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Abstract : The purpose of the present study was to investigate the effect of varying inter-contraction intervals on
central and peripheral muscle fatigue during intermittent contractions. Six healthy men carried out maximal unilat-
eral isometric plantar flexions 50 times, separated with an interval of 2, 4, 10, or 30 s. Supramaximal electrical stim-
uli (twitches) were imposed percutaneously on the tibial nerve during and after every 10th contraction to assess the
level of voluntary activation. The surface electromyogram (EMG) was recorded from the medial and lateral gastroc-
nemius (MG and LG) and soleus (Sol) muscles. Plantar flexion torque and other parameters were maintained over
contractions with 30-s intervals, while the torque as well as EMG activity of the MG, LG and Sol and the level of
voluntary activation decreased significantly under conditions using 2-, 4-, and 10-s intervals. The amount of de-
crease in the parameters was greater for shorter intervals. With 2-s intervals, the twitch torque decreased signifi-
cantly, the half-relaxation time of the twitch torque increased significantly, and the EMG mean power frequency of
the MG and LG shifted significantly toward lower frequencies, whereas no significant changes were found under
other conditions. These results indicate that there are differences in the contributions of central and peripheral fa-
tigue, both of which are a function of inter-contraction interval.

Key words : repetitive exercise, voluntary contraction, electrical stimulation, plantar flexion torque, surface elec-
tromyography
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THIER I SN B TRMERY | &l
115 (Bigland-Ritchie, 1981). £ LT, ThZThoD
KFo 5, FEiish /BB EITIkET %
(Enoka and Stuart, 1992).

i R B i R {3 e o RO i U & ez SR B ©
KL frbhsmimgokXTtho, tL—=v7
R A OB IR E AN EICE TS
LidLEHwSNn S, BIRMBIEESIZE 15
TR FIFER O A >~ 57— (LIFA v 5 =N
WERT) ORBEZITS. Lich-T, BKRW
BB B VLT A v 7 =7 IVIZ DTN S
Z &, BRI GHE 24 S SEE) A D g X
R=VFEP P —= v T ICE > THEETH S, M
foe U 7 R e KBS IHE IS B 0T, (8 —
SNOUDSEL (1~108) & &, KPR X RN
W OMBENAE L % (McKenzie and Gandevia, 1991;
Taylor et al,, 2000; Nordlund et al,, 2004). —J5, 10 #
Tt O d KBt 8 S KU IS B i i B % 18 [, 10,
40, 100 B LT 200D A v 7 — )V TRIE LI &
&, WEFIC X > THER I N 0 BT &
IERE I B V0T, 10 BX T4 B A v 7 —LT
FEEFITEA AL LIS, 100 BX T 200D A1 v & —
NV TOEAF/NE DT LI REND B
(McKenzie and Gandevia, 1991). Z 41, IR
KREBEHIFEIZBOT, BoA vy =l L&
1203, KRR 5 DA Uis s, KRy g 57 hid:
CTHLZDORENNSNI EERELTNS, &
oDl &M, BRRKBHNMETIE, 15—
PNIVDESITL 5T, WIS K ORRE
PSS B GT B EAVNRIL S O RS h
5. FRIGEBHF OB LTI, IhET,
e 2 & — N OZALP W I X 2557 OFRED
BN EOBEN ST - LB R D SN S
(Vollestad et al,, 1997; Kawakami et al., 2000) 73, k.
LD X (McKenzie and Gandevia, 1991; Taylor et al.,
2000; Nordlund et al,, 2004) = &®H T, 17— b
DEE EPRMEE X O REMENES & O BEPEICS
W THEAINT IR S NICHFFRIRSAFAE L 12, =
T, AWETE, BRIGER MR K B
FEBZ BT, THREPE S X KRR PR 51 3T
A =IO AT A I EEHMNE LT

% ik
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W IR BE 6 B TH - 1o, WRHF O
W, BEBITHKRERZ, £h£h 31.3+88K,
175.2+4.0cm, 69.8+7.2kg CP-¥flE =R ) <
Hote. FBARIIONT, BRIRFERFEGERE
AL R R AL B X B W OREEZ
Z LT, HiTXTomBmEFITHL T, o
A, s LU THsh a0 T, +
SHZHBEITO, B0 RH =172,

2. EBAE

D #RE R L OEE

FBMON Y FITHBRE % 5> >DREITENE,
BEa OV TRy FICE U, AR &I
(7¥ v 7 A, Myoret) D7 v k7L — MIDH,
NFFEELIEET v N7 L — M SEDEEN S
WEIITRELELS DRDHIHET v N TV —h%&
JFMiEtEo 2 b5 v FCEFE L2, RN R
Xt U CTHREOMED S5 10° HE S 7z,

JEE I AT JE D A D RPEIR K E B it #E By &
U7z, BB SN O i i KB R AT % 2
\fT, 208, o REREZFR T &K
BT T, 3B E Lz, 1%
i & TS R ZE U Tk T & AU B &
UOREDA V5 =V ERD B 1oy, FHHjicHE
UlcildBr o fE R, IERHZ 28, mEo 1 v
§—sVE 28 & Ui, EEREREIE, MRS 2
PO O e R BE R D 50 MK % 2, 4, 10 38 K T
MHDOA v 7 —NLTIFH) bDE L, HRES
Bicgit 4T b e (Fig 1. BIED I
fl& A vy — VR O le# (Duty cycle) O #EpH
&, EATHFICICHE U Tk LU e (McKenzie and
Gandevia, 1991; Nordlund et al, 2004). i 1alh 5
DO MV EFIE A/DZ# (ADInstruments,
PowerLab) @D H/8—YF a2 —% (Apple,
Macintosh PowerBook G3) 12X DA%, HBjHIZ
AVE2—F RV —v hETE=Zy— L. 20
8 D 35 KRG J1 D FFRIT DT, HFNZFHM
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Fig. 1. An experimental protocol of the fatigue test. Maximal voluntary unilateral isometric plantar flexions were performed 50

times with an inter-contraction interval of 2 s in this example. Four trials were carried out with inter-contraction interval of 2, 4, 10

and 30s. MVC: maximal voluntary contraction, Interval: inter-contraction interval. Arrows indicate the time at which supramaxi-

mal electrical stimuli (twitch) were imposed.

Ui KBEZ s bV 7 D K& &%, TE5713
Fifi UCRIET 2 X HF Iciimd 5 & &g,
Fhad, KIGEWR L, FEiid 2 T0 R S
VELTEEL, 1HI2E 1 IToAT-7%. &
TR I3RIE 1 H OB A & 3 72,

2) BRI B L OHiEK

BRI, BLAIEEE (BALE, SEN-
3301) BEETAVL—% (HANRE, SS1963)
RO, HBRE OGO MR RIIICEE 25cm
DM A 1om BT 2 BEM L, IEMRORE
HIBAAT » 72, BLIUHE NV 27 (T U B 51 i 5
FOALT AT v ADOEEEF/NRICIIZ B
®, 100 us K O HIE R # % 3% (10ms )
e (Triplet) LT A7z (Kawakami et al,, 2000).
b oMU, FIBETEALE X CHUUE NV 7 Ok
AL, TOBREELZBI2HEMEMZ 2 (8
RARHBD. BRMFIAE O KR 10 B B, I
i B & O sk < kg H R A A 7z
AL D TR AN & B Rt R o BLE K HE O
SHANCB VT, BBRFICIBEELETTEETE
WEFR—V g VEFRTLIEMROONS,
F7, WHRFICTEE LBV TRSIEEMNZ 3
&, I O MR O B KEMME T35 2 &
MIEHE X T % (Bigland-Ritchie and Woods,
1984). =2 T, EBERIEUIEBREDET
N— a3 VOREER/NRICTMA 570, REH

MVZ EFvmRa—TICFER U THBRZICT 4 —
KNy 795 EEbi, BRSO &A%
1o, BRI E 2T THHBRE DB IR K LV
NIVTHTE B X OB L7,

7 R B U R 2% 1 2 2 FH O, ALKt T ) 3
B 5Hz, I W B8 1 kHz 1S THEEK T 7
(HAEHE, MEG-6116M) 12 & b g U7z, BRI
BNMEE MG, BEEmAMEE LG, tF A
(Sol) B L ORI (TA) Ol YeiBIz H £
5mm DK EM (2=—2 £ F 1 A7)b, TN201-
222) % 30mm fERE TAEAT U TR &8 L 72,
F7, AROPOITAEEMRAE M L., BkE
W3 2EBALIEH v RR— =T IC B Dl
BlEAHID, BRESE, HERESIC A X0
BAWBIEO EEMR L. MV EHERORE
T 1kHz 0% > 7V ¥ R THib & gD
HikT/—yFIa v —Ficask L.

3. o
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DREFOHREBIsMESMMTOHFREEL, ML
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7B XOHERERE LT, HTE O B
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% (mean power frequency: MPF) %:K® 7z (Kwatny
et al,, 1970). 1-9, 11-19, 21-29, 31-39 ¥ & T* 4149
mDZzhEn 9 EDRHMIZONT, b7, il
B EIE 3 & O MPF O P4 Ko 7z,

filkt R 0 B K #E L, 10, 20, 30, 40 38 & TF 50 [H]
HolkEH & & 002 f 2 1 o YL HEE % O g H o
BLRAHTHERES NI bV D oRATE - TR
i,

ek o BLTE Kk HE

(1_1IS(¥1”§EPL:%§%§ hiz MW)
MR R S i Ly

X100(%) (Allen et al., 1995)

R I BRSNS T S i L7 Iz T,
MV 7 D — 7 filid B b Ly & LTRD 72,
ZLT, M7 oBNsHERSNIREEMNS E—
7 CORM AR E LT, ML OE—
THED S E— 7 HON50F T T U 72 i 4 iz
B & LTk e,

11-19, 21-29, 31-39 35 L * 4149 [ld> bV 27, i
B IR O I > 0T, 1-9 W EE 1% 4]
W E LT, WIMEITE S 2 EIG &R 7. 20,30,
40 3 X T 50 [0 H D ik 5 o B /K #E,  BURHE b
Vo, WGERER 3 & Rl RE I > LT, 10 [mH
DIEAYIHEE LT, PRI T 256 %KD
7c.

4. et

&7 — 7Pt ERREETR L, 1V
Z =V, $RTOIHHIZ>WT, RENHD
BN D Sy — v, bbb, KEREE
OB RE S WA M D 720, KEREE K
& U7 RAEIE —JCRCiE 23 UM IC & » THRIE L
fo. Fi, NKEBEE A V= VEERE LK
Bid o Lol A S T OC R B 5 BT TR
L, SHBICE T 5 ERE ORI e S 2k
RIZTA V7 — NIV DAL HIEROEEN S
MER U7z, AW TIRERZOLLICERL, &
AAEH DR oG, RAED) O O O,
Tabb, MY, BHERERIES XU MPF O 41-
49 M H D, #hifeR o BEKEE, BUHE V7,
a6 & ORI o 50 Bl H o iz 20 ¢,

R T 20— OZHERMBEHREIZE>TA 57—
SOV O B AT - 1o, A EKEEZERRER 5% R
&L,

n#& X

AUy —rTO MIVT I, EERTET
P L NV asER S ndc, 2hiT L, 2,48
ST A s —LTD MV IE, OIS
LTZNZN 586+84%,722+10.6% ¥ £ U 83.3+
121% FTHBEIZIKETF LA, £/, MLV7ELD
Ry =R vy =V EREBEDMICH
BERLAMERABRED N, 3081 05— &2
BLO4ABA 5=V EDR, ES5TIT10 A
VE =N E 2L =NV EDRIITEEEN
Aot (Fig 2).

R KR O EE, 30 /A v — LY
BITABEBEAZED SN -7, —H, 24
BLT10 B A v & — L TOHERIER O Tl
&, EBo#EICEL, I LT, MG T
1% 582+12.0%, 75.2+23.0%, 795+23.0%, LG T
1% 58.6+105%, 67.1+122%, 821+254%, Sol T
i 634+132%, 76.3+115%, 782+199% ¥ TH
BIETL, Mo EWfFLIE AR LI, &
7o, WiEMRREA /L CPEaEoZ/) oy —
Wi, A vy =V ERENBEOMICTAERERER
HAEHRED 5h, MG, LGB XU Sol ik T,
A vy —NWE2HA vy =V EDRICH
BEEMRED oI, Fi, LGITBWT, 1071
VH =N E2WA V=NV EDRIITEEEN
AW ohis (Fig3).

MR R OB KEER, 301 7 — VDA
CAERE RS o7, L, 24
BXG10HA vy — TR, HIHEICHE LT,
ZNZEN 755+79%, 758+11.0%, 85.6+152% %
THEIKT U, BRI O 55 5712
BIF 2 PRRYENE 7 O B 52 7R B e fTIFIEIC—
U7z (McKenzie and Gandevia, 1991; Taylor et al.,
2000; Nordlund et al., 2003). = 7z, f#HfER O HE K
HEEALD XY — T3 A v 7 — L SR E N &
OMICAEBRLZL NSRS SN, 081 5 —
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Fig. 2. Changes in voluntary plantar flexion torque during the fatigue test with 2 (@), 4 (A), 10 (M) and 30s () intervals. Data
were pooled for consecutive sets of 9 contractions over subjects.

*Significantly different from the initial value (average of 1-9 contractions), *Significantly different from 2s interval test,

SSignificantly different from 4 interval test.
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Fig. 3. Changes in mEMG (average of 1s during contraction) of MG (A), LG (B) and Sol (C) during the fatigue test with 2 (@), 4
(A), 10 (W) and 30 s (®) intervals. Data were pooled for consecutive sets of 9 contractions over subjects.

*Significantly different from the initial value (average of 1-9 contractions), *Significantly different from 2s interval test.
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Fig. 4. Changes in voluntary activation during the fatigue test with 2 (@), 4 (A), 10 (M) and 30s (®) intervals, Voluntary activa-
tion=[1—(increment of torque by twitch during maximal voluntary contraction)/(twitch torque during relaxation)]<100(%).
*Significantly different from the initial value after 10th contraction, 'Significantly different from 2 s interval test, $Significantly

different from 4 s interval test.
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Fig. 5. Changes in torque (A), time to peak torque (B) and half-relaxation time (the elapsed time from the peak to 50% of peak)
(C) of twitch during the fatigue test with 2 (@), 4 (A), 10 (M) and 30s (®) intervals. Average data of all subjects.

*Significantly different from the initial value after 10th contraction, " Significantly different from 25 interval test.
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NIVE2BLPARA V7=V EDRICAES
nEH SN (Fig ).

BN MV 2 iE, 284 v 5 — v To B U
I LT 79.1+159% ETHREIKF Lz, £D
DA > 57—,V TIRAMEIRZALDRED SHiEh -
7z (Fig. 5A). WHEMEIE, & OATIT & wIfE
EOMICHEELREZRIFED o d» - 72 (Fig
5B). iliEEERIE, 281 v & — LT O AHME
WX UCTHEICHIM L, 20 [ % O B IZ B
VT, 106.6+7.9% DHlFEREE O HNNEED 5N
(Fig. 50). %7z, HUNHE bV 7 3 X IR 22
LD/ 8y —Tid, 4 vy = EREREED
FHICAHBELSZHEEMERED onish - 7o, —J7,
MR R LD/ Sy — I8 NT, A v 7 —)b
LG E ORICE AR BAEH DD ST,
ZLT, 0BXTIOBL vy —rvE2B1
=NV EDMICAEZPRED N, ZDfho
A 2 =V AREPRBD SNt - 7.
Zhid, 28X TABA vy — N VOMIT, W

A 200 _
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BERNBEINI DD - ICYRE DT LD
ThaH, KEOHER, Tok)BMAEE
LB A0 57— VOEBENNBLTI0H 1
F—rE 2 vy =L EDRNITIZTEEL
ZEERBRT 5.

MPF i3, MGB XU LGMH 281 v 5=\ T
O AYIEITE U THEZIKT MG: 785+11.7%,
LG: 84.7+135%) % U7z, Wiffi & & MPF Z£{k®
Ry —idA vy =V ERBREE DRI
BALZAMEANRED N, £ LT, MGIZBWL
T, 0L vy —rvE2R A I — L EDR
KHBEEMRD SN, 72, LGITBWLT, 30,
WBEFAWA V=N E2HA 7=V E
OIcHFEZENED o, Lhrl, ZofioA
v F = NUVNT IZ TR ZE 3D S it dp - .
Sol 13, TXRTDA » & —/3N)VT, EHORkEIZHE
IEARED SN, -7 (Fig 6).
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Fig. 6. Changes in MPF of MG (A), LG (B) and Sol (C) during the fatigue test with 2 (@), 4 (A), 10 (M) and 30s (®) intervals.

Data were pooled for consecutive sets of 9 contractions over subjects.

*Significantly different from the initial value (average of 1-9 contractions), " Significantly different from 2 s interval test.
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v & £

AR 2 ERALIKROS5HTHDB. T
bbb, (1) EREfER MVYIE, 3081 vy —
FOVTHBFE T E THIMENZIZHER S, 2 4
BEF10HA vy — OV THEB DR IZPE > TE
FUL7. (2) MG, LG % & U Sol O 7 & K ¥z g 1%
2, 4BXTI0H A v & — NIV TEBOREFIHE -
TR F L7, (3) #iiRFRooBEKEED, 2 48K
C10MA vy =NV TRT LI, (4 281
5 — N )L T D B o B V7 KT L,
MR A L7z, (5) 284 v 7 =\ TD
AMG BELUPLGOMPF BMEF Lz, Thooks
Fid, 2B O RAK%ER NG I & 2 BXIE B
HERERNC B 0T, 301 vy — IV TIRTE
T TS, 30X DE WA V7 — IV THIIE S
NHU B, 2LT, BnA vy —r0iE EfiEdr
MRELLD T EERET S, Fi, HIEHNE
U2, 48X 10HA v 7 — LTI PEMEE
M, 28 A vy — IV TIHHK RS 9 & RGP
PWHDOWHENEL, 45—tk ->T, P
P 57 & RIS 7 O BN IRIL 5 & &2 RET
5.

MV EHEKIER, 2 48X 1081
5 =2V THEE ORI LS KT ARD S hik,
Z LT, MBEKIEEZ V7 &3FNT L TR
Lic. SoZAkiE 3 208t (MG, LG 8 & U SoD
TREIZED SN, 17— UBENFERE
KT U7z, @@, JOETIZIET U TR
PRIEAME T 9 % BLG I R A I E B R 12 8158 <
1% (Bigland-Ritchie et al,, 1983). Z4iZ, ik
He & iB T DAREA AR Al e G B FEAL D AR MK T
MEZ 5N TS (Enoka et al, 1989). —J5, fi
PEFT DV U BRI BT, S ARHE D IR
PRI 57 12 K B BT DA & 5 W I3k 4R
ETICIn UCHEE = 2 — 1 v QS KBESKT
9% [Muscle wisdom ] &EMEEN B2EBNRIEAET B
ZEMERMEN TS (Enoka and Stuart, 1992).
A TRD SN HBRIORIEOIK T L, FE
INBITEDLETHOBEESTE & ks R

THY, B, PN (Central nervous
system: CNS) OHEHEIK T2 /R L Tidh iR nligtk

bbb, LWITNITLTH, 24815 —LD
BERIERS 101 v 7 — VXD REKFL
72l EMS, A v F =)D EEDHHIHITEAE D
A1557, CNSICHREAERITT I EBH SN
ot i, fMREROEEKEIILNT, 48
A=V ENORA vy =V EDITHE S
RO oNID o Teds, 24741 27—V T,
1081 7 —bE D R&E KT L, SBfTiise
2B WT, HRIERNBEE I HER D (1 > & —
NIV D E &Rk TR o BE K HE 0 T 130RH B B A
NEAD SN - o ERFEIN TS (McKenzie
and Gandevia, 1991). UL, FABEEmIHE
D i O B O R P KRR 57 D R BLIZ, RIS
Ko THILD Z EMRBEIN TS (Belanger and
McComas, 1981; McKenzie et al., 1992; Allen et al.,
1998). =hwW R, e BE T B & N RE A
BT, Ay — DS &R O B %
MELZLZIESFZZONE, LTHIILTS, i
TR RME & ARER O B KEDRT & 5 AWHE
DR S, W0BUTDA ¥ 5 =)L TORIKK
FRIRHE T3, AR O B /K e & & B o [ /7 D
KF5IERIINs Z EMEEINS. LaL,
WA vy =N EARA v F — VDRI
SMIERDBAD ONE DT En S, 2
D i KR e BT fR EF) <13, 4L ko1 v
F—rIZBNTA v — ORI 513 L
XPESE 97 ILNT 5 LR 5.

2 A vy =iz LT, B bV o K
T U7 & EOmiEEEA M ¥ 1T/ D
SNEM -t BATHRICE VLTS, MR LM
HiEEEE) D M BEICEALBRD 5 8dp e 2 &
PG I TS (Kawakami et al,, 2000; Nordlund
etal,2003). T I &iE, HIUHE ML OIKTIE,
MR —mE O EEAEPHNEO BEEOKT
(Behm and St-Pierre, 1997) Ti375 <, o8I
FRdB DAL E ML TS b0 LfEREINS.
F72, HOUEE « WRRIE, HIEEHENO Ca®t IR
2k 5T, HIEIEZEINIC, B ISREEIIEREE
INTED (Vollestad et al, 1997; Ortenblad et al.,
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2000; FIHZE A, 2006), yihfe R H O T E 13 /M
D Ca®t O ABLFEDKFIZLZ DT
HBHIEMEESNS. 51T, HIUREMZIIH
WA ELAE NS & - THikHE D RifE B & M4
U5 ZEDRENTHS (Odaetal,2007). il
DT & B ALK D T AR RE DAL &2 HA &
9 B fih R AE A K DK T AVt R o0 S | &
1o THNI AT 2L TES.
D RO TIFI R O AR HEENRBICHE H L 724
BOISBABEDPLETHA .

Wisiied 5 & &, MNESEML, HA» S
M A U, sk g 2 N~ RA T 5.
FRBFIG TR A~ 7 — iz & D iR A
T 5 MR ERPAL, [ v 57— IUHE NI
EHNOMKENBBL T2 ENEBELZSND
(Bigland-Ritchie and Woods, 1984). %7z, UNHEKE
MEA vy —rvpnEE, bbb, Ml
DHENE N E X, ATP ORIMENEE 5 Z &M
X2 TW3 (Chasiotis et al., 1987; Bergstrom
and Hultman, 1988). £ Z T, (v ¥ =X)L T
(U OHUE A F <, ATP ORI EM &% 5 72
W, RoAa vy =0 UROGBHIGESEE) XD
ATP OMENKEL LB EbIERSINSE. &5
17, NI & O W AERERE D B R IS iR B FE
RELT, MENHIRSNEE, HNTELS
nic " BERT 5 2 & (Metzger and Moss, 1990)
PUGHRRITH N S I &0 5 K O i A
5NB I EAVRE EIN TS (Sjogaard et al., 1988).
ZIT, 24 V5 — U TIREIN ATP 25K & <
KFFT5IE, i, Hi~OMEsHRINS
PR, BINO HY OBrES KT OHENY 1 5
N5 EITE->T, MHIFHEEEDK T NG &k
INB I EbHEINS.

284 57—V T, MG BLULG @ MPF 28
IR B HIRA~BAIT T 5 2 LR S, MPF I3,
i 57 DEATITHE » TR A~ BT 5 2 &
WG SN TS (Madeleine et al, 2002; Orizio et
al,2003). T OZALITIE, 1) HEBHALIEBEIEAL O
TEIRZE AL, 2) IEEIBRAL OIS DL, 3)
B HAL D S K D[R L, 4) SHB)HLAL O 78 KHHE
DOEALM KBS N T3 (Bigland-Ritchie et al,

1992). =512, BN MK E D ZALH MPF 2%
BAERIZT I EEREENTNS (Merletti et al,
1984; De Luca, 1997). £Z T, 2841 ¥ —N)LD
W7z, BERE M CEEh AL O IR B BEAL O TE R
%Ak, JEBHEAL DR K DRI, FEB)HALD S K
B DZALRALE AL DIKT, X SICHiNIMKE
DIXRTFOREEEETN TS EIESNE. —H,
Sol IZ 13 #E B DK PE S ZALNRD Sz -
2. Sol XMEEMNC N TEE & 1 7 O HiRHEN S

(L, o, BZ A TOmHEE, &y
A4 7 X0 GIEHMENENZ ENRESHA TS
(Caffier et al,, 1992; Fitts, 1994). € Z T, MG 8 &
LG & Sol ® MPF 1238 & 22 5811E, ik
Wy 7OEREKMENTNWEEEZLNS.
MPF DK T A 5 3B AL D 78 KSR DK T DB &
ML I N B, B bV 7 O &Rz R
DY &l U 7@ B AL O 8 KR DR T 1T,
Aiab U 72 Muscle wisdom & KBt I 1Ty (Enoka
and Stuart, 1992). AMFEICB T, 281 v 5 —
ZOVHIZ UG bV OIKF B & OVlARIRE R O 4
En@EB oIz EMnS, 2B 57—k
WT, KM R el EnEL NS, &
7o, HEHICEERZZED S s h - 7o,
A vy —suigE, Bl MV, MG B &
U'LG @ MPF OIK FAR&EL, 4 B0~
5 =T BN T &ARMPERE G U SR S
ns.

A ORER, HKEBESIREEBFIZEL 5
FRIZIIZDWNT, 30 A v 7 — IV IZETE 57 3R
Ulsipotcl &, 1081 27—/ T b iR PEE
PR INI T &, i, 2B 57—
KPR S K RN PEE S ol E AR I e 2 &
Mo, 425 —"NVOES &P X KR
Vo L OBLEENREINS. £ LT, IhH6D
R, PL—=U 7 PHEDOHMIZADE A
V= NVDOEREIIHENLDOEDEEZLSNS,

vV & & &

AUFTEL, FRMAEIEEEE) % 2, 4,10 B &
C30BBDA > — )V T50 MKELEZED b
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V7, MRRBUEKHEE, TR =EH O M R R O 2
LA, WHEBA >~ 5 =0 (£ 5 —230)
DEEALISHRPE 38 K OTRAE 9% 57 12 B3 3 g2
DVWTHREHT A EAHNE Ui, TR
BUTOM@Y TH - 7z,

D HRMLIECH MV 7 B K OZ OO JIE I
BT, 3081 vy — OV TIRIER O #EEEICHES
Elhd@vonBhotc. —h, 2,4BXC10H
A2 F =BT, MLV7, HERKIEES X
Uil 5o 0 B /K HE (B B Ok 12 fE > TIK P L
A v =g ERE KT L.

2) 2WA vy — LT NT, HIED Ly
METF U, sligglER] (Half-relaxation time) 2s¥EN
L7z,

3D 2WA vy =BT, BB O S
7 — REB SRR AR ABT L., L L, Z
DDA v 57— VTR SHRERED SN
o,

VLR S, e RERPENHEIC X 2 HKHY
JEBEEMGERICB T, 17—tk - T
FPAR PR 27 & RAYMESE 7 O B Y, 1 v
5 =V 15 B UE & AR 5 1 R R Pk 5
Db 5 & THIE RIS 5 LRI,
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