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Annomauus. ViccaepoBaHus BapnabeAabHOCTH cepaedHoro purma (BCP) ummpoxo BocTpeboBaHbl B CIIOPTE,
TaK KaK pacKpbIBalOT MEXAaHM3MbI aAQITAL[MM YeAOBEKA K ABUTAaTEABHON aKTMBHOCTU. CTaThsl KacaeTcs
cBepeHu1 0 RMSSD, T. e. KBappaTHOM KOPHe 113 CPEAHEr0 KBaApaTa pa3HOCTEN BEAMYMH IIOCAEAOBATEABHBIX
nap unrepsasoB NN (RMSSD) y ciopTcMeHOB. AaHHbIe AUTEPATYPbI M PE3YABTATHI HAIIMX ICCAEAOBAHUIA
MTO3BOASIIOT 3aKAIOUNTD, YTO Y CIOPTCMEHOB BeArurHa RMSSD 3aBUCUT OT CIIOPTUBHOM CIeLiaAM3aLun
(0cobeHHO OHa BBICOKA Y CIIOPTCMEHOB, TPEHMPYIOLIX BHIHOCAMBOCTD, B TOM YIICA€ Y ABDKHUKOB-TOHII[VIKOB,
a MMHMMAaAbHA y CIIOPTCMEHOB, Pa3BUBAOLIUX CUAY (mayspandTusr)). OHa TakKe 3aBUCUT OT YPOBHSI
CIIOPTMBHOTO MacTepcTBa (MaKCUMMaAbHA Y SAUTHBIX CIIOPTCMEHOB), OT 00'beMa U MHTEHCHBHOCTHU
TPEHMPOBOYHBIX HArPY30K (BO3pacTaeT C poCcTOM 00beMa adpOOHBIX HArPy30K). Y SAUTHBIX ABDKHMKOB
BeAnurHa RMSSD OoTHOCUTEABHO CTaOMAbHA: B TOATOTOBUTEABHOM IIEPUOAE OHA MAaKCUMAaAbHa,
a B COPEeBHOBAaTEABHOM IIEPUOAE CHIDKAETCS, YTO MbI 00bsCHAeM popMUpoBaHUEeM TpeBOKHOCTU. OHa
TaK)Xe CTabMAbHA Ha MPOTSDKEHUM KAXXAOTO ME3OLMKAQ, T. €. yiebHO-TpeHnpoBouHoro cbopa (YTC).
Y 5AUTHBIX ABDKHMKOB Ha IIPOTSDKEHNUM BCETO Ce30HA CTaOMAEH U TUII BET€TATUBHOM PErYASILIUY, KOTOPbII,
coraacHo Kaaccuduraryy H. V1. IIAbIK, OTHOCUTCSI K aBBTOHOMHOMY THUITY, MAY BaroToHuu. [Toctyanpyercs,
YTO Y SAUTHBIX ABDKHMKOB IT0 Mepe POCTa X CIIOPTMBHOIO MacTepCTBa GOpMUPYETCs aHTUANIONITMYECKAS
CUCTEMA, OAHUM 13 KOMIIOHEHTOB KOTOPOII SIBASIETCSI HEHEPOHaAbHbIN aueTnaxoann (HH-AX).
ITpeamoaaraercs, uro BeandrHa RMSSD MoyXeT oTpaXkaTb HaAM4Me CYHTe3a HeHellpoHaAbHOro AX, a ee
CHIVDKEHME Y SAUTHBIX ABDKHUKOB — CAEACTBME TOPMOYXEHUS 9TOTO CUHTE3a, YTO MOXXeT ObITh IPUINHON
NepeTpeHpOBaHHOCT.

Karouesote croBa: ciopTCMeHBl, apanTauys K GpuanyecKMM HarpyskaM, aBTOHOMHasI HEpBHasI CUCTEMA,
BaprabeAbHOCTb CepAeYHOro putMa, RMSSD, HeHellpOHaABHBIN aLle TUAXOAVH, aHTUAIONITUYECKAs] CUCTEMA
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Abstract. The study of heart rate variability (HRV) is common in sports as it reveals the mechanisms of human
adaptation to physical activity. This article deals with information about RMSSD, i. e. the square root of the
mean square of the differences in the values of successive pairs of NN intervals (RMSSD) in athletes.
Literature-backed data and our research findings suggest that the RMSSD value in athletes depends on their
specialization: it is especially high in athletes building endurance, including cross-country skiers, and minimal
in those focusing on strength, such as powerlifters. It also correlates with the level of sportsmanship (reaching
its maximum among elite athletes) and the volume and intensity of training (going up with the volume
of aerobic exercise). In elite skiers, the RMSSD value is relatively stable, peaking in the preparatory period
and falling in the competitive one — something that we explain by the onset of anxiety. It also remains stable
throughout each mesocycle, i. e. training camp (TC). Elite skiers also have stable autonomic regulation
throughout the entire season, which is classified according to N. I. Shlyk as an autonomous type, or vagotonia.
It is postulated that as elite skiers build their athletic skills, they form an anti-apoptotic system, which includes
non-neuronal acetylcholine (ACh) among its components. It is assumed that the RMSSD value may reflect
the presence of non-neuronal ACh synthesis, and its decrease in elite skiers results from the inhibition of this
synthesis, which may be the cause of overtraining.

Keywords: athletes, adaptation to physical activity, autonomic nervous system, heart rate variability, RMSSD,
non-neuronal acetylcholine, anti-apoptotic system

BBepenne

BapuabeapHocTb ceppaeuHoro purma (BCP) no-
3BOASIET AQTh OL€EHKY COCTOSIHUIO aBTOHOMHOJ
HepBHot cuctembl (AHC), yyacTBytowient B npo-
1[eccax apanTaluy OpraHu3Ma CIIOPpTCMeHa K UH-
TEHCVBHOM MbIIIEYHOM AesiTeAbHOCTU (KaaaOuw,
MuxaitaoB 2021). Cpear CIIEKTpaAbHBIX MTOKa3a-
TeAaeit BCP Bripeassior monjHoctb HF-, LF-, VLE-
BOAH, OTPa’KaIOLIYI0 COOTBETCTBEHHO BAUSIHME
nmapacummnarudeckoro otaeaa (ITO) AHC, cummna-
tdeckoro otaeaa (CO) AHC, mopyaupyemoe

UnmeepamusHas gﬁusuwloeu,q, 2024, m. 5, Ne 1

6apopedaexcom, u B coBokynHoctu CO u ITO
AHC, a Tak)Xe OMOAOTMYECKY aKTVUBHBIX BEIlleCTB
(BAB) Ha cepauie (Muxaitaos 2017; Perek, Raz-
Pasteur 2021). Ilpu asTom cymmapHoe BausiHue I10,
CO u BAB otpaskaeT 00111asi MOLHOCTb CIIEKTPA
(TP), a orHocuTeAabHast MmowHocTh HF-, LF- 1 VLF-
BOAH, BbIpaKeHHas B nmpoueHTax K TP, 1. e. HF%,
LF% n VLF%, orpaskaeT yaeAabHbI BKAap I10,
CO AHC u BAB B peryasiuio AeITEABHOCTH CEpA-
ua (Karaes u aAp. 2023a).

PaHee HaMM IPOaHAaAM3MPOBAHBI AAHHBIE AUTE-
PaTyphI 1 pe3yAbTaThl COOCTBEHHDIX ICCAEAOBAHMUIL,
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3asucumocmp Beauyurvi RMSSD kapououHmepsaroepammbl OM CHeYUAAIU3AUUL. ..

Kacaloll[UXCsI CIIeKTPaAbHbIX moKasarteaeir BCP
AEVICTBYIOLVIX SAUTHBIX ABDKHMKOB-TOHIMKOB —
mwecty Mactepos crniopta (MC) 1 AByx MacTepoB
criopra MeXXAyHapopHoro kaacca (MCMK), uaeHoB
cbopHoi1 koMaHAbI PecrrybAvky TarapcTaH. Yaaaoch
noATBepAUTb (KaTaes u ap. 2023b), 4TO BeAUYMHBI
TP, HF-, LF- u VLF-BoaH, a Taxoke VLF%, 3aperu-
CTPUPOBaHHBIE B YCAOBUSX KAMHOCTA3a, OTPa’ka-
1oT BausHKe [1O AHC Ha cepaue. Taxxke HamMu
BBIABVMHYTO IIPEATIOAOKeHMe, uTo BeanunHa VLF%
y CIIOPTCMEHOB, TPEHUPYIOIIXCSI HA BBIHOCAUBOCTb,
OTpPa)kaeT UHTEHCUBHOCTb CUHTE3a KapAUOMUO-
LUTaMI HeHepOHaAbHOTO atteTrAxoArHa (HH-AX)
(Karaes u Ap. 2023a), a sHauenust LF% 1 HF% y Hux
OTPa)KAIOT COCTOSIHME TPEBOTU B CBSI3U C IIPEA-
crostumu crapramu (Kataes u Ap. 2023a). Bei-
SIBA€HA TIpsIMasi 3aBUCUMOCTb MeAuanbl TP u ab-
COAIOTHOM MoIHOCTU VLF-BoAH oT 00beMa
uukAnyeckoi Harpysku (OLIH), BeipaskeHHOTO
B KMAOMeTpax myTu (V,_ ), a Takoke OT AAUTE@ABHOCTH
a3pOOHOIT HArPy3KK, BBITOAHSIEMO TPU «pabouemM»
myabce (ICC, ), paprom 120121 ya/mun (Karaes
u Ap. 2023a).

3 BpemenHbix mokasateAeit BCP namu ObiAn
paccmoTpensl crpecc-unaekc (SI) (Kataes u Ap.
2023b); AAUTEABHOCTh HOPMAABHBIX MHTEPBAAOB
RR, 1. e. RRNN (Mmc), OTHOILIEHME TOCAEAOBATEAD-
HBIX MHTepBaAoB NN, pazanuue MeXXAY KOTOPbIMU
npesbiiaeT 50 MC, B IPOLIEHTAaX K O0IEMY YMCAY
untepBaroB NN, 1. e. pNN50 (Kataev et al. 2024).
Anaans pmHamuky BeanuuH SI, RRNN, pNN50%
HOATBepKAaeT Hawy BoiBOABI (Karaes u Ap. 2023a;
Kataev et al. 2024) u BeIBOABI Apyrux aBTOpoB (Pla
et al. 2019) o ToM, 4TO AASI CIOPTCMEHOB, Pa3BU-
BAIOIMX BHIHOCAUBOCTb, OCOOEHHO AASI SAUTHBIX
ABDKHMKOB-TOHIIIMKOB, XapaKTePHA BhICOKAS aKTUB-
HocTb [1O AHC. Kpome TOro, Ha OCHOBe aHaAM3a
SI u abcoaroTHbix 3Hayenunt VLF, mo xoTopbim
MPEAAOKEHO OIIPEAEASITh TUII BET€TaTUBHON pe-
ryasiuuu (TBP) cepaeunoint aesiteabHoctu (Shlyk
2016), mokasaHo, 4YTO Y SAUTHBIX ABDKHUKOB-TOH-
mukoB (KaraeB u Ap. 2023b) TBP ne mensietTcs
Ha MPOTSDKEHNM BCETO TOAMYHOTO MaKPOLIMKAA
1 oleHnBaeTcs no Kaaccupukauuu H. M. Iabik
(Shlyk 2016) kak Belpa>keHHast aBTOHOMHAsI pery-
AUy (BaroToOHMs).

Hair aHaAU3 CrIeKTPaAbHBIX 11 BpEMEHHBIX I10-
xa3ateaelr BCP AelICTBYIOIMMX SAUTHBIX ABDKHUKOB-
TOHIIVKOB II03BOAMA CHOPMYAMPOBATD IPEACTAB-
AeHMe 00 aHTUATIONITUYECKON CUCTEME MUOKAPAQ,
bopMupYIOLLIeiics TPK TPEHUPOBKAX, Pa3BUBAIOLINX
BBIHOCAMBOCTb. C Y4€TOM AQHHBIX AUTEPATYPHI
(Kakinuma 2021; Munasinghe et al. 2023), mbI ipea-
IoAaraeM, YTO OCHOBHBIM KOMIIOHEHTOM 3TOM
CUCTEMBI SIBASIETCST HEHEMPOHAABHBDII alle TUAXOAUH
(Kataes u Ap. 2023a; 2023b; 2024).

B AaHHOII cTaTbe aHAAUBUPYIOTCSI CBEAEHUA
AVITEPATypbl B OTHOLIEHUY KBAAPATHOT'O KOPHS
13 CPEAHEro KBaApaTa pa3HOCTeN BEAUYMH I1O-
cAepOBaTeAbHbIX Iap uHTepBaAoB NN, 1. e. RMSSD,
otpaxkamwliero BausHue [1O BHC Ha putm cepala,
B TOM YMCA€ CHMHYCOBYIO QpUTMMUIO, CBSI3AHHYIO
¢ aApixaHuem; ipu poomuHupoBanumu CO AHC Be-
AnmayHa RMSSD ymenbiiaeTcs, a Ipu AOMUHUPO-
Banuu [1O AHC — Bospacraet (Muxarnaos 2017;
Xoapipes u Ap. 2011). TTpu sTom B 0630pe MbI
yUUTBbIBaAM, 4TO BeanurnHy RMSSD MoskHO mpea-
CTaBASITb B BUAE CpeAHeN apudMeTNIecKo, Ao
B BUAE MEAVAHBI; B PAAE CAYYaeB 3TO OTMEYAAOCh
IpM U3AOKeHUM MaTepuaAa. Lieab AoaHHOTO 0630-
pa — MpeAOCTaBUTD CBepaeHM: 0 BeanunHe RMSSD
B 3aBUCHUMOCTH OT psiaa (pakTOpoOB, B TOM uuCAe
OT CIIOPTUBHOMN CIIELMAAM3aLINY, TIEPMOAOB IOA-
TOTOBKY, OT 00'b€Ma TPEHVPOBOYHOI HArpysKu
aspoOHOro xapaxrepa.

Beanunna RMSSD (mc) B 3aBucumocTu
OT YPOBH: ABUT'AaT€AbHOI aKTMBHOCTH
(cmopTCMeHbl B CpaBHEHUM C HECTIOPTCMEHAMM)

Beaocuneoucmut u HecnopmcmeHbl

VY 12 BeaocuneancToB BeanurHa RMSSD Obiaa
3HaurMo Bbilre (71 Mc), yeM y 10 CBepCTHUKOB-
HecrioptcmeHoB (49 mc) (Pluim et al. 1999). Y 15 Be-
AocurieaAucToB (21 rop) sHaueHuss RMSSD 6biaun
BBIIIIE, YeM Y HECIIOPTCMEHOB TOT'O K€ BO3pacTa
(86 mc mpoTus 30 mc) (Bonaduce et al. 1998).

Aeekoamaembt u HecnopmicmMeHbl

Y 2AUTHBIX OeryHOB-MY>XuuH (25 AeT) BeAu-
yyHa RMSSD 0OblAa Bblllle, YeM Y HECTIOPTCMEHOB
(Jensen-Urstad et al. 1997). Y 50 cTyseHTOB-Aer-
koatAeToB (20 AeT; 1-2 paspsip) BeanunHa RMSSD
ObIAa BblIIE, 4YeM Y 26 pabOTHMKOB (29 AeT) KOM-
naunu OOO «HeipocodpT» — 49 Mmc npoTus
30 mc (Muxanaos 2017). Y 8 AerKoaTAeTOB-CITPUH-
tepoB (51 rop) u 8 cTaitepos (53 ropa), 3HaYEHUS
RMSSD 6ObIAM CTaTUCTUYECKM 3HAYMMO BBIIIIE,
yeMm y 17 HecriopTcMeHOB (47 AeT) — COOTBET-
crBeHHo 40 mc u 38 mc iportus 20 mc (Deus et al.
2019).

Cnopmcmennt, mperHupyouuecs
Ha BbIHOCAUBOCHID, U HECHOPICMEHDL

Y 138 crnopTCMEeHOB, TPEHMPYIOLIMXCS Ha BbI-
HOCAUBOCTb, 3HaueHUst RMSSD 6biAM cTaTUCTU-
YecKM 3HA4MMO Bbillle, yeM y 100 HecrmopTcMeHOB
Toro e Bozpacta — 71 mc npotus 50 mc (Kiss et al.
2016). A 0 AQHHBIM IPEYeCKUX UCCAEAOBATEAEN
(Kaltsatou et al. 2011), BearunHa RMSSD 6b1aa
3HaYMMO BBIIIIe Yy CIIOPTCMEHOB, Pa3BUBAIOIINX
BBIHOCAMBOCTD U CUAY, YEM Yy HECIIOPTCMEHOB.
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Ilaysprugpmune (curosoe mpoebopve)
U HECHOPICMEHDL

Y 19 nayapaudrepos BeanunHa RMSSD 6biaa
3HAYMMO HIKe, YeM Yy HeCIIOpTCMeHOB (n = 20) —
32 mc potuB 56 mc (Kaaabun, Crimiuu 2011).

JTaK, mo4Tu BCe UUTUPYeMble BbIIllE€ aBTOPBI
(Muxaitaos 2017; Bonaduce et al. 1998; Deus et al.
2019; Jensen-Urstad et al. 1997; Kaltsatou et al.
2011; Kiss et al. 2016; Pluim et al. 1999) yrBepxaa-
I0T, 4TO y CIOPTCMeHOB BeanunHa RMSSD Bbiiue,
yeM Y HECIIOPTCMEHOB. JTO 03HAYaeT, YTO ABUTA-
TEAbHAsI aKTUBHOCTb CIIOCOOCTBYET POCTY BEAU-
yuHbl RMSSD. OpHaKo y CliopTCMEHOB, TPEHUPYIO-
VX MBIIIEYHYIO CUAY, BeanurHa RMSSD Huxe,
yeM y HecrioptcMeHoB (Kaaabun, Crimuyn 2011).

Beanmunna RMSSD (mc) B 3aBucumocTu
OT AAUTEABHOCTH (CTa)XKa) 3aHATUSA CHOPTOM
1 YPOBHS CHOPTUBHOIO MacTepPCTBA

Y A3I0AOMCTOB MEKAYHaPOAHOTO KAACCa BEAU-
yyHa RMSSD Bbliite, 4eM y A310AOMCTOB HalMIOHAAD-
Horo ypoBHs (Morales et al. 2013). Anaaoru4Ho
Y SAUTHBIX AE€BSITY CIIOPTCMEHOB-OPUEHTVPOBIIY-
KoB BeAnurHa RMSSD Obiaa Bblllle, YeM y MeHee
kBaAnduuuposanHbix: 103 mc mpotus 87 mc (Seiler
et al. 2007). Y ¢pyTO0AUCTOB MEXAYHAPOAHOTO
ypoBHs BeanunHa RMSSD Bbiiite, uem y pyrb0an-
cTOB BTOpOro AuBu3noHa Mraaunm (Proietti et al.
2017). Y 12 nAOBLOB HALJUOHAABHOTO YPOBHSI Be-
AmymHa RMSSD 6biAa CTAaTUCTUYECKM 3HAYUMO
BbIlIe, YeM Y 16 ITAOBLIOB PEIrMIOHAABHOI'O YPOBHSI
(Flatt et al. 2021). Y 6acker60AncTOB — MC, KMC
" y paspsAHMKOB BeanmunmHa RMSSD cocTtaBuaa
COOTBETCTBEeHHO 165, 92 1 63 mc ([ToroanH, AAex-
cansHy 2018). Viccaeays 16 abbkHMKOB (1825 Aer),
(AutBuH 1 Ap. 2012) yCTaHOBMAM, YTO BEAUYMHA
RMSSD B HauaAe y4eOHO-TpeHMPOBOYHOTO cbopa
(YTC) y MC, KMC u y nepBopaspsiAHUKOB CO-
CTaBUAQ COOTBETCTBEHHO 112,98 1 67 Mc, a mocae
3aBepueHuss Y TC — coorBercTBeHHO 125, 102
1 96 Mc. DTO yKa3bIBaeT Ha TO, UTO U Y ABDKHIKOB
BeArmurHa RMSSD noBpIaeTcst ¢ poCToM KBaAu-
¢buKauuy crioprcMeHa. IpKUM IPYMEPOM CAY>KaT
AQHHBIE O TOM, YTO Y IISITUKPATHOI'O OAVMIIUIICKO-
ro 4eMIIMOHA IO 6uaTAoHy MapTeHa Dypkaaa
BeAanurHbel RMSSD BospacTaau ¢ 2009 mo 2019 rop,
BKAIOUUTEABHO C 31 Mc A0 114 mc (Schmitt et al.
2021).

TakuM 00pa3oM, y CHOPTCMEHOB, B TOM YMCA€
TPEHUPYIOLMXCS HA BBIHOCAMBOCTD, 3HAY€HMUS
RMSSD noBbIIIAIOTCS ¢ POCTOM CTaXka U yPOBHA
crioptuBHOro mMacrepctsa (AuTBuH u Ap. 2012;
IMToroauH, AaexcansaHun 2018; Flatt et al. 2021; Mo-
rales et al. 2013; Proietti et al. 2017; Schmitt et al.
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2021; Seiler 2007). OAHAKO Y CIIOPTCMEHOB-CHAO-
BMKOB, HA000OPOT, C POCTOM MacTepCTBA 3HAYEHMS
RMSSD cuauxarorcs (Kaaabus, Crimipua 2011) —
COTAACHO UX AaHHBIM, Y 8 MC 1o nayspAupTUHIY
3HaueHuss RMSSD ObiAM 3HaYMMO HMOKE, YeM
y 11 mayapAngTepoB-paspsAHUKOB (23 MC IPOTHB
37 mc). IToaaraem, 4T0 0COOEHHOCTb AMHAMMKYI
BeAnunHbl RMSSD (ee cHIDKeHMe ¢ pOCTOM MacTep-
CTBA) Y CIIOPTCMEHOB, Pa3BUBAILINX MBIIIEYHYIO
CHAY, TPEOYeT ICCAEAOBAHMS C O3ULIMIL M3YYeHMSI
MeXaHM3MOB apalTallMy OpraHM3Ma YeAOBeKa
K GM31UeCKO aKTUBHOCTY B 3aBUCUMOCTU OT ee
HaINpaBA€HHOCTMU.

Beanuuna RMSSD (mc) B 3aBucumocTu
OT CIIOPTUBHOTO pe3yAbTaTa

VY ABDKHUKOB-TOHIIMKOB 16—17 AeT BeAMYMHA
RMSSD 6biaa TeM Bblllle, YeM BBIILIE PE3YABTAT
AbDKHOM roHku (OctpoymoB, Buxyaos 2012). Y ma-
TUKPATHOTO OAVMIIUIICKOTO YeMIIMOHA 10 OMAaTAO-
Hy Maprena @ypkapa Beanurnbl RMSSD 3a 11 aer,
T. e. ¢ 2009 mo 2019 rop BKAIOYUTEABHO, IO TOAAM
BBITASIAAIT CA€AYIOIIMM obpasom: 31, 44, 51, 95, 89,
91, 114, 99, 99, 108, 94 mc (Schmitt et al. 2021).
ABTOpBI YKa3bIBalOT, YTO YMCAO MO3ULMI TOM-3
YBEAUMUMAOCH C 2 A0 24-26 ¢ 2009 no 2018 rop
(muk B 2016—-2018 rOoABl) M CHU3UAOCH AO 6
B 2019 roay. Mrak, poct Beanmunusr RMSSD yka-
3bIBaeT Ha MOBBIIIEHNE PAOOTOCTOCOOHOCTHU
CIIOPTCMEHA-ABDKHUKA U AOCTVKEHME BBICOKUX
pe3yabTaToB B copeBHOBaHusAX (Octpoymos, Bu-
KyAoB 2012; Schmitt et al. 2021). 9To coraacyercs
C HAIVMM BBIBOAOM, CAEAQHHBIM B IIPEABIAYIIEM
pa3AeAe, COrAAaCHO KOTOPOMY Y CHOPTCMEHOB, B TOM
YlMCA€ TPEHUPYIOLMXCS HA BBIHOCAUBOCTD, 3Haue-
Hust RMSSD noBbIIaroTCs ¢ pOCTOM CTaKa U YPOB-
HsI CIIOPTMBHOI'O MacTepCTBa.

Beanmunna RMSSD (mc) B 3aBucumocTu
OT BUAQ CIIOPTUBHOMN ClIENMAAN3AIUN

Oymoborucmbi

ITo AQHHBIM UCITAHCKHMX MICCAeAOBaTeAelt (Ayuso-
Moreno et al. 2021), y 13 ¢pyT60AUCTOK BTOPOTrO
AVBU3MOHA yeMnuoHara Vicnanunm (18—28 aet) Be-
AarurHa RMSSD cocraBuaa 66 Mc. Y My>KunH-QyT-
60auctoB (n = 76) — 77 mc (Lengyel et al. 2011).
A o panubIM MuxaitaoBa (MuxaitaoB 2017) y my-
yuH-¢pyTo0AUCTOB (N = 20) — 54 Mc. CoraacHo
HeAaBHUM rccaepoBanmsaM (Vcmana (Beprman) u Ap.
2021), y 15 ronpix ¢pyr60AUCTOB (16 A€T) cpeaHre
3HaueHus1 RMSSD cratucTuyecku 3HaYUMMO HIKe
y Bpatapeii (38 Mc), ueM y moAy3aimTH1KOB (60—91 mMc)
M 3aLUTHUKOB MAM Haraparommx (19-107 mc).
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Xokkeucmut

Y 20 xokkeuctoB (16 AeT) mepep MOE3AKON
Ha yeMIMoHaT Mupa BeanurnHa RMSSD cocraBuaa
91 mc (Muxaitros 2017).

Boaenoorucmuoe

Y npodeccroHaAPHOTO BOAEIOOANCTA, OAUM-
ruiickoro yemnumona 3MC M. M. MuxaitAoBa Be-
AmumHa RMSSD cocrasuaa 70 mc (Kaaabun, Mu-
xaiaoB 2023).

THapawwmucmot

Y 17 napaunoructo (Muxaitaos 2017), yya-
CTBYIOLIVX B CIIELiaAbHOM TPEHMPOBOYHOM COOpe,
BeAanmurHa RMSSD cocraBuaa 48 mc.

bopuwt

Y 15 60p1I0B rpeKO-PUMCKOTO CTUASI BEAUYMHA
RMSSD cocraBuaa 78 mc (Capsir u Ap. 2015),
ay 34 5AUTHBIX 23-A€THMX )KEHIMH-00OPLIOB ITO A3I0-
A0 BeanmurHa RMSSD cocraBuaa 82 mc (Tian et al.
2013).

Ilayspaugpmune (curosoe mpoebopve)

Y 8 MC no nayspaudtuury (Kaaabus, Cru-
uuH 2011) Beamunna RMSSD coctaBuaa 23 M,
ay 11 nayspandrepoB-paspspHUKOB — 37 MC.

Llopm-mpexosuxu

Y 7 cioprcmeHoB-MyxuuH (Kpotosa, Tepexos
2021) (KMC, MC, 16-22 AeT), 3aHUMAIOLUXCS
HIopT-TpekoM, BeanunHa RMSSD cocTaBasiaa
46 mc.

I1roBupt

VY 14-AeTHux nAoBUoB (n = 22) BeAUYMHA
RMSSD cocrasuaa 73 mc (Kamandulis et al. 2020).

Beaocuneoucmoe

VY 12 Beaocumniepuctos (18—40 AeT) pernoHasb-
HOTo ypoBH:A BeanurHa RMSSD cocraBuaa 59 mc
(Oliveira-Silva et al. 2018). A o paHHbIM [TArOM
¢ coaBropamu (Pluim et al. 1999), y 12 Beaocure-
AVICTOB OHa cocTaBuaa 71 mc. Y 15 npodeccuo-
HAABHBIX BeAOCUIIEAUCTOB (21 rop) BeAMuMHa
RMSSD cocraBuaa 86 mc (Bonaduce et al. 1998);
IO AQHHBIM APYTMX aBTOPOB, 3Ta BEAMYMHA CO-
craBuaAa 48 mc (Barak et al. 2010) mau 43 mc (Swart,
Constantinou 2023).

buamaonucmobt

Y NATUKPATHOTO OAMMIMUICKOIO YeMIIMOHA
o 6uataoHy Maprena @ypkaaa (Schmitt et al.
2021) Bearunna RMSSD pocTurasa Makcumyma —
114 mc.

AbDKHMKM-ZOHMMKM

Y 16 AeNICTBYIOUIMX SAUTHBIX ABDKHUKOB-
roHmukoB us Poccuu, Hopeeruu, llIBertnapun
BeanunHa RMSSD BappupoBaaa B ImpepeAax
99-101 mc (Schifer et al. 2015). [To HamMM AQHHBIM
(KataeB u Ap. 2024), y 3AUTHBIX ABDKHUKOB-
roHIKoB Pecnybauku TatapcraH mMepunaHa
RMSSD BappupoBaaa ot 92 po 129 mc, B TOM
4YlMCA€ Y DAUTHOTO ABDKHMKa-ToHIMKA A. Karae-
Ba (MC) oHna BappupoBasa ot 96 po 108 mc.
Y 10—12-AeTHUX ABDKHUKOB-TOHIIMKOB (n = 46)
BeanunHa RMSSD BapbsupoBaaa ot 32 po 56 mc
(Edpemona, Crniniuu 2017), a y 18—20-AeTHHX
CTYAEHTOB 2—4 KypCOB CIIOPTUBHOTO (aKyAbTe-
Ta oHa cocTtaBuaa 93 mc (Boponuua, Cadaposn
2008).

Cnopmcmennt, mpeHupyouiuecs
HA BbIHOCAUBOCID

Y criopTCcMeHOB, pasBUBAOIINX BBIHOCAUBOCTD,
BeAnurHa RMSSD Oblaa Bblllle, 4eM Y CTIOPTCMEHOB,
pasBuBaromux cuay (Kaltsatou et al. 2011; Mal'tsev
et al. 2010). CoraacHo mIBENIAPCKUM UCCAEAOBA-
HMsIM (Sztajzel et al. 2008), ciopTcmeHsl, TpeHUpYIO-
1I1ie BBIHOCAUBOCTD, MEIT 0COOEHHO BBICOKME
nokasarear RMSSD B cpaBHeHMu ¢ 00111ei1 nory-
AsiLIVell CIIOPTCMEHOB.

JTak, aHaAM3 AUTEPATypPbl IIOKa3bIBAET, UTO
caMmble BpICOKMe BeAnurHbel RMSSD sapeructpu-
POBaHBI y SAUTHBIX ABDKHUKOB-TOHIMKOB (Kara-
eB 1 Ap. 2024; Schifer et al. 2015) u GuatAoHMCTOB
(Schmitt et al. 2021), a TaxXe y ABDKHUKOB-TOH-
I[MKOB OHMOPCKOro Bo3pacTa (Boponuna, Cada-
poB 2008). boaee Huskume BeAndynHbl RMSSD
XapaKTePHbI AAS TIPOGECCHOHAABHBIX BEAOCUTIE-
aucrtoB (Bonaduce et al. 1998), xokkeuctos (Mu-
xanaoB 2017), 6opuoB-a30a0 (Bonaduce et al.
1998), pyro0ancros (Lengyel et al. 2011), Boaeit-
6oaucroB (Karabux, Muxaiaos 2023), a Takxe
AASI MeHee KBaAMDULMPOBAHHBIX BEAOCUTIEANICTOB
(Barak et al. 2010; Oliveira-Silva et al. 2018; Pluim
et al. 1999; Swart, Constantinou 2023), TAOBLOB
(Kamandulis et al. 2020), 60p110B rpeko-puMcKo-
ro ctuas (Capeir u Ap. 2015), dpyrboancros (Mu-
xaitaoB 2017; Ayuso-Moreno et al. 2021), ocobeH-
Ho Bpatapent (Mcmaua (Beprman) u aAp. 2021).
Camble Hu3KMe BeandnHbl RMSSD xapakTepHbI
AAST ABDKHUKOB-TOHIIIMKOB HAYaAbHBIX Pa3psIAOB
(Edpemona, Crimuus 2017), mapauroructos (Mu-
xanaoB 2017), mopt-TpekoBukoB (Kporosa, Te-
pexoB 2021) u CIOPTCMEHOB, TPEHUPYIOLINXCS
Ha pas3BuTue MbieyHoit cuabl (Kaaabuu, Cru-
uuH 2011; Kaltsatou et al. 2011; Mal’tsev et al.
2010).
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A. A. Kamaes, B. M. Qupxun, A. H. Tpyxun, C. V. Tpyxuna

Beanynna RMSSD npu nepeTpeHupoBaHHOCTU

Y 5AUTHOTO CITOPTCMEHA-TPUATAETA B TEUEHUE
MOATOTOBKU K CTapTy BeamdnHa RMSSD nocre-
MIEHHO CHIKAAACh, YTO PACIIEHUBAAOCDH KaK MIPU3HAK
neperpenupoBanHocTu (Plews et al. 2012). Ilpnu
VICCAEAOBAaHUM 14-A€THUX MAOBLIOB (n = 22) BbI-
SIBAEHO, YTO CHIKeHMe BeAndrHbl RMSSD moskeT
CAY>XXUTb CUMIITOMOM I€peTPEeHNPOBAHHOCTY
(Kamandulis et al. 2020). ITo muenuro Tuas c co-
aBropamu (Tian et al. 2013), cHVKeHME BEAUYMHBI
RMSSD a0 45 mc y A3t0pA0uCTOB (n = 345 23 ropa)
OTpa’kaeT MepPeTPEHNPOBAHHOCTb. VITaK, CHIDKeHNE
BeAndrHbl RMSSD y AelicTByOLIX CIOPTCMEHOB
PaCIeHMBAETCS KaK CPBIB aAAMTAIIMOHHBIX MPO-
1LI€CCOB Y CIIOPTCMEHOB, Pa3BUBAIOLIX BBIHOCAU-
BOCTb, T. €. SIBASIETCSI CUMIITOMOM II€PETPEHUPO-
BaHHoctu (Kamandulis et al. 2020; Plews et al. 2012;
Tian et al. 2013).

BeAanuuna RMSSD (mc) B 3aBucumocTu
OT reHaepa

Vccaepyst SAUTHBIX ABDKHUKOB-TOHIVMKOB
(16 My>xumH 1 19 )KeHIIMH) B HAYaA€ 1 B KOHLIE TTOA-
TOTOBUTEABHOTO MEPUOAR, & TAKXKE B COPEBHOBA-
teAbHOM Tieproae (Schifer et al. 2015), He BbIsIBUAK
MOAOBDBIX PA3AMYMIL: Y MY>KUMH BeAndrHbl RMSSD
COCTaBMAM COOTBETCTBEHHO 99, 101 1 98, a y >XeHIMH
97,100 1 100 mc. Viccaepys 12 my>xumH 1 10 >keHIMH
ABDKHUKOB-TOHIIMKOB BBICOKOM KBaAUbUKALIUK
(1 B3p, KMC, MC, MCMK) B Bo3pacTe 16—34 ropa,
CoaonuH ¢ coaBropamu (CoaouuH u Ap. 2019)
He BBISIBUAY CTAaTUCTUYECKU 3HAYMMBbIX Pa3AUUMIA
MEXAY HUMU: Y MY>KUMH MearaHa RMSSD u njeH-
TUAK COCTaBUAM 68 Mc (56—86 MC), a Y KEHIIMH —
51 mc (40-73 mc). Viccaeayst ABDKHUL] M ABDKHUKOB
KOMAaHABI Pecny6AM1<1/1 Komu, MapkoB He BBIIBUA
CYLLIeCTBEHHBIX TIOAOBBIX PAa3AUYMI B BEAUUVHE
RMSSD: y 15—16-AeTHUX IOHOLIEN OHa COCTaBUAA
80 Mc, ay AeBymiek — 77 Mc; y 17—-18-AeTHMX IOHO-
et — 73 Mc, y AeByiiek — 79 mc (Mapkos 2019).
He BbIsIBA€HO 3HAUMMBIX Pa3AMIMIT Y CHOPTCMEHOB
(KMC, MC), 3aHMMAaIOIMXCSI LLIOPT-TPEKOM: y 7 IOHO-
1Iei 1 4 AeByllleK B Bo3pacTe 16—22 AeT BeAMIMHa
RMSSD cocTaBAsiAa COOTBETCTBEHHO 46 Mc 1 41 mMc
(KportoBa, Tepexos 2021). /I aurb laBpuaoBa, uc-
CA€AOBaB 6ACKETOOAKCTOB, B TOM YMCA€ 15 JKeHIH
1 30 MY>K4VH, YCTaHOBMAAQ, UTO Y )KEHIIVH BeAUYN-
Ha RMSSD Bbliite, 4eM y My>xurH (73 MC poTuB
57 mc) (TaBpuaona 2015).

B oTHOLIEHNY HECTTIOPTCMEHOB TaK)Xe HE BBI-
SIBA€HBI CTaTUCTUYECKM 3HAYMMBbIE TIOAOBbBIE Pa3-
Anaus mo BeanumHe RMSSD. Tak, BenesieBa
¢ coaBTOpamu, uccaepys 60 xeHIMH 1 40 My>KunH,
CTYAEHTOB 6-TO Kypca MEAULIMHCKOTO MHCTUTYTA,

UnmeepamusHas gﬁusuwloeu,q, 2024, m. 5, Ne 1

mokasaAl, 4To BeanunHa RMSSD cocraBuaa co-
oTBeTcTBeHHO 37 Mc 1 44 mc (p > 0,05) (BeHesiie-
Ba u Ap. 2019). MccaepoBaB 29 MaAbYMKOB U 38
AeBouek, yyamuxcs 9-10-x kaacco (14—-16 aet)
00111e00pa30BaTEAbHOI IIKOABL, MUXAIAOB He BbI-
SIBUA 3HQYMMBIX pasdanunii B BeanunHe RMSSD,
KOTOpasi COCTaBMAA COOTBETCTBEeHHO 32 Mc u 40
mc (MuxaitaoB 2017). He BbIsIBAEHO pasAMYMIL 11O
BeanurHe RMSSD mexay 366 my>xunHamu u 271
xenuyHon (Park et al. 2007). VI auwp B pabore
IMutkeBnd ¢ coaBropamu (ITutkeBuy u Ap. 2010)
coo0111aeTcs, YTO y )XeHIIUH Meanana RMSSD
CTAaTUCTUYECKM 3HAYMMO BBIIIE, YeM Y MY>KUMH.

MrtaK, 60ABIIMHCTBO aBTOPOB HE BBISBUAO TIO-
AOBBIX pa3Anuumit no BeanurHe RMSSD y crioprc-
menoB (Kporosa, Tepexos 2021; Mapkos 2019;
CoaonyH 1 Ap. 2019), n y HecriopTcMeHOB (BeHes-
yeBa u Ap. 2019; Muxaitaos 2017; Park et al. 2007)
U TOABKO, COTAQCHO AaHHBbIM [aBpuaoBoit (laBpu-
AoBa 2015), y >KeHIIMH-0acKeTOOAMICTOK BEAYMHA
RMSSD Bbillle, yeM y MY>KUMH-0aCKeTOOANCTOB,
a CpeAM HECIIOPTCMEHOB, COTAACHO AQHHBIM [ InT-
KkeBu4 ¢ coaBTopamu (ITutkeBud u Ap. 2010), y >xeH-
LIIVIH OHA BBILIIE, YeM Y MY>KUMH.

Beanunna RMSSD (mc) B 3aBucumoctu
OT MEPUOAA TOAMYHOTO IIUKAQ
(MOArOTOBUTEABHDIN, COPEBHOBATEABHbIN,
TiepeXOAHBIIl)

Mccaepys 15 npodeccrioHaAbHBIX BEAOCUIIEAM-
ctoB (21 rop), MoKasaHo, 4yTo 3HavyeHus RMSSD
B [IEPEXOAHOM IMeproAe (OAMH MECSI] OTABIXA) CO-
cTaBMAU 86 MC, a B KOHILie TIOATOTOBUTEABHOTO
MEPUIOAA, T. €. TIOCAE TMSTY MECSLEB HEITPEPBIBHOTO
TPEHMPOBOYHOTIO ITPOLIECCa, OHU COCTaBUAU 96 MC,
HO aBTOPBI He YKa3aAlM CTaTYCTUUECKYI0 3HAYVIMOCTD
pasanunit (Bonaduce et al. 1998). Bappepo c co-
aBTOpamu nccaepoasu BCP y pecsaTu sANTHBIX
BEAOCUIIEAMCTOK (Ha 1I0CCE) BO BPeMsI COPEBHO-
BaHus «Typ ae @panc 2017», Ha MPOTSIKEHUN
21 stama (Barrero et al. 2019). Tak, nepea Typom
BeanmurHa RMSSD cocTaBuaa 93 mc, a mocae 1-9 sta-
noB — 49 mc, mocae 10—-15 sTammoB — 56 Mc, a B KOH-
1Ie MHOTOAHEBKI, T. €. ITocAe 16—21 sTanoB — 57 Mc.
OAHaKO MMOCAe KPaTKOBPEMEHHOTO (ABa AH) OT-
AbIxa BeaAnurHa RMSSD BoccTaHaBAMBaAaCh MOY-
TU AO MICXOAHOTO YPOBHsL. VITak, Ha KaXKAOM aTarie
Typa BeanunHa RMSSD craTuctmiyecky 3Ha4MMO
CHIKAAACh, YTO KOCBEHHO FOBOPUT 00 YTOMAEHUY,
KOTOpO€e MPOXOAMAO B IepuoA oTAbIxa. I1pu uc-
CA€AOBaHUU 16 SAUTHBIX ABDKHUKOB-TOHIIIKOB
u3 Poccun, Hopseruu, lllBeiijapuu nmoxkasaHo
(Schifer et al. 2015), yTo Beanunna RMSSD B mep-
BOJ ITOAOBUHE MOATOTOBUTEABHOI'O IEPUOAQ
(vroHb—aBryCT) cocTaBuaa 99 Mc, BO BTOpPOI
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IIOAOBMHE 3TOTO TeproAa (CeHTsIOpb—HOSI0Pb) —
101 mc, a B copeBHOBaTeAbBHOM Iepuope (AeKabpb—
MapT) — COOTBETCTBEHHO 98 MC. DTO CBUAETEAD-
CTBYET O TOM, YTO Ha IIPOTSDKEHUM TIOATOTOBUTEAD-
HOTO U COPEBHOBATEABHOTO TIEPUOAOB BEAUYMHBI
RMSSD y 3AUTHBIX ABDKHMKOB OCTaBaAMCb OTHO-
CUTEABHO CTAaOMABHBIMU, XOTSI UMEETCSI TEHAEHL[VST
K CHIVDKEHUIO BEAMYMHBI 5TOrO MOKA3aTeAsI B CO-
peBHOBateAbHbli1 ieproa. Hamu (Kataes u Ap. 2024)
YCTaHOBAEHO, 4TO Y ciopTcMeHa A. KaraeBa meana-
Ha u 25-11 u 75-11 yeHtuanu RMSSD B OAroToBU-
TeAbHOM Tiepuope coctaBuau 108 mc (97/120 mc),
YTO CTAaTUCTUYECKU 3HAYMMO OBIAO BBIIIE, YEM
B COpeBHOBaTeAbHOM neproae — 101 mc (94/111 mc)
U B TIepeXOAHOM neproae — 96 mc (91/107 mc)
(p < 0,05); mpu 5TOM pa3AMuMsI MEKAY COPEBHOBA-
TEABHBIM U IIEPEXOAHBIM TIEPUOAAMY ObIAY HE3HA-
yumbl (p > 0,05). Y 8 uaeHOB COOPHOI KOMaHABI
Tarapcrana (6 MC 1 2 MCMK) Beanunaa RMSSD
MIMeAa TaKyIo >Ke AMHAMMKY, KaK y CIIOpTCMeHa
A. KataeBa — B IIOATOTOBUTEABHOM IIEPUOAE Be-
AymayHa RMSSD cocrasuaa 110 mc (92/135 mc),
a B COpEBHOBaTEeAbHOM Iteprope — 96 (86/105 mc).
ITO TOBOPUT O TOM, UTO Y BCEX YAEHOB COOPHOM
KOMaHABI TaTapcTaHa, B TOM YMCA€ Uy ABDKHMKA
A. Karaesa Beanurina RMSSD oTHOCUTEABHO CTa-
OMABHA HA TPOTSDKEHUY CE30HA, 4 HE3HAYUTEABHOE
(XOTsI ¥ CTATUCTUIECKU 3HAYMMOE) CHIKEHME B CO-
PEBHOBaTEABPHOM MEPUOAE MOXXHO 00BSICHUTD HOP-
MMPOBaHEM YyBCTBA TPEBOXKHOCTY, KOTOPOE CO-
MIPOBOXKAAA0CH NOBbILIeHMeM akTuBHOCT CO AHC,
perucTpupyemMoM npu KamHoctarndeckon KIT.

AaHHbIe AUTEPATYPBHI TAK)KE YKA3BIBAIOT HA CHU-
XeHre BeAnurHbl RMSSD B copeBHOBaTeAbHOM
MEPUOAE, YTO OCOOEHHO XapaKTEPHO AASL APYTUX
BUAOB criopTa. Tak, y 12 ncnanckux QpyT3aAucToK
(23 ropa) B COpEBHOBATEABHOM TEPUOAE 3HAYEHUS
RMSSD 0bIAM CTaTU4YEeCKM 3HAUYMMO HIDKE, 4YeM
B moAroToButeabHOM mepuoae (Nakamura et al.
2023). Y 5 KOHBKOOEXI1]eB MeXAYHapOAHOIO
KAacca B KOHIL|€ COPEBHOBATEABHOTO ITEPMOAA Be-
AnumHa RMSSD 0ObiAa cTaTUCTUYECKM 3HAYMMO
HIKe, YeM B HauaAe 9TOro nepropa — 42 Mc mpo-
tus 61 Mmc (lizuka et al. 2020). Y aerkoaraeros-
OeryHoB (24 ropa) pernoHaAbHOTO YPOBHS BEAM-
yytHa RMSSD B copeBHOBaTeAbHOM IepuoAe ObiAa
HiDKe (67 MC), 4eM B IOATOTOBUTEABHOM TIEPUOAE
(83 mc), XOTst pasAnuMst OBIAU CTATUCTUYECKU He-
sHaunmbl (Raczak et al. 2006).

Takum 06pa3om, B COpEBHOBATEABHOM ITEPUOAE
y cioprcmenoB (Nakamura et al. 2023), B Tom unc-
A€ TPEeHMPYIOIMXCs Ha BIHOCAMBOCTD (KaTaes
u Ap. 2024; Barrero et al. 2019; Bonaduce et al. 1998;
lizuka et al. 2020; Raczak et al. 2006; Schifer et al.
2015), BeanunHa RMSSD B copeBHOBaTeAbHOM
MEPUOAE HIKE, YeM B MIOATOTOBUTEABHOM. DTO,

KaK MBI y>)Ke OTMeYaAu, MOKHO OOBSICHUTb Gop-
MMPOBaHMEM Y CIIOPTCMEHA B COPEBHOBATEABHOM
IEPUOAE YYBCTBA TPEBO>KHOCTH.

Beanuuna RMSSD (mc) B 3aBucumocTu
OT 9Tamna Me30MKAa (Y4eOHO-TPEeHUPOBOYHOTO

coopa, YTC)

B MOATOTOBKE ABDKHUKOB-TOHIUKOB, TIOMUMO
MaKpOLIVIKAR, IPUHSTO BBIAEASITh OTAEABHBIE Me-
301UKABL AU Y TC, cCpeAHSsIst TPOAOAKUTEABHOCTD
KOTOPBIX 00OBIYHO COCTABASIET OAUH KaA€HAAPHBII
mecsiy (Muccuna u Ap. 2022). Tlpu nccaepoBa-
HUU 6 ABDKHUKOB-TOHIIMKOB (18-25 Aet; 1 B3p,
KMC, MC) nokazano (AutBuH u Ap. 2012), uto
Ao Hadaaa Y TC Beanunna RMSSD y paspsiAHMKOB
coctaBuaa 67 Mc, a mocae 3aBepiieHus Y 1TC —
96 mc, y KMC coorBercTBeHHo 98 mc u 102 mc,
y MC — 112 mc 1 125 mc (cTatuctrdeckas 3Ha4M-
MOCTb pa3ANYMIil He yKa3aHa). KocBeHHO aTu pAaH-
HbI€ MIO3BOASIIOT 3aKAIOYUTD, YTO HA MPOTSHKEHUU
opHoro YTC Beanmunna RMSSD y marokBaau-
GULIMPOBAHHBIX ABDKHUKOB MOXeT BO3PacCTaTh,
a'y SAUTHBIX ABDKHVKOB OHA COXPaHsIeTCs CTaOUAD-
HO BBICOKOM. [Ipu nccaepOBaHMM AETKOATAETOB
Y TPUATAETOB (5 MY)XUMH U 5 >KEHIIMH) TOKa3aHO
(Baumert et al. 2006), uto sHauenuss RMSSD B Ha-
yaae, cepepuHe 1 KoHue Y TC coctaBuau coot-
BETCTBEHHO 68, 52 11 61 MC, IpU 5TOM BCe pasANIus
OBbIAM CTATUCTUYECKM 3HAYUMBI. Y KOMaHABI Ta-
TapCTaHa 110 ABDKHBIM F'OHKaM, B TOM YMCAE Y CIIOPT-
cmena A. KaraeBa, B ceaonax 2019-2020 ropoB
6610 TIpOBepeHO paecsaTb Y TC. MeauaHbl U 1IeH-
A RMSSD, 3aperucTpupoBaHHble y ClOpTCMe-
Ha A. KaraeBa B Hauaae, cepeAViHe U KOHLIe CEMU
YTC noAroTOBUTEABHOTO TIEPUOAQ, COCTaBUAU
cooTBeTcTBeHHO 117 (104/120 Mmc), 118 (107/119 mc)
1 98 mc (93/113 mc). ITpu 5TOM BCe 9T1 M3MEHEHUsT
ObIAM CTATUCTUYECKM HedHaunMel (p > 0,05). Dto
MOATBEP>KAQET NMPeACTaBAEHE O CTAOMABHOCTHU
BeAndHbl RMSSD y 5ANTHOrO ABDKHMKA Ha IIPO-
TsDKeHun opHomecssyHoro YTC.

JTak, Ha OCHOBE AQHHBIX AUTEPATYPHI (AUTBUH
u Ap. 2012; Baumert et al. 2006) 1 HaIIMX AQHHBIX,
MOAYYEHHBIX IIPU MCCAEAOBAHMM ABIKHMKA-TOH-
muka A. Karaesa (KataeB u ap. 2024), MOXXHO 3a-
KAIOUUTD, UTO B CTPYKTYpP€e OAHOTO Me30LMKAA
(YTC) BeanunHa RMSSD y 5AUTHBIX ABDKHUKOB
OTHOCUTEABHO CTaOMABHA.

Beanunna RMSSD B 3aBucumocTu ot o0bema
Yl UHTEHCUBHOCTY TPEHUPOBOYHBIX
Yl COPEeBHOBATEABHBIX HAIPY30K

ITpu uccAeAOBaHMM SAUTHOTO MAOBLIA (HA OT-
KpbITOIT BOAe) ycTaHoBAeHO (Pla et al. 2019), yto
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BeanunHa RMSSD noBbllrasach ¢ yBeAndeHueM
o0beMa HarpysKu, BBIITIOAHSIEMOV C HU3KOL U CPEA-
Hell MHTEHCUBHOCTDIO. [Ipu ccAeAOBaHMY TATH-
KPaTHOT'O OAMMITMIICKOTO YeMITMOHA 110 OMaTAOHY
Maprena Oypkapa BbIIBA€HA ITOAOKUTEAbHAS
3aBUCUMOCTb Beanunbl RMSSD ot 06bema aspo6-
Hot Harpysku (Schmitt et al. 2021). [ToaararoT
(Buchheit 2014), yTo aspo6HbIe TPEHUPOBKHU
60ABIIOro 00bemMa MOBBILIAIT BeAnunHy RMSSD.
Coraacno Hamum pAanubiM (KaTtaeB u ap. 2024),
noAyueHHbIM nipu peructpauyyy KNIy aApDKHMKA
A. KaraeBa, nmeercs mpsimasi 3aBUCMMOCTD MeAUa-
Hbl RMSSD 0T AAUTEABHOCTY @9pOOHON HArPy3KHU
(mpu MepMaHe «paboyero» myAbca, paBHoi 120—
121 yaA/MuH). DTO XapaKTepHO B LIEAOM AASI CE30HA
(BeanumHa xoadduimenta CrimpMeHa cocTaBuAa
0,15; p < 0,05). Tak, 60abiIe 10 06BEMY a3p06-
Hble TPEHVPOBOYHbIE HATPY3KM CIIOCOOCTBYIOT
pocty BeanunHsl RMSSD, a TeM caMbIM — MOBBI-
menuio BAusaHus [10 AHC Ha pabory cepana
cnoptcmenoB (KartaeB u ap. 2024; Buchheit 2014;
Pla et al. 2019; Schmitt et al. 2021). Coobuenue
(Kamandulis et al. 2020) o cHikeHuu y 14-AeTHUX
nA0BLOB BeAnurHbl RMSSD (A0 73 mc) npu yBe-
AMYEHUY 00beMa TPEHMPOBOYHBIX HArPy30K, Be-
POSITHO, MOYKHO PaCLieHMBATh KaK CAEACTBIUE ITepe-
TPEHVPOBAHHOCTY IOHBIX IIAOBLIOB.

Beanunna RMSSD y cnoprcmenos
B 3aBUCUMOCTH OT TUIA BereTaTuBHOM
peryasiuu cepaeunoit pesteabHocTi (TBPCA)

HaM He yA2AOCh HalITV CBEAEHUIL, KACAIOIIMXCS
TPBCA, onileHuBaeMbix 1Mo BeanunHe RMSSD.
ITo muenuto H. V. llIabik (Shlyk 2016), y cmopTcme-
HOB, HE3aBUCUMO OT CTIOPTMBHOM CIIeL[MaAU3aL[UH,
BO3pacTa u Apyrux ¢akTopos, mokasareau BCP
npeumyiecTseHHO onpeaeasiorcss TBPCA. Co-
raacio H. . lIasix (Shlyk 2016), ¢ yueTom Bean-
YUHBI MHAEKCA HampssKenus (SI) u abCOAIOTHOI
moigHoct VLF (AMVLEF), caepyeT BBIAEASITD Ye-
toipe tumna (I, IT, IIT u IV) TBPCA, uTo onpeaeasi-
€TCsI BBIPAXKEHHOCTHIO AOO 1IeHTPAAbHOI, AUOO
ABTOHOMHOM PETYASILIMY AESITEABHOCTU CEPALIA.
Tax, coraacHo H. V1. lIabIK, I u II TmbI peryaduum —
9TO CIIOPTCMEHBI COOTBETCTBEHHO C YMEPEHHBIM
(SI > 100; AMVLEF > 240 MC?) MAU BbIPa)KEHHBIM
(SI > 100; AMVLF < 240 mc?) npeobaapaHvem
LleHTpaAbHOU peryasauuy, a III u IV tunsr — sto
CIIOPTCMEHBI COOTBETCTBEHHO C yMepeHHbIM (SI —
30-100; AMVLF > 240 mc?), MAU BBIPpa’KEHHBIM
(SI'<30; AMVLF > 500 mc?) mpeobAapaHueM aBTO-
HOMHOI peryasuuu. I'lo cyTu, LeHTpaAbHas pery-
asiuys, coraacHo H. V. IIIAbIK, — 3TO AOMUHMPO-
BaHue BausgHua CO AHC Ha cepalie B YCAOBUAX
KAVHOCTa3a, B TO BpeMsI KaK aBTOHOMHAsI PeryAsi-
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st — 310 AomuHMpoBanue BAusHus [1O AHC
B 3TUX Xe ycaoBusiX. B pabore (ILlabik 1 Ap. 2012)
CIIOPTCMEHBI, HE3aBUCHMO OT VX BO3PaCTa, KBAAU-
buKaLuM 1 BUAA CIIOPTA, OBIAM pa3AEA€HBI Ha de-
TBIpe TUIIA PEryASLIUY, COTAACHO IIPVBEAEHHBIM
BbIILIE KPUTEPUSIM. Y CIIOPTCMEHOB, OTHOCSIIVIXCS
K I, II, IIT u IV TBPCA, Beanunna RMSSD 6bira
PaBHOII COOTBETCTBEHHO 37, 32, 75 Mc, 126 mc. B To
e BpeMsi AUTBUH C coaBTOpamu (AUTBUH U Ap.
2021), nccaepoBasiuue 12 mayspandrepos (KMC,
MC), nokasaAu, 4TO y 5 CIIOPTCMEHOB, MMEIOIINX
III TBPCA, no xaaccuduxayum H. V. HIapik
(Ha ocHoBe SI 1 VLEF), T. e. yMepeHHbII1 aBTOHOMHBIN
T, BeanurHa RMSSD He oTanvasace oT 7 criopTc-
MmeHoB, nMmewuux I TBPCA, — ymepeHHbII
LIeHTpaAbHbINT — BeanunHa RMSSD cocraBuaa
COOTBETCTBEHHO 33 Mc U 32 Mc. VIcnioAb3ys Kaac-
cuduxanyio H. V. abik (Shlyk 2016), mbI ouenn-
A TBPCA y 8 uaeHoB cO6opHoI1 TaTapcTaHa, BKAIO-
yas cnoprcMmeHa A. KaraeBa, 1 ycraHoBuanu, 4To
y 7 I3 HUIX U B IOATOTOBUTEABHOM, I B COPEBHOBA-
TeAbHOM Itepropax umeacs IV TBPCA, a y criop-
tcmeHa I B. B o6oux nepuopax umeacs III TBPCA
(KataeB u Ap. 2023b). Kak y>xe 0TMe4YaAOCH BBILIIE,
y BCeX YAEHOB KOMaHABI TaTapcTaHa, B TOM YMCAE
y cioptcmena A. Karaesa mepnana RMSSD B yka-
3aHHbIe epuoAb! (a y A. KataeBa u B mepexopHoM
nepuoae) BapbupoBaaa ot 96 Ao 110 mc, 4yTo ot-
pakaeT BpIcoKYI0 akTMBHOCTb [TO AHC. 910 paer
OCHOBaHMe YTBEP>KAATh, UTO nokazareab RMSSD
MOJKET TaIOKe CAY>KUTb OAHUM U3 KPUTEPUEB AAS
BbipeaeHMs TBPCA aesiTeabHOCTU cepalia.

3akAuenue

PaHee MBI IPOAHAAM3MPOBAAU AMHAMUKY CIIE€K-
TpaAbHBIX ToKa3arteaeit BCP B mpoljecce ropoBo-
ro LIMKAQ SAUTHBIX ABDKHUKOB, B TOM uucae TP,
abcoaroTHyI0 MowHoCcTh (Mc?) HE-, LF-, VLE-BoAH
Yl OTHOCUTEABHYIO MOIHOCTH (B mpoueHTax K TP)
9TUX BOAH, T. e. HF%, LF% 1 VLF% (KaraeB u Ap.
2023a), a TaK)Ke AMHAMUKY PsIAQ BpEMEHHBIX I10-
kasareaeit (SI, yca. ep) (Kataes u ap. 2023b);
(RRNN, mc), pNN50% (Kataev et al. 2024). Mbt
YCTaHOBMAMY, YTO HA IPOTSHKEHUY T'OAOBOIO LIVK-
Aa 3Hayenus TP, HF-, LF- u VLF-BoaH cyiiecTBeH-
HO MEHSIOTCS, B TO BpeMsI Kak 3HaueHus SI, R-R
(RRNN), pNN50% 1 RMSSD nperepneBatoT He-
6oAbLIMe n3MeHeHMs. HO B 1jleAOM MblI TOATBeEp-
AVAY, YTO BCe MEpPeYrCAEHHbIe CTIEKTPAAbHbIE
u BpeMeHHble nmokazatea BCP (B ycAOBUSIX KAM-
HocTasa) oTpaxatot BaussHue ITO AHC Ha cepaLe,
KOTOPO€ AOCTUrAaeT MaKCUMAaAbHBIX 3HAYEHUIT
B IIOATOTOBUTEABHOM MEPUOAE 1 CHUDKAETCSI B CO-
peBHOBaTeAbHOM mepuoae. [Ipy 5TOM MbI peA-
IIOAOXMAM, 4TO Toka3zaTteab VLF% oTpaskaer
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CUHTE3 KapAMOMUOLIUTAMU HEHENPOHAABHOTO
aternaxoauna (Karaes u ap. 2023a), a BeAUYUHBI
LF% u HF% (KaraeB u ap. 2023a) u RRNN orpa-
awT GOpMMUPOBaHME Y CIIOPTCMEHA COCTOSIHUS
TPEBOTU B CBSI3U C IMPEACTOSIINMU CTAPTAMU.

Pe3yAbTaTbhl AQHHOTO 0030pa MOATBEP)KAQIOT
MpeACTaBAEHME O TOM, YTO BeAnunHa RMSSD
oTpakaeT akTuBHOCTb [ 1O AHC: yeMm Bblle 3Ha-
YeHUsI STOrO NMOKa3aTeAs], TEM BbIpa>KeHHee BAU-
ssune [TO AHC Ha AesiTeabHOCTD cepaLia (Muxait-
AoB 2017; Barak et al. 2010; Bonaduce et al. 1998;
Deus et al. 2019; Jensen-Urstad et al. 1997; Kaltsatou
etal. 2011; Kiss et al. 2016; Pluim et al. 1999; Swart,
Constantinou 2023). 9To 0c0OO€HHO XapaKTepHO
AAsT 9AUTHBIX ABDKHUKOB (KataeB u Ap. 2024;
AutBun u Ap. 2012; Schifer et al. 2015).

Y copTCcMeHOB caMble BbICOKIME 3HAYEHUSI
RMSSD 3aperucTpupoBaHbl y SAUTHBIX ABDKHUKOB-
roHiukoB (Karaes u Ap. 2024; Schifer et al. 2015)
n 6uataoHuctos (Schmitt et al. 2021), a camble
HU3KNE — Y ABDKHUKOB-TOHIIMKOB Ha4aAbHBIX
paspsipoB (Edppemona, Crimims 2017), mapaumnotuc-
toB (Muxaitaos 2017), mopr-TpekoBukoB (Kpo-
ToBa, TepexoB 2021) 1 CIOPTCMEHOB, TPEHUPYIO-
MIMXCS Ha pasBuTHe MbImeyHoi cuabl (Kaarabuw,
Crimuua 2011; Kaltsatou et al. 2011; Mal'tsev et al.
2010).

AaHHbIe AUTEPATYPBI CBUAETEABCTBYIOT O TOM,
YTO AK€ Y HAYMHAIOLIVX CIIOPTCMEHOB BEAVTYMHBI
RMSSD Bbllte, 4eM y HeCIOPTCMEHOB: 32—56 Mc
npotus 20-30 mc (Muxaitaos 2017; Bonaduce et al.
1998; Deus et al. 2019; Kaltsatou et al. 2011). DTo
COTAACYeTCs C IPEACTAaBAEHUEM O TOM, YTO ABUTA-
TeAbHasl aKTUBHOCTb CIIOCOOCTBYET MOBBILLIEHNIO
BaysiHMA 110 AHC Ha cepaue. [ToaTomy BrioaHe
00bsCHMMBI BbICOKME 3HaueHuss RMSSD (96-110 mc),
XapaKTepHbIe AASI DAUTHBIX ABDKHUKOB. SApKuit
IpYMep TOMY — AQHHBIE O [TOBBIIIEHNY 3HAYEeHU I
RMSSD y usBecTHOro buaraoHucra MapreHa
Odypkapa Ha npotrspkeHun 11 aer, 1. e. ¢ 2009
10 2019 roa (Schmitt et al. 2021). [ToaTomy MHOTME
aBTOPBI 3aKAIOYAIOT, YTO POCT BeAnurHbl RMSSD
Y CIIOPTCMEHOB, TPEHMPYIOLIMXCS HA BLIHOCAVBOCTD,
CAY>XUT IIPEAMKTOPOM CIIOPTUBHOTO ycrexa (Octpo-
ymoB, Bukyaos 2012; Botek et al. 2014; Schmitt
etal. 2021), a comwkeHue BeanunHsl RMSSD, Bepo-
sITHEE BCEro, OTPa)KaeT COCTOSIHYE TepeTPEeHNUPO-
BanHoctu (Kamandulis et al. 2020; Plews et al. 2012;
Tian et al. 2013), mpu KOTOPOM BO3pacTaeT aKTUB-
Hocth CO AHC. Hamu nokasaHo, 4TO Ha MPOTSI-
YKEHUM KKAOTO y4eOHO-TPEHNPOBOYHOTO cbopa
(YTC) y 5AUTHBIX CHOPTCMEHOB, B TOM YMCA€
Y ABDKHMKOB, KaK IIpaBuAO, 3HaueHnst RMSSD co-
XpaHsTCsa cTabuabHO Bbicokumu (Karaes u Ap.
2024). DTo 03Ha4aeT, YTO ImokKasareAb RMSSD
He 00AaAaeT BbICOKOI MHPOPMATUBHOCTBIO B CpaB-

HEHUU CO CIEKTPAAbHBIMU MMOKa3aTeAsIMU, HO,
OYEBUMAHO, OH [T03BOASIET AUATHOCTUPOBATD IIEpe-
tpennpoBanHocTh (Kamandulis et al. 2020; Plews
etal. 2012; Tian et al. 2013). CBeaeHMs, HOAYYEHHBIE
Apyrumu aBropamu (AutBuH n Ap. 2012) nipu uc-
caepOBaHMM ABDKHUKOB Ha Y TC, MOATBEP>KAQIOT
STOT BBIBOA,

AaHHbBIE AUTEPATYPBI TAKOKE CBUAETEADCTBYIOT
00 OTHOCUTEABHOI CTAOMABHOCTM MOKA3aTEAS
RMSSD Ha npoTsyKeHNM FOAMYHOTO LIMKAA Y CIOPTC-
MEHOB, TPEHUPYIOLIUXCS Ha BoiHOCAUBOCTH (Ka-
TaeB u Ap. 2024; Barrero et al. 2019; Bonaduce
et al. 1998; Liao, Li 2022; Raczak et al. 2006; Schéfer
et al. 2015). OTMeTM, YTO IIPU CUAOBBIX TPEHM-
pOBKax pAMHaMuKa nokasateasd RMSSD cyme-
crBeHHo nHas (Kaaabus, Crivumn 2011; Kaltsatou
etal. 2011; Mal’'tsev et al. 2010), yuem y ciopTcme-
HOB, TPEHMPYIOIIMXCS HAa BBIHOCAUBOCTD. Ho aTa
0COOEHHOCTb KacaeTCsl He TOABKO MMOKa3aTeAs
RMSSD, HO 1 APYIMX BpeMeHHBIX ITOKa3aTeAell
BCP, B Tom uncae SI (Karaes u ap. 2023b); RRNN,
pNN50% (Kataev et al. 2024) 1 RMSSD (Kataes
u Ap. 2024).

Hamu BriepBble YCTaHOBAEHO, UTO C TIOBBIILIEH) -
€M AAUTEABHOCTY TPEHMPOBOYHBIX HAarpy3ok (V. ),
MPOBOAVMBIX B a9pOOHOM peXMMe, B YaCTHOCTH,
npu «pabodem» myAabce, paBHoM 120-121 ya/mMuH
3a TPEHUPOBKY, Bo3pacTaeT MeanaHa RMSSD, yto
XapaKTepHO B LJeAOM 110 ce30Hy (Kartaes 1 op. 2024).
K aHaAOrnyHOMY BBIBOAY IIPUXOAST U APYTHMe€ aB-
topsl (Buchheit 2014; Pla et al. 2019; Schmitt et al.
2021).

B HacTosI111ee BpeMsI CYI[eCTBYeT MHEHME O TOM,
4yTO 3HaYeHus nokasatesert BCP y cmoprcmeHoB
3aBUCST HE OT MOAQ, CTaXA 3aHITUI CIIOPTOM,
YPOBHSI CHOPTMBHOT'O MacTepCTBa U APyrux ¢ak-
TOPOB, & ONIPEAEASIOTCS TeHeTUYECKU BPOYKAEHHBIM
TBPCA (Shlyk 2016), ocHOBHBIM KpUTEpHEM KAAC-
cuduKaLy KOTOPOTro SIBASIIOTCSI BeAMYMHBI SI
u VLF. CoraacHo paHHO KAaccubukanuy, 7 yae-
HOB KOMaHABI TaTapcraHa, BKAlouasi A. Karaesa,
otHeceHbl K [V TBPCA u Aulllb OAUH U3 HUX —
K III tuny TBPCA, (KaraeB u ap. 2023b). ITo nHa-
IeMy MHEHMUIO, ITokaszareab RMSSD moskeT Taxoke
CAY>KUTDb OAHVM U3 KpuTepues Aasi oneHkt TBPCA,.
IToaaraem, YTO BOIIPOC O 3aBUCHMMOCTM ITOKa3are-
aeit BCP or TBPCA, moaHsTHI B psiae pabor
(Ebpemona, Crintuu 2017; AutBun u Ap. 2021;
IIabIk 1 Ap. 2012; Shlyk 2016), 3acAyxuBaeT BHU-
MaHUsl, HO TpebyeT AaAbHENIIX MCCAEAOBAHUIL.
ITo namemy mHenuto, TBPCA 3aBucut ot renoma
CTIOPTCMEHA, B TOM YMCAE OT CIIOCOOHOCTM KapAUO-
MMOLIMTOB YKEAYAOUKOB CepALIa CMHTE3MPOBaTh
HeHelpoHaAbHbBIN aljeTuaxoAanH (HH-AX), uro
B KOHEUHOM UTOT€ U OIIPEAEASIET €r0 YCIEIIHOCTD
B U30paHHOM BUAE CIIOPTA.
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YCTaHOBAEHO, YTO ITOAOBbIE PA3AUYMS HE BAUSI-
Aau Ha RMSSD (Beneruesa u ap. 2019; KpoTona,
Tepexos 2021; Mapkos 2019; Muxaiiaros 2017;
Coaonnt u Ap. 2019; Park et al. 2007; Schiifer et al.
2015).

B 11eAoM Hallyi AaHHBIE B OTHOLIEHUY BEAUYNHBI
RMSSD (Kataes u aAp. 2024) He MpOTUBOpEYAT BbI-
CKa3aHHOMY paHee MPEATIOAOXKEHNIO O TOM, UTO
B IIpoliecce apanTaluy OpraHuamMa K GprsniecKum
Harpyskam, TpeOyoIIM BBIHOCAMBOCTH, B CEPALIe
dbopmupyeTCs aHTUAIIONITYECKAsI CHCTEMA, KOTOpast
NPEISTCTBYET MOBPEXAEHMIO CEPALIA, HEN30EXXHO
BO3HMKAIOLIEMY ITOA BAVISIHYEM OKUCAUTEABHOTO
cTpecca u aKTuMBaLuM 6eTa -aAPeHOPeLenTOPOB
cepaua (Karaes u ap. 2023a). OAHUM U3 BaXKHBIX
KOMIIOHEHTOB 3TOr'0 MeXaHU3Ma SIBASIeTCS TaK Ha-
3biBaeMbilt HeHeripoHaabHblT AX (HH-AX), koTo-
PBII TIOA BAMSIHMEM (PUBMYECKMX HAarpy30K OOAB-
IIOT0 00'beMa IMPOAYLIMPYETCS KAPAMOMUOLIUTAMMU.
B ocHOBe aHTHanmonTyecKoro AecTBusI AX, o MHe-
Huto Kakunymsr (Kakinuma 2021), AeXxuTt aktusa-
st M,-XP nan aabda, -H-XP, 6aaropaps koTopoit
aKTUBMPYeTCs TPaHCKPUMLIMOHHBI paxTop Nrf-2,
peryAupyroiuii skcrpeccuio 6oaee 500 reHOB, B TOM
YIICA€ TOBBILIAIINIT SKCITPECCUI0 aHTUOKCUARHTOB
TUIIA TAYTaTHOHA Y QHTMOKCUAQHTHBIX GEepPMEHTOB.
Panee mp1 mokasaau (Karaes u op. 2024), uTo mipo-
1ecc cuHTesa HeHeitpoHaabHoTo AX (HH-AX)
OTpakaeT TaKOM CIIEKTPAABHBIN OKa3aTeAb, KaK
oTHOcuUTeAbHast MolfHocTh VLF-BoAH (VLE%),
T. e. BbIpa)keHHas B npoueHTax K TP (Karaes u Ap.
2023a). ToT ¢axT, YTO BHICOKME CIIOPTUBHBIE T10-
KasaTeAU AbDKHUKOB U APYTMX CIIOPTCMEHOB,
TPEHUPYIOIMXCS HA BHIHOCAUBOCTD, KOPPEAUPYIOT
¢ poctom 3HaueHnit RMSSD (Octpoymos, Buxyaos
2012; Botek et al. 2014; Schmitt et al. 2021), a mepe-
TPEHUPOBAHHOCTh CIHOPTCMEHA MPOSIBASIETCS
B cHDKeHuu BeAndnHbl RMSSD (Kamandulis
et al. 2020; Plews et al. 2012; Tian et al. 2013), rio-
3BOASIET IIPEAIIOAOKUTD, YTO BeAnunHa RMSSD
OTpa)kaeT MHTEHCUBHOCTb CHTE3a HEHEVIPOHAAD-
Horo AX (HH-AX) B >xeAya04Kax MMOKapAa B ITPo-
1jecce TPEHUPOBOK U €€ CHIVKEHMeE IIPU IepeTpe-
HupoBKax. C yueTOM AQHHBIX AUTEPATYPBL O TOM,
YTO CHMDKEHMe CUHTe3a HeHellpoHaAbHOro AX
(HH-AX) siBAsieTCsT OAHOJ 13 IPUYVH TUIIEPTOHUN
(Meng et al. 2021), a Tak)Ke IPUYMHON Pa3BUTHS
CEpPAEYHOIT HEAOCTATOYHOCTU IIPU CAXapPHOM AMa-
6ete-1 (Munasinghe et al. 2023), moaaraem, uto
BEAUYMHBI CIIEKTPAABHBIX ¥ BPEMEHHBIX ITOKa3a-
TeAell BCP 3AUTHBIX ABI)KHMUKOB, B TOM YMCAE
BEAUYMHBI OTHOCUTEABHOV MoITHOCTY VLF-BoAH
1 RMSSD (11 BEpOSITHO, APYTUX) MOT'YT CAY>KUTb
MHAMKaTOPOM IPOU3BOACTBA HEHEPOHAABHOIO
AX (HH-AX) xapAMOMMOLMTAMMU KEAYAOUYKOB
cepAalia yeroBeka. Ho AAsT AOKa3aTeAbCTBa 3TOTO
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MIPEATIOAOXKEHNS TPEOYIOTCS AQABHEIIINE VICCAE-
AoBaHuA mapameTpos BCP ABDKHUKOB, COBMelljeH-
HbI€e C OLIEHKOJ1 COCTOSIHUSI CUCTEMBI CUHTE3a He-
HelipoHaAbHOro AX, B TOM uMcA€ aKTVMBHOCTU
XOAMHALIETUATPaHCePashl, TPAHCIIOPTEPA XOAU-
Ha-1 11 Be3MKYASIpHOTo TpaHcropTepa AX, a Taioke
COCTOSIHVSI MUTOXOHAPMI KaK MICTOUHMKA XOAMHA
M aljeTHAQ AASI CMHTe3a CYMHANTU4eCcKOro U He-
HelipoHaAbHOro AX.

BpiBOABI

1. Bearunna RMSSD 3aBucuT OT ypOBHS ABU-
raTeAbHON aKTMBHOCTY, & Y CIIOPTCMEHOB OT CIIOp-
TUBHON criequaAusauuu (OHa MaKCUMaAbHa
Y CHHOPTCMEHOB, TPEHMPYIOIIMXCS Ha BBIHOCAMBOCTD,
B YaCTHOCTH, Y ABDKHUKOB-TOHILMKOB BBICOKOI
KBaAMdUKaluy, a MUHMMAaAbHA Y CIIOPTCMEHOB,
Pa3BUBAIOLIMX CHAY, B YACTHOCTH, Y ITayapAUdTEPOB);
OT CTa)ka 3aHSTUI CIOPTOM U KBaAubUKaLUU
(Y ABDKHMKOB-TOHILIVIKOB C ITOBBIIIEH/IEM MACTEPCTBA
BeAanurHa RMSSD yBeanunBaercs).

2. Beamunna RMSSD 3aBucuT oT 1epuopoB
MOATOTOBKY CIIOPTCMEHOB; B YACTHOCTY, Y TPEHHU-
PYIOIVXCSI HA BBIHOCAVBOCTD, HAIIPYIMED, Y SAUTHBIX
ABDKHVMKOB, OHA AOCTUTaeT MaKCUMyMa B IIOATO-
TOBUTEABHBIN MTEPUOA U OCTAETCS OTHOCUTEABHO
CTabMABHOM Ha MPOTSDKEHUM BCETrO Ce30Ha, He-
3HAYMTEABHO CHIDKASICh B COPEBHOBATEAbHBIN
IeproA, YTO CBSI3aHO C GOPMUPOBaHMEM UyBCTBA
TpeBOXKHOCTU. OHa TaKk)Ke CTaOMAbHA Y SAUTHBIX
ABDKHMKOB Ha ITPOTSDKEHUY Y4eOHO-TPEHMPOBOY-
Horo c6opa (YTC).

3.Y copTCMEHOB, TPEHUPYIOIMXCS Ha BBIHOC-
AVIBOCTD, B TOM UVICA€ Y SAUTHBIX ABDKHMKOB-TOH-
IIMKOB, MearaHa RMSSD BospacTtaeT ¢ nosbilire-
HYIEM AAUTEABHOCTY a3pOOHOI TPEHUPOBOYHOM
Harpy3KM, YTO KOCBEHHO TOBOPUT O IOBBIIIEHNN
Y HMX BAUSHMS NApacUMIATUYECKON CHUCTEMBI
Ha AESITEABHOCTD CepALia.

4. Tur BereTaTMBHOM PETYASALIMU CEPAEUYHOIN
aesiteapHOCTH (TBPCA) y 9AUTHBIX ABDKHUKOB-
TOHIVMKOB He MEHSETCA Ha MPOTSHKEHUM BCero
TOAVYHOT'O Ce30Ha U OLIeHMBAETCs 110 Kaaccudu-
kayuy H. V. IIIABIK KaK BpIpa>keHHa sl aBTOHOMHA s
PeryAsiLiys, T. €. BATOTOHMSA.
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Cnmcok cokpaueHmit

AHC — aBroHOMHasi HepBHas cuctema; AX — auetrnaxoAau; BAB — OunoAormyecku akTuBHbIe BelectBa; BCP —

BapunabeAbHOCTD ceppeuHoro putma; 3MC — sacayskenHsiit Mmactep ciopra; KMI' — xapanounrepsasorpadust;
KMC — xaHpupat B Macrepa crnopra; MC — macrep criopra; MCMK — macTep criopTa Me>KAYHapOAHOTO
kaacca; OLJH — o6pem npkandeckoi Harpysky; 11O — mapacummnatuaeckuit otaea AHC; CO — cuMmnaruyeckuit
orea AHC; TBP — Tumn BereratusHolt peryasiuuy; TBPCA — Tun BereTaTMBHOM PeryAsiLIMM CEPAEYHOI
aesiteapHOCTH; Y TC — yuyeOHO-TpEeHUPOBOYHBIN COOD.

CrnexTtpaabHbie nokaszarean BCP: TP — o6mas moinHocts criekTpa; HF — mougHocTs ObICcTpbiX BOAH; LF —

MOIITHOCTbh MeAAEHHBIX BOAH; VLF — MomHocTh oueHb MepaAeHHbIX BoAH; HF%, LF% 1 VLF% — oTHOCUTeAbHast
moiHocTb HF-, LF- 1 VLF-BoAH, BblpakeHHas1 B mpolieHTax K TP. Bpemennsie noxasarean BPC: pNN50% —
OTHOILIEHVE IIOCAE€AOBATEABHBIX MHTePBaA0B NN, pazAnune Me>XXAy KOTOPbIMY peBbIiaeT 50 Mc, B IPOLieHTax
K 061emy uncay HopmaabHbiX (NN) nntepBasoB RR; RMSSD — KBaApaTHbI KOPEHDb U3 CPEAHETO KBaApaTra
pasHOCTel BEANYMH ITOCAeAOBaTeAbHbIX ap MHTepBaA0B NN; RRNN — AANTeAPHOCTb HOPMAaAbHBIX MIHTEPBAAOB
RR; SI — cTpecc-uHAEKC, AY IHAEKC HaIpsDKeHM .

List of Abbreviations

ACh — acetylcholine; ANS — autonomous nervous system; BAS — biologically active substances; CIG —

cardiointervalography; CLV — cyclic load volume; CMS — Candidate for Master of Sports; HMS — Honored
Master of Sports; HRV — heart rate variability; IMS — International Master of Sports; MS — Master of Sports;
PNS — parasympathetic nervous system; SNS — sympathetic nervous system; TAR — type of autonomic
regulation; TARCA — type of autonomic regulation of cardiac activity; TC — training camp.

HRV spectral indices: TP — total spectrum power; HF — power of fast waves; LF — slow wave power; VLF —

power of very slow waves; HF%, LF% and VLF% — relative power of HF-, LF- and VLF waves expressed
as a percentage of TP. HRV time indicators: pPNN50% — ratio of consecutive NN intervals the difference between
which exceeds 50 ms as a percentage of the total number of normal (NN) RR intervals; RMSSD — square root
of the mean square of the magnitude differences of consecutive pairs of NN intervals; RRNN — duration
of normal RR intervals; SI — stress index or voltage index.

https://www.doi.org/10.33910/2687-1270-2024-5-1-32-49



https://www.doi.org/10.33910/2687-1270-2024-5-1-32-49

A. A. Kamaes, B. M. Qupxun, A. H. Tpyxun, C. V. Tpyxuna

Auteparypa

Benesuesa, IO. A., ITytuaus, A. B., [Tpoxopos, IT. FO. (2019) I'enaepHbie 0cOO€HHOCTM BaprabEeABHOCTH CEPAEIHOTO
pUTMa U IICUXOMETPUYECKOTO TECTUPOBAHMS Y 3A0POBBIX CTYAEHTOB. CoBpeMeHHbLe BONPOChL OLOMEOUYUHDL,
T. 3, Ne 3, c. 16-25.

Boponuna, I. A., Cadaposa, P. V1. (2008) XapakTepucTiKa OCHOBHBIX IIaPAMETPOB Bap1MabEABHOCTH CEPAEIHOTO
PUTMA KaK MMOKa3aTeAs] TPEHUPOBAHHOCTYU ABDKHUKOB-TOHIIUKOB. B kH.: P. M. BaeBckuit, H. V. IIIAbIK (pea.).
BapuabeavHocmb cepOeuHo20 pumma: meopemuyeckue acnekmol U npaKmuyeckoe npumererue. Tesaucwt
00KAa008 IV Bcepoccuiicko2o cumMno3uyma ¢ MexoyHapooHvim yyacmuem. Vbxesck: VI3p-Bo YaAMypTCcKOro
rOCyAQpCTBEHHOI'O YHUBEPCUTETA, C. 65—68.

TaBpuaoBa, E. A. (2015) Cnopm, cmpecc, Bapuabeivnocmp. M.: Criopr, 169 c.

Edpemosa, P. V1., Cimtus, A. TT. (2017) OcobeHHOCTM YCTOTYMBOCTY CUMIIATOTOHIUYECKOTO THUIIA BETE€TATUBHO
PeryAsiiMM y I0OHBIX ABDKHMKOB ITOA AEVICTBMEM TPEHMPOBOYHBIX M COPEBHOBATEABHBIX HArpysok. JKypHaa
MeOUKO0-0U0A02UHeCKUX UCCAe00BAHUY, T. 5, N2 4, ¢. 90—92. https://doi.org/10.17238/issn2542-1298.2017.5.4.90

Vcmana (Beprman), A. V., 3axapbesa, H. H., Bepcenes, E. IO. (2021) OcobeHHocTH HOpMUPOBaHISE aBTOHOMHOI!
PETYASILIMYU CEPAEUHOIL AESITEABHOCTU Y IOHBIX PYTOOAMCTOB pasAMYHOro UrpoBoro amnaya. B ku.: H. I1. IIlAbIk
(peA.). BapuabeivHocmb cepOeuHo20 pumma: meopemuyeckue acnekmbvl U NPAKmuHecKoe npuMeHeHue 8 CHope
u maccosoui puskyivmype. Mamepuarve VII Beepocculickotl Hay4HO-NpaKmu1ecKol KOHpepeHyun ¢ MesoyHaApoOHbIM
yuacmuem. VxeBck: VI3p-Bo YAMYPTCKOTO TOCYyAQPCTBEHHOTO YHUBEPCUTETA, C. 57—66.

Kaaabun, O. B., Muxaitaos, M. M. (2021) ITpumeHeHMe S5KCIPECC-METOAA AaHAAK3a BAPUAOEABHOCTY PUTMA CEpALIA
AASI KOPPEKLIMY TPEHUPOBOYHOTO Ipoliecca B BoAertboae. B ku.: H. V1. IIIabik (pea.). BapuabervHocmp cepdeutozo
pumma: neopemu1ecKue acnekmbl U NPAKmuyeckoe npumMeHeHue B8 CHopmie U MAccoBOU PU3Kyibmype.
Mamepuanrw: VII Bcepoccuiickori HayuHO-Npakmu4eckoli KOHpepeHyun ¢ MesoyHapooHuiM yuacmuem. VIKeBcK:
N3p-BO YAMYPTCKOIO rOCyAQPCTBEHHOIO YHUBEPCUTETA, €. 152-157.

Kaaabun, O. B. Crintjus, A. T1. (2011) BaprabeAbHOCTB CepAEYHOTO PUTMA Y CIIOPTCMEHOB C CMAOBOIT HAITPABAEHHOCTHIO
TPEeHUPOBOYHOrO Tpouecca. Hoswie uccredosanus, 1. 29, Ne 4, c. 124-131.

Kartaes, A. A., Unpkus, B. V1., 3aBaaus, H. C. n Ap. (2023a) Aunamuika TP-, HF-, LF- u VLF-BOAH KapAOMHTEPBAAOTPAMMbI
(B yCAOBMSX KAMHOCTa3a) SAUTHOI'O ABDKHYKA-TOHIIMKA B IOATOTOBUTEABHOM, COPEBHOBATEABHOM U IIEPEXOAHOM
IeprOAAX B 3aBUCUMOCTH OT 00beMa 1 MHTEHCUBHOCTY TPEHNPOBOYHBIX HArpy3oK. Qusuonoeus #erosekd, 1. 49,
Ne 5, c. 87-100. https://doi.org/10.31857/S0131164623700303

Karaes, A. A., Uupxus, B. V1., Tpyxun, A. H., Tpyxuna, C. V. (2023b) AnHamuKa cTpecc-MHAEKCA U CIIEKTPAABHBIX
MIOKa3aTeAel KapAVOVHTEPBAAOT PAMMbI SAUTHBIX ABDKHMUKOB-TOHIIVIKOB B IOATOTOBUTEABHOM, COPEBHOBATEABHOM
U TIEPEXOAHOM TIEPMOAAX B 3aBUCUMOCTM OT 00'beMa 11 MHTEHCUBHOCTY TPEHUPOBOYHbIX HArPy30K. BecmHuk
MmeouyuHcko20 uHcmumyma «PEABU3». Peabuiumauus, Bpau u 30oposve, 1. 13, N2 6, c. 12-25. https://doi.
org/10.20340/vmi-rvz.2023.6.PHYS.1

Karaes, A. A., Liupkun, B. ., Tpyxuna, C. 1., Tpyxun, A. H. (2024) Aunamuxa RMSSD kapaAouMHTepBaAOTrpaMMBl
Y SAUTHBIX ABDKHUKOB-TOHILUKOB B TeYEHIE TOAUYHOTO MaKPOLIMKAA (TOATOTOBUTEABHOTO, COPEBHOBATEABHOTO
Y IEPEXOAHOTO TIEPUOAOB) B 3aBUCMMOCTY OT 00'beMa ¥ MHTEHCUBHOCTY TPEHUPOBOYHBIX M COPEBHOBATEABHBIX
Harpysok. Yerosek. Cnopm. Meduyuna. (B neuarn)

Kpotosa, K. A., Tepexos, IT. A. (2021) OcobeHHOCTM BapuabEeAPHOCTH CEPAEYHOIO PUTMA Y LIOPT-TPEKOBUKOB
IIPY OPTOCTATMYECKON IPoDe ¢ yueToM reHaepHbix pasanunit. B ku.: H. V. LlIavik (pe.). BapuabervHocmp
cepOeHH020 PUIMMA: MeopemuH1ecKise AcneKmbl U NPAKMmu4ecKoe npumeHeHue 8 CHOpIe U MACCOBOLL (pU3KYAbIIYpe.
Mamepuanrw: VII Bcepoccuiickori HayuHO-npakmu4eckori KOHpepeHyun ¢ MesoyHapooHuiM yuacmuem. VIKeBcK:
N3p-BO YAMYPTCKOIO rOCyAQPCTBEHHOIO YHUBEPCUTETA, €. 158—-162.

Awutsun, @. B., AHocos, V. 1., Acsimoaos, IT. O. u ap. (2012) CepaeyHblit pUTM U CUCTEMA MUKPOLIMPKYASILIN
Y ABDKHUKOB B ITPEACOPEBHOBATEALHOM IIEPUOAE CIIOPTUBHOM IIOATOTOBKU. Becmuuk Yomypmickoeo yHusepcumema.
Cepus Buoaroeus. Hayku o semae, N° 1, c. 67-74.

Awutsun, @. B., JKuraao, B. £I., Boiiko, I. M. (2021) Bapraruuy oBeAeHMs pasHbIX TUIIOB BET€TATUBHONM PETYASILIY
CEepAEYHOTO PUTMA, BbI3BAHHbIE IIPUMEHEHMEM OMOAO0OABKM K CIOpTUBHOMY muTanuio. B ku.: H. V1. LIAbIK
(peA.). Bapuabervrocmb cepOeutozo pumma: meopemu4eckue aCnekmbvl U NPAKMU4ecKoe npuMeHeHue B CHopie
u Maccosou puskyrvmype. Mamepuairvt VII Bcepoccutickotl Hay4HO-npakmuH4eckoi KoH(hepeHUUn ¢ MeOYHAPOOHbIM
yuacmuem. VIxeBck: VI3p-Bo YAMYPTCKOTO FOCYAQPCTBEHHOTO YHUBEPCUTETA, C. 177-182.

Mapkos, A. A. (2019) BapnabeAbHOCTb CEPAEYHOIO PUTMA Y ABDKHUKOB-TOHIIMKOB Pecrrybanku Komu 15-18 aet:
BO3paCTHbIE 1 TOAOBbIE pa3ANuMsL. JKypHar meouko-0uoroeuyeckux uccaedoBanuti, .7, N2 2, ¢. 151-160. https://
doi.org/10.17238/issn2542-1298.2019.7.2.151

Muccuna, C. C., ApopuH, H. B., Kproukos, A. C., Msxunyenko, E. b. (2022) Moaean nepuopusaiyy Harpy3ox
CUAOBOJI HAITPABAEHHOCTY B ME€30LIMKAAX IOATOTOBKM ABDKHUKOB-TOHILVIKOB BBICOKOTO KAacca. [Tedazozuko-
ncuxor02uHeckKue u MeOuKo-0uoroeudeckue npodieMbt pusuHeckoli Kyrbmyput u cnopma, T. 17, Ne 3, ¢. 23-30.

Muxaitaos, B. M. (2017) BapuabervHocmb pumma cepoya (HOBbili B32AS0 HA crmapyr napaduzmy). VIBaHOBO:
Heitpocodr, 516 c.

UnmeepamusHas gﬁusumoeuﬂ, 2024, m. 5, Ne 1 43


https://doi.org/10.17238/issn2542-1298.2017.5.4.90
https://doi.org/10.31857/S0131164623700303
https://doi.org/10.20340/vmi-rvz.2023.6.PHYS.1
https://doi.org/10.20340/vmi-rvz.2023.6.PHYS.1
https://doi.org/10.17238/issn2542-1298.2019.7.2.151
https://doi.org/10.17238/issn2542-1298.2019.7.2.151

3asucumocmp Beauyurvi RMSSD kapououHmepsaroepammbl OM CHeYUAAIU3AUUL. ..

Octpoymos, P. C., Bukyaos, A. A. (2012) AHaAn3 COpeBHOBAaTEABHON AESTEABHOCTU ABDKHUKOB-TOHIIMKOB
¢ nomolibio mpubopa «Forerunner 305». Apocrasckuti nedazoeuueckuti Becmuuk (Ilcuxorozo-nedazozuyeckue
Hayku), T. 2, N2 2, c. 125-128.

IMutkeBny, 0. 2., Aocuuknit, E. A., 3aropoansiir, I. M., fApomesuy, O. A. (2010) Arzopumm duazHocmu4ecko2o
NpUMEHEHUS NPOPAMMHO-Annapam4ozo komniekca « Omeza-Cr» 8 cnopmustou meduyute. [omeAan: [oMmeAbcKuit
TOCYAQPCTBEHHbIN MEAVIIMHCKAI YHUBepcuTeT, 160 c.

IMoropus, A. A., Aaexcarsia, I. A. (2018) Cummnaro-niapacummaTinyecKie B3aMOAEICTBYS B PETYASILIMI CEPAEIHOTO
puTMa 6aCKeTOOAUCTOB CTyAeHuYecKoi aurn. Pusuorozus, Ne 1, c. 62-68.

Capsir, C. K. O., Aomncan, A. A. O., Byayk-ooa, A. K. C. (2015) ITokasatean BapnabeAbHOCTU pUTMA
cepAlia Y CIIOPTCMeHOB. BecmHuk TyBuHcko2o 2ocyoapcmBeHHo20 yHuBepcumema. Ne 2 EcmecmseHHbie
U ceabckoxosgticmaenubie Hayku, Ne 2 (25), ¢. 48-52.

Cononun, 10. I, Boitko, E. P, Baraun, A. B. u ap. (2019) @usuorozo-6uoxumuyeckue mexanusmvl obecneveHus
CNOPMUBHOLL 0esTMeAbHOCU 3UMHUX UUKAUYecKUux 81008 cnopma. ChIKThIBKap: Komu pecnybankaHckast
tunorpadus, 256 c.

Xoapipes, I. H., Xabi60Ba, C. B., Llupkus, B. V. u ap. (2011) MeToAMvecKre aceKThl aHAAN3a BPEMEHHBIX
U CIIEKTPAABHBIX [I0Ka3aTeAel BApUabeAbHOCTH CEPAEIHOTrO puTMa (0630p AUTEpaTypsl). Bamckuil MeOuyuHCKuL
BecmHuk, N 3—4, c. 60-70.

lIabik, H. M., Canosxuukosa, E. H., Kupuaaosa, T. I, JKy>xros, A. IT. (2012) O6 0coO€HHOCTSIX OPTOCTATUYECKOI]
peaxuuy y CHOPTCMEHOB C PasHbIMU TUIIAMM BET€TATUBHOI PETyAsiumn. Becrmuuk Yomypmckozo yHusepcumema.
Cepus buoaroeus. Hayku o 3emae, N2 1, c. 114—125.

Ayuso-Moreno, R. M., Fuentes-Garcia, J. P., Nobari, H., Villafaina, S. (2021) Impact of the result of soccer matches
on the heart rate variability of women soccer players. International Journal of Environmental Research and
Public Health, vol. 18, no. 17, article 9414. https://doi.org/10.3390/ijerph18179414

Barak, O. F, Jakovljevic, D. G., Popadic Gacesa, J. Z. et al. (2010) Heart rate variability before and after cycle exercise
in relation to different body positions. Journal of Sports Science and Medicine, vol. 9, no. 2, pp. 176—182. PMID:
24149683

Barrero, A., Schnell, E,, Carrault, G. et al. (2019) Daily fatigue-recovery balance monitoring with heart rate variability
in well-trained female cyclists on the Tour de France circuit. PLoS One, vol. 14, no. 3, article e0213472. https://
doi.org/10.1371/journal.pone.0213472

Baumert, M., Brechtel, L., Lock, J. et al. (2006) Heart rate variability, blood pressure variability, and baroreflex
sensitivity in overtrained athletes. Clinical Journal of Sport Medicine, vol. 16, no. 5, pp. 412—417. https://doi.
org/10.1097/01.jsm.0000244610.34594.07

Bonaduce, D., Petretta, M., Cavallaro, V. et al. (1998) Intensive training and cardiac autonomic control in high level
athletes. Medicine & Science in Sports & Exercise, vol. 30, no. 5, pp. 691-696. https://doi.org/10.1097/00005768-
199805000-00008

Botek, M., McKune, A.J., Krejcj, J. et al. (2014) Change in performance in response to training load adjustment
based on autonomic activity. International Journal of Sports Medicine, vol. 35, no. 6, pp. 482—488. https://doi.
org/10.1055/s-0033-1354385

Buchheit, M. (2014) Monitoring training status with HR measures: Do all roads lead to Rome? Frontiers in Physiology,
vol. 5, article 73. https://doi.org/10.3389/fphys.2014.00073

Deus, L. A., Sousa, C. V., Rosa, T. S. et al. (2019) Heart rate variability in middle-aged sprint and endurance athletes.
Physiology & Behavior, vol. 205, pp. 39—43. https://doi.org/10.1016/j.physbeh.2018.10.018

Flatt, A. A., Hornikel, B., Nakamura, F. Y., Esco, M. R. (2021) Effect of competitive status and experience on heart
rate variability profiles in collegiate sprint-swimmers. Journal of Strength and Conditioning Research, vol. 36,
no. 10, pp. 2898-2904. https://doi.org/10.1519/]SC.0000000000003992

lizuka, T., Kon, M., Maegawa, T. et al. (2020) Comparison of morning heart rate variability at the beginning and
end of a competition season in elite speed skaters. Sports, vol. 8, no. 12, article 164. https://doi.org/10.3390/
sports8120164

Jensen-Urstad, K., Saltin, B., Ericson, M. et al. (1997) Pronounced resting bradycardia in male elite runners
is associated with high heart rate variability. Scandinavian Journal of Medicine & Science in Sports, vol. 7, no. 5,
pp. 274-278. https://doi.org/10.1111/j.1600-0838.1997.tb00152.x

Kakinuma, Y. (2021) Characteristic effects of the cardiac non-neuronal acetylcholine system augmentation on brain
functions. International Journal of Molecular Sciences, vol. 22, no. 2, article 545. https://doi.org/10.3390/

ijms22020545
Kaltsatou, A., Kouidi, E., Fotiou, D., Deligiannis, P. (2011) The use of pupillometry in the assessment of cardiac

autonomic function in elite different type trained athletes. European Journal of Applied Physiology, vol. 111,
no. 9, pp. 2079-2087. https://doi.org/10.1007/s00421-011-1836-0

Kamandulis, S., Juodsnukis, A., Stanislovaitiene, J. et al. (2020) Daily resting heart rate variability in adolescent
swimmers during 11 weeks of training. International Journal of Environmental Research and Public Health,
vol. 17, no. 6, article 2097. https://doi.org/10.3390/ijerph17062097

44 https://www.doi.org/10.33910/2687-1270-2024-5-1-32-49



https://www.doi.org/10.33910/2687-1270-2024-5-1-32-49
https://doi.org/10.3390/ijerph18179414
https://pubmed.ncbi.nlm.nih.gov/24149683/
https://doi.org/10.1371/journal.pone.0213472
https://doi.org/10.1371/journal.pone.0213472
https://doi.org/10.1097/01.jsm.0000244610.34594.07
https://doi.org/10.1097/01.jsm.0000244610.34594.07
https://doi.org/10.1097/00005768-199805000-00008
https://doi.org/10.1097/00005768-199805000-00008
https://doi.org/10.1055/s-0033-1354385
https://doi.org/10.1055/s-0033-1354385
https://doi.org/10.3389/fphys.2014.00073
https://doi.org/10.1016/j.physbeh.2018.10.018
https://doi.org/10.1519/JSC.0000000000003992
https://doi.org/10.3390/sports8120164
https://doi.org/10.3390/sports8120164
https://doi.org/10.1111/j.1600-0838.1997.tb00152.x
https://doi.org/10.3390/ijms22020545
https://doi.org/10.3390/ijms22020545
https://doi.org/10.1007/s00421-011-1836-0
https://doi.org/10.3390/ijerph17062097

A. A. Kamaes, B. M. Qupxun, A. H. Tpyxun, C. V. Tpyxuna

Kataev, D. A., Tsirkin, V. I, Trukhin, A. N., Trukhina, S. I. (2024) Indicator PNN50% cardiointervalogram depending
on the specialization of the training process, stage of the annual training cycle and other factors (literature
review). Anatomy Physiology & Biochemistry International Journal, vol. 7, no. 2, article 555707.

Kiss, O., Sydo, N., Vargha, P. et al. (2016) Detailed heart rate variability analysis in athletes. Clinical Autonomic
Research, vol. 26, no. 4, pp. 245-252. https://doi.org/10.1007/s10286-016-0360-z

Lengyel, C., Orosz, A., Hegyi, P. et al. (2011) Increased short-term variability of the QT interval in professional
soccer players: Possible implications for arrhythmia prediction. PLoS One, vol. 6, no. 4, article e18751. https://
doi.org/10.1371/journal.pone.0018751

Liao, L., Li, J. (2022) Research on effect of load stimulation change on heart rate variability of women volleyball
athletes. Computational Intelligence and Neuroscience, vol. 2022, article 3917415. https://doi.org/10.1155/2022/3917415

Mal'tsev, A. Iu., Mel'nikov, A. A., Vikulov, A. D., Gromova, K. S. (2010) The state of central hemodynamics and
variability of hearty rate in sportsmen with various direction of training process. Human Physiology, vol. 36,
no. 1, pp. 112-118. PMID: 20196455

Meng, Z., Sun, B., Chen, W. et al. (2021) Depression of non-neuronal cholinergic system may play a role in co-
occurrence of subjective daytime sleepiness and hypertension in patients with obstructive sleep apnea syndrome.
Nature and Science of Sleep, vol. 13, pp. 2153-2163. https://doi.org/10.2147/NSS.5339038

Morales, J., Garcia, V., Garcia-Massd, X. et al. (2013) The use of heart rate variability in assessing precompetitive
stress in high-standard judo athletes. International Journal of Sports Medicine, vol. 34, no. 2, pp. 144-151.
https://doi.org/10.1055/s-0032-1323719

Munasinghe, P. E., Saw, E. L., Reily-Bell, M. et al. (2023) Non-neuronal cholinergic system delays cardiac remodelling
in type 1 diabetes. Heliyon, vol. 9, no. 6, article e17434. https://doi.org/10.1016/j.heliyon.2023.e17434

Nakamura, F. Y., Costa, J. A., Travassos, B. et al. (2023) Intraindividual relationships between training loads and
heart-rate variability in high-level female futsal players: A longitudinal study. International Journal of Sports
Physiology and Performance, vol. 18, no. 3, pp. 306—312. https://doi.org/10.1123/ijspp.2021-0500

Oliveira-Silva, L, Silva, V. A., Cunha, R. M., Foster, C. (2018) Autonomic changes induced by pre-competitive stress
in cyclists in relation to physical fitness and anxiety. PLoS One, vol. 13, no. 12, article €0209834. https://doi.
org/10.1371/journal.pone.0209834

Park, S. B., Lee, B. C,, Jeong, K. S. (2007) Standardized tests of heart rate variability for autonomic function tests
in healthy Koreans. International Journal of Neuroscience, vol. 117, no. 12, pp. 1707-1717. https://doi.
org/10.1080/00207450601050097

Perek, S., Raz-Pasteur, A. (2021) Heart rate variability: The age-old tool still remains current. Harefuah, vol. 160,
no. 8, pp. 533-536. PMID: 34396730

Pla, R., Aubry, A., Resseguier, N. et al. (2019) Training organization, physiological profile and heart rate variability
changes in an open-water world champion. International Journal of Sports Medicine, vol. 40, no. 8, pp. 519-527.
https://doi.org/10.1055/a-0877-6981

Plews, D. J., Laursen, P. B., Kilding, A. E., Buchheit, M. (2012) Heart rate variability in elite triathletes, is variation
in variability the key to effective training? A case comparison. European Journal of Applied Physiology, vol. 112,
no. 11, pp. 3729-3741. https://doi.org/10.1007/s00421-012-2354-4

Pluim, B. M., Swenne, C. A., Zwinderman, A. H. et al. (1999) Correlation of heart rate variability with cardiac
functional and metabolic variables in cyclists with training induced left ventricular hypertrophy. Heart, vol. 81,
no. 6, pp. 612—617. https://doi.org/10.1136/hrt.81.6.612

Proietti, R., di Fronso, S., Pereira, L. A. et al. (2017) Heart rate variability discriminates competitive levels in professional
soccer players. Journal of Strength and Conditioning Research, vol. 31, no. 6, pp. 1719-1725. https://doi.
org/10.1519/JSC.0000000000001795

Raczak, G., Danilowicz-Szymanowicz, L., Kobuszewska-Chwirot, M. et al. (2006) Long-term exercise training
improves autonomic nervous system profile in professional runners. Kardiologia Polska, vol. 64, no. 2, pp. 135—
140. PMID: 16502362

Schifer, D., Gjerdalen, G. F.,, Solberg, E. E. et al. (2015) Sex differences in heart rate variability: A longitudinal study
in international elite cross-country skiers. European Journal of Applied Physiology, vol. 115, no. 10, pp. 2107-2114.
https://doi.org/10.1007/s00421-015-3190-0

Schmitt, L., Bouthiaux, S., Millet, G. . (2021) Eleven years’ monitoring of the world’s most successful male biathlete
of the last decade. International Journal of Sports Physiology and Performance, vol. 16, no. 6, pp. 900—905.
https://doi.org/10.1123/ijspp.2020-0148

Seiler, S., Haugen, O., Kuffel, E. (2007) Autonomic recovery after exercise in trained athletes: Intensity and duration
effects. Medicine & Science in Sports & Exercise, vol. 39, no. 8, pp. 1366—1373. https://doi.org/10.1249/
mss.0b013e318060f17d

Shlyk, N. I. (2016) Management of athletic training with consideration of individual heart rate variability characteristics.
Human Physiology, vol. 42, no. 6, pp. 81-91. PMID: 29932530

Swart, A., Constantinou, D. (2023) The effects of a 3-day mountain bike cycling race on the autonomic nervous
system (ANS) and heart rate variability in amateur cyclists: A prospective quantitative research design. BMC
Sports Science, Medicine and Rehabilitation, vol. 15, no. 1, article 2. https://doi.org/10.1186/s13102-022-00614-y

UnmeepamusHas gﬁusuwloeu,q, 2024, m. 5, Ne 1 45


https://doi.org/10.1007/s10286-016-0360-z
https://doi.org/10.1371/journal.pone.0018751
https://doi.org/10.1371/journal.pone.0018751
https://doi.org/10.1155/2022/3917415
https://pubmed.ncbi.nlm.nih.gov/20196455/
https://doi.org/10.2147/NSS.S339038
https://doi.org/10.1055/s-0032-1323719
https://doi.org/10.1016/j.heliyon.2023.e17434
https://doi.org/10.1123/ijspp.2021-0500
https://doi.org/10.1371/journal.pone.0209834
https://doi.org/10.1371/journal.pone.0209834
https://doi.org/10.1080/00207450601050097
https://doi.org/10.1080/00207450601050097
https://pubmed.ncbi.nlm.nih.gov/34396730/
https://doi.org/10.1055/a-0877-6981
https://doi.org/10.1007/s00421-012-2354-4
https://doi.org/10.1136/hrt.81.6.612
https://doi.org/10.1519/JSC.0000000000001795
https://doi.org/10.1519/JSC.0000000000001795
https://pubmed.ncbi.nlm.nih.gov/16502362/
https://doi.org/10.1007/s00421-015-3190-0
https://doi.org/10.1123/ijspp.2020-0148
https://doi.org/10.1249/mss.0b013e318060f17d
https://doi.org/10.1249/mss.0b013e318060f17d
https://pubmed.ncbi.nlm.nih.gov/29932530/
https://doi.org/10.1186/s13102-022-00614-y

3asucumocmp Beauyurvi RMSSD kapououHmepsaroepammbl OM CHeYUAAIU3AUUL. ..

Sztajzel, J., Jung, M., Sievert, K., Bayes De Luna, A. (2008) Cardiac autonomic profile in different sports disciplines
during all-day activity. Journal of Sports Medicine and Physical Fitness, vol. 48, no. 4, pp. 495-501. PMID:
18997654

Tian, Y., He, Z.-H., Zhao, J.-X. et al. (2013) Heart rate variability threshold values for early-warning nonfunctional
overreaching in elite female wrestlers. Journal of Strength and Conditioning Research, vol. 27, no. 6, pp. 1511—
1519. https://doi.org/10.1519/]SC.0b013e31826caef8

References

Ayuso-Moreno, R. M., Fuentes-Garcia, J. P., Nobari, H., Villafaina, S. (2021) Impact of the result of soccer matches
on the heart rate variability of women soccer players. International Journal of Environmental Research and
Public Health, vol. 18, no. 17, article 9414. https://doi.org/10.3390/ijerph18179414 (In English)

Barak, O. E, Jakovljevic, D. G., Popadic Gacesa, J. Z. et al. (2010) Heart rate variability before and after cycle exercise
in relation to different body positions. Journal of Sports Science and Medicine, vol. 9, no. 2, pp. 176—182. PMID:
24149683 (In English)

Barrero, A., Schnell, F,, Carrault, G. et al. (2019) Daily fatigue-recovery balance monitoring with heart rate variability
in well-trained female cyclists on the Tour de France circuit. PLoS One, vol. 14, no. 3, article e0213472. https://
doi.org/10.1371/journal.pone.0213472 (In English)

Baumert, M., Brechtel, L., Lock, J. et al. (2006) Heart rate variability, blood pressure variability, and baroreflex
sensitivity in overtrained athletes. Clinical Journal of Sport Medicine, vol. 16, no. 5, pp. 412—417. https://doi.
org/10.1097/01.jsm.0000244610.34594.07 (In English)

Bonaduce, D., Petretta, M., Cavallaro, V. et al. (1998) Intensive training and cardiac autonomic control in high level
athletes. Medicine & Science in Sports & Exercise, vol. 30, no. 5, pp. 691-696. https://doi.org/10.1097/00005768-
199805000-00008 (In English)

Botek, M., McKune, A. J., Krejcj, J. et al. (2014) Change in performance in response to training load adjustment
based on autonomic activity. International Journal of Sports Medicine, vol. 35, no. 6, pp. 482—488. https://doi.
org/10.1055/s-0033-1354385 (In English)

Buchheit, M. (2014) Monitoring training status with HR measures: Do all roads lead to Rome? Frontiers in Physiology,
vol. 5, article 73. https://doi.org/10.3389/fphys.2014.00073 (In English)

Deus, L. A., Sousa, C. V., Rosa, T. S. et al. (2019) Heart rate variability in middle-aged sprint and endurance athletes.
Physiology & Behavior, vol. 205, pp. 39-43. https://doi.org/10.1016/j.physbeh.2018.10.018 (In English)

Efremova, R. L, Spitsin, A. P. (2017) Osobennosti ustojchivosti simpatotonicheskogo tipa vegetativnoj regulyatsii
u yunykh lyzhnikov pod dejstviem trenirovochnykh i sorevnovatel'nykh nagruzok [Stability of the sympathotonic
type of autonomic regulation in young skiers under the influence of preparatory and competitive loads]. Zhurnal
mediko-biologicheskikh issledovanij — Journal of Medical and Biological Researches, vol. 5, no. 4, pp. 90-92.
https://doi.org/10.17238/issn2542-1298.2017.5.4.90 (In Russian)

Flatt, A. A., Hornikel, B., Nakamura, F. Y., Esco, M. R. (2021) Effect of competitive status and experience on heart
rate variability profiles in collegiate sprint-swimmers. Journal of Strength and Conditioning Research, vol. 36,
no. 10, pp. 2898-2904. https://doi.org/10.1519/JSC.0000000000003992 (In English)

Gavrilova, E. A. (2015) Sport, stress, variabel’nost’ [Sports, stress, variability]. Moscow: Sport Publ., 169 p.
(In Russian)

lizuka, T., Kon, M., Maegawa, T. et al. (2020) Comparison of morning heart rate variability at the beginning and
end of a competition season in elite speed skaters. Sports, vol. 8, no. 12, article 164. https://doi.org/10.3390/
sports8120164 (In English)

Ismail (Bergman), A. Kh., Zakhar’eva, N. N., Bersenev, E. Yu. (2021) Osobennosti formirovaniya avtonomnoj
regulyatsii serdechnoj deyatel'nosti u yunykh futbolistov razlichnogo igrovogo amplua [Features of the formation
of autonomous regulation of cardiac activity in young football players of various playing roles]. In: N. I. Shlyk
(ed.). Variabel'nost’ serdechnogo ritma: teoreticheskie aspekty i prakticheskoe primenenie v sporte i massovoj
fizkul'ture. Materialy VII Vserossijskoj nauchno-prakticheskoj konferentsii s mezhdunarodnym uchastiem [Heart
rate variability: Theoretical aspects and practical application in sports and mass physical education. Materials
of the VII All-Russian scientific and practical conference with international participation]. 1zhevsk: Udmurt
State University Publ., pp. 57-66. (In Russian)

Jensen-Urstad, K., Saltin, B., Ericson, M. et al. (1997) Pronounced resting bradycardia in male elite runners
is associated with high heart rate variability. Scandinavian Journal of Medicine & Science in Sports, vol. 7, no. 5,
pp. 274-278. https://doi.org/10.1111/j.1600-0838.1997.tb00152.x (In English)

Kakinuma, Y. (2021) Characteristic effects of the cardiac non-neuronal acetylcholine system augmentation on brain
functions. International Journal of Molecular Sciences, vol. 22, no. 2, article 545. https://doi.org/10.3390/

ijms22020545 (In English)
Kalabin, O. V., Mikhailov, M. M. (2021) Primenenie ekspress-metoda analiza variabel'nosti ritma serdtsa dlya

korrektsii trenirovochnogo protsessa v volejbole [Application of an express method of analyzing heart rate
variability to correct the training process in volleyball]. In: N. I. Shlyk (ed.). Variabel'nost’ serdechnogo ritma:

46 https://www.doi.org/10.33910/2687-1270-2024-5-1-32-49



https://www.doi.org/10.33910/2687-1270-2024-5-1-32-49
https://pubmed.ncbi.nlm.nih.gov/18997654/
https://doi.org/10.1519/JSC.0b013e31826caef8
https://doi.org/10.3390/ijerph18179414
https://pubmed.ncbi.nlm.nih.gov/24149683/
https://doi.org/10.1371/journal.pone.0213472
https://doi.org/10.1371/journal.pone.0213472
https://doi.org/10.1097/01.jsm.0000244610.34594.07
https://doi.org/10.1097/01.jsm.0000244610.34594.07
https://doi.org/10.1097/00005768-199805000-00008
https://doi.org/10.1097/00005768-199805000-00008
https://doi.org/10.1055/s-0033-1354385
https://doi.org/10.1055/s-0033-1354385
https://doi.org/10.3389/fphys.2014.00073
https://doi.org/10.1016/j.physbeh.2018.10.018
https://doi.org/10.17238/issn2542-1298.2017.5.4.90
https://doi.org/10.1519/JSC.0000000000003992
https://doi.org/10.3390/sports8120164
https://doi.org/10.3390/sports8120164
https://doi.org/10.1111/j.1600-0838.1997.tb00152.x
https://doi.org/10.3390/ijms22020545
https://doi.org/10.3390/ijms22020545

A. A. Kamaes, B. M. Qupxun, A. H. Tpyxun, C. V. Tpyxuna

teoreticheskie aspekty i prakticheskoe primenenie v sporte i massovoj fizkul'ture. Materialy VII Vserossijskoj
nauchno-prakticheskoj konferentsii s mezhdunarodnym uchastiem [Heart rate variability: Theoretical aspects
and practical application in sports and mass physical education. Materials of the VII All-Russian scientific and
practical conference with international participation]. Izhevsk: Udmurt State University Publ., pp. 152-157.
(In Russian)

Kalabin, O. V. Spitsin, A. P. (2011) Variabel'nost’ serdechnogo ritma u sportsmenov s silovoj napravlennost’yu
trenirovochnogo protsessa [Heart rate variability in athletes with a strength-oriented training process]. Novye
issledovaniya, vol. 29, no. 4, pp.124—131. (In Russian)

Kaltsatou, A., Kouidi, E., Fotiou, D., Deligiannis, P. (2011) The use of pupillometry in the assessment of cardiac
autonomic function in elite different type trained athletes. European Journal of Applied Physiology, vol. 111,
no. 9, pp. 2079-2087. https://doi.org/10.1007/s00421-011-1836-0 (In English)

Kamandulis, S., Juodsnukis, A., Stanislovaitiene, J. et al. (2020) Daily resting heart rate variability in adolescent
swimmers during 11 weeks of training. International Journal of Environmental Research and Public Health,
vol. 17, no. 6, article 2097. https://doi.org/10.3390/ijerph17062097 (In English)

Kataev, D. A., Tsirkin, V. I, Zavalin, N. S. et al. (2023a) Dinamika TP-, HF-, LF- i VLF-voln kardiointervalogrammy
(v usloviyakh klinostaza) elitnogo lyzhnika-gonshchika v podgotovite'nom, sorevnovatel'nom i perekhodnom
periodakh v zavisimosti ot ob'ema i intensivnosti trenirovochnykh nagruzok [Dynamics of TP-, HF-, LF- and
VLE-waves of the cardiointervalogram (in clinostasis condition) of an elite ski racer in the preparatory, competitive
and transitional periods, depending on the volume and intensity of training loads]. Fiziologiya cheloveka —
Human Physiology, vol. 49, no. 5, pp. 87—100. https://doi.org/10.31857/S0131164623700303 (In Russian)

Kataev, D. A., Tsirkin, V. I, Trukhin, A. N., Trukhina, S. I. (2023b) Dinamika stress-indeksa i spektral'nykh pokazatelej
kardiointervalogrammy elitnykh lyzhnikov-gonshchikov v podgotovite'nom, sorevnovatelnom i perekhodnom
periodakh v zavisimosti ot ob'ema i intensivnosti trenirovochnykh nagruzok [Dynamics of the stress index and
spectral indicators of the cardiointervalogram of elite cross-country skiers in the preparatory, competitive and
transition periods, depending on the volume and intensity of training loads]. Vestnik meditsinskogo instituta
“REAVIZ’ Reabilitatsiya, Vrach i Zdorove — Bulletin of the Medical Institute “REAVIZ’ Rehabilitation, Doctor
and Health, vol. 13, no. 6, pp. 12—25. https://doi.org/10.20340/vmi-rvz.2023.6.PHYS.1 (In Russian)

Kataev, D. A., Tsirkin, V. I, Trukhin, A. N., Trukhina, S. I. (2024) Indicator PNN50% cardiointervalogram depending
on the specialization of the training process, stage of the annual training cycle and other factors (literature
review). Anatomy Physiology & Biochemistry International Journal, vol. 7, no. 2, article 555707. (In English)

Kataev, D. A., Tsirkin, V. I, Trukhina, S. I., Trukhin, A. N. (2024) Dinamika RMSSD kardiointervalogrammy
u elitnykh lyzhnikov-gonshchikov v techenii godichnogo makrotsikla (podgotovitel'nogo, sorevnovatel'nogo
i perekhodnogo periodov) v zavisimosti ot ob'ema i intensivnosti trenirovochnykh i sorevnovatel nykh nagruzok
[Dynamics of RMSSD cardiointervalogram in elite cross-country skiers during the annual macrocycle (preparatory,
competitive and transition periods) depending on the volume and intensity of training and competitive loads].
Chelovek. Sport. Meditsina — Human. Sport. Medicine. (In press). (In Russian)

Khodyrev, G. N., Khlybova, S. V., Cirkin, V. L. et al. (2011) Metodicheskie aspekty analiza vremennyh i spektral’'nykh
pokazatelej variabel'nosti serdechnogo ritma (obzor literatury) [Methodological aspects of the analysis of temporal
and spectral indicators of heart rate variability (literature review)]. Vjatskij medicinskij vestnik, no. 3—4,
pp- 60-70. (In Russian)

Kiss, O., Sydo, N., Vargha, P. et al. (2016) Detailed heart rate variability analysis in athletes. Clinical Autonomic
Research, vol. 26, no. 4, pp. 245-252. https://doi.org/10.1007/s10286-016-0360-z (In English)

Krotova, K. A., Terekhov, P. A. (2021) Osobennosti variabel'nosti serdechnogo ritma u short-trekovikov pri
ortostaticheskoj probe s uchetom gendernykh razlichij [Heart rate variability in short track speed skaters during
an orthostatic test, adjusted for gender]. In: N. L. Shlyk (ed.). Variabel'nost’ serdechnogo ritma: teoreticheskie
aspekty i prakticheskoe primenenie v sporte i massovoj fizkul'ture. Materialy VII Vserossijskoj nauchno-prakticheskoj
konferentsii s mezhdunarodnym uchastiem [Heart rate variability: Theoretical aspects and practical application
in sports and mass physical education. Materials of the VII All-Russian scientific and practical conference with
international participation]. Izhevsk: Udmurt State University Publ., pp. 158—162. (In Russian)

Lengyel, C., Orosz, A., Hegyi, P. et al. (2011) Increased short-term variability of the QT interval in professional
soccer players: Possible implications for arrhythmia prediction. PLoS One, vol. 6, no. 4, article e18751. https://
doi.org/10.1371/journal.pone.0018751 (In English)

Liao, L., Li, J. (2022) Research on effect of load stimulation change on heart rate variability of women volleyball
athletes. Computational Intelligence and Neuroscience, vol. 2022, article 3917415. https://doi.org/10.1155/2022/3917415
(In English)

Litvin, F. B., Anosov, L. P, Asyamolov, P. O. et al. (2012) Serdechnyj ritm i sistema mikrotsirkulyatsii u lyzhnikov
v predsorevnovatel'nom periode sportivnoj podgotovki [Warm rythm and microcirculation at skiers in the
precompetitive period of sports preparation]. Vestnik Udmurtskogo universiteta. Seriya Biologiya. Nauki
o zemle — Bulletin of Udmurt University. Series Biology. Earth Sciences, no. 1, pp. 67—74. (In Russian)

Litvin, F. B, Zhigalo, V. Ya., Bojko, G. M. (2021) Variatsii povedeniya raznykh tipov vegetativnoj regulyatsii
serdechnogo ritma, vyzvannye primeneniem biodobavki k sportivnomu pitaniyu [Variations in the behavior

UnmeepamusHas gﬁusumoeuﬂ, 2024, m. 5, Ne 1 47


https://doi.org/10.1007/s00421-011-1836-0
https://doi.org/10.3390/ijerph17062097
https://doi.org/10.31857/S0131164623700303
https://doi.org/10.20340/vmi-rvz.2023.6.PHYS.1
https://doi.org/10.1007/s10286-016-0360-z
https://doi.org/10.1371/journal.pone.0018751
https://doi.org/10.1371/journal.pone.0018751
https://doi.org/10.1155/2022/3917415

3asucumocmp Beauyurvi RMSSD kapououHmepsaroepammbl OM CHeYUAAIU3AUUL. ..

of different types of autonomic regulation of heart rate caused by the use of dietary supplements to sports
nutrition]. In: N. L. Shlyk (ed.). Variabel'nost’ serdechnogo ritma: teoreticheskie aspekty i prakticheskoe primenenie
v sporte i massovoj fizkul'ture. Materialy VII Vserossijskoj nauchno-prakticheskoj konferentsii s mezhdunarodnym
uchastiem [Heart rate variability: Theoretical aspects and practical application in sports and mass physical
education. Materials of the VII All-Russian scientific and practical conference with international participation].
Izhevsk: Udmurt State University Publ., pp. 177—182. (In Russian)

Mal'tsev, A. Iu., Mel'nikov, A. A., Vikulov, A. D., Gromova, K. S. (2010) The state of central hemodynamics and
variability of hearty rate in sportsmen with various direction of training process. Human Physiology, vol. 36,
no. 1, pp. 112-118. PMID: 20196455 (In English)

Markov, A. L. (2019) Variabel'nost’ serdechnogo ritma u lyzhnikov-gonshchikov Respubliki Komi 15-18 let:
vozrastnye i polovye razlichiya [Heart rate variability in cross-country skiers aged 15—18 years living inthe Komi
Republic: Age- and sex-related differences]. Zhurnal mediko-biologicheskikh issledovanij — Journal of Medical
and Biological Research, vol. 7, no. 2, pp. 151-160. https://doi.org/10.17238/issn2542-1298.2019.7.2.151
(In Russian)

Meng, Z., Sun, B., Chen, W. et al. (2021) Depression of non-neuronal cholinergic system may play a role in co-
occurrence of subjective daytime sleepiness and hypertension in patients with obstructive sleep apnea syndrome.
Nature and Science of Sleep, vol. 13, pp. 2153—-2163. https://doi.org/10.2147/NSS.S339038 (In English)

Mikhajlov, V. M. (2017) Variabel'nost’ ritma serdtsa (novyj vzglyad na staruyu paradigmu) [Heart rate variability
(a new look at the old paradigm)]. Ivanovo: Neurosoft Publ., 516 p. (In Russian)

Missina, S. S., Adodin, N. V., Kryuchkov, A. S., Myakinchenko, E. B. (2022) Modeli periodizatsii nagruzok silovoj
napravlennosti v mezotsiklakh podgotovki lyzhnikov-gonshchikov vysokogo klassa [The models of strength-
oriented loads periodization in mesocycles of training high-class racing skiers]. Pedagogiko-psikhologicheskie
i mediko-biologicheskie problemy fizicheskoj kul'tury i sporta — Pedagogics, Psychology, Medical-Biological
Problems of Physical Training and Sports, vol. 17, no. 3, pp. 23-30. (In Russian)

Morales, J., Garcia, V., Garcia-Massd, X. et al. (2013) The use of heart rate variability in assessing precompetitive
stress in high-standard judo athletes. International Journal of Sports Medicine, vol. 34, no. 2, pp. 144-151.
https://doi.org/10.1055/s-0032-1323719 (In English)

Munasinghe, P. E., Saw, E. L., Reily-Bell, M. et al. (2023) Non-neuronal cholinergic system delays cardiac remodelling
in type 1 diabetes. Heliyon, vol. 9, no. 6, article e17434. https://doi.org/10.1016/j.heliyon.2023.e17434 (In English)

Nakamura, F. Y., Costa, J. A., Travassos, B. et al. (2023) Intraindividual relationships between training loads and
heart-rate variability in high-level female futsal players: A longitudinal study. International Journal of Sports
Physiology and Performance, vol. 18, no. 3, pp. 306—312. https://doi.org/10.1123/ijspp.2021-0500 (In English)

Oliveira-Silva, L, Silva, V. A., Cunha, R. M., Foster, C. (2018) Autonomic changes induced by pre-competitive stress
in cyclists in relation to physical fitness and anxiety. PLoS One, vol. 13, no. 12, article €0209834. https://doi.
org/10.1371/journal.pone.0209834 (In English)

Ostroumov, R. S., Vikulov, A. D. (2012) Analiz sorevnovatel'noj deyatel'nosti lyzhnikov-gonshchikov s pomoshch’yu
pribora “Forerunner 305” [ The analysis of the competitive activity of skier racers by means of device “Forerunner
305”]. Yaroslavskij pedagogicheskij vestnik (Psikhologo-pedagogicheskie nauki) — Yaroslavl Pedagogical Bulletin
(Psychological and Pedagogical Sciences), vol. 2, no. 2, pp. 125—128. (In Russian)

Park, S. B., Lee, B. C,, Jeong, K. S. (2007) Standardized tests of heart rate variability for autonomic function tests
in healthy Koreans. International Journal of Neuroscience, vol. 117, no. 12, pp. 1707-1717. https://doi.
org/10.1080/00207450601050097 (In English)

Perek, S., Raz-Pasteur, A. (2021) Heart rate variability: The age-old tool still remains current. Harefuah, vol. 160,
no. 8, pp. 533-536. PMID: 34396730 (In English)

Pitkevich, Yu. E., Lositskij, E. A., Zagorodnyj, G. M., Yaroshevich, O. A. (2010) Algoritm diagnosticheskogo primeneniya
programmno-apparatnogo kompleksa “Omega-S” v sportivnoj meditsine [Algorithm of diagnostic application
of Omega-S program and apparatus complex in sports medicine]. Gomel: Gomel State Medical University Publ.,
160 p. (In Russian)

Pla, R., Aubry, A., Resseguier, N. et al. (2019) Training Organization, physiological profile and heart rate variability
changes in an open-water world champion. International Journal of Sports Medicine, vol. 40, no. 8, pp. 519-527.
https://doi.org/10.1055/a-0877-6981 (In English)

Plews, D. |, Laursen, P. B., Kilding, A. E., Buchheit, M. (2012) Heart rate variability in elite triathletes, is variation
in variability the key to effective training? A case comparison. European Journal of Applied Physiology, vol. 112,
no. 11, pp. 3729-3741. https://doi.org/10.1007/s00421-012-2354-4 (In English)

Pluim, B. M., Swenne, C. A., Zwinderman, A. H. et al. (1999) Correlation of heart rate variability with cardiac
functional and metabolic variables in cyclists with training induced left ventricular hypertrophy. Heart, vol. 81,
no. 6, pp. 612—617. https://doi.org/10.1136/hrt.81.6.612 (In English)

Pogodin, A. A., Aleksanyants, G. D. (2018) Simpato-parasimpaticheskie vzaimodejstviya v regulyatsii serdechnogo
ritma basketbolistov studencheskoj ligi [Sympathetic-parasympathetic interactions in the regulation of the
cardiac rhythm of basketball players from the students league]. Fiziologiya — Physiology, no. 1, pp. 62—68.
(In Russian)

48 https://www.doi.org/10.33910/2687-1270-2024-5-1-32-49



https://www.doi.org/10.33910/2687-1270-2024-5-1-32-49
https://pubmed.ncbi.nlm.nih.gov/20196455/
https://doi.org/10.17238/issn2542-1298.2019.7.2.151
https://doi.org/10.2147/NSS.S339038
https://doi.org/10.1055/s-0032-1323719
https://doi.org/10.1016/j.heliyon.2023.e17434
https://doi.org/10.1123/ijspp.2021-0500
https://doi.org/10.1371/journal.pone.0209834
https://doi.org/10.1371/journal.pone.0209834
https://doi.org/10.1080/00207450601050097
https://doi.org/10.1080/00207450601050097
https://pubmed.ncbi.nlm.nih.gov/34396730/
https://doi.org/10.1055/a-0877-6981
https://doi.org/10.1007/s00421-012-2354-4
https://doi.org/10.1136/hrt.81.6.612

A. A. Kamaes, B. M. Qupxun, A. H. Tpyxun, C. V. Tpyxuna

Proietti, R., di Fronso, S., Pereira, L. A. et al. (2017) Heart rate variability discriminates competitive levels in professional
soccer players. Journal of Strength and Conditioning Research, vol. 31, no. 6, pp. 1719-1725. https://doi.
org/10.1519/JSC.0000000000001795 (In English)

Raczak, G., Danilowicz-Szymanowicz, L., Kobuszewska-Chwirot, M. et al. (2006) Long-term exercise training
improves autonomic nervous system profile in professional runners. Kardiologia Polska, vol. 64, no. 2, pp. 135—
140. PMID: 16502362 (In English)

Saryg, S. K. O., Lopsan, A. D. O., Buduk-ool, L. K. S. (2015) Pokazateli variabel'nosti ritma serdtsa u sportsmenov
[Indicators of heart rate variability in athletes]. Vestnik Tuvinskogo gosudarstvennogo universiteta. No. 2
Estestvennye i sel'skokhozyajstvennye nauki — Bulletin of Tuva State University. No. 2 Natural and Agricultural
Sciences, no. 2, pp. 48-52. (In Russian)

Schifer, D., Gjerdalen, G. F.,, Solberg, E. E. et al. (2015) Sex differences in heart rate variability: A longitudinal study
in international elite cross-country skiers. European Journal of Applied Physiology, vol. 115, no. 10, pp. 2107-2114.
https://doi.org/10.1007/s00421-015-3190-0 (In English)

Schmitt, L., Bouthiaux, S., Millet, G. . (2021) Eleven years’ monitoring of the world’s most successful male biathlete
of the last decade. International Journal of Sports Physiology and Performance, vol. 16, no. 6, pp. 900—905.
https://doi.org/10.1123/ijspp.2020-0148 (In English)

Seiler, S., Haugen, O., Kuffel, E. (2007) Autonomic recovery after exercise in trained athletes: Intensity and duration
effects. Medicine & Science in Sports & Exercise, vol. 39, no. 8, pp. 1366—1373. https://doi.org/10.1249/
mss.0b013e318060f17d (In English)

Shlyk, N. I. (2016) Management of athletic training with consideration of individual heart rate variability characteristics.
Human Physiology, vol. 42, no. 6, pp. 81-91. PMID: 29932530 (In English)

Shlyk, N. I, Sapozhnikova, E. N., Kirillova, T. G., Zhuzhgov, A. P. (2012) Ob osobennostyakh ortostaticheskoj
reaktsii u sportsmenov s raznymi tipami vegetativnoj regulyatsii [About profiles of orthostatic reactions in athletes
with different types of autonomic regulation]. Vestnik Udmurtskogo universiteta. Seriya Biologiya. Nauki
o zemle — Bulletin of Udmurt University. Series Biology. Earth Sciences, no. 1, pp. 114—125. (In Russian)

Solonin, Yu. G., Bojko, E. R., Vatlin, A. V. et al. (2019) Fiziologo-biokhimicheskie mekhanizmy obespecheniya sportivnoj
deyatel'nosti zimnikh tsiklicheskikh vidov sporta [Physiological and biochemical mechanisms for ensuring sports
activity in winter cyclic sports]. Syktyvkar: Komi Republican Printing House, 256 p. (In Russian)

Swart, A., Constantinou, D. (2023) The effects of a 3-day mountain bike cycling race on the autonomic nervous
system (ANS) and heart rate variability in amateur cyclists: A prospective quantitative research design. BMC
Sports Science, Medicine and Rehabilitation, vol. 15, no. 1, article 2. https://doi.org/10.1186/s13102-022-00614-y
(In English)

Sztajzel, J., Jung, M., Sievert, K., Bayes De Luna, A. (2008) Cardiac autonomic profile in different sports disciplines
during all-day activity. Journal of Sports Medicine and Physical Fitness, vol. 48, no. 4, pp. 495-501. PMID:
18997654 (In English)

Tian, Y., He, Z.-H., Zhao, J.-X. et al. (2013) Heart rate variability threshold values for early-warning nonfunctional
overreaching in elite female wrestlers. Journal of Strength and Conditioning Research, vol. 27, no. 6. pp. 1511—
1519. https://doi.org/10.1519/]JSC.0b013e31826caef8 (In English)

Venevtseva, Yu. L., Putilin, L. V., Prokhorov, P. Yu. (2019) Gendernye osobennosti variabel'nosti serdechnogo ritma
i psikhometricheskogo testirovaniya u zdorovykh studentov [Gender differences in heart rate variability and
psychometric testing in healthy students]. Sovremennye voprosy biomeditsiny — Modern Issues of Biomedicine,
vol. 3, no. 3, pp. 16—25. (In Russian)

Voronina, G. A., Safarova, R. I. (2008) Kharakteristika osnovnykh parametrov variabel'nosti serdechnogo ritma
kak pokazatelya trenirovannosti lyzhnikov-gonshchikov [Characteristics of the main parameters of heart rate
variability as an indicator of the fitness of ski racers]. In: R. M. Baevskij, N. L. Shlyk (eds.). Variabel'nost’ serdechnogo
ritma: teoreticheskie aspekty i prakticheskoe primenenie. Tezisy dokladov IV Vserossijskogo simpoziuma
s mezhdunarodnym uchastiem [Heart rate variability: Theoretical aspects and practical application. Abstracts
at the IV All-Russian Symposium with international participation]. 1zhevsk: Udmurt State University Publ.,
pp. 65—68. (In Russian)

UnmeepamusHas gﬁusuwloeu,q, 2024, m. 5, Ne 1 49


https://doi.org/10.1519/JSC.0000000000001795
https://doi.org/10.1519/JSC.0000000000001795
https://pubmed.ncbi.nlm.nih.gov/16502362/
https://doi.org/10.1007/s00421-015-3190-0
https://doi.org/10.1123/ijspp.2020-0148
https://doi.org/10.1249/mss.0b013e318060f17d
https://doi.org/10.1249/mss.0b013e318060f17d
https://pubmed.ncbi.nlm.nih.gov/29932530/
https://doi.org/10.1186/s13102-022-00614-y
https://pubmed.ncbi.nlm.nih.gov/18997654/
https://doi.org/10.1519/JSC.0b013e31826caef8

