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Tab.1 The cross—country skiing events for the Beijing 2022 Winter Olympics[s]
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Tab.2 The common techniques used in modern cross—country skiing!%-5]
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Fig.1 The corresponding relationship between the commonly used techniques in competitions and the gear of cars as well as the usage conditions
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Fig.2 The pace type during cross—country skiing competitions!’8]
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(R AE AR S U ZRE A W I S B v i 8 14 74
FERUHEE S 3 A AR AE o R [R) T HALI | BT 25 L3
(458 B R A AR AN TR Ak 22 T X R AR PR AR AR
TS R 22 5 o AU s, e 5 0
Fb R R B/ IMRICH b3k OF- MR 3 (4845 . HR
VO, RPE)® ¥t A7 W5 i, BT ¥ 35 11 LL 980
JE R B IMRYCh L3 3L A 5 F- H AR (HR )™
WA WFFE o, A 1 5 (14 HL R B R R B /IMR R
T Y SEHL(VO,)® SRS A5 R AN — S ]
RE S {7 P 9 508 B2 4 B AN [] I 380, (E AN (1 P o i 2
fobn, PR AIRIE B s S I B . LU BRI R,
HI TP A HE A8 Ak, 18 30 51 1Y Le P8 ot B2t A A ey i
JE 30— s B CT B akoF- 4 ) Z AR Wk ), 28
LT SIS, Pk, 7E Al LB i B2 48 S IR, b
M%7 BN R B AR A R D sl vk, 1 o AR AL 1 22
POHEEE o B T sl B T L R SR E  ANRR E E
IRIRAE T 58 A HFAE | o Formenti 25 % i 7 1
T RN (42 km F) BY5RBE S RRIEEAT T 0F9E, 4551
BN HFETAT 0.01%(1 s) IR E HR<120 ¥ /min, 0.3%
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Tab.3 The list of intensity indicators of cross—country skiing

Scik Zik#H (n) BEER 2§ EH HR(K/min) %HR,, VO,(ml/min/kg) %VO,, BLA(mmol/L) RPE
SR
Stoggl 51%31,2017 B(12) LSIVIIEPIIN 3x1.1 km C(#1 {5 RS) 12.4
Zory %194 2016 B TR E Z A 3x1.2 km C 11.6
Vesterinen %1951 2009 H(16) [ bR+ E % 4x0.85 km C( i RS) 13.8
Zory %1961 2009 H(8) TR KA 3x1.2 km C 11.64
Andersson Z£971 2010 H(9) K 1.425 km F 172 93 12.1
%(6) L AR 52 A 4x1.57 km F 175~180 95~97 10.1~11.6
- % (12) ﬁﬁuz& 4x1.57 km F 172~ 173 95~96 94~11.4
Govus 251981 2018 . o
Z(5)  E#EAEE R 4x1.57 km F 172~ 175 95~96 10.5~12.0
%(9) LGN 4x1.57 km F 166 ~169 92 ~94 7.9~94
Mikkola %:(%7,2010 H(8) 5%+ E b 4x0.85 km V2(HIiE RS) 180 65.46 13.3
) B 3x3 min DP(F
Hauser 551190, 2014 H(8) Ll -+ =T . 13.0 >17
)
Andersson 251101 2016 B (10) [E %+ Hbr 4x1.3 km C 86 12.7
3.04km V1 179.1 88 70.6
3.04 km V2 180.9 88.9 72.9
Bilodeau Z51102) 1991 .
%(10) AEBEH 3.04 km V2A 177.7 87.3 69.2
3.04 km DIA 178.1 87.3 69.1
Mognoni 2119372001 Z(7) E R % 3.35kmC 14.0
K- 2
) H(6) KB 5.173 km C 168 86 9.7 17.8
Solli Z&[104) 2018 )
% (6) IR 5.173 km C 180 91 9.5 18
Larsson %£1195) 12005 $(10) [E KK 5.6 kmF 93 72
) o 6.2 km C 55.4 84 10.5
Welde 551161, 2003 % (5) TAAE R
6.2kmF 55.4 84 9.1
4Z(7) [E R K 6.7 km F 13.5
Mognoni %1971 12001 6.7km C 13.8
(1) EP 1
10.05 km F 11.4
) %(9) 10 km C 171 89 4.9
Gonzalez—Millan Z51108) 2017 HEvEES
% (5) 5km C 177 87 6.9
Formenti 251197 2015 H(12) [ 5 4 Hh [X. 10 km C 90.89
: ) 13.75 km C 178 10.4
Mygind 41101 1994 H(15) liE
13.75 km F 183 11.4
Karlsson Z£[1111 2018 H(8) VE S 13.75 km F(#8 & RS) 94
» 15km C 167
H(4) 5T 20
15km F 168
Bolger%'““,ZOIS
N 10 km C 174
4(5) 5T 20
10 km F 175
Formenti ££1113), 2015 (1) NS 42 km F 160 89
RS RAEI IR s km )& @ F 5 A A0 269 BARE R IR ER  HRRAC F; % HR, KARKCEFT 5L, VO,RABZAT; % V0, K

ARKBEAETT S

Yo BLA X k& o SUBR 3 s RPE AR R £ AL 3T

B,

(21 s) By IFIE] HR &b T 120 ~ 140 ¥ /min, 96.6% (1 h 51
min 42 s) (4 B} [8] HR &b T 144 ~ 168 ¥X/min, 3.1% (3
min 36 s) Y [E] HR>168 YK /min. 1 T I WU 5% 49 P

F AN RWESE, B2

I N KB AR AL AR T, —

ERERRT TS EME . X, AT 55 Ah— T
BEXT 12 44 T K B I i
R BT AR R AL T 62.19% ~ 95.87%HR,,,,
Z[a], HHr, 0.82% B I [E] <70%HR,,,, 0.53% B 5 [A] 42b

z 2 BT (10 km C)
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‘max

T 70% ~ 80%HR, _Z [A] , 31.82% B B [A] 4k F 80% ~

‘max

90%HR,,, 2 [f] , 66.84% I [8] >900%HR,, ", H Al
UL, >90%HR,,,. 25T i 25 L P8 i S22 (4 5 B X Ja],

KN 80% ~90% HR,, , K I, i F b %55 B 48 5l 2k
I, 0 13 2 BB AS [R]85 1Y) FL T4

Xt FRWESE AT NG AT LIS B DL 8548 . (1) ik
PP iz ol 510 B L PRI A HR A 172 ~ 180.9 IR/
min, /i F 87.3% ~ 97%HR, . ; K I & L FE 0T 19 HR Ny
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SN Bl R R B FE ARGR EE <81%HR,,,, s A TR
81% ~ 87% HR,,; i 98 B >87% HR,,,, 1] UL i ¥ &5
ST L R R S sh T H 5 (2) AN [ABE B AR R
453 LU TR (19328 By B A A 2 5, LR Sy J I g i
F) b R W = TR B H , D ARIS B LY L3
SR BE = T RUAT B B B 5 SEPR B AR R 58 B DL B R )
)12, e >90% HR,, 1 80% ~ 90% HR,,, J&: H:
o B X ], R LA S BT R (Y —IR
o 58 3 P b 58 330 ) ) D SRR AIE , 7608 FH L 985 B 4
SUNRE R 25 G 5 1 IR E
2.2 ReE A B AFAE

Lk BURLE AR SN0 &) — 2K 4 32 3h i
H B RE R AER FRAE . 26 3 Won , BB g =5 32 o) B e i
B RS VO, 4 65.46 mL/(min/kg) (), 1K 69.1% ~
86%V0,,,., K I 2 L FE BT 19 VO, 4 55.4 mL/(min/kg)
(%), 35 72% ~ 84%V 0, , b B& v A 1 3L R e B 3 531
FR13K 7.9 ~ 14 mmol/L £14.9 ~ 13.8 mmol/L, M 3% P Ii$5
B ml Dl R I R — 0 el A AR R T A I ) 2 5 it e
Wiz H . S8 FIREEE — e R o T
T L T FURI T U R i I RRAE  (FUAN B R B
(14 RE SRR EE B AT OGBS R R EE B AE
PR IR S5 1 DL 25 22 B2 5 Rusko 84 (BB 55 ) —
A5, FR A At P BIF 5 i B S LU BP0 400 kI BB, A
50% 7o A7 ok A L RE s K IE BT L FE R Y (B>
90% , Forf 30km S L I 5 5 i L B v, A AL R LL 15
KB T 99% , I JC A HE AR Y L9 JL T AT L Z2 s (3%
4) . Rusko JCF 4 BT 18 =5 L RE L1 491 (1 B 3= 2 AL T
Astrand %1970 4F A ST SRS 21, H AT C BOIESE
FUARA, T A A ALREAY L) e AR SRR W AT B
B S 2 (y=22.404 Inx+45.176, v A AALRE I
B, xRy 4 Jyiz St i) ), J6 S FFE (1 km) B A
TCEBIALRE L9153 31 2498 60% Fi1 40% , K 1 B L B8 A
JLT100% R A A BERE . DN B IR EAE AT DL, A7 4RI E
SAHLRETE AR B LU R P 38 S BOR U, DR R X
FLFEMER AT RB I B B R L. X2
3 T UESE, (R 5T R B, JCIS e K L FRIR 2 25
FE BT 02 Bl A SEURT TG SRR g 40X I g
H 0932 3h R BUAELE IE 1 AR $EAE S fE 2R Th 3%
(4x0.85 km V2, & % L0 F€ W] @ 20 min) /9 B 52
Vesterinen 25 238 & B, JC48 HE 1 % Ay P #8 L B% (A%

FE L 1/ATPRFE) G4 520 BE K, A AU RE T DX S P R L
FE(L2 YT FE) G HsE e R, SRR B Lh 3R,
B 1 JC SRR T RERE S Bhiz sh B TE R Kk L kD) R
Je ] B B S — S S 2 A A A T R AP
A 4RE 1 W BE 6% 5 B3z 3l DD K & CAn s B i L
2 RE IR A LS ) |, B k9% 57 A=, DT ZE 473 Fif
HPEARE AF5E s, BRI VO, w5 1B i 2
16 B RS LU AR IR] ()P 3S8E 25 R /N R
X} S P B 0T BV 252 sh AT YIRS, %A
SATCAE R I ZRIFE

NTR] - B HL 3R, K HE 2 LB I T B e i )L
T 100% K A A AMERE (R 4) , 3T FEAEIE M) 2 S48
B, O R U 02 Bl 51 A AR T PR T AR
3K, Tonnessen & A 5% /R, 55 F K IE B 0 H iz
KRG E VO, 1T LIk F] 6.42 L/min (48X} {H) Fl
84.3 mL/(min-kg) (FHXMH) , Z FRKIE I H B iz %
A5 F B VO, [AFE R IA 4.27 L/min #172.6 mL/(min -
kg)o X FREE BT A 2R A R ALIR 252 is
Bl 5L LR B GRHE  , AR 22 A AH DG 5 itk — 2D B
TE T3k — WS A2, JCRRE T I LT
FEA 2 A T A M BE TR K I 5 L PR ) — S G
Wy Bt & ¥4 FH , 40 Norman 2512 %0 &t %6k 58 1~ 15 F1 30
km C ST R B, 3820 51 13 Be i T i o 600 ~
700 W, 4124 F 100% ~ 120% VO,,,., 4 i T HA1E %
FEFE b T 7 EEAI AR /N AN J2 LA ) L B8 1) ik 671
AN TR K P HE 2 6 B 1 5 3 B B A R E ALfE
FRIFIESE T WA . Losnegard U AIF5Y R IH , 55 F
K B H i B Haz 8 5L VO, B 82 mL (min -
kg) , HR A R4 81 mL(min-kg) , T N E %2 76
mL(min-kg) , 2R 1M =& 1Y B KA 7 RE(S0,~defcit) 4]
AL, 35 h 76 .75 F11 76 ml/kg. Sandbakk %513
TEAFZKE R BE B 500 H % 32 3h 5t B9 il & 31
TGS A, B 9062 2 5L 20, -defeit 5 FE R 9%
s 2 AL, T VO, N B & T . T Lk
WS, A2 HE 25 0 H 8 i 5532 B A A T IR
I 3 A A RE RN, oAb, BRI H AN ]
W27 R AR IR LT SR (0 25 55 (6 4) , T B 5 L 3%
Xl K AR A 1 T SR, R TR T i T SR A b | Bl R
B, B T i B BE LL G R, PR, B X AN [
T S S L A T L X R Y R AR T
W
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Tab.4 The characteristics of energy supply during cross—country skiing competitions

b=
BeE

R4 AE[133-134]

[133-134]

HRES /] AERER (K)) A4 ITEA(%) A4 ITEA(%) N5 /e 7K (% )
1 km/2 min 400 50/50 ~60/~40 1/99
5 km/15 min 1 600 90/10 ~100/=0 5/95
10 km 3000 95/5 ~100/=0 10/90
15 km 4500 97/3 ~100/=0 20/80
30 km 9 000 99/1 ~100/=0 40/60
50 km 15 000 99/1 ~100/=0 50/50

2.3 LA A B4 A

J1 NP 2= A2 T JLAE BB I H I 2 b — B
PR ] 5557 T Y BT K — ] 50 P R A A o T % LE
LA ) BRI . A8 R 8 3) 5L Lk
AH I AL PR WS 4 7 A 0 0 Ly e R W i ) = 1Y)
10% ~ 25% 5% 5 K45 S L4 71 5 1 20% ~ 50% , IF H.
Bl 25 I B A XM /N IR R
AR T L BEXT UL PR B K T i A R OR I AN i, LA B
Ky AT REIF AN 2 B Y o 55 L B A i A BE T R
Carlsson 257 [ AfF 55 485 el o | 3R T T I 38 B
B3 S A5 B 46 (60°/s . 180°/s . 300°/s ) i & B (1)
i, BT IS A AU =2 30 B 15 130 km C BGE %
LLFER ST AR SR T B i Tz 8h 0L
RE Tl 2R RN RN Bt = SRR BRI e KA
Wi Iy it 25 L R = 2SBEIAR A ZE R AN
i) T Ky i, BB 25 32 2l L LIRS ) Fgé & )
HER T — AN R 3h 5 L FE o ILA ek
T35 B RN (B H T B LA R B4 58 O s 5 &
5K 258 A HOR DLAES LU B, S s B R i i
18 3)) 51 5 B n LI T 7 (L o 2 M4 9 e
F1) o BHIFA B #5476 S8 B WL 7 Il 2k
5205 60 s b B R E G KOS B TR
AP S B s S R G, BR T LA T, LA
By R BT I S R R E R )RR,
TR R R BN H W RS N HE TR
RIS 220 200 A i e A I B P A A 0 T
g AR X SR AE B SRR B S A R B (2
5 1 R b Y B ) AR AR R 2 (I T . BERE UK,
G F AR HEFE b (ff FH DIA F AR ) R ¥ 25 38 2 B3 i3S
H LA AT LA T 100 ~ 200 ms 745 1 500 ~ 2 000 N ) iz
R M g5 I BOR L B8 b BB 7 A= 1 5 K b
B AR T AL G HOR L BE, I 55 22 TR B8 b s 1] (300 ~
800 ms) ; HESE ST ) — D EHZOR E——Wr T bk, 7Ef

FH DP F1 DIA $2 A B 7] 2L T 300 ~ 400 ms 7 4= 100 ~
400 N FE L 38, H AT R T R s = ik
FAATRE AR rp (] V2 BOR ) R AR o [ 825 ™ £ 1)
T KBS BT 1600 N, W 35 AL 7= A fe K% 1y et
IKF) T 430 N, I H s ZE i il [ B8 4 (50 ms) ' A
B LT i 552 3 51 AR 0 Bl & 48 bR 25 S A
FEh R, G L Fiagh R sE e IR TR U R
SEILAEXGR M —F 50 = X, 2R TR
[F] 1 J31) Ak 3 9 15 3 3 51 L 3R iz sl LR g i A OR
TRARIY 22 S 0 2 32 3 USE R RE I i ER TH AR A T
R R o TR R iEs e g | b
B RN TR 1) 9% R T L 2 32 Bl D3 AH I B A 1 98 A
% 35% .38% F159%"*", 4= & | b B FFEHLA 3min 4=
J1iz 3 S Ak LD 5 52 A BE g, e ik JUL P T
F1) B F 5 87% .97% F 103% ), Jf H.ixX Fl 22
2 Bl iz 25 B GEUED ) B gk — 2 K, |
WA R LA D0 UL D) 8 & 7)) i K 22
PR, ATRE R B L LG 2 R R R T o F
T T s B R SRR ), AR B s R SR LA )
i, OUHE ESMTEMILA 8. 25 vk, LA
Tivf 3 FE 2 71 2 b B e 25 L AR B BB R
T INGRFEEALY HA R AR 7 B8 FENLAD
X R B2

3 BEEEW

ST T 5 P i A B 2 B LU BRI, B A R
3 HE U TR RRAIE RE A8 Sy e 1 B B =5 ) Bl e g 42
ARG . XF RIS S AR A E S B, BRI 3
I B TR B O 5 LG A A e BB B, AR
e JE BRSSP B Be ke 1 R B S L TR B
H, SBES BEYE S B SE T B TR
JER], 2 BEY BB BRI E T TR RS LU AR Y
JEEA] s DP DK F1 V2 45 - B 50K 2 T =5 LU B8 i 7
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A Scientific Analysis and Suggestions on the Characteristics of Cross-country
Skiing Competition

YANG Wei', WANG Xinxin', LIAO Kaifang', GU Zhenggiu', WANG Xiaolu', LI Yongming'-?
(1.School of Physical Education & Sport Training , Shanghai University of Sport, Shanghai 200438, China ;2.China Institute of
Sport Science, Beijing 100061, China)

Abstract: Cross-country skiing is a Winter Olympics event. It can provide a reference for the rapid development of cross-country
skiing in China by scientifically sorting out and analyzing its characteristics. This paper aims to analyze cross-country skiing
competition characteristics from kinematics and physiology. The results show that cross-country skiing is a high physiological
intensity event with uphill and flat stages being the most important part of the competition. Aerobic and anaerobic capacity,
muscular endurance and explosive power, excellent upper body technique and cycle length, reasonable choice of technique,
skilled transition between techniques and the ability of even pace are important for cross-country skiing competition. Chinese
cross-country skiing team should carry out targeted training based on the competition characteristics to realize the rapid
development of cross-country skiing.

Key words: The Winter Olympic Games; cross-country skiing; skiing training; skiing techniques; skiing competition; physical

intensity
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