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ET1E #A

1-1 bHABEIZE T H1ERMEE S ERMEZHEROFIK

DENL LS EEH 7 EOBRMAE 0 7 EZ 5D, i <R AR
HRH T 2B EENE TN CE . DOREOERIIFMIER L TH 22 &
5, fEAMHT S BB AT RE 2 M I & U Cidpk S AUl s & 7o o 72 (RIT,
1988) . LU, /KHEALAREERER M CIIHI IS UC, MmnKERT 7 A
WROAKFBA, i AMERS 2 MO 2 BEBRIC X ) DA B, A BT %
INZ FUHIH AT AR U TR, SRR REZR & T AIFREME L TR ST
e (K1-1) .

R SE IS, o R & (L R 2R s A 5 o T v L T M 23 10 T d
L. K12 1R X9, EHMimAE oK 40%25 L FH#scom L, WWAAKRT
ZFOEIGNRKE D (BT, 1988 ; EBF, 1953) . F-fHEAMHO B 2 ERITEET
13K 65%, MHBEFRSEFRTIX 2% L 7> Tnd GEME S, 2009) , FTH,
DU [ Hi ek TIE - DEIE 1T 89%, MERLEE 15° LI EOMEAHNRIL 50% L ETH v
TR R RS T TV 5.

Hh L ek O R B S 2 fE A SR IR R 2R B SRR 0 b & TR O R
R HER RO L EEZ B L, —TEOBEENGEZMERT D701, £
tn H COPEHTE AT ES ) AMEE S 4T X 7= (78R, 1958 ; #4994, 1997 ;38 H, 2006) .
D7, Bl 2 I oo H L R e o AR PE R MR KR A & R o o _BALIE,
B3 (@M, fERk) , TOMER Lo T D GEE S, 2005 ; FIED, 1999)
F7o, HRR (EER) OFTIXEES H 2R & L =R 5 W COME— AL pERE %
XL TCWDDIIE R TH D (HH, 1996 ; i/, 1989) . HlfEHum o TEME
RIS 72 8RR & L CHR0fb & 2380 2 IR £ 2 <, BN EZ1ED
PHUBROFFGRIRIBOE & 70 o> T 5 (8, 1996) . Z D7z, HLfEHkO
HIETAT O B2 72 & OFSBIIL B 32 - FE 12 X 2 AW 25 2 PO IC kR 2 7R B
TRE - B REZ# LT D (B, 2008) %, HLfEHSIC W CIEi-ic
BP3E - b A L7 ERA M B 2512 L D PEHIE R O Rl 3, M 225 o
REBRGMIVE Lo TS (P, 1996 ; BH S, 2004) LW 5.

Rl =i Rx 3, AEA L3500 X O 2@ LI BR BRI & J8 12 S 7o Miaak 0 b IR T ks
WTHIESCHEMAR 278 5 12 O~ AT n T b2 O®RBEICE TN D (i,
2003) 23, FEEXEZEOH LM RITIEECTH D, RBITWEEHMICL>TH T
AMEBEL T TAF v I T A (BIINTRAEBIETND) LIRSS, FT
BT AL, 1955 R TAIZEER T T AT v 7 7 4 NV ARERE S LTz D % 28
ICAEICE L Lz (K 1-3) . N A, L TRMETHY BFE i b raE7 R 2
EMOEMELHE R, REMMIT 48,451ha (KD 96%) & IR D L7 ik
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Lo TS, ZOHIMAGEREEE, MKEEOWEKEEZH 2 CHEBE 2T
IHLONLENETERE EFEBKL THEL L0 R BRERETT ) i Sk £ ThE
IRV (UNE, 1990 ; B, 1997) .

N RE, BT T (T —F AT ERHWZAER (7 —F) BAERT
HY, BE EHAEDETBERMIRE A AT RO RN G e L
IRBRS TN 285 (W, 2003a) . EEOMEmE LT, SEmimm
A TN ATIEH T ARE L RERICZEBYE - SFEl & & HIC RIS
S, BT ARBENRET Dl s L COHEMTOEANEL>OH D (T,
2003a ; 5, 2005 ; &, 2008)

—J7, MREER T T AT v 7 T 4NV ARER L2 L THREMIRERICBIT S
REEERHER LR PR ETHATFRO N ZARTbRD L HIc7o
7o HILEHURICEB W T X A 2 0 v X X770 &~ /LT, #ah H OEEGE,
HE 2 I U 72 35 AR 23 BA%E S, FRHRAO A Il e R 2 16 7> U M C kb
TERWEKE ZOEMEAICE $F 7 (BT, 1988) . 1970 4FfRiciE, A
IMA- TIEENTE D5 72/l LT ek 2 BA% X4, Flfikic s 2 &R
O b~ NAEFE (BREE) ORE(E BMICAHICE L LT UhED, 1990 ; —
YRGS, 1976 ; F;r, 1982) . WX UTEENL, SEHOERELIC L CUCHERI R O 45K
RN EDHE MBI B, WEIR T EZEET 50K 0NH 5 2 LN b REICIEN T2
0, 5N L TR 0% X LU OBEARME TR S Tns.

L2cL, JEES (2009) 2 HEfT 2 & 912, 85 %0 72 6 BT 0O <245 &
KRN AR+ TEAFATONDES LR 520, WER EICHLSEEORMN S 5,
RV O SR AR I EY & sk DER e E A2 2 OMBEN & 5 DI x
T, TEITEED AT DHEEE OREEN OB E Y 2 SRR ~DO B
HHE, BN LTI D O H BTV 5.

IO, FLEHERIZ W T H BB A TN L 9 R0 RWEY T
ERB SRS, TAT ZOBEARK LTS, Bl z0E, EaRciEo@is [
AN ZHEHE | ICL Y fEREZEORBAK SN TE Y, ki Ty
TR DT O T2 B TIXERE TR A T T ZAOEARED HNTWD (F
B, 1999) . —F, K140 T ha D34 T T AD H 5 56% IR A 72 < (2
WABER, 2009) , X ELTRIHESNTWD EHEEINDD, ZOXATD
N AT RIFEIE T 2B L CTIEIE 7 4 VA ZEE LWk E BiFC
BLHEETHY, HUIARLR A Iy 203 £ < Jr L el o fa gk [ 22 oo
D CHDH. ZDO—HT, BAETIEa X Mo b RS EE T
(Nakagawa, 1997 ; 834, 1997) , /N TCARERRBLGSEIEITKIGTE D534 7
INTAWRIRNZ D, MG L THERE W0 DR 5 2 E LW
DORBRTH D (M 1-4). ZO7D, HERMIZIBWTHES M K TR &0 28T
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T2 7 ak DBAFE DS FEMIZ IS VT B EPE T DHERF « 5L DT DIZME L Ip o TN D,

1-2 ERMICE T SERE=MROIRRK & FRE

F 7 v F RO 7 e F S T, B - B 2 RITIREREOHRA - K
TR 21T 5 @R BRE RN T TR Y (G5, 2012) , HEO I
JEEH T 2 KRR ZEOET V& LTI -BIR OB L 7o TS (SEE D,
2005 : FHH, 2008) . £DO—FT, LM OMRTIFEHE A i 7E T 5 1%
FRHFF SN TWVD GEE D, 2000 26 200b 5T, %G L7 iiskE=m2eixE
ENEITONL TV RWDONRBLIRTH 5.

ERMH CTHES SN A LA N L VIR T, BEsEm0 2 &0 R o HiE
EZOFEFA LI RESEE NS ABND. JRE (1990) X, 29 L7z KEMEH
RNTZORRE LT, 7T—FRGERAT R, BHER S A TNy 2, R RER
NG A, PRI AT 238 FONERRER AT 22 &1 T b (X 1-5) . HigHy
WASHEDENANT 2 T1 2 TlE, BREMTR A 7T 202 L0 faak k23X 51T
WHEFILH L. —F, 7T RURE U hUTE, S MICE AL TERL
L7zffi G IefiE ok © % < b s (A, 2007 ; BiH, 2007 ; /a5, 1990) .
L, 2O OMERTHE, SIRMICIIHEEM 2137 L CEMREICTHZ &
W<, MRUTIFMR R E AW SRS AN O 56 6 H 2 D EEM &
To7T BREZHITL) EWolBETHS (5E, 1990 ; BEH, 1990) .

HRI N BT A - L X APEICB W CRERIBNIEE2H T TH Y,
U ANOIRESA R HIR T D LERNH D0, HE AT 2AONEBREICET S
BEEDOBFZEEFNTIE E A E22\, Zamir 5 (1984) 11X, MHERRCB T 2R T
A D BRI SN T 2 & FRRIC N D 2 A4 0 Ul % O BRI ERIZ B SN
LZEEEHLTHND 00, HEIANY ZANDIRESMIZONTIIFE L LTV
W 07, RS (1986) 1F, AT A RBELT Ry R Bty
AN DIRESA R Z ST U, R AE A TV D ECRBUER N 7 2 13 5 TR =
AR THLIPBRKREORENHE L, HHOKIBEINRKEL 25120, HAE
O AR AEER T —F AN 2O FRREFAFH OGNS ITLE L VWEDK
EFREZBANTWND., S BITEBHIZSI T 2 72 OHRE O BEMES X & dviu L
LB THRIBOFE N ATREIZ 72 5 LR TV D BNEFEGIT 2. £/, B
KX AEEE BN E LR AT 2B 2 IRE SRS B3 2 B 2R 6103
b5 HDOD, BRBARED T — FRUERL 7 22350 TE PARF O EE /01 4 E
L7l CERD, 1997 ; BAD, 1998) BIOV I alb—va ko THIFL
726 (BA6, 2001) RALNLIRETHD.

RN T ZOFAEAMICE LTI RFR TRV MEERZFEF 2 H L. ADD
(1995) 1%, FARMEICSZHIT 2 K BB AR L2 2 Ao - THE T ZE2B%E L,

10



BREIEMNIR

T—FERIERNDR

0

BREMER/ ND X (RIEE)

. T

BRI /AT N\ X (HIEER)

6

FEIREMER/ YR (BIER)

X1-5 BHEAXBEER/ \DXDRIK
[RE (1990) A SERL.

11



AW O AFESEHE Y 1~2 BIZGOBNRENEM LI HEL TS, L
L, RN Z AKEEMIZEEAR T 21213 Z K a 2 b 23T 5 7= O ERHE I 58
THOIFBENTIEARV. S5, B - EE TIERB O L 9 72 KFFHE S 13D
72, BT A RIBIROBSGRZ R oD Z E0b, PN RESEZ A
FIHTE 2 L9 RRBMENPLELEZ OND.

H L PR HISs ORI Z 35 1T B3 - FEX ARREI, BIfED & Z AmiR 0T
0 R DOTEAR N LB/ D AEBHIICSEHT 5 N7 ZOF & LT AN
EIREN DD Z &, ISR L > TEIRmEANGFIET D Z LI &k 0 FiH & b
NCEIRHNC BT KNI EN D ATEENE (BI D, 2002 ; SRH &, 2002) 235
FENTWAD., 2Dz, YHHD N7 2 L TR EESNRLR D L EZ LN,
BRI & SIS ST 2 D ANBREE O & Ffe U 72 BETE O BF SR 441 13 72
Y

P32 - AEEEPEICB W THEBIANAT ZADRNEAIND &, ®iRH DAL 6 FEEA
FEMNTIREICR D 2 e b, MRS LD IRERIENALETH S, HE T X
WTIE, BlIZIELAIICBWTEBESNZIREBIC/R D &, &HE F NS B ~f)
STIRENE S RDOIBEARNEL D (RE D, 1986 ; B4A 6, 1997) %, i
HUZSEHET 2N AN EIFNERES E 22 b0 L RIS, 5 (2001) 14,
HRERRIECO T —FRHRI N T BT DV 2 b—r a VORER, fiksh
TEAINTZREO N AN TIHEM G I > TREARNSAEL D Z &2l
HLTWD., ZOX ) ORI AN ZOFHEE LT, REART ¥ /3 —
(Okada &, 1995) DX 9z, EMEHAZE—& L THIREDEN TEFIZER
MAELDZ L ZFH L CINERZ TS LAan o2 ik ENREREINT
W5 CER, 1998) . L L, FEEIFERIILEIS TR T 52 &K
STRE EFE2MZ2EHEBLETHY, "UAFHAOELEEZD L, ~NU
ANDIREAZZ /NS LTHREOE —LEZHMO 20N b F —IZAEFTTH L HITE
A2 FNRBFENTHD.

— 057, RRMICRB W TRE 1T 256, FHHISSIHS 2 — kDT 2 T3
FEREOIRIE Y 7 U EE T D 2 LIk > TRESMES L L TW5D (i
H, 1980) . F7=, RESAMEX L UINRREOE =2 X— (L& XD =D
EREZFIHENSGEH L (Y, 2010 ; A S, 2004 ; ¥4 T, 2007) . L
L, ERANT AT, BEREICR D EIREARBORAENS LN D%, FHH
IND AT DIRERIES LB B2 LS. JRE DS (1986) 1%, 7 K
U R KRBUE R AN T AN BV THNRFEDO N AN E 2 %) —{b 325 7 & LT, &
HOBRPIHAY Y h—T U ERET L ENAERBL TS, LairL, ¥
¥ B S FRE TITRMRET & 70 v, FRICRSE T WM IO
HYEZED R, REFFITON D (RIFF, 2009 ; BEMOKES RFENFEE 2 —, 2000 ;
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KAk, 2008) 728, (LU0 h—F U AMEEDEEIC/RDLEEZBND.

Fo, RN ZOFMRARRICR Y, TERDOE SN LT Hiax 2> HER T 2
~NHRHR SN D &, KOEEN I BIT/NS L 2B T2 ONRINEKREITO Z &N
B 72 5. KPS L HIER S 3 D T IEEN Y O T 23D 7 W BRBEAR 4211
IREMREANIIMNETH D EEZDND. MZEE T, #AKERIFHIAR LK
AEZ i 3 2 IR L O W K DSOS SH 5. BIRTBHE, VEKFIREEAE & & I
EN D L9, RERFHINEREA K - FEEST 52 & T, B = X N OHIE
RMEF 7 DR T % 72 < TEREMRBRIRMEK - ML HFEE LTI (HFARDL,
2001 ; Bar—Yosef, 1999 ; Scanders, 1996) , fEx OEZ=/EMIZE W CHIHA
TW3 (HFARS, 2001 ; #A 5, 2003 ; Hochmuth &, 1996 ; Locacui &, 1997 ;
BFHG, 2009) . £z, BRI, A0 HE (HEARDL, 2001 ; A,
2003) & LChiRash, FHHOMEREZ TEANEL TS, ZORRIZ, #
WEHHIZ L OFLERH Y, EHE AT RZBIFDUEK - fEIEHiEE LTHAERhE
EZzonb. Lanl, FHHADOY AT A& F O F F-> THEAME CHEK T #H %
11795 &, Rmo LT TH#EK - MIEED AT D 2 ENBEIND.

FIRLHE, WK A T Y 7 T —VEKE 0 AEMITHEK « HEIREITUVME
MOEET W E, WEERIET D HEE LT, 4 ATV EFLE T 5 M
BT AU HIZBWT, UERL RT3 EOMEYCBE M SE, BT
ZENHELFH STV 5 (Bar-Yosef, 1999). Wr4E|IM sl (AA, E, o
Y R) EA—A T U T CHEHAENAEEZ TV D MR A R AUE Hefs AR 72 4
YETRIA %y (Bar-Yosef, 1999).

O ANE O WL U C OER R IE, BIE0A TEE AR T DR EN
ITONTE N, TOREEN 2B CRAICIET T 2 BB ICBIT L (F
&, 1958 ; LBF, 1953) . Z D7, HAMMIZIS T DAL, WAKICE D -
BRAESCHEZ S EEERNRER N Z<m LA TWD (fHH, 1989 ; KA,
1989 ; Partap, 1997) . {ERHIZISIT 2 A HEK D D VVITEIK ORI HE &
LT, BlziE, woiawIhoro~/LF i KE R EOBFIC BT,
KB 31T 2 Rl T = — 7 OBER LR E 2t Lol (BRok B, 2004) 23
b5, —J, MxEZ= T, FRCEOME S ITRBOMmoEY & b L TR 72
AFENMTONTEY, 0B —REAKmREHEPER SN D, B (1987) 13,
H LRSI AR SR B D Z &0 6, RIEEAKIZEURNE T OB SR 1IC B 1T 5
HiAKEAKIELE LTAY v bB3HD LML TNDHDOD, BAR 225 IS H Al O
FHIZR STy, BIK LA ERMIE O TR T 256 O HEfIz-2n T
I, AN 2R OB IS B TlE MRV E IS B DN R E ETEKENS
SIBDBENBOLN TS, ZTORHIERE LT, BB OBREICF v v 57 -
IR ERET D HERLYA 7+ VERIZE D KORHZS YA 7407
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— W — BT H5E (FARDS, 2001) BdH2H0O0, M MER LT SR
JZ I TREREIN 2 M5t L 72 il e v,

WL R R ClE, ARPE D OIR R 3T —  CREEAE & L - IR OIEMH L3 X
Sk o ELTEY, KBEOLRN B IZED D IIEMED B WERT & LB -
HEICLDENN RN EE CHL Z LA LB TH DA, Fil
[ ik OB T HIG R CIE, ST OB RSO KRB 22 R B R 25 2 1256
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EBHIT, HEROMG N LT HEX S D B3 - 6 & AR N 7 A O RS E:
R L2, S DICFAEIC ISV TE R - {8 X 2R FRBMER N 7 X & Hii-
WZBA%ET 2 & L bIT, AT ZDRERLRMERIA~DOXRIR, K2 2 MEoRE S
DOEE EOFFRE B AR Y » MEIZOWTRE LT,

%4 T, B LI BIEAER N 2O ERIICE T 2@ AMEEZ ST
B0, FILFHISIC T D83 - IEEEFEOHF L ThH D EFREFIZHB N T,
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¥ 6 T, b~ NOEKEEEET O AEE B ICEEAER T A B FRE L
TEIERBRZITV, O~ b OEBERESCRBT B AFEME) b A7 FIERMER N
2D AYE, QWVERERI AT ZZB T b~ MMEEE L TAAL— FE—ZEA
LI T e EAH IR SR L D R E N E A MGE LTz, E£7z, ERBER AT 2 0E
AN E > T, RO SN L T gk D%E & R TRAKDEEN S HIT/hS LR
BT END, FHHICBWTREEZREK - IEGEE L TR L TO D RIE 8
VAT K= A, OEAMIIZ B W TR O UNC K - HEIRETT O 720
DEE T AT LD G EZBRFE - L7z, 51T, @OFRAER AT X
DEANZ K DH =723 - L E APES AT LD LRI 351 T 5 % M Rl REME S
IZOWTELE LT,

B TETIE, A THELNTZMAEZRIE LN, Lk o@Esmics
JHERMEEZAEEEAT O 72O L FREAEA AN T R LR N T 2 08E A
ICL DT - JEXEPE AT LOFIEE S BOBEIZ OV TELR LT,

HF L kTR R Rl X S MU R DB L 72 > TR Y, RO S W L T sk
(2 & D AERED BT T 7R AR T Rl = i sR ~ DR 2 (X 0, il &2 DAEPER DA PENE
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2-1 [FLHIZ

AT Tk _72 K 912, o LR HIR CIE B2 - 16X oK ik 5 25 23 i o fi
EOFHGMEOE (BEPH, 1996 ; 1, 2004) ) Lle-oTWb. ZDizwH, |
LI P I OAEAHIZ BV CTUE, S & T HiRR D BRI 7 A ~DlsH A (X Y
B - (EEAREAFET DV AT LORFERRD LN TWD. BREFRE A FIHER
NI A AWTEEE - X AETIE, 1 BO OB THREZ 2L S8 5 ARG HE N
Tons560 5 5%, EEREIIFCEERFNNTH L. HE T 2ONEER
BRIZOWTCOBEDOHZEIXITE E A e < RNV, R OEE Sz
BRI AT AN TERNE 25 B~ o TRENE < 72 5 IRE AR N4 T
5 (BEAD, 1997) EoHERHDH. Z D=, HEI AN A TIXEHEH O T 2
SRR SRR N R D, BERENC OV T S B D BRSNS B4, H
RINT 2O RAZITEH N T 2 L B D542 7 U T LgibiudZe b0,

AL R O ORI Z B W TR AN 7 A DB AZ K B I2 572> T, [AERHH
BT 283 - TEE PRI 2R 2 OFHATREE OMFT AR D b D.
Z DAERI AN T AOFHATREMED RDI 1T, OFmIBMCRIRICBIT 5 T AN
RERBEOME, BLROOBEEFELHONCT HLERHD.

UbEDX 57388 ob &, ABRICBOW UM TROLZSHHAIL TS T
—F RS TN A EERBA~RBEN LR N 2 (7 —F ) LSEH S
RE LRI O AT 2 (CEHH AT 2 2N D) ITBIT 2K E 2 ITINEIZ & b7
DML S3 AT 2 Ll L 72 28 AT L, RN D 21T 2 #KURE 000 B 0 A ek
LERHLMNCT D E LB, ERMINCR T 283 - JEE BT T DHEEI T R
DB 2> 5 OFH AT Re Mk & Mt L 7.

2-2 HENVREERFE

2-2-1 #HENHYRAOHBE

LN 2 OB A 2-1 127, FEBRIE, P ENEREENEE o2 — (F
B, )RS SF ) NOMERNE (BURER 107 ) ICRE LERAAD 2 (T
—FAUERI N A, ERTIE A~ S 30m, B0 6.0m, #Fi 3. 8m, FALER) B IO
[FFFetE 2 — (UEHK) NOFHHCERE L2 PN 2 (B & 30m, [H
1 5. 4m, 8 3. 3m, FALH) 2 H 72, DRI ZIR R % (N 4R KA-203)
ERWE (F2-1) . BBEEOEEY D IIBEEERE LMo S 9n,
i 2> 6 & 1. Om GRENLE b) IZFRE LTz,
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2-2-3 RERAFE

(DERNIOR (7T—FE) 26T 58KEF0ORES 1O ENT

FEBIX, BROERANT R (7 —FR) LMD 2T NWT, AT O
R EATEmMLEZ (K 2-1) . EHEAT X (T7—F8) LN 2T
FZENZENAAL — FE—CFRAEHRE Lz AARIBLDY SCREELS DX
IRERE L IREGIE R (N 4R8, KA-203) Z40 2 B E EhEes L-1%, ER
BEDOBREE & BB 2 AT 1T 5 L FIRFIC N7 ZOMIZE (RS 28m) % Im g CTHEE RIS
THR LR, "y ZANRERL L OANKIEOZEL % 1 bR CRtdk L7z, il
Hi N 2 TIIEATICE > TRE X 7 N (&7 b) & 3 ARREL, HE AT 2 (7
— TR CIHRR A 7 b EREETINE L. REORIEME L, miffEm % i
SRRl L, REHAERE LM OZFER S NT ARDHHES, 3m, 9m, 21m
B 2m, #mroEmS1.0mE L.

QMERNIR (7T—FB) ICET A BRRMUENRESIMICRIFT REREN
FEX, ERoERANT 2 (7 —F8) & AT H oo R 2 88 A T e L
7= (K 2-1). "N AWNTIHER G MEAT b~ M2 Lz, @R R (7—F
) OMFEOHEE RIF R b NI E MU0 ZE R E A DY, IOZEE S
3m, HII2> 6 i S 1. 8m (AENLE eh) IZ81F HIREN 410 CIZiE L%, OME (K
S 28m) Z 1m DIFTHE R 72546, @M bE (6F 2. 0m, 5 S 1. 8m) % B K
L7ct, QO@DIREZ 7 0 FF LERIMEBELFBK LSS, ([2Oo0T, ~y
AZANIRE EAVIR DA ZRE Uz, JIENIEIE, W5 OE & #5 S gt b,
L DOZEEH HAERIT A~ 3m, 9m, 16m, 2Im BIL O 27m, HEmA> S & S 0. 3m,
L.OmPBELN1.8m & LTz

PRIZ L DRI R (T —FH) NORESHOEETRET D720, £7
M2 5 F U S CTHEY & 0 e S o IHEE S IRE S, FEEEE o 1 RBIELE L
TAEE DR OIREZFHREE, S DICEEF AT OV TS RRIZFHE U CHlE S
DR & A5 L TR /34 X 2 VERkK L 7=

QERNVR(7—FE) [2HIT5MBEQREDHOEH

FRIL, BEROfERIANT X (7 —FM) B LU Y 22 vy, OEIRE
6CTINR L CHEM L7z (K2-1) . BERANT R (T —F8Y) LT 2T
FNENAA— =L FRAEZHET L2, Wiy R e b ICIREXEFEE AR E L
TR OFEIZH > T@E LIZIREAL 7 N (FX 27 B) 12 0.5m RIFE TR 72 fLh»
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AN ZANIREE IS L USNUR T TR (1) THEH L7 2 T 1 4fibE Crigk L
7-.
(4) ERBICEDZALMBFOERNVR(7T—FE) OBREFFICRIEZET

BRI

EBL, EROBERIANT R (T—FH) #H, BREET L AEERE LMt
Fikoo (3) LRIUEMETITo (K 2-1) . #HE EGFoFEERMS 3o (B bk
J5) F70 15m (Bl Po) HS o, HE S & S 2n ONEICIEERE (VAR
280B, A& 81m’-min') ZFXE L, K& EATICHRA N~ TERET S &
INTFREE LTz,

2-3 WRLBE
2-3-1{EAM/N\IR (7—FH) ICBITHMRABORESMFH

WA AN X EfEHRIAN T 2 (7 —F ) ICR T AR OIREELE K 2-2 |2
R PN T 2T, MIERPBER S IVTHRAD G E D &N T ANOIRE TR
RNIME T L, AARIRII < TEET D £ TICHABLGND 10 L EZE LT,
T, MRENTAYANBENLEE L% TH AT ANEEIISSE LY 1C
U b@nole., ZHUTK L TERIAT R (7 —F8) TiE, [IEIEE LiFoh
THRDIAE D E N ANOIREITHECHITIK T L, HKBLE S 5 5 E TlE
IFARIR E TR L 7=,

ZDORRIZ, N ANORE AT 2 IV ERAT R (T —F8) DA
RN T Le, 70, T AWIERE EAVKUR & O 22T T 2 J0 R
ING R (T —=TFH) OFB/NSholz. ZOZENnG, SEHHM AN XD 7 —F
RUERI AN T AD T PGS REN BN D LD LEZ D, BARBKIZE W T,
PEAEICEIREZEDH L B TH D Kittas b, 1997 ; /NED, 1993 5 F43H,
1998) & DffsEdREL H Y, AMEFKRIIZINELERLTND.

FEBZ W RN T A (7 —F ) T, BERDT 1R 5 O m R ZE TR 5. 2m (30m
Xsin(10/180x)) & 72 %. F7ebh, KRFEBRTHWIEHM AT 2 DB HERICE
T AEIEZEE, MEOEEX EFETHD In RERKTHLOICH LT, EHEAY
A (T —FH) 2B HMEBOMETIEEE BIFIEICIZ T 5. 2m OFEKEND
HZ LT %, BREKD 5 BRRSEM TR 2R E ALK T, K EITS
S D572 2 B ORI oo T E BREE O RIS BT H IO B RAHAY T 5B O
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K HAET 5 Z & T, BBt A N OHITESCAREN > D & e < TERBER B 72 Y
K fEREGEE LT SN (FAD, 2001 ; Bar-Yosef, 1999 ; Scanders, 1996),
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O F FFRIH L-peskik, BERHIICHEF S/ 572D v AT MK ER
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YT TFENC K TCTA YV BN MM T = — 7 2 FH L CHEK - i
JBEAT-7. —J7, &P ENERENEE Y ¥ —NTIE, %ikd2BIEICE
DUEK - R Z T o7, Fio, P ENERENEE 2 —NTITRREL
WTHRT LY o TSR A2 550 U=, EHERT & RS K TR 775
— TR Lo KHERE L. Ny 2AROER Az, #imo B, &
B LT IO 3 X (EA TR 6m O X)) (253717 T, THEREN S 5em & 10cm
DTS THEAERRL 72,

6-3 HEREEBE
6-3-1 FREFERNVRADBEAICK SH-LEFEROEE
(1) b= FOEMBIEICH T 5 FRBEER NV DOBERAM

SN L%, 7 —FRER AT 28 L OERBUERL N7 22315 2 2K b
~ FOARINEE K 6-2 (2T, RN ZOBEANICLY, fEHW KT MRS
e L CULRERAR AS 2 SRR E IR R S vz, INELE, SN X ok, 7—F A
RINT 2B LOERBER AT 2T, ZNE1 8.2, 8.9FB L9, Tt-10a”!, Y
T2 VINEIXZE NI 3,46, 3.73 BL 4. 0Tkg- Bk TH o 7=, FiERMER DT R
TlE, 8~9 A DIENZMEAARD bz, FH4ETRLEL DI, HFON
SMBE 22T RAMER N T A e b/ & <, TBIERUEAL N 7 2 (X @R oI
L ICRIGTE D Z EAURENTZ. £, BRFHCB O COEERER T 2N
TIX 0. 1~0.6 m*s ' DFEGRABH STV Z &b, HEMIETEED —BRbRE
IRE DK TR 72 ERER O JRIARE SR ZEIZH S L TWnD (Cotter B, 1960 ; F
g, 1972 ; KIKD, 1970) &2 60, b~ FOAE, WEZMEICHLEBR L
AREMEN B D .

Z DRGSR, FIFRBRORG & LT AER B T, 1EREHR L TWefis il &
ThEskIE, B S K0 SERBUER N T A~ LAER BT S 4, BUETIE T T
DS N L TR ERBER N A~ S (X 6-3) . 612, FHizlc
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52 E b o I OEAHIIC B W T HEANED SN TS (K,
2009 ; K, 2009 ; KR, 2009 ; FEHE 5, 2013 ; @ H, 2009) . X512, fHEEMME
DI 5T L OS2 BSHIc B W T hEHA I N TWD (BIFS, 2010) .

QBELELTRI—FE—2BALEFLLEMAERICEIBEDR

PRI AT 228 NWT, b~ FOEIEE L TAAL — FE—DHEALZKRE L
7. b~ FOHEEZ 9 HRTH B - 72728, #HEHMFT O b~ FOIEIX 7. 2t-
102 TH W IEITOMER L D NEND7einoT=. A — b E—IZ, VRIS E L,
Fo b~ MEMIT~ORELEE L CTHEZT B0 -2 L n, IUHERIRIL 3
HTANS 4 A EREEL otz (X 6-4) . 723, B2 0 OFAEAEITHK 8
A, BEHETRICBIT A HEBRBITN 17T B CTh oo, BEFFEH O FN: X R /L
OYERLE, 8 A TSR L 11 H BRI Z A0S IHE L 22 D Eass Td 5 (I,
1995) 28, FERTIZIINEHATH 3 » HEro7z. EHBL (2000) 1%, FED
IR AL DI A A — M E—DAERRESE 2 RET L, £F, INEIZEEI R o7
EHE LTS, 207, BUER E L TIHEROBENREWEEZ BN,
EB, BED v MEEA~ORBITRD bR o .

G LT AEEEO b~ ML, BT I3 ARAEIC b~ MAHERE, 5 H I
~HENZER L, 7 ARRENOIER G E 2 BERE; ThHh D, AL —FE—Z K
ENZEAT 25521, SRR ZEDE TEATAILNERD DL EEZEX LN
L. Thob, AL — b E—Z2FIETEONNT A TIE, 3 H EWIZ b~ A REfE,
4 A FHIETIZEML, 9 H FAE Tl 6 BFLE O R5E % IUHET 2 Hels 4 21
DFEFE L, F~ FOIHEK THEED 8 HR~THIZ F~ FOKICIZAA — b E
—ZNEHEET S (M6-1) . ZoHECLY, 12 A FAD HIEITOMRBGRES
WZIEVMERICAAL — FE—DOINEL G TE D EZXBND. HIfFCAASA— MY
—ZHEE LIS T, A — FE—IUHEK TR ICESGO%EREZ L, h~ FOE
FEIZ 5 H ), UCHEBRLAN 7T H LRI D L2 DIBITOMERL L 72 2728, BHETH
DIERNT 2 ZFAT M ERS LT OBEGEZe—T —va 352 L1k 5.

f~ K& AL — M E—OFEROMAE I LD RFTEFADIENE X 6-5 IZRT.
ZA — FE— OB AT LY IRFEEEITH 30%HEINT 5 & TR SN, (EEE DK
2 NETDE, AA— FE—OFIEHBT 10a FTHRE L SNATWD. SEO
RER T, § 8a O N ATREBREE L, AA — b E—ORMEE L ITEITOHES
DK 2/3 THVIEEMITIIARETH D b~ MNEE~OFEL ) -T2, RIFFET
IERRE SN TIE VWb DD, AL —FE—EBADAT v MIHDEEZD
iz, A — FE—HRETOEENETH S (I, 1995) DD, 4~6TC
RETIMELZNROEE L TV ZEnLREBEOEHOFELZITH. 207k
W, BANZHI > TL LV FEMRRE DAV ETH L. FRIEANT SO
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THAEEZEOEEMELEGRTS. 29 LEERLH Y, EiERBRHICBWT AL
— hE—Z2ARKKBIICEATHIZEES o7 b00, ZOH%LAEFRITBWT
BN ERONIZRER, A — b= LARRIC~ AR TRIEEOEM TH D A
T RN M~ NOBRIEIZEASI, A1 — ME—0O%4 &R CHEMER T
EEMNMTOR TS, £, YSHIECIX b~ FOBIEE L TAF vy T Ky
DEAPIEE S22 LD, AT v F oy RUZERIRT 5 2 & TR 722 Ik5E D
AREIC R DDA Y v RGOS,

6-3-2 {ARMIZEITEERLIB IR T LOKHE
(DBEREIB A TLOFEEEZDHR

b~ NOEBIKET > TV DAEET OBRUBICIB T, EEFIEITOWK -
JECHEHE LA, K66IZRTLHIICh~ MOERIIRmELFLY FHOH
MRORRKEL, XRIFIRE FHOFNBEEFIZRE NPT, ZRIE, M~ MNOEF
ROV E D TH Y FuJEFHE OFIBA B & 722 (FAR, 2005 ; ¥, 2005) . Z
D=, HERHETII D7 L biEKIZE b ) MEESRm B L v T T%<
RoTWD EEZ BRI,

Z T, HAMHICB W TERR LA EH T 57201, TIROBR L 27 A
AR— 2R EZMA Tz, VAT LOMMEAZ R 6-7 TR T. JFUKkZ 7, JFKAR
V7 RS VT, RIBIRAMEEOBFO VAT A (FADL, 2001) &b EJ7
IZELE L, INX CTHKE, JKERFTIS XOHEKS v 7 2pbm F7ICEE LTy
AT LA LT, FREICRE LAl T = — 7 Rina BAKE IR L, BAKE
DHEAK S 7 PRI T PR ERE S &2 B £ 7.

BB U= 7150, £ 385 O T IEICRE - TRK & K 2 IR IE TR AR TR &
DIREIZHRL TRIK LTz, PTERDOHRIKZK T T2 LRIFFIZ, RiiFa—7%
et L 7o 8K Kb DPEK BB Z BRI 2 2 & TR T 2 — 7 NOFRIK D E
R T 2 X5 ICHIf 21T - 72, S BIZ, WIBKTRE OPEKRIZEIKR O A D
FIRIZEI 0 2, FAKTTF 2a—TWNITFE > T2IRIEZ 3~ THEG~ L #A4E
(V> R) ZINZ25ZET, JEKIZFEKRKDIRE DT DFKS 7 ~FE L CTHH
HA+25Z &b AETHD (Kawashima &, 2000) .
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PERE LW RIEIZ L D KA b O E A M 6-8 12, Rmod LTIz 5
RIEALOALE & R AL D Ok &E & OB EZ X 6-9 ITENENRT. 725,
AREBICBIT 20ERIEIC L AWEIL, B LI AT MW THOKER I 2 %
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ST ALOMIEIC X DEWVTIZE A ERBO LR -T2,

KRS TR T =2 — 7 WICERAF T 2 KD AL B S5 DIZE L
TeREH A2 6-1 12T, TERIE TITARHE T % bIRAK S HE M S vkt R 7 x e
PEH 2N RIpAkAE L 72 DI LT, SR E TR T & RIFFHZ M F = — 7K
SROPEKBANIE SN D Z &2k, BAEKD RO L SN D Z &1
7eirodo. B 6-10 IRT LI, WRIETHEE L b~ FoXR &X2840T, #
oL ETHICBT 22T, ERMICBWTHEUICHEK - kT 2
EMRE T

AR THN T 2a— 72X 0O LT HENMEHEMEORET 2 —7
(Karmeli, 1977) 1%, Z OEMEPHN CTHIVTFRIK T O S FL S O H S &
IFEREIC DD LT EKRZER S > THIRIFW 127 d IS 2005, kb
2004) . :@kw,%mﬁé@#imwﬁlk%zghk.%%%&&E%T%
R EITEW A AR R 2 LT 6-11 (2R 7. ERIEICB W T, #m T
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A TR T 2 — 7 NICHERE T A KPENITE LRV RAICEFEL» D
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TNfREENT-EEZDND.
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IZBWTHIEET 5 Z LR ST WD (Kawashima ; 2013)
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WARTMERI AN A EZBA L TITo 72 b~ b OEKIEEIC L 2 ERICBWT,
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D%IEE L TEAT L EIERBRE I LR, P~ e 2 — FE—DHMAE
HHIC Lo T, FHOIRFEFDHK 30% M2 LA I NREIA Y >~ FHFR
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NOmbb., AF 7= Rold, W AT ZEORR R RER R 2B 1T 5 b
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EERIZB W TEA SN EHTIE, 85N L TR & FRAER N 7 2~
Hffs U7 HEIC BT 2 AR RN RE ST D, AR ICx L TiThh =5
LT HEERIC L D b~ b O ERKFREE M T 000 T 2 BLK OFRE & FaRAE R
UADBEANCTHHFTELNRICET oM I REDORRE GEH S, 2005) 12X
Hl, SMNEITHERICED b~ MEFICBIT 28 E LT, EEROREA, W
FHHoOWE, HAHIROGIE, HROMEIC L 2EEA 2 EERNET oD —
75, ERAUMERL N 2 OB ANIZHIRFT 5805 L LT, B, i RE ORI
(ZPE D PBUREERE: O F ki, INHEHIM OIER, BEGEE OBREN ST b T D.
HH S (2007) 1%, EERBERANY A2 & LIEEINRBEAIC LD 26 DR %
FRAE L, IWHEHIH] OIER0R B IZ X 2R E A R C& 72 2 L EIZ X DI
ERBURO 10a H720 8t /5 14t [THIMN UERFIAZ 180 J7 N7 5 &
EbZ &, EROBSR LT CIIHEENSRNETH ik xry NERET
XHZLICE D MEEZMGITS & & HICEEBEEEICERY DD 2 OB R
B LTWAD.

ML T HIIE I Z d5 1) D RS ARPE TS, SEIRAME RN 7 2R DB ANIZ L D EFEDLE
& & bITEIMEEIZ DN T O IfF STV S, FIRBERL N7 2 DE A
L DFRPEEFEOWAITE b2, BREEHEA~OBMY A BILRT D &b,
HEHFEO=—XIZHEIEENRTELHOEEZOLND. BUEEEE: & & I -
LRI 2 BREBEFEO=—X b b 5. FLFHEI3KIIZIT N &b
RSO RFINEEL 2 P L 22 VBRI SR BN BA L ETH D, BIK LB AT
AL, BRI OTE T D I W BRBER A DE IR - fEiE )ik s L COF
HHIC BT D iR E S CEADNEAL TS (FARS, 2001 ; Hochmuth 5, 1996 ;
Loccacui 5, 1997) Z & i, MEHEMIIZISIT AKX - ffEHEE LT#E L TV 5.
29 LTI ZTED LT, AP TIEI— R REBR L A7 L2 X—2(Z, @
AU 31T DR TT A CTY— 720 KD W RE/R v AT L& RS - kB L7, A
ZEITHIT D RIET, ERYIIZ I T 2% mBR A st LT b [RERD 515 TxS
Tx % (Kawashima, 2013) Z &AL NCINTEY, HEEHAIZS W CELEIC
VK - AR 5 HEE LTINS WEIT LB NS, LavL, — e
R AT MIELZIREE A E S D Z &R0, HEEOR - L
FHEEE R A~OER vy F LW L EBATHIAEEEOERLH D (EBA,
2003) . 29 L7c=—XZxt LT, AMERINEZ AV TR & Bk bk e %
AlA S B AEREHATE (2002) XV IBESRERAMEERTWD. £,
JIE & (2006) 1%, AHERIELHS b~ FOMEREMEEICBWTHEATES 2
ERFALMILTWS, PIUMH#IRIC BT, EREAER AT 22 H AT 5 L& &
HIEAMIC SIS L= #iR L e A7 A L A ER L oS ERF TS 2 &
T, KOMIMMEEOENEE - IEXAEENFREICRD EE2 NS, L, #
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W AT 5O 2K 5 7= D121, FHHZEB T 208 & Rk, AT A
DRI A MEDBKRERFRE L 70> T D FRA, 2003;{& 5, 2003) . 7z,
H L HE T, AN B R R AN HE S 2 58 RESGICERO 2V E S &
D, BAIZMNNETRZ &RV AT LAOMHANNEER Z & TEADNFIRSNS
Gt d b, BIRORNGE O\ LI U 0O #2 s 3512 khis - 5 K - Hihe
VAT AE LT, KB SRS LY BEIRCEE T KIS AT A (FHID,
2010) A SN TWD. BEFROMIGIZEBNTEZ O LIV AT A& AT 5
RESBROUBENRLETH D, £-, H)IH (2010) 28T L7 AT LIIHEE
FEOHIEICHERH Db OO — KM BRBR LI AT L TEBBLE 1/5
(10a %720 420 HH) LK== XA N THY, /I THE L ES~ORIG R
BBz BN, FILBHIBROERMIIC B THRIR LB AT 20E L&D 5
720X, 29 LK a R My AT AL ANFZE TR « B L=k T =
T AOHIEE A G DY 5E, SORDIUBICOWVWTRHFNT 2R3 H 5.

AAFZE CRA%E U 72 EaERUERL N 2%, LRI B W TR ER T D
P2 - IEEEFEIZBNT, ZTNETRAIRBTH T RAEFET AT LOHEEIT
HFEGLTWD (X 6-13). FlxiX, FEREaBRA S L 7o man ik R ik, F
SRR 7 A NICHURE IR T o 2 B8 K% 51 E AL LEF EofE S o 3t
A PE Rt & L COFIH (Nagasaki &, 2000 ; iHH 5, 2004) , FEAAHH % F)
ML TULZRAZHEET 5 2 & TS Ok & FERHIAE B4 W N2 S8 2 8l (1S
5, 2001) TOBHHANAVAZFIEAEN TS, 2095 L, HFEEEEXIZDO
WL, B/NTHREZETH D Z EFIT L BEE ST KBRS I N1 7
THEOWEBEE X ZRE L, ZNETHFRTE Loz 11 Al hLaXy
a UERHMTE D L2 GFRRTEAAHEIZ /2 > T\ D (Nagasaki &, 2000 ;
Bprp 5, 1998 ; HMH D, 2004) . F7z, LHRZHOWTIE b~ hOERKERE; D%
fEE L CHUBIZIHB W TERD M E i, IR HEIZEB W TE ) BRI ER T 2 /FR &
BT, ke U THITIZFEELRATREE 225 (IG5, 2003) %,
TERAEPE AT AR INDHICE->TED, HkickBW TRV EENL TV D E
¥ AEZOEERBICFELE L TND.

5\, YREHUIE CREBAICITO TV DB - TR AFEOIRBELL, EEHIC
BIFDRENAZIE LTI 262072 FE GEHD, 2004) THY, FoRBMER
U ADENFHIRICETHZ O LERVMHAIZEIRT 2D EEZE2x 615, HH
5 (2004) 1%, ABFEA TR L 72t G sz BV T, MR A PG L7z 1997 4F &
BAFE BT OB AL (2001 4F) (T8I D - DAL 2 @t L, <l <%, FiE
BUERI AN AN SN2 L2k, BRo k5 efb& o FEFECH -2
Zih B O FEAFEMK (LB EER) DNEEIZ 1A DO KR & iR LT
W5, ZOWELK 6-14 2T, HES (2004) OfEHTTIE, HriciEHZEY
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o, EEEFH GELET S LT
900 140%i&
150 In 13, 7%? 13. 9%1@/
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© Fr‘
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501 ' il
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1997 2001 1997 2001 1997 2001
BEFE
R6-14 xR T DAMEDRRINER

SEMFICHTIEEEFY, BEREBEESLUVE=R B RS
%84, BFREMIALIZ1997F4100E LT, 20012 BT A1 NEE
RY. BHES (2004) FH EIZ/ER.
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IO AN ST, RSAEmAES L OWREEIE, T2 28 7 (140%4H) |
107a (73. 7)) 5 LT 10,905 TH (73.9%H) , BIBAICOWTIE 1 74720
530 THOHIMTH Y, HRHMITD & 2 BT R ¥EFTE 561 T (2000 4£) 7>
LHTHBPETERVIIRN DT LML T 5. ZORRIC, BAFE L7IHdhix
B HIRIZ BV CEIICIENR Y, EHOT v FF 3 a v TR0 DR C OIS 4§
CTAL DORHBIBND 72 & HIOTEMEAIC & Bk L7 (525, 2009 38 6,
2004) LFHEI SN TWD Z EEND, H7ICBAE L7 B3 - 6 & A RS
BINT R LT DAEES AT LT, TR HITIZ IV T R MED SO IR Tdh
HEBZ L.

6-4 #5R

BAFE L7893 - fE S AEPEM S ERBMERI NN X 28 AL, TEROEMITINZ THr
HUEM 2 B0 ANNVTF T2 R AR 5T 2 & & b IS, ERMIITIS L 72 8K
TS 2T A DO T ER X OEERMER N 2 2R U7 510 sk 310
HET7RW 3 - JEEEPET AT DO K ATEEMEIZ DWW THRRETL, BLFD X 5 725
i,

1) BAR L EREAMERI NN 2% b~ FOBEKEIEICHEA L& 25, &M
BT OMKAENTEND Z &, IWHEHMNER SN2 EFEDOHRIZE
D, PEROEEG N L ITHRICHIT HINE (8.2t-10a") LKL T 9.7 t-
102" TH VK 20%HINT D Z L A BN L.

2) BHFE LT ERBMERI AN ZADEFERM 2 X 5720, —pFlé LT h~ hofk
EICAAL — FE—DEAEZRARTZ., AL —FE—ZHEAL T~ FOEFK
ol LA DT A RIC L - T, BRFEAEITR 30% N4 5 &
RE SN, BAAU Y MRROLIZ.

3) B TEREMRENIEK « HIEGEE L TEN eBK L A7 A% H
AHMCEA L, VHHCER SN CTWAIEROMEK T IEIC & - THEK - il
fEL7=& 2 A, fHE F 5 CHERBRENS L R DBSNBIE SN, 2,
FREETIZA T 2D TR, HBEE TRICAHET 2 —7NICH¥ET 5
KBEINT & B RWMRAICHRE FHFORFEAP DS D Z LIz kv 4
UhHZEaERMICH LN LT,

4) FHMTEH L L TWD — IR TIK T 2T L a2 — 22, EEYHIZE
WT BB —ITHEK « RiIES D 72O OFE T E L L, iRz R L
2. WL AT AORBIREMEIC B W THRERE & W RIETRZR S ML,
R T O ST 2 — 7 RImICHEKER I 2 B0 10, BRI HEKER
FEALTERE, KB T & RIRFICB L TR T 2 — 7 N ORI 2 10
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DICHEHESEDHIEE L2 L THh D, WBRIETIE, HBIK THOETHL
DB DIAKNIRL Ip o122 & THADARYE — N RE S, BBV
LB E AT ST 2 ENAETHD.

5) WLk OB - JEEXAEEICIS T L FIRBER N T 2 0O K ATREME & FR
U7z FERER AT ZOBEAN L > THEZICEZEED 2 T AN B
FH, BEEAEREL L OBGEHEIE, FhEN 140%, 73. 7% KO8 73. 9%
L, BRFZBFEICOWTIE L FYH720 530 THOEMTH -7, F il
WAZ B W CTOEERER AN T ZAOFFABIEN > TND Z Enh, ERENE
WHDEEZ BT,

LLED X910, BiZE L7 ERBMER N - 23 L s ORI BV T, e
KOS LTI Dok e LCHEATE 2048063, KEHIZHWT
GAEENFREIC 2D Z L ORRFEZREAAY v PO LS. SbIZ, BR
AN I T D1 — 72K « FENEGIENLR - SN Z LD, FRAEBR D
ZAIMERHEIC I 1T DEKIR IR - B X APEDIERE, S OITIE LI s o1& M
ERMEFFREBICOMRN Db D E RE<HfFIND. TITKRETIE, ABFEERK
i s & & BIHERMNCI T 2 EF3R - B & ABREISH IS L THZE L7z FaRBMER
U ADBENI L DI ERE Y AT MFEOFRENE & 5% OBEF IOV THE
HY5D.
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FBTE REEE

H L ClE, EE O TG — 5 CREA TS L7 s OTEHE(E 23X

LI HELTEY, B3 - fEXIT X DERAIMERRE 203 Hug OTEMEAL & By
FROZELR>TWD (B8N, 1996 ; @&, 1999) . Z07e®d, ME M
MERXIZ K DAEENMTOND LHICe TR L TE (ZYF, 1976 ; /ME D,
1990 ; 77, 1982) . LavL, X572 5HICME N Ed 2 W IR RES KA B
P, LRI W T b B M T K O o BV S TIE, Al
ByFEIC X B KB ASRA T ZOEARED S TS (B, 1997 ; &fE 5,
1999) . ZAUZx LT, bk % < & 5D HEAME Tl EE S E £
(Nakagawa, 1997 ; H&P, 1997) , fiskfbHEA T2V ORBRTH 5.

—J5, NI T DMk E S, KREBUERAELS OB 0, BREEHIHE O &
kD 272 AT o X ROMak = A2 fRR LI ERE N ED b T b (5F
55, 2005 ; &M, 2008) . ZAUISKTLC, H LIRS e oo fE R C UL M A A
FT HEENHEI N TWD GEH, 2004) 126 5T, HEAMICI T 5B -
fE & AEPEICHRIG Lo iR E S RIRIE & A Ee ST o 2. RN CHbs
SNDEGENRL TR TIE, ERNmOHE 220 F R Lz KGR AT X ¢
HY, TOWRESAZRE LF] JRE D, 1986) 0D, LrL, REOLA,
ER NI B EM 2137 U CEMRARIZ T 2 & W o 7R (R, 1990 ; BHH,
1990) TH Y, BF - L EE LN TENIZIEHERBEGEAZLEE L TR
57, BREHIEOFIELIE - L AEFELIIRRD. 20k, AT
B - L& APEICRE LIz fisk OB & & bic, IREHIEICEI4 2 HlB% b &4
F Lo T, UL, R Y 2B DIRESA IR 2 0F%e1%, 4
R CEERIELRBE TOMFZEE] (B95, 2001 ; BEA S, 1997 ; HA D, 1998) 1%
HH OO, FEFIRETORESIEZAHE & T 2HRILIZE A EITbh T\ o
7.

AHFFEICBNT, 1 ETIEZ 9 LobBEICRT D HR S & R i
R 2572 & ONTAEAMNZ 3617 2 sk B 2SR O Bk L iEZ R L7, £ BT,
IR -2 Pcimp 2D 7. 37hbb,

1) RN T 2B T DIRE AR & 2 ORI H AT Ret:

2) ERHIICI T DB - TEE AEFEICHIS LT Bz 2 R N 7 A D BR%E

3) ERINZ I T 2 FRBER T X OHKUT & b 72 O IR 530 Rk

4) (RIRHNC I A FEIERYERL N 7 2 ONNE « 2EJEUC & b 78 5 B A etk

5) SEIRBUERL N T A DB AT K 281 7= 2 VEAHACSR SOV K il i 2 168 L 7 e

I T D87 708938 - TEEAPE S AT MMEEED I HENE
HThHD.
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D Cx LT, 6 2 FECBWT, MBI b kM RREEREZE THDLT
—F B SA TN R EAERYBA~REEA L, HR T 2 OHSIRE S 23 i~
AL VEND Z EEORESAREEZBH S L, RN 223 L R sk o4
FHAZB T L - AEEAEICKH L TR TH DL EE2R LT, 2K LT
1%, H3EICBWT, SN K THERICED 58X - B AERER T 22
EREFEOBEM LN T2 & &b, REHFICESWTH I LB -
A6 & A pE S ERBUME R N 7 2 ORERVFHEE 28~ T2, S 512, BAJE L7 FaRA
fERI AN A TEIE - AEEEPERIT O T2 OIS E R REHRIENC BT 25 & LT3
T L TEL, FARICEW MRS L DIRES M EZMT 562 12k,
B U7 EaRAVERL N 7 A M RE DI, ERKEEE IS LT\ b 2 LA
ML, Fl DX LT, FHH5EICBWT, REAY 7 NORESCIHERRRIC
X BN K o TEERMER D 2B T 2 MEROIREHIE A AT = & 2%
IO LTz, M EEEREE C b DR RN 2 TR W CREE 72 5
BRI X 2 TH H 5) ITK LT, 56 mIZBW THEHAMBIZ RIS L7
WK - MR EZRET L, R EHOSIEGEEZ SRR T2 2 LIk - TR A
ofc. EBIT, BAFE L7283k - fE& AR FIRMER N T 2 DB AN L D827
VERHAR & 2 DORREZDNREZBET L, FRBMER AT 2 &2l & 95 H i 23 oL fH]
fERHURIC R W TS R AR B TH D Z 2L L. RETIE, BLET
BONTMREZRIET 5 & &b, FlRMER AT 22 e UTHZ L7#Hi-
7REE3E - AEXAEPET AT LOFIE L S B OFEEIZOWNWTELET S,

52 BT, RN ZTB T DIRESMFELZ I 20T 572012, M
IZBWT—MI7R 7 —F R SA T T 2 iRV ~FEREA L, [FIJR O H
NG RLWIGET 2 Z Lk, RN T R OIRE SRR 2 T Lz, BT
ZNTEBT DIRE AT OWTIE, AR, BPPIREO 7 —FRER N T 2261
HHEE (BEAD, 1997 ; BAD, 1998) v I =2b—i g (B6 ;2001) 12Xk
DIRFIESNTFIR DL DD, B3R - fEE & FEERITAERE L 72D DIREE /A0 & Mt
LB E DR EBIE A Y 7= 6720, — 7, RSO CERtimEOF/E (B8
5, 2002 ; 2H B, 2002) X, EAHHOEARAIZ & b 722 5 MZERh R (R ZHR)
WD E (EAED, 1998) D, HE AT R AT 2 10 #EE ) I
NERHIOB R - X AEEICHE L TWD I EREHINTVWD L0, ERICHk
R R U 72 BEE ORFZE BT R4 72 72, F 2 TR T, £ PEEOHES
FIFZBNT, BARET-EREE CHEBSE%, MEOEx RIF 2L
TR LTS 6 DIREZL AT L, RN T ZANOIREE A FEHH AT 2 0 3#
R RIRLEL ETIRTFT D2 D, ZhETICEHITWEzXHig, #
BNty 213 F M AN T 2 LK EENNTEND Z L AL LT, AEBRTH
WS AN T Z OB DO EARZEE, 18 1m DiRK (IR O%EE LITE) Th
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DO LT, HEANY A TIIMZEE R T 5. 2m OERENH -7, HEZEHRR
PERLZR AT T, KBTS SORLRIEAMOESRENRHDIZTEL 2D

(Boulard &, 1997 ; /MBS, 1993) Z &b, MEBHZE © 72 9B O ER O EE=E
Do DR NT ZADIF I T 2 X BKEENCEN D R E & 2 bz,

I, WRALEMERIAN T ZDRE S KIETRELH LN T 57201,
T —FRERIANT 22 HNT, EEROBRMETZITMAEOEE RIFIC KR L7
Gt DIRED A OEACZfRHT Uz, IR ZERDMEAL 22 &4 T T, R &I
SDOHERDHAMOEIKAEN D 51ZEZ < 725 (Boulard &, 1997;/NMED, 1993).
ZolH, REo ETIChHEmERBL TR LGS, BRG O &SR
EBHRIIREEBMTUC L > TRWIBRRRE NN H S (B6, 2002 ; BA, 1998) &
TREEIN-. Lo ULEBRICE, fhm b E THIChHEmZ T 2L TR L
a0, MEOEE B ELEEROMMKEMEDEE BIFICEIV IR LT
& OB NTIRE K T LY —b3Sivsd (Kawashima 5, 2001) . 3724
b, @RI E H 72 0 BT AT 2 LB NITENL LI ERTH S H D
D, fERIANT ZZBNT S IR 2 ES 5720121, #KAEO &K
ZOFAIZMZ T, MIBOEE LIFIC X 28K 20 L CHOmEEEoT &
HLEE (JIES, 2007a) W2 5.

— 07, MRIRHICI T 2 INRERFCIF T RITEA S IREE & 72 508, HEIRAE
OFER AT AT TS B ~Eho TRENE 72 2REAER 2 E T
L. ZAUE, ERE - EIEREO T —FAMER N RZBIT AV I 2L —T g
v (BA5 5 2001) B CEAD, 1997) BLUNT AT R &xtBRIC LIz
WReTOBM (JRE 5, 1986) OFSREZERLTEBY, BT XZB T H1EE
DO AR L TWDHEWVWR D, ZO LX) RERAD ZCRAET DIRE AR %
FA LSRR S TnD (FR, 1998) . REAEZHH L CAEBICER
AL S5 ERM (Okada &, 1995) OIEHE LWL 50, @E O - fE
THEEE T, HEARICK DA B EZORATEEEHEO ECRHEICR S, £,
FERTIHMRIRINC BN TH A FIIZIRER LR Vi E 5 D &R T O ITHAN
Tonsd Z tnn, BEEREZHMEEF L CHREET 2 Z Lidkewn. 2o, HEEIR
HEL 72 B INERHC BT BIREDH L2 A MLEND 5.

2T, BT HN LN TN D T —F RS TN R BRI AT R
ELUTTEBMBICEE L, RIROFHEM AT X LA 5 2 LIck b, INEREC
BT DER N T 2 OIRFES A RAE 2 AT Uiz, SEHH N T 22810 Bl Ok
TIE, IMEFRFICITREORRE Y 7 N2 mEulcEiliE S 5 2 & TIRESA DB —{b)
M HATWD (bR, 1990 ; [EH, 1980) 23, Z Z TIXEE Y 7 b ZELE L a5
TECHBST A 2 L2 X - C, HEI N R L SEH RN 7 A DIREE S (R 70 1
WAL L Z EamRLic. bbb, BEROBREENFIE LR, FHM AT 2
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TIXBEEEAITE <, ZORCHIITERL 22 2IREARAE L 2012k LT, BER
NT A TITER G ISR T DIREZET/DN S o7, INERFIZB W T, BRmE T
TIHBLANBE I B S D (BEAR, 1970) 23, “EHH D 2 CIIEL S BR
i~ m7 o 7ok, IREEOIRW Il DO ZE T~ 7> TE)  JE 34 U Tz & HE
ESNDZ LD, BIENSEEN DI > TRBUC X 2IEERTAEZ », RE
AELBELTWD EEXBND. —JF, 7T—FRER T R8BI 2 AR RE
THOYIalb—yar (BH, 2001) OfEENSHENT D &, BRI T 2 Tl
A RE LT-ANE T AMBEO Y — 7 L7578, FHE R &AL 9 255
WAL, BHE FEPD EA~NRLIPBENT 5 2 LI2k - T, BEHE S ROHIlOZE
T & DIREZEPN/NS S D EHEEEN D (gD, 2007a) . 2O Z &I,
RN ZATITERY 7 FE2EE L2 THIRESMEH (b TEbZ iR
BLTW5., £7-, BE FH»oRE EHF~A ) RN S5 LIk - T, F
HHZ BV TIEERF CREm, #HET 2D L FEREDNENE S TV D ATREM 2 B
5.

M AN 2T, WES 7 FOBLE (B, 1990 ; [MH, 1980) , fEERHIC X
52RO (B, 2010 ; B4 K, 2007 ; £Eilfi, 2003b) %52 K - CHREDY
AR BN TNWD, FHH AT 2B W TEERER 2% ET 254, NV A L
DOFI L CHRERN TE D L 91T, Y &SRR L TR M %A AITE
A THEIND ORI THD (B, 2010) . @R T ATE, #im Fho
A BT~ RIERH D Z LD, BRBEE AW GEICIRm Fo—
FHA~EET D L I)ICEREBE LEFRRVWEEZ LN, £, HEAT ZIZBW
T, B ZE L TRt F M EICRET 5 Z kv, E8RE LV &tm EJ7
BT HENAT ANOIRELZ 0.5~1. 0CIK N SEDHZ N TED. fERBOREN
Eaftm L e LzGa Lo RiEh R e LeGa 0 h BN IRE O T 3 2 &P 2
JRIZZD 05, ZauE, S BT~ 0 BBROBE D ERBIC X 25 R X - T
FonsibEEZLN.

ZO XD, BRORE FA»OIERE EA~BET L2 L E2FE LT, IR
X7 oD WIIERRZEYICAET S 2 & TREMZH—(LTE b5 2
Hivlz. T 2 TlRATRERIE, BRE DK 10° OfEARMI T L 72 EBRHE R T
%, BSGOMERENE DD EMER N T ANOFRICEALIE CIRE A S A7
% (B35, 2001) &EBxonbZenb, REAK 7 MOMEERR OB 715 E —i
bT 2L E DT 22 EM L TRFTOMERDH S.

BITWTIE, b~ MEMSN I TR CEMEBE T 2 A EE OEFBICB N T
BRZ T 5L L HIZ, FHHM TR O ZHAHINTNWDL T —F R AL Ty
R RBE N U CHEIEEOJR N T 2B R B2 Lz, 1ERDO SN &
FhEE% L, BAZ EWCRE SN/ N T —F XA T DRBERT DI T 4 IV LI
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MR OIS e liiak T W AFEMENES (RIFS, 2004a) , JWEFEOFRAERIK &
RONEMED T ZBET 2 X5 etiETh o7z, MSHN I TMEHRICEDLS
Mgk & U CBELRBP S - fEE APEMER AT 2D EEARZ L LT, O/NXHETR
ERRERBICHIETE D Z &, @FEIcBWTHolicantesrz L, ©
K2 2 M CHEGREDSH H Z &, OAEFHHFOF TRE AR Z & ELFT
. Lo, B - (EEAEMEMANAT X INE TR 2 b, £
HHIZB W T RICHWS D T —F RS, TN R RN ~E A LT &
25, TEREZERMPIED VIEERENEESNDFORPBEOOND T, =
ETE 2RI CIIE A % < A U D2EOMBEANEL, B3 - 18 & AR
U R T A BFE T D BN b AT,

ZIT, BB AFERER AT AL B EEEE AT S & &b,
[FEARICE D SR T 22U Lz, B LMY 2L, S8R
48. 6mm DEFR B H O A TN 7 T 7R E PO EMAZ TR LTz
WREARMEE O VIRRMEA N A Th 5. MEENZWVILHEM ZFIHT 5 Z LI
FoT, BMaA MIT—FRER AT R 3.3 Y72 O&EME 1.3 TH) I
FKLT3.3mH472 0.8 5 (iR - JIIE S, 2004a) Th VK= A Mbi Rk
L7z, E£7z, B LI PiRBER D 21, AF LAARETH D Z &bl L
EHIEKET OHE LR THREIA MR T 22 &R TE2RARHS. N
2T, PR U7 EsRAMER N 7 A DGR T JEGE 40m-s™ DL (Rl - JIIE &,
2004a) THY, KA N EHRELZHATZ AT AL WZ D, BFE LI PR
RN 20X, V6 HARRIRE FISE LA TH D, Bl 2136 RO g g ©
B D E AR E L C 10 L0 RS U 72 FiRRMER N T 228 W T H AR X
HEEFH TV, FEBRIZBWTE, AROMEE (G KB EEGE 41. Om-
s &Ko TG W LT iR DS EERAY 22 e E 22\ T DIk LT, RNy 2 da
{WEEZT Rzl ERRESN TS D, 2007) .

BAFE L 7o SRR N 7 2L, Z OSMENZERE 3 2 F 5 & S 2 @S oIk
IZEDLETRET 2 Z & T, NERRERM TS ZORIRIZIE L THE TE D5
MR HY, EHHEITHERAHE SN TWEE Ll U<, faak i & 385 ]
REREIXZNZH 3. 4~12.6% & 25~35% ML TWD Z &M d, /NXH 22 E AR}
MEANFIAT D ENARETH D, £, HRHHOBEEE ~DORIZIZ DN T
%, 17° REE COBRBEEFI 2R Lz, HEAEE 20° 123\ CTlti T L7261 (iR
5, 2009) HEINTIEY, BHFE L2 FIRBUER N R XEAVE A 20° £ TO
ERHEIZ RIS TE 2 &l S av7e. ERHEOE 3 - JEEXFEFITIBNT, (EHE(EE
RFHNFEOEIELDIEEMNN DB 2 D LBEREN 20° BEFE THRATHD
(Rl &, 2004b) Z &b, HISOMERE ISR L TIE 20° BREISHIS TENT
FEHERER N EVWZ S,
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B U7z EaEAME R N 2 0%, WL IS 2 VB - T8 & O B RGBS IC
REIRMNC T DMK AR T 20T, #FE2Y 3m THUHIZ 2 BB E RITHKH
DRZEZ A T-EETH D, BB THA STV D KOERI AT 213,
BRI S 2133 L CEMIREEICT 5 2 3% <, BRRHTIZMA A
MHANONLEELHLbOOWEEM 2T 6 L THREZHIT S Z & THRN
TN D%E3% > (@, 1990 ; BSH, 1990 ; £#H, 2003a) . ZiUIXFL T,
BESS U 7= SEaRABEA N 2L, SR W C O EEM A EEL-FER LT
DOHEREZIRFFT 5 Z L ZAHEE LTEY, HEnm < WAICEHE LB Z &
FFTHACTE2HETH L. &6, TOEE EFIE, KRR FEEM AT R
DEICREISU TCHEBMASES Z L TE 5 (Bl - JIES, 2004a) .
ZDO X ST, B LT EREBMER N 7 AL, EARMEIC I B EFRE - fEX AEPEICR
IS LT ERR e EE AL TV 5.

B4 W TIE, B LI PIRBUER AT 2% b~ MEEZ OBRMH~EAL, &
BN T 25 A OV TRE Lz, ®iREICI T 5 B RO Ny ANIMEE 7=
%, SERBERAN T 2N T —FRERIANT 2 L0 1CUL /& oo Tz. Fik
AUERL N T AL, B3 ETHRAZ L1, BRENTERTH Y 7 —FRER T
A L U TR DOME BV I EEIC 72> T DL FiRBMER AN 2 OF R
(N AREFEIC R 2B D EAE O X, FKREREO 7T —FBER N T R &
THRIBBUKR X< 725 (UGS, 2007b) . T7ebbh, 7 —FRERI T 2 Tl
D& E EFEN NS SHBROTZO O O EES/N S W, 7T —F I B R
BT 221 L0 R NHIREN S DI LT, SEERMER AT 2 TIN5 IR
BEINTZEEX EFEOREVVAIBRICL > THRRAOT-OOROEENARE W E, B
MR 2SR CHIE DS B S BRNHE LA WEETH D Z L0 n, IRAESHBAT
TTWHEEZ BN,

— 77, B/NTRER LERMAAIRIET 2 B Ti, @~ OBREZ &1 FiRE
ERINT 2 EREST D L0, BT N2 —RRICE S L O ICRET 250
B Z A TEH L, BEK L AT 2 KEOBEAEEZ ISR E 52 &
FZXD, AL FANARRICR DAY v b5 5. B LI FRAER N T
AL, AERMIENC In DLEDOKREWEZEDOH HEBBMICRET D Z &b AET
HbH. ZOWE, BERYEM OB ZER S CRRMmIC G B ELS R TR RBRE L
B THRAEZEITHEE 752 8T, FREKENRWGEE IV AT ZARNIREZ
ACU K TFTESEAZ ENTE, BEMCBWTHL MR EEN 21555 2
ENHFRETH D (G S, 2007b) .

EIRHNC 1 2 FIRBUMER N A O AT, EEEOE D bFEFES T,
Tbb, HFEETRLELIIZ, AETELGICE O TEMKEE L2 b~ hDIL
BERB L LA, @SM IR, 7—FRER T 25 L ONEIRBMER

123



DATENEFIN 8.2, 8.9 BLW9.7t-10a' TH Y, FERER T 22BN T
KbZoTl=. Zhu, BHM IR OBE L U CUERAR AS 2 18 [ E
ERESNDHMENBENO—RNEBZLND. ~NTANIZET 5 ZEKROMENT ik
{LIRFBIRE DK TR 72 CHEMR O LR OREIZHF S L, =271 (IR,
1972) ° b~ K (Cotter B, 1960) ; FHHL, 1972) TIHA R DIRETEINEN A
RBOLNTWD., — I, FWERITFE T, 0.5m-s BREOKIMI &5 2 5
NTND @ ORI TEORIME MR T 52 &L (b2, 1992) .
DY, ZEREMREIMICKEISE D Z L TCREBEAIAINIGAERHD (B
5, 2010 ; {=HH, 2003b) . ZAUCxf LT, ERRAUERL T A TIEEEHIICZER
R LT, MEEZEE BIF-@E o BRRRUIREOBEEANIZIB W T 0.1
~0.6m s FREDOELOMEBNER S hi=. T7hbb, MAEIOESICE LA
I BRDOWENT Lo THRARPMEE SN2 Z & IO ER NS Liveu.
ZDXEHIT, B LIERAMERL N 7 R, KRB ICEN D 2 &0 D iR
DAEFEL D EMEEICHEATE S LA D, FEIER AT 2 OB T A RE
NZEFENL, FEHHIZB W THISHNE S v AN A2 > T g (IBA DL,
2010 ; Rl 5, 2010) . $ 72205, SERMEERL N 7 2 13 H LU 351 2 B3 -
& OAEFEICHE LIS REOBWEFFThHD EEZLND.

EEENC R T D EE R TH DMEROM G LT ik 5, B L7 FiEA
fERINT AR S D &, HER & IR TEI O IE R 8 4 FE N FIREIC 72 D 4%,
RN BN T b 72 2 FR AR ARSR OB AN ATREIS /2 0, ARPEF TR D)%k
PR Z ST HZ N TED. TZTHSETIHE, b~ MEEEOBERYBICERE L
TR D BT 2 WaRTRUE R N T 2 2 T, IRJEL 27 b O FLE MK O iR R
BT DIRE S RIT T B L RE Lz, BRI R WERRMER N7 R
BT, REK 7 FEER LARWGE, Rl 5 CldiE) o BRE~m 2> T
(BRIE T WANS) IRERE <, BRE TIERE 5000 B ~mro TR 2 51
FENAi R LTc. 2O XD RIBESAMIX, HF2ECORLET —FTAERANT R &
[k Td o7z, PRBUMER AT 22BN T, ftm P E L BEED &5
AL TEE S M~ (M) 5 ERE~) [0 KU, BREICH > TRl B
~BENT DI THEAT 2700, BREAMITREAREZELCS (JIES,
2011) . BE5 (2001) 1%, HANEOT —FAMEAI AN RZBITH I 2L —v 3
NTHBWT, WG OBUREIZ I E] U TR L, XA L 0 IR 2R
BRI NDZ L 2R LTS, BIGOMREN 177 Th o AT O FiRAME
RN 2B NT, BIRE D DEEN I BIE M CIREZEN NS o T2DiX, 29
LA OEZ ITER L TWD b0 EE LN,

ER T IS WV EREAMER N7 2 2B W T, RS 7 bR IR L2 EA I
B OIREZDE Sz, 2L, BRL 7 hO7enigE L TER I~
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[ DR E D72 < 22, FEFZER AL ICER SN 72D THD (IS,
2011) . —F, WREY 7 NOFEIZELLT, HREZREL TRl L6 T
o TER LA ICIE, BRENDOXERTREANH LREIND Z &I
Ko TRRICZEMLNAET, EEB LR EAFORELZ K TIELZ ENTES.
TEER R X DAL, TEERRED Dz S DIV R BEE I/ N &< 72 b, 26
2 GEENEERNICAD & S BITHET S (A5, 2012 BEM, 2010 ; Fernandez
5, 1994) . EEREOERIC K D KGEORIERBET 20m RE L SN, =
FEOEMEM T 5m 2 THRbILD (B, 2009b) . AREBRIZEBWTH, EEREO
PR X o TRESAICEEN R N0, MBS EE T M~ ENE O
FRCH LB n BEOHHATH Y, TEEREN O OO EEMED KD 5 HiH T
bolelHrbisd. £, BERBORBENMEICXK > THIRESMIE 2 5580
720, R EG X0 RRICIERE 2% 8 L e 56 O 5 MRV #iE ClRE ER-%
MR DONDIENTED. ZNHDORERIE, R T RITRA OWREE 5 Rk
EWVWz D, Thbb, WEAER AT ZCBWTY, REY 7 b EERRE A A
BOELZ LI Ko TRERIBEINFREEEX biLD.

AR D B2 5 A ERUERI AN 2 & LTS BT 2 HHZHRICKRFT L. £7,
SRR TN R WD EERME R N X T, IRJEASX 7 N AR T ORISR
B9 52 L TRESMITE 12/ o 7. FERICIE L 72 Emi i BV R
ERIANT 21281 HRBEHEORENE X, BEEREIEMOZI 21T v XK
IR B5 & Uiz, BERITAICRWDSEERIER AN D 228 5 HEERE R0,
W RSB BB L Z &0 D, BBRAORHE BT~ Lo WAk L 72
HTORE TG OWREMELS R DIBENEAEC D UINES, 2011) . 207290,
HEA 7 FEfE P ~RETLZ Sk FFoORE ERA2RTZET
RESMEY b TEDHLEZE2ND.

—757, 2 KEOMERMM A BT DR B Z2 —RAYICE 5 K O ICERE LI Fik
BUERL AN ZZONWTHIREA S 7 N OBLEIZ OV TR L7z, BN TRER2E
RUBDNREIET 2 W35 CrX, i~ OBRYEZ & IERBMER AN R 2R ET 5 X0,
Bt 2 EREZ —RAICE S L O ICRET 2 BRI E LA TE, BEk
1 5C2 KB Z IR SRE T2 2 LRIV BRMICEERT L2 LN T
5. A FE L FTEICERE U FEAER N T 21X, T ENnEEiids
MICREWBIRTH D, BEZEE S TR ZEM N ERS STV D, BT TR
27 NERELEGEICIETEANATY ALY EEANTZORENEHER L. =
i, FEBFEICEWGA LRI, /R EF~BEIPBET5Z L0k o T
EEZENECTEDTHL UIED, 2011). @B IT I E WV ERERIER N T 2
DOHFEFTRLEZL DI, i FHICRESY 7 F2RE LT FEANY ADIRE %1
—IZT 52T, LB ADIRESMOE—LNFRELE B X OND.
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ZOX T, BAEE L EERER N L, INEROEERIENTETH Y,
RN BT DB - IEEAEEICKHETEDL 2 E2HLMNC L. L, A
FOWMBGIZBWTHEME LIZERTH Y, EEN~OEENBREIND X5 eER
ITEEL <, AEFOBMERE ZTZRONT /T — TLOERTE T2,
T, "NUANDOIREREZ BB T 5 FEE L TERMETIK ¥ (CFD,
Computational Fluid Dynamics) > = L — 3 VOBRENED S, R NT
X@E%@mmﬁm@m%M(%m:mmﬁ%ﬁiéMTwé CFDv I 2L —
VaIEERLETHL OO, HREEICBT HSMHARHGINATWD. 29
Ltvi;v~vaymiof%%ﬁbwmﬂ§7b%ﬁ%@@ﬁﬁ_iéﬁ
FERBE % T LI R CEHUE, AFEEDSIE L CRIATE 2 HIFICZRVES. KR
FFFEI TS0 722 0 ERE R 2 AT L7 1B X3, 24872 SIS ki3 2 IRl &
LC—AET DIIZE > T, L, AREFZEEE N T BT 2R E
TR IS BT D IRE AR RO BN LAt b0THY, vIa b
— a3 VOB EA B ORI AN T 2B T D IRERIEEN ORI T E T 5
EEZLND.

56 T TIE, AV ﬂmb CEIRBUERI AN T A 2R LT B - B X
HFESV AT DERERT DD, B LI EREAER AT 2% b~ NMEEH @Y
[ZEAN LTI o725 &ﬁ%@#%%ﬁ«% EARBUER AN T 2 % b~ NEELE

PHZE%E LTI L7 BRI O EFERBROFE S, b~ M ORI SN X T
% (8.2 t+10a!) EHARTHEFRAERNT X (9.7t-10a") OFRENroT2. =
OEH & LT, FRERI AT 2T, KRR IICEND Z &0 0 miRIC
5EEL%%W%?%5&&%K,%4ET K7 K 91T, MBI 225K & e
Lﬁ<f%@ﬁ@@ﬁ%%ﬂ$wfa1~ommwﬁﬁ@ﬁﬁ TRENC & b 720
FHAMEE SN2 L ENEZOND. DL IHIZ, B L EREAER D
xﬁ,%ﬁ%@i@k@égﬂﬁﬁmﬁwTL%féékﬂﬁéhk.

B L7 SRR AN RO FEFERHAZX 5720, b~ FOEMERE 217 5 &
FEHEBRICBWT R~ FOBIEL LTAAL —  E—DEALXRALT. AL —FE
I LRSI TEEE S, [KETOEENARETHD (LI, 1995) . F
o b~ M CHEH L7 T HEOBMRLERZFIHTE2RRA L H 5.
EATO b~ b OEREREE, 3 HPAICHRE, 5 H b~"aicEmL, 7 H )
SINHEN I E DS XITHRIC L2 Th o7, b~ NOEHHE; O%AE &
LTAA — FE—ZARETEAT L5510, b~ MZOWTH —HER A2
B L CTH R EHEAREZEANT ZMNERNDH D, Thbb, AL — ME—%REET
HYEDNTATIE, SHEAIZN~ 24 A MRETICEMLTI A LUET
(2 6 BRFEEE DR &2 INHET D LM OFeEE & L, b~ b OUHER T IR D
8 A ~THIZ b~ FORITICAA — b E—Z LB 5 iEIc kD, 12 A
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ERIDBIEITORBFEENZITVER TAAL — FE— DI EZ A TX 5. X DI,
RIECAA — b E— 2388 U728 CTlE, AA — b B —IUHER T #4135 0 Yl
ZL, b~ hOEMIZS HHA), INHERRWGR 7 H ERND &R DBITOER & 72

v, BREIESG e —T - ar LTHEETH I LTS, AL — FE—ZEHA
LT, h~F—AA— b ME—ICXDHI=RMEMARTERELITH Z L EBEL,
FLRERBROFERE S L ICIGEEERE L& 25, BGEFENK 30%8E N9 5 55
Elpole. KR TIIRESN AR+ TEHLbD00, b~ hO®%IEE L TR
A= E—ZEATHAV Yy NIHDHEBEXOLNS.

AEFIETIX, FHEAED E L TAA — FE—Z2BIRL7-2, IR
EmThIUEL b~ FOBIELE LTHEARMREEZEZXOND. FIZIEAL—FE—L
FRRIC~ AR CIRIEHIEM TH DL AT v 7o LM TH D, EibRkBRoO
WG e LIRS TIE, A/ —FE—DEAEZ —KICHED 5 Z L3 TE 9 HBiE
AlZboT-. UL, EiERBRO®%, EAEFICBV TSI HITRHPERLN,
BUEIX R~ b —=AFT v 7 RUOEMER THEENMTON TV D, MaZHlkic
BWTIE, F~FOBIEELTA T v T RUOEADRED O AVHIIRA) 72 ELY
MAONIEE->TRY, N TEDLHDORAY v bR H D Z LELEAEY & RE
TOGEIIZBET HDLERDD.

oL R O T, R O AL K0 BRI 72 & 0 B S SR E SR ER
Rk x ThH D (JERED, 2004 ; AbAr 6, 1995 5 48, 1990) Z &b, i
fh B OBRESHEETHDH. AWFEClLE M H ORFHI 0 TIER)DN 7228, ik
UG RN T ZADNEN S AU A8 R o F L i 3 1T 2 61 Cix, b~ PO ERK
HEO®RIEELTERY —, Fal—BXUr A A L ¥R EORIRMERE
(FEEF 5, 2009) , 7B YTV, T ABIOCUSEOSMLEE RND,
2009) , TIL—_U —FkE CGEHS, 2006) OBEARKETISN. KR ET5H
i, BESOKELMT 2R LEMAE A ) —=0 750 2T 45 (AL,
1997 ; Sato &, 2000) HRFTINTIR Y FEMALIFHF-ND.

o L R U ORI BN TE K L TW A SN L T Mo, H-IcBRE L
TEARRUERI N T ANEGHRT 5125720, M BB TH DIRERIEEZ1T 5 72
DI ZHAFEELHE S ETITo72. LinL, B - fEEAEICBWLTE, H B
WZMA THEFEOBREE, T72b bk « Sl >W T HEIEH T 2 LR H
% . WL R RIS AR T < AEEF Y OFEE N D e W EEF b Bk S b L b
ICETME b METH D, WK E RIFFCAR LRI Z i 3 2 B kT, 2
IRRFIC B e BT R T = — 7 &l LT R - S YK - HIET A T
HbH. T, AMLINDGT-DEA NN TH S & & HITIEE 2 2 hOFRCARE
DT Z 7 < TREMREM 2 T1E (FARD, 2001 ; Bar-Yosef, 1999 ; Scanders,
1996) THDH. ZNHDIZ &b, TR LHHIMERYBICI T DK - FulER &
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LCHELTWAEEZ LN,

ST 2 — I L D EARITERH TCOBEERIZICBWN T ATy OB D &
IR STV (38, 1987) 23, Z v E CIEAME T o BAREY 728 et i H A 130
AENTWAno Tz, BIED ST = — 71 IEHIEEE ThHITEE O W
WERMATREIC 72 > T D (LS, 2002 ; AR7K D, 2004) 238, THEIROZEK E#F
AT D O THER T A TR A2 T o728 24, R BT X v ER T 5 THEX
BNELRDODARE—NAEL T, BITOER, HRFPTORMTF =2 —7 060t &E
ISR — 72D TIE e <, BRI THRICTF 22— 7 PICEELE LT K OMERN T 5 0 A
RAPBIRHT 22 ERERTH S Z EEH LM Uiz, AR, FHHO%S
HR T T IA % D 7K 72 A TR T 5 WK D AR — O JR R DS T 1% O 510 70
SOWAKTH D & LIEWE (K, 2007 ; %EES, 2002) CRBEOHRE VR S.

) LIRS —ORAZMIET 57280, KR TIETIROBIE L AT 2%
NR— 2 THROFIE S B2 R Uiz, S BIETIE, AT = — 7 Rima i Lz
EREICHKEBM P AZRE L, HIRPITPPKERAZMAL T E, KKK T L[F
REICHE K BRI Z BT 2 2 LIC k> CHMT 2 — 7T NOETFKEHEHT 5 X
DN L7z, ARIEE, RS TRICRET 2 — 7 NICERAFE LT2KAS, R 7
SR T 2D %BLIETE 2720, HAMIIZ IS 1T 55— 7oK - MRS ATERIC 72 5.
SERRIT A T OWEAKIZEB W T, L@ L7 il T = — 7 23 S - BlE s ik
FEHET D2 L THRIEEDOIRAKBE IEZ X > 7-8E (HH, 2007) 236 5. AHF
2T BT AW BEIEE, ERTAICBWTHATE S 2 L AR LR, HEily
AL L CH AR D TE TS TE %5 (Kawashima, 2013) Z &R 5T S
NTWa., T72bb, A TR LW EED, BRYEICI T D¥EK - MG E
ELTHAMERS D RO LS. L, HILRHEIZIZERO 2 WA L%
SABNDZENG, BB LIEVATANREHATE22WEELHLEEZLN
% . IR 72\ L g o 3 B R ST D WEK - fEIEY AT AL LT, K
B EE L S L0 B CEREIT 5 /0K AT A (FD, 2010) APHFE SN
TEY, BEFROBEBGICBWTIZ ) LEV AT AR EAT A EAH%OWEN
VETHDH. AT, BRLEHOE K 2D 5 I3 FHMIIZ W TEAT 2855
ORIER L RIS, AT 20K 2 Meb RE 72588 (R, 200354 5,
2003) TH 5.

ARFEE, LT HIEIZ 38 1 2 SRR RO Tk R 25 B IR B D — i & R R 72 il &
2. L L, EERMER N 2 B8 L U CRBIRE LI AR O R & & Te B i1,
AHFFRIC BN THEIRBR A2 LM L7z b~ MEEAICE PE6F, FEEHIRICE
WTHH R BEAERENE LUERHESNDICE -T2, BIZIE, FERER Y
ANICHUBE IR T 5 8 &E 70 iBKE G ZAA LB EOILFEAER R & LTo
FIH GEHEG, 2004) , [FEEEOAMHATEMERYIC hLa¥sa v i FETHE
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KEFIH LI2m BB B & 2 vmia i A7 (Nagasaki &, 2000 ;38 H &, 2004)
LIER SN, R EZFRIA L TV ¥ A2 #5125 2 & TS OREMR & ik
WA & N S S E JIE S, 2001) TIXEEAAAY ACER S, Higke

L CHIVRIZFERFHMNAIRE L 7o o7 (IG5, 2003) . Z OFRIZ, “FiEREH
BN R TEE 2 2B - TEEAEFEICHIE LT RICARK OGN TS Z L b,
WREDOFmNFEMTHDEBZZ LD,

AWFGE 2 Fhi L 7o R MBI W T, AFZE 2 BilAaR L7z 1997 4F & B HdiroE
Atz (2001 4F) 1281 HHUIROZLEH L (2004) XD RSN TND. X
Ml TIE, B - 1B 20 Ao 258, ArEmidl L OMRGEAIE, #
NEI 28 77 (140%H8) , 107a (73.7%H) F LT 10,905 T (73.9%H) , R
FERAIZDOWTIL 1 7720 530 FHOEM L. @l b (2004) 1%, xtGHilko &
% BT 5 E 3E 15 561 T (2000 4F) N HATHRETE RWIRNH -7 &
B L TWA. &612, BEZE LIzt il W CEANIIAN Y, #BHio
TUTFYva vy IREORTOREZE L TAEDZRNKSND 5%, HIKOE
PEALIC B EBR U7 (2%, 2009 ; 8H D, 2004) EFHMliECTn0bd. Fiz, BEE
U7 iR AR N 7 20X, Y50 TRIGe & U7 s o0 7 & 3 oD Hp L F] gk
IZBWTHHEANEALR (FH, 2009 ; /IR, 2009 ; K&, 2009 ; [fH, 2011 ;
HH, 2009) . ZORRIZ, PIRBERAN T 228 E U TED TZARDIEIE, HILH
gz 3 1) 2 BEFTEOM L& 2T & b7 5 Ml OTEME L7 & ONTHERE - F )R
ERALBINE L TEEPHLIBDEEZI LN,
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eI

AW ZBfR N X, e L TED T LHDHITHID, MY ZHEE
W72 & F LIS R PR B A R R 2T SE R TR B AR (B TR
SFE) L, REHP L T ES

F7o, BERSIOFBEICERL, TKREB X OTHEEW 720V 25 KRR
A BREERFEAF RO B, R & Egse gz, A BolEde (A ARRE
EranR) ) Oh) BEUMEHE S IE S HINFE TS EBR S ST U R A T
LD L BT ET.

ARFZEIE, ) RS R E U E I X — R EEE 3 F— 4 (Y
F) Al & 2o TR MATZBMOKEEDO 70y =7, MBOEEERREG
Ze TVH EME AR S U 7285 3% - 18 & F O ERIBEPERIR DNz (1997~2001) |
WZBIT AR —HEZWD LD LDTHD. AXa v =7 FOHEEET
FHTHo AT — L0 hEAT — 2 E (48, - RBF%EY v ¥ —UEF
gEE Bl bo ZBR s T RE) 11X, HFEOHEEE 1T U O AT D &R
DODTHREEZBY E L. IR LUTESBILR L BT ET. 2, R EE
+ (B - Fget o 2 — Rt E =R seaEE BEFER) | RS RL EAEATSE R
(Bl Oh) ERAFEERE S pE A ZEAT) (IXR CAFgE T — A0 Eal e LT e o
THREAZEWL, ZZICRLTHEEZRT D, £oftl, TBEWZTEWEE< D
JeE - ARG P L RIF 5.

SHIZ, KimxX DL EEDiE, ) Euresi s =N E R v~
— AR R AP ZE IR T o 7B T L (R - [ 5 PE T JE ) o 2
BELZBhickrb0ThHD. ZIICRR L UEHOBEEELET.

Wt zted 5 1T, () EprEesE S E N E R o Z — OB e
BESALDO ZHIINARAI R CTh o1, FriZ, BIHEFERBROE[ I HT=0, ik
FUERL AT Z DB « i L2IT L od & T 282 OWEEOFEIRIZ TR W72
AR, ERIELK, MK, 2o I WV ie W BEREICBLH
L ETS.

F7o, AMEIL, b~ MEEBEDONNEREZOZHZKEO 21 & TSR L
IRV LB FHATLE., 22 L Ced TR L B £

MEIT, FEHEORRKOBEME TH Y WICKX A T NIZEERLT & 3 NDE T
I OEERLET.
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Studies on the development of a flat-roof sloping greenhouse and a new
horticultural production system on sloping land with it

Summary

Sloping-land agriculture comprises about 40% ofttiial farming area in Japan.
Japanese agriculture faces a number of serioudgmnsbincluding depopulation, aging
farmers, and increasing abandonment of farmlandes&hproblems are rapidly
intensifying, particularly in sloping-land agricuie, most of which occurs in hilly or
mountainous areas. Small-scale sloping fields tasuinefficient farming and hinder
mechanization. Such fields also delay the buildihfarm roads, hindering access to the
field for machinery and farm workers. In contrastpping-land agriculture offers
potential due to its more versatile characteristicsnpared with those of flatland
agriculture. Namely, the local resources and nattaaation in the conditions of sloping
land, including intricate topography and differitggnperatures in the same region due to
altitude, could enable the production of high-giyatir high-value-added crops. Further,
new trends are found in these areas, such astddissment of horticultural centers and
opening of new markets. Intensive horticulture xpexted to play an important role in
the development of hilly and mountainous areass lhecessary to improve the low
productivity of conventional vegetable and flowarltivation with rain shelters. To
promote the development of mountainous areas, ahoeticulture production system for
sloping-land agriculture is needed. Accordingly, éstablish a new horticultural
production system on sloping land, a sloping greesb has been developed to replace
the simple covered rain shelter.

The objectives of this thesis are to establish & herticultural production
system for the sustainable development of mountasinareas. Therefore, a sloping
greenhouse, which is a greenhouse that can bergotest on a sloping field, was
developed. The characteristics of the thermal enwirent in a sloping greenhouse were
elucidated to establish techniques for its contrbhe adaptability of a sloping
greenhouse for the horticultural production of wagkes and flowers was investigated
and a production technique was developed.

This thesis consists of 7 chapters. Chapter lasiritroduction, and chapter 7
consists of an all-inclusive discussion. In theadtctory chapter, the outline and the
background of the problems of sloping land agric@tin a mountainous area and the
objectives of the studies are described as mertiabeve.
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Chapter 2 describes the characteristics of thertAleenvironment in a sloping
greenhouse, which was constructed as a high pipeetwn sloping land, in order to
develop techniques for its control. The thermaliemment in a sloping greenhouse was
elucidated and internal temperature changes wesesiiyated. The adaptability of a
sloping greenhouse to vegetable and flower prodocin a sloping field was also
investigated. At first, the changes in internal pemature were compared in high pipe
tunnels on flat and sloping land. The ventilatidrttee sloping greenhouse was superior
to that of a standard greenhouse constructed omafid. When the sloping greenhouse
was ventilated by opening both end walls, the maktemperature gradient along the
slope was maintained. However, the internal tenmtpegagradient was reasonably
uniform in a sloping greenhouse ventilated withesapbenings. The changes in internal
temperatures were compared by sending hot air roenend to the other. Temperature
gradients were observed in a standard greenhowusee\tér, the temperature distribution
in the sloping greenhouse was uniform, that isténeperature difference along the slope
was below 1.0 degrees. It was also affected byttaehed circulation fan. These studies
showed that the thermal environment in a slopiregghouse, constructed as a high pipe
tunnel, could be controlled and that a sloping gheeise was proper for vegetable and
flower production in sloping fields.

However, some problems were found when the slogmegnhouse, constructed
as a high pipe tunnel, was adapted to an actuginglofield where tomatoes were
cultivated with a rain shelter. For example, unkde space remained around the
sloping greenhouse because its configuration waéitted to the non-rectangular shape
of the sloping field. Further, the surface of thedd by the side of the sloping greenhouse
was affected by rain shed from the roof. To solvest problems, a flat-roof sloping
greenhouse was developed. Chapter 3 describes htwacteristics of the flat-roof
sloping greenhouse. The flat-roof sloping greenbowgas adaptable to various
configurations of the sloping field because of fitse construction. It could also be
constructed at a low cost with mass-produced slkchffaaterials, which made a strong
structure. The 3-m high eaves of the flat-roof sigpgreenhouse allowed ventilators to
be placed on all sides for smooth ventilation.ciestruction also increased the internal
space for working and cultivation. The area usédMeultivation in the flat-roof sloping
greenhouse was about 30% greater than that in\eenbtanal rain shelter. Rain drops on
the roof were drained along the slope of the rdwdrefore, surface erosion disappeared.

Chapter 4 describes the thermal environment iratardélof sloping greenhouse
and the development of control techniques to estatd new horticultural production
system on sloping land. The investigations weredaoted in a farmer’s sloping field, in
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which tomatoes had been cultivated with a convealiccovered rain shelter. The

differences in the internal and external tempeestwf a flat-roof sloping greenhouse
were smaller than those of the sloping greenhoasstaucted as a high pipe tunnel. This
was because the eaves of the flat-roof slopingniy@ese were higher than those of the
high pipe tunnel, creating a larger ventilationaar& ventilator was attached between the
roofs of 2 flat-roof sloping greenhouses constrdiaie a terraced field; this connected
the roofs like a step. When the ventilator betwéss roofs was closed, the internal

temperature increased in the upper part of therdlat sloping greenhouse, and a
temperature gradient was observed. On the othet, lveimen the ventilator between the
roofs was opened, the internal temperature dealeasd became equivalent to the
external temperature, even in summer. In other gyaitte temperature distribution was
uniform.

Chapter 5 describes the development of heatingtgols in a flat-roof sloping
greenhouse and the characteristics of the thermatamment of a few configuration
patterns. At first, the internal temperature dmition in the flat-roof sloping greenhouse
whose length along the upward slope was greater that along the contour was
investigated. Hot air was generated by an air heatiéh or without polyethylene tubes
and circulation fans. When neither polyethylenestubor circulation fans were used, the
hot air around the air heater at the lower parthef slope seemed to be moving in a
vertical direction, and then upward along the rddfe directional pattern of hot airflow
was changed by means of polyethylene tubes, andidleward airflow was made
parallel to the slope using circulation fans. Ie ttase of a flat-roof sloping greenhouse
whose length along the contour was greater tharatbag the upward slope, the internal
temperature distribution was made reasonably umifdzy using air heaters with
polyethylene tubes set at the lower end of theeslop

Chapter 6 reports on the availability and utilifyaoflat-roof sloping greenhouse
in sloping land horticulture. Farmers benefiteddmgducing vegetables and/or flowers
year-round with a flat-roof sloping greenhouse,alihivas developed as an alternative to
a simple rain shelter. An economic analysis wasiaoted using simple calculations of
data from when the farmer cultivated tomatoes andvaly introduced crop, sweet peas,
in a flat-roof sloping greenhouse. An economic adage was found with the new
cropping system, which increased the total turndyeB0% compared to a conventional
cropping system. A drip fertigation system was digved to improve vegetable
production in the sloping greenhouse. The systera w@mposed of a control unit,
fertilizer injection unit, feed tank, feed pumpeéevalves, and nutrient reservoir, which
are also used in flatland drip fertigation systefftsese components were placed in the
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upper part of a sloping greenhouse, and drippeslinith diaphragms were installed on
longitudinal ridges. However, this created unbatéghicrigation along the slope because,
when the irrigation was complete, the nutrient 8olu and water remaining in the

dripper lines flowed out of drippers in the lowearpof the dripper lines due to gravity.

This was solved using a newly developed systenufiedf a drainpipe and drain valve

installed at the lower end of the dripper lines. @@mpleting fertigation, the drain valve,

which had been closed during the irrigation, wagnga. The nutrient solution and
remaining water in the dripper lines then immediaflewed into the drainage reservoir

via gravity and not onto the field.

A new horticultural production system in mountaiscareas using a flat-roof
sloping greenhouse was developed. These studies emrducted based on regional
production needs and undertaken in a project edtiiDeveloping an intensive vegetable
and flower production system using sloping-landoueses in Shikoku'. In the region
where these studies were conducted, the horti@ltwrnover and production area
increased by 73.9% and 73.7%, respectively. Thepreduction system with a flat-roof
sloping greenhouse, developed in these studiedydws extended to other mountainous
areas. These studies contribute to the sustairddlelopment of mountainous areas
based on a new intensive horticultural productigstem.
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