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TG & DRIRD R SV CTV D (Bl 21X, Yonekura, 1975 ; Aij4s, 1999, 2001, 2006 ;
KH-/NEY, 1994) . F72, ZRHOMOENTIE, F3F H2H H2HETHEITD
KO, B b7 7 THRAT D HIERICHE O Bk, MBI O ER R S LT D,
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2) BEENE

%ﬁh?7%w@%ﬁ@t%®@wﬁﬁci NT 7L FATT D LIS HOE
M EMEICRE L TR Y, A OIRMEEERTER S L TESCRARE S Tw
5 (Bl xix ﬁMi# 1998 ; HHEIHEWTEATIES, 1999), ek S OWEIL,
IEDBR AT A Ml ais LTF L — MERNO O, JRAELZbDE LT, 7
L— FMRERTOT RIS RIRIZ2IEB IR ICHBL L T D D B X LT
X7 (B ziX. Yonekura, 1975),

AR, MBS O B 5 fRRESE T — & 1> & 15 D v 7= MU {8 o0 NE AR 72 HIFE 12

\@EﬁmEGiDﬁﬁ&7yt/7#ﬁbﬂéio_@of%k(ﬁﬁ-%%,
2010 5 ¥ 2-1), 2D X 91T L TRIE S 72 B HIIE OO 2N O RFEMEZ b |
W25 O W - FEEHIER ORI & ORISR STV D, FHEIEA (2011) (X, FEifE
kT 72 AT D UEIEIE W XA IR T O il Tk /e < . 7 L — MEERHIEE OB
[CHRISICAE U7 BRI E CTH 2 LR L T\ 5, F7-, M~ REEF M~ fl Oh B (2
J T ORBEMSMEI TG/ TH 2 wTRENE (830K, 2010) X, AR X Y O HEHER O
B BRI AR —F P & M O AT AV EIE W B S FZE L TV D Z R bR h
TWa (FEIED, 2011),

ZOIEH, X0 EEEISEVIR R CIE, HRE EORAICBE 5-T 2 MRS W O 17
TERER I, L — MERNOOGEWNE S L CGRLHATWD Bz, SR,
1980), #x1E. =EF¥EOEMRMEEOBEIIImALEmMOFEENES LT 5
EBZBNTEHEY (MR, 1990), F 72 EFANREL TS B H O R E 23 HEE S 4,
1946 FE=REFI R MEHIEE & OBItR (Kato, 1983) CHEFB /34 & OBIf% (R4S, 1988 ;
KHE - /NEYED, 1994) ARSI NATND, Zbid, Wb BEMTEERT 20 TR
<. 7b— MESHEEICH: O BIRIIZRIEE & 72 ST D

(2) HhTHEE

1) FL— D

T4 VT L — ME, ARSIEORMANATE L, RN 7 BN T 7,
MR, 7« ) E U, ~ ) TR, PO/ NS IR S DR L — b
Thb, 74 VMW7 L— NI, FEE N7 7 T, WEW RS HE - 76 B AO I
PAAA TN D, BHC, arnw;& OUM - /35 ARSI 205 s (B o s 8
WFEDO7 4V BT V— ME, BUUEOREEWFILS ALK (F5E) & LT15Ma £T
#k%mffwt&%z%hfkw(ﬁ £, Okino et al., 1999). J&IHL & LT
HNT L= ERRFHALTND BB RERFFUTH D (EXDOM 1), THFE, BHEHAE

DR b7 7 OWRTIE, 74 U BT L — MERIARII Y O ERHLE
DA T = A LOAZ FEH L LTckk 2 BB TOTE TR, K FEMk
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HUERIEECOH FAEE ORFESH ST 0 oo dh D, LT Tk, S IiciH 672 -
TE 7= Z OO FAEE DRHEIC SOW T HEICE LB 5,

FAYE N 7 7 D ORI IRERT CRASH el TAEE 2 A L TR Y . T ORIERFED,
WERNE KRB OREE O 7 A v b (JHE) FEROBHS, SRR ERMETR A X
— OFNE 2D 5 AR R STV D (Bl IE, &, 1990 ; Wells et al.,
2003) . MEHEIZ I DR 72 FREE D —D2 & LT, IO AAHR B ZET b b,
EQE§$Fa>j:ﬁE%EZQ (Kodaira et al., 2000) CREEFIfE#: (Nakanishi ez al., 2002) J&

B HNLTHEZ HWTAEEEREORR, 26 ok FIZiX, thAiateyg il &
E‘@bhé%m@?&% DD ENHLNTIR STz, Fiz, mwINEEICIE TENEsE] &I
XN DML OE 72 V) BFETET D5, BT FICIX 2 AUCHET DU 03 0 iR Lk A
ATV D (Kodaira et al., 2004) . —J5, WHMPPPIZIX, BAZE 7R ) B 4 /=3 Hiueg
DMFE(ES %725 (Honda and Kono, 2005) | HEEHRA DGR, I O I EF I ITHIEE
MR TIRD 2 B E RSO NFET 5 2 LRI N (Kodaira et al., 2006) .
TR ﬁ@% CHMEHEDO®E 7 A MERE L TMESITONTWAEFTTH

D, ZORGERE L ORRRER STV D, BRI Tk, MiEREDOR R, 194445
%ﬁﬁ%@%%@%ﬁﬁw 7 L— MEESRWIE S 05 Wﬁfﬂffﬁé EBH B
M 7p o7z (Park et al., 2002) , MHER E KRR AERFIZ 25 4y sz W g o1 1

SRERECHE O THIICEE TH 5,

fEk, VHRE H AR TIZILAiATe 7 4 U BT L — D OALE - TRARIE, BRI 2 i
BIGB DDA IESWTHEE ST (B2, (Ll - KIHFEH, 1985) . LavL, 7
FMAARDHEKE L — e 7 4 UE AT L— ORI CTRAET 2HETD W=D,
EINTCWTZET /UEERO L RoNT-®EOETT VICE EEoTn iz, —F, #E
I CIIAEERE ORI DL AAT 7 L — N ONLESHEE STV, — i
PREMR I » 72 IR TTHI R ER O T - 7=, Baba et al. (2002) TiX, #EHHTO
HECTHONIAEREZZMCHIT 2 & &b, BEkoMERES > MEREG L, 7«
VBT L — b ORI A ER L T\ 5, £/, Hashimoto et al. (2004) X
MR & HUBIEE 226 7 L — MEIRET VOREZIT> TV D, CHFFE 755@1}&
U7z THUfE - SRFEE - FEvip s OB MEREANATF 78 ) (CERR20~244F ) T OREIEMNT D
FERDN D, H A B U EFPIZNT ThAATe 7 ¢ U L7 L— M, PUEE @
W OWEHR O | YRGS O DEBR ) 28 TN« X T A iEkE OV Higs~

EBELTWD Z ERHAL NI o7 (FpPEIEZDN, 2011 ; K2-272), Z OB O Vi
IX19684E 0 H M HIE (Mw7.5 : MwiZE— A2 h~ 27 =F 2— ) OFT 0 Ik ik &
—HLTWD (K2-24), £7o, JUN - 37 FfEsafhmix, FEIi e THIER O
ELAVRS . T L— MBS OREDRTRN & WD FFEE R LT D, 240D OFEM 7R
EAERICESE, BIE, 71— MERETLVOUGTRED ST D (FIZIE, HEIE
7, 2012),
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F 7o, BRIV Ci, AR OB T — Z & O TSR 2 AT D3
NTCE7=, ZOEEOREWEHECE LT — &%%mKV/—A%ﬁmﬁﬂmz
Shiomi et al., 2008) PR HFE NE 2T 7 ¢ f#T (il 2 1E. Hirose et al., 2008)

R N T TN DkARAT T 4 U BT L— NI, BRICE AT
WThD LRyt (K 2—3)0 INE TOMPFIC L VIR ESNZET T LV
HIZEWNIERS OO, KFIZ WMLTWA,

_0;9&7v—h%%@k%ﬁ%m&\%@%?7T%$Téﬁ%mﬁkm%®
FARRRUZIE, ﬁﬁb\%f—?ﬁ%ék%z%hfwé FRIZ, SRYEHIEE & P E O R
DOBEFAFTIZA Y 3~ 2 il 2> S AL GKEELIC B 5 7 L — MRSV TiE, filx
X Ide et al. (2010)I2L>TF L —k ﬂ@hﬁ#énéﬁk BUE b dam S AL T
%o ZOHIRIZEBT DFEM T L— MERIE, FEYE N T 7 IO OWRERE KR O R A
HRAZHET 2 LTHETHLIN, ELEFHICHHASNIZLIETEAT. A% b ELNR
P - BRBMETH D,

2) +Z MRV IKEEfTAETOBERAIFER

FAVE N7 7 0TI, E ERRGEEEEIGE (I0DP) o—Bg & LT, 1944 R
HIEE ORI T b 5 REEF L ©, FEYE b 7 7 MIER AR OWIEIRE S Thh C& 7,
ZIZTE M7 T7ERE NS i (Park et al., 2002) fHETOHEHNICEVELR
FEERIZOWTIR RS,

IWP%N6&M@ FEVE b 7 7 MRS AR R IRE R CIx, HIERGET R (B 9w

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

DIZIE, I mOTRYBRAKETHL EORALH D, ZORFEMEL., 2011 FK
A5 A PR O BRI B AR C MHEEATT £ C FARMIAS 50 m FREEKERBE L
7c (Fujiwara et al., 2011) Z& T, EXV BWEEEEZ IO LI L 2EET D
LW N T T TRATLIRMBIZEBWNTS, N7 VI TRERTROBEL S
ZEIZRY, EROIEELL EOHER N E U D AREEDR S 5,
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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,
T DFRAEDHEFER I TV D 887 - FnHIELIF:, 1096 4k EHiEHE /R & /b7 &
b 8EIDOHEY A 7 AN ECT-AREERH 5 (XD 2) |

684 FE B (Kik) HE, 887 4 FHifE, 1361 4EIE R, 1707 £ K HIE, 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
FATWEFREELEZ b, D7 b 11 ibdKb v ICmlfEN A LZZ &1
MEEE SN TS, FEEOIR T, EPHE L TAMBEORM &, SRR/ &
D ThH D IEFHELIMNE, 200 FFRREE ORI TRHMEL D IKL TWDH X IR D,

HOEHUE ORI A R & 3 R IR, H AR TIEER D B0 < 72 D 72 D RR sk D B IR
TIERNH OO, B R OBAEFERTE L IZRRFICHEAE L TRV | KREME, E¥
HI5E, 1498 FHYLHIGE, FOKHIGE, LEHE, BAHMEIHEEA I TV, Z0)
B EKHEE T M - RO T OIS — FEIAE L7 2 & AT (IREIED,
2mm FAYE N7 7B DL EiR KB OMETH D, AE (KX) HE, S

R, EHIER & EOKHIER &[RRI 7 O RIS — LR L 72 B Th 5 & S, K
Eﬁg_%%@ﬂmﬁbﬁé(ﬁﬁ,w%h

WEDOKHEIZONWT, B RMENZEO—MEGETOFMOX G & Ui s 7 7 ik
WORMMBTHL20E D, 728 7 7NV OMBOLGAITIL, OB MN L =
PN DWW TORRENERICH T > T i WEHRUICE LTI I A (1999) A1 (2002) |
FHEFE (2003) | ITHLIRIZFAESE (2003) | Ishibashi (2004) | #AVE (2012) 7@ &
BB LT, £, FHEBEO~ 7 =F2—F M) OfFTFHE (1999) 28HT 52
Ll LTe, 220, BB T D X 912772 1885 4FE L V) BiDfAIL, 1885 LA
D b DITHAMEHEMEN S 5 2 LD | 1884 4ELLRT D M DI LASHEMEDME U &l L,
INEM OO B~ 7 =F 2— 8 (Mt FEs, 1999) 20, 2552 L& L,

FAVE N7 7 THAE LT FIRetE D o 5 KRHIER I, 1498 FFELIBRIC DWW TIE, 5 [EIDHIE
YA 7 IDMEN TS, 26 DOHIFEICOWTIE, RIS JHR 225 5 %
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F 2 EBEORIKOEREOHSAANDLRE LTz, BEICEL L, BESAAD/NZ —
FELTWTHEE (ORF) PHIEEICE RS> TV ENALNTNDSZ EICERL
77

1498 HOHE L V EICEE N7 7 THRA L[N S DX, BEFH B
DRFESILTWRNE D EZOTABIOHEY A 7 AN MbITW5D, 72721, 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 TITFHMEOX G & Lc D 5 b, AR (FvE) HE, F (Fi) R, kR
(i) R, FEfn (REvg) R, B (Rifp) MR, DUCHVEHE, BREHE. K
HRR . ZBORME - B HE . IR R . IR R HLER O & HUER D R IT DU
TiX, AFIZHT LWIRICEE A R & & i, BIRICHE I LE L L DT,

1944~1946 O MIE (IR EEHIEE B0 R v

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,

WAFN SR FE VG MR C i, HE S, AP b OB O KR EE B 72 (K
3-1) . HEEOBE L, ROPEEEEINE T ~9InIZE L CHE, 1974) , EE 55
FY LA b & 70 o 72 faPHIE, Jralih s o0 —30, AL O B ARG 2 & ] LB IR £ TR
BTH DM, BE 6 FHYLL & o e fiPHIE, S ERSEHMBEORFES, WWahE L
REMBNTNWD (KETF, 1968 ; X 3-8) , ZoOMiEIL, %ibd 2 REREHE &
L CREOREWFEIFENRS  BEOm I bR/ STV 5, HEREIEIX
Wﬁﬁ%%%%fiﬁﬁﬁ@%%®%ﬁﬁ@*%Lﬂﬁ%bﬁ#okkb\@ﬁﬁﬁ
FEWEINEDHSE L THEESINTELOTH D,

WAFNREVEHIER Tl HEEATUN D B BRSSO KRR R -7 (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,
VOLEIRT D« HGED, ACOF B R ONTaE - HPIE - PO O — I RO (A&, 1968) |
JHIFNT R 6 9 S LL B L o Te i b b o 7o (P REERE, 1946 5 X 3-9) .

AR B B v N ONEFN TR HIEE (2 S\ T, 3 1 BRI & 9 1o, R A )0
W, HBKET — % Z Wi flix ORFET LORHEENTHhiIL TS (X 3-16, X 3-
17),

R D OBRAR LK DR EE A . MBS A B SOHE OFLERIC S W THEE Sz

BRI L OEFRE TV (K 3-14~K 3-17) WONCHEE SN2 M 2 F 2, 1944 FE KD
1946 FEOHIFEIT, FALEIURFFIFHEE (FEC & DA 2 i U Ok 2 » 7o RHIEE ;
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1944 IR FEWEHIEE) | FEMEHIEE (FEIKA & BAHEZHLIC LT Z o 72 KHIEE -
1946 FERFIREHIEE) TH D ERE SN, (EXDOK2)

PUTFIZaR = 2 B HE & OV R OFRE I35\ Tk, RN vt 58 & WP D e v
HRICE T 2@ OB ENM 2T ORLE Lz, 72720, BROmHET, 2B
HEHEC BRSO B NS NWEB XN TWAH Z &b, %ilkd 5 1854
EORBOMHEIZI T HHEOFECEESMOIETHRZE L,

1854 FEOHIFE (CLZBCRMEMIGE | 2B AR
1854 4212 A 23 A (ZBUGE 11 H 4 B ZBORIEHIEE) KUY 30 Rff#1% O [F4: 12
H24H<W5H'£ﬁ$ﬁw% ICKHER B o7z, HART, BABRBHOr 7 i
THERETHELT 0L, KM TEEERLERE I,
23E@E@%af@\ma%%¢%%%¥%if®k¥#m%%ﬁﬁﬁ%otﬁ\
W2 HREEE (BmR) £ TO®MATIE, TOEIONMIXY 7 AR E bR
Wﬁ%%@% EOMRfGENZ D (K3-3) , “HERO—EHTIXEEOESIL 10 ni

U7 (BRI, PSS, 1980b) o FEEE 5 59FH Y LL BIZ7Z2 o 72 LHEE STV D HiPHIE
fofrfg . Iy T OKRE . KOBIR A O—HTH Y | EBE 6 BT 6
%ﬁ%’&ok&%ﬁéhf“éﬁﬂﬁﬁ%@%ﬁiﬁﬁ%$%%ﬁ@ﬁ@@*%\
R OB I KON, N MR 7 IR TS IS oo b H D & ShTn
% (FE3E, 2003 ; I:Ho) .

24 HOBMHIE CIX, JUMBGH b7 < & b fd B R £ TOREFEIR A2 3
W7z (FIZIE, P, 1980b ;5 Zeds, AP EEAGHIR R LV RIZHO>WTIE, 23 H
OHIFEIZ L DEM EXBBNETHY . Z Z CIERIRSN TV W2 & IiEE) (K 3-
4) o I OO S XY [E O KRR B K O T AT DAL BN E Tk, 4~ 8m i
LI EHEESNTND, BESIHMHYLL T o7z EHEE SN TV 2 %ML, UEZ
HUOIZTUN R 2> B R E LG | JESH G OV CTH D | BE 6 TR IL 6 95F8Y & e o7
EHEE STV D HIPHIT, S0, (85, K, fIf LA ROBERT R ETH D (FHE,
1989 ; X 3-11) .

I DEER ORI OFRFE 34T, R O FLERIZIE S W THEE S 72 BRI L O
BEFRET L (X3-18) | WONCHEE SN MIZE D, 23 HOMEIIHEHE (LB
WEHIER) | 24 H OMGRIIFEHER (ZEEEHE) CTo o LRE I, R ClIiEK
E bIZIEREAERIRE o7 & & % bl (Ando, 1975; FHH, 1981b ; Ishibashi,
1981) (X2, XK3-18) .

R, WL, BRI mEE I, E L OO TOEE O S 2355
Molo Z & | BEEEE OSI CORBINR RN Z &7 B G | FEFROHEE O BEOREIFH XX 3-
HIZREINTE DXV Koo mREHER H D Z L ITIEERLETH D,
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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 ECofMTIE, £ 0/ ONMITLZBHENE S ARk TH 5, Hi
XDUE D S FEEE (B ORWEETE S 5m L FIZEL, kRO RET (=

HIR) OFATIEI8~10nlliETHEZALbol bHEESN TS (Bl IX, P,
1980b, AF FiZE7>, 1996 5 X 3-5) , F7o, mZEIRIR LU AR, WP NIE° KBRS ©
LH MR LV EEOEINRKENE N FERH 5,

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

. BERE D ORI RBORMBHIE X 0 /S, Fi2, EE 6 WD 6 9HMSICR o
k&%méhfné%liﬂMﬁ%#%%%%m’&E(ﬂ&ﬂnﬁ BEETHYIC
2o T AIREVED & D BT LB IE R X 0 e < | WINEFO—EHOATH D (I3,
2012) .

SR D HERE D BRI B OB EE 5 ﬁ I O FERIC %ow(%méﬂt BRI K% O
ERET LV (X 3-12, X3-19) | (CHEE ST MIC KD | FEviEHE & SR
BEI S — B Wﬁbt%@%77f@ﬁ%£wkﬁ@@ﬁ (EkHEE) LRELTE
(EXDK2) , 7272 L., HFE TR O e £ 4 W PR C LB IR
& RSB O B2 5 Z & (THIED, 2011) | 3 0 BRIV Sk T OB A (1
ZAEL, FAESE, 2003) [TIFBRICE LILTEEMET TRAE LZHEIC I OHEBRALT
W2 Z B EVHIALCTRY, ERE X 0MEOERE CId o HEESND
72 & B ZBORME - FEO 2 HUER O FRIRIR S — BE TRk L 72 HUR TIlX 722 2 L 34E
STV D (iEDy, 20105 FA7F, 2012) , L7=A3-> T, mMifE b7 7 CrXEAHE

TIE< | ZRRREO KBNS ALV IR L TE T LR X DMERH D &l S
ns,

¥, JUNBE OB s A3 5720, fHE (1981b) (X5EIEkA D55 DEJR D
TR BAMOFELOFIZERE LTV D A, 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

1605452 H 3 H (BERE 94 12 A 16 ) [ZHEEIMENDH - 1=,

Z OB IUE A S HHE O KRR 2 B =T IR E SR A W R CE D o T
(PR, 1975) o LA « FKJR (1995) 12X W /RS NTEE O (X3-6) 72 K HEHC
O FEFERERITMD TRONTWD, EFIE TiX, HEOR S 10 m 2T
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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 7272 & TOARKRLE S HI DR & DEEAMER /2N &
HIRIC K 28 4UTd o 72 & LT HLRBORME - MR CE K IR . R SR - Fa Vi
HEIZH AT THroTe L 9 ThH D,

BEREHEOEEHEDOFRIT, BEOREEN 2N ENOETE N7 7 TRA L
e 7= k%x%hf%t(%zi HMEFHERES, 2001), UL, KRRy (FLER)
NHIUNZHEIE DN BIZE LN 6 IR DET RN G, BEHE b T 7 LA TH
LT HIEE, &)6b\iLﬂ£‘($¥BZ'C“&b7§>EI EMEBLE TE ARV, Szeliga et al. (2022)
X, B ANAERMHE CRA LTCHEEO TR Z IR L T\ 5, 207, H AT
ZDO—HFLET OFHIICH T > L, EiE N7 7oilEoMiEE LT, BEMEL &1
BLEEERVWGAOMFEZERETHZ L LT,

1498 fE DO HIFE (B )i SRR

1498 49 H 20 B (R LIV AJE ; 2V v AETIZ9 A 11 B (LT, [RERIZED
#) ) (BSTHE8H2BH) ICHERH -T2, TIETHEKTH - AN, =
DOHUE LI E > THUITHE SRR KK ERST-ZEDREALTH D,

Z OHIFRITHE D T, APPEENOEREE (THER) OnFEzEy, SEEER
44 151 E 3 Tm#ot(ﬂ% 1975) . E£7=, #RH (1981) TR SN TV DHILD53AR
T—4 (H3-6) ICESTIX, 7TV b OO, BEEO®E I ONMMITRENS
BEEHE TOF lfiwﬁﬁﬁﬁﬁ CRIBEDO LD ThomtHESND, BIE
SIARIEL WD 5 44 E T OFIPH CIXERI R HIE S I RRETH D (FHek - K
E%E&ﬁ%ﬁ%&,W%;E&«nokﬁb\%%ibﬁmowfuﬁﬁ®%ﬁﬂ
&<(mm 1981a) | ZOHNOHMITHIW TX Z2uy,

@@&@ﬁﬁﬂﬁﬁo RREEO3AT . I DOFLERIZIE DV THEE S N7 BRI L OY
%ﬁ%Tw(I&B)\w MCHEE SR MIC LD, R CTH 2 LRRE L, Ik

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

B HIEE TIAL B & o1 5 B & CHuE g E A KON, BB C OO HER 13 5 Ak Hu s
REXVREWN, FFROT 4 VAT L— FOFLWEAIALZO &2 D ThHh A D 8
M5y TEILNEA, 1998) #ERE L THAELLHETHL L5551 (BlxIX, P
5, 1975 FHM, 1981) 23V, ZOHANT L Wb 5 FEiEHIE Tlde W AlREE S
BH5,
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1361 FEOHIE (B (BEZ%) OHIE

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

ZOHE T, HIEIEMEE, maRINE, KRR EE2E-THEY (B2, FH%E,
2003) . FEVEHIE CH A D LHIEIN TN D,

F7/o, 13618 H1IH (7TH24 H) BIRICEEL TWDLHIE (B4EHBAH) 2K
MR (EERVEHE) CTh o & OFE A - 27, 1998) oV . Z OEIZHEH
DN o T FTREMEDS BV FIER L YR 0D R AR C oD iR S B 500 AT C O RS o
WA O T, AWBEBEOBEERFE RN LD FERMEIC L - T, 1361 FIT%f
HTED2HBENHEE STV D CREIED, 2008 ; fEFfIZ2y, 2011) .

1361 4E LV gijD 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,

DX, HEOVRLNBESHS>TWD ] ESNTEXZmENT7 7OMETH- T
b, FOKHIE - ZEMIE - WBAHEO 3EOMEY A 7 L X0 aiOMEICE LT, 5
(BN D < 72 5 HEHERIZE LTI L b R O B 2 MG 23 E L T 72
VW, TR 100 FFREETEA S TNDH DI TH, FEEIFE U X A 7OHENIEA L T
WEHDITTH 2, 2, EAMBLEED 3ENZOWT Y, B2 ORI R > T
Do SHIT, BB - MO 2 HEIX E D O b ZNLARNCRAE U mHhE ST
HEHIER & BE R THIBEA NS0y, 30 E#F'ﬁ@ﬁaﬁl‘m“(ﬁ%bﬁﬁﬁ@ﬁ{ﬂ P VA H R L B B
PENPRKE L, FEEHIED 2 BRIITEEBEL VI M UL EOHENREEL TWVD, %
7K HiE= i@+#%@%@@ﬁE@I@AiT®EWW* T NENWN 272D, E D
WA ENRKE oo, ERIITEWEROBE O R &ITLBEEHER LD KEL &
FEEF OISR O RS & LB B E LV Ao 7o 2 E R LRI S 0D, e
AP RITIR 722 & CII LB FE IR 0O K 9 Ze Bl ORI 72 < | BRI Z2 B - ma Vi
HEE OB ER) L2 b O TidZevy (fa, 2012), FAICIEE LT T M6. 5
BREOHENFEEL, | HARICITE LILOFEKEKBFAE L,

FWE R T 7 CRAELCHMEBETEE SIS LL EIZR o7 EHEE I LTV AHEIFI
BN D LN E COIRWHEPATH D, F7o, BE 650N D 6 WY L HEE SN
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T D FPHIT TN G 2> & BEWE TN B E COREHERTH V| FEARHIEERF O BUK K
TR BRI IR RF O 1 NS I O — 0 CIIERE 7Y IS oo bHEE S LD,
FEOMEOBESACHGEENERZN D 6 | MIEHIEE & UG HE CREBHELZ 5T) o
L, B (FER) o' DI O (B R) I CO®EEHE IS,
FEE N7 7 CRAELELHBEO R CEAMBOEEOBRBENKKTHY ., O
Wk, mINEED S RIBR OV S OWMEETTHSH (FHH, 1981a, b) , FEIFIRO FHIZ
DOWTIE, RBORMEHILER TIIBRNE £ T, BSHEHUE TIRO o B £ TE e naetE
NWbhn (MEREZES, 2001b)

JEE 50 FRER T K 2 HUER 0 BB R IR DO K & S, iﬂﬁ%#%#éﬁi%ﬁ%%@
FME ERRENSHEN SN D, LI TIEFE R ORI & OHESNC X 2 80E 054
R0, B OB EMEF DM 72 ENS B HRREOHEE D 7R f%éﬁ\$ﬁiiﬂ#
HELIEFITDAR L FICHRICE L QIR LHE LN D EHITHE S NE B IR S
ﬂfwéo:@k@\@%ﬁ%ﬁn_iéﬁmﬁ%_i@ﬁﬂﬁw\%ﬁﬁﬁ%f%%
DOHEEFRERIZIZH LBREDIXL 2E N DD, £io, RO BT LV | Bl E
MAREINTHELH D, FIIEL, #F (1999) 1% 1185 4D TIHHIE %%@b77@
HIETHD E LA, Wl (2000) (X0 FRAULEEIZ 0409 5 FEE W VE TR o
EX M BT o LT OVE BN L D L HER S, BRHEEE TORHIERENS 2 i X
28BN E 5N TS (Kaneda et al., 2008 ; HUEBEFIEZES, 2009a) ., F7-.
BERHEITHREHETH L L INTWDA Bz, HEMEZES, 2001) | i
KChol-rlgE LK D,

TR BEEFEERO & 5 HIFRIL, 90~262 FOMN (LEEOBERMBEZRNZ5E) T
FAELTEY, ZORMBIIXELDENRKEN, o, BERIBKOIANB D IZONTEH, —
EDRHEFEMEITIE DN ENEFNOHBIZ L > THEAN RS, 2O b, mHilg ko
T TR A TN = OHENEAEL DD ENBLHND,

VERT B ARNEEO HSN OHBEIEENER 35 & BEORE N7 7V O KHIED
AT (B 2 1% 30 4RI 50 4E[) L% (B2 1F 9 M= 10 4E[H) IR E HOME T
BEERENEIN L TWD &V HBF3E (B 21E, Utsu, 1974 ; Shimazaki, 1976 ; Seno, 1979 ;
Mogi, 1981 ; Hori and Oike, 1996) 723 %, HIZ, FUANT & 2 DJEDIZI T 5 A HE
B, [FEROMMZ R LTV D LW S a5 (B, 1996) b &5, M7 RELL EoH
EIE, 1860~1900 4D 40 £ TIX 2 [ TH - 72 b DAY, R0 FE VIR & OEFO RS
@%%@p%%ﬂﬂﬁﬁﬂ%&ﬂ%ﬁﬁ)’SET&okoik\M7&EuL®ﬂ%

X, 1854 FFEOZBUHEHIE i OVZ B IR O L% 6 I 4 1944~1946 DY
ﬁﬁ%@%%&UWﬁﬁﬁﬁﬁ@%6$% 2@T@oto_@i9 LR T 7O
RHFRORIZIZTERE HANEOMETEE NERIL L2 Z LMo TE Y, TFEOH
BIRE ORI S, BUEIXRETE b 7 7 O KMBERTOIFEHIZA - T 5 aTREME N R
ENTW5 (Hori and Oike, 1996) ,
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2) s - HEFZHFRICEYEESINLIHE

JEE R FEERIZ 2R WS O HIER RS, HIGR | HEE D BUIZ DWW TITHITE - B R FIEIC K
DA A IR ED BTV D
i) ERMEED

TN B R E RIS NG T, 500 HIIg R s HEE 4 2 0495, 0004 RiTLARE
fﬂiﬁﬁﬁ%%ﬁﬁéﬁéivtw%>(l&ﬂ@wl3ﬂ2)o

IHhBH0 ) BLIVUNEFEN bl (FRiR) B O FEMIE T, 3, 5004 /H D E
WORBBENFARLNTND, 2D D) HRFFROFEAILTIX, 38X %3, 3004/ LA
W27 b T~ 8EOHEHRBY SR I N TR Y | FAMEEDHE & [FIFRE DK
FRAE R B 1, 300~3504FFRE DREIIRE CTHAE L T D EHEE STV 5 (Okamura and
Matsuoka, 2012 ; [KI3-20) . & 5o, @A » MDA DL, K92, 0004/ H:
WHERENIE < | EARMEL BB DB TH - - aTREMES R S LT D (R « [ AT,
2011 ; XI3-21) 23, RWFTREL THLARELH Y . ZOREEE 7 7I12Bi1T 5
K7 7 ADMBELRT LITR G220 (K3-21)

PUEBGER 2 & - E TORFRIRMIZ IS 1T 2304 TlE, 24, 000~5, 0004 D
B OBENHEE S, BEYE (ZER) T34, 500~5, 000FFT O 72 < &b
9Bl ((EHJ400~5004FE[HIR) i = DOHE A HIfE IZFigk LTV 5 (Fujino et al.,
2012 5 [X13-22) MR FEOARHITIZ, 7 R DA OO JRE S ERR LT Seh i3 2 HEIHERR )
NHRESIN TS (Komatsubara et al., 2008 ; BEFIEDY, 2012) .

F GBI OIS Tk, B D 7 2 HERHEREY) (B A) OIFED R
NTW5D, BEEADOBENVFERIT, 2B T 24AMERKZR EI2 k> T, 12~144#
L1T~18tihfd (BE B FEAME) THY ., ZORMEL 400~6004FEFETH D Z &2
HEE SN2 (BT hy, 2011 ; RAEIED, 2011) , EHICENS O AITIT0THEEK

HUBRF L VB O KRE WA IC K > TER SN2 2 EA RS (Namegaya et al.,
2022)

DX D ICITEORHEREDREOERIC I Y JERRE L TR D B O (5K H
BT A) 1L, 300~6004FMECTA L TNDL Z ERHLNIRY DO 5, ZiUTER
FRERICE A HI OFEIME L Y bRV, LU, SRR TIHERAEDRE L H 5 12
D, FFEDA R M RECCRIT 2 Z LIFEE LV,

i) BRERUBEDCEEMEE

JEFBIRSC, SRR, S R OVENRTIR2E O JE3 T, miE b7 7 TR IR LIS L7
BOJEL OVFIRIEWIE OTEEN LD LB 2 HD, MERRE oA B 7 & ok
RO L~V TR SN D,

Bz X, RHEIRCIXAEDEEOREIC X > TGRERS, 00041, 0004-F1E O kg
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T (Bi4s, 1988) . ifz%a{%#é%%%mii@%%%, 0004EEIZ400~6004EF S D [EIFR Tk

VIR LR L7z (REIEA, 2008 ; [X3-23) LHEESHTWD

%FWW@%@%%ﬂmmﬁm:Lmm~&om&w:1@@%My@%ﬁﬁﬁMdﬁmﬁ$w§
ALTEY, 1EIOEEIT2 ~4nfifh & STV D, TAVUTHIERICEIE L7z MR
MR A RIET D LIRS TWDENR, ZOERFKRE LTI L — MERDOT D
2K DR Tid e <, BEHNZ ATV IETEBTE 231, 000~2, 0004 D [ FFE CIEEI 45 2 &

D, MERRE ECEAE AN BREICEE L b0 L HEE STV D (R, 2001 ;
[X3-24)

PETIREL Tl e L L ARIDOBEEA R T B2 N LB RIROHMENR LGNS,
THUHEFIR & [FERIC, FEHUSE VIS WE 231, 500FERE OB CIEEI L2 & %
AT EHEE SN TWS (BFEIED, 2005 ; Fujiwara et al., 2010) ,

— 05 BB ROV 7 JRTlE, MO SR IOV IR L AR T L EZX LD
J& LV RE OB REBE S (EIIED, 2007 5 /MAIRIE, 2007) | BRI - 7 Oiff
TERHE & & LI O rE i & oEE O TRt bR ST\ s (MERELZES,
2010)

PLED X 91z, HZA B ORI DR IC S D JEIED D%, Je BRI > CraifE ~
T 7 HDHNITOEN TRIMENEYIKLIEELTND I EEZRL TS, Hilkic
Lo TEBEBARZRY | EF-WVT OIS THERHEOEEREL YV BV, Zhix
W7 DAY ORI i7v—kW@@F@ﬁE@@@#%@LTmét@&%m
SNTEY (BiZ, 1992) | FEiE 7 7 OMBOKERICSEEERH D 2 L Z2/RE L T

%)O
ik\ﬁﬁ%?7’Wof@ﬁmﬁf%MEﬁﬁwﬁéh,%ﬂ%@@ﬁTi%ﬁf
HHZENDL, ZbIIEE T 7 E (L & T IR D AR TE & 5 D B R

WLV H ML HL (FHEIED, 2011)0

i) FREDHEY

PV JEE I CHERS U 72 MBI HERE D 03 MR - e - B2 I K 2 BENOCE R CRA L
RETICL > TRBEE CHEIZNTHB L2 DE X — XA FERES, ¥—EXA
N OFAEFRIIKHIE O A TS, HIEEBI O ATREME S @ W AT, iR R o
BIBREOMIIC L > THARERE 725, HARMHRBGE I 1T 2 HUETEE) O & W FEAN
(MEFAEZ EZ, 2003) (2B WTIEL, AT O WEERIZBIT 52— XA FoO
HEREAFEARIT DU T RHIE O F8 AL FRIRR Pl BriE B ] 2 HEXE UL SRR O MR T AL e =R
DOHEEDTHOI TN D, FEME N7 7Tk, N, ReBplE, = hiclsnw Ty —E
2 A NP DHEORAERMBEAHEE STV D

EINEE TlX, o D/NERIC kb\ﬁ_£3 0004l DO HEREM D3RR S LTV D (il
i, 2001 ; 3-25) . A6 O/NERITFEMICH S BER 2R ¥ —e & A FOE
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KBS BA e EORRENIR LD TH D L35 212, £z, BEMRNE 12504103 5 4315
Wikg (EIL1Z2>, 1998) IZHiTWZ &nb, TNHDX —EX A M3pEiE ~ 7 7 3D
T — MERHEIC L > THR L2 TSR @V E STV 5, IV T %ﬁ
CHERE U7 R O MR EE N —E Ch H LINET D L. ZOO/NERICE

2 —E XA ~OHEREFERITHILL0FAT, 360~3T04ER, 570~5904-Hi, 730~760$ﬁﬁ\
790~8204ERf, W ONT50~604ERT, 380~4204ER{, 470~B5404ERT, 510~6004E/T (ks
PEERFRFNLARYCIZ L D PEE19504E 7 6 DAER) & i, K3, 000K T 57—
A N OHEFERFEIIFITO~600E T 5 LHEE SN TV D

s (1999) 1%, ,\\ErF774tpﬁfﬁﬁﬁéﬂ7ﬁ27®ﬁ%ﬁ IHDSEX, X—EXA D
HEFE MR 150 ~6004FEFREE L HEE L TV D,

HEMOFHE L 5 7 A F (T 5 EEE T, 3UKDZ— B2 A 12535 5
iz CEFHIED, 2004) , VREEMEA FLHE O VCHIE A & H-Lm PEVETR O HERS i 2 518 L,
TNE L EIHEE LTI — X A N OHEREFERIL, BUSHIE, B (L) HE., B
FEVEHIER 7 & O HESS, BRI SN A EIE R 80 DHEE STV B e HIEE
RS TnWd, —h, CfE L BB CRR) R ICxfths s 4 —e ¥ A M
méhfw&wo

ﬁ\mﬁ%%WE%F%%@ﬁj kBT L— RERN D OBETE ORI AT
. BBl XHRCT I &ﬁﬁﬁﬂﬁﬁom%ﬁﬁﬁ@m#6 IS TR D TR B IRF )
ﬁ§?ﬁiﬁé§i17fb\%> (Sakaguch1 et al., 2011b) . HEHIFCEIFIZIE, WRIERE OUE H
IZE DN TS g (> R Ly T ¥v) MR é:hto
~ v R7 Ly F i3, e O AN RO 2 O L, FRIICIIEE A ER
HaivZeuy (X 3-26, X3-27) . —MRAIICHNTIE CTlix, 20 HERloO RSN HE TH
0, HEICEAHED HEAICETT LD, vy RT Ly F v Iid, SlklEols
B MEEBIC L VBRI, ZOWEOIEERNZ T B2 6N5
Wrlg EARRI O =2 7 TIXHEED D OEEFE 80 cm DXMICH R L 5D~y RT L
> F v NFRO B, g EAZIE OTERREHIAS #Ph A£AHIE IS L PEIEF 1950 48 (+£20) @
FRERTZEND, ZOEKEIXERREEEIC I VIESH L Ex 6T
%)o
L mWw Y R7 Ly Ty OFBEFERIE, MCHERIZESE, K9 3,500 FRTL D
#Jlﬁﬁm&éhfk@ ~v R7 Ly F ¥ nOHEE SN D 2 D4 W E OTE R
X, B D EI DTV DN R T 7 OERH-EBIZIE R TREY, AU DWW TR,
IRAHE D LW RE RHBIEWVER SWBER~ Y K7Ly F v Z2HB0WT, #HLW
IEENCPE S HEBENC L D dTWR IO~ v K7 Ly F v BT 5 AIREMESC, ik fE
PEIIEENT 2 0 TR W AREE M5 ST\ 5 (Sakaguchi et al, 2011b) .
ZOXITBRRTIER, F—EX A MYy FT Ly Fr DT —Z 0B RENATND
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TR0, HERRUBI AR TE R T H L TREME, FAAUEORE (FEAGEURH O BHERE O FTREME
MEFEE Y Y — B ROMIER L) 70 EORIBEN & 575, TRIBIEIC T S HERMIT, HiE
DWIE DR E - HIERDIEAERROHETE - HUBEBIOILN Y 2R+ 5 - OICA R & T
HBLEABNTVD,

(2) IEDHEFEE

1) HEEED

1923 405 2012 FEOFGHE b 7 7 3EF O MBRISENC DWW T, KEGYT ORI # 1 7|2
X5 M5. 0 L EDOHIED BR324 3-28 (2, FFZE 04X % X 3-29 (279, X 3-28
O ATEAERN T, RS & ORI E LA O B 2 IR 8L, B ko HiFE g &)
& 2004 AE DG B R I O MBI O A TH 5D, 70k, 2024 -8 H 8 HD 16 Kf 42
A LT B mEEOHE M7.1) 728, HA#ECIiIN. 0 2@ x 25 X 5 e 10~
20 AR 1 EIRREEFEAE L TNV D,

2004 = DOFLF - B BIR O MEETEENL 9 H 5 H 19 BF 07 4310384 L7 M7, 1 OHIEE )
BIAE D | 23 BE ST T NT. 4 DR KHENEAEL TN D, T O%OTEIIIET =
L. M5.0 Z#8 2 2 REIXFF 10 ALREIIREL TV, ZOMET7 4V BT
L— MBS CRAELEZEZEZLNTND

m&%@gﬁ%EmW(@nHwVﬁ F2— F— i) X & OHIEE R A= IR
X %K 3-30 (Z~7, BIEOHERA L — NMIEmENE - BEEsAELaT S IZIEFE T
LT ENTND,

1995 A LT B - IRIRRER DAL, A ARREEZ MR & LI @B )D& o

HE72 IR éﬁ/ﬁu»ﬂ%ﬁk{fbéht (Okada et al., 2004), ZiLOH OELHAINEOEEHIZ WY
B AT, @ OHEIESE) & 138 e D8k~ e RERIRE RGN B R SN L &b
%@%@%ml_omfmﬁn#ﬁﬁ%_kwgnf%to

PR AR FIZikAiATe 7 4 U ELET L— R ERE|I7 L — F EOBEROES 30 km
FHECTHRAT 2 RGN O B OIS 22 IR B0 1T, FE A LRSI E M E) . & 25 W IEHLIC
GREBAE B 4B & BEIEAL D (Obara, 2002), GEEKE B AKEN 3= B R md 0> & B 4% K IE
DR THA U, £ ORI AT LHEHERL B KR ORI & 72 2 B T IRIZ
M5 (11 3-31 ALFD), Z OfENEENIL, DUEPEERCR O B HEr, B & O
FTdDHDITK L, FEECHTAKE TIEFEF KT TH 5 (B 21X, Obara and Hirose,
2006), Z D X 5 Je sk = & OTEE) L~V ZARALE LT BENEEI D& 7 A 2 b (fE)
SYTMNFTERETH Y, 7 A b T &2 3~ 6 237 A TIREINERIL T 5, [EENANTESE
{EL7EBRIC, BT 287 A F2E80 CTEERBBEITLIZ 305, Zud, %k
TLHEM AT =Y v T A Xk (SSE) OFTRYILOILRIFE, B i S 4
TWALZEICERT L7720 TH D Z LM, WENRS A OFEM 72 fEHT 2 5 AR S LT
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% (Obara et al., 2011),

TREBEE BB 23 J6 42 L T D T, TETEE NS J L9~ D BRI, JEH] 20 BhI
LB L 7o RES AR AR R R R 8 B AR LT D () 3-31 ARVVEFD) . Z O MUgR IR A i g
RIOFREEMEM 2R L, BEmOERAN T L — FOBERA L ZE -T2 8000,
BRI L — MERHEICAET 5 EZ 2 6T D (Tto et al., 2007), ZDIEh,
TREBAS e T8 & A L CL Mk 2 A TH DM A — R Y » 7 A N
N (SSE) 33T 5 Z &3, BRI OT B2 HWZBRIZ L S Tn g (i
Z X, Obara et al, 2004), @IS/ HIFRAEBT —% OWfENTSH, 2O SSE 1L,
T4 VT L— MERICE TéWRRﬁO&E@LﬁET“DELT%ﬁﬁﬂ%
TH VY | Z OWrfE TR E B E S Eh I & 1 FIFE— 895 (B 1L, Hirose and Obara,
2005) ,

—J7, BHRAKESHEEH T D7 0 ) BT L— MR TIE, B A BT
Te o TRV ke 5 R HIAI7e SSE HAFET 2 Z &A%, GNSS Bl 72 K1 L filgqd
nTnsd (BlziX, Hirose et al., 1999; Ozawa et al., 2002), HyEHI) TiZ 2000
FEEE )N DI EL CRIAM SSE 2334 L-, Z O, A MEL OHEEE X, SSE
OIFB LA L CTE LR T L7722 EAME S Tn 5 (IR, 2005), B 7KE Tl
1997 47, 2003 4 & 2009 FRIZEDH 2 1R/ 5 SSE 2334 Lf:o Hirose
et al. (2010) 1%, D72 < &% 2003 4E & 2009 40D SSE DIE/E & [R] B H |2 1204 ) e 7k
B & AR R ESERIE L TV D Z 2R L TEY, @%%HL#E7V—
MEFUES £ CRELZ 52 5T XD 0RBAEL TRtk i s cnd

W EAE ORI ORI N 7 7 35T lsm_f@u%®imfwﬁioﬁ
Hitdsl T AT 10 FPIC 5k U 7 BREE e R I 2 bl 97 2 AR R R S A L TV D
(Ishihara, 2003), Z OHEOERIIIEFICE LS 0 A O Wil g o5 RS R

BT END, MIMEANTE TRAELT-HETHD EE X HIL TS (Ito and Obara,
2006), —JF. MEEMEGFZ A WEEOME TR, 2 b OHEN 7 L — FEERA
THRAELTCHDAREME LRI TEY (Sugioka et al., 2012), k7 7l TE
WIS D RS E I BTG S & 7L — FEE SRR O B AR EE & O BRIZ oW
TIE, SH%OMEHETH 5,

2) AR EE

[ - PREE D GNSS B, 1 EORZL T & UM i B K7 OV IE M 28 Eh LIRS & 2 /K
FF 1) DINEL)ENLERE 21X 3-32 (2, [E LHEEBED GNSS BUANC L 5 BT 5 1m o2 AL
W A X 3-33 12”9,

AKET7 T D it 25 (X 3-32) 1Tid, BEWTE 2 B IH[E, KAy EIZH0 5 IRV i T,
7' L— N OWFIATRAE D EMEIC L DALV S AL I OB R b b, HEEH
ABIOFER T H . B2 B EFHITHNT T 2 ~ 5 em/4FFRRE O P 5 m DK
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WY MABNELNTEY ( ERZT, 2012 ; Tadokoro et al., 2012), [Eiko>
GNSS B R L NG TH 5.

BRI (B3-33) Tl REPERI OB RTIR, S, ==, EWW?5mﬁﬁw?
DWFER R I, ZORMAITIE, WEN GRS, GHEEEIEIZNT T 1 en/FF2
FEORERN RSN TND

T E IR, [ HER R O K HER L K 2 BRI SR T - B vE LR A B A T2 S ]
WOEM E A OMRRYZ X 3-34 12771, =iz ks U CHEMEEHELL
ATETERE L QO R ARSI IS > TR Im B2 U, D% I1E 6 mm/4EFLE O E T
BIFEE TP L TV D Z N g0nd, £z, #IRIRTH 1976 L%, 8 mm/F-F2
FEOLRENIEZ 5T Y, GNSS Bl & ka3 5 (P, 2012a), =70
T 1947 FLUBFIZBR STV DR RN, RFET45 ecm 22 TRV, HEmEEHIE

P> THEUZBEBEO L STREICH YT 5,

(3) FL— MEBLEDEEH

FEYE T 7T, 74 VS L— MR A ARDOKET L — Moxt LTI~
PEALPE S NI ZMA A TV D, 7 L — M OAESHE LR R 7 7 O FGH (BERTR )
THARTHEE (FRFFRIRR) 2358 T em/4FERELSRD T ENHMLNATEY | IR TK
6~ 7cm/4-Td D (Miyazaki and Heki, 2001; DeMets et al., 2010), 7=72L. 7L
— DO HE®) O — LR & ORI~ L — R INEBOWE 72 E 123 1T AT A -
THEO., 2THEIE N7 7 THRESN TS DI TiEZwn, B, LRk v sl
TP OE R E ORI L > T, M EE R IIA 2 ~ 5 em/4F (Heki and
Miyazaki, 2001; Nishimura, 2011) &DFFEGH Y. FEWE N7 7IHWICHAET L HIE
DBETEARIBICEE L T D ATREER H 5,

AR GNSS BN LS < M BBy 7 — # b E SN D 7 L— MEOEE S (K
3-35, X 3-36) (2L D&, EFURAEN S BRI 7 L— FERTIL, FL—F
MOMKIEE D > HbOTAHE LTERBL TWDEEEZRT TR0 KIEBHE N 6 cm/4F
UETHY, 7 L— FHORMHEAERE R (7L — MEHEENEE IS 53~ X
PHEDOEIE) 8 LOIWCENWEBRZbND, BEERBKILIT L— FEROWER 10~20
km CTHRRERY, ZREVEHTIINEL 2> THES 40 kn TIXIZIF 012725 L HEE
X5 (Loveless and Meade, 2010; Hok et al., 2011)., 723, ~T ZEh{liTIcBIF
57— MEEE X, BROEON T HBREE T — 2 N EERSHET S 2 & 138
LWZ EICHERTO2RNERD D, K 3-35, l3%®%mﬁ%fik77%ﬁL@¢~
DRI K ONE BRI —EBE RV T/ E WA, HEERFO S TIX I [E Tk

BIZEFELTND EWIHHFFE (Wallace et al., 2009) HHV . ~F 7$Ehﬁ@?f“0)fﬁ
f”ﬂﬁ ’Z{@J%E/E'J#tﬁihé

FEKMBELAREOHIEIZ X 2 KHEOHEE TRV & (Ando, 1975) & FAMMRA O FHH
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ENDEM W OT R HEEIL, 94 ~8em/fFELRY, 7 L— MExEHE KO
HEOTRY RFEFE L FIFE L T B b5, BRI L O HEHE O ER
i (#121F. Sagiya and Thatcher, 1999) IXIAEDE A (X 3-35, X 3-36) [Z& £
TV DD, S B LLVE CHEI ARy LR IZ IV T, BIFEITE A LTV D EHEE S5 03 E
FOHFE TITHE SR> T2f I D Y | FRRFEAT 5 KR T, Zh b OfEed =R
Wl 2 DR B D

B AESCTIE PGS, FEH T D7 L — MR THRAT H RN SSE 1T, FITHES
2W%mm&§®l%%ﬁ#1#Eo«&%@#éﬁﬁ?%ib\UT%®#%%%W
LTWs (F3-37), LAL, X0 ELBAEMBELZET DL NG OEKRTERHT
LHETOOTHEMBL TND EIEHE T, _ME®%W#H$®k%E® =S/
BWICE END AT E R T R 2 EOIEMBHET RV ICL > TOTHBMHEIND
EWVO M GFORREMER B D, 7L — MEIOEE S (X 3-35, X 3-36) OHEEL ’Fﬁm
SNBIT — % ORI ITEBELIN SSE 233 E Lt B2 b, N SSE (2

2 O B DR 2 IR U 72 S5 8 70 [E BRI HEE S 41T 5, SSE FEAETEIDIZ & A
ECEBERIILOITELS  BITED L Z A, OTHOEMMMPET L TND L HITR IR,
LoxL, WEEEHO X S ICTHONREEZ R TS b0 2 ERMEICERELZOT
FZDOWTIEARB DT, FEROKHEOERIRICE 25 aTREtE H GE 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, £
DRl %5 L LRIl E 9,

@ i & ) O W Y o b AT

N~ BN R T~ - MRS I~ R 7 7 0 L 2 b EREDE
TR & 5 fEIAEET 2 ATREE DS & 2 03, BH2A0H RO IREE - BN BIRE T Tl
Rty LTSN D, 2O, B TIE, BRI N T 70 b Z 78l 5 & )] 0k
JE 5 2 A S A O & UTe, & L) IR AW IS DWW T, /v b 7 7 O HUE & s
LHAREMERH D, LIS TNAD Z & LY (MEREZLZES, 2010), EBRBICE D
Too Atk BRI GREIR O BRI B3 2 8 LWV BNVE S - RS TR EEICE U CER
i A SGET T D BN B D,

@5« H DI - X T A UERE D TE A AT HiL R

1707 5K HUE OHEHEREY 72 & O A A i 2 7201, SR RN LLVE o | A
O L ERIRE o/ b3 5% b 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
o, B, 74 VBT L— b OLHIATILEENE N 7 7 5> 6 B TERE BEHFIZ D72 h
S TS, L LI« 3T A WA DU A A S AT 0 76 00 B P 7 e S T O T
AT DRKRT 7 ADT L— MERMGESS, B N7 725 ERE BHE ORI h T
%7 L— MNERMEIZOW L, RG22 R A2R R OYE « B BIRE 1T
IR L snsg, Le-> T, 2o OMEOEHFHHIZOWTIX, 5%, #it
TRHRSRT — X OWEE - FEB AKX D Z LI LD, 2O FRE & HI SN D ICE -T2
RERCHMT 2 Z &Iz Lz,

@ ¢ FEVE N T 7 i

RO (MEHFHEZES, 2001b) TiX, MEMMTIShE2ER-IEH &
MTERNVTEOREIRTRYZE T L0 L7z, Z oA ¢
RN T EITPEAR 23 ARG RO IR ORRR D2 B 522 Cdh 5 (Fujiwara et al.,
2011), F7z. FMEIE R 7 7ICBNTH, WFEHEAR (HX 0 5] ICXHBEND, &
IZBWTHEHT R N H o722 & ERBT HERNE O TV D (Sakaguchi et al.,
201la) Z &6, A RERORNL N T ZHiE TE LT,

@b« REE A R D AR Tk T BR A3

RN (MEMRAEZES, 2001b) T, 74 U BT L — FDOILARIARIC
PE S BERHUE CHEED B & 2580 T, LA 7 0 U E AR L— h REOEHES Y 30
km FREFETE L7z, LAL, 7L— MERO LD EHR T, EERE R ME 238 4E LT
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WA ZENRHBMMI o7 (Bl Z 1, Obara, 2002), % 7= ZEHEMEE R AENISE Atk <, &
AR —2 Y v T LMEENL P D ELIZTRY HEETND I E B0 TE
7= (il z 11X, Obara et al., 2004), L L. BHIFRAT—A U v 12X - TZ OfEE
*fﬁﬁéﬂKWV¢@DoféwWQﬁénfu%ﬁoifi@u\@%nmetﬂ”2mmo
IO, WEBRVOBERMENE & 2581003, Z0OEE L5 & T 5 TOT AR
méné_k%&wﬁékﬁz\ﬁ%ﬁﬂﬁﬁ@%éﬁ?@ﬁﬁ%%ﬁﬁ%ﬁﬁwt
fRE L7z,

(2) @BLFS 7 CTRET HIRBEDZSHMEIZDOLNT

1) BREhED LM

FEXDOK 2 TRLUTE L ST, ERFEERD G BRI HEE S LTV D HIERIZIE, e
O (M) VEHEA R CE X 5 (MENEENT ) A LR EE B TRE S (M

EAGEE) L2V BHE . BIREABRMEBNE CETIHALZELRVWEARD D L,
%@%771%$Ltkw EDHRERPBIRIB DL W IZZHEMEICE ATV S,

O HIE & IS o0 &) - JEEENICBE T 5 ZARMEICBI LTI B AL TV D A RITEL
To#lY Th b,

BRI OHE & ZEOMEIIIEED), EAOHEBIXEECTH L Z LR Gho TN D,

IS OREIX, B CREE TV D 2 LITEEE Bbnd, /-, mEiEtiko

I, FIRENCHE SR AE LI mREEN W E STV (I, 1997), )
THolzrEIMITH LN TR,
-EJ? (BEZ) OHEIL, MR CTE S T\ 2 LidkE L BEbn s, JiEiko
BT, B OHED 2 ARNCE X /RN E W E R oo TE T (A
& -@£¢T 1998),

HUE DHE /3 D IE, A HUEE ORI O ZERMEN ] H 20T/ > TE TV D, Bl X
1854 22 BUREHIGE | 1854 A2 BV IR | 1944 AEIRFNI BB HIER . 1946 4RIEFNFE ifE
MBEOBE AT DL, LTFTOX KON OENAROND (X 3-8~ 3-11),

« BRI B P Y R U BRI D> B BRI IS 0 TV MER (BE 6 LLE) 84 LT

|

- HEME IS THROWENLS S 0V A by,

- R Vi MR C UM IR OO 5 IRV D L 50 2 USRS © TV 720,

DIED>, EAMEBOERENA (X 3-12) 7> HIXZBORE S M OV B R R 2 A
W2 MBS BUCHE) L7272 T < MHE ORI 72 o TNz rIREPE D R
INTWD (BRI, HIEDy, 20105 FATH, 2012), $7o, Ko ROFEMML CEKH

B HEHEREM DS R0 o 72 2 &2 6 ([AFNEAY, 2006) , 57K HIEE O PE i 322 B
FAVEHIER 5 0 FEIZJIADY > TV D ATREME M Ef S 4L T % (Furumura et al., 2011), Z
DX, FEXRMEBLUBREOEREIITD 3 HIEL A TH4 4 ODHEDOREITE R > T D,
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W W W W W W N DN DNDNDNDDNDDNDDNDNDDNFHE = = 2 = = ==
O x W DN H O ©W 00 3 O O b W N B O © 0 3 & Ot W NdD ~= O

FOKHIEE LV ATOHEICOWTIE, WEOE, &L bIZH2DT, #HEESNTWVDHE
IR DIRIR D IZONTIE S D EDRRKE VA, B D ZERMEIC DWW THUE A DR R
FENPDEONDZ EDBHLNIRS>TETND

- 684 FE R CRIR) HUBERDARE, FEAPHL CHLICHERS ) D3 HERE - 2 Hle 03 56 A L 7 Hiugs
(K HIER, 1361 AFIE: (FEZe) MR, AR CRX) HE) &% 5 TRVWHEN
ENGAYS)

-&{&ﬁ*%mﬁ%ﬁ:ﬁo#om& X, Aomo TOARWHIEEIC T, D &

b FE RIS P CHEE OFNE N K& oo b B BN D,
- SRSV T O EESI L CHEEHERE ) ORI b D HUEN R X TR Y | %
3,500 EfE & A D & FARHIE & [FIFREE O RIFL 70 1% 300~400 4E[HIRTHAE L
TWHEWIENndH 5 (MFIEH, 2011),
< FRAR L R AR AT (2 8 2 A BB R UE O JED O MEEBF OFRAEIC L 0 | B ERKOE
KR K D HE 2B 2 D B OB SMFE L2 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),
B OE o O HERE OFRA LV | 9 2, 000 AFRTICHES X 72 Hu OB, 4
ECHERREEDLNTWIZEKEL Y b REWATREEBEHR AT D (I
FiEns, 2011),
- S IPSCHIATIR AT Tl 1, 000~2, 000 4RI — &, RldRMENEE 7= L Bbhd
aﬂ%@ﬁx%oﬁof% D, ZNHIF7T L — MERTEESTZHEIZHE Y O TR, kE
T VVEERTE TG ANEE) L7z 2 SIS o B E#E A R L T b LHfEE ST
% (R4S, 2001 ; &FEIEH>, 2005 ; Fujiwara et al., 2010),

WEEF (2012) (30BN OV 20 70 5L O | AV N 7 7 IV Cie 2 D HIERIZ DU T

ZODEATHREHY | Kx ORFBITAMAIT, HR o TRV EWIFEZEEL T
5o ZOMTIEZODZ A TOHEIZS % 73 300~400 HEOHE D K LJEM 28> T\ b
ELTWD, — A, BRI EE - BAEEESCEKEZ S Y47, b)) —
BRI HE - ZEEEE L G2 (4 7 Th D,

PEDX oz, milE N7 7V TR E 2HEBIZZHENEHETH Y | FH—ROFHET
B U 72 0 S OB Y 0D 45 2 D RIS CHiUE 23 5 1 L %i#é&maﬁﬁﬁlﬁ%%
TV TITIAN O N E R ho TE 7z, L LB CIE, Ml b7 73 0nic
L Z D ZERD OB IR DI AERR A T 3~ 2 8 EH 7R & D WIX B E 7 L D3 e
MIITWRW, TO7d, WICE Z ZHIEORFIRAHE T 5 2 L IFFEFICHETH
5o
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2) BEShSHERE
iVERKY S ADERE

B O O—EGET ORI TIL, Y N7 7 TRAETIOIHEOR K 7 ADE
ke LCTEXD 2. ROFHO 4. (1) TRULEZEBEEZE 25, RERKT, B7E,
FHEICE T 27 — 2 03 HHIPHN HFHME AT ) 2 L D TE D HRKRROHFEZ RTH O
ThY, :@wl%ﬁzf BIIENIAN D Z L2 BET HHOTIE RN, 4%, Hilie
T BELNTGAICE, &KV T AORRKZEIET 2 LENREL D,

i) BESNhDE ﬁﬁ

PO X HIC, RICEE HHEOBRRBAZHE T2 Z LITR#ETH S, Ll il
PGk 2 %O N ORI EI L. T OMAE & L CROMBEOREFIL & 72 5 "/l HerE
Do HFEMME T EIXTE D,

FAYE b 7 7 ORI T 2 R0 i, amlEs: &k ch s (1K 1-2, FEX
D 1) . EIUDIEL, EENS HAVER, DA, B, RREER ., wINER T
HY ., ENEEHIR CERIR) - R (SER) - AR (EEniR) - wie Gk
W) - KER (ZER) 72 EOWMEROBE~ORV LI > THollishTngd ()
ZAE, B - i, 1989 ; 1L, 1990 ; FiEAhy, 1999 72 L) , T OREEREMN, W
TERMEORRE O 7 A b (§E) RO LARRERMEI LN Z— D
IR & 720 5 AR R S LTV D (B2 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 S I~
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,

SRR ARG D RS AEfER & B 2 H i C & 7-Ek (Hyndman et al., 1995) , %
TR OO SET DM T L7 L — FERET LTI, M (B &
O (P8 12, 7 L— b EEOEREZK 10 kn L O 25 kn (Zxbisd 5, 7L
— MO EE TR,
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SRR PERO MBS AL T (L — b EREOEENK 25 km) 2> HIEERIKSE R

RN O TR AL HUER & MR 2 AR IR Eh BR R 23 56 A L T 5 sREIEk o b,

P bZEE 2, B RO O—KET OFHIIC W\ CAE 9 2 BRI & o —
Bl&2FR 4-1IRT, ok, 22 TRTHEOHBIL, &4 OEFBENME ST L &
OHFEOHEE Mw) OFAMEZWNBEF (2011) 2V Mw & HEREO 27— > ZH|
PHFHELEZLOTHD (1K4-1),
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(3) MB LS I TRIZRET HRHMEIZCDINT

LIFCld, mE b7 7 TIRICEAET 2 HBEORAMRIZOWTORNE2ITH, BEE
gLV, B NT 7 TIX 684 OB (KEt) HIELIFE, M8 fkdE KHIFE2Y 100~200
ERETHERYIELIEELTND ZERShoTWD, ZHETHEE T 7 Tk, MEilE
Ik & B CHEE MR D K LR & TR0 | Wik o B EHE T 2546 & R EE
BWTHRAETILGEND D Z ENABILTWD, 7272 L, mHURkOHIFE SRR 22 B0
THRATHEHATEH, Mtk Tt % 2 MR AEORMZEILX, 2 E TRETDH 24k
FECTHY ., BYIR LA 100~200 FI2H~5 &+, £ 2 TE RETZED
—IET ORI T, FYE N7 7 IV 2 2 HIEE A | FE ik & g TR X 2 M
BEAGDET1IOObLO L L THIERAMREONEZT 5, FEifEHk & Ak T
A LT g @%iﬁ@#ﬁ&éﬁAiﬁ%@$ﬁﬁ%%wé’kkbko

FT, BEICE X ZHEORARRO A ZFIH L7 R AR OFRIC OV T
45, ‘E®*%&ﬂ?i/%%®ﬁtﬁ ROV A AHEFEEZBEAT HZ EITL-
T, MBI MR O A FEEM: S O TRl L 72, = DFRIC mm%ﬁﬁ%%%)%%
RN, BEORBICE YV HEZREE LTV AAEEENRS LR E, T — X DREES
ﬁ%ﬁéﬂfvék@\E$(%ﬁ)ﬁ%i@w%a%é%@&a@ﬁ“%é\%ﬁﬁ
BEGODLBEELEDRVEAREEROT— 2y FEERL THEEIT- 77, &
Sz, FBAEMBRICMZ CHEOBE LRI L BB AREROFHEICO N T H AT
%, FEME N7 7 CRE Z2HEICOWTL, BE 3 EIOMEICHE S ik ELET —% (8|5
#%%%@g@%&@ﬂhwﬁuﬁ@%@tg,MEwg@?~&)ﬂﬂ%ﬂ%f%éo
TOFT =R ERE 2, ROMEE TOREMBEATOHEOBEIEKTT D L0
) W EE R & ML AA A TEE T NV E Wl A2 T - 72,

1) RERMROAZFAT 55E
i) AEICAVSHE
FEYE N 7 7 IV & D KHEEIT., 684 D HEE £ Tl o THERR ST WFZER I Y &

5o EXDOR2IXZEOMERIEEE LD LD THD, HMEOMY K LUJEHIL 1361 4F
DIBE OHIFEE TITH 100 FETHH A, & D ATOHE TITH 200 F LRV, ZhudE
BRIZH#R D K Lﬂﬂ;ﬁﬁﬂﬁbotﬁ EMELHLOIN, L LAREOREICLY, #EAL R L
LTV D AREMED @, Bl Z0E, FLFEE 0 SIS T T O ET OEHE T 1096 45
K OG- 1099 FEFEFNREHIEE & 1B (BE4) HE DM O 12~13 ALY 2
TRILIER o3> TH Y | Mg b7 7 CRMENE X -l fetE M R ST g (58
JIL 1997), UL, HEFCIX ZAICKIST DR oMo TR, 27, 5
ZIR OV D —ERELET DR CIEFEAM RIS & 1T L Cuie\n, E oo, HiiE o &k As 5
ROMBENEZENTWDATREMED B 5, BRHEX, A CIRIZEALERTHY (F
&, 1983 ; #BW], 1994 ; IIA « FKJFE, 1995), ZRE - K THMVMEILICR#EDLZ &
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V) FRERIT RN, BRI OO RNz M i 2> © S FEIR F C IRV REE TEE IS K
LHENRE SN TWD (FIZIE, A - B, 1995), BLEDZ Enb | BERHEI
HENHETHD LIRS TR (FIIE, 5, 1994), thoriE b7 7R ot &
7o K MR &R B2 D RN B D, £ 2 CHIEORAMEZEHE T D8, LT O
50D —AZOWTCREMREHE LT,

(1) 684 FELIBRICHA L= T R COMBEE WD r—A

(II) 7—A 126 1605 B EMEZ RV -7 — A

(I HEORKEE LW EEbN D 1361 FELIRICHEAE LT EEZ W5 7 — 2

(IV) Z7r—AM» 5 1605 FEREMELZ RV 7 — A

(V) HERE#T — 2 N b HEaD 3HEE Hnicr—=x

2L, 136l E L VRTOMEBEEZ A WA 7y —Z 1 L MIZOWTITHEO R L LR b
HAREENENEBZ bNAHT2D, B2F L LTOREIZE EH D,

F A2 ITHW T =%y FERT,

F 42 EFEHRICHEAT S EOMAE

LB = [ |II |0 |IV|V
684. 9 HE. (R) HE OO0
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BEL LT 7 — A2 REOH R TR,

i) EETIL

HEORAFEEZFRTHEET /L E L TILBPT (Brownian Passage Time) 4347 85T
W (LR, BPTETV) W5, ZHUIHEREZES (2001a) T, HIEEOIAEM
BR2IE 5 FeatorAi & LT BPT /oA, SHEBL AR, T ~0fi, VA 704k O &
FREO A & LLERGT L. W BRROMERR DS B Lo & D D REIEE N D BPT 4341 A £
LTS ZERZY LWL &L TV 5,

BPT Z3Af OMERHEERIEIE, LT O L H ISR TE S,
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EHoXDRE SBHT,

HIEE DR ERIRAE (1) TH SN BPT HAICHED L £ 25 L. lEICHAE L s
OFAERRE T — % & LT, BEBKEIMT 2 - Licky Kilifep & akknd 2
LSTESD, nHORAEMBT = (T.Ty, .., T,) 3SR TN B, BRI,

Lualn = | [FTilna)
i=1

LEESH, MEFAEZES (2001a) Tt ZOLEOMEERILT R LEICL ST
RT A=K (u,@) DIAAEZRD 5 I71E% | BEENLTEE LTHRAL WS,

728, ERROBY T, BodiEEIRE D D MRS F THIER DS RAE L Qv &
D) TEHIZ LRI AV SR Cun iy, HEORAERMEO L 512, FIAERT —#
BBRRONDGE. T O KD RARFE A O R Z B EBEEICH AT T 7 e —F 1%,
WEDKFIZEN D ZENH D MEFEZESR, 200la), A t £ TICHIERD %
AT DMEE qtlp,a) &5 5 & BRATEEIRF 2 & T RE A £ CHIEAFAE L T
WSO T TOLEEREIL,

Lo(p alT,t) = {1 — q(t|p, a)}L(u, |T) (2)
LRED, AEIO—HBETTIE, 2 ORI & BEREEAE VT, RETTHIT 241
AHEEIC L > T, T A—F (ua) DFEERSAERD D,

i) HEEFE

a) NA XHETE

INETOEMMIICE W T, R A—FHEIITFICHREENHVONTE
(MERAZ B, 2001a), Hobikid, BT — 2 2l b L<HHT 237 A =2 D
WEEZ G2 DHN2FIETH LT, —RITBREO D 72RO AMB O X 5
27— 2% UL, HEERRELEIT R DR, /R T A —F DA FENEZ T & 72
WEOHKIN S 5, £ Z THBRIO—EHKET Tld, HUBERAEETT VDO/RNT A —ZHEE KL
ZDOARTEMEFM OV L LT, A AHEEEHEAT L (MEFHEZES, 2025),
N REENE, T A= ZET L FAE (FRioA) 2. BT — 2 b o
D CRERIE) 2k THH L, /ST A —Z ORELN MRS (Fhofh) &8
HT 2 R OFA R Th 5, 207 7 r—F Tk, B E OB ER0H %R o &
Wl FaiEREFAIME LTANTA—ZHEEICRVIAD DD, FFlZT —H
AR ON DRI T CTOHENRLE LT WHLERH 5, & 51T, X AHEEDOHEER
R D—DIZ, RT A —F ORFREMSZ FROME L TEHERR TE 200355, T
2L, Hx DNRTA—FDOREFMEZFMTE 2720 TR ENLEHANTHEB S
NDWROHEDIEMRIZONT S, ZORMEMNEZ S D12 E RN 7232 FTEE & 72
5o
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TD)ICRLULEMRETVICET 537 A—4 (u,a) DEZLSMIEL,. A ZOEHLY

p(u,alT,t) « L(p, alT, t) X m(y, @) (3)

EERED, 2T oa(ua) i3 NT A= (wa) DFFIDMATHD, ZOFEDMIH D
RT A= (4,0) DMABEDEEREHREICL > TEHAE L, ThEho/ T A —%
Ty b (U ap) (COWT, HEOREKER P, (k=1,2,...,N) #3545, ZokoicL
TSNS BOMERBEDOES (P, P,, ..., Py} 3. BAEHRETO L DOOMRS M (Fk
oA BT D, T OFRAEMBOELRSAMN D, £ OHFHESE XM 2 FHE T 5,

b) FHI7MDRET

AR BB DHFAIOAIL, 8T A —Z BT FRimS ARSI ME LTE
KM L7 b DT, FHRNMOEHICARF R TH D, Z OFFTAOBRRIL, FrloFIH AT
REZR T — X RO DRI FIZRB VT, #ERBRICKEEEBE 525, Ogata
(2002) Tl HHERHEOMBERAEETT M OWT BEOAAZ2E8A L T Y Nomura
et al. (2011) TiX, WEEEHRIE OMERAETT MTOWT, EEOFRTOAMEM %
WRRET L TV B,

BPT ET /L D37 X —4 (u,a) IZXT 2 FRIH0A & LT, SEIO—HUET TIEFED
FHIE R AR ARE L2V REERT M2 0D Z L 2 AR L L, REM I
BEHERDADO—2THDHY =7V —XHRiHmAE (Jeffreys, 1961) Z#EHT5, o=
7Y = XERIGAIE, BT O RERRBNIFOME (7 4 v ¥y —IFHE) IZESNT
BB ZOBEBEIENEE D L W FIRERED, FFIZBPT BT VDG, DY =7
— REFIAIATANEHATRE TH V| BRI TH 2 b Z &3
EOWRETRENTWS (Bl Z1E Chaubey et al., 2021), Z OMEIX, BPT EF /LD
NG A= ZHEEICI T D FBME LR LOR Y PN S AW S D ETIHEFICH
BThn (MEMEZAS, 2025),

iv) SRR

BPT &5 /L & AV TRt L7e, RFAIRESL (2025451 71 1 H) 7> 30 FEIHIC HigE 415
A BHEE (LT, 30 EiR) &, RA LR —AO0TE 43 ICE LD 5, H
D EFY | A RHEE F A O —HEET T, fEREIE O L /2 % BPT H57i 0
INT A= (@) DEBRSN > THEA ol & D B SN D AEMERERD
—ODIETIE L RN E LTRBND, 20T, # 4-3 11347 — 20D 30 47k
FIZONT, T0%IEHRRE (REBERRE) LI ORI 200 Lz, Bikm7e
SATARO— B LT, 7 —AMOBAEIH 4-2 (RT, 728, KO-, BAiE
XD RAEME, KT Vi MENRMICEOT I X LIRAETDIENE) 12X D
FAMELBEEE LTRPIDRLE,
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#4-3 FEEME N T 7 CWRICERAT HHBEORAMER (BPT 7 /L)

p . A% 30 I HIER NI AT D e
e o~ — ot =
PR EEEE L fos ;fﬁa@fm asenm | K777 [aﬁ%;)i;f;ﬁm
I 160.2 | 0.39 8%~20% (20%F2) 28?f§§§ 20%F2PE | 10%~30% (20%F2/E)
Il 182.7 | 0.36 1%~10% (10%F2EE) 18?%355 20%FEEE | 4%~20% (10%FEE)
I 117.4 | 0.20 | 20%~50% (40%F&EE) 48?%%55 20%F2RE | 40%~T70% (SO%FESE)
\Y% 151.4 | 0.35 4%~30% (20%F2) 28?%i§§ 20%FLE | 9%~30% (20%FESE)
\Y4 133.2 | 0.34 6%~40% (30%F2E) 48?%355 20%F2FE | 10%~60% (40%F2/E)
2 A AR L DHEFRIT. T0%EHXMZ TR%~ ER% DT, #RHEEZONIZRT,
3 BEBLL TR r—RAEKADE R TRT,
4
5 B Sz 30 FRERIL, r—RIZ L o TR D, sHliFEATO 30 iR, bk
6 W —ZANMT1%~10%E725—F, bm\r—AMTIE 20%~50%IZET 57 &,
7 BHT T2y ML TRERERNROND, ZORAEMEOENL, K7 —
8 ATHEE SUT2 BPT BT VDR T A —H Fbb u & a OFRIIAOE D EBE
9 RIFKR E 72> TN D,
10 A3 IF,. BBL L THTr—ATHELNLZ L & a DFEY ﬁ@@ﬁﬁ4$%¥ﬁ)
11 HARLTNDS, —fEIC, uRaBNREWVIZE, BAEMRRITES EH S A @[
12 %43@F%i OB EELSHTH S, BIZIX, 7 —A T KO Tl #E @ﬁ@k
13 LEBLRRMEDOH D RZERRT —2y hE WD, BT LoREMBRE
14 KRR FERELTCp b aPIREHESND, F— AT KRV TIL, BRIGEL
15 T—HEy ENBERIN LI Z & THIRHIED b EKHE E TORWHI A —RIORE
16 MR e LTHbns7ed, FfRICpn & aPRESHESND, —FH, F—AVTIL &
17 BT L2T7—=2N32LDHTHLID, T A—ZHEDRHEEED MO — 2 LD
18 WAL, RSN 2HEOEHXMEGIAN DMHmAR 65,
19 F7o, ARSI D 30 RO K E S ZFIRITNCEEET 5720, % 4-3 (2138
20 T BN AT HEAZEER & LTREHLE 30 FERERL2EMHE L GELE, 2h
21 ZEERE S OFER L T A L L DT OEE — AT BT b i OB 11 <
22 T0MEHXMIC S — OBV BRRALND, 2O L%, il N7 7 08FHiRE RIS
23 T, BRICIROMBE~DOER 2+ BT HBEICH D Z L AR LT D,
24 UL EOEBOFM S — A Dhn G SEIO—HUETIZH T 2 EXLETERT 5%
25 e —2 L LT, r—2AMEHHTL (EXDFK2-2), ZORRIL, 7 —FD5%EL
26 PEZBRE L oo, FIAFRREREEKRIEHT 2 L0 FEHh-72bDTh D, 7
27 —AMTIEBERMEZFEE N7 7 OHERINCE O TWD A, BRO#EY | Z OHIEX
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PR & T 7 OHIER LITRPIRA R D R bR STV a, LinL, SlElo—
HUET DM THEE T REBFROZRMEO—D L LTEDD I N TE D LML
oo 7272 L. ﬁ%m CEERMIRAS M T 7 OMEERS & ZEBMRTH D 2 L AR
o B EITIE, AMEEZRA L2 — AIVORHENS KV i) & 72 5 TRtk bk S
TWn5,

Btglo, REr—2 L Ly —2MCoW T, BERMHE) S ORFFEIRGRIZHE S 30 4F
WeROHERB 2 X 4-3 1R, b, GHFE RIS 30 AERERDNRF]RE & JH R & <H
M DRI A > TED | 30 FREROBIFHE L OMERAXFEOM T2 EREmIZH 5 2
EMBDND,

2) REMREMEBEORELZFAT 558

HEMAEZES (2001b) Tix, M N7 7 CRAET L HE (FiEME, JEHE
OMEFRATERL T B, B FHlE5 /L (Shimazaki and Nakata, 1980) Z#¢/H
LTW5%, R THIET LTI, /ﬁw)ﬂﬂ%iT@H%Faﬁﬁaﬁﬁm#ﬁulﬁl@ﬂﬂ DRI S T
6T 5, Zhud7 L— MEEBZR Sk MEMICEOEE TOTANEREL T
ERAMEICE L E ZATHIE @%EL/%%wﬁﬁ IR LT BOOT HRMBMRIT S
HEWVIFZZTICHESLS, fHEIZK VRS NIZOTHOEIIRE Eod <) &2
B9 5, ZOFETMESOTHIBIOHEOHME (0 &) 2D, ROMEE TOH
AREAFRITE L2 & K0, TR FRIET V) EFREN D, FEfE b7 7128V T
WA 3EOHEIC L AEHREEOHREENBNIINTEY, BEELROMEE T@%ﬁ
AR BIBR RO b D Z LD, T O EICK LR THIE T V236 A
FRETCH D & ENTX 7~ (Shimazaki and Nakata, 1980), %+ L C. HIERAMHREROHE
IR PRIE T V2R 5 515 E LTI, IROMBRA £ TOMRRER 2 BT 1
ET MR o TR, a2 (1) TRIND BPT 45348 OFXPR AR w IR L TEE
B 50 IR G 2 FENEHA S CE e (MERHEZAES, 2001a,b), —JF
T, ZOXHI BRI P NE, HEOHEN—ETH DL EEFites T 5 BPT T /LD
TR DA LI T L HES LW ENERM I TEY (Hashimoto, 2022) .

(2. BPT &7 /L & K] P 7 /L & OB 3 +431T i%éivcwéw\kaJE%ﬁ&_
ELTHETLND,

Z 2T, AEO—HSET T, I &{KfF (Slip-Size-Dependent) BPT £ /L (LA
. SSD-BPT &5 /V) | &H7-ICERHAT 5 (0gata, 2002; Terada, 2025; HIZEHEZEE
22 2025), SSD-BPT &7 /L%, BPT &7 /LI HIGE OB & 8 2E R o0 B4R & ik L 7=
JERET L TH Y | BPT AT D /8T A —Z DNMED AR T2 < BiElOHED
BRI BIRTFT 5, ZOMBEOHM L LT, fgid L=l ok &4 v 2 & A3a]
BETHD,

o2 L, TR, FKHEBIC BT 2 SHE QMR & ICBE LT, £ DOmRHIML L 72 o 72 5k
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DKELREDOMPRICEB O AR EERN G T, ERE L THREEDOHEMICKE 2
BE2VE UAD 2 ERMRT STV D (lBAIFD, 2024a), — 5T, 2D RO fER %
Ko TUE, Ak R 21 O TSGR ke L Cas 0 (FPH - BilfF, 20245 FEAIZDN,
2024b; 42H - 1, 2025), BIREE TIEM—RIR RARICIZE > TRV, L, 5B
MHEFLNDT —FIT, RN OBRETHELD —EDORENI NG END Z L1F,
ZOERHRHEZEZIUTH S0 TH 5,

ZOX O RERNG ARIO—EWET TIX I D PR ORISR A HRE L, £ 2
NGO DERET — X PR OREEFEEZ LD TERL Lz, T H > Tid, E
KHFED 72 &7 REHECIEAIEIZ BT 2 5k b I REE L7-, 2D O
T A BRE LA ET — ¥ 2R oMM e LTERIL L, SSD-BPT &7 /L% /- Hi
BRAROHBIHMAAALT, BT NO/RT A—ZHEEICIE, 1) LRBRICA XHE
ExH Uiz, FIHARERMEEET — 2 PR 3y ERONTE Y ol x DT —
HINBRE IR AR BT T E R E 2. FRIDAAOREIZOWVT S TERMRF 21T

ST,

i) MEICAVWSHhELEES

a) BRIEHRICESCEREET —FIDERE
Eok R

FAKMBIZEB T 2 RHEHEOME R L LT, HEFHEZES (2001b) TiX, Shimazaki
and Nakata (1980) (ZLAHEEME 1.8 m ZEAH L CX 7z, L LInf, BEHREEC BT
LIEEEDO AN SN INTEY, BAIE) (2024a) TiE, 1.4 b 2.4 m &
WIHTRD B D &R BN SN TWD, SEIO—HKET TIE, 20RO & HMEEREDON
RE . FADBMEKIT D B DOFERIZONT, MR MRE 21T - 72,

FAMEBICB T 2 EEEOKREENGONLILEOERL DL LT, [ARBEFEE]
& THER) D (4K, 1930a,b; 52, 2017; 2EM, 2024; #EAIED, 2024a),
MAARBPZ ) 1, L RIS BB OEERR 2B D TWIZARBRICER L, A%
WL > TRE SN TETBEEOBERNEIORMTH D (18 %0 I & A S 18 iE 75
76,

£ [ARBZEIGE] ORI B, HIERTEOEERBOKENIHETE, S HIZE
DENHHEROMEREEZHE TE 5, BARITD (2024a) 22BI2T 5L, HERICH
WAEDOROEWNMIEY, 1.7m25 1L.9nE/2E L4n26 1.5 nd @Y OJIE
ERELND, F—OMPRITEFEHFZENHNONTZET 25O T, & OMRITHT;
ZEEREEL LD Th D, £12, RIEEOMBRFRIIR Z Rz & CHEE L7272,
ZNENOMEICHENH D, BARIED (2024a) X, WL DM OE LD & OHIER
FxBEL,0.3m~0.5mEEAEOBELRE LTz, 2D OfIRORER, TAREFF CE)
PHIE, L7n~19 m GEZ0.5m & L4nm~L5m GRZE0.3m L\WH @YD
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Fetl BN Ex s b,

—J5. &R it AR (2.1 n~2.4m) WHOBEENTHINTWEHD
O, THMMEEER TH D MRS WD (B8, 2017; %M, 2024), LL, =
NRFRFREFROMELE TH DR 2 BE L, SR O—HKET TiE TARBEFRIGE] o5
55 B ERILSCFHARR ZE O M R 2 2850 OFEROMPRICERAT 5, Z O EHIHE
D&, [HER] OB 6EXHINLEREOMRE LT, HF Db DI, 2.1 m~
2.4 miZxt L, TAPREPZESCE ] OEFEH 2 EMRICESSRZDHLZ THS 0.5 m%&
BWHT2bOTHD L T2 In~2.4m #27%0.5m), F_0ObDiL, TALE
FLE|] O ZERRE AR ©2.1 n~2.4nlC@EM L CHIEEEL 1.7 n~1.9
m OFPICHE L, = OB LTy 2 ERIRIC RS REDHEZ TH5 0.3 m
EMAEDELLOTHD FERELTLT n~19m §22£0.3m, Zhbd _DDfiF
WA, THER] MoExHand EEREEROHEME 5,

U LOBRIE2RAET D &, BEARRERICE T 2 BEBOKEREOEME S LT, TAM%
PR wE ] HAHEINS 1.4 n~1.5 n*£0.3 mé& 1.7 m~1.9 m*0.5 mdD_JFEY, &
O THZER] ORI S5ELND 1.7 1~1.9 m+0.3 m& 2.1 m~2.4 m+0.5 m D
WY, AE4EY PEEESND,

L BME

LHMEICRIT 2 EEEO B E 250k L2 khE, T TARBZEICE) kO T+
VeI MR AR N R kT AR A s F) GO RKFEHENZERT, 1987; LR,
[HAEE ) ([CRBlEND (54, 19305 #(5], 1988; HEAIEZAY, 2024a), [ALREFZE X
IO TR VI TR HIE 1.2 m OFERENSHEE SND—FH, T B 2 =
PUR EkEnTHBY, 2% 0.9 m2b 1.2 m OFPETORREMIR L7, L
L. 2B OHEHZIDWTIE, EOFKMEOLG & B2y | B2 HIERRZE % it
LI FATIRRE DS 728D, ZORREIFAITH D, £ 2 THEIO—HKET Tid, fEEN
A2 ZBHERE OB &I L, [ U SEEHE O 8RNI -5 < K HIE OFRZERHN 4 &
L, RHENS 2L RES 2 WO BLEN G, FAMBOME &EHE TR S h
“RAERIHORRMETH S 0.5 mZBHTHZ L L LT,

U LoBRE2RET 5 & REHRICE T 2 BEBOKEEOEME S LTE, TA
IR CE ] OFRERASHEIND 1.2 nt0.5m, KO THER] OFERIZHES< 0.9m
~1.2 m+0.5 m® @Y NEESND,

I 1R

BAFI IR (ST 2 SREHPE ORI B2 O\ Cid, A O BLHIGEE S FH ATREC
HDH, ZHHIFEIC,IF (1953) 72 SI2 L HMRICER T 2 BRI ORI ET — & & |
Satake (1993) <° Sagiya and Thatcher (1999) 72 2 X Z/KUEHIET — X KBS
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%o ZAVD OEEBIINCEES < PIEMEIE, BELFEEIC R TREBICEVMEEEZ AT 2
EEZLND, ETEL, 2RO T =200 XV BEOBWEEEZGH -0, F
DD RIZOWTHIEEZES 2, H—10, 7 —Z 30T L ERBORRRATH LN
b DO TIERWED, BUINNE OZERIZET OMIENKE L 2D, I, HEMEICIX
MR RF AN O HUZ AR (] 21X, HIERRT O RHIR e BB HES O RNEE) MNEEN
B2, T ERETIMELRDOND, SEIO—FHLET TIE, 2 OKFEM
IE & ZUCHE D BREZ FEMICRET Lo, 2238, LTI R 547 — 2 1xtd 2 Bk 7z
FHIEAE O R OFRZERHG O k1%, PEAIED (2025) (2H5<,

FPHERATR OWIN AT — 2OV TE, A (1953) IZK DA 115 m (Hte
PETORE) ZHEME L Lz, ZOfEIX, Shimazaki and Nakata (1980) (LU ¥, %
< DIATHIFESC R MR (MEFEZ B S, 2001b) TSN TE -REWZ2AIEME
Thod, ZOMPEICK L, EHEESOMEMME (-66.5 mm+27.8 mm) , HIFE 8 » A%
DOHE (Hashimoto, 2022) ToHHZ & EBE L7z il ORMETMIE (ZhEh+2.7
mm K ON-5. 4 mm) . & 5|2 Hashimoto (2022) OFEHGIZHEES < HWIWHIE (-50 mm=*50 mm)
ZiE M L7k R, 103.6 cm*5.7 cm KUY 102.9 em®5.7 cm &V D Tl Y O BN
bihvd,

WAZKHER &7 — Z 2D\ TUE, B L HPRRE (1954) & Satake (1993) OfEFIZIED
< JKHEM 5143 TOMEEE 90.5 cm=*3.7 cm ZHHME & Lz, ZHICSHIEMIE (-27.3
mm*=27.8 mm) AL, SOICZOEICEENSEMM GUERT 1743 » A, HIER 1
3 A) OMIGRES) & RNEBOFEII I L, BIET — & L RO il Y OE i IE
(ZNFNATA mm~+148 mm K O+147. 8 mm OMHIER) ZEM L7z, ZH 5 DOMIEDKE
BOKYERERET — 2 513 95.2 em~102.6 cmt4.6 cm KTV 102.6 cm®4.6 cm LV D
TR OERENEOND,

YL EDOWINL T — 2 R OKEERIET — Z M D EMN TSR EEZRET 5 &, B
BICB T 2 REHEOMEROBEMME E LT, WM2ET — 2D OHEE S5 103.6 cm
+5.7 cm & 102.9 cm*=5.7 cm, KUOVKHERIET — X 2 OHEE S5 95.2 em~102.6
em®4.6 cm & 102.6 ecm*4.6 cm, OEFH4EY VEEIND, FFET XTI, HIFEA
ETR DWEMEA, WML ZET — 2 D 115 cm, KHERET —#X 0 90.5 em*=3.7 cm &, %
OBMTELE L KE BADICb00b b3, SMAE L AETIMaERD 2 &
2L AR ERES DAL D 100 em A% O FEZEL cm OFPHN) 1ZUEET 5
RN RONDHRTHD, ZORRIL, ABEIO—HkET Tl L7oiEFEDO R Y%
AT 5 L RIRFIC, B2 28T — & 0> DI TR O HEEAE D3 EE A 1) 72 #i P L2 UX
F£5 2 & T, BRIHERICBI 2 EEEO ZEOMEE 100 cn f2EE TH-o72 L0 9
FHEOEHEMEZ m O D b D TH D,

Z I E TR TEEAME, ZEHE, K OWEFHIEIC I 1 2 s=Eko ki &2 B
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10
11
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13
14
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17
18
19
20
21
22
23
24

T HEBOBEME, 72 5O D RIEFEM 23 4-4

IZE & 0D, LD TIX

N g

DEPER ET — X DEFOREFEE MR oMM & L TERB L, MERAEMEETT LVIZ
FHAIAT FIEICOWNTHET 5,

Fa-4 HEENT 7 OHEIC

Bl DREEOBREET — %

== C 3 SHI[ == =R ﬂﬂ%”%%ﬁ {E‘i/ﬁ\ﬁj\/ﬁ‘
HE T — X fE TUEAE (m) A7 (m) N(m, o?) H Mix(m, 02)
IREFZE LED L.7~1.9 +0.5 N(1.8,0.512) 1/4
MR ZE LEHQ 1.4~1.5 +0.3 N(1.45,0.32) 1/4
FEAHE Mix(1.83,0.512)
FEFO 2.1~2.4 +0.5 N(2.25,0.522) 1/4
E O 1.7~1.9 +0.3 N(1.8,0.322) 1/4
DARIFF S E 1.2 +0.5 N(1.2,0.5%) 1/2
LB HE Mix(1.13,0.522)
T4 0.9~1.2 +0.5 N(1.05,0.522) 1/2
W 72D 1.036 +0.057 | N(1.04,0.06%) 1/4
WL @ 1. 029 +0.057 | N(1.03,0.06%) 1/4
IR D 1026 +0.046 | N(0.99,0.06%) 1/4
R HEH FQ 1.01 +0.046 | N(1.01,0.052) 1/4

RPOTNTOMERIAMIZL, BEENP LU LELEZRD XD 0 TEMAGIEND,

b) EEET

HiTED CHEEPL L 7= 5 B O R &

BRI 2 HEETRT, i%%&ﬁﬂ&bf EI 2 DR R OB E
DAHEFRNE 25 8 LT 2 B ICEFRT D,
R CTEA MG L, SR KT D H— DR BRI

IR DR B L

ENLDRADAE LTRIT S,

P& —ZI1Z

B D A HEFEIEDOP

%~ O ET

T — 2 OERME, BRI O ARHEFEME:
R X > THIEMED & 018 50EE . (2) HIE

»—»-_/C
— —

. HIE A TR

72) ERRON, WA & MR IAT DRSS

—fRiz
72 6, DIEBLSAT N(x,, 0
IT—HDE I,
BN S BIRDFERFMITNED ERRTENTE D,

)

9@%4‘%[&6%&

—ZIZONWT, AEITIZZINSEZHERSME LT

ZHEHT D,

ik A S (T
ICBRSH 5,
. HEE x, &2 0RFE (BEERE,) N5
Lo THEBLDEERITE D,
REMEN—E DM (x;~x,) ZFF-> THLNTWDEA, TOHL
ZDEE, BIKROHERIAIL
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EMHOMWEERT DML, MELZETERIMOBERARICL > THELND,

JEE OWE ORBUNIIEBL A0 72 ER— M2 R & 72 D, RIT, TR A%
WR7E 0, DIERDA, A AR 0, DIEMOAT & 95 &, BHRIARL DA b IE
S & 720 | IR OEEEREIT o2 + 02 L 705 FHEIREEO foic—80), — 7.
MR % — AT & LI2Ga . RITIL—EROA L XN 2 9 & 72 5,

BELOIT, ARIO—HLETTH D T — 2 I2B WL, @SN EME ORI T+
FICRENWTED RORBUCE S D OFHEE LT R RERS MR E 72
WRBEBZIRWRTHD, ZORREOREEE, ERSAOFHE EOREME (FAEME
L) RAMICHZE L, A RENIHEMON Z EF0A CRIT 2 itz & 5, BRmic
(3, BEOHD (g + x3)/2 ZHIFIE. WEONE (x, — x1)/2 ZARMERAE & 9 5 ER A 2
Mo,

ZIOT7 TR —FILL o TERINIE, &7 — X OMEESAITHET L EE R T A —
% (M N(m, 02) IZ8B1T 2 HIFHE m KOV o?) %, R 44 108 TRT, 2h
B OEBIRESR o341 & FI SR A R T 2 Ml Beffe R oA 2 T 5.

/

FOKMEE - ZEME - ARSI T D BEEE O K B O MR A

AR D X 9 IZEFR SN B O &T — % ORI IESE | FHE (Fk, &
B, BBF) AR T L2 —-OMEERES ML, BAFERESME LTRET D, 2
DL, BEBISAEH T D EADFKEDLE LD,

FPEAKMBICEAL TE, TAREZEE] & THER] 09O Zo0FER LR
PHRGFHILDIERICKH T DEAEZRETT 5, AREREICE] OMEROKIETLEIT,
HIFEFE A B 50 4% LRI RIRZ D 3B 0 . T OMORNEBCEEIICEIT D
THEFOXELZORRMEISEETERY (BARIFZ), 2024a) HOO, JEICHSL
EENHIEELTRTHD, —FH, [HERL] ORBITBEHEERSEERTIEH 528,
FHRAWIEBRE ANF LG DG o - o mTRethEe, HE R A EZOF#R & L COfMiiE
EEETLE, —EOEEEEATHEEZ LD (BEMA, 2017, 2024), ZiH =D
DIEHIE O G EHIE C IAFE2MEL 2T D 2 L IZBFE S CIIREETH D LWL, 4
BlO—HLET TIEME DN DA LD OAAICK L THEREALZE ST 5, 61T, TA
I FESCE ) R ONENE ST 5 AR OfFRICE\OCRIE & 72 2 I BE oM (F
FE NI D) IOV T b, YEEOEE & LTSI ZEN R TH o 2]
REMEIXFER S D (PR - B, 2024) H OO, BRI HRENE S TB 7,
WTHNORPRICE A Z E < REDREWLIBIUCKIT D, Lo T, TR HEORER
WEKT 25 Tl OFEEMEZEN UK L TCHREREAZEHT 5, ikt LT, %
KHIE DM &AL, 2D OMFHIE-SE | gifi CEH Sz 48 0 ORIk
ROAAT R UK HERELZN G LICRESME LTERT D,

LHHEIZOWT b [AERRIC, FOREEORILE 725 —Ho>D0FELR (1585 KO
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MR )) OEEMEICHRMEZRMES 1T T &l L, 220 b8 DRy
B IR EAE ST 5,

BEFIHIERIC DWW T, W22 T — % EAKMERET — % L9 2EFHOBIIT — % | &
OCENEIICEH L2 208 Y OHGEREEIHIEOWT I OMAEDOEN LY LS L
DNZONT, BIREA CHEE A BT 2 FBIARILAZ L, 2070, fERE LTHED
D438 OMRESAAT XU EREALE G2 578t T 5,

uimiéﬁfﬁ% TS BB A LT EK, BB BRI HE

Bl DB EMENM X 4-4 18T, i, 20D OWRSAADOEE T
A—2% (BG4 Mix(m, 0?) 1B 1T 2 HFHE m L OV 0?) 25K 4-4 IO CTHEEL L
Too TORER, FAKMEOMEE &AM T 1. 83 m, LEIMERIIHIFHE 1. 13 m 2
LET oML oTo, ZHHITFHIT BN BT 2 HIEME O IR & OFR 2D B 4 K
L, WS HAITIRNR D ORE W, FEROMIGIRE BT 5, xFIRAVIC, BB
BOELEDAIIHIFE 1. 02 m 2 F0 & U CHBAROEPHICET L TR, £0

%o%@wai FAMESLEHMEEDZ i & g U C FEERZE C—HifR /NS
Y,

AEIO—HUET Tlk, AMEE EHEE I T 5 RHEFMEAFEMICRET L, 2h b 2%
A e LTI RIS S BT, TORERE UTH b7 & HIE O M 85545 O HFF
il (EARHGE 1.83 m, ZZEME 1. 13 m, WBFMHE1.02m) (ZEHTD L, MEHAESR
H% (2001b) 72 T EICSRI N TEMARE (FKHE 1.8 m, ZCBHIE 1.2 m,
BAFIHLEE 1. 15 m) (Shimazaki and Nakata, 1980) & K& <IZTEHEL CTUWNRWZ & 0VHE
wmaNnd,

i) EETI

MR ORARRE R ITHET L E LTI, 730 E4&{F BPT E7 /L (SSD-BPT &7
V) W% (Ogata, 2002; Terada, 2025; HUEHEZEZS, 2025), ZOET VL,
BPT &7 VOB 7Tl D [HEELE D 0T &R 2 5&fEE LoD, EET
% O HORRFUE S FTE O HIFEBIAE (3-_0 &) (2B 5 LV H B2 HEEOEER
RS & 9%, #Him b, AiElOHERE & R OME F TCOREMBIZIX, OT AEHBRE
BT OAEIICL DI 2R b b, EOWBIBEAIIFF IS, milE N T 7
TRAET HHEICBWCIL, EREOREENPHE OIS T 5 & Rad b, K
(2, RIETCREBE L 7Pt & & R AERRR & OBIRICIX, &7 — ¥ OFRFEFEEIIRZNH O
D, WMREDHHIBEZRIHRTE D (EXDOH5E),

SSD-BPT &7 /MZEBWT b, i L 72 DT DAL BPT 9/ TH Y, EDO/RT A —X
DB ARTF T 2 ROBRN R D, BIERIZIE, 2 O/REEREuL, () cEIh
% BPT 34T OBIEIR BN T, XT A —% (u,a) %, AiEIOHEOME & u & #7728
FTA=2 B,y) EHNTLUTOLIICEESHZDETRIIND,
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T 78T 5T /LTI, EHWE O RREE DM e U TR s, iz,

Y ITERRRRRICB T 2 EEORE IZHET LT A—=FThHDH, Lien->T, SSD-
BPT &7 /L% FWTZ AT Tl BT — X2 12D E, NI XA—% B,y) ZH#HETHZ &
272 %,

i) #EFE
a) N XH#EE

SSD-BPT ET /L D/8T7 A —HZHEFEIZBWT Y, XA AHEEZ BT 5, A CERL
725 912, SSD-BPT &7 /WIZEHiZ: BPT EFT /LD /RT A —H (p,a) &, Fizip/T A —
Z (B,y) LHIEIOMBEOEEE u Z /N TRIATLET LV THD, 2D, ZDOLE
BI%L b FEARMIIZIL BPT 7 /L & [ARROML A TS 2 2 E BA[RETH 5.,

L L7Z2 5, SSD-BPT BT VD EFED/RT A —ZHEFEIZHT- > Tid, WL ODDA
WCHETHIVERD D, H—I12, KEFLVOFME TR TE 57 —# 8k, HHize BPT
ETNOFM S — A (BIZIET—A T ~IV) L H# L THIE 3[E55 & D7 < hofElx
DT — 2 BPERAHEINEEZZ LD HEENRLE LTV, H T, N T A—F
(B, y) \Zxtd 2 LR OBAEIE S, BPT £ET MR TEIVEMETH D, ZNHDE
Ko, BffiZze BPT 7 VOB CHRA LY = 7 U — X HFI0AH O X 5 72 RERy /e
MRS BT OO IR L 720 | FRTEER A R S 7 FRi oA A EE ISR G
HUENAEL S,

b) FHI7HDRET

LLFIC —E@*%&ﬂ?%“é&ﬁﬂﬁ%?»@ﬂﬁf—&QMO’ﬂ?é%ﬁ%
MEBRE DI IRE 2 T7 T, M0 O FARR 2 IR/ T A — 2 3%
PRI ICRE Y . Z 2 CIEE OMEE R D

B DHHI AT

NTA=Z BIE, W EERIC KT 2 7 L— FREERE ISE RS 2 REIR e
I REREE O WU KT 5, B DFRI5AR D BIEIEIZ DV T, R DA TR 2 8
RN CFFT DN Z LoD, — iy 7e@@ ik & L CESRS M EZRA L, ZOE
B OMFHER B ERET HICHZ0, £7 B OWHTH HUWHEERE DI 15
% PH 2 BT L 7, (B HEME D @\ O SR 22 BB 7 — & 235 B D O ITTAE O 100
FERNCR S, OB SN BIERIZIE T L — MBS BB R L2 R 2 Bk
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SHEENED, INODOREEEB L, I 2 TIHEE OBIIEIZE EFET 5 O Tl
< BEAFORBIIGLER R O L — D OILEEET A0 b PERREEE AN IR Y 15 5 fi RHEIR
Z5~18 m/4E LR Lz, ZORBEIE, BICHET 5 LI X2 0.056~0.2 4/m (2
Y92,

ARIO—ET CTlX, 2O B OFPH (0.056~0.2 4F/mm) BNIEMSMADO 30 (0%
YR OWEICINED O ERE L, FHIAMOEERAEZ 0.024 F/mn &EE L
oo FRIAMOYHEIL, TT N OEARE 2 RIS 2 &) BRI RIS & |
0.095 #/mm (PLREEEEICHAR LTI 10. 5 mm/4FICHEY) ICERE LTz,

yARL :[Iagiii]

RTA=F y i, BEHWEICBIT 2 EHR R EREERR IO B O KR E S 2 HET
HINT A= RSN L05, ZOMEZBIN O EERIKT 52 Z L3 Ly, Ll
Y iX BPT A DR NT A —2 o ERH LT D 728, 2O a (BT 2 EEN 72 5
EBEBIFRIDMERET DI ENTE D, BlAIE BEROERTEICB T 2078 T,
a A2 0.2~0. 4 OFPICUNE YD | ZDRMIGIRD T <3 THRITE 5 2 &2V
HEN TS (Nomura et al., 2011), M T, RO ~ 7 7 OMIERIZIIT 5 Bl
72BPT BTV TORHTH, a DFZEHL0.2~0.4 OFHICHEZN TS, Zh
O OMEER RIS E | ARIO—HEGET Ty OFRiISME LT, TN &ICEHL
CHESr (AinAb) L7t DI AERIMRIZ KT 2 JE50 5340 O 2B R 72 W EMREL a 23842 0. 2
~0.4 DEE LD X7 T~ AR E LT,

iv) FRE#ER

SSD-BPT &7 /L& FIWTH L7z, FHERE A (2025 421 H 1 H) 2250 30 g%
FEXDOE2-1 LR A-6 17T, ZOFREICHN-MEOT -4ty ME, £4-20D77
—AVIZHIYS T 5, SSD-BPT 7 /L DA RHEE Tl EHEMIIZNTA—2 B Ly D
HROMDF LD D, BN RBRZBT 5720, £ 4-6 121X 20D OFEBK TN D
B LT ARy S X5 0& a DEE R LTz, # 4-3 LR, fERMEL LT
A AHEED T0%EHKM EMFHEE R LTS, o, BT Y VRRRIC K 5 R4S
FOMFIHUREROMR OB B E L TRid L7,
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N R L HHERIE, T0%(EHKE % FIR%~ EIR% T, BIFHEE () PR,

%4ﬁﬁ%#LD SSD-BPT &7 /LIC -3 < FHI R A5 T 30 4EfERIL, BEICIEEIC
EVVKIEICE L TWD, ZOFRAEMEO BRI 25k Z X 4-5 (TR, A AHEE
DOFEFE L THE LN Z O IE, fESRDY 100%Z A7 5 1223 CF OB (e R 5 %)
DEEINL . BHEMED 100%fHEICAFET 5, B ARICR-72IREE L TnD, 20D
X9 RERSAAOIRIT., ROFETE T 7 OMEN VO AE L THELL RUVikfE

ThbHILHEBITETLHDOTH D,
S BT, WEFIHIEED b ORFREIFEITAE S 30 R OHER 2 X 4-6 (=T, KPVRT
T, HER ORI OME XM O FRRIZR ofGE & s ER 26000 25—, 5 H
X D FBRIFFHERE A CREICIZIE 100%IZ L T\ 5,

3) ZODEFILDLE

AREITE, ARIO—HSET THWE OO EBERMERET VL, TRDOHL BT ET /L &
SSD-BPT &7 /MZDWT, & DOWIRAYE SO 2 Fhlie U Bk A 72 e S8 3T O iR
DNTIRARD,

ET IV OY PR R

HE 7 L DY LRI S OBES % B 4-7 ITHRRIT R T,

BPT E7/ViX, WhWwAEAHEET VAHRE LEET LV TH D, EHEHEETT L
X, A CHBOHED, —EOOT HER LRI L > TRV RS LD &V )5 RERmRD
REZTFICHSL, bbb, OTHRYIMIREN S 7 L— MNEEBR I K> T—ED
HECER L, %6@ﬁf%txtk A THIENHA L CTOT AR S v, FF0W)
HURREICE D L WO A 7 ARV IREN D, b LI OWMRIZT V¥ LR BERN T
AU, HERIXHEICE R CRAET HZ L2725, BPT ET VL, ZOWRERNLOT

HEHFRIBRRIT | RPN O T NHLEE RS O LD AN RN EE K 3 288l (T & A
RIEBOX) MNbL & T MEREMBIIELSENELLET AL THD, L0
5L, BPT BT /W TEARE] &) RERIET VAT RICEFH DD, ZIUTHEEL

EWV ) MERGRNE R ZMZT-ET LV LB T HN5,
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—J7. SSD-BPT E7 /WL, ZDOHE KM THIET VA FFo, R THIET Vb £
RERMI72ET L THLN, BAMEBEET LVEIIRRY MBI K-> TSN O
B (TRbbLHEOHM) [3EERR VG5, TORDY | OTHOFREE L, H
ﬂ%&#é@ﬁwvﬁﬁmi BEAHEET L ERRIC—ETH D, £ORR, RO
MR £ CORARRIX, EATOHE TR S NTZOT A&, 3720 Bl O HEE O HK
\ZEBId 5 & D BEERANER © 32D, SSD-BPT &5 /L1, Z ORI FHIET VOO HE
FHIBARIZ, BPT B 7 /L & AR OB LA N 2 72 iSRG T /L CTh 5, Bl R 231Uk
BPT &7 /VICHIALD A AT Aduiz, i@*ﬁkéﬂk%Tﬁk%azéobk#
T, SSD-BPT 7 /L%, BT OHIEE OBUIZIG U THRAEMBOIFHEN LD S Lo T
MTFRET V] OWEE | EELIZZ > TED D &) BPT £ 7 /L OMEE & JF 8- FF-Ofl
BET NV EMEST HND,

T NOEGIE & TR GET ORI B T D

BPT €7 /L& SSD-BPT E7 /LD &L L3 mEHE N7 7 ORI A mfE 2 L 0 @ik
BLLTWD 0, BIRE R CIXBIRRICHIET 5 2 S8 L, BUHl S 2 BB I AE
FIZIE O SENEENTREY, ZOERIZHHHFHET VORYEEZEREITHKRIET S
TeOIZIE, IEFIZEL OT — 2 PME LD TH 5D, o, MET L E BHEDOHE
%@%EL&%W\ WCHAE L2 D THDL LN S RAL AL TS,

7272 L, WE T /WIEZE OW IR RIS ML HIFE R & 5, [F U OHIEE )
e 32 & ZREICHTR &35 BPT £ 5 /bIZxt L, SSD-BPT &7 /L ClIIEDO B D%
A2 T AVNICHRICE D TWAHRTH D, 2D i, B RENZEO—HUET
OFHlCRIE SN2/l N7 7 OMEBEORBFIKOZHMEEZ . €T LVOMA L LTh
DREEMRLCVD E B TE S, LovL7Aes S, SSD-BPT & T /L MEHL 5 Wil T
HIE T D ZEPEREHMEIC OV TR, WL DO ET R E SR 223850 © A7
E9 5, 3. BIE N7 700 CRAT 2HEOZHELRIIROREZ | EEE— RO
MR EORTRETELONEVIBRENRH D, S DI, HEROMELEIRK S -
OFTHEICHYE T D E W) YHET IS L EMICITOTAERICIS U T
Me L, MBRFOME 2 [FIE 25 2 122 508, BEHROMIE R HRE S5 R
BEE R 11 mm/4F) 1%, SO RHE D S HEE SIS TEREEE (5~ 7mm/4 ; E 1
IR, 1972 ; ¥ 3-34 ; [E HH#IFEE, 2024 ; Nishimura et al., 2018) & ZTEHEAN K,
BND, 2L, BRI SN T D IEBEEE TS < ETHEOHETHY . 7'L— MERD
(A AN OER (B 2 I TREEREM 2 &) bS5 (Li et al., 2020) 7=, Z
D RNZDOWTUIAZDOBUIANC L 2B ZEWRT D LERNH 5,

F 0 — Iz, R TRE T V2D b ODEBIEIZ DN T ks REamn b 5, il x

IZ. Shimazaki and Nakata (1980) 23EF[M]THIET L O JREME 2 R L= EIX, M
MR 250 3B L RETH D, £z, /MEY IR LHIERIZ DWW TR 258D 5 13,
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R P T LD SE o TWZRNE WS RS 72 ST % (Rubinstein et al.,
2012), MYE N7 7 OBEOHBERINC OV TH, HEMEE THD &, [ET /T
DLTZ7pn T 5 B85 (Scholz, 2002), —J5C., FEHE N7 7D X 9 Ik
B Z 57T \%%&@Eﬁé%ﬁ:fAm;oT%%%’ﬁ%%m@ﬁ%@
MAEENED L LTIy ab— 3 UAFER (Hori et al., 2009), BEEREHIEZ R
HIEMIEE £ THl> THIRET AL LTV D & )5S #20E éﬂT%é(Mm%L
1996), LLEo X 51z, SSD-BPT EF /L DR % 723 B THIE 7 L O RN Z D)
FERY 721 BT DW TR, B2 22 A EE D Dagam 03V Cas 0 | BLRER CIIBARE 2o i #m A%
TR,

O LEEEEAEE X ARIO—EWET TlX, Zo0F T /VIZEF S TIHESL BT
LNDHDOTIEZ2WE WL, MET /I L DMERAMELZLT D2 L 2EARS
$H& Lz,

FEERESR D LU

BRI, WET AN BIG N ERFHhRE R A i35, &4-3 BPTET V) &K
4%(%&%T%?»)%%@ﬁék\%mWT%?wK;530E%$@%ﬁ@MBm
ETLOFRREID BEWEEL 2D SHITHED 10%EHRMIZER > Tl &
DHERTE D, ZHUL, SSD-BPT BT /LD /3T A —HZHEFEIZBW T, EEN 2 ¥4
MR u IS 2X a?d, BPT ET /L EH L UNSSHESNTND Z ERFRETH
Do

22U, 29 LIcET VE ORISR OZERIT, RHlHIRIC L > TEOBNTT AR
%, M 4-812, BPT ®F /b (/r—RAIM) & SSD-BPT EF /L2 X% 10, 20, 30, 40, 50 4F
MROFEH MM ETT, ZTORNPD, 30 FRO 40 =R TILHET LD T0%15 HX
MAREL > TWRN—TT, LSO 10 4, 20 45, 50 R CIIfEHXMA—HE
BLTWDZ ERNDND, 2O L, T /VORRMPEFIC 30~40 FEh k5 LT 5
IR 72 BRI B W CEEREW AR O —H T, XV A E 2 ITEH O T
T DOBEPHINNS < 72D ATREMEZ RIE L TV D,

WIS I T R &, T ML DHREISENIDNE, WTORRD
RV N T 71280 D RIEI O HER AEOTREMENBEICIEF ICEWKECH D Z L 2R L
TSR TH D, BPTET VA FHEICE 2 TH, FAMRIFRMRR S & HIcEERICE
FLTEY, SSD-BPT T VOFRERITINE I LICED DT, LizisT, &
LHDETNERAT 50O 6T, FMREA (2025 41 H 1 H) THoIcEmns
VBB EIZ 8 D Lt O 5 2 LN TE D,

4) BRRY S ADMEDFERER
TR O O—EBGET OFHE T, BN R TR O D BRI R 2 SRR T
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T TCEEDRKT T AOHBEOERRSRAHETE L7z, LL, THIE 600 FEHE THL Z &
NTE DTSR E K 5,000 FERlTE THD Z LN TE HHERGRTIL, ;K7 7 A0
HIFEANE & F25EHLIT o> T, 207, (RO TFIETIRKY 7 ADHBEDF
AR EFMT o LT TERY, 3. (1) 2 THRRZL T, §2,000 FFEFTHTFEK
MR A BRI DEBE A LI TRBERER S TnD 2 &b, K7 7 ADOHEIR
Dip EbRE 2,000 FEHITEE TEOT, TOFREITERTHEUELTH L LHEE
SNb, MR 7 7 TRES M8 7 7 ADOKHEORAEMBIL 100~200 4, FAHE
7T ZADBERMEDIAEMIRA 300~600 L HEE SN TNDHDIZH LT, K7 T A
OHEDOREMBIZZ NS L 1 ERWEEZZ S, BAEBENMROAHRBLET
HHEEZDT NN, L, IRICEZ DHEN KK 7 AOHMIETH 5 rlEett
T B TIER W EICEENVLETH S,
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5. SR&RICAIIT

AR & 512, O b7 7 OMEOR I (MEFELZES, 2001b) LU
BRlZ B S N5 < O ESCBMT — 2 1%, M 7 7 TRAET D KHIE O B
NERETHDZ L ERAOMNIC LIz, ZOFT-RBERICIESE P L OZE O—kET

TIE, A U CRICZ 4 7 OHEN BN RAET 5 v ) FAEET VICES
<EROEWRHMOTEE B L, [ N7 71V O KHEBIX SR RE TR &
@ﬂﬁjkwﬁﬁﬁ%%ﬁkbfﬁﬁ%ﬁoko

Z O ET, AEO—HKET T, MEFEOPSHAIZ DN T, EIZ = 2O THHTL
7o BT, R FRIE T V2 WERGRAICILIR L7230 &K 47 BPT £ 7 /L (SSD-BPT
TTV) BHIEAL, BAMB T MEO B G BE LA "R Lz,

T EHE O & T — X MR O E SRR e RRESEME R | B & L
THURBNZET VASEIZA AT, B ZAT, A AHEE & 9 B — R 2R B E IR 2 2 H
W5 ZET, MBI RO D BPT £5 /L & SSD-BPT &5 /L % [A] U FL % C Heliei Tl
L. ZOfERE FERFE L L Ciligmiiait Lz,

7272 L. BME N T 7281 5 SSD-BPT £ T VD Mz &7z - T, EOLRM 7k S
NTWD, 8§ U OV O—ERELET ORI T, RO B2 R & L TRk
Mt 87— % OB &R L7253, 2o fEE O BT — Z [2oW T, £ DR
FMEDFHGR /T A —Z OFEFA & FBINCRET H 2 L BB CIIRNETH -
2D TH D, AHBIE. BT ORI EE S W ThE 2 22 E O BT — & O Al FEME AT
RFRIOATOMF 2D, SSD-BPT T /L&A L T\ Z ENEE 2 D,

Fio, X0 EMNZREE TR, BRIKO A7 53 KHIEORARFEE O b ORLEET
HOAREME L BEBICANDVLER D D, TOLOITIX, 29 LESHEMEE2RBLITE D,
EVBRIZA LB RATT VORI L . TS < EWIFHE T IE OGN 72 &
AN S B OEERBE L 05, O -OI21E, EFHETFEICEH O FAMHZE O R
AV AND EEBIT, TOX D RENFELHE LR L TS ZEPREETH
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R HERS ) OFHAE 72 SI2 LD . 300~600 EDEIFE TR REENEE TWE R Y,
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PR RO o T AHLSIER LN TR Y BEICEXZ#EOSERBEZH IZIXE, &
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E DR Z D | FERIEICIRRAGIERR 72 & L OF T RERLETH D, HFONTR
BT — & L fEECEE DY I 2 —a VEMAES LIk o T, HESREHDS
T HHFZE (B 21X, Furumura et al., 2011) L4252 ENEETH D, £,
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MORE L EXEDZ ERRDBINLD,
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5% A : SSD-BPT EFILIZEIFB/85A—2 (B, v) DERDFDETE
AAHFTIL, SSD-BPT T VA HET H /8T A =2 ThH D BB LDy OFERISAMITONT,
Z O BARM 7258 EARPL & AR & 5k 5,

A1 BOERINM

INT A=H BITEHEICB T 2 RIR 2 FEILEEEE V OIS 5, L2y - T,
Z DEFIGIANTEREEE OHEEE SBRIET 5 2 ENAHTH 5, AHT TITHIHBIHISC
T L= bETINNLHEE SN OLBEE ORI AZZI L T, B OFFISAM (ERDI M) 2
ET %,

A1l SELLEBAMELBRER
FERWEEDOLREE V OZBEE L TE, BEOMEN LT O X 5 eBIHENS 5
ﬂfl/\éo

- KHERIE (1897 4E~) : 7~ 8mm/4E (FEJI, 1969; [E T-HiFERE, 2012b)
- JINEEI] (1980 AE~) : 8mm/4E (Hashimoto, 2022)
-  GNSSZLHl (2004 #~) : 5~ 7mm/4E (Nishimura et al., 2018; [ET-HIFHFE, 2024)

IO OBAMEIZIEF ICHE TH L0, FloMEEERET L L TIIEET & AN
HD, £, BEEOENT =2 RNG 5TV D DITITHEDR 100 FERICR SN D, ZuE
HIEEY A 7 VRS BAVTIEFICEWHIR TH VY . ZAUTRI R HEEE O# Vi L
YA 7 NAOP I ENHIRICEE T, 26 OBLRIEA EER 72 LR E 2 RER L T
WD EIFWETETE 2V, £2, AL OBMIEIZIE, 7L — FHOREFIC & D M AE) &I
EHERAMR LAa W Ekgy (B2 X, W7 — 21280 2 BRI K EL B OB (Nakano et
al., 2023) X0, KHWMEREFNZ: & OIEWMER /2 ZEE) (L1 et al, 2020) 72&) BNEENG
Do ZIDHDERZEEIZ ST 2 2 LITBECIINEETH D,

A1.2 EREEORYBIEEOME

RO SERE 2 | ARG CIEARE OB R < AKIFT 2 O TIEZ < X0 BB 22 ]
KIS DIERBEE V ARV S5 BB L 0#HEZME T 7 T u—F 2o 72,

V ORKEIR, BHBEETOT 4 U BT L— b OILAIAREEIC L > TR EIR
PIREDEZZOND, AXTHANZL DT, EFWHO 7 L — NEEREE L6 ~ 7 cm/
ETHAHIENMLNTWS (Miyazaki and Heki, 2001; DeMets et al., 2010), —J7.
7 L— MEB T NI o T REEE T (K 2-3 O 20kn SERRATT) O 7 L— b - OB
1L, 10~20 km 35 LU0 20~30 km ORI O RATH 5 & 7~10° FEE /D, 22T
X, = MEROAHENSEZZEL, KO RERERALE LT 15° 2RKET D, Zb
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DEN G, 7 L— b OWFEHE DOSRE RS IE, R TH 18 mm/4 (= 70 mm/4F: X sin 15 °)
ERED OIS, FEAOWWREEN Z Oz EFED Z L I13E 2 #HW-O, VORKEL 18
mm/AFEEFRE LT, ZAUE T L— MEPRZERIZEZE L TV HRIEIZHY T 5,
VOR/MEDEEIZLVEE LY, BlEG L, 7L — FENEEFE LT 2T uRieRix 4
LW (V=0) 2, ZTNEFFIDADO TIRET DL xtIET 25 B O LRAERAIZREH L .
AR EORFENET D, Tz, BEENRTEHEICL2BELECRNZ Lk, B8
HIFEL LS LRV, & 2 TARFMECIE, ZHIRREE S LT, ITEOBHITHE LA T
HEDR/IMETH S 5mn/4E% ., VAERD 55 FIRE L LTHRE L,

PLEORGE G TR V OB 15 5604 5 ~18 mm/4E LR L7z, Z4ud, BIcHt
B 5L, BLE0.056~0.2 4/ m (YT 5,

A1.3 FEBRAHNSA—LDHRE

Z D B OBEFEEPH (0. 056~0. 2 4/mm) 1L, 7L — FRERICEET DRSS TE
EE LT, WECEZ S RYUREEZRBE LTS, £2 T, ZOHME ERNMIZBT
DHERDOKE Ty (99.7%) DNEENLXM, T72DHE3 0 (o JEHERZE) ITHETLH
D LRI, FloAm OEERZEZ 0. 024 4/mm & 3RIE L7,

FHTA OFHEIZ OV T, FBINZREHEL UCBIMIT — 2 12x3 2 B8 & i K
T DR ARA X727 T —F E A L, 2 OfRR, Kfi s LTO0.095 4/mm %1372,
Z AT IS AT D &9 10.5 mm/4EICHS T A TH 5.

P EOBFHCESE, B OFERIDAE LT, ERDA B~N(0.095,0.0242) ZHH L7=, =
DOFENX, FIHFTREZR 1 A e RBRIEH L. 2> D REE OBLRINE A~ DI B 7o R 7 2l T TV b
VS RIZBWT, —EDOREMERETALEEBELALND,

A2 rOEFISM

INTA=H y 1 E, ERREFRIZ T LD R E S ZBUET D05, T OE & E KT 5 %0
RITZ LW, 207, v & BEEOROVEBRIL o (BT 2BEDOMIERRESHIC, v O
A (T r=o0Ai) ZRET D,

A 2.1 EXAHLEBER

HAKRY 22 078 & LT AFM TiZ SSD-BPT £ 7 /WIZ 1T 5 FE M AR L BRI, JeATHISE
(B 21X, Nomura et al., 2011) T/RME S AL HAPH (BE42 0.2~0.4) EBEGHICTRD LD,
y DERMERET Do,

2 CEER TR & UL, SSD-BPT £ T /USRI B R E MO MRS ORARIRIC T 22
BERBUE, TRV EETE & LRI S EBRETH D — 7, Fxr BB BT RE aDFE
A AICET 2 RIE, HEZ L 0T R0 BOIRXL S b & ATRAERNRO ED A R
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WZXHGT 2 LRGN E R TH D, WA T WIS BT, L5 RS 1y O R
ICENRDATREMER & D 720 ARGHI ClrLE LA BREAS HAZRIFH IS E 5 L 5 Faiofi &
WET D,

MMz T, FRIDAMZHET H ECTOFERNREMRE LT, v 230 IO TGIEVWVEEZ S 72
WESIZTHZEBEET D, THUE, v DY 0 IR TIE MONC V57 & OBUEFHR 2SR
LRI D RN & D | £7258 L LT EER o O#IPAZFE T 5 BT, v 23 0 1ZIFH
(ZITVMEZ B D RN e N =D Th

A.2.2 RDEERHO T
DRI DIR DTN ARG T D720, TR0 B U BH U~ A0S L AE LIk
RET MO TERIEFERZIT > 72 (Terada, 2025), £9°, FEAEREE 3~ EORIFHE
RIEFEBHL fr oy (6w) 1E, TR0 RUBEZ BT FCORAERMET O &M  feskm
B frjp(tlw) & UDJELOMERE LB fy DR L L TR SN D, SSD-BPT 7 /L T, KfEAS
& e SR L BASK fryp (tlw) 1 BPT A ORI RS & 725, Lo T, TRV RUBZT U~
IARHED EAET D & Rl REEREBIILL T T A biLD,
fauy @& ulBy, ©) = f(t|Bu,/B/uy)fy@l®) (A1)

ZIT, fyul® iE T AR E= (8,8, BFRON v i OMREERETH D, BAEME
D JE DR FEBIRL fr (D13, Z OFRHERE LR Z u ic >V TR (Aiafk) 22 & T
bihvd,

Fr(t1.7,8) = f foran (& ulBoy, ) du (A.2)
0

BAEEBRICHT2 D | K - BB - BAOAMEIEHEOEE&RT — ¥ 2 2EI1C, u g s
LTIIR ARG A =2 % 20, Lb/XT A —H % 15 & L= H >~ 434 Ga(20,15) Z K& L7= (0. 5m
~2. bm FEEEDHFPHIZ3A0) . vy OFEFISAOBEM & L, EOFMIEATBE LI o~
A y~c + Ga(a,b) ZRE L, /NA /3—/3T X2 —H (a,b,c) BWEDEMREIC 5 %2 5B %
[ R

ZORER, v OFERIGAMAITK L TAA /=T A =2 % (a,b,c) = (5,35,0.05) L&%E L
AT, fERE L THRLONDEUEEIMREN, BELT50.2~0.4 OHEPHICEINE S
e MR SN (TR A-1),

PLEOFHIIES &, vy OFRIOA & LT, PATREE LT >~ 5340 y~0.05 + Ga(5,35)
ZEH L=,

A3 NSA—SBDFEHNHEETEDHDLER
ATBIXOA2 TRELEFFIOAME., BT —X 2N TS IHEICL VSO
B, NTA—HF B E Yy ITONTENENAK A-2 1277,
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