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HucepTalluOHHUAT Tpyd ,BiausHue Ha TPEHUPOBBUYHUTE 3aHUMAaHUA OT
CIOpPTHATA THMHACTHKA BBPXY (DYHKIIMOHATHHUTE MOKA3aTeNd M CIIOPTHO-TEXHIMYECKU
YMEHHUSI Ha TUMHACTHIIM M TUMHACTHUYKU chabpxka 133 craHmapTHH MaIlUuHONMCHU
CTPaHMIIN.

CTpyKTypHpaH C. yBOJA, OCHOBEH TEKCT B TPH IJIaBH, YETBBPTa — W3BOJM,
NPENOPBKH, HAYYHH NMPUHOCH 33 TEOPHATA M IPAKTUKATa, CIHCHK HA M3IIOJI3BAHATA
JUTepaTypa, CIHCHK HA HAyYHUTE MyOJHMKALMH, CBBP3aHH C TpyJa U 4 NPHIIOKEHUS
(OT KOWUTO €AHOTO € Ha eNeKTpoHeH HocutTen). OCHOBHHUAT TEKCT € HM3KIIIOYUTEITHO
no0Ope oHarnezeH ¢ 26 Tabmum u 30 dpurypwu.

Hutupanu ca 214 aureparypHu M3TouHUKA, OT Kouto 201 Ha matuawma u 13
Ha KUPWINTIA.

JucepraiioHHUAT TpyA € OOCHIEH Ha 3acelJaHue Ha KaTeApeH CbhbBET Ha
Karenpata mo TM®B, IOrozananen yHuBepcuter — bmaroeBrpan, mpoBeIeHO Ha
28.02.2023r.

HAYYHO XYPH:

1. mot. Kpemxka IlerpoBa, noktop
2.tipod. bucrpa lumutposa 1H
3.mpo. I{anko [larkoB, TOKTOP
4.mpod. Atanac 'eoprues, TOKTOp
5.1o11. Jlanuena TomoBa, TOKTOP
6.mo1. Henmm TankymieBa, JOKTOP
7. npod. Iapuc ITapu3zos, qu

Oduunannara 3al[dTa HA JTUCEPTAIMOHHUSA TPY/ Ilile ce ChCTOH Ha
20.04.2023 r. ot 13.30 u. B 3a7a Ne 412 B YK-1 na I03Y ,,Heoput Puscku“
— baaroeBrpaja Ha oTKpuTO 3acenanue Ha HayuHoro xypu.



YBOJ

bypHOTO pasBuTHE Ha CBBPEMEHHMs CIOPT, B YacTHOCT Ha CIIOpTHAaTa
TMMHACTHKA, IPEIU3BUKBA MHOTO TPEHBOPH Y CIIELHAINCTH @ THPCAT HOBH MOAXOIU
B IIPAKTHKaTa HACOYBANKM YCHIIMATA CH KbM YCBBBPIUICHCTBAHE Ha YIPABICHUETO Ha
TpeHUpOBbUHUA nporec. IITupokoTo HaBNIHM3aHe W U3NOJI3BAHE HA BHICOTEXHHKATA U
JUTUTAJIN3alMsATa B CIOpTa, MPWIAraHeTO Ha TOJSM HAa0Op OT CHeHU(PHYHH 3a
JaJeHUs CIIOPT TECTOBE JOIPHHACS 3a Pa3BHBAHETO HA PA3IIMYHU 3aKOHOMEPHOCTH U
Bb3MOKHOCTH 3a HAaMHpaHE Ha HOBHU, IO-€(EKTHBHM MOJENHM U METOAUKU B
TPEHUPOBBYHUS MPOLIEC.

CpBpeMeHHaTa HHTEH3U(pUKALMA W Pa3BUTHE Ha CIOPTHaTa TUMHACTHKA
M3MCKBa HEMPEKbCHATO YCHBBPIIEHCTBAHE KAaKTO HAa TPEHHPOBBUYHHUTE CPEACTBA 3a
BB3JICHCTBUE, TaKa U HAa Pa3IMYHH TECTOBE 3a KOHTPOJ Ha TSAXHATa €(EeKTUBHOCT.
CropTHaTa IeHHOCT B THMHACTHKAaTa U3UCKBA, KOMIUIEKCHO IPOSIBIICHNE HA BCHUKUTE
(u3nUecKy KauecTBa C aKIEHT Haif-Be4e Ha CWIla, I'BBKABOCT U M3APHKIMBOCT. ToBa
MOXE Ja Cce IIOCTHMTHE upe3 IeJeHaCOYeHH BB3IACHCTBUA, ChOOpaseHu ¢
BB3MOKHOCTHUTE Ha ChCTe3aTeNUTe (MbXKe U KE€HH), C MPUHIUIHA MOCIeI0BAaTETHOCT
Y JIOTMYECKa B3aUMOBPB3Ka MEX/y TapaMeTpUTE Ha TPEHUPOBBYHOTO HATOBapBaHE.

MHoro aBTOpH CBHOOIIABAT, Y€ CHBPEMEHHATa AapPTUCTHYHA TMMHACTHKA
M3MCKBa MO-TOJSIMAa CWJIa U MOUI MOpPaju MOCTOSIHHO HAapacTBALIUTE TEXHUUYECKU
TPYOHOCTH, W3UCKBAaHM TIIpH IpepasriexjaHe Ha MexayHapoleH ChbIUNCKH
NpaBWIHUK Ha MexayHapoanata (enxepamms 1o rumHactuka  (Fédération
Internationale de Gymnastique (FIG), 2009; Brooks, 2003; French, et al., 2004). FIG,
MEXAYHAPOJHUAT YIPAaBUTEIIEH OpraH, IperyieXkna M akTyaau3upa MpaBUIHHMKA Ha
CHAWNUCTBOTO Ha BCEKM HeTupu roauHu. CienoBaTerqHO W3UCKBaHMATA OTIPABEHHU
KbM FMMHACTUIUTE HEMPEKBCHATO CE MPOMEHAT, 3a JJa OTFOBAPAT HA aKCelepanusaTa
Ha CHBPEMEHHOTO MOJPACTBALIO MOKOJIEeHHE (MwieHHaiaure — poienute cien 2000
roguHa). [Ipe3 70-Te ronvHu MPaBWIHUKBT UMa caMO TPH HUBA Ha TpynHOCT: A, B u
C. IIpes 2009 r. mpaBMJIHMKBT II0OKa3Ba HE caMoO YyBelHMYeHHEe Ha Opos Ha
TEXHUYECKUTE YMEHHs, HO U OCeM HMBa Ha TpyaHocT: oT A a0 G. YnpaxkHeHwusra,
kouto BkimouBaT E, F nu G, uMaT mo-BHCOKM HayalHU CTOMHOCT M TPYIHOCT Ha
chueTaHusTa, oT mepBuTe A, B, C. IIpe3 2020 r. e gobaBeHO oIe €THO HUBO Ha
TpyaHocT H. 'mMHacTHIMTE ce HachpyaBaT OT paHHA BB3PACT /1a yCBOSABAT MO-TPYAHU
€JIEMEHTH, 3a J1a OCUTYpPST MO-BUCOKA HayallHA CTOMHOCT, KOSITO BOJIW IO MO-BHCOK
pe3ynTaT, 3a J1a IOCTUTHAT Hail-BUCOKWTE HUBA HA BHCOKO CIIOPTHO MaiCTOPCTBO B
THUAHEWJDKBbpCKa Bb3pacT. ToBa mpeanosiara, Y€ CbBPEMEHHUTE ApPTUCTHUYHU
TUMHACTHLM TPsIOBa 1a pa3BUAT cBOsl aHaepoOeH MeTaboIM3bM B paHHA BB3PAaCT, 3a Ja
MIPEICTaBAT CBOS MOTEHIMAT W Bb3MOXXHOCTH Ha HAaW-BHUCOKHTE HHBA B TEXHHUYECKO
oTHouleHue. B mHemHo BpeMe e oOMyaiiHO 1a ce HaOiroJaBaT [BYTOAMIIHM Jeua B



mporpaMa 3a Ha4aJaHO OOy4eHHE 10 TMMHACTHKA, OOWKHOBEHO ca HEOOXOIUMH OKOJIO
10 roavHU TPEHUPOBBUHO—CHCTE3ATENEH MPOLIEC, 32 Ja C€ JOCTUTHE ETUTHOTO HUBO.

BuenpsBanero Ha HaydHHMsS NOOXOX € HEOOXOAMMO M 3a MNOJOOpsBaHE
KBaJM(HUKALUATA HA TPEHHOPUTE MO CIOPTHA TMMHACTHKA 32 MOBAWIaHe HHUBOTO Ha
o0y4yeHre B TPEHUPOBBYHUS U CIOPTHO-CHCTE3ATEIHUS IIPOLIEC.

B Hacrosimus Tpya € HampaBeH ONUT aHAIMTHYHO Ja c€ M3ydar, 0000miT,
cUCTEeMaTU3upaT M OOEKTHBHO Ja C€ OLEHIT 3aKOHOMEPHOCTUTE Ha TECTOBHTE
W3CIIEBaHMS C IIOMOIITA Ha aJIeKBaTHH, CbBPEMEHHH HAayYHH METOIM, OTHACSILH Ce
10 ¢usnonorusta, 00y4eHHETO M TPEHUPOBKATa, U Ha Ta3W 0aza Ja ce MOANOMOTHE
IIPOLIECHT HAa MOCIEABAIIOTO PA3BUTUE HA CIIOPTHO-TEXHUYECKUTE YMEHHS Ha MBXKE U
KEHU B CIIOPTHATa TUMHACTHKA.

Ha ©Oazata Ha HampaBeHUs IUTEpaTypeH TIperiie]] © HaJIW4YHATA
nHGOPMALMOHHA OCHOBA OTHOCHO CIIOPTHO-TPEHUPOBBUYHHSI MPOLEC HA OBIrapcKUTE
TUMHACTHIM, OIpeNeNuXMe OCHOBHUTE acleKTH B HacTosllara pa3padoTKa.
[IpoBenenure pmocera wuscnenBaHus B o00jJacTTa Ha CIOPTHAaTa THUMHACTHKA
OOMKHOBEHO BKJIIOYBAT JOCTa LIMPOK CIEKTHP OT BB3PAaCTH. 1B KaTo TOBa €
WHAWBUAYyaJICH CIIOPT, IOBEYETO CTPaHM HE pas3loyarar ¢ MpeJCTaBUTEHN OTOOpH B
orpenesieHa Bb3pacT. YecTo mbTH B KIyOOBETe IO CIIOPTHA TUMHACTHKA B bbirapus,
0c0o0eHO B MO-MaJKHTE TPajoBe, KaKbBTO € biaroeBrpaj, He pa3nonarar ¢ rojsiM Opoi
ChCTE3aTeNM B ChOTBETHATAa B3pacToBa IpyTa.

OcnoeHama uen HA HACMOAWUA OUCEPMAUUOHEH MpPYd € HACcOUCHA KbM
MPOCIIE/ISIBAHE BIUSHUETO HA TPSHUPOBBUHUTE 3aHUMAHHS OT CIIOPTHATA THMHACTHKA
BbpPXy (DYHKIMOHATHUTE TIOKA3aTed M CIOPTHO-TCXHUUYECKUTE YMEHHsS Ha
TUMHACTUIIM W TUMHACTHYKH B mepuoxa or 18 wmecema. I[lpe3 To3u mepuon
TMMHACTHITUTE MPOBEXKIAT TPEHUPOBKH B 3ajla W B JIOMAIIHU YCIOBHs (6 Mecena),
Mopajy HaJOXKEHUsI MbJeH JokaayH, nopojaeHu or COVID-19. Ta3su u3BbHpenHa
CUTyallUs TOCTABU NPl TPEHBOPUTE U ChCTE3ATEIIMTE U3MUTAHUE U THPCEHE HA HOBU
MOJIXO/IM M TIPEIU3BUKATEIICTBA OT TPEHBOPCKHS SKUI. EKHIIBT 3a KpaTKO BpeMe B3e
pelieHre, pearnpa aJeKBaTHO U CBOCBPEMEHHO B Ch3JlajiaTa Ce CUTYAIUs U IPEI0KU
HA TMMHACTHIIM CH aJTEPHATHBHA METOJWKA Ha TPEHUPOBKHTE B 3aya. M3roteu ce
TPSHUPOBBUCH IUIAH 33 BCHYKM TPEHHUpAIIM THMHACTUIIM, KaTO KOHTPOJIBT Ce
OCBINECTBSBAIIIE CBOCBPEMEHHO C IOMOINTA HA CHhBPEMEHHUTE WH()OPMAIOHHU
CpeICTBa.

3a mpocnensBaHe Ha (YHKIMOHATHUTE IOKA3aTedd Ha H3CJICIOBATCIICKHS
KOHTHHI€HT THMHACTHUIIM OsiXxa TPWIOKEHH B TEPEHHU YCIOBUA (3aja) pa3iIudHu
METOJIH, BKJIIOYBAIIK AHTPOIIOMETPUYHM HM3MEPBaHUs, OIpPEICIISIHE HAa COMATOTHIL,
Yunredt u Chp)KaHT TECTOBE 3a OIPEICISIHE Ha aHACPOOHMs KalalMTeT, KaKTo U
MpociesBaHe Ha ChpJeYHA YeCTOTa 1O BpeMe Ha TpeHupoBka. [IpocneneHu Osxa u
KOHIICHTPAI[MUTE Ha IJIFOK03a M JIAKTAT CJIe]] aHaepOOHHMsI KalaluTeT ¥ Y UHIeHT TeCT.



3a mpocneasBaHe epeKTHBHOCTTa HA MPHIOKEHUTE TPEHUPOBKH B AOMAIIHH
ycloBus (B paMKUTE Ha 6 Mecela) ce MPUIIOKNXa TEXHUIECKH U (PU3MYECKH TECTOBE.
Enn3oandHrTe HayyHH NAHHU 33 ChpPAEYHA YECTOTAa 10 BPEME Ha TPEHUPOBKA Osxa
WHPOPMATUBHH M 0a3MCHH, KOETO MPOBOKMPA HAILIETO M3CIEIBaHE U HU HACOYU KBbM
IIPOCIIEASBAHETO HA TO3M IIOKAa3aTesl IO BPeME Ha TPEHUPOBBUEH Ipouec. ToBa naBa
Bb3MOXKHOCT Ja C€ AaHajIu3upa WHTEH3UBHOCTTa HAa TPEHHPOBKATa, KOETO Ile
MOJNIOMOTHE TPEHHOPHUTE 3a HEeHaTa MOIU(UKANWs C LeJl TOCTHraHe Ha Mmo-goopa
e(eKTUBHOCT B CIIOPTHO-TPEHUPOBBUHUS Iporuec. ToBa ChIIO Taka JaBa Bb3MOKHOCT
3a MHAMBHIYaJIEH MOAXOJ KbM BCEKH €IMH T'MMHACTHK, B 3aBHCHMOCT OT HETOBHS
HWHAUBUAYaJICH ChbPACYEH OTTOBOP KbM ChOTBETHHS BUJ TPEHHUPOBHYHO HATOBapBaHE.

YcTaHOBH ce, ye TEXHUYECKUTE KayecTBa HA T’MMHACTUIIUTE CE€ HAPYyIIaBaT OT
TOBa MPEKbCBAaHE B TPEHUPOBBbUHHSA Ipaduk. JIumcaTa Ha TPEHUPOBKH B 3ajia HE € B
yciiyra 3a pa3BUTHETO Ha TEXHUYECKUTE YMEHHS, BBIPEKH HAOIIONEHHATA BBPXY
IMMHACTULUTE, Y€ I'M 3alla3BaT 3a OIPEJAENeH IEepuoj OT BpeMe. 3a NOAAbpXKAHE Ha
BHCOKa CHOPTHA ()OpMa W NPaBHIHO PA3BUTHE HA TMMHACTUIIMTE, TPCHUPOBKHUTE B
3aja ca OT pelLlaBallo 3HauYCHHUE.

JucepTaliuoOHHUAT Tpy[ MpencTaBs OMUT 3a LIEIEHACOYEHHU H3CIEeABaHUA Ha
(YHKIIMOHATHA TIOKa3aTeld Ha THMHACTHIOM B 3ama 3a 18 meceuen mepumoxa. C
OCHOBaHHE MOXE Ja Ce TBBPIH, Y€ Ta3M aBTOPCKAa pa3paboTka MMa HHOBATHBEH
NOAXO0J, €IUHCTBEHA 3a bbiarapus, KOATO akLEHTUPA BBPXY PE3YNTATH OT BaKHU
(U3UOJIOTHYHM H3CIIEABAHUS, CHUIO BBPXY CHELUU(PUYHH METOOUKH NPHIOKEHU B
TCPCHHU W AOMAIIHMU YCJIIOBUA M 3aciara aClCKTH B CIIOPTHO-TCXHUYCCKUTC YMCHUA
npu TuMHacTulM. ToBa MmokasBa, 4e npocieIsiBaiiki Te3U MapaMeTpy TPEHbOPBT MOXKE
Jla mosydn oOpaTHa BpbB3Ka ¢ lieHHAa WH(popMaIys 3a BIMSHUETO HA TPEHHUPOBKATA
BBpPXY Ppa3BUTHETO Ha rumHactuuure. llosydeHure pesynraTy Morar ja HacoyaT
TPEHbOPa KbM IIPOMEHH B TPEHUPOBBUHUS IpaUK, B TPEHUPOBBYHUTE HATOBAPBAHUS
KaKTO Ha BCHYKM TMMHACTHIIM, Taka M Ha BCEKH enuH mo otaenHo. [lomoben poxg
W3CIIEBaHNS Ca HACOUYCHH KbM MHIMBHIYaTHUS MOAXOJ TPEHUPOBBYHO HATOBAPBAHE
C LeJN TOBMIIABAHE Ha OIpENeNeHH IIOKa3aTeld, NOoAOoOpsSBaHe Ha OIpEAeNICHH
Ka4yecTBa M HE Ha MOCJIETHO MACTO MPABIIIHO OBP30 BH3CTAaHOBSIBAHE.



I''TABA ITBPBA. IOCTAHOBKA HA ITPOBJIEMA

AKTyaJIHOCT Ha TeMaTa

AKTyallHOCTTa Ha TeMmaTa B JHUCEPTAIIMOHHUS TPYI € CBBp3aHa C
YCTaHOBSIBAHE BIIMSIHUETO HA TPEHUPOBBUYHUTE HATOBAPBAHUS OT CIOpPTHATA
TMMHACTHKA B 3QJI1a ¥ B JIOMAIIIHUA YCJIOBHUS BBHPXY (DYHKIMOHAIHUS PE3EPB U
CHOPTHO-TEXHUYECKUTE KAueCTBA, YMEHHS U KOMIICTCHIIUM HA ChCTE3ATEIH 10
rUMHACTHKA.

H3y4yaBaHeTo Ha EHEPreTUYHOTO OCHUTYpsSBAaHE HA OpraHu3Ma 4pes
pa3IMYHU TECTOBH OAaTepuu MO HAMpaBICHUS B TPEHUPOBBYHH M ChCTE3aTEITHU
YCIIOBUSL € OT M3KIIOYUTENHO Ba)KHO 3HAYEHHME, ThH KaTo 3a MOCTHraHe Ha
BHCOKHU CIIOPTHU PE3YJITAaTH B TUMHACTHKATAa CHINECTBEHA POJIS UTPASAT KAKTO
BHCOKOTO Pa3BUTHC HA JIBUTATCIIHUTE KAueCTBA, TaKa M CHOTHOIICHHETO Ha
aepoOHOTO W aHaepOOHOTO EHEProOCUTYPSBAaHE B CIOPTHO-TPCHHPOBBHUHUS
poLeC.

B T'JIABA IIBPBA ce mpaBu TteopeTtudeH 0030p Ha olmiara
XapaKTepUCTHKA U €HepreTHKa Ha CIIOPTHATa TMMHACTHUKA. 3acAraT ce BhIIPOCH
OTHOCHO aepoOeH, aHaepoOeH MeTabonu3bM — METa0ONUTHH TIParoBe,
MOIIIHOCT HAa TUMHACTHIM. TEOPEeTHYHO C€ aHaau3upar OcOoOEHOCTUTE B
ChCTaBa Ha TSAJIOTO HA THMHACTUYKU CPABHEHO ChC CIIOPTUCTKH MO aPTUCTUIHO
IUTyBaHe, aHAIM3UPAT CE€ CHEPTHWHUTE Pa3xOoJH, ChpACYHATA PEAKIUS TIPH
W3IBTHCHAE HA TUMHACTHYCCKH YIPAKHEHUS W W3MEPBAHETO HA JIAKTAT B
KpbBTa. Pasriexnar ce ehexTuTe Ha TPEHHpPOBKATa W ChCTE3aHUETO (00eM,
WHTEH3WBHOCT), CBIIO OCHOBHHTE XapaKTEPUCTUKH HA TPEHUPOBHYHOTO
HATOBapBaHE KaTO yYEHU JI0Ka3BaT, CHIIECTBYBAHETO "...HAa KPUTHUYHA 30HA Ha
yCHIIUE, KOSITO CE OIpenens Karo Hail-e)eKTUBHA M ONM3Ka M0 YCIOBHSTAa Ha
pabota B chcresatenHa cpexaa..." (Dimitrova B.,2013), npuHimnuTe u
cnenupuiHUTe (U3NYECKH, TEXHHUUYECKH M (U3HOIOTMYHU OLEHKH TMpHU
TUMHACTHIINTE.

B o0606wenue ceroBHara 3abpana, cbp3anHa ¢ (COVID-19) mpes
2020r. pA3KO NPOMEHHM HE CaMO CIIOPTHUS CEKTOp, HO M HAarJacuTe Ha
CTIIOPTYBAIlK, CHhCTE3aTCIM M TEXHUTE POJUTEIN — HCTOPUYECKO BpeMe 3a
OCBH3HABAHE 3HAUYCHUETO HA (PAKTOPUTE 3a 3[[paBHUS CTATYC HA MOJPACTBAIIOTO
MOKOJIGHWE M MIIAJIUTE XOpa, 3a pa3BUBAHETO HA CIOpPTa KaTro IBUIO U B
YaCTHOCT Ha CIOPTHATa TMMHACTHKA.



VYbenenu cme, ue H3SACHSABAHETO HA BBIPOCUTE UYPE3 EMIMPUUYHHUTE
U3CeIBaHUs B JHCEPTALIMOHHUS TPyA IIE JOBeAe 10 Hu300p, moxbop u
npujaraHe Ha Hail-moOpUTEe MPAKTHKH B TPEHHUPOBBYHMS MPOIEC B TOTUILICH
aCIeKT 3a CIIOPTHU MOCTH)KEHHS M MaKCHUMallHa pealu3alus B CbCTE3aTEIHU
ycnoBus. llpennonarame, 4e moj BIMSHHME Ha LIEJIEHACOUYEHU TPEHUPOBBUHU
3aHUMaHusg B 3aja € BB3MOXHO Ja C€ pa3BUBaT OTJIMYHHU CIOPTHO-
TEXHUYECKUTE KadyecTBa Ha THMMHACTHLMTE, a CBIIO Taka € BB3MOXKHO
peanu3upaHe Ha CIOPTHO-TPEHUPOBBUHHUS IPOLEC B YCIOBHS, Pa3IMYHU OT
MIPUCHCTBEHU TEPEHHU TPEHUPOBKHU YpE3 MPHIIATaHETO HA MHOBATUBEH MOIXOL
KbM 3aHUMaHHSATA B JIOMAIIHH YCJIOBHUS IO YCTAaHOBEH IpaduK IMpU BbBEXKIAHE
Ha JjoknayH. OCHOBaHME 3a TOBa HU JaBa aHAIM3UPAHETO HA JIAHHUTE 3a
[IOKA3aTeIUTe, IIOJIydeHH OT TECTOBETE€ 3a aHaepoOeH KamaluuTeT, OT
U3MEpPEHUTE CTOMHOCTH Ha ChpJIEYHA 4YECTOTa IO BPEME Ha HATOBAapBaHE,
KOHIICHTPALMUATA Ha JJAKTaT B KPbBTA CJE€] MAaKCUMAJIHO HATOBApBaHE, KAKTO U
JAHHUTE 32 TEJECEH ChCTaB M COMATOTUIl HAa TMMHACTHULM, BCUYKU JaHHH,
aHanu3upanu B ['nasa .

PabdoTHa xunoresa

OcHoBHATa M3CjIeI0BaTe/ICKa Te3a HA JUCEPTAllMOHHMS TpyA ce Oazupa
Ha MOJIOKUTEIHUTE HAarjacu 3a YCTOWYMBHS XapaKTep CBbp3aH ¢ Mpoduia Ha
MOJrOTOBKA Ha THUMHACTULUTE, KOWTO C€ YTBBpPXkAaBa C HEU3MEHUMH
NPUHLUIN, ChIbPXKAHWE HAa TPEHUPOBBUHOTO HATOBApBaHE, YTBBPJIECHU
Tpamuiuu U nporpamu. OT aHamM3a HA UHPOPMAMOHHUTE M3TOYHUIU M BH3
OCHOBa Ha ONUTa Ha Hail-mOOpUTE CHENMATUCTH (YyKIU U HaIIM) CTUTHAXME
70 CTAaHOBUIIETO, Y€ M3CJIEIBaHUATA [0 BBIPOCUTE 3a BIHIHHE Ha
TPEHUPOBBYHUTE 3aHUMAHHS IO CIIOPTHA TUMHACTUKA BBPXY (DYHKIIMOHATHUS
pe3epB U CMOPTHO-TEXHHUECKUTE YMEHHS Ha THMHACTHIINTE (MBXKE U J)KEHH) ca
MH(GOPMATUBHU U MHOTOOOpa3HHU.

B nmucepraunoHHus Tpya € MoJ4epTaH MHOBATUBEH MOAXOJ] — OMUT 3a
aBTOPCKHM MoJeNl 0a3upaH Ha eMIUPUYHMS ONMUT Ha M3CJIEAOBATENH, OTHOCHO
(U3MOIOTHYEH U TEXHUYECKU TECTOBH amapar.

HpuﬂazaHemo 6 npakmukama Ha UHOBAMUBEH ae6noOpCKU Mmooen 6
SUMHACMUYECKA 3a1a4 U 8 OOMAUIHU YCa08UA, noeiausiaea yCneutno qbus’ulteCKume
Kadyecmea u CNOpPpMHO-MEXHUYECKUME YMERUA HA SUMHACMUYU U CUMHACMUYKU.



I'JTABA BTOPA. LIEJI, 3ATAYH, OPT'TAHU3ALIUA U
METO/IUKA HA U3CJIEABAHETO

C'L].[IHOCT Ha U3CJICABAHETO

Hacrosimusat nucepTaiimoHeH TPyJ MPOCiensBa MPOMEHHUTE B pacTexa
nu paBBI/ITI/IeTO, KAaKTO U (bYHKI_[I/IOHaJIHI/ITe BB3MOXHOCTH Ha HOI[paCTBaH_[I/I
TUMHACTULM M TMMHACTUYKU B mepuoj oT 18 mecema, kaTo menra € za ce
OLICHU BJIIUAHHUCTO Ha TpeHI/IpOBKaTa. OCHOBHI/ITC JaHHH, KOHUTO IIIC HHU
PBKOBOJIAT Ca MOKa3aTeJIMTE, MOJTYYCHH OT TECTOBETE 3a aHaepoOeH KaIlaluTeT,
OT CTOWHOCTHTE Ha ChpJE€YHAa 4YeCTOTa II0 BpPEeME Ha HATOBapBaHE,
KOHIICHTPALIMSATA Ha JIAKTAT B KPBBTA CJIe]] MAKCHMAJIHO HAaTOBAapBaHE, KaKTO U
JAHHHUTE 32 TEJICCEH ChCTAaB M COMATOTHIL [lepuoabT Ha M3CICABAHETO OcIiie
KPUTHYCH, Thi KaTo CBeTa MOIMajJHa B M3BBHPEIHA CMUJICMUYHA CHUTYaIlus,
KOsATO C€ OTpa3I/I Ha BCUYKHU XHN3HCHHU HeﬁHOCTH, BKIIOUUTCIIHO U cnopTa.
HeBb3MOKHOCTTA B ONpENEICHH TEPUOAM Ja C€ NPOBEXKJAa HOpPMallHA
TpeHI/IpOB”bLIHa HeﬁHOCT, HAJIOXKHU HpI/IJIaFaHeTO Ha HMHOBATHUBCH II0OAXO0JJd KbBbM
TPEHUPOBKUTE, KaTO C€ BbBEI0XA JIOMAILIHU TPEHUPOBKU 10 Tpaduk. Bunpeku
W3BECTHUTE MPOOJIEMHU H3CIEABAHETO 3aBBPIIM C yCIeX U Osxa HarlpaBeHH
MHOT'O 3aKJIIOYECHHS.

I'TABA BTOPA Bxito4Ba 00€KT, IPEAMET, IIEJITa U 3aJa4UTe Ha U3CIIEBaHE,
O6€M, KOHTHUHI'CHT, OpFaHI/ISaIII/IﬂTa, HNHOBATHUBCH aBTOpCKI/I MOJ€CJI, METOJAHUKA U
METOJIMYECKH NHCTPYMEHTAPUYM Ha U3CIEABAHETO.

O0eKkT Ha WU3CIEIBAHETO € CIOPTHO-TPEHUPOBBYHHS TPOLEC Ha
TUMHACTHIM B 3aia U B ycnosusita Ha COVID-19 B mepuon ot 18 mecerna.

IIpeaMeTbT Ha M3CIEABAHETO Ca MPOMEHUTE B MOP(O-(QyHKIIMOHAIHU
MoKa3aTea Ha TUMHACTHUIIM.

IIEJ'ITa Ha U3CJICABAHCTO € a C€ JOKaXKE eq)eKTI/IBHOCTTa Ha pa3pa60TeH
ABTOPCKU MOJECJI OT ABC HNpOorpaMu B TEPCHHU WM B AOMAIIHU YCJIIOBUSA CBC
cpeacTBaTta Ha TECTOBU MHCTPYMCHTAPUYM, 3d HO,Z[06pHBaHC Ha (I)I/ISI/I"ICCKI/ITG u
CIIOPTHO-TEXHUYCCKUTEC YMCHUSA HAa THMHACTULUTE B CIIOPTHATAa TMMHACTHKaA.

C orjie IMOCTUIaHCTO Ha LCJITa U MMPOBCPKA Ha pa60THaTa XHUIIOTE3a
CMIIUPUYIHOTO HU3CJICABAHEC € HACOYCHO KbM H3INBJIHCHHC HAa KOHKPETHH
3aJgavum:
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o Jla ce 0000mAT W aHATM3UPAT TOJSIM O0EM OT JIUTEPATYPHU M MHTEPHET
M3TOYHUIIM 10 U3CIIEIBAHUS MPOOIIEM;

Jla ce u3MepsAT U MPOCTEAST MOKa3aTeIUTE Ha TeJIeCHA Maca U COMATOTHII;

Ja ce ochuiecTBAT YuHredT U ChpiKaHT TECTOBE;

Jla ce ocChIIeCTBM MOHUTOPHMHT Ha ChpJEYHATa YecToTa IO BpeMe Ha
TPEHUPOBKA;

e Jla ce ochlIIeCTBU CpaBHUTEJEH aHAIM3 Ha TOKa3aTelud aHaepoOHaTa
MOIIIHOCT, ChpJIeYHATA YECTOTa, KOHIIEHTPAIUATA Ha JIAKTAT B KPBBTA;

e Jla ce pa3pabotu u ampoOupa B INpakTHUKaTa HWHOBAaTHUBEH TOJIXOI 3a
TECTOBH MHCTPYMEHTAPUYM B 3aJIa ¥ B JIOMAIIIHU yCIIOBUSI B KOHTEKCTa
Ha TPEHUPOBBYHMSI ITPOIIEC;

e Jla ce mpocienaT MPOMEHUTE B IOKA3aTeIUTE BBPXY (QYHKIIMOHATHHS
npodpusl HA THMHACTUIM W Ja CE W3BEJAT XapakTEPHUCTUKH 3a
(YHKIIMOHATTHU BH3MOKHOCTH B YCIIOBHS Ha TPEHUPOBKATA, CBHP3aHU C
MPOBEK/TAHE HA TEXHUYCCKU TECTOBE;

e Jla ce u3Bemar u3BOaM Ha 0a3a Ha HANPABEHHUTE M3CJICABAHUS, OICHKH U JIa
Ce HAIPaBsT MPETIOPHKH 3a MPAKTUKATA.

O0eM Ha u3caeIBaHETO BKIIOYBA!

- V3mepBaHe aHTPONIOMETPUYHH MTOKA3ATEIIH U TEIECEH ChCTaB;

- OmpenensHe Ha COMATOTUITHUS TTPOQIIT;;

- V3mepBaHe Ha aHaepOOCH KaIlalUTET,

- V3mepBaHe Ha B3pUBHATA CHJIA HA JIOJIHU KPAHHUIIH;

- OrmeHka Ha HaTOBAapBAHETO upe3 OMpEJeNsHEe HUBaTa Ha IIIIOKO3aTa U
JIaKTaTa B KPHBTA;

- V3mepBaHe quHaMHKaTa Ha MyJICOBaTa YeCTOTa,;

- BrnusHue Ha TpPEeHUPOBBUHUTE HATOBAPBAHHS BBHPXY TEXHHUYECKHUTE
YMEHHUsI IPU TUMHACTHUIIUTE;

KoHTHHIeHT Ha m3ciie[BaHeTo ca 22-Ma (MOMHYETa U MOMYETA) ChCTE3aTeIIN
no croptHa rumHactuka ot ['CK ,Ilupun®, bmaroesrpan, uscienBaHu ype3
TecT-peTecT 1o 594 uaeHTuGUKaATOPH.

B wu3cnenBaHeTo ydacTBaT TMMHACTULM PAa3MOJIaraéM KOHTHUHTEHT OT
I'CK ,Ilupun-2011, ot pa3nuuyHu BB3PACTOBU TIpynu. JluamazoHbT Ha
BB3pacTTa HA YYACTHUILIUTE € IUPOK oT 7 a0 18 roavHW B HA4YaloTO HA
W3CIIEJIBAHETO U CHOTBETHO MO pbhCTOB mokazaren ot 120 go 170 cm, xakTo
ciensa: Ot 8-10 roxumrHM MomHMYeTa W MOMYeTa Miaima Bb3pact, 10-12
MOMYeTa U MOMHYETa CTaplla Bb3pacT, 12-14 roaumHu AeBOMKHM Miaama u
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14-16 neBoliku cTapiia Bb3pacT, IpH MoMYeTaTa lOHOmM miaama 12-14 wu
toHOIIM cTapiua oT 14-16, Ha 17 r. Mmianexu u 18 mbke, a Ipy MOMUYETATA HA
17 r. ca xagetrku, a 18 >xenu. [Ipenu wu3cieABaHETO YYAaCTHHLIUTE Osxa
MTOMOJICHH JIa C€ BB3ABPKAT OT ()M3MUECKU HATOBAPBAHUS, XpaHA U MPHEM Ha
TEYHOCTH. BCEKM ydacTHUK B M3CIEIBAHETO M HETOBUTE pOAUTENN ca
3alo3HaTH C LEeTUTe U METOJUTE Ha HU3CIEABAHETO KaTo MOANKUCBAT
neknaparus  3a  uMHpopMupaHo cbIvlacue (mpuioxkenue la wum 10), a
U3CIIEIBAHETO € 0JI00PEHO OT KOMUCHSTA M0 €TUKA Ha Hay4YHUTE U3CJIECBAHUS
Ha FO3Y ,H. Puncku* — bnaroesrpaa. M3cienpanure Jmia moceuiaBat TpU
nbTH B LleHThpa no GyHKIMOHATHY U3CIICIBAHUS B CIIOPTA U KHHE3UTEPAIHs B
CBIIMS YHUBEPCHUTET, KBJICTO Ca HAIPABEHU AaHTPOTIOMETPUYHU W3MEpPBAHUS U
ca MPOBEJIEHN BCUYKHU TECTOBE.

Opranu3anmsTa Ha U3ClIeIBAHETO IPOTHYA B YeTHpH eTana (¢pur.1):

1-Bn ETAI 2-pun ETAI
OT £H.2019 710 JIEK.2019 A/MROT #H.2019 /10 tOHN 2019

3-Tm ETAI 4-Tv ETAIN
MAPT 2020 A0 CEMT.2020 OKT. 2020 [10 HOEM.2022

®urypa 1 . Hzcrnedosamencku nepuod — 18 meceya

NHoBaTHBEH aBTOPCKU MOJIeJI

B nucepranmonHus TpyA € moguepTaH MHOBATHUBEH MOJXOJ — OMHUT 3a
aBTOpcku Mmojen. Toi BkmouBa aBe mporpamu (dur.2). Mommdunupana
nporpama B 3aya 6a3zupana Ha EquanaTta nporpama Ha Xamxues (1970 rox.) e
penynmpana, oboraTeHa M aJianTHpaHa 3a [BaTa 1oja — MOMYeTa U MOMHYETA,
Ccbh00Opa3HO CrieMaIM3UpaHaTa MOArOoTOBKAa Ha ChCTE3aTeNNTe, a Mporpamara B
JIOMAIITHU YCJIOBUS € U3IISII0 aBTOPCKA.
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MOAEN

TECTOBM MHCTPYMEHTapUyM 2a (pU2UYECKU U

TEXHHNYECKH NOoKaz2aresin B F’MMHaCcTMKaTa

4 ‘ )

» Komnnekc ynp. 3a
¢uns. kauecTBa

> 11 vecta npm

MOMYEeTa .

» Komnnekc ot

» 7 Tecranpu TEXHUYECKM yn
MOMMHUETa ynp.

c nomouy
& > 6e3, c v Ha ypean /l » KoMmnnekc ¢ J'IaC"I'I"IlIH/

—— _

NOAABPXKAHE W NOOOBPABAHE
HA OBLLIOTO ®U3UYECKO U TEXHWYECKO HUBO HA TMMHACTMLIMTE

®urypa 2. Hnosamugen agmopcku mooen

CTpykTypuTe Ha JBEeTE€ NpOrpaMu ca OJMU3KH, HO CBHIBPKATEITHO —
paznuuHn. Te oOXBamar KOMIIOHEHTH CHEIUPUIHH 32 YCIIOBUATA Ha pabdoTa.
[IpencraBenu ca Ha ¢purypu 3 u 4.

CTPYKTYPA HA TPEHUPOBBYHATA ITPOI'PAMA B 3AJIA

I'CE. , IDpun™, Emaroesrpan
[THMMHACTHUESCKA Salla)

_..[ 21 x 3 gaca (5 NBTH CeJMITIHO) ]

IToATOTBHTEHA, OCHOEHA H 3aK/IOTHTETHA 9acT
(11TexznrieckKH eleMeHTa H 7 yIIp. 2a iz KkadecTPa +
1 KonIUIekC oT 12 ¥1Ip. ¢ JJacTHITH — 2 ¢.xX10r11.)

— -

o, - I A R - = R

4.[ Hsromnsear ce CTAHIAPTHH H ITOMOITHH ¥YpPCIdH ]

®urypa 3. CmpykmypHa mpeHupogb4Ha npoepama 8 3a1a
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CTPYKTYPA HA TPEHUPOBBYHATA INIPOI'PAMA B IOMAIITHA
YCJIOBUA

JAOMAIIH ¥ CIIOBHA I

—_—
—

[ 111 x 2 gaca (5 IIETH CEeMHYIHO) ]

IToaroTEHTEHA, OCHOBHA H 3aKTIOSHTEIHA 9acT
(8 y1Ip. 2a 11z + 5 y1Ip. 2a TeXHHY. KadecTBEa —

1o 10 rmoeTopeHHA ChC 3abpikaHe 10 CeK. BECIAKO
-+ 1 Konorutekc oT 12 ¥1Ip. ¢ JacTHIi — 2 ¢.x10 11.)

o oW AR oY oA

4.[ H:3rorizear ce HeCTAaHAapTHH H ITOMOITHH VP e H ]

®urypa 4. CmpykmypHa mpeHupo8buHa npocpama 8 OOMAUHY YCI08US

TPEHUPOBDBYEH KOMIUIEKC OT YIIPA’KHEHUS 3A
OU3NYECKHU KAYECTBA B 3AJIA

1. Tunen ner ckok avra— 2x10m.
2. Ot u3XomHO ToOJOXeHHWe (W.M.) TWIEH JIer, Cr'bBaHe M pa3TrbBaHE B
Ta300epeHy CTaBM 3a KOpeMHa MycKyJaTypa — 2x10m.

2.1. 3agwpxane — 10 cek.
3. JIronku 3a KOpeMHa MycCKyJiaTypa ¢ o0TerHaTu KpaiHuim — 2x10m.
4. YnpaxHeHnue 3a rppOHa Myckynatypa ot W.II ner — noBnurane Ha ropHU U
JIOJTHU KPalHNULIU €THOBPEMEHHO — 2x101m.

4.1. 3agbpxane — 10 cexk.
5. CBuBane u o0TsiTaHe Ha phIleTe B onopa — 2x20m.
6. Kitex 1 moJickok Ha aBa Kpaka oT mMsicto — 2x10m.
7. [nank — 60 cek. 3aabpxKaHe.
8. Ot N.II TinHa omopa mpeHacsHe Ha TeXecTTa OT JisiBa KbM JSICHA pbKa —
2x10n.  8.1. 3agbpxkane — 10 cek.
9. TuineH ner, CKOK Jbra Mojackok ¢ oopswinane Ha 180 rpagyca — 2x10m

KOMILIEKC CJIACTHUIINA B 3AJIA

KoMIutekchT BKIIIOYBA yIPAKHEHMS 3a CUila HA TOpHU KpalHunu. Mma
KOMOMHHUpPaHO BB3JEHCTBHE M BKIIOYBa 12 ynpaxHeHus ase cepud mo 10
IIOBTOPEHUE 3a BCSKO yIpakHeHue. KpaTka nounBka MexX1y CEpUUTE — 3 MUH.
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1. W.II. TuneH croex mpen MOMOIIEH Yped — 3aJHU HAlpeYHU KPbroBe —
2x10m ;

2. W.II. necen/nsB Hamaj, JacTUIU BCTPAaHU — NpUOHMpaHE M OTBEXKIAHE —
2x10m;

3. W.IL necen/nsiB Hamaj, JacTUIM rOpe — CBUBAaHE M OOTATaHE 3a TPHILEIC -
2x10m;

4. W.II TuieH cToex, TaCTUIM Ha3aJl — OTBEX/IaHEe U MpuBexaaHe - 2x10m;

5. W.IL Ttunen croex, JaCTULM Oy — CBUBaHE M 00TArane 3a Ouernc -
2x10m;

6. W.II. croex, macTuiM J0Jy Hampel — OTBEXJaHE M MPUBEKIAHE 3a
Tpuuenc - 2x10m;

7. W.II. pa3kpadeH CTOEX, JIACTHLM HaIpe] — OTBEXKIAHE U IPUBEKIAHE
BcTpanu - 2x10m;

8. W.II. pa3skpaueH BOJOpaBEH HAKJOH, JACTULM HaIped — NPHUBEKIAHE U
OTBEXJIaHE JISIBO/JIICHO PhKa MEXKIY JOJHU KpalHUIH - 2x1011;

9. W.II. BoopaBeH HAKJIOH, JJACTUIIM TOpPE — MPUBEXKIAHE U OTBEKIAHE;

10. W.II. BogopaBeH HaKJIOH, JIACTULIM BCTPAHU — MPUBEXKJAHE U OTBEXKIAHE -
2x10m;

11. W.IL croex, TacTUld HANpe] — CBUBAaHE U 00TsATaHe Ha oumeric - 2x10m;

12. W.II. pa3kpaueH CTOE€X, JIaCTULU A0y — Halpe] — [OBJIUTaHE U CHEMAHE -
2x10m.

Jlemoncmpamuenomo usnvinenue Ha KOMNJIEKC C TACMUUU €
npeocmaseno na DVD ouck.

TPEHUPOBBUYEH KOMIIVIEKC 3A PU3NYECKU KAYECTBA B
JOMALIHU YCJIOBUSA

1. Knek u BepTukanen ckok — 1x10m.
2. OT wW.a. crpHaT THWIEH JIET, pbBIe Hampel NpYyXKWHUpaHE 3a KOpeMHa
Myckynarypa — 1x20 6p.
2.1. 3agpprkaHe B IMOJIOKEHUE CI'bHAT THJICH Jier — 20 cex.
3. YnpaxHeHue 3a rppbOHa MyCKyJaTypa — €IHOBPEMEHHO TOBJUraHe Ha Topca
u ponauTte kpaaumm — 1x20 cek.  3.1. 3agbpkane — 20 cek.
4. CuBaHe 1 00TATaHE HA PBLETE B ONopa (C MIHUPOK U TeceH XBaT) — 2x40m.
5. TunHa makbTHA omopa — 3aabpikane 60 cek.
6. Ot cToex, KIsKaHe ¢ BEPTUKAJIEH OTCKOK OT J0JIHUTE Kpaitauuu -10 6p.
7. brea Ha 90° B onopa — 3agbpkane 2x20 cex.
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TPEHUPOBBUYEH KOMIIVIEKC OT TEXHUYECKU YIIPA’KHEHUS B
JAOMAIIHHU YCJOBUSA C ITIOMOIIY

1. Crotika — pamenHa ctoika — 1x10m.

2. 3agpprkaHe Ha MaxoBa cToiika — 2x30 cexk.

3. CuioBU CTOMKH OT BI'BJI MEXIY ABa cToda 1X71.
3.1 3anbprkane Ha projaa 10 cek.

4. OT W.II. BI'BJI, OCTHP BI'bJ MEXTY JBa CTOJ C TOMOII — 1X71I.

5. CuioBM CTOMKHU OT BBHIIIHO pa3KpaueH bI'bJl BBPXY €1MUH CTOI — 1X71.
5.1 3agbprkane Ha ctoiikara 10 cek.

6. OT u.1. THIJIEH BI'bJ MOBJAWTAHE HAa TOpca 10 CTOWKa — 1X511.

7. Kb1160, 10 BHHIITHO-pa3KpaydeH bI'bJ, CUJIOBA CTOHKA JI0 CTOMKA — 1X5m

Komnaexcvm ¢ nacmuyu om 12 ynpasxcnenus ce npunaza u ¢ 00MauiHu

ycnosusn — 2 nomu no 10 noemopenusn 3a 6caKo ynpaxcHeHue.

B 0606H4€Hu€ KOMIIJICKCUTC 3a (1)1/131/1‘{601(1/1 Hn TCXHUYCCKHU KadyCCTBA B
CIIOpTHAaTa '’MMHACTHKaA Ca Ba*XCH ACIICKT OT IIOATOTOBKATAa Ha TMMHACTHULIUTE.
Te3n nporpamM BKJIHOYBAT PA3JIMYHUA YHOPAXKHCHHUA 34 HN3MCPBAHC Ha
HU3APHKIMBOCTTA, CHUJIaTa W I'bBKABOCTTA, KAKTO W TEXHUYCCKH CICMCHTH,
KOUTO OLCHABAT YMCHUATA U TCXHUYCCKUTEC CIIOCOOHOCTH Ha TUMHACTHIIUTE.
dusnueckara U TSXHUYECKaTa IoATOTOBKA € YaCT OT TPCHUPOBBUYHHA IIJIaH HaA
BCCKHU 'MMHACTHUK U MPUJIAraHeToO Ha TECTOBU MHCTPYMCHTAPUYM JiaBa OLICHKA
n o6paTHa BPBb3Ka Ha TPCHBOPUTC 3a I/II[eHTI/I(i)I/II_II/IpaHe CUJIHUTE U CIIA0UTE UM
CTpaHH, 3a Oa MOTraT MNpaBUJIHO [Ja HACOUBAT TPCHUPOBBYHHA IIPOLCC B
IIpaBHJIHATA IOCOKA.

16



MeTomea Ha U3CJI€eABAaHETO

Mertomosiornyecka 6a3a Ha HACTOSIIOTO M3CJICJBAHE UMa KOMOMHHUPaH
MOJIXOA MEXJIy KOJMUYECTBCHH (TEOpETHUEH aHajiu3 Ha JHUTepaTypHU
M3TOYHHUIM) M KayecTBEHW craTuctudyecku wmeroau (Mann Whitney test,
Wilcoxon signed rank test u Friedman test, a KopenanMOHHUTE 3aBUCUMOCTH
MEX/y TPOMEHIIMBUTE Ca OMPEICIICHU Ype3 U3YKHCIISIBAaHE HA KOCPHUIIUEHTHT Ha
[TubpchH).

[TpunoxeHa € JeCKpUNTHBHA CTATHCTUKA 33 M3YUCIICHUE HA CPEIHUTE
CTOMHOCTM W CTaHJAPTHUTE OTKJIOHEHHMS Ha BCHYKH HPOMCHIIMBH.
ExcniepuMeHTaIHUTE TaHHH CE MPEICTABST IO [Ba HAYHHA!

1) kato cpeaHo + crangapTHO oTKIoHEeHue (SD);

2) KaTO MHAWBUAYAIHN CTOMHOCTH 32 BCCKU TMMHACTHK.

3a oHarnensBaHe Ha UW3CNIeABaHATa WHQPOpPMAIMs € H3IO0JI3BaH
rpadudeH anaiau3 upes nporpamara GraphPad Prism (Ver 3.0).

MeToau HA U3CJIEABAHETO

. TeopeTuueH aHanau3 HA IUTEPATYpPHU U3TOUHULIY;

. AHTpOnIOMETpHS;

. Comarorunupase;

. Benoepromerpus (YUHrelT Tecr);

. OneHka Ha MOIIIHOCTTAa Ha MYCKYJIMTE Ha J10J1. KpallHuIM (ChprKaHT

g1 B W N~

TECT);

. BroxumunyeH aHanu3 Ha KpbBTa (IJIFOKO3a U JIAKTAT);
. Ilyncomerpus;

. Tectupane (Tect-perecr);

. CratucTuyecku aHaiuu3 Ha JaHHUTE.

O 00 3 &

Omnpenesisine HA CHCTAaB HA TAJIOTO

OmpeznensHeTo Ha CbCTaBa Ha TSIIOTO ce u3BbpuBa ¢ Body
Composition Analyzer, mogen Iol 353. YcrpolicTBOTO npeacTaBs HE caMmo
aHAM3UPaHU Pe3yNTaTH 3a ChCTaBa HA TSUIOTO, HO M CHEPTHIHM pPa3XOJIH.
YyacTHUIIUTE B MPOYYBAHETO OsiXxa OOJEUYCHH C BH3MOXKHO HAM-JIEKH APEXU U
O6ocu mo BpeMe Ha m3MepBaHeTo. OT TONYYEHHTE PE3YJITaTH CE H3IO0JI3Ba
nHaekcbT Ha TenecHa wMaca (MTM), Soft Lean Mass (SLM), koeto
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HpI/I6J'II/I}KeHO XapakTepusnpa MYCKYyJIHaTa Maca, MaCTHa MacCa MW IIPOLCHT
TCICCHU MAa3HUHMU.

OmnpenesisiHe HA COMaTOTHIT

OmnpenensHeTo Ha COMATOTHUII B HACTOAIIOTO M3CJIEBAHE € MIPOBEICHO
no merona Ha Heath-Carter. Toif ce cbcTOM B U3MEPBAaHETO HA CIICTHHUTE
OpOMEHJIMBHU: 1) B M3MEpBaHE HAa CTOMHOCTUTE HA CIICAHUTE IapaMEeTpH: TPH
KOKHU TBHKHM;, IIMpUHA Ha (peMyp M XyMmepyc; OOMKOJIKAa Ha MUIIHUIA H
noj0eapuna; peCT U TErNO; 2) M3YMCISABAHE HA JAaHHUTE W TOJyYyaBaHE Ha
YHCIIOB KOS(UIIMEHT 32 BCEKM BHJI COMATOTHUII; 3) HAHACSHE HAa cOMaTorpama
Ha CTOMHOCTUTE M OIpENENITHE Ha COMATOTUIHHS MPOQWI Ha H3CIEIBaHOTO
mune. ChIVIACHO METOAMKATa, ONPENEeNITHETO Ha COMAaTOTHUIl CTaBa 4pes3
HU3YUCIIABAHC HAa HMHAWBUAYAJIHHW COMATOTUIIHM HMHACKCH, a BHU3yajlU3alusdaTa

cTaBa c HaHACsHE

CTOMHOCTH 34 X n Y Ha
L |

comarorpama U | | (¢wur.5).

YHHIeHT TEeCT

TectsT ce npoBexkaa ¢ Monarch 828 E Benoepromersp. B cucremara
€ BKJIIOUEH BEJIOEProMeThp cbe codpryep. TecThT 06MKHOBEHO BKIIOUBa 30 Cek.
MaKCHUMaJTHO HaTOBapBaHE WJIM Ha pbKaTa, WIM Ha Kpaka. TecTBalIUAT ypen €
MexaHudeH BenoepromeTsp. Ciieqr 5 MUHYTH pasrpsBaHe, KOETO BKIIIOYBA H
CIIPHHT TIPH Pa3JInYHO HATOBApBaHE, U3CIEIBAHOTO JIUIIE CTaBa OT KOJEJIOTO 32
TPH MUHYTHO BB3CTaHOBSIBAHE WJIM MPOBIDKaBa Ja BHPTHU MEAATUTE, HO MHOTO
6aBHO. TecThT 3amouBa ¢ BBPTEHE A0 MaKCHMallHA CKOPOCT 0€3 HUKAKBO
JON'BJIHUTENTHO HaTtoBapBaHe. Cliep JOCTHUTaHe Ha MaKCHUMajHa CKOPOCT Ha
BbPTEHE Ha NeNaINUTe ce Mpuiara GUKCHpaHa TEXECT, KOATO € ¢ Terao 7,5 %
OT TErJIOTO Ha M3CJEIBaHOTO JMLEe. BepTeHeTo ¢ Ta3u texect npoabikasa 30
CeKYH/IM, KaTo CTPEMEeXBT € Ja Ce MOATbpXKa MaKCHUMalHa CKOPOCT Ha
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BbPTEHE, ChOTBETHO MakcuMaiHa MomrHocT. Clie Kpast Ha TecTa ¢ Ompeaesis
MakcuMaiaHara momuoct (Peak Power) 3a 5 cek. OTHOCHTEIHaTa MaKCUMAaJIHA
MOIIl Ce OMpeleass Karo Ce pasfead MaKCHMajHaTa MOII Ha TErJoTO Ha
M3CIIEABAHOTO JIMIE. YPEIbT JaBa Bb3MOKHOCT Jla Ce OINpEIear W CpeaHaTa
MontHocCT 3a 30 cek.

Cobp:xaHT TeCT

TectpT Ha Chpkant (Sargent, 1921), omie U3BECTEH KaTO BEPTUKAJICH
OTCKOK € TMOAXOJAI 3a MpOCieIsBaHe Ha Pa3BUTHUETO Ha B3pHUBHATA CHJIA Ha
JOJIHU KpaWHULHU. TecThT € JeceH 3a U3MbIHEHUE, Thil KaTO 000PYABAHETO €
M3KJTFOYUATETHO JOCThITHO. HeoOXxoamma € CTeHa, CAaHTHUMEThD M MapKep.
N3cnenBanoro nume pasrpsBa okosio 5-10 muHyTH. 3acTtaBa 10 CTEHaTa U
MpoTATa pPhKaTa CHU, Karo ce 0TOeNsI3Ba mo3uluaTa B cM. Ha oOternarara ppka
(M1). Cnex ToBa OT cTaTWyHAa TMO3ULHKSA, H3CIEIBAHOTO JIMLA OTCKaya
BB3MOXHO Hal-BUCOKO, KaTO OTHOBO MPOTsra pbka M JOKOocBa cTeHara (M2).
[IpaBsT ce Tpu mocnea0BaTEIHU OTCKOKA U CE B3MMa Hal-BHCOKHST PE3yJTar.
Onpenens ce paznukara M2 u M1 B cwm.

[Tpu ananu3 Ha pe3ysTaTUTE Ha TECTAa CE MU3MOJI3Ba KAKTO BHCOYMHATA
Ha BEPTUKAJIHUS OTCKOK, Taka M MaKCHUMaJHaTa MOIIHOCT. MakcumanaHaTa
MOIITHOCT C€ M3YMCIISIBA C TIOMOLITa HAa ypaBHEHHETO Ha Sayers, Thi KaTto TO
BKJIIOYUBA TErJIOTO Ha H3ciefBaHoTo Jnie. [IpeoOpasyBa ce BepTHKanHaTa
BHCOYMHA Ha CKOKA JI0 €IMHUIIM MOIIHOCT.

®dopmyuia Ha Sayers (Sayers, et al., 1999):
Peak power (W) = 60.7 x VJ (cm) + 45.3 x mass (kg)

Onpez[eJmHe Ha IVIIOKO03a U JJAaKTaT B KPbBTa

W3mepBaHeTo ce ochliecTBiBa ¢ OMoxumMu4en anaausatop BIOSEN
C Line na nemckara ¢pupma EKF Diagnostic. OnpezensiHeTo Ha TIIFOK03a H
JaKTaT B KPbBTa ce Oa3upa Ha €JIEKTPOXUMHYHO M3MEpPBAHE C YHII-CEH30D.
PedepentHuTe TpaHUIM 32 HOPMAITHUTE KOHIEHTPAI[MH Ha TIIIOKO3a M JIAKTaT
ca: 3a nimoko3a — 3.9 mmol/l — 5.5 mmol/l, 3a makrar — 10 2.0 mmol/I.
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IIpociensiBane Ha cbpAeYHA 4YecTOTa IO BpeMe Ha
TPEHHPOBKA (IMyJIcOMeTpHs)

[To Bpeme Ha TpeHupoBka cbpaeuHusaT puTbM (HR) Ha rumuactunure
ce 3ammcBa ¢ romoinra Ha active PULS na Hemckata komnaaus MEDION AG.
Bb3moxkHOCTHTE Ha amapaTta ca u3MepBaHus B AuanazoHa ot 30-240 ynmapa B
MUHYTa. Bceku KOMIUJIEKT OT ypena € MpeABapUTEIHO MpOorpaMUpaH 3a
CBOTBETHOTO M3cieABaHO Juie. [Iporpamupanero BKIIOYBAIlIE HACTPOMKA Ha
T10JI, Bb3PAcT, BUCOUMHA, Ter10. CIIOPTUCTUTE ca UHCTPYKTUPAHU Ja BKIIIOUYAT
YaCOBHUKA CH B PEXKHUM XPOHOMETHP MPEIU HAuyajJoTO HAa TPEHUPOBBYHOTO
3aHMMaHue, a B Kpas Ha TpeHUpoBKaTa Aa ro wuskiaoyar. [lo Bpeme Ha
TPEHUPOBBUYHOTO 3aHMMAHUE CE€ M3MEpBa ChpJEUHATa YECTOTa U JIAHHUTE ce
aHAJIM3UpaT TMO-KbCHO B JiabopaTopusTa. YCTPOHCTBOTO IMO3BOJIABA J1a C€
onpeAeNd MUHHMAIHUS M MaKCHUMAalHHUS MyJC [0 BpeMe Ha TPEHHPOBKa U
CPEIHUST MyJIC 3a IsJIaTa TPEHUPOBKA.

TecToBM HHCTPYMEHTAPUYM

3a oneHKa Ha (PU3NYECKUTE U TEXHUYECKHU YMEHUS Ha THMHACTHUIIUTE ca
npoBeeHu Moauduuupanu 11 Tecra npu Mmomyerara u 7 mpu MOMUYETATA.

A. Texnn4yecku U (pu3u4YeCKH TecTOBE NMPU MoM4eTa — (110 50 ToUKkH)
Tecr 1. CuitoBu croiiku Ha ycrnopeaka — 15 m.

Tect 2. CKOK TBIDKHHA OT MSICTO — 3 M.

Tect 3. CoBanka — 180 cexk.

Tect 4. Hoxxum BIsiBO ¥ BASICHO HA KOH ¢ TpuBHU — 2x20 1.

Tect 5. Tunen ner, ckok abra — 15m 3a 15cexk.

Tecr 6. [Tacera Ha BucHiKa ¢ oOpbiane Ha 180° - 30m.

Tect 7. 3anHu canra oT MACTO BbPXY TMMHACTU4ECKH KBaapar — 15m 3a 15 cek.
Tecr 8. broea Ha xanku B onopa — 60 cex.

Tect 9. [loBaurane kpakata Ha rHMHacTH4YeCKa cTeHa — 401.

Tect 10. Kpbrose na ro0a — 50 1.

Tect 11. MaxoBa cToiika Ha ycniopenka — 60 cexk.

b. Texuuyecku u pusnvYecKk TecToBe Npu Momudera — (o 50 Toukn)
Tect 1. Kinek, onopa, kiiek, BEpTUKalIeH OTCKOK — 15m 3a 15 cek.

Tect 2. Cxnonku Ha cMeceHa ycnopenka — 20m.

Tecr 3. bsrane cpunt 20 MeTpa ¢ XpOHOMETHP — 3 CEK.
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Tecr 4. Baanu npeBbpranus (canrta) ot Msacto — 10m 3a 15 cek.

Tect 5. Cuii0BU CTOMKH OT BBHIIHOPA3KpadyeH bI'ba — 151

Tect 6. MaxoBa cTolika 3aabp>KaHe Ha 3eMHA THMHACTUKa WK rpeaa — 60 cex.
Tect 7. Karepene o Bbxke — 10 cek.

OueHsiBaHETO NpPU TECTUPAHETO HA THUMHACTHIIM M THMHACTHYKH €
mpolec Ha U3MEPBAHE HA TEXHUTE YMEHUS 332 BpeMe, Opoil WIIh B METpPH.

OuenpyHaTa TOYKOBa cucTema (Tan.l) € MeTom 3a OleHsSBaHE Ha
KaueCTBEHOTO U3MBIHCHHE Ha OIPEACTICHH EJIeMEHTH/yIpaKHeHHUsI 4pe3
JlaBaHE Ha TOYKM 3a BCAKO OT TiX. OIEHKUTE ce JaBaT Ha 0a3a ompeeicHu
KpPUTEPHUH, KOUTO Ca CTAHAAPTU3UPAHH.

Taoaunma 1. OnerbuHa TOYKOBA CUCTEMA

BPOM TOUKH
Onenbuna ce 1aBa 3a BCAKO yIPasKHeHHue
TOYKOBA
cucremMa 7T 257 50T

Munumym Cpenno Maxkcumym

MaxkcuManHHUSIT Opoi TOYKK ce€ OmMpejaens MO OTAETHO 3a MOMYeTa U
MoMHueTa KaTto ce yMHoxkaT 50T mo Opos Ha W3MBIHEHHUTE YHNPaKHEHHUS 3a
(momueta 50x11), 3a (momuuera 50x7).

OLIEHKU:

OTtauMyeH — MakcumalieH Opoi Touku 3a momdyera 550t., 3a Mmomuyera 350T.
Mmuoro 106sp — momuera 500T, Momuuera 300T.

Ho0bp — momuera 450T, momuuera 250T.

Cpenen — momuera 350t, momuyeta 150T.

Cnab — momuera 300t, momuueta 100T.
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I''TABA TPETA. PE3YJITATH U AHAJIN3

W3cnenBanusaTa, BKIOYEHHM B HACTOAIIMS JWCEPTAlMOHEH TPV,
obxBamat nepuon oT 18 mecena ¢ uzcnenBanu 594 unaukaropa. IlpoBenenn
ca TpM HM3MEPBAHMs: B HAYAJIOTO HAa M3CJEJBAHETO, €HA TOJIWHA CIeJ
HayaJjoTo My M 18 Mecena ciell Ha4ajuoTO Ha M3cienBaHeTo. B HavanmoTo Ha
M3MEPBAHETO C€ BKJIIOYMXA 22 CIOPTUCTH, HIKOM OT KOUTO HE MPOIBIDKHXA
MpU CJIEJBALIMTE TECTOBE, MOpPaau pel NpuuuHU. ToBa, HE MOMNpeuYd Ja ce
OCBILIECTBH TTOCTaBEHATa OT HAC IeJI U Ja Ce peniaT KOHKPETHUTE 3aJaud U
M3BEXKJIaHE Ha OMpE/EICHN 3aBUCUMOCTU. B mbpikaBa kato bbiarapus u Maiabk
rpanx karo bmaroeerpaa, He Om MOrJIo Ja uMa TOIsIM OpoOil CIIOPTHUCTH
(TMMHACTHIIN) OT OTACTHUTE BH3PACTOBU I'PYIH, KOETO MPABU H3CIECIBAHETO HE
JIECHO, a WM3CIeJBAaHUS KOHTHUHTEHT W3KIIOUYUTEIIHO pPa3HooOpa3eH Mo
OTHOIIIEHNE Ha BH3PACTOB MOKA3aTell.

OCHOBHUST aKIEHT B TJIaBa TPETa CE€ MOCTABS BHPXY:

AHaJIu3 Ha AHTPOIIOMETPHUIHHU JAaHHHU U TCJICCECH CHCTAB HA
H3CJIeABAHUTEC TMMHACTUIIU

[TpoBeneHu ca TpM M3MepBaHUsSI HA TejleceH cbcTaB. BbB Bcuukute
TpU H3cCiieABaHUA OT o010 22 ydyacTBaT caMO 9 TMMHACTHLHU OT TIX, KOUTO
IpyU OBPBOTO Mu3cienBaHe ca Ha Bb3pact 10.11+1.96 roaumuu, pber
140.11£12.37 cm, termo 35.48+9.68 kg, mpu BTOpoTO — Ha BB3pact 11.11£1.96
roauHu, peeT 145.22+11.21 cm, terno 38.77+9.31 kg u npu Tperoro — Ha
Bb3pact 11.78+2.33 roguuu, peer 147.17+11.58 cm, terno 41.37+£10.58 Kg.
HanpaBeH e cTaTUCTHUYECKU aHAJIM3 Ha MOJIyYE€HUTE JJAHHU U € YCTAaHOBEHO, 4e
UMa CTaTUCTHYECKU 3HauuMa pas3jiuka B pbCcTa MEXAY I'BPBOTO M TPETOTO
uzcnensane (Friedman test, P < 0.001), termoto Mexay OBbPBO H TPETO
uzcnensane (Friedman test, P < 0.001), myckynHata maca MexIy IBbPBO U
tpeto (Friedman test, P < 0.01) u UTM mexny nbpBo u tpeto (Friedman test,
P < 0.05). IlpaBu BneuataeHre HUCKUAT MPOLIEHT Ma3HUHU MIPU U3CIEABAHUTE
CHOPTUCTH, KOWTO YyCIIsiBa /1a OCTaHE HEMPOMEHEH Npe3 M3CJIEIBAHUS MEPUOJT
(¢ur.6). Ipyra BaskHa KoHcTaTalus € (GakThbT, 4e 3a Iepruoj oT 1 roauHa, npes
KOHTO ca TMpOBEACHW NBPBUTE [BE M3CIEABAHUSA, INpU JIMIATa HAMA
CTAaTUCTMYECKH 3HAUYUMH pA3JIMKH B aHTPONOMETPUYHUTE IIOKa3aTelu,
BBIPEKH Y€ C€ HAMUpAaT BBB BB3PACT HAa AaKTHBEH pacTeX M pa3BHUTHE.
Pasnukure craBaT ocezaeMu eznBa cien nepuoj ot 18 mecena (mpu TpeToTo
W3MEpPBaHE).
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®urypa 6. Tunuunu uHOUBUOYATHU KPUBU BUCOYUHA-EL3PACT 30 MOMYEMA U
Momuuema. (no oannu na Manuna u xon., 2004)

KakTto ce Bmkma ot ¢urypa 6 u3cieaBaHWTE JIMIa CE HAMHUPAT BBHB
BB3PACTTa HA BTOPOTO MO-UHTEH3UBHO YBEIUYCHHE HA PHCTA, KOETO HACTHIIBA
mexay 11 u 18 rogunu (Malina et al., 2004; Genc & Cigerci, 2020) ITlo narre
MHEHHE I10 OTHOIICHHWE Ha aHTPOMOMETPUYHUTE TOKAa3aTelid Ce€ OYakKkBa, 4e
clell elHa TOJIMHA Hal-TOJIEMH pa3JIUKU 1€ UMa MpHU BTOPOTO U3MepBaHe. Te
HE ce OIpaB/laxa M KakTO C€ BWXK/IA OT MOJYUYEHUTE Pe3yJTaTH pPa3lIMKUTE ca
CTATUCTUYECKU 3HAUUMH €]1Ba ciel] 18 MecedueH nepuoj; Ha U3MEpBaHe.

B tabnumna 2 ca mpencTtaBeHH YUCICHUTE CTOWHOCTH HA W3CJIC/IBAHHS
KOHTHHI'CHT — THMHACTHIM M THMHACTHYKAa 10 OTHOIICHHE Ha
AHTPOIIOMETPUYHH JIAHHU MPU TPU U3MEPBAHUS B MECEUEH IUANA30H — sIHyapu
2019, snyapu u ronu 2020 roguHa.
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Tabauna 2. AHTPONOMETPUYHM JaHHU HA HU3CJIEABAHUTE JHUIA MPU TPUTE
HM3MEpPBaHUSA

A — M. sinyapm, 2019

Kon Br3pact | Pher | Terno | Masuunu | Ma3HuHU f:;rcilc:}[a Myckyana | ©TM
0 2
(ron) [(em) | (ko) | O6) | (ko) [ ST | waca (ko) | (kgim?)
G2 8 128 27,4 6,9 1,9 25,5 23,9 16,7
G3 12 155 50,2 15,7 7,9 42,3 39,4 20,9
G4 10 143 40,2 114 4,6 35,6 33,2 19,7
G5 10 143 36,2 8,8 3.2 33 30,9 17,7
G9 12 149 40,5 17 6,9 33,6 31,2 18,2
G11 |10 128 25,7 54 1,4 24,3 22,8 15,7
Gl12 |7 125 22,6 11,5 2,6 20 18,7 14,5
G13 |13 158 46,7 11,8 55 41,2 38,5 18,7
G17 |9 132 29,8 6 1,8 28 26,3 17,1
Mean | 10,11 140,11 35,48 |10,50 3,98 31,50 29,43 17,69
+SD (1,96 12,37 9,68 4,11 2,37 7,64 7,08 1,97
b — M. ssnyapwu, 2020
Ko Bo3pact | Poer | Tersio | Ma3uunu | Ma3HuHU f:;za;c:ﬂa Myckyana | UTM
(0 2
(ron) |(em) | (ko) | (%) | (ko) | SR | maea (ko) | (kgim?)
G2 9 135 30,1 |63 1,9 28,2 26,4 16,5
G3 13 159 49,2 12,6 6,2 43 40,2 19,5
G4 11 151 453 |10,8 4,9 40,4 37,7 19,9
G5 11 148 38 8,4 3,2 34,8 32,6 17,3
G9 13 151 479 | 24,6 11,8 36,1 33,4 21
G11 11 1325 (28,8 |8,3 2,4 26,4 24,7 16,4
G12 8 133 279 |14 3,9 24 22,4 15,8
G13 14 161 49,7 20,3 10,1 39,6 36,7 19,2
G17 10 136,5 |32 5,6 1,8 30,2 28,3 17,2
Mean |11,11 145,22 | 38,77 |12,32 5,13 33,63 31,38 18,09
+SD 1,96 11,21 {931 |6,45 3,62 6,74 6,24 1,84
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B — M. 101H, 2020

Kox Bo3pact | Pher | Tersio | MasHunu | Ma3HuHu f:;zacz;c:ﬂa Myckyana | UTM
(ron) |Cm) | ko) | (%) D) | ynca (g | M2 (<) | (kg/m?)

G2 9 137 30,4 3,6 11 39,3 27,5 16,2
G3 14 163 56,8 15,5 8,8 48 44,7 21,4
G4 11 155 50,6 12,3 6,2 44,4 41,5 211
G5 12 150 42,3 |87 3,7 38,6 36,1 18,8
G9 14 151 47,9 24,6 11,8 36,1 33,4 21
G11 12 134 30,4 9,9 3 27,4 25,6 16,9
G12 8 135 30,4 14,1 4,3 26,1 243 16,7
G13 15 162 50,9 19,1 9,7 41,2 38,3 19,4
G17 11 1375 32,6 4,3 1,4 31,2 29,3 17,2
Mean |11,78 147,17 41,37 |12,46 5,56 36,92 33,41 18,74
+SD 2,33 11,58 10,58 |6,79 3,80 7,47 7,24 2,08

[IpoyuBaHeTo mokasBa, 4ye rpyrnara He € XOMOI'€HHa 10 OTHOLICHUE Ha
PBCT M TErjo, ThH KAaTO B Ta3W BB3PACT HOPMAIHO CE€ CpEIlaT Hal-MHOTO
paznuuusi, 1 U'TM Bapupa Haii-manko. BbOpeku ye ruMHacTULIUTE KAaTO LSO
ca cmabu M ¢ HUCHK MHAEKC Ha TeJeCHa Maca, MpaBU BIIEYATIEHHE, Y€ C
TOJIMHUTE TOW CE€ yBEJMYaBa M TOBAa C€ IBDKM HAa YBEJIMYaBaHE KaKTO Ha
MYCKyJIHaTa Maca B pe3yJTaT Ha TPEHUPOBKHUTE, Taka M Ha MPOIEHTa MaCcTHa
TeJleCHA Maca, BBIIPEKH Y€ HAMa CTATUCTHYECKH 3HAUYMMa pa3jiuKa MpH TPUTE
u3MepBaHusa. AKO B HA4yaJoTO Ha H3CIEABAaHETO CpeaHaTa CTOMHOCT Ha
npoueHTa Ha TenecHr MasHuHM € 10.50 +4.11%, To 18 Mecena no-KbCHO TOii €
12.46 + 6.79%. Ilonmyuyenute croitHocTH 32 MTM M TPOLEHTHT TEIECHH
Ma3HUHU JOPHU TIPU TPETOTO U3MEPBAHE Ca CHU3MEPUMHU ChC TE3U MyOJIMKYyBaHU
B JIUTepaTypaTa 3a THMHACTUIIM BBB ChIlaTa Bb3pacToBa rpyna (Bale &
Goodway, 1987; Markou, et al., 2004). Tesum pgaHHM T[OKa3BaT, dYe
TPEHUPOBKUTE TIO CMOPTHA TMMHACTHKA B 3aJla U TPEHUPOBKUTE B JOMAIIHU
YCIIOBUS, CIOCOOCTBAT 3a YBEJIMYaBaHEe Ha MyCKYyJIHaTa Maca ¥ NOoJAbpKaHe Ha
HUCBHK MPOIEHT Ha TEJIECHU Ma3HUHHU.

AHanus
TUMHACTHIH

Ha COMAaTOTHIIHUHA l'lp()(l)l/l.]'l Ha HM3CJIe¢ABAaHUTE

Ot Pa3IMYHUTE KPUTCPUH 3a MPOYUYBAHC Ha YOBCIIKOTO TAJIO Hali-
AOCTOBCpHHU Ca TE3U, KOUTO CC 6a31/1paT Ha MOp(I)OJIOFI/I‘{HI/ITe IMMpU3HAaIIH.
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OdopMeHH KaTO COMATOTHIIOBE, T€ Ca JIECHO JOCTBIIHH 3a H3CIE/IBaHe,
JMarHo3a M oleHKa. M3nmona3BaHuTe pa3iuvyHu METOJIM Ha COMATOTHIIONOTHATA
JaBaT BB3MOXHOCT 332 KOMILJICKCHA OLIEHKa Ha (opmara W CTpyKTypaTa Ha
TSUJIOTO Ha U3CJIEIBAHUTE THMHACTULIH.

CoMaroTUIIHOTO M3CiIeaBaHe € MpoBeaeHo 3 mbTH. [Ipu BcuukuTe TpU
camo 9 (zneBeT) oT 22 U3CIIEBAaHU JIUIA y4yacTBaT B u3cieaBanusTa. CpeIHusT
COMATOTHII C€ MPOMeHs ChOTBeTHO 2.8-6.7-2.9 (mpu mbpBO HM3cienBane), 2.7-
6.3-3.0 (mpu BTOpO H3ciensane) u 2.8-6.3-2.8 (mpu TpeTo uscieaBane).

®urypa 7. Comamoepamu Ha uzcie08anama epyna npu mpume usmepeanus (a) —
anyapu 2019, 6) — anyapu 2020, 8) — ronu 2020, uepsenama mouxa ce omnacs 3a
CpeOHUs COMAmMomun)

Ha oOmure comarorpaMu siCHO ce BUXKJIa, Y€ M3CIEIBAHUTE JIULA UMAT
CHJIHO M3pa3zeH Me3oMopdeH Tuil. Me3oMOp(HUSAT TUI € THUIIBT, KOWTO €
XxapakTepeH mnpu rumHactunud. COMaTOTUIIBT UM clab0 Bapupa MpU TPUTE
U3MEpBaHUs, a Wu3BaAKara oOT 9 wH3clHeABaHM JMIAa MoOXe Ja Oble
MIpeICTaBUTENHA 3a LEIHUsI OTOOP, ThH KaTO pa3iMKUTE MEXIY TEXHUS CpeleH
COMaTOTHII M CpPEIHUS COMATOTMI Ha BCHYKM M3CIEIBAaHM JUIA ca
HE3HAYUTENIHU. AHAIU3BT HA OT/AETHUTE COMAaTOTUIIHU KOMIIOHEHTH B TabiauIa
3 moKa3Ba, 4e HAMa CTATUCTHUYECKH 3HAYMMa Pa3yiiKa MPU TPUTE M3MEPBAHHS

(Kruskal-Wallis test).
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Taﬁmma 3. CoMaTOTHUIIHH KOMIIOHEHTH Ha H3CJICABAHUTC JIMIA IpU TPUTE
HU3MCpPBaHUA.

Engo Me3o ExTo
Kopn

1 2 3 1 2 3 1 2 3

G2 2.9 2.3 2 7.4 7.2 6.3 2.5 3.2 3.6
G3 3.7 2.5 2.9 6.9 5.5 5.6 2.2 3.2 2.5
G4 3.4 2.6 2.9 8.2 7.3 7.5 2.0 24 2.4

G5 2.9 2.7 2.9 6.6 5.7 6.1 3.1 3.6 3.0
G9 3.4 4.4 4.6 4.8 5.7 5.4 3.2 1.9 1.8
Gl1 |24 2.9 2.5 6.9 6.9 6.7 3.2 3.1 2.8
G12 | 2.0 2.3 2.8 6.8 7.2 6.4 3.8 3.5 3.3
G13 | 2.2 2.8 2.8 54 5.4 5.4 3.5 3.5 3.4
G17 | 2.0 2.1 1.5 7.1 6.1 6.9 2.6 2.9 2.9

Mean | 2.6 2.7 2.8 6.1 59 59 2.7 29 2.9
+SD | 0.6 0.7 0.8 1.0 0.8 0.7 0.6 0.6 0.6
1 —anyapu 2019, 2 — anyapu 2020, 3 — ronu 2020; Mean — cpedna cmotinocm, +SD

Hma xopenanus MeXIy W3MEpPEHUs MPOLEHT U Maca Ha Ma3HUHUTE C
eHoMop(dHUS KOMIOHEHT, choTBeTHO [TubpcrH r=0.88, p=0.002 u r=0.83,
p=0.006, kakTo0 W MeXIy HHIEKCa Ha TeJecHa Maca M EeKTOMOP(HHS
koMioHeHT [lubpcbH 1=-0.73, p=0.03. Mexay ocraHanuTre H3MEPEHU
AHTPOIIOMETPUYHHU JAHHU U COMATOTHUIIHUTE KOMIIOHEHTH HsAMa Kopenauus. b
Y MOIJIO Jja CE€ 04aKBa, Y€ CJIe]] BpEME, KOraTo Ce YBEJIMYM MyCKyJIHaTa Maca Ha
I'MMHACTHIIUTE, ChOTBETHO 1€ CE€ YBeNIUYaT U CTOMHOCTHTE Ha Me30MOop(hHUs
KoMmrnoHeHT. OrtpuuartenHara kopenamus Mexay HMTM u  exkromopdHus
KOMITOHEHT €€ M3pa3sBa B TOBA, Y€ KOJIKOTO € Mo-Tojsma croiHocTTta Ha U TM,
TOJIKOBa TO-MaJIka € CTOWHOCTTAa Ha €KTOMOP(HHS KOMIIOHEHT M OOpaTHO.
Ta3u Bpb3Ka € JIorMyHa, ThH KAaTO €KTOMOP(HOCTTA Ce€ M3pa3siBa B HUCKA
TeJIeCHA Maca, a HapacTBaHEeTo Ha cToiHocTTa Ha MU'TM noka3Ba HapacTBaiia
TeJleCHa Maca. Pesynratute OT NPOBEJEHUTE AHTPOINOMETPUYHU H3MEPBAHUS
IMOKa3BaT, 4€ CTATUCTUYCCKU 3HAYUMM PA3JIMKKW B TE3U IIOKA3aTCIIU CC H36HIOI[3B3T
€aBa CJICI 18 meceuen Nepuoa, BbIIPCKHU HAIIUTC OUYaKBAHUA. Toi xaTo n3cjacaBaHarta
rpyIia JIMa ca BbB Bh3pacT Ha OypeH pacTex, Hue 0YaKBaxMe Jia 3a0eNIeKUM MPOMEHH
B AHTPOINOMCTPHUYHHUTC  IIOKA3aTCIn  CJICO 12 Mecena. CoMaToTHunbT npu
TMMHAaCTUIIUTE, OYaKBaHO, CC IPOMCHHU Haﬁ-MaJ’[KO, KaTO OCHOBHAaTa H JKCJIaHa
IIpoMsaHa C€ u3pasdgBali€ B YBCIWYCHHUETO Ha MeBOMOp(i)HI/ISI KOMIIOHEHT, KO€TO €
CBBpP3aHO C YBCIMYCHUCTO HA MYCKYJHATa Maca B pPE3yJiTaTa Ha LCJICHACOYCHUTC
TPEHUPOBKHU.

27



AHaJan3 HA Pe3yJITATH OT YHMHIeHT TecTa

['MMHacTUIIMTE YeCTO Ca aHraXupaHd B MHOTO HMHTCH3HWBHH,
KpaTKOTpalHW aKTUBHOCTH, BMECTO B IIO-MQJKO WHTEH3MBHH U TIO-
npoabKUTenHu. OCBEH TOBa MOBEUETO €XKEIHEBHU JEWHOCTH, WUIPH U
CIOPTOBE HM3UCKBAT MPEAMMHO KpaTKO MHTEH3WBHO HaToBapBaHe. ETo 3aio
aHaepoOHUTE UM CHOCOOHOCTH M3TJIeK/Ia ca BakeH (pusmoiorudyeH ¢axrop 3a
nenara. Thil KaTo Te ca MO-MaJKO aHaepOOHU OT BB3PACTHUTE, MO BHIPOC €
M3CJIEeIBAaHETO HA TEXHUS aHaepoOeH KaraluTeT BhoOIIe, HO MPH CIIOPTUCTHTE
o0aue e OT 3Ha4YCHHeE.

[To Hacrosiie YHHreHT aHaepOOHUAT TECT B JTAOOPATOPHH YCIIOBUS C
BEJIOEPTOMETHP € MPHET KaTO 3JIaATeH CTaHIapT 3a ONpeelisiHe Ha aHAepOOHUS
karmanuteT. [lo Bpeme Ha Tecta M3CIEABAaHUTE JIMIA BBPTAT MeNaIUTE MPU
MOCTOSIHHO CBHIPOTUBJICHHE B TpoabnkeHne Ha 30 cek. [IpoBexxmaHeTo Ha
TecTa U3UCKBa KOMOMHaIMs oT GpochopuiiHa, IMUKOTUTHYHA U aepoOHa MOIII.

[TukoBata momHocT (PP) oTroBapsi Ha cmocoOHOCTTa Ha MycKyJa Ja
MpOU3BEAC KpaTKOTpaiiHa MEXaHWYHa MOIMHOCT (MUKoBa QochopriiHa
MOIIHOCT), JoKaTto cpenHara wmomHocT (MP) Haii-mobpe mnpeacTass
MIMKOJUMTUYHATA MOIIHOCT HAa JOJAHU KpailHuuu. Jlokazano e, ywe WANT e
HA/ICXK/ICH ¥ BAIMACH MIPH Jella U IOHOIIH C Pa3jIMYHU XPOHHUYHU 3a00JIIBaHuSI.
Hsxon aBTOopm mpemmarat chkpamiaBaHe Ha Wingate Ttecra npu jgeua u
npoBexaaHeTo My BMmecto 3a 30 cek, 3a 20 cex (Chia, Armstrong, & Childs,
1997), xaTto MOTHBBT 3a TOBa €, Y€ THMHACTHIUTE PabOTAT MPEAUMHO B
aepoOeH peKUM JOPH U MPU BUCOKO MHTEH3UBHU HATOBAPBAHUSI.

Hzcneosanemo e npogedero 3 nvmu Kamo 6 paziuyHume u3cie08anusl
yuacmeam eOHU U CbWU U PAIUYHU SUMHACMUYU NOPAoU Bb3HUKHATU
NPUYUHU.

[Ipy TBLPBOTO W BTOPOTO H3CJeABAHE ydacTBar 12 chcrTe3aTenu.
W3cneaBanuTte nua 3HaYUTEITHO ca TOBUILMIM cBosATa MakcuMaiHa (Wilcoxon
signed rank test, P value = 0,03) u munumanna momuoct (Wilcoxon signed
rank test, P value = 0,0005) 3a TO3u mepuojl, KaKTO U OTHOCHUTEJIHATA
MakcumanHa momrHocT (Wilcoxon signed rank test, P value = 0,04) . Tosa
obade He ce OTpa3siBa Ha aHaepoOHATa UM yMopa.

BbB BTOpOTO M TpeToTo M3ciaeaBaHe ydacTBar / jnuna. [lepuonsbTt Ha
u3cieBaHe ChBIAJA C JINTICATa HA HOpMalITHA TPEHUPOBBYHA JIEHHOCT, 3apaIu
COVID-19, a cpmo Taka € W 3HAYMTENHO IIO-KpaThK, HSAMA HaMepeHHU
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CTAaTHUCTUYECKHM 3HAYUMHM pa3IMKU B MaKCUMalHaTa, MHHUMalHaTa |
OTHOCHTEIIHATa MAaKCUMaJIHA MOIIIHOCT, a ChII0 TaKa M aHaepoOHAaTa ymopa.

[Tpu BcmukuTe TPHM HM3CJIeABAHUSA y4yacTBaT 0010 6 ruMHacTuka. Mma
OpoMsiHA TpU TPUTE HU3MEPBAaHUS M B UCTHPUTE CIEIACHU TMapamMeTpu —
makcumanHara (Friedman test, P value = 0,006) 1 MUHUMaIHATa MOIIHOCT
(Friedman test, P value = 0,006), anaepobnara ymopa (Friedman test, P value =
0,006) Mexay MBPBOTO W TPETOTO M3MEPBAHE W OTHOCHUTEIHATAa MaKCUMaTHa
momHoct (Friedman test, P value = 0,006) Mexay TBpBOTO M BTOPOTO
u3MepBane. Pesynrature OT TO3M TECT $CHO I[IOKa3BaT, 4€ C BPEMETO
aHaepoOHAaTa MOILIHOCT C€ YyBeJMW4aBa, Karo 3a TOBa CIOCOOCTBAT
[EJIEHACOYCHUTE TPCHUPOBKH.

Oco0eHocTHTE HA CHOPTUCTUTE B CIIOPTHUTE AUCLMILIMHHU Ca pPe3yiTar
OT CeNeKIHUsl M OT Jpyra cTpaHa Ha cnenuuyHuTe ePeKTH OT NEHHOCTHTE,
KOUTO Ch31aBa JMCIHIUIMHATA, KakTo TBBpAAT peamia asropu (Cuk et al.,
2007). 'mMHacTHKaTa M3MCKBAa €KCIUIO3MBHU CIIPUHTOBH, CKadaly, OyTamuy u
M3IbPIBAIM YMEHHUS, 3a€HO ¢ OanaHc U apTucTU4HOCT. Ha mpeckok, rpena u
3eMHa TMMHACTHKa EKCIJIO3MBHATa CHJIa HAa KpakaTra Wrpae BakHA pPOJs B
CBBp3BAIIUTE €JIEMEHTH M akpoOatuuHuTe cepuu. [lonckauaHeTo € egHO OT
Hal-Ba)XKHUTE JBUIKCHHS B ChbUETAHHATA HA 3eMs M IIPECKOK U ce MPUA00HBa OT
TUMHACTULIUTE B Hail-paHHAa BB3PACT KaTO 4YacT OT €XKEIHEBHUTE UM
TPEHUPOBKH criopen Marina et al. (2013).

Ta6JII/ILIa 4 npeacTaBd CpCaAHUTE CTOMHOCTHU U CTAaHAAPTHUTC OTKJIOHCHUS Ha
MOIIHOCTTA, aHaepo6HaTa yMoOpa B IPpOLUCHTHU, MaKCUMaJIHaTa OTHOCUTECIIHA MOIIHOCT
Ha KuJiorpam Terio.

Tadauua 4. CroliHOCTM Ha MOIIHOCTTa, aHaepoOHAaTa yMopa M OTHOCHTENIHAaTa
MaKCHMaJHa MOIIIHOCT Ha TMMHACTHUIIUTE, yUYaCTBAJIN U B TPUTE U3MEPBAHUS

A — M. sinyapu, 2019

Momugaoct (W) T MaxkcumanHa
Kon Maxe Mun (%) OTHOCHUTEJIHA MOIIHOCT
(Wikg)
G2 116.26 73.78 36.54 4.31
G3 247.01 227.01 8.10 4.94
G4 212.55 159.10 25.15 5.45
G5 139.38 117.23 15.89 3.87
G9 181.40 123.52 31.91 4.53
Gl1 88.85 66.08 25.63 3.42
Mean 164.24 127.79 23.87 4.42
+ SD 60.14 59.46 10.41 0.73
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b — m. simyapmu, 2020

Kon SR AN OGN OTHOICV:IT;CII/IKT\TJII;HOCT
Makc Mun ymopa (0/0) (W/kg)
G2 185.91 97.73 47.43 6.18
G3 336.87 272.85 19.00 6.87
G4 364.91 225.74 38.14 8.11
G5 239.28 165.08 31.01 6.30
G9 324.26 168.54 48.02 6.90
Gl1 165.01 89.14 45.98 5.69
Mean 269.37 169.85 38.26 6.68
+SD 84.21 71.38 11.51 0.84
B — m. 1011, 2020
M
Konx Momoer (W) GLELT 0 OTHOCPI?I“]:;I/I-[II;III?\TOI:;HOCT
Makc Mun ymopa (%) (W/kg)

G2 150.03 82.88 44,76 5.00
G3 382.22 285.64 25.27 6.83
G4 427.88 233.24 45.49 8.56
G5 260.85 173.38 33.53 6.21
G9 332.93 158.19 52.49 6.94
Gl1 138.40 92.89 32.88 4.61
Mean 282.05 171.04 39.07 6.36
+SD 120.34 78.81 10.13 1.44

Mean — cpeona cmoiinocm, £ SD — cmandapmno omxionenue

BucounHara Ha MoJICKOIIMUTE CKOKOBETE U aKpOOATUUHUTE €TIEMEHTH
(cepun) W TOYHOTO TPELUU3HO NPHU3EMSIBAHE Ca CIHU OT HAW-BAKHUTE
KOMIIOHEHTH Ha TEXHMYECKUTE H3UCKBAHMs 3a YCIELIHO M3IbJIHEHUE Ha
IMMHACTHUYECKUTE YIpPaXHEHUs B TMMHAacTUKaTa. CIIOCOOHOCTTA J1a ce pa3BUAT
MOBMILICHHM HHBAa Ha MYCKyJHA CHJIa C€ OTpa3siBa OT NOTEHIMajda 3a
U3BBPIIBAHE Ha TMO-HANpeJHATM YMEHUS U aKkpoOaTuka, KaKTO TBBPIAAT
aBropute French et al. (2004). Crioco6HOCTTa HAa THMHACTUIUTE J1a MpeiaBaT
UMITyJIca OT Kpakara CH KbM TOpHaTa 4acT Ha TAJIOTO € OT pEIIaBaIlo
3HAYCHHUE, 3a NPCHU3HOTO U3MIBJIHCHHUEC HA THMHACTHYCCKUTE CIICMEHTU CIIOPE

Mkaouer et al. (2012).
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Cpennata Bb3pacT Ba wu3ciensanata rpyma € 10.5 £ 1.5 roaunwm.
JlutepaTypaTa HsAMa JaHHU 3a H3CIEABAaHUS B Ta3W BH3pPACTOBA TIpylia
rumMHacTunn. W3cnenaBanus obade ca TPOBEXKIAHUW C Jiella, KOUTO HE ce
3anumaBar ¢ rumHacTtuka (Chia, Armstrong, & Childs, 1997) u croiiHocTTa,
M3MEpPEeHa OT aBTOPUTE 3a CpeHa MaKcMMaiHa MoinHocT € 168 + 33,7 W. Ilpu
II'’BPBOTO HAIIE U3MEPBAHE B HAYAIOTO HA U3CIIEABAHETO CpeIHATA CTOMHOCT Ha
MaKCcHMaJIHaTa MOIIHOCT Ha u3cieasanuTte auna ¢ 164.24 £ 60.14 W, xosiTo €
ChbHU3MEpHMa C Ta3u OT JHTeparypara. MakcumanaHata MOIIHOCT Ha
W3clie/IBaHaTa rpyna TMMHACTUIIM TPOTPECUBHO HApacTBa Mpe3 HM3CIICIBAHUS
nepuoa u ciex 12 um 18 mecema € 3HAYUTENHO MO-BUCOKAa OT Ta3W Ha
HETPEHHUpaAHUTE Jena (CpeaHa MaKCHUMalHa MOIIHOCT IPU BTOPOTO U3MEpPBaHE
e 269.37 + 84.21 W, a npu nocnennoto usmepsane e 282.05 + 120.34 W).
Tesu pesynaratu ca ome €AHO [JOKAa3aTelNCTBO, Y€ TPEHUPOBKHUTE 110
TMMHACTHKa OKa3BaT CUJIHO BB3/ICHCTBHE BHPXY IMOBUIIIABAHE HA aHAEPOOHUS
KalaluTeT Ha CIIOPTUCTHUTE.

AHaju3 Ha pe3yaraTtute oT Chp:KaHT TecTa

W3cnenBanuTe Iuna momnajaT B pa3IMYHU BB3PacTOBU TPYIH, 3aTOBA
aHAIM3BT Ha JAaHHUTE € CHhOOpa3eH C pa3MyHu HOpMaTtuBU. YeTwpu oOT
M3CIJICIBAHUTE JINIIA Ca B KATETOPUsTa Bb3PACTHH, 3aTOBA IAHHUTE Ca CPABHEHU
¢ agantupanata o Chu (1996) ckana. Ocrananute ca Ha Bb3pact oT 8 10 14
TOJIMHK, KaTo MpH TIX ca u3nonsBanu apyru ckamu (Aleksi¢-Veljkovic, et al.,
2013; Nikolaidis, et al., 2016). Tps6Ba na ymoMeHeM, 4e B Ta3d Bb3pacToBa
rpyna ca MpaBeHH MAJIKO HM3CIeIBaHHA W OM Morio na Obae OOeKT Ha TO-
HATaTBIIHU 33/{bJIO0YECHH HAYYHU U3CIIEIBAHUS.

B cnoprHaTa ruMHacTHKa ca HEOOXOJMMHU KayecTBaTa CUia, 'bBKaBOCT
¥ MYCKYJIHA M3JPBXIMBOCT, ChYETaHU ChC CKOPOCT M KoopauHaus (HO6g &
Andersson, 2021). Pe3yntarbT OT MpOy4YBaHUATA TOKa3Ba, Y€ ChBPEMEHHUTE
TUMHACTHIIM TPSOBAa Ja MMAT 3HAYMTENHO MO-TOJsIMA CHJIa W MOMI MOpaau
HEMPEeKbCHATO HApaCTBAIIUTE TeXHUUYECKH TpyaHOCTH (Atikovic, et al., 2018).

ExcriosuBHaTa MyCKyfHa CHJIa, TIPEJACTaBIsIBA CHOCOOHOCTTa Ha
opraHusMa Jia TeHepupa MYCKyJHa pabdoTa 3a KpaTKO BpeMe, a CKOpOCTTa Ha
MPOM3BOICTBO HA CHJIA ca B OCHOBAaTa Ha rMMHacTUuYeckuTe aBmxenus (Kaur &
Koley, 2019). TecroBere, BKJIHOYBAIIM BEPTHKAJICH OTCKOK, OOMKHOBEHO Ce
M3IIOJI3BAT 3a OIEHKA Ha MPOMEHUTE B MYCKYJIHATa CHJIa M MOITHOCT Ha JOJHU
KpalHULIH.

CriocobHOCTTa 3a CKauaHe Ha THMHACTHUIIUTE YECTO € ChIIBTCTBAaja
YCIIEUTHOTO TPEACTaBsSHE W TOHSIKOTa Ce CUMTa 3a OOl MOKa3aTeal OTHOCHO
yMeHHsATa 1o rumHactuka. Apropure Marina, et al. (2013) tBbpasar, ue
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obunuaiiHusT Opoil ckokoBe ¢ nBara kpaka ¢ oT 1000 mo 2000 Ha ceamuIa,
KOTaTo ce B3eMaT NMPEABU BCHUKH aKpOOATUIHH E€JICMEHTH.

BepTukamHUAT OTCKOK CE€ M3MO0JI3Ba B MHOTO CIIOPTOBE C I € Ja ce
JOCTUTHE MaKCUMAJTHO ToJiIMa BHCOYHMHA. J[pyru 1eu BKIIIOYBAT U POTAIHS B
aKpoOaTUYHO canTo. YMEHHsTa 3a CKayaHe HAa THMHACTUIIUTE YECTO ca
CBBpP3aHM C YCIEIIHOTO MpeACcTaBsiHEe (0COOCHO MpPU PYTHHHUTE YIPAKHEHUS
Ha 36MHAa TUMHACTHKA, Tpela M TMPECKOK) W TMOHSIKOTa Ce CMATaT 3a 001l
MOKasaresd 3a TeXHUTE yMeHwus. [IpencTaBsHEeTO Ha TMMHACTUKATA JIO TojisMa
CTETICH Ce OMpeAelisi OT CIIOCOOHOCTTa 3a YCIEIIHO HM3MBJIHEHUE HA CIOXKHU
BBPTANIM ejeMeHTH Hanpen u Hasax — (Mkaouer, et al., 2012). Ako
TUMHACTUKBT HE YyCIIee Jla HallpaBU aKpoOaTHYCH CKOK, MPOOJIEMBT MOXE J1a
ObJle CBBpP3aH C KamalmuTeT 3a CcKadaHe, crenuduyHara TEXHUKA |
KOOPJAMHALIMS Ha IBY)KCHHETO, WK u Bete (Marina & Torrado, 2013).

Cnoco0OHOCTTa 32 CKayaHe € OT pellaBallo 3HaueHHWEe B TMMHACTUKATa
HAa BCUYKM HHMBA Ha CbCTE€3aHHMS U BBB BCHUKH KAaTETOPUU THMHACTHIIH.
JlumcBat mpoy4YBaHUs B KaTETOPUUTE HA MIIAUTE THMHACTUIIM, KOUTO BEYe ce
ChCcTE3aBaT Ha MEXAyHapoJHO HUBO. ToBa Oemie W TOpUYUHATA MPU
ruMHacTunuTe na Opae usnomsBaH u CwpkanT tect [lpunoxenue 3). Ilpu
MPOBEXKIAHE HA TeCTa M3CICABAHUTE JHIAa MPaBsIT TPU ONMTA, KATO Haii-
JOOpHSAT OT TSIX C€ HM3MOJ3Ba 3a OIpelessHe Ha BUCOYMHATA Ha OTCKOKa. B
I'BPBOTO M3CJE/IBaHE y4acTBaT 13 TMMHACTHIM U CHOTBETHO PE3YyJTaTHTE cCa:
BUCOYMHA Ha BEPTUKAJIHUS OTCKOK 37.77 + 12.62 CM u u3uuciaeHaTa MOITHOCT
Ha oTckoka e 2207.5 + 1167.5 W.

IIpn BTOpOTO M3CienBaHe ydacTBaT |7 T'MMHAcTMIM KaTO CHOTBETHO
pe3yJITaTUTe MM Ca: BUCOYMHA HAa BEepPTHKATHUS OTCKOK 35.35 + 10.30 cm u
M3YHCIICHAaTa MOIITHOCT Ha OTCKOKa e 1760.63 £ 938.41 W.

B TperoTro wu3cienBaHe ywacTBar 8 THUMHACTHIM, KaTO CHOTBETHO
pe3yaTaTuTe MM ca: BUCOYMHA Ha BepTUKamHUs oTckok 40.13 + 6.17 cm u
M3UYHMCIIeHaTa MOIITHOCT Ha OTcKoKa € 1637.08 + 1549.66 W.

B mbpBOTO M BBB BTOPOTO H3CIEABaHE ydacTBaT 9 M3CIEBaHU JIHIIA.
Bompekn ue ce 3abenszBa cnabo TOBHILIEHHWE CPEIHUTE CTOMHOCTH Ha
BHCOYMHATA Ha BepTUKajeH oTCKOK (35.00 £ 6.41 cm mpu mepBoTO M 36.63 +
7.39 CM mpu BTOPOTO) U M3YUCIIEHATa MOIITHOCT Ha oTckoka (1724.60 + 630.39
W npu mepBoro m3ciensane u 1963.15 + 620.62 W mpu BTOpPOTO) HSIMa
CTAaTHCTUYECCKHU 3HAYMMa Pa3jIfiKa B CTOWHOCTHTE IIPH JIBETE M3CIICIBAHU.

BBB BTOPOTO M TPETOTO M3CIEABAHE Y4acTBAT 8 TMMHACTHIM. Bbrnpeku
4e c1abo0 ca ce MOBUIIMIN CpeHATa CTOMHOCT Ha BUCOUMHATA HA BEPTHKAJICH
oTckok (35.75 + 7.92 cm npu Bropoto u 40.13 £ 6.17 cM npu TpeToTo) HAMA

32



CTaTUCTHYECKH 3HAYMMa pa3JIMKa B CTOMHOCTUTE TPU JBETE H3CIICIBaHUSI.
CrpiecTByBa 00aye CTaTUCTUYECKH 3HAUYMMA pa3jivKa B U3UHMCICHATA MOIIHOCT
Ha otckoka (1708.45 + 698.41 W nipu BropoTo u3cnensane u 2098.59 + 744.10
W npu tperoto, Wilcoxon signed rank test, P value = 0,04). C uskmtouenue
Ha €HO OT M3CJIEIBAHHUTE JIUIA, KOETO € MOHMKHIIO CBOATA MOIIHOCT, BCUYKH
OCTaHAJIM ca 51 YBEJIWYIIN 3HAYUTEITHO. ToBa ce IbJKH Ha (akTa, 4e BBIPEKH
Ye ca MOBUIIIMIIM TETJIOTO CH, BACOYMHATA HAa OTCKOKA € OCTaHaJIa OTHOCHUTEITHO
MOCTOSIHHA.

BbB BCHUKHTE TpHW H3CICIBaHHUS y4acTBAT § H3CIEABAHU JIMIA TIPH
TPUTOTO M3MEpBaHE Ha BB3pacT 12.4 + 2.8 rogunu, pbct 1414 £ 133 cmu
tersio 38.0 + 99 «kr. Pesynratute OT MNpOBENEHUTE U3CIEABAHUS ca
npeacraBeHu B Tabmuna 4. Mexay CTOHHOCTHTE Ha BEPTUKATHHUS OTCKOK TPU
TPUTE M3MEPBAaHUS HSAMA CTAaTUCTUYECKH 3HAUMMa pa3jiuka. TakaBa pasiiuka
(Friedman test, P < 0.01) obade ce HaOmromgaBa MEXAy CTOWHOCTHTE Ha
M3YHCIIEHaTa MaKCUMallHa MOIIHOCT OT IIBPBOTO M TPETOTO M3MepBaHe. Ta3um
CTaTUCTHYECKH 3HAYMMa pas3liMKa IMOKa3Ba, Y€ BUCOYMHATA HA OTCKOKA Ce
3ama3Ba BbB BPEMETO, MIOBUIICHOTO TETJI0 HA TMMHACTHIIMTE B mepuoa oT 18
Mecela BOJIU JI0 MOBUIIIaBaHEe HAa MOIIHOCTTA.

[TonoGeH e xapakTepbT M HA MPOMECHHUTE B aHACPOOHUTE CIIOCOOHOCTH
Ha TUMHACTHUIIUTE, KAaTO CEPHO3HM MPOMEHHM H3MEPBAaHU IpPH YUHTEHT U
CopxanT (Tabn.5) TectoBeTe ce HabmOmaBaT ciiea 18 MecedeH mepuoj Ha
u3MepBaHe. Te3w TMoOKa3aTenud ce yBelnM4YaBaT BBIPEKH,  (PakThT, Ue
CbCTe3aTeNIUTe TPEHHpAT B JOMAIIHU YCIOBHS 3a ONpEIENeHO BpeMme, U
NPUIIOKEHUTE YNpPaKHEHHs B KOMIUIEKCAa ca Oe3CMOpHO MNOAXOAALIM 3a
Pa3BUTHETO HA TEXHUTE aHAEPOOHH B3MOKHOCTH.

Kakro u mpu aHTpOIIOMETpPUYHHTE ITOKa3aTeM M TYK C€ 3ara3Ba
TEHJICHIMTA CTATUCTUYECKHU 3HAaUMMHM NPOMEHH J1a ce HabJo1aBat He cien 12
Mecela, a caen 18.

CpaBHEHHETO Ha T[IOJIyY€HUTE JIaHHM OT OTCKOKa C Te3d OT
TUTEPaTypHUTE U3TOYHMIIA TIOKA3Ba, Y€ U3CIICBAHUTE JIMIIA UMAT 3HAYUTEITHO
MO-BHCOKH CTOMHOCTH KaKTO Ha BEPTUKAJIHHS OTCKOK, Taka W Ha M3UMCIICHATa
MaKCHUMalTHa MOIIHOCT OT T€3H Ha JIMIIA B ChIllaTa Bb3pacToBa rpymna (Taylor, et
al.,, 2010). HUscrmeaBaHuTe TMMHACTHIM JOCTHTaT ¥ JIOPM HaJMHHABaT
MaKCHUMallHaTa CTOHHOCT 3a BEPTHKAJIEH OTCKOK 3a CHOTBETHATa BB3PacT,
npeAcTaBeHa B HopMmatusuTe oT Taylor, et al. (2010).
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Tabdauua 5. /lanHW Ha W3CIIEIBAaHWTE TUMHACTHUIIM, y4dacTBamid B ChbpKaHT
TECTa HpI/I TpI/ITe I/I3MepBaHI/I5I.

Bucounna Bucounna "

Ha HN34uuciena Bucounna Ha | U3uuciiena Ha sumcaena
KOH BECPTHKAJICH | MAKCHUMAJTHA BEPTHUKAJICH MaKCHUMAaJIHA BCPTHKAJICH MAKRCHMATHA

OTCKOK momuoct (W) | orckok (cm) | mommoct (W) | oTckok MOMIHOCT

(W)

(cm) (cm)
G2 29 947 30 1129.53 30 1143.12
G3 28 1919 34 2237.56 40 2946.04
G5 42 2134 31 1548.1 42 2410.59
G9 30 1601 30 1935.87 30 1935.87
G11 |37 1355 40 1677.64 43 1932.22
G13 |45 2792 45 2927.91 51 3346.47
Gl14 |26 1702 42 2754.87 49 3188.83
G28 |35 1623.29 35 1487.39 35 1623.29
Mean | 34.0 1759.2 35.9 1962.4 40.0 2315.8
+SD |[6.9 548.0 5.8 633.4 7.9 790.7

Mean — cpeona cmoiinocm, = SD — cmandapmuo omkioHeHue
KOpeHaHI/IOHHa 3aBUCUMOCT nma MCKOY CTOMHOCTHUTE Ha

makcumanHara (Pearson r = 0.75, p = 0.05) u oTHocuTenHaTa MakCUMallHa
motrHocT (Pearson r = 0.63, p = 0.05) nmpu YUHTEHT TecTa W M3UMCIEHATa
MaKCuMaJlHa MOIIIHOCT OT CT)p)KaHT T€CTa, JOKATO HAMA HAMCPCHU
3aBUCUMOCTH Ha JaHHUTE OT YHMHIEHT TecTa M BUCOUYMHATA Ha BEPTUKAIHHS
OTCKOK. Te3nm 3aBHCHMOCTH TOKa3BaT, ye ChbpiKaHT TecTa MOxke Ja Obje
U3II0JI3BaH 3a Obp3a OlIEHKAa Ha aHAepOOHHUTE CIIOCOOHOCTH Ha TMMHACTHUIIMTE,
JOpY M B TPEHUPOBBbUHATA 3ajla, ThH KAaTO TOM MOXe Ja ce MpoBexnaa 0e3
HE0OXOUMOCT OT CKbBIIO 00Opy/ABaHE U HE OTHEMa MHOro BpeMme. Pazbupa ce
TpsiOBa Ja ce MMa MpelIBUJ W3YUCIIEHATa MaKCHMajlHa MOIIHOCT, 3alI0TO TS
3aBHCH M OT MacaTa Ha U3CJIeIBAHOTO JIUIIE.

IToBumeHnTe CTOMHOCTH KaKTO Ha BCPTUKATIHHUA OTCKOK, TaKa M Ha
M3YHMCIIeHaTa MaKCHUMallHa MOIIHOCT I10Ka3Bar,

ye B pe3yJsrar

HEJICHACOYCHHU TPCHUPOBKU CC IIOBHIIABAT aHanO6HI/ITe CIIOCOOHOCTH Ha

Ha

W3CIIE/IBAHUTE TUMHACTULIM. B 3akioueHHe 10 Halle MHEHHUE JIOKIayH
o0cTaHOBKaTa, HE OKa3a CHIIECTBEHO BIUSHUE BBPXY TSIXHOTO (YHKIIMOHATHO
CBHCTOSIHUE, TIPH TIPHJIATAaHETO Ha TMOAXOISI] TPEHUPOBBUYECH IIJIaH B JIOMAITHU
yCIIOBUSL.
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Pe3yaTaTu M aHa/Iu3 NPHU onpe/eisiHe HA IVTI0K03a U JIAKTAT B
KPbBTAa HA THMHACTHLIMTE CJIe]] HATOBApPBaHe

Pesynratute OT TPOBENCHUTE U3MEPBaHUS IO Ta3M TOYKa ca
MpeACTaBeHU B TaOMIm 6 u 7.

B nBere u3mepBanus ydactBaT 12 wuscienBanu Jjuna. WM npu aBete
W3CIICIBAHKMS HsAMa CTaTUCTHMYECKH 3HAauyMMa pasjidka B CTOMHOCTHTE Ha
IIFOKO3aTa MpeId HaTOBapBaHETO W Ha 1-Ba, 3-Ta M 5-Ta MUHYTa CIIe]] TECTa.
N3cnenBanusTta B nuTeparypara, CBbpP3aHU C IMPOMSHA Ha TIIOKO3aTa IpHU
MPOBEXK/IaHE Ha KPATKOTpPacH aHAaepoOEH TeCT ca MPEIMMHO C HETPEHUPAHU
MBXKE U KCHM U JaHHUTE HE Morar Ja ObJaT CBIOCTaBSIHH C HAIIHUTE
W3ClieIBaHM Juna. bu crnensano na ce oyaksa, 4ye MpU TaKbB TECT, NMPU J00pe
TPEHUPaAHU JIMIIA TO3U TOKa3aTesl He TpsiOBa /1a ce MPOMEHsI, KAaKTO € B HAaIlUsA
cinyyail. M npu nBeTe M3cienBaHUS JTaHHHUTE 3a KOHIICHTpAllMATA Ha JIaKTaTa
MOKa3BaT CTAaTUCTHYSCKH 3HAYUMHU Pa3IMKH B CTOWHOCTHUTE IMPEau
HartoBapBaHeTo 1 Ha 1-Ba (Friedman test, P < 0.05), 3-ta (Friedman test, P <
0.001) u 5-ta (Friedman test, P <0.001) munyta. KonnienTpanusra Ha JaKrarta
ce yBeJIMyaBa 3HAYUTEIHO CJIe]l Kpasi Ha HaTOBAPBAHETO, KATO HA 5-Ta MUHYyTa
HEHMHATa CTOMHOCT € Hal-rojsmMa.

Taéauua 6. CToifHOCTH Ha KOHIIEHTpAIMATA Ha TIIOK03aTa U JIAKTaTa B KPBBTA Mpe3
M. sinyapu 2019 r.

Iaoxo3a (mmol/l) Jlakrat (mmol/l)

Kox
npen |1 mvun (3mvuH |Svun |mpeau |1 mvuH |3 MHH | S MuUH

Gl 3,59 4,11 4,36 4,21 2,21 10,2 11,65 |12,2
G2 434 4,68 4,66 4,31 2,13 7,69 9,31 10,07
G3 4,65 4,49 4,47 4,49 2,79 7,79 7,76 7,39
G4 3,95 4,22 4,42 4,33 2,9 8,96 9,29 8,16
G5 3,82 3,92 4,14 4,07 1,83 5,67 6,73 7,28
G9 4,08 4 4,27 4,02 2,1 4,66 6,02 7,13
G11 |4,35 4,52 4,91 4,92 2,32 6,55 8,06 8,48
G16 |4,38 4,53 4,36 4,52 2,18 7,91 6,68 6,66
G21 |4,98 4,9 5,23 5,25 2,03 14,51 15,96 |15,68
G22 |5,33 5,35 5,39 5,15 2,7 6,93 7,97 7,89
G23 |5.21 53 5,42 5,13 2,35 9,19 10,19 10,53
G24 |4,78 4,7 5,02 4,93 2,11 7,33 9,51 9,55
Mean | 4,15 4,31 4,45 4,36 2,31 7,43 8,19 8,42
+SD |0,35 0,28 0,24 0,29 0,36 1,77 1,84 1,86
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Tabauna 7. CTOWHOCTH Ha KOHIIGHTpAIMATA Ha [IIOKO3aTa U JIaKTaTa B KpbBTa Ipe3
M. ssHyapu 2020 T.

Taroko3a (mmol/l) JlakraTt (mmol/l)
Kon

npenn |1vuH (3mMuH |Svun |npean |1 mvuH |3 MuH |5 MuH

Gl 12,35 11,50 |11,08 |10,52 |2,77 8,30 9,46 10,78

G2 5,57 5,04 521 5,09 2,35 7,30 8,09 9,01

G3 6,23 4,99 5,17 5,32 2,83 11,48 9,42 10,69

G4 4,28 4,64 5,22 5,22 2,19 12,10 |12,71 |13,39

G5 4,16 4,11 4,77 4,52 2,04 7,57 12,72 |13,88

G9 4,75 4,61 4,36 3,98 2,55 9,05 11,57 13,53

Gl1 5,09 3,22 5,05 5,04 2,56 9,77 9,86 8,22

G16 4,28 3,21 4,62 4,43 2,76 7,69 9,42 7,67

G21 5,16 5,48 5,68 511 1,70 8,60 10,71 10,29

G22 5,13 5,02 6,05 6,30 2,58 7,74 8,41 7,92

G23 4,11 3,78 4,11 4,34 2,40 8,59 10,75 |11,13

G24 4,94 3,89 4,00 4,12 4,70 9,96 9,71 11,59

Mean |5,84 5,17 5,69 5,52 2,51 9,16 10,41 10,90

+SD 2,73 2,66 2,20 2,07 0,29 1,82 1,71 2,49

Ha ¢urypa 8 e npencraBena rpaduaHO IpoMsHATa B KOHIICHTpAIUATA
Ha JlaKTaTa Mpeaud HaTOBApBAaHETO W Ha IbpBATa, TpeTaTa M IeTaTa MUHYyTa
CJIe]l HATOBAPBAHETO MPHU JIBETE U3MEPBAHUSI.

Hsma cratuctuydecku 3HAYNMMH pa3jinkKu MCEXKAY KOHLCHTPALMUTC Ha
TJIFOKO34Ta | JIaKTaTa IIpru ABCTC U3MCPBAHUA.
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®durypa 8. KoHlleHTpanus Ha JIaKTaT B KPbBTa MPeJy HaTOBapBaHeTo u Ha 1™, 3™ n
5™ MUHYTa cjie]] HaTOBapBaHETO NpH mbpBOTO (A) u Bropoto (b) m3meppane.

B enno ot uscneasanusita um apropure Chia et al. (1997) nokassar, ue
cien momoOeH aHaepoOeH TecT numara Ha Bb3pact 9.7 £ 0.3 roauHw,
MaKCUMalTHaTa KOHIICHTPAIMs Ha JIAKTAT Ce MOCTUTa Ha BTOpaTa MHUHYTa CIIC]
HaToBapBaHeTO U Ts ¢ B rpanunute 2.0-8.1 mmol/l. Tosa obavye He o3HauaBa
HETNPEMEHHO Je(UIIUT B CIIOCOOHOCTTA Ha JelaTta Jia TeHepupar aHaepoOHa
CHEeprus; BMECTO TOBa MOXE Ja OTpa3siBa HaMaJeHa 3aBHCUMOCT OT
aHacpoOHUS MeTaboJIM3bM 3a TIOCpCIIaHe Ha CHEPIHUMHHWTE HYXKIW Ha
HaToBapBaHeTo. [Ipy BCHYKH MOJIOKEHUS 00aue HETPCHUPAHUTE JeIa UMt 110
HUCKM HHUBA Ha JIAKTaT CJieJ HATOBApBaHE OT H3CJICBAHUTE THMHACTHUIIM.
CpenHnTe CTOMHOCTH Ha JakTaT Ha 17, 3™ 1 57 MuHyTa Clle]] HATOBaPBAHETO
MIPU BTOPOTO W3MEPBAHE Ca CE YBEIMYWIM B CPAaBHCHHE C ITBPBOTO, KOETO €
Ole €HO JIOKA3aTeJICTBO 3a e(eKTa Ha TPEHUPOBKATA BBPXY YBEIWYaBaHE Ha
aHaepoOHMS KamanuTeT. ToBa YBEIMUYEHHE CE HM3pa3siBa B CIOCOOHOCTTAa HA
MYCKYJIa Jia ToJIepupa MO-TOJIEMH KOHIIEHTPAIMH Ha JIAKTaT.

AHaIM3 Ha pe3yJITaTHUTe 32 CbpJEeYHa 4YecToTa N0 BpeMe HA
TPEHHPOBKA 10 THMHACTHKA

CropTHata THMHAcCTHKa € CHOpPT, B KOHTO (U3HOJOTHYHUTE
W3MCKBAaHUS HA T'MMHACTULUTE HENPEKbCHATO CE€ YBEINYaBaT, TbH KaTo
MEXIYHapOAHUAT CTaHAAPT ce omperens oT MexnyHapoaHata ¢genepanus mo
rumHactuka (FIG), usnonspaiiku Koznekca oT Touku, KOMTO ce nmpepasriexaa u
AKTyaJIn3upa Ha BCCKU YCTUPU I'OAVHU.
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OcHoBHHUTE  (PU3MOJOTMYHM H3HCKBAaHUS B THMHAcTUKara ca
(doKycHpaHu BBPXY MYCKyJIHATa CHJa W Moil, 0e3 Ja ce MOOWIH3Upar
3HaynTeHO aepoouu mporiecu (Dallas, et al., 2013). [To oTHomIeHKE Ha cUjIaTa,
TUMHACTULIUTE Ca Cpel HAW-CUIIHUTE OJIMMIIMACKH CIOPTUCTH, KOTaTo
MOIITHOCTTA C€ U3MEpBa CIPSIMO TEJIECHOTO TETryI0 (OTHOCHTENHA cuiia). ToBa ce
JEMOHCTpHUpa OT CHOCOOHOCTTa UM Jla MOJAJIbPKAT W JIBIXKAT TeJleCHaTa Cu
Maca upe3 pa3InyHu JMHAMUYHU WM CTATUYHU [TO3UIUH.

3a 12 IOCTUTHAT BUCOKO HUBO, TMMHACTUIIUTE 3all04YBaT J]a TPEHUpAT B
paHHa Bb3pacT. Te TpsOBa na TOCTUTHAT BUCOKO HMBO Ha CHUJIA, I'bBKABOCT U
KOOpJWHAIIVS, 3 Ja U3IBIHSABAT PA3IMYHU CIOXKHHU aKpOOATHUYHU JBUKCHHSI.
'mvmHacTHKaTa € TEXHWYECKH CIHOPT M MMa CrenUuUIHH (PU3UOJOTUIHH U
MICUXOJIOTHYECKH W3WCKBaHUs. [lo BpemMe Ha ChCTE3aHHE TUMHACTHIIMTE
MOTaaT B Pa3IUYHU CUTYalldd M BKIIOYBAT PA3IMYHU MYCKYJIHU TPYIIH.
YcnexsT e pe3ynrar OT MHOTOKpaTHU MOBTOPEHMSI Ha €JHO M CHILO ABMKECHUE
U €JIEMEHT JI0 HeroBaTa nepgeKkTHa peaan3aius.

OOMKHOBEHO MOHUTOPUHI'BT HA ChpAEYHATA YECTOTAa Ha THMHACTHUIIUTE
ce MpaBM MO BpeMe Ha ChCTE3aHHE, Taka 4e Hallata Lel € Ja HU3MEepuM
ChpJieYHaTa 4YEeCTOTa [0 BpeMe Ha pyTHHHATa TPEHUPOBKA, Thil KaTo TS ce
pa3nuyaBa OT ChCTE3aHUETO T10 TPOIBIKUTEITHOCT.

Enunanecer rumuactuim (Mbke W okeHu) (Bb3pact 10,98 + 2,98
ronunau, Bucounna 140,09 + 13,82 cwm, Terno 36,16 = 11,57 kr) yuacTtBaxa B
npoyuBaneto. M3mepBanusara 6sixa HanmpaBenu Ha 15.03.2019 1. Ilposexnar
ce IUIaHMpaHW TpeHUpoBKUM Besika cyTpuH (10.30 wyaca). Te ca c
MPOIBIDKUTENTHOCT 2 4vaca. TpeHupoBKaTta ce ChCTOM OT pasrpsBane 3a 20
MUHYTH, TOCJIEIBAHO OT 5-MUHYTeH Habop OT 10 OCHOBHHM ympa)XHEHHs 3a
I'bBKABOCT. JleceT MUHYTH Te Ce pasrpsiBaT ¢ yOpaXHEHHs OT OCHOBHaTa
TMMHACTHKa HAa THMMHACTHYCCKUS KBaJgpaT C MHOTO TIOBTOPCHHS HAa BHUJIOBE
YIpaXHEHUS 32 pa3IMuHUTE 4acTH Ha Tsu10TO. Clies TOBa HEMOCPEICTBEHO Ce
BKJIFOUBAT MaXOBU CTOWKH, CalTa, MPEThPKAISIHUS HAMPEI, Ha3a] U BCTPAHU .
B npoabpimkeHre Ha JeceT MUHYTH C€ M3ITBIHIBAT KOMIUICKCH OT YIPAKHCHHUS
Ha CMECeHa YCIIOpeKa M XaJKH C OMOI U PAa3IuYHU BHUJIOBE MPU3EMSIBAHMUS.
Crnen ToBa BCEKH CIOPTUCT M3MBJIHSBA MO 20 MUHYTH BCHYKH HEOOXOIUMHU
yIpaXHEeHHs] 0T THMHACTHYECKOTO ChueTaHue Ha oTneneH ypea. [lo Tpu ypena
MUHUMYM 32 BCEKM THMHACTUK Ha TPEHUpPOBKA. B Kpas Ha TpeHUpoBKaTa
YIpaKHEHUATA MPOABDKaBaT Ha 0aTyT B NMPOABDKCHHE HA 15 MHHYTH, 3a Ja
Pa3BHAT OPUEHTAIUS B TIPOCTPAHCTBOTO, KOOPJAWHAIIUS U TOYHO TPH3EMIBAHE .
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B mpoyuBanero yuactBaT 11 rUMHAacTHIIM OT TMMHACTHYECKHS KIy0 ,,[lupun”
2011. AHTpPOIIOMETPHYHUTE OAaHHM K JaHHUTE OT chpracuHara uectora (HR) ca
MpeacTaBeHu B Tabmuia 8.

I'mMHACTHIINTE TIPOBEXIAT PEJOBHATA CH TPEHHPOBKA W MPE3 BCHYKU YACTH
Ha 3aHMMaHUETO ca U3CJIeNBaT ChC CleNuanHu Iync Tectepu active PULS Ha

HeMmckara komnanuss MEDION AG.

Tabéauua 8. Autponomerpuynn nanuu u (HR) Ha u3cnenBanure nuna

= 3 Oosact Ha| & =
E | 5|5 |=% | = ” =
S ) S g = = HHUCKA « = =
= < | g8 Eg £ € |unremsmenoer | EE| = E| EE
Kon = S| 232/gsg =2 sa|l £a| E¢g
g g ;28 £ 28 2L& |/loana Copna £ 28 58
= =l | g 3 (bpm) | (bpm) | E ) 2
3 s B s
= =
Gl 161 55 88 202 114 111 148 99 102 230

G2 128 274 |88 212 124 113 158 110 133 238

G3 155 50.2 |68 208 140 96 167 100 138 225

G4 143 40.2 |94 210 116 117 153 110 128 237

G5 143 36.2 |96 210 114 119 151 100 120 229

G6 120 226 |92 212 120 116 156 100 131 240

G9 149 405 |90 208 118 114 153 100 115 235

G11 |128 25.7 |88 210 122 112 156 120 139 232

G14 |155 48.1 |88 206 118 112 152 110 143 227

G17 |132 29.8 |98 211 113 121 151 105 124 238

G18 |127 221 100 |211 111 122 150 120 142 229

Mean | 140.09 | 36.16 | 90.00 |209.09 | 119.09 | 113.82 | 154.19| 106.73 | 128.64 | 232.73

+SD | 13.82 |11.57 |8.49 |2.98 7.98 7.01 5.02 |7.93 12.64 |5.10

B nutepatypata ce Hamupa HeqocTtaThbuHa HWHGOpPMaIUs OTHOCHO
U3CJeBaHMs 3a Chp/E€YHA YeCTOTa Ha IMMHACTHIIMTE, OCOOEHO IO BpeMe Ha
TPEHUPOBBUEH Ipolec. M3MepBaHeTO NO3BOJIN /14 OLIEHUM MHTEH3UBHOCTTA Ha
TPEHUPOBBUHOTO HAaTOBAapBaHe. JIOTMUHO € KOraTo MHTEH3UBHOCTTA € BUCOKA U
MYJICHT 1€ ObJe MO-BUCOK OJIM30 10 MAaKCUMAIIHUSI.
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Heo6xonumo e na uMa npenBapurenHa MHGoOpMalus 3a chpledHaTa
YECTOTa B IIOKOM M MaKCHMMaJHATa ChpJEYHA YE€CTOTAa HA BCSIKO H3CIIEIBAHO
JMLe, 3a Aa MOXe Hal-e()eKTUBHO Ja ce U3MEpPH MHTEH3UBHOCTTA B JjaJICHATa
TpeHUpOBKa. IIyJChT B IOKOM ce M3MEPBA, ClI€J KaTO M3CIECABAHOTO JHIE €
OUJI0 B TMOKOHM HAKOJIKO MHHYTH. MakcuMmaliHaTa ChpJedHa 4eCTOTa YEeCTO Ce
M3YHCIABA 110 popMyiara:

MHR =220 — roquau

Enun ot Hali-goOpuTe METOIM 3a OmpeessHe Ha ICJICBUTE THAIa30HU
Ha MyJica 3a MpocieasBaHe Ha MHTEH3MBHOCTTA Ha (U3MYecKaTa aKTUBHOCT €
M3II0JI3BAaHETO HAa TEXHMKATa, U3BECTHA KaTO METOJl Ha pe3epBa Ha ChpjcUHaTa
yectora (HRR), m3Becren cwimo karo merox Ha Karvonen (Karvonen, et al.,
1957). Ilpu To3u merox myncwhT B mokoil (RHR) mepBO ce u3Baxkma ot
MakcuMaiaHus cepaeueH putbM (MHR), 3a na ce nomyun HRR.

HRR = MHR - RHR

3a 1a W3YMCIUM JMana3oHa Ha ChPJCYHATA YECTOTA 33 MPAKTHYCCKH
[eM, U3MOJI3BaXMe CTaHAapTHTE OT Tabmuia 9 mo-10iy, 3a Ja ONMpeaeiuM
cboTBeTHUTE % cToriHocth Ha HRR (o Stand, 1998).

Ta6auna 9. Knacudukaus Ha UHTEH3UBHOCTTA Ha (pu3MYecKkaTa aKTHBHOCT,
n3noi3Baiiku % pe3epB Ha chpieuHara yectora (mmo Stand, 1998).

OTHOCHTEJITHA HHTEH3UBHOCT
OnucaHue HA HHTEH3MBHOCTTA % pe3epB Ha ChpAEYHATA YeCTOTA
(% HRR)

MHoro 1exa <20

Jlexa 20-39
Cpenna 40-59
Cunna 60-84
MHsoro cunHa >85

Cpennara HR Ha rumHactunure e mo-Huchk (128,64 + 12,64) ot ta3m,
n3MepeHa mo BpeMme Ha cberesanue (189,44 £ 17,74 u 194,64 + 4,69 ynapa B
MHHYTa) ChOTBETHO IpH KeHU U MBke (1o manuu Ha Dallas, et al., 2013) , Ho
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Te ca B aumanazoHa 114-185 ymapa B MHHyTa 1O BpeMe Ha TPEHUPOBKA,
noximanead ot Jemni et al. (1998). HR ce kosnebae MHOrO 1Mo BpemMe Ha
U3IIBJIHCHUETO, KOETO BEPOSITHO C€ JB/DKM Ha TMEPHOAMYHMS XapakTep Ha
ChCTE3aHUETO, CHEPrUYHUTE JBWXKCHHUS U OBpP3UTE IMPOMEHH B I[03aTa
(McArdle, et al., 1991), xakTo W TOpagu TPYAHOCTTa HAa TMMHACTUYCCKUTE
YIPaXHEHUS MPH Pa3TMIHUTE YPEIIH.

Bwnpekn konebanusita cpenmHata HR mokasza, 4e rumHacTudeckarta
TPEHUPOBKA € ChC ciaba HMHTEH3WBHOCT. ToBa O3HA4aBa, Y€ CIIOPTUCTHTE
Morar JiecHO aa noanbpkar HR mo Bpeme Ha TpeHHMpoBKa M Morar Obp30 na
BB3cTaHOBAT HR cnen Besko ympaknenue. ToBa e joka3aTencTBO 3a J00pa
KOH/IMIMSI ¥ BUCOKO HMBO HA TPEHUPAHOCT, JIOPU M 3a Hai-mankute. Camo 3a
e/IMH TUMHACTHK TPEHHUPOBKATa OeIlle ¢ MHOT'O JIEK HHTCH3UTET, B CPABHEHHUE C
OCTaHAJUTE H3CJICJABAHM JIMI[Aa ThH KAaTO € €JIMTEH TMMHACTHK TO3U BH]I
TPEHUPOBKA 3a HEro He Bojau J10 npomeHu B HeroBata HR. IlpocnensBanero
JMHAMUKaTa B TIyJca [0 BpEeME Ha TpPEHUPOBKAaTa € IIOKa3aTelieH 3a
WHTCH3MBHOCTTA Ha TPEHUPOBKATA, YCHUJIMSTA, MOJIOKEHU OT CIIOPTHCTUTE, U
MOXe Ja ObJe TOJIe3eH HMHCTPYMEHT 3a HaOroJeHHWE Ha (DYHKIMOHATHUS
KalauTeT Ha THMHACTUIIUTE. 3aeHO C APYTH HapaMeTpH TOH MOXe 1a ce
M3I10JI3Ba IIPU TIPOCIIS/IIBAHE HA TPOMCHHUTE B TAXHOTO Pa3BHUTHE.

Biusinne Ha  TPeHMPOBBYHOTO  HATOBApBaHEe  BBPXY
TeXHHYECKUTEe YMEHUS HA THMHACTUIIU

Enna or 3agaunTe Ha HACTOSILETO M3CJIEABAHE € Jla Ce ONpeenu
BIIMSTHUETO HA TPEHHUPOBKUTE BHPXY TEXHWUYECKHTE YMEHUS Ha TMMHACTHIINTE
NPOBEJEHN B 3ajla M B JOMAlHU YCJIOBUS (OCBIIECTBEHM IO BpeMe Ha
nokaayHa B Hadanoto Ha 2020r cBbp3ano ¢ COVID-19). Cenekrupanu ca gyact
OT TecToBeTe B JiBeTe nporpamu Ha FIG.

N3cnenBa”eTo € IpoOBEAEHO B MEPUOJ OT €/1Ha TOIMHA, KaTo Mpe3 Ta3u
TOAMHAa TUMHACTHIINTE MPOBEXKIAT HOPMAJIHH TPEHHPOBBYHM 3aHUMAHHS B
3a71a ¥ TPEHUPOBKM B 1oMammHu ycioBus (mapt 2020 no tonm 2020).
I'mMHacTHIIMTE ca pa3/esieH! 10 O B BE TPYIH, MOMHYETa U MOMYETa, Thil
KaTO TECTOBETE Ca Pa3IMYHU 32 BCAKA OT TAX: MPH MOMUeTaTa — 12 TeXHUUECKH
TecTa, IPU MOMHYETaTa — 7 TEXHUYECKH TeCTa — HE3aBUCHUMHU U3BAJIKH.

B TexHuyeckute TecroBe yyacTBaT oceM MoMueTa (Bb3pacT 9.38 £ 1,41
roaunu, peet 134.50 £ 11.48 cm u termio 32.19 + 9.36 kg B HavanoTo Ha
u3CcJeBaHeTo) U ceaeM MomuueTa (Bp3pact 10.29 + 2.69 roaunu, pser 142.64
+ 12.28 cm u Ttermo 35.50 + 10.49 Kg B HayanoTro Ha W3CIIEIBAHETO).
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N3cnenBanusaTa ca NpoBeJEHU B HAYAJIOTO HA M. I0HU 2019 u HavanmoTo Ha M.
tonu 2020r.

Pesynrature ot TectoBere ca mo ToukoBara cucrema or 0 mo 50, B
3aBUCHMOCT OT MPEACTABSIHETO HA W3CIEABAHO JIMIIC M3MOJI3BaHa cKana (1o
Xamxkues, 1970).

Pesynarature OT u3cineABaHETO MOKAa3BaT, Y€ BBIPEKU YCIOKHEHATa
o0cTaHOBKa MOMYeTaTa ca MoJA0OpUIIN 3HAUUTEIHO MOKa3aTeIuTe CU B TPU OT
tectroBere (Wilcoxon signed rank test), mokaro mpu MomMHYeTaTa HsIMa
CTaTHUCTUYECKU 3HAYMMa pa3jiuka, T.e. T€ YyCHsBaT Ja MOIAbPXKAT CBOETO
(U3HYECKO U TEXHHUYECKO ChCTOSIHHE.

Bbnpekn HEOIAronpusATHOTO W YCIOXHEHO IOJIOKEHUE, CHOTBETHO
JUICaTa Ha TPEHUPOBKH B 3aja Mpe3 IO-TosiMara 4YacT OT BPEMETO,
ChCTE3aTeIUTE, KOUTO MOJXOXKIAT MOTHBHUPAHO KBM TPCHHPOBKUTE Yy J0Ma
ycmsiBaT Aa 3ama3saT (Ipu MOMHYETa) U JIOpU J1a MoAoOpsT (mpu MoMyeTa)
TEXHUYECKUTE CH YMEHHUSI.

OO6o01IeHnTe AaHTPOIIOMETPUYHHM JaHHM 32 W3CJIEIBAHUTE JIHIIA,
ydacTBalld B TEXHHUECKHUTE TECTOBE ca mnpezacTaBeHu B Tabnuna 10.

Ta6auna 10. O600uIeHn aHTPOIIOMETPUYHH TaHHU 32 M3CIIEIBAHUTE JIUIATA,
ydacTBallyd B TCXHUYCCKHUTEC TCCTOBEC

MOMYETA MOMMUYETA

IToxa3zaren Havajo na Kpaii na HauaJjio na Kpaii na
M3CJIeBAHETO | M3CJEJABAHETO | M3CJEABAHETO | M3CJeIBAHETO

Bpoii, n 8 8 7 7

Bb3pacr, 9.38+1.41 10.38 + 1.41 10.29 +2.69 11.14+£2.85

TOAUHH

Pner, CM 13450+ 11.48 | 139.94 + | 142.64+12.28 | 146.57 +
11.36** 12.22*

TerJo, kg 32.19+9.36 34.63 £8.66* | 3550+10.49 | 38.70+10.71*

*p < 0.05, ** p < 0.005

Te3u aHTPOTIOMETPUYHH JAaHHU MOTaT Jla OBhJaT M3MOJI3BAHM 32 OLIEHKA
Ha (U3NYECKOTO pa3BUTHE Ha JIETETO U 3a CpaBHEHHE C HOPMATUBHUTE JaHHU
3a Bp3pacToBa rpyna 9-11 rogumnu gena.
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- Ilo oTHomIeHWE Ha BB3PACTOBHUS IOKa3aTeNl M3CJICIBAHUAT KOHTHHTCHT
TMMHACTHIM M THMMHACTHYKK IIONAajaT B Auama3oH 9-11 rogumHu gena.
['pynure ca HeeAHOPOAHM OT JABa MOJIA.

- Ilo oTHouieHWE Ha pPBCTOBUS M TEIJIOBUS TOKa3aTesll  HACTBHIUIUTE

MIPOMEHM 3a KpaTKusl mepuoJl OoT | roaumHa ca B pe3yliiTaT Ha €CTECTBEH

MJIQJICKKHU paCTCXK U pa3BUTHUEC HA ACTCKOTO TAJIO.

OO000IIeHUTE PEe3yITaTH OT TEXHUYCCKUTEC TECTOBE Ca NMPEJACTABCHH B
Tabymma 11.

Tadauma 11. Pesynratm OT TEXHUYECKH TECTOBE IpU MoOMYeTaTa |
MOMMUYETATA.

Pesyarar npe3 | Pesyarar npe3
M. 1oHu 2019, M. 1oHH 2020,
Tecrope Toqu (cpenna TO‘lKlj (cpenna
CTOMHOCT = CTOMHOCT +
CTAaHJAAPTHO CTAaHJAAPTHO
OTKJIOHEHHE) OTKJIOHEHHE)
CHJI0BH CTOWKH Ha yCIOpeaKa 18.63 + 13.80 23.75+£12.57*
CKOK IBJIKHHA OT MSICTO 20.00 + 19.21 18.88 + 16.14
CoBaJsika 44.75+£4.59 4375+ 7.44
Ho:kunu B JI1BO U ASICHO 35.38+£15.32 38.13 £ 14.38
- TuiieH Jjier, CKOK, Ibra 44.00 £5.15 43.75 £ 6.88
5 | Ilacera Ha BUCHJIKA 19.50 = 16.57 23.25 + 18.20*
E 3agHu cayTa 3a Bpeme 26.63 +12.25 30.00+ 11.51
§ 'bruJ Ha Xanku B onopa 22.38 £ 16.66 28.00 + 12.64
IloBaurane Ha Kpakara Ha mBeacka | 17.63 +19.23 30.25 £ 13.55*
CTeHa
Bpoii kpbrose Ha ro6a 10 0TKa3 19.75+ 15.18 30.63+9.74
MaxoBa  cToiika  3aabp:kaHe  Ha | 22.13+19.86 25.75+17.62
ycnopenka
Jler, KJIeK, OJACKOK 31.57+12.42 32.71 £12.54
Bpoii ck1onku Ha cMeceHa ycnopeaka 20.71 +£23.53 3243+ 17.19
£ | 20 merpa 0sirane noja 3 cex 32.86 £16.75 3243 +£17.19
g 3agHu cajiTa oT MACTO 29.57 +10.47 28.29 +13.15
Z | CuaoBu CTOMiKM OT BHHIIHO paskpaveH | 23.57+19.73 28.14 +20.71
= | proa
Croiika 3agbp:KaHe HA rpeAa U 3emMsl 20.86 +23.29 23.14+21.73
Kartepene Ha Bbike 32 Bpeme 18.57 +£23.97 14.86 +23.14
*p<0.05
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Ot npencraBeHuTe pe3ynrartu B Tabmuua 11 craBa sicHO, 4ye M B ABETE
Ipyny ca HACTBIMIM NPOMEHH B TEXHHUYECKO OTHOIIEHHE. CTaTUCTHYECKH
3HaYMMU pa3IMKH B TOCTIDKEHUSATa NP MOMYeTaTa MMa caMo npu 3
TEXHUYECKHA TI0Ka3arens (TpU TecTa) — CHIOBH CTOWKM Ha YCIOPEIKa
(Wilcoxon signed rank test, p=0.0156), macera na Bucuika (Wilcoxon signed
rank test, p=0.0313) u moBmuMraHe Ha KpakaTa Ha THMHAcTUYeCKa CTEHa
(Wilcoxon signed rank test, p=0.0156). [loBumaBaneTo Ha pe3yJTaTUTE MPH
TE3W TECTOBE IMOKa3Ba MOBUIIABaHE Ha CWJIaTa U U3IPBAIUBOCTTA HAa TOPHH
KpallHUIIM TP DOBPBUTE JIBa TecTa M IOBHMIIABaHE HA CHJaTa U
U3IPBAKINBOCTTA HA KOpEMHATa MYCKyJaTypa MpH TpeTus. Benpeku nuncara
Ha TPEHHUPOBKH B 3aja, TPEHHPAHETO Ha TE3H MYCKYJIHH TPYIH CE OKa3Ba
BB3MOKHO U B JIOMAIIIHU YCJIOBUS, KOTAaTO U3ITBJIHSABAIIMAT € OTTOBOpeH. B nBa
OT TeCcToBeTe (CKOK IBJDKMHA OT MSCTO M COBaJKa) BBIPEKHM Y€ HAMA
CTaTHUCTUYECKH 3HAUMMa pasliuKa, pPEe3yJTaTUTe ca IMO-HUCKU IMPU BTOPOTO
uscneaBane. M nBara Tecta ca CBbp3aHU ChC CHJIA U M3APHKIUBOCT Ha JIOJHU
KpallHUIIM M BEPOSITHO TPEHHPAHETO UM € OWII0 3aTPyJAHEHO B JOMAIIHH
ycnoBusi. Ilpu ocrananmute TectoBe wHMa ciaabo TOBHINEHHE, HO 0e3
CTaTHCTUYECKA 3HAYUMOCT. T03U pe3ynTaT BEpOSITHO ce OBJDKU Ha (paxTa, ue
P IOCTaThuYHAa MOTHMBUPAHOCT HAa TUMHACTHUIIMNTE M KOHTPOJ OT TPEHBOpA €
BB3MOKHO TIOIbPXKaHe Ha JOOpO (U3NYECKO HUBO, KOETO € OT 3HAUCHHUE 3a
YCIIEUTHOTO TMpPOBEXJIAaHE HE CaMO Ha TEXHHYECKHTE TECTOBE, HO M Ha
TPEHUPOBKUTE KaTO IISLIIO.

[Tocnennara tabnuna 10 paskpuBa cpegHaTa CTOWHOCT U CTaHJIAPTHOTO
OTKJIOHEHHE TpH JIBET€ TApPreTHU I'PyNH MO BCUYKU M3MEPBAHU TEXHHUYECKH
MoKa3aTesau, Karo NMpH TPU OT MOKa3aTeJUTe MMa CTaTUCTHYECKH 3HaunMa
pasznuka, p < 0.05, Te3u cbe *.

[Tpr MoMHUYeTaTa IPOMEHUTE B PE3YITATUTE OT TEXHHUECKUTE TECTOBE
HE ca CTaTUCTHYECKH 3HaunMu. HabmomaBar ce o0ave M3BeCTHO HAMAaJICHHE Ha
CpPEIHUTE OLIEHKH B TpH OT TectoBere: 20 meTpa Osirane moja 3 cek., 3aaHU
caiTa OT MACTO U KaTepeHe Ha BhKe 3a BpeMe. Jlumcara Ha TPEHHPOBKH B 3aJ1a,
KBJETO MOTaT Jla Ce€ U3IBJIHABAT MOCIEAHNUTE JIBE YIPAXHEHUs Ce OTpa3siBa U
Ha pe3yiTaTure Nnpu usciensaHeTo. Ilpu yetupu OT TecroBere MOMHYeTaTa
JIEKO TOBUIIIABAT CBOMTE PE3YJTATH (CTATUCTUYECKU HE3HAYUMHM PA3IIUKHU MPU
4-pu TEXHWYECKH IOKa3zatels). V3mbiHEHHeTO Ha ynpakKHEHHATa OT Te3U
TEXHUYECKH TECTOBE crocobcTBaT 3a IMOAOOpsSBAaHETO Ha cujla U
M3IPHKIUBOCT Ha HAKOM MYCKYJIHH TPYIHU KaTo TOPHH, JOJHU KpaWHUIH U
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KOpeMHa MYyCKyJaTrypa, KOUTO B JIOMAIIHH YCJIOBHS MOTAT yCHEIIHO Aa ObaaT
TPCHHUPAHHU.

Obobwenume pesynmamu OT W3CIACABAHETO IOKA3BaT, Y€ BBIPEKU
yCIIO)KHEHaTa  00CTaHOBKa MoMdYeTara ca  HoJoOpWIM  3HAYUTEITHO
nokaszarenure cu B Tpu oT TtectoBe (Wilcoxon signed rank test), mokaro mpu
MOMHYETaTa HsSMa CTAaTUCTUYECKH 3HAYMMa pa3jiMKa, T.e. T€ YCISIBaT Ja
MOJIbPKAT CaMO CBOETO (PM3HYECKO M TEXHUYECKO ChCTOSTHHE.

[Ipy mnoxkpuBaHe Ha HOpPMaTHMBa B CHOTBETHATa BB3pacToBa TIpyIa
TUMHACTUIIMTE TOJydYaBaT MakcuMalieH Opoil Touku 50. HsMa rUMHACTHK,
ydacTBall B TOBAa M3CJIC/[BaHE, KOMTO Jia € MOJTYYWI MaKCHUMalleH Opoil TOUKH
MIPY W3IBIHCHUE HAa BCUYKW TEXHUYECKH 3a1a4yd. ToBa ce OBJDKU TJIABHO HA
nBe mnpuduHHA. [IBpBO, HAKOM OT THMHACTUIMTE B H3CICABAHUS IEPUO
MIPEeMHUHABAT B JIPyra Bb3pacToBa rpyma, KbIETO U3UCKBAHUATA 33 TOTydaBaHe
Ha MaKCHMaJleH OpOil TOYKH ca Mo-BUCOKHU. M, BTOpO, JuIicata Ha TPEHUPOBKHU
B 3aJla, 3aTpPyJHSBA YCHBBPIICHCTBAHETO HA TEXHUYECKUTE EJIEMEHTU H
pediekTipa BEpXy MOITYYSHUTE PE3YITaTH.

3akJIoueHue

Onutbr ¢ orpaHuueHusita mno Bpeme Ha K19 wusuckBa or
CchCTE3aTeNUTe M0 TMMHACTUKA Jla HacoyaT YCWJIMS, a TEXHWUTE TPEHbOPU Ja
NpUIIOXKAT aJalTUPAHU CTPATETHM ChOOpa3eHH C aKTyalHUTE CUTYyaluu 3a
OBJIAJSIBAHE HA CHOPTHO-TPEHHPOBBYHHUS IPOLEC B HECTAHAAPTHHU YCJIOBHS.
IIpoBeneHoTO MpoOyuyBaHe i€ € B MOMOIL] Ha (pU3MUecKaTa MOJArOTOBKA, KaTo
€IMH OT BaJKHUTE KOMIIOHEHTHU B CIIOPTHATA IOATOTOBKA HA TUMHACTULIUTE U €
OCHOBaTa, BbPXY KOSATO CE€ M3Trpaxk/la CHOpTHaTa TeXHUKA. Upe3 BKIIIOUBAHE U
ONTUMHU3HPAHE NEPUOJUYHO HA TPEHUPOBBUHU MPOrpaMu, e ObJIe OCUTypeHa
BB3MOXHOCT 3a KOHTpPOJI HAa TEXHUYecKara M (U3MYecKa IOATOTOBKA Ha
TMMHACTULIM U TUMHACTUYKU HE CaMO B TEPEHHHU, HO U B JIOMAIlIHU YCIIOBUS
IIPU HYX/a.
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N3Boan

AHanu3bT HA  PETUCTPUPAHHUTE  pe3ydTaTd HU  [03BOJISIBAT

(dbopMynHUpaHEeTO Ha CICAHUTE HAYYHH U3BO/IM:

e B aHTpPONOMETpUYHHTE TIOKa3aTelu ce€ HaOIoJaBaT CTaTHCTUYECKU
3HAaYUMHU paszluKd eABa cjen mnepuon oT 18 Mecema (mpu TPETOTO
U3MEPBAHE);

e [Ipu rumHacTuIMTE C TO-TOJIsIMA MycKyiaHa Maca, UTM (ipu mbpBO HM3CII.
+SD e 1,97 u npu tperoro £SD e 2,08) He nmaBa ajekBaTHa OIICHKA 3a
TErJ0To M gusuveckoro pazputue. OcTaHaanTe U3CIEABAHM JIMIA 3aMa3BaT
HUCKHS MPOLEHT TeJIeCHU Ma3HUHU (ripu mbpBo u3ci. 10,50%, a npu tpero
12,46%), KONTO OcCTaBa MOYTH HEMPOMEHEH IIpe3 H3CIEIBAaHUS MEPHO],
KOETO C€ JBJKM Ha aKTUBHOCTTA UM U I'OJIEMHSI €HEPropasxo/l 1o BpeMe Ha
HATOBapBaHE;

o Me30oMOp(QHUAT TUIl € TUIBT, KOWUTO € XapakTepeH MpU T'MMHACTHIM U OT
COMAaTOCKOITICKOTO M3CIIEJIBAHE SICHO CE€ BIKIA, Y€ M3CICIBAHUTE JTUIA UMAT
CUJIHO U3pa3eH TaKbB;

® AHaepOoOHMAT KamaluTeT W aHaepoOHaTa MOIIHOCT MpU 1-TO H3CleBaHE
CpeIHUTE CTOMHOCTH Ha ruMHactuiure ca 164.24 W, ipu 2-to 269.37 W, a
npu 3-to 282.05 W ce yBenuuaBaT B 3aBUCHMOCT OT BHJIa HaTOBapBaHE U
pa3paboTeHust MOJIEN C ABETE NHOBATUBHU MpPOTpaMHu (B 3aja U B JOMAILHU
yCIIOBUS), KOUTO ca C TMPWIOKHO JOKa3aHa e(QEeKTUBHOCT M JaBaT
BB3MOXKHOCT 32 ONTUMHU3MpPAaHE HA TPEHUPOBBYHHUS IPOLIEC B CHOpPTHATA
TUMHACTHKA.

e TectbT 3a BepTUKaTeH OTCKOK (ChpKaHT TecT) JaBa TIpeacTaBa 3a
MOIIIHOCTTa Ha JOJHU KpaHMIM Ha TUMHacTuuure. Bbwopeku uye ca
MOBUIININ TEIJIOTO CH, BUCOUYMHATAa Ha OTCKOKAa € OCTaHajda OTHOCUTEIIHO
MOCTOSIHHA BEJIMYMHA, HO KOETO MOKa3Ba MOBHILIEHAa MOLIHOCT (MpH 1-BoTO
947 W, nipu tpeto uscnensane 1143.12 W);

e [onemMuTe KOHIIGHTpAIlMM HAa JIAKTaT B KPBbBTa (YHUHTEUT TecT) MOKa3BaT
MOJIOKUTETHHU aJanTaluy 3a padoTa Ha MYCKyJia MpPU KpPaTKOTpalHU, HO
BHCOKO MHTE€H3UBHU HATOBapBaHUS;

e Konebanusita Ha cpenHara HR mokasa, ye ruMHaCTHUECKUAT MOJEIN € ChC
CpelHa MHTEH3MBHOCT. ToBa O3HauaBa, 4e CIIOPTUCTUTE MOIaT JIECHO Aa
noaaspkatr CY 1o Bpeme Ha TpeHUpPOBKA U MoraT Obp30 Ja Bh3cTaHoBAT CH
CJIe]l BCSAKO YIpaKHEHHUE.

e [IpenoxkeH € KOHILENTyaJleH MO CTPYKTypa M IO ChIbpP>KAaHUE aBTOPCKU
MOJEJI or nBe mporpamMu B TEPEHHHM M JIOMAIlHU YCIOBHUS, KOWUTO
MOBJIUSABAT TIOJOKUTEIHO (U3MUECKUTE M TEXHUYECKUTE KayecTBa Ha
TMMHaCTHULINTE.
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IIpenopbku

e 3a j1a ce rapaHTHPAT BUCOKH CIIOPTHH PE3YJITaTH € HEOOXOoauMa
aJleKBaTHA peakUus OT TPEHLOPUTE NP OpPraHU3UpPAaHE HAa TPEHUPOBBHUHUA
Hpouec 110 CHOpTHa TUMHACTHUKaA (prmaraHe Ha aJaliTaliluoOHHHU HpOI‘paMI/I,
KAaKTO B TEPEHHU, TaKka U B JOMAIIHU YCJIOBHS), KaTO € HEOOXOAUMO Jia ce
nma HpeZ[BI/II[ B’b3paCTOBI/IT€ OCO6€HOCTI/I U HHUBOTO Ha I/IHIII/IBI/I[[yaJ'IHa
¢du3nyecka J1eecrocoOHOCT Ha TMMHACTHIMTE W crna3BaHe HapenbOara ot
BT

e Upe3 yCTaHOBEHUTE TECTOBE CE IPENOPBYBA Ja C€ WU3BBpIIBA
NEPUOIMYHO TIPOCTeNsIBaHE Ha aHAaepPOOHUTE CIOCOOHOCTH, ChpJIEYHATa
YECTOTA, AHTPONOMETPUYHUTE M COMATOTHUIIHM IIOKA3aTEIW IPENH U CIIE]
TPEHUPOBKAa 3a  peryjanus Ha  TPEHUPOBBUHHUTE  HATOBAPBAHUA.
TexHUUeCKuTe TECTOBE € MPENOPBUYUTENHO Ja ObIAT BKJIIOUEHH B TOAMIIHUS
TPEHUPOBBUEH IpapUK Ha TPEHbOPUTE, KOETO M€ JAaJe BB3MOXKHOCT 3a
IEPUOANYHO TOYKOBO OLICHABAHE HA CBHCTE3aTEIUTE 3a CpOYHA W
NEPUOANYHA OLICHKAa II0 OTHOLIEHUWE Ha TEXHUYECKUTE KadecTBa Ha
MOMYeTaTa ¥ MOMHYETaTa 110 CIIOPTHA TMMHACTHKA.

® ABTOPCKMAT MOJEN € MPWIOKHM U MOXE Ja HaMepU MACTO B
TOJMIIHUS TPEHUPOBBUYEH IpOLIEC IO CIOPTHA TMMHACTUKA, KOHTO e
JI0Ka3all cBOsiTa epeKTUBHOCT (4 roamHu) B nepuoja ssuyapu 2019 no mapt
2023 roguHa.
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HayuyHu npuHOCH 32 TeOpUATAa U MPAKTHKATA

e 3a mpbB II'BT € M3CJIEABAH LIMPOK CIEKTHP OT (YHKIIMOHATIHH
[OKa3aTeNu IMpPU THMHACTULUTE B TEPEHHU M JIOMAILHU YCJIOBHS, KOETO
paslupsiBa MO3HAHMATA B Ta3u oOjacT U JgaBa 0asza 3a CpaBHEHUE Ha
HoCJeIBaIlY 110-3abJI00UEHN HayUYHH U3CIIe/IBaHUS;

® 3a IIPBB BT CC IIPAaBH OIIUT 34 CUCTCMCH aHAJIM3 HAa MPOMCHUTC
B CIIOPTHO-TCXHHUYCCKUTEC YMCHHUSA Ha TMMHACTUIM W THMHACTHUYKH 4YpPE3
NHOBAaTHUBHU IMOAXOIH,

e JlokazaHu, dYpe3 rojsiM Opoll OOEKTUBHU WHAWKATOPH ca
CHIBPKAHUETO W €()EeKTUBHOCTTA TPU BB3IACHCTBUE HA TMEPCOHAIM3HUPAH
aBTOPCKHU MOJIeN (Ype3 Cpe/icTBaTa Ha JIBE IPOrpaMM), KOUTO ca CboOpa3eHu
U OTTOBapsT Ha OOLIUTE M3WCKBAHWS U WHIUBUAYaTHH BBH3MOXKHOCTH Ha
ChCTE3aTeNUTe, KaTo Ipe/yiaraMe BHAe0 KJIMIOBe HAa BKIIOUYEHUTE
KOMIUIEKCH OT YNPaXHEHHs, KOETO rapaHtupa e(eKTHUBHOCTTa UM H
aJIeKBaTHOTO OOy4YeHHWE Ha THMHACTUIM M TUMHACTHMYKH B CIOpTHaTa
TUMHACTHKA.
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FOREWORD

The rapid development of modern sport, artistic gymnastics in particular, provokes
many coaches and specialists to look for new approaches in practice, focusing their
efforts on improving the training process management. The extensive introduction and
use of video equipment and digitalization in sports, the application of a large set of
sport-specific tests contribute to the development of various patterns and opportunities
of finding new, more efficient models and methods in the training process.

The modern intensification and development of artistic gymnastics require continuous
improvement of both training means of impact and various tests to control their
efficiency. The sport activity in gymnastics requires overall manifestation of all
physical qualities emphasising mostly on strength, flexibility and endurance. That can
be achieved through targeted impact tailored to the capabilities of athletes (male and
female), with consistency based on principles and logical interrelationship among the
training load parameters.

Many authors report that modern artistic gymnastics requires greater strength and
power due to the ever increasing technical difficulties demanded during revisions to
the International Judging Regulations of the International Gymnastics Federation
(Fédération Internationale de Gymnastique (FIG), 2009; Brooks, 2003; French, et al.,
2004). FIG, the international governing body, reviews and updates the judging
regulations every four years. Consequently, the demands made on gymnasts are
constantly changing to suit the acceleration of modern adolescent generation
(millennials, i.e. those born after the year 2000). The regulations had only three levels
of difficulty: A, B and C, in the 1970s. In 2009, the regulations show not only an
increase in the number of technical skills, but also eight levels of difficulty: from A to
G. Exercises including E, F and G have higher starting values and difficulty of
routines than the first A, B, C. Another level of difficulty, H, was added in 2020.
Gymnasts are encouraged to master more difficult elements from an early age to
provide a higher initial value that leads to a higher score to reach the highest levels of
high sportsmanship in their teen age. It suggests that modern artistic gymnasts need to
develop their anaerobic metabolism at an early age in order to present their potential
and capabilities at the highest levels of technical aspect. Nowadays, it is common to
see two-year-old children in an elementary gymnastics training programme. It usually
takes about 10 years of training and competing to reach the elite level.

The introduction of the scientific approach is also necessary to improve the
qualification of artistic gymnastics coaches to enhance the level of education in the
training and sport and competition process.

The present work makes an attempt to study, summarize and systematize analytically,
and assess the test patterns objectively by adequate, modern scientific methods related
to physiology, education and training, and thus to facilitate the process of subsequent
development of the sport and technical skills of men and women in artistic gymnastics.
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We defined the main aspects in this paper on the basis of the literature review made
and the available information base regards the sport and training process of the
Bulgarian gymnasts. The studies conducted so far in the field of artistic gymnastics
usually include quite a wide range of ages. As it is an individual sport, most countries
do not have representative teams at a certain age. Often, gymnastics clubs in Bulgaria,
especially in smaller towns such as Blagoevgrad, do not have a large number of
athletes in the relevant age group.

The main objective of this dissertation is aimed at monitoring the impact of artistic
gymnastics training on the functional parameters and sport and technical skills of male
and female gymnasts over a period of 18 months. During that period the gymnasts had
trainings in the gym and at home (6 months) due to the imposed full lockdown caused
by COVID-19. That emergency situation put the coaches and athletes to the test and
made them search for new approaches and challenges from the coaching team. The
team took a decision in a short time, reacted appropriately and promptly in the
situation and offered their gymnasts an alternative methodology of training in the gym.
A training plan was prepared for all training gymnasts, and control was carried out in a
timely manner using modern information tools.

In order to monitor the functional parameters, the gymnasts included in the study were
subjected to different methods in the field (hall), including anthropometric
measurements, somatotype determination, Wingate and Sargent tests for anaerobic
capacity determination, as well as heart rate monitoring during training. Glucose and
lactate concentrations after the anaerobic capacity and Wingate tests were also
monitored.

Technical and physical tests were made to monitor the efficiency of the implemented
home training (within 6 months). The sporadic scientific data about heart rate during
training was informative and basic, which provoked our study and directed our
attention to the tracking of that parameter in the training process. Thus the coaches are
able to analyze the training intensity helping them out to modify it in order to achieve
better performance in the sport and training process. That also allows for an individual
approach to each gymnast depending on his/her individual cardiac response to the
respective type of training load.

The gymnasts’ technical skills were found to be impaired by that interruption in the
training schedule. The lack of indoor training did not favour the development of
technical skills, despite the observations on the gymnasts that they retained them for a
period of time. Indoor training is critical for maintaining the gymnasts’ high athletic
fitness and proper development.

This dissertation presents an attempt at a focused study of gymnasts’ functional
performance in a gym over an 18-month period. It can reasonably be argued that this
author's work has an innovative approach, it is unique for Bulgaria and emphasizes on
results of important physiological studies, also on specific methodologies applied in
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field and home conditions, and it concerns aspects in the gymnasts’ sport and technical
skills. The above shows that the coach can get feedback with valuable information on
the impact of training on the gymnasts’ development by tracking these parameters.
The results obtained can guide the coach to changes in the training schedule, training
loads of both all gymnasts and each one individually. Such kind of study refers to the
individual approach of training load in order to enhance certain parameters, improve
certain qualities and last but not least proper rapid recovery.
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CHAPTER ONE. FORMULATION OF ISSUE
Importance of the topic

The importance of the dissertation topic is related to establishing the influence of
training loads of artistic gymnastics in the gym and at home on the functional reserve
and sport and technical qualities, skills and competencies of gymnastic athletes.
Studying the body energy provision through various test batteries by fields in training
and competition conditions is of utmost importance, since both the high development of
motor qualities and the ratio of aerobic and anaerobic energy provision in the sport and
training process play an essential role in achieving high sports results in gymnastics.
CHAPTER ONE provides a theoretical overview of the general characteristics and
energetics of artistic gymnastics. Issues concerning aerobic, anaerobic metabolism -
metabolic thresholds, gymnasts’ power are addressed. Features of female gymnasts’
body composition compared to artistic swimming athletes are analyzed theoretically,
energy consumption, cardiac response during gymnastic exercise and blood lactate
measurement are analyzed. The effects of training and competition (scope, intensity) are
considered as well as the main characteristics of training load as scientists prove the
existence of "...a critical zone of effort, which is defined as the most efficient and
closest to the working conditions in a competitive environment..." (Dimitrova B.,2013),
the principles and specific physical, technical and physiological assessments in
gymnasts.

In summary, the global ban related to (COVID-19) in 2020 changed dramatically not
only the sports sector, but also the attitudes of athletes, competitors and their parents - a
historic time for awareness of the importance of factors for the health status of the
adolescent generation and young people, for the development of sports in general, and
artistic gymnastics in particular.

We are convinced that clarifying the issues through empirical research in this
dissertation will lead to the choice, selection and application of the best practices in the
training process on an annual basis for sport achievements and utmost performance in
competions. We suggest that it is possible to develop the gymnasts’ excellent sport and
technical qualities under the influence of focused training activities in the gym and it is
also possible to perform the sport and training process in conditions other than attending
field training by applying an innovative approach to training at home as per an
established schedule when lockdown is imposed. The rationale for that is provided to us
by the analysis of the parameter data obtained from the anaerobic capacity tests, the
heart rate values measured during exercise, the blood lactate concentration upon max
loading, as well as the details of the gymnasts’ body composition and somotype, all data
analyzed in Chapter 1.
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Working hypothesis

The main research thesis of the dissertation is based on the positive attitudes of
sustainability associated with the gymnasts’ training profile established with
unchangeable principles, training load content, recognized traditions and programmes.
Derived from the information sources analysis and based on the experience of the best
specialists (foreign and national), we came to the opinion that the research on the
impact of artistic gymnastics training activities on the functional reserve and sport and
technical skills of gymnasts (men and women) is informative and diverse.

The dissertation highlights an innovative approach being an attempt at a proprietary
model based on the researchers’ empirical experience regarding physiological and
technical test set.

The practical application of an innovative proprietary model in a gym and in home

influences the physical qualities and sport and technical skills of male and female
gymnasts successfully.
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CHAPTER TWO. STUDY OBJECTIVE, TASKS, ORGANISATION AND
METHODOLOGY

Nature of the study

This dissertation monitors any changes in the growth and development, as well as
functional abilities of adolescent male and female gymnasts over a period of 18 months
for the purpose of the training impact assessment. The main data to guide us will be the
results obtained from the anaerobic capacity tests, heart rate values during exercise,
blood lactate concentration upon maximum loading, as well as the body composition
and somatotype details. The period of the study was critical as the world was caught in
an epidemic emergency situation that affected all life activities including sports. The
inability of carrying out normal training activities in certain periods necessitated the
application of an innovative approach to training by introducing scheduled home
workouts. Nevertheless the problems known, the study ended with success and many
conclusions were drawn.

CHAPTER TWO includes the study object, subject, objective and tasks, scope,
contingent, organization, innovative proprietary model, methodology and
methodological tools of the study.
The object of the study is the sport and training process of gymnasts in a gym and in
COVID-19 conditions over a period of 18 months.
The subject of the study are any changes in the gymnasts’ morphological and
functional parameters.
The objective of the study is to prove the efficiency of a developed proprietary model
of two programmes in the field and at home with the means of testing tools to improve
the gymnasts’ physical and sport and technical skills in artistic gymnastics.
In order to achieve the objective and verify the working hypothesis, the empirical study
is focused on the implementation of specific tasks:

e To summarize and analyze a large quantity of literature and internet sources
relevant to the problem being studied,;
To measure and monitor the body mass and somatotype parameters;
To perform Wingate and Sargent tests;
To monitor heart rate during exercise;
To perform comparative analysis of parameters: anaerobic power, heart rate,
blood lactate concentration;
e To develop and approbate in practice an innovative approach for testing tools in

the gym and at home in the context of the training process;
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e To monitor any changes in the parameters on the gymnasts’ functional profile and
derive characteristics of functional ability in training conditions related to the
performance of technical tests;

e To draw conclusions based on the research and assessment completed, and make
recommendations for practice.

The scope of the study includes:

- Measurement of anthropometric parameters and body composition;

- Determination of somatotype profile;

- Measurement of anaerobic capacity;

- Measurement of lower limb explosive force;

- Assessment of workload by determining the levels of glucose and lactate in the
blood,;

- Measurement of pulse rate dynamics;

- Impact of training loads on the gymnasts’ technical skills;

The contingent of the study are 22 (girls and boys) artistic gymnasts from GSC
Pirin, Blagoevgrad, studied through test-retest by 594 identifiers.

Gymnasts of various age groups, being available contingent of GSK Pirin-2011,
participated in the study. The participants’ age range is wide: from 7 to 18 years at
the beginning of the study, and in height index respectively: from 120 to 170 cm as
follows: 8-10 years old junior girls and boys, 10-12 senior boys and girls, 12-14
years old junior girls, and 14-16 senior girls; boys: juveniles junior 12-14, and
juveniles senior from 14-16, 17-years old youths, and 18 men; girls: 17-years old
cadet girls, and 18 women. The participants were asked to abstain from exercise,
food, and fluid intake prior to the study. Each participant in the study and his/her
parents were informed of the study objectives and methods and signed a declaration
of informed consent (Appendix la and 1b), and the study was approved by the
scientific research ethics committee of SWU N. Rilski, Blagoevgrad. The being
studied visited the Center for Functional Research in Sport and Kinesitherapy at the
same university three times, where anthropometric measurements were done and all
tests were performed.

The organization of the study proceeds in four stages (Fig.1):
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1st STAGE 2nd STAGE

Jan 2019 — Dec 2019 Jan 2019 — June 2019

3rd STAGE 4th STAGE
March 2020 — Sept 2020 Oct 2020 — Nov 2022

Figure 1. Study period: 18 months

Innovative proprietary model

An innovative approach being an attempt at a proprietary model is highlighted in the
dissertation. It includes two programmes (Fig.2). A modified indoor programme
based on the Hadzhiev's Unified Programme (1970) is reduced, improved and
adapted for both genders - boys and girls, according to the specialized training of the
athletes, while the programme for domestic conditions is entirely proprietary.

MODEL

Test tools for physical and technical parameters in
gymmnastics

# 11 tests for boys » Exercise set for physical

» 7 tests for girls 5 g“:":'f;ch ol e with

#  without, with and e cal exercises Wi
assistance

k on apparatus ¥ Set with elastics /

Figure 2. Innovative proprietary model

The structures of the two programmes are similar but different in content. They cover
components specific to the working conditions. They are presented in Figures 3 and 4.
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STRUCTURE OF THE TRAINING PROGRAMME IN THE GYM

» GSC Pirin, Blagoevgrad (gym) }
4—[ Twice x 3 h (5 times a week) ]

Preparatory, main and conclusive part J

(11 technical elements and 7 exercises for physical qualities +
1 set of 12 exercises with elastics — 2 series x 10 times)

*vlr Standard and auxiliary apparatus ]

...... e R e

Flgu re 3. Structural training programme in the gym

(WWGHQGWHMJ

STRUCTURE OF THE TRAINING PROGRAMME AT HOME

.| Athome J
—v[ Once x 2 h (5 times a week) }

[ Preparatory, mam and conclusive part ‘
—

(8 exercises for physical qualities + 5 exercises for technical skills — 10
times with 10 sec of holding up every time

*-[ Non-standard and auxiliary apparatus ]

mE@cCcHOC XA W

Figure 4. Structural training programme at home

TRAINING SET OF EXERCISES FOR PHYSICAL QUALITIES IN THE GYM

1. Jump to arch body position from lying on back position — 2x10 times

2. From starting position (s.p.) occipital lying, bending and straightening of hip joints for
abdominal muscles — 2x10reps.
2.1 hold — 10 sec.

3. Swings for abdominal muscles with stretched out limbs — 2x10reps.
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4.

Exercise for back muscles ot S.P lying — lifting upper and lower limbs at the same time
— 2x10reps.

4.1 hold — 10 sec.

S.
6.
7.
8.

9.

Bending and straightening of the arms in pushup position — 2x20reps.

Squat and jump on both legs from standing still position —2x10reps.

Plank — 60 sec. hold.

From S.P occipital pushup position changing the weight from left to right arm—
2x10reps. 8.1. Hold — 10 sec.

From occipital lying position ,arch jump, jump with a 180° turn— 2x10reps

SET WITH RESISTANCE BANDS IN THE GYM
The set includes upper limb strength exercises. It has a combined effect and includes 12 exercises of
two sets of 10 repetitions for each exercise. Short rest between sets - 3 min.

1.

w

8.

9.

S.P. occipital standing front of an assistive equipment — posterior transverse circles —
2x10reps;

S.P. right/left lunge, resistance bands to the side — retract and open— 2x10reps;

S.P. right/left lunge. resistance bands above— triceps extension- 2x10reps;

S.P. occipital standing, resistance bands behind — press forword and back to start
position - 2x10reps;

S.P. iccipital standing, resistance bands down — bending and straightenong for biceps -
2x10reps;

S.P. standing, resistance bands down-forword — press forword and back to start position
for triceps - 2x10reps;

S.P. open legs standing, resistance bands forword — open arms sideways and close to
start position - 2x10reps;

S.P. open legs horizontal lean, resistance bands forword — npuBexmane u oTBeXaHe
left/right arm between lower limbs- 2x10reps;

S.P. horizontal lean, resistance bands above — open and close arms sideways;

10.S.P. horizontal lean, resistance bands sideways — press down and back to start position -

2x10reps;

11.S.P. standing, resistance bands forword — biceps curls - 2x10reps;
12.S.P. open legs standing, resistance bands down-forword— lift up and take down -

2x10reps.

The demonstration of a set with elastics is presented on DVD.

TRAINING SET FOR PHYSICAL QUALITIES AT HOME

1.

Squat and straight jump — 1x10reps.
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2. From s.p. bendet occipital lying position, arms forword , crunches for abdominal
muscles — 1x20 reps.
2.1 hold in bendet occipital lying position — 20 sec.
3. Exersise for back muscles — lifting the torso and lower limbs together — 1x20reps.

3.1. hold- 20 sec.
4. pushups(with wide and narrow hand support) — 2x40reps.
5. Occipital elbow support — hold 60sec.
6. From standing, squat and straight jump from lower limbs -10 times.
7. L support — hold 2x20 sec.

TRAINING SET OF AIDED TECHNICAL EXERCISES AT HOME

1. Handstand — pushups — 1x10repr.

2. Handstand hold —2x30 sec.

3. Pressup to handstand betwen two chairs 1x7reps.
3.1 Hold in L support for 10 sec.

4. From S.P. L support, V sit between two chairs with help— 1x7reps.

5. Pressup to handstand from tradle leg suppurt on one chair— 1x7reps.
5.1Handstand hold 10 sec..

6. From s.p. V sit with legs horizontal , lifting the torso up to handstand — 1x5reps.

7. Forword roll to stradle leg support, pressup to handstand— 1x5reps

The elastics set of 12 exercises can also be used at home —
2 times of 10 repetitions for each exercise.

In summary, the sets for physical and technical qualities in artistic gymnastics are an
important aspect of the gymnasts' training. These programmes include a variety of
exercises to measure endurance, strength, and flexibility, as well as technical elements
that assess the gymnasts' skills and technical abilities. The physical and technical
training is a part of every gymnast's training plan, and the application of testing tools
gives coaches assessment and feedback to identify their strengths and weaknesses so
they can properly guide the training process in the right direction.
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Methodology of the study
The methodological basis of this study has a combined approach between quantitative
(theoretical analysis of literature sources) and qualitative statistical methods (Mann Whitney
test, Wilcoxon signed rank test and Friedman test, and the correlations between variables are
determined by calculating the Pearson's coefficient).
Descriptive statistics are applied to calculate means and standard deviations of all variables.
The experimental data is presented in two ways:

1) as mean + standard deviation (SD);

2) as individual values for each gymnast.

Graphical analysis using the programme GraphPad Prism (Ver 3.0) is used to illustrate the
studied information.
Methods of the study

1. Theoretical analysis of literature sources;
. Anthropometry;
. Somatotyping;
. Cycle ergometry (Wingate test);
. Lower limb muscle power assessment (Sargent test);
. Biochemical blood analysis (glucose and lactate);
. Pulse oximetry;
. Testing (test-retest);

9. Statistical data analysis.
Determination of body composition
The determination of body composition is performed with the Body Composition Analyzer,
model lol 353. The device presents not only analysed body composition results but also
energy consumption. The participants in the study were dressed in the lightest clothing
possible and barefoot during the measurement. From the results obtained, the body mass
index (BMI), Soft Lean Mass (SLM), were used which define approximately the muscle
mass, fat mass and body fat percentage.
Determination of somatotype
Somatotyping in the present study is conducted using the Heath-Carter method. It consists
of measuring the following variables: 1) measuring the values of the following parameters:
three skin folds; width of femur and humerus; circumference of the armpit and the lower leg;
height and weight; 2) calculating the data and obtaining a numerical coefficient for each type
of somatotype; 3) plotting the values on a somatogramme and determining the somatotype
profile of the person studied. According to the methodology, somatotype determination is
done by calculating individual somatotype indices, and the visualization is made by plotting
the X- and Y-values on a somatogramme (fig.5).

O NO O WN
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Fig. 5

Wingate test

The test is conducted with a Monarch 828 E cycle ergometer. A cycle ergometer with
software is included in the system. The test typically involves 30 seconds of maximum load
on either the arm or leg. The testing device is a mechanical cycle ergometer. After a 5-
minute warm-up including also sprinting at different loads, the person being studied gets off
the bike for a three-minute recovery or continues to pedal but very slowly. The test starts
with pedalling to maximum speed without any additional load. When the maximum
pedalling speed is reached, a fixed weight is applied which weighs 7,5 % of the weight of the
person being tested. The pedalling with that weight lasts for 30 seconds, the aim being to
maintain maximum pedalling speed, maximum power respectively. After the end of the test,
the maximum power (Peak Power) is determined for 5 sec. The Relative Peak Power is
determined by dividing the Peak Power by the weight of the tested person. The device also
allows the average power to be determined for 30 sec.

Sargent test

The Sargent test (Sargent, 1921), also known as the vertical rebound is suitable for
monitoring the development of lower limb explosive strength. The test is easy to perform as
the equipment is extremely accessible. A wall, a centimeter, and a marker are required. The
person being tested warms up about 5-10 minutes. He stands next to the wall and stretches
his arm, and the position of the stretched out arm is noted in cm (M1). Then, from a static
position, the tested person bounces up as high as possible, again reaching out his arm and
touching the wall (M2). Three consecutive bounces are made and the highest score is taken.
The difference between M2 and M1 is determined in cm.

Both vertical rebound height and peak power are used in the analysis of the test results. Peak
power is calculated using Sayers equation as it includes the tested person’s weight. The
vertical jump height is converted to power units.

Sayers’s formula (Sayers, et al., 1999):
Peak power (W) = 60.7 x VJ (cm) + 45.3 x mass (kg)
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Determination of glucose and lactate in the blood

The measuring is performed by a biochemical analyzer BIOSEN C Line manufactured by
the German company EKF Diagnostic. The determination of glucose and lactate in the blood
is based on electrochemical measurement by a chip sensor. The reference limits for normal
glucose and lactate concentrations are: for glucose - 3.9 mmol/l - 5.5 mmol/I, for lactate - up
to 2.0 mmol/I.

Monitoring heart rate during workout (pulse oximetry)

During the workout, the gymnasts’ heart rate (HR) is recorded by active PULS
manufactured by the German company MEDION AG. The device can measure in the range
of 30-240 beats per minute. Each set of the device is pre-programmed for the respective
tested person. Programming includes settings up of gender, age, height, weight. Athletes are
instructed to turn their watch to chronometer mode prior to the start of the training session
and to turn it off at the end of the workout. Heart rate is measured during the training session
and the data is analyzed later in the laboratory. The device allows to determine the minimum
and maximum heart rate during the workout and the average heart rate for the whole
workout.

Test tools

To assess the gymnasts’ physical and technical skills, 11 modified tests were performed for
boys and 7 for girls.

A. Technical and physical tests for boys (50 points each)

Test 1. press up to handstand on the bars — 15 times

Test 2. Long jump from standing still position —3 m

Test 3. /Shuttle run/ — 180 sec

Test 4. Scissors Kicks to the left and to the right on a pommel horse — 2x20 times Test 5.
occipital lying , arch jump — 15 times for 15 sec

Test 6. Giant swing backwards on the horizontal bar with a 180° turning — 30 times

Test 7. Somersaults backwards from standing still position on teh gymnastics floor — 15
times for 15 sec

Test 8. L support on the rings — 60 sec

Test 9. Raising the legs up the gymnastics wall — 40 times Test 10. Circles on the mushroom
—50 times

Test 11. Swing to handstand on the bars — 60 sec

B. Technical and physical tests for girls (50 points each)

Test 1. Squat, support, squat, staight jump — 15 times for 15 sec

Test 2. Gliden Kip on uneven bars — 20 times

Test 3. 20 m sprint with chronometer — 3 sec

Test 4. Somersaults backwards from standing still — 10 times for 15 sec

Test 5. Press up to handstand from stradle leg support — 15 times

Test 6. Handstand hold on teh gymnastics floor or on the beam — 60 cexk.

Test 7. Rope climbing — 10 sec

The assessment at testing male and female gymnasts is a process of measuring their skills
timed, in numbers or in meters.
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The assessment point system (Table 1) is a method of assessing the quality of performance
of specific items/exercises by giving points for each of them. The marks are given on the
basis of certain criteria which are standardised.

Table 1. Assessment point system

NUMBER OF POINTS
Assessme given for each exercise
nt point
system
7p. 25p. 50p.
Minimum Average Maximu
m

The maximum number of points is determined separately for boys and girls by multiplying
50p. by the number of exercises performed for (boys 50x11), for (girls 50x7).

GRADES:

Excellent — maximum points for boys 550 points, for girls 350 points.

Very good — boys 500 points, girls 300 points.

Good — boys 450 points, girls 250 points. Average — boys 350 points, girls 150 points.
Poor — boys 300 points, girls 100 points.
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CHAPTER THREE. RESULTS AND ANALYSIS

The tests included in this dissertation covers a period of 18 months with 594 parameters
tested. Three measurements were taken: at the beginning of the study, one year after the
beginning of the study and 18 months after the beginning of the study. Twenty-two athletes
took part in the measurement at the beginning, some of whom did not continue in subsequent
tests due to a number of reasons. That though did not prevent us from accomplishing the
objective set by us and completing the specific tasks and inferring certain relationships. In a
country like Bulgaria and a small town like Blagoevgrad, there could not be a large number
of athletes (gymnasts) from different age groups, which makes the study not easy, and the
contingent being studied extremely diverse in terms of age parameter.

The main focus of chapter three is on:

Analysis of anthropometric data and body composition of the gymnasts tested

Three body composition measurements were performed. Only 9 gymnasts out of 22
gymnasts participated in all the three studies, who were aged 10.11£1.96 years, height
140.11£12.37 cm, weight 35.484+9.68 kg in the first study; aged 11.11£1.96 years, height
145.22+11.21 cm, weight 38.77+£9.31 kg in the second study; and aged 11.78+2.33 years,
height 147.17+11.58 cm, weight 41.37+10.58 kg in the third study. Statistical analysis of the
data obtained was performed and it was found that there was a statistically significant
difference in height between the first and third study (Friedman test, P < 0.001), in weight
between the first and third study (Friedman test, P < 0.001), in muscle mass between the first
and third study (Friedman test, P < 0.01), and in BMI between the first and third study
(Friedman test, P < 0.05). One notes the low percentage of fat in the studied athletes, which
did not change during the study period (Fig. 6). Another important finding is the fact that
over a 1-year period, where the first two studies were conducted, the subjects showed no
statistically significant differences in anthropometric indices, despite being at an age of
active growth and development. The differences only become noticeable after a period of 18
months (at the third measurement).
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Figure 6. Typical individual height-age curves for boys and girls. (based on data
by Malina et al.., 2004)

As it can be seen in Figure 6, the persons tested are at the age of the second more intense increase
in height which occurs between 11 and 18 years (Malina et al., 2004; Genc & Cigerci, 2020) In
our opinion, in terms of anthropometric parameters, it is expected that the largest differences after
one year will be in the second measurement. That did not happen, and it is obvious from the
results obtained that the differences are statistically significant only after an 18-month period of
measurement.

Table 2 presents the numerical values of the study contingent — male and female
gymnasts, in terms of anthropometric data in three measurements in a monthly range -
January 2019, January and June 2020.

68



Table 2. Anthropometric data of the persons tested in the three measurements

A —January 2019

Age Height Weight [Fat Fat Lean Muscle BMI

Code |(years) |(cm) (kg) (%) (kg) body massmass (kg/m?)
(kg) (kg)
G2 8 128 27.4 6.9 1.9 25.5 23.9 16.7
G3 |12 155 50.2 15.7 7.9 42.3 39.4 20.9
G4 |10 143 40.2 11.4 4.6 35.6 33.2 19.7
G5 |10 143 36.2 8.8 3.2 33 30.9 17.7
G9 |12 149 40.5 17 6.9 33.6 31.2 18.2
G11 (10 128 25.7 5.4 1.4 24.3 22.8 15.7
G12 |7 125 22.6 11.5 2.6 20 18.7 14.5
G13 (13 158 46.7 11.8 5.5 41.2 38.5 18.7
G17 9 132 29.8 6 1.8 28 26.3 17.1
Mean |10.11  [140.11 (35.48 10.50 3.98 31.50 29.43 17.69
+=SD  |1.96 12.37 9.68 4.11 2.37 7.64 7.08 1.97
B — January 2020
Age Height |Weight [Fat Fat Lean Muscle BMI
Code  |(years) |(cm) (kg) (%0) (kg) body massmass (kg/m?)
(kg) (kg)

G2 9 135 30.1 6.3 1.9 28.2 26.4 16.5
G3 13 159 49.2 12.6 6.2 43 40.2 19.5
G4 11 151 45.3 10.8 4.9 40.4 37.7 19.9
G5 11 148 38 8.4 3.2 34.8 32.6 17.3
G9 13 151 47.9 24.6 11.8 36.1 33.4 21
G11 11 132.5 28.8 8.3 2.4 26.4 24.7 16.4
G12 8 133 27.9 14 3.9 24 22.4 15.8
G13 14 161 49.7 20.3 10.1 39.6 36.7 19.2
G17 10 136.5 32 5.6 1.8 30.2 28.3 17.2
Mean |11.11 |[145.22 [38.77 12.32  [5.13 33.63 31.38 18.09
HSD 1.96 11.21 9.31 6.45 3.62 6.74 6.24 1.84
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C —June 2020

Age Height |Weight [Fat Fat Lean Muscle BMI

Code |((years) |(cm) (kg) (%) (kg) body massmass (kg/m?)
(kg) (kg)

G2 9 137 30.4 3.6 1.1 39.3 27.5 16.2
G3 14 163 56.8 15.5 3.8 48 44.7 21.4
G4 11 155 50.6 12.3 6.2 44.4 41.5 21.1
G5 12 150 42.3 8.7 3.7 38.6 36.1 18.8
G9 14 151 47.9 24.6 11.8 36.1 33.4 21
G11 12 134 30.4 9.9 3 27.4 25.6 16.9
G12 8 135 30.4 14.1 4.3 26.1 24.3 16.7
G13 15 162 50.9 19.1 9.7 41.2 38.3 19.4
G17 11 137.5 32.6 4.3 1.4 31.2 29.3 17.2
Mean [11.78 [147.17 |41.37 12.46  [5.56 36.92 33.41 18.74
+=SD 2.33 11.58 10.58 6.79 3.80 7.47 7.24 2.08

The study shows that the group is not homogeneous in terms of height and weight, as this
is the age where most differences normally occur, and BMI varies the least. Although the
gymnasts are generally thin and they have a low body mass index, it is striking that it
increases with age, and it is due to an increase in both muscle mass as a result of training
and the percentage of fat body mass, although there is no statistically significant
difference in the three measurements. If at the beginning of the study the mean of body
fat percentage is 10.50 + 4.11%, 18 months later it is 12.46 + 6.79%. The values obtained
for BMI and the body fat percentage even in the third measurement are comparable to
those published in the literature for gymnasts in the same age group (Bale & Goodway,
1987; Markou, et al., 2004). That data suggests that artistic gymnastics training in the
gym, and training at home, facilitate the increase of muscle mass and maintenance of a
low body fat percentage.

Analysis of the somatotype profile of the gymnasts studied

Out of the various criteria for studying the human body, the most reliable are those based
on morphological features.

Grouped as somatotypes, they are readily available for testing, diagnosis and assessment.
The various methods of somatotyping used enable an overall assessment of the body
shape and structure of the gymnasts studied.
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The somatotype study was performed 3 times. In all three, only 9 (nine) out of 22
subjects studied participated in the tests. The average somatotype varied 2.8-6.7-2.9 (in
the first study), 2.7- 6.3-3.0 (in the second study) and 2.8-6.3-2.8 (in the third study),
respectively.

T = e T S By e s P T T T

““““

Flgu ré 7 S(;rhétbérémmses of the group studied in the three measurements
(@) - January 2019, (b) - January 2020, (c) - June 2020; the red dot refers to the
average somatotype)

One can see clearly in the general somatogrammes that the persons tested have a highly
expressed mesomorphic type. The mesomorphic type is the type that is specific for
gymnasts. Their somatotype varied little across the three measurements, and the sample
of 9 persons tested may be representative of the entire team because the differences
between their average somatotype and the average somatotype of all persons studied
were insignificant. The analysis of the individual somatotype components in Table 3
shows that there is no statistically significant difference in the three measurements
(Kruskal-Wallis test).
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Table 3. Somatotype components of the persons studied in the three measurements.

Code [Endo Meso Ecto
1 2 3 1 2 3 1 2 3

G2 29 2.3 2 7.4 7.2 6.3 2.5 3.2 3.6
G3 [B.7 2.5 2.9 6.9 5.5 5.6 2.2 3.2 2.5
G4 [34 2.6 2.9 8.2 7.3 7.5 2.0 2.4 2.4
G5 2.9 2.7 2.9 6.6 5.7 6.1 3.1 3.6 3.0
G9 [34 4.4 4.6 4.8 5.7 5.4 3.2 1.9 1.8
Gll 24 2.9 2.5 6.9 6.9 6.7 3.2 3.1 2.8
G12 2.0 2.3 2.8 6.8 7.2 6.4 3.8 3.5 3.3
G13 2.2 2.8 2.8 5.4 5.4 5.4 3.5 3.5 3.4
G17 2.0 2.1 1.5 7.1 6.1 6.9 2.6 2.9 2.9
Mean 2.6 2.7 2.8 6.1 5.9 5.9 2.7 2.9 2.9
+SD 0.6 0.7 0.8 1.0 0.8 0.7 0.6 0.6 0.6

1 —January 2019, 2 — January 2020, 3 — June 2020; Mean — mean value, 5D

There was a correlation between the fat percentage and mass measured with the
endomorphic component, Pearson r=0.88, p=0.002 and r=0.83, p=0.006, respectively,
and between the body mass index and the ectomorphic component Pearson r=-0.73,
p=0.03. There was no correlation between the other anthropometric data measured and
the somatotype components. It could be expected that when the gymnasts’ muscle mass
increases later, the values of the mesomorphic component would also increase
accordingly. The negative correlation between BMI and the ectomorphic component
means that the greater the BMI value, the smaller the ectomorphic component value is
and vice versa. That correlation is logical since ectomorphicity translates into low body
mass, and an increase in BMI value indicates increasing body mass. The results of the
anthropometric measurements showed that statistically significant differences in these
indices were observed only after an 18-month period, nevetheless our expectations.
Since the group of persons studied were at an age of rapid growth, we expected to see
changes in the anthropometric indices after 12 months. The somatotype of the
gymnasts, as expected, changed the least, with the main and desired change being the
increase in the mesomorphic component which is related to the increase in muscle mass
as a result of targeted training.

Analysis of Wingate test results
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Gymnasts are often engaged in very intense activities with short duration instead of less
intense and longer activities. In addition, most daily activities, games and sports require
mostly short intense loading. Therefore, their anaerobic capacity seems to be an
important physiological factor for children. As they are less anaerobic than adults, it is
questionable whether to test their anaerobic capacity at all, however, it is relevant to
athletes.

Currently, the Wingate anaerobic test under laboratory conditions with a cycle
ergometer is recognized to be the gold standard for determining anaerobic capacity.
During the test, the subjects tested pedal at constant resistance for 30 sec. The test
conduct requires a combination of phosphoryl, glycolytic and aerobic power.

Peak power (PP) is determined by the ability of the muscle to produce short-term
mechanical power (peak phosphoryl power), whereas mean power (MP) represents the
glycolytic power of the lower limbs best. WANT is proved to be reliable and valid for
children and adolescents with various chronic diseases. Some authors suggest
shortening the Wingate test with children and running it for 20 sec instead of 30 sec
(Chia, Armstrong, & Childs, 1997), the rationale for that being that gymnasts work
primarily in an aerobic mode even at high intensity loads.

The test was conducted 3 times with the same and different gymnasts participating in
the different tests for reasons having arisen.

Twelve athletes participated in the first and second tests. The persons tested
significantly increased their maximum power (Wilcoxon signed rank test, P value =
0.03) and minimum power (Wilcoxon signed rank test, P value = 0.0005) over that
period, as well as their relative maximum power (Wilcoxon signed rank test, P value =
0.04) . However, that did not affect their anaerobic fatigue.

Seven subjects participated in the second and third tests. The test period coincided
with the absence of normal training activity due to COVID-19 and it was also
significantly shorter, no statistically significant differences were found in the maximum,
minimum and relative maximum power, as well as the anaerobic fatigue.

A total of 6 gymnasts were involved in all three tests. There was a change across the
three measurements in the four parameters monitored - maximum power (Friedman test,
P value = 0.006) and minimum power (Friedman test, P value = 0.006), anaerobic
fatigue (Friedman test, P value = 0.006) between the first and third measurement, and
relative maximum power (Friedman test, P value = 0.006) between the first and second
measurement. The results of that test show clearly that anaerobic power increases over
time facilitated by targeted training.

The characteristics of athletes in sport disciplines are in result of selection and, on the
other hand, the specific effects of the activities that the discipline produces, as argued
by a number of authors (Cuk et al., 2007). Gymnastics requires explosive sprinting,
jumping, pushing and pulling skills along with balance and artistry. On the vault, beam
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and in floor gymnastics, explosive leg power plays an important role in linking
elements and acrobatic sets. Bouncing is one of the most important movements in the
floor and vault routines and it is acquired by gymnasts at a very young age as part of

their daily training according to Marina et al. (2013).

Table 4 presents the means and standard deviations of power, anaerobic fatigue
percentage, maximum relative power per kilogram of weight.
Table 4. Values of power, anaerobic fatigue and relative maximum power of the

gymnasts who participated in the three measurements

A —January 2019

Power (W) Anaerobic fatiguegMaximum relative power
Code Max Min (%) (W/kg)
G2 116.26 73.78 36.54 4.31
G3 247.01 227.01 8.10 4.94
G4 212.55 159.10 25.15 5.45
G5 139.38 117.23 15.89 3.87
G9 181.40 123.52 31.91 4.53
G11 88.85 66.08 25.63 3.42
Mean 164.24 127.79 23.87 4.42
&= SD 60.14 59.46 10.41 0.73
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B — January 2020

Power (W) Anaerobic fatiguegMaximum relative power
Code Max Min (%) (W/kg)
G2 185.91 97.73 47.43 6.18
G3 336.87 272.85 19.00 6.87
G4 364.91 225.74 38.14 8.11
G5 239.28 165.08 31.01 6.30
G9 324.26 168.54 48.02 6.90
G11 165.01 89.14 45.98 5.69
Mean 269.37 169.85 38.26 6.68
+ SD 84.21 71.38 11.51 0.84
C —June 2020
Power (W) /Anaerobic fatiguegMaximum relative power
Code Max Min (%) (W/kg)
G2 150.03 82.88 44.76 5.00
G3 382.22 285.64 25.27 6.83
G4 427.88 233.24 45.49 8.56
G5 260.85 173.38 33.53 6.21
G9 332.93 158.19 52.49 6.94
G11 138.40 92.89 32.88 4.61
Mean 282.05 171.04 39.07 6.36
+ SD 120.34 78.81 10.13 1.44

Mean — mean value, + SD — standard deviation

The height of bounces, vaults and acrobatic elements (sets) and the accurate precise landing are some of
the most important components of the technical requirements for successful performance of the
gymnastic exercises in gymnastics. The ability to develop increased levels of muscular strength is
reflected by the potential to perform more advanced skills and acrobatics as stated by the authors French
et al. (2004). The gymnasts’ ability to transfer the impulse from their legs to the upper part of the body is
critical for the precise performance of gymnastic elements according to Mkaouer et al. (2012).

The average age of the study group was 10.5 = 1.5 years. The literature does not contain data on studies
in this age group of gymnasts. However, studies have been conducted with children who do not
participate in gymnastics (Chia, Armstrong, & Childs, 1997) and the value measured by the authors for
mean maximum power was 168 = 33.7 W. The mean of the maximum power of the persons tested in our
first measurement at the beginning of the study was 164.24 + 60.14 W, which is comparable to that in the

75



literature. The maximum power of the studied group of gymnasts increased progressively during the
study period and after 12 and 18 months it was significantly higher than that of the untrained children (the
mean maximal power in the second measurement was 269.37 + 84.21 W and in the last measurement it
was 282.05 + 120.34 W). These results are further evidence that gymnastics training has a strong impact
on enhancing the anaerobic capacity of athletes.

Analysis of Sargent test results

The persons studied fall into different age groups, so the data analysis complies with different norms.
Four of the persons studied were in the adult category, so the data were compared with the Chu (1996)
adapted scale. The rest were aged from 8 to 14 years, and other scales were used for them (Aleksi¢-
Veljkovié, et al., 2013; Nikolaidis, et al., 2016). It should be mentioned that little research has been done
in this age group and could be the object of further in-depth scientific research.

The qualities of strength, flexibility and muscular endurance, combined with speed and coordination, are
required in artistic gymnastics (H66g & Andersson, 2021). The result of the research shows that modern
gymnasts need to have significantly greater strength and power due to the ever increasing technical
difficulties (Atikovi¢, et al., 2018).

Explosive muscular strength represents the body's ability to generate muscular work in a short time, and
the speed of force production are the basis of gymnastic movements (Kaur & Koley, 2019). Tests
involving vertical bounce are commonly used to assess changes in the muscle strength and power of the
lower limbs.

The gymnasts’ ability to jump has often accompanied successful performance and it is sometimes
considered a general parameter regarding gymnastics skills. The authors Marina, et al. (2013) state that
the usual number of jumps with both legs is between 1,000 and 2,000 per week where all acrobatic
elements are taken into account.

Vertical rebound is used in many sports for the purpose of reaching as high as possible. Other purposes
include rotation in an acrobatic somersault as well. The gymnasts' jumping skills are often related to the
successful performance (especially in the routines of floor gymnastics, beam, and vault) and are
sometimes considered a general parameter of their skills. Gymnastics performance is largely determined
by the ability to successfully perform complex rotational elements forward and backward (Mkaouer, et
al., 2012). If a gymnast fails to perform an acrobatic jump, the problem may be related to the jumping
capacity, specific technique and movement coordination, or both (Marina & Torrado, 2013).

The jumping ability is critical in gymnastics at all levels of competition and in all categories of gymnasts.
There is a lack of research in the categories of young gymnasts already competing at international level.
That was also the reason why the Sargent test, Appendix 3), was used for gymnasts. When conducting the
test, the persons tested made three attempts, the best of which was used to determine the height of the
rebound. 13 gymnasts participated in the first test and the results were as follows: the vertical rebound
height was 37.77 £ 12.62 cm and the calculated rebound power was 2207.5 £ 1167.5 W.

17 gymnasts participated in the second test and their results were as follows: the vertical rebound height
35.35+10.30 cm and the calculated rebound power was 1760.63 + 938.41 W.

Eight gymnasts participated in the third test, their respective results were: the vertical rebound height
40.13 + 6.17 cm and the calculated rebound power was 1637.08 = 1549.66 W.

Nine subjects studied participated in the first and second tests. Although there was a slight increase in the
means of the vertical rebound height (35.00 + 6.41 cm in the first test, and 36.63 + 7.39 c¢m in the second
test) and the calculated rebound power (1724.60 + 630.39 W in the first test, and 1963.15 + 620.62 W in
the second test), there was no statistically significant difference in the values of the two tests.

Eight gymnasts took part in the second and third tests. Although there was a slight increase in the mean
vertical rebound height (35.75 + 7.92 cm in the second test and 40.13 + 6.17 cm in the third test), there
was no statistically significant difference in the values of the two tests. However, there was a statistically
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significant difference in the calculated rebound power (1708.45 + 698.41 W in the second test, and
2098.59 + 744.10 W in the third test, Wilcoxon signed rank test, P value = 0.04). Except for one of the
persons studied who decreased his power, all others increased it considerably. That was due to the fact
that although they had increased their weight, the rebound height remained relatively constant.

All three tests involved 8 subjects studied in the third measurement at the age of 12.4 + 2.8 years, height
of 141.4 + 13.3 cm, and weight of 38.0 + 9.9 kg. The results of the tests performed are presented in Table
4. There was no statistically significant difference between the vertical rebound values in the three
measurements. However, such a difference (Friedman test, P < 0.01) was observed between the values of
the calculated maximum power of the first and third measurements. That statistically significant
difference indicates that the rebound height is maintained over time, and the gymnasts’ increased weight
over a period of 18 months leads to an increased power.

The nature of the changes in the gymnasts’ anaerobic capacity was similar, with significant changes
measured by Wingate and Sargent (Table 5) tests after an 18-month period of measurement. These
parameters increased nevertheless the athletes trained at home for some time, and the applied exercises in
the set were undoubtedly suitable for the development of their anaerobic capabilities.

As with the anthropometric parameters, the tendency for statistically significant changes to be observed
not after 12 but 18 months was relevant here too.

The comparison of the obtained rebound data with those from the literature sources shows that the
persons studied have significantly higher values of both vertical rebound and calculated maximum power
than those in the same age group (Taylor, et al., 2010). The gymnasts tested reach and even surpass the
maximum vertical reboun

The average age of the study group was 10.5 + 1.5 years. The literature does not contain data on studies
in this age group of gymnasts. However, studies have been conducted with children who do not
participate in gymnastics (Chia, Armstrong, & Childs, 1997) and the value measured by the authors for
mean maximum power was 168 + 33.7 W. The mean of the maximum power of the persons tested in our
first measurement at the beginning of the study was 164.24 + 60.14 W, which is comparable to that in the
literature. The maximum power of the studied group of gymnasts increased progressively during the
study period and after 12 and 18 months it was significantly higher than that of the untrained children (the
mean maximal power in the second measurement was 269.37 + 84.21 W and in the last measurement it
was 282.05 + 120.34 W). These results are further evidence that gymnastics training has a strong impact
on enhancing the anaerobic capacity of athletes.

Analysis of Sargent test results

The persons studied fall into different age groups, so the data analysis complies with different norms.
Four of the persons studied were in the adult category, so the data were compared with the Chu (1996)
adapted scale. The rest were aged from 8 to 14 years, and other scales were used for them (Aleksié-
Veljkovié, et al., 2013; Nikolaidis, et al., 2016). It should be mentioned that little research has been done
in this age group and could be the object of further in-depth scientific research.

The qualities of strength, flexibility and muscular endurance, combined with speed and coordination, are
required in artistic gymnastics (H66g & Andersson, 2021). The result of the research shows that modern
gymnasts need to have significantly greater strength and power due to the ever increasing technical
difficulties (Atikovi¢, et al., 2018).

Explosive muscular strength represents the body's ability to generate muscular work in a short time, and
the speed of force production are the basis of gymnastic movements (Kaur & Koley, 2019). Tests
involving vertical bounce are commonly used to assess changes in the muscle strength and power of the
lower limbs.

The gymnasts’ ability to jump has often accompanied successful performance and it is sometimes
considered a general parameter regarding gymnastics skills. The authors Marina, et al. (2013) state that
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the usual number of jumps with both legs is between 1,000 and 2,000 per week where all acrobatic
elements are taken into account.

Vertical rebound is used in many sports for the purpose of reaching as high as possible. Other purposes
include rotation in an acrobatic somersault as well. The gymnasts' jumping skills are often related to the
successful performance (especially in the routines of floor gymnastics, beam, and vault) and are
sometimes considered a general parameter of their skills. Gymnastics performance is largely determined
by the ability to successfully perform complex rotational elements forward and backward (Mkaouer, et
al., 2012). If a gymnast fails to perform an acrobatic jump, the problem may be related to the jumping
capacity, specific technique and movement coordination, or both (Marina & Torrado, 2013).

The jumping ability is critical in gymnastics at all levels of competition and in all categories of gymnasts.
There is a lack of research in the categories of young gymnasts already competing at international level.
That was also the reason why the Sargent test, Appendix 3), was used for gymnasts. When conducting the
test, the persons tested made three attempts, the best of which was used to determine the height of the
rebound. 13 gymnasts participated in the first test and the results were as follows: the vertical rebound
height was 37.77 + 12.62 cm and the calculated rebound power was 2207.5 + 1167.5 W.

17 gymnasts participated in the second test and their results were as follows: the vertical rebound height
35.35 + 10.30 cm and the calculated rebound power was 1760.63 + 938.41 W.

Eight gymnasts participated in the third test, their respective results were: the vertical rebound height
40.13 £ 6.17 cm and the calculated rebound power was 1637.08 + 1549.66 W.

Nine subjects studied participated in the first and second tests. Although there was a slight increase in the
means of the vertical rebound height (35.00 £ 6.41 cm in the first test, and 36.63 + 7.39 cm in the second
test) and the calculated rebound power (1724.60 + 630.39 W in the first test, and 1963.15 + 620.62 W in
the second test), there was no statistically significant difference in the values of the two tests.

Eight gymnasts took part in the second and third tests. Although there was a slight increase in the mean
vertical rebound height (35.75 + 7.92 cm in the second test and 40.13 + 6.17 cm in the third test), there
was no statistically significant difference in the values of the two tests. However, there was a statistically
significant difference in the calculated rebound power (1708.45 £ 698.41 W in the second test, and
2098.59 + 744.10 W in the third test, Wilcoxon signed rank test, P value = 0.04). Except for one of the
persons studied who decreased his power, all others increased it considerably. That was due to the fact
that although they had increased their weight, the rebound height remained relatively constant.

All three tests involved 8 subjects studied in the third measurement at the age of 12.4 & 2.8 years, height
of 141.4 + 13.3 cm, and weight of 38.0 = 9.9 kg. The results of the tests performed are presented in Table
4. There was no statistically significant difference between the vertical rebound values in the three
measurements. However, such a difference (Friedman test, P < 0.01) was observed between the values of
the calculated maximum power of the first and third measurements. That statistically significant
difference indicates that the rebound height is maintained over time, and the gymnasts’ increased weight
over a period of 18 months leads to an increased power.

The nature of the changes in the gymnasts’ anaerobic capacity was similar, with significant changes
measured by Wingate and Sargent (Table 5) tests after an 18-month period of measurement. These
parameters increased nevertheless the athletes trained at home for some time, and the applied exercises in
the set were undoubtedly suitable for the development of their anaerobic capabilities.

As with the anthropometric parameters, the tendency for statistically significant changes to be observed
not after 12 but 18 months was relevant here too.

The comparison of the obtained rebound data with those from the literature sources shows that the
persons studied have significantly higher values of both vertical rebound and calculated maximum power
than those in the same age group (Taylor, et al., 2010). The gymnasts tested reach and even surpass the
maximum vertical reboun
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Results and analysis in the determination of glucose and lactate in the blood of gymnasts after
loading

The results of the measurements carried out under this point are presented in Tables 6 and 7.

Twelve subjects studied participated in the two measurements. Both tests show that there was no
statistically significant difference in the glucose values before exercise and in 1st, 3rd and 5th minute
after the test. The studies in the literature related to the glucose change during a short-term anaerobic test
are mostly with untrained men and women and the data cannot be compared with our persons studied. It
should be expected that this parameter should not change in such test with well-trained subjects, as it did
in our case. The lactate concentration results show, in both tests, statistically significant differences in the
values before exercise and in 1st (Friedman test, P < 0.05), 3rd (Friedman test, P < 0.001), and 5th
(Friedman test, P < 0.001) minute. The lactate concentration increased significantly after the end of
loading, with its value being the highest in 5th minute.

Table 6. Blood glucose and lactate concentration values in January 2019

Glucose (mmol/l) Lactate (mmol/l)
Code

before 1 min 3 min 5 min before 1 min 3 min 5 min

G1 3.59 4.11 4.36 4.21 2.21 10.2 11.65 12.2
G2 4.34 4.68 4.66 4.31 2.13 7.69 0.31 10.07
G3 4.65 4.49 4.47 4.49 2.79 7.79 7.76 7.39

G4 3.95 4.22 4.42 4.33 2.9 8.96 9.29 8.16
G5 3.82 3.92 4.14 4.07 1.83 5.67 6.73 7.28
G9 4.08 4 4.27 4.02 2.1 4.66 6.02 7.13

Gl11 @4.35 4.52 4.91 4.92 2.32 6.55 8.06 8.48
Gl16 (4.38 4.53 4.36 4.52 2.18 7.91 6.68 6.66

G21 4.98 4.9 5.23 5.25 2.03 14.51 15.96 15.68
G22 5.33 5.35 5.39 5.15 2.7 6.93 7.97 7.89
G23 .21 5.3 5.42 5.13 2.35 9.19 10.19 10.53
G24 4.78 4.7 5.02 4.93 2.11 7.33 9.51 9.55
Mean #4.15 4.31 4.45 4.36 2.31 7.43 8.19 8.42

+=SD  |0.35 0.28 0.24 0.29 0.36 1.77 1.84 1.86
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Table 7. Blood glucose and lactate concentration values in January 2020

Glucose (mmol/l) Lactate (mmol/l)
Code

before [Imin  Bmin  5min |pefore [Imin B min 5min
Gl 12.35 11.50 11.08 10.52 R2.77 8.30 9.46 10.78
G2 5.57 5.04 5.21 5.09 2.35 7.30 8.09 9.01
G3 6.23 4.99 5.17 5.32 2.83 11.48 9.42 10.69
G4 4.28 4.64 5.22 5.22 2.19 12.10 12.71 13.39
G5 4.16 4.11 A.77 4.52 2.04 7.57 12.72 13.88
G9 4.75 4.61 4.36 3.98 2.55 9.05 11.57 13.53

G11 5.09 3.22 5.05 5.04 2.56 9.77 9.86 8.22

G16 4.28 3.21 4.62 4.43 2.76 7.69 9.42 7.67

G21 5.16 5.48 5.68 5.11 1.70 8.60 10.71 10.29

G22 5.13 5.02 6.05 6.30 2.58 7.74 8.41 7.92

G23 4.11 3.78 4.11 4.34 2.40 8.59 10.75 11.13

G24 4.94 3.89 4.00 4.12 4.70 9.96 9.71 11.59

Mean 5.84 5.17 5.69 5.52 2.51 9.16 10.41 10.90

+=SD 2.73 2.66 2.20 2.07 0.29 1.82 1.71 2.49

Figure 8 shows a graphical representation of the lactate concentration change before
loading and in first, third and fifth minute after loading for both measurements.

There are no statistically significant differences between glucose and lactate
concentrations in the two measurements.
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In one of their studies, the authors Chia et al. (1997) show that, following a similar
anaerobic test of persons aged 9.7 + 0.3 years, the maximum lactate concentration is
reached in the second minute after loading and it is in the range of 2.0-8.1 mmol/l.
However, that does not necessarily indicate a deficit in the children's ability to
generate anaerobic energy; instead, it may reflect a reduced reliance on anaerobic
metabolism to meet the energy demands of loading. In any case though, untrained
children have lower postexercise lactate levels than the studied gymnasts. The mean
lactate values in 1st, 3rd and 5th minute after load in the second measurement
increased compared to the first one, which is another evidence of the effect of training
on increasing anaerobic capacity. That increase is expressed in the muscle's ability to
tolerate greater concentrations of lactate.

Analysis of heart rate results during gymnastics training

Acrtistic gymnastics is a sport where the physiological demands on gymnasts are constantly
increasing, as the international standard is set out by the International Gymnastics Federation
(FIG) using the Code of Points reviewed and updated every four years.

The primary physiological demands in gymnastics are focused on muscular strength and
power without significant aerobic mobilization (Dallas, et al., 2013). In terms of strength,
gymnasts are among the strongest Olympic athletes when power is measured relative to body
weight (relative strength). That is demonstrated by their ability to support and move their body
mass through various dynamic or static positions.

To reach a high level, gymnasts start training at an early age. They need to reach a high level
of strength, flexibility and coordination to perform a variety of complex acrobatic movements.
Gymnastics is a technical sport and has specific physiological and psychological demands.
Gymnasts get into various situations and involve various muscle groups during a competition.
Success is the result of multiple repetitions of the same movement and element until its perfect
realization.

Typically, the gymnasts’ heart rate monitoring is done during a competition, so our objective
is to measure heart rate during routine training as it differs from competition in duration.
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Eleven gymnasts (men and women) (age of 10.98 + 2.98 years, height of 140.09 + 13.82 cm,
weight of 36.16 + 11.57 kg) participated in the study. The measurements were taken on
15.03.2019. Scheduled training sessions were held every morning (10.30 am). Their duration
was 2 hours. The workout consisted of a 20-minute warm-up followed by a 5-minute set of 10
basic flexibility exercises. For ten minutes They warm up with exercises from the basic
gymnastics square with lots of repetitions of exercise types for various body parts for ten
minutes. That is immediately followed by handstands, somersaults, forward rolls, backward
rolls and sideways rolls. Sets of exercises are performed on mixed parallel bars and rings with
assistance and different types of landings for ten minutes. Then each athlete performs all the
required exercises of the gymnastics routine on a separate apparatus for 20 minutes. Three
apparatus minimum for each gymnast per workout. At the end of the workout, the exercises
continue on a trampoline for 15 minutes to develop orientation in space, coordination and
accurate landing.

Eleven gymnasts from the gymnastics club Pirin 2011 participated in the study. The
anthropometric and heart rate (HR) data are presented in Table 8.

Gymnasts do their regular routine and they are tested by special heart rate testers active PULS
of the German company MEDION AG during all parts of the workout.

Table 8. Anthropometric data and (HR) of the persons studied
< -

e @ Area of low —
S = intensity = £ =
Code = = € g s ISy s
g gl |IBE |g = =
& Q £ & o
= = ||€ = S § Lower [Upper | T %
S| 2|8 2% |_F (bem (bpm) | T |g |
D T | S |x o = > 3
T S T OI |T&8 = > >
G1l 161 55 88 202 114 111 148 99 102 230
G2 128 27.4 88 212 124 113 158 110 133 238

G3 155 50.2 (68 208 140 96 167 100 138 225

G4 143 40.2 94 210 116 117 153 110 128 237

G5 143 36.2 [96 210 114 119 151 100 120 229

G6 120 226 92 212 120 116 156 100 131 240

G9 149 40.5 90 208 118 114 153 100 115 235

G11 [128 25.7 (88 210 122 112 156 120 139 232

G14  [155 48.1 88 206 118 112 152 110 143 227

G17 132 29.8 (98 211 113 121 151 105 124 238

G18 (127 221 100 P11 111 122 150 120 142 229
Mean [140.09 36.16 [90.00 [209.09 [119.09 (113.82 [154.19 [106.73 |[128.64 [232.73

+SD |13.82 [11.57 [8.49 [2.98 7.98 7.01 5.02 |7.93 12.64 5.10
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There is insufficient information in literature regarding the gymnasts’ heart rate studies,
especially during the training process. The measurement allowed us to assess the intensity of
the training load. Logically, when the intensity is high the heart rate will be higher near the
maximum.

It is necessary to have prior information of the heart rate at rest and the maximum heart rate of
each person studied in order to measure the intensity in a given workout most efficiently.
Heart rate at rest is measured after the person has been at rest for several minutes. The
maximum heart rate is often calculated using the formula:

MHR =220 - years

One of the best methods of determining the target heart rate ranges for monitoring the
intensity of physical activity is the use of a technique known as the heart rate reserve (HRR)
method, also known as the Karvonen method (Karvonen, et al., 1957). In this method, the
heart rate at rest (RHR) is first subtracted from the maximum heart rate (MHR) to obtain
HRR.

HRR = MHR - RHR

To calculate the heart rate range for practical purposes, we used the standards in Table 9 below
to determine the corresponding % HRR values (by Stand, 1998).

Table 9. Classification of physical activity intensity using % heart rate reserve (by Stand,
1998).

Relative intensity

Description of intensity 9% of heart rate reserve
(% HRR)

\Very light <20

Light 20-39

Mean 40-59

High 60-84

\Very high >85

The gymnasts’ mean HR is lower (128.64 + 12.64) than that measured during competition
(189.44 £ 17.74 and 194.64 £ 4.69 bpm) with females and males, respectively (based on
details by Dallas, et al., 2013) but they are in the range of 114-185 bpm during exercise
reported by Jemni et al. (1998). HR fluctuates a lot during performance which is probably due
to the intermittent nature of competition, vigorous movements and rapid postural changes
(McArdle, et al., 1991), and also due to the difficulty of the gymnastic exercises on the various
apparatuses.

Nevertheless the fluctuations, the mean HR showed that gymnastic workout was of low
intensity. That means that the athletes can easily maintain HR during exercise and can quickly

83



recover HR after each exercise. That is evidence of good conditioning and a high level of
trainability, even for the youngest. The workout was of very light intensity for only one
gymnast compared to the other persons studied as he was an elite gymnast, and that type of
training for him did not lead to changes in his HR. Monitoring the dynamics in heart rate
during training is indicative of the intensity of the training, the effort exerted by the athletes
and it can be a useful tool to monitor the gymnasts’ functional capacity. It can be used in
monitoring changes in their development along with other parameters.

Influence of training load on the gymnasts’ technical skills

One of the tasks of the present study is to determine the impact of training on the gymnasts’
technical skills conducted in a gym and at home (implemented during the lockdown in early
2020 related to COVID-19). Some of the tests in the two FIG programmes are selected.

The study was conducted over a period of one year, with gymnasts conducting normal gym
and home training sessions during that year (March 2020 to June 2020). The gymnasts were
divided by gender into two groups, girls and boys, as the tests were different for each group:
for boys - 12 technical tests, for girls - 7 technical tests - independent samples.

Eight boys (age of 9.38 + 1.41 years, height of 134.50 + 11.48 cm, and weight of 32.19 + 9.36
kg at the beginning of the study) and seven girls (age of 10.29 + 2.69 years, height of 142.64 +
12.28 cm, and weight of 35.50 + 10.49 kg at the beginning of the study) took part in the
technical tests.

The studies were conducted in early June 2019 and early June 2020.

The test results were by the point system from 0 to 50 depending on the studied person’s
performance and the scale used (by Hadzhiev, 1970).

The results of the study showed that despite the complicated environment, the boys improved
their performance significantly in three of the tests (Wilcoxon signed rank test), while there
was no statistically significant difference for the girls, i.e. they managed to maintain their
physical and technical condition.

Despite the unfavourable and complicated situation, respectively the lack of training in the
gym most of the time, the athletes who were motivated to train at home managed to maintain
(for girls) and even improve (for boys) their technical skills.

The summarized anthropometric data for the persons studied participating in the technical tests
are presented in Table 10.

Table 10. Summarized anthropometric data for the persons studied involved in the technical
tests

BOYS GIRLS
Parameter Beginning ofEnd Beginning of[End

study of study study of study
Number, n 3 8 7 7
IAge, years 0.38 +£1.41 10.38 £ 1.41 10.29 + 2.69 11.14 +2.85

Height, cm 134.50 £11.48 139.94 +11.36** (142.64 +12.28 146.57 +12.22*
Weight, kg 32.19 +9.36 34.63 + 8.66* 35.50 + 10.49 38.70 £ 10.71*

*p < 0.05, ** p < 0.005
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These anthropometric details can be used to assess the child's physical development and to
compare with normative data for the 9-11 age group.

- In terms of age, the contingent of male and female gymnasts studied fell into
the 9-11 year old range. The groups are heterogeneous of two genders.

- In terms of height and weight, the changes having occurred in the short period
of 1 year were in result of natural youthful growth and development of the
child's body.

The summarized results of the technical tests are presented in Table 11.

Table 11. Technical test results for boys and girls.

Score in June 2019,Score in June 2020,
points (mean =points (mean +
Tests standard standard deviation)
deviation)
Pressups to handstand on parallel bars 18.63 & 13.80 23.75 + 12.57*
Long jump from standing 20.00 £ 19.21 18.88 + 16.14
/Shuttle run/ 44.75 + 4,59 43.75 £ 7.44
Scissors kicks to the left and to the right  [35.38 + 15.32 38.13 + 14.38
From occipital lying position ,arch jump 44.00 + 5.15 43.75 + 6.88
Giant swing with half turn on the bar 19.50 + 16.57 23.25 + 18.20*
Timed somersaults backwards 26.63 = 12.25 30.00 £ 11.51
L support on the /rings/ 22.38 + 16.66 28.00 + 12.64
Raising the legs up the gymnastics wall 17.63 £19.23 30.25 + 13.55*
Circles on the mushroom until refusal 19.75+ 15.18 30.63 +9.74
¢ [Swing to handstand, hold on the parallel22.13 + 19.86 25.75+ 17.62
o |bar
Occipital lying position, squat, jump 31.57 £ 12.42 32.71 +£12.54
Number of gliden kips on uneven bars 20.71 + 23.53 32.43+17.19
20 m run for less than 3 sec 32.86 + 16.75 32.43+17.19
Somersaults backwards from standing 29.57 +10.47 28.29 +13.15
Pressup to handstand from stradle leg[23.57 +19.73 28.14 +20.71
support
Handstand hold on the balnce beam or[20.86 + 23.29 23.14 + 21.73
2 gymnastics floor
@ [Timed rope climbing 18.57 + 23.97 14.86 + 23.14
*p<0.05

It is clear from the results presented in Table 11, that changes in technical aspect occurred in
both groups. There were statistically significant differences in the boys' performance in only 3
technical parameters (three tests) — pressups to handstand on parallel bars (Wilcoxon signed
rank test, p=0.0156), giant swing with half turn on hight bar (Wilcoxon signed rank test,
p=0.0313) and raising the legs up a gymnastic wall (Wilcoxon signed rank test, p=0.0156).

85



The improved results of these tests showed enhanced upper limb strength and endurance in the
first two tests and enhanced abdominal muscle strength and endurance in the third test.
Despite the lack of workouts in the gym, training these muscle groups appeared to be possible
at home where the person training was responsible. In two of the tests (long jump from
standing and /Shuttle run/), although there was no statistically significant difference, the
results were lower in the second test. Both tests involved lower limb strength and endurance
and it was likely that their training was difficult at home. There was a slight increase in the
other tests but no statistical significance. That result was probably due to the fact that upon
sufficient motivation of the gymnasts and control by the coach, it was possible to maintain a
good physical level, which was important for the successful performance not only of the
technical tests, but also of the training in general.

Table 10 reveals the mean and standard deviation for the two target groups on all measured
technical parameters, with three of the parameters having a statistically significant difference,
p < 0.05, those with *.

The changes in the technical test results for the girls were not statistically significant.
However, there were some reductions in the mean grades in three of the tests: 20 m run under
3 sec, back somersaults standing, and timed rope climbing. The lack of training in the gym
where the last two exercises could be performed also affected the results of the study. In four
of the tests, the girls slightly increased their results (statistically insignificant differences in 4
technical parameters). Performing the exercises of these technical tests helped to improve
strength and endurance of certain muscle groups such as upper, lower limbs and abdominal
muscles that could be successfully trained at home.

The summarized results of the study show that despite the complicated environment the boys
improved significantly their parameters in three of the tests (Wilcoxon signed rank test), while
there was no statistically significant difference for the girls, i.e. they managed to maintain only
their physical and technical condition.

The gymnasts receive a maximum of 50 points for meeting the standard in their age group. No
gymnast participating in this study received the maximum number of points when performing
all technical tasks. That was mainly due to two reasons. Firstly, some of the gymnasts in the
study period moved to another age group where the requirements for obtaining the maximum
number of points were higher. And, secondly, the lack of training in the gym made it difficult
to improve the technical elements and affected the results obtained.

Conclusion

Experiencing constraints during K19 required from the gymnasts to focus their efforts, and
their coaches to implement adapted strategies tailored to the current situations to master the
sport and training process in non-standard conditions. The study performed will help physical
training as one of the important components in the gymnasts' sports training and it is the
foundation which sports technique is built on. By inclusion and periodical optimization of
training programmes, it will be possible to control the technical and physical preparation of
male and female gymnasts not only in the field, but also at home where necessary.
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Conclusions

The analysis of the recorded results allows us to formulate the following scientific
conclusions:

Statistically significant differences were observed in the anthropometric
parameters only after a period of 18 months (in the third measurement);

In gymnasts with greater muscle mass, BMI (in the first test+SD was 1.97, and in
the third test+SD was 2.08) did not provide an adequate assessment of the weight
and physical development. The remaining persons studied maintained a low body
fat percentage (in the first test 10.50%, and in the third test 12.46%), which
remained almost unchanged during the study period due to their activity and high
energy consumption during exercise;

The mesomorphic type is the type characterizing the gymnasts, and it was evident
from the somatoscopic test that the persons studied had it strongly expressed:;

The means of anaerobic capacity and anaerobic power of the gymnasts in the 1st
test were 164.24 W, 269.37 W in the 2nd one, and 282.05 W in the 3rd test where
they increased depending on the type of workload and the model developed with
the two innovative programmes (in the gym and at home), which had application-
proven efficiency and made it possible to optimize the training process in artistic
gymnastics.

The vertical rebound test (Sargent test) gives an insight into the lower limb power
of gymnasts. Although they increased their weight, the rebound height remained a
relatively constant value, but indicating increased power (947 W in 1st test,
1143.12 W in 3rd test);

High lactate concentrations in the blood (Wingate test) indicate positive
adaptations for muscle work under short but highly intensive loads;

The fluctuations of mean HR showed that the gymnastic model was of medium
intensity. It means that athletes can easily maintain HR during exercise and can
quickly recover HR after each exercise.

A conceptual in structure and content proprietary MODEL of two programmes in
the field and home conditions is proposed that have a positive effect on the
gymnasts’ physical and technical qualities.



Recommendations

e In order to guarantee high sports results, an adequate response from the
coaches is required when organizing the training process in artistic gymnastics
(implementation of adaptation programmes, both in the field and at home),
taking into account the age characteristics and the level of the gymnasts’
individual physical ability and compliance with the BGF Regulation;

e Through the recognized tests, it is recommended to periodically monitor the
anaerobic capacity, heart rate, anthropometric and somatotype parameters
before and after training to regulate training loads. Technical tests are
recommended to be included in the coaches' annual training schedule, allowing
for periodic point assessment of the athletes for timely and periodic assessment
regarding the technical qualities of the boys and girls in artistic gymnastics.

e The proprietary model is applicable and can find its place in the annual training
process in artistic gymnastics having proven its efficiency (4 years) in the
period January 2019 to March 2023.



Scientific contributions to theory and practice

A wide range of functional parameters with the gymnasts in the field
and at home is studied for the first time, expanding the knowledge in
that area and providing a benchmark for further more in-depth scientific
research;

A systematic analysis of changes in the sport and technical skills of
male and female gymnasts through innovative approaches is attempted
for the first time;

The contents and effectiveness of the impact of a personalized
proprietary model (through the means of two programmes) are proven
by a large number of objective parameters, which are tailored and meet
the general requirements and the athletes’ individual capabilities, and we
offer video clips of the exercise sets included, ensuring their efficiency
and adequate training of male and female gymnasts in artistic
gymnastics.
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