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YBOJI

TaekyoHIO € HalMOHAaTHOTO OOMHO W3KYCTBO Ha
PenyOnuka FOxna Kopest, Bb3HuKHaNI0 npeau nosede ot 100
TOJIMHU.

JIHec TaeKyoH10 € OMyJIsipeH OOEH CIIOPT, KOMTO € MO~
XOJISIT 32 BCHYKH BH3PACTOBH TPYIH U C€ MPAKTUKYBA OT HAT
80 mummona mo menust cBiIT (European Taekwondo Union).
Crpanure, kouto ca uieHoBe Ha CT® ca 213, kaTo uma u oT-
6op Ha 6exannure (World Tackwondo).

IlenTa Ha Ta€KyOHJIO € J1a C€ TIOCTUTHE TEXHUUECKHU HO-
KayT WK Ja C€ CIEUENSAT MOoBeUe TOYKHU OT MPOTHUBHUKA Upe3
yJlapu C Kpaka U FOMPYLIHU IO TSUI0TO U MO IJaBara.

TaekyoHm0 OUTKHTE OOMKHOBEHO CE€ CHCTOST OT TPHU
2-MHUHYTHH pyHJa ¢ |-MHHYTHA TOYMBKA MEXKIY PYHIOBETE.

CwcTe3arenHUTe TYPHUPH CE€ TMPOBEXKIAT Ha €IH-
MUHAIMOHEH TMPHU3HAK M 0 BPEME Ha ChCTE3aHHS IO Tae-
KyOHJI0 JTIOOpUTE CHOPTHUCTH MOTaT Ja Ce€ CbhCTe3aBaTr B
3 — 5 nByOos (kBanupUKAITMOHHU KPBroBe, MoTyhuHaIu U hu-
Hanu) B eauH jaeH (Bridge, C. et al., 2018).

YyacTuero Ha BHCOKO HHUBO BbB BCEKH €IUH CIIOPT €
IIPEAN3BUKATEIICTBO U TPY/HA 3a7a4a, Thi KaTO BKJIFOYBA ChC-
Te3aHue cpelly Hail-moOpure cropTUCcTU B cBeTa. ETo 3amio
CIIOPTUCTUTE W TPEHBOPUTE THPCAT HAUMHU Jla MON0OPSAT
BCUYKH aCIIEKTH HA MPEIACTABIHETO CH.

Cnen BkirouBaHeTo B onuMnuiickure urpu WT noiayuu

KPUTUKHW OTHOCHO HPO3PAaYHOCTTAa Ha MCTOAMTC 34 TOYKYBaA-
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HE W JIUTIcCaTa Ha MHTEPEC OT CTpaHa Ha IMyOJIHKara 1mo Bpeme
Ha MadoBeTe. 3a Ja MpeJoTBpaTh 3arydara Ha OJUMITHICKO
yiaeHcTBO, WT NmpoMeHM 3HAYMTENHO MpaBUIaTa Ha TAEKyOH-
no0. bsixa BbBeIeHU pa3IMYHU MPOMEHU B TOUKYBAHETO U Ipa-
BUJIATa, 32 J]a C€ MOJ00pY aKTUBHOCTTA M aTPaKTUBHOCTTA Ha
taekyoH 10 outkure (Moenig, U., 2015). Bcuuku Te3u npasu-
Ja BIUSISIT BbPXY TAEKyOHIO0 OT TEXHUYECKA U TAKTUYECKa, HO
CBHINO Taka M OT GYHKI[MOHAIIHA TJIeTHA TOYKA.

Baxau acriekth Ha pa3BHTHETO HA TAEGKYOHIO KaTo
CIIOPTHA IUCITUTUINHA Ca TIO00PSBAHETO U KOHTPOJIBT Ha CITe-
nupuyHaTa paboTOCIOCOOHOCT MPHU EIIUTHU ChCTE3aTENN KaTo
OCHOBEH (DaKTOp Ha CIIOPTHOTO MOCTXKEHHUE. ToBa, OT CBOA
CTpaHa, 111e Haco4YM W (POoKycHupa TPEHUPOBBUYHATA METOAMKA
KbM THPCEHE Ha HOBHU CPEJCTBA M METOIU 3a IMOA0OpSBaHE
MMEHHO Ha Ta3u Ba)KHA 32 MOCTUTAHETO HA BUCOKU PE3YIATATH
CIOCOOHOCT, KOETO Ha CBOM peJl IIe MO3BOJIM Ha ChCTE3aTelu-
T€ J1a MOJAbPIKAT BUCOKA PAaOOTOCIIOCOOHOCT B ChCTE3aTEITHU-
Te cxBarku. PazpaboTBaHeTo Ha TO3W IHCEPTALMOHEH TPYH €

CBBHpP3aHO UMCHHO C Ta3u LECJI.



II'bPBA TJIABA

1. Xapakrepucruka Ha cnenqudpuyHara
PadtoTocnocoOOHOCT B OJIMMITMICKOTO
TAeKyOH/10

TaekyoHI0 € XapakTepu3upaH KaTOo WHTEPMUTEHTEH
CIIOPT C BUCOKA MHTEH3UBHOCT C KPATKH MEPUOAH (~2 CEKYH/IH )
Ha pa3MsHa Ha ymaapu (Santos, V., Franchini, E., Lima-Silva,
AE., 2011). MakcumanHara myJcoBa 4ecTOTa MOXeE J1a J0C-
turHe 10 175 — 183 ya./min -1, a KOHIIEHTpaIUsATa Ha JIAKTaT —
5 — 11 mmol.L-1 (Bridge, C., Jones, M., Drust, B. 2009;
Matsushigue, K., Hartmann, K., Franchini, E., 2009).

OcBeH TOBa € JI0Ka3aHo, Y€ €Ha TPeTa OT CHEPTHUsITa,
HEoOXOMMa TI0 BpeMe Ha TaeKyOH/O CpEIH, € 32 CMETKa Ha
aHaepoOHHUTE EHEePruiiHU CUCTEeMHU (aHaepoOHa-ajJaKTaTHA —
30 £ 6%; anaepobHa-nakratHa — 4 + 2%) u Te3u eHepruiHu
CHUCTEMH Ca OTTOBOPHH MPEIMMHO 33 M3ITBJIHCHUETO Ha BUCO-
KOMHTCH3UBHUTE JCHCTBUS, HEOOXOIMMHU 3a TTOCTUTAHETO Ha
toukn (Campos et al., 2012). Eto 3amo e BaXHO TaeKyOH U~
CTHUTE J1a UMaT J100pe pa3BUTa aHaepOOHA EHEPrUiiHa CUCTEMA,

3a Ja OTTOBOPSAT Ha BUCOKHUTC U3UCKBAHUA HAa CbCTC3aHUCTO.

Chcreszarenure Mo TaeKyoHAO JEMOHCTpUpAT OTHOCH-
TenaHa nmukoBa u3xoaHa moirHocT (PPO) crorBeTHO 8,4 — 14,7
Wkg' n 6,6 — 10,2 Wkg' u ycremnso ce KOHKypHupar ¢ apy-
ru OoliHu crioproBe. Pa3nuka chilecTBYBa U B 3aBUCUMOCT OT
kBanudukausaTa Ha cberezarenute (Sadowski, J. et al., 2012a),
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KOETO MpeJIoara, 4e ClioCOOHOCTTa 3a FeHEPUPAHE HAa BUCOKU
HMBA HA CHJIA CIIPSIMO TEJIECHOTO TEIIO € Ba)KEH KOMIIOHEHT 3a
ycnex B To3u cnopT. PPO moxe na Ob1e mosie3eH nokasaren 3a
OLIEHKaTa Ha (YHKLIMOHAIHUS MPO(UI Ha TAEKYOHTUCTHUTE.

C. Bridge, et al. (2014) cpo0r1aBar 3a uricata Ha I0OCTaTby-
HO M3CJICIIBAHUS BbPXY aHACPOOHHS KallaluTeT Ha ChCTE3aTelHTE,
M3MEpEH upe3 cpeaHara HadaiHa moHoct (CHM). Benpeku ToBa
CE OTYUTAT MO-BUCOKU CTOMHOCTH MPU MBXKE M KEHH (ChOTBETHO
6,6 —9,2 Wkg'u5,5—-7,9 Wkg') B cpaBHEHHE ChC CIIOPTUCTH,
ChCTE3aBaIll CE B JIPYT'H CIOPTOBE C BUCOKA WHTEH3MBHOCT,
NpOsIBSIBaHA 3a KPAaTKO BpEeMe.

CrocobHOCTTa a ce MOAABPKAT WM MOBTApSAT WH-
TEH3UBHH JEUCTBUS B CpelllaTa, € BaKeH (akTop 3a ycnex B
TaeKyoHJ10. B mpoyuBaHe, pu KoeTo ce u3cieasa epekTbT OT
Npe/ICe30HHaTa TPEHUPOBKA BbPXY (PAKTOPUTE HA CHOPTHOTO
MOCTHKEHUE, ce ycTaHoBsiBa, ue CHM mnipu TaeKyoHIUCTH HA
YHHUBEPCUTETCKO HUBO ¢ 7,5 u 8,3 W.kg' (choTBeTHO mpenu u
CJIe/I TPEHUPOBKA) — IpH MBXkeTe, U 6,2 u 6,5 W.kg' (crorBeT-
HO IPENIU U clie] TPEHUPOBKa) — IpH keHute (Seo, MW. et al.,
2015). TpyaHo € Aa ce HalpaBy 3aKIIOUYEHHUE 110 TO3U BBIIPOC
IIPU TOJIKOBA OIPaHUYEHU U3CJe/IBaHUs, 00aue € TBbPJE BEPO-
ATHO, Y€ MO-TOJIEMUSAT aHaepoOEeH KalaluTeT € BaXKeH 3a CIop-
TUCTUTE 3a NOJAbPKaHe Ha BUCOKAa MHTEH3UBHOCT Ha paloTa.

Nupexcwt Ha ymopara (FI%) cbimo Taka e Mspka 3a
aHaepOOHOTO CHEPTUITHO OCHUTYPSIBAHE TIPH U3IThIHCHHE Ha Yii-
ureut trect (WanT). Toit orieHsiBa HaMaIsIBAHETO Ha MOIITHOCTTA
10 BpeMe Ha TecTa (MO-KOHKPETHO, U3UMCIIsIBA CE Upe3 U3BAXK-
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JaHe Ha MUHUMajHara u3xoaHa MomHoct ot PPO u ymHoxa-
Bane 1o 100/1, 3a 1a ce moy4u mpoIeHTeH UHACKC Ha yMOpa)
W CJIEJIOBATENIHO TMOKa3Ba CIIOCOOHOCTTA HA ChCTE3aTeNNUTE Ja
MOJTHPKAT MOIIHOCT. B Hsikom mpoyuBaHusi ce choOIaBa, e
F1% e 52 — 59% npwu tonomm taekyonauctu (Rhyu, H., Cho,
S., Roh, 2014) u 27 — 33% npu MbxKe, KOUTO CE 3aHUMAaBaT C
TaeKkyoH/10 HecherezarenHo (Manjarrez-Montes de Oca, R. et
al., 2013) u 43 — 44%, 46 — 47% — CbOTBETHO IIPHU MBKE U KCHH
cHopTucT — ctyaeHtu (Seo, MW. et al., 2015). PPO u MPO ce
pa3nuyaBar u B 3aBUCUMOCT OT T0J1a Ha cheresarenute. Pa3ou-
pa ce, unnekchT Ha ymopara (FI1%) cam mo cebe cu He e nocra-
THYCH TOKa3aTell, 3a J1a HH(pOopMUpa 32 HUBOTO HA aHaepoOHAaTa
paboTOCTIOCOOHOCT Ha CIOPTUCTHUTE, KAKTO U Ha crieliduuHaTa
TakaBa, Thid KaTo yBenn4yaBaneto Ha PPO u nompobpsiBaneTo Ha
aHaepoOHaTa MOITHOCT BEPOSITHO BO/IU J10 1O-BUCOK F1%, nopu
aK0 MUHHUMAaJTHaTa U3XOJHA MOIIHOCT JI0 Kpas Ha TecTa € ChC
ChIl[aTa MHTEH3UBHOCT, KaKTO Mpe3 LsjIaTa MpOIbIKUTETHOCT
Ha 11ByOost (Monks, L. et al., 2017).

J. Sant’Ana et al. (2014) npennarar TecT ¢ XapakTepHc-
TUKH, KOUTO BB3MPOU3BEKIAT JABUTATCITHUS MOJEN, TPUCHIIL
3a TaeKyOHJI0, W TpeaJiaraT HSKOM IOKa3aTelu 3a aHaepOOcH
KalraluTeT U 3a CUJIa, OTTOBAPAIIY Ha creruduKaTa Ha TO3H
cnopt. KoHcTaTpaHaTa moBUIIICHATa KOHIICHTPAITUS Ha JIAKTaT
B KPBBTA CJIC]l TECTA MMOKa3Ba 3HAYMMOTO Y4acTHE Ha TIIUKO-
JUTUYHUTE CHEePTUIHU ITHTHUIIA, a CHIO Taka ce HaOomaBa
Y CHJTHA KOpeanus ¢ 00II0TO KOJMMYECTBO HAHECEHU yAapH C
KpakK, KOETO OT CBOsI cTpaHa MHGOPMHpA 3a TOBa, Y€ OposAT Ha
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pUTAILIUTE LIUKJIU € 100bp UHIUKATOP 32 IITMKOJUTUYHUS aHae-
poOeH KamaluTeT Ha ChCTe3aTeNIuTe MO TaeKyoHI0. TecThT €
HapeueH Taexyonoo Anaepoben Tecm (TAT). Tou ce cheTou B
HaHACSHE Ha yapu 1o OOKCOB 4yBaJl KOJIKOTO IIBTH € Bh3MOXK-
HO, IPU MakcuMmajaHa MHTeH3UBHOCT Haj 30 cek. [Ipogbmku-
TEIHOCTTA Ha TecTa ce OCHOBaBa Ha Wingate Tecta, mpu KOWTO
npomMeHute B enepruiinute cyoctparu (AT, PCr u rukoren)
Y KOHIICHTpAIIUATA Ha JIAKTAT MMOKAa3BaT 3aBUCUMOCT Ha JICUCT-

BUsITa OT aHaepoOHara cuctema (Inbar, O. et al., 1996).

JlelicTBUATa ¢ BUCOKAa MHTEH3MBHOCT B MayOBETE II0
TAeKyOHJIO B TOJIsIMa CTETICH Ce 3aXpaHBaT OT aHaepOOHU eHep-
TUHUHU CUCTEMHU.

JlokazaHo e, ue aepoOHara eHepruiiHa cucTema € mpe-
o0aiaBaiusaT U3TOYHUK HA €HEPrusi 1Mo BpeMe Ha CUMYIIH-
pana Outka o taekyonmo (Campos, F., et al., 2012). Cscre-
3aHMATA 110 TACKYOH/IO CE TIPOBEXKIAT B PAMKHTE HA €IUH JICH
¥ CIIOPTUCTUTE MOrar Ja mmar a0 5 nByOos (Sant‘Ana, J. et
al., 2017) B pasnuunu nepuoau ot Bpeme (Bridge, C. et al.,
2018) u ToraBa aepoOHaTa eHEpruitHa CUCTEMa CTaBa KJIIOUOB
dakTop, o0ycnaBsii CmocOOHOCTTa 3a MO-0bP30 BH3CTAHOBS-
BaHe Mex 1y nByooute (Bridge, C., Jones, M., Drust, B., 2009;
Chiodo, S. et al., 2011). CnenoBarenno enna g00pe pa3BUTa
aepoOHa €HEepruiiHa CHUCTEeMa, MpEJCTaBeHAa OOMKHOBEHO OT
MaKCHMAJIHOTO NorIbinane Ha kucnopox (VO, ) mo Bpeme Ha
TpeHupoBka (Araujo, M. et al., 2017b), e BaxHa, 3a 1a TO3BOJIU
Ha TACKYOHJMCTUTE MHOTOKPATHO J]a C€ TIPEJICTABAT ONTUMAJI-

HO B X044 Ha CbCTC3aHUCTO.
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C. Bridge et al. (2009) otuutar cpenHa 4ecToTa Ha Chp-
JIEYHUTE ChKpamieHus 3a 3 X 2 MUHYTHM pyHaa 182 + 6 yna-
pa.min’', nukoBusT BLa ¢ 11,9 £ 2,1 mmol. L-1 u nukoBust
RPE B kpas Ha ¢punamaus kpsr € 14 £ 2 no ckanara Ha bopr
or 6 — 20. S. Chiodo et al. (2011) cwroOmaBar, 4e cpenHuTe
CTOMHOCTH Ha ChpaeuHus puthbM ca 175+10 ymapa.min' u B
TpuTe Kpbra u nukoBu BLa croitnoctn — 5.2 £2n 7.0 £2.6
mmol. L' — choTBeTHO NpH keHUTE U MBKeTe. [IpoyuBane Ha
K. Matsushigue, K. Hartmann, E. Franchini, (2009) cro61miaBa
3a cpennu ctoiHOCTH Ha HR m BLa cinen 6utka karo 183 + 9
beats.min-1 u 7,8 + 3,5 mmol.L"

BioHarness (TenemerpruHa 3amucBalia CUCTEMa) TOKa3-
Ba cpernu croiiHocTr Ha HR: 179 — 183 beats.min-1 u BLa cnen
outka 12 — 14 mmol.L!' (Janowski, M., Zielinski, J., Kusy, K.,
2019). Bepeku ToBa, aBTOPUTE HE CHOOIIABAT 32 BAJTHIHOCT-
Ta ¥ HajexkaHOocTTa HAa Mounutop BioHarness B maboparopau
YCJIOBHS, CUCTEMATA HE € BAIMIMpPaHA U MO BpeMe Ha OOWHU
CUTYaIlUU U CJICIOBATEIIHO TPsIOBa Jia ce BHUMaBa IPH ThHJIKY-
BaHETO HA JAHHUTE, MOJYYCHH MPU TPUTATAHETO M.

C. Bridge et al. (2014) ycTraHoBsSIBaT MIMPOK JUANIA30H
Ha VO, , kakTo 3a Mbxke (44 — 63 mlkg'. min'), Taka u 3a
xenu (40 — 51 mlLkg!' .min™").

HsKOJIKO TIMO-CKOPOIIHU TMpOyYBaHUS CbhOOINABaT 3a
VO, pe3ynrary 3a MbXKe U )KEHHU CIIOPTHCTH B Manasona 42
— 60 ml.kg'.min! (Monks, L. et al., 2017, Liao, Y. et al., 2016,
Yen et al., 2017).

Tpu oraenHu mpoydyBaHUs IMOKa3BatT, 4e Opa3uiICKUTE
TAaeKyOHJIUCTU HAa €JIMTHO HHUBO MMaT pe3ynraru 3a VO

2max’
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9ype3 CTHIAJOBHIACH TECT Ha Osrama mTbTeKa, CHOTBETHO
49,6 £5,49,6 £2,8 u 50,5 £ 4 mlL.kg'.min"' (Hausen, M. et al.,
2017; Araujo, M. et al., 2017b; Sant‘Ana, J. et al., 2017), koe-
TO MpEArnoiara yMepeHo 10 BUCOKO HUBO Ha aepoOHHU crIoCco0-
HOCTH Ha TE3U CTIOPTUCTH. SICHO €, 4e aepOOHHST KamauTeT
CBIIIO € BaXKHA XapaKTepUCTUKa Ha crienuduyHara padboTocmo-
COOHOCT Ha €JIMTHUTE TAeKYyOHJAHUCTH.

Tosa onpeaciisi 1 U3MOJI3BAHCTO HAa BUCOKOMHTCH3UB-
HUTC MHTCPBAJIHU TPCHUPOBKHU 3a IMOCTUTAHC HA 3HAYUTCITHO
IIOBHUIIIAaBaHC Ha aHaepo6HH;1 KarmanuTerT, KOHWTO € OT 3HAUCHHE

3a YCIICHIHOTO MPCACTABAHC HAa CbCTC3aHUA 110 TAaCKYOHIO.

PaznooOpasuero ot o6um u crienupuIHA HHTEPBATHU
TPEHUPOBKH ¢ HUCKA U Bucoka uHTeH3uBHOCT (LIIT u HIIT)
MOJKE JIa C€ M3IT0JI3BA 32 TIOJ00PsIBaHE HA aepOOHUS KanaruTeT
Ha cheTesarenute no TaekyoHa0 (Buchheit, M. u Laursen, PL.,
2013a u 2013b; Helgerud, J. et al., 2007).

D. Avramov, (2021) onpenenst aepobHara paboTOCIO-
COOHOCT Ha €TUTHU OBATapPCKH TAGKyOHAMCTH Ype3 TPEAMMUI
tect Ha VO,  , 32 11a Ce yCTaHOBM Jlajld aepoOHaTa CUCTeMa
uMa e(heKT BbpXy CHOPTHUS Pe3yiTar B TaeKyoH10. TecTBaHU
ca YEeTUPUHAJCCET €UTHU TACKYyOHJMCTH, WICHOBE Ha ObII-
rapckus HalmoHajaeH oToop (8 Mbxke u 6 xeHH). M3MmepeHn
ca (U3MOJIOTUYHU XaPAKTEPUCTUKH KaTO MaKCUMaHa KOHCY-
Manust Ha kucnopox (VO, ), KDBBEH JIaKTar U Chp/ie4Ha Yec-
tora. MbkeTe peructpupar 58,2 + 3,4 ml kg! min’!, a xeHu-
te — 46,0 £ 2,8 ml kg'! min'. HuBOTO Ha JaKTar € JOCTUTHAJIO
Hali-BrcOKara cu Toyka Ha 6’ cien VO, ¢ pesynraru chot-
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BeTHO Tipu MBxkeTe — 11,5 £ 3,7 (mmol 1) 1 9,9 £ 4,1 (mmol
1-1) — npu sxeHuTE. ABTOpPUTE CTUTAT 10 3aKJIFOUYEHUETO, Y€ ae-
poOHaTa U3APHKIMBOCT HE UIpae 0coOeHa poJIs 3a CIOPTHOTO

MOCTHIKCHUC B TACKYOHIO.

2. IIpo0sieMu HA KOHTPOJIA B OJJMMIIMHCKOTO
TAaeKyOH/10

KoHTponbT BEpXy TpeHHpaHOCTTa (cnenuduvHaTa pa-
00TOCIIOCOOHOCT) MMa Ba)KHO 3HAYEHHE 3a YIpaBleHHE Ha
TPEeHUPOBBYHHUSA Tporec. Haii-0000uieHusT kputepuii Ha Tpe-
HUPAHOCTTA € CIIOPTHHST PE3YJITaT, MOKa3aH Ha O(QUIHATHH
WM KOHTPOJIHU cheTe3anus. Ho mopaau cBosita 00001meHoCT
CIIOPTHHSAT pe3ysiTaT He MO3BOJIsSIBA M30UPATEITHO Ja CE KOH-
TPOJIUPAT OTJCITHUTE CTPAHH OT TOATOTOBKAaTa Ha CIOPTUCTA
(pusnuecka, TexHUYECKA U TIP.).

@OU3NOIIOTUYHUATE TECTOBE Ca LICHEH UHCTPYMEHT, KOM-
TO IIOMara Ha TPEHbOPU U CIIOPTHU yueHH. Hai-cepuosen pe-
3yATaT € MOCTUTHAT B KOJIMYECTBEHO M3MEPUMHUTE CIOPTOBE
(mexa atnmeTtuka, rpedane, miayBane). M3octaBane ce HabOmo-
JlaBa B CHOPTHHUTE UTPU U eauHoOopcTBara. EdexTuBHOCTTA
B OTOOPHHTE CIIOPTOBE 3aBUCU OT MHOXKECTBO (haKTOPH — ae-
poOHHUTE U aHaepOOHUTE Bb3MOKHOCTH, TEXHUKA, MOTHBALINA,
CHJIa Ha MYCKYJaTypara ¥ MaKCUMAaJIHOTO MM M3IOJI3BaHE Ha
CIIOPTHOTO WTPHUIIE, KBHIETO KaYECTBOTO OT B3aUMOCHCTBHE-
TO Ha Te3u ¢akTopu omnpeaens u croptHus pesynrar (Grujic,
N. et al., 1998).
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Bb3moxHOCTHTE 32 ObP30 0CBOOOXKAaBaHE HA €HEPTUs
ca OT OCHOBHO 3Ha4y€HHUE NPH CHOPTHHU AUCLUUIUIMHU, KOUTO
M3HUCKBAT PAa3BUTUE U MOAABPKAHE 33 KPATHK MEPUOJ OT Bpe-
Me Ha pabota c ronsiMa MomHocT. [lo nanau Ha H. Lakomy
(2000) BBB (pazara Ha YCKOpPEHHE CIPHUHTHOPHUTE pa3BHUBAT
CpeZiHa MOIIHOCT OT mopsabka Ha nmpubnuzurenno 1000 W.

MHoro NIeHOCTH B CHOpTa 3aBHCAT OT KpearuHdoc-
¢darHata eHeprogocTabsiia cucrema. COPTHUTE UTPH, BIU-
raHe Ha TeXXECTH, XBbPJISIHUS, OTCKOLIH, IITyBaHE, TEHUC, KbCH
CIIPUHTOBE U JPYTH U3UCKBAT KPATKOTPANHU €IUHUYHU WU
OTrpaHUYeH Opoi MOBTApSIIN CE WHTEH3UBHH MYCKYITHH Ch-
kpanienus. G. Bogdanis et al., (1996) cmsrar, de o Bpeme Ha
Hadanaute 10 — 15 cekyHau OT HaTOBapBAaHETO €IUHCTBEHO
K® e orroBopeHn 3a perenepupanero Ha AT®. JlonbiaHuTenHa
MOJIKpena Ha TOBa TBbPJCHHE 3a MOYTH €IMHCTBEHA 3aBUCH-
MOCT Ha MYCKyJTHUTE chKpatieHus or KO no Bpeme Ha UHTEH-
3MBHO KpaTKOTpailHO HaTOBapBaHE € W TOBAa, Y€ TOM ce CKJia-
JUpa B IIMUTO30J1a, B HEMIOCPEACTBEHA OJIM30CT 10 MecTara 3a
u3non3BaHe Ha eneprus (Beker, J. et al., 2010).

CrnagaHero Ha cuiiata U MOUTHOCTTA [PU KPaTKOTpaitHu-
T€ UHTEH3UBHU HATOBAPBAaHMUS CE AbJKU HA PEyKIMs B PECUH-
te3zara Ha AT® B cpkpamaBamure ce Myckynu (Hermansen, L.,
1981; Hultman, E., 1990). o nbaHo pasrpaxaane Ha ATD ne
ce JIOCTHra JIOpY B €KCTPEMHM YCIIOBHS Ha HaTOBapBaHE, Bb-
IIPEKH Y€ € BB3MOKHO KOITMYECTBOTO My J1a Hamauiee ¢ 30 —40%
(Hermansen, L., 1981; Bogdanis, G. et al.,1995; Vollestad, N.,
Sejersted, OM., 1988). [Ipu ¢uznuecko HaTOBapBaHE HaMaJIs-
BaHETO Ha chabpkaHueTo Ha KO B MycKylHaTa ThKaH NpPOTH-
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ya B /B¢ (a3u. B Hauanoro Ha MyckyinHara pabora ce HalIo-
JlaBa PSA3KO CIajiaHe, cliel KOeTo cienBa ¢a3a Ha MOCTEINEHHO
no-6aBHO u3ueprnBaHe. CkopocTra Ha moHmxeHue Ha KO B
mbpBaTa (asza v NpOABIKUTEIIHOCTTA HA BTOpaTa (a3a 3aBUCT
OT OTHOCHUTEJIHATAa MHTEH3MBHOCT HAa HATOBAPBAHETO 3a Jafie-
HUsT UHAMBH. KOJIKOTO MO-BHCOKO € OTHOCHTEIIHOTO PabOTHO
HaTOBAapBaHE, TOKOBA MO-3HAYUTEIHO € pa3rpaxkaanero Ha K.
YCTaHOBEHO €, Y€ HaCTHIIBAHETO Ha yMOpaTa ChBIIaJa ¢ U3uepI-
BaHeTo Ha K® B mMycKkyna npu M30METPUYHU HATOBApBAHUS U
MIPU CyNIpaMaKCUMAaJIHA HATOBAPBAHMUSL.

MakcuMymMbT Ha pasrpaxkiaaHeTo Ha K@ e Hemocpe-
CTBEHO CJieJl HAauaJoTO Ha MYCKYJTHOTO CBHKpAIleHHE W TOBa
pasrpakaaHe 3amousa ga ce 3a0ass cien okono 1,3 s (Withers
et al., 1991). Ckopoctra Ha O0CBOOOXK/1aBaHE HAa €HEPIrHUsl OT
cuctemara ATO-K® e muoro Bucoka — 1,6 10 3,0 mmol/g/s, u
OCHUT'ypsiBa MyCKyJIHa paboTa ¢ IPOABIHKUTETHOCT OT 6 A0 &8s
(T"aues, E., JIxxapona, T., 2011). Cucremara ATO-KD moxe na
nocrtass okoso 15 mmol AT®/kg cyxa maca/s B mbpBUTE 6 S
Ha cripuHTa, Kato 50% ot AT® e gocTaBeH OT pa3rpaxaaHeTo
Ha KO (Medbg, J. et al., 1988). Cnopen L. Spriet, (1995) npu
Pa3ITUYHHM 10 XapaKTep HATOBAPBAHUS C TPOABIIKUTEIIHOCT J10
10s Hail-Bucokara ckopocT Ha ocBoOok1aBane Ha AT® ot cy-
MapHOTO pa3rpaxxaaHe Ha KpeaTuH(ocdar U IIIUKOIN3ara € OT
6 10 9 mmol AT®/kg cyxa maca/s.

[To Bpeme Ha MayoOBE CHCTE3ATENUTE 11O TACKYOHIO U3-
BBPIIBAT KpaTKu nepuoau Ha artaku (1-6s), mocieaBaHu OT
MO-]IBJITY TIEPUOJIU HA ITOYMBKA (CHOTHOIIEHUSATA MEXK/Ty aTaKa

Y No4MBKa Bapupa mexay 1:2 — 1:7). Cecre3anusta npeaus-
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BUKBAT pEaKIMU C BUCOKA ChpaeuHa yectora (>90% mnukoBa
cbpaedHa yecrora, HR peak) u ymepenu 1o BUCOKM KOHIIEH-
Tpanuu Ha jakrar (7,0 — 12,2 mmol.l""). CnenoBarenno ¢oc-
¢darenHara cucreMa BEpOATHO JOCTaBs €HEPrus Mo BpeMe Ha
JIMCTBUS C BUCOKAa MHTEH3UBHOCT, INIMKOJIUTUYHATA CHCTEMA
HOJIbPrKa MOBTAPAIIHU C€ ACHCTBUS C BUCOKAa MHTEH3UBHOCT,
a OKCHJIaTMBHATa CHCTEMa € Ba)KHa 3a YJIECHsIBaHE Ha Mpolieca
Ha Bb3CTAaHOBSBAHE MEXY T€3U IEUCTBUS U I1OCIE0BATEIIHU-
T€ OUTKH B CpeInuTe (Ma4oBETE).

ChcTe3arenuTe Mo TaeKyoHIO C€ HYXKIAsT OT BUCOKHU
HUBAa Ha aHaepOOHU U aepOOHU CTIOCOOHOCTH, ChYETAHHU C MIPO-
sIBa HA CHJIOBH, 32 JIa YIPaBJsABaT e(heKTUBHO METaOOTUTHHUTE
M3MCKBAHUS 110 BpeMe Ha cpenture. AepoOHara u anaepoOHara
MOIITHOCT Ca peIlIaBally JeTePMUHAHTU Ha ycCliexa Ha TaeKy-
oo cnopructure. B To3u xonteker J. Sadowski et al. (2012)
ChOOIIABAT, Y€ MEJAIUCTUTE CPEJl ChCTE3aTEIINTE MBXKE B Ta-
eKYOHJIO IEMOHCTPHpAT MO-BUCOKA aHAepOOHA CUJIa TI0 BpeMe
Ha Wingate Tect B cpaBHeHHe ¢ HemenanucTute. ChIo Taka
ce Ha0Io1aBa TCHCHIIMSI METATUCTHTE TIPU MBXKETE U FOHO-
IIMTE Ja MOKa3BaT MO-BUCOKA aepoOHa Crjla Ha TECT COBAJIKO-
BO OsiraHe B CpaBHEHUE C TE3U, KOUTO ca 0e3 Memal.

Enun ot Haif-paznpocTpaHeHuTe Hecnenu(puyHu Mo-
JIEBH METOAHM 3a ouneHka Ha VO, NpH CIOPTHCTU IO Tae-
kyoHn0 (Rocha, F., Louron H., Matias, R., Costa, A., 2016;
Sant’Ana, J., Franchini, E., Sakugawa, RL., 2018; Chatterjee,
P., Banerjee, A., Majumdar, P., Chatterjee, P., 2008; Cetin, C.,
Karatosun, H., Baydar, ML., Cosarcan, K., 2005) ¢ 20 m cbc
coBajka. Benpeku ue To3u METOJI ce € JOoKa3all KaTO BaJIHJICH
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MIPU IOHOIIM CIIOPTUCTHU MO TaeKyoHJ0 [21], TecThT coBaika
MOJKE J1a HE OLIEHU aJIcKBAaTHO AEHUCTBUTEIHNUTE CTOMHOCTH HaA
VO, . (oxono 16%) npu €IUTHH CIOPTHCTH IO TA€KyOHIO
(Cetin, C., Karatosun, H., Baydar, ML., Cosarcan, K., 2005).
Ot npyra cTpaHa, BCHYKU CHEIUGUIHH 32 TACKYOH/I0 TECTOBE
1 METOJIH, TIPEUIOKEHHU B MPEAUIITHU TIPOYUIBAHUS, CE€ CHCTOSIT
OT MOBTAPSIIO CE M3MBJIHCHUE HA CTAIIMOHAPHU KPBIOBHU PHT-
HUIIM, TakKa 4e aTieTuTe 3amodsaT ¢ 6 g0 10 puTHUKA U clen
TOBa IIPOTPECUBHO yBeaudaBaT Oposi ¢ 3 10 4 puTHUKA Ha BCe-
KM HOB eTan J0 BosieBoTo u3tomieHue (Rocha, F., Louro, H.,
Matias, R., Costa, A., 2016; Araujo, M., Nobrega, A., Espinosa,
G., Hausen, M., Castro. R, Soares, P, et al. 2017; Sant’Ana,
J., Franchini, E., Sakugawa, RL., 2018). Te3u TecroBe ce
OTIMTBAT JIa BH3MPOU3BEAT PEKUMA HA pab0Ta, M3BHPIIBAH OT
CHIOPTUCTHTE IO BpEME Ha Mad, HO OCHOBHHUTE UM OTpaHudYe-
HHUS ca JIMIcaTa Ha OOMYaiiHu pa3MeCcTBaHUS 10 MPOTEIKCHHE
Ha ChCTe3aTejHaTa 30Ha MU OTHOCHTEIIHO JBJTH MPOTOKOJIH
(T.e. mpuOMM3UTETHO 15 MUHYTH).

Nma orpanunuen Opoil mpoyuBaHus BbpXY GU3HOIOTHY-
HUTE peaklMd Ha TAeKyOHJUCTH KaKTO IO BpeME Ha TPEHH-
POBKa, Taka U MPU CUMYJIUpPaHU U opunmaaHu outku. Heobxo-
TUMU ca ObJCIIH MPOyYBaHUsI — 0COOCHO TaKWBa, IPOBEICHU
B paMKHTE Ha OPUITUATHI Ma4OBE 110 TAEKyOH [0 W/HIIA MOJIe-
JaupaHu TpeHuposbuHU 3aHuManus (Franchini, E., Tabben, M.,
Chaabene, H., 2014).

[IpuHochT Ha aepoOHara, aHaepoOHaTa ajakTaTHa U
aHaepoOHaTa JIaKTaTHa eHEPruiHU CUCTEMA € OIICHEH Ype3 U3-
MepBaHe Ha KOHCyMallUsATa Ha KUCJIOPO/I ¥ MPOMsIHATA Ha KOH-
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LeHTpanus Ha jJakrar ot Bertuzzi, R., Dourado, A., Santos, V.,
Franchini, E. (2012). CpeqHoto ChOTHOIIEHUE Ha JCHCTBUSA
C BHCOKA MHTEH3WBHOCT KbM TaKMBa C HUCKA WHTEH3UBHOCT

(cTpiku u naysu) e ~1:7.

Crnopen B. Saltin (1990), J. Bangsbo (1990), J. Medbg,
et al. (1988) npu UHTEH3UBHU U3TOUIUTEIHU HATOBAPBAHMUS C
MPOIBIKUTEIIHOCT 2 10 3min, eHEeprusiTa, 10CTaBsiHa OT JieTa-
ta Ha AT® u KO, e mexay 20 u 30% ot anaepoOHara eHep-

TUMHA IOCTaBKa.

ChcTe3anusTa 1Mo TaeKyoHJ0 Ha MEXIYHApOIHO HUBO
NPEIU3BUKBAT IOYTH MAaKCUMAIIHU ChPJCYHOCHOBH PEAKIIUU
¥ BHCOKA KOHIICHTpAIIHsI Ha JIJAKTaT B KPbBTA 110 BpEMe Ha cpe-
mia. CnenoBareniHo 00ydeHHETO TpsiOBa Ja BKIIIOYBA yHpaX-
HEHHsI, KOUTO JOCTaThYHO J]a CTUMYNIHpAT aepoOHUs U aHae-
pobHust metabonmmu3bMm (Bridge, C., Jones, M., Drust, B., 2009).

Henocrarpsunu ca u3cienBaHusATa B ChCTE3aTEITHU YC-
JIOBUSI WJIHM TIPU U3IBIHEHUE Ha CHEIM(PUYHO HATOBAapBaHE.
Pa3paborBanero Ha cnerupuYeH TECT, KOUTO J1aBa BH3MOXK-
HOCT 3a OIICHKA Ha KapJHOPECIHPATOPHUS OTTOBOP 10 BpeMe
Ha TPEHUPOBKA 1O TA€KyOHO, € OT pEelIaBallo 3HAYCHHE 3a
WHIMBUYyaTU3upaHe Ha aepoOHOTO 00ydeHue, Karto ce (Poky-
cupa BbPXY MOIOOPSBAHETO MPEACTABIHETO HA CIHOPTUCTHUTE
(8, 31). Ilopagu BaxxHOCTTA Ha CHOPTHATa crienuduKa mpe-
MOJIOKUXME, Y€ CHeIUPUICH 32 TACKyOH0 MPOTOKOT OU OWIT
TOAXOMSI METON 332 KapIuOPECIUpPAaTOpPHA OIIEHKA Ha TaeKy-
oHJ0 crioptucT. ClIeIOBaTETHO ILENTa HAa TOBAa MPOYYBAHE
oerie ga MpeAIoKH crieliuUyYeH MPOTOKO 32 KapIUOMyIMO-
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HapHO HATOBApPBAaHE 33 CIIOPTUCTHU MO TACKYOHJIO U JIa CPABHU
HETOBUTE PE3yITaTH ¢ TPATUIIMOHHUS TECT 3a YIPAXKHEHUS Ha
Osraima mpTEKa.

JlumcBar onuTH 3a pa3pabOTBaHETO HA MHOTOM3MEpPEH
TEPEHEH TECT 3a OICHKA Ha PeIrlla BaKHU KOMIIOHCHTH Ha
TPEeHHPAHOCTTa B TaeKyoH 0. ETo 3amo ToBa mpoy4dBane nuMa
3a 1eJ Ja MPEeAJIoKH HOB TEPEHEH TecT, 0a3upaH Ha CIIeUH-
(GUYIHUTE ABUTATEITHN YMEHHS B TaCKYOH]IO, 32 OIlEHKA Ha ae-
pobOHata u aHaepoOHaTa TOAHOCT M JIOBKOCTTA HAa TAa€KyOH]IO

CIIOPTHUCTHUTE.

YenexsT B TAGKYOH/I0 3aBUCH OT TMO3HABAHETO HA TO3HU
CHOPT B AbJIOOUMHA. M3yuaBaHeTo Ha OPHUIIMATHOTO ChCTE3a-
HUE MOXKE J1a TPEAOCTaBU TOJE3HHU, MPAKTUYECKU MpOBEpe-
HU BAJIMIHHU JAaHHH 3a OICHKA HAa M3MCKBAHMATA HAa ChCTE3a-
TeJHaTa JIEWHOCT OT TaKTUYeCKa, TEXHUYECKa, IBUTaTelIHa U
(byHKIMOHAIHA TVIeHA TOYKa. Te3H JaHHU MPEJOCTaBAT WH-
dbopmanms, KOATO MOXE J1a TIOCTYXKH 32 ONTUMH3UPAHETO Ha
¢buznonornvyHus MPOoQUI HA CIIOPTUCTUTE U 32 MOBHIIABAHE
Ha cbcre3arenHara edexrtuBHocT (Hanon, C., Savarino, J.,
Thomas, C., 2015) upe3 goxycupane Ha 0OyUEHHETO BBPXY
TE3H N3UCKBAHMUA.

Cumynanuure Ha JByOOH B OOMHUTE U3KYyCTBA HE MOKE
Jla TPOBOKHUPA ChUIUTE (PYHKIMOHAIHU MPOMEHH, KAKBHTO Ca
HaJIMIIe B €IHO UCTHHCKO chere3anne (Hanon, C., Savarino, J.,

Thomas, 1., 2015; Bridge, C. et al., 2013). 3aroBa u3smepBaHeTo
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Ha (QYHKIIMOHAHUATE MMPOMEHIIMBY B PEATHO BPEME 10 BpeMe
Ha CHCTE3aHUE € OT PEelIaBallo 3HaYeHHEe 3a pa30upaHeTo Ha
W3MCKBAHUATA HAa TO3M CIOPT. KOHTaKTHHUAT XapakTep Ha Ta-
€KyOHIO MpaBU TOBa M3KMCKBaHe npobnemarnyHo (Davis, P. et
al., 2018; Miarka, B. et al., 2016; Bridge, C., Jones, M., Drust,
B.,2011).

Hamrata paGoTHa Xumore3a ce 0CHOBaBa BbPXY peIuIla
NPEBAPUTEITHU TPOYYBaHUS 3a CHIIHOCTTA Ha (YHKIIMOHAI-
HOTO HATOBApBaHE B ChCTE3aHUETO MO OJIMMITUHCKO TaeKyOH-
JI0 ChIVIACHO HOBUTE MpaBwia Ha MexayHapoaHara denepa-
nusi. Jluncara Ha BUCOKOMH(OPMATHBHU MYJITHUKOJIUHEAPHU
crienuUYHU TECTOBE M MOKA3aTeIH 32 KOHTPOJ U OIEHKA Ha
TpEeHUpaHOCTTa (MOJArOTBEHOCTTA) ChIIO € mpobiem. [Ipeomo-
JISIBAHETO HA TOBA M30CTaBaHE OMpeeis KAKTO MPUHITUITHUTE
MOJIXO/IM, TaKa U HEOOXOAUMHUSI HHCTPYMEHTApUYM 3a pealiu-
3UpAHETO Ha HAay4YeH KOHTPOJ Ha crnenuduinara paboTocro-
COOHOCT B OTUMITUHCKOTO TACKYOH/IO.
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IJTABA BTOPA

HOEJ, 3AJAYU, METOAUKA
N OPTAHMU3ALUA HA U3CJIEABAHETO

IIL. 1. e u 3agaun HA U3CJIeIBAHETO

Ilenta Ha HACTOAIIOTO M3CIEABAHE € Ja C€ MOBHILIU
e(eKTUBHOCTTa Ha TPEHUPOBBLYHUS MPOIIEC B CHbBPEMEHHOTO
OJIMMITHIACKO TA€KYOHI0 Ype3 MHTETPaHA OI[CHKA U ONTUMHU-
3upaHe Ha cnenu@uyHara paboToCcrnocoOHOCT B TEPEHHU U Jia-
OopaToOpHU YCIIOBHSL.

3a peUuIaBaHCTO Ha ITOCTaBCHATA LIS Ca (1)OpMYJ'II/IpaHI/I

CJIICAHUTE OCHOBHH 3aJa4M:

1. AHaIMTHYHO MPOyYBAHE HA JIUTEpaTypara Io mpooJe-
MUTE Ha KOHTpojia U creruduiHara paboTocrnocoo-
HOCT B CIIOpPTa — OOIIIO0 U B YaCTHOCT B OJTUMITUHCKOTO
TaeKyOoH/I0.

2. Tlpoy4BaHe Ha METONUTE 3a U3CJICBAHE U KOHTPOI
Ha crienuduyHaTa paboTOCIOCOOHOCT MPH CIIUTHH
TaeKyOH IUCTH.

3. TlpoBepka Ha epeKTHBHOCTTAa HAa YWHTEHUT TECT 3a
YCTaHOBSIBAaHE HAa HUBOTO Ha cnenuduunara pado-
TOCTIOCOOHOCT MPHU TAEKyOHIUCTH.

4. PaspaboTBaHe W ampoOUpaHEe HA TEPEHEH TECT 3a
KOHTPOJI Ha crielupuIHaTa paboTOCIOCOOHOCT TIPH
TaeKyOH IUCTH.
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5. PaskpuBaHe Ha KopelalMOHHO-()aKTOpHATa CTPYK-
Typa U M3BEXKJaHE HA OCHOBHHUTE (haKTOPH Ha CIie-
uuduyHaTa paboTOCOCOOHOCT Ha TAEKYOHIUCTH.

6. Pa3paboTBaHe Ha HOPMATHBHA CHCTEMa 32 KOHTPOJ
Ha BbPXY (U3UUYECKOTO pa3BUTHE U crielupUuIHaATA

paboToCroCOOHOCT Ha TAGKyOHIUCTH.

IIpenmer Ha u3c/eIBAHETO € KOHTPOJIBT HA CIEIH-
¢uuyHaTa pabOTOCIIOCOOHOCT HA TACKYOHIUCTH B OJUMITHIA-

CKHs CTHUII.

O0eKT Ha H3cJIeBaHe ca TTOKA3ATEINTE Ha crieu(ud-

HaTa pabOTOCIIOCOOHOCT B TACKYOH/IO.

B uscnensanero yuacrBaxa 13 eIuTHU ChCTE3aTENHN 1O

TaeKyoH/I0 OT Kiy0 ,,Pamyc®.

W3cnenoBare cKUsT MOAXO/ BKIIOYBAIIE CIETHUTE OC-
HOBHM METOJIM Ha M3ciieABaHe: TeopeTHueH aHaiu3 Ha clie-
A 3upaHaTa HayqHO-METOANYecKa JIuTeparypa; AHTPOIIO-
meTpuyHH u3MepBanus;30-cexynnen Wingate Anaerobic Test
(WAnNT); Crneuuduuen aHaepoOCH TEPEHEH Ta€KyOHIIO TECT
3a perucTpupaHe Ha NMOBEJCHUETO HA TACKYOHIUCTHTE B KOH-
TposiHo-cheTe3arenuu ycnoBus (CAHTT) u Maremaruko-cTa-

TUCTUYCCKHU METOOU.

20



TPETA IVTABA
AHAJIN3 HA PE3YJITATUTE

H'prl/IﬂT acneKkT Ha aHaJu3 O¢ HAcO4YeH KbM CpaB-
HUTCIICH aHAJIM3 Ha TCXHUYCCKHU I10Ka3aTCJIM Ha U3CIICABAHUTC
TAaCKYOHJUCTH.

W3cnenpanuTe OT HaC OBJITApPCKU SIMTHUA ChCTE3aTeNIN OT
KIy0 ,,Pamyc* B kareropus 10 68 KT HAaHACST yJiapH, KaKTO CJIe/IBA:
64 6post — E.M., 54 6p. — b.A., a B kareropust 10 58 kr: 84 Op. —
JI.b. C naii-mambk O6poit yaapu e PI. B kareropust 68 kr —14 Op.

[To oTHOMIEHME Ha Oposi Ha peaM3WpaHUTE OT yAapu
TOYKH B cpellla Hai-BHCOKa € edekruBHOCTTa Ha J[.B. — 13,
cnensan ot B.I'. — 11. C Haii-nucka egextuBHocT € P.I. — 0 6pos.

Jloruyen e BBIPOCHT UMa JIM BPb3Ka MEXIY peau3u-
paHUTE yaapyu U IPYTUTE ITOKA3ATEIIHN.

140

120 26
15
100 13 2
8
80 12
29,
60
11
40
20 .
0
1 2 3 4 5 6 7 8
m bpoit u3nennenn ynapu m Bunose ynapu

Bpoii ynapu, peanusupanu 4 = bpoil peanusupany Touku
TOYKH

®durypa 4. Texnuuecka echekmugnocm na uscieoganume
cvemesamenu
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Pesynrarure ot ¢purypa 4 nokassar, 4e U3IIbIHABAILIN-
AT TO-TOJIsIM Opo#l yaapu ce OT/indaBa C MO-HUCKA €(EeKTHUB-
HOCT. Bpipeku ue ynapure, npu KOUTO Ca peau3upaHu TOUKH,
HOCSIT BakKHA MH(OpMAIHS, TAXHOTO pa3riiekaaHe U3BbH KOH-
TeKcTa Ha Opos Ha IOHECEHUTE Ype3 TAX TOUKH € Oe3mpeameT-
HO. Manko ca cbcTe3arenure, KOUTO MEYEAT CPel, pa3un-
TalKU IPEAVMMHO Ha YIapy B TAJIOTO, HOCEIIH 2 TOYKHU.

Taoauna 17

TexHuuecka egﬁexmueﬂocm Ha u3cnedsanume cocmesamesni

[
= = & =
s |Ez| B | 2|25 | E_|c8| &
= @ o = S ® o= 8 =| 5 X s
< B2 |2 x = = = L /A =%
A < © =) =" = X o = X = =
g 25|23 8 2 > 2| &2 5| §09 )
g | EE|RWER & |EER|RER|E5| 2
5| 28| 8 S |22 i | §g| &
|0 g2 |HBa 2 | g8 =~
. K 63 35 14 1 2 6.86 240
E. M. 68 64 10 4 3.75 240
P.T. 68 14 6 0 0 6.43 90
M. P. 80
b. A. 68 54 10 5 12 3 240
1. b. 58 84 7 13 26 2.85 | 240
B.T. 63 34 7 11 29 4.76 162
I'T. 58 83 14 7 15 4.34 360

OT meaHa TOYKa HAa TOBA KOM Ca TE€3U PAa3HOBUIHOCTH
Ha yJapH, U3I0JI3BaHU B KOHKPETHUTE Cpelu, oT Tadauua 17
ce Buxaa, ye [I.K. u ['T. u3nwaasaBar Haii-rojasM Opoit pas-
nuunu ynapu (14), cneasanu ot E.M. u B.A. (10). Haii-enno-
o6paznu Ttexnuku usnon3sa PI. (6). lllo ce oTHacs mo Opos
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Ha peaqu3upaHuTe TOUKHU, Hali-epektuBHU ca B.I. (29) u J1.b.
(26). Haii-Bucok e koeUIMEeHThT Ha UHTeH3UBHOCT Ha J[.b. —
2,85, KOETO 03Ha4YaBa, 4€ Ha BCEKU 2,85 CEK TOW HaHacs yaap.

B tabamuma 18 ca npeacraBeHu KoepUIIMEHTHTE Ha
KOpeJnalusi Ha aHalM3UpaHuTe Moka3arenu. VHTepec mpen-
CTaBJISIBAT 3aBUCUMOCTUTE MEXAY TOKa3aTeauTe opoil yoapu,
peanusupany mouku u Opoil pearuzupanu moyku ¢ nokazamei
,, Koeqhuyuenm Ha UHMeH3UBHOCM *“.

Taoauna 18
Kopenayuonnu 3asucumocmu
= o= = = 5| 9
= (3}
SESl > |x5E| g2 |E<E| =
=] Q e l-§ 2, =~ o
== g == o = S = =
271 3 |83°| =22 (% E| &
= | & |R& | g& |2 E| A&
Bpoii u3nbiaHenu 1
yAapu
Bunose ynapu 0,319 |1
bpoii yrapu, pea- | seq | 95 | |
JM3UPAJIA TOYKH
bpoi peamusupa- | 4so | 35 | g7g%x ||
HU TOYKH
Koedwumment na
-0,754 (0,173 |-0,671 |-0,603 |1
NHTCH3UBHOCT
Bpemerpaene ,828* |,780* [0,255 (0,173 |-0,41 1

HabmronaBa ce 3HaunTeNIHA OTPULIATEIHA KOPEJIALUOH-
Ha 3aBUCHUMOCT MeXAy Opos yiapH, peaau3upaiu TOUKH, ¢ KO-
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e(UUUEHT Ha UHTEH3UBHOCT I.-671. 3HauuTENHA OTpULIATEIHA
€ M KOpEeJlallMOHHAaTa 3aBUCHUMOCT MEXAY Oposi peanu3upaHu
TOYKH C KOS(UITUEHT Ha HHTEH3UBHOCT 1.-603. KakBo o3Ha4a-
BaT TE3W pe3y/TaTH:
v/ KOJIIKOTO TI0-TOJISIM € OpOAT Ha yaapuTe, upe3 KO-
TO Ca peaM3upaHu TOUKH, TOJKOBA MO-HHUCHK €
KOe(UIMEHTHT HA MHTEH3UBHOCT, T.€. I0-BUCOKA €
e(heKTUBHOCTTA Ha ChOTBETHHUS ChCTE3ATEN,
v’ OposIT HA pean3UPaHUTE TOYKH HE BOM JIO TI0-BHU-
COK KOC(UIIMEHT HAa HHTEH3UBHOCT.

B 3akmiouenue, TexHuueckara eeKTUBHOCT Ha JaJieH
ChCTe3aTeNl ce OIpenaesss B Hail-roisiMa cTeneH oT J00poTo
TIacHpaHe U OT HUBOTO Ha crielupruyHa U3PbKIUBOCT B KOH-
TeKCcTa Ha pabOTOCTIOCOOHOCT.

CaenBamusiT acneKT HA aHAJIU3 B JTUCEPTALIMOHHUS
TPY/l € HACOYEH KbM pa3KpUBaHE Ha CPEIHU CTOMHOCTH U Bapu-
aTUBHOCT Ha [TOKAa3aTeJINTE 3a TEJIECEH ChCTaB U Ha TE3U 3a CIe-
mQuyHa paboTOCTIIOCOOHOCT HA U3CIIEIBAHUTE TAEKYyOHIUCTH.
Pesynrarute ot BapuarmonHara 00paboTka Ha U3XOIHUTE J1aH-
HU OT MPOBEJCHOTO M3CIIE/IBAaHE BbPXY (DU3NYECKOTO Pa3BUTHE
Ha ChCTE3aTeNINTE [0 TACKYOH IO Ca MPEACTaBeHH B Tadauma 19.

KakTo ce Buxaa ot Tabnuiiara, u3caeiBaHUTE ChCTE3a-
TEJUTE M0 TaeKyOHJO ca Ha cpefHa Bu3pact 20 + 4,3 ronuxu,
uMar cpeaso ternio 62,9 £ 10,5 kr, peet 173 +£ 9,4 cm u BMI
21,2 £3,6. Cpenuure JaHHU ca OHAIJIeICHU Ha purypa 5.

BaskeH 3a u3cienBaHeTo € ChII0 Taka U KOSPUIIUEHTHT
Ha Bapuanus V, KOUTO T03BoJIsIBa Ja Ob/Ie OIlEHeHa KaKTO CTa-
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OMITHOCTTA HA OTACTHUTE IMOKA3aTeN, TaKa ¥ XOMOTEHHOCTTA
Ha U3CclieIBaHaTa ChbBKYITHOCT MO0 OTHOIIICHWE Ha MTPU3HAIUTE,
3a KOUTO BCEKU OT T€3U Mokazareiau Hocu uHdpopmanus (¢pu-

rypa 8).
Tadoauma 19

CpeoHu cmotiHocmu Ha aHmponomMempuyHume OaHHU
u pezyrmamume om MAKCUMAIHUSL Mecm 00 OMKA3
Ha uzcneoganume 13 maexyonoucmu

Bn3pacr Tesecna . HNHupexc Ha
(rogunn) L5 (@) maca (kg) BMI KertJie

20+4,3 |173,0+£9,4| 62,9+10,5 | 21,02+3,06 | 362,45 +52,82

*BMI — HUnoekc na menecnama maca

BMI 21,02

‘Termno 62,89

Br3pacr - 20,3

0 20 40 60 80 100 120 140 160 180

®urypa 5. CpedHu cmouHocmu Ha U3Ci1e08anume cbcmesamenu
no MmaexkyoHoo

AHanu3bT Ha @Qurypara mnoka3Ba, 4e€ CTOMHOCTHUTE

Ha V @Ipu Tas3u rpyma nokasareiau ce ABWXKaT Mexay 5,43%
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u 16,70%. Huckara BapuatuBHOCT Ha pbcTa (mMoOKaszaren 1,
V, < 10%) naBa ocHOBaHME C BUCOKA rapaHIMOHHA BEPOAT-
Hoct (P, = 95%), K0ATO 3a/10BOJISIBA HYKIUTE HA CIIOPTHATA
MpaKTHKa, J1a c€ TBbPAM, Y€ TO3U MOKa3zaTesl € CTaOWiieH, a
Ha0JI01aBaHaTa ChBKYITHOCT € XOMOT€HHA MO0 OTHOLIEHUE Ha
JIBIDKUHATA HA TAJIOTO.

V%
16,70 14, 57
14
20,00 60)
15,00
g 5,43
10,00
‘ y
5,00
0,00
PoscT Terno Mupekc Ha Ketne

®urypa 8. Pascelisane na unougudyainume pe3yimamu 0Kouo
cpeoHume HUBA HA U3C1e08aHUmMe NPUIHAYU

[Ipu ocrananute 3 MOPQOJOTHYHHM TPHU3HAKA Pa3Ceii-
BAHETO OKOJIO CPEAHOTO HUBO € B rpaHuuute mexay 10% u
20%. ToBa e 10Ka3aTeICTBO 3a OTHOCUTEIHATA CTAOMIITHOCT HA
ITOKAa3aTeINTe ¥ OTHOCHTEIIHATA XOMOT'€HHOCT Ha M3CJIeABaHa-
Ta rpymna Mmo OTHOIICHUE Ha TeJleCHaTa Maca U UHJIEKCUTE Ha
OXPaHEHOCT Ha BKJIIOUEHUTE B HESl ChCTE3aTENH 110 TACKYOH/IO.

Ha Ta6auna 20 ca npencraBeHu CpeAHUTE CTOMHOCTH
¥ BapUATHBHOCTTA HA TIOKA3aTEJIUTE OT MPOBEICHUS MAaKCH-
MajeH YUHIEUT TeCT Ha U3CJICABAHUTE ChCTE3aTeNIM I10 Tae-
KyOHJIO 3a OIleHKa Ha (PyHKIMOHAJIHATa paboTOCIOCOOHOCT.
AHanuzupanu 6sxa o6mo 13 WAnT recra.
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Tao6auna 20

Cpeonu cmotinocmu Ha QYHKYUOHATHUME NOKA3AMeNU OMm
Makcumanuus mecm 00 omKa3s Ha uzcieosanume 13 maexyonoucmu

TToxa3zarenn R Min Max | Mean S V%

ITnkoBa MOIIHOCT
PP (W)

ITnkoBa MoOIIHOCT
PP(W/kg)

CpemHa MOITHOCT
(amaepobeH
KaITaiuTeT)
AP(W)

CpemHa MOITHOCT
(amaepobenH
KaITalmTeT)
AP(W/kg)

Cnan Ha
MoIHocTTa B %
(Uunekc Ha
ymopara) PD (%)

481,39 505,71 | 987,10 | 682,95 |172,93| 25

6,38 | 6,96 | 13,34 | 10,57 | 1,94 18

379,21 344,28 | 723,49 | 499,02 | 118,17 | 24

3,62 5,8 9,42 7,69 1,08 14

54,7 | 39,1 93,8 | 54,87 | 13,70 | 25

TaekyoH/I0 € CIOpT, U3UCKBAILl BUCOKA MHTEH3UBHOCT
Ha padoTa KOSITO aHTaXHUpa MPsIKO aHaepoOHaTa €eHEProOCUTy-
psiBala cucTeMa U ce Kiacuduimpa Kato BUCOKO MHTEH3UBEH
WHTEPMHUTEHTEH cnopT. Pa3bupa ce, ToBa He M3KIIOYBA U Ha-
JUYHMETO Ha BUCOKO HMBO Ha aepoOeH KamaiuTeT 3a ObP30TO
BbH3CTAHOBSIBAHE MEXIY MPEKHCBAHUATA U PYHIOBETE.

Ot Tabmuna 20 ce BmKaa, 4Ue IMUKOBAaTa MOIIHOCT € ChC
cpenHa croiHocT 682,95 £ 172,93 W u koedullueHT Ha BapH-
arus ot 25%, T. €. U3ClIeABAaHUTE ChCTE3aTeIN MOKA3BaT OTHO-
CHUTEJIHA XOMOI€HHOCT I10 OTHOIIICHHME Ha CBOSATAa MaKCHUMall-
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Ha MomHOCT. Cplara, OTHECEHA KbM TEIIOTO, € ChC CpeaHa
croitHoct 10,57+1,94 W/kg u BapuaruHocT oT 18%.

AHaepoOHUSAT KarauTeT € Che cpeaHa cToiHocT 499,02
+ 118,17W u ¢ xoedurment Ha Bapuanus ot 24 %. Kamanu-
TETHT, OTHECEH KbM TENIOTO, € ChC CpelHa CTOMHOCT 0T 7,69
+ 1,08 W/kg u ¢ Hail-HuChK KoeduumeHT Ha Bapuanus — 14%,
KOETO 03HayaBa, ye MO OTHOIICHHE Ha aHAepOOHMS KararuTeT
U3CJIE/IBAHUTE ChCTE3aTesId UMaT BUCOKA XOoMOoreHHocT. MHe-
KCBT Ha yMopara € ¢bc cpefHa ctoiHoct 54,87 + 13,70 % u xo-
epunmeHT Ha Bapuanus ot 25%. Tyk u3cnenBanuTe chcresa-
TEJIM MOKa3BaT IMO-ToJisiMa BAPUATUBHOCT U BEPOSITHO HUBOTO
Ha TIOJrOTBEHOCT UIPAE BayKHA POJISL.

Ha ¢urypa 9 ca onamienieHu cpeiHUTE CTOMHOCTH Ha
€pProOMETPUYHMTE MMOKa3aTeNu OT u3nbiaHeHn 13 WANT or cbe-
TEe3aTeNINTe MO TaeKyoH 10, a Ha ¢urypa 10 — koedpunueHTure
Ha BapHaLKsl.

Bwxna ce, ye n3cnenBaHuTe OT HAC TACKyOHIUCTH UMAT
I10-BHCOKA ITMKOBA MOIIHOCT, OTHECEHA KbM KHJIOIPaM TETIIO,
HO 10 OTHOILLIEHNE Ha MHJEKCA Ha yMOpaTa O-BUCOKUTE CTOM-
HOCTH MH(OPMHPAT 32 HUCKO HUBO HA MOATOTBEHOCT U MO-HU-
CbK (yHKIIMOHaJIEH KananuTeT. O0sCHEHNEe MOXKE J1a e ThPCU
B OTCHCTBUETO Ha MPUJIMKA B HATOBAPBAHETO, KoeTo pu WanT
€ TIOCTOSHHO, JOKaTO B TAEKYOHJO MMa KpaTKa Iay3a MEXIy
yAapuTe, KOETO MO3BOJISABA Bb3CTAHOBSABAHE U BOJIM, OT CBOS
CTpaHa, O HaMaJsIBaHE Ha HAIPEKCHUETO.

Baxna uH(pOpMaIMs B 3aBUCHMOCT OT KaTErOPHHUTE
HOCH pealu3upaHara paHroBa Kopesianus Ha QyHKIIHOHATHATA
pabotocmnocobHoCT (purypa 11).
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682,95

700
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PP(W)  PP(Wkg) AP(W)  AP(Wkg) PD (%)

®urypa 9. Cpeonu cmounocmu Ha ep2omempuyHy NoKasamenu
om usnvanenu 13 WAnT om cvcmeszamenume no maexkyoHoo

V%
30,00

25,00
20,00
15,00
10,00

5,00

PP(W) PP(W/kg) AP (W) AP (W/kg) PD(%)

®urypa 10. Koeguyuenmu na sapuayus Ha usciedsanume
noxazamenu om WAnT

Jlezenoa 3a gueypu 9 u 10.

1 — Iuxosa mowmocm PP(W)/100; 2 — Iluxosa mownocm PP(W/kg); 3 — Cpeona
mowgrocm (anaepoben kanayumem) AP(W)/10; 4 — Cpedna mownocm (anaepo-
ben kanayumem),; 5 — Cnao na mowppocmma 6 % (Mnoexc na ymopama) PD (%)

@urypa 11 mokas3Ba, ye KaTeropusiTa, B KOSITO y4acTBaT
ChCTE3aTeNIUTe M0 TAEKYOH 10, BIIMsAE c1ab0 BbpXy BbpXOoBaTa
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(PP [W]) Mo u anaepoOuus kananutet (AP [W]). B cbmioto
BpeMe T oka3Ba B ymepena cremneH (0,3 < R < 0,5) nerarus-
HO BJIIMSIHUE BbpPXY OTHOCHTENHATa BbpXoBa MomHocT (PP [W/
kg]) u otHOCUTETHUS aHaepoOeH kamaruTeT (AP [W/kg]).

0,55

0,607

0,50+ HauMTe/THACTEIIeH
0,40+
0,30+
0,20
0,10+
0,00+
-0,10
-0,20 7
-0,30
-0,40 1
-0,50

=PP(W)

-0,15 B AP(W/kg)
-0,21 — [Ymepena crenex ‘MepeHa CTelleH =@PD(%) _

Panros koedumment (R)

-0,45
v 1

{51 16] (71 (81
IToxazarenmn

el

®urypa 11. Bruanue na kamezopusama vbpxy noxazamenume,
xapaxkmepusupawu hyHKYUOHATHAMA 20MOEHOCH
Ha u3ciedsanume cbcmesamenu

[Tpu ananmu3a mpaBW BIICUATICHHE CHIO, Y€ ChCTE3a-
TeJIHaTa KaTeropus BIMsE B 3HAUMTENIHA CTENEH BbpXYy MHJIE-
kca Ha ymopa (PD [%]). JlokazaTencTBo 3a ToBa € CTOMHOCT-
Ta Ha Koe(UIMEeHTa Ha paHroBa KopeJalus Npu rokasaren 9
(R, =0,55).

B Ta3u Bpb3Ka € pa3paboTeH U cneuuPpUUHUAT aHaepo-
OCH TepEeHEH TECT 3a OIIEHKa Ha HUBOTO Ha pab0TOCTIOCOOHOCT
Ha ChCTE3aTeIN 10 TACKYOH/IO.

Cnenuduuna 3aaya Ha JUCEPTALMOHHUS TpyH Oelie
pazpabotrenusT CAHTT uma 3a OCHOBHA 11€J1 J]a OLIEHH HUBOTO
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Ha cnenuduyHara paboTOCIOCOOHOCT Ha ChCTE3ATENIUTE IO
TAeKYOH/IO Ype3 Bb3IPOU3BEXKJAHE HA YCUIMETO, XapaKTEPHO
3a 005 TI0 BpeMe Ha ChCTE3aHUETO.

B Taéuuna 22 v Ha ¢purypa 12 ca npencraBeHu cpea-
HUTE CTOMHOCTH M BapUaTMBHOCTTA HA W3CJICIBAHUTE IMOKa-
3aTeNy MPU U3MBIHECHUETO Ha crienu(uuHus aHaepoOeH Te-
peHeH Tect. CpeaHara myJcoBa YECTOTA € ChC CTOMHOCT OT
152,77+17,2 yn./mMuH 1 Koe(DUIIUEHT Ha BapHallUs B PAMKHUTE
Ha craructudeckara xoMoreHHoct ot 11,2%. ITpu makcuman-
Hara MyJcoBa 4ecToTa cpeaHara croitHoct € 193,15 £ 8,85
yI./MUH U KOe(UIIMEHT Ha Bapualus OTHOBO B paMKUTE Ha
cTaTHCTHUUYEecKaTa XoMoreHHocT — 4,6%.

Taoauma 22

Cpeonu cmotinocmu u 6apuamu8HOCm Ha U3C1e08anHume
noxazamenu om usnvinenue Ha CAnTT

Moka3zaTenn R Min | Max | Mean Defit:t.ion V%
1Y cp. 52 124 176 152,77 17,2 11,2
ITY maxkc. 35 180 | 215 193,15 8,85 4,6
14 —1-Bu pyHA 17 178 195 185,92 6,22 33
MY — 2-pu pyan | 36 179 | 215 192 8,69 4,5
La magamno 3,2 2 4,2 2,9 1,14 39
La 3-ta muH. 7,1 5,2 11,3 6,8 2,43 21,5
Koed. edpexr 0,03 | 0,16 | 0,19 0,17 0,02 12

CpumsT mokazatel, W3MEpPEH IpH NPUKIIOYBAHE Ha
I'BPBUS U HA BTOPUS PYH[ € cbOTBETHO 185,92 + 6,22 yn./mMuH
u V= 3,3% u 192+8,69 yn./mMun u V= 4,5%. Konuenrpanus-
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Ta Ha JIAKTaT € C Hall-BUCOK KOE(UIIMEHT Ha BapHalus — Mpu
HauajgHUTe croitHocTu — 39% u cpenHa ctoviHocT 2,9 +1,14
mmol/l, u Ha 3-ta MuHyTH ciien Kpas Ha Tecta — 21,5% u cpen-
Ha cTorHOCT 6,8 £2,43 mmol/l.

45,00

40,00 39,00

35,00

30,00

25,00 21,50

20,00

15,00 11,20 12,00

10,00 4,60 3,30 4,50
5,00
0.00 B e
V%

mI1Y cp. mITY maxc. mITY-1-u pyrn mITY-2-Bu pysn mLanagano mla3-ramma  mKoed. epekr

®durypa 12. Bapuamusrnocm na uzcieosanume noxkazameinu
om CAnTT

N3mepenusT cpeneH kKoehUIIMEHT Ha €()EKTHMBHOCT €
0,17+0,02%, a koepureHTHT Ha Bapuarus — 12%.

CroifHOCTHTE Ha JIaKTaTa MOKa3Bar, ue aHaepoOHaTa Iiu-
KOJIM3a IOMMHHPA B OCUTYPSBAHETO HA €HEPrus Mo BpeMe Ha
u3IbIHeHUE Ha TecTa. [logoOHu TBBpaAeHus paBsaT u Bouhlel et
al. (2006). Criopen chiuTe aBTOpU cTOMHOCTHTE Ha La, Habmo-
JIAaBaHU CJIe]] M3ITBJIHCHNE Ha CTICIIM(UYCH TECT, ca MOA00HU Ha
CTOWHOCTHUTE, 3allMCaHu B Kpasi Ha opHIraiHa cpela Mo TaeKy-
ongo (Bridge, C. et al., 2009 1.; Markovic, G. et al., 2008).

Moxe na ce cMmsTa, 4e pa3pabOTEHUST OT HAC TECT €
n00Bbp MHCTPYMEHT 3a OlleHKa Ha crienuuyHara paboTocmno-
COOHOCT Ha €JIMTHU TACKyOHIUCTH.
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IHocneqHuAT acnekT HA aHAJM3 O€ HACOUCH KbM KOH-
TpoJia BbPXy (U3NYECKOTO pa3BUTHE U criennduyHara pado-
TOCTIOCOOHOCT Ha M3CJEIBAaHUTE TaeKyoHIuCTH. [IpunoxkeHu-
AT (aKkTOpeH aHaIN3, KaKTo ce BIKaa oT ¢urypa 13, onpenens
oT 4 ocHOBHHM (haKTOpa, KOUTO B CBOSITA CHBKYITHOCT OOSICHSI-
BaT OTHOCHUTENHO BUCOK IpoueHT (80,44%) ot u3xonHara nuc-
NepCHUs Ha M3CIICABAHOTO SIBJICHUE.

HeobscHena
mcnepcus PDyHKIMOHAaTHA
20% pabonocroco6HOCT

27%

OuHamMmmnka

Ha Iy/coBara
yecToTa npodun
18% 19%

HTPONIOMETPUYICH

@uzypu 13. Omuocumenuu 05a108e Ha 005ICHeHA OUCNEPCUs.
Ha u3gedeHume axkmopu Ha cneyuuuHa 0sucamenHa
pabomocnocobHocm

[Tpu ananm3a Ha urypa 13 craBa siCHO, Y€ OTHOCHUTEII-
HUST JIsUT HA HEOOSICHEHAaTa OT M3BEACHUTE (DAKTOPH M3XOIHA
aucrepcus Ha crenuduyHarta padboToCroCOOHOCT Ha TaeKy-
onauctutre € camo 19,56%. To3n OTHOCUTETHO BUCOK IpPO-
LEHT Ha HeOOsICHEeHAa JIMCIIEPCHs BEPOSTHOTO CE IBKU Ha He-
IBJIHOTATa Ha M3M0JI3BaHaTa Oarepusi OT TecToBe. B Obaemu
W3CJIC/IBAaHMS TO3U MPOITYCK TpsiOBa ja ObJe OTCTPAHEH upes
BKJIFOYBAHE Ha JIOI'BJIHUTEIIHU TECTOBE.
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C mnaii-ronsaMo (HakTOpPHO TETIO0 TYK € MOKa3aTemsT
cpeona mowHocm (anaepoben kanayumem) AP(W) (0,953),
cienBaH ot nuxosa mownocm PP (W) (0,950), cpeona mowy-
Hocm (anaepoben xanayumem) AP(W/kg) (0,794) u nuxosa
mownocm PP(W/kg) (0,665). To3u pakrop moxe na Obje or-
peneneH karo GyHKIMOHAHA PaOOTOCIIOCOOHOCT HA M3CIIEI-
BaHUTE ChCTE3aTENH MO TaeKyoH 0 (purypa 14).

DaKTOPHO TEIIO
0,953

0,95

g,Z 0,794
0.7 0,665
0,6
0,5
0,4
0,3
0,2
0,1

0

IIuxoBa MOIIHOCT IuxoBa MomHOCT — CpeHa MOLTHOCT CpeHa MOIIHOCT
PP (W) PP (W/kg) (aepobeH KanaluTeT) (aHaepoOEH KarlaluTeT)
AP (W) AP (W/kg)

®urypa 14. @axmopra cmpykmypa Ha cneyuguunama
pabomocnocoonocm na maexyonoucmu — I paxrop

Bropusar ¢gakrop BKIOUBa TpH MOKaszarels ¢ 00sSCHeHA
M3XO0/Ha nucnepcus Ha ctoitHoctute oT 19,37 %. Tyk ca noka-
3aTenuTe, KOUTO HOCAT HH(OpMAITHsS 32 AaHTPONOMEeTPUYHUSI
npo(uJ Ha U3CJICABAHUTE CHCTE3aTEIN MO0 TACKyOHJI0 — /Me-
eno (0,822) u BMI (0,853), KakKTO B UHOEKCbM HA yMopama
(0,869).

Tpetusar daxtop ce ompeaens OT TpU TMOKazarens U
obscasBa 18,08% ot m3xomHara mgucriepcus. Te ca cpedwna
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nyncosa yecmoma (0,759), maxcumanua nyincoea uecmama
(0,823) u nyncosa wecmoma — 2-pu pyno (0,906). To3u dax-
TOp MOXe Ja Obje ompeneneH KaTo (akTop Ha JUHAMUKATa
Ha MyJIcoBaTa YeCTOTa MPHU U3IMIbIHEHNE Ha CTICIIM(UIHO HATO-

BapBaHC B TACKYOH/IO.

YerBbpTHT (HAaKTOP BKIIFOYBA CHIO TPH MOKA3ATENS U
obsicusiBa 16,41% ot usxonnara nucnepcus. Tyk e [14 — [-6u
pyuo (0,906), nakmam (0,458) u pvcm (0,638) u moxe na ce
onpeenu Kato (aKkTop HA pa3rpblliaHe HA MeTA00JIUTHUTE
Npouecy Npu U3NMbJIHEeHHe HA crieuUIHO HATOBAPBaHE B
TaeKyOH/10.

B 3axmouenue, aHalM3BT TOKa3Ba, 4e (axTopHaTa
CTPYKTypa Ha crnenuduyHara paboOTOCIOCOOHOCT Ha TaeKy-
OHJIMCTHUTE c€ ompesenisi oT 4 0oCHOBHU (haKTopa, KOUTO 00siC-
HSIBAT OTHOCHUTEITHO BUCOK MPOICHT OT U3XOHATA TUCTICPCHUS
Ha n3caenBaHoTo siBjeHne. C Hali-3HAaYMM IPUHOC KBM CIICTIU-
¢uyHara paboTocrnocoOHOCT ca (PyHKIMOHAJIHUTE MOKa3aTe-
JIM, KOWTO C€ OTIPENETAT U KaTO OCHOBEH (PAKTOP Ha TIOCTHKE-
HUETO B CbBPEMEHHOTO MHOTO TMHAMHUYHO Ta€KyOH/IO.

[IpencraBeHn MOJEITHU XapaKTEPUCTUKHA HA H3CIICIBA-
HUTE TACKYOHIMCTH Ha Oa3ara Ha U3YMCICHUTE OIICHKH T, KOUTO
ca 06e3pa3MepHH BEIIMYMHU MTO3BOJISIBAT CPABHSIBAHE HA BCUYKH
W3CJICIBAaHY TIPU3HAIN, HE3aBUCUMO OT MEPHHUTE UM €IMHUITH.
Te mo3BomsiBar u ja Obgar paskputu cnenupuaHUTe 0Cco0e-
HOCTH Ha BCSKa €/THa OT T€3U ChbBKYNMHOCTH ( purypa 18 u 19).

Kakro ce Bmxaa ot purypure, mpu To3u ChCTE3aTelN Ce

HaOJI0/1aBa €/THA OT HAal-BUCOKUTE OIICHKU 32 (DU3UIECKO pa3-
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BUTHE — 32,46 TOYKH, HO C Hali-HHCKa 00OOOIIEHA OIICHKA 3a
(YHKIIMOHAITHOTO ChCTOSTHUE — 9,25 TOUKH.

6 5

®urypa 18. Auousuoyanen onmumuzayuonen mooen
Ha ¢huzuveckomo paszgumue u QyHKYUOHATHAMA
pabomocnocobrnocm Ha b.A. (0o 68 kg)

ToBa o3HauaBa, 4e € HEOOXOANMO IPUIIAraHeTo Ha CIIe-
UUIHN TPEHUPOBBYHH MPOrpaMu 3a MOA0OpsBaHe Ha (akx-
TOPHUTE HA CIIOPTHHUTE TIOCTIKEHHS HA TO3H ChCTE3aTeN, OTHE-

CCHU KbM HHUBOTO Ha (1)YHKI_II/IOHaJ'IHa IIOATOTBCHOCT.

[Ipu npyrus chcTe3aren B Chlara KaTeropusi ce Ha-
OromaBa Hal-BUCOKO HUBO HA pa3BUTHE HA (YHKIIMOHAIHUTE
BBH3MOKHOCTH — BUCOK PBCT M JOOPH MMOKa3aTeNu 3a CTETIEHTa
Ha oxpaHeHocT. [Ipobiaem uma obave npu nociaeaHus nokasa-
TeJl — MHJIEKC Ha yMOpaTa, opaIu KOeTo € Hy>KHO Jia ce pabo-
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TH IICJICHACOYCHO MMCHHO B Ta3" I10COKa, T.C. HOI[O6p$IB3,HC Ha
HHMBOTO Ha pa3BHUTHC HA a€p06HI/IT€ BB3MOKXHOCTHU — PAa3BUTHUC

Ha U3APBIKINBOCT.

®@urypa 19. Huousudyanen onmumuzayuonen mooen
Ha usuyeckomo pazeumue u Ha QYHKYUOHATHOMO CbCOSHUE
Ha K. A. (0o 68 kg)
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OCHOBHHA U3BOJIU U TPUHOCHU
3A CIIOPTHO-IIEJAT'OI'MYECKATA
ITPAKTUKA

1. TIpoGnemsbT 3a PyHKIIMOHATHOTO HATOBAPBAHE U OLICH-
Kara Ha crenuguyHara paboTOCIIOCOOHOCT B OJIMM-
MHUHACKOTO TAGKyOHIO € HEJJOCTAThuHO U3CIICIBAH.

2. Pesynrarute OT aHaNM3a Ha TEXHUYECKaTa e(PEKTUB-
HOCT Ha ChCTE3aTEIUTE 0 TACKYOHJO IOKA3Ba, 4e
B OCHOBAaTa Ha yCIexa € yMEHHUETO 3a J00poTo IuIa-

CHUpaHC 1 HUBOTO Ha CHCI_[I/I(i)I/I‘-IHaTa HU3OPBIKINBOCT.

3. VYcraHoBeHA € OTHOCHUTEIHA CTAOMITHOCT Ha MOKa3a-
TCINTC U OTHOCUTC/IIHATA XOMOI'CHHOCT Ha HU3CJIICO-
BaHaTa rpyma 1mo OTHOIMICHUC Ha TCJICCHAaTa Maca u
HHIACKCUTC HA OXPAHCHOCT.

4. H3cnegBaHute TAaCKYOHJHUCTHU HMAT I10-BHCOKa
IMMKOBAa MOIIHOCT, OTHCCCHA KbM KHJIOI'paM TCIIIO,
HO IIO-OTHOIICHHUEC HAa MHACKCA HAa YMOpaTa — I10-BU-
COKMTE CTOMHOCTHU I/IH(bOpMI/IpaT 34 HUCKO HMBO Ha
MNOATOTBCHOCT U IIO-HUCBK q)YHKLII/IOHaJ'IeH Kalranu-
TCT.

5. PwcThT Bause cirabo BbpXYy OICHKATa Ha aHaep06-
HU KananuTeT Ha CHbCTC3aTCIIMTC M HACTBHIIBAHCTO

Ha ymopara npu usnbiaHenne Ha Wan'T, 3a paznu-



Ka OT TEIJIOTO, KBJICTO 3aBUCUMOCTHUTE Ca YMEPCHHU.
ToBa o03HauaBa, 4e yBEJIMYABAHETO HA TETIIOTO BOIH
U 710 yBelIMYaBaHEe Ha aHACPOOHHMs KaraluTeT Ha
ChCTE3aTeINTEe, KAKTO U JI0 MO-ObP30 HACTHIIBAHE
Ha ymopa.

PesynTatute OT Npoy4BaHETO MOKA3BaT OT CJIabH 10
yMEpEeHU KOe(PUIIMEHTH Ha Kopealus MeK1y MoKa-
3arenute Ha CAHTT n WanT. Buumanue 3acinysxaBa
yMepeHaTa OTpHIIaTeIHaTa KOpelaluoHHa 3aBUCH-
MOCT MEXKy cpeaHara MomHocT (AP) nu makcuman-
HaTa myscoBa yectora -.-48. Ta3u xopenanus Moxe
na ObJie TI0JIe3Ha 3a OlIeHKa Ha aHaepOoOHUS Karalu-
TET Ha TACKYOHJMCTH KaTo KPUTEpUH 3a crienuduy-
Ha paboTOCIOCOOHOCT.

daxkTopHaTa CTPYKTypa Ha crienuduunara pabotoc-
NMOCOOHOCT Ha TAaeKyOHJIUCTHUTE ce ompezens oT 4
OCHOBHH (haKTOpa, KOUTO OOSICHSBAT OTHOCHTEIHO
BHCOK MPOIICHT OT U3XOJHATA IUCTIEPCHS HA U3CIIe]I-
BaHOTO siBJieHue. C Hail-3HAYUM MPUHOC KbM CIIEIH-
¢uyHara paboTOCIOCOOHOCT ca (DYHKIIMOHAITHUTE
MOKA3aTeJIM, KOUTO C€ OIMPEAEISAT M KaTo OCHOBEH
(dakTOp Ha MOCTUKEHUETO B CHBPEMEHHOTO MHOTO

JAUHAMHUYIHO TACKYOHIO.

T-onieHKUTE B 3aBUCUMOCT OT TEIJIOBUTE KaTETOPHH
MoOrar Jia MOCIYKaT Karo peepeHTHH CTOWHOCTH
3a pa3pabOTBaHETO HA CHEIM(PUIHU TPEHUPOBKH 32
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koHULUA. ChIIO Taka ChOTHOIIEHUETO PBCT/TEMIIO
Moe Ja Objie KpuTepuil 3a e(eKTUBHOCT Ha ChCTe-
3arejanTe B TAEKYOHJI0, KAKTO U 3a CEJEKUUATA Ha
OBJCIINTE TAJTAHTH.

Pa3zpaborenara HOpMaTHBHa 0a3za 3a KOHTPOJ H
ONITUMU3ALMOHHUTE MOJIENIN Ha (PU3UYECKOTO Pa3-
BUTHE U crienu(puyHaTa paboTocnocoOHOCT Ha Ta-
EKYOHJIMCTHUTE € HaJeKJHa 6a3a 3a TEeKyIlo Mpoce-

JABaHC HAa IOATIOTBCHOCTTA MM.
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INTRODUCTION

Taekwondo is the national martial art of the Republic of
South Korea which originated more than 100 years ago.

Taekwondo as the sport we know today has been deve-
loped by various kwans (sport schools and organisations) as
a martial art in which kicks and punches are used. It origina-
ted during the Japanese rule of Korea (1910 — 1945) and
conti-nued after the Korean War (1950 — 1953). Initially, the
unification of the kwans was a challenging task but, in Decem-
ber 1962, the Korea Tang Soo Do Association was recognised
by the then Korean Sports Council (the Korean Sport & Olym-
pic Committee at present). The term Taeckwondo became uni-
versally used by the kwans and it replaced the term Tang Soo
Do officially in 1965, changing the name of the organisation
into Korea Tackwondo Federation. The term itself is subject to
different interpretations but the generally accepted translation
is “the way of kicking and punching” (World Tackwondo Fede-
ration, 2015). The seventh President of the Korea Taeckwon-
do Federation Kim Un-yong (1971) who subsequently became
the founding President of the World Taeckwondo Federation in
1973 (Kukkiwon, 2014) played a particularly important role in
the development of tackwondo as a martial art and an Olympic
sport. Professor Kim Un-yong was also President of another

tackwondo organisation, Kukkiwon or the World Taekwon-



do Headquarters, that plays a crucial role in the development
and promotion of tackwondo as a martial art and sport. It was
at Kukkiwon (Seoul, Korea) that the first World Taeckwon-
do Championships were held on 25 — 27 May 1973 with the
participation of 161 competitors from 16 countries.

At present, tackwondo is a popular combat sport sui-
table for all age groups. It is practised by more than 80 million
people all over the world (European Tackwondo Union). The
WTF has 213 member nations and a Refugee Team (World
Taekwondo).

Taekwondo consists of a couple of competitive disci-
plines: sparring (the format recognised as an Olympic sport
which is the subject-matter of this dissertation thesis) and
poomsae (a sequence of moves used together with basic stances,
blocks and techniques in a specific pattern as defence and attack
against an imaginary opponent (Kukkiwon, 2018). Sparring
and poomsae are the disciplines in which the WTF organises
official World Championships. The World Tackwondo Federa-
tion is the governing body which sets the rules for the organisation
and conduct of national and international competitions, inclu-
ding world and continental championships and Olympic games.
The other competitive tackwondo disciplines include breaking,
techniques, “tackwondo dance”, demonstrations, as well as the
most recent form of tackwondo competition, “virtual tackwon-
do” as part of The Olympic Esports Series 2023, which is a vir-
tual competition with real players established by the Internatio-
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nal Olympic Committee (IOC) in cooperation with internation-
al federations and computer game developers (https://olympics.

com/en/esports/olympic-esports-series/tackwondo).

The goal of taeckwondo is to achieve a technical
knockout or to score better than the opponent through kicks

and punches in the trunk and the head.

Typically, the duration of contests is three rounds of two

minutes each with a one-minute rest period between them.

Tournaments are based on the elimination system and a
good tackwondo athlete may compete in three to five contests
during a competition (qualification rounds, semi-finals and
finals) on a single day (Bridge, C. et al., 2018).

Participating at this high level is a hard challenge in any
sport because it means competing against the world’s best con-
testants. Therefore, both athletes and coaches seek ways to im-
prove all aspects of their performance.

After tackwondo became an Olympic sport, WT was
criticised in relation to the scoring methods and the lack of
interest on part of the audience during contests. With a view
to preventing the loss of the Olympic membership status, WT
has changed the tackwondo rules substantially. Scoring me-
thods and rules have been amended to make tackwondo con-
tests more intensive and attractive (Moenig, 2015). All these
amendments produce an impact on tackwondo in technical and

tactical terms and from the functional perspective.



The improvement and monitoring of the specific work
ability of elite athletes as a major driver of the sports achieve-
ment are important aspects of the development of tackwondo
as a sports discipline. They guide and focus the training pro-
cess on the search for new means and methods of enhancing
the athletes’ work ability as a prerequisite for the attainment of
high results and maintaining their endurance in contests. This
is precisely the objective of this dissertation.



CHAPTER ONE

1. Characteristics of the Specific Work Ability
in Olympic Taekwondo

Taekwondo is characterised as an intermittent sport
with short-duration high-intensity bouts (~2 seconds) of
kicking and punching (Santos, V., Franchini, E., Lima-
Silva, AE., 2011). The maximal heart rate may reach
175 —183 beats/min-1,whilethelactate concentrationmayreach
5 — 11 mmol.L-1 (Bridge, C., Jones, M., Drust, B. 2009;
Matsushigue, K., Hartmann, K., Franchini, E., 2009).

Furthermore, evidence is available to prove that one-
third of the energy needed during tackwondo combats comes
from anaerobic energy provision systems (anaerobic alactic —
30 + 6%; anaerobic lactic — 4 £ 2%) and that these energy
systems are responsible for the completion of high intensity
scoring actions (Campos et al., 2012). For this reason,
tackwondo athletes need to have a well-developed anaerobic
energy provision system meeting the high demands of contests.

Taekwondo athletes demonstrate a relatively high levels
of peak power output (PPO) at 8.4 — 14.7 Wkg' and 6.6 — 10.2
Wkg'! respectively, comparing favourably to other combat
sports. Differences depend on the qualifications of the athletes
(Sadowski, J. et al., 2012a), which suggests that the ability to
generate high levels of power as compared to the body com-
position is an important success factor in this sport. PPO could
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be a useful indicator in the assessment of the functional profile
of tackwondo athletes.

C. Bridge, et al. (2014) report a scarcity of research
available on the anaerobic power of competitors measured by
the mean power. Nevertheless, males and females compare more
favourably (6.6 —9.2 W.kg ' u 5.5—-7.9 W.kg ') with those pro-
duced by athletes in other intense short-duration sports events.

The ability to sustain or repeat intensive action during
the combat is an important success factor in tackwondo. A study
of the effect of pre-season training on the athletic achievement
factors has established that mean power of collegiate tae-
kwondo athletes is 7.5 u 8.3 W.kg' (before and after training
respectively) in males and 6.2 and 6.5 W.kg!' (before and after
training respectively) in females (Seo, MW. et al., 2015). It is
difficult to draw a conclusion on this issue given the scarcity of
research, but greater anaerobic capacity is likely to be impor-
tant for athletes in sustaining high-intensity workout.

The fatigue index (F1%) is another measure of the an-
aerobic energy provision in the performance of the Wingate
test (WanT). It measures the decline of power during the test
(more specifically, it is calculating by subtracting the mini-
mal power output from PPO and multiplying it by 100/1 to
obtain the percentage fatigue index) and hence it reveals the
athletes’ ability to sustain power. Some studies report FI% of
52 — 59% in adolescent tackwondo athletes (Rhyu, H., Cho,
S., Roh, 2014) and 27 — 33% in recreational male tackwondo
athletes (Manjarrez-Montesde Oca,R. etal.,2013)and 43 —-44%,
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46 — 47% in male and female collegiate athletes (Seo, MW. et
al., 2015). PPO and MPO differ according to gender. Of course,
the fatigue index (FI%) per se is not a sufficient indicator to
reveal the anaerobic power level or the specific work ability of
athletes since the increase in PPO and the improvement of the
anaerobic capacity are likely to lead to a higher F1%, even if
the minimal power output maintains the same intensity level
throughout the combat until the end (Monks, L. et al., 2017).

J. Sant’Ana et al. (2014) propose a test reproducing
motor skills typical of tackwondo and suggest some indica-
tors of anaerobic capacity and power in line with the specific
features of the sport. The reported higher post-test blood lac-
tate is indicative of the substantial contribution of glycolytic
pathways and the strong correlation with the total amount of
kicks which, in turn, suggests that the number of kicking cycles
is a good indicator of the glycolytic anaerobic capacity of tae-
kwondo athletes. The test is called Taekwondo Anaerobic Test
(TAT). It consists of kicking a punching bag as many times as
possible at maximum intensity over 30 seconds. The duration
of the test is based on the Wingate test, in which the changes
in energy substrates (ATP, PCr and glycogen) and lactate con-
centration indicate dependence on the anaerobic system (Inbar,
O. etal., 1996).

High-intensity actions in tackwondo combats feed large-
ly on anaerobic energy systems.

The available evidence reveals that the aerobic ener-
gy system is the predominant source of energy in tackwon-
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do combat simulations (Campos, F., et al., 2012). Tackwondo
competitions take place within a single day and athletes may
have up to five combats (Sant‘Ana, J. et al., 2017) at various
points of time (Bridge, C. et al., 2018), whereby the aerobic
energy system becomes a key factor underlying the ability to
recover faster between combats (Bridge, C., Jones, M., Drust,
B., 2009; Chiodo, S. et al., 2011). Hence a well-developed
aerobic energy system which is typically exhibited in the max-
imum oxygen uptake (VO,_ ) during workouts (Araujo, M.
et al., 2017b) is an important enabler of consistent optimal
performance of tackwondo athletes in competitions.

C. Bridge et al. (2009) report mean heart rate in 3 x
2-minute rounds of 182 + 6 beats.min’!, peak BLa of 11.9 + 2.1
mmol. L-1, and peak RPE at the end of the final round of 14 +2
using Borg’s 6-t0-20 scale. S. Chiodo et al. (2011) report mean
heart rate values of 175+10 beats.min in all three rounds and
peak BLa values of 5.2 £ 2 u 7.0 £ 2.6 mmol. L' in female
and male athletes respectively. A study of K. Matsushigue, K.
Hartmann, E. Franchini, (2009) reports post-combat mean HR
and BLa values of 183 + 9 beats.min-1 and 7.8 + 3.5 mmol.L""

BioHarness (a wireless recording system) reports mean
HR values of 179 — 183 beats.min” and after-combat BLa of
12 — 14 mmol.L!' (Janowski, M., Zielinski, J., Kusy, K., 2019).
Nevertheless, the authors do not report the validity and reliability
of Monitor BioHarness under laboratory conditions and the sys-
tem has not been validated in combat situations either. Therefore,
the data obtained from its use are to be interpreted cautiously.
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C. Bridge et al. (2014) observe a wide range of VO
both in men (44 — 63 mlkg'. min') and in women (40 — 51

2max

mlkg! .min").

Several more recent studies report VO, results of male
and female athletes within the range of 42 — 60 ml.kg -1.min"!
(Monks, L. et al., 2017, Liao, Y. et al., 2016, Uen et al., 2017).

Three separate studies reveal that the graded treadmill
tests of Brazilian elite tackwondo athletes evoked VO, re-
sponses of 49.6 + 5, 49.6 + 2.8, and 50.5 + 4 ml.kg'.min’
(Hausen, M. et al., 2017; Araujo, M. et al., 2017b; Sant‘Ana,
J. et al., 2017), implying a moderate to high levels of aero-
bic power of these athletes. Clearly, acrobic power is another
important characteristic of elite tackwondo athletes.

This warrants the use of high-intensity interval train-
ing sessions to produce substantial increase in the anaerobic
capacity which is relevant to the successful performance in
tackwondo competitions.

The diversity of general and specific low- and high-in-
tensity interval training (LIIT and HIIT) can be used to
improve the aerobic capacity of tackwondo athletes (Buchbheit,
M. u Laursen, PL., 2013a and 2013b; Helgerud, J. et al., 2007).

D. Avramov, (2021) measured the aerobic fitness of elite
Bulgarian tackwondo athletes, using the VO,  treadmill test
to determine whether the aerobic system produced an effect in
the sports performance in tackwondo. Fourteen elite tackwondo
athletes, members of the Bulgarian national team (8 males and
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6 females) were tested. The physiological characteristics tested
were the maximal oxygen uptake (VO, ), blood lactate, and
heart rate. The levels reported were 58.2 + 3,4 ml kg min' in
males and 46.0 £+ 2.8 ml kg—1 min™ in females. The lactate level
peaked at 6" after the VO,  with 11.5 +3.7 (mmol 1) in males
and 9.9 £ 4.1 (mmol I"") in females. The authors concluded that
aerobic fitness did not play a significant role in tackwondo.

2. Issues of Monitoring in Olympic Taekwondo

Monitoring fitness (the specific work ability) is impor-
tant for the management of the training process. The most
general fitness criterion is the sports result or performance at
official or unofficial competitions. However, precisely due to
is general nature, the sports result cannot be used to selectively
monitor the individual aspects of the athlete’s training (physi-
cal, technical, etc.).

Physiological tests are valuable tools to be used by
coaches and sports scientists. The most substantial results have
been achieved in quantifiable sports (track and field events,
rowing, swimming). Sports games and combat sports lag
behind. In team sports, effectiveness depends on multiple
factors, such as aerobic and anaerobic capacity, technical skills,
motivation, muscular strength, and their maximum use in the
field, where the quality of the interaction of all these factors
determines the sports result achieved (Gruji¢, N. et al., 1998).
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The ability to quickly release energy is crucial in sports
disciplines which demand from athletes to develop and sustain
high capacity over a short period of time. H. Lakomy (2000)
reports that in the acceleration phase only sprinters develop
mean capacity of close to 1000 W.

Many activities in sports depend on the phospho-
creatine (PCr) energy system. Team games, weightlifting,
throwing sports, jumps, swimming, tennis, short-distance
sprints, and others demand short-term single or few repea-
ted intensive contractions of the muscles. G. Bogdanis et al.,
(1996) believe that, in the initial 10 — 15 seconds of the exer-
cise, PCr is solely responsible for the ATP regeneration. This
conclusion on the almost exclusive dependence of muscular
contractions on PCr during short intensive bouts is the obser-
vation that PCr is stored in the cytosol in proximity to the areas
where energy is used (Beker, J. et al., 2010).

The decline of power and strength during short inten-
sive bouts is due to the reduction in the ATP re-synthesis in
the contracting muscles (Hermansen, L., 1981; Hultman, E.,
1990). ATP is not fully degraded even in extremely exhaust-
ing bouts of exercise, although its quantity might be reduced
by 30 — 40% (Hermansen, L., 1981; Bogdanis, G. et al.,1995;
Vollestad, N., Sejersted, OM., 1988). During physical exercise,
the PCr content in muscular tissues is reduced in two phases,
In the initial phase of the muscular exercise, there is drastic
decline followed by the phase of slower and gradual depletion.
The PCr reduction rate in the first phase and the duration of
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the second phase depend on the relative intensity with which
the individual exercises. The harder the bout in relative terms,
the more significant the PCr degradation becomes. It has been
established that the occurrence of fatigue coincides with the
PCr depletion in the muscles in isometric and supramaximal
exercise.

The PCr degradation reaches its maximum immediately
after the start of the muscle contraction and then the process
is slowed down in approximately 1.3 seconds (Withers et al.,
1991). The rate at which energy is released from the ATP-PCr
system is very high: 1.6 to 3.0 mmol/g/s, providing for exer-
cise of the muscles for 6 to 8 seconds (I'aues, E., JI:xaposa, T.,
2011). The ATP-PCr system can provide about 15 mmol ATP/
kg dry mass/s within the first 6s of the sprint, whereby 50%
of the ATP result from the PCr degradation (Medbg, J. et al.,
1988). L. Spriet, (1995) reports that in various exercises of
up to 10s the highest rate of ATP release due to the combined
phosphocreatine degradation and glycolysis ranges from 6 to 9
mmol ATP/kg dry mass/s.

In tackwondo combats, athletes have short bouts of at-
tack (1-6s), followed by longer balancing time (skipping) (the
ratio of attack time to skipping ranges from 1:2 to 1:7). Com-
petitions lead to responses characterised by high heart rate
(>90% HR peak) and moderate to high lactate concentrations
(7.0 — 12.2 mmol.l-1). Hence, it seems that the phosphagen
system provides energy for the high-intensity bouts, the glyco-
lytic system maintains the repeated high-intensity actions, and
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the oxidative system is important for facilitating the process
of recovery between the actions and the consecutive combats
(matches).

Taekwondo athletes need high levels of anaerobic and aer-
obic capacity combined with power to manage metabolic needs
during combats. The aerobic and anaerobic power are the cru-
cial success factors for tackwondo athletes. In this context,
J. Sadowski et al. (2012) report that male medallist tackwon-
do competitors demonstrate greater anaerobic power than that
of non-medallists during the Wingate test. Besides, male and
junior medallists tend to demonstrate greater aerobic power
than that of non-medallists in the shuttle-run test.

The 20 m shuttle-run test (Rocha, F., Louron H., Matias,
R., Costa, A.,2016; Sant’Ana, J., Franchini, E., Sakugawa, RL.,
2018; Chatterjee, P., Banerjee, A., Majumdar, P., Chatterjee,
P., 2008; Cetin, C., Karatosun, H., Baydar, ML., Cosarcan,
K., 2005) is one of the most common nonspecific field meth-
ods to evaluate VO, in tackwondo athletes. Although this
method has been shown to be valid in junior tackwondo athletes
[21], the shuttle-run test may underestimate the actual values
of VO, (about 16%) in elite tackwondo athletes (Cetin, C.,
Karatosun, H., Baydar, ML., Cosarcan, K., 2005). On the oth-
er hand, all tackwondo-specific methods proposed in previous
studies consist of repeated performance of stationary round-
house kicks, so that athletes begin with 6 to 10 kicks and then
progressively increase 3 to 4 kicks on each new stage until
volitional exhaustion (Rocha, F., Louro, H., Matias, R., Costa,
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A., 2016; Araujo, M., Nobrega, A., Espinosa, G., Hausen, M.,
Castro. R, Soares, P, et al. 2017; Sant’Ana, J., Franchini, E.,
Sakugawa, RL., 2018). These tests attempt to broadly repro-
duce the mode of work performed by athletes during a match,
but their main limitations are the lack of common displace-
ments along the competition area and relatively long-duration
protocols (i.e. approximately 15 minutes).

There is a limited number of studies of the physiologi-
cal responses of tackwondo athletes during training and either
simulated or official competitions. Further studies are needed,
especially those conducted during official tackwondo matches
and/or modelled training sessions (Franchini, E., Tabben, M.,
Chaabéne, H., 2014).

The contribution of the aerobic, anaerobic alactic and an-
aerobic lactic energy systems was estimated through the mea-
surement of the oxygen consumption and the change in blood
lactate concentration by Bertuzzi, R., Dourado, A., Santos, V.,
Franchini, E. (2012). The mean ratio of high-intensity actions
to moments of low intensity (steps and pauses) was ~1:7.

According to B. Saltin (1990), J. Bangsbo (1990), J.
Medbg, et al. (1988), in the case of intensive exhausting exer-
cise load of 2 to 3min, the energy provided from the ATP and
PCr depots accounted for 20 to 30% of the anaerobic energy
provision.

International-level taeckwondo competitions elicit
near-maximal cardiovascular responses and high blood lactate
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concentrations in combat. Training should therefore include
exercise bouts that sufficient stimulate both aerobic and anaer-
obic metabolism (Bridge, C., Jones, M., Drust, B., 2009).

There is a scarcity of studies during competitions or the
performance of specific exercise bouts. The development of
a specific test to assess the cardiorespiratory response during
tackwondo training is decisive for the individualisation of aer-
obic training, focusing on the improved performance of ath-
letes (8, 31). Given the importance of the specificities of the
sport, our proposition was that a tackwondo-specific protocol
would serve as a suitable method of the cardiorespiratory eval-
uation of tackwondo athletes. Therefore, the aim of this study
was to propose a specific protocol for cardiopulmonary exer-
cise load of tackwondo athletes and to compare its results with
the results obtained from the traditional treadmill test.

No attempts have been made to develop a multi-dimen-
sional field test to evaluate many important components of
fitness in tackwondo. For this reason, this study aims at pro-
posing a new field test based on the tackwondo-specific motor
skills to assess the aerobic and anaerobic fitness and agility of
tackwondo athletes.

Success in tackwondo depends on the in-depth knowl-
edge of this sport. The study of an official competition could
provide useful and valid data verified in practice to evaluate
the demands of competition from the practical, technical, mo-
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tor and functional perspective. These data would provide infor-
mation that could be used to optimise the physiological profile
of athletes and to improve their effectiveness in competitions
(Hanon, C., Savarino, J., Thomas, C., 2015) through focusing
training on these demands.

Simulated combats in martial arts cannot provoke the
same functional responses which are characteristic of an ac-
tual competition (Hanon, C., Savarino, J., Thomas, I., 2015;
Bridge, C. et al., 2013). Therefore, measuring the functional
variables in real time is crucial for understanding the demands
of the sport. The contact nature of tackwondo makes this prob-
lematic (Davis, P. et al., 2018; Miarka, B. et al., 2016; Bridge,
C., Jones, M., Drust, B., 2011).

Our working hypothesis is based on a number of pre-
liminary studies on the essence of the functional workload
in Olympic tackwondo competitions in accordance with the
new rules of the International Federation. The lack of high-
ly informative multi-colinear specific tests and indicators for
monitoring and evaluating the fitness (preparedness) is another
outstanding issue. The need to overcome this lagging behind
determines the overarching approaches and the tools needed
to ensure scientific monitoring of the specific work ability in
Olympic tackwondo.
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CHAPTER TWO

AIM, OBJECTIVES, METHODOLOGY AND
DESIGN OF THE STUDY

The theoretical framework of the specific work ability
and monitoring in Olympic tackwondo presented above under-
lies the aim and objectives of this study and the methods and
design to ensure their attainment.

II. 1. Aim and Objectives of the Study

The aim of this study is to enhance the effectiveness of
the training process in modern Olympic tackwondo through
an integral assessment of the specific work ability both in field
research and in a laboratory environment.

The following main objectives are to be attained with a
view to this aim:

1. Analytical review of the existing literature on the
issues of monitoring and specific work ability in sports
in general and in Olympic taekwondo in particular;

2. Study of the specific work ability assessment and
monitoring of elite tackwondo athletes;

3. Verification of the effectiveness of the Wingate test
in gauging the specific work ability of tackwondo
athletes;

4. Development and piloting of a field test to monitor the
specific work ability of tackwondo athletes;
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5. Outline of the factor correlational structure and iden-
tification of the main factors of the work ability of
tackwondo athletes;

6. Development of a normative system to monitor the
physical development and specific work ability of
tackwondo athletes.

The subject-matter of the study is the monitoring of the
specific work ability of tackwondo athletes in the Olympic
style.

The object of the study is the set of indicators of the
specific work ability in tackwondo.

The study involved 13 elite athletes from Taekwondo
Club Ramus.

The approach to the study covered the following main
research methods: Theoretical analysis of the specialised sci-
entific and methodological literature; Anthropometric mea-
surements; 30-seconds Wingate Anaerobic Test (WAnT); Spe-
cific Anaerobic Field Tackwondo Test to register the conduct
of tackwondo athletes in unofficial competitions (SAFT);
Mathematical and statistical methods.

The study was conducted over the period from Decem-
ber 2017 to March 2021.
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CHAPTER THREE
ANALYSIS OF THE RESULTS

The first aspect of the analysis was the comparison of
the technical indicators of the tackwondo athletes involved in
the study.

In the course of the study, the Bulgarian elite athletes
from Taeckwondo Club Ramus delivered the following number
of kicks and punches in the 68 kg weight category: 64 (E.M.)
and 54 (B.A.). In the 58 kg category, D.B. delivered 84 kicks and
punches. The smallest number of kicks and punches was regis-
tered with R.G. in the 68 kg category (14 kicks and punches).

In terms of the points scored for kicks and punches, D.B.
was the most efficient athlete (13 kicks and punches), followed
by V.G. (11 kicks and punches). R.G. was the least efficient
athlete with 0 kicks and punches.

In this connection, it is logical to ask the question
whether there is a relationship between the individual indica-
tors (Figure 4).

The bottom line is that the athlete who delivered more
kicks and punches was less efficient. Although the kicks and
punches scoring valid points contributed important informa-
tion, their evaluation outside the context of the points they
scored is irrelevant. Few competitors win their matches if they
rely primarily on kicks and punches to the trunk which bring
2 points.
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Figure 4. Technical efficiency of the athletes involved in the study

Table 17

Technical efficiency of the tested taekwondo athletes

= -2 |2 - © - ‘2 - >
7] .9 8 (=) -2 [Z) (=} .E Q o =
2 |E€ |5% |E |g52 |58 2 g @
= TS |2 = 228 |25 g g
= =" %’D E 8 =) E ;'.'\ '5 E 59 E = o
= g S = ) 5 2 N L = =
< 88|28 | |22 |25 | 3%
o 5 |F |7 & g
D.K. 63 35 14 1 2 6.86 240
E.M. 68 64 10 4 8 3.75 240
R.G. 68 14 6 0 0 6.43 90
M.P 80
B. A 68 54 10 5 12 3 240
D.B. 58 84 7 13 26 2.85 240
V.G. 63 34 7 11 29 4.76 162
G.T. 58 83 14 7 15 4.34 360
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In terms of the variety of kicks used in the matches,
Table 17 makes it clear that D.K. and G.T. demonstrated the
greatest variety of kicks (14) followed by E.M. and B.A. (10).
The range of techniques was the narrowest with R.G. (6). As to
the number of points scored, V.G. (29) and D.B. (26) were the
most efficient athletes. The intensity coefficient was the high-
est with D.B. (2.85), meaning that he kicked or punched at
every 2.85 seconds.

Table 18
Correlational dependencies
en
ST v w | 8E= ,| T > 2| =
= S Q| w2 |l =S80 u@»w | &S| S
I8 S| 09 (28 s 9 |2 5| €
£c2| B2|82,2 25 |5&| ¢
THE IR
ZE = z .g z B 2 =gl A
Number of kicks
1
and punches
Types of kicks 0.319 1
Number of point
scoring kicks and | 0.589 -0.295 |1
punches
Number 0458 [-0.32 |.979%* 1
of points
Intensity 0.754 0173 [-0.671  |-0.603 | I
coefficient
Duration .828* J780% | 0.255 0.173 |-0.41

Table 18 presents the correlation coefficients of the in-
dicators analysed in the study. It is relevant to trace out the
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dependencies between the indicators, 1.e. the number of kicks
and punches scoring points and the number of points scored
correlating to the intensity coefficient.

There is a significant negative correlation of r.-671 be-
tween the number of kicks and punches scoring points and the
intensity coefficient. The correlation between the number of
points scored and the intensity coefficient is also negative (r.-
603). These results demonstrate the following:

v' The greater the number of kicks and punches scoring
points, the lower the intensity coefficient, i.e. the high-
er the efficiency of the relevant athlete;

v" The number of points scored does not imply a higher
intensity coefficient.

To sum up, the technical efficiency of an athlete is most-
ly determined by the good placement in the match and the lev-
el of specific endurance in the context of the athlete’s work
ability.

Another aspect of the analysis in the dissertation the-
sis 1s focused on the identification of the mean values and vari-
ability of the indicators of body mass and specific work ability
of the tackwondo athletes involved in the study. The results of
the variational processing of the input data from the study of
the tackwondo athletes’ physical development are presented in
Table 19.

As 1s seen from the Table, the tackwondo athletes in-
volved in the study were 20 + 4.3 years of age on the average,
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their mean weight was 62.9+10.5 kg, their height was 173+9.4
cm and their BMI was 21.2+3.6. The mean values are visual-
ised in Figure 5.

Table 19

Mean values of the anthropometric data and the results
from the maximal test to perceived exertion of the
13 taekwondo athletes involved in the study

Age Height Body Mass BMI Quetelet
(years) (cm) (kg) Index

20+43|173.0£94 | 629+10.5 | 21.02+3.06 |362.45 +52.82

Body Mass Index (BMI)

BMI -21,02

Weigth

e [ 172

0 20 40 60 80 100 120 140 160 180

62,89

Age (vears), 2 —height (cm), 3 — body mass (kg), 4 — BMI

Figure 5. Mean values of the taekwondo athletes involved

in the study
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The study covered also the important variation coeffi-
cient V as it enables the evaluation of how stable the individual
indicators are and how homogeneous is the set under research
with regard to the characteristics of which each indicator is
informative (Figure 8).

V%
16 70 14, 57
20,00 14 60;
15,00
10,00
y
5,00
0,00
Height Weigth Quetelet Index

Figure 8. Dispersion of individual results around the mean

levels of the indicators

The analysis of Figure 8 comes to show that the V values
of this group of indicators range between 5.43% and 16.70%.
The low variability of height (indicator 1, V, < 10%) gives
grounds to assert with a high probability level (P, > 95%), sat-
isfying the needs of sport practices, that this indicator is stable
and the set under research is homogeneous in terms of body
length.

The dispersion around the mean levels ranges between
10% and 20% for the other three morphological indicators. This
corroborates their relative stability and the relative homogeneity
of the group of tackwondo athletes involved in the study with
regard to the body mass and the indexes of adiposity.
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Table 20 presents the mean values and variability of the
indicators from the maximal Wingate test used with the tae-
kwondo athletes involved in the study to assess their functional
work ability. A total of 13 WANT tests were analysed.

Table 20

Mean values of the functional indicators from the maximal
test to perceived exertion of the 13 taekwondo athletes
involved in the study

Indicators R Min Max Mean S V%
Peak power 48139 | 505.71 | 987.10 | 682.95 | 172.93 | 25
PP (W) . . . . .

Peak power 638 | 696 | 1334 | 1057 | 1.94 | 18
PP(W/kg) ' ' ' ' '

Mean power

(Anaerobic 379.21 | 344.28 | 723.49 | 499.02 | 118.17 | 24
power) AP(W)

Mean power

(Anaerobic 3.62 5.8 9.42 7.69 1.08 14
power) AP(W/g)

Power decline in
% (Fatigue in- 54.7 39.1 93.8 54.87 13.70 | 25
dex) PD [%]

Taekwondo is a sport which demands high intensity of
workload engaging the anaerobic energy provision system and
is defined as high-intensity intermittent sport. Of course, this
does not rule out the need for a high level of aerobic capacity
to recover quickly between breaks and rounds.
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Table 20 reveals that the mean peak power is
682.95 £ 172.93 W with a variability coefficient of 25%, i.e.
the athletes are relatively homogeneous in terms of maximal
power. The latter in relation to weight has a mean value of
10.57£1.94 W/kg and variability of 18%.

Anaerobic power has a mean value of 499.02+118.17W
and variation coefficient of 24%. Power to weight has a mean
value of 7.69+1.08 W/kg and the lowest variation coefficient
(14%), which comes to show that the athletes were highly
homogeneous in terms of their anaerobic power. The fatigue
index has a mean value of 54.87+13.70% and variation coef-
ficient of 25%. Here the variability of the athletes is greater,
which probably implies a significant role of their preparedness.

682,95
700
600 499,01
500
400
300
200

54,87
7,69 :
100 10,57

PP (W) PP(W/kg) AP(W)  AP(W/kg) PD (%)

1 - Peak power PP (W)/100, 2-Peak power PP (W/kg 3-Mean power
(Anaerobic power) AP (W)/10, 4-Mean power (Anaerobic power), 5-Power
decline in % (Fatigue index) PD (%)

Figure 9. Mean values of the ergometric indicators
from 13 WAnT tests of the taekwondo athletes
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Figure 9 presents the mean values of the ergometric in-
dications from 13 WAnNT tests of the tackwondo athletes, while
Figure 10 shows variation coefficients.

V%

30,00
25,00
20,00 |
15,00
10,00

5,00
0,00

PP(W) PP (Wikg) AP (W) AP (W/kg) PD(%)
Figure 10. Variation coefficient of the WAnT indicators

As is seen, the tackwondo athletes involved in the study
had greater peak power per kg of weight, but the higher fatigue
index levels are indicative of a lower level of preparedness and
lower functional capacity. The explanation could be sought in
the lack of similarity of the load since the load is continuous in
the WANT test, but in tackwondo there is a short pause between
kicks and punches, which allows for recovery and leads, in its
turn, to reduction of the tension.

The rank correlation of the functional work ability by
category is highly informative (Figure 11).

The figure shows that the category of tackwondo athletes
hasaweakimpactonthepeakpower(PP[W])andanaerobicpower
(AP[W]).Atthesametime,itproducesamoderatenegativeimpact
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(0.3 <R <0.5) on the relative peak power (PP [W/kg]) and the
relative anaerobic power (AP [W/kg]).

0,55

0,607
0,504
0,40+
0,30+
0,207
0,10+
0,00+
0,10
-0,201
-0,30
-0,40
-0,50

Significative

EPP(W)

B PP(W/kg)
DOAP(W)

B AP(W/kg)
@PD(%) _

Rang coefficient (R)

T
=
S
&
ol

Variables .

Figure 11. Impact of the category on the indicators of the function-
al fitness of the athletes involved in the study

Furthermore, the analysis makes it clear that the weight
category has a significant impact on the fatigue index (PD [%]).
The evidence can be seen in the value of the rank correlation in
indicator 9 (R, = 0.55).

It is in this connection that the specific anaerobic field
test has been developed to assess the work ability level of tae-
kwondo athletes.

A specific objective of this dissertation was to use the
SAFT for evaluating the specific work ability level of tackwon-
do competitors by reproducing the effort typical of a combat
during competitions.

Table 22 and Figure 12 present the mean values and
variability obtained from the specific anaerobic field test. The
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mean heart rate was 152.77£17.2 beats/min and the variation
coefficient of 11.2% was within the range of statistical homo-
geneity. The maximal heart rate was 193.15+8.85 beats/min
on the average and the variation coefficient of 4.6% was again
within the range of statistical homogeneity.

Table 22

Mean values and variability of the indicators under
research from the SAFT test

Indicators R Min | Max | Mean De\S'it:t.ion V%
HR mean 52 124 | 176 | 152.77 17.2 11.2
HR max 35 180 | 215 | 193.15 8.85 4.6
HR 1% round 17 178 | 195 | 185.92 6.22 3.3
HR 2™ round 36 179 | 215 192 8.69 4.5
La beginning 3.2 2 4.2 2.9 1.14 39
La 3™ minute 7.1 52 | 113 6.8 2.43 21.5
Coetlicent 0.03 | 0.16 | 0.19 | 017 | 002 | 12

The same indicator measured at the end of the first and
the second round was 185.92+6.22 beats/min and V= 3.3% and
192 + 8.69 beats/min and V= 4.5% respectively. The highest
variation coefficient was observed in the lactate concentration:
initial value of 39% and mean value of 2.9 + 1.14 mmol/l,
and in the third minute after the end of the test 21.5% and
mean value of 6.8 + 2.43 mmol/l. The mean efficiency rate was
0.17 £ 0.02% and the variation coefficient was 12%.
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Figure 12. Variability of indicators from the SAFT test

Lactate values reveal that anaerobic glycolysis was pre-
dominant in the energy provision during the test. Similar con-
clusions are drawn by other authors, too, such as Bouhlel et al.
(2006). According to the same authors, lactate values observed
after the performance of a specific test are comparable to the
values recorded at the end of an official tackwondo match
(Bridge, C. et al., 2009 r.; Markovic, G. et al., 2008).

One could assume that the test we propose is a good
tool to measure the specific work ability of elite tackwondo
athletes.

The final aspect of the analysis was the monitoring of
the physical development and specific work ability of the tae-
kwondo athletes involved in the study. As is seen in Figure
13, the factor analysis covers four main factors which, in their
totality, explain the relatively high percentage (80.44%) of the
dispersion at the beginning.
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The analysis of Figure 13 makes it clear that the un-
explained dispersion of the tackwondo athletes’ specific work
ability at the beginning accounted for only 19.56%. This rela-
tively high level of the unexplained dispersion is likely to have
resulted from the incompleteness of the battery of tests used.

In future studies, the gap should be filled in with the use
of additional tests.

unexplained

: g E functional work
dispersion bilit

20% o

27%

metabolic process
16%

anthropometric
profile

dynamic heart 19%

rate

Figure 13. Relative shares of the explained dispersion
of the factors of the specific motor work ability

The factor with the greatest weight here is the mean
power (anaerobic power) AP(W) (0.953), followed by the
peak power PP (W) (0,950), mean power (anaerobic power)
to weight AP(W/kg) (0.794) and peak power to weight PP(W/
kg) (0.665). This factor could be defined as the functional work

ability of the tackwondo athletes involved in the study (Figure
14).
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Figure 14. Factor correlational structure of the specific
work ability of taekwondo athletes — factor 1

The second factor consists of three indicators with ex-
plained initial dispersion of the values at 19.37 %. These are
the indicators informative of the anthropometric profile of
the tackwondo athletes involved in the study: weight (0.822),
BMI (0.853), and fatigue index (0.869).

The third factor is determined by three indicators, ex-
plaining 18.08% of the dispersion at the beginning. They are
the mean heart rate (0.759), the maximal heart rate (0.823),
and the heart rate in the 2" round (0.906). This factor could be
defined as the dynamic heart rate factor under a specific work-
load in tackwondo.

The fourth factor consists of a set of other three indi-
cators and explains16.41% of the dispersion at the beginning.
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They are HR I* round (0.906), lactate (0.458) and height
(0.638). It could be defined as the factor of the ongoing met-
abolic processes under a specific workload in tackwondo.

To sum up, the analysis reveals that the factor correla-
tional structure of the specific work ability of tackwondo ath-
letes is determined by four main factors which explain the
relatively high percentage of the initial dispersion of the phe-
nomenon studied. The functional indicators contribute to the
specific work ability to the greatest extent, thus becoming the
main factor of achievement in the very dynamic modern tae-
kwondo.

N AL

=

Figure 18. Individual optimisation model of the physi-
cal development and functional work ability of B.A. (68 kg)
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The model characteristics of the tackwondo athletes in-
volved in the study are presented on the basis of the calculation
of T values which are dimensionless quantities enabling the
comparison of all aspects studied, regardless of their measure-
ment units. This makes it possible for the specificities of each
set to be identified (Figures 18 and 19).

Figure 19. Individual optimisation model of the physi-
cal development and functional work ability of K.A. (68 kg)

As is seen in the figures, this athlete had one of the high-
est physical development scores (32.46 points) but the lowest
consolidated score for his functional condition (9.25 points).

This means that it is necessary to implement specific
training programmes for improving the sports achievement
factors of this athlete in relation to his functional fitness.
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The other athlete in the same weight category demon-
strated the highest development level of functional capacity,
1.e. good height and good indexes of adiposity. The problem,
however, occurred with the last indicator (fatigue index), im-
plying that training had to be focused precisely on that prob-
lem so as to improve the aerobic capacity development level
and thus to develop endurance.
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IV. CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS

The analytical review of the literature, the study, and the

in-depth analysis of its results give us grounds to draw the fol-

lowing conclusions and recommendations in relation to sports

pedagogical practice:

38

1.

The topic of the functional workload and the assess-
ment of the specific work ability has not been suffi-
ciently studied in Olympic tackwondo.

. The results from the analysis of the technical efficien-

cy of tackwondo athletes come to show that the good
placement skills and the specific endurance level un-
derlie their achievements.

. The group involved in the study has demonstrated rel-

ative stability of the indicators and relative homoge-
neity in terms of body mass and indexes of adiposity.

. The tackwondo athletes involved in the study had

greater peak power relative to their weight in kg but
the higher values of the fatigue index were indicative
of a low level of preparedness and lower functional
capacity.

. Height produced a limited impact on the values of the

anaerobic power of the athletes and the exertion during
the WanT performance, unlike weight regarding which
moderate dependencies were observed. This means



that a greater weight led to greater anaerobic power of
the athletes and to faster occurrence of fatigue.

. The results of the study reveal low to moderate correla-
tion coefficients between SAFT and WanT. The mod-
erate negative correlation dependence of -.48 between
the mean power (AP) and the maximal heart rate is
of special interest. This correlation could be useful in
evaluating the anaerobic power of tackwondo athletes
as a specific work ability criterion.

. The factor correlational structure of the specific work
ability of tackwondo athletes is determined by four
main factors which explain a relatively high percent-
age of the initial dispersion of the phenomenon stud-
ied. Functional indicators contribute to the specific
work ability to the greatest extent, and they are con-
sidered to be the main factor of achievement in the
very dynamic modern tackwondo.

. T-values based on weight categories could serve as ref-
erence values in the development of specific condition-
ing training sessions. Furthermore, the height/weight
ratio could be a criterion to assess the efficiency of tae-
kwondo athletes and to identify would-be talents.

. The normative basis developed for monitoring pur-
poses and the optimisation models of the physical
development and specific work ability of tackwondo
athletes provides reliable grounds to trace out their
preparedness continuously.
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RECOMMENDATIONS:

1. The results from the analysis of the WanT perfor-
mance could serve as an objective criterion to identi-
fy and select young tackwondo athletes, as well as to
monitor and manage the training process in the annual
tackwondo training cycle.

2. The specific anaerobic field test (SAFT) could be fur-
ther developed in practice and introduced as an ap-
proach to the monitoring of the specific work ability
of elite tackwondo athletes.

3. The normative basis developed for monitoring purpos-
es and the optimisation models of the physical devel-
opment and specific work ability of tackwondo ath-
letes could be proposed to the Bulgarian Taekwondo
Federation with a view to introducing it in practice.
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2016 1. - European Juniors Championships U21, Grozny, Chechnya;
2017 r. - World Seniors Championships, Muju, South Korea;

2017 r. - European Juniors Championships U21, Sofia, Bulgaria;
2017 r. - European Juniors Championships, Larnaca, Cypruss;

2018 r. - European Juniors Championships U21, Warsaw, Poland;
2018 r. - European Cadets Championships, Marina D'or, Spain;
2019 . - World Seniors Championships, Manchester, United Kingdom;
2019 . - World Cadets Championships, Tashkent, Uzbekistan;
2020 r. - European Cadets Championships, Sarajevo, Bosna and
Herzegovina;

2021 r. - European Seniors Championships, Sofia, Bulgaria;

2021 r. - European Juniors Championships, Sarajevo, Bosna and
Herzegovina;

2022 r. - World Juniors Championships, Sofia, Bulgaria;

2022 r. - World Cadets Championships, Sofia, Bulgaira;

2023 r. - World Cadets Championships, Sarajevo, Bosna and Herzegovina;
2023 . - European Cadets Championships, Belgrade, Serbia;

EDUCATION AND TRAINING

30/09/2019 - 2024 Sofia, Bulgaria
Doctoral Degree National Sports Academy "Vasil Levski"

Address yn. "Akaa. CredpaH MnageHos” 21, 1700, Sofia, Bulgaria
Website www.nsa.bg



30/09/2016 - 19/10/2018 Sofia, Bulgaria
Master's degree Medical University Sofia
Address yn. ,Mlopaarka ®unapetosa” Ne 3, 1606, Sofia, Bulgaria = Website www.mc.mu-sofia.bg

30/09/2011 - 01/04/2014 Sofia, Bulgaria
Master's degree University of national and world economy

Address yn. ,8-mu gekemspu” Ne 19, 1700, Sofia, Bulgaria | Website www.unwe.bg

14/09/2004 - 29/06/2009 Sofia, Bulgaria

Bachelor's degree National Sports Academy "Vasil Levski"

Address yn. "Akag. CtedpaH MnageHos” 21, 1700, Sofia, Bulgaria ' Website www.nsa.bg
29/10/2005 - 19/10/2009 Porthsmouth , United Kingdom

Bachelor's degree University of Portsmouth

Address University House, Winston Churchill Ave, Portsmouth PO1 2UP, Porthsmouth , United Kingdom ' Website https://
www.port.ac.uk/

DIGITAL SKILLS

Microsoft Office ' Emails |Internet 'Social networks(Facebook LinkedIn Twitter Instagram Youtube etc)
LANGUAGE SKILLS

MOTHER TONGUE(S): Bulgarian

Other language(s):

English

Listening C1

Spoken production C1

Reading C1

Spoken interaction C1

Writing C1

German

Listening A2

Spoken production A2

Reading A2

Spoken interaction A2

Writing A2

Levels: AT and A2: Basic user; B1 and B2: Independent user; C1 and C2: Proficient user

ORGANISATIONAL SKILLS

¢

Ramus Sofia Open, Ramus Skopje Open, Ramus Sofia Cup - International Taekwondo
Tournaments

Ramus Sofia Open (2024, 2023, 2022, 2021, 2020, 2019, 2018, 2017, 2016, 2015, 2014) - one of the biggest
taekwondo events in the world - G1/G2/E2 ranking event.

Ramus Skopje Open - 2024 and 2023 - G1 ranking event - part of the World Taekwondo/European Taekwondo
union calendar.

Ramus Sofia Cup (2024, 2023, 2022, 2021, 2020, 2019, 2018, 2017, 2016, 2015, 2014, 2013) - International
Taekwondo tournament.

World Taekwondo Technical Delegate

World Taekwondo Technical Delegate at the:
2022 Polish Open WT G1;
2023 Slovenian Open WT G1;
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2024 Austrian Open WT G1;
2024 Spanish Open WT G1.

World Taekwondo Educator

World Taekwondo Educator at:
WT Online International Coach Certification Course [Level |] - Bulgaria;
WT Online International Coach Certification Course [Level I] and [Level I1]

VOLUNTEERING
Sofia

Wizz Air Sofia Marathon
Volunteering with our Taekwondo club Ramus for the Wizz Air Sofia Marathon in 2020, 2021, 2022 and 2023.
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