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AHHOTaumAa. Lenb uccnegoBaHuMa  3aknoyvanacb B M3YYEHUM  U3MEHEHWN
KMHEMATMYECKNX MapaMeTpoB rpedka npu nraBaHWM KPOSNiEM Ha Tpyan, Bbl3BaHHbIX
YTOMIIEHNEM CKENETHbIX MbILLIL, OCYLIECTBNSOWMX IpebkoBoe OBWMXEHME pyku. B
3KCNEepPUMEHTE NPUHUMann y4yactne crnoptcMeHbl 12—13 neTt, nmerwme keanmdukaumo
nepBoro CNopTUBHOIO pa3psga M kaHaupaTa B Mactepa cnoprta. Ha yeTblpex oTpeskax
CTOMETPOBOW COPEBHOBATENBHON OUCTAHUUM PErUCTPUPOBANUCE ANUTENbHOCTL U
CpeaHAs CKOPOCTb ABMXKEHMUS, KONMMYeCTBO rpebKoB, Lwar niosua v AnMTenbHOCTb O4HOIo
roebka. [lo pgaHHbIM HagBOOHOM WM MOABOLHOM  BWOEOCBHEMOK  MPOBOAWNCSA
brMomMexaHuyecknn aHanm3 rpebkoBbIX ABWMXEHMM No ¢dasamM U LMKNaMm, BKIHOYaOLLMNA
onpegeneHne NpofomkUTensHoCcTU a3 u opmbl ha3oBOK TpaeKTopuM B CycTaBax.
OnpepgeneHbl MofenbHble NapaMeTpbl CyCTaBHbIX YIIOB U U3MEHEHUS KMHEMATUYECKMX
XapaKTepucTuk rpedka BCNeacTBNE YTOMITEHUS.

KnioueBble cnoBa: mMofenbHble napameTpbl rpebka, dasbl ABWKEHUS, Yribl CrnbaHus,
MOKTEBOW M NyYe3ansiCTHbIV CYCTaBbl, MMAPOANHAMUYECKOE COMPOTUBIIEHNME.

BBEOEHUE

Jlisi KauecTBEHHOTO0 pOCTa IOKa3aTejed B IJIaBaHUM HEOOXOIMMO JTOCTH)KEHUE
HOBOTO YPOBHSI TEXHHUYECKOW W (U3NYECKOH IOATOTOBICHHOCTH CIOPTCMEHOB C YYETOM
MPUHITUIIOB OMOMEXaHWKH TUTaBaHUS. TeXHWKa KaXXJOTO IJIOBIA MHIMBHIyaJIbHA, TIOATOMY
OTHUM W3 BOMPOCOB OMOMEXaHWKW ITUIABaHUS SBISCTCS BBIABICHHE NPUHIUITHAIHHBIX
ocoOeHHocTeil rpebka. CoOBEpIIEHCTBOBAHME TEXHHUKHM IIJIaBaHUA KpOJEM Ha TIpyIu
HAUMHAETCsS C IMOCTAaHOBKU pallMOHAIBHOrO rpedka pykamu. OpHAaKO MpHU MPOIJIBIBAHUH
COPEBHOBATEIHHOHN JUCTAHIIAY TI0J] BIUSTHUEM YTOMIICHHSI IPOUCXOIAT U3MEHEHHS B TEXHUKE
TUTaBaHUS, B YACTHOCTH B TPEOKOBBIX JBM)KCHUSIX PYKH.

AHamu3 W3BECTHBIX MyONMKAWN TOKa3bIBa€T, YTO AaBTOPHI YACHSIOT OOJBIIOE
BHUMaHHE OCOOCHHOCTSM KHHEMAaTHYECKHX MapaMEeTpOB INPHU MPOXOXKICHUHM pa3IUYHBIX
auctaniyid. [Io taHHOMY BONPOCY MMM HAKOIUICH OOMIMPHBIH 00beM mH(popMmanmu [1-11].
BMmecTte ¢ Tem B HaydHOH nMTepaType HE BCTPEYalOTCs MOKa3aTeld M3MEHEHUS TeXHUKU
JBYDKEHUSI B 3aBUCHUMOCTH OT XapakTepa OOIIero WM JIOKAIHOTO YTOMJICHHS B YCIIOBHSIX
COPEBHOBATEIILHOMN AEATETBHOCTH.

[enpr0 HACTOSIIIETO WCCIEAOBAHMS OBUIO W3YYEeHHE W3MEHEHHH KHHEMAaTHYECKUX
napaMeTpoB rpeOka MpH IUIaBaHUHM KPOJIEM Ha TPYIH, BBI3BAHHBIX YTOMJICHHEM CKEJIETHBIX
MBIIIII, OCYIIECTBIISIONUINX I'PEOKOBOE TBM)KEHUE PYKH.
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H3MmeHeHne KHHEMATUKH rpeﬁxa IpHU YTOMJICHUHN CKCJICTHBIX MBIIII]

METOOMKA U OPFAHU3ALNA UCCNEQOBAHUSA

B 1npoBeneHHOM 3KcnepuMEHTE NpPUHUMaIM ywacThe 46 IIJIOBLOB B BO3pacTe
12-13 ner, UMEWOIIMUX CIOPTUBHYI KBaIU(HUKALMIO MEPBOrO CIOPTHUBHOIO pa3psina U
KaHauaara B Macrepa crnopta. MccienoBanue npoBoausiochk B 25-mMeTpoBoM OacceiiHE BO
BpeMsl MPOBEICHUs cOpeBHOBaHMN Ha auctaHmuu 100 M cmocoOoM Kpoib Ha TPYAH, YTO
UCKJTII0YAJI0 BO3MOKHOCTh BBITIOJTHEHHSI COPEBHOBATEIILHOTO YIPAXXKHEHHS HE B TIOJTHYIO CHITY
U CAaMOKOHTpOJIb TE€XHUKM IUIaBaHUsI MOJ Bo3aeiicTBUEeM yromieHus. Ha kaxapix 25 M
JTUCTAaHIIMU TI0 OTpe3KaM JITMHON 7,5 M (oT pa3zmeTku 12,5 M 10 20 M) perucTpupoBaIUCh:
JUIUTEIILHOCTh U CPEHSSI CKOPOCTh JIBUYKEHUS, YHCIIO TPEOKOB, IIar MJIOBLA U JJIUTEIbHOCTh
onHoro rpedka. Kpome Toro, Ha orpe3kax 7,5 m ¢ gacroroit 200 kagpoB/c MPOU3BOAMIACH
BUJICO3AMNCh TEXHUKHU IUIaBaHUSA TPEMsi CKOPOCTHBIMHM BHJI€OKaMepamH, IBE M3 KOTOPBIX
OBLIM pPAcIOJIOKEHBbl B CarMTTAJIbHOW IJIOCKOCTH (HAABOJHOE M IOABOJHOE IOJIOXKEHHUE) U
0JIHa BO (PpOHTATBHOM (ITOABOHOE TOJIOKEHHUE).

[lo Marepuanam  HagBOAHOM M  TOJIBOAHOHW  BHUACOCHEMKH  MPOBOJIUICS
OMOMEXaHMYECKUIN aHaau3 TPeOKOBBIX ABMKEHUN pykamMu 1o (azam u 1mukiaMm. ['pebok
BBITIOJTHSETCS] €AUHBIM JBUKECHHEM C YCKOPEHHUEM, MPUXOAIIMMCI Ha Hadajo BBIXOJA PYKH
U3 BOJIbl. 3aKOHYEHHAs CHUCTEMa JBHMKEHUI IUIOBLA, TOBTOPsieMasi MHOTOKPaTHO, HAa3bIBAETCS
nuKIoM. B cucreme ABM)KEHUH OJMH LIMKJI CMEHSIETCS IPYruM. BBIIEISIOT Havaao U KOHel
nukia. [ukn rpeOkoBoro ABMKEHHS YCIOBHO ObUl pasieneH Ha miecth (a3: 1) 3axBart;
2) noaTsruBaHue; 3) OTTaJKuBaHUE; 4) BBIXOJA W3 BOAbl (BBIHUMAHME); 5) JABM)KEHUE HaJ
BOJIOK (mpoHOC); 6) BXona B Boay (BkiaabiBanue). Paszpl 00BEAMHAIOTCS B JIBa IMEpHOIA
1) oCHOBHBIX pabOuYMX JBWXKCHHH (IIEpUOJ AaKTUBHOH OIOpHI); 2) 3aBepHIAIONIUX U
MOJTOTOBUTENLHBIX JIBMKEHUH. K meproay OCHOBHBIX pabO4yMX ABIKEHHHA OTHOCATCS: (asza
3axBata, (a3pl TOATATMBAHHMS U OTTajlkuBaHusi. K mepuony 3aBepmiarommx U
MOJArOTOBUTENIbHBIX JBMKEHUHM OTHOCATCS: BBIXOJ PYKH U3 BOJbI, ABM)KEHUE HaJ BoJoM ((a3a
IpoHOCa) U BXOJ B Boay (¢aza BKJIaAbIBaHUS). AHanM3 IrpeOKOBBIX JBM)KEHUH BKIIOYAN:
IPOIOJDKUTENBHOCT (a3 u GopMy ¢a3zoBoil TpaekTopuu B cycraBax. dazoBas TpaeKTOpHUs
MO3BOJIMJIA ONPEAETUTh MOJIEIbHBIE MTapaMETPhl CYCTaBHBIX yIiioB. B kaxaol u3 ¢a3 Obuiu
paccMOTpEHbI: yroil crubaHus B JIy4e3alsiCTHOM CycTaBe, KOTOPbIH yCIOBHO ObLT 0003HAUYECH
KaK YroJj o, ¥ yroj cru0aHus B JIOKTEBOM CyCTaBe — yroi 3.

Hcnonb3oBaHue MaHHOW METOAMKHM T03BOJISICT BBIABUTH HM3MEHEHUS KHUHEMaTHKH
rpebka Ha (pOHE YTOMIJIEHHSI B CPAaBHEHUH C MOJIEIIbHBIM JIBUKEHHEM.

PE3YNbTATbI U UX OBCYXXOEHUE

AHanu3 OHMOMEXaHWYECKUMX XapaKTePUCTUK TEXHUKH TIpedka IOHBIX IUIOBIOB
0a3upoBaicsi Ha M3yYEHMHM H3MEHEHMs JMana3oHa CYCTaBHBIX YIJIOB B KMHEMAaTHYECKHX
napax M IOJIO)KEHHH CTPYKTYPHBIX 3JIEMEHTOB KHHEMAaTHYECKUX Liened (3BEHbEB PYKH)
OTHOCHTEJIbHO Tella IUIOBIa B MOMEHT BBINIOJIHEHHs Tpebka. Kpome Toro, Obu1M ornpeneneHsl
KMHEMATUYECKNE  XApaKTEPUCTUKH MNpoxoxaeHus 100-MeTpoBOil  COpEeBHOBATEIBHOMN
JUCTaHIUHU (TabJInIIa).

KunnemaTrndeckne XapaKTepHCTHKHY IIaBaHUs Ha yuyacTkax 100-MeTpoBoii nucTaHIUK

OTpe3ku TUCTaHIINN

[lapaeTpet 12520 m 37,545 m 62,5-70 m 87,5-95m

Yucno rpeOKoB 10+0,9 11+£0,4 10+£0,7 11+£1
Bpewms nporuteiBanust (c) 4,42 +£0,21 491 +0,26 5,09+0,19 5,04 +£0,14
CpenHsist CKOpocTh (C) 1,70 £ 0,12 1,53 +0,16 1,47 £0,14 1,49 +£0,11
[ar moBna (M) 0,74 £ 0,06 0,72 + 0,04 0,75+ 0,07 0,69 = 0,07
JmrensHOCTH rpedka (c) 0,44 0,02 0,47 + 0,02 0,51+ 0,04 0,46 = 0,03
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AHanu3 ~ KMHEMAaTHYeCKUX  MapaMeTpoB  IUIABaHUA  CBUICTEIBCTBYET O
HEOJTHOPOJHOCTH TMPOXOKJICHUS COPEBHOBATEIbHOW JucTaHiuu. Ha mnpoTskeHun Beeul
JUCTAHIIMKA OTMEYaeTCs MOCTENIEHHOE yBelIMYeHHe KolimyecTBa rpeOkoB. B TpeTheit yeTBepTu
CTOMETPOBOTO OTpe3Ka Ha (DOHE CHMIKEHMS CKOPOCTH JBWKCHHS M YBEJIWYCHHUS IIara IioBLa
KOJIMYECTBO IpeOKOB COOTBETCTBYET MOKA3aTeNsIM MEPBOTo 25-MeTpoBoro orpeska. Cienyer
OTMETHTb, YTO TPETbS YETBEPTh SBISETCA CaMOW Cia0OH MO BCEM KHHEMAaTUYECKUM
napaMmerpaMm IulaBaHusd. JluHaAMUKa  MPOXOXKIACHUS  COPEBHOBATENbHON  JAMCTAaHIIUU
CBUJETEIbCTBYET, YTO Ha KaXKIOM IOCIEIYIOUIEM 25-METPOBOM OTPE3KE YBEJINYUBAETCS
JUITUTEIBHOCTh POIUIBIBAHUS M, COOTBETCTBEHHO, CHUYKACTCS CPEIHAS CKOPOCTh ABUKCHHUS.

[lonydyeHHblE naHHbIE Ha Yy4yacTKe JUCTaHUMU 62,5-70 M CBHUIETEIBCTBYIOT O
HAaKOIUICHUHU YTOMIIEHUSI M, Kak CIEJICTBUE, HW3MEHEHUU CTPYKTYphl nBikeHus. Ilo
JUTITEIFHOCTH  OAHOTO TpedKka ¥ MPOXOXKACHUS KOHTPOJIBHOTO YYacTKa MOCIETHHIM
25-MeTpOoBBIA Y4acTOK AUCTAaHIUU Oojee A(P(HEeKTUBEH B CPaBHEHHH C TPETHUM OTPE3KOM
nucTaHnud. Bmecte ¢ TeM 1aHHOE MPEeMMYIECTBO Onpeensercss (UHULITHBIM YCKOPEHUEM, a
CTPYKTYypa IABMKEHMSI OTIIMYAETCS] OT MOJEJIbHOM, IPOUTPhIBasi B IIare IUIOBLA, KOJIUYECTBE
JIBUKCHUM HA OJMHAKOBBIX YYaCTKaxX JUCTAHLMU M, YTO HauOoliee BaXXKHO, B TEXHHUUYECKOM
HCIIOJIHEHUU TPEOKOBOIO ABUKEHHUS.

Ha ocHOBaHMU JaHHBIX CKOPOCTHOW BMJIEOCHEMKH BBISBIIEHBI MOJIENIbHAs CTPYKTYypa
rpeOKOBOrO BIKEHUS B HaYase TUCTAHIIMKM U U3MEHEHHsI KHHEMATHKU Tpedka B ee KOHIIE Ha
¢done yromnenus. CTpyKTypHBIE JIEMEHTHI TpeOKa B Hayalle AUCTAaHIMHM Ha cXeMmax Irpelka
MPEJICTAaBICHbl HA PHCYHKAX CIUIOIIHOM JIMHHUEW, a W3MEHEHUs KHHEMAaTUKH rpedka moj
BO3JICVCTBUEM YTOMJICHUS — IlyHKTUPHOM.

daza 3axBaTa BOJAbl HAUMHAETCS cpa3y IOCIE MOTPYKEHUS PyKH B BoAy. JTa ¢aza
rpedka BBINOJHSAETCS HaubOosee IUIaBHO. Pyka JABMKeTcs BHepel — BHU3, JaJOHb U
Ipeariedbe aKTUBHO ONHUPAIOTCS O BCTPEUHBIM MOTOK BoJbl. B HauanbHOU cragum Qasbl
(caruTTanpHas TUIOCKOCTH) YIroJl B JIy4e3amscTHOM cycrtaBe (o) paBeH (172 + 2)°, a yron B
nokteBoMm cycrtae (B) pasen (170 + 3)° (puc. 1, a). Ang GppoHTaIbHON MPOCKIMK yroji B
ayde3amsicTHOM cyctase (o) paer (172 £ 1)°, a B mokteBoMm (B) — (173 = 3)° (puc. 2, a). [lpu
MOCTEyIOEM JBUKEHUN PYKHM KUCThb HEMHOTO CTHOAeTcsi U Pa3BOpPAuMBAETCS JIaJJOHBIO
KkHapyxu. [Ipoekius J0KTeBOro cycraBa HaXOAUTCS BbILIe KUCTH. Jlanee KUCTh ObICTPO, HO
TJTAaBHO MEHSIET HAMpaBJICHHE U JBUKETCS «CHAPYXKU BHU3 — BHYTPH» MOJ MPOJOIBHYIO OCh
Tena.

IIpy HacTyIJIEHWM YTOMJIEHUS W3MEHSIOTCS YINIbl CTMOaHMs B Jy4e3arsiCTHOM U
JIOKTEBOM cycTaBax. KUCTh HE pa3BoOpauMBaeTCs J1aJOHbIO KHAPYKHU, & B HEKOTOPBIX CIIydasix
HarfpasieHa BHYTpb. [los1 qaBneHreM BObI OHA HAUMHAET TEPATh OMOPY O BCTPEUHBIN MOTOK.
VYron crubaHus B JIyde3alsiCTHOM CycTaBe yBenuuuBaeTrcsd U coctaBiser (187 + 1)°. B
JIOKTEBOM CyCTaBe HaOJI0JIaeTCsl yMEHbIIIeHUe yria crubanus ao (163 £ 2)° (cMm. puc. 1, a).
[Tpu Habmr01eHUN BO (PPOHTATIBLHON TIOCKOCTH OTMEYaeTcs OBOPOT KUCTH HEMHOTO BHYTPh
u yroin o paseH (180 + 1)°, a yron f = (168 + 2)° (cm. puc. 2, a).

Puc. 1. da3a 3axBara (caruTTaigbHas MIOCKOCTb)
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Puc. 4. ®a3za noarsrusanus (HppoHTaNIEHAS IIOCKOCTh)
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Puc. 5. ®a3a orrankuBaHus (CaruTTaIbHAS TUIOCKOCTD)

[Ipu MomenbHBIX TOKa3aTeNsax rpeOka OKOoHYaHWE (a3bl 3axBaTa BBIOJIHAETCS C
BBICOKHM ITOJIOKEHUEM JIOKTS TIO0 OTHOIICHHUIO K KHCTU. J[BY)KEHHE KUCTU TIO0 OTHOIICHHIO K
JIOKTIO SIBJISICTCSI BEAYIIMM, a JIOKOTh YICP)KHUBACTCS B BEPXHEM IOJIOKCHUU U JIO YPOBHS
KHCTH HE ONYCKaeTcs. YToJl CrHOaHUs B JIyYe3alsiCTHOM CYCTaBE€ OCTAeTCs Ha IMPEKHEM
ypoBHe — (172 £ 2)°, a B TokTeBOM ymeHbInaercs 10 (165 £ 3)° (puc. 1, 6). Ilpu ananuse
rpeOKOBOr0O JIBUKEHHS BO (PPOHTAIBHOM IMJIOCKOCTH OTMEYAeTCsl YCWICHHME 3axBaTa BOIbBI
BpaieHreM u crubanuem pyku B jokte (f = (153 £ 3)°). Yron a cocrasmser (176 + 1)°
(puc. 2, 6). BeisiBieHa KaTeropus IUIOBLIOB, Y KOTOPBIX MPHU IJIaBAaHUU KPOJIEM Ha TPpyIu
HEOOJBIION TOBOPOT TMPEAINJeYbs M KUCTH JIAJOHBbIO KHAPYXKU SIBISETCS CIEICTBUEM
BBICOKOTO TIOJIOXEHHS JIOKTS, APYTUe TUIOBIBI CHEIUAIbHO Pa3BOPAYMBAIOT PYKY B TaKOe
MOJIOKEHUE, YTOOBI YAepKaTh JIOKOTh BBIIIE KUCTH.

[Ipn yTomIieHWM JBFWDKEHHWE KHCTH TI0 OTHONICHWIO K JIOKTIO u3MeHsieTcs. He
BBITIOJTHSIETCSI BpAIIaTeNIbHOE IBMKEHHE MPEIIUIeYbss W JIOKOTH OITyCKAaeTCs KHU3Y. JTO
JenaeT Havyano rpedka cMa3aHHBIM. YTOJ CruOaHusi B JIyYe3allsiCTHOM CyCTaBe pPaBEH
(178 + 1)°, a B TOKTEBOM IpH BU3YyaJU3allMU B CArMTTAILHOM Tu1ockocTH paseH (150 £+ 3)° u
BO (ppoHTaNBHOI mockoct (155 £ 2)° cootBercTBeHHO (pUcC. 1, 6, puc. 2, 6). B nmporieHTHOM
COOTHOILICHUH MPOJAOJDKUTEIBLHOCTh (pas3bl 3axBata coctaBisieT (11 + 3)% BpeMeHHU OT BCero
IUKJIA.

ITo okonuanuu ¢aspl 3axBaTa HaUMHAETCA (Da3a MOATATHUBAHUA. XapaKTEPHOU YEPTOU
TaHHOW (a3el SBISICTCS CTHOAHWE TPEAIUICYbsS W BBIPAKCHHOE BpallleHUE PYKH BHYTPb.
JIBIKEHME KHCTH W TPEIIUICYbsi OCYIIECTBIISIETCS 10 CXeME «BHH3 — BHYTpPh — Hazam». B
Havaie rpedka KHCTh COXPAHSET CBOE BEIylIee ITOJIOKEHHE MO OTHOIICHUIO K JIOKTIO. B
3aBHUCHMOCTH OT OCOOCHHOCTEH WHIMBUAYAIbHONH TEXHHKU KHCTb MOXET OTKJIOHSTHCS OT
MPOJIONIFHOM OCH Tella BHYTPb WM KHApYXH. B MOMEHT BBITIOHEHUSI TPEOKOBOTO BUKCHHS
OTMEYaeTcs IMIABHOE YBETUYCHHUE YCUITUS, UTO ONPEAETsieT OCHOBHOE HAIIPaBJICHUE JCHCTBUS
— «pPa3TOH TYJIOBHUIIIAY.

Kunemarndeckas 1ienb B CAarUTTAIbHON ITIOCKOCTH XapaKTEePU3yeTCsl YTIIOM CTHOAHHUS
B JydesamsicTHoM cycrtaBe B (176 + 1)°, B mokreBom (135 + 5)° (puc. 3, a). Anamus
MOJIOKCHHUSI 3BEHBEB PYKH BO (POHTAIFHOW TIUIOCKOCTH —XapaKTEPH3yeTCsl  YIIoM
o =(174 + 2)° u yroom B = (138 £ 5)° (puc. 4, a). Ilox BiusHuem yromicHus B (ase
MOJTSATUBAHUS OTMEYACTCS «IIPOBATMBAHUE» JIOKTS C YMCHBIICHHEM Yrila CrHOaHus [0
(125 + 5)° B carutransHOM TTockocTH 1 (130 £ 5)° Bo (pOHTAIBHOM TTOCKOCTH.
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K MomeHTy ocHOBHOW 4Yactm TpebOKka IUIOBEI] TPHUIAET TEIy BBICOKYIO
BHYTPHUIIMKIIOBYIO CKOPOCTh. JTO OJIHA M3 OCHOBHBIX 3a7a4 (pa3bl MOITSITUBAHUS. 3aTeM
OPOMCXOOUT Haubosiee MoIHAas dYacTh rpedka — TpPUBEACHHWE W pasrubaHue IuIeya.
CrnenoBarenbHO, pyka 0osiee KeCTKO (PUKCHPYETCs B JIy4e3aIsiCTHOM M JIOKTEBOM CyCTaBax.
AHaJIM3 ABWKCHHS B CAarHTTAIBHOM TUIOCKOCTH (DUKCUPYET yrojl CruOaHus B JTy4e3arsiCTHOM
cycraBe (o) B (173 £+ 2)°, a B mokteBoMm (f3) — (110 + 4)° (puc. 3, 6). [Ipu ananu3ze rpedka Bo
bpoHTaTBHON TUTOCKOCTH yron o paBeH (160 + 2)°, a yron f — (100 + 5)° (puc. 4, 6).
Hekoropble IIIOBIBI, cTapasch YBEIUYUTh YCHUIIME IPEOKOBOIO JBMIKEHHS, BBIMOIHSIIOT 3TO
JBIDKEHUE HEJ0CTAaTOYHO IUiaBHO. CyIIECTBYeT Aa)Ke TaKOe BBIPAKEHHE, UYTO «CIIOPTCMEH
pBet Boay». CienoBarenbHO, (pa3a MoATATHBAHUS YTPAYHBACT CBOK «PAa3TOHHYI0» (YHKIIHUIO.
[Tpu 3TOM TepsieTcsi BHYTPUIIUKIIOBAsI CKOPOCTb.

B pesynbrare yromiieHus: yroja Cru0aHus B JIy4€3allsICTHOM CyCTaBe CTAaHOBUTCS
paBHbIM (178 £ 2)°, a B JIOKTEBOM yMeHbInaeTcs 10 (88 + 3)° B caruTTaibHOM MJIOCKOCTH H
(85 + 2)° Bo ¢dpoHTanbHOM TIOCKOCTH (pHC. 3, 6, puc. 4, 6). [IponOKUTEIBHOCTh (a3bl
MOJTSTUBAHKS B MTPOIICHTHOM COOTHOIIEHUHU cocTaBisieT (23 + 3)% oT JIMTeIbHOCTH BCErO
[IUKJIa IBYOKEHUH.

daza orrankuBaHus — HanOolyiee 3HepruvHas (aza rpedka. Bo BpeMs OTTaIKuBaHHUS
NPOJIOJDKACTCS SHEPTUYHOE pa3ruOaHue W NpUBEIeHHE Tuieda. B aroil ¢dasze mpoucxomut
MOII[HOE OTTAJIKMBAHWUE KUCTBIO M MPEIIUICYbEM OT BOJBI NPH BBITOJHCHUU TPEOKOBOTO
JBY)KCHUSI 110 KPUBOJMHEHHOW TPACKTOPUHU O] KUBOTOM U Ta3oM. OCHOBHBIM SIBJISICTCS
JIBIDKCHUE «CIepeId — Ha3aa», KOTOPOE COBMEIIACTCS C YMEPCHHBIM BpPALICHUEM PYKH
«Hazan — kHapyxu». OT xapakrepa crubaHusi, pa3rubaHus M BpallleHUs PYKU 3aBUCUT
neTieoOpa3Has TpaekTopus TpeOka. B Haudane ¢asbl yron crubaHusi B JIyde3arsiCTHOM
cycrase paBeH (173 + 2)°, B nmokreBoM — (119 + 3)° (puc. 5, a). Bo ¢ppoHTa)IbHON MTPOCKIIMU
nokasareju yriioB coctaBisitor o — (165 + 2)°, B — (118 + 3)° (puc. 6, a).

[Tpu yromneHun B 3ToH (haze UCUE3al0T YHEPrUYHOE PUBEACHNE U pa3rudaHue riedya
¥ MOIIHOE OTTAJKWBaHUE NPEAIUICYbeM M KHUCTBHIO OT BOJBL. B pe3ynbrare KHCTH cpasy 3a
JIOKTEM HAa4YHMHAET JBIKCHHE BBEPX W 3aBEpIICHUS IpeOka HE MPOUCXOTUT. YTOJI CTHOaHus B
Jdyde3amsicTHOM cycraBe paBeH (176 + 2)°, a B snokteBom — (100 + 3)° (carurrambHas
IIOCKOCTh) (cM. puc. 5, a). Bo dponTtanbHo#t 1wiockoctd yroa o — (175 £ 1)°, yron
B — (110 + 2)° (cm. puc. 6, a).

Ha nporsokenun moutd Bced (asbl OTTAJKUBAHUS pabOYMe IUIOCKOCTH KHUCTH M
IpeIieubs 3aHUMAIOT TTOJIOKEHHUE, On3Koe K BepTukaiu. [noBer moctenenHo pacciaduser
3aIsACThe, pa3rudas MpHU 3TOM KHCTh. BBIMOMHSETCS 3TO UIS TOrO, YTOOBI KUCTh 3aHsja
HanOoJiee BHITOHOE TOJIOKEHHE. 3aKaHYMBACTCSl TPEOOK MOIIHBIM CKOJIB3SIIMM JIBIKEHHEM
npe/Iiedbss ¥ KUCTH BBEPX — Ha3ajl. B KOHIE OTTAIKHBAHUS KUCTh MPOXOTUT OJIU3KO OKOJIO
Oempa, MOYTH Kacasch ero OonbImuM manbieM. [1o okoHuaHum (a3bl OTTANKUBAHUS YOl O
cocrapisiet (143 £ 2)°, a yron  — (150 + 3)° (puc. 5, 6). Bo ¢ppoHTaIBHON MIOCKOCTH YTOJ
crubaHusi B Jy4e3arsiCTHOM cyctaBe cocrtaBisieT (178 + 1)°, a B nokreBom — (167 + 2)°
(puc. 6, 06). Ha ¢one ycramoctu B 3T0H (haze pyka daiie BCET0 BHIHUMAETCS U3 BOJBI paHbIIIE,
HE JIOXOJIs 10 YPOBHs Oenpa. B HEKOTOPBIX ciiydasx, MpHU CHIIBHOM YTOMJICHHH, OTMEYalIOCh
OTCYTCTBUE NaHHOW (a3bl. TakuM 00pa3zoM, MpomagaeT MOIIHOE, CKOJB3SIIEe IBIKCHUE
nperieYbeM U KUCTBhIO BBepX — Hasad. Ha puc. 5, 6 yroa o pasen (150 + 2)°, yrom B —
(130 + 3)°. [oka3zaTenu yria Jy4e3amsCTHOrO CycTaBa BO ()POHTAIBHOU IIOCKOCTH PaBHBI
(178 £ 1)°, mokreBoro — (155 £ 2)° (puc. 6, 6). I[IpoAOIKUTETBHOCTD (ha3bl OTTAIKHUBAHUS B
NPOLIEHTHOM OTHOIIeHHH cocTaBisieT (17 + 3)% mo OTHOIIEHHIO K BPEMEHH TTOJIHOTO IHKJIA.

daza BbIXO/a PYKH M3 BOJbI HAYMHACTCS C TOSBJICHUEM JIOKTSI HaJ MOBEPXHOCTHIO
BOAbl. KHCTh BBIXOIUT W3 BOJABI 3a JIMHUEW Taza WM HEMHOTO Najbllle, OKOJo Oempa, B
3aBUCHMOCTH OT MHIMBUAYAJIbHON TEXHUKH TPEOKOBOTO MBHKEHHMS. [|BUKEHUE BBIMOIHACTCS
DHEPTUYHO, HO 0e3 pHIBKOB. B Hauarne (a3bl yroa crubaHus B JIyde3alsiCTHOM CyCTaBe PaBEeH
(162 + 2)°, B mokTeBoM cycraBe — (133 £ 2)° (puc. 7, a). B konIe $hasbl yroa o CTaHOBHTCS
(147 £+ 2)°, yroxa  ymensbinaercs 110 (92 + 2)° (puc. 7, 6).
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Puc. 8. ®a3a npoHoca pyku Haja Bogon

Puc. 9. ®a3za Bxoaa pykH B BOJLY

[Ipn yTomieHHH KUCTh HE JOXOAMT JI0 JUHHUM Ta3a, IpeOKOBOE JBH)KEHHE OCTaeTcs
HE3aKOHUYEHHBIM. [loaTOMy npu BBIXOAE M3 BOJBl PYKE MNPUXOIUTCS IPEOJO0JIEBATH
3HAYUTENbHOE compoTuBieHue. [lo cpaBHEHMIO ¢ MOJEIBHBIMU TIOKa3aTeNsIMU Yyroil B
Jy4e3arsiCTHOM CycTaBe OKasbiBaercsi Oosbmie Ha 10° u coctaBnser (172 + 1)°, B To Bpems
Kak yroJl B JIOKTEBOM cycTaBe ymenbinaercs a0 (120 + 3)° (puc. 7, a). Yroa crubanusi B
Jy4e3arsiCTHOM cycTaBe B KoHIE (asbl mpu yromieHun pocruraer (160 + 1)°, B 10KTeBOM —
(95 £ 2)° (puc. 7, 6). BeiBaer, 4TO MJIOBEIL, CTAPAsICh BBIMOJHUTD BBIXOJ PYKH U3 BOJBI OoJice
OBICTPO W HSHEPrUYHO, JIENaeT 3TO JBIKEHHE «phIBKaMu». IIpomomxurenbHOCTh (as3bl B
MPOIIEHTHOM OTHOIICHUH COCTaBIsIET (6 + 1)% OT BpeMeHH MOTHOTO [UKIIA JTBUKCHHI.

JIBI>KeHHe pPYKH HaJ BOAOH OONBIIMHCTBO IUIOBLOB BBIMOJHSIET C BBICOKHM
MIOJIOKEHHUEM JIOKTS. DTO IOMOTaET IJIOBILY COXPAHUTH IOJI0KEHUE Tella Ha MIPOJOJIBHON OCH.
Pyka cB0OO/IHO cornyTa B JokTe. MBIl pyKH pacciadieHbl. KucTh MpoXoauT BAOb Teda
Ha/l IOBEPXHOCTHIO BOABL. JIOKOTh JBMXKETCS IOYTH HAJl TEJIOM. B cepeanHe NBUXKEHUS pyKH
HaJ BOJOH JIOKOTb HEMHOIO 3aMeUII€T CBOE IBWXKEHHME, a IOTOM, BCIEA 3a KHCTBIO U
IpeaIieybeM, yekopsieT ABrkeHue. Kucts pyku paccinaliaeHa ¥ MOBEpHYTa JIaJAOHbIO Ha3al,
HEMHOTO KHapyxu. B Hauane ¢asbr yron o pasen (125 + 1)°, yron B — (55 + 2)° (puc. 8, a).
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B xomie (a3l yroa crubaHus B Jy4e3amsiCTHOM CycTaBe yBennumBaercs 10 (160 + 2)°, a B
JIOKTEBOM yMeHbIaercs 10 (50 £ 2)° (puc. 8, 6).

[Ipy yTOMJIEHMM IUIEYO HE MOJAHMMAET JOKOTh Ha JOCTAaTOYHYIO BBICOTY Haj
MOBEPXHOCTHI0 BOJIBI. JIOKOTH MPOXOJUT B CTOPOHE OT Tela M OMYIIEH MOYTH JO YPOBHS
kuctu. KucTth HampsikeHa W TOBEpHYTa JIaJlOHbIO KHU3Y. B Hauanme ¢a3pl mpoucxomut
3HAQYUTENILHOE YBEIMYCHHUE yIJia B JIyUe3alsiCTHOM cycraBe, cocrasistomiero (150 + 2)°, a
TaKXe yrja B JOKTEBOM cycraBe, cocrasisiomiero (70 + 2)° (puc. 8, a). B xonue ¢a3sl yroa o
yBenuunBaetcs 10 (160 + 2)°, a yron B g0 (95 + 2)° (puc. 8, 6). OgHako OBIBAIOT Clydaw,
KOTJ]a KUCTh OCTAETCsl pacciabIeHHOM, HO M3-32 HU3KOTO TOJO0XKEHHUS JIOKTS MaJIbIl MOTYT
«UEeIIATh» Boay. IIpomoIDKUTERHOCTh ABHKEHUST pyKH Hax Bomoi cocrtaBiseT (30 + 5)%
BCETO LUKJIA ABUKECHUM.

B ¢aze Bxoma pyku B Bomy (¢aza BKIAIbIBaHUS) KHCTh JKECTKO (UKCHPYETCS B
Jy4ye3alsiCTHOM CYCTaB€é W HEMHOro crubaercs. Orta (as3a 3aBeplIaeT MOArOTOBKY K
cnenymoomeMmy rpedky. OHa BBIIONHSETCS IUIaBHO, HO ObicTpo. IlocnemoBaTenbHO B BOIY
MOTPYKAIOTCS TAJIbIIbI, 3aIsICThe, JIOKOTh M Iiedo. JIaJoHb MOBEpPHYTa BHHU3 — Ha3ag U
HEMHOT0 KHapyu. Takoe MOJO)KeHUE MO3BOJSET yAEPKUBATh T'OJIOBY M IMEPEAHIOI YacTh
TeJIa CTPOrO Ha MPOJIOJILHOW OCH M COXPaHATh BBICOKOE TOJIOXKEHHE JIOKTS. Bo Bpems Bxoaa
PYKH B BOJly JIOKOTH HaIlpaBJICH B CTOPOHY U HEMHOTro BBepxX. CieoM 3a KUCTBIO B 3Ty ke
CaMyl0 «TOYKY» BIIEpPEll — BHHU3 BXOIHUT MpEAIUIeYbe M TUICYO. Pyka MOYTH MOJHOCTHIO
BBIMPAMIISICTCS. U HauMHAET 3axBar. B Hawane ¢a3pl yroi B JIyde3amsiCTHOM CYCTaBE paBeH
(160 £ 1)°, a B mokreBoM (137 + 3)° (puc. 9, a). B xonne ¢assl yron o = (168 + 2)°, a yron
B = (165 = 3)°.

[Tpu yromnenuu B (ase BXOoAa pyKd B BOAY JOKOTh HE MOJHHUMAETCS JAOCTATOYHO
BBICOKO. OH HaXOJUTCS MIPAKTHYCCKH HA OJJHOM YPOBHE C KHCTBIO U ITPOUCXOUT HE TUTABHOE
BKJIaJIbIBAHUE PYKU B OJIHY «TOYKY», a yAap KUCThIO M TpearuieybeM o Boay. Kucth He
MOBEPHYTA JIAIOHBIO KHAPYXKH, 8 HalpaBJieHa BHU3. YTOJ B Jy4e3arsiCTHOM CyCTaBe B Hadyale
dassr qoxoaut g0 (177 £ 1)°, a yroa B JoKkTeBOM cycTaBe cocrarisieT (134 £ 2)° (puc. 9, a).
B xoHIe ¢a3pl 0OTMEUEHBI MMOKA3aTeNN yIila CruOaHusl B JIy4e3aIsiCTHOM CyCTaBe B Tpezenax
(178 £ 1)°, B mokreBoM — (163 £ 2)° (puc. 9, 6). IIpoaoIKUTENLHOCTD (ha3bl BKJIAIBIBAHHSI
COCTaBJISIET B MPOIICHTHOM oTHOMIeHUH (10 + 2)% OT BpeMeHH BCEro IMKIIA.

BbiBOAbI

1. HeogHOpOIHOCTh MPOXOXKIAEHUSI COPEBHOBATEIBLHON JUCTAHIIMM HA Pa3JIMYHBIX €€
y4acTKax, a UMEHHO H3MEHEHHE OCHOBHBIX KMHEMAaTHYECKHX MapaMeTpoB: IIUTEIbHOCTH
MPOIUIBIBAHUS, YHCIa TPeOKOB, CpelHEH CKOPOCTH, Iara IUIOBIA W TPOJOHKHTEILHOCTH
OHOTO TpeOKa, OKa3bIBaeT 3HAUMUTENbHOE BIMSHHE Ha pPe3ylbTaT COPEBHOBATEIHLHOM
NCATCIIBHOCTH. CprKTypa ABVOKCHHUA Ha PA3JIMYHBIX OTPE3KaX JUCTAHOHWH OTINYACTCA OT
MOJICTIbHOW, TIPOUTPBIBasi B IIare TIUIOBIA, KOJNWUYECTBE MABMKCHUNM Ha OIMHAKOBBIX
pacCToOdHUAX U, YTO Hanbosee BaXHO, B TCXHUYCCKOM HCIIOJTHCHHUH rpe61<a.
2. YToMIeHHE CKENeTHBIX MBI TUIOBIA TPU TPOXOXKIACHUU COPEBHOBATEIHHOU
JUCTAHIUH OKa3bIBACT BJIMAHHNEC HAa KMHCMATHUYCCKUC IMOKA3aTCIIN, OMPCACIIAIOINE XapaKTEP
MepeMEeIICHNs] 3B€HbEB PYKHM OTHOCHUTENBHO APYr JApyra W moBepxHocTd Boabl. Ilo daszam
ABVKCHUA OTMCUAIOTCA CICAYIOIHNE CYIICCTBCHHBIC U3BMCHCHU S KUHCMATHUKU
e B (haze 3axBara KHUCThb HE pPa3BOpAUYMBACTCS JAJOHBIO KHApPYX U MU TEpSET OMOpy O
BCTPEUHBIM MOTOK; BPAIIATEIbHOTO IBMKEHUS MPEAIieubeM He MPOUCXOINT, U JOKOTh
OITYCKaeTCs KHU3Y;

. B (1)2136 NOATATUBAHUA OTMCHACTCS «IIPOBAJIMBAHUCY JIOKTA U CHUIKCHUC TATOBOI'0 YCHUIINA
rpe0yIieit pyku;

e B (ha3e OTTATKMUBAHUS MCYE3AIOT SHEPTUYHOE MPUBEICHUE U pa3ruOaHue mieda, a TaKkKe
MOIITHOE OTTAJIKWUBAHHE MPEIIUICYbeM H KUCTBIO OT BOJBI. B HEKOTOPBIX ciy4asx JaHHAs
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daza MOXET OTCYTCTBOBaTh BCIIEJCTBHE pAHHEr0 BBIHUMAHUS PYKH U3 BOIbI U
HEBO3MO>KHOCTH COBEPILIATH CUIIOBOE JIBUKECHUE;

B ¢aze BBIXO/Ia PYKH M3 BOJbI BCIEJICTBUE HE3aKOHUEHHOCTU Mpeablayieil (asel pyke
MPUXOJIUTCS TPEOA0JIEBATh 3HAYUTEIHHOE COMPOTUBICHUE BOJbI, M KaK CIEJCTBUE,
MOSIBJISIETCS MOMEHT TOPMOXKEHHUS;

B (haze mpoHoca pyKH HaJ BOJAOH IIEYO HE MOJHMUMAET JTOCTATOYHO BBICOKO JIOKOTH HAJ|
€e MOBEPXHOCTHIO, BCIEACTBHE YEro JOKOTh MPOXOJUT B CTOPOHE OT Tela U OIMYILEH
MOYTH JI0 YPOBHS KUCTH;

B (pa3e BX0/1a pYKHU B BOJY JIOKOTh HaXOJUTCSI MPAKTHUECKH HA OJIHOM YPOBHE C KHUCTHIO,
U TMPOUCXOIUT HE IUIABHOE BKJIAJBIBAHUE PYKH B OJHY «TOUYKY», a yIap KUCTbIO U
MPEeIIeYbeM O BOIY.

3AKIKOYEHMUE
Pabora BemonHeHa B pamkax 3amanHus 4.07 pasnmena «bwomexanmka» ['KITHA
«MexaHuKay.
CNUCOK NUTEPATYPbI

1. Boaxos, 4.A. Dh(heKTHBHOCTH TPEHUPOBOYHBIX CPEACTB IPH KOPPEKIMH MAapaMETPOB COPEBHOBATEIHHOM
JEeSITeIbHOCTA TUIOBLHOB pa3nmuyHoii kBamudukammu / J.A. Bonkxos, E.B. Jlumckmii // CO6. Hayd. Tp.
BHUU®K 2000 r. — M.: BHUHU®K, 2001. — C. 285-288.

2. Tunes, I'A. O peamu3auuy CKOPOCTHO-CHJIOBOTO NOTCHIMana B TPEOKOBBIX JBIDKEHUSX IUIOBHA /
I'.A. T'unes, U.I1. Paros, B.B. Bensier // Teopus u npaktuka (usmdeckoil kKynbTypbl. — 1985. — Ne 5. —
C.15-17.

3. [Tunes, I'A. DddexkTHBHOCTH NPOJBIKEHUS IUIOBLA B Kpousie Ha rpynu / [.A. I'mnes, B.B. Jlomonocos //
Teopus u npakTaka pusmdeckort KynbTypbl. — 1976. — Ne 12. — C. 10-11.

4. TInyxoe, B.W. VI3MeHeHNs TeXHUKH IUIaBaHus KpoJieMm pu yromiernn / B.W. I'myxoB // Teopus u mpakTrka
¢usmdeckoit KynmbTypsl. — 1979. — Ne 8. — C.15-17.

5. Hccypun, B.b. TlomBomHas KHWHEMAaTHWKa JBIDKCHHH © (a3oBBIf cocTaB TIpebka MpHW IUIaBaHUH /
B.B. Uccypun, F0.U. Koctiok // Teopus u npaktuka gusudeckoit KymsTypsl. — 1978. — Ne 9. — C. 13-15.

6. MHccypun, B.b. IlpocTpaHcTBeHHas KHHEMaTHKa rpeOka M IEpPEeHOC HaBbIKa B IUIABAHMM PA3JIMIHBIMU
cnocobamu / B.b. Uccypun, F0.U. Koctiok // Teopust u npakrtrka ¢puzndeckond KyabTypsl. — 1982, — Ne 5. —
C.15-17.

7. Hccypun, B.b. Ontumuzanysi NpOCTPAHCTBEHHOIO IOCTpoeHUsl rpedka npu maBanuu / B.b. Mccypun,
H0.U. KocTiok // Teopust u nipakTika pusudeckoit KyapTypsl. — 1984. — Ne 4, — C. 10-12.

8. Koamoeopos, C.B. T'napoaguHaMU4ecKie XapaKTEPUCTHKHU IUIOBIOB PA3IUYHOrO T0Ja U KBaupukaruu /
C.B. Konmoropos, O.A. Pymsanesa, C.B. Koiirepos // Teopus u npaktuka Gpu3nueckoil KyinbTypbl. — 1994,
—Ne9.-C.31-38.

9. Kocmiwox, FO.HM. CoBeplICHCTBOBAaHHWE CIIOPTHBHO-TEXHHYECKOTO MAacTepCTBa B IUIABAHMHM Ha OCHOBE
aHanM3a JABWKEHHH IUIOBLIOB M NepeHOca HaBbIKa: aBToped. muc. ... kaHx. mex. Hayk. / FO.M. Kocrtiok. —
Manaxoska: MOI'N®K, 1981. — 21 c.

10. Gautier, J. A kinematics study of finswimming at surface / J. Gautier, L. Baly, P.G. Zanone, B. Watier //
J. of Sports Science and Medicine. — 2003. — No. 3. — P. 91-95.

11. Vezos, N. Underwater stroke kinematics during breathing and breath-holding front crawl swimming /
N. Vezos, V. Gourgoulis, N. Aggeloussis, P. Kasimatis, C. Christoforidis, G. Mavromatis // J. of Sports
Science and Medicine. — 2007. — No. 6. — P. 58-62.

32

ISSN 1812-5123. Poccuiickuii )xypHai buomexanuku, 2009, tom 13, Ne 2 (44): 24-33



H3MmeHeHne KHHEMATUKH rpeGKa IpHU YTOMJICHUHN CKCJICTHBIX MBIIII]

CHANGE OF KINEMATICS OF THE STROKE AT EXHAUSTION OF
SKELETAL MUSCLES

K.K. Bondarenko, E.P. Lisaevich, S.V. Shilko, A.E. Bondarenko (Gomel, Belarus)

The purpose of the research consists in studying changes of kinematics parameters of
the stroke at swimming by the crawl on the breast, caused by exhaustion of the skeletal
muscles which produce the stroke movement of an arm. The sportsmen of 12—13 years having
qualification of the first sport category and the candidate in the master of sport took part in
experiment. On four pieces of a hundred-meter competitive distance, there were registered
duration and average speed of movement, quantity of the strokes, a step of the swimmer, and
duration of one stroke. According to abovewater and underwater video shootings, the
biomechanical analysis of the stroke movements in the phases and the cycles, including
determination of duration of phases and forms of a phase trajectory in joints was carried out.
Model parameters of articulate angles and changes of kinematic characteristics of the stroke
owing to exhaustion are determined.

Key words: model parameters of the stroke, phases of movement, angle of bending, elbow
and wrist joints, hydrodynamic resistance.
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