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Abstract

The purpose of this study was to examine the differences between skating and diagonal tech-
niques in cross-country skiing, and to investigate the relation between stride, pitch and velocity at
various intensities and to discuss the influence of stride and pitch on increases in velocity. The sub-
jects were 7 male skiers belonging to a cross-country ski club at Asahikawa University High School.
They completed four circuits of a 2.5km track, first at moderate intensity and then at maximum
competition speed, using the skating technique and the diagonal technique. The results of this
study are summarized as follows:

1. When skiing at the same intensity there were no significant differences in heart rates between the
two techniques. A greater speed was obtained at both intensities with the skating technique than
with the diagonal technique (P<0.01). These results confirmed Karvonen’'s report that the skating
technique is more efficient than the diagonal technique. The range of the mean heart rate in four
tests was between 160 and 190 beats,/min. The heart rates in this study were the same as in com-
petitions, as was reported by Kuroda.

2. A statistcally significant correlation between velocity and stride of skating technique (moderate
intensity: r=0.88 p<0.01, maximam intensity: r=0.78 p<0.05) was observed. An inverse correla-
tion between stride and pitch was statistically significant (moderate intensity: r=0.95 p<0.01,
maximam intensity: r=0.94 p< 0.01). ‘

3. An increase in velocity was acheived by making pitch higher because the influence of the pitch in-

crease on speed 1s greater than that of the stride decrease.
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JURHY M) —AF DML, TTERKEEE (F147ITFVEE), 1HFBEELT2HEEFER
THY, FAERETATr —F4 Y TIBEPFERENIBETH o2, ZORT—T 4 ¥ FEED, 19854
THPLHEERE LTORMICES Y, REFEELALLICIZORAI Y M) —AF—2RETHEEH
ED—DIholz. AT —F4 v FBEOLIPTY, BE—BRHIEASNRTWERT—T14 Y TEELR
LD, TAYIOEI - I— 7B FETHo272010, BEY I - a—FFEL QIR TW . 1985
EDQF—A I T - =Tz VW FTITLNTWI ) VT4 v 7 AS—REEFHEAETIE, JUxsr ) —
AF—DTEREEVHONTWT AU A AT ) THENEEL AT —7 4 Y BRI #A, —HRE LW
bR TWLREER YV YL bOBEFLEHICE 72, FOLE, ) vy 7T v 7 A% AF— I8 TXKE
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ZEDS, BROBRATRERICIS M- Vv FHEREFRY AR5 TS, REMNREESNO
—DThHAREEETOLEEICOWTIE, 19694 I1CKH S ™ H15kmBER 0L & FIREOLE % H
E L, DIEEIZ160~180b,/ min.P#EETEE L Tzt wWIHE* LTwa. EHLY 19724 1215km
SRPOLEEYEIEL, OHEIZ158~180b,/ min. D TEE L FHiZ1790,/ min. THh o7z &\ ) BE
B LTW5S, F77, 1992FICEHN52 1, BECBWTIZORF Y M) —AF—Fho.0HEXEZEL, FH
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BOTV2=TEF, BTILEHEBREL LAEREToTwAE. HRES 2D I—ATAT =T 1~
FEE L AEREY, moderate (BA/NT + —< Y ADHB0%) Lmaximam (BRKEHEOAE—-TF) O
KRR, KRBT 1 BT o 4 BES7. (Ml Tmoderate¥mod., maximam#%max. &3 %) &RAZEN
2B AR EEEOFER.OHEIZ180b, min., A7 —F 4 ¥ ZHEETIE18lb,/min. & T2 DEEMIZIT-L
WD B ATERREOE L2 {, FHIBEEEIIOWTR, REEFEELV DA —F 4 Y TEEDITZ)H
BoTWi, ZOZEdb, Ar—74 Y JEEINRNLZEEETHD EHREL T, L2 THEE,
1T~19BORERDEBEF I— AR EOBEY T2 TABLZERTRAAL. ZOEFE% Karvonenb D #x
ELERICEELBE (LK) ORE,rCEELBRZRTAILEEME L.

REEEICBITS, ¥y, AMTAF, BEREOBRICOVTE, Jbid? €y FoEMH L TEE
HELBEMT 225, ¥y Fo5120step,/ min. 282 5 L ¥y FOEMPPHLLTA T4 FOBPHFRE
(Y, IBERERBESILTWELTWS, T2, HII5Y 131000miEET, 150m#t = & 950m# L TD
BEEE, AFSAF, EvFoBREHRELAICLTWT, 150mim & 950mi A THEREEA T AF
OBNCIEOHESY, THEYFEANTA FOMICILEEEIRED SN EHEL TS, ZZTHAPET
X, A7 —F4 v FBEIBVWTAXEERE L ABLBREIBLNEOPEHLNITTH72DIT, 2.50kmT—
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F1. HRE O L BRHE

Sub. iy HFBE(em) {RE(kg) CL(10km) SK(15km) HRmax(b/min )

S-S 17 1837 69 9th 4th 187
Group 1
T-0 17 170.0 618 4h 2th 194
K-Y 16 173.8 62.8 40th 17th 201
K-S 17 176.0 67 15th 7th 196
Group 2 T-1 16 174.0 63 5th 6th . 195
- A-K 17 163.9 60 45th 25th 183
J-M 17 1715 60 52th 27th 187
mean 167 1733 634 —_— SR 1919
SD. +05  *56 +32 —_ —_ *59
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AP BOTREOR TERZTo 4. AF—HERZFNZNEHORAF W (FFIv 7B - I VT
HE), AF—# (Foe HE), Abv7 (RT4 v 7 AR C, TEBELATF—T14 v FHEERIC
BERODDEMEHR L. 7745 —-Tv 7 RiE, E@BAVA v 7 AHBOF LYV YarEIv IR
B72bD, TV v T Ty 7 RE, E@EATA v I AHBOI VAT -7y 7 A0V y FEERLL. HES
Frid, EEH1080mild 2 FIMEFHFRREZ A A Y M) —AF—FFHI—XT, ZOFD25km? FE I —
AEFEHAL, I-ARImMOF 0T HBVRTEYFERAMNTA FERHEIELT .
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BWERE T 2% 1L 2IIHT, L RBED25kmOFECa—R% 4 F L7/, EEEE 1 EIBFE
(1-2H8) oxxHEEE, BF B-48B) KATF—F 4 v 7ifk%:, I 2HWEIRFLRr—F1 ¥ 7B
E, BEICKEEERTo72. EEEEIZ 1EBEL SABICFL SWORET, 2HHE L 4BBEREROE
FAE—FCiTo/z. EEEMIZ, 1EBL2EBOME, SEABLA4BEOBMICFRFRIOSHTOL
7. 2EBL3IEBEOMIE, BERMETELLTI5E L. 2.5kmOiFEEER, AETAIOICEL -
M2 o FHEEZRKD/-. oL, "ML A PXF—PE3000 (74T F - K—5x L7 otk
#q) T, EFFhoCHAEEEE L. BMEZISHERTREEL, T 0RBIRN-VF VI —F —
(NECH#, PCI801) 123 ¥ /"= LT, T - &E - HEROHE L EoEFFKTE L OHEOLEE 2K
7z, 7z, 2.5kmI - AACEKIT/20mOBEVENIHTOE Y F, XA +FA F, IFEREICOWTIE, #
EBELIEBE YA AP OEH L.
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1. 2.5km3—XRICH T 3FHHAM EFEE
11k, BEEOFH LB E FEEREZEL LD OTH S, FHLHEL, mod Emax. OFE
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WBWT, REWELERAYr—F 4 Y VIBEOHICHKF EEEREZR AN o/, —HFEERETIE,
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moderate maximam " moderate maximam

4,0 0% (bimin) EHEFEEEE (m/min.)

1. FEEICBT LB L POEERE

2. 2.5kma— XZADSIME V) IFICH 1T B BESME

%212, 2.5kmI— ARICET7250mB D RICBIT BIBELFEERLI-DDOTHS. PEEEREIR, K
HEiE#ENDOmod. T221.5m,/min., max.T230.3m /min., A% —7F 14 ¥ 7 &£ Dmod. T228.6m, min.,
max. T287.0m,/min. & 2 1), TEEEICBV Tmax. DML, €y Fid, KEHEEDmod. TI3.9
step,/min., max.T99.0step/min., A¥ —F 4 ¥ 7#&EDmod. T87 Istep/ min., max.TI7.9step/”
min. 2 DMLz, F72, A M54 NI, KEEEOMod. T236.4cm, max.T232.9cm, AT —7 1~
F¥EFEDmod. T266.6cm, max.T245.6cm& 72 YA L7z,

£2. 50mDE YW BIT HEEENE

X HEW®E ATr—T42V7 (n=7)
mod. (SD) max. (£SD) mod. (=SD) max. {(£SD)
pitch(step/min) 93.9 (*17) 99.0 (£22) 87.9 (+106) 97.9 (*88)
Stride(cm) 2364 (£129) 2329 (*104) 266.6 (£524) 245.6 (£36.9)
Speed(m/min) 221.5 (+10.7) 2303 (£63) 228.6 (+13.8) 237.0 (*+11.3)
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7z.

(32)



FURAY M) —AF—DRr—F 1 ¥ FBELTEREICET5HE 33

£33, FEEETLOFEEENOY 4 7 AN

XHWEE A —F 4 Y TEE
¥y F ZXFFAF ¥Evyd¥F ZXFFALF
A% 4 7 (=2) ¥ BL  AF 4 T(@=3) ¥ By
B% £ 7(n=2) B #£itzL  B¥A4T@=1) W =iz L
C% 1 7(n=1) ¥ ®hm
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FIC, AR TIEM L EREDLEE +100%, BSLEEOSEE —100% & L-BEADAP - S
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7.
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100
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2. BEEMIBIFAIEYFLAMS A FOBERK

EEEMA+10m,/ min. THDHAY 4 7k, A+F4 FORPICE B AS - PA—10m, min.(—100%),
AP - 487 —1m/min.(—10%) TH-o72. LrL, ¥y FOEMILS AP - S +21m, min.(+210
%) £%0, APTA FORBIEE Y FOEMAKE o720 WA L. HEERAIAT+14m,/
min. THBHBY A 71X, A FF 4 FEBESE 202D TAP - SH (+100%) 42, ¥y FoEms
PREEEMOTRTUIIE>TWS. C¥AL 7iE, AP - SHF+13m,/ min.(+56%), AS - PA*+9m,/min.
(+39%), AP - ASH+1m/min, (+5%) &%y, ¥y FOEMOLISRERICH BEES RIZLT
(VAR

(2) Ror—F712T8BFE

RIZAT —F 4 Y TEEZODVTORABICATASL &, AV A FILEEEMA+13m,/ min. Th ), 20
) B AP - SH+3Tm,/ min.(+285%), A4S - PH»—2lm,/min.(—162%), AP - ASH—3m, min.(—23
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%) Lot T, BY A4 TOEEEMI+2Im,/ min. T ), KEEELERICEEENSOTXTH
EyFillbsdnDTHhHoTz.

4, 5OmMBEVIRTORTr—FT 1 > TREDREE, EvFBLUXFFIK

B 3%, mod. TORF —F 4 ¥ FEEICBIT50mBVROEEREE, €vF, AT FORGRER
LT3, modllBIFBA M4 FEBEEEDOEIZ, r=0.88 (p<0.01) TE/FEHR y=0.23x+166.57%,
FREFERAMNTA FOBICIE, r=—095 (p<0.01) Ty=—0.19x+1394/ 5N, K41, max.
TORr—F 4 ¥V FEEICBIZFNEFNOBBEERL TS, max. IKBIFBA T4 FLEEREDOH
IZiE, r=0.78 (p<0.05) Ty=027x+171.62%, ¥y FELA T4 FORIZIE, r=—094 (p<0.01)
Ty=—0.23x+153 40 F L7z,

260 - Speed {m/min ) —x¢
X
20 ¥xgX X y=023x+1665 (r=0.88)
180
140 -{ Fitch jstep/min}
y=-0.193+139.4 p=-0.95)

100 x_x_x_

ALY 4

60 T T 1 1 H 1 1 !"\ [
220- 240 260 280 300 320 340 360 380 400
{cm)

3. A4 —F4 Y FEEICBIBAINIA FEEYF - A¥—F (moderate)

270 - Speed (m/min) »
M’/;(
X
230 X : y=0.27x+17 1.6 {r=0.78)
190 S

150 | Pitch {step/min)

110 - e X ¥y=-023x+153.4 =-0394)

AV 4
[

70 T g T *;

I I H
200 220 240 260 280 300 320 340
(cm)

HA4. Ar—F4 Y THEECBIFLA NI FEEYF - AE—F (maximam)

v # =

1. EZOFHLEREEED LR

APE Dmax. 2 BT 5 FHLHER, REBELAT—T 4 Y JEEIBVT, B& #180b,/min. TH -
7. THRKELY, BELY, HI5? OHENFHLERLAL ThHol th b, FUED-LHEHED
LAV LB OLHBEO LAV EASETH o2 L Bbs. Karvonenb® OHETIE, AT —74 Y7
e LR EEREOFES LRI ER R VW ERRON TV A, RUETIEL L) LERALNED ST
L oT, AEEOMax. 2B 5 FEH O, Karvonens® OHELASORETH -2 EX S I LD
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T 5. T/, LEKOEEHICOWTDH160~190b,/ min DHEBEATEFH L THBDH, KHY
(160~180b,/min.) LEHS® (158~180b/min.) DEEPSHATDH, FEEIIFERF ODHRLV NNV TH o
mEBEbhas, ThOoDIZLhs, 200FEHEIILOHAR,LALEBEREIIERIRL, AF—T41427
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—7%, mod. OFEHFEEL, KEEEHN264.9m,/ min., A&7 —F 14 ¥ FEEH284.Tm/min. £ 7.5%E M
L, max. OFHEEIL, TEEEHN22.0m min., A7 —F 4 ¥ 7 iEEH288.3m./min. £5.9%FE ML 7z.
WEFROBEIIBWTD, AT —F4 Y THREDIT) PREEEICENE S, 572, —HKarvonen 571235
WTd, mod DFEHEEILX, ZKEIFEHS28.2m, min., A& —7F 4 ¥ 7 EEH365.9m, min. & 11.5% N
L, max. OFHHEEIL, KEHFEHSH5.5m, min., A& —TF 4 ¥ ZIFEH392.7Tm,min. £10.5% M L 7=
LV MERINATNE, T—ARKEBREIER) OB EREITE> TV, ABFEICBVTY
Karvonenb @ L F#EIZ, REHBELNV DA =T 14 Y TBEDEIIFECEVIFERPB/BONLZI LR
5.

PDEn X3z, BEEMITEEEEE D LHAEPLATORAEDLNVTHY), BEEEIHEEL T —
AEEZTCOXEBEI VDR —T 4 Y FEEDII) BB, o7, ZOZEhHY, KUEDKRE,
Karvonen® ® O & FRRIC, A7 —T 4 Y 7 EERKEEEICHKNTIL VRO L2EEERTHL I LP°
BRI,

2. BEEEEEYF - A MTA FOBRICOWT

FEROHFE ICBWTKEERETIERA MM FOEEREICKECEEEZRIZL, T2, AMTAFHF
EL Ry FIINEL 5T ETHREEINTWE, HIHYICL5E, 1000mZEIEEOFHEEILS
W, AMNTA FEEEREORIZ1 %KET r=0TIOMHBERA SN, BEFERIISpeed(m, min.)=
0.50X Stride(cm)+130.12%5, A FF A4 FEEYFORICZH 1 BKET r=—0.700FEEEIFA LN, BIFE
#1ZPitch(step/min.)=—0.24 XStride(cm) +163. TR b N7z L HE SN TV B, FFFEORFr—F 14
TEEEBVWTD, mod DA MF A FEEEREOHIZ 1 %KET r=0880HEIFA LN, EREMIE
Speed(m,/min.) =0.23XStride(cm)+166.5%%, A +5 4 FEEvFORIZH 1 %BKET r=—0.950 54
BhiAa b, E/RERIXSpeed(m, min.)=—0.19XStride(cm)+139.45 /b N7z, 72, max. TiE, X
FSA4 FEBEREOBIZL %KET r=0.780MEIA SN, HIFEHRIESpeed(m,min.)=0.27 X Strid
e (cm)+171.6%5, A PS54 FEEY FORICH 1 %KET r=—0.9405MBEA A 5 1, [ 7 E 4 1 Spee
d (m/min.)=—0.23XStride(cm) + 15340/ 5N 7. WTFHNICOBEICEL T, KEFELHARCE
WHEFED LN s, REBELABICRAF—T7 4 Y 7IBEIIBWTS, BEEREIA NI A FIC
LBEEIKEL, AVTAFRETRLE Yy FHERLTAERAIAL PR/, 2, FHROKEE
FTIE, AMTA FEBEREDOEICmod. T r=0.94 (p<0.01), max.Tr=0.86 (p<0.05) /LN,
LL, EvFERAFTA4 FOMIZIE, HEMICEREREBEIRDON o7, ZOMEIRO LN 2o
TRERELT, I—APENTHo - LRPHBREDVP DLV EORKA I EVEXLNBY, KT
ERTHLPICT S E TRV s 2057,

BEREOMBIIA T4 FREy FOMBHFREKRTH 545, AFEOEEREDHEIMIKEEETIES
BB AFIT, Ry —F4 Y FIBEICBOTIMFAEIEy FOEIMILI 23D THo7. TOZ L HWE
gL S, BEREOEMIIEy FOEMIKEIEELEL TR EEZLNE. BIILYIE, £B &
UEREMOGEEOERR T, REOHEMMSEEL L TENOEMMI L o THibh, BREFERIORFC
FEDNI LA o T, REOWNSIFEHOBNFTICL s THLNEETIKEL 2B EHEL TS, B
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PEREDEE L IZIFT—FH L Tz, THZ 5, Karvonend ® O L I, HEOHRL NIV TAT —
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