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1 ¥YBOJ

[lenTa Ha BCEKU CHOPTUCT U TPEHBOP € JIOCTUTAHETO HA BHPXOB CHOPTEH
pesynarar. Toil 6u Morea ga ObJe MOCTUTHAT camMoO MPH HAIMYUETO Ha A00pe
NOCTPOEH M TPaBWJIHO YIMpaBlisiBaH TPEHUPOBBUEH TMporec. 3a ga Objae
edeKTUBHO yMPaBICHUETO € HEOOXOAWMO TOJly4aBaHETO Ha HAACKIHA
uH(pOpMaIKs 3a MPOMEHUTE, HACTBHIIBAIIH B YIIpaBJIsIBAHATA CUCTEMA — ILTyBeIla,
CBOEBPEMEHHOTO M IIpelaBaHe KbM yIIpaBisBallaTa CUCTEMa — TPEHbOPA H
OCBILECTBSIBAHETO Ha oOOpaTHa Bpb3Ka, HACOUEHA KbM ONTHUMHU3ALUS Ha
TpeHUpoBKaTa. B ToBa ce chCTOM KOHTPOIBT HA TPEHUPOBBYHUS MPOIIEC, KOUTO
ce ¢pokycupa BbpXy uHpopmalus, 00eKTuBU3Upaiia ehekra OT TPEHUPOBBUHOTO
HAaTOBapBaHE MO OTHOIICHHE Ha OHE3U (HaKTOpPH, KOUTO MMAT HAN-CHIIECTBEHO
3HAUYEHHE 3a CIOPTHUS pe3yJiTaT B ONPEIEIEH CHOPT M JAUCLMILIMHA.
OmnpenensHeTo Ha 3HAYMMOCTTa U U300pa Ha MOAXO/ASIINA METO/IM 32 OLICHKA Ha
Te3W (PAaKTOpPU HMMa PEIIaBAIll0 3HAYEHUE 3a €(PEKTUBHOCTTa Ha KOHTPOJA B
criopta. [IpM HUKIWYHUTE CHOPTOBE, U B YACTHOCT B IUIYBaHETO, OCHOBHU
NPEANOCTaBKU 3a CIIOPTHUTE MOCTHKEHHUATA Ca MOIIHOCTTa Ha HW3BbpLICHATA
pabota, u TexHudeckata epeKTUBHOCT. M3BbpiieHara pabora B Hail-rojsiMa
CTENEH 3aBHCH OT CBCTOSHHETO Ha CHCTEMHUTE 3a CHEPrOOCUTYpsIBAHE.
CrnegoBaTellHO KOHTPOJBT B IUTyBAaHETO TpsiOBa J1a ObJie HACOUYEH OCHOBHO KbM
OLICHKa M ONTUMHU3HPAHE HAa MOILIHOCTTA HA €HEproo0e3rneyaBaluTe CUCTEMU U
TUTyBHATa TEXHUKA.

CbCTOSSHMETO Ha CHUCTEMHUTE 3a EHEprooOe3leyaBaHE C€ OLEHSABA C
MOMOIIITa HAa PAa3IMYHUA HecnenupuyHu U crneuupuyHu Meroau. M300pbT Ha
KOHKPETHH METOJAM W CpPEICTBa 3a KOHTPOJI 3aBUCHU OT creuuddukara Ha
OCHOBHATa JIMCUUIUIMHA U eTara Ha MOAroToBKa. Taka HanpuMep, IpU CPEeIHUTE
U IBJITUTE JUCHMILIMHY B IUTYBaHETO, KOUTO CE€ XapaKTepU3UpaT CbC 3HAYUTEIIHO
ydyacTUe Ha aepoOHUTE MpOLEecH B OOIIOTO E€HEprooCUrypsBaHe B Kpas Ha
OCHOBHO-TIOAATOTBUTEIHUS TEPUOJ, C€ NpUjlara CUCTeMa OT CHEHU(PUYHU U
HecnenM@UUHU TECTOBE 3a OIICHKa Ha aepoOHaTa padorocmocoOHocT. B
OBITOTOUINIHA TPAKTUKa B IUTYBHHUAT CHOPT B bbarapus, OCHOBHUST
HecnienuduyueH J1abopaTopeH TEeCT, KOWTO C€ H3MOJ3Ba IMpU KOHTpojia Ha
(YHKIIMOHAJHOTO CBhCTOSIHHE Ha aepoOHaTa cHUCTEMa B TO3U IEpUOI, €
MaKCHMaJHO CTHIIAJIOBUIHO HAaTOBapBaHE 10 OTKa3 Ha BeJoeproMeTbp. To3u
TECT C€ MPOBEXka B pAMKUTE Ha TaKa HAPEUCHUTE ,,KOMIUIEKCHU (DYHKLIMOHATHU
u3CIeABaHMs, KaTo KpaliHaTa OLIEHKa ce MpaBu Ha 0azaTa Ha MaKcHMallHaTa
JOCTUTHATa MEXaHWYHA MOIIHOCT U Pa3IUYHU (U3NOJOTUYHU U OMOXUMHUYHH
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MOKa3aTelv, ONpeIeNieH! M0 BPEME UM Ha HAaTOBAPBAHETO M BH3CTAHOBUTEIHUS
nepuoj. Hail-BaxHWUTE OT TAX, KOUTO HUMAT MPUIIOKEHUE B MpPAKTUKATa ca
MakcuMasiHaTa kuciopogHa koHcymairusi (MKK), aepoOHUST v aHaepOOHUST
mpar, 4pe3 KOUTO Ce ONPEeEsAT NapaMeTpUuTe Ha TPEHUPOBBYHHUTE 30HH.

CrnpuHTOBUTE NHUCIMIUIMHA B IUTYBaHETO OT Jpyra CcTpaHa ce
XapaKTepu3upaT ChC 3HAYUTEIIHO YYaCTHE HA AaHACpPOOHUTE CHUCTEMHU 3a
eHeproobesnevyaBane. ChbOTBETHO, MOCTHXKEHUSATA B TE3U AUCIUIUINHU 10 TOJIsIMa
CTCTICH C€ OMpeAeNsAT OT aHaepoOHaTa paboTOCTIOCOOHOCT Ha IUTYBIHUTE.
CrnemoBaTenHO, XapaKTePUCTHKUTE Ha JBETe CHCTEMH 3a aHaepoOHO
eHeprooOe3neyaBane (aHaepoOHa-ajJakTaTHA M aHaepoOHAa-JIaKTaTHA), KOHUTO
OmpeeNaT aHaepoOHaTa pab0TOCIIOCOOHOCT UTPAsIT BaKHA POJISI B KOHTPOJIa Ha
TPEHUPOBBLYHUTE HATOBAPBAHUS MPU CIIPUHTOBUTE JUCIUILIAHU.

XapakTepbT HA MAKCUMAIIHUSI a€pOOCH CTHIIAJOBUACH TECT U OCHOBHUTE
My TIOKa3aTeNIM TO3BOJSBAT Ja C€ HalpaBd CcaMO YacTUYHA OIIEHKa Ha
ChCTOSTHUETO Ha aHaepoOHaTa-TaKTaTHA cHCTeMa 3a eHeproodOes3reuaBaHe.
OOEKTHBHO OICHSIBAaHE Ha CHCTEMHUTE 32 aHAEPOOHO €HEPTrOOCUTYpPSIBAHE MOXKE
Ja ce HampaBW Ha 0a3aTa Ha OCHOBHHM IOKA3aTeNd IMPH €IHO WM HSIKOJIKO
KpPaTKOTpailHM HAaTOBapBaHUS C MaKCHUMalHa WHTEH3MBHOCT: MaKCHMAaJHa
MOIIIHOCT M BpEME 3a HEHWHOTO JOCTUTaHE, TOTAJEH aHaepoOeH EHeprueH
KamaruTeT U XapaKTepUCTUKU Ha MPOIECUTE Ha yMopa, HACThIIBAIllAa B X0/Ja Ha
MaKCUMaJTHU aHAepOOHU HATOBapBaHUSI.

CrpuiecTByBaT pa3anMyHu crielnGUYHN U HecieU(UIHU METOIH 32 OLIEHKA
Ha MapaMeTpuTe Ha aHaepoOHaTa pabOTOCHOCOOHOCT, KOUTO MOTrar na Obaar
W3MIBJIHSIBAHU B TEPEHHU (BHB BOJA) WU B JabopaTtopHu ycioBusa. B mmyBHUS
CHOPT crienu(PUIHUTE TECTOBE U3IOI3BAT XapaKTEPHU 3a IUTyBHUTE AUCIUILTHHU
HATOBApBaHUs, JOKATO HECTIEU(PUIHUTE METOAM U3TOI3BAT PA3IUYHU YPEIH 3a
HaTOBapBaHe, XapaKTepHU 3a JPYTr'd BUJOBE CIOPTHA JIEHHOCT: BEIOEPrOMETPH,
rpeOHU eproMeTpH, OAraniy MbTeKH U JIp.

Hanuunero Ha chOTBETHATA MOJIEpHA arapaTypa B HAIMOHAIHUS IIEHTHP
M0 CIIOPTHA MEIUIIMHA, Ja7ie Bb3MOXKHOCT Jla C€ MPOBEXKAAT CHEIUMDUUHU H
HecneuprIHU aHaepoOHHU TECTOBE Ha ILTYBIIH B JIabopaTOopHU ycioBus. Taka Ha
MpaKkTUKaTa Ha HaW-IOOpPUTE POJHU CHCTE3aTENH, MPE3 IMOCICIHUTE YETUPH
TOJMHM, 3al0YHaxa PeryJisipHO Ja ce MPOBEXKAAT HecnenupuIHusS aHaepoOeH
TECT ,,Y MHT€UT" 3a TOpHATa U 3a JO0JIHATA YaCT Ha TJIOTO M CHelU(PUYECH TECT Ha
M30KMHETUYCH IUTyBeH TpeHaxop “Biometer Isokinetic Trainer”.
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B nutepatypara mMa MHOro HpuUMEpU 3a NPWIOKEHHE HA OTIAEIHU
aHaepOOHUTE TECTOBE 3a LIEJIUTE HA KOHTPOJIA B ITyBAHETO, KATO ChILIECTBYBAT
pa3IYHd MHEHHS OTHOCHO BBIPOCAa KOM OT TSAX ca MO-MH(MOPMATHBHH U
MIPUWIOKUMU B ITpakTuKara. HTEpec npecTaBiisiBa Bb3MOKHOCTTA 32 ChCTABSIHE
Ha KOMIUIEKCHAa OIleHKa Ha aHaepoOHata paboTocnocoOHOCT Ha 0a3zara Ha
OMpeJeeH! TMoKa3aTeau, MOJYyYeHH OT pa3IMYHU aHaepoOHM JlabopaTOpHU
TecTtoBe. Ha 6a3ara Ha Ta3u olieHKa OM MOTIJIO Jla c€ U3rpajJu HayyHO 0OOCHOBaH
WHIVBHUAYAJICH MOJXOJ 3a ONTUMHU3UPAHE HA TPEHUPOBBUHMS IPOLEC MPH
OTJEJIHHU ChCTE3aTEN B CIPUHTOBUTE AUCLUILIAHH.

PabdoTHa xumoTre3a, meJ1, 3a1a4d 1 METOANKA HA H3CJIeABAHETO

PaGoTHa xumorte3a

KommnekcHara OLICHKA Ha aHanO6HaTa pa6OTOCHOCO6HOCT, OCHOBaHa Ha
PE3YITATUTC OT IIOAXOIsAIIA KOM6I/IH3HI/IH oT aHaepO6HI/I TCCTOBC, IIC HOaIC
Hay4HO 00OCHOBAaHHM HACOKH 3a OIITUMHU3HUPAHC Ha TPCHUPOBBYHUA IIPOLCC IIPH
OTACJIHU CHCTC3aTCIIU B CIIPUHTOBUTC JUCHUIIIIMHU B CBO6OI[HI/ISI CTHIJI.

Henara Ha u3cienBaHeTo Oele Ja ce HampaBUM KOMIUIEKCHA OLIEHKAa Ha
aHaepoOHata pabortocnocoOHoct mnipu 13-18 roAMIIHM TUTYBIHM, Ype3
cieuupuyHU U HecnenudUUHU TECTOBE, B JA0OpaTOpHU YCIOBHS, U Ja Ce
M3BeJlaT HAy4YHOOOOCHOBAaHM HACOKHM 3a ONTHMH3UMpPAHE HA TPEHUPOBBUHMUS
MPOIIEC B CIIPUHTOBUTE AUCIIUIUIMHA B TUTyBaHETO.

3agaun:

1. UscnenBane Ha aHaepoOHaTa pabOTOCIOCOOHOCT Ha JOJIHATA 4YacT Ha
TSJIOTO, 4pe3 HecrneuupuyHu JabOpaTOpHU METOAUM TIpU  TpyIa
kBanupuuupanu 13 18 roguiiam mryBuy.

2. N3cnenBane Ha aHaepoOHaTa pabOTOCIIOCOOHOCT Ha TOpHAaTa 4YacT Ha
TSJIOTO, upe3 HecneuupuyHu Ja0OpaTOpHU METOAM TIpU  Tpyla
kBanupuuupanu 13 18 roguiiam mryBuy.

3. UscnenBane Ha aHaepoOHaTa pabOTOCIOCOOHOCT HAa TOpHATa 4acT Ha
TAJOTO, upe3 cnenuduyHu J1adOpaTopHU METOAU TMpU  Tpymna
kBasmuipanu 13 18 roguiam myBIy.

4. OmnpenensiHe Ha aHTPONIOMETPUYHUTE XAPAKTEPUCTHKU HA H3CICABAHUS
KOHTHUHTEHT.

5. OmpeaensHe HA CIPUHTOBUTE CIIOCOOHOCTH HA M3CJICABAHUS KOHTHHTCHT
Ha 0a3a Ha aKTyaJHU ChCTE3aTEIIHA PE3YIITATH.

6. Ananus Ha B3aMMOBPBH3KATA MEXTY AHTPOITIOMETPUYHHTE
XapaKTEepUCTUKHU, MapaMeTpuTe Ha aHaepoOHaTa pabOTOCIOCOOHOCT H
IUTYBHUTE PE3YJITaTH Ype3 MOAXOASAIIMN CTATUCTUYECKH METOIH.



7. V3BexxmaHe Ha METOOM 3a KOMIUIEKCHAa OIIGHKa Ha aHaepoOHara
paboTOCIIOCOOHOCT NP TUTYBIIH.

8. U3Bexxmane Ha HayyHO OOOCHOBAaHM HACOKM 3a ONTHMHU3HMpAHE Ha
TPEHUPOBBUHHUS TMPOIIEC B CHPUHTOBUTE AUCHMIUIMHM Ha Oaszara Ha
KOMITJIEKCHA OIleHKa Ha aHaepoOHaTa paboTOCIIOCOOHOCT.

2 METOAUKA U OPTAHU3ALUSA

IIpeamer Ha wu3cjeaBaHeTO € aHaepoOHaTa pabOTOCIOCOOHOCT MpPH
ChCTE3aTeNu 10 TUTyBaHe.

OO0exkT Ha H3C/eIBAaHETO € KOMIUIGKCHATa OILIEHKa Ha aHaepoOHaTa
paboTOCIIOCOOHOCT PU BUCOKOKBATU(DUIIUPAHH TLITYBIIH.

Kontunrent Ha wusciaeaBanero ca 98 (40 pgeBoiiku u 58 roHOIIM)
ChCTE3aTeNH 110 TTyBaHe, Ha Bb3pacT 13-18 roauHu, KapToTeKUpaHu B ObITapcKa
denepanus mwryBHu croproBe (BPIIC) kbM MoOMeHTa Ha u3cienBaHeTo. EnHa
4acT OT TSIX ca BKIIOYEHU B MIIAJICKKHs HAIIMOHAJIHUS OTOOp MO IUTyBaHE Ha
bbirapus u B3emaT ydacThe B Hail-3HAYMMHTE CHCTE3aHUS 3a Ta3U Bb3PacT
(EBpormelicko mbpBEHCTBO 3a IOHOIIM; CBETOBHO MBPBEHCTBO 3a HOHOIIIM;
Onumnuiicku urpu 3a miajiexu). Ipyrata yact ca nepcrneKTUBHU ChCTE3aTeNH,
nokpwin HopMmatuBute Ha BOIIC 3a yyactue B HalmoHaIHUS OTOOP M BIIM3AT B
CbCTaBa Ha oOTOOpHUTE Ha onuMmnuickure LeHtpoBe B bovarapus (Codus,
[InoBauB, Bapna m Byprac) m B3emar ydacThe B Abp:KaBHU IIaMIIMOHATH,
MEXKIYHApOAHU TYpHUPHU U bayikancku urpu. Bcuuku yyacTHUIIM UMAT CTapTOBE
Ha OCHOBHHM CBbCTE3aHHMd B guciuminHata 50 m cBOOOJAEH CTWJI, a 4acT OT
mnyBuute U B aucturuimHuTe 100 u 200 m cBobonen ctui. [lnyBuuTe B Tasu
BB3PACT, BCE OLIE HE Ca TACHO CIEHUAIM3UPAHU, U €IHA YaCT OT TIX YCIEIIHO CE
CBhCTE3aBaT U B APYTU ILUTYBHU JUCIUIIINHH.

Opranuzanms: u3cieBaHeTo Oelle MPOBEICHO B pAMKHUTE Ha 2 TOJIMHU, B
nepuoaa oT Hadanoto Ha 2017 nmo xpas 2018 r. B TOo3u mepuon, BCUYKH
yYaCTHUIIM OsiXa BKIIOUEHU B €MHHA TPEHUPOBBYHA Iporpama, yTBbpJEHA 3a
HAIMOHAIHUS OTOOp mO TuTyBaHe. [lmyBumTe Osfixa TEeCTUpaHH TO BpeMe Ha
NEPUOJANYHO TMPOBEKJIAHUTE TECTOBU Jlarepu B Kpas Ha CIEIUAIHO
MOJITOTBUTEIHUTE €Tald Ha MOJrOTOBKAaTa, OJM3KO 10 JAaTUTE HAa OCHOBHHUTE
ChCTE3aHUS.

B nens Ha npoBexaaHe Ha aHaepoOHUS TECT, MPU BCUUKH YYaCTHUIM Osixa
peructpupanu pwucta [CM] ¢ TouHocT 1 CM u TemecHo Terio [Kg] ¢ TouHocT
0,1 Kg. AHTPOIIOMETPUYHUTE U3MEPBAHHS OsIXa U3BBPIICHU OT CICHUAIUCT TI0
CTaHJapTHAa METOJMKA MPHUETA U MpUIaraHa B HallMOHAJEH LIEHThP MO CIIOPTHA
MeaunuHa — ,,Jlnanadan’.

bsixa npoBeeHu ca cieIHUTe aHaepOOHH TECTORE:



1. AnaepoOen Tect ,,YUHTeUT — HecnenudpuyeH TecT 3a aHaepoOHa
paboTococOOHOCT Ha jojHaTa dYactT Ha Tsainoto. C To3m Tect Osxa
n3cneaBanu, 36 neBorky v 50 IOHOIIM OT BeYe ONMMCAHNUS KOHTHHICHT.

2. AnaepobeH TecT ,,YUHTEUT® — HecmenmupudeH TecT 3a aHaepoOHa
paboTOCTIOCOOHOCT Ha TOpHATa YacT Ha Ts10To. C To3M TecT Os1Xxa u3CieIBaHH,
15 neBo¥iku 1 37 IOHOLIM OT BE€YE ONMUCAHUA KOHTUHIE€HT.

3. AHaepoOeH TecT Ha M30KMHETHYCH TPEHAXOp - cruerududeH J1abopaTopeH
aHaepoOeH TEeCT 3a ropHarta 4acT Ha TssoTo. C To3M TecT OsiXxa u3cienBanu, 9
neBoiiku 1 20 IOHOIIU OT Beue OMUCAHUSI KOHTUHTEHT.

4. Pesynrarute nocTUrHatu B aucuuminaute 50 m cBoOoieH CTuI, 1o BpeMe Ha
OCHOBHHTE ChCTE3aHMs], HAW-OJIM3KKU U TPOBEICHU HE TIO-KbCHO OT 2 CEIMHUIIU
cyienl AaTaTa Ha MPOBEXKIAHETO Ha JJA0OpATOPHUTE TECTOBE, Os1Xa MPUETH KaTo
pe3yaTaTu oT cneruduyeH aHaepooeH TecT. [locTuxkeHusTa B JUCITUTUTMHUTE
100 1 200 m cBOOOAEH CTUII, HAa YaCT OT U3CIEABAHUTE JIMIIA Os1Xa U3I0JI3BaHU
3a IEJINTE HAa HSIKOW OT MPOBEACHUTE aHAIU3U B TO3U JAUCEPTAILIMOHEH TPYI.
bsixa wW34YMCIEHM TOYKOBHUTE OIEHKHM Ha IUTYBHUTE TIOCTIKCHUS TI0
MexayHapoanara Qenepauuss GUHA (FINA Fédération Internationale de
Natation). ®opmynaTta 3a u34HCcIeHHE ce 0a3upa Ha CBETOBHHUS PEKOPH B
JaJicHa JUCHUILIMHA, KouTo ce mpuema 3a 1000 Toukn. TOYKOBUTE OLEHKHU
0sixa M3MOJI3BAHW 3a CPaBHSIBAaHE HA PE3yJITATUTE MOCTUTHATH B Pa3IMYHU
JTUCIUTUIMHYA ¥ MEXK]Ty JIBaTa MoJja.

['omsama gacT oT cbhere3arenuTe Osxa TECTUpPaHU B MOBEYE OT €AUH TECT
Mopajy KOETO cyMaTa Ha M3CJIEBAHUTE JIMIA OT OTACIHUTE TECTOBE HAAXBBPJIS
001must Opon KOHTUHTEHTA.

AHaepoOHHTE TecTOBETE OsiXa MPOBEJICHH, B ITbpBATa MOJIOBHUHA HA JCHS, B
nabopaTopHU yCIIOBHsI, B 0a3aTta Ha HarmoHaneH neHThp 1o CIOpPTHA MEIUIIMHA
— ,Jdnanaban‘, mupeknus ,,Hayuno-npuiioxHna neiHoct B cnopra™ (rp. Codus
x.K. Jlnanabas), KbM MUHUCTEPCTBOTO Ha MnajexTa u criopta. ChCcTe3aTenure
yJacTBaxa B He 1moBeue oT | GyHKIIMOHAJICH TECT, B PAMKHUTE Ha €TUH JICH.

Anaepoben mecm ,, Yunzeuum* 3a 0oq1nama wacm Ha maniomo

AHaEpOOHUST TECT ,,Y MHTCUT" 3a JI0JIHATA YacT Ha TSJIOTO Oelie mpoBeacH
Ha CIieluaiu3upaH 3a aHaepOOHU TECTOBE, MEXaHUUYEH BEJIOepProMeTsp ,,Monark™
Mogzen 894E, IlIseuus. [Ipu 103U Mozmen BETOEPrOMETHP, NMEAAUIUTE 3aABUKBAT
MaxOBHK C TTOMOIITa Ha BEPUKHA Mpe/IaBKa. 3a €UH 000pOT Ha MEeNAUTe eaHa
TOYKa OT mnepudepusara Ha MaxOBUKa HW3MHHABa pa3CTOSHME OT 6 M.
CbOpOTUBIICHUETO € CJEACTBHE OT TPUEHETO MEXKIy MaXOBHKa W
M3HOCOYCTOMYMB KOJIaH, TErJIeH OT Hocad ¢ Maca 1 kg, koliTo Moxe na Objae
HATOBapBaH C pa3imueH Opoit mombiHuTeHu Texectn ot 1 Kg; 0,5 kg; 0,1 kg.
MopensT 894E mMa nBoeH HOcCay 3a MOCTaBsHE HA IMO-TOJSIM OpOMl TEXKECTH B
CpaBHEHHUE ChC CTaHAapTHUTE Mojaenu. HocaubT MoOXxe na Oblie CIycKaH phYHO
WM aBTOMATHUYHO, CJIEJ JIOCTUTHE OIpeicicHH 000poTv. BemoepromMerspbT

6



MOXK€ Jla OTYMTa CKOpPOCTTa Ha TMenajiupaHe ¢ TOYHOCT 1/6 or obopora.
W3pwpmieHara padboTa 3a equH 000pOT HA MEJAINUTE CE U3YUCIISABA 10 (hopMyiaTa:

A=S-g-R

Jkbaeto A [J] e wu3BbpuieHara pabota 3a eauH 00opoT; S [m] e
Pa3CTOSHUETO, KOETO €JIHAa TOYKa OT IepudepusTa Ha MaxOBHMKa M3MHHABa 3a
eJMH 000pOT Ha NejanuTe - 6 M; g e 3eMHOTO yckopenue =~ 9,81 m/s?; R [kg] e
MacaTa Ha HOcaya 3a€IHO C IIOCTAaBEHUTE TEKECTH.

MoiHocTTa Ha pabota B paMKUTe Ha eauH o0opoT P [W] ce uzuucnssa,
KaTO U3BBPIICHATA paboTa 3a ChOTBETHHS 000poT - A [J] ce pa3aenu Ha BpeMeTo
3a OCBIIECTBsABAaHE Ha TO3H 000poT - t [S].

Tpit kaTo pu aHaepOOHUTE TECTOBE c€ PabOTH C MOCTOSHHO MPOMEHSIIA
CEé CKOPOCT Ha BBPTCHE HAa MAXOBHKA, 3a KOPEKTHOTO M3YHUCIISIBAHE Ha
U3BbpIIEHATa padoTa M MEXaHMYHATa MOIIHOCT CE€ OTYUTAa U IMpPOMSHATA B
KMHETUYHATa EHEPIUs Ha MAXOBHKA, IPOIIOPLIMOHAIHA Ha IPOMSIHATA B BIJIOBAaTa
MYy CKOPOCT U MHEPLIMOHHUAT My MOMEHT, KOWTO IO JaHHHU Ha IPOU3BOJIUTEISA €
pasen Ha 0.91 kg.m?,

AHaepoOHMAT TECT YUHIEeUT ¢ MEXaHUYEH BeroepromeTbp Monapk 894E
ce M3BBpIIBa C MOMoIITa Ha creruanusupan copryep (Monark anaerobic test
software) ma ¢upmara npousBoauten. IIbpBOoHAYaATHO, COPTYepHT H3UCKBA
BBHBEXK/JIAHETO HA JIAHHU 32 U3CJICIBAHETO JIMIIC U 3a MPE/IBUJICHOTO HATOBAPBAHE

[Tpu mpoBeXTaHETO HA aHACPOOHMS TECT YHMHICHT 3a JI0JIHATA 4YacT Ha
TSUI0TO Oeliie cra3BaH cieanus npotokou (Inbar et al., 1996):

IMoarorBuTeHa 4yact (pasrpsBane). HUCKO MHTEH3UBHO MeNaIUpaHe C
MPOABDKUTETHOCT 3 MIN, mpu HUCKO chhpotuBieHne oT 1 Kg (rermoro Ha
Hocaya), npu 60 06/mMuH. B kpast Ha 1-Ba u 2-pa MUH Ce U3ITbIHsABaXa CIIPUHTOBE
C MaKCHMAJTHH 00OPOTH U MPOABIDKUTEITHOCT 5 cek. Crie/iBa MacBHA IMOYMBKA C
MPOIABIDKUTEIIHOCT 3 MiN,

OcHoBHa 4act: lleganupane ¥ MOCTENEHHO YCKOPEHHE 0 MaKCUMallHU
o0opotu B mpoabikeHue Ha 10 cek, mociaeaBaHO OT TECTOBO HATOBApPBAaHE C
MaKCHUMaJIHA UHTEH3UBHOCT NPU 3aJaJ€HO CHIIPOTUBJIEHUE, PaBHO Ha 7,5% OT
TEJIECHOTO TETJI0, C IPOIBIKUTENHOCT 30 CEKyHIH.

3akmrounTenHa 4YacT: PaBHomepHa pabora 0€3 CBIPOTHUBICHHE C
HPOIBIDKUTEITHOCT 2 MIN, ¢ 1eJT MOTbpKaHe paboTaTa Ha MyCKyJTHATa IIoMIIa U
MPEIOTBPATSABAHE MOSBATA HA MATOJIOTHYHA OPTOCTATUYHU PEAKITUH.

CodtTyepbT aBTOMATUYHO M3YHUCISABAIIE MHOXKECTBO OCHOBHU U
MPOM3BOJHHA NAapaMETPH, KaTO B HACTOSIIOTO M3CJIEABAHE, KAKTO U B IOBEYETO
JIpYTd HAay4dyHU W3CIeABaHUS (BXK. JUTEpATypHHs 0030p), Osxa H3IOI3BaHU
CJIEJTHUTE OT THX:



MakcuMaJjiHa MOIIHOCT - MaKCUMAaJIHATa peajr3upaHa MOIIHOCT 10 BpeMe Ha
tecta: AOcomoTHa MakcumaHa moinHocT (Peak Power) - PP [W]; OtaocuTenna
makcuMaiaHa monHocT (Relative Peak Power) - RPP [W/Kkg];

CpenHa MOLIHOCT - MOJy4YaBa c€ KaTto oOIl0 peain3upaHara padoTa 1mo Bpeme
Ha TecTa (J) ce pa3aenu Ha NPOBIKUTEIHOCTTA Ha TecTa (S): AOCOII0THA cpeiHa
mortHocT (Average Power) - AP [W]; Otnocutenna cpenna montHoct (Relative
Average Power) - RAP [W/kg];

MuUHMMAJIHA MOIIHOCT - Hal-HUCKUTE CTOWHOCTH HA MOIIHOCTTA Pea3uPaHu
10 BpeMe Ha Tecta: AOcoioTHa MuHUManHa MomHoct (Minimum Power) - MP
[W]; OtHocutenna munumanna moinHoct (Relative Minimum Power) - RMP
[Wikg];

Cnag Ha MOIIHOCTTA - MPEJCTABIIABA pa3jiMKaTa MEXIy MaKCUMajHaTa H
MHUHHMMAaJIHATa peajr3upaHa MOIIHOCT: AOCOIIOTeH cnaa B MomnHoctTa (Power
Drop) — PD [W]; OtHocuTtenen cian B MoinHoctta (Relative Power Drop) — RPD
[W/kg]; Uunekc na ymopata (Power Drop) — PD [%];

M3Bbpmiena padora: Ooma padora (Total work) — TW [J];

Anaepoben mecm ,, Yunzeuum* 3a copnama uacm Ha maiomo

AHaepoOHUAT TecCT ,,YMHIeHT* 3a ropHaTa 4acT Ha TSUIOTO ChUIO Oelie
NPOBEJCH Ha CIeNUaIM3upaH MexaHudeH BenoepromeTsp Monark 894E,
MPHUCTIOCO0EH 3a pbuHa epromeTpus. BemoepromeTspbT Oellle MOHTHUPAH Ha
CHenranHo u3paboTeHa 3a 1enTa KoHCTpykius. KM Hes Oerie cBbp3aH yao0eH
BBPTAIL C€ CTON 3a HW3cleABaHOTO Juie. Ha mscTtoro Ha menmanure Osxa
MOHTHpPAHH CHEIHATHO KOHCTPYHPAHU PHKOXBATKU. bele n3nonsBaH mpoTOKOI
OJIM3BK JI0 TpUJIaraHus Mpy aHaepoOHHUs TECT 3a JoJiHaTa JacT Ha Tsuioto (Inbar
et al. 1996) Ilpu To3u TecT OsiXa OTYETEHH CHIIUTE MOKA3aTeIH, ONMUCAHU TIPU
aHaepoOHUsI YUHTEHT TECT 3a JI0JITHATA YacT Ha TsUIOTO.

AHdépOﬁeH mecm HA U3OKUHEMUYEH MPEHAaAMNCop.

CnenuduunusT 1abopaTopeH aHaepoOeH TeCT Ha U30KUHETUYECH TPEHAXKOP
Oelle MPOBEACH C TOMOINTA Ha TUTYBHHUS M30KWHETHUEH TpeHaxop ,,.Biometer
Isokinetic Trainer, Otto Otto GmdH, division Swimsportec, Germany.
TpenaxopsT Biometer Isokinetic Trainer usmepsa npuiokeHata OT ILIyBel[ CHja
B nuana3oHa oT 0 mo 500 N, ¢ momMomira Ha JaTYUK ¢ MHOT'O BHCOKa TOYHOCT.
HaroBapBanero u ckopocTTa Ha 3arpedBaHe ce peryiaupar B 9 crenenu (ot 1 10
9). Huo 1 otroBaps Ha paboTa ¢ BUCOKO CHIIPOTUBIICHNE U HICKA CKOPOCT, KaTo
MJIaBHO MpeMHHaBa Tpe3 2, 3 U 4 KbM HHBO 5, KOETO OTroBaps Ha paboTa ChC
CPEIHO CHIPOTHUBJIEHUE U CPEIHA CKOPOCT U mpe3 6, 7 u 8 KbM HUBO 9, KOETO
OTTOBapsi Ha paboTa C HUCKO CHIPOTUBIICHHE M BUCOKA CKOPOCT. 3a Aa Oble
KOPEKTHO M30pOsSBAaHETO HAa ITUKIIUTE U U3MEPBAHETO HA M3BBLpIIEHATa padoTa €
HEeoOX0IMMO Jia ce 33/1a/le BU/Ia Ha 3arpedBaHusITa CIIOpE]] CTUIIA Ha ITyBaHe: 3a
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KpoyJl W TpuO - TmociefoBaTenHW 3arpeOBanus; 3a Opyct u aenduH -
€JHOBPEMEHHH 3arpeOBaHus;

[Tpu mpoBexxaaHeTo Ha crienuPpUUHUS aHAepOOEH TECT Ha M30KMHETHYCH
TPEHAKOP 32 FOPHATA YacT Ha TSUIOTO Oelle CIa3BaH CIEAHUS MPOTOKOJL:

IMoarorBuTeiHa 4yact (pasrpsiBane) — 3 MiN paBHOMepHa paboTa ¢
JBYOKCHHSI, MMUTHUPAIIY 3arpeOBaHusATa Ha PhIeTe B cTHI Kpoyl. CTeneHTa Ha
HaTOBapBaHe Oellle yCTaHOBEHa Ha HUBO ,,6°, KOETO OCHUTypsBalle MalKO
CBIIPOTUBJICHUE MPH HUCKA YECTOTA Ha 3arpeOBaHe. B kpas Ha 1-Ba u 2-pa min
0s1xa M3BBPIIIBAHM 11O 6 3arpeOBaHMs C MAaKCUMaJIHAa Bb3MOXKHA decToTa. CiiesiBa
BB3CTAHOBUTEJICH MEPHO/: 3 MIN MacMBHA MMOYMBKA.

Cphmmucka 4vact: 3a 30 S ce M3IIBIHABAT 3arpeOHU JBUIXKCHUS] B CTHII

KpOoyJsl ¢ MAKCUMAJIHO YCHUIINC U YCCTOTA, IIPHU 3aJaICHA CTCIICH HA TPCHAXOpa -
466
29 .

CO(bTyepHO 0s1Xa M3YMCIICHH OCHOBHUTE U IMIPOU3BOAHUTC ITApaMCTPU HaA
3ane6BaHCTO, KaTO B HACTOAIIIOTO U3CIICABAHEC 0s1Xa U3MOI3BaHU CJIICOHUTC:

YecToTa Ha 3arpedoBane (Stroke Rate per minute) StrR [spm] — gectora
Ha [UKJIUTE Ha 3arpeOBaHe HA PBIETE 3a €AHA MUHYTH.

Cpenna ap/uknHa Ha 3arpeoBane (Average Stroke Length) StrL [m] —
Cpe/iHa IbJDKMHA Ha 3arpeOBAHETO C €HATA PHKA;

Cpenna cuia Ha 3arpedoBane (Average Force) AF [N] - cpenna cuna Ha
TETJICHE Ha BBXKETO NMPU MMUTAIIMOHHHUTE 3arpeOBaHUATA 10 BpEME Ha TECTa;

OcBeH moCOYEHUTE MoKa3aTeau coPTyepbT MOXKeE Ja MOKaxke rpauaHo
KpUBaTa Ha CWJIaTa WM HA CKOPOCTTa Ha 3arpeOBaHe, KaKTO W BPEMETO 3a
U3ITbJIHEHUE Ha 3arpeOBaHeTo.

JlombHuTEIHO OsiXxa M3BEICHU IMapaMeTpUTe 3a U3BbBpIIeHA paboTa u
pa3BHUTa MOLIHOCT 10 BpEME Ha TECTA:

O6ma m3pbpmena padora (Total Work) TW [J] - obma usBbpiicHa
MexaHu4Ha paboTa 3a 30-Te CeKyH/I1 110 BpeMe Ha TeCTa;

Cpenna momnoct (Average Power) AP [W] - cpemna mexaHW4yHa

MOIIIHOCT pa3BHUTa 0 BPEME Ha TECTa, U3UUCieHa No ciaeaHara Gopmymna AP =
TW/30s;

OtHocuTesHa cpexna mourHoct (Relative Average power) RAP [W/kg]
— Cp€aHa MECXaHUYHA MOIIMHOCT pa3BUTa 11O BPpEMC Ha TECTAa 3a €AMH KHUJIOIrpaM
TCJICCHA Maca,

CraTtuctuyecka o0padoTka Ha pe3yiaraTure Oelie MPOBEACHA ChC
craructuuecku maker SPSS 19, IBM, USA. bemie HampaBeH: BapHallUOHEH,
KOpeNalMOHEeH (BKJ. TMaplualiHa Kopelsialusi), PEerpecUOHeH aHaiu3 (BKII.
MHOXECTBEH CTHIIKOB PETPECHOHEH aHaJIN3). 32 HAKOM TECTOBE Os1Xa N3UMCICHU
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BB3PACTOBH NEPCEHTUIIHH OLIeHKU. CpeTHUTE CTOMHOCT B TEKCTA M TaOJIUIIUTE Cca
MPEJICTABEHU ChC CTAHAAPTHOTO UM OTKIIOHEeHHE (Mean + SD), a B rpadukute che
craHgaptHata uM rpemka (mean = SE). IlpoBepkara 3a HOPMAaJHOCT Ha
pasmpeneicHreTo Oeme HampaBeHa ¢ Tecta Ha Shapiro-Wilk. ITposepkara 3a
JOCTOBEPHOCT Ha PA3IIMKUTE MEXIY CPEIHHTE CTOWHOCTH Ha W3CJICIBAHUTE
napaMeTpyu C HOPMAIHO pasmpelelieHhe, NPy JACBONKUTE W IOHOIIUTE Oere
npoBejieHa ¢ t-rect Ha Student 3a He3aBUCUME U3BAJIKH, & pa3IHKaTa MEXKIY T€3H
C pasmpeseieHrue pa3indHO OT HOPMAJHOTO, ¢ HemapameTrpuuHusi U-Tect Ha
Mann-Whitney.

3 PE3VYJIITATHU U AHAJIN3
AHaepoOeH TeCT YHHIEHT 32 10JIHATA YACT HA TAJIOTO
Bapuayuonen ananus

B Ta6numa 3.1 ca npecraBeHn pe3yaTaTUTe OT BapyUallMOHHUS aHATU3 Ha
u3cieBaHUTe JeBolku wiamma Bb3pacT (13-14 romunum). Ilokasanu ca:
AHTPOITOMETPUYHUTE TTOKA3ATENH, PE3YATATUTE OT aHACPOOHMSI TECT Y MHTCUT 3a
J0JTHATa YacT Ha TSAJIOTO W IUTYBHHTE TMOCTHXKeHUsA. CpegHus pbCT Ha
cberesarenkure oemre 162,7 £ 5,72 cm, a cpenno Terio — 53,9 + 6,31 kg. Y npu
JBaTa MokaszaTens KoehHUIIMeHThT Ha Bapuaius Oemie Manbk (3,52% u 11,70%
CHOTBETHO), KOETO IMOKa3Ba CHUJIHA €THOPOAHOCT Ha TpyrmaTa Mo OTHOIICHUE Ha
aHTPOITOMETPUYHUTE JaHHU. CPeTHUTE CTOMHOCTH Ha a0COIFOTHUTE ITOKA3aTEIH
OT TecTa YUHTreuT Osixa: MakcuMainHa momHoct (PP) —437,3 + 63,52 W, cpeana
morrHocT (AP) — 346,3 £ 52,94 W, munumanna momtaoct (MP) — 240,2 + 42,6 W
u cran Ha MomHoctTa (PD) — 197,0 + 38,87 W. Koeduiinenture Ha Bapuarms
npu Te3W mokazarenu Osixa B auamnazona ot 14,53 mo 19,73% (moctarbuno
€IHOPOJIHU U3BAJIKK ), KATO Hal-MaTbK Oelle 3a MakcuManHaTta momHocT (PP), a
Hal-roJisiM 3a criajia B MoHocTTa (PD). CpenHute CTOMTHOCTH Ha OTHOCUTEITHUTE
nokasareian Osxa: makcumanHa moinHoct (RPP) - 8,14 £ 0,97 W/kg, cpenna
momuoct (RAP) — 6,45+0,84 W/kg, w™unumanna wmomuoct (RMP)
4,49 +083W/kg u cmag B wMomuocrra (RPD) — 3,65%+0,56 W/kg.
Koeduimenture Ha Bapuauus npu Te3W Nokaszareinu Bapupaxa mexay 11,94 u
18,39%, xato Hali-HUCHK Oelre TO3M Ha MakcuManHata momHocT (RPP), a Haii-
BHCOK TO3W Ha MHHHMMaiHaTa MoimHOocT (RMP). OTHocuTenHHTE MOKa3aTeln
MMaxa Mo-BUCOKa €IHOPOJIHOCT B cpaBHEHUE ¢ abcomotHute. [lokazarenute tPP,
PVmax 1 tVmax umaxa roism pa3Max 1 rojeMu Koe(HIIMeHTH Ha Bapralysl, 1mo-
Bucoku oT 30% (ot 43,62% no 98,23% - HeemnopoaHa m3Banaka). CpeaHute
CTOMHOCTHA Ha MOCTWKEHHUsTa 0sxa KakTo cieasa. Ha 50 m cBoOomeH CTHII —
29,21 £ 0,52 s, xoeto otroBaps Ha 483 Touku mo Tadmmiara ®UUHA, va 100 m
cBobomeH ctui - 63,89 £2,01s (486 Touku) m Ha 200 M CBOOOACH CTHI -
136,93 + 3,40 s (524 Touku). KoedwuimeHtuTe Ha Bapuaius P CIOPTHUTE
noctuxeHuss 0sixa B pamkure oT 1,77 no 3,14%, koero mokas3Ba, CHIIHA
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¢IHOPOJAHOCT Ha H3BaJgKaTa IO OTHOIICHWE Ha CIOPTHATA KBaJHU(HKAIUS.
[ToBeueTo moka3aTeu MMaxa HOPMAIHO pa3pe/Ie/iCHUE C U3KITFOUCHHE HA PhCTA,
tVmax u cioptHOoTO nocTrkenue Ha 100 m cBo6oaeH ctui (Tadimma 3.1).

Tabauua 3.1
Bapuayuonen ananuz na anmponomempuurnume nokazamenu, pe3yimamume om
aHaepobnus mecm Yuneeum 3a 00aHAMA HAcCM HA MAIOMO U NIYBHUME
nocmudicenus Ha usciedsanume 0egouxu miaouia (13-14 coounu).

Variables @ | n | Range Xmin Xmax ND X SD V%

Height[cm] | 17 | 16,0 | 156,0 | 172,0 | no | 162,7 5,72 3,52
Weight [kg] | 17 | 19,5 45,7 65,2 |yes| 53,9 6,31 11,70
PP [W] 17 | 204,6 | 348,2 | 552,8 |yes| 437,3 63,52 | 14,53
RPP [W/kg] | 17 2,9 6,6 9,5 yes | 8,14 0,97 11,94
AP [W] 17 | 1755 | 2659 | 4414 |yes| 346,3 52,94 | 15,29
RAP [W/kg] | 17 2,6 5,0 7,6 yes | 6,45 0,84 12,97
MP [W] 17 | 128,6 | 165,6 | 294,2 |yes| 240,2 4260 | 17,73
RMP [W/kg] | 17 3,0 3,1 6,1 yes | 4,49 0,83 18,39
PD [W] 17 | 1356 | 131,0 | 266,6 |yes| 197,0 38,87 | 19,73
RPD [W/kg] | 17 2,0 2,5 45 yes | 3,65 0,56 15,24
PD [%0] 17 | 20,9 33,4 54,3 |yes| 451 6,16 13,68
TW [J] 17 | 5225,2 | 7788,4 | 13013,6 | yes | 10222,3 | 1573,37 | 15,39
50 m [s] 17 | 1,70 | 28,32 | 30,02 |yes| 29,21 0,52 1,77
100 m [s] 15| 6,88 | 60,37 | 67,25 | no | 63,89 2,01 3,14
200 m [s] 13 | 10,06 | 132,07 | 142,13 | yes | 136,93 3,40 2,48

ND — HopMainHo pasznpeseneHue

B Tabnuia 3.2 ca npeAcTaBeHH pe3yaTaTUTe OT BaApUALMOHHUS aHAIU3 HA
U3CJIeIBaHUTE JCBOWKM cTapiia Bb3pacT (15-17 romunu). CpemHusi pbCcT Ha
cheresarenkure Oeme 170,5 + 5,67 cm, a cpenno terio — 60,7 + 3,66 kg. 1 ipu
JBaTa IMokasaresis KoehUIHeHTHT Ha Bapuaius Oeme Manbk (3,32% u 6,03%
CBHOTBETHO), KOETO MOKa3Ba CHUJIHA €JHOPOJHOCT Ha TpyIara Mo OTHOIICHUE Ha
aHTporoMeTpuuHuTe JaHHU. CpeHUTE CTOWHOCTH Ha a0COJIFOTHUTE MOKa3aTeI !
OT TecTa YUHTelT Os1xa: MakcumaitHa MortHocT (PP) —573,2 + 102,20 W, cpenna
momHocT (AP) — 4376 £68,25W, wMumaumansa wMomrHocT (MP)  —
2958+5585W wu cnag wna wmomuoctra (PD) - 277,4+£59,11W.
Koedwurmenture Ha Bapuamus npy Te3u nokasatenu 0sxa B quamna3ona ot 15,60
no 21,31% (emHOpoAHM HM3BAAKH), KaTO HaW-MaabK Oelle 3a MaKCHMajHaTa
motHocT (AP), a Hail-rossim 3a cnaga B momHoctTa (PD). Cpennure cToiHOCTH
Ha OTHOCHUTEITHUTE T[OoKa3aTenu Osixa: wMakcumainHa wougHoct (RPP) —
9,42 £ 1,47 W/kg, cpeana momHoct (RAP) — 7,19 £0,92 W/kg, mMuHMMamHa
momHoct (RMP) 4,85 £ 0,80 W/kg u crag B momHoctta (RPD) — 4,55 £ 0,91
W/kg. Koedpunmenture Ha Bapuaius NMpu TE3W MOKAa3aTeId Bapupaxa MEXIy
12,79 1 20,02%, xaTo Hali-HUCHK Oerrie To3u Ha cpeaHaTa momHocT (RAP), a Haii-
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BUCOK TO3M Ha cnaja B momHocT (RPD). OTHOCHTEeNnHUTE moOKazaTenu ca ¢ Io-
BHCOKa €JHOPOJHOCT B cpaBHEHHE ¢ abcontoTHuTe. [lokazarenure tPP, PVmax u
tVmax umaxa rojism pasMax U roiemMu koehuiueHTH Ha Bapuaius (ot 27,95%
1o 139,30%). CpeaHure CTOHHOCTH Ha IMOCTH)KCHHATA Osxa KaKTO CJie/Ba: Ha
50 m cBoGomen ctun — 28,51 +0,88s koero otroaps Ha 520 ToukM TMO
ta0ymnara Ha ®MHA, ra 100 m cBobomeH ctui - 63,24 + 4,00 s (501 Toukn) u
Ha 200 m cBoboxen ctun - 137,88 £ 7,74 s (513 touku). Koehuruenture Ha
Bapuanus npu CIOPTHUTE MOCTHKEHUs 0s1xa B pamkute oT 3,07 1o 6,33%, koeto
MOKa3Ba, CPaBHUTEIHO CHJIHA €THOPOJHOCT HAa W3BaJKaTa MO OTHOIICHHWE Ha
cnopTHata KBajudukanus. OT BCHYKH TOKa3aTeNd €IUHCTBEHO tVmax uma
pasmpeaeiacHue pa3andHo oT HopmaiHoto (Tabnwuma 3.2).

Tabnuya 3.2
Bapuayuonen ananuz na anmponomempuurume noxkazamenu, pe3yimamume om
aHaepobHus mecm YuHneeum 3a OoaHama €acm HA MAIOMO U NIYEHUME
NOCMUMCeHUsl Ha uzciedganume 0esouxku cmapuia ev3pacm (15-17 2oo0unu).

Variables @ | n | Range Xmin Xmax ND X SD V%

Height[cm] | 17 | 22,0 | 158,0 | 180,0 | yes 170,5 5,67 3,32
Weight [kg] | 17 | 13,4 53,7 67,1 | yes 60,7 3,66 6,03
PP [W] 17 | 4224 | 272,4 | 6948 |yes| 5732 102,20 | 17,83
RPP [W/kg] | 17 6,3 4,6 10,9 | yes 9,42 1,47 | 15,62
AP [W] 17 | 282,1 | 2344 | 5165 |yes| 437,6 68,25 | 15,60
RAP [W/kg] | 17 4,1 4,0 8,1 yes 7,19 0,92 12,79
MP [W] 17 | 2145 | 1464 | 360,9 |yes| 2958 55,85 | 18,88
RMP [W/kg] | 17 3,3 2,5 5,8 yes 4,85 0,80 |16,42
PD [W] 17 | 2205 | 126,0 | 346,5 |yes| 2774 59,11 | 21,31
RPD [W/kg] | 17 4,0 2,1 6,1 yes 4,55 0,91 |20,02
PD [%] 17 | 139 42,6 56,5 | yes 48,3 451 9,35
TW [J] 17 | 8247,5| 7009,2 | 15256,7 | yes | 12897,0 | 2008,94 | 15,58
50 m [s] 17 | 3,06 | 26,57 | 29,63 |yes| 28,51 0,88 3,07
100 m [s] 10 | 1294 | 55,65 | 68,59 |yes| 63,24 4,00 6,33
200 m [s] 8 | 23,12 | 12530 | 148,42 |yes| 137,88 7,79 5,65

ND — nopmanHo paznpenencHue

B Tabmmma 3.3 ca mpeacTtaBeHH pe3ysITaTUTe OT BapUaAllMOHEH aHAIN3 Ha
M3ClIeIBAHUTE IOHOM Mmiaama Bb3pacT (13-14 roaunu. Cpennus pbecT Ha
cberesarenute Oerme — 170,3 7,99 cm, a cpeanoro Tteryio - 68,2 = 7,63 kg.
KoedunineHTsT HA Bapualius npu Te3u nokazarenu oemre HUCHK (4,69% u 13,45%
CHOTBETHO), KOETO TIOKa3Ba CUJIHA €IHOPOJHOCT Ha TpylaTra Mo OTHOIICHHE Ha
aHTpOTIOMETpUUHUTE TapameTpu. CpeaHuTe CTOWHOCTH Ha aOCONIIOTHUTE
nokKaszareid OT TecTa YUHreWr Osxa: wmakcumanHa womHocT (PP) —
607,9 £ 126,27 W, cpenna momuoct (AP) — 455,4 + 107,46 W, muHuManHa
motHocT (MP) —313,2 £ 92,33 W u ciax Ha moraoctTa (PD) — 294,7 + 48,33 W.
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Koedunuenture Ha Bapualys mpu Te3M Mokazarenu 0sxa B aquamna3ona ot 16,40
10 29,48%, (cpaBHUTEITHO €THOPOJIHU M3BAJIKH), KATO Ha-MaJIbK OeIle TO3H 3a
cnax B momHocT (PD), a Hail-roisiM To3nM 3a MuUHHMaliHA MoIimHOCT (MP).
CpenHute CTOMHOCTHM Ha OTHOCUTEIHHUTE MOKAa3aTelid OT TecTa YHUHIeUT Osixa:
makcumanHa momraoct (RPP) — 10,29 + 1,29 W/kg, cpenna momrHocT (RAP) —
7,66 £ 1,06 W/kg, muaumanaa momuoct (RMP) 5,23 £0,97 W/kg u cran B
morHocTTa (RPD) — 5,06 + 0,88 W/Kkg. Koedhurnuenture Ha Bapuaiys mpu Te3u
nokazarenu Osxa Mexay 12,52 u 18,57%, xaro Hal-HHUCBK Oelie TO3UM Ha
MakcumainHata mourHocT (PP), a Haii-BHCOK TO3M Ha MUHUMAaiIHATa MOIIHOCT
(MP). OtHocHTeIHHTE IOKa3aTeNUTe OsiXa C TMO-BUCOKA EIHOPOJHOCT B
cpaBHeHue ¢ abcomotHute. [lokazarenure tPP, PVmax u tVmax umaxa romsam
pa3Max U CpaBHUTEIHO rojieMu KoeduimeHTHn Ha Bapuanus (ot 16,76% no
88,34%). Cpeauute CTOMHOCTH Ha MOCTHKEHHATA Os1xa: Ha 50 M ¢cBOOOIEH CTHII
— 27,32 £1,69 s, koero otroaps Ha 407 Toukum mo Tabmuiata Ha MHA, Ha
100 m cBoGoaen ctui — 61,23 £ 3,23 s (395 Toukm), Ha 200 M cBOOOAEH CTHII —
124,79 £7,53 s (504 toukm). KoedurueHtnre Ha Bapuamus MNP CHOPTHHUTE
MoCTHKeHus: Osixa B pamkutre or 5,28 no 6,17%, xoero moka3Ba CHJIHA
€IHOPOJHOCT Ha W3BajKaTa IO OTHOIICHWE Ha CIOpPTHATa KBaTH(DHUKAIIHA.
Bcwuku mokazaTenu ¢ u3Kro4YeHNe Ha pe3yaTatute Ha 50 M cBoOOICH CTHII UMaT
HOpMaJTHO pasznpenencHue. CTaTHUCTUYECKH JTOCTOBEPHH PA3IUKH  MEXIY
JICBOMKUTE W IOHOIIUTE MJIaJIla Bb3pacT Morar na ce Bumaar B Tabmuma 3.3.
TakuBa He ce 3a0ens3Bar MpHU TETJI0TO, MOKA3aTeIUTe 32 MUHUMATIHA MOITHOCT
(MP u RMP), xoeduniuenta Ha ymopara (PD%) u noctrkenusara Ha 100 u 200 m
CBOOO/JICH CTHII.
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Tabauya 3.3
Bapuayuonen ananuz na anmponomempuurnume nokazamenu, pe3yimamume om
anaepobnus mecm Yuneeum 3a O00AHA HACM HA MAIOMO U NIYBHUME

NOCMUMCeHUsl Ha uzciedganume wwHowu maiaowia (13-14 2o0unu).

Variables & | n Range Xmin Xmax | ND X SD V%

Height[cm] | 7 18,0 163,0 | 1810 |yes| 170,3* | 7,99 4,69
Weight [kg] | 7 19,9 48,2 68,0 |yes| 590 7,93 |13,45
PP [W] 7 | 2820 | 4518 | 733,8 |yes| 607,9* | 126,27 | 20,77
RPP [W/kg] | 7 4,1 7,7 118 |vyes |1029&| 1,29 |1252
AP [W] 7 | 236,0 | 3355 | 5715 |yes| 4554 * | 107,46 | 23,60
RAP [W/kg] | 7 3,1 5,7 8,8 yes | 7,66 # 1,06 |13,84
MP [W] 7 | 2312 | 1995 | 430,7 |yes| 313,2 92,33 |29,48
RMP [W/kg] | 7 2,2 4,2 6,4 yes | 523 0,97 |18,57
PD [W] 7 1426 | 201,6 | 3442 |yes |294,7&| 48,33 |16,40
RPD [W/kg] | 7 2,7 3,4 6,1 yes | 5,006 & 0,88 |17,50
PD [%0] 7 18,1 41,3 504 |yes| 491 6,40 |13,03
TW [J] 7 | 7077,0 [ 9917,5|16994,5 | yes | 13474,4 | 3242,76 | 24,07
50 m [s] 7 3,96 2541 | 29,37 |no | 2732# | 1,69 6,17
100 m [s] 5 7,68 55,94 | 63,62 |yes| 61,23 3,23 5,28
200 m [s] 3 | 13,51 |119,95| 133,46 |yes| 124,79 7,53 6,03

*-p<0,05;#-p<0,01; &-p <0,001 cipssimo aeBoiiku mimaama Bb3pact; ND —
HOPMAJTHO pa3mnpeieicHue

B Tabnuna 3.4 ca nmpeAcTaBeHH pe3yJTaTUTE OT BapUAllMOHEH aHalli3 Ha
W3CJICIBAHUTE IOHOMM crapia Bb3pacT (15-17 roamuum). CpeaHusst pbCT Ha
cberesarenute Oeme — 178,7 £ 6,65 cm, a cpeaHoro teryo - 69,5 % 6,70 Kkg.
KoedunueHTsT Ha Bapuaius npu Te€3u nokaszatenu oemie HUCHK (3,72% u 9,64%
CHOTBETHO), KOETO MOKa3Ba CHUJIHA €IHOPOJHOCT HA TpyIara Mo OTHOIICHHWE Ha
aHTporiomeTpuuHute napameTpu. CpeaHUTe CTOWHOCTH Ha aOCOJIIOTHHUTE
MoKaszaTteid OT TecTa YHHreWt Osixa: wmakcumanHa womrHocTt (PP) —
789,6 £ 133,65 W, cpenna mommuoct (AP) — 588,2 79,67 W, muHumaina
momHocT (MP) — 404026091 W wu cnag na wmomHuoctra (PD) —
385,7 £ 109,73 W. KoedurmeHntuTe Ha Bapuamus MpU TE3W IOKa3aTeau 0sxa B
nuariazona ot 13,54 no 28,45%, (cpaBHUTEITHO €THOPOJHM M3BAJKH), KaTO Hail-
MajgbK Oerie To3u Ha cpenHa MomtHocT (AP), a Hal-rossiM TO3u Ha cmaja B
mornrHocTTa (PD). CpenHute CTORHOCTH HAa OTHOCUTEITHUTE TIOKA3aTelI OT TECTa
VYunreit 6sixa: makcumaiiHa momHocT (RPP) — 11,36 +1,61 W/kg, cpenna
mornrHocT (RAP) — 8,47 £ 0,83 W/kg, munumanna momnoct (RMP) 5,82 + 0,66
W/kg u cmag B momHoctTa (RPD) — 5,56 = 1,53 W/kg. Koedunuenture Ha
Bapualus Mpu Te3U Mokazarenu Osxa Mexay 9,79 u 27,44%, kato Hal-HUCHK
Oermie To3u Ha cpeaHaTa MoirHocT (AP), a Haill-BUCOK TO3M Ha craj B MOIIIHOCTTA
(PD). OrtHocuTenHUTE TOKa3aTean Osxa IMO-CIHOPOJHH B CPaBHEHHE C
abcomotaute. [lokazarenutre tPP, PVmax u tVmax ummar romsMm pasmax u
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CpaBHHMTEIHO roysieMu Ha Bapumanus (ot 17,05% mo 73,98%). Cpennure
CTOMHOCTHA HaA mocTwkeHusTta 0sxa: Ha 50 m cBobomen ctun — 25,38 + 1,38 s,
KoeTo otroBaps Ha 508 Touku o Tabnuata Ha PUHA, na 100 m cBoboaeH cTui
— 55,46 = 3,25 s (532 toukn), Ha 200 m cBobomen crua — 120,15 £ 5,65 s (565
toukun). KoedunueHnture Ha Bapwamus TPH CHOPTHUTE TMOCTIDKCHHS Osixa B
pamkute ot 4,70 mo 5,86%, kKoeTo mokasBa €THOPOAHOCTA Ha W3BAaJKaTa II0
OTHOIIIEHUE Ha CTIOpTHATA KBanuukarms. BCcuuky moka3areinn ¢ U3KII0UYCHNE Ha
cpeana morHocT (AP) u PVmax umar HopMaiHo pasnpeaeicHue. JocToBepHO
I10-BUCOKH CTOMHOCTH Ha PE3YJITATUTE MPH FOHOIIUTE CIPSIMO JICBOUKUTE CTapIiia

BB3PACT UMaMe IMPU BCHUYKH IMOKA3aTEIH C U3K/IIOUEHHE Ha CIaj B MOIIHOCTTA
(PD%) (Tabauma 3.4).

Tabauya 3.4
Bapuayuonen ananuz na anmponomempuurume noxkazamenu, pe3yimamume om
aHaepobHus mecm Yuneeum 3a O00AHA Hacm HA MAIOMO U NIYBHUME
nocmudicenus Ha uzciedganume roHowu cmapwia (15-17 2oounu).

Variables & | n Range Xmin Xmax | ND X SD V%

Height[cm] | 40| 33,0 161,0 | 1940 |yes| 1787& | 6,65 | 3,72
Weight [kg] | 40 | 284 93,2 81,7 |yes| 695& | 6,70 | 9,64

PP [W] 40 | 536,7 | 510,3 | 1047,0 | yes | 789,6 & | 133,65 | 16,93
RPP [W/kg] | 40 6,9 7,9 144 |vyes| 1136& | 1,61 |14,18
AP [W] 40| 3173 | 4205 | 737,8 | no | 588,2& | 79,67 | 13,54

RAP [W/kg] | 40 3,5 6,2 9,7 |vyes| 847& | 0,83 | 9,79
MP [W] 40 | 250,3 | 285,6 | 5359 |vyes| 404,0& | 60,91 | 15,08
RMP [W/kg] | 40 2,4 4,4 6,8 |yes| 582& | 0,66 |11,34

PD [W] 40 | 446,6 | 166,5 | 613,1 |yes| 385,7 & | 109,73 | 28,45
RPD [W/kg] | 40 6,2 3,1 93 |yes| 556# 1,53 | 27,44
PD [%0] 40| 33,0 32,6 656 |yes| 481 7,42 1541
TW [J] 40 | 9369,6 | 12461 | 21831,0 | yes | 17390 & | 2343,6 | 13,48
50 m [s] 40 | 4,46 | 23,67 | 28,13 |yes| 2538& | 1,38 | 542

100 m [s] 29 | 1230 | 50,99 | 63,29 |vyes| 5546 & | 3,25 | 5,86
200 m [s] 22 | 20,24 112,48 | 132,72 |yes |120,15& | 5,65 | 4,70
* -p<0,05 #-p<0,01;, & - p<0,001 cnpssmo nemoitku crapma; ND —
HOPMAJTHO pa3mpe/ie/IiCHHE

I(opeﬂauuoueu anaius

Ha Tab6muia 3.5 ca npefcTaBeHr pe3yaTaTuTe OT KOPEIAlMOHHUS aHaJu3,
BKJTFOYBAI aHTPOITOMETPUYHUATE ITOKA3ATEIH, PE3yJITATUTE OT aHACPOOHHMSI TECT
YUHTEUT 3a JI0JTHA YacT Ha TSUIOTO W ITYBHHTE MOCTIIKEHHUS HA W3CJICIBAHUTE
neBoiikn muaama Bw3pact (13-14 rogunu). HabmomaBa ce Kopemaruss Mexy
ternoto u  Bb3pacrra (r=0,499;p<0,041) wu Termoto W  pbBCTA
(r=0,760; p <0,001) Ha yyacTHHIIUTE. Y CTAHOBCHH Ca 3HAYUTEIHH KOpPEJAI[UH
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Ha MakcuMajHata momrHoct (PP) u cpennara momaocT (AP) ¢ Bb3pacTTa KakTo
Y Ha CHITUTE IMOKa3aTelu ¢ TerioTo. OTHOCUTEHUTE oka3aTenu ot tecta (RPP
u RAP) Hsima nocToBepHa Kopemaius ¢ Bb3pacTTa, TerjaoTo U phera. ma cunHu
BBTPEIIHUA KOpENaluu MEXAY MOKa3aTeauTe OT TecTa. J|IoCTOBEpHU BBTPEIIHU
KOpEJIalu TIPpU CIOPTHUTE MOCTHMXEHHS uMa camo Mexay 100 m 200 m
(r=0,669; p<0,012). INoctmwkenusita Ha 100 m 200 M kKopenupar ¢ pbCTa,
TErJIOTO U MAKCUMaJIHATa MOIIHOCT.

Tabnuya 3.5
Kopenayuonen ananuz na aumponomempuunume nokazamenu, pe3yimamume om
aHaepobHus mecm Yuneeum 3a OoaHama €acm HA MAIOMO U NIYEHUME
NOCMUNCeHUsl HA uzciedganume 0esouxu miaowa evspacm (13-14 2coounu).

IQW'”gate Age |HeightWeightl PP | RPP | AP |RAP|50m | 190
ower body m
. corr.| 0,094
Height| Gig.] 0.720
. . .corr.| 0,499 | 0,760
Weight i 1 0.041 | 0,000
op COTT.| 0,647 10,285 | 0,619
sig. | 0,005 | 0,268 | 0,008
~pp |corT| 0319 -0,394/-0,215 0,630
sig. | 0,211 | 0,117 | 0,408 | 0,007
Ap |COrT.[ 0,687 0,207 0573 | 0948 | 0,608
sig. | 0,002 | 0,425 | 0,016 | 0,000 | 0,010
Rap |cor[0.377[-0,447[-0,222 0,567 | 0,921 | 0,669
sig. | 0,136 | 0,072 | 0,393 | 0,018 | 0,000 | 0,003
50 m |COT{-0,428( 0,144 0,140 [0,116-0,039[-0,216[-0,160
sig. | 0,087 | 0,582 | 0,591 | 0,659 | 0,881 | 0,405 | 0,538
100 m |c0TT{ 0,203 10,700 | 0,654 | 0,498 |-0,043| 0,323 |-0,230[ 0,468
sig. | 0,469 | 0,004 | 0,008 | 0,059 | 0,880 | 0,241 |0,410| 0,078
200 m C01T| 0,325 | 0,668 | 0,701 [ 0,698 | 0,185 | 0,575 |0,049| 0,169 0,669
sig. | 0,278 | 0,013 | 0,008 | 0,008 | 0,545 | 0,040 | 0,874 0,582 0,012

C TbTHA JIMHUSA Ca OYEPTaHU KOPETAIMUTe MEXIy eTHOPOIHH MMOKa3aTen (CaMo aHTPOIIOMETPUYHHU, CAMO OT
aHaepOOHMSA TeCT WIIM CaMO ILTyBHHU ITOCTHKECHHUS).

B Tabmuua 3.6 ca mpeacTtaBeHH pe3yliTaTUTE OT KOPENAlMOHEH aHaju3,
BKJIFOUBAII] aHTPOIIOMETPUYHHUTE TTOKA3aTeNU, Pe3yJTaTUTE OT aHAEPOOHUS TECT
VYUHTEeHT 3a 0JIHAaTa YacT Ha TSAJIOTO W TUTYBHUTE TIOCTHXKEHUS HA U3CJICIBAaHUTE
neBorku crapmia Bb3pacT (15-17 roamnrm). He ce Hamupar AOCTOBEpHH
KOpEJIallnA MEXAY Bh3pacTTa pheTa M TErI0TO. OT aHTPONOMETPUYHUTE JTAHHU
caMO TErjoTO HMMa JOCTOBEPHHM KOpENalMu C IOKa3aTeluTe OT TecTa: C
makcuMaiHa MorHocT (r = 0,580; p < 0,015), u cbe cpeana mormiHocT (r = 0,671;
p <0,003). MHOrO BHCOKH BBTPEIIHM KOpealluu ce 3a0eisI3BaT KaKTO MEXIy
nokazarenure ot tecra (ot I = 0,870 mo r=0,960), Taka U MEXJy CIOPTHUTE
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noctrkerus (ot r = 0,867 go r = 0,945). CoiecTBYBaT JOCTOBEPHU 3HAYUTEITHU
KOpeNalul MEXAy MOCTIKEeHUsiTa Ha 50 m u abcoJifoTHAaTa CpeHa MOIIHOCT
(r =0,581; p < 0,015) u mexxay mocTrkeHusATa Ha S0 M ¥ OTHOCUTEIIHATA CPEHA
moinoct (r = 0,540; p < 0,025).

Tabauua 3.6
Kopenayuonen ananuz na aumponomempuunume nokasamenu, pe3yimamume om
anaepoonus mecm Yuneeum 3a OOIHAMA 4YACM HA MAIOMO U NIYBHUME
NOCMUMICeHUsl Ha uzciedganume 0esouxu cmapuia v3pacm (15-17 2oounu).

< Wingate | oo |peight\weight PP | RPP | AP | RAP |50m| 10

lower body m
. .. [corr.|-0,326

Height i | 0,202

corr.|-0,273| 0,408
sig.| 0,288 | 0,104
corr.| 0,083 |-0,108| 0,580
sig. | 0,751 | 0,681 | 0,015
corr.| 0,214 |-0,307| 0,288 | 0,946
sig.| 0,410 | 0,230 | 0,263 | 0,000
corr.| 0,034 |-0,063| 0,671 | 0,960 | 0,870

Weight

PP

RPP

AP 1sig.1 0,896 | 0,812 | 0,003 | 0,000 | 0,000
~Ap O] 0,174 -0,201] 0,355 | 0,925 | 0,956 | 0,931
sig. | 0504 | 0,256 | 0.162 | 0,000 | 0,000 | 0,000
<o v [cOrT.-0,126] 0,215 0,367 [0,464]-0,397] -0,581 | 0,540
sig. | 0.630 | 0,407 | 0.147 | 0,061 | 0,115 | 0,015 | 0,025
100 m O] 0,176 0,461 0,200 0,241 |-0,202-0,374-0,340[0,945
sig. | 0,627 | 0,180 | 0,579 | 0,502 | 0,575 | 0.287 | 0,336 [0,000
200 m COT.| 0,104 0,368 0,299 |-0,041[ 0,019 |-0,211|-0,140[0,881[0,867

sig. | 0,806 | 0,369 | 0,472 | 0,924 | 0,965 | 0,616 | 0,741 |0,004/0,005

C IbTHA IMHUS ca OYEPTaHU KOPENAIUUTE MEXAY eTHOPOIHH MOKa3aTeI! (caMo aHTPOIIOMETPHYHH, CaMO OT
aHaepOOHMS TECT MIIM CaMO IUTYBHH ITOCTHUKEHUS).

B Tabnuua 3.7 ca mpeacTaBeHu pe3yJiTaTUTe OT KOPENAlMOHEH aHaju3,
BKJIFOYBAII] aHTPOIIOMETPUYHUTE TTOKA3aTENH, Pe3yJITaTUTE OT aHACPOOHUS TECT
VYUHTEeNT 3a oJIHAaTa YacT Ha TSAJIOTO U TUTYBHUTE MOCTUXKEHUS HA U3CJICIBAaHUTE
fOHOIIM Miaamia Bb3pacT (13-14 roaunn). HabmonaBa ce BUCOKH KOpETalui Ha
BB3pacTTa ¢ MaKCHMallHaTa MOIIHOCT, C a0COJIIOTHaTa CpelHa MOIIHOCT U C
OTHOCUTEITHATa CpedHa MOITHOCT. BHCOKM 110 MHOTO BHCOKH BBTPEIIHU
KOpEIaluu uMa MEX]y Tlokazarenute ot aHaepoOHus tect (ot r= 0,774 no r =
0,995) u mexnay noctmxkenusta Ha 50, 100 u 200 m cBoGoaeH ctui. Bucoku
KOpeTaIuu ce HabmrogaBaT MeX Iy Bh3pacTTa, TETJIOTO U MOCTIKEHHETo Ha 50 M
cB0OOsIeH cTmi. ChINECTBYBAT JOCTOBEPHH MHOT'O BHCOKH KOpEIAIUd MEXIY
noctmxeHnero Ha 50 M cBOOOACH CTHII M MOKa3aTeIuTe OT TecTa, KaTo Hai-
BHCOKa € Ta3u ¢be cpeganara MomaocT (AP) (r =0,947; p < 0,002).
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Tabauuya 3.7
Kopenayuonen ananuz na aumponomempuunume nokazamenu, pe3yimamume om
anaepoonus mecm Yuneeum 3a OOIHAMA 4YACM HA MAIOMO U NIYBHUME
NOCMUNCeHUsl HA U3C/le08anume HowU miaouia svspacm (13-14 2o0unu).

Ig Wingate | oo IHeight\Weightt PP | RPP | AP | RAP |50 m|100m
ower body
. corr.| 0,318
Height| g | 0,488
. . .corr.| 0,724 | 0,501
Weight ;i 1 0,066 | 0,252
op |cO.[ 0,904 0,081 ] 0,802
sig. | 0,005 | 0,863 | 0,030
~pp |cOrT| 0,688 -0,414] 0,243 | 0,774
sig. | 0,087 | 0,356 | 0,599 | 0,041
Ap |cOT.[0,8910,148 | 0,853 | 0,995 | 0,712
sig. | 0,007 | 0,752 | 0,015 | 0,000 | 0,073
~ap O 0,803 -0,238] 0,491 0913 [ 0,963 | 0,873
sig. | 0,030 | 0,607 | 0,263 | 0,004 | 0,000 | 0,010
50 m |CO-|-0,965(-0,240] 0,765 [-0,936 [-0,720 -0,947[-0,846
sig. | 0,000 | 0,604 | 0,045 | 0,001 | 0,068 | 0,002 |0,016
100 m |cO1T{ 0,915 [-0,237 [ -0,811 0,982 -0,566 -0,982 |-0,797(0,960
sig. | 0,029 | 0,701 | 0,096 | 0,003 | 0,320 | 0,003 | 0,106 [0,010
200 m |COTT/ -0,998 1,000 -0,856 | 0,990 | 0,974 |-0,975 -0,999]1,000] 1,000
sig. | 0,043 | 0,005 | 0,346 | 0,092 | 0,146 | 0,142 |0,030 0,009

C mreTHA JUHUA ca O4YepTaHUu KOPCIAaUUTE MCIKAY €AHOPOAHN MTOKA3aTCIIN (CaMO AHTPOIIOMETPHUYIHHU, CaMO OT
aHaepO6HI/IH TCCT WJIK CaMO IIJTYBHU HOCTI/I)KGHI/ISI)

B Tabmuma 3.8 ca mpeacTtaBeHH pe3ysTaTUTE OT KOPETAIMOHEH aHaju3,
BKJIFOYBAII] aHTPOIIOMETPUYHHUTE TTOKA3aTENIN, PE3yJTAaTUTE OT aHACPOOHUS TECT
YUHTEHT 3a M0JTHAaTa YacT Ha TAJIOTO U TUTYBHUTE TIOCTHIKEHUS HA M3CJICIBAaHUTE
foHomM crapma Bb3pacT (15-17 rommuum). ChlnecTByBa ymMepeHa KOpearius
Mexay Bb3pactta u pheta (r=0,423; p < 0,007) u Mexay pbcTa U TErJIOTO
(r =0,562; p < 0,001). Makcumainuara moruiHocT (PP) u cpeanara moiHocT (AP)
MOKa3BaT YMEPEHU KOpeJaluu ¢ antpornomMerpuyHute nanau (ot r= 0,490 nor =
0,666). OtHOBO ce HaOMIOAAaBAaT BHUCOKH BBTPCIIHM KOPEIAMH MEXKIY
noKasarenure oT aHaepoOHus TecT oT r = 0,625 g0 r = 0,896 u Mex1y TUTYBHUTE
nocTkeHus or r = 0,758 mo r = 0,931. Iloctmwxkenusara Ha 50, 100 u 200 m
MOKa3BaT 3HAYUTEITHM KOpEJAIliu C BBh3pacTTa M aHTPOMOMETPHUYHUTE JTaHHHU.
[Toctwxkenusita Ha 50, 100 u 200 M cBoOOJEH CTUI KOpeIupaT JTOCTOBEPHO C
MOKa3aTeyTe OT TeCTa, KaTO Hali-BHCOKa € Kopenauuara Mexxay 50 m csoboaeH
ctun u cpennara momHuoct (AP) (r = 0,784; p < 0,001). C yBenuuaBaHe Ha
JTUCTaHIIMATA ce HaOJI0/1aBa HaMaliIBaHE Ha KopeJjalusTa C MoKa3aTeauTe OT
TEeCTa.
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Tabauya 3.8
Kopenayuonen ananuz na aumponomempuunume nokasamenu, pe3yimamume om
anaepoonus mecm Yuneeum 3a OOIHAMA 4YACM HA MAIOMO U NIYBHUME
nocmudicenust Ha uzciedsanume wnowu cmapuia evzpacm (15-17 2o0unu).

fgvt/’g;”t?j‘é; Age |Height \Weightf PP | RPP | AP |RAP |50 m|100m
) corr.] 0,423
Height/ Gq 1 0,007
. ../corr] 0,181 | 0,562
Weight' iy 1 0,264 | 0,000
PP corr. 0,490 | 0,504 | 0,537
sig. | 0,001 | 0,001 | 0,000
~pp [cOrT| 0,471 0,242 [-0,007 [ 0,837
sig. | 0,002 | 0,132 | 0,964 | 0,000
Ap [COT 0,511 0593 | 0,666 | 0,896 | 0,625
sig. | 0,001 | 0,000 | 0,000 | 0,000 | 0,000
~Ap |corr[ 0515 0,285 [-0,035[ 0,707 | 0,853 | 0,721
sig. | 0,001 | 0,074 | 0,832 | 0,000 | 0,000 | 0,000
50 m 000,537 0519 |-0,549 | -0,696 | -0,478 0,784 -0,548
sig. | 0,000 | 0,001 | 0,000 | 0,000 | 0,002 | 0,000 |0,000
100 m €017 -0,418-0,420 | -0,230 | 0,655 |-0,617-0,7041-0,712[0,931
sig. | 0,024 | 0,023 | 0,229 | 0,000 | 0,000 | 0,000 |0,000{0,000
200 m [€0TT-|0,237| 0,320 | -0,468 |-0,528 0,351 | 0,634 |-0,488[0,758|0,845
sig. | 0,289 | 0,146 | 0,028 | 0,011 | 0,109 | 0,002 |0,021|0,000/0,000

P €2PDEeCUOHEH anaiu3

[IpoBeseH € TMHEEeH MHOXKECTBEH PETPECMOHEH CTHIIKOB aHAJIU3 32 OLIEHKA
Ha BJIMSTHUETO Ha M3CJICABAHUTE MOKA3aTeNH 32 aHaepoOHaTa paboTOCTIOCOOHOCT
BBpXy HocTHkeHrnero Ha 50 m cBOOOJEH CTWII MO OTAENHO 3a JBaTa mnoja. B
CTBIIKOBAaTa perpecusi KaTo HE3aBHUCHUMHM IPOMEHJIMBH Ca BKIIIOYEHH OCBEH
MOJIy4YeHUTe Hal-uHPOPMATHUBHU MOKAa3aTelid OT aHAepOOHUS TeCT YHMHIEUT 3a
nosHata yact Ha Ts10to (PP, RPP, AP u RAP) u Bp3pacrra, pbcTa, TErNIOTO Ha
cberesarenute. [Ipu neBoitkute (Purypa 3.1), B CTHIIKOBHS PErPECHOHEH aHAIN3,
KaTo €IMHCTBEH AapryMEHT Ha PETPECMOHHOTO YPaBHEHHE CE€ OTKpOU CaMmo
HoKa3aTessT abCcoIroTHa cpeaHa MoinHocT (AP), KOHTO moka3Ba ¥ Hali-BUCOKa
KOpeJIalisl CbC CIIOPTHOTO IMOCTHXKEHME. I3BENEHOTO perpeCMOHHO ypaBHEHUE
uma cregaus Bua: 50 m time [s] =-0,0074 . AP [W] + 31,696 (r =-0,660;
p <0,001)

[Ipu ronomurte (Purypa 3.2), CTHIKOBUS PETPECHOHEH aHaIU3, KaTo
€IMHCTBEH apryMEHT B PETPECHOHHOTO YpaBHEHHE CBINO OTKPOU CaMo
nokasarenar adcoitoTHa cpeaHa MouHocT (AP). M3BeneHOTO perpecuoHHO
ypaBHeHue uMma ciennus sua: 50 m time [s] =-0,014 . AP [W] + 33,616 (r =-
0,859 p < 0,001)
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@Duzypa 3.1 I paguuno npedcmassane Ha IUHEHOMO pecPeCcUOHHO YPABHEeHUe 3a
3A68UCUMOCMMA HA CHOPMHOMO NOCMUdICEHUE NpU O0esouKume om cpeoHamd
mowHocm (AP) pazsuma npu mecma Yumneetim 3a 00IHAMA 4acm Ha MIIOMO
(r =-0,660; p <0,001). C nynkmupanu aunuu e ouepman 90% npocnocmuuen
UHmMepeal, a mouKume KOUmo u3iu3am u3ebH He2o ca OYepmaHil ¢ Kpbe.
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QDuzypa 3.2 I pagpuuno npedcmassane Ha JUHEUHOMO Pe2PeCUOHHO YPABHEHUe 3a
3A8UCUMOCIIMA HA CHOPMHOMO NOCMUNCEHUE NpU FOHOWUmMe Om CpeoHama
mowHocm (AP) pazeuma npu mecma Yuwneeum 3a oonnama wacm Ha msiomo
(r =-0,859; p <0,001). C nynkmupanu aunuu e ouepman 90% npoenocmuuen
UHMeEPBAl, @ MOYKUmMe KOUMO U3IU3AM U38bH He20 CA O4ePMAaHU C KPbe.
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Hepcenm UJIHU OUEHKU

[TepceHTHIIHHE OIICHKM Ha PE3YJITATUTE OT aHACPOOHHS TECT YHMHTEUT 3a
JI0JIHATA YacT HA TSUI0TO OMxa OMJIM MHOTO MOJIE3HU 32 OLIEHKA Ha aHaepoOHaTa
paboTOCTIOCOOHOCT TPH CHCTE3aTENH 10 TUTyBaHE. BB3pacToBUAT AMamma3oH Ha
W3clieIBaHusT KOHTUHTEHT, OoT 13 mo 18 rogwHu, 00yciaBs OCBEH MOJIOBH U
CBHIIECTBEHU BBH3PACTOBU PA3IUUYMUSl B pPE3yJTaTUTE. 3a TOBA ChCTE3aTEIUTE ca
pa3ieliecHd MO BbB3pPacCTOBU TPYNH CHOPE] ChCTE3aTEIHUSI MPABWIHHK Ha
beirapcka ®enepauusa IlnyBau CrnoproBe. Taka B wu3ciieBaHUS OT Hac
BBH3pPACTOB JUANA30H MONaJaT CICIHUTE TPU IPYIHU: IOHOIIU U JEBOMKH MIIaJIIia
Bb3pacT (13-14 rox.), roHOIIM U AeBOWKH cTapiia Bb3pact (15-17 roa.) u Mmbke u
xenu (18+ roa.) B Te3u BB3pacTOBH M MMOJIOBU TPYIH, B KOUTO UMa JJOCTAThUYCH
Opoii cimyyau (eBOMKHU MJIa/Illla Bb3pacT U IOHOIIU U IEBOMKH cTapla Bb3pacT),
0s1Xa M3YUCIICHU MIEPCEHTHIIHUA OLICHKH 3a Hal-WH()OpPMATUBHUTE MOKA3aTEIU OT
anaepoOnus tect (Tadmuua 3.9, Tabmuna 3.11 u Tabnuma 3.10).

Heob6xonmuMo € TEepCeHTUIIHUTE OIEHKM Jia ObJaT JONMBIHEHU 34
OCTaHAJIUTE BH3PACTOBU IPyNu (FOHOIIU MJajllla Bb3pacT, MbKE U )KEHH) U Ja Ce
aKTyaJlrM3upaT NEepPUOJMYHO Ha 0aza Ha PEryJsipHU TECTUpPaHUsI Ha OBJITapCKU
ChCTE3aTENM OT HAIIMOHAIHO U MEKTyHApPOHO HUBO.

Tabauua 3.9
Iepcenmunnu oyenxu (PCTL) na ocnoenume nokasamenu om anaepobnus mecm
Vuneetim 3a oonnama wacm na msnomo npu 0esouku miaowa evspacm (13-14

200.)

PP | PP | AP | AP PP| PP |AP | AP
PCTL | 1w [wikg] (w Wikl © "] twy [wikg]] [wi [Wikg]
99,9%(552,8| 9,50 |441,4| 7,60 ¥43,7%420,1f 7,80 [350,2| 6,20
93,7%528,9| 9,20 (419,2| 7,50 [37,5%418,0[ 7,70 (340,1] 6,10
87,5%500,2| 9,10 (395,6| 7,30 [31,2%}402,4( 7,60 [309,1] 6,00
81,2%1(494,3| 9,00 [389,3| 7,25 [25,0%]389,0[ 7,30 [297,0| 5,80
75,0%1(492,9| 8,95 |382,3| 7,20 |18,7%|369,1| 7,10 [283,6| 5,70
68,7%485,9| 8,90 (371,8| 7,15 |12,5%|362,8| 6,85 [282,9| 5,40
62,5%445,7| 8,85 (369,5| 7,10 |6,2% [349,6| 6,80 [274,3] 5,30
56,2%(441,5| 8,80 |360,2| 6,60 |1,0% [348,2| 6,60 [265,9 5,00
50,0%(432,1| 8,50 |352,5| 6,40
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Tabauya 3.10
Ilepcenmunnu oyenxu (PCTL) na ocnoenume nokasamenu om anaepobnus mecm
Yuneeiim 3a donnama wacm Ha msanomo npu woHowu cmapuwa evspacm (15-17

200UHU
PCTE] i |[wikg]| twi | [wikg] |PCTE ] pwi | wikg] | [w] | [Wikg)

99,9%/1047,0) 14,40 |7/37,8] 9,70 |47,3% | 788,7| 11,10 [594,7| 8,50
97,3%1035,0| 14,30 |707,2| 9,65 |44,7%|785,5| 11,00 |588,8| 8,47
94,7%]994,5| 14,23 |702,5| 9,60 |42,1%|763,0| 10,90 |582,0/ 8,45
92,1%968,7 | 14,20 [696,9| 9,54 |39,4%|749,2| 10,85 |572,1| 8,40
89,4%|953,5| 13,40 |686,6| 9,45 |36,8%| 7424 | 10,80 |568,8| 8,35
86,8%|949,0 | 13,30 |674,8] 9,40 |34,2%| /40,4 | 10,/5 |567,7] 8,30
84,2%|933,9 | 12,90 |668,7| 9,30 |31,5%| 725,7| 10,/0 |563,0] 8,25
81,5%(914,2 | 12,70 |663,7] 9,20 |28,9%| 716,8| 10,50 |561,0{ 8,20
78,9%]904,5| 12,70 |661,5| 9,10 |26,3%|712,4| 10,41 |557,4| 8,15
76,3%898,1| 12,60 |644,9| 9,00 |23,6%|708,0| 10,40 |551,0/ 8,10
73,6%)886,8 | 12,30 |638,9] 8,90 |21,0% 706,3| 10,35 [547,4| 8,05
71,0%)872,8 | 12,20 |636,6] 8,87 |18,4% 6950 | 10,30 |521,7| 8,00
68,4%) 854,4 | 12,10 |1622,9| 8,85 |15,/%|682,6 | 990 |513,1] 7,95
65,7%849,5| 11,90 |619,0/ 8,80 |13,1%|6349| 9,80 |488,7] 7,90
63,1%848,9 | 11,85 |617,8| 8,75 |10,5%|619,2| 9,70 487,55 7,85
60,5%834,1| 11,80 |615,2| 8,70 | 7,8% | 6054 | 950 |474,7] 7,80
57,8%|808,7 | 11,50 |614,4| 8,65 |52% [603,5| 9,40 4345 7,50
55,2%]| 805,7 | 11,40 |607,9] 8,60 |2,6% [547,1] 890 |434,4| 6,30
52,6%|804,5| 11,30 |604,9] 855 |10% [510,3] 7,90 |420,5 6,20
50,0%]| 788,8 | 11,20 |603,7| 8,52

PP [ PP [AP| AP PP PP [AP] AP

Tabauua 3.11
Ilepcenmunnu oyenxu (PCTL) na ocnoenume nokasamenu om anaepobnusi mecm
Yuneeiim 3a donnama uacm na msaniomo npu desouxu cmapua ev3pacm (15-17

200UHL)
PCTL

PCTL | wy | [wikg]| [W] | [Wikg] (W] |[Wikg]| [W] |[Wikg]
99,9%(694,8| 10,87 [516,5| 8,10 |43,7%(596,7| 9,70 |447,6| 7,35
93,7%|680,9| 10,80 [ 506,7| 7,90 |37,5%(586,8| 9,60 |430,7| 7,30
87,5%(669,3| 10,60 {504,2| 7,70 |31,2%(542,6| 9,10 |430,7| 7,25
81,2%(629,6| 10,35 {480,6 | 7,65 |25,0%(533,7| 9,00 |418,7| 7,20
75,0%|624,5| 10,30 {478,7| 7,60 |18,7%(526,1| 8,90 |418,3| 7,15
68,7%(619,7| 10,20 [{466,5| 7,56 |12,5%(516,2| 8,60 |411,8| 6,90
62,5%(613,8| 9,82 [461,3| 7,49 | 6,2% (429,4| 8,00 |332,8| 6,20
56,2%(610,4| 9,80 (4509 | 7,45 | 1,0% (272,4| 4,60 |234,4| 4,00
50,0%(598,3| 9,75 (4486 | 7,40

PP PP | AP | AP PP PP [AP | AP
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Jluckycus 6wvpxy pezynmamume om anaepoonus mecm Yunzeim 3a
00/1HAMA Yacm Ha MAa0mo

Bapuarnonnus ananmm3 (Taommma 3.1, Ta6bmuma 3.2, Tabnwmma 3.3 u
Tabnuma 3.4) moka3a HUCKM KOe(DUIIMEHTH Ha BapHaIlys Ha aHTPOTIOMETPHYHUTE
napaMeTpu MpU JICBOMKUTE W IOHONIUTE MJIAJIIa W CTaplia Bb3pacT, KOETO €
aTecTar 3a XOMOT€HHOCTTAa HA YETUPUTE U3BaJKU. Mankusi Opoil Ha uU3BajKaTa
MBxke (N=3) u xeHu (N=2) He MO3BOJIM J]a CE HAIPaBU JOCTOBEPEH BapHaIlHOHEH
aHaJM 3a Tau Bb3pacToBa rpymna. [Ipu BCMUKM OCTaHaIu rpylnud OTHOCUTEITHUTE
MoKa3aresid Ha aHaepoOHaTa paboTOCIIOCOOHOCT UMAT MO-HUCHK KOSPUITUEHT Ha
Bapualus oT CbOTBETHUTE a0CONMIOTHU Noka3arenu. [10-HUCKUAT KOeUIIMEHT Ha
Bapuanus ce IbJKU Ha (pakTa, 4e MPU OTHOCUTEITHUTE MOKa3aTeIu € OTCTpaHeHa
BapuanusTa, AbJDKalla ce Ha pa3jiukaTa B TeryioTo. Taka Hall-HUCKaTa BapHUallys
€ MOoJyueHa MpU OTHOCUTEIHUTE MokazaTenu 3a makcuMmanHa (RPP) u cpeana
momtHocT (RAP). Ilopaam romsimata HeeTHOPOJHOCT Ha TokaszaTtenute tPP,
PVmax u tVmax um nurncara Ha AOCTOBEpPHA KOpEJIAMs C BCUYKU OCTaHAJIHU
nokazatenu (Bxk. 0), Te 0sxa M3KITIOYCHU OT aHAJIM3a TIPU BCHYKU BB3PACTH U MIPH
nBara noja. OneHkuTe Ha cnopTHUTe noctwkenus Ha 50, 100 u 200 m coOoaeH
CTHJI IIPY BCUYKH JIEBOMKHU U IOHOIIM BapupaT B OJIM3KHU FPAHULM MEXITY 395 u
565 touku no ®MHA 1 chbOTBETHO UMAaT MHOT'O HUCHK KOE(UIIMEHT HA Bapualus
(ot 1,77% no 6,33%). ToBa moka3Ba CHJIHA €IHOPOJHOCT Ha HM3BAJKUTE IIO
OTHOILIEHHWE Ha CHOPTHO TEXHUYECKUTE KayecTBa Ha ChCTE3ATEIUTE.
IToctmxkenusita Ha nesoiikute miaama Ha 50, 100 u 200 m cBoOomeH ¢TI ca
cpotBeTHO 1,07, 1,04 11 1,10 nbTH 1TO-c1a0M OT TE3W Ha IOHOIIUTE MIIaaIa. ToBa
otroBaps Ha 1,39 mbTH no-ronsMara MakcumaiiHa MotHocT (PP) u 1,32 mbTH 1mo-
rojisiMma cpeaHa MoimHocT (AP) Ha OHOMIUTE CHOPSIMO Ta3u Ha JICBOMKUTE B
MIIaiiaTa Be3pact. Mimaiiku npeaBu, ye Heo0Xo[uMaTa MOIIIHOCT MpHU TITyBaHe
Ce yBelMYaBa C TpeTara CTENEeH Ha CKOpPOCTTa, TOo mpH 1,32 mbTHU MO-ToJiIMa
CpeaHa MOIIHOCT, MOKE J1a C€ OYaKBa, Y€ CKOPOCTTA U TOCTUKEHUETO, TPIOBa J1a
ob1ar 31,32 = 1,10 ObTH NO-HUCKM THpU JEBOWKMTE CHPSMO IOHOIIMTE B
MJIaJIIIaTa Bb3pacT.

[TocTtmkenusita Ha neBoiikute ctapiia Ha 50, 100 u 200 m cBoOoAeH CTHI
ca cpotBeTHO 1,12, 1,14 1 1,15 nbTH mo-cnabu OT TE3W HA FOHOIIMTE CTapIa.
ToBa otrosaps Ha 1,38 mbTu mo-roysiMara MakcuMainaHa momrHoct (PP) u 1,34
I'BTH MO-TOJIsIMA cpeHa MoHOCT (AP) Ha FOHOIIIUTE CIIPSIMO Ta3u Ha JIEBOUKHUTE
B cTapia Bb3pacT. MiMaiiku npeaBu, 4e HeoOXoauMaTa MOITHOCT TIPH ITyBaHE
C€ yBeJIM4YaBa C TpeTara CTENEH Ha CKOpOCTTa, To mpu 1,32 mbTHU MO-roJiimMa
CpeaHa MOIIHOCT, MOXKE JIa C€ OYaKBa, Y€ CKOPOCTTA U ITOCTHIKEHHUETO, TPsIOBa 1a
opaar 1,34 = 1,11 m0bTH TO-HHUCKH IPU JE€BOMKUTE CHOPSMO IOHOIIUTE B
cTapIiaTa Bb3pacT.

B wmmanmara BB3pacT ce HaOMOAaBaT IMMO-MAaJKU Pa3JIUKU  MEXIY
JI€BOMKUTE U IOHOIIUTE 110 OTHOILLIEHUE HA CIIOPTHUTE pe3yJTaTu. ToBa MOXe Ja

23



ce JB/DKA Ha M3NPEBapBaIlOTO pPa3BUTHE HAa aHaepoOHATa MOIIHOCT MpH
IOHOIITUTE B TIEPHOJIa Ha TyOepTeTa.

Ot xopenanuonnus anamu3 (Ta6mmna 3.5, Tabmmna 3.6, Tabmuna 3.7 u
Tabmuua 3.8) 0sixa yCTaHOBEHH JIOCTOBEPHH, BUCOKH BBTPEIIHU KOPEIAIUH,
KaKTO MEXIy OTACIHUTE MOKA3aTEINTE OT aHaePOOHUS TECT M MEXKTY TTyBHUTE
pe3yaTaTH Ha OTACIHUTE AUCTAHIIMN B CBOOOIHUS CTHJI M TIPH JIBaTa I1MoJja BbB
BCUYKHU BB3pacTH (C U3KIIOYeHUE Ha Kopenanusta Mexay 50 u 100 m u 50 u
200 m npu geBOMKM MJjajlia Bb3pacrt).

KakTo mnpu neBoiikuTe, Taka M MpU IOHOUIUTE BHB BCUYKH BB3PACTH CE
3a0ensi3Ba CUJIHA B3aMMHA KOpeJNalus MEXJy OCHOBHUTE IIOKa3aTed Ha
anaepoonust tect — PP, AP u MP. Ilo-Bucokara makcumanna moutHocT (PP) e
CBbp3aHa C IMO-TOJIAM cmaja B padotocrnocobHocTTa (PD) B X07ma Ha Tecta
(xopenanuute ¢ PD He ca mpeacraBenu B Tabmuiute). ChIo Taka MO-BUCOKOTO
HUBO Ha MakcuMmayiHata MomqHocT (PP), ompenenss m mo-ronsima u3BBpIIIEHA
pabota (AP).

[Ipu npBata moONa BBB BCHUYKH BB3PACTOBH TPYNH OTHOCHUTEITHUTE
nokaszatenu (RPP u RAP) nwsamar noctoBepHa Kopenanus ¢ TErJIOTO, Thil KaTo
HErOBOTO BIIMSIHUE € OTCTPAHEHO NPU M3UMCICHHETO Ha Te3H mokazatenud. OT
MOKa3aTeINTe Ha aHACpOOHMs TECT, Hail-BUCOKA KOpeialus ChC CIHOPTHUS
pesyarat Ha 50 M cBOOOAEH CTWJI U IPH JBaTa I0JIa BbB BCHUKH BB3PACTH C
U3KIIIOUEHUE Ha JIEBOMKU CTaplla KbAETO TA € HEJOCTOBEpHA MMa Cpe/Hara
momHocT (AP): mpu gaesoiiku crapma r=-0,581 (p<0,015); npu roHOIIM
wiagma =-0,947 (p<0,002); nmpu tronomu crapma r=-0,784 (p<0,001).
Koedunuenture Ha kopenanus Ha TO3U MOKa3aTesl ChC CIIOPTHOTO MOCTHIKEHUE
Ha 50 M cBOOO/IEH CTWIJI IIPU JIEBOMKUTE U MPH IOHOIINUTE CTaplilia Bb3pacT HE ce
pasnuyaBat J10CToBepHO momexay cu (P = 0,22). [Ipyru aBTopH ChIIO ONPEACIIAT
cpennata MormiHocT (AP), kaTo mMmokaszatren ¢ Hail-BUCOKAa KOpENAIHs ChC
cnoptHoTo nocTkenue (Demarie et al., 2019). Tps6Ba 1a ce oTOENEKHM , Ue UMa
Y HSIKOW MIPOYYBAHUS, KOUTO IMMOKAa3BaT Hali-BUCOKA KOpEIalus Ha MOCTIKEHUATA
¢ oTHocuTenHaTta cpeaHa mourHocT (Hawley et al., 1992) u ¢ makcumannara
MmoturHocT (Duche et al., 1993).

[To-nuckarta xopenamnus Ha oTHocuTenHata (RAP) copsimo aOcomtoTHaTa
(AP) cpearaTa MOIIHOCT ChC CIIOPTHHUSA Pe3yaTaT Ha 50 M IpH FOHOIINUTE MITAIIIA
BB3pact (r =-0,947; p < 0,002 vs. r =-0,936; p<0,001) u npu rOHOIIKATE CTapIIa
Be3pact (r=-0,784; p<0,001 vs. r=-0,696; p<0,001) croTBeTcTBa Ha
HAOJIOZICHUATA W HA JIPYrH aBTOPH, CIIOpEA KOWTO, NMpPH IUTyBaHe, ThH Karo
TErJI0TO € YpPaBHOBECEHO OT IMOJEMHATa CHJIa Ha BOJAaTa, OTHOCHUTEIHATA
MOIITHOCT HE JaBa IMO-TOJIIMa KOpeJalus ChC MOCTHKEHHETO B CPAaBHEHHE C
abcomoTHara (Yeater et al., 1981; Morouco et al., 2011).

[Mogo6HO Ha pesynratu Ha napyrm aBtopu (Duche et al., 1993) B
HACTOSAIIOTO HW3CJCJBAHE, MPU FOHOIIM CTapiia, C HApacTBaHETO Ha
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chbcTe3aTeNHaTa JUCTAHIINS, 3aBUCUMOCTTA MEX/1y ITOKa3aTeIUTe OT aHAEPOOHMS
TECT W CIOPTHOTO NOCTH)KEHHE HaMmassiBa. ToBa BEpOSITHO C€ IBbDKM Ha
HaMaJIsBaIllOTO 3HAaYeHUE Ha aHaepoOHara-anaktatHa cuctema npu 100 u 200
MEeTpa M yBeJIWYaBalllds ce€ ]l Ha aepoOHara cucrtema ocobeno mpu 200 m.
BpemerpaeHeTo Ha ChCTE3aTeNHOTO IUTyBaHEe Ha 50 M cBOOOAEH CTUI €
CBU3MEPUMO C BPEMETO 3a U3IIbIHEHUE HA aHAEPOOHUS TECT, CbOTBETHO UMAME
OJIM3KO pasmpesieNieHue Ha JIAJI0BETe Ha €HEprooOe3nevaBainTe MEXaH|u3MH 110
OTHOILIEHNE Ha O0IIMs EHEepropasxo i Ha aHaepoOHUs TECT 3a JI0JIHU KpalHUIIH.

Cnen mpoBejieHa JIMHEWHA CTBIIKOBA PErpecus 3a 3aBUCUMOCTTa MEXIY
MOCTHKCHUETO Ha M OCHOBHUTE TIOKa3aTelW OT aHaepoOHUsS TEeCT, Karo
€IMHCTBEH apryMEHT B PETPECHOHHOTO YpPaBHCHHWE W TPU JBaTa IOJia OCTaBa
oKa3aTeNAT 3a abcoaoTHa cpeaHa MoIHOCT (AP) (Purypa 3.1 u durypa 3.2).
Cwcreszatenure, YuuTo nocTwkeHus Ha 50 M cBOOOICH CTHII OTTOBAPST Ha TOUKH,
KOHUTO JIeKAT HaJl ChOTBETHUTE PErPECUOHHU JIMHUH, TTOKa3BaT HEChOTBETCTBHE
MEXIy U3MEpeHaTa cpeHaTa MOIIHOCT M CIIOPTHOTO MOCTIKEHHE, KOETO B Hal-
rojsiMa CTENeH MOXe Ja Ce JbJDKM Ha JBE Hal-BEPOATHH NMPUYMHH: 1) TI0-
Hee(DeKTUBHATA UM CTIPSMO CPEIHOTO HUBO ITyBHA TEXHHWKA B CBOOOIHUS CTHIT,
2) MHOTO HHCKa aHaepoOHa MOIIIHOCT Ha TOpPHATa YacT Ha TSJIOTO.

Crcresarenure, YUUTO NOCTUKEHUA HAa S0 M cBOOOIEH CTUJI OTIOBapAT Ha
TOYKH, KOWTO JIeKAT TOJ] ChOTBETHUTE PErpecHOoHHU JMHUU Ha Purypa 3.1 u
Qurypa 3.2, moKa3BaT MO-A00pUM TOCTHKEHHS OT OYaKBAHUTE CIIPSAMO
U3MepeHara Mnpu TAX aHaepoOHa MOIIHOCT. B Te3u ciiyyau chlo Morar ja ce
OOCHXKJAT JIB€ Hal-BEpOATHU NPUYUHHU: 1) MHOro mno-epekTUBHA CHPSMO
CPEIHOTO HUBO TUTyBHA TEXHUKA B CBOOOIHUS CTUJI; 2) MHOTO BUCOKA aHaepoOHa
MOII[HOCT Ha TOpHATa 4acT Ha TSUIOTO.

3a ;a ce HalpaBsT €IHO3HAYHU 3aKJIFOUEHHUS B IO-TOPE OMKCAHUTE CITyyau
€ HeoOXoauMO Ja ce HamnpaBd KOMIUIEKCEH aHajiu3 Ha aHaepoOHaTa
paboTOCIOCOOHOCT, KOMTO J1a BKIKOYM U OLIEHKA Ha aHaepOOHATa MOIIHOCT U Ha
ropHaTa yacT Ha TsUIOTO.

[IpencraBnsiBa NPaKTUYECKH HHTEpPEC pa3Mepa HA OTKIOHEHHETO OT
perpecroHHaTa JIMHUSA, KOWTO J1a COYHU C I0CTaTh4YHA BEPOSITHOCT ChCTE3ATEIUTE,
KOUTO C€ OTKJIOHSIBAT CUTHU(UKAHTHO OT perpecoHHuss mojen. [logxomsi
KPUTEPHUI € OTKIOHEHUETO MHO-roysiMO OT 90%-HUS NPOTHOCTUYEH HHTEPBAI
(durypa 3.1 u durypa 3.2). Taka Ha urypa 3.1 ce OTKposBaT pe3yaTaTUTE Ha 3
ChCTE3aTENIKA, YMUTO pe3ydTratu ca u3BbH 90% NPOrHOCTUYEH HHTEPBAI
(orpagenu c¢ kpbr). Enna ot 14X € Haja (ropHaTa orpajieHa TO4ka), a APyruTe JIBe
o1 (ABETE JTOJIHA OTPaJCHU TOYKH) MPOTHOCTUYHUS HHTepBas. Ha ®durypa 3.2
C€ OTKpOsIBaT Pe3yiTaTUTE Ha 3 ChCTE3aTelsd, YUUTO pe3yJiTatu ca u3BbH 90%
MPOTHOCTUYEH HWHTEpBaN (OorpajeHu ¢ Kpbr). I Tpute TOukM mnomajgaT Haj
MIPOTHOCTUYHHMS UHTEPBAJ (TOPHUTE TPU OTPAJICHHU TOUKH).
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[lo oTHOlIEHME Ha Bb3pacTOBaTa JIWHAMUKA Ha T[IOKa3aTeIUTe Ha
aHaepoOHaTa pabOTOCIIOCOOHOCT OT aHaepOOHUS TECT Y MHTEHT 3a JOJIHATA YacT
Ha TSAJIOTO, MOAOOHO HAa JpYrd aBTOpH, HaOIIOJaBaMe yBEIWYCHHE Ha
aHaepoOHaTa pabOTOCIIOCOOHOCT € YBEJIMYABaHE HA BH3PACTTAa HA ChCTE3ATEIIUTE
(Van Praagh, 2000; Vandewalle et al.,, 1989; Carvalho et al., 2011).
@nykryauuure npu 17-ronuiHu A1eBOMKY U 14-TOAUIIHYA FOHOIIM BEPOATHO CE
IBJDKAT HA TPAHCBEP3AJIHUS XapaKTep Ha U3CIEABAHETO U MAJIKUs OpoU Ccllydau B
Te3u Bb3pactu (N =3 AeBOMKU U N = 3 [OHOIIM). AOCOIIOTHUTE CTOMHOCTH Ha
OCHOBHHTE TOKa3aTelld HapacTBaT B MO-TOJISIMA CTEIEH CHPSIMO OTHOCUTEITHUTE
U npu aBara mnoja. ToBa ce ABDKM Ha (akra, 4e aOCOIIOTHUTE CTOMHOCTH
OTpa3siBaT KaKTO KAayeCTBEHUTE (PU3MOJIOTUYHU MPOMEHH M KOJIMUYECTBEHHTE
U3MEHEHHS B ChCTaBa Ha TSJIOTO, TaKa M Bb3PACTOBOTO aOCOJIOTHO YBEITUYCHHE
Ha MycKyJiHaTa Maca. [1o-mankust Opoit HaOIIOAEHUS B HACTOSIIIOTO U3CJIeIBaHe
B CpaBHEHHE C mpoyuBaHus Ha apyru aBropu (Van Praagh 2000), ¢ mo-rossim
Opoll cilydan, HEe MO3BOJISBA Ja C€ TBbPAM €IHO3HAYHO Jlajdu B myOepTeTa ce
HaOmofaBa 3a0aBeHO pa3BUTHE Ha aHaepoOHaTa pabOTOCIMOCOOHOCT TIpH
JICBOUKHU.

[TpencraBeHUTe MEPCCHTHIHU OIEHKKM Ha cpeanara momrHocT (AP) ot
aHaepoOHUsI TeCT YHMHIEHUT 3a JO0JIHATA YacT Ha TAJOTO 3a JIEBOWKHU U IOHOIIM
(Tabnuma 3.11 u Tabmuma 3.10) uMat camo TpeaBapUTEICH, OPUCHTUPOBBYCH
XapakTep. 3a ILenuTe Ha ObJaemiaTa TPEHbOPCKA NPaKTHKa € HEe0OXO0IUMO
CUCTEMHO BB3PACTOBO IIpOCJE/IsBaHE Ha IIOKa3aTeIuTe Ha aHaepoOHaTa
paboTOCIIOCOOHOCT MPU ETUTHU ChCTE3aTENH 110 ITyBaHe B bbirapus, cb3naBane
U MOCTOSIHHO aKTyaJln3UpaHe Ha Bb3PAaCTOBU HOPMH, OCHOBAHU Ha HAIIMOHAIHU
JIOHTUTYUHAJIHU U3CJIE/IBaHNUS.

AHaepoOeH TeCcT YHHIEHT 32 TOPHATA YACT HA THJIOTO
Bapuauuonen anaaus

B Tabnuna 3.12 ca nmpencraBeHu pe3yyITaTuTe OT BApUAIIMOHHUS aHAJIU3 Ha
U3CJIe/IBAHUTE JEBOWKM cTapma Bb3pacT (15-17 rogwnu), KakTo CleBa:
AHTPOIIOMETPUYHU TIOKa3aTeNId, PEe3yJTaTh OT aHACPOOHHS TeCT YHUHIEHT 3a
ropHaTa 4acT Ha TsUIOTO U TUTYBHHUTE MOCTHKEHHUS B cBOOOEH cTiil. CpeaHUsT
PBCT Ha cheTe3arenkuTe Oeme - 171,2 £ 4,82 ¢cm, a cpeano terino — 61,1 + 3,74 Kg.
W npu nBata mokazaresns KoepUIIMEHTHT HAa Bapualus Oerie mo-Huchk ot 10%,
KOETO TIOKa3Ba CHJIHA €JHOPOJHOCT Ha Trpymara IO OTHOIICHHWE Ha
aHTPOITOMETPUYHHTE JaHHU. CPETHUTE CTOMHOCTH Ha aOCOJIFOTHUTE ITOKA3aTEIH
OT TecTa YUHreut Osixa: MakcuManHa moiHocT (PP) — 294,3 + 85,70 W, cpenna
momuoct (AP) - 209,50 +47,82 W, wmunumanaa womHocT (MP) -
2196 £5229W wu cmax wa wmomuocrra (PD) — 154,7 £38,11 W.
Koeduimenture Ha Bapuanus npu Te3u nokasarenu 0sgxa B nuanazona ot 28,31
1o 36,94%, kato Hail-manbK Oelie To3u 3a cpeHa MoiHocT (AP), a Hali-roysim
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3a cnaga B wmomHocTtra (PD). Cpeanure CTOMHOCTM Ha OTHOCHUTEIHUTE
nmokasareim Osxa: makcumaiiHa mormHocT (RPP) - 4,78 £ 1,21 W/kg, cpenna
momaocT (RAP) — 3,58+0,71 W/kg, wmumaumanHa wmomrHOocT (RMP)
2,53+£055W/kg wum cnax B wmommuocrra (RPD) - 2,28 +0,76 W/Kg.
Koeduiuenture Ha Bapuainus mpu Te3M MoOKa3aTeln Bapupaxa mexay 19,75 u
33,42%, xaTo Hall-HUCHK Oelre To3u Ha cpeaHaTa MomHOCT (RAP), a Haif-BuCOK
Oemre To3u Ha criaga B MomHocTTa (RPD). OTHOCHTETHUTE MOKa3aTeITe MMaxa
O-MaJIKU KOe(UIIMEHTH Ha BapuallMs U ChbOTBETHO IO-BUCOKA €THOPOJHOCT B
cpaBHeHHE ¢ abcomoTHUTE. KakTo rpu aHaepoOHUs TECT Ha 3a JI0JIHaTa 4acT Ha
Ts10TO, mnokazarenure tPP, PVmax u tVmax wumaxa roimsiMm pasMax u
KOC(HUIIMEHTH Ha Bapualysi MHOTO To-BUcoku oT 30% (ot 58,72% mo 147,90%).
CpenHuTte CTOMHOCTH Ha IJTyBHUTE MOCTHIXKEHUsITA 0sXa KakTo cieasa: Ha S0 m
cBoOoieH cTui - 28,79 £ 1,53 s, koeTo otroBapst Ha 504 Touku 1Mo Tabiauiara Ha
®UHA, na 100 m cBobomen ctui - 63,77 £2,90 s. (496 Touku) u Ha 200 M
cBoboaen ctii — 137,80 + 5,43 s (532 Toukn). KoepunueHture Ha Bapuanus npu
CIIOPTHHUTE TMOCTIKEHUsT Osixa mo-HUChKkU oT 10% (ot 3,94 no 5,31%), xoeto
MOKa3Ba CHUJIHA ETHOPOAHOCT HAa W3BaJKaTa IO OTHOIIEHHWE Ha CIOpTHATa
kBanupukauus. Ilpu [1eBOWKUTE TOBEYETO H3CIEABAHU IOKAa3aTenu, C
mkmoueHne Ha PD% wu pesynrature ma 50 m 100 m ca ¢ HOpMaiiHO
pasmpeencHue.

Tabauua 3.12
Bapuayuonen ananuz na anmponomempuurHume nokazamenu, pesyimamume om
aHaepobHus mecm YuHeeum 3a eopHama 4acm HA MALIOMO U NIYEHUME
NOCMUMICeHUsl Ha u3cied8anume 0esouxu cmapuia vspacm (15-17 2o0unu).

Variables ¥ | n | Range Xmin Xmax | ND X SD V%

Height[cm] |9 | 14,0 163,0 | 177,0 |yes| 171,2# | 4,82 2,81
Weight[kg] | 9| 115 95,2 66,7 |yes| 61,1 3,74 6,13
PP [W] 9| 236,7 | 176,6 | 413,3 |yes| 2943 85,70 | 29,12
RPP [W/kg] | 9 3,1 3,2 6,3 yes | 478 1,21 25,35
AP [W] 9] 150,3 | 146,5 | 296,8 |yes| 219,6 52,29 | 23,81
RAP [W/kg] | 9 1,9 2,6 4,5 yes | 3,58 0,71 19,75
MP [W] 9| 1041 99,3 203,4 |yes| 1547 38,11 | 24,64
RMP [W/kg] | 9 1,5 1,6 3,1 yes | 2,53 0,55 21,53
PD [W] 9| 1444 65,5 209,9 |yes| 139,7 51,59 | 36,94
RPD [W/kg] | 9 2,1 1,1 3,2 yes | 2,28 0,76 33,42
PD [%] 9| 212 31,0 52,2 no 46,5 7,04 15,14
TW [J] 9| 4406,4 |4382,4| 8788,8 | yes | 6506,7 | 1545,02 | 23,75
50 m [s] 9] 504 26,01 | 31,05 | no | 28,79 1,53 531
100 m [s] 41 6,07 5948 | 65,55 | no | 63,77 2,90 4,55
200 m [s] 41 12,27 129,86 | 142,13 |yes | 137,80 5,43 3,94

ND — HopMainHo pasmnpeneneHue
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Tabauya 3.13
Bapuayuonen ananuz na anmponomempuunume nokazamenu, pe3yaimamume om
anaepoonus mecm Yuweeum 3a 20pHAMA YACM HA MAIOMO U NILYGHUME
noCmMudICenusl Ha uzciedganume Howy ctapiia Bb3pact (15-17 rogunn).

Variables & | n | Range | Xmin Xmax | ND X SD V%
Height [cm] 28 | 27,0 | 165,0 | 192,0 | no | 180,3 591& | 3,28
Weight [kg] 28 | 20,9 | 60,9 81,8 |yes| 70,1 538 & | 7,68
PP [W] 28 1 596,7 | 318,5 | 915,2 |yes| 560,8 |132,17 & | 23,57
RPP [W/kg] | 28 | 8,2 4,2 12,4 |yes| 7,97 1,64 & |20,50
AP [W] 28 | 257,0 | 260,5 | 5175 |yes| 386,2 | 63,85& |16,53
RAP [W/kg] | 28 | 3,5 3,4 6,9 |yes| 5,50 0,75& |13,66
MP [W] 28 | 206,3 | 147,8 | 354,1 |yes| 2475 | 41,32 & |16,69
RMP[W/kg] | 28 | 2,4 2,1 45 |yes| 3,52 0,52 & |14,72
PD [W] 28 | 501,3 | 119,6 | 620,9 |yes| 313,3 |111,10 & | 35,46
RPD [W/kg] | 28 | 6,8 1,6 8,4 |yes| 4,45 144 & | 32,49
PD [%0] 28 | 31,7 | 375 69,2 |yes| 545 8,76 * |16,08
TW [J] 28 |7458,1| 7853,2 |15311,3| yes | 11398,5 | 1839,5 & | 16,14
50 m [s] 28 | 432 | 2356 | 27,88 | no | 25,29 1,31 & | 5,19
100 m [s] 13| 6,62 | 52,18 | 58,80 | no | 53,76 1,72# | 3,20
200 m [s] 12 | 11,10 | 112,69 | 123,79 | yes | 117,66 | 3,67 & | 3,12

*-p<0,05; #-p<0,01; & - p<0,001 cnpssmo nepoiikure; ND — HOpmaTHO
pasnpeieliCHIE;

B Ta6nuna 3.13 ca npeacrtaBeHu pe3yaTaTUTE OT BapUAllMOHEH aHAJIU3 Ha
M3CJIeIBAHUTE IOHOIIM cTapma BBb3pact (15-17 rogunu), KakTto cienBa:
QHTPOTIOMETPUYHM TOKA3aTeM, PE3yJITaTH OT aHAEPOOHUsI TECT YHUHIEHUT 3a
ropHata d4YacT Ha TUIOTO W IUTyBHUTE TMOCTHXeHUsA. CpemHusIT pPBCT Ha
cberesarenute Oeme - 180,3+591cm, a cpeano Termo - 70,1 £ 5,38 kg.
Koedunmenture Ha Bapuamus npu Te3u mnokaszartenu Osxa mox 10%, koero
MOKa3Ba CHJIHA €THOPOJHOCT Ha TpymaTa IO OTHOIICHHWE Ha PhCTa U TETJIOTO.
CpenHute CTOMHOCTH Ha aOCONIOTHHUTE IOKa3aTeld OT TecTa YHMHICUT Osxa:
makcuManHa MormrHocT (PP) — 560,8 + 132,17 W, cpenna momHocT (AP) —
386,2 £ 63,85 W, munumanaa momuoct (MP) - 2475+41,32 W u cnag Ha
morHoctTa (PD) — 313,3 £+ 35,46 W. Koedurmenture Ha Bapuaius npu Te3u
IIOKa3aTelM Oelle B auama3zona ot 16,53 no 35,46%, kaTto Hall-MaIbK O€llle TO3U
3a cpeana MomHocT (AP), a Hail-romsim To3u 3a cmajga B MomrHoctTa (PD).
CpenHuTe CTOMHOCTM Ha OTHOCHUTEIIHMTE IMOKa3aTeld OT TecTa YMHIEHT 3a
ropHaTa 4acT Ha TsUT0TO Os1xa: MmakcuMaiHa moiaocT (RPP) — 7,97 £ 1,64 W/kg,
cpeana momHoct (RAP) — 5,50 + 0,75 W/kg, Mmunumanna momnoct (RMP)
352+052W/kg wu cnax B wmommuoctra (RPD) — 4,45+144 WIkg.
Koedunnenture Ha Bapuanys npu Te3u nokaszaTtenu 0sxa mexay 13,66 u 32,49%,
KaTo Hal-HUCHK Oere To3M Ha cpeaHara MomHocT (RAP), a Hail-BUCOK TO3M Ha
cnaga B MourHoctta (RPD). OTHOCHTENHUTE TOKa3aTtenuTe OsXa C MO-BUCOKA
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€HOPOJHOCT B cpaBHEHHE ¢ aOcomtoTHuTe. [lokazatenute tPP n tVmax nmaxa
TOJISIM pa3Max U roJieMu Koe(huIueHTH Ha Bapuanwsi, mo-BUcoku oT 30% (77,79%
1 56,09%), KoeTo noka3Ba cuiaHaTa UM HeeAHOPOAHOCT. CpeTHUTE CTOMHOCTH Ha
nmocTmkeHusaTa 0sxa: Ha 50 m cBoboaeH ctmin — 25,29 + 1,31 s, koeTo oTroBaps
Ha 514 touku 1o Tabaunata Ha PMHA, va 100 m cBoboaen ctmii—53,76 £ 1,72 S
(584 Toukm), Ha 200 m cBoGomen ctunm — 117,66 %3,67 (602 Ttoukn).
Koedumuenture Ha Bapuaiys mpu CIIOPTHUTE MOCTHKEHUS Os1Xa B PAMKUTE OT
3,12 no 5,19%, xoeTo moka3Ba CHJIHA €AHOPOIHOCT Ha U3BAJIKaTa 10 OTHOIIIEHUE
Ha CIIOpTHATa KBaIU(pUKAIIHS.

PovcrhT, tPP [ms] u cnoptauTte noctuxkenus Ha 50 u 100 m Ha roHOIIMTE,
ca C pasnpeesieHue Pa3jJuyHO OT HOPMAIHOTO. BCUYKM Apyrd HU3CIIeIBaHU
MOKa3aTeIu UMaT HOPMAJTHO pa3npeeieHue.

I(opeﬂauuoueu anaius

B Tabmuma 3.14 e nmpenctaBeH KOpENAIMOHHUAT —aHalu3  Ha
AHTPOIIOMETPUYHUTE MTOKA3ATENH, PE3YIATATUTE OT aHaePOOHUSI TECT Y UHTEUT 3a
TOPHU KPAaWHUIM U TUTyBHUTE MOCTHXKCHHS HA M3CJICIBAaHUTE JEBOMKU CTapia
Bb3pacT (15-17 roamnum). Mima BHcOka Kopenalusi MEXIY PbCTa M TErJIOTO
(r=0,809; p<0,008). CwnirecTByBaT MHOTO BHCOKH BBTPEIIHH KOpEIAlUU
Mexy pesyartatute oT Tecta (oT r = 0,962 no r = 0,990) u BUCOKH MEXKAY
mnyBHUTE pesyartatd (ot r = 0,962 no r = 0,986). HabGnronaBaT ce BUCOKH
KOpEeamuy KakTO MEXTy Bh3pacTTa U MTOKa3aTeInTe OT aHaepOOHHUS TECT, TaKa U
MEXIy AaHTPOTIOMETPUYHUTE JaHHW W MaKCHUMaJlHaTa W CpeaHaTa MOIIHOCT.
[Toctwkenusita Ha 50 M cBOOOAECH CTUII KOpEIUpaT JOCTOBEPHO C MOKA3ATECIIUTE
OT aHaepoOHMS TeCT, KaTo Hail-BHCOKA € KOpelalusaTa ChC CpeaHaTa MOIIHOCT
(r=0,794; p <0,011).
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Tabauya 3.14
Kopenayuonen ananuz na aumponomempuunume nokasamenu, pe3yimamume om
anaepoonus mecm Yuweeum 3a 20pHAMA YACM HA MAIOMO U NILYGHUME
NOCMUCeHUsl Ha uzciedganume 0esouxu cmapuia v3pacm (15-17 2o0unu).

? Wingate | oo |ieightWeight PP | RPP | AP | RAP |50 m|100m
upper body
. corr. | 0,502
Height! o | 0169
. corr. | 0,478 | 0,809
Weight ;[ 0,193 | 0,008
PP corr. 0,776 | 0,634 | 0,732
sig. | 0,014 | 0,067 | 0,025
~pp | COrT. | 0,778 0,550 | 0,604 | 0,984
sig. | 0,013 | 0,125 | 0,085 | 0,000
Ap | COm. 0,787 0,689 | 0,765 | 0,990 | 0,962
sig. | 0,012 | 0,040 | 0,016 | 0,000 | 0,000
= Ap | COT- 0,809 0,582 [ 0,610 [ 0976 [ 0,984 | 0977
sig. | 0,008 | 0,100 | 0,081 | 0,000 | 0,000 | 0,000
50 | CO- |-0.813|-0,676 0,798 [-0,779]-0,709-0,794]-0,711
sig. | 0,008 | 0,046 | 0,010 | 0,013 | 0,032 | 0,011 |0,032
100 m | €OT- | -0,407 |-0,4241-0,375 |-0,463 |-0,280|-0,630|-0,513[0,962
sig. | 0,593 | 0,576 | 0,625 | 0,537 | 0,720 | 0,370 | 0,487 [0,038
200 m | COIT- |-0.532[-0,273[ -0,214 0,412 |-0,313|-0,561-0,532|0,9630,986
sig. | 0,468 | 0,727 | 0,786 | 0,588 | 0,687 | 0,439 |0,468 [0,037|0,014

B Tabmuma 3.15 e mpeacrtaBeH KOpENAMOHHUAT —aHalUM3  Ha
AHTPOIIOMETPUYHUTE MTOKA3ATENH, PE3YIATATUTE OT aHAEPOOHUS TeCT Y UHTEHUT 32
ropHaTa 4acT Ha TSAJOTO U IUTyBHUTE MOCTHUKEHUS Ha M3CJICIBAHUTE FOHOIIU
ctapmia Bb3pact (15-17 ronqunn). HabnrongaBa ce 3HaUMTEIHA KOpETAIUs MEXKIY
pbera u Tersoto (r = 0,528; p < 0,004). CeiiecTByBaT MHOTO BUCOKH BBTPEIITHH
Kopenauuu Mexay pesyiararute ot tecta (ot r = 0,846 no r = 0,948) u Bucoku
Mexay mryBHuTe pesynaratu (ot r= 0,521 go r = 0,882). Uma kopenauu Mexmay
TErJIOTO M MakcuMaiaHaTa MomHocT (r = 0,648; p < 0,012) u Mexay TErIoTo |
cpennara moutHOCT (r = 0,540; p < 0,003). Pesynrature Ha 50 M cBOOOAEH CTHI
KOpeJIMpaT C TErJ0TO M MOKa3aTeauTe OT aHAepOOHUsI TECT, KaTO Hali-BUCOKA €
KOpenanusaTa MEXKAYy IOCTHKCHUsATa W cpeaHara  wmomHOCT  (AP)
(r=0,771, p<0,001). HaGmomaBa ce TMOHW)KAaBaHE Ha Koe(HIIMEHTa Ha
KOpeJalysl ChC CPeHATa MOUTHOCT NP YBEJIMYABAHE HA IJIyBHATA IUCTAHIIMS.
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Tabauua 3.15
Kopenayuonen ananuz na aumponomempuunume nokasamenu, pe3yimamume om
anaepoonus mecm Yuweeum 3a 20pHAMA YACM HA MAIOMO U NLYGHUME
NOCMUCeHUsl Ha U3ced8anume Howu cmapuia evspacm (15-17 200unu).
d Wingate | o | oioht\Weightt PP | RPP | AP | RAP |50 m|100m
upper body
. |corr.| 0,127
Height! 4.1 0,520
corr.| 0,160 | 0,528
sig.| 0,415 | 0,004
corr.| 0,246 | 0,144 | 0,468
sig. | 0,207 | 0,463 | 0,012
corr.| 0,235 |-0,019| 0,167 | 0,948
sig. | 0,228 | 0,924 | 0,394 | 0,000
corr.| 0,249 | 0,124 | 0,540 | 0,933 | 0,846
sig. | 0,201 | 0,529 | 0,003 | 0,000 | 0,000
corr.| 0,220 |-0,136| 0,093 | 0,847 | 0,912 | 0,886
sig. | 0,261 | 0,491 | 0,638 | 0,000 | 0,000 | 0,000
corr.|-0,251|-0,117|-0,511 | -0,756 |-0,674 | -0,771 |-0,642
sig. | 0,198 | 0,553 | 0,005 | 0,000 | 0,000 | 0,000 | 0,000
corr.|-0,199|-0,755| -0,222 | -0,516 |-0,499| -0,615 |-0,581/0,882
sig. | 0,514 | 0,003 | 0,465 | 0,071 | 0,082 | 0,025 | 0,037 ]0,000
corr.|-0,398|-0,418 | -0,183 | -0,566 | -0,554 | -0,585 |-0,567(0,521|0,734
sig.| 0,201 | 0,177 | 0,568 | 0,055 | 0,062 | 0,046 | 0,054 ]0,082/0,016

Weight

PP

RPP

AP

RAP

50 m

100 m

200 m

P €2PDEeCUOHEH anaiu3

I[To otnenHo 3a qBaTa MoJia € MPOBECH JJMHEEH MHOKECTBEH PEerpecHOHEH
CTBIIKOB aHAJIM3 3a OLIEHKa Ha KOMOWHHMPAHOTO BIMSHUE HA H3CJICBAHUTE
MOKa3aTesy 3a aHaepoOHaTa paboTOCOCOOHOCT BBPXY MOCTH)eHUEeTo Ha 50 m
cBoOoseH cTui. B cThmkoBaTa perpecusi KaTo HE3aBUCHUMH MPOMEHJIMBHU Osxa
BKJIFOUEHU OCBEH IOJIyYEHUTE Hall-MHPOPMATHUBHH MOKA3aTeNId OT aHAepOOHUS
TECT 3a TOPHATa YacT Ha TAJIOTO U Bb3pacTTa, pbCTa U TETJI0TO HA ChCTE3aTEINTE.

[Mpu neBoiikute (durypa 3.3), ciaen mMpoBencHHUS CTHIIKOB PEerpeCHOHEH
aHaJIM3, KaTO €JUHCTBEH apryMEHT B PETPECMOHHOTO ypaBHEHHE OCTaHA CaMo
MOoKa3zaTeNsIT adCo0THA cpeiHa MOITHOCT (AP). YpaBHeHue nma ClieTHUS BUL:

50 m time [s] =-0,0227 . AP [W] + 33,58 (r =-0,788; p <0,001)

[Mpu ronommte (durypa 3.4), ciiex MpPoBEICHHS CTHIIKOB PErpecHOHEH
aHaJiu3, KaTo €MHCTBEH apryMEHT B PErPECMOHHOTO YPaBHEHHE CHIO OCTAaHA
camo mokazarejsaT cpeana MoinHocT (AP). YpaBHeHue uma CiaeIHus BU:

50 m time [s] = -0,0158 . AP [W] + 31,36 (r =-0,811; p <0,001)
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@Duzypa 3.3 I paguuno npedcmassane Ha TUHEUHOMO PecPeCUOHHO YPaBHeHUe 3a
3A68UCUMOCMMA HA CHOPMHOMO NOCMUdICEHUE NpU O0esouKume om cpeoHamd
mowHocm (AP) passuma npu mecma Yuueeium 3a 2opHama 4acm Ha msjiomo
(r =-0,788; p <0,001). C nynkmupanu aunuu e ouepman 90% npoenocmuuen
UHmMepeal, a mouKume KOUmo u3iu3am u3ebH He2o ca OYepmaHil ¢ Kpbe.
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Duzypa 3.4 I paghuuno npedcmassne Ha TUHEUHOMO PecPeCUOHHO YpasHeHue 3d
3a8UCUMOCMMA HA CNOPMHOMO NOCMUMICEHUe NpU FoHOwUme om cpeoHama
mowHocm (AP) passuma npu mecma Yuneeim 3a eopuama uacm Ha msjiomo
(r =-0,811; p<0,001). C nynkmupanu nunuu e ouepmarn 90% npocnocmuuen
UHmMepBal, a MouKume KOUmo U3iu3am U38bH He2o ca O4epmManil ¢ Kpbe.
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Hepcenmuﬂuu OUEHKU

[lepceHTHIIHUTE OLIEHKU HA PE3YJITATHTE OT aHACPOOHHUSI TECT Y MHTEUT 3a
ropHaTa 4acT Ha TsUIOTO MOraT Ja ObAaT U3M0JI3BaHU 3a OLIEHKA Ha aHaepoOHaTa
paboTOCTIOCOOHOCT MPH ChCTE3aTENH 110 TuTyBaHe. [1og00HO Ha aHaepoOHUS TeCT
VYUHrelT 3a J0JIHaTa YacTHA TSUIOTO BB3PACTOBUAT AMANA30H HA U3CIEABAHUTE
neBoiiki W roHomm € oT 13 go 18 roaumHu, KOeTro ompeznens ChIIECTBEHU
BB3PACTOBU pa3jinyusl B MoOKa3zarenuTe oT Tecra. [lopaau Ta3u mnpuynHa
ChCTE3aTeIUTE OT JABaTa MoJjia 0s1Xxa pa3/e’eH! Ha TPU Bb3PAaCTOBU TPYIH CHOPE
Te3u onpeneneHd ot bOIIC: roHomm u aeBoiiku Miama Bb3pact (13-14 roxu.);
IOHOIIIY ¥ JIEBOWKH cTapiia Bb3pact (15-17 rox.); mbxe u sxeHu (18+ rox.) B Te3u
IpyIud, B KOUTO MMAallle JIOCTaThbueH Opoil ciiydyau (IOHOIIM M JEBOWKHU cTapiia
BB3pACT), OsiXa W3UMCICHU TEPCEHTUIIHM OICHKU 3a Hal-MH(POpMAaTUBHUTE
MOKa3aTesid OT aHaepOOHMUSI TECT.

Tabauua 3.16
Iepcenmunnu oyenxu (PCTL) na ocnoenume nokasamenu om anaepobnus mecm

Yuneeiim 3a copnama uacm na msanomo 3a O0esouxku cmapuia evspacm (15-17
200.)

PP | PP | AP | AP
PCTL | wp | [wikg]| W] | [Wikg]
99,9% | 413,3 | 6,30 | 296,8 450
875% | 3894 | 6,20 | 270,8 4.40
75,0% | 363,3 | 5,70 | 267,0 4.20
62,5% | 3246 | 540 | 236,0 3,80
50,0% | 306,8 | 5,00 | 216,6 3,60
375% | 256,3 | 4,20 | 202,3 3,30
25,0% | 211,3 | 3,60 | 180,4 3,10
125% | 207,5 | 3,40 | 159,7 2,70
1,0% | 176,6 | 3,20 | 146,5 2,60
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Tabnuya 3.17
Iepcenmunnu oyenxu (PCTL) na ocnoenume nokasamenu om anaepobnus mecm
Yuneetim 3a 2coprama wacm na msnomo 3a roHouwiu cmapuia evzpacm (15-17 200.)

PP | PP | AP [ AP PP | PP | AP | AP
POTE | twi | (wikg] | (Wi | wikgl | P | tw | twikg] | (W] | [Wik]

99,9%915,2| 12,40 [517,5| 6,90 |48,1% |53/,7| 7,85 |378,1] 5,60

96,2%772,0] 10,10 |507,1| 6,60 | 44,4% |522,7| 7,70 |377,9| 5,45

92,5%744,0] 9,90 |4652| 6,40 | 40,7% |515,6| 7,70 |376,5| 5,40

88,8%01694,9| 9,60 4590/ 6,20 | 37,0% |5149| 7,60 |362,1| 5,30

85,1%685,9| 9,40 |442,2| 6,15 | 33,3% |501,9| 7,20 |357,7| 5,20

81,4% 6749 9,35 [4349| 6,10 | 29,6% |487,0] 7,20 [345,9| 5,10

771,/1%656,8] 9,20 [432,9| 6,05 | 259% |486,9| 7,20 [343,0] 5,00

74,0%633,6| 9,00 [427,8] 6,00 | 22,2% |480,5| 7,20 [337,8] 4,90

70,3%603,6| 8,50 4215 595 | 18,5% [445,0] 6,90 |323,7| 4,85

66,6% 600,2| 8,40 |413,0/ 590 | 14,8% |438,4| 6,40 |321,5] 4,80

62,9% 594,55 8,30 |410,2| 585 | 11,1% |424,3| 6,40 |319,7| 4,75

59,2% 5818 8,25 [406,5| 580 | 7,4% |412,7| 6,20 [29/7,5] 4,70

55,5%558,5| 8,00 [399,4| 5,70 | 3,7% |343,7| 510 [283,9| 4,20

51,8%557,3] 7,90 [391,9] 5,65 | 1,0% |318,5| 4,20 [260,5| 3,40

Juckycus 6vpxy pesynimamume om aHaepooOHus mecm Yunzeiim 3a
20pHama 4wacm Ha msajao0mo

Bapunaronnus anamu3 (Taoimmmna 3.12 m Tabnwuma 3.13) ycraHoBH, 4e
W3CJICIBAHUTE TPYNH JACBOWKKM M IOHOIIW CTapIlia Bb3pacT ca CHIIHO €IHOPOIHU
[0 OTHOIIICHHE Ha TErJIOTO M PHCTa, KOETO MOKa3Ba XOMOTCHHOCTTA Ha JIBETE
u3Bajaku. [lopaau orpaHWYeHHs KOHTHHTGHT HE € IMPEICTAaBeH BapHAIlMOHCH
aHaym3 3a toHomM (N=5) m neBoiiku (N=4) muajama Bb3pacT, KakKTO M 3a
Bb3pacToBa rpyna Mexe (N=4) u sxenn (N=2).

W npu aBara mnoja B cTapuia Bb3pAacT OTHOCHUTEIIHUTE MOKAa3aTeld Ha
aHaepoOHaTa pabOTOCTIOCOOHOCT UMAT MO-HUCHK KOS(MUIIMEHT Ha BapHalus OT
ChOTBETHUTE aOCOJIIOTHM TMOKa3aTrenu. Bapuamnusta e Hail-HHCKa TIpH
oTHOcuTenHaTa cpeaHa MourHocT (RAP) u Hail-Bucoka nmpu aGCOMOTHUS CIIaj] Ha
mormHocTTa (PD). To3u mo-HMCHK KOEPHUIIMEHT BEpPOSITHO € B pPe3yJsiTaT Ha
OTCTpaHEHaTa BapHallvsl, IbJDKaIIa Ce Ha Pa3jIuKaTa B TETJIOTO MPU a0COIOTHUTE
nokazarenu. IlomoOHO Ha aHaepoOHUSI TeCT YUHIEUT 3a JIOJHU KpaWHHUIIH,
IOpaau rojsMara HeeOQHOPOAHOCT Ha mokasarenure tPP, PVmax u tVmax u
JUIICaTa Ha JOCTOBEpHA KoOpeJalus, KaKTo MO MEXIy MM, Taka U C BCHUYKHU
OCTaHaJIM MOKa3aTelld, BKIFOYUTEITHO U ChC CIIOPTHUTE MOCTHIKECHUS, KAKTO TPU
JIEBOMKHUTE, Taka U TPU IOHOIIUTE CTapilia BB3PACT, T€ OsfXa HU3KIIOUYECHH OT
aHasu3a.
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Cnoptaute noctmwkeHus Ha 50, 100 m 200 m cBoOojeH CTUI TpHU
JIEBOMKUTE W NP FOHOIIUTE CTapIia Bh3PacT BapupaT B OJU3KU TPAHUILIA MEKTY
496 u 602 toukm mo Tabmunara Ha OPVMTHA ¥ ChOTBETHO MMAaT MHOTO HHUCHK
koepumment Ha Bapuanus (ot 3,12% mo 5,31%). ToBa mokasBa cuiaHa
€HOPOJTHOCT Ha U3Ba/IKaTa U IO OTHOIIIEHUE HAa CIOPTHO TEXHUYECKUTE KAaUeCTBa
Ha cbeTe3aTenuTe. [locTmkenusTa Ha JeBoMKHUTe cTapiua Bb3pact Ha 50, 100 u
200 m cBoOoxaeH crui ca no-6asau ¢ 1,14, 1,19 u 1,17 0bTH CHOTBETHO OT TE3U
Ha roHommTe. Ta3u paznuka cboTBercTBa HA 1,90 MbTH MO-TOIsIMA MaKCUMaTHA
mornrHocT (PP) m 1,76 mbti mo-ronsiMa cpenHa MomHocT (AP) Ha roHOmMTE
cipsiMO Ta3u Ha jAeBoiikuTe. Kato ce uma npeasus, ye He0OX0IMMAaTa MOITHOCT
IpU TUTyBaHE Ce yBeJIMYaBa C TpeTara CTeNeH Ha CKOpPOCTTa, To mpH 1,76 mbTH
0-MaJiKa CpeJIHa MOILITHOCT Ha JIEBOMKUTE CIPSIMO IOHOIIIUTE, MOXKE J]a CE OYaKBa,
Ye CKOpPOCTTa U MOCTUKEHUETO, TpsiOBa Ja obnary/1,76 = 1,20 0bTH MO-HUCKH.

Ot kopenanmonnus aHanm3 (Tadmuna 3.14 u Tabauya 3.15) u npu aBaTa
1oJia B CTapiia Bbh3pacT MMa JOCTOBEPHA BUCOKA KOpEJAIHs MEXKIY TErJIOTO U
pbcra — 3a nesoiiku r = 0,809 (p <0,008) u 3a ronomm r = 0,528 (p < 0,004).
JIOCTOBEpHH KOpeJallMk Ha BB3PACTTa C AaHTPOIIOMETPUYHHTE JAHHU Ce
HA0JII0/1aBaT BEPOSATHO IMOPAIN TECHUTE U3CJICIBAHA Bb3PACTOBH JUAIIA30HH.

YcranoBeHn Osixa JOCTOBEPHH, BHCOKH BBTPEITHU KOpEJAIlMH, KaKTO
MEX Iy TTOKa3aTesuTe OT aHAaepOOHHUS TECT, TaKa U MEXK/y IITyBHUTE PE3yJITaTH U
IIpU JIBaTa IoJjia B cTapiia Bb3pacT. KakTo mpu 1eBOWKHUTE, TaKa U MPU IOHOIIUTE
ce 3a0ensi3Ba CWJIHA B3aMMHA KOpeJaIusi MEXIy OCHOBHUTE IOKa3aTelid Ha
anaepoOHust tect — PP, AP u MP. Ot cBosi cTpaHa mo-BucokaTa MakCUMaTHa
MOIIIHOCT Ha ropHara 4dact Ha Tsuioto (PP) e cBBbp3ana c¢ mo-ronsiMm cmaj B
pabotocnocobHoctTa (PD) B Xxoma Ha uscnenBaneTo (kopemanuute ¢ PD He ca
npencrtaBeHu B Tadiumara). ChIo Taka Mmo-BUCOKaTa peajnu3upaHa MakCUMaIHa
momrHocT (PP), oTroBapst Ha oBeue u3BbpiieHa padora (AP). [Ipu aBara nona
OTHOCHUTEITHUTE MOKa3aTelu OT TecTa HAMAT JOCTOBEPHA KOpEeNaIus ¢ TErjaoTo,
ThH KaTO HETOBOTO BIMSHHUE € OTCTPAHECHO NIPH U3YHCIICHUETO UM.

OT mnokazaTenuTe Ha aHAepOOHUS TECT, HaW-BUCOKA KOpENalMs ChC
crnopTHUsA pe3ystar Ha S0 m cBOOOAEH CTUII, M IIPH JIBAaTa M10J1a UMa a0COJIIOTHATA
cpenna momHOCT (AP). [Ipu neBoiikuTe KoehUIUEHTHT Ha Kopenamus ¢ -0,794
(p<0,011), a npu rwuommte -0,771 (p<0,001). JIBara koedwuimeHta Ha
KOpeanus He ce pasanuaBaT 1octoBepHo momexay cu (p = 0,910).

JlpyTu aBTOpH CHINO OMPEACNIAT CPeAHATA MOIIIHOCT OT aHAepOOHHUS TECT
3a ropHaTa 4acT Ha Tsu10TO (AP), KaTo mokasaTes, Hail-BUCOKO KOpelupal] ChC
CKOpPOCTTa Ha IuTyBaHe B cripuHToBUTE Aucuuiuinan (Hawley & Williams, 1991;
Hawley et al., 1992). Ot apyra ctpana, Rohrs & Stager (1991) noknaasat 3a
MaJIKO MO-BUCOKHU KOpEJIAlMK MEXIY CKOPOCTUTE Ha ITyBaHe Ha 25 u 50 sipna u
MaKCHMaJHaTa MOIIHOCT, 1okaTo npu auctannusa 100 sapaa oTyurat Majiko mo-
BHCOKa KopeJalusi ChC CpeHaTa MOIIHOCT. J[pyru mpoyuBaHUs yCTaHOBSIBAT WIIH
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HUCKHM KOPEJIAI[MOHHU 3aBUCMMOCTH Ha OCHOBHHTE TIOKa3aTeId OT aHAepOOHHs
TECT 3a TOpHU KpaiHuiy u cnopTHuUs pesynrat (Guilherme et al., 2000), wm
HeocToBepHHU TakuBa (Sarah, 2010).

Kopenanusta Ha oTHOCcUTeNHATa cpeaHara MouHOCT (RAP) cbe ciopTHuUs
pe3yartar Ha 50 m e 1Mo Majka OT Ta3u Ha a0COJIFOTHATA - NP JACBOUKHUTE T = -
0,779 (p < 0,013), a mpu ronommute r = -0,756 (p < 0,001). Tasm mo-HHUCKa
KOpeJalys Ha OTHOCHUTEJIHAaTa CHPSMO aOCOJIFOTHATa CpeaHaTa MOIIHOCT ChC
CIIOPTHHUSA PE3yJITaT, KAaKTO Beye Oellle MOCOYeHO B AMCKYCHsTa Ha pe3yJTaTUTe
OT aHaepOOHMS TECT 3a J0JHATA YaCT Ha TSAJIOTO, ChOTBETCTBA HA HAOIOICHUITA
Ha IPYTU aBTOPH, CIIOPE] KOUTO MPH TUTyBaHe TErJIOTO Ha TSAJIOTO € YPaBHOBECEHO
OT MOJIEMHATa CHJIa Ha BOJIaTa U 3aTOBA OTHOCHUTEJIHATa MOIIHOCT HE JlaBa Io-

BHCOKa KopeJianug CbC ITIOCTHKCHUCTO B CPABHCHUC C a0coJsroTHaTa (Yeater et al.,
1981; Morouco et al., 2011).

[TonoOHO Ha pe3yATaTUTE MOITYYEHH OT aHACpOOHUSA TeCT YHMHIEUT 3a
J0JTHATa YacT Ha TAJOTO, C HApaCTBAHETO HA ChCTE3aTEHATa JUCTAHIUS MPHU
IOHOIIIN CTapIlia Bb3PacT KOpenaluiaTa MeKIy pe3yiATaTuTe OT aHaepoOHHUs TeCT
Y CIIOPTHOTO MOCTIKEHUE HamMasiBa. Ta3u TEHACHIUS OTYUTAT U IPYTH aBTOPU
(Guilherme et al., 2000 Rohrs & Stager, 1991). BeposiTHata npuunHa € Beue
OTOENSI3aHOTO  HAMAaJSABAI[OTO 3HAYCHWE Ha aHaepoOHUTE CHCTEMH U
yBEIMUYABAIIUAT CE [ Ha aepoOHaTa CUCTeMa C HapaCcTBaHE Ha ChCTe3aTeHaTa
auctanuus (Bxk. @urypa 1.4). BpemerpaeHeTo Ha ChCTE3aTEIHOTO ITyBaHE Ha
50 m cBOOOJEH CTUI € CHU3MEPUMO C BPEMETO 3a M3I'BJIHEHUE HA aHAEPOOHMUS
TECT 3a TFOPHU KpallHUIM U CHOTBETHO HMMaMe OJNM3KO pas3MnpeeieHUe Ha
JISITIOBETE Ha eHeproobesneyaBanmuTe cuctemu (tadmuma 1.2).

berre nmpoBesieH IMHEEH CTHIIKOB PErPECUOHEH aHANM3 3a BIUSHHUETO Ha
OCHOBHHUTE TIOKa3aTelu OT aHAepoOHUS TECT 3a TOPHU KpaWHUIU BBPXY
noctmwkennero Ha 50 M cBoboieH cTuil. EquHCTBEH apryMeHT B perpeCHOHHOTO
ypaBHEHHE W TpW JBaTa IOJia OCTaHa TOKa3aTeNaT 3a aOCOJI0THA CpeaHa
MourHOCT (AP). Cbcre3arenure, YMuTO MocTwkeHUss HA 50 m cCBOOOAEH CTHII
OTTOBapsAT HA TOYKH, JISKAIIM 3HAYNTEITHO HaJl ChOTBETHUTE PETPECUOHHH JIMHAH
(n3BBH 90%-HUs porHocTuyeH uHTEpBa - durypa 3.3 u durypa 3.4), mokaspar
HECHOTBETCTBHUE MEXAY HW3MEpEeHAaTa CcpeaHaTa MOITHOCT W CIIOPTHOTO
MMOCTM)KCHHE, KOETO B HAaW-TOJIIMa CTEMEH MOXKe Ja Ce JB/DKM Ha JBE Haii-
BEPOSITHU NIPpUUMHU: 1) mo-HeedeKTUBHATA UM CIIPSIMO CPEIHOTO HUBO TUTYBHA
TeXHHWKa B CBOOOJHUS CTHJI; 2) MHOTO HHCKa aHaepoOHA MOITHOCT Ha JOJIHATa
9acT Ha TIOTO.

CwcTe3aTenure, YMUTO NMOCTHKEHUs Ha 50 m cBOOOIEH CTUII OTTOBAPSAT Ha
TOUYKH, KOUTO JI€KAT CUTHU(PUKAHTHO O]l ChOTBETHUTE PEIPECHOHHU JIMHUU Ha
®durypa 3.3 u Gurypa 3.4, moka3Bat mo-100py MOCTIXKEHHSI OT OYaKBAHUTE 3a
M3MepeHaTa Ipu TIX aHaepoOHa MOIIHOCT. B Te3u ciydau chlo Morar ja ce
oOCHXkAaT JB€ HaM-BEpPOATHU MNPUYMHU: 1) MHOro mno-eheKTUBHA CIPSMO
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Cp€AHOTO HUBO IIJTYBHA TCXHHUKA B CBO6OI[HI/ISI CTHUII, 2) MHOI'O BUCOKaA aHaep06Ha
MOIIIHOCT Ha A0JHaTa 4aCT Ha TAJIOTO.

3a /1a ce HampaBsIT €IHO3HAYHHU 3aKIIOYCHHUS B ITO-TOPE OMMCAHUTE CITydau
e Heo0XoAMMO Ja ce HampaBH KOMIUIGKCEH aHaliu3 Ha aHaepoOHaTa
paboTOCOCOOHOCT, KOWTO J1a BKJIIOYHM M OLIEHKA HAa aHaepoOHATa MOIHOCT Ha
JOJIHATA YacT HA TAJIOTO.

Taka na @urypa 3.3 ce OTKposBaT pe3ynraTute Ha 1 cbeTe3arenka, YuuTo
pesynratu ca Hag 90% nporHocTudeH MHTEpBan (orpajeHa ¢ Kpbr Todka). Ha
durypa 3.4 ce OTKpOsSBAT pe3yNTaTUTe Ha 3-Ma FOHOIIM, YUHTO PE3yNTaTH ca
n3BbH 90% MpOrHOCTHYEH MHTEPBaJ (OTpajieHu ¢ Kpbr). [IBama OoT TAX ca Hax
MPOTHOCTHYHUSL HMHTEpBal (JBETE TOPHU OTpaJieHH TOYKH), a €IWH € TOJ
MPOTHOCTUYHUS UHTEPBAJI (JI0JTHATA OTPAJICHA TOYKA).

[Io oTHOIEHME Ha BB3pacTOBaTa JIWHAMUKA HA II0KA3aTEIUTE Ha
aHaepoOHaTa paboOTOCIIOCOOHOCT OT aHAepOOHUS TECT YUHIENUT 3a TOpHATa YyacT
Ha TSUI0TO, MOJAOOHO HAa pe3yJITaTUTE OT TeCTa 3a JIOJIHATA YacT Ha TAJIOTO,
HaOJr0/1aBaMe YBEIIMUECHHE Ha aHaepoOHaTa pabOTOCIOCOOHOCT C yBEJIUYaBaHE
Ha Bb3pacTTa Ha cbere3arennure. Ouykryanuure npy 15 u 18 roguniam 1eBOMKu
u 18 roauiIHM IOHOIIM BEPOSTHO C€ IBJDKAT Ha TPaHCBEP3aHUS XapaKTep Ha
M3CIICIBAHETO M MaJIKHsl OpoM ciiyuyau B T€3M BB3pacTu (n=4 u N=2 ChOTBETHO
IpU JI€BOMKU U n=4 mpu roHOWIN). AOCONIOTHUTE CTOMHOCTH HAa OCHOBHHTE
[IOKA3aTeJId HapacTBaT B I10-TOJISIMA CTENEH CIPSAMO OTHOCUTEIIHUTE U IIPU JIBaTa
noJIa.

[IpencraBeHuTe MEPCEHTUIIHU OIICHKM Ha cpenHara momHocT (AP) or
aHaepoOHUs TeCT YHWHTEHUT 3a J0JIHATA YacT Ha TSAJIOTO 34 JIEBOWKU U IOHOIIH
crapiia Bb3pact (Tabnuma 3.9 u Tabmuma 3.11) umar caMo OpUEHTHPOBBYCH
xapaktep. B Obaemnie € HE0OXOMMO CHUCTEMHO BB3PACTOBO MPOCIESIBAHE HA
MOKa3aTelnTe Ha aHaepoOHaTa pabOTOCIOCOOHOCT HAa TOpHATa YacT Ha TSAIOTO
P CIIMTHUTE CHCTE3aTENH 110 IUTyBaHe B brarapus.

AHaepo0OeH TecT Ha cienu(pIYeH U30KUHETHYEH TPEHAKOP
Bapuayuonen ananus

B Tabmuma 3.18 e nmnpeacraBeH BapualMOHHUS — aHAIM3  Ha
AHTPOIIOMETPUYHUTE TIOKA3aTeJIM, PE3YJITaTHUTE OT aHaepoOHUA TeCT Ha
cnenuduueH W30KUHETHYEH TPEHAKOP W TUIYBHUTE TIOCTIDKCHHSI HA
W3CJIeIBAHUTE JIeBOWKHU crapia Bb3pacT (15-17 rogunu). CpenHusi pbCcT Ha
cbere3arenkure Oeme - 171,2 £4,02 ¢cm, a cpeado Terimo - 59,8 £ 3,68 kg.
Koeduimenture Ha Bapuanus U npu JgBara nokaszatens Osxa HUcku: 2,38% 1o
6,16% choTBeTHO. AOCOIIOTHATA CTOMHOCT HA cpeaHata MoulHOCcT (AP) Oere
134,9 + 18,15 W, a otHOocuTenHaTa cpeana momrHocT (RAP) - 2,25 £ 0,22 W/kg.
KoeduimenTsT Ha Bapuanus Ha aOCONIOTHUS MOKAa3aTesl 3a CPeJHa MOIIHOCT
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Oeme mo-Bucok (13,46%) B cpaBHeHue ¢ To3u Ha oTHocutenHus (9,77%).
Cpennuar temn mo BpeMe Ha Tecta Oeme 49,67 *+ 4,63, nmpu koeduireHT Ha
Bapuanusa 9,33%, a cpegnara kpauka - 1,02 + 0,08 m, npu koedurueHt Ha
Bapuanusa 7,92%. CpemnHute CTOWHOCTHM Ha TUTYBHHTE TOCTIIKEHUATA Osxa
cinexaure: Ha 50 m cBobOoneHn crui - 28,62 + 0,75 s xoero ce onensasa Ha 514
tTouku 1o Tabimmara Ha ®MHA, Ha 100 m cBo6omen ctui — 63,18 + 3,24 s (503
touku o ®MHA) u na 200 m cBobozaen ctui — 136,35 + 5,63 s (531 Touku mo
OUNHA). Koedunnenture Ha Bapraiys Ha CIOPTHUTE MOCTHXKEHUS 051Xa MEXTY
2,61 u 5,14%, KoeTo moKa3Ba CUJHA €AHOPOJHOCT HA pe3yaTraTute. Bcuukum
U3CIIE/IBaHU MOKA3aTeNN MPU JEBONKUTE MOKA3BaT HOPMAIHO pas3Ipe/ielieHue Ha
pe3yiTaTure.

Tabauya 3.18
Bapuayuonen ananuz na anmponomempuurume noxkazamenu, pe3yimamume om
anaepooOHUss mecm HA U30KUHEMUYeH MPEHANCOp U NIY8HUME NOCMUNCEHUS HA
uscnedsanume 0egoliku cmapuia evzpacm (15-17 200unu).

Variables @ | n | Range Xmin Xmax | ND X SD V%

Height[cm] (6 | 10,0 | 167,0 | 177,0 |yes| 1712 4,02 2,35
Weight [kg] | 6 | 10,1 53,7 63,8 | yes 59,8 3,68 6,16
AP [W] 6| 40,2 | 113,7 | 153,9 |yes| 1349 18,15 | 13,46
RAP [W/kg] | 6 | 0,57 1,91 2,48 | yes 2,25 0,22 9,77
TW [J] 6 | 1206,0 | 3410,0 | 4616,0 | yes | 4046,0 | 544,42 | 13,46
AF [N] 6| 30,6 65,6 96,2 | yes 81,7 10,51 | 12,86
StrR[spm] | 6| 14,0 42,0 56,0 | yes 49,7 4,63 9,33
StrL [m] 6| 0,22 0,92 1,14 | yes 1,02 0,08 7,92
50 m [s] 6| 1,98 | 27,14 | 29,12 |yes| 28,62 0,75 2,61
100 m [s] 3| 6,07 | 59,48 | 6555 |yes| 63,18 3,24 514
200 m [s] 3| 10,07 | 129,86 | 139,93 | yes | 136,35 5,63 4,13

ND — HopMaiiHO pasmnpeeneHue
B Tabmuma 3.19 e nmnpencrtaBeH BapWallMOHHHWSI aHAIM3  Ha

AHTPOITOMETPUYHUTE TIOKA3aTeNIM, PE3YITAaTHTE OT aHaepoOHUS TECT Ha
cnenuuueH M30KWUHETHYEH TPEHAXOP W TIUIYBHHUTE TIOCTIDKCHHSI Ha
U3CIe/IBAaHUTE FOHOIM cTapiia Bb3pacT (15-17 rogunum). CpenHUsT PBCT HA
yuactHuiure Oeme - 179,9+6,18 c¢cm, a cpemno terio - 69,9 6,06 Kg.
Koedurnuenture Ha Bapualys 1 IMpy JBaTa aHTPOIIOMETPUIHH TTOKa3aTeIu Oerire
Hucbk (3,43% u 8,67% choTBeTHO). AOCOMIOTHATA CTOMHOCT Ha CpeaHaTa
morrHocT (AP) 6emie 219,3 + 23,65 W, a otHocuTenHarta cpeHa MomHocT (RAP)
- 3,15+0,33 W/kg. Koedurnmenture Ha Bapuanus Ha aOCOTIOTHUS U
OTHOCHUTEITHHS TTOKa3aTell 3a cpeaHa mMomHuoct 0sxa ommsku (10,78% 110,53%
choTBeTHO). TemmbT Oeme 56,9 + 5,80, ¢ koedunment Ha Bapuarusa 10,19%, a
kpaukata - 1,02 +£0,10 m, ¢ xoedunuent Ha Bapuamus 10,23%. Cpennure
CTOMHOCTH Ha mOCTWXKeHusaTa Ogxa: Ha 50 m cBobOoxen ctuia — 24,85+0,91 s
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KoeTo ce oneHsaBa ¢ 541 rouku no tTadnunara Ha PMTHA, vHa 100 m cBoOOAEH CTHIT
— 5465+257s (556 Toukm mo ®UHA) m wa 200 m cBOoOOAECH CTHI —
119,70 £ 5,83 s (572 toukun mo ®UHA). Koedpunuenture Ha Bapuanus npu
CIIOPTHUTE TOCTIKEHHs Osxa mexay 3,65 u 4,87%, Koero TmokaszBa, dHe
pe3yATaTUTe ca CWJIHO €THOPOMHU. [Ipu IOHOIMMTE OT BCHUYKH H3CJICIBAHU
MOKa3aTeNd, EAMHCTBEHO PBCTA M TEMITA ITOKa3Baxa pas3npeeieHIe Pa3IndHO OT
HOPMAJTHOTO.

Tabauya 3.19
Bapuayuonen ananuz na anmponomempuurume noxkazamenu, pe3yimamume om
anaepooOHUss mecm HA U30KUHEMUYeH MPEHANCOp U NIY8HUME NOCMUNCEHUS HA
uscineosanume oHowu cmapuia v3pacm (15-17 coounu).
Variables & | n | Range | Xmin Xmax | ND X SD V%
Height[cm] | 16 | 250 | 1650 | 190,0 | no | 17/99# | 6,18 3,43
Weight [kg] | 16 | 23,5 | 58,2 81,7 |yes| 699# 6,06 8,67
AP [W] 16 | 71,7 | 188,8 | 260,5 |yes | 219,3& | 23,65 | 10,78
RAP[W/kg] | 16 | 1,24 | 255 | 380 |yes| 3,15& | 0,33 10,53
TW [J] 16 | 2152,0 | 5664,0 | 7816,0 | yes | 6580 & | 709,50 | 10,78
AF [N] 15| 63,3 | 93,1 | 156,4 |yes| 1152 & | 16,54 | 14,36
StrR[spm] | 15| 22,0 44,0 66,0 | no| 569* 5,80 10,19
StrL [m] 16 | 0,38 | 0,89 1,27 | yes 1,02 0,10 10,23
50 m [s] 16 | 2,84 | 23,74 | 26,58 |yes | 2485& | 0,91 3,65
100 m [s] 12| 7,36 | 52,18 | 59,54 |yes| 5465& | 2,57 4,70
200 m [s] 11| 20,03 | 112,69 | 132,72 | yes | 119,70 # | 5,83 4,87
*-p<0,05; #-p<0,01; & - p<0,001 cnpssmo nepoitkure; ND — HOpMaTHO
pasmnpeseneHme

Ot Bapuanmonnus ananu3 (Tab0numa 3.18 n Tabauma 3.19) ce Bmwxkna, ye
JIBJDKMHATA Ha 3arpeOBaHe € SIUHCTBCHMS IOKa3aTell, KOUTO HE Ce pa3jinyaBa
JIOCTOBEPHO MEXK/Iy JBaTa 1oJjia B Ta3W Bb3pacToBa rpyra.

I(opejmuuouen anaaus

B Tabmuma 3.20 e mpeacraBeH KOpENAalMOHEH aHaIW3  Ha
AHTPOITOMETPUYHUTE TIOKA3aTeJIM, PE3YITaTHTE OT aHaepoOHUS TECT Ha
M30KMHETHUYCH TPEHAXOP W TTYBHUTE TOCTIKCHUS HA M3CJICIBAHUTE JICBOWKH.
EnmHcTBEHATa TOCTOBEpHA KOpEJaIis MEXKTy aHTPOIIOMETPUYHHTE TIOKA3aTeIN
¢ Tasm ¢ Mexay pbcta u ternoro (r=0,758; p<0,018). AGcomoTHUTE U
OTHOCUTEITHUTE CTOMHOCTH Ha cpefHaTta MomHocT (AP u RAP) nokasBat BUCOKH
KOpEJIallMh C TETJ0TO M BB3PACTTa, KaTO HaW-BHCOKa € Ta3W Ha cpeaHaTa
motrHocT (AP) u termoto (r = 0,873; p <0,002). HabmonaBa ce 3akoHOMEpHa
BHCOKA TOJIOKUTETHA KOpeTaIus MeXIy TbJDKUHATA HA 3arpeOBaHETO U PhCTa
(r=0,795; p <0,010). /TocTroBepHHU KOPEIAIIHOHHN 3aBUCUMOCTH ChC CIIOPTHOTO
nocTmkerne Ha 50 M ce HaOII01aBaT ¢ B3pacTTa, PhCTa, TErJIOTO, TOKA3aTeITUTE
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3a cpeaHa moiHocT (AP u RAP) u nemxuHara Ha 3arpeOBaneTo. Hait-Bucoka e
KopeJnanusiTa MeK1y cpeiHata MoiHocT (AP) u cnopTHOTO nocTukeHue Ha S0 m
cBobomen crui (r =-0,827; p < 0,006). Mexmy mokazareauTe OT aHAepPOOHUS
TecT ce 3alensd3Ba CTAaTUCTUYECKM 3HAUYMMa KOpeNallMOHHA 3aBHUCUMOCT
€MHCTBEHO MEXJy AaOCOJIIOTHUTE M OTHOCUTEIHHUTE CTOWHOCTH CpeHaTra
morrHocT (AP 1 RAP) (r = 0,973; p < 0,001). Bucoku kopenaruu ce HaOIr01aBaT
U Mexay criopTHaTe noctmxkeHus Ha 50, 100 u 200 m cBoOoaeH CTHIL.

Tabauya 3.20
Kopenayuonen ananuz na aumponomempuynume nokasameiu, pe3yumamume om
anaepobHUs mecm HA U30KUHEMUYEH MPEHANCOP U NIYGHUME NOCMUNCEHUS HA

uzcneosarume 0e8ouKu.
? Isokinetic) o0 | jiohtlweight| AP | RAP | StrR | StrL | 50 m |100 m
swimbench
. corr.| 0,589
Height sig. | 0,095 1,000
corr.|] 0,547 | 0,758
sig.] 0,128 | 0,018 1,000
corr.| 0,680 | 0,579 | 0,873
sig. | 0,044 | 0,102 | 0,002 | 1990
corr.| 0,700 | 0,442 | 0,740 10,973 1000
sig.| 0,036 | 0,233 | 0,023 ]0,000 | ™
corr.| 0,166 |-0,5131|-0,097 10,182 |0,312 1000
sig.| 0,670 | 0,158 | 0,803 10,640 /0,414 |
corr.| 0,350 | 0,795 | 0,694 10,622 | 0,521 |-0,619 1000
sig.| 0,356 | 0,010 | 0,038 ]10,073 /0,150 | 0,075 | ™
corr.| -0,745 |-0,763| -0,819 |-0,827|-0,757| 0,173 |-0,791 1000
sig.| 0,021 | 0,017 | 0,007 | 0,006 | 0,018 | 0,657 |0,011 ]
corr.| -0,749 |-0,973| -0,795 |-0,815|-0,784| 0,208 {-0,852] 0,939 1000
sig.| 0,145 | 0,005 | 0,108 | 0,093 0,116 (0,738 |0,067]0,018 | ™’
corr.| -0,621 |-0,972| -0,658 |-0,680/-0,647| 0,406 |-0,937| 0,871 | 0,977
sig. | 0,264 | 0,006 | 0,227 | 0,207 | 0,238 | 0,497 | 0,019 | 0,054 | 0,004

C mIpTHA JTUHHA ca O4YCpTaHU KOPEJIAUUUTEC MEXKAY €AHOPOAHU TOKA3ATCIIN (CaMO AHTPOIIOMETPUYHU,
caMo OT aHanO6HI/IH TCCT WJIK CaMO IIITYBHH HOCTI/DKGHI/IH)

Weight

AP

RAP

StrR

Strib

50 m

100 m

200 m

B Tabmuma 3.21 e mpeacraBeH  BapuAllMOHEH  aHAMW3  Ha
AHTPOTIOMETPUYHHUTE TIOKA3aTeIu, pe3yITaTUTe OT aHaepoOHUS TECT Ha
M30KMHETUYCH TPCHAKOP W TUTYBHHUTE MOCTH)KCHHS HA W3CIICIBAHUTE FOHOIIM.
HaOnronaBat ce mojaoKUTEIHU 3HAYUTEITHU KOopeallui MeXAy Bb3pacTTa, phCcTa
W TErJIOTO, KaTO Hal-BHCOKa ¢ Mexay pbera u Terioro (r = 0,751; p <0,001).
ITokazarensr cpenna momiHocT (AP) kopenvpa JOCTOBEPHO € Bb3pacTTa, phCTa U
TETJIOTO, KaTO TOJYYCHUTE KOSPHUITMESHTH Ha KOpeJaIus ca CPAaBHUTEITHO OJTU3KHU
(or 0,684 mo 0,697; p<0,001). OrHocurennara cpeaHa wmoraaoct (RAP)
Kopeiaupa eaMHCTBeHO ¢ Bb3pactra (r=0,640; p <0,002). CnoprHOTO
nocTmkeHne Ha 50 M cBOOO/IEH CTUIJI KOpENHpa C. Bh3pacTTa, PhCTa, TETJIOTO U
nokazarenure 3a cpeaHa MomHoOCcT (AP u RAP). Haii-Bucoka e kopenanusita
MEXy CIIOPTHOTO MOCTIKeHHEe Ha 50 M cBOoOOACH CTHII U CpeaHaTa MOIIHOCT
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(AP)(r =-0,795; p<0,001). Mexay mnokazaTeluTe OT TecTa ce HaOJromaBaT
CTaTUCTHYECKHU JOCTOBEPHH KOPENAINH: MKy a0COIIOTHATA CPEIHA MOIIHOCT
(AP) u otHOCHTENHATa cpena momtHocT (RAP) (r = 0,816; p < 0,001) u mexmy
IbJDKMHATa W decToTaTa Ha 3arpeOBanmsara (r =-0,840; p <0,001). Bucoku
JIOCTOBEPHU KOpenaluu ce HaOJo/1aBaT MEXAY CIIOPTHUTE MOCTHXKeHUs Ha 50,
100 1 200 m cBoOOEH CTHUII.

Tabauua 3.21
Kopenayuonen ananuz na aumponomempuuHume nokasamein, pe3yimamume om
aHaepoOHUs mecm HA U30KUHEMUYEH MPEHANCOP U NIYEHUME NOCMUNCEHUS HA

I/L')’C]Zea@aHume TOHOWU.
d Isokinetic| oo\ yeightlweightl AP | RAP | StrR | StrL |50 m|100 m
swimbench
. corr.] 0,558
Height sig. | 0,011 1,000
corr.| 0,444 | 0,751
sig. | 0,050 | 0,000 | 1000
corr.| 0,697 | 0,684 | 0,697
sig. | 0,001 | 0,001 | 0.001 | 1990
corr.| 0,640 [ 0,339 | 0,163 [0,816, 100
sig. | 0,002 | 0,144 | 0,493 {0,000 ™
corr.| 0,155 (0,090 | 0,025 [0,219] 0,287 ; 400
sig. | 0,527 | 0,714 | 0,920 | 0,368 | 0,234 |
corr.| 0,319 (0,231 [ 0,241 [0,2220,120 |-0,840 , o
sig. | 0,171 | 0,327 | 0,306 | 0,346 | 0,613 | 0,000 |
corr.| -0,724 |-0,769 | -0,693 | 0,795]-0,559]-0,212|-0,175], -
sig. | 0,000 | 0,000 | 0,001 |0,0000,010| 0,384 | 0,461 |
corr.[ -0,607 [-0,784| 0,663 |-0,818|-0,626|-0,325-0,0840,962[ , .0
sig. | 0,013 | 0,000 | 0,005 | 0,000 0,009 | 0,238 | 0,756 |0,000] ™
corr.| -0,439 |-0,629 | -0,401 |-0,642|-0,449/-0,398] 0,210 [0,897/ 0,924
sig. | 0,116 | 0,016 | 0,156 | 0,013 0,107 | 0,178 | 0,472 |0,000| 0,000

C mIpTHA JIUHUS ca O4YepTaHUu KOPCIAaUUTE MCKAY €AHOPOAHU MTOKA3aTCIIN (CaMO AHTPOIIOMETPUIHHU, CaMO OT
aHaepO6HI/IH TCCT WJIK CaMO IIJTYBHHU HOCTI/I)KeHI/IH)

Weight

AP

RAP

StrR

Strib

50m

100 m

200 m

P €2PEeCUOHEH anaiu3

3a OlICHKAa Ha BIUSHUETO HA U3CJICABAHUTE aHTPOIIOMETPHUYHH TTOKa3aTeIn
U TE3d TOJYyYCHH OT aHAepOOHMS TECT Ha HM30KMHETHYCH TPEHAXKOP BBPXY
noctmkeHnero Ha 50 m cBOOOJNEH CTu Oemie TMPOBEISH MHOXKECTBEH
pErpecroHEH CTHITKOB aHAJIN3 TI0 OT/ICITHO 3a JIBaTa 1moJja. B cTeIkoBaTa perpecus
KaTO HE3aBUCUMHU IMPOMEHJIMBH OsiXa BKJIIOYCHU BB3PACTTa, PHCTA, TETJIOTO H
OCHOBHHU TOKa3arenu oT aHaepoOHus tect: AP, RAP, StrR, StrlL u AF.

OT mpoBeneHUs CTHIIKOB PErPECHOHCH aHanu3 npu jacBoiikute (durypa
3.5), KaTo eIMHCTBEH apryMeHT B PErpeCHOHHOTO YypaBHEHHE OCTaBa
nokasarenar abcomoTHa cpeaHa MouiHocT (AP). M3BeneHOTO perpecuoHHO
ypaBHEHWE UMa CIICAHUS BUI:
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50 m time [s] = -0,0327 . AP [W] + 33,01 (r = -0,827; p < 0,006)

Ot nmpoBeIeHNsI CTHITKOB PETPeCUOHEH aHau3 rpu roHomwmte (Purypa 3.6),
KAaTO €AUMHCTBEH apryMEHT B PErPECMOHHOTO YPAaBHEHHE CBIIO OCTaBa CaMo
nokasaressT abcoiroTHa cpeaHa moiHocT (AP). M3BemeHoTo perpecmoHHO
YpPaBHEHUE UMa CIIEIHUS BUJIL:

50 m time [s] =-0,0292 . AP [W] + 31,32 (r =-0,795; p <0,001)

304

[o*)
\=]
1

50 m freestyle [s]
(]

27- .

100 170 140 160 130
AP [W]

Duzypa 3.5 [ paguuno npedcmassane Ha TUHEUHOMO pecPeCcUOHHO YpasHeHue 3d

3A8UCUMOCIIMA HA CH. NOCIUMCeHUe om cpeoHama mowHocm (AP), pazsuma

npu aHaepooOHUsi mecm HA U30OKUHemuueHn mpenadxcop npu oegotiku (r = -0,827;

p < 0,001). C nynxkmupanu aunuu e ouepman 90%-nust npocHoCmuyeH uHmepaal,

a mouxKume KOUmMo U31U3am U38bH He2o cad 04epmaHu ¢ Kpbe.
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@Duzypa 3.6 I pagpuuno npedcmassane Ha TUHEUHOMO pecPecUoOHHO YPasHeHuUe 3d
3asucumocmma Ha chn. nocmudiceHue om cpeonama mowHocm (AP), pazeuma
npu anaepobHUs mecm HA U30KUHemuueHn mperaxcop npu ronowu (r = -0,795;
p < 0,001). C nynxmupanu aurnuu e ouepman 90%-nus npoecnocmuuen uHmepseal,
a MouKume KOUmo uziu3am U38bH He20 ca 04epmanu ¢ Kpbe.

Ilepcenmunnu ouenku

KakTo npu HecnenmupuyHUTe aHAepOOHHUTE TECTOBE 3a TOPHA U JIOJTHA YacT
Ha TsU10TO (YMHIEWT), HOPMATHBHM 3a OIICHKA Ca HalpaBeHW 3a Hai-
nH(OPMATUBHUTE TIOKA3aTENN OT aHaePOOHUSI TECT HA U30KMHETHYEH TPEHAXKOP.
N3rotBeHn mbpBOHAYAIIHM, OPUEHTUPOBBYHU TEPCEHTUIIHU OIICHKHM CaMoO 3a
IOHOIM cTapiia Bwh3pacT (15 - 17 rox.) Ha 6Ga3aTta Ha pe3yaTaTuTe Ha 16
uscnenanu auia (Tadmuna 3.22).
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Tabauya 3.22
Ilepcenmunnu oyenxu (PCTL) na ocnoenume nokaszamenu om anaepobnus mecm
HA U30KUHEeMU4eH MPeHaxicop npu ioHouiu cmapuia evzpacm (N = 16)

AP AP AP AP
T wy [ wikgl] PC™ | twp | wikgg
99,9% | 260,5 | 3,80 |46,6% | 205,0 | 3,17
93,3% | 250,5 | 3,56 |40,0% | 204,3 | 3,05
86,6% | 250,2 | 3,45 | 33,3% | 203,8 | 3,04
80,0% | 2440 | 3,43 |26,6% | 1995 | 3,02
73,3% | 2390 | 3,32 | 20,0% | 198,6 | 2,86
66,6% | 229,7 | 3,28 | 13,3% | 1975 | 2,84
60,0% | 2276 | 3,21 6,6% | 193,1 | 2,63
53,3% | 217,2 | 3,19 1,0% | 188,8 | 2,55

Juckycus  6wvpxy pe3ynmamume Om  aAHAEPOOHUA mecm  HaA
U30KUHEMUYEH MPEHANHCOP

BapuanvoHHusAT aHanM3 Ha CbCTE3aTeNIUTE OT JIBaTa IOJia B CTaplia
Bb3pacT (Tabmmma 3.18 u Tabmuma 3.19) mokasBa cuiiHA €IHOPOJHOCT Ha
M3BajKaTa MO OTHOIIeHHEe Ha pbcra U TernoTo (V% mexay 2,35% u 8,67%).
PesynraTture oT aHaepOOHUS TECT HA M30KMHETHUYECH TPEHAXKOP, MPHU JI€BOUKHU U
FOHOIIIM CTapIiia ca CPAaBHUTEITHO €AHOPOIHU ¢ KOS(DUITMEHTH Ha BapUALIS MEXKTY
7,92% u 14,36%. [logoOHa Ha ApyruTe Ba aHaepOOHU TECTOBE MOKA3ATEISIT 3a
otHocuTeNHa cpenHa MomHocT (RAP) mpu cnenuduyHUS TECT MMa MO-HUCHK
KOS(UIIMEHT Ha Bapuallysi OT TO3H 3a abcoioTHaTa cpeana MoutHocT (AP) u mpu
JBaTa 1ojla B CTaplla Bb3PacT, KOETO BEPOSTHO € pe3yjiTaT Ha OTCTpaHEHaTa
Bapualus, AbJKallla ce Ha pa3JiuKaTa B TETJI0TO MPU a0COTIOTHUS MOKa3aTel.

[TokasaTens 3a AbJKMHA Ha 3arpeOBaHe HA JEBOMKUTE U FOHOIIUTE CTapIilia
BB3pPACT € MPAKTUYECKH €JHAKBAa. 3a CMETKA HAa TOBA IOHOIIUTE JIEMOHCTpPUpPAT
3HAYMTEIHO MO-BUCOK Tem (56,9 cperry 49,7 spm).

Cnoptaute pesyarata Ha 50, 100 u 200 m cBoOoAeH CTUI IpU J[BaTa TMOJIa
B cTapiia Bb3pacT ce omeHsaBar ot 503 g0 572 Touku mo tadnunara Ha DVTHA u
UMaT MHOTO HHMCBHK KoeuiMeHT Ha Bapuaius (ot 2,61% a0 5,14%). Tosa
MOKa3Ba CHJIHA €IHOPOJAHOCT Ha M3BaJKaTa U IO OTHOIIEHUE Ha CIIOPTHO
TEXHUYECKUTE KayeCcTBa Ha ChCTE3aTEUTE IMOJOO0HO Ha TUTYBHUTE PE3yJITaTH
MOJIy4YeHU MpU APYruTe ABa aHaepoOHM TecTa. [locTmkeHusiTa Ha JTEBOUKHUTE
ctapmia Bs3pact Ha 50, 100 u 200 m cBoOoaeH ctui ca mo-6aBuu 1,15, 1,16 u
1,14 nbTH CHOTBETHO OT TE€3W Ha IOHOMIKTE. Ta3u pa3jauka ChOTBETCTBA Ha 1,63
OBTH MO-ToJIIMa abCoNOTHA cpeaHa MomrHocT (AP) Ha foHOIIMTE CHpsSIMO Ta3u
Ha JICBOMKUTE, KaTO C€ MMa MPEABUI, U€ HE0OXO0uMaTa MOIIIHOCT TIPH ITyBaHE
CE€ yBeJIM4aBa C TpeTaTa CTENEH HA CKOPOCTTa (V1,63 = 1,18).
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Ot xopenarmonnus ananus (Tabnuna 3.20 u Ta6bnuna 3.21) u npu aBara
MoJia Hali-BUCOKaTa JOCTOBEPHA KOpenalus MEXy Bb3pacTTa, phCTa U TETJIOTO
¢ Ta3u Mexay pscta u Teraoro I = 0,758 (p < 0,018) 3a aepoiiku ur= 0,751 (p <
0,001) 3a ronoum. IIpu geBoMKUTE pbCTa KOPEIUpa JOCTOBEPHO C AbJDKUHATA HA
3arpe0BaHeTO, JOKATO MPH IOHOIINUTE HE ce HAabII0JaBaT KOpeaalu MeXIy Te3U
1Ba Tokasarens. JlocToBepHa Kopemnamus MEXIy AbDKMHATA W 4YecToTaTa Ha
3arpeOBaHUATa UMa caMoO TMpH toHOIIM. [Ipu neBoikM U 10HOIIN ce HabI0 aBaT
JOCTOBEPHU BHUCOKH KOpEJIAllMK MEXIy aOCONIOTHATa M OTHOCHUTEIHATA CpeaHa
MoIHOCT. M mpu nBara moja ca YCTAaHOBEHHW BHCOKH BBTPEITHH KOpPEIaIluH
MEXIy TUTyBHUTE pe3yaTatH. Bb3pacTra, pbCcTa W TETJIOTO NPHU JIEBOHKUTE U
IOHOIIIMTE KOpeIupa AOCTOBEpHO ¢ pesynratute Ha 50 m cBobomeH ctwi. OT
MOKa3aTeINTe Ha aHACpOOHMS TECT, Hall-BUCOKA KOpenamus ChC CIOPTHUS
pesyarat Ha 50 m cBOOOJIEH CTWJI, M TIPU JIBaTa Mojia ©Ma CpeaHaTa MOIIHOCT
(AP). IIpu neBoiikute koepuueHTHT Ha Kopenamus e 0,827 (p < 0,000), a mpu
tonommte 0,795 (p <0,001). Koedunmenture Ha Kopenamus MEKIY KCHUTE U
MBXKETE HE ce paznnyaBat AoctoBepHo (p = 0,843). Trii kaTo HapacTBaHETO Ha
MOIIIHOCTTa € CBBP3aHO M C yBEJIMYaBaHE Ha BBH3pacTTa HA ChCTE3aTEIHTE, €
BB3MOKHO YCHBBPIICHCTBAHETO HAa TEXHUYECKH YMEHHS TIPH TO-TOJICMUS
CIIOPTEH CTaX Ja Ompenens Mo-eeKTUBHOTO H3IMOJI3BAaHE Ha aHaepoOHaTa
MOIITHOCT TIPH TTyBaHe. 3a TOBa 0sXa M3YUCIICHH MMapIIUaTHUTE KOCPHUITUESHTH HA
KOpeJalusi MeXay CIIOPTHOTO MOCTHXeHue Ha 50 M cBOOOJIEH CTUI U cpeaHaTa
MOIIIHOCT, KOHTPOJIMPaHU [0 OTHOIIEHHE Ha Bb3pacTTa. bsixa mnoiydyeHu
cieHuTe KoeuiueHTn Ha kopenanus I = -0,656 (p < 0,049) npu neBoiikute u
r=-0,588 (p <0,008) mpu ronommute. ToBa moka3Ba HM3BECTHO TMOJIOKHUTEITHO
BJIMSIHUE HAa BBb3pacTTa W mpu nBara mnoja. [lokazarenss oTHocuTenHa cpeaHa
morrHocT (RAP) momo6HO Ha APYruTe TECTOBE MMa IMO-HUCKA KOpealus ChC
CIIOPTHOTO MOCTHKEHHE U MPH JBaTa MoJa.

Camo mpu 1eBOMKHTE ce HAaOII0/1aBa JOCTOBEPHA OTPHUIIATEIIHA KOpEeTIalHsl
MEXIy CIIOPTHOTO MOCTHYKEHUE U TB/DKIHATA Ha 3arpeOBaHETO, KOSITO C€ IBIIKU
Ha TIOJIOKHUTCIHUS €(PEKT OT MO-ToJisIMaTa IhJDKMHA Ha 3arpeOBaHE BBHPXY
CKOpocTTa Ha TuryBaHe. [Ipu MmbikeTe Oelre ycTaHOBEHa IOCTOBEPHA OTpHUIIaTeTHA
KOpeJaius MeXKIy 4ecToTaTa v AbJDKHHATA Ha 3arpe0BaHeTO, KOSITO CE€ ABJKH Ha
3aKOHOMEPHOTO HaMaJsiBaHE Ha Jb/DKMHATA MPU yYBEIMYaBaHE HA YE€CTOTATa HA
3arpeOBaHe.

IIpu peBoMikHTE KWMa OCTaThbYHA JOCTOBEPHA KOpENAUs MEXIY
oTHocuTenHaTta MomHOCT (RAP) u Ternoro, KoeTo mMoka3Ba IMO-CI0XHA
3aBucuMocT Mexay RAP u ternoro Ha cnoptuctkute. Ilpu  mbxere
oTHocuTenHaTa MomHocT (RAP) Hsama nocTtoBepHa Kopenanusi ¢ TETJI0TO, Thil
KaTO HETOBOTO BIIMSIHUE € OTCTPAHEHO B I10 rOJIsIMa CTEIEH MTPU U3YUCIIEHUETO Ha

RAP.

Onucanute B JUTEpPATypHUS 0030p M3TOUHHUIIM, TPETHUPAIIM Bpb3KaTa
MEXAY IUIyBHUTE TOCTHXKEHUS W PE3yATaTUTe OT CHEeUU(PUUHM TECTOBE Ha
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wiyBHu TpeHaxxopu (Johnson et al., 1993; Costill et al., 1986; Sharp et al., 1982;
Sharp, 1986; Reilly & Bayley, 1988; Takahashi 1992), mokaspaTr ronemwu
Pa3IUYMs 10 OTHOIIICHNE KAaKTO Ha KOHCTPYKIIMATA Ha U3MOJI3BAHUTE TPEHAKOPH,
Taka M 10 OTHOIIICHHE Ha TECTUPAHUTE TTapaMeTpu. ToBa MpaBu CPAaBHCHHUETO HA
M3BOJIUTE OT T€3W U3TOYHHIIN C TE3U OT HACTOAIIOTO M3CJICIBAHE MHOTO TPY/IHO.
Taxka wampumep Johnson et al. (1993) wm3ciaemaBatr 29 MBXe IUTYBIM, KaTo
M3TOI3BAT TUTYBEH TPEHAKOP OWOKMHETHK. HOo Te HM3moy3BaT KaTo KPUTEPHUH
U3BBpIIeHaTa paboTa Ha TPEHAXKOP NPH 3 MaKCHMAaJIHU 3arpeOBaHus U HAMHPAT
BHCOKa KOpeJallMOHHA 3aBUCUMOCT ¢ IOCTHXKEHHETO Ha 25 spaa (r = 0,74).

AOcooTHaTa U OTHOCHUTENIHATA CPeIHa MOITHOCT IMPH KEHUTE MOKa3BaT
JIOCTOBEpHU KOpeJaluu caMo ¢ MOocTukeHueTto Ha 50 M cBOOOJEH CTHIL
HoctoBepHa kopenainus Ha AP u RAP npu mbxete ce HabmomaBa kakto ¢ 50
taka 1 ¢cb¢ 100 m. Jlurmcara Ha mocTOBEpHA KOpenaus ¢ noctikeHussta Ha 100 u
200 m npu aeBoitkure W Ha 200 M mpH IOHOIIUTE HAK-BEPOSTHO CE ABJIKHU HA
MaJIKusi Oopu cilydyal M yBEJIMYaBaHE Ha BPEMETPACHETO 3a MpEIUTyBaHE Ha
JTUCTaHIIMATA HaJl BpEMETpPaeHeTo Ha TecTa. U mpu 1Bara mosa ca OTYETEHH TO0-
HUCKH KOpEeJIalliy Ha CIIOPTHOTO mocTxkenune ¢ RAP.

Crnen npoBeeHUs TUHEEH CTHIIKOB PETPECMOHEH AHAIN3 32 BIUSHUETO Ha
MOKa3aTeIUTe OT AHACPOOHHS TECT HAa MW30KHMHETHYEH TPEHAXOp BBPXY
MOCTHXKeHHETO Ha 50 m cBOOOJIEH CTHII M MPU JBATa M0JIa, KAKTO U MPU APYTUTE
2 aHaepoOHM TecTa, €AMHCTBEH apryMEHT B PErPECHOHHOTO YpaBHEHUE OCTaHa
nokasarenar cpeana MmourHocT (AP).

He 6s1xa HaOro1aBaHu chCTE3aTeNId YUUTO MOCTHXEeHHS Ha 50 m cBoOOIeH
CTWJI Jia OTroBapAT Ha TOYKH, KOUTO JIEKAT 3HAYUTEIHO HaJ CHOTBETHHUTE
perpecuonHu uHuU (M3BBH 90%-HUs MPOrHOCTHYEH UHTEpBal - durypa 3.5 u
durypa 3.6). 3a paznka oT aHaepOOHHUS TECT YMHICHT, TEXHUKATA IIPU TECTa Ha
M30KMHETHYEH TPEHAKOP € OJIM3Ka JI0 Ta3u B CBOOOHUS cTII. BeposaTHo mopaau
Ta3u MpPUYMHA B HACTOAIIOTO U3CJAEABAHE HE ce HalIJgaBaT TOJEMU
HECHOTBETCTBUSI MEXIY H3MEpeHaTa CpeHaTa MOIIHOCT Ha H30KMHETUYECH
TPEHAXXOP M CIOPTHOTO mMoOcCTkKeHue. Hamuuumero Ha pe3ynaraTd Haj
MIPOTHOCTUYHHMSI MHTEPBAJ IPHU OBACIIN TECTUPAHKS MOXKE JIa CE IBbJDKU Ha HACKA
MOIIIHOCT Ha JIOJIHUTE KPaWHUWIM W/WIHM TPEUIKH B oOIaTa KOOpAWHAIUSA Ha
TBYDKEHUATA TIPU CTHIT KPOYJI.

HabGmronaBa ce camMo mpu eIMH ChCTe3aTell, YUUTO MOCTHKEHUST Ha 50 M
CBOOOJIEH CTWJI JIe)aT CUTHU(UKAHTHO TIOJT CbOTBETHUTE PETPECHOHHU JIMHUU
(durypa 3.6). Tasu pasinka mokasBa 1mo-100p0o MOCTHXKEHUE OT MPEIABUIACHOTO
3a CHOTBETHATa pealM3MpaHa MOITHOCT Ha IUIyBEH TpPEHaxop. ThH Karo
TEXHUKATa Ha JIBETE HAaTOBapBaHUs (ITyBaHE W TECT Ha TUIYBEH TPEHAXKOP) ca
OJIM3KH, TOBa HAONIOJCHHE MOXKE Ja ce OOSCHH ¢ MHOTO BHCOKAa MOIIHOCT Ha
JI0JTHATA YacT Ha TSAJIOTO, KOATO MMa 3HAYCHHE 3a pe3yiTara B CIIPUHTOBUTE
TUCHUUIUIMHM W/WIW  T0-o0TeKaeMa TMO3WLUs Ha TSAJI0TO, MO-700pa o0Ina
KOOPJIMHAIIMS Ha JBWKCHHITA B CBOOOJHHMS CTHJ BBB BOJIaTa M JIPYTH (aKTOPH
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Ha IUTyBHOTO [TOCTUKEHUE, KOMTO HE ca 00EKT Ha HACTOSIIOTO U3ciieBane. Kakro
IpU CHIOCTABIHETO HA PE3YJITAaTUTE OT aHACpPOOHHUTE TECTOBE YHHIEHT 3a
JI0JIHATA U FOpHATa 4acT Ha TAJIOTO, Taka U TYK BHXKJaMe HEOOXOIMMOCTTA OT
KOMIIJIEKCEH aHaJIM3 Ha Pe3yJITaTUTE OT NIOBEeYe OT €UH aHAepOOEH TeCT.

AHaepoOHaTa pabOTOCIIOCOOHOCT W3MEpEHa uUpe3 aHaepoOHUS TECT Ha
M30KMHETUYEH TPEHAXOP, KAKTO U IPU TECTOBETE YMHIEWUT 3a JOJIHA U TOpPHA
4acT Ha TsUIOTO HapacTBa C Bb3pacTTa Ha cbecTe3arenuTe. CXOMHM pe3yJiTaTu ce
Ha0JI0/1aBaT M OT JApyru aBTopu. HepaBHOMEpPHOTO HapacTBaHe Ha MOUIHOCTTA
Ha JCBOMKHWTE MOXE Ja c€ JObDKM Ha HeJAOoCTaThb4eH Opoil ciydau W
TpaHCBEP3aJIHUS XapaKTep Ha U3CIIEIBAHETO.

[IpencraBeHUTe MEPCEHTHIIHU OIEHKM Ha cpeaHara momHocT (AP) ot
aHaepOOHUs TECT Ha W30KMHETHYCH TPEHAXOp 3a IOHOIIM CTaplia BB3pPacT
(Tabnwuia 3.22) uMart caMo OPUEHTUPOBBUCH XapakTep. B Obelie e Heo0X0auMO
T€3U IEPCEHTUIIHU OLIEHKH € J1a ObJaT Mperu3upaHy Ha 6a3aTa Ha Mo-TroJisiM Opoi
CITy4dau ¥ pa3lIMPEHN 32 BCUYKU OCTAHAJN BH3PAaCTOBU TPYIIH.

CboTHOLIEHMST M KOpeJauuu MexAy pe3yJararture OT TpPHUTe
aHaepoOHU JIa0OPATOPHU TeCcTa

C 1en aHAIM3 Ha ChOTHOIICHHUSTA U KOPEIAIIMUTE MEX/Ty IMOKA3aTeIUTE OT
TPUTE TMPOBEJCHU aHACPOOHHM TECTOBE OsfXa OTICIICHH PE3YyJITaTUTE CaMO Ha
ChCTE3aTEIIUTE M3ITBJIHUIA M TPUTE TECTa B paMKUTE Ha JBe ceamuiu. Ha ToBa
yCIIOBHE, OT 0010 u3cieaBaHu 98 chcTe3aTeln, OTroBapsxa pe3yITaTUTe caMo
Ha 26 ot Tsx (8 meBoiiku u 18 1oHOIIH).

B Tabnuua 3.23 ca npejcTaBeHr CpEeHUTE PE3yITaTH Ha U3IIBIHIINTE B
paMKHTE Ha JBE CEAMUIM M TPUTE aHAEPOOHU TECTa JEBOWKU M FOHOIIIU.
AGcomoTHaTa ¥ OTHOCHUTEIHATa MaKCHUMallHa MOITHOCT Ha JIOJIHATa 4acT Ha
TSAJIOTO OT TecTa YUHTeuT npu AeBoiiku € 1,90 + 0,39 mbTH mo-ronsMa ot Te3w,
PETUCTPUpPaHU IIPU TeCTa YHUHIEUT 3a ropHaTa 4acT Ha Ts1oTo. [Ipu roHomuTe
a0COJIIOTHATa U OTHOCHUTEITHATa MAaKCHMallHA MOUIHOCT Ha JOJIHATa 4acT Ha
Ts70TO OT Tecta YuHreut ¢ 1,51 + 0,25 mbTr mo-rosisiMa OT perucTpupaHuTe 3a
ropHaTa 4acT Ha TSUIOTO ¥ TOBAa ChOTHOIICHHE € JIOCTOBEPHO IMO-MAJIKO OT CHIIIOTO
npu aesoikute (p < 0.001).

AOcosoTHaTa ¥ OTHOCUTEIHATA CpElHa MOITHOCT OT aHAaepOOHHUS TECT
YuHreuT 3a JojaHATa YacT Ha TUIOTO mpu JeBouku ca 1,97 + 0,34 mbtH, 110-
roJIeMU OT Ta3u PETHCTPUPAHU NIPHU aHACPOOHUS TECT YUHTEUT 3a TOpHA YacT Ha
Ts70TO. AOGCOJIIOTHATA U OTHOCUTETHATA CPeIHA MOIIIHOCT Ha foHommmTe € 1,60 +
0,14 mpTH MO-BHCOKA OT TECTA 3a JIOJIHA CIOPSIMO TECTa 32 TOPHA YacT Ha TSJIOTO
U € JOCTOBEPHO MO-MaJIKo OT ToBa npH nesoiikute (p < 0.001).

AOcooTHaTa U OTHOCUTETHATA CPEIHA MOIIHOCT OT aHAaepOOHUS TECT Ha
W30KUHETUYEH TPEHAXKOP Ca HAW-HUCKKM OT HU3MEPEHUTE IpU TPUTE TECTA.
Cpennarta MOIIHOCT Ha IEBOMKUTE OT TO3U TecT € 1,62 + 0,25 mbTH mo-HUCKA OT
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Ta3W W3YMCIICHA TP TECTa YHMHTEUT 3a TOPHA YacT Ha TsI0TO. AOCOJIOTHATA U
OTHOCHTEJTHATa CpeAHa MOIIHOCT Ha OHOIIUTE OT TECTa Ha W30KWHETHYCH
Tpenaxop ¢ 1,78 + 0,18 mpTr mo-HuCKa, OT Ta3W Ha OT Ta3W MPHU TeCTa Y MHTCUT
3a TOpPHA YacT Ha TSIOTO, KATO ChOTHONICHHSITA HE CE€ pa3inyaBaT JOCTOBEPHO
MEXTy JIBaTa Iosa.

W mpu aBaTta mosia abCOJIOTHATa U OTHOCUTENIHATA CPElHA MOIIHOCT OT
aHaepOoOHUs TECT Y MHIEUT 32 TOPHATA YacT Ha TSUIOTO Ca MO-BUCOKU OT TE3U IIPH
TECTa Ha M30KMHETHYEeH TpeHaxkop. Tosa ce abku Ha (akTa, ye paboTtaTa Ha
PBUEH €proMeTbp € Mo-eeKTHUBHA OTKOJKOTO Ta3W Ha OMOKMHETHK, MOpaau
CUHEPTUYHOTO JEHCTBUE HA PBIETE NPU BbPTEHE HA PHKOXBATKUTE HA PHUHUS
epromeTbp. B TO3u ciiyyam mo BpemMeTo Ha eAUHHS MOJyoOOpOT JisABaTa phbka
n30yTBa e€JHaTa PbKOXBATKa, €IHOBPEMEHHO C TOBa JACHATa TErJM JApyrara
PBKOXBATKAa, a [10 BpEME Ha APYTUs MOIy0o00pOT cTaBa OOpaTHOTO. 3a pa3iuKa OT
TOBA, MpU paboTaTa ¢ U3OKUHETUYHUS TPEHAKOP, JOKATO €HATa pbKa Ch3/1aBa
MOIIIHOCT BBB (pa3uTe Ha 3arpeOBaHe, Apyrara pbKa HE Cb3/aBa TaKaBa IpPHU
BPBIIAHETO CH B U3XOJHO MOJIOKEHUE HATIPE/I.

Tabauua 3.23
Cpeonu cmotinocmu Ha abcomomuume u OMHOCUMENHUMe NOKA3amenu 3d
MOWHOC OM mpume anaepoOHu mecma npu 0esoUKU U IOHOUIL.

Women Q Men &

Wingate | Wingate |Isokinetici Wingate | Wingate | Isokinetic

lower body | upper body |Biometer | lower body | upper body | Biometer
PP 533,2 290,4 - 792,7 544,1 -
RPP 9,08 4,94 - 11,55 7,78 -
AP 407,9 211,7 131,8 589,9 374,0 210,7
RPP 6,96 3,60 2,24 8,58 5,36 3,03

B Tabmuma 3.24 u Tabmuma 3.25 ca mpeacTaBeHH pe3yJTaTUTe OT
KOpEJIAIlMOHHUS aHalli3 MEXIy TOKa3aTeIUTE 3a CPEIHAa MOITHOCT OT TPHTE
aHaepoOHM TECT U CIIOPTHOTO MOCTHX)eHHUe Ha 5O M cBOOOACH CTHII TIPH JICBOMKH
Y IOHOIIIA ChOTBETHO.

[Tpu nesoiikute (Tabmuia 3.24) nMa BUCOKH B3aMMHA KOPEJIAIUS MEXKTY
CpPEIHUTE MOIHOCTH OT TPUTE aHAEPOOHM TecTa, KaKTO U MEXAY TAX U
CHOPTHOTO TMOCTIKeHue. HUTo equH oT KoepHUIMEeHTUTe Ha KOopenaius He ce
pa3inyaBaT CTATUCTHYECKH JOCTOBEPHO OT OCTAaHAIHWTE, BEPOSTHO TOpaau
MaJKus Opou ciyyau.
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Tabauya 3.24
Kopenayuonen ananuz na noxazamenume 3a cpeona mownocm [AP] om mpume
anaepooHu mecma u cnoOpmuomo nocmudxcenue na 50 M ceoboden cmun npu
0€BOKU.

Isokinetic Wingate Wingate
Women ¢ Biometer | upper body | lower body S0 m
Isokinetic Biometer Cs?S 1,000
Wingate upper body Cs(i); 882? 1,000
Wingate lower body Cs?g;r. 8812 8322 1,000
corr. -0,850 -0,716 -0,687
50 m sig. | 0,007 0,046 0060 | 0%

[Tpu ronomute (Tabnuna 3.25) cbiio ce HaOMIOAaBa B3aMMHa Kopesaius
MEXAYy CPEIHUTE MOIIHOCTU OT TPUTE aHACPOOHM TECTa, KAKTO U MEXKAY TAX U
CIIOPTHOTO MOCTHXeHue. HsiMa 1OCTOBEpHU pa3iiuKh MEXIy KOUTO W Jia € JIBa
KOpEeJalMOHHN KOe(UIIMEHTA, CHINO MOpaand HeroeMus Opoit ciydan.

Tabauua 3.25
Kopenayuonen ananuz na noxazamenume 3a cpeona mownocm [AP] om mpume
anaepodonu mecma u cnopmuHomo nocmudxcenue wa 50 M ceoboden cmun npu
IOHOULL.

Isokinetic | Wingate Wingate
Men J Biometer | upper body | lower body S0m
Isokinetic Biometer Cs?g 1,000
Wingate upper body Cs?g' 8333 1,000
Wingate lower body Cs?g' 8(7)38 8388 1,000
corr. | -0,779 -0,867 -0,816
S0m sig. | 0,000 0,000 0000 | LY

HabmroaBanuTe U npu /Bata moJjia BUCOKU KOS(PUIIMEHTH Ha KOpemarus
MEXIy CPEAHUTE MOUTHOCTH OT Pa3IMYHUTE TECTOBE OT €IHA CTpaHa U CPEAHUTE
MOIIIHOCTA U CHOPTHOTO TMOCTHMXKEHUE OT Apyra, MoKa3BaT, ye MpU MOBEYETO
chCTE3aTeNu 10 IUTyBaHe Hecnenn(puuHaTa aHaepoOHa MOIIIHOCT Ha JOJIHATA 4acT
Ha TSUI0TO U cnelduyHaTa 1 HecnenuduyHaTa aHaepoOHa MOITHOCT Ha TOpHATA
4acT Ha TSUIOTO CE€ Pa3BUBAT B OINPEACIICHU MPOMOPIUU U UTPAAT TojiiMa poJIs
npu GOPMHUPAHETO HA MOCTHKEHUSATA B CIPUHTOBUTE TUCUUILIIMHU B TUTYBAHETO.

ITpu KOHTpoOna B IUTYBAaHETO IPEACTABISABAT MHTEPEC CHCTE3ATEINUTE C
HUCKHM BB3PAacTOBH IMEPCEHTUIHU OLEHKH [0 OTHOLIEHUE Ha IOKA3aTEIUTE Ha
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aHanO6HaTa pa6OTOCHOCO6HOCT, KaKTO U TC3U, YHUUTO PEIYJITAaTU CC OTKIOHABAT
SHAYUTCIHO OT NPECABUACHUTC OT PCTPECCUOHHUTC aHAJIN3H.

HNHuTepnperanusaTa Ha pe3yJATaTUTE OT OTAEIHUTE aHAEPOOHUTE TECTOBE
IIOKa3BaT, 4€ M3I0JI3BAHETO UM B KOMIUIEKC, Ch3JaBa OCHOBA 3a U3BE)KIAHE HA
€IHO3HAYHH MPENOPBHKU 3a ONTHMHU3UPAHE HA MOJrOTOBKATa HA M3CJEIBAHUTE
checTe3arend. B xoma Ha gucepranusTa 0sxa MOKa3aHU KOHKPETHH MPUMEPH
WIFOCTPUPALLU TO3H U3BOL.

B cicaBaliara TIJjiaBa — ,,KOMHHCKCHa OIICHKa Ha aHaep06HaTa
pa6OTOCHOCO6HOCT“ € HaIIpaBCH OIIMT 3a I10JIYy4aBaHC Ha CAHO3HAYHU U3BOAH HA
3a HCJINUTC HAa KOHTPOJIA B INIYBAHCTO Ha OCHOBATA HA PC3yJaTaTH OT IIOBCYC OT
CIUH TCCT U IICPCCHTHUIIHUTC UM OLICHKHU.

KomiuiekcHa onieHKka Ha aHaepoOHaTa padoToCImOCOOHOCT

[Ipy aHanM3a Ha PETPECUOHHUTE YPABHEHUS, IOJYYEHU OT IPOBEIACHUTE
10 OTJEJIHO aHACPOOHM TECTOBE 33 TOPHA U JI0JIHA YacT Ha TAJIOTO, CE€ TOCTUTHA
70 HSIKOJIKO Bb3MOXKHHM THJIKYBAaHUS HA MOJYUYEHHUTE pe3yiTaTd. 3a ToBa Oele
HalpaBeHa KOMIUIEKCHA OILIGHKa Ha aHaepoOHaTa pabOTOCIOCOOHOCT Ha
IUTYBLUTE, KOSTO BKJIIFOYBA €THOBPEMEHHO PE3YITATUTE OT PA3JIMYHUTE TECTOBE.
Karo Hali-anekBaTeH CTaTUCTUYECKH METOJ B OCBIIECTBABAHE HA TO3U ITOAXOJ
Oelire N30paH MHOKECTBEHUSI PETPECUOHEH aHAIIU3.

Komnnekcen ananusz na peynimamume om anaepoonus mecm Yunzeium
3a 20pHA Yacm HA MAIOMO U AHAEPOOHUA MeCMm HA U30OKUHEemUUeH
MPEHa}Cop

3a ga ce OLEHM BIMAHHUETO HAa €(PEeKTUBHOCTTa Ha HW3MOJ3BAaHE Ha
aHaepoOHaTa MOIIHOCT Ha TrOpHAaTa 4YacT Ha TSAJIOTO MpPHU CHENU(DUIHOTO
HaTtoBapBaHe (IJTyBaHe B CBOOOJICH CTHII), Oellle HalrpaBeHa KOMIUICKCHA OLICHKa
Ha PE3yJITaTUTE OT aHAepOOHUs TECT YHMHIEHT 3a ropHara 4acT Ha TSJIOTO U
aHaepoOHUsI TECT HAa M30KMHETHYEH TpeHaxkop. KopemalnuroHeH aHanu3 Mexiy
CpEeIHUTE MOIIHOCTH Ha TE3M JIBa TeCTa Beue Oelle MpeCTaBeH B MpeaulIHaTa
IJ1aBa, KbJIETO YUaCTBAT €IHU U ChIIU U3CICIBAHU JTULA.

Ha ®urypa 3.7 3aemHo ca mpeacTaBeHH TpadUyHO PE3YNTATUTE OT
MPOBEJICHUTE 1O OTACITHO 3a JEBOMKHU U IOHOIIN PErPECUOHHU aHATU3H.
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Quzypa 3.7 I paguuno npedcmassane na 1uHeliHume pecpecuoHHU ypasHeHus 3a
3A8UCUMOCIIMA MeHCOY CPEeOHUME MOWHOCMU OM aHAepoOHUs mecm YuHneelm u
mecma Ha U30KUHeMUYeH MPeHAadx’cop Npu O0eBOoUKU (NpeKbCHama AUHUs) U
wHowu (Henpexvcuama aunus). C  nynkmupanu aunuu e ouepman 90%
NPOCHOCMUYEH UHMEPBA, d C KPbe Ca OUepmaHu moykume, KOUmo ca 06ekm Ha
aHanu3 8 meKcma.

Ha ®urypa 3.7 ce HabmomaBa equH cheTe3aTen (03HadeH Ha urypara c
Nel), xouto moOKa3Ba MHOTO TMO-I00pa cCpeaHa MOIIHOCT Ha TecTa Ha
M30KMHETHUYEH TPEHAXKOP OT KOJKOTO MOXKE /1a C€ O4aKBa OT TeCTa YMHIEUT 3a
ropHaTta 4acT Ha TSJIOTO. 3a IeUTe Ha aHajn3a OCBEH pe3ylTaTHUTEe Ha TO3U
chcTes3aTen 0sxa aHATM3UPAHU U PE3yNITaTUTE Ha OIIle eHH CheTe3aTel (03HaYeH
Ha ¢urypata ¢ Ne2) u Ha eqHa cbere3aTenka (o3HaueHa Ha uryparta ¢ Ne3),
KOUTO ce Jo0mkaBaT 10 goiaHus 90%-ten nporaoctuueH naTepBai. B Tabnuia
3.26 ca mpejACTaBeHU IUTYBHUTE TOCTIKECHUSI, PE3YJITATUTE U TEPCEHTUITHUTE
OLICHKH Ha cpeJHaTa MOIIHOCT OT aHaepOOHHUs TECT YHUHIEWUT 3a rOpHa 4acT Ha
TSJIOTO U TECTa Ha M30KWHETUYEH TPEHAXKOP HA U30pAaHUTE ChCTE3aTENH.
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Tabauya 3.26
IInyenu nocmuoicenus, pezyimamu u nepcenmunnu oyenku (PCTL) na cpeonama
MOWHOCM Om anaepobHus mecm Yumneeum 3a 20pHa 4acm Ha MAI0Mo U mecma

HA USOKUHEMUYEH MPERAINCOP npu 0eB0UKU U IOHOWU 00EKM HA AHANU3.

Time | AP | RAP AP RAP AP RAP
Ne | 50m | Bio | Bio |upper body|upper body|lower body|lower body
[s] | [W] [W/kg]|  [W] [W/kg] [W] [W/kg]
Nel | 25,14 {250,5| 3,8 357,7 5,4 567,7 8,6
PCTL| - 193,3%]99,9%| 33,3% 40,7% 34,2% 55,2%
Ne2 | 24,03 {203,8| 3,0 434.9 6,4 622,9 9,3
PCTL| - |33,3%/26,6%| 81,4% 92,5% 68,4% 84,2%
Ne3 130,01(951| 1,8 187,2 3,6 395,6 7,5
PCTL| - - - 25,0% 50,0% 87,5% 93,7%

Cocresaren Nel usmonsBa rojisiMa 4acT OT aHaepoOHATa MOIIHOCT Ha
ropuara yactT Ha Ttsmoro (357,7 W) mnpu cnenmduyHO HaTOBapBaHE Ha
n30KuHEeTHYeH TpeHaxkop (250,5 W) umu 70% mipu cpeaHo 57% 3a u3ciaeBaHuTe
toHomM. HeroBure pe3yiraru ot Tecta Ha rutyBeH TpeHaxkop (AP Bio u RAP Bio)
UMaT BUCOKHU nepceHTIHU otieHku (Tabmuna 3.26). To3u chere3aren uma mo-
HUCKM TIEPCEHTHJIHM OILIEHKH Ha cpenHara wmomHocT (AP u RAP) ot
HecnenuUUHUTE TeCTOBE YMHIEHT 3a JTOJIHA U TOpHA YacT Ha TsioTo (Tabnuia
3.26). 3a mogoOpsiBaHe Ha TOCTIKCHHETO IMPH TO3U ChCTE3aTeNl MOXKE Jla Ce
mpernopbya MOBUIIABaHE Ha aHAepOOHATa MOIIHOCT Ha JIOJIHATA YacT Ha TSAJIOTO
ype3 Hecnenu(pUyHU U ciequpuIHU METOJIH.

Cocrezaten Ne2 wu3mosi3Ba Majka 4acT OT aHaepoOHaTa MOUIHOCT Ha
ropHaTa 4acT Ha TSJIOTO TpHU CHEMU(UIHO HATOBApBaHEC HA W30KWHETHUYCH
TpeHaxop - 47%, nipu 57% cpeano 3a roHowmu. HeroBure pesynratu oT TecTta Ha
n3okuHeTH4eH TpeHaxop (AP Bio u RAP Bi0) uMaT HUCKH MEPCEHTHIIHN OIICHKH
(Tabmuma 3.26). To3u cheTe3aTen MMa 3HAYUTEIHO IO-BHCOKH OT CPEIHHUTE
NEPCEHTHJIHA OIEHKH OT TECTOBETEe YMHIEHT 3a ropHaTa W JOJHATa 4acT Ha
TAJ0TO. BbhIpeku, ue To3u cheTe3areln MpUTekaBa BUCOKA aHAEPOOHA MOIIHOCT
TOM HE MOXE Ja s MPUJIOXKH BBB crenuduuHd HaToBapBaHHs (TTyBaHE B
cBoOoeH ctui). [Ipu To3u chere3aren € HeoOX0uMoO J1a ObJie HalTpaBeHa OIlCHKA
Ha TEXHUYECKHUTE MapaMeTpu Ha 3arpeOBaHETO B CBOOOJHUS CTWI M J1a Objae
nojo0peHa aHaepoOHaTa MOIIHOCT Ha CHEUUPUUYHUTE MYCKYJIHH rpynu. Tosa
MOKE€ Ja OBbJC IOCTUTHATO Ype3 BHJCOAHANIHM3 W JOMBJIHUTEIHH CHCTCMHH
cneruUIHU 3a CBOOOJICH CTHJI HATOBAPBAHMS C TUTYBHU TPEHAXOPHU M JTACTHIIH
Ha CyIlla ¥ YTe)KHEHUS (TIEBJICH, TIapallyTH U JIp.) BbB BOJA.

Crocresarenka Ne3 mogo0Ho Ha cherezaresr Ne2 m3mos3Ba Maika 4acT OT
aHaepoOHaTa MOINHOCT HA TOpHAaTa YacT HA TAJOTO MPU CHEUUPUIHO
HAaTOBapBaHE HA M30KMHETUYEH TpeHaxop - 51%, npu 64% cpenHo 3a 1eBOMKH.
Ta3u cheTe3aresika uMa Mo-BUCOKH OT CPEIHUTE MEPCEHTUIIHU OLIEHKH MPU TeCTa
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YuHreur 3a qoiHa yact Ha Ts10T0 U cpeann (RAP) u mog cpennute (AP) oneHku
IIpU TeCTa YHMHIEWT 3a TOpHATa 4acT Ha Tso0To. [Ipm Tasu ceperesarenka ce
NperopbuBaT HATOBApBaHUS 3a NOAOOpsiBaHe Ha crnenuduIHaTa W
HecnenuguiHaTa anaepoOHa MOIITHOCT HA TOPHATA YacT Ha TSUIOTO.

Komnnexkcen amanusz na pelyimamume om Hecneumpuunume
auaepoﬁﬂu mecmoee Yunzeiim 3a oOonnama u 2OpHama udacm Ha4
majaomo

Kowmrekcen ananus Ha pe3yJTaTUTe OT JBaTa HecnenupuIHu aHaepoOH!
TECTOBE YMHIECHT 3a JOJHATa W TOpPHATa 4YacT Ha TAJIOTO Oelle HampaBeH Ha
0azaTa Ha pe3yJNTaTUTE HA CHCTE3aTENMTE, B3ENU y4yacTHEe M B JIBaTa TECTa B
paMKuTe Ha JBe ceaMuuu. Ha ToBa ycnoBue, oT o0Owmo wu3cieaBaHud 98
ChCTE3aTeNM, OTroBapsxa pesyirarure Ha 42-ma ot Tiax (12 geBoiiku u 30
IOHOIIIN).

beme IIPpOBCACH MHOXKCCTBCH PCIPCCHUOHCH AaHAJIN3, IIpU KOWUTO
nocTkeHuero Ha 50 m CBO6OI[€H ctuin Oerne OIIPpCACIICHO KaTO 3aBHUCHMaA
IMPOMCHJIMBA, a CPCIHHUTC MOINHOCTH IIOJYYCHH OT TCCTOBCTC YuHreut Ha
A0JIHATa WM T'OpHATAa 4aCT Ha TAJIOTO KAaTO HC3aBHUCUMM IIPOMCHIINBHU. B pe3yiraTt
0sxa IIOJIY4YC€HH CJIICOAHUTE PErpECUOHHU YPaBHCHU.

- 3a JICBOMKHU:

Tso = 33,381 — 0,014 * APypper — 0,005 * APjower (r = 0,804; p < 0,009)
- 32 IOHOIIIHN:

Ts0 = 31,353 — 0,012 * APypper — 0,002 * APjower (r =0,778; p <0,001)

, KbJ1eTO Tso € mpenBuaeHoTo Bpeme Ha 50 M cBoOoneH cTuil, APypper €
CpeIHaTa MOITHOCT OT TE€CTa 3a TOpHATa 4acT Ha TWIO0TO, a APjower € cpeaHaTa
MOIITHOCT OT TECTA 3a JOJIHATA YacT Ha TSUIOTO.

OT cpaBHEHHETO Ha KOCPUIIMEHTUTE MpPe]l HE3aBUCUMUTE MPOMEHIIMBU B
NOPEJCTAaBEHUTE MHOXECTBEHH PErPECUMOHHM YpaBHEHHUs C€ BWXKAA, 4e
3HaYEHUETO Ha MOILHOCTTA Ha FTOpHATa YacT Ha TSAJIO0TO € MPUOIU3UTETTHO OT 3 10
6 IbTU O-roJIsIMa (II0-TOJIeMH KOS(HUIIMEHTH) OT Ta3u Ha JJOJHATA YacT Ha TSAJIOTO
(mo-manku koeuuMeHTH). Bbnpeku, ye MOIIHOCTTa Ha JOJHATA YacT Ha TAJIOTO
IPEeBB3X0K/a Ta3u Ha ropHara - 407,9 vs. 211,7 (1,93 nbTH) nipu skenute u 589,9
vs. 374,0 (1,58 mptu) mpu wmexkere (Tabmuna 3.23), TO pasnukKata mpu
KOCPUITMEHTHUTE € MO-TOJsIMa, KOETO OTPEesis KaTo MU0 To-rojisiMaTa pojis Ha
ropHaTa 4acT Ha TSUIOTO MPH ITyBaHE B CTHJ KPOYJI.

Ha ®urypa 3.8 u @urypa 3.9 ca mnpeacraBeHu KOpeJIallMOHHUTE
3aBUCHUMOCTH MEXKy CIOPTHUTE MOCTIKEHUs Ha 50 M CBOOOJEH CTHI U
MOCTHKEHUSITa TIPEABUICHU CIIOPE]l MHOKECTBEHUTE PErPECUOHHU MOJCIH, Ha
0a3arta Ha cpeJHaTa MOIIHOCT Ha TOPHATA U I0JHATA YacT Ha TAJIOTO MPU JIE€BOMKH
Y IOHOIIIN ChOTBETHO.
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Duzypa 3.8 3asucumocm medcoy cnopmuume nocmudicenuss Ha 50 m c60b600en
CMUTL U NOCMUICEHUSIMA NPEeOBUOEHU O MHOMCECMBEHUS PecPeCUOHEH MOOEI, Ha
bazama Ha cpeoHama MOWHOCH HA 20PHAMA U OOIHAMA Yacm HA MALOMO Npu
oegotiku. C nynkmuparu aunuu e ouepmar 90%-nus npoenocmuyer uHmepsal, a
MOYKUmMe KOUmo uziu3am u3ébH He2o ca 04epmaHu ¢ Kpve.

Ha ®urypa 3.8 ce HabnrogaBa eqHa cheTe3arenka (03HaueHa Ha (purypara
¢ Nel), grero mpenBuacHO MocTxkeHne Ha SO M cBOOOIEH CTUII € 3HAYUTEITHO
0-100p0 OT PEaTHOTO M IMOCTHIKEHHE. 3a IeJMTe Ha aHajn3a Ie pasriie/iame
pe3yiTaTUTe OT TECTOBETE Ha Ta3W ChCTe3aTelka, a ChII0O U Ha JBETe
cbere3ateNiku (o3HaueHu Ha purypara ¢ No2 u Ne3), KOUTO UMAT MHOTO 110 100pH
MOCTHIKEHHUSI OT IPEABUIECHUTE OT MHOKECTBEHUSI perpecuoneH moaen (Tabnuia

3.27).
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Tabauya 3.27
Peannu u npedsudenu niysnu nocmudicenus, cpeoHa MOWHOCH U NepCeHmuIHu
OYeHKU Om aHaepooOHume mecmose Yuneetim 3a 00JHA U 2OPHA YACT HA MALOMO
npu 0egouxume 00exm Ha 0ematiieH aHaius.

Time | Predicted AP RAP AP RAP
Ne | 50 m | time 50 m |upper body |upper body|lower body |lower body
[s] [s] [W] [W/kg] [W] [W/kg]
Nel 29,11 27,73 270,8 4,4 460,0 7,5
PCTL| - - 87,5% 87,5% 62,4% 62,5%
Ne2 126,01 27,15 296,8 4,5 461,3 8,1
PCTL| - - 99,9% 99,9% 62,5% 99,9%
Ne3 27,05 27,88 260,5 4,2 504,2 7,3
PCTL| - - 75,0% 75,0% 87,5% 43,7%

[Ipu cbcresatenka Nel ot Tabmwma 3.27 ce HaOmomaBa mMmo-cimabo oOT
IPEABUICHOTO OT PErPECHOHHHUS MOJIC] MOCTIKEeHHEe Ha 50 M cBOOOJCH CTHII.
[IpeaBu cpaBHUTETHO BHCOKATA IIEPCCHTHIIHA OIICHKA Ha CpeIHAaTa MOITHOCT OT
TecTa YHHISHT 3a J0JIHaTa 9acT Ha TSJIOTO M BUCOKATa MEPCEHTHIIHA OIlCHKA Ha
CpelHaTa MOIIHOCT 3a TOpHAaTa YacT Ha TSUIOTO MOXE Jia C€ TBBPIAH, Y€ Ta3H
ChCTE3aTeIKa HE MOJXKE Jia M3M0J3Ba e(PEKTUBHO J00para cH aHacpoOHa
paboTOCIIOCOOHOCT MpH IUTyBaHEe B ¢BOOOJeH cTii. He Moxe ma ce odakBa, 4ye
JOITBTHATETHOTO pa3BHTHE Ha aHacpoOHATa MOIIHOCT Ha TOpPHATa W JIOJIHATA
9JacT Ha TSAJIOTO NPH Ta3W IUTYBKHHS Ja JIOBEJAC 1O 3HAYMTENCH IMporpec Ha
CIIOPTHOTO TIOCTIKCHHE. 3a TOoJAo0psBaHE HA IMOCTMDIKCHHUETO TIpU Tas3|
chCTe3aTelIka MOJXKE Jia Ce Mpenopbya 3aabJ1004eH OMOMEXaHUUCH aHAIN3 C e
3HAYUTEITHO KOPUTHPAHE Ha IJIyBHATAa TEXHUKATA.

Hpyrute nBe cbere3atenku (Nel m Ne2) ca mocturHanu mo-mpodpo ot
MpEeABUACHOTO Ha 0a3aTa Ha aHAEPOOHUTE TECTOBE MOCTUKEHUE U MOXKE Ja Ce
TBBP/IU, Y€ T€ UMAT MO-e(PEeKTUBHA OT XapaKTepHaTa 3a CPEIHOTO HUBO ILUTyBHA
TEXHHUKA. BhIpeKku oTyeTeHUTEe BUCOKH aHAEPOOHHM MOIIHOCTH, 3a O100psiBaHe
Ha CIIOPTHHUS pe3yTaT MPH TIX MOXKE Ja CE NPUII0XKAT JOIBJIHUTEIHU METOAU U
CpeZICTBa 32 OLLE MO-TOIAMOTO UM pa3BUTHE. [IpeaBua NEpCEHTUIIHUTE OLICHKH,
npu cbreTe3atenkara No2, TpeHUpOBKUTE TpsiOBa /1a ca HACOYEHH OCHOBHO KbM
pa3BUTHE Ha aHaepoOHAaTa MOIIHOCT Ha JOJIHaTa 4acT Ha TAJOTO, a MpHU
chere3aTenkara No3 Ou TpsiOBaJio Ja ce pa3BuUBa MPUOPUTETHO aHaepoOHaTa
MOIIIHOCT Ha FOpHATA YacT Ha TsU10TO. TakbB aHaNU3 MOXKe Aa ObJie HalpaBeH U
3a IpYTHU IUTyBUW, KOUTO HE nonajaat u3BbH 90%-HUSA NIPOrHOCTUYEH UHTEPBAJ,
HO C€ OTJIMYaBaT YyBCTBUTEIHO OT MPEJIBUICHUTE CTOMHOCTH U ca BbB (poKyca Ha
BHUMAHHUETO HA TPEHbOPUTE.
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Duzypa 3.9 3asucumocm medncoy cnopmuume nocmudcenuss Ha 50 M ceoboden
CMUJL U NOCIMUNCEHUSIMA NPEeOBUOEeHU O MHONMCECMBEHUS Pe2PeCUOHeH MOOeJl, Ha
bazama Ha cpeOHama MOWHOCH HA 20PHAMA U OOJIHAMA 4acm HA MALOMO Npu
ronowiu. C nynkmupanu aunuu e ouepman 90%-nusi npocHocmuder uHmepea, da
mouKume KOUmo u3iusam u3ebH He20 ca 04epmanil ¢ Kpbe.

Ha ®urypa 3.9 ce HaOmo1aBaT 1BaMa cherezarenu (o3HaueHu ¢ Nel u No2),
YUHUTO CHCTE3ATCIHU MOCTIKEHUS Ha 50 M cBOOOJIEH CTHII ca 3HAYUTEIIHO TI0-
cialu OT MpeABUICHUTE Ha 6a3aTa Ha MHOXKECTBEHHI perpecroHeH Mojen. Ennn
yBen (o3HaueHu ¢ Ne3) e otbensizan no-100po ChCTE3aTENHO MOCTUKEHUE OT
NpEeIBUCHOTO. 3a LeJUTe Ha aHanu3a Osxa pasrielaHd pe3yiaTaTuTe OT
aHaepOOHHTE TECTOBETE Ha Te3M TpuMa cheTesatenu (Tabmwma 3.28).

Tabauua 3.28

Peannu u npedsudenu niysHu nocmudicenus, cpeoHa MOWHOCH U nepCceHmuiHu
OYeHKU Om aHaepobHume mecmoge Yuneetim 3a 00IHA U 2OPHA YACH HA MSLIOMO
npu HowUme 00eKm Ha 0emaiileH aHalu3

Time | Predicted AP RAP AP RAP
Ne | 50 m | time 50 m |upper body|upper body |lower body | lower body
[s] [s] [W] [Wikg] [W] [Wikg]
Nel | 27,78 | 25,96 319,7 5,0 521,7 8,3
PCTL| - - 11,1% 25,9 18,4% 34,2%
Ne2 | 27,53 | 25,89 323,7 5,2 547,4 8,8
PCTL| - - 18,5% 33,3% 21,0% 65,7%
Ne3 | 23,74 | 25,28 376,5 5,6 582,0 8,8
PCTL| - - 40,7% 48,1% 42,1% 65,7%
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[Ipu cwerezatenu Nel u Ne2 B TabGnuna 3.27 ce HaOmoaBar IMo-ciaadu
nocTmkeHus Ha 50 M cBOOOICH CTUJT OT NPEIBUICHUTE B PETPECUOHHUS MOJIEIT.
Te3u chcTe3areny MMaT MHOTO HHUCKH TEPCEHTWIIHU OIEHKH M HE MOrar ja
peanu3upar J0py NPEIBUACHUTE Ha 0a3aTa HA HUCKUTE UM CPEIHA MOIITHOCTH OT
aHaepoOHUTE TECTOBE IUTYBHH TOCTIKEHMs. OrmpeneneHo, T€ WMaT W II0-
Hee(peKTUBHA OT XapaKTepHAaTa 3a CPEAHOTO HUBO TUTyBHA TexHWKa. [Ipu Te3m
ChCTE3aTeIN € HAJOKUTEITHO Ja ce paboTH 3a 3HAYMTETHO MOA0OpsiBaHE Ha
TEXHUKATa M YaK CJieJ] JOCTUTaHE Ha 0Ce3acMH PE3YNTaTH, Ja CE MPOIBIKHA B
IIOCOKa Ha T0JI00psiBaHE Ha aHacpOOHATa MOIIHOCT Ha TOpHA W JO0JHA YacT Ha
TSUIOTO.

[Ipu cbere3aren Ne3d ce HabmomaBa Mo-700po OT HPEABHUIAECHOTO OT
perpecuoHHUs MOJIeNI CIIOPTHO MOCTHXKeHue. Herosara 1iyBHa TEXHHKA € I10-
n00pa crpsiMO XapakTepHaTa 3a CpeITHOTO HUBO. T'hi KaTo peaau3upaHaTa cpeaHa
MOIITHOCT Ha 0a3a Ha MEPCEHTUIHUTE OIEHKH MPU HETO € MO-HUCKA OT CpeIHaTa
3a FOHOIIIH, 3a T0I00PsIBaHE HA MOCTUXKEHUETO OU TPsIOBaJlo MOJIrOTOBKATa MYy Ja
C€ HAaCOYHU KbM Pa3BUTHETO HA aHAepOOHATAa MOIITHOCT Ha JI0JIHATA ¥ TOPHATA YacT
Ha TSJIOTO.

3aKJIrouYeHue

N3mepBaHeTO 1 OlICHKATa Ha aHaepoOHaTa MOIIIHOCT Ha TOpHATAa U JOJTHATA
4acT Ha TSUI0TO MPH TUIYBIU B JIAOOPATOPHU YCIIOBHS JlaBa IieHHA UHGOpMAIIHS
3a HacOKUTe Ha ObJeriaTa TpeHUpOBbYHA paboTa. Pe3ynraTtuTe OT OTHETHUTE
TECTOBE, AaHAJM3WpPAaHU IO OTACTHO HE JaBaT €IHO3HAYHH OTTOBOPH 3a
CBhCTOSIHMETO Ha aHAepOOHUTE CHCTEMH TPH ILTYBIU. B MIyBaHEeTO, 3HAYCHUETO
Ha aHaepoOHaTa MOIITHOCT Ha TOpHATA YacT Ha TSJIO0TO, IO OTHOIIIEHUE Hail-MaJIko
Ha CBOOOJHMSI CTHJI, € 3HAYUTEITHO MO-TOJISIMO OTKOJIKOTO Ha Ta3W Ha JIOJIHATa
4acT Ha TI0TO. KOMIIOTHEpU3UpaHUTE YCTPOMCTBA OT THIA HA W30KMHETUIHHSI
IJIyBEH TpeHaxop ,buomersp® gaBar chilecTBeHa uHoOpMamus 3a
cnenupuyHaTa anaepoOHa paboTOCIIOCOOHOCT Ha TOPHUTE KPAWHUIIM U HEeWHATA
edexTuBHOCT. KOMIUIEKCHUSA aHalM3 Ha aHaepoOHaTa paboOTOCIIOCOOHOCT Ha
ChCTE3aTeIUTE IO TUTYBaHE YJIOBJIETBOPSBA B HAM-TOJISIMA CTENECH M3UCKBAHUSITA
MIOCTaBEHU KbM KOHTpPOJA B IIYBAHETO, 4 UMEHHO €IHO3HAYHU 3aKJIIOUYCHUS 32
HACOKHUTE 3a MOJ00psiBaHEe Ha KpaiHWs CropTeH pe3ynrar. Ha Gazara Ha Te3u
3aKJTIOYEHUST MOYKEM J1a TBHPJIUM, Y€ MTOCTaBeHaTa paboTHA XUIOTEe3a € JoKa3aHa.
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MN3BOIU, ITPEIIOPBKU U ITPUHOCH

H3BOaM

. PesynTtatutre oT mpoBenEeHOTO H3CiEBAaHE JAOKa3axa HAJIMYMETO Ha
BHUCOKH JIOCTOBEPHHU KOPEJIAlMK MEXy MOKa3aTeJUTe 3a aHaepoOHaTa
paboTOCTIOCOOHOCT OT TPUTE aHACpOOHM TecTa U CIIOPTHUTE
nocTkeHus: Ha 50 m cBoOOIEeH CTHII.

. Y mpu TpuTe aHaepoOHM TecTa Mmoka3aTessaT cpeaHa MomHuocT (AP) nma
Hal-BHCOKa KOpENalus ChC CIOPTHHUTE MOCTIKEHUS B CIIPUHTOBHTE
JTUCIUILIMHY B cBOOOAHUS cTU (0T = 0,581 1o r = 0,947).

. M3uuciienure  BB3pacTOBM  NEPCEHTWIHM  OLEHKUM  3a  Hau-
MH(OPMATUBHUTE TIOKA3AaTENIN OT OTJACITHUTE aHACPOOHH TECTOBE MOXKE
71a TOATIOMOTHE €()EeKTUBHO TPEHHLOPUTE B OMPEEISTHETO HA CTEIMEHTa
Ha pa3BUTHUETO HA aHaepoOHATa MOIIHOCT MPU CHCTE3aTeNH OT JBaTa
noJia.

. ma mocTtoBepHO BHCOKH B3aMMHHU KOpEJaIliy MEXKy MTOKa3aTeIuTe 3a
aHaepoOHaTa padOTOCMOCOOHOCT M3MEPEHH MNPHU TPUTE H3MOJI3BAHU
aHaepoOHu nadbopatopuu tectose (oT r = 0,738 go r = 0,876).

. KommnekcHusaT aHaim3 Ha aHaepoOHaTa pabOTOCIIOCOOHOCT, HAIPaBEH
Ha OazaTa Ha pe3yJTaTUTE OT CHCTeMa OT aHaepoOHHU JabopaTopHU
TECTOBE MOXKE Ja TMOJIMOMOTHE YIPABICHUETO HAa TPEHUPOBBUYHUSA
npolec.

Ipenopbku

. Metonute 3a KOMILJIEKCHA OIIEHKAa Ha aHaepoOHaTa pabOTOCIIOCOOHOCT
TpsiOBa Ja HAMEpPST TMOCTOSHHO MSCTO B CHCTeMara 3a KOHTPOJ Ha
CIIOpPTHATA MOJATOTOBKA MPH €IIMTHU CHCTE3aTEINH 0 TUTyBaHe.

. HeobxoquMo € CHUCTeMHO JIOHTUTYIWHATHO TPOCIEAsBaHe Ha
MoKa3aTeNuTe Ha aHaepoOHaTa pabOTOCMOCOOHOCT TPH EIUTHUTE
ChCTE3aTEeJU 110 ITyBaHe B bhyrapust ¢ 11e71 MOCTOSHHO aKTyalu3upaHe
Y KOHKPETHU3UPAHE Ha TIEPCEHTUITHUTE OIICHKN B OT/ICITHUTE BH3PAaCTOBU
TPyId, JUCTAHIIUN U TUTYBHH CTHIIOBE.

. HeoOxomuMo € TepuoaWYHO aKTyaJIM3upaHe Ha MHOXCCTBEHUTE
PErpEeCHOHHU YPaBHEHMsI HW3MOJ3BAaHW B KOMIUICKCHHS aHAdu3 Ha
aHaepoOHaTa paboTOCITOCOOHOCT.

. I30KMHETUYHHUTE TUIYyBHM TPEHAXOPU OCBEH 3a LEJIUTE Ha
TpEHUpPOBKaTa TpsiOBa Ja C€ W3MOJI3BAT W 3a IIEJIUTE HA TEKYIIUS U
€TareH KOHTPOJI Ha COPTHATA MOATOTOBKA.
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IIpunocu

HanpaBeHo € H3CJICOABAHC M OICHKA Ha HCCHCHH(bI/ILIHaTa aHaepo6HaTa
pa6OTOCHOCO6HOCT Ha TOpHaTa U JOJIHATA 4aCT Ha TAJIOTO IIPH T'OJISIM 6p01>i
CIINTHHU CBbCTC3aTCIIN 110 IIJIIYBAHC.

Hampaseno e u3ciensane Ha anaepoOHa paboTOCTIOCOOHOCT C M30KUHETHYEH
TUTYBEH TPEHAXOP MPH EIUTHU ChCTE3aTENH 10 TUTyBaHE.

CbCcTaBeHM ca BB3PACTOBU IEPCCHTWJIHM OIICHKM Ha MOKa3aTeluTe Ha
aHaepoOHaTa paboTOCIIOCOOHOCT OT PA3IMYHH JIAOOPATOPHU TECTOBE IPH
JCBOWKHU M FOHOIIN ChCTE3aTENH 10 TUTyBaHE.

[IpemyioxkeH € MoAen Ha KOMIUIEKCHA OI€HKa Ha aHaepoOHaTa
paboTocnocoOHOCT Ha 0a3a Ha pe3yJITaTUTE OT PA3IMYHU JabOpaTOPHU
aHaepoOHU TECTOBE MPHU ILITYBIIH.
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INTRODUCTION

The goal of every athlete and coach is to achieve the ultimate sporting result.
It can only be achieved if there is a well-built and properly managed the training
process. In order for the management to be effective, it is necessary to obtain
reliable information about the changes occurring in the swimmer's managed
system, as well as its timely transmission to the trainer management system and
to provide reliable feedback aimed at optimizing the training. This is the true
meaning of monitoring the training process, which focuses on information
objectifying the effect of the training load on those factors that are most relevant
to the athletic performance of a particular sport and discipline. Determining the
importance and choosing the appropriate methods for assessing these factors is
crucial to the effectiveness of control in sport. In cycling sports, and particularly
In swimming, the main requirements for achieving high sports performance are
the power of work and technical efficiency. The amount of work is largely
dependent on the performance of the energy systems. Therefore, the monitoring
in swimming should be focused primarily on the evaluation and optimization of
the power of the energy systems and swimming technique.

The status of energy supply systems is assessed using a variety of non-
specific and specific methods. The choice of specific methods and means of
control depends on the specifics of the main discipline and the stage of preparation.
For example, in the medium and distance swimming disciplines, which are
characterized by a significant participation of aerobic processes in the overall
energy supply at the end of the basic preparation period, a system of specific and
non-specific aerobic performance assessment tests is applied. In many years of
practice in swimming sport in Bulgaria, the main non-specific laboratory test used
in the monitoring of the functional state of the aerobic system during this period
is the maximum step load to failure on a cycle ergometer. This test is conducted
during the "complex functional studies", the final evaluation of which is made on
the basis of the maximum reached mechanical power and the various
physiological and biochemical parameters determined during the load and
recovery period. The most important of these, which are applied in practice are
the maximum oxygen consumption and the aerobic and anaerobic thresholds by
which the parameters of training zones are determined

Sprint swimming disciplines, on the other hand, are characterized by the
significant involvement of anaerobic energy systems. Accordingly, achievements
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in these disciplines are largely determined by the anaerobic performance of
swimmers. Therefore, the characteristics of the two anaerobic energy-supply
systems (anaerobic-alactate and anaerobic-lactate) that determine anaerobic
performance play an important role in monitoring of the training loads in sprint
disciplines.

The nature of the maximal aerobic step test and its basic parameters allow
only a partial assessment of the anaerobic-lactate energy system. An objective
evaluation of anaerobic energy systems can be made of basic indicators of one or
more short-term loads with maximal intensity: maximum power and time to reach
it, total anaerobic energy capacity and characteristics of fatigue processes
occurring during the maximum anaerobic loads.

There are various specific and non-specific methods for estimating
anaerobic performance parameters that can be performed in the field (in water) or
in the laboratory environment. In swimming sports, specific tests use loads that
are specific to swimming disciplines, while non-specific methods use different
loading devices, specific of other sports activities: cycle ergometers, rowing
ergometers, treadmills and more.

The availability of appropriate modern equipment at the National Sports
Medicine Center made it possible to carry out specific and non-specific anaerobic
tests of swimmers in the laboratory. Thus, in the practice of the best national
swimmers, the non-specific anaerobic Wingate test for the upper and lower body
and the specific test of the Biometer Isokinetic Trainer isokinetic swimming
simulator have been started on a regular basis over the last four years.

There are many examples in the literature of the application of separate
anaerobic tests in monitoring in swimming. There are differing opinions on the
question of which are more informative and applicable in practice. Of interest is
the ability to make a complex assessment of the anaerobic performance which is
based on specific indicators derived from various anaerobic laboratory tests.
Based on this assessment, a scientifically based individual approach could be
developed to optimize the training process for swimmers in the sprint disciplines.

Hypothesis, Aim, Tasks, and Methods of the PhD thesis

Hypothesis

A complex assessment of anaerobic performance, based on the results of an
appropriate combination of anaerobic tests, will provide scientifically sound



guidelines for optimizing the training process for individual athletes in the
freestyle sprint disciplines.

The aim of the study is to provide a complex assessment of anaerobic
performance in 13-18-year-old swimmers, through specific and non-specific tests,
in laboratory and field environment, and to derive scientifically sound guidelines
for optimizing the training process in sprint disciplines in swimming.

Tasks:

1. Measurement of the anaerobic performance of the lower body by non-
specific laboratory methods in a group of qualified 13-18-year-old
swimmers.

2. Measurement of the anaerobic performance of the upper body by non-
specific laboratory methods in a group of qualified 13-18-year-old
swimmers.

3. Measurement of the anaerobic performance of the upper body by specific
laboratory methods in a group of qualified 13-18-year-old swimmers.

4. Determining the anthropometric characteristics of the studied swimmers.

5. Determining the sprint abilities of the studied swimmers based on their
competition results.

6. Analysis of the relationship between anthropometric characteristics,
anaerobic performance parameters, and swimming results through
appropriate statistical methods.

7. Determination of methods for complex assessment of anaerobic
performance in swimmers.

8. Development of scientifically sound guidelines for optimizing the training
process in sprint disciplines based on a complex assessment of anaerobic
performance in 13-18-year-old swimmers.

METHODS AND ORGANIZATION

The subject of the study is the anaerobic performance in swimmers.

The object of the study is the complex assessment of anaerobic
performance in highly qualified swimmers.

The participants were 98 adolescent swimmers (40 girls and 58 boys),
between the ages of 13 and 18, who were part of the Bulgarian Swimming
Federation (BSF) at the time of the study. Some of them are included in the Youth
National Swimming Team of Bulgaria and take part in the most significant
competitions for this age (European Junior Championships; World Junior
Championships; Youth Olympic Games). The other part are promising
competitors who have covered the BSF standards for participation in the national
team and are part of the teams of the various Olympic centers in Bulgaria (Sofia,
Plovdiv, Varna, and Burgas) and take part in national championships,
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international tournaments, and Balkan Games. All participants take part in major
competitions in the 50 m freestyle event and some in the 100 m and 200 m
freestyle. Swimmers at this age are not yet specialized, and some of them
successfully compete in other swimming events.

Organization: the study was conducted within 2 years, from the beginning
of 2017 to the end of 2018. During this period, all participants performed a single
training program approved for the national swimming team. The swimmers were
tested during the testing camps periodically held at the end of the special
preparatory stages, close to the dates of the main competitions.

On the day of the anaerobic test, height (cm) to the accuracy of 1 cm and
body weight [kg] to the accuracy of 0.1 kg were recorded for all participants.
Anthropometric measurements were performed by a specialist in standard
methodology accepted and applied at the National Center for Sports Medicine -
Dianabad.

The following anaerobic tests were performed:

1. Wingate Anaerobic Test - a non-specific anaerobic test for the lower body.
A total of 86 adolescents (36 girls and 50 girls) completed this test.

2. Wingate Anaerobic Test - a non-specific anaerobic test for the upper body.
A total of 52 adolescents (15 girls and 37 girls) completed this test.

3. Isokinetic swim bench anaerobic test - specific laboratory anaerobic upper
body test. A total of 29 adolescents (9 girls and 20 girls) completed this test.

4. The results of the specific anaerobic test were the results achieved in the 50
m freestyle disciplines during the main competitions, closest and held no
later than 2 weeks after the date of the laboratory tests. For the purposes of
some of the analyses carried out in this dissertation, the achievements of
some participants in the 100 and 200 m freestyle disciplines were taken.
The FINA points were calculated (Fédération Internationale de Natation).
The calculation formula is based on a world record in a discipline that is
considered to be 1000 points. FINA points were used to compare scores
across disciplines and between the two genders.

A large number of participants were tested in more than one test, which is
why the total number of subjects from the individual tests exceeded the total
number of participants.

Anaerobic tests were performed in the morning of the day at the laboratory
of the National Center for Sports Medicine - Dianabad, Directorate "Scientific
and Applied Activity in Sport” (Sofia, Dianabad), Ministry of Youth and Sports.
The competitors participated in no more than 1 anaerobic test within one day.



Lower body Wingate anaerobic test

The Wingate anaerobic test for the lower body was performed on an
anaerobic test specialized mechanical cycle ergometer - Monark 894E, Sweden.
With this model, pedal drives the flywheel using a chain drive. For one pedal cycle,
one point from the periphery of the flywheel travels a distance of 6 m. The
resistance is due to the friction between the flywheel and the wear-resistant belt,
towed by a basket of a mass of 1 kg, which can be loaded with a different number
of additional weights of 1 kg; 0,5 kg; 0.1 kg. The 894E has a dual basket to carry
more weight than standard models. The basket can be lowered manually or
automatically after reaching certain speeds. The cycle ergometer can read
pedaling speeds to the nearest 1/6 of a turn. The work done per pedal turnover is
calculated by the formula:

A=S-g-R

, Where A [J] is the work done for one revolution; S [m] is the distance that
one point from the periphery of the flywheel travels in one pedal revolution - 6 m;
g 1s the Earth's acceleration = 9.81 m / s2; R [kg] i1s the mass of the carrier with
the weights attached.

The power of the work within one revolution P [W] is calculated by
dividing the work done for the respective turnover - A [J] by the time for the
realization of that turnover - t [s].

Since anaerobic tests are performed at a constantly changing speed of the
flywheel, the correct calculation of the work done and the mechanical power also
takes into account the change in the kinetic energy of the flywheel, proportional
to the change in its angular velocity and its inertial moment, which by the
manufacturer's data is 0.91 kg.m2.

The Wingate anaerobic test with a Monark 894E mechanical cycle
ergometer is performed using specialized software (Monark anaerobic test
software) from the manufacturer. Initially, the software requires an input of data
about the study person and the intended load

The following protocol was followed for the Wingate anaerobic lower body
test (Inbar et al., 1996):

Preoperational part: Low intensity pedaling with a duration of 3 min, at
a low resistance of 1 kg (basket weight), at 60 rpm. At the end of the 1st and 2nd
minutes, sprints were performed with maximum revolutions and a duration of 5
sec. Then recovery period of 3 min passive rest.

Main part: Pedaling and acceleration to maximum rpm without resistance
for 10 sec. Then pedaling with maximum intensity at a given resistance equal to
7.5% of body weight, lasting 30 seconds.



Final part: Steady, non-resistance work with 2 min duration, to maintain
muscle pump operation and prevent pathological orthostatic reactions.

The software automatically calculated many basic and derivative parameters, and
the following were used in this study, as well as in most other scientific studies:

Peak Power - The maximum power output during the test: Peak Power - PP
[W]; Relative Peak Power - RPP [W/kg];

Average power - obtained by dividing the total work performed during the test
(J) by the duration of the test (s): Average Power - AP [W]; Relative Average
Power - RAP [W/kg];

Minimum power - the lowest power values achieved during the test: Minimum
Power - MP [W]; Relative Minimum Power - RMP [W/kg];

Power drop - represents the difference between the maximum and the minimum
power output: Power Drop — PD [W]; Relative Power Drop — RPD [W/kg];
Power Drop — PD [%];

Work: Total work — TW [J];
Upper body Wingate anaerobic test

The Wingate anaerobic upper body test was also performed on a specialized
Monark 894E mechanical cycle ergometer, adapted for working with hands. The
bicycle ergometer was mounted on a specially designed structure. A comfortable
swivel chair for the examined person was attached to it. Specially designed
handles were installed in place of the pedals. A protocol similar to that used in the
anaerobic test for the lower body was used (Inbar et al.1996). In the present study,
the upper body anaerobic Wingate test used the same parameters as described in
the anaerobic Wingate lower body test.

Isokinetic swim bench anaerobic test:

The specific laboratory anaerobic test of an isokinetic swim bench was
performed using the "Biometer Isokinetic Trainer”, Otto Otto GmdH,
Swimsportec, Germany. The Biometer Isokinetic Trainer calculates the
swimmer's applied force from 0 to 500 N using a very high precision sensor. Load
and stroke speed is regulated in 9 stages (from 1 to 9). Level 1 responds to high
resistance and low-speed operation, progressing smoothly through Level 2, 3, and
4, which corresponds to medium resistance and medium speed operation and
Level 6, 7, and 8 to Level 9 with low resistance and high speed. In order to
correctly count the cycles and measure the work done, it is necessary to set the
type of swimming stroke (alternating or simultaneous) according to swimming
style: For front crawl and backstroke - alternating; For breaststroke and butterfly
- simultaneous;



The following protocol was followed when performing the upper body
specific anaerobic test on an isokinetic swim bench:

Preparational part — 3 min steady work with crawl strokes. The load level
was set at "6", which provided little resistance at low stroke frequency. At the end
of the 1st and 2nd mins, 6 strokes were performed with the maximum possible
frequency. Then the competitors have a recovery period of 3 min (passive rest).

Main part - Maximum effort and frequency front crawl strokes for 30 s are
performed, with the simulator level set to "4".

The basic and derivative parameters of the stroke were calculated by the
software, using the following in this study:

Stroke Rate per minute StrR [spm];

Average Stroke Length StrL [m] — the average length of the stroke with
one hand;

Average Force AF [N] - the average pulling power of the rope during the
strokes of the test;

In addition to the above indicators, the software can graphically display the
curve of the force or velocity of the pulling, as well as the execution time of the
stroke.

In addition, the parameters for performance and power during the test were
derived:

Total Work TW [J] - total mechanical work performed in the 30 seconds
during the test;

Average Power AP [W] - average mechanical power developed during the
test, calculated by the following formula AP =TW /30 s;

Relative Average power RAP [WI/kg] - average mechanical power
developed during the test per kilogram of body weight;

Statistics

Statistics were conducted with SPSS 19 statistical package, IBM, USA.
Variation, correlation, regression analysis (incl. Multiple-step regression analysis)
were performed. For some tests, age-group percentile ratings were calculated.
Mean values in the text and tables are represented by their standard deviation
(mean + SD) and in the graphs by their standard error (mean + SE). The test for
the normality of the distribution was done with the Shapiro-Wilk test. The
verification of the difference between the mean values of the studied parameters
with normal distribution, in girls and boys, was performed with Student's t-test for
independent samples, and the difference between those with distribution other
than normal, with the non-parametric U-test of Mann- Whitney.
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RESULTS AND ANALYSIS

The results of the three anaerobic tests and their analysis are presented
separately in the following order: The Wingate anaerobic test for the lower body;
The Wingate anaerobic test for the upper body test; anaerobic isokinetic swim
bench test. Then are presented the ratios and correlations between the results
obtained from the individual tests. At the end of the chapter, an attempt is made
to comprehensively evaluate anaerobic performance based on the results of all
three tests, focused on monitoring of the training process in the sprint disciplines
In swimming.

Wingate anaerobic test for the lower body

Descriptive statistics

Table 3.1 presents the results of the variation analysis of the studied girls
(13-14 years). Shown are anthropometric indicators, Wingate anaerobic test
results for lower body and swimming performance. The average height of the
athletes was 162.7 + 5.72 cm and the average weight was 53.9 + 6.31 kg. For both
indicators, the coefficient of variation was small (3.52% and 11.70%,
respectively), indicating strong group homogeneity for anthropometric data. The
average values of the Wingate absolute parameters were: peak power (PP) - 437.3
+ 63.52 W, average power (AP) - 346.3 £ 52.94 W, minimum power (MP) - 240.2
+ 42.6 W and power drop (PD) - 197.0 £ 38.87 W. The coefficients of variation
for these indicators were in the range of 14.53 to 19.73% (sufficiently
homogeneous samples), the smallest being for maximum power (PP) and highest
for power drop (PD). The average values of the relative indicators were: peak
power (RPP) - 8.14 = 0.97 W / kg, average power (RAP) - 6.45 £ 0.84 W / kg,
minimum power (RMP) 4.49 + 0.83 W / kg and power drop (RPD) - 3.65 £ 0.56
W / kg. The coefficients of variation for these indicators varied between 11.94
and 18.39%, with the lowest being the maximum power (RPP) and the highest
being for the minimum power (RMP). Relative indicators had higher homogeneity
than absolute ones. The tPP, PVmax, and tVmax indicators had a large range and
large coefficients of variation higher than 30% (from 43.62% to 98.23%). The
average swimming achievement values were as follows: 50 m freestyle - 29.21 +
0.52 s, which corresponds to 483 points of the FINA table, 100 m freestyle - 63.89
+ 2.01 s (486 points) and the 200 m freestyle - 136.93 £ 3.40 s (524 points). The
coefficients of variation in sports performance ranged from 1.77 to 3.14%,
indicating a strong uniformity in the sample in terms of sports qualifications. Most
indicators had a normal distribution with the exception of height, tVmax and 100
m freestyle (Table 3.1).



Table 3.1
Variation analysis of anthropometric parameters, results of the Wingate
anaerobic test for the lower body and swimming performance of the studied girls
(13-14 years).

Variables Y | n | Range Xmin Xmax ND X SD V%
Height[cm] | 17 | 16.0 156.0 1720 | no | 162.7 5.72 3.52
Weight [kg] | 17 | 19.5 45.7 65.2 | yes 53.9 6.31 11.70
PP [W] 17 | 204.6 | 348.2 | 552.8 |yes| 437.3 63.52 14.53
RPP [W/kg] | 17 2.9 6.6 9.5 yes 8.14 0.97 11.94
AP [W] 17 | 1755 | 265.9 | 4414 |yes| 346.3 52.94 15.29
RAP [W/kg] | 17 2.6 5.0 7.6 yes 6.45 0.84 12.97
MP [W] 17 | 128.6 | 165.6 | 294.2 |yes | 240.2 42.60 17.73
RMP [W/kg] | 17 3.0 3.1 6.1 yes 4.49 0.83 18.39
PD [W] 17 | 135.6 | 131.0 | 266.6 |yes| 197.0 38.87 19.73
RPD [W/kg] | 17 2.0 2.5 4.5 yes 3.65 0.56 15.24
PD [%0] 17 | 20.9 33.4 54.3 | yes 45.1 6.16 13.68
TW [J] 17 | 5225.2 | 7788.4 | 13013.6 | yes | 10222.3 | 1573.37 | 15.39
50 m [s] 17 | 1.70 | 28.32 | 30.02 |yes| 29.21 0.52 1.77
100 m [s] 15| 6.88 | 60.37 | 67.25 | no | 63.89 2.01 3.14
200 m [s] 13 | 10.06 | 132.07 | 142.13 |yes | 136.93 3.40 2.48

ND — normal distribution;

Table 3.2 presents the results of the variation analysis of the studied girls
(15-17 years). The average height of the athletes was 170.5 + 5.67 cm and the
average weight was 60.7 £ 3.66 kg. For both indicators, the coefficient of variation
was small (3.32% and 6.03%, respectively), indicating strong group homogeneity
for the anthropometric data. The average values of the Wingate absolute
parameters were: peak power (PP) - 573.2 £ 102.20 W, mean power (AP) - 437.6
+ 68.25 W, minimum power (MP) - 295.8 + 55.85 W and power drop (PD) —
277.4 £ 59.11 W. The coefficients of variation for these indicators were in the
range from 15.60 to 21.31% (homogeneous samples), the smallest was for
maximum power (AP) and highest for power drop (PD). The average values of
the relative indicators were: peak power (RPP) — 9.42 + 1.47 W / kg, average
power (RAP) — 7.19 £ 0.92 W / kg, minimum power (RMP) 4.85 + 0.80 W / kg
and power drop (RPD) - 4.55 £ 0.91 W / kg. The coefficients of variation in these
indicators ranged between 12.79 and 20.02%, the lowest being for the average
power (RAP) and the highest one for the power drop (RPD). Relative indicators
are more homogeneous than absolute ones. The tPP, PVmax, and tVmax
indicators had a large range and large coefficients of variation (from 27.95% to
139.30%). The average swimming achievement were as follows: 50 m freestyle -
28.51 £0.88 s, which corresponds to 520 points of the FINA table, 100 m freestyle
-63.24 £4.00 s (501 points) and the 200 m freestyle - 137.88 + 7.74 s (513 points).
The coefficients of variation in sports performance were in the range of 3.07 to
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6.33%, indicating a relatively strong sampling uniformity in terms of sports
qualifications. Of all indicators, only tVmax has a distribution other than normal
(Table 3.2).

Table 3.2
Variation analysis of anthropometric parameters, results of the Wingate
anaerobic test for the lower body and swimming performance of the studied girls
(15-17 years).

Variables @ | n | Range Xmin Xmax ND X SD V%

Height[cm] | 17 | 22.0 | 158.0 | 180.0 | yes 170.5 5.67 3.32
Weight [kg] | 17 | 13.4 53.7 67.1 |yes 60.7 3.66 6.03
PP [W] 17 | 4224 | 272.4 | 694.8 |yes| 573.2 102.20 | 17.83
RPP [W/kg] | 17 6.3 4.6 10.9 | yes 9.42 147 |15.62
AP [W] 17 | 282.1 | 2344 | 516.5 |yes| 437.6 68.25 | 15.60
RAP [Wikg] | 17 4.1 4.0 8.1 yes 7.19 0.92 |12.79
MP [W] 17 | 2145 | 1464 | 360.9 |yes| 295.8 55.85 |18.88
RMP [W/kg] | 17 | 3.3 2.5 5.8 yes 4.85 0.80 |16.42
PD [W] 17 | 2205 | 126.0 | 346.5 |yes| 277.4 50.11 |21.31
RPD [W/kg] | 17 4.0 2.1 6.1 yes 4.55 0.91 |20.02
PD [%] 17| 13.9 42.6 56.5 | yes 48.3 451 9.35
TW [J] 17 | 8247.5 | 7009.2 | 15256.7 | yes | 12897.0 | 2008.94 | 15.58
50 m [s] 17| 3.06 | 26.57 | 29.63 |yes| 2851 0.88 3.07
100 m [s] 10 | 1294 | 55.65 | 68.59 |yes| 63.24 4.00 6.33
200 m [s] 8 | 23.12 | 125.30| 148.42 | yes| 137.88 7.79 5.65

ND — normal distribution;

Table 3.3 presents the results of descriptive statistics of the studied boys
(13-14 years). The average height of the athletes was 170.3 £ 7.99 cm and the
average weight was 68.2 + 7.63 kg. The coefficient of variation of these indicators
was low (4.69% and 13.45%, respectively), indicating a strong homogeneity of
the group in terms of anthropometric parameters. The average values of the
Wingate absolute values were: peak power (PP) - 607.9 £ 126.27 W, average
power (AP) - 455.4 = 107.46 W, minimum power (MP) - 313.2 £ 92.33 W and
power drop (PD) - 294.7 + 48.33 W. The coefficients of variation for these
indicators were in the range of 16.40 to 29.48% (relatively homogeneous samples),
the smallest was the one for the power drop (PD) and the highest for the minimum
power (MP). The average values of the relative parameters of the Wingate test
were: peak power (RPP) - 10.29 + 1.29 W / kg, average power (RAP) - 7.66 +
1.06 W / kg, minimum power (RMP) 5.23 £ 0.97 W / kg and power drop (RPD)
- 5.06 + 0.88 W / kg. The coefficients of variation for these indicators were
between 12.52 and 18.57%, the lowest being for the peak power (PP) and the
highest that for the minimum power (MP). Relative indicators were more
homogeneous than absolute ones. The indicators tPP, PVmax and tVmax had a
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large scale and relatively large coefficients of variation (from 16.76% to 88.34%).
Average swimming achievements were: 50 m freestyle - 27.32 = 1.69 s, which
corresponds to 407 points of the FINA table, 100 m freestyle - 61.23 + 3.23 5 (395
points), 200 m freestyle - 124.79 + 7.53 s (504 points). The coefficients of
variation of the athletic performance ranged from 5.28 to 6.17%, indicating a
strong uniformity in the sample in terms of sports qualifications. All indicators
except the 50 m freestyle results have a normal distribution. Statistically
significant differences between girls and boys (13-14 years) can be seen in Table
3.3. These are not noticeable in weight, performance indicators (MP and RMP),
fatigue ratio (PD%) and swimming achievements of 100 and 200 m freestyle.

Table 3.3
Variation analysis of anthropometric parameters, results of the Wingate
anaerobic test for the lower body and swimming performance of the studied boys
(13-14 years).

Variables & | n Range Xmin Xmax | ND X SD V%

Height [cm] 7 18.0 163.0 | 181.0 |[yes| 170.3* | 7.99 | 4.69
Weight [kg] 7 19.9 48.2 68.0 | yes 59.0 7.93 |13.45
PP [W] 7 | 2820 | 451.8 | 733.8 |yes| 607.9* |126.27 | 20.77
RPP [W/kg] | 7 4.1 7.7 118 |vyes| 1029& | 1.29 |12.52
AP [W] 7 | 236.0 | 3355 | 5715 |yes| 4554 * |107.46 | 23.60
RAP [W/kg] | 7 3.1 5.7 8.8 yes | 7.66# 1.06 |13.84
MP [W] 7 | 231.2 | 1995 | 430.7 |yes| 313.2 92.33 | 29.48
RMP [Wikg] | 7 2.2 4.2 6.4 yes 5.23 0.97 |18.57
PD [W] 7 | 1426 | 201.6 | 3442 |yes| 2947 & | 48.33 | 16.40
RPD [W/kg] | 7 2.7 3.4 6.1 yes | 5.06 & 0.88 |17.50
PD [%0] 7 18.1 41.3 594 |yes 49.1 6.40 |13.03
TW [J] 7 | 7077.0 | 9917.5|16994.5 | yes | 13474 * | 3242.7 | 24.07
50 m [s] 7 3.96 2541 | 29.37 |no | 27.32# | 1.69 | 6.17
100 m [s] 5 7.68 5594 | 63.62 |yes| 61.23 3.23 | 5.28
200 m [s] 3 | 1351 |119.95| 133.46 |yes| 124.79 7.53 | 6.03

*-p<0.05;#-p<0.01; & - p <0.001 against the girls (13-14-years-old); ND —
normal distribution;

Table 3.4 presents the results of the descriptive statistics of studied boys
(15-17 years old). The average height of the athletes was 178.7 + 6.65 cm and the
average weight was 69.5 £ 6.70 kg. The coefficient of variation in these indicators
was low (3.72% and 9.64%, respectively), indicating a strong homogeneity of the
group in terms of anthropometric parameters. The mean values of the Wingate
absolute values were: peak power (PP) - 789.6 = 133.65 W, average power (AP)
-588.2 £ 79.67 W, minimum power (MP) - 404.0 + 60.91 W and power drop (PD)
- 385.7 £ 109.73 W. The coefficients of variation for these indicators ranged from
13.54 to 28.45% (relatively homogeneous samples), the smallest was for the

12



average power (AP) and the largest for power drop (PD). The average values of
the relative parameters of the Wingate test were: peak power (RPP) - 11.36 + 1.61
W / kg, average power (RAP) - 8.47 £ 0.83 W / kg, minimum power (RMP) 5,
82 £ 0.66 W / kg and power drop (RPD) - 5.56 + 1.53 W / kg. The coefficients of
variation for these indicators were between 9.79 and 27.44%, the lowest being for
the average power (AP) and the highest one for the power drop (PD). Relative
indicators were more homogeneous than absolute ones. The indicators tPP,
PVmax and tVmax are large in scale and relatively large in variation (from
17.05% to 73.98%). Average swimming achievement were: 50 m freestyle - 25.38
+ 1.38 s, which corresponds to 508 points of the FINA table, 100 m freestyle -
55.46 = 3.25 s (532 points), 200 m freestyle - 120.15 + 5.65 s (565 points). The
coefficients of variation in sports performance were in the range of 4.70 to 5.86%,
which shows the uniformity of the sample in terms of sports qualification. All
indicators except the average power (AP) and PVmax have a normal distribution.
Significantly higher values of results in boys compared to girls (15-17 years old)
were found in all indicators except for a power drop (PD%) (Table 3.4).

Table 3.4
Variation analysis of anthropometric parameters, results of the Wingate
anaerobic test for the lower body and swimming performance of the studied boys
(15-17 years).

Variables & | n Range Xmin Xmax | ND X SD V%

Height[cm] | 40 | 33.0 161.0 | 1940 |yes| 178.7& | 6.65 | 3.72
Weight [kg] | 40 | 28.4 53.2 817 |yes| 695 & 6.70 | 9.64
PP [W] 40 | 536.7 | 510.3 | 1047.0 |yes| 789.6 & | 133.65| 16.93
RPP [W/kg] | 40 6.5 7.9 144 |vyes| 11.36 & | 1.61 |14.18
AP [W] 40 | 317.3 | 4205 | 737.8 | no | 588.2& | 79.67 | 13.54
RAP [W/kg] | 40 3.5 6.2 9.7 yes | 8.47 & 0.83 | 9.79
MP [W] 40 | 250.3 | 285.6 | 5359 |vyes| 404.0& | 60.91 | 15.08
RMP [W/kg] | 40 2.4 4.4 6.8 yes | 582 & 0.66 |11.34
PD [W] 40 | 446.6 | 166.5 | 613.1 |vyes| 385.7 & |109.73 | 28.45
RPD [W/kg] | 40 6.2 3.1 9.3 yes| 556# 153 | 27.44
PD [%] 40 | 33.0 32.6 65.6 | Yyes 48.1 7.42 |15.41
TW [J] 40 | 9369.6 | 12461 | 21831.0 | yes | 17390 & | 2343.6 | 13.48
50 m [s] 40 | 4.46 23.67 | 28.13 |yes| 2538& | 1.38 | 542
100 m [s] 29 | 1230 | 50.99 | 63.29 |yes| 5546& | 3.25 | 5.86
200 m [s] 22 | 2024 | 11248 | 132.72 |yes |120.15& | 5.65 | 4.70

*-p<0.05; #-p<0.01; & - p<0.001 against the girls (15-17-years old); ND —
normal distribution;
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Correlation analysis

Table 3.5 presents the results of correlation analysis including
anthropometric indicators, results of the lower body Wingate anaerobic test and
swimming performance of the studied girls (13-14 years old). There was a
correlation between weight and age (r = 0.499; p <0.041) and participants' weight
and height (r = 0.760; p <0.001). Significant correlations of peak power (PP) and
average power (AP) with the age were found, as well as with the same indicators
with weight. The relative indicators (RPP and RAP) have no significant
correlation with age, weight, and height. There are strong internal correlations
between test indicators. There were only significant internal correlations in sports
performance between 100 and 200 m (r = 0.669; p <0.012). Achievements of 100
and 200 m correlate with height, weight and maximum power.

Table 3.5

Correlation analysis of anthropometric indicators, results of Wingate's anaerobic

test for the lower body and swimming performance of the studied girls (13-14
ears).

» Wingate | » oo | eight/weightt PP | RPP | AP | RAP |50 m| 10

lower body m
. [corr.] 0.094

Height! g | 0.720

corr.] 0.499 | 0.760
sig.] 0.041 | 0.000
corr.| 0.647 | 0.285 | 0.619
sig.| 0.005 | 0.268 | 0.008
corr.| 0.319 |-0.394|-0.215| 0.630
sig.| 0.211 | 0.117 | 0.408 | 0.007
corr.| 0.687 | 0.207 | 0.573 | 0.948 | 0.608
sig. | 0.002 | 0.425 | 0.016 | 0.000 | 0.010
corr.| 0.377 |-0.447|-0.222 | 0.567 | 0.921 | 0.669
sig.| 0.136 | 0.072 | 0.393 | 0.018 | 0.000 | 0.003
corr.|-0.428 | 0.144 | -0.140 | -0.116 |-0.039|-0.216 |-0.160
sig. | 0.087 | 0.582 | 0.591 | 0.659 | 0.881 | 0.405 | 0.538
corr.| 0.203 | 0.700 | 0.654 | 0.498 |-0.043| 0.323 |-0.230(0.468
sig. | 0.469 | 0.004 | 0.008 | 0.059 | 0.880 | 0.241 | 0.410 [0.078
corr.| 0.325 | 0.668 | 0.701 | 0.698 | 0.185 | 0.575 | 0.049 [0.169|0.669
sig.| 0.278 | 0.013 | 0.008 | 0.008 | 0.545 | 0.040 | 0.874 10.582/0.012

Weight

PP

RPP

AP

RAP

50m

100 m

200 m

Table 3.6 presents the results of a correlation analysis including
anthropometric parameters, lower body Wingate anaerobic test results, and
swimming performance of the girls (15-17 years old). No significant correlation
was found between age height and weight. From the anthropometric data, only

14



the weight had significant correlations with the test parameters: peak power (r =
0.580; p <0.015), and average power (r = 0.671; p <0.003). Very high internal
correlations were observed both between test indicators (r = 0.870 to r = 0.960)
and sports achievements (r = 0.867 to r = 0.945). There were significant
correlations between the achievement of 50 m and absolute average power (r =
0.581; p <0.015) and between 50 m swimming and relative average power (r =
0.540; p <0.025).

Table 3.6

Correlation analysis of anthropometric indicators, results of Wingate's anaerobic

test for the lower body and swimming performance of the studied girls (15-17
ears).

IQ Wingate |\ o |HeightWeight PP | RPP | AP | RAP |50 m| 1%
ower body m
. corr.|-0.326
Height! g1 0.202
.. .|corr.|-0.273| 0.408
Weight ;i 1 0.288 | 0.104
op |cor.[ 0.083[-0.108] 0580
sig. | 0.751 | 0.681 | 0.015
RPP corr.| 0.214 |-0.307| 0.288 | 0.946
sig. | 0.410 | 0.230 | 0.263 | 0.000
Ap |COMT.0.034 [-0.063] 0.671 [ 0.960 | 0.870
sig. | 0.896 | 0.812 | 0.003 | 0.000 | 0.000
~Ap [COMT] 0.174[-0.291] 0.355 [ 0.925 | 0.956 | 0.931
sig. | 0.504 | 0.256 | 0.162 | 0.000 | 0.000 | 0.000
50 m |COT|-0.126]-0.215] 0.367 [0.464[-0.397 | -0.581 |-0.540
sig. | 0.630 | 0.407 | 0.147 | 0.061 | 0.115 | 0.015 | 0.025
100 1 |00 0176 -0.461| -0.200 |-0.241-0.202|-0.374 |-0.3400.945
sig. | 0.627 | 0.180 | 0.579 | 0.502 | 0.575 | 0.287 | 0.336 [0.000
200 m |07 -0.104[-0.368[ -0.299 |-0.041 0.019 | -0.211 |-0.1400.881(0.867
sig. | 0.806 | 0.369 | 0.472 | 0.924 | 0.965 | 0.616 | 0.741 |0.004/0.005

Table 3.7 presents the results of a correlation analysis including
anthropometric parameters, lower body Wingate anaerobic test results and
swimming achievements of boys (13-14 years). There is a high correlation of age
with peak power, absolute average power, and relative average power. High to
very high internal correlations exist between anaerobic test scores (r = 0.774tor
= 0.995) and between 50, 100 and 200 m freestyle achievements. High
correlations are observed between age, weight, and achievement of 50 m freestyle.
There were significant very high correlations between the achievement of the 50
m freestyle and test indicators, with the highest being with the average power (AP)
(r =0.947; p <0.002).
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Table 3.7
Correlation analysis of anthropometric indicators, results of Wingate's anaerobic
test for the lower body and swimming performance of the studied boys (13-14

years).
Ig Wingate | oo | Height |Weight| PP | RPP | AP | RAP |50 m| 100m
ower body
. corr.| 0.318
Height| g | 0.488
. .corr] 0.724 | 0.501
Weight! i 1 0.066 | 0.252
PP corr. 0.904 | 0.081 | 0.802
sig. | 0.005 | 0.863 | 0.030
~pp |cOrT| 0.688 [ -0.414 | 0.243 | 0.774
sig. | 0.087 | 0.356 | 0.599 | 0.041
Ap |cOT.[ 0891 0.148 | 0.853 [ 0995 [0.712
sig. | 0.007 | 0.752 | 0.015 | 0.000 | 0.073
< Ap |corr 0803 -0.238 | 0.491 [0.913 |0.963 [0.873
sig. | 0.030 | 0.607 | 0.263 | 0.004 | 0.000 | 0.010
50 m |COT--0.965| -0.240 | -0.765 [-0.936-0.720[-0.947|-0.846
sig. | 0.000 | 0.604 | 0.045 | 0.001 | 0.068 | 0.002 | 0.016
100 m |cOTT{-0.915 -0.237 | -0.811 | -0.982-0.566-0.982(-0.797{0.960
sig. | 0.029 | 0.701 | 0.096 | 0.003 | 0.320 | 0.003 | 0.106 [0.010
200 m |COTT-| 0998 -1.000 | -0.856 | -0.990 |-0.974|-0.975(-0.9991.000| 1.000
sig. | 0.043 | 0.005 | 0.346 | 0.092 | 0.146 | 0.142 | 0.030 [0.009| .

Table 3.8 presents the results of a correlation analysis including
anthropometric parameters, Wingate anaerobic test results and swimming
achievements of the boys (15-17 years old). There was a moderate correlation
between age and height (r = 0.423; p <0.007) and between height and weight (r =
0.562; p <0.001). Peak power (PP) and average power (AP) show moderate
correlations with anthropometric data (from r = 0.490 to r = 0.666). Again, high
internal correlations were observed between anaerobic test scores from r = 0.625
to r = 0.896 and swimming performance from r = 0.758 to r = 0.931.
Achievements of 50, 100 and 200 m show significant correlations with age and
anthropometric data. Achievements of 50, 100 and 200 m freestyle correlated
significantly with test indicators, with the highest correlation between 50 m
freestyle and average power (AP) (r =0.784; p <0.001). As the distance increases,
the correlation with the test indicators decreases.
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Table 3.8
Correlation analysis of anthropometric indicators, results of Wingate's anaerobic
test for the lower body and swimming performance of the studied boys (15-17
ears).
? Wingate | oo |Height\Weightt PP | RPP | AP | RAP |50 m|100m
ower body
. corr.] 0.423
Height! o | 0.007
corr.] 0.181 | 0.562
sig. | 0.264 | 0.000
corr.| 0.490 | 0.504 | 0.537
sig. | 0.001 | 0.001 | 0.000
corr.| 0.471 | 0.242 | -0.007 | 0.837
sig. | 0.002 | 0.132 | 0.964 | 0.000
corr.| 0.511 | 0.593 | 0.666 | 0.896 | 0.625
sig. | 0.001 | 0.000 | 0.000 | 0.000 | 0.000
corr.| 0.515 | 0.285 | -0.035] 0.707 | 0.853 | 0.721
sig. | 0.001 | 0.074 | 0.832 | 0.000 | 0.000 | 0.000
corr.[-0.537|-0.519| -0.549 | -0.696 | -0.478 | -0.784 |-0.548
sig. | 0.000 | 0.001 | 0.000 | 0.000 | 0.002 | 0.000 | 0.000
corr.|-0.418|-0.420| -0.230 | -0.655 | -0.617 | -0.704 |-0.712]0.931
sig. | 0.024 | 0.023 | 0.229 | 0.000 | 0.000 | 0.000 | 0.000 |0.000
corr.|-0.237|-0.320| -0.468 | -0.528 | -0.351 | -0.634 |-0.4880.758|0.845
sig. | 0.289 | 0.146 | 0.028 | 0.011 | 0.109 | 0.002 | 0.021 ]0.000{0.000

Weight

PP

RPP

AP

RAP

50 m

100 m

200 m

Regression analysis

A linear multiple regression step analysis was performed to evaluate the
Impact of the anaerobic performance test on the achievement of 50 m freestyle
individually for both sexes. In the stepwise regression as independent variables
included in addition to the most informative indicators obtained from the Wingate
anaerobic test for the lower body (PP, RPP, AP, and RAP) are the age, height, the
weight of the participants.

For girls (Figure 3.1), in the stepwise regression analysis, only the absolute
average power (AP), which shows the highest correlation with swimming
achievements, was the only argument for the regression equation. The regression
equation is as follows:

50 m time [s] =-0.0074 . AP [W] + 31.696 (r =-0.660; p <0.001)

For boys (Figure 3.2), in the stepwise regression analysis, again only the
absolute average power (AP), which was the only argument for the regression
equation. The regression equation is as follows:

50 m time [s] =-0.014 . AP [W] + 33.616 (r =-0.859 p <0.001)
17
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Figure 3.1 Graphical representation of the linear regression equation for the
dependence of athletic achievement on average power (AP) developed in the
lower body WANT (r = -0.660; p <0.001) in girls. Dotted lines indicate a 90%
predictive interval, and the points that extend beyond it are marked with a circle.
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Figure 3.2 Graphical representation of the linear regression equation for the
dependence of athletic achievement on average power (AP) developed in the
lower body WANT (r =-0.859; p < 0.001) in boys. Dotted lines indicate a 90%
predictive interval, and the points that extend beyond it are marked with a circle.
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Percentiles

Percentile assessments of Wingate's anaerobic test results for the lower
body would be very useful for evaluating anaerobic performance in swimming
athletes. The age range of the study participants, from 13 to 18 years, determines
significant age differences in results (Figure 3.3). For this reason, the competitors
are divided into age groups according to the rules of the Bulgarian Swimming
Federation. Thus, the following age groups fall into our study age range: boys and
girls (13-14 years), boys and girls (15-17 years), and men and women (18+ years)
at these ages and gender groups in which there were a sufficient number of cases
(girls 13-14, and boys and girls 15-17 years), percentile scores for the most
informative anaerobic test indicators were calculated (Table 3.9, Table 3.10 and
Table 3.11).

Table 3.9
Percentiles (PCTL) of the basic parameters of the lower body Wingate Anaerobic
Test for girls (13-14-year-old)

st PP | PP TAP T AP [ [PP| PP TAP| AP

[W] [Wikg]| [W] [W/kg] [W] [W/kg] [W] [[W/kg]
99,9%|552,8) 9,50 [441,4| 7,60 |43,7%}420,1] 7,80 350,2 6,20

93,7%1528,9| 9,20 |419,2| 7,50 37,5%}418,0) 7,70 [340,1] 6,10
87,5%1500,2| 9,10 [395,6| 7,30 |31,2%}402,4 7,60 (309,1] 6,00
81,2%494,3| 9,00 |389,3]| 7,25 |25,0%(389,0| 7,30 [297,0] 5,80
75,0%/492,9| 8,95 |382,3| 7,20 [18,7%(369,1] 7,10 [283,6 5,70
68,7%(485,9| 8,90 [371,8| 7,15 |12,5%(362,8 6,85 [282,9] 5,40
62,5%1445,7| 8,85 [369,5| 7,10 |6,2% [349,6| 6,80 [274,3] 5,30
56,2%1441,5| 8,80 |360,2| 6,60 |1,0% [348,2] 6,60 [265,9 5,00
50,0%432,1| 8,50 |352,5| 6,40
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Table 3.10
Percentiles (PCTL) of the basic parameters of the lower body Wingate Anaerobic
Test for girls (15-17-year-old)

PP | PP | AP | AP PP | PP | AP | AP

POTL ] pwy |pwikg] | [w] | (wikg]|PC T | wy [[wikg] | [W] | [wikg]
99,9% (694,8| 10,87 |516,5| 8,10 [43,7%(596,7| 9,70 [447,6| 7,35
93,7%/680,9| 10,80 | 506,7 | 7,90 |37,5%(586,8| 9,60 [430,7| 7,30
87,5%(669,3| 10,60 |504,2 | 7,70 |31,2%(542,6| 9,10 [430,7| 7,25
81,2%(629,6| 10,35 |480,6 | 7,65 [25,0%(533,7| 9,00 [418,7| 7,20
75,0%(624,5| 10,30 | 478,7| 7,60 [18,7%(526,1| 8,90 [418,3| 7,15
68,7%(619,7| 10,20 | 466,5| 7,56 [12,5%(516,2| 8,60 [411,8| 6,90
62,5%(613,8| 9,82 |461,3| 7,49 | 6,2% [429,4| 8,00 [332,8| 6,20
56,2%(610,4| 9,80 |450,9| 7,45 |1,0% (272,4| 4,60 [234,4| 4,00
50,0%(598,3| 9,75 |448,6| 7,40

Table 3.11
Percentiles (PCTL) of the basic parameters of the lower body Wingate Anaerobic
Test for boys (15-17-year-old)
PCTL PP PP AP AP PP PP AP AP

(W] [wikgll (W] |wikgl| PSTH| twy | wikg] | [w | [wikg]
99,9%1(1047,0| 14,40 | 737,8 | 9,70 |47,3% | 788,7 | 11,10 [594,7| 8,50
97,3%1(1035,0| 14,30 | 707,2 | 9,65 |44,7% | 785,5| 11,00 |588,8 8,47
94,7%| 9945 | 14,23 17025 | 9,60 [42,1%| 763,0| 10,90 [582,0/ 8,45
92,1%968,7 | 14,20 | 696,9 | 9,54 [39,4% | 749,2 | 10,85 |572,1| 8,40
89,4%953,5| 13,40 | 686,6 | 945 |36,8% | 742,4| 10,80 |568,8/ 8,35
86,8%(949,0| 13,30 | 674,8 | 9,40 |34,2%| 740,4 | 10,75 |567,7| 8,30
84,2% 933,912,900 | 668,7| 9,30 [31,5%| 725,7| 10,70 |563,0/ 8,25
81,5%914,2 | 12,70 | 663,7 | 9,20 [28,9% | 716,8 | 10,50 |561,0/ 8,20
78,9%(904,5| 12,70 | 661,5| 9,10 [26,3%| 712,4 | 10,41 |557,4, 8,15
76,3%898,1| 12,60 | 6449 | 9,00 |23,6%| 708,0| 10,40 |551,0/ 8,10
73,6%|886,8| 12,30 |1 638,9| 8,90 |21,0%| 706,3| 10,35 |547,4| 8,05
71,0%|872,8| 12,20 | 636,6 | 8,87 |18,4%|695,0| 10,30 |521,7| 8,00
68,4%|854,4 | 12,10 | 622,9 | 8,85 |15,7% | 682,6 9,90 |513,1| 7,95
65,7%|849,5| 11,90 | 619,0 | 8,80 [13,1%| 634,9 9,80 488,7| 7,90
63,1%|848,9|11,85|617,8| 8,75 |10,5% | 619,2 9,70 487,55/ 7,85
60,5%834,1|11,80 | 615,2| 8,70 | 7,8% | 605,4 9,50 |474,7\ 7,80
57,8%(808,7| 11,50 | 614,4| 8,65 | 5,2% | 603,5 9,40 (4345 7,50
55,2% | 805,7 | 11,40 | 607,9 | 8,60 | 2,6% | 547,1 8,90 14344, 6,30
52,6%(804,5| 11,30 (6049 | 855 | 1,0% | 510,3 7,90 1420,5| 6,20
50,0%| 788,8 | 11,20 | 603,7 | 8,52
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It is necessary the percentiles assessments to be completed for the other age
groups and to be updated periodically on the basis of regular tests.

Discussion of the results of the Wingate anaerobic test for the lower body

The descriptive statistics (Table 3.1, Table 3.2, Table 3.3 and Table 3.4)
showed low coefficients of variation in anthropometric parameters in girls and
boys (13-14 years old), which shows the homogeneity of the four samples. The
small sample size of men (n = 3) and women (n = 2) did not allow for reliable
variation analysis for this age group. In all other groups, the relative anaerobic
performance indicators have a lower coefficient of variation than the
corresponding absolute indicators. The lower coefficient of variation is due to the
fact that the relative variation eliminates the variation due to the difference in
weight. Thus, the lowest variation was obtained for the relative maximum
performance (RPP) and average power (RAP). Due to the large heterogeneity of
the tPP, PVmax and tVmax indicators and the lack of reliable correlation with all
other indicators, they were excluded from the analysis of all ages at both genders.
The 50, 100 and 200 m freestyle achievements for all girls and boys vary between
395 and 565 FINA points and have a very low coefficient of variation (1.77% to
6.33%). This shows a strong uniformity of the samples in terms of the athletic and
technical qualities of the competitors. The 13-14-year-old girls' 50, 100 and 200
m freestyle achievements were 1.07, 1.04 and 1.10 times lower respectively than
those of the boys at the same age. This corresponds to 1.39 times higher peak
power (PP) and 1.32 times higher average power (AP) of boys compared to girls.
Given that the required power in swimming increases with the third speed, at 1.32
times higher average power, it can be expected that the speed and achievement
should be ¥/1.32 = 1.10 times lower in girls than boys.

The achievements of 15-17-year-old girls in the 50, 100 and 200 m freestyle
are respectively 1.12, 1.14 and 1.15 times lower than those of boys at the same
age. This corresponds to 1.38 times higher peak power (PP) and 1.34 times higher
average power (AP) of boys than that of girls. Given that the required power in
swimming increases with the third speed, then at 1.32 times higher average power,
it can be expected that speed and achievement should be ¥/1.34 = 1.11 times lower
in girls compared to boys.

At the age of 13-14 years, there are smaller differences between girls and
boys in terms of swimming performance. This may be due to the regular
development of anaerobic power in adolescents during puberty.

Correlation analysis (Table 3.5, Table 3.6, Table Table 3.7 and Table 3.8)
revealed significant, high internal correlations, both between the individual
anaerobic test indicators and between the swim achievements of the different
freestyle distances at both ages (with except for the correlation between 50 and
100 m and 50 and 200 m in 13-14-year-old girls).
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Both girls and boys of all ages have a strong correlation between the main
anaerobic test parameters - PP, AP and MP. Higher peak power (PP) is associated
with a greater decline in performance (PD) during the test (correlations with PD
are not shown in the tables). Also, the higher the peak power (PP), corresponds
with greater the work performed (AP).

For both genders in all age groups, relative indicators (RPP and RAP) have
no significant correlation with weight, since its influence is eliminated in the
calculation of these indicators. Of the anaerobic test indicators, the highest
correlated with the 50 m freestyle achievement in both sexes at all ages except
girls where it is unreliable has average power (AP): for 15-17 year old girls r = -
0.581 (p <0.015); in 13-14 year old boys r =-0.947 (p <0.002); in 15-17 year old
boys r = 0.784 (p <0.001). The correlation coefficients of this indicator with the
50 m freestyle performance in girls and boys are not significantly different from
each other (p = 0.22). Other authors also identify average power (AP) as the
highest correlation indicator with athletic achievement (Demarie et al., 2019). It
should be noted that there are some studies that show the highest correlation of
achievement with relative average power (Hawley et al., 1992) and peak power
(Duche et al., 1993).

The lower correlation of relative (RAP) versus absolute (AP) average
power with the swimming achivements of 50 m in boys (r = -0.947; p <0.002 vs.
r =-0.936; p <0.001) and in girls (r = -0.784; p <0.001 vs. r = -0.696; p <0.001)
corresponds to the observations of other authors according to which, when
swimming, since the weight is balanced by the lifting power of the water, the
relative power does not give higher correlation with achievement than the absolute
(Yeater et al., 1981; Morouco et al., 2011).

Similar to the results of other authors (Duche et al., 1993) in the present
study, in 15-17-year-old boys, with the increasing of the race distance, the
relationship between anaerobic test performance and swimmers achievement
decreases. This is probably due to the diminishing importance of the anaerobic-
alactate system at 100 and 200 meters and the increasing proportion of the aerobic
system, especially at 200 m. The duration of the 50 m freestyle racing swim is
commensurate with the anaerobic test duration, so we have a close distribution of
the energy supply mechanisms in terms of total anaerobic test energy consumption
for the lower limbs.

Following a linear stepwise regression of the relationship between
achievement and basic anaerobic test indicators, the absolute average power (AP)
remains the only argument in the regression equation (Figure 3.1 and Figure 3.2).
Competitors whose 50m freestyle achievements meet points that lie above the
predictive regression lines show a discrepancy between measured average power
and sport achievement, which can be largely attributed to the two most likely
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reasons: 1) for - their ineffective, free-style swimming technique; 2) very low
anaerobic power of the upper body.

Competitors whose 50m freestyle performance corresponds to points below
the predictive regression lines of Figure 3.1 and Figure 3.2show better
performance than expected with their anaerobic power. In these cases, the two
most probable reasons can also be discussed: 1) much more efficient than the
average free-style swimming technique; 2) very high anaerobic power of the
upper body.

In order to reach a conclusion in the cases described above, it is necessary
to perform a complex analysis of anaerobic performance, which also includes an
anaerobic power of the upper body.

It is of practical interest for the size of the deviation from the regression
line to indicate with sufficient likelihood that the competitors deviate significantly
from the regression model. A suitable criterion is a deviation greater than the 90%
predictive interval (Figure 3.1 and Figure 3.2). Thus, Figure 3.1 highlights the
results of 3 competitors whose results are outside the 90% predictive interval
(fenced in a circle). One is above the (upper fenced point) and the other two below
(the two lower fenced points) the predictive interval. Figure 3.2 highlights the
results of 3 competitors whose results are outside the 90% predictive interval
(fenced in a circle). All three points fall above the predictive interval (the above
three fenced points).

Assessing the age differences in the indicators of lower-body Wingate
anaerobic test like other authors, (Van Praagh, 2000; Vandewalle et al., 1989;
Carvalho et al., 2011) we observe an increase in anaerobic performance with
increasing age of competitors. The fluctuations in 17-year-old girls and 14-year-
old adolescents are likely due to the transversal nature of the study and the small
number of cases at these ages (n = 3 girls and n = 3 adolescents). The absolute
values of the main indicators increase more than the relative in both sexes. This
Is due to the fact that the absolute values reflect both qualitative physiological
changes and quantitative changes in body composition, as well as the age absolute
increase in muscle mass. The smaller number of observations in this study
compared to studies of other authors (Van Praagh 2000), in a larger number of
cases, does not allow to state whether in puberty there is delayed development of
anaerobic performance in girls.

The presented average power estimates (AP) of the lower body Wingate
anaerobic test for girls and boys (Table 3.10 and Table 3.11) are of preliminary,
indicative nature only. For the purposes of the future coaching practice is needed
a systematic age monitoring of the anaerobic performance indicators of elite
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swimmers in Bulgaria and creating and constantly updating age standards based
on national longitudinal studies.

Wingate anaerobic test for the upper body
Descriptive statistics

Table 3.12 presents the results of the variation analysis of the studied girls
(15-17 years), as follows: anthropometric parameters, Wingate upper body
anaerobic test results, and freestyle swimming achievements. The average height
of the athletes was 171.2 £ 4.82 cm and the average weight was 61.1 = 3.74 kg.
For both indicators, the coefficient of variation was less than 10%, indicating a
strong homogeneity of the group as regards to anthropometric data. The average
values of the Wingate absolute values were: peak power (PP) - 294.3 + 85.70 W,
average power (AP) - 209.50 £ 47.82 W, minimum power (MP) - 219.6 + 52.29
W and power drop (PD) - 154.7 + 38.11 W. The coefficients of variation for these
indicators were in the range of 28.31 to 36.94%, the lowest being the average
power (AP) and the largest for the power drop (PD). The average values of the
relative indicators were: peak power (RPP) - 4.78 £ 1.21 W / kg, average power
(RAP) - 3.58 £ 0.71 W/ kg, minimum power (RMP) 2.53 + 0.55 W/ kg and power
drop (RPD) - 2.28 + 0.76 W / kg. The coefficients of variation in these indicators
ranged between 19.75 and 33.42%, with the lowest being the average power (RAP)
and the highest being the power drop (RPD). The relative indicators had smaller
coefficients of variation and, accordingly, higher uniformity than the absolute
ones. As with the anaerobic lower body test, the tPP, PVmax, and tVmax
indicators had a large range and coefficients of variation much higher than 30%
(from 58.72% to 147.90%). The mean values of swimming achievement were as
follows: 50 m freestyle - 28.79 £ 1.53 s, which corresponds to 504 points of the
FINA table, 100 m freestyle - 63.77 = 2.90 s. (496 points) and 200 m freestyle -
137.80 = 5.43 s (532 points). The coefficients of variation in sports performance
were less than 10% (from 3.94 to 5.31%), indicating a strong uniformity in the
sample in terms of sports qualifications. In girls, most of the studied parameters
except PD% and results of 50 and 100 m have a normal distribution.
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Table 3.12
Variation analysis of anthropometric parameters, results of the upper body
Wingate anaerobic test and swimming performance of the studied girls (15-17

ears).

Variables 9 n Range Xmin Xmax ND X SD V%

Height[cm] | 9| 14.0 163.0 | 177.0 |yes| 171.2# | 4.82 2.81
Weight[kg] | 9| 115 55.2 66.7 |yes| 61.1 3.74 6.13
PP [W] 9| 236.7 | 176.6 | 413.3 |yes| 2943 | 85.70 | 29.12
RPP [W/kg] | 9 3.1 3.2 6.3 |yes| 4.78 1.21 25.35
AP [W] 9] 150.3 | 146.5 | 296.8 |yes| 219.6 | 52.29 | 23.81
RAP [W/kg] | 9 1.9 2.6 45 |yes| 3.58 0.71 19.75
MP [W] 9| 1041 99.3 203.4 |yes| 154.7 | 38.11 | 24.64
RMP [W/kg] | 9 1.5 1.6 3.1 yes | 2.53 0.55 21.53
PD [W] 9| 1444 | 655 | 209.9 |yes| 139.7 | 5159 | 36.94
RPD [W/kg] | 9 2.1 1.1 3.2 yes | 2.28 0.76 | 33.42
PD [%] 9| 212 31.0 522 | no | 46.5 7.04 15.14
TW [J] 9 | 4406.4 | 4382.4 | 8788.8 | yes | 6506.7 | 1545.02 | 23.75
50 m [s] 9| 504 | 26.01 | 31.05 | no | 28.79 1.53 5.31

100 m [s] 41 6.07 |5948 | 6555 | no | 63.77 2.90 4.55

200 m [s] 41 1227 [129.86| 142.13 |yes| 13780 | 5.43 3.94

ND — normal distribution;

Table 3.13 presents the results of a descriptive statistics of boys (15-17
years old) as follows: anthropometric parameters, upper body Wingate anaerobic
test results and swimming performance. The average height of the athletes was
180.3 £ 5.91 cm and the average weight was 70.1 = 5.38 kg. The coefficients of
variation in these indicators were below 10%, indicating strong uniformity of the
group in terms of height and weight. The average values of the Wingate absolute
indices were: peak power (PP) - 560.8 + 132.17 W, average power (AP) - 386.2
+ 63.85 W, minimum power (MP) - 247.5 £ 41.32 W and power drop (PD) - 313.3
+ 35.46 W. The coefficients of variation in these indicators ranged from 16.53 to
35.46%, the lowest being for the average power (AP) and the largest one for the
power drop (PD). The mean values of the relative Wingate test indicators for the
upper body were: peak power (RPP) - 7.97 £ 1.64 W / kg, average power (RAP)
-5.50 £ 0.75 W / kg, minimum power (RMP) 3.52 + 0.52 W / kg and power drop
(RPD) - 4.45 £1.44 W [ kg. The coefficients of variation for these indicators were
between 13.66 and 32.49%, the lowest being for the average power (RAP) and
the highest one for the power drop (RPD). Relative indicators were more
homogeneous than absolute ones. The parameters tPP and tVmax had a large
range and large coefficients of variation higher than 30% (77.79% and 56.09%),
indicating their strong heterogeneity. The average swimming achievement were:
50 m freestyle - 25.29 + 1.31 s, which corresponds to 514 points of the FINA table,
100 m freestyle - 53.76 + 1.72 s (584 points), at 200 m freestyle - 117.66 £ 3.67
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(602 points). The coefficients of variation in sprint performance ranged from 3.12
to 5.19%, indicating a strong uniformity in the sample in terms of sports
qualifications.

Height, tPP [ms] and boys' sprint performance of 50 and 100 m had
different from a normal distribution. All other studied indicators have a normal
distribution.

Table 3.13
Variation analysis of anthropometric parameters, results of the upper body
Wingate anaerobic test and swimming performance of the studied boys (15-17

years).

Variables & | n | Range | Xmin Xmax | ND X SD V%
Height [cm] 28 | 27.0 | 165.0 | 1920 | - 180.3 591 & | 3.28
Weight [kg] 28 | 20.9 | 60.9 818 | + 70.1 5.38& | 7.68
PP [W] 28 | 596.7 | 3185 | 915.2 | + 560.8 |132.17 & | 23.57
RPP[W/kg] | 28 | 8.2 4.2 124 | + 7.97 1.64 & |20.50
AP [W] 28 |1 257.0| 260.5 | 5175 | + 386.2 | 63.85& |16.53
RAP[W/kg] | 28 | 3.5 3.4 6.9 + 5.50 0.75& |13.66
MP [W] 28 1206.3 | 147.8 | 354.1 | + 2475 | 41.32& |16.69
RMP[W/kg] | 28 | 2.4 2.1 4.5 + 3.52 052& |14.72
PD [W] 28 1 501.3 | 119.6 | 620.9 | + 313.3 |111.10 & | 35.46
RPD[W/kg] | 28 | 6.8 1.6 8.4 + 4.45 144 & |32.49
PD [%] 28 | 31.7 | 375 69.2 + 54.5 8.76 * |16.08
TW [J] 28 |7458.1|7853.2 |115311.3| + | 11398.5 | 1839.5 & | 16.14
50 m [s] 28 | 4.32 | 23.56 | 27.88 | - 25.29 131& | 5.19
100 m [s] 13| 6.62 | 52.18 | 58.80 | - 53.76 1.72# | 3.20
200 m [s] 12 111,10 |112.69 | 123.79 | + | 11766 | 3.67 & | 3.12

*-p<0.05;#-p<0.01; &-p <0.001 against the girls; ND —normal distribution;

Correlation analysis

Table 3.14 presents the correlation analysis of anthropometric parameters,
the results of the upper body Wingate anaerobic test and the swimming
performance of the studied girls (15-17 years). There was a high correlation
between height and weight (r = 0.809; p <0.008). There are very high internal
correlations between Wingate test results (from r = 0.962 to r = 0.990) and high
between swimming achievements (from r = 0.962 to r = 0.986). There are high
correlations between age and anaerobic test values, as well as between
anthropometric data and peak and average power. Achievements of 50 m freestyle
correlated significantly with anaerobic test indicators, with the highest correlation
with average power (r = 0.794; p <0.011).
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Table 3.15 presents the correlation analysis of anthropometric parameters,
the results of the upper body Wingate anaerobic test, and the swimming
performance of boys (15-17 years old). There was a significant correlation
between height and weight (r = 0.528; p <0.004). There are very high internal
correlations between test indicators (from r = 0.846 to r = 0.948) and high between
swimming achievements (from r = 0.521 to r = 0.882). There were correlations
between weight and peak power (r = 0.648; p <0.012) and between weight and
average power (r = 0.540; p <0.003). Results of the 50 m freestyle correlated with
the weight and anaerobic test indicators, with the highest correlation between the
swimming achievement and average power (AP) (r =0.771; p <0.001). There isa
decrease in the correlation coefficient with the average power as the swimming
distance increases.

Table 3.14
Correlation analysis of anthropometric parameters, results of the upper body
Wingate anaerobic test and swimming performance of girls (15-17 years old).

? Wingate | o0 |4 isight| Weight| PP | RPP | AP | RAP |50 m | 190
upper body m
. corr.[0.502
Height! iy 10,169
. corr.[0.478| 0.809
Weight . ]0.193| 0.008
PP corr. 0.776] 0.634 | 0.732
sig. |0.014| 0.067 | 0.025
RPP corr. 0.778] 0.550 | 0.604 |0.984
sig. |0.013] 0.125 | 0.085 |0.000
Ap |cOrT[0.787/0.689 | 0.765 [0.990]0.962
sig. |0.012| 0.040 | 0.016 |0.000 | 0.000
Ap |00 0.809] 0582 | 0610 [0.976(0.984 0.977
sig. |0.008| 0.100 | 0.081 |0.0000.000] 0.000
50 m |COT.|-0.813/-0.676 | -0.798 [-0.779]-0.709]-0.794/-0.711
sig. |0.008 | 0.046 | 0.010 |0.013]0.032|0.011 | 0.032
100 m |COT[-0.407/0.424 -0.375 |-0.463|-0.280|-0.630| -0.513 0.962
sig. |0.593| 0.576 | 0.625 |0.537 |0.720|0.370 | 0.487 | 0.038
200 m |00 |-0.582]-0.273 | 0214 |-0.412|-0.313|-0.561| -0.532 [ 0.9630.986
sig. |0.468| 0.727 | 0.786 |0.588 | 0.687 | 0.439 | 0.468 | 0.037 /0.014
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Table 3.15
Correlation analysis of anthropometric parameters, results of the upper body
Wingate anaerobic test and swimming performance of boys (15-17 years old).
J Wingate |\ o eightiweight PP | RPP | AP | RAP |50 m|100m
upper body
. corr.| 0.127
Height! 4.1 0520
corr.] 0.160 | 0.528
sig.| 0.415 | 0.004
corr.| 0.246 | 0.144 | 0.468
sig. | 0.207 | 0.463 | 0.012
corr.| 0.235 |-0.019| 0.167 | 0.948
sig. | 0.228 | 0.924 | 0.394 | 0.000
corr.| 0.249 | 0.124 | 0.540 | 0.933 | 0.846
sig.| 0.201 | 0.529 | 0.003 | 0.000 | 0.000
corr.| 0.220 |-0.136| 0.093 | 0.847 | 0.912 | 0.886
sig.| 0.261 | 0.491 | 0.638 | 0.000 | 0.000 | 0.000
corr.|-0.251 |-0.117| -0.511 | -0.756 |-0.674|-0.771|-0.642
sig. | 0.198 | 0.553 | 0.005 | 0.000 | 0.000 | 0.000 | 0.000
corr.|-0.199 |-0.755| -0.222 | -0.516 |-0.499|-0.615|-0.581]0.882
sig. | 0.514 | 0.003 | 0.465 | 0.071 | 0.082 | 0.025 | 0.037 [0.000
corr.| -0.398 | -0.418 | -0.183 | -0.566 |-0.554 |-0.585 -0.5670.521(0.734
sig.| 0.201 | 0.177 | 0.568 | 0.055 | 0.062 | 0.046 | 0.054 ]|0.082/0.016

Weight

PP

RPP

AP

RAP

50 m

100 m

200 m

Regression analysis

Separately for both sexes, a linear multiple regression step analysis was
performed to evaluate the combined impact of the anaerobic performance test on
the swimming achievement of 50 m freestyle. In the stepwise regression,
independent variables (age, height, and weight of the competitors) were included
in addition to the most informative indicators obtained from Wingate's anaerobic
upper body test (PP, RPP, AP, and RAP).

After the stepwise regression analysis, only the absolute mean power (AP)
remained the only argument in the regression equation for girls (Figure 3.5). The
regression equation is as follows:

50 m time [s] =-0.0227 . AP [W] + 33.58 (r =-0.788; p < 0.001)
After the stepwise regression analysis, only the absolute average power (AP)

remained the only argument in the regression equation of the boys (Figure 3.6).
The regression equation is as follows:

50 m time [s] =-0.0158 . AP [W] + 31.36 (r =-0.811; p <0.001)
28
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Figure 3.5 Graphical representation of the linear regression equation for the
dependence of athletic achievement on average power (AP) developed in the
Wingate upper body test (r = 0.788; p <0.001) in girls. Dotted lines indicate the
90% prediction interval and points that extend beyond it are indicated by a circle.
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Figure 3.6 Graphical representation of the linear regression equation for the
dependence of athletic achievement on average power (AP) developed in the
Wingate upper body test (r =-0,811; p < 0,001) in boys. Dotted lines indicate the
90% prediction interval and points that extend beyond it are indicated by a circle.
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Percentiles

Percentile assessments of the upper body Wingate anaerobic test results can
be used to evaluate anaerobic performance in swimmers. Like the anaerobic
Wingate test for the lower private body, the age range of the studied girls and boys
Is 13 to 18 years, which determines significant age differences in test indicators
(Figure 3.7). For this reason, the contestants of both sexes were divided into three
age groups according to those defined by the BSF: boys and girls (13-14 years);
boys and girls (15-17 years of old); men and women (18 years of age). In these
groups, in which there were a sufficient number of cases (boys and girls 15-17
years of age), percentile scores for the most informative anaerobic test scores were
calculated.

Table 3.16
Percentiles (PCTL) of the basic parameters of the upper body Wingate Anaerobic
Test for girls (15-17 year old).
PP PP AP AP
POTH | wi [ wikal| W] | [Wikg]
99,9% | 413,3 | 6,30 | 296,8 4,50
87,5% | 389,4 | 6,20 | 270,8 4,40
75,0% | 363,3 | 5,70 | 267,0 4,20
62,5% | 3246 | 540 | 236,0 3,80
50,0% | 306,8 | 5,00 | 216,6 3,60
37,5% | 256,3 | 4,20 | 202,3 3,30
25,0% | 211,3 | 3,60 | 180,44 3,10
12,5% | 207,5 | 3,40 | 159,7 2,70
10% | 176,6 | 3,20 | 146,5 2,60
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Table 3.17
Percentiles (PCTL) of the basic parameters of the upper body Wingate Anaerobic
Test for boys (15-17 year old).

PP AP AP
PP AP PP | PP | AP
PCTL g [V\/]/kg W] [V\/]/kg PCTL | oy | pwikal| T [V\/]/kg

99,9%915,2| 12,40 | 517/5| 6,90 |48,1% | 53/,7| 7,85 |3/81] 560
96,2%|772,0| 10,10 | 507,1 | 6,60 |44,4% |522,7| 7,70 | 3779 | 5,45
92,5%|744,0] 9,90 |465,2| 6,40 |40,7% | 5156 | 7,70 | 376,5| 5,40
88,8%1694,9| 9,60 |459,0| 6,20 [37,0%|5149 | 7,60 |362,1| 530
85,1%685,9| 9,40 |442,2| 6,15 |333% | 5019 | 7,20 | 357,7 | 5,20
81,4%674,9] 9,35 [ 4349 | 6,10 |29,6% | 4870 | 7,20 | 3459 | 510
77,1%|656,8| 9,20 [ 4329 | 6,05 |259% | 4869 | 7,20 | 343,0] 5,00
74,0%(633,6| 9,00 |427,8| 6,00 |22,2% |480,5| 7,20 | 337,8 | 4,90
70,3%(603,6| 8,50 |421,5| 5,95 |185% | 4450 | 6,90 | 323,7| 4,85
66,6% |600,2| 8,40 |413,0| 590 |14,8% |438,4| 6,40 |321,5| 4,80
62,9%|594,5| 8,30 |410,2 | 585 |11,1% | 424,3| 6,40 | 319,7 | 4,75
59,2%581,8| 8,25 |406,5| 580 | 7,4% | 412,7| 6,20 | 2975 | 4,70
55,5%558,5| 8,00 [ 399,4| 570 | 3,7% | 343,7| 510 |283,9| 4,20
51,8%557,3| 7,90 [3919| 5,65 | 1,0% | 3185 | 4,20 | 260,5| 3,40

Discussion of the results of Wingate's anaerobic upper body test

The descriptive statistics (Table 3.12 and Table 3.13) found that the study
groups of girls and boys were highly homogeneous in weight and height. Due to
the limited contingent, the descriptive statistics was not presented for boys (13-14
years) (n =5) and girls (13-14 years) (n = 4), as well as for the age group of men
(n =4) and women (n = 2).

In both genders, the relative anaerobic performance indicators have a lower
coefficient of variation than the corresponding absolute indicators. The variation
is lowest for relative average power (RAP) and highest for absolute power drop
(PD). This lower coefficient is probably due to the removed variation due to the
difference in weight in absolute terms. Like the lower body Wingate anaerobic
test, due to the large heterogeneity of the tPP, P\VVmax and tVmax indicators and
the lack of reliable correlation between them and all other indicators, including
sports performance, both for girls and for boys, they were excluded from the
analysis.

The 50, 100 and 200 m freestyle achievements of girls and boys vary in
close range between 496 and 602 points according to the FINA table and
accordingly have a very low coefficient of variation (from 3.12% to 5.31%). This
shows a strong uniformity in the sample and in terms of the sports qualities of the

31



competitors. The achievements of the 50, 100 and 200 m freestyle girls are slower
by 1.14, 1.19 and 1.17 times respectively than those of boys. This difference
corresponds to 1.90 times higher peak power (PP) and 1.76 times higher average
power (AP) of boys compared to girls. Given that the required power in swimming
increases with the third rate of speed, then at 1.76 times higher average power of
girls compared to boys, it can be expected that speed and achievement should be
/1, 76 = 1.20 times lower in girls compared to boys.

Correlation analysis (Table 3.14 and Table 3.15) for both sexes showed a
significant high correlation between weight and height - for girls r = 0.809 (p
<0.008) and for boys = 0.528 (p <0.004). Reliable correlations of age with
anthropometric data are likely due to the narrow age ranges studied.

Significant, high internal correlations were found between both the
anaerobic test indicators and the swimming results in both sexes. Both girls and
boys show a strong correlation between the main anaerobic test parameters - PP,
AP, and MP. The higher peak upper body power (PP), was associated with a
greater decline in performance (PD) during the study (correlations with PD are
not shown in the table). Also, the higher peak power (PP) corresponds to more
work done (AP). In both genders, the relative test indicators do not have a
significant correlation with weight, since their influence is eliminated in their
calculation.

The highest correlation with the swimming achievement of 50 m freestyle,
and the anaerobic test indicators, in both sexes is absolute average power (AP).
For girls, the correlation coefficient was 0.794 (p <0.011) and for boys 0.771 (p
<0.001). The two correlation coefficients did not differ significantly (p = 0.910).

Other authors have also identified the average power (AP) of the upper
body anaerobic test as the indicator most correlated with swimming speed in
sprint distances (Hawley & Williams, 1991; Hawley et al., 1992). On the other
hand, Rohrs & Stager (1991) reported slightly higher correlations between
swimming speeds of 25 and 50 yards and peak power, while at a distance of 100
yards they reported slightly higher correlations with average power. Other studies
have found either low correlation dependencies of major anaerobic upper limb
test and athletic performance (Guilherme et al., 2000) or unreliable ones (Sarah,
2010).

The correlation of relative average power (RAP) with a sports achievements
of 50 m is less than that of absolute power: in girls r = -0.779 (p <0.013) and in
boys r =-0.756 (p <0.001). This lower correlation of relative to absolute average
power with swimming performance, as already indicated in the discussion of
anaerobic lower body test results, is consistent with observations by other authors
according to which when swimming, bodyweight is balanced by lifting forces and
therefore relative power does not have a higher correlation with performance than
absolute power (Yeater et al., 1981; Morouco et al., 2011).
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Like the lower body Wingate's anaerobic test results, the correlation
between anaerobic test results and swimming achievement decreases with
increasing the racing distance. This trend has been reported by other authors
(Guilherme et al., 2000 Rohrs & Stager, 1991). The probable cause is the
decreasing importance of anaerobic systems and the increasing proportion of the
aerobic system with increasing race distance. The duration of the 50 m freestyle
competitive swim is commensurate with the time to perform the anaerobic upper
limb test, and accordingly, we have a close distribution of the energy systems.

A linear stepwise regression analysis was performed for the effect of major
anaerobic upper limb test indicators on the 50 m freestyle swimming achievement.
The only argument in the regression equation for both sexes was the absolute
average power (AP). Competitors whose 50 m freestyle achievement corresponds
to points well above the predictive regression lines (outside the 90% predictive
interval — Figure 3.5 and Figure 3.6) show a discrepancy between measured
average power and swimming achievement, which at its highest degree may be
due to two most probable reasons: 1) their less efficient than average freestyle
swimming technique; 2) very low anaerobic power of the lower body.

Competitors whose 50m freestyle performance corresponds to points that
lie significantly below the predictive regression lines of Figure 3.5 and Figure 3.6
show better performance than expected for the anaerobic power measured in them.
In these cases, the two most probable reasons can also be discussed: 1) much more
efficient than the average freestyle swimming technique; 2) very high anaerobic
power of the lower body.

In order to draw conclusions in the cases described above, it is necessary to
perform complex analysis of anaerobic performance, which should include an
anaerobic capacity assessment of the lower body.

Thus, Figure 3.5 highlights the results of 1 athlete whose scores are above
the 90% predictive interval (fenced in a circle). Figure 3.6 highlights the results
of 3 adolescents whose results are outside the 90% predictive interval (fenced in
a circle). Two of them are above the prediction interval (the two upper points
fenced inacircle) and one is below the prediction interval (the lower fenced point).

With the age dynamics of anaerobic performance indicators from the
Wingate anaerobic test for the upper body, similar to the results of the test for the
lower body, we observe an increase in anaerobic performance with increasing age
of competitors. The fluctuations in 15 and 18-year-old girls and 18-year-old boys
are probably due to the transversal nature of the study and the small number of
cases at these ages (n =4 and n = 2 respectively for girls and n = 4 for boys). The
absolute values of the main indicators increase more than the relative in both sexes.

The reported percentile estimates of the average power (AP) of the lower
body Wingate anaerobic test for girls and boys (Table 3.9 and Table 3.10) are for
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guidance only. In the future is needed systematic age monitoring of upper body
anaerobic performance indicators for elite swimmers in Bulgaria.

Anaerobic isokinetic swim bench test
Descriptive statistics

Table 3.18 presents the descriptive statistics of anthropometric parameters,
the results of the isokinetic swim bench anaerobic test and the swimming
performance of the studied girls (15-17 years). The average height of the athletes
was 171.2 + 4.02 cm and the average weight was 59.8 = 3.68 kg. The coefficients
of variation for both indicators were low: 2.38% to 6.16%, respectively. The
absolute average power (AP) was 134.9 £ 18.15 W and the relative average power
(RAP) was 2.25 £ 0.22 W / kg. The coefficient of variation of the absolute average
power indicator was higher (13.46%) than that of the relative power (9.77%). The
stroke rate during the test was 49.67 + 4.63, with a coefficient of variation of
9.33% and the average stroke length was 1.02 £ 0.08 m, with a coefficient of
variation of 7.92%. The mean values of swimming achievements were as follows:
50 m freestyle - 28.62 = 0.75 s which is rated at 514 points according to FINA
table, 100 m freestyle - 63.18 £ 3.24 s (503 points FINA) and 200 m freestyle -
136.35 £ 5.63 s (531 FINA points). The coefficients of variation in sports
performance were between 2.61% and 5.14%, indicating a strong uniformity of
results. All the indicators studied in girls show a normal distribution of the data.

Table 3.18
Variation analysis of anthropometric parameters, results of isokinetic swim bench

anaerobic test and swimming achievements of the studied girls (15-17 years).

Variables @ | n | Range | Xmin Xmax | ND X SD V%

Height[cm] [ 6| 10.0 | 167.0 | 177.0 |yes | 171.2 4.02 2.35
Weight[kg] | 6 | 10.1 53.7 63.8 | yes 59.8 3.68 6.16
AP [W] 6| 40.2 | 113.7 | 153.9 |yes| 1349 18.15 | 13.46
RAP [W/kg] | 6 | 0.57 1.91 2.48 | yes 2.25 0.22 9.77
TW [J] 6 | 1206.0 | 3410.0 | 4616.0 | yes | 4046.0 | 544.42 | 13.46
AF [N] 6| 30.6 65.6 96.2 | yes 81.7 1051 | 12.86
StrR [spm] 6| 14.0 42.0 56.0 | yes 49.7 4.63 9.33
StrL [m] 6| 0.22 0.92 1.14 | yes 1.02 0.08 7.92
50 m [s] 6| 198 | 27.14 | 29.12 |yes| 28.62 0.75 2.61
100 m [s] 3| 6.07 | 59.48 | 65.55 |yes| 63.18 3.24 5.14
200 m [s] 3| 10.07 | 129.86 | 139.93 | yes | 136.35 5.63 4.13

ND — normal distribution;

Table 3.19 presents the descriptive statistics of anthropometric parameters,
the results of the isokinetic swim bench anaerobic test, and the swimming
performance of the studied boys (15-17 years). The average height of the
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participants was 179.9 + 6.18 cm and the average weight was 69.9 £ 6.06 kg. The
coefficients of variation for both anthropometric indicators were low (3.43% and
8.67% respectively). The absolute average power (AP) was 219.3 £ 23.65 W and
the relative average power (RAP) was 3.15 = 0.33 W / kg. The coefficients of
variation of the absolute and relative power rates were close (10.78% and 10.53%,
respectively). The stroke rate was 56.9 + 5.80, with a coefficient of variation of
10.19%, and the stroke length - 1.02 £ 0.10 m, with a coefficient of variation of
10.23%. The average swimming achievement values were: 50 m freestyle - 24.85
+ 0.91 s, which is rated by 541 points on the FINA table, 100 m freestyle - 54.65
+ 2.57 s (556 points FINA ) and 200 m freestyle - 119.70 £ 5.83 s (572 FINA
points). The coefficients of variation in sports performance were between 3.65
and 4.87%, indicating that the results are highly uniform. In boys of all studied
indicators, only height and stroke rate showed a distribution different from normal.

Table 3.19
Variation analysis of anthropometric parameters, results of isokinetic swim bench
anaerobic test and swimming achievements of the studied boys (15-17 years).

Variables & | n | Range | Xmin Xmax | ND X SD V%

Height[cm] | 16 | 25.0 | 165.0 | 190.0 | no | 1799 # 6.18 3.43
Weight [kg] | 16 | 23.5 58.2 81.7 |yes| 69.9# 6.06 8.67
AP [W] 16 | 71.7 | 188.8 | 260.5 |yes | 219.3& | 23.65 | 10.78
RAP [W/kg] | 16 | 1.24 2.55 380 |yes| 3.15& 0.33 10.53
TW [J] 16 | 2152.0 | 5664.0 | 7816.0 | yes | 6580.3 & | 709.50 | 10.78
AF [N] 15| 63.3 93.1 | 156.4 |yes| 115.2& | 1654 | 14.36
StrR[spm] | 15| 22.0 44.0 66.0 | no 56.9 * 5.80 10.19
StrL [m] 16 | 0.38 0.89 1.27 | yes 1.02 0.10 10.23
50 m [s] 16 | 2.84 | 23.74 | 2658 |yes| 2485& | 0.91 3.65
100 m [s] 12| 7.36 | 52.18 | 5954 |yes| 54.65& | 2.57 4.70
200 m [s] 11 | 20.03 |112.69 | 132.72 | yes | 119.70# | 5.83 4.87

*-p<0.05;#-p<0.01; &-p < 0.001 against the girls; ND — normal distribution;

From the descriptive statistics (Table 3.18 and Table 3.19) it can be seen
that the stroke length is the only indicator that does not differ significantly
between the two sexes in this age group.

Correlation analysis

Table 3.20 presents the correlation analysis of anthropometric parameters,
the results of the isokinetic swim bench anaerobic test and the swimming
performance of the studied girls. The only significant correlation between
anthropometric indicators is that between height and weight (r = 0.758; p <0.018).
The absolute and relative values of average power (AP and RAP) show high
correlations with weight and age, with the highest being that of average power
(AP) and weight (r = 0.873; p <0.002). A naturally high positive correlation was
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observed between stroke length and height (r = 0.795; p <0.010). Significant
correlation dependencies with the 50 m swimming achievement are observed with
age, height, weight, average power (AP and RAP) and stroke length. The highest
Is the correlation between average power (AP) and the 50 m freestyle swimming
achievement (r = -0.827; p <0.006). Of the anaerobic test indicators, a statistically
significant correlation was observed only between absolute and relative values of
average power (AP and RAP) (r = 0.973; p <0.001). High correlations are also
observed between the swimming achievements of the 50, 100 and 200 m freestyle.

Table 3.20
Correlation analysis of anthropometric parameters, the results of the isokinetic

swim bench anaerobic test and the swimming performance of the studied girls.
? Isokinetic) oo | jiohtlweight| AP | RAP | StrR | StrL | 50 m |100 m
swimbench

. corr.| 0.589
Height sig. | 0,095 1.000
corr.| 0.547 | 0.758
sig.| 0.128 | 0.018 1.000

corr.| 0.680 | 0.579 | 0.873
AP sig. | 0.044 | 0.102 | 0.002 | 1000
corr.| 0.700 | 0.442 | 0.740 |0.973
RAP 15ig. | 0.036 | 0.233 | 0.023 [0.000 | 1000
corr.| 0.166 |-0.513| -0.097 [0.182 [0.312| | 11,
sig. | 0.670 | 0.158 | 0.803 |0.640 | 0.414 |
corr.| 0.350 | 0.795 | 0.694 0622 [0.521|-0.619] ,
sig. | 0.356 | 0.010 | 0.038 |0.073 |0.150 | 0.075 | *
corr. 0.745 |-0.763| -0.819 [-0.827|0.757] 0.073 | -0.791 |
sig. | 0.021 | 0.017 | 0.007 | 0.006 |0.018|0.657 | 0.011 | -
corr, 0.749 |-0.973| -0.795 |-0.815|-0.784] 0.208 |-0.852[ 0.939 | | .o
sig. | 0.145 | 0.005 | 0.108 | 0.093 | 0.116 | 0.738 | 0.067 | 0.018 | -
corr| -0.621 | -0.972 | -0.658 |-0.680|-0.647| 0.406 |-0.937] 0.871 | 0.977

sig. | 0.264 | 0.006 | 0.227 | 0.207 | 0.238 ] 0.497 | 0.019 | 0.054 | 0.004

Weight

StrR

Strib

50 m

100 m

200 m

Table 3.21 presents the descriptive statistics of anthropometric parameters,
the results of the isokinetic swim bench anaerobic test and the swimming
performance of the studied boys. There were positive significant correlations
between age, height and weight, with the highest being between height and weight
(r =0.751; p <0.001). The average power (AP) correlated significantly with age,
height, and weight, with relatively close correlation coefficients (from 0.684 to
0.697; p <0.001). Relative average power (RAP) correlated only with age (r =
0.640; p <0.002). The 50 m freestyle swimming achievement correlates with: age,
height, weight and average power (AP and RAP). The highest correlation was
found between the swimming achievement of the 50 m freestyle and the average
power (AP) (r =-0.795; p <0.001).
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Table 3.21
Correlation analysis of anthropometric parameters, the results of the isokinetic

swim bench anaerobic test and the swimming performance of the studied boys.
d Isokineticl  » oo | oightlweight AP | RAP | StrR | StrL |50 m|100 m
swimbench

corr.| 0.558
sig. | 0.011 | 1090
corr.| 0.444 | 0.751
sig. | 0.050 | 0.000 | 1:0%°
corr.| 0.697 | 0.684 | 0.697
sig. | 0.001 | 0.001 | 0.001 | %090
corr.| 0.640 | 0.339 | 0.163 | 0.816 1.000
sig. | 0.002 | 0.144 | 0.493 [0.000 | ™
corr.| 0.155 | 0.090 | 0.025 10.219|0.287 1.000
sig. | 0.527 | 0.714 | 0.920 [ 0.368|0.234 | ™
corr.| 0.319 {0.231 | 0.241 {0.2220.120 |-0.840| , ;.
sig. | 0.171 | 0.327 | 0.306 |0.346 | 0.613|0.000 |
corr.| -0.724 |-0.769 | -0.693 |-0.795-0.559 -0.212/|-0.175],
sig. | 0.000 | 0.000 | 0.001 |0.000|0.010{0.384|0.461 |
corr.| -0.607 |-0.784-0.663 |-0.818-0.626|-0.325|-0.084/0.962 , 1
sig. | 0.013 | 0.000 | 0.005 |0.000 | 0.009 | 0.238 | 0.756 |0.000[ ™
corr.| -0.439 |-0.629 | -0.401 |-0.642|-0.449(-0.398| 0.210 |0.897| 0.924
sig. | 0.116 | 0.016 | 0.156 |0.013]0.107|0.178 | 0.472 ]0.000{ 0.000

Height

Weight

AP

RAP

StrR

StrL

50 m

100 m

200 m

Statistically significant correlations were observed between test indicators:
between absolute average power (AP) and relative average power (RAP) (r =
0.816; p <0.001) and between stroke length and a stroke rate (r = -0.840; p <0.001).
High reliable correlations are observed between the 50, 100 and 200 m freestyle
swimming achievements.

Regression analysis

To evaluate the impact of the studied anthropometric parameters and those
obtained from the anaerobic isokinetic swim bench test on the achievement of the
50 m freestyle, multiple regression stepwise analyzes was performed separately
for both sexes. The stepwise regression included age, height, weight, and key
anaerobic test parameters as the independent variables: AP, RAP, StrR, StrL, and
AF.

From the stepwise regression analysis of the girls (Figure 3.9), the absolute
average power (AP) remains the only argument in the regression equation. The
regression equation is as follows:

50 m time [s] =-0.0327 . AP [W] +33.01 (r =-0.827; p < 0.006)
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Figure 3.9 Graphical representation of the linear regression equation for the
dependence of athletic achievement on average power (AP) developed in the
isokinetic swim bench anaerobic test in girls (r = -0.827; p <0.001). Dotted lines
indicate the 90% predictive interval and points that extend beyond it are fenced.
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Figure 3.10 Graphical representation of the linear regression equation for the
dependence of athletic achievement on average power (AP) developed in the
Isokinetic swim bench anaerobic test in boys (r = -0.795; p < 0.001). Dotted lines
indicate the 90% predictive interval and points that extend beyond it are fenced.
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From the stepwise regression analysis performed in boys (Figure 3.10), the
absolute average power (AP) remains the only argument in the regression
equation. The regression equation is as follows:

50 m time [s] =-0.0292 . AP [W] + 31.32 (r =-0.795; p <0.001)

Percentiles

As with the non-specific anaerobic upper and lower body tests (Wingate),
percentile assessment is made for the most informative anaerobic isokinetic swim
bench. Initial, indicative assessments are made only for boys (15-17 years old)
based on the results of 16 subjects studied (Table 3.22).

Table 3.22
Percentiles (PCTL) of the basic parameters of the isokinetic swim bench test for

boys (15-17 year old).
AP AP AP AP

PCTL L wp [ wikgl] PC™ | twp | wikg]

99,9% | 260,5 [ 3,80 |46,6% [ 205,0 | 3,17
93,3% | 250,5 [ 3,56 |40,0% | 204,3 | 3,05
86,6% | 250,2 | 3,45 ]33,3% | 203,8 | 3,04
80,0% | 244,0 | 3,43 | 26,6% | 199,5 | 3,02
73,3% | 239,0 [ 3,32 | 20,0% | 198,6 | 2,86
66,6% | 229,7 | 3,28 |13,3% | 1975 | 2,84
60,0% | 2276 | 3,21 | 6,6% | 193,1 | 2,63
93,3% | 217,2 | 3,19 | 1,0% | 188,8 | 2,55

Discussion of the results of the anaerobic isokinetic swim bench test

The descriptive statistics of both genders (Table 3.18 and Table 3.19) shows
strong homogeneity in the sample in terms of height and weight (V% between
2.35% and 8.67%). The results of the isokinetic swim bench anaerobic test in girls
and boys are relatively homogeneous with coefficients of variation between
7.92% and 14.36%. Similar to the other two anaerobic tests, the relative average
power (RAP) in the specific test has a lower coefficient of variation than the
absolute average power (AP) in both sexes, which is probably a result of the
removed variation due to the difference in weight in the absolute indicators. The
stroke length indicator of the girls and boys are almost the same. The boys, on
their part, demonstrate a higher stroke rate (56.9 vs. 49.7 spm).

The 50, 100 and 200 m freestyle achievements for both sexes are estimated
from 503 to 572 points on the FINA table and have a very low coefficient of
variation (2.61% to 5.14%). This shows a strong uniformity in the sample and in
terms of the swimming performance of the competitors, similar to the swimming
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results obtained in the other two anaerobic tests. The achievements in 50, 100 and
200 m freestyle of the girls are slower 1.15, 1.16 and 1.14 times respectively of
boys. This difference corresponds to 1.63 times higher absolute average power
(AP) of boys compared to that of girls, given that the required power in swimming
increases with the third degree (¥/1.63 = 1.18).

From the correlation analysis (Table 3.20 and Table 3.21) for both genders,
the highest significant correlation between age, height and weight are that
between height and weight r = 0.758 (p <0.018) for girls and r = 0.751 (p <0.001)
for boys. In girls, growth correlated significantly with the stroke length, whereas
in boys no correlation was observed between these two indicators. Only boys have
a significant correlation between the length and rate of swimming strokes. In girls
and boys, significant-high correlations between absolute and relative average
power were observed. Both sexes have high internal correlations between
swimming results. Age, height, and weight in girls and boys correlate significantly
with the results of the 50 m freestyle. According to the anaerobic test, the highest
correlation with the sports achievements of 50 m freestyle, in both sexes, is the
average power (AP). In girls, the correlation coefficient was 0.827 (p <0.006) and
in boys 0.795 (p <0.001). The correlation coefficients between women and men
did not differ significantly (p = 0.843). As the increase in power is also associated
with an increase in the age of the competitors, it is possible the improvement of
the technical skills of older athletes to determine the more efficient use of
anaerobic power in swimming. For this, the partial correlation coefficients
between the swimming achievement of 50 m freestyle and average power,
controlled for age, were calculated. The following correlation coefficients r = -
0.656 (p <0.049) for girls and r = -0.588 (p <0.008) for boys were obtained. This
shows some positive effects on age in both sexes. Relative average power (RAP),
like the other tests, has a lower correlation with swimming achievement in both
genders.

Only girls have a significant negative correlation between swimming
achievement and stroke length, which is due to the positive effect of greater stroke
length on swimming speed. In boys, a significant negative correlation was found
between stroke frequency and length, which is due to the regular decrease in
length as the stroke frequency increases.

In girls, there is a residual reliable correlation between relative power (RAP)
and weight, which shows a more complex relationship between RAP and athlete
weight. In boys, relative power (RAP) is not significantly correlated with weight,
since its influence is largely eliminated in the calculation of RAP.

The sources described in the literature review treating the relationship
between swimming performance and the results of specific swim simulator tests
(Johnson et al., 1993; Costill et al., 1986; Sharp et al., 1982; Sharp, 1986; Reilly
& Bayley, 1988 Takahashi 1992), show large differences in both the design of the
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used devices and the parameters tested. This makes it very difficult to compare
the findings of these sources with those of the present study. For example, Johnson
et al. (1993) examined 29 male swimmers using a biokinetic swim bench. But
they use as a criterion the biomimetic performance at 3 maximum strokes and find
a high correlation with 25 yards (r = 0.74).

The absolute and relative average power in girls shows significant
correlations only with the achievement of 50 m freestyle. A reliable correlation of
AP and RAP in boys was observed with both 50 and 100 m. The lack of a reliable
correlation with the achievement of 100 and 200 m in girls and 200 m in
adolescents is most likely due to the small samples and an increasing time to swim
the larger distances which significantly exceeding the duration of the test. Both
genders reported lower correlations of sport achievement with RAP.

After performing a linear stepwise regression analysis of the effect of the
indicators of isokinetic anaerobic swim bench test on the 50 m freestyle in both
sexes, like the other 2 anaerobic tests, the only argument in the regression equation
remained the average power (AP).

No competitors were observed whose achievements in the 50 m freestyle
would correspond to points above the predictive regression lines (beyond the 90%
predictive interval - Figure 3.9 and Figure 3.10). Unlike the Wingate anaerobic
test, the technique in the isokinetic swim bench test is similar to the freestyle.
Probably for this reason, there is no major discrepancy between the measured
average power of an isokinetic swim bench and swimming performance in this
study. Results above the predictive interval in future testing may be due to the
low power of the lower limbs and / or wrong front crawl coordination.

It is observed only in one competitor whose achievements of 50 m freestyle
lie significantly below the predictive regression lines (Figure 3.10). This
difference shows better swimming achievement than predicted for the respective
realized power of an isokinetic. As the techniques of the two loads (swimming
and isokinetic swim bench test) are close, this observation can be explained by
the very high lower body power that is important to the result in the sprint
disciplines and/or more streamlined body position, better overall freestyle
coordination in the water and other factors of swimming achievement that are not
the subject of this study. As in comparing the results of Wingate's anaerobic tests
for the lower and upper body, we also see the need for a complex analysis of the
results of more than one anaerobic test.

Anaerobic performance as measured by the anaerobic isokinetic swim
bench test, as well as in Wingate's lower and upper body tests, increases with age.
Similar results are observed by other authors. The uneven increase in girl power
(Figure 3.11) may be due to the small number of cases and the transversal nature
of the study.
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The reported average power (AP) percentile estimates of the anaerobic
iIsokinetic swim bench test for boys (Table 3.22) are for guidance only. In the
future, it is necessary to refine these perceptual estimates based on a larger number
of cases and extend them to all other age groups.

Ratios and correlations between the results of the three anaerobic
laboratory tests

In order to analyze the ratios and correlations between the indicators of the
three anaerobic tests performed, only the results of competitors who completed
all three tests within two weeks were taken. Out of 98 competitors tested, only 26
of them (8 girls and 18 adolescents) met this condition.

Table 3.23 presents the mean results of the girls and boys who performed
the three anaerobic tests within two weeks. The absolute and relative peak power
of the lower body of the Wingate test in girls is 1.90 = 0.39 times greater than that
recorded in the Wingate test for the upper body. In adolescents, the absolute and
relative peak power of the lower body of the Wingate test is 1.51 + 0.25 times
greater than that registered for the upper body and it is significantly less than the
same for the girls (p <0.001).

The absolute and relative average power of the Wingate anaerobic test for
the lower body in girls was 1.97 + 0.34 times greater than that recorded for the
Wingate anaerobic upper body test. The absolute and relative average power of
boys was 1.60 £ 0.14 times higher in the lower body test compared to the upper
body test.

The absolute and relative average power of the isokinetic anaerobic swim
bench test is the lowest of the three tests. The average power of the girls in this
test was 1.62 £ 0.25 times lower than that calculated in the Wingate upper body
test. The absolute and relative average power of boys in the isokinetic swim bench
test is 1.78 £ 0.18 times lower than that of the upper body Wingate test, with no
significant differences between the sexes.

In both genders, the absolute and relative average power of the Wingate
anaerobic upper body test is higher than that of the isokinetic swim bench test.
This is due to the fact that the operation of a hand ergometer is more efficient than
that of an isokinetic, due to the synergistic action of the hands when rotating the
handles of the hand ergometer. In this case, during one half-turn, the left hand
pushes one handle, while at the same time the right hand pulls the other handle,
and during the other half-turn, the opposite occurs. In contrast, when operating
with an isokinetic swim bench, while one arm generates power in the pulling
phases, the other arm does not generate one when it returns to its initial position.
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Table 3.23

Mean values of absolute and relative power indicators from the three anaerobic
tests in girls and boys.

Women Q Men &
Wingate | Wingate |Isokinetici Wingate | Wingate | Isokinetic
lower body | upper body |Biometer | lower body | upper body | Biometer
PP 533.2 290.4 - 792.7 544.1 -
RPP 9.08 4.94 - 11.55 7.78 -
AP 407.9 211.7 131.8 589.9 374.0 210.7
RPP 6.96 3.60 2.24 8.58 5.36 3.03

Table 3.24 and Table 3.25 summarize the results of the correlation analysis

between the average power of the three anaerobic tests and the 50 m freestyle

swimming achievement in girls and boys, respectively.
There is a high correlation between the average power of the three

anaerobic tests and between them and sports performance for girls (Table 3.24).
None of the correlation coefficients differ statistically significantly from the
others, probably due to the small number of cases.

Table 3.24

Correlation analysis of average power indicators (AP) of the three anaerobic tests
and the 50 m freestyle swimming achievement in girls.

Isokinetic Wingate Wingate
Women € Biometer | upper body | lower body S0m
Ispklnetlc corr. 1.000
Biometer sig.
Wingate corr. 0.738
upper body Sig. 0.037 1.000
Wingate corr. 0.819 0.750 1,000
lower body sig. 0.013 0.032 '
corr. -0.850 -0.716 0.687
S50 m sig. | 0007 0.046 0.060 1.000

A correlation between the average power of the three anaerobic tests, and
between them and swimming achievements are also observed for boys (Table
3.25). There are no significant differences between any two correlation
coefficients, also due to the small number of cases.
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Table 3.25
Correlation analysis of average power indicators (AP) of the three anaerobic tests
and the 50 m freestyle swimming achievement in boys.

Isokinetic Wingate Wingate

Men d Biometer | upper body | lower body S0m
Is_oklnetlc corr. 1.000
Biometer sig.
Wingate upper | corr. 0.813
body Sig. 0.000 1.000
Wingate lower | corr. 0.745 0.876 1.000
body Sig. 0.000 0.000 '

corr. -0.779 -0.867 -0.816

o0 m sig. | 0.000 0.000 0.000 1.000

In both genders, the observed high correlation coefficients between average
power from different tests on one hand and average power and athletic
achievement on the other show that in most swimmers the non-specific anaerobic
power of the lower body and the specific and non-specific anaerobic power of the
upper body are developed in certain proportions and played a important role in
determining the achievements in the sprint disciplines in swimming.

In the monitoring in swimming, of interest are athletes with low anaerobic
performance percentile assessments, as well as those whose results deviate
significantly from those predicted by the regression analyzes.

Interpretation of the results of the different anaerobic tests shows that their
use in complex provides possibilities to make better recommendations for
optimizing the training of the tested competitors. In the course of the dissertation,
specific examples were shown to illustrate this conclusion.

In the next chapter, "Complex Anaerobic Performance Assessment,” is
made an attempt to optimize the training by using the results of more than one
anaerobic test and their evaluation.

Complex assessment of anaerobic performance

In analyzing the regression equations obtained from the anaerobic upper
and lower body tests performed separately, several possible interpretations of the
results were obtained. For this, a complex assessment of the anaerobic
performance of the swimmers was made, which simultaneously included the
results of the various tests. Multiple regression analysis was chosen as the most
appropriate statistical method in implementing this approach.
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Complex analysis of the results of Wingate's anaerobic upper body test
and an anaerobic isokinetic swim bench test

In order to evaluate the impact of the use of upper-body anaerobic power
on specific loads (swimming freestyle), complex evaluation of the results of the
Wingate anaerobic upper body test and an anaerobic isokinetic swim bench test
was performed. A correlation analysis between the average power of these two
tests was already presented where the same subjects were involved.

Figure 3.13 shows graphically the results of the regression analyzes
performed separately for girls and boys.

Figure 3.13 shows one swimmer (indicated in the figure with Nel) that
shows a much better average power of the isokinetic swim bench test than might
be expected from the Wingate upper body test. For the purpose of the analysis, in
addition to the results of this swimmer, the results of one more boy (indicated in
the figure with Ne2) and one girl (indicated in the figure with Ne3) were also
analyzed, which approach the lower 90% predictive interval. Table 3.26 presents
the swim performance, results, and percentile estimates of the average Wingate
upper body anaerobic test and the isokinetic swim bench test of the selected
athletes.
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Figure 3.13 Graphical representation of the linear regression equations for the
relationship between the average power of the Wingate anaerobic test and the
Isokinetic swim bench test for girls (dashed line) and boys (continuous line).
Dotted lines indicate the 90% predictive interval, and the fenced points are
analyzed in the text.
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Table 3.26
Swimming achievements, values, and percentile assessments (PCTL) of the
average power of Wingate upper body anaerobic test and isokinetic swim bench
test in girls and boys, subjected to analysis.

Time | AP | RAP AP RAP AP RAP
Ne | 50m | Bio | Bio |upper body|upper body|lower body|lower body
[s] | [W] [W/kg]|  [W] [W/kg] [W] [W/kg]
Nel |25.14 {250.5| 3.8 357.7 5.4 567.7 8.6
PCTL| - 193.3%]99.9%| 33.3% 40.7% 34.2% 55.2%
Ne2 | 24.03 {203.8| 3.0 434.9 6.4 622.9 9.3
PCTL| - |33.3%/26.6%| 81.4% 92.5% 68.4% 84.2%
Ne3 130.01|951| 1.8 187.2 3.6 395.6 7.5
PCTL| - - - 25.0% 50.0% 87.5% 93.7%

Racer Nel uses much of the upper body anaerobic power (357.7 W) at a
specific load on an isokinetic swim bench (250.5 W) or 70% at an average of 57%
for the tested boys. His results from the swim bench test (AP Bio and RAP Bio)
have high ratings (Table 3.26). This competitor has lower average power ratings
(AP and RAP) than non-specific Wingate lower and upper body tests (Table 3.26).
In order to improve the performance of this athlete, it may be recommended to
increase the anaerobic power of the lower body by nonspecific and specific
methods.

Racer No2 uses a small part of the upper body anaerobic power at a specific
load on an isokinetic swim bench- 47%, compared to 57% on average for boys.
His results from the isokinetic swim bench test (AP Bio and RAP Bio) have low
percentile ratings (Table 3.26). This competitor has significantly higher average
percentile ratings in the Wingate's upper and lower body tests. Although this
athlete has high anaerobic power, he cannot apply it to specific loads (freestyle
swimming). This competitor needs to evaluate the freestyle technique and
improve the anaerobic power of specific muscle groups. This can be achieved
through video analysis and additional system-specific, specific loads of swim
bench and land-based elastic bands and using different equipment for increasing
the resistance in water (pedals, parachutes, etc.)

Competitor Ne3, like competitor # 2, uses a small portion of the upper body
anaerobic power at a specific load on an isokinetic swim bench - 51%, compared
to 64% on average for girls. This swimmer has higher than average Wingate lower
body percentile assessments and average (RAP) and below-average (AP)
percentile assessments for the upper body test. For this competitor, it is
recommended to improve the specific and non-specific anaerobic power of the
upper body.
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Complex analysis of the results of Wingate's non-specific anaerobic tests
for the lower and upper body

A complex analysis of the results of the two non-specific anaerobic
Wingate tests for the lower and upper body was made based on the results of the
swimmers who participated in both tests within two weeks. Out of 98 competitors
tested, 42 of them (12 girls and 30 adolescents) met this condition.

Multiple regression analysis was performed, where the achievement of the
50 m freestyle was defined as the dependent variable and the average power
obtained from the Wingate tests on the lower and upper body as independent
variables. As a result, the following regression equations were obtained:

- For girls:
Tso = 33.381 — 0.014 * APypper — 0.005 * APjower (r = 0.804; p < 0.009)

- For boys:
Tso = 31.353 - 0.012 * APypper — 0.002 * APjower (r = 0.778; p < 0.001)

, Where the Txo is the estimated 50 m freestyle, APygper IS the average upper
body test power, and APjower IS the average lower body test power.

Comparing the coefficients before the independent variables in the multiple
regression equations, we can see that the power of the upper body is
approximately 3 to 6 times greater (larger coefficients) than that of the lower body
(small coefficients). Although the power of the lower body is greater to that of the
upper body - 407.9 vs. 211.7 (1.93 times) in women and 589.9 vs. 374.0 (1.58
times) in men (Table 3.23), the difference in coefficients is larger, which
determines, in general, the greater role of the upper body in swimming.

Figure 3.14 and Figure 3.15 show the correlations between the real 50 m
freestyle achievements and those predicted by the multiple regression models,
based on the mean upper and lower body power of girls and boys, respectively.
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Figure 3.14 Relationship between the 50m freestyle athletic performance and the
performance predicted by the multiple regression model, based on the average
upper and lower body power of the girls. Dotted lines indicate the 90% predictive
interval and points that extend beyond it are fenced by a circle.

Figure 3.14 shows a competitor (marked in the figure with Nel) whose
predicted achievement of 50 m freestyle is significantly better than her actual
achievement. For the purposes of the analysis, we will look at the test results of
this competitor, as well as of the two others (indicated in the figure with Ne2 and
Ne3), which perform much better than predicted by the multiple regression model
achievements (Table 3.27).

Table 3.27
Real and predicted swimming achievements, average power, and percentages of
Wingate anaerobic lower and upper body anaerobic tests in adolescent girls
subject to detailed analysis

Time | Predicted AP RAP AP RAP
Ne | 50 m | time 50 m |upper body |upper body|lower body |lower body
[s] [s] [W] [W/kg] [W] [W/kg]
Nel 2911 27.73 270.8 4.4 460.0 7.5
PCTL| - - 87.5% 87.5% 62.4% 62.5%
Ne2 126.01| 27.15 296.8 4.5 461.3 8.1
PCTL| - - 99.9% 99.9% 62.5% 99.9%
Ne3 |27.05| 27.88 260.5 4.2 504.2 7.3
PCTL| - - 75.0% 75.0% 87.5% 43.7%
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In competitor Nel of Table 3.27, the achievement of the 50 m freestyle was
lower than predicted by the regression model. Considering the relatively high
percentile rating of the Wingate lower and upper body tests average power, it can
be argued that this athlete cannot effectively use her good anaerobic performance
in freestyle swimming. It cannot be expected that the further development of
anaerobic power of the upper and lower body in this swimmer will lead to
significant progress in athletic achievement. In order to improve the performance
of this athlete, a thorough biomechanical analysis may be recommended in order
to significantly correct the swimming technique.

The other two competitors (Nel and Ne2) have better 50 m freestyle
achievements than predicted on the basis of anaerobic tests and can be said to
have a more effective than the average swimming technique. Despite the reported
high anaerobic power, additional methods can be applied to improve it further.
Taking into account the percentiles assessments, the training of competitor Ne2
should focus primarily on the development of anaerobic power of the lower body,
and in competitor Ne3, the anaerobic power of the upper body should be
prioritized. Such analysis can also be done for other swimmers who do not fall
outside the 90% predictive interval, but differ significantly from the predicted
values and are the focus of the coaches' attention.
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Figure 3.15 Relationship between the 50m freestyle athletic performance and the
performance predicted by the multiple regression model, based on the average
upper and lower body power of the boys. Dotted lines indicate the 90% predictive
interval and points that extend beyond it are fenced by a circle.
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Figure 3.15 shows two competitors (designated with Nel and Ne2) whose
50m freestyle racing performance is significantly lower than predicted based on
the multiple regression model. One swimmer (designated with Ne3) has
swimming achievement better than predicted. The results of the anaerobic tests of
these three athletes were shown for the purpose of analysis (Table 3.28).

Competitor’s Nel and Ne2 are less successful at 50 m freestyle than
predicted in the regression model. These athletes have very low percentile scores,
and even in this case cannot achieve the predicted swimming performance based
on their low average power from anaerobic tests. They also have less effective
than the average swimming technique. It is imperative for these athletes to work
for improving the technique significantly, and only after reaching tangible results,
to continue in the direction of improving the anaerobic power of the upper and
lower body.

Competitor Ne3 performs better than it is predicted by the regression model.
Therefore his swimming technique has to be better than the average one. On the
other hand, the percentile scores show that the realized average power is lower
than the average for adolescents. Therefore, to improve his swimming
performance, preparation should focus on the development of anaerobic power in
the lower and upper body.

Table 3.28
Real and predicted swimming achievements, average power, and percentages of
Wingate anaerobic lower and upper body anaerobic tests in adolescent boys
subject to detailed analysis

Time | Predicted AP RAP AP RAP
Ne | 50 m | time 50 m |upper body|upper body |lower body | lower body
[s] [s] [W] [Wikg] [W] [Wikg]
Nel |27.78 | 25.96 319.7 5.0 521.7 8.3
PCTL| - - 11.1% 25.9 18.4% 34.2%
Ne2 | 2753 | 25.89 323.7 5.2 547.4 8.8
PCTL| - - 18.5% 33.3% 21.0% 65.7%
Ne3 | 23.74 | 25.28 376.5 5.6 582.0 8.8
PCTL| - - 40.7% 48.1% 42.1% 65.7%
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Conclusion

The measurement and evaluation of anaerobic power of the upper and lower
body of swimmers in laboratory provide valuable information on the directions of
future training. The results of the individual tests, analyzed individually, do not
give clear answers about the state of anaerobic systems in swimmers. In
swimming, the importance of anaerobic power of the upper body, in freestyle, is
significantly greater than that of the lower body because of the greater
contribution to overall speed. Computerized devices such as the Biometer
Isokinetic swim bench provide essential information on the specific anaerobic
performance of the upper limbs and its effectiveness. A complex analysis of the
anaerobic performance of swimmers meets to the greatest extent the requirements
set for monitoring in swimming, which are specific conclusions about guidelines
for improving the end result. On the basis of these findings, we can state that the
working hypothesis is proved.
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CONCLUSIONS, RECOMMENDATIONS AND
CONTRIBUTIONS

Conclusions

. The results of the study proved that there were high reliable correlations
between the anaerobic performance measured by the three anaerobic tests and
the 50m freestyle achievements.

. Inall three anaerobic tests, the highest correlated indicator with the swimmer's
performance was the average power (AP) (from r = 0.581 to r = 0.947).

. The calculated age group percentiles for the most informative indicators of
the anaerobic tests can effectively assist coaches in determining the degree of
anaerobic power development in athletes of both genders.

. There are significantly high correlations between the anaerobic performance
indicators measured in the three anaerobic laboratory tests (fromr = 0.738 to
r = 0.876).

. A complex analysis of the anaerobic performance based on the results of a
more than one anaerobic laboratory tests can support the management of the
training process.

Recommendations

. Methods for complex assessment of anaerobic performance must find a
permanent place in the system of monitoring of sports training for elite
swimmers.

. A systematic longitudinal follow-up of anaerobic performance indicators for
elite swimmers in Bulgaria is needed in order to constantly update and refine
the percentiles assessments across age groups, different distances, and
swimming styles.

. Periodic updating of the multiple regression equations used in the complex
analysis of anaerobic performance is required.

. Isokinetic swim bench should be used for the purposes of ongoing and
continuous monitoring of sports training, in addition to its training purposes.

Contributions

. Non-specific anaerobic performance of the upper and lower body was studied
and evaluated in a large number of elite swimmers.

. Anaerobic performance testing with an isokinetic swim bench in elite
swimmers has been don

. Age-related estimates of anaerobic performance indicators from various
laboratory tests in adolescent girls and boys swimmers have been presented.
. A model of complex anaerobic performance assessment based on the results
of various laboratory anaerobic tests in swimmers has been proposed.
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