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Comparison of aerobic profiles between the field-based 20m-shuttle run test the laboratory-based
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Physical characteristics and training indices in male and female participants

Measurement results in male and female participants

Physical characteristics and training indices in male and female subjects

The correlation between measurement data (Male runners)

The correlation between measurement data (Female runners)

Multiple regression analysis in marathon time (Male runners)

Multiple regression analysis in marathon time (Female runners)

Characteristics of subjects for confirming the validity of the prediction formula

Comparison of split times between the marathon race time and the predicted marathon time

Moz A L —E

X 1

X 2

X 3

Relationship between measured BET—\.IOzmax and 2OmSRT—V02max

Relationship between measured BET-HRmax and 20mSRT-HRmax

Comparison of the estimated VOzmaX between 20mSRT and BET



4 Relationship between measured 5000mTT and ZOmSRT—VOQmax

5 Relationship between measured 5000mTT and BET—VOzmax

6 Relationship between measured marathon time and 5000mTT

7 Comparison of estimated maximal HR among 20mSRT, BET and 5000mTT

8 Relationship between measured marathon time and predicted marathon time

9 Bland-Altman plot The bold line denotes bias (mean of difference) and dashed lines denote

limits of agreement (1.96SD of difference).SD, standard deviation
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Bike ergometer test

Body Mass Index

Beats per minute

Continuous training

Maximal heart rate

HRmax determined by bike ergometer test
HRmax determined by 20 m shuttle run test
Maximal oxygen consumption

\./Ozmax determined by bike ergometer test
Physical work capacity

\./Ozmax determined by by 20 m shuttle run test
20 m shuttle run test

5000 m time trial



5000mTT-HRmax HRmax determined by 5000 m time trial



FI1E Faw

Rk 30 AEFE TR —Y OFEMIRDFICE T D HEmaHd] (AR—VJF, 2019) [2&5 L,
VA =X TRT = TR EORAMRBIEE DO ERRNPE S o> TWNDH T ENHEINT
W5 HFIZ 2006 FELIRE, T =2 S ERA DML, 2007 FICBE SN R~ T Y
EESNTITE2RT =077 —205F54 (Gl 2012; 167K, 2015), 2018 FE 2BV Ti
#1964 TNINT =0 7% LT D (FE)I|AR—" ], 2018). £D—FHT, =
JEERSL—ZPOLEIER EOEEICONTHELBESNLTVD (A5, 2013;
Jonathan and Kim, 2012). Z#HOJFK E LT, fllx itz HivbpLl EORE, &, MEET
FL—= 7% L TnDH I & (Swank,2008), S HIZiE, v 7 Y v bL—AHERKOM
$ D 80-90%FLE DR L TiEE) LS TRV (Billat e al, 2009), HE~OEHPIEFITK
TV ERFEREIN TS, ZNHLDOREEZD L, v T Y U ELRRITITO 2O DR
1oL LT, lx NOFAMRENBLON~T VDL —2ART =< A (T HA L)
R LT~y T Y o R=2AERETDH I ENRHITHILD.

YTV DL —ANT = R IEE T D FAMERE ) O BB ERIEIE IOV TR, 2
NETILE < OPRBITONTH Y, BABFERE (VOmax) #ELHTr=v /T
J X ROHB R EN R b O L L THE SN TWD (Adrianetal., 2007). £ DH
Th~T YU AL MCREARBEAER D D —RTTR T > F—I2B\TiE, VOmax 2AEE
TWHD 1 5TH5 (UAEARF,2013). %0 VOsmax DEIEITIE, —fRIC ElEE oL = A —
2Ry RINEMATZFERETERIND. LrL, TOREIZH Tz > TiLE i 7o ies
Nz, BIE - I HAR R MR FF o TmREDLETH L ZEnD, ZARE/R L L
FRIEIERECH S (HH,2000). TAUSK L, 2ASKAEFLIC VOmax OFFTi% FTHEIC S
%H0IT, 20m v kLT 25 Ak (20mSRT) 234 %. 20mSRT (3 VOumax % fifi 5 12 5 H
TX, HEMELEOD LN TWD (Leger and Lambert, 1982). LA L72A3 5, 20mSRT THEE

éhthmmﬁ,Eﬁiiwﬁ%~5ﬁﬁmwﬁbfﬁwkﬁéﬁ%(MMMmemL



1986) &V, —HTRT T — ORI ANERT) OFIZI T 2 20mSRT O HPEIZ DN T
T, B THRFITOLERDD.

NIV BA NS LTV T Y R R R ET HTOIZE, BkOo~T Y oA L%k
FMT B UENR D 5. JATHZETIE, VOmax IRk L—=0 PERA LT = 7ICH
TOHOHAZMNLZET, vV F AL THITHZ ERAREE STV 5 (Haganeral.,
1981). LML s, BUEDE 2RT =TT — A%, AF T3 T Y UICBELR -
2 aX T hHNNET = TBIFRERBEIRE D, T — A Lo TS (JHK, 2015).
L7eBoT, 82 RIvy=v 77 —ACath LT — iR T v — O EEFE O 5k
DTV G A LTRROEEDBLETH D EEZHND.

Flo, ¥T VU L—RADON=RlGy (T Y N—R) X, NT v U RITRE R
ERIFT. TV U H A DDOENT U —iE, N RAEEBOD NS, — T N A THEITL
TEY (Blyeral,2008), TIUIKL~T Vv H A LDENT VF—(F, L—AFPEOFY
EEENHLS, L= AFRICAS—ARHE N #E LWERE TEIT T 2 LR ERTWD
(Renfree and Gibson, 2013; Santos-Lozano et al., 2014). —Ji, <7/ L —ATDFEETE
ROVEH O 352%1%, FTHYI0 OFREX A LITK L TETS—ARETE D2 EBHRET
HDEEMEN TS (Yeungeral ,2001). L7z -> T, ~7 Y L—RZBWT, L—A
ZINE DM NDFE D /N7 =~ A THEETE DL IIZTLHDITiE, FANISHD
T UBAL NG LT~ T Y R A RBRT DB D D.

T, ABEIL TR T 7 —I281F 5 20mSRT OFEIL LN L —=0 78
EHWE~ T Y B A LATRIROER) 2 FEEL, 1) —BTRZ v — R AR O
FEMIZ %95 20mSRT OF M (BFFERRE 1) BLO 2) iR 7 v —%8L Lz
20mSRT B LM b —=2 7 EHEH W e~ 7 Y o2 A AP RHROZYSYE WFFERE 2) %
HOEMNZT D ERIFZ, 3) v~V 2 A LA TFRRZ AW~ T Y 2 _R— AR ED RENEIC

DOWTHFIITE (WFZERE 3) ORERICESESMEET 2 Z L2 HRYE Lz,



F2E  SUERBTSE
2-1. 7= 7 DEMKRIICES S5

Ty = TEBNIZOWTIE, )1 AR —Y B2 1998 4F03 5 2 45 2 L IR % i
LTW5. fiEICED L, 1 EUET =07 %2FH L TWDAEE, 1998 41K 675
TANTHY, 2002 FFIZJEAD L72b DD, 2012 1K 1009 5 ANITHEINLT-. D%, M8
LTW525, 2018 FIZBIT 5T =0 7R 134 964 TATHD ()| AR—> ],
2018). FREIZB T LHHR~ T Y U REOHEVIL, 1967 FOFHE~T7 Y ThHY (A,
2016), 1979 D 1 RIBEREE L1~ 7 ¥V V2, AIEEIBERO TR 2 BE L
TR RTRZ =L 28T, TV U 1 IRT—2 a8z (LA & GHE,
2020). H2RT =0 7T — A0, 2007 FICHE S N H T~ T Y U TH LRI~ T Y
VEESNTIS, TNLUBRT YT Y U REBHREN, BHEOHE 2R T =TT — Lk
Wz 7 G, 2012). ZOHEAVKRT—LEF2RT—LORERENL, A F—F vk
DERRAT 4 THRAZMICEY EF-Z e T, AF Ty T Y VLR oY a X
YT BHDNNET U= U T BNEPERERLE LD EBEZ LN TND (GEK,

2015).

2-2. Fv=v 7 OREEICET 5%

TV T T = AOERITIE, T IO E LT, KE - 5T - P A SRS L ERN
R ARA A PTERT D ZENTE, KK - AR—YREFRATHELDDL LT,
BUNSZo 72 BRBRICHED HD LWV miad v (HH,2014), 7= 713% < OHRAR
BIATZ D, —FHTT o= TEREE O, AR—VEERE Y 27 I12ET 58
BHEIMERICHD L bFERETHD. fIzE, —KTRZ7 T —TlE 7= 75EF0
76% L EHE TRD B, TOPTHRBEESICEFNZ < (EES, 1996; 4 5,2010; &

B5,2013), BMREN T XKD T = FEE, MERTF CITE A RSOTHERIER &N
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BELLTHZ ENMHENTND UMED,2011). £72, B& LA (2016) 1%, AKR—Y
FURFEDFEERIC, AR—YFERICE D REREWVTRO LN TRV EHEL TS, L
2L, BEEIDS (2002) 1, AR—Y FEEEFDZRIE 534 A AR —YFEHBNC AT RER L L
T, Fr=rTHnkb %L &R0 2% (118 1F) 2 5®5 LfEMLCT\b, HE, HAD
R~ YU RETHE, BMEFEOKS HTAIL 1 AOEIGTMEERFKAETSZ L (A,
2013) R°, N—T~ TV IV~ T Y DOFPIAEIEDFARIE VY (Jonathan and Kim,
2012). &HIT, 7 VT2 RHEZEA DR OB THY, £ L—APEERILH
D 80%~90% 2 D IR THEE) Lt Tk Y (Billateral,2009), L — AT RER
ELHRG L Vo TR BT D LD, HE~OAHEMNIEFIZKE N (Sanchez er
al.,2006). X7z, Swank (2008) 1%, filx MMz LD EOME, & HETHL—=
T EAT S T BER0H 0 KRB G5 2 BV WIGEIZIE, N7 =< ARET L, BWEE%E

W5z ENEECAR D L L, HERS (1996) 1%, ARETERNRE L, EPoET<—
ANEL, TUo=U TREPEWRANLT V=N T = TEEEZRE LTV ERRT
W5, L7eRoT, BUROFAMERNZFHEL, x ND~ T Y A4 DL LTz T =
JR—ZEBRETHIENTENE, Tr=v TEEEZ TP LERIC~YT Y U2 ET 5

ZLIRTEDEEZADLND.

2-3. ¥T7VVDV—ANRT 3 —vV ACEET D RAMERS OEBEZHEEIZONTO
wrse

Adrianeral. (2007) 1%, ~F Y 4 A 5D 10%% PET 2 EER E LT VOmax, 7 =2
Jra ) =5 L OUBIEEEBIEE 3T T 5. RS, A (2013) & VOmax, 72
=7 xa ) I—BRXOHBMHEEEBRER~ T Vo F A DMIREREEXH X 5 L 2k

ELTWA.
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2-3-1 VOmax
memﬁ@@%ﬁﬁ%ﬁ%bfw@w&k%ﬁ?%4mM@mm?%@,%ﬁﬁ&@?
A U — b TIiX 70ml/kg/min PL_E DA 3T 5 (Lucia et al., 2001; Le Meur et al., 2009) .
LHED VOymax 1E, —HEITBHEL D b 8%~10%(E\V 33, TN TS AHERRANET 2 ) —
R T, 9 70mlkg/min (23E 5 &b TV (Billat ef al., 2003; Le Meur et al., 2009) .
VOmax & BHHEE 7 4+ —~ > A L OBURICOVTIRZHE TV D0l ShT
BY, FIZ1E Costilletal. (1973) 1%, B 16 L OFFANET o F—Z 3BT LR RICB W
T, VOumax & 10 v A L L—RADST f—~ 2 A EORICHE A HBEBFHEZRD TS,
%72, Hanganetal. (1981) & FVE 50 4 DFFAMNT T — %2R LA R E LT,
~T VA A KL VOmax & ORICEEMEE R L TV, & 5101k, it 35 4 O AR
7 > — (Hagan et al., 1987) X Otk 32 4 O— iR 7 > — (LA & AF, 2013) %
R LERICBNT S, ~F Y # 4 Lk VOmax & ORICIHAE ARG R S
TWD. Lo L7225, Sjodinand Svedenhag (1985) 1%, FRAMET v —% 3 REIC/HHL
RIS T, =Y — b T — Tl VOmax & ik & ORICH 240 R0 &
NS L, Pollocketal. (1997) U — 8T o F—adRICFRKORREZHE TN D.
IRLDRREERIIAND L, TV — kT —IBNTIE, VOmax 218~ T Y L
A LEZRETHERTIERNEOD, vF V0 F A MIRERBANEND D —RTTRT
F—ICBWN T, VOmax OFHIiiE~ T Y > 24 B A& TRIT 5 5 2 THEARBEED I

HEEZERADBND.

2327 =/ xEa ) I—
Conlry and Krahenbuhl (1980) I, VOymax BIFEFL~AOT Y — k52 F—2F0 T,
10,000m £& F7>=r7xa )/ I—OMIEWFHRREGEEZ R LTS, 51T di Prampero

(2003) 1%, o= 7 DXL X—a R & 5%SETENE, FIAEDEITERH A 3.8%

12



WINESE2ZEMTEDLEBITNDS., —FHT, 23 LAOFAMET v — (T V& A A
2 IR§fH] 23 43~4 R[] 8 43) A xBRIT L7z Fosteretal. (1977) OFEFETIE, ~T VXA Lk
FJro=rrra) I—LORICAERMBEBERITERD b TV, 72, Morgan et al.
(1995) BEFAMET T —89 A it L~ IVHINT 4 BRI LT L &, Jv =T xa)
TEBELAIARENT TR EEA LI H DD, F—L L TOT T —
WRBW T —EDMHA RO bRl b E LTS, LEeh-T, Jvr=rrxa)
SR TV AL LB EZ D —ERNTIEH L b 0D, T a2

T, v~V 8 A Laili T2 2 LIZRETHL EEZDND.

2-3-3 FLERMEVEERR i

Enrincoetal. (2012) 1%, 194D — s Z7 T —OffEIZBNT, vT7 Y AE—KE
FLEAMEVEZEREE & OB A2 FLH LT\ 4. Davis (1985) &~ 7 V> D AEHE & FLEEME1EE
BIE COEREICEWVIEOFHBEBRRH L Z L 2REL TS, BT, HRAADT ) —
ERIR L LTI N T, B L~V BV RTIE AR R L~ T
HIENWZ ENTRIN TN D (B H,2003). £7z, 245 (2001) OFFEIZEWNTS, BT
RHEET T — OB HRENMEN T 7 — 12, JLBRMEVEERIE TO 5000m & DA
E— RBBWMEAIZSH D, S b ORI, AMMEEEREL~ T Y v ¥ A MR E PR
EHZDERTHLHZ LEZTRBE LTS, LLaens, JLBMIEERELZET 255,
FRFANZ RN T HEREORE R 2 o T 2 AR ERk S D, LIcd - C, BifEF T
TN IRTTRT T —&2 51, 74—/ R 7 A IS HLIRME R R 2 32 = &
IIARS T/ < (HH,2000), M 2OBIEM TR,
UEDSEZBEIZAND L, —RITRT7 T —DX I RIBIAN~T Y o H A4 LE[LT
VB ANERS LT HEAICE, VOomax ZHIE (EE) T52 L8, Hx AD~T Va4

LDOTRR~ T Y "= ZAORECHAMREREH/L LN TEDHLEZALND.
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2-4. JRRIRREIE O MBERRIES EICE T 5815

VOmmax ZBIET 5 720121, —HRICERE TR A 9072 & kR G fli7e 5 ik s
RMNE « AT 2 R Z FF o T ARSI EL & 720, 2 AN E 55 & LI LR EE T
B% (FH,2000). ZAUSKIL, 74— K72 k& LT VOmax & R HEET 5 Jik
WS M SNTWD, BIZIE, 12 9FAET A b ORAIE Vomax & 3 RBIBIE (=
0.90) IZ& Y (Cooper, 1968), HFFA S DM L& EH LI-EEHSGICBNTE, Fr—=
VU BERRET DAWSRIEIRIC R D LA STV (B & LR, 2012) . 512, BB
HCIEAGENE LOERNIC BV T, 1500m ED 2 A ACHESE, VOsmax 2HEETE 5 =
& (r=088) PRI TW D (Tanaka, 1985). LMW L7225, Z0 2 DORIEIZIE, 400m
DRT IR ERE LT = TR LN ERBEDS MR GIIBNETH L Z LI
Mz, N—=RABESBLORENEL LD SICEERLETHS. £ OMIZIE, Astrand and
Ryhming (1954) 2BHFE L7=F/ 77 L&A LT, &KX FEEFOAEE & OHEORE%
3B BIBEIOIT VOumax OHEE 3 FTAE R J7 1R — i DR T LIS & AR & O BIFRA>
5 VOumax % HEET 5 PWC 5% F 335 (Holmgren and Astrand, 1966). %415 D751
BRKTOEBZRAT L2 ENDLERCHENTREL 72503, BHEZHT/L T A —4 &80
ETHZEITMA, BROHE (HRmax) AL & HIZIKTF T2 (Lakatta, 1993) Z &%
BRI DUENDD. —I7T, ICRREE OB T X MG END 20mSRT DA =7 ([H]
) 775 VOsmax & HEET 5 = & b FTHE T % (Léger and Lambert, 1982) . i< & 112 (2007)
1%, 20mSRT (XL E DWRIAVVF v OYEBRE & x5 A % — NRf 8.0km/h DFEENHIAE Y,
2 53 FZ 0.5km/h § O 2 {4 2 Wi AR Off{E CIEMETH W LR T A METH D &
WATND. S HIT, 20mSRT OFAFIFHFEMEN G <, BEHEEHIO R 5RO 1T 20mSRT
EATOETEEETYH, TORBICERNRNZ EOVRENTEY (Légerand Lambert, 1982),

FLEFEDO) ALIEDLETETT LI LD, HILETT V=0 I RX—ADER DN
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W ETTR T = b ATV, T B D LD, 20mSRT 1, FERIZ R
AR A B LT, 70 =0 ZREBOEON— TR T v —TCHamaRIE T, 5
BINCFERT D ENTED FL—=V VB TOISHAEDOE N T 4 — FT A N Th D LH#
HITX %, LovL7ass, 20mSRT 12X o CHERE L7z VOmax 1E, HEEET L= 2 — & Gl
7 L7z VOmax & H 5 2% CFEi S 415 & 5 #45 (Poortmans ef al, 1986) 1%f L,
I N%EMEZ T &9 F R, (Naughtonetal., 1996) H3 5. L=~ T, —fKiiRT v
T B B EANMERES OFHME & LT, 20mSRT 23 EORREAH TH LMo T, — %
TR7 V=% RICEREL NV TERASN TOWDRNEDR R L OIS E, &

TR 2 0ERDH 5.

2-5. v 7Y U E A LOFRRICEET B85

FROMERE S DRI DA 2 ND~ T Y o Z A DS CTe~ T Y =X & BT 5720
Wi, Bk~ 7 Y o 2 A4 L& THTHMERD L. ~T Y o Z A4 A THRICEET 2 e T4
GEIX T NETIDN SR ENTH Y, di Pramperoeral. (1986) 1%, VOmax 35 L85 v =
YIEa) I=D2EBCE ST, vT Y Rn—T T Y U TOVREREDK 12%%
HTH LA TELLME LTS, S50, Haganeral (1981) 1%, VOsmax (= k L—
=V OB GEITIEER L OV b L—=0 /=) LEREMZD Z LT, EBO~T Vv
2 A LD N%% THITE D ERTWS, £/, Haganeral (1987) 1%, &7 F—%
SHRIC LTEAFRICBNT, =T Y v L—ART 12 B0 (1 BOEITHEEE FL—=1
TR=Z) LT TV HALER 68%THITHZENARTHDL ENVIFEREHET
W5,

ULEDORRNGHIMT D &, ~ T Y o OFRFAMERRINZEE S 5 A FAEIES L —=
VO EREMSIERE T HTHRICEY, v TV F A 50K 10%EHHT L2 LN TE

HENZD. LI LARD, ERICHET % Vomax OBIEE, Ly FIAZANTE

15



0, ZOREITE M 72 o RSB ER 2 R o e AM IS BELE 70 5 Z 7B (HH,
2000), % NEERBICHEHTS 2 EIXEEBETHS. £oT, £AMEFEIC VOmax OHE
EN AR B NI L D~ T V) v 2 A A TRROIER SR b s, £z, Jbk L
EDWCE2RT =TT —=HE, AT AT BRI~ T Y 2B BT 52 LT,
FETY TV ATEHOR o a X T HDWNET V= T OBIEE NI A FF 572 2
LICEDAELBISTHD (K 2015). LIRS T, BUEYT YU L—RIZBML TNV 5
R T v —ORAMEREIR h L —= TIREBIX, ZHhETO~T Y H A ATHIC
B3 2 JEATHRSE DX RE L ITH NIRRTV D, BLEARBE XD L&, F2RT =07
bR Lz, #ilcle—RifiRT v —OEREFESLZ OMBRICESNTT V-

A LD TRXOIERBULETHD EEZLND.

2-6. N—RERRXIZBI T S5

2T UNIRBWT, v TV L —ADR— AL (R—AIE) (I~ T V2 A LITRE
IREE A RIET. WEES (2019) 1E, T YV L—ADN—ZAFSTBWT, L— A%
DEFEIZE > TIRHT 4 TR A =T VR TR T 0 TR TED L LTV D
Abiss and Laursen (2008) 1%, Wit L~ DOOL T 7L~ T Y NZBWTEVWWT +—F
YAERET DO, A= b T 4=y v a ETEREEZMER L TETT S 1A —

VL OR— AR RGETHDH E LTND. SBIL, v TV XA LDOENT ) —
R=AEBDLI2NA —T =2 THEITLTEY, 30km LFEIZBNTR—ADKE HIAL
RS ZENEETH D LR EIN TS (Elyetal,2008). —JF, ~F VXA LDEND
T —lE, T A A DDONYEREIIR LT L — ARPEO AR E N E LS, L— AR
MR — AN L WEEE CETL TS Z E2URENTWD (Renfree and Gibson,
2013; Santos etal.,2014). F7=, ~F VL L—ATOFREETEXRWEE & LT, 42.6%38

7RIS, 35.2% 1T HEID OBREX A M L TCETX—ANETELZ ENFERTHD &
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B & T2 (Yeungetal,2001). ZNH—#HOMAEZEETHE, Hx NO~TF Y X
A LIZEDER—AEEAE TOREL, TN T TV UL —AZRETLHT LT, %

Al x NICL > TEVBWR T 4 —< U ATEETAZILNTEXSLEEZONA.

2-7. AWFFEDOFRE

—RHTRT =P ERI~ T Y U EFEMT H720I21E, FANSAS— AR &R ET D
ZEBNEETHD. ZORDIIE, ETBURORAMEREN Z3HE L, ZORERICES X H~
AND~ TV BA LETHNTLHUERDD. ZLT, THILIEY T Y 2 A L5006, Z1UC
JGLTe~ T Vo R=RABRETDHIENTENE, v TV b= ELZEpOlx N2 L
STEVRWAT 4=~ U ATEETLIENTEDLLEZEALND.

VL EDRARE 2T, AWFIEITLL T ORI DU TRgT L7z,

1) —&HTRT v —ORAMERE ) ORI 32 20mSRT O M (WFZE#H%E 1)

2) —HRT v —ERRIZ LI 20m vy AT U T A RBLO ML —= 0 VEHKICL D
~ TV U B A DT OZY M (FFFERE 2)

3) =T VU EA LTRRER N~ T Y = A E DO TREMEIC BT 5 EHIRFE (FFZERR

7 3)
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FIE HEANBIUHMERR
A=

AT, TR T =285 20m % LT T A MOFEB IO L —=2
TEBERN e~ T Y o2 A4 LTROER] 2 FEE L, 1) —RHRT T —OF A%
RESIDFHMIZ KT 2 20m &% ML o7 X bR A BERE D, 2) —BfiR7 o
—HRGIZ LT 20m % MV T UTARBIO N —= 0 IERIC L D~ T Y XA LT
HAUZHAS L~ T Y o Z A LTFRAOZLYE (WHERE 2) ZH 502 T 5 LFRIFFZ, 3)
FHHWFREZBLT, v TV H A LTHXREANTZ~ T Y L= A TOR—ZHEDATHE

PEIZOWTHGREZ A 5 Z & (WFZERE 3) ZHRYE Lz

WROES

—IETHTR T T — OFRPAMERE ) ORI k9% 20mSRT OF AHEA B 5T 5 2 L1,
i 78 LT RTTR T T — DR AR 2 TEX 2R CTEEN DD L V2D, L,
— TR T T — &% AUT, 20mSRT DfFEB LM b—=0 VBRI L D~ TV 2 A A
FHHIZESS T Y U R_X=2ADOREDATREMEIZ OV T BMNTT 5 2 & iX, #IfkE T v~
FT—=RLRET T, MR RTTRT T =BV THlSIClc Ao~ Y
ZA DN LT~ T =R ERET DR TAMRARER/RD LN TEDLLEERD

no.
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#4E [FERE1) —BTRS VI —0BAMREAOFMICKT 5 20m ¥+

MV UoTF 2 NOF AH

1. %%

+ 5V MK E R 52 HE PR OB & LT, VOmmax, T

[l

=v 7/ xa ) I—BLOHBHEEERENZET 55 (Adrian ef al, 2007, 8K, 2013). %
DRHIT VOumax 1&, TV — kT F—DEAIT~T Vv & A b EFEAERBIRNTRD

b E T 5 (Sjodin and Svedenhag, 1985) & & 572y, — KR T v F—D X 5 7218
KN T Y v B A DR DREGE OB AT, VOimax & 38k & ORI IIA B 2040 BIBIE
BRDHHENTND (BD, 2011; LA L AR, 2013). LizA->T, —EHiRIT v F—icto
Ti, 4 A0 VOmax % i GICFHIIT 5 = L MTENIE, ~T Y 2 ¥ A JCBhET 5 A
PERE I ZH D 9 A CAMRERER/D LN TELLEIDLND.

VOsmax ZHIET 5 HiEE LT, EHEEREERDS (I, 2000). EHEEOHIEICS
720 TIE, MROBEFRIREE « B LIRFIRE N DD EFEE O m M sac iz, JiE - 5y
HrC PR 7R R 2 Ff o T B S & 70 % (HH,2000). £72, Ly RILLHERHET
N TAA=Z 7 EEERAOERIC L > THOHYER R D Z LRSS TV S (Wasserman
and Whipp, 1972). —JC, BBEEL LTIE, 74— 72 b & LT VOmax 2 HETE 5
CEHINETHEECMESA TS, ZOHTY, 12 5HET X ME VOmax &
FHREBEIFR &2 7R LT D (Cooper, 1968). L L, EOREDFIEMEIZY 7= > TIX, 400m k7
v 7 LW o T KO EFEREOREN LT WA BB L5, o, 1 —T —
AR D XD R—=AF b ME LD, —hT, ik T AR LTHEREATWD
20mSRT 1%, ZE DM NE#E OWIRE 2 R R ITHHEIC R TH DL RRT A METH Y
(AL, 2007), EMIEREC LT 20m OFEE R EZ S > TV IRLATE 5 AR—

ARHIVTHENFREL 70D, o, BT EDOU ALIELETENTTLILnb, 7=
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VIRBROEBEBNRTTRT S —CHESMICERMT D LN TE L EHEBITES. Ly
L7735, 20mSRT i L7z VOsmax 1E, HH#EHTL = 2 — % THIE L7 VOimax &
. 5.2%i/0FEM (Poortmans et al., 1986) & 2 MIA 11%18 KEHM  (Naughton et al., 1996)
LWV HENRSNTEY, FEATHER T EDMAINRI TR,

% = CARHFZERRE | TIE, 20mSRT (233U T3Rkeb £ 11 2 HEE 0 VOamax 45 L 1Y HRmax 725,
HEZHE T /L I A —Z ORERRE OHIZEKSE, —TRT v — &R LR AN

FHEOAHMEIZOWTHLNITHZ & & L.

2. Gk
2-1. XIBRE
SIBEBFIIHERIC~T VY OB 2k LB, PR EbE 1 TV b—2R

DFELEREBRDN B DN BYE 16 44, RN 14 4 O— K THET v —2F5estge s L.
TR BAMIIEI, SEMAERT: [ NEXRET HEFRAMEMEEELTE S TERBEET
e MOREZSE LT E DR EMERGRE LTz GKiRE 5 : BKC— AE—2017—061 —

1.

2-2. PIEEE B X OBIEFE

FREHER L O L—= ZRPUCEIT 27 > — FlA&IZ N2, 20mSRT, H#RHET/L
A —=23ER (BET) XL 5000m ¥ A k74 7/ (5000mTT) & ZEIHEER T
i L7, FHEBOPEDE, HAMT2 BLLEZT TEM L, 2T 3 EMUNICHEEZ

567 L7z,

2-2-1. FEREHIE

N—F2 T NHRE (SEKA LTI, HA) B I OMERERS (L0 RS, BA) (2 &
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V, TNEFNFELEREZNE L. £o, FEELEEORIEMD S body mass index (BMI)

EEH L.

2-2-2. 74— MRE

WHHEED N —= ZRBUCBET 57 o — MiA A L. EMEA L, Fils, 7
= UHE, B N =2 7B, ARETIERES L0 T Y o H A L L LTl il
e L. = RIERESSINE B L UCEY a2 RN 5 BIUE £ TOMIM (i
i A) &L, Fr=v 72k LM A RN EFRE T o= ZEE Lz, E£7z, JH
b L—=2 7B e ARETIBEXEST 3 AR E L, ~T7 Yo H A L3 AL

NOBEEDO D E Le. ZRENOEBIXT 7 — MRAFKIC B B5eR TR 2 157.

2-2-3.20m ¥% bV 27 A b (20mSRT)

20mSRT 1%, BIEICRT 2 EEEEA O5HIC CHAKICE BBds T3 Lz, JEE,
SeATAFE (Leger and Gadoury, 1989; SUHEN T4, 2014) 12 L - THE S HikIE-> TF
o U7z, MEREIE, 20mSRT M CD (== —#RLHRE A A) OFEFE (8km/h THELT
ZBREE L, K1 28I 0.5km/h TOME 357 0 ko) [TEbETHEM L. dgERE
DOFEOFHENIT 20m % 2 BT CETTE R D E Tk L, HTVIRLED S 20m &
v MVT L (EEEAE) S KB RE R 5% COMARME4,2014) | £ 1, VOomax (20mSRT-
VOsmax) %HEE L7z, £72, P OO HR £=4% — (Suunto Ambit3 Sport ;
Sunnto,Vantaa,Finland) (2 XY 1 MRRCTEELE I, £ O KMEZ L (20mSRT-

HRmax) & LCRtdk L7z, el astllh oXiRizr 23°CTh - 7.

2-2-4. HERExx LT A—Z3B (BET)

BET = £ % VO»max OREIEIL, BESHET /LI A —X (=7 a1 7 75XLI; 27 I 45,

21



HRLHAR) BLO= 7 rE=4 (AE-310s,X 7 MERVHAR) Z#HWCHEM L. £72, H
i HLE EN P O~ A VAR 60 [\liE/4r & L, Afrkk=E Ramp Afri s L7z, EEhH Ofg
FHEIURIT breath by breath ¥5IC X W HIE L7z, A RE X, 20W OAMT 4 5B D7 4 — 4
T T EAToTE, GlERE 20W OAMMNOIMELBGL, 1 22 HMETIE30W, &t
TIX 20W T ORI E L ETAMAM L. LFOFRMGED 5 6 1 D& LI-RR
THERT & L, ZOMETOMRERIEE VOmax (BET-VOmax) & L7- (Nishijima ef
al., 2002) .

ZeftF 1. TEBHIREIIEE LTV DS LD L TIMEEIRENEFRE (LX) 7T 7)

Vi SaY it Sy

4t 2. HRmax (23 L7254

G 3. RBRE DR RBUC X 0 EEOICES Z Pk L gSA

FHAF O A O fEHTIZ HR € =4 — (Suunto Ambit3 Sport ; Sunnto,Vantaa,Finland)

ZAWTITY, &R0 E (BET-HRmax) % itékL7-.

2-2-5.5000m % A A hZ A 7V (5000mTT)

5000mTT 1%, SRR FFsds (18 400m) T3 L7, SREE, RN Y +—
LT v T (ZNENDS—AT 5 55 HAELT) Z17-o724%, 5000m (12 8 & ¥H) 25 K557
TEMTLE. A L0FMMITIETA Ny 7Y% v F (SVAS005; Seiko Watch
Corporation,Tokyo,Japan) Z H\»CF#) TRiék L, L0503 HR & = & — (Suunto Ambit3 Sport;
Sunnto, Vantaa,Finland) (Z & D HIE L, SAOLHEZ TS L7 (5000mTT-HRmax). 7235,

5000mTT FHHIHF OKIRITHK 23 CTH - 7-.

2-3. #Et Ik

T = 2R AR R & R MEB L ORARE TR L7z, JIE L3 _RTOHEAIZS
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T, Kolmogorov-Smirnov D JFVEIZ L U IEBMEDRE ZAT 72, 2 D OHIE M O AR MEIE
Pearson DFEFARNREZ FV -, £77, 2 SORIEMOEOKEICIE, KISDOH 5 thEL
MWTHr Lz, E6I, t REICKIT 2R EE LT Cohen’s d ZHH L7z, ZIREOK
& S, Je1THFSE (Cohen, 1992) 12530 C, “B3u (d<0.40)7, “HFEE (0.40<d<0.80)7,
‘g (0.80<d)” LR LTz, 3 SOOREMME DL, ERSANHGEESNIZEAE, —
JCRLIE Dy BT 2 VD THE L7z, IEHMEDRHERE S > 72558121, Greenhouse-
Geisser ffilEZ AV 2. ZELERE X Tukey OFEZMRE TEM L7, X512, —hitED
TSI BIT DR EE LT 23 E LI R EOH RO K E 1, “§51(0.10<n?) 7,
“HHEREE (0.25<nD)”, “gRUN (0.40<n?)” & L7z (Cohen, 1988). 7233, #atiLEEY 7 &
SPSS for Windows ver19.0 (IBM 1, Ht, HA) ZMW, #EHAAIAE/KIET 5%A0 &

L.
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3-2.20mSRT & BET & DBEf%

BACE LT — 2 Tk BT OSEE: & LT, 20mSRT-VOmax & BET-VOymax DIz
IIA B MBEREENRD bz (r=0.85, P<0.01 : Figure1). & 51(Z, 20mSRT-HRmax &
BET-HRmax OFIZ & A E R AHBEBFRAFE SO iz (r=0.77, P<0.01 : Figure2). —J T,
20mSRT-VO,max 13 BET-VOymax £ ¥V A ICE i Cého7- (P<0.01, d=1.278 : Figure 3).
CRB ORI, BEANCATHR -THY, BB EOKPEE H12, 20mSRT-VOmax &
BET-VOsmax (B4 : r=0.77, %Pk : =078, P<0.01) %} 20mSRT-HRmax & BET-HRmax
(BHE:r=0.79, 22t r=0.67, P<0.01) OABARICITAERFHBIBIFRZED 541, 20mSRT-
VO,max I3 BET-VOsmax & 0 AZICEE (B : P <001, d=0612, &t:P <001, d=

1.691) Th-o7-.

60 r
@ Male
O Female
g
E 5o f
on
=4
g
é 40 F
g
(@\]
@)
>
— 30
E r=0.85
P<0.01
20 1 1 1 ]
20 30 40 50 60

2OmSRT—VO2maX(ml/kg/min)

Figure 1. Relationship between measured BET—\./OZmax and 20mSRT—\./OzmaX
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220

@® Male
O Female
200
3
k) 180 F
:
& 160 |
D
H
=
A 140 F
r=0.77
P<0.01
120 1 1 1 1 J
120 140 160 180 200 220
20mSRT-HRmax(bpm)

Figure 2. Relationship between measured BET-HRmax and 20mSRT-HRmax

60 r

P<0.01
50 f

40 |

VO,max(ml/kg/min)
&

20mSRT BET
Figure 3. Comparison of the estimated VO,max between 20mSRT and BET
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3-3.5000mTT & &IEE D VOmax & DRIR

BARE DT — X 5 BT OFEE, 5000mTT 1%, 20mSRT-VO,max (r=-0.90, P<0.01 :
Figure4) B LW BET-VO;max (r=-0.85, P<0.01 : Figure 5) & AEZRAOHEBEMRZ R L
. BARIOHTHERIZH TS, 5000mTT (E 20mSRT-VOsmax (BE : r=-0.86, Lotk :
r=-0.89, P<001) #X0BET-VOmax (B : r=-085 P<0.01, &l :r=-060, P<
0.02) L AERAOHBEBARIRD N, od, BLIALDOT—Z 5 TIE, b2
OB T A B R ZTRD bz o7 (P=0.258) 23, BLBIOSHTIE, &HIC

BWTOHRFERENEO LT (P=0.003).

1800
@ Male
O O Female
O
1600 F
B
», 1400 F
—
—
E
S 1200 F
(@)
w
1000 ' r=-0.90
P<0.01
800 L 1 1 J
20 30 40 50 60

20mSRT-VO,max(ml/kg/min)

Figure 4. Relationship between measured 5000mTT and 2OmSRT-V02maX
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1800

@ Male
o O Female
1600 F
B
2 1400 F
—
—
E
= 1200 F
o
)

1000+ »=-0.85

P<0.01
800 1 1 1 ]
20 30 . 40 50 60
BET-VO,max(ml/kg/min)

Figure 5. Relationship between measured 5000mTT and BET—VOZmax
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3-4. TGV UFZA L S5000mTT & OBER
BLELOET—HXIZBWTC, ~T Y%A L 5000mTT OFIZITAEE 2 AHRERIR 3R
oL (r=090, P<0.01:Figure 6), BLHOSIHERIZENTH, TV 2L

5000mTT OMIITA B/ ARBEBENRBD Haivlz (B4 »=0.88, &M :r=0.87, P<0.01).

20000

@ Male
1 8000 O Female

16000

14000

12000

10000

Marathon time(sec)

r=0.90

8000 F P<0.01

6000 1 1 1 1 1 1 ]
600 800 1000 1200 1400 1600 1800 2000

5000mTT(sec)

Figure 6. Relationship between measured marathon time and 5000mTT
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3-5. HRmax (281} 57 A FEHE B DL
BIIRAEDOT — 23T 5 — ol E 0 BT OfE R, HRmax (2xX3 57 A2 MEROER)
I3 E (F=89.932, P<0.01, n%=0.756) TH 1, FEMRE DL, 20mSRT 3 L OV 5000mTT

@ HRmax %, BET (ZiE L THEICEME TH -7 (Figure 7).

|
200 P<0.01 | |
P<0.01

Ju—

Ne)

j
T

%
o
T

HRmax(bpm)
=

160

150

140
5000mTT  20mSRT BET

Figure 7. Comparison of estimated maximal HR among 20mSRT, BET and 5000mTT

31



4. EBE

WFFERRRE 1 TIE, 20mSRT 23— TR 7 > F— O FREAMERE ) ORI & L CTH M TH 5 29
LN B T L EHEE L. 2 OfEE, 1)20mSRT-VOymax & BET-VOxmax #5 £ (8 20mSRT-
HRmax & BET-HRmax OB FICIIAERMABBZARBO NS Z L, RHTNT 2)
20mSRT-VO;max 35 £ U8 BET-VOymax 13 & § 12 5000mTT & 45 & /A ORI & 57 = &
MHSINE T oTo, 2D OFERIE, 20mSRT IE—M TR T > —ORAMERE ) ORI A
HThoZamrmds.

ZRETICH S OREATHIZEA, 20mSRT ORIER RIS E VOmax OHEE S FTHETH
BILATFBLTEY, TRALICBOTHESNTOAHEE Vomax & | VOmax & 0
FABEIFRERIE 0.66~0.90 T 5 (Léger and Lambert, 1982; Léger and Gadoury, 1989; Artero et al.,
2011; Mayorga et al., 2015) . AAFFEDOFEFIZI VT H 20mSRT & BET & OMICITA E /240
BIRDERD B, £ OMBIRE (r = 0.85) IXFEATHIFEIC IV Tl STV D IEOHIFAN
WAL D TH 5. 20mSRT 1%, EED N OEFANERE ) & HLl) i 55 |2 IR C R R L2 )
EEATADEVIRIREZALTEY (AL T /,2007), STEFHAE (2014) OHHET T A
FOHBEIZHHWHI, BRICEMTE S LB TS (11H#,2001). F72, Légerand
Lambert (1982) %, 20mSRT (LfEERNCAMRFEMRE ) 27l 2 Z & A T& 5 & LTERY,
20mSRT I%, AMRFEMERIZFHIT 57 A & LT, kxR AR—=YRBIGITB W TEH &
N TW% (Espafia ef al., 2010; Marta ez al.,, 2013; Meckel et al., 2014; Ostojic et al., 2006) . Z
O OFATMAITMA, AWFFROMERIT, —RTTRT T —IZx LTh, FRANERET) OF T
ARELT20mSRT A THL Z LT THDLNZD.

AT, TR T v —OREHE T +—~ V AOFIHEZE L LT, ~F V¥
A L TIE72 < 5000mTT Z8H L7z, 208k & LT, 5000mTT (X~ 7 Y & A AL DRI
SROHBIBMR RO HD (r=090) Z LMz, 7Trr— Mglciilshiz~7 Vv

S A LTI, ORISR DTS RER TRRD 2 LRET bND. AWFIEDRE
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8 5000mTT I3, BET-VOsmax 721} TiZ72< 20mSRT-VOomax & bRV OHHIRIE (=
0.90) ZRL7. VOsmax & REEHEE 74—~ 2 EOBRICONTIE, ZHETICH
< OMHAEENTEY (Costill eral., 1973; Hagan et al., 1981) , = U — k 7 > — (Ramsbottom
etal,1987) RFFAET 7 — (ILH5,2010) 25 RIC LIZWFZETIE, 5000m A k2 A L
¥ VOmax ORIIC r =-0.89~-0.74 DEDHBBGABIE SN TN D, AFEOREE, Zh
LEATHROMAE —HT 26D THY, £, 26D 2 DOMBABROHBIREKIZAEE
AT <, RIBEEAE T 4 —~ U AZERE T D RPAMERE ) OFHEFE: & LT, 20mSRT i
VOsmax OER & FREOME % #5572 N T b = & %Rl 5.

ATFFEDFERZ 31T 20mSRT-VOymax 73 BET-VOymax J ¥ 4 & 2l T - 7. Withers
etal. (1981) 1%, 7 v =7 L HERHAL Y 7T, EEBHFICEIE SN IMNRR D720,
BET TIHFEANMET »F—DERE7: VOmax 2EFAIIT X 2V TREME 2RI LT 5. H5E,
FFANET »F— % HRHEIC BET & b Ly K 3 LCHIE L 72 VOumax % it L 7= Verstappen ef
al. (1982) OFERIZL D &, AIFIEHBE LV 14%IKMEEZ RT ERTW D, RIFFEORERIC
FU\TH, Verstappen et al. (1982) OFEH: & [@EELC, BET-VOymax (% 20mSRT-VOsmax ¥
H%EME TH > 7. F£72, HRmax (1) 2HH B O L TIE, 20mSRT-HRmax ¥ L O
5000mTT-HRmax (% BET-HRmax £ ¥ AEIZ Sl Z R L7z, £72, Verstappenetal. (1982) (%
MLy FI/be BET THIE L7z HRmax Z iR L7 & 24, AiE LD BRE T S%IREZ R
LA LT D ARIFFEOREFIZE VT, 20mSRT-HRmax & 5000mTT-HRmax & ORIZIEAE
BEDNFIE Lo 727, BET-HRmax % 20mSRT-HRmax X ¥ 9%E\METH ~72. L7=A
5T, VOsmax # % 0% HRmax |82 & 4172 20mSRT & BET & 03£%, 20mSRT 785 > =2
JaERETLHEIFERCIDEHRE N TWDLZ LICRERT S EE X 54, BET TOHIE
B, Zor=07%F@EAET57 A ML THEOLNLIELY BIEWEDTH S AlHE
PWE2BRICANDVER DD, —), AR TIIFANET 7 —Z2x5 L LTWRR S, £

DM D7D OFEENERA L LT, by FIAVETITRS BEBERYY U728 LTz,
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FATFRIC L DL, Py RIATOETITERL TORWEEEE Y 227 235 < (Leyk et
al., 2007; Fuller, 2000) , 0K 70 & 2 B8 L AMTEEE 2 18I 5 LB H D (25, 2009)
LMESNTWD. Lo T, BIRWFEEO—KTTR T o — 258 & LA
1%, "EMEEZ BlnHT L2 A —& &R CHIE % Eifi L7z
%72, 20mSRT-VOumax & BET-VOmmax %L~3% & BHETIEN 10%, &METIH 20% &
20mSRT-VOymax O F /3 Efii% 7 L, %72, 20mSRT-VOymax %5 & (8 BET-VOymax 04l
EMEEN L BT, 2 2 TR LANCHRE L7 f2E, 20mSRT- VOsmax & BET- VOsmax O]
CIRENENAEAHBEEENRD G-, S 510, 5000mTT & 20mSRT- VOimax 35 £ O
BET-VO,max ORIC & 2N ZADHBEMEZ R Lz, LaL, BHckLTE, 2 50t
BEBER OARBRERICIZZZITTRD SRR o 7288, KVEDHE, 5000mTT & OAHBEFREKIX
20mSRT 78 BET L W AEICEME TH o7z, GMRAET o —IT8BWTIE, BET LV EE
B VOmax 78 20%-~25%7E < 725 Z E AR SN TS (Brown and Wilmore, 1971). L
Te8 5T, MEITIBUWTIE, 20mSRT O B FFAMERE ) 27 T & 2 FIReERS B 2 b, =
NoORNGL, —EHRT =2\ TiE, li% THEN R TH D 20mSRT %

TRAMERNEZMITELT AN THL Z LR IND.
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5. /ME

AWFFERRE 1 TIX, 20mSRT 28— xR 7 F— DR AMRE N OFHME+T 5 b0 & L TAH A
THLMERRI LIz, ZOfERE, 20mSRT-HRmax & BET-HRmax (#=0.77, P<0.01) X
1% 20mSRT- VOmax & BET- VO;max (r=0.85, P<0.01) %I B B A & 72 R BIAR 23
BB, & 51T, 5000mTT 4 A A% 20mSRT- VOymax (r=-0.90, P<0.01) %5 J 0% BET-
VOsmax (r=-0.85, P<001) &OMICHEZRMBERIARD LN, CNLORELD,

20mSRT 1R T o F—ORAMERE N OFMEIICHEHTH L EEZ BT,
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HS5E [ERE 2] WRTR7 Vv TT—2H/BIZLEZ20m oY MV UT R B
BIXORM—=U BRI LB~T YV ¥4 A FRIRORY M

1. %%

[l

T ADR=AFRSy (T R—R) 1, L—ANRT = R KE IR
% KIFT (Ely er al., 2008; Renfree and Gibson, 2013; Santos-Lozano ez al., 2014). L7753 T,
YTV —RACBNT, L=ABINEPMEA NDREDNT =~ ATHEETE L X
T H72DITE, BEEHOST VU HZ A AIS LT~ T Y o _R— R BN 2 L3
N D,

— ), T EA NG LT~ T R AERET H 2O, Bko~F 24
2% T B4R H Y, Haganeral. (1981) 1%, VOymax \[ZHI% hL—=1 257 25
YU TWEATAHBERAWLSZ LT, TV UEA L ETHTHZENAETHD L H
BLTWD, LLARRG, SATMROBAIC, Vomax X b Ly FIAZAWTRESH
TWb. 72, BEOFE 2R T =2 T T =M, AV F—F v bOBERRLAT 4 TN K~
FICHY B2 8T, SFE TSI Y VLR RN STy axX T HWNIT =7
DEBHFENIRERFHE L2 LICX VR T> TS (57K, 2015). Lei->TC, BIED
2TV L—RZB ML TWBE— TR T v —DEAMERE )R L —= o R EEIE, C
NETY T YA LDOTRNCET 2 HATIH RO RE LITH LN RR D, LIen- T,
RFEREEE 2 TiE, WFFERREE 1 TR L 72 20mSRT 2 AW C~ 7 Y ¥ A A TRIOER %
R D

BFZCRRRE | CEZ STz VOimax 231 BHEEAEBT 5 &, THEOIEMRIE, 20mSRT
DEFEZEET 2 & &b, BEIITHRFAT20LERZH DL EEZZ 6. LIzB>T, W5
AR 2 TIE, TR T U — &I LT 20mSRT BE N L—=2 7 RBUCES T 57

BRERICESE T VI A DTN EER L, TOZLEECHONTHLNCTDZ L%
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Hegl L7-.

2. 5
2-1. XIRE
SIBEBFITHERIC~T Y OB 2k LB, DA< EBE 1 T Vb —2R

DIEERRD D D — TR T T — 27 & L., BT 100 453 L OB Lt 111
X RIT, 20mSRT ORIE, T Y 24 L (WERNS 3 HAURNDLED) BLU L
—= U RBUCET D EERFE L ML, TORRICESE~YT VA AT HREAER
Lz (B LTc~ T Y v 2 A A PRIROZ UM, BRABME 14 4, BN 13 4 231
MGE L7z, 7236, TRIKOZ S ORI LIoRE 1, ARIIC~Y T Y OHE &k
fL TRy, BT 3 » AURNICY T Y Uy E2EELTWD—KITRZ v —& Liz. A%
(X, SEMEERT: TAZ G LT 2 E PRI MBHEEZ B S CRKREAE, TSm0

FEEZEONT-EBEOLRZZNEE Lz K3R&E 5 : BKC— AE—2016—011).

2-2. BIEEB B L OWESE

TR DOVER S Z TR O Z Y PEORGEIZER A L= %58E 12iE, BRERES L L
— =V ZRPUCBET 2T v — RIS 2, 20mSRT ORIE % Fhii L7-. 7eliifs L O
HIEDOREEEHI TR E L, 1 BlbH ) OSMELIIGHPLEMLEREL, K204 & L

7.

2-2-1. FEREHIE

MFFERRE 1 IZB W THWEFEICE Y, FE, (KEBS L OBMI Z#|E Li-.

2-222. TV — MRE

37



HFSERRIE L IO TRVEFIEIC R Y, i, ~ T Y0 ¥ A ABLU R L= ZRBLIC

B9 %7 > — M2 S LT,

2-2-3.20m % VT 5 A2k (20mSRT)

WFFERRE 1 & [l — D FiEI X » 20mSRT ZHIE L7=.

2-4. ¥ TV FA LTFTRIROIER & 2L HDOKRIED FIE

FP~T Y HA L EREEB OMBEBRAB SN Lz, WIS, ERIEST (T v 7
A RWE) ZHMATHIET, ~T VU H A LEBEL, 20mSRT & A& 2 AHBBERZ R
L7 E R A ML &+ HR AR, Zhve~T7 Y 24 LTHRE Lz, £z,
UMVEDRRREIZIX, B EE ICMELZER L, KDz~ T Y 2 A4 LTFRRITRAL T
W~F V24 0EHH LI T LT, TllwT Y 2 A LLEE R~ T Y 2 A N EDIHE

BfR AT L, & 512, Bland-Altman 7542 VT, SRFRAED B & 32 L 7-.

2-5. #EFIE

T RTOT —Z T FHE + FERERZE & /MBS & URRIE TR Lz, S&EBH o lFE R
FITBVEL Y bt E < (Dasilva et al, 2011), Bk & otk TlI= RV F—LEOFH O
EWRH D Z LMD (Taropolsky et al., 1990; Roepstorffet al., 2002), #titALELILH B %
i L7z, HIE L= _TOEA X, Kolmogorov-Smirnov ? 5ikIZ K - T, IEMMEORIE 21T
o, TV UHA LEFHEHER & OBFRMER, Pearson OFERAMBILREZ VY, BRI
A HHEFR S 727> T T8 H 1% Spearman DNEM BRI TRDIZ. SBIS, T V4 A L
FRXZAER T D720, ~T Y o F A DaeftRER, FREHE 2 M3 28 &4 5 EEF
N (AT > TU A XYE) 9k LTz, 7ok, IERI DB HER S Ve o T B IZ DWW T,

10 ZJE L TR BEREAT 129 A THNEEM LTz, =T Y o FA LTFUROZ LMD
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MGEE LT, THI~T Vo2 A4 LEFHEH~T Y 5 A LEDOBR%E Pearson DFFFAHEI R
RV, SRR ZEDOMFHE Bland-Altman 38T 4 W TG L7z, 7od8, MEHAELY 7 NI

SPSS for Windows ver19.0 (IBM #:8 BrT, HAY) 2V, HaHFA0A EKMEIL S%AT & L

7.

39



e R
3-1. w7V E A LA TFRIROVER

3.

xR E DM

3-1-1.

T T —

> 7KDL

—

BRNEE 100 44, A ANZCME 111 L OFRERIEB L O R L—

=7

> NE, L —

J =

A

¥
7l

EHMEORKED

L.

T

-
—

¥
Jl

5 5% Table 3 |

N

i

k

O LI T,

o

IERPE

(THMIR KOt L HI

-
—

%, FRGETTEEREE

‘ruow e urgyim uni syuedronaed jeyy soue)sip Y 1 aoueisIp Suruuny |

Yoom B UIyiIm 3ururen jo Joquinu oy sI sururen) jo Aouonbaig

00€ — 0T L'SS F €56 00F — € L'18 F TSOLI (gruow/uny) eoue)sIp Furuuny
L — 1 €1 F 8¢C L —1 ST F I'¢ (O1pam/sowmy) Sururen jo Louenbair
0T — SL'O 9C F T¥ ST — 1 6 F LS (1K) 2ouariadxa Furuuny
SooIpul Sururer],
0¥8¥C — 09LIIT 8'E€SLTF L'SOVLI 085€C — 0¥56 L'006T F §'6STST (00s) owm douetIofrdd UOTRRIR
€01 — 11 791 F vES 971 — €€ 861 F S9L (sowm) 1891 un1 AMNYS W-g
L'6T — €91 YT F 60T €re — 0Ll I'C F € (/3 xopur ssewr Apog
8TL — LO¥ 9 F ¥CS €L6 — €8F L'L F ¥S9 (31) 1y3ram Apog
0TLT — bl 'S F ¥8SI P81 — SLST €S F TILI (urd) 3oy Apog
L9 — T LS F €Ty 9 — 06 F 8P (1£) 93y
SO1)SLIDJORIBYD [BOISAY

a3uey S Fuesy o3uey S Fues

(111 = u) oewa] (001 = u) ol

SIOUUNI Q[EUIQJ PUB S[BW UI SIOIPUI SuIUIel) puk SONSLIdOBIRYD [BOISAY ] "€ 9[qB],

40



=

7

KA~ LTz,

> 7R KOV FETTEREE & A e AR BB AR

7

BPE (Tabled4) B L Ot (Tables) & bHiZ, 7 Y %A AE BMI, 20mSRT,

3-12. T VU FA L LELBIEERB & OBR

> RE, EE L —

“puow e urgim uni sjuedronaed jey) 9oueISIp 9y} ST URISIP SUIUUNY YoM B UIyiim Jururen Jo 1aquunu ay st ururen jo Louanbai,g
uonnquISIp [BUWLIOU-UON] : |

10°0>d ‘5% SO°0>d %

#%0L" r #%09°- %S¢ 61~ 48 1 (puow/ury) soueysip Sutuuny 9
— oI’ wxCV" +*8C Sl - cr ;. Creamysowny) Suturen jo Aouonbar] 9
_ — %C¢ - 10° 90" 61 1 (3h) souduadxe Suruuny ¢
— — - %59 #%xLE 91" (09s) own douewI01dd UOYIBIBIN  §
— — — — wxl€ " wxLS" (sewmn) 19) UNI A(NNYS W-O0T €
- — - - — «0C (c/3y) xopur ssew Apog ¢
- — - - — — (1K) a8y |
9 S 14 € C I

(SIoUUNI S[BW) B)EP JUSWAINSEIW UIIM]IOQ UONB[LI0d Y] “H dqe].

41



qpuowt B uryim uni syuedronaed jey) oour)SIp oy} SI 90UR)SIP SUTUUNY OdM B UIIIM Fururen Jo Joqunu ) st Jururen) Jo Louanbai,g

uonnquIsIp [BUWIOU-UON

100> d % SO0>d

}

%
x|l 0 #x%08 " xx0F *€C" VT . (tpuow/uny) soueysip Suruuny 9
— 91- w2 1€ %CC 60°- I o (rpamysawiny) Sururen jo Aouanbary 9
_ — #x9C " 48 0 48 . (1K) douariadxs Suruuny ¢
— — — %x0L"- xx 1V 0 (99s) owmn douewiofrdd UOYIBIRIN  §
— — — — sxEh #xSC" (sawm) 1831 un1 dMNYSs W-07 €
— - — - — 80’ (cw/3Y) xoput ssew Apog T
. . _ _ _ _ (1K) 38y |

9 S 14 € 4 I

(sIQUUNI Q[BUIAY) BIEP JUSWIAINSBIW UIIM]AQ UONB[ALIOD Y, *S d[qe],

42



3-1-3. =5 YV v F A4 LAFRIRDOIER
EETOPTOFE R, BB L Ot & 1T, 20mSRT, T v =2 7 ¥ L OH M AETEREE
TRERET DT o F A LTRSS L7 (Table 6, Table 7).

B~ 245 (B)

— 82.707x; — 2579.611x, — 2185.199x3 + 28278.729

(R*=0.586, P<0.01)

Ltk ~T 2L L (B) = — 89.374x, — 3683.995x, — 2053.755x3 + 30298.162
(R>=0.640, P<0.01)

(x1 : 20mSRT, xp: AMAEITHEE x3: 7= 7).
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4. EBE

WFFERRE 2 DFER, BB L 0%t & $1IZ, 1) BMI, 20mSRT, 7= 7ME, #MH ~ L
—= U 7R L OH MAETHEEE, ~T Y A A A AERMAEBRRERT I, 2)
20mSRT, 7 =1 7JERB L OARETHRZ THARLE Lic~ T Y 2 A4 A THIARES
o2&, BRO) RSN TRINIIZEMEEZAET LD THL I EBH LN o7z,
TIDDOFERMNE, 20mSRT BL O b—=2 VB EZMNI AR T H~T o F A LT
AAET 52 emnTE, TOTHRIFTEECBTLH~YT VY ZA 2 THT 592 TIE
HFREZR b D ThDH T L RREBE I FLT.

AWFFEOFER, 20mSRT BL O L—=2 VB (T o= V), il b L—=1 7EL,
ABEATIERE) L~T Vv 24 L EOMIITABRMBBEARED Oz, ZNETICH
20mSRT DPEFERIL, T =2 TR T = VAR T U2 A NEmOEBBRICSH S
ZENMBNTUWD (Hagan et al., 1981; Morgan et al., 1995). F7=, Z> =27, #ERK k
L—= 7, ARTEITIEREE Wo T FL—=0 B BIT, S = IR T p—v R &
BAfR L (Midglet et al., 2007), #M b L —= 7 RIESCEITIHREL, ~T7 V%4 L EFHE
BRI B D & ST % (Hagan et al., 1981; Billat ef al., 2001). & 512, Morgan et al.

(1995) I2 kB L, Fv=vFRIET7vr=v7xa ) I—LRT2 2 LRENTVS.
ZNH—HOSATHEO R I, 20mSRT BE O ML —=0 VB L ~T V2 A4 L&D
BARALRICRIT D AR OREREZIFFTH b DLV Z 5.

Eho, SATHIRICHEN T, VOmax 1A T, Fr=r /oo 3—=0 1 HO LT
BIOPM == I R=REDEY TV HA LOTRNRFRTHDH Z LRI T
% (di Prampero et al., 1986; Hagan et al., 1981; Hanga et al., 1987) . AHFZETiX, 20mSRT, 7
Y= IR IO METHEEE TAERE T 5~ T Y o2 A A TRIAR GO, £OTF
HRITZUMEZ AT LD THDL I ERRI Iz, LALLM, EBITEDO~Z Y & A

LT DO EERIT 68%~72% T 5 DIk L (di Prampero et al., 1986; Hagan et al., 1981;
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Hanga et al., 1987), AAFZEOFREFRTIL, BT 58.6%, LMET64.0% & IKMEE R LTZ. Zih
T BREDFHEDEVNZLE DD THD EEZOLND. Tbb, JfTiF%E (di Prampero et
al., 1986; Hagan et al., 1981; Hanga et al., 1987) TIIXRELN 35~50 4 THHDITHK L, K
R TIEB D 100 44, ZHEN 1T A THY, 2FEU EOMREH T~ TV o2 A4 LTI
ZRETL TS, EHIT, ZILLEITHIRIZE T D RGE D~ T Y o Z A L% 2 REEIFTED
55 REHILINOFEPEIZ SV, A HIAETTIERED 100km 25 500km Zi# 2 2 K 9707 v ) —%
HRELTWD., T L, AR TORMEREIL, ~TF Y o F A LIFNMET 2 K 39 53
DD 6 WEH 33 47, Lotk 3 BER 16 20D 6 KRR 54 /3 TH Y, SEATAFTED 5 BRI &
RDT T —IEEMET 184, KT B A ThH-oTo. £, HEEITHEREI M T 3km 2
5 400km, ZCPEC 10km 2> 5 300km T Y, 100km KD 7 F—IZ BT 29 4, ZofkET
56 4 CTholo. LIchoT, AT, SATHFRICHIT D05 Lk LT, Bkl
NBEION == T LR T =234 < & FE TV 2. Hanganetal (1987) 13,
YTV L—=ADORBHIT 2 IA—TT0, TRENTY T Y URNT g —~ o AR O
FHREER LTS, ZOFE, ~F VL L—ZRBNRLWEE (w5 Y L—2% 3 OpL
b5k, T U E A L3 EERE 28 43) ORI OF 5L 76% TH D DT L, Rk
WYIROEE (T Y =R % 3 OREE, ~7 Y I A L4 KR 02 5) OTHIK
DHFGHEN 8% L EMEE TR LTS, LER->T, KFEOFEED~T YV 74 LB L
OHMEITHEEEZ Z 26 0E 5 &, AR TR LN TRIRO FEEN LTI R L
TIRIEE 2o 2RI E LT, MBEROENCIZ, ~F VT —E LTOEH L~
BIXOM == 7L _XVDREVREFTEND EBZZOND. £DO—FT, FITHRLE A
T, BHELLRL ML —= U F LNV OIRIEVHEHOXI G H L LT~ 7 Y 2 A4 AT
AT 5 2 LN TETRIL, RREOBERNH DL EEZHND.

TRIKDZEHEDRRFEZ BN T, Efll~ T Y 2 A LOBWERTIE, FPHI~T Y2 A

LEFHH~T Vo H A LDOBEYFERRD D OFEHEN K E > 72, 20mSRT (£ 44— EIEIZ LY
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DI -JR0E % 4 0 SR B 0 I ~O AN KE < (A & A, 2018), 20mSRT A
ZUE, JIERR O HANC MR ST — NS S (B, 2016). TOREREZ DL, ¥
A LOFENETIE, 20mSRT O ¥ — VEIEOREIZ LV, RUCET HRNCHEIESKE T L
TWOHBEER®H Y, THI~vT Y 2 A LRV FE~T Y A LDEL 725 —K & HER
ENDH. —HT, vT7 B A LOBNT o —%, FRICL—ZERENELS 20, %P
D~ TV = ARKETDHZ EDPIREN TS (Renfree and Gibson, 2013; Santos ef al.,
2014). £D), =TV H A DOBWERIZISWTIE, ~— ARk A ML T 5 AlEE
MR 5D, TRIwT Y 2 A LEVFEN~T Y o Z A LBESRoTZAREEEEZ D
N5, EBIZ, v T VU H A MIEBEE 52 HERE LT, [URSRRIE : EOREREMC

{352 ENMBNTWD (Elyetal, 2007; Ito et al., 2013; Vihma, 2010). =L C, B0 DZ
YRV TETRNAF—HERPERL, BOOT =0 7 TIIHHAGE LY KEGIE
2 AREME SR E ST\ D (Vemillo et al, 2017). 2D X 92T =7 a—ADKH#K
Lo THYT YU H A NIEATHZ ENHEETE D, L Lt s, AT, K&
FHRT = T a— AR L EEET D LIXTE R ol 5%, TNHLOREE
BICANTRFZINZ D Z LT, EHITHEDEWS T Y & A LTRROIERD ATHEIC

mhHEEZBND.
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5. /NG

AHWFFERRE 2 TlE, 20mSRT BE O L—= VBRI S < F YV o 2 A L FHRDOZ
WHEIZOW TG L2, ZOFER, 20mSRT, 7 > = 7 EE L OVA WAFTHREZ ST 2%
ET oIV A LTHREERT S ZENTE, TOTHRILFEEBTL~T VY

A LETHT L9 ZATEMARRLDOTHD Z LIRS L.
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F6oE[MEREI] ~T7 Vv Z2A L2TFHXEZANVE~YT VU R—ABREDHEE
MEIZDOUNT DEFIRFZE

1. %%

< T INTBNWT, v T L —ADR— [y (=) X~ T o F A AITRE

[l

IREBERIZ L, WEES (2019) 1, T V2 L—AD—AFFIZBWT, L— AR
DEFREIZL > TIRATT 4 TR A =T B ROT 4 TR I TED E LTV D,

ZOHTHEY T Y UL —RZBWTEWAT =< UV AZRET H72D121%, [ —7 )
D — AN DS el CTdp 2 & FRfii 41TV % (Abiss and Laursen, 2008). L2xL, ¥7 Y~
A LDBNT T —E, U—REPEORLERERE L, L — AP~ — AR #E L
WERETEITLTWD Z ERRINTWS (Renfree and Gibson, 2013; Santos ef al., 2014) .

INHOHRMNS, v TV H A KMIEDSER—REIEA TORE L, ZNUTH-> T~ T Y
VIL—RAEFEKTHIET, VRT3 —v U ATHEETHILETEDHEEILND.
LINLRRS, ~T VU H A KUK LT~ T Y o _R—=RAZHET HT-DITE, L—ARID b
L—=U TBBCRBWT, FAT v —ix N\DO~T Y 2 A LTl T 508N H 5.
T IT, MR 3 T, v 7 Y o E A LTI E W~ T Y R ARRE D FRENEIZ D

W, FEPIFEORERICIESEHALNITHZ L2 AR E L.

2. Gk
2-1. }RE

HHEIZ~ T Y Ul zfikii L TR, DR LBFE 1 BlvT Y v L— AD5EERRN
bOHMNIME 4 (46 %, H&:158.4cm, {ARHE:46.7kg, BMI:18.6kg/m?) O—fXiTiR 7
IR EBERNTIRICSIN LTz, IRBARTRIE, SRy TN R E T D EFRIIE

fEEALZ A CTRRBE/RIR, MEBMOFEEEZHRONTEDH TR E Lz UK
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B 5 BKC— AE—2017—061—1).

2-2. HIE™EE
~ TV B A LTRNCHERERTH S, 20mSRT & HMEITIEHEB L O v = 7RI
OWTDIEHRE, ~7 Y b—AD 1 AR (201942 H 2 H) ([THFEHE 1 L [RIEEZ T

HEIZ L > THET.

2-3. % T YU F A LTFRER—ARER KO — RELGr OFHli 5 1k

20mSRT I 96 [Bl, T =17 EiT 10 4, HEETHEREL 200km Th o7z, HoN7
20mSRT, HARBIAEFTHEERS LT v = Z7ERICET 214, BFFEE 2 IcB W TER Lz
~ T EA LTI (=T Y A b= 89.374x; - 3683.995x, - 2053.755x3+30298.162, X, :
20mSRT.x, : AMIAEATHRE xs: 7=V 7 ) ICANIL, THlw 7Y &4 Lh5RHH L.
RSN TR~ T Y 24 MI3REH 060 2B THY, Ikm fEDX—2 445324 Th
S, ZFOR—ATY TV U L—ARFETO I HBO hL—=0 71280, #ELE
N2 HRIZE 2 SHD 2 LA BN Tkm fEO—Z T 20km E% 2 B (2 A@EIZ 1 E)
FEhi Uiz, £z, v7 V0 L—ADOR—=RES OB E S LT, IBES (2019) OIS
> T, L—ADHPEOERE IR D L— A B LOEREDOEFELTH LT, X 4T 4
TR GEEREEA 5%LL EEIN L7258), A —7 VB GEEERS £5%RMOELTH > 7243

B, WIT 4 7R GEREDR 5% LD LT235E) @3 2i2nidi.

244, IV VLV—AQOT—ABIRV—RYEDTF UV F-arysoay
TG NR—ABREERER L~ T VL L— AL, 201943 A 10 BiIZfThbhu. L—2*
a— 2%, HARRE FEHOERE I L OV IAAF/AIMS AR — A Th o7, KA X — MR (9

BE104Y) DT Rears ovaid, KE: 2 KR 1120, BE 614%THY,
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S— LIRS (12 ) 1%, KEE: /N, SIR : 11.7°C, B 78.6% Cho71-. ~F VY 2 A AT,

Skm DA T Y v NEALET T XA AETDEE LT,

3. R

~ TV L —AD TV E A ML, 30638 ThHoT-. Fll~T Vo Z A LT3
B 06 23 12 BV CTH Y, BEITFEN~T Y o XA AR 260 EBVERTH -T2, ~F Vv
L—ZD 5km fED~ T Y XA ALiE, Skm:21 %y 578, 10km :43 43 578 (2243 00 ),
15km : 1 B#RH 06 43 11 7 (224 14 ), 20km : 1 FFR 28 43 27 # (2243 16 B), 25km : 1
R 50 43 30 B (22 4y 03 #), 30km : 2 BFf] 12 43 38 #0 (22 43 08 #), 35km : 2 B 34 4
47 (224309 ¥), 40km : 2 B§[E] 57 53 06 0 (22 53 19 #), 42.195km : 3 F¥f#] 06 53 38 75

94332F) Thot-.

Skm HEOTR~T VU BADE~T U H A ADREFEE, Skm ;-7 B, 10km : -11 B,
15km : -1 %>, 20km : +11 ¥, 25km : +10 #, 30km : +14 ¥, 35km : +19 ¥, 40km : +34 £,
42.195km : +26 b T 7= (Table9). 15km £ TiE, THI~T Vo H A LLVHENZ A LT
ETLTERY, ZhlEE, TH~Z7 Y24 LKV EBNWF A L THoT.

SED~ T Y v L—ATBT HMERNREDOX—AF Sy (v 7 Y > b— AR 1 K] 33
o3 1T RT3 5 L— 2534 1 1 KR 33 43 21 BOEREDOZLR) 13 0.07%TH Y, 1 —

TURITCH o T,
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4. EBE

2019 4E 3 10 HiITiTbhiz~T Y v L—A T, HHio~TF V24 LA FEBEIC
lkm % 4 53 24 Y D_X— ARy TEATT 2 L O ITHRRZ T o 7o, T ORI, 3 K 06 57 38
WCRETDHZIENTE. THIvIZ VY U2 A LEHZ < T Y o Z A LOFRET, FEll~T
VG A DD 26 EBOVFER E TR o2, RBEOFHFHOHCRA M~T Y Z A L (3 K
0843 11 0) % 133 WEHTHI LN TE. SRIOEKRF T, SkmEOX A AT,
2147 57 (lkm OFHJ_—2 44723 F) 705 2253 198 (1km OFEEJ— R 4 55 27 7))
DOHEITETLTEY, 15km £TIX, FHIvTZ V2 AL K0 HNZ A ATETLTED,
FNUETH~ T Y 2 A LE VBN A L Tholz, L LR D, SRIOHFIEXSE O
L— AR LD ERE NS TN — ARG E, A — T VLRSS DO TH o7z,
ZDO XD BFERIT, N—RIZEHRRVRETY T VY L= & D H T & TRV EREE
HENT o VANFEIHETE D LS T (Ely etal., 2008; Renfree and Gibson, 2013; Santos-
Lozano etal., 2014) Z3FT2HHDENR 5.
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DR—=ADIKFENFEL, === IR TND EFHEL TS, i, —BiR
FUoF—DEE, BENEORED~ T Y o _R—ATENLIDEFHBTE TN &N
JRETIEZRWnEEZ D, TN LA E TR LN~ T Y o Z A LA TRIROIERIL,
Hx NOTPRI~Z Y o Z A DIFEDEYT VY R ARELEBNNRT LN TE, E
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L7=Z &5, 20mSRT 1E— TR T v T — DR AMREN OFHliIICA A TH D L B2 bz,
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EIMTDH720120E, Hr ARM2 6D h—=0 V7 EPHET ML —=0 7 &2 EE T
LRERHY, e ADBTHZONRN L —=0 T 3N T =< AZETT 252 L0
STV D (Swank,2008). ZHHITK L, WFFERE 1| THE LML, 20mSRT (2 &
% HRmax % FEHEIZ, fHx NOFFAPERESICIG Uiz b L—=2 7 0 HIZ HR O ECEE
DR == THOBEOTENFRETH D Z L AR/ L TS, —J, hL—=U JilE
PSMT, BT =it o THER L —=0 VT ORERERIC M L—= V7 &ITHY
% A REITIEEEDN & 5. WFFEEE 2 OFERICB W T, AMETHEI~T Yo 24 L
EAMBEBEARD N TEY (B r=-0.60, P<001; &M :r=-059, P<0.01), k
L—=U 7B 2 AMEITHEBOREEX, v~ 7/ o\ T r—~v AT S 1 DICH
FLD. £ T, 20mSRT DpkiE & A 1T RERED BIERIEIZ DU THFFERRE 2 Ot R % A
WTHFI L TAD. TORR, FHMER L0 L HIZ 20mSRT & A RIETTEERE & OFIZIE
AEILMBEBRARD bz (B r=034,P<0.01; &M r=036,P<0.01). 57z
[FRR A & & ICHIZERRRE | OBBRE OF — & 123D & A MBI TIRER B Lz,
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MBI OFABIREN T T 2 & BAR<, A BIEATIERE 69 2 20mSRT O %5 5- (13 B M 12%,
T B%ICEE eV, E72, Bl HERMMESHERE L ORICABEREITRD bnRinoiz
P, Bl BHEEMITBRIHEE S, HEEHE & FERME & O LML v BiEickun Tk
V. L2 TRIFZE TR b2 T — Z ) Bl 5 R Y TiX, 20mSRT Opihki 2 A M ETT
HREOMBEAIRIE L L CTHERT 2 Z IR TH S, 2ok, NS (1996) 128D & ARE
ITHEEDRRWIZE T =0 TREDEA LTV ERESIN TS Z Enb, HRETEE

B2 e 2 2 FIREMEIC DWW TSR S DICRFTT 2 R E R H 5.
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3. YTV UHA LTINS P == RO T = R AFRTE D AR

AT (FFFERRRE 2) 1%, 20mSRT, 7> = 7R L OH METHEEZ TRIERE T2
~ T2 A LTRRDBRON. EFZTARETIE, oo~ T Y U Z A4 LTINS ML
—=THRDT = TR AR EITTE TE 2085 LTz

~ T2 A LTRROIEMNGIESE LT, MERE 3 TE~ 7V Lb— 2B 53—
AREDIEZOWTHE L7z, TOMIZH ML —=0 7 HDT =0 T _—=AFE~D
EHAREZOND. FFANT V=D b —=0 7% RT 5 &, —EAMIEEE R LT
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0T W) hL—=27 (IT) &5 (L &FlIT, 1999; Stoggl and Sperlich, 2015). %
HC CT IR KBFEEREZ N ESEDL FL—=0 7 0O—2THY ([l & FEIR, 1999;
Hottenrott et al,, 2012), FEFEIZ, FFAMLT T —DHTRL—=227¢& LTHERY ANLHNT
WD Z EMRHE STV D  (Stoggl and Sperlich, 2015). L L7225, CT FEfiFFo~2— =2
YN ET DI OITIE, e R RIS DA 3 2 M A ST IR &
LHEN DD (Seiler. 2010; Midgley et al., 2007). L2>L, Z OFIRIERTIRE 2 O 22—
ADFEINE, FANCHREIEZ LB U, B CRMmaEsfiznE e +5
(Midgley et al., 2007; Sartor etal., 2013). %= 2T, —fKHET T —m AN B 50 44, ALK
PES0 &2 RRIT, ERICFEELIEY T Y A LOFELZDVT VL L—2AD 3 i AL
WICFEM L7z CTIREDY 7 — MR&EICHESE, AR TH LN~ T Y F A LTI
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