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Estimated Exercise Intensity of Heart Rate
of Middle and Long Distance Runners

Kazumasa Yanagawa

Abstract

The purpose of this study was to clarify the exercise intensity of middle and
long distance runners from the ventilatory threshold (VT) and respiratory
compensation for metabolic acidosis (RCMA) perspectives. A total of four
healthy men participated as subjects in this study to measure heart rate (HR)
during various events (the Hiroshima International Peace Marathon, triathlon,
bike training, run training and ekiden). Furthermore, the VI, RCMA and
oxygen uptake (VOz)-HR, HR-VO: relationship for each subject were measured,
and then the HR during the point of VT and RCMA for VO:-HR relationship
was calculated. Moreover, the mean HR was substituted during each exercise
for HR-VO: relationship, and then the percentage of the maximal oxygen
uptake (VO:max) was calculated. The following results were obtained:

1. It can be considered that the exercise intensity of §r, OBLA, RCMA are of
similar extent.

2. The percentage point of HR exceeding the VT was measured at almost 100
percent during the Peace Marathon 1999 (10 km), triathlon bike stage (33 km),
triathlon running stage (12 km) and ekiden (10.6 km). Also, the percentage

point of HR exceeding the RCMA was measured at an excess of 90 percent
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during the Peace Marathon 1999, triathlon running stage and ekiden. Also,
the percentage point of HR exceeding the RCMA was measured at an excess of
40 percent during the bike stage of the triathlon.

3. The results of the percentage of the VOzmax of the mean HR during each
race, show the following increase in exercise intensity percentage: triathlon bike
stage (86.3%), triathlon running stage (92.6%), ekiden (95.0%), Peace Marathon
1999 (102.4%). Also, there were more higher level of the oxygen uptake than
past reports.

4. The exercise intensity of the triathlon bike stage was lower than the
RCMA, also triathlon running stage and ekiden were considerably higher than
the RCMA.

5. The mean HR during the bike and running training of the triathlon race
were significantly lower than the mean HR for the triathlon race itself during
the bike stage and running stage (p<0.01). Therefore, it was suggested that
improvement of exercise intensity during training is effective in improving the
performance of the athletes participating in distance events.

The training intensity, training duration, training frequency differ with
season. However, it is conceivable that the training for the exercise intensity
of 67, OBLA, RCMA level are of importance during the athlete’s intensive

practicing period.

Key words: middle and long distance runners, triathletes, heart rate,

ventilatory threshold, respiratory compensation for metabolic acidosis
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BZTTHATEY, WERINEAELIHRING, ZOERIWERIHE S h
D 5 EEVEE T 7 3R F BRI MR EEREE (anaerobic threshold @ AT)
ELTHSRT WS, AT OHEEIE, mplBEOE, SHET 5 ik,
WRAALBEDEAHD SHET 5 HEO FEEEH D, s LEEMME (actate
threshold : LT), #&IWSMERME (ventilatory threshold : VT) &FREH T
o —HAD LT R VT 0% IR ABEHENEZ (maximal oxygen uptake :
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VO:max) D50~60%Td H, —HEHEEHEF Tl VOimax D70~80%I2E$ 519,
Tz, AT 2B 2 EBIHEFRIEL [RREDWV] 256 [Eo0n] BETHL L
%%w§hfwéoé%_,rrf®%ﬁxt—bi,%%®V7//v~x¢®
AE—=FEIRIT—HTHY ZEPHREINTV S,

AT [CBHETAEBEE LT, MhABEEMEMLSSA (onset of blood lactate
accumulation : OBLA)!Y 2% %, Ziuid, Wi EshR B iz 2L BR g s
4mmol/l IZETBHHTHY, —MABA, HAHLEFO OBLA Z€thEh
VOsmax D84%, 88% 23 %%, AT % OBLA i&, VO:max &3tiZ, BARHO
BEZEELLVLCHVLNRTVS, 72, BUWEBRFIIIAHET > =

WA IR ERESB D, CO Zxt L THBIBERIREIZR SR, (respi-
ratory compensation for metabolic acidosis : RCMA) 2F1E3 %, V-slope Y {2
BT, RCMA BEDOF -4 24 LT VT ZHhET S, Skinner and
Mclellan (1980)%V 1%, LEHRD HRAME T CAMZEINY L TEETLHO N A
R EFZ =D Phase 25T THA L L, Phasell DF#EF A5 RCMA TdH
D, (2T OBLA IZMHTHZERRL 7

IhE T, PRESE sa9XA M) —RF—, FIAT AT VEORAN
BEHIZ 5V 2 EE R, VOumax, VT, LT, OBLA & OMMIZE VTS KK
$#20.12,22.23.9 INT &z, L LA, mRBEEOEFHEESLZ VT 25T
RCMA OBEPSHE LABMBIIRIH 25 RV, 22 TARIFETIZ, hREE
OEFEEZ VT 25 RCMA OBlE»LWHLMITA I 2 HKWE L,

n. 5 %

A. HWARE

PerrE L, BELRAFFEX4 % Bk KY9, KY97, KY99 EFH— AW
THHH, WEEPREL L) THolzo HiiRHE KY &, —BEIIC2HY 3 v ¥
TaAT->TWAHRERETH Y, s TF &, BEBEHEE (PR 10E07
A= THholze PREOHSROFFMEEK 1 IR

B. HIFEIER
1. HARHHE
a. FEB1
HEZHEI LT X —% (RS232¢XL: 2> V) 2HWT, 20 W/min OEE %%
O ramp BFHEE) T A 2 {To7z. HAEAMNIZIZHEED FT1 5MO%RE, 45
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R HHREOSEOER Y VOmax, VT, RCMA
Subjects Age Wt Ht %fat* VOzmax vT RCMA
VO2 %0ms HR VOz %0mx  HR
(yrs) (kg) (cm) (%) (/min) mikg*mn™ (/min) (%) (bpm) (/min) (%) (bpm)
KY96 37 680 172 125 302 4441 1.71 568 1158 263 87.2 152.9

KY97 38 665 172 121 299 4496 172 574 1194 259 865 1537
KY9 40 670 172 153 260 3881 150 577 1108 221 850 1433

(LT:120.0) (OBLA:146.0)
TF 22 615 170 83 441 7171 311 707 1603 388 880 1768
*Brozek et al. (1963), Nagamine and Suzuki (1964) OHERIZHE- THM

20W TOYF—I V77 v 7DH%IC, BTl T exhaustion (23872, EBIEAT
TAMEBLT, VALRHER L O (heart rate : HR) #% breath-by-breath
E— FTYAZAED Aero monitor AE-280S (3 FERSE) CXVHESR
7z (B KY96, KY97, KY99), F7z, MRS 365%0 SR X N7z KRS i
LRI E S Diagulca (REHE) (210 2 BB TllE Sz (BHE KY99).
il B O BRI 1322 ~25C Th - 726
b. FEi2
MLy FINVEROTHBANERT A P 21707 7R banid, A% —
51158 F TIEME 2 %12 b, A — FZISHTEIC 3km/h T o8NS+,
ZO®HITMERE 4 %I, A= FZ60 T &12 6km/h §928NEE5E0v9)
BDOTHo7r. HAXHFEREIL breath-by-breath T— FTv 7 A — A {LHD
Oxycon-sigma (Mijhardt #) 12X b, LEREHRIE ML-4400 (77 ¥ ETFHE) i
Ly, FhEhflEsIn: RS TF . WEMROREREIINTC TH - 72,
FEE, EBR2KICHIE SN N ASCHAE R, T EOLE % ML 72512,
breath-by-breath JTEZ 74> 5\ 572 A sec-by-sec F— 7B SN2, S 512100
MEOFEHHEICER SN, FOBOEITICHV,
2. #gho HR
UTosHEEOEHPIZBITA HR %, LA TUEE IrHEesTER .
1876a B) #HVCIORMELZMEL, &4 1 pHICHBEEL 7.
a. FRHI=5 vy (10km : ##E KY9%, KY97, KY99)
b. FoA4 728> (542 33km, T 12km : #RE TF)
c. Bz (106 km : ##¥& TF)
d. 5 == (15km : #HRE TF)
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e. "4 Z b L—=r7 (33km : #i¥E& TF)
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VE (I/min)
160-
:
1404  VCO2max 372 (/min) .
peakVCOz 3.76 (I/min)
120 RCMA_VCOz : 310 (/min)
RCMA_VOz 2.63 (I/min)
100+ %V O2max . 87.17 (%)
%peakVOz ! 85.76 (%)
80+ VOzmax 3.02 (Vmin) i
peakVOz 3.07 (I/min) :
60—
® s
40~ T |
(4 i
Sd .. |
20 ° Subj : KY96 !
T T T T T T i T ] VCOZ
0 05 1.0 15 20 25 3.0 35 40 (/min)
2 RCMA JED—H#)
. VE/VCO:
VCO: (I/min) VT RCMA 50
| VE/VO:
57 . : th Ssgn Py 30
40 TR R |
} LZO
PO
sy go P8 ®
80@08
3] 20
" VE/VCOs
o VE/VO:2
2] ¢ VCO:
1 VOomax : 302 (I/min)
1 VT © 171 (/min)
Subj  KY9% I 56.80 (%VO2max)
T } T 7 T . VO
0 1.0 20 30 40 (I/min)

3 VT HRED—F
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K4 LT & OBLA $RED—F]

C. VI, RCMA, LT, OBLA OR%E

BEVEW 7 A PP OB EEO N AIBHAESL SO VT OWREIL, Beaver et
al. (1986)V @ V-slope EICX A2 HEWRET M TY A4 (K3) &, HEROEEM
RILEIZ X DHENHE® (K1) 2FH L TiT->7:c RCMA OPER, BHS
(1984)9 DI IMIAIRSH % VCO2~ VE OERICEA L Tirv (02), My
ABIZLHZHRENHER (1) (2L DALz, LT, OBLA OikElx, FFEMNZ
FHIZ I ZHEEWHBICL V772 (M4), EEHAMT X PPIZBIF S VT,
RCMA B§® VO: % VO:—HR OB (M50 1E) I2fAAL VT, RCMA ®
HR %#8ilL72, $72, &EHHOFEY HR % HR-VO: OMER (K5O TFE)
ZARA L %V0smax #EH L7,

D. #stanig
F— M OBEL RN TH7-DIZET Y Y OHBREEH V. ZHBOTSE
DEDOWEILX, WEDOBRVWEBED t REZHW 2,
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180 HR (bpm)

160+

140+

120+

100+

Subj: KY96

80 Y=40.38 X + 46.74
r =0.993
60— VO:max=302 (1)
T T f I T 1 VOZ
0 05 10 15 20 25 30 35 40 (/min)

VO (I/min)

401
351 Subj: KY96
3.0- Y=0,0244 X - 1119 o
r =0.993
254 n =66
20, VO:max=3.02 (1)
15
1.0
05-
0 ;

0 20 40 60 8 100 120 140 160 HR (bpm)
5 VO:-HR 3 X0 HR-VO: B —Hl

]]I- na %

A. FHI~w5V L —AdH® HR
6L, BiE KY9% (A), KY97 (B), KY99 (C) »UA L FEEFEH~T vV
YU—AWIBIFAS HR O%F, &&.0ME (Maximal HR), &ELOHEE
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’06” i HEH
warming up 10km_54°06 _ walking

r HR (bpm}

L ['/‘/‘L M\\ -
L M vT
I Subj : ky96 Max HR :174.0 HR at RC : 152.9

Min HR : 66.0 HR at VT :115.8
Mean HR :118.7

! L 4 i 1 L ‘ 3. ' 3 i L L1 Time

0 10 20 30 40 50 60 70 8 90 100 110 120 130 140 (min)

gup ’19” i HE
warming uj 10km_51'19 _ walking

~ HR (bpm)

- J""M RCMA
S \ .

r Subj : ky97 Max HR :180.0 HR at RC :153.7
L MinHR : 54.0 HRat VT :1194
Mean HR : 118.5

1 1 Time

L 1l
0 10 20 30 40 50 60 70 8 90 100 110 120 130(min)

warming up 10km_4758" walking &%

- HR (bpm)

| Pasnunall BN
" [ .

f WIS

Subj : ky99 Max HR : 180.0 HR at RC :143.3
Min HR : 54.0 HR at VT :110.8
Mean HR :126.5

s 1 L s L 5 Time

1 i L 1
0 10 20 30 40 50 60 70 80 90 100 110 (min)

Be Hf<svryL—APFIIBiTs HR OEE

41
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(Minimal HR), F3#.048% (Mean HR), RCMA Ef®.[1% (HR at RCMA),
VT Bo.L40% (HR at VT) 2R L7230 TH 5, MEROBEREIING6 — A,
B, CoJIgiz21.2C, 17.3C, 173CTH o7z %B, M6 LERICEITS HR OXH
ORI, 5 EBEITFHIZIVEEMELZ- D TH %,

FHI=w Y L, BEAET Y T 7O WERET— Fa— A TiTbN7z,
FEIREBEEE (rating of perceived exertion : RPE)? &, X6 —A, B3tiZHi:
%% %2\ (RPEL3), W# &> (RPELS), #¥EN7%h &ow (RPE17) ~HH
IZ&2\w (RPE19) THH, K6 —-Cix, 50T &2 (RPE13), 105¢
b EOw (RPELS), 305 PAREFEEIZE DWW (RPEL9) Tho7z, B, M
6 —A, BIRREIZEBLATED, K6 -ClIRA Mz hb o TR HET
35) 77

B. F54T7AB YL —AH® HR

71, ##ZE TF ODFIATAT Y L—ARIIBITS HR OEH2RLZD
DTH5, WERDOREREIIRICTHo72, L—RAIF, ZHEHSEEDY 3 —
Fa—2 (A4 & 12km, /84 7 33km, T 12km) TiFTbNhie A4 AIiE
FIBVOI—=ZATH 505, LA AT EEARTRED D HR OHEIZIT-> TV,
NAZAF—Vi, 1/ Ulkm) 22 A% LY TorHsu—F2 3875

200 - HR (bpm)
L LA ¥ ahttibditns At alasss
180 A""W _'AV vﬁ - '“Avh'hvﬁ AW L RCMA
160 \f" VT
140
120+
100 |
%0 34 7 33km Z ¥ 12km walking
60 +
B Subj : TF Max HR :192.0 HR at RC : 176.8
40 Min HR  :144.0 HR at VT : 160.3
2 L Mean HR :177.5
1 1 ! i L L 1 ) ] 1 } Time

0 10 20 30 40 50 60 70 80 90 100 110 (min)
7 FSAT7ATYL—RAHIIZBITE HR OEE
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BRI —-ATHolze FVATF—VE, HOEDTFY 2EH, EWEY) T 1H
H5 12km Ou—Fa—R (BOANE%EZ 1E) Tholzo BHEILX, A1 205
LD TARE) ZEEL, "M EA¥— L7, A —MEHD HR
B9 TIC VT 282 TH Y, 1Z1IZ RCMAMHETHB L TWwiz, 5@ HR i, 12
LAY RCMA 282 TEHIREIZ R - T,

We# TF OB, 054 7T AT U HEARNS 6 ABEWIKRT
Hotze BB, A LBEOLAATVEBERIIBOTHITHOTRAY L AhHo
725

C. BYzL—2d o HR

X 8%, #ikiE TF OBzl —AHIZBITS HR OEBERLZZBDTH S,
HEROREIREIZ193C Th 72, BME TF »E- 7203, #RiTVORTE
WEDTOHDHAET7Iy Mra—X 106km KETHo7ze AF—FEBICIY T
A¥—FIZA-77-® HR 2 345 RCMA ##z, T—NVHERHTTEHELT

Vo f:o

D. 534 T7Aay FL—=y7do HR
M9k, #BE TF o5 hL—= 7 HhiZBIT5 HR OZEZRLZDIOT

200 - HR (bpm)
180 L M RCMA
160 i VT
140
120
100
BR{Z 10.6km
&0 i
60 }-
i Subj : TF Max HR :198.0 HR at RC : 176.8
40 Min HR : 90.0 HR at VT : 1603
20 L Mean HR :185.5
1 ] 1 1 Time
0 10 20 30 40 (min)

K8 BR{mL—A/IZHBITS HR DEE)
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H5b. WEROREREIZ23CTH -z #ME TF I, EEH 200m 07T~
FH6# 2km OYa¥F U 727 -7:%, WIBOFEEI—~A% 11km £D, £
DOHIEEH 200m DI Y FANEDEK 2km OV KT v TEETo72. 2O
FL—Z 5L, ¥RE TEF RS9 A TAT Y L—RAR2BEL I T2 D ThH -
7o HR 1, 9 VBBERETY TH L0100 FTIE VT 02k ) FTTH5ED,
R=APFRELTLBHIAHITIRIEIE VT LNV TEBREBIC > Twiz, BEIZ
R=2ZEIFTEY)ZES72ZLITXY, HR 1T RCMA % k- Tww/z, HR #¢
ABICERLBD0R, EVBOTEIIR—-A% TR TH o7 ZOHYD
NR—AT v T iE, L—ABIBWTANS— e TBE82BELTIT- 7
101X, #E TF ONA 7 FL—= v 7 HiZBiF5 HR OZBHE2R LD D
ThHb, MEROBERKEINBICTHo7. M- 7% f7o/za—-R1E, K
FEDOMFTATAQ YN AT = V2T b S EERB2-ATH Y, EITHE
DAFELFL 33km ThoZze L—AKRETIE, "f 7 A7 —-TJIHVTT ¥ X
F—IVIEZ TS, LT, FYATF—VDdlbsrBERNZRERTHEE
#L, A =7 UvR=ACREARB%IT>7:s HR X, XA 2 b == 7H VT % 6 [
Bz (6L 25, RCMA 28252 kidhedh o,

M1lid, ##HE TF b4 720y L—A Ak b L—= v ZHiCBIT5FY
HR Ol ERL72DIDOTH 5D, FH HR &, 17, T3}, PL—=v 78

200 - HR (bpm)
180 /,/\’AW FAY}'II RCMA
160 Fravaid 'An ey VT
140 b v\fLﬁﬁKv \
120
100
%0 s b—=2VT walking )
' 300m X 3
60 I+
Subj : TF Max HR :192.0 HR at RC : 176.8

0r Min HR : 96.0 HR at VT : 160.3
20 L Mean HR :157.8

] 1 L I 1 1 \ 1 1 1 Time

0 10 20 30 40 50 60 70 80 90 100 (min)
H9 Frhlb—=ry7HiZBITAE HR OEE
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180 - HR (bpm) RCMA
160 2 A A VT
140 |- \f”“ij \g‘“’df\J] \pﬂ,apj \wnfyu”\j[’\J/hJ\j
120
100
%0 NAZ PL—mv 3
60
Subj : TF Max HR :168.0 HR at RC : 1768
40 Min HR : 90.0 HR at VT : 160.3
Mean HR : 145.2
20 |-
] i 1 i 1 | { Time
0 10 20 30 40 50 60 70 (min)
F10 N4 7 FL—=r 7 HiB1F 2 HR OLEE)
A B
200 - 200 ——
180 * K 180 * %
160 | . 160
140 140 |
E 120 2 1201
j=)) (=)
£ 100 1 <100
o o
& 80- £ 80-
60 | 60 -
40 40
20 20
OJ 0

triathlon (bike) training (bike)

* % p <001

11 L—RHE L=

triathlon (run) training (run)
* % p <001

1B 5T HR OLE

DFPL—ARE D H 1 %KETHEREIKAMETH - 720

E. mEH#HEDEE®RE

#2113, FHImT vV,

roATROQY, NA 2 L=V S, SUPL—ZY

7, BYrd @ VT, RCMA B® HR 2B CHHB I UEH G2 RLZ5DTH 5,

L— Al (i~ v,

FFGATAQYNL Y, NIATARAT YTV, BRE) O
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F2 E&Ho VT, RCMA 282 MM B UG

Exercise Subje- VT exceeded VT time RCMA exceeded RCMA time  Total exercise time

cts  (bpm) (min) (%) (bpm) (min) (%) (min)

Hiroshima International KY96 1158 537 988 1529 398 73.3 54.3
Peace Marathon (10km) KY97 1194 50.7 987 1537 373 727 51.3
KY9 1108 480 1000 1433 470 97.9 430

Triathlon (33km :bike) TF 1603 553 99.7 1768 220 396 555
Triathlon (12km :run) TF 1603 435 1000 1768 418 96.2 435
Training (33km : bike) TF 1603 97 155 1768 00 0.0 62.3
Training (15km : run) TF 1603 472 480 1768 123 125 98.3
Ekiden (10.6km) TF 1603 343 976 1768 315 896 352

®3I TREBEOEHRE

Exercise Subjects Max HR Min HR Mean HR %VOmax Mean HR %VO.max
total last 10min

(bpm)  (bpm)  (bpm) (%) (bpm) (%)

Hiroshima International KY96 1740 780 157.1 89.9 168.0 98.7
Peace Marathon (10km) KY97 180.0 108.0 156.4 884 1703 100.0
KY99 180.0 78.0 165.2 1024 1727 1085

Triathlon (33km : bike) TF 192.0 144.0 176.6 86.3 1745 84.2
Triathlon (12km : run) TF 186.0 174.0 1831 926 181.7 91.2
Training (33km : bike) TF 168.0 90.0 145.6 56.0 1474 57.7
Training (15km : run) TF 1920 96.0 159.2 69.3 181.1 90.7
Ekiden (10.6km) TF 198.0 90.0 1855 95.0 191.8 101.1

HR &, 976~100% VT @z Twiz, FIATRTINL 7 PUHNDL — ARED
HR X, 72.7~979% RCMA %#8BZTwiz, FSATFTAT L 7D HR iZ,
396% RCMA 28z Twice NM 7 b —=v 7, 0 -V 7EO HR I,
VT ##FNFN155%, 480% B2 THEY, RCMA 2 ZFNFN 0%, 125%M 2T
vz,

#£31%, BRIV, PSATATY, N4 7 L—ZvF, FUML—Z Y
7, BUEhoOBEEEEZ R LD TH S,
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Be# TF 2B 5 &E8HOFY HR % %VOmax THET &, N7 FL—
_/7(%m@,7/bv—ﬁ/7(w%@ NS AT AT LIS 2 (86.3%),
FIAT AT YT Y (926%), BRIm (95.0%) DIEIZEENEL Lo TWwiz, /-,
T—IVEFII05HOFEE HR % %VOa2max TETE, X4 =207
(57.7%), "IATAQLNL 7 842%), T L—=r7 (907%), b4 T
21 r5y (912%), Bz (101.1%) DNEISBREDNE L o Tz

B KY (2B 2 L—AHOTH HR % %VO:max TET &, FHI<wIT V>~
97 (884%), FHI=TV »96 (899%), Ffi<F v »99 (1024%) DOMEIZEEA
Bl roTWe £/, T—VERI0SHOFH HR % %V0:max THRT &, FAl
<596 (987%), FHI~F Vv 97 (1000%), FRI~TF v 99 (1085%) DN
WHREEAE 2o T\ 7z,

V. # =

A. 0r OBLA, RCMA @E@L

o S LIN TS WKELLI %, W ODPDEL - -—FAMHE
B EE T, %ﬂ%ﬂ%’ﬂ@kﬂﬁl@aiﬁilwax~§’1_§1J%:ﬁw, OIS
L7z8HnxT— (P) &, EF)ETEEZHREE TORN ) OBREAS
E, WELARALVE L ORI E LB SN I EFASNT WS, TOMELL X
Vi Fatigue threshold (0r) XWHEN, HARELULEOEVWERICHz- TEH)
kT A LU EEL LEROEE) L NV R ERT 57 SEATIFSET 1 12 LU,
Or i3 LT & VOeunax |2A1Y47 2 5E8) MO R EICHAEL, OBLAY I35V DI
ML T HEEZEZLND,

¥ 7, LJT@I:?;EJ LD, OBLA & RCMA HITIT% LVEBHETHL L EX
bNb, F—IZ, AWRTH Y 7N E LTELNHRE KY 25155 OBLA
B HR 1 146bpm T& ), RCMA B HR it 1433 bpm ThH o7z B I
Skinner and Mclellan (1980)2V IZMRFAYE 7L DT, Phase Il O BHAGEE S 2
RCMA TH D, 21T OBLA ICHYT LI 2R L7, =00, A (1992) 1,
—E AN, BEABHETO OBLA 122h2h VOmax M84%, 88%\2h 5 L

AWML, KB TH SN RCMA 1385~88%V0:max Th o7 (F1). #HN
12, HRS (199D 1%, EERES FEBRTF — 2 8 ZOKEYS ) © VOmax &
OBLAR:® %VOsmax OEWEIE, 22N 708 ml-kgl -min!, 88.1%VO:max
Thol-E3WEL, AW THSN-HKRE TF OKE Y721 0 VO:max, RCMA
X, #RFR 717 Iml kgl min?, 880%VO:max TH Y, FH5EIFITHLWE
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THo7

X 5121k, ABETE SN RCMA 1385~88%V0:max THH, VT &
VO:umax (ZHIMT 2 EHEEOIZITHM L ) RREVREICHEEL TV (1),
INLOZEPLHEETSE, Or, OBLA, RCMA (CHM¥ 2 E8) 12312
BETHLERRTIENTELRDL LAV,

B. AL o EE) i

FIATATY LB BIT 5P HR % %VOmmax TETE, FI4 TR
N4 7 (863%), FIATATY TV (926%), B (950%) DNEIZHREEAS
Bl oTwi (#3), 72, #iE TF @ RCMA 13880%VOmax Th o 72,
X502, L—XH1Z RCMA o HR 282 7-8&1E, FFAT7AT NS
(39.6%), Bz (89.6%), M AT ATY T (96.2%) DNEICS L 7o Tt
(#2)o L7725 T, PI3A4T7ATINA ZiE RCMA X )RR EVERETHY,
FFA4TATY T Y EBYEIE RCMA X0 2R ) EWEBETH LI LW, E o
726 FIAT RO UNAL 7 OEEERED RCMA X VK o720k, ROFEHTH
57 EBELT, RENR—REBEZATEo LD EELIOND,

RN OB EENAKEE, 10km  84.1%V0:max, 20km : 80.2
%V0smax, 30 km : 766%VO:max, 42.195km : 756%VO0:max T& 5 & 5D X
NTWwWb, 72, 1500m~42195km FTHOTXTOHFHIL LT BENUETibh
THY, l6kmZHEICFN L Y EHVESETIZ OBLA MLk, EVEEETIE OBLA UL
TOEEEE CTHEEIITONLTNVEY,

WeteE TF L5547 A0 54 27 (33km) 2B L 7KBIX555%, T~
(12km) [CEL7BEMIZABHTHole 2OZENLTDHE, FIATATLD
NA 2T VEBERL T 72HEE, 9 YDA T 72BE0% 30km (M4
THEEZOND, LROWELLTLHE, 1212 30km | 766%V0:max, OBLA
DT OB EE CEEATORTVBEI LI b, L LRAS, FFL4T7RTY
L—AHOEEHRE (N4 27 +5 ) i, 86.3~926%V0:max THH, 39.6~
962% RCMA %8Bz Tz, F72, #E TF OBz (106 km) FEIIBIT 5 HEH)
BEEIX 95.0%VO0max Th Y, FFEOME TR ENS 10km © 841%V0max & 9
LB DENMETH 5720 TRHEDT RS, BEOHE LD L A% 0 EEEER
BOKH#ET 10~30km @O F Y IZHIE T 2HH 2 Z 7T 5 BFEPEET S 2 L2250 H
b 73?0 f:o
CHME KY e hTESERIY T Y v990¥Y HR % %VOwmax THET &



LAY O B REEEE OB 8 K 49

1024%TdH Y (£3), L—AHIZ RCMA ## A 7-5E13979% Th -7 (F2).
Oja et al. (1987)9 1%, FL v FIAEIIBITS VOmax %100% L35 L, Hiz
HERBI O IZ & 5 VOmax H905% Tho/m b BELTWE, 2O EHD,
INOmax H100% %2 TV EDIX, HEHEIL T A—%— %M LT VOmax
DHERITo7272DTHY, ED VOrmax &0 bELAEL 7R TH DL E
ZbNh5b,

THIZ 5V 9D EB R 121024%V0:max TH D, #H10%EL BiED -
72 LCh LROWMETREIN 10km © 841%V0max £ 9 24 Y EWETH
D, RCMA Z979%B 2 TWize TOI ED5, BH#E KY9 b#kkE TF L
RICBEOBMEL D D22 ) BVEEEEIUKET 10km OF v 2FITLAZZ LI
5o

C. mEH#EE FL—=7

Robinson et al. (1991)20 |z, £ELANVOBF LY — M EFES » F—13%
EMPIIBEDO N L - FHE 6 ~ 8BAMICDIo T ML —= ¥ VO EE)RE
ZEER L7 E, OBLA AV— FLHBLCEEBEL L 1 %KRETHEII» A
DEVETH L Z L2 WME L72e 72, OBLA A¥—FBREO ML —Z v Vil
BETHrHULD L L6, TNOWREDO N L —Z v 7230 %) OREDRHA
HHIEERB L AMIREO IS A 7RO L—ARBE LN L —= 2 FHO
¥ HR &, A7, SIS, PIATRAO Y L—AHOFY HR X0 1%
KETHEIERNMETH -7 (K1),

VO:max ORENAE X (AVOmax) ZEBREE, B, L IZIZERA
LY, EHREELRLBERPENY ZEFMLNTWSE, ThHDZ &5, ML
— SV HOEFEELROL ZEPRAMEE O ST+ -3 Y ALFRIIENTH
BH T ENRBENT,

hEHES v F—DREML ML -V 7 LTIE, #HhE, f 7=V L
—= V7, VRF4vay b=V S, AV L—-ZVT, T NMMNL—S, ¥
AL MTATNENBFTLND, ML~V 7OBE, B, HET—-XVICk
S>THRED, LPLEDs, P& dEHEMICBTIE 07, OBLA, RCMA L
NVDBETI L - 72T AHAIEPEETHALEEZ LN,

V. B ¥
ABFIEIE, TREBEDEBHRIEL VT %2500 RCMA OB, SH ST
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HIERHME L7z BELARABTER4LEMRL L, PRIV Y, F94
TAQY, NA 2 L—2VF, S ML=V Y, BRido HR #HIE L. £
72, BWMZO VT, RCMA, VO:—HR, HR-VO: OHER %K%, VO:—~HR &
HiR AR S VT, RCMA Ko HR #&H L7z, 351, £&EF#HoFE HR
% HR-VO: OBHRITAA L %V0imax 2B L7z, ZO8E, DTFOI &HH
Sotizolz,

1) 6r, OBLA, RCMA (ZHI4§ 2 EHMEIXIZZARETCHL ERET L
RTELNL LAV,

2) Ff~<7v 9 (10km), FFA7AT N7 (33km), FF4 T AT
¥ (12km), BME (106km) #® HR 1, (312100% VT 28TV, P
<5299, FF4T7ARYT Y, BRIZH® HR 1X, 90%LE RCMA ##8B% T
Wi P A TAT UL 7O HR 1%, 40% RCMA Z# 2 TWwWiz.

3) L—AH®OFEY HR % %VO:max TETE, FSAT7ATYNL Y
(86.3%), "I AT ATYT Y (92.6%), BR1% (95.0%), Ff~<F >V 99
(1024%) DMFIRENRE L Z-oTHBY, BEOWE L D 24 ) B BREIUK
#ETH o7,

4) PIATRT NS 7 RCMA X ) RRBEVEETHY, b 72T
7 v EBYRIE RCMA X0 2% D BVRETH - 72,

5) PIATARYL—AFMEL ML -V ZHOFE HR X, NS4 2, 5
Y, PIATATYV—AFOFH HR L0 b 1 KRETHEIENMETDH -
72 TOTENS, M-S VIHROEEREEZEO L L SFAMEBH O/ 8T 4
—R U AWRBIIANTH A I EHRBEE NI,
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