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WO FE - FAEHUE ORI & ORI RE STV D, FEIEA (2011) X, FEYE
b7 WA DI R I AR O ST Clid e <L T L — MERHIE OB
ICHEISIZAE U7 MRS T 5 LHRH L T\ %, 72, M~ REEFME~ S0 0T K IEIS A
1T T OREEMSMRIETERE CTd 2 FTREM: (857K, 2010) R0, =7 IR L 0 O LR O
A A AL R W A T O AR T AV IR EE SR E L TV D 2 L L bR S
TWs (FHIEA, 2011),

S OIE, £ BRI R R I, W REB ORI B 5T A I T E o 17
ERER S, 7LV — MERDPOLOZIERE L L TR b Tn5d (BilxiX, ik,
1980), Bl x1E, =7 YE ORI O BRI ITRALER OFEMEE S LT D
EEZONTEY (M, 1990), F7= IR T HEMICHOUREIE S HEE S,
1946 R FFHEITE & OB (Kato, 1983) OWEREE: O /5A0 & OBMR (Wi4s, 1988 ;
KH -/MAYD, 1994) BRIBENTVWS, ZUbid, Wb B TISEI 75 D Tid2
<. 7b— MESHEICHE S BIRIVZRTER) & 72 STV D,

(2) thTHEE

1) FL— O

T4 VLT L— NI, AASISOBEAICAE L, M NT T BEIlENT 7 Bl
R, 7 0 U E i, ~ U 7 . Bro/ R E IS SO ME T L — B
Thb, 74V ELHTL— NI, BEE T 7 T, UEYERSTE - PR HAD FIC
HAHAA TS, BT, BIEE U - <5 AL 76 smih EEims) min
TO7 4 VAT V— MiE, BUEOAR LS A2 IR (E5E) & LT 15 Ma £ THE
KEFT TN EEZHNTEY BlZIEX, Okino et al., 1999), JELEE & ~TH
W L— EBEIHAA TV D BN RERFHATH D (KXDIK 1), TF. W HAD
REBGCRIHE b T 7 AL DU TR, 74 ) BT L— PEARAITE S BERHIEED
AH = A LD Z EHRE LIokkx 2FRABIRITONTETEY . KV EHMAH
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RGBS THEE ORI G2 S22 dH 5, LT Tk, A HARICHA B 2> T
T Z OHBO M THEE DRI OWTHIRIZE L D D,

FAYE N 7 7 JE0 OWHE I ZRERT CREEIN e TREE 24 L TR Y . & ORIEIRED,
WREAERHE OB O 7 2 v b () RO, Sk ERMER AL ¥
—VORRE 2D S BAEEMESER S TS (B IE, i, 1990 ; Wells et al.,
2003) . HEIRIZIS T B B A TR E D —o & LT, HILHDOILARALNET b5,
PE O LeiEs (Kodaira et al., 2000) CAEEFIEA: (Nakanishi et al., 2002) J&
BWITHRT D5 NTHRZ AW EBEREOR R, 25 OHIRO TIiE, thAATeifgil &
BN AHEDRFENDH D Z LR SN o7, F7o. EIMNEECIE [$ENEaE] &
IFN WL O D BNIFAET DA, FEHLS TIZIE AU HET DyEse 3 v R Lk A
ANTVWD (Kodaira et al., 2004) . —75, WL, BRS80S 2 /R - ik
MPIFET DA (Honda and Kono, 2005) | SR O, = OE ) EEIITHIER
NEE CTIEb D BB ER AR NEET D Z LR SN 7- (Kodaira et al., 2006) ,
WRSR L, S CEEEO S AV MERE L TMESIT LR TWAEFITH
V. Z OB L OBRNER ST\ 5, REFEA T, MEEREORE, 19444
W TR VA ML B D BRI N I 77 L — MR ST 2> & D4 I @ SFEAE T 5 Z L 3 S
Mg o7z (Park et al., 2002) , WEHERE R HIEE R AREIC 81T D S I T8 DTS B
MEBCHRKEOTHICEETH S,

ek, R HARTICHEAIAT 7 ¢ U BT L— RO - FIRE, BRI Js 1T 2 M
BIHRE O EES N THEE STz (B IE, IR - KM, 1985) . L2osL, 7
FAAROE T L— &7 4 VBT L— b OB THRAET 2 HEITD RN D,
REINTWIZET MRS < BONZFHHOET M E EE->TWe, —F, i
TSR A ORGSR D DIRAA T 7 L— N OALEDHEE STV 08, — I
BRI » 72 ZR TR RSO TH 512, Baba et al. (2002) Tk, ##HETO
AT LR 2 22T 5 & & bl BEROMERB S MZ2HEa L. 7«
UE T L— b RRIOSERKZER L T\ 5, £72, Hashimoto et al. (2004) i%,
HHIEEHTE & WRIRE D 7 L — MRIRE T VOB EIT> T D, CERRHEE 2 Fhi
L7c T30 - SREIYE - FEVEHIE OB PRI 7E)  CEA20~244R ) COREERT O
FEF G H A D UEPRIZ 2N THRARAT 7 0 V) B U7 L— MM, WU ER 0@
T OWEPERE D B L FEOIEEM R O BB & CIUN « /3T A OV Hg~
EEELTWD Z ERH BN o0z (FEIEA, 2011 ; KI2-2/8), Z OERBH O WL
IX19684E D H FMEEE (Mw7.5 : MWlEE— A > b~ =F 2— ) OFT 0 ki &
HLTWD (K2-24), £z, Uil - ST ARSI, JEENC S CHIRR I O
BT, 7 L— MERD D ORI RN E WV I AR LT D, 2 b Ol
HERICESE BE, 7L— MBRET AV OSRETBED b TWD (BlZIE, hiEiE
7, 2012),
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Fio, BRIV T, BB HEEBLRE OB T — & & AW T3 it 23 e &
NT&E, ZOBEDOE VBB TEONTT —& & AT Lo — Esdghr (5213,
Shiomi et al., 2008) CHUEWRIHE M€/ T 7 1 ik (BIZIE, Hirose et al., 2008)
BREWC LY WS T 7 BAATL T 4 U BT L— NI BICE AT MR T
KCTHDHZ otz (K 2-3), ZNETOMITICLVIEBEINTET VI VM
HIZIEWTFED b0, KRIEIICIEEEL T 5.

ZOEIRT L= RRORE BN E . Bl T 7 TRAT DHHERE KR O
FARITIT, BMOBRRHH EEXONT VS, B, HEE & BE i O =R
DOEEFAHTICH S 3 205 S A JAGE R IC R8T 5 7 L— MERIZ OV T, flx
[T Ide et al. (2010)ICL > TF L — MEDIERIN SN 572 L, BIELHER I T
5, ZOHIKIZE T 2EEMA 7 L — MEIRIX, B b T 7O OBEER B KB O A4
HAEBFT 5 L CTHEHETHLIN, FLEFSIMASNILTE AT A% bEANR
T - R LETH B,

2) T I7BMRBRUSIEEETE TOBERAIEE

FYE b 7 7L TIE, FEA ERRGEEREIEHE (I0DP) o—BR L LT, 1944 F IR
B O EJFIK T 5 REFFIEL T, FEE b T 7 MBS AN OWEIEHI ST T & T,
ZZTE, T 7NNy I ETE  (Park et al., 2002) fHETOHANZE Y ESR
TefE ROV TR~ D,

LODP %5 316 YfidE - B b 7 7 MU A R I FHE C ik, HERVRIREN (BX
TR | REEHEO KT IEIE O ek K OV T TS 5 7 L — NEERBIE S|
a7 EFRRTHZ LIS Lz, Z20aT7 ICEENTWAHEEYOBELTICET 5
W a4T o 7GR, ENENEREFITK 400°C, 9 300°C £ TIREE DS LA TR B S
DAL, TOEBNET, 2 TICE D WIE T OB ®H TR0 ISPE S BEREUI L o
THERZ SN EB 25N TS (Sakaguchi et al., 2011a; ¥ 2-4, X 2-5), Z
OFEFBRCTEATRE AT, T 7EMFIEO T L — MNERWIE CEET D OIEBF
BRONTZETH D, T EOERMITIRER S OO, BE LA OWEEHI 57
DITIE, Bt mOT~NY BERKRETHLEORBELH D, ZOREKREE. 2011 4K
e 5 RSEPEI IR O BRI B ARG C . VBRI E C LARMIAS 50 m FREEK RS E) L
7= (Fujiwara et al., 2011) Z& T, HELVSWEHKEA GO L2 L E2EBET D
OB N T 7 TRAETIRMBEIZBW TS, NI VHEIHIE TRERTRVNELS
ZEIZE Y, PEROMBELL OB NAE LD AN H B,
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3.

HEED

(1) BEODKEIZDINT

1) BREROHIHE

BPNIZHB S B - T RIS IR A - B TR L7 sl R I8 CHIEREN R ST
W, E7e, BOBIERTE E TR PIC b AR RRFHREE 5D, RN
ZOWERRSE /e ENLBHIFRR Sv, MR ThHeb ik 0 3R UJBIREDS AR 722 [ A HE & 7
I TE (X, Ando, 1975),

JESIGRERICHD< & 684 4ELIE, FEMEHIER IR & ORIBFRAE L EO T, 684
FAR CRR) HEZED D2 &8 ORIOMEY A 7 VR EUTREERH D (R
D2) , o, BEHE CRREBHEL 1) 13, MIEHE L ORFEELED T,
TOREPHIR SN TN D 887 T FIHIFELIKE, 1096 FK B HMEHE R &7 &
b 8EIOMBEY A 7 VA UT-FEEERH D (KXDOK2)

684 A (RIX) HIFR, 887 A FIMIGE, 1361 FIEF-HIFR, 1707 EFKHIFR, 1854
FELZECTE | 1946 FERETIHE O K FVERIE L, EEROKBE OHE | @A EE Ok,

ERIRR O IL 7 E @ T DR L D, 1099 ERTFIHIE L Z ORI KT
D%, 1096 47K & B HIE ORIEE S 1707 Ak B & FIRES, mEEEOEE T
B A TOEHEE S E 2 i, D72 &b 11 &b 0 ICHES %A L= 2 L1
MEER SN TV D, MEEORIETIE, T FEHE L EAHMEORM & OB &
D Th 2 MRS, 200 FREOHRTRHENIHVIEL TWD K IICRZ D,

B E ORI A BT & T BT, ST B R0R0m < 72 D 7w RS IR
TIEZRWH DD JEF R ORI L IZFRBHCREA L TR Y . KEHE, EF
HisE, 1498 EPNGHIGE, RAKHIGE, ZBHIE, MAHENHERIATWVD, Z0)
| FEoK MBI HE - FEEO W T O BRI — ISR Uiz 2 AR T (IRE)
2010), FAYE b7 7ICHBT DL EEKXBEOME TH D, HE (KiX) HE, {“fi
L IEHE b F KR & RIS 5 O RRIRIE S — BE IR L e HIER Th 5 & S, ok
EHEICHZOMREERH S (RS, 1999),

WEORHMBIZONT, HIREOZEO—FUETOFM OGS & LIzFEE N7 7k
WOKHIETH 20 E D 0, £72BHE ~ 7 7V OHEOLAITIX, & OgEEN & 2
PZOWTOREFEICH Tz - TE, EWRRIZE L TIEFIT A (1999) | i (2002) |
FE¥ (2003) | SHEDARRITFE (2003) | Ishibashi (2004) | #&7# (2012) 7g&
EBEIC LT, £, FMEO~Y 7 =F 2 —F (M) OEIFEFHE (1999) 2883752
L& Ui, 2L, mERBINNTOID K D IT7 o7 1885 4F L W AT IL, 1885 4FLL
WD b DIZHAMEFEMENE D = & DD 1884 A LLATD M DA ITAZHEMEAME U & flr L,
INEMD D, Wi~ 7 =F 2 — K (it BB, 1999) ZOFE. 2T &L Lz,

FAME b7 7 TRA LR & 2 KHIEEIE, 1498 FLARRIC OV TIE, 5 RO HIE
YA T ARHMENTND, TH D OHIFRIC OV TIE, $FICES 7 A 204 S 4
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Fx, HEOE S ROEE DS ﬁﬁ%ﬂmbt RREICEE L Tk, BENSAAO S —
WEELTOTHEE (059 AHERICERR S THNDZ ENMBN TS Z LIZHEEL
77

1498 AEOMFE L Y BIZEEHE b 7 7 TRA LI FREMEN & 2 R RIx, BAEHFEA B
DREIN TN D ED T AERIOHET A 7 ABMHEN TN D, 7272 L, 1361 4
FVETOHEICHONTIE, BERORRIZEZHBEORK L L EREEESEN &
2o, MRS A O FEMFRE LI ITE S 2V &l Lic, 207, 2 ORI OHIEIC
DNTE, MBRE SN TV D b OISR TR L 7=,

AR CTITEMIOM SR E LB O 55, AR () HUE, 12 (FEig) HUE, kR
(%@)%% Hefn (FEvE) HhgR, O (BEE) MR, WHSORVEHER, BERHUE, Tk
LB - 2B ra A . RN R v AR | PR Y R 0D 5 MR ORI DU

TM\UTLﬁ WIEICFEMZ R T & & bic, BIRICHETE £ LT,

1944~1946 FOHUE (RIFRETHEHEE | HEFIFTiE )

TR ROCER R RIS IR L7 1944 45 12 1 7 B ARF0 SR B I R K TR 1946 4E 12
A 21 BRI, §5 002 5 @I T CORTER Ol A, IR H,
HEZESEE 72 E ORI DR WA K& WilEFEEZ b2 b LT,

WEFIR B MR I, HE Y, RGP L P eSO KRR EE 72 (K
3-1) o HHOES L, IS IBRETE ~9InicE L CHE, 1974) . BESH
FAY LA b & Ap o TP, STy o048, ACOhe B RGO SRl WL AR £ Cown R
BWCTh D, R 6THYLL L o fiFIE, S EIRCEMR OB, MGHE L
REBOLNTNDS (KET, 1968 ; M 3-8) , ZOMEIL, %k % LB IE L
U TREREDOREWFEPHRLS 0/ S bIR» o 7o & STV 5, 48 E B IR 1
NEFD R A VR AR C I BORIEHUE O BIFIR O —8 LR Liehr o 7o 7o . Bla R
FWEINED IS E LTESRTZLDOTH S,

RN C ik, BTN D S BHRCE BB O KR EE o7 (K 3-2)
DU E R O OH B O KRR R T, O SI134 ~6miZiE L CP&, 1974 ; R
M, 1977 ; ¥ EARZZIT/KBEES, 1948) o AR 5 9544 DL b & Zp o 7= @RI, Jupl oo —36,
VU EI G HS - FER, ALO B K O - hE - P O —FBIC KDY (RGUT, 1968)
SRR 6 UM L o BT b b oTe (HRERE, 19465 K3-9) o

B0 T R v 5 N OSBRIV IS S W T, 55 1 BRI R L 9 1, M s dh<omt
W, MBI T —4 &2 AW izflix OBRTTLOHEEM TP TS (X 3-16, [X3-
17),

R O EER D BICIR L S OGRS Aii . HIER R EhOE OFRERIC S W THEE S v

BRI OEIRE TV (X 3-14~[% 3-17) WONHEE e M A E 2, 1944 F KO
1946 FEOHIE L, T A EEME BEI%RC & DMEZ LI L TE Z o 72 KHE ;
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1944 FERIFREIGHE) | MR GEA & BAHEZ O LTl 2 o 72 KM -
1946 FFHIFIFREIEHIE) TH D EREINTZ, (KULDK2)
LAW< (2R~ 5 B OFEHE B OFRE IR\ T, BRI s v HhE & B
B DBEOTERRBESMELOAR L Lz, 12720, BMAIOMMEIL, LB
ﬁ@% S HMMEHIE L 0 AV NS VW EEZ DN TS Z Enn, hikd 5 1854
FEORBOWHMEIZIIT DHEOFBROBENM I ETHR L L,

1854 O MEE (ZERIEHIE, ZBEEHIE)

1854 4F 12 A 23 A (LBOULH 11 A 4 B ; ZBORHIEE) K O 30 FEHI# O [F4F 12
A24 B (A5 H ; ZBEEHEME) [CKHBENSH 7z, FERT, BB PO 7k
NTHEECTHKRT B L, FHITEHERALRINE ST,

23 B OBYEHIE CIZ, DIEEH b5 £ TORFPER R & B B - 7223,
WA HIRE N (BHE) £ TOHPATIX, ZO/mIODAMILY 7 AW Z RS
%ﬁﬁﬁ@ﬁ%@wn%&wzé(IS%)QLE%®~ﬂTi$&®méi1OmL
L7z (BAIE PR, 1980b) o GBI 5 §54H Y L LI o 7 LHEE STV D #tBH I
Fopl By, ST R HE ORER Sy, R OB O—ETH Y | RE 6 RNIL6
%mﬁ’ﬁot&%ﬁénrwéﬁﬁu: BEE R (ZEIR) | T oD —#5,
R OB IR 2 B O, A R CIIREE 7T S ISR o 7 FREME D B D L Ehv T

5 (FE3, 2003 ; I 3-10) .

24 A OFEWHIETIX, JUNBEE B 722 < & bRAFHEE I £ TORTED R 2
HEo#ioiz (BlZ1E, PG, 1980b ; 724, Al m AR L 0 BIC 2\ CiL, 23 A
®ﬂ£’iéﬁw&tﬁﬁmﬁﬁhw ZIZTIEHRIREN T RN LIER) (¥ 3-

o T O S IU [E 0O RTEPE VA R S ONIURALSIT LAVE O AL BT Tl 4 ~8m i
%Lt&%méhfwé RE S TS B2 o7 EHEE STV DA, UE %A
HODMZ TN B> & FPE ML | ST OV Ch 0 | B 6 UL 6 53fAY L 72 o7z
LHETE ST D HEFRIE, i, S, SO, Fnfk LA B oRFERR ETh D (TR,
1989 ; ¥ 3-11)

bt o0 D BRI S OVEEFE 3 Afi . HE O TR TS W THEE S PR IR I K OY
BHET LV (X3-18) | WCHEE S MIZ& v, 23 A OMBISHEME (LB
WEHE) | 24 A OHURIIFEEE (ZEFEEE) Th D ERE I, BTE CIEmE
E HIFE R EIIE & 7R o7 & F 2 Bz (Ando, 1975; #HH, 1981b; Ishibashi,
1981) (KX 2, X3-18) ,

B, WHFEEHEL, W EE S UE R OGS TORE O @ S 035
MolzZ & RO CORBIN N D & e &5 | EBEOEN o B IXX 3-
HIZRENTE D XV IED >R B 5 Z L ITHEEBLETH 5,

26



© M 1 O U W b =

LW W W W W W W N NN DN DNDNDDNDDNDNDDN R R e
A O A W N H O © 00O W N O O 00000k W N = O

1707 FEOHIE (K HIEE)

1707 4F 10 A 28 A (Fk 44 10 A4 A) ICHIEN B o 72, HALHLG A HIEE D
FAEFTIE. BANTRAE LE ERABIBEOME Th o 72,

Z OHIE T, R IR CLPE CIX B HIER L 0 B S @ <L WD DR
B (BEME) £ COHHTIX, TO/ESONMITRESEIEME SRRk CTh 5, ik
VU ED B F R G OO CEE 5m L RICEL, /PO RET (=
FR) OB TIE8~10mIZET DL ZAbbolctHEESN TV D (BIXIE, P,
1980b, A LiZ2y, 1996 ; 4 3-5) , Fiz, EHARIRRESCIUVNEEL. W7 NI KIGE ©
LHFEEHE L D EE ORI PRIV EWVIFERH D,

B S TN LI EIC R o LHEE STV B EEPHIE, IR LATE T2 B e R &
D RRUE L I S U4 (BRI F T O#IPE TR LB E R RETH B
D3 BRSO R T L BOREHIER L 0 /S v, E 7z, %FB@#%G%Wé_ﬁo

72 EHEE STV BRI IWNEES 2> & HE skl (K 3-12) 25, FBEE 7H4iC
720 T2 AREMED B B GETIX BRI E X 0 k<, ﬂWI%@*ﬂ@Afﬁé(mﬁ
2012) .

3 O D BESROIR I e R EE A3 AT R D REER I FE SV THERE S M7 R L O
BIRET L (K3-12, ¥3-19) | WOICHEE SN2 MIC KD | FVEHIE & 3RO
FEIES — BE VSR L7 Bl b 7 7 COMES LR ARBUEOMEE (FkHE) LBEL
(KD 2) o 72721, i TR A R SR\ & AT CRBORIEHIE
L HGREB O 2 5 Z & (RHIED, 2011) | ek OB R T OB 54 (6]
ZAE, FAEE, 2003) (T AICE LILEEMTE TRAE LZHIEBIC L AEBIRALT
W2 EREHALTEREY, HIRE X oMEORFR ClX ot HiESND
72 & BN LB - PG 2 IR ORI — EEICAREE L 72 B Tt/ 2 L 3
ENTWD RRIEDy, 20105 A7, 2012) , L7=3->C, FiE b7 7 CIEEAHE
TiE/e< | RO KMBEN B AEEZRV KL TEX L LR HLERD D L HEFS
nd,

7B, FWNEE OB 2 BT 5720, MM (1981b) XK A O 5y DERO
FTRY B A OO ICERE LT D23, R LIVE o B [ 4 o fE3 b BRI
Lot bH 5 (Furumura et al., 2011 ;X 3-19) , D7, KRKZ T A
DOHIE L L CHIBERADFER b BB T D2 LENH D LHWT LT,

1605 FEDHIFE (B R HIFR)

1605422 H3 A (BRI 12 H 16 A) ICHEEEEND > T-,

Z OEEP IV E D B HHE O KRR R A B ST IR WA L TR o T
(R, 1975) o WA - #IE (1995) (X W oRENT-HR 05 (K 3-6) 72 L skhHC
FOL R HRITmD TRON TN D, ST IEL T, B o S 10 micET
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LEZAHbboltanNTWD, £, NEHIC b EE N B L=t H 5 & X
nNTW3, &I, AEOHPEWEIEETERNESNTHS (JHEIED, 2005) .
Ll BEOFREOS DI RS 7= b2y (BlxX, A8, 1983 ; 1A « #FIE,
1995 ; 3%, 2003) , F /2B & COFREERER b HIE O R & OREATER 22 e &
MBI K DL H o7 & LT ZBORME - RETEHER OO, BFIREYE - i
HRIZHA_R TS TN L 9 Th b,
BERMBEOHEHEDOFKIL, BEOTED RN ENOHENE ST 7 T4 L
HHIE L B2 L Ca e (B, MERAEZESR, 2001b), Lo, Rk (FHER)
POIUNCHIE RSB L2036 | BENC L5 ET RN & n ., B~ 7 7 LT
AELEME, HDVITEEN CH 5 WHEME L E TE AL, Szeliga er al. (2022)
L G - AR TR LI HUR O AR AR L TV D, 20w, BT RE D
ZO—MYETOFHIIC H 1= > T, BfE N T 7 DOBEOHEL LT, BEMEL ST
HEEERVEAEOWFEBET L E L,

1498 O HIEE (HIIG HOMEHIER)

1498 9 H 20 A (SER7 LAY AE ; 2 Y o XAFETIX9 A 11 A (BAF, FERIZRE
#H) ) (FUSTHES8 A2 H) ICHERD-T-, TNE THRAKIMTH -T2 IRATANS, =
OHELHRIZ L > THUTHEE SRR, KK E -T2 ERFELTH D,

COHFEIHE D WO, RRORER N D EREE (FIER) OnFEEEN BEEED
ELWED TR T RS, 1975) o Fiz. fltHA (1981) TR LTV HHHE D43
T—% (K3-6) IZHESTIE, T—FEIL R0 00, HEOES OiITREN D
BREEE COHMMTIIMIAEEIE L RBREO O ThoTe biitEIND, B
Sy A, A B 44 F CORPH CIXBFR R IE SRRk ch D (T - K
FEEE AT RS, 1994 5 ¥ 3-13) 7272 L. JRE LV BEIZ W T oftss
72< (FHE, 1981la) . ZDHEROAMETHW TE 2,

R O DR Sy A VR EE A3 AfT . IR OO FRER I HE SV THERE S M7 BRI A OY
BRET L (K 3-13) , YTHEESRZMICX Y, HEETH D EE L,
DY NEFKE e olz&E X (KXDX 2, K3-19) (FHMH, 198la) . ¥, K
WIRFEECE Vb OO, 1498 FUHIC, FBHIENS A L CWhicrfigiEnmune &h
T2 (FIl, 1997) .

WA HUE C AR © T e 5 BN & CHE B 23 L Y, BIAUC o E I 1 3k g
MEXDRZ WV, FFROT 4 U LETL— hOFLWIERIARL N LR D TH A 58k
WSy (FELIEA, 1998) #EIRE LTHRAELICHMEBETHL ET565x B, H
5, 1975 ; M, 198la) A3V, ZOHFENT L H o 5 FifEHlE T2 Al REdE
Hd D,
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1361 FEOMEE (B (%) OHER)

136148 A3 H (7H26H) (EFI1646H 24 H) [ZHENRH o7,

ZOME T, BRI, mHRRE. K EaBo TRy (B, Tk,
2003) | FEWEHECTH A LHEES N TN,

FoL 161HE8H 1A (7H 24 H) MIZICHAELTWDHHIE CGBAEH HARE) 23K
MR (EVREHE) Ch D & O (AHF - 277, 1998) b Y. Z ORI
WD o T ATREVEDS iV, Rk L IR oD BB AR T O MRS B 5eSe | WIS T OGS D HE
A DOFRA TR, B O BGERBE FALRIC L 2 ERAIEIC L - T, 1361 Tkt
LETE 2HENHEE SN TS CRAIEZA, 2008 ; FFHEA, 2011) .

1361 4 £ Y GO 178

6844 11 H29H (11 H26H) (RELI3410H 14 H) . 88748 H 26 H (8 A
22 H) (R34 7A30H) | 109641217 H (12 A 11 H) GEE3 CkE1)
1L H24H) RKOV109942H 228 (2H 16 H) (k3 (1) 1H 24 A)
W2, ENEHUEEUE TR T R R 2SR A U2 FTREME IR & o 72 & OFFZERR 23 R &
nTns,

TS ORI, BEHE T RMEHIRE O ATREME S B B LHIMT ST, 2Rk, Mg
MIZBWT, 2N OHELSMT G FTEH-E T BEH-EN R A L T\ 5 Al REMEIZ D
W, SRR TRV ENBRRE L TRy,

DX, TMOVELPLSH-TWE] EENTEEHENT7 7OMETH-T
b FOKHIUE - ZCBHIEE - BRHIEE O 3RO MBS A 7 4 LV RIOHEIZE LT, 5
ZEEN D B < 7 5 HGEHIERIC R L I3l U b A O B2 S 25 e E L C Ui
VN, FEAEMBRDY 100 FERETEH->TNE DI TH, BREIFE UL A 7TOHENFKAEL T
WO DITTH2RV, Flo, FAMBELED 3 ENCOWT | ERIZ ORI R L > T
b, DT, WRFH Y - O 2 HIERIX & B 5 b ZNLARNC R A U 72 MR U3 R
WEHEE & B~ THUEAS/ N S U, £ 30 BRI o0 10 O 28 L 7= ZBORYE - REVEHIR (3 HE
B ENKRE <, MEHED 2 A HZICIIEEBEL Y C M7 DL EOHENRIEAEL T D,
FAHBIZH T B ORI S U EM G £ COFEEA—EICTNEW 2D, 20
HE RN E o Tz, BEIMNC VRO O MR B IR 2B R X KX <,
AR ORISR O RS b R HE L 0 Ko 72 2 EBERN S 0B 8, R
WRACAEN TR 7 & CIE LB HIE O K O 72 Bt OFELIE 72 < | AU Z2BOR G - F i
i 115 0D FEIRU 2SI B U 72 % 0 ClE e (R, 2012) , B RIS IEE LU EER T T 6. 5
BEOHBENSBAEL, 1 DARIITE LILOEKERPIHAE L,

FAWE b7 7 CHA LI HIE CEE 5 9% LL EIC o 7z LHEE STV S HEBHIL,
RN SIUNE TOIEWEATH 5, Fiz, BE 61D 6 99 YT R ol EHEE S 1L
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T B FEPH I HEE 2 S BRI B £ CORTEPEUTH 0 . F K HIEERF  FUKBRK
TR BORE R I O A RO — M CITRE TS koo L HE SN D,
FOME OB /SACHB BRI 2> | FEE & R HE CRRtEZ 8t) o
BRI, R G 220 LI D EREE) FHEE CofiEEfESn D,
FEE b T 7 TRAE LZERHEO T TEAMBOBREOHENRKTH Y, ZDOHIK
i, EMEE S RIBROE S OMAETTH S (FHH, 1981a, b) o WIFKO FHHIC
DUWTIE, LBORIEHE CIXBRE £ C, BSOS TG R G £ TE TemTREM:
N5 (MEMRELES, 2001b) .

JEE 1 REERIT £ 2 MU O BRIk O Kk & X, SRk & HIBT 9 B 4E itk o2 o
TR RN OHER S NS, TR TIZE RO & OMEDC X 59055 056
O, B O ELHWEO A2 LD B HREOHEENTTHETH 523, i pinZ
HEHIEFICARL, FITHRICE LTINS G 5 5 FEHITHE S NEBIR S
NTND, 2O, FELHEFIEIC K D2 HEERBRITIIBRARH Y | BEFEOMIETHZ
DOHEERBRINIH DBREOIEL XN H D, £, BLREKOFRFIC LY | BFREE
NRESNEHELH D, Flaid, #65] (1999) 1% 1185 EDOSHAMEAFE 7 7 0
WETHD E LA, Wil (2000) (280 HAULEREEI /A0 T 2 FEEE I 74 T 7 0
X FH W7 fig <0 LLAUKT IS TR BN L 5 L HERE S, BHEEE CoORMERERAE D ZhE X
a8 21556 Tnd (Kaneda et al., 2008 ; #EFMAELZES, 2009a) , £7-.
BEREMEITHEMETH L &SN TVDEN BIxIE, HEFAEZES, 2001b) | i
I Ch o= mREME IR D,

CNGREREERO H H MR, 90~262 ORI (LFLOBEMBELZRVES) T
FHELTRY, TORRITITESDENKREN, o, BRIBKOIEBVIZONTEH, —
EDORFEFVEIR D DENENOMBIZ L > THRENRER D, ZOZ L0, MilE~T
T TR 28— DWERREL DD ZENEZBND,

PER HARNEEOHIENOMBISENICIER T2 &, MEORE M7 7RV ORHIED
AT (B2 0E 30 AE[IR0 50 4B LB (B 20E 9 AR 10 4 M) IS KEDOME T
W RSN LTV B & D IIFSE (B 212, Utsuy, 1974 ; Shimazaki, 1976 ; Seno, 1979 ;
Mogi, 1981 ; Hori and Oike, 1996) 723% %, HIZ. FUHHT & £ DJEILIZI T 5 A EHE
B, RRROMIM AR L TWD LW I RFFE (B, 1996) bbb D, M7 RELL Lo
X, 1860~1900 4E DK 40 4R TIX 2 M TH o 72 b DD, BEFIAEEHEHIE & O
WEHIEE OE R 40 420 (1900~1943 4F) 23 CTh o7z, F/o, MTREEL EOME
VX, 1854 O ZEHMFHIEE i OV BRI R DB 6 A [IC 4 B, 1944~1946 DI
TR g R R ORI HE AR O % 6 AERIC 2 [ CThole, ZO RIS Bl R 7 70
KHUE ORI IR A ARNEO BRI NG R LI Z ERMbN TR Y, TEOH
EIEBOFG &, BUEIXREE b T 7 O KB OEBIHICA > TV % ATHErE A FE
EN T3 (Hori and Oike, 1996) .
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2) s - MBEBFHFRCIYHETSIhIHE

JEE SR FRARIZ 2N e S D MR, M, HEIE OB DV T - HUE I TEIC K
DR A RIS ED I TV 5,

i) EIKHEIEY

TUMI R D G B RIS AT T 8k o Hivlsl <R s Y % & 145, 0004E RITLARS:
OHPEHEREH DR R EN TN E (K3-20~[X]3-22) .

IO BINHED DR (FiER) EL oy FHE Tk, 823, 5004 MO H
KOBERFHRLNTND, ZbHD ) HRSFEOFEMILCIL, & X %Z3, 300/ LK
Wb &b 7T~ 8 BOHEHERM AR SN TEY, EARMBEOHR L RREOKX
BB 72 1, 300~3504EFEEE ORI CTHRAL TV D EHEE SN TV D (Okamura and
Matsuoka, 2012 ; [3-20) . & Bic. FEEIROHE IORENBSIL, K92, 0004ERTOH:
WHERNE < | ERMEZL ERIZHEETH o 7 FTREMES B S LTV D (R - [AT,
2011 ; X3-21) 28, WATIRFRTHLMREM L H D . ZOFERNEE N7 712815
KT 7 ADHEERT LIFRO 220 (K3-21) .

VU R 2> & T B F COMRBIRHIC BT 2 87 Tk, #8254, 000~5, 0004 D
MR OBRENHEE S 4L, EEEFE (ZHIL) T34, 500~5, 000FERTOMMIZ P22 & b
9[m (F#)400~5004E[fR) ik OB S MBI S SN TS (Fujino et al.,
2012 ; X13-22) , ML RO CIX, 7 AL AR O JBE SRS SIS B HE HERE
NS TW5D (Komatsubara et al., 2008 ; BEFIEDY, 2012) .

F AT B R OBHUE Tid, BEEED S 7 D HEIHERMY (HHA) OFEEDRER S
NTW5, A OBEFERIT, 2 OIET 5 AEMERR ST X - T, 12~141it#
L1T~18tfd (BF 6 FAHE) THY . ZOMIEA 400~600FEMHTH D Z LA
e Sz (TAEDs, 2011 5 SRAIED, 2011) , & BIZFEN S OBBAIZIT0THER K
HFERE L 0 RO RS WV K > TEM SN2 E R E N7 (Namegaya et al.,
2022)

ZO L DT O HEFEM T A ORERIC L 0 | IRBFE L TR D BB O EEY (5K
B T A) I, 300~600FEMECAEL TN Z EBRHLMNTRY 205, ZIUTHESR
FRERIZIR D EWH OEBMR L D bRV, L, BHRRTIEERNEORZELH DT
O, FFEDA XY MR TxT 5 2 LI LV,

i) BRERVEBEOCEHMEE

SEFRISC . SR, I K OVEI AR O J830 Clk, mEHE b7 7 TR IR L34 L7t
BB ORI WIE OTRENCHE S LB B D, MR EAE W E R s Ok
R D L~V THZ SN D,

Bz IE, AT E B OFHEIC L > T KI5, 0004EH] 121, 0004EFEEE o b
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T (R4S, 1988) | FZALHEEE T 25506, 0004 112400~ B6004EAR FE 0[] T ik

DR LR L7z (GRAI1E0y, 2008 ; [¥3-23) EHEESILCWD,

I C 5 i 256, 0004E/1IZ 1, 000~2, 0004F1Z 1 Bl DFIA TRk /2K ED K T A
AETTEY, 1RIOZEREIT2 ~4AnAitk & SNTWD, ZAUTHIEEIZ B L 72 R
RIEEZ RET 5 EMRENTHWDEN, TOERFRE LTI L— MEROTRY
IC KD P TIER < PRHNCIT VW TG W 431, 000~2, 0004F DR CIEEI 32 = &

D EREBE R G A BRI Lo b o s HEE ST D (R, 2001 ;
X|3-24) .

BRI EL TiE D72 b ARIOMEZ RT EEZEX OB RIROHENR b5,
TAVHEFIR & FRRIC, BT RIS T E A3 1, S00FFEEE O MR CIE® L7z Z L &
RTEHEESNTWD (EFEIEH, 2005 ; Fujiwara et al., 2010) ,

— 7 BB ROV LTI, MO B2 MO I L2 R EE 2 bN5TE
B L RKEOIERBE S BRFUED, 2007 ; /MAFIEAS, 2007) | BRI b5 7 O
HETUHIEE &8 L) O E s & OEEh o g b ST b (MEFREZAES
2010) ,

PLED X 51T, MEEB ORI DT S5 BIED O 1%, Je RIS - TR b
T 7HDNIZEDORIDTRIESHEVIELEELTND I EEZRLTNDA, MK
Lo TEBHERA R Y | FVTNOMETHENHEOEEMR XL Y RV, Zhud
W OB ORKIILT L — FW®%V@MF@@@#%5LT“5#%&#¢
ENTERY (FI4, 1992) | @i -7 7 OMEOKERICEAEMENSH B 2 L 2RB LT
Do

it\ﬁﬁhﬁ7’“0T@ﬁ®ﬁf%ﬁﬁﬂﬁwﬁém/%h%@ﬁﬁ%i@ﬁf
bHZEMNG, IThHILEE ST 7 (& T IR DL ARME & i 5 2 DB fR
BHDEVIERbH D (PHIED, 2011)0

i) EEEDHEY

TR I HERE U 7o HURCHERS A 23 MG - B - A2 B K D BE R cR 4 LT
REBITIC L » TR E CEEIN THRLEZbDE X — XA FERR, ¥ —E XA
k OFE AR IR MR O A CrE7e s, MZEEho FTREMEN B W& 11X, Je st Rp ot
BIBEOMRINC L o THEARFERE 725, BARMEHRIBIZF1T 5 MG B O &K WIEHE
(MEEFEZ B2, 2003) 2BV L, MATIORWERRICBIT 54— 4 A +O
YRR FE DN T, KHUE OFAE MR HIE Bh R 2 4 U | Rk o TS A e R
OHWENTON TN D, BN T 70Tk, mMEE, RBRFEE, fFicknwTy—t
54%#5%&@%%%%#%méhfmé

MNP CIE, o 0/MNERICB W TR ES, 000EM OB SR S TnD (it
J5, 2001 ; [¥3- 25) o TIUEO/NERITEMICHE MBIER AR, ¥—E XA fo#H
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KRR L OKLEZENRLOTH D LIFE XTI, £z, BRI 5 55
Wrkg (FELEDy, 1998) ICHEWZ END, ZRHDX—E XA M3 N7 7 B O
7 L— MEFRMERIZ X o THER Lo TREMEA @V & STV 5, EICRB W TlHE R
WCHERE U7 B R O R E N —ETH D LIET D &, ZoD/NERIZEIT 5
A —E XA NOHEFEMRITFAII0ERT, 360~3704ERT, 570~5904E/{, 730~T604E AT,
790~8204E/{T, I NT50~B04ERT, 380~4204ER{, 470~5404ERT, 510~6004ERT (it
PERFRENLARICIT X D PEIE19504F 6 DFAR) & S, iZE3, 000FMICH T 54 —E
A~ OHERERIFREITKT0~6004ETH 5D LHEE Sh TV 5,

M (1999) 1%, BESF b 7 ZALIM CHRIS NI 2 7 OfffTic iES5& |, ¥ —v 41 b
HERARRR 23 150~6004EFEE L HEE L TV 2,

EF O N T 7 BB EICA BT 5 HEE T, SIS —E XA RARD D
N CaHEh, 2004) , FWEMEA FL B OMCHIE D B Yem IR O HEREHE 2 35 L,
TNZE b EITHEE L2F — X1 FOMEREAUL, BISHITR, 1B (B%) MR, B
FAVEMIER 72 & DJFE LIRSS, BN A SN DEIR A E B HEE ST B el iR
ZxttbEnTngd, —F, SR L gE (R #HElctbsh s ¥ — 4 1 Mk
HERTnhn,

B, HIBRZEEEAM (X 9 | 12X 57 L— FEERD B O WE OIREI 23T h
AU, BB X AR CT IZ & 2 ZRITTHER /AT & OV PRI E 7> & 43 Ik W7 g o> T 8 e 441
NHEE & CU 5 (Sakaguchi et al., 2011b) . #RHIFREIZIX, MFERE ORI H
BICE DTS ME (vy FT Ly Fv) BRIz,

~v R7 Ly F L, mEEEO HERANC A O 0xt L, TERENCIXIEE A LR
Ly (3-26, [X13-27) , —AXRICIHEE CIE, o MRR OB HE TH
V. WERICEAWES ERANCET T2 00, vy R7 Ly Fvid, DIEWEORE
Bk S MEBIC L VRSN, ZOBEOBRBINZTTLEEXbND

Vg AR > =1 7 TIIHEI A & OTEFE 80 em DXRNITH 2L Eb 5D~y FT L
v F ¥ BB S, e EALIE OTERRHYAS #Pb AFAAGRIEI & 0 VI 1950 4F (+£20) @
ERERTZEND, ZONEEIRIIPMAFEEEICLVEDLEEEX AT
o

BT, vy R7 Ly F vy OREFENRIL, MCHERICEESE | K 3,500 Fai kO
LRI SN TEY ., vy RT Ly F ¥ 0 OHEE SN D 2 O IEIKIE OB
I, BERFEEN DA SN TWARNE T 7 DR RMEICIENTEY, 220 T,
D LY K& RMEICHEOBR S NBEER~ Y R Ly Fr 20T, HrLn
TEENCHE S HBENIC LD WO~ > RT7 Ly F v R T 2 ATREMER, Sl br)g
PHEITEEN T 50 TIERWATREME R FER ST\ 2 (Sakaguchi ez al., 2011b) ,

ZOEIH BT, ¥ —E4 A MO~y RT Ly F vy OT—2RRLEN TN D
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TR AR AR E R TH B wTREE, FIURONEIE (FEAGRE O FHERT O WTRENE,
AR Y P — SR OMIEZR &) 70 EOREN & 5 23, TRIBIEICI T 2 HERIL, HiE
DWrJE DR IE - HROFEAERMROHEE « MEBIOILA Y 2R 2 - DICA i T
HBEBEZLN TN D,

(2) BEEDOHMETHE

1) HEED

1923 4E B 2024 DO b 7 7 OHRIEEIC DWW T, KEUT ORI ¥ 1 7|2
X B M5. 0 LA EOHTED BRI 2 X 3-28 (2, FFZERIAR X A X 3-29 (12~ T, [X] 3-28
DL AN . R EHE & O R R LS OB 721G, A Ao iR 55
& 2004 FFEOFGHE BRI OHBIEBI O A TH 5, 705, 2024 -8 H 8 HD 16 Ff 42
SITHAE LT AEEOHIEE M7.1) 7oL, HIMEETIINT. 0 22 5 & 5 Za & A 10~
20 ARIC 1 BB LTV D,

2004 AED RO SR HE M O MBS ENIZ 9 H 5 B 19 B 07 S50 A L MT. 1 O HED
LIAE Y, 23 BE 5T 43T M7 4 O KHUENREAE L T\ D, £ D% OTEENINERH =
L. M5. 0 &8 2 2 REIXFEAE 10 ALREIIRAE L TV, ZOHEIET V) B
L— MR CRAELIZEZEZX BN TND,

X 3-28 DEAFERNTO, M-T (v 7 =F 2 — K —HEf]) X & OHE R AL RERE R
X% X 3-30 12t BAEOHEIRA L— MIHEEHE - mEiEtER AR S FER T T
D ENNND,

1995 ARITHEA L7t « MRER RIB S LI . AARREZ x5 & Lo @B B o m o ik
fe/e MEEBLIIME A i S 7z (Okada et al., 2004), Z#L5 OBLAMEO I LT
B AARTIE, W OMBEIRE & L8772 28 x RIKEEIESHSN B AL IND L & BT,
Z DFFHRC RN DU T DAFFEARE IRICH#ED HILTE T,

Far BATFIChAATe 7 4 Y B ET L— b LA L— bk L OBEROES 30 kn
R CRAT 2 MkeRE ] O B ORES e IR BN, FEALIPETREEE I Eh, & 2 W I
GEERR SR D B & PRIEL D (Obara, 2002), B MBI 3R BF WL EE 2 © B4kl
OFARBILTHA L, 2 OB RS I THER E R HUE O FRII & 72 2 B &3O T IRIC
Y95 (K3-31 AFED) . Z OWENES L, PUEERORO I, ZmR7e &Tig
FE T 2 DI L FRERARTKE TIEIEF AT TdH D (213, Obara and Hirose,
2006), Z D K5 2k T & OFEB) L~V AARILE LT MENEEI o' 7 A > b (FEI)
DFWATRETH Y, B AL N T L2 3~ 6 M AFHTIEEINIERILT 5, IHEINTER
L UL-BRITIE, BT 28 7 A2 M a0 CEREMBIIT S 2 L8 b5, Zhud, %ik
FTHEMW AT —RY T AR (SSE) DT R IROIERICHE, BN I S
TWDZLICERT LD THD Z &M, MBS OFEMRFNT BRI ST
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% (Obara et al., 2011),

BB E B BN 3 R84 L T D BEICIE. IEERE AN ST D BRI, A 20 B
FLEE U 7 GRS AR R S AR LT D (K 3-31 JRUVVERED) . & D IR (AR A i g
BORTEMEMZR L, BBEOERAL T L— N OER L IRFE T2 0 b,
BHRIXT L — MERAHEIAIET 5 B2 6T 5 (Ito et al., 2007), Z DIED>,
GEEMEE B TE B & R L CL AR 23R CTh DA r—R ) v T R
b (SSE) MFAT 2 2 &M EREROT A VBRI L v S h g (1
%1%, Obara et al., 2004), LA SN7ZHIERZEENT — & OWRNT 25, Z 0 SSE 13,
T4 BT L— MERUCIIT D Mwb. 5~6. 0 FLEEDSWTE 3~ & L CRER AN TRE
TH Y | OWE LGRS M E K & 131F 9% (B2 1F, Hirose and Obara,
2005),

— 7, BERKERLHIEH ST D7 4 U BT V— MERE T, B A B EEICD
Too THRY Mk T D RWIH7ZR SSE BAF/ET D Z L A%, GNSS BLMIZR LI & 0 7l
nTnn (FZiE, Hirose et al., 1999; Ozawa et al., 2002), H{EHI7TiZ 2000
FEEE) D IR THEL TR SSE SR AE Lz, Z OB, AHELOMETERTIX, SSE
DOIFF LRI L TELRT L Z &8 S Th D (K, 2005), B4 7KiE T,
1997 47, 2003 4E & 2009 4RITHMHA M D 1 AERRERKGE 925 SSE 23384 L7=, Hirose
et al. (2010) X, D72< &b 2003 4F & 2009 4E0D SSE DI/ &[RRI R E AR I ik
B & AR E R HESNTE R L TV D Z L 2R A L TR Y, M I s 71—
NERGE THRBE 52 5T X0 PRAEL CORREEMER ST 5,

BRI OB ORENE b T 7 Tk, K 3-31 ICREUSN O REITRT L 5 742
HuIg R 10 R HLlE U 72 BERE R R I & i 3 2 BB IR A M R A A L T B
(Ishihara, 2003), ZOHUEOEFIIIEFITEL . L0 A OMWE T OF R
BRI END, MIENEHTRAELZHETHLLEZX LTS (Ito and Obara,
2006), —J7. WEEHEEZ AW RIEOHIETIZ, T b OHIENR Y L — MEFEE
THRAELTWDAREM LIRS TR Y (Sugioka et al., 2012), k7 ZHbFHICE
W R AT DSBS S & 7 L — RSB O E SRR & ORI OV
Tk, SBOWFFRETH D,

2) AR ED

[ T HIBEBE D GNSS 8L, IF LR K O B R O W B H ZS BhBLII I X 2 K F
J5 DI IENLHE A (X 3-32 12, [E-HFEREo> GNSS BLIIC X 5 BT )51 0 ZEAL
T & X 3-33 1R Y,

TG O HHZSE) (K 3-32) (2i%, BRI 6 W E, K RIZHD D IEWFFE T,
T L N ORFSATAE D JEMEIZ K A AEVE S AL M OB R O D, HEEH
AREEVELI OFER T B O =TI C 2 ~ 5 em/4FEFEE OB ALTE 5 F DK
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FER7 MABRELNTEY (M ERZT, 2012 ; Tadokoro et al., 2012), [#Eikd
GNSS BIHIFE R L IR GTH D,

ETHR (M3-33) Tid, RFEEMI ORI, =500, 2T 5 mm/ERRE
DILRER LS, ZORMTIE, WEAH ARG, GHEEEIEIC 2T T 1 en/FF
FEDRERER RO TV D,

IR eI, E RO K ERIRIC X 2 EF BT - R A S A T = IE
@@Eﬁ%&LT%@Wﬁ%E%H&M R, BEM AL U CIR R R L,
BTEIERE LTSRS RIS E > TR Im FRE L. 2 D% 6 mm/4FFRFE O W T
BUEE TIHBEDHERE L TWD Z &N h 5, Fiz, MR TH 1976 LA, 8 mm/4FF2
FEDWLRER 2 TRV . GNSS Bl L a5 (E LT, 2012a), =70
T 1947 FLURICBIH E N TV D IR R, BEECT45 em 22 TRV | IRFIRIEHIE

WPk o CTA U Ml B ARSI 5,

(8) FL—H+EBEDESNK

PN 7 7 CliE, 74 VEVBT L— MAEMAAOKRES L — Mkt LTl ~
PEALTE 5 PR ZM A ATV D, 7 L — S ORI SEEREE (X 7 7 O HE (FEIATIRT )
IZEEATHEER (EHURTR) 25K 1 em/FERE K RD ZENMBALTIRY . EFIRIHTH
6~ 7cm/FTdH 5 (Mivazaki and Heki, 2001; DeMets et al., 2010), 7=72L. 7L
— O AE EE) O — LB K OV~ L — SR oW 7e S i2 T A AR A -
THRY, £THEE T 7 THRE S TO DT TR, R, feftEeih X v 3
TP EREOELER EORBIZ L > T, MHXHEEHEEIIH 2 ~ 5 cm/4 (Heki and
Miyazaki, 2001; Nishimura, 2011) & ORFZELH V. B b7 7IDWICHET A HIE
DBBLCREAEMFRICEE L TWD ATREEN H 5,

VLD GNSS BLINC S < MR BN T — # D bHEE S D 7 L — MO EE S (K
3-35, ¥ 3-36) 12X D&, HFURHEA S RMIMHIO 7 L— MER T, 7 L—h
HOHXHET O 5> BT AL LTERBL TV HHEERT TR0 REHEED 6 cm/4F
UbEThY, 7 — MNHORMFREE R (7L — MEXHEEEE T 53R K
HHEEOEIE) 23 1L0ITIEVEEXBND, BEAERKILT L— MR OTRER 10~20
kn TIRK E2D . ZREVEHTIINELS 2o TRS 40 ki TIRRF 012725 LHEE
Shd (Loveless and Meade, 20105 Hok et al., 2011), 7235, b7 ZHIfFITIZd T
27 L— MHBEE X, BUROR O N E 8T — 2 MO RERHET 2 2 & 118
LWZ SIZEETDHENRD S, X 3-35, U3%@%E#%Tib77MHL®¢«
Y KAB R OB REA 82 RV TR S WS, HEERF O SeF U T E I T
SERIZEE L TND EWHHISE (Wallace et al., 2009) H&HYV . b 77%5&@5"50)@
JEE i 28 B L f)*‘:’giﬂ7o

FKHRLAREO MR L 2 RHEROHEE §~ 0 & (Ando, 1975) LR HEIEH
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ENDEHHIRMBOT <ML, K4 ~8en/fEL Y, 7 L— MAKEEROEH
FEOTRY KIEE L T/ L TNRNWEEBZ HD, RFIHEEE R O E O BIR
(121X, Sagiva and Thatcher, 1999) [IBIfEDFEFR (1X13-35, [X]3-36) IZH &
TSP, JEEIRLLFE AR LA W L BUEIZFEAE LT D L HEE SN D 03HE
FOOHIE CILM SR 78Il 5 0 | FERFEAET 5 KHE T, Zh D OfE S EIR
LD ARENER D B,

BHRIKE WY E VTS, BT O 7" L — MEFRCR AT S EMIANZ SSE 1, RICHES
20~30 km FEEE D FEIEREH 1 205 0 ~ L EBT L TRAEL, OF RO —H & i
LTWs (M3-37), LinL, TR0 EERAEMBEZET 2L 26 OMHEK CHERET
DZETOOTHEMBL TND LITWETET, 2 H OFEIEANRER O KHFE O EIR
WICEENDFREME L RPT R0 e EOIEMEMET RV ICE o COTHMREHEN D
LW WS DFREMEN B D, T L— MEDEE SN (K 3-35, X 3-36) OHEE I
BAL-BINT — 2 OHRN ITEEEWINY SSE 28%4E L L E 2 b, EHH SSE 12k
2O B DI fit 2 Nk U 7= 0 722 [ AR EMMEE ST %, SSE JEAERHIBODIT & A
ECHEBHREULOICEL | BIED & 2 A, OTHOERMAETL TV D LD IR X2,
LAL, WEEEO XS ICHOHREEEZRTHETbH D 2 LRMEICERLZOT
IZDOWTHEHARB D=, kO KMEOBRIRICE TN D WHEME L EETX 220,
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4. MBS 7OMEORMmOERA
(1) FHEXRBEHIZDONT

AR RO G & T DM N T 7 OISOV TIEART TR L, LR T, £
Ok A xR L LRI E R,
@3t I R A O AL AT

T~ SRR A~ BT 5 - AR IR~ R 7 7 0 L 2 b ERMEEOE
TR & 0 D B EAE S D ATHEMED & 5 03, BHEAOIN L OUSE - SIS BIRE f Tl
Rtsy L EnND, 207z, BRI TIE, BT~ T 70 b T 7l 68 £ 15 0
JEH A RS SR A R & LT 8 LI DT IS oW ik, BYE T T OHLE L Eh T
DAMEMRH D, LS TNDZ &L (MEREZES, 2010), BFKICED
720 A%, SR SR O HURC BT 2 37 LA RLAME O 72 S TRENE U TR
A SGET T DR D D,
@7 - AIFEED T« 28T A UFEE DS ILAGA Te b

1707 FHEAKHTE OEEHERI 72 & D54 & B 5 7201, RIBIRLLTE o A 1)
BOERG BRI L o7&+ 5L H D (Furumura et al., 2011 ;X 3-19) . Fiz,
T4V ELET L — N OHIEEOREE D, JUM - 3T AR O TR AT AL TR E < A1k
T5% (ffPEIFE2s, 2011 ; M 2-2) & HiZ, FL— FAOEELHEORE L LEILLTEY
(Takahashi et al. 2012), ZOHIETT L — FOREERZEL L TWVD Z L IVRIE S
ND. 2B, 74V ELET L— bOILHAGIIEENE b T 7 b R SHEE IO 78
S TS, LA LIUN « 28T AU D Tk A A B HIS AT 10 76 OO A P 36 B R CF
AT LERKI T AOT L— MERMES, B N7 75 ORI BIREO 2T b i
%7 L— MEFHEICOWTIE, REIEHHIC 2B 2R 22000 RO USE - BEER B R 21 T
BRSNS, LER->T, 2hHOMEOENRHMEIC OV TIX, 4%, #i-
RRREST —Z OINE AR D Z LIk TOFMEASATRE L T SN BIZE -7
R CHRMT 2 Z LT Liz,

OFF - BV N7

WM OFHE (HERAZ RS, 2001b) T, OIS HhEEMSEs 2L
MTERVWIEDRE TR 2RI L3 a0EHE L2, 2 OHBisEe) <k
RNT LR 23 AEHAL UG A R OB B 50 ThH D (Fujiwara et al.,
2011), F7=, FE N7 7ICBWTH, EREE (HX9 o) ICL2HEND, &N
IZBWTHEET R RN H o722 & Z2RBTDREENSE SN TS (Sakaguchi et al.,
2011a) Z &6, MRS O M7 ZiiE TE Lz,

@:lbii - GEEE AL B8 A T BRI

B RO MEFHEZES, 2001b) TIX, 74 U EET L — N ORBZIARIC
5 ERHIZE CRE R & 288180, thAAT 7 4 VBT L— b B OHEE A 30
km FREEECL L7z, LovL, 7 L— MERO LY T, GETREEMEh 2584 L T
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WHZ ENRHEBNTA o7 (5l 21F, Obara, 2002), F7-IEEHMEE WMEIR AT, &
WA =2 ) v T EIMEN Do D & LT R HEETNLEI LB yhoTE
72 (BlZ1E, Obara et al., 2004), L L., FIMA0—AY v FIZL > T OMEEK
Tiiﬁéﬂéf’\‘\f@()\fﬁﬁﬁ?:{ﬁéﬂf‘/‘%’)b FTIE72\ (Sekine et al., 2010),

OO, WEEINOOEKRMENE X B4, ZOEED 3 & O TOTRBR
MENHZELbBVIRDLLEEZ, mWﬁHFﬁE%EﬁT@H % AT Aet S eI o0 b
fé L7z,

(2) EE LS ITRET HRMEBEOZHMEIZONT

1) BEHEDZHFHE

ARLORK 2 TR LIz X 51, BEHERRED ORI E S T2 B IS IE, FEH
EEH (F) WHESFRFICEE 5 (WESEET5) HE 2R TRE 5 (O
B L2 /A, BRSSBRAIBNE TET LB L ELRVEA R L L
FAME b 7 7 THA Lo KRHUE O BB R OIS 23 0 IZZREIEICE ATV S,

B & v e DS B - FSEB T BT S ZARMEICBE L TR STV 2RI
TOEY Th s,

- HRFR D #1755 & 2B O R ITIEEE), AR OMEITET TH D 2 E RN TN 5,

CBUSOMBEIL, FEHIE TR E TV A D LIIMEL Bbh b, £70. MiEiRo

B FRENCHE S FAE LI IREER EV & STV A2 (FE)1, 1997) ., il

Thol=DE I NFH TR,

IRV (HEZE) ORI, MR TR E TV 2 IR E b, dEko

L, MEEHIROMED 2 AR X 7 ReEAmN LR ghoTE R (A

& - 27, 1998),

MR OB ESM O IT, BHERDORIFIHD LR H M8 > TETWD, B2
1854 L BORMEHIEE, 1854 L BIRVEHIEE . 1944 FEMAFITRFAIGHIZR . 1946 FENEFIRIVE
HEOBEEZHETEE, UTFOLIICESr0ENARLND (K 3-8~K 3-11),

o IR B P I MO FE C OB > B BRI IS ) TR R (BEE 6 LLE) AET T/

v,

- REHEE CIEREGREE TRWERLSH T R o,

« WEFO A S C IR NI D 7 IS BRIV L B D MR Y IR 23 - TuvAg
ZDFEN, FAMBEOBE S (K 3-12) 2> 5IXLEHIEME &K BRI EE A
Y32 R HUICHE) U720 Cre < WHUE O FIRIR Y 72 o TV TREE DS FR
SNTWD (F2E, AR, 20105 FA%H, 2012), F7z. Koy RoOfERMM TEKH
B D BEHERI D oot Z s ([RHEAS, 2006) , FEok HIEE O PER T 2B
FAMEHIE X 0 PHIZIAA > T B alREMEA R ST\ % (Furumura et al., 2011),
DL, FAHBLUREORITD 3 HIEE JLTH %~ OHIE @%&iﬁﬁofwé
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FAHEE X 0 RTOHEICOW T, BRI/, BEBICEHDOT, HEESNTWDE
TR DA VIZONTES D ERRE VA, BEBIRIK O Z M SV CTHUE A O 5 R
ENBKDONDOZ EBRHENIIRSTETND,

- 684 A (RiX) HUFELARG, FEARIL CHLHER DS HERS 3 2 HEE 23 382 L 72 B
(FkHE, 1361 FIEF () Mg, AR CRX) Hi5E) &2 5 ChVHENE
T35,

« FREEHEREY) DIRIFS o o ToHIBRIE . oo TOZRWHIERICHE T, Al &
b FE IR PR CHEE O S K E Do B BB,

SR HRERIC BV T b HEMIL CHIEHER M ORI R S A HENE X Tl Y | %
3,500 [l & 72 D & FA MR & [FIFREE O KRB/ EERE 1T 300~400 MM THA L
TWDEWHFAH D (FFHEA, 2011),

- T LR R ARHT 12 8 % 4 B H LS O R O MEDRBFOFAEIC L v | B FiRKkoE
KHFEIZ X DHEN 2B 2 D BB OB AFE L EHEE SN TS (Namegaya et
al., 2022),

- eGP R I AR ORA LD . K 400~600 EMIETRE BT 2 HE
NEE T EHEIN TS CRAIEA, 2008),

- EHR OB - W OB HERR OFAE L 0 | K 2, 000 ERTICE X 2B OB, 4
ECHERKEEDLN TOEEARMELY b REWAREE bR S hTws (i
FiEAs, 2011),

« SR ISR AT T 1, 000~2, 000 4RI — ¥, AZaENE & 7- & Bbnb
FELAS RO THEY  ZABET L — MER TR E 2RI D o TR,
UV TR TR 3B L 72 2 LIS ) R BB 2 R L TV D LHEE S Tn
% (A4, 2001 ; &HZFEIEFDS, 2005 ; Fujivara et al., 2010),

WEEF (2012) 1 S0RE R ONVEL 2R 2250 B | FEHE B 7 7 IRV CRE 2 B B IC DV T
ZODHATRHY | K x OBEFIRITHAN T, mAR o TRV E WD D FERB LTV
%, ZOMTIZ DD A TOHFEITSE % H3 300~400 FE OV IR LA A>T\ 5
ELTWD, —2, ARG - R ESCE Kk MEL L4147, b H—
JSNEBORIEHE - REFAHEZ ZT 4 A 7 Th o,

PED X ST, Mg N7 7 IR0 TR E MBS TR TH Y | B ORM T
B U7 0 K OV HE O 45 % O FEIR CHUE 2SI R AT 5 L ) Bl [E A #E
ET N TIEHBIARODRNZ LRy TE I, Lo LBRETIE, FilE N7 70
K Z 2 ZAR D ORI HE D AR A BT 2 & 2 VIS E T T LD
SMENTWARY, 20720, RICE Z 2 MEBEO BRI A HEET 5 2 L I3IEFICREETH
2o
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2) BESINLERE

&KX S ADEIRE

FEIRKEOZE O—ELET O T, Mg b7 7 CRAETIMEORKY 7 ADE
Bke LCARID 2. ROHHO 4. (1) TORLZ#EAZE X 5, FERSL, L,
FHBICE T 27T — 2 03b RN DI 21T 5 Z L D TE DR KBOMPAZ KT H D
ThHO, ZOFME B2 CRFIEPILND Z L2 TETEHOTIERY, 5%, Fiie
T PRONTHAICIE, kKT T AOEFIEAEET 2 LERAET 5,

i) BEINSERE

B X5, wICEE HZHBEORIIRAHE T 52 LIZR#ETH DS, L, 7
KGRIk A BN OBEIKICHEIL. ZOMAEE L L COROMEBEOBIRIK L 72 5 ATl
Do LGEMERTZLEILTE D,

FEE b 7 7 ORISR 2R MM e I3, ATMER &R TH 5 (K 1-2, AR
DKL) . Ehbi \Mﬁ#%ﬁﬁﬁﬁ\iﬁﬁﬁ\ﬁﬁﬁﬁ\%%@ﬁ\ﬁwﬁ@f
HY . FRENMIM (IR - IR (SR - SR (SR - i sk
) - KER (ZER) 2 E0WREROBE~OEY HLIZL > TolranTnsd (fl
ZUE, B - &L, 1989 ; &Z1L, 1990 ; FIEDy, 1999) , T ORISR, HEERE
KHBEDERIIRDE 7 A b (FI5) BERDIERCL R B RHER A2 — - DJFIA
L0 O HARRMEA R S LTV D (BIZIE, 1L, 1990 ;5 Wells et al., 2003) Z &
MDA OREERRBIC RS S BT CGRIESM) ZLLFD 6727 A2 Mo
7
s B FE I~ A
: SR AR~ 2 I
+ S U~
-~ K IR
+ K FE MG~ B R
+ BEVRTIRE ~ & )11

O 0O @ » N

o)

o T — FOWLAHIATL T ANZIT, FHISE LB A LI T D 387 A MTITTHE
27126

SEES 0 BT 7 HAECRO RIS A E g (L — M EEOEEDK 10 km)

FALH G AR HIER CRE K TR EBEZ LN TV DI T, #ERIET L —

M OEZENIFNES X LTV,

R DARTDN B MBS ARG & B 2 S CE 72K (Hyndman et al., 1995) .

THRE OV O—IREET ORI T L2 7 L — FERE T LTI, m (ki) &

odbed (R 1%, 7 b— b B OREDK 10 km LUK 25 km (Zxbiid 5, 7L

— FDEE R,
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PLEZEESE 2| B IR O O—HSGET OFHMIC IV THRE T 5 Bk & Bk o —
BlE K A-1ITRT, B, 22 ORTHBORBIX, &% OBFRIEABES N & &
OHEOHME Mw) ORKIEENBF (2011) SV My L EEO A7 —1Y v 7]l
PEHELELOTHD (K4-1),
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(3) AB M TITRIZRET 2RMEITONT

DA CIi, mifE b7 7 TWICRAET 2 KHE DR AEMEICOWTORFEIT O, EL
FEkL V., FE T 7Tk 684 FO A CRX) HIELIRE, M8 Mk EKHIEA 100~
200 FERIFE TRV IR LA L TVD ZERDP->TNAE, ZRETHEl T 7 Tk, /M
TR & B CHIE 2SR K LR & TR Y |, Mk MBS BN A4 L | R
EZEBWCHRAETLIHAENH D Z LB TN D, 7272 L, Mo MR 23 R 2 %
BWCHRAETZHATH, WHE T & 2 MEBRAEDORMZEIX, ZNETRETH 24F
MARETHY . 0 LEWO 100~200 42~ & +3I28y, & 2THE AW
ZDO—EREGET OFHR I, FElfE T ZINVISIE Z AR 4 mE g & U Ol X
LHMBEEADETLIO2ObDE L THIERAMEOAGZT > . ik & JE g
THRAELTHEOR AR R 256 13 & OFEHE D2 L & L,

FF. MEISE X ZHEORAERRRO A A FIH LI HER AR OHFIZ OV T
BT %, AEO—UGET T, MERORLIECRD Y R XfEEZEAT L LIk -
T, HERAEMRORHEENE S O CIHME L7z, ZOBRIC, 1361 FIEF (Hi%) HiE X
DENE. BEORBICE VHELZAEE LTV D ARER D DR E, T— X ORELES
DR SN TV D, BT (L) ELVAZEDIGA EEGDRVGA, BREM
EBEEDIBPELEDRVWEARCEROT —F ¥y FEER L THBEIT 7, &
DT, FAERRICZ THIEOHEME LRI U7 B AR OFEIC OV T HH 3
%, FME N7 7 CTHRE ZHBIC WL, 5 3 EOMEICHE S EEH T —% (&7
2 55 S0 0D S HE PR K OVERD OB P L &, KMERI RO T — &) BRIHFRETH 5,
ZOTF—ZRWAEEE 2. ROMEE TORAEMBIATOHEOBHBIKFT 5 L0
) W EREFE A AR ATEE T IV E W TRl 21T - 7=,

1) REMROA AT 2158

i) BEICAVLSME

BEE b7 7 IV & 2 KHEE T, 684 4EOHIFE £ Tl > THER SN T-HFFERE 2 B
%o RUDOK 21FZDOMFEMRE E L DTZbDOTH D, HEOHY I UJEHIT 1361 4
DI DOHIFE TIEH 100 FETH DA, T LY ATOHIETITK 200 F &RV, g
BRI D IR LEAINE Do -mREE S H AR, L LAREORZICL Y | #HEE A% L
LCWDAREMENE W, BlZIE, ALOREE 0 S FHIC T T ORI O T 1096 4
KR RMEHIE - 1099 AEFRFNEIEHIZE & 1B (FZ) HUROMO 12~13 AT 32
WIRMBIER R o0 > TR Y | MifE 7 7 TRHEN I & et i s hTn s (%
JI, 1997), LinL. BEFTIEZIISKIST DL A RO TH R, 2072,
TR O O—EUGRT OFEAM TR G & 1T LT, o, HiEE o IR f
RHOHBEREENTWDAEEEL S 5, BRHMEIL, i ALWETHY (4
5, 1983 ; #F7], 1994 ; LA « #KIF, 1995), A - KT HIRWVERILC RO &
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VYD FRERIE AR DY e OO RSP M > & e R O IRV VRIDH THEEEIC K
DHWENRE SN TND BRI, A - 3R, 1995), LD Z s, BERHER
HEHMETHD LBIRSNTEBY (X, #5, 1994), MO 7 7Rn Tl x
7oK MRS & RIS 7 B RTREME S B D, & 2 CHUEB O R AR L HE T AR, LLTo
50D —AZDOWTHAMEEZFHE LT,

(1) 684 FELIRICRAE LT R COMBEEHNLr—2

(I1) Z7r—A 1755 1605 4R HIE & BR\ iz 7 — A

(I HEORIEL LW E BbILD 1361 AFLIBRICIEA Lzt 2 Fv 5 7 — A

(IV) Zr—RTMA>E 1605 4FBHRHIE & bR\ iz 7 — A

(V) g7 — 2 235 i0k0 3 tEE vz r—2

727120, 1361 4E X VRTOHBEEH NS —A 1T L NIZOWTEIHIEO A% E LS

)
)
)
)

LAREMENR RV EBEZ OND T2, BHF L LTOMEIICE ED 5,

£ A2 CHWETF— 2y R AR,

£ 42 WERFRICHA T 2 MR OM A

G HES I |O|mm|Iv|V
684.9 HE CRR) #EE | O | O

887.7 i E 0|0

1098.1 | HERN » K RHIEE 0|0

1361.6 | IEF (%) #HE |[O|O| 0|0
1498. 7 i 7R OlO0|0|0
1605.1 | BEE IR O O

1707.8 FAHIE Ol0|O0]0O0 |0
1855.0 | RBHhEE O|O0|O0|0O|0O
1946.0 | BAFOHE O|O0|O|O|0O

SEL LD T — A& READ

Ig
bl
o
S
=

i) EEETIL
HEOREMEEZRTHHET /L E L CILBPT (Brownian Passage Time) 434f 8 #HT1

W (LLF, BPTET V) 25, ZHUTMEREZRES (2001a) T, HEEORAR
FRME O BT AR & LT BPT /0, *HRIER A, o ~ofi. VA 7T AGA KO E
FEEOOAG % el RS L. D ERRIMRIR S ERAR Lo &0 2 R0 & BPT 49 Afi &R H
LT ZENBY LYW LIZZ &AL TV 5,

BPT 234 OfERHERSIE, UTO LI LGk TE D,

- 2
f(tlwa) = \/Zmlll—zt?’exp {_ (Zaz!;)t } t>0,u>0,a>0) (@Y)]
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pE a TR LRI L TN /8T A — 2 T YR 7 R NS & 437 0
EboxORESERT,

HIEOFEAMEAR () TREND BPT HAIHED L EX D L, WEITIE L
ORAEMFE T — 4 & LT, REREETMT 5 2 LIc k0 Rk & a 2RDD T
LRTED, nMOREBET = (Ty Ty ., To)| BB COBEE, BEERHIL,

LWﬂW)llﬂM%@
LFEED, MBRAEZHS (2001a) T, ZOLEOMH AR AT DEAEICL ST
PRI A—=H (u,a) DFRAAEZ KD 5 I51kE%  BUHERRTEE LTREALTWS,
72k, EEROBRY BT, BeHTE BN 2> 5 3R A E THIEA R A L Tt
WO IR IO BT, HEEBOFAERRO X 512, FIH R T — 4
BORONLGE,. 20K RRBEAMMOREHRZ LEREIHAAL T 7 e —F 1,
HEDOUFIZEN DL Z N DD (MEREZES, 2001a), FHMFREA ¢ £ TITHIEAS
AT DHEREE q(tlpa) LT 5 L. BATEERD O FHMRE R E THIERR AL T
WD T T O BRI,
Le(ua|T,t) = {1 — q(t|u, a)}L(u a|T) @
LHEED, SEO—MYUGETTIE, T OFM & RERHE AT, KETHIAT 51
ZHFEIT L ST, $FA—H (h,0) DERSERD B,

i) #HEFE
a) N XHE
INETORMFMEICE T, AT A—FHEEICETICRLENHO O TE
(MR EZE SR, 2001a), HAEZ, BT —2 25 b X<HPT 537 A =2 DR
WEMEZ G Z2ANRFETH LG, —RICBINED DI RO FRARMBED & 9
T — 2R L TE, HEEDBARLZEI R D 0T, /8T A — X OARREFENEZ 3 < & 72
WEOHKIN S D, T Z THRBIO—HKET Tk, EBRETT LV ORT X —2HEER R
ZOARFEFEMFMOFAAA L LT, XA AHEEEZHAT D HERELRES, 2025),
N AHEEIL, T A= F T D FERIIER (BRI &, BT — 20 6B
DiEH CRERE) Lo THEH L, T A —F OFEBNRTEFNM (RO 28
Hd DR O A TH D, 2 D7 7 u—F Tk, BEOHIZERELEMZE 0 m
REWVo - HAIEREENMOME LTI A—ZHEICMVIAD L7280, FFlZT—4
BAROSN DR T CTHOHENLE LT WHER D D, S50, N AHEEDOEER
R D—2I, NI A—ZOREFEREZFZRSME L TEERATE 20N H D, Th
XY fllx DRT A= F DORFEEMNZFMTE 57205 Tl Zb 2 MW THINS
NHEROMBEORAEMRIZONTH, ZORMHENLZ GO E BN 2R FTHE & 72
Do
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TR LIZMRET MTRBIT 537 A —% (u,@) DEZRIRIL, A ZXOEHLY

p(,a|T, t) « Le(u a|T, t) X m(u, @) 3

LEED, TIToa(a) lZNT A—F (W) DFRINAATH D, ZOFEZIAMIHED
RT A= (@) DIHEDEEHEIEIC L > TEHAB L. ZhThoRF 2 —4
Ty b (U ap) ICOWT, HEOFRAMEE P, (k=12,..,N) Z#HT5, 2ok oL
TR ONTZZBOMFIEDES (P, Py, ..., Py} B BAETEZ Db OOREFRSA (Fitk
o) BTG T D, T OFEMROFEZN N5 £ OWIRHESE H XH 2367 5,

b) BRIDADRE

N RHEEICRIT DERIAMIL, 8T A —F T D ERR A R E L CE
L= b DT, FROMOBHICRARTH S, T OERIDAORIUL, FrioFI 7T
HERT —ZBMNRON DRI FICE T, HEEHRICKE P EL2 52 %, Ogata
(2002) TIZ, HER TR O HTERR L E T /T OV T BT 258 LT v | Nomura
et al. (2011) TiX, PIBEGEIE OHIET AT T MOV T, B O FRIIA A % b
BRFIL TV,

BPT E7 VDT X —4 (u,a) (2T 5 i L LT, AElo—HSET T ED
FRMERE IR < UE L WEEFREFAI 2 A5 2 & 2 RARTTEHE L, REM
HHRFRIAD—D>ThH DY =7 Y —XHRi0A (Jeffreys, 1961) AT 2, V=
7V = RHHGAL ETVOREREENFFOME (7 1 v v —FlE) 1I2FESNWT
BRI ZOBBIEREE D LW O RIRE RO, FHICBPT ET VOHE, £DV =7 Y
— XHEIAIFITENEHFRETH V| MR TS X 5D 2 &A%
EOIETRENTWS (I ZI1E Chaubey et al., 2021), ZOWEIX, BPT EF /LD
RT A= BB T DEENEEHH LORY T S 2 W S5 ETIEFICH
WThDH MEHEERS, 2025),

iv) FREFER

BPT E7 /L& VTR L7z, 3HlREA (202541 A 1 H) H 5 30 I HIE A
AT DR (LLT, 30 FfR) 2, MR L2 — A 20 THR 43 I1CEL DD, §l
WD ELIBY | R ZHUEEE AN A B O HSET Tl EEFHR O E 725 BPT 54D
INT A=K (@) BDFEDAAE S TR A eflid & D70 BN SN2 REMERRD
OO TR HERAME LTRHOLND, 20D, £ A-3ITIEHET—AD 30 5k
FIZOWT, T0%EHXH (BEEEXE) &HIfRHE CEYE 20 L, BAEr72z
AR O —Fl L LT, 7 —RAMDOEEZK 4-2 1RT, 2B, kD720, B
KB AEME, AT Y R (HMEPFRRICEOT I U ACRET D ERE) 128D
HAERELSEMEE LTRPITRLT,
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1 #4-3 BN T 7 CRICHEAET D RKMEBORAMSRE BPT ET V)
p u A% 30 AERNC HUB SR A DR
= N RHEE By N HEE
v | W | ;1 ;%ﬁﬂﬁ,m (jf;ﬁ) ET Vv [E’D’.ﬂjﬂ;%%ﬁmﬁﬁ]
I 160.2 | 0.39 8%~20% (20%F2 ) 2(0(;/&45';05;“ 20%FREE | 10%~30% (20%FRE)
I 182.7 | 0.36 1%~10% (10%F2/E) 1(0(;/"’*3%7% Q200FREE | 4%~20% (10%FREE)
il 117.4 | 0.20 | 20%~50% (40%FREE) 48(;/?*2%0% 20%FREE | 40%~70% (5O%FREE)
v 151.4 | 0.34 4%~30% (20%F2 ) 2(0(;‘?5% 20%FREE | 9%~30% (20%FREE)
Y 133.2 | 0.34 6%~40% (30%F2EE) 48??%% 20%FEE | 10%~60% (40%FE/HE)
2 A ZHEENT K DHERIE. T0%E HRMZ TER%~ ER% OB T, MRHEEONIZRT,
3 BZHBL LT r—AERADOE R TR,
4
5 B & A7z 30 EESRIE, 7 — AT Lo TH/e 5, FHIIREA TO 30 MR, H bk
6 W —ZTT1%~10%&75—h, Fb@a 7 —AMTIE 20%~50%ZET 578 L,
7 BT 27—ty MEXo TRERERDPROND, ZOREMBOENL, £ —
8 ATHEE STz BPT BT NDNRT A—R Flpbb p & a ORGSR DOEOHEHE
9 RIRR & 72 5TV D,
10 F A3, BB L LT —ATHLN u & a OBEZIMOMFHE (F4 1)
11 BRLTWS, —IC, pRaNREWVIELE, FBARRKITELS HEHENDE@ICH Y |
12 F 43 OFERIFIZOBR LGN TH D, HlIT, r—A T RO TiE, #IRORE L
13 LEGLAREMEOSH D RmERT— 2y hEAWLH, AT EoRARRIE
14 KRV FRELTu L aBEIRELHEIND, 77— AN KOV TIL, BRH_ES
15 F—Fty hPLERI LT 2 & THISHED S EARME L TORWEIE S —mORE
16 Mg e LTfbidicd, Fkicp & a B REHEEEIND, —FH, F—AVTIE, &
17 BT B7 2R3V ETHHID, T A—FHEORMFEERMMDr—2 LD
18 WKL, FHSNDMHEOEHXE G ILN RN RO 5,
19 Fio. FHEREAICEB T D 30 ERERO K E X EZMRANCFEM T D 720, £ 4-3 (ZIIHE
20 TR AT HEA 2R & U CHE L 30 FFfER b 25 E LR L. Zh
21 ZAHERE R OMR L T 5 & WTNOFES — A 2BV T b miE OMIRHEILE < |
22 T0%EHXHICS —HOER VAL OND, 2O L&, BT 7R AIZB
23 T, BICROHBE~DOE R 2+ 3 I ET BB H D L 2R L T D,
24 Y OB OFHEr — A DG ARO—ERWETICE T DA LE TR D%
25 Wigr—A L LT, F—2AMERHT S (KXDF2-2), ZO8PUL, 7 —% DL
26 P& B L oo, FIHEEREREZRRBRIEH T2 LW TN o b D TH D, 7
27 —AMTITERMELZFEWE N7 7 OHERINCED TWDHN, AROE Y | ZOHIEIL
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© M O U s W b =

foOFHE b 7 7 O & XEER S R S R bR S TWwW D, LanL, AR —
WUGETOFMECTEE T N EBPIHOLHEMED =D L LTEDD LN TE L LHIL
Too 7272 U PRI B R HUE 2N RINE b 7 7 O HIEER A & 1L MBIMR Ch 5 = L o3 RkIC
ol AT, FHE BRI LI — AWV O L 0 b & 70 5 etk bk & i
TWo,

B#iC, REF—RE LT —RMUTHOWT, BFIHED S ORFRBEIZHE S 30 44
MEROHEB 2 M 4-3 1R T, MG, FHER RIS 30 FRERA RFHIRE & o R & < #
M3 2RI A - TRV, 30 FREROYIHE K OME AKX OmT 25 ERBRICH 5 Z
LIRbN5s,

2) REMRBEHMEOHRREFAT H158

WEREZES (2001b) T, MELT 7 ORAET HHE (FEEE. HEHE)
DOMERA TR 22N DB, B HE5 /L (Shimazaki and Nakata, 1980) Z£%MH
LT 5, BRI T LT, %o HE F C ok IR 23 B E o i O B E U T
AT %, ThET L— MEBZR SR Y BRI —EOMETOTHREH L TV
ERFUEICE L7 & 2 A THIEAIEA L, IR OBIBLIIS Ul B OT B i S
HENVIZZFITHSL, HRBIZE VB ENTZOTHOETNE Eo3 <0 &2t
Bl 2, ZOFETMIEDOTHIRIOHEORML (70 &) 726, ROMEE TOI
ARREATRICE S Z L L0, TR TRIET V) LN D, B b T 7128V T,
B 3 E ORI L 2 EEBEOREEEN/BI SN TREY, BEELROMEE TOJE
AERIRRIZHBIRREARD b D Z L n . T OME RIZH L CTRER RIS 7 /L A3
THETH % & SN TE 7~ (Shimazaki and Nakata, 1980), % LT, HUBFR/AEMEROH
IR T 7 V2RI 2 5k & LTk, RO MBS AE F C o IR 2 e 7 1)
ET ML TRD, Zna2A (1) TREND BPT 5546 O 5 A bR w IR L TRE
B2 &0 Wl S 2 FES A S TE 2 (MBFHAZBES, 200la,b), —J5
T, ZOXIBREY P, WEOHERS —ETHDZ L AL T D BPT €T LD
Jex OFRA 3T L HEES LW Z EAMRR S CE Y (Hashimoto, 2022), &5
12, BPT &7V ERETHE T L & OBIEMENH BB S TN &0 ) il b il
LLTCETFLNRD,

Z 2 ¢ AEO—E%ET Tk, [3Y) B{KTF (Slip-Size-Dependent) BPT E7 /L (LA
T, SSD-BPT ET /L) | #Fi=ICHMHT 5 (Ogata, 2002; Terada, 2025; HIEFHEZLH
42, 2025), SSD-BPT &5 /Lid, BPT &7 /L\Z HIEE DML & 58 2L W10 o> BRI 22 ik L 7=
JERET AV THY | BPT A D37 A — 2 BRI AMIBIZ T T <\ RilElOHED
BIBLZ BIRAFT 5, ZOHEBOBLE LT, Al Lo @ oM &L A5 Z &30
BThD,

72U, AR, ARSI D SEE OB IS LTk, T ORI L oo o gkt
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DKRREFOFRIEI O R E TR NG ., MR e L THE&ROHEEIIZKE 72
MESA UL Z EBMER SN TN D (EAIZN, 2024a), —FH T, b BEOMMRE
o T, SRk RARZAE O FIRNGER 2 G L Ca 0 (R - B8, 20245 HEAIZ N,
2024b; SEM - I, 2025), BIRES T — 0722 RARIIEE > Thevy, L, 20k
NN T —XIZ, FRERIROBE CAEL L —EDORENINEEND Z &I,
ZOERFE A AT S TH 5.

ZOEHRERNS . AEO—HKET TIE IS LB OSSR 2 FHRFT L, 22
NOHONDMEEET — % PRORMEEEZ LD CTERL LTz, HTicdhiz>TiE, %
KHEDO I 7e 6 F | LEHIE-CHEFIHIERIZ BT 2 508 b EEMICHREE L 72, 2D O
EMAEBE LM ET — ¥ ZHeaA & L CER(L L, SSD-BPT 7 /L% /- Hh
BRAFELEOHBEITHIGA T, TFNAO/RT A —ZHEEIZIE, 1) & REICS S HfE
ExEMA LTz, FIATRER MG &7 — 2 IR 3G ERONTE Y hoflx DT —
S NFE IR AR I G 2 LA E 2 FRIHMOREICONWT S T BG4 17

27,

i) SEICAVWGHELEES
a) BREHZKICEOCEEET -2 DER
FokHE

FOAMBIZB T D BEEOMEE L LT, MEHREZES (2001b) T, Shimazaki
and Nakata (1980) ([Z L AHEEM 1.8 m ZHH L C& 7=, Lo L, JBEHFEEICK T
PR BEDOAMEN S PRM SN TR Y . BAIEA (2024a) TiE, 1.4 m225 2.4 m &
WOBRD H DR ENREINTWD, SEO—HUET TlX, ZOHEDOH 2 HEEFEON
ARE L TIHMKILT 2 B OFRIZOWT, FEZR R 21T o 7,

FARMBICEB T D BEBEOREENGONILROER LD L LT, TAREFZECE)
L THER) B35 (54, 1930a,b; S8, 2017; L5, 2024; #HAIED, 2024a),
TAPREPZSCE ) 13 ILP R RICEHREOWF R Z B O O ARE RIS L, FX
W&o THRE ST E MO BRI ORI CH D (77 50 U N7 A i s A 77
76,

FI TAREFICE] OB, 51T, HEATZOEEBOKERHE TS, 5%
DFENHHERF O A HETE 5, BARIEZN (2024a) 2B5ICT 5L, HIEICH
WADEDIIROENCE Y, 1.7 1.9 mn 3t L.4m2 5 1.5 md il Y OHEE
BEOLND, F—ORITEFE T ZENHNONT-ET25H DT, FH ORI~
SEERREEL LD TH D, £, RNEB) QMR IR 2 R 7o & CTHEE L7270,
TNENOMITER S 5, BARIZH) (2024a) 1X, WIWIZ L DWNLOIE B2 & RHERE
FHERL,0.3m~0.5 mEZRAEDALL Lz, ZhDHOMIROREE, TAREFZCHE)
PHiE, 1.7 m~19 m GAZ%0.5m & L4 m~15m GAZE0.3 m) &5 @YD
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Ml EOBEMNEE IR,

—J5. THZER TFtE - AR @ 1n=24m LVWHIBEERTHEINTVDE LD
D, ZIUIBHEERTH 2 LRI T D (BRHE, 2017; %M, 2024), LaLl, Z
NBFERFROPERSE TH B REZE L, 5 EIO—IMULRT Tl TAREFZECE) 22655
LR DPERDSPFHIFEO MR % (R ORBOMRICEN Y 5, Z0sHIE
D&, AR OFXBPHEEHINIEEEOHRNE LT, H—DbDIX, 2.1 n~
2.4 miZR L, TARBEICE ] OWFHE T ZEMPRIC K SREDHLZTHS 0.5 n %k
BHT2HLOTHS FERELT21n~2.4mn #170.5m, H 0L, AR
FE] OMGZEMRE [HER) O 2.1 n~2.4 m \SEH L CHEEE 1.7 n~1.9
m OFPHICHE L, Z OBFEEIRT U CHIF 2 EMRIRICE S MED L TH 5 0.3 m
EHMAAEDELZLOTHD FERELTLT n~1.9 m #E7#E0.3 m), ZHH_O0ff
s, 1% mjb%%%ménYIZ&@tg@ﬁ%&&m

U EORFEERET 2 L. FAMBICR T 2 ElEkOMKE B0 S LT, TA%R
B CE] HEPND 1.4 m~1.5 m£0.3 m& 1.7 m~1.9 m*£0.5 mD @Y. &
O THEFRR] OFRPSENS 1.7 n~1.9 m+£0.3 m& 2.1 m~2.4 m+0.5 m D
WY, AFt4EY MEE SN D,

LHHEIC I B R O B2 sidk L kN, FiC TAREZEGE) KO [+
VeI R AR IR NIk 3 HRW N Bk ) CGRECRFHUBIISUAT, 19875 LLUF,
THEE ) ICKBISND (AF, 1930b; #FF], 1988; #GEAIED, 2024a), [AMREFE
X o TUR) EVWHFRE2GIE L2 n OEEENMEE SN D —J, [HER) 12X
[Z-OR) ERRABEINTEY, ZNE20.9m25 1.2 m OFFH TORE &R L7,
LirL, 2NHDOHEHZOWTIE, B FRKMBEOEA L R ian | BAEKZ2H ””%%E%:

Rt LI AT 220N oD | 2 OFREII R TH 5, & 2 THRIO—HSET Tk
SEMARIA R MR O ML BT U, 7 Uk BT 253 < K R 0O R 255 T4
BB, RN S 2 LM RS 5 &0 DB D RKMEO R RHEE TR
SNT-EERPHORAETH D 0.5 mZHWHATLZ & &L,

U EOREERET 2 L. KEHIEICK T 2 Bl oMR BRI S LTk, TA
RIFZCE] OFRBENSENND 1.2 mE0.5m, KO THER] otk %O< 0.9m
~1.2 m+0.5 m D @Y BNIEESND,

WA
HAFIHI RIS IS 1 B BEEO M B>V T, Ltﬁﬂ‘JﬁEi@éﬁ?ﬁﬂéﬂﬁﬁW)ﬂ A[RET
BDH, ZNHIEFEICRA (1953) 7 LI X BRI T 2 ERTHR OB 2T — & L

Satake (1993) <° Sagiya and Thatcher (1999) f;ﬁk 12 X BRMERIRT — 2 1Kl &
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S OEHEBLINC IS  REMEE, BRI R TR BHICEVMEE A H T 2
EBZEZOND, 1L, TNHOT—2 030 LV IEEOEWEREZ 55720121,
W ZODRIZOWTHIEZET 5, 2, 7—ZII4T L EHREORR A TH L
72O TRV, BUIMIE O ZRICET 2 MESLIEE 25, &1, WEMIZIX
HOEERF LIS O MR ZE ) (B2 1, HUER AT O RN 2 BB HER ORNES) BEEN
{5720, TNLERETAMIELRD LMD, SRIO—EHEET Tk, 2 b OAFE
IE & 2RIk D B A MG LTz, 228, ISR 247 — Z12xd 5 B4k 7z
WEME OB K ORRZE G O H kX, FEFNEH (2025) (285 <,

FPHIERTR OWNLET — X 12OV, IRAE (1953) (IC KB ERIfE 115 m (BS
PECORIE) ZUWE L Lz, ZOfEI%, Shimazaki and Nakata (1980) %X U, %
< DIATIIGE R WIFHME (MERAAZE S, 2001b) THBMRE N T AREM2REK
Thd, TOPMEIK L, EHE~OMMEMIE (-66.5 mm+27.8 mm), HifE 8 » H%
ORPE (Hashimoto, 2022) THDH Z & &2 EE L7z Y ORDEEME (ZhEh+2.7
mm }2 5. 4 mm) . & 512 Hashimoto (2022) OFRFIZE-S < IWHHIE (-50 mm=50 mm)
Z i U725, 103.6 em®5.7 cm KTV 102.9 em*5.7 cm &9 Tl W O ENNE
bd,

WIKIER T — 21D Tk, [E LHBEEE (1954) & Satake (1993) OfERICHED
< AKHES 5143 TOMER 90.5 em*3.7 cm ZHHIME L Li-, ZAUCALEARHTE (-27.3
mmE27.8 mm) AMiL. &HICZOMICEENDSELIM (ER 17$3 rH, g%
13 A) OHIREEEY & RN OB L, BET — & L RO i@ 0 OEBHIE

(ENENATA nim~+148 mm Jr U+147. 8 mm ORHIER) ZwM Lz, T 6 OMIEDHK
B OKHERIET — 22513 95.2 em~102.6 cm®4.6 cm K T0102.6 cmt4.6 cm &0 H
ZilE D OERENS SRS,

P EDOWINZET — & RUOKHENET — 2 hbEpn - E2RAT 5 L. Bt
BB 2 EBEEOKEBEOBEME S L ik, WNET — 2 0 OHEE S5 103.6 cm
+5.7 em & 102.9 em®5.7 em, ROVKHERIET — 4 M HHEE SN D 95.2 em~102. 6
em*4.6 cm & 102.6 cm*4.6 cm, OAFH 4B PEESIND, FESTEIE, HEA
LR BREMEA, WLFET — % O 115 cm, KEHET —4090.5 en*3.7 em &, £
OB TELIME S K& BB H00b b, FRMIE L ST ME RS Z &
XD AR ERIE S Wb 100 em BitE O GRZEEL cm OFEPHP) (2845
BEANROND MR TH D, ZORERIL, AREO—H%ET T LicfliERIEOZ Y%
RIS D RIS, Frp DBUT — & 5 b E DN R OHE B 03 A A 72 P UL
F252 LT, HAMERHNCI T 2 BEEOEBEOMLED 100 cn BE ThH o7zl D
FHMOEEEA HD 5L D Th S,

T ZETHANTE KR, REGR, K OMFIHIRIC IS T  BE O &P
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FBHEHOBAHE, 72> NS E ORI E K 44 ICE LD, UBROMITIE, Zhb
DML T — Z DRFOTEEMEZ MR & LTERE L, MR AERRE T VI
FAAAT T IOV TR 5,

FA-4 FEWE ST 7 OMEBIZRT D EEEOKRLET — 4

= ) - [ERIEzin ) BA 5
7S T — 2R T 7E A (m) 7 (m) N(m,o?) HIx Mix(m, o2)

IR FSCED 1.7~1.9 +0.5 N(1.8,0.512) 1/4
IR FEO 1.4~1.5 +0.3 N(1.45,0.32) 1/4

FKHE Mix(1.83,0.512)
TR0 2.1~2.4 +0.5 N(2.25,0.522) 1/4
L@ 1.7~1.9 +0.3 N(1.8,0.322%) 1/4
IAREPFCE 1.2 +0.5 N(1.2,0.5%) 1/2

FEBOHE Mix(1.13,0.522)
et 0.9~1.2 +0.5 N(1.05,0.522) 1/2
Eh&:=0) 1.036 +0.057 | N(1.04,0.062) 1/4
W@ 1.029 +0.057 | N(1.03,0.06) 1/4

7 5 - 0. 950~ Mix(1.02,0.062)
K HER ED 1026 +0.046 | N(0.99,0.062) 1/4
IRUEH 1.026 +0.046 | N(1.03,0.05%) 1/4

RPDOT XTOMLEZAIL, BEEENOLLLEE RS LS 0 TEMEIKTSND,

b) BEET—2ORENFICLIRE

ATET CHREL L - B B OB ET — #1250 T, AEHITIIIh b ElRSI L LT
AL T B TR E R, &fNAR T E LT, £, lx 0RO L, *
DARHEEM A B8 UT-HeR i 2 MRNCEFRT D, R, 26 OEBISAIK LTF
HIROREMEPEHE IR U EAE A L, S HEE R KT 2 H— O RiEs 1
EENSDRESA L LTERET D,

Ml & — 212610 D R FMEOF

% DR ET —# ZHFESMA L LTRITDICHTZY, FTR 44 ([TRENTE
T =2 ORME, FRCZORMEEMEICER 35, ZORMEEET, RO FERORRS
FERRIC & o THIEMEA & W AR D0E &0 QBEICHE S #RFE, L) ZODMIEN» B D,
I, BiEE R AATESEME) (EMEON) . %EF A BRI HEEN:) G4
72) LRPON WFE & MR ORI EE D,

— I, WEMWE x, & ZOME (BEUERE6,) BNE X LNTHE. WFRHE x,. R
7 0, DIERDAI N(x,, o) I L > TUELDE R R TE S, — 5, SEIO—HKET TR
IF—=ADE I, WEMEN —EDIE (q~x,) ZEH->THELRTWBEA, TOHL
BN ESRDHERNMHED ERARTIENTES, 20L&, 2RO AL, H
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EMOWEE R & | BHEERTERNAOBIAIC L > THOND,

HITE A DR KB IZ IR R0 70 & 00— IR0 72 e L 72 5, (RIS, W21
el 0, DIEH ., RS AR 0, DIERNA LT 5 & BARBHZONH b 1E
B & 120 | RROBIEREL [0 + 02 L 72D (BAHEIEH O30, 7,
W% RO & LI e, RS RAIRAL ROl & MR A L 72 B

BB DL, AHO— KT T 5 7 — # ICB O T, BB ORI T
SHERE VD, IBOEBUZ LB b O & UE LT b MRS AT 72
WBEEARVE TS, ZOMRORENEE | ERNGEOFE LORIENE (FAMR
L) EREMICEE L, A BIILEEOEE ERCRET 5 8t e & 5, BRI
(T O (2 + %) /2 ZWIFHE, WEOE (v, — x,)/2 ZIRERE L 5 ERSM &
3,

ZO7Fr—FIlLo TERINZ, KT — X OMEERNMITHET 2 EE R RTF A —
& (EHLS N(m, 02) 12351 5 W5 m RO 0?) %, & 4-4 0P CRT, 2h
B OIBBIHERMT & 3T, A HUE AR FT D Mt BERESR 41 2 HESET 5,

FEKHIEE - RBOE - WIS 51T 2 RO M B O MRS

AR & D ICERE S NS OMRET — & OReRNAAICHESE | FHE (B, &
B, WD) 2RETLH ORI RRESME, BANERESME LTEBRT S, &
DEE, BB T 2 EADORENSMLE L 2D,

FPRKMBICEL L, TARBZEE] & THER] &) Zo0FE bk
POELNLHERIIK T2 EAEHMHNT D, TARBZEICE] OHIER OKGERLHRKIL,
HIEFE L B 50 1% & RFRIZZRRTZ 0 R 1 . Z DB ORNETLEHEICB T 5
THEEOYBLEDLTREMIE T TE RV (BEARIE), 2024a) bOO, HllEICHESL
LENHEERTRTH D, —F. [HER] ORBIMEEEFRIFETIESH D0,
FHNAWERE AT LI DI H o I ATREMEC, HIERAEZOF#H E L COME
HEEETLE, EORBEMAEETLIEEZLND (YEH, 2017, 2024), ThHZD
OFERIROGEHIE I A/ ES 2 M1 5 2 L I3BIR R CIRREETH D Ll L, 4
B O—EBUGET TIEMA 2 B LN D 0MICH LTS R RAZRE ST 5, Eb12, TA
R FELE | R OENESIT 2 TR ] OFRIZI TR L 70 2 s o e (F
FELEEDMIT LD ITONT b, MO L LW 2 ER— R Th o 72 1]
REMEIXFEI S D (FhH - B, 2024) b0, B ARENESNTBE L,
WP ORI I % 18 < R & PRERIZRIBILUC KT D, L7edd > T, T D EEDHRR
WK% 3@ 0 oz ek L C O WS R RAZEAT 5, R LT E
KHIE DML BRESRATIE, 2D ORFHIE-SE | Aifi CEE Sz 438 0 OB
ROMT R EREL MG LRGN E LTERT D,

BEMEICOWTH RIS, ZOMERERORILE 725 oo LR (TAMREZT
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Tl RO TR ORFEMICHMRES I OTEHC ST L, ThThi bErn
DREENAN Y E R B ARy T D,

MR IS DWW T, WINLET — & LKERIRT — & &\ ) 2FEOBIIT — % | &
CENENICHEA L2 38 OHMGEREBHEOWTNOMARDLEN LV #ENS LW
DATONT, BIRERCHEZ I 2 FBORILAZ LV, T, e LTHES
N5 450 OFERNMT XU ERELE G52 258t LT 5,

U EDBELASFT HEHI IS & | BERIRER DA A RS L2 Tk, DB B0 HiE
B B R EEOME BRI 2R 4-4 1R, £72. 2Th D OMERFHOEE T
A= (IRE Mix(m, 02) 1231 2 WHHE m KO0t 0?) &K 4-4 ([P TR L
Too TORER. FARMBE O B A I TIAHE 1. 83 m, B IIMFHE 1. 13 m &2
DEFT DML o7, THDITRIT HEHT H sk 2 IE M OfF & URR A D B % [T
WL, WIS HSHNCIEA Y DRE VN, BER0Ro MR E 29 5, tiEIC, B
R DM B AR TR 1. 02 m 2D & ULV EPICET L TRY, 20
IEHOEXDOEA W, EAMBOZBMEOZN L I LT, EHEFE T HRE/NS
vy,

LBl O—HRUET ClE, &Ml BHEE ISR 2 FREFEM 2 FEMICRE L. T b 2R
sifi & LTRSS Bz, ZORERE LT S5 1R O Ml f 53 46 O fF
i (FkHIER 1.83 m, ZEHIGE 1. 13 m, BIRIHIER 1.02 m) (CEHT D&, HIERMHES
B (2001b) 72 ECTBEBICSRIN TEARME (EAME 1.8 n. ZEHME 1.2 m,
WAFHIEE 1. 15 m) (Shimazaki and Nakata, 1980) & K& <IITEHEL TV 2 &3
RIND,

i) BEETIL

HWEORAEMFEEZRTHITTT LV E LTIE, 30 ®{&77 BPT €75 /L (SSD-BPT €7
) ZRHWS (Ogata, 2002; Terada, 2025; HUEFHEZES, 2025), ZDOET /L,
BPT =7 VOYEIHE R Th 5 HEELEZ M S O A58’ 2L Loo, EHT
5O HORFAEIIE O MR (70 &) ([T 5 WnWHI B HEEOEER
Bl 45, Him b fiEOMERE L KOMEE TORERBICIE. OFHAERIBR
IR ABIICL DXL X2 HWRNRL G, IEOLBIBERAIIFGE SN, Mg~ 7 7
THAET HHEICH VT, EEHEOBEE &S MBEOHBICKIET 5 & Rt b,
12, RITEACHREEE U 7o Wit 7 & 8RR & DBIGRICIE, &7 — X ORFEEMEITIRE Vb O
O, MRIEDILHIBMERHR TE S (KD 5),

SSD-BPT &7 /MZHBWTH, Bl L R DHEF AL BPT 5MiTH Y, £DRT A —X
DIBUARIE T B MO BN RS, BARKICIE, TofsEEEKT, K0 t&ksh
% BPT i DRI N T, /XT A —F (y,a) %, FiRIOHEOMIELE u & #7728
FRA—H (B,y) BN TUTFTOL ) ICHERI DB CRRIND,
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14
15
16
17
18
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23
24
25
26
27
28
29
30
31
32
33
34
35

n=pu

2 _f 2
a“=—y

22T\ BITHIERM ORI O B E R O U L, ARl O—#BEGT O F i
b T 728 DET METIE, EFREOELEBREOW L LTRSS, F7z.

YIREEERRIC RS T 2BEHORE SERET DT A—FThD, JmbhH, SSDBPT

ET VT, ROMFEE TORAMBEL . Aillal O MFE O & u [ {KFF L 72BPT 434
fssp—ppr(t|w. B, v) = f(t | ﬁu,\/ﬁ/u VICHES . Lo T ZOFT NVEROZEET
TlE, BT —HICESE, RTA—F (B,y) EHET L LIk 5,

i) #EFE

a) N XHE

SSD-BPT ET /L D/8T A—HHEFEIZEBNTH, XA AfELXTEHT 5, Aiffi CERL
7o X912, SSD-BPT B 7 /VITHAMZR BPT ET NV D/RT A—H (ua) &, Filo72/37 A —
2 (B,y) ERIEIOHEOKRE & u 2 HWTRIATIET AL THD, 20D, TOLE
BI%L b FEAREITIE BPT & 7 /L & [RIR DM TR T2 Z & B ARETH 5.
LALLM 5, SSD-BPT EF VD EERD/NT A —ZHEEIZH T2 TE, WL DD s
WCHETAHIVENRD D, F—I0. KREFALOFETRHMATE 57 — & #ud, Bl BPT
ETNOFMr — A (FIZIEr—A T ~IV) LI U CHIE 3Bl &0 7e < naofi
DT —Z NEFERARHEFEIEZEZT7eD HENRZER LTV, F T, RF A —H
B,y) \Zxt 2 RBERIB OB Y, BPT ET /MR TEVEMHETH D, ZNHDHE
M2vE, HifliZe BPT EF O/ TR LY =7 U — x$w\ﬁ®;9@ﬁﬁm@
NS R0 AT OB LR & A0 0 | BRI A SO S B 72 SR o0 A A SRR
5%%ﬁ&b&

b) FJRIH D&

LU, SRl —FET TRV D SSD-BPT EF LD /35 A —4 (B,y) (k4 5 HER/15
R TEDEEARNI2E 2 7R, FFRiA O BARN I EHGRFERD/T A — X 3 ED
FEAIITATER A ICREY . Z 2 TIRF O E AR RS

B DEHILHi

RTA—H BIE, WEINIIERECRT S 7 L — MEEB LR T 5 RN T
BIE B B ORI Do B OIS OB DV TUL, FFE D AR & 78
FRAE ST DR Z L, — 7@k e L T EMS AR L., Z0OIE
B ORI R OB &R ET HI2HT=0 . £ p OWETH 5 ILBEHEOIY 15
LA A R LT, (BN @O RFR 22 BN T — 2 235 51 D OILEAE DR 100
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ERICIR B, 2B S D LFEEIIE T L — N REE S ICE R K L2 R S Bk
BHEENGD, ZROLDEEEE L, 2 2 T EOBIIMEICHR RIS 5 O TiE
<\ BEAFOMHBLRIFES N O L — N OIEREE T VDD TEREEREE 2SI £ 2 s KA
Z5~18 mm/4FE EBER Lz, oML, pIcHE T 5 L5 % 0.056~0.2 4 /mn (T
R

A E D —FRET Tl \_@B@ﬁl(O%ww2fwm)mTﬂ\ﬁm+%waﬁ
BEUEfRE) OIRICINE 2 b0 LRE L, FioMmOENERAEE 0.024 4F/mn & 3%

720 FRIAT ORI, BT VORI RE 2 I KAGT 5 &0 5 FEI 72 £ e %o%\
0.095 4/mm (PEREHEEICHASR LT 10. 5 mm/4FICHEY) IZBRE LTz,

y DHEHIGAR

NTA—=R yid, BEEICET DR EEEERIOND 5 BEOKR & SEHET
BHRTA—Z LFRIRE VD03, Z OB S EHESIRT2 2 L3 LV, LavL,
y X BPT 3D AT A —4% a EBIH L TV 5720, 20 a (CBT 2R 72 50 L
EBBICENINMERET DI LN TE D, FilxiE, BEROILREICRBT DHF7E Tk
a 2522 0. 2~0. 4 OFPHICILE Y | @“ﬁ%%bﬁ/v\ﬁfﬁMT%é &bﬁ
HINTNWD Nomura et al., 2011), INZ T, REROEWE ~ 7 7 OHIEIZIIT 2 Hifl
7R BPT ETF /L CTOHHITH, a OFHF-HIT 0. 2~0. 4 OFFHI ﬁméhfhéo:n
OB R RIS & | SRIO—HKET Cldy OFFiNfME LT, 0 &EIcL
TRy (J&384k) Lzt ORAERIFRIC T 2 850554 O VR 72 R BREL « 2384 0. 2
~0.4 DfEiZ & D X570~ Ai k& E Lz,

iv) FRE#ER

SSD-BPT &7 /L& FIWCH M L7z, FHlilER (2025451 H 1 B) 72360 30 R A
AXDFE2-1 LK 4617, ZOHBICHWEMEOT —F¥y MI, 4207
— AVIZFIY$ 5, SSD-BPT EF /L D~A ZHERE TId, BRI AT A—Z B Ly D
$%%ﬁﬁﬁ%ﬂé#\L@%E@%%%Tét@\E¥6_i_ﬂ5®$%TﬁbE
BUTEERAEMB Y &IX55E a DfEZ R LIz, £ 4-3 LAk, fERfEE LT
A ZHEED T0%(EHRE L MFFHEEZ R LTS, £7o, KTV VRRRIC K DR ARMR
KOWEFHRER I OME LB HBEE L TRl L,
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#4-6 FEHE DT 7 CRICHEAET D RMEBEOFAMSR (SSD-BPT £F /L)

a At 30 RN HIE DS R AT B ek
u
B
r—A = = |= S S bft S S ft
cm (J”) A AHEE K7V A A
Y [2025 4E 1 H 1 H K] [ A FnHh = AT ]
H T
60%~90%FR DL F . 70%~90%F2 LA |k
v 95.9 0.17 20%F2 S
(TO%FESE) W (80%FEE)

AN AHEENT X DRERIT, T0%[E K2 THR%~ LIR% OB T M EE () WITRT,

%4@%??@@ SSD-BPT &7 /M FE-3 < G- R T 30 Fffesiz, BEICIEFIC
EVKHEIZE L TV D, Z OFARERO BRI 20K Z B 4-5 1R T, A ZHEE
OFERLE LTELNT Z OO0, FERM 100%2 80> 5 1223 T ORESRE A
L. BHEED 100%fHEICFET D, BAMICF -T2 BIREZE LT D, ZDX 57k
MR DOTRIE, ROBEWE N7 7 DHERWORAEL THEN LI RVWRETHD
ZEERBITRETLHHLDTH D,

I B, BEFHIED & OFRERIBGEIC L D 30 MR OHERB 2 X 4-6 [T~ T, AR
£ 51T, MR O MR K OME H X o0 R IRITRE R ok & 3Eic ER AT 25— 5H
X[ _EFRIFFEAR I S CREICIFIE 100%I2E L TV 5,

3) ZODETILDLE

AT, ARO—ESET CTHW: 2O EERHRET L, $7hbHBPTEF L&
SSD-BPT &7 /LI DT, & OWERY RO 4 bl U | Bof& iy 72 e SR 3T O AR
DNTIRR D,

ETVOYBERTE 5

e 7 L OB S OWE IR % X 4-T ITHERIIC R,

BPT 7 /U, WhWPDEAMBET LA RL LIET LV THD, BAMEET IV
W, A CHRBLO BN, —EDOOTHER L I L > TRV IRE N D &) I—ERD
BREZHFHSLS, bbb, OTHBERENS 7 L — ME# 2 LIC L > T—ED
HWECTERL, HORMEEZ B & 2 ATHENBAE L COTHAME S, BUW]
HWYRBBIZE D L WO YA 7 A0 IEREND, b LI OWRIZT ¥ LARERN2T
I, HERITEICFE CERCRAET S Z 22k D, BPT BT /UE, 2 OWRERNLOT
HERLBMARIC, RIS O /IR RC 2 OO AR BRI KK 3 D 8EL (7 0 4 A
RIEHOX) B’Mb 5T LT, MERARBIULLSDERELLIET LV THD, L0
%L BPT &7 /WL TREAHIE] & W IRERGET VEERICREH DD, ZHICETL
LV FERGRINER EMZ =TTV ENEST LD,
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-J5. SSD-BPT &7 /WL, & DO FUCKFHE THIET V&R, Rl THET Vb ET
REFRORET NV Th DN, BEAMBET LV EITRARY  HEICL > TSN 50T
B8 (TRbLHBEORM) (IERIRRVED, 20DV, OTHOEMEE L, H

BRREET L2RAOOT HEL, BEAMEET NV EFREIC—ETHD, ZORIE, RD
M E TORAERMRIL, ERTOHE CHMEINTZOT A8, 372205 HilE O HEE O
WHBE D &0 D BUMR2S KR D 32, SSD-BPT £F /Vid, Z ORRFHITT L OO HE
FEIBARIC, BPT £ TV & MR OBILZ N Z -SRI E T VT 5, M RIG &3t
BPT ET MIZHMO AHEZR Y AT, 10— bshET v b 525, LB
5T, SSD-BPT &7 /LI, Bl D HIE DR U CRAEMBOYFHENRE DS &5 T
MTHET L) OWE & BELIZE > TES DL £ BPT 7 /VOME % B8ROt
BETFIVEMBESTOND, EHIC, RICHEED RN HIC —ETH D & RET L.
ZDETIVIIBPT ET V& EAMIC /25 Z & A6, SSD-BPT 7 /L% BPT £ 7 /L% 4
LEETNEESZLNTES (H4-8),

T NVOWEGINE L F IR EWET OIS 1T D

BPT EF /L& SSD-BPT E7 A0 EL L3 b 7 7 OMiEFEimfe 4 L v ok
BLLCTWD 0, BIRERCIEBARECHIE T 5 2 &3 L, B S5 HRBLGICITAE
5] i%/)%#ﬁinfiﬂ) ORI S DMEET N DORLMEEH BEICHRAET 5
ToDIZiE, FEFICEL OT = PREL 572D ThD, o, MET L L HEEOHE
%ﬁ%@@&%@%ﬁi%kbt%@@hé&wé@ﬂ%ﬁﬁbrwa

772 L, W T VLT OB SR A BER RS B D, [F BB HIE 2
MRS Z & ZBFICHTIR & 95 BPT B F/LICK L, SSD-BPT 5 /L TIIHED H D%
BtE a2 =7 VNICHRIICE D TV D ETH D, 2D &I, B IRE O O—IRYET
ORI CRIE SN b7 7 OMBEORERO LML, £T VORI E LTH
DRRENMKL TS & BAEIRTE 5, LA L7235, SSD-BPT &7 /L MEILY 2 IfH] T
HET VO Z 4P A OWN T, WL OO ETRE G0 2i#Ein b i
T 5, £, Bl b7 7NV TRAET D MEOSHERBERIROR 4, |E#E— S0
BEERBOZRTRETELONEVIBREND D, S BT, HIERFO M B S iz
OFTHREIAY TS VI PFET K-S & HEMICITOFAERIL LTk
Me L, MR O ZFE S5 Z L1272 508, BHEOREED) HRE Sh 5 FEITTRE
R (R 11 mm/4E) 1, SEAE O BIHBEL O HEE SN B IEREEEE (5~ 7mm/4F ; B+
HIERRE, 1972 ; [X] 3-34 ; [EHPERE, 2024 ; Nishimura et al., 2018) & |XTEHEfELS R
bND, T2 L, BISH TV AILRHEIIH ETEFOMTHY , 7'L— MNERD
EAE S OER (PR 22 ) bEELES (L1 et al., 2020) 720, Z
DRIZOWTIAH OB LD AR T 2 LEN D D,

X0 — I, BRI TR T LT OB O DRSOV T bRk 2 REEiwm s b B, il %
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I¥, Shimazaki and Nakata (1980) 23W¢RFIE 7 /L i H ATREM: 2 7R L7- MBI,
WHEZ ED 3FI L REN TH S, £z, AN IR LHIEEIZ DWW CRSTZHFED 51X
RE TP IIE T VDR Y Lo TV RN E WO RS 22 STV % (Rubinstein et al.,
2012), FEVE R T 7 OBEOHERINIHONTEH, HEMEE THS &, FETFT /T
DLzl ETEHESLH D (Scholz, 2002), —J7T, B b7 70 & 5 I EEka
BN Z BB TR, TR LR D A I = X WU Lo TRERAIC KR F 0 722 5 8)
PEENES E LY S 2 b—y 2 VB, (lori et al, 2009) X, BERMEZIRD
IFABMEE T CTHRIET AR L TWVD &V I IEE énrwé(mM@L
1996), LL LD X 512, SSD-BPT &7 /L OMRFR % 729 WM M€ 7 /L D ALV Z DY)
B 7228 AT OV TR, BR2 R A SEERR A Tl 0 | BURE AL CIIBARE 226 5m A3 HY
TURLY,

2O LEERERE X ABO—%ET T, ZoDET MCEBER TIEL RO
LNDHDOTIHRVEHE L, WET /L D EREMRENLTD 2 L 2 AN
#Hé L,

FEAEMEEE O LS

BARIZ, WET DD D IVEHERTIRE R 2 i 5, K43 BPTET L) &K
4-6 (SSD-BPT &5 /V) &Ml 5 &, SSD-BPT ©F/MIZ X D 30 ERERDOMFHEITL BPT
ETFTNOERLD BEVEE R, SDICHED 70%EAREIZEL > TN &
DR TE D, ZHUL. SSD-BPT BEF /LD /RF X —ZHEFEITINT, FEIIR LI
MR pPIE62& ad, BPT 7 VL HE L TS KHEESN TV D 2 ENERTH
Do

7220, 29 Lo BT VI ORI O R, FHIHIAIC K > TEOBN G 037
%o K491, BPTET /L (7 —AIM) & SSD-BPT EF/MIZ L 5 10, 20, 30, 40, 504
MEOREIMETT, TOMNE, 30 FRV 40 FHEETIEWET LD 70%[5 AKX
MARFR > TWRW—FHT, TS 10 45, 20 4, 50 FHRER CIIfE A X M —HE
BLTWDLZ ERDND, ZOZ LiX, BT /VOBRPEFT 30~40 FEHEHR ETH
H) 22 B SRREMTN IS B W CHRE AR 2 o — 5 ©. L 0 EHISOUI R OETIxZ

DEBPFIN NS 72D AREEZ R L TV D,

WU E LIRS S E 1, WE T S LA MEREISEVITHN L, WThoORER D
M N 7 71280 B RIEl O RS A 0GR ESBEICIER ISR VKIEICH D Z L ER L
TW5HRTHDH, BPTETNVEILMEICE 2 CTh, FBAEMBIIMHFMREE & bICEEICE
HLTHY, SSD-BPT ETLOMERIZINEZ S BITED D HAEHL, LiznoT, &
HHDOETNVERMAT 2B LT, FHIIER (20256 451 H 1 H) THOIERAN
VIR BEPEIC D LR OIT D Z LR TE D,
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14

4) BRI SADMBEDREMHER

5B OV O—IREET OFF CIE, BUREE G 5 AL 2 BHFAN L A FEIC R E N T
TTHREDLDRKRY 7 AOMBORRSEAHEE L7z, UL, HHE 600 FEETHL Z &
WTEBFENFESRE K95, 000 ERTE THD Z LN TE HMETIRZTIL, AT T AD
HIEAEL & 7 RELT R 2> TV, 2078, IEROFIETRKY 7 ADHBEDI
EMEREZTMT D2 21T TE A0, 3. (1) 2 THRZL DI, 2,000 FFEFTICEK
HEZ A A HE A AE LIRS SN T A Z b, K7 7 AOHEIX
D7 E BT 2,000 AERITEE TE BT, ZOFEKBABIIHTHEL ETH S LHEE
SND, MlENT7 7 TRE S M8 7 7 ADOKHEORAERMIRIL 100~200 4, FAHIE
7 7 ADEKRMEDOFEAERIREA 300~600 4F L HEE SN TVDLDITKH LT, K7 T A
OHMEOIFAMFI NS LY IHULEEVWEEZ b, BAEHENMRONFHRBLT
HHEZZADHIERDLDD, L, RICKEZ 2HENRKT 7 AOMETH 5 EEN
EER CIE W EICEEDBNLETH D,
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5. S&ICAITT

AR X 51T, O F 7 7 OMBEORMFHME (MEFHAEZES, 2001b) L
EICER SN B O RBINT — 21X, B N7 7 TRAET D KHIUE OB
MBEFETHDZ L EI LN LT, 2O REMRIC IS & | 5 A O O—EkGT
Tt R CHEIRCR U & o 7 OMEN IS ET 5 &0 ) A EET VICES
<E—MRMORMFETEZ RE L, (B b7 7H 0O KBTS TERE TR A &
Vi) LWV BUREFERE L CGEMEIT - 72,

ZDLET, ARIO—FEET T, EEFE OOV T, EIC=2DORTEHL
Too BT, FERITFHIE 7L 2 FEEERAOICHRER L7237 0 Be{KA7 BPT £ /L (SSD-BPT
ETN) BFIEAL, BAEMBET TR HEBORM G B E L7kl Z fTEeic Lz,
BT, EEEBOMERET — & RO ERAECRBGRI R NI E | RS L L
THIRENTE T NAHAIA AT, BE=AT, A AHERE &0 D it — B 2R Bt RO ML 2 % T
W5HZET, M RO D BPT 7 /L & SSD-BPT 7 /L % [A] U HLHE T LGl
L. ZOfR%E BERFHN & L CMimpFae L,

7272 L, FElfE N T 7128 B SSD-BPT BT VO HIC BTz - T, DM 7% S
NTWD, B LT O—EYET OFHIETlE, OB Z R THEE L L CTEHED
Ml & — 2 OHE R Lz, 2 hoOfFEO MBI T — 2 1225\ T, £ DORKE

FHEDFMR /T A — & OFERioHi & BRICHET 5 2 & NBLEM CIXREEch -
7ol Th D, SHIL, B O RIZIE SV Tk« Ze R OB T — & O R R EME AT
RHERIAT OBRFT & D, SSD-BPT BT /L&A L TV Z L3 a2 5,

i, LY BEWINARER TR, %ﬁ@@ﬁﬁ%?ﬁ%%@%iﬂ&%@%@ﬁ%&@
HHARENELBEBICANDIVER DD, TOT=DITIE, 25 LSRRI TE D,

Uﬁ%’wbkm%%E%Tw@ﬁ%k %n_%0<ﬁﬁﬁﬁ¥%@ﬂm%&m
EAREHOBEEL AL 2%, T OOIiE, BRYRHIFIEI SR O L0 pR
%Wbﬂnék&%_\uTwiokﬁﬁm%%%ﬁbﬁﬁL1w<:eﬁﬁgf%
Do

OBEICEELMEGEHALHNICT 5-HDRAERARDHE

IR AR OFHEE /2 EIT X V| 300~600 EORMIFE TR E ZREENAREE TWE AR L,
A R T 7 TR E DHEOSEEIENH S M > TETWA, L L, s o
BRAS D230 T D HIEIEZIR DAL TER Y | B X 7 R O MG 4 1 < ITI3E, &
L BIIARTTH D, S%IE, L REOCBIEHEREY 72 £ £ R OB T — & OIUE
ZHERRACAT O WEMED B D, ELFRLERIC OV T, BB i 7 & BT 4y B
EOBBIC LY | BRSO AEY A 7 VOO I L 72 2 ES) GRE) BB
FTHIFEMZT TR T, FNOHE L& T HERB O L ST 51F
WMHIEMNT 2 Z LR HND, BERHERIC OV T, HUsR Ot b D 72 0 DFERHE
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EOREBIL D | BRI LEN 22 & & O R ARKLETH D, L ITE
B — 2 EHBERH OV I 2 Lb—v g v EMAE L I LIC ko T, HIEGLEHS
MMTT BHHZE (Bl 21X, Furumura et al., 2011) bH#flET 2 Z L NEETH D, £/,
[EAFHED (2011) <° Namegaya et al. (2022) Tl. BEfER KN E S b TV - Bk HE
IV b, RERHMOBE 2 - LI-EBOFELZRB LTS, ZhbDk 57k, &
K7 T ADHBNERIEE TOVDEINE I DORGELZED TN Z LB UETH D,

OXMENERBELGY 3 5BHAEHRTET 5-ODREARDHE

WL O F B OFESRC DV, FRMICE 5 B0 5 RO - BERE o
WA CAR 4y &l L, Mo E R B S o R S - (B2, ihiEEsy, 2011)
ARYLE U CHEER A BRI ED LT\ 5, T Ok, FEiE b7 7 2IkcBi) 5 Hh
THEEOFEM 72 EROMINICE T HMAENEDNED SN TWD DD (il ZIF, Arnulf
et al., 2022; Bassett et al., 2022; Shiraishi et al., 2025), KHMFEDOEFIHD
ZERMEIC DWW C O 22 2 RICIE, 7 L — NEERWTE AT O P TR0 KRN 78
SO L E O T, MTIHEETT LV OREMOHEEN KRR TH D, R, Jul -8
T AWEED AR AT HLA X 0 PRI OV T, Y b T 7 EIER & BT, R EN 2
N MR ZE B OB 53 L 135 2 R\, A %1%, BYE N 7 7 80 S HEERIN 2>
RIS DWW T RS RA S A8 U, TS ORI OB LA RS 57200
FERFITAAT O LR DD, S HIT, RHERAERICKE 2WE T~ BRET DB
oM TEEDHIRITEN TR Y | SBOMEDOERNLEND, MA T, HIHOM
FCHER L7 R VRS OB ERFIRICOVWTH, E6R5F—Z 0B k0T
MOKEEZ P EXELZERROOLND,

OREDTL—FRAICEIT DV TAERKREZE=FI—T5-DDHRAE
HEOHLE

WEEOFAR 21T 5 7o DI TR ET — X 720 Tl WHET L — b ORBIAII -
TEBINDIOTHORNEERT 2200 EBRNENEETCHDH, FL— MR
BT H20THE[EL T L — FOBEEORREE=F—FT DD, TNETICDH
2 O MBI T O TV D A8, e b BRI BN IR IL . WK % & TRk
O THEREE A BIRIT 2 2 & Th D, I, MIEHE AR 2 RIE T 5 Bl %R
LT&EZ LIk Y, GNSS-A B TIX, HASEWE T L— MEAARIIHE D EFAY
MR EB MBI S (Sato et al., 2011, Tadokoro et al., 2012). EE¥E -5 7D
EERBEIC OV T HHEE SN TWD (Yokota et al., 2016), WEEHIFEZSE) %2 & T ik
BB T — % & FW 27" L — N O % 548 OFREMF IR BUE bR IS FE M S
THY | DIRRECHEEE R LMD STV B b DO BB AVERIE] LK & v 5
BH D, A% BFOBNSICRT 2EREE T — 2 2 &L T\ L L big,
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BT — & OWREE 2 0 LS LERD 5, X T, MK FICHRE S -EHILN
B 2T ATIE, Araki et al. Q01D ICTHE SN TWA L HIZ, NP -<
DFRYEIZE BRI WEOHEREBN Y 742 A ATEHHSHTETWH2, @l
RVD I A% S DITRIRICIERT 2 & & bICEMBEZ N LS 08”5, #
7l S iz N-net OV IZ AT 7R FEBHBE O NLRIC DWW T bk 2 MR D 5,
Fiz, T L— MERICET DEBEEEDIRICEET 2 20— ) v T O EEERA
HHDHZ LTk, HHHIETOOTHOERRNEZ T =X —T 2 FEEMHLT 52
EARDBND,

OMEDZHMEZIY AN-REFTFHEOEEHEDOM L

INET, T FEOMREDIC LV ERS N DIR EWTEOED EZ RO S
T L (B ZIE, Dieterich, 1979; Ruina, 1983) 12 < MERAEY A 7 LD
a2l —va RS EIThTETERY (FlZIX, Tse and Rice, 1986), D HITIE,
AT X D W8 OMEE OBV RE T 2 2R fER AN — v ERTiE b b 5
(B Z X, Rice, 1993), 5k, WELET VICHT A E BB I TS L L biT, kit
ROEHEFHETIL, 20X BRYHET MCE S I ab—va il Lh ., Z5EE
Fr ol E O MEBESCHEEOHEBN T — % 23T 2 HERE S TV A& ER L. FH
EIToTHL ZENEEND (FIZIE, Hori et al., 2009 ; Hok et al., 2011), L7A»
LARRH, o2 MEOHEREICIIRY RHL L0, o< VTRV EDT L—
NEROSD EVEBIEOBINT — & OB MREECHRIE L HET 2 2 LIZNEET
bHZENS, BIEOEBTIIHEORELHNT L2 T VA2 -2l ViAL 2 &
FIFICREETH D, L -> T, BEOMBERABRECHERD), Mk UK
AN EZL < OBIHIRLER A FJE 72 < BT 2 EHEEOSWERBO T Y AL,
EWFHIIENA LTV ZEREETH 5,
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