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BAPUABEJIbHOCTb PUTMA CEPOLUA N DUSNYHECKOE PA3BUTUE

XOKKEUCTOB 9-16 JIET

E.®. CypuHa-Mapbiwesa’, B.B. 3pnux’, E.H. Epmonaeea’

'HOxHo-Ypanbckull 20cydapcmeeHHnbiii yHusepcumem, 2. YensbuHck, Poccus,
2tOxHO-Ypanbckull 20cydapcmeeHHbIl MeAUUUHCKUL yHusepcumem, 2. YensbuHck, Poccus

Hean. M3yunTth XxapakTep B3aUMOOTHOIICHHHA MEXIy apaMeTpaMu BapuaOeIbHOCTH PUTMA
cepana M (U3MYECKOTO PA3BUTHA y XOKKEHUCTOB Ipe- M ITyOepTaTHOro HEepHOAa Pa3BHUTHSL.
MaTtepuan u MeToabl. B uccnenoBanny y49acTBOBaJ M XOKKEHCTHI B Bo3pacte oT 9 mo 16 jer
(n = 189; amroiya: Hamajarompe, 3alIUTHAKK). ['pynma cpaBHEHUS — IBUTaTeIbHO-aKTHBHEIC
Manpunk 7—-8 net (n = 34). MccnenoBansl mapameTpsl BapuadensHocTH putMa cepana (BPC) u
¢usngeckoro pa3putus. Pe3yabTaThl. BiaeneHsl KpUTHYECKIE TEPHOABI PA3BUTUS C OTPHUIIA-
TETBHON TMHAMUKOM MHIEKCca Macchl Tena — 13 u 15 set, cBsi3aHHbIe ¢ HAPSHKEHUEM PeTy I
BPC: ymeHnpIenneM o01mielt MOIIHOCTH PETYILIINH, TIepepacipeaesieHIeM BIUSHIA U3 IEHTPOB
N. vagus ¥ BBICIIUX IIOJKOPKOBBIX CTPYKTYP BEr€TaTUBHOM PEryJIsLUM; YBEIUYCHUEM KOJIUYECT-
Ba UIPOKOB C NpeodiajlaHieM LEHTPAJIbHBIX MEXaHM3MOB peryisinuu. 3akiaiodenue. Bapua-
0CILHOCTh PUTMA CEPJIlla XOKKEUCTOB OT 9 10 16 jeT corjiacoBaHa ¢ JMHAMHKOW (hPU3UUECKOTO

Pa3BUTHSL, BBIICIIEHB KPUTUUECKUE MTEpHOAbI pa3BuTs — 13 u 15 ner.
Knroueswvie cnosa: unoexc maccol mena, 8apuabeibHOCMy pumma cepoya, npenybepmam-
HbLIL nepuoo, nybepmammublii Nepuoo, CnopmcmMeHbl, XOKKel.

BBenenue. Ilokazarenm BapuaOeIbHOCTH
putMa cepaua (BPC) m peakumn Ha ¢yHKIHO-
HAJBHBIC MPOOBI CBSA3aHBI C BEJIMYMHOW MacChl
Tena W comaroturnoMm [2, 6]. Mcxoas u3 atoro,
CyIIECTBYET BBICOKHM PHUCK Pa3BUTHUS TU3AITa-
[IMOHHBIX MPOLIECCOB, B TOM YHCIIE CBSI3aHHBIX C
BO3PACTHBIMH U3MEHEHHUSMH B aHTPOIIOMETpHUe-
CKOM TIpoduie XOKKeHCTOB. MHIHKaTOpOM pado-
THl HEUPOTYMOPATHHBIX MEXaHU3MOB PETYJISIIIHH
JICATSILHOCTH BHCIEPATBHBIX CUCTEM M (PYHK-
[IUOHAJTBHOTO COCTOSIHUS OpPTaHWU3Ma SBISFOTCS
u3MeHeHus putMa cepana [1, 13, 15, 16].

Marepuasabsl 1 mMetoabl. [IpoBeneHo mpo-
CIIEKTUBHOE TIOTIEPEYHOE MCCIIeOBaHNE (HAYaIo
MaKpOITMKJIa TOATOTOBKH). OOCIen0BaHbl Mallb-
YUKW U TOJIPOCTKH 7—16 JeT MyKCKOro Imoia
(n = 189). BPC onenunBanace ¢ mpuMeHEHHEM
OOIIETIPUHATHIX METOJOB aHAJIN3a, THUI PETyJs-
UM pUTMa Ceplla OMpPEeNcs MO METOAMKE
HU. Mneik: I u II tun (ymMmepeHHOe M 3HA4u-
TeNbHOE TIpeoliafaHie IMEeHTPATBHBIX MeXaHU3-
MOB peryJsiiuu cooTBeTcTBeHHO); III u IV Tum
(YMepeHHOE U 3HAYMTEIHHO BBIPAXKEHHOE MPE00-
JaJlaHue aBTOHOMHBIX MEXaHH3MOB COOTBETCT-
BeHHO) [5, 11, 14]. Uanmekc maccer Tema (MMT)
paccuutsiBany o popmyne Kerne [8]. Pazmuaus
MEXIy TPYIIaMH OIpPeNesuid 0 KPHUTEPHIO
ManHa — YUTHH.

Pesyabrarbl. Bo3pactHas nuHamuka UMT
XOKKEHCTOB IpelCcTaBlieHa Ha puc. 1. YBenuue-

e UMT B Oosbineli CTENEHW MPOUCXOIUT 32
cdeT mpupocta Maccel Tena [12]. Ha puc. 2, 3
MOKa3aHbl OCHOBHBIC W3MEHEHHUS IapaMEeTPOB
BPC. Haumenee 4yBCTBUTEIbHBIMHU MO AUHAMMU-
K€ U3MCHCHHI OKa3aJuiCh WHTETPATbHBIC WHIICK-
cel BPC, uT0 000CHOBBIBaE€T NMPUMEHECHUE THIIO-
JIOTHYECKOTO moaxoa (puc. 4).

O6cy:xnenue. JlnHaMuka apaMeTpoB Bapua-
OCIIBHOCTH pUTMa Cepilla XOKKEHcToB 9—16 yer
coryiacyercs ¢ U3MEHCHHSIMH (DU3MUYECKOTO pas-
ButHs. B 9—10 yeT y XOKKeHCTOB IpeodIaTanme
BIIUSTHUSI aBTOHOMHBIX MEXaHU3MOB B PETYJISIIUN
pUTMa cepllia COOTBETCTBYET BO3PACTHBIM 3aKO-
HoMepHOcTsM pasButus [3, 10]. B 11-12 ner
temnbl ipupocta UMT MakcuManbHbI, TPU 3TOM
BIIUsIHUE Bo3pacTHOTO (akropa BPC ocmadnser-
Csl, UTO TIOJITBEPIKAAETCSI COXPAHEHUEM HCXOIHO-
r0 YpOBHS HapacUMIIATUYECKUX BIUSHHUHA OTHO-
CUTENBHO CBEpCTHHUKOB [4]. U3menenuss UMT B
9-12 net mpoucxoaar Ha (oHEe BBHICOKHX 3Haye-
HUA TapamMeTpoB oOmmel MOITHOCTH CIEKTpa,
morrHocTH HF-BoH, mpeobnananus I1I-1V Tu-
na peryiasuuu: 82 % — B 9-10 netr u 76 % —
B 11-12 ner.

B 13-16 ner BbIABIEHBI JIBA KPUTHUECKHUX
nepuoga — 13 u 15 ner, B Te4eHUE KOTOPHIX OT-
punatenbHas AMHAMUKA W3MEHEHUS TMOKa3aTells
HUMT cornacyercsi ¢ npu3HakaMy HalpsKEHUS B
perynsiuu putMa cepana (puc. 5). Y cBepcTHH-
KOB, HE 3aHHMAIONIUXCS CIOPTOM, HAMpPsDKCHHE
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Puc. 1. AnHamuka sHayeHnn UMT xokkeuctoB oT 9 Ao 16 net:
7-8 neT — rpynna cpaBHEHUS; * — cTaTUCTMYECKasa 3HAYUMOCTb n3MeHeHun npum p < 0,05;
% _ cTaTUCTUYECKast 3HAUMMOCTb U3MeHeHui npu p < 0,001; R? — koadhULMEHT anmpoKkcuMaLmi
Fig. 1. BMI dynamics in ice hockey players aged 9-16:
7-8 years — control group; * — statistical significance at p < 0.05;
*** _ statistical significance at p < 0.001; R? — approximation coefficient
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Puc. 2. luHaMuMKa nokasatenen BpeMeHHOro metoaa aHanusa BPC xokkeunctoB ot 9 go 16 net:
7-8 neT — rpynna CpaBHEHUs; * — CTaTUCTUYECKM 3HAYMMbIE Pa3NMYMSA OTHOCMTENBHO Marb4ukoB 7-8 nerT;
® — CTaTUCTMYECKM 3HauYMMble pas3nuuns oTHocutenbHo 9-10 neT; ~ — CTaTUCTUYECKU 3HaYMMble pasnuMyus
oTHOCcUTEnNbHO 11-12 neT; # — CTaTUCTUYECKN 3HAYMMbIE PA3NNYNSi OTHOCUTENBHO 13 NeT; & — CTaTUCTUYECKM 3HaYNMble
pasnunung oTHocuTeneHo 14 net
Fig. 2. The dynamics of the time-domain method in ice hockey players aged 9-16:
7-8 years — control group; * — statistical significance relative to boys aged 7-8; e — statistical significance relative
to boys aged 9-10; ~ — statistical significance relative to boys aged 11-12; # — statistical significance relative to boys
aged 13; 6 — statistical significance relative to boys aged 14
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Puc. 3. AvHamuka nokasaTenen cneKTpanbHOro aHanusa y xokkemctoB oT 9 go 16 net (B %):
7-8 net — rpynna CpaBHEHMUH; * — CTaTUCTUYECKU OOCTOBEPHblE pasnuuMs OTHOCUTENbHO Manb4yvMkoB 7-8 neT;
® — CTaTUCTUYECKN AOCTOBEPHble pasnuuns oTHocutenbHo 9-10 neT; ~ — cTaTUCTUYECKU AOCTOBEpPHbIE pasnuuns
OoTHocuTenbHO 11-12 neT; # — cTaTUCTUYECKN AOCTOBEPHbIE pasnnynsa oTHocuTenbHO 13 neT; 6 — cTaTUCTUYECKU
3HaYMMbIe pPa3nNUyMsa OTHOCUTENBHO 14 neT; & — CTaTUCTUYECKM JOCTOBEPHbIE Pa3nMymsa OTHOCUTENbHO 15 net
Fig. 3. The dynamics of spectral analysis data in ice hockey players aged 9—-16 (%):
7-8 years — control group; * — statistical significance relative to boys aged 7-8; e — statistical significance relative
to boys aged 9-10; ~ — statistical significance relative to boys aged 11-12; # — statistical significance relative to boys
aged 13; 6 — statistical significance relative to boys aged 14; & — statistical significance relative to boys aged 15
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Puc. 4. PacnpeaeneHne TMNOB perynsiuum putMma cepaua B rpynnax xokkencrtoB ot 9 o 16 net:
7—-8 neT — rpynna cpaBHeHNs
Fig. 4. Heart rate regulation types in ice hockey players aged 9-16:
7-8 years — control group

B pEryJLIMUd PpUTMa CepAlla OCYLIECTBISAETCS Ha
OIIMH TOJ paHblle, 4TO OO0YCIOBIECHO (PAKTOPOM
crieruuky pu3udeckux Harpysok [4, 6, 7, 9].
B 13 u 15 ner B ABa paza yBelIWYHBAeTCsS KOJIH-
YECTBO XOKKEHCTOB ¢ YMEPEHHOU LIEHTpaIn3aLu-
efi (I Tum) B perymsanun puTMa cepamna: B 13 et
OTpHIlaTeTbHAsl AUHAMHUKA B TeMIIax W3MEHEHH
HUMT conpsikeHa Cc nepepacnpelesicHUeEM Bely-
IIEr0 YPOBHS PEryJisillMd C LEHTpa 1. vagus Ha
LEHTPAJIbHO-3PIrOTPOIHbIE CTPYKTYphl MO3Tra,
B 15 ner oTpuuAaTEeNbHBIA CABUT B M3MEHEHUSAX
napametrpa HWMT cornacyercs ¢ HOBTOPHBIM

CHIDKCHUEM Bapua0elIbHOCTH pHUTMa Ceplua.
K 16 romam wm3MeHeHHWE HHAEKCA MaccChl Teja
CTAHOBHUTCS TIOJIOXKHUTEIBHBIM M COTJIACyeTCsl ¢
MMOBBIINIEHUEM BJIIMSHUS aBTOHOMHBIX MEXaHU3-
MOB pETYJSLWU: YBEIHYUBACTCS BIMSHHE W3
IIEHTpa n.vagus, CHIKatoTcs 3HadeHus LF/HF u
BIIP; pacnpeneneHue 1o TUIAM PETYJSLHU
pUTMa Cepila ¢ TOYKU 3PEHUsS aJanToCIoco0-
HOCTH CTAHOBHUTCS HauOoJlee ONTHMAIbLHBIM:
III e — 73 %, I tam — 15 %, IV Tum — 10 %.
Cxema OCHOBHBIX U3MECHEHUU MpeNCTaBIcHA Ha
puc. 5.
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3akaouenue. BapmabenbHOCTH  puUTMa
cep/ia XOKKeUcToB oT 9 mo 16 mer coriacoBana
C ITUHAMUKOH (U3MdecKoro pa3BuTHs. Brimerne-
HBbI KpuTHUYecKkue nepuoasl 13 u 15 ner, nis ko-
TOPBIX XapaKTEPHO COYETAHWE HATPSDKEHHS pe-
TYJISTOPHBIX TMPOIECCOB, YBEIMUEHHUS YUCIA WT-
POKOB C LEHTpalu3alueld B PETYISIIUU U
OTpHUIIATETILHONW JAWHAMUKA B TapMOHHUYHOCTH
(hU3NIECKOTO Pa3BUTHSL.

CraThsl BbINOJIHeHa npu noaaep:xkke I[Ipa-
ButeabcTBa P® (IlocranoBienue Ne2l1l ot
16.03.2013 r.), cormamenue Ne 02.A03.21.0011.

JanHasi padoTa BbBINOJIHEHA B PaMKax rocy-
JapCTBEeHHOro 3ajaHusi MHHHCTEPCTBA HAYKH H
BbIcllero odopasoBanusi Poccuiickoii Penepanuu:
FENU-2020-0022 (Ne 20200721'3).
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Aim. The paper aims to study the nature of correlations between heart rate variability and
physical development in ice hockey players in prepuberty and puberty. Materials and methods.
Ice hockey players aged 9-16 were involved in the study (n = 189, forwards and defensemen).
The control group consisted of physically active boys aged 7-8 (n = 34). Heart rate variability
data and the indices of physical development were used. Results. The age periods of critical im-
portance for physical development are determined at 13 and 15 years, which are characterized by
negative BMI dynamics and the increased stress of HRV regulation, namely a decrease in total
power, redistribution of activity from the centers of the n. vagus and higher subcortical structures
of autonomic regulation, an increase in the number of players with dominant central regulatory
mechanisms. Conclusion. Heart rate variability in ice hockey players aged 9-16 corresponds
with their physical development. The age periods of 13 and 15 years are considered as of critical
importance for physical development.

Keywords: body mass index, heart rate variability, prepuberty, puberty, athletes, hockey.
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