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Research on the Running Characteristics and
Physiological Load of Professional Male Tennis
Players Based on Accelerometer and GPS Indexes
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H OE: B R TRRES R ZARBRT AR LRSS RIS AR R AT,
H 4L FELFFRKEH R, HH(179.5£7.5) em, WIR B (71.7+3.5) kg, L3476 3% 4%
WAL R, R I % B4 4E s 89 Catapult OptimEye S7 12 5 K & 4o A B B | $LER
HHTBRTIE S R 2 R P e s sh BAEAe A AT 35 AT AT R SR 5 M), R 45 B 5T
HATEF RS H . SR D F T MEIEF R A (78.4520.8) min 490U R 7 LI IEH A
(4093+1168) m, P & FIkik 3 ) 3B B 51Kk 36,30 B 1) & b5 %) 4 88.3% #295.1%. -F
¥ 1 M 3 4E 2 #7 4k % (inertial movement analysis, IMA) 2 (1 357+139) & ,i& 3 R #i 47
(PlayerLoad™,PL) 4 513+ 140, £ ¥ 2D i 3) i1 # 4 (2D PlayerLoad™, 2D PL) fefk.i% i& )
B % 47 (PlayerLoad™ slow, PL slow) & Yo 551 4 69.2% #7 85.9%;2) &3 E HH 2B 5
M £ 5 (P<0.05), % 2 &L it fo B F R X @R M S % 1 # 2 23 H 2 5+ (P<0.05),%2
HLH13HERFMWZF(P<0.05);3)FF 3054 (151£15.4) K/min, 65%~75% &
X & (HR,,,) & 4 31.3%,75%~85% HR & Yo 42.4%, -F 3 fo SLER K -F 4 (5.41+2.4)
mmol/Lo i 5 F o JUBR A BT PR B A B3 2 (P<<0.05) . % AT LR
RN 55 EBA ST ML T T MR, & &35 {478 2N BIKE SeME
MR, BFEH B EGZHEINTRL R X BERFZ—, )R &ITe
RAMAEHRALRRRS, AHEAL G KT S TREARRLE FEHR LR T &
R whl g % 133 RAVRBR MR R IR T, A ARD £ UG RGN KRR
S FLNER R

KGR BBl MR s 4R AE O B A SR

Abstract: Objective: To investigate the running characteristics and physiological load of male
tennis players in three sets of two-win and tie-break. Methods: Four well trained tennis players,
height (179.5+7.5) cm, weight (71.7 +3.5) kg played a total of six hard-court simulated match-
es, and a multivariate integrated Catapult OptimEye S7 signal receiver, heart rate sensor, and
blood lactate analyzer were used to collect and monitor the running data and internal load index-
es during the whole match. The data were compiled and analyzed for variability after the match.
Results: 1) The total running distance during the (78.4£20.8) min match was (4 0931 168) m.
The proportion of distance and time running at low speed was 88.3% and 95.1%, respectively.
The average IMA was (1 3573139) times, and PlayerLoad™ was 513 £140. 2D PlayerLoad™
and PlayerLoad™ slow accounted for 69.2% and 85.9%, respectively. 2) The running distances
in each set were significantly different (P<<0.05). The number of acceleration and forehand cor-
ner change of direction in the second set was significantly different from the first set (P<<0.05).
PlayerLoad™, 2D PlayerLoad™ and PlayerLoad™ slow in the second set significantly differed
from the first and third sets (P<<0.05). 3) The average heart rate was (1514 15.4) bpm; 65%~
75% HR,,, heart rate interval accounted for 31.3%, 75%~85% HR,,, heart rate interval ac-
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counted for 42.4 %, and the mean blood lactate value was (5.4 -2.4) mmol/L. The loser’s heart
rate and blood lactate concentration were significantly different from the winner’s (P<<0.05).
Conclusions: 1) The match time and running distance in the study were more extended than in
professional men’s tennis matches, and the running load of each set showed a regular change
from low to high. The excellent agility performance of male players is one of the critical param-
eters for winning hard-court matches. 2) The match in the study had higher physiological de-
mands on the players, losers’ physiological load were higher than the winner and professional
male players, the match intensity with high heart rate distribution ratios and the earlier appear-
ance of an acidic environment in the physiology. Weak aerobic capacity and lack of endurance
level were the main factors that caused the failure of the match.

Keywords: racket sports; tennis; running characteristics; heart rate; blood lactate concentration
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H A, 305 55 7 P Bk AT Ak Tt S EICK S, £
2023 4F 5 F BRI X Bk I 4 2 (Association of Tennis Profes-
sionals , ATP) 23 A7 f o [ 55 7 {1 5 HE 44 o, JIE 55 5 R Bk
125 0l 44 O 57 6, 3E N T 500 4 (12 B R ALE
44, EIH ST, 3 — 2N W BRI E R IT, B 5w
45 5 94 W Bk 12 3 L TURFAE , IF DL AE 9 I 2R B bR Ak
P, R R THRE 5 T P EREE AR S5 4 00 I R AT

BEE R T 2 DR S RS BRI A it 8, 12
LTSS RN X CANE AT AN CiLE SN MY X AP i BUIE 2
Jifbi 2 WA R 12 3 0 AR SO G AR P RS 5 N
123 B ANE LR BRI R I 1 B0 SR R w45,
20220 1 GPS NI B | BE SR A KR 0 v S (R 25 R A
1 2045 P I 5 5 T (inertial measurement unit, IMU )/ =5l 1
PN A% SR Caccelerometer) , SIZ B 51 40 67 Anf 11 9% 3)
SR SN I 5 B st FORE E I DA R S AR Fe bR s
FAEAS TR A 424K T H 7F (Anita et al., 2020 ; Aughey , 2011 ;
Carling et al.,2019) . FT i1 4= BB B 4F 70 #4& & (inertial
movement analysis , IMA ) F112 3 71 61 if (PlayerLoad™ , PL) F)
C A A5 B AR BR IS IO H 12 Bl 53 A0 47 1t 1) B AR AR G
B 45,2018 25 K% 45, 2020 ; Baptista et al., 2018 ; Jones
etal.,2019) . BAERIERIH b 547 () 952 K 2 @ AR
H 2l R B & 4t (automatic tracking system) . & IR % 4t (the
hawk-eye system) & X% Il Z5 J¢ bt 28 41 30 14 47 7 Bt (Bulent
etal.,2017, 2018 ; Galé-Ansodi et al., 2016 ; Lara et al., 2018;
Pereira et al., 2017) . U244 H 33 F GPS £ 4f5 F1 Player-
Load™ 73 #7 #4¢ 5 48 7T W 3K LU 3§ 670 A 5 ALE 1) BF 7T (Galé-An-
sodi et al., 2018,2020; Hoppe et al.,2020) . &Sk =, H
XS X BR Eb S8 AN [B] L S48 1) L 37 MO b 5« M ) 1) BL 2E i 5)
FEAE B 9C 45 AN 08 W, B /D £E T Accelerometer 8 B 1T
il 55 = 2% P Jik B o) D BR LL B B B A L DL K N A A
T bR AH 45 G PR T L FR A L A SR R AE I F 9T

W Bk iz 5l 1 b 28 AR TR A AN R T H AR TR BRI E
L BEFE P AT S AR A TR N AR R T A AR S Bl
WA ER T H A A R D 2R I FLR WS B R
(rating of perceived exertion , RPE) 45 47 M #5342 3 It P & 11
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CHRARIRES : A

i (Fernandez-Fernandez et al.,2009) , = /K ~Fiz 5h 51 49 & ft
F17KFAE 44~69 mL/(kg+min) , K % #8iL 50 mL/(kg - min)
(Christmass et al., 1998; Elliott et al., 1985; Kovacs et al.,
2004) o bEFE P800 FEAE 140~ 155 IR /min, 0 F E R
o IR RE RS, HR L EERA LA MRS E5H
18R a2 3 8 2, e DLAE B S e ) 32 3l (3RO #2231
BT RFAIE 5 BRI AN BE A Dy P9 A7 17 90 B A ME — A vfE o 1 %
T SR 15 bR A WF TR WIS Bl G AE L 3R R BON R A 4
R AL R B, R R BT = A I SR A b BRI AT 0 AR 4R
b R £E 22 45 vh1E A S A8 e 3 Wi P (Mendez-Villanueva
et al., 2007) , {H #1 F- Gk /DO F AR AR I KR, x5 £R 7T M Bk iE
gy A HL A2 B s B AR AN TS ERN

g5 b, AR FERLE I Accelerometer & GPS H1 2l £ 4
g5 A W AR AR A AR AE GO 28 L L FLIR D, X 55 7 M BR = 45 7
FEF J53 iR B ) L 3R TR d2 B 53 L Ah S B AL, IR T
0 Bk EL Z8 0 B RFAIE LA S 2B B A7 A

1 ARWEEHE
L1 B %

AT R4 4L S TMIEREs) 7, R (19.7E
0.9)% & JF &8 (71.74£3.5) kg, & (179.5+7.5) cm, 123
IR (127208 %, 183 B AREFEHL Y HER — K. &
A 52 B R 2021 A8 28 25 Ja v ] K 2 AR X BR A b 2R (R
RO T AR ZEZE . AT 0 32 3 AT 58 10 i i
WM W& SR, &% FFE A RS INA S
UndEECE R INEACIb=
1.2 BRI+
12,1 ARHUEIT H SR

KRN HAE A AT L L 38 (n=16) , L2 26 1 R A
AT R e i ) 7R A2 I B O I T 20 A v R AT
PE 3. 2 HlFE 5 R BREH s E AR A, EE AR I
i LA 12 Bl D LG FR AR, 1 IR 3 0 2 5 S5 1 AR AR
P, [ I e BOW ARG 77 3RS 18 FUSE IR B B3R 85

12 3 53 BEAT 20 min $4 5 J5 , AR RS 10 min, RS 3
) 7 X7 38 5 51 )8 0B 2 )48 F 5 ) 3 0 DR 3R e T B
W B (International Tennis Federation, ITF) Lt 28 it ik 5 F 114



Wi, %5 35T Accelerometer K GPS Fahrxt 4l 53 F P ERIZ 2 51 LU 3% MU S RFAIE B A2 28 47 faf BF 520

G5 s & Catapult OptimEye S7 (Catapult Sports ,
WK HE, 100 Hz) X bE 7§ 10 20 14 B2 L 48 7] 55 Accelerometer
AN GPS 4 HEAT R &, FF 15 i 77 il 38 0 5 A% & 45 (Polar
T31C, 25 2D REZ A H IR 0. WATEM KT 1A
BT 15min 530, FHRGESRIT S TRE T EE. Nk
SR B W AN G — M, B AL 2 A S BT A B L g
SRS IR . R 2 Heseie N R Ll s —
JR) G Z8 TT i A0 &85 TN 18], 22 50 i 40 b 28 s 20 31 1 74
P, Z RN BTG S . R EARE VILIEE 1 /28
3 JR S B i B R S e B — A D 2R AR K R
4R 10 pL, H A A if FLR 43 #7 1X (Biosen C-Line, EKF , {&
B Xof LA HEAT 2347
122 #HiEiE

LR S I E R RN E S ERRS
LI 3 2, H Catapult 71 [ [X[4] BA 3zt 7% 45 4% Catapult Open-
field B4, N #3283l Gy 1 L SR B0 BEAT G B8 K N L Ah A
fif 4 4% B = B R P AR o L b g — 2 (n=28) L FE
TR, #EbR K 5 E M.

D IMA A8 18] J5 1] 43 25 < AR 48 IMA Jj 1), 72 4% 58 I 8
] AT 0 IMA T B AT VA 98, LIS 3l 53 I Oy 1)/ X
Sk o B HE R 18 2 By T FIER RO 00, 38 B RO TR
F11 5 1E THD 5 1) R D 0 T (—45° ~45°) 7€ LA N Caceelera-
tion, ACC) , A5 {31 i) 1E = DX I3k (45°~—135°) 5& L Hy
1E F [X (forehand corner, FHC) , 72 fill # 1] J F [X 38 i &
(-135°~-45°) 5& X R X F X (backhand corner, BHC) ]
3T D,

—45 to 45°
ACC
00

>2m/s?

-90° 90°
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+180°
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Figure 1. Schematic Diagram of IMA Direction

% : 44 Hoppe (2016 )15-% .

2) T S AR AR 43 9« PL R 0 v P 11 R 10—
Tt N A2 B AT S R = o il A T A R A 1
. ERLAH“3 A b (XY FZ 5D A ) i

Mk B AR Ak 567 7 22 R0, B DL 100 17 5 AR Ron (AR D
(Boyd et al.,2013) . PL 0§ £ 45 %l (X %) « PlayerLoad™
A 5 b CY D) PL AN 6 BLRh (Z 3D PL. 2D i@ 3 51 47 fi
(2D PlayerLoad™, 2D PL) 48 2 i 0 B it , o A1 J5 b 22 /2
A5 b B = A2 1 PL, IR 38052 3l 54 B fi (PlayerLoad™ slow
PL slow) 483 & /N T 2 m/s I 1) PL Q5 8t 55, 2018) .

_ ”(a)(l —ay )V +(ap—a, )V +(ay-a, )
PL / 100 (D

o, a A, a, TS B a, O T B

3L H X K 43« 185 7 R0 # (HR,,, ) 1% 220 —4F
WO A RYEE 3 R HR, R 48 S X E : HR,,, <
50% 39 Zonel , 50%<HR__ < 65% 3y Zone2 , 65%<HR__ <
75% A Zone3 , 75%<<HR,  <85% N Zone4, HR > 85% A
Zone5 , JEAF 1 IZ 5l 50 A X JH] A B .

4) 3 X 1) K1) 43 BT X ER 3 M 4 B AN R LU B B)
A > 5 m/s (1) Hi 28 E (Galé-Ansodi et al., 2017a) , (Al
H B0 )y B X T ) S AR v 2 O - B Bl <2 m/s
S B Clow speed , LS) , 2 m/s<< 3 513 ¥ <3.8 m/s 9
B (middle speed, MS) , 3.8 m/s<< i 2l il J <5 m/s N &
1 B Chigh speed, HS) , J 11 5 % 3 B B i) 8] (time , T) 1
¥ & (distance , D) 5 &5 LU 28 P B 5 1 JA) (5 L .

123 B4

iz Ff SPSS (Statistics 22, IBM Corporation , 3¢ [E ) % Lt
FEh AR PR AT GO0t T AR B FR AR AT Levene 77
ZESFPER TS, JE S U7 2= S R A R, 43 SR H 7 22 SR
Bonferroni (B) % 8 Jj 22 AN 5% It Dunnett” s T3 3 XF % $i 45
BEAT 2 B HR . 3 H BRI R T 22 2 A CANOVAD X & it
Ll 8 0 ) K 22 e WEAT 20 AT 5 AT F B SERE A ¢ 8 30X T 47
N ST R AT 43 AT L A R 56 R RIS Bh B E ) L
DA M A 35 00 26 X [R) o5 B 22 o Sk 45 R DT 34 £ 4%
HEZE (MESD) KoK, 22 5 VE K B E P<<0.05 N B A &34
PEZE R

2 RER
2.1 BEBLEHH HATER

55T P EK b 28 P 35 37 5] ] 2 (78.4£20.8) min, 25 1 4
(first set, S1) « &% 2 4% (second set, S2) F1 &% 3 4 (third set,
S3) V- ¥ Lk ZE I} 8] 43 59 24 (304 10D min+ (36.84+9.9) min
F1(28.5+1.5) min. BiFE 1.2 7] LLFE H 4357 % #3)
1 55 (total distance covered, TDC) A (4 093+1 168) m,
J&) ¥ 2 5 B9 (distance ran per game, DRG) A (168+25) m.
3 B B BT 1] (T FEG 338 0 201 B 25 (D) 43 ) o e Bl 3%
I 18] 5 BE 55 (1) 95% Al 88.3%. PL Jy 513£140,2D PL A
3554101, PL slow A 441 +120; %% PL JC 52 3 1 2 3 (P>
0.05). 4R IR, S2 LM PR R 5 S1.S3 th I 2 3%
# % (P<0.05); [AI#£ PL.2D PL L & PL slow 5 S1.S3 L&
FHEREFEER(P<0.05),
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#®1 2B RAEE GPSTIEF) A M AIEIRGIT
Table 1 GPS and PlayerLoad™ Indicators Statistics for the Whole Match and Different Sets
GPS % PlayerLoad™ 23 S1 S2 S3
TDC/m 4093£1 168 1611+£586* 2 006631 1 364+249%
DRG/m 16825 164429 172432 164+12
PL 513£140 200.6+59* 252.24£60 176.7+£20*
PL,,. 2143 204433 21.6+4 211424
PL_ 6.6%0.7 6.740.7 6.6%0.9 6440.1
2D PL 355+101 136.9+40* 162.1+44 122.8+17*
PL slow/% 441£120 167.648* 201.5£52 152.4+16*
PLa,/% 27+1.2 27+1.3 27+1.4 27+1.5
PLa,/% 31.6%£0.5 31.5%0.7 31.7£0.6 31.8£0.5
PLa,/% 40.8+1.6 41.1£1.7 409+1.5 405+14

72:PL_ : %k iE 3 R fi #7 (PlayerLoad™ per game) ; PL_, : £ 4iZ 30 | §i 47 (PlayerLoad™ per minute) ; PLa, : 31 /& 432 3h i 51 47 (Player-

‘game *

Load™ of Y-axis) ; PLa: £ 4 #hiZ 3 i 51 #7 (PlayerLoad™ of X-axis) ; PLa,: % A 4hiZ ) Ji fi #7 (PlayerLoad™ of Z-axis) . 5 S2 48}k, ¥ &=

P<0.05, FFl.
®2 AREEERXEEZAEESEMES G
Table 2  Percentage of Time and Distance Covered in Different
Speed Zones
i JE X1 T/% D/%
LS 95 88.3
MS 42 10.1
HS 0.3 1.1

IMA - 31 ¥ ¥4 (1 3574+139) ¥k , H: ot FHC Al BHC
29 5 IMA KB 64% ; ACC 2 5 IMA YR LI 27% ; 45 R
7N, ST LS8 IMA R $1 5 S2.83 B B 3 4 % 7 (P<<0.05) ,
S2 L 38 ACC 5 S1 2 & & % % (P<<0.05), S2 L % FHC
5 S1.83 & & # M%7 (P<0.05),82 L3 BHC 5 S3 &
BEMEZER(P<0.05;E2).

5 500 W”'FAI({JS
=t
# 300
200 X y ! T i
TN B b

S1 S2 S3

2 £2BHRAEEIMA L EREEHFE
Figure 2.  Characteristic in Numbers of IMA Change of
Direction in the Whole Match and Different Sets
M7 ) >2m/s? ACC.>2 m/s? FHC.>2 m/s’ BHC., 5 S3#dit,

#47 P<0.05,

22 BELVLIE A G TR
B 3 A A, 423 b 4858 g 51 P 5.0 %R (1514
15.4) X/min, HR,, 9 (179+2.1) i /min, & £ 815 3 1 °F
4

BOFEKHR,, LR EEER(P>005). LEBRMET
MbF Zone3 ~Zone4 , LA Zone3 . Zoned Jy T H .0 K [X [a] 43 Hl]
1 B 31.38% A142.49% (B 3A) o AN []Ca 2 X (8] (1 1 [8] 73
fi 2k & , Zone3 %) 23 min 36 s. Zone4 %) 32 min 42 s.
Zone5 #) 15 min 44 s (& 3B) . 4x3% L3838 5 61 1fn SLR /K
SPAE 1.65~12.15 mmol/L , & Ht iz 2y 5 Il 7L W2 /K ~F 6 &2 %
ZH(P>0.05;%3),

®3 2BHRAEEMIKEREEFHFE
Physiological Characteristics of Tennis Players in the

Match and Different Sets

Table 3

&2 /(R -min™") A2 5UEZ/(mmol- L")

1S

3y B HR, M=SD L
S1 151£154 179421 544240  1.65~12.15
S2 149£7.2 175£93 544215 253~9.17
S3 149£10.1  176+3.6 5542273  241~12.15
&4t 1424103 17321 604379 1.65~11.60

Bk — 254 P A7 5 AR A A O HEAT 0 AT R s R
BT MK A4 I8 0 R B YRR
Zoned~Zone5 , it F 0> F 58 B 3 YR IE Zone3 ~ Zoned
fFEFBLEHR, SHEHREREER (P<0.05;
Zone3 . Zone5 % X [A] 5 1k # 2 B ¥ %2 7 (P<0.05; % 4) .
fik 5 4= 3 1 FLER /K V- 1E 1.68~5.99 mmol/L, £ 4 4 2.41~
12.15 mmol/L. %14 43 . S1 J S2 kb 3% 1 7L R /K °F 15 Jik
HREEEEFP<0.05;K5).

3 S5t
3.1 AEBUL RSB A AESAHT
301 L i

W Bk L 38 0 3 5 E 5 3k T L SR R] L RS Bh PR S L AR
UKL 18 2 8] EL S A R B AR AT 43 AT, LR RS I ) 5
B2 PR (4~10 ) /5 BE o 2K, 99 8] % 4 10~20 s
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WAL, 3B B A AL LA 12 1~1:2.5 CE # Mg 25,2010
Fernandez-Fernandez et al., 2009) . WA T vk R 5t
B AED AR, AHE TS RAHE LS BT AR REAT L
B, BB AT A AT B R I 6 b . AR T L 3R
S35 K [ (78.44+20.8) min] 5 T Ponzano 2% (2017) £ 7%
S [ A Jii 1 3k Ll B8 AR RRAE 1) 45 B LA 1 (69 + 17D min ] 5
TDCL (4 093£1 168) m]= T Murias 55 (200790 min £ {1,
ELZERIWF T[4 £ (1 1994 168) m], H & T Galé-Ansodi 25
(2017b) f b 75 /D 4E T PN ER L 28 [ (3 65141 572 ) m];
S1 15 82t 38 DRG[ (167.9425)m 17 T Bk (I ER iz B)) 57
R R B[S N (117.7494.4) m.S2 N
(102.9+92.6) m](Pereira et al.,2017) (£ 6) .

A 50—
42.49
40—

31.38
30—

20— 17.79

230 R X E & /%

104 7.65

Zone2 Zone3 Zone4 ZoneS

Zone2
0:03:58

E3 £t T|OERRXE S (A)FIRES T (B)REE
Heart Rate Zone Percentage (A) and Time Distribution

(B) in the Whole Match

Figure 3.

HH 2 6 T UL, 75 AR AL 8 1) A0 EL B8 B R) T, 5 A R 5T
FRALE , AT 50 0 5)) 574 58 FE B K, X2 B 51 1 e i % 2R
FE o S LU B B[R] AL B PR RS 1 R = A R £, 4l g
SR 3R CEL B2 1) A T L Bk LR A0 LA AR &R
CHEUS IR B ARIR S VBOR AR BC A TVEARAE O BRES)
S2 L FE 52 1A & R I TDC i i {415 U 7T e 5 FE 1T 4 &
ANFR G35 R0 1 28 3G A% 1) (4 L VR BE AN A5G, B i
FCHE L 2R 23R 4% . Bishop %5 (2003) &% B, T AT Il 5
F 55 I 2 v A 2 1% S B K CSF T g KIA  is sh R (H
P 3R Ll 28 Ak T i IR BN, B UL PR R L R0 I A

B SRA R AT G Jy BAEJG B LR 2 | 5 5l iR
57 H i — B R 7 . Lopez-Samanes 25 (2021) B 7T % 1 ,
BN B AT AR = R B R A W R T [ I AR
i 5 T 8 AN I 25 1 A8 ) 2 3 24 By R0 I A 2l 1 A5 IS R
A R i O VR B R . M O A AR IZE B)
RARBEARBL O IR ZS I IR 5 Je b 37 ) [A) 22 HE 55, A
FH AN [B) &5 44 CAS TR) 58 B 470 82 I 1) &2 1 [RDD 1) = 3l 34
B T K %o i 48 bR A% 3l B, A9 B 03 T RN
LEFERAS .

R4 LEMAEEEFHFELE)

Table 4 Physiological Characteristic of Winners and Losers in

the Match (Heart Rate)

NS A S
Zone2/% 6.45 4.60
Zone3/% 39.97 22.32°
Zoned/% 37.57 42.12
Zone5/% 15.06 30.24

T340 & /(K min!) 146+13.8 15549.0"
HR__ /(% -min") 186+8.6 190+6.17

E: G REEAR, YRR P<0.05, TR,

AN [ 3 DX ] B ] 5 2 B o B A 25 R LS
NIE B 5y E R R B, X 5 RGN 9T 45 18 (Galé-An-
sodi et al.,2017a) ML . FEAEARINH LR FiE 3l s ik B
B E B AN 2 X 43 18 Bl 7 K ST 1) Bl 3 2 — (Cameron
etal.,2010) . ZATM , P k37 b 2t B2 38 3l 1% 6 25 78 B ey
TR 18 R IR ORI, H SR B B R IR AR
93 J5 1 — 2R B HE &0 B B R AE i 37 b #8 Adb T I B
Z) « KR A B IO 2K T H (138 B B X, Tl B8k FE X [A) BVF AN g
HF X 4338 3h 51K P V7 fil L 28 58 B, BKE 4% R 3B 1
A R R P i o AT
3.12 IMA % R %

Xof W 3R IZ 3 51 R BRI 8 SR 43 A 1) AN 8
J, 78 1) 0 FAZ B G A [R] Y LT B L e | R AT
S PR R 3R o R TR 5 T B B T s R 2K ) e i ke
J5 H T i TR 3K (1 bR TR TR sz R DA R A S 5 — 27 43 il
A 1)1 % BE 77 (Paul et al.,2011) » AHF5E ', ACC.FHC
PA Je BHC A # 2 vh 2 248 [m) J7 1], &% 3% & T Hoppe 4
(2016 & T = 4k 19 JIE “ 46 17 28 i (1 41 = L 28 [ L F2 1 []
(84 17)min W BT L 45 K , i Nk I8 3 A AE 2~ <4 m/s
58 £ N ACC FHC F1 BHC Y 7E [ia] Y H 43 i) 9 ik (62 £
19) vs 13 (724£35) . (118£82) vs (83£25) A1 (175+£47)
vs(218149) . & Bt Ak 22 i 1) Ji BR] W R 2 8 1) 1 [, AR
WL 3 — R “ V7 "I TR BRSBTS 2 A A e — R,
BEECAY 1= 1B TR 4687 14— 4, 18 3l 5L 7E R R 58 437 Hh 7]
BT, KEOGF EG 2% 1 i ) B K s UG 35 M R R T 2
Bf) 53 7E 21 - Ll B I U i T 5E 45 1) 2% o, A B SR 2 (R T TR
MG A 1T 85 A 1% B 1) 2 R0, M TS 5015 46 TR R R
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232 230 T 3 R0 RE B A 5 U0 1 = 28 799 P 9 ) ) f 3 L
FEH R R B ) 3022 ) ) R R AR AR R i A B0 5
1 ol BRI, 375 78 I 2k b 75 005532 B 5% 1 R E 3 A

JR b 537 b s 2 il g 5 an 4 S Rl 3 b A B
R4 AE AH L) “ Star” “Box ” (6 X 30 s) & T 18 51 )1l 2k (Reid
et al.,2008) .

x5 LBHRAERLILTERR G E EEFHE(MAER)
Table 5 Physiological Characteristic of Winners and Losers in the Whole Match and Different Sets (Blood Lactic Acid) /(mmol-L ")

S e i
KA M M+SD KA RMA M=+SD
Eyia — — 15402 — — 1.840.2
S1 5.34 1.68 3.454+0.9 10.59 2.66 6.16+22"
S2 5.99 2.41 4.0+0.6 12.15 3.24 7.48+2.5"
S3 591 1.65 40+13 11.60 2.56 11.6+3.4"
M=ESD 5.99 1.68 3.744+0.9 12.15 241 6.19+2.4"
Fo6 [EINEFREMMIKLLEMFNEEE 5 £ AR
Table 6 Analysis of Running Distance and Physiological Load in Foreign Men’s Hard Court Tennis Match
Sk Bt g iR FHY $ 35 1 4] /miin 30 9E B /m “w“”i“ ML&,
/(K -min") /(mmol-L™")
Ponzano et al., 2017 NR AR Hy 16+3.0 69117 — 139+12 —
Murias et al.,2007 NR & 16.940.7 90 1199+168 135+21 1.161+0.34
Pereira et al., 2017 ATP .t — S1:45.9+2.8 43 :3 1601880 — —
S2:454+3.6 S14k1:117.7+94
S2 4/ :102.9£92.6
Smekal et al., 2001 ATP at 26+3. 50 — 152418 2.07£0.9
Mendez-Villanueva ATP at 27+4. 52.4+14.8 — — S:44+2.4
et al.,2007 R:3.0%£1.3
Ojala et al.,2013 NR, ATP — 23+3.38 120 — 150+11 4.2~53

VE:S: KRB R R A NR: A B ZH 42 0 ATPHE S , B A R B BR AL R R 695 3 7 ; ATP: BR L B FiE 3 1, A ATPHES

AR I, ST 28 J5 W78 H IMA 78 i) YR 3L T 1)
1, U W B LB I HE A, BB G B AR R T B AT k2
BB G A3 7= Ak D Bl A AR 2 BT S B B B iR T .
G0 AR GZ F) 7 IBR A O, A A
RSSO T BUR IR 2, W7 123 R I T XA
[ BR A Y LE T 00 5 BRI 75 o R AR 4 3 B R 3 BT Ak
TR AR , T 2 3 AR 7 1 B Rk B D 1E R SC L A8
A4 B YN 5 IR £ T 48 R JULEE 149 ek i g AN o 2K 0 32 ZEL
HE( 1 BN BE 77, B2 w5 M 1) 7 30748 1] 28046 R 3 A1 5 DA B
Lb 28 f5 F2 A8 [ LB A 38 m o Bk A, AT 9T K B A IMA 58
FE A 9%, 12 3 51 b R0l FE v 15 A7 A B 3 B ) IR AR T
AN B Hfy , N — A PR AR ) 5 R AR A, LA € 12 Bl B b 3R
AR AEE SR
3.1.3 PlayerLoad™

2D PL #1 PL slow 73 7 £ 5 PL 1 69% #11 85% , H1 T I
IR AT AE S ARG, HL 3 M 2 B R R DL AR KR
BIE S5, T HEN 2D PL AN PL slow 5 3 &5 W 00 40 0o 35K L 3
BRAE I HYE B N iE B U H 1 HE SR S N 2R B . A HE
FER I, PLay, o L5 o, 45 6 0 BR 4 T00RRF 4 I 2 B b 67

6

fiif 87 AR T I8 By 5LTE LR R I R BR L R BR AN A T o R
B F 23 BR 5 (BRI B0 FRAC T ERJE BB % . 4275, PLa,
A BE B I A I X BRAE Bl rp AT R B AR B AR Y AR A
SEEE . PL,, & VEAN DI E B A0 38 47 e (K S B R AR, 50
NI LR /K P 55 FE #H 2% (Montgomery et al., 2010) . A< fiff
REERER, TG FMERIZAPL, KT HFLELT
(7.61+3.9) (Galé -Ansodi et al., 2017a) , Galé -Ansodi %5
(2017b) B 52 [R)BE 2R 55 F M EKiZ 8l L L 3E L, IR T
%1 (6.63+1.73)vs(8.65+4.99) ], FFfifi luz b LU 584
— R [ AE 3.1~ 15 s, T — g 67122 s,
A BRI ¥ H B 8 AN i 3R 2% (Hornery et al., 2007) ,
EIERV111D o O 1= DO (A = == R o B e /2 | i M 1 o B )
1Rz ql= a7 =i e G R = b e B R B (T [N A
R AR e TR B . R, TE P I ISR T N g 2
ML 51 55 128 2 D3 ¥ PR S N e 70, JE A AR TR R
(<20 m) 4 % =X [A] BRI 1 31 g
3.2 EEBML R AT AT RIS AT
321 WERHK

Ll 28 70 20 ReAE 2 e WS Bl 53 Ah S A 1 25 A AR
T 2 B R ALE D) S S W P A (1 3 O K (R A
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20170 o [ BR EL 58 BE A4 A 474 58 TE 50%~60% VO, 0
60%~80% HR ., RPE % 4% 5 5~7(CR-10) . 10~ 16 (Borg-
20) . I FLEE A 1.8~2.8 mmol/L, 75 K I &] 7 58 JiF [m] & o
H] it 2 £ 7+ 2 8 mmol/L (Christopher et al., 2019; Kolman
et al., 2019 ; Mendez-Villanueva et al.,2007) « AHF 57 K I,
bk 280 K [X ] - FAE Zone3 ~ Zone5 , 5 # 4 B A ik T b
FEN ST REAE AR AL, EL X [A) 25 B2 75 T Gomes %5 (2011) [
W 58 (70%~85% HR,,.) » Yt B A 55 b 28 7] g 1< | & b
il 5 5, 38 By T VE AR B 7 o BR IR 1 RORE A R 1
Tt PR B AT T MRS B SURARIT R AL, S
B BG4 e Lo LG B P 0 % VHR,, S T
N W50 45 S A8 Bl (Murias et al., 2007 ; Ojala et al., 2013 ;
Ponzano et al.,2017; Smekal et al.,2001) (£ 6). & L 3%
TPy E R T REE L (155+19) Y/min vs (1464 13.8) ¥ /min,
P<0.05) 1, 113 417 >85% HR, 5 b T Bk, 5 K
A RE A B — 43 o 28 4 g by [R] B IR) P 0 AR B
R >85% HR,,, IR0 F 98 B (5 AT A 2RI B . $20 ,
W Bkiz 2 5 Zis 3 01 B & R 1 [0 Jok 2 Re 7, I LE 3%
1) B S R BN SR A RO AR K SR . Kerr (2015) &
B, MERIZ B 614 T >90% HR,, 58 B T ol BRI 18] & 8
L BRI 6] 1K) 13% , AR F 5T 0 6 5 & AL T~ Zone3 ~ Zone4 [f)
EEZE I 1) o LE Ay, AR 25 28 AT AN [ o0 22 X[ o 5
(B 18] B 43 be X 43 38 3 5L i SRR B, O AR b T
Zone5 R FE T [ BRAR T
322 mALBEMN

PIER TR CIE TV T RERSE) DL R R M 3 4% 1) #5
w5 R AR TC S B BE R SR e . HRARIE L M Bk iE
B 0% 5 I FL R /K F A i i 2.8 mmol/L (Fernandez-Fer-
nandez et al.,2006) , 7] WLER MV X B 3Z Bl 53 7 bE 3% R] &) A
DL RO HLAR 7=, 3 3038 5 B 20 LR K~ AIC .
S35 1 L BRI B 5 MR 55 7 I 3R 52 3 53 K S AR ABL L R BR
J&(4.442.3) mmol/L, B2 & BR 5 (3.041.3) mmol/L](Mendez-
Villanueva et al., 2010) . ik # S1 4 (3.4540.95) mmol/L, &
[l 1.68~5.34 mmol/L %} k. Ojala 25 (2013 ) 5 7t W 3k Lk 8 47
Tt 032 By 574 58 R I A IR 5 SR YL S R R 55 R
[ 9T 45 R AH AL (Y Rl 3.0~4.9 mmol/L) . Christmass %
(1998) &K W, 5 min P ¥ 1L 7L B2 18 5 & 5 £ 4% B I ) 47 42
2R OGP S X ER Ll 28 T V038 I R vk N = kR B L 2R
BRI FUIR 5 R UG A 430 5 110 48 A R B X8 00 35K LU 58 5 B2 1) U
A R IR o ASTIE 70 AE b dE AL L SRR R R SR LL 2R
162 43 ML A8 A, 5t EE 28 ik A% w1 F b 4% 5 0P il B R 25
£, TR U HE D 55 7 X BR bL 2% 58 R AE G R 2 0 SRR IX )
CRIVifn FLWR /K T 48 2~4 mmol/L) o [K Ik, #4515 S8 30
G AR v FLRR KT VR R R R SR, £ 2
A7 70 S 1) 5 P 5 BT 1) & TR R

P Bk LE 28 o A R el A L, B L SR R

KT R3S 0, WA s 20 AR RE 00 L 28 4y L A 2 )
MIVeE 2 BT . I8 3h Bk AL R B Z AR = 1)
S A A R I ML A 9 57 1) 32 B T TR R A 55,2021
B 1 FLER B AR K T 0 3 T M, B A3 S3 I AL ER IR
FER R T S1.82. HEM 1 S1 LU 38 A1 8 J WL Ak 7L IR
ek 22, 6 e I ORIEL U ) VR AR, PR AR 0 5 i 3 ek b 36
S H o A HEFEEREE B, POERIS B R LR % 55 S BB
RE BRI, R BREE — & R T 2 1 B AR A B <7
7 i) PR BRI 42 BE /1 T B% (Davey et al., 2002, 2003 ; Mitch-
ell et al., 1992 ; Vergauwen et al., 1998) . %¢ I, 7E Il Zx v 37
AR JE W BRIE Bl A SRR ) RO I SRR 70 AT
15 0 GE 2% 3 R 1) H A T v (R /N SF, 2002, 2004) , 7E 5
SR JE LU B TP AE G2 AL AR 55 0 7R AR e T BRSO R R
S o 5 A O AR T G5 v R R 8RO 25 Chigh-
intensity interval training , HIIT) %% = Bt 31l ¥ 12 2 74 A A
JIZ 6,38 0] K DA BE B R LG 2 A8 2 A5 SUAH OGN R AE
F)& T I (5~30 s)HIIT 75 % (Rodriguez et al.,2017) .

4 it

1) AW 50 1 b FE I 8] 55 10 3 85 59 38 = T 2 2L 55
T BREE R, %A B B G A B B I e IC E AR E A
1k, 55 2 3% bb Z% 0 B RE Bl DL A 43 Accelerometer 71 fif
B EERA. BTiEs R B e R RN, Rl
& TRH J2 87 A B AN [ 5 1) R 5 ) PR SER 4 A8 i g o s
EEAE B R R 22—

2) LLAE R AR FUARAL T 95 T2 3 (2 4 LU 2811 #0 3)
R ACHIE AT b R X 8 Bl DA AR B R SRR v, A L
S E A By IS ) GO AR B AR ARG R . 7
A T A KT T AR IRNE B3 TS B A, L gE R
JFE 0 F A A W s 2 LR R T A H I R . A
RE 172 Ja R 77 7K P A8 J2 A2 3 i Bl 28 2R R (1) 3 22 S [A]

SE ik

WM, XER, FR/NT,2010. £1 55 W ERIZ 2 573 B A T 78 2 BRI H
FRIERZRR L] AL E K540 ,33 (1) 1 121-124.

/N, 2002, 328018 “ T IRE 07 (RN 25 < 0 TR EHA e 2T H I Zhrh 47
TE 1) 5 ) AT L], AR AR B R, 38C1D): 10-13.

B/, 2004 45 I 25 - S B BT 00 H 38 3K i R[], 44
BHRE, 24(11):45-50.

H5L, BRIV, 2500 B ,2018. 35T Accelerometer 2 GPS 4 E L 55 55
Tl Bz 5) 7 L s LT ], E AR B R, 54(6) :59-67.

2=t GRS, B, 45,2017, MERIZENAEYFAHE LR ], EA S
R ,53(5):69-83.

AR, ERE, EAR, 2020, P E T = N TEERBLIZ B 01 L E
Bt K38 Zh R BUFAEWT 72 (0], o B A B R, 56(8) : 33-39.

T, 2R R, R, 2, 2022, BFA U ZRAR B - SR AT 2R AL K
BT P ERFE F BRFE,52(1) :54-74.

SRR, BN, R A, 45, 2021.2019 4 FEFE 1T FLARAR 38 5 T XA
W5 ZE A€ 6 S IR St W AL LT ). b A B R, 57(5) 1 78-85.
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