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Ebhé%g@%%m%é_&#%%#_ﬁotoik\@M% X TERUERE ) &P
XD WEIL O U NFET 225, HUEHL T T2 I3 2 AU HET 2 Esa 254 0 K Lk A
ATV D (Kodaira et al., 2004) , —J5, WHMRPPIZIX, BAZE 7R ) B 4 /=3 Hiueg
I3A7ET 572 (Honda and Kono, 2005) | HEEPRAE DRGSR, Z O IR I I THIER
MR TIRD 2 B E RSO NTFET 5 2 LRI N (Kodaira et al., 2006) |
WL, RS L EO | 7 A MERE L TESIT LR T AT Th

D, ZORGERE L ORRRER STV D, REEEA Tk, MiEREDORR, 194445
B B P Vi 7 D BRI NI 77 L — MR 0 D D 53 Wﬁfﬂfffé EBH B
M 7p o7z (Park et al., 2002) , MHER E KRR AERFIZ 25 4y sz W g o1 1

SRERECHE O THIICEETH 5,

fEk, VHRE H AR TIZILAiATe 7 4 U BT L — D OALE - TR, BRI 2 i
BIGB OO IESWTHEE S CTWe (B2, (Ll - KIFEH, 1985) . LavL, 78
AR T L— LT 4 U BT L— b OBEFECRAT 2 BT 20,
EINTCWTZET /UEERO L BRoNT-@EOETT VICE EEoTnz, —F, #E
I CIIAEERE ORI DL AAT 7 L — N ONLESHEE STV, — i
PREMRCIN » 72 IR ITTHI R TER O T - 7=, Baba et al. (2002) TiX, #EHHTO
HECTHONIAEREZZMCHIT 2 & &b, BEkoMERES > MEREG L, 7«
V7T L— b B OSEFERK ZER LT 5, £7-. Hashimoto et al. (2004) IX
MFEHIE & HIERIREh D 7 L — NEIRET LVOREEZIT-> TV D, R FE D FEE
U7z THfE - SRFEE - FEvip s OB MEREANAF 78 ) (CERR20~244F ) T OREIEMNT D
FERDND | H A B U EFPIZNT ThAATe 7 ¢ U L7 L— M, PUEE @
W OMEEHRD O | HOIEEME RS O DERE ] 28 TIUN « 3T AifEsg o0 [ ik~

EELLTND Z EMHBMNI R oo (FpEIEDy, 2011 ; M2-278), Z DB O Vi
IX19684E 0 H M HIE (Mw7.5 : MwiZE— A2 h~ 27 =F 22— K) OFT ) Ik ik &
—HLTWD (K2-24), £7o, JUN - 7 FfEsafhmix, FEi e THIER O
ELATRLS . 7 L— RERD D ORI DGR &0 ) R A R LTV D, 2 OFEf7e i
EAERICESE, BIE, 71— MERETALOUGTRED ST D (FIZIE, HEIE
7, 2012),

F 7o, BRI BV CIE, AR HEELIE OB T — & & O TR 2R AT 23 D
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NTE7, ZOBEOEWBRE CE LT —X &2 Wiz Lo — BT (5] 201X
Shiomi et al., 2008) PR HFE NE 2T 7 ¢ f#T (il 2 1E. Hirose et al., 2008)

R N T Dk ARAT T 4 U BT L— NI, BRI E AT
WThD LRyt (K 2—3)0 INE TOMPFIC L VIR ENZET MLV
HIZEWNIES b OO, KFIIZ WMLTWA,

_0;9&7v—h%%@k%ﬁ%m&\%@%?7T%$Téﬁ%mﬁkm%®
FARRUZIE, Eﬁb\%f—?ﬁi%ék%iﬁahfwé FRIZ, SRYEHIEE & P IS O R
DS INZAR 23 2 W 2> B AR AGE LI BT 5 7 L— MRRIZOW TR, il
iX Ide et al. (2010) ioT7V—Fﬁw@hﬁ#éﬂéﬁ& BUE b dam S AL T
%, ZOHIKICIT HEEMZE T L — MERIE, BTE N T 7 IO OURERE K HIE O3 A
HRAZHET 2 L THETHLIN, ELETDICHHASAIZLIETIEAT. A% b ELNR
T - B MLETH D,

2) +Z MRV IREETAETOBERAIFER

FAVE N7 7 0TI, A ERREEEHIGE (I0DP) O—Bg & LT, 1944 R
HIEE ORI T & 2 ReBF iR L ©. FEYE b 7 7 HIER AR OWIEIRE S Thh TE 7,
Z 2T FT 7EREONC IR (Park er al., 2002) fHITOHANZ LV G 6N
ROV TR RS,

IWP%N6&M@ FEVE N 7 7 MRS AR R IRE R CIx, HIERGETRER (HX 9w

12 LY | RO BRI E O Jeii e OV S T 7 EiC ki 57 L — MEERWTE DD |
a7 ERRT D LRI LT, TOaTICEEN TV D EEYOREEIZET 55
WradT o 124658, F U FVERREICH 400°C, #9 300°C £ TIRE D LA - IR AR
S, ZOEBNT. 2 7ICEENDWE TOMBMEOEET R IRk D BEEERIC L -
THIEEZ &SN EHEZBNTWS (Sakaguchi et al., 2011a; X 2-4, K 2-5), =
DB R TERTNE /L, M7 7EfhEo 7 b — FEREE TEET 0 OJEBF
MELNTERTHD, TR EOERGITREZR S OO IRE ERIROEEZHHAT 572

DITIE, K10 mDOTROERLETHDLEORELH D, ZOFEMEL, 20114
FAL T AR HIER O BRIC B AV C . MRS £ C RS 50 m FREEAKSEREE)
L7= (Fujiwara et al., 2011) Z ¢ T, HELVBWEEZLE-H L2 L 2EET
%E %@F?7T%E¢ék%%’ﬁwf% N7 7T E CRERTRONEL
HZ &Iz . PERDAELL EOHENE AN E U D AIREMED B 5,

22



© 00 3 O Ot B~ W DN =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

3.

Hh=IEE

(1) BEORHEICDOLT

1)ﬁiﬁﬁ®%éﬂ%

(ZER DN B > - RIS IR A+ B CRAE U7- BB S 1348 CAGLER M R ST
WD, 7. BOPIER R R P10 b kX ARSI A 5 T 1, Eﬁ#
FDOYERRLE 72 EA NI TR S 4, TR B M0 R LB AN IR 72 [E A R
MENTX7%~ (e.g. Ando, 1975),

JEELFLERIC IS &, 684 LIRS, FVEHUER I AEHIEE & OFREFEA S E 0O T, 684
FHBE (R #EZGDDR< &S IRIOMEY A 7 VRN E T mastERH 5 (I3
DX 2) , Fio, FEHE CREEHEZET) (X, FEEHE L OFRFRELE O T,
ZDFREDHEFER I TN\ D 887 iR LIF:, 1096 4k EoRiEHE /R & b7 &
b 8EIDOHEY A 7 AN ECT-AREER H 5 (XD 2) |

684 FE B (Kik) HiE, 887 4 FHifE, 1361 4EIE R, 1707 £ K HIFE, 1854
E%ﬁ%f 1946 AEIEFNHIEE O & P ME R 1%, T KBS OEEN . = E1 8 O UERE

ERIRE OB HE 72 CHB T 2R R 65, 1099 A FEFIHIEE L 2 ORFEIZ RIS
B, 1096 4E7K E HHEEE OREE A 1707 AEE A MIE & [FFEIC, miEEOERE T
BT S E 2 b, D &b 11 g 0 ICHiEIENRE L2 LT
MEEE SN TS, FEEOIR T, EPHE L TAMBEORM &, LROBEN /b &
DT D IEFMHELIMNE, 200 FFFRREE ORI TRHMEL D IKL TWDH X IR D,

HOEHUE ORI A BRI & 3 R, H AR TITER D B0 < 72 D 7 D Ri sk D B IR
TIERNH OO, B R OBEFERTE L IZRRFICHRAE L TR Y | kKREME, EF¥
HI5E, 1498 FHLHIGE, FOKHIGE, LEHE, BAHESHEEA I TV, Z0)
B EKHEE TR - RO T OB — FEIAE L7 2 & AT (IREIED,
2010), FEWE N7 7 OBMERKOMETH S, HE CRR) HE. CRHE, EFHE
b FAKHIEE & RIFRIC T T OBWUES — I LB Th D & Sh, KEHEICH
ZOREEMENH D (FHE, 1999),

WEDRKHEIZOWNWT, SEIOFHHOXE & LIomilE s 7 7RV OKHETH 20
EO M, TR N T 7NV OMBEOLRAIZIX, £ OEEN £ Z oW TOREE
EIZhTo o T, OIS L CIX I AR (1999) | A1 (2002) | F423E (2003) |
7?ﬂt21&%:i%3@E3§ (2003) . Ishibashi (2004) . fa7f (2012) R EEHEHBIT L, &

EMEOY S =F a— K (M) OfEIEFE (1999) #8752 & & Lz, 2720
ﬁﬁ@@ﬂﬁbhé;o_ﬁokw%ﬁiwm@@iJ&%$MM®%®_t«ﬁﬁ
PERSE D Z Evn, 1884 FELIRTD M OEIXFFMESMR N B L, Szl o 729
i~ 7 =F 2 — R (Mt ; BlEs, 1999) &0fit. 2y 5ZL & LT,

FAVE N7 7 THAE LI FIReED & 5 RHIER I, 1498 FFELIRIC OV TIE, 5 EIDHIE
YA ARSI TS, 23D OHEIZOWTIL, HRIZIESW - I TE RS 5B 2 B
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F 2 EBEORIKOEREOHSAANDLRE LTz, BEICEL L, BESAAD/NZ —
FEITWTHEE (ORF) PHIEEICERZR S TV I ENALNTNDSZ EICERL
77

1498 HOHE L V EICmEE N7 7 THRA L[N S DX, BEFH B
DRESIL TRV D EZO T ABIOHEY A 7 AN MbITW5D, 7272 L, 1361 4F
XV RTOHIEIZ SOV TIX iéf*ﬁr@KE't KXo HMEORE & Ltckfﬁﬁmr%ﬂmb\: s
DD, HIEERAEOFHREREHICITE I VW E W L-, 20z, Z ORI OHE
DONTIE, MABARESNTWD DR CTEAM L 7=,

AR CTITFHMEOX G & Lc D 5 b, AR (FvE) HE, F (R R, kR
i) R, FEfn (REvg) R, B (Rifp) MR, DUCSHVEHE, BREHE, K
HRR ., ZBORME - B HE . IR R . IR R HLER O B HUER D Rt IT DU
TiE, LFIZH LWIEICEE A R & & i, BIRICHE I LEE L DT,

1944~1946 FE O MR (MEFI SRR | IR0 Mg H FR)

TR FURBAEAE RIR (SRR LT 1944 45 12 A 7 B IR SR e i HIES ) OY 1946 4 12
A 21 HWEFmEMEHEL, S5 ESEICOT COREFED oA A, B2,
HEFE 72 & OWHERE O WA IC KX W EE 725 L,

WEFN SR B M CId, Y, R BV bR RS O R R R o7 (Y
3-1) . HEEOBE L, ROPEREIEENE T ~9InIZE L CHE, 1974) , EE 55
FY LA b & 70 o 72 faPHIR, Jralih s o0 —38, AL O B ARG 2 & i ] BB R £ TR
BTH DM, BE 6 FHYLL L& oo fiPHIE, S ERSEHMBEORFES, WWahE L
REMBNTWD (KETF, 1968 ; X 3-8) , ZoOMEIL, %ibd 2 RECREH#E &t
L CREOREWFEIFARS  BEOm I bR/ STV 5, HEREIEIX
Wﬁﬁ%%%%fiﬁﬁﬁ@ﬁ%®%ﬁﬁ@*ﬂLﬂﬁ%bﬁ#okk@\@ﬁﬁﬁ
FEWEINEDHSE L THEESINTELDOTH D,

WAFNREVEHIER Tl HEEATUN D B BRSSO KRR 72 (K 3-2)
VO [ K O 8 O KRR I, BEoR S i34 ~6miZE L CHE, 1974 ; 8)
M, 1977 ; W BORZEFFKBEER, 1948) o BEEE 5 59FH Y LL B & 2 o 2 §uPH I, S o—HE,
VOLERT D« HGED, ACOF B R ONTRE - WPIE - PO O — I RO (&7, 1968) |
JRHIAIZEREE 6 S9MHS UL L& 2o e b b o7e (TREG A, 1946 5 1 3-9)

R O EEE O BESCIR I M QR34 . MR A B OFRERIC FE D W THEE S du7c

BRI L OEFET L (1K 3-14~K 3-17) WONHEE SN2 M 2 F 2, 1944 F RO
1946 FEOHIE T, TN ZHRFEIHEHIE (B C & DT 2 HLIC U TR 2 o 72 KIS |
1944 IR FEWEHE) | PRI (FEIKA & BAHEZHLIC U TR 2 » 7o KHIE -
1946 FFIEFIRYEIIGR) TH D LBE SN, (EXDK2)

AN B B v J ONEFN TR HIEE IS >\ T, 3 1 BRI - & 9 1o, R0
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W, MR T — % AW e flx OBRE T VOHEDITOIL TS, (X 3-16, X 3-
17)

LU IR~ 2 FOE IR K OV AR O FRE IS I Tl AT SR Vi 1158 & B F e Vi
HEBICB T 2 EEOFESCEES T OHLE Lz, 7272 L, BMROmHERIL, 2k
W RSB EHE L0 N NS N EEZ N TS 2 EnD, %Kik 25 1854
EORBOMHEIZI T HHEOFECEESMOIETHZE L,

1854 FEOHIFE (CZBCRMEMIGE | 2B IR

1854 4212 H 23 A (ZBOLHE 11 A 4 B ZBOREHER) KO 30 K& O RF 12
24 B ([R5 H ; ZEBEEMEHE) ICKHEND 72, HART, BEZEFHoa v 7

THETHKT 27208 K TSR RN EZ I,

23 H ORI TIE, WEHE D OB E E TORTFIEREE2 R A S 7253,
W2 HRE RS (BmR) £ TO®ATIE, TOEIONMIXY 7 AR E bR
IR RV E O G & vWx 5 (X 3-3) , ZHRO—HTIIHEKO® ST 10 nic
L. (BIAIX, P15, 1980b) , BEEE 5 59t LL RIT/ o 7o EHEE STV 2 HiPH I
fofF g, Iy T OKE . KOBR A O—HTH Y | EE 6 BT 6
BFRY T A o 7o EHEE STV DRI, BEEEE (ZEIR) L PEHT o NEEO—E,
R OBRTIEIN RIS B KON, mMN A R CIIBE TS IC - L H 5 & ShT
W5 (53K, 2003 ;5 4 3-10) .

24 HOBEHIE CIX, JUMBGH b7 < & b idF B AGT £ TOREFEIR R A2 3
WS Tz (FIZIE, P, 1980b ; Zpds, MO B AR R L Y RICOWTIE, 23 A
OHFEIZ L DHEWN EXBINRETH Y, & Z TIHEKREN TN LICHER) (X 3-
4) o EHEE O SR E O KRR T & O ELIE OAL g BinF TlE, 4 ~8m il
ELTEHEINTVWD, EBESHHEML LI o7z EHEE I LTV D HEIPHIL, TUE%
HOUDMZUNBER 2> & AR E T | ST OVEHCThH v | BB 6 5L 6 33fHY & e o7
EHEE SIVTWDHIPHIL, S%0, (85, K, fif LA ROBERTREThH D (Fk,
1989 ; X 3-11) .

IR o e O BRI K OB /3 A . HER OFEERIZ IS W THEE S 72 BRI OY
BFEET /L (X3-18) | WNCHEE SN MIZX Y, 23 B OMEIIHEHE (LB
MEHIER) | 24 B OMERIIREHE (LBrIEE) Th D LEEE I L. B Tl
E bIZIERESERIRE o7 & & % bl (Ando, 1975; FHH, 1981b ; Ishibashi,
1981) (X2, X3-18) .

R, WEEE L, BERmEE RIS, E L OO TOEE O S 2355
Motz Z & | BEEEOMIR TO BN L 80D | EERO EE O Be# I 1% 3-
IRENTZ D LY Ko iR S5 2 LICEERLETH S,
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1707 FEOHFE (FEKHIEE

1707410 A 28 H (K44 10 H4 H) I[CHIEDR & > 70, BALHIG KEEEHIEE O
FHAEFETIE, ENTRAELLEE ERRKBEEOMETH -7,

Z OHIFRTIE, EEE IR CATE CIX LB R R K 0 B S s < D) B RS
B (B £ CofMTIE, £ 0/ I ONMITLZBHENE S ARk TH 5, Hi
XDUE D S FEEE (B ORWEETE S 5ml FIZEL, kRO RET (=

HIR) OFATIE8~10nlliETHEZALbolbHEESN TS (Fl2IX, P,
1980b, #F FiZE7>, 1996 5 X 3-5) , F7o, mZEIRIR AL IUN AR, WP NIE° KBRS ©
LH AR LV EEOEINRKRENE N FERH 5,

B S9N RIS o2 EHEE STV A HREFIE, IR LS Tl 22 B rg v s &
D%%f< RS & e 5 (FRRA UL £ C O CIILBOREHE S Rk TH 5

. BEREED ORI RBORMBHIE X 0 /S, Fi2, EE 6 WD 6 9HMSICR o
k&%méhfné%lihMﬁ%#%%%ﬁm’&E(H&ﬂnﬁ BEE TR
2o T AIREVED & D AT I LB IE R X 0 Bk < | WINEFO—EHOALTH D (I3,
2012) .

SR D HERE D BESRR I B OV f“ﬁ I O RLERIC ﬁow(%méﬂt SR N O
ERET LV (X 3-12, X 3-19) | (CHEE ST MIC KD | FEviEHE & SR
BRI S — JE _M%Lt%@b77fm%ﬁﬁkﬂ@@% (EAHE) ERELE (E
XD 2) , 2721, MERTR TR R ORI E | R4 WL CLBUR IS & Hi
WREBOREN RS Z & (RRRIEA, 2011) | GEROBRAEHER COBRESA (B %
X, FHEZE, 2003) ITIFFAICE LLPEET TRAELTCHEIC L 2HEBRAL TY
T2 e ERHLTEREY, HIREIXZOMEOEFIR CIIhoztHEEI NS
& B Z2BORE - FETfEO 2 HUEE O FRIFUS S — BE IRk U 72 U TIE 72 2 & 03454
STV D (fEsy, 20105 fa7, 2012) . L7=A3-> T, mMEYfE b7 7 ClIEA#ET
372 <, 2R REO RMBENBAEZREV KL T LM ERD D LTS
D

¥, JUNSBE OB s A #3572, fHHE (1981b) (X5EIkA D5 DEJR D
TR BAMOFELOFICERE LT DA, SRR LLTE o B [m#E 2 O 5E b BRI
Lottt bH 5 (Furumura et al., 2011 ; X 3-19) , ZD=®, K7 T A
DOHIFE L U CHMEROTERG BET20LERH D &l L7,

1605 FEOHIE (BERHIER

160542 H3H (BRI 12 A 16 H) ITHEEHEENH ST,

Z OB IUE A S HHE O KRR 2 B =T IR E SR A W R CE D o T
(PR, 1975) o ILIA « FJR (1995) 12X W /RS NTEE O (K3-6) 72 Kk
FS L FEERFERIIMO TRONTWD, EAIRED T, EEO®SIE 10 mZEY
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HEZALBHoTEEIN TS, Fio, JUNBEEIC b EEN IR L7 mREE L H D & S
NTW5b, b2, ABOHEHEFEIIEETERNE INTND (FHEEIZD, 2005)

LnL, BEOEEMOD HEEITR L7520 (Bl21E, A1, 1983 ; LA - #5,
1995 ; 5243, 2003) . F 72BN & TOA KRG S HIL DR & OEEAMER /2R &
HIRIC K 28 4UTd o 72 & LT HLRBORME - GRS CE K IR . R SR - ma i
HEIZH AT THroTe L D ThH D,

BEREHEOEEHEORRIT, BEOREEN 2N ENOETENT 7 TRA L
e 7= k%x%hf%t(%zi HMEFEZRES, 2001), LiL, KRRy (FLER)
MDHIUNIZHEEE DN BIZE LN 6, XD ET RN G, BEHE b T 7 LA TH
LT TR, &)6b\iLﬂ£‘($¥BZ'C“&b7§>EI EMEBLIE TE AR, Szeliga et al. (2022)
X, P - NERIEE CHRA LB O TREME A TR L T\ 5, 2072, AEIOFHT

WChT--> Tk, Bl b7 7oREOHEL LT, BEMEZGZLEALEERWVWEAD
MAFEBETLHZLE LT,

1498 fE D HIFE (B )i SRR

1498 49 H 20 B (R LIV AJE ; 2V v AETIZ9 A 11 B (LT, [RERIZED
#) ) (BSTHE8H2BH) ICHERH T, TNETHEAKTH - AN, =
DOHUE LI L > THUITHEE SRR HKIHERST-ZEDBEALTH D,

Z OHIFRITHE D T, APEENOEREE (THER) OnFEzEy, SEEER
i=E 2R o) B Tm#ot(ﬂ% 1975) . E£7=. #RH (1981) TR SN TV DHIL D53 AR
T—% (H3-6) ICESTIE, 7TV b OO, BEEOE I ONMMITRENS
BEEEHE TOF lfiwﬁﬁﬁﬁﬁ CRIBEDO LD ThoTmtESND, BE
SIARIEL DN 5 44 W E C OFPH IR HIE S I RRE TH D (T - K
ﬁ%ﬁ&ﬁ%ﬁ%&,w%;ﬂ&«nokﬁb\%%;bﬁmowfwﬁﬁ®%ﬁﬂ
&<(mm 1981a) | ZOHNOH MKW TX Z2uy,

@@&@%%AE&U RREEO3AT . I DOFRLERIZIE DV THEE S N7 BRI L OY
%ﬁ%Tw(I&B)\w MCHEE SR MIC &Y, AR CTH 2 LRRE L, I

WO NERIEE 2ol B X (EXOX 2, K3-19) (FHH, 198la) . 72d5, K
HIPFFETERNS OO, 1498 FEHIZ, FHFHIEE DSR4 L CTOVEATRBES EWV & S
TWa (I, 1997)

B HIE TIAL B & B 5 B & CHuE g E RN B L O, BIHR COHER 1T 5 7k H
B E XD REW, ﬁ%@74Uﬁyﬁfv—k®%bw%ﬁﬁﬁmkﬁé?%55
SRIMOE Y (FEILE A, 1998) ZEIHE L TRAELZMETHD LT5E 2 (Bl
ﬁ%,w%;ﬁﬁ,w&)ﬂ%D\:@%ﬁ%?b%wb@éﬁﬁﬁéﬁi&wﬁ%ﬁ
Hd D,
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1361 FEOHIE (B (BEZ%) OHIE

1361 -8 H3H (7H26H) (EY1646H 24 H) IZHERH -7,

ZOHE T, HIEIEMEE, mmRINE, KRR EE2E-THY (B2, FH%E,
2003) | FEVEHIEE CH A D LHEIN TN D,

F7o, 13618 H1IH (7TH24 H) BIZRICREEL TWDHHIE (B4EHHBAH) 23K
MR (EERVEHE) CTh o & OFE A - 27, 1998) oV . Z OEIZHEH
DN o T FTREMEDS BV, FIER LR 0D R AR C oD iR S B 500 IR T O bTAS
WA O T, WO BEE R BRI LD FERMEIC L - T, 1361 2%
HTED2HENHEE STV D CREIED, 2008 ; fEFfIZDy, 2011) .

1361 4E LV i HhEE

684411 H29 H (11 H26 H) (KR 134 10H 14 H) | 8874 8H26H (8H

22 H) ((CFI3#7H30H) . 1096412 H 17 H (12 A 11 H) GER3 k& 1)

:$uﬂ24a)&ww%&mﬂzza(mawa)(%ﬁS(%ﬁ1>1ﬂ24m
. ENENURE R E ST EE R N R AE LT ATREE R B o 72 & OWFZERR R N T X

TN 5,

TAUD OHIRIX, REHIEE T AR RPN B D LIl S LTe, Zds, Uikl
FIZHB W T, 2N HOHIELSMT G, %@mgﬂiﬁ@%%ﬁ%ébfméﬂﬁﬁmo
WTIE, BRI TRNZ ENBREIL TV,

ZoXHiz, HEVELNESHH-TWS | LENTEmEENT7 7OETH- T
b, FOKHIE - ZEMIE - WBAHEO 3EOMEY A 7 L X0 aiOMEICE LT, 5
IZEND B < 70 2 BHEHEICE LT3 L b ERI O R B G 3 HE LT
W, FEAEMIRDY 100 FFREETEA S TNDH DI TH, £7EEIE U X A 7 OHEN A
LTWaDIFTHRY, £, FEAMBURED 3ENZOWT S, fEEIZ ORFEITEZ -
TW5, 51T, WHEFREmMENE - O 2 HEIZ EH 5 B /NS, 30 RO MR
THgds U 7o BRI - v 1 T BB E A K & < | FEHE O 2 A %13 E R
DIZMT LLEOHIER AL TV D, FARMBIZG G EEORE M S MEHA £ TO
SR — T NENN 7o, Z OEEHEN R E ol BFIFITWEROEOM
R XL BE R L D K& < @A B OBR O m g & LB R L 0 IR0
ST Z E BB DN DM, RIS FTIR 7e & TIX B REEERE O X 5 e

OFEUE 7 < | B ZZBORME - BTN R O BFIES) L b O Tl (1A,
2012), B HIZILE LILFEREMITTMG. 5 FREOHENS AL, 1 PARICITE LILOE
KK ST LT,

FAME N T 7 CHAE LT HIE CEE S 55HY DL R o 7o EHEE S LTV D HiH I
BN D LN E COIRWHEPATH D, F7o, BE 650N D 6 WY L HEE SN
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T2 FEPH TN BB > & BEEVA BRI E CORFFEMTH VD . FKHIE ﬁ@ﬁkw
TR B R I O NS Rk O — M CIXRE TS IR o LHEE SN D,
EOMEOREE DALCENE BERZ 2 5 | FIEHIE & S CREEHE %ah)@
L, B (FER) S| DI O (B R) A CoO®E EHE IS,
FEE N7 7 CRAELELHBEO R TEAMBOEEOBRBENKKTHY ., O
Wk, wINEED S BRI O S OWMEE T THS (FHH, 1981a, b) . KO FEHIZ
DOWTIE, ZBOREHILER TIIBRNE £ T, PSS TIRO B £ T& e naetE
Nbn (MEREZES, 2001b)

JEE 50 FRER 1T K 2 HUER D BB ORI O K & S, Eﬂﬁ%#%#éﬁiﬂﬁ%%@
FE EREDDHER S D, LI CIEF R OMER & OMEENC X 2 E OS5
R0, B OB EMLEF DM IR ENS & DR OHEE D TR T%éﬁ\$ﬁiiﬂ#
HELIEFITOAR L, FICHRICE L QOIEENLHE LN D EHITHE S NE B IR S
hfwéo:@k@\@iﬁ%ﬁn_iéﬁmﬁ%_i@ﬁﬂﬁw\%ﬁ@ﬁ%f%%
DOHEEFRERIZIZH LBREDIXS2E N DD, £io, BRSO BT LV | Bl E
MAREINTHELH D, BIIEL, #F (1999) 1% 1185 4D IR HIGE %%@h77@
HIETHD E L2, Wl (2000) (X0 HAULEEIZ 0409 D EEE W VE TR o
EX b S LA OTE BN L D LHER S, BRHEETE TO R HIERENS 2 i X
B o BN G5 T 5 (Kaneda et al., 2008 ; HIEBEFHIEZES, 2009a) , £7-.
BRMETREHETH D &SN TVWDA, mMlEl cho =ik L&D,

BRSO H HHIERIX, 90~262 F DR (ERROBEHEZRWZLE) T
FELTBEY, ZOMRIIXELDENREN, o, BEBOLERDIZONTH, —
EDRHEFEMEITIE DN ENFNOHBIZ L > THEN RS, 2O Lhb, mEHilEh T
T TCIIRE A IR E = DHENRREL YD B LD,

VR B ARNERO HBS N OHEIEENER 35 & BEOFME N7 7RV O KHIED
AT (B 20 30 4ERI=0 50 4E[) & B (Bl 21X 9 4E[MS 10 4ER) 12 K& O OHE L
BEERENEIMN L TV D &0 BF3E (B 21E, Utsu, 1974 ; Shimazaki, 1976 ; Seno, 1979 ;
Mogi, 1981 ; Hori and Oike, 1996) 723 %, HIZ, FAT &2 DELIZI T 5 A HE
B, [FEROMEMZ R L TV D LW O a5 (B, 1996) b &5, M7 RELL EoH
EIE, 1860~1900 4D 40 M TIX 2 [ TH 72 b DAY, WF0 R FE IR & OEFOES
@%%@L%%ﬂﬁﬁﬁﬂ%W%%ﬁﬁ)’SET%okoik\M7&EuL®ﬂ%

1%, 1854 DL BURME IR K OV B rE R O B4 6 AE[MIZ 4 [8], 1944~1946 4E DY
B P Y M R S ONPE RN FF MR HBER D 1% 6 4RI ZET%OKO_®i9 LR T 7O
KHEORIZIZHER HANEOHEFRSHNERE L2 ERmbi TRy, EFoH
EIRE O S BUEIZFETE b 7 7 O KMERTOFEHIZ A - T 5 aTREME N MR
ENTW5 (Hori and Oike, 1996) ,
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2) iy - MEEMFEICKIYVEESNDHNE

JEE SLFRERIT IR W S D IR, HIER | R DB DU TITHLE « HUE 2R FIEIC K
DA & RN ED T b
i) RIREED

TUMHREED B GG I 03T T 500 Ml TRE S EE 2 & 1095, 0004 AT LARE
DEJEHERED N ST D (K3-20~[X3-22) .

IHhH0 ) BLIVUNEFEN Gl (FRRR) B OB EMIE T, i3, 5004 M D E
WOBRENTHRONTND, ZThbD ) HRGEOFEMHLTIL, I K23, 300FF1LAE
W27 b T~ 8EOHEHERY PSR I TR Y | FAMEDOHER & [FIFRE DK
B2 R 1, 300~ 3504FF2 B D [HfR TH A L’Clz\'é LHEE STV D (Okamura and
Matsuoka, 2012 ; [¥X3-20) , & BT, E IR OBE 5 W DT B 1, #92, 0004=RIT D
WHEFEMI MR < | EAMEL EE 5 HECTH > 77 TH rira:%a#&aénm\é (k[ - A,
2011 ; XI3-21) 23, RWFTRELRTHLARELH Y . ZOREIEIE 7 7I12Bi1T 5
MR 7 AOHEREZRT EITR L7220 (K3-21)

VUEBGER 2 & G- TORFRIRMIZ IS 1T 2304 TlE, 24, 000~5, 0004 D
B OBENHEE S, BEYE (ZER) T34, 500~5, 000FFT O 72 &b
9 (F14400-5004FE[FR) Dl E DK A HE ICFEEk ST\ (Fujino et al.,
2012 5 [X13-22) MR FEOARHITIZ, 7 A AR OO JRE S ERR 2 Seh i3 2 HEIRHERR )
NI I TS (Komatsubara et al., 2008 ; BEEIE.>, 2012)

F GBI OIS Tk, B D 7 2 HERHEREY) (B A) OIFED R
NTW5, BEADOBEMENRIL, TLICMHET 2AEWEHER EICL - T, 12-1414d
118l (B2 6 < FEAHIE) THY ., ZOMIEA 400-600FEHIFE TH 5 Z & 234
EENT (ATEDy, 2011 ; RAIED, 2011)

Z DX ITITHEOHRHERE IR ORERIC LV IR E LR DB O HEE (R
B T A) 1%, 300~600FEMRTAHEL TS Z ERHLMNIRY DO D, TR
FOERICR D I OTEEIFIFR L W RV, Las L, EHEFRCIERBIEDOREL H D T2
D, FFEDA R M RECCRIT 2 2 L IFEE LV,

i) BRERUBEDCEEMEE

JEFBIRSC, SR, I R OVENRTIR2E O J83 Tl Mg b7 7 TRV IR LA L7
BOJEL OVFIRIEWIE OTEENCFES LB 2 HND, MERRE oA B 7 & ok
EEB NSO L~ LTRSS,

Bz X, IR CIXAEDBEEOREIC X > TGRERS, 00041, 0004-F1E O kg
T (AR, 1988) | F7-AeO B EE K6, 0004E B 4004E ~6004EFEE O [EIE T
ﬁi@ LBk L= (GRAIED, 2008 ; [X3-23) LH#EESHTWD,

FRC 38256, 0004121, 000~2, 0004E (2 1 [B] D EIG TR 2 HE K HEDL T 2
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AL THEY, 1EIOZLEIT2 ~4nFiE & SN TS, ZAUTHIERICEE L 72 KR 1Y
MR A RS D LIRS TV DN, TOERFRE LUIT L— MEROTRY
2R Dk TidZe <. BERHUZITVRETETE 231, 000~2, 0004F D IR CIEEI 32 Z &

0| YEREX EPE S AN BREAICHER L2 b0 L HEE STV D (A, 2001 ;
[X3-24)

BRI EL T3 e b AROBEREEZRT B OB MROMER R 6D,
TAUHEFIR & [FERIC, FEHUSE W EIEWTE 231, 500FRE OB CIEEI L2 & %
AT EHEE SN TWS (BFEIFED, 2005 ; Fujiwara et al., 2010) ,

— 7. BETE ROV 7 R TlE, Hug O BRIV IR L 2~ T LB L DR
J& L VRRE OB EBE S (EIIED, 2007 5 /AMAIRIE, 2007) | BRI - 7 Oiff
TR & E L) IR O sy & o B O TREME b IR S A TV D (MUEREZ BS,
2010)

PLED X 91T, H A B ORI DR IC S D JEIED D%, Je BRI > CraifE ~
T 7B NI OEN TRIMENEYIKLIEEL TND I EEZR LTS, Hilkic
Ko IR A R | F-WT oA THERIEOTREEIRE LV BV, Zux
i O ZS B HUTE O T RIS i?v—%W®@F@MF®@@#%5LTDét%k%E
ENTEY (B, 1992) | mEilE T 7 OMBORERICSHEERNH D Z L 2RI LT

%)O
ik\$@%?7’Wof@ﬁ@@FﬁmEﬁﬁmﬁém,%h%@@ﬁTi%bf
HHZENDL, ZNbIIEE N7 7 WL X 7o IR D ZARME & AT 5 D B R

ﬁ&é&wihm%&é(¢miﬂ,mn%

i) FEBEOMHEY

VRS I CHERE U 72 MBI HERE D 3 MR - e - B2 SIC K 2 BECHE R CRA L
RETEIC L > CIEEEE CHEIINTHBE L bDE X — XA FEMRES, X¥—EXA
N OFAEFRIIKHFEOZ TS, HIEEBI O ATREVE N @ WA IS, R R o
BIBEOMAIZE > THNRERE 70D, AARMBHIEHIZI T 2 RSSO K HRH
(HERAZ B2, 2003) 2BV T, AT DO R WREBRICBIT 54 —EX A FO
FEAFARUT DN T RHER DR AR IR R FTE BN 2 #EE U, RO IR A A=
DOHEE DM T TN D, FEHE N 7 7Tk, Nk, ReBplE, | mlicknw Ty —E
LA N MEOFRARBEAHEE ST D

N T, 20 D/INEAIT BV TS, oooﬁF%iﬁa%Mﬁ; EnTWD (U,
2001 ; [¥3-25) . ZAUH O/NEAIZEIMNCH < BERZRT-T 2 —E XA M OBERHR
BB EDRBFE R DTH D L1E%E 21T\, £ 72, FEMAHE 45103 2 45 Ik e
(FEILIZEDY, 1998) IZHIT N LD, TNHDOX —EX A N3l N7 7RO~
— MERMBIZ L > TRAELEZATEMEREWE SN TWD, MIEIZB W CilE R HE
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FE L7 m PR OHEFERE N —ETH D EIRET D L. ZOO/NERIZEIT 5% —
XA b OHERBERITFILI04ERT, 360~3704E/T. 570~5904ER/, 730~T7604ERT, 790~
8204-Ri1, A ONTH0~604EH, 380~4204EH], 470~5404E/1], 510~6004Ef1] (HctEix
KIANLARMCIC K D PEE19504E-7 b DAFEAR) & Zdu, i3, 0004 T 24 — v 4 A
N OHERERIFREIXRT0~6004ECTH 5 LHEE SN TV D

Mﬁ(m%)a“m%h77tﬁfhﬁént:7®ﬁﬁm%6%\5—554%@
HEFE MR AN 150 ~6004FFR B & HEE LT D,

HEWORNE kT 7RI BT 5 LEE TR, 3RO X —E XA BB b
= CEHED, 2004) , ylEtEA FLE O VCTIE D> & 2HIE PEMETE O HEREHFE 2 35 L.
TNZED EITHEIE LT — XA FOFAFRIT, BUSHIEE, 1B (%) HE, B
FEVIE IR 72 & OFE LIRS, EIMC R O D EIR R 80 HHEE STV D SE HIER
WXt S Tng, —F, CiEE AE (RR) MEICk a2 2 —e &1 NIk
ménfw&wo

ﬁ\mﬁ%%W§%F%%@5J kBT L— RERN D OETE ORI AT
Ay BRBRD X R CT I L D =R ITHRER BT S OV PEARARIANE 2> © 43 U6 8t g oD 1 B kg
DHEE STV D (Sakaguchl et al., 2011b) , HEHIBUEIHICIX, MEEREOIEN H
BICL DN TS NI-HE (v R7 Ly TF¥) BERI N,

~v R7 Ly F v, SliEWEEo HEANCR O 01IZx L, TERANCIFIZE AR
HavZeuy (IX3-26, [M3-27) . —MRAVICHWTIE TIL, £ O LRl #HiE @#E%T%
., HEICEAHED HEAICETT LD, vy RT Ly F v IiX, SlklEols

B D MEENIC L VRSV, EOWEOIEHRZ "7 B2 oD

Wrlg _EAZRI O =2 7 TIXHEE) D OEEEE 80 cm DIXMICA R Eb 5D~y RT L
> F v RO B, e EAZIE OTERLREHIA 2P A£AHIE IS L0 PEJE 1950 48 (+£20) @
FRERTZEND, ZOEKEIXERREEEIC I VIESH L Ex 6T
5o

IHIT, W~y R7 Ly F v ORAERIEZ. "CHERIZESE £ 3,500 LT
1 IHFRTE SNTEBY, vy RT Ly F vy b HfiE S5 2 Ok EiE OIS B R
X, LB D EI DTV DN R T 7 OERH-EBIZIE TRV, AU DWW TR,
IRAHE D LW RE RHBIEWVER ShBER~ Y 7Ly F v 2HB0WT, HLW
IEENCPE S BN L WO~ v K7 Ly F v BT 5 AIREMESC, ik fE
PEIIEENT 2 01 TR W AREE M5 ST\ 5 (Sakaguchi et al, 2011b) .
ZOEITBRR TR, F—EX A MYy R Ly Fr DT —Z B RENLTND
LR, MR S AN SE T H D ATRENE . FEMUE DA (FEAGECE O FRHERE oD AT REME,
WY P — RO IER L) 72 EORMBENR & 53, RIS SHEREMIL, £
RERIC A L 72 IR O W8 O 4R E - HUE O E MR OHEE - HIEEBh O L3 0 2R3 5
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COICAMRREFIELE B 6N TS,

(2) IEDHEFEE

1) HEEED

1923 75 2012 FE O b 7 7 OHEIEENZ DWW T, [RETORER D ¥ 1 71
XD M5.0 LLEDRTED FRRA0 & [X] 3-28 (2, BEZEM Al & [X] 3-29 (2R, [X] 3-28
DA TEAEIN C ., BRI & O\ v B LA O B 72 TEBE, B (o MRS Eh
& 2004 FOAFEEE FIOHBIEE O A ThH 5, 7035, 2024 -8 4 8 HD 16 KF 42
SPCHAE LT Ao HEE (M7.1) 708, HREECIINT. 0 22 5 L 5 72 HiEEN 10~
20 FEIZ 1 EIRREERA L TV D,

%Mﬁwﬂ@#%ﬁﬁ@@w FIEENT 9 A 5 H 19 f 07 431254 L2 M7 1 O HIE D>
SEAE V. 23 BF 57 3IC MT. 4 OFRHEEN A L T D, OB OIEENINER I
L\Mﬁ%ﬁiéﬁﬁiﬁ$wﬂu%@%ébfm&wo:@ﬂ%@74U€y@7
L— METHRAELTZEZEZONTND

3-28 DL A AR TD, M-T (va Fa— F— ) [ R O MR 6 A R
X %X 3-30 (2R, BIEOHERA L — MIKmMIE - miEtER AR & IIEFR LT
HHLTENTIND,

1995 FITFA LT B - IR RER DAL, A ARREEZ MR L LI @& )D& o
HE72 IR éﬁ/ﬁu»ﬂ%ﬁk{fbéht (Okada et al., 2004), ZiLOH OELHINEORE HIZ WY
B HARTIL, W OHEIES) & 138 e D8k~ IR ERIRE RGN B R SN b L &b
%@%@%ml_omf@ﬁn#ﬁﬁ%_kwgnfgto

PR AR FIZibAiATe 7 4 U ELET L— R ERE|7 L — R EOBEROES 30 km
FHECTHRAT 2 RGN O B OIS 22 IR B0 X, FE A LRSI E M E) . & 25 W IEHLIC
GREBIE B 4B & BEIZAL D (Obara, 2002), GEEKE B AKEN 3= B R md 0> & B 4% KA
DR THEA U, £ ORI A THEHERL B R O R & 72 2 B A T IRIZ
M5 (11 3-31 ALFD), Z OfENEENIL, DUEPEER-CRL O B HEr, B & O
FETdDHDITK L FEECHTAE TIEFEF KT TH 5 (B 21X, Obara and Hirose,
2006), Z D X 5 Je ik & & OTEE) L~V A ARALE LT BENEEI D& 7 A 2 b (fE)
SYTMNFTRETH Y, 7 A2 b T &2 3~ 6 231 JEH TIEEINTERIL T 5, [EEIATESE
B L7EBRICIE, BT 287 A M2 CTEERBBEITLIZ 005, Zid, %k
TLHEM AT =Y v T A Xk (SSE) OFTRYILOILRIFE, B ik S 4
TWALZEICERT D7D TH D Z LM, WENRS A OFEM 72T 5 R S 4T
% (Obara et al., 2011),

TR e Bl 23 F8 A2 LU B R Tl TR Eh NS R b9~ D BRI, & 20 Bhic
B L 72 TR AR e R 3 78 A LT D (B 3-31 RVVEFD) . Z O MR 13K A Wi T feg
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T OFE B 2R L, Wi OERAN 7 L — FOERA L 1ZIE -T2 8000,
BRIL T L — MERAMEISALE T D EE 26T D (Tto et al., 2007), Z DIEH,
TREBAS e T8 & A L CL Mk 2 A TH DM A — R Y » 7 A N

N (SSE) 33T 5 Z &3, EREIRCOT B2 HWZBRIZ LV ST g (i
Z X, Obara et al., 2004), B S HFEET — & OWEHT 25, Z D SSE 1,
T4 VLT L— MERICE TéWRRﬁO&E@LﬁET“DELT%ﬁﬁﬂ%
TH VY | Z OWrfE TR E B EN GBI & 1 FIFE— 895 (B 1L, Hirose and Obara,
2005) ,

— 7, BRAKESCHYER D7 4 U BT L — MRS T, 0 H 9 D EEIC D
Too TR ke T 5 B2 SSE BAFTET 5 Z &A%, GNSS Bl 72 &2 L 0 i
nTnsd (BlziX, Hirose et al., 1999; Ozawa et al., 2002), HyEHI) TlZ 2000
FEEE DN DI T EL CRIAM SSE 2334 LT-, Z O, A MEL OEEE X, SSE
OIFB LA L CTHE LR T L7722 EAME STV 5 (IR, 2005), B 7KiE Tl
1997 47, 2003 47 & 2009 FRIZEDH 2 1R/ 5 SSE 2334 Lf:o Hirose
et al. (2010) 1%, D72 < &% 2003 4E & 2009 420D SSE DIE/E & [R] B H |2 12304 ) e 7k
By & AR R ESNERIL L TV D Z 2R L TEY, @ﬁ%HL#E7V—
NERGEE E CHRBE 5.2 530 BRAE L T2 AREESER I T D

W EE ORI ORI ~ 7 7 35 T l3m_f@u%®2mfvﬁioﬁ
Hitdsl T AT 10 FPIZ 5l U 72 BREE e R I 2 bl 9 2 AR R R A A L TV D
(Ishihara, 2003), Z OHEOEPRIIIEFICE LS 0 A O Wil g 5 RS R

BT END, MIMEANT TRAELTZHETHD EEZX LTS (Ito and Obara,
2006), —J7, MEEHEGZ AW IO TIE, 2 OMEN T L — NEREE
THRAELTCHDAREELRMHINTEY (Sugioka et al., 2012), k7 7l TE
FHNCIE AT D RS I BTG S & 7 L — REERURE O B R EE & O BRIZ oW
T, SHBOMERETH 5,

2) R EH

[ = BEBE D GNSS BLRI, i EOR2 T K O i B R 2 O i 78 8 Bh LN & 2 7K
J7 10 DB ZERC R 22 [ 3-32 (2, [E L HIPRRE o> GNSS BLHIZ X 5 B 5 M P28 hr
W A (X 3-33 1TRT,

KSEFF [ 00 LSS ([ 3-32) 120, ERIRIVE s & DU 4y BT A B KV G
7'V— R DLTATHTAE D FEMET L DALV S AL G M O R i D,
BB OFRER TS, BHEMNDEF ST T2~ 5 em/ FRREDIEILTE ST A D
ACEHEER 7 MRS TEY (LR ZT, 2012 ; Tadokoro et al., 2012), FEik
P GNSS BLIF R L MRBEAHTH 5,

EFH (% 3-33) Tl AEPEOERTIR . EI0R, S0, 5200 C 5 mm, AL
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DILEN RO, ZOEMITIE, WEN GG, P ELIEIC T T 1 e/ ik
EOREREN R 5N TS

T E TR, [ HER R o K HER T K 2 BRI SR RS VE - B VEHIER & B A T2 T ]
M®E%%&LT%@®%%W%H&M_mﬁOﬁfﬁ%%ﬁkbf%ﬁ%@%%
ATETERE L CWO R A RS IR IS > TR Im B L. Z O 13 6 mmAEFLE O E T
BIEE CUBEPRGE L TWD Z N gnnd, Eio, MR TH 1976 FLIE, 8mm,/ 4
FREORRENSIEZ 5T Y, GNSS Bl S %k a3 5 (ELHEpE, 2012a), =57
WG 1947 FELIRBICBI SN TV D IR EIT, BET45 em 2 2 TR0, WEFIrEvEH
B CTAEUZBEREOEOREICHY T 5,

(3) FL— MEBLDEEH

FEYE 7 7T, 74 VEES L— MR HARDOKET L— Moxt LTI~
AT 5 AN TR A A TN D, 7 L— ORI B X mE i b 7 OB (EIRTIR )
ZEEATHEED (BRHEIRTR) 235 Lem R EL LD Z ENABILTE Y | T TH
6 ~7cm/HThb (Mivazaki and Heki, 2001; DeMets et al., 2010), 7=72L. 7
L— N OFERHER) O — XA & OVER 7" L — N INE O E 78 Sl BT 2 AR
STEY, 2THMEWE N7 7 THRIE STV D DT TR, R, fLEEm L v i
BICIEGr G O/ 278 E DRI L o T, MHxEENEE 1T 2 ~ 5 em/ 4 (Heki and
Miyazaki, 2001; Nishimura, 2011) &DFFEGH Y. FEWE N7 7IHWICHAET L HIE
DBLTEARIRBIZEZE L TV D AR H 5,

UTH-D GNSS BN FE S < Wk A Fh T — X o E SN D 7 L — MEOREE S (K
3-35, X 3-36) (2L D&, PRI S BRI 7 L— FERTIL, 7L—F
MOFXHER D 59 HLOTHAE L TERBL TV DHEEZRT TR0 KIEEED 6 cm /4
UETHY, 7 L— FEORMFRIE AR (7L — MMEHEERRE IS 530 K
BPHEDOEIE) 8 L0ITENWEBZbND, BEERBITIT L — FEROWER 10~20
km THRRKEZRD, ZNEVEHBTII/NE L 2o THRE 40 km TIRIFF 027D LHEE
X5 (Loveless and Meade, 2010; Hok et al., 2011), 72¥. b7 7EbfrTiZRIT
57— MEEE X, BROEON T HBREET — 2 N EERSHET S 2 & 138
LWZ EICHERTD2RNERD D, K 3-35, l3%®%mﬁ%fik77%ﬁL@¢~
D KK O FEERED I E RO TSN HEERFO SRR EE CIEE ¢

BIZEFELTWD EWIHHFFE (Wallace et al., 2009) HHV . ~F 7$Ehﬁ@?f“0)fﬁ
f”ﬂﬁ %%ﬁ%ﬁ/ﬂﬂ#tﬁihé

FEKMBELREOHIEIZ L 2 KHEOHEE TV & (Ando, 1975) & FAMMRA B FHH
éﬂéﬁ%%ﬁﬁ@@ﬁ«@ﬁﬁi~ﬁ4~8m/$kﬁw\fv—%mﬂﬁﬁﬁwﬁ
FEOFTRY RIEFE L FIFE L T E X O 5, BRI L ORHEHE O EIR
% (5l 212, Sagiya and Thatcher, 1999) |FZHI/ED @A (K 3-35, X 3-36) (25 F
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VTN DD, IR CLVE A AR LU 38V T, BITEIXESE LTV D EHEE S b 03
FOHETITE SR IR H U | FERIEAET 2 KHIE TIE, 2 b OIS B
WL e D AREMEDR B D,

B AESCIAE PGS, HEH T O~ L — MR CHRAT S RMIAA: SSE (X, EICEES
20~30 km FLEE DE BRI 1 005 0 ~E BB AR TRAE L. O —E % il
LTWs (K3-37), LinL, T30 & EFBEMBEERT D & b Ok CERT
HZETOOTHEMML TS LIRS TE T, 215 OFERAN R D KHIE O B
WICEENDREME & RN T R R EOI BT XD IC L > TOTABME I D
EWO TG ORREMEN B D, 7 L— MEIORE A (M 3-35, [ 3-36) DOHEFEIZH W
SNTBIHIT — & OB RGN SSE N EAE LT- & 2 S, M SSE 12 &
2 O B DR IR U 72 SR8 70 B BRI HEE S 41T 5, SSE FEAETEIDIZ & A
ETHEBRENLO0IEL | BIED L 2 A, OFTHOFRMPEITL TV D L IR 220,
UL, WEEHO XS ICHSNREEZ RTEITbH 5 2 ERRBEICEH L0
HIZOWTIEARAD =, FEROKHBEOEFIRICE 5 aTREME L B E TE 220,
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4. B+ TOMEORYFHHOSEA
(1) FHERBEHIZDONT

ARG TRHMEOXI G & T DM T 7 OFEIZ OV TEEL TR L, LN T, £
DOFEIR Z 65 L LRI A TR,

@ i & ) O W Y o b A

N~ BN R T~ - MRS I~ R 7 7 0 L 2 b EREDE
JURIZ & N DM TEET D ATRENEA B 5 A3, BHEAV AN R OULEE « FEHLASBIRE 2 Tl
RA-2y LTSN D, Z O, BRSTIE, B N T 70 b Z 78l 5 & )] 0k
JE 5 2 A S A O & U7c, & L) IR AW IS DWW T, /v b 7 7 O HUE & s
LA H D, LIS TNAD Z & LY (MEHREZLZES, 2010), EBFEBICE D
T2 A1 FHAMRT SAEI O BT B4 58 LWV NS S 2B THEEIDE U TR
R 2 ET T D BN B D,

@« H DI - X T A UERE D TE A AT HiLR

1707 5K HUE OHEHEREY 72 & O3 Ai Al 2 7201, S FEIRYhLLVE o | A
O L ERIRE o7 357 H D (Furumura et al., 2011 ;X 3-19) , £/,
T4 VLT L— NOHEEDE XD, SUM - 8T AR O AT L TR E AL
T2 (FpPEIED, 2011 ; X 2-2) L& HIZ, FL— NNOBELH OMRE L E(L L TEBY
(Takahashi et al. 2012), ZOHIKTT L — FOFEENZL L TND Z EAVURE X
No, e, 74V EMET L— N OLIAIIIEETE b T 7 25 Vi BHREIC D725
S TS, L LI« 3T WA DU A A S AT 0 78 00 B P 7 e R T O T
AT DRKRT 7 ADT L— MERMGESS, B N7 725 ERE BIHE ORI h T
%7 L— MNERMEIZOW L, RMIFHEIZ L 2R AR R OIUE « B BIRG 51T
IR L sng, LeD-> T, 2o OMEOEHFHHIZOWTIX, 5%, #i
TRHRSRT — X OWEE - FEB AKX D Z LI LD, 2O FRE & HI SN D ICE -T2
REARCIHMT 2 Z &Iz LT,
@t - FYE N T 7

AIEIOFEA (MEMAEZES, 2001b) T, MEHEMIDIS D2 ER-SED 2 &0
TERVWEDODRERT RO ZEZTZ EIERWEHET L2y, Z oYW @y Tl
W2 EIFER 23 AR HALHL S REERE ORI O 52 Th %5 (Fujiwara et al.,
2011), F7z. FMEE R 7 7ICBNTH, WFEHEAM (HX0 5] ICXHBEND, &
WCBWTHEHET RO B H o722 & ERETHEENE SN TS (Sakaguchi et al.,
2011a; Sakaguchi et al., 2011b) Z &5, MGk O ML 7 7HiE TE L
77
@bt « VR E A 7 AR I FRA T

AiE RN (MEFHAZE S, 2001b) TiX, 74 U BT L— b OLFIAIIT
9 ERHIEE CREEES I & 2 8Ik0E, LAt 7 4 U B L MEY L — b RO )Y 30 km
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BEFEFCTE LI, LML, 7b— MERO L D GEEH T, GEEIRBERMEINEAEL TV D
ZEDNHOLMNTR o (B ZIE, Obara, 2002), £ 72 IEEREE B @I AN T, EIHY
AR =AYy T EMRENDP-L VE LT BEETCWVWDLI Lo TET
(Bl 21X, Obara et al., 2004), L»L., H#HWAT—RY v 72X > TZOHEILT
ﬁﬁéhé#mf@oﬁﬁﬁ%%éhfwébifiﬁw(%mmezﬂ 2010), =
D= WENOOERMEN L & FHAICE, 2ok b5 & 3 5 COT AN il
éhé_k%%wﬁék%x\ﬁ%ﬁmﬁw@%iﬁT@HL FAh ek S A D B[R
L7z,

(2) @BLFS 7 TRET HIRBEDZSHEIZOLNT

1) BRFhED LM

FEXDOK 2 TRLUTE L ST, ERFEERD G BRI HEE S LTV D HIERIZIE, e
BEW () VEHEAFRICE X 5 (MEEHE T 2) &ﬁ%%%kwft%éUﬁ
EHAEE) L2 Bh BIRUEABRENE CETLILGEZELRWEARDH LR L,
FAVE b7 7 THAE LT RHIER O BRI D IR 0 IZZREICE AT D,

O HIE & IS 0 &) - JEEENICBY T 5 ZARMEICBI L TR B AL TV D A RITEL
To#y Th 5,

BRI OHE & ZEOMEIIIEED), EAOHMEBIXEECTHL Z LR Gho TN D,

- IS OHIET, REHIE TR E T\ Z L iTfE L Bbh b,

* BRI DUV T, AR -IEE 3 828 L 72 AlREE D M & S Tun B 8 (381,

1997), @B TH S 72 E 5 I B Theuy,

B (R oMEIE, IR TE X TWA Z LITmE L Bbil b,

< YRR O HITE X, mEYEHI O HIE O 2 ARNCE X 2 AEEMER B WS R o T
&7 (ks - P, 1998),

HUE DHE 30 D IE, A HUEE DRI O ZERMENR ] 52T > TE TV D, Bl ZIE
1854 L BUREHUEE | 1854 AL BUFAVIE IR | 1944 FEIEFI AR B HIEE . 1946 FEIEFI R i
WEOBEEZLETHE, LTOLIICESIrOEVARLNS (K 3-8~ 3-11),

« BRI B P Y R U BRI B BRI 0 TV BN (BE 6 LLE) 84 L T

|

- HEME IO THROWENLA S 0 A by,

« PRI Vi LR C UM IR OO 5 IRV D L 50 2 USRS © TV 720,

DIED>, EAMEOEENA (X 3-12) 7> HIXLEBORE S N OV B RS R 2 A
W2 HUEA BUCHE) L2721 T < MHE ORI 722 o Tz rIREME D R
INTWD (BRI, IEDy, 20105 FATH, 2012), $7o. KR OFEMML CE KM

B HEHEREM DS R oo 72 2 &0 ([AFNEAY, 2006) , 57K HIEE O Pa i 322 B

FAMEHIER L 0 FEIZIADS > TV D ATREME R ST % (Furumura et al., 2011), Z
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DX DT, FEXRMEBLUBEOEEIITD 3 HIELY R TH4 4 ODHEDOREIIE R > T D,

FAME LV RTOHEIZOWTIL, BEOE, &L blHHOT, HEESNTVWDHE
IR D IR VIZONTIE S D EDRRKENA, BRI D ZERMEIC DV THUE A DR R
ENOBEONDZ ERPHLNITR>TETND

- 684 FE A CRIR) HUBRDARE, FEAPHL CHLICHERS ) DN HERE - 2 HE 03 96 A L 7 Hiuis
(K HIER, 1361 AFIE (FEZe) MR, AR CRX) HE) &% 5 TRVWHIED
ENQAYS

s I HEREY) DIEBF DN oo T B IR, Do TORWHLER TR T, A7l &
b FE RIS P CHEE OFNE N KR E oo b B BN D,

CSEHFRICE W TS FEM M CHIRHEREY ORI H 2 HENE X TRV | WwE
3,500 [ & A D & FAKHIEE & [FIFREE O KIFL 70 1% 300~400 4F[HFRTHAE L
TWDEWIFAH L (FMFIED, 2011),

R R ERARRT IS 3 D 4 IEENUA OB OMEHEB ORI L | BT B ROE
KR K D HE 2B 2 D B OB SMFE Lz EHEE STV % (Namegaya et
al., 2022),

- FeOFE B R I A BB OMA LD . K 400~600 FHEIFE TR E < Pk 3 5 HiE
MEE TV EHEEIN TS CRAIED, 2008),

C FENR O WO HERHERE OFA LV | K9 2, 000 FERTICHE & 7 EE O BS54
FECHERRKEEDLNTWIZEKEL Y b REWATREELEHR AT D (I
FEns, 2011),

S ISCAEN AR A 3T TId 1, 000~2, 000 4RI —FE, Sk N & 7= L Bbhb
REHLS D> TEY  ZNHIE7 L— MER TR ZHEICMHE S TR, BE

R WRETE BT DNEE) L72 2 LS O Mg A8 2R LT\ b LHEE ST
% (R4, 2001 ; &HFEIEAH, 2005 ; Fujiwara et al., 2010),

WEEF (2012) (30BN OV 20 70 5L O | AV N 7 7 IV Cie 2 D HIERIZ DU T
2ODEATNRHY | K x ORI T, HR2 > TWRWEWIFZREEL T
5o ZOMTIX2 DD X A TOHEITS % 73 300~400 FEOHE D K LJEM Z2F > T\ b
ELTWD, —FH2, IBAIHEEEE - BAEEESCE R ELELXY A7, 9 —
RN RBOREHE - ZRrEE A B2 A T Th D,

PboX oz, i~ 7 7V Tl & 2 HIERIZSEESEMETH 0 | RilEIOFAM T
F U 72 3008 K OVEaHE D 45 2 OFEIR CHIZE S M AET 5 L\ ) Bl E A HE T
TIVTIEIAR DD N T B3 o TE T, L LEBIRERTIL, M N 7 7 g
Z D BRI DM MR O AR A BT 2 MEHFR S 2 WIT BRI T T L D3 RN
ENTWVRV, ZO7®, IRIZE Z HHIEOBFI A HEET 2 Z L IXIEFICHETH 5,
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2) BEShSHERE
iVERKY S ADERE

AFAMGCIX, FYE R T 7 CRAET HHEORKY 7 AOEREE LTEXLD 2. O
MO 4. (1) TRLULEGFEEZE 2D, KHIiCRIHRKRY 7 AORREKIL, BifE,
FHEICE T 27T — 2 0 HHIPHNHFHME AT ) 2 L D TE D HRKRROHFEZ RTH O
ThHY, :@ml%ﬁzf BIIBNIAN D Z L2 BET HHOTIE RN, 5%, Hilie
T BELNTEAICE, &KV T AORRKZEIET 2 LENRET D,

i) BESNDE ﬁﬁ

PO X SIC, RICEZ HHEBEOBRREAZHE T2 Z LIIR#ETH S, Ll il
PGk 2 %O N ORI EI L. T OMAE & L CROMBEOREFIL & 72 5 /HetE
Do DM ERTZEIXTE D,

FYE b 7 7 ORI T 2 R i, amlEs: &k ch s (1K 1-2, FX
D) . EIUDIEL, EENS HAVER, DA, B, IR, wINER T
HY ., ENEEHIR CERFIR) - B (xR - AR (EEniR) - wi e ok
) - KER (ZER) 72 EOWMEROBE~ORY HHLIZE > THollishTng ()
ZAE, B - kil 1989 ; 1L, 1990 ; FiEAy, 1999 72 L) , T OREGERES, W
TERHMEORRE O 7 A b (§E) RO LAR R ERMEI LN Z— D
IR & 720 5 AR R S LTV D (Bl A IX, #Z1, 1990 ; Wells et al., 2003)
LD, D OREERRHEICEE S S BT W ORI Sm) 2L FO 67 AL MZ
3T,

SVARE 11512 e
o R TR~ =5
0 2 R~ ]

L IR~ X R IR
o R IR~ A AR
L A RITIR ~ 1]

m o o @ >

Fro, L= FOWLHIATL T ANIE, P REEZ LT D 38 7 A L MITTE
Z 712,

D T T SR OMEEF ARG B (77— b EROREDK 10 km) |
HALH T K EPEHIEE CRE LK TR0 EEZ DN TV AT, kI L—k
FORFEFEDRTHNEZZ BTN,

L DLRGD S MRS AR &5 2 S CE 72 fEIE (Hyndman et al., 1995) ., A
FHMECEM L7 L — MERET AT, mim (B ROdbsE (P X, 7
— ~ EEOEEDHK 10 kn KO 25 km \Z6 67T 5, 7 L— FEOREZED5E N,
BRES - PEROMBR AR T (7 L— N LR OEEDK 25 km) 2> 5 EEEBKSE
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PLEZEEE 2 ARFHEIZI W CIRET 2B & B O —fl &2 & 4-1 173, 7
I CORTHUIEOBIBIL, K x OEFBOBE SN L EOHEBEOHE My) O
KIEZENENF (2011) DSV Mw EHEDO A7 —V U ZHINLER LI O TH

(X 4-1),
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(3) FEYE N7 7 CRICHAET HHIEIZONT

LIF T, FEHE N7 7 CIRICHEAET D HEORAEMRIZOVTORTE21TH, BT
gLV, B NT 7 TIX 684 OB (KEt) HIELIFE, M8 fkdE KHIFE2Y 100~200
ERRECTHRVIELEELTND Z &#A#ofwéo_nif$@b77fi P VA 1
S & BRI CHUEE 23 0 IR Uil X T2 23, ik o #iFE DSdEh 3 2 855 & | Refil 2
EBWTRATIHAENRDHH Z ENFALILTWD, miilEsko HiE 75>H#F'ﬁ%%kb\f%§
AT HEA T, Wil Tl & 2 MERAOHREIT, ChETORA, KETH 24
MRRETH Y 40 IR LA O 100~200 412D & 431280, & 2 TR TIk
FAVE N7 ZIRWVICHES Z D HIEE A REiEHIER & A I O & 5 HUER %Abﬁfloﬂ
H D& U CHUEBRAEMEOFTMAZIT 5, I & U TR A L 72 HUEE D J8 A IRF
%ﬁﬁﬁéﬁAiﬁ%®$Wﬁ%%wé LT,

FT. BEICEE T HEORERBO L ZFH L CHIER EHEOHREZITI, K
%mf@\%%@mtﬁ_ﬁbbm4X%m%%A¢5 LT Lo T, HUEFRA R
DOARFEFEMEL O TR 5, OB, 1361 IR (FE40) HE X DAk, Stko
RRICEOVHMBEA KL LTWDLAEBER S L E, T — X ORELINERHmEINT
WHT, B () MEXVRIZE0 058 a0 WEE, BRIMEZED S

Bt L BORWEE R EEHOT — 2y NEERL THERAITH, I 51T, #AM
BN 2 CHUER OB S FIH Lo B AR OFNE LITH, Mk N7 7 TR & 5l

RAZOWTIE, M E 3EIOHERIC L ) HIFREB) T — & (5774455850 O S OWAL
ﬁ@T—ﬁ)#ﬂ%ﬂ%ﬁﬁéo:@?—&%m%%iz\&@% F COIRAEMIR
IO HE DO BT T 2 &\ D PELRR A MHAA AT T390 &{KFBPT £ T
NV BT AT 5 72,

1) REMBROAZFAT H5HE
i) AEICAVSHE
FAYE b 7 7 I0VNCHE & % KHIFEIT, 684 AEDHIFE £ Tl > THER SN IFZERUE DS &

b, EXDOK 2 1XZEDOMEMEZE LD LD TH D, HEMED K LUEHIE 1361 4L
FEDHIZE TILKY 100 £ TH D23, FALL Y ATOHIE TITA 200 & Ry, TAUTFERE
(2R D K Lﬂﬂ;ﬁﬁ)ﬁzbotT EEDHON, L LAEEIORZICEY HEAZREE L
TW D AREMED @, Bl Z0E, FeFE 0 S F IS T TOEDETOEHR T 1096 47k
R AR - 1099 R EHIE & B (%) HUEOR O 12~13 HALUTF Y T 51K
WILENR RO > TEY | BiE N7 7 TRHENE S - al et EfR ST s (%),
1997), L2>L, BB TIEZICKHET DLl R2o0r o TRy, Z D72, AElIE
RS & 1X L TRV, Z O, HIFR ORI AN L 72 5 IR 3 E E TV D ATREMED
bbH, BEMEIX, REBTIRIZEALBETHY (GG, 1983 ; #FH], 1994 ; [LIA -
JF, 1995), ZRE « KK THMOEILUC REEDN T &0 9 5edkid e Vs, BEEOK
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(X, #BHE, 1994) \ LOFEWE N T 7 IV Tl & 7o KHIEE & BB A 72 2 WTREE R B B,
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18
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23
24
25

776

(1) 684 4ELIREIZHA LTI=T _RTCOMBEE WD 7r— A
(II) 7#—A 15 1605 FEERHEZ R\ -7y —2A

() HEORIK L L& Bbius 1361 4ELIKEL
(IV) &7 —ZMH 6 1605 B EHEZ R\ — R

IRAELEHEZ NS —2

(V) HGRZEBT — 503 d 2 i 3 iR & 7o 7r— A

7L, 1361 FELVETOHEEZRAWA A —ZX 1 EHLICHOWVWTITHIEOREL LH
HAEEMEREWEEBEZ OND 2D, 2B L L TORMEICE EH D,

FA2IHN T — Xy FERT,

F 42 FEFEHRICHEAT S EOMAE

1361 AE L VETOMEL Gier— A 1 & TIZOWTIE, #HEDORE L LOAH

HEL LTI

LE = [ |II |10 |IV|V

684. 9 HE. (R) HE OO0

887.7 R R o]0

1098.1 | Hefn » AKRHIE OO

1361.6 | EF () #igE O[O |O | O

1498.7 | BYSHIEE O|0|0O|0O

1605. 1 B R HUE O O

1707.8 | EAKHE Ol0|O|0]|O

1855.0 | ZCEHIEE OlO|O|O|O

1946. 0 RAF S Ol0|O|0]|0O
i) EETIL

HEORAMEAEFZ I T /1L L TLBPT (Brownian Passage Time) %3
B (UF, BPT 7 V) 25, iR EZES (2001a) T, HIFEO R AM
BR2NE O ARt An & LT BPT oA, MEOER AT, T~ 45Ah. 57/fi7/b/\¥ﬁlkt} =
FEEOAG % LU L. BRI DN B LoD & 0 D BFIEE DD BPT 4
LT ZERRY LMW LI 2L T\ 5,

BPT 70Af 1. VAT OMEREERE CReik Tx 5,
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_ 2
fm%@=/b£%ﬁn{_%ﬁﬁ} (t>0,u>0,a>0) €y

b & ZTE BT L BRI EIHTI DT A — & T, B 7 R A RINR & S
DITLHOEDRE S ERT,

HIEE DR ERIRAE (1) THIND BPT HAICHED &£ 2 5 L. lFEICHAE L s
OFAERIFEE T —% & LT, RERREFMTS 2 L0k 0, Bl b akkd sz
LSTE D, nEAOFRAEMET = (T Ty .., T,) 6TV AR, LRI,

Lualn = | [FTilna)
i=1

LRED, HEFEZES (2001a) TIE, ZOBEE 2RI T LB K > T8
TA—=H (u, a) ORAAEERD D FikE, EERZRFHEE LTEHHAL TS,

728, ERROEY T, BodiEEIRE D D MRS E THIERDS A L Tl &
DD TEHIZ LRI AV SR Cunin, HEORAERMEO X 512, FIAERT —#
BRROND5GG. T DK D RARFE A O R Z B EBEEICH AT T 7 e —F 1%,
WEOKBEICENDLZENHD HBEWREZESR, 200la), MRS E TICHIZED R
AT DHEREZqpa) & T D & BHIEEIREH ) O FEARRE A E THIER DS J8 4 L Tune
SO T CTOXEREIT,

Le(ualT,t) = {1 - q(t,p, )}L(w a|T) (2

ERED, AP TIL, 2 O5MT X RERKE AWT, ROE TR T 531 H#EE
LT, NI A=F (u, a) OFESMHERDD,

i) EEFE

a) NA XHE

INETOEHRHBICB T, T A—FHEITIFZFICRLESHO O TE
(MEFEZ RS, 2001a), RAET, BT —2 25 L<HAT 237 A =2 D5
WEMEZ G X DAN2FIETHL T, —RITBREDO D 72RO EMBO X 5
72T — TR LTI, HEEDRARLEIZR Y0, NT A — X OARF RN 2 7l T & 72
WEDHIKIN S D, & 2 TR TIE, HEREETT VORI A—LHEBLOZEDOR
RN O E LT, XA AHEEEZEAT D,

AN RHEEIX, ST A—Z BT FERTE (FR1OA6) 2L BT — 2o/ oi
DS (LEBE) ISk THE L, NT A —XOFEKN MR (FHROM) 28
H9 B et O A TH B, Z D7 7o —F T, BEEOHFFERELHME O M
REVST-HRERE FRIOAME LTI A—FHEEIZIMVIAD D720, FRIT—H
BRRONDR T CTHOHENLE LT WRIENH D, EHIT, A AHEE OEER
Rl LT, NI A= ORHEENFRME U TESEMICRELIN D AT 5
o, ZHITEY, fx DNTA—=ZOREERZFMITE D72 TR, ZLb %2
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WCHEHENDROHBEDREMFBIZONTH, £ ORMEEREMZ S O E &M 725
DHRE & 72 D,
IR LTEHRET NICBIT D37 A =% (u, o) OFZRSAAIE, XA XOFEH L
U]
p(u,alT,t) « L.(p, alT, t) X m(y, @) (3)

ERED, 22T, t(wa)F T A—H (u, o) OFERIGMATHD, ZO/NTA—X
(u, a) OFHSMEAL T, MtE7 L BPTET V) 2T 252 & T, KD
HE F TOREMBOFERL TRDMAHG LD,

b) ERIDMDIEE

NS ZAREEICBIT D FERIOAIL, T A= BT D FRIARE EELSME LTE
L2t DT, FHROMOEHIZARAIR Th D, Z OFFIDAMORIUL, FEIFIH AT
B2 T — ZBBR O DRI FIZEB W TIX, HEEMRICKE R EL 52 %, Ogata
(2002) Tl MFHEAHE OB RAETT VI HOW T, BB M ZEH L TH Y . Nomura
et al. (2011) TiX, WEEEHRIE OHERAETT M OW T, EBEOFRT AR %
R LT 5,

BPT E7 VDT A =% (pu, a) T8 2 FH15340 & LT, ARl CIIAFE OFRE
WEMANE LRWEERFAOMZHND 2 L2 EARFEHET D, TOMREND
DELT, 22 TIEHY =7 Y —XFEfipA (Jeffreys, 1961) 8T 5, =7 U —
ZHEHIAMIE, BT /VORERENFOME (7 14 v iy —FlE) (TR TREN
\ZZDREBIENEE D LW ORI Z RO, FRZBPT 3 D%6E, £ DY =7 U — XHHi
SIATIIMEAT RS FRETH D | IR EHREBOE THE A b 5 2 L NI DO
TRENTWD (Bl Z21E Chaubey et al., 2021), Z OMEIL, BPT ET /L D/XT A —
ZHEEIZHB T D2 EBUE L R EOMY PN T I AW S5 ETIHEFICTHENTH D,

iv) HEHRER

D~ IR LIS T e, iMiEER 28 74 (20254) 1 H1HELTHEREL
7o, FEMER NG 30 ELANICHIE S AT D= (LLT, 30 4FfER) %, Maflicas
—AZDONTRABIZE LD D, A AHEEZ DT ATHI T, ERETROE L 2D
BPT A D/XT A —4 (CEEPRAEMBL 162X DOREE o) BDEEOMITHEST
Hex 2z & 2720, RSN OBAMEAR —DOOETIT R HESME LTH
BD, FD, 3 4-3 113K — A D 30 FEFERIZHOWT, T0%EHXE (ks
FEIXH]) & HWIRFE (CRSME) 20 Lz, BRI aMIRo—pFlE LT, 7 —2MD
Gt M 4-2 \RT, Rk, O, RATEIC XD AME, ATV i (HE
MREMICE BT T U F LITHAET D ERE) ICLD2REMELSEMELE L TRPITR
Lz, 7ok, B IROBRE Tk, FMMANE R 23Rk 26 42 (2013 /) 1 A 1 H& LT
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FH L, 220 ZHEETEA S TOHR,

F4-3 BT T CRICHAET A HEOR AR (BPT TF)

. . A% 30 RN HIEE AT D e
I 160.1 | 0.39 | 8%~20% (20%F2/E) 28%%ﬁ§§ 20%F2E | 10%~30% (20%FEEE)
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B ENT 30 BRI, 7 — AL o TR S, BIRER GHERER) To 30 Fhe
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ETARE HBHTET =4y MLk TRERERNAOND, ZOREMHRDE
W, BT —ATHESNEBPT ET LD T A—4 FThbbu & a DFERNHOE
WIZEHERRT D,

RKA3NE, BEL L TETr—ATHONT 1 & o ODFEZRIMAOIHE (F% 1)
HARLTWND, — I, p R a W REWVITE, FHEREAIZIS T B R O R A MR ITK <
BHENLEMICHY . £ 4-3 OFERIZZOBREBANTH S, HlziE, ¥ —X 18
KXON Tk, MEOREL L2EGLREEOL L R T —X 2y heHWD T2,
AT EORERBAEL R MRE LTy b addticREHESND, 7¥— AV
TiX, BEMEZT —X -ty LR L2 2 & THIGHE & A REORAERRS
B 2B, AfklCn & aBKRELS D, —FH, F—AVTIE, 2T L7 —F13
DEDHTHDIZD, T A—FHEORFEFIMEN O — A LKL, EHIND
fEROEHXE SN AR R 5,

F 72, BUEORMEFKMEE N FHMT 5 72, 2 4-3 I[CITEAES A3 5 B
AEHER L L TR L 30 FEHELSEMELE L THRL L, T2 BRROMR LT
BT D& WTILORHE 7 — 22BN T H i D 70%E HIXHA—HER>TW\WD, Z
D LT, BAEORME T 725, T TSRO MUE A~ D 2 5128 5 sk K e |2 5
LTSI EERBELTND,

UL OB OFM 7 — A DF NG RFMICEIT 5 EXETSRT 2REN 27—
ZELT, 22T —2AMEHEHT L (FxXnFR2-2), ZOBRFUL, FIHATRERT
— X ERKIERT 209 BEZXHIZESS O TH D, F—AMTIIERMEL M
W77 OMERINCED TWDR, AROM®EY | ZOHEIIMOrEE 7 7 HiE L 1
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BRI R 5 AREME R S LT D, L L, AEOF M CEET & EFkO %
BRIEO—2L LTEDDZ LTy Ll Lz, 72721, H%% TR MR T
7 OHUERSN TR CTH D Z ERHMIC R o T2 GAITIE, RIMEEZRSN L2 —
AWV OFAM S L 0 #Y) & 72 B alfetE b A ST D

gz, REr—2 L Lizr—2MZH0 T, Wﬁﬂ #%@ﬁﬁ&g W25 30 4
MeROHERB 2 M 4-3 (TR, D6 | BUREAUIRER DR R0E & 2 K& < Hn4 2 )
%Klofﬁw\%$@%ﬁ@£iUE%E%@ﬁﬁﬂiﬂ@W;@5_kﬂbﬂéo

2) REMREMBEOREZIRAT 5586

HMEFEZES (2001b) TiX, FEHE N7 7 CRAETLHE (RMyEHE, FEHE
DRI MR 2 5N 2 55, R TRIE T V2B LT 5, R TRIE T LTIk,
ROMIFEE TORFFFFRIATE OHEOBAIE U T, BT 5L LTWD, 2T

NEB) e EIC LY BRI - EOEE TOTAREML TV | [RIMEE B X 72

EZATHIENEE T, MEOHMKIS UZBOOTHBMHREND ENIEZHT
bbH, MBIZL VR INIZOTHOEITINE EOT XY &IZHETH, ZOETMIZ
FEOWTHIEOHEOHEL (70 &) 726 &@% if@%i%%ﬂ%ﬂf%é_
LR TR FPRIET V) EFREN D, MRSV T, W2 3 E ORI
J:é%@ﬁ%@ﬁ%ﬁ_gﬁ:%ﬁdﬁl ENTEL, Fétik{k@ﬂﬂ if@%ﬁif"iﬁm J:I:@JF%EJ%

RBOHNDZ EnD, ZORBERICH L TR TFRIET VREHAETHD &S
C %7~ (Shimazaki and Nakata, 1980), % L C. HIERAHEROHEICHEFHlET L
ZRIRT 2 HEE LT, BETHETVEZEHR L TR ONTROMERAE TOH
g 22 . F(1) TR &SN D BPT 7940 OSFEEIH A IR 1 ITARA L CEHRT 2 5722 F
ENFRH SN TE 7 (MEREZES, 2001a,b), —H T, ZDX IR0 E, H#
%Qﬁﬁﬁéiﬁké’&%ﬁﬁkﬁéMW%?W@iﬁ®ﬂﬁﬁ&ﬁbe%%é
L7ZpWnWZ EfEfi STk Y (Hashimoto, 2022) . . BPT &5 /L & BT HlEF
wk@%L@ﬁ+ﬂ_éﬁéMTw&wawoﬁ%ﬁakLf%ﬁ%héo

Z 2T, ARFHE T, T30 &{k7F (Slip-Size-Dependent) BPT E7 /L (LLF, SSD-
BPT &5 /L) | Z #2128 03 % (Ogata, 2002; Terada, 2025; HiEEFHEZREZS, 2025),
SSD-BPT <E7 /L%, BPT T /MIHIER DOBIUED ZARME A M AAATZILRET L TH Y |
BPT 34 D /3T A — & PHIEEOFARIRT 1 T2 < milOHEOHEIZ HIKTFT 5,
ZOHEOHELLE LT, Blb Lo SEHEEOEERZ WD Z ERARETH D,

72U, TR, EAMIEIC BT 2 EEEOMEEIZBE L TE, T ORI E 2o 7 sk
DKERLERDFERIAE DO NEE RN T E4, MR U THEMERE &ICRKE RiEN
AL ZENEMESNTWD (BARIZD, 2024a), —FH T, 2O HWEOREZ K-
TIE, SRR R Z1E 5 PR ke L Tl (P - BiR, 20245 FEARIZD,
2024b) . B S TIIH M2 RARZIZE > T, L, B LEOND T —#
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(2, FLERCMRIROIERE CTE L D —EDOREN SN E TN D 2 L1d, T OB RRHE % 8
HAVUTH G TH D,

COXIBREFRNE | AT TIZZ 6 LB ORREHR A BREI L, £ 21 6/HE56
NDMERET — X DR OREREMEZ & TERILT 2, SHTcdH 7z T, EARHED
H7e 5T RBHIECHR RSB T 2508k b iFMICHEE L 7o, 2D O REEMEE
LA ET — 7 2o e L TERIL L, SSD-BPT &7 /L% H 72 R 7 A i
FOFHEIMARIATy, BT NDO/NRT A—=FHEEIZIL, 1) &[RRI A ZHEE %56 H 5
%, FIRATRE 7P &7 — 2 BWHIE 3 [E5r LR TR Y | 23 offl x OF — X BEHZE 2
FHEFMEEZEZ T Z L 2B E 2, FRIOMOREICONT S TERMG 21T o7,

i) MEICAVSHhELEES
a) BREHRICESCEREET —FIDERE
FoKHE

FAKMBIZEB T 2 RHEHEOMERE S LT, HEFHEZES (2001b) TiX, Shimazaki
and Nakata (1980) L ZHEEME 1.8m ZERH L CT& 72, L Lirf, BESREERICK T
LEEEDO AN SN INTEY . BAIED (2024a) TiX, L4n 25 2.4m &
D WED & % R EDMRE SN TV D, Al TIE, ZOROH 5 MK EHEEMBONER & |
RIS 5 BRI OFEIRICOW T, S iEt 21T - 7=,

FARMBIZE T 2FHEOBEENSEONI OB bR b0 L LT, TAREFE
)L IHERLI MWD D (5AF, 1930a,b; LEM, 2017; 4EMH, 2024; AT, 2024a),
(IPRBFZEICE ] 13, P RIS EHE OEER 2B O TW T ARBE R L, FF
IR TRE SN TEEREOBEE LRI ORIRTH D (i H ST AR EE 5L W aE &
76,

£ [ARBZEIGE] ORI B, HERTEOERBOKENIHETE, SHIZE
DENOHEBEROMEERLZHE TE D, BARIE) (2024a) 22EIZTH L. MEICH
WDHEOIEROEVCE Y L. Tm 235 1.9m £7201F 1. 4m 225 1. 5m O 3@ Y OFPEEA
Bond, H—OMRITEFHOERHNONT-ETHH DT, & _OMIRITHT 25
EHREL LB DTHD, £, RIEBHOMGRICIEZ - THEE L727o), £
NENDMEIZIER & 5, HARIED (2024a) 1%, WIWIZ K DBMLOIX S D& RHIERE
ZERL, 0.3~0.5 mZAEDHLE Lz, 2D DOROFER, [AREFIGE] »
Hit, 1.7m~1.9m (F23£0.5m) & 1.4m~1.5m (F27£0.3m) &\ 9 218V O Skl
NEXHIND,

—J, THER T E- AR (2. In~2.4m) EWIHBREENTHINATHDHLOD,
ZHIIsEE#RTH D LIRS TS (S8H, 2017; %M, 2024), LaL, Zhn
FRFROBIELIR Th DR ABE L, Al <l TAREZFIGE] 7 oa 6402 0k
WRCFHAERZZ DRI A [ OFIROMRICEE~R T2, ZohtHcikS&, THE
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Rl OB HEEHINLBEEEOMHRE LT, HE—D b DL, 2. Im~2. 4m [Z%f L,
IARBPZ ) OEFEHOFMHRICE S WERE0.m ZHEHT 200 THD (1
RELT2 Im~2.4n, FR70.5m), H Db DL, ARBEFHE] OM7 MR %
[TZ550) @ 2. 1Im~2.4m (2 H L TR &% 1. Tm~1. 9m OFPICHE L, Z O#E
B [FIERR COREFRZE 0. 3m %:%H%k/—\zb“lié%@f“&é (fEHRE LT L Tm~1.9m, 74
7£0.3m), 2D ZOOMERM, THER NHEEHIND FERMEEERM S 725,
YLK ERET D & iﬂdﬁ‘—‘ BT D EEPEOMEEEOFEMME S LT, TAMR
FREE] HENND 1. 4n~1.5m=0.3m & 1. Tm~1.9m=*0.5m D 23V | BL O[5
) ORI SEAND 1. Tn~1.9m+0.3m & 2. Im~2.4m=*0.5m D 2V | A7t 4
WY PEEIND,

LEE R

LEHRIC B D BB O &2 ek U2 b, R TARBERCE ) S LU0+
Ve BRI FEAEIR TR FHRW A BEiks F) CGROXRFHIENZEHT, 1987, LI,
TEEE] ) [CRBISD (A4, 19305 #8%7], 1988; HEANIEDY, 2024a), [ALREFFSC
| OFIRD BT 1. 2m OFERENHEE S D —J7, TER ) 121X 0.9m 225 1. 2m DG
PHCOMEENTER SN TND, 2D DONEHIIIMEEEO LN E NN TR Y | FAHE
ERRICIIE FIEIAITH 5, £ Z TARHE T, R fTaeZe G b i KER O AN He
NS ZFHIIC KB S5 & WO BRSNS, FAHE O EHEE CTHRet S ciiEs
HHOKRKETH S 0.5m &, ZEHEICK T 2 WELOEEEICH L CHEHAT L 2
L7,

P EoBEzkeaT 2L, REHMEICKE T 2 EHEOEEEOFMME S LTiX, TA
@%%iiJ@ﬂLﬁ%%Wﬂ51%+0M BEO TR oFeki %o<0%
~1.2m=0.5m O 2@ Y BEE N D,

I Fn i

AR R (2 BT 2 REPR ORI BIC O\ CiE, AT O BLIGE Sk 2R i AT HE
b2, ZHIHITEIL, WA (1953) 22 EIC X HBWEOREET —# L | Satake (1993) =
Sagiya and Thatcher (1999) 72 E\Z LD KMEHIET —XITKBIEND, b DHERE
BN EAS HPEMEIT, LRGSR THREICEWEREZ G T B2 615, -
7L \_?LEODT—&%%)J:Dm**ffiﬁéti%ﬁét?sf)ﬂ 1%, FIZ oD EIZHONWT
EAZET 5, VT AERLT LA EREORRATHELNIZ DD TIER N D,
%%YWL%O)%A F%Té%%ft?ﬁ%%ké@éo AT B TR IR DASR 0 i AR &y
(B 212, HEATO RN EBHOCHEBERZRORDEE) NEEINELO, 2%k
ET LN ERD DD, AT, T4 D OFFHIE & 2L S FRZEZ FRMIC R
L7z, 7236, LTS R 28T — #1254 5 BN M IEME & I K ORRZZFHE D

50



© 00 I O Ot B~ W DN =

W W W W W W W N DN DN DD DNDNDDNDNDDNDNHE = =2
S Ot B~ W N H O © 00 9 0 O bk W N H O © 00 0 Otk W+~ O

FiEE, R (2025) 12HS<,

FPTUET — X IOV TIE, R (1953) 12Xk H5EHMHE 1. 16m (2 #ETORE) %
WIHME & L=, Z OfEl%. Shimazaki and Nakata (1980) %X U, 2% < DSEITHIZER
EWEHME (MERAEZES, 2001b) TERIN TEEANRRAEM THL, ZDOH)
HHELZ X U, A~ OB E (-66. 5mm=27. 8mm) , HIFE 8 » AR OWUETH D Z &
ZEE LT 280 ORMEEIHIE (ZEN42. Tim 38 K04, 8mm) . & 5|2 Hashimoto
(2022) DOFERICEES < HEAKHEZE B E (-50mm=E50mm) Z 5@ FH L72fE %, 103, 6cm=E
5.7em B LTV 102. 9em+5. Tem &9 258 0 OEEENSG LD,

IR HERFT — ZITOWTIE, Satake (1993) (2 XK 57K ¥R 5145 TORE & 80cm
+3.7em ZHHME L Lz, ZAUSACERTE (+77. 4mm£27.8mm) ZHEl, EHIZZ OfE
WCEENDEMM (MEMT 1743 » A, HER 1FE2 »H) OHERES L R9EEHD
WA L, WET — % RO 2580 OFBFE (22 +T4mm~+148mm 35 LY
+132. 2mm OFfIER) ZEH L2, T OMIEDRESR., KERET — & 513 95. 2cm
~102. 6emt4. 6cm FB LTV 101. Ocmt+4. 6cm EV9) 23 D DEEENE SN D,

UL EORRT — 2 8 L OUKERET — & hLE - FREZ2RE6T 5 &, B
BICE T 2 REHEOMEE EOMME & Ui, BERNET — 2 0 DHEE S5 103. 6em
+5.7cm & 102. 9em=®5. Tem, 35 K UOVKHERI & T —# 0 DHEE S 41D 95. 2em~102. 6em =
4.6cm & 101. Ocmt4. 6cm, DEFH4 B PE S D, FFET ST, HREA LR DM
TEMEAS, HET — X @D 115em, KUERET — % D 80em=£3. Tem &, Z OB FiE S HIH]
EHLRESERDICHEPDLT, FRMMHIEEEEFMZRD Z LI2X 0, FfkniafE
FHEZI N TS 100em RiffR OfE FRZEEL em OFEPAN) (2T 2R R 55 H T
bDH, ZOREFIT, ARG CE A L7l EFEOZ YL MELZ RS 5 L EIRFIC, B2 58
BT — 52 03 BB I B OREE BN EEA 25T E 5 2 & C, BAHERICE
B EEEOEFEOERL & 100cm FRETH 72 & WV ) FHiOFEFEEEZ®mDHH O T
0o,

I ZE TR T E T2 FEAME, ZBHE, I X OWEMIEICB T 2 SBEEOMEE &I
BT 2B EOBME, b NZEDOREFERMEEZR 4-4ICE LD D, LIEOHITIEL, Zh
LORBERET — 2 DR ONEERL R M E LTEAL L, MERERRET L
\HLIRAT e FIEIC DWW THETT 5,

b) BEET—2DHENMICLLIRE

AEi CHRBL L - R HBOBREET —Z 12OV T, AHiTIIINb2MESME LT
ERALT D HEERT, &N E LT, 7, lxoBEEOFEMEICHT L, £
DAHEFEM: 2 EJE LT ER M 2 WHNICEFRT D, I, 2D OEBIZATITR L THE
WIROFFERPEREIG U BEAZT 5 L, SFHELZART 2 H— oM & R01h
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12
13
14
15
16
17
18
19
20
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22
23
24

EXNOOREIAME LTRAT S,

#FA4-4 LT THBICRT D RO ET — &

. . ; S . &R 53 A IRE5A0
= - 3 y Eii=l
Hi5E 7 — Z FiE T E AE (m) FA72 (m) N(m, 02) B Mix(m, 02)
AR FSED 1.7~1.9 +0.5 N(1.8,0.51%) | 1/4
‘ ARBFILED 1.4~1.5 +0.3 N(1.45,0.3%) | 1/4
FK HIE — Mix(1.83,0.51?)
HEFO 2.1~2.4 +0.5 | N(2.25,0.52%) | 1/4
E O 1.7~1.9 +0.3 N(1.8,0.32%) | 1/4
INEiE e 1.2 +0.5 N(1.2,0.5%) 1/2
LEHE Mix(1.13, 0.52%)
TR 0.9~1.2 +0.5 | N(1.05,0.52%) | 1/2
BED 1. 036 +0.057 | N(1.04,0.06%) | 1/4
BT 1. 029 +0.057 | N(1.03,0.06%) | 1/4
AN R - Mix(1.02,0.06%)
KUEHIED | 0.952~1.026 | £0.046 | N(0.99,0.062) | 1/4
FRAER Q) 1.01 +0.046 | N(1.01,0.05%) | 1/4

Vit B — X 1B B AhEEE O

il x DR ET —Z ZRNME LTRATDICHED, TR 44 [R5
T =X OFE, FRCEDORERMEICER T2, ZORMEMEL, EIZOFRORNER
FEFRIZ K> TRIEME & VDR E . Q) RIEIZHEIFEE, &) ZOOMIE b D,
2T, A A REGRAIAATESEME) (HEMEOR) . %E 4 MBRAAHEEME] GR
72) LR WHE Z RN OMEIC KR ST D,

—RIZ, WX, & DiRE (¥R E,) NG A DNIZHE . PifHix, . REFEE
0. DIEBISAIN(x, G Ko TEL D EEZRBLTE 5, —FH, KM TR O T —F D X
T, WIEMHEN—EDIE (x~x,) ZFF>THOLNTWAEHAE, TOFIMENS 7225
MERDSARICHED E RARTZENTE D, 2D L&, BIEOHRSAIL, HIEEOE £
ToHME ., MEERTERHSMOBEIAR L > TH LD,

HEAE DR O R BN IER A0 R 70 A2 60 & 72 5 IRIC, 1B A AT
Yl 720, D IEHOAT , FR75 2 BB YR 220, D IEMISAT &5 &L B IARE DA b IEH
AR L0 RROERERAEIL o2 + 02 & 70D (WIFHEIZEM O P —8), —7.
g 2 — kR0 & L7ert . MRITEb—ER A S FREN 2 0 L 72 %,

FEEROME, ARG CTH D T — X IZBW L, iRZEN M EME ORI R THplc K&
WD BOERBUZESL D ORI ERE LT, &R MENMICKRE R E By b
ABVWRTH D, ZOMRORENE | ERSAAOFE EOFMEME (FAEMEZR L) &
BHNTEIZE L, ARFHM CIXREE OWE & EROAA TRET 2 582 & 5, BARIZIE,
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& D HLL (g + x5)/2 Z B, RO B (x, — xq) /2 2 FEHER 2 & 3 2 BRI A 2
5,

ZOT7 T —FILLoTERIN, &T — X OFERNSAICET HEE/R T X —
2 (RSN, o2)IB T D HFHEmE L0 Hke?) %, £ 44120 TRT, 2R
B OEBIRESR o34 & FI, SR A R T 2 Ml Beffe R oA 2 T 5.

FOKHE - ZEME - BMEIHEIC BT B BHHE O KRE B O MR

BRR O L 5 ICER SN EB OMREET — ¥ OMERSARICIES &, FHE (B, &
B, W) A REKRTLH—-OMEERES ML, BAFEZRESME L TELET L, 2
DL, BEBISACEH T D EADHFKEDLE LR D,

EPEAHBICEAL QX TARBEZEICGE] & THER] L0 Z o0 FER LR
NOGONLTERICHT DEA LT 5, ARBFZEIE] ORekL, HEREND
#9 50 414 & R RBRTZ 0 3 0 | Z ORI ORHEBCEEUIZIIT 2 LHREDOFE
ZEaterREMEIXE E TE R (BAIEDY, 2024a) b0, HIEICHESS EaSns EHE
R TH D, —J, (AR ORBIHMEMIERD EERTIEH 20, WEDSAMNIEHR
EAF LD IBICH > o TREMES, HBEBRAEZOHERE L COMEELBZET D &
—EOEEMEEZATDLEEZLNDS (BEM, 2017, 2024), Zh 5 —>OFERIFOEE
M FARE 7B 2 11T 5 2 S HRR CIEREETH D LMW L, ARFE T4 2
LIFHND MK L THERBEAZE ST 5, I 612, AREFEFEIGE] BLUOEN
LT D THER] ORIV CRIE L 72 2 M ESEOFREE (B H OS2 5
D) AZDONTH, YRFOIEE & L TEFEHOER— KN TH - 7= AEMIXER SN 5
(FH - B, 2024) OO, BARMZRMEHTENEZINTE LT, WTHOMRICE
P REPRERZRIBIUZ KT D, LIzd> T, 2R HEOMRICERT 2 @b
OFREMEEN TR L CH Y ERBEA AT 5, MR L LT, EAHEOME &k
oL, TN OMFHIES T, BIfi CEH SN 418 ) ORISR M T XTI
LA A LIIRAESME LTEET D,

LHHEICOWT RIS, FOBRBEORILE /2% — o0 FEEE (1385 BX
O THAEE)) OEEMEICHIRE R BRI T EH W S L, 22 b8 5 e
DN FE R B LT D,

BFIHIEIC DWW T, JET — & KR ET — % &0 ) 2FEOBINT —# | B X
NZENENICHEH L2 2180 OMBREEBH EONTIOMAEDOER LV iENS L
DNTONT, BUEE S T A M 2 FEINRILAZ LV, 2070 fERE L TED
N5 A OMEERST XU SR BAE 525835,

YU EDOBELRLTHEHIIEDS & | SERIHERS M 2 G Lo EK, DB oS HE
(2B D BB OME BHERSM 2 M 4-4 (R, 72, T D OERS O EE RS
A—4 (BEHAMIx(m, o2 2 HFHEmE L0 #o?) 2R 4-4 120 TREBEL
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28

29
30
31
32
33
34
35

Too ZORER. FAKMBE O &30 I ZWIFHE 1. 83m, ZBHIER ITHIFFE 1. 13m Z Hul
LT DML IR oTe, TAVHITRFIC S EHZ R 2 MIEEOIER K OFEAE DR E L K
L WIS FRHNZIRD D DR E W BB R MIGIRE B9 5, xfRAYIZ, BTN
MR OME B oA I AHE 1.02m 2 & U T WEEICEFR L TBY . £
IXH DX DEAWIE, EARMBESCLZBHEDZ N L iR LT, R ZE C—HEE/ NS
[N

ARFH Tl & Bk B4 E 23T 2 N HEEMEZFEMICRFT L, TN D ARSI MmE L
THI RIS B2, ZORER & U TR bAoA R ORI & 04 O WIFRHE (5K
E 1.83m, ZEMEE 1. 13m, WERIHE 1.02m) ([CHERT 5 &, MERAEZES (2001b)
R ETIBEICSBHEN TELREME (BAME 1. 8n, ZEHTE 1. 2m, FEFIHEE 1. 15m)
EREIFTEBEL TWRNWZ LRSS,

i) EETIL

HEEOIRERMEEZ £ T L E LTE, T30 BIK(F BPT €7 /L (SSD-BPT £
W) WD (Ogata, 2002; <FH, 2025; HUEMRAEEZEZS, 2025), ZOET LI,
BPT &7 VOB 7Tl D [HEELE D O &R 2 KfEE LoD, FET
% O HORRFUE S FTE O HIFEBIAE (3-_0 &) ([ZHFIT 5 LI B2 HEEOEER
R e 9%, BEm b AIEIO B & R OHE £ TORARRIZIL, OF SR
BT OAEIICL DI 2R b b, IEOWBIBEAIIFF SN D, milE N T 7
TRAET HHIEICBWCIL, EREOREENSHE OIS T 5 & Rad 5, KR
(2, RSN CHEBR U 7o Pl B & R AETRIRR & OBMRICIR, BT — X ORFEFMEIIRE NV H D
O, MRIEDHHIBIRAHRTE D (EXDOHS5),

SSD-BPT E T /MZIEBWTH, L 7R DHE ML BPT 5 TH Y | TD/RT A—H
DK AF T 2 OB NER 5, BRI, EofesE L, X)) t&sh
% BPT 53 A DRI NT, NI A —F (u, a) %, EATOHEOMER & u &#Hz/
WNTGA=2 (B, y)EHVTUTOLIICEETHRZ LI TRILIND,

u=pu
0(2:3—)/2

u
Z 2T, BIFHEM O OT HEEEE OIS L, ARIOMME N7 712k
J5ET L TIE, BEREOEHEMEE oW E LTRSS, £72, v IZO0T 4
HHEBRICB T A EIEOREIZHET LA —NANTA—=FThb, LINo>T,
SSD-BPT E7 /v & WM Clik, BT — X ICESE, RTA—=Z (B, v) BHEET
HT LT D,

i) H#EEFE
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a) NA XHE

SSD-BPT EFT LD/ T7 A —ZHEFEIZBWT Y, XA AHEEZ BT 5, i CERL
72 £ 9512, SSD-BPT EF /MIEHMIZ: BPT BT VDN T A—H (u, o) %, Fiilo/e/XT A
— % (B, v) LHIEIOREERE u ZHWTRITLIET LV THD, ZO7DH, TOLERH
b HARMITILBPT £ 7 /L & RO A TRl 2 Z & B ATRETH 5,

LR G, %UHW%?N@%%@N?%—5%ﬁﬁﬁtofﬁ\P<O#®ﬁ
BT OILERD D, 2. RETNLVOFMCHIHTE 57 —# Huk, Bz BPT
BT NVORE— A (B2 i7~x1~w)&w@Lf% 3Gy &b Dy ofE &
DT — 4 PEPE R FHFNEE BTz, HEENFLER LTV, HUS, RTA—F
(B, ) 5 LA OREIEN, BPT EF/UICH_RTEIVEETHD, ZnbHD
RN G, HfliZe BPT BT VOSHT CHRA LY = 7 U — XH[FI0AM O L 9 7R FEEER)
PRSI RTAM OB TN EE & 720 | FRTEE A RO ST HR AN A E SRR
TOHMENEL D,

b) FHI7HDRET

LIS, AEACHUD SSD-BPT BF /L0857 A —% (B, v ) ICkIT B BRI E
DIERI 2B 2 F 2~ d, B R0 O BARR B8 IR/ T X — F FRGE DRI
fHeex | CRED | 2 2 TIRE OMEE RS

B DEHEHI5AR

RT A= BIE, WERIITEEREICE T 2 7 L — MEEEFICER T 2 B
IR R B O WU kT B, B®$W\ﬁ®%ﬁﬁ_owfi R iE DA TR % 78
FRANZ T D IEHRNBZ Lo, — i@ UG E L CERD M2 A Lz, ZOE
MO EBE IO AERET DICHTZY, T BOHHTH HILEHEEDORY 5
2 FPH & Rt Uz, (BHEEO @O SRR 72 BB T — & 23% 5 4 5 OITE A O 100
ERICIR O, DB SH B IERRICIZ T L — b B S ICEREER L\ R ZE B AL
FLEENEDL, INOLOREBE L, I 2 TIERFEOBAIEIC R < RFFT D DO TiE/2
<\ BEfFOMHBLINGEIERS L O L — b OWLBEET DD EREEHESEY 525 B8 &
ZOFPAZE LTz, T ORI Z S B(2 B OFRIGM O ARE LTz, FlioAh
DFIEIZ DN T, RFHE DA ZHEE OFFAIAZIN T, BT /LD JE0 K % Fe R
b2 Ly H HEAEIC LS & RBIHICIRE LT,

XT A—H vy ODFEFIAG

NTA—=F oy T, BEEBIZBT DR R ERRRER TN 2 BELORE S 2 HET
HINT A =L RSN D 708, O Z EERBIRHHIFIT 5 2 LT LV, L
L. vIZBPT BADIRANT A =4 o LEELTWVDT2D, 2D o [ZET DN
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R EBEBICHADAAERET D I ENTE D, Bl ZE, Bk OTERE 2R DAk
Tl a 2332 0.2~0. 4 OFEPHICILE D | ZDRATRD T \ﬁTﬁUT%éz
ENHESIN TS (Nomura et al., 2011), AT, ARk @%@%77% BiF5
HiffiZg BPT E7 /L CORHTH, o OFZR B 0.2~0. 4 OFiPH %méﬂfwé
TS ORI 22NN IS & | ARG Tld y OFRIOAM E LT, MRS A RE &
LTD a D12 0.2~0.4 DEZ DL D70 o~z akiE L,

iv) AEHR

SSD-BPT EF /LA MW THEH Lz, & 74 (2025 45) 1 A 1 HERE TO 30 4R
EEXOE2-1 ERA6ITRT, ZOHRICHWZHEOT —F Y M, £4-20
sr—ZVITAIY$ %, SSD-BPT 7 /L DA ZHEE Tl EHEMICIZ AT A—Z B &y
DEHIMBE BN DD, @%&@%%%f%kb\§¢6_i_ﬂE®$%¥@#
S LT R n 13X 50X a OfEE/R LT, K 4-3 LAk, MR L LT
A AHEED T0%IEHKM EMFFEE R LTS, Fio, AT VUV RfRIC X 5584 mm*E
BLOHMMEEAMOMR LS EEE L TRlf L,

46 FE LT 7 CRICRAET 2 HEO RS (SSD-BPT E71)

o Atk 30 FEFNCHUBEN R AT DR
u
By?
F—=A | (=Bw G —J . N R
u A AHETE T .
%P AR hT (Rt 25 1 i)
At
60%~90%FLELL | 70%~90%FLFE LA b
95. 2 0.17 200 F iE
v (TO%FRLE) R (SO%FELE)

ﬁ&ﬁﬁ%?L@ SSD-BPT &7 /WIZ -3 < Bl AT 30 FEfeRix, BEICIER 2
VKHEIZEE L TW D, T OFRAEMREO BARN 25k &2 K 4-5 127 T, XA AHEED
FER L LTELN Z 00 E. MDY 100%Z[[M DI TEDOMEE (MERE )
DEEINL . BHEMED 100%fHEICHFET S, M ARICR-72IREEL TS, Z0D
&9 RHERSATOIGRIL, ROFEHE N7 7HENODOEEL THB L RWIRET
BDHZEEMITBETHHEDTHD,

S BT, HERHED O ORFRIFLEIZHE O 30 FMEROHERB X 4-6 (-7, KMART
£ 2T, RO IIFFER L OME X O FIRIZREF ORE & I R 2T 5 — 5, &
MK O ERRIFERE R CRBEIZIZIE 100%I2# LT\ D,

3) 2DODETILOLE
ARHITIEL, AFHMICTHWE >0 FHE R MEET vV, T 705 BPT 7 /L & SSD-BPT
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ETIMTOWT, £ OWBRITE SR 2 LR U | SR 2R SRS EAT O BRI DV Tk
~D,

TV OYEERYTY B

W€ 7 /L DY S DAL & X 4-T ISR,

BPT £7/UIX, WhWAEAHEET VABRE LEET AV TH D, BEAHEET L
X, A CHBOREN, —EOOTHERE LML > TRV IRS LD &V 5 IRERRD
REZIHAL, TR0 5, OFTHRHIREN S 7 L— MEEBR EICL > T—ED
L— N CERL, HORMEEZE A 72 & 2 ATHENRAE L COTABMK I, FR
IR R &é&mo%%&»%ﬁmﬁé H LI OWRRICT X ARBEENRTN
X, HERIXEICE CHRCRAET S Z &I272 5, BPT E7 /LI, Z OWREMIILOT F
HRMRIZ RN O I/ NHIERERSE OO ST RIS ER 3 8L (7 & A
XHo%) ﬁxﬂuzbé LT MBEBBRAMBIZELSOENAELDLIET LV THD, TEHD
ELBPTET /LT TEAHEE] & W I REMRNET LV EERICFEH DD, ZHUCHEELE
W) SRR ER 2N ATV EALESIT HND,

—J7. SSD-BPT &7 /W%, ZDOHRICKI FRIET L2 FF2, R FRIET LV H £
REMOIRET VL THLIN, EAMBEET L EITERY  #HERICL > THREIND 0T
Ha (TROOLMBEORE) TEFIRLVES, 20RDY, OTHOEFML— L&
HERFEAET DRROOT AL, BAHEET V& RIS —E L RE S D, £ Dk
B, ROMEF TORAEMBIL, BERTOHE CHRKINIZOTHE, 772D LAIRIOH
BORBITHEIT 2 &0 9 BRI Y 370, SSD-BPT EF /L%, Z O TFHIET LD
OF AEFHRFEIZ, BPT B 7 /b & FRIEROEELE I X 7o =RGmE T LV CTh b, B R
Z3HUX, BPT BT MBI AREZ T A, LV —fbEn/-eT71redb 52
%, L7235 T, SSD-BPT &7 /L%, BIDHEDFIIG U CRAMEOMAEN LD
eV TRERTFRET V) OWE L BELIZZ > TESH DL &) BPT BT VOME
PR OBMAET L EMNESITHEND,

TN OGN & AFEIZ BT D

BPT €7 /L& SSD-BPT E7 /LD &L L3 mEHE N7 7 ORI AmfE 2 L 0 @uicE
BLTWD0, BIRSCIXBARICHTIET 2 2 &3 LV, Bl S 2 MBS R3S
%’*%o%ﬁﬁinfkw ZDOERIZD DMEET NV ORYEEEZHRITHRAET 5
TeOIZIE, IEFIZEL OT =2 PMEL D0 TH 5D, £z, MET L E BHEDOHE
%@%ﬁﬂ&%ﬁ\ WCHHIE L7 D TH D VNI BRABILF LTS,

7272 L, W T I e SIFE S B D, 8 AL OISR K92 & %

\ZH#E L 9% BPT &7 /LT 5% L, SSD-BPT &5 /L TIIHIE DD L4k 2 €5 L

%T% GOTVWLHRTH D, 20 &k, AE O CRE S miE ~ 7 7 R
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DOEFIROZHENEE  TT VORMALE LTHOIRREMKL TS L LIRTE 5, L
U775 5, SSD-BPT &7 /L AMEKHLS 2 HRFfE] T IIE 7 /L 00 2 2 Mo FPEIC SV T,
WL ONDREET RE RPN RER b AET 5, £7. M N7 7IRWTHRAT S
B O SRR BERIR O E 2, BB - SOBEEOA TRETE200E VI BE
NbH, I HIZ, HERFOME &N SN OTARIHYT LW PHET VIZ
FO e HEMITITO T AERITIS Uk L, HUEROEEZRIE T2 L1225
N, EEPEOMEE B DR SN D FHIEREE (R 1lnm/48) 13, TR O RIHELIHI 2
DHETE S DILREIERE (5~ 7mm/4F ; [E L HEPE, 1972 ; X 3-34 ; [E L #IEERE, 2024 ;
Nishimura et al., 2018) EIZTEBEN 5D, 7272 L., BHISITWAILEEE XL
CETEFDOMETHY 7L — MEROREFUNDOER (F] ZITRHMEREN 2 L) big

UL (Li et al., 2020) 72, ZORIZOWTIAHROBINC X 2 H#B %2 HHT

HVLENRD D,

0=, B PR T AVE O S OOFEIEIZOWT kL Ieikim i b 5. Hilx
/¥, Shimazaki and Nakata (1980) 23T /L D 0 ATREME 2R L7- B 1X, M
WHIEZ 50 341 L IREFATH D, F7o. /MY IR LHIERIZ OV T 720780 B 1,

BEE FHIET ALY S TN E WO b e & Tnd (Rublnsteln et al.,
2012), FEWER T 7 OMEOHERINCIONWTEH, ARMEE CHD &, FET VLMK
DLW ET 5 ME L H D (Scholz, 2002), —J5C, FEE b7 7 DX 5 ICHHE i
%ﬁ@:é%ﬁf@\%%kﬁﬁﬁé%ﬁ:fAm;oT%%%’ﬁﬁ%ﬂ%ﬁ%@
NEFNEDLIE LTV 2 b— 3 VISR (Hori et al., 2009), BEMEL RIS
HEMEE CTHo CHRITTANDHIT L TWNEEWNI B BIREINL TV (Kumagal,
1996), LLED X 512, SSD-BPT EF /L ORERZ 72 W T 7 /L D RRAIHER Z DY)
B2 AT DWW UL, AR 2 R A B EERR 2RV T 0 | BURE AL CIEBAME 2R 5w 28
TUNRUY,
THLEEEEABEZ, KM TIZ o OETFNVICHBETIZESL RO LD b
DTERWEHE L, WET ML DB AMELIGT 22 L 2R E L,

FEAERETR D LR

BRI, WET D BIG O N HERFHIRE R A i35, &4-3 BPTET V) &K
4-6 (SSD-BPT 5 /L) Zt#kd 5 &, SSD-BPT EF /)b 5172 30 4EfERD A8,
BPT T VOFER LD bEVVEL 2> TWD Z ENATHERNDS, Tk, SSD-BPT £5
IVDINT A= ZHEEITIBN T, FEEWZR AR 0 XD D& ad, BPTET /L&
g L OhS<HEESND Z EITERT 5,

Ll BT REE, BPT T MCEBWT Y, BIFESTO 30 FFfERITBEIC &V K
HIZHY | ORFERRE L & BIZSHITENT 52 LD RENTVDHRTH D, SSD-
BPT BT L OFERIZIINE I DIZED L HF M@ OO, ET VOB L BT, M
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W b 71281 2R EIOMERAOYRAMENIEFICEVIRIUIZH 5 Z L I8 b Y 13k
W, LERST, EBELDETIAEEEBLIZELTH, +OICERNMLEREEICH D
Lt TE D,

4) BRI SADMEDFHEHR

SIEOFHE T, B TRONAIRHENM AL KICHE N 7 ClREX 2K 7
AOWMBEOBFIRZHEE L-, LU, WE 600 4EE THDH Z &3 TE 2L

&L KI5, 000 FERITE T#lD Z LN TE DB FERTIL, K7 7 A DHIE N E & 72FEHl
FRDD > TRV, 2D JERDFIETHRRK Y 7 AOHBEOFREMRZFMT 5
ZLIFETERY, 3. (1) 2 TR X D12, K92, 000 RIS FRHE 2 FH] 2 EE
WA LT FREMERN M SN TV D 2 EnD, iR KZ 7 AOHEIIV L &b
2,000 R E T OT, TOFKEAMIBTHELU ETH S LHESND, MilENT
TTRED M8 7 T ADOKHMEDHARRIT 100~200 4, FKHEZ 7 AOEKHE
DIEAERFRM 300~600 F- L HEE SN TWDH DI LT, K7 T ADOHEDIEAERE
FINH LD LM ERWEZEZ b, BAEBEMIWARBEGETHLEEZ2DH L
Wb, L, RIS Z 2MENRKY 7 AOMETH S gEEIXEr TlEhn
CICEBRBLETH D,
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5. SRICEITT

Ao X 91z, miElORE N7 7 OMEORMHME (MEREZES, 2001b) LI
ICER SN HE < OMBRBIT — 21X, Mg N7 7 THRAT 2 KHE O BRI
ZHETHDHZEEWHLMNI LT, ZOHT- RIS S E | AFHE T, [A UElk ClHE
C% A 7 OHBENEHENCRAET D L D EFEHETT M-S < iflEl o B3N F
EaERE L, THE N7 70O RMBIIZRAERETHRAELZKRYIET) EWIHBRE
%Kkbfﬁﬁ%ﬁoko

O TARFE Tl #ERFE O DN T, B =DM THEH Lz, 12,
IR T 7 L & W R ERAICIRR L 72 0 Sf& A7 BPT £ 7 /L (SSD-BPT E7 V) % ¥
TAHEA L, BARRZE T T < HEEOBB G Z 8 L2 i 2 FIREIC L7, 85 12, =
PR O BT — # DS RFOWERR ZE RGN 72 AR FEMEZ | SR & L CHIRIY
IZETVAHBIANTS, AT, N RHEE &0 D B HRE A2 W5 Z &
T, WA B DR % BPT =5 /L & SSD-BPT £F /L& [F UHLYETHEGHME L, 2D
FER A FEERRHE & L Clism it Lz,

7272 L. B N7 712815 5 SSD-BPT 7 VDM I & 7z - T, WEORM b IR S
NTWD, SEIOFECTIX, #HEOBKAZ R HIE S L TERBORERT —% DA%k
FIH L7223, ZHUdfth o FEH O MBS T — 2 12D\ T 2 D RHEINED TR/ 3T A
— X DREFIGMHE BB ET 5 2 ENBEMCIIRECh -2 Th b, 5%
(X, BT O RIS W TR & RSO T — & O AN 2 M 0 AiT 50 AT O f
ZHESD . SSD-BPT ET /MICHA LTINS T E B E e D,

Fio, L0 R RERTIE, BRI O A7 6T KRHEOREBREE O L DR LET
HHAREMELBEBICANDVLERDH D, TDOOIZIE, 29 LESHMEEZRBETE 5,
K VBLFEICAN LB AT T VO & . 2 IS < RIFHLFIE O 72 &
AL S OEERAE L /25, ZO70IiE, EMEHETFIE & HT O TSR O B
AV AND EEBIT, UTOX D RHENEELHE LR L TS ZEDREETH
Do

OBEICHEE-MEBRZHLONIT 5-HDRAEMEDHEE

- HERHEREY OFA 2 LI LD . 300~600 EDORR TR REENRE TWHRE,
%ﬁb?7?@%é%%@%ﬁﬁﬁ%%ﬁ’ﬁof%fwélm%/ﬁﬁﬁ%%®ﬁ
PR RO o T AHLTIER LN TR Y BEICEXZ#EOSRBEZH IZIXE, &
EBIEARFTH D, A%IE, FERFLERCHIHERR Y 72 £ il HEHUE ORI T — &@W%
ZHRREAIICAT O & & b, HERHEREIC oW T, MU O %F e 0D 72 6D DAERHEE Dk
bzt | FEEEM-CII IR 2 & L R TN LETH D, 15O IVTEMT —
HEMBERCHEKR DOV I 2L —va AL EICK T, HEBEZHOICT
LW (121X, Furumura et al., 2011) HHEET 22 LNEETH D, £z, MK
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1E2> (2011) <° Namegaya et al. (2022) TlE., BEfER AR E SN TV FAMMEL Y
b, RERBBEOBE 2 EZ LEHEOHFELZRBEL TS, 26D LI 7R, KV
T AOHBENERICEE TWENE I NORKRIEZHED TN Z L MNETH D,

OXMEDERELLGY 5 5B ERTET A2-HDHEARDHE

« FRIRIE O B B OVPE SR DU U, B E 3 5 BRI L O - BB BLRE A C
R0y & HI L, HIE-OREERES OB O EH (B X, MvEiEs, 2011) 2R
&L CRBR I Z B ERIZED STV 5D, BRI, Tl - T A a0 kA A T LS &
D PN OV, FEHE b T 7 B & ST HUETRED e D QNS HR AR B o BN
S EEE AR, A% M N T 7RI O BRERINC 2T 72 SEIRI S DV T, ISR
TEZIE LT, # THEEOREOEMENE IR T 5720 OFEMICEIT O LERH
Do S BT, ARFTHR L7z &5 L O OB ERFIRIZONWTEH, SbkkbT—H
OB LV FHOREZ R X5 2 LRk bns,

OBREDITL—FERICEITAIVTAHAERKRREE=FI—F 5-DDORAE
BRI D HEE

MR OFN 21T 9 7= DIITi BT — X 721 TR MHET L — FOILRAHIAIIIHES T
BN D0 T HORNEERT 2720 OEBNHIENEE CTH DL, 7L — MRS
BT 20T HEESCT L — FOEEORREE=F —F 572D, ZNFETITHHEL
DHIFRZEBBLIA AT O TV D03, e b 2hRM 2 BLR7 AL, IKZ & Rk E Eo
SRS CHUZB A B 2 B35 2 & Th D, T, MR B A2 JET 2 HT A FE L <
T2 LT, GNSS-A BLHE TIE, AAEME T L — MEZIARITHE D EHE A2
WEBDBIH S (Sato et al., 2011, Tadokoro et al., 2012). FEE kT 7 DE S
PREEIZOWTHLHEIN TS (Yokota et al., 2016), WFEHFRIE) 2 5 ¢ e M2 E)
BT — % & A W=7 L — NEOERE DA OFHEMFFRITBE BB I ER SN TR
0 | ERRERCRE L LS HED ST D b D0 BRI SRR L AR & 9 FRIE S
b5, 5%, BEOBHELSICE T KR EAR T — X 2 &L T L bic, B
BT — % OREREE 20 E ST 0ENH S, AT, WK FICHRE S - EHALNE
Ho AT AT, Araki et al. QOIDICTHE SN TWD LI, EHINRP- D
TN L B DO WFEOHMBREE N Y TAX A LA THB SN TE TWABMR, B
WYl  AREMBE R ESEDNEND D, Hi- I8 S iz Nonet OIFHIZH]
F I TEBRE ONMEIZ OV T HED D LERH 5, -, A o —HER A I BT
A=A v FOENERMZED D Z LICL D, YK TOOTHOEFIRN
HEE=X—THTEEMLT DI ENRROLND,

OEDZHRMEZIMY An-RAFTFMOEFEEDR L
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c ZNE T, FL— MHEIOHEXHEERNIC LY HEE I N D0 L WEOEE) 2RO 59
HEF L (il Z21F, Dieterich, 1979; Ruina, 1983) (ZHS< HERAY A 7LD 3
2 L= a UINEEITObNTETEY (BIxIE, Tse and Rice, 1986), ZDHI|Z
STl & 2 Wi OMEE OFEVITE R T 5 272 R A D /3 & — /%/Tﬁ%ubzbé
(Bl 21X, Rice, 1993), 5%, WHET VT IMIEEL R IED & L biT, Kil
ROBEHFIMCTIE, 2O X I PBET MHES VI ab—va itk v, 2%
FromEOMERBERESCBEOBINT — % Z3HT 2HER ATV A2 Ek L, 77l
EITo T ZENEEND (B ZIE, Hori et al., 2009 ; Hok et al., 2011), LM
L2 H o5 MEOHEBRIEICIZEY RH D L0, o< VTRV EDT L —
FNERDSDFEFWEBIEOBIINT — 2 02O @ R CRE L HET 2 2 L ITREET
HDHZEND, BIEOBEBECIIHEDORAZHWAT AT F 2 DIV iATeZ &
IFIEFICINEECH D, LT3 > T, i EDOHERAEIE-CHERS), e E & OVER O H
AEEL < OBLHIREEZ F G 72 T 2 EEEO S WEE O T U 25 L
EWRHMHICIE DL T ZERHEETH D,
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