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The aim of the work is to assess dynamic changes in heart rate variability (HRV), central hemodynamics and physical perfor-
mance in female swimmers at a distance of 50-200 meters and female runners at a distance of 400 meters in the preparatory
and competitive periods of the training process.

Materials and methods. At the beginning of the preparatory period and at the end of the competitive period, 11 female swimmers
were examined, including 1 athlete — Master of Sports of Ukraine (MSU), 7 athletes — Candidate Masters of Sports (CMS), 1 —first-
class athlete, 2 — second-class athletes, and 22 female runners, including 1 athlete — Master of Sports of Ukraine of International
Class (MSUIC), 3 athletes — Candidate Masters of Sports, 7 first-class athletes, 8 — second-class athletes and 3 —third-class athletes.

Time- and frequency domain methods of HRV analysis were used to assess the mechanisms of heart neurohumoral regulation.
Central hemodynamic parameters were examined by an automated tetrapolar rheography according to W. Kubicek et al. (1970)
modified by Yu. T. Pushkar et al. (1970). Physical working capacity (PWC) was measured using a submaximal PWC,, test. The
functional state index (FSI) was calculated according to the formula that we had proposed and patented.

Results. Analysis of HRV indices in female swimmers revealed the prevalence of parasympathetic influences in the competitive
period. There was a central hemodynamics-related significant decrease in cardiac index (Cl) in the competitive period, although
its value corresponded to the eukinetic circulatory type (CT). The ratio of CTs was 18.2 %: 81.8 %: 0.0 %, hypokinetic, eukinetic
and hyperkinetic CT, respectively, indicating a tendency towards eukinetic CT prevalence over hypokinetic one (P = 0.075)
and the absence of athletes with physiologically unfavorable hyperkinetic CT. The PWC,, ~value increased by an average of
12.44 %, from 12.860 £ 0.732 kgm-min-'-kg™" to 14.460 + 0.823 kgm-min--kg" (P = 0.002), and FSI — of 22.21 % (P = 0.0005) and
corresponding to “below average” score. In the competitive period, 2 CMS female athletes qualified for MSU, 1 first-class athlete
qualified for CMS, and 2 second-class athletes achieved the first-class sport qualification.

Conclusions. Female swimmers demonstrated the significant prevalence of parasympathetic effects of the ANS, the tendency
towards the eukinetic CT predominance and the absence of hyperkinetic CT, significantly increased PWC,,, value by 12.44 %
and FSI - by 22.21 % in the competitive period as compared with the preparatory period. The correlation analysis to assess
both periods revealed the important relationship between heart rate (HR) and autonomic rhythm index (ARI), HR and indicator of
the adequacy of regulation processes (IARP), indicating that training-induced bradycardia shifted the autonomic balance towards
the predominance of the parasympathetic arm of the ANS. Decreased ARI caused the decrease in Cl, resulting in the transformation
of hyperkinetic CT into eukinetic one and the absence of physiologically unfavorable hyperkinetic CT in the athletes. The increased
functional state of female swimmers in the competitive period helped to achieve improvements in their athletic performance.

BeretatuBHe 3a6e3neueHHA LLEHTPaAbHOI reMOAMHAMIKU Ta Gi3UUHOI NpaLe3AaTHOCTI
NAABYMX i XXIHOK-6iryHIiB y piuHOMY LIMKAI TpEHyBaAbHOTO NpoLecy

€. \. Muxaatok, B. B. Cusoaan, €. t0. lopoxoBcbKuit

MeTa po60TH — OLiHIOBaHHS AMHAMIYHWX 3MiH NOKa3HWKiB BapiabenbHocTi cepuesoro putmy (BCP), LeHTpanbHoi remoguHamikv
Ta (hisnyHOI NpaLe3naTHOCT y NpeaCcTaBHULG NaBaHHs Ha ancTaHLii 50-200 M i xiHok-6iryHiB Ha 400 M y nigroToB4omy i 3ma-
ranbHOMY Nepiofax TPeHyBanbHOro NPOLECY.

Marepianu Ta meToau. Ha novatky nigrotoB40ro Ta MOBTOPHO HAMPUKiHLI 3MaranbHoro nepiogy obctexunu 11 nnasuvx (1 maiictep
cnopty Ykpaihu, 7 kanguparis y maiictpu cnopty (KMC), 1 nepuopo3psigHuus, 2 cnoptemeHku |l pospsay) Ta 22 xiHok-6iryHis
(1 maiicTep cnopty YkpaiHu MixHapogHoro knacy, 3 KMC, 7 nepLuopospsaHuub, 8 cnoptemeHok |l pospsgy, 3 — Il pospsgy).

[Ins oLiHIoBaHHS CTaHy MexaHiamiB HelporymoparbHoi perynsii CepLs BUKOPUCTOBYBANW MaTeMaTU4HII i CrieKTparibHUi METOam
aHanisy BCP. LieHTpanbHy remoavHamiky BWBYany METOLOM aBTOMaT3oBaHoi TeTpanonspHoi peorpadii 3a W. Kubicek et al.
(1970) y mogumdpikaii tO. T. Mywkaps Ta cnisasT. (1970). ®isnyHy npaue3naTHICTb BU3Ha4anm 3 BAKOPUCTaHHAM CyOMaKCMasnsHOro
Tecty PWC,,,. I®C pospaxosysari 3a hopmyrioro, L0 3anporoHoBaHa Ta sanareHToBaHa asTopamul.

Pesynikratu. AHanis nokasHukie BCP y nnaeuvx nokasas npeBastoBaHHs Y 3maranbHOMY Nepiofi napacumnaTiyHUX BrnmvBiB
AHC. 3 6oky LeHTpanbHoi remogyHamiky y 3maranbHOMY NepIoai, HE3BAXatouM Ha Te, LU0 BENUUMHM CEpLIEBOTO iHAEKCY Bianosiganm
eykiHeTuyHoMy TUny kpoeoobiry (TK), Binbynocs siporigHe ameHLueHHs Cl. CniBBIHOLIEHHS MiX FMOKIHETUMHUM, €YKIHETUYHUM i
rinepkiHeTuHuM TK — 18,2 %: 81,8 %: 0,0 % BignoBigHo; OTxe, € TEHAEHLis [0 NnepeBaxaHHs eykiHeTndyHoro TK Hap rinokiHeTny-
HuM (p = 0,075) i BigCYTHOCTI CMOPTCMEHOK i3 q)|3|onor|qu HEBMIigHWM FII'IepKIHeTMHHVIM TK. Bermunna PWC, - 36inblunnaca B
cepepHboMy Ha 12,44 % (312,860 + 0,732 krm-xB™"-kr" fo 14,460 + 0,823 krm-xB™"kr, p = 0,002), a I®C - Ha 22 21 % (p=0,0005),
LLOBIANOBIAAE OLHL «HUKYE CepenHboi». Y 3maransHoMy nepioai 2 cnoptcmenku kaanicikavii KMC BukoHanu HopmaTtus maii-
cTpa cnopTy YkpaiHu, ogHa nepLuiopo3psanuus ctana KMC, a aei cnoptcmeHku, siki Manm || po3psg, — nepLUIopo3psiaHuLsMu.
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OpwuriHaAbHiI AOCAIAXKEHHS

BucHoBKu. Y 3maranbHOMY nepiogi, NOPIBHIOKYM 3 NArOTOBYMM, Y NPEACTaBHWLIb NiaBaHHS BUSIBUNM BIpOriAHE NpeBasitoBaHHs
napacumnatuyHux BrnveiB AHC, TeHaeHLUjo 10 nepeBaxaHHs eykiHeTnyHoro TK i3 BiACYTHICTIO CNOPTCMEHOK i3 rinepKiHETUYHUM
TK, BiporiaHe nigsuwerHs PWC, . Ha 12,44 % Tta |OC Ha 22,21 %. Kopensuiittnit aHanis, aaicHenuit B 06ox nepiogax, noka-
3aB BaxnmBui 38’30k Mix YCC i BIP, YCC i MATP, a ue cBigunTb, Wo bpaaukapgis, sika po3BUBAETLCS Mig BIAMBOM (i3NyHNX
TpEHyBaHb, 3MiLLlye BereTaTuBHUMI 6anaHc y bik nepeBaxaHHs napacumnatuyHoro Biaginy AHC. 3HuxerHs BINP npussognTb 8o
3MeHLLeHHst Cl, Wwo cnpuunHsie TpaHcopmalito rinepkiHeTuyHoro TK B eyKiHETUYHMIA, | BiLCYTHOCTi CMOPTCMEHOK i3 ¢hi3ionoriyHo
HeBurigHUM rinepkiHeTyHuM TK. TligBULLEHHS (DYHKLIOHANBHOMO CTaHy NnaByMX Yy 3MaranbHOMY Nepiodi CNpUsNo 3pOCTaHHo
CMOPTUBHWX PE3ynbTaTis.

KatoueBble cAoBa:
nAaBaHue

Ha AMCTaHLMK
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Ha AMCTaHLIMK

400 M, XeHLUMHbI,
KBaAMPUKaLMSA

ot Il pa3psaa Ao
macTepa crnopra

BeretatuBHOe 06ecneueHue I.l,eHTpal\bHOﬁ remoAMHaMWKHU U ¢M3quCKOﬁ
pa60TOCI10006HOCTM MAOBYUX U 6ery|-|m“1 B rOoAOBOM LIUKAE TPEHUPOBOYHOrO npolecca

E. A. Muxantok, B. B. Cbioaan, E. H0. fopoxoBckuit

Llenb paboTbl — OLeHKa AMHAMUYECKUX U3MEHEHWU NokasaTenel BapuabenbHOCTU CepaeyHoro puTMa, LIEHTparbHONM remo-
OVHaMVKW 1 on3ndeckon paboTocnocoBHOCTY Yy NMpeacTaBnUTENbHUL NNaBaHust Ha auctaHuun 50-200 m n BeryHnit Ha 400 m B
MOAroTOBUTENBHOM W COPEBHOBATENBHOM Neprogax TPEHMPOBOYHOTO NpoLecca.

Marepuansl 1 MeTogbl. B Hayane noAroToBUTENbHOTO M NOBTOPHO B KOHLIE COPEBHOBATENLHOMO nepuoaa obenenosanu 11

nnos4ux (1 mactep cnopta YkpauHbl, 7 kaHauaatoB B MacTepa cnopta (KMC), 1 nepBopaspsigHuua, 2 cnoptemerku Il paspsiga) MEXAYHaPOAHOTO

1 22 BeryHby (1 macTep cnopta YkpauHbl MexayHapogHoro knacca, 3 KMC, 7 nepeopaspsigHuu, 8 cnoptcmeHok |l paspsiga v KAacca,

3—IIl pa3psna). Bap1abeAbHOCTb
CEPAEUHOTO pUTMa,

[Ins OLieHKN COCTOSHMA MEXaHN3MOB HepOryMopanbHOiA perynsLmui cepaLa UCcronb3oBani MaTeMaTieckii U CekTpanbHbIi  LeHTpanbHas

meToabl aHanuaa BCP. LieHTpanbHyto remoarHamuky uyyani METO[OM aBTOMAaTU3MPOBaHHON TETPaNONApHON peorpacui N0 remMoaMHAMMKa,

W. Kubicek et al. (1970) B mogucbukaumn FO. T. MyLukaps u coasT. (1970). duanueckyto paboTocnocobHOCTb ONpenenany CUCnomb-  puanyeckast

3oBaHnem cybmakcumanbHoro Tecta PWC, . OC paccuntbisani no opmyrie, NPEATIOKEHHON 1 3aNaTeHTOBAHHOM aBTOPaMU.  paboToCnOCOBHOCTb,

PesynkTathl. AHanua nokasateneit BCP y nroBuix nokasan npesan poBaHie B COPeBHOBATENbHOM Nepuoae napacumnatide-  "EPY0Ab!

ckuX BIMsHI AHC. Co CTOPOHBI LIEHTparbHOI reMOfIMHaMUKN B COPEBHOBATEMNLHOM NEpUOAe, HECMOTPS Ha TO, YTO BelnumHa | PEHMPOBOUHOTO

CepAEYHOro HAEKCa COOTBETCTBOBANA SyKMHETUYeckoMy TK, POM3OLLNO 0CTOBEPHOE YMeHbLUeHne CY. CooTHolweHne mexgy — MPouecca.

TUMOKMHETUYECKUM, QYKMHETUYECKUM W TUNEPKUHETMYECKUM TUNoM kposoobpalleHus (TK) — 18,2 %: 81,8 %: 0,0 % CooTBETCTBEHHO,

4TO CBUAETENBLCTBOBAMNO O TEHAEHLMM K NPeBanMpoBaHito aykuHeTudeckoro TK Hag runokuHeTndeckum (p = 0,075) M OTCYTCTBUKD  3anopoxckuii

MeAULMHCKUI XXypHaA.
2022. T. 24, Ne 1(130).
C. 44-48

CMOPTCMEHOK C (hM3NOMOTNHECKM HEBLIOAHBIM rUnepkuHeTdeckum TK. Benuunia PWC,, | yBennunnack B cpeaHem Ha 12,44 %
(c 12,860 % 0,732 krm-MuH k" go 14,460 + 0,823 krm-MuH k", p = 0,002), a UGC — Ha 22,21 % (p = 0,0005) u cooTaeTCTBOBAN
OLEHKe «HWXe cpegHeny». B copeBHoBaTenbHOM nepuoge 2 cnoptemeHku kanndukaum KMC BbINONHWMM HopMaTvB MacTtepa
cropta YkpawHbl, oaHa nepBopaspsaHuua ctana KMC, a ae cnoptemenku |l paspsiga — nepeopaspsiaHiLamu.

BbiBoAbI. B copeBHOBaTENLHOM NEPUOLE MO CPABHEHNIO C MOAFOTOBUTENLHLIM Y NPEACTABUTENBHL, NaBaHUs BbISIBUMM LOCTO-
BEPHOE NpeBan1poBaHune NapacumnaTtinyeckux BnvsiHnii AHC, TeHOEHLMIO K peBanMpoBaHmio aykuHeTuYeckoro TK ¢ oTcyTcTBreM
CMOPTCMEHOK C runepkuHeTnieckum TK, gocToBepHoe noseiweHne PWC,, Ha 12,44 % n AOC Ha 22,21 %. KoppenaumnoHHbii
aHanu3, NpoBeaéHHbIN B 0benx nepuogax, nokasan BaxHyko caadb mexay YCC u BIMP, YCC u MATP, cBuaeTensCTayioLLyo
0 TOM, YTO Pa3BMBAIOLLASICA MOA BO3AENCTBMEM (PU3MYECKMX TPEHUPOBOK Bpaamkapays CMeLLaeT BeretaTuBHbIA GanaHc B
CTOpOHY npeobnapaHus napacumnatunyeckoro otgena AHC. CHkenve BINP obycnosnueaet ymeHblueHne CU, npusogsiyero
K TpaHchopmaLummn rmnepkuHeTdeckoro TK B 3yKUHETUYECKMIA, U OTCYTCTBUE CMOPTCMEHOK C (hI3MONOTNYECKM HEBLIrOLHbIM
runepkuHeTnyeckum TK. MoBbILLeHe (PYHKLMOHANBHOMO COCTOSIHUS MMOBYMX B COPEBHOBATENBHOM Mepuoae cnocobcTBoBano
POCTY CMOPTUBHbIX PE3YnLTaToB.

The most important feature of sports medicine is dynamic
functional variations in the state of athletes throughout a
sports season with the most expressed shifts in the com-
petitive period with their return to standards in the transition
period, when athletes almost do not train [2]. This fact is
of great interest for specialists in sports medicine since it
allows tracing changes in the functional state of athletes in
the one-year training cycle as their athletic performance
improves [4]. However, many of these examinations are
complicated by some organizational constraints arising from
a lack of motivation among athletes who were already offi-
cially allowed to compete, or those participating in a sports
training camp in another area, to be repeatedly examined
with loading tests or additionally prior to the responsible
start [9]. This would explain, among other things, the small
number of athletes in the examined groups and relatively
few of these studies [4-9].

In the available to us national and foreign sports medi-
cine literature, we have not found studies on the dynamic
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state of heart rate variability (HRV), central hemodynamics
and physical performance in female swimmers at a distance
of 50-200 meters. Therefore, as a comparison, we used
data obtained from the examination of 400-meter female
runners with corresponded sports qualifications.

Running was chosen for comparison to analyze
and discuss the results based not on the gradations of
sprinters or middle-distance runners, but on the time of
maximum intensity exercise performed by athletes at
a competitive distance and the predominance of cyclic
exercise with anaerobic-glycolytic pathway in the training
process.

Even though female swimmers compete in the range
of event distances (from 50 to 200 meters), it is worth
mentioning that a 100-meter distance is the most basic and
frequent, which is covered in 58.50-133.5 s depending on
the sports qualifications and swimming stroke. The selected
for comparison female runners were qualified from MSIC to
third-class athletes and covered the distance of 400 meters
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in 51.35-107.0 s, this means that the time spent to cover
the competitive distance could be considered equal.

Limited number of studies on the dynamic indices of
HRV, central hemodynamics and physical performance in
athletes during the preparatory and competitive periods of
the training process as well as the lack of dynamic exa-
minations among female swimmers have led us to conduct
this study.

Aim

The aim of the work is to assess dynamic changes in HRV,
central hemodynamics and physical performance in female
swimmers at the distance of 50-200 meters and female

runners at the distance of 400 meters in the preparatory
and competitive periods of the training process.

Materials and methods

A sample (n = 11) was formed from the group of female
swimmers (n = 44) qualifying Master of Sports of Internation-
al Class (MSIC), Master of Sports (MS), Candidate Master
of Sports (CMS), first- and second-class athletes. The mean
age of the participants was 14.80 + 0.44 years, the swim-
ming experience was 7.30 £ 0.59 years. The athletes were
examined at the beginning of the preparatory period and
at the end of the competitive period in the one-year training
cycle. At the beginning of the preparatory period, the group
of female swimmers consisted of 1 athlete qualified for
Master of Sports of Ukraine, 7 CMS athletes, 1 first-class
athlete and 2 second-class athletes.

The comparison group was represented by 22 female
runners at a distance of 400 m (mean age 16.80 + 0.67
years, running experience —4.40 £ 0.68 years). In the pre-
paratory period of the training cycle, this group consisted
of 1 MSIC athlete, 3 CMS athletes, 7 first-class athletes, 8
second-class athletes and 3 third-class athletes.

Time- and frequency domain methods of HRV analysis
were used to assess the mechanisms of heart neurohu-
moral regulation, activity of segmental and suprasegmental
levels of the autonomous nervous system (ANS) [4]. 5-min
short-term ECG recordings were used in accordance with
the International Standard [10].

ANS indicators were analyzed using stress-index (SI)
as an integral indicator of HRV. According to the recommen-
dation of R. M. Baevskii [1], vagotonia was verified if the SI
was less than 50 relative units (r. u.), eutonia — if the Sl
was within the range of 51-99. u. and sympathicotonia — if
the Sl was more than 200 r. u.

Central hemodynamics was examined by an auto-
mated tetrapolar rheography according to W. Kubicek et
al. (1970) Yu. T. Pushkar’s et al. modified (1970). Stroke
volume (SV) and cardiac output (CO), stroke volume index
(SVI) and cardiac index (Cl), systemic vascular resistance
(SVR) and systemic vascular resistance index (SVRI)
were calculated.

Physical working capacity (PWC) was measured using
acommon technique on a cycle ergometer via submaximal
PWC,,, test [11], and a relative value of physical working
capacity (PWC,,, ) was calculated. The functional state in-
dex (FSI) was estimated according to the formula proposed
and patented by the authors [9].

Statistical analysis was performed using Statis-
tica 13 for Windows (StatSoft Inc., license No.
JPZ8041382130ARCN10-J). All data were expressed as
mean (M) + standard error (m). The significance of differenc-
es was analyzed by two-tailed t-test. The difference between
two subsets of data was considered statistically significant
at a level of P (P-value) less than 0.05. Pairwise Pearson
correlation was used to analyze the association between
HRV indices, central hemodynamics and PWC parameters.

Results

Itis known that the assessment of HRV is the most objective,
informative and sensitive method for evaluating the func-
tional state and sports physical preparedness.

Analysis of HRV indices in the preparatory and com-
petitive periods of the training process among female
swimmers showed a significant increase in mode (Mo)
from 0.785 + 0.040 s to 0.900 + 0.058 s, (P = 0.004),
representing the correspondence between the level of
the cardiovascular system functioning, and a decrease in
indicator of the adequacy of regulation processes (IARP)
from 42.161 £4.500 %/s to 36.028 £ 4.011 %/s (P = 0.038),
indicating a correspondence between the level of sinus node
functioning and sympathetic activity. These two indices
pointed out directly the prevalence of the parasympathetic
influences of the ANS in the competitive period. The para-
sympathetic arm of the ANS tended to prevail based on
changes in most of the other time-domain HRV indices,
albeit not statistically significant. Thus, in the competitive pe-
riod, there was a downward trend in amplitude mode (AMo)
from 31.379 £ 2.700 % to 29.366 + 2.365 % (P = 0.182),
autonomic rhythm index (ARI) from 3.401 + 0.182 1/s? to
3.307 £0.4431/s?(P=0.752), Sl from61.397 £ 22.781 . u.
t0 51.875+10.346 . u. (P = 0.124).

According to the classification proposed by R. M. Ba-
evskii[1], 4 athletes were identified with vagotonia (36.4 %),
6 athletes — with eutonia (54.5 %) and 1 athlete (9.1 %) —
with sympathicotonia, thereby affirming the trend towards
the prevalence of athletes with eutonia over vagotonics
(P =0.574) and sympathotonics (P = 0.221) in the prepa-
ratory period. In the competitive period, the ratio between
the values of the autonomic tone was as follows: 54.5 %:
45.5 %: 0.0 %, vagotonics, eutonics and sympathotonics,
respectively, so a favorable trend to the prevalence of
vagotonics over eutonics was found (P = 0.766). A valuable
finding was the absence of swimmers with Sl values corre-
sponding to sympathicotonia. In confirmation of the above,
there was a predicted physiologically favorable downward
trend in HR from 66.8 + 3.85 bpm to 62.4 + 2.95 bpm
(P =0.067) in the competitive period.

There was a central hemodynamics-related significant
decrease in Clfrom 3.178 + 0.168 t02.958 + 0.128 |'min-!-m2
(P = 0.05) in the competitive period, although its value
corresponded to the eukinetic circulatory type (CT). The
percentage ratio of CT in the preparatory period was 18.2 %:
45.4 %: 36.4 %, hypokinetic, eukinetic and hyperkinetic CT,
respectively, indicating a trend to the eukinetic CT domi-
nation over hypokinetic (P = 0.502) and hyperkinetic ones
(P =0.785). In the competitive period, the ratio between
CT was 18.2 %: 81.8 %: 0.0 %, hypokinetic, eukinetic
and hyperkinetic CT, respectively, demonstrating a trend

Zaporozhye medical journal. Volume 24. No. 1, January — February 2022



to the prevalence of eukinetic CT over hypokinetic one
(P=0.075) and the absence of athletes with physiologically
unfavorable hyperkinetic CT.

In the competitive period, the relative value of PWC and
FSI showed statistically significant shifts. So, the PWC,,,
value increased by an average of 12.44 %, from 12.86 =
0.732 kgm-min"-kg" to 14.46 £ 0.823 kgm-min-'-kg"'
(P =0.002).

In the same period, the FSlincreased from 4.957 £0.357
r. u. to 6.058 £ 0.406 r. u. or 22.21 % (P = 0.0005), and
scored “below average”, whereas its value corresponded
to “low” score in the preparatory period. This was the result
of a decrease in the number of female swimmers with “low”
score from 9 (81.8 %) to 6 (54.5 %), and an increase in
the number of female athletes with “below average” score
from 2 (18.2 %) to 5 (45.5 %).

Correlation analysis between the examined parame-
ters in the preparatory period revealed the presence of 21
statistically significant correlations. Positive correlations
were found between HR and ARI (r=0.748, P = 0.008), HR
and IARP (r=0.790, P = 0.004), HR and LF % (r = 0.691,
P=0.019), SVR and Mo (r=0.601, P =0.05), SVR and HF
(r=0.631,P=0.037), SVRand HF % (r=0.716,P =0.013),
SVRIand Mo (r=0.716,P=0.013), SVRIand HF (r=0.781,
P =0.005), SVRI and HF % (r = 0.688, P = 0.019).

Negative correlations were revealed between HR
and Mo (r =-0.719, P = 0.013), HR and HF (r = - 0.687,
P =0.02), HR and HF % (r =-0.779, P = 0.005), SVI and
IARP (r = -0.596, P = 0.05), SVR and AMo (r = -0.597,
P =0.05), SVR and ARI (r = -0.797, P = 0.003), SVR and
IARP (r = -0.758, P = 0.007), SVR and LF % (r = -0.623,
P =0.041), SVR and LF/HF (r =-0.612, P = 0.045), SVRI
andARI (r=-0.720,P =0.012), SVRI and IARP (r=-0.734,
P =0.01), SVRI and LF/HF (r =-0.589, P = 0.05).

The presence of 18 statistically significant correlations
was revealed between the studied indicators in female
swimmers in the competitive period. Positive correlations
were between HR and ARI (r = 0.645, P = 0.03), HR and
IARP (r = 0.766, P = 0.006), HR and LF % (r = 0.627,
P =0.03), SVI and HF (r = 0.596, P = 0.05), Cl and AR
(r=0.675, P =0.02), SVR and D (r = 0.586, P = 0.05).

Negative correlation were found between HR and
Mo (r = -0.726, P = 0.01), HR and variation range (D)
(r=-0.585, P =0.05), HR and HF (r =-0.780, P = 0.005),
HR and HF % (r =-0.627, P = 0.03), Cl and D (r = -0.642,
P =0.03), SVR and AMo (r = -0.680, P = 0.02), SVR and
autonomic equilibrium index (AMo/D) (r=-0.611, P = 0.04),
SVRandARI (r=-0.592, P =0.05), SVR and Sl (r =-0.644,
P=0.03), SVRI and AMo (r =-0.708, P = 0.01), SRVI and
AMo/D (r = -0.654, P = 0.02), SVRI and Sl (r = -0.668,
P =0.02).

The dynamics of the athletic performance improve-
ments in female swimmers during the one-year training
cycle was interesting. In the competitive period, 2 CMS
female athletes qualified for MSU, 1 first-class athlete quali-
fied for CMS, and 2 second-class female athletes qualified
for first-class athletes. Thus, by the end of the competitive
period, there were 3 MSU athletes, 6 CMS athletes and 2
first-class athletes in the examined group.

The data of the 400-meter female runners in the prepa-
ratory period demonstrated the parasympathetic influence
prevalence, the presence of Cl values corresponding
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to the eukinetic CT, the PWC,,, value of 17.11 £ 0.73
kgm'min“-kg”, and FSI — 7.048 + 0.34 r. u. In the com-
petitive period, the parasympathetic influences of the ANS
remained, there was a transformation of eukinetic CT
into hypokinetic one with the hyperkinetic CT absence
among athletes, an increase in the value of PWC, , to
19.72+0.74 kgm'min”-kg™ and FSI—t0 7.963 £ 0.330 1. u.
Significant changes occurred in athletic performance, since
at the end of the study, the distribution by sports qualifica-
tion was as follows: 1 MSIC athlete, 1 MS athlete, 4 CMS
athletes, 7 first-class athletes and 9 second-class athletes.

Discussion

As shown, female swimmers demonstrated significant
prevalence of the parasympathetic influences of the ANS,
the trend towards the predominance of eukinetic CT with
the absence of hyperkinetic CT one, the significant increase
in the relative value of PWC and FSI, some favorable cor-
relations and improved athletic performance in the competi-
tive period compared with the preparatory one.

From a sports physiology standpoint, we have consi-
dered the most important relationships between HR and
ARI,HR and IARP, Cland ARI, Cl and D, found in the prepa-
ratory and competitive periods in female swimmers. Training
physical exercise resulted in the decreased resting HR in
female swimmers, producing the preconditions for the de-
crease in ARl and IARP, which are involved in the autonomic
balance, shifting it towards the parasympathetic regulation
prevalence. Subsequently, we have seen the Cl decreased
to optimal values, increased number of female athletes
with eukinetic CT due to the decreased number of female
athletes with hyperkinetic CT.

In the competitive period compared with the preparatory
one, 400-meter female runners (n = 22) showed very similar
changes, which were reflected in certain enhancement
of parasympathetic activity, transformation of eukinetic
CT into hypokinetic one and the absence of runners with
hyperkinetic CT, the significant increase in PWC,,, by
15.25 % (P < 0.05) and FSI by 12.98 % (P < 0.05), as well
as the increased number of athletes with “average” score of
the functional state due to the decreased number of those
with “low” and “below average” scores [5].

The correlation analysis to assess relationships in fe-
male runners revealed the associations between increased
PWC,,,,, and improved functional state with the decreased
Cl to the values corresponding to the hypokinetic CT and
the SI corresponding to the parasympathetic effects of
the ANS prevalence. And yet the main fact that occurred
in the competitive period was the positive shifts in athletic
performance among the 400-meter female runners.

Thus, the examination data analysis of female short-dis-
tances swimmers from the preparatory to the competitive
period, compared with the data obtained in female 400-me-
ter runners, was informative about the same reactions of
the ANS, central hemodynamics, physical performance and
the FSI. These included the increased parasympathetic
effects of the ANS in the competitive period, the decreased
Cl to the values corresponding to physiologically more
beneficial hypokinetic CT, the significantly increased physi-
cal performance and FSI values, and, most importantly,
improved athletic performance.
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Conclusions

1. Female swimmers demonstrated the significant pre-
valence of parasympathetic effects of the ANS, the tendency
towards the eukinetic CT predominance and the absence
of hyperkinetic CT, significantly increased PWC,, - value
by 12.44 % and FSI - by 22.21 % in the competitive period
as compared with the preparatory period.

2. The correlation analysis to assess both periods
revealed the important relationships between HR and AR,
HR and IARP, indicating that training-induced bradycardia
shifted the autonomic balance towards the predominance
of the parasympathetic arm of the ANS.

3. Decreased ARI caused the decrease in Cl, resulting
in the transformation of hyperkinetic CT into eukinetic one
and the absence of physiologically unfavorable hyperkinetic
CT in the athletes.

4. The increased functional state of female swimmersin
the competitive period helped to achieve improvements in
their athletic performance since there were 3 MSU athletes,
6 CMS athletes and 2 first-class athletes by the end of study
in the examined group.

5. The similar reactions of the ANS, central hemody-
namics, physical performance and FSI were observed in
female swimmers at the short distances of 50-200 meters
and female 400-meter runners during the transition from
the preparatory to the competitive period, which was due
to the comparable time of maximum intensity exercise per-
formed by athletes at competitive distances and the predo-
minance of cyclic exercise with anaerobic-glycolytic pathway
in the training process.

Prospects for further research are to study the impact
of training loads on the indices of HRV, central hemody-
namics and physical performance parameters in athletes of
other sports from the preparatory to the competitive period
of the training process.
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