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JuceprauMOHHUAT TpyA € pa3paboTeH B o0eM oT 122 cTpaHUIM, KOUTO
BKJIFOYBAT: yBOJ W IIECT 4YacTH, BKIIOYUTEIHO Oubmuorpadus ot 67
JUTEepaTypHU U3TOUYHUKA, KAKTO U €THO MPHUIIOKEHHUE.

Hucepranusra Oemie oOChbieHa W JOMycHaTa 10 oduUIMaHA 3alldTa Ha
pa3IIMPEHO 3aceIaHue Ha KaTeapa “Texka atiieTuka, 00Kc, (DeXTOBKa U CIIOPT 3a
Bcuuky KbM HCA “Bacun JleBcku’, cberosio ce Ha 07.10.2021 1.

3amurara Ha AUCEPTAlMOHHUS TPy e ce cbeTor Ha 12.01.2022r. ot 14:00 vaca
B 3a1ma A3 Ha HCA “Bacwun JIeBCkr” Ha OTKPUTO 3aCEIaHUE HA HAYYHOTO KypH
B ChCTaB:

Borpemnn uneHose:

1. mpod. Kpacumup Jlazapos IleTkoB, 1oKTOp

2. noi. Pamo OrasiHoB MakagpeeB, TOKTOP
PezepBen unen: nou. Henu CumoBa SIHKOBa, JOKTOP

BbHUIHK UieHOBE:
1. npod. Mopnan Kocranunos Haunos, noktop — MT'Y , CB. UBan Punckn®
2. pod. T'eopru BrnamgumupoB Urnaros, moxtop — CVY ,CB. Knument
Oxpuacku
3. mor. JIroben KpbscreB KpbereB, 1oKTOp
PesepBen unen: pou. Banss AntonoBa Ilonosa, goxrop - MI'Y ,,CB. HBan
Puncku‘



YBO/]

Yy e Obp30 pas3BuBall ce CHOPT, KaHAUAAT 33 4YI€H Ha OJUMIIUICKOTO
cemeiictBo. Illupoko mpaktukyBaH B Asus, Amepuka u Adpuka, B EBpoma
CIIOPTHOTO YIIy BCE€ OLIE CMaga KbM CJIA00 paslNpOCTPaHEHHUTE CIIOPTOBE,
BBIIPEKU Y€ TPAJULMOHHUTE IIKOJIM KaTO YUH 4yH, Tail un u [llaonun ce paxsar
Ha roJisiMa IMOmyJIIPHOCT.

[IpenBu TOMakKMHCTBOTO Ha bbarapus Ha IBe CBETOBHU ITbPBEHCTBA 10 YIIIy U
MPEACTOAIO E€BPONEMCKO IBbPBEHCTBO, IOATNOTOBKAaTa HAa ChCTE3aTEIH 110
CHOPTHO YIIy OT BCSKAaKBa BB3pPACT Ce€ MPEBPbILA B akTyajieH npoodsem. To3u
po0JIeM ce OKa3Ba TPYJIHO Pa3pelIuM Ype3 TOCErallIHUTEe METOIUKH, IPUJIaraHu
OT CIIOPTHUTE CIIELHUAIMCTHU IO YLIY.

buryBa cyOEKTMBHOTO MHEHHUE, Y€ ChbBPEMEHHUTE TEHACHLUU 3a Pa3BUTUE Ha
(pu3nYeCKUTE KauecTBa PSAJKO ca BKIIOYEHH B IMOJArOTOBKATa Ha OBITapCKUTE
CbCTE3aTEIM, BBIPEKM Y€ HE ca IMPAaBEHW IPOYy4YBAaHUS IO BBIIpOCaA.
OrpaHu4eHOTO BpeME 3a MOArOTOBKAa B OBJIrapckure KiIyOOBE IO yIIy
JOMBJIHUTENHO 3aTpyJHsABAa OpraHu3alusaTa HAa TPEHUPOBBUYHUS MPOLEC.
PesynTaTsT € cnada ¢pusnuecka v chCcTe3aTelHa MOAr0TOBKA U JIUIICA Ha JKEJTaHUE
3a TPEHUPOBKA y aTJIETUTE, MOPAIN CKyKa M HECIPaBIHE ChC ChCTE3ATEIHUTE
KoMIuIeKcH. ToBa € CUITHO M3pa3eHo BbB Bb3pacTtoBaTa Kateropus 12-14 ronunu,
KOraTo BbB (DOPMUTE CE€ MOBUILABAT CJIOKHOCTTA HA TEXHUKUTE U U3UCKBAHUSATA
KbM JIBUTATEJIHUTE KauyecTBa W IMO-CHEHAJIHO B3PUBHA CHJIAa U CKOPOCTHO-
CUJIOBA M3IPBHXKIMBOCT. OOHMYaliHO B Ta3W BB3PACT MOJPACTBALIUTE ATIETH
NPEKbCBAT 3aHUMAHUATA C YIIY.

Karo ce uma npeasun, ye npupacTspT Ha CUjla JOCTUra HA-BUCOKA CTOMHOCTH
cien mepuona Ha Hau-Obp30 m3pactBane (PHV) wmm 14-15-ta romuua mpu
MoMYeTara, a mpu Momu4derara o 11-12-ta roguna , ToBa nmpaBu mpoOiemMHaTa
Bb3pacToBa Karteropus 12-14 r moaxopsmia 3a pa3BUBaHE HA JBHUIaTEIIHOTO
Ka4ecTBO CHUJIA.

Karo ¢pu3nonornyna u CTpykTypHa XapakTepUCTUKA YIIy Cla/la KbM alluKINYHU
CIIOPTOBE, ,,KOMILJIEKC OT ChCTE3aTEIHU YINPAXKHEHUS‘, HApUUYaHU mMaoay C
npoabkuTenTHOCT 80-90 ¢, KOETO ce SIBABa €KBUBAJIEHT Ha ,,kaTa* B kapare. [Ipu
U3IbJIHEHUE Ha Taody ca u3MepeHu myic 176+3 ya/mun u nakrar 5,15+1,07
mmol-I". TIpu Te3u mapamerpu ymry momaga B Tpynara Ha CyOMaKCHMAJHH
HATOBapBaHUs C aHAEpPOOHO-aepoOHA HEKOMIIEHCUPAaHA yMOpa.



HEJ U 3AJAYN HA U3CJIEJIBAHETO

Llenma e na ce Npeasioku eKCIepUMEHTAIHA TPEHUPOBbYHA METOJMKA U Ja Ce
OLICHH KOJMYECTBEHO BIMSHUETO U 33 CHJIOBA MOATOTOBKA BHPXY JUHAMUYHATA
CUJIa M ChCTE3aTEIIHOTO MPEJCTAaBIHE B YUIy BbB Bb3pacToBaTta kareropus 12-14
TOJIMHM NIPU ChCTE3aTEIM OT J1BaTa MoJa.

[IponsTnyamumre oT LeNTa 3a0auu ca 1a Ce€ yCTAHOBU CHCTOSTHUETO Ha CUJIOBATa
HOJArOTOBKA B ylly B bbiarapus u Bpb3KaTa My C ILSUIOCTHO IPENCTaBSHE Ha
ChCTE3aTEIUTE.

1. Jla ce pa3paboTu METOMKA 32 pa3BUTUE HA JUHAMHUYHA CUIIA.

2. la ce cpbOepe rpymna oT CbCTE3aTENM IO YIIy 3a yYaCTHUIM B
€KCIIEpUMEHTA, KOSATO, Ha CIy4YaeH NPUHIMI, /1a C€ pa3feiH Ha
EKCIIEpUMEHTadHa W KOHTpojdHa rpynud. Jla ce npuiioxu
pa3paboTeHara TPEHUPOBBYHA METO/IMKA BBPXY
€KCIIEpMMEHTAaIHATa IPyIa ChCTE3aTelu.

3. la ce ompeaeniT W MNPWIOKAT B HAYAJIOTO M B Kpasg Ha
€KCIIEpMMEHTAa NOJIXOIAIM TECTOBE 3a U3MEPBAHE HA MAaKCHUMAaJIHA
Y JUHAMUYHA CHJIA.

4. Jla ce mu3cneaBar pa3iMKUTE B JUHAMUYHATA CHJIa B HAYAJIOTO U B
Kpasi Ha EKCIIEpUMEHTA.

5. la ce n3cnenBa edekra Ha eKCIIEpUMEHTaIHaTa METOJAUKA BbPXY
HEPBHO-MYCKYJIHaTa AaKTUBallUsd Ha MYCKYJWTE, y4acTBalld B
KpBIroB puTHUK bai lian tui.

6. Jla ce u3cinenBar Bpb3KaTa Ha CbCTE3AaTEIHOTO IMPEACTaBSHE C
e(eKTUTE OT EKCIIEpUMEHTAITHATa METOIUKA.

OPI'AHU3AIINSA HA U3CJIEABAHETO
lleoacocuueckusm excnepumenm Oeiiie poBeqeH B nepuoa 8.03.-21.04.2021r
B Codus u Pyce, na tepuropusita Ha HCA u tpeHupoBbunute 3anu Ha CK
»Akagemuk-3nareH Tursp, Codpus u CK , Kamarus®, Pyce.

ITvpsuunomo enekmpomuozpaghcko uszcieoéare ce TMPOBEIE MPe3 M.HOEMBPU
2019 r. Ha TepuTopusTa Ha TpeHupoBbuHHUTE 3au HA CK ,,AkaneMuk-3naTeH
turbp*, Codus

Bmopuuno erexmpomuocpaghcro uzcieosarne ce npopenae B nepuoaa 8.03.2021r
—21.04.2021 r. Ha Teputopusita Ha TpeHUpoBbUHUTE 31 Ha CK ,,AxanemMuk-
3naren turep®, Codus.



KOHTUHI'EHT HA U3CJIEABAHETO
IIpu neoacoeuuecku excnepumenm B €KCIEpUMEHTAIHATA rpyna ydactBaxa 10
ChCTE3aTEeNM OT JiBaTa Moja Ha cpefaHa Bb3pact 13.3+1.41 roaunu che COPTEH
CTax B yIIy cpeaHo 6.5+1.63 roaunu.
B xontponnaTta rpyna ydactBaxa 10 chcTe3arenu oT aBaTa IoJia Ha CpeaHa
Bb3pact 11,7£1,19 rogunan cbC CIOPTEH CTax B yury cpeaHo 6+1,19 rogunn.
[Ipu nvpsuunomo enexmpomuozpagcko uzcieosare yaactpaxa 8 CbCcre3aresiv OT
JBaTa moJia Ha cpeaHa Bb3pact 12,57+0,49 roguHu CbC CIOPTEH CTa)X B YIIIY
cpenHo 6.29+ 1.58 roauHwu.
[Ipu emopuunomo enexkmpomuocpaghcko uszcnredsane ydacrpaxa 9 chbcrezarenu
OT JIBaTa moJjia Ha cpeaHa Bb3pacT 13,1+ 1.58 roauHu cbC CIOPTEH CTAX B yIIy
cpenHo 6,4+ 1.23roguHu.

METOAU HA U3CJIEABAHETO

AHKeTEeH MeTOA.

3a yCTaHOBSIBAHE Ha HACTOAIIOTO CHCTOSHUE Ha MOJTrOTOBKaTa B VIIy B
bearapus anketupaxme 45 TPEHBOPHM M CHIHMM IO YIIy, MBXKE W KEHHU, Ha
Bb3pacT oT 18 mo Ham S0r. Upe3 mpoBeneHaTa aHKETa LENAXME Ja MOTYy4YUM
nH(popMaIs 3a HUBOTO HA MPOBEXKIaHaTa CUIIOBA MOJTOTOBKA B KIIyOOBETE 110
yiry B bbirapus, KakTo U 3a MHEHUETO Ha TPEHbOPUTE OTHOCHO BpB3KaTa
CUJIOBA MOATOTOBKA - ISUIOCTHO MPEACTABSIHE B YIIIY.

AHKeTara e OCBIIIECTBEHA ype3 UHTEPHET miaTdopmara
https://app.smartsurvey.co.uk g0 crnenuaaucTy Mo yIiry OT BCHYKH JCHCTBAIIN
kiyooBe B boarapus B nepuoaa ot 19.07.2019 r go 20.08.2019 .

TpeHupOBBYHM METOAU:

TecToBe 32 n3MepBaHe HA IMHAMUYHATA CHJIA.
N30panu ca yeTupu TecTa 3a IMHAMHYHA CHJIA, KOUTO J]a Ca MAKCUMAJIHO OJIM3KU
70 Crelu(pUYHOTO HaTOBapBaHE B yury. Te ca 3a B3pUMBHA CUJia Ha JOJHUTE
KpaHUIM, Thi KaTO TEXHUKUTE, 3aTPYIHSBAIIN ChCTE3aTEIUTE BbB Bh3pacTTa
12-14 ronuHM ce U3MBJIHABAT MPEAUMHO C JOJHUTE KpalHUIIU — MAaXOBH
PUTHHIIN U CKOKOBE.
1. Tect na Cwpxant (Chu, 1996): Cbcre3aTenst Hama3Ba BbpXa Ha MPBCTUTE
CH C TaJK. 3acTaBa B CTOEX IUIBTHO JO CTEHATa, 00TsIra MakCHMAalTHO
eJHaTa CH pbKa U Mapkupa BucounHa 1. Cien ToBa OT MSCTO €€ U3IbJIHIBA
CKOK Ha BUCOYMHA, KaTO C IPbCTUTE CU MapKHUpa Hall-BHCOKATa TOYKA Ha
ckoka (BucouuHa 2). M3MepBa ce pa3CTOSHUETO MEXIy BUCOYMHA | U
BucournHa 2. TecThT mpociensBa pa3BUTHETO HAa B3pUBHATA CHUJIa Ha


https://app.smartsurvey.co.uk/

JOJTHUTE KpallHULM. TeCThT € MOAXOAII 32 Iy, Thii KATO BUCOYNHATA Ha
OTCKOK TMpU HW3MNBJIHEHUE HA CKOKOBETE € WHIUKATOp 3a J00po
ChCTE3aTEITHO MPEACTABSHE.

2. CKOK Ha AbKMHA OT MsACTO: CHOPTUCTHT 3acTaBa B CTOEXK C MPBCTH HA
0003HaueHa HaYyaJIHA JIUHUS, NPUKIISIKBA, HAKJIaHS CE HaIpel, 3aMaxBa C
pBLIE U U3ITBIIHABA OTCKOK C JIBa Kpaka Hanpen. M3mepBa ce pa3CTOSHHETO
MEXy HauajHaTa JMHUS U Hal-0JIM3KaTa 10 Hes TOYKa OT CThIajaTta Ha
CIIOpTHCTa ciel mnpu3eMsBaHeTo. OCBEH BHCOYMHATA HA OTCKOKA,
IBJDKMHATA HA XOPU30HTAIIHOTO NMPUJIBUKBAHE MO BPEME Ha CKOKOBE B
YIIIy ChIIO € KPUTEPUH 3a KAYECTBEHO U3ITbJIHEHHUE.

3. Tpoer ckok ot Mmscto: CHOPTUCTHT 3acTaBa B CTOSK C MPHCTH HA
0003HaUYeHa Haya HA JIMHUS, TPUKIIIKBA, HAKJIAHS CE€ HAMpeJ, 3aMaxBa ¢
pble. M3mbiHSIBa OTCKOK OT JIBa KpaKa XOPU30HTAIIHO HAIpe, IpU3eMsiBa
Ce Ha €JUH KpaK W BeJHara orckaya OT HEro Hampel, Mpu3eMsBa ce Ha
pa3HOMMEHHHUSI KpaKk M BeJHara oOTckaya OT Hero Hampeld. CKOKbBT
3aBBpIIBA C MPU3EMsBaHE Ha JBaTa Kpaka. M3MmepBa ce pa3CTOSIHUETO
MEXK]ly HauaJlHaTa JIMHUS U Hail-OJM3KaTa J0 Hesd TOYKa OT CThlanaTa Ha
CIIOPTHCTA CJEe NIPU3EMIBAHETO. B yIy 3acuikara 3a CKOKOBE CE ChCTOU
OT TPHU CTHIIKU U OTCKOK OT €JIUH KpaK.

4. 25 MeTrpa MOACKOK Ha eauH Kpak: CnopTUCThT 3actaBa Ha 10-15 M 3ax
cTapTroBara JIMHUSA. 3acuiiBa ce c Jeko Osrane. Cien mapkupaHaTa
CTapTOBa JIMHMS 3all04YBa MNPHUABUKBAHE C MOJICKOIM HAa €IWHUS Kpak.
3acuya ce BpEMETO 3a MPEMUHABAHE HA PA3CTOSIHUETO MEXKy CTapTOBATa
u ¢unanHaTa quHus. [loBe4eTo CKOKOBE B YIIIy BKJIIOUBAT OTCKOK OT €JIUH
KpakK.

TectoBeTe ce mpoBexaaT ciieq oOla pa3rpsBKa, KaTo c€ MPOBEXIAT MO JiBa
OTUTa BbB BCEKU €IMH U C€ PErUCTpupa rno-g00pusT pe3ysrar.

TecToBe 32 HI3MepBaHe HA MAKCHUMAJIHATA CHJIA.

Cnen mbpBOHAYaIHUTE TECTOBE 3a JIMHAMUYHA CUJIA, C E€KCIIEPUMEHTAIHATA
rpymna ce mpoBeX/IaT ¥ TAKMBA 3a U3MEPBAHE HA MaKCUMaJIHAaTa cuia. M3non3Ban
e Tect, onpenessing 101IM.

TpeHupoOBBbYHA METOAUKA

[IpunokeHn ca TPEHHPOBBUHH METOAM, CHOOpPa3eHH C T.HAp. KOMIUICKCHA
tpeaupoBka (Chu, 1996). Mertonukata ce ©Oa3upa Ha TeopuaTra 3a
MIOCTAKTUBAIIMATA ¥ KOMILJICKCHAaTa TPEHUPOBKA, KOSATO BKJIFOYBA U3ITBJIHEHUETO
Ha YIpaXHEHUE, U3IT0I3BAI0 YTEKHEHUE, MMOCIEABAHO OTHOCUTEIIHO OBP30 OT
U3ITBJTHEHUETO Ha OMOMEXaHWYHO IMOJ00HO TUTMOMETPUYHO YIPaKHCHHE.
JIOMBTHUTETHO  MPEMMYIIECTBO HAa  KOMIUIGKCHaTa  TPEHHpPOBKa  ca



OpPraHU3allMOHHUTC MU CIICCTABAIIlM BPCMC II0JI3M OT OCUTYPABAHCTO HA IIHUPOK
CIICKTHP OT MYCKYJIHA CTUMYJIAIIH.

3aHMMaHUATaA ca OpraHu3upaHu 1moja popmara Ha Kpbrosa TpeHupoBka (Alves et
al, 2010) ¢ neT cTanuuu 1o ABE ynpaxHeHus. [1o To3u HAYKMH Ce MOCTUraT JIBE
nenw: 1. jgecer ariera MoraT jJa padOTAT €IHOBPEMEHHO C MHHHMMAITHO
o0opyaBaHe; 2. BPEMETO 3a HM3IBIHCHHE Ha KOMIUICKCUTE C€ MHUHHMH3HUPA.
CrpeMsaxMe ce ga amanTupaMe B MaKCHUMalHa CTENEH METOAMKaTa KbM
yCJIOBHSITA B KITyOOBETE 1O yIry B brarapus — nurica Ha o00pyBaHe U JIMIICA Ha
CpEICTBa 3a 3aKyIMyBaHETO MY, KaKTO U KPaTKO BpeMeTpacHEe Ha TPCHUPOBKHUTE
o yury (oounuaiiHo 1 u 2 - 2 yaca 2-3 IbTH CEIMHYHO).

[Ipunoxenn ca pa3IUYHA TPEHUPOBHUHH KOMILJIEKCH TI0O BpeMe Ha
MOATOTBUTEIHUS U MPEICHCTE3aTCTHUS TIEPHOT.

ITapameTpu HA TPEHUPOBBYHATA METOAMKA MPe3 MOATOTBUTETHUS MEPHUOI.
1. IIpoaBIDKUTEIHOCT — 2 CEAMHUIIM B MOJATOTBUTEIHUAT IEPUO] Ha

TOJUIITHUAT ITUKBII.

CenMmuyHa yecToTa — 2 JTHU.

[TpoabIKUTEIHOCT HA TPEHUPOBBUYHUTE cecur — 30 MUH.

4. UntensuBHocT — okoido 60% OT MaKCHMaJlHUTE CHJIOBU
BB3MOKHOCTH. M3110/13BaHN ca MEIUITMHCKH TOIIKH C TETJIO 3 KT.

5. O6em u mAbTHOCT — 2 cepuu ¢ 10 MOBTOpEHUSI OT yNPaKHEHUE, C
MOYMBKHU OT 1 MUH. MEXKY TSAX.

6. Opranuzanuss Ha TPEHHPOBKATa — KpPBroBa TPEHHPOBKA C TIET
craniuu (ur. 1). Ha Bcsika cTaHiust paboTAT 10 iBama aTieTH U ce
W3MBJIHABAT JABE YyhnpaxkHeHus. Ciea 3aBbpIIBaHE HA MBPBOTO
yIpa)KHEHUE aTJIETUTE CMEHAT MecTaTa CH.

W N



1.MoBauraHe Ha
NPBCTU C TEXKECT Ha

1.Knek c gbmbenn Ha
pameHeTe

2.MMoaCKOK Ha MACTO C
noBAMUraHe M xBallaHe
Ha KoneHeTte

1.Knek c gbmbenn
Haf rnasa

pameHeTe 2.CKOK CbC

2.CKOK BBbpXY KyTUA

3aBbpTaHe Ha 180°
MeXKAay ABa KOHyca

1.YcykBaHe Ha Tasa oT 1.NosauraHe 3a
TWUNIEH fer ¢ rnyTeycu u 3agHu
MeAMUMHCKA TOMKa 6enpeHn Myckyau

2.YcyKBaHe Ha Topca 2.lMoBauraHe Ha
OT cepex ¢ KpakaTa 3a 3a4Hu
MeAMLUMHCKA TOMKa 6eapeHn MycKyau

@ur. 1. Cxema Ha KpbroBaTa TPEHUPOBKA B TOATOTBUTEITHUS IEPUO.

IlapaMeTpn Ha TPEHUPOBBYHATA METOAMKA Ipe3 MNpPeAChCTe3aTeTHUs

nepuo.

1.

N
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[TpoABIKUTETHOCT — 4 CEIMUITU B IPEACHCTE3ATCIIHUS TIEPHUO Ha
TOJIUIITHUSAT ITUKBIL.

CenMuuyHa yecTtoTa — 2 JHHU.

[IpoABIDKATETHOCT HA TPEHUPOBBYHUTE cecuu — 40 MUH.
NutensuBHocT — okono 70% OT MakCUMajaHUTE CHUJIOBU
BB3MOKHOCTH. M3M0M3BaHN ca MEAUIIMHCKHU TOMKHU C TETJIO 3 KT.
O6em u rsTHOCT — 3 cepun ¢ 10 MOBTOpEHMSI OT yMpaKHEHUE, C
MOYUBKU OT 1 MUH. MKy TAX.

Opranuzanusi Ha TPEHUPOBKATA — KPbroBa TPEHUPOBKA, C MET
ctaniuu (ur. 2). Ha Bcsika cTaniust paboTsIT 1O 1Bama aTieTH U Ce
W3IBJIHABAT ABE «CIBOCHW» ynpakHeHus. [IbpBUAT aTieT 3amnoysa



U3IBJIHEHUETO Ha YNPAKHEHHUETO C TEXKECT, JOKATO BTOPHUAT
n3uakBa. Cies NpUKIIOYBAHE HAa IbPBUS, BTOPUAT aTJIET U3ITBIHSABA
VOPAKHEHHETO €  TEXKECT, JOKaTO MbPBHUAT  HU3IIBIHABA
IUIMOMETPUYHOTO yIpakHeHHe. Upe3 ToBa peayBaHE ce MOCTHTa
HENPEeKbCHATa 3a€TOCT Ha BCEKM OT TAX (cboOpazeHa c
BPEMETPACHETO Ha IOYMBKUTE) M ChKpallaBaHE Ha BPEMETO 3a
U3ITBJIHEHNE HAa KOMIUIEKCHATa TPEHUPOBKA.



CunoBo nosguraHe Ao
ropau c gbmben

+

NOACKOK C noBAauraHe
Ha ONbHATU KPaKa

Hanag ¢ Texect Ha
pameHeTe

U3xBbpaaHe ¢ gbmben

+
+

CKOK OT KyTuA,

NOACKOK Ha eanH 3aBbpTaHe Ha 180°, ckok

Kpak BBPXY KyTUA
HaknoH Hanpes, ot
YcyKkBaHe Ha Topca oT CTOEMK B TeXKecCT Ha
cefex ¢ MeAMLMHCKa pameHeTe

TOMKa + +

U3XBBP/ISHE HA
MeAMUMHCKa TOMKa C
YCYKBaHe Ha Topca oT

cToex

N3XBbPAAHE Ha
MeAMLMHCKa TOMKa
Ha3ag, CbC CKOK BbpXy
KyTHS.

Qurypa 2. Cxema Ha KpbroBaTa TPEHUPOBKA B MPEICHCTE3ATEIHUS IEPUO.

MaTeMaTH4eCKH U CTATUCTHYECKH METOAN
H3non3Baxme CJIICAHUTC CTaTUCTHNYCCKHN MCTOOH .

e t-mecm.

*  Jucnepcuonen ananuz (ANOVA).

*  Auanusz na xosapuayuume (ANCOVA).
*  Kopenayuonen ananus.



Enexrpomuorpadgceko uzciaeasane (TlbpBUMYHO ¥ BTOPUYHO).

3a uscnenBane paboTara Ha MYCKYJIMTE TpPHU CHEHUPUYHU YIIy TEXHUKU MPU
eKCIIepUMEHTaJHaTa Trpyna € U3M0J3BaHa [MPEHOCMMa MOBBPXHOCTHA
esleKTpomMuorpadcka cuctema, M3MoJ3Balia O€3KUYHH AaKTUBHU EJEKTPOIU C
IIPOMEHJIMBA TEOMETPHSI C MOHTAKEH KJIUIT 16-01uTOBa pe30JIoLHs 32 OTBEKIaHE
U npejaBaHe Ha curHai ¢ yectora Ao 4 kHz. Cucremara e Ha uTannaHckKara
¢upma BTS Bioengeniering, mogen BTS FREEMG 300, ¢ BB3MOXHOCT 3a
yecToTa Ha 3amuc 10 4 kHz u npunexai copryep 3a oOpaboTka Ha JaHHUTE
Myolab 3a peructpupane, Buzyanuzamnus Ha EMG curtan v mspBo HUBO Ha
obpabotka. IlpemaBanero Ha wuHpopmamusata ¢ OemxuyHo — |EEE802.15.4
(coHan - TpPUEMHO YCTPOMCTBO). JlaHHUTE ce perucTpupar MapajeiaHo C
BHJIEOM300pakeHue ¢ rojieMuHa Ha nukcena 0,126 mm u pezomonus 480 x 640
(L x W), 64 k colours, 16 bit. B HacTos1110TO M3ClieIBaHE € U3MO0JI3BaHA Y€CTOTa
Ha 3anuc 3 kHz. M3non3BanusT GUITHp 32 OCpeHIBaHE HA MOJydYeHaTa CypoBa
undopmarusi ¢ RMS (Root Mean Square — cpeHO KBaJpaTU4YHO) C BPEMEBU
untepsan 300 ms (BTS Bioengineering, user manual english version 4.0.3).
W3non3Banu ca 8 coOHMU, MPUKPETICHH KbM 8 MyCKyJa: AeceH m. rectus femoris
(RRF), necen m. rectus abdominis (RRA), necern m. obliquus externus abdominis
(REO), naB m. gastrocnemius lateralis (LGL), naB m. rectus femoris (LRF),
necen m. gracilis (RGR), necen m. tensor fascia lata (RTFL), necen m. gluteus
maximus (RGMAX). Enextpoaute Osixa (ukcupaHu dYpe3 camo3ajernBaHe.
JIunicaTta Ha okabensiBaHe JaBa Bb3MOXKHOCT 3a ITbJICH 00XBAT Ha IBUKEHUETO T10
BpeMe Ha 3ajayata 0e3 orpaHuyeHus. EIEeKTpoauTe ce MOCTaBiIT BBPXY
aHaTOMHUYHMS HanpeuHuk Ha myckyha (Konrad, 2005). Pesynrarure ce usmepnar
B CpelHO HampexkeHue (mean average voltage). M3BbprieHo Oemie BuUaeo
3acHeMaHe Ha pUTHHUKA BHB ()POHTAIHA U CaruTajaHa paBHUHA.

N3cnenBanara TeXHUKA OT yIIy € MaXOB PUTHUK OTBBTPE HABBH ,bail lian tui

(lotus Kkick).

AHAJIN3 HA PE3YJITATHUTE

AHAJIM3 HA pPe3yJITATHTE OT aHKETEeH MeTO/.

Criopen moJIy4eHUTE OTTOBOPH, BBIIPEKH Y€ OOJIIMHCTBOTO OT PECIOHACHTHTE
CUMTAT, Y€ ISUIOCTHOTO IMPEJCTaBSIHE Ha OBATAPCKUTE CHCTE3aTENH MO YIIy €
1060po (41.38%) u cpenno (27.59%) crnpsimo €BpOMEHCKOTO U CBETOBHO HHBO,
HUBOTO Ha CHJIOBA TIOJITOTOBKA B bbarapus ce oreHsBa MPeAUMHO KaTo cl1abo
(34.48%) u cpeano (27.59%). Tazu pa3HONOCOYHOCT HA OTTOBOPUTE COYH KBM
HUCKO HUBO Ha MOJIbP)KAHNUTE JBUTATCIIHA KQa4eCTBA M KbM HYXK/Ia OT Pa3BUTHE
Ha METOJIMKUTE 3a CUJjia B YIITY.

N3HenaaBaiio e, ye cujioBaTa u3JApbKIUBOCT 3aeMa Hail-roysiMmo Mscto (83,33%
MpU TIOCOYEHU TIOBEYE OT €IWH OTrOBOPH), BBIPEKHM UYE€ B TOIUIITHUS



TPEHUPOBBUCH IUKBI OW CIIEBANIO TS Ja HAMEPH CBOETO MSCTO MPEAUMHO B
HA4yaJI0TO Ha MOATOTBUTENHUS niepuo. Ciell Hesl ce HapeXaa TuHAMUYHA CHJia
(53,33%) wu wmakcumanuHara cuna (23,33%). Karo ce wuma mnpensua
dusnonornyHaTa CTPyKTypa Ha yIry, O MOTJIO Ja C€ 3aKJII0YH, Y€ MpUINHATa
CUJIOBATa MOJATOTOBKA HAa OBJITapCKHUTE ChCTE3aTCNIH Jla CE CMATA MPESAMMHO 3a
cmaba e morpentHo HacovYeHara padora.

BBTPEI'PYIIOBU PA3JIMKU B PE3YJITATUTE

3a nma ycTaHOBMM €(EKTUBHOCTTa Ha BCSKa €IHA METOAMKA MO OTACIHO
(excieprMeHTaIHA U KOHTPOJIHA), M30paxMe o0paboTKa Ha JaHHUTE C t-TECT U
JUCIIEpPCUOHEH aHanmu3 3a 3aBucuMu u3Bajku (ANOVA). IlpeanocraBkure,
HEOOXOAMMHU 32 KOPEKTHO NMPOBEKJaHE HA AUCTIEPCUOHEH aHAIN3 Ca HOPMAIHOCT
Ha pasIpeesICHUETO, CIIy4allHOCT Ha M3Ba/IKaTa U XOMOTEHHOCT Ha JTUCTIEPCUUTE
Ha 3aBUCUMAaTa MPOMEHJIMBA 3a BCsika rpyna. HopManHoCT Ha pa3npeneneHueTo
U CIIy4ailHOCT Ha W3BaJKaTa BB3MpPHUEXME 3a JAJICHOCT MOpaJMu Xapakrepa Ha
U3CIIC/IBAHUTE TPOMEHJIUBH (MMapaMeTpH, CBBpP3aHU C Pa3BUTHETO Ha
JIBUTATEJIHUTE  KayecTBa).  XOMOIEHHOCTTa Ha  TPyHUTE  TECTBaxme
CaMOCTOSITEITHO.

[Tpu yeTHpuTEe MPUIOKEHN TECTA 32 YCTAHOBSIBAHE HMBOTO Ha B3pMBHA CHJIA U
npu KOHTpoyiHata (Tabi. 1), M mpH eKkclepruMeHTaaHaTa Trpymna (tabi. 2) ce
HaOmo1aBa MOJO0OpPeHNEe Ha KpaWHUTE PE3yNTaTH CIOPSMO MTHPBOHAYAITHUTE
JaHHM. 32 pelr3upaHe Ha pe3yiTaTuTe Osxa MpOBEICHU AUCTIEPCHOHEH aHAN3
3a 3aBucuMHU U3Bagku (ANOVA) u t-TecT 3a 3aBUCUMU U3BAJIKU.

Tabmuna 1.

Bwrperpynos | Cyma Ha | F Cpenna HocTtoBepno | JlocToBEpHO
U pa3iiuKu KBaJIpaTHUT KBaJIpaTH4H | CT CT

© : ANOVA | t-rect
Tecr Ha | 198,45 84,8 | 198,45 p<0,001 p<0,001
CobpxaHT 3)
Tect ckok Ha | 561,8 72,3 |561,8 p<0,001 p<0,001
IBIDKUHA
Tect Tpoen | 3484,8 30,4 |3484,8 p<0,001 p<0,001
CKOK 7
Tect 25m Ha | 5,32 28,4 | 5,32 p<0,001 p<0,001
€JIUH KpakK 4

TecToBe 3a B3puBHa cuiia kKouTposHa rpyna — ANOVA



Tabnuua 2.

Berperpyno | Cyma Ha | Crene | Cpenna JoctoBepHo | JlocToBepHO
BU Pa3NMKH | KBagpaTd |H  Ha | KBApaTHd | CT CT

e ZB°6°I‘ Ha ANOVA | t-tect
Tecr Ha | 49,92 1 49,92 0,018 0,018
CppxaHT
Tecr ckok Ha | 830,76 1 830,76 0,005 0,005
IBIDKUHA
Tectr Ttpoen | 5278,00 |1 5278,00 0,001 0,001
CKOK
Tect 25M Ha | 14,60 1 14,60 p<0,001 p<0,001
elIMH KpaK

TecToBe 3a B3puBHa cuiia ekcriepuMenTainia rpyna — ANOVA

MEXKAYTI'PYIIOBU PA3JIMKU B PE3YJITATUTE
3a 1a onpenenuM pa3IuKUTe BbB Bb3/IEUCTBUATA HA TPEHUPOBBUHUTE METOAUKHU
Ha EKCIIEpMMEHTalHATa ¥ KOHTPOJHA Tpyla CpaBHUXME ITbPBOHAYATHUTE
CTOMHOCTU 3a BCEKM TECT 3a JIMHAMHUYHA CHJIa HA JABETE TIPYIH, CIed KOETO
MPOBEpPUXME 32 MEXKIYTPYNOBU pPA3IUKU NpH KpaWHUTE pe3yiaTaTH. 3a
YCTaHOBSIBAHE Ha €(PEKTUTE OT MPUIIATaHUTE METOJUKH HEOOXOJIUMO YCIOBHE €
JIUIICA HA CTaTUCTUYECKU 3HAUMMU Pa3Ivyus Npy MbpBOHAYAIHUTE AaHHU. [Ipu
aHaJM3a Ha HAKOW OT JAHHUTE OT TECTOBETE 3a B3pHUBHA CuJa Oellle yCTAaHOBEHO
HaJu4Me Ha TakuBa pasznuku. [lo Tazu mpuuymHa Oemnie HampaBeHa MOBTOPHA
o0paboTka Ha Te3u TecToBe upe3 KoBapuannoHeH anann3 (ANCOVA), ¢ nien na
Ce eITMMHUHUpA BIUSHUETO HAa IIbPBOHAYAIHUTE PA3JIMKU BBPXY KpanWHUTE
pe3ynTaTH OT TMeAarornyeckusi excrnepuMeHT. KoBapualmoHHUAT —aHamu3
oOeNHsIBa PErPECUOHHUS aHAJIN3 U JUCIIEPCUOHHUS aHAJIM3 KaTo KOHTPOJIMpa
edeKkTuTe MOPOJECHM OT KOBapHuaraTa 4pe3 paslesHeTO Ha JUCIepcusita u
ONPENESHETO HA MOPOJEHATa OT IOI'BJIHUTENHATA TPOMEHIINBA nuctepcust. [1o
TO3U HAUMH C€ U3BBPIIBA MO-KOPEKTHO HU3CJe/IBaHE Ha e()eKTUTe Ha OCHOBHATA
OPOMEHJIMBA, B Clydas KpalHWUs pe3yiaTaT OT TPEHUPOBBUYHUTE METOJMKH.
N300pbT Ha He3aBUCHUMHTE (KOBapUALIMOHHW) MPOMEHJIMBH C€ OMNpeness OT
U3CIIE0BATENS OT KOHTEKCTa Ha KOHKPETHOTO U3CieIBaHe U OOMKHOBEHO TOBA €
IPOMEHJIMBATA, KOSITO TOM CMATA, Y€ OKa3Ba TroJisIMO BIMSHUE HA 3aBUCUMAaTa
npomennuBa (I'aneBa, 2016). B HacTosmoTo M3cienBaHe 3a KOBapHallMOHHA



MpOMEHJIMBa M30paxMe HayaJlHUTE CTOMHOCTM Ha BCAKa H3CJEe/IBaHa
IIPOMEHJINBA.

3a mo-rojsiMa IPEeHUu3HOCT Ha H3CIEABAHETO HAIPaBUXME CBIIOCTABKA Ha
MIOCTH)KCHHSITA HA KOHTPOJIHATA M E€KCIIEPUMEHTaJHA IPYIU OT TECTOBETE 3a
JUHAMHMYHA cuiia upe3 t-TecT Ha CTIOABHT 3a HE3aBUCUMU U3BAJIKU.

Tect Ha CHpKAHT (CKOK HA BUCOYHHA).

[Ipu oOpaboTkaTa Ha MHPOBHAYAIHUTE JAaHHU TpU TecT Ha CbpPKAHT C
TUCTICPCUOHEH aHaJM3, TPHU WU3IIBIHEHA TMPEIIocTaBKa 3a XOMOTEHHOCT Ha
rpynute (p=0,218>0,05), ce ycTaHOBH CTaTUCTUUECKU 3HAYMMA PA3ITHKA MEKTY
CTOMHOCTHTE Ha KOHTPOJIHATA M EKIIepUMEHTaTHA TpyIH (Tab:. 3.).

TaoOmnumna 3.
Tectr wna|Cyma Ha|F Crenen Ha | PaBaunie Ha | JloctoBepHOCT
CobpKaHT | KBaJpaTUTE cBoOoa 3HAYUMOCT
Had.
TaHHU
Mexny 1289,618 24,142 | 1 0,05 p<0,001
IrpPyNuTe

Tect Ha CbpkaHT MbpBOHAYaIHA JaHHA - ANOVA

[Ipu ananu3a Ha KpallHUTE PE3YNTATH ChLIO O€lle yCTaHOBEHA CTATUCTHYECKU
3HaYnMa paziuka mexay rpynute (p=0,002<0,05) npu cpeaHu CTOMHOCTH 3a
ekcnepuMeHTaiaHara rpymna 37,07 cM u 23,8 ¢M 3a KoHTpoJHaTta rpyna (tabm. 4.).
BbIipekn n1eMOHCTpUPAaHOTO MPEUMYIIECTBO B e€eKTa Ha eKCIepUMEeHTalIHATa
METOJMKa, HE MOKEM €IHO3HAYHO Jla IIPUEMEM Ta3u METOJMKa 3a MO-yCHelllHa
HOpaJM ChIIECTBYBAIIUTE PA3IUKH B IbPBOHAYAIHUTE JaHHU MTpH TO3U TecT. [1o
Ta3W MPUYMHA TMPOBEIOXME M KOBAapHALMOHEH aHaIW3 3a EJIMMHUHHpaHE Ha
pa3IMKUTE KaTo 3a KoBapuaTa n3dpaxme MbpBOHAYAIHUTE JaHHU. Pe3ynraTure
ca mmpeJicTaBeHu B Tabiuia 5. BausHueTo Ha MbpBOHAYAIHUTE JAHHU € MIOKa3aHO
B rpadara ,,koBapuara‘.



Tabnuua 4.

Tect Copxkant | CpennHa Cpenna Cpenna
apUTMETHUYHA apUTMETHUYHA apUTMETHUYHA
CTOMHOCT Ha | CTOMHOCT CTOMHOCT
IIOCTHKEHUETO t- | ANOVA, ANCOVA,
TECT, CM KpallHU JaHHH, | KpaliHU JaHHU, CM

CM
ET 3,67 37,07 29,06
KI' 6,1 23,8 32,9

CpenHH apUTMETHYHM CTOMHOCTM 3a TecT Ha CppKaHT IIpU pa3iindHa

CTaTHCTHYECKa 00padoTKa

Tabmuia 5.

N3Tounmnk Coop wma | Cr. wHa | Cpenna F p

KBaJpaTUTe | CBOOOJMA | KBaJpaTHYHA
Kopurupan 2000,371 2 1000,19 118,58 0.00
MOJIeIT
KoBapuara 1119,91 1 1119,91 1,14 0.00
HezaBucuma | 35,24 1 35,24 4,18 0.57
MTPOMCHJINBA
I'pemika 143,4 17 8,44
O6110 20669,55 20
Kopurupan 2143,77 19
coop

Tect Ha Copxkant - ANCOVA

Cnen KOpekuusATa C KOBAapHAlMOHEH aHajdnu3 OTHOBO HSAMa CTAaTHCTUYECKU
3HaYMMa Pa3iuKa B KpaHUTE Pe3yiTaTh MEXKIYy TPYIUTE, CPEAHUTE CTOMHOCTH
3a eKCIEpUMEHTaHaTa rpyna crnaaar Ha 29,06 cMm, a 3a KOHTpOJIHATa Tpyma ce
npoMeHsT Ha 32,9 cM (tabu. 4.). [lopaau Te3u U3MEHEHUS U 3a Tpeu3upaHe Ha
U3XOJ/IHUTE PE3YJITATH OT JIBETE TPCHUPOBBYHHM METOJUKHU HarpaBuxme post-hoc
aHaJIU3 Ha MOCTIKEHHUSATA Ha TPYNUTE uype3 t-TeCT 3a HE3aBHUCHUMU HM3BAJKU.
Pesynratute ¢ moka3zanu B Tabmuua 6. CraTHcTHYecKaTa JOCTOBEPHOCT Ha



pa3nuKuTe B e(PEeKTHTEe Ha MpuiaraHute MeToauku € cbe croiHoct 0,026.
[TocTrkeHNETO HAa KOHTPOJIHATA TPYTIa € TIOYTH ABA ITTH MO-TOJSMO OT TOBA Ha
eKCIIEpUMEHTAITHATA TPYIa, KOETO COYM B 10132 HA TPEHUPOBHYHATA METOIUKA
Ha KOHTPOJIHATA TpyIIa.

TaoOnumna 6.
t-kpuTepuit Ha | Ct. Ha cBOOOIA p
CTIOOBHT
[MToctuxenue tect | -2.43 18 0.026

CppxaHT

[Toctuxkenne tect ChpxKaHT t-TeCT

TecT CKOK HA IbJZKUHA OT MACTO.

[Ipu oOpaboTkaTa Ha pe3yATaTUTE OT TO3U TECT HAIIPABUXME aHAIIU3 upe3 t-TecT
u ngucnepcuoHeH a”Hanmu3d ANOVA. Topil kato Tyk He Oelle ycTaHOBEHa
CTaTUCTHUYECKM 3HAYMMa pa3juka NpU  [IbPBOHAYAIHUTE  PE3YyJITATH
(p=0,095>0,05), He Oermie mpoBeeHA MPOBEPKA C KOBapUAIMOHEH aHau3 (TabJl.
7).

Pesynratute ot t-rect couar p=0,05, koeTo ce sBsABa TpaHUYEH PE3yJTaT U Ce
TBJIKYBAT KaTO CTaTUCTHYECKM 3HauuMa pasnuka. CronHoctute npu ANOVA
MOTBBPIKAABAT pe3yJITaTUTE OT t-TecT (Tadi. 8.)

Tabmuua 7.
Tect ckok Ha | Cyma Ha | F Crenen Ha | PaBuume Ha | JloctoBep
JTBIKUHA KBaJIpaTUTE cBOOOJA | 3HAUUMOCT | HOCT
Mexny 1780,39 3,1 1 0,05 0,95
IpyrnuTe, Hadu.
JAaHHU
Mexny 24388,68 459 |1 0,05 0,046
rpymnure,
KpalHU 1aHHU

Tect ckok Ha abpknHA — ANOVA



TaoOmnumna 8.

CKOK Ha OIBbJIZKHUHA

t-xpuTepuii Ha | Ct. Ha cBOOOIA p
CTIOOBHT
[Toctmxkenue Tect | 2,1 18 0,05

[TocTkeHHE TECT CKOK Ha OBJDKUHA OT MACTO t-TECT

TecT TPOEH CKOK OT MSICTO

OOpaboTkaTta Ha JaHHUTE OT TeCTa TPOEH CKOK C JIUCIIEPCHUOHEH aHaju3 He
MO0Ka3a 3HauMMa pasiiuka B KpaiiHute ctoiHoctute (p=0,243), KoeTo He Haco4Ba
KBM I0-TOJIsIMa €(pEKTUBHOCT Ha HUTO €Ha OT MeToAuKuTe (Tadi. 9.). Twit kaTo
U TpU TO3W TECT HAMA JTaHHW 3a BIUSHUC HA HAYAITHUTE CTOWHOCTH BBHPXY
KpailHUTe pe3yiTaTu Ha uicieaBaHute rpynu (p=0,327) He Oemie mpoBeacHa
MpOBEpPKA C KOBApUAIIMOHEH aHaJlu3 U OTHOBO IPEMUHAXME HampaBoO KbM
W3CJIeIBAHE Ha TMOCTWXKEHHETO. AHAIM3BT HA MOCTHUXKEHUETO C t-TecT 3a
HE3aBHUCUMH M3BAJKH TOTBBPIU JUIICATA HA 3HAYMMOCT MpH ¢EeKTUBHOCTTA Ha
metoaukute (Tadu. 10.).

Tabmuna 9.
Tect ckok Ha | Cyma Ha | F Crenen Ha | Papaume Ha | JloctoBep
JTBIKUHA KBaIpaTUTE cBOOOJAa | 3HAUUMOCT | HOCT
Mexny 2628,93 1,017 |1 0,05 0,327
rpymnuTe, Had.
JTAaHHU
Mexny 5451,6 1,456 | 1 0,05 0,243
rpyIure,
KparlHU JaHHU
Tect TpoeH ckok— ANOVA
Tabmuna 10.
t-kputepuit  Ha | Ct. Ha cBOOO p
CTioabHT
[Toctmwxkenwne tect | 1,75 18 0.096

TPOEH CKOK

[TocTxenue Tect TPOCH CKOK t-Tect




TecT moackok Ha eqMH Kpak 25 merpa.

JIMCIIEpCHOHHHUAT aHAJIM3 IIPU TECT IOJACKOK Ha €IUH KpakK 25 MeTpa yCTaHOBH
CTaTUCTUYECKM 3HAUYMMa pasjidka W MpHU I[TbPBOHAYAIIHUTE CTOMHOCTH Ha
KOHTPOJIHATA M EKIIEpUMEHTANIHA TPYIIU, U TIpU Kpaitaute nannu (tabm. 11.). Tyk
TECTHT 32 XOMOTEHHOCT Ha aucnepcunte (Tadn. 12.) e cTaTuCTUYeCKH 3HAYUM
p=0,012>0,05, koeTo € HapyllleHue Ha M3UCKBAHETO XOMOTECHHOCTTA 3a BCSKa
rpyla Jia € paBHa, BBIIPEKHU Y€ pa3MepPbT HA TPYNUTE € €AHAKBB U OTHOIIIEHUETO
Ha pa3Mepa Ha U3BaJKuTe He € mo-rossiMm ot 1:1.5 (10/10=1<1,5). ITopaau Te3u
NPUYMHU aHAJU3UPAXME OTHOBO JAHHUTE OT TECT MOJICKOK HAa €IWH Kpak 25
MeTpa upe3 kopapuarmoneH ananu3. Kopekmusata c ANCOVA nokasa, 4ye Mex1y
JBETE€ CpaBHSIBAaHW METOJMKH CBIIECTBYBAaT CTATUCTUYECKH JOCTOBEPHU
pasnuuusl ciie]] KOPUTHpaHe HA BIUSHHETO HAa MbPBOHAYAIHUTE JaHHU (TalIl.
13.).

AHanu3bT Ha TMOCTHXKEHHETO C t-TECT MOTBBpKIaBa MO-I00pUAT €PEeKT Ha
eKCIIepUMEHTaTHaTa MeToIuKa (Tabm. 14.)

Tabmuma 11.
Tect ckok Ha | Cyma Ha | F Crenen Ha | PaBuume Ha | JloctoBep
JTBIKUHA KBaJIpaTUTE CBO0OO/MA | 3HAUMMOCT | HOCT
Mexny 67,21 17,44 |1 0,05 0,001
rpymnuTe, Had.
JTAaHHU
Mexny 94,44 25,15 |1 0,05 p<0,001
IpyIure,
KpalHU 1aHHU

Tect moackok 25 M Ha equH kpak — ANOVA

Tabmanma 12.
F Ct. Ha cBoOOfa 1 Ct. Ha cBOOO/A 2 p
0,56 1 18 0,815

Tect Ha JIeBeH 3a paBEHCTBO Ha AUCIIEPCUUTE (TECT MOACKOK 25M Ha €UH KpaK)



Tabmuna 13.

N3TouHUMK Coop Ha | Cr. Ha | Cpenna F p
KBagpaTtute | cBoOoma KBaJpaTu4
Ha
Kopurupan 153,64 2 76,82 155,8 | 0,00
MOJIENT
KoBapuara 59,2 1 59,2 120,0 | 0,00
6
He3aBucuma 2,34 1 2,34 4,74 0,044
MTPOMECHJINBA
['pemka 8,38 17 0,493
O6m10 2451,82 20
Kopurupan 162,02 19
coop
Tect noackok 25 m Ha equH kpak — ANCOVA
Tab6manma 14.

t-kpuTepuii Ha | Ct. Ha cBOOOIA p

CTIOOBHT
[Toctmxenue tect | 2,17 18 0,044
25Mm

ITocTmxeHne TeCT MOJCKOK 25M Ha €UH KpakK t-TecT

AHAJIM3 HA Pe3yJTATHTE OT IbPBUYHOTO eJIEKTPOMHOrpadcKo u3cjieBaHe.

Nnentudunmpanero Ha HayajaoTo U (a3ure Ha ABWKEHUE Oelle BHU3yallHO
U3BBPIIEHO TIOCPEICTBOM BUco n3o0paxenuero Ha Myolab. O6paboTkara Ha
JaHHUTE OT eliekTpoMuorpadcka cucreMa Ha wm3xoma Ha Myolab ce
KOHTPOJIUpAIIIE OT €MH U3CIIeI0BATEN, 00OYUCH 3a Ta3H 1LIeJl, U C€ PerUCTpUpaIie
aBTOMATUYHO, O€3 Ja ce MPeKbCcBa MO-HATAThIIHATA 00pa0OTKa HA JAHHUTE.

Paznenuxme aBukeHNETO YCIOBHO Ha TpH (aszu (¢wur. 3).




Start High kick1 High kick2 Stop
Qurypa 3. ®a3u Ha puTHHUKA bai lian tui.

[Ipu myckymure neceH m. external obliques (REO), naB m. gastrocnemius
lateralis (LGL), naB m. rectus femoris (LRF) ce yctaHoBu oTHOCHTEITHO
CTaOWJIHO HAIpPEKEHUE, KOETO BEPOSTHO C€ AB/DKM Ha CTAaOMWIM3HMpAIIUTE UM
¢GyHKIUM B yripaxkHeHueTo. W npu Tpute MycKyna ce Ha0ro/1aBa oKayBaHe Ha
HarnpexeHueTo B mbpBata ¢asa (Start-High kick 1), cman Ha HanpexeHnueto B
toukaTta High kick 1 u mo Bpeme Ha ¢aza 2, T.e. T€3U MYCKYJIM HE Y4acTBaT MPH
OTBApSHETO W 3aBbPTAHETO Ha puUTalus Kpak. B Tperara ¢aza, npu Te3u
MYCKYJIM HaIlpeKEeHHETO ce nmokauBa, kato npu REO u LGL croiiHocTuTEe ca
cxoaHu ¢ Te3u B mbpBa (aza, a LRF u REO ngocturar cBost nuk B Tpeta (asa,
cpoTBeTHO 0,156 mV u 0,201 mV (¢wur. 5.). [loBuniennero Ha aKTUBHOCTTA B
Tasu (paza BEpOSATHO c€ IBJDKM Ha YCHIIHSTA 3a 3alla3BaHe Ha pPaBHOBECHE U
MPOTUBOJICHCTBUETO HAa LIEHTPOOEKHATA cuja, AeicTBamla nmpu npudupaHe Ha
MaxoBHA Kpak. B Te3u Tpu MycKysa, yCHIMETO MO BpeMe Ha IeNUsS PUTHUK HE
MOJKe Jla ce ompeeny Kato TuHaMu4HO. C1ab0oTo M3MEHEHUE Ha HAMIPEKEHUETO
npu REO B mbpBata (paza mokaspa, ye TO3U MYCKYJ HE ydacTBa aKTHBHO B
YCYKBAHETO Ha pUTaIllks KPaK, KOETO MOXKE J1a € B pe3yJITaT Ha ci1ada oAroTOBKa
Ha aTJIETUTE WU HAa PEATHOTO MYy HEyYaCTHE B YCYKBaIIOTO JIBIKEHHE.
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- Haluwsdil
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B Hayano M High Kick 1 High Kick 2 Kpawn

®ur. 4. CTOMHOCTUTE Ha HANpPEKEHUE HA MYCKYJIUTE B pa3inuuHuTe da3u Ha
JBU>KECHHUE.
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@ur. 5. [IpoMeHu B HANIPEKEHUETO HA MYCKYJIUTE (CPETHU CTOMHOCTH).

[TuxsT (0,123 mV) Ha Hanpexxenue nipu LGL e B HauanoTo Ha mbpBa (aza npu
Ha IUTB3TAHETO Ha Kpaka MO 3eMsTa U MPEHACSHETO Ha TEKECTTa Ha TSIOTO
U3ISUI0 BBPXY OIOPHMSI KpaK, KaTo C TIOBAWTAHETO HA pHUTAIIHAS Kpak
HaIMpeKeHUETO Craja v JOCTUra MUHUMaTHaTa cu cToMHOCT B Toukara High kick
1. B cnenpamute aBe pa3u ce HaOMI0aBa TIABHO MOBUIIIEHUE HA aKTUBHOCTTA,
KOETO C€ JBJKU Ha CTAOMIM3UPAHETO Ha TSJIOTO.

[Tpu RRA, cbc 3amouBaHeTo Ha MOBIUTAHETO HA KPaKa ce€ PETUCTPUpPA YCUIIBAHE
Ha HaMpeXEHUETO, KaTO BUCOKUTE CTOMHOCTH CE 3ara3Bar Mo4TH J0 Kpas Ha (a3za
1 u ce peanusupa nuk (0,142 mV). [Ipeaun nocturane 10 Haii-BUCOKaTa TOYKa Ha
Kpaka, HalmpeKeHrneTo B m. rectus abdominis 3amoyBa ja craja ¥ MOHMKEHUETO
ce 3amasBa B cienBamurte ABe (asu. ['padmkara Ha aKTUBHOCTTA Mperosiara
HaJUYMETO Ha JAVMHAMUYHHM YCWJIHMS (Makap M C HHCKM CTOMHOCTH) Ha TO3M
MYCKYJI, KOETO BEPOSTHO € CJEACTBHE OT paboTara My KaTO CHUHEPTUCT IPHU
MOBJUTAHETO HA PUTAIINS KPaK.

MyckynuTe, Ipyu KOUTO C€ OTUYMTA PSI3KO MOKaYBaHE HAa HAMPEKEHUETO Ca JIECEH
m. rectus femoris (RRF), necen m. gracilis (RGR), necen m. tensor fasciae latae
(RTFL), necen m. gluteus maximus (RGMax) (¢ur 4.).

IIpu RRF B nmbpBata (aza Ha maxa ce HaOII0JaBa HUCKA aKTUBALIMS HAa MYCKYyJia
B HAaYaJIHUTE MUJIMCEKYHAH — MO Bpe€M€ Ha IUIb3raHeTO Ha MaxoBHUS Kpak IO
3emsaTa. [Ipy moBOUraHeTo Ha Kpaka KbM CPEILIYIHOJOXXHOTO pamMo m. rectus
femoris moBuIIaBa CTOMHOCTUTE CH Ha HANpEeXEeHHe, KaTO MUK Ce OTYUTa
(0,248mV) npu nocturaHe Ha CThIAJIOTO JO MakCHUMaiHa BUcOYMHA. Dopmara
Ha KpHUBaTa € XapaKTepHa MO-CKOpO 3a JMHAMHYHHU ycuius (2) Ha m. rectus
femoris npu m3nbaHeHuero Ha (asza 1. [Ipenu mocturane na High kick 1 ce



Ha0Ir0AaBa KpaTKO CTaTUYHO Hampexenue (mnato) 3a 0,08 s. BwB daza 2 u 3
HaMpeKeHUEeTo B MYyCKyja HamausiBa. [Ipu mpubupaHe Ha Kpaka 10 U3XOJHO
nonoxxenue ((paza 3) ce oTunTa JIEKO MOKAYBaHE, ChOTBETCTBAIIO HA CTATAHETO
Ha BCUYKH MYCKYJIU TIPH 3aBBPIIBaHETO Ha (ha3aTa.

RTFL ps3ko mokauBa cBosiTa akTUBHOCT okoJio ToukaTta High kick 1 ot 0,261 no
0,332 u o Bpeme Ha BTopara (aza rnojabprka nukosu croitnoctu (0,330 1o 0,344
mV). Te3u cTroitHOCTH ca MOKa3aTeTHU 3a HAIMYUETO Ha AUHAMUYHO YCUJIME Ha
a0MyKIIMs Ha pUTAIIMS KPaK U MOJIbPKAHETO HA BUCOKA aKTUBHOCT Ha MyCKYyJa
10 BpEME Ha 3aBbPTAHETO HA PUTAIUS KPAK.

B mbpBara ¢aza RGR ce ycraHoBsBa OBp30 W PSA3KO MOKAayBaHE Ha
HaMpeXKCHUETO — TOKa3aTesl 3a JUHAMHYCH PEeXKUM Ha padorta. Jlocturar ce
MakcuMaiiau crorHoctu (0,5 10 0,554 mV) B 0,259 ms u ce nogaspxar g0 0,352
ms, T.e. IO BpeME Ha MOBIWTAHETO W aJIyKIMATa Ha putamus kpak. [Ipemn
nocturane Ha High kick 1 ce HabmogaBa kpaTko CTaTUYHO HaNpeXeHue (I1aTo)
3a 0,08 s (4). BB (aza 2 u 3 npu abaykuusaTa U nNpuOUPAHETO HA Kpaka,
noruyHo, akTuBHOCTTa Ha RGR cmama, kato B kpas Ha Tperata ¢aza ce
perucTpupa TOBHUILICHHE, ABIDKAIIO CE€ Ha aIyKIUsATa MpU 3aeMaHETO Ha
U3XOJHO MOJIOKEHUE.

RGMax — Tyk kpuBara Ha HaNpe>KEHUETO OTHOBO CTPBMHO C€ MOKayuBa B IMbpPBa
¢daza xaro gocrtura MakcumaiaHute cu croitHoctu (0,439 — 0,443 mV) okono
High kick 1 u ru mognwspxa B ctatuuex pexkum 0,134 s (1). [1o Bpeme Ha BTOpa
u Tpera ¢aza TO3W MYCKYJl T€HEepHUpa OTHOCHUTEIHO CTaOWUIIHO, HO BHCOKO
HANPEeXKEHHE, JIBDKAIO0 CE HAa aKTUBHOTO MYy ydacThe B  a0AyKIMATa TPH
KPBIOBOTO JBM)KCHHUE M PUOUPAHETO HA Kpaka.

CraTucTuvecku aHaJIM3 Ha pe3yJITaTure oT BTOPUYHOTO
eJIeKTPpOMHOTrpadcko u3cjieaBaHe.

Crnen onpezensHEeTO Ha MYCKYJIUTe, pabOTely B IMHAMUYEH PEXKUM IO BpeMe
Ha KpBroBUs pUTHUK bai lian tui, ananu3upaxmMe TaHHUTE HA EKCTIEpUMEHTaTHATa
rpyna OT MOBTOPHOTO €JIEKTPOMUOTpadCKO M3CIEABAHE Upe3 AUCIEPCHOHEH
aHanu3 3a 3aBucumu n3Bagku (ANOVA). M3cienBanu ca CTOMHOCTUTE TIO BpeMe
(azuTe OT pUTHHKA, B KOUTO UMa JUHAMUYHO yCUJIME 3a JaJIeHUs MYCKYI. 3a
necen m. rectus femoris (RRF) u necen m. gracilis (RGR) ToBa e nbpBara ¢aza
Ha putHuka (HK1), oT HauanHO MmoNOKeHHWE IO MOBAWTaHE HA PUTAIIUS Kpak
IpeJ CPelrynoiokHO paMo. 3a aeceH m. tensor fasciae latae (RTFL), necen m.
rectus abdominis (RRA) u necen m. gluteus maximus (Rgmax), ToBa ca mbpBa u
BTOpa (ha3a Ha pUTHUKA — OT HAUYAIHO IMOJIO)KEHHE JI0 3aBbpTaHE HA PUTAIIUS
KpakK 10 eTHOMMEHHO paMo. J[MHAMUYHOTO yCUITUE HA MYCKYJIUTE € PEACTaBeHO
ype3 rpaJueHTa Ha CHilaTa, u34McieH no ¢popMyara:



Ank—Aast

KBJICTO:

dst — CTOMHOCT HAa HEPBHO-MYCKYJHATa aKTHUBAllMs HAa MYCKYJla B HA4aJIHO
nojokeHue, mV

ank — CTOMHOCT Ha HEPBHO-MYCKYyJIHATa aKTUBAIIMA HAa MYCKyJia B Kpas Ha ¢azaTa
3a CbOTBETHUS MYCKyJ, mV

t — Bpeme 3a u3NbJIHEHUE

[IppBOHAYAIHUTE M KPANHUTE W3MEPBAHUS 32 BCEKM MYCKYJ Ha ChCTE3aTEIIUTE
OT eKCIepUMEHTalHaTa rpymna 0sxa oOpabOTeHH upe3 t-TecT U AUCIEPCHOHEH
aHanu3 3a 3aBucuMu u3Bagku (ANOVA). Pesynrature OT BBTpErpynoBUTE
pa3MKU OT JBaTa CTaTUCTUYECKH METOJa Ca CXOJHM M ca NpPEICTaBeHH B
tabmuua 15. u tabnauna 16. 3a HUTO €IWH OT W3CIEIBAHUTE MYCKYJH HsIMa
CTAaTUCTUYECKHU 3HaUYMMa pasiuka. [1o Ta3u nmpuurHa MoXxe J1a ce Kaxe, 4ye HAMa
MIPOMEHM B ISUIOCTHUSL MOJIENI Ha HEPBHO-MYCKYJIHA aKTHUBAIMsl HA MYCKYJIUTE,
KOWTO y4acTBaT B U3CIEABAHUS PUTHUK bai lian tui B ciiecTBUE HA TPUIIOKEHATA
€KCIIEpUMEHTAaJIHA TPEHUPOBBYHA METOUKA.

TaOmuma 15.
Borperpy- |Cyma Ha |F Crenen | Cpenna JlocToBepHOCT
IIOBH KBa)Ip aTUuTe Ha KBaI[paTI/I‘IHa
PasIIuKu cBOOOIa
rectus 0,003 0,007 |1 0,003 0,935
femoris
gracilis 0,012 0,026 |1 0,012 0,875
tensor 0,058 0,879 |1 0,058 0,376
fascia lata
rectus 0,196 0,904 |1 0,196 0,369
abdominis
gluteus 0,024 0,298 |1 0,024 0,6
maximus

Bropuuno enexTpomuorpacko H3CiIEIBaHE, EKCIEpPUMEHTalHa TIpyna —
ANOVA



Tabmuua 16.

Brrperpynosu t-kpurepuit Ha | CT. Ha cBOOOAA JlocToBepHOCT
Pa3JInKH CTIOI[’I)HT

rectus femoris -0,084 8 0,935

gracilis 0,0162 8 0,875

tensor fascia lata -0,938 8 0,376

rectus abdominis 1,774 8 0,114

gluteus maximus -0,546 8 0,6

BropuuHo enexTpoMuorpadcko u3cieBaHe, eKCIIEpUMEHTaIHA Tpyma — t-Tect

Ha ananu3 c t-Tect U ¢ qUCTIEpCUOHEH aHaIu3 3a 3aBUcUMHU U3Bagku (ANOVA)
0sixa MOJJIOKEHU BPEMETO 3a M3IIBIHEHHWE Ha 1IEeJIUs PUTHUK U BPEMETO 3a
u3nbiHeHue Ha ¢aza 1 u ¢aza 2. U Tyk pe3ynratuTe OT JiBaTa METO/Aa Ha

N3CJICABAHC CC IIPHUIIOKPHUBAT. He ce orumTa ChIIECTBEHO HOI[O6p€HI/Ie

Ha

BpCMCHATA 34 HU3IIBJIHCHUC Hd TCXHHKATA, KOCTO € OTPAa3CHO B Ta6J'II/IHa 17. n

tabmuma 18.
Tabmauma 17.
daza Cyma Ha|F Crenen | Cpenna JlocToBepHOCT
KBaJIpaTUTE Ha KBaJpaTH4YHa
cBoOOIa
[sumocTHO 0.118 456 |1 0.118 0.07
U3IIbIHEHNE
daza 1 0 063 |1 0 0,453
®daza 2 0.01 131 |1 0.001 0.291

Bpewme 3a usnbianenne Ha putHuka — ANOVA



Tabmuna 18.

daza t-kpurepuit Ha | CT. Ha cBOOOAA p
CTIOIBHT

[{simocTHO 2,135 7 0,07

WU3IBJIHCHUC

daza 1 0,795 7 0,453

®da3a 2 -1,143 7 0,291

BpeMe 3d U3IIBJIHCHUC HAd PUTHHUKA — t-Tect

AHaJIN3 HA pe3yJTaTuTe — BPb3Ka MEKIY ChAMICKA OleHKa nmaHea b mn
TECTOBHU IOKA3aTeJIH.
3a 1a OTTOBOPUM Ha BBIIPOCA UMa JIM 3aBUCUMOCT MEXY ChAMICKATA OLICHKA U
IOATOTOBKATa HA ChCTE3ATEIIUTE, ITOJIyYeHA Ype3 EKCIIEPUMEHTaIHATa METOIUKa,
U3I0JI3BaXM€ KOpeJalMOHEH aHau3 U koepuuueHT Ha [TupceH. M30paxme To3u
METOJI, Thil KaTO TOM €€ M3MOJ3Ba ChLIO M IPHU OLEHKATA HAa TOJEMUHATa Ha
epekra. HeoOxoaumure yciioBUs 3a KOpPEKTHAa HMHTEpIpETalus Ha Bpb3Kara
MEXAY MOKA3aTEIUTE KaTO HOPMAJIHOCT Ha Pa3NpeiesIeHUETo, CBbP3aHOCT Ha
MOKa3aTeNnTe, NapaMeTpUYHU MPOMEHJIUBU BB3NPUEXME 3a AaJCHOCT MOpaau
XapakTepa Ha U3CJEeIBAHUTE MTPOMEHIIMBU (TTapaMETPHU, CBbP3aHHU C Pa3BUTUETO
Ha JBUTATEIIHUTE KauecTBa). N3cnensaxme MOKAa3aTeJInTe Ha
EKCIIEpUMEHTaJHaTa Tpyna - MOCTHKEHUSATAa OT TECTOBETE 3a B3pUBHA CHUJIA,
BTOpUYHOTO enekTpomuorpadcko (EMI') uscnensane u edexra Ha ChaMiiCKa
olieHKa rnanen b, kato napameTsp 3a ChCTE3aTENHO MPEICTaBsIHE, KOUTO BKIIIOUBA
ISUIOCTHO M3MTBJIHEHHUE, ObpP3HHA U B3pUBHOCT HA U3I'BJIHABAHUTE TEXHUKH.
Hanpasena Oeiie kopenanroHHa MaTpullia, BKJIIOYBAILA J1€CET MPOMEHJINBH, a
UMEHHO:
edekTa Ha chaulicKa OorleHKa maHen b
MOCTUXEHUE OT TeCT Ha ChbpKaHT
ITOCTH>KEHHE OT TECT CKOK Ha ABJDKUHA OT MACTO
MTOCTH>KEHHE OT TECT TPOEH CKOK OT MSICTO
NOCTH)KEHHE OT TECT MOACKOK 25M Ha €TUH Kpak
edext ot EMI' mpu m. rectus femoris (RRF)
edext ot EMI' npu m. gracilis (RGR)
edext ot EMI" mpu m. tensor fasciae latae (RTFL)
. eext or EMI" npu m. rectus abdominals (RRA)

10 edpext ot EMI™ mpu m. gluteus maximus (Rgmax)
PesynTaTuTe OT MaTpHIaTa HE Ca BKIOYEHHU B HACTOALLUSA TPY I, [IOPAJH TOJIEMUS
uM obem. [lo-mony mpexacraBsme camo mapameTpuTe, 3a KOUTO € yCTaHOBEHa
KOpEJNaloHHA BPB3Ka.

CoNoaRrWDdE



Kopenamust Ha edekra Ha chauiicka oreHka nmaHen b ce HabirogaBa camo ¢
MOCTHKEHHE OT TECT MOJCKOK 25M Ha €IMH KpaK. 3HAYMMOCTTA Ha KOpeJIalusaTa
e 0,029, croitnocTTa Ha Koeduienta Ha [Iupcwa e 1=760. Kakto ce Bmxkaa ot
¢urypa 6, rpadukara € JMHEWHA M JSICHO HAKJIOHEHa, OT KOETO CJe/aBa e
Bpb3KaTa MKy ChJINNCKA OLIEHKA MTaHeNn b ¢ MoCTHKeHne OT TeCT NOJICKOK 25M
Ha €JIMH KpakK € MpaBONpONOPLHOHAIHA U IPU MOBUIICHUE HA TOCTUKEHUETO OT
TECTa MOXKE J1a CE 04aKBa MOJOOPEHHE HA ChCTE3aTETHOTO MPEACTABSIHE.

R2 Linear = 0.578
50
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2077

cbAMIACKA OLIEHKA NaHen

.00

-.204

I ] 1 |
50 1.00 1.50 2.00 250 3.00 350
echekT 25M Ha egMH Kpak

Qdurypa 6. Kopenanmonen aHanu3 — ChAMICKa OIeHKa maHen b u edekr Ha
MOJCKOK 25M Ha €[IMH KpaK.

3axijIroueHue

TpenbopuTe U ChaUUTE MO Yy B bbarapus ocb3HaBaT BIUSHUETO HA CUJIOBATA
MOJITOTOBKA BHPXY KaueCTBOTO HA M3I'BJIHEHHE HA ChCTE3aTeNIHUTE (POpMU, HO
JUIcaTa Ha pa3HOOoOpas3ue, HEMpaBUIHOTO HAcOYBAaHE Ha MOJArOTOBKAaTa M
HEMPAaBWIIHOTO PA3NpENEICHHE Ha CHJIOBUTE METOAWMKM B  TOJIMIIHHS
TPEHUPOBBYEH LIUKBJI, @ MMOHAKOTA U ITbJIHATA JIIICA HA TAKOBA Pa3lpeIciICHHE,
CHW)KaBa HUBOTO Ha CuHJOBaTa IIOArOTOBKa B ymy. B To3u cMucsn,
pa3pabOTBaHETO Ha METOJMKAa OTroBapslla Ha HYXAUTE Ha ChCTE3aTEIUTE U
TPEHbOPUTE TIO YyIITy, OU AaJI0 TIAChK Ha MOATOTOBKAaTa B TO3H CIOPT B bbirapus
¥ OM BIUTHAJIO HUBOTO HA CHCTE3ATEIHOTO MPEJCTABSHE.



[IpoBeneHOTO MBPBUYHO EIEKTPOMHOTPa(CKO M3CIEABAHE C IEJT MPABHIHOTO
HacouyBaHE Ha TomorpadusiTa Ha cujaTa MoKas3a, Y€ MYCKYJIUTE, KOUTO B3UMAT
Hal-aKTUBHO y4acTHe 3a CI'bBaHE B Ta300e/IpeHaTa cTaBa B KphroBUs pUTHUK bai
lian tui ca necen m. rectus femoris U MPOTUBHO HA OYaKBaHUATA AeceH m. gracilis;
IpU YCYKBaHE M W3MBIHCHHE Ha KPBrOBOTO JIBIDKCHHE aKTHBHH Ca JIECHU m.
gluteus maximus, m. tensor fascia lata, m. rectus abdominals, HO HE 1 HecHU m.
gracilis m m. external obliques; 3a crabunu3upaHe Ha TSUIOTO C€ MOTBBPXKIaBa
poJisiTa Ha J1sB m. rectus femoris 1 Js1B m. gastrocnemius lateralis, kaTo feceH m.
external obliques moka3Ba MoBeleHHE Ha CTaOWIM3UpAIl MYCKYJ BMECTO Ha
aKTUBEH YYaCTHUK B YCYKBAHETO M KPBrOBOTO JBIKEHUE.

[Ipu mpunoxkeHUs: KOpenalMoOHEH aHaIU3 MEXK]Y ChCTE3aTEIIHOTO MPEACTaBIHE
YW U3CIE/BAaHUTE MapaMeTpu Ha EKCIEpUMEHTAJIHaTa  MeEToAuKarta  Oere
yCTaHOBEHA BPbH3Ka, KOETO J1aBa OCHOBAHHE Jla C€ CMATA, Y€ MOJOOPEHUETO Ha
JMHaMHUYHATa CUjia BOAM 10 MOJ00OpEeHNE Ha U3ITJIHEHUITA HA ChCTE3aTEIIUTE.

CTraTUCTUYECKUAT aHadu3 OT4yuTa €(EeKTUBHOCT Ha EKCIEpUMEHTAIHATA
TPEHUPOBBYHA METOJIMKA M B YETUPUTE MNPUIIOKEHU TecTa. EdexkTuBHOCT ce
OTYUTAa W TPU KOHBEHI[MOHAIHATa Meroauka. Ilpu cpaBHEHHWETO Ha JBETE
METOJIUKH PE3YJATATUTE OT MEKIYTPYIIOBUTE PA3JIMKU HE Ca KATETOPUYHU, MaKap
ye CTOMHOCTHUTE ca B TMOJAKpena Ha Mo-TojsMara e(PEeKTUBHOCT Ha
eKCIiepUMEeHTalIHaTa MeToaukata (B JBa OT TECTOBETE IIPEBEC HUMa
eKCIIEpUMEHTalIHa Tpyla, B €IuH — KOHTpoJiHata). KaTto pombiHUTENHA
CTOMHOCT E€KCIEpUMEHTAJIHATA METOAMKA MOXKE Ja C€ OTYeTEe BPEMETO 3a
U3NBJIHEHUE - yIpaxHeHusTa otHemar okosno 30-45 wmun. ToBa naBa
BB3MOKHOCT B Pa3JIMYHUTE IEPUOAH OT FOJIUIIHUS [IUKBJ B TPDEHUPOBKATA Ja Cce
BKJIFOYAT TOBEYE W MO-pa3IMuHU ynpaxkHeHus. ChIIO Taka cromara Ja ce
€JIMMUHHpA CKyKaTa U JINICcaTa Ha TPEHUPOBBYHU CTUMYJM B ChCTE3aTENIHATA
MOATOTOBKA.

MN3BOJAN U ITPEIIOPBKH
H3BoaM

1. CunoBara mOJAroTOBKA KaTo ISJI0 MIPUCHCTBA B OBITAPCKHUTE KIIyOOBE IO
ymy. Ho HenpaBuiiHaTa HACOYEHOCT Ha CUJIOBUTE YIPAXKHEHHUS, KAKTO U
HEYOCIUTETHOTO pa3MlpeNielieHue COpsSAMO TOAUIIHUS TPEHUPOBBUYEH
LHMKBJI HA CPEACTBAaTa U METOJUTE 3a Pa3BUTHE HA CUJIA MOTBBPIKIABAT
XUMoTe3aTa 3a cliad0 pa3BUTHE HA CHJIOBAaTa TMOJATOTOBKA B YIIy B
bearapus.

2. TlpuioxeHute TECTOBE 3a MakKCHUMalHa M JUHAMUYHA CHJa ca HUMaT
CXOJICTBO ChC CNENU(PUUHUTE YNPAKHEHUS U TEXHUKHU B YIIy, KOETO TH
MPaBM MOAXOSIIIN 32 U3BMEPBAHE HA CHJIOBH MTOKA3aTEIN B TO3U CIIOPT.



YcTaHoBuxMe, e pa3paboTeHaTa OT HAC METOIMKA UMa 3HAYUTENICH e(PEeKT
BBPXY Pa3BUTHETO Ha JMHAMUYHATA CHJIA B YOIy W € MOAXOJSIIa 3a
npujaraHe npe3 TOATOTBUTENHUS W TPEACHCTE3aTCITHHSI TIEPUOJ B
OBITapCKUTE KIyOOBE TO YIIy, CHOOPA3HO OPTaHU3AIMOHHUTE WM
crienupuKH.

. YCTaHOBEHUAT OT HAC MOJEN Ha HEPBHO-MYCKYJHA aKTHBAIUs Ha
MYCKYJIUTE, KOUTO B3€MaT y4acTue B aHAJTU3UpaHUs pUTHHUK bai lian tui e
MPE/ICTAaBUTENICH 32 MHOKECTBO MOJAOOHH TEXHHUKH B YIIY U MOXKe J1a Obie
M3MOJI3BaH KaTo 0a3a 3a ChCTaBsHE HA TPEHUPOBBUHHU MPOTPAMHU 33 CUIIOBA
M KOHJMIMOHHA IOATOTOBKA Ha CbHCTE3aTeNd HA pa3jMYyHU HUBA Ha
CIIOPTHO MAaMCTOPCTBO.

. ExcriepuMeHTaNHaTa METO/IMKA HE MPEIU3BUKBA MPOMEHU B ISIIOCTHUSA
MOJIeJ]I Ha HEPBHO-MYCKYJIHA aKTHUBAIUsl HA MYCKYJIUTE, KOUTO y4acTBaT B
n3cieaBaHus puTHUK bai lian tui. ToBa e noka3atencTBo 3a €eKTUBHOCTTA
M [0 OTHOIIEHHWE Ha 3alla3BaHe Ha JBUTATSIIHUS MOJECI M JIMIICaTa Ha
HETaTUBHO BB3JICHCTBUE BBPXY TEXHHUKATa MW TI'bBKABOCTTAa Ha
ChCTE3aTeIINTE.

YcTaHOBEHUTE  KOpEJAIMOHHU 3aBUCUMOCTH  MEXIY  IISIJIOCTHOTO
ChCTE3aTEIHO TNPEACTABSIHE Ha CHOPTUCTUTE OT EKCIepHMEHTAJIHAaTa
rpyla ca J0Ka3aTelCTBO 3a ¢hEeKTUBHOCTTA Ha pa3zpaboTeHaTa OT Hac
METOJMKa 110 OTHOIIEHHE Ha Obp3WHA W B3PUBHOCT Ha M3ITBIHSBAHUTE
TEXHUKH, KOETO MO CHIIECTBO € OMpeeICHUE 32 KOMIIOHEHTA Ha ChANICKA
OIICHKA MaHen b ,,npuiokeHue Ha cuara® .

I[Ipenopbku

Cnopen mnosyyeHWTE pe3yiaTaTH KOHBEHLIHMOHAJHATA METOJMKA 3a
TPEHHPOBKM IO yIIy pa3BHBa AWHaMU4HaTa cuia. [lo Tasm npuumHa
TPEHUPOBKH MO YUy W OTACIHHU YaCTH OT TPEHUPOBKATA U YIIPAKHEHUS
OuMxa MOTJIM Jia C€ BKJIIOYAT B Y4eOHH W/WIIM TPEHUPOBBYHHU IIPOrPAMHU 32
pa3BUTHE HA TMHAMUYHA CUJIA.

Pa3paborenata exkcnepuMEHTalHa METOAMKAa TIOKa3Ba MO-100pH
pe3ysTaTd Npu TNO-KPAaTKO BpPEME Ha U3INBJIHEHHE HA KOMILIEKCA
YIOpaKHEHHs B CPaBHEHHE ¢ oOW4aiiHaTa TpeHUPOBKa 1o yiry. Eto 3aro,
OuxMe mpenophbyaid MPHUEeMaHETO Ha EKCIIEpUMEHTaTIHaTa METOJMKa 3a
pa3BUTHE HA JTUHAMUYHA CHJIA 32 KOHBEHIMOHAJHA U JBJITOCPOYHOTO U
BKJIIOYBAHE B ITOATOTOBKATa HA CHCTE3aTENM 110 YIIY.

TecroBere 3a M3MEpBaHE Ha MaKCHMajHAa U JUHAMUYHA CHJIA CBHIIO Ca
NOAXOSIIM 32 BKIIFOUBAHE B MPOTPAMMUTE I10 YIIIY, TOPAAN CXOACTBOTO CH
ChC cneupUKUTE HA CIIOPTA.



4. V3xoxOalku OT KopenamusTa MEXIy CbhAuiicku naHen b m cuioBure
II0KA3aTeJM IPENOPbYBAME IPOBEKIAHETO HA TPEHUPOBKA 34 Pa3BUTHE HA
cujla B IporpaMaTa Ha CbCTE3aTeIUTe M0 YIIy Karo creuupudeH
KOMIIOHEHT 3a I0JI00psiBaHE Ha ChAMICKaTa OLEHKA.

INYBJIUKALIUU, CBbP3AHU C IUCEPTALIMOHHMUSA TPY |

1. Yobanoma, JI., ,,CuiioBa MoJAroToBKa B yIIy — HACTOSIIO CHCTOSHUE B
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neuar [IPUHTHUHI XAYC EOO/I, HCA ITIPEC
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INTRODUCTION

Wushu is fast-growing sport, a candidate for a member of the Olympic family.
Widely practiced in Asia, America and Africa, wushu in Europe is still one of the
least popular sports, although traditional schools such as Wing Chun, Tai Chi,
and Shaolin are very popular.

Adding to this the two world championships that had taken place in Bulgaria and
the upcoming European championship to be hosted here, the demand for adequate
training of competitors of any age turns to an urgent problem. This problem turns
out difficult to solve through the current methodologies employed by the wushu
sport specialists.

There is a subjective opinion that present trends for development of physical
qualities are rarely included in the training of the Bulgarian athletes, although
there are no real studies on the topic. The limited time for preparation in the
Bulgarian wushu clubs further complicates the organization of the training
process. This results in a weak physical and competitive training, and a loss of
motivation in athletes, because of boredom and failure to achieve desired results.
This is clearly noticeable in the age category of 12-14 years, when the forms
increase the complexity of techniques and the requirements for motor skills
including explosive power and speed-strength endurance. Typically, at this age
the growing up athletes give up their wushu occupation.

Given that strength developing potential gains its highest levels after the Peak
Height Velocity (PHV) period, i.e., age of 14-15 years for boys and 11-12 years
for girls, this makes the problematic category of 12-14 years quite suitable for
developing the quality of strength.

As a physiological and structural characteristic wushu belongs to acyclic sports,
a “complex of competitive exercises” called taolu with 80-90 seconds duration,
which is the equivalent of “kata” in karate. During taolu performance there were
measured heart rate of 176+3 beats/min and lactate 5,15+1,07 mmol-1-1. At these
parameters wushu falls into the group of submaximal loads with anaerobic-
aerobic uncompensated fatigue.

PURPOSE AND OBJECTIVES OF THE STUDY

The purpose of the dissertation is to propose an Experimental Training
Methodology for strength training and quantify its impact on the dynamic



strength and competitive performance in wushu in the age category 12-14 years
for athletes of both sexes.

The tasks arising from the goal are to establish the state of strength training in
wushu in Bulgaria and its connection with the overall performance of the athletes.

To develop a methodology for the development of dynamic power.

7. To gather a group of wushu athletes for participants in the
experiment, which, at random, should be divided into experimental
and control groups. To apply the developed training methodology
on the experimental group of athletes.

8. To determine and apply at the beginning and at the end of the
experiment appropriate tests for measuring maximum and dynamic
power.

9. To determine and apply at the beginning and at the end of the
experiment appropriate tests for measuring maximum and dynamic
power.

10.To study the effect of the experimental methodology on the
neuromuscular activation of the muscles involved in the circular
Kick bai lian tui.

11.To study the connection of the competitive performance with the
effects of the experimental methodology.

ORGANISATION OF THE STUDY

The pedagogical experiment was conducted in the period 8.03.-21.04.2021 in
Sofia and Ruse, on the territory of NSA and the training halls of SC "Academic-
Golden Tiger", Sofia and SC "Kalagia", Ruse.

The primary electromyographic examination was conducted in November 2019
on the territory of the training halls of SC "Academic-Golden Tiger", Sofia

Secondary electromyographic examination was conducted in the period
8.03.2021 - 21.04.2021 on the territory of the training halls of SC "Academic-
Golden Tiger", Sofia.

CONTINGENT OF THE STUDY

In the pedagogical experiment in the experimental group participated 10 athletes
of both genders with an average age of 13.3 £ 1.41 years with sports experience
in wushu an average of 6.5 + 1.63 years.

The control group consisted of 10 athletes of both genders with an average age of
11.7 + 1.19 years with a sporting experience in wushu averaging 6 £+ 1.19 years.



The primary electromyographic study involved 8 athletes of both genders with a
mean age of 12.57 £+ 0.49 years with an average of 6.29 + 1.58 years of wushu
sports experience.

The secondary electromyographic study involved 9 athletes of both genders with
an average age of 13.1 £+ 1.58 years with wushu sports experience averaging 6.4
+ 1.23 years.

METHODS OF THE STUDY

Questionnaire method.

To establish the current state of wushu training in Bulgaria, we interviewed 45
wushu coaches and judges, men and women, aged 18 to over 50. Through the
survey we aimed to obtain information about the level of strength training in
wushu clubs in Bulgaria, as well as the opinion of the coaches about the
relationship of strength training - overall performance in wushu.

The survey was conducted through the internet  platform
https://app.smartsurvey.co.uk with participation of wushu specialists from all
active clubs in Bulgaria in the period from 19.07.2019 to 20.08.20109.

Training methods:

Tests for dynamic power measurement.

Four dynamic power tests were selected, which are as close as possible to the
specific wushu physical load. They are for explosive power of the lower limbs,
as the techniques appearing difficult for athletes aged 12-14 years are performed
mainly with the lower limbs - fly kicks and jumps.

5. Sergeant Test (Chu, 1996): The competitor smears talcum powder on his
fingertips. Stands close to the wall, stretches one hand as much as possible
and marks a height 1. Then a high jump is performed from a place, marking
the highest point of the jump with your fingers (height 2). The distance
between height 1 and height 2 is measured. The test monitors the
development of the explosive force of the lower limbs. The test is suitable
for wushu, as the height of the rebound when performing the jumps is an
indicator of good competitive performance.

6. Long jump: The athlete stands with his toes behind a marked starting line,
squats, leans forward, swings his arms and performs a jump with two legs
forward. The distance between the starting line and the nearest point from
the athlete's feet after landing is measured. In addition to the height of the
rebound, the length of the horizontal movement during wushu jumps is also
a criterion for quality performance.

7. Triple jump: The athlete stands with his fingers behinf a marked starting
line, squats, leans forward, swings his arms. Performs a two-legged jump



horizontally forward, lands on one leg and immediately jumps forward,
lands on the different leg and immediately jumps forward. The jump ends
with a landing on both feet. The distance between the starting line and the
nearest point from the athlete's feet after landing is measured. In wushu,
the jumping boost consists of three steps and a one-leg leap.

8. 25 meters jump on one leg: The athlete stands 10-15 meters behind the
starting line. Creates some speed with a light run. After the marked starting
line starts jumping one leg. The time for crossing the distance between the
start and finish line is detected. Most wushu jumps involve a one-legged
leap.

The tests are performed after a general warm-up. Each test is done out of two
attempts and the better result is recorded.

Tests to measure maximum power.

After the initial tests for dynamic power, with the experimental group are
conducted those for measuring the maximum power. A test determining 10PM
was used.

Training methodology

Training methods are applied in accordance with the so-called complex training
(Chu, 1996). The methodology is based on the theory of post-activation and
complex training, which includes performing of an exercise using a weigth,
followed relatively quickly by performing of a biomechanically similar
plyometric exercise. An additional advantage of complex training is the
organizational and time-saving benefits of providing a wide range of muscle
stimulation.

The sessions are organized in the form of a circuit training (Alves et al, 2010)
with five stations of two exercises. In this way, two goals are achieved: 1. ten
athletes can work simultaneously with minimal equipment; 2. the time for
execution of the complexes is minimized. We tried to adapt the methodology to
the conditions of wushu clubs in Bulgaria - lack of equipment and lack of funds
for its purchase, as well as short duration of wushu training (usually 1 and %2 - 2
hours 2-3 times a week) .

Various training complexes were applied during the preparatory and pre-
competition period.



1. Squat with
dumbbells on the
shoulders

2. Jump in place by
lifting and grasping the

knees
1. Squat with
1. Lifting on toes with dumbbEIIs gver the
weight on the €a
shoulders 2. Jump with 180 °
rotation between
2.Jump on a box
two cones
1. Twisting the pelvis 1. Lifting for glutes
while lying on back and back thigh
with a medical ball muscles
2. Twisting the torso 2. Lifting the legs for
while seating with a the back thigh
medical ball muscles

Figure 1. Scheme of circuit training in the preparatory period.

Parameters of the training methodology during the preparatory period.

1.Duration - 2 weeks in the preparatory period of the annual cycle.
2.Weekly frequency - 2 days.

3.Duration of training sessions - 30 minutes.

4.Intensity — about 60% of maximum power capabilities. Medical balls
weighing 3 kg were used.

5.Volume and density - 2 sets of 10 repetitions of exercise, with breaks of
1 minute between them.

6.0rganization of the training - circuit training with five stations (Fig. 1).
At each station there are two athletes and two exercises. After completing
the first exercise, the athletes change places.



Parameters of the training methodology during the pre-competition period.

7. Duration - 4 weeks in the pre-race period of the annual cycle.

8. Weekly frequency - 2 days.

9. Duration of training sessions - 40 minutes.

10.Intensity - about 70% of maximum power capabilities. Medical balls
weighing 3 kg were used.

11.Volume and density - 3 sets of 10 repetitions of exercise, with breaks
of 1 minute between them.

12.0rganization of the training - circuit training, with five stations (Fig.
2). Two athletes work at each station and two "paired" exercises are
performed. The first athlete begins the exercise with weights, while
the second waits. After the first athlete completes, the second athlete
performs the weight exercise, while the first performs the plyometric
exercise. Through this alternation, continuous employment of each
of them is achieved (in accordance with the duration of the breaks)
and reduction of the time for the implementation of the complex
training.



Power lifting of a
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+

Jump off a box, twisting
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while seating with with weight on the
medicine ball shoulders
+

+
Throwing a medicine

ball while twisting
torso in a standup
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Throwing a medicine
ball backward with jump
on a box.

Figure 2. Scheme of circuit training in the pre-race period.

Mathematical and statistical methods
We used the following statistical methods:

* t-test.

» Analysis of variance (ANOVA).

» Covariance Analysis (ANCOVA).
» Correlation analysis.



Electromyographic study (primary and secondary).

To study the work of muscles in specific wushu techniques in the experimental
group we used a portable surface electromyographic system using wireless active
electrodes with changable geometry with a mounting clip 16-bit resolution for
output and transmission of signals up to 4 kHz. The system belongs to the Italian
company BTS Bioengeniering, model BTS FREEMG 300, with the possibility of
recording frequency up to 4 kHz and accompanying software for data processing
Myolab for detection, visualization of EMG signal and its first level processing.
The transmission of information is wireless - IEEE802.15.4 (sensors - receiver).
The data is recorded in parallel with a video image with a pixel size of 0.126 mm
and a resolution of 480 x 640 (L x W), 64 k colors, 16 bit. A recording frequency
of 3 kHz was used in the present study. The filter used to average the raw
information is RMS (Root Mean Square) with a time interval of 300 ms (BTS
Bioengineering, user manual english version 4.0.3).

8 sensors attached to 8 muscles were used: right m. rectus femoris (RRF), right
m. rectus abdominis (RRA), right m. obliquus externus abdominis (REO), left m.
gastrocnemius lateralis (LGL), left m. rectus femoris (LRF), right m. gracilis
(RGR), right m. tensor fascia lata (RTFL), right m. gluteus maximus (RGMAX).
The electrodes were fixed by self-adhesion. The lack of wiring allows for full
range of motion during the task without limitations. The electrodes are placed on
the anatomical diameter of the muscle (Konrad, 2005). The results are measured
in mean voltage. A video recording of the kick was made in the frontal and sagittal
planes.

The wushu technique under study is a circular kick from the inside out "bai lian
tui” (lotus kick).

RESULT ANALYSIS

Analysis of the results of the questionary method.

According to the answers received, although the majority of respondents believe
that the overall performance of Bulgarian wushu athletes is good (41.38%) and
average (27.59%) compared to European and world level, the level of strength
training in Bulgaria is assessed as low (34.48 %) and average (27.59%). This
divergence of responses points to a low level of maintained motor skills and the
need to develop wushu strength techniques.

Surprisingly, strength endurance occupies the largest place (83.33% with
accepted more than one answer), although in the annual training cycle it should
find its place mainly at the beginning of the preparation period. It is followed by



dynamic power (53.33%) and maximum pwer (23.33%). Given the physiological
structure of wushu, it could be concluded that the reason for the strength training
of Bulgarian athletes to be considered mainly weak, is the wrong direction of the
work.

INTRA - GROUP DIFFERENCES IN RESULTS

To determine the effectiveness of each method separately (experimental and
control), we chose data processing with t-test and analysis of variance for
dependent samples (ANOVA). The prerequisites necessary for the correct
performance of analysis of variance are: normality of the distribution,
randomness of the sample and homogeneity of the variances of the dependent
variable for each group. Normal distribution and randomness of the sample were
taken for granted due to the nature of the studied variables (parameters related to
the development of motor skills). We tested the homogeneity of the groups
independently.

In the four applied tests for determining the level of explosive force in both the
control (Table 1) and the experimental group (Table 2) there is an improvement
in the final results compared to the initial data. To refine the results, analysis of
variance for dependent samples (ANOVA) and t-test for dependent samples were
performed.

Table 1.
Intra-group | Sum of | F RMS Authenticity Authenticity
differences | squares ANOVA fTecT
Sergeant 198,45 84,8 198,45 |p<0,001 p<0,001
Test 5
Test - long | 561,8 72,3 |561,8 p<0,001 p<0,001
jump
Test - triple | 3484,8 30,4 |3484,8 |p<0,001 p<0,001
jump 7
Test - 25m | 5,32 28,4 |5,32 p<0,001 p<0,001
jump  on 4
one leg

Explosive power tests, control group — ANOVA



Table 2.

Intra- Sum  of | DF RMS Authenticity | Authenticity
group >quares ANOVA | t-rect
differences

Sergeant | 49,92 1 49,92 0,018 0,018
Test

Test - long | 830,76 1 830,76 0,005 0,005
jump

Test —15278,00 1 5278,00 0,001 0,001
triple jump

Test - 25m | 14,60 1 14,60 p<0,001 p<0,001
jump on

one leg

Test for explosive power — ANOVA

INTERGROUP DIFFERENCES IN RESULTS

To determine the differences in the effects of the training methods of the
experimental and control groups, for each dynamic power test of the two groups,
we compared the initial and final values to check for intergroup differences in the
final results. A necessary condition for establishing the effects of the applied
methodologies is the absence of statistically significant differences in the initial
values. The analysis revealed such differences of some of the explosive test
values. For this reason, there was additionally applied covariance analysis
(ANCOVA) on the test data in order to eliminate the influence of the initial
differences on the final results of the pedagogical experiment. Covariance
analysis combines regression analysis and analysis of variance by controlling the
effects generated by the covariate by dividing the variance and determining the
variance generated by the additional variable variance. In this way a more correct
study of the effects of the main variable is performed, in this case the final result
of the training methods. The choice of independent (covariance) variables is
determined by the researcher from the context of the specific study and usually
this is the variable that he believes has a great influence on the dependent variable
(Ganeva, 2016). In the present study, we chose the initial values of each studied
variable for the covariance variable.



For greater accuracy of the study, we compared the results of the control and
experimental groups in the dynamic power tests using Student's t-test for
independent samples.

Sergeant test (high jump).

When processing the initial data in the Sergeant test with analysis of variance,
with assured prerequisite for homogeneity of the groups (p = 0.218> 0.05), a
statistically significant difference was found between the values of the control
and experimental groups (Table 3).

Table 3.
Sergeant Sum of |F DF Level of | Authenticity
test, initial | squares significance
data
inter-group | 1289,618 |24,142 |1 0,05 p<0,001
differences

Sergeant test, initial data - ANOVA

The analysis of the final results also showed a statistically significant difference
between the groups (p = 0.002 <0.05) at mean values for the experimental group
of 37.07 cm and 23.8 cm for the control group (Table 4). Despite the illustrated
advantage in the effect of the experimental methodology, we cannot
unequivocally accept this methodology as more successful due to the existing
differences in the initial data in this test. For this reason, we conducted a
covariance analysis to eliminate the differences, choosing the the initial data to
be covariate. The results are presented in Table 5. The impact of the initial data
Is shown in the "covariate" column.

Table 4.
Sergeant test Average of the t-test | Average of the| Average of the
effect, cm ANOVA, final | ANCOVA, final
data, cm data, cm
EG 3,67 37,07 29,06
CG 6,1 23,8 32,9

Mean values of the Sergeant test for different statistical processing



Table 5.

Source Sum of | DF RMS F p
squares

Adjusted 2000,371 2 1000,19 118,58 0.00

model

Covariate 1119,91 1 1119,91 1,14 0.00

Independent | 35,24 1 35,24 4,18 0.57

variable

Error 143,4 17 8,44

Total 20669,55 20

Adjusted 214377 19

sum

Sergeant test - ANCOVA

After the correction with covariance analysis, there is again no statistically
significant difference in the final results between the groups, the average values
for the experimental group fall to 29.06 cm, and for the control group change to
32.9 cm (Table 4). Due to these changes and to refine the initial results of the two
training methods, we made a post-hoc analysis of the effect of the groups through
a t-test for independent samples. The results are shown in Table 6. The statistical
significance of the differences in the effects of the applied methods is 0.026. The
effect of the control group is almost twice as large as that of the experimental
group, which indicates in favor of the training methodology of the control group.

Table 6.
Student's t-test Degree of | p
freedom
Sergeant test, | -2.43 18 0.026
effect

Sergeant test, effect, t-test

Long jump test.

When processing the results of this test, we performed analysis by t-test and
analysis of variance ANOVA. As no statistically significant difference was found
here in the initial results (p = 0.095> 0.05), no verification by covariance analysis
was performed (Table 7).



The t-test results show p = 0.05, which is a corner result and is interpreted as a
statistically significant difference. The values in ANOVA confirm the results of
the t-test (Table 8.)

Table 7.
Long jump test | Sum of | F Degree of | Level of | Reliability
squares freedom | significance
inter-group 1780,39 31 |1 0,05 0,95
differences,
initial data
inter-group 2488,68 459 |1 0,05 0,046
differences,
final data
Long jump test—- ANOVA
Table 8.
Student's t- | Degree of | p
test freedom
Long jump test effect | 2,1 18 0,05

Long jump test, effect, t-test

Triple jump test from a place

The processing of the data from the triple jump test with analysis of variance did
not show a significant difference in the final values (p = 0.243), which does not
lead to greater efficiency of any of the methods (Table 9). Since in this test there
was also no influence of the initial values on the final results of the studied groups
(p = 0.327), covariance analysis was not performed and again we went straight to
the study of effect. The analysis of the effect with t-test for independent samples
confirmed the lack of significance in the effectiveness of the methodologies

(Table 10).




Table 9.

Triple jump test | Sum of | F DF Level of | Authentic
squares significance | ity

inter-group 2628,93 1,017 |1 0,05 0,327

differences,

initial data

inter-group 5451,6 1,456 | 1 0,05 0,243

differences,

final data

Triple jump test — ANOVA

Table 10.
Student's t-test Degree of | p
freedom
Triple jump test, | 1,75 18 0.096
effect

Triple jump test, effect, t-test

Jump on one leg 25 meters test.

The analysis of variance in the 25-meter leg jump test found a statistically
significant difference both in the initial values of the control and experimental
groups and in the final data (Table 11). Here the test for homogeneity of variances
(Table 12) is statistically significant p = 0.012> 0.05, which is a violation of the
requirement that homogeneity for each group is equal, although the size of the
groups is the same and the ratio of the sample size is not is greater than 1: 1.5
(10/10 = 1 <1.5). For these reasons, we re-analyzed the data from the 25 meters
jump test by covariance analysis. The correction with ANCOVA showed that
there were statistically significant differences between the two compared
methodologies after correcting the influence of the initial data (Table 13).

The analysis of the effect with t-test confirms the better effect of the experimental
methodology (Table 14.)



Table 11.

Jump on one | Sum of | F DF Level of | Authentic
leg 25 meters | squares significance | ity
test
inter-group 67,21 17,44 |1 0,05 0,001
differences,
initial data
inter-group 94,44 25,15 |1 0,05 p<0,001
differences,
final data
Jump on one leg 25 meters test—- ANOVA
Table 12.
F Degree of freedom 1 Degree of freedom 2 p
0,56 1 18 0,815

Leven's test for equality of variances (Jump on one leg 25 meters test)

Table 13.
Source Sum of | DF RMS F p
squares
Adjusted 153,64 2 76,82 155,8 | 0,00
model
Covariate 59,2 1 59,2 120,0 | 0,00
6
Independent 2,34 1 2,34 4,74 | 0,044
variable
Error 8,38 17 0,493
Total 2451,82 20
Adjusted sum | 162,02 19

Jump on one leg 25 meters test — ANCOVA




Table 14.

Student's t-test Degree of | p
freedom
Jump on one leg | 2,17 18 0,044
25 meters test,
effect

Jump on one leg 25 meters test, effect, t-test

Analysis of the results of the primary electromyographic examination.

The identification of the beginning and phases of the movement was visually
performed using the video image of Myolab. The processing of data from the
electromyographic system at the Myolab output was controlled by a colleague
trained for this purpose and was recorded automatically without interrupting
further data processing.

We divided the movement conditionally into three phases (Fig. 3).

Start High kick1 High kick2 Stop

Figure 3. Phases of the kick bai lian tui.

Foe the muscles right m. external obliques (REO), left m. gastrocnemius lateralis
(LGL), left m. rectus femoris (LRF) we found relatively stable tension, which is
probably due to their stabilizing functions in exercise. In all three muscles there
Is an increase in tension in the first phase (Start-High kick 1), a decrease in tension
in the point High kick 1 and during phase 2, i.e., these muscles are not involved
in opening and rotating the kicking leg. In the third phase, the tension in these
muscles increases, while in REO and LGL the values are similar to those in the
first phase, and LRF and REO reach their peak in the third phase, respectively
0.156 mV and 0.201201 mV (Fig. 5). The increase in activity in this phase is
probably due to the efforts to maintain balance and counteract the centrifugal
force acting when retracting the swing leg. In these three muscles, the effort
during the whole kick cannot be defined as dynamic. The slight change in tension



in REO in the first phase shows that this muscle is not actively involved in the
twisting of the kicking leg, which may be due to poor training of athletes or its
actual non-participation in the twisting movement.

0.500
0.450
0.400
0.350
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0.150
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0.000
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B Hayano M High Kick 1 High Kick 2 Kpaw

RGR RTFL RGMax

Figure 4. The values of muscle tension in different phases of movement.
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Figure 5. Changes in muscle tension (average values)



The peak (0.123 mV) of tension in LGL is at the beginning of the first phase of
sliding the foot on the ground and transferring the weight of the body entirely on
the support leg. With raising the kicking leg the voltage drops and reaches its
minimum value at the point High kick 1. In the next two phases there is a gradual
Increase in activity due to the stabilization of the body.

In RRA, a voltage increase is registered with the beginning of the leg lift, the
values remain high almost until the end of phase 1 and a peak (0.142 mV) is
reached. Before reaching the highest point of the leg, the tension in m. rectus
abdominis begins to decrease and this decreasing persists in the next two phases.
The graphics of activity suggests the presence of dynamic efforts (although with
low values) of this muscle, which is probably a consequence of his work as a
synergist in lifting the kicking leg.

The muscles in which there is a sharp increase in tension are right m. rectus
femoris (RRF), right m. gracilis (RGR), right m. tensor fasciae latae (RTFL), right
m. gluteus maximus (RGMax) (Fig. 4).

For RRF, in the first phase of the swing, low muscle activation is observed in the
initial milliseconds - during the sliding of the swing leg on the ground. When
lifting the leg to the opposite shoulder m. rectus femoris increases its tension
values, with a peak being recorded (0.248 mV) at the point where foot reaches
maximum height. The form of the curve is rather related to the dynamic effort (2)
of m. rectus femoris during phase 1. Before reaching High kick 1, a short static
tension (plateau) is observed for 0.08 s. In phases 2 and 3, muscle tension
decreases. When the leg is retracted to the starting position (phase 3), a slight
increase is observed, corresponding to the contraction of all muscles at the end of
the phase.

RTFL sharply increased its activity around the High kick 1 point from 0.261 to
0.332 and maintained peak values (0.330 to 0.344 mV) during the second phase.
These values are indicative of the presence of a dynamic effort of abduction of
the kicking leg and maintenance of high muscle activity during the rotation of the
kicking leg.

For RGR, a rapid and sharp rise in voltage is detected in the first phase - an
indication of dynamic mode of operation. Maximum values (0.5 to 0.554 mV) are
reached in 0.259 ms and maintained up to 0.352 ms, i.e., during the lifting and
adduction of the kicking leg. Before reaching High kick 1, a short static voltage
(plateau) is observed for 0.08 s (4). In phases 2 and 3 during abduction and
retraction of the legs, logically, the RGR activity decreases, and at the end of the
third phase an increase is registered due to adduction in the starting position.

RGMax - here the voltage curve again rises intensively in the first phase, reaching
its maximum values (0.439 - 0.443 mV) around High kick 1 and maintaining them
in static mode 0.134 s (1). During the second and third phases, this muscle



generates relatively stable but high tension due to its active participation in
abduction in circular motion and retraction of the leg.

Statistical analysis of the results of the secondary electromyographic
examination.

After determining the muscles working in a dynamic mode during the bai lian tui
circular kick, we analyzed the data of the experimental group from the repeated
electromyographic examination by analysis of variance for dependent samples
(ANOVA). The values during the phases of the kick in which there is a dynamic
effort for the given muscle are studied. For the right m. rectus femoris (RRF) and
right m. gracilis (RGR) this is the first phase of the kick (HK1), from the starting
position to lifting the kicking leg in front of the opposite shoulder. For the right
m. tensor fasciae latae (RTFL), right m. rectus abdominis (RRA) and right m.
gluteus maximus (Rgmax), these are the first and second phases of the kick - from
the initial position to the rotation of the kicking leg to the shoulder of the same
side. The dynamic force of the muscles is represented by the force gradient
calculated by the formula:

Ank—0Ast
t

)

as— value of neuromuscular activation of the muscle in the initial position, mV
ank — value of neuromuscular activation of the muscle at the end of the phase for
the corresponding muscle, mV

t - execution time

The initial and final measurements for each muscle of the competitors in the
experimental group were processed by t-test and analysis of variance for
dependent samples (ANOVA). The results of the intragroup differences from the
two statistical methods are similar and are presented in Table 15. and Table 16.
There is no statistically significant difference for either of the studied muscles.
For this reason, it can be said that there are no changes in the overall model of
neuromuscular activation of the muscles involved in the studied bai lian tui kick
as a result of the applied experimental training methodology.



Table 15.

Intra-group | Sum of | F DF Level of | Authenticity
differences | squares significance

rectus 0,003 0,007 |1 0,003 0,935
femoris

gracilis 0,012 0,026 |1 0,012 0,875
tensor 0,058 0,879 |1 0,058 0,376
fascia lata

rectus 0,196 0,904 |1 0,196 0,369
abdominis

gluteus 0,024 0,298 |1 0,024 0,6
maximus

Secondary electromyographic examination, experimental group — ANOVA

Tab6auia 16.
Intra-group Student's t-test DF p
differences
rectus femoris -0,084 8 0,935
gracilis 0,0162 8 0,875
tensor fascia lata -0,938 8 0,376
rectus abdominis 1,774 8 0,114
gluteus maximus -0,546 8 0,6

Secondary electromyographic examination,

experimental group — t-tect

The time of execution of the whole kick and the time of execution of phase 1 and
phase 2 were processed by t-test and analysis of variance for dependent samples
(ANOVA). Here again the results of the two test methods match. There is no
significant improvement in the execution times of the technique, which is
reflected in Table 17. and Table 18.




Table 17.

time Sum of | F DF Level of | Authenticity
squares significance

execution 0.118 456 |1 0.118 0.07

time, bai lian

tui

execution 0 063 |1 0 0,453

time, phase 1

execution 0.01 131 |1 0.001 0.291

time, phase 2

Execution time — ANOVA

Tabmuua 18.

time Student's t-test DF p

execution time, bai | 2,135 7 0,07

lian tui

execution time, | 0,795 7 0,453

phase 1

execution time, | -1,143 7 0,291

phase 2

Execution time — t-tect

Analysis of the results - connection between judge's assessment panel B and
test indicators.

To answer the question of whether there is a relationship between the judge's
assessment and the preparation of the competitors obtained through the
experimental methodology, we used correlation analysis and Pearson's
coefficient. We chose this method because it is also used to estimate the size of
the effect. The necessary conditions for correct interpretation of the relationship
between the indicators such as normality of the distribution, connectivity of the
indicators, parametric variables were taken for granted due to the nature of the
studied variables (parameters related to the development of motor skills). We
examined the indicators of the experimental group - the effects of explosive
power tests, secondary electromyographic (EMG) examination and the effect of
judge's assessment panel B, as a parameter for competitive performance, which
includes overall performance, speed and explosiveness of techniques.

A correlation matrix was created, including ten variables, namely:



. the effect of the judge's assessment panel B

. Sergeant's test effect

. effect of a long jump test from a place

. effect from the triple jump test

. effect of 25m jump test on one leg

. effect of EMG at m. rectus femoris (RRF)

. effect of EMG at m. gracilis (RGR)

. effect of EMG at m. tensor fasciae latae (RTFL)

. effect of EMG at m. rectus abdominals (RRA)

10. effect of EMG at m. gluteus maximus (Rgmax)

The results of the matrix are not included in the present paper due to their large
volume. Below we present only the parameters for which a correlation has been
detected.

Correlation of the effect of judge's assessment panel B is observed only with the
effect of the test jump 25m on one leg. The significance of the correlation is 0.029,
the value of the Pearson coefficient is r = 760. As can be seen in Figure 6, the
graph is linear and right-slanted, which means that the relationship between the
judge's score panel B with the effect of the test jump 25m on one leg is directly
proportional and increase the effect of the test can be expected to improve
competitive performance .
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Figure 6. Correlation analysis - judge's assessment panel B and the effect of a
25m jump on one leg.



Conclusion

Wushu coaches and judges in Bulgaria are aware of the impact of strength
training on the quality of performance of competitive forms, but the lack of
diversity, misdirection of training and improper distribution of strength
techniques in the annual training cycle, and sometimes the complete lack of such
distribution, reduces the level of strength training in wushu. In this sense, the
development of a methodology that meets the needs of wushu athletes and
coaches would boost training this sport in Bulgaria and would raise the level of
competitive performance.

The primary electromyographic examination performed in order to correctly
direct the topography of the strength showed that the muscles that take the most
active part in bending the hip joint in the bai lian tui circular kick are right m.
rectus femoris and contrary to expectations right m. gracilis; when twisting and
performing the circular motion, the right m. gluteus maximus, m. tensor fascia
lata, m. rectus abdominals are active, but right m. gracilis and m. external obliques
are not; to stabilize the body, main the role play of the left m. rectus femoris and
left m. gastrocnemius lateralis, while right m. external obliques shows the
behavior of a stabilizing muscle instead of an active participant in torsion and
circular motion.

In the applied correlation analysis between the competitive performance and the
studied parameters of the experimental methodology, a relation was detected,
which gives reason to believe that the improvement of dynamic power leads to
improved performance of competitors.

Statistical analysis reports efficiency of the experimental training methodology
in all four applied tests. Efficiency is also reported in the conventional
methodology. When comparing the two methodologies, the results of the
intergroup differences are not definite, although the values support the greater
efficiency of the experimental methodology (in two of the tests the experimental
group prevails, in one - the control group). As an additional value of the
experimental methodology can be considered the time of execution - the exercises
take about 30-45 minutes. This allows in different periods of the annual cycle in
the training to include more and different exercises. It also helps to eliminate
boredom and lack of training incentives in competitive training.

CONCLUSIONS AND RECOMMENDATIONS
Conclusions

1. Strength training is generally present in Bulgarian wushu clubs. However, the
incorrect direction of the strength exercises, as well as the unstable distribution
of the means and methods for strength development in the annual training cycle



confirm the hypothesis of poor development of strength training in wushu in
Bulgaria.

2. The applied tests for maximum and dynamic power are similar to the specific
exercises and techniques in wushu, which makes them suitable for measuring
strength performance in this sport.

3. We found that the methodology developed by us has a significant effect on the
development of dynamic power in wushu and is suitable for application during
the preparatory and pre-competition period in Bulgarian wushu clubs, according
to their organizational specifics.

4. The model of neuromuscular activation of the muscles that take part in the
analyzed kick bai lian tui established by us is representative of many similar
techniques in wushu and can be used as a basis for compiling training programs
for strength and fitness training of athletes at different levels of sportsmanship.

5. The experimental methodology does not cause changes in the overall model of
neuromuscular activation of the muscles involved in the studied bai lian tui kick.
This is proof of its efficiency in terms of maintaining the motor model and the
lack of negative impact on technique and flexibility of competitors.

6. The established correlations between the overall competitive performance of
the athletes from the experimental group are proof of the effectiveness of our
methodology in terms of speed and explosiveness of the techniques performed,
which is essentially a definition of the component of judge evaluation panel B.

Recommendations

1. According to the results obtained, the conventional methodology for
wushu training develops dynamic power. For this reason, wushu training
or individual parts of the training and exercises could be included in
training programs for the development of dynamic power.

2. The developed experimental methodology shows better results with a
shorter time of performing the set of exercises compared to the usual wushu
training. Therefore, we would recommend this experimental methodology
for dynamic power development to be adopted as conventional and to be
included as long-term component of the wushu athletes training.

3. The tests for measuring the maximum and dynamic power are also
suitable for inclusion in the wushu programs because of their similarities
with the sport specifics.



4. With regard to the reported correlation between judge score panel B and
the strength indicators, we also recommend including of strength
development training in the wushu athlete’s training program as a specific
component for increasing the judge score.
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