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1. #%
BEEBRICBE Y TINESZMBLZ bL—=> 713, BAEMTEDBILD2HD F L —
=7 L THREBBEDRFICHEN L CEHEINL L0 CH L, U3, I E
W RSB IEERES S AR L P L —=2 ZE ) b L —o s SOMESEEEIZE S A
HEVNH)ZEDL, REWEBN TEYAAZZFLICLZBENO L —=2> 7+ L T,
LIFLIZHERAZIND L ZAHDLDTH B9, L2 IIME«FMALE FL—=2 71,
TEDOP T 72PLE LML —=2 7 TIRBLZ ENTE LY, BEHTIKRT DML
R == REL THHFTE R LICH DY, DF D, ILEE v BB BIESL
HDZALD & < AR e EBRI B, LIBEED A7 & TRE L H Hoikibic L #&
D5 EV)BBIL P L JVORSRDS0T 2 L L, BRI OER R By L Lk
V= JICBWTEELZ I, P —=2 ZICB I ABEMEEDRETH 599, F (¢
WCIHFRD b L —=> 7' Clid, BFOBEREENOMEN L —=> FJHEDFREIC D HE
BUCHEET 20T, BTFOBEBRENZ +0EELL ) 2 Tl —=0 7ELREL &
TN L L% LDTHDB, FRIMHEDO My —=> 7%, BEL L —=> 7R s
RFTE B LR, WEFNDVAFTRAEDERL BHIZEATYD EEZ LML, w
b, WHIED b —=2 718, 7o 7870 v REEGDEHTES)IRENEILIC
o THEBLU N —= 2 TRIRE|DLZENDTEDLD, RE ML —=> 7D 2 RE 2
BTSRRI LD AR A BRT 2720, A—s3—o0— P2k VIEEDIRKIZ & 7 999,
L7z C, WMED b —=> 7 Tld, #iEX L —=> 7EENREE bL—=2>7
I—2DERE IR LT, P —=> ZEHEEREL TS b v vz B,
Ztiux, EYRETFDIREFHDMAR Y L EEN A & DRRD S, 23— 205 ML
LTEZBULENGD D, 3512, LD KEV L —=2 7R LEFT 201013, &K

FICBITAR—ZADEEE ) ZENBEEL KM bW LT,
Z ZTHENE, EORECTDIRE PO HAEbE I —2% L —=2 7
DGATICEEL 72, LT, SXMEBICEITEE» FRICEH 2 2HBIZOWTERT S =



278 N EHEZ - R - IR 2, HRE3EA

& & HIC, IRED S EITIHE L EEEEOBIRIC O W TRET L 72,

Z DGR, ILEE A FB L 2BEETE A > 7 — L - PL—=2 ZICERT 5BROE
ERETHL ML —=2 7RE LEBEEOBRICOWT, E@h o008 o L7z
EZhH, WD ML —= ZHE L EERE ORI TE DO THRET %,

2. EBRF &

1.# B &

WBE R, KR¥EOREFBEEIICHET 5 FEhT195%, 20i% & 2% 3 £ 0BT RIEHEE
FTThH b,

B E OB EBBRIE, KKS 0 b 9 EMORER S ), R BRI BIT 2 BHkak
ELTIRHROBFICHLT 5,

BB E O SR eI DWW TiE, Table 1I2mRT&H) Th 5,

2. H B

FU—=2 7 ogErE, BEEKINSFRRO IR (BEE900m) % R L CEML 72,

b —=>7na—=ix, 1600m o LYK BERDE12%), 1500mD T ) I (AR ED
11%) KU900m Do 3FEEH X % lad bz AElo— 2 (dkm) %A,

bLo—=> ZBOAREEICOWTE, TRTOXMEZ HEREM 2 NEERRE D80%Ic
LT 2EETETTAI L2 H 06 LHOBTICRRL 72,

FH L 2B, 199148 7 A31H2 6 8 A 6 B ToOBRGABHMYyn8 A1 H (LIF
Ist. T &#7) 8H3H (LUTF2nd T &#:7) o2 HEICAED b v —=2 7% &5
L7z, Fr—=> 7 HOKER, ARIEI0CCHENERE TH-72, PL—= 7Dl
MiE, TFRABED L 68300 F TTH B, FRAF— L PL—=2 713, Ist T. »
3, 2nd T. 22 BlOAMAEKCERL:, FL—=> 7L L—=> DN > F—
SR, 1590 L1759 BIOBNIKE (P a X 7)) #HEL 7,

Table 1 physical characteristics of subjects

sub. 1 sub. 2 sub. 3
age(y) 21 22 19
height (cm) 171.0 164.5 170.5
weight (kg) 56.0 52.0 57.0
VC(1) 4.19 4.69 4.96
VO,max (ml/kg. min.) 73.9 75.1 53.9
MBC (1/min.) 140 163 116
HRrest (beats/min.) 56 58 56
HRmax (beats/min.) 198 201 192

Hb(g/dD) 12.4 14.3 14.6
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3. % 2
1. BDBGEAT &%

D BGEAT L LB BIRIE, SCEOER A L TR SES O ARRE A RT L O
THY, ZNHDEEEMELVVAEIC RITTHBEIIEFICRELDTH L L HE 2 L5V,
ARNEBRICHA L 72 B FEATIC BT 28R4, ETHEEA1600m THERHE A2
%NV I—2Th D, EMYEH12% 0 LD L, EBOAHHRE & L CIIEFICK
EAGEEEE TH Y, ETEEIC OV T L EHGEITRFORBGERRE & 13K E HEYH B L
NDEHEZ LD,

EORXMIc BT 28R EL, st ToFE 1 EE (BUF Ist. T-1:#:9) Tlif sub. 1
%53.04m/sec, sub. 2% 1 sub. 34%3.31m/sec TH -~ 72, #EEZEN P T~ 7D1500m 1285
Tt aEEReERD b E T B PEEATHE L, sub. 14%.25m/sec, sub. 2K UF sub. 34%6.33
m/sec Thb, L7zh->T, b —=>7@EEL, #BED LT v 7EITR O P EITE
FEIZHT L T sub. 14%48.6%, sub. 2K UF sub. 3A%52 3%ICHHL T HEETH -7, Ist. T
nFE2BE (LUNIst. T-2&89) B 5 £THEEL, sub. 14°3.24m/sec,sub. 2 U sub.
31'3.38m/sec TH -7z, ZiUE, BEHDPHIZ BT 2 FEEATEEICHE L T sub. 1
7'51.8%, sub. 2% U sub. 3H53. 4%ICHHLE T 5 EITRE TH -7z, F2lst. T D& 31l
H (LIFlst. T-3&#9) (2B 2 ETHEIL, sub. 1273.48m/sec, sub. 2/ UF sub. 34°
3.29m/sec TH -7z, T3, BECEDTHIC BT 5 P EITEEICH L T sub. 14%55.7
%, sub.2K U sub.3252.0%ICHHS§ B AEITHE L W2 5, LT, st TO ML —
= 7EE, BEBRBOTFRIC BT A PEETEEICN L TAE49% 2 556% 124 T 5
HMETI —=2 7PEITEINZ 8% b, D& 22nd T 1 H (BUF2st. T-1&
Bd) 12 B B EITHEEIL, sub. 1493.13m/sec, sub. 2K ¥ sub. 342.81m/sec Th -
fzo ZHUE, BEREOFHIC BT A PEETEREIZ N L T sub. 14°50.0%, sub. 250 sub.
354 A%ICHL T B EATRE TH - 72, 2st. TOFE 2 M H (LUF2st. T-2E#9) AT

Table 2 The mean of heart rate (beats/min.) during uphill training

sub. 1 sub. 3 sub. 3

Ist. T-1 165.2 163.7 160.4
(10.2) (18.0) (20.0)

1st. T-2 164.0 156.0 167.3
(17.7) (25.4) (19.0)

1st. T-3 157.5 161.9 132.7
(16.4) (16.1) (32.9)

2nd. T-1 162.0 152.2 138.9
(13.1) (12.7) (24.3)

2nd. T-2 160.1 164.0 158.1
(18.5) (16.6) (14.4)

( ):S.D.
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AL, sub. 1, sub. 2K U sub. 3D WFNOHEEEFICB VT L3.25m/sec 2L 72, 2

iz, #EBREDFHIC BT 5 FEEITEEICN L T sub. 1%52.0%, sub. 25 UF sub. 3%*
51.3%ICHHL T B2 EETH B, Lid -7, 2st. T L —=> 7B, HERED T
2B B FEGETEEICA L TARIK45%H 552% 1ML T 2 EET P L —= > T ETE
NbZEichdb, T, Ist. TOPL—=> 7@EEICHEL T2st. T DHHFETS %
RERNIL—=> 7HETH - 72,

BBEDEBREICBIT 5 &E.0308% (LUF HRmax-L & #7) (%, Table 1icA 55
BN ThHb, Table 2%, ENIKETICBIT S Fv—=7FFELL3EE (LU HRmean-T
EFRT) ICDWTURL7ZIDTH b,

EY3RAEATIZ BT 5 HRmean-T i3, #8#? HRmax-L I th# L TKE80% 5 5 90%
SN B EERE TH -2, 72 HRmean-T 13, HHERE & LEEREEIIEFEICKE
(21022 530) RBH LN T B, £ L THEBED M v—=> 7 icgs L%k (LT HRmax-T
EFY) ICERET ARFIE, ETHEBER4O L5 0RBL RICHERENTWE, I
i, PEEEAUICA TR S — FEKT00m 2 5800m (CHS T AEERETH S, F/2 HRmax-T
CERET BEEHNE, P L —= > ZEBEOBINC R, ETEREICHERES SNk
BT % BMEMADEED H Tz,

Fig. 113, sub. 3icBit a1st. T-1D F v —=> ZHDLIEH OB DOWTRL 2 F
VI NTTT7 (UTFZ7Z778%T) THD, ZNH7 77 TiE, HRmax-TICEET 5 F T
DBV EFRENTER A HER TE B, 7T 71245 HRmax-T (3, #8#%? HRmax-L
DHINBITHE T E2LNDTH DB, Led>T, EVRKMICEITE L —=> 7H#E L&
BEE ORI, EITHEITFHETRENS0%IEE Th 505, EEYHEEIZ90% 7 A FTHE
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Fig. 1 Heart rate during uphill training of sub.3
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ELTHERBLTWwEEWwZ L),
2. TFOEEATEOIER

SEOT N IREATICHAE L 72 2—21%, BESBDEH11% TL500m D TH 5, P
e 1% DT ) IREATIZ, WRENDT > =2 77 1 — LD FEROBERICKE LB L 5 2
5EEZ LBV, DF N, THRETH»HEICE 2 5B L3, MEEISH 2 #HE
D ERD L BB R UK, NB~DHEOXETH LY, T-ETEL L 2RENEH
TOrEEDs, EERENME L > THN L LD TH B9,

T ORI BT 2 EXEITHEEZ, 1st. T-1TI3 sub. 15%4.87m/sec, sub. 251X sub.
37% .81m/sec TH -7z, T, #WEBHEDFHICBIT 2 FEEATHEEICKH L T sub. 12°
77.4%, sub. 2K U sub. 34576.0% AL T 2 HKETH - 72, 1st. T-212 BT 5 ETHE
i3, sub. 1%%5.50m/sec, sub. 2K UF sub. 34%5.26m/sec TH -7z, Z i, HEBRE D FH
BT B EHEITEEICH L T sub. 14°88.0%, sub. 280X sub. 34%83.1% 1AL § %
ETHb, 2biclst. T-312 BT 5 EITHEIX, sub. 14%6.17m/sec, sub. 2& UF sub. 32°
6.36m/sec Th - 7z, Z U, HEE OFHUC BT 2 FEHEITEEIC e L T sub. 14598.7
%, sub. 2& UF sub. 345100. 5% ICHA T 2HETH > 72, L72h > T, 1st. T DEITHE
13, FHIC BT B EITEEICH L TRIKT6.0%5 5100.5%ICHLE T 2 HEThL —=2 7
DEITEINZ LIS D, F22st. T-LU2 BT 2 #E4THE X, sub. 145.12m/sec, sub. 2
KU sub. 34%4.53m/sec TH - 72, Z i, #EEOFHEITIC BT 5 FRAEITEEICH
L T sub. 1%°81.9%, sub. 2& UF sub. 3471.6% A4 T 2 E Th - 72, 2st. T-2007EAT
HEE L, sub. 1X U sub. 24%5.52m/sec, sub. 3#%4.19m/sec DEATRETH 72, Z1L
i3, HEBCEOTFHIC BT B FHEATHEEICH L T sub. 14%88.3%, sub. 24%87.2%, sub. 3
D366 2%ICHIL T HHETH -7z, T o DEATHER, HEBEDFHIC BT 5 FHEST
WD & # 2 THRIK66% 70 589%ICHL T L HETH 72, 22T b —=> 7#HE(S,
Ist-T (kg L C2nd-T DA b L —=> 7EEIES 2ol sz, Lo L#

Table 3 The mean of heart rate (beats/min.)during downhill training

sub. 1 sub. 3 sub. 3

1st. T-1 149.2 158.6 150.6
(7.7) (7.9 (11.8)

1st. T-2 168.0 171.3 157 .4
(5.3) (6.3) (7.1

1st. T-3 179.3 161.0 164.8
(5.8) (12.1) (15.3)

2nd. T-1 155.6 164.2 129.4
(7.0) (17.8) (10.9)

2nd. T-2 165.9 170.1 144.2
(6.4) (4.1) (11.6)

( ):S.D.
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BEE, THORI—REW)ZELh-oThEYRa—ACHBEL T L —=r 7HEL &K
EEEISAWD, ZRULEDORE T L —=2 7 E2ETL T 5, THIRETIZBIT 5.0
H%UE, Table 3R T EB) TH S, T N FETHROLIALIL, 19 FETRO HRmax-T
WCHE L TR TREELZTRL TWwa, Ly L.onEo#mhix, E9IRXEHE FEFIZH
5 —ENRRHZRB L 721810, EWKEEHT 5 Z LR TE 5, EHIREIL, #ER
FIZ L > THIEIZA LN S A, TOIRETICHBATL TH 2 o HRICHER I Lz, HBEERYICIE,
T D IRAEFTIC A - TRIKE600m 2 5800m (HHL § 5 HEBETH 5, EHFIKIEIZ BT 5.040%
1%, 1st. T-19 sub. 1%145.4+3.75 beats/min., sub. 24%153.5+4.15 beats/min., sub.
3%5143.4+5.18 beats/min. TH - 72, Z i, #EEFH O HRmax-L 2B L T74%» 5
TT%ICHLT B LD TH -7z, Ist. T-2TlF, sub. 1£7163.3+2.71 beats/min., sub. 275°
176.6+3.07 beats/min., sub. 34154.0+4.38 beats/min., Th > 7z, Z i, #BEHD
HRmax-L l2xt L T81% % 588%IHH%L T 5 4 HDTH %, 1st. T-3Tld, sub. 155180.9+4.80
beats/min., sub. 2%%171.2+5.49 beats/min., sub. 3/%161.3%+17.0 beats/min. T -
72o 24U, #8E D HRmax-L 2 H#E L T84% % 592%I1c %5 LD TH - 72, HRmean-T
i3, Pr—=r 7RO T L A EEAEED LN T B, F22st. T-LicB W T
I¥, sub. 1£°151.0£2.30 beats/min., sub.2%4149.0+5.14 beats/min., sub. 32°124.7+
5.66 beats/min. TH -7z, ZLd, #EHE D HRmax-L (2B L T65% 5 6 77%I12 A%
TBHLDTH -7z, 2st. T-2i2 B Ti, sub. 14°162.0+2.91 beats/min., sub. 2/°168.0+
2.35 beats/min., sub. 34%144.0411.92 beats/min. T& - 72, = 1Li3, #B# D HRmax-L
ICHE L T76% 0 684%ICHETHL D TH B, Z2TY, b —=>7HEHDHMT 5
2y, HRmean-T 25 < e 2MA58H S 1172, Fig. 2%, sub.l ?list. T-1Liz BT %
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Fig. 2 Heart rate during downhill training of sub.1
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LB OEE 2R L 727 T 7 THd, ZDT7 770tk TEMsr ki, TYIRKHEH
IZA - 72 B H 008U, BEL THRRE 722 2055 2 DR L ERWKED K E
BHDZEDTEL, EHIRETO.LIAKIE, #EE#E D HRmax-L (2l L T65%2 © 84
WD TH - 72, Lizh - T, EATHRE &ESEENOBMRIE, 90%75 5100%D F L—=
> IHEEICHENT B L DD TO%AEDESREICHLE T LD TH 5.

3. PHUEAT LLHE

SEHGEITICFIAL 72 2— 212, 4Rl > F—n - b L—=2 TR Tl EDOERD
12872 5900m DIHBETH 5, & I 2K, T DR S FHUETICERT 28855 TH
N, ENHELTIIEFICHL WRXEE W2 HY,

Z OO EATIHREZ, Ist. T-1TiZ sub. 1474.95m/sec, sub. 25 UF sub. 34%4.92
m/sec Th - 12, ZHIF, WEBREDTFHIZ BT 2 FEEEITIHRED sub. 14579.2%, sub. 2
Fo X sub. 34577 7% 2 AHS§ B3 E TH - 72, 1st. T-212 BT 5 E1T#HEIZ, sub. 14°5.56
m/sec, sub. 2% UF sub. 34%4.93m/sec T -7z, Zid, #HEBADOTHIC BT 5 P&
ITiHEED 53 5 & sub. 14%89.0%, sub. 2% 1 sub. 37°77.9%CAHY§ 2K L\ 2 5,
X 5izlst. T-31C BT 2 ELTIEEIX, sub.14%5.42m/sec, sub. 2K UF sub. 3%%5.63m/sec
Thotze THUT, WEREDOTFHIZBIT 2 FHEITEEZISH L T sub. 14°86.7%, sub. 2
T O sub. 3588 9% SIS T B EETH » 72, TN HDEITHEL, BEREDFHIZED
B VHIEATIERE DT8% % 5 89%ICHIM T 2 ME Th 5, F722st. T-LiC BT ZETHEEIL,
sub. 1#%5.03c/sec, sub. 2A%4.92m/sec, sub. 3%%.89m/sec TH -7z, Z i, HERFH
DRI BT B FEATHE O sub. 15780.5%, sub. 24577.7%, sub. 35%77.3%I2HH% ¢
BEETH B, 2st. T-2TiZ, sub. 1, sub. 2/ U sub. 3%% & $125.26m/sec NDEATHEE %
R 72, UL, SEHUC BT A EEEATHEEIC A L sub. 14%84.2%, sub. 2K X sub. 377
83.1%ICHIMT 2 HETH 72, TNHD L —= > ZHEEE, HEBEDFHIZHT 20
YIEATIRENTR% D H8SRICH L T2 HE L W2 5, ZHUE, Py —=Y7HIZH LD L

Table 4 The mean of heart rate(beats/min.)during training of the flat-ground

sub. 1 sub. 3 sub. 3

Ist. T-1 167.6 166.4 163.3
(5.0 (7.2) (7.3)

1st. T-2 178.1 169.4 157.3
(5.7) (4.7) (17.2)

1st. T-3 180.8 172.6 145.2
(10.7) (15.1) (18.6)

2nd. T-1 168.7 107 .4 143.0
(4,2) (12.6) (16.2)

2nd. T-2 172.9 176.8 153.5
(5.3) (3.1 (12.4)

( ):S. D.
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DI L 72 B HRRE N D80% Y T HEET, PL—=2 7T L2 ik b, LA
LhLr—=> 7R, Ist. TICH&ELC2nd. T OFH»ETT 2MEEH»BDH LN, F
WAEATIZ BT 2 040802, Table 4 12RT EB ) TH S, ZHOXMICBYT 2.04881%, L
0 EATHC MR 2 172 HRmax-T (2w, ZHUEOEEE,BH Lz, &I
SEHEFTIC 31T 5 HRmax-T ORIHIT, FHUEITICHAT L T40MH 580 RICHERE I 1T
W3, S, BEEEC L T250m 2 5400m ZEGE L 2EICERO SN TV, 2, ERER
8¢ HRmean-T (%, 1st. T-10 sub. 14°169.5+2.71 beats/min., sub. 2%%170.7+3.14
beats/min., sub. 34%165.4+6.54 beats/min., 1st. T-2¢> sub. 1#%179.5+5.40 beats /
min., sub. 245173.1+2.18 beats/min., sub. 34°158.0+20.80 beats/min., 1st. T-3? sub.
15183.2+4.66 beats/min., sub. 245176.3+11.6 beats/min., sub. 3#153.3+15.60 beats/
min. Td -7z, ZHU, #EF D HRmax-L 12 # L T80%H H593%ICHETH LN T
b, 72, 2nd. T 2 BT 2 EHHKETH HRmean-T (%, 2nd. T-14°171.0+4.54 beats/
min., sub. 24169.2+2.53 beats/min., sub. 34°157.4+2.63 beats/min., 2nd. T-2? sub.
1%5175.1+4.50 beats/min., sub. 2/%178.4+2 .80 beats/min., sub. 345155.0+8.42 beats/
min. THh -7, L, #EBED HRmax-L i2H#k L T81% 4 H89%ICHL T H LN T
»t, 22Ty, lst. T iIck# L T2nd. T »FH° HRmax-T K< % 2158 6 1
72, Fig. 313, sub. 1d1st. T-LC BT 2.8 0BEEZ R L7277 7 Th b, 77713,
EHFEATIC A ) AT D IREITRIC B L CRM L EARE 28505 H D —EDR
H% RSB 2 %ICEFKEZBEKL Tw b, 20 HRmax-T (3, #&#? HRmax-L

IZXH L TOS%LL L DEBNEE 2B B 2 EHTE D, LI - T, EITHRE L ESRED
BIMRIE, EATEE N85I N L T80% A 595% NiEEY ML AR S 172,
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Fig. 3 Heart rate during flat-ground training of sub.1
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4. F—2 TS

SRIOEBRICHHELZ: Py —=>7a3—213, EYRETHRE O 3% A
BEbELLDTHD, T, BICUBEBOTHRUZREOEL» M S v —=> 710
—Z2TIE% L, EOR, THORBOCPFHEZBEECX S L2LDTHE, 3—21F, F—%F
VEREE 4 km ISEDT, f > F— b PL—=2 7 ) BRTERBL 2. & CI2s
[ a—210%, EYRECT DIREBOERLEAIEFICKE , HEBEICITES) O AT
EEE L TIIFEEICKRELHRPIAHELZERT LD TH > 72, HEENS000m 12113
N7 7 TOFEGEATEEL, sub. 1, sub. 2K sub. 3& 42, 5.6m/sec TH 5, b—
ZOVHEE TOEATHEL, 1st. T-12%FHUC B 5 PFHEITHENT2% 02 575%, 1st. T-
2TIET7% 5 579%, 1st. T-3TI383% 0> H584% TH » 7z, L72h - T, 1st. T DETHE

Table 5 The mean of heart rate(beats/min.)during intarval training of 4km

sub. 1 sub. 3 sub. 3

1st. T-1 160.8 162.6 157.8
(11.6) (14.0) (16.9)

1st. T-2 167.3 163.9 162.4
(14.2) (18.9) (16.6)

Ist. T-3 167.9 163.7 143.5
(17.3) (15.4) (30.2)

2nd. T-1 161.2 136.9 136.6
(11.3) (26.0) (20.3)

2nd. T-2 164.1 168.1 153.1
(14.9) (13.2) (14.5)

( ):S. D
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Fig. 4 Heart rate during interval training of sub.2
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i3, THUC B 5 PR EATRENBOBRIRDEE T v —=> 72T L 22 LIk B,
2, WTNOBBREIIBWTL b —=> 7o micfiy, ETEE» AL T34
BA%E8H 5472, 2nd. T-U2 B W TIL, “FPEEITHEHED66%0 574%, 2nd. T-2TIi372%
PH18% TH-72. ZITHL MLy —=270MIME & LIS, SEBEEDEITREI LAY
S HEle Hitz, & L COMABOEIAIZ D\ Tid, Table 5i12/RE N5 & 9512, #HE
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The purpose of this study was analysis on the results physical function affected by
the long interval training of 4km infered from heart rate. The subjects in this study
were long distance runners of 3 male college students of 19 to 21. The influence of
physical function was analysis by the results of heart rate during 4km run.

The following results were obtaised :

1) The training speed during uphill training of 1.6km between about 509 of best
record on the training and 909% of HRmax of the subjects.

2) The training speed during downhill training of 1.5km between about 95% of best
record on the training and 75% of HRmax of the subjects.

3) The training speed during flat-ground training of 900m between about 80% of best
record on the training and 809 of HRmax of the subjects.

4) Therefore, the most inportant things on the long-interval training for the timetable
of the training speed of 80% and 80% HRmax of work load.



