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NCUXODPU3INOJTIOMTMMHECKNE OCOBEHHOCTHU
ANMMNTHBLIX XOKKEUCTOB 15-16 JIET

E.®. Cypuna-Mapbiuesa’, B.B. 3pnux’, C.A. Kanmiokoe?, K.A. Haymoea'

'HOxHO-Ypanbckull eocydapcmeenHbill yHusepcumem, a. Yensburck, Poccus,
2tOxHo-Ypanbckuil 2ocydapcmeerHbiti meduyuHckull yHusepcumem Mur3adpaea Poccuu,

2. YensbuHck, Poccusi

ems. Uccnenoanne 0COOCHHOCTEH CEHCOMOTOPHOH MHTETPAIMH M KOOPIMHALIMHA JIBIDKE-
HUU 3JIUTHBIX XOKKEUCTOB 15-16 nmet. Marepuaiabl n Meroabl. [lonepeyHoe MpOCMEKTHBHOE
HCCIICOBAHNE BBIOJIHCHO B COPEBHOBATEIHHOM IIEPHOJE MOATOTOBKU. B padore yuacTBoBamn
XOKKEHCTHI B Bo3pacte 15-16 net (n = 36; aMmya: HanaJaroInue, 3alMUTHUKH). [ pynma cpaBHe-
HUA OpIIa C(OPMHUPOBAHA W3 YUAIIHXCA KOJUICAKA (PH3MHMCCKOHW KyJIBTYPHI B Bo3pacte 16 mer
(n = 15). O6crea0BaHUE MPOBOIMIOCH C UCIOIB30BAHUCM MPOTPAMMHO-AMMAPATHOTO KOMILICK-
ca «HC-IIcuxorect» (Poccus, «Hetipocodt»). Onpenensmm noka3areinn ()yHKIHOHAIBHOTO CO-
CTOSTHUSI KOPKOBBIX IIEHTPOB HEPBHOI CHCTEMBI, CKOPOCTH W TOYHOCTH IPOCTBIX M CIOKHBIX
3PHUTCIBHO-MOTOPHBIX peakuuil. OICHUBATN YPOBSHb CCHCOMOTOPHOH M MPOU3BOJIBHOH KOOP-
JUHAOWU JBYKCHUH 1O JAHHBIM TpeMopoMmeTpun. Pe3yabrarbl. OTHOCHTEIBHO CBEPCTHUKOB
XOKKEHCTHI 15-16 Jer mmeror 607ee BRICOKHI YPOBEHD MOKa3aTeneH ()yHKITHOHAIBHOTO COCTOSI-
HAA B yeaoBHAX moMmeX (p < 0,05 BO BCEX CAyvadx) M MOKA3ATCIh KOHICHTPAHH BO30YKICHHA
(p <0,001). XOKKEHCTBI XapaKTEPU3YIOTCA JYUIINMHA MOKA3aTEIAMA CKOPOCTH M TOYHOCTH Pe-
akiui B ycrnopmwix nmomex (p < 0,001 Bo Bcex ciay4vasx) M B PEAKIUAX HA ABHXKYIIHICSI OOBEKT
(p < 0,05 Bo BCex cay4anx). OTHOCHTEIBHO CBEPCTHUKOB, HE 3aHUMAFOIIUXCS CIIOPTOM, 3JIUTHBIC
XOKKCHCTHL 15-16 mer ormmuaroTcs O0ee BBICOKHM VPOBHEM TNPOH3BOJBHOW KOOPIHHALHH
JBIKCHAH IIPH CTATHYECKOW (hopMe MBINICUHBIX cokpammerui (p < 0,01). 3akmouenne. Cnenn-
(prraecKue YCIOBHS COPCBHOBATEIIFHOM ACATCILHOCTH XOKKEHCTOB 15—16 et criocoOCcTBY 10T 1mo-
permeHUIO 3 dekrusrocTr (yHKImonuposanusd [IHC B yCIOBHAX MOMEX 3a CHET YIIyUIICHHA
KOHIEHTPALMH IPOLIECCOB B30y kacHI. CEeHCOMOTOPHASI MHTETPALM HTPOKOB 3TOTO BO3PAcTa
TaKXE OTIMYACTCS JIyUIICH TOYHOCTHIO MPOTHOSMPOBAHMUS B PCAKIMIX HA ABIDKYIIUICS OOBEKT.
TeMeHHO-IPEMOTOPHBIN YPOBEHB PETYILINUH ABMKCHIA XOKKCHCTOB PAa3BHBACTCS B COOTBETCT-
BHU C BO3PACTHBIMH 3aKOHOMEPHOCTSIMH, IIPH 3TOM crerupuicckue (PU3MUSCKUE HATPY3KH
BIMSTIOT HA YJIyYIICHHE NMPOM3BOJIGHOH KOOPAMHALMU JABMKCHUHM IPH CTAaTHYESCKOHW (opme co-

KpamCHWA MBIIIIII,

Kniouegvie cnosa: cencomMomopnas unmezpayus, ceHCOMOMOPHAS KOOPOUHAYUS O8UIICEHUT,
NPOU3BOTLHAAL KOOPOUHAYUS OBUNCEHUTI, 11YOePMAMHbLIl NEPUOO, CHOPIMCMEHDL, XOKKell ¢ Waiboil.

Beeaenne. B cooTBeTCTBHHM ¢ NMpUHOMIIAMHA
TCOpHUH guHaMHdeCKux cucreM [l1]  Heiipo-
TOpPMOHATbHAS TEPECTPOrKa MyOepTaTHOro me-
pHoAa pasBHTHI OOYCNABIMBACT U3MEHCHHUS BO
BceH Hepapxun (QYyHKIMOHATIBHBIX CHCTEM Opra-
HuzMa. MopdodyHKHoHaTEHAS —HepecTpoika
OTpakacTcsl Ha mapamMeTpax (PU3HIECKOro pas3Bu-
THS IOHBIX XOKKCHUCTOB [9], B CIIOPTHBHOM OT-
0ope MOBBIIACTCA 3HAYCHHE MOPQOIOTHUCCKHX
[8, 10], pyHKIHOHATBHBIX U APYTHUX NOKA3aTENICH
[15]. TumepdyHKIMS THOOTATIAMAYECCKUX CTPYK-
Typ ¥ Tunodu3a, YBEIHICHUC MPOAYKLINH CTPECC-
ropMoHOB u anAporeHoB | 13] Ha doHe yeuneHus
CEKPETOPHOM AKTUBHOCTH UIUTOBUIHOM KEJE3bI
MPUBOIUT K HAMPSDKCHUIO PEry/IIUH B (DYHK-
HHUOHANMBHBIX cucTeMax opranusma [2]. Iloaro-
TOBKa CIIOPTCMEHA YaCTO MPOXOAUT Ha (poHE He-
JOCTATOYHO TIOJTHOTO BOCCTAHOBJICHHS OpPTraHM3-

Ma [4, 12], uto yBemumBacT Ncuxo(hU3UOI0THIC-
CKYIO «ueHy» amanrarmi. [Ipu 3roM HeoOX0auMo
COXPaHATh BBICOKOE KAaueCTBO CEHCOMOTOPHOH
HHTETPALUH U CCHCOMOTOPHOH KOOPIHHALIUH.
Marepuansl u Merognl. [lonepeunoe mpo-
CIICKTUBHOE HCCIICIOBAHNC BHIMIOTHEHO Ha Oase
CIHOP «Tpakrop» no xokkerw ¢ maiitoit (Poc-
cusi). B pabore yuacTBOBaNIM XOKKECHCTH B BO3-
pacte 15-16 net (n = 36; ammuiya; HamaJarOIIKe,
3amuTHUKH). ['pynna cpaBHeHus Oblna copMmu-
poBaHa U3 y4aiuxcs B Bo3pacte 16 mer (n = 15).
B uccnenosanuu ObLIM COONIOACHBI MPUHIIHITEL
Xenpcurckoi aekmapauuu. QOcneaoBaHue OPo-
BOAWUJOCh C HCIOJB30BAHHEM MPOrPaAMMHO-
ammaparsoro kommnekca « HC-ITeuxorect» (Poc-
cus, Hefipocodr). OyHKUHOHATEHOE COCTOSHHE
KOPKOBBIX LICHTPOB HEPBHOW CHCTCMBI ONpEIC-
aanoce mo kpurepusm T, JlockytoBoit [5],
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CCHCOMOTOPHAS HHTETpalMsi — MO MOKA3aTeIsIM
CKOPOCTH M TOYHOCTH PAa3iIMYHBIX BHIOB 3pH-
TEITBHO-MOTOPHEIX PEAKLMN: MPOCTON 3PUTEIBHO-
MotopHOH peaxumn (II3MP), peaknuu BeiOOpa
(PB), peakuuu Ha aBwkyiuiics o0bekT (P10) 1
peakmuu B ycrnoBuax nmomex [3]. Ypoeesp ceH-
COMOTOPHOM KOOpAWHALIMM JABMXKCHUM paccyu-
TBIBAJICS TI0 COOTHOLICHHIO MApPaMETPOB TPEMO-
pometpuu [5]. CpaBHCHHE PE3YIBTATOB HCCIIC-
JOBaHHS MEXKIY TPYINIOaMH OCYIIECTBISIOCH
mo kpurepuro MaHHa-YUTHH B Iporpamme
Statistica 10.0.

Pesynbrarbl. OTHOCUTENBHO TPYIIIBE CPAB-
HEHHUS XOKKEHCTHI 15-16 ner He oTnimgarorcs mo
kpurepusm T.J. JlockyToBoii B peakuunax [I3MP
(p > 0,05 BO Bcex caydasx), NPH STOM HMCIOT
OoJice BBICOKHH YPOBCHB MOKA3aTENICH B YCIOBHAX
noMex (p < 0,05 Bo Bcex cnydasx) U KOHLCHTpa-
uuu Bo30yskaeHust (p < 0,001) (tada. 1).

XOKKEHCTHI OTIIMYAIOTCS OT CBEPCTHHUKOB, HE
3aHUMAIOIIUXCS CIIOPTOM, O CKOPOCTH U TOYHO-
cTr peakunii B poOe ¢ momexamu (p < 0,001 Bo
BCEX CNIYYAsIX), CPCAHEMY BPEMECHH M KOTHYCCT-
By TouHbIX peakuuii B P10 (p < 0,05 Bo Beex
cay4vasx) (tabi. 2).

Xokkenctel 15-16 7etT OTAMYAIOTCA TONBKO
0oJice BHICOKMM YPOBHEM NPOU3BOJIBHOW PEryIi-

LIMH JBMOKEHUH B YCIOBHAX CTaTHUECKOTO PEKMMa
MBILIEYHOH paboTel: yuamuecs: —6,81 £ 2,42 %;
SD = 9,39; xokkemcrer: 1,20+ 1,23 %; 7,08
(p <0,01).

O6cyxnenne. CeHCOMOTOpHAs HHTETPALIUSL
MPEACTABISICT COOOH MpoLEcC KOHBCPTCHLMH
HEHPOHHOIO TOKa M3 CCHCOMOTOPHBIX obnacteit
KOPbl Ha HEHPOHBI JTOOHBIX AOJCH KOPBI OOJb-
mMuX MNOAylIapud Aisl JadpHEHIIEH mnepeaadn
nHpOPMALIUK B LICHTPHI MOTOPHOH KOpHl [3].
[Ipu sToM OomdpIIOE BIMSHUE HMCKOT YCIOBHS
BremHeH cpeabl [14]. CencomoTopHas uHTErpa-
OUA V XOKKEHCTOB XapaKTEPU3YETCAd BBICOKOH
NOMEXOYCTOMUHUBOCTRIO 34 CUET Jy4lIeH KOH-
LEHTPALUU MPOLECCOB BO3OYKIACHUA. Y CTOHYN-
BOCTh 3PHUTEIBHO-MOTOPHBIX PEAKIHH B YCIOBH-
X TOMEX V XOKKCHUCTOB Oonee 4eM B 2 pasa
JVUINE, YeM Y CBEPCTHHKOB, HE 3aHHMAIOIIIXCS
coprom. llo mkame auddepeHIMPOBAHHOMI
OLICHKU MCUXO(H3NOIOIHUECKHX TOKAa3aTeicH,
paspaboranHOi st XOKKeucToB 15-16 met [7],
3HaueHue cpeaHen ckopoctu II3MP xoxkencros
VY paabcKOro peruoHa HaxoJUTCA B 00IaCTH MO-
TPAaHUYHBIX 3HAUYECHUH YPOBHEH «CpeaHMil» H
«BbIe cpearero». Ilpu 3ToM ckopocTh B peax-
OUSIX BRIOOpAa XOKKEHCTOB B HAIIEM HCCJICIOBA-
HUH COOTBETCTBYET YPOBHIO «CPETHUI.

Tabnuua 1
Table 1

dyHKUMoHanbHoe coctosiHue LIHC xokkenctoB 15—16 net n gBUratenbHoO-akTUBHbIX y4yawmxcs 16 net
Functional status of the nervous system in hockey players aged 15—16 and physically active students aged 16

['pymst / Groups
Mokazaren / Parameters anmnecil/ Students | XoxkeHCTHI / i{ockey players p
n=15 n=34
M=+ m; SD M+ m; SD
®YC (13MP), ¢ > /FLS (SEMR). s> 477%28’13 4.5 31 . g>20 0.207
B B 2.18+0.10 2,06 +0,12
YP (IT3MP), ¢ / SR (SEMR), s 038 0.69 0,872
VOB (T3MP), ¢ 2/ LFA (SEMR), 52 3°890§ g 10 3°621 f);) 18 0.772
®VYC (momex.), ¢~/ FLS (interference), s 3,41+ 0,13 3,45£0,33 0,014
0,49 1.88
B . B 0.94 +0.14; 1,51+0,18
VP (momex.), ¢ / SR (interference), s 0.54 1.01 0,034
VOB (momex.), ¢ - / LFA (interference), s 2’05023’15; 2’451 1?’25 0,025
Konnenrpauus Bo30ykacHms, % 69,93 £ 6,55 35,67+ 1,48 0.000
Concentration of excitation, % 25,36 8,66 ’

[Mpumeuanme. PYC — PyHKIHMOHATHHEIH YPOBEHb CHCTEMBL, YP — ycTroHumBOCTbh peakuuii; Y®B — ypoBeHb
()YHKIHOHATHHBIX BO3MOXKHOCTSH; [I3MP — mpocTas 3pHTeIbHO-MOTOPHAS PCAKIIHS.
Note. FLS — functional level of the system; SR — stability of reaction; LFA — level of functional abilities;

SEMR - simple eye-motor reaction.
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Tabnuua 2
Table 2
CKOpOCTb U TOYHOCTb 3PUTENbHO-MOTOPHBLIX peakLun XokkeucToB 15—-16 net
1 ABUraTenbHO-aKTUBHBLIX yyalmxcs 16 net
Speed and accuracy of simple eye-motor reactions in hockey players aged 15-16
and physically active students aged 16
['pymst / Groups
IMokazaremm / Parameters Yuammecs / Students | Xoxkenctsl / Hockey players p
M + m; SD M+ m; SD
3 3 214,27 £ 6,18 203,03 +£2,96
II3MP, ¢/ SEMR, s 23.92 1725 0,051
0,91 +0,02 0,96 + 0,01
II3MP (KY), y.¢. / SEMR (WI), cu. 0.09 0.03 0,097
3 3 330,87+ 1,22 319,94 £ 6,39
PB.c”/CR.s 55.08 39.70 0,480
0,86 + 0,03 0,91 +0,01
PB (KY),y.e./CR (W), cu. 0.13 0.06 0,467
3 3 365,67+ 12,71 310,73 +£ 3,58
TTomexu, ¢~ / Interference, s 1902 20.55 0,000
+ +
IMomexu (KY), y.c. / Interference (WI), c.u. 0’8% 18’03 0’9% 050’01 0,000
3 3 -19.80 £ 8,41 -0,89+0,85
PHO,c” /RMO, s 32.56 4.89 0,015
PO (tounsic peakumn), % 39,80 + 3,57 50,36 + 2,94 0.036
RMO (accurate reaction), % 13,84 16,88 ’
PO (omepeskarormme peakuun), Yo 40,60 = 4,02 32,24 + 3,34 0.064
RMO (advanced reaction), % 15,57 19,18 ’
P10 (3amasgprBarornmue peakuun), %o 18,47 £2.36 17,42 £ 2,48 0.332
RMO (delayed reaction), % 9,13 14,24 ’

[Mpumeuanme. [I3MP — mpocTas 3purensHO-MoTOpHAs peakuus, PB — peaxmua Bwidopa, PJIO — peaxums

Ha ABIKYIHHACA 00bekT, KY — ko3 duumenT Yunma.

Note. SEMR - simple eye-motor reaction, CH — choice reaction, RMO — reaction to a moving object, WI —

Whipple index.

VYayumieHHe NPOU3BONBHOH KOOPIHHALIUH
JBHOKCHHH B YCIOBHAX CTATHUCCKOTO PEXKHMA
MEBIIEYHOH paboThl XOKKeHcToB 15-16 ner oby-
CJIOBJICHO BIUSHHEM CreUU(pHYCCKUX (U3nUc-
CKUX HArpy30K W pe3yIbTaTOM CHOPTUBHOIO OT-
Oopa. YpoBCHb MPOU3BOIBHONH KOOPAHHALIUU
JBIDKCHUM XOKKCHUCTOB 15-16 met mpu auHamu-
4eCKOU (PopME MBIMICUHBIX COKPAIICHUH MOKa
0CTaeTCSd HCH3MCHHBIM, YTO OOVCIIOBICHO HE3a-
BEPLICHHOCTBIO TMEPECTPOWKH B ILCHTPATIbHBIX
CTPYKTYPax PEryIsSlHid MNPEMOTOPHOTO VPOBHS
perysiunn asrkernii no H A, Bepramreiiny [1].
OO0 3TOM CBHICTEIBCTBYIOT AAHHBIC, IMOJYYCH-
HBIE APYTHUMH UCCIEAOBATENAMH [6] ¢ HCITOMB30-
BaHHEM METOJUK OLECHKH MPOCTPAHCTBCHHOIO
BOCIIPHATHS M TIO3HOT'O PABHOBECHSL.

3axsrouenue. CrneunpuIecKUe yCaoBHs CO-
PCBHOBATCIPHOU ACATCIBHOCTH XOKKCHCTOB 15—
16 ner cnocoOCTBYIOT MOBBIMICHUIO 3((EKTHB-
voctu ¢yakimonuposanus LIHC B ycmosusix
MOMEX 32 CUET YIYYIICHHS KOHLCHTPALWH IMpo-
LHeccoB  BO30YXKACHUA. TeMEHHO-PEMOTOPHBIHA

VPOBEHb PErVJISLIUH JBHKCHUN XOKKEHUCTOB pas-
BUBACTCH B COOTBETCTBUH C BO3PACTHBIMH 3aKO-
HOMCPHOCTSIMH, HO MO/ BIHSHUCM CIeIupuuc-
CKHUX (PU3MUYCCKUX HATPY30K YIYUIIACTCSA Kadue-
CTBO MPOMU3BOJIBHOM KOOPAWHALIMM JIBHKCHUN
MPH CTATHYCCKOHN (POPME COKPAIICHHSI MBILIL,

Crarbst BhbmoJmHeHa mnpu moaaep:xke Ilpa-
pureibcTBa P® (IMocramomiaenme Ne211 ot
16.03.2013 r.), cornamenne Ne 02.A03.21.0011.

HccoenoBannsi BBIMOJHEHBI B PAMKAX TOCY-
JAPCTBEHHOTO 3anannsi MuHmncrepcrea odpaszona-
aust 1 Haykn P@ (rpanr Ne 19.9731.2017/BY).
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PSYCHOPHYSIOLOGICAL FEATURES
IN ELITE HOCKEY PLAYERS AGED 15-16
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"South Ural State University, Chelyabinsk, Russian Federation,
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Aim, The article deals with studying the features of sensorimotor integration and movement
coordination in elite hockey players aged 15-16. Materials and methods. A prospective longi-
tudinal study was performed in the competitive phase of preparation. Hockey players aged 15-16
participated in the study (n = 306; attackers and defenders). The control group consisted of
16-year-old students from the college of physical education (n = 15). We performed an examination
with the help of NS-PsychoTest software and hardware equipment (Russia, Neurosoft). We as-
sessed the functional status of cortical centers of the nervous system, as well as the speed and ac-
curacy of simple and complex eye-motor reactions. We determined the level of sensorimotor and
voluntary movement coordination with the help of tremorometry. Results. Compared to peers,
hockey players aged 15-16 possess a higher level of functional indicators under interference
conditions (p < 0.05 in all cases) and a better indicator of the concentration of excitation
(p < 0.001). Hockey players are characterized by a better speed and accuracy of reaction under
interference conditions (p < 0.001 in all cases) and better reaction to a moving object (p < 0.05 in
all cases). Compared to peers not-involved in sports, elite hockey players aged 15-16 are charac-
terized by a higher level of voluntary movement coordination with a static form of muscle con-
traction (p < 0.01). Conclusion. The specific conditions of the competitive activity of hockey
players aged 15-16 contribute to an increase in the efficiency of the central nervous system under
interference conditions by improving the concentration of excitation. Sensorimotor integration of
the players of this age is also distinguished by better predictive accuracy in reactions to a moving
object. The parietal-premotor level of movement regulation in hockey players develops in accor-
dance with age-related features, while specific physical loads influence the improvement of volun-
tary movement coordination with a static form of muscle contraction.

Keywords: sensorimotor integration, sensorimotor movement coordination, voluntary move-
ment coordination, athletes, ice hockey.
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