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ABSTRACT

In the present work, we made some experiments in an attempt to
elucidate the significance of relationships between physiological res-
ponses and comfort and thermal sensations during exercise.

Changes in preferred comfortable temperature (Tpref) were ex-

amined during exercise in 1() male subjects. The rate of change in
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Tpref was highly related to body core temperature. From these
results, it is conceivable that the increase of core temperature during
exercise is not due to change in the set point for thermoregulation.

In order to clarify the influence of clothing on comfort and thermal
sensations during and after exercise, the survey with questionaire
was made in 42 male students and 49 female students in a physical
education class. \./02 was estimated by measuring changes in heart
rate after exercise.

The results were compared between two groups one wearing of
clothes with long sleeves and the other with half sleeves, More
students with long-sleeved clothes felt hot and uncomfortable than
students with half-sleeves. {9’02 did not differ between the two
groups.

It was found that sensations had better correlations with the cloth-
ing microclimate, Discomfort during exercise does not seem to be
related to temperature regulation disorder., The relationship between

core temperature and skin temperature influences comfort sensation

—131—

during exercise,

C

TEENRF O VEZERES) & YUtk & OBSEA R 5
iz, 2, 3OFEREIT- K.

10 ZOBRABFZ8iRE & LT, EHRFER
HHOMPR OB LE X 5 ER (Tprel) %, ATR
REOZIRFIEREE = E - CHfisE (AR5
MTED, EERFOoYEROBREICOVWTHEEL
FFER T, EIBE (Tre) PEBHED FEICHE-
T, &\ Tpref 2@ & L TER L2, £/, 1E
IR AR 1 &K\ Tpref 238400, X510
43°C DRKICTR AR L CEBREZ AR LD
Tpref 13, EBG L FEFERESERZER L. £
7z, Ein FHEBF D Tre ®Z{Lid Tpref T DHE
FEE U ERERLE DD EEHHIFD F ~
7 ¥ MTEPHERICHRR D &, EBRF QKR L
Hizty b« R4V FOBHICLEHOTIREW

F4 v b AE—vEE Vol 12

EHERR L7z,

BRSO E DX, B8l RoF¥t%:
XRELT, s EERZIT - 1M OIRBRIL S
Cicthliz, SRORETEZ TH &2 TH
hiF Tkl 4, 259 7F R MEOL
ik (HR) oZ#)H 5 max METS & OpE%R%
KB T, Vo, DHEEEFTV, MEOHBETT - 1.
HER TR, RZTHTI2V] i Ry &
EZBUAHRTH, Vo, 7581 AR T
HoNEh oz,

3HDHMABFERNRE LTI HHED MLy

I 3 VETTRE QAR TREIG & #HA & AR & I
BT, BEEBEVRIED ORI, - 2.

PbkoZl &ho, EHROFERERICHEST
[l 2L 0PEE 25, FAREROBARMKT L
SRR PREROALALERM L D ERT
29, PRRERERE OREAESEEL LD



13—

Wi EELNAN, 515K, REMSHRE
BHBEEIEbLNA,

w B

e o 37C iR TiRE—EifRich

TV, THRBIK MERICHEET 5 IARTAETHHX
OEEICL > T, Bl L BEELED/ NS v ZHH
HIXMTVWAT LI LB, LT AN, BkEHE
I IRIHIME DR PRI IC X 2 Bk oK
bbb o, RIEIZIZITESRE I L T8
K$ 5",

i, BRERETOEH TR, FLOVRFK

X > THRIBROSIRDO U, MBS LR 515

&, TR AREGRETROMEICOEZ  OREER

E I
INLDOT END, KRR BT, &
BRFOIERRENICERE SO 2695 Li5D
5. i, JOFEENL, SR, B, SURRE
DHERBEERTIZ S & &0, EEREC B AL
DOIEER LIck > THEMESN B,
EHE D, Do TEESEUHED SRR
ORBEFENREEZRATE I, S, K
RT3 D DEERD S, EERFOIEERES) & Pl
iz > O TR BERBE B 2 A 7.
FEig 1 EENRE OTTEYMERIR FEET UG
EER) BAROEOVWH Warming-Up BLU
25y 77 A MEOHEBPIRIGE & ORISR
1356 BRI IR 43

KEAS EBISOAIRIGIC BRIE T KA D5
&

. ERAE
£§1
10 ZOMABTEBRE L L TEREERL
fo. EBRFINEE, ~a— v yDAERLME
BE%, 550 UHER (Ta) 28°C, HRRE (r.
h) 40% I3 E L ATRRZEAZ S #, 204

M OREMOIRETLFHE L o810 B, 30 5
OEE, Ve T 40 20 RBEED O RE %
fTot. 20/, BBRECIF BB L-ER
HEEIC L > THEREA S AR OIUEE T 51R
BEER (A5 MTED &4, TOWERT
T, TNENHEZEAT, 2 o0EHREORY
%30 HEOBEEHET VT 2 — 5 — & (450
KPM X900 KPM) A#AM L. T, —if
OEIREFIC>WVWTIE, Ta28°C, r.h.40% DIELE
TFToEl FT 900 KPM O:FEB 2 EH L. &6
i, XH%EERE LT Ta28°C, r.h.40% O ALK
RENT, 43°C OF/KICTEEZ 3040 L, &
B & EIRR I Pulif & B IR & & 2 HER AT - 1o
EEOM, 8 »FOKRER (Ts), EHER
(Tre), ﬁﬁﬁ(Tw)ﬁiﬁw&%ﬁﬁ%&ﬁﬁ
BEELUTERRLAZER (Tpref) %, -

& —iREETIC & v TR U /e

£8& 2

BRE SRR KL, BF4R2%48 L7402
Ths (R1).

BIE, IR (1FR-9 100~ 10 : 30,
2BR-10:40~12:10) &7 5 v v F TENE
Yl

BIER DRREM R, R, Sl 24 ~ 27°C,
¥ 63 ~ 69%, RUE 1015 mb TH -7z, REFIE
d, FPRAREEIRE S5V v FIRES LK
o, BT RE, EEREONESE AP
BEL, WO TEHROREEIT-> 2. TD%, 30
DD+ —3 v Ty 7 (W-UP) #&TH#HIC2

F1  BHRE OFE & HHE

males females

(n=42) (n=49)
age (year) 18.78+0.60 18.73+0.83
height (cm) 170.52+4.83 158.261+4.64
weight (kg) 61.09+6.41 51.08+5.86
chest (cm) 87.11+5.28 80.28+3.02

mean=+S. D.

FH v RAR—VFEE Vol 12



BIEHOHIE, 5B IBHOMEERT v 7T
A2 METHRICERL 2. AEEE 1, DR
(Tor), WR¥Ex (HR) 7 5 TFICEMBIRTL & TIch
BEOHETH 5.

HR #fiz2kic & 7w, Tor Bk KR %
BOTHIEL 2. 30 2o W-UP ONAE L, %
T 7 v FEE 800~ 1200m &, % L THEfE
Hi, 2 b vy FRBBLUHMETHTH S, R
Fv7F AN, 35cm, 40cm EESDREND
2 BOBEBEEHVTITY, ARES)IC X 2.0H%K
DEH %, LiH-Mets OBIFZRRAZICHHAL,
Mets max & BRIRFEEIE (\‘f'Oz) AHEE LR, %
OFNEE, FBEEF2E/HD) XLT, ETE
S Hom OEDOFREEF ZE 4 HRITV (15
Mets), VW TEE 40cm DA% 3HMHRMB S
(8.2 Mets), ZDEHD HR 2RIE L1z, ELRK
RE (8775 —) BIUPERRE (447
TY =) i3, Gagge S5YDHEICL - .

PULoFER%E, ZBEDERDE X > TH
ZTH, RETHichby ThHEEIT- 1.

8 3 |

W E T RETERABTIZEGR E LI
Ta15C, r.h.50% ODATTERENTHE 160 m
DAE— FT305MH, KELITTrLy FIW
EXEThYE, L, EFiFS L CEHHE T 20
Sy El{E R OB RE L7, #RE ik
YHEATY s — b Svw ey v 2 2BXUEH
HosxEBERUIRE #85%, RUvLsy
15% OR#iOAR Y FERETY Yy v EHEH LK
PREEDS & U 8596, MARANFRBURBHEM TR Y »
LYY 5% BBIOXE Y FEEEFTY » Y (R
7= —tBPFI0) ZFEMLIIRED 3 &M
T, WEBAZEZ TERE{T- .

ERETIROREREED SRFEFR (Sw) &K
iz, Tre R OBIARES, M, MEES, AR, AR
K, THEBD Ts 24— 3 24 —EHEiHc X 0
BERICHIE U o, ARIEE & NEPEFRE K b

FH v b R R — R Vol 12

=13gd==
VIR (Ts) ZHMLAY. 7, VR
(Tb) & Tre &Ts X WU FOHR X vk,
Tb= 0.6 Tre+ 0.4 Ts
DERAREEAY I & VitE L, HR 2%
BRRNCIE Uz, PR Al (3 HAE®
RM-300) i & DGR (VE) B & OBRIEIE
(Vo) %KWz, THFH & CHBHE TR I E
ZEORML, MePRUREE (LA) Z2HRELE
(Frova#lss/5—1+7F 54 —),

2. RRER

K8 1

B 113, E&oD Tre, Tty, Ts, Th, BLU
ek Pl & L CEIR U 72 Tpref ORFFFZAL
A 1Hl& LTRLE.

COFITHH LMK ST, Tre D LIS
TEYEV Ta 2P & L, Ts, Tb id Ta %Kk
LTEFEZRLE.

B 2 & 900 KPM &S D Tre & Tpref @
10 B OWRE O & T OFEERZE DREIFZ
ItTdh 2. EHP TFREAICK > T Tre & LAT
B, FHICHE-T, KO Tpref 2Hei& LT,
BBUROI~ 6 COEFEZRLL B3 R3—H
& LT, EHB X OTRIERAICLS Tty & Tpref
ORFRER—RIc 7oy FLEHDT, WTFhO
FEE D 08 LI EOFmVHEEERL, F/ERE
WBEILE T AINIEL TV 5.

B34 (%, 450 KPM & 900 KPM DE#% D%
D 3ENChic-> TEML ZERD, Tre & Tpref &
ORRER LIS DOT, BFAOBE 13I2ZEH
THY, EFHEEOHEIC X ZHEBIIAD SN
ot T, FERTOEE)NC LS Tre D LF
b, PR N oER & FE U LR AR

E8&2

®5 (BF) BLUEE (KF) FFZTH,
EZ THROZEHF, W-UP, BXURF v 77
Z METHD Tor 5 HR TH 5. Tor 13



—134—

Subj. Y.S.
900kpm/min
Tre(C) S0rpm
39.0 l
38.0
Ttym (°C )
37.0 38.0
37.0
Ts(°C)
34.0 a"“n-l*‘“‘““& 36.0
* ta, i g hy kAR paaa
. ah g
32.0 i ol -
(e Tb{C)
ow 36.5
30.0 . 1
..MM
i ""m.. 136.0
Ta (“C ) .‘ .| .o'”"-_
.or S 135.5
35.0
30.0 ‘\[\ Sweating
250
20,0
15.0L o = EXErciSe —— .
0 20 50 90

Time (min)

1 EEE (Tre), SEE (Tty), FHEES (Ts),
SEHE (Th) BXUHER (Ta) oZEL

5TC HR oZ ki BLvdh & bl ofiic
BRI EIED SN h -1z,

BTIBAT 75 R bick 3 HR OZE#H 5
#esE LTk 7z Vo, %, BIBETHEL: HOTEH
3. BT ET OB, LT REREE
THTEWEZRLAEY, WEhbmEollichd
BHERBED SN, F.

£ 2 1A FEEOZREY, W-UP LSV R
F v 7T A MEROIRGSEDOBEFEDOHERERLIZD
DTH5B. BFFEEOFZ THTIILHHFIC [

LWw] EHEL A RLED 34.3%, LT, [H
BRic ME9E] 37.19%, W-UPKTHTIZ %]
31.4%, [\ ] 286%, /A7y 7FAMVH
#%TIE [BYV] 428% Th-1-. BRZTHTRE
FEFIC (5 | 28.4%, B2\ ] 28.4% #% W-UP
%k [DUEPSELZ] 43.0% 1, ATy 7
FRMETIE BVWERU B 51.1% OEIS&ER
Life,

—%, FFED T TRTRESERC, (DL
BEn\ ] 34.3%, TBLERU 3| 34.3% 45, W-

FH vk AE= R Vol 12



Exercise (900kpm/min)

38.0

Tre('C)

3.5 F

w0l
30.0

26,0 F X

Ta(’C)

20.0 -

L r exercise I

0 20 50

Time (min)

H?2 EEE (Tre) SHuElE (Ta) oM
25 UICEHERE D A H)

CUPERTRIBVEEUS]531%, ZLTATy
75 A MEETIE BV 53.1%, FEFEIKEWV]
34.3% T, 2FD 0% 5555 [BV], [FEFICE
W] EHRELE L. $EFCETREEC [B
W] LHELER 58.8% LEWEIAER L.
W-UPRTR BV M647% &EbFhIicid
L, 25 v 75 2 METR T8 (52.99%) & 9k
WILBWV] (41.2%) T2E0% 94% 2R L -,
R 313, F2THIEZ THIICPUBERRE K
LikERTH 2. BFFEORETHEST S &,
Yo T TR [Yul] LRELLER
82.8% ThH-»tcdicxtL, W-UP#%TId 51.4%
BT, #icxFy 772 METR D LASR
D5 51.4% L15- 1z, FRZT CTHTREHEIC
[P | 85.7% A3 W-UP & Tid [Hud] 42.8%,

FH b 2 H—vEEE Vol 12

— 35—

[DURR] 428%, ZLTRF v 7FFRAMET
13, D UARP] 42.8%, [AB] 28.5% &5 b¥%
THICHE LT, ke THTERIC X 2 A PR
BAZRTEAENEL, IO ERBLTFEERD
WTHERRTH » 7.

%5 3

RAICBOBODOEMTTO Sw, EFH{HKOD
LA Z/RL7z. Sw3EKBICBLWTHETEVE
2Rl LAR3udhd RIFEHKO@ERL .
BA8 14 Vo, % & I HR ORI L TH 5.
BT 13 Vo, HR WIh bkl & B o
AT OERPBES NI, HRE OIS
{, ZOEREBREEEA LD,

91z Tre, Tb BLUTs OFEREZALERL
fz. Tb ROWTNOERIREIT BV T bERARE
HELT, MOEAEERL, % 7Ts (30K
B, ISREAKB L OB ONETE O
ZiRULiz, Tre B3IFMICLBZRBHOIEG
o,

3. % %
EENIHOBGEAEHE L K&, FBED
ML THRRRERT S, LbL, BTFORBNG
ETEMENITONE LI ->ThH, HFERIT
Mg 2 &ia, EBSREC A L iR ER
T30, ThiREEOE Y b RS v~ BERMIC
BEHLILILDTHELET 0055 Kl
£y b HEA Y RIS, REFEBREEE
t2d B icdicid, Kl RERE (v b ®q
YbF) EORice—F e 25 -9 B U0ELE
%, BRI IIFIT S & OBIKESULAEET %
S, TOBBEIEERT 5i1cid, &y b o K
AV rDETFOERELEE, Tk, EBEE
DEBEOTEEIE £y b EA VP EOBERICHOWVT
BEROHMEEI—H LTV,
ARRGFT, KEMES 3 VRS LR

MERBHESRIGICINZ T, M ShDITHTHSA



—136—

35.0 -  Subj.N.O.

30.0 |-

25.0

Ta(’C)

10.0 &=

® — exercise
Y = —25.937 % +986.604
r=—0.8267(P<0.001)
n=174

O .-~ immersion

Y = —25.380X +965.645

r =0.8804(P <0.001)

n =87

36.5 37.0

37.5 38.0

Ttym (°C)

K3 EEhE L TRRAROBER (Tty) LP@i (Ta) OHE

BBREELEZ B LIC&-T, FEDONT VR
AR L & &9 A TEMERRBEERIS T X -
T, —ERHBIh TV, T8 L 3KED
RIS EEETHEH, T35 MTHE
gikid, oOFHHEAEERMICGTHES 2 LThH
MITEDV EDTHY, TOAEERAVTES
NERERE-SMRONED, B MEWRELL
B, £hiEEE RN,

Cabanac? & (1 EEFICRIBEE 2 /KM ICR L,
IKFEDREDS, HbPBEIR U 5 & O WWiiRE

i, 7 otEROZLED SEEHIFOEKED
oy RSV PEBERILEWE L
SEOFE S DOERTIE, TETFESTIC, #
REJ| FOVFNOREFIcBVTS, Tre®
Tty OHARIIZZENE L, EBmEic kLT b
U, 450 KPM ;& B 0 EF R &, 035 ~
0.65°C, 900 KPM 0;EFH T 0.85 ~ 1.12°C o
FARL T, EEFFORIRER L, FEHRERD L
FUcHBILCIREL, SEERBHEAHTIC LEER L < 450
KPM DOEE) T35 5.2°C, 900 KPM T3 6.



e b s

35.0 - Subj. N.O.
—— light exercise (450kpm/min)
------ moderate exercise (900kpm/min)
30.0 |
25.0 |
©
g S
20.0 F * \o\ .* "
. .\s\.
. Wy 1\:§. )
N
\ . CHEL T
15.0 | N \~\ "
\\.\o‘-
10.0 %
36.5 37.0 37.5 38.0 38.5
Tre(C)
B4 EFEEoEEE (Tre) &Huiiiil (Ta) oM
4°C ML, FEPHE&EIREER, — 0.8 A% BERTHY, 5~30CAHTRRERICBRL
DiamWEOHEBEZR L /-, WP, 30°C LEDSUR TIEEIEE A b 5 FEE

¥ 7, PkiERBE S — 0.8 pitk oG E R
L, EFEoENEMAHECERTH - 2. RS
S EEIFOKIR 1B 5 —ERBER O THh L

AN WESPATVSEY, SEoEBROL

5 REROBWELIZ LTS, EBRFOMIER I
EHREICKFL WML, chsolEd
5, WHEFEOKRO LAK €y b« B4 v O
Bk B L9 R ETIFT HICRTIENLET 5.

5k, EHHFOKE LA, BEEEEI oL
LB bDTIREL, EHEREICHA L 7 REEIH

F4 v b AR—VERE Vol 12

A5 E, RRIIEREROPEELZ T TLEA%R
T JRbb, EHEESKTH S IEE, BER
DB EAMEC 2BEKESE VT & &R
7. FRKUEBLANOREENT, $A S EE % b
I & - TEEEE & ERE ORIRE TN T blakk
THSY, '

& 51, EBIFOKIE EFIGEBRE oM
X 0 A DA OHXHE 15 < Btk
T30 L%, BEIELIC X - TH O BUEGES
HSHIA LT & BB & 2 (kiR BRI ARk C



138 —

temperature ('C )

temperature ('C )

% *
[T short sleeve group !
* % sk % M long sleeve group I * ¥k | male
r
Nop  ———
0r kK Kk
1107¢ P<0.001
*® %
36.5T 100+ l I P<0.02
E
[=1
= |
T 90t
36.0 o
¥ 8ot
E
3B.5¢1
7071
35.0L 6oL
after after after after
rest w-up step test rest w-up step test

K5 ¥z7T, EFTEHIOOHE (HR) &OME (Tor) ob#z (BF)

[Jshort sleeve group ik & & 1
1 sleev
. M long sleeve group P
[ ] r — female
37.07 * % %k % 160
[ !
* ok %
I 140 P<0.001
36.5 =
£ i ¥ % %
= 120 — P<0.01
36.0} ki
@ 100 ] !
2
35.5¢
80 | |
35.0% 60 L
after after after after
rest w-up step test rest wW-up  step test

B6 F¥z27T, KRTTHLYOLEHK (HR) LOMER (Tor) OHE (&ZF)

male
[]short sleeve group
M long sleeve group
female

. 457 __ 35r

E i

& 2

= s

E 407 g 301

® >

~ —

s . =

a j="

= 35k 5 gt

s =

5 &

B )

30 a0t

BT ¥zT, ReCHUNORENER (Vo,) OHE

FH4 v b 2R —vEEE Vol 12



®2 BHRBROLEK

—139—

cold [ cool |wamer [normal| warm |very warm| hot | very hot
& |rest — |34.3% | 8.6% [37.1% | 8.6% | 8.6% | 2.8%| -
[T ="y
% 2 9 | after w-up — | 2.8%| 2.8% [31.4% |28.6% | 20.0% |[14.4% | —
[ Y =]
g |4 after step test | — | 2.8% | — | 2.8% [22.9% | 17.1% |42.8% | 11.6%
s
Ble | rest ~ |14.4% | ~— |28.4% |28.4% | 14.4% |14.4% | -
o B e~
= Eo I | after w-up - - - |28.5%| - 43.0% |28.5% -
o
& 7 |after step test | — - - - - 28.5% |57.1% | 14.4%
£ Lo |t — | 3.4%| - | 9.3%|18.7% | 34.3% |34.3% | —
L5 [ ’
w ET]) after w-up — = 3.2% | 3.2%|18.7% | 21.8% |53.1% -
= B 5
2|2 after step test | — | — - - | 6.3%| 6.3% |53.1% | 34.3%
o
£
8 %Qﬁ rest - — |11.8% |11.8% |11.8% | 5.8% |58.8% -
O ~
@ éﬂ after w-up - - - 5.8% | - 17.7% | 64.7% | 11.8%
=
,5 = | after step test = = = = 5.9% = 52.9% | 41.2%
®3 PEROHE
agreeable | some discomfort | uncomfortable | very uncomfortable
4 rest 82.8% 11.4% 5.8% -
288
@ 8 i after w-up 51.4% 42.8% 5.8% -
- mv
ok after step test | 17.1% 51.4% 25.7% 5.8%
E
% | rest 85.7% - 14.3% -
= .
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=
8 7| after step test | 14.4% 42.8% 28.5% 14.3%
% | rest 75.0% 25.0% - -
L 58
2 gﬂ I | after w-up 50.0% 50.0% = =
= =
2 .b:f | after step test 3.2% 46.8% 46.8% 3.2%
S
&
S8 |rest 58.8% 41.2% — 5
$ 55
w S | after w-up 41.2% 41.2% 17.6% =
g g
o after step test 17.6% 23.6% 41.2% 17.69%
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before

after

NC 0.375+£0.035| 4.8+£1.2 | 23.7x 7.7
C 0.412+0.030 [ 7.4+4.1|20.4%11.5
FIC 0.397+0.040 [ 7.2£1.2 | 22.2+ 5.1

NC : No cloth, C : Cloth,

FIC : Far infrared radiating cloth,

Oxygen intake (//min)

Heart rate (beats/min)

mean=+S. D.

39,

PLEDT ik b, B ORERKE LROR
AL, BEEES O— RSS20 T IR
TERWV., 2CT, XEPIFEEOKRER, BEA
b H)—HOERTH 2 RAMUBELROED 5,
HEHG D EREAR O _LF DR O A T
3.
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