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AHOTAL[IA Y ctaTTi mIpeAcTaBICHNI CTATUCTUYHUM aHalli3 0i0-KiHEMaTHYHUX XapaKTEPHCTHK PYXiB CIIOPTCMEHa -
MeTaJbHUKa y (piHANBHIN (a3l BUITyCKy CIHCa, IO BIUIMBAIOTh Ha KiHIEBUH pe3yabTaT. PO3MIISHYTO B3a€EMHHMI BIUIMB
Ha pe3yibTaT CpoOM B METaHHI CIHCAa TaKWX MApaMeTpiB, SK IIBUIKICTH BHIBOTY CIIHCA, BHCOTA 1 KyT BHIIYCKY, a
TAKOXK KyT aTakd CIHHCY INOJ0 HAa0Irarodoro IOTOKY TMOBITPSA. JlOCHIIKEHHS MpPOBOAMINCH 33 pe3ylbTaTaMi
BiJleoaHai3y BHCTYIIIB METabHUKIB (iHamicTiB Uemmionaty Ykpaiau 2012 poky.

Knroueewie cnosa: xoeghiyienm oemepminayii, koperayis, iomexaniyHull pakmop, OOMiHYIOUUL 8NIUE, BIOCOAHAI3.

AHHOTAILIHA B cratbe TpeACTaBiICH CTATHCTHYECKHH aHANN3 OMO-KMHEMATHYECKHX XapaKTepPHCTHK IBIKCHUH
CIOPTCMEHA — KOMbEMeTaTeNsl B (PUHAIBHOH (ha3e BBITYCKa KOIbS, BIMSIONIMX Ha KOHEUHBIH pe3ynbTaT. PaccMorpeHo
B3aMMHOE BJIMSHHIE Ha PE3yAbTAT MOMBITKA B METAHUH KOIbS TAKHUX IapaMeTPOB, KAK CKOPOCTh BBIJIETA KOIIBSI, BHICOTA
W Yrol BBINYCKAa, a TaKKE Yrojl aTakh KOIbS OTHOCHTENHbHO HAOEraroliero mMmoToka Bo3ayxa. lccmemoBanus
MIPOBOIIIIKCH TI0 pe3yiIbTaTaM BHICOAHANIN3a BEICTYIUICHUH KonbeMmeTaTenel punammcroB Yemmuonata Ykpauasr 2012
roja.

Knrouesvie cnosa: kosgpgpuyuenm oemepmunayuu, Koppeisyus, OUoMexanuieckull axmop, OoOMUHupyouee eusHue,
8UOCOAHANUS3.

STATISTICAL ANALYSIS DEGREE OF IMPACT KINEMATIC PARAMETERS
MOVEMENTS ON SPORTS RESULT FOR JAVELIN THROWER
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ABSTRACT The article presents data kinematic studies in the javelin, which provide information about the parameters
of javelin movements just before the output of sports spears in the final phase of the takeoff. The studies were conducted
on the results of the video analysis of competitions between spear throwers, finalists of Ukrainian Championship 2012
in track and field. There is described impact the biomechanical characteristics on the athletic performance in the
Jjavelin. Namely, the absolute initial velocity of output, output angle, angle of attack, height of output of a spear.
Presents objective of this study - to confirm that the dominant impact on the end result of an attempt is speed of output
of the spears, as well as to determine the degree of mutual impact of factors such as departure angle, angle of attack
relative to the oncoming airflow spear and height of output of spears an athlete. This article describes the results of a
statistical analysis between results of competitions and kinematic parameters in the form of a matrix of pair correlation
coefficients, the results of which selected biomechanical factor with a dominant impact on the final result of an attempt.

Keywords: coefficient of determination, correlation, biomechanical factors, the dominant impact, video analysis.

BBenenne KOHEYHBIM pe3yJNbTaTOM JTOHW MOMBITKH [1].

CoBpeMeHHBIC HCCIICIOBAaHUA B 00JIACTH [TomoOHBIE TPOOIEMBI  pEmIAlOTCI  TOIBKO €
OMOMEXaHWKH CIOpTa B IEJIOM HamnpaBieHbl Ha MOMOIIBIO  KOMIUIEKCHBIX ~ OKCIEPHUMEHTATHHO-
MOUCK 3aKOHOMEPHOCTEN MEXTy TEOPETUYECKUX  UCCICOBAHUM, TO3BOJSIONINX
KHHEMATHYCCKUMH  TapaMeTpaMH  JIBUKCHUI OTNPEICINTh, KAaKOW W3 JBHUTaTENbHBIX (HaKTOPOB
CIIOPTCMEHA,  BBINONHSIONIETO  TOMBITKY, U uMeeT HauOonblliee MOJOKHUTEIFHOE BIHSHUE, a
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TaKke KaKoe B3aMMHOE BJIHMSHHUE OHH OKAa3bIBAIOT.
JlaHHBIE  KMHEMATHYECKHX  HCCIEJOBAaHMHA B
METaHUHM KOMbsI MPEAOCTABISIIOT HHPOPMAIHIO O
napamerpax JBYDKEHUH KOIIbEMETaTeN
HEMOCPEACTBEHHO MEPEA BBITYCKOM CIIOPTHBHOIO
cHapspa B (uHampHOM ¢ase paszbera [1].
CHopTUBHBIA ~ pe3ynbTaT B METaHHH  KOIbS
(TaTbHOCTH TOMBITKU) OIpPENENsieTCs B OCHOBHOM
OMOMEXaHNYEeCKIMH XapaKTEPUCTHKAMHU, KOTOpHIC
cmocobeH peann3oBaTh CHOPTCMEH, a HMEHHO:
aOCOMIOTHOW HAyalbHOW CKOPOCTBIO  BBIJIETA,
VIJIOM BBUIETa, YIJIOM aTakd, BBICOTOH BBINTyCKa
Komb4 [1, 4].

AOCONIOTHYIO CKOPOCTH KONbS B MOMEHT
€ro BBIMYCKa TNPUHATO CUUTaTh OCHOBHOMU
OrOMeXaHU4eCKON XapaKTEePUCTUKOU npu
METaHUHM, KOTOpasi OKas3blBaeT HauOoJjbliee
BIMSIHHE Ha KOHEUHBIH pe3yabTaT IOMBITKH.
Beicora BBIITyCKa KOIIbSI pUOINKEHHO
YBEIMYMBAET WJIM YMEHBIIAET AaIbHOCTh IMONETA
CHapAJa COOTBETCTBEHHO Ha BEINYHHY €€
YBEIMYEHHS] WM YMEHBIIEHUA. YTOIl BBLIETA
BbIOMpaercs Kak Haubojee palMoOHAJIbHBIA B
npenenax 35-39 rpagycoB K FOPHU30HTY C YUETOM
yrna aTakd U CHUJIbl CONPOTUBIIEHHS BO3IyXa.
Teopernuecku MaKCHUMaJIbHBIN pe3ynbTaT
BO3MOXEH, KOTJIa yron Beutera paBeH 45°. OnHako
B CWIy AaHTPOIOMETPHYECKHX OCOOEHHOCTEH
MeTaTenell o0ecmednTh TaKoM yroys mpu Ipyrux
MaKCUMaJbHO 3P (EKTHBHBIX MapamMerpax BbLIETa
CHapsiia HEBO3MOXHO. I[lo3TOMy Kakaplil atier
WHTYUTHBHO TIOAOHMpAaeT ImapaMeTpbl  CBOEro
(UHATBHOTO [BM)KEHHUSI BIUIOTH [0 MOMEHTa
BBIITyCKa cHapsaa [1, 4].

Hens padoTsI

Lens JIAHHOTO HCCIICIOBAHUS -
MOATBEPAUTh (AKT JOMUHHPYIONIETO BIUSHUS
CKOPOCTH BBITyCKA CHapsAja Ha  KOHCYHBIH
pe3yNbTaT TOMBITKH, & TaKkKe BBISBUTH CTCICHb
B3aMMHOTO BJHMSHUS TakuX (aKkTOpoB, Kak
CKOPOCTh BBIJIETA, YTOJ BBLIETA, YTON aTaKH KOIbS
OTHOCHTEIBHO HA0Eraromiero MoToKa W BBICOTHI
BBIMTYCKA KOMbSl aTIeTOM. bBbUTH  TPOBEICHBI
KHHEMATUYCCKHE HCCIICTOBAHHUS
OMOMEXaHUYeCKHX TapaMeTpOB BBUIETA KOIbS
Cpenu CHOPTCMEHOB — Y4YacTHHKOB (MHaAna B
METaHUM  KOMbsi BO  BpeMs  TPOBEICHUS
Yemmnnonata Ykpauasl 2012 mo Jerkoil aTieTnke
MO pe3yibTaTaM BHUJICOCHEMOK CO CKOPOCTBHIO
cbeMkr 80 K/cek. BBIYHCICHHS BBITOIHSINCH C
WCTIOJIb30BAHUEM MPOrPaMM BEKTOPHOM IrpauKu 1
METO/Ia  MPOMOPIUOHANBHOCTH  TOCPEACTBOM
cpaBHEHUS TpadUUecKuX U (PU3UIECKUX pa3MepOB
periepa — B JaHHOM citydae Kombsi. C 3Toil 1enbro
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WCIONBh30BANIaCh AJEKTpoHHHAs Tabmuia Excell
(Tabm.1):

Tabmuma 1 — Beiuncnenue peanbHBIX
paccrosHui u ko3 unmenHTa mepecyera
Jmuna Bricora | IIponer
KOTIbSI BEIMYCKA | KOMbS
s s | 2 s | 2| s o
= S| = S| 5| 8 =
U 3, o 3, o 3, SO . B $ .
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88,91 2600 (61,7 1804 | 38 (1111 12,5 3 29,6/29,3
JlaHHbIE  KMHEMaTHYECKUX  BBIYMCICHHUI

3aHOCHIINCE B 1, 3, 5, 7 1 8 siuciikm.

Puc. 1 - Ilpumep

npeocmasienus
KUHeMamu4eckou uHgopmayuu o napamempax
8bLIeMa KONwvs

B 4 u 9 sueiikax ObTH TONYYeHBI BBICOTA
BBIITYCKAa U CKOPOCTh BbLIETA KOMbS [4].

Ha puc.1 TpeCcTaBIeH puMep
IpEACTaBJIEHUs] KUHEMaTHuecKoil mHpopManuu B

OMHOM W3 TIOMBITOK OJHOIO U3 aTIeTOB —
ydgacTHUKOB (uHama. PesympTaThl mpoTOKONa
COPEBHOBAHWHA W  TONYYEHHBIE  PE3yIbTaThl

KMHEMATHYeCKUX BBIYMCICHUH 3aHOCWINCH B
TaOJIUIly KaK dKCTIepUMEHTaIbHbIE (hakTophI [4].

10

ISSN 2079.5459




BICHUK HTY «XIII» Nel4 (1123) 2015

CEPIA: "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

Tabnuua 2 — DkcepuMeHTaIbHbIE (HaKTOPEI

CropocTb ¥ron ¥roaatakd| Beicotra |JanbHOCTH
V(m/c) BbLIeTAa o, (rpag) | BBINVCKaA S(M) ¥
X1 U, (Tpag) X2 X3 H(m) x4
202 31.5 7 1.88 83.03
28.58 36.2 3 1.79 82.91
29.36 331 72 1.83 79.67
29.29 353 5.6 1.84 84.58
2925 356 5.8 1.8 84.87
259 396 1.7 2.11 68.4
25.76 40.3 6 197 70.61
2523 414 12 2.06 68.96
2561 36.1 54 206 62.25
26.64 40.7 13.6 202 69.05
27.81 335 14 194 68.29
26.36 35.1 5.8 1.9 70.61
26.54 37 T4 2 68.45
26.64 352 6.9 191 68.67
27.25 352 71 1.86 74 88
27.42 37.6 6.9 1.84 75.05
26.64 35 8.2 195 69.79
26.55 334 35 197 711
2797 36 6.9 195 78
285 341 54 199 77.63
27.34 355 7 201 75.45
244 395 0.6 1.84 73.16
23.68 38.5 8.1 199 55.75
24 .41 37.8 9.8 2.06 59.95
23.76 399 76 209 56.5
24.7 423 6.8 224 57.09
23 .98 37.2 12 2.11 56.97
2598 403 72 2.15 61.52
27.83 353 13 1.83 81.87

Ha rpaduxax, mpuBeneHHBIX B pUCYHKaX 2—

5 MpeAcTaBlIeHbl 3aBUCUMOCTH Pe3yIbTHPYIOLIEH
nmepeMeHHONH S (MambHOCTH TONIETa KOIbS) OT
onpenesomux GakTopoB — Ha4aIbHONW CKOPOCTH
BbUIETAa V, yIJla BBUIETA OV, yIJIa aTakd o0a H
BBICOTBI  BhIMycka H.  OkcrnepuMeHTanbHbIE
3HA4YEHUs MIPEACTaBICHB TOUKAMHU.

90
S.m
g0
70
60
50
23 24 25 26 27 28 29 30
V, m/sec

90
5.m
80
70
60
50
30 32 34 36 38 10 1 11 Oy
Puc. 3 - 3asucumocme danvrocmu norema
om yana evinema S(ow)
90
S.m
80
70
60
50
0 5 10 Ga. rpaz 15
Puc. 4 - 3asucumocme danvrocmu norema
om yena amaxu S(oa)
20
S, m
80
70
60
50
1.7 1.8 1.9 2 2.1 22 Hym
Puc. 5 - 3asucumocme danvrocmu norema
om gvicomsl gvinycka S(H)
B TepBOM MPHOIKEHUT MOYKHO
JIOITyCTHUTb, qTo TapHbIe 3aBUCUMOCTH

PE3YNBTUPYIOUIEH NEPEMEHHON OT KaXIOro u3
(hakTopoB — nuHEIHBIE [2].

XapaKTepH3yeTCs

CreneHp TUHEWHON 3aBUCHMOCTH (PakTOpOB
KOPPEISILUOHHOW — MaTpuLen

MepeMeHHbIX [2, 3].

Puc. 2 - 3asucumocms danvrocmu noiema om

ckopocmu evliema S(v)

Ha ocHOBaHWW MaTpUIIBI UCXOTHBIX JAaHHBIX — (B
IampbHEHIIeM Matpuiia X C JJIeMEHTaMH Xij -
tabnuua 3) pasmepHoctn =29 k=5, rame xij. —
3HAauUeHHWE j-TO TOKa3aTelsl y 1-T0 HaOIIomeHus

(i =Lmj :l,k) BBIUKMCIIAETCS MATPUIlA [EHTPUPO-

ISSN 2079.5459

11



BaHHBIX HOPMHPOBAaHHBIX 3HAYCHHMI Z C DIIEMEH-

Xy —X;
Zp =
K
TaMH, J
_ | 1 "( — )2
X _;Exi S; = n—lgl Xy =X
rae = = (1)
X5Xy5eeusX)

371€Ch CpeIHHE 3HAYCHUS
rmokasateneil  (ctonmOmoB), a Tarke sl, ..., sk -
BBIOOPOYHBIE JUCIIEPCUH CTOJIOIOB.

PesynpraTel pacuera mapHBIX KOI(PPHUITUEHTOB
KOppENsIuy npeAcTaBieHsl B Taom. 3.

Tabnuna 3 - Martpuia MapHBIX
KO3 UITMEHTOB Koppemsiimn R

\% oy o, H S
A% 1 -0.684 | -0.066 -0.67 0.897
a, | -0.684 1 -0.079 0.602 | -0.564
a, | -0.066 | -0.079 1 0.233 | -0.364
H | -0.67 0.602 0.233 1 -0.806
S | 0.897 [ -0.564 | -0.364 | -0.806 1

Hawnbonee Onmu3kas K JTUHEHHOU
HaOII0aeTcsl 3aBHCUMOCTh MEXAY AajbHOCTBIO
ToJieTa U CKOpOCThIO BhIIeTa Kombs (0.897), yriiom
Bbuteta W BhicoTod (0.602). CkopocTh BBUIIETA U
BBICOTA, CKOPOCTH BBIJIETA U YIOJ BBIJIETA CBA3AHEI
3aBUCHMOCTSMHU, ONMM3KUMH K 0o0paTHO
IpoNoOpUHOHaNbHOU. B cBO ouepenb, CBs3U
MEXKAY CKOPOCTBIO M YIJIOM aTaKH, YIJIOM aTakd U
YIJIOM BBUIETA MIPAKTUYECKH OTCYTCTBYIOT.

Ucxons w3 mapHbIX 3aBUCHMOCTEH puc.l —
puc. 4, MaTeMaTHYECKYIO MOJENb JaHHBIX CIEoyeT
CTpOMTH B  KJacce JIMHEHHBIX  Monenei
MHO>XECTBEHHOU perpeccud [2, 3].

B cumy BBICOKOM KOppemsiquu MexAy
¢dakropamu (V- av), (V-H), (H- av), Bo3MoxxHO
SIBIICHUE MYJIbTUKOIDTHHEAPHOCTH (haKkTOpoB. [2]

TectupoBanue MyJIbTHKOJTIMHEAPHOCTH

Bremuucngercs  HaOmromaemMoe  3HaYeHHE
kputepus £ ’
;(fz—[n—l—;(2p+5)]lnR- 3)

rae n=29; p=4-1n‘R

MaTpULbl KOPPEISLUH.

- jorapudM ONpPEICITHTENS
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2
[lo Tabnuile KPUTHYECKHX TOuek A

2 2
OTNPEACIUTh ;(,f,.(a,ln(n—l))- Ecu 4n = Xer | 10

B MaccHBe X MOKET CYIIECTBOBATh MYJIbTHKOIIU-
HeapHOCTh [2, 3]. YpOoBeHb 3HAUYMMOCTH MPUHAT
a=0.05.

Pe3ynbraTel pacueros:

Z, =105.1 > »2(0.05, ;29(29 ~1))=79,1-

[lockonpky MaTpHlla 3KCIEPUMEHTAIBHBIX
JaHHBIX OKa3ajlach MYJIbTHKOJUIMHEapHa, TO H
pErpeccHoHHasl MOJENb [JODKHA CTPOHTBCS C
y4eToM J3TOro sBieHus. Jlna moctpoeHus
pErpeCCHOHHOM MOJIENH c Y4ETOM
MYJBTHKOJUIMHEAPHOCTH JaHHBIX HCIONIB3yeTcs
aNropuT™, NPEANONararolliuil IMOCIEA0BATEIBHOE
HapalyBaHUe B MOJAEIN 3aBHCHMBIX MEPEMEHHBIX
TakuM 00pa3oM, 4YTOOBI TOYHOCTH MOAEIH TpPH
stoM Bospactana [10, 60, 103]. Ilopsmok
MTOCTPOEHUS MOZENH CIEAYIOIIHNA:

1 Cr Y, :6’0+z91xj.”

. CTponm mapHsIe perpeccuu , Tae
i- HoMmep crombma matpunsl X. s Kaxmoi
MapHOW perpeccuyd BBIYHCISEM KO3 PHUIHUEHT

JACTCPMUHAIIM: Ri=1- ‘Si , “4)
S2
y
1 =» _ n
e §2=——$(y,-5) y=1%y, ©)
n—1it ni=1

2. Ot6upaeMm Ty mepeMeHHy0 X @ s KOTOpOU
OH HanOOJIBIINH.

3. CTpouM ypaBHEHMsi perpeccuii mis X “

KaXKJIOU OCTaBIIEHCSA
_ (i) (k)
Y, =6,+60x +0,x;

MEePEMEHHOM:

,rz[ekzl’p’ k;ﬁj (6)

s xaxgod — perpeccud  BBIYUCISIEM
kodpdumuent perepmuHarmm. OtOupaem Ty

nepeMennyo X @ IUTE KOTOPOW OH HAWOOJBIIHH.
Ecim koaddummenT nerepMuHANNA TPOAOIIKAET
pactu, TO MpOLEcC MPOAOJIKAECTCS C HOBBIMH
nepeMeHHbIMU. Ecium Her, TO oOCTaBiIsieM TO
KOJIMYECTBO IIEPEMEHHBIX, KOTOPOE JOCTUTHYTO.

PesynpTaThl  pacyeToB ¢ pa3HBIMHU
TIepEeMEHHBIMHA TTPUBEIEHBI B Ta0MHIax 4-6.
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Tabnuua 4 - Perpeccuu ¢ onHON TepeMeHHOM

Uncn. 3HaW. Kood. metepn.,
Bun zasuc. K0P, JIHCTIepCHA
perpeccHH OCTATKOB
s -4 © —-40.78 R’=0.805 Maxc
;=6 +6y; = 453 52 =14.93 CBA3D
5, =6,+6,a," 136.7 R?=0.318
Buj 178 S7 =52.093
perpec _ 0] _
e | S =0 t0a] _ 712 ?11-70.133
-097 52 =66.242
5, =g+6H"| 1906 R2=0.650
-60.9.78 S2 =26.747

Tabmuua 5 - Perpeccuu ¢ 1ByMs iepeMeHHBIMH

BHT 33BHCHMOCTH ;{i’gg; ]fﬂe;ili:ﬂ;ié
g S=oood | INT,
S, =6,+ Hlvf) +0,- [® Sfjlio;.lgg

Tabnuua 6. - Perpeccuu ¢ Tpemst nepeMeHHbIMU

B 3aBHCHMOCTH Koot ;(eTepM@.._
JHCTIEPCHA OCTATKOB
S, =6,+6p"+6,-af +6, al’ R2=0.890
Bux 52 =8.039
perpe
. . . = Makc.
cam | § =6, +Hlv§3 +0,-a? +o, .HJI(J 1} 0.895 p—
S2=8.028
HawnGompmass BenmmumHa K03 Punmenta

nerepmuHaru  (0.895) COOTBETCTBYeT TONHOM
perpeccun. JlaHHOe ypaBHEHHE C YHCICHHBIMH
3HAYSHHUSIMHA KO3 (HUIIEHTOB NMEET BHI;

Steop.=7.684+3.788V+0.4060a-0.6120v-24.764H  (7)

BeimonHenHass — mpoBepka  3HAUHMOCTH
KOd(pPUIHEHTA ETEPMUHANINN U KOI(PPHUIHMEHTOB
perpeccnoHHOi Momenu [2, 4] moATBepIMiia HX
3Ha4uMOCTh npu & = 0.05,

[IporHo3sHoe 3HauYeHHE PE3YIBTUPYIOLICH
MIEPEeMEHHONM IpU  yBEJIWYEHUH  3aBUCHUMBIX
MEPEeMEHHBIX Ha OAMH LIar MOXeT ObITh HalAeHO
o popmymne[4]:

A

Snpaauox - S pacu * h : (8)
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e hzz't(%’n_p)\/?j'\/@. )

t- KBAaHTUJIb pacuopCaAciaCHus1 CTBIO)ICHTa.

BriBoABI

1. ITo pe3yapTaTaM CTaTHCTHYECKOI'O aHAIN3A OBLI
BBIOpaH OmoMexaHU4IeCKUu i (dakrop c
MOMUHUPYIOIIMM  BJIMSHAEM Ha  KOHEYHBIN
pe3ynbTaT  MONBITKK —  CKOPOCTh  BBUIETA
CIIOPTUBHOTO cHapsa (ko3 duuument koppenaunu
R=0,897, KO3 pUIHEHT JIETepMUHALINU
R2=0,805).

2. HCHOHIByS{ AHAITUTUYCCKUC BbIPAKCHUA I
OonpeaAcCiICHUs JaJIbHOCTH IIOoJICTa KOIIbs B
3aBHUCHUMOCTH oT B3aMMOCBA3aHHBIX
KHMHEMAaTUYCCKHUX napamMeTpoB 3BCHLCB TCla
MCTaTCIIsl, CKOPOCTH BBIIIYCKA KOIbsA, YyIjla H
BBICOTBI BBIITYCKA, C TIIOMOMIBIO ITOJTYUYCHHBIX
MATEMATHYCCKUX MOHGHeﬁ CTaHOBHUTCA
BO3MOKHBIM OIIPEACINTE U OTKOPPCKTHUPOBATH

OvOMexaHWYecKHe  MapaMeTpbl  C  IeIblo
YIIY4IIEHHS CTIOPTUBHOIO PE3yNbTaTa.
3.  PesympraTel  HccnenoOBaHMS — TO3BOJIAIOT

KOPPEKTUPOBATh TEXHUYECKHE KayecTBA C y4ETOM
(bu3nIecKuX JaHHBIX u BO3MOXKHOCTEH
CIIOPTCMEHOB.
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