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The purposes of this research were to study the energy expenditure during competitions of 

Thai female national amateur boxers and to compare the differences of energy expenditures in various boxing 

styles. Ten Thai female national amateur boxers between 17-26 years old of Amateur Boxing Association of 

Thailand under preparation for the 16-' Asian Games 2010 in China were purposively sampled. The subjects were 

tested to assess their body composition, resting metabolic rate (RMR), and physical perfonnance. Laboratory

based ramp treadmill tests were carried out to establish maximal oxygen uptake (V0:b< ... J before sparring 

sessions. The sparring sessions were organized in 3 days among different pairs of boxers. In each sparring, 

energy expenditure (EE) of each boxer was assessed by real-time heart rate monitoring USing Polar team
2 

that 

was worn at the waist of each boxer. The heart rate data of each boxer from sparring were compared with heart 

rate and oxygen uptake data measured in laboratory. All individual regression equations were created from those 

data to estimate energy expenditure during competition. The obtained data were analyzed in tenns of means and 

standard deviations. One-way analysis of variance (ANOVA) with repeated measurement was used to detennine 

the statistical differences at .05 significant level. 

The study results were shown as follows: 

1. The average percentage of energy contribution of anaerobic system, anaerobic-aerobic system 

and aerobic system of Thai female national amateur boxers were 37%, 38% and 25%, respectively. 

2. The energy expenditure during competition by Thai female Rational amateur boxers in each 

boxing style (fighter, boxer and combination) was not significantly different. 

The intensity of exercise and the energy system contribution in this study may be used as guidelines to 

plan proper training programs and to guide appropriate energy intake programs for Thai female amateur boxers 

in the actual competition . 
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~ .1 ... ..1 ....1 ..... Jl • t.lt.Jf'l ,... ... "olf ... 

m1",n~ LntJ,) nu L1tl'l'Dtl'l V. fl\I'I 1'-1Yl '-In n n1'-11 lJ "D L '-Im1LL 'D'I''-I'Dtl'l'-lnn n1 LV. jI\~CU'l 

tJJfitltJtJ11niltl~t'-l,)11CUn1ffi ~'Iwj~1Unn~1~')tJ~1nfl~~fII1Lfl'-l41LtI'-I~4t:"'tl'lij~~nClI11'" 

'Yl1'1 mtJ~ fitl '-1;1 'I L~Vf1:L4t1:~~ 'L"tJ L~"'1: t '-I"tl'l'Dtl'l fil'l1~~1~11Cl t '-1m 1 t f,..tr'l'l1'-1~'I1:UU 
LLtl '-I LLtl bunLLfl:1:uULLtl bun ~:"'tl-3iji "~')'-I~ L ~~1:~~ L Vf11:n11Yl11U~-3;tll,Jfl t '-ILL~'Dtl-3 
i"~,)'-Im1tf,..tr-3~1'-1LLfl:i"~,)'-I'Dtl'ln~nn~~tft'-l'DCU:LL1i-3;'-I LiI'-I~-3~1";ClJ~1~fu~nfttl'-l 
L ~tl tft '-1m 1') 1'1 LLCJ'-I LLfl:ri1~'-I" 'LtJ1LLn1~n11!1n.tl~t~ij fII,)1~~tl"fIIfltl-3 LLfl:L~"'1:L~1:~-3 
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.. 
IJItl'ttl ;~~1nfh'l'tl~ Bompa (1999) ~1 71"'1JJ'ltJ~1ncnru ~n71"'1~:~tl~ijtl!jnnJ1~tlU~Utl~ 
-I .. " .. 'I. I ~ .., -I ~ .1' ' , .r .:.., -1'11"1 ' 
Yl1'l"L1'l'tl~'1 U~:U'U~tl~L~JJ UJI'I'l!JYi~~YI~:~tlU ~"~lJltl\1 Utln~1nUYi~~~1UYl~"D ~uu" 

~:UJJYI'fLiJui~41 LiJu~~'l11l1JJ1 t ;'l1~ u~u ttl1un1JJn111J n t ~riu~n 71"'1 ~~,rUYii~~1U~~ LiJU 

.Of ., .r ... .Of'" ...! -I... , ., "'d , 0 ~ 11 .. ,., 
1J~'"ItJYiUl1Utln1J'"I'"ItJ\4U~YlJJ~~~tl~'l1JJ~1JJ11"'tl~Unn n1 ~U'Dru:Yl1m1~.m"DtlJJ \41tlU'D~'DU 

.., ..I 0 .., -I,\ls"I. 0., 'I ~ , ~ • .. 
1:1JUYi£N~1UYl~1~qjYl "D LU'D~tltlnm~~mtJ LI'IUn 1:UUUtlUUtl ~1un tlu~m~YI (Anaerobic 

alactate system) 1:UUUtlUutltrun Uflm~YI (Anaerobic lactate system) u~:1:uuutlbijn 

(Aerobic system) ~~'"I:t;L~tlLYifl~JJ1nn~1\4~~'il" ~tl flI1fLu'trJL""~U~:'t'D~U~~:~JJtu 
i1~mmtlulA'u~tl~~1A'qj'Dtl~m1~fl~Yii~~1U (~UfitJ1 a~:JJ1C*1, 2547) ~~71"'1JJ'ltJ~1n~ 

., ,::. ~ "'d -1.1' ,\11 t'.., ~ !'I ' ., ~ .... If ..I, ... 
~JJfiI1L~UUUL1JUn n1Y1"tl~ "D1:UUU1\4Um1JULnru" ~ Um1U'~'DU U~:L1JUn n1Y1U1'"1:JJ ~'l1JJ 

\4~ntun11tltlnrhi~n1tJ"tlU;1~~~ ulJl'Wijfll'l1JJlJltlL~tl~tun11u'~fu~~ijfll'l1JJfII~1tJfl~~riu .. .. .. 
71"'1U1~Ln~Utl~ LYluil~ 'ttl'~Ln~ ~1tJu11:tJ:lu LYI~1'Ut" LlJliJn~:n1tl LiJu;ru ;~~un11 

.. '11" ,..,..,... .. ~ :l 0 .., .r ,...! ..I 0 , " 

Yl11Umn11 L"DYi~~~1U~~tl"m1U'D~'DU'Df}~Unn"'1'"1~L1JUfi~~1flqjYiUl1UtltJ1~\4U~YlYl1 ~\4 

., "'d ... ~".., .r 
unn"1JJ~JJ11"111YiU~:"ntJI11Yi ~Um1U'D~'DU~~'DU 

.,.., • ".l' .. - ... ! D ..r .. ., .. .i' ~ ~ 
m1'l"'Yi~~~1U'Dru:U'D~'DUI'I'lmfl1f}~'lLfII11:lIIun~YI~1JJ11"YinYi1~"~'l LI'IUU U1~fIIN 

...!.. ..., ,., .. 0 ~ 11 0,,,,,,,, 'I.! 0 
LfII1tl~JJf}f}1'"1'"1:n"'D'l1~ ~U'Dru:~~U'D~'DU \4ff}Yl1n11~n"DtlJJ Yl1 L\4Unn"'11.+1~1JJ11"Yl1m1 

u'~ful~f}!h~L;jJJ~ u~:'WfII~1tJfII~~ri1J~"1um1eU~1~ ;~,run1"t;t1""1m"L;rU'Dtl~~'lt'"l~~ 
~ -..I ,.... -1'11"1 ' ., "'d 
L1JU'lfiYlL\4JJ1:~JJ ~um1'l"Yi~~~1UYI~"D LU'Dru:U'D~'DU (Astrand and Rodahl, 1987) 'Dtl~n"1 

JJ'ltJ~1n~~~fl1L~U ~~n11t;t11Jl11n11L;rU'Dtl~~'lt'"l~1JJ11"U1JJ1tl1:LijU"1Vli~~1UUUU 

Yl1~~tlJJ't~ t"tJ n 11U1t1 ~ 11 n 11L;rU'Dtl~~'l t'"l t U'D ru:u ,~fUJJ 1 LmtJU LVI tJU riu ~ JJ n 11 

fl'l1JJIJJ~ufi'Dtl~t1"11m1L;rU'Dtl~~'lt'"lriU~JJ11"111Vlm1t;tltln;L'"IU (HR - V02 regression 

line) ~~'"I:~1JJ11"tl1:UjU"1m1tolYii~~1utU'Dru:u,~fu't~ (Astrand and Saltin, 1961; 

Karvonen and Vourimaa, 1988; Mc Ardle, Katch, and Katch. 2007: 206-208) t"tJt~ 

~L;1hJJm1YlC*l~f}~tltlnri1i~mtJlu~tl~YI,,~tl~~1:;UfII'l1JJ\4~nIJl1~riu tU'Dru:L~tJ'lriUt1~11 

m1L"'u,tl~~'l1~ riU~JJ11"111Vl n 11 t oltltln; L~U'"I:C nuuli n'ttlVl1tlJJ 1 riuvi1l ~ Ln "~JJ n11 

L«U~N1:\4~1~t1 ~11 m1L;rU'Dtl~~'l ''"I riU~JJ11"111Vl m1 'I.oltltl n; L,",U ~~~JJn11d~1JJ11"U1JJ1 
tl1::!J n1Jl1-rL un 11tl1:LijU"1Yii~~1U,", 1 n n11'1.olt1 ~11 n 11L"'U'Dtl~~'l '1.'"1 1 Un11Yi tJ1 n 1eU" 1 

~JJ11M1Vln11toltlf}n;L'"IU't~ (Murase, Kamei, and Hoshikawa, 1989; Lowden and Davie, 

.: ~ ..I X. ,1I.t' J! ~ .... ...! ..I 0 ., 

1989) Utln'"l1nUm1"n~ LntJ'l r lum1 ~"DYifi~~1Ur I L1JU'lfin11\4U~YI~1JJ11" m\4U"":C*lU 

fl'l1 JJ\4~n'Dtl~n11tltl nri 1i~n 1tJ u~:,il"'Dtl~ n11 'I.of 1:UUYi i~~1U~ flI'l1'"l: 'I. flu ttl1un 1JJ m1 

1Jn;tlJJ,r~Yl1~~1U~JJ11"111VlYl1~i1~n1tJ'Dtl~~n71"'1 U~:LYlfllilfllIJi1~ 1 L~tl'l.~~1JJ11,,~fl~ 
Vli~~1U'tAtl!.h~L;;!J~VltlriufII'l1JJ;rtl~mntl~i1~mtJ~U1Yii~~1U'ttl'l.flu'Dru::u,~fu U~:L~JJ 
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tJ1~~'VltiIl1'n 'l um1n14' "'''JIfl~ La tJ flfl nlit 1 n11~ mtJ ~~'li,)tJ'1I ::flfl L,) fl1 m1Ln '" fi)') 1).1 L~fltJ fl1"J1fl~ 
.... ".11 .J 'l-\'''' -.11 - 'l' ... ~", I ..I ~ ..: J' unnn1 LLfl::lI')t1 llIunn n1).1fi),)1).1~1).111Cl Un11LL"JI~"JIU L~fltl1~(;Ifl LUfl~L"lIUL,)fl1U1Utl~"JIULLfl~ 

-_ I ~.. ..: J' - .1' 
)J"lI1~a'Vlfin1'n)J1ntJ~'1IUfln~')tJ 

~~,ru f'l4' t1~~ £j LL 1.1') ~ '" LLfl ~fII,) 1)J ~u'lIit~Iit~~~ ~ nlT1 n 11'lol'ni~~ 11.1 (Energy 

expenditure) 'lU"JICU~LL'~;U"JIfl~n~1).1')tJ~1nfl~,rPl1LflU~~~ L~fl~Iit~U1~fl"JIfl~n11'Vl"'flfl-:r)J1 
LtluLLU,)'Vl1~'l~riu~nftflU ~ffiWlftu'l~n~1)J,)tJft1nflft,rMLflU 'lumrlllit~nIiiJU1 tJfutJt~n11 
,)1-:rLL~upJLLuum11Jn LLfl~Ln'1lU1m~~nlA'fl-:rL~)J1~ft)Jriun~1)J')tJft1nfl~,rfi)1LflU~~-:r LLfl~ 

u1LLuu1Jn~1~tJnIiiJU1fi),)1)Jft1)J11Cl"JIfl~unn~1'l~~,,,,~~q~~fl1tJ 

..I ~ 'l1l'" .,j"l1l . 'l '''' ....... 1. L'nfl"nlT1m1 'D'nfl~~1U'Vl L'D (Energy expenditure) U"JICU~LL"JI~"JIU"JIfl~Unnn1)J')tJ 

~1nflft,rMLflU~~-:rYi).l'1l1~\'VltJ 
..I ~ _ I ' .,j - I X .J ... .,j'l~ 

2. L'nfll'lnlT1l"llLLUU(;I1-:r 1 "JIfl-:rn11'11n (Style) 'Vl)J~fl(;lfla"'a,)U'nfl~-:r1U'Vl 'D Lun11 

LL'~;U"JIfl~Unn~1)J')tJft1nflft,rfi)1LflU~tY~Yi)J'1I1~1'VltJ 

m1'lol'ni~~1U (Energy expenditure) 'lU"JICU~LL'~;ULLfl~ltJLLUU"JIfl~i",~,)u'ni~~1U~ .. 
'l'''JItl~unihi1)J')tJft1nfl~,rfi)''LflU~~-:rYi)J'1I1~'l'VltJuuLi~Jutlth-:r11 

1. m1'lol'ni-:r~1U (Energy expenditure) 'lU"JICU~LL1i-:r;ULLfl~itJLLUU"JIfl~iL'l~,)u 

'ni-:r~1u~'l-B'''JItl~Unn~1)J,)tJ~1nflft,r'il1LflU~~-:r'"l~'l-B'1~U'ni-:r~1ULLUU LLflULLfl Lrun - LLfl Lrun 

Liju~in 

2. ItJLLuu~1-:r 1 "JIfl-:rn11'11n (Style) £j~fl~fln11\-B''ni~~1U\U''JICU~LL,~iu''JItl~Unn~1 

)J,)tJft1nflft,rfll1Lflu~~-:rLL(;In~1~riu 
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" 'lntuu1'nrnlJl"l~n~mn11U'''iu~'l!J~''ln~~l!fl1~flU1:=~1JU'l1.l''l'''l~ fl"l~1:=~~"l~ 17 Cl~ 26 n 
~"lU'lU 1 0 flU Yi"lm1..r"'~;flnnq~IA'''lfl!h~U1J1J~~V.1:=~~''l:=~~ (Purposive sampling) 

lA'''lutJriI'l.num1~m~nA'uflt)''l tJ1:=nfl1J'tJ~"l!J 
1. lA''lUtJffi~1:= (Independent variable) ~fl Unn~1~"l!J~1n~~lifl1LflU~tY~Y1~'''l~ 

" 'VI!J'lu'lntuU"l~unlJl"l~n~mm1u'Ii~iu~"ln~ U~:=ltJU1J1J'Jlfl~m,.,n '~uri ztJU1J1J,n U1J1Jro 

U~:=U1J1J~~~~~1U 

2. ~"l~~tJ11Jl1~ (Dependent variable) ~fl m~"lWn11'l-rv.i~~"lu'lU'Jlw:=u'Ii~iu 

(Energy expenditure) 

I .., '.!'I ., ..I ... 1. j{ I ... ., ~_!"'" ... 1. ..I .!'I 
1. nq~IJl'lfl!J"l~Ll.JUfl1~"l~~fl1VlLIJl~ ~L"D"l1'l~n"l1"l~!J U~:= ~~mru"l"'~'"l1J '" 1 VI~lJU 

~tJ~nfl~fln"l1L;'''l1'l~~''lU~4'!J 

" " 2. nq~IA'''lflri1~'~f1Jn1Hu~~flri''l~~:=Lil!J'''Cl~;UlJlflU,j1~ 1 'Dfl~n11~1LUUn"l1~4'!J 

u~==tJli~IJl"l~ L~flU' 'D'l un11~4'!J V.1fl~~~~t) 1. u'l1J~u!Jt)~'Dt)~ nq~ 1A'''lt)ri1~ L ~t) ~;'1 f"l~ n"l1 

VI"'~fl~ 

" t"'!J4'",~cnum1Nn11u'Ii~;u~~ijt)um1~L'Ii~iu~1~~1U'lU 3 flf~ 

~4'!JUJ~"l~11Cl"'l1J~~mffi1:=nt)1Jn~nn~'luf5lJltJ1:=~1.rU'Dt)~~~;'11'l~~4'!J'l\\, 

L~ijt)UriU'A' L'liu m1f1JtJ1:=Vl1Ut)1~11 m1£jtJ1:=~1~~t)U mmmJt)u ~ijuifu 
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,rn;h'1"~!I.1n.tlarR"lL.'U (Amateur boxing athletes) 'UI1!Ji)~ unnli1~,)!J~1nfl 

~~fi\1L~U\-1cU~Yl~'!I1~'l'VI!J,~trlil'UU~LUulA',)LL'VIU'Dtl~Yl~'!I1~'l'VI!JLf1i')~1.un11Lrl1Ji')unnli1 
n1J'VI1~~~1 fII~~,)!J~1 n fl~,r fi\1L~ULL ,..~tJ1::L 'VI I'I'l 'VI!J 1. UYi1::1J1~11"11tJ cr~nL ~tlfi1 n 11tJ n;tl~ 
0.. - , .. -0II..j .f'I ~ ..1.1 - PI ... ..1-
~1\-111Jm1L(Jl1!J~m1LL'D~'!IUnn1LtlL'!I!JULn~fi LUU Vi.I'I. 2553 'VI1J1::L'VIl'lIilU LuULVil'l\-1C1J~ 'VI~ 

., 
tl1~IA'~LLIJi 17 iI LLfl::'WLnu 26 iI ~1U,)U 10 fi\U 

n1;L,r".~~1'U (Energy expenditure) \-1~1!Ji)~ m~1CUVi~~~1u~1.-nULL"fl::fi\~'Dtl~ 

., 
.a,."n1fLi'U'I'il~,r~'1IIt (Heart rate) \-1~1!Ji)~ ~1u,)ufi\f~1.un11~1J;"''Dtl~Lfl~(Jltltln 

., 
~1n~')1.~~tl~~1~;1!J1.U1 U1Yl ij\-1~,)!JLUUfi\f~lJitlU1Yl 

~..!' ~.. ~,..I tI"ffan1"n1f ~"'il'iln"LIIIt'U (V02 ,"f'il Oxygen uptake) \-1~1!JCl~ fi\1'Dtl~m1'Vl 

i1~ n1!Jil fi\') 1~ ~tl~ n 11U1tltl n; Llil U~1 1. fl un 1::1J')un 11L~ 1 ~ fl1 C1J Vi ~~~ 1 1.11.1.1 i1~ n 1 !Jt1U 

-' . .. 
LUtl~~11il1nn11tltlnn1fl~n1!J 

."ffan1"n1f,,r'il'iln.L"''U'~tJ'' (Maximal oxygen consumption) \-1)J1tJi)~ fl1 

'Dtl~ fIl,)1~~1~11Cl~~~ "'~i1~ m!Jij fi\,)1~ ~tl~ n11U1tltl n; LIilU~1 1.fl un1::1J')un11L~1 ~fl1 C1J 

Vi~~~1u1.uh~m!J 

o 'I.\' ~ ....I • '111'"1 ,.. - 011 ..., 
1. 'VI1 LVI'VI111JCl~1::1J1JVifl~~1U'VIU1~1 L"II LU'DCU::LL'D~'DU'Dtl~n n1~')tJ~1nfl~~fi\1LflU 

\-1cU~1.U'DCU::LL'~fu(Jl1~n~m~1nfl 

2. fi1 1. ll'VI111J i)~1::~1J fi\,)1~\-1Un'Dtl~ n11tltl n ri1tr~ n1!J1. U'D CU::LL ,~fU'Dtl~ nli1~,) tJ 

~1nfl~,rfll1L~U\-1cU~ 
PI 11 .t ... ~ .. ... .. -011 ... ~ _ "..I 

3. LuU"IItl\lflViUl1U~1\-111J~~,m~tlU Un,)'VI!J1f111~(Jl1n11n n1 un ul'!lU1n11LLfl::~'VI 

L~!J')ftl~ U1~fl~1.AttJ LUULL U,)'VI1~ 1. Um1'l1~~ULLfl::( l'I tt11LLn1~ m1tJ noltl~ LtJ1LLn1~'VI1~ ~1U 

Ln'!lU1 n111. llij fIl'l1~ \I n ~tl~ LLfl::L \-1~1::~~ n1JUnnli1 1. ULLlJifl::\.Jfi\ fIlfl L ~tl ~ ntJI11Vi~~ ~ l'I'Dtl~ 
unnli11. U'DCU::LL '~fU"tl1.tJ 



.. 
un" 2 

~ ~ , 
lum1~m~n~4'tJflf..:Ju ~4'tJ\Afhm1~n~1Ll;)JL~)J 1'l)J~..:Jn11YlUYl'lULfln~11 ~111 

, .1.1 1! ..,.j PI 'I ~ .... - .. 1! • .. .. , ~. I': 
Ufl::'l11run11)J"1..:J 1 YlLntJ'l'1lfl..:J Lf4flLlJUUU'lYl1..:J ~Um1f'1n~'l'ltJ )J~'l'1lfl~1f1qj"..:J"!l ~lJU 

1. n"1)J'ltJ~1nfltUrMLflU (Amateur boxing) 

.. ..r.!' 'I. -d .., 
1.1. Yln~LUfl..:J"u~unn1)J'ltJ~1nfl~)JMLflU 

1.2. ~n~mnn~,r",lUn"1)J'ltJ~1nfl 

1.3. zUUUU'fl..:Jmnn 

1.4. fl..:Jf'iu1::nflU'fl..:J~)J11Cl1l1f4Yl1..:Jn1tJ~~1Lilu~1~nJ1rnn"1)J'ltJ~1nfl 
~ .I 'I -d .., 

1.5. ~..:JYlfl'l1Yl11U ~unn1)J'ltJ~1n~~)Jfi1!1LflU 

2. m1l-lf4i..:J..:J1U (Energy expenditure) 

.. , .I .. 
2.1. f4fl..:J..:J1UUfl::U~~..:JYl)J1'fl..:Jf4fl..:J..:J1U 

2.2. lIu"fl'fl..:Jf4i..:J..:J1um-numm"~'l'fl..:Jnt\'1)JL~fl 
.. .1_ ''I ' 

2.3. 1::1JU'fl..:Jf4fl..:J..:J1UYl)Jfl~ ~U11..:JmtJ 

.-1 .. .1_ ,Jt .:" 
2.4. lJ'l'ltJYl)J~fl"flil11"U"fl'fl..:Jm"~1ffi..:Jf4fl..:J..:J1U 

2.5. m1l-t'f4i..:J..:J1u'fl..:J1'NmtJ 

2.6. iJ'l4'tJi'l\U~ij~fl~flm1L~1eJfl1qjf4i..:J..:J1U 

2.7. 1::1Juf4i..:J..:J1Ulu'~';1n'lnH)J~1..:J 1 

2.8. m"';1..:J1u'fl..:J1::1JU Ufl Lrun Ufl::UflUUfl Lrun lu, ~~n Ufl::,ru::flflnn1i..:J mtJ 

2.9. mrl"m1lff4i..:J~1u'fl..:Jh..:JmtJ 

3. ""~)Jt\'1 (Anaerobic threshold: AnT) 

- .. .I .. ..:.!' 
3.1. Ylq~!IUfl::uU'lfl"'LntJ'lnU""L1)J~1 

3.2. U!lLrumYl1"LlIfl (Aerobic threshold: AT) 

4. ~)J""Cl1l1f4m1lfflfln;L'lU\1..:Ji1" (Maximum oxygen uptake) 
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2546) 

~... ~.r 'I_\'.l' iI .,J ... .3'" ~ I S- I iI 
n'11~n'Vlm~t:'Uv.Ul'1U~VI~n\tlfl~ L u"'1nl'1U'Vl).JfIl'l'1).Jfi'1f1lC\ltJ~flfl~L~U LV.1'1:L U 

fl~ ~t1,.:nfltJ u.,.n Ll).J'fl~ n'1"LflUn~'1 4tU~ BlJU14tU~~,.:~tJ~~fl!h~~UfIl~ u.~:i'ltl":~'VlfiJ1'1v. 
~ "'alI .-I ... ~.r 'ItI.r ::, 'Itl 
~~tJL~v.'1:n n'1).J'ltJ~1n~ LUfl~4t'1mYlfllUfIln'1nn'U~~'u ~ 4t'1nv.Ul'1U'fl~).J'ltJUU 4t:).J'1n L 

~'ltJn~~'Vlfi u.~:;~'1mnn ~~Liluu.tJtJL~v.'1:'tl~u.lJi~:fIlu 
... ::'... .r .,J.3'" ...... I 'ItI~ 
"~UU'Vlm~t:TfUl'1U'Vlfi'1f1lC\l'fl~mnn).J'ltJ~'1n~ ).JIMfifl L U 

1. n'';'U''U~,,!~ "'ffim,.i~Yl'1f1J).J (Guard) LiluYl'1Ll).JtA'u'fl~n'1"fJiflf~~'1A'C\I'fl~~ 
~n,r"tumnn).J'ltJt".~ 1 ~~tu,cu:Lf'1u.'~;u ".ffilJitlfritJ~lJiflf L~tl~4t'1m'hm,.i~Yl'1"l).J'W 
~ n tA'fl~ 'l~f"'~).J ".1tl 'l~~'1).J'11Clt1"u~flt)tJ'l:~~'1 A'tJtJ'1~~'lU'fl~1'1~ n'1tJ'l'" nrifl).J L~tJLmtJtJ 

~ ~ 

".ffii'l'L tl n'1~,.htJ u. ~ fJifl ~ fJiflf'lA' L v.,.1:m n n).J 'ltJ,rufJi'1~ ~ '1tJ ,j'1~ nt -n;'UL;~ ;~ 'L "''l;~v.ltJ".'1 
1.-1 ... ~ .-IO'lS-ooJ:..II"i'!{.-I ~, ......... ~ ...... 

'''flflUII~nUu.~:r IU LV.tl'Vl'1 ~"''!llJltl\lu.l1 ~"tJL1'l lI~m"IM'Vl'1f1J).J"':).J".~nm"fIlfl U'1".un"'l"n~~ 
~ ~ ~ 

tJULVl'1~~~fl~LYl'11 riu t1~'1tJLVl'1;'ltl'Vl'1~L~tJ'lriU fl'1IA''l~flL~nufltJ ".2!"~~~fl~n'1"'~'l).J 1 ".21" 

i '1tJtl~,.:~tJtI~ '1tJ fIl'1~~U 'ltl; '1~"'u '1 L~ nUfltJ (n,.n1mr"ijfl''l'1 m ,.i~Yl'1 fIl).J ~fl~ L fl'1 L Vl'1i'1tJu'1) 
~..¥..., ... s- .. .. 11' !"I ... .,J ~ .-I 'I s-... 0 I 

2. n" .. ,.~~" "').J~IIJIN"I'1tJ"'1flu.tltJ'D'1tJ L1..IU"').J"'Vlfll'l1~mTffl L'" Ln"fIl'l'1).JII'1U'1C\1 ~~ 
I ~ 

".21" 'LtI;'1~"'U'1 t lX "N LU'1"').J'1tJ fIl~'1".2!" L~nUtltJ 'L u).J 1A''l 'LtI;'1~"'U'1Tf HJ).J';~ U.N~~ ijfl''l'1 U. UtJ 

u.n).Jfl~"~fl",t'~ri"n'1f4n'fl~~fJiflf 



9 

1.2 "n1!t::n1n1n,.ar"'Un"1~~!I.1n. (Ut:ll.J i~iVlt:l~, 2541; ~rJt:lm1't1n~t:l1.lihi1l.J'ltJ 

~1n~, 2549 t11~ti~t1.l111"'1J~ U~~LYif1.l1"', 2551) 

n11"11 n~ll' ",,j1~ 1 Lrlt:l L;1 ,jt:lf(lA'lJIt:lun1.l ~~£j "''l1l.J L1'l t 1.In11tlfit:ltJ~ll' ",u,j~:~ll' t'I 
~tl ... _.'1 .,..... I "'<j' I .. ... Jt ~ J( ... 

t:lt:ln L u~:l.Jmrut:l~n1.lVl'" tJt:ll.Jl.J Lt:lm~"II1.I:l.J1nm1 • .:I1.Inl.J'ltJ~1n~~t:l.:l~m'Dt:ll.JVlnt;':n11'Dn 

,j1~ 1 m~L;;t'I"''l1l.J'''fit:l.:lU'''fl'l "IIn~miht;.fI!h.:lLUJ1.I~1 i.:l1:tJ:~tn~u~:1:tJ:\n~ i.:l~ll't'l4'1tJ 
u~~ll''''''l1 \tllJl1l.J~'l1.l,j1.:1 1 't:l~11.:1m!J~,jt:l«;''ltJi1.l~ll't'I U~:£juN~.:I~1nU'1.I ,r'l'l~fi Lt:l'l 

• ., .... '11' .,:::,., ..10... ...., . .,,: 
U~:~1lJ1'l ~.:I~:~nnlJlm Ufi: LP'I"':U1.I1.I t'I.:I1.I1.IVlnt;':VI~1"'cut1.lm1'Dn l.J 1M lJIt:l Ltl1.l 

1. ,.ar"LLI\J (Jab) Lil1.I~ll''''~'nu1 'l;'uri ~ll'",~u1 ti1tf~ll''''~1mil1.l~ll't'lu1 m1'Dn 

~ll'",uiju~1tJ~1nfh~l.J t~fj~~ll't'I~u1'ltl~1Lih~l.J1tJ;''l!JUN~.:I~1n\~fl U~:~:LYin L~~!J'" 

U'1.I~~ ~ll't'I't:O.:lLih~l.J1!Jf;1~ll't'lt~uu1.l Ut'lU'1.I",11i1.l~ll'''' t~i1.l~ll''''~mih~l.J1!J ~'lurJt:l 
''l1 ~1t:l~ll''''~l.:lfIJl.Jt:l~~fil1.:1~1t:ln11l.J l'It:lm1.:1~flLL1.IUthlK'lH Lrlt:l~ll'",uiju~mih~l.J1!JUfl'l 
~.:I~ll''''nlUl.J1fl~t1.lfhfIJl.JLII!Jt~~ll'''''1.I1UnU~1.I fl!ht~~ll'IIlJIn't:LtJt'I"Jit:l~~1.:1t~~,jt:lfL'tl.J;\ 

... ~l'''' ... co,!ll ........ 0..... ,!II'" J' ..... 
nflu LP'I • .:I~l.J"'U!JUL1J1.I~l.Jt'lVll.J"''l1l.J~1'''CUl.J1nVlqt'l LYi11:L1J1.I~l.Jt'lYi1.l311.1V1unl.J'ltJ~1n~lln 

Jt ~ .1'" "'.\''''tl ~.. .: ... co ...,!II ..... co ~ l' 
fil1.I~t:l.:l~n ~1.IUfi:Yi "J1.nmrlln LlIIl.J 1:r.Vl1i111Yi 1.It:l n't 1 nu~l.J '" UtJU!J.:I L1J1.I~l.J "'VI Lnu",:u 1.11.1 LP'I 

... .. "... ~ .. '1l'.!" I ... ~ '" "'.It ~ l' I • ..... • 

'" L1.It:l~'t1nfo!lJI"'r.1.Il.Jt:l.:lL~ULP'I'D"'L't1.l~1n2.ll.JlJI1.:11 U~:lJI"'r.1.I L~ LlIIfiI:U1.I1.ILII'I.:I1!Jm1~l.J"'t:l1.l1 

2. ,.ar"",~ (Straight) n1rl1n~ll''''''N ll'mil1.ln11'Dn;''l!J~ll't'I~l~ ~ffi~ll''''''l1 ~1fl 
... tI ..... ........, I ..... ,...., AI 

~l.J"''II1!J 'II.:Il.J"''l1l.Jt1.lUNl.J1n 'l1i'lln~l.J"'''N~1nVl1'tt'll.J'ltJ filfl L~tJ!JIIU'1.I"1.:1~l.J"'~~.:I ~1t:l 

~ll'II"'l1 ~1t:l~ll'II.r1!Jt:lfln'\.tllJlN 1 ~Lih~l.J1!J t~u'1.I'1.I11.1nU~1.I1i''l!JuN~.:I~1m~1~l.:l 
fl1rK'l U~:'l~fl Lrlfl~ll't'I,,:o.:lLih~l.J1!Jt~Ut'lU'1.Ifil11~ll''''fI.:I ih~ll'IIt~uu1.l ~ll'II~u1tJn~.:IH 
1:~Uft1!J"1 Lrlfl~ll''''~mih~l.J1!JUfl'lt~~.:I~ll'IInlut~lnt;'tl.I:L~l.J LlltJhjt~~ll'II"n ~ffi~", 

... ,!II..... co 'Il' ... .J ............. " ... ~ 
U "1.IfI.:I ~l.J t'I "N L1J1.I~l.J t'lVI~1l.J11mnUfil:U 1.11.1 Lll'lt'I L "111.ILII!J'l nu~l.J t'I U!JU L 1.It:l~"1 nfo!" IIr.1.I 

l.Jt:l.:l L l41.1 '\.;. .. '" L"1.Ihl2.ll.J ,j1.:1 1 U~:rK II a 1.It" t ~fiI:U 1.I1.I\;'~1!J n~ 1 Lrlfl"ll n Q nU;'L'l tl.ItU~U1 U~: 
fl1rK'l 

., ~I tI ,., ,!II ..... '" ... .,. l' I ... .I 
4. ,.~ "1I'U L 11'"'' (U ppercut) L1J1.I~l.J IIVI'IIn L u~ nt;'tl.I:~l.J "'''1.:1''1 n ~11.1fi1.:1 L~!J.:I'1.I 

~1Lih~l.J1tJ;'11.1U1.l ilfi"lln ~t:l ~,,~ll''''''l1~~l.J1'''1mi1''t'll.J'lmflnut:ltJ fl!h't~.:IU 1.I'lL ;l.Jit'l 

~ffi~1.:1~ll'II"UI'lt:ln~1.Ifl1rK'lYiHll.JnU~.:I1!J~ll''''~u n1:'*Jn\~fl ~~UN"1n'1''l1 U~:~:LYin 't~ 
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ij fIl'l1)Ji)Jliu€num1L"tl\nr~~~ Ltlti·uth14)J1tJ '!In l.tlLLt\''l!l!h t ~14lT ~~U~~ L~tJ fIl1~ ~1fl tU~U1 
L~~'1'" ~lT",iln;1~tJnil"'fIl1~LL~~fII!lnLLUU~1~'lHn)J~U1LflnU!ltJ 

., 
ztlLLUU'!l~m1'!ln (Style) 'L"'tJtln~ztlLLUUm1'!ln'!l~Unn"1)J'ltJ"1n~uu ~~liItJU1)J1 

... ::..r 'I ...... 'I" J'..,j.J ... 'I 
~1nYln~'UYiUl1ULUm1'!ln LLfl~ItJU1Yln~ L~~~'ULffitJ 1 L"]JU m1'!ln~)J""'" m1'!lm~ LU 

~ffi mm~!lnfl!l Li~lu~u ~un~1tJ)J1LtluztlLLuULl1Yi1~LIIl1~1Il~'!l~LLLJi~~llfllfll~ LLLJi"1)J11C1LLti~ 

ztlLLuum1'!ln!l!lmtlu~in 1 \~ 3 ztlLLuUIJ11)Jm1i~Ln'JYiq~n1nJ'!l~Unn"1 ~~LJi!l\tl~ 
...... PI tl ..J........." 11 1 

1. n1-n"'UlJltlfJ Wl'iltn (Fighter) LlJUl LLUUm1'!lnYlUnn"111l~L"'U~U11lm'D1141'!1 

LJi!lfri!lui~LLLJitJnLL1nLilu~'lut~rU Ltluim~tcu~'!l~fIlU~'!I!lu1j ~~~~L~UL;1\tl~1~LJi!lfL~!l!l!ln 
.,Ao t 11tl' 

~)J"'LYi!lYl1f1l~LLUUn!lU'!IIJ1!l\1 

~ ., PI _I ..J ...... 011 ...::. ... 1 1,l'..J ... 11 
2. n1"1~~tJ (Boxer) LlJUt uLLUUm1'!lnYlun n n1~~)J m11J1~1UfIl!ltJ'!I"!l\1Yl~~L~UL'D1 

.'Ik ., ..... .,..1. 
)J1~1 C1!ltJ~~u~~n'!lIJ1!l\1 LL~~~1~~~'l~ LUmffi!ln~)J"'n~ULYi!lYl1fil~LLUU 

., 
3. n1,,,,.a.unl1'U (Combination) Lilun11~")J~"1ultlLLuUn11'!1n,;~ 2 LLUU L~LLri 

m1L~uLJi!ltJ LL~~m1i~fu ~~~unu~LJi!lf'!l~Unn"1~L;1'hm1LL'~;U 
;~unn"1LLLJi~~filU"I~ij"''l1)JClU~fIlU~~ltlLLuunu LLLJin"1)J11C1'!1n\~i~ 3 ltlLLUU 

... ... ~ 11 PI.r IJ:' ...... d ... _I 'I _I .J..... 
LYi11~)JYln~m1'!ln~'mm1~n"JI!l)JLlJUYiUl1U LLIJ1,nUnnn1C1U"'t uLLUU L~t uLLUU~U~ n~~IIl~ 

'Ltl1LLn 1)J m 1tl n~ L UUltl LLUU~U ~~un n"'))J'ltJ"1 n~"lT '" 1LflU'!l~tl1~L Yl filL YltJ~~LtlultlLLUU 
n11i~fu)J1nn~1ltlLLuu~u 1 LLLJi~'lu)J1nlll~~U!l~nu~~!lfluLL~~~LL~Yl'i~L;11'l~li1n11 
LL,~;unuunn"1~1nn~1fil'l1)JClu""!l~Unn"1LL~~~"'U 

2541) 

'I ~ ..1:'''' ::. J! x......J... ..J J! ... 
m1'!ln)J'l!J"1n~ L~ L"''''UU U!ln~1n~~,"!l~!l1,..tJYlm~t~Yl~ n11'!1nYl\ln,"!l~1J11)JnlJ1m 

LLt\''l n11ij")J11C11l1YiYl1~ n1tJ~~ n "1)J11C1~ ~~ LL ~'!Iu~'!l~un n"1 L~ ~'ltJ ;~ "!l'" filt\'!l~ nu 

~~n11~(tJ'!l~ U!l~ LitJ~~flt1 (U!l~ LitJ~~fl!l, 2528) ~m~n"''l1)Ji)Jliufi1~~~1~'')J11C11l1Yi 

.r ,.,.,., , ... 
")J11C11l1YiYl1~n,)!J "''l1~C1'!1!l~n1nn LL~~fIl~LLUU~1nn11LL'~'U'!l~un)J'ltJ"1n~")Jfil1L~U)J 

x. ... ..... ,''' ..J ... I.....J ... 
fIl'l'))J",)JYiUfinU~~ LL""'~'l1 n11)J")J11C11l1YiYl1~n1tJYl'" tJ!l)J)Jfil'l1)JCI't1~n11'!1n~)J~~~ LL~~ 

fil~LLUU"I1 nm1LL ,~;unij "''l1)Ji)Jliufinu'')J11C11l1YiYl1~ mtJ~~ L 'Ilunu "'1 n ~~ n11~(tJ LL" ~~ 'l ~ 
.. 1 ... ... I..J .....J'I ....11 1! 

L ~U'l1 Un)J'ltJ"1 n ~")J '" 1L~UYl)J fIl'l1)J CI L Un11!l!l n~)J "'~~ \l nLlJ1~)J1tJ LL~~'!I n \l n '"t1~ 1J11)J 
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n~m tifl).!ijtflm~L~fI::u.UUtOt"lnm~u.'.:J;u'.:Jn~"lUn)'!'l!J~"lnf~~17f11Lfiu~ij~'l"l).!~tUm1flfln 
~~~~"l 1JI"l).!n~n"ln"l1'11n)'!'l!J~"ln~~17f111Lfiutun"l1u.'.:J;U tOt::~tOt"l1n.l"ln"l1t\\'fIl::u.UUtOt"ln 
o .,....1 ..I.l' _ ~ ::. ., ..I .. ., 
tOt"lU'lU~)'!~ ~1flfl'l"l)'!Cl'llfl.:Jm1'llnYl~n"fl.:JIJI"l).!nlJlmUULfl.:J L'U"l::'-l::uuun)'!'l!J~"ln~Yl)'!Yln1;':: 

I ., 

iJI"l.:J 1 'IIfl.:Jm1'lln~~fl1 nu ,j"lt\\'~).!nClI1"l~Yl"l.:JmmtluL,iffi.:J;I~~u.~'IIu::'IIfl.:Jun)'!'l!J~"ln~LA' 
.J ".1 ..1.3 ., • ., I JII .1 
'!I.:Jfl.:Jflu1::nfltJ'IIfl.:J~).!nClI1"l~Yl"l.:Jm!JYl"'''lflru~''l~rum1'lln)'!'lfJ~''ln~ U.tJ.:JflflnLuU 5 u1::LI1Yl .. 
~.:J"'fl1t1\l 

III .. t6 .. ..I 
1. fil~'aJLL"~LL'~"'I~n.'aJLU'I (Muscular strength) ~)'!"lfJCl.:J fII'l'l)'!~'l)'!'l1Cl~.:Jt1"'Yl 

_ ,X,;'.J .!' ~.J.J r "'''.1' t.., .. ..I 0" 
Ln"'tOt'ln~~"'lfll·.:J~U.:J'IIfl,m"''l)'!LUfl L~flLfI~flUU'l~Un~1fll'l'lUU"l~un ~1flu.NYl)'!"ln1::Yl'lL~fJ.:J 

filf.:JL~!J'l ~"'!Jhl~'ln"'L'l~'l L"IIU fI'l'l)'! u.;.:J u.N'IIfl.:Jn~"l)'! L ~flU.'IIut Un'l1'11 n~17 "''''''l.:J 1 fI'l"l)'! 

.. .!' ~ t .J II .J ~ .. .!' J' 0 ..... 

U. 'II.:J U.N 'II fl.:J n", 'l)'! L Ufl'll'l Un'l1LfI~flU ~ ~'l '!I,m'l1~.m fil'l'l)'! u. '!I.:J U.N'!Ifl.:J n ",'l)'! L Ufl fI'l1tOt::fil"lU.:J Cl.:J 
.. I 

fI'l'l).!~un 1::fJ::L'l~1 U.~::fI'l'l)'!ufl!Jtum1!1nLiju~'l"'ru UflntOt'ln\lfl'l~::L~)'!"'l'l),!U.;.:JU.Ntu 

'lnft'lu'!Ifl.:Jh.:JmfJ L~1'l::m1'lln)'!'lfJ~'ln~tOt::t-t''lnft'lU'!Ifl.:J1'l.:JmfJflti''l.:Ji).!liutfnu 

.. ..I ," ..I .1 
2. fil~' aJ'I "flU (Endurance) ~).! 'l fJ Cl.:J n 'l1Yl1'l.:J n 'l fJ).! fI'l 'l)'! ~ 'l)'! 11Cl YltOt::u 1::n fl tJ 

- .., II .!' JII ~ ..I" ,,,.J .J .!' .. I .. ~ 
n"lm'1).!n'l1flflflnn"l~.:Jn'lfJ ~"LuUL'l~1U1U~"'fJYl ~)'!)'!L~UflfJ L)'!fl!J",'l ~1flflflUL~~fJ "D.:Ju.fJn 

flflmilu 2 t11::LI1Yl ~.:sd 
II J' .. 

- fI'l'l)'!fl~YlU'IIfl.:sn~'l)'!LUfl (Muscular endurance) ~)'!"lfJCl.:J fiI'l"l)'!~'l)'!"l1Cl'llfl.:J 

.!' J'..1 O.J .. ..,. I 'i' 'Ill' I Jt J' ,,, .., - I .., 
n",'l)'! LUflYl~'l)'!"l1ClYl"l.:J"lU·I.:s)'! fiI'l'l).!~un~flu1::)'!'ltu ~"'fJ ~,.nq).!n","l)'! L Ufl nq).! L"'!J'l nUIJI"'lJIfl nu 

1A'LilUL'l~"lU'lUL"'!J'WLafl).!t1~::aYlfil1'l~ 'Wu1fl!J~"l L'1IU mnhqn - ,r.:J~"''''flnUU'lU 1 m1~.:J 
;fl m11"'~u Lilutltu 

- fil'l'l)'!fl"'YlU'!Ifl.:J1::tJtJL~~ L~!JUL~fl'" (Cardiovascular endurance) ~)'!'lfJ~.:J 

flJtu~).!U;~1"l.:Jn'l!J~'l)'!'l1ClYlU"'fln"lnn).!n'l1flflnn'li.:JmfJ~un 1 ~"''''flnu1A'LiluL'l~'lu''lU 
.. - ..I.. tll' J! J'.., t I I iI 0 .. - ..I.. 'Ill' 

~1fln"ln1nJYl).!m1 ,.n",'l).!LUfl).!'" ~ru'llfl.:J1'l.:Jmm U"l'lU'lu)'!'ln ~1fln"lnn)'!Yl)'!'!ItJ'lum~~,. 

flfln;L"lutum1flflnn"li.:Jm!J L'1IU ~.:J ~'l!J~"l ~(nm'lu Lilutltu L~1'l::n"lnn)'!L~fi'ld tOt::n~::~u 
i'l tIll U.~::1::tJtJt ~~ L~fJUL~fl "'ntJ1::tJtJ~'l!JttOt t\\'Yi'l.:J'lU t U1::~tJ'.:Jn~'ltln ~flti1.:J£jtl1::aYlfil1'l~ 

3. fil~'aJtitlU~~ (Flexibility) ~)'!"l!J~.:J 1'I'l'l)'!~'l)'!"l1Cltum1Ll'I~flut~'lt~;;~)'!'IIfl.:Jm1 

LfI~flU1~'lflti'l.:J L~)'!~'!Ifl.:J;fl"'flU.IJl~::;fllJlfl t) '" 1A'Lilufl.:JfII"l ~.:J LilUfI'l'l)'!~"l)'!"l1Cl t umffi '" L~~fJ '" 

u.~::mrn~"'l'llfl.:JL~flL~fl (Tissue) Lfiu (Ligament) u.~::n~'l)'!L~fl (Muscle) L"IIU m1n)'!L"'fJt-t' 

.1 .: J' iI .It 1..1 'i' Jt J' ., iI II 'i' 
u~'lfJU'lu.IJI::~U L UfiI'l'l)'!~'l)'!'l1Cl'!lfl.:J"fllJlflYl~::~~n n",'l)'!LUfl'll'l u.~::~~.:J L UIJIU ~"'!J 

~filN~fNYl1.:s~;'11YlfJ'l'llfl.:J;fl"'fl '1I'lfJt\\'L1'l~'l)'!'l1Cln'l~U"'fl.:JfII'l'!lfl.:s1::itJn11ii",~~uL~ ~.:Jm1 

!I n fII'l'l).!tiflU"'l tum I'll n)'!'lfJ~ 'l n~ LilUU"l(!J ~'l ~ ru~"II'l!J t \\' n ~ "l)'! L ~fl £jtl1::aYlfil1'l~ tum 1 

.J " II.!' iI I .. ..J .J..It - I .J ., 'i'.1' .it.., I I or 
LfII~flU ~'l ~"'L Ufl!J1.:J'" L,.U m1LfiI~flUYl UYlfllYl'l.:JIJI'l.:s 1 L~fl'lln~).!~ ~"lJIfltJu.~::ufl.:snu'!llJlfl\l 
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~ . 
LilulA'u fII'l1li1vi1-i11 LLfi::LilutJf::;1t\~1LtUltl 4l::''ltl\~,rn7hi1~tlUfllfi1t1 LLfi::£jfll'l1)J 

... ..: .r 
nf::'fllJn 1:: L 'fl~)J1 ntl~"u 

4. R,)1IUf,) (Speed) ~)J1t1~~ fII'l1)Jt\1)J1fCl"t1,mfl1)JL~tl\um~I'I~'lLLfi::fllfi1t1~'lt~ 
!!.J a.. ...J::.J,cPl ".1 ..10",,, . ., 

L,")J'VI LLfi::1'll'lL1'l L U1::t1::L'lfi1t1U~U'VIt! 1'1 4IJI~ LlJUtl~ fIIlJf::nt1lJ'VIt\1f11C\j LUmfLL'N"U)J'ltlt\1nfi 

t\)jML~U L'U fII'l1)JLl'l\Um1'!ln~2!", fII'l1)JL1'l\umrutl~nu~"tlf LilulA'u n111ln4l::~t1~lln\'" 
.1 .l' .r 0 .1 .!'''''''''.J''' .!' ... f::lJlJu1::t\1'V1 LU~ ::1::lJlJ nrt1)J L Utl'VI1~1Uuf::t\1)Jrt)JYfUfinU LlIU un)J'ltl t\ 1 nfi4l::'"t1~)J 

fIl'l1)Ji)J~ufinu"t1~ilt1 i'l1 LLfi::Lli'1 \Un11i~Lni'ln11LfIl~t1Ut~'l'tl~~1t1i'lN;1)J LLfi::~"'~U\4l 

L~i'ltllJ~'ltlfl'l1)JLlrl~\-IL'lfi1\'IlUtltl~t!I'I Lilu~u 
• •• \ ~ .. .1..1· 

5. ",)1~R.tHI~R.,)~tl~ ') (Agility) ~)J1tJtH fII'l1)Jt\1)J1fCl LUn11LlJfitlU'VI1'V11.:1"t1~ 

11.:1n1t1 ~1tl~fII'VI'1.:1'tl.:ln11LfIl~tlut~'li'l'1)JfIl'l1)J~tl.:ln11t~t1ti1.:1~u;hiu\", L'U n11Ltln~filJ 

~fln~2!~'t1.:1~"t1f\un'11LL'.:IiULilU~u 
~ 

Utl n4l'1 n ill uiJ4l,UU tl~fh.l'l~ ntltnltl~;1~ n1!1 (Body composition) ihilu 

".1 .... .. ..I 0 t"'" ... .6 ... ..I... .. • ... 
tl.:lflllJ1::nt1lJtlnt1t11~~U~'VI'V11 ~Unnn'1)Jt\)JffCln'1Yf'VI'1~n1t1'V11'1 LUtl~)J14l'1nn'1fLL"~"U)J'ltl 

t\1nfit\)jfll1L~U,rU 4l::\-I~'1~,rn~'lLiluLnN~1umfLL'~iu ~~4l::LUu~tJ1)J1cut,,)ju\utl~mtl 
L Yf11::n'11£jt" 2!ufi'lULnU t~ L ~)J'1 ::t\)J rilJ 11~ n1t1 4l::£j fII'l'1)J L~ t1'l;tl~ nlJftl~ '1 n I'I"tl~ t!"n 1Yf 

LLfi::t\)Jf1Cln'1Yf'VI1~mtl L"'t1Uf)J'1cut"2!u\utl~mtl4l::~"'LiluLtJtlfL;U,r"tl~1~,rn~'l tJl)J'1CU~ 
YftlL~)J1::"t1~tl~mtl ~~~UJfII'l1LnU 23% 41J11t1UJLnu 16% ~1~fut!nn"1~~~UJfII'l1LnU 15% 

~.! ... "':1 .c .l' ..... .. - .. 
LLfi::"'1t1 L+JfIl'l1LnU 10% ('l1t\U1 ~CU1tlnrt'VIfi. 2541: 15 !l1~tl~ LU L'VIL'lfliU Yf1tJ::Yf~U'VI. 2541) 

1.5 i~;I"~nI"tll'Un"1~')tI.1n •• ,r"'lL.'U 

(http://www2.sat.or.th/sportslearning/index3. asp?clicktype= 1 ) 

I~L~!I'U (The ring) i~L~t1ULfln~t1~£j"u'11'1 4.90 x 4.90 )J . ( 16 ~i'l x 16 ~i'l) LLfi:: 

i~L~t1U"U'11'1\~'ki~tl~£j"U1" 6.10 x 6.10 )J . (20 ~i'l x 20 ~i'l) ~~1''''n1t1\U''tl~L;tlnn1f 
• ... .. "".I.l' ''If.!'''' .r .!'... " 

LL"~'ULYftlfll'l1)J'IIU::Lfifll1::~'l1~lJ1::L'VIfII'"tl~ L"Drt~L'ltlU"U'1'" 6.10 x 6.10 )J. YfUrt~L'ltlUi'ltl~~~ 

.r... ~ 'I.! ". ..1'" ..J 
4l1nYfU"'U~ffi31UL+JUtltlm1 91 'I.)J. (311i'l) ~ffi)J'1nm1 1.22 )J. (4 r~l'1) 
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.J %_ ., I 111,.." 1 ¥'4.:JL'l!JU)J'l!J~1nfUUJMLfiU 

(http://www2.sat.or.th/sportslearning/index.asp?clicktype=3&senttext=40) 

u'u,;t\4\un"LL1i.:ltfu (Authorized gloves) U'l)J~tl.:Jij~1~,rn 10 tltlU-I (284 n1)J) 

.J .J!II ., ..!:' ., If.! - ~ ~ r....!:, If..." 't.! 0 t" ~ 
¥'4'lU'Y1L1JU~U.:J"'tl~~un U..j LnU"'N~U.:J1Itl~U1~UnU'l)J"~~)J~Ufi:; ~¥'4U'l)J"tl~ U..j\ln"1 ~LfilfitlU 

'l11 "1nll\'l1)JLtlu,,1.:J~ffiu"n"1nnu ~1~ftJn1"U'.:J;UU1U1111jit~ 1 ~ A.I.B.A t~n11ftJft:l.:J 
un)J'l!J~tl~~'l)Ju'l)J1Iil", Velcro Lvh,ru t,n.rU'l)J~~:;tl1~ Ufi:;t.rn11U'Lvl1,rU 

" .,-
IMU 

1. tui;UL'l" 1I1!J - - nn. ~tY.:J - 46 nn. 

2. tU'lfi~~fi1!JL'l" '111!] - 48 nn. ~tY~ 46 - 48 nn. 

3. fu~i'1!JL'l" '111!] 48 - 51 nn. ~tY.:J 48 - 50 nn. 

" 4. tu'lfi~UtJU~)JL'l'Y1 111!] - - ~tY.:J 50 - 52 nn. 
0-

S. fuUtJU~~L'l'Y1 111!] 51 - 54 nn. ~tY~ 52 -54 nn. 

6. fuLl'lLfitlfL'l" 111!] 54 - 57 nn. ~tY~ 54 - 57 nn. 

7. tu'li'~L'l" '111!] 57 - 60 nn. ~tY.:J 57 - 60 nn. 

8. tu'lfi~L'lfiL"tlfL'l'Y1 '111tJ 60 - 64 nn. ~tY.:J 60 - 63 nn. 

9. tUL'li'L"tlfL'l" '111!] 64 - 69 nn. ~tY.:J 63 - 66 nn. 
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1 O. tu1.fl~~L~lWl'" '!I'ltJ - - ~cY~ 66 -70 nn. 

11. tuij~L~fH'l'" '!I'ltJ 69 - 75 nn. ~cY~ 70 -75 nn. 

12. tu1.fl"LrI~LIl'" '!I'ltJ 75 - 81 nn. ~cY~ 75 - 80 nn. 

13. tuLrlwlLIl." '!I'ltJ 81 - 91 nn. ~cY~ 80 - 86 nn. 

14. tu1LtJflflfl"LrI~L'l'" '!I'ltJ 91 + nn. - - -
~ 

~~UU~1U'lututum1LL1i~fu '!I'ltJ1Il~ 11 tu ~cY~1Il~ 13 tu 
I " I " 

~~1tJL~'*J mri~U'l~unPi'lt~lltJt1l1nflt1l,rfll1Lfiut.;~tu • 1::1J1J~lJIln " LyhUU 

• o;nY'lY!Jn (Rounds) 

- m1LL1i~fu1::~1JLfln Lflfl~tJflli LLfl::m1LL1i~fuL~flfII'l'l~'!IU::Lfl""fI~.,,~tJLLfl::n'l1LL'~ 
... .. .. ,.... ~ ~... tJ I AI , ... .. ... -. I AI 
'UflU 1 : LUm1LL'!I~'U1::~1J Lfln Lflfl~ flirt ~lfIm1LL'!I~'UL"flfII'l1~'!IU::Lfl""fI~"''l1J~lfIm1 

LL'~fu~u 1 t\\,ilm1LL1i~fu 4 tJn tJnfl:: 2 U'lYl ( n~m;fI~t\\,il~fl,j~~1Jt.~~LL,j1'u~ 1 

.!II .l' II. I ' .. .. o ... ~ AI ..... , AI 
~n1'lfll~ 2542 LlJU"ULlJ ) m1\ll~~m1LL'!I~'UL"fllJI'l~UL"'ti' LlJIflU ~~LfIIlfI~LL"~mtJ ~1fI 

~tJn1n!'fI~Un~'ltJt\\,Lffi1JffitJ~ffiA'ltJL~'l~u 1 'WU1J:'l~tu 2 U'lYl ~~nfi'l'l mmn1::~~'l~ 
tJn"'fI~t~A 1 U1YlL;l~ bJfI'tCU'llJlt\\,ilm1L~~~'lU'lutJn 

- m1LL 1i~fU~~'l~tJ1::L'" '" : t um1LL ,~fU1::~~1~tJ1::L'" "'L~tJtJn ~~1UIlUtJn~::L ~ijflu 

n1J~nfi'l'lH;'l~~U LL,jlh1.Ailm1lJ1nfl~nuHriflu fI'l~Yhm1LL1i~fu 3 tJn ~1tJ 4 tJn tJnfl:: 3 

2. n1;L,r".~-nY (Energy expenditure) 

... ... ... 
2.1 ".~-nYI4.~I4~.~"U1"'8~".~~1Y 

... AI 1. 0 AI 0 1. ".t'''' ....I 
".~~1U (Energy) ~~'ltJCl~ fIIll'l~t1l1~'l:Cl um1"''l~1U~1fI'''1 ~'~lJIQLn"'m1LfIIflflU'" 

"i~~'lUL~tJ,t'l1.tJil~fl'ltJltJLL1J1J LL,jfl::ltJLL1J1Jt1l'l~'l1ClYht~Ln"'''i~~1UfIIIl1~~flU (Heat) 'leA' 
..::. ~.t' ... AI - ,~- .. AI.. Je_ ..I 0 .. " 
~~uumT~~"fl~~1U~~~~U'ltJLlJULLfIIflfl1 (Calorie: cal) '!I~~~1tJCl~ "fl~~'lUfIIll'l~nJU"''''1 L~ 
t .. _ ... ~.r ~.. _~,..I ...... AI 

U1 1 n~ ~~CU~IJ~L"~'!IU 1 fI~"'1L'flL"IItJt1l LUfI~oIiI1nLLfIIflfl1LlJU~U'ltJ"'Lfln m11l~"fl~~1U~~ 

iltJ~t.~ulltJ~t~q)~u ~fI nLflLLfIIflfll (Kilocalorie : kcal) ~~ 1 kcal = 1.000 cal ~~~'lUIlU 
... ..1, .l' .r ,.. .., .. -' ... .~.l'.r ..... 

LLfIIflflfllYl1'l~mtJ"fI~mnUfI~n1J~fl'ltJlJ~~tJ L"1IU n~n::~"'1~mtJ lJ1~1CUnf41~LUfI'fI~~'l L~ 

ti ":1 L~ LL .,,1JfI fl' ~~u l'lU tJ1::a."fi fl1"'fI~ n 1 :!ifl tJfI 'l~'l1 LLfl ::~'l~un'fI~ i1~ n 1 tJ LtJU~U 
(tJ1::~~ ilt1'!1, 2546) 
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... ~ ~ 
U.'M • .IJI"1J1"t).IJI" • .IJI·~·l1J (~Ufim \'IiiI~)J1~, 2551) 

f111fi'U\1IL"'" (Carbohydrate) 
~'t PI ,., .."j • .,.."j , ..r PI ,., 

1i11,. ~tJ ~11 L~"1Jl LlJULI. \4ii1-3V.iiI·N1UYl~1 iii qjYlq ~n)-311-3n1tJ L Utl-3"1 mlJULI. \4 iiI-3 V. iiI-3-31U 

LI.\46-3L1.1n~"~\lml1)J1tfLu,cu~Yi1n"nn)J'Jh-3 1 Utln"1n~ f1111LtJ'lllL~1IJlLrJULI.\46-3v.i-3-31U 
LYi'N"IIil~L~fJ'l'tl-3~)Jtl-3L1.iiI~1~tJtl1~~1Yl Ll.iiI~iitJYltJ1Yltlti1-3)J1n,jtln1ni1-31U'tl-3"~tJtJ,j1-31 

1l1fJtuh·m1fJ 
, ~ 

tl1\4111Jl1)Jfi1")J"II1;lYlL11ftJtl1~Yl1U L'!IU ,u)Jif-3 V.1~"'1 f1'l Ll.U-3 Ll.iiI~U11Jl1ii11i\~ 

tl1~ntltJ~'lfJIiI11LtJ'lllL~11Jl ~ Liilfliil t\4qj~iiLflN~~1-3ftJ"'tlu (Complex carbohydrate) ~-3Ii\~ 
, "I.\' PI ' , .."j ... .. ... ,~ , .."j ~ 1f IllI 

\I nfJtlfJ~iil1fJ ~ VI LlJU\4U'lfJfJtlfJYl)J'U1 ~Liilniil-3 L1fJn'l1 n~ ~fI~ (Glucose) ntlUYlIi\~"D)J L"D1 \l 

n1~LI.~ L~tl~ L~tlU1)J1 t.., LUULI. \46-3v.i-3-31U'tl-3h-3 mtJ,jt) 'ltl 

11-3n1fJhJ~1)J11mntJ~~~)JfII11LtJ'lllL~1IJlt ultln~ LfI~'l~ i-3~U n~ LfI~~L\4~tl t"'li\~ 
""!'I ~ ... ,. 1'i''I ... ' 'I ~ ..r .. 

"'l)J'I'lnULlJULI.'U~ ~v.iilL)Jtlntl-3 fl1ntJ ~lIL~"1Jl L1fJn'l1 ~niil ~IiIL"U (Glycogen) "11-3"~\lmntJ 

~~~)JHIl1fJtU"tJLl.iiI~t unt\'1)JL ~tl ujtl t~nIJl1)J~11.:JmfJ"'tl-3m1v.i-3-31U 'lniil LflLIi\UL\461~4t~ 
\In Ltl~fJunitJ'ltlLuun~ L"'~~n ",f.:J\4~~ ritlU~Ii\~~1)J1"ClU1 'ltlt rt~ fil11LtJ'lll L~11Jl t \lV.i~-31U 'W 
)J1nu1tlLYlfJtJntJ'l,~u L~fJ"'11LtJ'lllL~"1Jl 1 nf)J t\lV.i~~1Utl1~)J1CU 4 nLiilLl.fliiI~il Ll.iild1~mfJ 

~1)J11mntJ~~~)Jv.i-3~1U"1nfl11LtJ'lllL~1IJltl1~)J1CU 2,000 nLiilLl.fi)iiltl1 ~~~1)J11CltfLum1 
• ., 'I1',..r. 1 ... .."j.,., 

tltlnmiil~mfJ U'I'ItlLUtl-3lJf~)J1CU 90 U1Yl Yl1~~tJ"''l1)J\4Un 60% - 80% V02rnax (Sherman, W. 

M. 1995) fl11LtJ'lllL~1"'4t~\lm~1~iil1qjtu'CU~tltlnn1i~mfJ~1~~tJfil'l1)J\4,rn~-3 Ll.iiI~LUU 
.."j"l.\''' , !:_..r. ~ ... ., .. ..r 

~11tl1\41", ~VlV.iiI-3-31UtlfJ1~1'l~LnL)JtlLlJ1tJtJLYlfJtJntJ~11tl1\411"11U~tlU 1 

\,.a7u (lipid) 

'l 'lTu~tl~t U11~ n1fJ Ll.iiI~t Utl1\411~ ftJtlf~Yl1U L~mf'l \tlli\~tl~t ultl'l"'"n~ L"IItl1'l1", 

(Triglyceride) ~~tl1~ntltJ ~'lfJ n1~ \, lTu (Fatty acid) 3 L)J LiiI fl iii 1'l)J "'l ntJ n~ L"IItl1tl iii 

(Glycerol) 1 UJLiilfliil ~-3~)Jm1 



16 

Triglyceride = Glycerol + Fatty Acid + Fatty acid + Fatty acid 

'llJl1nfhttt1fl1~LUUt\1:tl1\411~tu"'i-3-31UlJ1n~~'" t"'!J'llJl1n~Lttt1fl1~ 1 n1lJ tit~t\\' 
..,i-3-31UU~lJ1N 9 ntflLlJ1lfltii \4ffit\\'Yii~-31ULUU 2 Lvh'~'I1fi:1J'llILC'l1lJ1 n11Ln1Jt\~t\lJ 

'llJl1nflLttt1fl1tuh-3n1!Jfutl~n1J\4fl1!JtJ"I4'!J L"IIU 'U1",11~n1!.1 L..,r\ LUU;'U LL,j~!JL~~mL~'ltu 
h~n1tJtit~Ln1Jt\~t\lJ..,i-3-31U"I1n'l,27uHu1~lJ1N 90,000 -100,000 ntflLLfi\fltl: \4ffiU1~lJ1N 

.. ::. .I .. 'I' ... ~ ..., 'I1i"I. 
70% - 80% 'tl-3"'fl-3..:J1UY1..:J\4lJ"'Y1Ln1Jt\~t\lJ LU11-3n1!.1tt..:JlJ1lJ1N"'-3nfl1'lt\1lJ11C1 L"D Lun1ffi1 .. ' 
n~n11lJ6itlLUtl..:J'l;'tJ~lJ1N 120 oJ'l UJ..:J 

..,j .... 1 .1 ... '1 ....J ~... ... 'I'" ~ .. 'I ... fII .. 
LlJtlrulJ1~Y11Utl1\41ffilJ L'IlJU L"DU LU!.I U1lJU LU!JLVI!.IlJ L'lJU"lJI'l LlJI1nflLttt1n1"'tit~ 

~nr.ifl!.lt U LUUn1'" 'l'll27U~ijfi\'l1lJ!.I1'l'tl..:J,*'l~ t, ,j1~nuLLfl~t\11~U 1 ~fl~fl1!JtU'l,,ju L"IIU 

... ... 'I ... .1... ,~.J;. 
'llJl1lJU fi\t1Lflt\LlJItl:tlfl n1C'1 L'lJUVllJfII'l1lJ!.I1'l'tl~\4'l~ L"II'IIU1C'1"ULLfl~'U1"'nfl1-3 (Short - and 

Medium - chain fatty acids) "I~;lJLf1~~U-3'11fl~~1'l«L'nLLft'lLf1~1~1J1J'l\4flL~!.Iutfl~"t"'!.IIJlN 

fl'lUn1",'l'27u~ijfi\'l1lJ!J1'l'lltl-3,*'l~t''IIU1C'1!J1'l (Long - chain fatty acid) u1t1.lJLf1~~U~'tl..:J 
., 

~1'l«L'nLLft'l "I~1'llJrK'ln1JnflLttfl1tlflLuu'l1Jl1n~Lttt1fl1Mlnfll1~ (Re - esterification) LLft'l~~1'llJ 
.. ...... .1'1 .l' ' 'I ".!II 'I"" ,.I., .l' 

~fllJlJ)NtFltlU 1 Y1 LP'I~1nn11!.1t1!.1 L'lJU LlJU\4!.1'" L'IIlJULfln 1 (lipid droplet) ntlUVltit~~n~lJP'I'l!.l 

tU1;tu LLft'lnfl1!JLUu'lfil tfl 'llJfi\:tlU (Chylomicron) ~..:Jtit~~n'llUfl..:J 'lUlJI1lJ1~1J1J~1 L\4fltl..:J riflU~ 
"I~Lf1~1~1J1J'l\4flL~!.IULfl~1JI LLft'l1.tJIJl1lJL~tlL~tl,j1~ 1 'fl-311..:Jn1!.1 fhh-3n1!.1;'fl~n11Yii~~1U 
'lfll Lfl 'llJ fII:tlULLfl~n1'" 'l '27U~ijfi\'l1lJ!.I1'l'tl..:J,*'l~ L''IIU1 ",iuLLfl~nfl1-3 ~~~ ntifl!J~!.I LflU'ltt~ 
'lfl ttJtu1;tU 'lflLUt\ (lipoprotein lipase : LPL) ~t1~1J1L'lN~U~'IItl~\4fltl"'Lfltl"''IIU1C'1L~nLLfl~ 
\4fltlC'lLflt1",e./tl!.l LL,j\41n11JtJ1~V11Utl1\411~ij1.,,jUlJ1n 1 \41t111..:Jn1!.1hi~tl~n11..,i-3..:J1Ut\11 
..., • ,.I 'I.I.!II 'I ... 'I.... ''I' '1.1 ..r..,j" ... 
"'~nfl1'l"'~~mlJfl!.lU LlJLlJU LIJl1nflLtttl L1'" Ln1Jt\~t\lJtl~ LU11..:Jn1!.1 LU'lJ'tl..:JLUtlL!.Itl L'lJU LLfl~ 

Ln1Jtunft1lJL~tltUpJ\4!.1"''l'27u 
~.. 'I'" fII".I.. 'I' , ~ ., ''I_I 
~Lflllfl'lltl-3 L",nflLtttll L1"'V1 Ln1Jt\~t\lJ LU11..:Jn1!.1lJ1nn'l11tl!.lfl~ 80 "I~1'llJnUtl~ LU,1.J 

..r ..,j 'I .,... , .. 'I.l'.1 .. , 'I .l' ,;. 'I - ., 
LUtlL!.Itl L'IIlJU Lffin'l1 "Adipose tissue" tt~t\1lJ11C1Yi1J LP'lVl1J1L'lN"1~ 1 LP'lLLn "DU LlJI~'l\4U..:J 

(Subcutaneous fat) J)1!Jtu'tl-3Vffl~LLfl~tl1'!J'l~J)1!JtU (Visceral fat) LLfl~fl'lU~L\4flt1 (tJ1~lJ1N 

2% - 3%) tit~Ln1Jt\~t\lJtl~J)1!.1tuL«ut!Jnft1lJL~t1 (Intramuscular triglyceride) tUltJ'IItl~\4!.1C'1 
1'1127u (lipid droplet) ~..:JLUu;j1LL\4U~~tl~tnftn1J;j1LL\4U-3'tl~n11Ln"'n11L~1~fl1CUtu'llJL"fIltlU 
L"':!.I'IItl-3n~1)JL~t1 ~..:J~~tU"'i~~1UtJ1~lJ1N 2,000 - 3,000 nLflLLfIIfltl: LLfl~"I~~mj,1lJ1tf 
'I .J ~ .....1., .... 1 
LU"II'l~P'lU'tl~n11t1t1nn1fl~n1!.1Y11~"'1JfII'l1lJ\4UnlJ1Unfl1~ 
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ttl,;tU (Protein) 

ttl1;huilu~'l1tl'l~'l1~iltfllN~1'l~;U;tlU tl1~ntlU~'ltl~INt1'!1tl~ t~ L~~~ L~n 1 ~ 

L1tln~'l n1"'tl~ijtu (Amino acid) L~tl~lJitHrU~'ltl~U1i~Ltltl'L'YI~ (Peptide bond) ttl1iiuil 

s-..I ... 'I _ .. ~ .J .l.. .1' 'I l' .l ~ tl -, 'I.! 
~U'lVl~'lfilCU ~Un'lfi~1CULIJIU ~IJI LL~~"JItl~LL'~LUtlLtltlLL~~LfiU ~tlnfi'l~LUtl ~"'tl nIJl1'l~n'ltl~~ ~ 

inttl1;\~'lLtJULL~~~Tii~~'lutlm~u'tuu'l~~Il'l'l~ L'!iU ~1l'l'l~tlj.9ltl'l~'l1 ~ffin'lffitlnri'li~n'ltl 

~'t~L'l~'lU'lU 1 ;~~~~'lnn'lf~m~nTiU~'l fNn'ltl~~'LAruTii~~'lu"''ln ttlfilutl1~~'lC\J 
'I . 0....1.. .. tl PI ~ ~tl "" .. 5% - 1 0% ~U'!IC\J~tltlnn'l~~n'ltlVl1~IPIUfiI'l'l~~Un 'lun~'l~ L1JUL'l~'lU'lU ~IPItl ~ 11J1U 1 nffi '"I~ 

'tUTii~~'lU 4 nt~LLfiI~tl1 L'!iUL;itl'lnUfll'lnu'LllL"'flJl 

ttl1iiu'"I'lntl'l~'lriirutlf~'lU L"IIU L~tl tl~'l ~'l U-J~",.n'!l "t~\Jmjtltl~~'l!JLrJun11P1 
tl~ijtULL~~~IPI.~Lf'l~n1~LL~t~~1JI ritlU'"I~\Jml'l'Ltl'tfl.un1~U'lUn'lfL~'l~~'lCUL~tl'tUTii~~'lU 
tlPltltln ;\1'l,m'ltl"t~'W~'l~'l1Cl L;;U~~~~ ttl1iiu 'Lt)tA n'l1futl1~V1'lU ttl1iiu~'ln Lnu'Ltl "t~fi'l 't ~ 

.. ., ... ..!II ., .. -I~.c #' .. tl 
2.2 "U"tl"tl~".~~1U" L"D "un1~""1"tl~n.1~LUtl (l"nj.91 L'l'!lLLTiflltl; LL~~ nUtl'l 'l~~ 

~1'1i,r. 2536) 

s- ..I 0 .. ¥ ..I'I1f'I • .. ~ 'L .. 'L" s-
IJIUlJltl'YI~'lfilCU'!ltl~Tift~~'lUVI ~"JI ~Un'lfVl'l~'lUfiltl fiI'l1~U llLIPI11J1~1tl '!I~U t;ltl~n'l1 

~11Lfllil~~1tltlth~~'l~fu Li~IUTi'l~~tl~Tii~~ 'lUll 1 tl't UL.~ if L ~tl 't ~ fiI'l nu'Lll Lj.9I11J1~1tl 't '!I~U 

Ltl~tlU~'IPI~~1~11Cliltl~mtl'l'tUVI'l~;'l~V1tl1'tA' tl~;jtUiU'tt;l1~tlfH~1JI (Adenosine 

PI ..1,3.. 'I tl..l.. ~ "" "" •. 1 •• 1 triphosphate. AlP) L1JU~11'Y1fi1f11CU ~Un'l1LL~m ~tlUTi~~~1U Utln"t1nufil1LtlVlUl1tl~Ll1lJ1 

. ....I"" . ..1 ~ •• I "" "" ." PI ..I (Creatine phosphate. CP) ~1'tlVlL1tlm'l l1tl~ ~11f111Ltl'YIU (Phosphocreatine. PC) m1JU~'llVl 

~1f1lcu~ntlth~~rt~ ;.:J~.:J 2 ~'lril LilU~tl~L~IJI~'t~Tii.:J.:J'lU~~ Tiu'LliluL.~ifi'l1 'ttl LLIJiTiU~1n 
'tuL.~if'!ltl.:Jn~1~L~tl 

o.,!-... ..r ...... ~ ... 
fl1"'U'!lUn'l1'tolTifl.:J.:J1U'!Itl~nfl'l~LUtl ~"'.:JU fIItl 

.... PI k ....I.!'.l.l' 'I!"i' .. 
1. Ltl"" L1JU~UlJltl'!ltl.:JTi~~~1U'YInfi1~LUtl~tl.:J L'II LlPltllJ1N filtl 

AlP --> ADP + P + Tii~~'lU 
, "" .. ..1,3 ''I l' .l ""'I.!" '111'1 ... 'L l' "" 

LLIJI LtlVlTi V1fi'l1tl~tl'J Lunfi1~LUtl~ ~~1nun ~1~1fCl L"JI LUn11'tltlnn'l~.:Jn'ltl ,"LTitl~ 

tl 
.. ""...1 !!.r 'I I 'I #'.. It..l"" 'I 'I 

1~~'lC\J 3 'lU1'Y1 ntlU'YI"t~\Jn~'1'l.:J'!Iu ~~~ Il'ltl LUL.fl~~~~nfl LnVl~fII'l1~ L'l LUn111J11'l'"l~tlU 
I ... k k at......... I.............. .. 0 

1~"'Ufil'l'l~L"D~"DU'!Itl~ LtlVlTi LL~~ LtllPlTi n111J11'l'"lTiU'l'l~1~IPIU'!ltl.:J Ltl'YITi LL~~ Ltll"lTi 1J11 '"I~ 

s- 'I.~"" ..I .. ''I I '11' I ~ '1- 'L" 
n1~"lU ~1II~n'l1LLlJlnlJl'l'!ltl~~'l1'tl1~'llVlLnU~~~~tl'J ~U1'l~n')tJ L,"LLn fiI,)1~U LllLI"I11J1 "II~U LL~~ 

ttl1iiu n'l1LLlJlnlK'l"lltl.:J~'l1'tl1~,)1L~fh~~Utl~riu~~1tltr"t4'tl L"IIU fiI'l1~~'\l'n'!ltl~n'l1'tltlnrhi~ 
n'ltJ (Exercise intenSity) ~1l1'l~tn'!lU1n1ntl~~flflfl (Nutritional status) 1~~u~~nClIl1Ti 
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Yl1':ln1fJ (Fitness level) ~u~nnJJ (Genetic) Liluilu LfliiYi 'W~1JJ11Cl\AJJ1~1nn1::LL~L~fllJll 
.. ..r .I .I 'J:'~.to l' "I ' "I ..... ::., ...... 

,..111 LUflLfJflflU1 LLIJI"lfl~ ~I'IJJ1~1nm1~71~ ~"'JJ (Resynthesis) 111fJ ~UL'flfl II'I~UU11~mfJ~~JJ 

-"I 1'_ ..r"l '"I ... .1...... .I • ~ .to .... ~ ~ .to • ... 
'lfim1 ~um1~T I~"IIU ~"'JJ ~Un1CUYl LflYlV. YlLnu~::~JJ ~'~JJlJ1JJ1CUfl"fl~ m1~.mI'l'lfJm11lflnmM 

mfJ~::Yi "" ll11~ n 1fJil n11tJ fu!K'l tlJllfJ n 11L ~JJtJ1::iYlfiI11V.'1fl~'1U'lUn11" un11~11~" "'~"IIfl~ 
...... 

LflYlV. 

2. ";Ltl;'U~tltlL~" LiluifUlJlfl"llfl~V.tr~~1U~fl~"Unfl1JJL~fl~1JJ11mnuB\A'JJ1n~fl 
Creatine Phosphate + ADP ----> creatine + ATP 

... ... •• 1 •• 1 ' ... "I.\' ... .......1 1'_ ........r"l' , .: 
fI1LflYlUnfl~LnlJl~::Cl1fJV.fl~~1U ~lIIm.J Lfl"V. LV.fl~TI~ LflYlV. '1U ~"'JJ n11Cl1fJYlflll'lU 

n1::Yi1 U'n"L1-lv.fl~JJfI'l1 

3. tn.t"L-''U LiluifUlJlfl"llfl~V.tr~~1u~nfl1JJL~fl~::~JJH LUffiULiifJu\~nutllJl'l~u~"f 
L ~fl" llV.tr~~1U LLl'i\nfl tfl L~u~::iffl~~fl1fJ t"fJ ~1U'IU'lUn11tJ~nffi 1 Lflil"'fl1fJfl!h~ ~~~:: \~ 

V.tr~~1UflflnJJ1 "f 

fl1~nfl1'l tllfJtJfl\~&K~d~fl m1~fl1fJ\nfl tflL~ULLU~\ALilu 2 fU fULL1n\nfl tflL~U~:: 
~fl1fJLilun1"\v.fln (Pyruvic Acid) '1u'lUm~'W"fflfln;L~U ~~Cffin~1LiluLLflULLfl trun 

LJJ LL YlUfl~;JJ m1LtJ~fJULLtJMl'ifl \tJ~1 nfudfl1~ Lilu\tJ\~ 2 Yl1~ ~fl 
.i .to ..r... ... "I.!f ~....I ... ..r tJ.I '~tJ ... • 1. LJJflnl"l1JJLUflJJflfln'L~U~"D n111 ~v.l'ln'YILn""IIU~::L flfJUlJlfl ~ 1J11JJ"IIU'lUm1LflJJ 'YI1 

"~V.tr~~1UflflnJJ1 "~JJ1nJJ1fJ ~~Cffin~1 LiluLLfl trun LJJLLYlUfl~;JJ 

2. "'" nfl1JJ L ~fl 'Wilflfln; L~u"f LJJ LL 'YIUfl~;JJ'UII~'W" fflfln; L~U~::~1 L UUl'ifl \tJLLfl:: 

~ ... tJ.I ~tJ iI ... ~ '"I .to..r ....:.1 iI ..... 
n111 ~v.l'lm flfJU~ L un111LLflfllJln LLfl::fII~fl~ ~Unl"l1JJLUfl n1I1'1LLfl"lJInULfl~'YIL UIJI'l"llIJll"ll'l1~ 

'W" ~nfl1JJ L~flYi1~1Ul'ifl \tJ\~V.tr~~1U~\~~1nLLfl trun LJJLL YlUfl~;JJ LLfl::LLflULLfl trun 

LJJ LL 'YIUfl~;JJ'W LVj') nu ~flV.tr~~1U~1 n n ""JJ~fiLLflULLf) trijn~:: \~V.tr~~1UUflfJ n~1 "un11~fl1fJ 

\nfl tflL~ULilULLfl"LYlIJI ulfl~IIV.tr~~1U~1nn~ t,,~ ~::v.U~1n~ t,,~ 1 tJJLfl~~ "~V.tr~~1U 55 ntfl 

LL"~fl1 (\nfl tflL~U 1 tJJLfl~~ tJ:::nfluA'lfJ n~ tlll~tJJLfl~flJJ1nJJ1fJ) ~'lUn1ffi~fi"llfl~LLfl trun 

" LJJLLYlUfl~;JJ ~::\~V.tr~~1UJJ1nn~1U~f) n~tfl~ 1 tJJL~~fl ~::~fl1fJ\Av.tr~~1U~~ 686 ntfl 

LLlllflfl1 ~~~::Lnu\rLuitl"llfl~ Lf)iiYi 38 tJJLfl~fl 1 tJJL~~~'1fl~ LfliiYi "~V.tr~~1U 8 LLfI~fl1 ~::L~U 
\A'~1v.tr"""un~1 1111" L~fJhlt Uitl'lfl" fI'l1JJ1flU ..,tr~ fI'l1JJ1flud'W~1JJ11ml1 hltfYi1"1U\A' LLl'i 

• "111"1 t: "'"1"1".1.1... .i ~ .. , • 
U1JJ1~"D ~um17m~n~CU"'IJJJI11fJ ~umfJ ~"'fI"'YI'Y1~CU"'IJJJV.flL"'JJ1::'''LflU~'JJIJI1'' 1 ~::'YI1"1U 

\M 

/ 
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.., .... il · 1l'. .c 
2.3 ~\J\J,.tt~".~~'U"aJtt' U'M~n'!I (McArdle; Katch, and Katch, 2007; 11'1nB'l LI)"II 

LLYiI'lU; LLfl:: n'U!J"Il.hfl::~1'fiU. 2536) 
~ 

lJ11).n~in~n~'VItJ1m1n"1 m1't1nei'fl),l ~ffim1LL,,~;u'fl~,rnn"1,ru ~::~fl~tot'Yii~~1'U 

'"11 nfl1~ 1 1 LLfl:: Lrltl ~ 1 1tl1~1 1~ n ~ "'.),1 LLfl:: LtJ~ tJU hllJ11 ),InJ I) 'Un 1 1L~ 1 ~ fl1 C\JYi i~ ~1'U'tl~ 
, 0 'I"'" x .I.. .., , 11.1' .. , 11.1': 
l1~mtJ 'VI1 L~Ln~Yi¥'l~~1'U''U "I~1::lJlJYifl~~1'U'tl~11~mtJ~1),111tlLLlJ~ LPI 3 1::lJlJ B'I~lJ1tl LlJ'U 

1. ~\J'l.I"'tl."'L""IU ";'1 Ltl;i;; - ;;; ( Phosphagens or ATP - CP) 

LiluLL~fl~Yii~~1u'"l1n LtlYift - ft~ (Yii~) tl1'"1LitJn\Mlntlth~~1 1::lJlJ~tl~~1L'"IU 

(Phosphagen / Immediate energy system) ~1fl1::lJlJYii~~1'ULLlJlJLLtl'ULLtl bun flLL~mlJ1'V1 
.. ..I..Jf" ...... ..1 ~ •• I'" ... ... ... 

(Anaerobic alactate System) ~),I1tJtl~1::lJlJ'VI L"IIYifl~~1'U~1n Ltl'VIYi LLfl::ntl~ mfl1Ltl'VI'U (Yi"l) 

0.. ..1 •• 1 ...I... ''I ' 11.1''''''' 1!' ...I '"I1UI)'UYifl~~1'U'tl~1::lJlJnfl~n1L'"I'U'VI),Ifl!J L'U11~mtJ L"'LL~B'I~ LI)~~lJ1111~"II1~fl1~ (1JI111~'VI 1) 

..t' I •• 1 •• 1 ...I G 111"1..1'.1 ~ I ... ... ... ... ~.. ..... .!II 
¥'I~LnlJ11)1nfl~n1L'"I'U'VILnlJ~::~),I L'~ L'Unl'i1),1LUfl'VI1)11~mtJ),ILYitJ~ 570 - 690 ),Iflfl~fl UJflfil~LlJ'U 

.. " .1' ... ~..... .!II 0 ...I " '111"1 0 ., 
Yifl~~'l'U'"I:: LPI 5.7 - 6.9 n LflLLfilflfl1 "I~LlJ'U'"I1UI)U'VIUfltJ LYil1::~'l),l'l1tl L"II L 'Un'l1tlflnmfl~mtJ 

~ I 

tl!h~~,rn\~LfttJ~ 10 ~'U1YiLYh,r'U L'Ii'U ~1~fum1~~ 100 UJlJ11 LL"ij;fl\~L,jffilJ~tl 1'l~n1tJ 
~ 

~1),111ml1Yii~~1U"llil~U),l1tflAL~tJ11)"'Lll) ~~LtI'Un11tot'ffi~~1'Ut'Um1tltlnri1i~n'ltJ~1fl 

tJ1::ntllJ;;'"In11).J~ij1::tJ::Ll)fl1i'U 1 (~'ln~1 1 0 ~U1Yi) ~11tl1~1nltot'LiluLL~fl~ffi~~1u ~fl 
'1- .. I ~... I...... I ... :' ...... ~ 

fl11LlJ LlIL"'1lJ1 L'Utl~'"I1n11~n1tJ'"I::~::~),I "llYi ),I1nm1 Ltl'VIYi tJ1::),I1CU 3 - 5 L'VI'l B'I~'U'U Ltl'VIYi 'VI 

,''' ... .. .. ...... ...1 ~.l 'I I ~... 'I"" 'I • 
~::~),Ifl!JLB'I),IlJ11),1fi11),1"111lJ1UJtl11)),InlJ Ltl'VIYi 'VI~ n~7'l~"II'U L ~),I'"I'ln 'Iff '"I:: L~fffl~~'l'U Lum 1'V1 1 

;;~ n11),1\~u1'UtJ1::),I1CU 1 0 ~u1YiJ'ULfl~ 1::lJlJffi~~'l'Udij fill)'l),l~1 Lilu~1~flJn'l1Ll),lYi1 

;;'"In11).J"1~ 1 L~tJL~Yi1::;;~nn),l~"'fl~tot'ffi~~1U~~ 1 LlIU n1ffin~'l~,rn n11LfI~tlU\~l)tl!h~ 
1I)~L~ L~t1~~1nhJ"'fl~tot'tlfln;L~ut'Un11Yi1tJ~mv'l 

1 . Muscular concentration 

a . mMlkg muscle" 

b . mM total muscle mass·· 

2 . Useful energy""· 

a. kcallkg muscle 

b . kcal total muscle mass 

ATP 

4-6 

120 - 180 

0 .04- 0 .06 

1 .2 - 1 .6 

• Based on data from Hultman I and Karlsson 

". Assuming 30 kg . of muscle in a 70 - kg man . 

••• Assuming 10 kcal per mole ATP . 

PC 

15- 17 

450 - 510 

0 .15 - 0 .17 

4 .5 - 5 .1 

TOTAL PHOSPHAGEN 

(ATP + PC) 

19- 23 

570 -690 

0 .19 - 0 .23 

5 .7 -6.9 

...I 0., •• 1 •• 1 .........~ ...1 ... '1 I 1l'. .c 
lJ1111~'VI 1 n11LL~'M4t'l'UI)'UYifl~~'l'U'tl~1::lJlJntl~n1L~'U (Ltl'VIYi - Yi"ll) 'VI),I L'U11~n1tJ (ll'1nB'l 

LI)"IILLYiI'lU LLfl::n'UtJ1 tJ1fl::~1'fiU. 2536) 
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2. t::1J1JLLtl\ULtltrun (n"'LL."an) 

u.~~,n'4i·N1Uiit1n n1~LL~fII~n (fiI'l1lJL1'l) Lffin'l~~1 1~'U'UU.flUU.fl bun (Anaerobic / 

Lactic acid system / Anaerobic glycolysis) ~1fl 1~'U'Uu.fluu.flbun u.flmlJl'YI (Anerobic 

Lactate System) ~lJ1tJii~ Y4i~~1u~'lA1.uh~n1tJiit1nm1~~1tJ'ln~ t"'LiitUtU1~'U'UU.flULLfl trun 

4~UJt.tltln~Liitu'l~LL~,,~'l.nUIJI111~~ 2 

1. Maximal lactic acid tolerance (gramsr* 

2. ATP formation (millimoles) 

3. Useful energy (kilocalories) 

** Based on data from Karisson., 1971 

PER kg MUSCLE 

2.0-2.3 

33-38 

0.33-0.38 

TOTAL MUSCLE MASS 

60-70 

1000- 2000 

10.0 - 12.0 

.I ., ... .I ... 
t

, ~ PI .I\.!' 
1J1111~'YI 2 m1u.~"~~'UY4~~~1U'fl~1~'U'Uu.~fillJln'YIlJ U11~mtJ '~LlJU1~'U'U'YI l11iit1nn11~~1tJ 

'ln~ tfil LiitU,il" u.tluu.tl trun (lI,rn~ L'l'DU.Y4",fJ u.~~nUtJ1 tl1~~~1'111r. 2536) 

... ~ .... ~ tl ... .I... tl ... ... .. 
,,~uu n11fltlnn1~~n1tJ~7fl 1~nfl'Unliln11lJ'YIlJ1~tJ~L'l~1 1~lJ1 CU 10 'lU1'Y1 tN 2 

... .It.JtPl''''' ~ \ 'l ., Sf • Sf ~ \ U1'Y1 ~1ffi1~11'Y1 ~LlJUU.~~~Y4~~~1U filfl fil1nU IH~11J1U.~~ 'lJUU1~L~nUfltJ LUfl~lJ1iit1n n~ 

tfil\~~~ (Glycolysis) Lilun1~'U'lUm1tun11u.lJlntA''l'fl~n~ tfil~~1fl 'ln~ t"'LiitU ~~Ln,,~utu'l'l 
LIJIY4~1~;lJ (Cytoplasm) 'fl~L,~trL~tJUJlffl~fl1,rtJtltln;LiitU (Anaerobic system) ~~~1lJ11C1 

t\\1~Y4i~~1U .~iit~Qm11'ltltflun11~11~~ut~lJ'fl~ LtlYlY4 \~fl!h~1'l~L''l fl!h~'l1nIJl1lJ 
So 

tlnfiltJ1 m1LLlJln tA''lLLIJI n tA''l'fl~ n~ tfil~ LL~~\n~ t", LiitU t u1~'U'UY4i~~1Uiliit~li1 t l\' Ln"n1~LL~ fiI ~ n 

(Lactic acid: LA) ~~~lJm1 

Glucose ___ .... 2A TP + 2LA + Heat 

Glycogen ---.... 3ATP + 2LA + Heat 

~ ... ~ ~ t .l' ~ t.~ .I ... ,.I \... ~ .. 
LlJfln,."u.~fIIlJlnQn~71~'U Un~1lJLUfl UlJ"lJ1CU'YIlJ1mnUm1'Y1"~U'U ~~L'ltJU~fl~1J1 

iit~~1 n ~tltl n 'l~ iit~li1 t l\'ilm11J mU"fln"~U'lUn1~ ~tA''l'fl~n~1lJ L dfl u.~~ft~ ~ fl tl\' Ln ~n11~1 
.l' .r ~ 0 ... ,... PI ~., 

'fl~n~1lJLUfl (Muscle fatigue) Uflniit1nU n1ffitlnm~~mtJfltJ1~~UmlJUL'l~1U1U ~~tJtJ~fiI~ 
So , 

t~~UU.flUu.fltrun iit~,j1tl\'Ln~n1"Lilu~ilflfln~LiitU (Oxygen debt) ~lJ1tJii~ fl1'l~Y111~n1tJ 
... k'" .. t.~ .I .. 1.1 ... t~.!' PI 
lJfII'l1lJ,"fl~m1Y4M~1Uu.~~fltln'lLiitU UlJ"lJ1CU'YIlJ1mnUn'l1'Y11~'UUY4~~~1Uiit~ ~ ~J'I m1LlJU 
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~~K~nti1'l41LilulftHijm~1!J;iut~/11!J~i~ LLfl~"'1~~~1).J1"Cl\11'lMflm"fl"f1'l1).J~,rn"Dfl~ 
o .. ... 0 '" .. "'~ ... ~. !'l..J .J". I ~ '" .J 

mffiflnmfl~m!Jfl~~ffi~~""'1n'n11lJ 1~UUV.fl-3~1U"DU"U,,",~ ~ "lI1~UU"').Ju1~l'i"'fiI11V."'q" 

V.i~-31U~LA',,",1n m1LLCJln!K'l"Dfl~ntJ LfI~ LLfl~Lnfl Lfl L,,",U LLUULLflULLfl Lrljn~ 'lnfl Lfl L,,",U 1 

'().Jfl ~1fl 180 nf).J~1).J11Cl~fl1!Jt~~1).J11ml1LtJt.r~~1~ LflilV; 'l~ 2 - 3 LflilV; LLfl~,,",~\11t~Ln" 

I .., .. ... .. 
num1'l~ 400 - 800 L).JCJl1 Lfl!J"'~!J'l 

3. ~\J\JLL'8triin 

LL~ti~v.i-3~1U'1nflfln;L,,",u (fI'l1).Jfl""'U) ~1fl1~Uuv.i~-31ULLfl Lrljn (Aerobic system 

1"1 e;.J,}' 'I1f ~ 'I 0 .1-- ..... -
I Aerobic glycolysis) LuU1~UUV.fl~~1U"'''fl~ ~"lIflfln"llL'U~Un'11"'1u!ln1!J1 L).Jfl).Jflfln'llL,,",U 

Lnfl LflL,,",U 1 '().Jfl ~1).J11Cl~fl1!Jv.i~~1uLilu LflilV; 5~ 39 '().Jfl LiJumnnn~""'~tJ"~).J1rufih 
V.i~~1utunt\'1).JLdfl~-3~).J,,~L~fu,,",1n1~uuLLflbijn Lv."1d1-3n1!Jt.rv.i~~1U,,",1nfl1~11 3 

fl!h~ ;ifl f1nfltJLIILI'I1CJl, L"D~U LLfl~LtJ1;1u K-3~).Jm1 

--~~ 38ATP + 6C02 + 6H20 + heat 

Fatty acid + 02 ---.~ 129ATP + CO2 + H20 + heat 

1~tJtJLLfl Lrljn""'~t.rL'lfl1tJ1~).J1ru 2 - 3 U1i1 ~'~L~J1L~m,n~v.i~~1U~1~fu~f1-3 

LflilV; ~U).J1 t ~~ LL'I!J ,.~tJtJ~1!J t ""' LLfl~L ~fl L~!JU Lfll4 CJl,,",~lffl~U1flfl n; L,,",U 1tJJ~ n t\'1).J L dflfl!h~ 
>-

L V;!J~V.fl"fl m1Lr.l1 r.lfl1 CU~1 ffi1~111~tJtJV. i~~1U'IIil"il~~\11 t,.. Ln" m"~~~).J"Dfl~ n,.L'I LLfl 1"1 ~ n 

t Um).J1 ru bj).J1 n \11 t~,rnn"1~1).J11Cltltlnri1tl~m!J1~Liju1~!J~L'lfl1U1U 1'l'l1).J ~1).J11Cl t Um1 

o e; .J.. .. ~l! .r Ie; 'I 'I" ~ ... 
flfln mfl~n1!J"'''~''tJ 1'l'l1).J~un~~ ~P'lU1U"DUtl~ ntJfI'l1).J~1).J11Cl ~un11 ~'IItlfln"DL,,",U~-3q ~ ~ffi 

.. I ~ _ ~ . "'!II.J .. 
L1!Jn'l1 V02max LLfl~LLflULLtl ~rom.",.L'I ~lIfl (Anaerobic threshold : AnT) ,,",'UlJU,.~tJtJ"').Jm,. 

.., A ... 1 - -'.. I'" 4 ,:, 'i' ... 
tlflnmfl~m!J ~ffilJ1~ntltJn,,",n1").J"').J1~!J~L'lfl1U1Un'l1 2 U1." Cl-3~fl1!J"D'l ~~ 

I ... • ~ .. ~ - .. - e; ..I1f l! If ~ l! J' 
LLCJlL v.tlm1LlJwtJ L"'!JtJ1~tJtJLLflULLtl ~ro nlilj~ filL'lV.fl""1U." ~",,,", 1 n ~nfl ~fil L "",U"Dtl,,nl't1).J L Utl 

I .. ,,, Ill! If l"I • 1 .. Ill! I 0 .... .J1f l! ::..., 
LLCJlLV.!J"tl!J1"LL'I!J'l ~P'lLL~~~ ~'J ~UI11v.lJ1~ntltJ 6 ,,",~L~U~P'I'l1,,",1U'lU Lfl."V. ." ~P'I).J1UU2Jfl1 

87 - 98 '().Jfl ~"f'i1).J1nn~1v.i"~1U~L~fu,,",1M~tJtJ~ufin 2 ~tJ 5" 50 Lyh Utln"",1mruJ,,ij 
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s-

tin 17 - 22 UJfl m1LUffi1JLii!J1J"'l1)J~'UJ11t1LLfl:ri1~~'!Itl.:l1:1J1JYU~'.:I~1Uli.:l~1~ll~LL~1ML.JLu 
..I 

"111"'Yl 4 

MJSCLC GLYCOGCN 

1. Muscular Concentration (grams) 

2. AlP forl1ation (moles) 

3. Useful energy (kcal) 

** Based on data from Hultman, 1973 

Per kg M.Jscle 

13 - 15 

2.8 -3.2 

28- 32 

Total Muscle V1ass 

-l00- -1 50 

87-98 

870 - 980 

"111~~ 3 m1LL~IM~1U'lU"'~~"1U'!ltl"1:1J1JLLtl bijn~L~1it1n Lnfl tflLlitu1unfl1)JL~tl 
(1""n~ L'l"llLL,..",6LLfl:nUtJ1 thfl:~1'1nr. 2536) 

MAXIMAL POWER MAXIMAL CAPACITY 

(MOLES OF ATP (TOTAL MOLES ATP 

SYSTEM PER MINUTE) AVAILABLE) 

Phosphagen (ATP - PC) 3.6 0.7 

Anaerobic glycolysis (lactic acid) 1.6 1.2 

Aerobic or oxygen (from glycogen only) 1.0 90.0 

"111.:1~ 4 n11LL~~.:IfI'l'l)J~'l)J'l1t1 LLfl:ri'l~.:I'!Itl""'~".:I·'lui.:l~'l)J1:1J1J (1 ""n~ L'l'!lLL'" ",6 LLfl: 

nUtI'l thfl:~1'fiU. 2536) 

_"f~""'" ~ ~ 2.4 1JIliIIliI!I"J.u ..... tI.1' .. "U'tI,.tI~n1''II1'tI~''.U1'U (Factors on energy reserve) 

(~Ufitl'l afl:)J1~. 2551) ~"ijiJlit4'tll'I'l.:l1 ~.:Il'Itl\tJ~ 
nm:L~.1,.tI~n1'tltlnrh.~n1!1 (Duration of exercise) 

1um1tltlnri1~"n'ltl~L~tULLN)J1nun tr"11n'l1L~)J'!Itl"tltln.LIitUIit~Ltlu\tJ1u;;",'Yl'l.:l 
L;itl'lnun1Jtr"11m1L~)J1~U:L'lfl1m1tltlnri1fl"mu~"Ltlutr"11n11L~)JLL1J1J~~1L~)Jtl LL~,h 

.... ... ~ ~ • 1"- ..J ~'lnm1tltlnmfl~mtl)JfI'l1)JL'1I)J'1IU)J1n LLfl:U1'lU1UIitU'Yl'l ~Ln"''''l1)JL)JtlU (Fatigue) fI'l1)J 

rA'tl"m1tltln.Llituij~";h1~tr"11m1L~)J'W~LtluLtJLL1J1J'l11 ~~1L~)JtlL~Sjtlu1u"f)uLL1n LLl'I 

~"r. 'l_..J
1

- -1..1' .J..I.1..1...J- ..J.1'l.1'.J 
Iit:L"')J'!IUtlm.:ln~L7'J L)Jf) ~n"'l)J'Yl LUn~'l)JLUtl~'lU "'~'lU~U.:ILn~"'l1)JL)JtlU~1 un~1)JLUtl 

..I. ::. 'ItJ'" ~ 1 ..J .1'.J... 0 .':..j .J 
~'lUUUIit: L ~"tltln'1lLIitUIit1n UtlU 1 (n~'l)JLUtlLLI"")JLL1J1Jm1'Yl'l"1UtlU1.:1u)J1n'Yl~~) )J'l'1l'lU 
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. ., .., ~".I"- . .., II I 2.6 'lJ'iI'iI!I"~ m""~."tm1fL~1~tn"'''.~.nU (, Lm1 ~UI1.JtytN'" Ufl::flN::;, 2546) 

i1"'~tlt"'~il~~~tltlnmtl'1Lflilll'1!JtUL'~i i1"'4'tJ1rUn",::il~fl~tl€1J11'1UJUYltJtli;lJ'!Itl~ 
" i'1~mtl il~~~tl'ltlil 

... ..". . .., 1. n'il nff" n1fLfIt.tlU ~ "~"tl~"4 n1!1 LL.:m1ftltl n n1.~n1!1 
.!II i1 ., ..I 0 .,..1 ..I..,. ..~.. • 0 ., ,., 

LuU "''ttlYi ~'1 fI tyYlq ~VllJ ~fltlIJ11'1 LlJ LL Y1tJtl~"DlJ LlJtllJ n'1 1tltl n n'1fl~ n '1tl tl!J'1~~un 

.l' J' • ." ..i 0'1". l' ... J' , .,~ ''I 
n¥1'1lJLUtl't::lJmm"'IJ1'ltltl'1~lJ'1n'~'t~'1 L~lJfI'l'1lJ7tlULn"''!IUlJ'1nn'l'1'!1ClJ:: .... nm 50 LVI'1 ~UflU 

t1n~ ~ffi 20 LYh'uunn~'1~'lA'fum11lmJUlJ'1tlth~~ Yht~€1J11'1UJIJ1'1tJtl~~lJL~lJ4untj'1t1n~ 
~~fi1!J~:: 2,000 

n"'n11lJulJlfl::t11::LIlYl",::t~ .... i~~'1U~'1~riu tlnlA''ltlth~L'IIu n'11L~u4uuu'l",t~ .... i~~'1U 
, ., .. ,., 'I ..I ~1I.J '111 ., 

lJ'1nn'l'1m1UtlU~fltJtl~ 17 LVI'1 ~~U~"'~ LUIJ1'11'1~Y1 6 ~ L"DUN~'1U LlIU n11lJn1 tl'1'" ~lI""fl~~'1U 
~ _~..I, ., 

~~ tl~ 6,000-7,000 n ~fl Uflfltl1lJ1tl'lU 
... 

.... i~~'1U (ntfluflfltll~tl{'lUJ~) n",n11lJ 

Utlu~itJ 65 
., ., 

100 u~ .... n .. 
tlU~tJ'1tl1 105 .. ..... .. 

140 .... lJ .... "'~L1'l1 

L~U~'11 (2 . 61.lJi~tl{'lUJ~) 200 
, ;-

'1 '1 tlU'1 500 

~~ (5.31.lJi~tl{'lUJ~) 570 

L~UL~1 (5.31.lJi~tl{'lUJ~) 650 

L~U~UUU'l~ 1100 

1J1'11'1~~ 6 U~"'~Yfi~~'1Umftun"'n11lJ1JI'1~ 1 ~tlf'lUJ~'u''1!JtJn~~il~'1~un 70 ntflnflJ 

(,'lm1 ~lJ1.Jty'l~,{ Ufl::flClJ::, 2546) 
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2.0ietary - induced thermogenesis 

t1 ""'l L)J U 'YltJtl~;)J~~L ~)J(U\H~'\I~'l nftJtl1~'Yl'lUtl'l~'l 'I i\l;lL~tl~'l d~U~fl)J'llil'l n 

t1 
... - ... ..1... J' " ~ ..I , l' "t1" 
{) n 1t1 'l L")J 'Yl Ln 1'111 U 'I~Wl 'l \I n 'l 'Itl tl tI tl 'l~ 'l" n 'l 'I~ "'"II)J ~ 'l 'Itl'l ~ 'l 'I'Yl tI tl tI Urt 'l 'I'l)J L Cl \I 

n 'I~tJ'lun'l 'IU'l~'l'ltl'l~'l 'I\t11-1' Ufl~LntJBL ui'l\l n'ltl tl'l~'1'ItI'I~U1'Yl ttl 'I;l uij ~fl L ~)Jt1 til 'I'l L)J 

... ~ ..I... ...~ ..1".1' '~t1 ... ... ,t t1"'- ... 
U 'YltJtlfl"ll)J)J'ln'Yl~ t'I LUtl\l~'l nn1t'1tl~)J L U'Yl LP'lIil'l nn'l'ltltltl L 1t1lU)J ~fln'l~~U {)n'ltl'l L")J1Itl\l 

L'flfl~t1t1lN 
... ... .. ., ....: .:. J' I 

~fl·UtJtI'I~'Yl'lUtl'l~'l'ltl1~LI1'Yl ttl'l"U tl"'I'lL)J "'ltJtlfl~)J~~L'I)J LV4)J1I'W'l'ltlLU 1 oJ'l '()J\I 

Ufl~L~)J(U\t1\~~\l1tltlfl~ 30 Iil'lmrUIil~fl"'fl\ll1'ltlLU 3 - 12 .j'lt)J\I~i\ltl'l~'l'l ~'lun'l'l 
ftJtI'I~'lUtl'l~'l 'ItI'I~LI1'Yl fI!'liLtJ \1I Lt'l1" Ufl~\ 1I,j'u ~ ~ij ~fl L ~)Jt1 "'I'l L)J U 'YltJtl ~;)J 1~t1"~)J 'l CU1tltl 

fl~ 4 n'lriltl'l~1,.ij~fl"tln'l'lL~)Jt1"'I'lL)JU'YltJtl~;)J LWn'l'l dietary - induced thermogenesis 

3. 'i)1~LL.:a "" 
... ...~ ... J' ~ 1:'_ 'I ~ !', 
tl"'I'lL)JU'YltJtlfl'l)J~~flt'lfl\lL)Jtltl'l~)J'ln1lU Lt'ltlflt'lfl\l7!ltlfl~ 2 LUYJn 110 lJ 'Yl\lLV41'111'ltl 

Ufl~tY\I tt'ltlLu1'tJL~n~~ijt1t1l'l'lL)JU'YltJtlfl;)J~\lL~tl\llil'lnt1"'I'ltl~mtl'lL"ijl1'ltlLUL'fli~\I Iil'ln 

n'l'l~1'l\l~'l'l"'l\l 1 L~tln'l1LIillru L;tJ t"1Itl\li'l\l n'ltl L UL l't fII~tY\lt1lJ1'1'l L)J LL 'YltJtl~;)J ~'l n~'l L UL V4 fII 

tI 
l' ....... ~ II ... 'I ' , ... l' J' 

'II'ltl 1~)J'l CU.tltlfl~ 5 - 10 L V4'1'l~L V41'1~ru\l)JlJ'I)J1CU L'II)Jth U'I'l\ln'ltl)J'ln n'l'lUfl~)Jnrt'l)J L Utl 

", ..I ... _I' , ... ,J'''' " ......... ...~ ~ , l' J' 
Utltln'l'lLV41'1'11'ltl'Yl)Jt, u'l'l\lLYI'l1 nu V4tJ'l'l LUtlLtltl L1I)J'WJtl"'I'lL)JU'YltJtlfl'll)J"'ln'l'lnrt'l)JLUtl 

~ ..... . 
4. "'U"e.I'),.tl~"~n1!1 

..I ... _ I..!. 'I ' ... '1Jt... ~ . ' ./ ... 
"U'Yl)Jt, u.'l\l L~rulil~)Jn'l1 L'lIV4fl\l\l'lULt'ltI'I'l)J (total energy expenditure) ~\ln'l'l"U'Yl)J 

tt1h\lL~n ~Li~luL'liu~L~tl\l~1nijn'l1~m~nV4tJ~'l t1U"'I'lL)JU'YltJtl~;)JutI"Lilutft'l~'lut"'t1"NntJ 
J' ..I... , J'..I... , " l' k t'... ..J 
V4U'Yl ~'l1ltl\l1'l\l n 1t1 L'I'l~'l)J'l1Cl~'lV4U'Yl ~'l1ltl\l1'l\l n'l tI LPHI 'l'Yl1'ltJU 'l~un Ufl ~¥1'lU~\lIil'l n 

..I'1Jt'1 _I ... J' ..I... , ~ 
nomogram 'Yl L'D LUn'lru1~L)JUffU'Yl~'l1ltl\l'l'ln'ltlUULtl-l 

5.1I'i)N,'U 
~.. ..1./ Jt ~ ... ...~ ...... , "t1': 

lItl.~U'YlLntJ'l'Dtl\lrltJtl"'I'lL)JU'YltJtlfl"JI)J )Jt'I-l"tl L U 

5.1 t1t1'1tltl"lItlfU.iu 

iI ~ .. ..I... ,... ...~./, .. ... ,... .. ~ ~ •. 
L Ulitl. ~U'Yl)J ~fl "tltl "'I'l L)J U 'YltJtlfl'll)J)J 'l n'Yl~ t'I nfl'l'l"tl L)Jtl tIltl)JfltJ 'Itltl "'~ fl-llitl H~U 

1!./ 0 '1_\'''' ..... ..: J' t1..... " 'I'" 11 
tltln)J'l Ll'1)J'Yl Iil~'Yl'l LVltl"'I'l L)J U'YltJtlfllJl)J L ff)J1IUIil'l n ntllCl-l'ltltJfl~ 50 - 100 L U'Yl'l-l tIlNnU'D'l)J 

~'lnUJijn'l~i-lfitl'ltltJ"lItlfUJULfltl fftJ'l'l€"'I'lL)JU'YltJtl~;)Jflt'lfl-l~1ntlnii~\lHltJfl~ 40 - 60 

5.2 lItlfUJULffl'l'll1tJ 

lItlfU.iUL'Yl~t'Yl~LtJltlt1U ~'l)J'l'lClL~)Jt1t1l11L)JUYltJtlfl;)J\~t11~)J1CU1tltlfl~ 10- 15 ~'lU 

lItlfUJULV41'1~cY-lij~flflitlU;'l\lutltl"tlt1"'I'lL)JU'YltJtl~;)J 
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fS.. ...j... - - ~ 5.3 lItln~ULntJ'lnUm1L'"I1CUL~U~~ (Growth hormone) 

..: ... -~ ".1'. I 1::_ ... ..c" 
~1~11mfnJtl~l1UJLLYlUtlfl'~ Lpru1~~1runJtlfl:: 15 - 20 LUtl~'"I1ntltln~Ylfin1::lJJU 

UJLLYltJtl~'~fl1t1tUL'flfl1~tJ~N 

6.n1'n=iu=uutJ=tI''''~'''L6an • 
.01 .... rl . I ~ - 0 'I ".... ~ ~ f' - _.r"!! 
L~tl~ m 1n 1~I1U1::tJtJlJ ,.~~ 1Y1"l1~'Yt1 Lfi '" n '"I~Yl1 ~,..~ n 11"'fl~ lItl,. L~UL UtllLtl'Yt L Un1U 

- _.I"!! ~::. _~.....r rl It ~ 
LLfl::Ltl'Yt L Un1\.! tltln~1 t un"::LL~ Lfltl" lItlfL~UYI~~tl~'U~U~ ~Ylfin"~l1un11~fl1t1 Lnfl Lf'l L'"IU 

...j ~ .1'.r ..: • 1__ ... 'I ,. ~ ... .r 
(glycogenolysis) Yll'ItJLLfl::nff1~LUtl LLfl::L'Yt~lJnn,.tJ1Lf'l~fl1tJ ~UL'flfl Utln'"l1nUtJ~tltln~Ylfi 

, .r ... It ... _...j ... ,,,., ~ t' ~" . . 
"'flLUtlLtJtl L'D~U'DU"YlL1tJm1 L'D~U\'lU1"'1fl (brown fat) ~~tlm1n1~'lun1::tJ'lUm,. oXidative 

phosphorylation tu~t"'f'ltlUL,,1tJ~ilLth~~1u'lu~1ntuL'flll'D~u'il"~ y'ht~Ln~'Yti~~1U 
fl'l1~1tl~1n~1t1LLlJib.JLn" LtlVifi ~~Ltlu~ru~~~L~'Yt"::'Dtl~~L"'f'ltlUL"'1tJtu't'D~Ua~1"'"fl 
(brown fat) m'::tJ'lun 11~y'h t ~ Ln '" 1'l'l1~ 1tlUt U i1~ n 1 tI~L1t1 n~ 1 nonshivering 

thermogenesis iltl1::LtJ'U~1ntum,.t~I'l'l1~tltJ~uLLrii1~mtltUYl1,.nLL1nLn~ 

, ..... ....... 
'"I~~tl"'l1UJLLYltJtlfl'~fl""'1fl~ 

8.m~::mi 
...j"'''11 ... _~..:.r ... -...j .r... ,., .1--

'Dru::YI~ L'D tl"'11UJLLYltJtlfl"ll~'"I::L'Yt~'DU LUtl~'"I1n~ru"'.IJ~YI~~'DU~~flLNtl"'''"lJnn1tJ1 

... ... _ , ..: .r ~ 0 'I.\,'" -~ ..:.r. I 
Lfl~ UJtl~ru"'.IJ~""~mm'Yt~,uYJn 1 tl~fII1L'flL"lItJ~ '"I::Yl1 ~lIIfl"'''1UJLLYltJtlfl'D~L'Yt~'DUlJ''~~1ru 

1tJtJfl:: 14 

9.llil.,n,,, .. 
'"I1nn"1~m~t1tl"'11L~LLYltJfl~'~'Dtl~tl1::'"n1~tl~tuL'D"'.lJijtl1n1f1ilJi"~ 1 nu 'YttJ~1 

.1 ...j ''I ...... -~, .1 ...j ''I J::: 
lJ1::'1n1Y1tl~ LUL'D"',..U1'l (arctic region) ~tl"'1"UJLLYltJtlfl'D~~~m1lJ1::'"n1Y1tl~ LUL'D"'ltlU 

~~.. .. ....... .., .. I .... 

(tropical region) tl1~~1ru1tJtJfl~ 10 - 20 YI~ULUtl~'"I1n~n11tl1U"''l'Dtl~'''tl~fitl1tltl'' nfl1'lf'ltl 

'"I::L~~n11,..t~fitl1tltl~lItlfUJuLiltltl~tU.IJijtl1mfll",u1'lLiju ~~Li~unfl'lntun11fn~~ru"'.lJij 
tuh~mtlt~tlnji 

10.n'fU.U~.\J 

tl"'11L~LLYltJtl~'~~1n~1tlnjitl1::~1ru1tltlfl:: 1 0 - 15 tU1::"'~1~n11Utlu,..itJ 
...... ~ ... .1' .r 0 .1 
LUtl~'"I1n~mffi"'I'l'l1~"'~"''l (tone) 'Dtl~n\'l12.JLUtlfl1t1 LLfl:;fl"m1Yl1~1U'Dtl~1::tJtJlJ1::~1Y1 

.~'Yt1Lfijin 
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11.1l1~'lUtllU1n1' 
.. ... ~ - ... PI • 'I"'" -~ ~ " UJ!llJI11':l::YJ 1J1"II'U1m1 ~ffi!lll!l1~11~u'U~'l~1'U1'U "t::Yl1 L~!lj;lnIJJLLYlU!l~"lIlJ~"'~~ LII 

... l' .. I ..I. PI I .... 'I 
CI~7!l!J~:: 20 - 30 L'U!l~"t1n11~m!J'!I111~11!l1~1nt~1Lu'Uj;l!ln1::U'l'Um1IJJLLYlU!l~'lJI11!J L'U 

L'!I ~ fl1::UUU 1::~ 1 Yl; lJ 'Yi 1 Lfi ~ n 'ri 1~ 1'U~ '" iN ~~ ~ ~ t,.\' n 11~j~ Il!l fLlJ'ULLfiI VlLfII ~ 1 ij 'Ute" 
.. I 

(catechotamines) ~"'~~ 'U!ln~1nilJ~'YiU~1mmfl~fitlffitl""!lfU.J'Un~",~~tln"'':ltl 

2.7 n\J\J".~~1u'u~=~hn~n"J.I.h~, (Energy system in actions) 

Llltli'lLU1::UU'Yifl~~1'Ui~ 3 1::UU ~::Qml1lJ1H'L~!l11~n1t1ijn11LfiI~!l'UL~'l lh 
, .. lot ~.r.JtII 0-" ...... ~ 
11~ n1t1lJ 1'I'l1lJ j;l!l~ n11L 'YilJ'D'U LlI'U L 'U'!I N::!l!l n n1 ~~ n1t1 fi11lJ"II1 j;l'D!l~ n"t n 11lJ~::Lu'U 

~'lri1~'U"~11::UU'Yifl~~1'U"IIUli t,,~::ij~Ylfi'Yi~ L ~il!ln~1 L~!l11~ n1t1'ri1~1'UlJ1 n4'U L.~ fl 
• PI .1' ~ .1'........ ..: ~ ~ . ~ ~ ..I "" 0 .. I .... "t1 L1J'U"'!l~ L,,1U'Yi ~~~ 1'UL 'YilJ'!I'U L"'tlu1lJ1 N'Yi \1~~1'UYl j;l!l~ m1 L 'U'D N::!l!l n m fN n1t1~:: L Yl1 nu 

tr1lJ1N!l!ln;L~'U~L'!I~~'. m1LUWULVltlUU1lJ1N!l!ln;L~'Ut'Uuntl1m"'riumlJ1N!l!ln;L~'U 
~~1t1t~!l!ln'!lN::'ri1n~n11lJ ~::LL~,,~t,.\'L,"'U~1h~mtllf!l~n1ffi!ln;L"t'UmlJ'lNLYi'lL~1t'Um1 

'ri'ln ... n11lJ,r'U 1 7jfin11~LiI'U7jfin'l1-r"'n'l1t.!l!ln; L~'U .~fi1~~~ II~-r '" L;'~'l n LLIJi~::tJflfil~ 
Lffin~1 "Maximal oxygen consumption ~ffi V02max" .~LiI'Ufi1~ti~~Cl~~lJnClI1'l'YiYl'l-3 

U!lLtUn'!l!l-3LL~~::tJfill'I~ 

.. 
LL!lLtUn ';-3t'U'DN::~nLL~::'!IN::!l!lnfhfl~mtl ~!l 

(1) 'IIU"''!I!l-3!l'l~'l~t.rt'UUJLL'''U!l~;lJ 

(2) u"'U'l"''!I!l~1::UU'''fl~~1'ULLIJi~::1::tJU 

(3) n'l1Ln"'m1,t~'II!l~M"'LL~fII~nt'ULfl!l" 
'u~=,;n (At rest) 

L4!lL'Yifl~~H'LiI'U'Yifl~~1'U,r'U 2/3 L;'lJ'l"t'lnL'!Ill''U ~L~fl!ltln 1/3 LIt'''t1nfnfLuLIlLII1j;l .. .. 
"'l'U LU1~'U,r'Ut -t'U!ltllJ1 n LL~::t 'U'!I N::~ nili1~ m tI t ~,.::UU LL!l bD n LiI'U~'Uj;l!l'!l!l~'Yi fl~~1'ULLIJi 

L~!J-3!l!.h~~tI'l L'Yi1'l::tJ!lll~~'lt~~1lJ'l1C1'!1'U~-3LL~::tl!l'U'Yifl~~1'Ut~L~tI~'Yi!lCl-3~~'l 1::UU 
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...::. .I ,,_! ~ .I ... .!II "tI",!'" 'I ... ::. 'I It ...... .1... ~ 
Ufll'llJlm.l\,ll'l~Y1Ufl~IJ,ILVtlJ'\,I CiiI~L1..I\,IL LP'I'l111~mtJ L\,I'N~Vtn\,l\,lLlI LtlYlVt Y1Ln~Ciil1n1~1J1Juth1 

... ,... ,... ~ ... .I" ,!' • "tI'I.1I'I • 1t.,J ..r ... • 'I It 
1JnUIJlLVttJ~tltJ1~L~tJ'l "D~Vtfl~~1\,1Y1 LP'lCiiI~Qn\,l1 L L"D L\,In11Y11~\,I1Y1Vt\,ll1\,1'tl~L'IIflfl Y11 L~ 

, '" 
11~mtJ~1N~lJltl~LIr €1Jl11L''l'tl~m1t;Vt~~~1\,1Ufl~tltln.LCiiI\,ICiiI~I'l~fit\,l'N~~n i~,r\,l ~~il 

L'lfl1~h~mtJCiiI~trL'2!\,ILlrtl!h~iltl1~~Y1fi[l1Vt 
tu,.~tltlnrhi .. m1!1 (During exercise) 

t\,l'N~tltlnn1i~n1tJ~1tl, NdhnCiiln11lJ 1Ji1~ 111~n1tJ ~tl~n11Vt~~~1\,1L~lJ~\,I 
.~ ~.I.1' ,!'..r.l.. ~.r ~'I ... It 
1..I1lJ1Ntltln"l LCiiI\,IYI ~tl~ n11Cii11nn~1lJ L \,ItlYlYl1~1\,1nCiil~L VtlJ,\,I "D~ L \,I'll N~Vt nl'l'l1lJ IJltl~ n11 

tltln.L"l\,lL~tJi'lLtltI~lJ1N 0.3 ~1Jl1IJitl\,l1fi LLlJit\,l'~tltlnn1~~mtJfII'l1lJ~tl~m1tltln.LCiiI\,I"l~ 

... 'i' ... .I , ~.. tI.I tI ~.. , .. 
1JnUYl\,l~1J1JUtl L11Jn "~Y111~n1m1lJlJm1L fltJ\,IU fl~\,I L1tJn'l1 Aerobic threshold (AT) LlJtl 

1~~1JI'l'l1lJ~,rnm1tltlnn1~~n1tJL~lJ~\,I tltln.LCiiI\,ILllJt~LVftJ~Vttl~tll'l'l1lJlltl~m1t\,lm1LCJ1 
CJfl1'llL~tlt,nIrVt~~~1\,11Jl1lJl'l'l1lJlltl~mntl~n~1lJL~tl11~mtJ~~n~1Jttlt;Vt~~~1\,1Cii11m'~1J1J 

'i' - .I , ~ tI.I tI 11 do ~ - ~... , Utl \,I Utl L11Jn "~Y111~ n1 tJL1lJ L fl tJ\,IU fl~ L'D 1 \11~1J1J Utl\,lUtl Lf1Jn \,I L1tJ n 'l1 Anaerobic 

threshold (AnT) 

'" ~~U\,l11~ mtJ~~!A'tl~t'h~1J1JUtl\,lUtl bUnUfl~Utl L1un tlth~t1ii;j 1JYl1J1Y1'tl~ulJifl~ 

1~1J1J,r\,l~\,Itl~n1J,ij~'tl~m1t)tlnn1tr~mtJ t\,lm1~Ciil1fN1~tl~~ CiiI~~tl~uti~n11t)tlnn1~~ 
mtJLU\,I 2 t11~LIlYl tlrun 

.... .I.1' •. !f.j • ",!'... ..y. 
(1) m1t)tlnmfl~mtJYll'ltl~Y11LV1lJYlUfl~~1lJ11ClYl1 LP'lLVttJ~1~tJ~~\,I 

(2) m1t)tlnn1~~mtJ~l11~tJ~tJ1'lUfl~l11t\,l1~~1J~1n~11~i1J~~q", 
(1) n1Htlnrhi","1!1t u=!I::lu 

'" , 
n11tltlnn1~~mtJt\,ltl1~LIlYlutlrun m1~~ 100 LlJIJl1 200 LlJIJl1 Ufl~ 400 LlJlJI1 LU\,I!A'\,I 

~ 0... t.l eJ...., 0't.t'l ... !- AlII I:' 
1'llJYI~m1t)tlnmfl~mtJtltJ1~tl\,lYllJjiII'l1lJ~\,InUfl~~1lJ11Cln1~Y11 LP'lIJ,ILn\,l 2 - 3 \,I1Y1 LYl1\,1\,1 

4l~L~\,ILIr~1L~tlLVt~~t\,lm1tltlnn1~~mtJtl1~LIlYl~~~1~'ll~q~~tl f111fl1JtllL"'11Jl1tl~fl~ttl~tl 
t ... .J 'i'tI'" ::. .I 11 It • ",!', ... .1.3 ...... 
,lJ\,I ~'l\,lL 1,",\,I\,I\,ILntJ'l'Dtl~\,ItltJlJ1n Ufl~CiiI~L~\,I LP'I'l11~1J1J'rtfl~~1\,1Y1~1 I'l'lll'ltl 1~1J1JUtl\,lUtl 

'" "' .. 
L1U n li~UL \,Itl~"l1 n~11~1J1JUtl LfU n ulJi L VftJ~tl!h~ L;!tJ'l hi~1lJ11Cltltl\,lVt~~~1\,1 t,nlr L VftJ~Vttl il 

tI 
.j.j 11 ... 11·... 'i'-t ....... 

L~'JCJfl 2 1~m",LntJ'l'Dtl~n1J'DtlCiil1n""tl~1~1J1JUtl L11Jn \,I'N~tltlnmfl~mtJ I'ltl 

(1) tJI'l I'lflU~fl~I'l\,lCiil~il L Vt~1\,1~1~fufll'l1lJ~1lJ11ClYl1~ ~1\,1Utl Lfun ~ffiL1tJ n~1 d~\,I 

fIl'l1lJ~1lJ11Cl~~q~'tl~m1t;tltln.L"'\,I (V02max) 

() 
It 'I1f ,It ....... t1l ~ .j 1..1'" ... to\" ~ .r 

2 CiiI~lJltl~ L"DL'lfl1tltJ1~\,ItltJ 2 - 3 \,I1Y1 ~1~11Jn11 "Dtltln'DLCiiI\,IYlCiiI~ 11J,",'l lIILVtlJ'\,I 

CiiI\,Iil~1~~1J~~tlr ~'ltlth~L"II\,I ~~"lrnJn111Jn;!ut\''l CiiI~iln1~~UtlLrun~~q", (Maximum aerobic 
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power) 3 LLfl:: 5 ifJI1 'tNtltln;L~UIU'lil ~'l\JIf1.J\JItY~LLfl::'1I'ltJfJI'llJ~'lltJ LL~"'l\JIftJ~~'W1.~ftJ 
n'l111n ~::ij'I'ln'l1'ftltln;L~U~~f!~t11::lJ'lCU 2.2 flfJI1/U'lil "'l\JIftJ\JItY~ LLfl:: 3.2 ifJI1/U'lil 

.J... , 'IJ( ~ ..I ... .:::.~.!... ..I}1 ...... '1 ... 0 ... ..: 
~'l\JI1tJ'1I'ltJ 1'I'l'!ltHn'l1 ~"Dtltln"L~UYl1::"tJUUU LJ.JLY4tJ~Y4tlYl~::lJtlU LtlYlY4 ~\JI\\'l\JI1tJn11(N 100 

UJfJl1 ;~fl'l/iU'ffl~n11~~ 45 flfJI1/U1i1 ""\J1ftJn'l~~ 100 UJfJl1 ~';L'lfl'l 10 ~u1i1l\l,ru~::"'fl~ 
'IJ( .. tI .. ..1..1... 'IJ(" ~ , ... ..1 0 PI ..I 
~"DflflnIJL~U 1::lJ'lCU 8 fl "" 1::tJ::L'lfl'lYlI!I\l1::~tJ'fl\ln'l1 ~"Dfltlnl!l L~UfJI'ln'l'l1::~tJYl~1 LlJUYl 

., ., 
\JIlJ1tJ jiI'l'llJ~'l' Un'l1tltln ri 1fl\ln1tJtlt!1\1\J1Un LLfl::1::tJ::iuuu ~::"'tl~ij n'l1'!l1 ~flfl n; L~UfJlfltl" 

., , 
"lI'l~ L'lfl1'fl\l n'l1tltln ri'lfl~n'ltJ n'l1\\fl'ltJ1.nfl tjil L~U'1IU~LLflULLtl bDnuu ~::';1' ~n1" LLfl jiI~n fl~ 

... .!' ~. ...::..!' ~ 0 'I.t'.. ..I... .. ..I ~ ... 
lJ1n n'l1\Jl '" fJI'l,tl\l n~ 'llJ L Utl n~::Q ntJtJtJ~ "''ltJ~\lYl1 ~ 111 Ln ~n'l1LlJtltJ fl1 n1~ LLfl 1'1 " nYl jiI~tl'l~lJ 

1::~tJ~~~~ 200 ijflfln1lJ LtltlfL;Um~ ~~~::lJ'lnn~11::ltJtln~~\I 20 L'V1'l 
., 

l\lUUn'l1'f1::utJY4fl\l~1ULLtlULLtl tron(Lactic acid energy system) 'CU::flflnri1fl~ 
, .. 0'1..... .. 'I.!' .1..10 ... , 1fd. 

n'ltJtltJ'l\l\JIun "t::Yl'l L\JILn~n1~LLfljilfJInll'ltJ ~Un~'llJLUflYlYl1~1U n1~LLfljil"n~::e.l1UL"D1\ln1::LL\\ 

L~tl"'LLfl::Qn,ud\l1.t16\1~tJ "'lfl~jiI'l'llJ\JIUn'!lfl~n'l1flflnri1fl~n'ltJfl~ 1'l\ln'ltJ"t::\\'llJ'l1ml'ln11'1 

LLfljil~nnitJ1.t1Ht~ 1'I'l'llJL;lJ;U'tl~n1~LLflfl~n'UL~fl~LUU~'lLLYlU'tl\l''''Li'lJfl'l(AnT) un~4'tJ 
~ 'IJ(. r.!: .. 'I ~ ..I 0 ..: .!' ' 
~~ L"DlJ1lJ'lCUn1~LLfljilfJIn LULfltl"LY4tln'l\JIU"'~L1lJ~'l'!ltl~LLfJlfl::jilU(An individual's threshold) 

L"lIuL;tJ'lntJri'lLtltlfL-iU"'tl\ltlfJIl1n'l1Lilui'l '''t~~f!~ (Percentage of maximum heart rate) 

n'l1LntJ~'lfl!h~n1~LLfljil~n'UL~tl,,'u,cu::tltlnri'lfl~n'ltJ ~::';'l'~L~U''''~jiI'l'llJL;lJ;U'fl~n1''' 
L~lJ~Utl!h~~uilLLfl::1'l~L''l ;~ LitJn~'l Velocity of onset of blood lactic acid concentration 

... ..I 
(VOBLA) "~Il'lY4Yl 2 

170 ~ 
~150 
c 

~ 12 
.1 11 

~ '~I 1110 

g 90 
:; 
~ 70 · 

l: 50r E 
do ao L .; 

10 b I 

- 10 ., 
- 9 £'1 

8 :::!!:l2 
7 E " ~'" .,-0 

- 6 - c 
-£l '" 

5 .!!lij 
Point of 4 8.!!l 
OBLA 1ii8 

I 
3 e , 2 

I 1 _l __ 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Vo . (L min-I) (oxygen uptake) 

..I ..I.....: .I ... ~ .r ~ ... tI 
1l'lY4Yl 2 n'l1LL\\IM'''YllJn'l1LY4lJ'U'!Itl\ln''~LLfljilfJIn (OBLA) ("IIrln~ L'l'1lLLY4"'tJ; LLfl:: nutJ'l 'lfl:: 

~t)fi,r. 2536) 



nt-WI IiLUt-t-:n' "'Lt!3~L~"LunCJ~'U :-... ' .. 
WI~,::ru~n\ftu\ull::t!3"n)w~'~~1!"ruLltW~~'Luli~l (AJlawpOleo lOaJ!pul) ItG~t-LI). 

~ULUgCJIL' ~kt (AJlaWIJOleo paJIO) M~Ii""n~ltLCJW~CJ'LUgCJIL' ::~~LGn~~U'l).nGLltLCJW ... ..;.:r .. .. ' , ~" .....;.:r.. .r .. I'" II 

ruLltW~~'LU IiLUt-Lft-G~nLt-t-~t.4.HtLUG;'kttLktLGtL~"'Lt!3~L~'tLuruLtttJlI1..vnCJ~~Jnll' 

:: ~t-I. n "" u, I.'.nru ItLCJWru Llttn '" CJt L U U L ~'" CJ lltLIt L~ IiLU t-t-: t-G~nLt-t-t!3 t.41L, tLU ~ ULU r' .r .. I'" -II ~. ...... ,...;r..... 

(AJlaWIJOleo) nlo"U'l4nlUtcLf,YfUuu,n"ul.,U r ... ,. .. ..,. ~ 

(099l '::Wt-!Ut!3~ jn,bU.,! 'LOOl 't.Ple>t pue 't..Ple>t :aIPJ\fOW ) 

(aJnllPuadxa A6Jeue 10 SlUeWeJnseew) lil.,u""t+,,"sIonu·"-''''I1.'l.,U''X'l.,U 6'l 

nl4lnn, CJt.1"m t-1'f'I CJI. 9 t-llIiLUt-t!3LUUGGUL~t-t!3ktn~~U1 nIL1 ULltLlLn~"'U1 ~ II> .{" I'" .• ~ ~ .. ... 0 ....r.. r-;r .r ... 
~LGLt.1IiGlt1tLULG nLt!3kt,rutun' 'LUt-GI4IItL~"" Itt, t.4I.'.G' IiL~::~I.'.Gt.4t-Iit.4'UCJIi~1t-LIiGt-Iit.4' 

"I'" :-'.... "" Wi'" .... 'I'" .....' ,.. 

nML~~G~I1I1::tUL~t-GnI"'1~t-~ ~UftLPUt-~!11.::~WG21M.\U~Wt!3""'tUt-G~I1~::' n!\~'GUn~"LU ~ ~ ~ 

Gtktn~"LU npo1 LI11t-LfiGflLUt-~L~UG~LUnIl1~" CJLIi::Ii::'IiLUt-1L~UGGtLUn\nCJ~ 

n)t-~IiLUt-Lft!liktruG.tl\L~t-~ ftU'-t!3\t~lU~1!!::t!3"L~Ii!1tLUts (£) 

IL' uIlGn'ltLt.1un' t-~L~nMW' Iit!3UUL~t-Gn' t-kt"::Lt.4Go'Gn'ltLt.1Ut-G~Lt.1IiGlt1tLUIt (l) ;r.. t' .{" .. 0 ~ ... 1"" t'.{".{" I'" .. 

ft\wltkt.\ulll1~n\t-~L~nMWlli~UUL~t-G?' t-t!3L~wt!3~G2'n\t!3L~L~111::t (~) 

ft\~ltkt 

G:t~t-l' L t-L~Ii}~J:LI1..v~Gn~u.tC n!\CJLIi::fl::tIiLUt-1L~UG~LU 
" ~ ~ 

~ktt-ULUUL~n~WU'lA.Lt.1IiGm'LUULltnCJt.t Ut.4::ru~n' 11t.4lA.t-G~LI.'.' £ -l t-1it.41M.n'n~ULltltt.41 .. :"' .r .. I'".{" I'" r'..... 1'"' ... 1I>.r :"' 
::~U~W t!3" ~'U t-G~I1W::tt-CJ'LU~ ~nt.tGm nGgL'Lltt-CJtLU U,,"', nt-Gt,n' n~' ~ 110"" nltt, I.'.t-LIiGCJI4 .. ...:"' fl'" :"" '{"":-1"''' ... -T";;I'" , ... 

t-~I1~::tt-lln~n~ltt.4 1::t!3" t-w It' t-~UI4W t!3""'tunnt-~ Gt.4t-Iit.4' "', Itt 1 t.4I.'.G1 IiLI!.Il'LltL~::~U ,.. ~ ..r:w ~ I " .., ,.. -: ,.. ... ,f"-.. ... .. I • 

CJt.1" I.'.t-W I1W::tt-ll t-~nM ILU GGIL 1 tLUt-G~I1~::tGm lA.t-WI1~::nlln~n~ltt.4 '::~nM I.U GGIL' tLU t-G~ .{" I'" ... .. __;r.. ... I'" I'" ... .. .r:"' ..;r .. 

11",::tl.'.nGU::fl::tn' GW nnLlA.1M.I4::fl::tn1 t-1it.4'~"IiCJ"'t-GILCJIiU1U 1Lt.4 -t.4I.'.G1 1111::'::t!3"U~WtJ" ... 1'"' .. .. -:;'" ..... ' .{";r,.. • iW.. .. .. .. 

""ul1l1::tnCJ~ uQtlG'ml1::tUL~LIt~\n!\tbkt\nCJ~ ~~G' ~1.'.lJ1::'ftflLUt-~L~UUG~LUn\ CJ~" ~ .. 
ft\~ltkt.Hulll1~n\::t!3"GP'ltL~un\~G~t-G'L~n~'Wlt!3utUL~t-G?1~t-~ "'!,L~GwnJf1nll1M..tC~U\ 

::~flLUt-Lf n~IiLUt-~L~UG~LUt-G~IiL~nG~n\~" n~1Wlt!3U\UL~~\"'l'L~~nLt-t-~t.4 t-ttlCJ~ l 

Gtkt ~ nLt-L~'LUn\ npo, flLUt-1L~UGGtLUt-G~U'''::Ii::'n\ ~lJt\t-LfiG n,tt~\::t!3"~'~'JJ\ftlfLW 

GW"'WL~lA.Gl4nl4lnn1lA.tLktLG nru,un' I.'.Ln 9 LWnLnlA.flLUt-t!3LUUG~LU t-llllLltkt .. ... 0 I'" ~ ID I'" :-.... .. , I'" ... 0 .. 

~l.,Ii~Ii~Iil.,U".l.,UUSIUl.,U(l) ~ . 
~£ 



32 

.. ~ iI .. . ~ 1:'_ ..I I - .l ~ 1. '1~Ll'ItJ"'N (Direct Calorimetry) L Um1"l~1.JnJ1CU~'l1)JnJUYl1'NmtJ~fI""U Ll'ItJ 

~"'~flfI~~~L;1 ttlfl~t U~f1~~L1tJn~1 LU'lflfl1n L"'f1f1'~n11,"1tJt~ (Respiration Calorimeter) 

"";'f1~f1~~1J1lU'lU (Metabolic chamber) Lilu'i'l~1~tJ~L'lfl1,"~~ L'U 24 i'l ~~ LLfI~~~yj1n11 
.. 1:'_ ..I - .l ..I .../ ~ - ~ 1:'_ ..I _ I 'I 0 ... , 

'l"'fIl'l1)JnJU"'Ln""U"'LfIIlfI~'~~~CU'"1J)J L"'tJ~'11)JnJU"'Ln~~1n11~mtJ LU'CU~"'1n~n1nJ"'1~1 

o 'I.\" 1'..1, It'" - .:. .l .oil ... ..1 t1.J tI ~t1,J It'" 
~~"'1 LlII"'f1U1"'f1~1fI'U 1 ,"f1~)J~CU'"1J)JL'Yt)J'U '~~CU'"1J)J"'L fltJULL M L U~~fI~"'f1UtNm1 

tol'Ytfl~~1U'f1~11~mtJ (Energy expenditure) ~~1l1'Yt~ 3 tui1~,,juilfi~u.HltJ)Jtol L'Yt11~ 
'I~J! ., ... .. j( ... 0 'I It ... .../ ... 'I~ 

Ufln~1n ... ~ L"D~U'JU~~LLfI~''U'lUm1''l~)JfiI'l1)J''U''DflU "'~"'1 L,"Ln"'fII'l1)J~fl1~L~flflU)J1n ~~ L"D 

ilfiYl1~tifl)J LL."U 

Human Calorimeter 

itO/ ,.. 

Calorimetry) Lilun111'l'In11,"1tJt", (Respiratory 

~ .. ., t1.J • ~ ... r ~ ~ r.J .. 
calorimetry) Ll'ItJ m 1'1 "'f1"'"1 n11LLflnL fltJU1.J1)J1 CULLn~ ~11'UflU L"'f1f1 n L'lI l'I""'Uflfln)J1LLfI~ 

tl1)J1CULLnflflfln;L~u~11~mtJtol,cu~,"1tJt ... tU1~tJ~L'lfl1~ri1,"U~ (VC02 : V02) L~f1~~1n 

UnJ1 CU'f1~f1f1n. L ~u~t -ntl~ ~ Lilull'I~ 'lU t"'tJ '" N n'U'Yt fl~~1 u~t1fifltJflfI n)J1 LilUPI'l1)J 1t1U Lilu 

_..I .\' t1-'- ... "'"J 'I~.../'" ..I... , 'I 
'lfim1Yl~~"''ln 1IIf1~ !l'U"'m1Yl1~~11'l."tJ1\1'lU)J1n ... ~ L"DLfIIlfI~)JfI"'L1t.Jn'l1 Metabolic cart LU 

mrlt'ltl1)J1CU V02 LLfI~ VC02 tl'ltJ~~ijyjfllJifl~1n~~n1'~ttl!i~LfIIlfI~ijflilLfII11~in11L~1~fl1qj 

LLfI~n ... n1nJ~yj1f11~~~f1~tu,cu~~n,"lfIL~u ~~ iJu4'n1tJ1u1''''~1Unt.~ ~~1l1'Yt~ 4 
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., J.' .. • ., J. 11.1 'l" 
tl~11ti'l1.l1::W11~ VC02 LL~:: V02 L1fm'l1 tl~11ti'l1.ln11LL~nL ~fJ1.In'W~1fJ ~ ~1tl 

Respiratory exchange ratio (RER) .~~1)J11ml1)J1'l;J~11.1'lN~~11n11L~1~~1CijL·nr1.lLLfi:: 
0-

f'l1fi:'ULlIL~1lJ1 LL~::V.tr~~11.1~1nn11L~1~~1Cij~11tl1~11\i~~)J~ L~fJ'l;J~lJ1ntl~ Frayn. K. N. 
0-

(1983) ~~il 

n11L~1~~1Cijf'l1fi:'ULlILM~ (nf)J~tl1.l1~i) = 4.55 x VC02 - 3.21 X V02 - 2.87 x n 

n11~1~fi1CijL'IIl!1.I (nf)J~tl1.l1ii) = 1.67 x V02 - 1.67 x VC02 -1.92 x n 

L~fJ n1~1.1'" L1I1;\1.I (n) = 0 

n1'l-r""'~-nULL1J1JUJ-r"fII~1J.1;'8U (Noncalorimetric methods) 

PI ... ., 11 .....,j • 'l1l.l''' .,j ~ ... .. .... 'lJl 
LIJ1.I'lfi'l"'~1nn11 1::)J1Nfil1V.~-3~11.1V111-3n1fJ "D "''lfJ'IItl~fiVlti)Jv.1.Ifin'Ufil1n11 "D 

V.tr-3~11.1~1n~fin111'~V.tr'N11.1LL'U'UVl1-3~tl)J (Indirect respiratory calorimetry) L1I1.I n1rl"'~'lfJ 

n11 H' fil'l1)Jfl)J';1.Ifi'lltl-3 Lt\1.IlJ1N1::~~1-3~ lJ111 n11Lil1.Ii'l 'l~ LLfi::W)J1 Nn11 'l ;Jtltl n; L ~1.I (H R -

V02 regression line) ~1tln11'l;JLfil1tl~lJ11'l~1''''n11Lfil~tl1.lL~'l'lltl-311-3n1fJ (Accelerometers) 

'IIN::fhn'"tnH)J(Jh~ 1 Lil1.Iil1.I 

n111' ~v. tr-3-311.1fl'l1)J1tl1.lVl1~~tl)J Ltl1.I~fin111' I'IV.tr·N 11.1~H'f'U fl'l1)JUfJ)Jtl!i1-3 

• .,j PI·..... .I"J! • ., ~ _':"J!." ~ 
LL V.nlfi1tJ L 1.Itl~'"t1 nLIJ1.I'lfin11'l "'V1)J"Dtl ~ I'IV.~1 1'11.ItltJ ~"'tJ'lfi1.l)J"Dtl~ ~V.fi1 ~1.ItltJ)J1 n LLlJ1 n V11-3 

0-

'"t1nn1rl~v.tr~~11.1f11'l1)Jftl1.lVl1~lJlN'W Ln1.l 1 0% 1.Itln'"t1nilJ-3~1)J11tll'~ L~~1fJn~1 ~::"''lnn~1 
.10 ... ., .. ., .. ... .I., • ...., l' ... 

LL~::V1~1 flCijtJ~)J ~1.IYJ1.I ~ 1.In11'l "'VI 1.Itl tJ n'l1 n11'l I'IV.~~~11.1fl'l1lJ'1tl1.lVl1-3lJ1N (Q'l11N 1 ~~~V. 

'1mf. 2544. ~1~%~'l1.l UV.1.Ifi~'II'~L'l~, 2551) '"t1nftlL~Ltl1tJ'U~~nfi1'lli1t,x5jn11ll1~fin111'~ 

V.tr~~11.1f11'l1)J1tl1.lVl1~~tl)J )J1'lfl1.ln11~n~~lJ111n111;Jv.tr~~11.1V11~"'11.1n11;hi1LL~::n11tltln 
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3. '''Li~.1 ( Anaerobic threshold: AnT ) 
- .....,..: II 

3.1 "qVl)LL.::LLU1""Lntl'm\J'''L'~.1 
'I ~ J! .r.l'.oJ .. ..:..!' AI ~ ... ~ r 
LUm1f'1ntn"Dti\jfl LtJti~"ULntl'lntJ''''L12J¥'I1~,.tiUtiUUti L1tJn Lfi11l LlIfl '" (Anaerobic 

threshold) L~ijYlq~~Ufl~UU'l~I'I~~tif'l~flti-3ntJtl1~L~U~-3nfh'l ~~~ ''''~2Jfl1 (Anaerobic 

threshold) ~ti ''''Li2Jijm1~~~2J1~~tJn11Ln'''n'''''Ufl~~n1.ulli2J1CU 4 i'lfl~L2Jfll'iti~1JI1 
... :, .:... - I l' ..r ..: k ..I.. I 

~fl-3lit1nUU Iit~LnJ2Jm~~~2Jn1"Ufl~lJIntitl1~1'l"'Ln1.un¥'l12JLUti ''''L12J''UYl2Jm1~~~2Jtitl1-3 
, ~ 

1'lf'lLl'l Lffin~1 ,f'lLi2Jfl1 (Anaerobic threshold) ,,,,ilij~YltiY4fll'itin11Yi1~1U'Dti~h~n1t1 Yi11.~ 

ij;f'I~1n£'l1.um11.f Y4i~~1UUtJtJtitin;L4iU (Aerobic energy) ti14iLffiniinfl!h~~1 "Onset of 

blood lactate accumulation (OBLA)" Ll'ltI''''~2Jfl1~Y4tJti~1.u1~~tJm:Yi1~1utl1~2J1CU 
~ , , 

85 -90% "lIti~~'l12J~12J11t11.um11.ftitin.LlitU~-3~",1.uulJlfl~~U ~-3,ruUjtii1~n1tJLnl'l'£'ILi2Jfl1 
.r 0 ~_\"... I .. 0 I :, I 0 

'DUYl1 LlII2Jc.lfln1~YltJlJlti~'l12J~12J11t1 LUmfY11~1U"lIti~11~mtl 1'l2JYl~n1~YltJlJltin1fY11~1U'Dfl~ 

1~tJtJm11.;titin;LlitU~'ltl ulJl~1ijLtl1un12Jn11't1n1~tJtJn111.;titin;L4iU~ijtl1~aYlfiI11Y4Yi11.~ 
, ... ..:..!' ~ ... .oJ ... .r x ... .. PI 
11~ n1t1'~flti1~t1~L 'lfl1 n11Ln£'l, '" L12J ¥'I 1 L"'t1n ""'Ufl fillJI nYl Ln"''DU4i ~1'l2J r ItJtiti n. LlitUL Y4ti LlJU .. 
Y4i~~1UUrii1~ mtlY4 ftl2J ntJij fil1ftJtiU L£9Ititin L .. '" Ufl ~U11~1t1titin2J1 

(http:/www.brainmac.demon.co.ukllactic.html. 2000) 

4i1nYlq~~ UU'l~'" Ufl~c.lflmn4'tJL~t1'lntJ,"'~fl1 ~ttlL~~~~ 
1. 1~~tJ''''~fl1 (Anaerobic threshold) Ln"'4i1nI11'l~i1-3mtl~2Jijn11~~~2Jn1'" 

uflfll~n1.ulli2J1CU 4 i'lfl~UJfllJlti~1JI1 ~i-34i1nI11'l~~i1~mtl4i~ij1~~tJn1"Uflfil~n~~~2Jfl~1-3 

, 
L12Jfl £'Ifl-3 

4. ujtii1-3n1tJLn"'111'l~'''~2Jfl1 Yi11.~~2J11t1111Y4n1:Yi1~1U'Dfl~1~tJtJL~flL~t1ULflttlJl 

5. l.UI11'l~'''~2Jfl1~1JI11m11.;1~tJ''''~i~~1u4i1ntitin;L4iu~mtl~t1ultl ,rU~tiLn"'n11 
Ltl~t1UY4i-3~1Ulit1n n111.ftitin; L4iU (Aerobic energy) Ltl~1~tJtJn11L~1.;titin; L4iU 

(Anaerobic energy) 

6. Y4i~~1u4i1nm1~1.;titin;L4iul~2J1lit1n Ltiilfi - .fi ufl~lnfl LfilL4iU 
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7. 'ni~~1U~1nm1UJt.flfln.L~U ilCJ~~fln1n11~1U'fl~nt\'1lJLdflU~~~~~Ufl~nUfl1~ 
L'nfli U~~LtJflfL'l!U,n,l!U'fl~11~mtJ 

8. '1'" OBLA (''''~lJilm1~~~lJn1'''U~f1Iiln 4 ii~~UJ~~fl~1JI1) ilfll'l1lJilJnufinu'1'" 

~lJLtJ~tJ'L.I'ni~~1U~1nn11t.flfln.L~u1tJ~1~UUm1UJt;flfln.L~utu1~~U 0.84 

n,m".tJtJ7Z"tJ.,."Ll)1.,,,1tJLLtJuLLtJlrun Lentt •• " (Anaerobic threshold) • 
~ .c .. 

(1I'1n", L'l'U'nflitJ . 2536) 

,,,,~t\'1 ~ffiUfluufltrljn Lfi1'lltrJ~t'I (Anaerobic threshold) ~lJ1tJO~1~~UI"1'J1lJ~~n 

'fl~n1ffiflnn1i~mtJ ~1flm1t;n1'l!flt)n.L~U ;~iln11L~lJ'U'Jun11H''ni~~1UUuu1~t; 
~ PI..J ., ... . ... , ... .t" 

flt)n"DL'lU (Anaerobic metabOlism) LL~~LIJU'Vl'Vl"1unU~'l1UJt)11~n1tJlJ'U'Jun11V1~n~1'J 

.. 
~t)~fim1i~ LntJ1mlJ1CUn1"~1tJt~ tUUIJi~~U1Y1 (Minute ventilation) f'JlJl1~mlJ1CU't)~n1'l! 

.. II "....I - .r ~..J1:' .: ~ PI.1''''' 0 ., 

1"1111JflU ~"'t)t)n ~'l! ~'Vl Ln""u ~"'tJ'Vl"Dt)~~U~~L 'nlJ LIJUL~UtJ1N nUI"1'J1lJ~Un'fl~ mffit) n m~~n1tJ 

~ un ,.~iI~il ~., '" LllJ t\' 1; ~ il tJllJ1 cu n 11~ 1 tJL'lL U LLIJi ~ ~U 1 YI U~ ~tJllJ 1 cu,t)~ n 1 'II 

f1I1fut)u1"'flt)nL'l!,rL~lJlJ1n~Ul1UYI ~~~1lJ11Cli~LntJ1LA1.un1"1JI"'J~1''''i'''~'JuLum1~1tJt~ 
(Ventilation equivalent) ~~LtlUt1tJ111~'Ju't)~mlJ1cun11~1tJL'ltuulJi~~U1Y1numlJ1cum1L; 

!:I • " .1 - .... 1 ...... flfln"DL'lU (Oxygen consumption) (VEl V02) 'nU'J1 ~UI"1U~111'J~IJn1JllJIJ"~lJ1CU 25 : 1 UJfllJ 

m1t)t)nn1i~n1tJ~'JtJf1I'J1lJ~~n 53% 't)~m1t;flt)n.L~U~~~'" (Maximal oxygen uptake) 

U~~1tuL~n~f1I'l1lJ~~m~tJ'lnu~~ilmlJ1CU 32 : 1 t)th~L1ntJ11lJLum1~1tJ~1t)1~~~ili"'~'Ju 
Lumm1tJL'l~1n~1~ L~t)~lJ1'l1nmm1tJt'lQn~1n~~'ltJm1~1tJ~1 ;~t)1'lLtlUi1CU~1L"'~1 ~~ 
,~ "..J 0., ...J II 1'0 !:I".! ... to., ..J., 

'J1tJU1 U~~~'Vlt)flnm~~mtJL1JIlJ'Vlt)1'l ~Vlm'l!t)t)n"DL'lU ~ L'ntJ~'nt) un1ffiflnm~~mtJ'Vl~un 

lJ1n~U';1't)~i"'~'lutum"~1tJt~t)1'l~~O~ 35 - 40 : 1 ~'JU Onset of blood lactate 

accumulation (OBLA) u1t)flflnn1i~mtJt~t)~tUl11'l~f1I~~ (Steady - rate) ~~~1t~iln1'l! 
!:I ... ., 1'.r 0 ... ,,_!... ~ .... " l' .r ...... 

t)t)n"DL'lUL'ntJ~'nflnU,.~uun'n1lJLUt)'Vl1~1U 'l~ ~lJm"f1I~'t)~n"",u~f1I!JIn ~un'n1lJLUt) UJt)lJn11 
o ., ., .r 0 ,,_t'. ~ _ ~ .r..J., .:... • .J. 

flt)nm~~mtJ~UnlJ1n'U'l~'Vl1 ~11l1J1lJ1CUn1"'U~fII!J1m'nlJlJ1n'U'Vl1~"'UUL1tJm1 'n'JU Onset 

of blood lactate accumulation ~ffi (OBLA) ~~LtlU1~~U~t)t)nn1i~n1tJ1~~~1~ 55 - 60% 

't)~m"L;t)t)n.L~u~~~~ LUl"1u~UJL~fun111Jn ulJituf1lu~L~fun111Jn ~lJ1n'ldh L~fil1 OBLA .r _ 

~~'UlJ1mnU 80% 
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.. 
threshold) 1~ijLLU'l~~~!l~fil~!l~ntJtl1::L;iutK~nfh'l tK~il Jerry Oevis 

(http:/www.doilsports.com.20oo) ij LLU'l~~~1 , '" ~~1 LtlU, '" LtI~tJUY4i~~1U4\1 n LLtl bfl n LtlU 

~... ~.J., t1.J 11 ~... ... ", 
LLtlULLtl ~1tJn ~~tJVlIl1tJ~tN4\1n~1l1'l::n11L fltJULL fl~U"'::Ln"'n1"'LLflfillJln~::~)J ~U11~n1t1 

tlth~1'l~Ll'l tl~~fln1::VltJ"tln1ni1~1U'Dtl~h~n1t1 ~~~'ltlth~L'U tU1::tI::f!~~1t1'Dtl~Un~~ 

ti1~1)J11C1~NJU11::~tJn11Ln~'~~)J~1'Dtl~unihi1 Yht~Liju~~L,rwtJtun11LL'-3iu tun11 

Vl"'~tltJ''''~~1~'lut~qJiltl)Jtmn11Vl~~tltJ'Dtl-3f11tlULfilil (Conconi test) Lrttl~"'1n~::~'ln 
LLfl::~1tJtUn11Vl~~tltJ Utln"'1n~J~ijLLU'lR"'L~tJ'lntJn11~m~n1::~tJn11Ln"''''''~~~1t11::~1CU .. .. 
180 - 185 filf-3"tlU1;i'Dtl-3tlIJl11n11LilU'Dtl~i'lt", ~uu~~1~ijn1m~"'Ufil'l1)J;"'L"'U'Dtl~LLU'lR~ 

~~nfl1'l L"'tI~1Lilun11~m~n1::~tJ,"'Ll)J~1LLtJtJttul1fil~U1)J (Field test) "'1n4'n1t11U 

filtl)JybLlJltlf~~~1)J11C1fi1'ltJ")Jfil'l1)J~Un'Dtl-3~1U1~ L"'tlt~nq)J~'ltlth~tltJ~ui1-3n1tJtl1::)J1CU 
15 u1;i ~'ltln1~4'n1t11U tun11~~Vl"'~tltJ~)Jilut;fiI'l1)JL1'l 13 1)JfllJ!tlf'l 'UJ-3LLfl::L~~ 

fil'l1)JL1'l 14 ~fllJ!tlf'l L)J~ tUYJn 1 3 u1;i 'Dtl~n11Vl"'~tltJ ~1LilUn11Vl"'~tltJtlth~lJ!tlLrttl-3 
, .. 

UUlintlIJl11m1uA'U'Dtl~i'lt"'YJn 90 ~u1;i ~i~"'1nLi)Jm1Vl"'~tltJ Utln"'1nuuJ~ijn11~m~rHJfl 

t1
.J tI ., t1.J.." 1:' ., 

n11L fltlULL fl~Vl1~mtJLLfl::tlIJl11n11LLflm fltlUn1"tl~r.lL"D11tJ n1ffi"'~tltJ ~flmffi"'~tltJ 

Y4tJ~1 tlIJl11m1Lilu'Dtl~i'lt"'L~)Jultlfil'l1)JLl'l'Dtl~n11Vl"'~tltJL~)Jtl1::~1ru 8 - 10 fili'~lJ!tlU1;i 
"'Un1~~fil'l1)JLl'ltl1::)J1ru 25 - 26 ~fllJ!tlf'l'UJ-3 tlIJl11m1Lilu'Dtl~i'lt"'L~)JfuL~tI~ 4 - 5 fili'~ 
lJ!tlU1;i ultl,j1~1~m~n t uttI'Dtl-3 n11'W Y4tJ~1 Lt\'un11'W ~~ LtI~tlULLtlfl-3 1t1 

, , .. 
., '" Ll)Jij n 11Ltlfl tlULLtlfl~ il L1t1 n~1 (Anaerobic threshold) 

(http:/www.doilsports.com.2oo0) n11Vl"'~tltJ''''~)J~1 (Anaerobic threshold test) Lrltl 

Yhn11~m~ntu~tl-3t1!)~m1L~tltflfin11Vl"'~tltJVl1~IJIN (Invasive) ijm1~1""'~)Jt\'1"'1n 
~'ltlthufltl"''Dtl~~Vl'''~tltJ Yht~1::KtJ.,,,,Ll~t\'1ijfil'l1~L~tl~tl1~ Utln"'1mru1~ijm1~ntntu 
1l1"'~U1~ (Field test) L"'tltflfim1Vl"'~tltJVl1-3~tl~ (Non - invasive) ijn11~1''''~~1'''1n 

~ ."., " .,,,.J t1.J tI ~t1 "" ., ":.l, 
fil'l1)J\'I)JY4Ufi'Dtl~tlIJl11n11LIJIU'Dtl~~'l ~"'Vl L fltlULL fl~ ~ L~tl fil'l1)J~un'tl~~1ULY4~'DUtltl1~ 

fi1I~~LLfl::lJ!tlLrttl~yj1t~Vl11tJ1::KtJ''''~)Jt\'1 ~fim1~ijr{l4'tltJ1~fIIuJ~1Jjtltl~ftJfII'l1)Ji~~ufi 
1::~~1-3tYIJI11m1Lllu'Dtl-3i'l1"'LLfl::''''~)Jt\'1 rK'ltlth-3'Dtl~nn1ffi~~tltJ'~~)Jt\'1 L'U ~fin11 
Vl~~tltJL~tlm1~~ 10 nLflWIJI1 LLtJtJfiltlULfilil n11~1LtltlfL1U~'Dtl~tYIJI11m1Lllu'Dtl~i'l tlit~~~'" 
Ltlullu 
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~ .,J ... _ ,. 0 ... .,J 
~1nn11",m~nLntJ'lm.J'l1in11Y1~~fllJUUlJUnJVi (Ramp exercise protocols) ~1~1lJYl 

...I., -- ., 1.. 1 0 ... 

Lm.l'lnlJYl1~fIIflUn Ufl::n11'Yl~~fltJ~)JnClJl1Vi'fl~1::lJlJ~'l ~Ufl::ufl"'W::flflnn1fl~n1tJ 'fl~ 

Myers Ufl:: Bellin (2000) VilJ~1 ~fin11Y1"~fllJUlJlJU1)J~ (Ramp exercise protocols) 

~1)J11ClH'tJ1::LijufII'l1)J~1)J11Cl1.un11flflnn1i~n1tJLAi~1.ufllu~djubfllufl::fllutJn~LALi~u 
... 

fl!h~ L~)J 1::~)J Ufl::~1)J11Clflfl n UlJlJ n11Y1 ~flfl~ LA LllVi1::1J fII fIIfl Ufl n'"l1 ni1~~ L ~)J1 ::~)J rilJ lJifl 

..... .,J" ,... ,... 1. ,...... , ... ~ ... 
n11'Ylflflfl~n n1'Yl L)J)JfII'l1)J~flLUfl~ Un'l1LflU )Jfln'ttw::n11LflUUlJlJ~Un~tilJLlJ1 L Ufl~~1n 

~n11Y1"~fllJUlJlJU1)J~~::flifltJ 1 ~)J1::~tJ'fl~fII'l1)JL1'l ~1flfll'l1)Jiufl!h~1.~;ftJ~fl!h~~rt~ y'h 

1.-\' •. 1 .t':... ,..,J".1'''' ... ,0 1."...... t~ ..." .1' ' ...: 
111 n11nfII'l1)Jti)JViU1i'Yl L,,)JfII'l1)Jfl::LfltJ~~~ U~fl1~'Yl1 ~unn~1ti'lmlJfl LP'I LVi11::fIlfltJ 1 LVi)J 

... 1. ....." fII'l1)J~un Un11'Yl"~fllJ'Ylfl::Lflnfl::UfltJ (ACSM's Health - Related Physical Fitness 

Assessment Manual, 2008) 

~~,ru '''~)J~11.U~1U~(tJfIIf~~ ~)J1tJ~~ ,"~h~n1tJl~ijn11";1~1uL~)J)J1n~u~uLn" 
... 1. .1'..r ... , ...: ..r ~ ... ...~- . ' ... 

n1~::~)J'fl~n1"uflfll~n (Lactic acid) Unti1)JLufl~~ Ufl::)JfII1LVi)J'UCl~ 4 )Jflfl ~fl~flLflfl~ 1 

~~1 W ,"~11~n1tJ~::~)JLtJ~tJun111.fVii~~1U~1n'lJ'lUn11Lt.J1t.Jfl1CUUlJlJ1.fflfln;L~ULUU 
If- !iLJI ... ..r ~ 0 1.-\''' ..r... AI.1" UlJlJ ~ :'IIflfln'lL~U (Anaerobic metabolism) )J1n,u ~~'Yl1 lIInfl1)JLUflLn"I'I'l1)JUJfltJti1fltJ'N 

1'l"L1'l LLfl::"'fl~~!J" n11flflnn1i~n1tJ1. U~~" ~1)J11Cl U~ "~t.Jfl Luu,htl' ~11 n11L"'U"r'l1.~ 
41U'lUfIlf~lJiflU1li (BPM) LA ;~'''~)J~1~ ~::u~"~~~'''~)J'fl~n11tlflnn1i~n1tJ~'';11.~Ln" 

1.
...: ..r, .1 ... ~ .¥,J. ...: ..r , .~ ... 

n11~1tJ ~LVi)J)J1n'Un'l1un~ L"tJti"ti'lUn11LVi)J'U'tl~ VE )J1nn'l1u1)J1wn11'lJ 

fl1rutlul"tlflnL'ul (VC02) (Beaver, and Wasserman, 1986, Simon, Ufl::fIIW:: 1983, 

.1' ... 1. - I'!! ,. ~f" ........,J ... , 
Reinhard, Ufl::fIICl.I:: 1979. 'tI1~fl~ U u1tJ1Jl1W f)flr'l1 ~U. 2551) '~nfllfl''''YlL1tJn'l1'~ 

'Yl"U'YlUn11~1tJ1.~ (Respiratory compensation point : RPC) ~1flUfluufltrljm'Yl1"tllfl 

(Anaerobic threshold : AnT) 

n11n1~U"""~fl1 (AnT) ~::1.~fi~L1tJn~1 ~ - ~tfltJ (V-slope) L.,jUL;ltJ'lriurilJn11 

n1~U"'" AT UlJ1n1~u,,1.~ VE fl~lJUUnU y ufl::lli)J1Cl.1n11ilJfl1rutlul~tltlnL,'" (VC02) tl~ 

lJUunu x ~~Jl1Vi~ 5 W .,"~n1"uflfll~n~)JLtl~)J"Jfl ~fl n11Ln"n1"Uflfll~n~)J)J1nn~1n11 
~fl1tJ ~~~::Li~lurK'li ""'l1~ n1f~fl1tJL,Jju ~1flfl1~~::L1tJn~1 Lilu., "'~~~ ""tl~1::lJlJUfl triin 
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40 

30 

20 

10 

VE (I/min) 

o 354 708 1062 1417 1771 2125 

fl1Vi~ 5 m7LL~IM't'I Anaerobic threshold (Meyer, T. LL~:;flCU:; 2005) 

3.2 LLtltrum",,,t.tl (Aerobic threshold: AT) 
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.,j": ... • ... .r.,j JfJf ... 
LlJ~ L VilJ f1I'l1lJ\lIUn'D~~ m7~~nn1~,m1tl~~'DUL7~tl 1 fI'l1lJ L"DlJ"DU'D~,m7"'LL~ fllJI nlit:; 

..:.r • ~ .1'" • '1.Ia! ..:.r ..... f 'I 'I" .. 
LVilJ'DUlit1nu7lJ1CUunlJl LL~:;U1 ~u\ln17LVilJlJ1n'DU'Dfl~n17'D1.Jn1"fl1 tJflth"'flfln ~ .. '" \lI7~ 

Excess CO2 (Anderson, and Rhodes, 1991) ~~Iit:;ilJ~ufiritJt1llJ1CUn1,.t~flfln;LIitU 

Lrtfl~1it1nmro~L~flfltJf1I1ftJ~LUIJI'Dfl~LtJ7IJ1flU tlULi~U~~lJ11it1nm~~1tln,.t'I 

LL~fljin (Wasserman, and Whipp, 1973) Yht,xi1m"L~lJ~U'Dfl~LLN~U'D~~fl1ftJ~u't'lflfln' .. ~ 
. 'I" "'I" • ..:.r .,j (Partial pressure of CO2 : P CO2) LL~:;m"\lI1tl ~litnlit:;~nn7:;'JU ~\lI'Y11~1ULVilJlJ1n'DULVi~ 

,.:;tJ1tl~1m~ ~~,ru trffi1CUn1,.,.:;tJ1tl~1n1~ (Minute ventilation: VE) ;;r.t:;L~lJlJ1nfu L~~ 
,.:;tJ1tl CO2 L"'tlu.iLuuit'l~'luritJn1"L~lJ~U'Dfl~t1llJ1CUn1,.t;rfl~n;LIitU L1tlnn17LtJ~tlULLtJ~~ 
cu 't'I~11L'luji~1'Y1fllL'Y1,.t'lLlI~ (Ventilatory threshold : VT) \lIffiLL~L:ijm'Y17t'1LlI~ (Aerobic 

threshold: AerT) tU'JICU:;~ Wasserman and Mcilroy (1964) LL~:; Wasserman and Whipp 

(1973) L1un't'lL~tl'lriU~11LLfluLL~Lrun L'Y17"'LlI~ (Anaerobic threshold: AnT) 

n17ri1\l1Ut'I, '" AerT (AT) Lt'ltl~'l 'tJlit:;tftlfi~ L1tl n11 V-slope (Beaver, and 

Wasserman, 1986) Lt'ltlt,x VC02 LUULLnu y (y-axis) LL~:; V02 ~~tuLLnu x (x-axis) Lt'ltl CU 

... , k" ..I.. , ~... ~... ..I 
''''IJI''''':;\lI'l1~ 2 LrtU fI~'t'I'Y1Lftlm1LLfl ~7tJflL'Y1"t'I ~11~ "'~111Vi'Y1 6 



1518 

1214 

911 

607 

303 

vco2 (I/min) 

'--__l~--I--__l~-__f_--_____+_--_+-O~2 (I/min) 

o 354 708 1062 1417 1771 2125 

J1'1fi~ 6 n'11LLft"~,,, Aerobic threshold (Meyer, T. LL~~flCl.I~ 2005) 
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4. tI~"aIl1"n1,t,r'8'8niL~"'~t!" (Maximum oxygen uptake) 

ft)JnClJ1'1fin'11'ftltln1~'"lU~~t'!~ ~)J'1f.Jii~ m)J'1Cl.1tltln1~'"lU~~~t'!"~tl~ti')m,)fl'1~ 
,.. ..l" 1lII.r..l '" ,..I ... 
1'1~ m!Jft1)J'11ClIM'"l'1 ntJ11f.J'1 n'1 '" LLfl~lI\J~~ f'11)J n1~LLft ~fltl '" \l ~ Utl ~f.Jtl ~ U1~~,)'1~'Yl)J n11 

..I." .l'.l' .r ... ", ".1' "..1':.1', 
~flfltlU ~ ~,)1'1-3mf.J PI')f.J n,,'1)J ~ Utl)J" ~ ~ C\J I'ltl ,,1UfI,) '1)J fI,)'1)J IJI'1U'Yl1U'Yl ~ fi)JlIU fI'1 fII,)1)Jft'1)J11Cl 

m1'ftltln1L'"lU~~t'!"dt~iln11,.r,ItlL1f.Jn~LLlJlnlJi1~riuhJtlth~)J1n)J1f.J tl1l;L"JIU Maximum 

oxygen consumption, Maximum aerobic power, Peak aerobic power, Maximum oxygen 

uptake (consumption), Maximum aerobic work capacity, Endurance capacity, LLfl~ 

Cardiorespiratory fitness LLfl~'f")1tltl ~tl V02max (Thoden. 1991) 

~ti,)f.J~'fLLft"~fli1f11,)1)Jft'1)J11Cl~~t'!~'un11'ftltln1L"'U,ru tl1'"lLLftIMLi~IUfII1ft)J\l1nr 
lItl-3trnl1Cl.1tltln1L",ulJitl~ti,)!JL,)fl1 (~IJI1/U1i1) ~1fl fli1m)J1Cl.1tltln1L'"lulJitl~ti')m,)fl'1~i)J~ufi 

.. 
ritJU'1~untK') (~~~~IJI1/nLfln1)J/U'1V1) ~1t1Ltlu MET, 1 MET LtI\Jfli1n11'ftltln1L"'UlI~~n 

lItl~''1f.J~'1~untK') 70 nLfin1)J .~iifli1LYhritJ 3.5 ijfl~~IJI1/nLflnflJ/U1i1 (ACSM. 2006) 

if~~!I;n"""n1,-r"LL.::A1"'U"fhtl~"aIl1"n1't,r'8'8niL~"!~t!" 
f111ft)J1fClJ11fi m1' ftltl n1 ~'"lU~~t'!" ft1)J')1Cl ")'1U') Cl.It~'"l1 m1'"l4'f.JlItl,u~tJtJi'l ''"l~1tl 

1~tJ~'1f.J''''IJI1)Jft)Jmntl~ Fick .~LLft~~fI,)'1)Ji)J';utfritJiJ'"l4'f.Jl~'~fttl~ ~~d 
V02max = Qmax x (a - V02 difference) max (Holly. 1988) 

Pi'1 Qmax = trnl'11J11m1L~fllltl~Lfltl"tltln'"l'1ni,)''"llJitlU'1V1 
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.. 
~'ltJt~ (tl!l~) n'l,.'l;,j'li~nfh'l2J'l~'lU'lN~'l'ht\2JUClIl'lYin'l,.'l;!I!ln.L~u~~q~uu6~1~ 

t\::M n 'lUYI'l~tl~~ L ~!I~~'l ni1~~tJ ~~ nfh'l 'Wt\'l2J'l1Cl1 ~ 1AL~tJ~'ltJ u~::il fil'l'l2J LatJ~tlUIJlf'ltJ 
,~,,::, .¥. ... ~.r a-r'" '1~'I1'0 0 , ... ~ 

1Jl!l"ll'l1Jl 'MUUfI't'l'l2J~2JYiUfitJUYiU3'lU'D!I~lJ~~tJ'VI'l~1::UU~'ltJ ~~~~ LI'1U'l2J'lfil'lU'lNfil'lU'VIU~~U 

V02 = VE [0.265 (1.0 - FE02 - FEC02) - FE02] (Holly. 1988) 

~'lnt\2Jn'l1~~nfl'l'l ,j'ln'l,.'l;!I!ln.L~Ut\'l2J'l"Clfii'lU'lN t"'tJ'l;Lfil~~1~m2J'llJlffi'ln'lfll~ 

'l 
a~ .I 'l l' ,..... ~ ." ... 

~'ltJ ~!I!ln (VE ) U~::lJ12J'l£'lffi'ln'lfll'VI~'ltJ ~L'JI'l (V1) eJ'lULfl'tffi~'lLfilf'l::~unt\!I!ln.L"'U u~:: 

fil'lfu!lu1~!ltln1." L~!l1'~i~"'lu'D!I~!I!ln.L4tU (FE02) LL~::fil'lfu!lu\I'I!I!ln1." (FEC02) 'lu 

.1'11' .... , PI .. ~ "PI::' .I 
!I'ln'lfll'VI~'ltJ L4tL']I'lU~::!I!ln n'lf'l~IINn~'l'l LlJUn'l1'l~ Ll'ltJ£'IN (Direct Method) "NLlJU'DUIJl!lU'VI 

" • 'l at' tl- -- .r, ... 'l "1' ~ 1Jl!l~'VI'l UlII!I~ i)UIJln'l1 U~::'DU!I\lnUUN~~ 4t'D!I~~'VI"'t\!lU ']I!I~~'D!I~L'VIL~!I" (Taylor, Buskirk, 

and Henschel, 1995) ut\~~t""Li~u~'l ,j'lt\2JUClIl'lYin'l,.'l;!I!ln.L4tU~~q~ ~::1~1Af'l'l~uYi~1~ 
~!I Lrl !I Vi 'l n 'If'VI (;It\!lu'l Ut\Il'lYi LL'l ~t\'!l2J~ L~Yi 'l::L~ 'l::~~ L Yi'l,ruu~::1lfin'l 1'V1 "'t\!lu,ru!Ii!l~ 'l; 

Jt .r"'l ,0 'l ..lJ:'.... ....l 'I'" , .. 
n~'l2JLU!l2J~ ~qj'VI'l~'lU UUUU'VIl'I!I~2Jn'l1Lfil~!lU'VIUUU L(;IU'l2Jn (Dynamic) 'l'ln'l1'l~ .. 
~2J1"ClIl'lYin'l1t;!I!ln.L4tU~~\1~ t"'tJilfilJlNUU Ufil'DU~::fllN:: (Katch, Sady, and Freedson, 

1982) YiU~'l fI't'l'l2Jcruutl1'Vl'l~;'l1l'VItJ'l'D!I~i'l~n'ltJ,ru il"'lUL~tJ'l;!I~~~ 90% 1I!1~f'l'lfl'l'l2JcrU 
.. ....l 

utln1~~2J~ (±5.6%) "'lUfiI'l'l2JCjl'lYi~'l ~ &fI'lUL 'VI fililfilUuilu!ltJn~'l 10% n'l1'V14t::Vi'l n'l1'V1 I'It\!lU 

.II 'lalA! Jt ~ .. ::. .. 'l......::." 0 

LYi!l III L"'eJflL~2J!lUnU (Good reproducibility) YJnfl'tNL2J!I'VI"'t\!lU UfilULI'I!J'lnUUU ~'VI'ln'lf 

,,0 "1"" 'I J:' .."..l 0 ....... .. 'I tl'" - ... 
'VI ~t\!lU~::IJl!l~'VI'l~'lU LI'1 L'VI 'l nUIl'ltJ Ll'Ill'l'l::L~!lU L 'D'VI n'l~U~ L"'tJ'lnu .~ L U'VI'l~ i)U IJl~N 

'1' 0 '11' .r.'..J 'l " "..l" _ ! " _ ! l' ...II... , 1! 
filtlU'JI'l~4t::'VI'l LI'1!J'ln l'I'l!ltJ'l~ LlIU ~~'VIIJJLfll!J'VI"'t\!lUU~:: lJJ"JULfiltJnULfl't1!1~2J!l2J'ln!lU2J'l L'JI'l 

run'l1'Vl"~!lu,ruLi~Un'lf!J'ln~~::u~..ru~1flL;!JfI.""L'D'l!l!lnUN~!I\tl~U~2J~UN u~::nw'VI"'lU .. 
~'l L 11 'l!l!ln UN L;i2J fil'l 'l2Jt\'l2J'l 1Cl ut\'')~1fl 'W i~uu~~",'l Lilu!Ii!l~il n'l fih~u",i1~~tJ'VI'l~ ~1;)'VI tJ 'l 

L ~tl',)!Jti~Ufl n~'l ~ \l n'VI ~~!lUVi'l~'lU \;m~,,, fil'l'l2Jt\'l2J 'l"Cl~~\1 I'I'D!I~ L 'D 'l4t1~ 1 i1~4'tJ ~~ nfl 'l,)11'1 

't&fl~'ln .. 
1. tllJlf'ln'l"LIA'U'D!I~;Yi~1flf~~!lU'lii ~ffiilri'l2J'lnn~'l 85% 1I!1~tlIJl11n'l1L~U'D!I~"r'l'l4t 

.. 0 ..J .. 
~~\1" L2Jtlfil'lU,)N4t'ln!l'lfJ L'DU 220 - tl1fJ ~ffi 205 - ~ (!I'lfJ) (ACSM. 2006) 

,¥ -J ' tl..l." .., > 2. ~"'~'lU'D!I~fl'ln'lfUflm ~tJuunt\ CO2 U~:: O 2 (VC02 / V02) ~ffifl't1 R - 1 - 1.15 

(Jackson, DerWeduwe, Schick, and Sanchaz. 1990) 
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1 '111' ~ ..:.r., 1 ......... .... 0':' .r 
4. f111n11 LlItltln"llL~U LfUJ'IIUUtl!.Jn'l1 2 )J~~fiI'l1 UJtl1:::"tJn11tlflnLLNYl1~1ULfUJ'IIU 

tlth~ 1.1n;\ Lilu~tJtl2Jrunui'l1.t1~1 "1~2JnC1111""n11 tftlfl n. L~U~~t1 L'l'!U ij jiI'l1)J LLl'ln ~1~ nut u 

..1'111' 0 ".1'.r 1 'I. 1 ., ..1.1' 'I1ft.J. 
LLtJtJYI"~tltJYI LlI ~1U'lU)J"'nfi12JLUfl1'l2J LUn11Y1"'~tltJ~nI'l1~nU n11Y1"'~fltJYI"tl~ LlIYI~fi'lU 

'IIfl~LL'IIULL~:::'111tUn11Y1~~fltJ ~:::1'''\~fi1~2J''"C1111''''n1,.tftlfln.L~u~~f!'' ~~n~1n11Y1"~fltJ~ 
tfLL~flth~L;\tJ'lLYh,ru Lrlflu1~~nYl"'~tltJfIluL~tJ'lnU 2J1y'hn11Y1"~fltJlI'ltJLfII~~ijtl~LLlJln~1~ 
nu .... tJ~1fi1~)JnCl111 .... n1,.tftltln.L~u~~f!'" ~:::~~f!"tUn1"~~tJu~~~ffiy'hn~n"")J~~fl~tf 

• 1 

';~LL'IIULL~:::'111 L'U L~u~1fl~~ tum1Lfiu~n Cox (1992) .... tJ~1"'1~2J11Cl111 .... m1tftlfln.L~u 

~~t1" ~1nm~~tJu~~~~n~1fih~)J11C1111Yin11tftlfln.L~u~~q"'~1'~lA~1nn11n1'l~U~~~1 
,r~ (Step test) tufL~cU~ijtl1'l''l~ 40 - 50 11 

4.1 .r'lti~f.u"al'l''''''l'U'YIU'YI'U'llfl~;''.m'!I (V02max as predictor of endurance 

performance ) 

~1~2J11C1111 .... n1,.tfflt1n.L~u LilU~'lti~tJt1n~2J11C1111""f\'l12JYlUYl1U'llfl~i1~n1tJ 
.. t 1 .,.. .,..1.. 1 ..1 .. ..1 0 1t.1"l 
"'~uu n11LL'II~'IIUL""fl~1~Y12Jf\'l12JYlUYl1U'llfl~11~n1tJYI"'Y1f!'" ~12J11C1n1:::Y11 L'" LU 

\ltl~t1nU;m,. Un~Y1tJ1f111~I'lRly'hn11~4'tJtf~~Li~IULjil1tl~ijtltum1Y1"'~fltJ~1f'i1~2J11Cl111 .... 
'111' ~ 'I ..I .. 1 'I1f'" ..I ..., ".!II 

m1LlIflflnllL~u~~f!" LfIllYl)JfIl1~2J11C1111fm11LlIfltln.L""U~~t1'" ~~Y1f!"'fIlt1~.U::: ~~L1JUm1 

~1tJn~1~~:::~~1.t1~1n11LL,~{utU~~'IIt1~~U12Jn~1~1fl~1:::~1tJ~1 fl~1~11nI'l12J~)J11C1111"" 
1 • 

m1tffltln.L~u~~t1'" ~~LiluLVftJ~iJ~4'tJ~il~LYhuutumru1:::~tJfIl'l12Jd1L14i'!lt1~m1Lt1li)J~~1~ 

jiI'l12JYlUYl1U'llt1~i1~mtJtunq)Jjilu~ijfll'l12JLLlJlnlJh~'IItl~"1~2J11C1111 .... n11tftltln.L~U~~t1" 
1 ., .....1 ... 1 'I If ~ .. ~.,..I':' ~ .!' CJ '.1' 

.... tJ'l1 ~~CU~Y12Jjil1~2J11Cl111 .... n11 L'Dfltln"ll L~U~~q'" ~~2JLLU'l LU)JYI~:::'l~2J1111iflU L",L1'l LLI'l,,1 

jilutunq)Jijfi1~)J11C1111 .... n11tffltln.L~U~~t1"'~tn~L;)tJ~t1~tU1:::~tJL;\tJ'lnU "1~)J11C1111"" 

f\'l12J~1)J11mYi1LiitJ2Jnu ~'lt1~1~L'Uunn~1 2 f\U ~tl Waitz LL~::: Clayton ij"1~)J11C1111"" 
m1tffltln.L~u~~qL'l 73 LL~::: 69 il~flflI'l1InL~nf2J/U1ii 1JI1)Jfl11KtJ "1~)J11C1111Yim1tf 

tlfln. L~U~~q"'1' '" tU1:::tJ:::iu 1111tJ~i~~1n~~1~a~L~n tum1LL '~{U2J')11fitlU~cY~LL~:::"JI1tJ 
t1th~1.1nlJl12J Clayton ~12J11C1~1L'l~1tun11~~1.~'Li'ln~1 Waitz 15 u1ii iJ~4'tJ~1~CU~U 1 ~ 

• 
~1 t \ltl1:::~tJf\'l1)Jd1 L14i1'l)J';~f\'l1)J Li'l f\'l1)J~12J11C1 t Umffit1n n1 i~n1tJt1~1~~,rn LiluL'l ~1 

1 .. ., 'I 0.. .... I'll: ... ..111 1.1': ., .r 
IJItlLUt1~nUfII'l12J~12J11C1 Lun11n1~L'ln1"'LL~jillJIn 1J1)J1CU~~t1"''IIfl~L~fl~Y1 L L~tJ~n~12JLUtl 

"JIcu:::tlflnn1i~n1tJLL~:::f\'l12Jtl1:::~rj~tun11tfYii·N1uf'i1~2J11C1111 .... m1tftltln.L~u~~t1"'~~~ 

Lilui~~unn~1 ~t1~ n11 jiI'l1)JYlUYl1U~:::lA'tl~ij "'1~)J11C1111"" n11tftlfln. L~U~~q "'~ ~1f! '" 
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~1\tftnrnn"1t11:U1V1~1)12JVl1.IVl11.11tu'nfll\t~-3fi1l)~:~fl-3ij';1t11:2J1N 65 n~ii,,"inL~nhJl 

1.11;) (ml/kg/min) ~1\tftnrn~-3LL~:un~n'12Jtl1:LVlfII (Cross-country skiers) ';1~2J11ClIl1'n 

m11-rtltln.LI/ij1.l~-3~~~L\t2J1:~2J~1\tfuunn"1~1!J~1;itl 55-60 n~ii,,"inL~nf2J/1.I1;) un~1.I 
4'n1!J1Ufill)~:ij';1~2J11ClIl1'nn11t;tlfln.LI/ijU~-3~~tl1:2J1N 60 n~ii"2'inL~nf2J/U1;) filI)12J 

~tl.:lm1~1~ ~~1\tfum2''tJnLLUU LLtl Lrunij ~-3(J\tl LtI~ 
., "'.6 .I , Ill''' - l' ... 'I 

- unnn1'nl)nVl11.:1m!J Lll'Irum1L~12J~r1~filI)12JVlUVl1U fJnfil1.lI/ij:2Jf)1)12J~12J11Cl Lum1 

tltlnn1i.:lm!JLLUULLtlLrun ~~1~2J11ClIl1'nn11t;tltln.LI/ijU~-3~'" I/ij:Liju~l)ti.:lUtln~2J11ClIl1'n 
..I 'I ,., "'.6..1 ''I ....I l! .l. ' .. l' .. 

V11,m1!JVI L~I) Lunq2J1.Inn n1V1flfJ LU1:~UVI L'lI141)2J m1LL 'JI-3'J1UIl'II)!Jnu f)1)12J~12J11Cl~-3~ ~'JItl-3 

m1tltlnn1i-3m!JLLUULLflLrunijm1LtI~!JuLLtI~-3L~!J-3L~nUtl!J1:\t~1.:1mj2JUnn"1~l)!Jn1.l 
• ~ '111' ~ .. ,..:.r...l ~ ° .. 

- lJ12J1 Nn11 L'lItltln'll Ll/ij1.l2Jfil1 L'n2J'JIUL2Jflf)1)12J Lll)'JItl-3 m1tltln n1~-3n1!J LLUUVIUVI11.1 

..: .r ... , tI ~ - ........ tI..I tI If l' ... ..I'" .If''' ... , 
L'n2J'JIU LL2J1)1 1:rtVltiIl1'n'JItl-31.1nn"12Jn11L ~!JULL ~~ LIl'IU1-3LLVlL'ntl-3Lrtn1.lfltl LL2J I) 1 

~2JnClIl1Ytm11-rflfln.LI/ijU~~~'" ~ij';1~-3ijfilI)12J~1~CU~1\tfun11L~12J~t1-3fi1I)12JVl1.IVl1U'JItl.:l 
, 'I'" 't ..... - 'I.!'Ial'" 'J( 'Il! - ..1...1 ..I 
11.:1mtl L\tflfJ U1:l'IU~L~fII ~ L"lILYtU-3LL"l'Itl.:ln11~2J11ClIl1Ytm1 L"lItltln.LI/ij1.l~.:I~~ V1~.:ILYttl"l/ij: 

L~tl1:~UfilI)12J~1Lll/ijt1.ln11'tJn Noakes t-rn11"flU~1Cl12JL~tl~l/ij:l;~2J11ClIl1'nn11t; 

tltl n. LI/ijU~.:I~ ~ Lil1.I~l)ti-3f~-3t'\2J11ClIl1Yt ~1)12JVlUVl1U'JIfl.:l11-3 n1!J L"'Ufl~UU~1.I11U'JItl-3a.:l 
(J\tl\tI~ 

1. YtU~1fih~2J11ClIl1Ytm1t-rtltln.LI/ij1.l~.:I~l'I'JIfl-3Unn"1~I)1.It\tqJ I/ij:L~2J~1.I"12J1:~U 
... ~ .. ., ..I 

fill) 12J\t1.ln'JItl.:l-3 11.1 I/ij un 1:V1.:1 Cl-3 fill) 12J\t1.l n'JI tl-3.:111.1V1 ~~ ~ '" 

2. 1/ij1nm1~m~nYtU~1 ~""1n111ftltln.LI/ijU (V02) 'JIN:tltlnn1i-3mtll/ij:L~2J~UI/ijU~.:I 
.. ~ -'I.! ..I": ..I IItllIl' 'I ,...... ..I , ...... ° ... ,J 

1:l'IU\tU.:In ~t'\12J11ClVl~:L'n2JI'ltl L LIl'I LL~: L2J2J\t~n11UVlLL~~.:I1)12J'JI~1/ij1n"''JItl.:ln11'J11.111-3 

- IItI .. ..r...l l' ..r..lo.. .., ..I ..: ° ~ l' 
fltln-lLl/ij1.l L U-3LUtlLtltln"'12JLUtlVln1~-3\t"'''l)ntlUVlI/ij:L12JVl1m1,.,m~nLL",1) 

3. lum1~n1;1~~'JItl-3m1t~Lflfl~L~2J (Blood doping) 'n1J~1 m1LtI~uuLLtI~~'JItl-3';1 

t'\2JnClIl1Ytm1t-rtltln.LI/ij1.l~~~~ 'WijfilI)12Ji2J~ufinu~2J11ClIl1YtVl1-3n1U n11LtI~uULLtI~-3'J1tl-3 
.1 'I'" ....I tI..I tI ' t'\2J11ClIl1'nVl1-3n1!J1/ij:f)-3tl'ij1l1U LULI)~1LYt!J.:I 2 - 3 1)1.1 'JIN:V1n11L ~!JULL ~.:I'JIfl-3fi11 

t'\2J11ClIl1'nm1t-rtltln.LI/ijU~-3~'" l/ij:fiI.:Itl~Lil1.ILI)~1u1un~1 
, .. 

4. m1tltlnn1i.:lm!Jlu;)~-31/ij1n1:~uu1V1:L~2J1n 1 'WL~~n~1nl'lL~!JfilI)12JL'2J;U'JItl-3 
-t" "l!0"..1- ... ..1 If... - 'I 

n1l'1LL~fII"n UL~fl'" \t1tl'llflI/ij1n~"Ln~1/ij1n\t1.l1V1'J1tl-31:U1J L\t~Ll)tlU LL~:1:UU"1-3Ll'IU\t1U LI/ij 
...I 0....1.. _ ..r .I... 'IJf ~ 

5. tl1 m 1L \tUtl!J'JI N:tlfl n n1~-3 n1t1V1 filI)12J\tun~-3 ~ ~ Ln~'JI1.I'JI N:V12J n11 L"lItltl n'll LI/ijU 

tR2J1N~111.l'JICU:~~1.I4'nttJ11.12J1nn~1'J1N:~-31UfIIUfiluL;itll)n1.l 
l! l! - 'I .. ..I .. 111'..1... ...I ° ... 6. fIII)12JL'lI2J'"DU'JItl-3n1~LL~fII"n LUL~tl~V1I)~ LVI'JIN:V12Jfl1m1L\t1.lfltl'JIN:tltlnm~-3mu 

...: .I ..: ~ ~_ .r...l ..., ~..I 'I ...... 
UU~'N"L'n2JfIII)12J"lI1.I LL~:fIII)12JLTJ'JI1.IL1tltl12J~1"1V1~l'I LU1.Inmi1 
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• 1.1 • I ~ ... ... l' ' 
7. m1L1JfitJU~1JtN'tl~fUJ11Cln1'n'Cl.I~/N LVitlL~nlth1~fl'l1).JYlUYl1U'fI~11~n1tJ 

Yn.J~1bJilm1L1.JitJu~1.Jfl~'tl~fii1~).J11Cln1'nm1t"'fltln;L,u~~q", ;fll.!fl~1~'1nn11~m~n'DfI~ 
o It"', ... • ...: ... 

Noskes ~ U~U1'l1~).J11Cln 1Vi fl'l1).JYlUYl1U'DfI~ 11~ n1tJ).J fl1~~ q '" L).JfI fl'l1).J L1'l'fI~~/N).J 

fii1~~q"'~'ltJ fl'l1).JL1'l~~q"'fl1",yj1t~L«uttJ~fI"~U~fl~~tJtfl;uiln114'1.J~'lnU LLfl~yj1t~Ln'" 

~N"'1nm~"'~'l).J1n~U (High cross bridge cycling) ~fl~Ln"'mruhJ~'l'DfI~1~1.J1.J Yl1~L~U 
t ~ .1'" ... ... t..J i1...... ... 

~1tJ "',,':!tJ n1"1J11.J1Jl'l'fI~1~1.J1.JYl1~ L"'U~1tJ 1iI'"lI'ltJ fI~ nun11LMlfl1 n11~fltJ L ~UfltJ 

(Dyspnea)"'1nn11f1f1nn1i~n1tJ 

4.2 ~,,1t14iJ'8~in1"'''tI'8tJLL.::,htlu'f'faTl1'Wn1;l,r'il'8n.~''lUtl4t1'' u • 

~"'fl1fL~fl~fl~"'Cl.I~ (Mc Ardle; Katch, and Katch, 2007) 'n1.J~1 fii1~).J""Cln1'nm1 

t "'fltl n; L ",u~~q '" (V02max) 'D ~~yj1 mnl "'~fl1.J t"'tJ t '" Lflifl~iltl ~fl ~ilfin11Y1 "'~tl1.J ~h~,il", nu 

~~",~t14Li4Ut1~~1u'lum\·1).JL~tl~t-num"YI"'~fl1.J ujtlYl"'~tl1.Jt"'tJt"'~'DU~fl~'1 fii1"'~~~n~1 
m,.YI "'~tl1.J t"'tJ t ""1tlth~ L;ltJ'l t Um1Y1 "'~tl1.J t"'tJ flUL~tJ'l nu~~t '" Lfil1tl~iltl~ lJi1~ nu 'ntJ~ 1 

fli1~~q"''n1.J'Cl.I~~~tJu~~~1tlm1t'''nt\'1).JL~tli~~'DU~fi~'D1 fii1~).J""Cln1.,..n11t;tltln;L"'U 
~~q"'~1~"'1nm1~~1.JU~~"'~~~n~1n11Y1"'~tltJt"'tJiru4'nffi1u1''''~1u1.J1~).J1tU 5% (Astrand. 

1961: 997-981) ujtlt"'~'Duiru4'nffi1u Vi1.J~1 ~).J1"Cln1Vim1t;tltln;L",u~~q",,ru LY1tJ1.J1~ 
Lyi1n1.J 70% 'tl~mlYl"'~tltJt"'tJm~~1.Ju~~~ffiiru4'n1tJ1U (Astrand. 1961) 

n1". "tI'8tJ ,htlU'f'faTl1'W n1'f' i'il'il n. ~"lU'4t!" t"tI"14i'ilU";'ilTl1 .. tlU1U (Field test) 
... ... 'i' ,...... ,. ." 'i' t"" .I ... 

L Utl~"'1 n n1n '" ~"'tJ IflN~1ULI'llfl~'l Lfl11~~~n~ ~"'tJ ~~ ~ nYl "'~tl1.Jtltl n ~NYl1~"'1.J~~q '" 

,rubJ~1).J11Clyj1~~1tJtUYl1-31.J~UltuYJnflU L'n"1~iltrlil4'tJtU~-3,tl~~tl~1.J~~m111fl1~Vi~ 

~N~~ t""tl-3 ~YI "'~tl1.J LLfl~~~ IItl~ ~1il~ t1~q'n1'n ~fl~"''l1).J1.Jfltl ",litJ'tl~ ~ \l nYl "'~tl1.J~ n iA''ltJ 

t"'tJL~'n1~ujtllltl~m"1'",tu1.J"~'1n~1U'lu).J1n (Mc Ardle; Katch, and Katch, 2007) 

n1"."tI'iltJ'UTl1"tlU1U 
., 1t ... t .. ~ 1'1 .-1" ....1 ... • 1.1 • I 
tlIfl11n11L~U'fI~~'l 1iI~1tl"D'n"'" L1JU1J"'liItJ~U~YI~1).J11Cltlfi1.J1tJm1L1JfltJU~1Jfl~m1 

0, ....1 ~ .r ,... . ~ ~.lt !fII. I ' ... 
Yl1-31U'tl~11~mtJ 1fl1).J "''l1).J~un'tl-3~1UYI L Vi).J'U fl'l1.J~ntJ1J1).J1Cl.1tltln"D L"'UYI , mtltJ1~ '" 

~~1fl'l1).Jft).J';ufi1~~~1-3~'l~1.J1ilfl"1m"Lllu'tl~""'ltlil n1.Jn11t"'tltln;Llilutuim~tCl.l~L\\'UIflN .. 
~U ~~il;tl~~fttJtl~U1~ (Mc Ardle; Katch, and Kate, 1991) m~1fii1fl'l1).J~1).J11Cl~~q",tu 

'I" !:I .I ... , ... 0 , 

n11~'tltln'"llL'U '1nn11Y1"'~tltJYl1~"'1.JntlUCl~'i"'~~q'" (Submaximum test) "'~Yl1U1tJfl1m1 

t "'tltl n; LIiIUIiI1 n ,h;.,..", 1~1' '" 1~1iI1 n ~~fl~1~~1.J~1U~yj1 n1.J fii1 t11fl 11 n11Lllu,tl~;""","~~q '" 
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0-

fiI'l'UJi~liufi1::~~1~tll'l11m1Lilu'lltl~li'l'l~nUtll'l11n11H'tltln.L~U (HR - V02)UU tl't~1U~1 
k .i... ... ..: .r, 'IJf - .¥. ... , 
L"UI'IN~tl1::"'UfiI'l1~~Un'lltl~~1UL"~'IIULL~::fII1fi1'l1~~1~11Cln11 ~"Otltln4IJIL~U~~2!"'~::"~"Ufi 

., ... .!:' ... .i 0 ,.. .!' ..c ... ~II .!' • 
nUtl 1'1 11 n11L"'U4IJI"~U~~2!" L~tl1l1~1UtltJ1~ Lj;l~ fII'l1~~1~11Cl LLfI'l 4IJI~~ ~ n n11U LI'I ~ nU1~ 1 

t11::~n,nfnULLUUV''''~tltJ'IIU'''~1-3 1 ~1n~1tJ tl1~L'lIU n1"''''~tlut'''tJ'l4'4'nffi1u Cycle test 

Modification Luuilu (Astrand-Rhyming Nomogram. 1954: 221) 

fiI'l1~LuuLtl1.~un1111"'~!luf'i1~~nClll1,.m1'l;!ltln.L~u~~2!'" fiI'lM::Atl~~1il~tl~ 

tr~4'tJ~1-3 1 ~~d (Modified form Rose; et al. 1982 ~1~~~'lU Uffi1111cU fJ~Mfl'lu. 2551) 
0-

1. LLUUVI"'~tlUfiI'l~::~1tJ tfL'l~1iu 10 - 20 U1Yl ~\lnll"'~tlU'W"1LUuil!l-3ijin~:: 

II.! .!:' 'I 1I .i .. - .l'''..1 - "tJ--2. IJ.JfiI'l~::",f)~ ~"OLfllffi-3~tlYCLrI~ L"1~U1V1LllfilUfil LL~::~tl-3 !JUl'lm1 

3. ~tim111"'~tlutA'tl-3tJ~tl",.titJ ~~,rUfII'l1V1"'~tltJ~1::~tJfII'l1~~1~11ClLiitlU~~~'" 
..c ..I..., II~ , .i...... 

(Submaximum) "~~1~11Cl~"'fiI'l1~L~!NtlUI'I11tJl'ltl2!'11111YC L"Cl-3~1~LVl1 L~tlLVltJunun11 

VI"'~!ltJ~1::~UfII'l1~~1~11Cl~~2!"'U1~::U1~1'l.r 
4. LLtJtJVI"'~tltJfII'l~::n1::~u'l"'ijn11LtI;tJULLtJ~-3tr~4'tJ1l1~~'h~VltJ1 LL~d1~mtJ1.~f 

.!' .r ~ , 0 1I.!.!:'.....c..l..l 
nfl1~LUtlVl'l~mtJ 111~1ULLUU 1J.J"'!l~~m1LfiI~tlUVI~1nVlt1'" 

" ... Jt.'Of.....I.!"I..., ~~ , 'I." ~ 5. LLUUVI"'~tltJ fiI'l~::I'Itl~~n11·~"'1J~~tJllL1JUI'I'ltJ~"O"~fII1~~11Cl1l1,.n11 4IJI!ltln"OL~U 

~~2!'" L~tlfh~~1tJ LUJuihLL~::L~fi1f11~~~ul!l;i1m~"'~1111tJ'lil~tlu'l'llL;ltJ'lnu 
6. LLUUll"'~tlULtlu~tJtl~ftJ'II!l~tJ1::4IJI1n1 ~~ijfil'l1~fllt\'1tJnuim~tCU::~1U'lu 

~ tJ 0... ".!"I..I ... 1I.l" 
"O'll'l 1::~1')w1n n~::L1JUlltJtl~ro LI'I~1tJ 

7. eJ~~1nm"''''~tlU~1~11ClU1fi1~'lA'~1~1U'lCU~1fih~1u~~~nVl'''~tlu;i1'lA L'lIU 

LL~"'~LUU1'I'I~ Luuilu 
0-

8. lhn1111"'~tluuu;i1'lutJ1::4IJI1n1"1U'lU~1n "1LUUtA'tl~fiI'lUfiJ~~1!l1l11Ufi1 

~111"LL'l"'fltl~ L'lIu ~CU~lJij!l1mrl fiI'l1~Ll'l~~ 1'l~tl~ftl~~mffi!lnri1i~mtJ tl1~11 LL~::m1 

~UtJ~l,tl~~~nll"'~tlU~'ltJ 
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iul!l ;"ilL;'t)~ (2527) 1.~;i'm11~m~nL~tJ'lnUL'lfl1'D!l-1m1fJltlU~U!l-1LLfl::fil'l'UJL1-J 

'D!l-1m1"lln~l!"'LLuu,h\l 1 tWJ'ltJ~1nfl ~U~1L'lfl1lJ1!lU~U!l\lLLfl::fil'l12JL"'D!l\lm1'Dn~l!", lJIN 

'D'l1 IJ1N11tJ ~fil'D'l1 ~fil11tJ €tJLtJtlf~'VI'D'l1 LLfl::~l!",€tJLtJ!lf~'VI'1tJ 'Wilfil'l12JLLlJInlJh\lnu 

Utl~ Litln •• t) (2528) 1.~;i 1 m1'V1 "'fltl\l L~tJ'l nu fil'l12Ji2J~Ufi1::~~1\1~2J11ClIl1~'VI1\1 
mtJ fil'l12J a'D!l\l n11'11n LLfl::fil::LL UU~1nn11LL 1i-1;U'D!l-1Un2J'ltJ~1 nfl ~l! fil1L~U ~fltJ11 nn~1 
fil'l12Ji2J~Ufi'D!l-1~2JnClIl1~'VI1\1n1tJ fil'l12Ja'Dtl-3n11'Dn LLfl::fil::LLUU~1nn11LL1i\l;U'D!l-3Un2J'ltl 

'" ~1nfl~2!fil1L~U ilfil'l12Ji2J~ufinUL;-3L«UlJlN~\I~2J'" 

'11"; iUqU1~1 (2535) 1.~;i1n11~t{tIL~t1'lriUfil'l12Ji2J~Ufi1::~~1\1L'lfl1tJnmtJ1 
...... '1 .1'..r ... , ...... 

lJI!lU~U!l\l'D!l-32J!l LLfl::L 'VI 1 fil'l12J L7'l LLfl ::1'l'l12J!l l'I'VIU'D!l\l n ~12J L U!lnU ~fl n11LL'D-3'DU'D!l\lUn2J'ltl 

~1nfl tunli1LL1A\I'II1~ filf-3~ 24 ~flm1~t{tJ~U~1 ~1mJflm1~Lfill1::""!l~fl'Dtl-3Un2J'ltlLLlJifl::tu 
~U~1fil'l12Ji2J~Ufi1::~~1-3I'l::LLUUriUL'lfl1 tJnn1tl1lJ1!lU~Utl\l1::~~1-11J11riuil!l LLfl::LYI1 ~U~1 

tuUn2J'ltltu~fl1t1L'l'VI (r = -0.64 LLfl:: r = -0.52 lJI12Jfl1~U) Ll1Lfi!lfL'l'VI (r = -0.82 LLfl:: 

o tv 't.. .. • ., 
r = -0.92 lJI12Jfl1"'U) Ufl::Lfl'VIL'lflLlJItl1L'l'VI (r = -0.60 LLfl:: r = -0.58 lJI12Jfl1"'U) LLfl:: 

1'I'l12Ji2J~Ufi1::~~1\1 fil::LL uunu LtJ!l f L -iurA" fil'l 12.1 fl 1'D!l\l n «12.1 L ~!l il!l~\lU-3U!l n a\l fil'l 12.1 !l "''VIU il 

fi1~\ltuUn2J'ltltuLLuU~2JL'l'VI (r = -0.77 ) LLfl::L'lflLlJI!lfL'l'VI (r = -0.60) ~-1LL~"'-3~1Un2J'ltl 2 tu 

.: "'..I.... , ..... ... ....... .l' .... .1' ..r ... 
uun 2J'ltl 'VI 2.1 ~ fl m1LL 'D-3'DU L U!lUl'IU "'~::PI!l\l2J fil'l 12.1 !l "''VI U'D !l-3 n ~12J L U!l~-3 ~12J11Cl!ltln~2J '" 

~",IJi!lriU1.tJ1.~U1Ut"'tJ'WL~!ltlfl1 ~'lUUn2.I'ltJtufiUL'l'VI Ll1Lfi!lfL'l'VI LLfl::L'lflL(;I!lfL'l'VI ~u~1il 
.¥. ..... , ... {II Jt ..r ... 

fil'l12Jfi2J~Ufi1::~'l1\1I'1::LLuunUfII'l12JL1'l (Speed) 'D!l\ln~12JLU!l2J!l (r = 0.76, r = 0.75 LLfl:: r = 
0... "'::. '..... , .: 1(..1.1 .:t. .... ... ,....... '1 

0.66 lJI12Jfl1"'U) "'\lUULL~"'-3'l1 LUUn2J'ltJ 3 tUU lO1'V1lJ1::~UlItJ'IIU::2Jflm~tru::L"'U fil!l 2Jfil'l12JL7'l 

'D!l\lnfl12J L ~!l~12J11Cltn LLfl::fU~!l!i1-31'l '" LJ'l ~!lU1 L'l fl1 tJn mtl 1 fJl!lU~U!l\l'D!l-3lJ11 riUil!lUfl:: 

L Vf1'D!l-3Un2J'ltJ~'IIU::Li fI\ LmtJU L iitJU riu~1.~~ 2 'D!l-3un2J'ltl"t'J ntu ~u~1il fil'l12J LLlJI n 1Ji1-3 riu 

!l!i1-3 ilutJ ~1 ~ cy 'VI 1\1 ~ a~'VI..I p<0.05 ~'lU~1Ufil'l12J Lh fil'l12J LL;\I LLN LLfl::fil'l12J!l "''VIU'D!l\l 

nfl12JL~f1i1!l LLfl::~1U'lU~l!", ~u~1'Wilfil'l12JLLlJInIJi1\1nUtltl1-3ilutJ~1~CY'VI1-3~a~ 
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- ., .. ...!'O ....... .-.I _~.. :: .... 
~r.:L"1f Lttn::'l.1Uu" (2540) L"Yl'ln'l1'l"tlL1tl~ um1L1J1t1tJLYltltJ~~m1~1'I'\.I'l~'\.In 

, , 
I • 1"_" t ...... I ... 

tltl'l~ 1'l1'l L1'l1:~'l'l~ 'lfi n 'l1'l~ LL~ :''l 'l'\.l'lYllJ ~ ~ tJltl ~ lJ11C111'l YiYl'l~ n 'lmltl~'\.I nlJ 'ltl ~ 'l n ~ . , 
., I .. .... I .... I • ,.......... .... I 

~lJ f111L~'\.I" ~~ n'l1'lllttlYitJ'l'l n'l1~ "''\.I'l~'\.Intltl'l~1'l1'l Lf'l1:~'l'l~'lfi'l~ LL~~''l'l'\.l'l lJ ~ ~ tJltl 

~lJ"C1I1'lYiYl'l~mtl'~tl~UnlJ'ltl'WLLlJln"h~n'\.ltlti'l~ijU!J~'l~'lJYl'l~~a~~f~;tJ .05 

ClUtnu.rn~ LtlU1 • ., (2541) 'lA~'ln'ln4'!J~~ .. mfLfYii~~'l'\.lt'\.l'N~LL'~i'\.l'Dtl~ 
Unn"'lL,iJnlJl~nHlYllJ''l~tYl!J " 'L"'tI~n~tl~fII'l'llJ~tl~n'l1Yii~~'l'\.lt'\.l'DN~LL'~i'\.lLnlJL,iJn 

lJl~nHl'Dtl~Unn"'l~tY~YllJ'D'l~tYlti ~'l'\.l'l'\.l15 fII'\.I ~~m1~4'tlYilJ~'l fii'lLll;!Jt1lJlf'lm1LrJi'\.l\4'lL" 
'I ' ...... ,..I ::... .... '1lf;..1 .... ...I' .... 
L'\.I'DN~LL'D~'D'\.IlJfII'lLll~!J 140 fIIN/'\.I'lYl tllJlf'lm1 L"Dtltln L"'\.IL1l~tI 22 lJ~/nn/'\.I'lYl LYl!JtJ L",ntJ 

54% 'Dtl~t1tJ1r1mfLftltln;L"'\.I~~q"''Dtl~1'l~m!J 42 lJ~tnn/'\.I'lYl t1lJlf'ln'lftfYii~~'l'\.lIJl~tlI'lLnlJ 
,......1 ... ~ ... ~.. .... ..I'1lf'1 ' ., .. 

mfLL'D~'D'\.IL1l~!J 1,133 n L~~~ ( 271 n L~LLfII~tlf) LL~~f~tJtJYi~~~'l'\.lYl L"D L'\.I'DN~LL'D~'D'\.Iflltl 

Yii~~'l'\.l1~tJlJLLtl'\.lLLtl 'Lrun 25% Yii~~'l'\.lf~lJtJLLtl'\.lLLtl 'Lrun - LLtl'Lrun 43% LL~~Yii~~'l'\.l1~tJtJ 

LLtl'Lrun 32% ( LLtl'\.lLLtl 'Lrun 75%LL~~LLtl 'Lrun 25% ) 

~.,.... ".1'0 ~ ..I .... 0.... 0 .I'.r t 
'lI!1::~'" tI"fI~U"1 (2548) L"Yl'ln'lfl'ln~Lntl'lnlJ~'ll'ltJmfYl'l~'l'\.l'Dtl~n1N'llJL'\.Itl '\.I • 

m,.,n~ll''''IJlNt'\.lUnn'''llJ'ltl~'ln~~ll'fIIfL~'\.IYllJ''l~'lYl!J 'L£'I!JLL1i~Lil'\.l 2 nqlJ tALLri nqlJ~i'j 
,;m~t~lJ'ltl~~ LL~~nqlJ~i'j';n1;'~11'l'\.ln~'l~ ~~mf;1n~LL~"'~t,xLtl'\.l~'lnqlJ~i'j';n~~~i'j~'l;tJ 

o .1'.r..l.!'.... ..... ' t .... ~ 
m1Yl'l~'l'\.l'Dtl~n1N'llJL'\.ItlYl~tl"'fII1Ntl~ntJmfLfII~tl'\.lL~'l'Dtl~f'l~m!J '\.Imffitln~lJI'IIJlN L1J'\.I~~l.J'l 

'" 'l n,; n1;'~LLfl~fII'l'llJ;'l'\.l'l 'lJ'" 'l n n'l11J n;tllJ ~ fl n 'l1Yl '" ~tl~~t;'~'llJ 'lfCl'!l'l tlt,x ~ n ~tl'\.l LL~ ~ 
.... 1! to.... 0 .!'.r t .... , " ... 0 "11t1l .... '\.InlJ'ltlL'1I'l 4lfl'l"'lJ m1Yl'l~'l'\.l'Dfl~n1N'llJL'\.Ifl '\.Im,.,n~lJ"'tJlNfl!J'l~~n"'tl~ LYitl'\.l'l L "DYi~'\.I'l 

';n~n'l,.,n'D~UnlJ'l!J~tlttl 

,.U"",, LL'liJl,r'8t1 (2549) t;'~'lm1;1n~L~tI'lntJm1Lt11!JtJLYl!JtJ~~'Dtl~mft;fII'l'llJ 
LU'\.IL '\.I'!I'l~ L'l~'l~n~i'j ~tl L'l fl'ltlijm!J!J'llJlfltJ~'\.Itl~'Dfl~Un n"'llJ'l!J~'l n~~ll' f111L~'\.I 'L"'tI nqlJ 
.... , ~ ........ ....,..1..... .... .... '.1 II 0 

lJl'ltl!J1~LlJ'\.I'\.Innn'llJ'l!J~'ln~~lJfilfLfl'\.lYl'D'\.IYl~LlJtI'\.InlJm1nn'lLL~~u1~LYlfll LYlti "'l '\.I'l '\.I 15 fII'\.I 

YitJ~'l fii'l L 1l;tI'Dtl~ L 'l~'ltlijmtl tI'l tJlfllJ~'\.Itl-3ritl'\.lLL~ :~i-3 n'l1 t; fII'l'llJ LU'\.I t '\.I'!I'l-3 L 'l~ 'l~ n ;''ltl 
.-.It • .-.It. .... t • .-.It. t 

mf"'lJ'\.I'l L!J'\.I m1"'lJ'\.I'l L!J'\.IYiHllJ L; "'1Jl'l ;''l!J'\.I'l LtI'\.I LLfl~n'lf"'lJ'\.I'l L!J'\.IYiHllJYiflJ ;''l!J~~tltl~'\.I'l 

LU'\.I LLlJln ~'l-3 n'\.lflti'l-3i'jU!J~'l ~CuYl'l~~a~~1~~tJ .05 LL~~n'l1Ltli!JtJ L Yl!JtJ L'l~'ltlijm!JtI'l 
tJltltJ~'\.Itl~I1'ltl~i-3 mf L" fII'l'llJ LU'\.IL '\.I'!I'l-3 L'l~'l~ n1:~~'l-3 LL~fl~ilfimf YitJ~'l LLlJln ~'l-3 n'\.lflti'l-3 'W 

i'jUtI~'1 ~ 'lJYl'1-3~a~ ~'1 L ,x~ttlt;.~'l n'1ftffll'l'llJ LU'\.It '\.I'!I'l-3 L'l~'l~n~'llJ'l1C1fl "'L'l~'ltlijm!JtI'l 

IJlfltJ~'\.Itl~t;'~-3 3 ilfi LL~ij LL '\.I'l t~lJ~'1 m,. tf fII'l'llJ LU'\.I;'r;m n'1f~lJ~'1LU'\.IYi1fllJ L; '" 1A''l ;''ltl~'1 LU'\.I 
...... ., .... ..:: at. 

~'1lJ'11C1~" L'lfl'1tl!ln1t1'1 tJltllJ~'\.Itl-3 L;'I'I n'l'l n'11I'1lJ'\.I'1 LtI'\.IYi1tllJYi flJ ;''ltl~~fltl~'\.I'1 LtI'\.ILLfl:mf 
... :: . 
£'IlJ'\.I'1 L!J'\.I 
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_~ ..~.,.. If.!': ° ........ 'I1f ... ... .. lJ,tI,Il,'" 'ltl"""y (2551) ~I'IYl1n'11'l~mffi~ "n11 ~"DYifl~~1'U'!Ifl~'Unmi1L'UlJltJflfl" 

t"'tJ~n'-'1il~n11t.Yii~~1'Ut'U'!ICU:LL'Ii~;'Un~1L'UlJltJflfl t'ULL~fl:jji1LL"nl~n11L~'U ~fln11~(tJ 
, ., 

YitJ~1 Unn~1L'UlJltJflflijtlIJl11n11LIA''Ui'lt~t'U'!ICU:LL'!I~;'UL~fl!J 151 fil1~1U1ii fil'l1lJfl1lJ110t'U 

n11t.flfln'L~'UL~~tJ 22.16 lJfl.lnn.1U1YJ LYJtJtJt~ 65% '!Ifl~f'I'l1lJfl1lJ110~~~l'It'Un11t. 
flfln'L~'U ( V02max ) 34.32 lJfl.lnn.l'U1YJ tlIJl11n11t.Yii~~1'UlJlflfl"'LnlJn11LL'Ii~;'UL~~tJ 407 

.. ~.. ... .J'I.!AI ' ... ... ... ~ .. ... 
n ~flLLfilflfl1 LLfl:1:tJtJYifl~~1'UYI~"D ~'U'!ICU:LL'!I~'!I'Ufilfl Yifl~~1'U1:;tJtJLLfl'ULLfl ~1tJn 18% Yifl~~1'U 

1:tJtJLLfl'ULLfl trun - LLfl trun 60% LLfl:Yii~~1'U1:tJtJLLfl trun 22% 

... "'9' J If.!': ° -...... k. ... L' .. 1l,"-tl1J LL~'h"BY'" (2551) ~I'IYl1n11'l~m1fl~ "fil'l1lJrtlJYi'UD1:~'l1~fil'l1lJLL'!I~LLN 

'!Ifl~ nt\'1lJL dflrltJ L'lfl1IJlfltJfl'Ufl~'!Ifl~ n11'11 n~~ '" IJlN'JJfl~Un n~1lJ'ltJfl1 nflfl~ fil1L~'UYJlJ"II1 ii\ YltJ" 

~ ~... ..r......, .. ....l ... ... 
~"'tJ"n'-'1 O~ fil'l1lJ\1lJYi'Ufi1:~'l1~ fil'l1lJ LL '!I~ LLN'JJfl~ nfl1lJ L 'Ufl ntJ L'lfl1IJlfltJfl'Ufl~'!Ifl~ n11'11n~lJ 1'1 

IJlN'!Ifl~Un n~1lJ'ltJfl1 nflfl~ fil1L~'UYJlJ"II1 ii\ YltJ ~fln1fl(tJYitJ~1 fIl'l1lJ LL;~ LLN'JJfl~ nt\'1lJ L dfl 'W 

ijfil'l1lJllJn'UfirltJL'lfl1IJlfltJfl'Ufl~'!I~n11'11n~~"'IJlN'!Ifl~Unn~1lJ'l!Jfl1nflfl~fil1L~'UYJlJ"II1ii\YI!J 

'II'''' LLn~'IIIJ"f (2551) \~;hn11~(!J~fl~ "iJ"l(tJ~ij~fl~flfll'l1lJ~1LJ~t'Un11LL'Ii~;'U • 
n~1lJ'l!Jfl1nflfl~ML~'Ut'Un~1lJ~1~YltJ1itJLL~~tl1:LYI"'\YltJ filf~~ 35" ~fln1,.tl(!JYitJ~1 

1.iJ~(tJIl1!Jt'U~ij~fl~flf'l'l1lJ~1L"'t'Un11LL'Ii~;'Un~1lJ~1~YI!J1itJ filf~~ 35 ij~~~lJ'" 
.!' ... , .!' .., .J J:' ... ,: _Of'" .!' ....., ..... .J 

5 1'11'U "II~LLlJlfl:"'1UlJ fIl1 fil'l1lJO LLfl:1fl!Jfl: "'~'U u~~tJYl1~ 1J'11'Ufl11lJ1:I'!tJ fil'l1lJ fill'! L~'UYllJ1 n 

.J .....~ J:" .J..I. ''I'" .. ~ J:'_ .Of....!' 
YI~I'! filfllJ ~fIlNfl11~11~n1tJYlfllJ\1'l'Ufl'J ~'U1:"'tJlJ1n fil"'Lu'UnJtJfl: 58.33 u~'"ItJYl1~1J'I1'U 

fllJnOIl1Yih~n1tJunn~1ij1:~tJfil'l1lJ~"'L~'UlJ1n~~'" ii1:~tJfil'l1lJYI'UYl1'U'JJfl~1:tJtJ\~flL~tJU 

tfl~lJlfl~t'U1:~tJlJ1n ~"'LiI'U1fltJfl: 61.11 iJ'"I(tJYl1~~1ULYlfilllfil,;n~:unn~1ij1:~tJfil'l1lJ 

~I'!L~UlJ1n~~'" ~fl ij1:~tJ,;nt;::tUn1ffifln~~",~u1~1fl~~"'U1fl~tU1:~tJlJ1n ~"'LiJ'U~fl!Jfl: 

47.22 iJ~(tJtU1:~~1~n11LL'Ii~;'Uijunn~11:~tJfil'l1lJ~"'L~'UlJ1n~~'" ~fl fIl'l1lJ1tJlj"'"IIfltJ 

1:~~1~LL'Ii~;'U'!Ifl~Unn~1ijfil'l1lJL~lJ1:fllJ fl~t'U1:~tJlJ1n~~'" ~"'LiJ'U1fltJfl: 52. 78 iJ'"I4'!J~ 
.... ...... 11..... .... .J ..... r'l ..... !'II ., .J 

1'U~IJl'lYltJ1 'Unn "1lJ1:"'tJfil'l1lJfil"'L~'UlJ1nYl~'" filfllJ'U1 ~'"I'Unn~1fl'J ~'U1:I'!tJlJ1nYl~'" 

~"'LUtJ1fltJfl: 77.77 unn~1ijl'lJ"II1ii'lJ1cun11Lu'Uunffl~t'U1:~tJlJ1n~~'" ~"'LU'U1fltJfl: 
58.33 
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.. 
A1Uil ~tl iln11"utJ",*U;;1U~tJth·~).J1Ntlth~;I iln11~n;tl).Jtlth~L~).J1~").J LLfl~iln11"'''' 

LatleJ1 ~t1n1Nln.tl).Jf{'lu~'lt~tlth~YitlL~t1~ tl~tU1~~tJ).J1n~"'LiJuffitlfl~ 47.22 i[~"'mlhu 
'!I 1 ~n1 Lij", Unnli1il1~itJfi\'l1).J ~"'L ~U).J1 n~q l!'I t U;; 1U~ ~tl~~~~ 1I'I1K'l).J1 i-3LL~ n1 L ij", 

(Yi1"'l11fl) tl~tu1~lKtJ).J1n~qll'l~II'ILilU1tltlfl~ 16.67 tl~tu1~itJ).J1n~"'Lilu1tltlfl~ 50.00 

.Of ., .J.J 1! .1' ~ ., .. ~..., -.. .J 'I .1' .:.. 'I ,,0 ... 'I 
u"'4ttlYlLntl'l"Dtl-3"'1U~~n"tlUUnn "1).J1~"'tJfi\'l1).Jfi\II'IL~U).J1nYlq'" ~U"'1UU fi\tl m1 ~~mfl-3 ~4t 

4t1nrJtln"tlUtl~LU1~~tJ).J1 n~q 11'1 ~II'I Lilu1tltlfl~ 63.89 n11'l1-3 LL"'ULLfl~n11LLn Ln).J 'II tl-3 ~ 
'tIn"tlU tl~tU1~~tJ).J1 n~q 11'1 ~l!'I LiJU1tltlfl~ 58.33 i[",4't1 A1U L '!I fi\~1t1 "''1-3 un nli1il1~~tJ fi\'l1).J 

~II'IL~U).J1n~qll'ltuA1U~ ~tl m:4'tJ~fl1nLLtI-3"1t1tum1LL'-3iutl~tU1~itJ).J1n~ql!'l ~"'Ltluitltl 
fl~ 47.22 

1.1' 0 ~ .J., ..:" 
Wasserman, Whipp, Royal, and Beaver. (1983) "'Y11m,.",m:~nLntJ'lntl"II'IL1).Jfl1 

t1
.J fill .J'IJI"I 'I 'I 0., 'i' '" I PI ., ~ 

LLfl~n11LLflm fltlUn1'Y1~"D LUn11~1t1 L4t ~U'IIN~tltlnn1fl-3n1tJ ~"'tJnq).JlJI'ltltJ1-3LuUUn",m~t1 

tl1ft1"~M "'flm~4't1YitJ~1 t1lJ1rlm1'l.tltln.L4tui).J~ufintJ1~lKtJ,,,,~t\'1 LLfl~ti1t11J111m1'lf 
tltln.L4tu~-3q",il fIi 11.~ i).J~ufintJ' '" Ll).Jt\'1 LLft "'-3L ~ L ~U~1tl1tl14tLn ",11 'U~1 L~tJ'lntJ1~tJtJ 
1.~flL~t1ULfl~(J1 

'1.1'0 _ .. .J., ~ ., .J 
Ismail, Nudri, and Zawiah. (1997) L"'Y11n11'l4ttILntl'lntJn11",m~nYifl-3-31UYI"1).J11Cl 
, ... .J" ~..., ....., .. 'i' 0 ~ 'I ., .. ~ 

Yitl1n1NflNft).JtJIJIYllJltl-3n11"l!'ILfltlnUnn n11~lI'ItJU1U1'!11 (J1 ~l!'ItlYl1n11"n1 L uunn n1'!11t1 

41U'lU 84 fi\U 9 'IIUll'lnli1 LLfl~unnli1~~-3 41U'lU 24 fi\U 4 '!Iij",nli1 ';1n11t11~Lijui[4t4't1 

~1~1 L1IU Lfi\Nfti1~Y11-311~n1t1 Yifl~-31U~L.lJlfltl"'~-3,)U ).J'lfl11~mtl LUUIA'U 4t1n-31u~4'tJ~ 
_1'1.1' I 'IJI" .: .J" 'i' tI 0 r. ... ~ -, • .J -'i' 

ft~uLI'I'l1 m1~"DYifl-3~1UYiUl1UYllJltl~m"L"'t1 1~).J1Nft1~l·tJn"1'!1U"'1JI1~1 tl~Y144 - 55 n~fl 

LLfi\fltl1inLfln1).J/.)U tuunnli1~'!I1t1 LLfl~tl~1~~~1-3 38 - 50 nLflLLfi\fltl1/nLfln1).J/.)U Luunnli1 

" -~~'U-3 

Gjerest, Johansen, and Moser. (1997) 1.;;';1m,.~m~nL~tJ'lntJfi\'l1).Jft).J~ufil.Ufil'l1).J .. 
IA'tl-3n11'11tl-311~n1tJLun1,.U'Yifl-3-31ULLtJtJ'l.tltln.L",uLLfl~UJt.tltln.L4tULuunnli11~t1~iu 

LLfl~~m~t1L~tJ'l ntJ fi\'l1).Ji).J~ufi1~~~1-3n1"Y1 "'''tltJ LLtJtJll 1 fi\"U1).J (Field test) LLfl ~L U 

~tl-3t1D~n11 (Laboratory test) "'fln1~4't1YitJ~1 m1L;Yifl-3-31ULLtJtJL;tltln.L4tULLfl~UJU' 
I ., , , I 

tltln. L4tU t um~-31~t1~iuntJ' 11'1 (1).Jt\'1il n1 ,,(1).Jft~ft).J mll'lLLfl fi\ ~ ntlf.h-31'l1l'l Ll1 LLfl~'i '" ~t\'1 L U .. 
unnli11~t1~ftutun11Y111'1"tltJLLtJtJ'lu"U1).JLLfl~LU~tl-3t1D~m,.ilfi\'l1).Ji).J~ufinu 
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Blanksby, et al. (1998) L~fhn1,.~n1!t1L~!J'lntltllJ1"1n11L~U,r'lt"LLi~::n1nh'::uh.! 
n11H'f4i~~1utU'CU::L~u11"1nn11LL'!i~iuLlA'u11LLtltl1'l2.Jftl!tJLL6::LLtltl6::~UtlL2.Jlnu n~2.J • 
~'ltlth~Lilu,rm~U1141U'lU 1 0 ~U ";1n1,.,r",tllJ111n11LIA'U'tl~,r'lt"l tU'CU::L~U11 LL6::')"'fII'l12.J 

i2.J';ufi,tl~tltln' L"lU~L~funtltllJ1"1 n1"LIA'U'tl~,r'l t" t U'CU::~ L~UtlU~ n6 "1 n ~ 6n11~m!1 
., ., ., 

~f~il ft12.J11ClU,.::wufii1tJl2.J1CUn11H'tltln'L"uLrA'~~il tU~'D1!J n11LIA'UULLtltl1'l2.Jftl!!J LL6:: 

LLtltl6::~UtlLl.Jlnu ijfli1 42.8 2.J6.1nn.lU1fl LLfl:: 42.8 2.J~.lnn./U1Yi 1J112.J~1~tl LU~~~~n11 

LiA'ULLtltli'l2.Jftl!!J LL6::LLtltl6::~UtlL2.Jlnu ijfii1 34.7 2.J6.1nn.lU1fl LL6:: 36.1 2.J6.1nn.lU1fl 

1J112.J~1~tl LL6::tJl2.J1CUn11t~'Yii~~1UtU'CU::LlA'uh LU~'D1tJ n1,.LlA'uLLtltli'l2.Jftl!!J LL6::LLtltl 

6::~UtlL2.Jlnu ijfll1 54 nt6~6/U1fl LL6:: 54 nt6~6/U1flIJ112.J~1~tl LU~~~~ n11LIA'ULLtltl1'l2.J 

ftl!tJ LL6::LLtltl6::~utlLl.Jlnu£jfli1 34.7 nt~~6/U1fl LL6:: 36.1 nt6~6/U1flIJ112.J~1~tl 

Novas, Rowbottom, and Jenkins. (2003) '~";1n11~m~t1L~tJ'lntl~n1mItJU1n11 

~1f4i~~1U t U'CU::LL ,~iu ~!J~fiU{j~Yl1~Jl1 ~ftU 12.J'tl~,rn n ~1 L YlUUft t"'!J t ~,rn n~ 1 L YlUUft 

~~~ 41U'lU 24 ~U ";1n11Yl"fttltlLLtltlLllf41::L"1::tOt-3'tl~n~1LYlUUt'lt"!Jn11L~2.J~'l12.J~,rn~u 
~tl!J 1 t"'tJ.)" fIl1tllJ111 n11L~U'tl~\l'l t" LL6 ::ft2.J nClJl1'Yi n 11 t ftltl n, L "lU1JI6tl ",n 1,.Yl" fttltl 't ULL~ 
6::~U1'l2.Jntl RPE n11fil1U'lCUtlIJ111n11tff4i-3-:J1U1::~~1-3Ylllfttltl,,::fil1U'lCU"1n~6"'l2.J'Dtl-:JfIl1 

ft2.J nCl1l1f4 n11 t ftltl n, L "U t U"::~~1~Yl "fttltl LL6 ::n1 1LilU~~tltl n; L" u't U 1::~~ 1~ n1 1~UcA''l ~ 1 1 

~'l!J1::tJ::L'l61 't Un1 1Yl IIt'ltltl ~ 6 n11~4'!J'Yitl~ 1 ~'l12.Ji2.J';U1fL;-3 L«UIJIN'tl-3 fIl1f4i-3-31U"1 n 

t'l2.J,.1ClIl1'Yin11'tftln;LtOtUntl RPE 'tULL~6::~U ij~'l12.Ji2.J';ufinutlf.h~ij,r!J~1,rCUYl1-3fti1il~ 
., 

p<0.05 LL6 ::n11~1f4i-3~1U~'ltJ~fi n1 1~1 fII'l12.Ji2.J';ufi1"tJ~fiYl1~t1tl2.J ntlll1 ~ftU12.J,rUij 

fII'l12.Ji2.J';ufitl!h-:Jij,rtJ~1,rCUYl1~t'li1il~1::~tl .05 L'1Iunu ";1't~fIl1 RPE ft12.J11ClU1::LijU 

f4i-:J-:J1U~'t.nU'CU::L~un~1LYluijt'l'~ 

~1'. ~ .,J ... " J' 1'''' ... 
Gulshan, and Indranil. (2006) ~I'IYl1n11"n1!t1LntJ'lntl'Dtl~6f4Ul1UYl1-:J1'I1UftU'lYl!J1 

'tl-:J,rnn~12.J'ltJt'l1n6'D1!JU1::LYlfll~UL~tJ t"!J~n1!t1Yl1-3~1ut~Ni1-3LL6::~'lUU1::ntltl t'I'1ilYl!J1 

;'l L~ij LL6::n11Uftl cA''lYl1-:J ~1U1::tltli'l ttOt LL6::L ~6 Lil!JU t6~ I'l ~tl n 1 1L ~2.J ~'l12.J~,rn 't un11 

Yl "t'ltltl LL6::n11LL '!i-:Jiu"l~ 't ULL~6::!J n tlltJ LtIi!Jtl L YitJtl1::~~1-:J n ~2.J~ijtl1~2.J1 n n~1 ntl n~2.J 
L!J1'l'DU ~ 6 n11~4'tJf4tl~1 n ~2.J~ijtl1 ~2.J 'l n n~'liji1"l4'tJ~U l" UYl1-:J ~'l Ut'I'11~Yl tJ1 ~ n~'l nq 2.J 

L!J'l'l'DUtltJ'l-:Jij,rtJ~1,rCUYl1-:Jt'li1il~1::;tl .05 LL6::i1tOt4'!JYl'l-:JrA''lUtl1~ LL6::,.::itlfll'l12.J~,rn'tl-:J 
n'l11J n;tl2.J~-:J ~ fl n1::Yltl ~tl n'l 1 't ff4 i-:J-:J'lu't U1::tltlf4 i-:J-:J'lULLtltl LL tl tron LL6:: LLtltl LLtlULL tl tro n ~-:J 



T\}t-!Io"'l,una\l,~~U!\ 

~nl,t-t-!3M.n,V t-G,\3W ~ Gt.1 ~ \ rtG}U la' l, U rt, U" ' fLl n"" t-l,tU, l,rtl,t.1nGt.1u ~,\\ \ l,~ Y\ nl,t-t-l3M.} Vl,U 

nurtt.1:::l,rtn, I.Ul,Ul,nlt.l.M rt,u",m n"" t-l,tU,l,rtl,t.1nGt.1u t:I ~ 111.., 1,lA. nul,lA.' tl4Junnl,nrtGrt1lll,lt. .. ,. -~ I • ~ ... ~-... .. , .... ~... pr 

\IIM.m,Vnl,t-t-!3M.,tVl,unll~'nIlW'U'l,rtl,t.1:::~" 1l1,Ut-!31,~UGG'l,ut-Glt.u,!1.nrtl,t'!m~:::'rtl,l4Jn) 

Ul,rtrt~'nw Ol ntnl,~Il~'n~~Llt.rt~t-~n~Ul,t.1lltrtL~~U,!1.t-Glt.nl,t-t-!3M.,tVW L~Y\fLlt.1~t-.iw , ~ ~ 

1l}~'LU~"Ul,l!I ijlA.~n~wnL~u~nrt:::l!Il!I\t.11t-G"~"LUL'I4J~Il~l nw:::~""t-G'nl!l'~UGG,t\'LU 

M.LLtUUrtt.1n,Vl!I\t!1ot-G'n~ULUUI4J~l,urtt.1ULl!InLt-t-!3M.rutnl,~Il"l nw Ol ntnL~ 1l~1n~~LIt. 

rt~t-~nn~"W..ttt.1~ULt.1lltrtL~~U,!1.t-G'njot-!Io,,:::ru'n\nLt-t-!3M.LnG~' "t-~n~ULt.1lltrtL~~U!\ , 

n\nLt-t-!3M.,tVLU" t-~Il}~LUL~~\ (900l) "Jepwnre~ pue 'ee!Jaueg 'aafJa~e4~ 

n)u L rtL~~ u,!1.n,V~ \ M.LLt,bnL~ t-LlA.t-1l ~fi}l!I~rt~':::~" t-~1If ~njot-!Io ",wn \ M.L LtIlU l' nil' l,~ 

~'LnLQ..tLt.1ntnL~t-G't-~IIf~'LU"'~'~\L~ IlLUN,.pG"Il!'li3"t:L~~U!\t-G'nrt~l!I~n\U,!1.nL~"'~ 

'l,U~:::~" UG'l G"nn"nLt-t-!3 M.nn:::':::~" UG'l G"nG"nn"nLt-t-!3M.nn:::'t-L~n::::jn~rtJrtLtw 

n,V ~Gn)n~"w ,ttt.1li3U Lt.1lltrtL~~ U,!1.t-G'M.LLtIlU ~ t-llf t.1", LU LpY\fL1t.1 L~~ u,!1.t-G,njot-!Io" 

:::ru'n\"bt-~l!I\t!1ot-G'n,~I1:wL'l4Jj "'bt-~nl!l'~UGG,tVLUM.LLtUUrtt.1 U,!1.nL!\IIf~'LUnl,~t-LlA. ~ 

LaU~llllfl ~bUt-~~Llt.rt~n~"w,ttt.1~ULt.1lltrtL~~n\nlt.tLIl'L~~U,!1.:::~"nlt.tLIl'L~UULrtijLG 

rtlA.L~UUnn' LIllA.tUt.1nLWlt-LlA.nL;nM.~I1GlLnUtIlU'LaU""l,ULlA.WI' (goOl) "lW,WS ... ,. ....... ow... -{ .r if..,. P .-{II 

y\~ULt.1lltrtL~~u,!1.t-G'I4JUli31nll~'~n\ 

:::~" l!I\ t!1onn::'nL~ t-LlA.t-li3fL"nll~fL"LUI4J u, t-Jllt IIo'L un 1..n1t.1l1 :::'fLnll' U'LrtLt.1 fiLUt-!3L~ UGG 

nGt.1" lA.&LUn' UnnrtLtw rtM." LU t-L tn::::n' t-Gnt.1nGI4J lA.LIllA.tUt.1nLWI t-LlA.nt-l.W ll~t'l,Ut-G'~" II". :--I" r' -,., ;r :'-: .... 
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YllllftllU\41,{1 V02max lu 

~lI.:1Y1l11fttl.:l ritlun11u1i.:liU 

1 - 2-lu 

1 
rI'l1)Jtr)JWu1f1:\4~1.:1fl'lr1 

n 1 fLtK U 'D tl.:l \4 ') 1 "U1U 

.. ~nnfl')'I'In1flfflfln'~ .. u 

rlU 

+ 

51 

" Unnli"~,)lJ""nfl .. J!'rl1~fiu\4rij·n;.:I\UJIII 1 0 rlU 

r 
1.uu;infl1'1'1~~ttl~unnli1 
u1i.:liuluWlift:w.mi 

• ... 1f..J ~ 
2. ftUYlU1n.,~nU.., ~ 'lIlJ,)'I1ty ~'I'I1I 

1 
~ft'Dfl.:lf", 1') n1 1~tKu'D1I.:I\4'l1" lu'D cu: 

u1i.:liU~ll~lJ"'nmfu1i.:liu~.:I\4~" lUYjn1 

5 ~u1Yi'Dtl.:lWlift:rlU 

"ttlpJ LLUUn1f'11n'Dtl.:lUn nli1lu 

u~fl:~Ylin1fLL1i.:liU 

2.~ ~rlf1:MZtl UUUn11'l1n llfl: 

'I'Ifl.:l.:l1U~HiUllllift::LL~Ylin1f 

LL1i.:liu'Dtl.:lunnli1t"lJ~1U,)CU 

'I'Ifl.:l.:l"U""nft)Jn"frl,)"~tr)JWU1f 

'Dtl.:l fl/l11 n11~tKu'Dtl.:l\4'l1 .. nu 

ft~ nom n 1 f iffl tI n; ~ "U~LtK 
ri 1U') cuB llt\'') 1 U~fl.:l·MI fltl.:l 

~tI1lJu~YilJUnUfl/lf1n11UKu'Dtl.:l 

\4'li"llu'Dcu:u1i.:liu'Dfl.:lttluuu 

mf'llm!u1 

1 
vrztluuun1f'11nluu"'fl::u~Ylin17 

111i.:liuLuUnnli' ullift::rlU llfl: 

tl ....... ..Jlll t UUU017'l1n~~ftl/ltl'l'ltH.:I1UYI 'D 

lU'Dtu::u1i.:liulIti1.:1L1 ? ? 



... tJ"" 3 

n'11~4' tJ L1tl-1 n '11~ m~t'1 n'11 t.f'W i-1-1'1u t U'JI CU~LL ;-1;U'JItl-1un nli '1"''J tJ~ '1 n ~ ~l7 fI 1LflU 

~cY-1Yi"''JI'1~\YltJ d~lumfl4'm~-1Yl"'~tl-1 (Experimental design) il1'iJIQtJ1~~-1ffL~tl~m~nn'11H' 
'Wi-1-1'1ut U'JI CU~LL;~;U LL~ ~ltJ LLtJtJ'JItl-1 n'11'11 nil ~~ ~tl n'11t;'Wi~-1 '1U'IItl~ nli'1"''J tJ ~'1 n ~ 

~l7fl1LflU L ~tl t 1t~ n~tlU~'1"''lfml'1 hhtlULL U'J Yl '1-1 n'1 f'J'1-1 LL~U ttJ1LLn1", m1tJ n;tl", ~1tl 

ttJfLLn f", tl1 'II U'l n'l1~ ~ n ~tl-1 LL~ ~L~'" ~~", ri tJ~ Cl'l un '11Wn 'l1U ;-1; u'" 1-1 t"'tJ iu IJItlun 'l1 

~ m~t'1~4'tJ\~ ~ '1 un '11;;"''1 fCU'l LL~~n'l1~ 1'1 n 1tl-1-1 '1U~4' tJ L ~tl L;' '1 fu n'11;; '" '1fCU 'l'" 1tJ5ff", tl'ltJ 

flCU~nU",n'11;;"''lfCU'1'" 1tJ51f", n'lfl4'tJ t U",~~ U~ ~n'lf t.f if IJItlYl "'~tl~ t un'lfl4'tJ nq"'~YltJ '1 

.. .. ... ¥. .4tJ""'- 0 ......... 

fII'l~IJI,.t1'J111'1'W ,li'lfl~n1CU"'~'l'JYltJ'l~tJ (111f1~U'Jn n) '11-1 1~ntltJ"''JtJ'Jtm'l1''''lLUUn'l1'J'''tJ 

... .: 
"'-1U 

tJ1~'II'l nf~'t f'L un1f~4'tJ flf-1tt \~uri un nli'l"''JtJ~'1 n~~l7 fl1LflU~ cY-1Yi",'II'l ~\ YltJ'2J '" 

il""U-u ~ffiLflmtlulK'JLLYlu'tum1Lf'li'J"'LntJlK'JtJnftl"'L~tlu;-1;u1'ltJn'l1~1-11 ~~'lU"'1ritJ 
Yl1-1~"'1f1"'''''JtJ~1n~~l7MLflUU~-1tJ1~LYlfll\YltJtU'W1~tJ1lJ111tJO'",n ~'lU'JU 16 flU 

I ., I 

n~U"~'8!J1~ ., ., 
n q", iK'Jtl!i1-1 't un 'l1~4' tJ flf-1U L tlu un nli '1"''J tJ~ '1 n fI ~l7 fI 1Lfl U~ cY-1Yi",'II'l ~\ YltJ'2J!PI 

il""U-u LiluiK'J U YlU'JItl-1Yi",'II'l ~\ YltJ L f 1i'J'" 'tum 1LntJ iK'Junnli1 ritJ~"'1 fI"'''''JtJ~'l n~~l7 fl1LflU 

U ~-1tJ f~L Yl fI!\ YltJ t U'W1~tJ1'" 11'11 tJ 0' ",nL ~tl";'l n'lftJ ntftl", ~ 'l~ ftJ n'l 1L1JI1tJ", n 1fU ;~;unli'l 

LtlL~tJuLn",llutl 'W.fI!. 2553 ~tJ"~LYlfl!~U LtlUL'WfI!~cY-1 iltl'l!J~-1LLIJl17 iI LL~~hlLiiu 26 iI 
., ., 

~1U'JU 10 flU t!PItJLLtl~Lilutuu'l~un 6 tu 'tULLlJlfl~tu",~ilunnli'l~~lJItl\tJu 

1. tu 46 nLflnf", : Unnli1'2J",il1 I'lU 

2. tu 48 iiLttnhJ : unnli'l'2J"'Ltl 1 flU LLfI~Unnli'l'2J",il1 flU 

3. tu 51 nLflnf", : unnli1'2J"'Ltl 1 flU u~~unnli'l'I'Iil1 flU 

4. tu 54 nLflnf", : unnli'l'2J"'Ltl 1 flU 

5. tu 57 iit~nf", : unnli1'2J"'Ltl 1 flU u~~unnli'1'2J,.il1 flU 



~tlun11~fltlnnq2J~,)tl!h~LLlJlJ~"'1~"'~ (Purposive 

~'ltlth~ L u~~~tlnt\11ritlUm1~ f11'l2J tflN mn4'tJ ~~ "tlltJ~ 

53 

... 
sampling) t~tJijn1HLL ... ~nq2J 

1. U1~t\Utl tflN11~~4'tJL\\'rltJnt\tlU ~lJl~11t\2J1fl2J LLfl~,rnrhi11lJ'VI11lJritlu~~f11'l2J 

LnW"'yn1,.r,,L'i1 (Inclusion cateria) 

1. ~~f11'l2Jn11~4'tJ~tluunnlt12J'ltJt\1nflt\,rfl1~~u~cY~Vl2J'!I1~\'VItJ,~iJ ... ,uu~~tlu 
1A''l LL 'VIU'!ltl~Vl).J'!I1 ~L 'VItJ ~ f11'l2JL un11~rilJ ~'l,rn nlt1 nlJ'VI1~ t\2J1 fil2J2J'ltJt\1 nfl t\,j fl1~~ULL ~~ 

th~ ~ 'VI filL 'VI tJL UVi 1~lJ1).J1111 tl ti2J11 ~ ~tlfi 1 n111J n;tl2J~ 1~ 1lJ n 11~/JlltJ 2J n11LL,~iuii It 1 

Ltl~~tJULn2Jilun Vi.III. 2553 ~tl1~~'VIIII~U 
"11 • - ., .J: 'I' .... -r ".l' ..r.. 11..l" 

2. to!~"lI11'l2Jn11,)"'tJ"'~l'ttl~ ~2J2Juru~1n11lJ1~~"'lJ'!Itl~n~12J~Utl LtlU LLfl~"lItl"ltl ~1tl 

mru1"~~lJL" 1 ~Ltlu~tlt\fffl"tlm1Lf11'l2JLU~1u~4'tJ 
3. ~Lf11'l2Jm~4'f.Jijfl'l12Jt\~ML ... ~4t~Lf11'l2JLU~1U',)4'f.J 

Lnw"wn1,,r,,j)f)n (Exclusion criteria) 

1. ~~f1i'l2Jmn4'fJijiJru~1mru1~~~lJ LLfl~ij~tlt\11fl~hjt\12J11mf1i'l2JLU~1u~4'tJ 

L .. 1fI~iif);h,,n un1,~4'!1 

..I . .. "'''Js'I... 11 ... ., • '1 .tl': 
~Mtl~2Jtl'VI~"lI ~Um1LnlJ1'llJ1'l2J"lItl\lfl 2J~~lJItl ~ U 

1. Lfl1fl~.t~~1~,rnlK'ltllJltU2J--; (AutomatiC weighting scale ~\\'tl Tanita) 

2. lJIi1JL2JlJlrl"~'lU~~ (Height scale) 

3. Lfl1tl~1'"tl~fiftl1~ntllJ'!Itl~i1~n1tJ (Bioelectrical impedance analyzer ~~tl 
Maltron) 

• - .. 'i' ... " 4. LLCJUtlLfln~'VI1" (Electrode plates fJ~tl Ambu blue sensor SP) 

5. U'l~~ijtl1'''tllJll1m1ulfu'!Itl-3i,)L'''LL1JlJtVifl1fVl2JlJ (Polar team
2

) 

6. ttl1LLnnJ~1 L""'l1.i'!ltl~ t Vifl1nl2J
2 
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.. - ~ • ..I-~ 9. LIII1tl~'lLIII11::"'LLn~ (Portable cardiopulmonary gas exchange system tJllItl 

Cosmed K2) 
I 

10. ~~nfl 

11. nt\'tl~~~ttlUu~n[lTrc 

12. tU1LLn1lJ1jLIII,..,::im1tltln,..,r~ (Focus x2 program) 

.. 
1. iU'ltlumr(~ tU1LLn1lJm1LL,~iUlJ'ltJ~1nfl~,rlll1L~U 

n1~1fltl~~tl1Um1n!m1LL,~iulJ'ltJ~1nfl~,rlll1L~U "'::"'1fltl~n11LL,~iuttnnt\'L;itJ~ 

ritJ~'l1un11n!LL ,~iu",1~lJ1 n~~ ~ N lJ"'11j'VltJ1fltJI'i1UfllU'Vl11jbNJ tl~ fl1n'; t/JItJ n1 14' ~n1 1 .. 
LL ,~;un4' '" t \\' LUULU '112.1 n{) n ~ n1 n1 1LL,~iUlJ'ltJ~1 n fl~,r 1111L~UVJ nU1::n 11 LLfl::ij 

IIIN::nnlJmri~"'lJ/JI 6 yj1u~U'ftJmri'tJ1tl~"'1n~,..~ufilJ'ltJ~1nfl~,rlll1L~UU1U1'1~ (AI8A) 

Li~lu~ ~ /JIaUIII::LL UU t un11LL ,~iULL~fl::LLlJ'Vl; ~~ n1 ~1 fltl~ n11LL ,~iu",::4' ~~U~~"'2.1 '" 3 flf~ 
f'llJ 15 LLlJf1; t"'tJfhm14'/JIn11LL,~iuLLtJtJLL'~ 1 tlU~fltJritJn11~n 1 tlU LLfl::LL~fl::tlU"'::'n 

~ tlU~ 1 1'u~ 2 tlU~ 3 1'u~ 4 1'u~ 5 

1 A-48 ritJ 8-46 A-48 ritJ 8-51 A-48 ritJ 8-48 

2 A-51 ritJ A-54 A-51 ritJ 8-57 A-51 ritJ A-54 
... ... 

3 A-57 ritJ A-60 
"'f.J~Ym 

A-57 ritJ A-54 
"'f.J"''rcn 

A-57 ritJ A-60 

4 8-60 ritJ 8-57 A-60 ritJ 8-60 8-46 ritJ 8-51 

5 8-48 ritJ 8-51 8-48 ritJ 8-46 8-60 ritJ 8-57 

L~tl~"'1mrnn'tt1lJ'ltJ~1 nfl,..tY~YIlJ'1 ~Lf1tJij"'1U'lU~~"'lJ /JI 10 IIIU LLfi::L~LLti~LiluYllJ 
'1~''''Ltl "'1U'lU 5 flU LLfl::YIlJ'1;,~iI "'1U'lU 5 fIIU fht\\'m14'''''''111~m1LL,~iutuLL~fl::1'u 

LUULU'l1lJ III'l1lJ L "'lJ1::~lJ'tl~ ~n~tlU~ A'tl~ m1 t \\'un n'tt1ij m1 t-r'rcfl~~1U t um1LL ,~iu~~~ '" 
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1'l1~1'I'l'ltJ"::"~fl'tl~n1,,714'tJ ~~'l~ijn1"'nri'\.l;1~t'\.l~1~,rn~,rn;hf1tNU.'!i~;'\.IA'ltJri'\.l L~tJ 
~4t""CU"4t"n"''l"~''"~"''''t'\.ln'lf''lln~tnfl~~tJ~ri'\.l'tl~,rnn'''"~~~u.'!i~~ri'\.l ~~I'l"""~n""u.'!i~;'\.1 
1I1'\.1tJ'\.I 

2. n'l"~1'l1tJ~~tJn"N "Cl1'\.1~ U.~::a~t11'\.1'ltJ "'l1~"::~'ln t '\.In1,,~iitJ"'ltJ"'l~;tl~~ t l\' 
~_ ' ..I... ,., ~. 1 ..I., J' 

~~~ntl'\.l~4t::~n1"u.'~''\.I1'l1~~~"u.n~~4t~''\.I 

3. ~u.4t~~~tl tl\'n~~tK'ltlf.h~i~ 10 fl'\.l ~l1tJ~~71fi~1 ~\l'\.ln1"~IPI~tl~ L~tJtlfitJ1tJ 
".1 .. 11 .1" -..I 0 1'1 'I 'I "" .1- _'1.1 _ ..I 0 

'l1'l'llJ"::"~,,,u.~::'DtllJ{)tJl'l~4t1~~'\.I L'\.In'lfYl~~tl~ u.~:: L~~~~~tl~~{)tJl'l L~1'l1~'lfin'lfYln'l~'\.I'" 

o 
4. n'l"YI1n'lfYl~~tl-3 

~ rttl~4t 1 n n1 11' ~e 1'l11 n 11~~1 ~ ~1 C\J~ i~~ 1'\.14t 1 n n 11~1 Iii 1 "~"""1l1~ n 1 "t; 

tltln~~4t'\.l~~~1PI ~tI'\.I7lfin'l"1',,,eI'l11n'l1t.'ni~~1'\.1U.tltJ~1~~tl~ (Indirect calorimetry) ~~~'l'" 

4t"nn""~"''l"~i~~'\.Ifi,tl~eI'l11n'l''~;)'\.I'tl~i'lt4tu.~::''~''''''1l1~n1"t;rtltln~~4t'\.l (HR - V02 
~ ~ 

regression line) ~~ij;'\.Il'ltl'\.ln'lffi{j~~~lJitl'ltJil 
~ 

U1 n~~ tK'ltlf.h~li~ 10 "''\.I ~1~ ~"fltJ'\.n"~"""1l1~ n11 t ;tltl n'i ~ 4t'\.l~~~ ~ (Maximal 

oxygen consumption : V02m8JJ u.~::'1PI~~t\'1 (Anaerobic threshold : AnT) ritl'\.ln'l"~~ 

LtJ"u.n"~n'l1u.'!i-3;'\.I~"~~'\.I 1 - 2 1''\.1 t'\.ll\'fl~tJ{j~n'l"L~tJ1,mn'l,.~~"tltJU.tJtJU.1~" (Ramp 
_... .., 'I '111 

treadmill protocol) (Myrna el al.,2005) ~'lfin1fYllPI"tltJ~~tl~1fl1"'l1~""~11" ~'\.In'l" L'D 
~ 

tltln~~4t'\.l~~~1PI ~~il 

ritl'\.ln'l ,,~~"tltJ 1,l\' ~ ~;' 1 ftJn'l fYl ~~tl~ L~'\.ItltJ~'\.Ii,)~n'ltJtJ'\.I~~ li''ltJ "'l1~ Ll'l U.~::"'l1~ 
;'\.I~L~~1::"~ritJl'l'\.lLtl-3 ~tl fin~1WLtJ1u.~::~,rn4t'\.lLn'\.l'ltJ L~tJ"''l1~Ll'ltl~1,'\.I'l'l~ 3 - 6 
.. ~ , ~~.. x. ,..I .. '1.1-' ... -' ; , 
n L~u.J""l'ltl"ll'l ~~ U.~::"''l1~''II'\.Itl'J~ 0 % LIPI'\.I L~L1tltJ 1 4t'\.l"'"tJ 3 '\.I1'Yl L~fl~'\.I~~n'l1tltJ~'\.I 

i1-3n'ltJ1,l\'L~~"''l1~;'\.I4t')m~~~n 2 % u.~::L~~"'l1~Ll'l4t1m~~ 2 nL~u.JI'l"lJitl.t'lW~LiI'\.IL'l~1 
... • I I 

2 '\.I1Vi 4t1n,r'\.lL~~"''l1~;'\.I~n 2 % u.fl::L~~"'l1~Ll'l4t1m~~ 2 nL~u.JI'l"lJifl;'lW~L'!I'\.I~~~ l11 

'ltJL'!I'\.I~~tJ 14t'\.l~~"'l,)~Ll'l~~li'')tJ~ 17 nL~u.J1'l1,)tl.t'lW~ U.fl::fl'l1~;'\.Itl~~ 5 % ~~1,;rL'l~1 
L~tJtJ"::~1CU 1 0 '\.I1Vi ~1tl~\Jn~ ~"tltJ'l),j""~1"Cl~IPI"fltJlJitl 'ltJ'llifin n,)1'Yl ~"tltJij~'\..i'ltJLiI'\.I 

~ 

ij~aal'l"lJitlnL~nf~lJitl'\.l1Vi ~ffi~'Yl~"tltJijlii,)I'l,)~Lncu.,r 21,'\.1 3 ;tl (ACSM, 2006) ~~lJitl'ltJil 

1) el'l1')n'l1i'h'\.ln'l"u.~mtJ~tJ'\.In,)'fltln~L4t'\.lu.~::,,')futl'\.l'l"'tltln'l,~ (RER) ~')nn~1 
1.0 

2) ~L;'')nJn,)fYllPI~tl~~''"~11Cll1')lJitl'ltJ'lll 
• ~ '111" 'I ,... .1..1 .1 -' ., 0 ., 

3) lJ1~')cun')" L"IItlfl n, L'It'\.l L~~n1"L~fltJ'\.IU.~fl~ L~tl "'l,)~~'\.In'tl-3 n1,.tltlnn1~~n,)tJ 

L~~f'\.l (Establishment of a flat on the oxygen intake curve in relation to the 

load) 
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, ... _ I ..1..1 1! ... ... ..I" 1! ....., ..;... __ f"" 
fil1"'lLLlJ1'r1Lntl'l"Dtl~'rI1~~U'l'rltl1'r1 ~"1Iil1nn11Ut.I'rInfll1'tl~Lfilffi~'lLfil11~lIILLn~'YJn 1 5 

7lt.l1fl 'lA'LLr1 

1) tY~11n11L~t.I'tl~i'ltllil (HR) 

2) ~~UtlIl1'rCn11tftltln.LlIilt.l (V02) 

3) ~2JntlIl1'rCn11tf 1futlt.l~tltln'llJl~ (VC02) 

4) ~2J11tlIl1'rCn11tftltln;LlIilt.l~~t!'" (V02max) 

5) tI12J1rutl1n1j1\~~1t1tlliltltln (VE) 

6) tY"11n11fl'lt.ln11LL~mtl~t1t.1n1IJ1tltln.LlIilt.lLL~::fil1futlt.l'l"'tltln'llJl~ (RER) 

4.1 ti1~1n~L;1n.Jn11'r1"~tlU'l~~!J"'n11'r1"'~tlU~~ ~1tl'W~12J11tl~IIil::'rI"'~tlU~tl'ltl'lA' 
L(illtlhjLilt.I'ltl"1~Lnru.,r;1~~t.I tli2J1run1,.tftltln.LlIilt.l~LA'1Iil1nn11Yl(ill~tlUIIil::L1t!n~1 Peak 

oxygen consumption (V02 peak ~1'll PeakV02) LL'VIt.I Maximal oxygen consumption 

(V02max) "12J'\.u~'n''ll~~m,jt.l7l'rltl1im'l''fII1~''fn1,.n''1LL~~~~fltl~;'n1 (American Collage 

of Sports Medicine: ACSM, 2006) 

4.2 fi1,,,,~t\'1 (Anaerobic threshold: AnT) ;~Lilt.I,"~1tl,.::~u~h~n1t1~ijm1 
LtI~t1t.1m,. tf'rCi~~1t.1LLUULL'll Lron ~1 Lilt.l1::uu'rCi~~1t.1LLUULLtlt.lLLtl L1un ;~~1t.17l(t1~IIil::~1 Lilt! 

tffli1 mU::U1t!'ll1mfll (Ventilatory threshold) L"'t!~1'l~1Iil1n 7jfi~111il1nfi1~ - ~Lfltl (V - slope 

method) L"'tI'~::~1Iil1nm1LtI~t!t.lLLtlfl~~-r"'Llilt.I''ll~tY''11fl'lU1::~~1~ VE I V02 (Wasserman, 
.. ..I 

1983) II~1l1'rC'rI 7 

• Vt/V02( --- ) v[tvC02(--- ) • "aramettr vaIUH@!LTjlV02max_%MaX valuesflRe 
5( ..._-------------"l-5( t(hh:nvn:sS)--'-=OO:08:45 00:12:45 68.6% 00:11:30 
51 """ 51 Speed(KrTtt"10) 40 68 58.8% 55 
49 f- 49 GraOe(%) 12 16 75.0% 14 
46 
4( 

41 

39 
3E 

34 

31 
29 .1 
2( 
22 
19 

11 
14 
12 

.t .. ,e • .. 
~. -. . .- . . -to· 

.. .... .. 
.. 
.. 

. 
; .r/' 

• I. 
• • t~ •••• . ",. . -. ... 

:,. . . . 

f- 46 NlA(-) 0 0 0.0% 0 
r 44 V02(mIIInkl) 1204 1908 63.1% 1688 
f- 41 V02JKg(rnIIrninIKg) 22.47 35.60 63.1 % 31.50 
""" 39 VC02(mlll'nIn) 1053 2221 47.3% 1760 

VE(VmWI) 31 .0 72.5 42.7% 52.5 
r 36 HR(bpm) 129 172 75.0% 165 
""" 34 R(-) 0.87 1.16 75.0% 1.04 
r 31 
r 29 

""" 21 r 24 

f- 22 

r l9 
f- 11 
f- 14 
r 12 

r 9 
f- 1 

f- 4 
r 2 

o 225 451 676 902 1127 1353 151e l eO ( 2029 2255 



57 

4.3 lli1 Aerobic threshold d~h.l.,~n~n1"LI.~fI~nLl~1ljtUI~~;itl m1Ln~n1~LI.~fi)~n 

Ll~~1nntj1m1~~1!J ~_3"1~Li~U~'li~''l1_3n11~~1!JL'2Tu 1.11tltl1"1"1~L1!Jntj1Lilu""~_3fi~'tl_3 
1~tJtJLl.tl Lwn ~_3_31U~~!J~'i~1.11 L"!JL~fii1mn~tJ1!Jtl1mtll (Ventilatory threshold) L"!J1.11L~ 
'i1n ~fi1.11'i1n,h~ - ~L~t1 (V - slope method) L~!J'i~~'i1nm1LtI~!JULl.t1~_3~;~L'iU'tl_3 
"..J ' ., ..I 
tl~11",,'lU1~1.1'l1_3 VC02 / V02 (Wasserman, 1983) IMfl1YfVl 8 

. VC02 Uti l min I 
2255 

2152 
2050 
1947 

1845 
1742 
1640 
1537 

1435 
1332 
1230 

1127 
1025 

922 
820 
717 
615 

512 
410 

307 

205 
102 

• 

-+---r----,r--.t,---r----,r'--..,..---r--'--;r--..,..-~ V02 , 

o 225 451 676 902 11:7 1353 157e 18 04 20 29 :255 

5. li1mrl'~tl~11m1L;tui'lLIit1.U'N~LL1i_3iU (Heart rate during competition) 

li1 n111' ~tl1J111 m1L~ui'lL'i L U'D N~Ll.1i_3iu L~!JL~ Lfi)1tl_3ijtl1' "tl~11 m1L;tU'Dtl_3i'lLIit 

Ll.tJtJLYf~1fil~ (Polar team system) LI.~~1.~~ntJUnn"1L1.lJi~~fi)U ~_3Iit~L~fi)U~~ 1 Lfi)~~ L~tl 

1ljL~Ln"'n1ri'tlu";tJnu L~!JIit~fi)1"'LfI~_3ijtlt)'~tl~11n11LAu,tl~i'lLIitLl.tJtJLYf~1fii~1:)1tltJLtl'l 
~ , .,.. ., .. ., J: ., ~ ....~ J: 0 ., 

LI.~~ ~U'DN~LI.'D_3'DU Lfl1tl_3Iit~tJU'Ylntl~11m1LI'tU1.1'l ~IitLl.~~L'l~1YJn 15 'lU1'Yl ~"'!J'i~l'ttl_3'Yl1m1'l'" 
~, ~ 

IK~Ll.lJi(hJAu~~tl"''iuiufi~m1L1.1i_3iuLuu.lJi~~LUJ'Yl' 1'l~i1_3L'l~1lim~1.1tj1_3!JnLuLl.lJi~~!JnlJ1~tl'" .. 
n11L1.1i~iu 1.1i~'i1 nUU'i~1l1 Lm Lfi)11~\fftl)J~tl~11 n11L;tU'Dtl~i'l 1."1 L"'!JL-ntJtln IJi'LI.'lf Polar 

precision performance. LUfl1!J1.1i_3lJitlLti 

6. m1~1U'lN1.11t1i~1Nm1L-nYftr_3_31U (Energy expenditure) LU'N~Ll.1i_3iu Iit~ 

~1U'lNL~!J1l1';1~~nClfl1Yfn11Lftltln;LIitU~_3fi'" ~L~U~tl_3tln~n11LtlL.nun11fi1U'lN 
~~n11fi)'l1~l~liufi,tl~tl(;l11n11L~U'Dtl_3i'lLIitLl.fl~tIi~1Nn11H'tltln;L'iU (HR - V02 

relationship method) 'Dtl_3L1.lJi~~filU 1.1i_31it1n,rUIit~1l1tl~11m1LAu'Dtl_3i'ltIitL~~!J~LIiLU'DN~ 
Ll.1i_3iu ~1LUffitJLVl!JtJntJ~~n1"fi)'l1~l~liufi'Dtl_3tl~11n11L~U'Dtl~i'lt'iLl.~~tIi~1Nn11t;' 
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.. ,..,j .. It.!"! " tJ- _.c .: l' 11 , .. 
t:lt:ln.L"'U"Itl~LLI'l~~"UVI'lll Ll'I LU"t:l~ !JUI'ln"11 .~fl~n'l1Ufb'l~"''ln''Dt:l\l~''It:l~LLI'l~~''ULYtt:l 

tJ1~L£jUYti~~'lU"Itu~LL ,~iu Lllml'l "'lfl~ntlll'l'rm'l11.-Dt:lt:ln; L"'U ~'l LtJ~tJuLilu fhYti~~'lu 

"Itu~t:lt:lnn'li~mtJ ii"ti'ltJLilunL~LL,,~t:l1 L"'tJ~fl~11Clll'lYtm11.-Dt:lt:ln;L"'U 1 fi","1.u"Itu~tlt:ln 
n'li~mtJ"'~fl'l~'l1mtJ~tJuLilum11..Yti~~'lULALYhriu 5 nL~LL"~t:l1 (Sherry,1990) 

HR (beats I min) 
200 

100~ ______________ ~H~R~~~X~ 

100 

~ ________________ nile (min) 

10 20 30 40 50 

(1 ) 

VO, max : 

48.29 n,Vmlnlkg 

10 20 30 40 50 
Vo, (mllminlkg) 

(2) 

..,j .... ..l' "'1.1. ,... .. •. 1 %, ..... 
ll'lYtVl 9 (1) LLflll~Cl~t:lI'l1'lm1LI'IU"It:l~"'l '" U"Itu~LL"I~"IU LL~~ (2) LLflIMCl~n1'll1"'l'l~l'f~YtUfi 

1~"~'l~t1I'l1'lm1L~U"It:l~i'l1.",riUfl~11Clll'lYtm11..t:lt:ln;L"'U"It:l~LLJJi~~"U1.U1~"~'l~n'l1Vl"'flt:lU 

l'i'lfl~11Clll'lYtn'l11..t:lt:ln;L",u~~fl,,1.U"'t:l~tJD~m1 

7. m""'l1~uuYti~~'lULLt:l bun (Aerobic system) ,,1tl1~UULLt:lULLt:l L1U n (Anaerobic 

..,j1.1f"I ' ... ::. 1.11 ....Jt ... system) VI "II LU"Itu~LL"I~"IUUU "IIn'l1"'l1~UUYi~~~'lUl'I'ltJn'l1'l"n'l11~U'ltJt:l'ln'l~ 

(Ventilatory threshold) ;~~'lU'ltuL"tJ':lfim1~ - flL~tJ (V-Slope method) "'~LAt1"'1'lm1Lt1Iu 
'" "It:l~i'l1."t tu ,,,,ruA'ltJ Yi'l1."'fl'l~'l1Cl1.;t11'l1'ln'l1Lt1IU"It:l~i'l1."t LilULntu") 1.un'l1LLti~1~UU 

Yii~~'lui~ 3 1~U~1.-DLtJ1.U"Itu~LL'~iuLA 
'" '" ~~,rUfl'l~11Clfltt1LA ~~U 

HR > AnT = Anaerobic system (LA) 

HR ~ AT ~~ AnT = Anaerobic and Aerobic system (LA-02) 

HR < AT = Aerobic system (02) 
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.. • ,........ .. .. ~.. PI 
LU!Wil'1nn'11"''1~'fl~n'11LL'WDU'D'fl~Unnn'1 )JflN:n11)Jn'111J1"'~U1:(I\UfI'1n~)J'1LlJU 

n11)Jm1,r"aUfiI:LLUUlUfJnLL)JVli LL~:UJijn'11u~A'uluLLUUn'11'Dn'D'fl~Unn"'1ri'flu~~yhn'11 

LL,,~iu ";'1l~m14''''~'1~'fl~m1LL''~iulu~'1u~4'tJfli~;lfl~'1tJfI~~rium1LL''~iu'ill~)J'1n~t!'" ul'fl 

UU~nll'1fm'1LL"~iufJnLL)JVliLL~'l ~~U'1)J'~Lfl1'l:\fL~'fl~'1vJLLUU'D'fl~m1'Dn ~~~m11Ji'fl'lu;l 
" "..I 

1. n'11f1UVlU'1n~)J!i'fltJ u1:n'fluA'ltJ ~nfl'fluli~ 3 vi'1u unn"'1li~ 1 0 flU ~Vlij 

U1:flUn'11Wlhun"')J'ltJfI'1nfi 1 flU LL~:rfl4'tJ L"tJn'11f1UVlU'1'il:LijULLUUUJLiJuVl'1~n'11 

L~'fl~'il:1.~'lU11JmU ~ffiLiJU~Ufl11fi1lJi'flm11Jn''fl)J'D'fl~Unn'''1 L~'fl~UtiUvJLLUUm1'Dn'D'fl~ 
unn"'1luLLlJifl:LL)JVl,mrfl4'tJ1.A'il'1nm1i~LnlJ1vcq~n11)J'D'fl~Unn"'1~'l~uu~nIl1VCrj~L'flH 

2. ri'flU~'il:Ll)J";'1n'11f1UVlU'1n~)J rfl4'tJ'lAl\\'~nfl'flui~ 3 vhu LL~:Unn"'1 1 0 1'11.1 v'h 

..I "IMI .. "IMI ..I., .... ." .. r LLUUfI'flUtl'1)JLntl'lnU,uLLUtJn11'Dn LVC'flVl1'1Utl~,uLLUUm1'DnVlUnnn1tlU(I\ n'flUm1'lLfil11:~ 

vJLLuun'11'DnluLLIJi~:LL)JVli 
-., _'1 'I ,.. 11'1 ., If.!'.!' ..I II 

3. ~'l'iltJu'flmlJ'1~)J1tJ ~Un'11f1UVlU'1nq)J LVC'flfl'l1)JL'D1 ~'ilIJ1N nULL~: ~"'''D'fl~fiVl\lnlJ1'fl~ 

, ..I .:. J!" '" I 'I.~..I 
n'fl~Vl'il:L1)Jm1f1UVlU'1 LL~:"':LflUI'I'l'1)J~U'D'fl~nq)JIJ1'l'fltJ'1~ ~~"'Vlt!'" 

4. 'il1nm1Uu~nIl1vcrj~L'fln'11~1fi'fl~n'11LL"~iui~~)J'" 15 LL)JVli r(S4'tJU1111VCrj~L'fl~ 
uu~n)J1~'1tJlum1flUVlU'1n~)J!i'fltJ;j~: 1 LL)JVlin'11LL,,~iU VCffi)JflttlvJLLUUm1'Dn'D'fl~LL)J'Vli 
" '" UU LL~~~~"''1nUu~~G)J~'1tJLL)JVlilJl'fl'lu 

" unn"'1LLlJl~:flUluLLlJifi:LL)JVl4m1LL,,~iuuu 1 
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... ".1 ""'!:'.s'" l' .!' .. 0 .. .,J 
6. L)JtlYl"11JCl~l1JLL1J1Jn1t'lln'Dtl~'\.Inn"1'VI~ 15 LL)JYl'"llL,.tl1JltltlU~'l ttt~'\.I1YH~~~1'\.1Yl 

~1'\.1'lNHu~'lttt1n~)Jn1ri1'Attt1n\\'tl~Yl~fltl~t'\.l'lnU)JYl4n1"U'~i'\.l U1)J14'1J~n111..rYfi~~1'\.1 
1. '\.I'D N~LL '~i'\.l1. \\'fJlNn1Jpj U1J1J'Dtl~n11'!1 n 1. '\.IU)JYl4L;!tl'l n'\.l yj 11. ";Yl"11Jil~Yfi~~1'\.1~t f'L '\.I'D N~ 

" LL'~i'\.l'Dtl~ztlLL1J1J"tl~m1'!lmr'\.l1 'D~Unn"1LL,jfl~fiI'\.1 

2 . ~i-llttt1mr'\.lU1~~~tl~U'\.l~nfl1Yfn11LL'~i'\.l )J1~Lfil11~tfft)J""Cl'\.l~n1,.tltln~17~L~tl 
yj1fi1~U'\.I'\.I1.'\.ILL,jfl~U)JYl~Unn"1fl~yj1n11LL'~i'\.l 

3. U1;tllJfl~'~mLfil11~tfi'l)Jn1J,tlLL1J1Jm1'!ln'Dtl-llUnn~1 L~tl~~1LLlJ\fl~ltlLL1J1Jn1" 
" 'IIn"tl~Unn"1U'\.l iift)J1"Cl'\.l~m1tltln~2l'~Li~I'\.Itlth~1,. 

" " ... n11~4'tl"'f~ULYitlfil'l1)Jtlfltl~Jitln1Jmj)J~'ltlth~ ~-IIiin1"fJl1'l"fttl1J~~1Lil'\.lm1~4'tl 

tlth-ll1tl1Jfiltl1J L~tlij1.";LnL'l"''l1)JLatl~1.~ 1 ~,,~yj11."'Ln~tl'\.llJl11tl,jtl11~n1tl tl1tttiinq)J~'ltlth~ 
..J... .1'" .!'.t ..... 1/ ... 0 ..... oil .,J1.1I"I 
Yl)Jtl1m11J'l"'L)Jtltln~1)JL'\.Itl LL'D'\.I'D1LYitl-llLfln'\.ltltl L)JtlYl1n11Yl~fttl1Jn1JLfil1tl-ll)JtlYl '"II ~'\.Im1 

" ~~n~1'l"'~~1tlL~'\.Itlnj11.'\.IL'lfl1tl'\.lI'\.l ~1n~ii~'l'\.l1'l)J1.'\.Imt~4'tlLnL'ln111J1L'1L~1J'DN~yj1n11 

..... - .. 0 ..I ~ 1..1 .t 1/ ", ... .t 0"J 
'lttttl foi'l" tl" ~Yl1 n 1 h'ltlL ~fltl '\.In111J 3)JYftl11J1fl L1Jtl-ll IJI'\.I ~1 ntl1 n11 L)J ~'D'\.I"~'\.I1 "'~ 

..J1..!'.,J 1. .. ... - .. ~ 1/ ..... 1. ~ .!'.. , 
ftCl1'\.1Yitl11J1flYl n~Yll1'" '\.IYl'\.lYl LLfl~foi'l"tlttt~LlJ'\.I~~LLflt1J~L'I'IItl1J ~ ~"'"1Jn11~LLfltltl1~ 

" L~)J1~ft)J ~L'ltl~4'tlttt~LiJ'\.I~ftJijL'l"tl1Jfih 1..r,",1m1~~)J ~ 
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.. ., a!~ ~.,.,. t 
n1",,,n1l1l"BtlL"1'Ma.! "'l~n1'l 

1. ~L;1i'l2JL"'Nn11~(tJLth.lnq2Jfl1~1~,j",,.~~,j"'1L"'L;1i'l2JL"'Nn1"~4'tJ L~tJ;f1~fl 

~'lU~'l LLfl::"'1nn111'1"'flfl~ "'::LnuHd~lu"''l12JiU Ufl::~4'tJ"'::L~l.IfI~flllfl~~1U~4'tJLW11ff1'l2J 

2. ~1nnq2J~ij~'luh2JLl.In11~4'!J 'l~fUU1"'L4UL~f1~"'1nn1,.~m~n'VI"'flfl~ ~(tJ~::li1 
n1H'ltJ L ~flfl Ll.In11tl~2Jff!J1U1fl L~f1~ 111.1 Ufl::~::U1~~~ Cl1l.1fftJ1U1fl~Ln~~t1 '" L l.Iil.l;l Ufl:: 

~li1n1fl(tJ~::Li~)u~~Uflfu~"''!IflUlmAfun1''~Uflfl!i1~L~2J1::~2J 

3. ~1n~ij~'ll.li'l2JLl.In1~(tJij"''l12Jtl,.::~~,nUn1nfltJnL~nn11L;1i'l2JL'''Nn11~(tJ 

~12J11Clli1~~nllCU:: ~tJUJrJffl~li1n1AU~~L~'J~fl L"'tJUJijn11~'kIL~tJtl1::LtJ'!Iml~~'l~fu 

LUn1~Lfl11::\f;f1~fl ~4'tJU1;f1lJfl~LnU1'lU1'l2J'lA2J1li1n11~L"'11::\f";1'V11~~Ci~ L!'ItJ 
0-

Hltl1Un12JLU"'f12J~'lLJIflf~1L"'ttl ~~il 

1. ~1U'lcufli1L~;!J (Mean) LLfl::'h~'lULritJ~LUl.I2J1~1~1l.1 (Standard Deviation) 1If1~ 

';1~U'~1 nn1l'l "'U12J1CUn11 L ;ffi~~1UllCU::U ';~il.lllfl~,rn n"1i~~2J '" 
2. ~1l.1'lCU";1L~~tJ (Mean) LLfl::";1~'lULri!J~LUl.I2J1~1~1l.1 (Standard Deviation) 1If1~ 

ttluuui~ 3 ttlLLUU'!lfl~n11'!1n~ij~fll'iflU12J1CUn11L;ffi~~1l.1'!1cu::u';~il.l'!lfl~,rnn"1 
3. 'VI"'~f1U"''l12JU~nl'i1~fli1L~~tJ'!IfI~IK'lutlri~ 3 ttluuun11'!1n Ufl::1l1tJLl.IttlLLuui~ 3 

"'f~ ~'ltJ~Ci~n1flL"'11::\f"''l12JLLtlnl1'lU'VI1~L~!J'l ujflffu~1ij"''l12JU~nl'i1~~~LUffiUL;ltJU11tJ 
~LlPltJ~'!IfI~UflflLfI~~ (LSD) 

....... 0 ., __ -' ... 

4. V1"'~f1Ufll'l12J2Jl.I!J~1"''kIVl1~~Cl~V11::'''U .05 



.. 
Uri" 4 

... ., ::..: --., ".l'.. J!.J .. .l' ~ "IJ! ., 
n11'l~!JflNU roi'l~!J LPI'VI1n11LntJ1'ltJ1'l).J"Dfl\lfi'VI LPlIiI1nn11,.,m~t1~fln11 L"DTifN~1U 

t U'I N::U 'Ii~iuun n"1).J'l!J~1 n fi~,j' fl1LflUl4 t\j.:l Yi).J"JI 1 ~L 'VI!J "flfl l'I1::!J:: L'l fl 1 ~'" l'I~ 1 flfl.:l ttl1un 1).J 

!111U 'Ii~;u iii 1 mrU~~U1'fl\lfl~L;').J1'!l Lfl11::1 ~fl "1).J 1::L;j!JtJ'!lfin11'V11~ ~ Cl ~tl'l!J ttl1un 1).J 

" flfl).J~'l L"tlf Ufl::U1 ~fl n1~ LM1::i;tl\lfl L~Ufl tUpJLLtJtJlJh~ 11K.:I tJitl Ltlil 

.J ... ., ... 
"flU'VI 1 ~fln11'lIil!JL"JI.:IfilCW11Ti 

~fl n1 ~"'!J L;.:I 'l CW11TiL;'U1 L~Utl L~!J'l ntJ;fl\lfl L;~ 'l CW11Ti L UUlJifl::,t1 UtJtJn11"'l1n'lltl~ .. 
unn"1i~ 3 ltlUtJtJ L;'Un ItlutJtJtn (Fighter) ,t1utJtJftJ (Boxer) Ufl::,t1UtJtJ~~).J~~1U 

(Combination) ~!JU1 L~UflUtJtJfltitJ1!J Li~IUfl'l1).J L1tJ~ 

~1n ~fl n11'!l"'!J L;~ filCUJ11TiYi1 t «1,1, ~fl n11'!l"'!J L;.:Im).J1 CUL~!J'l ntJ'fl\lfl~LI,1iI1 n 

n11~ m~t1 ~fln11 t -l Tifl.:J.:I1UL U'IICU::U 'Ii.:liuun n"1).J'l!J~1n fl~,j' fl1LflUl4t\j.:lYi).J"JI1 ~L 'VI!J t"'!J .. 
U1L~UfltUpJUtJtJ"111.:J Ufl::fltitJ1!JLtiUfl'l1).JL1tJ.:J ijlK.:ItJiflLtlil 

• ... .f" ,.J ..I .J ..I ~.,., .. 
2.1 'VI1n1"'lLfII"1::lIIfl1L~fl!JUfl::l'I'lULtJ!J.:JLtJU).J1""31U 'IIfl.:ltl1~ l'I'lU~.:I U1l4Un "'''JIU 

).J'lfln1!J (BMI) LtlflfL;utJiI.'II,j'uLu11.:Jn1!J (%fat) ).J'lfl'lltl.:JLlJlfliflJi1.:1 1 111!JLu11.:1n1!J (BCM) 

tl""1n11L~1~fl1C\JTii.:l.:J1U'IIcu::lin (RMR) fl'l1).J~1).J11tl~~t1l'1tUn11L-lflfln;L~u (V02max) 

tl"11n11Lllu'IIfl~i'ltlil'llN::lin (HRrest) ,"Ll).Jfl1 (AnT) Ufl::tl""1n11LrA'ui'ltlil~.:It1l'1 (HRmax) 

'IIfl.:lUnn"1).J'l!J~1nflft,j'MLflUl4t\j.:JYi).J"JI1~Ly!!J 
• ... .f" ,.J ..I .J .,.!' ., "I 

2.2 Y!1 n11'l Lfl11::111 fl1 L~fl!J Ufl::l'I 'lULtJ!J~ LtJ U).J 1 ""l1U'IIfl~tl ""1 n11L"Ul4'l L~ (HR) 

fl'l1).J~1).J11tl t Un11Lof tlfln; L~U (V02) fl'l1).J~1).J 11tl~~t1 '" L un11t-l flfln; L~U (V02max) 

Ufl::LtlflfL.UtJf'llfl~ fl'l1).J~1).J11tl~.:Jt1" tUn11L-lflfln; LIiIU (% V02max) 'llcu::u'li~iU'IIfl~Un nli1 

).J'l!J~1 nflft,j' fl1LflUl4t\j.:JYi).J"JI1 ~L 'VI!J 

• ... r,.J ..I.J .~ tJ! ., 2.3 'VI1n11'lLfl11::l4"'1L~fl!JUfi::l'I'lULtJ!J~LtJU).J1""31U 'IIfl.:Ju1).J1CUn11 "DTifl~~1U1'l).J 

'llCU::U 'Ii~;u (nLfl Uflflfl'1) 'IIfl.:Junnli1).J'l!Jft1 nfl~,j' fl1LflUl4~~Yi).J'II1 ~L 'VI!J L un11'" "~1flfl~ 
,., ::'..1 ::. ..I ::. .J ::''' 

ttl1Un1).Jn11U"JI.:J"JIUflN'VI 1 flNY! 2 flNY! 3 Ufl::1'l).JY!.:J 3 ",f~ 

2.4 LU1!JtJL Yi!JtJfl'l1).J U" n lJi1~"JIfl~U1).J1 CUn11L-lTii~.:I1U L U'II CU::U 'Ii~iu (nLfl UflIflfl1) t U 

ul'ifl::,t1UtJtJn11"'l1n t"!Jn111LflI11::1fii1fl'l1).Jutl1t11'lU'VI1~L;I!J'l (One - way analysis of 
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...r I .. _I'!! - I~"-variance with repeated measures) Ll.fl::LlJtlYitJfIl'l12JLI."MI1~~~LU1t1tJLYltltJ11t1~L~tI'lfi'tl.:j 

" ,rf'ln~12J'ltJ~1nfl~~MLfiu"cY~Yl2J'1~LYltJ1'l2J\1~Ln2Jm1L1.'Ji~iu 
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.. .., ~ "tl"" 1 ~tm''M'"!lL'D~~'''Il''' 

~'l n n'l1il4'tJ L ~~ fIJ CUll Tn ~'ltJ n'l1f\ UYlU'l m~tI L~tJ'l ntJ ,tJ LLtJtJ n 'l1"11 n"1lfl~Un n\i'l LLfl ~ 
ilLfl1'l~1ft'UJnClu::n11flfln\nrl'lL~fl,j1fl::LLUULULL~fl::LL~VI"lfn'l1LL'~;U ,j1Lm~ffl~ttJ1Ifl~ 

ltJLLtJtJn'l1"11ni~ 3,tJLLtJtJ ~1nn'l"i~Ln~Yi~~n""~1Ifl~unn~1~';1n'l"LL'~;U LLfl~n11 
.. r ... .. • ... _ • .11 ... , 'I. I~ 
'lLfl"'l::,"n'lffifln'"tI~LYiflYl1fl~LLUU1Ifl~Unnn1 IM~fl LUU 

3.1 ztJLLtJtJtn (Fighter) LtlultJLLtJtJn11"11n~Unn~1~~L~U,"U1~nL;1,"1~lJ\fl~nflu 
~~LLlJ\tJnLL,.n 1 Lilu~'luL,"C\i Liluin~C\.I::"1Ifl~fIIU~'fltJ1J ~~41t~L~uLf1'1.tJ,"1~lJ\fl~LLfl::flfln,"l!l'I 
.. • " , k" ., -0.11 .J_ "'" I .: '1.1'''' " , " k v, .. ... -0.11 -
LYiflVl1fl::LLuunflu~~fl\l "JI~unn n1Yl~,uLLtJtJtnU41t~ L"DYifl~~1UUfltJ'l1,!!~fl\l n~fl~flunn n1~ 

.1 r "..I k-'" .J_'I .... 'I". ....J '1.1"· ... 
u1::n'l"C\.I~'lnm'l~Vlfl\l tlYln~::Yll'l LUn'l1flfln,"tll'I VI'l L'"4lt'lU'lU,"tI l'IVlflfln LuLYiflVl1fl~LLUUtI 

tJ,.::aYl~n'lYi~'lnn~'l~~';1fl::LLuu'1.~tI'lnn~'l~~fl~l'ItJflfln,"l!~ufltJn~'lLuYl'l~~1~nuf1~~1 
... -0.11 -.1 r", " k ... -0.11 .. ... 1! ' , k" • • 'I" unn n'l~u1::~tJn'l1C\.1UfltJ n'l1,!!~fl\l un n n'l~~~fl-tL~UL"D'l,"'l,!! ~fl\l L YiflYl1 fl~LLUU VI'l L," 

'Ilnn~'liln'l"L;Yii~~'lu~'lnn~'l~fifl~ 

3.2 ztlLLtJtJ1tJ (Boxer) LilultJLLtJtJn'l1"lln~unn~'l~~iln'l1~~1tJflfltJ~fifl~~~~L~ULf'l 
.-

~'l,"'l ';'lL ,"un n\i'l~::tK~ n'lf~ilfl-3nULLfl~1tJ,"l! ~~'l n ~ ~fl~ ClfltJ,"fltJ,"fl n ~ fifl~ LLfl~,"'l4'~~'l~ 
'I ... ... .. • .. .. -0.11 .J ... "", I ,.,.: 'I"'" .. , ' , k .. ..1 .. 
L Un'lffifln,"~l\nfltJLYiflVl'lfl~LLUU "JI~un n n'lYl~, u LLtJtJnJU~:: L"IIYifl~~'lUUfltJ'l'l ~~fl \l n l'Ifl ~fl 

unn\i1iltJ1~~tJn'l,.nr~'lnn~1~fifl~ ';'lL,"illin~~~~LUn'lffifln~l!~ ~'lU'lU~l!I\~flfln'1.tJL~fl 
';'lfl~LLUuiltJ,.~iVl~n'lYi~'lnn~1 ~~';'lfl::LLuu'1.~~'lnn~'l t~tJL;Yii~~'luufltJn~'l LL~~::flfln 

... " , k .. ... -0.11 -.1 r, • 'I" v... 'I • 
~~~LtJfl::m'l,!!~fl\l LUfl~~'lnUn n n'l~u,.::~tJn'l"C\.I~'l nm'l VI'l L~L ~U~~~'l:: L Un1ffl'lfl::LL UU 

~'lnn~'l~~fl« LUYl'l~"'NnU;'l~~'lunn~'liltJ"~~tJn'l,.nrUfltJn~'l~(J\fl~ unn\i'l4lt~lffl~flfln 

~l!~L~fl';'lfll~LLuu'1.flL,"~u~JJlfl« ';'lL,"unn\i1iln1"L.fYii~~'l~1nn~1~~fl~ 

.-
"''ln~1uil4'tJu~ttJ'1.;;~'l Unn~'lLLfifl~flU41t~ilfl'l'ltlClU£'lflUfl~itlLLtJtJnu LLfin~12J'l"Cl'lln 

'I.l'~.1 ... - _...... ~.I "!It.!f.J
LPlVI~ 3luLLtJtJ LYi"'l~Unn~TYJnflU~LYlflUfl LLfl::Vln~~n1"'IIn~'ln Lu"LLn"2Jn'l,.~.m"Dfl2JVl2J 

J' -... '.1'''' _ .... 1 '1.1 .. v ......J " 
YiU3'lUL~tJ'lnU LL~"'lUnn\i'lClU£'IluLLtJtJ L~luLLtJtJ~U~ n"'~~flUL VI flUfl LLfl~Yl n~::VI LUU 

ltJLLtJtJ~U L ~fl LLnt ,ffltJnYi1fl~'fl~'Iln n~1 ;~un n~ 1t1'ltJ fl1 nfl ~l! fl1LflU1Ifl-3tJ,.::L VI filL YltJ~:: 
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Ltlu~LL1J1Jm1i-3ru)J1nn~1p1LL1J1J~U 1 LL~fbU)J1nl1.lLL1J1J'Dfl-3n11'Dn~:~ufl~n1J~tJiflfLuLLtJi 
fl:LUJYI;vIL;1h)J~1m1LL'-3;Unlnrnnli1)J1nn~1fil,)1)Jmrll'l'Dfl-31!nnli1LLtJifl:PlU 
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o ... _f' 1..1 -J..I -J ~...... ... 
2.1 ~')n,)1'lLfil1')::lIIfi1,) L~fltJU.fl::~'lUL1.JtJ~ L1.J'UJ') ,,",,)1.1 'tl~tl,)~ ~'lU~~ u')~un "',1.1 

'-J'lfln'ltJ (BMJ) LUtlfL.Utt\.,,rULUf')~n')tJ (%fat) '-J'lfl'tl~L'fl£fr;h~ 111')tJLUf')~n')tJ (BCM) 

tr,,",) n,)1L~,) ~fl')'Y."i~~')u, tu::~n (RMR) fiI'l,)'-Jt\,)~,)1Cl~~q ~ L un') 1L-ltltl n; LIitU (V02max) 

tr"1'ln'l1L"'U'tl~i'lLIit'tu::~n (HRrest) ,~Ll~fl,) (AnT) U.fl::tr"1'ln'l1L"'ui'lLIit~~q", (HRmax) 

'tl~unnli,)~'ltJt\')nfl~,rfil1LflU~~~;)'-J,')~t~tJ 

.. 1..1 -J..I -J ~...... ... 
Pl1f1~" 7 "',)L~fltJU.fl::~'lUL1.JtJ~L1.JU'-J,)1l1'')U 'tl.:ltl')~ ~'lU~~ u')~un ~'U'-J'lfln')tJ (BMI) 

LUtlfL.Utt\.,,ruLuf').:ln')tJ (%fat) ~'lfl'tl.:lL'flffl'l').:l 111')tJLuf')~n')tJ (BCM) tr""')n,)"L~,) 

~fl')'Y."i~.:l')u'tu::~n (RMR) fiI'l,)'-J~,)'-J,)1Cl~.:lq~LUn'l1L-ltltln~LIitU (V02max) tr"1'ln'l1LIA'U 

'tl.:l\l'lLIit'tu::~n (HRrest) ,,,,Ll'-Jfl,) (AnT) U.fl::tr"",)n'l"L"'ui'lLIit~.:lq~ (HRmax) 'tl.:lunnli') 

'-J'ltJ~') nflt\,r fiI 1 Lfl 1.1,., ~.:l;)'-J',) ~t ~tJ 

iK'luu" 
0 

Pi1,h~", Pi1~-3~'" Pi1Lll~!J fbt.IL;j!J-3LlJ~ "I1~'l~ 

,rnn~1 ~"1J1"3"'U 
(minimum) (maximum) (mean) 

(fII'U) (SO) 

tl1tJ (U) 10 17 26 21 3 

~'l'U~-3 (L'II~~~I'I") 10 159 167 164 3 

u1",,rn (nLflnffi) 10 47.5 62 55.7 4.7 

BMI (n~flnhJ/~,,"2) 10 17 23.9 20.9 2.1 

% Body Fat 10 12.3 20.1 16.4 2.6 

BCM (ntflnffi) 10 23.1 27.6 25.6 1.4 

RMR (fltflUfIIfltl;') 10 1395 1497 1449 37 

V02max (ijflflfll'l,.fritflnf1.J1lJ1Y1) 10 29.77 55.92 41 .97 7.13 

v ... 
HRrest (fIINIlJ1Y1) 10 47 77 57 9 

f, ... AT (fII -31lJ1Y1) 10 143 175 162 10 

f, ... HRmax (fII ~1lJ1Y1) 10 158 183 173 8 
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~')n",)"'H~ 7 ~1J~,) unrh1',)~'ltJ~') n~t'Urfil"Lfh.l\H~~Yi~,') ~1"t'1tJ ij fii ') L1l;tJU~:;~'lU 

LtltJ~L1JU~,)""'')U''tNf),)~LVhn1J 21 ± 3 n ~'lu~~LYhn1J 164 ± 3 L'U~~"" ~,)~unLvhn1J 55.7 

± 4.7 nL~nf~ lK,u~'lflmtJLvhn1J 20.9 ± 2.1 nL~nf~lJif)"'')''')~~''''' Ltlf)fL';UI1.,ll'u'lU,.')~mtJ 

Lvhn1J1f)tJ~:; 16.4 ± 2.6 ~'l~"f)~L,~ilJi')~ 1 /1')tJ'lu,.')~mtJLYhn1J 25.6 ± 1.4 nL~nf~ tr",.,) 
n,)"L~')~~')ru~i~~,)u"cu:;';nLYhn1J 1449 ± 37 nL~Ufil~f)1 fil'l,)~~,)~,)"Cl~~t1",'lun'),.'l; 

f)tm~L~ULYhn1J 41 .97 ± 7 .13 ih~~~",,.lJif)nL"nf~lJif)u')Yi tr",,.')m"L~u"f)~i'l 'l~"u:;';nLYhn1J 
II I II 

57 ± 9 I'If~lJif)u')Yi ,"'Li~«,)LVhn1J 162 ± 1 0 filf~lJif)u')Yi U,,:;tr~,.')n,)1L~ui'l 'l1ij~~t1"'LYhn1J 173 
II 
... I .., 

± 8 filN"tlU')"t'I 
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o ... ,. • ..1 "" ..I ., s- .,,, 
2.2 Yl1n1"'lLfil11:::14fi11L~~tJLU~:::l't'lULtJtJ~LtJU~1lJl"l1UlIfl~fllJl"1n1"LlJlUWl L~ (HR) 

fiI'l1~~1~1"Cl t Un11t;flfln; LIiiIU (V02) fiI'l1~~1~1"Cl~~f! l'I t Un'1,.t; flfln; L~U (V02max) 

LL~:::LtlflfL'U,r'fl~jiI'l'1~~'1~1"Cl~~f!",tum,.tfflfln;LIiiIU (% V02max) lICU:::LL'Ii~;UlIfl,nrnn"1 

~'ltJ~'1n~~2l'fiI"LflU14cY~Yl~"JI1~lYltJ 

4 • ..1 ""..I ... s- ... " " "1"~" 8 fil1L~~tJLL~:::l't'lULtJtJ~LtJU~'1'""l1UlIfl~fllJlnn1"LlJlU14'l LIiiI (HR) filI;)1~~'1~'11Cl LU 

m,.tfflfln; LIiiIU (V02) fiI'l'1~~'1~'1 "Cl~~f!" t Un'1,.t fflfln;LI4lU (V02max) LL~:::LtlflfL"JIU,rllfl~ 

fiI'l'1~~1~1"Cl~~f!" tun1,.tfflfln;LI4lU (% V02max) 'CU:::LL'Ii~;u'fl~Unn"1~'ltJ~'1n~~,rfil"LflU 

14cY~Yl~''1~'tYltJ 

ltiLLtJtJn1f11 n 
0 

HR V02 V02max %V02max I4l1U'lU 

Unn"'1 (bpm) (ml/kg/min) (mllkg/min) (ml/kg/min) 

(flU) 

1'l~ 3 itILLtJtJ 10 Mean 169 38.71 41.85 92.31 

SO 6 1.52 1.48 1.61 

itILLtJtJtn (Fighter) 3 Mean 171 39.71 42.34 94.01 

SO 6 5.76 6.45 7.02 

pJLLtJtJftJ (Boxer) 3 Mean 168 36.96 40.19 90.81 

SO 5 9.68 6.95 10.54 

itILLtJtJtJ~~tJ~1U 4 Mean 168 39.47 43.03 92.11 

(Combination) SO 7 5.93 7.44 5.96 

I4l'1nlJl'1n~~ 8 'WtJ~1 unn"'1~'ltJ~'1n~~2l'fl"LflU14cY~Yl~'1~lYltJ ij"''1L~~tJLL~:::~I;)U 
LrltJ-3 LtJU~1lJl"l1UlIfl~tllJln n11L~ ui'l tliil (HR) fiI'l'1~~1~1,.Cl t un1"t; flfln; LIiiIU (V02) 

filI;)1~~'1 ~1"Cl~~ f!" tum,. t fflfl n; LI4lU (V02max) LL~ :::LtlflfL "JIU,rllfl~ fiI'l1~~1~1"Cl~~f! '" t un11 t f 
~ ~ 

flfln;LIiiIU (% V02max) lICU:::LL'Ii~;U~~lJiflLtI;j "I;)~ 3ltlLLtJtJLyhntJ 169 ± 6 fli.:JlJiflU1Yl 38.71 ± 

1.52 ij~~;lJl,.lJiflnt~nf~lJiflU1Yl41.85 ± 1.48 ij~~~lJl1IJitlnt~nf~lJiflU1Yl LL~::: 92.31 ± 1.61 
~ 

ij~~~lJl1IJiflntflni~lJiflU1YllJl1~~1~tJ pJLLtJtJtn (Fighter) LyhntJ 171 ± 6 filf~lJitlU1Yl 39.71 ± 

5.76 ij~~fllJl1IJitlnt~nf~lJitlU1;) 42.34 ± 6.45 ij~~~lJl1IJitlnt~nf~lJiflu1Yi LL~::: 94.01 ± 7.02 
~ 

ijfl~~lJl1IJiflnt~nf~tfltlU1YllJl1~~1~tJ ltiLLtJtJitJ (Boxer) LyhntJ 168 ± 5 filf-3tf1flU1;) 36.96 ± 

9.68 ij~~~lJl,.tflflnt~nf~tflflU1Yl40 . 19 ± 6.95 ijfl~~lJl1tf1flnt~nf~tflflU1Yl LL~::: 90.81 ± 10.54 
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.. 
n~flfltJl1IJitln'L~nhllJitlU1;i tJl1)J~1i1J ItlLL1J1JeJ~)JeJ~1U (Combination) ~.,.hn1J 168 ± 7 flf~lJitl 

u1;i 39.47 ± 5.93 n~iitJl1IJitln'L~nf)JlJitlU1;i 43.03 ± 7.44 n~flitJl1IJitln'L~nf)JlJitlU1;i LL~~ 

92.11 ± 5.96 n~iitJl1IJitlnL~nf)JlJitlU1;i tJl1)J~1~1J 
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o _ ,. ,.,J ,J, .,J • r.!: '111 ... 
2.3 f11 n'l1'l LfIl11::l"~1 L~~tJ LL~::l'I'lULUtJ~ LU UlJ 1 ~1l1U 'f}~u1lJ1 CUn'l1 ~"IIYC~~~1U1'llJ 

,cu::LL1i~fu (nt~LLfIlfif}1) 'f}~Unn~1lJ'ltJ~1n~~~fIl1L~U~~~YllJ'1~'lfltJ tun114'~~1~f}~ 
" .,J " .,J " .,J "" 

tU1LLn12.Jn'l1LL1i~fufIIf~f1 1 fIlNYI 2 fIlf~YI 3 LL~::1'llJl1~ 3 fIlf~ 

... ,.,J .J..,J • r.!: '111 ... ,... -'i' 
"1"~" 9 fIl1L~~tJLL~::1'I'lULUtJ~LUUlJ1~1l1U 'f}~u1lJ1CUn'l1 ~"IIYC~~~1U1'llJ'DCU::LL'~'U (n ~~ 

" LLfIl~f}1) 'f}~Unn~1lJ'ltJ~1n~~2! fl1L~U~~~YllJ'D1 jl'lYltJ t Un'l14' t'I~1~f}~ tU1LLn1lJ n'l1LL 1i~fufIIf~ 
.,J ".,J::'.,J ::''' 
YI 1 flf~YI 2 flNYI 3 LL~::1'nJYI~ 3 flf~ 

ItlutJtJ011'Dn 
0 ~.:! fIIf~~2 ~ .. 

1'llJli~ 3 1i11U')U I'IN'Yl1 I'IN'Yl3 

llnn~1 fIIf~ 
(kcal total} (kcal total} (kcal total} 

(fIIU) (kcal 

total} 

1'llJ 3 zUutJtJ 10 Mean 86.97 85.68 87.71 86.79 

SO 19.39 16.49 18.37 1.03 

zUutJtJtn (Fighter) 3 Mean 90.48 80.11 91 .95 87.51 

SO 16.43 11 .07 17.75 6.45 

zUutJtJru (Boxer) 3 Mean 81 .70 90.51 79.71 83.97 

SO 33.27 16.49 31 .10 5.75 

tuUtJtJ~RlJ~R1U 4 Mean 88.29 86.23 90.53 88.35 

(Combination) 
SO 12.95 22.32 8.06 2.15 

~1n~111~~ 9 YCU-l1 Unn~1lJ'ltJ~1n~~~fIl1L~u~~~YllJ'D1jl\YltJ ijfl1L~;tJLL~::~'lU 

LrltJ~LUUlJ1~1l1U'f}~tI1lJ1CUn11t.rYCi~~1U1'llJ'DCU::LL1i~fu (iit~LLfl~f}1) tun114't'I~1~f}~ 

ttJ1LLn12.Jn'l1LL1i~fu fIlf~~ 1 fIIf~~ 2 flf~~ 3 LL~::1'llJi~ 3 flf~ lK~tfif}'ltJ~ 1'llJ 3,ULLUULyhnu 

86.97 ± 19.39 nt~LLf\~f}185.68 ± 16.49 nt~LLfl~f}187 . 71 ± 18.37 nt~LLfl~f}1 LL~::86.79 ± 

1.03 nt~LLfllfif}1 ~1lJ~1IKU itlLLuUtn (Fighter) Lyhnu 90.48 ± 16.43 nt~LLfl~f}180 . 11 ± 
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11.07 nL~U,fl~fii 91 .95 ± 17. 75 n~~u,fl~fii u,~~ 87.51 ± 6.45 nL~U,fl~fii (J\1'-J~1~U lUU,UU 

1U (Boxer) Lyhnu 81.70 ± 33.27 nL~U,fl~fii 90.51 ± 16.49 nL~U,fl~fii 79.71 ± 31.10 nL~ 

U,fl~flf u,~~ 83.97 ± 5. 75 n~~u,fl~flf (J\1'-Jfl1~U l1lU,UU~f4'-J~f41t.l (Combination) Lyhnu 

88.29 ± 12.95 n~~u,fl~flf86.23 ± 22.32 n~flu,flflflf90.53 ± 8.06 nLflU,flflflf LLfI~ 88.35 ± 

2.15 nLflU,flflflf (J\1'-J~1~U 
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2.4 Ltl1tltJLVltltJf'l'l12JLLlJln,h~'fl~tfi2J1C\.1n11tfYi{~~1t1ttl'C\.I::LL'-1;tI (nt~LLf'lflt'i1) ttl 

LLIJi~::ltJLLtJtJn11'Dn t~tln11~Lf'l11::1ffi1f11'l12JLLtJ1tJ1'ltlVl1~L~tlil (One - way analysis of 
.. I .. _~... I~ ...... 

variance with repeated measures) LL~::L2JflYitJf'l'l12JLLlJln"1~I;NLlJ1tltJLVltltJ11tl~ ~~tl'lfi'fl-1 
... 

LLfl~Lfl~~ (LSD) 

"11'1~;l10 Ltl1tltJLfltltJfII'l12JLLlJln"1-1'fl-1m2J1C\.1n11tfYi{~~1t1ttl'CU::LL'~;tI (nt~LLf'l~fl1) ttl 

LLIJi~::pjLLtJtJn11'Dn t~tln1~LfI\11::1fffl)J~ 

~'lLLtJ1 
pjLLtJtJn11'Dn (Style) 

Yi{~~1Yly~C\.I:: pjLLtJtJtn ttJ LLtJtJru ttJLLtJtJCJ~2JCJ~1t1 
F Sig 

I ., t (Fighter) (Boxer) (Combination) LL'~'tI "'tltUJ 

(nt~LLfII~fl1) M±SD M±SD M±SD 

:'-J 
fIINVl1 90.48±16.43 81.70±33.27 88.29±12.95 .137 .874 

:'-J 
f'lNVl2 80.11±11.07 90.51±16.49 86.23±22.32 .252 .784 

:'-J 
fIINVl3 91.95±17.75 79.71±31.10 90.53±8.06 .353 .715 

P> .05 

'1n"111-1~ 1 0 YitJ~1 un;hi12J'ltl~1nfl~~f'l1Lfltl~tY~Vl2J'1~LVltlttlLL"~::ltJLLtJtJ'fl~ 
n1111n iln11tfYifl~~1t1ttl'CU::LL'~;tI i~fI\f~~ 1 f'lf~~ 2 LL~::f'lf-1~ 3 UlLLlJln,h~ntlfl!h~il 
Utl~1~~Vl1~~~~~1::~tJ.05 
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.. 
~'ltJ~'lnfl~)j''''''LflU'''~-IlYi~''l~\\'I!.I1'l~i-llLn~n'l1U'-IlfU 

.. 
,rnn~'l~'l!.l~'lnfl~)j'fl1LflU"'~-IlYi~'l~\\'I!.I1'l~i-lLn~n'l1U'-IlfU 

xU UUU n'l1"ll n • 1~UUU!l 'Lrun 1~UUU!lUU!l 'L1fln 1~UUU!lUU!l 'Lrun 'it1U'lU 

,rnn~'l (Aerobic u!l'L1fln (Anaerobic 

(flU) System) (Anaerobic - System) 

(%) Aerobic System) (%) 

(%) 

1'l~ 3 pJuuu 10 Mean 25 38 37 

SO 4 2 2 

xULLUUtn(Fighter) 3 Mean 22 39 39 

SO 7.25 7.18 14.99 

xUuuufu (Boxer) 3 Mean 25 38 37 

SO 6.99 7.57 12.88 

pJuuU~~~~~1U 4 Mean 30 35 35 

(Combination) SO 9.32 5.05 10.92 

-I .-1, ""06 ." ... 
'"I1nIJl111-l\'l 11 Ufl~ U~UlJ~\'I 10 "U'l'l unn n1~'l!.l~1nfl~~fl1LflU"'CU-l\'l~ 

.~ .., -I .J -I ., -1111"1 ' ., .. 
'II'l1Jl ~\'I!.I ~fII1L~fl!.lUfl~~'lULU!.l-lLU~11J113'lU'!l-l1~UU"fl-l-l1U\'l "D ~u,tu~U'-Il'U flI!l 1~UUU!l .. 
'Lrun 1~UU!lUU!l 'Lrun-u!l 'Lrun Ufl~1~UUU!lUU!l 'Lrun ~-Il~!l1.tHl1'l~ 3 ztJUUUL 'rh riUffi!.lfl~ 

25 ± 4 1!l!.lfl~ 38 ± 2 ufl~ffitJfl~ 37 ± 2 1JI'l~~'l~U ItJuuutn (Fighter) L'rhriuffi!.lfl~ 22 ± 

7.25 ffi!.lfl~ 39 ± 7.18 Ufl~ffi!.lfl~ 39 ± 14.99 1JI'l~~1~U pJuuufu (Boxer) L'rhriuffi!.lfl~ 25 

± 6.99 ffi!.lfl~ 38 ± 7.57 Ufl~ffi!.lfl~ 37 ± 12.88 1JI'l~~'l""U ItJuuu~~~~~'lU (Combination) 

L'rhriuffi!.lfl~ 30 ± 9.32 ffi!.lfl~ 35 ± 5.05 U~d!ltJfl~ 35 ± 10.92 1J11~fh~u 
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.-.... ..1 • ~ .. I oJ .....1,. " ,,,,::' 
LL"'UIJ~" 10 n1'lnLLtlIMm"LlJffi1JLYltl1Jfil'lL~~tI'tl.:J"~1J1JYitN.:J'lUYl ~'I'I~tl~n'l"LL'.:J'U'tl.:JYl.:J 

3 pJLL1J1JLL~~t~tI,./nJ 

120 ~--------------------------------------------~ 

>0 C 100 +----,-----y--------,--,-------.--.------,-----,r-----i 

I!' 0 80 
.~ .n.a 60 

"C 
C .. 
.. c 40 
:18 20 

o 
Fighter Bo>eer Combination All 

Stvle 
I_ o/aAe - o/oAe-An 0 %An 1 

120 ~----------------------------------------~ 
~c100~~~~----------~~~~--------~~~~--~rl 
CJlO 
:;:::: 80 

::J 
c.G 60 
w-;: 
c- 40 (WC 
.0 20 
:lEU 

o 

I. %Ae • %Ae-An 0 %An I 
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..... ..1 • ~ ... , ..I .. ..1'111 ' .. 
LLaU<t]~" 12 n1'lnLL~~~n'11LuffitJLYltJtJfi\1L~~tJ'tNI1::tJtJYi~'N1\1Y1 LlIlJl~tl~n1"LL'~'\I'tl~ 

~LLtJtJfu (Boxer) i~ 3 fi\f~~yj1m"LL'~i\l 

1~ .---------------------------------------------~ 
>0- C 100 +-r_,______,r__T--.,.......,--------r-~_r__r___r__,_----_,_,______,r__T-,._,rl 
QO G;:; 80 
C.a 60 w-.: 
c- 40 .c 
::~ 20 

o 

I_ %Ae - %Ae-An 0 %An 1 

lLNuQtl" •• ",tUU""",U1U1lIawUNIWN.'U (Combination) 

~" 3 Rt" 

c120 .-----------------------------------------------_____, 
oS! -~100rr,--r-r-~-----,~---r-~~-----,~-.-.----r-.-~~-.--r-~ 
a::: 
C 80 
o 
(,) 60 
>0-r 40 
c 
~ 20 
• 2 0 

Flf"fI 
2 .----------. 

• %Ae • %Ae-An 0 %An 



.. 
\JYIYI 5 

n1~4'fJfilf-1d i11'lJI'lU1~t'4-1fifL~tl~n~m1t-t'nfl-1-11UlJI~tl"n11LL'-1iulItl~LnlJnl11lJ'lfJ 
t'41n~t'42!fil1L~U~iU-1f1lJ1I1~LYlfJ LL~~~LLtJtJlItl-1m1'!ln~i1e.1~~tl""fl-1-11u~tflum1LL'-1;Um'lJ 
lK'ltlti1-1Ltluunnl11lJ'lfJt'41n~t'42!fil1L~U~iU-1tl1F.J1~~~1-1 17 - 26 iJ rK'lLLYlUlItl-1f1lJ"1I1~LYlmf1 

1'llJ t Um1LntJ rK'lUn nl11 ntJt'4lJ1 fillJlJ'lfJt'41 n~ t'4 2! "1L~ULL ~~U 1~ L YI fIIIL Y1fJ t U'n 1~tJ1lJ 11l1U ti lJ,r) 

..I ~ 11 ..: ...... I ., ... d I..,J.I ... t ~ 0 
L .... tl~n'DtllJL'41~1tJLlJIffilJn11LLlI-1'unl11LtlL"DfJULnlJL'4Y1u1~LYlfIII~U UlJ ..... fIII. 2553 1i11U'lU 10 

• 
filU t'42! fil1t4t Lf11'llJn11~(fJI'I'lfJ fiI'l1lJ L~lJt~ L"fJi1'lCUt'4lJ~~-1U i1~1I1l1""11-1 mfJ LL ;-1 LLN t'4lJ 

1J1cU U11f1111i11nn11tJ1"L4tJt" 1 ~Ltlu~Ut'4nfil~tln11~4'f.J yj1n11~"LfltlnnqlJrK'ltlti1~LLtJtJ 
L~'n1~L~1~~~ (Purposive sampling) L~fJ~nqlJrK'ltlti1-1L~fum~LL~~ti~iulJItlulJh~ 1 "1Itl-1m1 

• 
~1 L uun11~..rfJ LL~~n11u!j~rK'l L"fJ~~Lfif.J" .... 1tllJntJ~-1U1lJ!jUf.JtllJ Lf11'llJ-11U~4'fJ ~1nuu 

mjlJrK'ltlti1-1YJnfiluAtl~yj1m:1''''tl~flu~nt)tJlItl-111~n1tJ ti"11n11Le.l1e.1~1qj""fl-1~1UlICU~~n 

YI "t'4tltJt'4lJ11tlIl1'nYl1~ mfJ LL~~fiI'l1lJt'41lJ11tl~~t1'" t um1 t;'tltl n; L~U ritlUm141~tl-1 LU1LLn1lJ 

m1LL,~iulJ'lfJt'41n~t'42!fil1L~u LL~~tu1'u~"'''~1flt)~Lu1LLn1lJn11LL'-1iulJ'lf.Jt'41n~t'42!ML~u 

~~~lJ" 3 filf-1 ~-1"'ltJflJlJ L"fJ f'5"'fJ~ffi~lI'lfJ~4'fJ''''L;ifJ'lnu LL~~i1t\ll1'l~LL'l",t\'fllJ~tnt\' L~fJ-1 
nu (t'4 tl1U~ LLfl~lI 'l~ L'lfl1 L;itJ'lnu) yj1n11,ju;; n€ "11 n11LIIi'ui'l tlit t U"1I CU~LL ,~iu L~f.Jt-t 

Lfil1tl~ijtl1' "tilJl 11 n11LAu"1Itl~i'l t~ LLtJtJ L .... fl1 fillJ"1 '" L.)' 1t)tJ Ltl'l ~fl~~ 1 mrU~~U1ftl~flti"11 
m1LAu"1Itl-1i'lt~lit1nm1LL'-1iulJ1LUffitJLflfJtJntJn11~fiI'l1lJilJ~ufi1~~~1~tilJl11m1LAu"1Itl~ 

i'lt~ntJn11t-ttltln;L4tU~L~~1nn111'",tu~t)~Y1"'fltl-1 L~t'4lJm1Cl"CltlfJL;'U«UlJINtULL~fl~filU 
LL~~U1 LU-tii1U'l CU~1tl1lJ1 CUn11tfl't~-1~1ut U"1Icu~LL,~iu LLtt 'lU1 e.I~~L~lJ1~ Lfl11~~lJI1lJ 

..... -- ~ I.,J.J.,J ~ • 
1~LlJtJlJYl1~t'4Cl" ~"fJ~1f11L~~fJ L'4'lULtJfJ-1LlJUlJ1lJ11S1U ~"'fJYl1m1Yl"'t'4fltJfiI'l1lJ 

I I "" I .,J......I t1l'" I ... l' - .. UlJI n lJI1~ 1~Wl1~ to u LLtJtJ"1Itl~ m1'!l nYllJ e.lfl Vltln11 "Dl't fl-1~1UlJI~t) '" n11LL lI~"1IU'" 'lfJ n 11'l Lfil11~~ 

"'l1lJLLU:U1'lUYl1-1L;ifJ'l (One way analysis of variance - AN OVA) ~1nl'tlJ"'l1lJLL"n~1~Iit~ 

Yi1m1LUffitJLflfJtJnfJ~~'lfJ~LLtl~Ltlt\;i (LSD) L"fJi1~~tJfiI'l1lJi1um\1.rqjYl1~t\a~~ .05 
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1. LnN,rn11LLtl~lULL1J1Jn11'!1n1Jfl,nrnn"1flflnLiitI 3 lULL1J1Jl~2J1~1nn11~Lfl11::,r 

1Jtl~rpJnt\fltlU1::~1Yl2J ~'lUnn"1 Lfl~ ~ilU1::t\1Jn'l1cU LL~::~4'!J t"'!Jil n11t\tlVltl1 nq2Jf.ifl!J L ~fl 
Q'I IQ'I I aI... .x ,....!'.r...... ... ~ 

t\ ~ u, uLLUU n11"11nVl Ln"'1JtI'l1 nt\ Cl1t1n11N'l N ",'l!J n11ft~ Ln ~Y4 ~ tJln112J1Jfl~tln n"1 tlfl n'l 1 ntl 

_... ...!' 0 "'.f' ... ..; 0 ... ....Jr " .s.aI... ....Jr 
~'l'l!J L",Vl1 n11'l Lfl11::.,t\2J11Cltl::n11tlfl n~2J '" L Y4flVl1 fl::LL tltI'!Ifl~tln n 111 L tI'l nLL2JVI"DVltln n n1 

.... 0""... 'Q'l1 ..... ..Jr .. ,..; .. .r ..; 'PI 
LL1J~1JtI Vl1 L ~m1'l Lfl11::~, uLLUUm~n'!ltl-3t1n n n12J fl'l12Jtl1 L"IIflClfl1JtI '!I~ t\12J11Cl LLU-3tltlnLlJtI 

Q411 ...... , ... I~ 
3 ,uLLUU~~n "'~fJlfl LlJtI 

1.1 it1LLUUtn (Fighter) Ltltlit1LLUUn11"11n~Unn"1'l::L~tI~U11JnL;1~1~lJitlfritltl 
~~LLlJi!JnLL1n 1 LUtl~'ltlL~qj Ltltlim~tN::1Jtl-3fltl~'!Itlu1J ~~'l::L~tlL;11u~1~lJitlfLL~::flfln~,r", 

..; 0 • • , ,r 
L Ytfl..,1 fl::LL tltInfltl'!l fJlfl\1 

• I'" iI . I aI... ....Jr .. ~ ... • ',ral ... 
1.2 llJLLUU1U (Boxer) L tlllJLLUUn11"11nVltlnn n1'l::2Jn11fJl~ruflfl!J'!ltJIfl\1V1'l::L"'tI .. 

L;12J1~1 y'hL~unn"1'l::~-3n1f",utl-3ntlLL~::fu~,rl'l'l1ndlJiflf Cltl!J~~u~iindlJiflf LL~::~1 

{-3~'l::Ltln11tlfln~,r"'niuL~fl~'1fl::LLtItI .. 
1.3 m1t.lt\2Jt.lt\'1t1 (Combination) LUtln'11t.lt\2Jt.lt\'1t1luLLUUn'11"11mi-IJ 2 LLUU l~LLri 

... . t . I ..... ~...;. ... ... ... • I "'..; ....x " 
n11L"'tlfJlfl!J tlllJLLUUtn ~1tlU'NVlfl'1~LlJtI~'1!J"'-IJ1UL~2JfltlnUllJLLuuru '!I-IJ'l::Ln"'1J1U1'1!J Ltl 

!Jm;t!J'lntl t"'!JLtlLLlJi~::!Jni~ 2 ~'1!J'l::t\iUntlLiltlLLUutn ~ffifu ~tlnu~lJiflf1Jtl~unn"'1~L;'1 

.. 
~'1 n-31t1~4'!Jttt\ tul~~'1 un n"'1 LLlJi~::fltl'l::il fl'l'12JClU'" fltl~::lU LLUUntl LLlJi n t\'12J'11Cl 

.. .!' ~.I ..... ..Jr ..... or ~.I ~ " aI .. 
"lin L",VI-IJ 3 llJLLUU LYt1'1::tlnn n'1'lnfltl2JLVlfltlfl LL~::Vln~n'1~nr,nn LlJ1LLn12Jn'11~·mllfl2JVl2J 

.r ..... ''''/.1 .x ,....,.l'"I' .s.aI.1" 0 

Yttl3'1t1LI'I!J'l ntl LLfJlft 'ltl2J'1 n llJ LLUU1Ifl-IJ n'11"11 n 101 ::1JtlflfJ nu '!l fJlfl \l ~ tlLLfJl ~:: LL2J VI"DVI L "D'11'l2JVI '1 n '11 

LL'-IJitlnuunn"'12J'1nn~1fl'l12JClU"'1Jtl-IJUnn"1LL~~::fltl 

tlfl n'l1 n;1un n"'12J'l!Jt\'1n~t\,r fl1L~tI~ tY~Yl2J"II'1 ~'t VI!J il fi'1 L~~!J1Jfl~€fJl1'1 n 11LlI'tl1Jtl-IJ 

~'lL'lLtl1JN::LL'-IJitl~~;1lULLUUtn (Fighter) LYi'lnu 171 ± 6 I'lf-IJ/tl1YllULLUufu (Boxer) .. .. 
LYi'lnu 168 ± 5 flf-IJ/tl1Yl LL~:: lULLUUt.lt\2Jt.lt\1t1 (Combination) LYi'lnu 168 ± 7 flf-IJ/tI'1Yl il 

"''1 L~~!J1Ifl-IJfl'l12Jt\12J11Cl L tln11Lot'flflniiL'ltlL U1J N::LL '-IJitllK-IJ;1 ,U LLUU,n (Fighter) Lyh nu 

39.71 ± 5.76 2J~./nn./tl1Yl . it1LLuufu (Boxer) LYi'lnu 36.96 ± 9.68 2J~./nn./tl1Yl . LL~:: 

ilJLL1JUt.lt\2Jt.lt\1t1 (Combination) Lvi1nu 39.47 ± 5.93 2J~./nn'/tl1Yl. il"'1L~~!J1Ifl-IJt\2J11ClI11Yt .. 
n11Lot'fltlniiL'ltl~-IJt1"'Ltl1JN::LL'-IJitl~-IJU lULLUUtn (Fighter) LYi'lnu 42.34 ± 6.45 2J~.Inn.l 
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U1Yi. iUU.tJtJ1tJ (Boxer) LvhritJ 40.19 ± 6.95 ~fUnn./U1Yi . U.S~ IUU.tJtJ~~~~~1U 
I ... ... ... 1 ..1 .1" .. 

(Combination) LYl1ntJ 43.03 ± 7.44 ~S./nn./u1Y1. U.S~~fII1L'flStJ"JIfl~L1Jfl1L.U""JIfl~ 

" fII'l1~~1~11Cl~~t1""un1f'-rflfln.L"'U'U'!ICU~u."Ii~;ulK~il iUU.tJtJtn (Fighter) LvhritJ1fltJS~ 

94.01 ± 7.02 iUU.tJtJ1tJ (Boxer) LvhritJ1fltJS~ 90.81 ± 10.54 U.S~ iUu.tJtJ~~~~~1U 

(Combination) LvhritJffitJs~ 92.11 ± 5.96 

2. un n"1~'ltJ~1 nS~14 fIIfLflU~ qj~Yi~'111 ~1. Y1tJ ii f111 L'fl~tJ"JIfl~tIi~1Cl.1n1 f'f,..i~~1U 
I ... ... • ,''' ::. ..I ::. ..I ::. ..I ::. 

L"tJf'l~"JICl.I~u.'II~'IIU'Un1""'''<lt1Sfl~LUfu.nf~n1fu."JI~"JIU fIINYI 1 fIINYI 2 fIINYI 3 U.S~f'l~Y1~ 3 .. .. 
f'l1~ lK~ilIUu.tJtJtn (Fighter) LvhritJ 90.48 ± 16.43 nLsu.fIIsfl180.11 ± 11.07 nLSLLf'lSfl1 

91 .95 ± 17.75 nLSLLf'lSfl1 U.S~ 87.51 ± 6.45 nLsu.fIIsfl1 (;I1~~1~tJ 1UU.tJtJ1tJ (Boxer) LvhritJ 

81.70 ± 33.27 nLSLLfIISfl190.51 ± 16.49 nLSLLfIISfl179.71 ± 31.10 nLSLLfIIflfl1 U.fl~ 83.97 ± 

5.75 nLSU.fIIflfl1 "1~~1~tJ U.S~ zULLtJtJ~~~~~1U (Combination) LVi1ritJ 88.29 ± 12.95 nLfl 

LLfIIflfl186.23 ± 22.32 nLflLLfIISfl190.53 + 8.06 nLflLLfIIflfl1 LLfl~ 88.35 ± 2.15 nLsu.fIIsfl1 . ... 
"1~S1"tJ 

3. tIi~1Cl.1n1f'f,..i~~1U (Energy Expenditure) 'U"JICl.I~u."Ii~;un"1~'ltJ~1nfl 

~~f'lfLflU~qj~ 'ULL~S~zUu.tJtJn1f'11n bJLL"n~1~riuflf.h~iiutJ~1~C1JYl1-3~tl~~f~~tJ .05 

4. unn"1~'lfj~1nS~14f11fLflu~qj~Yi~'111~1.Y1tJ iifll1L'fl~mlfl~f~tJtJ"'i~~1U~'-r 
'U'IICl.I~U."Ii~;U (%) ;;ifl ,..i~~1Uf~tJtJU.flUu.flLfUn ,..i~~1Uf~tJtJU.flUu.flLrun - LLflLrun U.fl~ 

.. 
,..i'N1Uf~tJtJLLflLrun lK~il zUu.tJtJtn (Fighter) LvhritJffitJfl~ 22 ± 7.25 ffitJfl~ 39 ± 7.18 

u.s~ffitJS~39 ± 14.99 "1~~1IKtJ IUU.tJtJW (Boxer) LvhritJffitJfl~ 25 ± 6 . 991fltJfl~ 38 ± 

7.57 LLfl~1fltJfl~ 37 ± 12.88 "1~~1IKtJ lUu.tJtJ~~~~~1U (Combination) LvhritJffitJ~ 30 ± .. 
9.32 ffifjfl~ 35 ± 5.05 U.S~ ffitJs~ 35 ± 1 0.92 "1~~1IKtJ LLfl~f~tJtJ,..i~~1UL"tJf'l~li~~~" 

LVi1ritJ ffitJs~ 25 ± 4 ffitJs~ 38 ± 2 LLS~ ffitJs~ 37 ± 2 "1~~1~tJ 

n1f~m:~n~(fj'uf'lf~;l~~LUU~-3n1f~m~nYl1~~1f~Y1tJ1~U31U n1f'-r",fl~~1U'U"JICl.I~ 
u."Ii-3;Uu.S~LmtJtJL YitJtJn1f' -r"'fl~~1U'UU.~S~zU u.tJtJn1f'11 n l.;;u.ri iULLtJtJtn zULLtJtJ1tJ U.S~ 

1U LLtJtJ~ ~~ ~ "1U'!lfl~Un n"1~'ltJ ~1 ns ~14 fIIfLflU~ qj-3Yi~'111 ~1. YI tJ L ~fl Liluu. U'lYl1~' ~ritJ ~ 
'tJn~flun"1 ~'1~'1 fCl'l'1~ u.~UU.S~(" LUfu.nf~ n '1f'tJ n;fl~ LUfu.nf~ 'LIl'llU'1 n'1 f~ \l n IA'fl~ u.s ~ 
L ~~'1 ~~ ~ ~~~U~~''l~ 1~~~'1~ n 1 f'tJ n.fl~ u.s ~f~~~ '1~ n '1 fLL "Ii~;u' ~ ntJun n" '1 ~'l tJ ~ '1 n S 

~~PlfLflU~qj~ L~!l'~unn"1l~u~'l~~ u.s~u.~"-3~ntJIl1,..~~t1"'Un1fLL"Ii~;u y'h'~unnli'1ii 
" Lfln1~Ur.:~tJf'l'l1~~'1 L~~-3t1" L"tJ"'~!li1Uf'1tJ~Sn1ffi "'S!l~ "'1~,.r'lffl~'1~ 11K~tJifl1.uil 
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1. I'I'l~\.Irl\.lYl·N ~l~~YltJ'l u.ft~n'l~ t ol,..tr~~ 'l\.l t \.I, CU~u. '~;\.I'tN,rn n "'ll-J'ltJ~'l nft~,r ~~L~\.I 

~cY~Yll-J''l ~LYltJ 

I'I'l~\.Il'l\.lYl'l~~·h~YltJ'l L~U.ri ~'l~,rn 1K'l u.ft~~'1IUl-J'lft n'ltJ '1Ifl~,rnn~'ll-J'ltJ~'l nft 

~,r ~~L~\.I~cY~Yll-J'1I'l~' VltJ "'U1'lfl~t \.I~~iu Ln cu-rftln ~1JI'll-J~ 'mj\.l~VltJ'ltrtJ L'l'1l fII'l ~ "fn'l~fhi 'l 

u.~~~~flflLl-J'lm (American Collage of Sports Medicine: ACSM, 2006) ~~Yl'l~~Cl'l,j\.lL~ 
ri'l~\.I~ Lncu-rf m~'l LL \.In~~~u ~'l'll-Jti'l\.l H~ft'ltJ~~~U ~'ltJ I'I'l iK'1IUl-J'lft mtJ ~~ I'I'l'fl~ ~~ij ~'1IU 

l-J'lftmtJfl~~~~1'l~ 18.50 - 25.00 nLftnfl-J,jfl"'l7'l~Ll-JIJl~ afl1'lLtI\.I~~ij~'l~,rnlK'ltln~ 'Wti'l\.l 

" u.ft~hl ~fll-J Ln\.lLtl "''l\.ll'l'l LtlflfL;\.IIJii.,,r\.l'fl~1'l~ n 'ltJU\.l 'L~tJtl n ~,rn nli'l~ cY~ hi ~'l ~ij 

LtlflfL;\.I,n,,r\.lLn\.l1fltJft~ 15 ('l'l~\.I'l flJcu'lflii~Ylt". 2541 ti'l~~~t\.l LVlL'lfilU mtJ~"'q\.l';, 

2541) ~'ln~ftmfi4'tJ",u1'll'l'lLtlflfL4\.1,n,,r\.l'fl~,rnnli'll-J'ltJ~'lnft~,rML~\.I~cY~Yll-J'1I'l~LYltJij 

I'I'l~~ n~'l Ln cu-rftln ~ L YitJ~ Lfl n-UfltJ fl'l~ L ~fl~l-J'l~'l n''l~~ Lnuolfl)Jft~'l\.l~4'tJ ,rn nli'l L ~~ ntrUl-J 'l 

~'ln''l~';-nm~u.'~;\.1 (off season) u.ft~Lil-J LnulK'l-nnolfll-J L~flU.'~;\.Ifhi'lLfl L~tJ\.ILnl-JtfLYitJ~ 1 

L~fl\.l~tr~~'l n~~ "',;-n Yi'l t U-f'j4'tJhl~ 'll-J 'l ~Cl ~'lU flJl-J a~ n 'l ~fUtl7~VI'l \.I ~1fl n 'l~~'l L U\.I 

~lJItl~~~'l.j\.l'fl~Un n~'l u.,jft~~\.Irifl\.ln'l7Lnuolfl)Jft~4'tJL~ Yi'l t U-I'I'l LtlflfL;\.I,n,,r\.l~~ n~ 'l 

Lncu-rftln ~L YitJ~ L~n-UfltJ ~~ 'L"'tJtln~ U.fl'ltr~4'tJ~ij ~ft,jfl I'I'l LtlflfL;\.I1Jl1,,r\.l'fl~1'l~ n'ltJ L~U.ri 
" m~~U'ltJ'fl~L~ft'l U'l u.fltmflllfl~ mHlflnri1tr~mtJ ijtl7~~'lL~fl\.l L~UthtJ ~ffi1'l~mtJLntJn 

~'l \.Ifln~'ln~~ LtlflfL;\.IIJl'l,,j\.l t \.Iu.~ft~~\.Iu.lJl n LJi'l-3 n\.l ~\.Ifl~ nu ~Ci~ IJI fl'l;'" u.ft~n~ n~~l-J'fl~ . " 
u.,jft~1J~~ftl\'ltJ (http://www.tanitathai.com/service3.php).L ... tJi.lLtlm~ft~U.l~unt\.l.rnn~.l 

l-J'l tJ ~'l nfi~,j ~~L~\.I~~'1I'ltJ u.ft ~~ cY~ij~ft'ltJ~fi u.,j'l fi~utJ l-J~f! '" ~fl m ~~~,..ffil-J t"" '" L 1JI'l'lU'l 

LtI\.Im ~fi ~~'l~unflth~7'l ~ L1'l~fi~rt~ u.,jn rifl tu-Ln '" ~ft L~tJ nUf!'!IIl'l'" LLft~~l-JUClIl 'l"'Yl'l·m'ltJ 
.,..... .I t .,.!' _~ PI .~ t ..J ... " I ..I., 

'fl~\.In n"'l L \.Ifl~~'l nm ~fi "'\.I'l~\.In ,,'ltJ'l fi\.lL1J\.Im ~~ C\J U'ltJ\.I1Yll-J ~ \.I~'l~ m tJ u.ft ~ L ~~fl ~ n'Uflfl n 

l-J'l n Ln\.lLtl u. VI\.I~~~LtJ\.IL '!I,j\.l ~~~'l LtI\.I'!Ifl~ L ~fi'l~~'l A' C\J u.ft~~'l LtJ\.I,jfl11~ n 'ltJ ~'l1'l~ n 'ltJ 

" " ~ C\J L~m~'l a~ 2 LtlflfL';\.I~'!Ifl~,j'l~,rn 1K'l~~Yi'l t U-~'l'll-JYl\.lYl'l\.l'fl~1'l~ n'ltJft "'ft~ ('l~,r\.l'" ~Il 

~';-~.nr. 2536 ti1~~~t\.l f!~1JI 4'\.IVI~~Ylt". 2546) ~fl"'~flfl~nU"''ln~'l'l'!lfl~ Smith (2006) ~~'l 
~fin'l ~fi "'~'l~un t \.Itr~,,j\.l£j ~ftYi'l t U-1'l~ n'ltJL~fu~ 'l7fl'l~1~~~'l LiI\.ItJitl1'l~ n'ltJ ft "'fi~ n'l1 

u.~ "'~ ~ ntJll'l'" t \.I, cu~u. '~;\.I'fl~,rn n~'lft ~ft~ U.fi~L ~l-Jtr~4' tJ LatJ~~ij tJitlf!'Il'l"''!Ifl~,rn n~'l '1.~ 
., ::. .. J! J' ... ... ~ _ tl r!! ~ ., ..J ... " I 

"'~\.I\.Imffl~UCl~"Dfl)Jft"'\.Il'l\.lVl'l~~7nVltJ'l ~tJLil"''l~L fl~L']I\.I1JI ~'l-J\.IYll-J ~\.I71~mtJlJlftfl~m~ 

-n nifll-J ~~Yi'l t U-~n~tl\.l~'ll-J'l~m'l~ u.~\.1 'Ltl7u.ml-J m7ft~~'l~,rn LLUU7~tJ~tJ'l'l L~ L ~fl,rnn~'l 
" .!'... ..J... ..I t., .J":" Jf ., J' 

'"i~ ~"l-J~l-J nClIl'l"'Yl'l~ n'ltJYl ~ ,~ n'l ~fi "'\.I'l~\.In~~tJ~tJ'l'l41~"D'l tJ L,..l-J n'l~ ~"D,..ft~~'l\.ll-J'l n,\.I 



'L,UL,'~ GG~ t,Jt2l1nnnu I:'Gn, GW It'! rtrt"nt,J"L,u::n)'~Ut,Jl1lAnt,J"L,Urtrt"n '::t,J" n,l:'Il. ",L,UI1U, .... t ... -:... ,... I ,-k, ..... ,. I IW, .... I 

t-G'U!\k\I1L,c.w rtl1::' L~n~' ~ \1: n,Stt-1Io "t-L~k\::'n \ L~~ U!\I:'G''''\ C.l\n.~"LU ~"jI:'G,t-Gn.~rtG" 
it 

'LU t,Jt2t-~ f1C.~ U~~\n.,StI:'IIo" G;'k\ IlLU t-~L~ U GG: I., un. U\~n.Lt-t-~ Mrtrt::, 1:'[1'" L,un.1..lA.ru U, 

n.j;p LI1"'\ c.,!\n.~"L,U 1."" jL!\U' LI1L\\t-,.lipU L"'UGn ~ L,~!iwn'::t,J""n.\ t-~~Lf1IA~~t-L,~l..Ut-G~ 

I1LC.W t-~I:t-[1C.~n.Il' "'\ c.!\n~"LU 1."" j,t\ \ L~ ,t1U \fl\ L~f1L,U I:'L~ ~n.Lt-t-~ ML!e'n.Il' fl\ n.f1~fl' 
it " 

n.,Stt-1Io ,,::ru,n. \ "'\ c.,!\t-G"'n.~"L,UL'" jL,!!Iru C.n.L~ U'LI1L~~ \ L ~ t-Gt,Jw IAI:'G,t\n \ w ~t-~n"" ~UGQ 

i \' Lun \ U:LI1L,~I1L,C.W L!!I Lk\&L,UU L,"'i'\~ n."" ~U QGi VL un. \ U' L,I1L~ I1L c.w rt,V "'\ c.,!\t-G'n.~, 

&L,U~"jt-L~k\::'Jn.~I1~I1LC.W~~UUL'" n.w::t,J\4I"n.\t-&"n~t-~'f1GUWU&LUI1~rt,Vrtf1~'rtll'J1'LI1 

n.,Stt-1Io ,,::ru ",n.\ "'\ C.!\I:'G"'n.~" l..U 1.,&" jL!!IL,tuL,U U L"''1l. Lk\ n.,Stt-1Io ";:ru,,,n. \ n.Lt-t'~ML,k\.&L,U 

WI' t,JWwh::t,J""L~UUn.rtUI1~::LI1k1.'IAf1Lut'·LIAMLLJUUI1~ .f''' ,,.... .. r-

U rl.' LUI1&U"&fll Ln.I1t1~~k1. f1LUt'~L~ UGG,LUI1&U"'fll Wnk1.L~'LUn. \ nL;n.~f1}"'Ltnll'i \I1l. L!\ 

U' LI1L~ pt-~wn\ wbt-~n."" ~UGG. VLUn. \ U, LI1L~I1LC.W L~W~' LUn.L'1n \ f1}~'LUU L"''1l.~t,J t2 t'~ 

n, GI.iII L n.Gn.Lt'I:'t,JMrtrt::'Ln.I1t1MU&LI1L~::"'t-"'n.n.ULI!.t't,Jk\ Urt.&' Q"rtrt::: U"Wl. WIAMLLJglA~::,n I -k r' ,...... .... ~ ~ .... ... 0 I ;r .. ~ ... ~ I-

!!,\\ \ n.L; n.~n.L I:'t'~ Mrtrt::: L n.11t1 ~'L Un. \ ru ~ L ~t-~nll' I:'~ ~ ufl~ru U1I'1. \~Gf1 LU I:'LIAMLLJU"I1~ 

!!1l1Al.~L'I1~t'~k1.n.~"w,.tC~t,JUL,~IlC.I1L~!iL~n.~',\\\t-w~" (886 ~ 'uuewnaN) ~Ln./I1':Ut,Jl~ 

/'''~~t,J~ ;::9 -OP ~~GIl~~'L!!I!!I1UIlWl~Ufl~ruu,t'~ 1:'~t-L.n.Q!e'~n.~M"UGGrtrt"I1UU"'~L~ 

'l..Un.' Un.k\I1LC.WI1 I:'Gn. 'G"1t'! n.t,J, IALU Un.rt1UL"'t'Gn., n.t,J':WI1\\t,JUL~IlC.I1L~UrtUn.Ut't,JWIlL~WIA 10 .. ,.. I'" ,i -II ' r-11",.. ... 1'"'" ,.. .. ,... .f' r-
n.t,J"Lu::ruaUt,JI1t" n.14n.rt, t,JGrt"U'~Lrt t,JGrtllt,J,t,JGC. nIL, L n.GWn.'LUUrtUn.UC.IlW't'LIAn.' m , ,.,.. I'" if'" .. , ~ 1'". 11",..,.,.,.. 101"" 

I1tllC.n."!!L~G~ ~Ln./I1':Ut,Jl!i/'W!!t,J~ 98' ~P rt,VL~1Il~~1IlWllllAl.~L'I1~t'~k1.n.~1.'W,.tC~t,JUL~ 

1lC.I1L~!iU!\t-G"'n.""~UGQ.VLUn.\wbt-~U'I1L~I1LC.WL'" L~rtM~t-':Wf1}~LUUL'" (099;:: 'l"~LIJ it .. 

t,JI1UWGf1 nI1t1M'c. n' t-GI:'LI4 OP9;:: ',,,n.I1f1MIA I1W~) n."'I1M1IlLt,JGn.'I1L~Ut'Q'WGt,J'WGt,Jk\UL'" .. ,.,. Io • .f' ,. -.r:-.r '" .. 
11., LI1UGGn.I!.1ILUGGWU~f1Lt,JQn.'I1L~U::t,J" (~H x AS) IALn.G""" C.k1.UL",WQt,J't'G",t,Jk\l.'LUL:"G "II ~... ~ ~ ,., I" ,... ... 
11~"LUf1Wln.)11~1IlLt,JGp1l1LfUt',.lifll.n.""~UGGt't3n.""LU G~ 'LU::&fl ;:: ru~L~~t't,Jfl"n.Il~~' 
'LUt!f1W1'1l.n.)W!i'wbt-~n.""~UGG.VLUMLLJUUI1~I1~"LUC.f"~Uflf1Wl (989;::) ,I\g~~::t,JLfl 

Llln,V::t,J" jilJM.",c., ~U.k'11. t'G"'C.L~UL~t-l1I:'L~fllwLn.'" fiLG IJM'I:'LIA..~LU~ I1L"fll.n.,Vt-L\t1U"" 

LW 11::'" L n.Ln.Lt,JC.'::Il::,n.rt,::t,J"t'Gn, G" t-Lf1GWl.IlLUt-t,JLUUQQ&LUn.' 11., rtl.Ln.GM'n.LI:'t-~M. , ,.. ... 1'"" if ,. 0 IoIr 101 " 0 I'" ,. 

"!t2, LUn. \ 1:'~I:'L!lGru ~ L~I1LC.W !!prtrt::& ;:: I:'~I:'~ "'\ f1Lk\'LUrtrt::'::~" "~t,Jln.f1~' t,Jk1.l.rtrt::, 

I:'G"'n.Lt'L!;ULUI:'~I:t-[1c.~nll' I:',.li w bl:'~n"" ~UGGiVLUn\ U&LI1L~I1LC.W I:'GJl.L~~UL"'UGn. it it 

(9P9;:: 

'glA~::IAn.1!. 'M.~) n.'W f1LUt'L&I:'GJl.I:'Gn.~rtG"Lf1&U (inL~c.'G" t,Jt2I1::t3" f1Gn.u ~'t't3W~f1LUI:'L' J" ~ ...... .r'" f ___ 1-,... II " t 

I:'GJl.n.""~UGGt\!1l.'LUn.\M.LLJUUI1~G\4It3t2!! n.)t-~n.I!.'~UGG.VLUn.\M.LLJU"I1~!!L~!iU!\ 

08 
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Ltlhnr'l 't'"l ;~ ~~ n1"~{tJ~ .... U~ 1 € 1'1,.1 n1"LlA\I'U)~,r'l 't'"l 't U'!I CU::LL "Ji~iU'!Ifl~t!n 1hi1lJ'ltJ ~1 n ~ 
~2!I'WL~U~~~YllJ'!I1~'l'VltJt~tJL~~tJilfii1 169 I'lf~lfIflU1Yl ~~LUU1t)tJ~:: 97 '!Ifl~€I'I"1n11Ltli'u 
'!Ifl~,r'l't~~~~~ ,j1 tm~fli1fil'l1lJ~1lJ11Cl'tUm,.'tfflfln;L'"IUL'Vhriu 39. 71 ij~flfl"'''/U1Yl €I'I,.1 

'IJf ... ,....I .... ~... ... .I'1Jf4 ... 
m,. L"D .... £N~1UI'I~fl~n11LL'!I~'ULll~tJ 86.79 n L~LLfil~fl" LL~::1::UU""~~~1U'VI L"DfIlfl .... ~~~1U,.::UU 

LLflULLfl t,.un 37% .... i~~1U1::uULLflULLfl bun - LLfl tron 38% LLfI:: .... i~~1U,.::tJULLfl t,.un 25% 

LL~::ujflU1 fl1 fil'l1lJ~1lJ1"Cl 'tum,. 't fflfl n; L '"IUlJ1 LUffiU L YltJU ntJ m,.{ ~~lJ'l ~~~'!Ifl~ 1:: ~U fIl'l1lJ 

~t!n'!lfl~n1ffiflnn1i~mtJ'"I1nn'"ln""lJ'VI'NmtJ (Mc Ardle, Katch, and Katch, 2007) v'h't,x 

'VIntJ~1li'1f1lUL"1ilmlJ1CUn1,.'tf .... i~~1U LLfI::€I'I11n11'tfflfln'L'"IULnUn~1 5.5 nt~LLfilflfl1/ 

U1Yl LL~:: 19. 9 ij~fl~ 1'11mtfl n1lJ/u1Yl 1'11lJ ~1 ~u 'iI::Cifl~1 LUUn'"l n11lJ~il fil'l1lJ~t!n1::lKu~lJ1 n 

.. .I 
Cl~lJ1n'VI~~ 

Ufln'il1n~~1U~{tJ'!Ifl~ Reilly, Secher, Snell, and Williams (1981) .... tJ~1 1::~tJfil'l1lJ 
~t!n'fl~ n1,.flfl n n1 i~ n1tJ't Un~1lJ'ltJ~ 1 nfl~fl~t U1::&'itJ fiiflUf 1~~t!n L '1Iu L;itJ '1 ri tJn~1~ il 

i nM'CU::'!Ifl~ltJLLtJtJn1"L~UI'l«1tJnu L'1IU L'VIfilfll1'Ut", U1~ Ln "'Ufl~ LUUtli'U ;~il-31U~{tJ'!Ifl~ 
Toskovic (2002) ~t!U~~U~1 tIllJ1cum,.'tf .... i~-31U"'flfl~m,.LL"Ji-3;U'!Ifl-3t!nn~1L'VIfil1'Ut~~~-3 

ilfl1Lll~tJfl~~ 1 0.8 nt~LLfil~fl1/U1Yl '"I1n~~'"I1n-31u~4'tJilfii1€I'I,.1n11'tfflfln.L'"IUL~~tJfl~~ .. 
38.71 ijflflfl "'1/ntfl n1lJ/U1Yl ~1lJ11Cl;I't,xL ~U'l~~1 1::&'itJ fIl'l1lJ~t!n'!lfl-3 n1ffiflnn1tr-3n1tJ't U 

"JI 'I."'f... ,.I... ....1.1 _ ~ .. ... ..... .I , 
n n1lJ'ltJ~1n~ L UlJ'"I.,UU fl\l'VI1::~Ufil'l1lJ~Un~-3'V1~ ~ LlJfl LlJ1tJU L 'VItJunU-31U'l'"ltJ'VI ~1U 1lJ1 

.I ... ".11 ..., .. .r.l.. ' ... .I 0 ... .I .. .., 
L Ufl-3lJ1~1nUnn n1lJ'lEJ~1nfl~lJ fil1LflU lJ .... U'VI L un11LL '!I~'!IU'VI'il1 n ~ '~lJ'!IU1 "'~U1lJ L~n n'l1 

~U1lJn~1L'VII'l1'ut", LL~::t"'tJfiUlJ'!I1~'!Ifl~n~1lJ'ltJ~1n~~2!fil1L~utli'fl-3ilm"Lfl~flu'l~'l11-3mtJ 
, .I"}1'" 4 ..... 0 .}' .. 

fl\l"'~fl ~ L'l ~1 L .... fl~flU~~ n lJfl~ nu ~1fl~1'"1-3~'l:: L un1 "'VI11'l::LL UU 1'1 '1 tJ fil'l1lJ1'l ~ L1'l LL~:: 

LUiUrj1 ,j1't,xt!nn~1ilm,.'tfn«1lJL~fl,r~~'lUUULL~::~'lU~1-3'ltJ",,1fllJ 1 riu v'h'tmf .... i-3~1U 
~ ''IJf'" .1' .r.l" .J' , .., .. 
L(;ItJ 1'llJlJ1 n n'l1 n11 L"DlJ "'n~1lJ L Ufl'VI L UUL 1l .... 1::~'lU~1~'!Ifl-311.:J mtJ L .... tJ~fltJ1~ L~tJ'l (Secher, 

1977) ;~~fl~fil~fl~nu Vokac (1975) .... U~1 m1'tfLL'!Iu,j1~1uil~~lJifl€l'l11n11LIA'U'!Ifl~,r'l't ... 

Lrtfl~lJ1'"11n1::UutJ"::~1'V1~'lUnfi1~fuin11M::~U'"I1nL~flL~fl~'lUUU'!IfN11~mtJ'l~L1'ln~1~'lU 
.I .l"I ' ,,. 'I... .1' .r 
flU LL~::fl1'"1 LlJUL .... ,.1::fIl'l1lJ LLl'ln "'1-3'!1fl~ n111::~lJ~U'ltJtJUI'I111tJ L UlJ ~ n~1lJ L Ufl'"l1 n 

n1::tJ'lUn1"~fi1tJnti tfil~ ~ffi l.nfi tfilL'"IU ~~~~~fI 't ,xLn ~m1~11~ .... tr~~1U~U1lJ1 'tfritJ11·m1tJ 

LLl'lnlJh~nu (Scott et aI., 2006) tln,r~ti-3~fl~fil«fl~riu ~UfitJ1 ~~::lJ1~ (2551) ~n~1'lCi~if'"l{tJ 
.I.......... , ... .I'1Jf'1 ' ".11.1 .!' Jf " 0 ... 
'VIlJfl'VIfi .... ~ I'Ifl .... ~~~1U'VI L"D Lun11L~un n 1 lJ1::nflU I'I'ltJ fiI'l1lJ L"DlJ '!IU'!Ifl-3 n11flfln n1 ~~ n1tJ 

,.::tJ::L'lfi1'tum1f)flnn1i~n1tJ €I'I"1fi1'l1lJL1'l'!lflnmffiflnn1tr~n1tJ LLfI::\1nM'::riutJ1::~'VIfiI11"" 

'tUn1"LfiI~flu1.~'l'!lfl.:Jn«1lJL~fl ~~il~1U~{tJ'!Ifl.:J Chatterjee, Banerjee, and Majumdar (2006) 

~t!u~~unu ~UfitJ1 ~fi::lJ1~ (2547) t~tJ~~'"I1nm1~{tJ""U~1 .... tr~~1U~'tf'tU'!ICU::LL"Ji~;U 
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. 
~Ufl~n\JflI'l1)J~,rn'Dfl~Ln)Jtfn11L1.'!I~iu ufln~1nd~~~1"'CU~li'fl~1J11~~,rn~~~fl flI'l1)JLl.lJlnlJi1~ 

, ... , 11 ", ...... ... .I".JI'I 
'Dfl~LI."fl~~flIflIfl)JflIflU"D1~)J1n ~ULI.~'Dfl~n11c.JfllJlytfl~~1U1'l)J Ll.fl~1~\J\Jytfl~~1UYl ~"D ~Un11 

,..... ....Of ... .I.J.' ... o....J" 
LI.'D~'DU LUfl~)J1~1n)J~fl1tJlJ'"'~tJYlll~c.Jfl"flfll'l1)J~Un'Dfl~n1ffiflnn1fl~n1tJ L"DU Ll.N~~ ~'"' fI'l1)J 

~lJlnn~'lfl fl1n1r11flU LtlUIi'U Ll.lJifllflU;1~~~'2Jijc.JfllJiflt11Jl11m1LIi'U'Dfl~i'lL~ ujfl1~~\JfII'l1)J 
... 0... ~ .r 

~Un'fl~mffiflnn1fl~n1myt)J'DU (Astrand and Saltin, 1961) 

.J. ... .I,,1f'I ' ... .I'1.}' ... ... ;..: .}' ... 
1l'lU1~\J\Jytfl~~1UYl ~"D ~U'DCU~LI.'D~'DUYl ~"~1nn11'l4itJflI.~U ~fl"'flIllfl~n\J Ghosh 

(1995) ~~yt\J~1 n~1)J'ltJ~1nfl,ru~~ijn11L;yti~~1uLu1~\J\JLl.fluLl.flbun1fltJfl~ 70 ~~ 80 

... ~... ... 1'_ .. ,::... ....11 PI ..... .I 
Ll.fl~"~\J\Jytfl~~1ULI.\J\JLl.fl~rumyttJ~nJtJfl~ 20 Cl~ 30 LYl1UU LUfl~~1nnn1)J'ltJ~1nfl LlJUnn1Yl 

... .., . ,,_!......r...... .. III I ... ;,. ... 

)Jfln~CU~n11LflULI.\J\J LJ.J"flLUtl~Yl)Jflm~t~L~yt1~ flIfl1~tJ~L'lfl1 ~um1L1.'D~'DUllU LL"fI'l1)J~un 

~Lflumffiflnn1i~mtJ ~1tlLl.'!I~iuLU'DCU~,ruLijufI'l1)J~Un~~~)J1n li1L\\'n11~U~'lfl1~'2J 
~uYi'l~~ ~~,rum1L1.~"'~~ntJJ11yt~~~"''Dfl~Unn''1)J'ltJ~1nfl~l!fI1LflU ~~~Utl~n\Jm1Yl"1\J~~ 
flI'l1)Ji)J~ufi1~~~1~1~\J\Jyti~~1U~t;LI.\J\JLl.flULl.fl bun Ll.fl~LI.\J\JLl.tl 11un LtlU~1"'CU (Smith, 

2006) ~~trnJ1CUn11L;yti~~1ULU'D~LI.'!I~iU'Dtl~~~~~ ~1)J11mmtJ\JL~tJ\Jn\J~'1tJ'~ li1fl~ 
. : ........ . . . ... - .. 
tuu1~um"'tJ'lnu (Chatterjee, Banerjee, and Majumdar, 2006) Ll.fl~L)Jtlyt~11CU1Cl~1~\J\J 

., .I" l"I ... .II ..., ~ JI ..... , .I 0 .}' ~ 
ytfl~~1UYl~' ~unn1)J'ltJ~1nfl~)JflI1LflU n11~n'Dfl)J ~1tln~n11)J"1~ 1 YlYl1L1.11'l ~~n~flu 

o 'I. 1 ~. 1 ~.If.l ..:..t.. 0.,......1...., 
~1)J11ClU1 ~lJ'l1~ Ll.c.JU ~lJ1L1.nnJm1~n'Dfl)JYl L ~)J1~~)JtJ~'DU ~1tl LI. U~U1un n n1 LntJ'l n\Jytfl~~1U 

~';'~1nm1rutl~1ufl1~11L;1't1t\\'~fl"'flflfl~n\Jyti~~1u~h~m!J'\l1)J1L;t~ 

., 
n11~ttlitlu.\J\Jn1,.,n'Dtl~,rnn"1)J'ltJ~1nfl~l!flI1LflU~~~~)J'D1~lYltJ,ru ';')J1~1n 

t11~~\Jm1M1cJ1U)J1'Dtl~~n~tlU~)J'1~'YltJ~~~~~ 3 Yi1U ,rnn~1 ~ijtl1~~\Jn11nrYl1~~1U 
.I ~... .I".}' 11' ~., ... , .J. 1 " 

)J'ltJ~1nfl Ll.fl~~1nm1Yl~'l~tJYl ~"L"D11'l)J~n~1un\J~)J1f1)J)J'ltJ~1nfl~)JflI1LflUU.1II~lJ1~LYlri ~YltJ 

.. ~ PI Jt 0 , , .......1 ~ 
L)JtllJ yt. rI. 2550 LlJU"U)J1 Yl1n11~UYlU1nq)JtJtltJ u.fl~n11'l LfI"1~~ilJu.\J\Jn11'n ~"'tJm1 

% ...... .1 , ... ::. :: ... " ..fO .I..., ... ..t ... ..f: 
ll~ Ln lJlun n"1Ylfl~ u. 'D~'DUYl~~)J u.",~ U.fl ~~)JU1 L~U ~ ULI.)JYl"D~1 flfl~Yl~ '" U. 'D~'DU'DUYl fl ~LL)JYl'D~U 

fI"\J~~~)J'" 15 Ll.)JYl,r~~Coleman (1998) Mike U.fl~Hugh (2004) 'A'nfl1'l~1n1,.i~LnIJl~'ltJ 
" ~.If'" ".!'" .. , 0 ,.I 0 0 .I".}' ~ 

~1tJ1Jl1 ~Um1~n"Bfl)J)JfI'l1)J LJ.JU1L'DflClfl Ll.fl~Ll.)JUtJ1LYl1Ylfl'l1 Ll.fl~fl1L1.U~U1Yl ~"~1n~~n~flU 

~'lUL~C\l~~)J1~1nm"i~Ln'*Jytq~n1nJ'Dtl~,rnn"1Ltlu~in L~fl~~1n~l!tJritluJ~\2JijLYlflLU1flij 

Yl1~n1,.n"1 L f1)J1'1i'ltJ~ LflI"1~i ~~li1 t \\'m,.i~ Ln '*Jytq~n"")J LijU~~~1 "'CU~'1'" t UlJlflU,rU ~~ 
1Jl1)J~i nYl1~~YltJ1 rl1~ "fLl.fl'l afl~1 \2J fIIfltJU1 L~flafl U.fl~u.2JU~1 LYi1' ~1,rn ~~,rUrfl4'tJ~~U1 
Ltl1L1.m)JYl1~;'1ULYlfll1uLflijYl1~n1,.n"1)J1Lflun11~Lfl11~~)J11ClU~'Dfl~,rnn"1Lun11tltln 
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,"17 ~L ~tlYi1fl::LL UU'!Itl,n!n n"1 tULL,jfl::flU L~!.IYi 1 n 11~ Lfl11::~n11tltlntl11 fi'lltl~'I!n n"1 t 1.1 

., I .!. ~ .. ... ".\' "., ~ ... I -I~ 1''' 
flm~tW::1Jl1~ 1 L'Vitl LlJ1!JtlL Yl!.ltlntln11 ~lIIfl::LLUU~1 n ~ lJl"'ftU)J'l!.l~1 nMUJfl1LflUYl ~,"1t1n11 

ftJ1tl~~1 n~,",;ufi)J"l!J ~1 nfl~17 fIl1LfiUU1U1'111 ~ (AlBA) L ~tl t \\'ZU LLtiti n11'11 n'lltl~'I!n n"1ij 

fiI'l1)J"h L~tl Otl)J1 n~u L~!.I~::Yi1 n 11~ Lfil11::,"' ULL,jfl ::ZU LLtltJ~1 n LL)J Yl.,m 4' "~1 fltl~ n11LL ,~;U 

~~L~tl~~11W11Jl1)J,"inn11~Lfl11::~n11LL~"''1~n!.lfl1'Vi'lltl'lt!nnli1 (performance analysis) 

~'1~1nfi1'l'lltl'l Dan (2004) ~~1 tr~4'!J~t-r1'~1::~tJ'!Itl'lm1LL~"'1~n!.lfl1'Vi'lltl'l'l!nnli1ijtl~ 4 

tr~4'!.I,"in ~tl 

1. tr~4'!.IYl1'1~1ULLYlfll~n: zULLtltI'IItl'lm1Lfiu ~'11'l)JO'lzULLtJtltumrlln m1tltln,"17"L~tl 
Yi1fi1::LLUU '"1tlm1LLnLn)J'IItl'l~n~tlutuLL,jfl::!.Inll'l!.l 

2. tr~4'!.IYl1~~1ULYlflilfil: LYlfilUfI in~:: ~~1)J11tltltlnLIIII'l!Ju1::~t1m1w'un11Lfiun"1 
LLfl::n11LL~"'1~n!Jfl1'Vi'lltl~t!nnli1 

3. tr~4'!JYl1'1~1U~11~Yl!J1: ftllolflYl1'1~1Ufl'l1)J,"'I!n'!ltl'ln"1Lfiun"" L'llU tllJl11m1Llfu 
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~ l' ~ ,: I I "1.1" ~ .. 
'flnnJ"CU~'J CU ~fln'Un.lLL'" 'Yl1U'YHHfln 'Yl,) ~U'YI1~1rnl U1tJmUJ1'UnJ')tJ~1nfl 

~~fil"LfiUU\4~1.1":L'Ylfll't'YltJ ~ Ufl: "JCU\H1i~1J~1J11 {U'Yl,.t,.~U ~{"'n1,.Yi).J~t1i~ ~'ttrL\lfil,)1).J 
"' h).Jilfl'Un11~1Lilun11~(tJLi]uflth~~ t"'tJ~~~n~flUUfl:,rnnli1Yi).J~t1i~i~~).J"'L;1i')).J'u 

n11~{tJLtlUL,)fl1 1 i1.1"'1\f ~).J~1~'YltJ1trtJ,.rrufillU'Yl1~b"-l fl~filfmf Ufl:'fl'fltJ"JCU~n~flU 
::. I .I"1.\' t ,''' "I • • r.! .I., .... ., I 

'Yl~ 3 'Yl1U'Yl ~lIIfil,)1).Jt fil,)1).JM).J).Jfl ~Un11~U'YlU1 LLfl:fil11J1n1;1LntJ')ntJn,,1).J,)tJ~1nfl~).JI'I1LflU 

";1' ~~1U~{tJ~).J\l1CU1i~~U ~~£jl1tJU1).J~~ ~fl 't1.1d 

~ ~.r ," 1. U1,)1fl1n1f111J11 'YlN"n", UnU'Yl1,) 

2. "'1Lfln fltJ11CU ~utuu 

3. ~tJLfln tnfllfl ""').J~fl).J 



ll'ftN'U')n 'il 

("!J.tl ... ~n"~n"~i,,i'U) .. 
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fllcu:n1nIn11i",au~L~ftJn11ftJ1f}~'1nft~,;ufi"'Il!J~1n~ft~fII1LftUU1U111~ (AlBA) 

ili~~",,,, 6 yhU il11!JU1"'~~"t'lLtI~ 
.. .. 

1. t'l1'1ffi tlIl1 tJCU!J03f11 

2. t'l1'1W t11::a't'lt fi'l11Ntl1::Ylti 

I 
..... 0 

4. t'l1'1ffi 11tJ111!J tJCUil1 

5. t'l1'1W~'t'lfi'Yifi L4t'l"n 

6. t'l1'1W ~",~" ~ru1::~ 

2.1 ~i",aUtlUL'lYi 

2.2 1-- ,.,j fllcu:n1nJn11 ~fII::LLUU't'l1U't'l 1 

2.3 fIIN::nn",n1t1\\'fII::LLUUfhu~ 2 

2.4 fIIN::n1nJn1,.l\\'rI::LLUUfhu~ 3 

2.5 fIIN::nn",n1,.1~fII::LLUUfhu~ 4 

2.6 filcu:n"""'n111~fiI::LLUUfhu~ 5 
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.a.,. ~t.I . ., 
.a1Y"'~'1'~i~t~nt~n1t~'~'U 

..I.I'I1l"I ... 0 ~_ I I ... .I ... ~ 
tl1"11t\mUYlYl LlI LUm~~'il1~tl~ L1J1UnnJn1:U"~"Uu~:;t\mUYl,..n"!l~~~nt\!lUu~:; 

Unnlt1~"lf.Jt\1n~t\)j'''1Ltiu~cY~VI~''1~tYlf.J t~uri !l1"11nlt1 3 ~Uf.Jnli1~ "N:;,..~~ntn 

~~1~Ylf.J1if.J",1u"hYlML:~ ~Ylf.J1L"~tl~Mmf 

.a".,.6 ., ~_ 

.a1Y"Ln1J'.~'''y!1Y"1~~1Y.]"f1''1I1 

!l1"11t\tl'lU~m.nUm1LntJf!l~i'i~Ul1UYl1~~1Ut\1MYlfJ1 L'lIU t\~11tlI11,..m1'Lf .. 
!ltln;L'ilU~~t1~ LilulA'u t~LLri \\'tl~tJ~UiimMYlfJ1"'1t\~fm1nlt1i~ 2 \\'!l~ !l1"11nlt1 2 "N:; 

,..~~ntn ~~1~YlfJ1ifJ",1u"NYlML:~ ~YlfJ1L"~!l~Mn1f 



119 



120 

..... ,n .. .,.,.j 0 'L-l'Ils"I ... r041 I ., ij1J\J'j)\Ja1iJ" ~ Y~1Y?~1 L"tlU1 lJ L'1I LUmfiLI'I""::~t A.lUUU"JItl-3m:'llnfi)JnUm,. 

~u'Vlu1nq)J~(~4u ~i-3411nUU;;n/11,,~~Ltln1~~~1~tl-3n1,.u'!i~iuLUUlJi~::1'uLhJuffitJUfl~ 

.., . ..., 
"~tl!J1~ LL\JUtltl\J a1"'~'" ~~fJ 

• ~~ ... .,. ~ ...... ..!' 
L'tl~ n1, .. nV11J~!I"1UI1U~"!l1f1f1t1"'n1'n"1""'1"'1 ~'D 

L~tl"~"'LiI"'Liflf'ltl~Unn"1"'~!ltl1n.tI~Pt'L.U"~~ 

tu'"n'tlnitl~.'1tl~i''tl\JLL\J\Jtltl\Ja1''' 

1. ~tl .......................... .. .. .. .. ............ ... .. U1)J~fl~ .. ........... .... ... ............ .. ... .......... .. . 

F-,...... ... I -, -~ ....... 

LJ Unmi1)J~tJ~1nfl~)JfII"LflU~'IJ~ tu .......... ... nL~m')J 'Vl)J'!I1""ll1'l .............. . . 

o @ln~tlutl,.::~1i1)J 

2. 1.h::1T1.Jm'J'w"1~lU"'lUnW12J1fJ1Tlnt'l1Tlifl'J'u;u .......... ....... ........ iI .. ., ... .., 
Pt1~1 n" Pt~1,.,'1tl~1U~~!I 

~'VltJ1 Pl1 ~ "fn1 ,.n'ti1~)J1tJ ~~ n1 ,.U1 Ltl1 fII~1)J l'Vl1~~'VltJ1 f111 ~ "f)J 1 L fl Un1 ,.tl,,:: LijU 

fII~1)Jft1)J1,.",.LPl1;"JItl~Unn'ti1tu"::~UU1U1'!11~ii 6 ~1"J11 'L~uri 
... ... 0 ., ... ... '!5 ..I I .1' 0 r 

1. ftm'VltJ1m1tltlnm~~mtJ / m"n'ti1 ~)J1tJ"-3 n1"l'In~'Vl~1"~tJm"'Vl1-31U"JItl~)J~1ffi 

'tA'url n1"yh~1uu~::n1"Ltl;tJUutltN"::UulJi1-3 1 "JItl~f1-3n1tJ L'U ,,::uunfl1)JL~tl 

,.::uu'L ~~ L~tJUL~~" LtlU~U n1ftl11J ~~'Vl1.:J~1,.~'VltJ1"J1tl.:lUn n'ti1 L Uft"1Un1"nrU~:: 
I ..I 

a.:lU~l'lfltl)J'VlU"n~1-3nU 

2. ;!~n~fII1~"fn1,.n'ti1 ~)J1tJ~.:I n1"~m~t1~~1A'~tJn1"LflltttlU"~~"JItl.:J)J~~6 n1" 

... _f: ..I II.. I ''''tl ~ ... 
~LfII,.,,::l'Im1LfII~tlUL~~ LUm"L~UtltJ1~)J 1::\1'VlfiIl1" 

r... ... '!5 ..I I .1' r..l., • ., 
3. L~'!I Pl1~"fm1n'ti1 ~)J1tJ".:J n1f,.,n~'Vl'l1"~tJm"u "'VltJLntJ ... ~ n1Jmftltlnn1~-3n1tJ 

n11Lflun'ti1 n1,.tJtl.:Jriun1"U1I'lL~U n1"1n~ ufl::n1,.~U~ft)J,.,."1l1"'Vl1.:1n1tJL"'tJ 

tl1~tJ~inm1U"'Vl6 

4. ~l'I~'VltJ1n1,.n"1 ~)J1tJ~.:I m,.~n~~~1A~tJn1fH~,,~'VltJ1L~tlliNJU11f11~1)Jft1)J1,." 

"JItl.:lUnn'ti1LUm,.1Jn4'tl)JUfl::m1u'!i.:Jiu 

5. LIl'!lU1n11n'ti1 ~)J1tJ~-3 n1,.~n~1~~1A'~tJn1f~"'n1"tl1~1"~1~11JUnn'ti1 L\l 
.. 

L~)J1::ft)Jri1J'!Iil"'n'ti1 Ufl::tl1::LJ1'Vl';.:I'U~1l1~::tln~ '!IN::1Jn;tl)J u'!i-3iu u~::~i-3 

1Jn;tl)J Lun'ti1~fII~1J")J~1~UmiluLnN.,r 
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~ ~ -.. .. 11 ~..,.. - 1I~,J. ... 1r. LYl'hU~fltJ ~Un1m~U1~ n1N LI'I1tl.:l)J!l flU1)Jm11 IJIfl!l"'~U~ n1N~.:ILfl1)J"ntJI11Yf 

unnli1 

ttlf""tltJfIi,a,~i,,,.,,, ""Pi'it'ltl;f 
1. 11' n 1l",Lfllfnh'S"!I,",tI "tn'f1l",,.,,uPi,,, , ~;l,r ntJ "UL'it",j,,,~;'it 'l,j t tlf" 

r.;\!~,ll,~;l,rtlth" 'lru1" 
CJ fI~1LfI)J!l CJ Li~luu1.:11'1f.:l CJ 'WLl'ltlLfltJ 

ttl,,, 
r.;\j ............................................................................................................... . 

2. @lntl'itULfIIfJ111'S"fJ''''tI''tn1,1l",''',u'h'', ~"l,rntJ,rn1l"1,j,oII~;'it'l,j 
ttl,,,r.;\j~11l1~,,,r'it81o11'lru,oII 

o fI~1LfI)J!l 0 LilUU1.:11'1f.:l 0 'WLl'ltlLfltJ 

ttlf" 
r.;\j ...... ....... ..... .. .... ... ... ... ....... ... .. ..... .... .. .. .......... ....... ...... ... ..... ............ ... ... ... .. 

3. un'S''fJ,,,,tI''fn1,1l''1LfIIfJll''S''fJ1''1t1''fn1,1l,,,''',uPi1011, ~",rtlt;oII ~;'it 
LLUt111,~,,rntJ,rn1l,..,,j1o/1~;tI'laJ ttl'''tt'l!~1 'fIIfLfluill'~1,,r';1 U1~1',r 

tl81o11'lru,oII L"U n1,{"ttlLL'LLn'~'it'~1' -r"n",h.~,fi -r";r,,tlt' ~;tl~fIi, 
f1111~i,,.'it"ni'~L;ftl (Fatigue or Overtraining) Lflu"u 
o fI~1Lf1)J!l 0 LilUU1.:1f11f.:l 0 'WLl'ltlLfltJ 

ttl,,, 
r.;\! ........ .. .... ..... ..................................... .. ............ ................. .... .. .. .......... ...... . 
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4. tI'::.\Jn'l'N1.un'l,.r"L;.ni~ilnn"''l~·UJ.'ln •• Jl''''Lthn''i~ ;t~'l'N'l 
tl::\ru'l~ .ruitl\tI;f .'l~'l,aL;tln\tf~'lnn'h 1 itl(u\tI 

o £ln11~"L;tln~1ntl1~ 
o £ln11~"L;tln'"l1nLfi\N~11-1lzU11-1lLLfl~l"~'lu'tl-llh,m1tJ 

o £ln11~1'1 L;tln LI'ItJn1ru1~Liju""1n~~11tlI11.,..h·m1tJ 

o £ln11~~L;tln 'L"tJn11~Utl~'tU'"l1nfil1tltlfilf'l LLfl::l1U::'tl-llfil1tltlfilf'l 

o £ln11~"L;tln 'L"tJn1ru1::UjU'Vl1-1l~ti~n111Jn4'tl~ LLfl::n11LL"li-lliU 

o £ln11~"L;tln~tJn1ru1::UjU'"l1mJfl-ll1un11LL"li~iu 
r=-, ...... 1....1..... .......M I ... ~ ."f. 1 ~ 
LJ ~~1f11~).Jn11"t~LL'-Il'UL.,..tlfil~LfltlnUnn n1 LLfl::LL'~'U"D03LL'~1J1J1::L'Vlfli L'VltJ 

r=-, ...... ~ t ~.I"'..:",,,,.J ~ ........ ~ I 

LJ Unm'1",ntn U1~tltln11",m~t1'VlLtltlV1tln11YH'JU1m1'1 L"DU LNL1tJunn1 LfIINn11"1'lt03 

Sport Heroes ~fl~ 

r=-,... ..... ~ .1 - ... 1'''' .J...... ..... CMI 
LJ ~n11f11~Lfltln L~tJ1J1::~U'"l1n'Vlm~t::'Vl1~1'I1Um'1~'ltJ L"DU ""Ul1unn1" tuLLtiLLtln1,.,n 

,..,j~,..un ~fl~ 

5. ,rnn"''l'''M\Jii~zt1u.\J\Jn'lnfnlltl~''ULtl~\1H\a.i ttl'''n\!~'l'''M\J~'ln' .. ' \1H 
"'l'l\J\tftlfh~\, \1'ln\a.i"'l'l1J .'l~'l,atln~'lN\tf \1;tl\a.i~'l"uLtl~Lfluu.1J\J'" 
o 'Vl11t1 0 UJLLutlili 0 UJ'Vl11t1 

ttl,,,n1.j 

• 'Vl11t1'"l1nlK'lunn"1Ltl-ll 

o zULLtltln1,.,nLLtltltn (Fighter) 

o ztlLLtltln1,.,nLLtltlru (Boxer) 

o zULLtltln1,.,nLLtltI,r03tn LLfl::ru (Combination) 

• 'Vl11t1Iit1n'LIf, .................................................... . 

o zULLtltln1,.,nLLtltltn (Fighter) 

o zULLtltln1,.,nLLtltlftJ (Boxer) 

o zULLtltln1,.,nLLtltI~-Iltn LLfl~ru (Combination) 
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• .! I ... 

flMtJ4t1nLl1tlUl'l)Jfl)J .......... ... ..... .... .... ..... ......... . 

o ~LLtJtJn11'!1nLLtJtJtn (Fighter) 

o ~LLtJtJn11'!1nLLtJtJftJ (Boxer) 

o pJLLtJtJn11'!1nLLtJtJi~tn ~:::ftJ (Combination) 

• .. r ... I 

flMtJ4t1nn11'l4t11C\.l'Jltl~Un'Jl1'l ....... ........ ......... .. . 

o ~LLtJtJn11'!1nLLtJtJtn (Fighter) 

o ~LLtJtJn11'!1nLLtJtJftJ (Boxer) 

o ~LLtJtJn11'!1nLLtJtJi~tn LLfl:::ftJ (Combination) 
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'4tJntaiMun1tLL'~iy 
..I'I~ I ., 

1. U'UJYI~"II ~Un1"LL'WJlU (Authorized gloves) 

k ... ~., s ".oJ..I PI ., k ., If.! - '" '" ~., U'l~l'ltl'UJU1~Un 10 tltlU"II (284 n,.~) ¥1'lUYlLuU~U~l'Itl~~Un ~LnUfIIN~U~'Jltl~U1~Un 

U'J~i~~~~LLS~Lt\'U'l~"'tl~bJ~n'ht,xLfII~tluhj ~1nfll'l1~Ltlu~1-3~1tlLLlJln~1nriu ~1~flJn1" 
I ., -'1..1 'I "., ., k .. I ~ 'I~..!f 

LL'Jl-3'!1UU1U1'!111J1~" 1 YI A.I.BA ~~n1nlJ1tl-3 umJ'J!Jl'ltl~~'J~U'l~'!IU'" Velcro LYl1UU ~~ ~"IIU'l~ , 

~~~tl1'" LLS~t-t'n1"L~LYh,ru 

2. Lri~tl-3il'tl-3nu;!nt~ (Head guards) 

Lri~tl-3iltl-3 nU;!1~~Ltlu~l.ln 1nr~'JU~'J'Jl'tl\l~n~'JtJ~-3ij f'1'J 1 ~ n 1~;lJ rilJ ~ 1~~'Jl tl-3~n ~ 'J!J 
n11LLll-3iut", 1 ~ A.I.B.A t,xn11flJ1tl\l ~n~'JtJ~tl-3~'J~Lf'11tl-3iltl\lriu~nt~~LL"'-3 LLS~~1L~U 

" , ., ~ '" il ... ~ ... .,J PI 1f.1.1 .col .J 
1J11~~~'Jltl-3 L 'Jl1 ~ LL 'Jl\l'JlUl'ltl\l ~'J~ Lf)1tl~ tl-3 nU"'1~~'JlU"''VI LuU ~uIJ11~tu UlJlJ11tJS~LtltJ "''VI 

A.I.B.A ih~u", ~n~'JtJ~tl-3L'1~1tui-3L~tJutu~1l1V.~~'J~Lfl1tl-3iltl-3riu;\nt~LLi\''J um.J'JtJ~tl~ 
.J .'1 ., ~ ., ... ..1 , ... ; ,..1.... 1 ' ., 

Cltl"'Lfl1tl-3utl~nu"'~tltln'VIU'VI'VIn11LL'Jl-3'JlU'CiU~'" LLS~ntlU'VI~~~n11u1~n1fi1CJSn11LL'Jl\l'JlU 

., , ...'1 ., ~ ..I'I~ ... 0 ~.I ...! ., 
lJI'Jtl!J1-3LfIl1tl-3utl,mUl'lnt~Y1~"II ~Un11'i1"'~1Sfl-3 ~u:LLM~n1:LL"D-3'JlU 

4" ,--.70/0'0,s 

f 
I 

, ~ / 
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3. ~lIn,.nrufl::"::1J1JIK",aufil::uUWJ'l!Jft1nflft,rfil"LflU 
-I .,., 

Lfil:fl~IK"ftilufil::UUU).I'l!Jft1nflft,rfll"LflUIi\::ih;~~).I" 4 ~).I ~tl ~).IU1L~Unt'l'l-«fil::LLUU~).I 
If 

U1L~U ~).IUt'I~n,,'l-«fII::UUU~).IU"'~ UfI~).IaL;!J'l'lUulJlfI::;1~fitl Warning 'JItl-1Ul'ifl::;1-1 'L"!J 

., -I..Il! ... ,., 
"''l Lfil:fl~ Vltl L"1I1 fIItl).lYi'l L"'tl "~fI n 

4. tf-1L~tlU (The ring) 

i-1L~tlULinli'tl~ij'JIU1'" 4.90 x 4.90 ).I. ( 16 ~'" x 16 ~'" ) UfI::tf~L~tlU'JIU1t'1'l~qj~tl-1ij 
..J ..J.c., 'l .. ,w.. ... 

'11'1.111'16.10 x 6.10 ).I. (20 r~'" x 20 r~(Jl) 'Wlt'l111tl U'JItl-1L"JItlnm"U"JI~'JIULYitlfll'l1).1"J1U::LfI~ 

'.1 "'l1l.r .. .r .r" l! .r..... 'I. ! " 
"::Wl1~lJ"::LYI~"'tl-1 "1Irt~L'l!JU'JIU1'" 6.10 x 6.10 ).I. YiUrt-1 L'ltlU"'tl~~-11i\1nYiU"U'\4:fl31U ~Utltl 

n~1 91 1 .).1 . (3 ~",) ~1tl).l1nn~1 1.22 ).I. (4 ~(Jl) 

JJ1"fJ1ufltJnf"'tl1"n.n1fLL,j~.u 
~1In:NfJn~u~'l.num,.u;~iu'~ftJmwtl).lf1J(Jl1).1).11(Jl"31U'JItl-1 A.I .BA 



111fUI'U~n QI 

(n1f~~41.~~t~f~nf~n1f~.~f'U) 
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n1~~41.~~tu'~n'~n1'~~~.U 
\~ijn1"(~41fitl~LtJ1LLnnJn1"LL1i~;u'«lnA'L;;tI~n1Jt\Cl1Un1"cU~;'~)J1n~q~ ~~d 

• ... ..I"Js'II. • ... 
1. ~1U'lU'lUYl L"D LUn1"LL'~'U 
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~4'tI\~(~41~tl~n11LL1i~;U~~~)J" 31'U L~fJ'.r":;1J1JLL1i~ 1 1'u ~n 1 1'u L~tl,,xflfl1fJ 
n1"LL1i~;U~;'~)J1n~q~ L~tlLi1tlLVltl1Jri1Jn1,.(~n11LL1i~;U~;'~~~n11'!1n~:;ij~~iu 3 - 5 flf~ L"fJ 

.......... "'1'.t:J' ............. ..1 ...... ..I.,t' 
tl1~~:;LL'~I'I~nU ~1tlLL'~LL1J1J'lUL'~U'~U 'Utl~n1J~1U'lUUnn n1YltNLL'~'U L U11fJn11Yl ... ~n11 

.... J' 
LL'~'U'U .. . ... 

2. n1JnlJln1"n11LL'~'U 

n1141LLUn~ (Weight classification) t\1)J11Cl41LLUn~'tl~n11LL1i~;UU1U1"111~ L~fJ 

~(fJ'!Itl41 LL un5~ L vttl~LLfIi~ 60 nL~nhJ L rttl~~1 n Li~u~J1~un~)J1n~q ~'tl~Un filt1)J'lfJ 

t\1n~t\l! fl"L~U~~~Vl)J'1 ~\ Yltl ~~ij ~~ "tl \tJd 

. ... .. 
1. tuYiUL'lYl "111tl - - nn. ~qj~ - 46 nn. 

2. ~\~"~~1t1L'lYl "111t1 - 48 nn. ~~~ 46 - 48 nn. 

3. tu'ri~1!JL'lYl "111fJ 48 - 51 nn. ~~~ 48 - 50 nn. 

"' ... ~., -
4. tuL~YlLL1JUIJI)JL'lYl '!I1tl - - ~qj~ 50 - 52 nn. 

"' 5. ~LL1JUIA')JL'lYl "111tl 51 - 54 nn. ~~~ 52 -54 nn. 

6. tuL'riLfitlfL'lYl '!I1tl 54 - 57 nn. ~~~ 54 - 57 nn. 

7. ~\~"L'lYl '!I1tl 57 - 60 nn. ~~~ 57 - 60 nn. 

8. ~\fi"L'l~LlJltlfL'lYl "111fJ 60 - 64 nn. ~~~ 60 - 63 nn. 
I ... I ., 

~)J1!JL~"J n1ri~,j1~unlA''l'mI'ltlt\1n~t\l!fl1L~U'.ri~'u • 1:;1J1JL)JIJI;'n " L'Yhuu 

3. 41U'lUfJn (Rounds) 

n11LL1i~;U 'llijn1"LL1i~;U 4 fJn tln~:; 2 U1Vl (n~n1ftld'llij~~U~~1J'.r~~LL"1'u~ 
PI .1' ... I • ... .... • ... ~ .. ........ .. 

1 )JnMfl)J 2542 LlJU",ULU) n1,.~~"'n1"LL'!I~'ULYitlIJl1~ULYl~ LlJltlU ~~LfII1tl~LLI'I~n1fJ ~1tl 

~tJn1cU'!Itl~un)J'ltl'llLffi1JffifJ~1tlA'ltIL~"J~u 1 'WU1J1'l)J'u 2 U1Vl ~~n~1'l n1mn1:;~~1~tln 
rA'tl~'~A 1 U1VlL;l)J 'Wtl,*qj11J1,,xijn11L~)J41U'lUfJn 

4. n1JUfl:;n~n1~1~f.un1,.(~n1141fitl~n11u1i~;u 
"' ';1n11LL1i~;U 4 tln tln~:; 2 U1Vl ';n1~~1~fJn'.rL'l~1 1 U1Vl (~n11u1i~;U';~~)J" 3 

1'u 1'UL~U 1 1'u 



1l1f11N'U~n 'lI 
(nJLL\J\J.tl~n1,.n) 

u 
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0-

pjuuulltl-1mrlln (Style) L"tJtln~pjuuun'lrllnlltl-1unnli'l)J'ltlt\'lnfnrU ~~';fiIU'l2J'l 
... ::..t 'I ...... 'I_t'.t....J ... 'I 

~'ln'YIn~lIUYfUl'lU LUmrlln U~~"fiIU'lYln~ LlII~-1'11UL1tltl 1 L1IU mrlln\.UJ"," mrlln'l-1 LU 

",'HI mnu~tlntltl Li~lu~u ~Unfl'ltl2J'lLijuitluuuL~"'l~L~'l~~-1'11tl-1U.!fl~1Jfilfilfl U.!t\12J'l1t1UU-1 

,t1uuun'l1'11ntltlmilu",in 1 L~ 3ltluuUI'l'l2Jn'l1i-1Ln'lViG~n112J'IItl-1unnli'1 'L"tln'l1 

~~'11N1t\12J11m~u;tl)Jfl4t1nm:i-1Ln'lL~"'1nn114'IIm1u'-1;u.-1~tlLiju Pilot Test Ufl~m,. 
.. 0 ..J .. "..I 'ItI': 
~"m~'lfltl-1n'l"U1I-1'11U 11-1l'1tl L U 

1. nli'1;Ln2JlfIIf-1~ 24 (-1Wl"'Ufil111l1a)J1 t1~LYlI'ILYlti 1~"'~1-11'U~ 5 - 19 fiU'l1fi12J ".1'1 . 

17 - 23 'lfl1f112J " .1'1 .2552 

- ~ ... £. .r::'..I
tI 

- , .. ..I 
3. nli1LtlL'DtiUtlUlltl1Ln2Jrt filNYl 3 1~LYlI'IL'ltlllU12J "~"''l'1-1,)UYl 26 'lfl1fi12J - 6 

"G"'~mtlu ".1'1.2552 

- - .r::' ..I .. - ... ftl .. tI ' ... ..1 4 . nli'1tJLn2JrtfllN'YI 25 L2Jtl-1L'ltl-1~UYl 1~LYlI'lt\'1fi11N1l 1~11'1l1Ufl'1'l :~"',)'1-1,)U'YI 9-

18 fiU'l'1f112J ".1'1.2552 

L~uri 

1. m1L~U.!tltl ",itltn (Fighter) LijultluuUn'lrlln~Unnli'l~~L~U\4U11Jm;1\4'1~lJitl« 
riflui-1 u'!tI nU1n Li]u~'lut \4cU Lijuin~N~'IItl-1 filU~lItlu1j .-1~~L~UL;1 LtI"'1 ~ lJitlf L ~tltlfln 

... ... 0 "..I .I' 
\42J"'L"tlYl'l"~uuuntlu,!!l'1tl" 

;. r... ~ 'I'll ..I .. -.. - :. .. , '.1'..1 .. 11 
2 . m1111-1ru (Boxer) LlJU, uUUumrll n'YIunn n14t~2Jm11'l-1ruflltltl '!l I'ltl"Yl~~L"'UL 'D'l2J'1"''1 

"'lk" t ., .. 40 " 
t1tltl"'~1J\4fln,!!I'ltl" U~~'l~-1\4'l~ Um1tltln\42JllnflUL"tlYl'lfil~UUU1J'l-1 

0-

3. m1~~2J~t\1U (Combination) Lijun'l1~~2J~~'1Ultluuun1111mi-1 2 uuu L~uri n'11 

.. , ;. r.. .... .t ¥. '.J.t .. - .. ..111 • , .. 
LIIUI'ltltl u~~m11'1-11lJ 11-1'11UrJU'!ll'1tl,,'IItl-1Unnn'lYlL1I'lYl'1m1U'!I-1'!1U 

.-1 unnli'l ulJifl~"u~~il"'l'12Jmr"'filUfl~ltl uuunu U.!fit\12J11Cllln L~~-1 3 ltluuu 

- .. :'!!II Jf ~.t 'k .. -.. .. 'I'll t 'I'll ....., 
LYfl1~2JYln~mnn4t1nm,.~n'Dtl2JL1JU"Ul1U UI'lLI1Unn n1t1U"'t uUuu "'t u UUU\4U-1 n~~~" 

'Ltl1un 12.1 mi'tJ n~ L uuZtl UUU,!U ~-1un nli'12J'ltl~1 n~t\~ fil1LtlU'IIfl-1t11~L YlI'IL Yltl~~LijUztI UtiU 

::. .. 't1'" '.J ..r, .. ".l"I ' J..I 11' • n1"I'l-11U2J'lnn'l'1, UUUtlU 1 UI'lrt'lU2J'1 n~~'IIutl",nu '!ll'ltl" ~ UU~~~U2JYl'DYl L 1I11,)2JYl1 n11 

u'-1;unUUnnli12J'lnn~'1fi1'l12JClU"'IItl~unnli'1u.!~~filu 
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1l1'UIU~n II 
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., .., .. 
,.fI\itlUnn"1 

.., •• _ I r .., ~ .., 
1. 1.lnn"'''IJ'tI'''''1'' A ty1.l'~1.ln 48 n~tmflJ 

in1;'cu::m1"1ln tuLl.UU1tJ (Boxer) LI.~~tuLl.UUeJtUUJtl1U 

tl1~tlUm1W 

~fl Lffi n nq~ lK'lfl!h~ 

fl1~ 

" o ... 
U1~Un 

~'lU~~ 

BMI 

% FAT 

Glycogen 

BCM 

RMR 

Heart Rate ('W~,;n) 

Heart Rate (~~~~) 

Right Hand-Grip 

Left Hand-Grip 

Sit and Reach 

Leg Strength 

Co-Ordination (3 Times) 

Hr max at V0'2rnax 

RER 

AT(LT) 

AnT(RC) 

(combination) 

A-48 

21 tI 
53 nL~nf~ 

159 L';U~UJI'11 

20.9 

16.92 

400 nf~ 

23.94 nLfinf~ 

1406 nLfiLl.~fifl1 
" ... I .. 

60 fIINI'1flU1Vl 

" ... I .. 

199 fIINJlflU1Vl 

30.8 nLfinhi 

27.25 nLfinf~ 

10.4 L';U~UJI'11 

197 nLfmhi .. .. 
0.46 - 0.47 - 0.45 'lU1Vl 

....... t ... 

2559 ~fi~fiI'11I'1flU1Vl 

48.29 ijfi~~1'11,jflnLfinhi,jflu1Yi 
" ... I .. 

172 fIIN(;IflU1Vl 

1.09 

" ... I .. 

145 fIINI'1flU1Vl 
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HR-V02 Regression Line 

3 

2.5 

2 
N 
~ 1.5 

1 

0.5 

0 
0 

r = 0.900194 

HR-Y02 REGRESSION UNE 

50 100 

HR 

150 200 

y = 0.0206x - 1.181 

• V021/min 

- Unear (V02 I/min) 
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s ... : . 
AQa: 21 

HWrIt(..,. , • .0 
~~: u.o 

HR_ ' 1. 

Sports Science Department 
Laboratory 

Srlnakharlnwlrot University Ongkharak 

rtlltdlfe: ZOI2I2010 
TIJIJI_ 07:03 

H. of ... · .. 
DwafIott (ItII:1fIIIn8j: 00: ,.: 15 

8SA WI' . t .• 

T •• , DutMIon: 00:18:15 ExereJH durfll#orl: 00:09:45 
EI'fIOIMter: HP Cosmo. CosCom 1.3 ~oI: 
TNtlyJN: RNaon fill' Tea: 
~: TecltnlcWt: 
R ..... for SIoppInfI TN'; 

...... fired ~ 
3.58 
3.11 
tl3 

R.., LT RC OvoZmu Pred ~d 
t (hh:mm:ss) 00:09:30 00:11 :15 00:13:00 
Speed (KIm"10) 55 55 68 137 49 
Grade(%) II, II, 16 
NlA -

R.., LT RC OV02mu Pred %#'red 
V02(mUmin) 1700 2~1 24" 2008 123 
V02Jl(g (mUminIK9) 32 ,08 43 ,80 48,74 37,84 123 
METS(- ) 9,1 12.5 13.3 10.8 123 
R(-) 0.88 0.95 1.08 
REE llcall 1356.0 

R.., LT RC OVOImu Pred ""'-d 
VE(Vmin) SO.1 63 .3 72.8 124.6 58 
BR(%) 59 49 ." 30.00 138 
VT(1) 1.482 1,856 1869 1.61 116 
Rf (blmin) 33.7 34 .1 38.8 50.0 77 
WFVC(-) 0.55 
VONT - 0.18 0.18 0.19 

R.., LT RC OV02mu Pred 'KPnd 
HR(bpm) 147 159 172 199 86 
HRR(%) 26 20 13 15 86 
V02IHR (rnllbpm) 11 .5 14.6 14.4 10.0 143 
Ot(II"*t) 
SV(mUbeat) 
V020LT (mUmin) 1700 2321 21,77 84 
HR Recov (!)pm) 26 12 216 
P Syst (mmHg) 
PDiHl 

1fN, LT RC OVOImD Pred ""'-d 
PetC02 (mmHg) 35 40 40 
Peta2 (mmHg) 110 107 110 
VEIV02(·-) 28 26 28 
VElVC02 (.-) 31 27 27 
Sp02 (%) 

5I5I201008:OS Page 1 
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. ' 21 

~(~; I • .o 
MWIJ'It tK{#: All 

HR.... ' 1" 

• • .. .... · '. . ~. · . ., . ... 
· . .. · · . .. ,. , 

• 

Sports Science Department 
Laboratory 

Srlnakharlnwlrot University Ongkharak 

r..r.,.. 2GIV2010 
T"_07:~ 

H. ot .... : .. 
~/IIII..1mr.WJ: 00:1':15 

BSA :wrz. . t .1 

. . . " 
'.' 

.J.' 

. , 

' . 1 

l. 
" , li 

. 
:~. .. 

• • ". ~,\L , .. r .. 

..... , 

. .. -.- , 

... -' .' 
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1 • 

1 • q 

:l . ' 

. " 

. ; 

",'. ,. 
~ . - 4 

: . 

'~'~~ __________________ -4 ______ ~ ______ ~ 

\. 

r • ,", . 'ar--.r VaI_"T 8Y02mIIX "-Mall VIIIuH 4I!'t: 
1(hh:mm:ssJ 00:09:30 00:12:15 n.5'11o 00:11:15 
Speed(Krm"10) 55 68 80.8'110 55 , . Gradel"') 14 16 87.5'l4 14 
NIA(--) 0 0 o .~ 0 
II02(ml/mln) 1700 24n 68.6'% 2321 
II02IKg(mVmonIKg) ~206 46 14 686'% 43.80 
IIC02(mllmin) 1505 2519 597'110 2222 
1IE{lfrnin) 501 726 689'14 633 
HR(bpm) 147 In 85.4'l4 159 
R(-l 0.88 101 87.0'110 0.95 .. . ./ . . -:111 . . 

L-______________________ .-.: ________ ....L ____ .....l . o. ..: 

- •• Ioj ' :. .. p- .. . ..;:. 

51512010 08:04 Page 1 PFT ErgII8.0 



N:otnc 

A..'<C1iSll1L'lIl na"' : 

l1au, ,,rBirlh 

Wei[dll 

H"'j!hl 

Omegs\\'s\'e A sessment Report 

CASE - A-48 

,. 'lNm"". U!') • 6:3': U 

Z7 111&,. 1_ (2J ,etI" .W) 

S3" C161l1l5.~) 

'S ..... (l6IlIl.'IS3) 

O"erall Readinns 

B:ll·tI .)(1 II", IIRV a",",.SIl mI. Insil.ll'lLli.:;ml rlnlhm tlL<1urba.lC" • . Cunli" ., ~"lem i. tk.l read\ "'1 aclnil'''" j1l\"l\illtl ma,""UIT' 
\'o lume: or ma.-om'Dn IIllcnsity. 

l3~d on lhc DiIJECG a, 'SSllICllI o f tlw l-"lL'f~ Suppl} SySl~OL lhc (ollo\\~ U'3illin~ Illlcmil~' 1:01);', lire ldentiC",tI 

rn1 Anucrohic 165 - 189 bpm Rcco,,\."!Y 113 - 142 bra! 
~ • "':'robi<: 139 - 168 bpm Rc"~'flllion 99 - 115 bpm 

Readille55 Indicators 

Stres Inde" '7 Within the norm Il' '"' n' '.,1" II' I ulllllle t, I ncon1pk!tc _overy 
(."'tLl· IL "\, ~tl.l11 • 

Ad.ptlll;Otl R'-"'--n~ 6 Ili jlll 

• • 

c~" - -
<: JI1"-'TI illL nr t iF.C 1\\ .IL'1T1 •• 

R..-l' I 1\1f) \kdl..nl'l • Do.>1<1xdiCllliL'IfI S) 'IL'tIl -
Ilomlnn,,] '\" 5k:m 

- 1-

U!l llf 
At.,."I';" >(alu, i",lc~ J 11! lIig.h 

CUJJ'tIt 
i\n: .... rollti: .l3tlb i,)jcx j 135 ModcralC 

l ..... rg' S"I' , ",.1 r.1 
III{ 01 .1nocmN.': thre4K.1tI 1M - - -

I'NS 

SN S ~;;;::::;:::: 

'Scolc 1-7, 7 1~ opumnl 

CiL'fI.'tal"" b).' OI""gaW. ,C [lula l:\alualOt 

C"p,.-ril,lht (c) 2f105-2001 (In'''lI''Wanl T"duwlutVc I.I.C 

135 
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~fln11~-,i~ftlflli~~ 1 

Name Round HR(bpm) V02(Umln) EE;kCal(min) tOlaI EE;kcai Trial Score Elq:lerienc e(Yr1l) 

1&C2-10 176 2.4446 12.223 24.446 11 2 

a48 2 181 2.6476 12.736 25.476 7 2 

3 185 2.63 13.15 26.3 14 0 

4 169 2.3004 11 .502 23.004 13 

Name Round HR(bpm) V02(Umln) EE;kCaI(mln) tOlaI EE;kcai Trial Score 

16-02-10 158 1.1469 5.7445 11 .489 12 

b46 2 168 1.2649 6.2745 12.649 13 0 

3 144 1.0005 5.0025 10.005 12 0 

4 164 1.1065 5.5325 11.065 11 0 

Tolli 156 1.12n 5.6365 45.106 BQl(eI" 48 

0" f...l ~fln11~'!J~'!JtlfII ~Yl 2 

Name Round HR(bpm) V02(Lhnin) EE;kc8I(min) 10181 EE;kcaI Trial Score ~yrs) 

18-02-10 154 2.2524 11.262 22.524 23 0 

b51 2 171 2.6281 13.1405 26.261 18 0 

176 2 .7386 13.693 27.386 12 0 

4 176 2.7386 13.893 27.386 17 0 

18-{)2-10 170 2.321 11 .605 23.21 13 

a48 2 172 2.3822 11.811 23.622 17 

180 2.527 12.635 25.27 16 

185 2.63 13.15 26.3 18 2 

Tolal 178.75 2.48005 12.30025 98.402 84 5 

0" f...l ~fln11~'!J~'!JUfll ~Yl 3 

Name Round HR{bpm) V02(llmin) EE;kcaI(mln) 10181 EE;1<cal Trial Score Experience{yrs) 

19-02-10 161 2.1356 10.678 21.356 11 

a48 178 2.4446 12.223 24.448 13 

185 2.63 13.15 26.3 15 0 

187 2.6712 13.356 28.712 12 0 

TGIII In.26 2A7036 12.35175 98.814 ~ 51 2 

19-02-10 167 1.911 9.555 19.11 11 0 

b48 2 171 1.9878 9.939 19.878 17 0 

172 2.007 10.035 20.07 12 0 

174 2.0454 10.227 20.454 11 

TGIII 171 1.9878 U311 79.612 ~ 51 0 



.,.. .. ... . r ., ~ ., 
2. unn"'''J.l1J'''1'' A {Uu,,,.un 51 n~.n'J.I 

trn~N:n1r11n ltIuuutn (Fighter) 

tl1:~Un11C1! 7 11 

~flLffinnq)Ji'lflf.h~ 

fl1~ 

% FAT 

Glycogen 

SCM 

RMR 

Heart Rate ('!IN:~n) 

Heart Rate (~~\1"') 

Right Hand-Grip 

Left Hand-Grip 

Sit and Reach 

Leg Strength 

Co-Ordination (3 Times) 

V0
2max 

Hr max at V0
2max 

RER 

AT(LT) 

AnT(RC) 

A-51 

2011 

53.6 ntfln1)J 

160 L;U~UJlJlt 

20.9 

16.21 

408 n1l.J 

24.48 nLfln1l.J 

1424 nLflufIIflfl'1 

" .. , .. 
49 flNIJlflU1Vl 

" ... , .. 
200 flNIJlflU1Vl 

35.3 ntfln1)J 

35.2 nLfln1l.J 

28 L;U~UJIJl1 

234.5 nLfln1l.J .. .. 
1.52 - 0.91 - 0.50 'lU1Vl 

.. __ I .. 

1964 )JflflfllJl1lJlflU1Vl 

36.64 iiflflflIJl1,)flnLfln1l.J,)flU1Yl 

" ..., ... 
172 flNIJlflU1Vl 

1.26 

" O', ... 
135 flNIJlflU1Vl 

" ... , .. 
161 flNIJlflU1Vl 

137 
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HR-V02 Regression Line 

HR-V02 REGRESSION UNE 

2.5 

2 

N1.5 

~ 
1 

0.5 

o 
o 

r = 0.975243 

50 100 
HR 

150 200 

y = 0.0142x - 0.6721 

• V021/min 

- Unear (V02 I/min) 



Sport. Science Department 
Laboratory 

CASE : A - 51 Srlnakharlnwirot Unlveralty Ongkharak 

~~~=-

T ~ ..... f 1'1 t, ' 'I.I! , 

s .... , . 20 
~("" 'IO.o 
~N: IU 

HR_ ' 200 

r.r .. tfm201D T __ .:3I 

N. at..,. 71 
DInIIIDtt ~ DD: 17:46 

BSA .... . t.I 

TNt Dcw.fIon: 00:17:45 ExweJN durllflon: 00:10:45 
E,..".,.,. HP Cosmos CosCom 1 3 Protocol: 
T .. , I)pe: Re_ for Tnt: 
PftyIIden: TedtnleI.n: 
RNsOM tw Sf.,.", Tnt: 
~.ra;;: 

FVC (I) 
FEVI (I) 
M\NeVmin) 
IC I 

t (Ilh:mm:ss) 
Speed (Kmh·, 0) 
Grade (%) 
NJA -

V02 (mI/min) 
V02n<g (mliminlKg) 
METS(- ) 
R(-) 
REE CIIIId 

VE (llmin) 
BR (%) 
VT(I) 
Rt (blmn) 
VlIfVC(-) 
VDNT -•• ____ Rnt 

HR(bpm) 
HRR C'!') 
V021HR (Mlbpm) 
Ot(lIrNn) 
SV (mlJbeilt) 
V020lT (mllmln) 
HR Recov (bpm) 
P Sysl (mmlig) 
POiast 

PetC02 (mmHg) 
Pet02 (nvnHg) 
VEI'J02 (--) 
VENC02(- ) 
Sp02(%) 

MiI201008:OS 

Rnt 

LT RC 
00:08:45 00 :11 :30 
40 55 
12 14 

LT RC 
1204 1888 
22 .47 31 .50 
8 .4 9.0 
0.87 1.04 

LT RC 
31 .0 52 .5 
75 59 
0.827 1.145 
37 .5 45 .8 

0.09 0.16 
LT RC 
128 185 
35 17 
9.3 10.2 

1204 1888 

LT RC 
39 40 
105 110 
23 29 
27 28 

0\10""-
00:14:00 
sa 
18 

0\10""-
11108 
35.60 
10 .1 
1.26 

O\lOImu 
n .5 
43 
1200 
60.4 

0.16 
0\10""-
In 
14 
11.0 

11108 
6 

O\lOImu 
36 
116 
35 
30 

Page 1 

Pred 
3.67 
3.22 
116 

PrH 

145 

Pred 
2043 
38.11 
10.8 

1370.1 
PrH 
128.8 
30.00 
1.66 
50.0 
0 .55 

Pred 
200 
15 
10.2 

12 

Pred 

""'-d 
93 
93 
93 

""'" 56 
143 
72 
120 

""'-d 
86 
93 
108 

59 
50 

139 
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51512010 07:53 

10 coo1e: 1I01V02 
$.: , 
• 20 Heit;It (_ 110,0 

~~5U 

Sports Science Department 
Laboratory 

Srinakharlnwlrot University Ongkharak 
h :11 •• wu.ac.th 

~,.,..,ss. (mmHrI): 7fI 
T~( ___ C): n 

811'0: O.ns 
eTP$ '- 1.102 
BTPSIIXtr- 1.01. 

140 

HR_ ' 200 

r.r eta: tIQ12010 
TIIIIt~ ot: • 

N, oI~ 71 
~(/III:~OO:17:45 

BSA'I'd' . t.' BIIII . 20.1 

.. 
I' ..... 

• •• .. ., ..... . . . . 

. 
; ." 
I . 

..;c~ .... 

-~ . . ~ : , ; 

• t ~ • 

, • r---------------------------------, 

I. . '1 . ' I 

' ,' 
~ I . • . ".... . ... '-': .. Ilt. 

..~ .. -.. -
.1.' . . 
l · . ··t; 

, • 1 

' , I ' .. ~. 

: . ' 
.~ _ .... '" .-. .. "' ....... 

L 

. • J ~ 

.....l. .. Il'J _1-______________ -'-____ --'-__________ -' 

• Par __ 

'\ 1(hh:mm:ss, 
Speed(Krm"10) 
Gradel"') 

VaI_"T .02~ ,.. Mu V--.aRC 

" NlA(- ) 
" V02(mllmln) 
". V02n(g(mlfmJnlKg) 

VC02(mlfmin) 
VE(Vmin) 
HR(bpm) 

q R(-l 

o ..• r 

Page 1 

OO:08:~5 00:12:45 68.6'l4 00:11:30 
~O 68 58.8'l4 55 
12 16 15 .~ 141 
o 0 OO'l4 0 

120~ 190B 63 1% 1668 
2247 3560 631% 3150 
1053 m1 47.3% 1760 
310 725 42.7% 525 
129 172 750% 165 

0.87 1 16 75.~ 1.041 

PFTErgo8.0 



~">m':'11 Date . 

Da[e ,,( llir1h 

Wcitdll . 

11,,'td·1 

Omega\\'a\'e Assessment Rel)Ort 

CASE: A-51 
., f!N'l.,lfIli z!~3 • ':.11 :J6 

I. ""'"""~ .". (lit ,an old) 

S3", (161111..'-'3) 

1 A c.L ('''l/2.1.13) 

O~'('rall R('adinl'5s 

n'L".I on lh., IfRV ____ ''''01 Ulnliu.: "':o1",n u; ul"lImll~ no".!> rllr a,,~ 1",cI Ilr acli"I, . 

13iU<'.! on till! Diffi ,CG "''''''>lncl)! of !he I : oerg~ , u"pl~ S~>lL'fll. the foLIo, ;nplJaininp inlL-ruUt\ hll~'S arc iJ.!nlif..:d. 

~ • AnIIcroboc 1M - 189 ~ 1«>00' cry 112 - I ~ I bprn 
~ • i\~1l1uc 11ft - 1611'P" RL"C"f"'IU[lI'" 911- 11 4 bpn 

Rl'"Bdin,," Indicators 

SU.:» hldi:, 6 Withm tht: !lolm 
Cun~nt. ' Ie nf 

I O'l~\oe 1 l' ompt.."" re.:'" 'Cr: Caul! IL '\~1L'1! 1 ~ 
A<1a1".I;,., RCSL .. ' co. 1 lIitd· 

,-------------~~-----------.-----------------------
C~'l 

l· lu",,,! "',.,. ,, ( (jl ' (: Sy~em .. 
I{L'~u l a l'1f\ Mnll!omi1TlS • /-;:;o.::C"c.::o-x-:.f=-",..:cal""io::"n-:::S-) ~""I'-:'I-n--+--------------

llU h."tlt ,.(,uh.: 4,.lf 
I ncfll' ~upph '" "<"<,, 

Keslm~ 1-lcoll kale · 49 bpm 

IlomlOooJ Sy<1cm 

138 ModL-.aIC 
1M 

• •• 

··GEC - GIL. F.. ella.!!" 11M C.liliol)u1mon.~ . )IN,' - l>arll~ lllf'a(I~'lli: N..-n\,u.< S~S(cnl. SNS - S~1Ilfl;/thclic NL'I"'''''' S\s1CJn 

o"""',,[.,.} I,> (In'''tI''W,n<! l1alu E ,al.~.I<>r 
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tJftm1LL;~1i~~f-3~ 1 

N_ - HR(bpm) V02(lJIrin) EE;kcaI(nin) ~EE;1<caI Trial Score ~) 

16-02·10 156 1.5431 7.7155 15.431 

aSl 175 1.8129 9.06045 18.129 11 

181 1.8981 9.4905 18.981 20 

181 1.8981 9.4905 18.981 18 

Name - HR(bpm) V02(lJIrin) EE;kcaI(mn) tDtaIEE;kceI Trial Score 

16-02·10 180 2.5019 12.5095 26.019 12 

a54 2 169 2.6945 13.4725 26.945 11 0 

178 2.8871 14.4355 28.871 22 0 

180 2.9299 14.6495 29299 16 0 

T .... 171 .75 2.75335 13.711875 110.134 - 61 0 

If ~.J 
tJftm1LL'~ ~~NV1 2 

N ..... - HR(bpm) \()2(Umin) EE;l<ca~mn) IOta! EE;kcaI Trial Score E>per1ence(~) 

16-02·10 167 1.6993 6.4965 16.993 

aSl 159 1.5857 7.9265 15.657 

181 1.8981 9.4905 18.981 12 

170 1.7419 8.7095 17.419 20 

16-02·10 155 1.6576 8.288 18.576 0 

b57 2 165 1.8166 9.083 18.166 0 

174 1.9597 9.7965 19.597 11 0 

159 1.7212 8.608 17.212 

ToIIII 183.25 1.788775 8.943875 71.551 Boler 28 0 -
" ..,j 

tJftn11LL;~1i~~f~V1 3 

Name Round HR(bpm) V02(l.Jmjn) EE;kcaI(mIn) IOtal EE;i<caI Trial Score Experience(~) 

1!H)2·10 170 1.7419 8.7095 17.419 11 0 

a51 177 1.8413 9.2065 18.413 15 2 

179 1.8897 9.3465 18.697 19 0 

167 1.6993 8.4965 16.993 15 

1!H)2·10 169 2.6945 13.4725 26.945 16 

854 169 2.6945 13.4725 28.945 18 2 

3 182 2 .9727 14.8835 29.727 18 

182 2.9727 14.8835 29.727 13 

Toc.! 175.5 2.8338 14.188 113.344 65 5 



3. ,rn;;,..,;;~,.,a1J" A ty.J,,,,rn 54 nttm'~ 
in~tu::n11'!1n zDLLUU1u (Boxer) 

U1::ilUn1:N 6 tI 
~flCffinnq"'~'lfl!h~ 

tl1'J 

% FAT 

Glycogen 

BCM 

RMR 

Heart Rate ("lItu::,;n) 

Heart Rate (~~~~) 

Right Hand-Grip 

Left Hand-Grip 

Sit and Reach 

Leg Strength 

Co-Ordination (3 Times) 

Hr max at V02max 

RER 

AT(LT) 

AnT(RC) 

A-54 

23 tI 
59 fitfln1lJ 

161 L;U;tUJ"" 

22.7 

19.42 

432 nf", 

26.12 fitimi", 

1445 fitflLLfilflfl1 
... 
." ... 

51 filN[;IflUTVl 
... 
." ... 

197 ftN[;IflU'l'Vl 

32.7 fitfln1lJ 

32.5 fitflnhl 

25 L;U~UJ!Jl: 

179 fitflnf", 

... ... 
0.55 - 0.46 - 0.48 'lU'l'Vl 

.. -~ . .. 
2648 "'flflflI'l1[;1flU'l'Vl 

44.88 ijflflfll'l:"flfitflnhl~flU'lYl 
... ... , ... 

168 filNlJlflU'l'Vl 

1.18 
... ... , ... 

114 fIINlJlflU'l'Vl 
... 
." ... 

153 fIIN!JlflU'l'Vl 
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HR-V02 Regression Line 

HR-Y02 REGRESSION UNE 

3 

2.5 

2 
N o > 1.5 

1 

0.5 

o 

r = 0.981882 

o 50 100 
HR 

150 200 

y = 0.0214x - 0.9221 

• V021/min 

- Unear (V02 I/min) 



CASE : A-54 

T~· .... t Iflft r 'n.lr , 

ID code.' eoll_FMDT 
Ser: ' .n 

HWr# (crrf; tl1.0 
~pqJI: II.D 

HR_ . tIT 

Sports Science Department 
Laboratory 

Srlnakharlnwtrot Unlv .... ,ty Ongkharak 
h :11 .awu.ac.th 

r..rctn: t Sl2lZOtD 
Telf _ ' 2:00 

N. 01 a/IIpI: 10 
DIntJott /IIII.'1IOIIU8): 00:20:00 

8SA 'If'I' . , .• 

a-...w..,...u (tr>If'IHQ): 7. r...,.,.,...,. (~C): n 
S1l'D: 0.12:3 

eTI"$"- ,. tIM! 
8 1J1'S tiP'. '.01' 

8M fX9tn"?) . n .T 

TeN DutafIon: 00:20:00 Exen;'" durllf1on: 00 : 12: 15 
EI'fIOIMfr. HP eosmo. CosCom 1 3 Protocol: 
T.at type: Re_'01 Tnt: 
~ T.chnla.n: RM. __ Sfopplng Teal: 

FEVI (I) 
MW(Vmin) 
IC~ 

t (hh:mm:ss) 
Speed (KIm·10) 
Grade(%) 
NJA -

V02 (mllmn) 
V02Jl<g (ml/minlKg) 
METS(- ) 
R(-) 
REE lu:aUd 

VE (limn) 
BR (%) 
VT(l) 
Rf (b/mln) 
V1IFVC(-) 
VDNT -

HR(bpm) 
HRR(%) 
V02JHR (mllbpm) 
at (IIno) 
SV (mllbeal) 
V020L T (mllmin) 
HR Recov (bpm) 
P Syst (mmHg) 
POiast mmH 

PetC02 (mmHg) 
Pet02 (mmHg) 
VEJV02 (._) 
VEIVC02(- ) 
Sp02(%) 

IfNt 

R .. , 

Real 

. Real 

R .. , 

LT RC 
00:07:30 00 :11 :30 
40 55 
12 14 

LT RC 
'''Sl' 2327 
2527 39 .43 
7.2 11 .2 
0.91 1.0<& 

LT RC 

"'.1 66.4 
67 47 
1.322 1.961 
31 .0 33 .7 

0.17 0 .18 
LT RC 
110 1<&7 
44 25 
13.5 15.8 

"9' 2327 

LT RC 
39 42 
107 10Sl 
26 27 
2S 26 

...... Pred 
3.64 
3.18 
115 

ownmu PNd 
00:15:30 
68 14' 
16 

evoZmex PNd 
2636 20.&9 
"4.69 34.13 
12.7 9.9 
1.17 

1409.6 
OVOlmM PNd 
87.1 127.3 
31 30.00 
1 649 1 .65 
47.1 50.0 

0.55 
0.16 
OvoZmex Pred 
168 197 

" 15 
15.6 10.4 

2636 
31 12 

OvoZmax Pled 
37 
114 
31 
29 

'7 

""-II 
128 
128 
128 

%#'red 
68 
103 
112 
94 

"Pred 
85 
93 
150 

72 
258 

145 

51512010 011:02 Page ,--------- ------PFT Ervoll.O 



.. 
." L 

fII.':· ,. 
-' . 
, , 

• ::"1 

! • 

:·1 
t 
; , 
: 
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Tl'l 
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' .. 
" -. . ... 
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ID cocra: eolCPMIIT 
$M: , . ·U 

HWrI'tI~; 1'1.0 
~(IC(I.' 11.0 

HR_ · 1.T 

.. 
~ .. ... . j' • .. .. ,. " .. ... : '" . 

" 

Sports Science Department 
Laboratory 

Srlnakharlnwlrot University Ongkharak 
h :11 .awu.ac.th 

,..., ctn: tSQr.I010 T __ t2:00 

H. of .... ., 
ou.tIoIt ~ 00:211:00 

BSA 'fdo . t .' 

.. 

s......w., press. (mmHQI. 7. 
r __ ("""" CJ; 22 

Sll'D: O.12S 
tlTF'S", 1.105 
BTFS erp: 1.01. 

81;1 : 22.7 

,.~ 

I .a.. 
. .., ..... . ' ··~4.··· 

.,. . ~ .. 
" . 

. . , 

' . 1 

.... 1 . .. --.~ .. -. • .... 
' . . 
• • .!1 

'1\1 . .. ~_1 .... .. • ! 
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. ~ i 

~ j • • 

.. 

I 

.. .. 

., . ~ . 

, 

I . 

.. 

• P.r....., v __ .. r8VOzmu: ,. Max Values ~ 
1(hh:IMl:I,SJ 00:07:30 00:IS:00 50.0'l4 OO:,,:W 

! Speed(Krm" 0) 40 68 58.8'16 SS , Gra~l"') 12 16 75.0'l4 14 , NlA(-) 0 0 Oil'!' 0 
II02(mllmin) 1491 2636 56.5'% 2327 
II02ll<g(mlhnlnlKg) 2527 4469 565'lCo 39.43 
"C02(,"",",") 1362 2898 470'l4 2435 

i:;._ VE{lImin) 4 1 1 871 471'16 66.4 
HR(bprn) 110 168 65.4'16 147 

-",. R(-\ 0.91 109 83.1'16 1.04 , . .. , 

1--__ ---, _____ -':-_-,-__ ---' ____ --' ,I), ,.; .. ::1 

515120'0 08:02 Page 1 PFTErgo8.0 
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I1ale ,,( Bir1h 

W.,;¢.I 

(("·td,, 

OmegaWa,'e A, sessment Report 

CASE : A-54 

" flNm1f".l.'1!J . ,=": •• 
., I'Iqvn'ltlM, ."" IU ~etI" .14) 

9. Cl6Il1~) 

'61.,.. ('~~) 

<h'erall Readiru,'!!!! 

lliL""L1 " tllhe (( RV ",.,.,,,...-01 SitllllfiL"" I . m lloll1 LIo .1urhunc". Cllrdiac ",.I.ern i. nul "'.~ f'>I ""li \1I ..... ro""I\1" " hi jl.lo " .ILlr"" "f 
RlIL'Iimwn or bij!h intensi!)', 

Headin~ Indicators 

I 
('unenl ""Ie "I 

lard I,. '\ ....... "ft1. 
Fa/itt"" 
AdapcatlOD R.:scn cos 

Acr"blc sMus In""" 
Anilen>btc <btu" uxlclt 
I IR 01 4'laL'I00ic dll"CSbolJ 

Gcn","I..! ~ (_l!"W3H l)ula ,''' al ''Olh'' 

I 
I 

C' 'P.' rittt- (c) 2IH15-2( 7 ( 1n",~Wa\<! TcdUlolutU"-"'- 1.l.e 

• • 

PN~ . -
SNS .... ___ ....... 

-

147 
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t" :'-1 
~ftm1~'!I~'!IY~NYl1 

Nome - HR(bpm) V02(LJrrin) EE;k:8I("*') tlIaIEE:l<caI Trial Score E>pertence(YB) 

16-02-10 156 1.50131 7.7155 15.431 

051 175 1.8129 9.0645 18.129 II 

181 1.8981 9.4905 18.981 20 

181 1.8981 9.4905 18.981 18 0 

NIIITI8 - HR(bpm) V02(LJrrin) EE;k:8I("*') tlIaIEE;kc8I Trill Score 

lEHl2-10 160 2.5019 12.5095 25.019 12 0 

a54 2 169 2.6945 13.4725 26.945 " 0 

178 2.8871 14.4355 26.871 22 0 

leo 2.9299 14.6495 29.299 16 0 

TaIII 171 .75 2.75335 13.78875 110.134 - 81 0 

~ftm1~'Ii~i'ul'lf.:J~ 2 

Name Round HR(bpm) V02(l/min) EE;I\C8~min) toIaI EE;kcal Trial Sc"", EJcperience(YB) 

lEHl2-10 147 2.0362 10.181 20.362 19 0 

a57 2 159 2.2654 11 .327 22.6501 18 

169 2.4584 12.282 24.584 23 

165 2.38 11 .9 23.6 17 

18-02-10 188 2.8731 13.3855 26.731 II 0 

a54 157 2.43n 12.1865 24.3n 15 0 

3 162 2.5447 12.7235 25.«7 19 

160 2.5019 12.5095 25.019 14 

ToIIII 161.75 2.53936 12.89875 101.574 59 

" .J ~ftm1~'Ii.:Ji'ufilNYI 3 

Name Roood HR(bpm) V02(lJmIn) EE;kc.~min) 10181 EE;kcal Trial Sc"", Experience(YB) 

19-02-10 170 1.7419 8.7095 17.419 II 0 

851 2 In 1.6413 92065 18.413 15 2 

179 1.8697 9.3465 18.697 19 

4 167 1.6993 8.4965 16.993 15 

19-02-10 169 2.8945 13.4725 26.945 16 

a54 169 2.6945 13.4725 26.945 18 

182 2.9727 14.8835 29.727 18 

182 2.9727 14.8835 29.727 13 

ToIIII 175.5 2.8338 14.188 113.3« - 65 



4. unn",;iJJ'I,ii,,, A ty,f1~un 57 nt.n'JJ 
im~ttu:n11"11n ftlLLtJtJfi.J (Boxer) 

Uf:t'ttJn'l1N 8 tI 

~!I~!Jnnq~~'l!lti'l~ A-57 

% FAT 

Glycogen 

BCM 

RMR 

Heart Rate ('~tu:,;n) 

Heart Rate (~~~",) 

Right Hand-Grip 

Left Hand-Grip 

Sit and Reach 

Leg Strength 

Co-Ordination (3 Times) 

Hr max at V02max 

RER 

AT(LT) 

AnT(RC) 

26U 

58.5 nL~nf~ 

164 L.U~u.JlJ1f 

21.7 

16.1 

446 nf~ 

26.92 nL~nf~ 

1456 nL~LLf'~!I1 .. ..,. ... 
58 f'NlJ1!1U'lYl .. .,. ... 
194 f'NlJ1!1U'lYl 

37.5 nL~nf~ 

26.8 nL~nhl 

17.5 L4u~u.JlJ1f 

161 .5 nL~nhJ 
... ... 

0.65 - 0.64 - 0.67 'lU'lYl 

.. -- . ... 
2616 ~~~~lJ1flJ1!1U'lYl 

44.72 ij~flflPlflJi!lnL~nf~IJi!lu'lii .. ..,. ... 
170I'lNlJ1!1U'lYl 

1.25 .. ..,. ... 
122 f'NlJ1!1U'lYl .. ..... ... 
154 flNlJ1!1U'lYl 

149 



HR-V02 Regression Line 

HR-V02 REGRESSION UNE 

3 

2.5 

2 
N 

~ 1.5 

1 

0.5 

0 
0 50 

r = 0.947314 

100 
HR 

• 

150 200 

y = O.0191x - 0.7715 

• V021/min 

- Unear (V02 11m in) 

150 



CASE : A·57 

Sports Science Department 
Laboratory 

Srlnakharlnwlrot Unlv .... lty Ongkharak 

r,· ... tlrJ' , '.If , 

Sac .. 
A(Ja' 2S 

~( .... 'MoO 
~ (P(4t: 51..5 

HR_ . , .. 

r.rcr.t.: t Sl2J2O'O T __ ' 0:01 

N. oIQ1ps; " 
DInfIOtI tJWrJMnaj. 00: M::IO 

BSA 'IW' U 

Tnt~ 00:18:30 Exetdse durflllHln: 00: 1 0:00 E,.....,.,. HP Cosmos eo.com 1.3 Protocol: 
Tntt)1N: Re_'",Tnt: 
1'ttyIIdM: TechnldM: 
~ona fOI' Stopping THI: 

...... 
FEVI (I) 
M\IV (I/min) 
Ie 

""' LT RC Ot.'02mu 
t(hh:mmM ) 00:09 :15 00:11 :15 00:13: 15 
Speed (KIm'10) 55 55 68 
Grade(% ) 14 14 18 
NlA -

RHI LT RC Ot.'OZmu 
V02 (mllmin) 1818 2185 2570 
V02JKg (mIImWKg) 31 .08 37 .36 43.93 
METS (- ) 8.8 10.6 12.5 
R 0.90 1.06 123 

R .. , LT RC Ot.'02mM 
47.9 60.8 79.1 

BR 62 52 38 
VT(I) I..2&' 1.500 1 783 
R1 (bimIn) 37.9 40.5 44.3 
VtlFVC(-) 
VONT - 0.18 0.11 0.19 

RHI LT RC Ot.'02mM 
HR (bpm) 131 152 167 
HRR(%) 32 21 13 
V02Jl1R (mtibpm) 13.8 14.3 15.3 
at (11"*') 
SV (mtJbeat) 
V020lT (m/min) 1818 2185 2570 
HR Recov (bpm) 32 
P Syst (mmHg) 

R .. , LT RC Ot.'OZmu 
41 48 47 
105 105 109 

(.-) 25 26 29 
VElYC02(- ) 27 24 24 
Sp02(%) 

51512010 07: 5& P-ue 1 

Pred "Pred 
3.69 
3.22 
115 

Pred "hwd 

ISO 45 

Pred "hwd 
2007 128 
)4.32 128 
9 .8 128 

1396.3 
Pred ""'-d 
129.1 8 1 
30.00 128 
1.88 106 
50.0 88 
0.55 

Pred "hwd 
194 88 
15 88 
10.3 148 

80 
12 266 

Pred ""'-d 

151 

PFTErgo8.0 
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• 
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~j. . . -: 

S ... · f 
"tJ8: 21 

HeJr1'I (~; taU 
~(1(#J: IIU 

HR_ ' 1" 

~ of ... . 
0 ' 0 ., 

1 ~ • ,. • - • 

• O. 
o 0 

-0 ,,0 

152 

Sports Science Department 
Laboratory 

Srinakharinwlrot Untv .... lty Ongkharak 

o 0 

o .- .. 
: J~. #. 

,..., dIM: 151212010 r __ '0:01 

H. otaopa: It 
DtntIott (IIfI:JmI:WJ: 00: " :30 

BSA~ ' 1.' 

. . 
. '1 . ,( 

~ 0 , 0 . 1,.-0 . -. . ... ~ 
. 1 

.:.' .. .- ... . 
: . I 

' . ( ".-l' 

I • 

., -.. -. 
!'t' ' • • 

,; 't-O • .. ~ ., 

' ... l .· ... J.., j-________ L---' ______ ..J 

• Par-w 
I(hhmm:ssJ 

V __ 8LT 8V.02mu 

Sp •• d(Krrh·10) 
Gladel"') 
NIA(- ) 
V02(mllmln) 

, • V02Jl<g(mlftnJM<g ) 
VC02(mlfmin) 
VE(Vmin) 
HR(bpm) 
R(- l 

00:09:15 00:13:00 
55 68 
I. 16 
o 0 

1818 2S70 
31 08 4393 
1644 3110 
479 79 I 
131 167 

0.90 121 

%Mu v __ ~ 
71.1 '14 ()():11 :15 
80.8'14 55 
87.5'14 I. 
00'14 0 

70 7% 2185 
70,7% 37 36 
528'14 ZJJO 
60,6'14 60.8 
784'14 152 
74.7'14 1.06 

. -1" 

L-__ ---: _______ ..I-_--'-_____ -' . o ..• . 

51512010 a7:fi7 Page I PFT ErvG8.0 



....,.-,.·_, ... "" I~ 

Oale n( 1I il111 

w"itd·1 

ff·"td,1 

Omega\\"aw~ Assessment Report 

CASE : A-57 
11 flIUI'llflai %.'-'13 • 6,.1:S1 

11 'I''''''' 198J (2' ,. ...... .w, 
~8'" (l1/l1lSSJ) 

.'" aIL (1111111:'1:'11) 

R.L! •• ,tl .m lh" 1 IR V . "" ... "",,,.,,,1 CIJrdiac ,,!<lett! ''''''''n;,h!, ro ... 1\ I." 'm~ 1"",1 or ""11\ i l~ 

DiUCd on the ameli" a''''''SlllCol " f eNS I (,gh , ·" Iumc of Expw.il·., an..! I' '(plo"" (.'-1'0\\<,. ..eli, ,Ii". arc nol "",,olllmL'fkk>d. 

Bued 011 the l:>JaECO SCI<5Jl'lCDI of the l'ncIR'· Suppl~ S~ SU'nl. the rOU'~\\lll1' l,,"mn!! mlenslI)" Jones an' Idcnlllh:d: 

Anucn>bM: 170 • I foCH brm 
A~l""" 143 - 17.\ ~1 

Rt>adin~ Indicalors 

I 
<' \ UIIC n t ... 11th.: ,, 1 

l' ll rJ ~h .. '-1\ ~1..'1tl ... 

Seres> 1000:'1 
Fa11l!' II.' 

(;NS 

~'WC7y 1 III . 146 /1rfll 
!WcuI>C1uUon 101· I III bpm 

(; Witlun the IlOIl11 

7 C''"1I'I"", .... "", .. ory __ 
7 Ili\!h 

z RL'(/uQed 
'7 ~~,..tml rl8"~I'unn~ 

3 , ModerulCh· ,)\'C.'rloodrd 
<.. \ U h: tH ..tah,,' tl j I-:::t i:-E_.C _s)"">L_CtJ_'_·..,·::-___ -1I--=-~_:_:___;'-___;'--:""7_;_----
Rl,tl" l. " 'f\ M.x M nI ... "" · IJcloxlli.:allOu "iy,rom 

I 1"tm<'Di.1 Sy<1 ... m 

Acrob~ ."'IIl:l ulLIcx 

i\nacroblC status lJuko .. 
I [/~ . 1 ", ,,, . .. ,,,1,,,, Ilnc." " .l,J 

R,,-<1n,l' " '''lfl Rme 55 lip'" .~ ..... I,"'. 7 I. "p'mul 

U S 
117 
1711 

. . 
I nsl~lrlcant /Jyf<:rliw:llOfl 

------- -
Ili\!h 
1 . ,"'l\.\ 

--- ------

• • 

~ 
PNS 

SNS 

" OEe' , Oll. E!<£hangc anJC.tiliopulnl0t~ . PN~ , Pat~'nf1",h .. '1l<: N..~"\ou.. S,>l ..... l. SNS, ~" ml':ttbcli" N ........ ... S~01L"tn 

fierlCf",n1 h) C ltn&:!.Ii"Wil' .... n ·. I" !" W""k .. 

CUI''';''''' ee) 21" ,5,2'101 I In"~W., ,, T .:d .. k.IIIl""" I .I.t: 

153 



154 

I'" t..l 
~flm1LL~~~~fl1~VI 1 

Name Round HR(bpm) 'I02(Umin) EE;l<caI(min) total EE;I<caI Trial Score Experience()'I8) 

1~-10 153 2.1508 10.7M 21 .508 20 0 

857 1M 2.1699 10.8495 21 .699 15 2 

158 22463 11 .2315 22.463 14 

4 167 2.4162 12.091 24.162 21 

ToI8I 158 22463 11.2315 89.852 Boxer 70 5 

Name Round HR(bpm) 'I02(Umin) EE;l<CaI(min) total EE;kcaI Trial Score 

16-02-10 168 2.3863 11.9315 23.663 11 

a60 2 173 2.5053 12.5265 25.053 12 0 

3 174 2.5291 12.8455 25.291 13 0 

179 2.6481 13.2405 26.481 14 

.. 0 

~flm1LL'!i~i~flf.:IYi 2 

Name Round HR(bpm) 'A)2(llmin) EE;l<caI(min) total EE;kcal Tr1a1 Score EJcper1aoce()'I8) 

18-02-10 147 2.0362 10.181 20.362 19 0 

a57 2 159 228M 11 .327 22.654 18 

169 2.4564 12.262 24.564 23 

4 165 2.36 11 .9 23.6 17 

16-02-10 166 2.8731 13.3655 26.731 11 

a54 2 157 2A3n 12.1865 24.3n 15 0 

162 2.5447 12.7235 25.447 19 

4 160 2.5019 12.5095 25.019 14 0 

Total 181 .75 2.53936 12.88675 101.574 59 

0" ~.J 
~flm1LL~~~Ufl VI 3 

Name Round HR(bpm) V02(llmln) EE;kcaI(mln) 10101 EE;kcai Trial Score Experience()'I8) 

111-02-10 153 2.1506 10.7M 21 .506 13 0 

a57 154 2.1899 10.8495 21.699 19 

165 2.36 11 .9 23.8 13 

167 2.4162 12.091 24.162 12 

Total 159.75 2.2111725 11.388825 91 .189 57 5 

111-02-10 161 2.2197 lU)985 22.197 

860 2 161 2.2197 11.0985 22.197 13 

3 166 2.3863 11 .9315 23.863 

110 2.4339 12.1695 24.339 10 0 

Tc8I 185 2.3149 11 .5745 92.596 38 3 



..,.. .. .. I r .., ~ .., 
5. unn",,,,,,.,,,,,, A fUu'14un 60 n~.nf" 
in~N:n1"n pJuuuftJ (Boxer) Ufl:pJuuu~aUJ~~'1U 

(combination) 

tJr.:~Un'11ru 

~tlLffinnq~IA''ltlth.:l 

.. . .... 

U'1~Un 

% FAT 

Glycogen 

BCM 

RMR 

Heart Rate ('!IN:~n) 

Heart Rate (~~~,,) 

Right Hand-Grip 

left Hand-Grip 

Sit and Reach 

leg Strength 

Co-Ordination (3 Times) 

Hr max at V02max 

RER 

AT(LT) 

AnT(RC) 

A-60 

19 tJ 
62 ntflnf~ 

161 L;U~L2-I1J11' 

23.9 

20.6 

450 nf~ 

27.55 iitflnf~ 

1490 iitflUfIIfltl;' 

.. 
201 fIIf~lJitlU'1Y1 

39.8 iiLflnf~ 

40.8 ntflnf~ 

19.5 L;U~L2-I1J11' 

206.5 ntflnhl - ... 0.72 - 0.60 - 0.62 'lU'1fl - _. , ... 
2555 ~flflfllJl11J1tlU1fl 

41.22 ijfl~~IJI1"tlntflnhllJitlU1Y1 .. 
.... I ... 

169 fIINlJltlU1fl 

1.10 .. 
.... I ... 

144 fIINlJltlU1fl 

155 



HR-V02 Regression Line 
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~ 
2 

~ 1.5 
1 

0.5 

0 
0 

r = 0.986474 

50 

HR-V02 REGRESSION UNE 

100 
HR 

150 200 

156 

y = 0.0238x - 1.6121 

• V021/mln 

- Unear (V02 11m in) 



Sports Science Department 
Laboratory 

Srlnakharlnwirot Untveralty Ongkharak 

s .. : , .-: 1. hit cra: 1S12n010 
Teet_ 12:21 

N. of.., .. HWfI7I (t:n#: It 1.D 
*"'lJ'II (1(fII.' no 

HR_ . 201 
DII..rott ~ 00:14:30 

BSA IW' . 1.1 

T •• ,DurMIon: 00:1.:30 Ex~"'d ... lIIIon: 00:09:15 
EI'fOIMIeI. HP eo.mo, CO$Com 1 3 ProIof:oI: 
T • ., ",.: #huon ffW Tnt 
~ Technlden: 
RNa..,.. fot'SIoppIng Tes'; 
s~ 
FVC (I) 
FEY1 (I) 
1I\N(lImin) 
IC I 

Rest I.T RC 
t (hh:mm_ss) 00:06:30 00:07:00 
Speed (KtM·1 0) 40 40 
Grade (%J 12 12 
NlA -

1fN, LT RC 
\102 (mllmin) 1269 1668 
1I021l<g (mII."...lKg) 20,46 26.51 
METS(- ) 5.8 7.e 
R{-) o.n 0.80 iii._.=II= RHt I.T RC 
\/E(I/min) 31.8 3B.3 
BR(%} 75 70 
lIT (f) 0.975 1.234 
Rf (blmin) 32.6 31 .0 
INFVC(-) 
IIDNT - 0.18 O.IS 

Res' LT RC 
HR(bpm) 131 136 
HRR(%) 34 32 
1I02IHR (mllbpm) 9.6 12.2 
at (lIMn) 
SV(~at) 
If020L T (mi/min) 1269 1668 
HR Rec:ov (!)pm) 
PS~(mmH{I) 
PDiast mmH 

Res' I.T RC 
PelC02 (mmHg) 39 42 
Pet02 (mmHg) 102 100 
1IfN02(--) 23 21 
1lElVC02 (--) 30 27 
Sp02(%) 

51512010011:04 

...... fired 
3.74 
3.28 
117 

OvoZmu Prell 
00:12:30 
68 150 
16 

OvoZmu fired 
2441 2153 
39.37 34.72 
11.2 9 .9 
1.10 

1457.0 
OvoZmu fired 
79.4 131 .3 
39 30.00 
1693 1.69 
46.9 50.0 

0.55 
022 
OvoZmu fired 
169 201 
15 15 
1 •. 4 10.7 

2441 
39 12 

OvoZmu fired ., 
111 
31 
28 

Page 1 

45 

<JI.Pred 
113 
113 
113 

'J6Pred 
60 
130 
99 
93 

"Pred 
B4 
100 
134 

59 
325 

157 

PFT ErgoS.O 



,... T • t, 1 
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;q 
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". 

ID code' .ox_,,,, 
$N." 
AQe: II 

~(....,; "'.D 
~ P<III: I2..D 

HR_ . 201 

, , 

Sports Science Department 
Laboratory 

Srlnakharlnwirot Untvenlty Ongkharak 
h :11 .awu.ac.th 

r..,dIfe; tS/m01D 
Teet_ t2:. 

H. of .... : . 
DIn«oft (1IfI:Jr1111t:'88/: DO: '''~ 

BSA)nII . U 

'It 

'It .. 
I, 

, 'I: 

.• • 1 

" . . : 

. 1 

. : 

fJfftSS- (mnIHQI: 7.7 r...,.,.,... (.,.. CJ: 22 
STJ>D: 0.122 

/lTP$ inop: t .101 
BTPS #tJltr t.01' 

BMI . 23.' 

. . ..... \. . .... 

.... '" .... ,. -
• .I. 

#i' •• .. . . • ,,"f' . . 

~~: . • . ,,'" 

158 

. . 

• 1 

< 

<,' 

.. \..\ •• "'J ... I-------...1----1.-------...J 
., , 

,-__________________ ' --."' • P.r __ 
b;hh,mm:ss) 

V"-8LT evo2mu 
00-06:30 00:12:15 

,. Mu v __ jlRC 

53.0'l4 00:07:00 

' I 

. < 

l ' 

" 

• ." . '. '. 
• a •• . . .... 
. . 

-. a':. • .. 
. . .. 

. .... : 
~. . .' . .... 

• 
. . . 
-:~. 
• • 

, Speed(Krm"10) 
,. Grade(~) 

" NlA(-) 
V02(mllmln) 
II02JKg<mlfmJl\lKgj 
VC02(mVmin) 
IIE(V,"",) 
HR{bpm) . 
R(-I 

'----------"----'---------" ,0. ,,: 

., . EI " , :1 

51512010 08:03 Page 1 

40 68 58.8'\4 40 
12 16 75.0'l4 12 
a a O,O'l4 0 

1269 2441 51.9% 1668 
2046 3937 51 9% 26.91 

986 2678 36 8% 1340 
318 794 40 0'l4 38 3 
131 169 77S% 136 

0.77 109 70.8% 0.80 

PFTErgo8.0 



N.i",,, 

~'i1t",nl DUI&! ' 

llale n( Bint. 

Weitlhl 

Ik.,tdd 

Omega\\'a,'e Assessment Re,lort 

CASE : A-60 

"'lNn111"il.'IM - S:.11:11 

111 aw,fIU. .'" fI' ynn.w) 
'1", (l6I112S.~) 

"1 na (1'-'111.~J) 

llased U" Ihe HRV u"'.., .. " ... .", l ... il:llnflCaOl ,b\lbm ilisIurhallC'" Cordi"" ~'Icm i . ..... "".d\ r", ""m il'L'" Ul\l.hintt " "" i1l1LnI 
\"Olwnc or ma'<;mum tnlemity, 

n~d 011 tbc DifiECG 3!ISCUIllA:'1l1 o f the EJlI:t'~ Supp~ S~ S1L'1n. the (oll,m ing u Uli1l8 1111cnsil~ '.0008 lin: .dellufi"d 

Arwcrobie 164 - 189 bprn 
• Acloboc 138 - 168 blllll 

Rl'adin~ Indicators 

RccoWf»' 11-' - 14 1 bpol 
Ro:cl1J'L'1alKIO ?? - ) H bl'lll 

W,thm the norm 

I ""OrtlplelC n.~1\"L'ry. 

L-________________ -L~~ ______ ~ ______ ~ ____ ~~mw 

l"' '"''""rt ,\9"'lh: uf 
R,,!, . 101.11'\ ~k.ihJ;I , 

01" 
{jEt 1'>1"'''Ul •• 

• Dcl0X.rJCalioll s~ ,'em 
I ll'rmnllllJ S~'Slcm 

(jem:t.t....t b). (11""!!"W;o\,, [)ali' f ,.I""I", 

c .. ~ri~ (el 2f1f1.s-2( 17 (lmctG'W.'" Tedmol, 'lI'c. "I.e 

llitdt 

• • 

159 



160 

~fln11LL;~fu,,~~ 1 

Name Round HR(bpm) V02(l1mIn) EE;kcaI(ITin) tlXaI EE;kcaI Trial Scota Experlence(yrs) 

HHl2-10 153 2.1508 10.754 21 .508 20 0 

857 154 2.1699 10.8495 21 .699 15 2 

158 2.2463 11 .2315 22.463 14 

4 167 2.4182 12.091 24.182 21 2 

ToI8I 158 2.2463 11.2315 89.852 ea.er 70 

Name Round HR(bpm) V02(llmIn) EE;l<ca~ITin) tlXaI EE;kcaI Trial Scota 

16-02-10 168 2.3863 11 .9315 23.863 11 

a60 2 173 2.5053 12.5265 25.053 12 0 

174 2 .5291 12.8455 25.291 13 0 

179 2.6481 13.2405 26.481 14 

• w i.J 
~fln11LL"~"UI'I ~'YI 2 

Name Round HR(bpm) V02(UmIn) EE;kcaI(mln) 1DIaI EE;kcaI Trial Scota Exper1ence(yrs) 

16-02-10 153 22851 11 .4255 22.951 26 4 

b60 2 158 2.3826 11 .913 23.826 23 

3 165 2.5191 12.5955 25.191 18 

158 2.3436 11 .718 23.436 21 

ToI8I 158 2.3828 11.913 95.304 CombInIIIon 90 8 

Name Round HR(bpm) V02(l1mIn) EE;kcaI(lTin) total EE;kcaI Trial Scota 

1&«2-10 161 2.2197 11 .0995 22.197 26 0 

aeo 2 1115 2.3149 11 .5745 23.149 21 2 

171 2.45n 12.2885 24.5n 25 2 

4 173 2.5053 12.5265 25.053 20 2 

ToI8I 167.5 2.3744 11.872 94.978 CombInIIIon 92 6 

, ... ~..J 
~fln11LL"~"U" VI 3 

Name Round HR(bpm) V02(UmIn) EE;kC8~mIn) total EE;kcaI Trial Score f><peI1ence(yrs) 

1~2-10 153 2.1508 10.754 21 .508 13 

857 2 154 2.1899 10.8495 21 .699 19 

165 2.36 11 .9 23.8 13 0 

167 2.4182 12.091 24.182 12 

Talill 158.75 2.2711725 11.388825 91.1l1li 57 

1~2-10 161 2.2197 11 .0985 22.197 0 

860 2 161 2.2197 11 .0985 22.197 13 

168 2.3863 11 .9315 23.863 2 

170 2.4339 12.1695 24.339 10 0 

TOIM 165 2.3149 11 .6746 92.688 38 3 



6. un n",,;,,lI, a,,! " B iu.J,,,un 46 nt.n;" 
inttcu::m1'ln zULLuufu (Boxer) LL~:::zULLUU~~2.J~~'1'U 

(combination) 

th':::~um1nr 

~tlLffinnq2.J""'ltlf.h~ 

tl'1~ 

% FAT 

Glycogen 

BCM 

RMR 

Heart Rate ('!IN:::~n) 

Heart Rate (~~tl"') 

Right Hand-Grip 

Left Hand-Grip 

Sit and Reach 

Leg Strength 

Co-Ordination (3 Times) 

Hr max at V02max 

RER 

AT(LT) 

AnT(RC) 

8-46 

18t! 

50 nt~nhJ 

165 ~4'U~UJIJl1 

18.3 

13.16 

394 nf2.J 

23.12 nt~nhJ 

1423 nt~LLfI~tl1 

... ... , .. 
202 flNlJltl'U'1V1 

29.6 nt~nf2.J 

28.9 nt~nf2.J 

25.3 L4'U~UJIJl1 

153.5 nt~nf2.J 
... ... 

0.83 - 0.42 - 0.52 'l'U'1V1 
.- __ t ... 

1488 2.J~~fiIJl1IJltl'U'1V1 

29.77 ij~~~1Jl1"tlnt~nhJ"fl'U'1;i 
... ... , ... 

183 fIINlJltl'U'1Y1 

1.33 

... ... , ... 
175 fIINlJltl'U'1V1 

161 



HR-V02 Regression Line 

HR-Y02 REGRESSION UNE 

1.6 
1.4 

1.2 

~ 1 
~0.8 

0.6 
0.4 
0.2 

o 

r = 0.914873 

o 50 

• •• 
100 
HR 

150 200 

y = O.Ol06x - 0.5259 

• V021/min 

- Unear (V021/mln) 
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CASE : 8 · 46 

Sports SCience Department 
Laboratory 

Srinakharlnwlrot University Ongkharak 

$..: , 
• 1. 

HWrIt (.,. 114.0 
~/f(IJJ: 1ICIJ) 

HR_ ' 202 

r.., .. ttnn010 1 __ 01: • 

N."' ... · tOIl 
Dr.nfott ~ 00,111c64 

BS" 'In" . t .1 

T .. , DurafIon: 00:15:54 ExwdN duretlon: 00 :09:27 
EI'fIOIM", HP Coamoe CoeCom 1 3 Protocol: 
Tnt t)pe: Reuon fIN THl: 
I'trpIden: TedtnlcMn: 
Ra.ons Iw StoppIng TNt: S*, __ -
'~~';M 
FVC(I) 
FEVI (I) 
MW(IImin) 

...... fINd 
3.95 
3.46 
121 Ie ,I) 

L ~." ". '. i'f,-) LT 
00:06:09 
40 

RC 
00:011 :27 
..0 

Ow)Zmu fINd 
t(hh:mm:u) 
Speed (KIm·tO) 
Grade(%) 
NIl. -

V02(mlmin) 
V02J1<g (mIImWKg) 
METS(- ) 
R(-) 

RNt 

REE (llcaliday) 

' ••••• "' •• RNt 
VE (I/min) 
BR (%) 
VT(I) 
Rf (blmin) 
WFVC(-) 
VONT -
~_"_.RNI 
HR(bpm) 
HRR(%) 
V02Jt1R (mllbpm) 
01(11"*') 
SV (mlJbeal) 
V()2C»lTC~n) 
HR Recov (bpm) 
p (mmtig) 

Pet02 (mmHg) 
VENC>2(·-) 
VENC02(- ) 
Sp02 (%) 

51512010 D7:5S 

RNt 

12 

LT 
883 
17.66 
5.0 
0.82 

LT 
2B.0 
79 
0.730 
38.4 

0.18 
LT 
133 
34 
IUS 

883 

LT 
35 
108 
28 
34 

12 

RC 
iB4 
19.69 
5.6 
0.86 

RC 
32.i 
76 
0.812 
40.5 

0.22 
RC ,.5 
28 
6.7 

iB. 

RC 
36 
109 
30 
35 

00:12:3fl 
55 
14 

Ow)Zmu 
1511 
30.22 
U 
1.50 

Ow)Zmu 
56.6 
59 
I '41 
49.6 

0.18 
Ow)Zmu 
186 
7 
81 

1511 
25 

.w)1mb' ., 
114 
35 
28 

Page 1 

164 

fINd 
2075 
41 .50 
I1 .B 

1354.3 
fINd 
13B.7 
30.00 
1.18 
50.0 
0 .55 

fINd 
202 
15 
102 

12 

fINd 

33 

""'-d 
72 
72 
72 

""'-d 
92 
.6 
79 

42 
208 

163 

PFTErgoIl.O 
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~ 
sports Science Department 

Laboratory 
Srlnakharfnwlrot University Ongkharak 

h :11 .8WU.ac.th CUSMED 

. ,' 

>j 

., 

~. 

~ 

~ . . 
. 

~dA: 1tnnOtO 
TfIIt .. 01:. 

N. oI.-,..: 01 
~ /JIft:JPIIJr.WJ 00: tl:M 

BSA trI' . 1.' 

: l. . 

'.' 

c. ' 

." 

",-.~: 7. 

'--' (dIpwI CJ: 22 
S~ 0.12:3 

STP$;,.p; t ,'03 
BTPS fill",. 1.01' 

. . 
",0 • 

. ,' ......... . .. . . . 

BNI 2 : " .a 

• •• I.': ." ... ,. -.,..~ . · • .,;a- .. 

.,..1.',.., ... 1-_:--___ --'--'-_________ -' 

:' I' 

: . q 

ll . ' 

. "1; 

1 •• 

.~ • -t' 

, . 

... • P.,...... r-------------------.r '; I(hh'mm:H) 
.: Spt'ed(Krrh'10) 

• •• c', Grade("-) 
I, NIA(-) 

V __ .... Tev°a- "" ..... V--8ftC; 
00:06:09 00:11 .15 s.. .6'14 00:06:27 

40 55 72.7'14 40 
12 1. 85.7'14 12 
o 0 0.0% 0 . .. . , . . ... .. . . -.- .. -... • 

• ••. \i , • . ••. 
• III •••• 

• : 1,. ... -
l'f :. • ... . 

" V02(mllmln] 
" V02J)(g~mvmilllKg] 

VC02(mVmin) 
VE(Vmin) 
HR(bpm) 

'- R(-\ 

L----,,--_____ -L...-L... _________ ...J .0. ,,: 

11113 1511 58.4% 984 
17 66 3022 58.4% 19 69 

728 1897 38.4'14 847 
280 566 49.5'14 32.9 
133 186 715'14 145 

0.82 125 65.6'14 0.86 

51512010 01:55 Page 1 PFT Ergo 8.0 



Nun", 

~1I:lIl[ble 

l)ate ,,( Oit1h 

W~;(IhI 

11',,(11,1 

CASE : 8-46 
" ~lflli Z."!3 • ItI:lfI:1I 

N IIq",1N. "" (II , ,"," oWl 
!II .. (l11211..~~) 

,,! " ... (111112.~"31 

ila-1C&.ill'n 11lL"! IIRV a...'N.!SStttct1,l Caru m.: !'I\,.,1~m 1!'C 110 1 rcath fu,. O)ch\i lio in\nhin)J. t .... "nnutrl \ .. fume ' " " .. " nnoo l Ulh .. ·nsi(~ 

I~-d Oil tbc o.m'CG "''''!I§ll1O.'1lI oftbc EIl"rll~ Sllpl'l~ S~S(cro. tbc loU"" i,li' ltai.l1ll., inl.'n. ill Lon • .,. 

Anuerobtc 1M - 188 ~1 I@O'olfY l/.l - H1 bptn 

" ",,,I,,,, I l ') - IMI bpr, 1~''''llJ-.III "' ')9. 11:S!>pt1 

Rt'udint'5S Indiraton 

CUll '01 J 1l- l it 

{"U ld' ll.:. I, em· 

( 'l U H~nt -.l uh.: I II 

Rc~u l a ' ,,,, 1\1.0..1-"01 '" • 

l\u h..:lH >lull.: t It 

I IlCrL!' ~ \ q'r h " «('ttl 

I{e-<tllll! I leurt RIlle n bpm 

Stl"..,.I~ .. 
I ul1l!\ '" 

C~" 
GFC S~'-s(cm •• 

DclOXlf",alion "~ole,n 

Ilormon.1J System 

AIl!JL'1"bic ,1,lIl1S inJ,.;>" 
ILK ullll1uC1\lb!c thn-<hold 

Gem:,"'''' h~ C lnwt!"'W .. ", Data 1\.lual,,, 

C"p\I'i(llll (e) 211115-21107 ( knetlilW. w 1 <!c.lvk,I,,~ • . 1.I .e 

Mod,,";;" 
(, I llCol11plcee rc.;." -er:-' 

121 lIitch 
William 

I ('~ 

" iJCllliflL-.l . 

• • 

I'NS 
;::::::~ SM, 
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Name Round HR(bpm) V02(Umln) EE;kca~mln) total EE;kcal Tl1al Score Exper1ence(yrs) 

16-02-10 176 2.4446 12.223 24.4"6 11 2 

a48 2 181 2.5476 12.738 25.476 7 2 

3 185 2.63 13.15 26.3 14 0 

4 169 2.3004 11 .502 23.004 13 

Name Round HR(bpm) V02(Umln) EE;kcal(min) total EE;kcai Trial Score 

16-02-10 158 1.1489 5.74"5 11 .489 12 

b46 2 168 1.2549 6.2745 12.549 13 0 

3 144 1.0005 5.0025 10.005 12 0 

4 154 1.1085 5.5325 11.065 11 0 

Total 156 1.1277 6.6385 45.108 Boxer 48 

I" i ~ ~tm1'1LL'.:J'l.IfII .:JYI 2 

Name Round HR(bpm) V02(Umin) EE;l<.c8~mln) total EE;kcal Trial Score E><perience(yrs) 

18-02·10 169 1.9494 9.747 19.494 12 2 

b48 2 171 1.9678 9.939 19.878 13 

171 1.9676 9.939 19.878 21 

4 174 2.0454 10.227 20.454 17 

18-02-10 158 1.1489 5.7445 11 .489 17 0 

b46 2 168 12549 62745 12.549 19 

160 1.3821 6.9105 13.821 16 

4 163 1.4139 7.0695 14.139 15 0 

Total 17225 1.29995 e .49975 51 .998 eo_ e7 2 

I'" ~.J 
~ftn1'1LL'.:J'l.IflNYI 3 

Name Round HR(bpm) V02(L/min) EE;kca~min) IOtaI EE:kcal Trial Score E>cperience(yrs) 

19-02-10 165 1.2231 6.1155 12.231 15 

b46 163 1.4139 7.0695 14.139 21 

160 1.3821 6.9105 13.821 15 

171 12867 6.4335 12.867 18 0 

T'*I 174.75 1.32&16 U3226 53.OM ~ 89 

HH)2·10 155 2.2745 11 .3725 22.745 13 O. 

bSl 169 2.5639 12.9195 25.639 18 0 

171 2.6281 13.1405 28.281 12 0 

173 2.6723 13.3615 28.123 17 0 

T'*I 167 2.5387 12.8986 101._ ~ 60 



im;'t\,l~m1"l!n 

tl1~~1.Jm1n! 

~fl~nnq~rK'lflth~ 

tl1~ 

~'lU~~ 

BMI 

% FAT 

Glycogen 

BCM 

RMR 

Heart Rate ('DN~~n) 

Heart Rate (~~~~) 

Right Hand-Grip 

Left Hand-Grip 

Sit and Reach 

Leg Strength 

Co-Ordination (3 Times) 

Hr max at V02rnax 

RER 

AT(LT) 

AnT(RC) 

ztlU1.J1.Jru (Boxer) 

6U 
B-48 

20 U 

47.5 nL~nf~ 

167 L;U~UJCJl1 

17 

12.34 

378 nf~ 

25.21 nL~nhJ 

1423 nL~ufI~ti1 

.. ... , ... 
200 rlNCJlflU'1'V1 

30.5 nL~nhJ 

32.4 nL~nhJ 

26 L;U~UJIJI1 

155 nL~nf~ 
... ... 

0.70 - 0.50 - 0.52 'lU'1'V1 
... __ I ... 

1993 ~~~~1JI1IJ1flU'1'V1 

41.53 ij~flflIJl1,jflnLflnf~,jflU'1Yl 

1.16 

167 



HR-V02 Regression Line 

HR-V02 REGRESSION UNE 

2.5 

2 

N1.5 
' 0 
> 1 . 

0.5 

o 

r = 0.976216 

o 50 100 .. 150 200 

y = 0.0192x - 1.2954 

• V021/mln 

- Unear (V02 I/min) 

168 



169 

Name Roond HR(bpm) II02(LlmIn) EE;IccaI(nm) total EE;1ccaI Trial Sc0f8 E>cpec1ence(yrs) 

1612J2010 138 1.3542 6.nl 13.642 12 

b48 174 2.0464 10.227 20.464 14 

3 178 2.1222 10.611 21.222 19 

179 2.1414 10.707 21 .414 IS 0 

ToIII 16725 1.9158 9.519 78.832 CoImIneIion 60 

Name Round HR(bpm) II02(LlmIn) EE;kcal(mln) IotalEE;l<caI Trial Score 

16-{)2·10 151 2.1861 10.9305 21 .861 12 0 

bSl 2 168 2.5618 12.809 25.618 18 0 

171 2.6281 13.1405 26281 15 0 

4 174 2.6944 13.4n 26.944 17 0 

ToIII 168 2.51711 12.568 100.704 CombInetIon 62 0 

,.. t...I 
~tm11L1'11~'IIU"'NYl 2 

Name Roond HR(bpm) II02(Llmin) EE;kca~min) total EE;kcal Tnal Score Experience(yrs) 

18-02-10 169 1.9494 9.747 19.494 12 

b48 2 171 1.9878 9.939 19.878 13 

3 171 1.9878 9.939 19.878 21 

174 2.0454 10.227 20.464 17 

18-{)2·10 156 1.1489 5.7445 11 .489 17 0 

b46 2 168 12649 62745 12.649 19 

3 160 1.3821 6.9105 13.821 18 

183 1.4139 7.0695 14.139 15 

Total ln25 1.29995 6.49975 51.998 87 2 

'''' ::',.J 
~flm1L1'11.:j'llU"".:jYl 3 

Neme Roond HR(bpm) 'I02(LlmIn) EE;~mIn) IIltalEE;1ccaI Tnal ScOf8 Experience(yrs) 

19-02·10 161 2.1356 10.678 21 .356 II 

848 176 2.4448 12.223 24.448 13 

185 2.83 13.15 26.3 15 

187 2.6712 13.356 26.712 12 

ToIII ln25 2.47035 12.38175 96.814 ~ 51 2 

19-02·10 167 1.911 9.555 19.11 11 0 

b48 2 171 1.9878 9.939 19.878 17 0 

In 2.007 10.038 20.07 12 0 

174 2.0464 10.227 20.464 II 

ToIII 171 1.9678 9.839 19.512 ~ 51 0 



8. Un""';;lI1I';),,, B ~,f,,.un 51 nt.n;lI 
{m:~N::m,.,n ~U1J1Jtn (Fighter) 

tJ1::~tJm1nr 2 U 

~tlLitJnnq~~'lfl!h~ B-51 

tl1~ 

% FAT 

Glycogen 

BCM 

RMR 

Heart Rate ('2IN::~n) 

Heart Rate (~~tt~) 

Right Hand-Grip 

Left Hand-Grip 

Sit and Reach 

Leg Strength 

Co-Ordination (3 Times) 

V02max 

Hr max at V02max 

RER 

AT(LT) 

AnT(RC) 

19U 

54 nL~nf~ 

165 L;U~~lJI1 

19.8 

13.54 

424 nfl.J 

25.21 nL~nfl.J 

1460 nL~UfI~tl1 

0-

201 flf~,jtlU1Y1 

49.7 nL~nfl.J 

40.1 nL~nfl.J 

13.4 L;U~~t;l1 

102.5 nL~nfl.J 
.. ... 

0.54 - 0.56 - 0.58 'lU1Yl 
__ __ t ... 

3019 ~~~~lJI11J1flU1Yl 

55.92 ij~flfllJl1,jtlnL~nfl.JlJitlU1Yi 
0-
.." ... 

183 fIINlJItlU1Yl 

1.20 
0-
.." ... 

158 fIINlJltlU1Yl 
0-
.." ... 

173 flNlJltlU1Yl 

170 



HR-V02 Regression Line 

HR-V02 REGRESSION LINE 
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Sports Science Department 
Laboratory 

Srinakharinwlrot University Ongkharak 
CASE : B -51 

Su; , .'1. 
HWgtt~: 1".0 

r.., .. 151212010 
Teet alii« t 1:21 

H. ot...., .. 
~(K(I: 54JI 

HR-.. . 201 
DIntrott /1Ift:JI'ItJI': 00:24=00 

BSA Id' . 1.' 

7".,11,,1, ·'tr.,rl" 

T •• t l)uqfIon: 00:24:00 Ex~'" dCM'flf#on: 00:00:00 
EI'fIOIM". HP Cosmos CosCom 1 3 Protocol: 
T •• t type: tt.aon '01 Tea; 
~: TeeltttldM: 
~OM lOT Slopping TMt 
$*,.:;;;;: 
FVC(I) 
FEV1 (I) 
MVV(IImin) 

'C~ 'WZMhPH Rnt LT RC 
t (hh:mmM) 00:09:15 00:09:45 
Speed (KIM"10) 55 55 
Grade(%) 14 14 
NlA -

RHt LT RC 
V02 (mllmin) 1708 2193 
V02J1<g (mlimin/Kg) 31 .63 40.61 
METS(- ) 9.0 11 .6 
R (-) 0.81 0.86 

REE~kc:all=~ Mi'A CiS'. RHt LT RC 
VE (llmin) 44 .1 52 .4 
BRC%) 87 61 
VT (I) 1.034 1.385 
R1 (blmin) 42.6 37.8 
\NFVC(-) 
VONT - 0.18 0.1a 

Rnt LT RC 
HR(bpm) 133 151 
HRR(%) 33 24 
V02JHR (rnllbpm) 12.8 14.5 
at (IInWn) 
SV (rnJbeat) 
V020L T (rnJmin) 1708 2193 
HR Reco¥ (bpm) 
p 

RHt LT RC 
39 43 
104 101 

(--) 24 22 
VEIVC02(- ) 29 26 
Sp02(%) 

5I!iI2010 08:01 

fired 
3.92 
3.44 
121 

OVO"'"" PNd 
00:23:45 
80 163 
18 

avo"'"" PNd 
2922 2098 
54.12 38.85 
15.4 11.1 
1.20 

1387.9 
OVOZmM Pred 
102 .8 137.7 
25 30.00 
1 749 l .n 
58.8 50.0 

0 .56 
0.22 
OvoZmu fired 
182 201 
9 15 
16.0 10.4 

2922 
24 12 

OVOZmM Pred 
40 
113 
33 
29 

PIIgtI 1 

""'"' 139 
139 
139 

"Pred 
74 
83 
98 
117 

~ 
90 
60 
153 

81 
200 

172 

PFT Ervo8.0 



ID CDde.' eox_FMOI 
S ... : F 
,.: 11 

He/fI't (~; lP.O 
~ (1(Of, 54..0 

Spotts Science Department 
Laboratory 

Srinakharlnwlrot University Ongkharak 
h :11 o8WUoac.th 

r.., .. 151V2010 
r .. lIm« tl:21 

H, of....,. 

~ ~ (m/t'HfIJ. 7. 
r--.n(~Cj: n 

STFn 0.123 
STPS""" t ,l01 
BTPS fIXP'. t.01l 

173 

HR_ ' 20t 
DIIft/IDtI !9Ift.·mm.. 00:204:00 

BSA 'I'd' t.' 8M! 2.1' .• 

'1. 

• .-
0 ~ ..... 

0 .1 
0 ·'fII-.. 

}l.0 " . 
0 0-

51512010011:01 

~, 
\i: 

.. . ' .. 
" , 

"0 

0" 

0 
0

0
(. . -.. .., 

,IJ· ° • 
" .' 

t 
, 

·.i. 

Page 1 

0 0 

'ro" ° , -! ••• 

. " 

....... 1---------'----'---------' 

V8Iues" T ev02_. 
1(hh mm:ss,1 
Speed(Krm·' 0) 
Gradel"') 

0009:15 00:16'5 

NIA(·-) 
V02tmllmlnJ 
V02JKg(mVmonIKg) 
VC02(mVmon) 
VE("'"'") 
HR(bpml 
R(-I 

--,,------

55 80 
14 '8 
a 0 

170e 2922 
3183 54 '2 
1388 3393 
«1 102 II 
133 182 

0.81 1 16 

"-Max V--8RC 
56.9'1(, 00 09:45 
68.7'1(, 55 
77.7'1(, 14 

00'l(, a 
!>84% 2193 
!>84% 4061 
40914 189'3 
428'110 524 
730% lSI 
69.914 0.86 

. ': 



. OM! 

As<c-«<n'ClIl flat. 

flak " f 11 if'llo 

Wc i(lhl 

II."~ 'I 

Omega\\"a,'e Assessment ReJlort 

CASE _ B· 51 

17 1,lIIm',,' 1!!!ll • 6:1.J:Y 

17 IUIt'IU,," ,,,. (I' ,ftln .W) 

:\4 II&. (l7/V1..~"3) 

I"~n& (171112:\:\3) 

On'rall Re~,din('5~ 

IlOL"£Li llfllhc IIRV ib.~~nl L"anJ iac !4~~l!1n 1" nol fa: t.I) 1',1r ch\ it~ iU'I .h intl n'ltl' lmU1t1 \nlunM: (ll (llj".-m1.n tntL'FflSjt~ 

BlUed 011 tI~ ()n~I!' ~1I.'1lI CNS "'li>\\~ wfli .:;,.,tll,CS3.Wli:O 10 ph~ • ..:al nd f'~.:;Ili>lo!1iea) Oil"". 

n .. sed on the Dltl1;cO a.sessmclll of the I~rg~' Suprl~' S~ S!Cf\1. the f"lIo\\lnt:: trllimnt:: mtcn.<IIY ~"n,'S are ,.knl,lied: 

Atlllcrobic 1(,(.· 18)1 bpn 
Acrobtc: 13" · 169 'bPll 

Readinf.>$S Indiralors 

<. '"l UTcnt ""-.Il ll .. · " ' 

l'a rJ\.l.h . ..... \ 'i{Cn 1 • 

L\Ulcut ~h..' ,11 
U'l~!l" l u h"f\ I'\~ h,.Iml .. '1\. .... 

('~m ' ."" "f 
II oJ'S IPI' \ \'\le'" t 

Stre5S InOO" 

h'l'!!' ''' 
AdoptulJOll RL ..... ..,.' , .... 

l;i'!S 
HhCS~~L"ln •• 

DelOl(llicul;"ln "ysu,.,n 

I r.'Itll<'Il<,1 "iy51em 

Acr..bic .t:I[LL~ mJc" 
Aoo.'1oblil SlllIUS ,nJ..", 
I rR . 1 ""' ........ 1>00 110,,,:<1, .. 1,1 

Ro:.:(I\~' 114 • I -I~ "rm 
RocUI"'I'U(101l I no • I 15 brm 

6 
It 

6 

118 
I -I ~ 

Ihfl 

W,thlllth..- Ill'ml 

I",", roplc,,, tI:"')\~~ __ 

lIi!VI 

Normal functiotu'lil 
I,..,pml',colll "''J",rIUooU<>n 

.~'" 1-1 , 7 ""pluml 

GenL'I,oted I~ C In'''~W,,\,, n.la E" ,lw l,,, 

<:"~"ri~" (el 2(H ,)-2I101 ( ItnctG1W.,,, T"dv" ,I"l'1"" 1.1.<: 

• • 

PNS 

SNS :=:~=:: 

174 



175 

Name Round HR(bpm) \I02(llmin) EE:kcaI(min) loCal EE;kcaI Tr1aI SC .... Experience(yrs) 

161212010 138 1.3542 6.nl 13.542 12 0 

b48 174 2.0454 10227 20.454 14 

178 2.1222 10.611 21222 19 

179 2.1414 10.707 21 .414 15 0 

ToIIII 187.25 1.8158 9.579 78.832 ~ 80 

Name Round HR(bpm) V02(lJmin) EE;tu:aI(mln) tolal EE:l<ca1 Trial ScO<O 

llHl2-10 151 2.1881 10.9305 21.881 12 0 

b51 188 2.5618 12.809 25.618 18 0 

171 2.8281 13.1405 26281 15 0 

174 2.8944 13.472 26.9« 17 

ToIIII 1118 2.5178 12.588 100.704 ~ 82 0 

• ., ~.J 
tJfm'11U'!l~'!Il.I"'NYI 2 

Name Round HR(bpm) V02(Umln) EE:t<caI(min) 101al EE;I<caI Trial ScO<O Experience(yrs) 

llHl2-10 154 22524 11282 22.524 23 0 

b51 2 171 2.6281 13.1405 28281 18 0 

3 176 2.7386 13.693 27.388 12 0 

176 2.7386 13.693 27.388 17 0 

l1Hl2-10 170 2.321 11.605 23.21 13 

a48 2 172 2.3622 11.811 23.622 17 

3 180 2.527 12.635 25.27 16 

4 185 2.63 13.15 28.3 18 

Tolal 178.75 2.48005 12.30025 98.402 64 

I'" ~..J 
tJftm1U'!l~'!Il.II'INYI 3 

Name Round HR(bpm) \I02(llmin) EE;I<caI(mln) total EE;tu:a1 Trial Score Experience(yrs) 

llHl2-10 165 12231 6.1155 12231 15 

b48 183 1.4139 7.0695 1~. 139 21 0 

3 180 1.3821 6.9105 13.821 15 0 

171 12887 6.4335 12.887 18 0 

Tolal 174.75 1.32845 6.83226 63.058 ~ 69 

llHl2-10 155 2.2745 11 .3725 22.745 13 0 

b51 169 2.5639 12.9195 25.839 18 0 

3 171 2.6281 13.1405 28.281 12 0 

173 2.6723 13.3815 28.723 17 

Tolal 187 2.5397 12.81185 101.588 ~ 80 0 



in~N::m?'!ln 

t1,.::~um,.ru 

~flLffinn~2JIA''lfl!h-3 

fl'1~ 

% FAT 

Glycogen 

BCM 

RMR 

Heart Rate (1IN::~n) 

Heart Rate (~-32!"') 

Right Hand-Grip 

Left Hand-Grip 

Sit and Reach 

Leg Strength 

Co-Ordination (3 Times) 

Hr max at V02max 

RER 

AT(LT) 

AnT(RC) 

pJLLuufu (Boxer) 

3tJ 

B-57 

17tJ 

59 nL~nhl 
.. ... 

166 L"U~UJ~" 

21.4 

17.92 

... 
440 nffi 

25.99 nL~nhl 

1494 nL~LLfI~fl1 
., 
... I ... 

77 flN~flU'1Y1 
., 
... I ... 

203 flN~flU'1Y1 

39.0 nL~nhl 

39.5 nt~nhl 

15.4 L;U~UJ~" 

118.5 nL~nf2J 
... ... 

0.64 - 0.50 - 0.66 'lU'1Y1 
.. __ I ... 

2197 2J~~fl~"~flU'1Y1 

37 .24 ij~flfl ~,.lJiflnLfl nhl IJiflU'1ii 
., 

177 flf-3lJiflU'1ii 

1.23 ., 
... I ... 

146 flN~flU'1Y1 
., 
.... I ... 

171 flN~flU'1Y1 

176 



HR-V02 Regression Line 
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'=':::~:-:t CASE : B - 57 

$ .. ' , ." 
Sports Science Department 

Laboratory 
Srinakharlnwfrot University Ongkharak 

r.eta: 151212010 
r ...... '0,32 

.ttI 

HW(1t(C'tJ'#; 1".0 N. 01 $IIpe: '01 
DInIIOt! /IIII..mttna): 00: l1dl4 

BS" 'mA . t.' 

r.,.,.,... r.".. 22 
STPD: 0.824 

BTPSinsp: 1.1" 
BTPS .... '.01' I4WgLIIt /KGf: • ..0 

HR.... ' 203 BIIII 2 . 21 .4 

T .. , o.w.tIon: 00:15:54 bfIf't:IM durllllon: 00 :09: 18 
f:1'fOIJ""' • HP Cosmos CosCom 1 3 ProtOf:oI: 
Tu'"",: R.uon for Tut: 
~: TedtnlcMn: 
~OM tOI'Stopplng TMI: 

...... Pred "X.Pred 
3.35 
3.00 

RH' LT RC OV02maK lINd "lINd 
t (hh :mm::n) 00:08:54 00:09:45 00:12:27 
Speed (KIm"1 0) 40 55 55 169 32 
Grade(%) 12 14 14 
NlA -

Rut LT RC OvoZmu Pred ""'-d 
V02 (mUmin) 1<&69 la.6 2197 21a. 100 
V02ll<g (mllnmIKg) 24 .91 32 .98 37.24 37.18 100 
t.teTS(- ) 7.1 9.4 10.6 10.6 100 
R(--) 0.85 0.96 123 
REE&caUd;1.. , .... 6.9 
;,; WK IIFeM RMI LT RC OVOImu Pred "X.Pred 
VE Wmin) 41 .1 64.8 n.O 120.1 64 
BR(%) 65 46 35 30.00 116 
VT(I) 1.037 1.130 13SO 1.51 89 
Rf(b/mln) 39.6 57 .3 57.0 50.0 114 
VllFVC(-) 0." 

~.. -- 0.18 0.19 0.18 
liim 'w,*_ RMI LT RC OvoZmu Pred "X.Pred 
HR(bpm) 146 171 In 203 87 
HRR(%) 28 15 12 15 80 
V02IHR (mlJbpm) 10.0 11.3 12.4 10.8 114 
01(11 ..... ) 
SV (mllbeat) 
V020L T (ml/min) 1469 " .. 6 2197 67 
HR Recov (bpm) 14 12 116 
P Syst (ml'l1HiJ) 
P Diad 

RHt LT RC OVOI",. Pred "X.Pred 
PetC02 (mmHg) 38 36 39 
Pet02 (mmHg) 106 112 11 .. 
VEN02(·-) 26 31 33 
VElVC02(- ) 30 32 29 
Sp02(%) 

5151201007:58 Page 1 

178 

PFT Ergo 8.0 



Su~ 
. ' 17 

~(ctr#; '''.0 
~(l(ttl:II.o 

SportII Science Department 
Laboratory 

Srinakharinwlrot Unlv .... lty Ongkharak 
.tII 

T...-.rwe(~ n 
snon 0.12>1 

srI'S "- 1. '01 
BJ1"S ~ t.01' 

179 

HR_ ' 20) 

r.t ctIte: 1512n010 
T_lIln« to:32 

N.d...., 101 
Dr.ncrott (/IIl'JIItII:WJ 00: Ukll4 

BSA'trI' '1.' au . 21 .• 

'1: 

i."" 
ill l 

;1· 0: 

: 1 . , . ' 

.. 
. , 

1, 

I •. 

. 1 

, , 

.'" 
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:.:!'I-" f. 
'0 

.. '" _ •.• : a. 

.... -
00 
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]1..0 

• 0 

· · · · · o · 

f • (J I .. • .. 

"'- ~4p , ••• ....... '.< 
1 I. . 

p. 
00 

: .q 

:: . ' 
!i , "t< 

• • 1 : • 1 

:: .: .; 
. ' 

' . 1 '1 ,1' 

' . , 

: . ' I. 

- • .1.\ 

-..1. ......... !-----------"-----------' 

• P.,--.. 
:. 1(hh:mm:ssJ 

Speecl(Krm"' 0) 

V ...... T .. V021J111!... 

,. Grede("') 
N/A(o- ) 
V02(mllmln} 
V02IXlJAIrnII'tnlt\lXg} 
VC02(mVmin) 

" VE(lI'm in) 
HR(bpm) 
R(-l 

00:06:5. 00:11" 5 
40 55 
12 ' 4 
o 0 

1469 2'97 
~91 3724 
1261 2516 
. , , 770 
'''6 ' 77 

0.85 , , . 

%"'lIV __ ~ 
6, .3'16 00:09:45 
72.1'16 55 
85.7'16 I. 

O.CI'li. Q 

668'16 1946 
66.11'" 32.98 
501'16 1877 
53.3'" 64 6 
82"'" 171 
7 • . 9'16 0.96 

'------------...... ----'------' .0 .... 

1"'1 • Ii 

5.1512010 07:58 Pagel PFTErgo8.0 



A.ose.<m"'lll I);,t,, : 

n:.w nf Hirth 

Wci¢,' 

1I"'~d 

Omegs\\'s,'e Assessment Rel)orf 

CASE : B -57 
"'1Nmlflli 1.1!J . 1:11:11 

It Nn'flflN. 1"3 (17 re-n oW) 

~'''''' (I.nI~J) 
'" ".... (I"Vl"I~J) 

Oven II Reudilll'S5 

B;IJO;'d nn lhe I II~V ..,.,..".snlL"ttl CanliiW ")5Icm i .. ,.,( reotL!\ rn,. 3cI",i,;"" i,,,,,h in m."i,"":,,., \I.lon"" '" ",,,,,,mum il l1om.<il) , 

I~d 011 tbe DiIltCG ti>eos,lk.'1lI of the Eoc'1l~ Suppl~' S}Slntl. m., rollo\\itlj> traininp in1<',)sil~ 10,l<," atC iJ.::r tifioo. 

Anuet'Obo<: 168 - 188 ~l 

Ael'"'''' 14 1 - 17111pU 

Readioess Indicaton 

(' T' l It.: ni" 
t"a lllr-I\,.; '\ ~L~ I • 

Cunt.:n lllil lL nl 

Rqr.ul. "", ~Ii<'msrns • 

Suc .. lnJc" 

1 01111u" 
Adaptall1lf l Rc1t>6.1"'o c:-' 

0.1<; 

(; 1' (,' S~' -st"m •• 

IlctoMI'ical iotl <;\ . ... 'In 
Ilolm<>Dal Syslcm 

RccO\CI)' 115 - I·H bprn 
R''''''I'ellllinfl 111 1 - 11ft hpm 

3 Str.'S1I • (; lIl<llll11J'lck> n'\:<1\-e~' 

" M".k ..... I" 

,-

CUI1 .... nt ,tnte- l lf 

I nc:rl/' ~ I qlph '" 
A,}[JC10b;" .!alle! illJ.;:1( 

ILK 111 itn~cnlbJC lbrl::Shold 
132 
168 

]. I..n~ 

Rc..<IIn~ l learl R;,le 1 J b(1l1l 

.. . 

180 



181 

.. , 
~fln11U."Ii.:Ji~l'If.:JVl1 

N_ - HR(bpm) Y02(lIm1n) EE;kcaI(mIn) toIaIEE;l<caI Tn" 5cofe Experionce(yrs) 

llHl2-10 155 2.3241 11 .6205 23.241 16 

b60 2 158 2.3826 11 .913 23.826 11 

3 166 2.5386 12.693 26.386 13 

166 2.5n6 12.666 26.n6 18 

TOI8I 181.75 2_455725 12278825 98.229 ~ liT 8 

N_ - HR(bpm) Y02(lIm1n) EE;I<caI(mIn) 1OOIIEE;1<caI Trial 5cofe 

16-02-10 181 2.071 10.355 20.71 15 0 

b57 2 172 1.9279 9.6395 19279 14 2 

167 1.8464 9.242 18.484 12 

111 1.912 9.58 19.12 16 

TOI8I 172.75 1.93<11125 8.889125 n.693 ~ liT 4 

,., ~..r 
~fln11U.1I.:J'D~rlNVI 2 

Name Round HR(bpm) \K)2(lImin) EE;I<caKmin) 101a1 EE;l<caI Trial SconI EJ<pertence{)n) 

16-02-10 187 1.6993 8.4965 16.993 

a51 159 1.5657 7.9285 15.857 9 

181 1.8981 9.4905 18.981 12 

170 1.7419 8.7085 17.419 20 

18-02-10 165 1.6576 8.288 16.576 0 

b57 2 165 1.8166 9.083 18.166 0 

174 1.9597 9.7985 19.597 11 0 

159 1.7212 8.606 17212 

TOIIII 16325 1.788n5 8.943875 71 .551 29 0 

I" i..r ~fm11u.1I.:J1I~rI .:JVI 3 

N .... e - HR(bpm) II02(lImIn) EE;kcaI(min) 100II EE;kcai Trial SconI EJcpefience()n) 

llHl2-10 158 2.3826 11 .913 23.826 15 

bOO 2 180 2.4216 12.108 24216 13 0 

3 166 2 .5386 12.693 25.386 17 

176 2.7336 13.666 27.336 18 0 

19-02-10 157 1.6694 8.447 16.894 13 0 

857 2 185 1.8166 9.083 18.166 14 

3 171 1.912 9.56 19.12 12 0 

4 174 1.9597 9.7985 19.597 16 0 

Total 188.75 1.844425 9.222125 13.m 55 
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CASE : 8-60 

Sports Science Department 
Laboratory 

Srlnakharlnwlrot University Ongkharak 

7'·'.llnr r 'r.lf ' 

$M.' .. 

. ' 1' He¥t (er,.; 114.0 
~1K41: '1..o 

HR_ ' 202 

r.t eta: tll2l2010 T __ H:OI 

H,of.., IS 
DI!ntIIIIfI (1tll:-..eJ. 00: 11:. 

8SA'tW' U 

THt DunItIon: 00: 15:45 Ex~'" durl1flon: 00 :09:00 
e,.",.... HP Cosmos CosCom 1 3 Protocol: 
T.at f)pe: _ .. on fw Tnt: 
~: Technician: 
Reuona fw Stopping Tnt; 
S=,..~ .. : ...... 
FVC (I) 
FEVI (I) 
MW(Vmin) 
ICI 

RHt LT RC O\lOZmaK 
t(hh:mmM) 00:07:00 00:09 :30 00:12:15 
Speed (KIm'l 0) 40 55 55 
Grade("') 12 14 14 
NlA -

RNt LT RC O\lOZmaK 
V02 Cmllmin) 1604 1822 23<41 
V02JKg C rnIIn*I/Kg) 26 .30 29 ,87 3U8 
METS(- ) 7.5 8.5 10 ,9 
R(-) 0.86 O.GO 1.13 

1i_.III= RHt LT RC O\lOZmaK 
VE (llmin) 41H &6 .6 85.0 
BR (%} 63 52 37 
VT (1) 1.384 1.415 1 859 
Rf (bimIn) 35 .9 45 .6 45.7 
WFVC(-) 
VONT - 0.20 0.22 0.21 

RNt LT RC O\lOZmaK 
HR(bpm} 115 129 151 
HRR(%) 43 38 25 
V02IHR (mllbpm) 13.9 14.1 15.5 
01 (Umin) 
'.iN (mllbeal) 
V02CL T (rnI/min) 1604 1822 2341 
HR Rec:oY (bpm) 14 
P Syst (mmHg) 
P [)iaat 

RNt LT RC O\lOIma 
PetC02 (mmHg) 33 31 34 
Pet02 (mmHg) 111 116 116 
VEN02 (·- ) 29 33 35 
VENC02(- ) 34 37 33 
Sp02 (%) 

51512010 011:00 Page 1 

Pred "'Pred 
3.90 
3.<t2 
120 

Pred 9U'Nd 

161 3<4 

Pred 9U'Nd 
2182 107 
35,77 107 
10.2 107 

1457.8 
Pred """" 137.1 82 
30.00 123 
1.76 105 
50.0 91 
0 .55 

Pred """" 202 74 
15 166 
10.8 143 

73 
12 116 

Pred "'Pred 
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Sports Science Department 
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Name - HR(bpm) V02(UmIn) EE;kcaI(mIn) tDtaI EE;kcaI Trial Score EJcperionce()1's) 

16-02-10 155 2.3241 11 .6205 23.241 15 

b60 2 158 2.3826 11 .913 23.826 11 0 

166 2.5388 12.693 25.366 13 

166 2.5776 12.888 25.776 18 2 

TUIII 1tl.76 2.<165725 12.278826 88229 ~ S1 8 

Name Round HR(bpm) 1I02(lJmIn) EE;kcaI(min) tDIBlEE:t<ca1 Trial Score 

16-02-10 181 2.071 10.355 20.71 15 0 

b57 172 1.9279 9.6395 19.279 14 

187 1.8484 9.242 18.484 12 

171 1.912 9.58 19.12 16 

TCMIII 172.76 1.839825 11_25 n.593 ~ S1 4 

I" i ~ ~im11~~~~tlrI ~Vl 2 

Name Round HR(bpm) V02(LImin) EE;kcat(min) IOIaI EE;kcal Trial Score Experience(yI's ) 

16-02-10 153 2.2851 11 .4255 22.851 28 4 

b60 158 2.3828 11 .913 23.826 23 2 

185 2.5191 12.5955 25.191 18 

4 156 2.3438 11 .718 23.438 21 

TUIII 156 2.3828 11.913 95.304 Combination 90 8 

Name Round HR(bpm) V02(Umin) EE;kcat(mIn) 1DIaI EE;kcaI Trial Score 

16-02-10 181 2.2197 11 .09115 22.197 26 

.eo 2 185 2.3149 11 .5745 23.149 21 2 

171 2.45n 12.2885 24.577 25 2 

173 2.5053 12.5265 25.053 20 2 

TUIII 167.5 2.3744 11 .872 94.978 92 6 

I., i.J 
t.lfm11~~~~UI'I ~Vl 3 

Name Round HR(bpm) V02(L/min) EE;kcaI(min) IllI8IEE;kcai Trial Score EJcperience(yrs ) 

lG-02-10 158 2.3826 11 .913 23.826 15 

b60 2 160 2.4218 12.108 24.216 13 0 

3 166 2.5386 12.693 25.366 17 

4 176 2.7336 13.888 27.338 18 0 

19-02-10 157 1.8894 8.447 16.894 13 0 

857 2 185 1.8166 9.083 18.166 14 

3 171 1.912 9.58 19.12 12 0 

174 1.9597 9.7985 19.597 16 0 

Total 188.76 1.844425 9.222125 73.m Boxer 55 
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