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BBbBEJIEHHE

PasButuero Ha crpenmbara ¢ JIbK KaTro OJMMITMHCKH CHIOPT € OeJsi3aHO OT HENpPeKbCHATO
HapacTBaHE HAa KOHKYpEHIUSATA M JUHAMUYHO [IOBUIIABAHE HA CIOPTHUTE pE3ylTaTd Ha
MEXIyHapoJHAaTa apeHa. Tla3u TEeHJEHIMs Hajara HeoO0XOJUMOCTTa OT BHEApsBaHE U
YCHBBPIICHCTBAHE HA HHOBATUBHU, HAYYHO 00OCHOBAHU METOJIU 32 TEXHUYECKA MOJrOTOBKA, KOUTO
Jla TapaHTUpaT ONTUMAIIHO U HAJIEK/THO MOCTUTaHE Ha BUCOKU CIIOPTHU PE3yNITaTH.

JucepraniuoHHUAT TpyA Ha Tema ,,DakTopu Ha TEXHMYECKAaTa MOJITOTBEHOCT W CIOpPTHATa
PE3yATaTUBHOCT B CTpesidaTa C JIbK' € HACOUYEH KbM M3CJIEIBAaHE M HAYYHO JI0OKa3BaHE Ha BIMSHHUETO,
KOETO pa3auyHUTE (H)aKTOPH HA TEXHUYECKATa MOJATOTOBKA OKa3BaT 3a MOBHUIIIABAHE HA CHOPTHUTE
pe3yJITaTH Ha ChCTE3ATEIIUTE B TO3H CIIOPT.

[IpakTH4yeckOoTO 3HAUYEHHE Ha Ta3u pa3paboTKa ce u3pas3siBa B TOBA, Y€ PE3yIATaTUTE OT
U3CIE/IBAHETO Ha (AKTOpUTE, KOUTO BIHUAST BBPXY CIOPTHATA YCIEBAEMOCT, MPEAOCTaBAT
BB3MOKHOCT HAa TPEHbOPUTE W CHOPTHUCTHTE Ja H3rPaXJaT Mo-IleieHacouyeH U eQEeKTUBEH
TPEHUPOBBUEH Imporec. ToBa chAeiCTBa 3a NOAOOpsSBaHE Ha TEXHUYECKATa, TaKTHYecKara u
MICUXOJIOTHYECKaTa MOArOTOBKA HA CTPEIIUTE, KOETO BOJH /10 OBHIIIABaHE HA HUBOTO HA CIIOPTHUTE
MOCTHKEHUS.

I'JIABA ITbPBA
JIMTEPATYPEH OBb30P U IOCTAHOBKA HA ITPOBJIEMA

1.7.I1ocTanoBka Ha npodJjema. PaGoTHa xumoresa.

Crpenbara ¢ TBK € CIOXEH CTaTHYeH CIIOPT, KOMTO M3MCKBa MAaKCHMAJIHO ChUETaBaHE Ha
TCXHUYCCKHU YMCHUA, (1)PI31/I‘-IGCK3, IIOATOTBCHOCT U IICUXHNYCCKaA yCTOI\/JI‘-II/IBOCT.

C’BBpeMeHHOTO PasBUTUC HaA TO3U CIHOPT, HCHPCKHBCHATOTO IIOBUIIABAHC Ha CIIOPTHHUTEC
pe3yiTaTd M yBeJIMYaBallaTa Ce MEXAYHapoJHa KOHKYPEHLIMs B CBETOBEH Mailad Hajmarar
HEOOXOUMOCTTa OT pa3paboTBaHE U BBBEXKIAaHE Ha MO-e(DEKTHMBHH METOAU 3a TEXHHUYECKa
MOJATOTOBKA, KOUTO Ja MOJINOMOTHAT MO-OBP30TO JOCTUTAHE [0 BUCOKM M YCTOWMUMBU CIIOPTHU
pe3ynTaTH.

HAYYEH ITPOBJIEM

Hay‘{HI/IHT HpO6J’ICM Ha HAIICTO HU3CJICABAHC, CC OTHACA 10 00eKTHBHATA I/I)ICHTI/Iq)I/IKaI_II/IH,
KOJIMYCCTBCHA OICHKA U OTKPUBAHC HA BA’)KHU (I(J'II-O‘-IOBI/I) (baKTopI/I, KOHUTO BJIUAAT BbPXY TCXHUKATA
U CIIOPTHATA PE3YJITATHOCT IMpPU CHCTE3ATCIN 10 CTpeJ'I6a C JIBK. B’preKI/I HaJIMYUCTO Ha
JIATCPATYPHU U3TOUYHHULIHU, HU3CICABAIIM OTACIHU CJICMCHTU Ha TCXHUKATA, B 6Lnrapc1<aTa n

MEXyHapo HaTa HAyYHA JIMTepaTypa BCE OIIE JIMICBA MSJIOCTEH OMOMEXaHWYEH MOJIEN, KOHUTO J1a
CBBbpP3Ba KOHKPETHHU KNHEMATUYHU ITapaMETPU CbC CIIOPTHUA PEIYIITAT UJIU ITOHE TAKBB HE € U3BCCTCH
na e paspaboreH. [IpoGiemMbT ce u3pa3siBa B HEBB3MOXKHOCTTA, UpEe3 TPATUIMOHHH METOIU
(nabmrofieHue, cyOeKTHBHA OLIEHKA), Ja C€ MOCTUTHE BUCOKA MPEIU3HOCT U MEepCOHATM3UpaHe Ha
TPEHUPOBBUHUS Ipoliec. ToBa Hajara U3MOJA3BaHETO Ha ChbBPEMEHHM MHCTPYMEHTAIHHU METOAM 32
aHamu3 kato Noraxon MioMotion, 3a aa ce OTKpOST B Hal-BUCOKA CTENEH OIpENeNIALInTe
TEXHUYECKH KOMIIOHEHTH (WJIM eNEeMEHTH), KOMTO MoraT Ja ObJaT OOeKT Ha KOpEeKIHs u
ONTUMU3ALIHSL.

CpBpeMeHHaTa CHOPTHA MPAKTHUKA MOKa3Ba, Y€ MPOrpechT MPH E€IUTHUTE ChCTE3aTEIH € B
CHJIHA 3aBUCHUMOCT OT MAJIKHUTEC HeTaﬁHH B TCXHHUKATa U TAXHaATa IMOBTOPSACMOCT. HpI/I OrpaHNU4YC€HU
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BBH3MOKHOCTH 3a CyOCKTHBHA OLIEHKA, 0COOEHO Ha ObP3U U KOMITJICKCHU JIBWKEHMS KaTo Ipolieca Ha
OIbBAHE Ha JIbKa W BB3IPOU3BEXKIAHE HA W3CTPENIa, UMEHHO TE3M IPELU3HU MHCTPYMEHTAIHU
U3MEPBAHUs JaBaT BB3MOXKHOCT 32 OOEKTHMBU3ALMS HA TEXHUYECKUTE T'PEHIKH. XapaKTepHO MPH
cTpenbara ¢ JIbK € TEHJIEHLHUATAa KbM IMOBTOPSIEMOCT Ha JBUKEHMSTA, KOETO YEeCTO BOAM JIO
aBTOMAaTU3MpPAHE HA HETOYHU U Ha HEWJeaJHU u3NbiIHeHUs. HemocrarpuHaTta nepcoHanu3anus U
HAyYyHO OOOCHOBaHM NOJMOOpPEHHS B TPEHHPOBbUHATA ACMHOCT 3aTpPyJHSABAT IMOCTUTAHETO Ha
nporpec, 0co0eHO MpU MIIAJN WM aMOULIMO3HU CIIOPTHUCTH.
Upe3 BBBEXKJIAHETO HA CHCTEMHHU EJIEKTPOHHU TEXHMUYECKHM M3CIICJBAHUS U AHAIU3 €
BB3MOXKHO:
U Jla ce mpenTudummpar BaxkHuTE (KIIOYOBH) TEXHHYECKH SIEMEHTH B CTPENbaTa C JIbK.
U Jla ce amanTmpar ympaKHGHHSTA M KOPEKUHHTE Taka, 4e Jga OTrOBapsT Ha
WHIUBUAYAIHUTE TOTPEOHOCTH HAa BCEKH CTpEel.
U Jla ce yckopn n momoGpu ONTHMH3HPAHETO HA TEXHHKATA, KATO CE MUHUMHU3HDAT
PHUCKOBETE OT KOHTY3UHU, CBbP3aHU C HEITPABUIHU, KOMIIEHCATOPHU JIBUKEHUS.

XHUITIOTE3A

Bb3 ocHOBa Ha (pOpMyIHpPaHUAT HAYYHOM3CIIEAOBATEJICKU MPOOJIEM IPEANOJIOKUXME, e
Yype3 UHTErpUPaHOTO U3MONI3BaHE HA MHCTPYMEHTaJIEH OMOMEXaHU4€eH aHaJIn3 Ou G110 B3MOXKHO J1a
ce WAEGHTU(PHUUMpPAT KOHKPETHM KHUHEMaTHUYHU MapaMeTpu (Hampumep BIJH, CTa0MIHOCT U
BapHaOMIIHOCT), KOMTO KOPEIUPAT ChC CIIOPTHATA PE3YITATUBHOCT IPH CTPEILUTE C JTbK.

Jlonyckame, ye cTaOMIIHOCTTA B O3ULIMUTE HA KIIFOUOBH CTaBHU KOMIUIEKCH (paMEHEH I0siC,
JaKbT, KUTKA U I71aBa) UMa ChLIECTBEHO 3HAYEHHE 3a [IOCTUTAHE HA BUCOK pE3yJITaT.

Cuntame, ye 4ype3 NEPCOHATU3UPAH U HAYYHO JI0OKA3aH MOAXO0/ KbM TPEHUPOBBUHHUS [IPOLIEC
U KOpEeKIMATa Ha TEXHUKATa, MOJKpENeH C WH(POPMAIMOHHHM MaHHU OT cucTemara Noraxon
MioMotion, crnopTHUTE pe3ynTaTd MoOrar Ja ce MOoJOOpSAT 3HAYUTETHO B CpPaBHEHHUE CbC
CTaHJapTHUTE, IPEIMMHO HHTYUTHUBHHM METO/IM HA TPEHUPOBKA.

Taka dopmynupaHuaT HayyeH HpoOjeM M pabOTHA XMIIOTE3a Ch3JlaBaT OCHOBA 3a SICHO
ONpECIICHN LIE€NH, 33Ja4d U METOIM Ha HU3CJEIBAaHE, KOUTO Ca B CHHXPOH ChC CHbBPEMEHHHUTE
TEHJCHIIMY B CIIOPTHATA HayKa U C HY)KIUTE HA IIPAKTHKATa.

I''/TABA BTOPA

METOAOJIOTUSA HA U3CJIEJIBAHETO

2.1. Hen, 3axa4u, 00eKT U NpeAMeT HA U3CJIeIBAHETO
Ieara Ha HACTOSAIIOTO M3CJEABAHE € Jla ce MOJ00pH e(hEeKTUBHOCTTA U PE3YJITATHOCTTA HA
TEXHUYCCKOTO MUIMBIHCHUC IIPpU CBCTE3aTCIN 110 CTpen6a C JBK 4Ype3 I/IJIGHTI/I(l)I/IHI/IpaHe u
AHAJIM3UPAHE HA KIIFOYOBU KOMIIOHCHTHU U €CJIEMCHTH Ha TCXHHUKATA.
3amauynuTe HA H3CJIEABAHETO CA:
1. AHanu3 Ha CHBPEMEHHH JHUTEpPATypHU HM3TOYHHIIM, CBHP3aHU C TEXHUKATa, (aKTOpUTE 3a
CIIOPTHA PE3YJITATUBHOCT U OMOMEXaHHYHUTE 0COOCHOCTH B CTpendara ¢ JIbK.
2. ITlpoyuBaHe Ha MHEHHETO Ha ChCTE3aTENU MO CTpeida ¢ JIBK BBPXY MNpoOIEeMUTE B
TPECHUPOBBYHATA HeﬁHOCT, OIICHKAaTa Ha TCXHUKaTa U CIIOPTHUTE PE3YITATU, TPYAHOCTHUTEC
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Opu TOArOTOBKaTa M B ChCTe3aTelHaTa cpela, ocoOeHocTHTe Ha (Qu3uveckara wu
MICUXOJIOTHYECKaTa TOJrOTOBKA, KAKTO M BBPXY HSIKOH BBTPEIIHW M BHHITHU (PaKTOPH,
OKa3Ballly BIMSIHAE BHPXY CTpesidaTa Mpu CIOPTUCTHUTE.
3. U3BbpuiBaHe Ha HWHCTPYMEHTAJIHM OHOMEXaHMYHU W3MEPBAHUS 3a OINpeiAessHe Ha
KMHEMaTUYHHUTE MapaMeTpH, XapaKTepu3upally TeXHUKaTa Ha cTpesoa.
4. Ananu3 Ha CpeIHUTE CTOMHOCTM W BapHaTHMBHOCTTa Ha (PaKTOpUTE HA TEXHHUYECKaTa
MOJIFOTBEHOCT BBB BCSIKA OT OCHOBHHUTE (ha3u HA U3I'BJIHEHUE.
5. Pa3paborBane Ha HOpMaTHBHA 0a3a W ONTHUMH3AIMOHHU MOJEIM HA TEXHHYECKATa
HOJTrOTBEHOCT IIPH CHCTE3aTEINN TI0 CTPEIIda C JIBK.
O0ekT Ha H3cieBaHETO ca (PaKTOPHUTE HAa TEXHUUYECKATA MOATOTBEHOCT, KOUTO OKA3BaT BIIUSHHE
BBPXY CIIOPTHATA PE3YITATUBHOCT MPH CTpedara C JIbK.
IIpeaMeTbT Ha U3CIEIBAHETO € MPOLECHT HA TEXHUYECKA OArOTOBKA MIPU CTpesidara ¢ JIbK.
H3caeaBanuTte JMua ca chCTe3aTesid MO CTpenda ¢ JIbK OT pa3IU4HU BB3PACTOBHU TPYIIH,
MPAKTUKYBAIX OJIMMITUHACKU CTHII - PEKBPB, C pa3InyHa CIIOPTHA KBaTU(UKALIMS U CTAX, KAaTO 4acT
OT TAX ca BKJIIOYEHU B HalMOHanmHUS oTOop Ha bearapus. OOxBanatu ca 18 kapToTekupaHu
croptuct# (7 mbxke u 11 jxeHn) Ha Bb3pacT Mexay 12 u 53 ronuHu, ¢ pa3nuveH CIOpTEH OMUT — OT
HAaYMHACIIM 10 HAIIPEeHAIIN, BCUYKH CTPEJISIIN C JICHA PhKa.

2.2. MeToau HA U3CJIEABAHETO

1. Ilpoyueane u ananusz na 1umepamypHu U3smMoOYHUUU

[Tpoydenu, cucTteMaTu3upaHd W OOOOIICHW ca HAyYHW MyONWKaIUu, AWCEpPTAIH, ydeOHU
roMaraja ¥ KHHTH, 0OXBallalld MCTOPHYECKUTE ACIeKTH Ha Pa3BUTHUETO Ha cTpendara C JIBK,
(dakTopuTe Ha TEXHUYECKATa MOATOTOBKA MPH CTPEIIIHUTE, ChBPEMEHHUTE TCOPUU M MPAKTHKA 32
ONTUMHU3AIMS Ha CIOPTHATa TEXHWKA M TIOJATOTOBKA, KAaKTO M AaKTyallHU OWOMEXaHUYHH,
TICUXOJIOTHYECKHU U METOJUYECKH MOAXO0U B 00JacTra.

bsxa ananuszupanu o61mo 97 u3TouHnka, otT KouTo 31 ca Ha kKupuinia, a 66 Ha JTaTUHUIIA.

2. EmMnupuuno u3cneosane

[TpoBexaaHe Ha eKCIIEpUMEHTAIHU HAOIIOJCHHS M TECTOBE ChC ChCTE3aTeNH MO cTpesida C JIbK,
BKJIFOYBAIIO TMPOCIEAsSBaHE Ha M3MBJIHCHHETO Ha CIOpPTHATA TEXHUKA | OIICHsIBaHE Ha
WHIUBUIYATHUTE XapaKTEPUCTUKHU HA YIACTHHUIIUTE B U3CIICABAHETO.

3. Aukemmno npoyusane

bsixa cvOpanu 1eneHacoyeHu AaHHU 3a: aeMorpadckus mpoduia Ha HM3CIAEABAHUTE JIUIIA,
0COOCHOCTUTE Ha TPEHUPOBBUHHUS MPOIIEC, CyOeKTUBHATA OLIEHKA HA TEXHHUKATa, ICUX0o(pu3niecKarTa
MOJTOTOBKA, TPYAHOCTH U (DAKTOPH, OKa3BaIllK BIMSHUE BbPXY ChCTE3aTEIUTE Upe3 CTPYKTYPUPAHU
BBIpOCH. JlaHHWTE OT HaIIeTO MpOyYBaHE MpPENOCTaBMXa IIEHHAa HHQOpMalMs 3a MHEHHETO Ha
W3CIIEIBAHUTE JIMLa OTHOCHO WHAMBUAYaJIHUS TPEHUPOBBUEH TMOAXOJ, M3IMOI3BAHUTE
TICUXOJIOTHYECKHU CTPATETUHU U CTENEHTAa Ha MPUEMaHe Ha TEXHOJIOTHUTE B TPEHUPOBBYHUS TIPOLIEC.

4. Buomexanuuen u euoeo ananus

NscnenBanero Oemie peann3upaHo ChbBMECTHO ¢ lleHThpa 3a HaydHa W MPUIIOKHA JACHHOCT B
croprta (ITHITIC) xem HCA ,,Bacun JleBcku“. IIpoBeneH € KOMIJIEKCEH aHAlIW3 Ha TeXHUKATa Mpu
W3MBJIHEHUE Ha CTpesdara, OCHIIECTBEH IOCPEACTBOM BHCO3AMUCH, CHEIHANIH3UpaH codTyep
Noraxon MR3.18 u MioVideo, MHCTpyMEHTH 3a HU3MEpBaHE HAa KHWHEMATUYHM MapaMeTpH,
OCHUTYpSIBaIl OOEKTHBHA OIICHKA Ha JBUKCHUATA.



N3non3BaneTo Ha crnienuanusupanus copryep (Noraxon MR3.18) Hu mpenocTtaBu HAACKAHN U
OOCKTUBHHM JaHHU 32 KJIIOYOBH NapaMEeTpH Ha TEXHMYECKaTa IOJTrOTOBKA, KOUTO KOPEIHUpaTr C
pe3yiTaTuTe Mpu cTpendara.

S Kpurepuu 3a u360p HA YYACTHHIM B H3CJIEIBAHETO

B uscnenBanero B3exa yyactue o0mio 18 kapToTekupanu cheTe3aTeNu o crpenda ¢ bk (7 Mbke
u 11 >xenu) Ha BB3pacT MeXay 12 u 53 TOOWHU, C Pa3IMYECH CIOPTEH ONMUT - OT HAYMHACIIH JI0
HaIpeJHalIM, KaTo 4acT OT TAX ca BKIIOYEHU B HauuoHalHus ot6op Ha bwarapus. [losedero
CHOPTUCTH Ca KEHH, KaTO TO3M AMCOANaHC C€ IBJDKH Ha MO-TOJIEMHUs OpOil MpeICTaBUTENKH Ha
YKEHCKHS 11071 B KityOa. Bcuuku cheTes3arenu ca 4eHoBe Ha CIIOpTeH KiIyo ,,deHnke Apubpu’, KOWTO
pasBuBa nieitHocT B rp. Codusi.

S Iapamerpu Ha u3cJaeIBaAHETO

W3cnensanute mapaMeTpu BKIIOYBAT OOMIMpPEH HAOOp OT KMHEMAaTHYHH MOKa3aTelH, U3MEPEHU
ype3 Noraxon MioMotion, KOUTO ONMKCBAT IBUKEHUETO M MO3UIIMOHUPAHETO HA KIIOYOBU CTaBH U
CErMEHTH Ha TSJIOTO, KAaKTO U JBUKEHHETO Ha JIbKa:

— Cmaenu venu u osudcenus na pameneme u naxkvms: RT (nsacuata ctpana) Elbow Flexion, LT
(msBara ctpana) Shoulder Total Flexion, RT Shoulder Total Flexion, LT Shoulder Flexion, RT
Shoulder Flexion, LT Shoulder Abduction, RT Shoulder Abduction, LT Shoulder Rotation - out, RT
Shoulder Rotation - out.

— Ilapamempu na 2nasama: Head course (3aBbprane), Head pitch (nakmon nanpen/nasan), Head
roll (HakJIOH HAacTpaHu).

— Ilapamempu na npeomumnuyama: LT Forearm course, LT Forearm pitch, LT Forearm roll.

— Ilapamempu na nvxa: Bow course, Bow pitch, Bow roll.

— benu na osuncenue na naeama pwvka: LT Angle X, LT Angle Y; kakto u 0611 asumyranen Angle
Z.

Te3u mapamerpu MOKpWUBAT TPUTE OCHOBHH OCH Ha JABIDKEHHE (caruTaiHa, (poHTaHA H
TpaHCBEp3aiHa), KOETO MO3BOJISABA ISUIOCTEH TPUU3MEPEH aHallM3 Ha TEXHUKATa [0 BPEME Ha BCsIKa
¢aza Ha cTpenbara: OT 3axBaTa U OIbBAHETO JI0 MPOU3BEKAAHETO HAa U3CTPETIa U POCIIEIBaHETO Ha
cTpenara.

5. Mamemamuko-cmamucmuuecKkume memoou

IIpu cratucTuueckus aHanu3 Oelle H3BBpIIEHA Mpelr3Ha o0paboTKa Ha ChbOpaHUTE
KOJINYECTBEHH JJaHHU Ype3 CTATUCTUYECKH METOIH.

1. BapuamuoHeH aHaiu3 3a ONpEJENsHE Ha CpeJHUTE CTOMHOCTH W BapUaTUBHOCT U

U3CIIeIBAaHUTE TIOKA3aTeNIN B TpUTe (PasH.

2. CurmarneH MeToJ1 — 3a KOJIMYEeCTBEHA OIlEHKA HA ChCTOSTHIETO Ha M3MEPBAaHUTE MPU3HAIIH.
Ha 6azata Ha cpenHOTO HHBO 3a IsilaTa U3CJEIBaHAa CBHBKYMHOCT (ChbCTE3aTenyl IO
cTpenba ¢ IbK) € pazpaboTeHa HopMaTUBHA Ta0IMIIA, KOSITO ITO3BOJISABA JIECHO U OBP30 /1a
ObJle OLIEHEH BCEKW MHAWBUAYaJIeH WK 0TOOpeH pesyinrar. Onenkure T ca HOpMUpaHU
BEJIMYMHHU, TpeicTaBeHu B 50-0ayHa TOYKOBAa CHUCTEMa, MO3BOJISIBAIA J1a CE€ CPAaBHSIBAT
MOCTH)KEHUATA 0 Pa3IMYHO Opa3MepeHH TecToBe U mokaszarenu. CpeJHOTO HUBO Ha
1sJ1aTa ChbBKYIHOCT OTroBapsl Ha 25 To4kHu. B cinydanre, Korato Ha MO-HUCKA CTOWHOCT
Ha pe3yJTara I0 JaJieH MoKa3aTesl OTroBaps MO-BUCOKO KaueCTBO, CKajlaTa 3a OLICHKA ce
oOpwsIIa.

3. TlpoueHT OTHOCHTENEH 51 32 00paboTKa Ha pe3yJITaTUTE OT aHKETHOTO MPOYYBAHE.

W3non3Banu ca nporpamuu npoayktu kato SPSS (Bepcust 25) u Excel.



2.3. Opranu3anusi Ha U3CJIeIBAHETO

S Emanu na uscneosamnemo
H3cneaBaHeTo oerie pa3acICHO U MPOBCACHO B IICT OCHOBHMU €Talla.

& I-Bu eran (01.01.2018 — 30.06.2019). Opuentupane B mpoOieMaTHKaTa U U3SACHSABAaHE Ha
CTpYKTypaTta Ha aucepTanuoHHus Tpyn. Dopmynupane Ha HaydeH mpoOieMm, e, 3alavu,
XHUIOTe3a W OYAKBaHU pPE3yIATaTH. TEOpPEeTUYHO MpOydYBaHE M aHAIM3 HA JIMTEPATypPHU
U3TOYHUIIH.

Y H-pu eran (01.07.2019 — 30.06.2020). Uzsacusasane Ha npoOiaeMaTHKaTa CBbp3aHa C
(dakTopHTe Ha TEXHUYECKATa MOATOTBEHOCT U CIIOPTHATA PE3YATATUBHOCT B CTpesOaTa C JIbK.
ChcTaBsiHE Ha JIeTailJIeH TUTaH Ha eKCIIEPUMEHTAIHATA YacT U M3SICHSABAHE HAa KOHIEIIIHUATA
3a MeTogonorusara. Pa3paboTBane 4acTUYHO Ha TBPBA IJIaBa OT IUCEPTAIIHOHHUS TPYI.

& Hl-tu eran (01.07.2020 — 31.12.2021) Pa3paboTBane 4acTHYHO Ha BTOPA M TPETa IJaBa.
[TpoBexknane Ha ekcriepuMeHTanHata 4acT. [loaroroBka Ha Tabnumu, (GUIYpH, CHUMKH,
OPUIOKHMHA KBM JIUCEPTAlMOHHUSA TpyA. JleTailiHO oOmucaHMe W aHAIU3 Ha
EKCIICPUMEHTAJIHATA YaCT.

% IV-tu eran (01.01.2022 — 31.01.2026). [ToaroroBka u y0aMKyBaHe Ha JBE HAyYHH CTATHU.
L{s10CTHO 3aBBpIIBaHE M TEXHUYECKO O(OPMSIHE HA TUCEPTAIIMOHHHS TPYI.

% V-t eran (01.02.2026 — 30.06.2026) BracsiHe Ha qucepranuaTa 3a 00ChKIaHe B KaTeapara
¥ JIOITyCKaHEe J0 BHTPEIIHA 3aIUTa.

[Tponierypy 1 oChIEeCTBSIBAaHE HA ITyOJMYHA 3aIIUTA HA AUCEPTAHOHHHS TPY/I.

I''/TABA TPETA
PE3YJITATHU OT U3CJIEABAHETO U AHAJIN3

3.1. AHKeTHO u3cjieiBaHe Ha paKkTOpHUTe, BJMSCIIH BbPXY TEXHHYECKATA MOAT0OTBEHOCT
U CTIOPTHUTE Pe3yJTATH NPU CTPEJILUHTE C JIbK
AHKeTHaTa KapTa € pazpaOoTeHa C L€ U3Clie[IBaHe Ha BBTPEUIHUTE U BBHHIIHUTE (HaKTOPH,

OKa3Ballld BIHMSHUE BBPXY TEXHHYECKAaTa TOATOTOBKA W CIIOpPTHaTa pe3yJNTaTHBHOCT Ha
ChCTE3aTeNUTE MO cTpenda ¢ IbK OT COPTeH Kiy0 ,,dennkc Apubpu‘. Upes Hes modydruxMe JaHHH,
CBBP3aHU C BB3PACT, MOJI, CIIOPTEH OIUT, TPEHHUPOBBYHA JEHHOCT, TICHXOJIOTHYECKA YCTOWIHBOCT U
JPYTU acleKTH Ha MOJrOTOBKATa, KOUTO MMAaT CHIIECTBEHO 3HAUEHHUE 3a MOCTUTAHETO Ha BHUCOKU
CHOPTHU Pe3y/TaTH U 32 MHAWBUYAIIHOTO Pa3BUTHE HA ChCTE3aTENUTE B YCIOBUATA HA CbBPEMEHHUS
CIIOpT.

[Tonmyyenara uH(pOpMalus criomara 3a KOMIUIEKCEH aHAJIW3 Ha BIMSHUETO Ha OT/AEIHHUTE
dakTOopu BBpPXY TEXHHYECKaTa MOJITOTBEHOCT M CIOPTHHUTE MOCTH)KEHUS, KaTO CHIIEBPEMEHHO
M03BOJIsIBA Ja ObJAT OYePTaHW OCHOBHHU TEHCHITNH U 3aBUCUMOCTH, XapaKTEPHH 32 PECTIOH/ICHTHTE.

JlaHHUTE OT aHKETHaTa KapTa IOKa3BaT, 4e Hail-MHOTO MHOTOOpPOIHM ca H3CIICBAHHUTE
cweresarenu a0 15 roagunn (33%), cnenBanu ot te3u Mexay 16—20 rogunu (28%). Toa mokaspa
CepHO3HO MOAMIIAIIBaHEe Ha 0TOOpPa, Thil KaTO Mo-Bb3pacTHUTE (Had 30 r.) ca mo-Manko Ha Opoii, HO
TE ca C TMOBEYE ONMUT W YCTOHYMBOCT Ha pe3ynratute. [lo-ronsiMaTa 4acT CIIOPTHCTUTE ca KEHU
(61%), a Mmbxere ca 39%. To3u aucbanaHc ce 0OACHSABA ¢ MO-TOJIEMHUs] OpOH MPECTaBUTENKHU HA
skeHckus ol B CK ,,denukc Apubpu®.



Haii-ronsim e AenpT Ha ChCTE3ATENUTE ChC CHOPTEH onmuT Mexay 6 u 10 romunu (44%),
CJIe[IBaHU OT Te3H ¢ 10 5 rogunu (28%), mo-onutHute ¢ Haj 16 ronunn — 17% nu mexny 11 u 15r. ¢
Haii-ManbK mpoueHt (11%). U3cnenBanure chere3arenu ca NpeIMMHO MJIAJH U ChC CPEACH CTaX,
KOETO MpeJoiara BIMsSHNUE BbPXY CTAOMIIHOCTTA HA TEXHUKATA U CIIOPTHUTE PE3yNITaTH.

Cwcresarenure Tpenupar 2-3 mbTu cenMu4Ho (83 %), KaTo 4acT OT TAX ca BKIIOYCHH B
HAI[MOHAJIHUS OTOOp U TpeHupat Haj 5 mbpTu (6%). M3cnenBanure CnopTUCTH MMOCOYBAT, Y€ Haii-
CUWJIHUTE €JIEMEHTH OT TeXHHKaTa UM ca CTa0MJIHOCT Ha IpeaHa pbKa (5 dyoBeka), a00pa MO3UIMs
(muHUMs) Ha TSUIOTO, cTabWIIHATA CTOMKA, JOOBP KOHTPOJI Ha paMeHeTe W I'bpOa, MOCTOSHCTBO Ha
JSICHAaTa pbKa, HEMIPEKbCHATO TErJICHEe M IuIaBHA paboTa Haj KIHMKepa, U myckane (2 yoBeka). Karto
OCHOBHHU CIIAa0OCTH CTpPENIUTE MOCOYBAT: TPYAHOCTH MPH MyCKAaHETO Ha wm3cTpena (4 mymm),
HECTAOMJIHOCT Ha MpeiHa pbKa (5 AyIlun), HECUTYpeH XBart (2 Aylin), CKbCBaHE Ha U3cTpena (2 ayuiu),
KaKTO U POOJIEMHU B MO3UIIUATA U CTOWKATA, HECUTYPHOCT TPHU TErJIeHEeTO (2 IyIin) U KOHTPOJI HaJ
KITUKEpa.

Nudopmanus 3a TpyaHOCTHTE, C KOUTO CE€ CpeliaT CbhCTe3aTelNuTe IO BpeMe Ha
TPEHUPOBBUHHUS MpOIEC € NpeiacTaBeHa Ha MDurypa 6, KaTo ce OTKpOSBAT HECUTYPHOCTTa B
nputenBaneTo (44.4%) u TpyAHOCT B MOAABPKaHETO Ha KoHIeHTparus (33.3%).

Mpobnem c 6ananca I 11.10%

Tpemop (TpenepeHe) Ha npeaHaTta pbka NN 27.80%

MNpomsaHa B nonoxeHuneto Ha rnasata NN 27.80%

Bonka unv auckomoopt B pamo/nakbT/rpu6 IS 27.80%

Bbbp3o HacTbnBala ymopa 5.60%
TpyAHOCT B NoAAbpiKaHe Ha KoHueHTpauvaTa NG 33.30%
lpewkn npu guwareto N 11.10%
HecwurypHoct 8 npuuensadeto I A4, 40%
Tpy4HOCT Npy NpUKAaaBaHe 16.70%

Apyro I 33.30%

®durypa 6. Tpyonocmu npu uznwvineHue Ha cmpenoa

B otrosop ,apyru“ (33.3%) pecnoHIeHTUTE MOCOYBAT CHEUU(UYHHU MPOOJIEMH KaTo
YEeIHaKBEHOCT IpU MyCKaHETO, Tpellika NMPU XBaTa Ha phbKOXBAaTKaTa U HallalduKa, JOUI PUTHM Ha
U3TEIJISIHE Ha KJIMKEP, TOCOKA U PUTHM, KaKTO U PONaJaHe Ha MEPHUKA.

TexHnyeckaTa MOJArOTOBKA U YBEPEHOCTTA ca BaXKHM (PAKTOPU 3a MOCTUTAHETO HAa BHCOKU
cnoptHu pe3ynratd. Ensa 5.6% OT y4acTHHLIMTE CUMTAT, Y€ MPUTEKABAT HAIBJIHO H3rpajieHa
TEXHHKA.

Ha Bbnpoca ,, Kou TexHudecku eneMEeHTH cuuTaTe 3a Hali-BakKHM 3a Bamms pesynrar?‘
npeoOianaBamaTa 4act ot cberesarenure 94.7% (17), mocouBaT crabuiHata MpeiHa pbKa KaTo
BaXCH TEXHMUYECKU EJIEMEHT 3a NOBMILABAHE HA CIOPTHUTE pe3ynTaTu. BucCoOk 1s1 3aeMar chIIO
XBaThT Ha JIbKA U IyCKaHeTo (0CBOOOXKJaBaHETO Ha TeTuBaTa) 1o 77.8%.

ITo-ronsMaTa yacT OT CBCTE3ATENIUTE CHCTEMHO AaHAJIM3UpPAT pe3yJATaTUTE CH Cle]
TPEHUPOBKA, KOETO MOJIIOMAara TSIXHOTO Pa3BUTHE U YChBbPIICHCTBAHE.



Ot pesynrature € BHUJIHO, Y€ IOBEYETO OT ChCTE3ATEIUTE H3MHUTBAT ICHUXOJIOIMYECKUS
npoOiieM ,TapreT maHukK (,target panic’) W H3MOA3BaT KOMOWHAIMS OT CaMOperyJaius,
MICUXOJIOTHYECKH TEXHUKH U WHIUBUIYATHA METOJIU 3a CIIPABSIHE.

WNuTepecHu ca TaHHUTE MPH pa3IekAaHETO Ha CUMIITOMUTE, IPH KOUTO c€ IPOsiBABa ,target
panic®, KaTo Hail-uecTo cpelllaHus € HEBOJIHOTO U PSA3KO OCBOOOXK/IaBaHE HAa TETUBATAa, OTYETEHO OT
72.2% OT aHKeTHpaHUTE ChCTE3aTENH 10 cTpesda ¢ IbK. (Purypa 8).

Hesonko pasko ocso6okaasare |G 72.20%
3actusaHe 6e3 usctpen (,3ampossare”) [ NEGTIEGEGEG 22.20%

lpelwHa To4yKa Ha NnpuuensaHe 27.80%

YceT 3a iMnca Ha KOHTPO Haf, ABUKEHNETO _ 50.00%

MNosuweHo cbpuebueHe/HanpexeHne 16.70%

Apyro [ 5.60%

®urypa 8. Cumnmomu Ha ,,target panic *“ npu cmpenyume ¢ 1K

B ananm3a Ha M3MON3BaHUTE TEXHUKU U MOJXOJH 32 CIIPaBsHE C ,target panic™ ce OTKposiBa
cTpenba 6e3 MHIIIEHa KaTO OCHOBEH METO/]I 3a peAylMpaHe Ha HAPEKCHUETO W Bb3CTaHOBSIBAHE HA
KOHTPOJI BbPXY U3MBIHEHUETO, KaTo 72.2% oT cheTe3arenure ro npeanountar (Gurypa 9).

He cbm Topeunn/mopeuna cneunduuna nomowy, [  27.80%
Pasrosop c TpeHbop/cnopter ncuxonor =S  27.80%
Crtpenba no ronaima muweHa otb6a13o 16.70%
Ctpen6a 6e3 muwena Ha 5 metpa [N /2 .20%
Texuuuecku ynpaxnenns (,cyxv”) NGNS 50.00%

YnpaskHeHua 3a penakcauma/auarde mmmm | 5.60%

CnupaHe Ha cTpenbaTa 3a M3BECTHO Bpeme | 5.60%

durypa 9. Memoou 3a cnpassme cvc cumyayus Ha ,, target panic “

IIpu cropaBsHe ¢ HaNpeXKEHHETO IO BpeMe Ha ChCTE3aHUE ChCTE3aTeNIUTe IpujiaraT
pa3sHOOOpa3HU METONH, CPE KOMTO HA-4eCTO M3IIOJI3BaHa € MUCIIEHATa BU3yaIN3alHs Ha yCIeNIeH
u3cTpel (aBTOreHHa TPEHUPOBKA), mocoyeHa oT 55.6% ot anketupanute (@urypa 10).
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[Obnboko anadparmantHo gnwane I | 38.90%
MwucneHa Busyanumsauma Ha ycnewen usctpen I 55.60%

Pasrosop ¢ TpeHbop Man cboTbopHuK I | 50.00%

CamomoTuBMpawm mucam/aytotpermHr I | 50.00%
CnywaHe Ha My3uKa npegu uam no speme Ha cberesarvie | 11.10%

MeauTauma unm mora TexHukn | 5.60%
YcamoTaBaHe 1 TULIMHA Npeau cTapT 27.80%

MonoxutenHu putyanu/pytmum (Hanp. Hactpoitka Ha... I 11.10%

Opyro: I 11.10%

®urypa 10. Memoou 3a cnpasane ¢ nanpediceHuemo no epeme Ha Cbcmesanue

WHTepec mNpeacTaBisiBa MHEHHETO Ha W3CJIEABAHUTE ChCTE3aTENM OTHOCHO JIMYHHTE
(BbTpelIHU) (hAKTOPH, KOUTO HAN-CHIIHO BIMSST BBPXY KPaiHUS pe3yirar MpH cTpeindaTta ¢ JbK
(®urypa 12).

TexHnueckata nogrotoska [ 33.30%
Mcuxmyecka ycTomunBocT U KoHueHTpauvs I 66.70%
®usnyecka nogrotoska NG 66.70%

Taktuka/ctpaterns 5.60%

3ppaBocnoBHOTO cbeTosiHVe N 11.10%
Ymopa | 11.10%
MoTusauusa 33.30%

Opyro 1N 5.60%

®durypa 12. Jluunu (6ompewnu) hakmopu, KOUmMo HAU-CUIHO BIUASAM HA KPAUHUS
pe3yamam npu cmpenda ¢ 1K

Kato ocHoBeH BbTpelieH (pakTop 3a BHCOKa CIIOPTHA pe3yATaTHOCT, 83.3% OT yyacTHULIUTE
[IOCOYBAaT MMEHHO CBOUTE TE€XHHYECKH yMeHHus. ChIIECTBEHO 3HAYEHHE MMAT U ICUXHYecKara
YCTOHYHMBOCT M KOHIIEHTPALIUATA, KAKTO U (hU3HUecKaTa MOAroTOBKa, KOUTO Ca MOCOUYEHU ChOTBETHO
oT 66.7% OT aHKEeTHpaHHUTE.

PecrionnenTuTe mocodBaT KaTo BBHINHU (AKTOpU, BIUSEHIM BbPXY KpalHUS pe3ynTar,
MeTreoposornynute ycioBus (77.8%), HampeKeHHeTo OT chcTezarenHata obctaHoBka (55.6%),
MatepuanHata dact (44.4%) u XapakTepUCTUKUTE Ha 3ajaTa WM TEPEeHa KAaTO OCBETJICHHE, IIIyM,
npoctpancTBo (38.8%).

KomrmiekcHUST moaxo/1 KbM MOJATOTOBKATa € OT PElIaBaiio 3HaYeHHE 32 BUCOKUTE CIIOPTHU
pe3yaTtatu. MHOTO TroJisiMara 4acT OT aHKeTUpaHuTe chere3arenu (94.4%) ca ybenaenu, ue olmaTta
¢du3nyecka MOJATOTOBKAa OKa3Ba 3HAUYMMO BIIMSHUE BBPXY CIOPTHHUS pe3ynTaT, kato 61% ot Tax
BKJIIOYBAT 2-3 MBTH CEIMUYHO YIpaKHEHMs 3a oOmia ¢u3nyecka moaroroBka (6e3 crpenda) B
CEJIMUYHUS CH TPEHUPOBBYUEH PEKUM, JIOKATO €/1Ba 5 % HUKOTa HE M MPAKTUKYBAaT.
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Ot Bcuuku ankeTupanu 89% He NPaKTUKYBAT APYT'H CIOPTOBE U3BBH cTpesidaTa C JIbK, KOETO
IIOKa3Ba ChCPENOTOYABAHE BBPXY €/1HA JUCLUUIUIMHA M HHUCKA CHOpPTHA MYJITHAKTUBHOCT CpEl
u3cieABaHara rpymna.

[IpaBu BrieuaTiieHue, 4e 3a Aa yChBHPIICHCTBAT CBOSATA TEXHHUKA Bcuuku cberezareru (100%)
MPEIOYnTAT KaTo Hail-epekTUBHA HUHIUBUyalHATa yCTHA OOpaTHA BPb3Ka C KOHKPETHU HACOKHU OT
Tpenbop (Purypa 15).

Yeruu Hacoku ot Tpersop  [EIEGEGEGEEEEEE  100.00%
Bugeoaranvs |GG 44.40%

BuomexaHW4HM U3MepBaHUA N AaHHU 22.20%
Camonabniogenme n camoctoatennm 6enexkn [ | 27.80%

pynoso o6cbwaare/ananms c apyrm chetesateny | IESS  55.60%

Mogaenupauia (4eMOoHCTpaLma Ha TEXHUKA OT
I 38.90%
TPeHbOP/ennTeH cbctesaten)

OVruTanHn NpuaoKeHna nam MOBUAHK MHCTPYMEHTU
3a cieaeHe Ha nporpeca

22.20%

KombuHauma oT ropHuTe . 5.60%

®urypa 15. Ilpeonouumana odpamna 6pv3Ka 3a yCb8opuleHCmeare Ha mexHuKama

['pynoBoTo 0OCHKIaHE C JAPYrM ChCTe3aTead € BaxHO 3a 55.6%, a BUAEOAHANU3BT €
HeoOxomuM 3a 44.4% oT aHKeTHpaHHUTE. J[eMOHCTpalMu Ha TEXHHMKA OT TPEHbOP WM EJIUTEH
CHOPTHUCT Ca OLICHEHH IMOJIOKUTENTHO OT 38.9%, 10KaTO caMOHAOIIOJJIEHUETO U BOJIEHETO Ha OEJIeHKKHU
ca nocoyeHu ot 27.8%. 3HaYNTENHO M0-MaJIKO BHUMaHHE € OTJEJIEHO Ha JUTUTATHUTE IPUIIOKEHUS
(22.2%) n Ouomexanmuynute usmepBanus (22.2%) kato cpenctsa 3a Cie€lI€HE U ONTUMHU3ALNS HA
Pa3BUTHETO.

WHuTepec mnpeacraBisiBa MHEHHETO Ha M3CIEIBAHUTE JMIIA OTHOCHO TPEHHUPOBKUTE 3a
NICUXUUYECKAa YCTOMYMBOCT KaTO 3aJb/DKATEIHA 4YacT OT CIIOpPTHATa MOATOTOBKa, kKato 77.7% ot
aQHKETHpAHWUTE TH ONPEAEIAT KaTo HEOOXOUMH, T0KaTo efBa 5.6% He CIoJeNAT ToOBa CTAaHOBUIIIE.
PesynTtarure moka3BaT SICHO M3pa3eHa HEOOXOIUMOCT OT CUCTEMHA paboTa ChC CIIOPTEH MCUXOJIOT,
KOITO MMa Ba)kHa pOJIs 3a MCUXHMYECKaTa yCTOWYMBOCT, KOHIIEHTpaLUATa, €(hEeKTUBHOTO CIpaBsSHE
ChC CTpeCca U MPEOAOIIBAHETO HA TPYIHU MOMEHTH B CIIOPTHATa cpejia.

[Ipu cnmag B KOHIEHTpamusiTa IMO-TOJsIMaTa 4acT OT cTpeniure (66.7%) mnpeamouuTtar
BBTpPEIIHA MOBTOPHA HACTPONKA Ype3 MEHTAJHA PENEeTULINS U IPUIIOMHSHE Ha KJIOYOBU €JIEMEHTH
oT TexHukara. KpaTka nmay3a kaTo crpaTerus 3a Bb3CTaHOBSIBaHE Ha KOHIIEHTpauusTa uzoupat 16.7%
oT aHketupanute, 11.1% He nmpeanpuemMar KOHKPETHH IEHCTBHS, a ef1Ba 5.6% 00CHKIaT CUTyalusaTa
¢ TpeHbopa. ToBa Mokas3Ba, ye caMoOperyJanusaTa € BOACI MEXaHU3bM 3a CIPABSHE C BPEMEHEH CIajl
BbB BHUMAHHUETO, a BHHIIIHATA MOJKPETa 0cTaBa 1o-cjaado U3Moy3BaHa B MOAOOHU MOMEHTH.
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Haii-mHoro cbcre3arenu (72.2%) ornaBar TEXHHMYECKUTE CHU TPEUIKM Ha JIMICA Ha
KoHUeHTpauus (Purypa 16), 10KaTo CTPECHT U HAIPEKEHUETO ca MPUUYMHA 34 IpelKu 1npu 55.6%
OT THX.

dusnyecka ymopa _ 33.30%
TexHU4Yeckn nponyck/HegornexaaHe — 22.20%

HepocTaTbuHo go6pa noaroTosKa

~¥50.00%
F

n
OBULWLIEHO Hanpe)KeHme/CTpec 55.60%

Jlunca Ha KoHLeHTpauua
72.20%

®urypa 16. Ha kaxeo 0buxnogeno omoasame mexHuiecka epeuwka?

B 00001ieHre u3ciaeBaHUTE JIUIA IPHEMAT, Y€ OCHOBHHUTE MPUYMHH 32 JOIMYCKAHHUTE
TEXHUYECKH TPELIKH TpH CTpeiba ¢ JIbK ca CBbP3aHU MPEAUMHO C ICHXHYECKH (PaKTOpH, KaTo
HEJOCTATh4YHA KOHIICHTPALMs M IOBHIICH CTPEC, JOKAaTO (hu3MueckaTa ymopa M TEXHHYCCKHUTE
IPOITYCKH C€ OLIEHSBAT KaTo (PakTOPH C MO-ciabo BIUSHUE.

B 3ak/iiouenne MoxkeM 1a 00001IMM, Y€ KakTO BBHIIHUTE (pakTopu (LIyM, pa3roBOpH,
KOHKYPEHILIMA), TaKka U BbTPEIIHU NCUXOJIOrHYecKr (HakTopu (MHUCIIH, EMOLIMOHAIHO HANpPEXEHUE)
CHJIHO BIIUSISIT BBPXY CIIOCOOHOCTTA 3@ KOHLEHTPALMs IIPU CcTpenda ¢ IbK, KaTo YIPaBICHUETO UM €
OT KJIFOUOBO 3HAYEHUE 32 CIIOPTHHS YCIIEX.

Pesynrature OT aHKETHOTO NMpOYUYBaHE MOKA3BaT, Y€ OCHOBHHUTE (aKTOPH 3a TEXHHUYECKA
HNOJArOTBEHOCT U CIIOPTHA pEe3yATaTUBHOCT B cTpeidara C JbK Ca CBBbpP3aHU C LEJIEHACOYEH U
CTPYKTYpUpPaH TPEHUPOBBYEH MPOLIEC, KAaTO TPsAOBa Aa ce 00bpHE BHUMaHHE Ha OCHOBHU TEXHUUECKU
eJIeMEeHTH (CTaOMIIHOCT Ha MpegHa pbKa), CHCTEMHO CaMOHaOI0IeHNE U aHAJIN3 Ha U3IbJIHEHUETO,
KaKTO U YKpeIlBaHe Ha ICUXUYecKaTa yCTOMYMBOCT U CIIOCOOHOCTTA 32 KOHLEHTPALUS.

Ot JaHHUTC € BUAHO, Y€ CPABHUTCIIHO MJIAJUTE U CPCAHO OIMMTHHU CBCTE3ATCIMU IMOCTHUTraAT
BB3XOAAIIN PE3YJITaTU, HO B CHbIIOTO BPpEME MMPOABABAT U N3BCCTHHU KOHC6aHI/I$I, CBBbp3aHu C yMOpa,
CTPEC U 3aTPYAHCHUS C KOHTPOJIA HAa TCXHUKATAa, KOCTO Hajlara THANBUAYAJICH IMOAXO/ U IMO-aKTHUBHA
paboTa c TPEeHbOPHU M CIIOPTHU MICHXOJIO3H.

W3cnenBaHeTo MOTBBpKJaBa, Y€ KOMOMHHMPAHETO HAa BHCOKOKAYECTBEHA TEXHHYECKa
MOArOTOBKA C WM3IO0JI3BaHE HA BUACOAHAIN3 U CHBPEMEHHM TEXHMUYECKU CPEACTBA, ChYETAHO ChC
CHCTEMHa IICUXOJIOTUYECKa TOJKperna M IEeJIeHACOYeHO pa3BUTHE Ha (PU3MUYECKH KauyecTBa, €
OCHOBOIIOJIAralllo 3a MOBUILIABAHE HA CIIOPTHUTE PE3YJITATH MPU U3CIEABAHUTE CTPENILH C JIBK.
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3.2.CpenHu CTOHHOCTH M BAPDHATHBHOCT HA (JaKTOPHUTE 32 TEXHHYECKATA MOATOTBEHOCT

B rmaBa 3 Ha qucepTanMoHHHS TPYA € MPEICTaBeH MOAPOOCH aHamM3 Ha OMOMEXaHUYHHUTE
nokasarenu, crOpanu BbB ,,Paza 1° (nmpuknan), ,,Laza 2 (u3ternsne noxa kiukep) u ,,daza 3
(BB3MPOMU3BEIKIAHE HA U3CTPEN).

AHaAIM3BT € CTPYKTYPUPAH IO TPYIH OKA3aTEeI M C OrJIE Ha JIOTUYECKOTO U (PYHKIIMOHATHO
B3auMoJieiicTBHe: (ICKCHS Ha JIAKbTS U paMOTO, aOIyKIMsS U POTaIUsl HA PaMOTO, MOJIOKEHHE Ha
rJiaBaTa, IBMYKCHUS Ha TPEIMHIITHHUIIATA, TIOJI0KECHNE HA JIAKTUTE U TPOCTPAHCTBEHU BIJIH HA TSJIOTO.

OOt Opoit mokazarenu e 21, a mosryueHUTE JaHHU ca 00pabOTEeHU KaTo CPeIHU CTOHHOCTH
(X), munumanaun (MIN) u makcumanuu croitnoctu (MAX), craHmapTHO oTkioHeHHe (Si),
koepunueHT Ha Bapuaius (V%) u peanen nuamnazoH Ha Bapupane (R = MAX — MIN) 3a Bcska
KrHeMaTHKa npomeniusa (Ilpunoocenue Ne2, Ne3, Nod).

AHAJM3BT € CTPYKTYPHPAH 10 TPUTE OCHOBHM (ha3u Ha M3CcTpeJia:

L ,Dasza 1“ (mpukiam) — el HAYalHO 3a€MaHe Ha TO3MIUS M IbPBOHAYAIHO OIbBAHE HA
TeTUBATA.

G ,Dasa 2“ (u3TerysHe MOA KIMKEP) — JOINBIHUTENHO H3TETNIAHE Ha KIMKEPa, KaTo
€IHOBPEMEHHO C TOBA HE CE€ IPOMEHS 1sJ1aTa OCHOBHA IO3ULUS.

&, Dasa 3 (u3cTpen) — 0cBOOOKIaBaHe Ha TETUBATA B IOCOKA, IPOTUBOIIOJIOKHA HA II0COKATA

Ha U3JIMTAHC Ha CTpCiiaTa.

Cnen ananm3a Ha BCska (asa TMOOTHCIHO Ca HM3BEICHU KPAaTKH MEXIWHHUA HM3BOAH U
3aKJIIOYCHHS, KaTo B Kpas Ha TpeTa riiaBaTa (asuTe ce pasriekgaT B CPaBHUTENCH acleKT U
IJIOCTHO OT TJIe/IHA TOYKA Ha CTPEIKOBAaTa TEXHHWKA W CIIOPTHHUS PE3yNTaT (TOYKOB PE3YyNITaT OT
HIECTTE U3CTPEIIA).

3.2.1. CpenHu CTOIHOCTH ¥ BAPUATHBHOCT HA MoKa3aTe/uTe 3a ,,da3a 1“ (npukJian)

B cnoptHata crtpenfa ¢ abk (azata Ha MpHUKIaZa € KII0YOBa 3a CTaOWIM3MPAHETO Ha
cucreMarta ,,CTpeNel-IbK" Mpean U3CTpena.

B®B ,,Paza 1 (mpukian) uiciaelBaHUTE JIMILA ONM'BBAT JIbKa J0 MO3ULMUA, B KOATO TETHBATa
JokocBa Opangara u Hoca. [locTaBsHETO Ha TETHBATa O] YEIIOCTTa U HACOYBAHETO HA MEPHHUKA KbM
MulleHara (rpyooTo ImpHIleJIBaHEe) ca XapaKTepHU 3a Ta3u ¢aza. ToBa € MOMEHTHT MPEAU IBIHOTO
U3TETJIsIHE, TIPU KOUTO cUcTeMaTa ,,CTpeNel-ThK ™ ce CTabmImM3upa, MoAroTBSIKY Ce 3a U3CTpela.

O Ananus na ,,pamenno-takvmen Komniekc* (noxazamenu 1-5)

®urypa 18 unrocTpupa B CpaBHUTENEH acHeKT CpemHuTe cToiHoCTH (X) MpH ,,paMEeHHO-
JaKbTHUS KOMIUIEKC™, a @urypa 19 orpa3siBa BApHATHBHOCTTA HA U3CIICABAHNUTE ITOKA3aTENN B Ta3H
da3za.
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,Pa3a 1“ (nokasatenmn ot 1 go 5)

dnekcusa Ha gacHo pamo (RT Shoulder Flexion) _ 133.91
dnekcua Ha naso pamo (LT Shoulder Flexion) 53.93
MbnHa pnekcus Ha gacHo pamo (RT Shoulder Total
- N | 11933
Flexion)
MbaHa pnekcua Ha naso pamo (LT Shoulder Total
: N | 74.91
Flexion)

dnekcna Ha aecHusa nakbT (RT Elbow Flexion) _ 91.17

0.00 50.00 100.00 150.00

CpegaHu ctoitHocTH (X)

®durypa 18. Cpeonu cmotinocmu Ha nokazamenume om ,, pPAMEHHO-IAKbMHUL KOMNIEKC " 618
,@aza 1 (°)

Cpennara croitnoct (X) Ha ,,¢uekcus Ha nakbTs npu adcHara pbka“ (RT Elbow Flexion) e
91.17 rpaxyca cbe cTanaapTHO oTKiIoHeHHE (St) oT 14.34 rpanyca u koedunueHT Ha Bapuanus (V%)
ot 15.73%. JluanazonsT Ha U3MepeHUTEe cTOMHOCTH R=57.8 rpanyca, Bapupaum OT MUHHUMAaJIHA
croiiHoct (MIN) 67.14 no makcumanna (MAX) 124.94 rpanyca. Jlannute coyar, 4e mOpu
MO3UI[MOHUPAHE B MPUKIIAZa CIOPTUCTUTE 3aeMaT CXOJIeH, HO HE €IHAKbB BI'bJ HA ,,IIeKCcusiTa Ha
JECHHS JJAKBT**, KOETO € 0YaKBaHO, Thil KATO OIbBalllaTa pbKa (IIPH JECHUYAPH JSICHA) MOXKE Ja Obie
MO3UIIMOHUPAHA MAJIKO MO-HAaBBH WIIM 110-HA3a]] B 3aBUCUMOCT OT MHIMBUIyalTHATa aHTPOIIOMETPHS,
IBIDKMHATA HA OIBH M MpPEIINOYMTaHaTa To4ka Ha mpukianga. CTolHOCTUTE HAa KoeduImeHTa Ha
Bapuauus (V%) ca B auanasona 15—-16% u oTpa3siBaT ymepeHa BapuaTHBHOCT (XOMOT€HHOCT) KaKTO
MEXIY OTIEIHUTE CTPEJIH, Taka M MEXIy OTACITHHTE U3CTPEIHd B Tpylara, KOETO IMpeanojara
OTHOCHUTEJTHO €JHAKBa IMO3UIIMs Ha JIAKbTS B pasriekaaHara ¢asza (Purypa 19).

,Pa3a 1“ (nokasatenn ot 1 go 5)

3500 30.67%
X
> 3000
S
5 25.00
= 15.73%
a 20.00 13.51%
o 1500 9.46%
T 6.63%
£ 10.00 -
g
b
S 000
2 ®neKkcna Ha MbnHa dnekecna MNbnHa pnekcma Onekcusa Ha nago  Pnekcma Ha
AecHus nakoT (RT Ha nsBo pamo (LT  Ha asacHo pamo pamo (LT Shoulder pgacHo pamo (RT
Elbow Flexion)  Shoulder Total (RT Shoulder Total Flexion) Shoulder Flexion)
Flexion) Flexion)

®urypa 19. Bapuamuenocm na uscnedganume nokasamenu om ,, pPameHHO-1aKbMHUs
komnaekc“ npu ,,Paza 1*“
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JlaHHWTE MPU U3CTEABAHETO Ha ,,(DJICKCUATA U TIbJIHATA (JICKCUS B PAMEHHUTE CTaBH * ChHIIO
naBaT BaxkHa nH(popMaius, Kato cpeanara croinoct (X) 3a ,,abaHa duekcus Ha nsB0To pamo* (LT
Shoulder Total Flexion) e 74.91 rpamyca npu HUCKO CTaHIapTHO OTKIOHeHHUE (S+4.97 rpamyca) u
V=6.63%. JlnanazoHbT € OTHOCUTEIHO OTpaHU4eH, 0KoJIo 24 rpagyca. ToBa moka3Ba CpaBHUTEIHO
yellHaKBeHa MO3UIUs Ha PAMEHHHUS MOsIC OT CTpaHaTa Ha JIbKa (JSBO pamo), KOETO € MoKa3aTel 3a
CTaOMIIHOCT Ha PbKaTa, KOATO IbPIKH JTbKA.

CxoJiHa TeHJICHIIMS ce HAOJII0/aBa U IIpH ,,ITbJIHATA (uiekcus Ha asacHoTo pamo™ (RT Shoulder
Total Flexion), kbaeto cpeanara croitnoct (X) e 119.33 rpanyca, cbe S+11.29 rpagyca u V=9.46%,
a IManazoHbT Ha Bapualus JocTura okoiso 42 rpaayca. Tyk BapuaTUBHOCTTA € [TO-BUCOKA, Thil KaTO
JSICHOTO paMoO (Ibpriamiata pbka) € aKTMBHO W B 3aBHCHUMOCT OT MSCTOTO Ha MNPUKIAA U Ha
AQHTPOIIOMETPUYHHUTE MMOKA3aTeIN Ha MUILITHHIIA U TPEMHUIITHHUIIA ChCTE3aTEINTE 3aCTaBAT B Pa3IMuCH
BI'bJI [10 BpEME Ha 3abpxkaneTo. M npu nBara nokaszatens V e ot 6.63% 10 9.46 % , xoeto e nox 10
% ¥ 1MoKa3Ba XOMOT'€HHA M €JHOPOIHA U3Ba/IKa, ChOTBETHO HUCKA BAPUATHUBHOCT.

[Tokazarenure Ha ,,paexcuara Ha asiBo pamo™ (LT Shoulder Flexion) u ,,i1cHO pamo* (RT
Shoulder Flexion) moTBbprkaaBaT acCUMETpUsATa MEKAY PbKaTa, KOSTO JbPXKH JTbKa, U pbKaTa, KOsSTO
termu. Cpeanara croitnoct (X) 3a ,,Quekcus Ha 180 pamo® e 53.93 rpagyca ¥ MMa MHOTO BHCOK
muana3oH (R=68.46 rpanyca, ot 19.61 no 88.07 rpanyca) u Bucok V=30.67%. ToBa e unaukanus 3a
3HAYUTEIIHW WHAMBHIYAHU PA3JIMyUsl B TO3HIMOHUPAHETO Ha JSBOTO paMo BBB (¢azara Ha
npukiana. B mpaktukara, ToBa € MOMEHTHT, B KOUTO CTPEJIIUTE CTAOMIM3UPAT HUBOTO HA PaMoTo,
KaTO MO-ONMUTHUTE OOMKHOBEHO JABPKAT paMEHEeTe MO-HUCKO, JOKATO MO-HEOMUTHUTE ChCTE3aTENN
KOMIICHCHPAT C MIOBJIUTAHETO UM.

AHanoruuso, ,,(aekcusara Ha J9CHOTO paMo® e che cpeana croitnoct (X) 133.91 rpanyca u
koepumeHT Ha Bapuanus V=13.51%. Benpeku ye nuana3onst (R) Ha CTOWHOCTHTE € CPAaBHUTEITHO
mpok, V% ocTaBa B TpaHULUTE HA OTHOCUTENHO CTAaOMIHM TapaMeTpH, KOETO II0Ka3Ba
CPaBHHUTEITHO €IHOPOJHA M XOMOTEHHA M3BajKa. Te3u pe3ylTaTH Mperoarar, uye Mmo3ulusaTa Ha
paMoTO Ha Terjemnara pbka ce moIIbpkKa OTHOCUTETHO TOCTOSTHHA NP M3CJIEIBAHUTE ChCTE3aTEeNH.

O Ipeomuwmnuua na onopnama pvka (nokazamenu 13-15)

durypa 24 uiarocTprpa CpeTHUTE CTOMHOCTH Ha TIOKa3aTeINTE 3a MPEAMUIITHALIATa Ha OTIOpHATA
pbKa, a durypa 25 oTpassiBa BApHATUBHOCTTA HA M3CIICABAHUTE ITOKA3aTEIH.

,Pa3a 1“ (nokasatenu ot 13 go 15)

70.00 63.72
Ig 60.00
< 50.00
=
S 40.00
I
’g 30.00
G 2000 13.02 14.38
=
i P
2 0.00
@)

[BuKeHue Ha nAsaTa HaknoH Ha nsBaTa PoTtauus Ha nsABata
npeamMmuwHnLa npeagMuWHnLA Hanpea/Hasag npeamuiuHmua (LT Forearm
HaBbTpe/HaBbH(LT Forearm (LT Forearm pitch) roll)

course)

®urypa 24. Cpeonu cmoiinocmu Ha npeOMUHUYA Ha onopHama pvka npu ,, @aza 1 (°)
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Koedpuuuentst Ha Bapuanus V% u mpu TpUTE MOKA3aTels € ¢ MHOTO BUCOKH CTOWHOCTH
(Purypa 25): ,,iBHKEHHE Ha JisiBaTa NpeaMuiIHuna HaBbTpe/HaBbH (LT Forearm course) mma
cpenno 13.02 rpanyca, (St) 19.82, ¢ V=152.22%; ,,HaKJIOH Ha JsiBaTa MPEAMHUIIHUIIA HAITpEa/Ha3aa"
(LT Forearm pitch) uma cpeano 14.38 rpanyca, (St) e 23.31, a V% e 162.08%; ,,poTanus Ha nsBara
npenmumianmna’ (LT Forearm roll) cpemuo 63.72 rpamyca, a V= 65.70%. 1 nipu Tpure mokaszarens
nuana3onsT (R) e nocra romsam: 112.61, 137.88 u 160.01.

,Pa3a 1“ (nokasartenu ot 13 go 15)

PoTauus Ha naBaTa npegMmuwwHmua (LT Forearm roll) 65.70%

HaknoH Ha nABaTa npegMuwHMLA Hanpe/Hasag, (LT
Forearm pitch)

KoeduumneHt Ha Bapunauma (V%)

BUNKEHME Ha SiABaTa NpegMMULLIHMLA HaBbTpe/HaBbH(LT
Forearm course)

-15.00 5.00 25.00 45.00 65.00 85.00 105.00 125.00 145.00 165.00

®urypa 25.Bapuamugnocm Ha nOA0HCEHUEMO HA npeOMuwHuyama 6v8 ,, Paza 1

CpasusiBaiiku koeduienta Ha Bapuarms (V%) npu TpuTe mokasarelis, BIIPEKH Y€ BCUUKH
ca B 30HaTa Ha HECTAOWJIIHOCT W HEXOMOTEHHOCT, CTOWHOCTHUTE MpHU ,pOTalUsTa Ha JisABaTa
npeamutnanmna“ (LT Forearm roll) ce oTkposiBat, e ca Tpy IbTH MO-HUCKH.

Jlnamna3zoHbT € rojisM NpH ,HakiaoH Ha mnpeamuinHunara (LT Forearm pitch) R=137.88
rpaayca. ToBa qoka3Ba, ye Mo BpeMe Ha MPHUKIIaJa MICTOTO 32 HATUCK B PbKOXBATKaTa 3amoysa Ja
ce MPOMEHA, Thii KaTo TOBa € MOATOTOBKAa KbM ,,Pa3a 2 u3TernsHeTo Ha Kinukepa. Kutkara Ha
pBKaTa, KOSITO OBPXKH JbKA, € €IUH OT HAW-NPOMEHJIMBUTE €JIEMEHTH BBB ,,Paza 1“, ThH KaTo
HEKOHCTAaHTHOTO TIpWJIaraHe Ha CHJla BBPXY pPBKOXBaTKaTa MOXKE Ja JOBele A0 CTPaHHUYHU
OTKJIOHEHUS Ha JTbKA H JIa BIIOIIH MPEIM3HOCTTA.

B 3akiiouenue Moxe aa o000mmMm, uye ,Daza 1 Moxe nma Obae ompenereHa KaTo
KOH(UTypallMOHHA W MOATOTBUTENHA (a3a, B KOSTO cHCTeMaTa ,,CTpeNel-IbK* ce MOoJpexkaa U
HACOYBa KbM IIEJITa, HO BCE OIIIC HE € JOCTUTHATA ONTUMATHA CTaOMITHOCT. T ce XapaKkTepusnpa che
3HAUUTEITHA WHANBUIYaIHA BAPHATHBHOCT, OCOOCHO MPH SIIEMEHTUTE ¢ MaJIKa MEXaHWIHA OTIopa.

3.2.2 Anajm3 Ha ,,Da3a 2 (u3TerJisHe NMoja KJIUKep)

,»Paza 2 BKIII0UBa TIOU3TEMISTHETO HA TETUBATA JI0 MOMEHTA, B KOUTO KIIMKEPHT CUTHAIU3HPA 32
€7lHa U ChINa Jb/DKUHA Ha u3TersiHe. B Ta3u ¢aza HanmpekeHHeTo € MaKCHMAJIHO M B TIO-TOJIsIMaTa
CH YacT quHaMU4YHO. TyK ce IeM Haif-BUCOKa TIOBTOPSIEMOCT, Thil KaTO BCEKH M3CTPEN TPpsOBa 1a
Oblle OCBIECTBEH OT €IHAa M ChIla Mo3ulusa. Bucokara ToyHocT B Tasu (aza (HHCBK V%)
0OMKHOBEHO Kopenupa ¢ 1odpaTta rpynupoBKa Ha TOMAIeHUSATA.
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S Ananu3 Ha pameHHO-1AKbMHUA KOMRaeKc (nokazamenu 1-5)

BbB ,,da3a 2 ce HabOMI0/1aBa yCHIIME, HACOYEHO KbM JOU3TETIITHETO HA JTbKa U yeTHAKBSIBAHE
Ha MO3WIIMUATE Ha MPUKIAJa, KOETO € KIIOYOBO 3a CTaOMIM3MpaHE Ha CHUCTeMara ,,CTpeien-IbK™

npean uscrpena. CpegHUTE CTOMHOCTM Ha IIOKAa3aTeNINTe HAa PAaMEHHO-JIAKbTHUS KOMIUIEKC ca
npencrasenu Ha @urypa 30.

,Pa3a 2“ (nokasatenmn ot 1 go 5)

dnekcua Ha gacHo pamo (RT Shoulder Flexion) _ 137.66

CpeaHu cTtoriHocTH (X)

dnekcua Ha naso pamo (LT Shoulder Flexion) 56.49

MbaHa pnekcua Ha asacHo pamo (RT Shoulder Total

o b I 12015

MbaHa pnekcua Ha naso pamo (LT Shoulder Total

Flexion) I 7687

dnekcua Ha aecHus nakbT (RT Elbow Flexion) _ 95.65

0.00 50.00 100.00 150.00

®urypa 30. Cpeonu cmoiinocmu Ha nokazamenume Ha ,, PAMEHHO-IAKbMHUSL KOMAIIIEKC
6v8 ,,Pasza 2 (°)

W3mepBaHusTa mokassar, 4e ,,uekcusarta Ha aecuus naksT (RT Elbow Flexion) moctura
cpemna croiinoct (X) or 95.65 rpamyca cbC craHmapTHO oTkioHeHue S*17.87 rpanyca.
Koedbunmentst Ha Bapuamus V=18.68% (®urypa 31) u moka3Ba OTHOCHTENTHA CTA0MIIHOCT U
XOMOTE€HHOCT CpeJl U3ClieiBaHaTa ChBKYITHOCT, CXOHO C HaOMoAeHusTa BB ,,Pa3za 1%

,Pa3a 2“ (nokasartenn ot 1 o 5)

dnekcua Ha gacHo pamo (RT Shoulder Flexion) - 13.88%

dnekcuna Ha naso pamo (LT Shoulder Flexion) 35.19%

MbnHa pnekcma Ha asacHo pamo (RT Shoulder Total o
Flexion) I 0.14%

MbaHa dpnekcua Ha naso pamo (LT Shoulder Total .
Flexion) ‘ 6.20%

KoedununeHT Ha Bapmauma (V%)

dnekcua Ha gecHua nakbT (RT Elbow Flexion) _ 18.68%

0.00 10.00 20.00 30.00 40.00

®urypa 31. Bapuamuenocm na usciedganume nokasamenu om
,, PAMEHHO-1aKbmHus komniaekc “ npu ,, Paza 2 “
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Bonpeku, ue V octasa Hax 12%, cpennara croiinoct (X) Ha (uiekcHsaTa JIEKO Ce yBeandaBa
ciupsimo ,,daza 1 (ot 91.17 no 95.65 rpangyca), KoeTo Mmoka3Ba MO-TOJSMO CI'bBAHE B JIAKBTS U
npubupaHe Ha pbKaTa KbM OMOpPHATA TOYKA, IBMKEHHE, KOETO € CHIIECTBEHO MPHU JOCTUTAHETO Ha
MaKCHMAaJIHOTO OIbBaHE Ha JIbKa. Te3u JaHHM coyaT 3a MPOrPEeCcUpalo HapacTBaHE HA MYCKYITHHS
KOHTPOJI U CTAa0MIIHOCT B paHHUTE (a3u Ha cTpesdaTa, KOETO € BaXKHO 3a MOCTUraHe Ha TeXHUYecKa
MOBTOPSIEMOCT ¥ TOYHOCT.

M3mMepBaHusTa MOKa3Bar, 4ye ,,rbjiHaTa (iaekcus Ha jsBoto pamoro™ (LT Shoulder Total
Flexion) ce nosumasa cpenno (X) no 76.87 rpamyca. V=6.20%, cipsamo ,,Paza 1° Hamanssa u e B
TPaHULIUTE, KOUTO OMPEACIIAT eIEMEHTA, KaTO N3BAIKaTa € M3KIFOYUTEITHO XOMOTEHHA U €THOPOIHA.
PazmaxsT cpsimo MIN 1 MAX cToifHOCTH € M3KIIIOUUTENIHO MainbK 23.7 rpagyca, KOETO OTHOBO
MOTBBPK/IaBa XOMOT€HHOCTTA Ha TIOKA3aTEIIUTE B I[sUIaTa TpyIa.

CroiinoctuTe 3a ,,ibaHata haexcus Ha asacHoTo pamo™ (RT Shoulder Total Flexion) moka3sat
3amasBaHe Ha cxoqHo cpeaHo HuBO (X) or 120.13 rpamyca cbhc CTOWHOCT Ha KOEG(MIMEHT Ha
Bapuanusa V=9.14%. Huckute croiiHocTn Ha V% mnoka3BaT OTHOBO MHOI'O BHCOKO HHBO Ha
XOMOT€HHOCT Ha MOKa3aTeNTe B Isj1aTa rpyma.

[Ipu cpaBHsIBaHE Ha BCUYKWTE MOKa3aTelu MpH ,,biIHA (rekcus Ha nsicHO pamoro (RT
Shoulder Total Flexion) ce HabmogaBaT MHOTO OJIM3KK CTOWHOCTH TpH ,,Daza 1 u ,,Daza 2, koeto
MOTBBPK/IaBa U TEOPHUATA 32 MHOTO MAJIKUTE MPOMEHHU, KOUTO HACTHIIBAT 110 BPEME HA H3TETIISTHETO
Ha KJIMKepa.

WuTepecHn ca JaHHWTE OT M3CIEABAHETO Ha ,,piekcusita Ha jsBo pamo™ (LT Shoulder
Flexion) u ,,¢nexcusra Ha psacuo pamo (RT Shoulder Flexion). X npu ,.nsBara uexcus‘ e 56.49
rpaayca, R=95.35 rpanyca, a V=35.19%, kxoeto o3HauaBa, 4e mpead 0CBOOOKJaBaHETO Ha TETHUBATA,
MO3UIMATA HA PAMOTO Ha OTMIOpHATa pbKa € MHOTO pa3sinyHa U uHauBuAyanHa. O0partHo, ,,prekcusra
Ha JACHOTO paMo“ (oppmamara pbka) uma X=137.66 rpagyca u V=13.88%, koero mokaspa
3HAYUTEITHO MO-BHCOKA MOBTOPSEMOCT U XOMOTEHHOCT CIIPSMO ,,IeKcusiTa Ha JisBo pamo. ToBa
MOJICKa3Ba, Y€ WMMCHHO JIbplialiata pbKa CIYKH KAaTo OCHOBEH ,,peepeHTeH Mapkep™ 3a
CTAaOMITHOCTTA TPEAM W3CTPeN, JOKaTo pbhKaTa, KOSATO JbPKH JIbKA, JOMYyCKa TO-ITUPOK
KOMIICHCAaTOPEH JUaTa30H.

O Ipeomuwmnuya na onopnama pwvka (noxazamenu 13-15)

[TpenMunHHUIIaTa MPOABIKABA J1a € CHIIHO BapHaTHBHA, HO ce 3a0ens3Ba nmpoMsHa. CpeqHuTe
croiinoctu (X) 3a mokasaTenurte Ha ,,IPeJAMUIIHMIATA HA OINOPHATAa PbKA® ca IpeJCTaBEeHH Ha
®urypa 36.

,Pa3a 2“ (nokasatenun ot 13 go 15)

PoTtauus Ha naaTta npegmuwHnua (LT Forearm
ol N o

=3

by

G

Hak/oH Ha nABaTa NpegMUILHNLA Hanpea/Hasas o

(LT Forearm pitch) =

e

o

I

[BuKeHne Ha nsBaTta NpeamMmULLHNLA o

B oso 3

HaebTpe/HaBbH(LT Forearm course) &
0.00 20.00 40.00 60.00 80.00

®urypa 36. Cpeonu cmotinocmu Ha npeOMUHUYA Ha onopHama pvka npu ,, Paza 2 (°)
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JlanauTe OT W3CIEABAHETO coOdYaT, uYe ,,JBMKCHHETO Ha JisiBara MPEAMHIITHUIA
napbTpe/HaBbH” (LT Forearm course) HamansiBa, kato cpeauara croitnoct (X) ot 13.02 rpagyca BbB
»Paza 1“ 1o 6.66 rpagyca BbB ,,daza 2%, koero moka3pa, ye MPEIMHUILIHUIIATA CE TOJIPABHSIBA T0-
npulpaHo KbM OCTa Ha JibKa. Berpeku ToBa, V% octaBa Bucok (>100%), koeto o3HauaBa, 4ye HE
BCUYKHU CTPEJIM KOHTPOJIMPAT €IHAKBO HATHUCKAa HAa KUTKAaTa BbPXY PbKOXBaTKaTa U Pa3rbHATOTO
MOJIOYKCHHE Ha JIsiBaTa IpeAMHUIIHKIA ¢ pa3inyHo (Purypa 37).

»,Pasa 2“ (nokasartenu ot 13 go 15)

1400.00
. 1175.98%
& 1200.00
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S 1000.00
=
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S 800.00
©
o
© 600.00
I
T
9] 400.00
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[
S 20000 110.01% 64.97%
o
[BuKeHune Ha nasaTta HaknoH Ha fiABaTa NpegMMULLHNLLA PoTaums Ha nsBata
npegMuLLIHMLA Hanpea/Hasag, (LT Forearm pitch) npeamuwHuua (LT Forearm roll)

HaebTpe/HaBbH(LT Forearm
course)

®urypa 37. Bapuamusrnocm Ha nonodxicenuemo Ha npeomuwinuyama 6ve ,, Pasa 2 “

AHAJIOTHYHO, ,,HAKJIOHBT Ha JisBaTa MpeaMHIIHuIa Hanpea/Haszana™ (LT Forearm pitch) uma
cpenna croitnoct (X) ot 18.61 rpagyca u V=110.01%. IIpu aHanu3 Ha CTaHAAPTHOTO OTKJIOHEHHUE
(S) u nnanazona (R) ce HaGnrogaBa, 4e CTOMHOCTUTE HA TPUTE MOKa3aTens BbB ,,Da3a 2 HaMmansBar.
Berpekun HamansBaHeTO MNpH BCHYKH TMokazaTenud, V% ocTaBa BHCOK, KOETO TIOKa3Ba, 4e
U3MEpPBaHUATA CA HEXOMOTE€HHH U HECTAOUITHH.

Cpennute croitnoctH (X) IpH ,,poTalusTa Ha IpeAMUIITHULATA® Ha JIaBaTa phka (LT Forearm
roll) ca 64.74 rpagyca, kaTo Koe(pUIMEHTHT Ha Bapuanus V=64.97%. B cpaBnenue c ,,Paza 1%,
CTOMHOCTHTE Ha TE3 MOKA3aTeNM OCTAaBaT IOYTH HEMPOMEHEHHU. BhIIpeKkn CpaBHUTEITHO BUCOKUTE
pesynatatu ripu V%, cpaBHsBaHETO Ha OJIM3KUTE MOKA3aTE M B ABETE (a3 MOTBBHPIK/1aBa MUHUMAITHA
IIPOMEHH B 3aBBPTAHETO Ha JIABATa MPEIMUIIHUIIA 110 BpEMe Ha JIOM3TETIISIHETO Ha KIIMKEpa.

3.2.3 Anaau3 Ha ,,®a3za 3“ (u3crpen)

[locnenHUST eTamn OT U3MBbJIHEHUETO HA U3CTpea MPEACTaBIsiBa KPUTUYEH MOMEHT 33 IOCTUTaHe
Ha TOYHOCT. ,,da3a 3 oOXBaIa caMmoTo IMyCKaHe Ha TETUBATa 10 MOMEHTA, B KOMTO CTpesiaTa HallycKa
TbKa. buoMexaHN4HO TOBa MPEJCTABIIABA KPUTUYHHSI MOMEHT 3a TpaHc(ep Ha eHeprusl.

B Ta3u ¢a3a Bcska HECTAOUITHOCT, HATPYIaHa B MPEIXOJHUTE €Tl Ha U3CTpesia, Ce MPOsBsIBa
KaTo OTKJIOHEHHE B TpaeKTOpuATa Ha cTpenara. [lopanu ToBa BUCOKAaTa MOBTOPSEMOCT M HUCKHUAT

koepunueHT Ha Bapuauus (V%) Tps6Ba ga ObaaT Hail-sICHO U3pa3eH UIMEHHO B Ta3H (a3a rnpu 100pe
TPEHUPAHU CTPEIIIH.
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S Pamenno-naxkvmen komniexc (nokazamenu 1-5)

Ha ®urypa 42 ca npeicraBeHu CpeTHUTE CTOWHOCTH TIPH IMOKA3aTeIUTEe HA PAMEHHO-TaKbTHHS
KoMIUIeKC. JlaHHWTE OT W3CieaBaHETO MOKa3Bar, ue ,,duekcusra Ha aecaus jJakbr™ (RT Elbow
Flexion) BB ,,®aza 3 ce yBenuuasa 10 cpeana croitnoct (X) ot 103.99 rpamyca, chbc CTaHAAPTHO
oTkioHEeHHE S£15.59 u koedurment Ha Bapuarus V=14.99%.

»,Pa3a 3“ (nokasatenmn ot 1 go 5)

dnekcua Ha gacHo pamo (RT Shoulder Flexion) _ 131.92
=3
= dnekcua Ha naso pamo (LT Shoulder Flexion) 55.96
G
o
,£ baHa dnekens Ha AACHO pamo (RT Shoulder Total _ 97.20
e Flexion)
(&)
I Moava dnekcua Ha nago pamo (LT Shoulder Total _ 72.80
a Flexion)
o
o

dnekcua Ha gecHus nakbT (RT Elbow Flexion) _ 103.99

0.00 50.00 100.00 150.00

®urypa 42. Cpeonu cmotinocmu Ha nokazamenume om ,, pPAMEHHO-TAKbMHUS KOMNJEKC * b6
Daza 3 (°)

ToBa moka3Ba JieKO MPUIBHKBAHE Ha JIbpIalaTa pbka Ha3zaJl cliel 0CBOOOXKIaBaHE — TUITMYHO
IBUXKEeHHE B MOMeHTa Ha usctpena (follow-through) npu xkinacuueckus uzcrpenn.

daxr e, ye Koe(hUIMECHTHT Ha Bapualus HamaisiBa oT 18.68% BbB ,,daza 2 1o 14.99% BbB ,,Daza
3%, KOeTo MoKa3Ba, ue IBUKEHUETO CIIe/I OCBOOOXKIABAHETO HAa TETUBATA € CPABHUTEIHO MIOBTOPSIEMO
¢ 100pa XOMOT'eHHOCT U HHCKa BapuatuBHOCT (Purypa 43).

,Pa3a 3“ (nokasarenu ot 1 go 5)

®nexens Ha gacHo pamo (RT Shoulder Flexion) [ NENENGETENGEGEGEEEEEEEEEES 34 39%

dnekcua Ha naso pamo (LT Shoulder Flexion) 31.52%

MbaHa dpnekcua Ha gacHo pamo (RT Shoulder Total

0,
Flexion) = 13.12%

MbAHa dnekcua Ha naso pamo (LT Shoulder Total Flexion) [ | 9.98%

®nekcna Ha gecHua naksT (RT Elbow Flexion) ‘ 14.99%

KoedununeHT Ha Bapmauma (V%)

0.00 20.00 40.00 60.00 80.00 100.00

®urypa 43. Bapuamuenocm Ha usciedgaHume nokasamenu om ,, pPameHHO-1aKbmHUs
komnaekc " npu ,, Paza 3 “

VYBenuuaBaHETO Ha cpcaHara CTOMHOCT (X), HaMaJIIBaHCTO Ha KOC(pI/II_[I/ICHTa Ha Bapuanusa
(V%) U MMOBUIIABAHCTO HA ITOBTOPACMOCTTA Ca MPCAINIOCTAaBKa 3a ITPpaBUJIHA ITOCOKA U ITPU ITYCKAHETO
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Ha cTpenaTa. ToBa MMoka3Ba, Y€ U3IIBJIHEHUETO HA JBH)KEHUETO € CTA0OMIIHO U KOHTPOJIUPAHO, KOETO
€ KJIFOYOBO 32 €(DEeKTUBHOCT ¥ TOYHOCT IPU M3CTpea.

[Mpu ,,mpaHa duexcus Ha sBoto pamoro™ (LT Shoulder Total Flexion) cpexnara crovinocT
(X) e 72.40 rpamyca, V=9.98%, a npwu ,,aacuoro pamo (RT Shoulder Total Flexion) cpennara
croitnoct (X) e 97.20 rpagyca ¢ V=13.12%. JlaHHUTE OT M3CIEABAHETO COYAT, Y€ CJeJ M3CTpela
CPEIHUTE CTOMHOCTU B TpHUTE (ha3u MpH MOKazaTens ,,[IbIHA (JISKCUS Ha JSIBOTO paMOTO* OCTaBaT
MHOro 013k, Kato V% e noa 12%. ToBa cBuaeTenCcTBa 3a CUITHO XOMOT€HHA U ¢1ab0 MpOMEHIIMBa
U3BAJIKA.

CpenHuTe CTOMHOCTH MPH ,,ITBJIHATA (PIICKCHUS Ha IICHOTO paMo’* HAMAJIBAT PSI3KO B MOMEHTA
Ha U3CTpena, a KOeUIMEHTHT Ha BapHallus JIEKO Ce yBEJIMYaBa, HO OCTaBa B IPAHUIIUTE HA J00pa
XOMOTEHHOCT U HHCKa BapuaTUBHOCT. [lo3uninuTe Ha paMeHeTe ocTaBaT B TOJISIMA CTETICH OJIM3KH J10
Te3u ot ,,daza 2, 6e3 3HAaUUTETHHU IPOMEHH B cTOMKaTa. ToBa € 100bp UHIUKATOP, Y€ CTPEIIIUTE HEe
,»Pa3rI00sBaT* MO3UIMATA CH BEJHAra clie] yCKaHeTo.

PesynraTurte OT U3CIEABAHETO COYAT, ue cpeauute croitnoctu (X) Ha ,,(ekcus Ipu ISBOTO
pamo® (LT Shoulder Flexion) namansasar 10 55.96 rpanyca, HO pa3iuKaTa ClpsiMO CTOMHOCTHUTE MIPH
»Paza 2 e munumanna. /{uanazonst (R) e 78.96 rpagyca, a xoepunueHntsT Ha Bapuauus (V)
noctura 31.52%. ToBa e MHIUKATOP 32 aKTMBHO y4acTHE HA PbKaTa, KOATO AbPXKU JIbKa, CIE]
ocBoOokmaBane. [Ipyu HAKOM CTpeNM Ta3u phbKa OCTaBa CTAOWIIHO aKTHBHA HANpEHd, a IPU APYrH
HACTHIIBA MIPOMSHA B IMMO3UIMATA, KATO PAaMOTO HM3BBPIIBA JIBIKEHUE HArope W Hazaa. BUCOKUST
koeuuueHT Ha Bapuanus (Hag 30%) coun cmaba XOMOTEHHOCT U MOBHIIEHA BAPUATUBHOCT, KOETO
03HAYaBa, Y€ MO3UIMOHUPAHETO HA pBhKATa, AbpKalla TbKa, € Pa3INYHO MPU OTIACIHUTE CTPEIIIH.
KOHTpoTbT Ha TO3U €1EMEHT € BaKEH OT IJIe[JHA TOYKa Ha TPEHbOPCKaTa paboTa.

JlanHWTE OT U3CIEABAHETO HA ,,(hiekcusta Ha fascHo pamo‘‘ (RT Shoulder Flexion) mokassar,
ue cpeanara croitHoct (X) e 131.92 rpagyca, KOeTo NpeACTaBIsABa MAIKK PA3IMKH cipamo ,,dasza 1
u ,,Pa3za 2. Bneuatienue npasu, ue quana3zoHsT (R) ce yBennyasa netr mbTu B cpaBHEHUE ¢ ,,Dasza
1“u ,,daza 2%, a V% cpiio ce npomens 3HauntenHo ot 13.51% u 13.88% (,,Paza 1 u ,,daza 2%), no
84.89% BBB ,,Da3a 3. Pesynrarute OT U3CIIEIBAHETO HU MTOKA3BaT, Ye MOKa3aTeINTe Ca HECTAOWITHU,
a M3CIie/IBaHaTa ChBKYITHOCT € HEXOMOTEHHA.

O A60yKuusa u evHWHG pomauus é pameneme (noxazamenu 6-9)

CpaBHUTENEH aHAIM3 HA CPETHUTE CTOMHOCTH MPHU a0AYKIIMS U BHHIIIHA POTAIlMs B paAMEHETE

ca rpeJicTaBeHu rpaguuHo Ha Purypa 44.

,Pa3a 3“ (nokasartenm ot 6 oo 9)

PoTtaums Ha AAcHo pamo - HaebH (RT Shoulder Rotation -

out) 43.73

CpegHu cTtoliHocTu (X)

PoTauus Ha naBo pamo - HaBbH (LT Shoulder Rotation - . 5 65
out) ’

AbayKums Ha asacHo pamo (RT Shoulder Abduction) _ 97.23
Ab6AayKuMa Ha naBo pamo (LT Shoulder Abduction) _ 70.19

0.00 20.00 40.00 60.00 80.00 100.00 120.00

®@urypa 44. Cpeonu cmounocmu Ha ,, AOOYKYUAMA U BbHUWHAMA pOMayus 6
pamenHume cmasu*“ npu ,,Paza 3 (°)
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Pesynrarure npu ,,adnykuus Ha nsBo pamo® (LT Shoulder Abduction) mokassar cpenna
croitnoct (X) or 70.19 rpaayca, ¢ koepuuuent Ha Bapuanus V=11.17%, nokaTo Ipu ,,ASCHOTO
pamo“ (RT Shoulder Abduction) X=97.23 rpanyca, ¢ V=13.52%. U npu nBata mokasarens ce
Ha0JI0/1aBa HaMallIBaHE Ha CPEJHUTE CTOMHOCTU U MOBHINABaHE Ha Koe(dUIIMEHTa Ha BapHUaIusd
cipsimo ,,daza 1“ u ,,daza 2 (Purypa 45), HO BBIpEKH TOBa CTOHHOCTUTE Ha V% ocraBar B
rpaHULUTE Ha J0Opa XOMOT€HHOCT M HUCKA BApUATHUBHOCT.

»Pa3a 3“ (nokasatenn ot 6 8o 9)

1200.00 1016.91%
X
= 1000.00
x
5 800.00
m©
3
2 600.00
[as]
£ 400.00
T
0,
T 200.00 11.17% 13.52% 50.44%
I
_g_ 0.00 |
3 A64yKLMA Ha NABO A64yKumMa Ha aacHo  PoTauua Ha naBo pamo  PoTtaums Ha gAcHo
x pamo (LT Shoulder pamo (RT Shoulder - HaBbH (LT Shoulder pamo - HaBbH (RT
Abduction) Abduction) Rotation - out) Shoulder Rotation -

out)

®durypa 45. Bapuamusnocm Ha uzcieosanume noxasamenu ,,a00YKYus u 6bHUHA POMayus 8
pamenHume cmasu ' 6v6 ,, Paza 3 “

[To maHHUM OT M3cIeABaHETO HA ,,poTarus Ha JsiBoTo pamo HaBbH (LT Shoulder Rotation -
out) ce ycraHoBH, 4e cpeanara croiinoct (X) e mHoro Hucka — 5.56 rpagyca, a Koe(UIHMEHTHT Ha
Bapuauus (V%) octaBa U3KIIOUUTENHO BUCOK, Hall 1000%. ToBa nokassa, ye cies u3cTpesia yacT OT
CTpeniuTe OYKBAITHO ,,0TITYCKAT  paMOTO U CKaIlyJiaTa, J0KaTo APYTH MPOABIDKABAT Ja KOHTPOJIHUPAT
IIOCOKAaTa Ha paMOTO U CKarryJara.

CTOHHOCTHTE Ha CTaHAAPTHOTO OTKJIOHEHHE B TpHUTE (Da3u ca CXOAHH, KOETO TMOJACKa3Ba 3a
OTHOCHUTENHAa CTa0MJIHOCT B pa3NpelelieHHeTO Ha JIaHHHUTE, BBIPEKM OTYETeHaTa TIojsiMa
BapUATUBHOCT MEX/Y OT/ACITHUTE U3CTPEIH.

Pesynrarure mpu ,,poranusrta Ha IsacHoTo pamo HaBbH (RT Shoulder Rotation - out)
nokassar cpeana croitnoct (X) ot 43.73 rpaayca ¢ V=50.44%. [IpeMHUHABaHETO HA MUHHMAJIHHUTE
CTOMHOCTH B MUHYC, @ HA MAaKCUMAJHUTE B TUTIOC, OTPa3siBa CTUJIOBUTE PA3IMYHS MKy OTJICITHUTE
CTpPENIM TMPH H3MBIHCHUETO Ha m3cTpenia. ToBa € W elHAa OT NPUYMHHTE 3a CTOMHOCTTa Ha
Koe(UIeHTa Ha Bapualys, KOWTO IOKa3Ba ci1aba XOMOT€HHOCT U TMOBHIIEHA BAPHATHBHOCT.

3.2.4. Anaau3 Ha Tpurte ¢azu (P-1; D-2; O-3, nokasareau 1 g0 21)

AHanmu3bT Ha Tpute ¢aszm ot m3crpena: ,,Daza 1 (mpuxnan), ,,Paza 2 (M3TETNISIHE MO
kiukep) u ,,daza 3“ (myckaHe Ha W3CTpenia) TMO3BOJSABA J1a C€ MPOCIEAST TPOMEHHUTE MPH
KHHEMAaTUIHATa CTPYKTypa Ha JBIDKEHUETO W CTAOMIHOCTTA HA OTJACTHHUTE YacTH OT CHCTeMaTa
»CTPEE-TBK .
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Ananu3bT obxBaia 21 mokasaress, pa3lpeeNeHu B IeCT rpyny. JJaHHUTe OT n3ciae1BaHeTo
Ha ,,paMEHHUST TOsIC U JakbTHa crtaBa® (1 1m0 5) moka3BaT OCHOBHATAa CTaTHMYHA M JAMHAMUYHA
cTabunmu3anus Ha MO3ULKATA 3a CTpenoa.

IIpu ,,pnexcus na necuus naket™ (RT Elbow Flexion) cpemnara croitnoct (X) Ha Brbna
MOCTENEeHHO ce yBenuyara oT 91.17 rpanyca BB ,,Daza 1 1o 95.65 rpanyca BbB ,,daza 2* u noctura
103.99 rpanyca BbB ,,daza 3, koeTo oTpa3siBa HapacTBaHE Ha OITbHA M TPOMsIHA HAa KOH(PUTYypaIusaTa
Ha Jbpramiata pbka. Koedpunmentbr Ha Bapuarms (V%) ocTaBa B TpaHUIMTE Ha yMEpeHa
BapuatuBHOCT (15.73%, 18.68%, 14.99%), kato Haii-HHCKaTa BapUAaTUBHOCT CE OTYUTA BBB ,,Pa3za
3“. ToBa moka3Ba, 4e MpU IMyCKAHETO HA HW3CTpesia MOACHHT Ha (UICKCHs B JAKBTS € J00pe
ABTOMATHU3MPAH U CE BB3MPOU3BEKIA CPABHUTEIHO CTAOMITHO.

JIBa mokazaTeysi ce OTIMYaBaT C Hal-BUCOKa CTAOWIIHOCT MEXKIY BCHUKH TapaMeTpu Ha
paMEHHHSI TOSIC.

IIpu ,,nenHa ¢aekcus Ha nsaBo pamo* (LT Shoulder Total Flexion) cpeanure croitnoctu (X)
ca okoisio 74.91 rpanyca, 76.87 rpanyca u 72.80 rpaayca 3a ®@-1, ®-2 u ®-3, a V% ce 3aabpxa B
rpanunute 6.63 — 9.98%, KoeTo e xapakTepHo 3a 100pe OBIa/IsTHA TEXHHKA.

JlaHHWTE OT U3CIIEIBAHETO MIOKA3BAT, Y€ MPH ,,ITbJIHA (uiekcus Ha ascHo pamo‘* (RT Shoulder
Total Flexion) cpennure croitnoctu (X) ca 119.33 rpaxyca, 120.13 rpagyca u 97.20 rpaxyca, ¢ V%
choTBEeTHO 9.46%, 9.14%, 13.12%. U npu nBata mokasareis ce HaOJFO/aBa OTHOCHTEITHO HHCKA
BapHaTUBHOCT, 0COOEHO BBB ,,Da3a 2%, K0eTo oTpassiBa CTa0WICH U TOBTOPSICM MPUKIIA] U ITO3UIUS
Ha paMEHETE MPU JTOU3TETIISTHE 0] KIIMKEPA.

[To-ronsiMa MHIUBUIYaTHA BAPUATUBHOCT ce HabOI0aBa MpH ,,iekcus Ha JsiBo pamo‘ (LT
Shoulder Flexion) u ,,pnexcus Ha gsacHo pamo® (RT Shoulder Flexion). Ilpu ,,ns80T0 pamo* (LT
Shoulder Flexion) xoedurrenta Ha Bapuanus (V%) octaBa BUCOK u B TpuTe (aszu (okoio 31-35%),
KOETO O3HauaBa, Y€ MO3MIMITA Ha JSBOTO PaMO C€ pas3inyaBa OCE3a€MO MEXAY OTACITHUTE
CBhCTE3aTEIUTE U PATUUHUTE U3CTPEIIH.

WNHutepec npencraBisBaT JaHHUTE OT M3CIEABAHETO Ha ,,(rekcusita Ha nsicHO pamo™ (RT
Shoulder Flexion). BB ,,®a3a 1 u ,,daza 2* koepunuenrta Ha Bapuanus (V%) e ymepen (okomno 13—
14%), Ho BBB ,,®a3a 3“ ce orumTa psA3KO yBenumueHue Ha BapuatuBHocTTa (V Hag 80%). Tosa
MOKa3Ba, Y€ MPU HM3CTpeia CTPEIIUTEe MPOMEHST 3HAUYUTETHO KOH(UTypalusaTa U MO3HUIMITa Ha
pamoTo, Mopaay pa3IuvHaTa IbDKMHA U ITOCOKA Ha MyckaHeTo. OT TaHHUTE € BUTHO, Y€ PAMEHHUSAT
MOsIC KaTo IS0 ce cTabuin3upa Hail-100pe BbB ,,Pa3a 2, KoraTo ce OChIIECTBIBA JOU3TETISTHETO
nox kiukepa. Hali-mocTosHHU ca MoKa3aTenuTe 3a ,,IblHA (UIeKCHs Ha paMmeHeTe', IoKaTo
qacTUYHUTE (IIEKCHMH U TO-TUHAMUYHUTE JBMKEHHMS Ha PaMOTO TMPU H3CTpeNa ca J0CTa IOo-
BapHATHBHM.

[Tokazarenure Ha ,,a0aykuuss Ha JsBO U nacHo pamo® (LT/RT Shoulder Abduction)
JIEMOHCTPHUPAT CPABHUTEIIHO HHUCKA BAapUATUBHOCT BHB BCUYKU (a3, OCOOCHO MpHU JITBOTO Pamo.
Koedunmenta na Bapmanus (V%) ce nBwku B auanasoHa 6-12%, koeto mokas3Ba CTaOWITHO
pasnonoXeHue Ha paMeHHMS HoAc no Beprukana. Cpennute croifnoct (X) Mexay ¢asure ca
OJIM3KH, C IEKO MOBUIIIaBaHE BHB ,,Da3a 2%, B KOSATO c€ OCHIIECTBIBAa MAKCUMATHOTO CTAaOUITU3UPaHE.

WzknmrountenHo BUCoK KoeduireHT Ha Bapuanus (V%) BbB Bcuuku (a3u ce HaOIto1aBa mpu
»poTarus Ha 1s1Bo pamo — HaBsH (LT Shoulder Rotation — out), ocobeno BbB ,,Paza 3, kpaeto V%
HanxBepiss 1000%. ToBa moka3Ba OTrpOMHM WHAMBHUAYaTHU pPA3IUKA B HAYMHA, IO KOWTO
CBhCTE3aTeNUTE MO3UIIMOHUPAT JIOTIaTKaTa U paME@HHATa CTaBa P U3CTpena. Beipeku ToBa cpetHuTe
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croitnocTu (X) ocTaBar B €IMH U ChHIIM AUANA30H, KOETO 03HAYaBa, 4e UMa 00l1a OPUEHTUPOBBYHA
KOH(UTYpamusi U KOHCTPYKIUS, HO C MHOTO Pa3JIMYHU BapUAHTH Ha U3ITBIHCHUE.

Bucoka BapuMaTMBHOCT CBIO CE OTYMTA M IPH ,,pOTallUs Ha JACHO pamo — HaBbH® (RT
Shoulder Rotation — out), ocobeno mpu mpexoma ot ,,Paza 2 kpm ,,Paza 3, korato cpeaHara
croiinoct (X) npoMeHns 3Haka cu (OT OTPMIATEIHU KbM IOJOXKUTEIHH CcTolHOCTH), a V% ocTaBa
BUCOK. ToBa Moka3Ba, ue Mpu 4acT OT ChCTE3aTeINTe PAMOTO IPEMHUHABA B KOMIIEHCATOPHA POTALUS
IIPU U3CTpEa, a PU APYTU IpOMsiHATA 10 BpeMe Ha U3CTpelia 0CTaBa B MHOTO MaJIKU I'PaHUIIH.

Ot pesynrarure € BUAHO, Yye aOAYKIMOHHUTE JBWKCHUS Cca CTaOWIHU M 100pe OBJIaJCHH,
JIOKaTO POTALIMOHHUTE OCTaBaT CHJIHO WHIMBHUIYAJU3UPAHU U HECTAOMIIHH, OCOOEHO IPH JIIBOTO
pamo u B TpeTara ¢asa.

CpaBHHMTEIHO BHCOKAa BAapHAaTUBHOCT c€ HAOMIOAaBa BBB BCHYKU (pasu M mpH TpUTE
mokasarejsl: ,HaKJIOH Ha IylaBata HajasBo/Hamscuo“ (Head course), ,HakjaoH Ha TIJaBara
Hanpen/naszan” (Head pitch) u ,,poranus na rmasara“ (Head roll). Cpexmnara croitnocr (X) npu
,,HAKJIOH Ha ryiaBata HansiBo/HansacHO (Head course) octaBa oTpuiiatenHa BbB BCUYKU (pa3u, KOETO
OTpa3sBa MOCTOsIHHA TIOCOKa Ha HaKJIOH, a V% e ¢ abcomoTHU cToitHocTu Mexay 20% u Haa 80%,
ocobeno BEB ,,Daza 2 u 3.

[Tpu ,,naknoH Ha riaBarta Hanpen/nazan’ (Head pitch) u ,,porarus Ha rmaBara™ (Head roll),
V% e B mHOro Bucoku rpanuiy (uecrto Haa 90 u Hax 120%), koeTo nokasBa, 4ye KOHTPOIBT BbPXY
(GUHUTE NBIKEHUS HA IJIaBaTa € OTPAHWYEH W CUJIHO WHAWBUAYAJICH. BBPXY TAX BIHSIT KaKTO
AQHTPOIIOMETPHYHH TIOKA3aTeINN, TaKa U CHJIaTa Ha JIbKa U TIOJI0KEHHUETO Ha JTbKa B KOHKpeTHara (asa.

B 0600menne Moxe 1a KakeM, 4e riaBaTa He ce siBsiBa cTabuiau3upanl GakTop B HUTO €AHA
ot ¢asure. [lo-ckopo Ts cienBa ob1IaTa TMHKS Ha MPULIEIBaHE, HO C TOJIEMH MHAUBHIYaTHU PA3IUKI
u 6e3 cTporo pukcupaHa KUHEMaTUYHA CXeMa.

Exanu oT Haii-BapuMaTHBHHUTE IMOKa3aTeld B ISUIOTO W3CJEIBaHE ca ,,ABIDKEHHE Ha JisgBaTa
npeamumHuna HaBbTpe/HaBbH (LT Forearm course) W ,,HakJiOH Ha JsBaTa TNPEAMUIIHUALA
Harnpea/Hazan’ (LT Forearm pitch). Koeduruenture na Bapuarnus V% B otnenaute da3u 10cTurat
croiitHocTH OT Haj 150% mo max 400%, a pu ,,IBIKEHUE Ha JIIBaTa TIPS IMUIITHAIIA HAaBHTPE/HABBH
(LT Forearm course) BbB ,,da3a 2 u ,,Pa3a 3 BapuaTUBHOCTTA € U3KIIOYUTEITHO BHcoKa (Haa 800 -
1000%). JlanHuTE MOKa3BaT, Y€ MO3UIMITA U ABMKEHUETO Ha MIPEIMUIITHHUIIATA, KOSTO AbPKH JIbKA,
ca CUJTHO HECTAaOWIIHU U C TOJIEMH UHIUBUYaTHU Pa3TUUHSL.

OTHOCUTENHO TIO-CTa0MITHA B CpAaBHEHHUE MPEIUIIHUTE JBa MOKa3aTels OT ChIlaTa rpyma e
»poTarus Ha jsiBata npeamumnnuna (LT Forearm roll)* e, Ho Bbnpeku ToBa V% ocTaBa BUCOK —
okojo 65-70% BbB BcuukHu ¢a3zu. ToBa HM MOKa3Ba, ye ,,poTalUATa HAa MPEIMHIIHUIATA® TPU
3axBaTa U MOIBPKAHETO HA JIbKA CBIIO HE € CTPOTO CTaHAapTH3UpaHa.

AHamM3BT Ha pE3yATATUTE HU JIaBa OCHOBAHUE J]a CYMTaMe, Y€ ,,IPSAMHIITHHUIIATA Ha JIBaTa
pbKa“ mpeAcTaBisBa €AMH OT Hal-cllabuTe KOOpAMHAIIMOHHO-CTAaOMIHM 3BeHa. OrpomHaTa
BapHaTHUBHOCT MOKa3Ba Pa3IMYHM CTUJIOBE Ha 3aXBaT, HATUCK M KOHTPOJ B PHKOXBATKaTa Ha JIbKa,
KOETO MOJKe Jla € MPUUMHA 32 pa3ceiiBaHe Ha MOMaIEHUsTA.

[IpocTpaHcTBeHaTa OpUEHTAIUsl HA JTbKa BKIIOYBA ,,HAKJIOH Ha JIbKa Hampen/Hazan’ (Bow
course), ,,HAKJIOH Ha JIbKa HaIsIBO/HasicHO (Bow pitch) u ,,poTarus Ha JTbKa OKOJIO BEpTHUKAHATA
oc* (Bow roll), kaTo u TpuTe mokasareis ce XapakTepu3upaT ¢ MHOTO BHCOKa BapUAaTUBHOCT Ipe3
BCUYKH (ha3H.

JlaHHUTE OT W3CIIEIBAHETO TOKa3Bat, ye Koeduimenta Ha Bapuanus V% mpu ,,HaKJIOH Ha
apKka Hanpea/Hazan  (Bow course) e ¢cbe cpemuu cToHOCTH OKojio 290-320%, ,,HaKJIOH Ha JIbKa

25



HasiBo/HasicHO  (Bow pitch) okono 165-220% u ,,poTanus Ha TbKa OKOJIO BepTHKanHaTa oc* (Bow
roll) okomno 260-330%. ToBa noka3Ba, 4e IbKBT KaToO 4acT OT CUCTEMara ,,CTPEJICH-IbK  H3BbPILIBA
CIIO)KHH TIPOCTPAHCTBEHU JIBU)KCHHS, KOUTO Ca CHJIHO 3aBUCHMH OT padoTaTa Ha MPEIMHIITHULATA,
KHATKaTa U U3cTpesa. Beipeku ye cpeTHuTe CTOWHOCTH ca ¢ OJU3KU JHANa30Hu MEXIy TpuTe (a3,
pa3ceiiBaHeTO 3a BCHYKH II0KA3aTelH € TOJSIMO, KOETO IoJ4YepTaBa JWHAMHYHHUS M TPYIAHO
KOHTPOJIMPYEM XapaKTep Ha OPUCHTAIUATA Ha JIbKA B TPUTE PaBHUHH.

Pesynrature OoT OopueHTanMsATa HAa JBKBT CHOPSIMO TPUTE PABHHHU COYAT, Y€ CPEIHUTE
croitnoctu (X) mpu 58 srea X (LT Angle X) ce ysenuuasar ot 43.38 rpanyca (®-1), 1o 46.93
rpanyca (®-2) u 54.19 rpangyca (®-3), a V% namansasa ot 36.88%, nipe3 31.85% no 23.50%, T.e.
noJydaBa ce cTabWIM3upaHe U aBTOMATH3alUs Ha CTpAaHMYHATA OPUCHTAIIMS HA JIbKa [IPU U3CTpera.

[pu .18 wrea Y (LT Angle Y) cpennute croitnoctu (X) ca 72.85 rpanyca, 76.00 rpamyca
u 72.25 rpanyca 3a ,,®a3a 1%, 2 u 3, karo Hali-HUCKA BapUAaTUBHOCT c€ OTYMTA BBB ,,Paza 2 (V =
10.91%), kato pe3ynTaTHUTE MOTBBPXKIABAT, Y€ BEPTHKAIHOTO IOJApABHSIBAHE HAa JIbKAa € Haii-
CTaOWIIHO B MOMEHTA Ha M3TETJISIHE TI0J] KIIUKEP.

Cpennure croiinoctu (X) npu ,,bren Z“ (Angle Z) ca oTpuuaTenHu U GIU3KHM BbB BCHUKH
da3u (okono muHyc 23 rpanyca), a koepunueHTbT Ha Bapuauus V% octaBa BUCOK oT 55.20%,
57.92% n 61.32% (D-1,D-2 u @-3). Te3u naHHU coyaT, 4e poTalUsATa OKOJIO BEPTUKAIHATA OC € Hali-
HEeCTaOWIIHUAT TI0Ka3aTel, C Hall-rojisiMa BAPMATHBHOCT M HUCKA MTOBTOPSIEMOCT IPH U3CTpEla.

CpaBHeHHMeTO Ha TpuTe (Pa3u MO BCHUYKM KHHEMATHYHM IOKA3aTeJM MOKAa3Ba SICHO
u3paseHa PyHKUHOHAJHA AudepeHINAIU HA OT/IeJIHUTE eTalu 0T U3cTpeJia:

1. ,,®@aza 1 (mpukian) ce xapakTepusupa ¢ Hail-BUCcOKa 001a BapuaTuBHOCT. CTpyKTypaTa
Ha JBMKCHHUETO BCE OILIE HE € HAIIBJIHO CTaOUIIM3UpPaHa, 0COOEHO 110 OTHOIICHHE Ha MPEAMUIITHUIIATA,
poTanusATa Ha paMeHeTe MO3MIMITa Ha TJlaBaTa U OpHUEeHTalusTa Ha JIbka. Ta3u (aza moxe na ce
3

OMpeAC/IM KaTO MOATOTBUTCIIHA U U3rpaKaalla KOHCTPYKIHUATA, B KOATO CUCTEMATA ,,CTpeJ'IeII—JTI)K‘
CC nmoApcCKaa, HO HE € TOCTUTHAJIA OIITUMAJTHA CTaOMIIHOCT.

2. ,,@aza 2% (u3TerasHe NoJ KJIMKEP) IEMOHCTPUPA Hal-BUCOKA CTAOMIIHOCT M TOBTOPSEMOCT
3a KJIIOYOBHUTE CTPYKTYpPHHU TTOKA3aTEINH: ,,[TbIHA (PIIEKCUsl HA paMeHeTe", ,,a0IyKIIUs Ha paMeHeTe™ 1
1B BbIesl Y (LT Angle Y). Tyk ce HaOnto1aBaT Hali-HUCKUTE CTOMHOCTU Ha V% 3a BEPTUKAIHOTO
MOJIpaBHSIBaHE Ha JIbKa, KOETO JI0KAa3Ba, ue ToBa € (pa3aTa Ha MaKCUMaJIHa TEXHUYECKa MPELU3HOCT
U Hall-TACHa Bpb3Ka ChC CIIOPTHATA PE3YITATUBHOCT.

3. ,,®Paza 3* (u3cTpein) chueTaBa €IHOBPEMEHHO BUCOKA aBTOMATH3AIIMS M BUCOKA INHAMHUKA.
Ot enHa cTpaHa, nokazatenure: ,,piekcus Ha necHus JakbT (RT Elbow Flexion); ,,ibyiHa diexcus
Ha jsiBo pamo‘‘ (LT Shoulder Total Flexion); ,,nbnHa ¢uekcus Ha asgcHo pamo® (RT Shoulder Total
Flexion); , 1B vrea X (LT Angle X) u 198 srea Y (LT Angle Y) mnoka3BaT MUHUMallHA
BapUaTHUBHOCT M BUCOKA MOBTOPSEMOCT, KOETO € MoKa3aTel 3a 100pe aBTOMaTU3UPAHO JBHKEHHE.
Ot apyra cTpaHa, oka3aTeIuTe Ha MPEAMMIIHHUIIATA, OPUSHTALUATA HA JTbKa U BI'bI Z pa3KpUBatr
rojsiMa AMHaMU4HA ¥ UHAMBUyalHa BApUATUBHOCT, CBbP3aHa ChC CIeUM(UYHUSA CTUI HA U3CTpelia
IIPU OTJICITHUTE ChCTE3aTenn. B3anMoBpBh3KaTa MeXIy TPYIUTE TIOKAa3aTeH MMOKa3Ba, 4e¢ OCHOBHATA
(dakTOpHa CTAOMIIHOCT C€ OCHUTYpsIBa OT PAaMEHHUS TOSC ¥ BEPTHUKAIHOTO TOJpPABHSIBAHE Ha JIbKA,
JIOKAaTO TPEAMHITHHIIATA, POTAMOHHUTE KOMIIOHEHTH W MPOCTPAHCTBEHATa OPHEHTAIMs Ha JIbKa
UMaT MO-CKOPO XapakTep Ha WHAWBHIYATHNA U TUHAMUYHHA KOPEKIIMOHHNA MEXaHU3MH.
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B 0000menue, cuuTame, 4e TeXHHYECKATA MOATOTBEHOCT B CTPeJIda ¢ JIbK ce 0asupa Ha:

& crabuiiHa M XOMOTeHHa CTPYKTypa Ha paMEHHHMs MOsC U BEPTUKAIHATA OC BB ,,dDaza 2%
& aBTOMaTM3MpaH U MOBTApPSIL CE MOJIET Ha (PPOHTAIHO JBMXKEHHUE BB ,,Daza 3,
& KoHTponMpaHe W OrpaHMYaBaHe Ha W3JIMIIHATA BAPUATHBHOCT B MPEIMHUIIHMIATA,
OpUEHTALMATA Ha JIbKa U POTALlMOHHUTE KOMIIOHEHTH.
JlaHHHMTE OT T€3M PEe3y/NTaTU Morar Ja MOCIyXaT KaTo OCHOBA 3a ONTHUMH3ALMOHHU MOJENN
Ha TEXHHUKaTa, KAKTO U 3a IUIAaHUpaHe Ha TPEHUPOBBYHHU CPEJICTBA, HACOUEHHU KbM CTAOUIU3HUpaHe Ha
Halli-BapUaTUBHUTE YacTU U (Pa3u OT U3CTpena.

3.2.5. AHau3 Ha BpPb3KATa MeXKIY TpUTe (a3 HA M3CTpPeJa M CIOPTHHS TOYKOB
pe3yJTaT oT mecTTe u3cTpesia

W3cnenBaHeTo Ha KHHEMaTUYHATa CTPYKTypa Ha Tpute ¢asu (P-1, @-2, @-3) Ha uscrpena
npuao0MBa CBOSITA HAaydyHAa M TPAKTHYECKAa CTOMHOCT, KOTaTo CE CBBPKE C pEaHUsl CIIOPTEH
pesyJirar.

B HacrosmoTo u3cnenBane ca U3M0JA3BaHU Pe3yATaTUTE OT LIECT MOCIE0BATEIHN U3CTpela,
KaTo € OTYeTeHa CpeJjHa TOUuKoBa cToiHOCT (0T 6 10 10 T.) win nonaaexus u3BbH MuieHata (0 1).

Te3u nmokazarenu ce U3M0I3BAT KaTO OOEKTUBHU KPUTEPUU 32 OLIEHKA Ha e()eKTHBHOCTTA Ha
TEXHHMKAaTa ¥ BIMSHMETO HAa KHHEMAaTUYHUTE XapaKTEPUCTUKH BBPXY pe3yJiTaTa OT U3CJIEIBAHETO.
Pesynrarure oT cpeqHUTE CTOMHOCTH Ha TOYKHUTE 3a BCEKH U3CTpeI ca IpeacTaseHu B Tadauna 6.

Taéauna 6. Cpeden mouxos pezyimam 3a 6 uscmpena

Oouy opou 0
Ilopeonocm na Oow cpeoen pesynmam Ha Uy bpou nonaoenus
U36bH MUMEHama
uscmpenume mouxkume
(0 mouxu)

1-Bu usctpen 8,3 0
2-pu u3CcTpen 75 1
3-TH U3CTpen 8,5 1
4-Tn uscTpen 8,0 5
5-TH U3CTpen 7.7 5
6-Tu u3cTpen 7.6 5

Ot nanHuTe B TabIUIaTa € BUJIHO, Y€ HAM-BUCOKUS PE3YNTaT € OTYETCH MPHU 3-THS U3CTPEI
(8.5 1.), a Hali-HUCKUTE ca MPU U3CTPENU 2-pusl, S-us u 6-us. BposAT Ha MoMaeHusATa U3BBH TOUKOBUS
CCKTOp CC€ yBCIM4YaBa, KaTO CAMHCTBCHO TP IHPBUTE U3CTPCIIN HAMA NOITAACHUA U3BBbH MUIIICHATA.
Bunumo ce HabmromaBa MOCTENEHHO pa3ceiiBaHe ciien 3-THs, KOETO MOXKE Ja Oblie CBBpP3aHO C
roJisiMara JMHaAMHUKA 10 BpeMe Ha U3CTpesia, HapacTBalla yMmopa, KOsSTO BOJH JI0 TPOMsiHAa BbB (pMHATA
KOoOpJAuHanusd, yBCIMYaBaHC HAa BapUaTHBHOCTTA B OPHCHTAlHMATA HA JIbKa W HCOOCTATHbYHA, U
HEHAaBPEMEHHA KOPEKIIUsl Ha MEPHUKA.

,»Da3za 1 oka3Ba KOCBEHO BIMSIHUE BHPXY CIIOPTHUS pe3yaTaT. Bernpeku ToBa HecTaOMIIHATA
KOH(UTYpalus B TO3M €Tal Ch3/AaBa MPEANOCTaBKH 3a IOMYCKaHe Ha TPEIIKU BBB ,,Daza 2%, KpAeTo
MPEU3HOCTTA € OT CHIIECTBEHO 3HAYCHUE.
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Haii-Bucokure pesynratu oT 1-Bu (8.3) u 3-tu (8.50) u3cTpen ca NOCTUTHATH UMEHHO IIPU
Hali-100pa MOBTOPSIEMOCT Ha KOHpUTypanuuTe BB ,,Daza 2%, KOATO OKa3Ba HAW-TONISIMO BIIUSHHE
BBPXY TOUHOCTTA. BrcokaTa NOBTOPSIEMOCT Ha KIIIOYOBUTE IIOKA3aTEIIN € IIPSIKO CBBP3aHa ¢ 100puTe
TOYKOBH HonaaeHus. M3ctpenure ¢ mo-HUCHK pe3ynrtaT (ocodeHo 2-pu, 5-u u 6-u) morar ga obaar
CBBP3aHU C IOHMKABAHE HA BEPTUKAJIHATA CTAOMIIHOCT, yBEJIMUEHUE HA BApUATUBHOCTTA B pAMEHHUS
H0sAC, IPOMEHHU B cTaOMIM3alMATa Ha MPEAMUIIHNALATA U HATMYMETO Ha NPOMsHA, Ha (UKcHpaHaTa
HO3MLIKA 110 BpeMe Ha padoTara 1oj KIHKep.

IIpu ananu3a npasu BreyatieHue, ue ,,dasza 3* ce oiinyasa ¢ Hali-rojsiMa IMHAMUKA U Haii-
rojisiMa BapUaTUBHOCT B POTALIMOHHUTE [10KA3aTEIH, IBUKEHUATA Ha IPEIMUIIHHUIIATA U TIO3ULIUSTA
Ha JIbKa cupsMo paBHUHHTE X, Y, Z. Bcruku moka3aTenu ¢ BUCOK kKoeduimeHT Ha Bapuaus (V%)
BBB ,,Pa3a 3 ca NOTEHIIMAIIHYA U3TOYHULIM Ha TPELIKH [IPU U3CTpeEa.

CunHo BIMSHHME OKa3Ba POTALMATa OKOJIO BEpPTUKAJIHATa OC, KOSATO BOAM 10 pa3ceiiBaHe Ha
NONAJICHUATA B XOPHU30HTalHA nocoka. HecTtaOuiaHMAT mokaszaren 3a poTauus Ha JbKa MOXeE Ja
IIPEIU3BUKA KaKTO M@JIKU CTPAaHUYHM OTKJIOHEHUS, Taka W IONAJACHUsS U3BBH TOYKOBHUS CEKTOP.
Jlon'bJIHUTETHO, HECTAOMIIHOCTTA B 3aXBaTa OKa3Ba BIMSHUE BbPXY TOUHOCTTA HA U3CTPEIIUTE B Kpast
Ha cepusta. llpum 4-us, 5-us u 6-us U3CTpes ca OTYETEHHU JIBE MOAAIECHUS U3BBbH MullleHaTa. ToBa
BEPOSITHO CE€ IBJDKA Ha MOBHUIIIEHA BapUAaTUBHOCT BBB ,,Paza 3, HacThIBaIa ymopa B ONoOpHaTa
pBKa, pa3inyHa [10CoKa IPpH IMMYCKaHETO U JIMIICA Ha a/IeKBaTHA KOPEKLMsS OT CTPAaHa Ha CTpeiela.

B 3ak/1104eHue Mo:Ke 1a U3BeAeM CJIeJHUAT U3BO/:

TexHnyeckaTa MOArOTBEHOCT 3a IOCTUIaHE Ha BUCOKH CIIOPTHU PE3yJITaTH Hali-Beue 3aBUCU
0T cTaOUITHOCTTA BBB ,,(a3a 2* u ynpaBiIeHUEeTo U KOHTPOJIA BbPXY AMHAMUYHATA BApUATUBHOCT BbB
»@a3za 3“. 3a mocTuraHe Ha BUCOK CIOPTEH pe3ysTaT € HeoOXoauM J100pe NOArOTBEH U CTaOuJIeH
paMeHeH MOosiC, MUHUMAJIM3UpaHe Ha BapUaTUBHOCTTA BBB BEpTUKAJIHATa OC INpH IpHIEIBaHE,
KOHTPOJI Ha POTALMOHHUTE JABMKEHMsI IPU HM3CTpENa, KAKTO M ONTUMAIHO ChUETABAHE MEXKIY
CTaOUITHOCT, aBTOMATU3HPAHE U UHIUBUAYATHU TEXHUUECKH XapaKTEPUCTUKH.

B ta3u Bpb3Ka € pazpabOTeHMIT NPUMEPEH KOMILIEKC OT YIpa)KHEHHUs 3a MOBMILIABaHE Ha
TEeXHUYECKaTa MOJArOTBEHOCT U CHOPTHATA PE3YJITaTUBHOCT IPU ChCTE3aTENIH IO CTpenda C JIbK B
Ipunoxenue NeS.

3.3. HOpMaTI/IBHa 0a3a 3a oneHKa Ha 00eMa HA ABH)KeHHE B CTaBUTE Ipu CbCTE3aTEC/IN
mo CTpeﬂﬁa ¢ JbK. OnTHMH3aIUOHEH MO e,

KakTo e u3BecTHo, ynpaBiaeHHETO Ha IBUTaTENIHUS anapat Ipu cTpenadara ce XapakTepusupa
C HSKOW CBIIECTBEHH WHIWUBUIyATIHU ocoOeHOoCTH. W omie — yChBBPIIEHCTBAHETO HAa CIOPTHO-
TEXHUUYECKOTO MalCTOPCTBO 3aBUCH OT aJieKBAaTHATa MPEIEHKa 3a MPOCTPaHCTBEHATa CTPYKTypa Ha
ISJIOCTHOTO JIBUTaTeHO AeiicTBue. EpexTnBHOCTTA HA cTpendaTa B MHOTO BUCOKA CTETIEH 3aBUCH OT
TOYHATA OLIEHKA 3a [03aTa Ha ChCTe3aTellsd U OPUEHTAIIMATA Ha JIbKA.

OchblIeCTBABAHETO HAa MOCTOSHEH KOHTPOJ BbPXY MapaMmeTpuTe, ONpPEAeIIsiid IpaBUiIHaTa
M3XO0JIHA TIO3UIIUS KAaKTO Ha CTpeliela, Taka ¥ Ha JIbKa, T03BOJIsIBAa CTAOMIN3HpaHe Ha IBUTATEITHUTE
HABHIIM U MIOCTUTAHE HA BUCOKU CIIOPTHU PE3YITATH.

Baxxen eneMeHT OT KOHTpoOJia € OIICHSBAaHETO Ha oOeMa Ha JBMIKEHHWE B CTaBUTE Ha
ChCTE3aTeNUTEe, KAaKTO M TO3UIMOHMPAHETO Ha JIbKa B MOMEHTa Ha W3JIMTAaHETO Ha CTpeliara.
[TpoBeneHOTO OT HAC eKCIEPUMEHTATHO U3CTIeIBaHe MO3BOJIM J1a ObJaT YCTAHOBEHU CPEIHUTE HUBA
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Ha MOKa3aTeNuTe, ONpEIeNsd Te3H XapaKTepUCTHKHM, M Ha Ta3u Oaza na Obaar pa3zpaboTeHU
HOPMATHBHU TA0JIMIH 32 OIICHKA.

Karo ocHOBeH MeTox 3a OICHKA, € NPWIOKEH T.HAap. CUTMajJeH METOJ, a HW3MEpEHHUTE
CTOMHOCTH ca TpaHC(OPMUPAHU B CUTMAJIHU OLIEHKH T.

HopmaruHata 6a3a e pazpaboreHa B 50-06aqHa TOUKOBa CUCTEMA, KOSITO [TO3BOJISIBA OTYMTAHE
¥l OLICHsIBaHE M Ha MIO-MAJIKU Pa3JIMKK B HUBOTO Ha JaneHute nokaszarenu (Tadanuna 7).

[Topanu rossiMO OTKJIIOHEHHWE OT HOPMAJHOTO paslpelelieHHe, He CMe MpeiCcTaBHIN
HOpMaTUBU 1Mo mokazarenu 8 u 13, cvorBeTtHO ,,RT abaykuus B pamMoro” W ,,IBXKEHHE Ha
NpeIMHIITHNNA HaBbTpe/HaBbH . HanmgBame ce, Te na Obaar pa3paboTeHH ciex Karo Obaar
HaNpaBeHH JOMIBIIHUTECITHN U3CIICIBAHUSI.

3a Hy)KAMTE Ha ONTHMU3ALUATA, Ha Durypa 54 e npeacTaBeH CpeAHOCTATUCTHYECKH MOAET
Ha 1103aTa Ha ChCTE3aTEINTE U OPUCHTAIUATA Ha JIbKA, KOMTO MOXe YCIENIHO Jja Ob/1e MPUIIOKEH B
npolieca Ha yChbBbPLICHCTBAHE HAa ChCTE3aTEININTE.

®urypa 54. Onmumusayuonen Mooei Ha OCHOBHUME XAPAKMeEPUCMUKU HA no3ama u
opueHmayusAma Ha 1vKa

Karo npumep, 1mo-10.1y mpecTaBsiMe pe3yyITaTuTe Ha €IMH OT YYACTHUITUTE B H3CIICBAHETO
-C. 1.

KakTo craBa sicHo or Meronukara Ha W3CJICIBAHETO, BCEKHM OT BKIIOYCHUTE B HETO
ChCTe3aTeNu € U3IMBIHWI 10 6 U3CTpena ¢ IBbK, KOETO O3HayaBa 1Mo 6 eAMHUIIM Ha HaOMIo/eHue 3a
BCEKH CITOPTHUCT.

AHanu3bpT Ha TpencTaBeHus Ha Durypa 55 unausBunyaneH monen Ha C. J[. mokasma, ue
U3XOJHOTO TIOJIOKEHHE Ha TO3M ChCTe3aTeNl Ce XapaKTepu3upa C Hal-rolieMd BITH Ha
MO3UITMOHUPAHE ChOTBETHO Ha:

% pamoTo Ha mpuabpIKamara perka npu uiekcus — mokaszaren 5 (138.12°);
U nakbTHATa cTaBa Ha MpUABLpPIKAINATA phKa IpH uiekcus — nmokaszaren 1 (107.79°);
L pamoTo Ha mpuabpIKalaTa pbKa npu abayknus - nmokaszaren 7 (105.90°);
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®urypa 55. Onmumuzayuonen mooen Ha OCHOBHUMeE XapaKkmepucmuky Ha no3ama u
opuenmayuama na avka — C. /J.

U o6mara duekcus B paMoTO Ha IIpHBPIKALLATA pbKa - moKasaTen 3 (101.97°).
Haii-manko oTkiIoHEHHE ce HaOII01aBa 110 OTHOIICHHE Ha:

N poTarusaTa Ha TriaBara - mokasaren 12 (3.56°);
U Hakiona Ha riaBara B MpeaHO-3a/IHa IMocoka - mokasaren 11 (11.38°);
U broa Z - mokasaren 21 (15.16°) u

i poTalusiTa Ha BEpTUKAIHATA OC Ha JIbKa - mokazaren 18 (16.38°).

[Ipu ananu3a npaBu BIeYaTICHHE, Y€ MPU YaCT OT MOKa3aTeIUTe JEMOHCTPUPAHUTE Hall-HUCKU
(min) 1 Hali-BUCOKH (Max) CTOWHOCTH ca OTHOCHUTENNHO Osu3ku (Purypa 56).

—— 242,84

200,00

Fpaayc

0,00

Mokaszatenn

®urypa 56. I panuunu cmounocmu Ha OCHOBHUME Xapakmepucmuky Ha no3ama u
opuenmayusama na avka — C. /J.
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Nwma obade u TakuBa ciy4yau, IPU KOUTO PA3IUYUATA TIPU OTJCIHUTE OIUTH 3a cTpesida ca
nocta rosieMu. Hampumep, pu €1HO OT U3CIIEIBAHUSTA BI'hIIBT Ha (PIIEKCHATA B PAMOTO HA OTIOpPHATA
pbka nipu C.JI. (moka3zaren 5) e 6un 242.84°, a mpu npyro — camo 101.81°, koeTo o3Ha4aBa paznuka
ot 141.03°. OcBeH TOBa, pa3auKaTa MEXy pa3Mepa Ha bIIIUTE IPU PA3IMYHUTE MY ONUTH € 96.67°
npu (ekcusaTa B JaKbTHATa CTaBa Ha omnopHaTa pbka (mokasaren 1) m 73.66° mpu adaykuusaTa B
paMoTo Ha Terjemara pbka (rmoxkasaren 8).

Bcuuko TOBa, ChBCeM €CTECTBEHO, Ce€ OTpa3siBa Ha CTAOMIHOCTTa Ha HaOJIO/JaBaHUTE
MOKA3aTeNH, JTOKA3aTEJICTBO 32 KOETO ca CTOMHOCTUTE Ha KOePUIIMeHTUTE Ha Bapuanus V (Purypa
57).

MNokasaTtenn

®urypa 57. Oyenxa na cmabunrHocmma Ha OCHOBHUME XAPAKMEPUCMUKU HA NO3amMda U
opuenmayusma na 1vka — C. /1.

Kakro ce Bmxa oT purypara, To3u chcTe3aTes € nokasajl CTaOMIIHOCT 10 OTHOLIEHHE Ha:

% ¢rekcusTa B TaKbTHATA CTaBa Ha ormopHaTa pbka (mokaszaren 2 — V2 = 3.80%);

% dekcusTa B paMOTO Ha Terjiemara pbka (rmokaszaren 6 — Ve = 6.20%);

% poTarusiTa B pamoto (out) Ha Ternemiara pbka (mokazaren 10 — Vig = 6.31%) u

% obmiara (iekcHs B paMOTO Ha Terjemiara pbka (mokaszaren 4 — V4 = 7.10%).

[Tpu mo-rossiMara 4acT OT OCTaHAJUTE IMOKA3aTellM ce Ha0IltoJaBa OTHOCUTENTHA CTAOMITHOCT
— KOepUIIMEeHTHT Ha Bapuanus V e B rpanunute mexay 10 u 30%.

Ananmu3bpT Ha @urypa 57 nokasa obaue, 4e mpu 6 OT MokasaTenuTe V 3aeMa CTOWHOCTH,
Kouto ca mo-Bucoku or 30%. Toma o3nauaBa, ye C.JI. uma kosnebaHMsS HpPU TOJABP)KAHE Ha
M3XOJIHATA 11032 10 OTHOLIEHHE Ha:

% porarusTa (out) B paMOTO Ha OropHara pbKa (mokasaten 9 — Vg = 63.77%);

poTarsITa Ha BepTHKaIHaTa OC Ha jbKa (rmokaszaren 18 — Vig = 46.71%);

% porarusTa Ha riaBata (mokaszaren 12 — V1o = 37.08%);

% ¢rekcusaTa B paMOTO Ha ONOpHAaTa pbKa (mokasaten 5 — Vs = 32.81%);

% poTanusTa Ha npeaMuInHuIara (moxkasaten 15 — Vis = 30.68%) u

% abayKIMsTa B paMOTO Ha Teriemara pbka (mokaszaren 8 — Vg = 30.58%).
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bes CbMHCHHC, BCUUYKO TOBa BJIMAC HAa TOYHOCTTA HA MOMAaACHUCTO Ha CTpECjiaTa B LCIITA,
3aToBa CpelHUAT Opoi momajeHus Ha To3u chete3aren € 6,00, a cpeqHusIT Opoit OTYyYEeHN TOYKHU €
8.33.

CwMmsTame, 4e BIOKEHHUTE B ObJEIEe YCHIINSA 33 CTAOMIM3HpaHe Ha IOCOUEHUTE [T0-TOpe bIIIN
IpY O3ULMOHMPAHETO 3a cTpenda e no3BoaT Ha C. /1. 1a HOCTUrHe eIHO HOBO, II0-BUCOKO HUBO
Ha e()eKTUBHOCT U, pa30upa ce, H0-BUCOKH CHOPTHU PE3YJITATH.

ITo nogoGeH HauuMH Morar jaa ObAAaT aHAJM3UPAHU PE3YIATATUTE HA BCEKH ChCTE3aTeN IO
cTpenda ¢ JIbK U Ha Ta3u 0a3a aa ObAaT onpeesieHH IOCOKUTE 32 ONTUMU3UPAHE Ha HETOBUs Obel
y4€0HO-TPEHUPOBBUEH IPOILIEC.

HacrosmoTo n3cnenBane NoTBbPkKAaBa, Y€ €PEeKTUBHOCTTA U CIIOPTHATA PE3YJITATUBHOCT B
cTpendata ¢ JIbK ca B IIPsSKa 3aBUCUMOCT OT CTAOMJIHOCTTA M IOBTOPSIEMOCTTA Ha IIPOCTPAHCTBEHATA
CTPYKTypa Ha ABUI'aTCIHOTO HeﬁCTBHe, KakKTO U OT NPCUHU3HOTO MNO3MIHUOHUPAHC Ha TAJIOTO U
OpHUEHTALUATA HA JIbKA B pa3IMuHUTE (pa3u Ha U3cTpesia. YIpaBIeHUETO Ha IBUTATENIHUS anapaT Ipu
cTpenbara ce XapakTepu3upa CbC ChHLIECTBEHM MWHAMBHMJYaTHH OCOOCHOCTH, KOETO Hajara
U3I10J13BaHETO Ha OOEKTUBHU METOH 32 U3MEPBaHe, OLIEHKA 1 ONTUMHU3ALUs Ha TEXHUKATA.

[TpoBeneHOTO EeKCHEepUMEHTATHO H3CJIEBaHE IMO3BOJIABA Jla ObJAT YCTAaHOBEHH CpPEIAHU
CTOMHOCTH | JMalia30HU Ha BapuaIis HA OCHOBHHUTE BIIIOBU NOKA3aTENH, XapaKTepU3npam odema
Ha JIBIDKCHUE B CTABUTE U OpPHUEHTAIMITa Ha JibKa. Ha Ta3u ocHOBa e pa3paboTeHa HOpMaTHUBHA 0a3a
3a OIEHKa, M3TpajJieHa Ype3 MpUiIaraHe Ha CUTMaJHHS METOJ U TpaHC(HOpMHUpaHE HA MU3MEPEHHUTE
CTOMHOCTH B CUIrMajHM oueHku T B pamkute Ha 50-Oanna cuctema. To3u moaxon cb3jaBa
BBH3MOKHOCT 32 OOEKTUBHO CPaBHEHHE KaKTO MEXKIY OT/IEIHU ChCTE3aTeNH, Taka U MEXly Pa3InuHU
HoKa3aTeau MpU €AMH M ChIl MHAMBUI, KaTO MO TO3M HA4MH MoArnomara (pyHKIHMOHHPAHETO Ha
nojcucremara ,,ONTUMU3aUsA B TPEHUPOBBUHUS MPOLIEC.

N3rpafgeHusT cpelHOCTaTUCTUYECKU ONITUMH3AIIMOHEH MO/JIEJT Ha [103aTa U OPUEHTALUATa Ha
JIbKa MpPEeACTaBJIABa MMPAKTUYCH MHCTPYMCHT 34 KOHTPOJ U KOPCKIHA Ha TCXHHUKATA. AHamn3bT HaA
WHIWBUAYaITHUST Mosien Ha cheresarens C. [l mokasBa, ue TOpH MpH OTHOCHUTEITHO BUCOKU CPEIHU
CTOMHOCTH Ha OTACJIHU BI'JIM MOI'aT Ja C€ Ha6J'IIOI[aBaT SHAYUTCIIHHA pa3JIMKU MCKAY MUHUMAITHUTC U
MAaKCHUMAJITHUTEC CTOfIHOCTI/I, KOE€TO BOAH J0 ITOBUIIICHU CTOMHOCTH Ha KOG(i)I/IHI/IeHTa Ha Bapuanus 1npu
4acT OT MokazaTtenuTe. ToBa € MHAMKATOp 3a HECTAOMIIHOCT B MOATBPKAHETO Ha M3XOJHATA 11033,
KOSITO OKa3Ba HETaTUBHO BIMSIHUE BbPXY TOUHOCTTA U TOCTOSIHCTBOTO Ha CTpendara.

[TonydyeHuTe pe3yiTaTH SCHO IOKa3BaT, Y€ BHUCOKHMTE CTOMHOCTH Ha Koe(pUIMEeHTa Ha
Bapualys MpH MOKa3aTeld, CBbP3aHU C pOTAlUsATa B PaMEHHHUTE CTaBM, MO3MLMATA Ha TjaBarta,
OpHEHTAIUATa Ha JbKa W JIBWKEHMETO Ha INpeIMUIIHUIATa, ca MPSKO CBbP3aHH C KojebaHus B
TEXHMKaTa U C TO-HUCKAa CIOpPTHA pe3ylTaTUBHOCT. ToBa MOTBBbpXkAaBa HEOOXOIMMOCTTa OT
HacoueHa paboTa 3a CTaOMIM3MpaHEe Ha KPUTHYHHUTE BIJIOBU IapaMeTpH, 0COOEHO B M3XOJHATa
Io3uliuAg U BbB q)aSI/ITC, HN3UCKBAIlK MaKCHUMAJICH KOHTPOJI.

B TO3u KOHTEKCT pa3pabOTEHUTE HOPMATUBHU TAOJMLM HMMAaT CHIIECTBEHO MPAKTHUYECKO
3Ha4YeHHe, Thil KaTo MO3BOJSABAT PaHHA JUArHOCTUKA HA OTKJIOHEHUSTA, MHIUBHIyaIH3UpaHE Ha
TPEHUPOBBUHUS MIPOIIEC U IeJIeHacOueHa KOPEKLIMs Ha TEXHUYECKUTE HEZ0CTaThIM. Te npeocTaBsaT
HaJIeXK/IHA OCHOBA 3a M3rpa)K/JaHe Ha MEPCOHATU3UPAHU ONTHUMM3ALMOHHUA MOJIENH, ChOOpa3eH! ¢
UH/IMBUYaJIHUTE IBUTATEIIHU OCOOCHOCTH Ha ChCTE3aTEIIHTE.

Pa3zpaboTBaHeTo Ha HOpMaTWBHa 0a3a W ONTHUMH3AIMOHHM MOJEIM Ha TEXHUYECKara
HOATOTBEHOCT MPH CHhCTE3aTEIUTE MO CTPenda ¢ JIbK MPECTaBIsABA KIIOUOB 3aBBPIIBAI] €TaIl OT
HACTOAMIOTO AMCEPTAMOHHO H3cieBane. To ocurypsiBa mpexo/ OT KaueCTBEHO-OIMCATENICH aHAIN3
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Ha TEXHHKaTa KbM OOEKTHBHA, KOJIMYECTBEHO M3MEPHMa U METOIMYECKH MPUIIOKHMA CHCTEMa 3a
OLICHKA U YIPABJICHUE HA TPEHUPOBBYHHUS IIPOLIEC.

B 3ak/i0ueHne Mo:ke 1a 0000IIMM, Yy OOCKTUBHMAT OMOMEXaHWUYEH aHAJIM3 Ha 1103aTa U
OpHUEHTAIMATA Ha JIbKa, ChYETaH C pPa3pabOTBaHETO Ha HOpMAaTHBHA 0a3a 3a OIIEHKAa Ha oOema Ha
JIBIDKCHHE B CTAaBUTE, NMPEACTABIsIBA €PEKTHBEH MHCTPYMEHT 3a IOBHIIABAaHE HA TEXHUYECKATa
MOATOTBEHOCT W CIIOPTHATa pE3yJTaTUBHOCT B crTpenbdara ¢ Jybk. [lomydeHuTe pesynratd u
W3BEJACHUTE MOJICTM Ch3/IaBaT MPEANOCTaBKH 3a T0-€(EKTHUBEH KOHTPOJ, ONTHUMH3AIUS U
J'BJITOCPOYHO YCHBBPIICHCTBAHE HA CTPEIKOBAaTa TEXHWKA, KAKTO HA MHAMBUAYATHO, Taka U Ha
rpYIIOBO HUBO.

I''TABA YETBBPTA

N3BOJH, NTPEIIOPBKHU U ITPUHOCHU

Hanpasenute ananusu u 0060011eHUSs TO3BOJISABAT Aa 0bAaT GOPMYIHUPaHH CIEAHUTE U3BOIH
U TIPETIOPBKU:

4.1. U3Boan

1. TexnuueckaTa NOJArOTOBKAa NIpU cTpeindara ¢ JbK € Bojell (akTop 3a CHOpPTHATa
PE3YATATHOCT U € OIpeelsla 3a CTAOMIHOCTTA Ha U3IIJIHEHUETO Ha JIBUKEHUETO BHB
BCUYKHM (ha3u Ha U3cTpea.

2. AHanmm3uMpaHeTO Ha CpPEeJHUTE HHMBA W BAPHATUBHOCTTA HA M3CIIEIBAHUTE IOKA3aTEIN
[OKa3Ba, Y€ BUCOKOKBATM(HIMPAHU CHCTE3aTENM C€ OTIMYaBaT C IO-HUCKA
BapUaTUBHOCT Ha ABIDKEHHTA M T0-7100pa KOOPAWHANWS MEXIY OTIACTHUTE YacTH Ha
TSUTOTO B CPAaBHEHHE C Ta3W IPU ChCTE3ATEIUTE C MTO-HUCKA KBATHU(PHKAIIHSL.

3. YcTaHoBeHO €, ue Hal-TOJIEMUTE OTKJIOHEHUS B TEXHUYECKOTO W3IIBIHEHHE Ce
HaOroaBatT BB (hazuTe ,,Ch3/1aBaHe HA HAIIPEXKEHUE™ U ,,[TyCKaHe", KOeTO I'M OIpeaess
KaTO CHJIHO BIIUSICIU 3a TOCTUT'aHE HAa BUCOK CIIOPTEH Pe3yJTar.

4. YTOYHEHO e, ue BIJIOBUTE MapaMeTPH B CTABUTE HA TOPHUTE KpAaltHUIIM U paMEHHUS MOsIC
UMaT ChUIECTBEHO BIMSHUE BbPXY CTAOMIIHOCTTA HAa CUCTEMATA ,,CTPEIe—IIBK .

5. HUznomsBaHeTo Ha WHEPIHUATHH W3MEpPBAaTEHM CHCTEMH II03BOJIsIBa OOEKTHBHA,
KOJIMUECTBEHA U ()a30BO OpHEHTHpaHAa OLICHKA Ha TEXHUKATa Ha cTpelida 3a nofoopsBaHe
Ha KOHTpOJIa M ONTHMH3AIMATa HAa TEXHWYECKaTa IMOATOTOBKA NMPH CHCTE3ATEIHUTE TI0
cTpenda C JIbK.

6. CnoprHata pe3yJlTaTMBHOCT B cTpeyidaTra ¢ JbK € (YyHKLHUS OT B3aUMOJAEHWCTBUETO Ha
¢u3nyeckaTa MOArOTBEHOCT, TEXHUUECKATa CTAOMIIHOCT U TCUXOJIOTHYECKHs] KOHTPOI,
KaTo OO€JIMHEHUETO M YNpPaBICHHETO HA BBHIIHUTE M BBTPEHIHUTE (DaKTOpu HMa
CBIIECTBEHO 3HAYCHUE 32 PEAUTN3UPAHETO HA TEXHUUYECKUS MMOTEHIIMA Ha CTpeela.

7. 3a mbpBU BT Y Hac € pa3paboTeHa HOpMATHBHA 0a3a 3a KOHTPOJ U ONTHUMH3UpPAHE Ha
TEeXHUYECKaTa MOATr0TOBKA IPU ChCTE3ATENH MO CTpenda ¢ JIbK.
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4.2. IIpenopbku

1. B TpeHupOBBUHHUS MpPOIEC HA CHCTE3ATEIUTE MO CTpeibda ¢ JbK Ja ce BHEAPH pPEIOBHA
00EKTHBHA OIICHKA HA TEXHUKATa Ype3 CbBPEMEHHHU U3MepBaTelIHu cucTteMu. Pazpaborenara
HOpMaTHBHA 0a3a 1a 0bae npeanoxena Ha b® Ctpenbda ¢ bk 32 U3MOI3BaHE B IPAKTHKATA.

2. KOHTpombT Ha TEXHMYECKAaTa MOJATOTBEHOCT Jla CE€ OCBILECTBsABA (pa30BO, KaToO ce 00pbINa
CIeMaTHO BHUMaHHE Ha (asuTe ¢ Hai-roysiMa BapHMaTUBHOCT HA JBIDKCHUATA M Jla Ce
npuiIara MHIUBHIYAIN3UPaH MOIXO0/ IPU KOPEKIUs Ha TEXHUKATa, ChOOpa3eH ¢ aHaTOMO-
(GyHKIMOHATHUTE OCOOCHOCTH Ha ChCTE3aTEIIHTE.

3. B moaroroBkaTa Ha mMOIpacTBAIlM W MIAOM CBhCTE3aTeNH Ja CE€ AaKIEHTUPAa BBPXY
U3rPaXJIAHETO HA cTaOMJIHA CTOMKAa M NMpaBWIIHA JIBUTATENHA KoopauHauus. [IpuMepHUST
KOMIUIEKC OT YNpaXHEHHA Ja ObJe NPEAJIOKEeH Ha TPEHBOPHTE 3a ONTUMH3AIMA Ha
TEXHUYECKaTa IMOATrOTBEHOCT.

4. Jla ce m3noi3Bar pa3pabOTEHUTE ONTUMH3ALMOHHH MOJEIH IPH IJIAHUPAHE W OICHKA Ha
e(eKTUBHOCTTA Ha TPEHUPOBBYHHUTE CPE/ICTBA.

4.3. lIpunocu

1. 3a mbpBu BT B ObJTapckaTa CIOPTHO-HAYYHA MPAKTHKA € pa3paboTeHa HopMaTHBHA 0a3a 3a
OILICHKa Ha TEXHHYecKaTa MOATOTBEHOCT MpHU ChCTe3aTeNu MO cTpenda ¢ JIbK, OCHOBaHA Ha
00eKTUBHU OMOMEXaHUYHU TTOKa3aTelu.

2. Cu3nazneH e (Ha3oBO CTPYKTYypHpaH MOJEN 332 aHAIW3 Ha TEXHHUKATa Ha U3CTPEIIa, PUII0KUM
KAaKTO 3a HayyHU M3CJIE[IBaHUS, Taka M 3a TPEHUPOBBYHATA MpaKkTHUKa. Pasmmpenu ca
Hay4YHUTE 3HAHUS 3a B3aMMOBpPbB3KaTa MEX/y KUHEMaTUYHUTE [apaMeTpU Ha JABM)KEHUATA U
cTaOMITHOCTTA Ha CHCTEMaTa ,,CTPeIel—IbK™ U € I0Ka3aHa Bpbh3KaTa MEXAy CTAaOMIIHOCTTA U
IpYNUPAHETO Ha MONa/ICHUATA.

3. PazpaGoTeH ¢ oNTUMH3AIMOHEH MOJEN Ha TEXHMYecKara IOATOTBEHOCT, OTYHUTAI]
WH/IMBUyAIHUTE JIBUTATEIIHU OCOOCHOCTH Ha ChCTE3aTeNIUTe, W € JOKa3aHa poyiaTa Ha
BapHaTUBHOCTTA Ha JIBIDKECHHUSITA KaTO HAJACKICH IMOKA3aTell 3a TEXHUYECKO MaHCTOPCTBO U
CIIOPTHA PE3YJATATHOCT.
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INTRODUCTION

The development of archery as an Olympic sport is marked by a continuous increase in
competition and a dynamic heightening of sports results in the international arena. This trend has
made necessary to implement and improve innovative, science-based methods of technical training,
which will guarantee optimal and reliable achievement of high sports results.

The dissertation on the topic "Factors of technical preparation and sports performance in archery"
is aimed at studying and scientifically proving the influence that various factors of technical
preparation have on increasing the sports results of competitors in this sport.

The practical significance of this work is expressed in the fact that the results of study on the
factors influencing on sports success provide an opportunity for coaches and athletes to create a
targeted and effective training process. That will contribute to improvement of the technical, tactical
and psychological preparation of archers, which leads to increasing the level of sports achievements.

CHAPTER ONE
LITERATURE REVIEW AND PROBLEM STATEMENT

1.7. Problem statement. Working hypothesis.

Archery is a complex static sport that requires maximal combination of technical skills, physical
fitness and mental resilience.

The modern development of this sport, the continuous improvement of sports results and the
increase of international competition in the world have imposed the need to develop and introduce
more effective methods of technical training that will help to achieve high and sustainable sports
results more quickly.

SCIENTIFIC PROBLEM

The scientific problem of this study concerns the objective identification, quantitative assessment
and discovery of important (key) factors that influence on the technique and sports performance of
archery competitors. Despite the availability of literary sources containing the results of examination
on individual elements of the technique, the Bulgarian and international literary sources still lack a
comprehensive biomechanical model to link the specific kinematic parameters with the sports result,
or at least it is not known that such a model has been developed. The problem is that it is impossible
to achieve high precision and personalization of training process through traditional methods
(observation, subjective assessment). That has imposed the use of modern instrumental methods of
analysis such as Noraxon MioMotion, in order to highlight the defining technical components (or
elements) that can be an object of correction and optimization.

The modern sports practice has shown that the progress of elite athletes is strongly dependent
on some small details of technique and their repeatability. With limited possibilities for subjective
assessment, especially of fast and complex movements such as the process of bow drawing and
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shooting, namely these precise instrumental measurements make possible the objectification of
technical errors. What is characteristic of archery is the tendency towards movement repetition, which
often leads to automation of inaccurate and sub-ideal performances. The insufficient personalization
and science-based improvements in training activities make it difficult to achieve progress, especially
for young or ambitious athletes.
The introduction of systematic electronic technical research and analysis gives a possibility:
U To identify the important (key) technical elements in archery.
U To adapt exercises and corrections in a way to meet the individual needs of each
archer.
U To accelerate and improve the optimization of technique, minimizing the risks of
injuries associated with incorrect, compensatory movements.

HYPOTHESIS

Based on the formulated research problem, it has been hypothesized that the integrated use of
instrumental biomechanical analysis would ,make possible to identify specific kinematic parameters
(e.g. angles, stability and variability), which correlate with sports performance in archers.

It has been assumed that stability of the positions of key joint complexes (shoulder girdle,
elbow, wrist and head) is essential to achieve a high result.

It is considered that through a personalized and scientifically proven approach to the training
process and technique correction, supported by information data from the Noraxon MioMotion
system, sports results could be significantly improved compared to the standard, mostly intuitive
training methods.

The thus formulated scientific problem and working hypothesis have created a reliable basis
for clearly defined goals, objectives and research methods that are in line with modern trends in sports
science and the needs of practice.

CHAPTER TWO

METHODOLOGY OF STUDY

2.1. Purpose, tasks, object and subject of the study

The purpose of this study is to improve the efficiency and effectiveness of technical
performance of archery competitors by identifying and analysing the key components and elements
of technique.

The tasks of the study are:

1. Analysis of contemporary literary sources related to technique, factors of sports
performance and biomechanical features in archery.

2. Study on the opinion of archery competitors about the problems in training activities,
assessment of technique and sports results, difficulties in preparation and in the
competitive environment, features of physical and psychological preparation as well as on
some internal and external factors influencing on shooting of athletes.
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3. Implementation of instrumental biomechanical measurements to determine the kinematic

parameters characterizing the shooting technique.

4. Analysis of the average values and variability of factors of technical preparation in each

of the main execution phases.

5. Development of a regulatory framework and optimization models of technical preparation

of archery competitors.

The object of the study involves the factors of technical preparation that influence on sports

performance in archery.

The subject of the study is the process of technical preparation in archery.

The examined subjects are archery competitors of different age groups, practicing the
Olympic style — recurve, with different sports qualifications and experience, some of them being
included in the Bulgarian national team. The study involved 18 registered athletes (7 men and 11
women) aged 12-53 years, with various levels of sports experience — from beginners to advanced,
all being right-handed shooters.

2.2. Research Methods

1. Examination and analysis of literary sources

The literary sources that have been examined, systematized and summarized include scientific
publications, dissertations, teaching materials and books covering the historical aspects of archery
development, the factors of technical training of archers, modern theories and practices for
optimization of sports technique and training as well as current biomechanical, psychological and
methodological approaches in this field.

A total of 97 sources have been analysed, of which 31 are written in Cyrillic alphabet and 66 in
Latin alphabet.

2. Empirical research

Conducting experimental observations and tests of archery competitors, including monitoring on
the sports technique performance, and assessment of the individual features of participants in the
study.

3. Survey

The targeted data collected refers to: demographic profile of the participants, features of the
training process, subjective assessment of the technique, psychophysical preparation, difficulties and
factors influencing on the competitors through structured questions. The data acquired in the survey
provides valuable information about the opinion of respondents about the individual training
approach, psychological strategies used and the degree of acceptance of technologies in the training
process.

4. Biomechanical and video analysis

The study was carried out jointly with the Centre for Scientific and Applied Activities in Sports
(CSPAS) at National Sports Academy “Vassil Levski”. A comprehensive analysis of the technique
during shooting was carried out, carried out using video recordings, specialized software Noraxon
MR3.18 and MioVideo, tools for measuring kinematic parameters, providing an objective assessment
of the movements.

The use of specialized software (Noraxon MR3.18) provided the surveyors with reliable and
objective data on key parameters of technical preparation that correlate with shooting results.
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< Criteria of selecting participants in the study

A total of 18 registered archery competitors (7 men and 11 women) aged between 12 and 53 years,
with different sports experience - from beginners to advanced, participated in the study, some of
whom are included in the Bulgarian national team. Most athletes are women, and this imbalance is
due to the larger number of female representatives in the club. All competitors are members of the
Phoenix Archery sports club, which operates in the city of Sofia.

S Study parameters

The examined parameters include a comprehensive set of kinematic metrics measured by Noraxon
MioMotion that describe the movement and positioning of key joints and body segments as well as
the bow movement:

— Joint angles and movements of the shoulders and elbow: RT (right side) Elbow Flexion, LT
(left side) Shoulder Total Flexion, RT Shoulder Total Flexion, LT Shoulder Flexion, RT Shoulder
Flexion, LT Shoulder Abduction, RT Shoulder Abduction, LT Shoulder Rotation - out, RT Shoulder
Rotation-out.

— Head parameters: Head course (rotation), Head pitch (forward/backward tilt), Head roll (side-
to-side tilt).

— Forearm parameters: LT Forearm course, LT Forearm pitch, LT Forearm roll.

— Bow parameters: Bow course, Bow pitch, Bow roll.

— Left arm movement angles: LT Angle X, LT Angle Y; as well as a common azimuth Angle

These parameters cover the three main axes of movement (sagittal, frontal and transverse) that
allow to perform a comprehensive three-dimensional analysis of the technique during each phase of
shooting: from the grip and tension to the shot production and arrow tracking.

5. Mathematical and statistical methods

The statistical analysis is precise collected quantitative data processing using statistical

methods.

4. Variance analysis for determining the average values and variability and research
indicators in the three phases.

5. Sigma method — for quantitative assessment of the measurement results of features. Based
on the average level for the entire studied population (archery competitors), a normative
table has been developed allowing easy and quick assessment of any individual or team
result. T-scores are standardized values presented in a 50-point system, making possible
to compare the achievements according to differently sized tests and indicators. The
average level of the entire population corresponds to 25 points. In cases where the lower
value of result of a given indicator corresponds to a higher quality, the assessment scale
IS reversed.

6. Percentage of relative share for processing the survey results.

Software such as SPSS (version 25) and Excel have been used.

2.3. Organization of the survey

o Stages of the survey
The study was divided and conducted in five main stages:
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& Stage 1 (01.01.2018 — 30.06.2019). Orientation in the issues and clarification of the structure
of dissertation. Formulation of the scientific problem, goal, tasks, hypothesis and expected
results. Theoretical study and analysis of literary sources.

& Stage Il (01.07.2019 — 30.06.2020). Clarification of the issues related to the factors of
technical preparation and sports performance in archery. Drawing up a detailed plan of the
experimental part and clarification of the concept of methodology. Partial development of
Chapter One of the dissertation.

& Stage 111 (01.07.2020 — 31.12.2021) Partial development of the Chapters Two and Three.
Conducting the experimental part. Development of tables, figures, photos applicable to the
dissertation. Detailed description and analysis of the experimental part.

& Stage IV (01.01.2022 — 31.01.2026). Preparation and publication of two scientific papers. Full
completion and technical design of the dissertation.

& Stage V(01.02.2026 — 30.06.2026) Submission of the dissertation for discussion at the
department and admission to internal defence.

Procedures and implementation of public defence of the dissertation.

CHAPTER THREE

RESULTS OF THE SURVEY AND ANALYSIS

3.1. 3.1. Survey of the factors influencing on technical preparation and sports results in
archers

The questionnaire was developed with the aim to study the internal and external factors
influencing on the technical preparation and sports performance of archery competitors of Phoenix
Archery sports club. The survey has made possible to obtained data related to age, gender, sports
experience, training activity, psychological resilience and other aspects of preparation, which are of
essential importance for achieving high sports results and for the individual development of
competitors under the conditions of modern sport.

The obtained information helps to conduct a comprehensive analysis of influence of individual
factors on technical preparation and sports achievements, at the same time allowing to outline the
main trends and dependencies characterising the respondents.

The data acquired through the questionnaire show that the biggest group included in the survey
consists of athletes under 15 (33%), followed by those between 16-20 (28%). That indicates a serious
rejuvenation of the team, since the older ones (over 30) are fewer but with greater experience and
stability of results. The majority of athletes are women (61%), while men are 39%. This imbalance is
explained by the larger number of female representatives in Phoenix Archery Sports Club.

The largest share of athletes are with sports experience of 6-10 years (44%), followed by those
with experience of up to 5 years (28%), the more experienced ones have practiced archery for 16
years — 17% and 11-15 years — (11%). The athletes surveyed are mainly young and with medium
experience, which suggests a certain impact on the stability of technique and sports results.

The competitors train 2-3 times a week (83%), those who are included in the national team

train more than 5 times (6%). The participants in survey have defined the strongest elements of their
technique as follows: forehand stability (5 people), good body position (line), stable posture, good
control of the shoulders and back, right-hand consistency, continuous drawing and smooth work over
the clicker and release (2 people). The shooters also indicated their main weaknesses: difficulties in
releasing the shot (4 people), forehand instability (5 people), insecure grip (2 people), shot breakage
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(2 people) as well as problems in position and posture, insecurity in drawing (2 people) and control
on the clicker.

The information about the difficulties encountered by competitors during the training process
is presented in Figure 6, highlighting uncertainty in aiming (44.4%) and difficulty in maintaining
concentration (33.3%).

Balance Problem balance problem I 11.10%

Tremor of the forearm NN 27.80%

Change in head position NN 27.80%

Pain or discomfort in the shoulder/elbow/back NN 27.80%

Sudden fatigue onset 5.60%
Difficulty with concentration maintenance NN 33.30%
Breathing errors I 11.10%
Uncertainty with aiming [ I 44.40%

Difficulty with the anchor 16.70%

Other NN 33.30%

Figure 6. Difficulties in shooting

In response to the question "Other" (33.3%), the respondents have listed specific problems
such as uniformity in the release, error in the grip of the handle and forefinger, poor rhythm of drawing
the clicker, direction and rhythm, as well as sight failure.

The technical preparation and confidence are important factors to achieve high sports results.
Only 5.6% of the participants believe that they have a fully developed technique.

When asked "Which technical elements do you consider most important for your result?" the
majority of competitors 94.7% (17) indicated a stable front hand as an important technical element
for increasing sports results. A high share is also occupied by the bow grip and the release (releasing
the string) of 77.8% each.

The majority of competitors systematically analyse their results after training, which supports
their development and improvement.

The results show that most of them experience the psychological problem of “target panic"
and use a combination of self-regulation, psychological techniques and individual coping methods.

The data obtained are interesting when considering the symptoms of "target panic”, the most
common being the involuntary and abrupt release of string, reported by 72.2% of the surveyed archery
competitors. (Figure 8).
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Involuntary release

Freezing without a trigger ( "freeze")

Wrong aiming point

Feeling of the movement control absence

Increased heart rate /tension

Other

I 72.20%

22.20%

27.80%

50.00%
16.70%

5.60%

Figure 8. Symptoms of “target panic" of archers

What stands out in the analysis of the techniques and approaches used to deal with "target
panic™ is shooting without a target being the main method for reducing tension and restoring control

on performance, preferred by 72.2% of competitors (Figure 9).

| have not looked for specific help

Conversation with a coach/sports
psychologist

Shooting to a large target in close range
Shooting without a target from 5 metres
Technical exercises (“imitation exercises”)
Exercises for relaxation/breathing

Stopping to shoot for a while

s 27.80%
s 27.80%

16.70%
e 72.20%
N | 50.00%

Figure 9. Methods for dealing with a "target panic" situation

When dealing with tension during a competition, competitors apply a variety of methods,
among which the most common used one is the mental visualization of a successful shot (autogenic
training), indicated by 55.6% of respondents (Figure 10).
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Deep diaphragmatic breathing

Mental visualization of a successful shot

Conversation with a coach or a teammate

Auto motivating thoughts/auto training

Listening to music before or during a competition

Meditation or yoga technique

Loneliness and silence before the start

Positive rituals/routines (e.g.)

Other

| 38.90%

N 55.60%

s | 50.00%

N | 50.00%

B 11.10%
== 5.60%
27.80%
e 11.10%
B 11.10%

Figure 10. Methods to cope with tension during a competition

It is of certain interest that the surveyed competitors expressed their opinion in regaqgrd to
personal (internal) factors that most strongly influence on the final result in archery (Figure 12).

Technical preparation

Mental resilience and concentration
Physical preparation
Tactics/strategy

Health status

Fatigue

Motivation

Other

|
. 66.70%
. 66.70%
| 5.60%
I 11.10%
I 11.10%

33.30%
| 5.60%

83.30%

Figure 12. Personal (internal) factors that most strongly influence on the final result in archery

The main internal factor for high sports performance, pointed at by 83.3% of [articipants in
the survey, is their technical skills. Mental resilience and concentration, as well as physical training,
are also of significant importance, as indicated by 66.7% of the respondents, respectively.
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The respondents also rated the external factors influencing on the final result, beginning with
the weather conditions (77.8%), followed by the tension of the competitive environment (55.6%), the
material part (44.4%) and the features of hall or terrain such as lighting, noise, space (38.8%).

The comprehensive approach to preparation is also crucial to achieve high sports results. The
vast majority of surveyed athletes (94.4%) are convinced that general physical training has a
significant impact on sports performance, with 61% of them including general physical training
exercises (without shooting) 2-3 times a week in their weekly training schedule, while only 5% have
never practiced them.

Of all respondents, 89% do not practice other sports outside of archery that indicates a focus
on one discipline and low sports multi-activity in the surveyed group.

It is striking that to improve their technique, all competitors (100%) prefer individual verbal
feedback with specific guidelines given by a coach as the most effective one (Figure 15).

Verbal coach guidance |- 100.00%
Video analysis NG 44.40%

Biomechanical measurements and data 22.20%

Self-observation and independent notes [l 27.80%

Group discussion/analysis with other
competitors
Modelling (demonstration of technique by a
coach/ an elite competitor
Digital applications or mobile apps to track the
progress

N 55.60%
I | 38.90%
22.20%

Combination of the above listed I} 5.60%

Figure 15. Preferred feedback for technique improvement

The group discussion with other athletes is important for 55.6%, and video analysis is
necessary for 44.4% of respondents. Technique demonstrations by a coach or an elite athlete are
positively rated by 38.9%, while self-monitoring and note-taking are indicated by 27.8%.
Significantly less attention is paid to digital applications (22.2%) and biomechanical measurements
(22.2%) as tools for monitoring and optimizing development.

It is of interest to comment on the opinion of respondents in regard to mental toughness
training as a mandatory part of sports preparation, with 77.7% of respondents defining it as necessary,
while only 5.6% not sharing this opinion. The survey results have clearly shown the need of
systematic work with a sports psychologist, who has an important role in mental toughness,
concentration, effective stress management and overcoming difficult moments in the sports
environment.

When concentration drops, the majority of shooters (66.7%) prefer internal re-adjustment
through mental rehearsal and recall of key technique elements. A short break is chosen by 16.7% of
respondents as a strategy to restore concentration, 11.1% would not take any specific action, and
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only 5.6% will discuss the situation with the coach. It shows that self-regulation is the leading
mechanism to deal with a temporary drop in attention, and external support remains less used at such
moments.

Most competitors (72.2%) think that their technical errors are due to lack of concentration
(Figure 16), while 55.6% of respondents think that stress and tension are the cause of errors.

Physical fatigue — 33.30%
Technical failure/oversight * 22.20%

Insufficient preparation Y 50.00%
]

Increased tension stress
55.60%
Lack of concentration
72.20%

Figure 16. What do you consider to be the main reason for technical errors?

In summary, the respondents assume that the main causes of technical errors in archery are
related mainly to mental factors, such as insufficient concentration and increased stress, while
physical fatigue and technical errors are assessed as factors with a weaker influence.

In conclusion, it can be summarized that both external factors (noise, conversations,
competition) and internal psychological factors (thoughts, emotional tension) strongly influence on
the ability to concentrate in archery, and their management is of key importance to sports success.

The survey results have shown that the main factors of technical preparation and sports
performance in archery are related to a targeted and structured training process, with attention paid
to basic technical elements (forearm stability), systematic self-monitoring and analysis of
performance as well as strengthening the mental resilience and ability to concentrate.

Based on the data, it can be seen that relatively young and moderately experienced athletes
often achieve upward results, but at the same time they also exhibit certain fluctuations related to
fatigue, stress and difficulties with technigque control, which requires an individual approach and more
active work with coaches and sports psychologists.

The survey has confirmed that the combination of high-quality technical training using video
analysis and modern technical means, combined with systematic psychological support and targeted
development of physical qualities, ate of fundamental significance to increase sports results of the
surveyed archers.

3.2. Average values and variability of the technical preparation factors

Chapter 3 of this dissertation presents a detailed analysis of biomechanical indicators collected
in “Phase 1” (anchor), “Phase 2 (drawl under the clicker) and “Phase 3” (shooting).
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The analysis is structured by groups of indicators from the view point of logical and functional
interaction: elbow and shoulder flexion, shoulder abduction and rotation, head position, forearm
movements, elbow position and body spatial angles.

The total number of indicators is 21, and the obtained data are processed as average values
(X), minimum (MIN) and maximum values (MAX), standard deviation (S+), coefficient of variation
(V%) and real range of variation (R = MAX — MIN) for each kinematic variable (Appendix No. 2,
No. 3, No. 4).

The analysis is structured according to the three main phases of shot:

& “Phase 17 (anchor) — after taking the initial position and initial tension of the string.

& “Phase 2” (draw under the clicker) — additional draw of the clicker, while at the same time the
entire basic position does not change.

L “Phase 3” (shot) — release of the string in direction opposite to that of the arrow take-off.

After the analysis of each phase separately, brief interim conclusions have been drawn, as at
the end of the Chapter 3, the phases are considered in a comparative aspect and as a whole from the
viewpoint of shooting technique and sports result (the point result of six shots).

3.2.1. Average values and variability of the indicators in “Phase 1” (anchor)

In sports archery, the anchor phase is key to stabilize the “archer-bow” system before the
shot.

“Phase 17 (anchor) covers the time when the examined athletes draw the bow to a position,
at which the string touches one’s chin and nose. This phase is characterised with placing the string
under the jaw and directing the sight towards the target (rough aiming). It is the moment before full
draw, when the “archer-bow” system stabilizes preparing for the shot.

O Analysis of the “shoulder-elbow complex” (indicators 1-5)

Figure 18 illustrates the average values (X) for the “shoulder-elbow complex” in a
comparative aspect, and Figure 19 reflects the variability of the indicators examined in this phase.

»Phase 1“ (indicators from 1 to 5)

dnekcusa Ha gacto pamo (RT Shoulder Flexion)  [INENENGTNENENEGEGEGEGEEEEEEEEEE 13391

®nekcua Ha nsBo pamo (LT Shoulder Flexion) 53.93

n RT Shoulder Total
e 0 P R e T 110,33

Flexion)

= NuaHa dnekeus Ha AsBo pamo (LT Shoulder Total _ 4.91

Flexion)

dnekcua Ha gecHua nakwT (RT Elbow Flexion)  [NNENEGEGEGEEEE 01.17

0.00 50.00 100.00 150.00

Average values

Figure 18. Average values of the indicators of “shoulder-elbow complex” in “Phase 1" (°)
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The average value (X) of “right hand elbow flexion” (RT Elbow Flexion) is 91.17 degrees
with a standard deviation (S*) of 14.34 degrees and a coefficient of variation (V%) 15.73%. The
range of measured values is R=57.8 degrees, ranging from the minimum value (MIN) of 67.14 to the
maximum one (MAX) of 124.94 degrees. The data indicate that when positioned in the anchor,
athletes occupy a similar, but not identical angle of “right elbow flexion”, which is expected, since
the drawing hand (right for right-handed people) can be positioned slightly further out or back
depending on the individual anthropometry, tension length and preferred point of the anchor. The
values of coefficient of variation (V%) are in the range of 15-16% and reflect moderate variability
(homogeneity) both between individual shooters and between individual shots in the group, which
suggests a relatively uniform elbow position in the examined phase (Figure 19).

»Phase 1“ (indicators from 1 to 5)

35.00 30.67%
®
> 30.00
[
o 25.00
= 15.73%
= . (4
5 20.00 13.51%
5 15.00 9.46%
= 6.63%
E, 10.00
=
]
0.00
®neKkcna Ha MbnHa dnekcna MNbnHa pnekcna dnekcusa Ha nago  Pnekcua Ha
necHua nakbT (RT Ha naso pamo (LT  Ha gacHo pamo  pamo (LT Shoulder pgacHo pamo (RT
Elbow Flexion) Shoulder Total (RT Shoulder Total Flexion) Shoulder Flexion)
Flexion) Flexion)

Figure 19. Variability of examined indicators of “shoulder-elbow complex” in “Phase 1”

The data of examination on “flexion and total flexion in the shoulder joints” also provide
important information, with the average value (X) for “total flexion of the left shoulder” (LT Shoulder
Total Flexion) being 74.91 degrees with a low standard deviation (S+4.97degrees) and V=6.63%.
The range is relatively limited, around 24 degrees. That indicates a relatively uniform position of the
shoulder girdle on the bow side (left shoulder), which is an indicator of bow-holding hand stability.

A similar trend is observed about “total flexion of the right shoulder” (RT Shoulder Total
Flexion), where the average value (X) is 119.33 degrees, with S+11.29 degrees and V=9.46%, and
the range of variation around 42 degrees. The variability here is higher, since the right shoulder (the
drawing arm) is active and depending on the anchor position and the anthropometric indicators of the
upper arm and forearm, the competitors stand at a different angle during the hold. For both indicators,
V is from 6.63% to 9.46%, which is below 10% and indicates a homogeneous and uniform sample,
respectively low variability.

The indicators of “left shoulder flexion” (LT Shoulder Flexion) and “right shoulder flexion”
(RT Shoulder Flexion) have proved the asymmetry between the bow-holding and drawing arms. The
average value (X) for “left shoulder flexion™ is 53.93 degrees and has a very high range (R=68.46
degrees, from 19.61 to 88.07 degrees) and high V=30.67%. This is an indication of significant
individual differences in positioning of the left shoulder in the anchor phase. In practice, this is the
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point, at which archers stabilize the shoulder level, where the more experienced competitors usually
hold their shoulders lower, while the less experienced ones compensate by raising them.

Similarly, the “right shoulder flexion” has an average value (X) of 133.91 degrees and a
coefficient of variation V=13.51%. Although the range (R) of values is comparatively wide, V%
remains within relatively stable parameters, indicating a comparatively uniform and homogeneous
sample. These results suggest that the shoulder position of drawing hand is maintained relatively
constant by the examined athletes.

< Forearm of the supporting hand (indicators 13-15)

Figure 24 illustrates the average values of indicators for the forearm of supporting hand, and
Figure 25 reflects the variability of the examined indicators.

,Phase 1“ (indicators from 13 to 15)

70.00 63.72
60.00

50.00

40.00

30.00

20.00 13.02 14.38

0.00
[BuxKeHune Ha nasaTa HaknoH Ha nasaTa npegMULLIHULA PoTaumua Ha nasaTa

npegMuWwHMLA HaBbTPe/HaBbH(LT Hanpea/Hasag, (LT Forearm pitch) npegmuwHuua (LT Forearm roll)
Forearm course)

Average values (X)

Figure 24. Average values of the forearm of supporting arm in “Phase 1" (°)

The coefficient of variation V% for all three indicators has very high values (Figure 25): “left
forearm course” (LT Forearm course) has an average of 13.02 degrees, (S£) 19.82, with V=152.22%);
“left forearm pitch forward/backward” (LT Forearm pitch) has an average of 14.38 degrees, (S%) is
23.31 and V% is 162.08%; “left forearm roll” (LT Forearm roll) has an average of 63.72 degrees, and
V=65.70%. For all three indicators, the range (R) is quite large: 112.61, 137.88 and 160.01.

»Phase 1“ (indicatots from13 to 15)

PoTauus Ha nagaTa npegmuwHuua (LT Forearm roll)

65.70%

Hak/noH Ha niABaTa npegMuILHKULE Hanpea/Hasag, (LT

Coefficient of variation (V%)

0,
Forearm pitch) . <6205
BUMKEHWE Ha /IfBaTa NPeaAMMLILHMLA
HaBbTpe/HaBbH(LT Forearm course)

-15.00 5.00 25.00 45.00 65.00 85.00 105.00 125.00 145.00 165.00

Figure 25. Variability of the forearm position in “Phase 1”
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Comparing the coefficient of variation (V%) for the three indicators, although all are in the
area of instability and inhomogeneity, the values of “left forearm rotation” (LT Forearm roll) stand
out being three times lower.

The range is large at “forearm pitch” (LT Forearm pitch) — R=137.88 degrees. That proves
that during the anchor, the pressure point of grip starts to change, being preparation for “Phase 2 —
the clicker draw. The wrist of bow-holding hand is one of the most variable elements in “Phase 17,
since the inconsistent application of force to the grip can lead to lateral deviations of the bow and
worsen accuracy.

In conclusion, it can be summarized that “Phase 1” can be defined as a configuration and
preparatory phase, when the “archer-bow” system is aligned and aimed at the target, but optimal
stability has not been reached yet. It is characterized by significant individual variability, especially
in elements with little mechanical support.

3.2.2 Analysis of “Phase 2” (drawing under the clicker)

“Phase 2” involves further bow string drawing until the clicker signals one and the same length
of draw. In this phase, the tension is maximum and mostly dynamic. The aim is to achieve the highest
repeatability, since each shot must be done in one and the same position. The high accuracy in this
phase (low V%) usually correlates with good grouping of hits.

< Analysis of the shoulder-elbow complex (indicators 1-5)
The effort observed in “Phase 2” is aimed at further bow drawing and equalizing the positions of

anchor, which is a key to stabilise the “archer-bow” system before the shot. The average values of
the shoulder-elbow complex indicators are presented in Figure 30.

»Phase 2“ (indicators from 1 to 5)

dnekcusa Ha gacHo pamo (RT Shoulder Flexion) _ 137.66

Average values (X)

dnekcua Ha naso pamo (LT Shoulder Flexion) 56.49

MbaHa pnekcua Ha gacHo pamo (RT Shoulder Total
. B 12013
Flexion)
MbaHa dpnekcua Ha naso pamo (LT Shoulder Total Flexion) _ 76.87
dnekcua Ha gecHus nakbT (RT Elbow Flexion) _ 95.65

0.00 50.00 100.00 150.00

Figure 30. Average values of indicators of the “shoulder-elbow complex” in “Phase 2" (°)

The measurements show that the “right elbow flexion” (RT Elbow Flexion) reaches an
average value (X) of 95.65 degrees with a standard deviation S+17.87 degrees. The coefficient of
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variation V=18.68% (Figure 31) shows the relative stability and homogeneity of the examined
population, similar to observations in ‘“Phase 1”.

»Phase 2“ (indicators from 1 to 5)

dnekcua Ha gacHo pamo (RT Shoulder Flexion) — 13.88%

dnekcua Ha naso pamo (LT Shoulder Flexion) 35.19%

MbnHa pnekcma Ha aacHo pamo (RT Shoulder Total o
Flexion) I 9.14%

MbaHa dpnekcua Ha naso pamo (LT Shoulder Total o
Flexion) ‘ 6.20%

Coefficient of variation (V%)

dnekcua Ha gecHua nakbT (RT Elbow Flexion) _ 18.68%

0.00 10.00 20.00 30.00 40.00
Figure 31. Variability of the examined indicators of “shoulder-elbow complex” in “Phase 2"

Although V remains above 12%, the average value of flexion (X) increases slightly towards
“Phase 17 (from 91.17 to 95.65 degrees), indicating greater elbow flexion and arm retraction towards
the fulcrum, a movement that is substantial with reaching the maximum bow tension. These data
indicate a progressive increase in muscle control and stability in early phases of shooting, which is
important to achieve technical repeatability and accuracy.

The measurements have shown that the “left shoulder total flexion” (LT Shoulder Total
Flexion) increases on average (X) to 76.87 degrees. In comparison to “Phase 17, V=6.20% decreases
and is within the limits defining the element, as the sample is extremely homogeneous and uniform.
Compared to MIN and MAX values, the range is extremely small — 23.7 degrees, which again
confirms the homogeneity of indicators in the entire group.

The values for the “right shoulder total flexion” (RT Shoulder Total Flexion) show
preservation of the average level (X) of 120.13 degrees with a variation coefficient value of V=9.14%.
The low values of V% again indicate a very high level of homogeneity of indicators in the entire
group.

Comparing all indicators for “right shoulder total flexion” (RT Shoulder Total Flexion), it is
observed that the values in “Phase 1” and “Phase 2” are very close, which also confirms the theory
of very small changes that occur during the clicker draw.

The data of the examination on “left shoulder flexion” (LT Shoulder Flexion) and “right
shoulder flexion” (RT Shoulder Flexion) are interesting. X of “left flexion” is 56.49 degrees, R=95.35
degrees, and V=35.19%, which means that before the string release, the shoulder position of
supporting arm is very different and individual. Conversely, “right shoulder flexion” (drawing arm)
is of X=137.66 degrees and VV=13.88%, indicating significantly higher repeatability and homogeneity
compared to “left shoulder flexion”. It suggests that namely the drawing hand serves as a main
“literary sources marker” of stability before the shot, while the hand holding the bow allows a wider
compensatory range.
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< Forearm of the supporting hand (indicators 13-15)

The forearm continues to be highly variable, but a change is noticeable. The average values
(X) for the indicators of “forearm of the supporting hand” are presented in Figure 36.

»Phase 2 (indicators from13 to 15)

PoTauus Ha nasaTa npegmuwiHmua (LT Forearm roll) _ 64.74
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Figure 36. Average values of the forearm of supporting hand in “Phase 2" (°)

The data of examination indicate that the “left forearm in/out course” (LT Forearm course)
decreases, with the average value (X) from 13.02 degrees in “Phase 1> to 6.66 degrees in “Phase 27,
indicating that the forearm has aligned more retracted to the bow axis. Despite that, the V% remains
high (>100%), which means that not all of archers can control equally the pressure of wrist on the
grip and the left forearm extended position is different (Figure 37).

»Phase 2 (indicators from 13 to 15)

1400.00
1175.98%
__1200.00
xR
< 1000.00
c
kel
© 800.00
g
el 600.00
o
-
& 400.00
S
T 200.00 110.01%
§ : SR 64.97%
0.00 ]
[BuKeHune Ha nasaTa HaknoH Ha fiABaTa NpegMMULLHNLLA PoTaums Ha nsBata
npegMuLLIHMLA Hanpea/Hasag, (LT Forearm pitch) npeamuwHuua (LT Forearm roll)

HaBbTpe/HaBbH(LT Forearm
course)

Figure 37.Variability of forearm position in “Phase 2"
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Similarly, the “left forearm forward/backward pitch” (LT Forearm pitch) has an average value
(X) of 18.61 degrees and V=110.01%. When analysing the standard deviation (S) and range (R), it is
observed that the values of all three indicators in “Phase 2”” has decreased. Despite the decrease of all
parameters, V% remains high, indicating that the measurements are inhomogeneous and unstable.

The average values (X) for the “left hand forearm roll” (LT Forearm roll) are 64.74 degrees,
with a coefficient of variation V=64.97%. Compared to “Phase 17, the values of these parameters
have remained almost unchanged. Despite the relatively high results for V%, the comparison of close
parameters in the two phases have confirmed minimal changes in the left forearm roll during the
clicker draw-out.

3.2.3 Analysis of “Phase 3” (shot)

The final stage of shot execution is a critical moment for achieving accuracy. “Phase 3” covers
the very release of string until the moment when the arrow leaves the bow. Biomechanically, it is the
critical moment in energy transfer.

In this phase, any instability accumulated in the previous stages of the shot appears as a deviation
in the arrow’s trajectory. Therefore, the high repeatability and low coefficient of variation (V%)
should be most pronounced in this phase for well-trained shooters.

<2 Shoulder-elbow complex (indicators 1-5)

Figure 42 presents the average values of shoulder-elbow complex indicators. The data of
examination have shown that the “right elbow flexion” (RT Elbow Flexion) in “Phase 3” increases
to an average value (X) of 103.99 degrees, with a standard deviation S+15.59 and a coefficient of
variation V=14.99%.

,Phase 3 (indicators from 1 to 5)

dnekcuna Ha gacHo pamo (RT Shoulder Flexion) 131.92

®nekcuna Ha naso pamo (LT Shoulder Flexion) 55.96

Average values (X)

MbaHa dpnekcua Ha gacHo pamo (RT Shoulder Total
Flexion)

97.20

MbaHa dpnekcua Ha naso pamo (LT Shoulder Total
Flexion)

72.80

dnekcna Ha aecHua nakbT (RT Elbow Flexion) 103.99
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Figure 42. Average values of the “shoulder-elbow complex” indicators in Phase 3" (°)

That shows a slight movement of the drawing arm back after the release — a typical movement at
the moment of shot (follow-through) in the classic shot.
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In fact, the coefficient of variation decreases from 18.68% in “Phase 2” to 14.99% in “Phase 3”,
which indicates that the movement after the string release is relatively repeatable with good
homogeneity and low variability (Figure 43).

»Phase 3“ (indicators from 1 to 5)
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Figure 43. Variability of examined indicators of the “shoulder-elbow complex” in “Phase 3"

The increase of the average value (X), the decrease of the coefficient of variation (V%) and
the increase of repeatability are prerequisites for the correct direction when releasing the arrow. This
shows that the execution of the movement is stable and controlled, which is key to the efficiency and
accuracy of the shot.

With “total flexion of the left shoulder” (LT Shoulder Total Flexion) the average value (X) is
72.40 degrees, V=9.98%, and at “right shoulder” (RT Shoulder Total Flexion) the average value (X)
is 97.20 degrees with V=13.12%. The data of the study show that after the shot the average values in
the three phases for the “total flexion of the left shoulder” indicator remain very close, with V% being
below 12%. This indicates a highly homogeneous and low-variable sample.

The average values for “total right shoulder flexion” decrease sharply at the moment of shot,
and the coefficient of variation increases slightly, but remains within the limits of good homogeneity
and low variability. The shoulder positions remain largely close to those in “Phase 2”, without
significant changes in position. That is a good indicator that archers do not “disassemble” their
position immediately after the release.

The results of the study show that the average values (X) for “left shoulder flexion” (LT
Shoulder Flexion) decrease to 55.96 degrees, but the difference compared to the values in “Phase 2”
is minimal. The range (R) is 78.96 degrees, and the coefficient of variation (V) reaches 31.52%. That
is an indicator of active participation of the bow-holding hand after the release. With some archers,
this hand remains stably active forward, while some change their position, with the shoulder
performing up and back course. The high coefficient of variation (over 30%) indicates poor
homogeneity and increased variability, which means that the positioning of bow-holding hand is
different for each archer. To control this element is important from a coaching view point.

The data of the examination on the “right shoulder flexion” (RT Shoulder Flexion) show that
the average value (X) is 131.92 degrees that represents small differences compared to “Phase 1” and
“Phase 2”. It is impressive that range (R) has increased five times compared to “Phase 1” and “Phase
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2”7, and V% has also changed significantly from 13.51% and 13.88% (“Phase 1 and “Phase 2”), to
84.89% in “Phase 3”. The results of study have proved that indicators are unstable, and the examined
population is inhomogeneous.

< Abduction and external rotation of shoulders (indicators 6-9)

The comparative analysis of average values in abduction and external rotation of shoulders is
presented graphically in Figure 44.

»Phase 3“ (indicatotrs from 6 to 9)
PoTauma Ha aacHo pamo - HaebH (RT Shoulder Rotation -
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Figure 44. Average values of “abduction and external rotation in the shoulder joints”

in “Phase 3” (°)

The results for “left shoulder abduction” (LT Shoulder Abduction) show an average value (X)
of 70.19 degrees, with a coefficient of variation V=11.17%, while for “right shoulder” (RT Shoulder
Abduction) X=97.23 degrees, with V=13.52%. In both indicators, one can notice a decrease of the
average values and increase of the coefficient of variation compared to “Phase 1” and “Phase 2”

(Figure 45), but nevertheless the V% values remain within the limits of good homogeneity and low
variability.

,Phase 3 (indications from 6 to 9)
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Figure 45. Variability of the examined indicators “abduction and shoulder rotation - out in

“Phase 3"
According to the data from the examination on “left shoulder rotation - out” (LT Shoulder
Rotation - out), it has been found that the average value (X) is very low -5.56 degrees, and the
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coefficient of variation (V%) remains extremely high, over 1000%. It shows that after the shot, some
shooters literally “relax” the shoulder and scapula, while others continue to control the directions of
shoulder and scapula.

The values of the standard deviation in the three phases are similar, which suggests a relative
stability in data distribution despite the reported large variability between individual shots.

The results for “right shoulder rotation - out” (RT Shoulder Rotation - out) show an average
value (X) of 43.73 degrees with V=50.44%. The transition of minimum values into minus, and the
maximum values into plus, reflects the stylistic differences of the individual shooters in shot
execution. That is also one of the reasons for the value of coefficient of variation, which shows weak
homogeneity and increased variability.

3.2.4. Analysis of the three phases (P-1; P-2; P-3, indicators 1 to 21)

The analysis of the three phases of shot: “Phase 1” (anchor), “Phase 2” (drawing under the
clicker) and “Phase 3” (release of the shot) allows to track the changes in the kinematic structure of
movement and the stability of individual parts of the “archer-bow” system.

The analysis includes 21 indicators distributed in six groups. The data acquired in the study
of the “shoulder girdle and elbow joint” (1 to 5) show the basic static and dynamic stabilization of
shooting position.

In “right elbow flexion” (RT Elbow Flexion), the angle average value (X) gradually increases
from 91.17 degrees in “Phase 1 to 95.65 degrees in “Phase 2” and reaches 103.99 degrees in “Phase
3”, which reflects an increase in tension and a change in the drawing arm configuration. The
coefficient of variation (V%) remains within the limits of moderate variability (15.73%, 18.68%,
14.99%), the lowest variability being recorded in “Phase 3”. It shows that when the shot is released,
the flexion pattern of elbow is well automated and is reproduced relatively stable.

There are two indicators distinguished by the highest stability of all parameters of the shoulder
girdle.

In “left shoulder total flexion” (LT Shoulder Total Flexion), the average values (X) are about
74.91 degrees, 76.87 degrees and 72.80 degrees for P-1, P-2 and P-3, and V% is kept within the range
of 6.63 — 9.98%, which characterises the well-mastered technique.

The data of the study show that in “right shoulder total flexion” (RT Shoulder Total Flexion)
the average values (X) are 119.33 degrees, 120.13 degrees and 97.20 degrees, with V% of 9.46%,
9.14%, 13.12% respectively. For both indicators, relatively low variability is observed, especially in
“Phase 2”, reflecting a stable and repeatable anchor and shoulder position during the draw-down
under the clicker.

Greater individual variability is observed in “left shoulder flexion” (LT Shoulder Flexion) and
“right shoulder flexion” (RT Shoulder Flexion). In “left shoulder flexion” (LT Shoulder Flexion), the
coefficient of variation (V%) remains high in all three phases (about 31-35%), which means that the
left shoulder position differs noticeably of individual athletes and different shots.

The data of the study in “right shoulder flexion” (RT Shoulder Flexion) are of certain interest.
The coefficients of variation (V%) in “Phase 1” and “Phase 2” are moderate (about 13—14%), but in
“Phase 3” a sharp increase in variability is recorded (V over 80%). It indicates that during the shot,
shooters significantly change the shoulder configuration and position due to the different length and
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direction of release. The data shows that the shoulder girdle is generally most stable in “Phase 2,”
when the draw-up occurs under the clicker. The most consistent indicators are in “total shoulder
flexion,” while partial flexions and more dynamic shoulder movements during the shot are much
more variable.

The indicators of “left and right shoulder abduction” (LT/RT Shoulder Abduction)
demonstrate relatively low variability in all phases, especially for the left shoulder. The coefficient
of variation (V%) ranges from 6-12%, indicating a stable vertical position of the shoulder girdle. The
average values (X) between phases are close, with a slight increase in “Phase 2 when maximum
stabilization occurs.

An extremely high coefficient of variation (V%) in all phases is observed for “left shoulder
rotation — out” (LT Shoulder Rotation — out), especially in “Phase 3”, where V% exceeds 1000%.
This indicates huge individual differences in the way of positioning of athletes’ shoulder blade and
shoulder joint during the shot. However, the average values (X) remain in the same range, which
means that there is a common indicative configuration and construction, but with very different
execution options.

High variability is also observed in the “right shoulder rotation — out” (RT Shoulder Rotation
— out), especially in the transition from “Phase 2” to “Phase 3”, when the average value (X) changes
its sign (from negative to positive values), and V% remains high. It indicates that the shoulder of
some athletes goes into compensatory rotation during the shot, while for other shooters the change
during the shot remains within very small limits.

The results show that abduction movements are stable and well-controlled, while rotational
movements remain highly individualized and unstable, especially of the left shoulder and in the third
phase.

The relatively high variability is observed in all phases and in the three indicators: “head
course”, “head pitch” and “head roll”. The average value (X) for “head course” is negative in all
phases, reflecting a constant direction of inclination, and V% has absolute values between 20% and
over 80%, especially in “Phase 2” and “Phase 3”.

With “head pitch” and “head roll”, V% is within very high limits (often over 90 and over
120%), which indicates that the control on fine head movements is limited and highly individual.
They are influenced by both anthropometric indicators and the bow strength and position in the
specific phase.

In summary, it can be said that the head is not a stabilizing factor in any of the phases. It
rather follows the general line of aiming, but with large individual differences and without a strictly
fixed kinematic scheme.

Some of the most variable indicators in the entire study are “left forearm in/out movement”
(LT Forearm course) and “left forearm forward/backward inclination” (LT Forearm pitch). The
coefficients of variation V% reach values from over 150% to over 400% in the individual phases, and
for “left forearm in/out movement” (LT Forearm course) in “Phase 2” and “Phase 3” the variability
is extremely high (over 800-1000%). The data show that the position and movement of the forearm,
holding the bow, are highly unstable with large individual differences.

The “left forearm rotation (LT Forearm roll)”is relatively more stable than the previous two
indicators from the same group, but nevertheless V% remains high — about 65-70% in all phases. It
shows that the “forearm rotation” during the grip and support of bow is also not strictly standardized.
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The analysis of results gives a reason to believe that the “left forecarm” is one of the weakest
coordination-stable links. The huge variability indicates different styles of grip, pressure and control
on the bow handle, which might be the reason for hit dispersion.

The spatial orientation of the bow includes “bow course forward/backward”, “bow pitch
left/right” and “bow rotation around the vertical axis” (Bow roll), all three indicators being
characterized by very high variability during all phases.

The spatial orientation of bow includes “bow course”, “bow pitch” and “bow roll”, all three
indicators being characterized by very high variability during all phases.

The data accumulated during the study have n that the coefficient of variation V% with “bow
course” has average values of around 290-320%, with “bow pitch” around 165-220% and with “bow
roll” around 260-330%. It shows that the bow as part of “archer-bow” system performs complex
spatial movements that are highly dependent on the forearm work, wrist and shot. Although the
average values are close in range in the three phases, the dispersion for all indicators is large, which
emphasizes on the dynamic and difficult to control nature of bow orientation in the three planes.

The results of the bow orientation towards the three planes show that the average values (X)
at the “left angle” X (LT Angle X) have increased from 43.38 degrees (F-1) to 46.93 degrees (F-2)
and 54.19 degrees (F-3), and V% has decreased from 36.88%, through 31.85% to 23.50%, i.e.
stabilization and automation of the bow lateral orientation during the shot is obtained.

The average values (X) at the “left angle Y” (LT Angle Y) are 72.85 degrees, 76.00 degrees
and 72.25 degrees for “Phase 17, 2 and 3, the lowest variability being reported in “Phase 2” (V =
10.91%) The results have confirmed that the bow vertical alignment is most stable at the moment of
drawing under the clicker.

The average values (X) at “Angle Z” are negative and close to each other in all phases (around
minus 23 degrees), and the coefficient of variation V% remains high being of 55.20%, 57.92% and
61.32% (F-1, F-2 and F-3). These data show that rotation around the vertical axis is the most unstable
indicator, with the greatest variability and low repeatability during the shot.

The comparison of the three phases in all kinematic indicators has shown a clearly
expressed functional differentiation of the individual shot stages:

1. “Phase 1” (anchor) is characterized by the highest overall variability. The structure of
movement has not been fully stabilized yet, especially with respect to the forearm, shoulder rotation,
head position and bow orientation. This phase can be defined as preparatory and building the structure
where “archer-bow” system is arranged, but has not reached optimal stability.

2. “Phase 2” (draw under the clicker) demonstrates the highest stability and repeatability of
the key structural indicators: “total shoulder flexion”, “shoulder abduction” and “left angle Y (LT
Angle Y). The lowest V% values are observed for bow vertical alignment, which proves that this
phase is of maximum technical precision and the closest connection with sports performance.

3. “Phase 3” (shot) combines both high automation and high dynamics. On the one hand, the
indicators: “right elbow flexion” (RT Elbow Flexion); “left shoulder total flexion” (LT Shoulder Total
Flexion); “right shoulder total flexion” (RT Shoulder Total Flexion); “Left angle X (LT Angle X)
and “left angle Y” (LT Angle Y) show minimal variability and high repeatability, which is an
indicator of good automated movement. On the other hand, the indicators of the forearm, bow
orientation and angle Z reveal great dynamism and individual variability, associated with a specific
style of shooting in individual athletes. The interrelationship of the groups of indicators shows that
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the main factor stability is provided by the shoulder girdle and the bow vertical alignment, while the
forearm, rotational components and spatial vertical orientation of bow have rather the natuire of
individual and dynamic correction mechanisms.

In summary, it is believed that technical preparation in archery is based on:

& astable and homogeneous structure of the shoulder girdle and vertical axis in “Phase 2”;
& an automated and repetitive pattern of frontal movement in “Phase 3”;
& controlling and limiting the excessive variability in forearm, bow orientation and rotational
components.
The data of these results can serve as a basis to optimize the models of technique as well as
for planning training tools aimed at stabilizing the most variable shot parts and phases.

3.2.5. Analysis of relationship of the three shot phases and the six-shot sports point result

The study on kinematic structure of the three shot phases (F-1, F-2, F-3) acquires its scientific
and practical value when it is linked to a real sports result.

This study has used the results of six consecutive shots having consudered the average point value
(from 6 to 10 points) or hits outside the target (0 points).

These indicators are used as objective criteria to assess the technique effectiveness and the
influence of kinematic features on the result of study. The results of average point values for each
shot are presented in Table 6.

Table 6. Average point result for 6 shots

Table 6. Average point score for 6 shots

Shot order Total average point score Total number of hits outside
ep the target (0 points)
1st shot 83 .
2nd shot 75 )
3rd shot 85 .
4th shot 80 ,
5th shot 77 ,
6th shot 76 ,

The data in the table shows that the highest score has been recorded in the 3rd shot (8.5 points),
and the lowest was recorded in the 2nd, 5th and 6th shots. The number of hits outside the scoring
sector has been increasing, as only the first shots have no hits outside the target. A gradual distraction
is clearly observed after the 3rd shot, which could be related to the high dynamics during the shot,
increasing fatigue, which leads to a change in fine coordination, increased variability in the bow
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orientation and insufficient and untimely sight correction. "Phase 1" has an indirect impact on the
sports result. However, the unstable configuration at this stage creates prerequisites to make mistakes
in "Phase 2" where precision is of paramount importance.

The highest results of the 1st (8.3) and 3rd (8.50) shots has been achieved precisely with the
best repeatability of configurations in “Phase 2”, which has the greatest impact on accuracy. The high
repeatability of key indicators is directly related to good point hits. The shots with a lower result
(especially the 2nd, 5th and 6th) can be associated with a decrease in vertical stability, an increase in
variability in the shoulder girdle, changes in forearm stabilization and the presence of a change in the
fixed position during drawing under the clicker.

What is striking in the analysis is that “Phase 3” is distinguished by the greatest dynamics and
the greatest variability in rotational indicators, forearm movements and the bow position related to
X, Y, Z planes. All indicators with a high coefficient of variation (V%) in “Phase 3” are potential
sources of errors in the shot.

The rotation around the vertical axis has a strong influence leading to dispersion of hits in the
horizontal direction. The indicator of bow unstable rotation can cause both small lateral deviations
and hits outside out of the point sector. Additionally, the grip instability affects the accuracy of shots
at the end of series. Two passes outside the target have been recorded in the 4th, 5th and 6th shots. It
is probably due to increased variability in “Phase 3”, fatigue of the supporting arm, a different
direction during the bow release and a lack of adequate correction by the shooter.

Finally, the following conclusion can be drawn:

The technical preparation to achieve high sports results depends mainly on stability in "Phase
2" and management and control on dynamic variability in "Phase 3". To achieve a high sports result,
it is necessary to have a well-prepared and stable shoulder girdle, minimal variability in the vertical
axis when aiming, control on rotational movements when shooting as well as an optimal combination
of stability, automation and individual technical features.

In this regard, an exemplary set of exercises for increasing the technical preparation and sports
performance in archery competitors is developed in Appendix No. 5.

3.3. Regulation basis for assessing the movement volume in the joints of archery
competitors. Optimization model.

As it is known, the control of the motor apparatus in shooting is characterized by some
significant individual features. Also, the improvement of sports and technical mastery depends on to
a very high degree on the adequate assessment of overall motor action spatial structure. The shooting
effectiveness depends to a very high degree on the accurate assessment of the competitor's position
and the bow orientation.

The implementation of constant control on the parameters that determine the correct starting
position of both the archer and the bow allows the motor habits stabilization and achievement of high
sports results.

The assessment of movement volume in the joints of the competitors the volume is an
important element of control as well as the bow positioning at the moment of arrow's take off. The
experimental study conducted for the purpose of this dissertation makes possible to establish the
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average levels of indicators determining these features and based on that to develop normative
assessment tables.

Being a main method of assessment, the so-called sigma method was applied, and the
measured values were transformed into sigma scores T.
The normative base was developed in a 50-point system, which allows consideration and evaluation
of smaller differences in the level of the given indicators (Table 7).
Due to the large deviation from the normal distribution, the norms for indicators 8 and 13 are not
presented, respectively "RT abduction in the shoulder" and "movement of the forearm
inward/outward". We hope that they will be developed after additional studies are conducted.
For the needs of optimization, Figure 54 presents an average statistical model of the competitor’s
position and the bow orientation, which can be successfully applied in the process of competitors’
improvement.

SR
?
e =

Figure 54. Optimization model of the main features of the bow position and orientation

As an example, the results of one of the participants in the study are presented below — S. D.
As it has become clear from the Methodology of the study, each athlete included in the study
performed 6 bow shots, which means 6 units of observation for an athlete.
The analysis of the individual model of S. D. presented in Figure 55 shows that the starting
position of this athlete is characterized by the largest positioning angles, respectively of:
& the shoulder of holding arm in flexion — indicator 5 (138.12°);

& the elbow joint of holding arm in flexion — indicator 1 (107.79°);
& the shoulder of holding arm in abduction - indicator 7 (105.90°);
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Figure 55. Optimization model of the position main features and bow orientation—S. D.

& total flexion in the shoulder of holding hand - indicator 3 (101.97°).
The smallest deviation is observed in relation to:

& head rotation - indicator 12 (3.56°);

U head tilt in the front-back direction - indicator 11 (11.38°);

U Zangle - indicator 21 (15.16°) and

U rotation of the bow vertical axis - indicator 18 (16.38°).

The analysis makes it noticeable that for some of the indicators the demonstrated lowest (min) and
highest (max) values are relatively close (Figure 56).
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Figure 56. Limit values of the main features of bow posture and
orientation —S. D.
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However, there are also such cases where the differences in individual shooting attempts are
quite large. For example, in one of examinations, the angle of flexion in the shoulder of supporting
arm in S.D. (indicator 5) was 242.84°, and in another — only 101.81°, which means a difference of
141.03°. In addition, the difference between the size of angles in his different attempts was 96.67° in
flexion in the elbow joint of the supporting arm (indicator 1) and 73.66° in abduction in the shoulder
of drawing arm (indicator 8).

Quite naturally, all that affects the stability of observed indicators, the evidence of that being
the values of variation coefficients V (Figure 57).

Indicators 21

Figure 57. Assessment of stability of the main features of bow position and orientation — S. D.

As it can be seen from the figure, this competitor has shown stability in terms of:

For the majority of the remaining indicators, relative stability is observed — the coefficient of
variation V is in the range between 10 and 30%.

%, flexion in the elbow joint of e supporting arm (indicator 2 — V2 = 3.80%);

%, flexion in the shoulder of drawing arm (indicator 6 — V6 = 6.20%);

%, rotation in the shoulder (out) of drawing arm (indicator 10 — V10 = 6.31%) and

%, total flexion in the shoulder of drawing arm (indicator 4 — V4 = 7.10%).

However, the analysis of Figure 57 shows that 6 of indicators V take values that are higher
than 30%. This means that S.D. has fluctuations in maintaining the starting position in relation to:
rotation (out) in the shoulder of supporting arm (index 9 — V9 = 63.77%);
rotation of the bow vertical axis (index 18 — V18 = 46.71%);
rotation of the head (index 12 — V12 = 37.08%);
flexion in the shoulder of supporting arm (index 5 — V5 = 32.81%);
rotation of the forearm (index 15 — V15 = 30.68%) and
abduction in the shoulder of drawing arm (index 8 — V8 = 30.58%).

Without a doubt, all this affects the accuracy of hitting the arrow on the target, so the average
number of hits of this competitor was 6.00, and the average number of points received was 8.33.

FEFEFEFEFEF
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It is considered that future efforts intended to stabilize the above-mentioned angles when
positioning for shooting will allow S. D. to achieve a new, higher level of efficiency and, of course,
higher sports results.

The results of each archery competitor can be analysed in a similar way, and on that basis to
determine directions to optimizing his future training process.

The presented study has confirmed that the efficiency and sports performance in archery are
directly dependent on the stability and repeatability of spatial structure of the motor action, as well as
on the precise positioning of the body and bow orientation in the different phases of shot. The control
of the motor apparatus in shooting is characterized by significant individual features that necessitates
the use of objective methods for technique measuring, evaluation and optimization.

The conducted experimental study makes possible to establish average values and ranges of
variation of the main angular indicators characterizing the volume of movement in joints and the bow
orientation. On this basis, a normative base for assessment has been developed, built by applying the
sigma method and transforming the measured values into sigma scores T within a 50-point system.
This approach creates a possibility for objective comparison between both individual competitors and
between different indicators of the same individual, thus supporting the functioning of
“Optimization” subsystem in the training process.

The constructed average optimization model of bow posture and orientation is a practical tool
for the technique control and correction. The analysis of competitor S. D.’s individual model has
shown that even with relatively high average values of individual angles, significant differences
between the minimum and maximum values can be observed, which leads to increased values of the
coefficient of variation for some indicators. It is an indicator of instability in maintaining the initial
position, which has a negative impact on the shooting accuracy and consistency.

The obtained results clearly show that high values of the coefficient of variation in indicators
related to rotation in the shoulder joints, head position, bow orientation and forearm movement are
directly related to technique fluctuations and lower sports performance. That confirms the need of
targeted work to stabilize critical angular parameters, especially in the starting position and in the
phases requiring maximum control. In this context, the developed normative tables have significant
practical importance, as they allow early diagnosis of deviations, individualization of the training
process and targeted correction of technical deficiencies. They provide a reliable basis for building
personalized optimization models tailored to the individual motor characteristics of the athletes.

In this context, the developed normative tables have significant practical importance allowing

early diagnosis of deviations, individualization of the training process and targeted correction the
technical deficiencies. They provide a reliable basis to build personalized optimization models
tailored to the individual motor features of competitors.
The development of a normative base and optimization models of technical preparation of archery
competitors is a key final stage of research in this dissertation. It can provide a transition from a
qualitative-descriptive analysis of the technique to an objective, quantitatively measurable and
methodologically applicable system for assessment and management of the training process.

In conclusion, it can be summarized that the objective biomechanical analysis of posture
and bow orientation, combined with development of a normative base for assessing the volume of
movement in joints, is an effective tool for increasing the technical preparation and sports
performance in archery. The results obtained and the models derived have created prerequisites for
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more effective control, optimization and long-term improvement of shooting techniques, both at
individual and group level.

CHAPTER FOUR
CONCLUSIONS, RECOMMENDATIONS AND CONTRIBUTIONS

The analyses and summaries make possible to formulate the following conclusions and
recommendations:

4.1. Conclusions

1. The technical preparation in archery is a leading factor in sports performance and is decisive
for the stability of the movement execution in all phases of the shot.

2. The analysis of average levels and variability of the studied indicators has shown that highly
qualified athletes are distinguished by lower variability of movements and better coordination
between individual body parts compared to that of athletes with lower qualifications.

3. It has been established that the greatest deviations in technical performance are observed in
the phases of “creating tension” and "shooting", which defines them as influencing strongly
on the achievement of a high sports result.

4. It has been clarified that the angular parameters in the joints of upper limbs and shoulder
girdle have a significant impact on the “archer-bow” system stability.

5. The use of inertial measurement systems makes possible the objective, quantitative and phase-
oriented assessment of shooting technique to improve the control and optimization of archery
competitors’ technical training.

6. The sports performance in archery is a function of interaction of physical fitness, technical
stability and psychological control where the unification and management of external and
internal factors is of essential importance for realization of the archer’s technical potential.

7. Itis for the first time in Bulgaria that a regulatory framework for the control and optimization
of archery competitors’ technical training has been developed.

4.2. Recommendations

1. In the training process of archery competitors, it has to implement regular objective
assessment of technique using modern measuring systems. The developed regulatory
framework should be proposed to the Bulgarian Archery Federation for use in practice.

2. The control on technical preparation should be carried out in phases, paying special attention
to phases characterised with the greatest variability of movements and applying an
individualized approach to technique correction complied with the anatomical and functional
features of competitors.

3. In training adolescent and young competitors, it should be emphasised on building a stable
posture and proper motor coordination. The sample set of exercises should be offered to
coaches to optimise technical preparation.

4. The developed optimization models should be used in planning and evaluating the training
equipment effectiveness.
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4.3. Contributions

It is for the first time in Bulgarian sports-and-scientific practice, that a normative base to
assess the technical preparation of archery competitors has been developed, based on objective
biomechanical indicators.

. The created phase-structured model for analysing the shooting technique is applicable both in

research and training practice. The scientific knowledge about the relationship between the
kinematic parameters of movements and the ‘“archer-bow” system stability has been
expanded, and the connection between stability and grouping of hits has been proven.

. An optimization model of technical preparation has been developed, taking into account the

1.

individual motor features of the competitors, and the role of variability of movements as a
reliable indicator of technical mastery and sports performance has been proven.
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