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THE AEROBIC CAPACITY AND THE ANAEROBIC THRESHOLD OF
Jr. ALPEN SKI RACERS
—The comparison between who is designate to train and not to train—

Akira SHIONOYA, and Tetuo HASHIMOTO

An alpen ski recer needs an ultimate aerobic and anaeobic work capacity, especially capacity in a mechanism
associated with ATP-CP (adenosic triphosphate and creatine phosohate compunds and in mechanism of anaerobic

glycolysis. The purpose of this study is to estimate the aerobic work capacity and AT (anaerobic threshold) of Jr.

alpen ski racers who were desinated by the NSA (Niigata ski assocoation).

To find out the AT-point sa a mesurement of aerobic capacity of each subjects, \."02 (Ventilation oxygen
uptake), VE (Ventilation expier), VCO,(Ventilation CO,), O,rate(Vo,/VE), FEo,, FECO, and Heart rate were
measured during an exhaust test using an exercise load system AY500-T. AT is determind at the point when there

is a rapid increase in VE and when FECO, starts to decrease.

The results of the experiment led us to decide:

1) In case of Jr. alpen ski racer, a capacity based on functions of metabolism system were higher than that of heart

and circulatory system.

2) In case of male, AT-point of trained were higher than that of untra-ined.

3) In case of male, it is possible that a ski racer can be managed by a capacity based on AT.

4) In case of female, a capacity based on AT between trained and untrained was equal.

Key Word/ \'/02/ V"E/ O,rate/ AT(Anaerobic thershold)
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TABLE 1 Exbaust time of each items at gold medakist in
olympic games 1988 and world championships
1989, “ » 7 is total time.

F M F M
DH 146,50 210,39 1:25,86 1:59,63
SG 119,46 1; 38,81 1:19,03 139,66
GS  2,29,37+« 237,66+ 2.06,49« 2.06,37+
SL 1:30,88+ 202,85+ 1:36,69+ 139,47+

Olymic games world shampionships
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FSEAVCERAR Y AT AT v 75 A2, 15

BEOFREELEELESET 209, FEAOKK
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M LERSE Vo, /NEDE— 210k b AerT pi3e 84
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cm(SD=7.5), 1% 59.6 kg(SD=6.8), &IgHF= 9.
9% (SD=1.0), {kjglhE 5.6kg (SD=1.1), BE&I&REH
AE53.7kg (SD=5.) THh-1z. Zhic LT
BFEHH R 168.7cm (SD=4.6), & & 63.3 kg
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FIG- Example of aeroblc threshold (Aer’l) and anaerobic thershold (AnT) determination.

AerT was determined by

nonlinear in VE and VCOZ, and peak VO2 VE ' while AnT was estimated from break-away VF and the onset of decrease

in FECO, (VOZ/VE)

Ry — B 936.3 watt(SD=122.3), Bfrb7-
H 15.69 watt/kg(SD=0.95), 40 B¢ 7 — e iEF 15
438.5 watt (SD=54.8), H 7 » 7= b 7.39 watt/kg

(SD=0.65) TH-f. Thizx L THEH TR, &
KB 7 —HEHE T 895.7 watt(SD=41.9),
BAI B b 14.1 watt/kg(SD=0.24), 40 %<7 —4f
Sl 396.0 watt (SD=35.1), HfIbh7:b 6.24 watt/
kg (SD=0.19) T, HABFERERBCCTHLIE
{EEFHIBEE TR LTS, T KERE <
7RI B —DBEHC D OfEIL, 5 %IKE
THERENRD LRI,

BEREDEE LD SA] POINTS BE IR T

(FK2HIUVEKI) &0 THBR, WEHIIWTH

— 56 —

3 POINTSHROBRESCHE L T Rvicdic
POINTS ZKERETH 5.

A ¥ —BHTORFRER (HE&, KEER kit
THELINSBI—F 1+ x—va v (FEH) olgE
LLTCREBINAY— 2742+ v 7t s bREFEREN
F#) 10.8 sec (SD=0.39), RFEH 11.43 sec (SD=
0.49) THoteh, MEBICAEBELRZZIBOhich -
fo.

£33, TTOWRERSIVGGEN e 74 — %R
T b, EERIEGEFH, TRIXKRFTHD.

s L RFEF LY E R 155.0cm (SD=1.4), #&E
55.0 (SD1.6), AHEAHE 21.0% (SD=2.8), {&ighH
2= 11.8kg (SD=1.7), BRIRBHETE 43.2 kg (SD=0.

REBHBERE



Jr7 n =y 2% - RFOHMBHED & T CEBEEEIEEME AT

DTHofe. THICH L THRBFZFEHEE 156.3cm

(SD=2.8), #A®E 52.0 kg (SD=2.9), {&H5HH=R 22,
2%(SD=1.2), fhigh5&E 11.6kg(SD=0.8), KI5
HHE 40.4kg (SD=2.4) ¢, ZhboErmEl T
BEREILD NI - .
KBRS IR (SR AL B F 7 T X i T3 2597
ml/min (SD=183.0), HArH7= b 47.06 ml/kg*min

(8D=7.79, ¥ —7 ff49.48 ml/kg*min (SD=9.
86), X RBEIIMEETY 2144.0 min (SD=435.6),
BB D 40.96 ml/kg*min (SD=6.37), v’ — 7 {f
41.35 ml/kg*min (SD=6.38) T\TFh oML
EFEIEVEEZT LTV A, AW EERBET
e - 7o,

RAEBFELE A7 —BL L0407 —13, Wik

BT CRANEMFEL < v — X EFH 733.0 watt

(8D=72.3), B AL H 7 b 13.37 watt/kg (SD=0.
99), 40 B2 v —#axf{H 312.0 watt(SD=17.6), Hfr
H1=b 5.63 watt/kg (SD=0.18), XS CIIR A&
TeEtE < 7 — HaRHEER) 609.7 watt (SD=87.4), ¥
frdte b 11.63 watt/kg(SD=1.03), 40 B2 v — %t
fB 262.0 watt(SD=61.18), Hfr &t b 4.73 watt/kg

(8D=0.55) TZ & TOME L MILEFEINE DD
ThHote. T 0B 7 —DHBEA I OfEIR, 5%
KETHELREN L DRI,

SAJ POINTS iz 2\\Cit, BFo & - ATt
EBHTHS.

Floh—27 A2V FIIDCTIL, B{LEFERA
11.3sec (SD=0.46), X&FEH 11.6sec (SD=0.28)
THERERXZ LRI -T2,

2) ABFEMRED LU AT (EEBEEMEEMME)
x4, SRORBEECTEIEEREOLZNEE
HomAEXRL w5, EREBETER, TFBIZ
WEBERRL T 5.
TABLE 4 \'/ozmax, \./Emax, HRmax and LOADmax of

each subjiects.(MALE)
(Upper datas is tramed below datas is untrained)

MAX Vo2 VE HR Kp
(ml/kg*min) (1/min) (beats/min)
TO 57.15 90.40 189 5.0
YK 59.66 91.80 178 5.25
TH 70.35 124,01 189 5.75
AVE 62.39(5.72) 102.07(15.52) 185.33(5.18) 5.33(.311)
YS 55.11 114.67 180 5.0
TS 57.67 92.60 184 4.5
AT 56.70 103.85 175 4.5

AVE 56.49(1.05) 103.70(9.01) 179.67(9.68) 4.67(.235)

PRy #1255 (1990 —

SLEFRIC ST, BABRERE (Vo,max) it
#HERE TM @ 70.35 ml/kg*min % & &5 1C SE# 62.39
ml/kg*min (SD=5.72) AL E (VEmax) 3%
) TM @ 124.01 I/min % 5% ¥4 102.07 1/min

(SD=15.52), HALHHHE (HRmax) 35 185.33
beats/min (SD=5.18), &A&MME (Loadmax) %
TM  5.75 kp & &EI ¥ 5.33 kp (SD=0.311) ©
Bole. THICHLTHEETR, RABRZERER
F#56.49 ml/kg*min (SD=1.05), £ k#5813
103.701/min (SD=9.01), & K. ¥ £ 12 179.67
beats/min (SD=9.68), FAAMMIL4.67 kp (SD=
0.235)TH otz ZDH LR ABEEERE R X OEL
AT, BLRTE S BKECHELEETDH -
7o

x5 (AerT | BAEEHEMIFERME X 06 (AnT :
MEARMEIFERME 12, BT48%RED AT OB
CEIHZFAERBEORMELRL T3, AT kous
T, Bk s Skinner & McLellan 3
L%ou T, BERT A VE & [0) FECO2 (E7z1%
VE/VCo,) o Y= 755 AnT, VE & VCo, DI
MERGE VOZ/VE@ v¥—27 X bhAerT ¢ 200
Threshold (BB =413,

SELRFRE O AerT O R A1, BEERE 34.52
ml/kg*min (SD=2.82) T 55.36% Vo,max & - 7=.
¥ - # 5 B 1239.161/min (SD=7.19), 38.20%
VEmax, {0312 138.0 beats/min(SD=6.98), 74.
40%HRmax, EHEL2.75kp(SD=0.35), 51.40%

TABLE 5 On set of AerT (MALE)
(Upper datas is trained,below datas is untrained)

AerT Vo, VE HR Kp
(ml/kg*min) (1/min) (beats/min)

TU 32.01 32.01 139 2.5
% 56.0 35.4 73.5 50.0
TK 33.07 36.46 129 2.5
% 55.4 39.7 72.5 47.7
TH 38.47 49.00 146 3.25
% 54.7 39.5 77.2 56.5

AVE 34.52(2.82) 39.16(7.19) 138.0 (6.98) 2.75( .35)
%AVE 55.36( .53) 38.20(1.98)  74.40(2.02) 51.40(3.72)

YS 25.18 31.90 112 2.0
% 45.7 27.8 62.2 40.0
TS 25.45 36.32 128 2.25
% 47.6 39.2 69.6 50.0
AT 27.85 36.43 114 2.0
% 49.1 35.1 65.1 4.4

AVE 26.83(1.18) 34.88(2.1D)
%AVE 47.47(1.39) 34.03(4.7D)

118.0 (7.11) 2.08C .11)
65.73(3.18) 44.8(4.09)
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TABLE 6 On set of AnT(MALE)
(Upper datas is trained,below datas is untrained)

AMT Vo, VE HR Kp
(ml/kg*min) (1/min) (beats/min)
TU  50.40 60.40 170 4.0
% 88.2 66.8 89.9 80.0
YK 50.44 58.69 164 3.75
%  84.5 63.9 92.1 71.4
TM 54.32 76.48 172 4.5
% 77.2 61.7 91.0 78.3

AVE 51.72(1.84) 65.19(8.01) 168.6(3.39) 4.08( .3D
%AVE 83.30(4.57) 64.13(2.09)  91.0C .89) 76.57(3.72)

YS  46.10 70.90 146 3.5
% 83.6 61.8 81.1 70.0
TS 46.71 51.75 157 3.25
% 80.9 55.9 85.3 72.2
AT  42.68 58.46 139 3.25
% 75.3 56.3 79.4 72.2

AVE 45.16(1.77) 60.43(7.91) 147.3 (7.40) 3.33C .12)
%AVE 79.93(3.45) 58.0 (2.69)  81.93(2.47) 71.46(1.03)

TABLE 8 On set of AerT (FEMALE)
(Upper datas is trained, below datas is untrained)
AMT Vo, VE HR Kp
(ml/kg*min) (1/min) (beats/min)
AM 28.67 32.82 116 1.75
% 51.4 41.2 62.4 43.8
TO 21.9 25.82 128 1.75
% 45.1 35.1 68.8 43.8
K1 17.14 22 .65 108 1.25
% 46.5 27.3 56.8 33.3
AVE 22.57(4.73) 27.09(4.23) 117.3 (8.22) 1.58( .23)
%AVE 44 .66(2.70) 34.50(5.73)  62.67(4.90) 40.26(4.93)
KH 12.10 19.52 118 0.75
% 32.9 24.8 61.5 23.1
HH 11.47 18.55 120 0.75
% 31.7 21.2 63.8 21.4
SH 28.85 37.53 118 1.25
% 57.7 43.5 65.2 33.3

AVE 17.47( 8.05) 25.20(8.72) 118.7 ( .94 0.92( .23)
%AVE 40.79(11.98) 29.83(9.75)  63.50(1.53) 25.95(5.26)

Loadmax, U LETH -7 HLTHEEEL26.83ml/
kg*min(SD=1.18), 47.47%Vo,max, LI 34.881/
min (SD=2.11), 34.03%<7Emax, 118.0 beats/min
(SD=7.1D), 65.73%HRmax, 2.08 kp(SD=0.11),
44 8%Loadmax TH-ote. ThLDOEMEIT TR
HILEFELECELZRL W50, BEERE LA
ffER L OBFEEREO LR B THERENAD
nie.

F 708 b EBFEBE O AnT O FH 513 51.72 ml/kg*

TABLE 7 \'/ozmax, \'7Emax, HRmax and LOADmax of
each subjects.
(FEMALE, upper datas is trained,below datas is untrained)

MAX Vo, VE HR Kp
(ml/kg*min) (1/min) (beats/min)

AM 55.77 79.67 186 4.0

TO 48.56 73.57 186 4.0

KI 36.85 83.17 190 3.75

AVE 47.06(7.79) 78.70(4.09) 187.33(1.88) 3.92(.117)
KH 36.70 78.68 188 3.5

HH 36.21 87.39 192 3.25

SH 49.97 86.35 181 4.0

AVE 40.96(6.37) 84.14(3.88) 187.0(4.55) 3.58(.311)

TABLE 9 On set of AnT (FEMALE)
(Upper datas is trained,below datas is untrained)

AerT Vo, VE HR Kp
(ml/kg*min) (I/min) (beats/min)

AM  46.06 57.28 153 3.0
% 82.6 71.9 82.3 75.0
TO 37.72 50.24 158 3.00
% 77.7 68.3 84.9 75.0
KI  28.56 49.52 162 2.75
% 77.5 59.4 85.2 73.3

AVE 37.45(7.15) 52.31(3.52) 157.6 (3.68) 2.91(.11)
%AVE 79.26(2.37) 66.53(5.25)  85.67(3.17) 74.43(.81)

KH 25.40 46.72 148 2.0
% 69.2 59.4 77.1 61.5
HH 25.75 49.89 143 2.25
% 71.1 57.1 76.1 64.3
SH 38.92 58.23 153 3.0
% 77.9 67.4 84.5 80.0

AVE 30.02(6.30) 51.61(4.85) 148.0 (4.08) 2.33(C .31D
%AVE 72.73(3.72)  61.30(4.43)  79.22(3.78) 68.81(8.13 )

min (SD=1.84), 83.30% Vo 2max, 65.191/min
(SD=8.01), 64.13%VEmax, 168.6beats/min
(SD=3.39), 91.1%HRmax, 4.08 kp(SD=0.31),
76.57%Loadmax T -7z, X & B T 11 45.16 ml/
kg*min (SD=1.77), 79.93%Vo,max, 60.431/min
(SD=7.91), 58.0%VEmax, 147.3 beats/min(SD=
7.40), 81.93%HRmax, 3.33 kp(SD=0.12), 71.46%
Loadmax TH 7. T ARMEOERIMEIIZ, 5 %KE
THEREN R LRI
KT, TFEREOKIEHBORAMEARL T
W
BALEFHOHS, TABEERERERED AM
® 55.77 ml/kg*min % & & 12 “F# 47.06 ml/kg*min
(SD=7.79), HA MBI FH# 78.70 |/min(SD=4.

REE W E R



Jr7nv 2% —BFOEMFAMIET) s X CREFEIFERE (AT

09), HALHHE 187.33 beats/min(SD=1.88), £
T2 3.92kp (SD=0.117) TH » 7o. WEHOBE
2% R F R 40.96 ml/kg*min (SD=6.37), 84.141/
min(SD=3.88), 187.0 beats/min(SD=4.55), 3.58
kp (SD=0.31D TH 7. HABZEREIHEERL
hleh DB ERLBRE Y, HAMCEELETIT
oot

FTERLUI L, LTFHBREAT ORBAERL T
WA,

AerT 5L EBEF OB G, MFEE 22.57ml/
kg*min (SD=4.73), 44.66%Vo,max, #&5E 27.09
I/min (SD=4.32), 34.50%VEmax, /)% $ 117.3
beats/min (SD=8.22), 62.67%HRmax, AMI{E 1.
58 kp(SD=10.23), 40.26%Loadmax TRIE L T\ 7.
et Ut &8 ¢ 17.47 ml/kg*min (SD=38.
05), 40.79% Vo 2 max, 25.20 1/min(SD=8.72), 29.
83%VEmax, 118.7 beats/min (SD=0.94), 63.50
HRmax, 0.92 kp (§D=0.23), 23.95%Loadmax T
FIWL T, BEEIE S X OCAMME SR
THRHABLNED, T ERERZE TR k.

AnT 35#{LRFEHOBE, 37.45ml/kg*min(SD=
7.15) 79.26%Vo 2 max, 52.311/min (SD=3.52),
66.53%VEmax, 157.6 beats/min (SD=3.68), 79.
22%HRmax, 2.91 kp(SD=0.11), 74.43%Loadmax
CERVGCTRBEL TV, Zhicw LRSI 30.
02 ml/kg*min(SD=6.30), 72.73%Vo 2 max, 51.61
1/min(SD=4.85), 61.30%\.7Emax, 148.0 beats/min
(SD=4.08), 79.22%HRmax, 2.33 kp(SD=0.311),
68.81%Loadmax THHEL T\ 5. & 2 THHREER
B, LR ANEHCRCCELEEENES CBEY
RLTV55, REMCEBERELAD RS- .

HEDERI MG SR,

4. % =

ABIOEBEE S » AL = 2 A F — 5 0BEN S
BEBFERET) - BEOPGEYANEL T, TCA(Zz v 7
A) B AL CTEAARCHEHET O = 2L F — 7
TH5HATP (75 7/ > vE28E) 2R+ 5 — L BE
FAEE Licw, EEEFRMREICS MR, I DICER
TSI k= R v F — GG OERE S O IEA M OBER
TH5HATP-CPR—HhicirR & i ATP o4y fig
ECP(zvT+viEifR) oML b ATP OBEH
— LB OB &R, TrFBcEEIhZ)Y
a -V OREBEMNRE oI b BBRREN AR
B—BACEA DT E L TR 260, DEACB DO

Presms 125 (19900

W — 7 — IS L, BRI h A BERE L SO(Slow
twitch oxibative fiber) BH#TH 5. i L TH
Rt R I ¢ M Aty — 3R L, FOG(First twitch
oxidative glycolytic fiber) MBI XN B. X DHIT
ATP-CP REIBEAEN L LT 2B, ~ 137 —23%
5L, FG (First twitch glycolytic fiber) ##»88
Ehn, Ll ohbo= ¥ — ek, Eg
DR, MHECTHBCKX S 3hbZ &3/, B
CBEL A>T d ¥ - HEHELTWB 2 L
NEZLRBD,

RO X 517 A~y X% — 5 Tl EEOR
B X 58BrE LD, ThICEBREEOAE T
BTHEGELTVB L9 E 2 HNMD. ZORBT L
RYAF R TIE, D= 5o F — USRS
WIS EENERENRE A BRI R R ey, B AT
TS AL E L INAEIIFERELLVE X
NHZETHDHEDEZBNS. SRR E L DT
RV 2AF-REOBEIFFTHS. L L LE
FREZORNGHTHHIBCEF ST TE LT
&, ZZERWONDHENR N5,

WREE & At B, EETA_RY AF —BFOAR
sl & L REBIL, SE0ETF, FEELRT & D,
EHEEF, LFELbmEMTAERERROAR
Motz THIMRRE L TREMCH D SENE 2 H
nad, BB =+ F 7 RELBEF - T
BN EMbrD. ZRICHLTHTOHE, Uitk
REE BT 2 E R ERE ISR L BT i B L ¢
SHALRFRE DD THSE EAEL S LHHES
LI R OBRBEIC K & <RFF LTV R KR IRHY
BEIIFFRLEF K L CRLEFESEVBETH -
TeDHRE BT, ThE TIUER Antrand®® 5 2854
LWEBFORMELEE L TLRTLE T E2E 2
5.

Fr AT R KEBENE 7 — 10T,
SELEFPEECIFBMLEF % LRl - T, Thix
HHEFEOREB LTl BBmELOBETY, it
HEBMERTVWLTEHRBEL, AHRTELTTA
RV AF - EECES LT AEENREL, T
LABREV ST X » TTFRToEE) GRE) e
KENLZLR T B ENE2BIS. ThTr v
AE—DEE, 7veRAI VY —-2F—FRIrLbh
HELOCEBREMIET & Voo EEIEKEIAE S 2R <
T —wVAEET A LN DR GWEIRBN, &
BORREFETFOEEI, BHOBE I EE <
T A= VALRBMENRTVWEERTH-T. Zhic



BETs B-BAE R

U TLFOFER, WILEFE, FmEFERICES
EBRE hoZER ALY, THhETELhSL51L7
ARV RAE—BFRIFEROECL - THEEOAA7 + —
TV ABREERBZEIMELHSDTH - T,

COL I RICIAVCL R LIEE TR LR,
BFRHE LY sk - CEENKEIRE TRV AR D
a0, TFOBFREThBRbREVWC Ef[AL
5. LOLIhETHBRRTCERIDIKE, TA2VR
F - UL TOHKESITE DD B 0
DS T 50T, B0 3 oo E 1Bl
ELAB-TWBIENELLNRS. TOEMND, HiK
DREBFREOHEN L EBENOBRB~OBTKED
HE (1) & LT AT S is{bEFE, (b
RF OB H AT

AT %, 1964 £ Wasserman H 12 X - T “fREEEH
BLOLhH S 7 2w 2 BHRE (b
HVRBRENE)" L L TERMt IR 22T
bh b H ATEE Y, ABEARET DA
LicbhDEELZLRT W, 2085 ORESEI4E
TN, AT OR 2 FCHEABRR LR TETWBA, K
METHLTOX S itz Hiedk3&, HBEEED
D—HEE R L CHBRERB A~ 0BT o HERE O
BEE LR B 5.

Ticbb AT 13, E&BboABEE = A ¥ - 4K
DHABOEM AL X 5 nEMBERBEE L - T
HEINAZEMOMBEERE (F73FER) ThHy,
FoERC 1) EBHATRE ORI, RENEE
DEELICHL B OB ORRE 2) O,FE -4
DTRBEHES, L EVBOAB~OBITHH -
WA TOEMRESBEOBKA3) FoKRLLTD
HEBOLER L, ALl L7 H o, HCO, im X %
MR T Ol 4) ERERC X SREFACL DR
i#éC@Lt@?éVdL@%MS)_miﬁk@
AT S fo b T, #AKHVE, VCO,, R, FEo,,
FECO,%) & L HETE 5. Kb TBEX
RAOHEBERE G, HAPCOABOEARE X MK
FRADHABOIEER, S HAENARK TOABEDHA
REOEELZ 50T, MPABED L HHD
COHBOEERYAS = LIXEHAH LY, EEh
il RRBE S EE LAY S L, ZhicATE L Tl
B pH OIEFTHRE b, HREERO =51 ¥ —RH
i« OFEYRIET. 61 HCO IR X 5 AB~D
REERIC A S FPRMHEFAC L Y, BIPEOE
TRHREBOHEAKIPAEL T, FRER~OABENS
FoT AW, ATIRZ 5vintoi ¥ —RBH s

bR ROBE LY — B2 b D EE 2 DR
35, HMoEink L RS mHEERE S LTEL
TH5OTHeL, HEBEABCHEML T st
WELHDIZEnh, ARRTIEAT 2 120& LTI
2F, AerT & AnT G PCiR 2B D& LW

1).

BFEoLTRTAS L, i?ﬂ%ﬁﬁr@b@?
IS (LT Vo), %%8 (LIFVE), (O T
HR), &fiifE (LIF Load) HoiAfE L THEOH
iz max &HCHRIET 5) 12 Vo,max, Loadmax
SEILBFHIRBCH ELRL T, Fido X5
 Vo,max &, LDHHBFEOLBMERICKE Uik
ROEETH, RABHN T COMOBEEBRES T
H5B. Thbbl{bREL, BIEH T TORICE
NTWBIENELZBIDTH .

Lactate
(mmol/ £)
7 L_
LT2
6 ;

5

' | : 1 | !
0 20 40 60 80 100 % Vo. max
0 9.3 18.5 27.8 37.0 46.3 Vo, (mi/kg/min)

TABLE*2 Relationship between LT (Lactate threshold)
and AT. It is thought that point on set of LT is equal AerT.
(From story of “AT"by Yoshiharu Yamamoto amd Yosio

Nakamura)

iz AerT I\ WTTH 5 A, AerT (IFBEME(N 2
ZRLT 1255 »5#E LT &EEEE,, M
R BERE S TERKEYBZ CRRCERLIIUSD
%5, T OB FHEORSOFEHEE DL E 2 LN 5.
M FRRE BB R DB B T, KHEF L%
Babhiov., ThAXD5KENLABC LR LIAD
BEERETS L, COEREKIEL T ATREL
PR ST AN AerT L E 2R, ZOKHE
i, SLRF IR ET B L CAB IS VEE
TH ot GEBFRE = AHHE X OBRZEERE, O
HHO.

FLXLIAMBEES Y RIBED, ROV A
TREAORBELREI NS AT (K2 LT 2%
B o h Ak, BMEREEEEOEETRE 35k

RMBHRFE R



In7 v A% - RFOFHREREED 35 X CERBEAEERE (AT

EFRSAECECRETSH . AT OBa1E Vo,
LRy, HoBFENSRBROBRBCECEEL
TW530:LELLND.

FIFEHELIABRETAISCATIE, bv—=v2
PIKBALEFA B ORE TS LIRS EYS
b, HLEFINERERAFI DO b v—=v I/ DE
BEZEORTH - CWBZE8XELZLRSE, OLHITE
R L 2 BFoBE, TARV AR -EREO
RT gV AFBIEENET TR, K, EEEK
BNV S>HHELEELTWB2ERELLRT
X 5.

FRLEFC bR AT OK%EE, Vo, T 83.
30% (FEit TO @ 88.2%, BB TM D 77.2%) &
FECE . TR, I rv—=v 2 EheEFIR
70-80%HAX v <A TAT ARBETHELT V5.
FRFELYPRETAHEIOEMY v T T RED
HARFEFO 55, BF~ 7 v vEBF i} Vo,max 7t
77.6 ml/kg*min T AT»\'/ozmaX 277.6% T Hot
ZEERBELTCS. ZOEANSELBE, SED Ir
T ARV 2 F —BR{GEF IR RO —ROFARBER O
TAY = FICHE L CHOBREESORBROBE
B LB RE 0 b A Tc BB REBES b as, LI
BROBBEICENROhD Z ERXE L LR B,

FAT ZERHCE, HEBKATES 5 0,5
H-HG OBt > BRBEMEEOEEN L b B
KERRT 2B AT ORBAENR DL Z LT/, RN
wdH—ERE (FR— TR, —FEAN) oED
HETTHECHEED L h E EBSAREE I b T &
NEZLRAZ E0E, HLEFEHIERETR LY
LI D EBRERTEVEEOEEH 5 X AR
ERBIENEZLNS. ThbbERROERTH
HATu—AFERMNG, AY—FRoEHR (V-—+¥v
ATH—A A=—n—=G, FOVEA)E VS BRI
BB ONTEEBRENIENE LT B X E 2 b
5. ZORENLEFAIEHERBRGEFOENBIED
MEEZoh T, ATOBVWEFIASTe—ak b
V-—HY AT r—bDOREREV EXHREL TV
5.

TVl fixELAGbRLEE, BTOBESED
ETFRLERIC S\ TEN - BB OB BRI
RN E e T B EBELLRD,

R L CHFOBEGER AL E, RAEOL
8012 Vo 2 max CHALETRE (47.06 ml/kg*min) 43
FEoRILEFRE (40.96 ml/kg*min) X 9 LBV HE LR
LTw32, HENWCERERZIRE DB T o,

aEdms #1255 (1990

FioAerT K L OAnNT 2T, W ST
Vo, HR, Load & % Icii{LBF BN EBUETH -
T BT BB R TR d - o,

T OBEMANCER REVBRD bR TR C
Enb, BFoX st EHENE Vo RE%
BHEOA7+—<VvAOHRICARSZ L XERAIE
5. ThbbIDBETELAT LI, KTOBREHE
Bz +—=v2ARRETHHE5IELETHER
IR L LTHfv_rizbseELLRE. Ll
SEOMAELFKL, SHEL DT —21bBF LT
K ENRERRETHEILLEELLRS.

5. # L

AWERILTOX 5T bbb,
DIr7rv2xx -RBFOHRE, ABEROIEEN
HLBMERCEE LN L b b HoBRE®RSED
FRBROBNBICHKE L 1BE DA E .

2) BroBs, EFHE I ELETEHI VLA
BIZAT 28\ L@ 2 7.

3) Brogawr, Lo AT 2 Lkl &g
AL EFOMLEHE e 77 2l ANDZ LD
REEELEZBRS.

4) TFL, WLEE LI TR EROENCEE
EZFD LRI - 1.

HEths.

SEXm

D SR EE 7 ARy 2 F—BLEFOLKNEE £
PR B KB e Y VOL 11 pp.87-98 1989,

2) EHRPAM  BRSEEFRBREA+ ~HR TV R F—
SELEFENAERES FBBR A+ —HH 1989,

D EHSH FRLEEHBERF —FEHW 7 1~V 2+ —5i1L
HAFER I REDAEHRES FERA+—FH 1989,

O EBSH ERBX Jr./ A F 4 v 7 2 -BF o hEc
HRRFEURINCBIT 5 2R BMRREIFEMBEAT i
ST —RATERFHEMEEWRILE VOL253) pp.
91-97 1989.

5) Skinner, J. B, and T. M. McLellan: The transition from
aerobic to anaerobic metabolism. research quarterly for
exercise and sport, 51 pp. 243-248 1980.

6) Wassweman, K., B. J. Whipp, S. N. Koyal, and W. L.
Beaver: Anaerobic threshold and respiratory gas
exchange during exercise. J. appl. physiol 35, pp. 236-243
1973.

D BETHRIE: #hliv2a7s v=—0% 1987,

8) Haymes, E. M and A. L. Dikinson: Characteristics of Elite
Male and Female ski racers, Med. Sci. Sport Exerclse. 12
pp. 153-158 1980.

9 AR . — T A2V AF—FFOMES HAKERFERL

— 61 —



EHAH-BAEH

ZE VOL 13. pp. 67-71. 1984.

Astrand, P. O and K. Rodahl: Textbook of work

physiology. pp. 550-553 McGrawhill New York 1970.

1D HHERK FAUBBREORERE L AT H#BoRF
VOL 139(5) pp. 382-390 1980.

12) BAEM BRABRABFOHBFE M IFFREME(Aerobic
threshold) s & OISR {F £ BRME (Anaerobic threshold)
B AFHERE VOL 15, pp. 99-115 1983.

13) WA ZEHEF, PHREFH AT OE 7 » 27 -~v 2 HD 1988

1) ERERE  7xrEy 7 Ay vak—AFED LY —=
v 7 pp. 17-80 HRZHEBILIK 1986.

15)  {REERK AR -V EFO AT B+ 50 %EMel £&
AXEE RS A A — YRR RHE pp. 1-9 1985,

10

N

T DARTIY B 5 AT BBERE 23, 17H0.25kp D
A7y Z7RARMBHICKIG L e VT (AKX M EE Ventilation
threshold) & %\ B MIGE (Ventilation response) & 3 %
HPONEBENHCREYTHILEELOND. T AL
Wasserman D EEDOBBER D HEBIHFRADOEL (AT) wff
W, FLERAERMG AN (Lactate threshold) L, % DFRERMFHE
FLTEBRSBROEL (VD) BB ELLAMLOMBEATH
Y, AN ROERBETEAT Lvn e 2 HFRE DLV
EHEZLRD. LA LA T EGEERBTE OB AR IS
THREIBEOT L EMEL» LEBEE~OB T KE (B
) OfFEVb@ B AT L LTIRZ TV,

& 2)EBERBEE I L T O AR TR,

(BRKEBFE <7 —)

2F— 7 HBAEH- LT A — 2 —FHV, AfA Lkg, <&

— 62 —

[El#sH A R (revolution/min) @ & &2 7 —% P(watt) &3 5%
&
P=L%9.8%6%R, 60

.98 sk Lk R rrreerrrrroremmea e (1)
9.8 MEINEE (m/ B 2)
6 I RANB—EEE LI EEDT T A RA — S FERE (m

[BlER)
60 EEEED (4, 4) & (B #) wiE
WIZHEE= L 74 — 2 2 &) THREB X BEOAT (L) &
ElEEEE (R) OBFE, BEB0BEEMRTHILLD
| T (S O N 2)

(7z# L a & bIIEoEH)

@M AT R &
P=0.98 * L*R

=0.98% {—~a*L " 2+bxL}

=0.98% {—a (L-b/2a) 2+b"2,/4a} - (3)
COBEL=b/2aD:EFPIRKK, Lo TEH% Pmax
ETAHE
Pmax=0.98 %k b 2 /4 @ -eeeerrrerciiniiiiii (4)
ORI L 5 TRDA:

Qo v =)
HizE= A= 4 -2 %F, LToRX hRb
P40=L%* 9.8 % 6 *N_/10 % 14,52

=158 * L*N

9.8 EAMEE (m B 2)
6 @ REAR—HEE LT & X OHERGHE EH (m @)
14/52: 2 3 v 7 LEEBOF v I
L. &% (kg), N (E#E)

REABHBE RS



