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Fundamental Study on long—term Stability of Rock
from the Macroscopic Point of View.

Seisuke Okubo™

Absiract

In the fiscal year of 1994 when this project was started, a pneumatic creep testing machine
was modified. At the end of the fiscal year of 1994, Inada granite was purchased, and the
preliminary tests such as P-wave velocity measurement and Schmidt hammer testing were carried
out. Through the fiscal year of 1995, a specimen of Tage tuff under water-saturated condition
had been loaded in uniaxial condition in the pneumatic creep testing machine. In the fiscal
year of 1995, the uniaxial compression and tension tests, and the short-term creep test of
Inada granite were also carried out in the servo-controlled testing machines to obtain the
complete stress—strain curves. A hydraulic creep testing machine which was planned to use
in the next year was modified for long-i{erm creep testing. Finally, a constitutive equation
of variable compliance type was examined based on the experimental results. In the fiscal
year of 1996, creep, compression and tension tests were carried out. Two types of pressure
maintenance equipment (hydraulic and pneumatic types) were developed and examined. In the
fiscal vear of 1997, creep, compression and tension tests etc. were again carried out on the
basis of the results heretofore. The experimental results of long-term creep testing of Tage
tuff, middle-term creep testing of Inada granite were described. In both creep tests, samples
were submerged in water. In the fiscal year of 1998, creep testing of Tage tuff was conducted.
Results of relatively short-term (middle-term) creep conducted on a servo—controlled testing
machine were also described. Sample rock was Sirahama sandstone that showed a considerably
large creep strain in low siress level such as 17 % of the uniaxial compression strength.
Resulis of triaxial compression test and uniaxial tension test including unloading-reloading
tests were described.

In the fiscal vears of 1999, 2000 and 2001, creep testing of Tage tufl was continuously
conducied. Amulti—cylinder hydraulic creep testing machine and a transparent triaxial cell
were also developed and some data were successfully obtained.

In this vear, creep testing of Tage tuff was continuously conducted and the total testing time exceeded
b years. The data is considered to be very scarce and valuable (chapter 2). Short-term creep testing
was also conducted in the mulfi-cylinder hydraulic creep-testing machine and the results were
described (chapter 3). A non-linear constitutive equation was discussed to clarify the time
dependent behavior at low and high stress levels (chapter 4). The results of triaxial
compression test by the transparent triaxial cell were also described (chapter 5). Finally,
results of creep testing at mid-range temperature were described {(chapter 6).

Work per formed by The University of Tokyo under contract with Japan Nuclear Cycle Development Institute.
Agreement No.: 1406400453

INC Liaison: Tono Geoscience Center, Geoscience Research Group, Group Leader, Tatsuo Fukushima.
:The University of Tokyo, Faculty of Engineering; Professor
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F—FOE—Tf 1 2RI IERL-TTERLIRLTED, ZhAATIEF—iitE—T3
iz, CUIRNAFEENED, AT LOF—FRPHLAESTR, F—y2E—7Lih
EICTHENTEDLDIIZLTWBEDTHS.
£ T, BER, FT-FOHHRETN, ELSF—F2EMHILTWa L5 Thius, KBz 1ME,
f1EWLTTF 5275 LBBEBETHS.

1401rE function F—DRE (f 1 TF—F¥OE—7, f2TFUYLRFTIR)
160, 170frB FPHNTINFA—FOPMHETE

18 0fTEM 52 2 017H

EBOHIBZER> THHIRE. V1 0Bl EE-Kiz, 24 0/FHICS Y > 7.

I, ERVBRIN, BEERICXOBMITUBDIZ I E2REEL, T 2EEICEH
9524 0f7BURBRICETTZDON—F .

1907 GPIBOLLOT—FDEURHL
200f7H FTPRNOEZEZ]1 mVEMTVICRATS
22078 VmaxIZVZEfA (Vma xITERBICF—F ELTNnA{HE)

24 0frBH5 36 0f7H

ERICFHAIL TWaBN—F

7V —7EE, BFICHEMT 22 EE2MAL, ZENICE, F—F2REFITHERT 30 TIIEL,
LS N7 U —TEH LT e BRIRIZ BT 5 L3I LTS, TRl S h -l i
BHNEL, DRDEELTWAZENEHRERD. BB L7=7 ) —FEH%2 1 mVELTVD
DIEFZEEZERL, CORETHNETHERL LD THS. THSEHIEEIZE-> T
BT D70, BAERIDBREZHITEHMTELD NI, ULHALBIRT DM, 5. 5€IK
SEERIZBATIE, BEOAEE, FREREOREOEELSITILED, TOHETT—5%
T 2 L3R TH 5.

24017TH GP-I1IBMSOF—FDOEUHL
25017H HEMIZ, Vmax&VODFER
26 0fTH TPRINOEEL mVEMTVICRATS
270frH V&VmaxIiTHN, 2BLENINWESICE, vmax Dz 1 D31F3
2801TH V&AVmaxID/NZWEEITIE, 24 0FHIZES
29017H V>=VmaxOKiZ2 9 0fFHIZRS. ZOK, VmaxIiZVE{LA
300f7EHAS3501rE BEFID%ICKAEZEEAS.
D%iX, 1 mVIEtDRAERRT HEHTHS.
D% (vmax, 0) {4, D% (vmax, 1) {ZA, D% (vmax, 2) (XA,
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D% (vmax, 3) 3K, D% (vmax, 4) {34, D% (vmax, 5) Z#xEd.
380f7H~440TE F—#%FT4 A7 Mdatab0l] WS file icEETN—F>
46 0fTEHMS53017H 427U T TRTBIL—F>

PETHRRZLSICAZEL—F T, 1 mVIEDT—FOBKEREEETALEIICLT
Wo. LpLaRS, ) —T7EZ0ORERENE GEBREfTo THhs 1EEE) THhIMET
A, ABREMBL, 5. SEEERBLEOHERIKHOTMTH Y, RERER SO
EoT, JU—TEMPEHLENDOXIICHITLED. 20D, I Fa—FIzk38ED
fitt, 200 14F4 AQSEHERBER SSEHOTRIL ORICA/ DEBRL-EEZRGTLI&E
L.

2. 3 ZU—THBER

AR ESBHOFA 1 0IC A/ DERLESEL VRO S ) —TBE, TEORESE
22 - 2IR"Y. T-FIEER14FE1 283 1HETOLDTHS. BT, 1. 62X1
08 s FTEEMETLTOLABHTHRASNS. 2. 2HOFEHENTARTRAE, BER (K
2— 3 ITKPEE- D THB LML, K2 — 4ICHEEROBIRRERTH, J—
THBEOTV—RIUTKDPED, EHMMETLEEZEZSNA. F2—1 (¢) ON)NT%EH
D, WEFTOKERSBERTY, WD THREETHD1 kg / cm?ER3L5ITEBROD
LThs, (¢) DNV TEBEG, EREFHBLE. K2 - 21cE5 L TEAEL & UERS (1.
62X10%s) BINITHLYTS. T, EERFEFREEEFELTVAIENDMD.

ZU—TIENFET D U, BENREINEREN, ATk, Z)—TEMNETLELS
12720, K2 -2 THHLNIEEDETIZHN, 2 U—TENBPLL TS, FOD, 0B
EHIET 5 &Y S0 A MICHEER R L, BT L2 U—T ey /28 tHRLT,
JU—TEERETDIEE L. ATEHRKEOVY I FEIZ2. 6 GPaTHaED, 0. 01 k
g/ cmiDFEE (ZU—THILT, 0. 028 MPa) DETFTL. 1X105pr)—7
EBEMETHIEERD. ZOMELEZ ) —TEORME(ER 2 — 512RT. M2 - 5T,
K2 - 20EMEFEHIR SN ) -7E#OE TR RSN, £/, 1. 62X108
SIZBNT, ZU—TIAZEREEICRLEN, BRELEZ)—TBIIEEAEB LSS T
yAS AN

5. SERBLAEET—FERWEI)—TEORKELER2 — 61377, 2L, KO2Y
— 7 RINREREREICLADARENERD, AA—D ML EERTHES. HT105s
T, s s 7 TEANIEMNEML TBY, M7 ) —TRICIZERN > TWaB 2 &hthh
. LAL10°s I, iERRRIOMEICH T 2 EOMMENS PR E<R>THY, drY
—7HIRS THHDTNA I ENDNS. 105 s DBLBRIIOEES THEY U —7RIDERI LT
WHBELTHEHBRTZEELTRSE, JU—7EiZ400X 1 0 SIBETHD, iy U—7alk
DEIFRREL D TINS.



B2 —6DT7—FOWAEENERDEI U —TEEEORELEZK2 — 7TI2RT. M2—7
THER, 7UV—T7EEEIIL 0% /s THomb0l, BEOREBICKST, 7Y —SBlil
WD L TnB I ENhi5, BT, HER—- 1 OEG2HECRLE. 1 05sBmTiEg
ZOEFEIZD-> TSN, 10°sbif, £0I0ERLD W ERRRSNTEYD, K2
— 6 DEME—BL TIN5,

B2—-8iZ, Z2U—TREIV—TEFREOMNROBEFEETRYT. T, Z7U—FRIZLT200
X108 (ZY—FEHEIZLT, 107° /s5) FTIRIFFEHENEZ->THO, Ery—7
BliZHE> T2, FNLRIZZ ) —T7EPHIML TS, 7 —TEBRHEORDEIINE /- T
Wa Z EWbns.
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®2—-1 FHUHTOZZ A

107
20 ' Measuring Program of Creep Test by ADVANTEST
30 ' CREEP.BAS  1997/4/25 by HEIUKZEAFRERIENEE

40’ GPIB Initialize
50 ISET IFC:ISET REN:CMD DELIM=0
60 ’ Memory clear

70 DIM D% (1000, 5)

80 FOR I=0 TO 1000: FOR J=0 TO 5: D%(I, I)=0: NEXT J: NEXT I

90 ’ Input from data

100 OPEN "data001” FOR INPUT AS #1:1=0

110 IF EQF(1) THEN CLOSE: GOTO 130

120 INPUT #1,D%(I,0),D% {1, 1),D%(1,2),D% (I, 3),D% (I, 4), D% (1, 5) : I=I+1: GOTO 110

130 ° Set function key
140 ON KEY GOSUB #DISC, #PRINTER:KEY ON
150 ° Initialize of Advantest

160 PRINT @1;"F1,R5, M0

170 PRINT @1;"PR3,DLO, S1”

180 ° trigger routine(trigger lever=0)
190 LINE INPUT @1;A$

200 V=INT (VAL (MID$ (A$, 4, 10)) £1000)

210 PRINT V :IF V<10 GOTQ 190

220 VMAX=Y

230 ' main
240 LINE INPUT @1;A$

250 PRINT V, VMAX

260 V=INT (VAL (MID$ (A$, 4, 10)) %1000)

270 IF V<(YMAX-1) THEN VMAX=(VMAX-1)

280 IF (V<VMAX) THEN 240

290 VMAX=V

295 IF (VMAX>999) OR (VMAX<1) THEN 10000
300 D% (VMAX, 0) =VAL (MID$ (DATES, 1, 2))

310 D% (VMAX, 1) =VAL (MID$ (DATES, 4, 2))

320 D% (VMAX, 2)=VAL (MID$ (DATES, 7, 2))

330 D% (VMAX, 3) =VAL (MID$ (TIMES, 1, 2))

340 D% (VMAX, 4) =VAL (MID$ (TIMES, 4, 2))

350 D% (VMAX, 5)=VAL (MID$ (TIMES, 7, 2))

_11_



360 GOTO 240

370’ Write Data to Disc
380 #DISC

390 OPEN "data001" FOR OUTPUT AS #1

400 FOR I=0 TO VMAX

410 PRINT #1,D%(I,0),D% (I, 1),D% (1, 2),D%(I, 3),D% (1, 4),D% (I, 5)

420 NEXT 1

430 CLOSE

440 RETURN

450 ' Output to Printer
460 *PRINTER

470 LPRINT

480 FOR I=1 TO VMAX

500 LPRINT USING ####" ;1;

510 LPRINT USING” ###" ;D% (1, 0) ;D% (I, 1) ;D% (1, 2) :D%(I, 3) ;D% (I, 4) :D% (1, 5)
520 NEXT I

530 RETURN

10000 END
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Reduce pressure o
Air compressor valve Shut-off valve Alr cylinder

(a) (b) @

(¢c)

(e)
Displacement

CPU A/D Amp.

2—1 ZEEZY—THBEEOMRIER
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800

700

600

500

400

(X109

300

£2

200 F

100 F

EF1ZE{k

1.4

1.5 1.6 1.7
MR (X108 3g)

B2—-2 7U—TEBLVEEOKRIENL
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1.8

105

100

95

90

85

80

15

10

65

60

01 kg f/cm?)

(0

FE7



N7 5 LABREBRTER
Typel0

H2—-3 REREROEE
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K2 —4 RHEREROHER
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800 120

700 F BELEZY—TF 1 115
600 1 110
& 500 f 1 105
| i
- |
—
Y pontiow sm |,
w 300 \ { 95
@00 T FE7) EHBA 1%
100 F 1 85
0 [] ) [ 80
1.4 1.5 1.6 1.7 1.8

BRRE (x10% s)

HM2-5 WELEZ)—TEBIUVEEORIEL

_17_
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(x10~85)

€2

300

600

400

200

1 10 104 108

e (s)

BH2—6 Z)—TEORIEL
A HRER S

R« IR
VU—Ti5H « —BEREEREE (9.
PRERHES : ERROES A2 3 H
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(1/s)

de2/dt

1074

1078

1078

107

1071

10

10° 104 10° 108 1010
BT (s)

F2—-7 Z7U—7EHEOREEL

AA MRS

REE - IR

TU—TIRT  —PERRE(9. 1 MPa)®30%
BRBRSE - SERROFES A2 3 H
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(1/s8)

de 2 /di

107

1078

1078

10'10 |

10"12

10-!4

200 400 600 800
€9 (X 10 _6)

K2—-8 JU—T7E£FEELY)—TEOMER

A OTEKE

BRET : ImiRaR

ZV)—TiA  —HEMEEE(9. 1 MPa)®30%
ABRBHS : ERROFESH2 3R
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3. WREEALZEMERYV-THBRRICLHSR

WPk 1 SEEIAEMERY UV —THBHEEZANWTO, H1ERO7 ) —TREBICOVWTIREL
7. TOREE, ABRBOMFCERIIARTHY, HERSEBMMTAZ Z&dbho7. LaL,
sHUS AT LAOREESCRENIRTATH o7, FITHAEEL, HBEOREORESEEIT-
7otg, HBRHIHZEZES T 1, HEELLT, B, 7)—7dBRE2Tok.

3. 1 HBorE

TR 1 SEEITCHRE L7 U — TR T, HBRBEROZROEIMERICOWT, 440
ABRARTARDRERES DERRLNE GHEMIX2 0 0 24E 3 HeR&E INC TIT400 2001-010
EZBERINZN) . FIT, RBREBOBREICOWTRNLE. 20K, #EXHIETI0O—
RENERWE. BUDIZEHR T T2 kKNEEFEZNZL, FOB/NVVTE2EG, HEWET
$529 kKNETHREZToA BRENKS — LITRT. NOMEIHFEORENEIYT 384
THO, FEREINVTEZRRLUTHrSORMTSHS. K (a) OEHETHAERSOEARSRL
7e. B&0, WV ORBICEHRWRABICHENEML, 1RRICIREWRED 9. 4%ET
ELTWBIENbM5. TORIZRLITHENEINL, RAEREN SK 2REL A TERE
WEITEL TWD. 8NS5, 77U —-THRROBRITEML 1 DREEEL TS 408,
Al SERITHRELEMEDTOLIBREMETo7-. SHORMERLD, BIGHKE 1PET

HERENEICETELTBY, EREOL S ITHMEHEEOXERETEAVESAICIIRR

Fls 1 BEEERICUTHRICRERECRWEEZ BNS. LML, EBREDLS 127 —T%
OB IT/NERELG T, K3 - 1IZRANBLSHERAN 1 DEND 2DRETORTEON
INEALA, BOBEIMERICEEE 5 X SFEENS D, HREROERICIIEZINETHS.
ZOXIICHBRHEBERICIMEERBORENNETH S LEX, BHNORAIEHEEZRDLSIC
EELk ET, SBRMARO 5K 2 03T 7 D FEE 0. 2B THERY T LRSS,
TOBRK L HEN, ERHDEER L HTEHREL, DF0D, FUINIINFA—INHEEE-
TR R 2 ek T 5. ENLER 1 B 1 BRRET I INIINFA—Y DEEFHIS.
ENORER T LOFERICRBL AR HFRREMATTo 2 GHlIZ2 00 0E 3 HifGS
INC TI7400 2000-002 ZBHa N 2, TORICHEEER -0, BAEOEHEY LS
EDOEMIRA TH - 7. KRBT, 7 )—ThEhE2—ERBRED4 8 % & L TH->EFERR
DHFEO—FIZHMI—2 (a) IKRT. HXD, HAESIC—EENEMUI%, FEAE0ET
WA LBUESENLHED S EWS REERBENAONDS. ZORIIZENEELFITHBEH,
FERO—-DELT, BFEI) FEOBMETORBOEENEZ NS, 22T, Sl
FEHELTIRMET ) 77 2B 0ERET L5, B3 -2 (b)) LS ERAELN,
BERORZERRRIIRASNa oz, Dby, SBIITAHOEME Y & 0l
HIZZHEEY 7F 2R - ETRBR2TH T &ICUE.
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3. 2 RERBBIVCERREBTOEREOIV—F

TEREERWTH L AFO 7 ) —THB %772, £BE2LUTIRT.
OFfA : BHERS
ORE  BIET. [EBLVRERE
ORBF EZE20 mmXEE 40 mmOMERE
ORBAE : K, BRREEb 4E5TD
O/U—7H#E: 29 kN
OFEHM . 8144

BRI 2 AL, BE - BEOTHINLHRENICHEL, BRAGRIEE. BEURET
FAOWBHEBFICOVWTIE, 0%, Fir—¥—ItAN, EERT7T1 AUEF 4 ——RE
BOEEOZERPOELRERELE. R TE2ESHIELEEKEMZ, 1 HEERELABEY
TziED, LHUEHRBEL THHRABICERLE. B, KEIEBRTH~B L THROA 3358
KERW:. SEEREBORBTIR445H 3 RORBRIIZ 2OBF — U0 TOMbRH LT

—FERPREIISUZIREET2 04 MP a, BERETIZI190 MPaTHs. Z7U—THHL
NIVEHBH OTEOETDENTEDL2H, BBORGERETIZ4A8. 0%, BERETIES
0. 8~53. 2% Th-r.

SELRBTITo R RBROMRER 3 — 317, K3 — 1 THAL LS ICREERBAR Ok
RELEITTDPNE LR DD, SEISHEEE DGRBS 1 2RSS UE. Bk, REAE
1 0 O DEIREOHEIMEMIZDOWTOIRS DENFEEICKENT ENDRS. @, ©, @D
BIZOWTIE, BN L 0BRH0T, ENRMICHEMLEZYD, BAOLEDLTHYD, e
HZBWEIZSPMD BT, BMFOERE S 5 EOBME TOERBOBENENEO TR
VWhEBEDLND. i, QOB I OB THORRA DELU LD ) —TFEREL TS,
1 0 O BERLEOREEHICONTIIQ, @, @OREF TIRIZIFEBRMICENEML THWa LS IZA
AB3W, @OHABRFITOWTIHELAEEOHEMIR SN, WTNOREBRK HRBRBREH 1
OSHHETE O0~150 uBEDI—TERELTNS.

H3—-4TIRE3-300, @, @ORBHICOVT, HERADME LB~ OHE DR
2iTolc. FAFRAEMEFTHE LEER, HRFOREMEOEROERICLY, BY - U0l
AT LH-HTDEEEESARND, M3 —4 () WRULERBA TIREHIEEALEUHE
THBLTWS, B3—-4 (b) ITRLERRKTIE, B - 0oEnKHFEATMOmomsE
BEER->TVEE, TOBMMEMIIETWS. mEOCEDEINERE RS &, FFEREMst TRl
ELAEED, ABRMABEROREERESE, BAFOEETHIEELLND. THIIR3 -4
(c) TRUEHBF TORBRO ZENEAS. EY - THELE-BoEhERE2 RS, W]
NOFEBH TS, HBREBEL 0~ 1 0 OBMIZET LIcholig2iiE, Z0®RITIZIFERMIC
ENBEINL T3,

B 3 — 5 IR TOMBRHERZRT. OORBRA TIARINEK 1 0 DBICEOARRRD
MRLN, TORFTIITOMIIE->TWS., CHIZRERETORREFRIC, Tetnkitss
)25 EOEMMTORBRORE T AWM EEI NS, @ @, Q0RABKICEL TR, 20
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KOBARETFRRIIRGNT, HBAEL 0~ 1 0 0 BEIEET LicolE a2 SN s E
PEIMLTWS, 2o, O, @OFBRFIZIZIEERRICENEML ThaR, —FHD, @ik
FOEOEMTZEAER SN, 4XORBH ORBRBER L 0Ty J—THIZ5 0~
150uTHork.

SJECRE KRB TORRELERL TA B E, RBRFAE 1 0 ORI BEREOEEND
PREVIDICEDNSD, ZOREIAEOEIFEAERNEIICRAS. 1 0 MNEELE
B COZ U —T7EIZDOWTHmEE S5 0~1 50 u DREITH D, EBdiFE AL,

AFEIRROBRE - REZFETL, TEHEMZALLETH Ly AROZ U —T8B%ETo
2. ZOREOHRTHIUIAERSRD KU 7 Mz, HERROEEEEIZVENEELS
N5, [EBIOERRETEN 8 FORBN THRBET R H1-AMT50~150p
BEOZU-TEPELDEWS ZEMbh -k, L, BEBOFT A7 AOEEECIE
MRz, COEHELT, ARBOBREORESTIMEE S ) 7 & OBROE SR
EREZOND. ZORIZDVNTIRSHEORGEESE Lz,
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(%)

HEOREMEICH T 251G

(%)

WEDOREWBICHNT EE

120

100

80

60

40

20

100. 2

100.0

99.8

99. 6

99.4

99.2

99. 0

(a) HBREOBRE

0.0 0.5 1.0 1.5 2.0 2.5 3.0

R (s)

(b) H (a) F#IEASEOHAH

K3—1 48 U—T RO
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(u)

y)—TE

()

gy—7E

200

150

100

50

200

10 104 108
B (s)
(a) ZHIETEUTFoEHANT

150

100

e

v

10 104 10°
ﬂ#ﬁiﬁ (S )
(b) ZHEVIF>2EH
B3—-2 JU—TEORKEI

K IRE
IN)—=THHL~RIL48%
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w)

(

Y—TE

200

150

100

50

-00

K (s)
E3-3 7U—TJEORFEL

SRERTE
ZY—THE29 kN
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()

2N —TE

200

150

100

200

—— AR A
BV
150

3

K100

™

|
=
o

50

0 1 1 1
1 10* 10* 10° 108

K (s)
(a) K3-300xRH

200

150

()

& (1]
g 1
J
50 N
0- '2 14 Is a 0 1 ] 1
el (s) B (s)
(b) X3-3Q0iEH (c) M3-3@0xBF

H3—-4 JU—TROBHEL
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200

150

Fefll (s)
H3—-5 ZU—T7EORKEL

B IR e
ZY—JHE29 kN
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4. JKEEOIERHVIVICERTRERBR A EROER

BN LT BT ABESOBERICESZBWTHRESNAO L 7514 7 o R BRIk
BRE, ISALVNVTOZ ) —TEE BT BN TRRINERAERE 282508
BAIDWTHRE L.

4. 1 RUBDIT

BL < OEEORRABIAPREINTNSY, FREFE2EEL IS5 ICHEBS2EZI 5
Di3A7zyy (Desai & Siriwardane, 1984 ; Fakhimi & Fairhurst, 1994; KAME, 1991). &
DOIBDALTTA T 2 AREEERFERL, HBEOMEREEZLTBYD, —KThAT TS
< OWMERE T THEITEEZRED (RAR 1992) . i, BREOKBICEDR-TELETZD
MALTIGAT P ADHTHDDT, ABRERELEOT DTS ATHAAD Z EMEMART
HD RAZ-&, 1993). LHLARs, MHIZEATEHED, ARLABEELZ.
BIZE, COMBAERE—EHRAT (ZU—) TELE, 7 —FBEENERECENL TY
<. ZBEOI ) —THBHEREBBE RAR, 199 1), BEALOES, WERIINED
FOBIZE DR TH U —TEHEMRI LTS (1k2U—7) B, HROoa> 75147220
TRIBRAERA TR OBEZHERETEZW,

BOEIZ/R> TRAGR - 8H (200 2) 13, BTEREOENZV—-THEBERICEIVWT, H
BRHEIE A LN BT 0 ) — TS 2R TRRAERNZEBRUE. ML, ZoERAERD
BEABEIZ IRV -TOHTHY, 3RZV—TRHREOWBRSEEEDS 2 3T,

FETHE, EELTREALNCBI2BBRKROBHICENEZ2BLWTHEEN-a0> 751
T ANERBERAERE, MIEALVTOY ) —THEEEZEET S AN THBE I ERAE
REZEGDEDE, ZHRARIVAED LRI UV —T0E 3R7 U—TETORBEEHTELNE
2h%, INETBILoTERI ) —THBREZZRBLANSRNTS. B, AETTO%
ENIARUITH B0 (Cogan, 1976 ; 485, 1995) , 4ENI—HEHTICB>THRTHZ &L
7.

4. 2 BRAFERXOIE
WM SER L TEERISH L NIVABREGERERICOWTHEICHEPIL THB<L. Zo#BRHER
[EREREREICE R TE e LIEHo DR THB AL TSAT U A A= /o2 IZEMT 2 &
EZRAEDBOTHY, MOBNPTWEIITE LT LUAETIRRDLS I 3.
dr*/dt = a, (0% ", (A*) ™, (4—1)
AEFIHIMEAL g THELLEER, A* (=A/1,) &Lk £, o2& —EHHRE o  THEL

Ulfli%, o*&L7. n,iddA*/d t OEMEEEES SO TERT, MiAENIES IR
AEN, mIXRERRMICEONED N ESSOTERT, FTERERRTIEmM, > n,+20
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BE, hh—EBRENs A MBEERIT LIRS (KAR, 1992) .

HBEZRDDIER a JREROEHRZOT, (4—1) ROADRFEMELD. LEM->TEHEH
—E (Z)—"7) TiX, FEOEBIZHE> TADEAL, FhICt->TdA*/d t HHAENL
T, BHAP—ERSIE, A*EEBe* (=o*1*) EIRETHOT, ZOBRFERATIIEHE
EARBICHAITS 1R V—TRERTERN I &Ik 5.

KAfk & (200 2) &, HFEPCEOEMY ) —757—#FItE 0T, HBMERH LA
WCBF27 1) —THRERTRRZERLE.

dr*/dt = a, (¢®) ", (A*—1) ™, (4—2)

ZOBETHn BNAEFEEEHSOTERT, 2, BEHEOERTHS. m, dFEHEOEE LD
T, (4—-2) ADBFLZEEERS. £oT (4—1) NOFALERIC, IKH—EOLETT
W, ATREGREINT 5. LALERS, A*OBKICESRo THEIVNE B> T DT, 7
) — 7 EBEEFFGEREIC & Bl TRA L TnL.

(4-1) A& (4—-2) LZEDQISITHGET H0ITEBEL OFRENEDNH B0, bo L bl
7%, MBZRLADBIEHEGRIDVWTEATASL IEIZTS.

dA*/dt = a, (¢®) " (A*=1) ™ ta; (6™ "3 (A%) ™y
(4-3)

LTT, 0 (4-3) RNSBENAME, TNETBI Ao TERBEE & 210 - 3
LAAtS, (4-3) ROBYHEEZOWAEHEICOWT, SRERILEEMICH D EREED 5.
2B, ZWEARUED (4—3) KFDONTA—FDn , &En ,BDRHTHBA, nlco0THE,
ALV EEAR I )—TRBHEEN S bEDHSNME 3 5 ZHATS RAR - Bl 198
6) . n,KDOWTKE, EIEALNITOEETRET—IRPRNOTERS Z &b T
. KA B (2002) 1, 1KY U—TICEbA N, EEEALILOY ) —T RGN
55 EDENNELNEBNT, ATEREDESHL LD 1KY ) —T%HHBENHTSE
BELTWS, CORBEIVAICLT, SEbn, &En 8 LNEZR THREEDD &0
.

4. 3 ARALR-EBER (19886) NBIixsk—WERDHTTOY Y —THBRRIC L 2803
4. 3. 1 BAHVRILT 7% OREEMBN S DT A—F OEH

PHERO Y V=T, A*RN1E0DLETRERHEZEZDT, (4—3) RETE1E
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