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Vestibular stimulation can significantly affect the autonomic regulation of the cardiovascular system. Despite
the growing interest in sensory influences in sports, the relationship between parameters of central hemodynamics
and autonomic regulation under vestibular load remains insufficiently studied, especially with respect to age-related
aspects. The aim is to determine the features of changes in central hemodynamic parameters and their correlation
with the vegetative (Kerdo) index in track-and-field athletes of different ages under vestibular stimulation. Thir-
ty-four male long jumpers aged 14-27 years were examined and divided into three age groups. The phase struc-
ture of the cardiac cycle, stroke volume (SV), cardiac output (CO), heart rate (HR), and Kerdo index were assessed.
Vestibular load was applied actively, passively, and in combination. A correlation analysis was performed between
hemodynamic indicators and the vegetative index. The highest correlations between the vegetative index and SV,
CO, and the duration of cardiac cycle phases were recorded in the adolescent group. In older athletes, the correlation
persisted only after combined loading. During the recovery phase, most parameters normalized; however, in ado-
lescents, significant correlations remained statistically meaningful. Vestibular stimulation affects athletes’ cardiohe-
modynamics in an age-dependent manner. The Kerdo index can serve as an indirect predictor of cardiac regulation

efficiency under adaptive conditions.
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Connection of the publication with planned re-
search work.

The study was carried out within the framework of
the research project of the National University of Physi-
cal Education and Sport of Ukraine “Influence of endoge-
nous and exogenous factors on adaptive reactions of the
organism to physical loads of different intensity” (state
registration number 0121U108187).

Introduction.

Enhancing the efficiency of athletes’ adaptive mech-
anisms in response to specific sensory stimuli has be-
come increasingly relevant in the context of modern
sports science. One of the key sensory systems involved
in the formation of autonomic regulation is the vestibu-
lar analyzer, which can indirectly influence the cardiovas-
cular system both at rest and during physical exertion.
It is well established that stimulation of the vestibular
system triggers a wide range of autonomic responses,
including the regulation of arterial pressure, heart rate,
peripheral resistance, and other hemodynamic parame-
ters [1-3].

Over the past decade, numerous studies have fo-
cused on the cardiovascular responses of athletes to
physical and psycho-emotional stress [4-9]. In particu-
lar, both domestic and international researchers have
emphasized the importance of autonomic nervous sys-
tem integration in response to specific training stimuli.
However, most of these studies have primarily concen-
trated on metabolic, biomechanical, or cardiorespirato-
ry aspects, often overlooking the sensory contribution
— especially that of the vestibular system. At the same
time, the relationship between vestibular stimulation,
changes in central hemodynamic parameters, and indi-
cators of autonomic balance — such as the Kerdo index
— remains insufficiently explored. This gap is especially

noticeable when considering age-related differences in
physiological reactivity.

Given these considerations, it is therefore appropri-
ate to conduct an in-depth analysis of central hemody-
namic parameters and their correlation with the vege-
tative (autonomic) index in athletes of different ages
under various types of vestibular loading.

The aim of the study.

To determine the specific features of changes in cen-
tral hemodynamic parameters and their correlation with
the vegetative (Kerdo) index in track-and-field athletes
of different ages under the influence of active, passive,
and combined vestibular stimulation.

Object and research methods.

The study involved 34 male athletes (long jumpers)
with qualifications ranging from First-Class category to
Master of Sports of Ukraine. Participants were divided
into three age groups: Group | — adolescents aged 14-16
years (n=10); Group Il — youths aged 17-20 years (n=10);
Group Il — young adults aged 22-27 years (n=10). All
participants were practically healthy and classified in the
main medical group according to the results of a prelim-
inary medical examination.

Vestibular stimulation was applied under three ex-
perimental conditions:

1. Active linear loading — performed as repeated ac-
celerations during typical training movements;

2. Passive loading — applied using a special vestibular
platform;

3. Combined loading — a combination of both active
and passive methods.

The functional state of the cardiovascular system
was assessed using the following methods:

— electrocardiogram (ECG) recording;

— tetrapolar rheography;
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— polycardiography with synchronous recording of
ECG, phonocardiogram, and carotid sphygmogram;

— phase analysis of the cardiac cycle, including the
duration of the tension period, isometric contraction,
and ejection phases;

— calculation of stroke volume (SV) and cardiac out-
put (CO);

— measurement of heart rate (HR);

— calculation of the vegetative (Kerdo) index (KI)
using the formula:

Kl =(1-DBP/HR) x 100

Measurements were taken at rest (before loading),
after active loading, after combined loading, and 15-30
minutes post-exercise during the recovery phase.

Ethical compliance was ensured in accordance with
the Helsinki Declaration of the World Medical Asso-
ciation (2008) and the Council of Europe Convention
on Human Rights and Biomedicine (1997). All athletes
provided informed consent prior to participation in the
study.

Data processing was performed using the Statistica
10.0 software package (StatSoft Inc., USA). The Shapiro—
Wilk test was applied to verify data normality. To assess
the significance of differences between mean values,
the Student’s t-test was used. The results are presented
as Mtm, where M is the arithmetic mean and m is the
standard error of the mean. The relationship between
variables was analyzed using the Pearson correlation co-
efficient (r), indicating the level of significance (p), for
example: r=0.612; p=0.003. Values were considered sta-
tistically significant at p<0.05 [10].

Research results and their discussion.

The study revealed age-related features of cardio-
hemodynamic responses to different types of vestibular
loading. In the adolescent group, the lowest mean stroke
volume (SV) at rest was recorded — 52.4+2.1 mL, which
increased to 61.8+2.5 mL after active loading (p=0.014)
and to 66.1+2.2 mL after combined loading (p=0.006). In
the youth group, the increase in SV was less pronounced
— from 63.7+2.8 mL at rest to 70.4+2.6 mL after com-
bined loading (p=0.041). In mature athletes, SV changed
only slightly (from 71.2+2.3 mL at rest to 74.1+2.5 mL
after combined loading, p=0.21).

The cardiac output (CO) in adolescents also showed
the greatest variability: from 4.5+0.2 L/min at rest to
5.940.3 L/min after combined loading (p=0.003). In older
groups, CO dynamics were less pronounced. The heart
rate (HR) increased in all groups after vestibular stimu-
lation; however, in adolescents, the return to baseline
values during the recovery phase took longer compared
to mature athletes.

Phase analysis of the cardiac cycle revealed that the
ejection phase in adolescents increased from 0.21+0.01
s to 0.24+0.01 s (p=0.019) after combined loading. The

isometric contraction period decreased accordingly,
which may indicate enhanced efficiency of the myocar-
dial pump function. In older athletes, similar dynamics
were less pronounced and statistically insignificant.

The Kerdo index (KI) in adolescents decreased from
17.3+1.8 units at rest to 9.61£1.3 units after combined
loading (p=0.011), indicating an increase in parasym-
pathetic activity. In mature athletes, this parameter
changed only slightly. During the recovery phase (15-30
min), the Kl in adolescents remained statistically lower
than baseline (13.1+1.5 units, p=0.046), whereas in
older athletes it returned to initial values.

Correlation analysis demonstrated a strong relation-
ship between the vegetative index and several hemody-
namic indicators in the adolescent group after combined
loading: SV (r=—0.612; p=0.003), ejection phase duration
(r=—0.541; p=0.012), and CO (r= —0.489; p=0.019). In
older groups, significant correlations between Kl and he-
modynamic parameters were observed only after dual
vestibular exposure, while at rest and after isolated ac-
tive loading these relationships were weak or absent.

Thus, the cardiovascular system of adolescents was
found to be the most labile to vestibular stimulation,
which is likely related to the incomplete morphofunc-
tional maturity of regulatory mechanisms. The identified
age-related differences in the dynamics and strength of
correlations between Kl and cardiohemodynamic pa-
rameters should be considered when individualizing
training programs for athletes in cyclic sports. Combined
vestibular loading proved to be the most potent factor
for activating the parasympathetic branch of autonomic
regulation and enhancing the hemodynamic response.

Conclusions.

Vestibular loading exerts a pronounced effect on
the parameters of central hemodynamics in track-and-
field athletes, demonstrating clear age-specific charac-
teristics. Adolescents showed the greatest variability in
stroke volume and cardiac output, as well as the stron-
gest correlations between the vegetative (Kerdo) index
and the phase characteristics of the cardiac cycle. The
Kerdo index proved to be an informative indirect indica-
tor of the efficiency of autonomic cardiovascular regula-
tion under sensory influence.

Prospects for further research.

Future studies are planned to investigate long-term
adaptive changes under conditions of systematic vestib-
ular loading within the training process. It is also advis-
able to expand the research base by involving athletes
from other specializations and by incorporating heart
rate variability indicators to enable a more comprehen-
sive analysis of autonomic regulation.
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BecmubynapHa cmumynayis Moxe Cymmeso 6naAueamu HA G8MOHOMHY peaynAayilo cepueso-cyOUHHOT
cucmemu. Heseaxcarouu Ha 3pOCMAHHA iHMepecy 00 CEHCOPHUX 8Mnausie y cropmi, 36’A30K MiHC MOKA3HUKAMU
UeHmMpanbHoOi 2eMOOUHAMIKU Ma 8e2emamueHo0 pe2yaayiero nid enaueom eecmubynapHO20 HABAHMAMEHHS
301UWaeEMbCA ManodocnioneHum, ocobauso y eikosomy acnekmi. Mema — esusHayumu ocobausocmi 3MiH
napamempie uyeHmpanbHoi eeMoOuUHaMiKu ma IixHili KopenayiliHuli 38°’A30K 3 8e2emamuBHUM [HOEKCOM y
cropmcmeHis-nez2koamsemie pizHo20 8iKy npu eecmubyanapHomMy HagaHmaxeHHi. ObcmexceHo 34 neakoamaemu-
407108iKU (cmpubyHU y 0oexcuHy) sikom 14-27 pokis, po3nodineHi Ha mpu eikosi epynu. OuiHoeanu ¢azosy
cCmpykmypy cepuyeso2o Uukny, yoapHuli o6’em (YO), xsunuHHuli 06’em Kposoobiey (XOK), yacmomy cepuesux
cKopoueHb, iHOeKc Kepdo. BecmubynapHe HABAHMAMEHHA 30ilicHI08aAU QKMUBHUM | NACUBHUM CrOcobom,
OKpemo ma 8 KombiHauii. lposodunu KopenauiliHul aHani3 Mix MOKA3HUKAMU 2eMOOUHAMIKU ma 8e2emamugH020
iHOekcy. Halisuwi Kopenayii mixc secemamusHum iHOekcom ma YO, XOK i mpueanicmio ¢ha3 cepuesozo yukny
3aghikcosaHi y nidnimkositi epyni. Y cnopmcmeHie cmapwozo 8iky 38°a30K 3b6epizascsa aAuuwie nicas KombiHoeaHo20
HasaHmMaxceHHA. Y ¢asi 8iOHo8s1eHHA y binbuiocmi 06cmex y8aHux MOKA3HUKU HOPMAni3yeanucs, ane 8 rnionimekie
KopenayiliHi 38°A3KU  3aAUWAAUCG CMAMUCMUYHO 3HAYYWUMU. TaOKUM 4YUHOM, secmubyrsapHe MoOpa3HEeHHs
8nauUBae Ha KapdioeeMoOUHAMIKY CrOpMCMeHIi8 8iKogo3asexwHo. IHOeKc Kepdo moxce bymu sukopucmaHul AK

Henpamuli npedukmop epekmusHocmi cepuesoi peaynauyii 8 adanmayiliHux ymosax.
Kntouoei cnosa: 2zemoduHamika, iHoekc Kepdo, secmubynsapHe HOBAHMAMX(EHHS, 8iK, ne2koamsaemu.

38’A30K ny6niKauii 3 nn1aHOBMMM HayKOBO-AOCAIA-
HUMK poboTamm.

PoboTa BMKOHaHa B pamkax HayKOBO-Z4OCAIAHOI po-
60T1 HaujoHanbHoro yHisepcutety ¢i3M4HOrO BMXOBaH-
HA i cnopTy YKpaiHn «Bnane eHAOreHHUX Ta eK30reHHMX
daKkTopiB Ha nepebir aganTauiiHUX peakLii opraHiamy
00 Gi3MYHMX HaBaHTaXKEHb Pi3HOI iIHTEHCMBHOCTI», HOMep
LeprKaBHOI peecTpay,ii 0121U108187.

Bcryn.

NigBUWEHHA edEeKTUBHOCTI afanTaliMHUX MexXaHis-
MiB OpraHiamy CnopTCMeHiB y BianoBiab Ha cneyndiyHi
CEHCOPHI Noapa3HUKM HabyBae Bce BinbLUOT aKTyaIbHOCTI
B KOHTEKCTi Cy4acHOi CnopTMBHOI HayKW. OZHI€E0 3 KAto-
YOBUX CEHCOPHMX CUCTEM, O 3asydeHa A0 GOpMyBaHHSA
BEreTaTMBHOI perynsuii, € BecTMbynspHUIA aHanisaTop,
303THWUIA ONoCepPeaKOBAHO BMJIMBATU HA CepPLEBO-CYAMH-
HY CUCTEMY AK Y CTaHi CMoKoto, TaK i npu ¢isnyHOMYy Ha-
BaHTaXeHHi. Bigomo, Wwo nogpasHeHHA BecTUbynspHoi
CUCTEMM BUK/MKAE LUMPOKMUI CMEKTP BEreTaTUBHUX pe-
aKLjl, AKi OXOM/IOKTb Perynsuito apTepiasibHOro TUCKY,
YacToTM cepLeBUX CKOPOUYeHb, NepudepmnyHoro onopy Ta
iHLWMX reMoAMHaMIYHMX napameTpis [1-3].

3a ocTaHHi gecaTb pokiB 3’aBuaocs 6arato pobit, npu-
CBAYEHMX peaKLifiM cepLieBO-CYaUHHOI cMcTeMn CrnopTc-
MeHiB Ha Qi3nYHe Ta NCUXOEMOLiIHE HaBaHTaXKeHHA [4-
9]. 30Kpema, [OCNiIOKEHHA BITYM3HAHUX Ta 3apybiKHUX
aBTOPIB BMABWUIMN BAXK/IMBICTb iHTErpaLlii aBBTOHOMHOI Hep-
BOBOI CMCTeMM Y BignoBigb Ha cneuudiuHi TpeHyBasbHi
ctumynun. lMpote 6inbwicte nybnikauihi  ¢pokycyoTbea
nepeBa)kHo Ha meTaboniyHux, biomexaHiyHMx abo Kap-
AiopecnipaTopHUX acneKTax, HEXTYHUYM CEHCOPHUM BHe-
CKom, 0cobamBo 3 6OKy BecTbynapHoi cuctemun. BogHo-
Yyac BMBYEHHSA 3B’A3KY MiXK BECTUOY/IAPHOIO CTUMYALLIELD,
3MiHAMW NapameTpiB LEHTPasIbHOI reMoAMHaMIKM Ta
NMOKa3HMKaMM BEreTaTMBHOrO H6anaHcy, TakKUM fAK IHAEKC

Kepzo, 3anuwaeTbca HefoCTaTHLO onpaupboBaHnm. Oco-
6/1MBO LLe CTOCYETLCA BIKOBUX OCOBNNBOCTEN PEaKTUBHOC-
Ti.

BpaxoBytoun BuLLe3a3HAYEHE, AOLUIIBHUM € MpoBe-
OEeHHA NornnbieHoro aHanisy napameTpiB LEeHTPanbHOI
reMoAMHaMiKuM Ta IXHbOro KopensauiiHoro 38’A3Ky 3 Bere-
TAaTUBHUM iHOEKCOM Yy CMOPTCMEHIB PI3HOro BiKy Npu Aii
BECTMOYNAPHOrO HAaBAHTAKEHHSA Pi3HOro TUNY.

MeTta gocnipyKeHHs.

Bu3HauMT1 0CcOBAMBOCTI 3MiH NapameTpiB LeHTpab-
HOI reMoAMHaMIKK Ta IXHill KopenaALiiHuI 3B’A30K 3 Bere-
TAaTUBHUM iHAEKCOM Y CMOPTCMEHIB-1ETKOAT/IETIB Pi3HOr0O
BiKY NiZ, BN/JMBOM aKTMBHOIO, MacMBHOIO Ta KOMbBiIHOBa-
HOro BeCTMBOYNAPHOIO HaBaHTAXKEHHSA.

O6’€eKT i meToAMN AOCNIANKEHHS.

Y pocnigyKeHHi B3aan yyactb 34 COpTCMEHU-40M0BI-
KM (cTpUBYHM y fOBKMHY) 3 KBanidiKaLieto Big | gopocno-
ro pospsaay A0 maictpa cnopTy YKpaiHu, aki 6yau posno-
AiNneHi Ha Tpw BiKOBI rpynu: rpyna | —nianitkm sikom 14-16
pokis (n=10); rpyna |l —toHaku Bikom 17-20 pokis (n=10);
rpyna lll-ocobu nepLuoro 3pinoro Biky 22-27 pokis (n=10).
KorKeH yyacHUK 6yB NPaKTUYHO 34,0POBUM i HAaNEXKaB A0
OCHOBHOI MeAMYHOI rpynu 3a pesynbTaTaMn MeauyHOro
ornaay.

BecTmbynsapHe HaBaHTaXKeHHA peanisoByBasnoca Yy
TPbOX YMOBaXx:

1. aKTMBHE NiHilHEe HaBaHTaXeHHSs Y BUINALI NOBTO-
PHOBAHMX MPUCKOPEHD MPU 3BUYHUX TPEHYBAIbHUX PyXaX;

2. NacMBHE HABAHTAXKEHHA 32 JONOMOrOoH cnewjianb-
Hoi BecTMbynsapHoi naatpopmu;

3. KOMbIHOBaHe HaBaHTAXKEHHA — NOEAHAHHA 060X
cnocobis.

OujiHKa QYHKLiOHaNbHOrO CTaHy CepueBO-CYyAUHHOI
CUCTEMM BK/IKOYaNa:

— peecTpaLito enekTpoKapaiorpamu (EKF);
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— TeTpanonspHy peorpadito;

— nonikapgiorpagito 3 CMHXPOHHO peecTpauiieto EKT,
doHoKapaiorpamu Ta chirmorpamm COHHoI apTepii;

— da3oBuii aHani3 cepLeBoro LMKy (Tpueanictb ne-
piogy Hanpyru, i30MeTPUYHOTO CKOPOUYEHHS, BUTHAHHA);

— pO3paxyHOK yaapHoro o6’emy (YO) Ta XBUIMHHOMO
06’emy KpoBoobiry (XOK);

— YacToTy cepLeBux ckopoyeHb (YCC);

— 0buncneHHA BereTaTUBHOTO iHAEKCY 3a dpopmynoto
Kepgo:

IK = (1 - AT / 4CC) x 100

3amipu NpoBOAMANCA Y CTaHi CMOKOM (40 HaBaHTa-
YEHHA), NiCNA aKTUBHOMO HaBaHTaXKEHHA, MiciAa Kombi-
HOBAHOIO HaBAHTAXEHHA, A TaKoXK Yyepe3 15-30 xB y ¢dasi
BiAHOB/NEHHS.

JOTpUMaHHA  eTUYHMX MPUHLUMNIB  AOC/IOKEHHA
34iMCHEHO BiANOBIAHO A0 NONOXeHb [enbCiHCbKOI Ae-
KnapaLii BcecBiTHbOT MeaMyHoi acouiaLii (2008), a TakoK
KoHBeHLii Pagn €sponu «IMpo 3aX1CT NpaB AOgMHN i Tig-
HOCTi B BiomeaunuHux gocnigxkeHHsax» (1997). Yci cnoptc-
MeHW nignucanu iHpopmoBaHy 3rofy Ha y4acTb y 4OCAi-
OXKEeHHI.

O6pobKy OTpMMaHUX pe3ynbTaTiB 34iMACHIOBaNM 3
BMKOPUCTAHHAM CTAaTUCTMYHOro nakety Statistica 10.0
(StatSoft Inc., CLLA). NepeBipKky HOpManbHOCTI po3noainy
BMKOHYBanu 3a Kputepiem Lanipo-Yinki. Jna BusHaveH-
HA AOCTOBIPHOCTI BigMIHHOCTEN MiXK cepeaHiMW Benu-
YMHamM 3acTocoByBanu t-kputepin CtotogeHTa. CepeaHi
3HaYyeHHA HaBogunu y surnagi Mxzm, ne M —cepeaHe
apudmeTnyHe, m —CTaHAAPTHA MOMWJIKA CepeaHbOro.
[nA aHanisy 38’A3Ky MixK NOKa3HMKaMM BUKOPUCTOBYBAIN
KoeoiuieHT Kopenauii MipcoHa (r) i3 3a3HayeHHAM piBHA
3HauyywocTi (p), HanpuKknaga: r=0,612; p=0,003. 3HayeHHsn
BBaYKa/IM CTaTUCTUYHO AOCTOBipHMMM Npu p<0,05 [10].

Pe3ynbTraTi AocniaKeHHA Ta ix 06roBopeHHs.

Y npoueci 4oCNiAKeHHA BUABNEHO BiKOBI 0C06/1MBOCTI
KapAioremoanHamiyHoi Bignosigi Ha pisHi TN BecTUby-
NAPHOrO HaBaHTaXKeHHA. Y rpyni NiAniTKiB y CTaHi CMOKOK
6yn10 3adikcoBaHO HaMeHLWi cepeaHi 3HAaYeHHA yaapHO-
ro 06’emy (YO)—52,4+2,1 mA, WO 3pOCAK NiCAA aKTUBHOIO
HaBaHTaXKeHHA Ao 61,8+2,5 mn (p=0,014), a nicna Kombi-
HOBAHOrO HaBaHTaXKeHHA — A0 66,1+2,2 mna (p=0,006).
Y rpyni toHaKiB npupicT YO 6yB MeHLI BUParKEHWM: 3
63,7+2,8 mn y cnokoi go 70,4+2,6 mn (p=0,041) nicnn
KOMBIHOBaHOro HaBaHTaXKeHHsA. Y CNopTCMeHiB 3piforo
BiKy YO 3miHI0BaBcA He3Ha4Ho (Big 71,242,3 mn y cnokoi
80 74,1+2,5 mn nicns kombiHoBaHoro snauey, p=0,21).

XBUANHHUIA 06’em KpoB0o0biry (XOK) y NianiTkis Takox
AEeMOHCTPyBaB Hanbinbly BapiaTMBHICTb: 3i 4,5+0,2 /xB
y cnokoi ao 5,9+0,3 n/x8 nicha KombiHOBaHOro HaBaH-
TaxkeHHa (p=0,003). Y crapwux rpynax aguvHamika XOK
BMABUIACA MEHLL BUPAXKeHO. YacToTa cepLeBmX CKOpo-
yeHb (YCC) 3pocTana y BCix rpynax nicia BecTMbynspHOro
BMN/IMBY, ane y NigniTkiB noBepHeHHA A0 6a30BOro piBHA
y $asi BifHOB/IEHHA TPMBAO AOBLUE, HiXK Y CMOPTCMEHIB
3pinoro Biky.

dasoBuii aHani3 cepLeBOro LMKy BUABKB, WO dasa
BUIHAHHA Yy NigniTKiB nogosKyBanacb 3 0,211+0,01 ¢ go

0,24+0,01 c (p=0,019) nicns KOM6iHOBAHOro HaBaHTaXKeH-
HA. lepiof i30METPUYHOTO CKOPOYEHHA 3MeHLUYBaBCA
Bi4NOBIAHO, LLLO MOXE CBIiAYUTU MPO NiABULLEHHA edek-
TUBHOCTI HacocHoi ¢yHKLUii miokapaa. Y rpyni ctaplimx
cnopTcmeHiB NogibHa guHamika Byna MeHL BUPAXKEHOHO
i CTaTUCTMYHO HEeAOCTOBIPHOLO.

IHoekc Kepmo y nmignitkiB 3Hu»KyBasca 3i 17,3+1,8
04, y CTaHi cnokoto o 9,6x1,3 oa. nicna KombiHoBaHO-
ro HaBaHTa)keHHs (p=0,011), WO BKa3ye Ha MOCUNEHHSA
napacMMnaTUYHOiI aKTMBHOCTI. Y 3piAnMX CNOpPTCMEHIB
Lei MOKasHMK 3MiHIOBABCA He3HayHo. Y dasi BigHOBNEH-
HA yepe3 15-30 xB y migniTkiB iHAeKc Kepao 3anuwascA
CTATUCTMYHO HWMMKYMM 33 BUXigHWIA piBeHb (13,1+1,5 oa,,
p=0,046), ToAi AK y CTapLMX CNOPTCMEHIB NoOBepPTaBCa A0
BMXiQHOMO 3HAYEHHA.

KopenAuiiHuii aHanis 3acBigumB TiCHUI 3B’A30K MiXK
BeretaTMBHMM iHgekcom Ta YO (r= -0,612; p=0,003),
TpusanicTio ¢asn BurHaHHa (r= —0,541; p=0,012) i XOK
(r=—0,489; p=0,019) y rpyni nigniTkiB nicna KombiHOBa-
HOrO HaBaHTaXKeHHA. Y CTapLUMX rpynax AOCTOBIpHI Kope-
nauii mixk IK Ta remogMHamiyHMMK NOKasHUKaMK diKcy-
Ba/INCA INLLE NiCAA NOABIMHOIO BECTUBYNSPHOTO BMAUBY,
ToAj fiK y $asi cnoKoto Ta nicnA i301b0BaHOr0 aKTMBHOIO
HaBaHTaXKeHHA TaKi 38’A3KM BynM cnabkmmm abo BiacyTHI.

TaknMm YMHOM, HalbiNbWw NabinbHO A0 BecTUbynAp-
HOro NogpasHeHHA BUABMIACA CepLEeBO-CyAUHHA CuUcTe-
Ma nigniTKiBe, WO, MMOBIPHO, NOB’A3aHO 3 HENOBHOI MOpP-
$oPYHKLIOHANBHOO 3PINICTIO PEryATOPHMX MeXaHi3miB.
BusiBneHi BiKoBi po36ixKHOCTI y ANHaMIL Ta cuni Kopens-
L mix IK i KapgioremognMHamiYHUMM NapaMeTpamm Mo-
XyTb 6yTW BpaxoBaHi Npu iHAMBIAyani3aLii TpeHyBabHUX
nporpam Ana CNOPTCMEHIB UUKNIYHMX BUAiB cnopTy. Kom-
b6iHoBaHe BeCTMOYNAPHE HaBaHTAXKEHHS NPOABUIOCA AK
HaMbBINbLW MOTYKHUI YMHHUK aKTMBALi NapacumnaTny-
HOI NAHKM BereTaTMBHOI PerynaL,ii Ta NOCMNeHHA remoam-
HaMiYHOI Bignosia,.

BucHoBKMw.

BectnbynapHe HaBaHTaXKEHHA CMNPABAAE BUPaAXKe-
HWI BNIMB Ha NapaMeTpu LLeHTPAIbHOT reMOAMHAMIKK Y
CMOPTCMEHIB-/IErKOAT/IETIB, WO Ma€E BiKoBy cneumoiky. Y
nianiTkiB BUABNAETLCA Halbinblwa BapiabenbHicTb yaap-
HOro Ta XBU/IMHHOIO 06’eMy KpoBOObiry, a TaKOX HauTic-
HILUMIN KopensauiiHWi 38’A30K MiXK BereTaTMBHUM iHAEK-
com i $a3oBMMM XapaKTEPUCTUKAMM CEPLEBOrO LIMKAY.
IHaekc Kepao niateepams cBoto iHPOPMATUBHICTD AK He-
NPAMUIA iHOMKaTOP ePeKTUBHOCTI aBTOHOMHOI perynauji
cepLeBo-CyANHHOI CUCTEMM NPU CEHCOPHOMY BMN/IMBI.

MepcneKTMBM NogaNbLINX JOCNIANKEHD.

Y nopanblwmx AOCNIAXKEHHAX MNAHYETbCA BUBYEHHA
[OBroTpMBanuX aganTtaliiHMx 3MiH B yMOBax cucTema-
TUYHOTO 3aCTOCYBAaHHA BECTUOYNAPHOrO HAaBAHTAXKEHHSA
y TPeHyBa/ibHOMYy npoueci. BapTo TaKox po3wmputi
[OCNigHULBKY 6a3y 32 paxyHOK 3a/y4YeHHA CMOPTCMEHIB
iHWKX creujanisauiii Ta BK/OYEHHA MOKAa3HWKIB Bapia-
6enbHOCTi cepLeBOro pUTMy A1a MnbLOoro aHanily aBTo-
HOMHOI perynaii.
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NAPAMETPU LEEHTPA/IbHOI TEMOAUHAMIKU TA IX KOPENALIA 3 BETETATUBHUM IHOEKCOM Y CMTOPTCME-
HIB PI3HOI'O BIKY NiA Al€E0 BECTUBYNAPHOIO NOAPA3SHEHHA

MNacrtyxoBa B. A., LLupaii T. B.

Pestome. MeTa gocnigskeHHa — 3’acyBaT 0cob6AMBOCTI 3MiH MapameTpiB LeHTPasbHOT reMOoAMHAMIKK Ta iXHil
KopenAuiiHWi 38’A30K 3 BereTaTMBHUM iHAEKCOM Y CMOPTCMEHIB-/IerkoaT/IeTiB Pi3HOrO BiKy B YMOBaX aKTUBHOTO,
NacMBHOMO Ta KOMbiIHOBAaHOro BeCTUOYNSAPHOro HaBaHTAXEHHSA. Y O0CAiAMeHHI B3aan ydacTb 34 KBanidikoBaHi
CMOPTCMEHMU-Y0N0BIKM (CTPUBYHM y fOBXKMHY) Bikom 14-27 pokis. BunpobosyBaHux 6yn10 po3noaineHo Ha Tpu BiKo-
Bi rpynu: nianitkmn (14-16 pokis), toHaku (17-20 pokiB), CNOPTCMEHM MEPLLOro 3pinoro BiKy (22-27 pokis). OyHKLUio-
HaNbHY OLiHKY CepLEeBO-CYAMHHOT CUCTEMM 3A4iNCHIOBANN LWWAAXOM TETPanonspHoi peorpadii, pasosoro aHanisy cep-
LeBOro Luukny, enektpokapgiorpadii, nonikapaiorpadii Ta peectpauii chirmorpamm coHHoi apTepii. Po3paxosyBanu
yAapHuii 06’em (YO), XBUAUHHMIA 06'em KpoBoobiry (XOK), uactoTy cepuesux ckopoueHb (YCC), inaeke Kepao (IK).

Pe3ynbTaT Nokasanu, WO NigNiTKU XapaKTepu3yoTbCsA HAaNBULWOKW N1abiNbHICTIO reMogMHAMIYHMX NOKA3HMKIB
nia, BNMBOM BeCcTMBYNApHOro nogpasHeHHs, 0cobanBO nicas KoMBiHOBaHOTo HaBaHTaxKeHHs: YO 3pic Ha 26%, XOK
— Ha 31%, YCC — nomipHo. Pasa BUrHaHHA CEPLLEBOrO LMKAY MOAOBXKMIACA, @ Nepios, i30METPUYHOrO CKOPOUEHHSA
3MEHLUMBCSA, WO MOXKe CBiAYMTU NPO MOKpPALLEHHA HAacocHOI GYHKLII MioKapaa. HanTicHiwi KopenauiiHi 38’a3ku
MixK IK Ta remoavHamiYyHMMM napameTpamu 3adikcoBaHi came y nignaiTkosin rpyni: IK — YO (r= —0,612), IK — XOK
(r=-0,489), IK — TpmBanictb ¢pasm BurHaHHs (r=—0,541). Y ctapwmx cnopTcMeHiB noAibHi 38°a3Kkn 6yan meHL BMpa-
KEHUMMU | TPOABAANMNCA IULLIE NiCNA KOMBIHOBAHOTO HaBaHTaXKEHHA.

IHaeKc Kepao niaTeepamns cBoto iHPOPMATUBHICTb AK HEMNPAMKUIA NOKA3HWUK BereTaTUBHOI perynauii cepueBo-cy-
OMHHOT CUCTEMM Y BiANOBIAb HA CEHCOPHI CTUMYAN. BuABneHi BIKOBI BigAMIHHOCTI y peakuii KapaioremoguMHamikm
Ha BecTUMbynApHe NoApasHEHHS MOXKYTb B6YTM BUMKOPUCTaHI Ans iHAMBIAyani3alii CEHCOMOTOPHUX TPeHyBabHUX
NPOTOKOIB Y COPTI.

Knto4oBi cnoBa: remoamHamiKa, iHaeKc Kepao, BecTUbyNApHe HaBaHTAXKEHHS, BiK, IerKOaTNETH.

PARAMETERS OF CENTRAL HEMODYNAMICS AND THEIR CORRELATION WITH THE VEGETATIVE INDEX IN
ATHLETES OF DIFFERENT AGES UNDER THE INFLUENCE OF VESTIBULAR IRRITATION

Pastukhova V. A., Shiray T. V.

Abstract. The aim of this study was to identify the characteristics of changes in central hemodynamic parameters
and their correlation with the vegetative (Kerdo) index in track and field athletes of various age groups under
active, passive, and combined vestibular stimulation. A total of 34 trained male long jumpers aged 14 to 27 years
participated in the study. Athletes were categorized into three groups: adolescents (14-16 years), young adults (17-
20 years), and adults (22-27 years). Central hemodynamic function was assessed using tetrapolar rheography, phase
analysis of the cardiac cycle, ECG, polycardiography, and carotid sphygmography. Measured parameters included
stroke volume (SV), cardiac output (CO), heart rate (HR), and the Kerdo Index (Kl).

The findings revealed that adolescents demonstrated the most dynamic and statistically significant hemodynamic
responses to vestibular stimulation, especially under the combined modality. SV increased by 26%, CO by 31%,
and ejection phase duration was prolonged while the isometric contraction phase decreased, suggesting enhanced
myocardial pump efficiency. The strongest correlations between the Kerdo index and hemodynamic variables
were observed in adolescents: Kl — SV (r=-0.612), KI — CO (r= —0.489), and Kl — ejection phase (r= —0.541). These
relationships were weaker or absent in older athletes and manifested only after combined vestibular exposure.

The Kerdo index proved to be a sensitive and informative indirect marker of autonomic cardiovascular regulation
under sensory stress. The study highlights the importance of age-specific cardiovascular reactivity to vestibular
stimuli, which may guide personalized sensorimotor conditioning protocols in athletic populations.

Key words: hemodynamics, Kerdo index, vestibular loading, age, athletes.
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DEVELOPMENT OF A STUDY PROTOCOL FOR THE METABOLITE PROFILE AND
MORPHOFUNCTIONAL PARAMETERS OF WOMEN WITH METABOLIC SYNDROME

UNDER THE INFLUENCE OF COMBINED AND RESISTANCE TRAINING
National University of Physical Education and Sport of Ukraine (Kyiv, Ukraine)
yustimenko@uni-sport.edu.ua

Metabolic syndrome is a complex disorder combining abdominal obesity, insulin resistance, dyslipidemia, and
arterial hypertension, and represents a key predictor of cardiovascular diseases and type 2 diabetes mellitus. Despite
numerous studies, standardized protocols for implementing combined and resistance training interventions in com-
bination with diet therapy for individuals with this pathology are still lacking. This article is devoted to the develop-
ment of a research protocol for the metabolite profile and morphofunctional parameters of women with metabolic
syndrome under the influence of combined and resistance training. The aim of the study is to develop and test a pro-
tocol for a comprehensive study of the effects of combined and resistance training in combination with diet therapy
on the serum metabolite profile and morphofunctional parameters of women with metabolic syndrome. Pilot testing
of the protocol confirmed its practical feasibility and methodological coherence. All participants completed the initial
assessment, and laboratory and anthropometric procedures were carried out without complications. Most partici-
pants adhered to the dietary recommendations, and home-based training programs did not cause significant diffi-
culties. Recorded cases of irregular report submission indicate the need to improve the monitoring system. Changes
in the structure of the protocol concerned mainly organizational components rather than the substantive content.
The developed protocol is feasible under practical conditions and meets modern requirements for a comprehensive
assessment of metabolic health. Its structure makes it possible to combine dietary and training interventions with
biochemical monitoring without overburdening the participants. The results of the pilot phase create a basis for a
full-scale interventional study.

Key words: metabolic syndrome, metabolite profile, combined training, resistance training, diet therapy, mor-
phofunctional parameters, women.
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search work.

The study is carried out at the Department of Medical
Biology and Sports Dietetics of the National University
of Physical Education and Sport of Ukraine and is part
of the research project for 2023-2027 under topic 2.8.
“Influence of endogenous and exogenous factors on the
course of adaptive reactions of the organism to physical
loads of different intensity” (state registration number
012U108187).

Introduction.

Metabolic syndrome is a complex disorder character-
ized by a cluster of functional and anthropometric alter-
ations, including abdominal obesity, insulin resistance,
dyslipidemia, and arterial hypertension, and represents
one of the key predictors of cardiovascular disease and
type 2 diabetes [1, 2, 3]. This issue is particularly relevant
for women in middle to late adulthood, in whom meta-
bolic syndrome often coexists with hormonal imbalance

increased visceral fat content, etc.) [4, 5, 6]. Adherence
to a balanced and moderate diet in combination with
physical training is considered one of the most effective
non-pharmacological strategies for the prevention and
management of metabolic syndrome [7, 8, 9].

At the same time, the majority of studies examining
the effects of various types of physical exercise in indi-
viduals with metabolic disorders have focused primarily
on anthropometric and general clinical indicators [10,
11, 12]. Meanwhile, detailed aspects of the metabolite
profile (adipokines, pro-inflammatory markers, apoli-
poproteins) are studied far less frequently and without
standardized methodological approaches [13, 14].

The absence of standardized protocols that simulta-
neously encompass structured dietary therapy, diverse
exercise models, and an extended set of biochemical
markers complicates the comparison of results across
studies and reduces reproducibility. An additional chal-
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