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ABSTRACT

We recommended the following formula to calculate a net energy
expenditure (that is, excluding resting metabolism) in 1989,
1) walking exercise (kcal) =distance (km) X body weight (kg)
_ Ly ' 1 A3 _
2) running exercise (kcal) =distance (km) X body weight (kg)
3) aerobic exercise (kcal) =HR (beats/min) X time (min)
_ _ X constant _
constant=METS__ X body weight (kg) X 0.015 /HR__
HR_=-— (0.8 X age+ 216

In this paper, the significant effects of age and obesity on the
energy estimating formula were observed in males, aged 9 ~ 45 years
and 9.1 ~31.6% of body fat. The summary of the results is shown
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below :

1) At a slower walking speed than the mean speed (70 m/min) in
adults, the measured net energy expenditure was in accordénce with
the estimated value because the oxygen requirement was approxi-
mately (0.1 ml (;/kg + m. At a faster walking speed, the net energy
expenditure was higher (+ 20kcal/4km walk) than the estimated
value.

2) Concerning the measured walk in child (10 year—old males)
although oxygen requirement that was measured (.138 mi(, /kg * m
was higher than that in adult, the net energy expenditure difference
between the measured and the estimated was equal in adults because
of children’s light weight.

3) The effects of body mass and obesity on estimated net energy
expenditure were not observed during walking.

4) The net energy expenditure during running was higher + 10
kcal/ 4 km run (+ 7 9%) than the estimated value for children only.
Whereas, at a higher running speed than the mean speed (110 m/
min) in adults, the energy expenditure was in accordance with the
estimated value because the oxygen requirement was approximately
02mi0,/kg*m. At a slower running speed, the energy expenditure
was lower — 20 kcal/ 4 km run (— 7%) than the estimated value.

5) Though the effect of obesity on the estimated energy ex-
penditure was not observed during running, the phenomenon that
net energy expenditure was lower than the estimated value at slower
running was notable according to the increase of body mass.

6) We calculated A value (net energy=HR *time « METS _ *
body weight « A / HR__) to estimate energy expenditure using heart
rate. A value in adult and child is (.015 and 0.013, respectively, except
for using A/2 at under 50 %HR_,

7) The constant value of energy estimating formula will be clearly

of work intensity.

X

evident from the results in this paper. If the running speed and heart
rate are measured at a steady speed of 150 m/min, the next formula

can be used. .
constant= (.193 (m{0,/kg+m) X 0.005 (kcal/mi(,) X running
speed (m/min) X body weight (kg) / HR.. (beats/min)
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1. EEE (< LI, kcal)

=T (km) X@EE (kg) /2

2. EEE (BR< ZHEAH, kcal)

=ERR#E (km) X{&H (kg)

S[E], TOREERICRIETFERB X OEEOR
BAHETHHNT, 9~455% 9.1~ 31.6% 5
Mo AEHERE R, 3BREOHTEES X UE
HEEAARLIZET A, DXORRME SN,

1) BADFTicB 0TI, EEHTEE (70
m /47) LLF COBRKRFERD, 0.1 ml O, /kg
miGEMT 5 T E XD RME —B L, SITEE
PR 2B L, MEMELD &+ 20 kcal / 4 km
BITE o, BRAHBORVRETIE, T
BrOBETERIZ0.138ml O;/kg*m&, KA
KOEELERE S 72h, FESBVWI LK, #
BiEE0oZREIRALEL < + 20 kcal / 4 km #
fTeisotz, &, HTicBVTE, BEFECKR
BT AREDS L CIEMOEEBRERI N, - 1.

2) RADEE# VT, EEEEE (110
m/453) L TORRFRZEED, 02ml O,/ kg *
miCEMT 5 X DBEEE L, EEEH
BB E, WHEMEXD S — 20keal / 4 km &
(= 7%) LbFPIET LA COBRE, KE
DEVAREHETH 1. T, ERRBRO
BOWREOEEH TR, BEME D &+ 10 keal
/4kmE (+ T%) &1,

DEE X 0 EFREZHE T 25810l kXK
EL 2 (1989 5.

3. EER (B ZHRREH, kcaD

= EEIE O (/49 B (0)) XOEHK
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FEH (kcal /#1) =METS__xX{&H (kg) XA

max

/BRI (a5

AEOHT « EEBB LOHEH I VT A~ 5
EH LD, >EOBEREMELNL,

1) AfEiR, BRATIR0.015 RE (108 T
0.013 LEETE /. LAL, 50% HR_, PITF D&
BT A/ 2 LHBHsN |

2) LK 0 EER AR T 5 EH3, RA
T, EEEK 150 m /53 DEFIRIE D £ EE
&, ARG A LIk EIEh 3,

ER= 0193 (m! O;/kg * m) < 0.005 (kcal

/ml O XEHE (m/53)
XtE (kg) /ESwOEE Ga/5)

i

il

HEEZ, bkglo LW EHUhHEH K
LT, EHHEMRR, L0LH5BHMENTXED
THAID. Fhtcbid, 2EDLHITEFZL TV B,

1. hEFES - TOREENE, FEVOLE
EEZONDEDO, EidkgDzx v F—=
5,000 g x 0.82 (IERHE / WER) X Jkcal / g &

5%,

2. IEMiSkg DT xVF—/ 365 H=100
kcal /H&75 5, Lizds-T, EH 100 kcal O
BABREOEFICMA S L, 14ERT5Hkg O
BicakL e 3.

3. T, 100kcal DEHIED LS Licd
Xvob, EHE (kcal) BEHICIE, KAEHV
%. 1) B 0EEHER (kcal) =417EEE (km)
XhE (kg) /2, 2) EEHFHFOEHR (kcal)
=EEEEE (km) X{KE (kg)

4. HITEEREC B ORIRA T ERVLEAIC
&, CHEEEFIR T %, EBE (kcal) =EB)EL

i G874 XEBERE (0 XEH (keal /

) (EF=METS , xX{F&E (kg) X 0.015 /HXK

DaE (Al )
DL, EHEEFHECEETXI L
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F T, REBRHE (K1) 0RT 3R
BE L LT, EFROMRERIC K TFEROME
AREtd 3 &Lz, ERC, BRADERE %
WERE L LT, EHROMERIC KT TN
BHokatLi, '

X8R BTk 2REFER B Ly

RE#ED ORIE
ER?2 EEHICBY IBEATER R LR
REARGED OlE

1.5 &

1.1 HBRE

B4T « EERICB T 5, BEBERCRIETE
BORBLEES -0k, BRAREORS
%, 1081 (542), 208K (448), 40 & (4
%) OREBTFEERESE L. ZhZhoOEH
LIAEIR, 9~ 108 OB 3EE) 2T~ 395
kg (P9340 *45kg), 21~ 255%;66~ 94
kg CP¥76.4+12.2ke), 40~ 455% ; 68 ~ 83
kg G723+ 79ke) THh 5. 7, HiT+ &
EENCB I 2BREERICKITT, EGofEt:
BT 372008, 20 BB & 040 BAU TR
EbEDI.

1.2 IEHEEOEE

FHR O FIgliEHc X v, R & B
BFEHORE FISIEME (mm) %HIEL, A
2FRL 9% EoBF, D= 10913 —
0.00116 X, D; (AR, X ; B¢ FASHHE CLbEs
W+ EEE T, (KEE Lo AIEHiR B
L7z (U815 / A (%) = (4.570 / D—4.142) x
100)°.

1.3 HiTEE

BT A 3B (80, 100, 1204 /4)) c#l
EL, A ba/—LD0FRADET, /'5V/FB
L OB T ABITS €., SRR 80 4 /5T
5 53, 100 35/ 53T 4 538, 120 4 / 5T 4 56
LR, RAMOKT 2 HRIOITRA 2 %1%
L. TOHRFERIC, 150 m OBFTHIEE
HEL, BTEEEEH LA

1. 4 EEE

ERRESHERES N BHAT Y-, b M
I TRRM | O 3 BMOEREABE L. &
BRI (W - < 0] T35+ 150 m, &) T
2 53+ 150 m, M@ | T 243+ 150 m &
B s ¥, BEMITBY B 150 mERKOIER A 2
2B LU BITEE L ERRIC, RO 150 mD
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1.5 EEBFIE

1) B%2EHELIETH B & &, EBRYAD
EEHIR A HRE RO, LEREERICE
W (REREAR) &, PRV ARERIce R
ERELK. 2) BALEHE 30 DL S8k,
§7 52Ny KD, HAHORHIETERE
FwELI. 3) IREOBITERMESE, FRK
BHEIOCLEBREZDHE LKL 4) 3BREOEES
AEESE, #RERELIOCLEX LR L.
5) FEKH AT icid, BE)H 2 5Hréds (Respina
H 26, =3ifIgR) £V, OHEUEEE L 208
K&k oBEH L1

2. 8 R

2. 1 HITIESCLZEHROEE
2.1. 1 BRRER/EEICRETHTER
DFE '

RATER R THAED %, SiTEET
HpTLicky, | mOKREREICES 2BER
ZEE (ml O;/kg* m) %K, TOMEEHITHE
ELOBFRER2 IR LI. WFhoERITED
Tb, BEFERISITEE & IR, B

0.3

e O 9~10yrs
---® 21~25yrs
—— A& 40—~45yrs

0.2}

0.1¢

0, Requirement (m/0 * kg™'* min~!/m * min~!)

30 40 50 60 70 80 90 100 110
Walking Speed (m/min)
B2 Relationship between oxygen requirement

and speed of horizontal walking in dif-
ferent aged men.
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—EfEn RS hic 10K ; ~ 59 60 ~) m /43T
13 0.140 £ 0.032 (0.135 = 0.027) m! O,/kg*
m, 20 ;~69 (70~) m/5<TiZ0.114 £
0.007 (0.120 % 0.008) mi O,/kg* m, 40 &% ;
~69 (70 ~) m /%<2 0.107 = 0.013 (0.119 =
0.014) ml O,/kg * m).

2.1. 2 BERER/REICRIZTTERO

iz

El—HTEEICB T SBRAFTER (m! 0,/
kg m) %, FMTHET 5 &, 10&KGEALD
bz L (B2). BMAILE BT
39 ~ 85 m /Sy OFHEEFTERE, 105K 0.138
+0.029, 204X 0.116 = 0.007, 40 =t ; 0.109
+0.013ml O,/kg*mThb, 105K 40mAR
TREEE (P<0.0D @B o0,

2.1. 3 WEEICRRTHTEE - FEEO

e

4km B7EMIC, HRAOEIHER Gk LTHEF
R, kcal) LHERE=H1THER (4 km) <{&H
(kg) / 2 & D% (dnet energy) % H1TiEE 70
10i%;60) m/ T2 L L (B3). ¥
B EOBITRETIE, Finic BRI, BIEE
SO EBOEFROFMN+ 22 ~+ 25 kcal / 4
km BITOEE &S - 7o,

—%, SFEUTOSTRETI, NiE & bic
BEEIALL, 0RRTIMREEE BE—HL
7z (+ 2kcal / 4km #(T). L L, TOHITE
EDEWNICL S dnet energy ITld, WTFNOLE

2 — ~59m/min (10yrs)
=~ ~69m/min

B % - 60m/min~ ( 10yrs)
S = 70m/min ~

>

& 8 50 (

5340

? 5

3 = 30t

£ 20

&

£ 10

S o

2 ® age

& ge (yrs)

3 4Net energy expenditure (=measured —es-
timated) walking on the level at different
speeds.
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2.1. 4 HWMEECREITEHREORE

BITHE L MATER /HTEE @2) B
W, 20 0 RRICBEEEIERD SN
WotzDT, 0L EEFEHT, KEE 4
net energy/ 4km¥i7L OBFRAERD 2 (A
4). |

AE 60, T0kg DWWFhicBWTH, FHLITF
OBTEE T, BEE X » EBROEE) RO 5
+ 13 ~+ 11kcal/ dkm SfEi& 75, X 5I,
SEH L b oA Tk + 27T ~+ 26 keal / 4
km MU, ok, AEE IZERRI,
BITHE DV IEE dnet energy AKX 3

T
E%GD O ~69m/min ™
v g
~ = 40
= 1, 1
as
F220 o
L]
E o1 T i . 5
B 0fs : . . .
5 60 70 -+ 80 90 100
=] —10
L4
425 —20 00
e Body Weight (kg)
Bl 4 Relationship between A net energy ex-

penditure (= measured — estimated) and
body weight measured at different walk-

ing speeds.
-3
3
o
250
= g O ~69m/min
s g 40 ® 70m/min~
T gl . ®
3
& = 20} o]
@ °
g °
= 10 fo]
B0 foud .
5 0 ¢ : - : 3
£ 5 10 l 15 20 25 300 35
= =10
@
% Body Fast (% BW)
Bl 5 Relationship between Anet energy ex-

penditure (= measured — estimated) and
body fat measured at different walking
speeds.
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2.1. 5 HHEECRITEZONE

{AE & dnet energy/ 4 km BHTORFR (B
4) E[Ekkc, 20l kicBir 24&IEHR L 4
net energy/ 4km BHfTOBHRER S RL .
AR R 9.1 ~ 18.8 (F#4 13.2) % olEis (—) B
T, STEENENIZE, BEE S EBEOES
BEoZIFRICHEML 2 CEEUTOBTHE
B+ 9, FELLEOSBITHE ; + 28 keal / 4
km, P< 0.05).

C OFERICARERT 20.0, 224, 31.6% DFER%E
ZEY 5L, BilE R ECEROESRSEEMT
D E, TOEMEIGFEELTOHTERE ISV T

PR & 1857z,
2. 2 EEHECLIEFHEOHE
2.2. | BETEER/ZFEICREITEEED
g

AT LRIk, BORTRER BR < L)
ZEFRETH S LTk, | mOEREFEICE
TEMETER (ml O,/kg* m) 2K», 0
il & AEEE & OBARZR 6 1R L, BT & EER

=
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aQ
(e v]
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_______ o WO WERY » I
A
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B 6 Relationship between oxygen requirement
and speed of horizontal running in dif-
ferent aged males.

FH4 v b AE—vEE Vol 14



i, VFLOERCBVLTOBEATERR, £&
B & BRI RE—EEMRE Nk (10K ~
109 10 ~) m /#Ti3 0.222 £ 0.020 (0.220 =
0.018) m! O,/kg * m, 20X ; ~124 (125 ~)
m /4 TE 0.192 £ 0.020 (0.196 = 0.007) m! O,
/kgem, 40 ~124 (A256~) m /4T
0.184 = 0.020 €0.190 £ 0.008) m! O,/ kg * m).

2.2. 2 BARREER/FEICRETERD

4 3

- FA—EEEICBY 5, BEREE (ml 0/
kg+m) ZEEMTHETZE, BiTLREBIC 10
BOKA L D bEEER L (B16). SHRILE
DEEE 90 ~ 140 m /3 OFHIRAFTER I,
105% ; 0.221 + 0.018, 20 &&fX ; 0.192 £ 0.018, 40
B 0.190 £ 0013 ml O,/kg*mThb, 10
e 20 iR o 40 R TIEREE (P<0.00D) 2
ZFHont.

2.2. 3 WHEECRZTEEE - - EHOXE

BT LRI, 4kmEEFIC, FEEEOEEER
(BR < ZEH05ARGED &S =ERERE (km) XK
#H (kg) &D#%E (dnet energy) %, EHFE 125
(10&%; 1100 m /3T 24 LB L (BT). 10
T, R & BRI, BERE K EEO
EHROAH, + 10 ~+ 9kcal/ 4 km EfE L

=7,

g %
R
2 é 10 Age (yrs)
fE ] 2 40
3 %10 30
5= —10
w
g —20
- ~109m/min (10yrs)
= 30 - ~124m/min
g4 m 110m/min~ (10yrs)
% —50 125m/min ~
w —60
=z (n:78 5 8 7 5)
<

B7 4Net energy expenditure (=measured—es-
timated) running on the level at different
speeds.
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—F, 20HAR LTI, FEAEOLHE
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BESEME B AEEEDZ DD, HEEIIE
Hondhot, LL, ToOERIC83ke 94
kg DRIEFEREEZET 5 &, FHEHLL LoEEE
DiFEIid, BIRMEICK T 2 EEOLEIDE L
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Ruoere,
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B 8 Relationship between Jnet energy ex-
penditure (= measured — estimated) and
body weight measured at different run-
ning speeds.
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2.2. 5 WEECRIFITIEHOLE
- {KE L dnet energy / 4km EDREFR (E8)
BRI, 20l BB 2EIENE L dnet
energy / 4 km EORHEEBR 9 IR L 7z, FAEH
/9.1 ~18.8 (FF913.2) %BolEsG (—) #HTIL,
BT E RS, BEHESEVIE CHEME & EERO
EHEEOZEIIML A, FEERED IR
o te (BHBIFOERRE ; — 23, 4L EOE
W ; — Hkeal/ 4km ). T ORERICIKIEH
20.0, 22.4, 31.6% OFEREZEL Td, BIEEIC
5z 3IEMoEEIROWHE -1

og 20 0 ~124m/min
aE o 10 = ® 125m/min~
EE o« 10 15 . ' .

23 5 —e— 20 ® 25 30_ 35
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B19 Relationship between Anet energy ex-
penditure (= measured — estimated) and
body fat measured at different running
speeds.
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3. 2 EEEFEE
- HisgHzugx -5 (2F-2%) 20, A&
SR X0, ARABIEEERL. H
B OEREZ 60 B/ HIcEES ¥, 51 B
2 1.5kp 27213 2kp %2 4 ], H2EMH» SR
05 F7id 1kp 2NA, 3Rk xd, EohE:
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RO « BRAREEMESHBONE KL
fo. 1338, ZAMEORE | HHOMERN 2 Z#
£L, EERTHEL TR, 19 I&0EERETE
T-7.

3.3 EBFIE

81 - 20FIFHL 1.

3. 4 EEHHIIRKEFENBOHT

KR 2 X v, EBEHHORMBEITIE &M
#AAERY, HizE LT 2 — 5 EHEORAL
B oNFEER I XY, EEICEBT ZRARKEE
BURAEHEE L 72,

VR -

4. 1 OR¥EAVCESHEOSE

4.1. 1 %Vo,, E%HR,_ &DBE

Hizf LT 2 — 5 EBEO, KHO%Vo,,
&%HR, & OBAFRIERIH LAk, #8RE 10 A
DA KD, B10 R L. 60, 90% HR__
BEhZEN 438, 85.9% Vo, . THY, %Vo,..
/%HR__ (360, 90% HR__ T0.73, 0.95 &i&8E)
L ESIC ERT A EAEAL 7.

KB - 2057 - EEBOERER 10 i
Z, BEEI LI — 7 #EEGH L RAD
EHEBTE, %Vo,,,. &E%HR, OBIFEN y=x
IES %, 60, 85% HR__ 132 h2h 55.2, 85.0%
Voyue £750, % Vo, / %HR__ (dFEIHkC
092, 1.0 &7 -1,

—7, BROGHE= 220 —Fink D 10 OK
REFEBENRZHEE L - BoEES TIE, BRAD
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HizfHx Lo 2 — 5 EFH EFNOERHBE S h
7. &5, 55% HR_LIF OEEHE T H 545
i, %Vo,,. /%HR i3, 10#%;35.4% /
00% = 0.64, Kk ;33.5% / 50% = 0.67 £33
EPEDE SN e

4.1. 2 REEHICSTIHEREK

net energy (B < ZHFFAH, kcal)

= (METS, X% Vo, i/ 100 —1)

XE (kg) XB§fE] (43) X 35 (ml O,/

kg +43) X 0.005 (kcal/miOy)

e HRex %{/T()Emax _
X{AHE (kg) XBFHE (4D

X 0.0175 (kcal /kg * 4})
=HR, XK} (4) XMETS__x{&#H (kg)

X

1
X HR._ X 0.0175 (kcal /kg * 43)
%{fozmax _ ]. HRmax
(R ~ VTS HR,,

=HR.X M (43) XMETS, x/& (kg)

/HR_ XA (kcal/kg*4})
fefZl.,
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11 Relationship between A value [net energy
(kcal) = HR., * time * METS__ +BW « A/

HR__J and work intensity measured during

walking, running and cycling.
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HEHD net energy ZHWVWT AMBEEE L, KA
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#% 1 Comparison of A value in children and adults measured during
walking (A) and running (B).
A. Walking
v 40 45 50
Age(yrs)
9 ~10
0.0039+0.0016 | 0.0057+0.0017
(n=75)
21~45
= 0.0043+0.0011 | 0.0062+0.0012 | 0.0088+0.0015
B. Running
% HRmax (%)
60 70 80
Age(yrs)
9 ~10
0.0115%£0.0022 | 0.0133+0.0010
(n=5)
21~45 '
(=8 0.0136+0.0020 | 0.0145+0.0014 | 0.0154+0.0010

% 2 Basal metabolic rate (BMR) and resting metabolic rate (RMR) as a function of age and gender.

RMR=BMRX1.2

A, Male B, Female
Age BMR RMR Age BMR RMR
(vrs) | kcal/kgmin | kcal/65kgday | kcal/65kg-day (yrs) | kcal/kgemin | kcal/55kg-day | kcal/55kg-day
7 0.032 3,000 3,600 7 0.030 2,400 2,800
8 0.030 2,800 3,300 8 0.028 2,200 2,700
9 0.028 2,600 3,100 9 0.026 2,100 2,500
10 0.026 2,400 2,900 10 0.025 2,000 2,300
11 0.025 2,300 2,800 11 0.023 1,800 2,200
12 0.023 2,200 2,600 12 0.022 1,700 2,100
13 0.022 2,000 2,400 13 0.020 1,600 1,900
14 0.021 1,900 2,300 14 0.020 1,500 1,800
15 0.020 1,800 2,200 15 0.018 1,400 1,700
16 0.019 1,800 2,100 16 0.017 1,400 1,600
17 0.018 1,700 2,100 17-18-19|  0.017 1,300 1,600
18+ 19 0.018 1,700 2,000 20 0.016 1,300 1,600
20 0.017 1,600 2,000 20~29 0.016 1,300 1,500
20~29 0.017 1,600 1,900 30~39 0.015 1,200 1,500
30~59 0.016 1,500 1,800 40~ 0.015 1,200 1,400
60~79 0.015 1,400 1,700
80~ 0.015 1,400 1,600

B, BAXY &EE (P<0.056~0.0D SEE
ZiRL .

OFEREXTE L (&R 1).
Hi7 e EEFHOVWTRIIBOLTD, 10D A

FH4 v k2 E— v Vol. 14



4. 2 HTHEEOIRXNF—-EBEEOEE

R SHE (kcal /kg+4) ABE1IRL7E
B, RErSHE=ERAHEX L2 MEFERL
LhTV3Y, Z2IT, ERRHELXOTHE
REBOLBOIAS L L ST, RiEEHE bE—K
H (B ; 65ke, 2ot ; 55 ke) BB L1 HY
feh) OBBEREER L R2).

5. &% =

5. 1 HTERICLZEHROME
EEREORRAEE LT, BHOoRES, B
SUBE@EDO LT X6, METS BHVWLAT
W3, chid, EHFORMRFEEIURY, THIEO
BRBEE (1 MET=35ml 0,/kg*4}) Off
M T a2 RLTEBD, TAYHRHE=—Y
ER¥pETH, EEEEORREE LT METS @&
AHALTVAE’, HATREHEBESRREL L,
RMR (1936 45 » @R OFKRikE LTER
EhTELDY, ZOBEHOE M, 4H%0
50 SEOBEAKRZ TV 3. L L, BREGHE
LEMELL 72, HRRERL 0 ORRBINREH
#L L7 RMR 3, #5I - @5l X U RgE%:
BAT FIATE2EERER LTV

K1 oEBRBRICIMA /2 IMET i3, BAA
DOIES v o5y FRRE= 082 & LT, iR4E=
4825 keal /1 Op K DRDY, RHEHRHE/
1.2 =EBHE L LcGa, 1 MET O# b
2, 0 EARLETHE P EBETES (1
MET=35ml O,/ kg * 43X b kecal /1 O, ZH W
THEBRRHE= 0.0146 kcal /kg * 7).
HATIHE S RN EROMRIE, RO
THEHEBERMBEIL LY, S5BTHRORLE
WV, BEEEOFESMONTVSY, TAYAH R
H—vRFEHRTIE, HITEREZRE (50 ~ 100
m/%) LT, HTOREFEE=01ml O,-
kg 'e 5!/ m e HTERRLTEYY, BITEE
EFERRIC, 01ml O,/ kg s mAEON B, &K

FH4 v b ZAE—vEE Vol. 14

=] 8=

KERD 3 BB DBITHRE L, 40 ~ 100 m /A icHy
AL (®2), BEHEETHS60~T70 m/ 5%
SAT, HEBIETERT 2HITEELEA SN
5, BTOBRZRFEEERR 08Kk bEL, 0.14
m!/ O;/kg* m, 20EALIETIZ0.11~0.12m!
O:/kgem&iy (E2), RBKEDEHNKE
WD OBMEEERICOEELTVS L Eobh
5.

BT OMETERY, TA YA R E—VEE
WEOBIE L vEVEN I, L EOSBITERE
I & 3 4km 2BfTT, + 22 ~+ 25 kcal DRI
WXLV (F3I). Thid, B PEERRGH 0.8
Rcohb, PHEAEHHLUIBEED Skeal /1 O, %
TEISC EMERE WL 3, EEFELFIHTH
&, BEEE X O HERAED 10 5% ; + 22 keal / 68
kcal=+ 32%, 20&&fX; + 25kcal / 153 kcal=
+ 16%, 40 &% ; + 25 kcal / 145 kcal=+ 17%
E15Y, FRMEEBRME RS AT
10ETEE 5. —7, FHUTOBHTERTRE,
ke & b lEEcEo X (®3), &E, HT
OEFHBROMEN I —FEMT 5013, BRAOH
B (W DISHBIT] THB I EHHEAL .

HBITHEE L FEDP S, T3 VF—/HERE I
IHEES BIERRITR OO TV ENY, AERT
iE, ERAOBREICRIZTHE BLUEHROK

C EABERsY, T TTHHEUTOBITEED

FHs, #EAE (0.1 ml O, /kg * m) VT &4
HeEsh/z (F4, 5).

5. 2 EIEREICKSEBHEOHE

BT EEEE T, 130 m //E L TRA OB
FKETRIRAREL, Chllbo#EETE, &
EEOHBHEREILSBEIEBHONTS
D, i, EEEERAHERCERBEROEK
MTEIEHMS, BEFRER (! O,/kg* m)
B—EELBO, 74 ) h 28— VEEHLTH,
EEEE 134 m /AU EERELT, EEEORR
FEER=02ml O;c kgt /me sy 1Lid
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KL TBHY, EHEE IZEBRIC 02mi 0,/
kg mMBEONS. '

AEERD 3 B F#EE 1L, 80 ~ 190 m /43ic
AL (B6), HEBETRERYT 5, £EETH
3 EME e, B & IR, BETRER/
HWEHB—E LI -, EEBORKFERE, B
frefEpkic, 10mrRd&E< 0.22ml O,/ kg »
m, 20 Ti20.19~020m! O,/kg*m, 40
BT 018~019ml O,/kg*m&7Eh (K
6), fRAMKEDED, FEL/ D ORFEFERIC
HbPEBLTVWEI b s,

dkmEICBT ZERE R, 10ZDOH 0, BE
ik V#+ 10kcal / 4 km & EREID, BRATR,
SEELUT O EEEE TR — 21 ~— 24 keal / 4 km
ot FHEFEEZNHIAE, BRELOE
MlfEAHs 10 5% ; + 10 keal / 136 kecal=+ T %, 20
Bt — 21 kcal / 306 kcal=— 7%, 40
— 24 kcal / 289 kcal=— 8% &7 b, HfTDH;
GiclNT, HREE0ZI NS BB S5,
S EOEEE TOXRAER, BEEXY -8
~—3kcal/ 4km &by ET), &
fm, EEEOEENROBE NI —FLAUST 5D
i3, BRAD [PPFEDDEES ] TH3 T & ¥
BHL 7.

AERICBVT, HHLUT OE#RE T OERME
w, kbEEEEY (BT), TOMEEAEDOE
WAREEEE LR -7 (F8) 25, TOEHOD
EDIIR, KEOEVLAD W< Y IEEE |
i DEDOBIT] WEVEE) & 18- TV B EfREH:
pEF oS, 7, RAOBRERICKRIE TR
DOFBIL, HoMTRL, TITHHEEL EoE
HEDHH, BEME (0.2ml O,/ kg * m) IV
CEvhER S (B9).

5. 3 WOHEEERWOESHROME

net energy Z (0> SHHT 52 &2 HKY
Iz, net energy (kcal) =A% B/ 45) XiE
i (43 XEE (kcal /1) & L. Tk

B8 = Vo, % 0.005(kcal / ml O,) X (%
\}Oimax / % HRmax - ]‘ / I\&ET\Smax X HRmax /

HR.) &7%0, bL A= (%Vo,, /%HR -
1 /METS__xHR__/HR_) #EHIhTUH
5L, Vo, S0 BHOEKEIEETESLE
%, AMEOBERTFCHB%Vo,,, /%HR  (H
2B L. 2 OE, EHREEIC LT,
%Vo,,. /%HR fEAMERS 5 LD, Wl
OREFIC & 0 %Vo,,, / %HR, (AR ST &
A L 72 (B10).

e A, R RAKEFR) OO0HE 70
190) 4/ 5y, R (RAETR) ORRFAEEE
;250 (2,900) mi O,/ DEFAIIF, KEFEED
9%HR_ 1% 36.8%, ZHHED%V,,, 1% 86% &
BE10 D%Vo,,  ~%HR _FT, LRI I3
BEBND CEHBRTE S, Lh-T, K
RrlMa 2 RA E LT, BRERIE L& oBIfRERK
HT, BIREEZRET I LAV ATY
37, '

—%, EBORHEI LD, Vo, MHREBEL
BRISNTEBD?, KERICBVTH, HEE L
= A — & @HT 3,070 = 642 ml O,/ 43, EEBHD
HEEET 3,409 = 518 ml O,/ 43 & 109% FREF D3
MECT, oL, EFOEHHICLD, &K
DEEIC B 2 RABIESEL 28, 4
TOEHHRETEC TV ATREM S EZ SN 3,

%V o,/ %HR, OHBEZY, Aflid, &
BB X CEFOMRIC X D EL -1 B 11D.
ZzZ7T, Ric A=0.015 LEEL T, EBEOEE
) (HiH V32 — 5 &8) 22X TH 5.
60% HR__ @ E & < iz 0.014 / 0.015 = 93%
(0.011 / 0.015 = 73.3%), 70% HR__0;@H T3
93 (80) %, 809% HR__m:iEH < 100 (93) % &
By, WEFNSEANED A, Bl & 13755 05,
BizH x v 34 — 5 D 60% HR  OES)HE %
PR &, BEEL L TCoRYEIEDHLNG, ¢
Bhb, A=0.015 LEETEZ AT &icli 5,

74 v b 2R — R Vol 14



% o, HEERRE O 40, 50% HR , OFEHE
13, 27, 60% &7, ULidioT, EHHCHEK

BBELE 1004/ LU TOEHEIE, A/ 2%
MWz T, EHROMENAREL 55,

fee i, Vo, 2900mi0,/%5 (KT 68
kg), L1904 / Y DRAEEZLTH 5.

EF=METS X{FHE XA /fepiaEK

=Voy/ 3.5 XA/ B8k
= (.065

T DA, 130 1/ 5y 0iES) % 30 2k L 7-
BRoOET R (B < ZEpRpREAD

net energy= 130 G5/43) x 30 (4

X 0.060 (kcal /#8)
= 250 kcal

COAD, 9538/ 5 0EB) % 60 SHEIRkSE L 7
BE oD EEh

net energy= 95 (24/43) X 60 (43)

% 0.065 (kcal /47) / 2
= 190 kcal
Pbko ks s ns,

—7%, 10K0HT « EEHIcBV T, BRAD
E U EZBHO AEED REVWHSOOD, RAOHE
Hvgx— s EFHEEMUTH-7 (&1, B
1. Thid, 10 ROFVBLERLIEBEV T
&, 1 EHaHEORME, HiToOBRROIYASLD
B EBEALTVWALDEELI LN B,

ZIT, 10D A% 0013 LEET 3 &, &
LEBO 10 ROFEHETH 3 Vo,,, WD ;
L720ml O,/ 4, A ;34ke, HELAREL; 210
/5y (220 —EE#) T, ERE-EDOLI LK
5.

ER= 1,720 (m! O,/ 43) / 3.5 X 0.013 / 210

= (.03

CDWED, 150 1/ 5 0 &S % 30 s Rkt L
feBREEE (B < LRPIRED

net energy= 150 (3H/43) X 30 (4

X 0.03 (kcal /41)

74 v b 2R —VvEEE Vol. 14

=

= 140 keal

ZORED, 11048/ 5 oES) % 60 4Rk L
FoBE oD EE) &

net energy= 110 GBH/4) X 60 (43)

x 0.03 (kcal/#1) / 2
= 100 keal
TOXIHC, REOEEO—IEOHZE LT, 120
B/ HUTTCR, A/ 22BHVAC ETHESH
5 (&1).

VWFRILTS, Vo, SHEESATHEL
b, AEAERVSIENTER, ZIT,
AEBROMRETEMN TS L, 2EOHEICXDE
BOFEHHBREL 18 5.

1) EEREMNERENS, $5150m /530
[ | OEEH ZITEbES. 400 m7vL
i3, 24330 D 150 m OERR &0 ECEET
g 3.

2) FRLEE (2 ZX155m/43), OME%
(721508 /) BIUHEE (721368
kg) L OEHERD 3.

E¥=0.193 (m! 0,/kg * m)

x0.005(kcal / ml Oyp) X &R (m /
41) x{&®E (kg) /g% Ga/4)
= (.193 < 0.005 X 155
X 68 / 150 (kcal/ 3D
= 0.07 (kcal /31

5E, ROREOHEICE, 2EDXS T
9. '

1) EERENHBRENE, H120m/ 50

0@ ] OEEEThE5, 300m 5L

13, 243 30 W@ 150 m O EMR &0k AR
Hi4 3.
2) ERLERE, OMEEE X ORE X EHER
H5,
E= 0221 (ml O,/kg+ m)
X 0.005 (kcal/mi Oy XEHEE (m/
) X&&E (kg) /08 (G8/5)
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DX EEHOREFTERZE 10 ;
0221, 205%;0.193m! O,/kg*m& LT, &2
ORWBRHBBOHEB LIPS L, 115
0.218, 125%;0.212, 135%;0.209, 14 5% ; 0.205,
155%;0.202, 16%%;0.199, 17 ~19#%; 0.196 mZ
0,/ kg * m DEUEIEERFTE 5.

AEERDOEHWZ, net energy (Br< Ll
#) oBdich s, R2AFETILT, &
HROL X VF—HEBE (kcal /%)) ZRHLT
BLLERITH 5. _

fz& ZiE, 45, 68kg DBHDOEE

LR EE= 1,800 (kcal) / 65 (kg H)

%68 (kg) /24 + 60
= 1.3 kcal /4
R, EHEAREE  (L3kcal /4)) X EBHEH
(4}) +net energy=gross energy &7 5,

6. & &

EPREMBCIEETE S L, EHoRE
fbictr> EEZ, EHROPELE, 2¥FD L
HIRE L7 (1989 4.

1. EFHE (R LA, keal)
=1THEEE (km) x{&=E (kg) /2
2. EEhR (B ZHRE, keaD
=EREE (km) X@F&HE (kg)
3. EEhE (&< LEHERH, kcal)
= EPRROEE (GA/5) XEER (63 X
ER (keal /4
EF=METS_,_x{&#E (kg) X 0.015 /&K
LR (B /41)
RAOHE = — 0.8 X4EHii+ 216

4E, oOBREERICRET, Fink L OERO
TEABE T ENT, BHOKERE (9~45
% 9.1~ 31.6% fat) icBfT & BigHEz VT
A—yEFEAMN L SREI->TFOKIKKFL
Hohb,

1. BAOBITIBVTE, FEEE (T0m/

1) VT ToOMEFEZRED (0.1ml 0,/kg * mic
T 5T T, BITOMEMEE KL —4,
BITHEEAHL 25 L, BEMEXD &+ 20 keal
/S ARkm B TEL 5 f

2. ERHOEVHE (10K T, ik
OBEEERD, 0.138ml 0,/kg+ m&, AL
DEMEER 7o, RESBVWI Licky, BIE
EEoZER, BRAELELUL L+ 20 kcal / 4 km
fTEi -1,

3. HfTicbvTld, BEACKIEIRESX
U e DR IR S il - T2,

4. FEEEBVTIE, EREHoEVWEED
AILBVWT, HHEELD b+ 10kecal / 4 km &
(+ 79%) &7 AT, FEEEE (110
m /45) L ETOMKRERD, 0.2ml O,/ kg
micEifld 5 &7, EEHOHEME L
fo. —H, BEEIERDE, HEELD O
— 20kcal/ dkmE (— T%) E1i-1.

5. EEBIcBLTE, BEECRETESEO
FRBIHES WD s, EEEIEL 2213
E, HEEL D SESRSE N T 5@, $E
DEVARLETEETH - 1-.

6. D&V EGHREEE T IEAOAM
(net energy = E&FpLHHEL « EHFFR] « METS
e * REE © A/ BRUHEED 13, BRATR0.015, &
B0 TR0.013EBIETE /2. LML, 50%
HR_VITOEE T3, A/ 2EH K& hre,

T. Dk 0 EB R A 5 5L, A%
BREEEE b 21T, AT, IR 150 m /4
DEFIREBOEEE L, OEiTRIFs i
LhEHEN 5.

E8=0.193 (ml O,/kg*m) % 0.005 (kcal

/ml Q) XEHEE (m/45) XEH
(kg) /EEIFRLHE G/ 5D

FH v b AR — YR Vol 14
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2) Bobbert, A. C. ; Energy expenditure in level
and grade walking, /. Appl. Physiol, 15, 1015
-1021 (1960)

3) Brozek, J., Grande, F., Anderson, J. T, Keys,
A.; Densitometric analysis of body composi-
tion : Revision of some quantitative assump-
tions, Ann. N. Y. Acad. Sci, 110, 113-140
(1963)

4) WK HBMOL AR, Ak 1,
310-311 (1936)
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