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Abstract. In this paper, we propose a way of evaluating the contributions of the body segments, based on the

law of conservation of energy.

In this paper, we propose a way of evaluating the contributions of the body segments, based on the law of

conservation of energy.

Hypothesis was the kinetic energy of the body segments in motion a certain time is a component of the total

mechanical energy of the whole body at the same time.

The purpose of research was to experimentally verify the method of calculating the contributions of the body
segments at the barrier running.
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Verification of the hypothesis was performed using an optical-electronic and dynamometric complex Qualisys.
The force platform AMTI was used for registration of the of ground reaction forces.

Using the program Visual 3D (C-Motion) was created dynamic skeletal model of the human body, through which
were received the necessary characteristics of barrier run. At the take-off time moment were measured and
calculated: momentary velocities of the body segment centers of mass and total body center of mass, the height
of the body segment centers of mass and total body center of mass.

The results of determining the contribution of each biomechanism at the take-off time moment in the barrier

attack as follow:

Biomechanism of the trunk and head movements — 42%;

Biomechanism of extension of take-off leg — 19%;

Biomechanism of swing body segment movements — 39%.

AKTyanbHOCTD VICCTIefOBaHMA. B cIOpTMBHBIX
IOBUTATETIbHBIX HEVCTBMUAX peLIeHVe IBUTaTe/IbHON
3ajaum B 0011eM BUJIe IPeICTABIsAETCS KaK hopmu-
poOBaHNe BEKTOPa U BeIMYMHBI CKOPOCTH JIBVKEHM A
obero nentpa macc (OLIM) cructemMbl UMY TPUHS-
TH€ TIOJIO>KEHM S CUCTEMBI C OIIpefie/IeHHBIM B3alM-
HBIM pacIloJIO)KeHueM eé cerMeHTOB. B oboux ciy-
Yasx CUCTeMa J[O/DKHA 00/1aiaTh KOHKPETHBIMMI Be-
JAMYVHAMY KMHETUYECKON U IMMOTE€HLMAIbHON dHEP-
T, KOTOPBIE OIIPeJe/NAI0TCS TOCPEICTBOM JIBUKE-
HU BCeX YacTell CUCTEeMBI.

Pesynbrar pelieHus ABUTATeNbHOI 3ajaun Oy-
IeT 3aBMCeTb OT BBIOPAHHOTO crocoba opraHmsa-
UMM [OBVOKEHUSAMU OTHEJIbHBIX YacTeil CUCTEMBI
(3BenbeB Tena). Ilo QyHKIMOHANTBHBIM OCOOEHHO-
CTAM 3BEHbSI MOT'YT OOBEeAVHATHCS B MOACUCTEMBI
— OMOMeXaHU3MBbL.

brnomexanusm - 3TO MOJ€E/Nb 4YaCTuU WMJINM BCETO
OIIOPHO-ABUTATE/IbHOIO allllapaTa 4Y€/I0B€Ka, obe-
CIieumBamOuiaAa OOCTVIKEHME ILIE€IM OBUTATCIbHOTO
I[Cﬁ[CTBI/IH 3a CUeT Hp€O6paSOBaHI/IH OJHOro BuUOa

9HEPIMM B PYTOil MM Hepefauy SHepruu MeXAy
3BeHbsAMMU Tena [4].

Vcnonp3yst ujen CUCTEMHOTO IOJXOfA, Iieneco-
00pa3HO M3YyYNUTb OCOOEHHOCTY (YHKIIMOHUPOBA-
HVISL OT/IeIbHBIX YaCTell CUCTeMBI ¥ IPUHIUIIBI pea-
nusanuy 61MOMeXaHMU3MOB [IPY BBIIIOTHEHUY CIIOP-
TUBHBIX [IBUTATe/IbHBIX JeitcTBMit. OFHUM UX KITIO-
94eBBIX M AKTYaJbHBIX BOIPOCOB OCTAETCS ITOMCK
METOJIOB OILIEHKM BKJIA[OB JBVDKEHWII OT/eTBHBIX
3BEHDbEB B [BVDKEHIE CUCTEMBI B L[EJIOM.

B naHHOI paboTe IpeaIoXKeH OAUH U3 CIIOCO60B
OLIeHKM BK/IaJlOB OT/Ie/IbHBIX 3BEHbEB Te/la, OCHO-
BaHHbIII Ha 3aKOHE COXPAHEH S 9HEPI L.

['unoresa 3akjao4Yanach B TOM, YTO KUHETHUe-
CKasi 9HEPIVsI [BIDKEHNs 3BEHbEB Te/a B OINpefe-
JIEHHBIIT MOMEHT BPeMEH SIB/ISIETCSI COCTABIIAIONIEN
IIO/THOJ MEXaHMYeCKOIl 9HEPT U TeJla B 1[e/IOM B TOT
JKe MOMEHT BpeMeHIL.

Ilens uccnemoBaHMs — 9KCIEPUMEHTAIBHO IPO-
BepUTb METOAMKY pacdyera BKIaja 3BEHbEB Tela
CIIOPTCMeHA IIpY BHIIIOIHEHNM OapbepHOTO Oera.

Puc. 1. IIpumep xpennenus naccueHvix mapkepos u skcnopma oannvix us I10 «QTM» 6 I10 «Visual 3D»
0715 NOCIPOEHUS MpexmepHOti cKenemHoil mooenu
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Puc. 2. Bxnaovi (%) 06uwicenuss omoenvHbix 36eHbes 8 bapveprom bGeze
HAa MOMeHm ompbviéa om onopuvi neped 6apvepom

MeTtogbl ¥ OpraHmM3anus JCCIeJOBaHMUA.
Perucrpanus O6MoMeXaHMYECKUX XapaKTePUCTUK
IBUTATE/IPHOTO [eVCTBUSI MPOBOAMIACH C IIOMO-
I[bIO OITVKO-3/IEKTPOHHOTO I AVTHAMOMETPUUYECKO-
ro anmapaTHO-NporpaMMHOro komitekca Qualysis
(c mnarpopmoit AMTI). C nomoIp0 ITpOrpaMMBbl
Visual 3D (C-Motion) 6bla cosgaHa guHaMuye-
CKasl CKeJIeTHasi MOJie/Ib Tejia yenoBeka (puc. 1), bra-
rofiapsi KOTOpOit ObI/IN IOy YeHbl HeOOXOMMBbIE Xa-
pakTepucTuky 6apbepHoro 6era. VcupiTyemble BbI-
HOMHANYN aTaky 6apbepa BbicoTOi 0,99 M ¢ pasbe-
ra 13,72 m. OTTankuBaHue nepey 6apbepoM mpons-
BOAMJIOCH C AMHaMoMeTpuyeckoit mnardopmbl. Ha
MOMEHT OTPbIBA OT OIOPbI OBV M3MEPEHBI U pac-
CUMTAHBl: MTHOBEHHBIE CKOPOCTYM YaCTHBIX II€H-

TPOB MacC 3BeHbeB I 00IIIero IeHTpa Macc, BBICOTA
OLM rena, macca Tena 1 OTJe/TbHBIX 3BeHbeB. B pe-
3y/IbTaTe [l KaXKJ0ro 3BeHa ObIIO MOTY4YeHO 3Ha-
YeHJe KMHETHYECKOJ dHepruym Ha MOMEHT OTPbI-
Ba OT OIIOPHI, @ J/IsI BCEro Tela pacCuMTaHa IOoTHas
MeXaHuJeckas 3Heprusa (CyMMa IOTEHLMAIbHON

U KMHETMYEeCKOi sHeprum). Bkmaj KMHETMIECKON
9HEepIrUM ABVDKEH)S 3BEHbEB B IIOJIHYIO MeXaHuYe-
CKYI0 9HEPTUMIO BCETO Tela PacCUMTHIBAJICS KaK OT-
HOLIE€HVE KMHETNYECKON 9HEPTUM 3BEHa K IIOJIHON
MeXaHMYeCKOI 9HEPTUM BCETO Te/la B OJVH U TOT XKe
MOMEHT BPEMEH.

OG6cyXpeHne pe3yIbTaToB MCCIefoBaHUA. B
KayecTBe IIpyMepa IPUBeJEeHbl Pe3y/IbTaThl OJHOTO
cioptcMena (17 yet) ¢ maccoit Tena 73,0 Kr 1 A/InH-
HolI Tena 1,83 m. Pesynbrar B 6apbepHOM Oere Ha 35
M cocrtaBu 5,12 c. Ha puc. 2 n3o6paskeHo mojmoxe-
HIUe Te/la HAa MOMEHT OTPbIBa OT OMOPHI Iiepeft bapbe-
poM (Ha ¢oTO CeBa) U MONIOXKEHMe CKeTeTHO MO-
nemu (n3 I1O «Visual 3D») OTHOCUTENBHO SMHAMO-
MeTpudeckux rnaardopm u 6aprepa. Ha ckemeTHOI
Mogenu 0603HayeHbl BKIafbl KaXkgoro 3geHa (%) B
IaHHBII MOMEHT BPEMEHIL.

Kak moxasano Ha puc. 2, HauOOMbIINIT BK/IAL B
IBVDKEHME Tella Ha MOMEHT OTpBbIBa OT OIIOPHI IIe-
pen 6apbepoM BHOCKT TynoBuine (31,5%) kak 3Be-
HO ¢ Hanbosbieit Mmaccoit (25,9 Kr), a HaMMeHbIIII
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BK/IaJ — cToma omnopHoit (meBoit) Horu (0,2%) Kak
3BEHO C OTHOCUTEIbHO HeOOJIBIION Maccoil u He-
60/IbIION CKOPOCTDBIO PV OTTAJIKMBAHUM OT OIIOPHIL.

Bo BpemsA B3aMMOJENCTBMA C OMOPONM KaXJoe
3BEHO Y4acTByeT B (POPMUPOBAHUMU BEKTOpa U Be-
nunauHbl ckopocTu ABkeHus OIIM rtena. B 3aBu-
CHUMOCTHU OT CIIocoba peannsalnuy 3TONM 3aadn 3Be-
Hbs YCIOBHO O0beAVHAIOTCA B IPYIIBI — OMoMexa-
HU3MBL:

- TO/I0BA M TY/IOBUIIE;

- Tas, 6epo, TO/IeHb 1 CTOIA OMOPHOIT HOT;

- pyku (1m1eun, mpepIIedbs M KUCTH) M MaxoBas
Hora (6enpo, TO/IeHb U CTOIA).

ITpu mopcyeTe BKIAOB 3BEHbEB Ka>K/10J TPYIIIIbI
MOYKHO OTIpefie/INTh BKJIAfl KaXK[0ro 61oMexaHmu3Ma
Ha MOMEHT OTPBIBA OT OIIOPHI Iepey; OapbepoMm:

- 6MOMeXaHNM3M [BVDKEHUs TYIOBUILA M TOJIO-
BbI — 42%;

- OromexaHM3M pas3rubaHus OIOPHOI HOTU
- 19%;

- 6MOMEeXaHM3M [BVIKEHUS MaXOBbIX 3BEHbEB
- 39%.

[Tony4yeHHbIe JaHHBIE COITACYIOTCA C IPEAbIAY-
UMM UccegoBanuamn [1, 2, 3].

BriBoab1

1. Bxnax fBUOKEHWIT OT/E/IbHBIX 3BEHbEB IIPU
BBITIO/IHEHUY OapbepHOro Oera MOXXeT PacCUUTHI-
BaTbhCS1 KaK IPOLIEHTHOE OTHOIICHE KMHETNIECKO
9HEpTuy 3BeHa B OIPe/ie/ICHHDbII MOMEHT BPEeMEHN
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K IIO/THOJ MeXaHMYeCKOl SHEePIUM BCEro Tejla B TOT
>Keé MOMEHT BpeMeH!.

2. IIpepoxkeHHBIN CIIOCOO OLIEHKY BK/IA/IOB JIBU-
JKeHMA 3B€HbeB MOXKET MCII0NMb30BaThCs IPY U3yde-
HUM TeXHUKU CIOPTMBHBIX YIIPa>KHEHMII, a TaKXKe
PV U3YYeHUN Pa3TMIHBIX 6MOMEeXaHU3MOB OTTAI-
KMBAaHUA OT OIOPBHI, JIEKAIIMX B OCHOBE BBINIO/THE-
HIS MHOTMX Ha3eMHBIX JIOKOMOI[MIA.
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