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AMATCHWIEERKFELESELUTOHED TH %,

dTsk/dt

Fsw

HR

M sw

m sw(chest)

msw(forearm)

m sw(palm)

RH

rate of change in mean skin temperature (°C /min)

1) B2 W iR D &AL *

frequency of sweat expulsion (sweat expulsions/min)

T O 1 H ¥ &

: heart rate (beats/min)

IR

local sweat rate (mg/em?/min)

B T &

: chest sweat rate (mg/cm?/min)

i 8 8 4T &

: forearm sweat rate (mg/cm?/min)

A JE B T &

: palmar sweat rate (mg/em?/min)

FEBRITE

relative humidity (%)
FH Xt 36 B




Tarm

Tb

The

Tbr

Tes

Tre

Ts k

U0 -max

: forearm skin temperature (°C)

AT i &R 52 5 U

: mean body temperature (°C)

75 th i

: mean body temperature (°C)

REREFEUERE»SHE LEFEHKE

: mean body temperature (°C)

EREE:E FEHENE»SBHUETEEKE

: esophageal temperature (°C)

7E R

: nitrogen gas temperature (°C)

BRAZAGE

: rectal temperature (°C)

H 55 i

: mean skin temperature (°C)

5 M iR

: maximal oxygen consumption (1/min, ml/min/kg)

RAMREBENE
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SHEBHENESHRELZARZEREIEZY, BEOLFIEBHO N
74— VAZETEE, REBEKLZL-THEBRR2ZEEH S, Ld
L, EBECEH®hEFSGREGEBHZh, RELEIERICRZGZVWLED
arybhba—=JlhEIhTWwd, 3205, BEHLEIX->-TEUERITMHE
KE-oTHUhHFRBCEIL, TORKRERECRP LR T2 L KW MK
EOMML, EMGEZLASE, GH, AR, CERLOVENEFE L
IhEACHBENhS, SHCARRAESHITHFBRLI»SFIFFBE N,
RRECIDZPBABPREZ S, ChEORBABBBEIRERGORE 23
U, ERERRETCEEN, R, ZHCXI3BBABEHERZHEU 3,
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220, AEFABICERTFIPFCEELREFL 2 % (Hardy and DuBois,
1937a ; Hardy and Soderstrom,1938 ; Nielsen,1938),

HHRORTHBARACEERABRIEBROEERAIRATF LR S (
Robinson,1949), KR OERAKE I EHBECHHA L TLER L, $iE
EOEE 25T EHHHEERI05 TEMIREIZE T % (Nielsen, 1938),
FHRUEBIPRERELTWEIRETTR, EBAEBELETEOMBRITERZN
B2 DNEZELOMAETAD SN TV S (Benzinger,1969 ; Nadel et
al.,1971a ; Nadel et al.,1971b ; Nielsen and Nielsen,1965 ;
Robinson,1949), — 7, EH KB PEL L oo 2 EHRETIX, &
HUBLETEOMBRIERNTH S5L 3 28 E (Chappuis et al.,
1976 ; Johnson and Park,1981)¢ £S5 CHhWe 328 (Tan et al.,
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EHHPREHORERL)Z S EET. LEN > THEBHKORTHRME I
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RABOFHM B RTHIEBHLEAHBER(TRDEFR)O =2 M
5LTW3. M98z L hiE, FOHMMBEEZFEHEKBIENLTT
Oy bPLTHLSNSERERIETIRBBORIGHEZRL, RTEZ
FOHHEBECIHLT7ay LIRS IEARERIFRERITEHSR
RS 2XMBBORBHEEZRTLEAT VWS, LENXSTZDHESR
AuwhiZ, BT EIXZELEBGCLZANFRBREORIEHDOELIZ &
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Z2LRBHARENFLLESTEEBODDICLTCHDILFEAIAOND, EZT
AHRETE, EHRORFABTCOVWT, FOMHEEOREE2D LR
LT e kMo mEr»r SHMERFETZZ LT LE,
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FEFRPOSERNXAICRENCRHE T 20TERL, HHRICHEE
4 % (Albert and Palmes,1951 ; Nakayama and Takagi, 1959
1962 ; Custance,1962)(M1ZM ). £ LT, TOHHEI—BAE&THE I
ECTHRBLTBZISZLDEDSN TS (Albert and Palmes,

1951 ; Takagi et al.,1966 ; Van Beaumont,1969), Ogawa and

Bullard(1972) B F O RBHEHRHXERNE 7T Ov Vit ko THEkT S

Ehs, AEFMPTEBBICHXR I IRTHETRERM I ZIHOTH
&R UE. B, microneurographyi i Z H WA KW X B EE T
DRBLELST, BLAOFOHHBEENIE T I2RTHBEHED /N—X b
wOeh, FTOHHUHFEELRETHIRED L OMBRIERNICRIEEhE
(Sugenoya et al.,1990), &7, FOMHEBEIEBEKELFLHHEKE L

EMABGRIZH D (Sugenoya and Ogawa,1985), BT E L & & WHE 25

¥ (Ogawa and Bullard,1871), /M (1986)Ic kB &, FOHHEE %2 F
BAREZMLT70y PLTROGNWZEAREROAEOELIEETHEK
HEOBRZMHOXR{LZTL, TOMNBOBHIRTIREBEBOFEHED
BlezRIyeThTnd, —74, BFBZFOMHEEEICN LTI Y
PLTROMZEREROAEOLELEE, FHRERTHRICHT T 5K
BEOBZMHEOZILZTRL, TOMBEOBH I RKMBHEOFTHHEOEL
EHBRERTVWD, LEX-ST, COAEZAVIERTREZFERL
AHO-ODEREDUTRHMIZCLDPARTH S, 2Fh, BIFR

; Bullard,
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WIEEDES>EEE, THRERTFFRBHOBEZERZVLEBEOE
LiELd0d, ThELRHRBEOBRZEZVWLEBNKOELLILXLZ2D
PEENITDIIENTE D,

2 . 3 3h Ry oD FE IF IS

(1) EE B D FRETF

EEHEEROBRTFICBVWTRHRRERNRC L, EBHEKED S RITFRIGH
HMETCOERIFEDTH W L TH %, 19634, Van Beaumont and
Bullard BEBEBRBM T THULULWEB 2T 5 &, 1.5~2.0BUALCRTE
BEMULKEDDICLZRLE, TO&, CORKEEFER KO M % IE
THCEREH-THEDNTCEODSNEMBEILSZEFTAR(EBEL LU
HRE) O LR Z2BVWTHREZAZLDPELPOLN, EHREEPENE
(ERMBRHOGBE)CEEISSIHETCRERVW LHHE X (Van
Beaumont and Bullard,1966),

COE>RnEHHKBERIKEEIIETRBCHMEISIERLE LT, &
BREEPCEREBEUADEAMERBIVERRUEERANFLS N S,
Bazett(1951) B KW BREBRERZER LEREERXETENEELEL, H
FRELEAFR(FEREBICREL, BEBEDHZTOABI»LOR K &L
DB RBTDEVWIFEX[FTZ2RR LE. COTEEZRAN T2,
Nielsen(1969) I XM (XM EMAMR )L EB R OFEH K WE (KW X
H»S51I~6mOEZXORE)ZHZEL, A—RTFBORBICETIHERHFOER
EMEXEFLWEHE LE, EH2HAKIZ2LHECHIRMENLA LR
THZEDS, TOMOBRUEER L ULTHELBIREOESEEF RS



1 5 (Gisolfi and Robinson,1970 ; Meyer et al.,1962 ; Robinson et
al.,1965 ; Saltin and Hermansen,1966 ; Saltin et al.,1968 ;
Stolwijk and Hardy,1966), UL % U, Nielsen and Nielsen(1965b)ix ¥
PTFNVI-—RIIZMBERZT-2HR, TRROEBRLEHRO 2
hEeZAEBLI2LBEEORTREIBEUTHI L Z2Z®HE LE. & /&,
B EE EHER B ARTFREZHEBL, M- AMBECIHEEHROS
DHEIPEVWEFEILNDIOLE, BRABEIHEHRKRLEALTH - /= (
Nielsen,1968), X &6 iz, Nielsen(1969) X EBIRE O RITFENEHRE - &
CHB LU, BRECIEMFRTHZI L EZRE L=, Saltin et al.(1970)
LEBFORTEOREEIFBHREOBCEAB LAV L ZBHRB LT W %,
EHRORARBEHRERPHBREFRELRZVWVEEHETERVY, R
EETOEZ3, BAPHRKRACEEZRERIEETIREITOIT
W2 W

EHHAERORTCHMS IS FEMMEERO—>& LT, Asnussen
and Nielsen(1M47T) W HEB HFHPHBORBIEREZN LTRTLERE
TEHAEMENHDI L ERLE, Zhizx U TRobinson(1962) i M4 @
ZOHMEHZEEEEELE, RTFEIRBEDHS WVEEAMEELLCRE
SEQEZRERELLRVWCEEZRE LE.

gk, BHEBHCHSIZ2EHFRIP SO T HEMZEEE (central
motor command)?®, HEFEHFR(REATH)ICHELTWIZLdHFX
5Hh % (Robinson, 1949 ; Van Beaumont and Bullard,1966 ; KX ,1991),
ZhizB LT, Kitzing and Bleichert(1965)iX, #EHBEEH 2V 5 —
VEHAMICER UEAHREL, EFNEAEEOHEEZ2TSLS5K
ZHaEhk, ELT, ENBEOAHDPEHITROFHE/TE->-TWI LFH
Z6Nh50EHHFORBEEOEMTEHRBRECHALTVWIEHEL



e ULDBPLZOHA, RABROEACH LTEBTREHSBES T 55
HhrEHEHLPTRVW, KENSE IS —VIREX->TRATOR %2 FEX
Hbh, REMEH K (tonic vibration reflex)Zf VW3 ¢ic k>
T—EREOEHE HE2HBIEIL, THhINBELTRTELHEE T
22z, EHRFORFIEE Ccentral motor command?*P& LT W
ZtETRUE,

RARGHFEBHERICARIIEZ2H ST, EBHESICHED H
REFES T2A6EMEHF X 5N % (Nakayana, 1969 ; Ogawa,1975), &
518 EHEAFIRZELNITZ2RARIBZRTL, ARSI LF
EHFORTHAMERT) O —BoMMEEEr, —RERXRTTORTD
HPhPBZD Ztz®E L kL,

F 7=, Stolwijk and Nadel(1973) I3 EEBMEIBH L ATH LI HEFT
BEoMmM:OERR-REBOEEE I EBMBREDZZ LIS, EEH
HROETEHMMIBEESNCEXBUBEEHOMKORZBUMEFETH O
BOBEGLTVWD L Zz®E L =,

DEDESCEHHEERORTCREEBTETCERVLLL>POER
PHEELULTWSHAEEESHDIEFXLEN B,

(2) E® D RF

EHROEBERE X EHREICHM LU TER L (Nielsen,1938), RE
DPEECES ZVEB O EHMEERIFCERRBEET S, LENS
T, EHFORFRIELRABEIFEHCEZLEESG L, ThdELLTL
2EHRRBOBEO DAV TRHETHIZLNTRTD %,

19494, RobinsonlE EW R BUI2EHHOEBGKB(EBER)L R
FEOMCEBHE DI L 2RE LE,

X 512, Benzinger(1969)I1x




ZHRRHELEHRKRORTEPERTHEOER THIBBRGELEECNK
$52kZRLE. T2, ERR(ZEHRERAFTRICSL, WAWS
REBOHZECY, BRELEZTEOMFKRBA—ERLCAEL, »o
BEREPISCUTERZEENDHRE -—RTBEOMREREE IS L
ZRDE, LPL, TOEBCULOENBELRITRIIEE TS LN
RENTWS (Nadel et al.,1971a ; Nadel et al.,1971b ; Stolwijk
and Hardy,1966 ; Van Beaumont and Bullard,1965), Nadel et al.(
BN B EHERETCORTRIFEIERENBCULETH-TSH, £k
BB TH>-TOIEBRTH- T, FRUBR(RER)EFHENE %
KEZEBELTRI LY TE, FTHERNEOLARBRAEE - RTEMN

ROABZESFNFOBHI LI L2RBOE. —HF TKHES (1986a)ik

EHERBCBU2EHRHRLEBRFORTRGEZEBELEAER, WTho
BAECOHEHARGO.IXEBEBH0.IXEHEMNE) - RTEHREIES
Mizikdh, EHRIEEBRIVGA—GRBECBII2RTENZ VS
LEZ®E Uik, Nielsen and Nielsen(1965a) ik 1 % 58 £ (540~ 1440kpm/
min) L WMB(5~37.5C)2HMA MAEDED R LItL-T, HES,
R BERESBIUVPEHENBLRTELONFRERN LE. TOH
B, A—BRETCEAHREL2Z{LI¥ZL, RABREBGCEOLAR
EoTELL, EHEREZ - LIREEZLAIED L, BFTED
BEEBIUVIEHERBEO LR >-THMTZ L 2R E,

Johnson et al.(1984) 3 AERZEZ —F LR > RE(K37.3°C)T, AH
HORTHMIILAE I PHENEORELZRN Lz, TOHR, FHK
WEOELREIFE->S-TRTBEIHKT I, FPHEREIICLULEERS
ERTFBOEMEBENETIZ2LZ2RODE. COIIRFEPEENE
DUVRNVELIS>TRIARBERETRBEOEAVWKRRZLFZISGND



b, BRBENTIZ2RETHIROEREIELTZOP, THEBTRA
DEENEENELIZ20PZHSIPTERV,

—7, FEHERBEBVWVIRERABRLETEONREIERNTS 2
&3 54 4% (Chappis et al.,1976 ; Johnson and Park,1981 ; Nadel
et al.,1971c ; Saltin and Gagge,1971 ; Saltin et al.,1972)&, %
STRAZEVWE T 5HE (Tan et al., 1978 ; E#ES ,1988)DH 5,
Saltin et al.(1972)IXFE 2 OBHEE T (10~ 40°C ) THE M B (90~ 115% V0 »
mx ) DHEHAEH 2T -2/ R, EHHGITEURTHIE, EHREE
(BAEEBIVEBR )L RTRBERBEKRIEDIZLZHBE L L.
Johnson and Park(1981)BFEH KRB B U2 ERKFLEHRKORER
- RITEMHFRERA L, FHEWNELP—E(38.0~38.5C)THNEEH
OHFREERKNEIRD, TRFLIEBKROERTRISCEEZEN RNV L Z
HELE, — 7/, HESOQBNEFEERBEBSTI2ZBHFLEHRO
RTREZEEL, WTFhOBALLHLRTERFEFHAR(G0.8X HBE+
0.2XEHFERBE) LEBRCHERBLTVWSY, A—GETHEBEIT I EEY
HOFDPEBRBLIDORTFEIZVWCLZHRE L. Tan et al.(1978)
FEBHOHCERTFEIERAE AN BER)CELTEHL, MEOMN
BHOHBOC 2 LrS, EHPHORTFCIERECEUNAOE TS
BELTW3 LHERALUE,

COEIIEFEHRBIIBUZ2EH4E -RTABEMRECEI-BULER
BHEROLATVARY, COF—BOFRECR, EFHREFSOXRREHOD
EVWHKBEELTWSAREMELF X S5N S, Saltin and Gagge(1971) 1k 25
%, 50%, 5%, 0% B X T100% W0 nax® HEH EB 2L ORKET
(10°C, 20°C, 30CB LU40C)TH-EHKE, AER - RITENKRITE
BmENE-TELHEOENRVWILEZT LE,

% /=, Chappuis et al.




(1976) IX4ONL IOND HEH EE) Z 500 M ToM I 2B &, FHHRE(
=0.9X BRI +0. 1 X FH W E)DZEAL I 0 3 % F T & O+ 3E B &
BlrRBR2 —EThdctz®ELE. LD L, ZOHATELONE
IONDEB ZHEE L THTF-o-TVWEOT, EHEEOREVWIEZODVWTRIT 2
WIEHEDH D, HES(1988) I HERBT2CIEBU I EBHROHE
B -RTIBBEBLEDVWTIBRFLEEZS, BEOMREBAKEORLRZ S
2AOBEBMTCREAEhHh, A—EHEBGELETHEIDILEHBRENFBVWEER
HFEIXZWCEEZHBELE, LPL, EPRBEOEVWVEIDSIETFRIGD
ERNEFHIROEBEOEL L2000, XHBHORBEDOEL L3
DPEDODVWTEHSEDP TRV,

UED LS, EHRBEBVWTHHFERRBEBLWTIHEHROR
FRECEFAPEZAPS BT T W S,

(3) EEIRTERDEIT

BRATEHRTEREORTER, EXAEOPERNEBEOETIIEFTLTH
¥ % (Saltin et al.,1970), Saltin et al.,(1970) xR H 225%,
50% B LTT5%WonaxOBEORATEGEHEH Z2HKE 05M)Z2RA
TEhZh3IMETOTOLE, EHRSICVEEROERGKE - RITE
BEzmad L, TORR, A EXECECBUI2RERORTEITE
BEOZhED DR, TUTHBRPSHEREP T THEOMK
EHHAAON -7 2HL LB LEEHELTWVWS, 23D
Saltin et al.(1972)F, HEEOHEHEH L L->-THEIFEBLE- £
HEORTEHLOVRAERETIVDLEDODLPTHIZILEZBELTW %,

COIXOCHEHRTREOERGR R BEHFREBZEBHFTOZTh L IR
Y, ZHLEIRATEHELBEXEHRBOMEFEOMBROERDILOITH




5, LD LZOKD MR & EEFOREFTRIEOHEORE DK
MiHd20l, THELEXHBBIIDIODPEBHEERP TR W,

3. FE\EITFTPEBEEIC RE 3 B F L — —
> 27 D Fe R

RTBEIFAE PNV -V T RE->TEB T I LDBELSATWL %,
LA EHRORTES L XBR(ZRERATHR)DZA LR
RRBAEENSZIDE, Pv—o VI LR THECES 2RI T
ZRCIEHAHFFORTFHREZFHFMLTIVWDIOD, HHI2VEEHER
EHFORTHREZFMLIVI202EZREH L TBLLENH %,

(1) EHARAFTHFORFIEODNVWT

Piwonka et al.(1965)id, WWERB T (RHEE :40°C, MM EE:25%)
T—EREOEHZTO5HE, HARAR IV — =V T 2T7o0TW05H
BHF>TWRWELHULUTESROEREP OLHBOLELABIURITE
BozVwY, EREOLFCNIIRFEOMMEZ N —=2 T 247
STWBEDADPREVWC L ZRE L, &k, RERHM3I.8~50COD
BEEE¥ET(Allan.,1965 ; Nadel et al.,1974 ; Piwonka et al.,1967
s Shvaltz et al:;1972 : Shvaltz et al.;1973 ; Shvaltz et als;
1977 ; Shvaltz et al.,1979)H D WVWIERBEEMN21~22COHERKT
(Choen and Gisolfi,1982 ; Gisolfi,1973 ; Gisolfi and Robinson,
1969 ; Strydom and Williams,1969)CRHRAME I LV —=V T 2T L, &
BERETIEBU 2 EHREEHFTOERAKBR LA /NS 2D, BTFE



BHEAXL, TSEEPBAREBEO LRI I I2RTEOHMES KE< 23
CENBOLNATWVWS, P —=Y T LB3FEFROEHRICBLT
Shvaltz et al.(1979)ix, WEORTEDOH AP BERBEOZFT L IO EL
WZLZHEELTW S,

Fh, HEEET(EEE H20~25C)T—FHREOEBHZTO>HES,
MEEFEFIFEREETCRARIMN V — =V T 27 EHEREHROEE
wEFRB/PNESRD, BTRBET 325 (Shvaltz et al., 1974 ;
Shvaltz et al.,1977), EHRAB(EBEDH 52 VWVERER)OLFITH T
2RTEBEOEMBIRESRDZZLEPRBD 5N T WS (Nadel et al.,
1974; Roberts et al.,1977 ; Shvartz et al.,1974),

COEXSERAEIV—=VT27F5L, REREBIUVERREOD
WTFhAEBWTHEBROERAEAE -~ RTBHBRISGHERTRIC X1
KTB;, CORTFRBOBABIEERRBM T TCrb Vv —=V T 2fH7-kE6
CHERET TR EBALTCRARSZZEFRO 5N T B (Nadel
et al.,1974 ; Roberts et al.,1977), Nadel et al.(1974) X & HEE —
REBMERZAVT, FEBRETQ2C)Trr—=vJLEGEALAR
BRETUSC)TrL -V I LEBE(BR+ I —=V Y )DRFRIE
DENVERF LE. TORBREMN —=ZV T ETOBEGITZAMEE - R
BERBROAE RCRD, BR+ MV —=ZVI/OBAECRARRE MY —
ZVJEFOHBEEEDLRVWY, AHEE -RTEMHBREINY—=V Y
FOOBGEEIVEAEFTRH I L zRDE. COHRIZTOED
HRIZEL->THRD SN T WS (Roberts et al.,1977),

(2) THERATFOEFIEONVT
MRS (1976), RERMS Y7 -t FEHFZ2NFZIETRBBER (X



H:45°C, MXEE:48% )27V, EEMES V> —Q3EBAFLLE T 3

ERTBREIFABETH =D, EBEO LA TN T2 RTEO M EH
REWZ ELZTR UL, IHHS(1978)1%, WMBERBIRET (XH|:30°C, M
WE: TR )CBUIBAIMNV — =V I/ OREBETCEAEHER (2E 30
C, HNEE:TN%ORETTCTREBR)ZTV, br—=YJ&EoT
HEHREEOLFEFEDLL, RABRRIHRTZILEZHE LE. FELTE
DRFEBOMAKEIEHRELID GHUKRETCHEREZD, BHRBMICLZR
TEOENVEBDI DL ZRDE, PVv— VI RI2RBERAHR
DEFTEOHKIE, BB TO~TC)BLUHERT(22C)cBWVWThL—
VT BT EBEICOROS5N TS (Bittel and Bugnet,1980 ;
K5 ,1986b),

PEDESE, BV —=VJT Lo THERGECE - RITRERE» S
HBEEHKBLIUVEZHRBORTRCEIDEAFILRS, LPLIOEL
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E—BUEREEBOLNATVWRWV, Fk, ChETEHRORBITHEZ
i 2RI, —FEHAHFZHAVTIEBERDIPSOKRBLELFEDRT
HMBEENPEEOhTEE, L L, EBORA—-—VEHEHF LD L,
EHOBBEE—ETCEREHIHZILENFL, FLEERAREDZ
hiZfE->TERLTWVWS, LEXK-THEBRORTHREZFM T 284
i, EBICNTI2RFOABENREEHZERIILTIRATIZLD
BETHDLHFEZILNDY, BEETOLZAZO/RAEEBH LTk
MAXRLS, BRETHIRMESIETh TN S,
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B&LUTI),
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DRERFRIEE, EHREOEVWEI->-TRERIIED, B232LT
NIRRT RORBHEDEZIZILZDOD, ThidbEHBEOKIGHE
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DEHLDPIZTSH(ERV),

 EXBEREHAFEZAVCERNRORTHEB CHFEREEZRT K
5920 BEPZHLHIPIZTE(ERV),

. GRUBRLRETEDDIVEITFHAR L RFTBROBMG > &5 & 7= E B 5
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TOFREEITRBHIIDZ20D», ThebRKMBHIIH S0 D> %8
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BIRIEERG R @E X TWS (Chappuis et al.,1976 ;
Johnson and Park,1981), L& L, EHAKBEPEKNEIXZE{LLODDOH S
EEHRECOMFOBMBLOVWTEHESEIPTRVADIS W,

Chappuis et al.(1976) X HME L RTHOMO EE MK ITBRBEE &
HHEOREEZXIRVWC L EZHRE LE. LD L, S (1988)X3@D
BMEOHEHEEH 2T KR, EPEE BVWELYA KRBT 3
RABEIZVWCLZEZRDE, 512, AESEVWThOBELZLBWTD
EBE(Tre) - RITFBHFKBEITICEHMEABEZREC T 280 ERER
EoTRI N, Tref3T3CULERZLEAREZLOLARBIZZIAUTO
TreDHBIODBEPDPRERZ L EZBBUE. COZEF3T.3COTres
breaking point& LT RFHHBRECHASLPOEDBE I~ EZLERE
LTWd, BEFBCERETHIREBRMETREVSO>XHBEO —oH
ELUTWwWaH»5, Z0OX>%Zbreaking pointO #&H X, BFFEHIH 3
WIREABOBERNZLIZES<BDTHS I, FOWTHhTH 30k
BHeEhTRW,

ZCTARRTE, FEFRBUBUI3EEHhBLEFEOBRKRI
breaking point D EHE T 2 EHL ZHE L, b Lbreaking pointh##
$526E, ThddBEOb DL, XKHHEDOBH O D,
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(1) #HRrE

HRECHHEHNCERHZT > TVWIRRREBFRKELEEZTH - =,
ZOfE, AEBIUVSEOFYELFEREGSDE, Zhzhil.2t
1.15%, 69.9+2.8kgB K T176.6+7.2emTH o %=,

(2) EBREBIURERERFRH

REHEE(RE ZR+0.5°C, HYEET10%, KW:0.3n/sech T,
ZAEM:A.T0°)0HRT, HEHEH(EF -4 829E)ZHAWVWT, 500
kpm/min, 700kpm/mind X ¥F900kpn/nind 3R O E&H %, Th2hilO
HIZB4OSHEIT %2 RREEZBROBICBEALR LHIHU LOMRE 2 #
ALz, BERARVWTIOBESICHEEDH25.0+0.3°C, HAEEH
45+5% THo ko

(3) EEF W

HREZLELY¥EHEARTCI V=V ITHYa—- bRV E MY —ZV T Y
A—-—XDHZHFEHAL, ETHHEORHFCRESNERERMBEEIZAD,
BAZHZN400MERLE. TOMICREN, BFH7E2N, VEN

HEBZES LE. XWT, HEHEI VI A Y- L TRBREDOHE
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(4) MIEHEBLUHE

EHBE(Tre)JE=—NVFa—T7TCHBLERENZEHB A ICH10cniF
AULTHEL, ENEEIRHEH, LW, KEBSICTREOD47FICR
EEMMAFULUTHEL, EHBENATVy Rba—¥— (A E#L
3087)CREEFELE, E5I2, TOHHNETFIYINEBBELERL, ¥4 70
aVEa—&— (HAB&G PC-9801RX)Ic & o T 8 ¥ i) 12 - 1 Bz ¥ i (
TsKBIUFHER(To)ZBHH L. TOB, TskBXTFToOBH T XX
ARZHWE.

Tsk=0.3x MEEMWE+0.3X EHBEME +0.2X KEHKWN&

+0.2X FH&EME (Rananathan,1964)

Tb=0.8XTre+0.2X Tsk (Hardy and DuBois,1937b)
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BEMBREMFREE L, FOHHEAE(Fsw)ORSHEZREZIT 22D,
GHIBBEMBPRECSEAROBTF AT LN EZEE LE, swB LT
Fswiil E O A 7LV OB EHIZ10.0en?TH b, Zhic2.0l/ninD &
BRHAZERL, THhZhOATELIVADPSHHTI2ERTIADEE#
BESBEEE (Vaisalagt HMP113YE X FHNTII0)ZA L TRV VO —¥
— KXo THEBILE LE, &k, HEEFOHITZA/DEBRL(V VT
JVIEBE :0.5sec), ¥4 2702 a—4%—(SORDRE M343SX)ZH W T 14
mOmswZEH ULE, FSWERY VIO ¥ - X2 FHOEBED»S 1A
BlmHb Lok LDHB(HR)E, MENEFZECH:)CLZ20EHD» 5K
Hize T, BRTEBEOERLELT, hEBLBE2ERINEOKEZE (KF
E:+20g)68H LUK,
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KBUETFHIS~ 2RO, BEBRFIVWITHhOXBRLEAZHE
— R HE IR Lz

(5) #tatim =
HEEOFEHEOAEBEEREICENIE® $H % Student-t-testZ f L,
EEAKEOHERERI I RTI% L LE, £, ORESOAROEDRK

FlLEERBATZTY, FRAHEOLEMS% 2> THEL L,

3 . SR

M3 EEREZHTHEBH ULEKEDOTre, skBLUMswORERETLEZHR
HEROFHE L HERETR UL, Trell VW ThORHF LBV THEH
RTHRETCEALRY, TOLRRIEHEESRVWELEXE Lo,
EE T RO Treld, 500kpm/min, 700kpm/mind X F900kpm/miniE 8 ¢ 7
nehis.00+£0.21°C, 38.25+0.15CH £ 1f38.63+0.26CTHbhH, W
NORUHHMOELEETH >, TskiZEHHBEERISEUE I EHRE
KEE2ENKES D, EHREFBVELCRBVHALS - 2, EEHR
THOTskik, 500kpm/min, 700kpm/miny &L °900kpm/minEBICZh 2 h
33.49+0.91°C, 34.45+0.69°CB L UF35.37T£0.61CTHbH, WTFThoF
HHOELEBRTH >, Mswik500kpm/minEH CIXEBBEE 200 H
T, T00kpm/miny X F900kpn/min;EH) TIXEBHEKEISAEE T, *
hZhaBEHEML, UEVWThORBETHERENED LIRSk,
X, ERNICEHBRENBRNVEEnswiE KE ok,

MawTrez mswOBBEZRBREFHNICR LE(WTh 6RO FHEZ
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The time courses of rectal temperature (Tre), mean skin
temperature (Tsk) and local sweat rate at the left
forearm (Msw) during exercise under three experimental
conditions. Values are expressed as meanz SD.

Fig.3.

% : significant difference from 700kpm/min (p<0.05).
% : significant difference from 8300kpm/min (p<0.05).
¥r : significant difference from 500kpm/min (p<0.05).
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Fig.4. Relationship between local sweat rate at the left forearm
(msw) and rectal temperature (Tre) in the mean values of m
6 subjects under three experimental conditions.
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Z breaking pointX U TTre—mswli@Ed 2 BICE{LL, GEXAZXHE
(FE-DEELH»LZEM(EM-2)ICX S T&E %, breaking pointiz B 1}
%A Treld 500kpm/min, 700kpm/mindy & F900kpm/ninEB& CcFh Fh3T.69
+0.15°C, 37.66x0.21°CH X U3T7.67T£0.200CEHYH, WFhdbk<—
BlLTWhWwEk, RICEHEEZZNETARLRIERLEARULUEGEOE R
X, HBERBBIUCT— B ZEZRMEAICR LE, 500kpn/miny&E & @ 4] K&
BEE-ItEfto2RHFOBEAEIDIFRC/NZ VO LT, KM-2T
BHicEBICKED o=, T00kpn/minE 8 & 900kpm/minE By 0 4] K i3 IF
EEUTHoE. £k, 26 ZHBU TR —TreL TLHE T 2 L EE) W E D
BMWEEmswiEE o= (K4,%1),

MsicTo e mswDBRZEBREFHFERLE. WTFTHhORBFLZBVLTDH
e ilzam UK H ¥ %Zbreaking point& LTTb—mswBiEHEZ L,
AR BRZEM(EM-DEECHP»PREM(EME-2))CERF TN TE
%, breaking pointiZ B 5 Tbi&500kpm/min, 700kpm/mind & TF900kpm
/ninEE)TEhEN36.74£0.17°C, 36.78+0.25°CH L TF36.87+0.21°C
ThHbh, EPLEETH- 2. RUWETHEMEZ2EFhPhERIEREL S
ULESBEORERR, HEREBIUCT Y BZEZRMEBICRLE. KM
ITREHREFBRVELARFREVWVHEALS 2, SRXGFMEEER
EZx@FROeshhrbhroFz. FM-20 4K 1E500kpn/minE 8, 900kpm/minE
B, 700kpn/ninEBOBEIZKEL, WTHhOFXRHHOELERTH - =,
gk, A—TbETCHBITZLAHBRENBVWEEDsWEZWERIZH S
b, Tre-mswliROBAIDIFEHEBEROEN N2, B
T00kpm/miny& & & 900kpn/minEB O X -1 TR HEOBEIBEL TL
= (H5,%2),



Table 1. The regression cquations(Y=aXtb) for the relationship between local
sweal rate at the left forcarm(msw) and rectal temperature(Tre)
in phasc-1 and phasc-2 under three experimental conditions.

phase-1 phase-2

a b r (n) a b r (n)

500kpn/min 0.980-— -36.614  0.942(8) 0.3]?T -11.596  0.938(23)
¥ ¥

T00kpn/min 1.792- + -66.986 0.991(6) 0. IBOJ* -6.265  0.928(27)

900kpm/min 1.965— -73.372 0.971(6) 0. 204 -7.021  0.981(28)

r:correlation coefficient n:number of data ¥:p<0. 05
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Fig.5. Relationship between local sweat rate at the left forearm
(msw) and mean body temperature (Tb) in the mean values
of 6 subjects under three experimental conditions.




Table 2. The regression cquations(Y=aX+b) for the relationship between local

sweat rate at the left forcarm(msw) and mcan body temperature(Th)
in phasc-] and phasc-2 under three experimental conditions.

" phase-1 phase-2
a b (n) a b r (n)
I ;(gkpm/min 0.842  -30.588  0.953(8) 0.274 -9.702  0.942(23)
T00kpm/min 1.032  -37.464  0.979(6) 0. 159~i ¢ -5.340  0.929(27)
900kpm/min 1.186  -43.125  0.975(5) 0. ZIZ—T— -7.168  0.993(29)

r:corrclation coefficient

n:number of data $:p<0. 05
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X, HBERBBIUCT S B E2T-—mswBliR(H5)TRDSh ZRXEF
mlLE. EHAOWThORBRRHEBEVWTE, BNATA—F—-—DOFIK
ERLREOMHBBEBKRPED 5k (K3;p<0.05~0.01), XME-1& X[H-2
OEBEHRE(DZEET DL, WTFhOEBRHF LBV THEM-10ED
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HH, BEBFHBMOENY -V ETo-—mswllR(K5)DEFh LB L
T,

B7izFswemswDBEBEZEBRREFMICR LE. RFOXHEHEEIZ S T
DEHIDNRIFSWICHLE T IRTH 5, RIACBEERFHIZBWVT,
FswemswOlic@shZzEREX, HBERABIUCT VB EZRITRD
bhZZRMAEmLE. EMOWTHhOEBRRHLEBWVWTY, /AT
A—H—QOHREEBRREOHBMEBEEIRD 50k (K4;p<0.05~0.01),
KE-1XHE-20EREEH(a)ZEBETDZE, WThOERFHIZBWT
bEME-10ED TP KEL, IRBEOFEYETHDI ENL.EFDOHTH -
(K)o £, WTHhORHFLEZBWTEFswERKEVLWEEMsWEZ L,
ERUEOT— YR LANCHATRERER—BERLCEN X,

HBizTrek sk MR ZEBREFHUHF IR LE. MHFOEXBIEEAZB T
ZRHEIMRTTrel Y TEIRTH D, WTFThOFRHTHTred EFITH
> TTskd ERH U=, T700kpm/minE & & 900kpm/miniE &) T3 Trehf38°C
HEEHCARPEDLIEIR L, £/, 24 2B U TR —TreL THE
THLEBHRENEWIEETskKIXE DL - ko
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Fig.6. Relationship between frequency of sweat expulsions (Fsw)
and mean body temperature (Tb) under three experimental
conditions. Each plot means the average values of 6

subjects.



Table 3. The regression equations(Y=aX+b) for the relationship between frequency
of sweat expulsions(Isw) and mean body temperature(Tb) in phase-1 and
phase-2 under three experimental conditions.

phase-1 phase-2

a b r (n) a b r (n)

500kpm/min 10. 327 1 -366. 629 0. 815(8) 4.042  -135.128  0.542(23)
¥
700kpm/min  26. 876 1 _971.194  0.978(6) 6. 671 i -228.658  0.921(27)

¥
900kpm/min 19.551 -700.398 0.934(5) 4.564—] -147.061 0. 922(29)

r:correlation coefficient n:number of data £:p<0. 05
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forearm (Mmsw) and frequency of sweat expulsions (Fsw)

the average values of 6 subjects.




Table 4. The regression equations(Y=aXtb) for the relationship between local
sweat rate at the left forcarm(msw) and [requency of sweat expulsions
(Fsw) in phase-1 and phasc-2 under three experimental conditions

phasc-| phasc-2
a b r (n) - -a b r (n)
500kpn/min  0.052  -0.357 0.751(8) U.UZU———l 0.121  0.514(23)
700kpm/min 0.0374 -0.140 0. 959(6) 0.022 13 0.144  0.924(27)
900kpm/min 0. 057 j -0.564  0.989(5) 0. 039 * -0. 177 0.915(29)

r:correlation coefficient n:number of data +:p<0. 05
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Fig.8. Relationship between mean skin temperature (Tsk)
and rectal temperature (Tre) in the mean values of
6 subjects under three experimental conditions.
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LEOMIZEBRORTFRISICHMEIZERLE LT, XObDHE
FohTwd, 1).BHH5VERIKRACEFET 2REZESEIHET S
(Meyer et al.,1962 ; Robinson et al.,1965 ; Saltin et al.,1968),
2) EE D HOMBOBMZIEREZN L TCHITICEE T 2 (Asnussen
and Nielsen,1947), 3).ME B CH S I 2 EHFEHP SO FTHHEMER
) (central motor command) P AKBEHMHR (HETFTH)EET 3 (



Robinson,1949), 4) EE) Iz 5 X W H* B 5 ¥ % (Nakayama,1969 ;
Ogawa,1975a), 5).E#EBEDZE WVWHB 5 3 5 (Nielsen,1969), 6).:E B &
BUIHESERBREROEDPRTE CRKE T 5 (Harrison et al.1978 ;
Nielsen,1974)R2 ¥ T H %,
D.CBULTRBREIZEFESDEIOMEMES LARAWE T 58 E (Nielsen,
1969 ; Saltin et al.,1970)%6 % b, Tk, BEETOLZAHPRIK
NEREZBEVEETIREITOSATVRYV, LEN-T, EBHK
OHBBOFRHRZERIZ, OB LI28BHEN L TERACECENER
EREE, MEBENECRTERE IS LEFTAS0DEZYUTHAS D, 2).L3).
KB LULTHBEEN2EE S H 5 (Robinson, 1962 ; Kitzing and
Bleichert,1965). Robinson(1962)IXME D ZBHK EEZ X ¥ THTDH,
ETEVFRBEDIIVWEEEZLCRE OB EEEM LAV L 2
HWELTWSB, £/, Kitzing and Bleichelt(1965)id, #EHEASE %
V75 —VTHMANIEN UEABERFCIENNLLEAREOLERE 2T 2 X
SEBHEIHERR, ENREEHNTHVRELZI-DEHFTROEH 4
BAXE<BR-oTWVWBLFEZSNZDK, EHFOREEOZE LIS EH
BLEALTVWEZZEDSES) . CHLTEHEENRREAZLTWVWS. LU
COBAUERERTREOECMCN UTEHFREHHIFHES T 5rFIIEHES
DTRW, 4). B U TH MM RETFIZER BRI S (Nakayana, 1969),
e, PP ARRELZIRIEERTOE LD L REZATY
Z2(EWS5,1985) LEDKS>TSHOEESL, SHREHIEFE->TEUER
OB EORTFRECREE UAATEME DD, 5). B LTER
TRECEEUVETREISECERVY, EREBEOBVEHAELRZ
FULTEKCHWETBTHI L HFEIONZD5, ERBOKXNELD
LEMREENMELTWEDPS LARZW, 6). KB U CES PO MITR



BEODELEDDVENGBEOEAIKRTERIRETDIZEIRBREZINT
V% (Harrison et al.1978 ; Nielsen,1974), FM-2CIEmMBEEFE D
WMABWULNGBEOERPEFZAFM UL TCVWETREEIFXISN S, &
LBEELTWEDTHIIE, CHhSOBERITTRBEID & PRI
LD REKREITDZZLFAEAEBROKBRDPOHETE S, ZOLDHE
EHFREBCLBUS2EHRORTHRECBZ{OEEANPMEE LT WS A
MErHDEFZILN D,
AHRFCIERBEORBEIH->-THPOLOMBEBZIELCELT 2, Fib
MBEERFESRCEILLTZ2EHE, FRERE LTOTre® Z Y #H IZ TR ED
HHLTEHEDLH S (Aikas et al.,1962 ; Nielsen and Nielsen,
1962 ; Shiraki et al.,1986), L7=d*> T4 E®OER Tbreaking
point¥H S EFHEE LT, ERAEOERL L TTreZHLWELEDE
KE-1TCRERGEEAZA//NFM LATEELIFISNZDOT, 20O
REBLTRZSERNIIDE?H S,

S5 . ER

FERRBIBUZ2EHROERKRE - RABHBIIODVWTHLELE
ToHeebic, AHREIRAFROFHEBICRKHBEOFEH M L
WRrRLMBRERATZDPEODVTHRE LE, BREBFAFLECRI
500, 7008 X F900kpm/minD MM O HEZHEE) 2, REJH25C, M
WEMFH5%ORET T, R4045MTHDHE, Tre, b, Tsk, msw, FswH %
HELE. BOMERKRIROED TH 3,

(1) WFhoRHFEZBWTY, hBLmswOBBROARE S 2K ED



thiE (TreTIX3T.7°CRiI#, TDTIIX36.8CRIR)ZMEHLPEEILT S
EDNHERE O

(2) A—H#B(Tre,)ICBTZ2MswidEHRENBNELEZ N &I
mEhE.

(3) BAEFRBLIUERMHBEOBEMEE, ToHEKIC.CULEICRSZ L
ETT2LHBrEhi,

(4) A—ToiZ B 2Fswid EEREFBRNVWIEES D> D, F—Fswic
BUA2MswiEHAEOEVWIE XZ2EZDHSLPTRDP - E.
DEozed»s, EBHRHEKEE, HI6.8CIEETIRALBVT,
FHRAEROFPBRBIUCERHEHBRIIFASPOELPEZ-EZELFXS
N3, FEA—-TreC B2 BFRBEBHEEIBRVWELEZ VY, ZhiE
FERAHFROEHHEOE R LI->THELEThEBDLEEFEZISN S,




VE. IFERHERREIC I SEB)ER O
FEoEHIB EECFEIFTF BB OBIGR (B II )

ERIEZBVWT, FEFKBIEBI2EHFTOEBR (Tre) 2 BT RO
BREEEDKE ($37.7°C) % breaking pointé LTRARELTBZZ &
ZrU7z(LKS,1991), £/, 2O XS Rbreaking pointik, Trek F
PMERE (TSP 5BH UELHARLFOHHBEE(Fsw) L OBRICS
WTHRBODEhz, RFHEMIZB I Sbreaking pointO BEHWF I T/
ROBEEAFEELTWDLHERZhEY, FEXRBIBI2EHK4R
DEFELTTreZAVERCOHME DI LEFEXONE, EZTEAER
T, PLOBRMEPHEBEZEM T ZLEFELXLISNTVWERER (Tes) %2 &
HBEEOEEL UESICH (Cooper and Kenyon,1957 ; Shiraki et
al.,1986), breaking pointBX&E U2 E L ZRIET Iz Lk, i
HBHHORTFRMOBFIOWTHRF 20X =,

=2 « I B8R

(1) #R#E

BREIRRE2BEFAFECECTHY, HENICEH ML —=V T &f
2TWAIANEDBTHo%2. TDOH M, REBITCHROFHE (E@H)I,
ThEN22(21~23)%, 69(64~75)kgd L U 174(169~180)cnTH o 7=,




FORAMOBHCEHEEZAWAHHEEHAFHICXL > THE L2V naxid
57.6(53.6~64.3)ml/min/kgT H - k.

(2) EBHRHEBLIUCRRERHE

REHBEZORT, 40% V0 naxiREICH U T 2EHEHE 2 XY )V [HE
B 60rpnT40MHIT o /o BRHEFRH I ZE®H28.020.3°C, 3 & B
50+-5%THole RBEITRTHAIE~12OE ICEM L =,

(3) RBF M

BRESZ L EBUTCI V=V ITRHYa - MNYVENY—=2TY
2—-ZXDHZERL, ETHIELEORHFERESNEREFHEIZIADL,
BAZ@Z0600MERLE. ZOMECBRESLRETFHT LNV EZEEL
o RWT, HEEHINIA - —(EF—7% 82E)ETLHBMIREOH
EE3NEiT-o®E, (QDHETRULERGTEBZHEKBLUE.

(4) FIEHEB L A&

Tre, TesBIXUKRWEBOHEI SIHBEN 26/ L, HEXN & Trefll &
THEBAIKH0cnFAL, TessflECEOINRERNZEEDIFDID
REEUWMALE. EMBIERHE, EBRS, XBEE THRES XCER
BEOSSrTcAENZEA IS LILoTHELE, BRERNOH A
KBRILEUHFETREFEL, TOEED S ERBEEME (Tarn) & Tsk
(Ramanathan,1964 ; P.I8S MR )B LK URA ZH WA FH&E (Tbr, Tbe)
ZI1BIHE UL,

Tor=0.8X Tre+0.2x Tsk (Hardy and DuBois,1937b)

Tbe=0.9x Tes+ 0.1xXTsk (Stolwijk and Hardy,1966)



RAEFE(Msw)OREBAITERMBEMPREEL U, FswORHKE %
MEI S0, GHIHBENFRBCEOGAROEFTFAT LNV ZESFL L,
mswB KUFswflERHOA 7 NVOKEEIELI0.0cn’THH, Zhiz2.0
I/minDEZRERHTZAZH Lo MswB X UFswODAMAGERBERI L
RTH-E(P.IBS R ),

(5) #at s

FAHEREMOEHEOEZEDREICIEIXNIED H 5 Student-t-test®, BIH
BEEOFHEDEDRZIZIEAIED 7 W Student-t-testZEFh 2 H W
o BEAKEDHEREITRTIBE LE, BONERBITEHME+LE
W= (SE)TR L,

3 . R

MOz EE D Tre, Tes, TskB LU TarnDERHTLEZHREFZOFY
EESETCHRLE. ZEHFEOTreB X U TesiEZh2h37.64+0.13°C,
37.54+0.13CTHH, TreDHF DL PRE P ok, EB 2T 5 L Treld
FPEHETCEE—EEEZRUEBLRALEZOLEZM LT, Tesk—EDDE
FUTH O EREBRLBMAET Lk, MATA—F— QLR —
CEERPRBOSN, TreBR TR/ EPSEHR TSI CEEFEENICERL
EOEMULT, Tes6FEPS1R20BETCRARECERL, UEEHKRT
ETERODPICER Uk, TreCiX115 HLUE, TesCRQEUBIZZN 2
NOZRMEIDIEBEEVWEZRLE, EHRTHOTres X KFlesid
ZEh2h38.30+0.04°C, 38.34+0.07CTHbhH, BMOTHEPLEMBMTH
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Fig.9. The time courses of rectal temperature (Tre : X)),
esophageal temperature (Tes : O), mean skin temperature
(Tsk : O0) and left forearm skin temperature (Tarm : +)
during exercise.

Values are means* SE of 6 subjects.




S>fFe TskiTarmZ & T 2L, BEOFDPEHFOWITHOHESLLER
KEWEZEZRLE, ELTSkIBAEHECRIE—EEZTRLEEER UK
HEOENLT, TamBT7EHETCETFTULERBLER KD =,

M0 EEFOMswE FswORERE/LZTR Uiz, MswidEB 2B L T
FORLYWMUEYD, (FEPSIISEETCHEHMBLBHFLRD, DERE
HRTETERCHENLE, BRYOAMHEAR SIESRHKEL 00"+
200CH D, 2BEORMEBKKFAEAE 20220 TCTH ok, FswDEIZIE
BHLZEHEROSNED, 2ENEENSI - EInswDEZENICHEB L
Tk, EHHEEEORTFHEMICR, ELT23L5CFEHRMEBTFH
MEdTsLiERHMEhEZrLEYD, EHFORAMERTERMN T IBICIEEY
(FELUBOT—FYERAWAZ R ULE,

EE 6 HUBEDTre MswOB RSB X UTesk mswOBlFEEZZhZIAK
NEFRERULEMWThORTHZDOFYEZ2IFBETOY FLE),
Tre-mMswiIREER I OBS L EERKICK P OKH I %breaking
point LTHAEPZRHEZELL, RREMLECPREMEESFE i,
FHOBRIZBT5Treldd7.75+0.12CTH-oke —F, Tes—mswl R
BESBSKTHD, Tre—mswBifED K S Z2breaking pointiZ@EH s h 2 H
o>, Tes—MmswliROERMA IEMsw=0.60Tes-22.5TC&H b, @/NT XA —
Yy —HicmWiEBEBE & (r=0.99)2R & 5 h iz,

HEN 6 EHLUBEOTrE FswO B BB LU Thek FswOBBEZEZZEFAh T AN
IBEMI4IZRLZ, Tor—FswBiIROARIEIKF DO XHI(Tbr:36.92+0.13
°C)ff 3L Tbreaking pointZR LD X LT, Tbe—FswlIfRO AR - i
Hi & 7p 7z breaking pointBE R < BIEEBK TH o=, Toe—FswBIR O E
fr XL Fsw=11.05Tbe-399.9TH D, M/NT X — & — [8 1= & \ 48 B BI 4% (
r=0.95)& D 5 h iz,



Fig.10. The time courses of local sweat rate (hsw : A) and

Eanll Fsw -
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frequency of sweat expulsions (Fsw : x ) during exercise.
Values are meanst SE of 6 subjects.
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Fig.11. Relationship between local sweat rate (msw) and rectal
temperature (Tre).
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Fig.13. Relationship between frequency of sweat expulsions (Fsw)
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and mean body temperature (Tbe : 0.9Tes+0.1Tsk).




F15ic X EH6TBELUBOFswe mswDBEHEERLE. GEOMRIHE
BRTHD, BNATA—F—DoEBVWHBER(r=0.9)Z28325EEA
(m sw=0.039Fsw-0.18)D /&5 7=,

161z X EB 6 HUBED Trek TesODBHBEET LE, COMRBRFO
g HI{F 3K (Tre=37.8°CHii# ) % breaking point& UTHAE I HIZEI L,
ALREELEPOPREMEIERERS I Nz, KH&E TTesld Treickk LT XD
ALERLTesO D EL< BRoED, XALBCEHEOREENRALIC
INE x>k,

4 . FH F

(1) EHHOEBEE & RITEOKMK

HEE D EUBEDOTre MswOBRIIKFEOEKE ($37.8°C) % breaking
point LTAKRZRETZ2200KMizfdshz(HI), cOXdR
BRIEERI (LKS,191)TRODSNELOLEERRTH-E. 2 h
X UTEBSELUEDTes MswO B IETre mswOHFEHLITRRD,
RBEOLEFECH LTRTFERIEE-RICHMNLE, COLIRFHHKROD
MBI ETrel TesDEBICN T2 EHEORVIHE LTV LHE
Ehd.

ECTHMNIA-FY—OREBEEZALELEZS, EAHHKERIZ DS
1230 ETesld Tre LD BHEIL LR L, KHRELIVERICKAEN LA T
SETCORMBAEDTBE» > (H9), £/, TrekTest DK ZEH
5, 3NBCHIZEDTre2HIL AR ZRET 3 200KMESEE N, %
DO ETree mswOBFHEOERICED THB L TWE(KLE), TesikHH
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OB AR MY & R ICBIFR T 5 L Wb h (Cooper and Kenyon,1957 ;

Shiraki et al.,1986), FEHREEXBTROEBELTLERBR TSI L

WhHh T % (Gerbrandy et al.,1954), X 5 I EBHF D Tesld Trelz L
TIHENEDPDPTHB L XA THD (Aikis et al.,1962 ; Nielsen and |
Nielsen,1962), EH KRB B 2EBGKBEOLVWIEETCHZI LEZS !
Nz, EBAHETre0 LA EL 201, BEFEONKENEEOZh &
h &Pz Z & (Molnar and Read,1974)icm A T, EBMBIZL->TH \
o PR B DR L, WSS M MW & > I B8NS "
WD B & (Aulick et al ., 18)NFETHBLHF2XEN B, LEH !
2T, Tre—mswBifEB X Tor— FswB & i B L\ Thbreaking pointH H B
VEEERERBTreO B EOBEICH D EZI 5N D, Tre— mswill &
PERBRNTERWILZRUEREIESRAKBEOEEL LT TreGE#E 5,

1988 ; Robinson,1949)% % WX/ Hi#i & (Tan et al.,1978) 2 H L T W

e ChS5DZEDSEHBROLS CKEILEL LB 28BS I,

FHBURBOERE U TTIrePABEER IV TesO iDERLTVB EWR B,

UL LABRPHEEBERNREL TV L E 3 TrePAEEEZAVWVTORE
HELCIEZ22THBS>LHFE25N 5,

Toe— FswBi 35 & OFFsw—m swlll 1, SEBIBIA 65 B AU IZ R 5 & L t
ThEERNTH o= (H14,X15), HEES (1987)I3EB B 104 B DL '
DTF—YEHVWVTRROERZE T VS, COFMRBHEEOES N &N,

EH G EREEZRIIIEEHERBEBVWTBHBHEI T2 L VWS RMGERES ,
198N 2K THHDTH 5,

(2) EHHHORTEDOEA
EEFOMswiIFHIRERICHE > T2O0IMEMEER L2521 L, i




—

Fswb g emswk BERBRASY — YT LE(KI0), BHYORTF AR

B M5 07 12 X Tes, Tre, TskB LU TamiZEgZERLTVWRWVLWS EDRS, =

OB EEBRERFIEE LTI TREDNF RSN 5, £ Fsuid |
RFFREDERRT 2L EATWBOTOMIL1986), =0 F¥FHmE h
FREBF LSRR THBO LRI S, AHHEEAEUBES |
FomswDHMiETesd FRIZEMLTWS 25 (K12), 2BHOH ‘
FAMBABAPERERFI Lo THHTE 3, FERKEETICHE |
L CStolwijk and Nadel(1973)iX, EE)FHH D — & D F3F 38 h0 iz 13 3%
BEREEHORMACHERARORBROEFTIBMELTVWELHELT ﬁ
WD T, EHHECESHANRES BTG LET 5 LOHE |
X hTw> (Nakayama,1969 ; Ogawa,1975), 6O FBEAKEHF
HFEDHEEEORTRIECEE LTV A AEMENE 2 50 255, M

RBEEFROP, FEZTADNEHFCLRE L CRTFERET Z200E
PEDVWTEHBRFHTHIRMMBEBRI A TL 3,

S5 . =2 ?

FEHERBEBII2EHROERAR L RTFROMBK IOV TERF 2
T35, BFAFECRIIERH28C, HNEEN 0% DHEET T,
40% V0 omax5RBE D H s EH) 2403 i D, Tre, Tes, Tarm, Tsk,
msw, FswZ@E L, TONERKRBEROED TH 5,

(1) EHPIPIZB WV T TreldTesE DB EPOHP I LR L =,

(2) TremswOBEBROLEIXH %5 4kE (breaking point)ZHEIzZ{ L
205, Test mswOBBROAKEEEL LR - E,




(3) BB E®RICTre, Tes, TskB LU TarniZFEZERFLTVWRLO

b6 T, mswkFswidi#mu 7=,

DEDZ &6, TreemswDBRIZE I Bbreaking pointD #& i,
EHNP BT 2TreO R EOBAICLI->TEUVERDPIT LORSETH S
EHEZON S, FEEHHKLEBEZORTANOBFE L LT, EBiZHE-
TEUVIFBRERNFHIREATIREH Z2HD2 2D THILFELHN S,




VIEE . E=E:EHIB & FE 77T+ B8 oo BE /R D> &5 F&*
7= B 5, B > FEIF e oo BE R (=2
B 11 )

XBICBVWT, EHROEFTREDH ZE —EBE (Tre)THET 3
CEBHREFBVEEFET I LN TIBEIhE, ERIEB W T Treld
RER(Tes) LD EHHABOEENBWED, FEERBLEBITIER
EROBIRE L TETrek D $TesOAHFEELWEHF XN, LED
STRBRI TCRETFHFREDVEHBEL L > TR R L L LEDRER
RBEOERELUTTIreZHVWEEDORDP T LEORETH-oEmEEMD D
o TITARRTHE, BRABROBRE LTTesZHWTERL, Tre
DHEGLRAROBERIBOSNZIDPEIPERIEETSZEICL £,

2 . K

(1) #g#&

BREIBRLR2EBFEEALZTDHY, FOER, BB IUVCHSEOTEY
il +tEEEREZESD), 2h2h24.8+1.98%, 67.0+6.2kgB X Uf174.5+

J.4emT H o 2o

(2) EHREBLIUTRBERH



—

BERBILIURBRHBERI B U THok,. TR2OLEEEHEZD
T, HEEINVIA—F —(BIL& B4 Cateye EC-1000)% FH 1 T,
500kpm/min, 700kpm/mind &k F900kpn/minD 3R D EE %, Zh 2 h 5
OHOR—-KEFIC&O0FMITok. WTFhOBE T HERIT25.0+
0.33C, HNEEZ45L5% TCTH - 7=,

(3) EBFHE
EBFEHIERIOBALEABTCH- = (P.118H).,

(4) WEHES & CHE

Tesid &k b RMAICHA L BB &> THE L, BNE NS,
EB#®, ABRSBLCFREO4r FRRENEBN TS L1 L 3l
B UTo &7 5 4 B (I sw) 052 85 0D B B3 (A I 25 52 88 < Tarm) % 30
ETHEOCRFNT LN ACBRBHERE L. RENOHHEER
ILAUARTREL, TOREBD»OTLHENE (k) B & FLH 4B
(To=0.9x Tes+0.1x Tsk)% B L7 (P. 185 P. 405 ).

MswD P EMA G ERIBIEM P REE U, FOHBEEFsw)DeH 0
EWI, ERBEMNRES ECE WA SRE DT LR B
L MswllZA A7V OKEHKILSE.0m2T dH h, Zhiz2.51/nin® '
GEHMEEARER U, Pswll BN 7€ VOB ERIE2 5m?TH b, = 3

NIZ2.5~3.01/ninDERBRAZXZH Lk, Mswd L CFswd & 7 &

BERBITEARTSH 572 (P.18B K)o O35 (HR) I g 25 7 45 3% 4 (CM-) Iz
LELERDIPSERD =,

'
(5) # 7o = '




HEMOFHEOEREREICIZIAIED H 5 Student-t-testZ f v,
ARAKEDHEREBZIRTI%E LE, /-, AREBOARODEDR
ELRIHEFEITZTY, FAHEO LM% 2> THEE Lk,

3 . R

MITEEXBRRGTEE LzFEDTes, TskBLUFMswORERE 2 #H
REALOFHMELSDITR UE, TesBWThORKLELBVWTHEH D55
HHE»S LR LMD, EHOPH 2V LFEHTHBENEAE T ERL, %
WO BREBHRTETECPIEER U, EBE TROTesld, 500kpn/
min, 700kpm/min®y & F900kpm/ninEE CcZFh 2 n37.59+0.15°C,
37.67£0.17CB L 37.91+£0.22CTHH, WTFhORUMOELEER
THoko TskiZEHSHAEHHAE-—BEETIZNZhUB LR LED, &
BSEURCEHRECLZENHELPIIRD, EHREFBRVWEYS
<RrSEAzZRLE, EBHRTEEOTskX, 500kpn/nin, 700kpm/mind
U 900kpn/minEE) TE 2 H32.97+0.84°C, 34.37+0.64°CEB LU
35.02+0.56°CTHH, WIhORHMOEZLEBTH > £, Mswid
NOFRHTHEBHKEISSENEEITANL, UERTHICEDH,
KERUE, SE2BRNICEHBEISBRVWIEY mswit® <, 500kpn/min,
700kpm/min® X T*900kpn/nin @B OK TR OMEIZZFh 2 h0.54+0.12ng
/em?/min, 0.76+0.20mg/cm?/mind & F0.89+0.18mg/cm?2/ninTdH b,
HERMOZQRIEETH - k.

B18IzTest mswD BB ZEBRHFCRLE(WTH H4ZO LY E %

Iy bLE) WTFRhORHFEZBWT S MswidTesd EFiz -
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Fig.17. The time courses of esophageal temperature (Tes), mean q
skin temperature (Tsk) and local sweat rate at the right
forearm (Msw) during exercise under three experimental
conditions. Values are expressed as mean-+SD.

* : significant difference from 700kpm/min (p<0.05). '
% : significant difference from 900kpm/min (p<0.05).
% : significant difference from 500kpm/min (p<0.05).
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Fig.18. Relationship between local sweat rate at the right
forearm (msw) and esophageal temperature (Tes) in
the mean values of 4 subjects under three experimental

conditions.
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Table 5. The regression equations (Y=aX+b) for the relationship between local sweat rate (msw) and esophageal
temperature (Tes) under the three experimental conditions.

500 kpm/min 700 kpm/min 900 kpm/min

Subject No. a b r (n) a b r (n) a b r (n)

1 0.540 -19.748  0.959 (17) 0.828 -30.525  0.964 (18) 0.599 -22.003  0.990 (19)
2 0.390 -14.390  0.916 (17) 0.797 -29.781  0.971 (18) 0.785 -28.307  0.982 (18)
3 0.719 -26.295  0.915 (18) 0.997 -36.535  0.921 (19) 1.069 -38.907  0.911 (19)
4 0.847 -31.211  0.975 (18) 1.183 -43.578  0.912 (19) 1.348 -49.906  0.843 (18)

Mean 0.624 -22.911 0.951* -35.105 0.948* -35.031
+5D 0.174 6.383 0.154 5.549 0.283 10.474
r: correlation cofficient n: number of data x: different from 500 kpm/min (p<0.05)
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Table 6. Tes thresholds for initiation of sweating

under three experimental conditions.

Subject No. 500kpm/min 700kpm/min 900kpm/min
1 36.. 57 36.87 36.73
2 36.90 3N 39 33
3 abin 36.64 36.74
4 36.85 36.84 27001
Mean 36.72 36.93 36.95%
+ SD 0.15 0.27 0.25

Tes: esophageal temperature
*: different from 500 kpm/min (p<0.05)
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Fig.19. Relationship between local sweat rate at the right
forearm (msw) and mean body temperature (Tb) in the
mean values of 4 subjects under three experimental
conditions.




Table 7. The regression equations (Y=aX+b) for the relationship between local sweat rate (Msw) and mean body temperature
(Tb) under the three experimental conditions.

500 kpm/min 700 kpm/min 900 kpm/min

Subject No. a b r (n) a b r (n) a b r (n)

1 0.477 -17.111 0.970 (17) 0.642 -23.300 0.984 (18) 0.504 -18.275 0.992 (19)

2 0.327 -11.887 0.921 (17) 0.539 -19.828 0.984 (18) 0.572 =21.022 0.993 (18)

3 0.798 -28.862  0.905 (18) 0.931 -33.669  0.965 (19) 0.900 -32.634  0.928 (19)

4 0.954 -34.678  0.987 (18) 1.044 -37.925  0.970 (19) 1.055 -38.478  0.968 (18)
Mean 0.639 -23.150 0.789* -28.681 0.758* -27.602
+5D 0.249 9.057 0.206 -7.31717 0.228 8.275
r: correlation cofficient n: number of data %: different from 500 kpm/min (p<0.05)
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Table 8. Tb thresholds for initiation of sweating I
under three experimental conditions.

Subjeect No. 500kpm/min 700kpm/min 900kpm/min
1 36.00 36.29 36.26
2 36.35 36.79 36.75
3 36.117 36.16 36.26
4 36.35 36.33 36.47
Mean 3022 36.39 36.44%
+ SD 015 0.24 0.20

Tb: mean body temperature
¥: different from 500 kpm/min (p<0.05) i
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Fig.20. Relationship between frequency of sweat expulsions (Fsw)
and mean body temperature (Tb) under three experimental
conditions. Each plot means the average values of 4

subjects.




Table 9. The regression equations (Y=aX+b) for the relationship between frequency of sweat expulsions (Fsw) and mean body
temperature (Tb) under the three experimental conditions.

500 kpm/min 700 kpm/min 900 kpm/min

Subject No. a b r (n) a b r (n) a b r (n)

1 5.479 -186.942 0.749 (17) 8.803 -309.343 0.947 (18) 6.276 -213.435 0.854 (19)
2 2.840  -92.213 0.615 (17) 6.836 -242.130 0.852 (18) 3.474 -115.392 0.878 (18)
3 6.489 -227.234 0.826 (18) 4,832 -165.857 0.837 (19) 5.846 -202.685 0.799 (19)
4 11.923 -426.372 0.960 (18) 6.877 -240.833 0.861 (19) 6.333 -219.768 0.739 (18)

Mean 6.683 -233.190 6.837 -239.542 5.482 -187.820
+SD 3.306 121.828 1.404 50.769 1.175 42.260
r: correlation cofficient n: number of data
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Table 10. The regression equations (Y=aX+b) for the relationship between local sweat rate (Mmsw) and frequency of sweat
expulsion (Fsw) under the three experimental conditions.

500 kpm/min 700 kpm/min 900 kpm/min
Subject No. a b r (n) a b r (n) a b r (n)

1 0.046 -0.282 0.691 (17) 0.067 -0.627 0.948 (18) 0.059 -0.697 0.858 (19)
2 0.058  -0.427  0.752 (17) 0.061 -0.500 0.895 (18) 0.127 -1.432  0.875 (18)
3 0.094 -0.576 0.835 (18) 0.139 -1.012 0.837 (19) 0.114 -(0.824 0.858 (19)
4 0.075 -0.511 0.963 (18) 0.112 -0.807 0.830 (19) 0.085 -0.565 0.670 (18)

Mean 0.068  -0.449 0.095* -0.737 0.096*% -0.880

+8D 0.018 0.110 0.032 0,193 0.026 0.332

r: correlation cofficient n: number of data *: different from 500 kpm/min (p<0.05)
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Tb, mean body temperature; Ta, ambient temperature;
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Table 11. Changes in physiological responses to exercise.

Rest Exercise Recovery
Tes Exp.1 37.14%0.05 37.95+0.10* 37.37+0.06
Exp.2 37.25+0.08 38.51+0.08* 37.84+0.07*
Tsk  Exp.1 32.621+0.19 35.12+0.19* 33.47%0.16*
Exp.2 33.01+0.23 34.28+0.32* 33.29+0.28
msw Exp.l1 0.00+0.00 0.81+0.08* 0.00+0.00
Exp.2 0.00+0.00 1.05+0.13* 0.16+0.06
HR Exp.1 70+2 149 +2* 84 +2*
Exp.2 69+ 2 186 +4* 97 +4*
Values are mean+SE for 6 subjects. Values of exercise and recovery

are shown at the end of exercise and recovery, respectively.

Tes, esophageal temperature in °C; Tsk, mean skin temperature in °C; Mmsw,
local sweat rate on the chest in mg/cm?/min; HR, heart rate in beats/min:
Exp.1=Experiment 1; Exp.2=Experiment 2.

¥ p<0.05, Statistically significant compared to corresponding rest value
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Fig.28. Relationships between local sweat rate (M sw) on the
chest and esophageal temperature (Tes), and between Msw
and mean body temperature (Tb) during exercise (open
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experimental conditions. Arrows indicate the direction
of change in each relationship: bars indicate SE.
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relationship; bars indicate SE.
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Fig.31. Relationship between local sweat rate (msw) on the
forearm and esophageal temperature (Tes) during
sinusoidal exercise with period of 32 min. Open (O)
and closed (@) circles denote values during increase rf
and decrease of Tes, respectively. I
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Table 12. Physical characteristics and maximal oxygen consumption
(Vo,max) of the subjects.

subject age height weight BSA U0 omax

No. yr cm kg m? ml/min/kg

1 23 166.6 63.7 3 ket o 32.5

2 24 170.1 71.4 1.84 61.3

3 23 182.5 74.6 1.97 56.3

4 24 179.5 80.4 2.01 51.9

3 24 174.17 66.7 1.82 53.5

] 20 170.8 65.2 1::78 50.3
mean 23 174.0 T0:3 1.86 54.3
+ SD 1 3.5 5.8 0.10 3.6

BSA: body surface area
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The time courses of esophageal temperature (Tes), mean
skin temperature (Tsk), forearm sweat rate (Mmsw) and

heart rate (HR) responses to sinusoidally varying work
rate with period of 8 min in Subject 6.
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Tes, Tsk, msw and HR responses to sinusoidally varying
work rate with periods of 8, 4 and 1.3 min (80 sec),
respectively (in Subject 5).
Tes: esophageal temperature, Tsk: mean skin temperature
msw: forearm sweat rate, HR: heart rate




Table 13. Magnitude and phase lag of the responses to sinusoidal work.

T (min) 8 4 1.3 (80 sec)
Subject | ATz ATn 4 4Tz ATn 4 ATz ATn
1 Tes 0.21 2.9 2.5 0.05 2.3 2.0 0.01 - -
Tak 0.39 4.4 4.5 0.20 2.4 2.4 0.03 - -
m sw 0.156 Yo 1.6 0.189 0.8 0.7 0.044 0.5 0.4
HR 35 0.7 0.5 29 0.6 0.4 12 0.4 0.4
2 Tes 0.15 3.1 2.1 0.04 1.8 1.4 0.00 - -
Tsk 0.32 3.8 2.9 0,16 LARE | 1.7 0,03 - -
T sw 0.344 12 i 0.310 0.5 0.6 0.070 0.3 0.1
HR 43 0.7 0.4 34 0.5 0.4 15 0.3 0.3
3 Tes 0.16 3.4 3.6 0.05 2.1 1.9 0.01 - -
Tsk 0.13 4.0 4.9 0.05 2.0 2.1 0.03 - -
M sw 0.223 1.2 0.9 0,264 0.5 0.8 0.067 0.3 0.3
HR 39 0.7 0.5 30 0.5 0.4 12 0.4 0.4
4 Tes 0.26 3.3 3.0 0.08 2.3 2.2 0.01 - -
i Tsk 0.25 4.5 4.4 0.09 2.3 2.6 0.03 B -
= msw 0.116 2.5 2.6 0.069 0.9 0.9 0.031 0.1 0,1
ot HR 38 0.9 0.7 34 0.7 0.5 13 0.4 0.3
| 5 Tes 0.12 3.7 3.8 0.07 2.2 1.9 0.01 - -
Tsk 0.39 4.2 5.1 0.15 2.3 2.9 0.02 - -
M sy 0.166 1.8 1.6 0.147 0.9 0.8 0.034 0.4 0.5
HR 317 0.7 0.4 30 0.6 0.4 11 0.5 0.4
6 Tes 0.30 2.5 2.4 0.07 v | 1.9 0.02 - -
Tsk 0.38 4,8 4.8 0.06 2.6 3.2 0.04 - -
I W 0.088 0.9 1.4 0.114 0.8 0.8 0.018 0.3 0.4
HR 42 0.7 0.7 30 0.7 0.6 18 0.4 0.4
MEAN Tes 0.20 3.2 3.0 0.06 2.1 1.9 0.01 S =
+ 8D +0.06 +0.4 +0.5 +0.01 F0c2 E0.2 +0.00 = -
Tsk 0.31 4.3 4.4 0.12 2.3 2.5 0.03 = -
+0.09 0.3 £0.7 +0.06 +0.2 +0.5 +0.01 - =
msw 0.182 1.6 1.6 0.182 0.7 0.7 0.044 0.3 0.3
+0.084 +0.5 *0.5 +0.083 L2 kBl +0.019 +0.1 +0.1
HR 39 0.7 0.5 31 0.6 0.5 13 0.4 0.4
3 +0.1 0.1 +2 +0.1 01 s +0.1 +0.0
4: magnitude of response; Tes and Tsk in °C, Msw in mg/cm?/min, HR in beats/min,
4Tz: phase lag in minute at the zenith of work rate, A4Tn: phase lag in minute at the nadir of work rate,
— ! The data was immeasurable.
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Fig.35. Relationships between magnitude (4) of fluctuation of
esophageal temperature (Tes), mean skin temperature
(Tsk), forearm sweat rate (msw) and heart rate (HR)
and period (T) formean data of 6 subjects.
A maxmum minus minimum of response.
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Fig.36. Relationships between phase lags of esophageal

temperature (Tes), mean skin temperature (Tsk),

forearm sweat rate (msw) and heart rate (HR) and

period (T) for mean data of 6 subjects.

ATz: phase lag in second at the zenith of work rate,

ATn: phase lag in second at the nadir of work rate,

ATz and ATn on Tes and Tsk at period of 80 sec were
immeasurable.
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Fig.37. Palmar and forearm sweating responses to sinusoidally
varying work rate with period of 4 min in subject 2.
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Table 14. Physical characteristics and maximal oxygen consumption (U0;max)
in each group.

group age height weight BSA U0 max

yr cm kg m? ml/min/kg
Trained 201 173+6 6716 1.81+0.09 59.4+3.6%
(n=9)

Untrained 24+3 169+4 6417 1.75%0.10 45.7+4.4
(n=8)

BSA, body surface area; n, number of subjects. Values are mean+SD.
* P<0.05, Trained vs Untrained.
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Fig.38. The time courses of esophageal temperature (Tes), mean
skin temperature (Tsk), chest sweating rate (msw(chest))
and forearm sweating rate (Msw(forearm)) during
constant exercise. Values are mean+ §D.

* P<0.05 Trained vs Untrained.




Table 15. Changes in physiological responses to exercise in each group.

Tes

Tsk
msw(chest)
msw(forearm)
HR

Trained

37.0240.23
32.34+0.33
0.00£0.00
0.00£0.00
72£9

Untrained
37.06+0.30
31.84+0.47
0.00+0.00
0.00+0.00
Toe=5

Exercise
Trained Untrained
37.6610.18 37.69+0.25
33.3610.25 33.04+0.42
0.68+0.31 0.43+0.14
0.281+0.13 0.32%+0.15
11010 120+6

Values are mean+SD. Values of exercise are shown at the end of exercise.
Tes, esophageal temperature in °C; Tsk, mean skin temperature in °C;
msw(chest), chest sweating rate in mg/cm?/min; Mmsw(forearm), foream
sweating rate in mg/cm®/min; HR, heart rate in beats/min.

¥ P<0.05, Trained vs Untrained.
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Fig.39. Relationships between local sweating rates on the chest
and forearm and esophageal temperature (Tes) in each

group.
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Table 16. Slopes of sweating rate - Tes relationships and Tes thresholds
for initiation of sweating.

group msw(chest) msw(forearm)

slope threshold slope threshold
Trained 1.22+0.43%x 37.10+0.29 0.63+0.25 37.13%0.26
Untrained 0.74£0.41 37.10%+0.25 0.73+0.41 37.23+0.29

Tes, esophageal temperature; msw(chest), chest sweating rate;
msw(forearm), forearm sweating rate. Values are means=SD.
Slope and threshold given in units of ml/em?/min/°C and °C.

¥ P<0.05, Trained vs Untrained.
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Fig.40. Relationships between local sweating rates on the chest

and forearm and mean body temperature (Tb) in each
gI'Dl]p.




Table 17. Slopes of sweating rate - Tb relationships and Tb thresholds for
initiation of sweating.

group msw(chest) msw(forearm)
slope threshold slope threshold
Trained 1.05+0.36% 36.58+0.30 0.50+0.16 36.63%0.30

Untrained 0.64+0.30 36.55+0.25 0.48+0.31 36.58+0.30

Tb, mean body temperature; msw(chest), chest sweating rate;
msw(forearm), forearm sweating rate. Values are meansSD.
Slope and threshold given in units of ml/em?/min/°C and °C.
* P<0.05, Trained vs Untrained.
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Fig.41. Relationships between frequency of sweat expulsion (Fsw)
and mean body temperature (Tb) (A), and between local
sweating rates on the chest and forearm and Fsw (B)
during exercise in each group.




Table 18. Slopes of Fsw - Tb relationships and sweating rate — Fsw

relationships.
Trained Untrained
Fsw-Tb slope 12.9+4.6 13.5+5.4
msw(chest)-Fsw slope 0.052+0.021% 0.032+0.011
msw(forearm)-Fsw slope 0.024+0.011 0.024+0.012

Fsw, frequency of sweat expulsions; Tb, mean body temperature:
msw(chest), chest sweating rate; Mmsw(forearm), foreamm sweating
rate. Values are mean+SD. Fsw-Tb and msw-Fsw slopes given in
units of sweat expulsions/°C and ml/cm?/min/sweat expulsions.

* P<0.05, Trained vs Untrained.
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Table 19. Physical characteristies and maximal oxygen consumption (U0-max)
in each group.

group age height weight BSA U0,max
yr cm kg m? ml/min/kg
Trained 20+1* 173+6 6716 1.81+0.09 59.413.6%
(n=9)

Untrained 24+3 169 +4 6717 1.78+0.14 44.5+5.6
(n=8)

BSA, body surface area; n, number of subjects. Values are mean-+S$D.
* P<0.05, Trained vs Untrained.
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Fig.42. Tes, Tsk, msw(chest), msw(forearm) and HR responses
to sinusoidally varying work rate with period of 4 min
in Subject MI (Trained group) and Subject YA (Untrained
group). Tes: esophageal temperature, Tsk: mean skin

temperature, msw(chest): chest
msw(forearm): forearm sweating
palmar sweating rate, HR: heart
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Fig.43. Magnitude (4 ) of fluctuation of Tes, Tsk, HR,
msw(chest), msw(forearm) and msw(palm) to sinusoidal
exercise in Trained and Untrained groups.
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Fig.44. Phase lag of Tes, Tsk, HR, msw(chest), msw(forearm)
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Untrained groups.
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