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2 FSEEs .

1 & B

T F = A X, 2009 4 o 2 EHAEA T @A
13,300ha, UNHERDS 72,500t, HAFEDS 50, 900t
BEBFRICHET B 28 hH O —> T, 2008 4 &
el U TR EAEZY 102%1238M L T 5, 72
FEHUIZL, BT (2009 4 EEAEAT I AL - 1, 550ha) |
WAz & (1,520ha) . BRI (1, 190ha) . JbvEi&E
(1,170ha) . #KM R (990ha), FHE (966ha) &
2o TRY ., IS OEMCIER T 2RO 56%
Z5® T3 (Statistics Department, MAFF.
2009) ,

FRH R G, RmEsichrE 3 20k, SR Higk o
YEAF T RS DS 408ha (2005 AEHE) & IRBIRD 47%% 5
OTRY, AENERL TV DIEMBHEDO—2THD
(AAFS of Akita Pref., 2007), =D& RE LT, i
WUIAKRBOAPENEA ML CTH Do, AEPFEFHEIC
LD KMERAEDOLIENG | g L D b A EY o6
WREFEBIIZEA L ERETFond, Lrl,
WS XERS RE O HIEN L 1ZHOHEKMER
PERE DIz, IHRPER DI R E LR TX 2873
ELT=H < ANBRE N7 (Katahira et al., 2003),
FRATI AT, B EIGE 1991 4E72 5 2004 4EE TIZ 6,
062ha DIFHHITx L CEMEE R FE A HEdE L, 50a LU
L ORXEAKHEREDKHEED 16%I2H722 18,
000ha E£THIML TW5D, ZHHKHORKKEAKIL,
MEH U CRIAT DICH 20 S HR AR CRERIE 2
DEEACAEZRDFESL L TV B EM OEARVIETH S
72, BIRMICKE & =&~ AN TEHEREMHT B
otz

T X ADAERS T, ARt Lz &0 FRREEHE
RBLBRIESE A I KRG B ORI H A ES . 1E3ERE
FOWECIE R X 2RO MABEE TH 5,
FED—FT, =X ADOEHEBRTIE, FHIEESIL
FEFARNERE COMERERENMEL | FFEMOIEKIZ X
LR AN R EE 2 BRI H D, Zhickt L, FHHE
T, FEEERPE—F U INLF—FD 1.7 ~
L9 fFIck#HwT 57 4 27 KRR SND 2
E BREOMRIEMBK BT (Teshima et al., 2009)
INVFEERETIL, =X~ ARRDEE I 21T 5 BATINHE
BEPUHE RS & [RIRFIZAT 5 =X = A N—_ 2 Z D%
DIMES, FHHEZE L R ICEEREROWEN A TV
% (Katahira, 2009),
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A OFHBEEF I, Ve, HLEB, HEhl, K550
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NOPELTNE I VBOIRTRBE DT, Zhbo
THRUWER 2 REIAT O BERH D, L L, FRBIE
EIANTTROGESTEOREZ B LN DR
EARBRICHET D72, FERFHD 10a H720 48
K] & R E DR TR OB, REITP®MIC kD E

T X A RAIE S D B =AY

TRERICRERIEEL > TS, FAUTK L, EpEH
TITRERINEEZ R T D720, FRITEICMA T
JE T 9518 0B A DA TV D, 2006 4FI2FT - =Tk H
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FEE OFIG I, P BIRE H O 11%I2%F LT 46%,
FEE O CINETIRICE T 2 E AN 69% L VWi
HREL Y REIEEOZEIC K DR OHIEN
VERBURICH 5, o, FHRFFOREMIEL, 1EE
BRI T AWM EHINT 2720, (EERERCBRIIIEE
DIRTFEFHETI L, HArECAEEY O M I B AL K&
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BERIHEA T BRI H AT & BRSO RE, vk
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T X7 A DNRAPRPIBATZ DOV TIHRET 5,

2 HREEEZ AW X~ AR OEXSE
2-1 P&k

AFETIHE, BRBLASSLERTF < AERMEE
WZxt L, K= X F TIEENEN G ETE HHEUEES
WCOWTHR L, AESMTEIE L,

T AREEBIEE T R EE S OB & % Toem
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+ B MAEFA L AESET., BITHAEESELY D
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[r—v— Kl 8~ A HRAIEE, WG, fF
SR, RATHE

2-2 #hE

T AOWMAIEL, T ECRMAEZHROR KR,
P& B OEEE, Bk LiREToORER EOIFRET
TN TE, TFE, WERFDROEOEIEEMIT
DWW T DOHFFEN AL (Akimoto et al., 1981) (Hisaka,
2000) . ZHATEM L7z AR R T a3 i 5 =,
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BAT, ZDID, AFERDE ST, FHIFERICHEL
72T — 7 OW T O B ART S (IS, 1978, 2002)
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B 30cm OFHRUEEREEM LIEER T, =&
VARERRLT LT D0, REBENELS RS L1
Wiz D FICEE L, EEERE ST gs L e
ofc, TORFR. FEE LEOEBITV R 2D | &
B R A= Z N T O NFFICE T L2720, 1k
ERERMET Lz, 72, HAOJEMiE rXER 4
—F/MERME) X, BT DA~ AN LI
WZHe % FILAAEICBEIT 20806 52 ° L R&EL
O R LGB IEENE DR TICER o7,

B 70cm OFHRWEE A AL LIAEEF I, HE
DFELERA /P E L, W EEEZBET 52 &0
DI Ted FROEEPEM L=, L L, fEEHED
JEMRIEIL 28 ° & 720, ®E 30em OEES X0/l
L7z72®, 1E¥EB LICEMT =4~ ARKOBEINE
D\ ip otz i, FEOEBERA /NN LT,
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(Hisano et al., 2003) 2R3 &30 £ 5em FEEDFF
A ErAETLIEEZLND,

PLbnt, =&~ ARERNMERICE AT 508 EE
B, EEAOE S % 7T0cm FREEIC LTl E & %
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THZAREERTE LN, FAREERLERICHD D
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EEOT v — MNHEBIK T Lz, F£72, C A,
EEFEOTFN ML s B ML FREICT 54,
VEREBEPMEER OELMNALET 5 Z L BUETH D
e, FHHEEEE 24U E TRV REECORIA
Wl SR EEZ LD,

PLENG =&~ A REERBICHE AT 2 HREE AL,
KEIRKEAOR Ve =17 — 2R L, F
EBEOFENE L HHEZ 20cm LU TR T 5B A
—2AEHTHRBEES B R, (EENEOLEIC
HhTh D,

2-4-2  FHBUEZER O FZH MR
FHIESEE B BICIRRE 21T - 7 A PEE OFEHN % X
2-7 ~ 2-9 |T/RT,
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3 EHi
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T 4 AR B3 O B AL i

O 1: LT
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u 3: EDHLAL

RS B RIS\ T DA FEE
G 31m)

X 2-9

ERERIT, BITE IR LT mLEk” &7 |l
TN TI% Th T, TEERRTEC D957 1%, 1BIT &
B L C7 HEDVRUTR LR N 93%Th > 7,
T 0B EIERIE, BITHREEE EHREEXSE B
MEE” KRR &7 2587 Tholz, MEFHEIL,
TAENRTNYT LT RN TN Y 85% ThH o
7o

Py & BRAERICEE U, BBIESEIXHEMIEZ o
ThHD, FAREEAORMECTIRE R & 04BN
I D MBI RN D o, T D, AR
F 7298 55 2 RIS DI IE, 3 B 7 R B SR B 2 &
DIE(EZ OISR NEHEZEZ BN D,

FAMIERES B BT, AIETRLE E B ROMR
EROBENED Th Do, EERERLBRAIET
i A E T, Fo. EEFIL. B HEZ CHRIEE
BREDOHERDEITOFEXRELIVOAES THDLILOR
Rad 0, weEiiz &b 58K & 7r ol

BATHMIIZB L, FHMEEE 27 g 0”7 fF
WIZ W B bR O 3BBICENELT-S
A, BHEBOEIEIL, 85%., 0%, 15%ThoT-, TD
e, x MEICLDWEEEIL 7.4 (x . %A E
KU . 6.0) 720, RHEEELARICHEAT DL EN
R TE, Thbb, HREEXE B BUTEITMHR
FEEB LD BHENLT <, FERELZM ET D&M
AIRE T &'~ A ORBRAIERIC KT DR &V, F
7o, TRELERES B ENT, AFEE N BARTERE IS,
1978) TRENT-ZE S 70cm DIEEBEZMEH LTS
e, REICAME 3. 400 [ (2006 R DK EAD
RV = VT L — NEHERT 5 2 & TARRBRS
REFEET DD, BHRINEELK X M CHET D
ZEICEMTH D

.

3 T~ AP 28 GIFEHE & SR FNE O ST
31 ek

AR T, BB A TR L= &~ A S % B
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ODWTHRHF LI DD TH D, EFIIE L Tz~ 2
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05 LEERER 6 ~ 15%E ENnT, BETS
BRI, T~ VALNERYL LT, BB D 55E
X, AEPEMTTORBNRILD ST, TRME, K RE,
BRPBEOSHBICOE L, ZhbOBREH O
OB EEIEE T DN L E & ARG 1A, T8
VENZOWTIE, HEES & REMROEE LR 10%
Kz A fh, 10 ~ 15%% B fh, 15%LL b & Bk sk 5
DIHETHFE LIz,

[(F—U—Fl=F~ A, @B, HE, ERAOEE,
HEAIEE ., BB EEE
3-2 ¥EE

HER T, =&~ AR RO IR T — 5 T
VAR D I RES LS R D BTN D, ULHE & B fE
Tk LT, AT O RS B B g s BRI
IRENTERY ., WIEEN 10a H720 18 I TiThh
TWb, L, INENZEEORRIIEREIT, KR E
LCREEEPLETH0, FIFHEBOIERITHES
UL FE B DM~ OIS A E R TH D, RITE Tl
BUERE B E W TAEREO R L2, FiER]
VEEORERE EITEHD IR OE AN KRR T
HB5, BRHIEFIZOWTIE, 2 E Tl AT A
W7 AR (Sasaki et al., 2000) (Tokuda et al., 2002)
R F < A DOEHRE (Katahira and Shimada, 2006)
R EZL OMERERBE M IO TE R, oL, =&~
AUE, REORIE L B 0 SRR
7R BRI BRI ER R SN TV RN o Bt
BN B AGE DFERULROE RAL A 5 2MZ 72 o T
AN

2T, RBITRBIRFRABUEDR 20%I2F0 Y
% 10a H7= v 8 W], BHEBIEIG A 10%U T &R 5=
v AR EZ BT D728, K7 2 R TR %
SNTex &~ ATk U CHIRF RS RI & B4R 45 O 4%
REIG Z A L. 34 LIonoBE o B L 21T -
Too FETo, AFEED A S B B L UHIKIMNIER]
Licm X< ACEENLEEL S L CRINEE 21
ik d 2L L blT, HEEFIIHT DT o r— FRAEN
DBEJNMLEREREL ZORELZH LN LT, T
BILA b 0> K BE CREAGRBI A AT IC 72 B H k& MFt L
7
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BEAMETHAEIE LR L,

BB, A A 3-1 ITFRT LR, FHOREAL
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FRET, BAERENRRLSEOTY v A B
ICEDBIKLCTUH LA AT (320 HHEIFE) TR
L. AEDH1E (katahira, 2002) THiH L 7= #6414k (S)
CAEEE (S) OBFRE AL CHFOmELE (%
DSIS) EEHLE, shboxm g~ AT, K 32 12
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WOWEH (12 4) 1R L THATTRE R GEREIC
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WV, FRELZOEMEREL R L,

32%

52% 32% 7% 10%

32 T A LEOmRKILE

34 HBRHR LB
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RPN FE E H1 (49B) 65 15 16 2
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4 BERIEBNEBGEERI-ROBEGERT

KD A SEIGIL. IR HIETY 58%. UHER
7% 65%., INHERELI%A 33% T -7, [FEFETHEK
A OFIG I, IHEE I RTAY 27%, [HESE 25 19%.
INFHEE % 28 52% CTh -7, INHEBEH ORMEIT A &
N 35%, MM 39% Thote, Fi2. A SITE
B HEMAREIT, DY 11 ~ 15%, BMES 6% T
ol

T AE, ABFICHEVEKOR S LENFRHC R K
LD, TEAEITROE SO S & EE) LR
T < F CTEIINLKET A 72% (Yoshida et al., 1983).
INHEE TCOHIMBENE ERBFN L 2D, BVIF
RPN T D, Fio, NHEOENITZ, =&~ R
DHTxE LTI K 2 s PR B BRI I £ T
ODRBNEIET 570, FRFICLDEENELHKT
%o EOFER . IHEE I OFIRICIE L= ¥~ A%,
KRS i DRERCEIA DN L 72,

BEEHEEICB L TB R T 5 & Lz B @lise
BIE, FR o Z S 2 B0 AT B 7z [Elfis
ZEE ET2BICELE L, ZOMRIC=Z < A%
BRI TCIEHOETHIT 572D (Momose
and Imai, 1995), ZHEAE LRI TILZ Xt &
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FEARIC X 2 E5EEZ T 28K T 19%, FMET 39%0D
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17%, FMET 6% (A SLDORH) OEEMAVIEE 2 354
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(2) B4R 155 D 43 5
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IR ¥ @ B % (54H) 50 5 18 26 2
iz I #E @ H (54H) 23 13 18 34 12

ETEALL %
E2ARICEFNIEBHBEENEL.
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C & # 56 0 19 7 5 1 5 6 1
GECHfLL %

AEPER OFRRWEZRIL, BLae, MR, e, 1Eishl.
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[%— 0 — K)o~ AR, HIISHAE, Filgn
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THMEN DR 1 B H7-0 12kg (TEERR
B 10a H7= v 48 KEf) &b 7Apniow, JHEIEE
OFTRLZL ORATEHEHRAL TS EHX LT,
FRNEE 2 SET 5720, AERE TEDATVD
FRVEER OASIRORFI 21TV, (EEFE & 1EE
FERNLET DHZ L E2HSNIC L7z (Katahira and
Unuma, 2008), LAL. BURIKRICK T 5 1EEdE
TiE, TEEREREK %m LI DIcibE 5720, #bf
AR DYEIIZ VT C R RE R 7o B R O B AIZ L 5
TEEDBIMENEEN TN D,

RiFTHE, =&~ AFREEOE b x g,
AIERICFLH Lo = & < A OBl FEvE & BBtz L 5
BERMITE, BIOGEREBRZ R U EZRER
77k (Zhang et al., 2009) & FH\ 2= &'~ A 55k
% 2006 5 2007 2T TRIEL, F O/EERER
ERBIREEZRA LT,
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4-3-1  FRERGIT & AR

T X A OBJIFRRIL, 2007 FIZ L RER T &
TR R RALTR O A EEE TS . il b AR RE
AT CIT o 72,

HEEABHE, I RS (W - RN 3 5 5 )
ERCHBRAT (B HEFD LLE; e, W
5 M) OAEEDPHEE Li-o &~ A IR EA
KEEFAiE Y # —CTHEE Lo F~ 2 (5 Mz ;
W) AWz, I Lz &~ 236, EE R
B (27U, KX-D2V2) THiFEL., &I (2> U,
GS-4SD) THLEBZ1T -T2, 7ok, HiERZ21T-o 72
PR —5Bi%, D ] AR C O BRBIRBRICHE R T 5
720, — BOAUTRE LImmE CRGF L=, BEH L
TR DR DM A K 4-1 127 T,

F4-1 RS FEOIK

EHE Rl Eil B3

M RiE (mm) (mm) (mm)
1415 31 (3) 13 (1) 8 (1)
’?g 28I 42 (3) 13 (1) 8 (1)
JfF 49 (2) 13 (1) 8 (1)
1A - - = = = =
;ﬁgéﬁ 203 60 (3) 15 (1) 10 (1)
= g 67 (4) 15 (1) 10 (1)
14K 46 (2) 14 (1) 9 (1)
bV 28K 64 (4) 16 (1) 11 (1)
KK 73 (4) 16 (1) 11 (1)
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OMICHEZE (81 <H2) 20 TREL, =&~
ARDOB| EHEL EIT ST,
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) T B Mo A DA 2

T~ AREREERENT D113, fix DIk
EERE LT 4-1 [ORT =4~ A RO EDT Gy % ik
Hi LT RRE TR T ORI AT 2 &R
VB TH 5 (Katahira and Shimada, 2006), RA/EREIC
3. THVAROLRREZESELTD, THETD
AL Z TG a — v HEFI AR, Wk R CRERR
T LY 2 Z R L TEBAAAT (Katahira et
al., 2009a), HEFIEHEMEOME 2K 4-2 L[4 4-3 (T
Y,
Byl e — ik, REICEREEZR LERERY) =F L
VEMAEEAMT RS 300mm, B 28mm D H O
T, ZHF T AR L OFEME N~V N3 X7 OMEITH
f] & ia) & ISR T 5,

FINL A RT

B 4-3 R A R E PR ORLE

BHNREAAE, Y =R bR C R mAEE U 7o

= 4~ A BB O B R AL

25mm. 1E 8Smm DOFEEMF: 2 oMic=FU LT A
WMoy (¢ 3, £ 60mm) 4 KZHVAiF7=b
DT, #H|a—)L L [E U & ICEERT 5, BUERICIE,
Z OEFNEHAA 2~V b 3 T O 5 AR O
b7 T 5 ~ 8 fEALE L7,

MEHIL, B & 16mm D AT > L AR (SUS430)
FEMOWETA RE UV ha X7 RIZ 50mm g &
35mm EICERE L, &aF 4 R&21Ek Lz, RS ONE
X, =H~ ARDOWR L& BEHIIEIET D720,
R TRE L,

(2) g R DA 2

B, & 2 ~Ub b a2 X7 OIS EAE R
HES, EERHEOIER THE L7- (Katahira et al.,
2009b), AR B O A K] 4-4 (TR,

B 4-4 - FERERHIED & G E R HA O BLE

FRAFEOHENL, 7TFu WM T 7 A "=k
B (azbil, HPX-MA, HiZJHiPH : 1 ~ 5V, IREREH @ 1
~ 50ms) WZH VY fHiF )7 7 43— (azbil,
HPF-T021T, A2 U — /g : 16mm) TITV, 5 2 ~
b b I RT NOPREN A FURICHEIEE & 22 7%
BLI, 774 3—krWiE, BIEEZBOM%E
TR AN EE LRI LT A EE MR L, %
NETIrIEEELTHAIT S,

EEREMIZ. B2 AL 1HEOCCD AT (U
7 v 7, WAT-250D, BRIEFEE : 768 X 494, fiEfh
B 450TV AR) O E2BOAgkBlOI A TRy 7 A
THTE LTz, BERLEIL. B2 bha 7 B
122 EFEL, CCD H A F 1 BT 2 ROWEEN D
WIEN D =&~ AFKORBEIT- T,

(3) HllFHIES & 4y BlER oo HE
Ty AN —T P L CCD H A T, BgHBIEEE (L
FY 2B AREI I HX 7 %, NVP-935N, OS: u
ITORON) & I —7% ¥ (Panasonic, FPG-C32T. ffl
1O ¥k 32 m) THERL LI Bt S s
D, ZZTHLNEBEROUEEZITD, BihE RE
WZHIE Lz,
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AYBEERIL, X 4-5 (TR 4 KOO TRBIN THERE L 7=,
TH < AFINE, B2 UL b3 T B S BE ik
Wi, BEHEROSE TN A EiE L TR
EMNCHE TT 5, REMHEEOHEIL. BRI E—
HZOEFITH 2 ~v b a X7 AN —E A E TEE
L. RESHEMA~TRHICE TS D,

(4) B 5 FNE

TH < AFEDFEREDOHEFIEZ X 4-6 (277,
T AF, MOBEFREY R~ ARRIDH
DRSS L LFEHOES L #BE L, WZFOLFE
L, /L) 23tHET 5, dHRLCHE X, RibE
EARREFKE AW PiiBR CREM B 2R EL. K
4-6a I AT LI I a<BOHAICEMAEE. K 4-6b
WRTE I a > BOBEICFEO—FRACLDLAR
BAHIE, K 4-6¢ (RT L 2FHENRRET L 235HAI
TERVWREZETEORMIEIDIARMHESL L
Teo 7ok, X 4-6d \ZRT L, & L BSREFHAORIET
I, == AFRNEIE LTV & L,

AN
LT, s
REEM
L L,
B
a:Bf, a<pB b: 1%1%KR, a> B
% e

c:RM(L,:No data)

4-6 - FZRAERR HHES T ¥ E FIE

d: RHB(L, &L, :No data)

THE < AROEBREE T, RIERICHH#H L7 cCD
AT THEBTAHETOTHS < AR &G L CHE{RL
BHEATV, 88 LG OB G L Ok &
BEmEERH LU, Bl LS EEE. ol
L7z BT A RICHY T 2RI ZNLIOFRR
A BT B, 7272 U RRERRIT . 5 M ¢ CCD
A TEMN e~ AROEDHERGE L, & 2
YL R I U RT OV NEF AW TS X RO G
AT o T euy,
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4-3-3 HBRTEH
(1) fExnRe=

TEERERIT, RARB O~ A3 15kg & IEAIC
5kg fhHI U CRUERBICBRA L, AL LRBIK T ET
DI OFH Z ATV, BALRF# & 72 v DERIE (kg/h)
ERMH LT, B, =¥~ ARBIEEHEN TR Lo
LA, S~ F~ ATOBAE WL, W
 NFCTHRELEZRICEREZHE L,
(2) By
BASNTemZ~w A5 (W:g) X, AIEETRM
(We:g) EREM (W) ICHESND, HES
Nic= = A58, We & W T EICFRIEETUTD9
FEEICHHE LT, ST, Bl GBI LI &)
WrL7-BmE2E > BoED 1R (P LFENhOD -
VB (P) W34 T 2B EG o 6E, hE Py, %
b (Pr) . LA (P M T B MRDOEE, 1R (P .
K (Pr) . THK Py ITZ4T DR & R R
DEETHEREINDIAELK (2 P), JEX Imm LA
RIZFENRTE LT 2 hiFe L 3RARITHE YT D RAnRK
(P) THD,

ZIZT W lZEFEND Pee WePou 2P % W2 P
EL. WICEEND P& WP, SPEWXPEL

T=8%a.

We= WP, + W, X P (4-1)
Wy= WP+ W; 2 P (4-2)
W= W,+ W (4-3)

DORRIZH D, £ T, BIKEIL, ==2— Fro%
TREINDEHFE () TEL, BRI T 5 ENY
T (n.) ERERPTHT DEINE (o) 25 (4-4)
~(4-6) XCHMH LT,

N o= WP/ (WPe+ WP (4-4)

ny=w 2P,/ W.ZP+ WZXZP) (4-5)

n=na.tns,—1 (4-6)

Flo. BEINEARLEFICONWTIR, FERE
MHEOEINE (n ) EEERHBORINE(y )%
(4-7)~ (4-8) N CHH L7z,

1= (WiPs+ WiPr+ WiPs) /

(WePis + WiPs + WP + WiPr + WePs +
WiPs) (4-7)

n = WPy + WPr+ WPy + WPy + WP /
(WePri + WPu + WePrz + WP + WePps + WiPis + WePp
+ WPy + WePps + WiPs) (4-8)

FTo, W lZxET D WePe & WoPy ~ WePps, Wy ITKE
TB WP, & WPy ~ WiPs DEIE (%) #RHEHL., B
ERRMICERE SN RO E RD T,

(3) BRI DK

TEEERERIT, IR O RERFTT 2720,
# 42 1T T A~ D OABEDETHEL, A
RS AR UV 2 N SNyl st Nt 71| 517 N AN
b b3 R T BICHRET A R THE 35mm (ZRRE LTz
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VRT OEB ARO[ B v — L EfidiE L7z, D
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SE1:BCIENLRaURT DBETR
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A CHA L, 7ok, EEMEIL, AEERETO
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4-4 HERAER L B
4-4-1 fEHnEH

FEDPE G ORERL & EERE R OBMR A2 K 4-3 1T
R, VEZERERIT, A HERRAS 22kg/h, B #%4% 30kg/h, C
RERE DS 49kg/h, D #Epk2Y 61kgh Th o7z, ZHET
TAEZIT O TEKERNO = &~ A AR T, R
BIDOVEHERESRD 12kglh TH Y . RAIEE ORI TrEE
RESRN 1.8 ~ 5. 1 {21 E L7z,

#4-3 RO MEERESR
IHE {FEREE s
HERX (kg/h) a
FE 5l 12 —
ARERK 22 1.8
B 30 25
CHERK 49 4.1
DR 61 5.1

FERE, EHBREOEREER/ FE
DIEFRREERTHY

RIEFBICBEA SN~ AL, KPERY G-
TRBOARE) — T B TR SN D GERH D, At
RCIX, =&~ AFTH L CERSBRIR DR HIHE D )
FRAME A N2, =X~ A RO EDNET IR & AT
Wb X ICEELE, LrL, FikMEE2H9 555
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T OWEM AN 2 =X~ ARNEEHT 5 2 L7l
mote, LML, BREKRTIZ, AShIZZ &~ A%
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TS A RO 2.7 %, B KO 1.6 fFlcckEwm LT,
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I 20mm OMBREZ ST TERE L7c7cD, Z0MRE
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e B LV EE DD, HEEBNEE LTk
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L WEE DA ARV 2 L k3 XY RO fx
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B L PR B LB o T R AL 1 OO R R A3 AT
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~ 80%. W;IiZ Wy X Pris 30 ~ 40% G £ TW\i=, 72
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F4-4 AIEEOEIEE
=8 ) , RERE
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WiE(FER) 059 0.73 0.86 - - 44
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EOREEDOEENEE -T2, 12721, FEN 3 =13k
T A A DY A L7228, BB T A f i 3 R A1
BT HEENBRAINTZZORM~OFRBRENE L
R0, WMEBO N AZ0. 18 DENEL T,

PLEDS . n i3 EBAN ORI E oz ¥~
AFEDWE LRI Z T, =X ARORINHE ST
LB EHEUREOE N, D & OEEROE DN
KO E AR T S 72720, 1 AR & ik L
TEHETO0.40 FEI-/=, 72720, BIEHD 7 o 13,
BFRROEIHAFZDHT0.75 ~ 0. 77 Lk %
ERLTED ., 2O W AZEEND WP DEIG D T
BEFEFE LN ENS, BAEROHEICEL T
BRI EFR%EE VR D,

BAOEEICHYS T2 0 2@ 512, TERER
S & GER I COMMBE A4 LS ETRMEAR
BROHEREZM LT ENRAIRTH D, AIE
BEIZHOWTIE, B2 ~UL b3 X7 L O¥ELKIEE
L TR TORBRZRZESEDL L EbIT, ~L
Fa v RT7EOFEEEZIER L TROEWHEO =&
TARTHIEHELEZ+DITITZAD I ERMETH
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DOFELE, =2~ A ROIRGEIAIEKIZ L D HH T O
EBBETH S,

5 A & A RBIFEOMEE & PEREFEN
5-1 ek

AT, =&~ APRUEE LR T D20,
BRI A RV GrER ik, EREfg A AT
FEAERHTIEEFA Lo 7~ A RBIE A B L,
ZOMREEW LML,

T K ARBIBEOVEREFRERIT 36 ~ 46kg  h, T
BHID 2.6 ~ 7.6 fFTh o7z, BHIKEE Z R ERIR
(n) 1X0.09~0.35 &72 0 FEEH| &tz LT 0.29
~ 0.55 K F L7, La»L., HFEMHRFCORMET
0.41 ~ 0.64 L7e b FRE|ELFEETHo, Hpt
FEFET O BEYE L RESOEILERIL, 0.30 ~ 0.87 &
0.47 ~ 0.79 Tholo, I, HRLHERFTO “hE
TR LA Lo AEERTEIL 0.55 ~ 0.95,
“LRL” R R e E ORI ERR 1L 0. 68 ~ 0. 89
L7y FRERIETHo T,

[—U— ] =~ ARG, BAIR, (e

5-2 S

TH < AAEFETIE, FRIEESCHBRIEE L P
REFBE ORI AR HE R, (LR O U0 & B
WL DNEDHEMNEE TH D, £O—FHT, =¥~
A DAEFEMRFR T INHET R COEER RIS |
FEE TR OHERIC L B NS A R EE 2 BRI H 5,
IHEEZE T, =&~ AROELE B 21T 5 BT
BN FEL 3% % RIRFICAT 9 =& = A /N— R X DBI%
DESNEERBOLGENEA TN D,

IWHEEEORRBANEL T, 24~ 20K
BAMEREIL, BESCTEAE L EMHET 2 0
DAFTITONTED, LBEEN | KM H7ZD 12kg
(MEZERF RIS © 10a H72 v 48 BRf) L EUEED
POl b < DIEERFMZZEL T D,

ZIZ T, AT, mF < AOBRIIEEE BE
b3 20, TEREETHIEOREBRROESE
BHEL, BHITE 24~ A DORGERBIBEZBR L,
FDOVEERET) L FASIC DN TRF LTz,

5-3 BRI
5-3-1 RBRGET & Bk
TR A OREPIERIT, 2010 £ 9 FIITERFEE
EL KR IR F T O A EE FRUEES T o T2,
HEEATENT, IR R B ER G ¥ — TR L
A~ (G FEN 3 B A BKE IR T
DAEFEENFEE Lz~ A (W 5F ; PEEAE) .
LB R PR SRS TR Lo ¥~ A (WhFE
Mz 5 BeAE) RV,

T 4 AR B3 O B AL i

5-3-2 Tl &~ A g DL

BRA L IA R & L m TR%E L il = &
~ A G (LU, B & MRFR) 2 6-1 12T,
PHIEREIT, BT DA SN D =X~ A %% b RIC
GYBE L7270 D EESIHRR 9 D ok R = T R
T U ANT OWHEHE & ORICIHEEZ DT THO G| &
BEL 24T O kit RO LE L ) THRHT 5T
PRHHES, RO BEFEIC LD EELBRET 526K
=7 TR &R RIS @RI TR LT,

2 |& 18 (mm) 2160
B{TZ (mm) 570
K [E & (mm) 1190
=1 2 (kg) 150
E B (V) 100
=Gl £ B 5
Bl&. 1.5kWHk
fi Z oz7arS
Ly yhnE
B 5-1 BHSE L7-o— &~ A SRk & F8isE

5-3-3  EETIHRSHERE O

BRI, T~ AKDEREBEIT D20,
AR L B 0~ MCHERE AL LT BiR =2 o
TIWEE < AREFEA L, R & B [alds R Tk
Fe (g : 16mm, £ & : 70mm) PIZ—FEF D8 ZaA
ToREIC LTz, =&~ AFDO i, Ffl= X7 &
sl = T OISR ERE AT T o 72,

5-3-4  RRHIE OB

BMHENL, =&~ AWEH 2 T Ok E
REERR R, G5 ONEF TRRIE L7,

FEREOFHEIL, THu WM T 7 4 =t
v (azbil, HPX-MA) I[ZE Y T 707 7 A —

(azbil, HPF-T021T) TiT-7z,

EBEREEIE., 54 2 o3 (AR ER,
CLX-502DF, 4y fi#E : /K % 0. 15mm, FEE J7 1A :
0.25mm) 2 FA&E~UL ka3 _XTEERICHET S L 9
WCHE L, W T T 2=~ AROefERE Lz, 7
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FANR=R UV LT A YT, EEHBEEE (U
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FPG-C32T) THERK L7l Ic i S LT . £
CTHONTERONEEZITV R &R R ICHE
L. REAHERZEHMOTT =27 Z THEEL
7=

5-3-5 B FIHE

TH 7 AHRD T RE DR EIL,
FlEz BEE L7,

TH v AROECREE T, HERBHB T~
ARt U, WG CHhiH Lo A omfEz &
Y OREE (Lvl ~ 30) THEELZ, BV REEIX
X 5-2 [Z7Rg B0, mFTAORLY T INVFEH
WCHEFBRNCHE R E B LT,
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(1) VE3EREsR & RAIKEEE
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1EZIT akg i U CRRAEBRICIRA L. D SRR
TE TORBOFHZITV, AR & 72 0 o5&

(kg/h) #HH L7z,

BWAPEE X, AIECTRLERZHV, BB
R (n.), RESFEOEINE (o), BHFE (1),
T FEAFERIEORICE (¢ ), BEREEHOEIE
(n DEHEH L,

5-4 FREBRRER & B
5-4-1 BAFEHEDIEHERER

BRSSHE D E¥RER ™ 5-3 [T d, BARHEOIEE
RERIT, WEDEN 3 5T 36kgh, FEBUAEDTE T
41kglh, BpZEDFME T 46kgh ThoT-, HE & /EFE
Licz ¥~ ARE T, BENOIEEERNRKT
l4kglh, /T 6.0kglh ThH o772, AEHOFIH
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TEERERDOIETIZEN 5T,
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Efficient technology of Green Soybeans Processing
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Aikawa, Yuwa,

This study investigated sorting performance and sorting characteristics using a green
soybean-sorting bench. The green soybean-sorting bench evaluated to use farmers.

The bench is 70 cm height. It reduces bending and movement of some worker, which improves
the final sorting. The type B sorting bench shape was better than the other type, because it was made by
a gray polyvinyl chloride plate and provided wider sorting space with a hand range of 20 cm.
Furthermore, workers who used the type B sorting bench gave higher evaluations than they gave other
sorting bench designs. Farmers, 71%, who used the type B sorting bench increased their rate of sorting.
The bench was evaluated easy to use by 85% of users.

This study investigated sorting points and sorting grades to facilitate the development of a green
soybean-sorting machine using image processing. For green soybeans harvested at the optimal time,
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36-44% of the pods were classified outside the grade. Of those, 6-15% showed mechanical damage.
We classified the mechanical damage into types 1- V. Furthermore, we classified the sorting points
for shape damage, damage due to green soybean seed maturity, damage due to pests, and mechanical
damage. Among those points, pest damage and mechanical damage (type 1, type II, type V) that
produced color change points in the pods were classified according to the ratio of damaged areas to total
pod area. Therefore, grade A was less than 10%, grade B was 10-15%, and outside grade
(substandard) was greater than 15%.

We developed a green soybean sorting machine prototype to improve the efficiency of green
soybean processing. Image processing and transparency images were used to identify damage to green
soybean pods, and investigate its sorting accuracies. The green soybean sorting machine prototype was
1700-mm long, 500-mm wide, and 1500 mm high, comprising two conveyer belts, an arranging
and transportation mechanism, finder units, processing units, and a separation system. The arranging
and transportation mechanism, which comprises an arranging roller, some arranging rolls and
transportation guides, produced the most stable green soybean transport posture among all types. The
green soybean sorting machine prototype, which included that mechanism, showed a five-fold higher
sorting rate than manual sorting. Finder units comprising image processing units and fiber sensor units
detected seed maturity and green soybean damage that produced color change points in the pods. When
putting the pods on a conveyer belt one-by-one at a laboratory, sorting accuracy (i) indexes of the
green soybean sorting machines prototype were, respectively, 0.51 for the finder unit, 0.80 for the
fiber-sensor accuracy (), and 0.66 for the image processing unit accuracy (#:). Sorting tests at a
production center were 0.11 at the average » because of effects on degradation for the transport posture
and smaller damaged areas of pods. Nevertheless, this green soybean sorting machine prototype was
judged as having 0.75 sorting accuracy for good pods (.), which was similar to manual sorting:
63-81% judged as good pods (W.P).

Key Words: green soybean, processing, sorting bench, gray polyvinyl chloride plate,
sorting machine, working posture, sorting rate, sorting accuracy

(Bull. AKITA Agric. Exp. Stn., 51, 1-2 2,2011)





