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Caxkerak

V ucrpaxuBamy je yuaecTBoBaino 44 cryaeHra 3aBpiuHe roquHe dakysirera cropra U GU3MYKOT BacluTama y beorpaay, Koju ce paHuje
Hucy O0aBuin BecnameM (25+2 rogune), (81+8 kr) u (184+7 m). Micnutanuim cy Becnany AeceT Hellesba, TPU MyTa HeJeJbHO, Y IIKOJICKOM
BecnaykoM damity ca 12 cenehux mecra, Ha MUpHOj Boau. Ha TecTupamy HUje OWIIO CyrecTHja O HCIOJbaBatby CUIIe U Ty)KUHE 3aBeciiaja.
OcHOBHH TT0/a1H OeNieKeHH cy Ha BeciaaukoM eprometpy “KonrenT 2”. 3a Mepeme BapHjabiu 3aBeciaja KOpUIuTeH je nHerpyment “Fitro
power” dupme ,,Weba sport™, a 3a 06pay nogaraka nporpam ,,Software Expert 1.2 TIpaheno je 13 Onomexann4kux Baprjadiu 3aBeciaja.
Tecr ce cacTojao U3 ABa Mepema ca 3a1aTiM Op3rHaMa N3PaKEeHUM HHIUPEKTHO MPEeKo Mpoa3Hux BpeMeHa Ha 500 M, u To 2 Mus/500 M 1
1 mun 40 ¢/500 m y Tpajamby ox 30 ¢ (T3B. cTanmapaHe o6p3une 5.2m/c u 4.2m/c). J1o 3Ha4ajHe MPOMEHE J0IIUIO je KO CBUX MPEIUKTOPCKUX
Bapujabmnu. JlokaszaHo je 1a je Op3uHa Becnama 3HauajaH GpakTop npu o0ydaBamy TEXHHUKE Bechama. Kao 3aarak Becaaunma ModeTHHIMA
MOTOZIHH]E je 3aaBaTu Op3uHy, a He (peKkBeHIrjy 3aBecnaja. O ABa HUBOA YCIICIIHM]E je Kao 3a/1aTak JaBaTu Behin HUBO 3a1aTe Op3uHe.
O0yky Tpeba moueTn ca MarmbOM CTaHIapHOM Op3uHOM, a kKacHHuje npehu Ha Behy BpenHocT 3anare 6p3ute. Kox Bapujabnu cHare u cuie
3abenexeH je Hajehn Hampenak y ydemy ancolyTHUX BPEIHOCTH BapHjaliu 3aBeciaja, AOK Cy KOoe(hHIHjeHTH BapHjalije HaBeACHHX
BapHjabiu 3Ha4YajHO cMameHU. Pe3ynrary mokasyjy U [a je OfHOC aKTHBHE M MacuBHe (a3e  Jajbe 0CTa0 HEMOBOJbaH, IITO 3HAYM [
y4eHe PUTMA 3aXTeBa y’KH BPEMEHCKH MEPUOI.

Kmbyune peun: BECJIAILE / MOTOPHO YUEWE / PUTAM / ®PEKBEHIIUJA / BP3UHA / CUJIA / CHATA

YBOJ

Becname je cnoprcka rpaHa Koja ce Kapak- ¥ HbHXO0BA aHAJIN3a IIPYKajy NOBpaTHE HH(pOpMaLje
TEPUILIE pa3BQjeM U3JPXKJBUBOCTU IIpU ONTHUMAII- 0 CTamby BecCJiada (Batschi et al., 2002, Baudouin et
HOM yJlaramy CHare pasJIM4uTor uHreHsurera. [lpu- al., 2002; Celentano et al., 1974; Lu et al.,, 1992;
KyIUbamkhe IojlaTaka O BapHjabnama 3aBeciiaja, Kao Redgrave's, 1995). Texnuka Becnama U MeTOxE
HITO Cy OMOMEXaHWYKe, KHHEeMaTH4IKe, (PU3HOIIOIIKE, HEHE ONTHMHU3ALHU]€ NPEAMET Cy OHOMEXaHMYKHX
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HUCTpakWBarma y KOjUMa Ce TMPUMEHY]Y YITIaBHOM
CIIOXKECHE METOJIe. AHAJIN3a Pe3yaTara HCTPAKHBAbA
OMOMEXaHMYKUX BapHjadIu je jemaH o MpemyciioBa
ONTHUMH3AIIN]je Becllauke TexHuke. [lorpedHo je Hahm
CKJIaJIaH OJIHOC Mel)y pa3muuuTHM MOTOPHUM HaBH-
Kama, CBOjCTBUMA U CITOCOOHOCTHMA U OTKPHUTH pa3-
JTUIUTOCTH 3aKOHUTOCTHU OHOCA m3Melyy Bapujabmm,
Ha CBaKOj €Tald CIOPTCKOT ycaBpIllaBara Becia-
ga (Sanderson & Martindale, 1986; Fukunaga et al.,
1986; Celentano et al., 1974).

KoHCTpyKknMje pa3muuuTHX TpeHaxepa H
amapara, koju omoryhaBajy Momenupame Kapak-
Tepa Hampesama y IEeJIOM JUjarna3oHy KpeTama,
MIPENCTaB/hajy BaKaH KOpak y TMporecy OOyKe H
ycaBplllaBama Beclladyke TEXHUKE. HbuxoBom mpu-
MeHOM Tipahiele pesydararta y peaqHOM BpeMe-
Hy IpyXa MOTYRHOCT MpPEHU3HOT JO3Uparma Tpe-
HaXHOT onTepehema W onepaTnBHE KOPEKITHje TeX-
HUKE Becilama 3a BpeMe TpeHuHTa (Sanderson &
Martindale, 1986; Smith & Spinks, 1995; Torres
— Moreno, 2000).

bpojua ncrpaxmBama ykaszyjy na je Op3mHa
Becllarba 3HadajaH (DakTop mpu 00ydaBamy TEXHH-
Ke BeClama, a 300T HhEeHe 3aCTYIJCHOCTH KO ayTo-
pa y AocamanrmuM UCTpaKUBambUMa n3abpaHa je 3a
kputepujymcky Bapujadmy (Ilic et al., 1996).

Kana je omnoc Op3mHE ca AyXHHOM, (peK-
BEHIIMjOM M PUTMOM 3aBecliaja y MHTamy, TOCTOjH
OMINTA 3aKOHHUTOCT Ja ca moBchameM nyxkuHE U
¢dpexBeHIMje mona3u U 10 noBehama Op3uHe, anu
camo Jio onpehene rpanmiie, mocie Koje 01 u mnopesn
noBehama jeHOr O TUX MapaMeTpa Op3uHa omaja-
Jia, a jelaH OJ1 pa3jiora je KOOPIUHAIIN]CKO (PU3NIKU
JMMUT JIOKOMOTOPHOT arapara.

Bp3uHa OBOI IUKIMYHOT KpeTama KapakTe-
pHCTHYHA 32 BECllamhe Ce U3pauyHaBa Kao MPOM3BOJ
JIy’)KUHE 3aBeciiaja U beroBe (DpeKBEHIMje U3 dera
cienn Ja ucra Op3MHa MOXeE Jla ce TIOCTHTHE MpH
pa3nu4YuToj KOMOWHALMjU AyXKWHE U (DpPEKBEHIH]jC
3aBecnaja. [loBehawe nyxuHe 3aBecnaja yTude Ha
CcMambebhe (PEKBEHIIM]EC U 0OPHYTO, U3 Uera CJIeau Ja
ce MakchMajHa Op3uHa MOCTHKE MPH ONTHMAJHO]
KOMOWHAINjU Iy)KUHE U (PpeKBeHIIHje.

Ca mnosehameMm (pekBeHIMje 3aBeciaja Jio-
na3u 10 noehawa Bapujanuje y Op3WHH, 2 TUM U
1o nosehama ryouTaka Ha Op3WHM yYamIla, Tako JAa
ce oko 1,4% Op3une ryou npu dpexseniuju ox 20
3aBeciaja y MUHYTH, JOK Ce NpU (PEKBEHIHjU O]
40 3aBecinaja y MUHYTH Iyou 2,4% Op3uHe 4amiia.
Kao Baxkan ¢axrop ehUKaCHOCTH HAaBOJIH CE M O-
HOC Tpajama akTUBHE (a3e 3aBecliaja ca TpajambeM
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menor 3aBecnaja (Zatsiorsky & Yakunin, 1991;
Munanenoswuh, 2006).

Makcumanta (hpeKkBeHIIHja 3aBeciiaja koja J1o-
BOAM IO TIO3UTHBHOT yTHIaja Ha Op3WHY KpeTama
gaMmIia, Kao M Ha UCIIOJbEHY CHary je 37 3aBeciaja y
MmuHyTH. Takohe, muHeapHO MoBehame Op3uHE OT0-
Bapa MopacTy MCIOJbEHE CHare 10 HIBOa Op3uHE Off
4,5 M/c TITO ofIroBapa Mpoa3HoM BpeMeHy Ha 500 M
or oko 1 muH u 40 ¢ (Celentano et al., 1974).

ITpu Tpum Ha 2000 M, Tpeko Op3WHA U TIpoIIa3-
HUX BpeMeHa Ha cBakux 500 M, ka0 KJby4yHa Bpeme-
Ha 3a OfIpKaBame CTAOMITHOT CTara U yjeIHaYaBambe
TeMIa Mpyu MaKCUMalIHUM HarlopuMa, Kao M 3a MH-
HUMaJTHE EHEepreTcke TyOWTKe y3WMajy ce TIpo-
Ja3Ha BpeMeHa oa oko 1 muH u 40 c. I'panuuna
(hpekBeHIIHM]a TIPH YHjeM JajbeM MoBehamy HE Joa-
31 110 moBehama Op3nHe yamiia je 36 3aBeciaja y Mu-
ayTH (Kleshnev, 2008).

[Iparehn kmHEMaTHYKE TTapaMeTpe Ha JBa HU-
Boa onrtepehema, mpu 00ydaBamy TEXHHUKE BECIama,
yTBphEHO je 1a JTOHTUTYyIUHAIHE JUMEH3Hje HEMAjy
yTuIaja Ha yueme. HuBou onrepehema cy nedunu-
CaHM UHJIUPEKTHO MPEKO Mposia3Hux BpeMeHna Ha 500
M, TIpU 4eMy cy Takole kopumrheHa HaBelcHa Bpe-
mena (2 muH Ha 500 M 1 1 Mua u 40 ¢ Ha 500 M)
(Redgrave's, 1995).

[Ipema paHWjEM WCTpaKWBamkUMa, BPXYyH-
CKH BECJIa4¥ C€ He Pa3JIHKYjy O MIPOCEYHHX IO CIIO-
COOHOCTH Jla pa3BHjy BeNHKY cuiry Beh mo crioco0-
HOCTH JIa pa3BHjy BEJHKY CHary, a Behe BpeIHOCTH
WCIIOJbEHE CHare cy 3abenexeHe npu Behoj 3amaroj
Op3uHH, jep je cHara TUPEKTHO MPOTIOPLUOHATHA U3-
BPILEHOM pajy, a OOpHYTO MPOMOPLUOHAIHA BpeMe-
HY Yy KojeMm je pan usBpiueH (Zatsiorsky & Yakunin,
1991). Ananu3upameM 3aBeciiaja Py UCIOJbaBakby
cHare W Op3uHE J00WjeHa je TrpaHWYHA BPEIHOCT
Op3uHEe IpH K0joj ce He moBehaBa Op3nHa yamIia u 1o-
pen maseer nmosehaBama BpenHocTH cHare (Celentano
etal., 1974).

VYBUOM y JHTEpaTypy MOCAAANIBUX HCTpa-
xkuBama (Ili¢ et al., 1996; Lisiecki & Rychlewski,
1986) youaBa ce ma je 3aBeciaj mpu Behoj Op3m-
HH KOH3WUCTCHTHHUJH U J1a je KOCHHUITHjeHT MEXaHUY-
Ke €(QUKAaCHOCTH TpPH KOHTHHYHUPAHOM BECIAmby
Behn Hero kox Becnmama ca pazgenuma (Bompa et al.,
1990; Fukunaga et al., 1986). 300r Tora je Beciaun-
Ma TMTOYSTHHUITMMA TTOTOTHU]E 3aaBaTH Op3WHY, a HE
(hpekBeHIIH]Y 3aBeCiaja, IpU YeMy je 00Jbe Kao 3a1a-
Tak gatu Behn HUBO 3amare 6p3une (Pajkosuh, 2005).

Mehy3aBuCHOCT ¥ CTENeH KOH3UCTEHTHO-
CTH BapujadiyM TEeCTHpaH je yBOhemeM IIBa MOTOP-
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Ha 3a7aTka. 3a MPBU 3aJaTak y3eTa je arpoKchMa-
THBHA TpaHUIAa aepOOHOT Tpara Koja ce Koj Becia-
4ya Hajuemrhe jaBjba TIPH MPOJA3HOM BPEMEHY Of 2
MuH/500 M, ¢ 003UpOM Ha TO JIa OBO MPOJIA3HO Bpe-
Me KO/ Beciiaua TpejIcTaBlba TpaHUIly u3Mely pama
y 30HaMa MaJIoT U CPEIher HMHTEeH3UTETa UCIIO KOje
TPEHUHT OM MMao yTHIIA] Ha aepoOHe TpoIiece ca Be-
JTUKUM BapujadunmureToM. [pyru 3amarak on 1 MuH
u 40 ¢ ma 500 M pencTaBiba HUBO onTepeherma Koju
ce y3MMa Kao anpOKCHUMAaTHBHA TPaHUIAa aHAEPOOHOT
mpara, a Takol)e peIcTaBIba U CPEIbE PeraTHo Mmpo-
nmazHo Bpeme Ha 500 M xox Beciaya y BehuHm muc-
ruruiiHa. OBe BPeTHOCTH MPOJIa3HUX BpeMeHa YCKO
Cy Be3aHe 3a HHTCH3NUTET onrepehema, mpomyKInjy u
0be306eheme eHepruje y TOKy Beciauke TpKe Kao 1 3a
JIO3Upamke U MPOrpaMHupame HHTEH3UTETa BeKOama.
[IpeqmeTr wucTpakuBama y OBOM paay je ydeme
OCHOBHE TEXHHKE BecJara W YTHUIla] Ba HUBOA WH-
TEH3WTETa 3aJaTUX WHTCH3UTETa Becllama yuerma Ha
MIPOMEHE WCITUTHBAHUX OMOMEXaHWIKUX BapHjalIH
3aBecnaja. Llmib pana je ma ce ompenu y kojoj Op3u-
HU ¥ Yy KOM Mel)ycoOHOM OmHOCY BapHjadIu MOKpe-
Ta JIOKOMOTOPHH arapar TOKOM y4dema ce 00Jbe ajar-
THpa 1 yckiahyje epukacan 3aBeciiaj y KOHTHHYHpa-
HOM 3aBeCajy.

METO/ NCTPA’KUBAIBA

VY 0BOM HCTpaXkuBamy je TPUMEHEH CKcIie=
PUMEHTAIIHU METOJ, Ca jeIHOM TPYIOM, ca WHHIIU-
jaTHAUM ¥ (QUHATHUM MEpeHmeM U EeKCIIePUMEH-
TaTHUM (PaKTOPOM y BHIY Y4eHa OCHOBHE TEXHH-
K€ Becllama. 3a MPHUKYIUbalheé OCHOBHHX IOJATakKa
Ha WHUIMjATHOM M (UHAIHOM Mepewy MPUMEHCH
je Becnauku epromerap ,,Konmenr 27, a 3a Mepeme
Bapujaliii 3aBeciaja y pealHoM BPEMEHY, HHCTPY-
MeHT ,, Fitro power” dupme ,, Weba sport”, xoju je
COHJIOM ITOBE3aH 32 payyHap.

[Mpukas u oOpaxy nonaraka omoryhuo je co-
¢dTBepcku maket ,, Software Expert 1.27, ¢dupme
., Weba sport” (I'pyjuhi u cap., 1999).

HpOTOKOJ'I HCTPaAKHUBaAIbA

[IpBo, WM UHUIHjATTHO, MEPEH-E j& 00aBILEHO
O/IMax TI0 3aBPILIEHO] MHCTPYKTQXU M TO HA Becjad-
KOM €proMeTpy IPHIMKOM KOHTHHYHPAHOT n3Bolema
3aBecnaja. HakoH Tora mcnuTaHuim cy OWIM MOJ-
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BPTHYTH Y4€HY TEXHUKE BECIamba y MIKOJICKOM YaM-
my tuna ,['amuja”, ca aqBaHaecT cenehmx Mecra, Ha
MHpPHO] BOAM. YUCHE TEXHHWKE BEClIarba je Tpajajio
JleceT Henesba 10 TPW Yaca, KOJHMKO Tpaje W Meproj
o0yke TeXHHUKE BecJama TOKOM JIETHET ceMecTpa Ha
dakynTeTy criopTa u (PU3WIKOT BacHuTama y beo-
rpamy.

OUHATHO Mepeme je H3BPIIEHO OaMax IIo
3aBpIIETKy TporpaMa yuema. EkcrepuMmeHTaimHa
TporieTypa je Ora HaeHTHIHA Y MHUITH]aTHOM U (hH-
HaJTHOM Mepemy. Mcnuranumuma arje Ouo cyrepu-
CaHO KaKBY AUCTPUOYITH]Y CHJIC U Ty KUHE 3aBeciiaja
na yrotpede. Tect ce cacTojao U3 1Ba Mepema ca 3a-
natuM Op3WHaMa Beciama, HHIUPEKTHO MPEKO Mpo-
na3nux BpemeHa Ha 500 m. IIpBu 3ajaTak uMa mpo-
nmaszao Bpeme ox 2 mun/500 M, a mpyru 3amartak of |
muH 1 40 ¢/500 M, y Tpajamy ox 30 c.

3a 30 cexyHau UcCOUTaHULM cy Bpmiau 10
no 15 3aBecnaja. HaBeneHo Tpajame cBakor 3ajaar-
Ka TpeJIcTaBJha KOMIIPOMUC m3Mel)y 1oBOJBHOT Opoja
3aBeciaja M yTuuaja (pakTopa Koju HapyllaBajy cTa-
OMJIHOCT CIOPTCKE TEXHHKE, Kao IITO CY 3amop,
cnaba Qu3MyYKa TPUNPEMIBEHOCT W YTHLAj] TICH-
XOJIOWIKUX (paKTopa, Kao INTO Cy KOHIICHTpaluja,
MotuBanja u ciuyHo (Steinacker & Secher, 1993;
Schmidt, 1990). Ilay3e u3mel)y 3agaraka cy Tpajaie
15-20 ¢ u 7OBOJBHE Cy 3@ MOTITYH OMOPaBaK 3a HOBH
3amarak. Y TOKy Mepema jedaH Mepuiall je CTajao
MOpe/l NCTIUTAaHWKA U PETHCTPOBAO yia3aK Y PeKUM
3amaror onrepehema y TOKYy Beclama, 0K je IIpy-
M Ha 3HaK NPBOT CTAPTOBAO CHHUMame (M BPIIHO
aKTUBU3aIMjy MojjaTaka Ha padyHapy). CHUMame Te-
CTHpaHUX BapHjabiy 3aBeciaja OMiIo je 3amoueTo 1o
yCIIOCTaBJbalkby KOHCTaHTHE 3aaare BpenHoctu (O
Neill, 2003).

Y30pak ucnuTaHuKa

ExcniepuMmeHT je peanu3oBaH Ha y30pKy ox 44
cTyAeHTa yeTBpre rogune Paxynrera criopra u Gpu-
3WYKOT BacnuTama y beorpany, 6e3 mpeTxoaHor Bec-
JIAYKOT UCKYCTBa, MPOCEYHE CTapOCTH of 25,442 ro-
JIMHE, TIPOCEUHE TeJecHe Mace 81£8 Kr u mpocedHe
TenecHe BucuHe on1 184+7 M.

Y3opak Bapujatiu

bynyhu na ce rpanuia aepoOHOr mpara, rpa-
Huna mMely paga y 3oHamMa Major M Cpeamer MH-
TEH3UTETa, KOJ Beciiadya Hajuemrhe jaBjba MpH MpPO-
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JmasHoM BpeMmeHy o 2 muH/500 M, TO TpemcTaBiba
anpOKCUMAaTUBHY TpaHUIly aepoOHor mpara. [Ipomnas-
HO BpeMme ox 1 mua 1 40 ¢/500 M ipencTaBiba anmpok-
CHMaTUBHY TPaHUIy aHAepOOHOT Tpara Koj BehuHe
Becnaua (O’ Neill, 2003).

C o03upoM Ha 3Ha4Yaj HABEIACHUX BPEIHOCTH,
3ajare Op3uHe Cy OMjIe YIpaBo y HaBEICHOM OIICETy
Kao KpUTEpHjyMcKe BapHjaoie.

VY KOHTEKCTy MPEIUKTOPCKUX Bapwjabiu, wmc-
TpPaXWBauW Cy y MPOIIJIOCTH HA pa3He HauWHE Me-
puH Bapujabie 3aBeciaja, y YaMily, Ha BHJBYIIIIIH,
Tpeyaru, pykoxsarty, jomatu, eprometpy (I'pyjuh u
cap., 1999; Tombau, 1965; Lu et al., 1992). Behn
0poj mcroBpemeHo mpaheHUX BapHjadnm 3aBeciaja
omoryhaBa 0oJsbe carnenaBame BUXOBOT Meh)ycoOHOT
OTHOCA W 3aBHUCHOCTH, Ka0 M caMmor ()eHOMeHa MO-
TOPHOT y4Yema W WCTE pajyl JIaKmier Kopuimhema
MehyHapomaHe mureparype omhe qomaTtHo odenekeHe
CTaHAapIHUM cKpaheHnIama. Y 0BOM HCTPaKHUBAY
je mpaheno 13 Bapmjabmm 3aBecnaja. YUetupu cy
BpEeMEHCKe: Tpajarbe akTHBHE (ase 3aBecnaja (act
time), Tpajame macuBHe (aze 3aBecnaja (pas time),
putaMm (ratio), QpekBeHIja 3aBecnaja (frq), Tph
Cy BapHjabiie cHare: cHara 3a BpeMe KOMILICTHOT
3aBecnaja (power avr t), cHara 3a BpeMe aKTHBHE
¢daze 3aBecnaja (power avr a), MaKCUMaJHa CHara
(power peak), Tpu cy Bapujadie cuie: cuia 3a Bpe-
Me KOMIUIETHOT 3aBechiaja (force avr ), cuna 3a Bpe-
Me akTuBHE (ba3ze 3aBecrnaja (force avr a), MakCuMa-
Ha cuna (force peak), mBe Op3UHCKE: OCTBapeHA MPO-
ceyHa Op3WHA pyKoxXBaTa 3a BpeMe akTHBHE ¢ase
3aBecnaja (speed avr a), ocTBapeHa MaKCHUMaTHA
Op3uHa pykoxBaTa 3a BpeMe akTUBHE (Da3e 3aBeciaja
(speed peak) n jemna mpocTtopHa - ipehern myT py-
KoxBaTa (stroke length).

CraTucTHuka aHajau3a

3Ha4YajHOCT pa3JiMKa TECTUpPaHa je JABOCMeEp-
HUM T-TecToM 3a 3aBUCHE y30pKE.

PE3VJIITATU U TIUCKYCHJA

[Ton yTumajeM eKcrepuMEHTaTHOr (akTo-
pa, y GUHAIHOM Mepemy, JIOLUIO je 0 CTaTUCTUUKU
3HAYajHUX MPOMEHA BPEIHOCTU CBHX TPUHAECT Te-
CTHpaHUX Bapwjaliin 3aBeciaja.
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Bpemencke Bapujaoie

Y ¢uHANTHOM Mepemy KOA BpPEMEHCKHX
Bapujabiu jonuio je 70 moBehama BpPEIHOCTH
KoA Bapujabie Tpajarbe akTUBHE (Qasze 3aBeciaja
u Bapujabie Tpajame macuBHe (asze 3aBeciaja, a
JI0 CMamelka KOoji Bapujadlic puTam U Bapujadie
(dpexBeniyja 3aBecinaja. Ca mosehameM 3aiare Op3u-
HE JIONUIO je JIO CMamCHha Tpajamba aKTHBHE (ase
3aBeciiaja ¥ Tpajama nacuBHe (pasze 3aBeciiaja, JIOK je
KOJI BapHjaliu putam U (GpeKBEeHIIMja 3aBeciaja Jo-
uuio o nosehama.

Tpajame akTuBHe ¢aze 3aBeciiaja

AxTtuBHa (paza 3aBeciaja je y JUPEKTHO] BE3H ca
MacuBHOM (ha30M U UCTIOJbAaBAEM CHIIC Ha PYyKOXBa-
Ty Becna. Y (UHAIHOM MEpemy BPEIHOCT Tpajamba
akTuBHe (aze 3aBecnaja je moBehana kox oba 3aaar-
Ka JIOK je ca moBehamem 3amare Op3uHE JONLIO 10
cMamema (epaghuxon 1).

I'paduxon 1. I[lpuxa3 Ttpajama aKTHBHE
(haze 3aBecnaja Ha MHUIMjATHOM U (pUHAITHOM
Mepewy, MpU ABE 3aJaTe BPEIHOCTH Op3uHE

3aBeclaja
1100
1050 —
1000 bum. -
[=ROTHIETIE
t{ms) 950 B finalno

900

850

800

3ajarak 2 muH, | Mmun 40c

zadatak 2 min, 1 min 40 s

Bpeme Tpajama akTuBHE (pase Mpu perarHoj
Op3uHM U PpekBeHIHjU 071 34,4 3aB/MHH U3HOCH OKO
700 mc (PajroBuh, 2005). IIpubnmxaBame BpeIHO-
CTH WCHHWTAaHWKA HABEJCHUM BPEIHOCTHMA YKa3yje
na je Beha Op3uHa of1 1Be 3a/1aTe TIOTO/IHT]a Kao 3a]1a-
TakK 3a ycBajame oBe Bapujabie 3aBecnaja (Ilic et al.,
1996; Unuh n Bacusses, 2003; Pajkosuh, 2005). C
003upoM Ha TO Ja je Op3uHa Ouiia 3agara BPEIHOCT
(xoHCcTaHTHA), moBehame npelenor myrta u nosehame
UCTIOJbEHE CHAre U CUJIE y3 HUCTOBPEMEHO CMabCHE
Tpajama akTHBHE (haze 3aBecnaja noTephyjy ycrnem-
HOCT TEXHUYKOT' U3BOlema Koju ce m3Mel)y ocrajor
olLemYyje U MTo KpahuM BpeMeHOM Tpajama MOKpeTa
(Schmidt, 1990).
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V pannjum uctpakuBamuma (Smith & Spinks,
1995), zabenexena je u 3HadajHa mmoe3aHocT (r=-0,73,
p <0,01) u3mehy omHOCa Tpajama akTUBHE (a3e 3aBe-
cllaja ¥ YKyIHOT Tpajama 3aBeciaja. OBaj OQHOC yKa-
3yje Ha TO Jia JI¥ je AomuIo 10 moBeharma euKacCHOCTH
3aBecJiaja MoJ] yTHIAjeM eKCIIePUMEHTAITHOT (haKTopa.

I'padguxon 2. Ilpuka3z ogHoca Tpajama ax-
TUBHE (Daze M yKyITHOT Tpajama 3aBeciaja Ha
WMHHLIMjAIHOM ¥ (pUHAIIHOM Mepemy, pu JBe
3ajiaTe BpeIHOCTH Op3HHE 3aBeciiaja

0,6
0,58
0,56
0,54
0,52

0,5
0,48
0,46
0,44 T
1 2

3amarak 2 muH, 1 mun 40c

O MHMIL.
m QuH.

[Tpukazann oxHoc u3Mely Tpajamba aKTHB-
He (ase 3aBecinaja M yKyNHOT Tpajama (epaguron 2)
yKasyje /a je JA0LLIo A0 noBehama eQuKkacHOCTH 3a-
BeCIIaja MmoJl yTHIajeM eKCIIepUMEHTAIHOT (akTopa.

Tpajawe nacuBHe (ase 3aBeciiaja

[ToBehame Tpajama nacuBHe (ase 3aBecnaja y
¢$uHATHOM Mepery yKasyje Ha MPUOIMKaBambe Bpe/l-
HOCTH TlacuBHE (ha3e BPEIHOCTHMA KOje Ce TOCTH-
Ky TIpH peratHoj Op3uHH U (PpEeKBEHIIN)U 3aBeciaja
on 34,4 3aB/mMuH (Smith & Spinks, 1995), nok ce ca
noBehameM 3aj1aTe Op3uHE BPEIHOCT Tpajama oBe (aze
cMamyje (epaguron 3), MITO je B OYSKUBAHO, C 003UPOM
Ha TO 1a (hpEKBEHIIM]a IpeACTaBba Opoj 3aBeciaja y
jemmanny BpemeHa (Celentano et al., 1974).

I'paduxon 3. Ilpuka3 Tpajama macuBHe ¢ase
3aBeciaja Ha WHUIUjaTHOM M (UHATHOM
Mepemy, MpH JIBE 3ajJare BPEIHOCTH Op3MHE
3aBeciiaja

1200
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O WHHUILL.

t (ms) 600 u uH.

400
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0
1 2
3agarak 2 muH, 1 muH 40¢
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Hcra Op3uHa yaMIiia MOKe Jia ce OJIpXKH MOBe-
hameMm ¢pekBeHIMje 3aBeciiaja Mako je CMambeHa
werosa ayxunHa (Kleshnev, 1995). Ucnuranumu cy
Behy 3amary Op3uHy MoOKyImmamd ma oxpske Behom
(hpexkBeHIMjOM 3aBeciiaja Ha Taj HAYWH IITO CY
ckpahuBanm macuBHY ¢a3y 3aBeciaja. [IpeTnocrasipa
ce J1a je To pe3yiTar HeJOBOJEHO U3rpaleHe TexHuke
BeCJIama M HEJOCTaTaka y lbHXOBOM MOTOPHOM MpO-
rpamy, jep na Ou ce moBehana Op3uHa KpeTama ca uc-
TUM OpojeM 3aBeciaja, HEONMXOMHO j¢ YIOKHUTH Behy
CHJTY TIOjeIMHAYHOT 3aBeCiaja, ITO UCTIUTAHUIIN Ha
TOM CTeIleHy 00yKe HHUCY Y MOTYhHOCTH Ja HCITyHE.

Puram 3aBeciiaja

Bpennoct Bapujabie purma (OXHOC aKTHBHE
U macuBHe (a3e 3aBeciaja) ykasyje Aa je y (puHai-
HOM MeperY JIOIIIO 10 CMamerba BPEIHOCTH PUTMA,
a Jia ce ca noBehameM 3aj1are Op3uHE OBE BPEIHOCTH
nosehasajy (epaguron 4).

I'papuxon 4. Ilpuka3 purma 3aBeciaja Ha
WHUIM]AJTHOM U (PUHAIIHOM MEpEHY, MPH JIBE
3ajare BpeIHOCTH Op3MHE 3aBeciiaja
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Haxko ce MOXKe YOUHTH TOMaK y IPUOITHIKABaLY
BpPEIHOCTHMA PUTMa KOjH je Hajuemrhe 3acTyIsbeH
Ha BenmuKuM TakMudemuma (1:2 u 1:1,5) (Celentano
et al., 1974), npouentyanHo no0OujeHe BPEIHOCTH
yKa3yjy Ha HEMOBOJbaH puTaM. [10]1 TOBOJBHUM PHUT-
MOM Ce cMaTpa OHaj Koju uMa Kpahe Bpeme Tpajama
akTuBHE (haze of1 macuBHE (BPeTHOCT Koe(HUIHjeHTa
mamu ox 1) (Nilsen, 2001). JoOujenn pesynratu
yKa3yjy Jia je BpeMe Tpajama akKTHBHE (pa3e 3aBeciaja
y (MHAITHOM Mepewy | MOope YTHIIaja eKCIIepUMeH-
TajHoT (hakTopa ocTano kpahe of BpeMeHa Tpajama
nacuBHE (pa3e U3 yera ce MOXKeE 3aKJbYUHTH JIa HCITHU-
TaHWIH HUCY KPO3 IPOrpaM 0O0yKe YCBOjUIH PHTaM,
Jla pUTaM TPEJICTaBIba CIIOKEH 3aJIaTaK, KOjH 3aXTe-
Ba MPETXOJHO YCBajarbe JPYruX eJeMeHaTa TeXHUKE
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W Ja je To Bapujadlia 3a 4Hje je yCBajame HEOTXOMaH
JTy’)KH BPEMEHCKH Iepuo. Takohe cy u ocoOnHe yam-
na "['amuja" y kojeM je BpiieHa o0yka — Herosa Te-
’KMHA, HHEPTHOCT, BEJTUKH XUJPOJANHAMUYIKH OTIIOP
- YUHUOIM Cy KOjU HUCY TIOTOJHU 3a YCBajarbe PHUT-
Ma 3aBeciaja.

dpexkBeHIUja 3aBec/iaja

Pesynraru ¢pexBeniuje 3aBecnaja (Opoj 3a-
Becjaja y jeIMHUIM BpeMeHa) y (DMHATHOM Mepewy
yKa3yjy Ja Cy MCIHTAHUIM MCTH 33/IaTaK pellaBa-
JU ca MamkoM (DPEKBEHIMjOM 3aBeciiaja JIOK Cy ca
noBehamwem 3amare Op3uHe moBehaBaim u Qpek-
BEHIU]Y (epaghuxon 5).

I'padukon 5. [Ipukas ppexBeHIyje 3aBecaja
Ha VHHIMjAJTHOM W (DUHATHOM Mepemy, Npu
JIBE 3aJ]laTe BPEJHOCTH Op3UHE 3aBeciaja
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Hcra Op3uHa uamma MOXE C€ OJIpiKaTh
nopehameM ppeKBEeHIIM]jE 3aBECIIaja HAKO je CMambeHa
nyxkuHa 3aBecnaja (PajxoBuh, 2005). I'panmuna
(dpekBeHIMja 3aBeciiaja Koja He JOBOAU JO Jajber
noBehama Op3unHe m3Hocu 36 mimm 37 3aBecmaja (O
Neill, 2003).

Wcnuranunu cy ce npu Behoj 3amaroj Op3u-
HU BUIIIE TPUOJMKWIN BPETHOCTUMA peraTHe Op3u-
He npu (pekBeHnUju 34,4 3aB/MUH IITO yKazyje na
Cy palMOHaJHMje Beciaiau, nosehann e(QUKacHOCT
3aBeciiaja W ja je Beha 3amara Op3uHA MOTOIHH]A
Kao 3aJlaTaK 3a ycBajame Bapujalie (hpeKBeHIM]a
3aBecnaja (Zatsiorsky & Yakunin, 1991). Ucnura-
HUIIM Cy 3a/1aTy Op3uHY, OIHOCHO NPOJIa3HO BpeMe
onpkaBanu nosehanum OpojeM 3aBeciiaja Ha pauyH
ckpahuBama macuBHe ¢ase.

W nopen nosehama epukacHOCTH 3aBeciaja
y KojeM je noBehan npehenn myT U ucnosbeHa Beha
CHara W cuja Tpu 3a1aroj (KOHCTaHTHOj) Op3uHw,
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npocTtop 3a moBchame edukacHOCTH Haja3u ce y
roBehamy Tpajama macuBHE (ha3e 3aBeciiaja, mTo ce
TTOTBPIMIIO M KO OpOjHUX ayTopa KOju CY HCTPaXKH-
Banmy eukacHOCT 3aBeciaja (Baudouin & Howkins,
2002).

Bapuja0ae cuiie u cHare

[oueTHu ycnoBu 3a u3Bolhere 3aBeciiaja, a 3aTiuM
PEenpoAyKIMja UCTOT Kpo3 oArosapajyhy BpeMeHcKy
meMy MpuMEHCHUX CUJia MI/IHII/Iha TroOBOpHU O pasjiniu-
THM e(peKTHMa MPUMEH-EHE CHUJIE Y TOKY 3aBecliaja.

Bapuja6ue cHare

Cse Bapujabne cHare y (UHAJIHOM MeEpemYy:
MPOCEYHa CHAara KOMIUIETHOT 3aBecliaja (epagukow
6), MpocevyHa cHara akTuBHe (hase 3aBecnaja (epaghu-
KOH 7) M MakcUMallHa cHara (epaghuxon 8) Tokasyjy
UCTy TEHJCHIIM]Y, KaKO IOJ YTHUIIajeM eKCIIepUMEH-
TalHOT (pakTopa, Tako M ca mnoehaBameM 3anare
Op3uHe.

I'papuxon 6. Ilpukaz npoceune cHare 3a
BpeMe KOMITJIETHOT 3aBeciiaja Ha WHHULIN]aTHOM
n puHATHOM Mepemy, U JIBE 3aJare Bpel-
HOCTH Op3WHE 3aBeciiaja
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P (W) 100 l(b"H‘

50

1 2
3ajaTak 2 MuH, 1 muH 40c

Kon cBux Bapuwjabmu cHare y (pUHAJIHOM Me-
pewy 105a3u 10 CTaTUCTUYKK 3HavajHOr nmoBehama
Bpeanoct (p<0,01). Ca nmosehamem 3anare Op3u-
He Takohe jonasu 0 ToBehama CBUX BPEIHOCTH
Bapujalie cHare W KOJ WHHIMjATHOT W KOJ (HHAI-
HOT Mepema.
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I'paduxon 7. ITpuka3 npoceuHe cHare 3a Bpeme
akThBHE (haze 3aBeciiaja Ha WHUITHjATHOM H
(HAITHOM MEpemY, TPH JIBE 3aJ1aTe BPETHOCTH
Op3uHe 3aBeciiaja
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IlocturayTn 60JbM pe3ynTaTd y (UHATHOM
Mepermy MOTY ce MPUITUCATH YTHUIIA]y CKCIIEPUMEH-
TamHOT (haKkTopa, ajli U ocoOMHaMa JamIa ,,[ ammja“
y KoMme je BpiieHa oOyka Beclama. Benmmka Texu-
Ha, HTHEPTHOCT, XUJAPOIUHAMHUYKHA OTIIOP, TIIOBHOCT
U CTaOWIIaH PaBHOTEKHU TIOJIOXKA] CY YCIOBH KOjH
cMamyjy MOTYNHOCT IPOKJIN3aBamba BECiIa KPo3 BOAY
u omoryhyjy 00Jpe ycrocTaB/bamkhe KOHTAKTa JIOMa-
TE Becla ca BOJOM, a TUME U ycJioBe 3a eukacHuje
ucnoJbaBame cHare (Zatsiorsky & Yakunin, 1991).
Benuku Opoj ucTpaknBama je oka3ao Ja ce BPXyH-
CKM BecJa4d He Pa3jMKyjy OJ MPOCEYHUX IO CIIO-
COOHOCTH Jla pa3BHjy BeluKy cuiy Beh mo cro-
cobHocTn na pasBwjy Benuky cHary (Celentano et
al., 1974; Zatsiorsky & Yakunin, 1991). Pesynrarn
WCIIOJbaBamka CHare y (UHAIHOM Mepemy YKaszyjy
Ja cy Behe BpeIHOCTH WCIOJhEHE CHare 3aberesxe-
He nipu Behoj 3amatoj Op3unu. [loBehame BpenHOCTH
ucrnoJbeHe cHare ca noehamem 3amare Op3uHE je
OYEKHMBAHO, jep je cHara JUPEKTHO MPOTOPLHUOHATHA
M3BPILEHOM pajy a 0OpHYTO MPOMOPIHOHAIHA Bpe-
MEHY Y KOjeM je paj U3BpILICH.

I'paduxon 8. Ilpukaz MakcumasnHe cHare 3a-
BecJiaja Ha MHULU]aTHOM U (DUHAITHOM MEPEHbY,
NIpY JIBE 3a/1aT€ BPEAHOCTH Op3WHE 3aBeciaja
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OU3NYKA KVIITYPA, BEOI'PAJL, 63 (2009) 1

AHaM3upameM 3aBeciiaja MpHU UCIO0JhaBabY
cHare W Op3uHe MoOWjeHa je TpaHWYHA BPETHOCT
Op3uHe TIpH K0joj ce He moBechaBa Op3WHA yaMmIia u
nopen Jajber noBehaBama BpenHocTH cHare. To ce
ClIaXKe ca pe3yyiTaTiMa JOCaIallbiuX HCTPAKIBAbHA
(Williams & Scott, 1967) nma je 3aBecinaj mpu Behoj
op3unn xomsucteHTHHju (Ilic et al., 1996) u nma je
KOe(DUIIMjEeHT MeXaHWJIKe e(PUKACHOCTH TPU KOHTH-
HYHPaHOM Becliamy Belin Hero KoJl Beciama ca pas-
nenmmmMa (Kleshnev, 2004).

Bapujaoae cuie

VY (huHATHOM Meperby JOIILIO0 je 10 CTAaTUCTHY-
KM 3HauajHOT MoBehama BPEIHOCTH UCIIOJbEHE CHUJIC
ko1 00e 3ajmare Op3uHE, KOJ CBUX BapHjalnu cuie:
MIPOCEYHE CHUJIE KOMJICTHOT 3aBeciiaja (epaguron 9),
MPOCEYHE CUiie akTUBHE (asze 3aBeciaja (epaguron
10) u makcumanue cune (epagpuxon 11). Takohe, ca
noehaBameMm 3ay1aTe Op3uHe, 3a0€IeKEHE Cy TOTOBO
JIBOCTPYKE BPETHOCTH HUCTIOJHEHE CHJIE.

I'paduxon 9. [Ipuka3 npoceuHe cuie 3a Bpeme
KOMILUICTHOT 3aBecjaja Ha WHHUIMjATHOM H
(uHaITHOM MepemY, TIPH JIBE 33/1aT€ BPSAHOCTH
Op3uHe 3aBeciaja
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OoGjammeme 3a Jo0ujeHe pesynrare, riue ce
pu Behoj 3aaToj Op3uHM KUcnoJbaBa Beha BPEHOCT
cuiie, JIOKH y TpeNa3HOM pexuMy wmumuha, koju
Ba)kKe 32 LUKJIMYHE MOKPETE Kao IITO je U Beclame.
Hauwme, Beha 3aaara Op3uHa Bullle o/iroBapa npesas-
HOM pekuMy Mulinha, OMHOCHO MHTEH3HUTETY KOjU
O/IrOBapa BPEMEHCKOM MHTEpBaly e ce MUIIuhHa
cuia mpuiarohaBa HOBOM CTeleHY aKTHUBalMje U
BpPEMEHY pejlaKcaiiuje.
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I'padpuxon 10. [Tpuka3 npoceune cuie 3a Bpeme
akThBHE (haze 3aBeciiaja Ha WHUITHjATHOM H
(uHAITHOM MEpemY, TPH JIBE 3aJ1aTe BPETHOCTH
Op3uHe 3aBeciaja

180
160
140
120
100 O UHMIL
PN g m QuH.
60
40
20

1 2
3aaarak 2 muH, 1 Mun 40c

VY mperxomHUM HUCTpakuBamuMa (Zatsiorsky
& Yakunin, 1991) 3abenexeHa je 3Ha4ajHa MMOBe3a-
Hoct (1=0,48, p < 0,01) uzmely omHoca mpocedHe
cuie akTHBHE (pa3e 3aBeciaja, MAKCHMaJIHE CHJIC U
e(hrkacHOCTH 3aBeciiaja.

['oBopehn o omHOCY mpocedHe W MakcHMal-
HE CHJIE 3a T00O0JbIIAkEe TEXHUKE, KPO3 10CaIaIIbha
uctpaxuBama (Smith & Spinks, 1995), npenopyuyje
ce noBehame HUBOA IpoOCeYHe CHJIe, a ITOCEOHO MO~
pacT 0JJHOCA IPOCEYHE U MaKCUMAJIHE CUJIE.

I'paduxon 11. [lpuka3 MakcuMallHE CHIIE
3aBeciiaja Ha WHHUIHJjaTHOM U (UHAIHOM
Mepemwy, NpHU JBE 3aJaTe BPEIHOCTH Op3HHE
3aBeciaja
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[IITo je omHOC MpOCEYHE U MaKCHMAJIHE CUIIe
OMIKY jeAMHUIIM, TO je e(UKACHOCT 3aBeciiaja Beha.

W3 pesynrara oqHOCa MPOCEUHE CHJIIE 32 BpeMe
aKTHBHE (Daze n MaKCHMaJIHE CHJIe 3aBeciiaja (epagu-
Kou 12) MOXKe ce YOUHTH JIa je MOJ yTHIIajeM eKCIie-
pUMEHTamHOTr (hakTopa AONIIO A0 MpHOIMKaBamba
OBOT' OJJHOCA jeAUHHMIM, LITO MOKa3yje Ja je JOIILIO0
10 noBehama e(huKacHOCTH 3aBeciaja.
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I'paduxon 12. Ilpuka3z omHoca MpoceUHE
CHJIC 3a BpEMe aKkTHBHE Qase 3aBeciaja u
MaKCHMAaJIHE CHJIE 3aBeciiaja Ha MHUIIHjaTHOM
U (QUHATHOM Mepewy, IpH [BE 3ajare
BPEIHOCTH Op3HMHE 3aBeciiaja
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Bapujatiie Op3une

Mexanuzam craramba Op3WHa Ha HHBOY
M0jeTMHAaYHIX 3MI000Ba, Ka0 W MaHH(ECTOBakE
WCTE Ha Kpajy KHHETUYKOT JIaHIIa moMepajyhu Becio
y HUCTOj Ta4KH je 3aTBOPEH MEXaHWYKH CHUCTEM yHY-
Tap KOjer MyCKylaTypa o0aBiba 3IpyKE€Hy CHHEp-
THOHY aKTHUBHOCT y BHJy HCIIOJbaBama cHare. Ou-
HaJHM e(dekar ciarama MOojeJMHAYHO YIIOKeHE CHa-
re je craOWiIHa TpajeKTopHja 3aBeciiaja OCTBapeHa
KpO3 JIMHUjCKY Op3WHY KOja Cé TOKOM 3aBeciaja Io
yCTaJbeHOM PEXKUMY MeHha.

bp3una akTuBHe (pa3e 3aBeciiaja u
MaKCHMAJIHA Op3uHAa

Bpemencku mpogun Op3une axTHBHE (aze
3aBeciaja (epaguron 13) M MakcumaHa Op3uHa (epa-
@uxon 14) cy, MHAUPEKTHO MPEKO NPOJa3HOT Bpe-
MeHa Ha 500 M, 3aaare BpeIHOCTH (KPUTEPHjYMCKE
Bapujabie) W W3 TUX pasjiora HHUCY OYCKHBAHE
3HauajHE pas3iuKe y pe3yaTaTuma.

I'papuxon 13. Ilpuka3 mpoceune Op3uHE
pYKOXBaTa 3a BpeMe aKkTHBHE (aze 3aBeciiaja
HAa MHUIMjATHOM W (MHATHOM Mepemy, MpH
JIBE 3aJ1aTe BPEIAHOCTH Op3UHE 3aBeciiaja

1,8

1,75

1,7

1,65

V (m/s) 1,6
1,55

1,5 77—

1,45 +—

1,4

O HHHLL
m QuH.

1 2
3ajiarak 2 muH, 1 Mun 40c

®U3NUKA KYJITYPA, BEOTPAJL, 63 (2009) 1



Vuemwe ocnosne mexnuxe secnarva 6PEMEHCKU pacnopebeHOM MEmoooM ...

Mehytum, wako je Op3mHa Owmia 3amara
BPEIHOCT, TOCTOjH CTAaTUCTHUYKH 3HAUajHa pPa3iu-
ka m3Mel)y 3amare u ocTBapeHe Op3WHE MPH MambO)]
3a1aroj Op3uHU Kom o0e Bapwjadne (epaguronu 13
u l4).

I'paduxon 14. Ilpuka3z makcuMaaHe Op3uHE
pyKoXBaTa Ha HWHHUIMjaTHOM U (HHAIHOM
Mepemy, MpH JIBE 3ajlaTe BPETHOCTH Op3nHe
3aBeciaja
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I[IpernocraBiba ce aa je OBakaB pe3yJTar Ho-
OujeH 13 pa3Jjiora IITo Cy 3aBeciiaju IpU Mamboj Op3u-
HH, y Hadely, Mame KoH3ucTeHTHH (MiageHosuh,
2006). 1 mopen manux ojcTymama OJf MPOCEUYHUX
arcolyTHUX BPEJHOCTH Ha HUBOY Ipylie, 10OujeHn
pesyiTaTu KoJ Mame 3axare Op3uHe ykasyjy Ha Be-
JIMKE pa3iiiKe W Koiiebarma pe3yiaTara yHyTap rpyme
(tabene 1 u 2). V3 HaBeACHOT ce MOXE 3aKJbYUUTH
Jla Cy UCIIMUTAHUIU 00Jbe perpoayKkoBaiu Behy 3ana-
Ty Op3uny (Unuh n Bacusbes, 2003; MianeHosuh,
2006). Mctu HuBo 3anare Op3uHe Moryhe je 3aapxa-
TH TIPOMEHUBIIHM CaMO HA4YMH UCIIOJbaBamba CHIIEC, y3
Mambi HHBO MaKCHMAIllHE CUJIC, alli Y3 HEHO IyKe
3ajpkaBame (Zatsiorsky, 1991).

IIpocTopna Bapujataa

Y Hamepu Ja ce aJeKBaTHO M €r3akTHO
KBaHTH(HKYje MEXaHUUKH pajl y aKTUBHO] (IIO3UTHB-
HHU) ¥ TIACHBHO] (HEratuBHU) (a3u MOCEOHO BakHA
Bapujabna je nmpehenu myT pykoxsara.

IIpehenu nmyT pyxkoxsara

YV ¢unamHOM Mepemy TOJ YTHIAjeM eKCIIe-
pUMEHTATHOT (paKTopa MOIUIO je IO CTAaTHCTHIKH
3HauajHOT oBehama npel)eHor myTa pykoxsara (epa-
¢uxon 15) xom obe 3amare O6p3mHe, a ca moBehameM
3ajare Op3WHE T01a3u 10 oBehama oBE BPEIHOCTH.

OU3NYKA KVIITYPA, BEOI'PAJL, 63 (2009) 1

I'papuxon 15. Ilpukas npehenor myra py-
KOXBaTa Ha WHHIMjAJTHOM W (UHATHOM Me-
pemy, TpHU JIBE 3a/1aTe BPEIHOCTH Op3wHe
3aBeciaja

170
165
160

OuHUL,.

155
s (cm)
150 m du.

145
140
135

1 2
3agarak 2 muH, 1 mun 40¢

V3 momoh TpHOMIKHUX BPEIHOCTH yIlIa H
YHYTpAIIBer Kpaka Becsia MOXe Ce JOOWUTH ONTH-
MaJlHa BPETHOCT JyXKHHE IpeleHor myra pykoxsa-
Ta KOju M3HOCH OKOo 164 mM. Bpemnoctu moOujeHe
y ¢unamHOM Mepewy (163,80 mm u 166,20 11mM) Be-
OMa MaJio OJICTYTIajy Ol ONTHMAIIHE BPEIHOCTH, IITO
yKa3syje 1ia je Bapujadna npelheHn myT pykoxBara Ha-
yueHna. [Topen nosehama BpennocTr npehenor myra,
mpu Behoj 3amaroj Op3WHU NIONIIO je IO CMamema
Tpajama akTUBHE (a3e u Beher ucmospaBama CHJe
M cHare mTO TroBopu o moBehamy epuKacHOCTH
3aBecinaja (Stuble et al., 1980).

AHaJn3a BapujadUIHOCTH 3aBecjiaja

OBa aHanm3a ce Takole 3acHHMBA Ha TOMCITH
Bapujabiy mpeMa HUXOBUM KapakTephcTHKama Ha
BpPEMEHCKe, Bapujalbjie Cuiie U CHare, Op3MHCKE U
npocropHe. BapujabuiHOCT pe3yirara mokasyje ja
ce TeXHHUKa BeCiIama MOXKe MPOICHUBATH HE CaMO Ha
OCHOBY OJICTYIIama OJ1 alICOJTYTHUX BPETHOCTH, Beh U
Ha OCHOBY BapHjaOMIIHOCTH pe3y/iTara HCIIMTHBAHUX
Bapujalnu 3aBeciaja.

IMTox yTHIajeM eKCIIepUMEHTATHOT (haKkTopa
(yueme OCHOBHE TEXHHKE BeCama) pa3inuuTo
ce Memalla BapujadMIIHOCT M PAClOH TECTUPAHUX
Bapujaliu 3aBeciaja, a ca moBehamem 3aare Op3uHe
3a0eJIeKeHE Cy MTPOMEHE BPEIHOCTH KOC(HIIMjCHATA
BapHjairje KoJl CBUX TPHUHACCT Bapujaliu (mabene
lu?2).
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Tabena 1. Pe3ynrarn koeduIijeHaTa Bapujaryje HHALH]THOT MEpEha TIPH Pa3THINTHM Op3uHaMa

Pen. Bapujadie ZMHH/.SOOM 1MuH 40.0/500M
op. HHHIUjAJTHO WHHIMjAJTHO
1. | Tpajame akTuBHe (paze (Mc) 0.124 0.106
2. | Tpajame nmacuBHe (paze (Mc) 0.152 0.186
3. | puram (%) 0.109 0.147
4. | ppexBeHnHja (3aB/MHIH) 0.133 0.137
5. | cHara kommJieTHor 3aBecJiaja (W) 0.152 0.181
6. | cHara aktuBHe ¢aze (W) 0.187 0.211
7. | makcumaJsHa caara (W) 0.207 0.210
8. | cuita kommuieTHor 3aBecaja (N) 0.142 0.155
9. | cuiaa akTuBHe ¢a3ze (N) 0.178 0.187
10. | makcumaaHa cuiaa (N) 0.203 0.193
11. | 6p3uHa pykoxBaTa y akTUBHO]j (ha3m (m/c) 0.034 0.430
12. | makcumasHa Op3WHA pykoxBara (M/c) 0.021 0.410
13. | npehenn nmyT pykoxsara (1m) 0.140 0.140

[pu 3aparky 2 Mun/500 M KOJ BpeMEHCKHX
Bapujaliiv, jeJIMHO KOJ| Bapujadlie puTaMm 3aBeciaja
(Bompa, 1980) Huje nouuio 10 MpoMeHe TOA YTH-
ajeM eKCIepuMEHTamHOr Qakropa, JOK je KoX
OCTaJIMX BPEMEHCKUX BapHjaONiu: Tpajarbe aKTHBHE
tdaze 3aBecnmaja (Batschi et al., 2002), Tpajame
nacuBHe (asze 3aBeciaja (Baudouin & Howkins,
2002) u Bapujabie (pekBeHIMje 3aBeciaja JOlll-
JIO JI0 CMamemha BPEIHOCTH KoeduIijeHaTa Bapuja-

mja. Koedurmjentn Bapujaryje BpeMEHCKUX BapHjad-
JIX OMHUCYJy M3PA3UTO XOMOTEHE CKYIIOBE U Yy HHHU-
uyjarHoM Wy (uHamHOM Mepemwy. Koeduuujentn
BapHjallije pUuTMa 3aBeciaja yka3yjy Ha HENOTIYHY
Hay4YeHOCT OBE Bapujalbje Koja 3aXTeBa YCBajambe
U Opyrux cjaceMeHara TCXHUKC U AYKU BPEMCHCKU
niepuon oOy4aBama. JeJan o1 KpUTepujyma mporeHe
HAyYeHOCTH TEXHUKE je M YyjeJHa4eHOCT aKTHUBHE
(haze 3aBecnaja (Sanderson & Martindale, 1986).

Taoesa 2. Pesynratu koeunujeHara Bapujanyje GUHATHOT MEpEHa MPH Pa3InuuTHM Op3nHaMa

Pen. Bapuja6ie 2muH/500m 1mun 40¢/500m
op. (punaano ¢unanno
1. |Tpajame akTHBHe (pa3e (Mc) 0.067 0.067
2. | Tpajame macuBHe (pase (Mc) 0.115 0.170
3. |putam (%) 0.109 0.164
4. | ppexBeHumja (3aB/MUH) 0.076 0.101
5. | cHara kommjieTHOr 3aBecjaja (W) 0.188 0.119
6. |cHara aktusHe ¢aze (W) 0.211 0.154
7. | makcumasana cHara (W) 0.232 0.157
8. | cmia komiuierHor 3aBeciaaja (H) 0.173 0.105
9. |cumia aktuBHe ¢aze (H) 0.198 0.143
10. |maxkcumasHa cuia (H) 0.224 0.154
11. |Op3mHa pykoxBaTay akTMBHO]j (ha3zu (M/c) 0.043 0.035
12. |makcuMaJiHa Op3uHa pykoxBara (m/c) 0.031 0.029
13. |npelhenu myT pykoxsara (1m) 0.080 0.070
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Bpennoctn cBHUX Bapwjabiii cuiie M CHare,
cHara KOMITJICTHOT 3aBeciiaja, CHara akTWBHE ¢ase
(Filter, 1997), makcuManHa cHara, CWjia KOMILICT-
HOT 3aBecliaja, Cuila akTUBHE (a3e W MaKCHMallHa
cnia) y huHaTHOM Mepemy cy ce moBehane. Hajeehn
YTHUIA] EKCTICPUMEHTATHOT (haKTopa Ha CMambeHhe
BapHjaOMTHOCTH Y GUHATHOM MEPEHY j€ YIIPaBO KO
HaBeJeHUX Bapujabim. CMameme BapHjaOHITHOCTH
ca moBehamem 3amare Op3WHE je OYCKUBAHO M Y ca-
IJIACHOCTH j€ Ca UCTPaKMBAmbMMa BE3aHUM 32 MeXa-
HUYKY €(PMKACHOCT U KOH3UCTCHTHOCT KOHTHHYHPA-
HoT 3aBecnaja (Baudouin & Howkins, 2002).

Konm Opsmackux Bapuwjabmu (Op3uHa py-
KOXBaTa y aKTHBHO] (a3u W MakCUMaiHa Op3u-
Ha) BpPEAHOCTH Koe(dWIMjeHaTra Bapujanuje Oere-
e ToBehamse, nako je Op3uHa (MHAMPEKTHO IMPEKO
mpojasHor BpeMeHna Ha 500 M) Omia 3amara Bpen-
HOCT, OJHOCHO KpUTEpHjyMcka Bapujadma. bpawH-
CKe Bapujallie OINHUCYjy HM3PAa3UTO XOMOTEH CKYIT H
cMamemhe KoehHITHjeHTa BapHjalfje je OYeKUBaHoO,
jep je oma Bapujabia u KpuTepujymcka. U mopen ma-
JUX OJICTYNama OJ] ariCONyTHUX BPEIHOCTH HAa HU-
BOy TpyIme, JOOWjeHH pe3ylnTath KoeduimjeHara
BapHjarije Ipu Marmoj 3a7aroj Op3WHH yKasyjy Ha
BeJIMKE pa3jiMke y Koiebamuma yHyTap rpyne. 13
TOra ce MOXKE 3aKJbYyUYHTH Jia Cy UCIUTAHHIU 00Jbe
penponykoBanm Behy 3amary Op3mHY W &ma je oBa
Op3uHa TIOTOHHUja Ka0 3aJaTak 3a yCBajambe eleMe-
HaTa TEXHUKE Becllalba HAaKOH moveTHe (aze oOyke.
Mama 3amata Op3rHa je MOTOIHA y TTOYeTHO] (a3u 3a
OTIEPaTHBHY KOPEKIIH]y TPEIIaka ¥ MOYETHO YUCHE Y
TOKY BecJama.

[IpocTopHa Bapujabna y Bumy npehenor myra
pyKOXBaTa y (pMHAITHOM MEpemy IO YTHIAjeM CK-
CIIepUMEHTATHOT (DaKTOpa OCNIe)N CMameHmhe Bpea-
HocTH Koedunujenta Bapujanmje (Kleshnev, 1995).
Bpemnoctn koedunmjeHara Bapujanuje y (duHAm-
HOM MEpEHY OIUCYjy CTETeH KOH3UCTEHTHOCTH CYK-
IIECUBHUX ITOKPETa U CMAambEHhe¢ BapHjaOMIIHOCTH ca
nmoBehameM 3amare Op3uHE je OYCKUBAHO U Y carjac-
HOCTH Ca pe3yATaTHMa IMPETXOAHUX HCTPAKHBAMHA
(Mutposuh, 2003, Mmanenosuh, 2006). IIpehenn
MyT PyKOXBaTa je W OBJe MOTBPAHMO Jla CE MOXKE
cMaTpaTH Kao BaJMJaH IapaMeTap 3a MpOleHY
YCBOJEHOCTH TEXHHKE BECIIArba.

Kom 3amarka 1 muu 40 ¢/500 M BpemHOC-
TH Koe(hHUIMjeHaTa BapHjalije CBUX Bapwjabmm 3a-
Becliaja Oeleke cMameme y (DHHATHOM Mepemy
MOJT YTHUIAjeM eKCIIepUMEHTATHOT (haKTopa, OCHM
Bapujadne gpexseHIirje 3aBeciaja. CMamemhe Bapu-

OU3NYKA KVIITYPA, BEOI'PAJL, 63 (2009) 1

JaOMITHOCTH TION YTHIIAjeM €KCTICPUMEHTAHOT (haK-
TOpa je OYEKHWBAHO, alli HEe W MoBehame mpu Behoj
3amaroj Op3uHU. V3 HaBEACHOT ce MOXE 3aKJbYIUTH
nma Beha 3amara Op3wHaA HHUje TIOTOAHA 3a YCBajame
Bapujadne (peKBEHIMjC 3aBeciaja M MPETIOCTABIbA
ce J1a mpesa3u KpuTH4Hy BpemaHoct o 70% mMakcu-
marae Op3une (Ilic et al., 1996; Nnuh u Bacuibes,
2003).

3AK/bYYAK

[Ipahemem npomeHa BpeAHOCTH OMOMEXaHHY-
KHX Bapujaliln y TOKY Becjama Ha BECIaukoM epro-
METPY, ¥ PEaIHOM BPEMEHY, Ha JBa HUBOA 3a4aTUX
Op3uHa, u3BeCHU Ccy ciefehu 3akbydnu:

e 3ajmara Op3uHa je 3HauajaH ¢akTop IpHU
o0y4JaBamby TEXHUKE Beclama;

* Kao 3aJarak BeclayrMa MOYSTHHUIIMMA TTOTO/I-
HUje je 3amaBatu Op3uHe, a He (PEKBCHIIH]jC
3aBeciiaja, W3 pasjiora ITO CBE BPEAHOCTH
BapujabiM Ha WHHLHUjATHOM U (UHATHOM
Mepemy, PU Pa3IMYUTO 3aJaTHM Op3uHaMa,
nMajy Maju Koe(UIIjeHT BapHjaluje;

* TOTOAHMjE je Kao 3ajarak gaBaTh Behu HHBO
3ajiate Op3uHe of JBE 3ajare, 300T MaJie JTUC-
nep3uje pesyarara Ha WHHULIMjATHOM U (QH-
HAJTHOM MEpemY;

* Becllayd TMOYETHUIM HE MOTY 3ajary Op3uHy
Jla KOHTpoJuily BehuM ucrosbaBambeM CHIie
Ha PyKOXBaTy Becja, Beh To ocTBapyjy IMoBe-
hameM QpexBeHIje 3aBeciaja;

* puTaM 3aBeciiaja HUje YCBOJEH U JIaJbe je 0CTa0
HEMOBOJbaH, OJHOCHO Tpajare akTUBHE (haze
je IoyXe Tpajalo o Tpajama nacuBHe (ase
3aBecliaja.

Pesynrate u 3akjbyuke HaBEICHOI HCTpa-
KHBama je Moryhe NpuMeHUTH 3a (HOpMHpame MOJie-
Jla ¥ TAKMAYapCKUX HOPMATHBA, KA0 U 33 OTKPUBAE
U OTKJIaBkhamke OJCTyIama Of MOJENa UjaealHe Bec-
JIaYKe TEXHUKE Ha CBAKOM HHUBOY, O]l IOYETKa O0yKe
710 BPXYHCKE TEXHHUKE.
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Abstract

The research included 44 students of final fourth year from the Faculty of Sport and Physical Education in Belgrade, without previous
rowing experience, (25+2 years), (8148 kg) and (184+7 cm). Students were practising rowing three times a week during 10 weeks period
in a school rowboat with 12 seats on a smooth water. Students were not instructed how to distribute the force nor what stroke lenght to
apply during the testing, Basic data were registered on a rowing ergometer Concept II. The instrument fitrorower ,,Weba Sport* was used
in measuring stroke variables and the programme ,,Software Expert 1.2 was applied for processing the data. Thirteen biomechanical
stroke variables were observed. The test consisted of two consecutive measurements at assigned speeds indirectly enforced by the passing
times on 500m as follows: 2min/500m and 1min 40sec/500m for duration of 30 seconds. Significant changes were found in all measured
variables. The results prooved that rowing speed is significant factor in teaching and training of rowing tehniques.At first rowing begginers
should be given the task of assigned speed and not the frequency of stroke. It is also better to assign them higher levels of assigned
speed and not the frequency. Training course should start at assigning them lower speed and later incease the assigned speed. The greatest
progress in learning absolute value of stroke variables were registered in power and force variables but the variation coefficients of these
variables were significantly reduced. However the results show that the ratio of active and passive stroke phase remained unsattissfactory
which means that learning rhythm requires longer period of time..

Key words: ROWING / MOTOR LEARNING / STROKE VARIABLES / RHYTHM / FREQUENCY / SPEED / POWER / FORCE

INTRODUCTION

Rowing is a sports branch characterized by the back about rowers (Batschi et al., 2002; Baudouin
development of endurance during the optimal force & Howkins, 2002; Celentano et al., 1974; Lu et al.,
investment of different intensity. The data collection 1992; Redgrave's, 1995).
about stroke variables, such as biomechanical, kine- Rowing technique and the methods for its op-
matic, physiological, and their analysis show feed- timization are the subject of biomechanical research-
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es in which complex methods are usually applied.
The analysis of research results of biomechanical
variables is one of the prerequisites of rowing tech-
nique optimization. It is necessary to find balanced
relation among different motor habits, characteristics
and abilities and to discover differences of validity
of variables’ relation on each stage of rowers’ sports
training (Celentano et al., 1974; Fukunaga et al.,
1986; Sanderson & Martindale., 1986).

Construction of different training equipment
and apparatus that enable modeling the character
of strain in the whole range of movement represent
an important step in the process of training and im-
provement of rowing technique. Observing the re-
sults by their implementation in a real time gives the
opportunity for precise amount of training pressure
and operative correction of rowing technique during
training (Sanderson & Martindale, 1986; Smith &
Spinks, 1995; Torres — Moreno et al., 2000).

Numerous researches show that rowing speed
is an important factor during rowing technique learn-
ing, and it was chosen to be a criterion variable be-
cause of its presence among authors in researches
conducted so far (Ilic et al., 1996). When the rela-
tionship of speed and length, frequency and rhythm
of strokes is in question, there is a general validity
that together with increase of length and frequency,
there is increase of speed, but only to a certain limit,
after which speed would be reduced, regardless of
increase one of these parameters, and one of the rea-
sons for it is coordination — a physical limit of loco-
motor apparatus.

The speed of this cyclic movement character-
istic for rowing is calculated as a result of multiplica-
tion of stroke length by its frequency, that means that
the same speed can be achieved by different combi-
nation of length and frequency of strokes. Increase of
stroke length influences the reduction of frequency
and vice versa, resulting that the maximal speed is
achieved by optimal combination of length and fre-
quency.

The increase of stroke frequency results in the
increase in speed variation, as well as the increase
of the loss of boat speed, so that there is about 1.4%
loss of speed at frequency of 20 strokes per minute,
while at frequency of 40 strokes per minute there is
2.4% loss of boat speed. As an important factor of
efficiency there is the ratio of active phase of strokes
duration and the duration of the whole stroke (Mlade-
novic, 2006; Zatsiorsky & Yakunin, 1991).

PHYSICAL CULTURE, BELGRADE, 63 (2009) 1

Maximal stroke frequency that leads to the
positive influence to the boat speed as well as shown
strength is 37 strokes per minute. Likewise, linear
speed increase corresponds to the increase of shown
strength to the speed level of 4.5m/s that corresponds
to passing time for 500m of about 1 minute and 40
seconds (Celentano et al., 1974).

During 2000m race, over speed and passing
times at every 500m, as key times for stabile condi-
tion sustaining and equalizing tempo during maximal
effort, as well as for minimal energy losses, passing
times of about 1min 40 s are used. Limited frequency
(no matter whether it is higher) at which there is no
increase of boat speed is 36 strokes per minute (Kle-
shnev, 2008).

By observing the kinematic parameters on two
levels of pressure, during learning rowing technique,
it has been determined that longitudinal dimensions
do not influence learning. Levels of pressure are de-
fined indirectly through passing times at 500m, dur-
ing which assigned times are used (2 min at 500, and
Imin. 40 s at 500m) (Redgrave’s, 1995).

According to earlier researches, elite rowers
do not differ from the average in their ability to de-
velop great force, but in their ability do develop great
power, and higher values of shown strength are noted
at higher assigned speed, because power is directly
proportional to completed work, and inversely pro-
portional to time for which the work is completed
(Zatsiorsky & Yakunin, 1991). By analyzing strokes
during showing strength and speed the limit value
of speed is obtained, at which the boat speed is not
increased although there is further strength value in-
crease (Celentano et al., 1974).

Consulting the data of researches conducted so
far (Ilic et al., 1996; Lisiecki & Rychlewski, 1986)
it is perceived that a stroke is more consistent at
higher speed and that the quotient of mechanical ef-
ficiency during continuous rowing is higher than at
rowing with pauses (Bompa et al., 1990; Fukunaga et
al., 1986). Therefore it is more convenient to assign
speed and not stroke frequency to beginner rowers,
especially if the task is to assign the higher level as-
signed speed (Rajkovic, 2005).

Interdependency and the level of consistency
of variables are tested by introducing two motor as-
signments. For the first assignment an approximate
limit of aerobic threshold is used that most often ap-
pears for rowers at passing time of 2 min / 500m, con-
sidering that this passing time for rowers represent
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the limit between work in zones of small and medium
intensity below which the training would influence
the aerobic processes with high variability. The sec-
ond assignment of 1min 40 s for 500m represents the
level of pressure that is taken as approximate limit
of aerobic threshold, and also represents the average/
medium regatta passing time on 500m for rowers in
most disciplines. These values of passing times are
closely connected to the intensity of pressure, pro-
duction and supply of energy during rowing race,
as well as for dosing and programming the intensity
of practicing. The subject of research in this work is
learning of fundamental rowing technique and the in-
fluence of two levels of intensity of assigned intensi-
ties of learning rowing to the changes of researched
biomechanical variables of strokes. The aim of work
is to determine at which speed and in which interrela-
tion of movement variables the locomotor apparatus
is adapted better and to adjust efficient stroke in con-
tinuous strokes.

METHODS

Experimental method was applied in this re-
search, with one group, with initial and final mea-
suring and experimental factor of basic rowing tech-
nique learning. For obtaining basic data on initial and
final measuring a rowing ergometer “Concept 2” was
applied, and the instrument “Fitro power” by “Weba
Sport” was used in measuring stroke variables in real
time, connected to the computer with a sonde. The
program “Software Expert 1.2 by “Weba Sport” was
applied for processing the data (Grujic et al, 1999).

Research protocol

The first or initial measuring was done imme-
diately after the completion of given assignment, on
rowing ergometer during continuous stroking. After
that, the examinees were instructed rowing tech-
niques in a school rowboat of “Galia” type, with 12
seats on smooth water. Rowing technique practicing
lasted for ten weeks, three hours a week, the same
amount as the duration of instruction period of row-
ing technique during summer semester at the Faculty
of Sport and Physical Education in Belgrade.

Final measuring was done immediately after
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the completion of learning program. Experimen-
tal procedure was identical at initial and final mea-
suring. The examinees were instructed neither how to
distribute the force, nor what stroke length to apply
during the testing. The test consisted of two measur-
ing with assigned rowing speeds, indirectly through
passing times on 500m. The first assignment had the
passing time of 2min/500m, while the second assign-
ment had the passing time of 1min 40 s/ 500m in the
length of time of 30 s.

For 30 seconds the examinees completed 10
to 15 strokes. Given duration for each assignment re-
present the compromise between sufficient number
of strokes and influences of factors that derange the
stability of sports techniques such as fatigue, poor
physical preparation and influence of psychological
factors such as concentration, motivation and similar
(Steinacker & Secher, 1993; Schmidt, 1990). Breaks
during assignments lasted 15-20 seconds and were
sufficient for complete recovery for a new assign-
ment. During measuring one of the measurers stood
by the examinee and registered entering the regime
of assigned pressure during rowing, while the other
started registering on the sign given by the first mea-
surer, and conducted data activity on computer. Reg-
istering the tested stroke variables was initiated after
establishing constant assigned value (O’Neill, 2003).

The sample of examinees

The experiment was realized on the sample of
44 students of final fourth year from the Faculty of
Sport and Physical Education in Belgrade, without
previous rowing experience, (25+2 years), (81£8 kg)
and (184+7 cm).

The sample of variables

Since the limit of aerobic brink, the limit bet-
ween work in zones of small and medium intensity,
can be found among rowers in passing time of 2min /
500m that represents the approximate limit of aerobic
threshold. Passing time of 1min and 40s/500m repre-
sents an approximate limit of anaerobic threshold for
most of the rowers (O’Neill, 2003).

Taking into account the importance of the in-
dicated values, assigned speeds were exactly in the
given range as criterion variables.
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In the context of predictor variables, the re-
searches used to find different ways of measuring
stroke variables, in the boat, on rowlock, outrigger,
handle, blade, ergometer (Gombac, 1965; Grujic et
al., 1999; Lu et al., 1992). A larger number of simul-
taneously observed stroke variables enable a better
view on their interrelationship and dependency, as
well as the very phenomenon of motor learning; and,
in order to use international references, they shall be
additionally marked by standard abbreviations. There
are 13 stroke variables observed in this research.
Four of them are time variables: time of active stroke
phase (act time), time of passive stroke phase (pas
time), thythm or ratio (ratio), frequency of strokes
(frq); three are power variables: power during aver-
age stroke (power avr ), power during active stroke
phase (power avr a), maximum power (power peak);
three are force variables: force during average stroke
(force avr t), force during active stroke phase (force
avr a), maximum force (force peak); two are speed
variables: average realized speed of grip during active
stroke phase (speed avr a), realized maximum speed
of grip during active stroke phase (speed peak); and
one is space variable — stroke length (stroke length).

Statistical analysis

Significant changes were tested by two-way T-
test for dependable samples.

RESULTS AND DISCUSSION

Under the influence of experimental factor,
there were statistically significant changes of values
of all thirteen tested stroke variables at the final mea-
suring.

Time variables

At the final measuring of time variables there
were increased values of active stroke phase vari-
able and passive stroke phase variable, and reduced
values of variable and stroke frequency variable ra-
tio. With the increase of assigned speed there came
the decrease of active stroke phase time and passive
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stroke phase time, while ratio and stroke frequency
showed increased values.

Active stroke phase time

Active stroke phase is in direct connection
with the passive phase and expressing power on oar
handle. At the final measuring the value of active
stroke phase time was increased in both assignments
while with the increase of assigned speed it was re-
duced (chart 1).

Chart 1. Presentation of active stroke phase
time at initial and final measuring at two
assigned values of stroke speed
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Time of active stroke phase in regatta speed
and frequency of 34.4 strokes per minute is about
700ms (Rajkovic, 2005). The approach of values
for examinees to the aforesaid values indicates that
higher of the two assigned speed is more appropriate
as a task for acquiring this stroke variable (Ilic et al.,
1996; Ilic & Vasiljev, 2003; Rajkovic, 2005). Since
speed was an assigned value (constant), the increase
of transit and increase of shown power and force with
simultaneous decrease of active stroke phase time
show the success of technical performance which is,
among the rest, valued by shorter time of movements
(Schmidt, 1990).

In previous researches (Smith & Spinks, 1995),
a significant connection (r=-0.73, p< 0.01) between
relation of active stroke phase time and total stroke
time was also noted. This ratio shows whether there
has been the increase of stroke efficiency under the
influence of experimental factor.

51



Dragisa Mladenovic, Dusko Ilic, Zeljko Rajkovic, Viadimir Mrdakovic

Chart 2. Presentation of relation of active
stroke phase time and total stroke time at initial
and final measuring at two assigned values of
stroke speed
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The shown relation between active stroke
phase time and total stroke time (chart 2) shows that
there has been the increase of stroke efficiency under
the influence of experimental factor.

Passive stroke phase time

The increase of passive stroke phase time at
the final measuring shows the approaching of pas-
sive phase value to values achieved in regatta speed
and frequency of 34.4 strokes per minute (Smith &
Spinks, 1995), while with the increase of assigned
speed the value of this phase time is reduced (chart
3), which was expected, taking into account that fre-
quency represents the number of strokes in a unit of
time (Celentano et al., 1974).

Chart 3. Presentation of passive stroke phase
time in initial and final measuring, at two
assigned values of stroke speed
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The same boat speed can be sustained by the
increase of stroke frequency, although its length is
reduced (Klesnev, 1995). The examinees tried to
sustain higher assigned speed by higher stroke fre-
quency by shortening of passive stroke phase. It is as-
sumed that it was the result of insufficiently achieved
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rowing technique and faults in their motor program,
because, in order to increase the speed with the same
number of strokes, it is necessary to implement great-
er force of a single stroke, which was impossible for
examinees to fulfill at this level of learning.

Stroke ratio

The value of ratio variable (the relation of ac-
tive and passive stroke phase) shows that at the final
measuring there was a reduced ratio value and that
these values increase with the increase of assigned
speed (chart 4).

Chart 4. Presentation of stroke ratio at initial
and final measuring, at two assigned values of
stroke speed
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Although a movement can be seen in approach-
ing the values of ratio which is most often noted dur-
ing major competitions (1:2 and 1:1.5; Celentano,
1974), values got in percentages show an unfavour-
able ration. The term favourable ratio means the one
which has shorter active phase time than the passive
one (quotient value less than 1) (Nilsen, 2001). The
obtained results show that the active stroke phase
time at final measuring remained shorter than passive
phase time in spite of the influence of experimental
factor, and that can be concluded that the examin-
ees did not acquire the knowledge about ratio dur-
ing learning program, that ratio represents a complex
task which demands previous acquiring of other
technique elements and that this is a variable which
needs a longer period of time to be learned. Besides,
the qualities of rowboat “Galija”, in which practice
was done — its weight, inertia, great hydrodynamic
resistance — are the factors inappropriate for learning
stroke ratio.
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Stroke frequency

The results of stroke frequency (number of
strokes in the unit of time) at the final measuring
show that the examinees solved the same assignment
with smaller stroke frequency, while they increased
the frequency with the increase of assigned speed
(chart 5).

Chart 5. Presentation of stroke frequency at
initial and final measuring, at two assigned
values of stroke speed.
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The same boat speed can be sustained by in-
creasing stroke frequency, although stroke length is
reduced (Rajkovic, 2005). Limit stroke frequency
that does not lead to further speed acceleration is 36
or 37 strokes (O’Neill, 2003).

The examinees approached the values of
regatta speed at higher assigned speed better at
frequency of 34.4 strokes per minute, which shows
that they rowed in more rational way, increased the
efficiency of strokes and that higher assigned speed
is more appropriate as an assignment for acquiring
stroke frequency variable (Zatsiorsky & Yakunin
1991). The examinees also sustained the assigned
speed, i.e. passing time by greater number of strokes
and by reducing the passive phase. Apart from the
increase of stroke efficiency in which the assigned
length is increased and greater power and force are
shown at assigned (constant) speed, there is space for
increasing the efficiency in increase of passive stroke
phase time, which has been confirmed by numerous
authors who researched stroke efficiency (Baudouin
& Howkins, 2002).

Variables of power and force

Initial conditions for stroke performance and
their application through appropriate time scheme
of applied muscle power show different effect of ap-
plied power during strokes.
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Power variables

All power variables at final measuring: average
power of complete stroke (chart 6), average active
stroke phase power (chart 7), and peak power (chart
8) show the same tendency, both under the influence
of experimental factor and at greater assigned speed.

Chart 6. Presentation of average power during
complete stroke at initial and final measuring,
at two assigned values of stroke speed
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In all power variables at the final measuring
there is a statistically significant increase of values
(p<0.01). The increase of assigned speed results in
the increase of all values of power variable both at
initial and final measuring.

Chart 7. Presentation of average power du-
ring active stroke phase at initial and final
measuring, at two assigned values of stroke speed
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Better results obtained at the final measuring
can be associated with the influence of experimental
factor, but also with the qualities of “Galija” rowboat
in which rowing practice was done. Great weight,
inertness, hydrodynamic resistance, floatability and
stabile balanced position are the conditions that re-
duce the possibility of oar gliding through water and
enable better contact of oar blade and water, and also
the conditions for more efficient power application
(Zatsiorsky & Yakunin, 1991). A large number of
researches have shown that elite rowers do no dif-
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fer from the average ones at their ability to devel-
op great power, but at their ability to develop great
power (Celentano et al., 1974; Zatsiorsky & Yakunin,
1991). The results of expressing power at the final
measuring show that higher values of shown power
are noted at greater assigned speed. The increase of
shown power values with the increase of assigned
speed is expected, since the power is directly propor-
tional to work done and reverse proportional to time
in which the work is done.

Chart 8. Presentation of peak stroke power
at initial and final measuring, at two assigned
values of stroke speed
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By analyzing strokes at expressing power and
speed a limit speed value was obtained, at which the
boat speed was not increased despite further power
values. It is in accordance with the results of re-
searches completed so far (Williams & Scott, 1967)
that a stroke is more consistent at higher speed (Ilic
et al., 1996), and that the quotient of mechanical ef-
ficiency during a continuous rowing is grated than it
is the case of rowing with breaks (Kleshnev, 2004).

Force variables

At the final measuring there was a statisti-
cally significant increase of shown force at both of
the assigned speed, at all speed variables: average
complete stroke force (chart 9), average active phase
force (chart 10) and maximum (peak) force (chart
11). Likewise, with the increase of assigned speed,
almost doubled values of expressed force were ob-
served.
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Chart 9. Presentation of average force during
complete stroke at initial and final measuring,
at two assigned values of stroke speed
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Explanation for the obtained results, where at
greater assigned speed there is a greater force value,
lies in the transient regime of muscles, which are typ-
ical for cyclic movements such as rowing. Namely,
greater assigned speed corresponds to transient re-
gime of muscles, i.e. the intensity that corresponds
to the time interval in which muscle force is adapting
to a new degree of activation and time for relaxation.

Chart 10. Presentation of average force during
active stroke phase at initial and final mea-
suring, at two assigned values of stroke speed
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In previous researches (Zatsiorsky & Yakunin,
1991) a significant connection was observed (r=0.48,
p < 0.01) between the relationship of average active
stroke phase force, peak force and stroke efficiency.

Speaking about the average and peak force for
technique improvement, in researches conducted so
far (Smith & Spinks, 1995) it was recommended the
increase of average force level, and especially the in-
crease of relation of average and peak force.
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Chart 11. Presentation of peak stroke force
at initial and final measuring, at two assigned
values of stroke speed
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If the ratio of average and peak force is nearer
to number one, stroke efficiency is greater.

From the results of relation of average force
during active phase and peak stroke force (chart 12)
it can be observed that, under the influence of ex-
perimental factor, the ratio came close to one, which
shows that there was the increase of stroke efficiency.

Chart 12. Presentation of average active phase
stroke ratio and peak force at initial and final
measuring, at two assigned values of stroke
speed
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Speed variables

Mechanism of speed sequence on the levels of
single joints as well as its manifestation at the end of
kinetic chain moving the oar in the same point is a
closed mechanical system in which muscles do joined
synergic activity in the shape of showing force. The
final effect of sequencing single expressed power is
a stabile trajectory of strokes obtained through line
speed which is changed during strokes in steady re-
gime.

Active stroke phase speed and peak speed

Time profile of active stroke phase speed (chart
13) and peak speed (chart 14) are the assigned values
(criterion variables), indirectly through passing time
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at 500m, and therefore there are no significantly im-
portant differences in results that are expected.

Chart 13. Presentation of average grip speed
during active stroke phase at initial and final
measuring, at two assigned values of stroke
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However, although speed was an assigned
value, there is a statistically important difference
between assigned and reached speed at smaller as-
signed speed in both variables (charts 13 and 14)

Chart 14. Presentation of peak grip speed at
initial and final measuring, at two assigned
values of stroke speed
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It is assumed that this result was obtained be-
cause the strokes are in principle, less consistent at
smaller speed (Mladenovic, 2006). Although there
are smaller variations from average absolute values
on the group level, the results obtained at smaller
assigned speed show great differences and oscilla-
tions inside the group (Zables I and 2). On the ba-
sis of above mentioned, it can be concluded that the
examinees presented greater assigned speed (Ilic &
Vasiljev, 2003; Mladenovic, 2006). The same level of
assigned speed can be preserved by merely changing
the way of expressing force, with a smaller level of
peak force, or with its longer preservation (Zatsior-
sky & Yakunin, 1991).
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Space variable

Exceptionally important variable is an oar han-
dle transit intended for adequate and accurate quanti-
fication of mechanical work in both active (positive)
and passive (negative) phase.

Oar handle transit

At the final measuring under the influence of
experimental factor there was a statistically impor-
tant increase in oar handle transit (Chart 15) at both
assigned speeds, and with the increase of assigned
speed, there comes the increase of this value.

Chart 15. Presentation of oar handle transit
at initial and final measuring, at two assigned
values of stroke speed

Using approximate values of angle and inter-
nal oar handle, an optimal value of oar handle transit
length can be obtained, which is about 164cm; and
these values obtained at the final measuring (163.80
cmand 166.20 cm) have variate little from the optimal
value, showing thus that oar handle transit variable is
a learned one. Beside the increase of oar handle tran-
sit values, at higher assigned speed there came the
decrease of active phase time and greater expressing
power and force, which shows the increase of stroke
efficiency (Stuble et al., 1980).

Stroke variability analysis

This analysis is also based on classification of
variables according to their features into time vari-
ables, power and force variables, speed and space
variables. Variability of results shows that rowing

170 technique can be estimated not only based on their
165 variation from absolute values, but also on the basis
160 of result variability of examined stroke variables.
sem) > @initial Under the influence of experimental factor
150 m final . . . . C e
e (learning the basic rowing technique) variability was
140 changing differently, as well as the range of tested
135 stroke variables, while with the increase of assigned
1task amin. Lmin 40s 2 speed, changes in variation quotient value were noted
’ in all thirteen variables (Tables I and 2).
Table 1. Results of initial measuring variation quotients at different speeds
Variables 2min/500m initial | M0 405/500m
initial
1. | time of active stroke phase (ms) 0.124 0.106
2. | time of passive stroke phase (ms) 0.152 0.186
3. | rhythm or ratio (%) 0.109 0.147
4. | frequency of strokes (str/min) 0.133 0.137
5. | power during average stroke (W) 0.152 0.181
6. | power during active stroke phase (W) 0.187 0.211
7. | maximum power (W) 0.207 0.210
8. | force during average stroke (N) 0.142 0.155
9. | force during active stroke phase (N) 0.178 0.187
10. | maximum force (N) 0.203 0.193
1. speed of grip during active stroke phase 0.034 0.430
(m/s)
12. | maximum speed of grip (m/s) 0.021 0.410
13. | stroke length (cm) 0.140 0.140
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During the assignment 2min/500m at time
variables, no changes under the influence of experi-
mental factor were noted only in the case of stroke
ratio variable (Bompa, 1980), while there were re-
duced values of variation quotient in all other time
variables: active stroke phase (Batschi et al., 2002),
passive stroke phase (Baudouin & Howkins, 2002)
and stroke frequency variable. Time variables varia-

tion quotients describe exceptionally homogenous
units both at initial and at final measuring. Stroke
ratio variation quotients show insufficient level of
learning of this variable, which demands comprehen-
sion of all other elements of technique and a longer
training period. One of the criteria for estimation of
the learning level of this technique is equalization of
active stroke phase (Sanderson & Martindale, 1986).

Table 2. Results of final measuring variation quotients at different speeds

Variables 2min/500m final 1min 40s/500m final
1. time of active stroke phase (ms) 0.067 0.067
2. time of passive stroke phase (ms) 0.115 0.170
3. rhythm or ratio (%) 0.109 0.164
4. |frequency of strokes (zav/min) 0.076 0.101
5. power during average stroke (W) 0.188 0.119
6. power during active stroke phase (W) 0.211 0.154
7. maximum power (W) 0.232 0.157
8. force during average stroke (N) 0.173 0.105
9. |force during active stroke phase (N) 0.198 0.143
10. | maximum force (N) 0.224 0.154
11. |speed of grip during active stroke phase (m/s) 0.043 0.035
12. | maximum speed of grip (m/s) 0.031 0.029
13. | stroke length (cm) 0.080 0.070

Values of all power and force variables, com-
plete stroke power, active phase power (Filter, 1997),
peak power, complete stroke force, active phase
force, peak force increased at the final measuring.
The greatest influence of experimental factor on re-
duction of variability at final measuring is exactly in
abovementioned variables. The reduction of variabil-
ity with the increase of assigned speed is expected
and in compliance with the researches connected to
the mechanical efficiency and consistency of contin-
uous strokes (Baudouin & Howkins, 2002).

At speed variables (active phase grip speed
and peak speed) the variation quotient values are in-
creased, although speed (indirectly, through passing
time at 500m) was an assigned value, i.e. criterion
variable. Speed variables describe exceptionally ho-
mogenous unit and quotient reduction is expected
because this variable is also a criterion one. Although
there were small variations from the absolute values
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on the group levels, the obtained results of variation
quotient at smaller assigned speed indicate great dif-
ferences in oscillations inside the group. Therefore
we can conclude that the examinees managed higher
assigned speed better, and that this speed is more
convenient as an assignment for learning rowing
technique elements after the initial phase of learning.
Smaller assigned speed is appropriate in initial phase
for operative mistake correction and initial learning
during rowing.

Space variable of oar handle transit has re-
duced values of variation quotient at the final mea-
suring under the influence of experimental factor
(Kleshnev, 1995). The values of variation quotient at
the final measuring describe a degree of successive
movements’ consistency, so the reducement of vari-
ability with the increase of the assigned speed is ex-
pected and in conmpliance with the results of previ-
ous researches (Mitrovic, 2003; Mladenovic, 2006).
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Oar handle transit confirmed again that it can be con-
sidered a valid parameter for estimation of rowing
technique learning.

At the assignment of 1min 40s/500m the val-
ues of variation quotients of all stroke variables show
reduction at the final measuring under the influence
of experimental factor, apart from the stroke frequen-
cy variable. The reduction of variability under the in-
fluence of experimental factor is expected, but not the
increase at higher assigned speed. Therefore, on the
basis of the abovementioned, it can be concluded that
higher assigned speed is not appropriate for stroke
frequency variable learning and we can assume that it
surpasses the critical value of 70% of peak speed (Ilic
et al., 1996; Ilic & Vasiljev, 2003).

CONCLUSION

The following conclusions were made by fol-
lowing the changes of biomechanical variable values
during rowing on rowing ergometer, in real time, at
two levels of assigned speeds:
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