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AR BUBKDC 5 pK 15w B 100 H 0 oK 7 ot A B e I oK . b & 2R BURRIE e
B eE, vk B E Y 5 RSEFES IR b, o 4 DR T bk
I A R KR, X R R GehAR R 3 IE T . PRI 2ZE AT 0.5 BICEE,
VKIREREYS), A RITFiEsh R ST PRI, 7Esede Ll 0.001 i 0.001 K
AL, REDE TR HE . B S FIEIRMIE N 5T, A AHAHHON I s,
F A%y SRR B2, BHRIH I B SR RS 2. TERHE e
183 BONMUARSR A RN KO, TERBAEFE) ARG RIS ROR . Xk,
CO, B LT AR A Hy iz 3h 53 I b K ¥ S FoK o3I T BB AR 2 HF
FAXTIRIVS RGN 7, B UKE AR T LLSIEYK 32 shvi H S pK i i 54 (W
Lin, etal., 2019) , JfHUKMR2ZEAEIER 0.5°C, PKIE2ZE8/)N, DK r-F-
e P RIS UE MR, o AR T AR T T S K T ) R O R

WA, SEIREARY R I BN T SERAIRUGE RMAEESR ) (R
HRIT 7 2020 AR ) ZFMEIEH (M Schnitzer, et al., 2019) . “+PUH” fEFE “W
7 F 2030 4EF[HRKIE (Di Wang, etal., 2019) , A4 RS KEIZSNH
A FFEEIFE (Jiaming Zhang, 2020) % =7 A ER . CO, Bl A 4 il vk
HAR FZARI R LT WA 55—, TR b, & FHIK T SRS R
REMH (GWP) ZF48K (McLinden MO, et al., 2019) , % &80T BAL
GWP i3 T BE BRATIL st & ZR AT siis S s O RIS 55 =, T 2281k,
PAEL A UK AR )2 Hl vk AR . R HIvkEE R R B (k) 44 ks
VS EIHEAE M TR B PR b A 2 e, Y8 FR0 3 o i 26 SO PR HLBR B BN
i SiRE

R R] L, AT CO, B I AR R AR AR I T b 5t & B2 B R BER
PLRGGEFREOR, WHEZ AR S T KRR, B4, Co, Bl A HeIE
IHARSE w1 UK TR PR A A B 3 5 AR K. XFIR e, AR B
F¥ 2022 45 24 Ji b 5t 4 22 BARIC 5552 2l 23 3 B 1 VK 2ZeF 3000 KI5 H H 5 AL
GBI R, SR VKA FEE VK55 32 20 51 G DR 30T (8 5 12 ARG 56
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i I A1 n] DU S e ok B0 H a8 3 blis sh R L Gz sl R
BLhi

2 HMRMREM|RFE

21 HARIR

ARSCLL 2022 Al 5T A ZE UKL 532 21 23 R S A vKOTT 450 T S BE i vk 2
¥ 3000 K3 H &7 (result) IBFFEXS (1), FEIETLIT =Z8% 5,

Hi—, TERE HIED, Tk FZ MM 2R EAR /N, 18 8h 51 e a5 AR
e A B B 0 1B B R I SE B ARt T A BYE,  (Brownlie, et al.,
2004 ) o BRULLASL, 5255 FEOAEE A b AH OC IR 20 i s B s i s (Jill
Borresen, 2008; Stephen C. Hollings, etal., 2012) .

B BRI AHIKEAR . TR CO, B BV IvKEOR
ARV e R H SR AR XS E M vk aE i, vKIAREEE Y], AR FiE 8h
TS

B, BOMIRRIE SN, MR, TS — L i i
RAGRME . ARG Flz 30 51 Y B OB R RV TE TR 242 (Kuper and
Sterken, 2008 ) . HZEEMERIET L, AJmA B KTERG IR N AR NE D,
PRI T AR R R A AXTIZ Bl USSR

2.2 WRBEA

2.2.1 FIBHIRIE

ARTUESE B Wl I e S IR SIS 3 UG, RS VKR VK
X2 ) 5L RS IsE AL, AT AR B I S B UK R VK 132 335 H iE B

DUSGTEMRLE . X, ARTREGY LR W vk 3000 KIH R, i AL
Pt EESR AWML, 55—, SIS HOR BT K2 F 3000 KT H 3§
MO FE G, FEARAR LRI . PR . SRR | VKRR | VKERERE
VK 2 THT IR D S KT O i PR 236 58 5 35—, 2022 AR5 24 JR b i & ZR AR 5E
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2.2.2 HIEEE

W K L T 3000 KT H SR (result) (I A st 1a] () 43 s =5
AR LIRS R B, [E]E, 48 ice condition ( good\normal\abnormal ) H 5= 4 55 4k,
HEFRIEA . EVEEEER IS 1 R,

=1 EREHE

Table 1 Data after cleaning

Thickness of ice ice surface temperature Indoor Temperature . indoor humidity

ice condition

Result (S)

(em) (co) (Cc°) (%)
236.93 4.8 -6.6 17.5 1 19
238.06 4.8 -6.6 17.5 1 19
238.64 4.8 -6.6 17.5 1 19
240.34 4.8 -6.6 17.5 1 19
241.44 4.8 -6.6 17.5 1 19
241.77 4.5 -6.4 18.6 1 18
242.21 4.5 -6.4 18.6 1 18
242.37 4.5 -6.4 18.6 1 18
243.40 4.5 -6.4 18.6 1 18
243.42 4.5 -6.4 18.6 1 18
243.84 4.8 -7.2 19.0 1 25
244.27 4.8 -7.2 19.0 1 25
244.97 4.8 -7.2 19.0 1 25
246.40 4.8 =72 19.0 1 25
247.74 4.8 -7.2 19.0 1 25
248.70 5.1 -6.1 19.0 1 25
252.28 5.1 -6.1 19.0 1 25
253.13 5.1 -6.1 19.0 1 25
253.42 5.1 -6.1 19.0 1 25
257.16 5.1 -6.1 19.0 1 25

2.2.3 WGt

BE R G R a4 2 R . Bdieg Rk 20 A LEBE SRS,
T/ ME R 236.93 FF, R KAE A 257.16 B, VKRB -6.1 1 -7.2 Z[1],
25 IR PR IFTE 17.5he 19.0 $RICEZ ], Z IR ITE 18%-25% iX—IX[a], 1t
A, HRHETEPE KRR R KBRS i o BT, PUHIRAE 1.
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F2 HRMgit

Table 2 Descriptive statistic

N f/MA I ONIEN HfE P2
Result (s) 20 236.93 257.16 247.04 204.626
Thickness of ice (em ) 20 4.5 5.1 4.711 0.132
ice surface temperature (ce) 20 -6.1 -7.2 -6.648 0.548
Indoor Temperature ( C°) 20 17.5 19.0 17.450 1.048
ice condition 20 1 1 1 0.000
indoor humidity ( % ) 20 18.0 25.0 21.5 3.943

3 ZR5%M

3] /L,\'Eﬁ%/

T AT ARD, IR B RIS — R e A T IR A PR S, fh 22 3 AT,
FE M vK &5 3000 K30 H i 45 A1 Thickness of ice (em ) H p<0.05, BN A it
JEIEASME.

3 IkIpMIRIEIRERER I

Table 3 Ice rink physical index normality test

fats giit H HEE i
Resut (s) 0.873 20 0.000
Thickness of ice ( cm ) 0.903 20 0.001
ice surface temperature ( C°) 0.953 20 0.061
Indoor Temperature ( C°) 0.976 20 0.470
ice condition 0.317 20 0.000
indoor humidity (% ) 0.981 20 0.628

3.2 KHYIBISIR S REABRIEDHT

M AN A RS AT 2 IE AT, T LR FHT R R SR A T AR DA 56
e 4 HSEPERTTLIE Y, S KL 3000 KI5 H Gtk G, 2 P9 i A L
K NIREEZ IR, #£0.01 2050 (BUR ) b RAHSCHE 2B B AH G, MG R L
9 0.676, 0.764 LAK 0.743, MAh, ZFWNIRE S % N2 IS BEAR DG, HOC

0
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ZHCH 0.707.

4 IKpHIBEAR S R E Bk ZF 3000 KA GE K
Table 4 Correlation between physical index of ice field and speed skating

women’s 3000 m performance

Result Thickness of ice surface Indoor ice indoor
(s) ice (cm ) temperature ( C°) Temperature( C°) condition humidity ( % )
Result (s) 1
Thickness of

ice (em) 0.676 1
ice surface
temperature 0.372 0.261 1
(c°)
Indoor
Temperature 0.764”  0.230 -0.033 1
(co)
ice condition 0 0 0 0 0
Indoor
humidity  0.743" 0 -0.204 0.707" 0 1
(%)

E: Y0055 (RE) , MEBEFE, = £ 001 B3 (L), AAREHE,

4 %ig

HIRA AL T A AE R Al A, SH R UK 3000 KI5 H ST K5 2 [] Y A
KPR, P AT RUE A X R AR S AT Times SEATTIN o

RPN
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Correlation Between CO, Cooling Conditions and
Ice Movement Speed in Ice Making Technology
—Example of Women’s 3000 m
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Winter Olympicschool of Harbin Sport University, Harbin

Abstract: During the Beijing Winter Olympics, the main venues of the ice
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events all adopted the CO, transcritical direct cooling cycle technology, which
not only reduces carbon emissions, but also effectively ensures the smoothness
and stability of the ice track surface. Then, whether CO, transcritical
refrigeration cycle technology improves the high-quality rate of ice surface
quality is conducive to the stable performance of athletes. In this regard, this
study uses the official results of the women’s 3000 m speed skating event at the
24th Beijing Winter Olympic Games in 2022 as the data basis, and uses the
method of correlation analysis between ice quality on the ice rink and athletes’
performance to test. , This study takes the 24th Beijing Winter Olympic Games
in 2022 as an example of the women’s 3000 m speed skating competition,
and analyzes the correlation between the ice surface quality index data of the
speed skating women’s 3000 m event venues and the official speed skating
performance. The conclusions of this study can provide a technical basis for
improving the sports performance and sports performance of athletes in ice
sports. The results of the study showed that there was a significant correlation
at the 0.01 level (two-tailed) between the speed skating women’s 3000 m event
performance and ice quality, indoor temperature and indoor humidity, with
correlation coefficients of 0.676, 0.764 and 0.743. In addition, the indoor
temperature and indoor humidity are also highly correlated, and the correlation
coefficient is 0.707, so a model can be established to predict the game
performance through relevant indicators.

Key words: Speed skating; Ice conditions; Sports performance; Beijing Winter

Olympics
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