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IRONMAN %k A =35
5 5k N =T %
(Quintuple Ironman Triathlon )

10 f5 BN = i3

(Deca Iron Ultra Triathlon)
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(26. 4 km)
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(Le Tour de France)
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24 h Y DHIRATE

INH VD H BRE

Ty B 0 8 U
(Ultra-Trail du Mont-Blanc)
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2.1 R NIE AT

i H BARES 6 h UL B, BEEAE.
5577 R AR e AR SR RRAE S — T 3
i BB DT o s o BE 2 4k N\ — T 98l B F A 4
PR i KA B (VO, max), DF (HR), Ifl
FLIR (LD Sk dgbr i E R W, @, 78
BRPR D S b v B Bk N = 00 B O 2 R KR R
o 3600 ml/kg" ™, T AR G N = IBE P IR K
FHEEN 3000 ml/ kg™, FE LRI RA SRR TR
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27NN R U S B < BTN S 6 5 B NI < ]
RS R ¥ NI T L EN R YN TE L R |
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SRR A e KR 7T1%5 . Cejuela T %
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[E] A FE A, P43 0l TR LA B A | ik s 2 X
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X ] U Al IX ] FUE E
<AeT 1 >AnT 6
AeT 2 MAP 9
AeT~AnT 3 LAC Cap 15
AnT 4 LAC Pow 50

E:. <AeT: MDTFAHEAMW; AeT: HAAM; AeT~AnT: A
A~ KA HE; AnT. T A B 1EL; > AnT. & & B ~ MAP;
MAP:. mX R A& I % ; LAC Cap: x X 3L#; LAC Pow: 3LE&
EFT LT TS
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& By AL i LR T — et Jriz g, [EIR B Al
o PO i o 0 A0 e R LA — ST g S B R T H
o, fRK Ik AFE R B, A R S ) 90 ~
360 min, AEAH A 9500, W AEAVHE I
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b A% 7 2 TR AR AN B 1. 206, TE TR
Frhf . ol BB BOR S EEAEN . W
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5] Ly R T i ik R R Tk Bz Kl B A R K B H , FE TG
RGBS B P AR T, k. b
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SR, FI AR R A S T A R —
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F: Bifi 5 B [B) IR B A0 38, R 32 B Y g i
T FE 2R 3 . 27 U 2k s L R AD AT A0 fE R
B, S ARERE T, SRBURnE. B,
R . BEIRFER . MR E B . 40 R 0 KR
it AR A E LT e A R, EEEER LR
REFARIEE 0 LN, WERBEEREAL, &
HiEEm A 5 M E, EQR H U4 3T
HRakst Y RE S5 H ez st B h s
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it B Y A BB B 2R K T H R A2 ) Y B e i R
. 54 km WYL SRR AT 5] & 2 3 700
keal B AE B EAF . 24 h YUK FE D
10 170 keal BYfER A E27 . 24 hilBY A 17 4 9
B 9 915 keal RYREREA Y, HAE 9 RAY
HALR AT A, R B = AT 3K F] 80 000 keal
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fif [ A7 25 e BE o R e, B A A A R B K Ak S
Wy HBE W R BB T OR MY 23% ~43% ., Barrero
S W RN TSR T Z B, BEROR L
i 67% . Ramos-Campo 25 & M 7E 50 km #8
i B A R T REETEFE R 3020, AT,
FL 8 o B oP 0 RE B B A IR AS B SRR A2 Bl B 58 A
%€ . Bescos L5 B, 24 WilBH AT &
FErh 64 %0 1Y e 1R VR T iz 3 L B 1R A 10 9 IR
PRI, Black 2557 % BAE 384 km # T (17 4
Fb 8 v il B B A B 1R) AN 58 A LL B B R A A
B A G, (B2 3 51 o T 4 B EL e RS (|], 3 R
S EFRAGRE, SR EREANE,
REEE . Hk, RffdS 55 e e B P g
RN R R, B B A N R R IR W A A
B BRI ER YA AL R R RO T A2 B
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IR TR E R E, YB35 E S
it A7 16 PRI e K Ak B P T FE AR S B, B R
BCR T OME — (BB B OR IR, H IR R Ak ROR
ik, Smiblisshae ., &H%k 4Rz s R
A NATT 620N R R A Al W B R L AR Y AR
fb. BODRRASHE B . FEW Sz sh b, — Mt A
MYz RS AR ER.,
FELEmtE 90 ~360 min Ay — M ST H H, L
D0 43 i T ik 80 %6, B AR & B
s g e TR 75 18 8 Uik Kt B Y
HERE (5 Lk 87. 8%, BEWIMLAE & Lk 12. 2% Mil-
let™"" % R 76 B iz £ b o I 8 A 4k N = 03 38
W335 3 51 400 40 km 19 A 4T 45 38 )5 oK AL &
YIRS . BT B4 B BE Y BR ID7 S AR 4t AR EL 1) B
BN, T Kimber 259 0 Hr T 8 948k A =10
FEP 2 3 B RE AR AR AE . KB 600 R TIE T
i 7 17 40 %6 SR U5 Tk Ktk A ) . Bescos %% &
24 h BN HAT 4 LB A B 0 & B, g
i E AP BE R 200 2/3, MK L& A
fR4RHE 1/3 RE R, Uk, 16w it iz s g Wy
AL RE AR X B K AL & £, JF B 7 A1k
r b — BT i s
4.2 BERFEWHHE

Phinney %" &8, 7£ 5 ZINGHER “/&
B3 1% 7 EAT 4598 3h B s FR v, R
FE R KAEE =M 6420, 90% LA E BBk Rk
FURE MG 484k . 3k B0 X 33l 4 K 2 A i F 9 %
M. AERKETE . PGSR EEZ Z T, R R
REIL T, 2 R W f R AR 1 A2 Bl 5 B AE B K
SRR 55U ~T5% ), 2R AT B R K
B I SR Ab R 32 1 1R B AR JE LB K P . DL R
T B T I R U SR Ak R A S [T 3 5 T
B W GBIV o B 2 R A R T (Y R,
AE ST AT A0 R R I $2 kR it . AR R RS Bh
TP, Webster % F FH 2017 4F 5 i 8 BL 44 8
ek N = I B R A A AR A B T R gk A =
TR A AR A (% 4D, AT RN A [ 30
MRS S e AT g, Bon BRI L R & A
Z SN .
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R4 MABRHEA=ZTHREERIZZ R ARG RER
- B EAL BRMIEALR/ FRIHEED K EY FFIHFE Y
KF EHHE BB AE T 31 FE o A . o
THFE X (8] (g/min) Mg Wit /g FILE/(g/min) KGR/
. 20. 4 kcal/min BAR 0.6 32 3.57 192
iF K 1.2 m/s
© (1094 keal) B 1.2 64 2.13 115
19. 5 kcal/min B 0.6 153 3.35 853
T 513 w
iz (4 959 kcal) B 1.2 305 1.92 487
3) 20. 8 keal/min BeE 0.6 103 3.67 631
5 B 2 14.7 km/h
) (3 572 kcal) B 1.2 206 2.23 383
o 20. 1 kecal/min BAR 0.6 288 3.49 1675
it
(9 626 kcal) BE 1.2 576 2.05 985
o 12. 5 kcal/min AR 0.3 26 2.35 206
Ui vk 0.74 m/s
(1094 kcal) L= 0.9 79 0.92 80
14. 8 kcal/min BAK 0.3 124 2,92 1209
ol BT % 192 w !
S (6 133 kecal) = 0.9 373 1.48 613
% 11. 4 kecal/min AR 0.3 84 2.09 584
g2 9 km/h
L3g (3198 keal) Bees 0.9 252 0.65 182
# . 13. 3 keal/min Ak 0.3 235 2.56 1999
it
(10 425 keal) By 0.9 704 1.12 875

F A WR, X TR =L S5 5ok
P, JENFE AR N 0.6~1.2 g/min, Tl 4%
FHBRE N AL E N 0.3~0.9 g/min, KK
B2 2 G0 (0 A ST )1 25 RT 1S 5 A 105 48040 R FH i
€77 . Phinney & HIES TiX b . HAiT 483
R A AL R AT 1K F) 1.5 g/min, KB IXHE
YIZE I E s L, 175505 5 Ak
KA KNG B AL A 95 % LA L 4 35 B 4 9 o A
KIFE B 57.14% ~ 69.86% Hl 48.21% ~
65. 41 %, [, by 2 4 35wk A& W iy A A
F (1.12~2.56 g/min) &L Iizsh i (2. 05~
3.49 g/min) ik, & Rl Ay & b # AE 3T R
R SR IRk is 2 B A s sh iR, — 4k
FefE s EERE By . 2 i R A ffitae . %
BB Bk N I R AR — HA SR
IR N EEA G RS 5 g, R
G EEARAKEERLE A m K22 b X SEFEED K
Tyl 4 4 H KUk, ok A& P A A o AT
REIL L/ T AR 7 Mk . FERE Y iz 3 vh & 355 il 4
WALSE S SR RIRE ST RN 0] R e N
AEHE . DA/ XS oK A& P A AL AL BE I AR (E 15
F. Frandsen % & BLG Wi e KA ML 5
it 0 H iz sh R IA G . B 1938 8 B R
[ 2R <SS N A U || E2 N =i A & e

JU A, R i R R i v T i %
4.3 HEWIZzhEFHE

Aie RN B B R SRR Z 4, 'tz
I E AL R CE B, X i 3 L 8%
HHEE (YhEL M, A A& (B
. EHRG IRR . RIS, EDh T RS
AT KRR R ORI AN &R, DL
A2 St B AR R L R SE 55 SO B W Y g
AL (A 30%) My PFREEARE WS, 2 5%
AR SN ik K Al 0 B U5 R Tk kb R i e 12
LA, B AARGEAF N IR B K A& ¥ 1 g
TR, WUBERZHE 1 500~2 000 kcal, HFHEIR
245 400 keal, A LLZS R 1iif iz 2 #2 ALl
It HWUHE AR 25 2 wle kBl . 23 ok — R G0 JIL A 9%
5N R RN, TR T R AF A2 . Hf Jeuke-
ndrup 2P HEGE. —A 70 kg, HKHE 10% 15 3h
By g B N R fig Gk B 68 250 keal, News-
holme™ I\ Ky, g Iy $ 46 1) i 12t B ol 2 5 i it
MR BB R A OK . B, A T AR S AT fig 2 b R
AR AERE 0 A I 2R TR B 5 Ok i R I 1Y
AR EA LR, FRIEH, —A> “EEE
BL” /i g G i iR D A AL, 1 /) I fE R
700~800 kecal HRER, BE5E 42 AL iE B 5
A PR OR ., A E #IAE 3 JH L
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b BREAMBKAS YRR TE 50 g LN
B v B 7 (1 AR T S5 A0, B R ARA 20 g
A (IR T4 H SRR/ 5000 1Y AR B TR 45

4. Burke ™ B 5% T &ML iZ B LAY AR B E R
R (B D, HRJARRR & IR KB 454 5~ 10
KIe s IRMIAAAL RIS, I8 F] AR S

R TR
(<70%V 0, ) (>80%VO0,,..

B T B KR AYRTE] . Pantelis 25930, fEH
FERT AT LSR5 7742 3l L P8R0 0 i £ fof 157
ML “HRMi fafrik”, Ut mizsh i Rea %
PLRE T . %R WS AL HE FE AT 5~ 10 K& A & g i
(60%~70%) FIRE A (15% ~20%) Li#
5 i 105 ) R

&mﬂ ;3‘

|{E§6§%EEE A R R fﬁ%|

| Bkt iR SER A =
T < LN — T o
l 1}[|%§th ('max:~1.5 g/min ) R
& LB S AR ot &R
& 1 BERELR G - 5~10K ik 35S //
'ﬂl ( maxi~1.5 g/min) , lﬁm@%ﬁ%%ﬁﬁ
pL-3
& 1 LA H =
pa—ey| é,\ by
Wiz g o e
;IB'J HEE
“*& LBk A E AL Hi - SERE
. 1 Bl 3~64 WS
x\ (max:~1.5 g/min ) A1k
y | Bok e A ma K & R
VAR B M S aedH]
( max:~1.5 g/min )
E: oo BREBRE; 1. B RS
Bl ZUEmRXARBSEREEHEHEXEHRTP
X OCOEERIE RN BN S s R AR LB,

o

JE W7 AR R WA KR . FE RSN SRR, A
TR A S N iz 3 AR 60% ~80%
Y e R B AE iz B I, IR D7 09 S A 3 b i ik 7K
e B s g AR ., Rk 2 B3
FEE0N O TERE AR ERE I AT LA A A
FERARBE R AR 5 L B . Volek 255 %} 20
ZALF5 1 B R AN 12 3l 5 BR N =062 3 51 3F
1773855081, R A fig it A i 72 b ok A e
KRB 01z 3 51 g D7 A Ak 5 T 8806, TR
FH =1 B 7K AR 454 1Y 32 Bl 0L Rg AR Ee S
56% ., Zajac VTR S 4B AAT BB A TE
K IAA B R B 2 T o L (R 5 Rk A et A
Xt i 3. Robins 5% Xt 1 44 38 Mg 42 30 52 1)
RO R B, 72 AMEIRKER, B #
PAGE) T, RIRSCIGHUESE A RS R AT

DASE o B T 3 30 5% (9128 B R BBE J1 . D 3R AT 4F I
LR R AR SEA

5 HRiE

FEA IR ) B 19 A R HEOUEE T
T, s s R e, RERAG . R
WA R ERIE . HAT. ARZ¥HEALESADIT
AT T IO S . BT B A AT L5 T
FTERAFMMBR R, ORI 2R, #
Gt Jyaz g H AR e i AL B Rl ER BT A AN [
L5 Z AR R AIE AR LT, W A B A 2R
o0l 3] o3 BE Al b T A B XS PRI SE . OB TT
LW 255 . 18R A2 Bl S0 A R H BR B B 4
RA—EMES, JFFHEGMILTES AR TR

BERMAAE 2, WIT EHVEAT k. ©
B ER . LR PSR EEs L
GA XMz s B INGRA R AR IE ) 5 ORT— i
Wsriz sh B, B R B bR 2 R AR O B B
[, AU, FERTSE 3238 J7 s 1R 90— M Aibs
HEAL . @ Tt 2 45 A K TN LU B8 ST 46 b 12 A
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MR T LR R R AR SR A A T 1
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Physiological and Biochemical Characteristics of Ultra-endurance Exercise

XIANG Yungiu', LIANG Bin®

(1. School of Physical Education, Chongqging Preschool Education College, Chongqing 404047, China;

2. School of Physical Education, Chongqing Technology and Business University, Chongqing 400067, China)
Abstract: By using the methods of literature and logical analysis, this paper studies the physiological
and biochemical characteristics of ultra-endurance exercise from the aspects of concept definition, load
quantification, energy consumption, substrate oxidation and nutritional supply. Ultra-endurance ex-
ercise is a single-day, multi-day, single-station and multi-stage events lasting more than 6 hours. Af-
ter comparing and analyzing its characteristics with general endurance exercise load, the concept of ul-
tra-endurance threshold is proposed, and the ECOs method is used to quantify the super endurance
exercise load. ultra-endurance exercise will produce huge energy consumption, and energy shortage
has become the restrictive core problem of this exercise. In the training process, “ketogenic adapta-
tion” can be achieved by low-carbon-high-fat or ketogenic diet structure, or “fat loading” method can
be used in the pre-competition period to increase the fat oxidation rate, so that participants can pro-
vide a large amount of energy from fat under the premise of constant intensity. It is suggested that
different exercise intensity monitoring and nutritional supplement programs should be formulated ac-
cording to the characteristics of different items of ultra-endurance exercise sports to improve sports
performance.

Key words: ultra-endurance exercise; ultra-endurance threshold; load quantification; energy metab-

olism; ketogenic adaptation



