study
results.

ISSN 2306-4145  http://zmj.zsmu.edu.ua 247



ISSN 2306-4145  http://zmj.zsmu.edu.ua

Ole r’MMHaAbHbl€e UCCAEAOBAHNA

Cl as an integral indicator of the central hemodynamics
ranges from 2.427 + 0.128 I'min”-m [6] to 3.099 + 0.080
I'min""-mamong 47 examined CMS and MSIC sprint swim-
mers according to the study results of some authors. The
previous studies conducted in 2004 showed that the ave-
rage value of Cl in 14 CMS athletes was 3.482 + 0.140
I'min'-m?, and this index in MS and MSIC athletes (n = 33)
was I'min-"-m2[10]. Our data [11] obtained by the swimmers
examination have shown the value 0of2.998 +0.131 I-min-"-m2
forfirst-class and CMS athletes, and 2.550 £ 0.092 |- min-*-m?
for MS and MSIC athletes. According to the data obtained
in this work examining the first-class and CMS swimmers,
the value of Cl was 2.925 + 0.063 I-min”-m?, and the value
obtained in the MS and MSIC swimmers was 2.795 + 0.058
I'min"-m2. Thus, for swimmers qualified from first-class
sportsman to MSIC, the typical Cl values were at the level
of hypo- and eukinetic.

Concerning the autonomous nervous system, the
other integral indicator value — stress-index, obtained from
the examination of 20 swimmers in the middle of the com-
petitive period was 35.22 + 10.32 r.u. [2], according to
A. P. Isayev et al. [4], stress-index was 45.71 + 1.76 r.u.,
and according to T. V. Krasnoperova [6], this index was
37.65 £5.89r.u. In accordance with our previous results [10]
obtained from first-class and CMS swimmers, stress-index
was 58.85 + 10.38 r.u., and for MS and MSIC athletes —
53.18 £19.01 r.u. In this work, these data were 57.51 + 7.66
ru. and 51.13 + 6.05 r.u., respectively. Thus, the average
value of stress-index typically ranged from 35.22 + 10.32
r.u. to 58.85 £ 10.38 r.u. in swimmers from the first-class to
MSIC that corresponded to the vagotonia state.

The average value of relative physical working ca-
pacity in swimmers from the first-class to MS, according
to D. V. Kaunina and A. D. Vikulov [5], was 20.53 + 4.72
kgm-min'-kg?, E. V. Kharlamov et al. [14] reported aver-
age values of 18.75 + 5.10 kgm'min"-kg" for first-class
swimmers and 20.08 + 2.56 kgm-min-'-kg"" for MS athletes.
E. L. Mikhalyuk [10] obtained the average value of
19.47 £ 0.18 kgm'min”-kg" in 9 CMS swimmers and
the result was 20.12 £ 0.31 kgm'min-'-kg™! in MS and MSIC
swimmers (n =9). Our data from 2007 showed the average
value of physical working capacity in first-class and CMS
swimmers at the level of 18.93 + 0.92 kgm-min”-kg™" and
20.2910.70 kgm-min-'-kg ™ in MS and MSIC swimmers [10].
In this study, these values were 16.30 + 0.41 kgm-min--kg"*
and 18.37 + 0.37 kgm'min--kg™, respectively. Thus,
the sprint swimmers from first-class to MSIC had the av-
erage value of relative physical working capacity ranging
from 16.30 £ 0.41 up t0 20.53 £ 4.72 kgm-min-'-kg'. Based
on the obtained average data of the studied indicators, it
is possible to establish a model portrait corresponding to a
high-class sprint swimmer.

Conclusions

1. Sprint swimmers from first-class sportsman to Master
of Sports of International Class (average age — 16.8 + 0.3
years, average swimming experience — 8.80 + 0.27 years)
have body height of 181.60 + 0.87 cm, body weight of
70.60+ 1.01 kg, HR 0f 58.52 £ 1.09 bpm, Cl-2.870 4 0.044
I'min-m?, stress-index — 54.84 + 5.1 ru., PWC_, -
17.17 £ 0.31 kgm'min"-kg"', IFS — 6.422 + 0.166 r.u.

2. Sprint swimmers from Master of Sports to Master of
Sports of International Class (average age — 18.61 + 0.41
years, average swimming experience — 10.40 + 0.44
years) have body height of 186.6 + 1.23 cm, body weight of
77.2 £1.36 kg, HR —56.0 + 1.76 bpm, Cl — 2.795 + 0.005
I'min"-m?2, PWC,,,, - 18.37 + 0.37 kgm'min™"kg™, IFS -
6.924 £ 0.205 r.u.

3. Sprint swimmers from first-class to Candidate Mas-
ter of Sports (average age — 15.60 + 0.33 years, average
swimming experience — 7.63 + 0.23 years) have body
height of 178.00 + 0.92 cm, body weight of 65.90 + 0.98 kg,
HR - 60.40 + 1.35 bpm, CI - 2.925 £ 0.063 I-min”"-m?,
stress-index — 57.51 + 7.66 r.u., PWC -16.30 £ 0.41

170/kg

kgm-min”-kg", IFS - 6.061 £ 0.233 r.u.
4. In swimmers from first-class to Master of Sports
of International Class, the positive correlations between

Mo and PWC,,, . stress-index and CI, and the negative

correlation between Mo and Cl are the most significant.
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