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An analysis of the performance characteristics of world-class male speed skaters

in the 500m race estimating the propulsive force per section
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Abstract : This study aimed to investigate the average speed, estimated propulsive force, and excess
distance in each section of the 500m race for men at a senior international competition and to assess
the race patterns of world-class speed skaters. The motion of the top 12 speed skaters who started in
the inner and outer lanes (IL and OL), respectively (n=24), was captured at 60 frames/s using a local
position measurement system that automatically identifies the skaters’ trajectory and speed. The
500m lane was divided into six sections, and the average speed in each section was calculated.
Additionally, the propulsive force for each section was estimated by the change in the speed and
assumed magnitude of the air resistance during the corresponding section. The excess distance in the
curved sections was calculated as the difference between the actual skating distance and official lane
distance. As a result, for both the IL and OL, the skaters with an overall greater average speed had a
greater average speed from the crossing straight to the second curved section and a greater estimated
propulsive force to the first curved section. Among the excellent skaters, sections for which estimated
propulsive forces were larger differed depending on the skater in both the IL and OL. Skaters with a
higher official record for the IL had a smaller excess distance. Our observations suggest that the
higher average speed in a particular section could be attributed to the larger propulsive force in the
previous section, and the propulsive force to the first curved section was important for the 500m race

for men.

Key words : speed analysis, local position measurement system, skating speed, propulsive force,
skating trajectory
F—"T—=F A= oM, MEFHNY AT 4, EEAY = F, T, WERLER

VENL AR =Y B v 8 -, PEEEE KRS, IRARTRIT, YRFEAR - v iHR, TELEAS

" Japan Institute of Sports Sciences, > Graduate School, National Institute of Fitness and Sports in Kanoya, >’ Matsumoto City Hall,

# Japan Association for University Athletics and Sport, ¥ Kokushikan University

E-mail : toshiharu.yokozawa@jpnsport.go.jp
ZAFH 2021410 H 8 H
ZHLH 20224 1 12 1

24



Z¥— F A4 — BT 500m (2350 2 HR—FHEFO L — 254

1. #8

AE—= KR — hOH T, 500m (T HFHED R D
HWEHTHD, ZOFHE TR, FRAICTHED
PRI 20 8T — FEHE A o T L 724, R4 12
WEAY — R L, 300m Bif CTIEEA K —
FRE—=Z1E L, TO®RITIETT 2o ThT
[ZHHET 2 &) A — B[Sy — 2 ZRT 2
ERHMOENTD 7Y, oM & gL TEH
ETLREAE— FAKRE L, KD KREREEA
E— FOBENFEELE 2L L5 ", 500m D

L—AGMICE o TCRERIFEAY - FE2EL 72

WCHEERERT ML LWL 2D LEZD
Nb, ¥z, B s500miZnFEFTHRIZE ST
T ¥y 7 EOEBERESICE TR R X
DTELHEMEAITH S, L L. 2018 45
ﬁATiﬁUVEv7b3~FﬁE%§ﬂ zD

By — XA F R LSS KRIBICERF ST 5
L1, EBM RSN L LWEHTH S 72
O, LD DIZE L= AG BB ThH D, A
E— FA4 — b 500m DL — 25122\ T i,
SXEOWEAE - FE2 AT v T A7 — MEAH]
BTHELZDD Y, 2002 F4FF ) v ¥y 7Y
Vb L — 7 K& 500m % K5 IZ 500m % 6 [X
BT CTHEREAE—F20W L7200 " 5b

PR SN T B 5, B EAZHEDR
F500miICCNODMAEEOFEERATH L
BETERNTHAHH, BT, INHLOHHIT
T RMEICE L7225 K OFHAE — F
FEHELTWAEYD, #—7Tlda—2axz L
%72, ZOFHAE— KORNZ
ADFE L EBOWEEALE — FOFBEIMNREL T
WD EWV) RAEDH S Y,

Farix, BEHAY) CEv 270 —F (LIF,
IAYx—7) ICHEINAMESE (Local
UFLPM) ¥ A5 4%
W, HREEEEE & OIS EA - ik
WO 217> CT&727% LPM Y A7 A % [
WM ORER, REEHEEH TIEA P L — P T
W, A — 7T E AR R 2 A — Fo
ARG — VR ER, I—TDI—ATA

Xa—z2nm

position measurement ;

25

DRRENPNEN N HET LI R ENbroTE
727 500m 2BV T b AR LPM ¥ A7 A % i
WTHEEA Y — FRWmEMS 2 AN 25 2 L I3H
EREEZONLP, AML—=DME3ME., H—7
Fo2m (A F—A—=7T7 Iy = —T% 1[0
FO) LAE#RL Wiz, —Do—2DXE DA
E— FZE(LR T — 20 A% FEMIC TS 5 2 &8
EEE D,
L — ZADGEIE. A Y — b ORILKER R 7 1
=y Y aBEORBE o P e B R BRI,
EEROFHALE=TF (LT vee) LB
Wigh (23— 2T 20K L 5 TEL) DARTHR
TEZIND o Ve |2 5 4 KB OB OWTHR
FTLED ETHHE, KIS A LR KA Y —

FIZIZEFOXMORTHD A Y — PR L T
W EICIIEESLETHL Y, 7L 213 XK

A = FidEHr o728 LTORBNTRE L
L, REOHOTAE = FAREL o TWw
UL Z DX TIIEILZ NN T & Tz &R
TELEALH, Flow A= FAF — MaZekik
MOKBEZ KRELZTDLAR=YTHDH7207,
AE = FHRAREFIUIRKE T NI R 2
o INHLDOZ END X9 5 KX O
BEWEty 5720120 \@%XE*FZiOTﬁ
RPN 2 5 2 & 2 F[E L 7B L 7248
BEPLEEEZ END, x&—&—@xz—F%
AIKEC (DU, #EfE))) & ZE253kbio 2 212
LoTORELLZ LY BEAY— NG
U7 22 5ARPUAMEE C S AUSKIE & &\ 2HEtE ) %
BT EeMmETTREEER NS,
PDbEoZ s, KEoHEEREE) %2 —2 0%
BEELTL—AGHTA2LI25D, BF 500m
DFLEA LD/ ODEFTEZEL ZENTE D LE
AbNb, KIFEOHMIZ, A= AT —E
BRI B A - 500m (2 L 72T & )
FIZ, LPM Y A7 2 FHHWTXE Z & 0F 2
E— k., #EEHEET, BXOV—70a—-2A0 %
N L. R—TEFOL — A8 — &5
THIELE LT B AWIFETIET— VY
TR T EAGERTESIRIZETHE L Tzt

N Vrace



FHERIZBWT, SR E L RLs BT 12
DB ESIFE R TH - 7% T MR —E
FLZz, 220OF TRARGLER Ve & HIBIR
DS SNTERIZONVT, FOEENRKEI V(D
L<ihEw) CEpHR—REFORED 1 2
EHIME L 72,

I. &

1. 53HrkE 5
IAYx—7 Chllt SN2y =7 OEEH S
IZBWT2 HIZb 2> TIFb 7251 500m %
R Lice HARAS — 8 L ETAR—YF
Fe vy — 3R ETER L 2B R — MEBO
—LETT—FIEL 72

B 500m IZHH L7249 %IEKH 1L KT O
EL. 1HIEIBEMSSRET %0 EFIZLoT
2HMEDBFLEL =2 TAY — M LIEFL W
720, ZOWREICIEANEENSTMNZ o7 — R
BRI LTz, FLT A Y F—L—v AT — N (D
TVIL) &7y —L—rZ2%—F (OL) 1
FRARGEHFE LML 12 L — 2, FF24 L— 2 (IL,
OL & T RE RS TETFN 6 L\ 7zTz,
FRE LTI 18%) 3% e Lz, b, xf
L — ADRAFLEOFIGMHE & FEHERF AT, IL
T1334.86 £ 0.21 s,OL TI334.85 £ 0.19s 755 72,

2. Ty

KFZEICBIFA L —2A0iE, 2o 2—7
DA—ALEFOE FIZHEESIN/ZLPM ¥ A 7
KL VERL, 28BDE/ 70 h X T (Ul-
5240CP-M-GL, iDS #:#%:1280 x 1024 ¥ 7 +))
% H s, 60 frames/s Tz S L7z [A1HH] (% % PC
WZHUY A A 7Z BEERB L Ok 2 AL L 727 ~
TL— bEREERL, RFSNEEr O AT T
LIZT v 7= MIv v F T 5 EFE HEIIZH
FI L. BEHTEE O KT RN O 2 RICHEEE % [F5%E L

L5
- o

LPM ¥ 27 & X 055 2B 2 kT
JERE % S b 5 2 & 2 BRI L. FOEE
N7 MVOKESEFEAL-FELTHEBL

i S

26

720

3. KMESR

2% — MHE, 1,000m L —2A T 4=y aT
AU B =7 A0, F1A—7H0O, 562
A—T AL, E2Hh—TWO, 74=2va74
YO T MR, BT AT E TR
S1-1, S1-2, CI, S2, C2, S3 L %EF® L., 6 )5
12372 SIEAML—=F, ClZH—T%FET
Figure 1) 7o 512, A% — MERSHE 1 7 —
TAAFETHE S & L7z, 72, IL & OL TlE4%
KON R 2720, IR ARGk L O
FHBRECE FER T BB B4 ICHU) ko 72

4. HWIHHE

1) A7)y b4 L EKXE S A L

LPM ¥ A7 & X 1) &3 ni % @89 5 BEZ % 5t
ALY . AZ — b2 X T FCICE L 720
a2 ATY by AL, KEPIZE LR % X
M& A nEEHRLT,

2) PHARAE - FEXMBETHAE-F
HIXMEZ B BiEA Y — FOFYHEE KT
YA - FEERLIZ.CORKMFEHYA Y — Fid,
EXE O — )V EOREE 2 RHTRT I LI2LD
BOENBLAE—FP? LRRZ), a—2A02DE
BEZTT, AT —5 —DFEEOEEALE - FIZ
T D, F/oo AF— b5 TV F TOWE
A= FOFGMHE (vaee) DHEM L 72 T2 K
HB# TR D A ¥ — B2l a4 1 B oFHE %
v 7Y,

3) HEEHEHET)

X[ i OHELT IO F57] Fild,

Fi=Fungi+ Firt; (1)

L bo I TT, Fangi 1X X | O ZEEIRITTT
Furi (XXM i O PHHEATI 2R L T b, F 72,
Fild S RE & m & XHPIIHEE L D TH %
NN

Fi=m - Avi/Ati (2)
EREND, TITAIZXE i DAY — FZAL
# (KMETEDOZE— 25 XM AR 2



A — A4 — b 500m (2B L2 HR—FRTO L — A0

1,000m finish line Finish line
P2 S$1-1(55.215m) Si¢ S1-2(55.215m) N

S2(110.5m)

-------------------- }----------------3]Goal

& S1-1(55.215m) ——><—— S1-2(55.215m) ——>
1,000m finish line

Figure 1. Definition of the sections on the track. IL and OL represent skaters who started in the inner and outer
lanes, respectively.
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Table 1. The split times at the end of each section and section times in each section (s) and their correlation

coefficients with the official record (r (record)).

The symbols * and ** indicate significant correlations at p<0.05 and p<0.01, respectively.

S1-1 S1-2 S1 @ S2 2 S3

Mean 6.44 10.45 - 15.90 22.74 28.62 34.86

Split time S.D. 0.11 0.15 0.20 0.21 0.22 0.21

r (record) 0.673* 0.749** 0.820** 0.893** 0.946** 1.000**

" Mean 6.44 4.01 10.45 544 6.84 5.88 6.24
Section time S.D. 0.11 0.05 0.15 0.06 0.04 0.05 0.07

r (record) 0.673* 0.755%* 0.749%* 0.838** 0.577% 0.498 0.027

Mean 6.40 10.43 16.58 2336 28.58 34.85

Split time S.D. 0.10 0.12 0.14 0.15 0.16 0.19

r (record) 0.444 0.520 0.646* 0.814** 0.912%* 1.000%*

ot Mean 6.40 4.02 10.43 6.15 6.79 5.21 6.27
Section time S.D. 0.10 0.04 0.12 0.03 0.05 0.05 0.08

r (record) 0.444 0.540

0.520 0.737%* 0.577% 0.582% 0.482
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Table 2. The average speeds in each section and the speeds at the end of each section (m/s) and their correlation
coefficients with the official record (r (record)) and average speed in the race (r (Vrace))-

The symbols * and ** indicate significant correlations at p<0.05 and p<0.01, respectively.

Italic characters indicate Spearman's rank correlation coefficients.

S1-1 S1-2 S1 Cl S2 Q S3 Viace

Mean 8.69 13.85 10. 67 15.39 16.19 16.30 16.09 14.41

Average speed S.D. 0.13 0.20 0.15 0.12 0.10 0.14 0.18 0.08

r (record) -0.671*  -0.835**  -0.799** -0.609* -0.540 -0.364 0.003  -0.919**
I (Vrace) 0.507 0.644* 0.607* 0.682* 0.681* 0.609* 0.300
It Mean 12.66 14.53 15.90 16.20 16.19 15.69
Speed attheend S.D. 0.22 0.18 0.09 0.12 0.16 0.28
of each section r (record) -0.917**  -0.763** -0.486 -0.504 -0.063 -0.473
I (Vrace) 0.797** 0.663* 0.642* 0.665* 0.364 0.592*

Mean 8.74 13.83 10.70 15.46 16.32 16.26 16.00 14.42

Average speed S.D. 0.13 0.14 0.12 0.14 0.13 0.16 0.20 0.08

r (record) -0.371 -0.628* -0.522 -0.448 -0.572 -0.378 -0.408  -0.897**
r (Vrace) 0.222 0.432 0.339 0.620%  0.723** 0.594* 0.544
o Mean 12.70 14.47 16.08 16.23 16.06 15.69
Speed attheend SD. 0.14 0.15 0.15 0.14 0.19 0.26
of each section (record) 0487  -0.541 0364  -0469  -0357  -0.351
r (Vrace) 0.296 0.421 0.658* 0.678* 0.492 0.334
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Table 3. The coefficients, standard partial regression coefficients, t values, coefficient of determination
(R%), and root mean squared error (RMSE) in a multiple regression analysis for the Ve by the estimated

propulsive forces in each section.

The symbols * and ** indicate significance for t values and R” at p<0.05 and p<0.01, respectively.

IL oL
Standard partial Standard partial
Coefficient regression t Coefficient regression t
coefficient coefficient
Intercept 6.344 - 2487* 7.482 - 16.48**
$1-1 1.686 1384  33.12% 1.643 1.040 11.99%*
S1-2 2.183 0971  14.16** 1.663 0.546 6.38**
@ 2.005 0.640 14.57** 2435 1.112 12.50%*
S2 2.093 0450  8.66** 1.402 0.296 3.32*%
c2 1.794 0717 21.17** 0.696 0.356 4.71%*
S3 0.906 0482  6.10%* 0.237 0.099 1.46
R’ 0.997** 0.980%*
2,

R ..Degree of freedom 0.994%% 0.956%*
adjusted
RMSE (m/s) 0.004 0.010

Table 4. The estimated propulsive forces (N/kg) in each section and their correlation
coefficients with the official record (r (record)) and average speed in the race (r (Vrace)).
The symbols * and ** indicate significant correlations at p<0.05 and p<0.01, respectively.

S1-1 S1-2 S1 l S2 2 S3
Mean 2,07 0.74 1.55 0.59 0.41 0.37 0.28
S.D. 0.07 0.04 0.04 0.03 0.02 0.03 0.04
. r (record) -0.850** 0.186  -0.836** 0.437 -0.273 0.192 -0.467
r (Vrace) 0.673* -0.199 0.648* -0.208 0.351 0.015 0.463
Mean 2.09 0.71 1.55 0.60 0.40 0.34 0.30
S.D. 0.05 0.03 0.03 0.04 0.02 0.04 0.03
o r (record) -0.506 -0.379 -0.594* 0.016 -0.501 0.029 -0.215
I (Vrace) 0.305 0.375 0.401 0.303 0316 0.049 0.103

(r=0.874, p<0.01),
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Table 5. The excess distances (m) in each curved section
and their correlation coefficients with the official record

(r (record)).
The symbol * indicates significant correlation at p<0.05.
@ 2
Mean 2.12 1.49
IL S.D. 0.59 0.59
r (record) 0.691* 0.150
Mean 0.86 3.07
oL S.D. 0.49 0.80
r (record) -0.030 0.203
IL oL
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Figure 2. The average speeds in each section for the typical data on excellent skaters and

overall mean in each of the IL and OL.

IL and OL represent skaters who started in the inner and outer lanes, respectively. The series
“A","B”, “C",and “D” indicate the data for excellent skaters. “Mean” represent mean value

of all 12 skaters.
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Figure 3. The estimated propulsive forces in each section for the typical data on excellent
skaters and overall mean in each of the IL and OL.

IL and OL represent skaters who started in the inner and outer lanes, respectively. The series
“A",“B”, “C", and “D” indicate the data for excellent skaters. “Mean” represent mean value
of all 12 skaters.

IL. OL

HIFEXETH D S2, C2DFH A ¥ — TiERELTVR

THEBOFIGME» S5z, g, MEAE—-F
W RE D720 PR I FE

l\“7b§j<’&iw%‘bi E Ve WK E o720 720 IL
TIESI-1IZ BT L HEEHET VP REVFIZ
Vaee R E 2o 720 — . IL Tid Cl OB Mk
DN VFITEARFFEPENL Tz, S 61
ARG EALERFZMEAICAL L, IL, OL & B
12, SLIZBIT B FIHAY — FEHEEHE vk
E) o 72h8 Cl OHEEHEETI AN S o T2 FH D W
d, S1-2, Cl. S2 DHEEHHETIBKE 2o 72
FHLBY . BAESRS NI,

KGO 72 oA D—21F, X Z & DF
HEHEN ZHEE L Voee NOEBELREFTHZ LT
bHolzo FHHINILERRBUILATIIZRIZ BT 2 H

32

TLEHELWEWIHIIEEIZED T WD, FEREIZIE
1 A1 NDOTERERHELS L - T OREIFR
B EEZLNDLH, FIHRIBWTHEROH
TR 2 U 2 2 L3 TREETH 5,
7272 L. RifFgICB VT, 6 KEOHEEREES O
BT Ve WS 95% LLEFBAT Z 22 A6, £
X OHERETI AR & 7 i AL I Tk L 72 &
Vo ZZMENE T TR E 2 SN b, B, S1-1
ICBUT DHEEHEET NI M & ) b IEFITKE
Motze THUE, A% — MNEKIZEETORESD
ED LD ICEERZRTI Ty v ad bl Ll
Lo THIH~DHEMTI DR T Z B 05, DTk



A — A4 — b 500m (2B L2 HR—FRTO L — A0

TL— FEKEZEE (FE) SELPLHEN %
BRIFNEEL WD LHEgEEND 9,

Viee [ZATFCER E ORI VBB A SN
7253 (Table 2) \iR7EFREL (FHBIFRELD ) 13 0.8
HIRIZE EE D Ve DA TR ICARG S Z
HHTE L hosze EBFAIERIHE L 72 HHE
ZANELFRTER L7235 DD viee IZHHE T 2 720,
Vinee D A TARGLER % FH T & 20 WA LIHE B
WEOWETH D, HES (2018) V&, o RHHE
FHIZBW T — 7 ORBHEEA L — A DAL
WETHEIEREDP LI EFREL TV, B
F500m x5 & L72ARWZEIC BT, IL Tl
C1 it B B e AS A R ELER & o 12 IE O AH B BE 4%
DA HNTze F 72, OL Tldi ik & AaNEl &k
EDOMNZAHBBERIE A S N o 7225, C2 O
3 M OO A HE AR 5 1% 0.80 m [Z3% L 72 (Table 5).
Z @ OL @ C2 # P DI AENR 72 1%, FoFkiZHf
H925&L005s D RICHYS L. OLIZBITHHE
B2 HORKELEFOEERAED 019 s 128 X 72
WL AERT L L. C2oMBmEEE oA
WHTXRWRESEoEZEZBNDL, BB,
ILOCILEOLDC2IZEBICA I —TThHA
By AV =TET T M I—=7 L0 b a—APEF
NS VE VWM DL (27 —7 1 26m,
T NA—=7130m), T—APEINSL D
(T & DB EEE © o — ARSI - CilEET %
TeOIWEEE SNBRONIVREL B0, A
YN =T BT OAIPELNTICa—
AVANKEL o /B EPHELIZEEZ DN
Bo EDZ ENS, ENLAXFEHEOZOIZIE
Ve DR EWZ EDHIHETH DD, A V=T D
T— AU ALENHFREPLL 7 FOKHEDE TR T
R TX R VnEEZOND,

ILTiE, S122°5 C2DPHAY — FA KX
WEHLT E Ve VR E L SI-1 IS BT B HEEHEE
NHBRKEVEITE Ve K E D072 (Table 2 B
LU Table 4), F7-. BEEUFTHTICBIT 5 E#EAL
TR EYTARE L, IL 2B W TIE SI-1 2% b K & <
(Table 3), S1-1 OHEFEHEAETT T Veuee 12K E
BELERTHo2 TNHDZ LS, ILT

33

FL— AP HEOEEA L — FPREWI L EE
THDHN, TOOIIEAY — MEEICHEE %
KEL L, HRPIEEAY - Falins &5
CEMEEELEZONL, OLIZDWTILCL A
5C2DOFHYAE — FPREVEITE Viee VK E
Mo 72ht, HEEHEEZVWTROKMIZBENTY
Ve & OB H R TIE Ao 72, IL & OL
TUE S1 DHEEHEETT D Veaee 1R B W FTHE HeAs
B oTWAZ EIRABH, OLIZB VTS SI
OHEEHEAET T AGESk & 13 2 B OAHBIRILR
VAR SN2Z E, SLIZOWTIEIL & OL T —
AR EDS v 2 & (Figure 1), OL (2D W
TSL25 ClL F TR AbETHRYEET % HET
BT 5L Ve & OBICHEREOHBIBRI A 5
N2 en6, OLIZBWTH ClEFTOWVWT
POXMBTRELHE 25D 2 EBZDHRDW
FEAE—-FERELTHLETEELEZ LMD,
AREEFE R, T b B IR R T & 5]
IZAhDBE, ClETOVTNADKMTKE 2
HETZHBTWIzE v middtdE LTz (Figure
3)o TNHDOXETIEERIFR ORI (Table 3)
bREPSLIENLD, IO DEFOFLE
DERTHo72EZHND, 72720, FEHIZA
BEBTICL o THEYA Y — F st ok
BUIE R > Tz, Bz IE IL O A FEFE S1-1
DR ELHEHED DL — AFTFOKE 2T
A= F% L7725 L72A5, Cl O EHEE /)
Ed o221, S2 PUBEDFIA ¥ — FidE
BIZRIE ol EZbNE, £72. OLDC
BT OV TIE SI-1, DET DWW TIE S1-2,
Cl. S2 OHEEHEETI A ZDHDFIPA Y — FIC
EHHkL TR Ic B s 72k 26N b, 2hb
D ENL, MOEFOIT) WERLTHXE%E
YETLHIEIZL VR AGEEFICE-THEH
7 BRCERIN E ORI D B LEZ LD,
RWFFEIL Y = 7 EIBSH S 0 557 500m % xf 5
ELbDOTHD, KERWEMEIIVPLEL END
XIS T — A0 A DRI BT A 5 % fbff B (2
FOFFHEAT LI LIFTEY, AUEEOMBD
BHARCTORLIERVEONLTREL H S,



L2 L. AWEOFE % SBEOFRCH A R —
MIBWTSHTA2Z EI2LD, ZREnofid
OFFER A DOFRE MR L THNL L EZ
5Nbe HHIC, KEOFHA Y — FOMENZL
LD ATO XM OHEAE T O GER T 53565055
5T ENRENTETARIIEOERIIKEVWEE

25

V. £&0
RIFZETIE. AY— FA7 — FEEBEHAIC

BIF 5T 500m |2 L7 ET 200512, LPM

VAT LAEHAWTKM I DFIA Y — F, #E

st S, BLXOH—T 0T — 20 X% 50 L7

RIFZETHRONAEREMAE T LDL LUTO

BN s 798

@DIL, OL & $12Cl, S2, BL U C2DFH A
= FAREVEFIT E Ve R E Do 72, F 72,
HEEHEAET 2DV TIELIL Tl S1-1 128V T,
OLIZDOWTIZCl FTTREVT EPEET
HY. TNUREICBITHEERAE - FOHK
BT L EEZ BN,

QMR —FEFEMPNA B L, IL, OL & b2
BT L o TRE RHEHEAET) 2 7R T X235
LoTWwielehb, HoOEFOIT) HENT
WX R SET S LIS X ) HER—ETC
Lo T E 545N LORMAH D EE 2
b7z,

@ ILTIE Cl OBEHHEAVN S Vg3 &AL F*
WENLTWZ L, 25 NCOLIZBITA C2
DORBBHEHOBMAENKEP o722 Eh 5,
£ H—7 ILDClLEOLDC2) TI— X
OAZRNRIZTAZEBEELEZ SN,
ARIEZEIZ LD KEOPIA Y — FO#Ess <

LY AT X B OHEHE ) OAEIER T % 540

HbHT L, BHEPVIIHA—RETFTILCI FTOW

TNHPDORXH TR E LIEAT BTV Z DX

MIEEFICL o TELR LI EAVRE NI,

e
AR DIHN B72 > Tht, AN A

i S

34

24— NEBE 5 PICREFETREEDE LD
MREOBH I E, SR L CESOE R E
LEd.

SCHR
1) de Koning JJ, de Groot G, van Ingen Schenau
GJ. Ice friction during speed skating. J Biomech,
25(6): 565-571,1992,
2) van Ingen Schenau GJ. The influence of air
friction in speed skating. J Biomech, 15(6): 449-
458, 1982.
BRGNS E | ALRESELS | BBJIIRA . X
V= F27— MEBEHREO T REHEL —
AN BT B il BB & D 54T . Sports
Science in Elite Athlete Support, 3: 27-38, 2018.
BHERIG , INEASEE | KLRESEAS | 75 )11 S0l AE
MKA . ETFFH AT EHGIZAE = F2
F=MIBF DAL= &A= T ONEHE
BIOH—70a— 20 2D . Journal of
High Performance Sport, 4: 165-175, 2019.
BRI, BIEHE . AY— FA7— MiE
ERENEE 7 4 — KNy 7 S AT A ORSE &
BRI 71 T R BAT G |, 40(43):
29-33,2016.
BHE . A= FA7 = MIBIFHAL — |
BIE. N4 F A 5 =7 ABFgE, 22(4): 206-212,
2018.

4)

5)

6)

7) GHE, HOM, SIRES . A FAT—
N 4T 500m FEAE S BT B G — i A A
BEFEOL—ANRY =Y. PL—= TR,
18(4): 387-395, 2006

8) UrHIE, HURL, S, iy, sARE—.

A¥ = FA7 — MIBU HIHELSOMEN
ZEIRIUN RTS8 HAR KRB RS
FOBE | 39: 915, 2009.

FEWETE ARG, PUERI, FIVLEE .
97-98 7 — )V N1 v T # D 500m O L —
AGHBLOAT vy T A — Ml - R4
Ve 2T BRI O 7 4 — F
Ny 7 —  HEREHRIAR-YRFRESR

9)



AE = FAY— MET 500m 12 351F % HER—i%

i, P9 SEEEHAREHE AR —VIE - F
TR . AARREHE AR -V RFERR

£ pp.355-361, 1998,

35





