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Annomayus. Leab: mocTpoeHne OHOMEXaHMYECKONH MOJETH BEIMA0B y MPOPECCHOHATBHBIX CIOPT-
CMEHOB BOJICHOOIMCTOB TSI OIIEHKH (PYHKIIMOHAIBHOCTH TOJIEHOCTOITHOTO CycTaBa. MaTepHaJibl M MeTOABI.
Cy0OpexTamMu HcCIeI0OBaHUS ABISUIMCH MPO(PECCHOHATIBHBIE CTIOPTCMEHBI-BOIEH00HCTHL OT 14 1o 18 et u
rpymma HecnopTcMeHoB oT 18 1o 23 mer (koHTpois). MccnenoBanne MpoBOAMIOCH B COOTBETCTBHHU C 3TH-
YECKMMU MMPUHIUIIAMHU XenbCUHCKOM JACKJIapaiuy MpoBEACHUA MEAUITUHCKUX I/ICCIICZ[OBaHl/lﬁ C ydaCTuem
Jrosieil B KayecTBe CyOBEKTOB MUCCIIENOBaHMS. YUAaCTHUKH ObLIM MH(OPMUPOBAHBI O XOJIE TECTUPOBAHUS U
NpeA0oCTaBIIN 100pOBOJIbHOE coriacue. [lJisi MOCTpOeHHsT MOJIENN MCIIOIb30BANIM IIporpaMMy Vicon nexus
C MCIIOJIb30BAaHUEM CBETOOTPAXKAIOMINX MAapKEPOB, KOTOPHIE Pa3MEIIAICh B IPOESKIIUHU CyCTaBOB, M CHUMa-
Jack ¢ nrect kamep Vicon MX aMIuinTyaa IBMKEHHUS! B TOJIEHOCTOITHOM cycraBe. Pe3yabTaTsl. B nienom
IpyIIa ClIOPTCMEHOB-BOJIEHO0IMCTOB IPOIEMOHCTPUPOBAIA OOJIBIINIT AMara3oH IBYKCHUH TIPH THUILHOM
Cru0aHUU TOJICHOCTOITHOTO CyCTaBa, YeM KOHTPOIBHAS TPyMIa. DKCIEHTPHUECKas paboTa MBIIII] ITOIO0II-
BEHHOT'O CrHOaTessi TOJICHOCTOITHOTO CyCTaBa MOYKET CIIOCOOCTBOBATh CHIDKCHUIO CHITBI OTTOPHI TIPH MTOIXO-
Jie TIepeJHETo OTAEa CTOIBI C OOJBIINM YIJIOM K IMOJy TI0 CPAaBHEHHIO C MEHBIIUM YIJIOM. 3aKIl04YeHue.
OCHOBBIBasiCh Ha HAIIUX JAHHBIX, MBI TIOKa3aJH, YTO CHOPTCMEHBI HCIIOIB3YIOT TOJIEHOCTOIHBIA CYCTaB
Oosee 3PPEKTUBHO, YTO MOXKHO CBSI3aTh C BOJICHOOIBHBIM OIBITOM YYaCTHUKOB UCCIIEIOBAHHS.

Knrwowuegvle cnoea: ananu3 IBWKEHUs, BOJEHOOJMCTHI, TOJICHOCTONHBIA CYCTaB, MHBEPCHs, JOPCH-
¢nekcus
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Abstract. Aim. The objective of this study is to construct a biomechanical model of lunges in profes-

sional volleyball athletes to evaluate the functionality of the ankle joint. Materials and methods. The study
participants comprised professional volleyball players aged 14 to 18 years and non-athletes aged 18 to
23 years, serving as the control group. Informed consent was obtained from all participants who were ap-
praised of the testing process. The biomechanical model was developed using the Vicon Nexus program,
with reflective markers placed at key points of the ankle joint. Movement amplitude in the ankle joint was
recorded using six Vicon MX cameras. Results. The professional volleyball athletes exhibited a broader
range of motion in the ankle joint during dorsiflexion compared to the control group. The eccentric contrac-
tion of the plantar flexor muscles of the ankle joint may contribute to a reduction in supportive force when
the forefoot approaches the ground at a larger angle, as opposed to a smaller angle. Conclusions. Our fin-
dings suggest that professional volleyball athletes use the ankle joint more effectively, a phenomenon

potentially linked to their specific volleyball training and experience.
Keywords: movement analysis, volleyball players, dorsiflexion, inversion, ankle joint
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BBenenne. Bo Bcex BONEHOONBHBIX IEHCT-
BUSIX, BO BPEMs KOTOPBIX UTPOK KOHTAKTHPYET C
MOJIOM, TIOJJICPYKAHUE YCTOWYMBOCTH O3Bl UME-
eT pemaroniee 3HaueHue. [Ipu mepemadax u mo-
Jadax Msda Jis [eJIeHApaBIeHHOCTH JBMKEHUH
3HaYeHHE MMEET IMOCTAHOBKA HOT W IPABUIBHOE
pacnpeneneHue Beca Tena [8]. KommbroTepHBIit
aHaJIM3 MOXOJIKH CTAHOBUTCS MOMYJISIPHBIM B HC-
CJIeIOBAaTeIhCKOM co00IecTBe. Mcmonb30BaHue
BUJICO3aXBaTa JIBUKCHUS TMPU aHAIHM3E MOXOIKH
obOnagaeT HaHOOJBITUM TTOTCHIINAIOM OOBEKTHB-
HOCTH, YYyBCTBHTCIBHOCTH W Ooyiee TIyOOKOTO
MOHUMAaHUsI MEXaHU3MOB BOCCTAHOBJICHUS TOCTIC
TpaBM [1, 4]. IlporpaMMHBII makeT ympoliaer
MPOSKTUPOBAHUE M PACUET CIIOKHBIX COCTaB-
TSIOMMX OMOMEXaHWUYECKUX MOJIENeH, COXpaHssl
JTOCTOBEPHOCTHh M HAACKHOCTH [3]. AHamu3 Owno-
MEXaHUYECKMX MOJIeJIeH MO3BOJISET JaTh OLEHKY
TOTO WJIM WHOTO BUJA JBWKCHHUS YeJIOBEKa, OIl-

peAeNuTh HArpy3Ky, Hampumep, NpPH BEHITIOIHE-
HUW MaHEBPA, HA ONPEAECHEHHYIO TPYMIITY MBIIIIL,
KOCTEH, CyCTaBOB, BBISIBHUTh U TPEIOTBPATUTH
YacThIe TPaBMBI, MOCICAYIOUIYI0 PEaOUIIUTAIINIO
CIIOPTCMEHOB [2, 7].

Henp ucciegoBaHusi: MOCTpoeHHE OHMOMe-
XaHWYECKOW MOJIENN BBITAJ0B TPOQECCHOHAIb-
HBIX CIIOPTCMEHOB BOJICHOOJIMCTOB IS OLICHKH
(hyHKIIMOHATBHOCTH TOJICHOCTOITHOTO CyCTaBa.

Marepuananl u Metoabl. CyObekTamMu uc-
CIIeIOBaHUS  SBISUINCH  MPOQPECCHOHATBHBIC
CIIOPTCMEHBI-BOJICHOOMUCTEI OoT 14 mo 18 er.
KoHTponbHYI0 TIpynnmy cocTaBWiIM 7 IOHOLIEH
(Bozpacrt ot 18 mo 23 net). D10 OBUTH COTPYIHU-
KM J1a0OpaTopuu, HE 3aHUMABIINECS CUCTEMATH-
YecKol (pU3M4ecKod akTHBHOCTHIO. Mccremosa-
HUE TPOBOINIIOCH B COOTBETCTBUU C ATHUYECKUMHU
MPUHLUNAMU XeJbCUHCKOW JIeKJIapalu mpoBe-
JIEHUSI MEIMUIMHCKUX HCCIEIOBaHUIN C ydacTheM
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Puc. 1. 3anucb ABMXEHUA B FONIeHOCTONHOM cycTaBe: A — nopcudnekcus, b — nHBepcus,
B — a6aykuus, I' — rotoBas 6uomexaHnyeckasa mogenb Bbinaga
Fig. 1. lllustration of movements in the ankle joint: A — dorsiflexion, B — inversion,
C - abduction, D — Pre-constructed biomechanical model of lunges

JMOofe B KadecTBE CYOBEKTOB HCCIIEIOBAHMUA.
YyacTHukH ObITM MH(QOPMHUPOBAHBI O XOJE Tec-
TUPOBAHUSI U TMPENOCTaBUIN IO0OPOBOJIBHOE CO-
rnacue. [Iporokon uccrnenoBaHus ObUT 000peH
JOKalIbHBIM »THYEeCKUM KomuTeToM O®I'AOY BO
«KD®VY» (mportokonm Ne 34 ot 27.01.2022). Bcee
WUTPOKH COOOILIMIIN, YTO y HHUX HE OBLIO TpaBM
HEPBHO-MBIIICYHOM, BECTUOYISPHON U 3pUTEIb-
HOM CHCTeM B TEYCHHE KaK MHHHMYM IIECTH
MECSIIEB 10 UX YYaCTHUS B MCCIEJOBAHUH H YTO
OHH OBUTH B IICJIOM B XOpomeM (HU3HICCKOM
COCTOSIHUU.

ITonyuennsle B mporpamme BalikoH 3amucu
00pabaThiBajl ¢ MOMOIIBIO OPUTHHAIBHOW KOM-
nploTepHoil mporpammbel. Ha puc. 1 mokaszansbi
3allCH JIBWDKEHMSI, BBHIMOJHAEMOTO B TOJEHO-
CTOITHOM CYCTaB€ B ITUKJIE IBMKCHHUS BbIMA/a.

[Ipu 00paboTKe AaHHBIX BBISIBISUIA ABHKE-
HUSI CTOTIBI, HEOOXOIMMBIE JJIsl aHaJIH3a BHINAJ0B
[5]. OueHuBanu xapakTepHble ABMXKECHHS B Tojie-
HOCTOITHOM CyCTaBe — JOPCHU(DICKCHIO W HHBEP-
cuto [6]. OTHOIIEHUE MEXKIYy MaKCUMaIbHBIM
OTKJIOHEHHEM B COOTBETCTBYIOLIEH IJIOCKOCTH U
MUHUMAaJIBHBIM OINpPEENIAIN Kak 00BbeM JABHIKE-
Husl. [IpoBenn cpaBHUTENBHBIA aHAIH3 BHIMAIOB
KOHTPOJIBHOW TPYIITHI — HECTIOPTCMEHOB M TPO-
(beCCHOHANBHBIX ~ CIIOPTCMEHOB-BOJIEHOOIMCTOB.
Jnd  cpaBHUTENBHOTO aHaIM3a HCIOIb30BAIN
nporpammy Origin.

PesyabTatbl. Ilpu coBeplieHUH BBITIAJI0B
BIIEpe/l Y KOHTPOJBHOW TPYIIBI JWAIa30H yria
obu1 (19 = 4)° npu mopcuduekcuu, a y CropT-
cmeHoB — (67 £ 13)° (p < 0,05). CnoprcMeHsI
coBepIrany Ooiee riay0oKue BeITas! (puc. 2).

DTO yBeIWYCHHE TTyOWHBI BEITIATa, BEPOST-
HO, CBSI3aHO C TEM, YTO OIBITHBIE WTPOKH WC-
NOJB3YIOT TMEPEeJHIOI YacTh CTOMBI BO BpeMs
HAYAJILHOTO KOHTAKTa CTOMBI C 3eMJIeH I yIo-
pa. Taxke WHBEpPCHsI TOJCHOCTOIHOTO CyCTaBa
CTIOPTCMEHOB ObLIa 3HAYMTEIBHO BBIIIEC U COCTA-
Bria 36 = 13 (p < 0,05), uro BugHO Ha puc. 2A.

[Ipu coBepuieHnu BBHIIATOB B OOK CIOPT-
CMEHBl TIOKa3alyd aHAJIOTHYHBIE PEe3yJbTaThl.
Jlnana3oH IBWKEHHS B TOJICHOCTOITHOM CyCTaBe
y CIIOPTCMEHOB Kak TpH JOPCO(ICKCHH, TaK H
NpY MHBEPCHUU OBLT BBIIIE, Y€M Y HECIIOPTCMEHOB
KOHTPOJIBHBIA Tpymnmbl. Tak, 3HaueHHe oObema
JBIDKEHHS TIPH MHBEPCHHU Y CIIOPTCMEHOB JOCTHU-
rano (83 £ 15)°, gto ObuTO OONIEe UeM B J1Ba paza
BEINIE, YeM B KOHTpOdbHOUW Tpymme (p < 0,05)
(puc. 2b).

3akmoyenue. B 1ienom omeiTHas rpynma
JEMOHCTPUPYET OONbLIMK AMANa30H JBHKCHUI
NpU THUTLHOM CTHOAHHU TOJNICHOCTOHOTO CyCTa-
Ba, YeM KOHTPOJIbHAS TPpyIa. JKCIEHTpHICCKas
paboTa MBI TOAOIIBEHHOTO CTUOAaTelNsi roJe-
HOCTOITHOTO CycTaBa MOXET B OOJBIIEH CTENeHH
CIOCOOCTBOBATh CHMKCHUIO CHJIBI ONOPHI TPH
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Puc. 2. [lnana3oH ABWKXEHUI rofieHOCTONHOro cycTaBa BO BpeMsi BbiNnagoB: A — 06beM ABUXKEHUA B FONIeHOCTONHOM

cycTaBe Mpu BbINOMIHEHUUN ABWXEHUSA «BbiNag Brnepen» y CNOpPTCMEHOB U KOHTPOJIbHON rpynnbl (HECMOPTCMEHOBY);

B — 06bem ABMXKEHUA B rofieHOCTONMHOM CycTaBe MNpyW BbINOJIHEHMU ABUXEHUS «BbiNaj B 60K» y COPTCMEHOB 1
KOHTPOJNbLHOW rpynnbl (HecnopTcMeHoB). * — p < 0,05 4OCTOBEPHOCTbL pasnuyuui Mexay rpynnamm

Fig. 2. lllustration of ankle joint range of motion during lunge movements: A — range of motion in the ankle joint

during forward lunge in athletes and the control group (non-athletes) B — range of motion in the ankle joint during

side lunge in athletes and the control group (non-athletes). * — differences between groups are significant at p < 0.05

MOJIX0JIC TEPEAHEr0 OT/Aeda CTOIBI ¢ OOJIBIINM C BOJICHOONBHBIM OMBITOM HCHBITYEMBIX. DTOT
YIJIOM K TIOJTY 110 CPaBHEHUIO C MEHBIIIUM YTJIOM. pe3yJIbTaT MOXHO HCIIOJIb30BaTh I U30upa-
OCHOBBIBasICh HA HAIIMX JAHHBIX, MbI MOKA3allH, TENILHOTO BO3JCHCTBUS HA TOJICHOCTOMHBIA CyC-
YTO CHOPTCMEHBI HCIOJNB3YIOT TOJICHOCTOITHBIH TaB B 00yYarOIUX YIPKHEHUSX JUIS HAYHHAIO-
cyctaB Oonee 3¢G(HEKTHBHO, YTO MOYKHO CBS3aTh ITUX BOJICHOOINCTOB.
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