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[Abstract]

The purpose of this study was to examine the effect of exercise intensity and its
sequence on physiological responses during interval swimming training and to suggest
practical interval training methods for swimmers and coaches. Four male college
swimmers participated and swam front canl swimming in a swimming flume. For each
swimmer, the maximal oxygen uptake (VO.max) measurements were conducted prior
to the eDXperiment, and threDe swimming speeds werﬁ, obtained, which were 100%
(leO%VOﬁmax), 90% (v90%V0O.max), and 80% (v80%VO.max) of the swimming speed
at which VOomax was observed. By combining th%se three swimming speeﬁls, the
following three conditionsDwere established: a) v9O%V%2maX followed by v90%VOo,max
(90-90D trial), b) v100%VOzmax Dfollowed by v80%VOzmax (100-80 trial), and c)
v80%VO0O.max followed by 100%VO.max (80-100 trial). The swimming speed was
controlled by changing the flow speed in the flume, and the exercise duration and rest
interval were adjusted depending on the combination of the intensities. For all
swimmers, the highest averaged oxygen uptake and heart rate were observed in 100-
80 trial. The swimmers’ blood lactate concentration was highest in 80-100 trial and
lowest in 90-90 trial. These results suggested that differences in exercise intensity and
its sequence during interval swimming training could affect aerobic and anaerobic

metabolism.
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KGEITD FRFBIKET 4 420, BIKFEOFMEES 200 m B HBEASANLE (BKK) %
GleRBEBEHRER 1 IR, 2 TOXERE X, EREFICHLHEIC 9 BlOAKF K OE ETOMN —
=T FERL Tz, IIREITITFERNCE RO B HE, BEAICOWTOHRAEZL ET, &
MOFETE AT, 7233, RUFFEIEFT BB O e fa P& B2 2> TRRA R TV D (5 4-32 7:7).

K 1. ALEOHMFEHE - FEE, & E&RFEKX 200 m B BHESAMNEER (RKE) .
HMAEH O Frid B BE, BuldZ774, IMIZEAARL —%2 KT,

KE BP9 H g & K& 200m H MBS AN
(! PREE (m) (kg) (53’ %")
A Fr EARESEEL 4 1.74 79 1’52720
B Bu, IM B - v B 1.69 70 1’53719
C Fr R 1.77 71 1755742
D Fr pagiel 1.77 69 1’55797
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HIZ, %ﬁ%%&@%kﬁé%ﬁﬂ&%(vozmax)%Eﬂﬂiyﬁx (1981) (kAW AR IEEZSEIZL TE
HILT-. 7235, VOsmax FHIF D@ 1L, %xt%‘%@%m&ﬂf@ 200 m HHBARANLEAE S E (T
Tim”*bf:. LT, %@ﬁﬁiﬁﬁéﬁuﬂﬁﬂ—# VOzmaX ﬁxtﬂfﬁw_ﬁ%wm (FHEE) 2 100%
(VlOO%VOgmaX)J:Lﬁ_HéFO) 90%(V90%V02max)k 80%0){)|L (%O%Vozmax)%%ﬂ%h%bﬂbt
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2. AREEFEIE (VOmax) il EIZB1F5 VOsmax &, EORFOPGHE EE (i)
KOEAKKETO 200 m H B itk EEuOR 232815

I ON SIS i 5 48 T o HH Lo
k& (L/min) (ml/kg/min) (m/s) (%)
A 4.78 60.5 1.43 80
B 5.12 72.2 1.50 85
C 5.08 71.5 1.39 80
D 4.85 70.3 1.47 85
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CORER L BERIEIE, DT 1 By MRS 2 By R AT 1 S ETOFEEEZRL,
i P FLERB ST 2 By AR T 1 2 RICFHIIS NI EZ R L TS,

fp B IE (ml/kg/min) D% (bpm) i P FLEEIR E (mmol/1)

Ik 90-90  100-80  80-100 90-90  100-80  80-100 90-90  100-80  80-100
A 43.0 43.5 41.0 125 127 126 1.8 2.0 4.3

B 46.1 46.9 44.7 141 144 139 2.4 2.7 10.0

C 38.2 42.7 38.9 126 140 135 2.6 2.9 7.1

D 42.0 44.4 41.2 124 131 125 0.8 1.3 1.9
EE i 42.3 44.4 41.4 129 135 131 1.9 2.2 5.8
FE e R 72 2.8 1.6 2.1 7 7 6 0.7 0.6 3.0

100-80 S&f:& 80-100 %ﬁtrc:m% 1 EvhEE2 By NEZNENOESEEIUE, O RPE )
fE AR 4 1RLIZ. 0%V Osmax TOMEFBIEL LHEIZOWT, T X TOWKE D v80%VO2max
2By hEICEMLZ 10078% FHETEVWEZRL T, azéﬁﬁﬁ B (RPE) IZDWVTC, 4 44
3 4,7 100-80 214 TD v80%VO0smax AMEL MEE KL, VlOO%VOgmaX EEAE S iG = AQ E A/

7% 4. 100-80 Z&M& 80-100 i B1F5 1 By hAE 2 By E OMFERE, LA, RPE O R

s R EE (ml/kg/min) D43 (bpm) RPE

100-80 80-100 100-80 80-100 100-80 80-100
Tk 100 80 80 100 100 80 80 100 100 80 80 100
A 51.3  39.7  34.1 519 139 120 117 139 16 12 14 17
B 54.7  43.2 385 544 159 133 124 162 18 12 10 17
C 51.5  38.4 324 489 155 129 114 159 20 11 13 18
D 51.9 41.0 349 515 144 124 110 148 16 12 13 16
M 52.4 406 35.0  51.7 149 127 116 152 17.5 11.8 12,5 17.0
EHERE 1.4 1.8 2.2 2.0 8 5 5 9 1.7 0.4 1.5 0.7
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728, 100-80 &b V80%V82max RO FERENEH oo TebERZEINS. —FTRPEIZEHT
%, 100-80 %%ﬁafv@ 180%VOymax HED RPE 28 4 44 3DZ. T/ISWMEZRL TV, ZD7), 1 &
vhEIZ VlOO%VOzmaX ZERLIZES, 2k 180%V0max TOEZFEREZIINTIHLDD,

\ZPES T RPE M 2000 TR WI ER/RIESILTZ. Kang et al. (2003) HIEIERIZ, &)o@ E

@J?&@ﬂiéﬁf HE) O E BRI EIEELRDL OO, RPE IXRIFEE Tho7o b @A L 5.
INOOIEEEEFZ HE, @R EEE)Z L7 1% I FE 3 AR V8 CilESh 3528128 > T, RPE LM
2O, RN ETE RN ELIEN TELEHERIND.
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2. VkHE A OSHT R (1 By ABMEND, 2 By bR T 1 3R ET) 2l Lo FE E IR ORI L(L

KIFFETIL, FATNEALIREESIDFHIK B DAL Z— SV —=0 T 2ARGEL, B R
() B COY AT NEA LE 145y 20 %‘kﬁékb/)o%, TEEN IR N <R IR B RER A A<
KRB Z R L. ZOREE, v100%VO0max TIXEEBRFMAENELTH, 1 By M@ L ERE
LD O EE A B VMEZ R U, SO P LRI IZE B 358, 8D0—100 Sl TIReD
i FLER R E A ML D> 2 S IV MEE R Lz, 2, 2 By hE O v100%VO0max FEIZ iRk R %
LR E VAR, EORBEDEL TELDOAMBNRAERESNIZTDEBE X LND. o, K
FERTIL, ?;EE‘H@%&E@&WT‘ 1 &y H OB LI A TE 20 27223, 100-80 5544

TIE v100%VOomax TOIEEA 1 B EIZHE TLTCWIZHnbhT, 90-90 fffLiL T2 &
YREE TREOMPABBERNDTNCEWEZRLE. Z2OZEMD, KERFEIZH VT
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v100%V Osmax a4 I R A2 O TWEH DD, 190%V0.max TlIfEE R4 L<E BT 41
%%@Dfﬁgﬁﬁfhﬂikiﬁéi?fﬁ)&i%b“@%/)?p:\_&i))ﬂ?uﬁéﬂf:. AT IR EZFICIBWT,
v100%VOomax COIEB)CMEEEZMENEZERE (AT) TORN —=2 7 OEHEERFERM S LT (BIllat
et al. 1999; Maglischo 2003; Smith Det al. 1999; Sousa et al. 2017) . 207z, HELFEMED TR LF
—ﬁt%%rbiﬁ%hfmmf: 180/90%VO0zmax D K F TR ERFM 2L TKEHET 2D Trde<,
v100%VOsmax TOR —= 7% FiTHIENMEBIERFLEB L o>, ABKFERBEHDOD
IZTHHEN THHEZ ZOLND.

AFFERETLY, A2 — )L Pk O TEB) IR O K HEFr 2 2 ST 5280k, EBFPRE D
ZALT D ATREME D R E NIz, RO — = F BT, a2l A G bR A 2 —
WAL == IR ERESI TSI, KOZARRIRE O A S DL AEBAYSEIZONTESHIT
AL, TOMN —= 7 AMEZHETHIENSZORELL TEZOLND.

5. AR—VEBIG~DIERE

AWFTERE R FET, BRI ICBADLa—F R FERA X — VR — =0 T AT HBE D TR
f@/ﬁﬁﬁﬁ{f%uT 2 RIS T 2.

1 2HM, VlOO%VO2maXUJ:@?@TE’C“@]\I/—:‘/f%A&)%')’&753‘%?&%5:&’@%5 AR
N OERR B MEAGH O BE /1 3RO B NDBIK B BN T, e RIE R B RENFDD 97 kH
FERENLL EORE T —=0 721752010, MR N Z®mD5 ETEETHD. £, Kikix
KICHENTZH TOEBTHY, kEH OIS ESIT I THRH (B <HPL ) 38 iR TE D HEME 3%
fEL, RO LNDIKEMECH L B2 D728, L—ATEWEWIEE TO R —=0 7 R 720
MOHREIENZ D, KKDALZ—rN)V e —= 7T, 7 — AR :f\"—;wmy&ﬂi?“%éh
BRIIFNE R TAY—NL, X F LIZREOX A LEfERL TS, FDT28, K& D VlOO%\/Ogmaxﬁ
KN LTZ == T XA LR DIIE, & TFIEEDOXA LTI THIETH B R K OV R 5
Fmﬁi@ﬁﬁ%%ﬁaf%é&%z%hé ARWFFECIEIEBR A B K 2 W CEE SR B & O 5l -
VlOO%VOgmaX @%Hj%:uth ZD L2 & T HZ LI TIAED 2, —RIIES 27200,
ZDTD, AHFFETD VIOO%VOZmax NEIKEED 200 m H HEAREERD 80-85%kiE i CTh-7-
_k(i'%mz)za‘:&éiz, UTORERET 2.
v100%VOsmax KFD 50 m DIKF AL = 200 m ~NARGLER(s) / 3.4
ZOHRIEESZIZTHIET, BENN —=0V CHMRREFAANLE B TE, Fla—TF bt 0E
BARGIZTELZET, AR OFECHEME DT AN Al > 7o 2h B2 — =0 TR R+ 528
(TN DTEAD.

YMZD BRIV IRETH] - BREE D C A e 3R 1 M OV SEME B O 1 7 2 20 SR B ICE B S ¥ 572513,
v100%VOomax LA LD @FRE TORN —=0 7 %3 L TRBA R NARWFRE TOMN —=0 7%
DA E DR ERMTHIERHNTHAD. BIKE IR T DI — =27 ORI EE 3 [F—Th
STh, BT AR —= 7 OEBNEE ICRTIE DU, SOICEOMEDOEMIEFFA2Z BT 5281
F o THKE DFONLN R DRI D ATREE DA TRz, HERBIEB) 2 xf R L LT e T

T, MR EWRE TO+—IU 7Ty 7 2R 58, 2k EBRFORFERIREDOND I
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MOHE R ENEHRESILTND (Fujil et al.D2018) CFEBEOR — =2 7 THEARERRFE LVH ZLD
Aoty MR 35728, FRIZ v100%VO0.max LA EOEIEE TORN —=2 7 2Kl 5Z L1,
UK b — =0 7 COF MR MR OCERFEMEAH OB B AR L TELLBI6ND. SHIT,
SEBE R ORIV RPE 2335280 (Farrell et al. 1982), EWHREEAIKEHEITHLKE M
EEM,DEODBﬁ%%%%‘é@“é:kﬁi&%éhfk% (Matthews et al. 2017) ZibkEz 5L,
VlOO%\/Ogm%x TOALE =NV == TR ERELI RIS, RUART 4 — LE R STk ELHEZ,
RS VlOO%\éOgmax TOR == T Zf0IR T ZENFEE TR EWVOHBLETH KENTRD7Z2A9. ZD X
T, v100%VOsmax “CA Mk M K& OVERE RO REHIHIT A AN TH KRB ZeRE N & m LS 2,
RUVRE LA DD THEIRR S SO 528128 - T, RO O H T 2= K<
T p =~ ADN L HHHZENTELEHFFSND.

6. fEm

7k?ﬂ<72i¢§"k<‘:l/7‘:2&5§%&:i5b\f, V100%\902max TOALE— VN —= 2 T E BN ERET 5
ZETENUICHEK 180%VOsmax f@ﬁ@%ﬁﬁ%ﬁ%ﬁ%&55:&753‘“6%67‘%&), 100-80 S COfEFEE
B OWOMAER R G5 2 B TRKRDZENBLE SV, Fi2, vI00%V O max "CliE shIRFfE] 23 45<
IRERHDNRVEL THMBRERES DB S VEZRL, mﬂfﬂ%mﬁﬁ%rﬁ“%ﬁdxé:wﬁ%ﬁ%
e, DL EDZEnG, ARk R EEORBZEMEN TS5 BT, v100%VOmax THOALZ—
SNIVRL— = TR ERE LTS, FEREEITAR W TR E C OIS 2B b 5807 —=0 7
Ty T D ARWIERE R OERRET 5.

7. BiEE
AKIFZ21E, TR SFE Tba—~r AR T —<r A7 Y=k (2014-2018) D—ER LU CTEMS
Ni-. F-, BB W) S E R IS 5.
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