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Dynamic examination of athletes is of great interest for sports medicine specialists, as it allows measuring changes in athletes’
functional state in parallel with increasing athletic performance in a one-year training cycle.

The aim of the work is to assess dynamic changes in parameters of heart rate variability, central hemodynamics and physical per-
formance in short-distance swimmers during preparatory and competitive periods of the training process.

Materials and methods. The swimmers (n = 94) qualified from the second-class sport qualification to Master of Sports of International
Class were examined during the preparatory and competitive periods of the training process. Short ECG recordings of 5 minutes
were used for the heart rate variability (HRV) analysis according to the International Standard.

Results. In the preparatory period, the autonomic equilibrium index had a mean value of 3.104 + 0.494 1/s?, and in the competitive
period —2.459 + 0.248 1/s? (P = 0.295). The initial distribution of athletes depending on the value of autonomic tone, according to
the classification proposed by R. M. Bayevskiy, had the following ratio in the preparatory period: 75.0 % / 20.0 % / 5.0 %, vagotonic,
normotonic and sympathotonic individuals, respectively, statistically significantly indicating the prevalence of athletes with vagotonia
over normotonic individuals (P = 0.0005). In the competitive period, this ratio was 60.0 % / 40.0 % / 0 %. The central hemodyna-
mic indices showed a downward trend as evidenced by a decrease in the cardiac index from 2.954 + 0.126 I'min”*m? to 2.862 +
0.088I'min"*m2 (P = 0.510), although these values matched to the eukinetic circulatory type (CT) during both training periods. However,
the ratio of hypokinetic, eukinetic and hyperkinetic CT in the preparatory period was 45.0 % / 45.0 % / 10 0 %, and in competitive peri-
od —45.0%/55.0 %/ 0 %, respectively. The mean value of physical working capacity (PWCWMQ) inthe preparatory period was 15.54 +
0.66 kgm*min'-kg™!, and in the competitive period it was 18.09 + 0.53 kgm-min”-kg", making an increase of 16.41 % (P = 0.0001).
The functional state index (FSI) increased significantly by 25.08 % from 5.558 + 0.322r. u. t0 6.952 + 0.272r. u. (P = 0.00001).
The correlation analysis during the preparatory period showed a significant positive correlation between Mo and PWC,,, (r = 0.46,
P = 0.040), ARl and Cl (r = 0.50, P = 0.026), IARP and CI (r = 0.53, P = 0.017), stress-index and SI (r = 0.52, P = 0.019) and
negative —between Mo and CI (r = -0.56, P = 0.009). In the competitive period, the general tendency of correlation interaction was
remained, as evidenced by revealed positive relationships between Moand FSI (r = 0.53,P = 0.017),ARland SI(r = 0.51,P = 0.020).

Conclusions. Short-distance swimmers in the competitive period had significantly higher level of physical working capacity (by
16.4 %), the functional state index (by 25.1 %), as well as parasympathetic tone of ANS in comparison with the preparatory period.
The above-mentioned hemodynamic changes and autonomic balance indicators were associated with the increase in athletic per-
formance: 4 (20 %) swimmers qualified for the title of Master of Sports of Ukraine, 2 (10 %) swimmers — for Candidate Master of
Sports, and 2 (10 %) swimmers — for first-class sport qualification.

BnAuMB LiAOPiIYHOTO TPEHYBaHHA HAa NOKa3HMKK BapiabeAbHOCTI cepLeBoro putmy,
LleHTpaAbHOI reMOAUHaMIKK Ta Gpi3MUHOI NpaLe3AaTHOCTI NAaBLIB Ha KOPOTKi AMCTaHLi

€. \. Muxaatok, B. B. Cusoaan, €. 0. fopoxoBcbkuit, M. C. MotaneHko

[vHamiyHe CnocTepexeHHs 3a CNOPTCMEHaMM BUKITVKAE YAManuin HayKoBWIA iHTEpeC A5 dhaxiBLyiB CNOPTUBHOT MEAULIMHM, OCKiNb-
KW Aae 3MOory KOHCTaTyBaTu 3MiHW (hyHKLIIOHAMBHOrO CTaHy CrIOPTCMEHIB NapanernbHO 3i 3pOCTaHHSM CrIOPTUBHOTO pesynbTaTy
MpOTAroM OAHOPIYHOTO LIKITY TPEHYBANBHOIO NMPOLIECY.

MeTta po6oTu — ouiH1TK 3MiHWM NapameTpiB BapiabenbHocTi cepueroro putMy (BCP), LieHTpanbHOi remoauHamikv Ta gisuyHoi
npavLesaaTHoCTi NMaBLiB Ha KOPOTKi AWCTaHLT B NIArOTOBYWI | 3MaranbHUIA Nepioamn TPeHyBanbHOro NPOLECY.

Marepianu Ta metogu. Y nigrotoB4oMy Ta 3mararnbHOMy nepiogax TpeHyBanbHoro npouecy obctexunu nnasyis (n = 94) Ha
KOPOTKi AncTaHLii kBanicpikallii Big MalicTpa cnopTy MiXXHAapOAHOrO Knacy Ao cnopTcmeHa 2 po3psay. [ns aHanisy BCP Bukopu-
CTanw KopoTki (5-xBummHHi) 3anucy EKT™ BignoBigHoO 40 MixXkHAapoQHOTo CTaHAapTy.

Pesyneraru. Y nigrotos4omy nepiogi 75,0 % nnasuis Manu o3Haku BaroToHii, 20,0 % — HOpMOTOHii, 5,0 % — CUMNATUKOTOHii.
Pi3HuLs nuToMOI Baru BaroToHiKiB i HOpMOTOHiKiB BiporigHa (p = 0,0005). Y amaranbHuii nepiog BifbyBcs 3cyB CMiBBiAHOLIEHHS!
BeretaTuHoro 6anaHcy B 6ik HopmoToHii: 60,0 % /40,0 % /0 % BignosigHo. Moain nnasuiB 3a TMNamm KpoBoobiry B NiAroTOB-
YoMy nepiogi: rinokiHeTnuHuin —45,0 %, eykiHeTnuHuit —45,0 %, rinepkiHeTnuHuin — 10,0 %;y 3maransHomy nepiogi —45,0 %,
55,0 %,0 % signosiaHo. CepenHe aHadeHHa PWC,, 3pocrioHa 16,41 % (p = 0,0001). IHaekc hyHKLiOHanbHOro cTaHy 36irs-
wwmecs Ha 25,08 % (p = 0,00001). KopenswiiHuii aHania y NiaroToB4wi | 3MararbHUIA Nepioam nokasas, Lo 36inbLUeHHS di3nyHOi
npauesaaTHoCTi NoB'A3aHe 3i 3binbLueHHaM iHaekcy Mo, aMeHLeHHs iHaekcy Cl — 3i ameHLweHHaM BIP i MAMP i 36inbweHHaM
Mo, a Takox 3meHLLeHHs Cl — 3i 3HKeHHAM iHgekcy cTpecy. MNokpawymnucs cnoptusHi pesynstatu: 20 % (n = 4) nnasuis Bu-
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KOHamm HopmaTtuB MawcTpa cnopty Ykpainu, 10 % (n = 2) cnopTCMeHiB cTanwu kaHaugatamu B maictpm cnopty, 10 % (n = 2)
CTanu cnopTcMeHamm 1 pospsgy.

BucHoBku. Mnasui Ha KOpoTKi AUCTaHLil y 3maranbHuin nepiod Manu Ha 25,1 % BuULKiA piBeHb (yHKLOHANBbHOTO CTaHy, Ha
16,4 % —disnyHoi npave3naTHOCTi, 3BinbLUEHHS TOHYCY NapacuMnaTuiHoro Biaainy AHC nopiBHsHO 3 nigrotoB4vm nepiogom. Y
3MaranbHoMmy nepioai 36epernucs KopensuiiHi 38'a3kK, WO BUSIBMEHI B NiroToB4oMy nepiogi. MoniniueHHs CnopTMBHKX pe3yrb-
TaTiB NNaBLiB Ha KOPOTKi AUCTaHLT acoLitoBanocs 3 Ha3BaHNMK 3MiHaMM NOKa3HUKIB reMoayHaMikv Ta BeretaTMBHOro BanaHcy.

BAMsIHME KPYTAOrOAUYHOM TPEHUPOBKM Ha NOKa3aTeAu BapuabeAbHOCTH
CEpPAEYHOro PUTMa, LIeHTPaAbHOW reMOAMHAMUKU U pU3nuecKorn pabotocnocobHocTH
NAOBLIOB Ha KOPOTKHE AUCTAHLUM

E. A. Muxantok, B. B. CbiBoaan, E. H0. fopoxoBckuit, M. C. MotaneHko

[uHamnyeckoe HabnofeHe 3a COPTCMEHAMM NPEeACTaBNSeT BOMbLUIOKA MHTEPEC ANS CNeLnanicToB CNOPTUBHOM MEAULIMHLI,
MOCKOMbKY MO3BOMSIET KOHCTATUPOBATL M3MEHEHUSI (hYHKLIMOHANBHOTO COCTOSIHUSI CMIOPTCMEHOB MaparifefisHo ¢ POCTOM Crop-
TMBHOTO PEe3yrnbTaTta B TeYeHye rofyyHoro LMKa TPEHMPOBOYHOTO MpoLiecca.

Lienb paboTbl — OLEHUTL N3MEeHeHUs NapaMeTpoB BapuabenbHOCTH cepaeyHoro putMa (BCP), LeHTpanbHoM remoguHamuky
1 chuanyeckorn paboTocnocobHOCTM NMOBLIOB Ha KOPOTKME AUCTaHLMW B MOLTOTOBUTENbHbIA U COPEBHOBATENbHbI NEPUOAbI
TPEHMPOBOYHOTO MpoLiecca.

Matepuansi n meTofbl. B noaroToBuUTENEHOM 1 COPEBHOBATENBEHOM NEPUOAAX TPEHMPOBOYHOIO NpoLiecca 0bcnenoBsant NoBLOB
(n = 94) Ha KOpOTKME AUCTaHLMW KBanWMKaLM OT MacTepa CropTa MexayHapoaHoro Knacca 10 cnopTcMeHa 2 paspsiga. Ans
aHanu3a BCP ucnonb3oBanu kopoTkue (5-MuHyTHbIe) 3anucn SKI B COOTBETCTBUM C MEXOYHAPOAHBIM CTaHAAPTOM.

Pesynkratbl. B nogrotosutensHom nepuoge 75,0 % nnoBLoB umenu npuaHaky BarotoHnn, 20,0 % —HopMoToHun, 5,0 % —cum-
naTUKOTOHUW. PasHunua yaenbHOro Beca BaroTOHMKOB M HOPMOTOHMKOB focToBepHa (p = 0,0005). B copeBHOBaTeNbHLIN Nepuog,
MPOM3OLLIIO CMELLEHNE COOTHOLLIEHWS BereTaTMBHOrO 6anaHca B CTOPOHY HopMoToHuu: 60,0 % /40,0 % /0 % cooTBETCTBEHHO.
PacnpeneneHve nnoBLOB Mo TMNam KpOBOOOPALLEHNS B NOLATOTOBUTENBHOM NEPUOLE: TMNOKUHETNYECKUA — 45,0 %, aykuHeTu-
yecknin — 45,0 %, rmnepkuHeTnyecknin — 10,0 %; B copeBHoBatensHoM nepuoge — 45,0 %, 55,0 %, 0 % COOTBETCTBEHHO.
Cpennee sHauerne PWC, . sbipocriioHa 16,41 % (p = 0,0001). MHaeKe hyHKLMOHAMBHOTO COCTOSAHMS yBenuunncs Ha 25,08 %
(p = 0,00001). KoppensumoHHbIi aHan1a B NOArOTOBUTENbHbIA M COPEBHOBATENbHbIA NEPUOLLI NOKa3as, YTo yBenmyeHve (usm-
Yecko paboTocnocobHOCTH CBA3AHO C yBeNUYeHnem nHaekca Mo, ymeHblueHve nHaekca CU — ¢ ymeHblueHnem BIIP u MAMP
1 yBennyeHrem Mo, a Taioke ymeHbLueHne CU — co CHbKeHreM WHAeKca CTpecca. YNyuLumnmch cnopTusHble pesynstarsl: 20 %
(n = 4)NnoBLOB BLINOMHUIX HOPMATKB MacTepa cropta YkpauHbl, 10 % (n = 2) cnopTCMeHOB CTanw kaHaugatamu B Mactepa
cnopta, 10 % (n = 2) ctanu cnoptcMeHamu 1 paspsaa.

BriBoAbl. M10BLbI HA KOPOTKUE ANCTAHLMM B COPEBHOBATENbHBINA Nepuog UMenm Ha 25,1 % BbilLe YpoBeHb (OyHKLIMOHANBHOTO
cocTosHuA, Ha 16,4 % — dmandeckoit paboTocnocoBHOCTH, yBennYeHne ToHyca napacumnatudeckoro otaena AHC no cpaBHeHWo
C NOArOTOBUTENbHBIM NEPUOAOM. B copeBHOBaTENBHOM NEepUoae COXPaHUMNCL KOPPENSILMOHHbIE CBA3W, KOTOPbIE MPOSIBMSANNCH
B NOATOTOBUTENBHOM Nepuofe. YryylleHne CropTUBHbBIX Pe3yNnbTaToB NOBLOB Ha KOPOTKWE AMCTaHLMM accoLMmMpoBanoch ¢
yKa3aHHbIMY U3MEHEHUSIMI NOKa3aTenen reMoaMHaMMK1 1 BereTatyBHOro banaHca.

Dynamics of the functional state of the athlete’s body
during the sports season with the most pronounced shifts
in the competitive period with their return to standards in
the transition period, when the athlete practically does not
train, is the most important sports medicine feature [2].

Such dynamic examinations represent a great interest for
sports medicine specialists, as it allows measuring changes
in the functional state of athletes in parallel with increasing
athletic performance in a one-year training cycle [6].

At the same time, there are some difficulties in orga-
nizing the process of these examinations, mainly due to a
lack of motivation among athletes, being officially allowed to
compete, to undergo repeated loading tests on the eve of
the responsible start, or if an athlete is in another phase of
training session, for the next start preparation. That is why
groups of examined athletes are often small, and similar
examinations are occasional. In particular, we carried out
such studies analyzing brain and central hemodynamic
indicators during a one-year training cycle among shot put-
ters including 98 athletes (31 women and 67 men) as early
as 1989 [5]. Slightly smaller compared groups, for known
reasons, were in dynamic studies among sprinters [8,10],
and middle-distance 400-meter runners of both sexes [7,9].

Our international colleagues face this kind of challenges.
The above assertions appeared to be justified by the fact
that Polish researchers were able to compare heart rate
variability indicators in pre-competitive and competitive pe-
riods in only 11 volleyball players [15], dynamic changes in
the physical working capacity among 9 elite handball players
[13]. International research of scientists from Brazil, Australia,
and Spain combined the results of examinations among
15 futsal players [14]. Comprehensive study on assessing
the state of heart rate variability and physical working capacity
among 22 handball players throughout the season of play (6
examinations) was conducted by O. N. Kudrya [3]. Thus, in
the scientific literature, there are very few studies examining
the dynamics of heart rate variability, central hemodynamics
and physical working capacity in athletes during preparatory
and competitive periods of the training process.

Aim
To assess dynamic changes in parameters of heart rate
variability, central hemodynamics and physical performance

in short-distance swimmers during preparatory and com-
petitive periods of the training process.

3anopoxckuii MeguumMHekui xypHan. Tom 23, Ne 3(126), mait — nioHb 2021 .



Materials and methods

Swimmers (n = 94) qualified Master of Sports of Interna-
tional Class, Master of Sports, Candidate Master of Sports,
first- and second-class sport qualification were assigned in
agroup (n = 20). Athletes of this group were examined in
the competitive period of the training process in addition to
the preparatory period. At the beginning of the preparatory
period, the group consisted of 3 athletes qualified for the title
of Master of Sports of Ukraine, 9 athletes — Candidate
Master of Sports, 6 athletes —first-class sport qualification
and 2 athletes — second-class sport qualification.

Mathematical and spectral methods of heart rate
variability (HRV) analysis were used to assess the state of
the neurohumoral heart regulation mechanisms, activity of
segmental and suprasegmental levels of the autonomous
nervous system (ANS) [4]. 5-minute short ECG recordings
were used for the HRV analysis according to the Interna-
tional Standard [16].

The analysis of the ANS was carried out using a
stress-index, an integral indicator of HRV. Based on
the recommendation of R. M. Bayevskiy [1], vagotonia is
assumed if the stress-index is less than 50 relative units
(r. u.), normotonia — if the stress-index is within the range
of 51-199 . u. and sympathicotonia — if the stress-index is
more than 200 . u.

Central hemodynamic parameters were examined by
an automated tetrapolar rheography method according to
W. Kubicek etal. (1970) Y. T. Pushkar et al. modified (1970)
[12]. Stroke volume (SV) and cardiac output (CO), stroke
and cardiac indices (SI, 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 sub-
maximal PWC_, test[14] and calculating the relative value
of physical working capacity, i.e. PWC, ... . The functional
state index (FSI) was calculated according to the formula
that we had proposed and patented [11].

The study results were analyzed statisti-
cally 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 mean differences was analyzed by a two-tailed
t-test for dependent variables. The difference between two
subsets of data was considered statistically significant at a
value of P less than 0.05. Pair-wise Pearson’s correlation
was used to analyze an association between HRYV, central
hemodynamic and physical working capacity indices.

Results

Most researchers think that analysis of resting heart rhythm
variability is the best objective, informative and sensitive
method to assess functional state and physical preparation
in sports. A comparison between studied HRV indicators
showed no significant differences in most of them. A favo-
rable upward trend in mode (Mo) from 0.890 + 0.035s to
0.938 + 0.036 s (P = 0.153) and range of variability (D)
from0.523 + 0.006st00.599+0.119s (P = 0.616)as well
as a downward trend in AMo/D from 105.67 + 29.21 %/s
t078.16 = 10.93 %/s (P = 0.381)and in the stress-index
from 60.09+15.72r.u.t043.73 + 6.73r.u. (P = 0.358)was
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observed in time-domain HRV indicators in the competitive
period. The resulting shifts indicated favorable changes in
autonomous balance with a trend towards predominantly
parasympathetic effects of the ANS. The results obtained
were confirmed by a downward trend in mean heart rate
(HR) value from 60.05 + 2.63 bpm to 57.95 + 2.10 bpm
(P = 0.250).

It is known that the autonomous rhythm index (ARI)
allows ascertaining the autonomous balance and the higher
its activity, the less the ARI; the more the autonomous
balance is shifted towards the parasympathetic arm of
the ANS predominance, the higher the adaptive reserve
including sports one. In the preparatory period, the auton-
omous balance index had a mean value of 3.104 + 0.494
1/s?, and in the competitive period — 2.459 + 0.248 1/s?
(P = 0.295), respectively.

The initial distribution of athletes according to the value
of autonomous tone based on the classification proposed
by R. M. Bayevskiy [1] in the preparatory period was as
followis: 75.0 % /20.0 % /5.0 %, vagotonic, normotonic
and sympathotonic individuals, respectively, statistically sig-
nificantly indicating the prevalence of athletes with vagotonia
over normotonic individuals (P = 0.0005). In the competitive
period, this ratio was 60.0 % /40.0 % /0 %. It should be
noted that there were no significant differences between
vagotonic and eutonic individuals (P = 0.206) among
the examined swimmers, at the same time, there were not
sympathotonic individuals.

A decreasing trend in the central hemodynamic
parameters was in the cardiac index from 2.954 +
0.126I'min"m?2t02.862 + 0.088 I'min"m?2(P = 0.510),
while these values matched to the eukinetic circulatory type
(CT) during both training periods. However, the percentage
of CTwas45.0 %/45.0 %/10.0 % inthe preparatory peri-
od,and45.0 %/55.0 %/0 % -inthe competitive period,
hypokinetic, eukinetic and hyperkinetic CT, respectively.
Despite an increase of two swimmers (10 %) in the number
of athletes with eukinetic CT, we believe that there were
beneficial developments in the competitive period since
the absence of athletes with unfavorable hyperkinetic CT.

The relative values of physical working capacity and
functional state index (FSI) significantly changed. The
mean value of PWC, ., was 15.54 + 0.66 kgm'min™'"kg"
in the preparatory period, and increased by 16.41 %
(P = 0.0001) and totaling 18.09 + 0.53 kgm-min"'-kg" in
the competitive period.

The FSI increased significantly by 25.08 % from
5558 + 0.322r.u.t06.952 £ 0.272r.u. (P = 0.00001).
Based on our classification, low FSI score was in the pre-
paratory period, and it increased to below the average in
the competitive period. The individually assessed functional
state in the preparatory period was as follows: low score
in 12 swimmers (60.0 %), lower the average score in 7
(35.0 %), medium score in 1 swimmer (5.0 %). In the com-
petitive period, the FSIwas lowin 7 (35.0 %), lower the av-
erage score in 10 (50.0 %), and medium in 3 swimmers
(15.0 %). Thus, in the competitive period, the number of
swimmers with medium score increased by 10.0 %, with
below the average — by 15.0 %, and the number of swim-
mers with low score decreased by 25.0 %.

The correlation analysis during the preparatory period
showed a significant positive correlation between Mo and
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PWC,,,, (r = 0.46, P = 0.040), ARI and CI (r = 0.50,
P = 0.026), indicator of the adequacy of regulation process-
es (IARP)and CI (r = 0.53,P = 0.017), stress-index and
SI(r = 0.52,P = 0.019)and negative —between Mo and
Cl(r = -0.56, P = 0.009). Mo is known to be an indicator
showing a probable level of cardiovascular functioning and
the higheritis, the higher parasympathetic effect of the ANS
and, in our case, the higher PWC ., .

The ARI made it possible to assess autonomous ba-
lance and effect of its reduction on the Cl valuing the pre-
mise of a shift towards the dominance of parasympathetic
regulation and a decrease in Cl. A decrease in the IARP
values also indicated the prevalence of parasympathetic
effects and a decrease in Cl. The decrease in the stress-in-
dex unidirectionally contributed to the decrease in Sl, and
finally, a reliable increase in the Mo advantageously led to
a decrease in S, resulting in its economy when the values
corresponding to the hypokinetic CT were reached.

In the competitive period, the general tendency of cor-
relation interaction was remained, as evidenced by revealed
positive relationships between Mo and FSI (r = 0.53,
P = 0.017),ARland SI (r = 0.51, P = 0.020).

The dynamics of increasing athletic performance in a
one-year training cycle was quite interesting. In the com-
petitive period, four athletes CMS qualified for the title of
MS, two first-class swimmers - for the CMS title, and two
second-class swimmers —for the first-class athletes. Thus,
there were seven MS of Ukraine, seven swimmers CMS and
six first-class swimmers in the examined group.

Discussion

As shown above, few studies were carried out on dynamic
observations of the functional state among athletes. Dynamic
examinations of 15 futsal players showed a significant im-
provement in pedagogical tests and some indices of HRV
in the competitive period as compared to those during short
3-week preparatory period indicating the prevalence of para-
sympathetic regulation among examined athletes [14]. The
authors suppose that monitoring the results of these tests
and HRV indicators can help to assess a level of adaptation
in athletes and/or to detect signs of deadaptation earlier.
Examination of HRV carried out during pre-competition and
competition periods among 11 volleyball players showed
significant differences in spectral and time-domain HRV pa-
rameters [15]. The significant increase in very low frequency
(VLF) (%) in the competitive period could be due to a state of
increased psychophysiological arousal. The authors suggest
that the resting bradycardia identified by the time-domain
HRV parameters analysis may be the result of internal
changes in the sinoatrial node possibly reflecting an impact of
long-term training on the cardiac conduction system. The high
level of physical activity in volleyball players during the studied
periods can certainly contribute to the vagal tone reduction
and a shift of the ANS balance towards the sympathetic arm,
which might reflect their decline.

Dynamic observations [13] of the 9 handball players
conducted at the end of the competitive period and at
the beginning of the preparatory period which was preceded
by the 4-week total endurance training for the next sports
season showed a significant increase in PWC,, from
2.73 + 0.51 W/kgto 3.06 + 0.42 W/kg (P < 0.01).

Studies conducted by O. N. Kudrja [3] showed that
22 handball players qualified from first-class athletes to
MS experienced a significant increase in PWC,,, from
18.10 + 0.77 to 21.00 = 0.67 kgm-min--kg", heart
rate reduction from 65.0 + 2.09 to 55.1 + 1.96 and
stress-index decrease from 64.01 + 6.98t035.94 + 5.26
r. u. (P < 0.05) between the beginning of the pre-
paratory period and the beginning of the competitive
period.

Thus, in the competitive period, in line with improve-
ments in the pedagogical tests among team-sport athletes,
there were significant favorable developments in ANS
and physical working capacity. The data obtained by us in
swimmers also has shown a positive dynamics of HRV and
PWC and, most importantly, athletic performance has been
reflected in achieving the normative of MS of Ukraine, CMS
and first-class athletes by some swimmers. It is also worth-
while noting that in team sports, some players might have
had reduced functional state and overexertion, especially
on the cardiovascular system and ANS, that was dwarfed
by a high level of functional state in other team members
who ensured the athletic team achievement. For this reason,
athletes engaged in individual sports were at a substantial
disadvantage as a decrease in functional state showed a
decrease in athletic performance.

Conclusions

1. There was the substantial prevalence of parasympa-
thetic tone of the ANS with the upward trend in the number
of athletes with vagotonia, absence of athletes with hy-
perkinetic CT, the significant increase in physical working
capacity by 16.41 % and FSIby 25.08 % among short-dis-
tance swimmers in the competitive period as compared to
the preparatory one.

2. Correlation analysis carried out in the preparatory pe-
riod of the training process showed favorable relationships
that were reflected in the increased physical working capac-
ity of swimmers as Mo values were increased, decreased
Cl values as ARI and IARP were decreased, increased
Mo and decreased Sl as the stress-index was decreased.

3. In the competitive period, these relationships re-
mained, as well as the increased athletic performance since
four swimmers qualified for the title of Master of Sports of
Ukraine, two first-class swimmers qualified for Candidate
Master of Sports, and two second-class swimmers — for
first-class athletes.

Study limitations. Statistically insignificant changes in
some studied indicators in our work are explained by the low
statistical power of the study as well as the heterogeneity
of the group by the level of sports qualification. The latter
points to the need for a stronger focus on the development
of certain physical performance for further progression in
the sport chosen at the training process stages, rather than
on an enforcing the sport achievements, for athletes of mass
categories (first- and second-class).

The prospects for further research are to study
the effect of training loads from the preparatory to
the competitive period of the training process on the HRV
indicators, central hemodynamics and physical working
capacity among athletes in other sports including sex
differences.

3anopoxckuii MeguumMHekui xypHan. Tom 23, Ne 3(126), mait — nioHb 2021 .



Conflict of interest: authors have no conflict of interest to declare.
KoHAIKT iHTepeciB: BiACyTHIM.

Hapinwaa po pepakuii / Received: 03.11.2020
MNicast poonpauoBaHHs / Revised: 18.01.2021
MpuitHaTo Ao Apyky / Accepted: 21.01.2021

Information about authors:

Mykhaliuk Ye. L., MD, PhD, DSc, Professor, Head of

the Department of Physical Rehabilitation, Sports Medicine,
Physical Education and Health, Zaporizhzhia State Medical
University, Ukraine.

ORCID ID: 0000-0003-3607-7619

Syvolap V. V., MD, PhD, DSc, Professor, Head of the Department
of Propedeutic of Internal Medicine, Radiation Diagnostic and
Radiation Therapy, Zaporizhzhia State Medical University, Ukraine.
ORCID ID: 0000-0001-9865-4325

Horokhovskyi Ye. Yu., PhD, Associate Professor of the Department
of General and Applied Ecology and Zoology, Zaporizhzhia
National University, Ukraine.

Potapenko M. S., MD, PhD, Assistant of the Department of
Anesthesiology and Intensive Care, Zaporizhzhia State Medical
University, Ukraine.

BiaomocrTi npo aBTopiB:

Muxantok €. A\., A-p Mea. Hayk, npodecop, 3aB. kad. disnuHoi
peabiniTaLli, CIOPTUBHOI MEAMLIMHY, GI3UYHOTO BUXOBAHHS i
3A0POB’A, 3aN0Pi3bKMI AePXABHWUI MEAUYHUI YHIBEPCHTET,
YkpaiHa.

Cusonan B. B., A-p Mea. Hayk, npodecop, 3aB. kad. NPoONeAeBTHUKM
BHYTPILLHBOT MEAWMLMHM, MPOMEHEBOI AlarHOCTUKM Ta NPOMEHEBOT
Tepanii, 3anopisbkuin AepXXaBHUI MEAUYHUI YHIBEPCUTET,
YkpaiHa.

TopoxoBcbkuii €. 0., KaHA. BioA. HayK, AOLEHT Kad. 3aranbHoT

Ta NPUKAAAHOT €KOAOTiT | 300A0rT, 3aN0pi3bKMIA HaLLIOHAAbHUI
yHiBepcuTeT, YkpaiHa.

MotaneHko M. C., kaHA. MeA. HayK, acUCTEHT Kad. aHECTESIOAOTiT
Ta iHTEHCMBHOI Tepanii, 3anopi3bkuii AepXaBHUI MEAUYHWI
yHiBepcuTeT, YkpaiHa.

CBeaeHus 06 aBTopax:

Muxantok E. A, A-p MeA. Hayk, npodeccop, 3aB. kad. Gu3nueckoi
peabuanTaLmK, CNOPTUBHON MEAWLIMHBI, GU3MYECKOTO BOCTIUTAHUS
1 3A0POBbS, 3aMOPOXCKMI rOCYAAPCTBEHHbBIN MEAULIMHCKIIA
yHUBEpcUTET, YKpanHa.

CbiBoAan B. B., A-p Mea. Hayk, npodeccop,

3aB. Kad. NPONEAEBTUKM BHYTPEHHEN MEAULIMHbI, Ay4eBOV
AV@rHOCTHKM W1 AYYEBOV Tepaniu, 3anopoXCKui rocyAapPCTBEHHbIN
MEAMUMHCKUI YHUBEPCUTET, YKpauHa.

TopoxoBckui E. H0., kaHA. 6MOA. HayK, AOLLEHT kad. 06LLel 1
NPUKAGAHOM 3KOAOTUM U 300A0TWM, 3aMOPOXCKUIA HALIMOHAAbHbIN
yHUBEpCUTET, YKpanHa.

MotaneHko M. C., kaHA. MeA. HayK, acCUCTEHT

Kad. aHeCTE3MONOTHN 1 UHTEHCUBHO Tepanuu, 3anopoxckui
rOCYAAPCTBEHHbIM MEAULUMHCKUI YHUBEPCUTET, YKpauHa.

References

[1] Baevskii, R. M., & Berseneva, A. P. (1997). Otsenka adaptatsionnykh
vozmozhnostei organizma i risk razvitiya zabolevanii [Assessment of
adaptation capabilities of the organism and a risk of disease develop-
ment]. Meditsina. [in Russian].

Karpman, V. L. (1980). Funkcional’naya diagnostika v sportivnoj
medicine [Functional diagnostics in sports medicine]. Klinicheskaya
medicina, (6), 3-7. [in Russian).

Kudrya, O. N. (2014). Otsenka funktsional’nogo sostoyaniya i fizi-
cheskoi podgotovlennosti sportsmenov po pokazatelyam variabel'nosti
serdechnogo ritma [Evaluation of functional state and physical pre-
paredness of athletes on indicators of the heart rate variability]. Vestnik
Novosibirskogo gosudarstvennogo pedagogicheskogo universiteta,
(1), 185-196. [in Russian].

Mikhailov, V. M. (2002). Variabel'nost’ ritma serdtsa: opyt prakti-
cheskogo primeneniya metoda [Heart rate variability: the experience
of practical implementation of the method] (2nd ed.). Ivanovskaya
gosudarstvennaya meditsinskaya akademiya. [in Russian].

[2]

(3]

[4

Zaporozhye medical journal. Volume 23. No. 3, May — June 2021

18]

[6]

Yy

18]

1

[10]

(1]

[12]

[13]

[14]

[19]

[16]

Original research

Mikhalyuk, E. L. (1989). Sostoyanie tsentral'noi i regionarnoi gemo-
dinamiki u legkoatletov-metatelei v godichnom tsikle trenirovochnogo
protsessa. (Avtoref. dis. ... kand. med. nauk). [Central and peripheral
hemodynamic parameters in throwers in the process of an annual
training cycle]. (Extended abstract of candidate’s thesis). Moscow.
[in Russian].

Mikhalyuk, Ye. L. (2015). Osoblyvosti naukovykh doslidzhen u sportyvnii
medytsyni na suchasnomu etapi [Specifics of scientific research in
sports medicine at the present stage]. Zaporozhye medical journal, (5),
82-84. https://doi.org/10.14739/2310-1210.2015.5.53821 [in Ukrainian].
Mikhalyuk, Ye. L., Didenko, M. V., & Malakhova, S. N. (2016). Vplyv
tsilorichnykh trenuvan na stan sertsevo-sudynnoi, avtonomnoi ner-
vovoi systemy ta fizychnoi pratsezdatnosti u zhinok-bihuniv na 400
metriv [Influence of yearlong training on the state of cardiovascular,
autonomic nervous system and physical performance in female 400
meters runners]. Pathologia, (1), 54-60. https:/doi.org/10.14739/2310-
1237.2016.1.71189 [in Ukrainian].

Mikhaluk, E. L., Didenko, M. V., & Malakhova, S. N. (2016). Zminy
intehralnykh pokaznykiv funktsionalnoho stanu lehkoatletok-sprynteriv
u richnomu tsykli trenuvalnoho protsesu [Change in integral functional
status of female athletes-sprinters in the annual cycle of training
process]. Bukovynskyi medychnyi visnyk, 20(2), 91-95 [in Ukrainian].
Mikhalyuk, Ye. L., Malakhova, S. N., & Didenko, M. V. (2016).
Dynamichni sposterezhennia za vehetatyvnym zabezpechenniam
tsentralnoi hemodynamiky ta fizychnoi pratsezdatnosti bihuniv na
dystantsii 400 metriv [Dynamic observation of vegetative support of
central hemodynamics and physical performance in 400-m runners].
Zaporozhye medical journal, (1), 29-34. https://doi.org/10.14739/2310-
1210.2016.1.64052 [in Ukrainian].

Mikhalyuk, Ye. L., Malakhova, S. N., & Didenko, M. V. (2016). Shcho-
richni sposterezhennia za funktsionalnym stanom lehkoatletiv-spryn-
teriv [Yearlong observation of functional status of athletes-sprinters].
Zhurnal klinichnykh ta eksperymentalnykh medychnykh doslidzhen,
4(2), 201-208. [in Ukrainian].

Mykhaliuk, Ye. L., Syvolap, V. V., & Tkalich, I. V. (2008). Sposib otsinky
funktsionalnoho stanu orhanizmu osib, shcho zaimaiutsia fizychnoiu
kulturoiu ta sportom [Method for assessing functional state of body
in persons practicing sports] (Ukraine. Patent No. 36013). Ukraina.
Derzhavna sluzhba intelektualnoi vlasnosti Ukrainy. https://base.
uipv.org/searchINV/search.php?action=viewdetails&ldClaim=124703
[in Ukrainian].

Karpman, V. L., Belotserkovskii, Z. B., & Gudkov, I. A. (1988). Testiro-
vanie v sportivnoi meditsine [Testing in sports medicine]. Fizkul'tura i
sport. [in Russian].

Boraczynski, T., & Urniaz, J. (2008). Changes in Aerobic and Anaerobic
Power Indices in Elite Handball Players Following a 4-Week General
Fitness Mesocycle. Journal of Human Kinetics, 19(1), 131-140. https:/
doi.org/10.2478/v10078-008-0010-1

Oliveira, R. S., Leicht, A. S., Bishop, D., Barbero-Alvarez, J. C.,
& Nakamura, F. Y. (2013). Seasonal Changes in Physical Perfor-
mance and Heart Rate Variability in High Level Futsal Players.
International Journal of Sports Medicine, 34(5), 424-430. https:/doi.
org/10.1055/s-0032-1323720

Podstawski, R., Boraczynski, M., Nowosielska-Swadzba, D., &
Zwolinska, D. (2014). Heart rate variability during pre-competition and
competition periods in volleyball players. Biomedical Human Kinetics,
6(1), 19-26. https://doi.org/10.2478/bhk-2014-0004

(1996). Heart rate variability: standards of measurement, physiological
interpretation and clinical use. Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electro-
physiology. Circulation, 93(5), 1043-1065. https://doi.org/10.1161/01.
CIR.93.5.1043

ISSN 2306-4145  http://zmj.zsmu.edu.ua 347


https://orcid.org/0000-0003-3607-7619
https://orcid.org/0000-0001-9865-4325
https://doi.org/10.14739/2310-1210.2015.5.53821
https://doi.org/10.14739/2310-1237.2016.1.71189
https://doi.org/10.14739/2310-1237.2016.1.71189
https://doi.org/10.14739/2310-1210.2016.1.64052
https://doi.org/10.14739/2310-1210.2016.1.64052
https://base.uipv.org/searchINV/search.php?action=viewdetails&IdClaim=124703
https://base.uipv.org/searchINV/search.php?action=viewdetails&IdClaim=124703
https://doi.org/10.2478/v10078-008-0010-1
https://doi.org/10.2478/v10078-008-0010-1
https://doi.org/10.1055/s-0032-1323720
https://doi.org/10.1055/s-0032-1323720
https://doi.org/10.2478/bhk-2014-0004
https://doi.org/10.1161/01.CIR.93.5.1043
https://doi.org/10.1161/01.CIR.93.5.1043

	229452_Mykhaliuk_Syvolap_et_all
	Article info
	UDC
	DOI
	Key words
	E-mail

	Abstract
	Abstract_UA
	Abstract_RU

	Background
	Aim
	Materials and methods
	Results
	Discussion
	Conclusions
	Study limitations
	The prospects for further research
	Conflict of interest
	Information about authors
	Відомості про авторів
	Сведения об авторах

	References


