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T9 A7I7F AR E A " AL = wYy FEEE T 19471 %49
A= o A7 dHE-EE 3 (Breaststroke)?] HE]ES A}

4 HUSA Swimming, 2015).
z7] &9 9 25 AZ(Crawl) JHoZ A3} 183735 =
g A7E50] ALY, FEE & AR wigo] WtE Aojris WHo

‘ﬁo_
= AlgEglen, o W FAAL olFE WA EHd W (Trudgen

e}
-
204171, B3 £xof de] M2 79 I 2EF 2EZ I (Crawl Stroke)

>

7 ARQAY. ANE A8 2ERAE JAR-EAE 7| 7bA] 20417] B o] A&
HAowH, 2000 A=Y &H1T AUl 43 desd s 2E &
G AAE AME2E dyvrd oz v At (Colwin, 2002).
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oJgdel A nHH 800 mz AAsE o]E molTh T 2008 dFE U
10000 m7k A1z =gEglon, of FHelA WAn 4ol Ael olr gt
(10C, 2015).
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Il g T 19609 o] 5 F=AAle] dudnt A & E o] gk
19621 A|43] ofAIFAIY A HPF100 m THlEs 53 AT AFE AR e
= 19701d A63] ofrtAIdNA 2o M7t wulE, 19821 d A193] ofA|<HA
delA &3 A7t 3vgs AAFT 3, 19949 A123] |2 AIvE ofAf ]t
Adel X BeF A7 A& 400 m F5AA S, 20029 FAF ofARFA

QoA AWA A57h AHE 50 m FZoIA FulS 85 ATHRA L3,

i

20084 Hlo]d ST Wl N5o} okAobE ol A1z FB ALY Az
2 299 Fge A5HAA a3 F9e FAH WAL Aty dut
($EFA 2 AEA, 01, AW @A) 7 £G4 54 2P AFE A

2012d H9 2 24 B fevste A S5 A2 s X '
2 59, A&} 5ol =HSAARE, HEg MFE AlQdtas 3 HE Ao 2
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9 JE ZRage AASeE RRsel 9% 59 Fd Z= 9 (British

G 9 FU ZRaPlNE FA AEE 5744 g 4As, 74

<Figure 1>3} 2t}

Training | . HR | LA
Zones Name | Description (bbm) | (@M RPE

Base condifioning and technical training: warm-up and warm-down =50 <1 9

Predominantly Fat Metabolism, largely slow-twitch fiber recruimment

Zone 1

Base acrobic tramning . 40-50 2-4 10-12

Improves cardio-respiratory system, enhances Lactate Removal

Anaerobic Threshold
Zone 2 AT | Maximal Lactate Steady State where Lactate production = Lactate removal 20-30 3-6 14-15
Optimal intensity for developnent of aerobic capacity

Aerobic Overload
vy, | High intensity work at approximately VO uae 5230 6-12 17-10
" | Ths type of training includes Heart Rate and Verit sets )
Improves VOouax and aerobic power

Zone 3

Lactate Production
Lp Training intensity results in the maximal speed of lactate build up 5.15 $-15 17-10
: This type of training includes Race Pace training C ’ ’
Zone 4 Enhances rate of glycolytic energy production

Lactate Tolerance
LT | High intensity work with medium rest to improve buffering 0-10 12-20 | 19-20
Developing the ability to tolerate lactate/ acidity in the muscle

Sprinting - ATP-PC
Speed

Zone 5 High intensity. short duration, long rest repeats N/A N/A N/A
Designed to improve alactic energy production (ATP-PC), neuromuscular
coordination and fast-twitch muscle fiber recruitment

Figure 1. British Swimming Training Classification
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d Z2ad9 34

FoF(Maglischo, 2003).

DO A= f44 &8 (Aerobic Low Intensity Training Program)

(1) Zone 1

kel
& Atkinson, 2003).

3}

ada

d kA Fee Al

o

I B

-\l %]

, 2010).

<

)

—~
fite)

Fel o @& ZAbo] 1 AfrollA o= A

7}s
T At (Maglischo, 2003).

5

=

oA 50

AT

Gl

12

Al
=

X

o] A

J—

0

A

= AeE Axe W

0]
A

al

BSTColl A A A]

5 %7t 2~4 mmol/L A% =2

1o

& & o]t} (Peyrebrune, 2005).
¥ 3 (Alveolus) T EAEH =

=g

}

R4

& (Aerobic Maintenance Training Program)

+

Faz JAHHBSTC, 2005).

IS

F= AlA]

IS

@ $a247

o]t} (Maglischo, 2003).

9 °]

2004; Peyrebrune,

()
=,

=

HF

=)
pud

alo
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]

2005).

BSTColl A Alxstar = Ael4 Az ®els, M
0~50 bpme A|&Je ¥t} dF Al s 2~4 mmol/L, AL EE 1
0~12% AAltar JTHBSTC, 2005).

(2) Zone 2
O #4429 x &4 (Anaerobic Threshold Training Program)
Fabadx 1S ik s MEs 9% HA Axot. FH gy
7F =gt Al AabE 2abS AlASE sE o] AslEE FHoem AA FHo
s8] A&t AS weth(EEAd T, 2013).
THo B AFse i FA4S dom ek, s 4§ IRYS
7155 Rl AF-&¥"th(Peyrebrune, 2005, Sweetenham & Atkinson, 2003).
BSTColA AlAletar e A4 Az Hels, Mo A AnbsolA 2
Aubeel "% HAdEsEE 3~6 mmol/L, $EALEE 1

A2l @k A

0~30 bpm=
4~15% AAetar JATHBSTC, 2005).

(3) Zone 3
D A4 #}33s F4 (Aerobic Overload Training Program)
b2 s Fde A P #3S Frbsls Fdolt e A LS HF
StHA 1A E THE Adgste] AAPFHATY FAr TEH S FsE Tt
(Peyrebrune, 2005). 8k Aol AR 259 A4 ZHv]Eo] 100 m ©] 4
| vpA ke FH o] o2 E dto] AH7|HS ddst7] 93 Aol (Sweetenham
xR HE, iAo Ho Aubgol A 5~
e 17~

& Atkinson, 2003).
BSTCAA AAEE Q= AFA =

& A

20 bpm= A £
JTHBSTC, 2005).

192 A A3}
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(4) Zone 4

O #4 WA &7 (Lactate Production Training Program)

A4 44 FAL A FA FES AY £ AW 1 dn e

Y

o

AuA At olg gk kel 3k 9kF T B oolux] A £eE Fete
& o]t} (Peyrebrune, 2005).

T3 79 47 TR AMA o wMEA 99 T F A=F 24 BHES F
Aot Aol HAolm) ofg] Zfelo] AA TAIZE st wmE £ g s A
A7 25& Aol st 2gal AR tiabsE A B AT ES]
AW L5 S ANHMRS 5, 2010).

BSTCelA AAlstar e Ael2 27 e, Mo Hof AubgolA 5~
15 bpme A Ausel dF AAEEE 8~15 mmol/L, $EALEE 17~

1982 AAstar ATHBSTC, 2005).

%ol FHHHL A 5, 2013)
2 WY FAe 259 9% UL FYSHE AL Ak wI, 2% Lo
Baro] Ay sEol mEE f E® FomA 2ge] 2 FHe nEL A

Atkinson, 2003).
BSTColl A AlAetar Sl Aea Azl e, el HAd Akl 0~
19~

rr

10 bpm& A9 F A5 BF AAFEEE 12~20 mmol/L, SEAZE

2002 AAstaL JATHBSTC, 2005).
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(5) Zone 5

(Sprinting—ATP-PC Training Program)

A ARE

o] ZE o A
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o]t} (Peyrebrune, 2005). BSTC
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2 ATE A9 Jx 240 AF FQ AUE dEkp 9 A5 69 Yo
z Ak drel 24, 34, Jgads 49sn A7 5

F adsen], dol A4 5 98 J oeh 7642192 (nstitutional
Review Board, IRB)¢] < <1(JJNU_IRB-20150216-BR-001-01)-& W& % %135
At

1) AAH B4
AT el AAA S4LS <Table 1>7 2o},

Table 1. Characteristics of Participants

Variables N=6
Age (yrs) 19.00+0.89
Height (cm) 164.23+4.94
Weight (kg) 62.25+7.04
SMM (kg) 25.48+£3.93
BFM (kg) 16.13+4.80
BMI (kg/m?) 23.05£1.93
PBF (%) 25.83£6.35
WHR (%) 0.81+£0.02
HRax (bpm) 201.00+0.89
Experience (year) 19.50+0.55

Data presented as the meanzstandard deviation.
SMM: Skeletal Muscle Mass, BEM: Body Fat Mass, BMI: Body Mass Index,
PBEF: Percent Body Fat, WHR: Waist Hip Ratio, HRy.x: Maximum Heart Rate
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2) AH AE 54
A tidate]l Ad A et EAL <Table 2> 7t}

Table 2. The Values of Cardiorespiratory Fitness in Participants

Variables N=6

ET (min) 769.67+79.07
VOsmax (mL/kg/min) 46.82+6.80

VO2 (mL/min) 2575.83+693.58

VCO; (mL/min) 3118.33£794.87
RER 1.26+0.11
VE/VCO. 27.67+5.39
VE/VO; 34.33+9.45

SBP (mmHg) 174.50+41.32
DBP (mmHg) 79.67+6.65
AET (min) 380.17+69.06
FVC (¢) 4.35+0.55
FVC (%) 108.33+8.38
FEV, (¢) 3.65£0.20
FEV (%) 104.50+9.52
FEV{/FVC (2) 84.33+7.12
FEF 25-75 % (£) 3.77+0.64

Data presented as the meanzstandard deviation.

ET: Exercise Time, VOomna: Maximal Oxygen Uptake, VO, Oxygen Uptake, VCO.:
Carbon Dioxide Excretion, RER: Respiratory Exchange Ratio, VE: Ventilatory
Equivalent for Oxygen, VE/VCQO.: Ventilatory Equivalent for Carbon Didoxide,
VE/VO,: Ventilatory Equivalent for Oxygen, SBP: Systolic Blood Pressure, DBP:
Diastolic Blood Pressure, AET: Anaerobic Threshold Exercise Time, FVC: Forced
Vital Capacity, FEV: Forced Expiratory Volume, FEV;: Forced Expired Volume in
one Second, FEF: Forced Expiratory Flow.
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AT g Abe] kg vkef el B

EX O <Table 3> Zrt}

Table 3. The Values of Anaerobic Power in Participants

Variables N=6
Brake Weight (kg) 4.64+0.52
Peak Power (w) 576.14£195.39
Peak Power (w/kg) 9.23+2.67
Average Power (w) 363.63+89.67
Average Power (w/kg) 5.82+1.00

Data presented as the meanzstandard deviation.
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Participant Recruitment
(6 Players)

{$ U

J University Institutional Review Board (IRB) Approved

{ U

Body Composition Measurements
Physical Fitness Test

¢ U

Physiological Response Assessment in
British Swimming Training Classification

Aerobic Low Intensity (Al)
Aerobic Maintenance (Al)

Anaerobic Threshold (AT)

Aerobic Overload (VO3) E> Blood Lactate Density
Lactate production (LP)
Lactate Tolerance (LT)
Sprinting - ATP - PC

Heart Rate

Ratings of Perceived Exertion

{4 U

Data Entering & Statistical Analysis

Figure 2. Experimental Design
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rolafoF & Apakell tisto] A A Z T

Ag Aol Warm-up, 28 T3 Foli= Cool-Downs A3ttt o d=}e]
ol Z )Wl E(Prevent)®t 75 ¥ (Pneumotach)e] 2-8% Aejolm =
H distE 93 95 vy sAA7I AdS Al g6kt

% F3t= Bruce Protocols AF&3FAth 4% 1.7 mph= AAF 10 %ol A Al
Ashe], W) 3% AALE 2 %A Egom HEi 25 34, 42, 50, 5.5 mphel 7

A4 Z7h e A8se AU (HR), A2 FV0m 5& =

Ad *& 73 Y A 7ES vmAE =03 (ACSM, 2013)¢ Aol
a

i, Leveling off7} YEhU}A] oW 53 w3dtgo] 1.10& 274s9S W= AA
stTh gk o Ho AHbE(220-de))e] 85
(RPE)7} 17 o] =g3ls WE AT 7[Fo 82 Asta, ol 5 27FA o]/l

s5d 452 AAsAY sE52R, s x, e dde, de A"

(2) H71% AA
¥ 7]’ A= Cardiopulmonary Exercise Test System®] StressVue wireless

with Ultima CPX Medgraphics (Philips CO, USA)E A}-&3te] =A3sgdct of
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HA 6% ol I wEHS AEstY] ALt SoEW, JA 2% ol EUF
o] Wiglelx] v AS dAstar FAHEF(Foced Vital Capacity, FVC)¥} 1%
¢ A 3 7] #(Forced Expiratory Volume in one second, FEV,)& 23] HkE =
datgon, F8w % FVC, FEV,, FEV,/FVCY Hi#< 7]E3ATHACSM,
2013).

F2F a2 919 (Anaerobic Capacity, AC) A= Bar-Or (1987)el 23] X ¥
¢ Al o] E(Wingate) AAPHHS AFE3AtE AAA 20| EHE o] &3] AT

117
i

Mg dggor FNeEe da, A 75 %F WahE sl g
A gata Z el By F AN A2e 94 s
QYT Sxo] BLPe A Agold Amsh @A Ao 0x7 ALY ¢

=S ANFPste] H 39 (Peak Power)$t 339 (Average Power)E =435}

Table 4. Wingate Test Formula

Power = Exercise load (kg) x Pedal Count x 6 (m)/(5 sec)

Watt = Exercise load (kg) x Pedal Count x 11.765
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74 HEY 374

4) 45 F£4 T2
G7 £9 FA Zay TARL Qb £ FRG FEEE 44 dIAE
FRow WA AYE dgdain ZEw Auid dF ANEE

A4 A kel W= <Table 5>¢ 2t}

Table 5. British Swimming Training Classification

Training .. HR LA
Zone Training Level (bbrm) (mmol) RPE
Aerobic Low Intensit x
Al ] ) n n y HR]TI(JX < 2 < 9
Training Program - 50
Zone 1
Aerobic Maintenance HR max
A2 o * 2~4 10~12
Training Program - 40~50
Anaerobic Threshold HRmax
Zone 2 AT o » 3~6 14~15
Training Program - 20~30
Aerobic Overload HRynax
Zone 3 VO . 6~12 17~19
Training Program - 5~20
Lactate Production HRmax
LP o 8~15 17~19
Training Program - o~15
Zone 4
Lactate Tolerance HR max
LT . ‘ 12~20 19~20
Training Program - 0~10
Sprinting (ATP-PC)
primtine N/A N/A N/A

Speed o
Training Program

Zone 5

Below Maximum.

_29_

HR; Heart Rate, LA: Lactate, RPE: Ratings of Perceived Exertion, bbm: Beats



& Atkinson, 2003)° A AAEE TH HHS AAEA

=, APUEe FLYN PE £ wels) 100 m w9l ol
=739 o™, <Table 6>3 2t}
Table 6. Training Programs by Zone
. . . . . . Interval
Training Level Distance Training Design Time
A1 Aewobie Low Intensity 200 160 1 s 15 Jap 20 sec
Training Program
Zone 1
Ap  Aerobic Maintenance 5 100 m x 15 lap 20 sec
Training Program
Zone 2 AT  ‘wacrobic Threshold 45, 100 m x 30 lap 20 sec
Training Program
. 100 m x 3 lap x 4 set
Zone 3 VO, ‘ewobic Overload oy, Set Rest 200 m 20 sec
Training Program .
swim-Down
Lp Lact'at'e Production 500 m 50 m x 1Q lap 3 min
Training Program From Dive
Zone 4
LT LacFa.te Tolerance 600 m 100 m x 6 lap 6 min
Training Program From Dive
Zone 5 sp  oprintng ATPPC g, %5m x 8 lap 15

Training Program

_30_



r2adle] g9 FxE SAs7] A gidAEe FHEVES AAHgS
Sweetenham & Atkinson(2003), Pyne(1999b)o] A A|gF 7|25 A A3t 2 A3}
o
AN

Zone 1 ~ Zone 3 992 d9H Td T IE E}Y(Repeat Time, RP)S A A

st thdAte] = FEo 2 200 m /) #H 7] = (Personal Best Record, PBR)
& WoE Y F dAHg FXE folve WHoRE H37]5(Target Record,
TR)S& A5t HAAsAth Zone 4 G492 tdAe] 100 m H 27159 50 m
E}el(Split Time, ST)¥} 200 m H 7] =2 100 m STE A Aste] A3

TANE dAAES Ba Fdel ERE Jolusl dd 4L sgon

<Table 7>3} Zt}.

Table 7. Training Programs Examples

. . .. Interval
Training Description Targer Record Time
Al Aerob%c'Low Intensity 200 m PBR/2 20 sec
Training Program + 20 sec
Zone 1
A2 Aerobic Maintenance 200 m PBR/2 20 sec
Training Program + 15~20 sec
Zone 2 AT Anae%”o'blc Threshold 200 m PBR/2 20 sec
Training Program + 7~10 sec
Zone 3 VO, Aer.ol.)lc Overload 200 m PBR/2 20 sec
Training Program + 4~7 sec
Lactate Production 100 m PBR/2 .
LP .. 3 min
Training Program +]1 sec
Zone 4
Lactate Tolerance 200 m PBR/2 .
LT .. 6 min
Training Program +] sec
Sprinting(ATP-PC) 1:5
Zone 5 SP Training Program PBR + 1 sec (PBR x 5)

PBR: Personal Best Record
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Statistical Package for the

-

T

] 2]

A

A5

)

1 (Mean) 2}

[}

3

I

Az,

Al

Social Sciences (SPSS) 18.0 &7
2) WA

4. Xtz A

A

job

o Welsh o

hya
ar

FEALE A

A=}
=

ol

A et

=
T

Fehel w

)

5803

2]

=
.TT

98] Independent

5171

°

A 8T

<M

T-test&

FA T

IS

p<.05= AA

_34_



V. 4+ 43

HZ203 dla 24

+
02
Hoi

WA AESE T2 S

1) Zone 1
P 9 T Z2a9 AldA AAstaL =
T et A7 gdRse) Aed AXS BAF A <Table 8>3 2}
BEAA3 Als hdAE 7 HR¥ BLDE 100 % H9 W X85 Jehix
RPE+ 833 %9 dX&S e
Table 8. Frequency Analysis of Physiological Response with Al
Training Program
Variables Mz=SD Range Match Mismatch
HR HRmax o 0
(bpm) 139.17+9.66 50 6 (100 %) 0 (0 %)
BLD 1.18+0.20 <2 6 (100 %) 0 (0 %)
(mmol)
RPE 8.00£1.79 <9 5 (83.3 %) 1 (16.7 %)
M+SD: meanz*standard.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion
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2
T T ZEIY A20A A = YA Axe a9 9
5 yErd AT didAEe] A AxE £4% 2= <Table 9>9F 2t
W dA &S dEbla, HRY

f

EA AR A2¢F A= 7F BLD+= 100 % ¥
3.3 %2 dA&S YET

=
5
o)
rir
00

Table 9. Frequency Analysis of Physiological Response with A2

Training Program

Variables M=SD Range Match Mismatch
HR HRm'(J.X [0) (o)
(bpm) 157.50+4.85 A0~50 5 (83.3 %) 1 (16.7 %)
BLD 2.36+0.41 2~4 6 (100 %) 0 (0 %)

(mmol)
RPE 10.83+1.17 10~12 5 (83.3 %) 1 (16.7 %)

M=+SD: meanz*standard.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.

_36_



3) Zone 2 (AT Training Program)
o Y F-d 23 ATAA AAsta & A Axe =208 5

B & dehd A7 Mg AU AES FAF Fiks <Table 1053 2

X723 AT 425 7+ HR, BLD, RPE 2% 100 % H$ Wl X8

o

Table 10. Frequency Analysis of Physiological Response with AT
Training Program

Variables MzSD Range Match Mismatch
HR HRmaX o) 0,
(bpm) 176.50£3.33 20~30 6 (100 %) 0 (0 %)
BLD 5.36+1.22 36 6 (100 %) 0 (0 %)

(mmol)
RPE 14.00+0.63 14~15 6 (100 %) 0 (0 %)

M=£SD: meantstandard.

HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.
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4) Zone 3 (VOy Training Program)
Fa TG TH ZEa9 VOLIA AAI = A Axet =29 ¢

B & dehd A7 Mg AU AES FAF doks <Table 11>3 2

F4A7 V09 tiAAE 3F HR, BLDE 100 % M9 W YA&S e,
RPE+ 80 %9 dX&S yEeplth

o

Table 11. Frequency Analysis of Physiological Response with VO
Training Program

Variables MzSD Range Match Mismatch
HR HRmaX o) 0,
(bpm) 190.00+£3.54 =9 5 (100 %) 0 (0 %)
BLD 10.02£2.05 6~12 5 (100 %) 0 (0 %)

(mmol)
RPE 16.80+0.45 17~19 4 (80 %) 1 (20 %)

M=£SD: meantstandard.

HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.
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5) Zone 4 (LP Training Program)
Q FTH Z2Za9 LPolA AA Gt v Al A Axet Z2a9 59

./":
Ueht @ g 4ed QRS B4 A3 <Table 12>% 2tk
443 LPsh Y-S 7+ BLD, RPEE: 100 % 9 Ul 93&< e,

HRZ 80 %] dA&& YEFH

Table 12. Frequency Analysis of Physiological Response with LP

Training Program
Variables Mz=SD Range Match Mismatch
(;1;1) 187.00+2.45 7H§L”alx5 4 (80 %) 1 (20 %)
(113111;1131) 14124170 8~15 5 (100 %) 0 (0 %)
RPE 18.40+0.55 17~19 5 (100 %) 0 (0 %)

M=+SD: meanz*standard.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.
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Training Program)

3

6) Zone 4 (L
d T =28 LToA At & A4 Axet 229 53

_/[:
T Uehd AT gidAE] AYH ARE EA ¢ A3 <Table 13>3 )
BEAA3 LT ha4AE 7F HR, BLD, RPE 25 100 % H$ W 9x&< 1

Table 13. Frequency Analysis of Physiological Response with LT

Training Program

Variables Mz=SD Range Match Mismatch
HR HRm'(J.X [0) (o)
(bpm) 193.40+3.05 0~10 5 (100 %) 0 (0 %)
BLD 14.74+£0.91 12~20 5 (100 %) 0 (0 %)

(mmol)
RPE 19.40+0.55 19~20 5 (100 %) 0 (0 %)

M=+SD: meanz*standard.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.

_40_



}?3]'

7) Zone 5 (SP Training Program)
g 4o TH XY Spo| W AF U

7= <Table 14>¢} Zt}.

Table 14. The Values of Physiological Response with SP Training
Program
Participants
Variables M+SD Range
A B C D E F
HR
167 173 163 164 136 N/A 160.60£14.29 N/A
(bpm)
BLD 7.6 7.3 6.7 2.4 8.7 N/A 6.54+2.42 N/A
(mmol)
11 13 13 12 N/A 11.80+1.30 N/A

RPE 10
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion

M+SD: meanz*standard.
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=
T Td ZzrIaHA A e AuH Axe zraY F£3 F
A

T RIS Aeld AR = 4A8S B3 A= <Table 15>
FAAy 2oy A 7F HRe I &9 94 %, BLDE 100 % €A &

< UEWA, RPEE €A&°] 90 %= YEebgTh =2 a8 it 7k A4

Table 15. Frequency Analysis of Physiological Response with British
Swimming Training Classifications

Variables N Match Mismatch
HR 33 31 (94 %) 2 (6 %)
BLD 33 33 (100 %) 0 (0 %)
RPE 33 30 (90 %) 3 (10 %)
Total 99 94 (95 %) 55 %)

HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.
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d= +d 28 =208 vla %

DAY AY Add A4+ 54

AT RS A AG] digh ol AAES opry] fd Hdlaka A
ALE VFo® Jas RSN

AFAke] Al % EAS <Table 16>3 Zow Hohdz {93 2ol Ho

A &Sk

Table 16. Characteristics of Participants by Cardiorespiratory Fitness

Level
Variables Hig(llilzlz,;vel Loz;vN £3e)vel »
Age (yrs) 19.00£1.00 19.00£1.00 1.00
Height (cm) 164.40+6.76 164.07+3.91 945
Weight (kg) 61.07+6.51 63.43+8.79 27
SMM (kg) 26.83+5.23 24.13+2.40 462
BFM (kg) 13.00£2.50 19.27+£4.67 110
BMI (kg/m?) 22.60+1.93 23.50+2.23 626
PBF (%) 21.60+5.94 30.07+3.42 .099
WHR (%) 0.82+0.04 0.80+0.01 .H66
HRmax (bpm) 201.00+1.00 201.00+1.00 1.00
Experience (year) 11.00+0.00 10.00+0.00 N/A

Data presented as the mean*standard deviation.
SMM: Skeletal Muscle Mass, BFM: Body Fat Mass, BMI: Body Mass Index, PBF:
Percent Bidy Fat, WHR: Waist Hip Ratio, HRu.x' Maximal Heart Rate.
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2) Jod AH AE v E445

AT HFAES ANFEAAAZF VO &2 JdS T & Hlu A S g
A= <Table 17>3 Zth

EAA3 HAWHEHAFVOuma) A BeFEol st 52 4ol
U 593 2pol= yUERUbA kT £E A FEd e 1k A Al

gefo| A= akflre] Ao Et FolaA =2 A3E Bt

L s
2
o

Table 17. Comparison of the Values of Cardiorespiratory Fitness by

Fitness Level

Variables Hig(i]:l;;vel Lo&fg)v el D

ET (min) 800.00+75.82 739.33+84.39 407
VOomax (mL/kg/min) 51.73+6.22 41.90+2.10 .060
VO; (mL/min) 2729.67+677.67 2422.00+£820.01 643
VCO; (mL/min) 3297.67+973.59 2939.00+£731.56 637
RER 1.20+0.07 1.25+0.15 675
VE/VCO; 26.33+2.52 29.00+7.81 604
VE/VO, 32.00£2.62 36.67+14.15 628
SBP (mmHg) 161.67+31.94 187.33+52.48 509
DBP (mmHg) 82.33+8.74 77.00+3.67 384
AET (min) 396.67+0.58 363.67+105.38 642
FVC (#¢) 4.25+0.84 4.45+0.14 11
FVC (%) 101.67+4.16 115.00£5.00 .024
FEV; (£) 3.51£0.20 3.78+0.08 .098
FEV (%) 97.67+8.50 111.33+3.79 .064
FEV/FVC (#¢) 83.67=11.15 85.00+1.00 855
FEF 25-75% (Z¢) 3.70+£0.97 3.83+0.22 833

Data presented as the meantstandard deviation.

ET: Exercise Time, VOon.: Maximal Oxygen Uptake, VO.: Oxygen Uptake, VCO-:
Carbon Dioxide Excretion, RER: Respiratory Exchange Ratio, VE: Ventilatory
Equivalent for Oxygen, VE/VCQO.:. Ventilatory Equivalent for Carbon Didoxide,
VE/VO,: Ventilatory Equivalent for Oxygen, SBP: Systolic Blood Pressure, DBP:
Diastolic Blood Pressure, AET: Anaerobic Threshold Exercise Time, FVC: Forced
Vital Capacity, FEV: Forced Expiratory Volume, FEV;: Forced Expired Volume in
one Second, FEF: Forced Expiratory Flow.
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3) A% AY TE P9 9% £9 ¥ Z2a9 v A

Axel 29 43y

(1) Zone 1 (Al Training Program)
A= AE A
= EA3 A3t <Table 18>}

Q3 o A maad Al AAE L
AY 5z Aol Qed Ax

5
&
I

et A

<2 HR, BLDE 100 %9 dx&<S yelWi, RPEE 9 A
o} ¥ E9+S HR, BLD, RPE 2% 100 % HY
ol 7+ o3k Aol= vERUA] ekttt

A5E 3

o]
Table 18. Frequency Analysis of Physiological Response with Al

Mis

Training Program by Cardiorespiratory Fitness Level
Low Level
D
Match match

High Level

Mis _

Match match N=3
3 0

© %) 222

Variables Range
N=3
0 134.00£10.58
’ ’ (100 %)

HRmax 3
144.33+6.43 100 %) (0 %)
3 0 .866

HR

(bpm) - 50
1.10£0.10 3 0 1.13£0.30

' ' (100 %) (0 %) ' ' 100 %9 (0 %)

3 0
0 %) 1.00

BLD <9
8.00£1.00 (100 %)

(mmol)
8.00+£2.65 2 1
T 667 %) (B3X

RPE <9

Data presented as the meanzstandard deviation.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion
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Td T2 A2 A AASE A= AP A ® TZoH 53
BAE A= <Table 19>9F
UElya, RPEE 9%

(2) Zone 1 (A2 Training Program)

o 94
A F+= JAdd AYH AR
[eJie}
==

< UG A
3 958 HR, BLDE 100 %9 94X
W, 39S HR, BLD, RPE 25 100 % ¥ ¢
9l 2 798k Zol= YELEH

S,

S

9153}

Low Level
Mis
match

%o,
Table 19. Frequency Analysis of Physiological Response with A2
High Level
Mi o
1S N=3
3 0
0 %) 171

Training Program by Cardiorespiratory Fitness Level
match MatCh

N=3 Match
1 154.67+3.79
o (100 %)
0 933

Variables Range
HR max 2
+
160.33+4.51 7% (B3
0 3
(100 %9 (0 %)
0

HR
(bpm) -40~90
3
100 %) (0 %)
3
(100 %) (0 %)

2.3310.32

768

2.30£0.56
10.67+0.58

BLD
(mmol) 2
10~12  11.00+1.73 2 !
667 % (B3 %
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion

RPE
Data presented as the meanzstandard deviation.
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(3) Zone 2 (AT Training Program)
T2 ATOA AL A= B3 A xo

F oueh A9 AY 5F dwd 48 AEs

X% HR, BLD, RPE°|A 100 % ¥$ W
Il 2+ 793k Zol= yEA] ekokt).

-
it

o
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M
o
do
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M
_E
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PN

<Table 20>

B!

ftlo

LA &

Table 20. Frequency Analysis of Physiological Response with AT

Training Program by Cardiorespiratory Fitness Level

High Level Low Level
Variables Range i i D
_ is _ is
N=3 Match match N=3 Match match
HR HR nax 3 0 3 0
(bpm) -~ 178.33+1.15 0% 0 %) 174.67+4.04 0% O %) 205
BLD 3 0 3 0
(mmol)  ° 0 B2 n0g 0o P qney 0o 1P
RPE 14~15 14.00+1.00 3 0 14.00+0.00 3 0 1.00
’ ’ (100 %) (0 %) ' ' (100 %) (0 %) '

Data presented as the meanzstandard deviation.

HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.
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(4) Zone 3 (VO3 Training Program)
o 9 TH Z239 VOoA AASta e e A Axse 22

5 yehd A AE s Add A AxE 248 A= <Table 21>

EAA9 A9 % 2% HR, BLD, RPECIA 100 % HY W d4x&S o

BRaL, At skl b 7o' Aol yEhA Sk

Table 21. Frequency Analysis of Physiological Response with VO

Training Program by Cardiorespiratory Fitness Level

High Level Low Level
Variables Range i i D
_ is _ is
N=3 Match match N=3 Match match
HR HRax 3 0 2 0
(bpm) - 5-20 189.67+2.08 10 % (0 %) 190.50+6.36 100 % (0 %) 205
BLD 3 0 2 0
(mmol) 6~12  10.07+2.87 A0 % (0 %) 9.95+0.49 100 %) (0 %) 712
RPE 17~19 16.67+0.58 3 0 17.00+0.00 2 0 1.00
’ ’ (100 %) (0 %) ' ' (100 %) (0 %) '

Data presented as the meanzstandard deviation.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.
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(5) Zone 4 (LP Training Program)
Fd T2 LPolA AA e 9

Ae S Awd A4 AEE 24
A&

rlo
e

-,

e
&

2o

B2 499452 BLD, RPECIA 100 % dA &5 WebWa, HR

o] 66.7 %% Yelwt} 9452 HR, BLD, RPE =% 100 % H$ W
b frelgk apol= yrERUbA] erokth.

A ET He T

o] LhEbite
Table 22. Frequency Analysis of Physiological Response with LP
Training Program by Cardiorespiratory Fitness Level
High Level Low Level
Variables Range o o D
_ is _ is
N—3 MatCh match N—3 MatCh match
HR HRmax 2 1 2 0
+ +
(bpm) - 5-15 OIBO g0 (m3og LA ph 0 (g O
BLD 3 0 2 0
(mmol) 8~15  13.50+2.08 100 % (O %) 15.05+0.07 100%)  (0%) 391
3 0 2 0
0 %) 18.50+0.71 100 %) (0%) 789

RPE 17~19  18.33+0.58 100 %)

Data presented as the meanzstandard deviation.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion
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of g 3

(6) Zone 4 (LT Training Program)
93 9 F9 Z2a LToIA AL g A A
T vehd A AY e Jad YA ARE B4 23 <Table 23>
Fag=
B A3 439 25 E5 HR, BLD, RPECIA 100 % HY W 4x&S o
B, H95ED SHAFE 2 FE Aol e gkt
Table 23. Frequency Analysis of Physiological Response with LT
Training Program by Cardiorespiratory Fitness Level
High Level Low Level
Variables Range i i D
_ 1S _ 1S
N=3 Match match N=3 Match match
HR HRmax 3 0 2 0
(bpm) 010 193.33£4.04 100 % (O %) 193.50£2.12 100 %) (0 %) 962
BLD 3 0 2 0
(mmol) 12~20 15.10+1.01 10 % (0 %) 14.20+0.56 100 %) (0 %) .349
3 0 2 0
0% %) 00T qgen 0o

19.33+£0.58

19~20
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion

RPE
Data presented as the meanzstandard deviation
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3. PAAYTIY PE FEHE ¥ 4y 2 Z20Y ula AY

of i sl dAES dotr ] 98 HujitAa

2 JFoR Jue FraATh WA AAE 5L <Table 24>9)

Table 24. Characteristics of Participants by Anaerobic Power Level

Variables Hig(if:l;;vel LOZVN i,;)vel »
Age (yrs) 19.00+1.00 19.00+1.00 1.00
Height (cm) 166.53+3.07 161.93+5.98 302
Weight (kg) 63.73£5.13 60.77+9.53 660
SMM (kg) 27.43+4.52 23.53+£2.59 .265
BFM (kg) 14.46+5.00 17.80+4.96 457
BMI (kg/m?) 23.00+2.17 23.10+2.15 957
PBF (%) 22.73%7.78 28.93+3.37 274
WHR (%) 0.81+0.04 0.81+0.02 78
HRpax (bpm) 201.00£1.00 201.00£1.00 1.00
Experience (year) 10.670.58 10.330.58 519

Data presented as the meanzstandard deviation.
SMM: Skeletal Muscle Mass, BFM: Body Fat Mass, BMI: Body Mass Index, PBF:
Percent Bidy Fat, WHR: Waist Hip Ratio, HR,..«: Maximal Heart Rate.
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Table 25. Comparison of the Values of Anaerobic Power by Fitness

o%
o
T

o

ol o)
s A

gl

ANAY AYFEE 9T 1 Fd 39 (Average Power)ol Al A4 o)
Ads Bgon, Houe](Peak Power)oll Al A<
Ao gk Aol= YERA]

kot

Level
Variables High Level  Low Leve »
Brake Weight (kg) 4.75+0.38 4.53+0.70 652
Peak Power (w) 708.91+176.45 443.37+106.87 .090
Peak Power (w/kg) 11.16+2.50 7.29+0.63 .060
Average Power (w) 421.03+53.72 306.24+85.63 121
Average Power (w/kg) 6.63+0.35 5.02+0.65 .020

Data presented as the meanzstandard deviation.
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g9 9= £ FdH Z20Y b A
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3) F4k
(1) Zone 1 (Al Training Program)
2w AldA AASL = YA AxeF 23 43
RE A3 23+ <Table 26>

9w 59 ¥
F U FALYRE FE e 4ed RS
3} 2o,
=443 F4E2 HR, BLD, RPE 27 100 % #9] Wl 4A&S Yebdloh
st w2 HR, BLDT 100 % 9A&S UElW A, RPEE A& 667 %=
et o™, A9 el s 1 ol d xhol= UEYA skt
Table 26. Frequency Analysis of Physiological Response with Al
Training Program by Anaerobic Power Level
High Level Low Level
Variables Range o o
_ is _ is
N=3 Match match N=3 Match match
HR HR ax 3 0 3 0
(bpm) C 5 14067+12.74 A0 % (0 %) 137.67+£8.02 0% O %) 747
BLD 3 0 3 0
(mmol) <2 1.23+0.15 10 % 0 %) 1.00£0.20 10% 0 %) 184
RPE <9 7.00£1.00 3 0 9.00£2.00 2 1 196
(100 %9 (0 %) 667 % (B3 %
Data presented as the meanzstandard deviation.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion
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L2 A2 A AAskaL Qe AR A Hxep 22O 3
& =43 2= <Table 27>

(2) Zone 1 (A2 Training Program)

| e dwd Aed Ax

2kt

BLD+ 100 % 4Xx&& e, HR, RPE= ¥4 &0
F9l9=58 HR, BLD, RPE 2% 100 % HY W 4x&&
%2

2 el e Aol LpEREA

66.7 %= ERSE
derom, F9EET el
Table 27. Frequency Analysis of Physiological Response with A2
High Level Low Level
Mi Mi o
is _ is
N=3 match
3 0
0 %) 414

Training Program by Anaerobic Power Level
match MatCh

Match
(100 %)

Variables Range
N=3
2 1 155.67+351
667 % (B3 X T
3 0
(100 %9 (0 %)

933

159.33+6.03
2.3310.32

HRITIHX
0
0 .349

HR
(bpm) -40~50
2304056 . °
302056 1 9n (0 %)

2 1 3
7% 3% 10308 o0 (0 %)

BLD
(mmol) 2~
11.33+1.53

10~12
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion

RPE
Data presented as the meanzstandard deviation.
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(3) Zone 2 (AT Training Program)
Ao Y FTH ZEIa ATAA AASHL = A AxeF =9 F

A F UEhd RALARY $F J9d 4U4 ARE 248 A3t <Table

EAA9 A9 % 2% HR, BLD, RPECIA 100 % HY W d4x&S o
Il 2+ 793k Zol= yEA] ekokt).

o
o)
=1
o
do
b
M
_E
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Table 28. Frequency Analysis of Physiological Response with AT

Training Program by Anaerobic Power Level

High Level Low Level
Variables Range D
N=3  Match _Mis N=3  Match _Mis
match match
HR HRax 3 0 3 0
(bpm) -~ 178.33+1.15 10 % 0 %) 174.67+4.04 0% 0 %) 205
BLD 3 0 3 0
(mmol) 3~6 6.17+0.60 10 % (0 %) 447+1.10 100 %) (0 %) 078

3 0 3 0
RPE 14~15 13.67£0.58 10°% (O %) 14.33£0.58 am % (0 %) 230

Data presented as the meanz*standard deviation.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.
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(4) Zone 3 (VO3 Training Program)
o 9 TH Z239 VOoA AASta e e A Axse 22

e FAEaA e e Jed A AxE 248 Ay <Table

EA A9 A9++S HR, BLDE 100 % 9A8S UEW I, RPEE dx &0
66.7 %% vEsth st94ES HR, BLD, RPE 2% 100 % ¥ W 9x&%

vetllen, deeed el 3 fol @ Aol yEbA skt

Table 29. Frequency Analysis of Physiological Response with VO
Training Program by Anaerobic Power Level

High Level Low Level
Variables Range o o D
_ is _ is
N—3 MatCh match N—3 MatCh match
HR HRmax 3 0 2 0
+ +
(bpm) 5 192.00+3.00 10 % O %) 187.00£1.41 0% O %) 124
BLD 3 0 2 0
(mmol) 6~12  9.77+2.74 10 % (0 %) 10.40+1.13 100 % (0 %) 785
RPE 17~19 16.67+0.58 2 ! 17.00+0.00 2 0 495
' ' @7 % (B3 %9 ' ' (100 %) (0 %) -

Data presented as the meanzstandard deviation.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion.

_56_



4 A%
£ 4% A3+ <Table 30>
se14

(5) Zone 4 (LP Training Program)
H T2 73 [LPoA AL Q= A

I 59 T
Fobehd RAagne £ gud ged A8
W 2.

B4 A4S HR, BLD, RPE 2% 100 % 9245 e

=< BLD, RPE&= 100 % W9l W 4X&S JeErdi, HRS 50 %9 dA&<

Uelyomn A94F slaE 1 28 Aol YEY A ekgkth
Table 30. Frequency Analysis of Physiological Response with LP
Training Program by Anaerobic Power Level
High Level Low Level
Variables Range o o D
_ is _ is
N—3 MatCh match N—3 MatCh match
HR HRmax 3 0 1 1
+ +
(bpm) -5~15 1o LI gy 0 (g og) IO 50 50 0 S
BLD 3 0 2 0
(mmol) 8~15 13.57+2.14 100 % (O %) 14.95+0.21 100 %) (0 %) 452
RPE 17~19 18.67+0.58 3 0 18.00+0.00 2 0 219
' ' (100 29 (0 %) ’ ' (100 %9 (0 %)
Data presented as the meanzstandard deviation.
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion
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WA AL Zead 5y

A=
A gk A¥= <Table 31>

B!

(6) Zone 4 (LT Training Program)
ot o T 2 LToA AA s
F e Paagsty £F Q9w 494 AEE
3 2
BAAdx A-3+9 $£5 5% HR, BLD, RPESIA 100 % ¥ W 4A&S
gom, 45Et FHARE 7 fold Aol vhEbA ek
Table 31. Frequency Analysis of Physiological Response with LT
Training Program by Anaerobic Power Level
High Level Low Level
Variables Range i i D
_ 1S _ 1S
N=3 Match match N=3 Match match
HR HRmax 3 0 2 0
(bpm) 0~10 194.33£2.58 100 % (O %) 192.00+4.24 100 %) (0 %) 482
BLD 3 0 2 0
(mmol) 12~20 14.37+0.81 10 % (0 %) 15.30+0.99 100 %) (0 %) 328
3 0 2 0
0% (© o) D000 Gay0h (9o 21

19.33£5.77

19~20
HR: Heart Rate, BLD: Blood Lactate Density, RPE: Ratings of Perceived Exertion

RPE
Data presented as the meanzstandard deviation.
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BSTCE J&= dEE sl xSl A&t Fagh & 2o AA|
il e AEA Axel WHelet qAES B vEhd Ay Ax 7 vl
Ade thE 3 2o

BSTCe] Ag)# =3z ®glel gk tdxtso A4 Ax 7+ dx&o] HR
94 %, BLD 100 %, RPE= 90 %= uebwvh =3, A4 A% Hele gt
FF dAEC] 9B %E YEY = dAES e
=] AEs AH A" FAaArgdae] ke FEow
ZF BSTCOlA AAetaL = Al A% W9E v B3 23
A FAHSE frelgh zpoli= HolA| ottt

BoAgo AEAHe A3} Zone 1 (Al-A2 Training Program)¢] Al1e, HR¥}
BLD+ 100 % W9 Wl 9A&0°] YEWil, RPE= ¥ &°] 833 %= e
& YAES YERA

A2+ HR¥} RPEx €80 833 %, BLDE 100 % ¥ W €x&<S ved
Tk "bd Al A2004 A sl xpo]= FERLFA] @ForbT).

Zone 1 ¥ FAALA A e] T ety Hat 10d oo deE
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4 6o
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Ho
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334 2@ 7A3=(2002), Yoshimura & Takahashi(1996)= 92 W uef
Ue < 7S BEaokal dvka skl =3 Hge A vE FHol vl
Al ol|A 2u7F B2 gHoletal 89l m, Maglischo(2003)= H9< 7
2EZ A F7] ol st WEe Fo] M & F&olgtal skt

oAl e B A AR wddes 2y FEodA 2AEe
Agkel A77F v=7] wEel dHe SEAY ddAEe] A8 =olA Aolrt v
Eht Aoz dodd

Zone 3 ¥ o] & WIXT 5 (20100 HAUAAHAALES STkt S
2

3tk BSTCY F#H  ZAH3 g7 Maglischo(2003), Sweetenham &
Atkinson(2003)°] #ANAeE G Aeld AF FYGE AXZ Hola, V0,9
A+ A BSTCollA F&3k= Zone 3 o theh AFHAHS EoF= o]
£ Yt dddc

Zone 4 (LP-LT Training Program) ¢ 9olA A8 FFo W& Ao 7+ §9 3%
Zpol = YEREA] ekttt LPY A# A A xe] Weet WAAES F3 et

A4 A& P HR2 80 %° ¥A&+%, BLD, RPE= 100 %9 4A&
Wtk HRol AAl W9rt e X171 4ol PAv 53
b= A o] vEehyth LT Aole A Az Heet dAEs &8 v
B AEd A7 7100 % LAES B

AZEFSE ME SRR 2 YL A8l 25L AT B

=
oy

Sweetenham & Atkinson(2003)2 doj& 24t AWAHS F= 5
Z(Acidosis) s FE3sHAl Ho 259 IRE7F oA 7] wEdl, A A4
2 "r=A] 3} FH(Over Training)©] ©]Fo] A A G5 Folsof sttha ot
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ta skith ol AFEY 5 WA ek AeEe sl o
ool tigk AAe] A sEE 79l AUEe S Vg
T At Pt
Guyton(1994)& 5o Futy = 25 tis] 3y EHAE Eofd=
EF2b 4 (Hydrogen Carbonate), ©+5 & (Muscle Protein)¥ =L@ o}gl 14}
9 (Creatine Phosphate)& &3l 24k wh&sto] Jutst AT S5 A AA
ZtkaL sk ole gk FARARA AXIOIAF F™e]  tid]  Sweetenham &

Atkinson(2003) AFE9 & % A0 B 2EYAE WA A FHER

A

Zone 4 9499 LP¢ LT+ Colwin(2002), Maglischo(2003), Sweetenham &
Atkinson(2003)°] A Alstar = A Az WLk dAe= A A,
BSTCe| 42]# Axe s 1F dA&S 272 Zone 4 G0l gk 4=
e =2 Jow dddd.

Zone 5 (SP Training Program)e] < <ol thal BSTColA = AEl4d AZE A
AlShal YA &tk 28y Zone 5 99 S 172 Maglischo(2003)7F #|A] gk &4 <
Aol v R, A Ao o] Jheste] ¥ ATE FE HAASH

gk 1 An WPl A AY £F UL AR} 3 FE2A 9

A9 A ¥ (Cardiorespiratory Fitness) & 4% % 593 ZAA4s= W <

23 9= o, Qe AY FES AN M ToAlEE adoln(e]
7k, 2008; el 2ol 1993).

AN TR E SEFARAANA NUA T Ak A o

1) Maglischo(2003)¢] SP4 < BLD ¥ <7} 2~3 mmol/Lo]t}.

_63_



-

Mo
1o
o

bl
=
o]

T
Jo

o

T

[e]
3

wed

I ATP7}

0

=

[¢)

=

3 214+ (Adenosine Triphosphate)

2 Z41(Glycogen)% 9] &2(C)¢ 42 2kst 1

2laL, o] AFEteE A (CO St = (H0)9 Aiteleta Aty Zeja 52 45 47

[e)

bgnch o @e uXE Edct

A
puk

|

L=,

Colwin(2002), Maglischo(2003)+=
o

TE wWE7 g
Colwin(2002)

ot

3L oy #el 2 <l4kd(Adenosine Diphosphate)+®A}

g}

)

ATPO] A= v&o] o

-
.

g WAt

FEo 5

2 A HEYe] Aoz Yehinz

o

ol

e

149 e},

I3

L Avte] ojw =
o) Welel el EAMe A

o

|

Ay A
it

4 A

FToE Q
= A

&t

o

Aol A1 BSTCZF A A

O
RS

p=A

L

o

o
<
3

N
N
)
of
Nfo

%

Br
oS
o
Nfo

o
B

B
N

Tor

Tor

Agske] 7le

[e)

=

I (Feedback)

ERE Y

el

&+

Hol F8

3

O

=N

Sweetenham & Atkinson(2003), Le Sage et al. (2010)2 <9<

o
1

it
&
o)
¢+

;e

X
22

olw, ~E & (Storke)o ¢4 7

_64_



wr:
T wﬁ ww T
~ : r ' g 3
S B i L)
=T R Eﬂ - o T T _M M o Ky
of = o o
Sa® T E3 5 . T 5
m o ;o,._ ﬁo Z..ru H%v lﬂ EO Lf X = %) ﬂﬂ = ,m-,._ B
oK E — ol ° > e B ]
0 - O ° =0 n ook
Lo &+ 0~ Z0 o)) o o Ho
& X3 W T T T A o| | % ok
o o A o5 0| T W o _ ~ o oW X " ?
B o o4 < R =gk w O
gﬂégg%a @@aé Hﬂ;b}o T
O o ne !
Cirigcs Ty friz 254
K < 1) 760 =0 wrt S| A ) ISR zi oy o)
o ™ Mo a N w O N oz o ® o N
B H oM 5 = H oL i mi 5 ) go ™ s
T N . wﬂ o T M § ﬂoﬂ% of W
o f 1_ ) ) O T
L EE P o ow T 3 2% mow RN !
m_uaumome %iﬂ@j ?H@ !
D~ N o = 0
@wwmz_ﬁmwﬂﬁﬁome yop om0 W%w
—_— v Y.w + — S E —~ ~ ;0 ) X
mmo%wzvsyywmw w7l ® 5o
T o e pow oy T A el
%ﬂﬂgbgaﬂés Hooow s E
T o L p— . —_— 1o —_
) mg g T M4 m_ Woo r o4 T oo X il e w
w L2 o R [ o] T B oy Mo bl o o RH t
o L3 x X - cﬂv R s 3 W =~ s = ,ﬂA_rm — B°
E%ﬂ%mnlﬂmaaﬂa%ﬁ% ° 4
o) o A" — < ° 3r W wom B N = T X
@%l@auM%%@oM%ié?ig SIS
_ < 0 ) ) T
NI - = Mum n T o W oo Ly W= R B0
o w T oo O % oo T T om0~
ol b mo o = g X
;oI H;l o) ‘_Irkl E# T H o —_ ) \Mv_ﬂ ‘,w
@ A T 2 w up %L B & o o oW
7 ﬂmh%@ﬁw v X
K N X <0
of : ~ 3
) W T o N =y
A E

- 65 -



o Wesk AT

YA
it

W A A

:i

bl ot

)

T

A

]

I ouebhd Adels A%

9]

=

9/]

-
3t

il

=9 A

s9h AT oA

H
=

o2 e

9% %= UEFR T

[

[e)

R

A&

R

@ el

A Al

2 7o) A

LOT

o
o
T
o)

B/

il

]

d A

ko3
RNy

1

27}

el

AA <

—
=

o

_Eﬁ
e
o
<R

oo
Tor
B

o

!
o
il

_66_



Y
nR
A

~L

KH

N

H(2013). 57 =¥

, AAH, AEF, =4

nj o, 385-388.

Eis

o

25k A&

11(2006).

Aopzae] Aol

w2

o

N

PN
T

o

_#Qhﬂ

|, 17(5), 429-440.
Az

A, 6(1), 89-103.

JJo

—

, FE2(2004).

143

ke

<
il
ﬁo

o

w
H

94

(2011).

ki3

= A & w833 %) 16(1), 219-230.

Wl 24

P
T

E2X X

(2008).

o =
2

o]

o

_Eo

A53](2012). A3 €A 2 ZAI. http://www.sports.or.kr/koc.sport.

s

o
o

A53](2015). g €A 2L A, http://www.sports.or.kr/koc.sport.

o4

ki3

17 (2013). AR L H W, http://swimming.sports.or.kr/servlets.

R4

o O
3

6(1), 105-113.

(2000).

jgase)

0
)_AO

o)
Tor

o
)

uze)

i
HJ

@A

Fsul o A %(2010). ASAEAR F9

A AF FF9 94FH AT

iﬂ.

‘?4

g

s
FFE

A}

A H-(2011).

T

!

7

H

ATALY Ay A,
=2 AE A SHA T 22(3), 2259-2273.

7l

o

, & 21(2011).

A

ol

&

4o

H|
)
o

T

]

48, A

=i I3
PN

233 N

_67_



oltA, A3, FFF, o3, U-E&H(2000). 2FE=AE L/ AF}EE A %RM

Fre] wE A=l Al WS I A K3 A, 3903),

853-860.
o] F7H2008). EFoldE. H&: I AFAETE A SapstA L,
HA9(2010). 2F= 38k AL 22 Ao ohd A3 A ) oy AF

=38 110(1), 39-46.

ZA8, A, o] FU(2000). HEHaeE Al SeALEe Aureae] #d
A, AR EFIEFETIA, 4(2), 73-83

A4, oldie, o] (2006). SEF} L4t +=5 L5 FEA, 8(2), 85-92.

AEQ, olW(1993). YU %, &, 31, Ul HuagA g B o

el
2 el Bk AT FFA KT A, 32(2), 2403-2420.
A€(2000). 2x=83h 7 FEAdTe] FAARA duEd FAka
9. A S3HE A, 39(2), 419-433.
AAGF, &718H2006). FH HEAAS} ST Ao gEE~A
AP, F93200D). ¢HAEL} T2, A& dAESE
H A& (2005). FFA2 8 Weight ¢ Swimming &3 #Ho] W FJd 49

A, 7159 dAd Rl mAls . FFAFEI A, 4405),

C

o,
Mo

519-527.
A3, AF=(2002). FEATFe] GEE 275 A9 AT FFA A&
87, 17, 839-8%.

e

American College of Sports Medicine. (2013). ACSM s guidelines for exercise
testing and prescription. Lippincott Willlams & Wilkins.

Anderson, M. E. (2006). Performance and physiological monitoring of highly
trained swimmers. University of Canberra.

Bar-Or, O. (1987). The Wingate anaerobic test an update on methodology,

_68_



reliability and validity. Auckland Sports Medicine, 46), 381-394.

Beelen, A., & Sargeant, A. J. (1991). Effect of fatigue on maximal power
output at different contraction velocities in humans. Journal of Applied
Physiology, 71(6), 2332-2337.

Borg, G. (1970). Borg’s perceived exertion and pain scales. Human Kinetics.

Colwin, C. M. (2002). Breakthrough swimming. Human Kinetics.

Counsilman, J. E. (1977). Competitive swimming manual for coaches and
swimmers. Counsilman co., inc.

Guyton, A. C. (1994) Textbook of medical physiology. Philadelphia: W. B.
Saunders.

Huub. M., Toussaint, Beelen, A., Rodenburg, A., Anthony. ]J., Sargeant, de
Groot. G., Hollander. A. P., & van Ingen Schenau, G. J. (1989).
Propelling efficiency of front-crawl swimming. Jowurnal of Applied
Physiology, 656), 2506-2512.

International Olympic Committee. (2015). http://www.olympic.org/ioc.

Komatsubara, M. (2011) Swimming master guide. Cypress.

Laughlin, T. (2006). Extraordinary swimming for every body -a total
immersion instructional book. New York: Total Immersion Swimming.

Le Sage, T. Bindel, A., Conway, P., Justham, L., Slawson, S., & West, A.
(2010). Development of a real time system for monitoring of swimming
performance. Procedia Engineering, X2), 2707-2712.

Maglischo, E. W. (2003). Swimming fastest. Human Kinetics.

Peyrebrune, M. (2005). British swimming training classification. English
Institue of Sport.

Pyne, D. B., & Sharp, R. L. (2014). Physical and energy requirements of
competitive swimming events. [nternational Gournal of Sport Nutrition
and Exercise Metabolism, 24, 351-359.

Pyne, D. B (1999a). Endurance training how much huff and puff. Swimming

_69_



Technique, 354), 16-20.

Pyne, D. B (1999b). Physiological testing of elite australian swimmers. In F.
Fi (ed.) Aquatic Sports Medicine in the New Century. Hong Kong:
Assocration of Sports Medicine and Sports Science. 109-126.

Sharkey, B. J., & Gaskill, S. E. (2006). Sport physiology for coaches (Vol. 10).
Human Kinetics.

Shimoyama. Y. (2006). Kireina yoneiho ga daredemo oyogeru. Tokyo: Nihon
Bungeisha.

Sotiriadou, K. P., & Shilbury, D. (2009). Australian elite athlete development:
An organisational perspective. Sport Management Review, 12X3),
137-148.

Suminski, R. R., Robertson, R. ], Arslanian, S., Kang, J., Utter, A. C,
DaSilva, S. G., .. & Metz, K. F. (1997). Perception of effort during
resistance exercise. The Journal of Strength & Conditioning Fesearch,
11(4), 261-265.

Sweetenham, B., & Atkinson, ]J. (2003). Championship swim training (Vol. 1).
Human Kinetics.

USA swimming. (2015). http://www.usaswimming.org.

Van Ingen Schenau, G. J., & Cavanagh, P. R. (1990). Power equations in
endurance sports. Journal of Biomechanics, 239), 865-881.

Winter, E. M., Jones, A. M., Davison, R. R., Bromley, P. D., & Mercer, T.
(Eds.). (2006). Sport and exercise physiology testing guidelines,
Volume 11 Exercise and Clinical Testing: The British Association of
Sport and Exercise Sciences Guide. Routledge.

Yoshimura, Y., & Takahashi, Y. (1996) Step up sports swimming. Tokyo:
Ikeda.

_70_



<Abstract>

A Comparison of Physiological Response to
British Swimming Training Program

among Korean College Elite Swimmers

Kim, Byung Kil

Major in Physical Education, Graduate School of Education
Jeju National University

Supervised by Professor, Jekal, Yoonsuk

The purpose of the current study was to 1)investigate the physiological
response to British swimming training program and 2)compare between the
ranges of physiological responses predicted by the training program and the
physiological responses after performing the training program among Korean
college elite swimmers. Six elite swimmers were recruited in J National
University, and the full details of training program were based on the British
swimming training program such as the target distance and record. Heart
rate, blood lactate density and the ratings of perceived exertion were
measured as physiological responses. The analysis of frequency were
employed to investigate the unity of the values of physiological responses
after performing the training program and the ranges of physiological
responses predicted by British swimming training program. Independent
T-test was used to compare the values of physiological responses by the
level of cardiorespiratory fitness and anaerobic power respectively among
study participants. In results, physiological responses of 95% performances by

all study participants were consistent with the ranges of physiological



responses predicted by British swimming training program. However, there
were no significantly different values of physiological responses by the level
of cardiorespiratory fitness and anaerobic power. In conclusion, the current
study identified that the British swimming training program is physiologically
effective among Korean college elite swimmers based on a great unity of
physiological responses performed by all of participants and the ranges of
physiological responses predicted by training program. Additional
investigations are recommended such as a similar study with other age
groups, or a study examining the relationship between biomechanical or

psychological training program and the performance among elite swimmers.

* A thesis submitted to the Committee of the Graduate School of Education, Jeju National
University in partial fulfillment of the requirements for the degree of Master of Education
in August, 2015.



	Ⅰ. 서 론
	1. 연구의 필요성
	2. 연구의 목적
	3. 연구의 가설
	4. 연구의 제한점
	5. 용어의 정리
	1) 심박수
	2) 젖산
	3) 운동자각도
	4) 심폐 체력
	5) 무산소성파워
	6) 약어의 정리


	Ⅱ. 이론적 배경
	1. 수영 경기의 역사 및 발달
	1) 국제 수영의 역사
	2) 국내 수영의 역사

	2. 수영 선수를 위한 훈련
	1) 수영 경기력의 결정요인
	(1) 경기력 결정요인
	(2) 수영 기록과 생리학적 훈련의 관계


	3. 영국 수영 훈련 프로그램
	1) 영국 수영 훈련 프로그램
	2) 영국 수영 훈련 프로그램의 구성
	(1) Zone 1
	① 저강도 유산소 훈련 (Aerobic Low Intensity Training Program)
	② 유산소유지 훈련 (Aerobic Maintenance Training Program)

	(2) Zone 2
	① 무산소역치 훈련 (Anaerobic Threshold Training Program)

	(3) Zone 3
	① 산소과부하 훈련 (Aerobic Overload Training Program)

	(4) Zone 4
	① 젖산 생성 훈련 (Lactate Production Training Program)
	② 젖산 내성 훈련 (Lactate Tolerance Training Program)

	(5) Zone 5
	① 스피드 훈련 (Sprinting-ATP-PC Training Program)




	Ⅲ. 연구 방법
	1. 연구대상
	1) 신체적 특성
	2) 심폐 체력 특성
	3) 무산소성파워 특성

	2. 실험설계
	3. 측정항목 및 방법
	1) 신체조성 측정
	2) 심폐 체력 측정
	(1) 운동 부하 검사
	(2) 폐기능 검사

	3) 무산소성파워 검사
	4) 영국 수영 훈련 프로그램 구성 강도별 측정
	(1) 수영 훈련 강도별 측정
	① 프로그램 영역별 훈련 설정
	② 영역별 훈련 설정에 따른 기록 선정
	③ 훈련별 생리적 지표 측정 방법
	④ 심박수 측정
	⑤ 젖산 분석
	⑥ 운동자각도 측정



	4. 자료처리

	Ⅳ. 연구 결과
	1. 연구 대상자의 영국 수영 훈련 프로그램 비교 결과
	1) Zone 1 (A1 Training Program)
	2) Zone 1 (A2 Training Program)
	3) Zone 2 (AT Training Program)
	4) Zone 3 (VO2 Training Program)
	5) Zone 4 (LP Training Program)
	6) Zone 4 (LT Training Program)
	7) Zone 5 (SP Training Program)
	8) 영국 수영 훈련 프로그램 영역별 비교 결과

	2. 심폐 체력 구분 집단별 영국 수영 훈련 프로그램 비교 결과
	1) 심폐 체력 집단별 신체적 특성
	2) 집단별 심폐 체력 비교 분석결과
	3) 심폐 체력 구분 집단별 영국 수영 훈련 프로그램 비교 결과
	(1) Zone 1 (A1 Training Program)
	(2) Zone 1 (A2 Training Program)
	(3) Zone 2 (AT Training Program)
	(4) Zone 3 (VO2 Training Program)
	(5) Zone 4 (LP Training Program)
	(6) Zone 4 (LT Training Program)


	3. 무산소성파워 구분 집단별 영국 수영 훈련 프로그램 비교 결과
	1) 무산소성파워 집단별 신체적 특성
	2) 집단별 무산소성파워 비교 분석결과
	3) 무산소성파워 구분 집단별 영국 수영 훈련 프로그램 비교 결과
	(1) Zone 1 (A1 Training Program)
	(2) Zone 1 (A2 Training Program)
	(3) Zone 2 (AT Training Program)
	(4) Zone 3 (VO2 Training Program)
	(5) Zone 4 (LP Training Program)
	(6) Zone 4 (LT Training Program)



	Ⅴ. 논의
	Ⅵ. 결론
	참고문헌


