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KUHEMATHUYECKU AHAJIW3 BBITIOJTHEHUSI
CTAPTA B IINTABAHUHU

K.K. bonnapenxo, I'.B. HoBuk, 3.I'. Munkosckas, O.I1. Azumox

Paccmompenvt 6onpocvl onpedenenus 6uoOMexaHuuyecKux napamempos GblnoJHeHUs
CMapmosvix 08UNCeHUll 8 N1A8anuu. Boidenenvl 0CHOBHbIE Y37108ble NOJIONHCEHUS 8bINOIHEHUs
cmapma, onpeoeiiena mpaekmopus 0owe20 YyeHmpa Macc. Ycmanosienvli napamempul 2opu-
30HMANLHO20 U BEPMUKAILHO2O NepeMeujeHus oowe20 yeHmpa macc meia ¢ NOMOWbIO CUC-
membvl 8UOCOAHANU3A OBUICEHUSL CHOPMCMEHO8 U PACCYUMAHbL BEPMUKATbHbIE, 20PU3OH-
MAIbHblEe U CYMMAPHBIE CKOPOCMU U YCKOPEHUS, YMO NO0360/5em GblsGUMb OWUOKU NPU Gbl-
NOJIHEHUU 0BUMNCEHUSL U NOO0OPAMb CPeOCmea U Memoobl 0/l KOPPEeKYUU MexXHUKY 8blNOJIHe-
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The issues of determining the biomechanical pa-
rameters of the execution of starting movements in
swimming are considered. The main nodal posi-
tions of the launch are highlighted, the trajectory
of the common center of mass is determined. The
parameters of the horizontal and vertical move-
ment of the general center of mass of the body
were determined using the system of video analy-
sis of the movement of athletes and the vertical,
horizontal and total speeds and accelerations were
calculated, which makes it possible to identify er-
rors in the performance of the movement and se-
lect means and methods for correcting the execu-
tion technique.
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Onpenenenue OMOMEXaHHMYCCKUX
XapaKTEPUCTUK IBUKEHUU B CIIOPTE SIBIIA-
€TCS OJIHUM W3 BAXKHEUIINX 3IIEMEHTOB
ust GOPMHUPOBAHUS TPABWILHON TEXHUKU
BBINOJIHSIEMOTO JieicTBUs. [Ipu 3TOM, KpO-
Me ycTosBIIeHcs (a30Boil Kiaccuduka-
MU JIBUTATEJILHOTO JENCTBUA, Haubolee
WH()OPMATHBHBIM  SIBIISIETCS  pa3/ielicHUE
JIBW)KCHUS TIO Y3JIOBBIM 3JieMeHTaMm [1].
DTO CHOCOOCTBYET OMNPENEICHUIO CTPYK-
TYPHBIX KOMIIOHEHTOB JBWXKECHHS B 3aBHU-
CUMOCTU OT BJIMSIHUS KHUHEMATUYECKUX U
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JTMHAMHYECKUX COCTABJISIONMIMX JBUTATEILHOTO JACHUCTBUSA U POPMHUPOBAHUIO €TI0
palMOHANIBHBIX TpaeKkTopuil [2, 3].

[ToaroToBka MIOBIHOB HapsAay C COBEPIICHCTBOBAHUEM TEXHUKHU JIBUTA-
TEJIBLHOTO JCUCTBUSA OMPENENICTCS BO3MOXXHOCTBIO BBITIOJIHSTEH JIBIXKEHHE 0e3
W3MEHEHUsI €ro CTPYKTYPHBIX KOMIIOHEHTOB. DTOMY CIOCOOCTBYET (hopMuUpo-
BaHHE MEXAaHMU3MOB JIaNTalliy CKEJETHBIX MBIIII] TPU HANPSHKEHHOW HArpy3ou-
HOW AesATenbHOCTH [4, 5].

CoBpeMeHHbIE METOAMKH MTOATOTOBKH IIOBIIOB U UCTIOJIb3YEMbIE TEXHO-
JIOTUM OTNPEICIICHUS] KHWHEeMAaTUYeCKUX U TUHAMUYECKUX MapaMeTPOB JBHKCHUS
crocoOCTBYIOT (pOpMUPOBAaHHIO HaMOOJEe pPalMOHANBHBIX YCHUJIMH U TPaeKTO-
puii, co3aBaeMbIX KaK B OTJEIbHBIX 3BEHBSAX Teja, TaK U TMPU HW3MEHECHUU
noJioxkeHus obmero nentpa mace (OLIM) Tena OTHOCUTENBHO CPeIbl UJIM BCIIO-
MOTaTeNIbHbIX YCTpOHCTB [6, 7]. s 3TUX 1eleil BCce Yalle HUCHOJIb3YEeTCs
BUJICOAHATIN3 JBIDKCHHUU [8], KOTOPBIM CIIOCOOCTBYET TOYHOCTH OIpEICICHUS
OTKJIOHEHWH 4YacTed Teia OT pallMOHAJIbHBIX TPACKTOPUN U BBISIBICHUIO WH]IU-
BUJIyaJIbHBIX MMapaMETPOB JIBUKEHHUS CIIOPTCMEHA, BIUSIONINX HAa PE3yJIbTaTUB-
HOCTb COPEBHOBATEJIbHOTO YIPAXXHEHUSI U CHM)KEHHWE BO3MOXKHOCTH MOJIYUYECHUS
TpaBMmblI [9].

Heabto nccie0BaHus SBISETCS ONPEIEICHNE KHHEMATUYECKUX XapaK-
TEPUCTUK (hAa30BBIX JBIXKCHUI B TJIaBaHUH.

3agauu uccjie10BaHNA:

— BBISIBUTh KMHETHUYECKHE MMApaMETPbl BBIMOJHEHUSI CTAPTOBBIX JBUXKE-
HUU;

— ONPENENIUTh OTKJIOHEHHS OT MOJEJIbHBIX IMAapaMETPOB CHJIbHEHIINX
IJIOBIIOB BO BPEMS BBIIIOJIHEHHS CTapTa.

MeToauka U opraHm3anusi uccjaenoBanusi. Vccnenosanue npoBoau-
gock B HayuHo-umccnenoBaTeabCKo 1a0b0paTopuu (PU3HMYECKON KYIbTYyphl H
cropta ['OMeNbCKOTrO rocylIapCTBEHHOrO yHHBEpcuTeTa MUMEHU D. CKOpHUHBI.
OnHUM U3 METOI0B UCCIEOBAHUS SIBJISUICA BUI€OAHANIN3 BBIIIOJHEHUS CTapTa B
IJJaBaHWH, C MOMOIIBI0 KOTOPOrO OMNPENEISIUCh €ro KMHEMaTHYeCKue mapa-
METPBHI.

Ha ocHoBaHMM Menarormyeckux 3ajay HCCIEeI0BaHUSI ObUIN BbIJIEICHbI
MATh OCHOBHBIX (ha3: cTapToBOE ToJioKeHue, cmenienue Brnepen OLIM, orran-
KUBaHUE, MOJIET, BXoA B Boay. C MOMONIBI0O METOAUKH pacyuera MpOTrpaMMBbI
MecTa OINpeNesanuch nokasarenu nojoxeHuss OLIM Tena croprcmeHa B cuc-
TEM€ KOOPAWHAT, [0 KOTOPBIM BBICTPAMBaJaCh TPAEKTOPHUS MEPEMEIICHUS Tela
B CTapTOBbIX (pazax. Ha ocHOBaHMM KOOPJMHATHBIX XapaKTEPUCTUK U3MEHEHUS
nosiokernst OIIM ObuIM paccunTaHbl IPOCTPAHCTBEHHBIE M TTPOCTPAHCTBEHHO-
BpEMEHHbIE NapaMeTpbl. B yacTHOCTH, MPOCTPAHCTBEHHBIE MMOKA3aTeNN ONpeie-
JISTUCH TIO:

— ropu3oHTanbHOMY Tepemeniennio OLIM mexnay dazamu «cMeleHue
OLIM» u «ottankuBanue» (devem);

65



Cnopm [Sport]

— ropusoHTalibHOMY Tiepemenienuo OLIM mexny dazamu «oTTankuBa-
Hue» U «n0JaeT» (dnon);

— o0meMy ropuszoHTanbHOMy mnepemenieHnto OIIM mexny dazamu
«eMmernierre OLIM» u dassl «Bxoa B BOAY» (dosw);

— BepTukanbHoMy nepeMmenieHuto OLIM Mmexnay ¢azamu «cMmeleHue
OLIM» u «ottankuanue» (hy);

— BepTuKanbHOMY mnepemenieHuto OLIM mexay ¢azamu «OoTTankKuBa-
uue» u «moiet» (hy);

— obmemy BepTuKaibHOMY nepemenienuo OLIM mexny dazamu «cme-
mieare OLIM» u ¢asbl «Bxox B Boay» (hs) (puc. 1).

Puc. 1. Xponogpomozpamma cmapmoewix ¢paz ¢ ooo3nauenuem
npocmpancmeennvix nepemeuienuii OLM

[Io npocTpaHCTBEHHO-BPEMEHHBIM XapaKTEPUCTUKAM OIPEIECISAINCH
ropu3oHTanbHast ckopocTh (Vx), BepTuKanbHas ckopocTh (Vy), CyMMapHas CKO-
pocThb (Vey), TOPU30HTAIBHOE YCKOPEHUE (ax), BEPTUKAJIIBHOE YCKOpeHue (ay) U
CYMMapHO€ YCKOPEHHE (acyw)-

Pe3yabTaThl Hccieq0BaHusl M UX o0cy:xaenue. [lepponayansHo OblTa
MPOBEJEHA BHJICOCHEMKA BBIMOJHEHHUSI CTapTa B IUIABAHUU MATHIO CIOPT-
cMeHKaMu B Bo3pacte 14—15 mer. Kaxknasi cnopTcMeHKa BBIMOJHUTIA 110 MIECTh
MONBITOK CTapTa IO CHUTHANY. Y KaXI0H W3 HUX B KaXJOW (a3e NBUKCHUS
IIECTH TOMBITOK ObUTM paccumMTanbl nosoxkeHuss OLIM Tena, u Ha OCHOBaHHUH
CPEeHUX 3HAYCHHMI ObLIa MOCTPOEHA TPACKTOPHS CTapTa OT MOMEHTA MPUHSATHUS
CTapTOBOTO TOJIOKEHHUS O MOMEHTA BX0J1a B BO1Iy (pHC. 2).

TpaekTopusi crapta HCCIEIyeMOro KOHTHHI€HTa OTJIWYaeTcs OT JlaH-
HBIX, TTONy4YeHHBIX B ucciaenoBanusx H.H.R. Giraldo, J.H.H. Artunduaga [10].
B vactHOCTH, B HalIeM UCCIEAOBAaHUM OTMEYAETCS HE3HAUYNUTEIbHOE U3MEHEHUE
nepememiernst OLIM npu nepexozae u3 daszer cmemnienuss OLIM B ¢a3y orranku-
Banuda 0,05+0,001 M, B TOo BpeMs Kak pe3yJibTaThl, NOJyYEHHbIE BBIIICOOO3HA-
YEHHBIMU aBTOpPaMH MPHU aHaJW3€ CTapTa JEBYUIKH JAaHHOTO BO3pacTa, COCTaB-
10T 0,26 M.
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Puc. 2. Tpaekmopusn nepemewenus OLIM cnopmcmena
npu 6bINOJIHEHUU cImapma, m

HpOCTpaHCTBCHHLIC MMOKAa3aTCJIM BLIIIOJIHCHHA CTapTa B PA3JIMYHBIX
(1)&33X IMO3BOJIHIIA OIIPCACINUTD HEC TOJBKO TPACKTOPHUIO, HO U XAPAKTCP BIIMAHHUA
IIO3HBIX MOJOXXEHUM Ha MMEPEeMCIICHUC OHM I[aHHLIG IMPOCTPAaHCTBCHHBIX
XAPaAKTCPUCTHUK ABUKCHUA ITPCACTABIICHBI B Tadi. 1.

Tabauua 1
IlIpocmpancmeennsie xapakmepucmuku nepemewienus OLIM
CHOPMCMEHO08 8 PA3TUUHBIX (haA3aX bINOJIHEHUA CIapma, M

[IpocTpaHCTBEHHBIE ITApAMETPbI X+0
evem 0,63+0,04
Oron 1,02+0,07
dosum 1,64+0,110
hy 0,050,001
h2 0,34+0,003
hs 0,39+0,003

PaccmaTpuBas mnapaMerpbl ropuszoHTainbHOro mnepememeHuss OLM
Mexay (azamu cmemienuss OLIM u noineta, cieayeT OTMETUTh UX BPEMEHHbIE
BEJIMYMHBI. B yacTHOCTH, BpeMsi TOpU3OHTANIbHOTO nepemenieHuss OLIM mexny
dazamu «cmemenne OLIM» u «otTankuBaHue» (deven;) COCTABHIO B CpEIHEM
0,333 ¢, a Bpems ropusoHTaibHOTO nepememnieruss OLIM mexay dazamu
«OTTAJIKUBaHHE» U «I10JeT» (dpon) — 0,498 c.

BpemeHnHbie ¥ MPOCTPAHCTBEHHbIE KUHEMATUYECKUE MapaMeTphl BbITIOJ-
HEHUsI CTapTa MO3BOJWIM PACCUUTATh MPOCTPAHCTBEHHO-BPEMEHHBIE KOMIIO-
HEHTBI IBUXKEHUS (Tad. 2).
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Tabnuua 2
Ilpocmpancmeenno-epemennvie xapakmepucmuxu nepemeuienus OLIM
CROPMCMEHO06 6 PA3IUYHBIX (a3ax eblnonnenus cmapma, X+ 0

dasbl Vy, M/C Vy, M/c | Ve, M/c | ax M/c? ay, m/c? Aoyw, M/C?
Crapt — -0,80 0,038 0,80
CMeILICHHE +0,02 +0,002 +0,02 B B B

CmMmenienue — -2,67 -0,076 2,67 -5,61 -0,34 5,62
OTTAJKUBAaHUE +0,07 +0,003 +0,06 +0,14 +0,007 +0,15
OTTajaKuBaHue -2,98 -1,655 3,41 -0,92 -4,73 4,82
— TI0JIET +0,06 +0,011 +0,07 +0,02 +0,09 +0,08
Iloner — Bxox -2,67 -2,164 3,44 0,61 -1,02 1,19
B BOJY +0,04 +0,013 +0,12 +0,01 +0,03 +0,10

PaccmaTpuBas gaHHbIE JIMHEWHBIX cKOpocTe n yckopenuit OLIM rtena
CIIOPTCMEHA B Pa3MWyHbIX ()a3ax BBIOJTHEHUS CTapTa, CIEAYyeT OTMETHTh, UTO
MOJIOKUTEIbHBIE M OTPUIATEIbHbIE 3HAKK YKA3bIBAIOT HAa MPOTHUBOIOJIOKHBIC
HarpaBiieHus. B 3ToM ciydae oTpuIlaTeIbHOE 3HAUYCHHE YKa3bIBaeT Ha IepeMe-
IIEHUE OTHOCUTEIBHO MPEIBIAYIIETO MOJ0XKEHUS CO CTOPOHBI CMOTPSIIIETO TI0
4acOBOUM CTpeJIKe, a IOJOXKHUTEIbHOE — Ha TEepPEeMEIIeHHE MPOTHUB YaCOBOM
CTpPEIKH.

B ropu3oHTaapHOM MOJIOKEHUU TP MEepEeMEeIeHUd U3 (a3bl CMEIIeHUs
B (pa3y OTTaJIKMBaHUsA IUIOBIBI B cpeaHeM nepememator OLIM Ha paccrosinue
0,63 M. C yyeToM BpeMEHHM IepeMeIIeHUs MeXIy (azamu, cOCTaBISIONIETO B
cpennem 0,333 ¢, oTMeuaeTcsi TOCTATOYHO BBICOKAsi TOPU3OHTAIbHASI CKOPOCTh
— 2,67+0,07 m/c. IIpu 3TOM TOPHU3OHTAIBHOE YCKOPEHHUE IO OTHOIICHHIO K (ha3e
CTapTOBOI'O MOJNOXKEHUs cocTaBuseT 5,61+0,14 m/c2. BepTHkanbHbIE TOKA3aTEIH
ckopocteil U yckopeHuid OLIM mnpu OaHHBIX MEPEMEIICHUSX HAXOIATCA Ha
yposHe 0,038+0,002 m/c n 0,34+0,007 m/c? cooTBeTCTBEHHO. PaccTosHue nepe-
menienus:t OLIM B ¢a3y monera y IiOBIIOB B 3TOM HCCIEJOBAHUN COCTABIISIIO
1,02+0,07 M, a Bpems BbIOJIHEHUS 3TOro ABMKeHUa — 0,498 ¢, 4yTo onpeaenunio
TOPU3OHTANBHYIO CKOPOCTh, paBHYyIO 2,98+0,06 M/c, ropu3oHTaIbHOE YCKOpE-
Hue, pasHoe 0,92+0,02 m/c?. DTO CBUIETENBLCTBYET O 3aMeUIEHUHM T'OPHU30H-
TaJbHOTO MEPEMEILICHHUS.

BeprtukanbHoe nepemernieHue Bo Bpems a3 CMEIICHUS U OTTATKUBAHUS
y mwioBioB coctaBuwio 0,05+0,001 M, B To Bpems Kak mpu mepexone B a3y
noJsieTa JaHHbIA nokaszartesb paBeH 0,34+0,003 m. Cxkopoctu u yckopenuss OLIM
pY JaHHBIX TEPEMEIICHUSIX UMeNn cienytoniue nokazarenu: -0,076 £0,003 u
1,655+0,011 m/c, 0,34+0,007 u 4,7340,09 M/c? COOTBETCTBEHHO.

3akirouenne. CpaBHUBas TPACKTOPUU BBINOJIHEHUs CTapTa B IPOBe-
JIEHHOM HCCJIEIOBAHUM C UCCIEAOBAHUAMHU JPYTUX aBTOPOB, MOXKHO BBISIBUTH
OTIUYMS BBITIOJIHIEMOTO JCHCTBUS B JBYX OCHOBHBIX ¢azax. B wactHOCTH,
CIIOPTCMEHKH BBITIOIHSIIN BXOJ B BOJly 1MOJT 00JIe€ OCTPHIM YIJIOM B OTJIMYHME OT
JUTEpaTypHBIX JTAHHBIX BHIMIOJIHEHUS CTapTa, Tlie CIOPTCMEHHI B (aze mojera
00pa3oBBIBAIN AYTY, CTPEMSICh KaK MOXHO CKOPEE JOCTUYb BOJBI.
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Takxke HCCICA0BAHHUC IIO3BOJIMJIO BBIABHTH HE€ TOJIBKO KHHCTHYCCKHC
mapaMCETpbl BBIITOJIHCHHA CTAPTOBBIX I[BI/I)KGHI/II\/’I, HO W OIIPCACIINTL OTKIIOHCHUSA
OT MOZACJIbHBIX IIapaMETPOB CUJIbHEUIIINX IJIOBOOB BO BPCMs BBIIIOJIHCHUSA
cTapTa 1 COOTBETCTBCHHO CPCACTBA M MCTOAbI I KOPPCKUIHNHN TCXHHUKHW BBIIOJI-
HCHHA NCCIICAYCMOT'O IBUKCHUAA.
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