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FT1E Ff

1.1 HROBHEELIS RE-EAEDTFRAE

BEHI AN OAEMMERHZ KRN DO TH D 21T T, @ETHEELAEE
ED ETCEERLOTHD, ZDOX I BREMDEZ L ZEAICHH> TWD AARTIE, E
NI OER % 72 BRI K> THEEZZ T e WEE LT REMIBERIR 2 L o ERH 1,
ZOZ LITERE - R - BAEARE (BMOKES, 1999) OF 25 (BEtOREMLG
DOFfEfR) BEO 19 55 (RAIRFZ 31T 2 BEFL 2REE) IZ iR TV D,
BROZRRIEEZZZ D LT, —OOEERELERDIOVPEBEEHRETH L, B
BFERGERIL, ENORENEENNEE TEOREHDN TV A0 E2 RS L EE S
NTW5 (BMKEER, 2015a), BHREVE— X OREE G4 T Ee [E W Crbik
L7227 T 72X 1-1 1T (EMKEER, 2016b), 2011 EEDT —H TlL, T AU
PN 127 %, T HIN2B8 %, 7T AMN129 %R E, Wb B EEREIZBWLTIIAE
HAGERDN100 922 TWD Z & 03005, L DMOEERIZIB W TS, RAY75392 %,
AXYANT2 %, A X UTH61 %hEEEKEEZ AT D —T7, BAIL39 W
FoTEY, BEORARBEOBENGRD &R H 5,

400

350

300

250

(%]

e

200

150

EE

100

50

0

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
R

GBSV E- i OB R B (A0 —R—X) OH#EFE (BHIKES, 2015b) KYIER)
X 1-1 FELEFEIZBITHEBHBHREOHR



2014 EEOREITA LR (BMOKEER, 2015¢) ITX DL, AAOREAKGRIIHE
BB AR— AT 39 %, FHEFER—AT64 %E72>T0D, K1-2D L 51T, 50 FRiD
1965 4EREICIE, FNFNT3 %, 86 % ThHhol-Z b RLEFDIRTEASVIEL
W, RS, HEBEAN— A TORTAREW—RH & LT, BAEEOEELICE- T
WEDHEND LR DD, ZNHDIEFIZ Y T o TXHE Sl AfTE & 5
SNTELZENRET NG, ENEEMT D L OIZ, EEBAAERIE 1965 FFED 55 %
2D, 2014 FFEEITIX 27 %E IR T LTV 5, BEOREIEARZ M ESE 5720l
1%, EEEEO BRRRA BN RAIRTHD Z LD, BUE, BREZZFT Y LN
TN TEY, A%OBANAER S TS (EMKIES, 2009 ; EBED, 2002 ; 5
5, 2004 ; HHED, 2005 ; GHES, 2010 ; #%5, 2014a ; 5, 2014b),

100

% (%)

4

BEA

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

R

(AL 26 FEEHBHREICONT(EMIKES, 2015a) KYIER)
X 1-2 BHAOEMBHREDF RIS

—77, BPREORBIHAFGEIL, 1965 FETIL 100 %IZE L TR Y ENBMANEBL SN
TWe, LnL, A48 5 T ichin B & RRRICRER 2R L, 2014 4EEEIZIE 80 %
FTERT L7, s EOMBIERGSR (BMOKEY, 2011) (2L5 &, SEHREICE
JLEROREIEAERT, TAUB I % BTFTHE5% TTUAT8Y%, KA 41 %,
4%9%%%,4&971%%&ﬁofﬁw AARD 79 % &9 Fpidk L TR il
TIERW (& 1-1), IZH 30 DT RROREHAKGERN 39 $E W) ETFICR DA
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13, BEEERPMHEEER-ATHRE SN TWD Z LIZh D, BRITZEOK %
BHET LD, —RANCBEMENZ LRI TV D, AR, 3T72bb
TARXOES LD BRI GIUE, BRIIREICE > T D, L, BRITE
WS B2 X v, IR TV E WV T ATREIER 2B 1ET 5 ko O HEE LRI TH
D2 EMD, RZHERF T D72 0IEIRNT Z LD TE VRO —TETH 5 (L,
2012),

x 1-1 FESEDOHERBHEER(2011 F)
(FESNEDME R BIRE(RMKES, 2011) KYERR)

(B %)

g
LA

727118 93 165 91 77 114 103 104 69 79 97
s 202 124 293 55 16 131 95 92 98 11 231
Fo 103 124 7 41 28 113 /0 119 21 141 76
AN 73 61 11 175 135 128 115 75 56 55 99
7% 176 127 86 78 62 102 98 128 29 212 99
VT 76 54 33 136 108 79 100 66 22 23 46
(%U= 101 87 47 40 5 69 91 81 50 59 51
A—2h207 291 81 229 81 82 147 99 142 29 184 124

H A 28 75 9 79 38 54 95 65 52 26 13

(&) AR ER T B R RS2 ) . FAO”Food Balance Sheets”Z &2 AR /K EA CTRELT-,
(7)) 1. BEOID, KIZHOWTT L RITHRE L TV5,

2. 4L ABRIZOWTE, ARLEIZEDLOTHY , T —%F LTS,

3. N FHEIZ OV, FIERLE AN EEERIZOVWTO BEFETHD,

BOE O OWHEH TH OWRE RIYE A IE UM R AR

1.2 BREICBITHEXMNDOFEEEME o R EMIEDEIM

EMKFES T, ERAIFICBWTEERIF X 4 MEZHEERRE LTED, 2
OEAEET HEMAIEET 5 2 & TAERIZ X > T\W5, FEEHRICIE, REED
TAay, =oov, NeAfva, b E, EEFEONT VA, ¥V, KU
LYy, LRA, RF, FvxF®, REOF 20, X, k= h, E—vuR
b, FEEBHRD 14 MBIX, 2014 FEOET % R0 L B RAFERED 66 %, PEHED
65 %x HHOTEY, BAEOERAEFEDOEIRELRET 2MAHTHL, LIER-T,
NG 14 B ORRERET S ZEICXY, BAROEIEAEFEICKT Db ORIk
T TR 21T ) 2N TED EERD,
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FREE 3 14 60 B OAPEIZ BT D8 T 7R 2 2% 1-2 1§ (RAMOKESA, 2001a) ,

MEICE S TUEDOEXIFROND D, %< Ol H CUELIRE DU HE - FHEL « Hi 5518
(FIZE) Vo T AFEICE S DRIZE L TWD Z bbb, ZhveaimBE O
TR CHRD E, IHEZ 35 %, fRBRUC 7 %, HHFIC 14 & 720, IUHELIEOIEZE T
BIRD 56 $E U EORHAZZE L TWD Z 2D, ZIuh OIEEDOE IR AESL
Bodms< EEI N TV D (K 1-3),

R 1-2 EEFROEEICET DT HEIFRE (2001 FiE)
(FR 13 FEEM B RIEERET (BMOKES, 2001a) JYLER)

(BiA7:h/10a)
[ 1R 3%4H) NoAfya® P E HAqar =V

A (T T4 0.7 7.5 - -
[ FE - TEAE 5.7 17.9 5.4 4.7
Hi A 2.5 4.6 3.3 3.5
A AT 5.2 2.4 4.4 2.8
IS & 12.9 27.6 30.8 24.6
A - 32.4 18.0 19.2
HAART 55 ) 2.9 34.4 22.8 24.0
ZDfOIEHE 1.4 33.8 24.4 38.5
At 31.3 160.6 109.0 117.3

XL AT 2L 20044F PEDE T E A LI

EEF2) A< XX S XY NTHA LA R

EH 8.0 17.7 5.6 5.9 11.9 -
V3R ERE 24.0 44.6 15.4 16.0 21.0 9.1
it A 2.8 12.4 5.2 6.4 3.5 45
SRR 3.9 18.3 5.8 8.6 4.8 2.8
Jljvgi o 16.5 48.5 234 30.6 32.0 68.2
S 12.1 139.8 2.8 8.6 13.4 98.5
H 1) 21.1 85.0 18.1 23.3 42.7 62.2
Z DI DOVEZE 16.3 51.0 13.8 20.8 32.0 21.4
&t 104.8 417.3 90.0 120.2 161.3 266.5

&) k~h J A F¥avl) el

B 62.7 224 32.1 37.1

VX FE - EAE 48.0 28.4 38.5 35.7

Jita AE 22.3 32.8 25.5 24.0

SRHIHAR 41.0 39.0 26.2 31.6

I e 282.0 536.9 419.3 628.5

= 20.0 46.4 13.1 13.2

H fRr 55718 98.0 136.8 241.0 63.5

FOMOVEZE 333.2 601.9 366.1 284.9

&t 907.2 1444.6 1162.0 1118.4




BH A% R EAE 5%
Jiti AE 2%
HRAIHAT 3%

Z DAt 30%

IHE 35%

AT 14%

A% 7%

(FRK 13 S EEfm B AIRERRET (RMOKES, 2001a) SULER)
X 1-3 fEEFRICHETHEEMNFHBRHR OIS

% < OVEERFRZ S 5 LW ) 2 &3, MRS nTRE B PERIEA SR & U THIUA O
BRI RIAENT, oM N ENMBEL IR VREENERT D2 Lnb, Fig
DY < T L &ind, WERPEDOUREZ X 2 72 DI IV ESERF R OFAME S AR AT R T dH
Y, ZDTDDHENILIR L L THEEDOKEMALZT b5, BAEITEWNA 2 o,
BPERAE, FRCEIMBICIANT TZ B ORWHELIE OVERIT I T, BEARBRTE 2 FiiAY
DB TR, FEFRMLESNTFH L AOND LD ITkoT,

1.2.1 BHREICHET DINEREBOITIREG o WICHEEIR

B SBADOUHEVERELE, BEMALDE A ARSI, O FEETITOND Z L 3LV
FH LRSI SN D, TOMHIE, RIBUIHETAL P H 0, SIS
BTS2 MBS ZZ I W EnBEF ond, —F, BEXEL
FHT, —IBOIEZIGH A RO CIERAL A R m £ 7213 BiCH 0, IR & L
NHEWE THREZZTOT W &b, IEEEOBILIZ —HOMmBAICE EFE -
TV,

MRS —MANS —FUED WTRE L S, D OUHEM DN R o 7SI 5)
THhDZ b, BB —BIRPHELSNIAER %2, BBk T, EERED
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2L A T a T I AZB W TRE O IER ) B, A E S 41T % (GRIMME,
2016) , Av4vaWﬁ%®FEiﬁ< 1896 AT /ARBH S AU T INFERE (2 4% 5 FF 5T

(Radermachee, 1896) (213, BITEDINHERE & FEAREN R U CTh 2 FE /AR %
%Lﬁbfwéo3/7%%@%?627~Vﬂ,Wﬁ&/&%%zé?/ﬁ~%,
PEEHFAEAIAT T v a—T ¢ Y IICRBIS L, BN TG AR Z v —n
FMTHD (AXREZERIEZ, 2000 ; HFEREEGER, 2016), =P TlE, KE)
)z I AL TR TE D £ 2 BRI L72tk1s, ZEEEE UL FTHERF L CH1 & LIF 51N
N ERL STV D (SIMON, 2016), = > VT AARIZEBW TS, 71
TN T TNy T BT B B AERIFERD B A — D B b ERL S
TWo, HAak, =0 Y IO IERRE 25 U7 B ERUHER A TE, BA
%, EAbENT (RS, 1998a ; 565, 1999), %7z, IV EY & & HICEYE
& FFA BERICBECE 2 B EIGERE (BBIREIR, 2003 ; 2RIk, 2009) 72Lh
BRI STz,

WESEIDIE 1T, IRESAL A TP ZHEE > TNV T A o= DU EORSIHE &
FIRRICR LR D 2 LTS B X~ 31, L% L CTEmhiIill E - 7T
AT LRV Z L CET AR, HIFRICAEE L7354 RS TN 0 B> TR
THX XY RYRVA R, R LY U EEREEER B PMAET 5, X3 F0RK
FXTI, WEHOL A aLe= D0 LREBEIC, EO I L~V b CHER 283 L
THIE RS UIEBESFIH ST\ D, 7238, @Mﬁ%%jﬂmrizﬁﬁénk
~ A FUERE AR 558 (0lson, 1911) IZBWTREICAIH SN TERY, MBEZILL
D& LT O E Tl S 2 EARRIZ2IHERME Ch 5, R & [FERICRCK TIE
KA BRFE, EAL SN TV D (Asa-Lift, 2016), LU, BkE AARL Tiddim
FEREAR, BIGOHER ERBe D 2 s, MAMETOEEENTEHT S
ZEIFEE L, 2D, BMOKER ORFERIMER OB FEEICBNT, ALy
Y HERE (ZEAFRERS, 1998 ; AIREE D, 1998), R XUNFERE (ZEAFRERE, 1998c ; /1N,
2001), X~ FXULHERE CKA D, 2000) 72 EABIRSH, ERE A ED BN, v
XYV Z AR ) IHEERAL S MR T A3 2 B SR DIHE st & L T, 26380 (o
i) % MBS GO L UL 2 0 D 2 L~V S THEERF L (R & BIF 5% v Y IR
FERS (ZEDMRERE, 1995 ; [LA, 1997 ; ARG, 2012 ; FAK, 2013) MBI I, FIZ
INEEBREANFISE 3 EA TS, [RIEROIHERSE LGS 57 A IHERE (4
iR, 1998d) & BH%E, ML SNz, HRITITES 20 -T2, OB E LT
IHEVERE DA BB TS T, Wﬁ%%l%ﬂ&%%ﬁ?@%@%ﬂlﬁ@ii%
INTeTe, (FEERRTRTEIMERK N ST Z R 6ND, £D72D
Wﬁ%@@%@%%éﬁk#é%%ﬁnﬁﬁﬁfﬁbm,5%&@%%&%%;E®
IBRET 2 BRI SEEREE (HE, 2006 ; FARD, 2009) 23BHFE Siutz, UUHESRALAS



Xy XN T A LD BERGER L X RTHONWTIE, BRI T b DD FEM
BIZIEE > TV @R D, 2001 ; #5K 5, 2003),
RSJAITRSROCREL A L AT, IEICZ < ORI ZZE L T\ D, ZORE
HTINHER S S BB I P ER D 0, (EENRMIMICOI-2 ZENFEREB X6
ND, BIHOUHEZ BT, B RALE O, IHEEOHEEZITH LERH Y,
VEZITHE S AND BITHED 022, 2 b 0¥k %2 8§ 2 BRI FE 3 D
LBNTWD, v eV a AW THEEGBAZRG L, 2B a— % TGO, R
EATD Z & TUHEMDALE, BEe EICESIFED /G2 Hlr§ 57 /13U X LD
BRFSAISE, INHEEMEAZBEERID~ = 2 L—& T(T 9 R v MR 5 BT
FEREMTOI, Fav VIHEaRy b (B D, 1994 ; Henten &, 2003), J~AULHE
mRw b (Hayashi &, 2002a ; #k&, 2002b), k<~ MRy + (Monta &, 1998 ;
KHEB, 2004), A FAUHETR >~ b (Hayashi &, 2010 ; (LUK, 2012) 72 EAPER S
T2 2 UTIEREHFFE L ~IUIC E EE D0, 2D 9 bA FAUHET R » MOV TI,
2014 AR |ZHEFUSER T CERMb s (BFE S, 2013),

1.2.2 FRECHITHAEAEMOIVIRG: 5 VIZHFERENR

PR OFME & 1%, 08, RORERE S ORELTET Z L 1%L, JAFRITITTES,
B, B, MR, EREbEEND, RUICHERIITEE THY, £z, AR
TERED BGBIRGEAF CERE R L KT T 70, HOFEETITONL L EHR L,
AR X BN 2 <, EBIERZE AT O/ N A & HE[RIEE AT hE % 6]V o0 KA &
Thbd, B, AAIRA T A7 EORFET S, b~ MOT R EORFEA T
WHIERE S TEY, REHREIEISH E VITOI TR (EERBE SR, 1996),
AEEEL A FRET 2EUWERES, HosMBLE (Akz) 2382 CTram i 2 &
% BB TITOILA D, (OB TRRIZIBNT, T EofEIC L A1 EmiG Y.
ZBAIET 2 BT, Paif-oR 2 2479 2 L O L HE STV D (Thakur 5, 2000) ,
UL, BEOZREAEEEL A M- CIGE, A TRV, 1 L7z Bl HEs .
R T TR EPAEMIGRORRN L 720155 Z ERNEH STV 5, ) (2011) 13,
Xy XY LXa v xRl LEHEREZITD, Wiy BRSO BUR IR O fF
BEDMER S, FEFFOBEREYR E LT L BERKNRET NS & L DI,
INHEREDF = w7 U CIINHER R (BF, ar77F) hoOREFRENPEZ D Z & &k
W7z, 7ok, BETPOREMKE LOREORMAED L L LT, BIERERINT
WHRFRER (I 7 vy 6; FoAIIESRIRE 10 ppm) ORINZ, 72, INEHE
HEOMAEMRIEE S LT, MEHATZ ) —/L (BET0 % OMENMERIN, Z0O%)
EPHER SN TS, &7 (1999) 1%, v NEFEICBIT HMEMBROERERE L
1TV, BEEID > P TR THEH SN DERE - e & OBREEZ I L T HEEGHE O
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BEGREZIT TS Z LW BN LT, fERERIFERICRY RS Z LI T&ER
NI EMD, BNDOEEM AT D T-OIIE, BAEMIBYTT 5 TRIOE Y A
NEHETHDL Z ENEEINLTWS (Harris 6, 2002),

R TIE, IREBREMOUEAHE, THEAESH VOIS, 1 2 OIRERERIT,
FE U CIE#ET 2 —%f D 1 —F 72 SITEROIZER Y A1 7271 b 8o 4 R % F o
A&, MR (REB) 252 HE5, ¥ b TOMREREMHT, RV~ MBIV ZHE
H2MEEEE S, TO LA ML LN ORELZRETIHETH D, NHERDL
A ARV FRENICHEPCR R EPMIE LTEY, IO ERETLHZDIZ,
TABRROEE, AR VT IURETCTERe— VT 72 EBUKEDH Lzt
BOAHWONG, £, THAERLV 3y, R a Ul EORER L) OYeEIC
FEHATFEDS DO ND, Ry ha X7 R ETREW ML LR s, T,
BB IO XV EEH D VIEEER, FREIT S ) A b EmEKEEN LT, KE
Ko TN A EFINICERE, TadT 5, IGERITE S, WS b ETh, W
KERHNTICREIAE LRI IZRETL2HATHWOILD, NLA v aeh
va ETHWHN, HFEEEpE TIEEE S P S5,

WA TIL, THEREROFRE, BRIV, R EPAVeND, RY
Loy uea~ YT FEREFESH OGNS, TEREEIIIRIZEOR R E
& FEROHEE T, RERNE (TH) ZXMT 2 2HOT 1 27 DI T LA iR
FEURDEHA AT E HEEL LD, 773 n—F 20 L T I ELZREIAATI X
HLEDLLDONRH D, BEIZOWTL, 1ERITMEEENF TRy LY URa<wYFo
HEREAHAL N D — T IEA ST TV b 0%, MEO Y L X UL R ORIZHET
EEDITIRNE DR L, ZOFE ARG MNTHEE LA 6 BRI K DHRER T
&, 773l u—J Il D FEREAER TITO AT LY Ui (122, 2000 ;
WD, 2000) 2BHZESH, HRDPHEA TS, Z~ 32X TIIREED) 0 K &SR
Mnbid, Z~XFITITNERICHESE, BT L7cb O Z M 22 ~ 1 PR
E, WWEERETICHAT T2 FU0 23 FERO 2180 B3H Y, AiE XA AE
AR LR FEETURLI-DObIC, 0—L 7 F %52 FWTH ~ R XORM L HE
LT, RERS (i) o, 1 abrET 21EH (EEBEH) »rHSnS,
TEERRITE R R R o/ R &, SRR AT D T A AHIAR O KA 2 Ff
¥nd D, REG (EETIE, RERREEOYIFRIEEZTT S BRIEZ T O/NLO
REEG VNS FIH SN TN D, o, el LR A LR EER CTE & O TITH I
D RLA DS KBIPERI TR B0, ZO XK 5 R TORIM Z4E LT, Fxt L ClElfsd
DO —7 3 X7 OMBICEER L ORE S EIABLRN L —EDmE, K%
PROTMRAETH v XX 2 WaE L, 2 T HEIRICER T 72 UIErEE E CIREEY) Y 2 &HEsR
AT ) =R RREE (HE S, 2011 ; HIF, 2012) 2B Eh, FERlbIhi,

8



—J, HEIV XXX ONTL, HBETREERLRN ENDLREVPIKGTEHEOE0
T <AL EE Lo 7oy, T, EHEZF| KA TR L ZE SEHEr —T 0
RIEFAMEI LR 20 L7z BERRREE (RS, 2012) 2303, FEMlInTz, *¥
AV VU & [RIRFIC B CAFAZ L D IOk & RERAEDORENMThiIvD, T
E, HEEEDOE T % B L CRIR S7o 3 v XV IR 2 8% & U 7SI RE (R
OREREPRRT SRS, IHER D X v XY AR SR HiAA, sk N Criil
VEEA F£ LD TT O EEIRRDRTIT SN, HILIAR COFIAZIEE Lo Mg ¥
¥V EEE (HIES, 2002) OBIFHFZEAMTHI-,

1.2.3 FREICHITHFHNAEBOIVIRG: 5 OIZHFERENR

HP3RIZIT 2 A EZEICIE, SAIRORR, DR EREEN, 0 ) HEhliTkE
SRE ST L > T T DN &, SVBIORERE 72 & O E Ttk 2 kg
O 2FRIZKB SN D (RIS, 1996)

R TIE, MAENERECTHESND bONLZNZ Lnb, Bk Z1T 5 E
NI & TR IV B, ORI A1T 5 NERSVEER IR O— 58 23F1
ENTNWD, N vaeFdfay, = Vr T, ka7 OTFEICERIT S
fem— R k0 \EEFZAT O EEEIEI VoD, £, eI 14
AT FETHRG LTREN O EEEZHEET 5 & & bIZ, SMBIROFHE 21T 5 FhEk
BRI R 7 L Rge ek & I W B LD, EZER (LA v a oy A =
V) RWEEE (XA a0 —7 42 ) U LARGRERZR E) oRiia S L
AR« STARAMEIR D S I K D IR NI B o e OIVE LS, 2010) 7
EDVR B, —HOEMRISEAZINTND,

XL, F R X REOIRFFHITENE DR, RU Ly Y uR=7 00N
D LHIEEMIE, ZFOHEIIRFETHHERT R EDERIED L 5 1Tk 72k %
FFoZ &, HMWAELEECRES, KIEWME LI TD, HEYEFE
I MRECHERCBREE 20 L CHIT S D 2 L s, FEROmIERE AN A < AV B
TWD, Z~XFIIRFIA L FERICEEE M T, EREZE Tt X7 o
TEICER T T2 iX Ny e — R 2 DT T ORE LICBIEICZE SN TS 1T 5
BRI WO NG, F7o, KB ILFEISNIIER T, 5200or—/L7z EDR
ERIH L TRE &2 LITBEHGEBINTON D, BERFOT AT T RIIESCERO K
SMHMAEREICHE SN D 2 ENEL, BIEO Ly M AT Hifox=a o~ IZRE
WZaEE, WA R D c@Em A E Y Y Ol 2 E N E 5 I R &
FHAILC, KSR, 2009 % HENERIEE (44, 1999) MBS T\, £z,
JefFEgRfas COFMZAE LT, HEEDON AT TR LTCBEg A 0§25 2 & T
REROKE, SMBLLEZ &2 SR BEHRI 2 ks 2L E (FHE 5, 2002)
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LR INTWVD, SHIT, BT TS L ERMOSE R ORE (1E1) 3%k
RO —fEiE L 70> TP @ ZAVERHMmY S A E (FEEE, 2000) HEEFS S,
RUL YR I EREELOIRETHEHER EDPHEINTNDZ LD,

WZiIXREn 7 E‘fﬁﬁw‘:ki K DEIWEEMTON, B IERELTT =7
%%%H_%%Hféﬁﬁw% =L — M AARRITHOE LTI T 2 el 2565605 H
WHID, ZO—EHOEEEE LT HEHT, BEEN T =L — FEIERITRIE
T 5 FFIO TRRIC e — RV EHAAA TG ES 2T, AR TREER Ry LY
W%zv/%%W%ﬁﬂniﬁ_ﬁﬁétﬁf TORE LT EEICE L2 RICHE)
HINZEEEDMTON D RTE LR RS, 2002) HEI¥ S,

K @%%%M%ifj S E&W%“E%ﬁﬁ#é%&%%ﬁﬁbhéoh
< hRFX 2wV, FRTFICHFEERFER BT, SR RIS T AT & A
WD BT, 15, rmiﬁk%ﬁﬁ ﬁﬁ#éﬂwﬁgﬁ%ﬁﬁbMé PARHl
i BGEEAN I  V  EORMTHRIH SN TR Y, HEh ol Y JIEITE
GIN 7% BT U TR O H T & HE 2 CRBNAZTT 2 2@ (Kondo &, 2009 ; /NI
5, 2011) 2BAFE S, —EOIFEIREMH THAIN TS, £, A FIALAA
AT, AR IEIEE O REEEEHR], FTECHEA RIS L DN 2RO 2 &
DONEREEZR DT D, HEEFHAITZ oA =2 (LHEG, 2010) %27 7 R
'ﬁﬂﬂt%%%?//:? 71> 7 EORIFETITILFERE R TOFHAN RN D,

Pz I AA B (HE D, 1996 5 I, 1999 ; AHE, 2003) IRV THERE
%mwtimMﬁﬁ%méoMﬁﬁmﬁkbkﬁimﬁﬁﬁﬁf%WMLf Z DA
BIIS LT T H2HBAEN D RFEOHRELZME L, v— N THIERO TR
DEENDZDHEZ RO TR EZHRET 5, £z, EFETIIA FARFZOME A
JEFRITFE CIFHERE T 54898 (1 5, 2009) BT,

1.3 7§¢rawéﬁﬁmw%ﬁiﬁﬁﬁgﬁﬁﬁmmwﬁiﬁ

FREBRE 14 MMEOAEERBL LOENEONRE LD &, AEREICBWTITEERERE
ﬁw4% RFFEA0 %, RFFH16 %, PEHBICISWTITHEZ D 41 %, R3ZEN
22 %, RIEMN 3T BE VI EIGITRoTEY, e CTHIEX ST E OB AR
IZBWTHERMEZ HDTND LR D (BMKFES, 2015d ; IR,
2015), —JF7, AHBOFE 1-2 BE UK 1-4 2 75 &, FEXTHITITERS OV
ERS EXZVELOFNEELTND ZENDND, TOWNRERD &, INHELIFED
TEENH D DFIEDREFTIL 60 %, FEEXRFTIT64 % RFEHETIEIHL ¥ THDHZ
EnG, BEEXFTHIT DN OIEELZ LT 2 2 L2 kY, BTk
KT DAENE N LS D 2 EREEBORETH D Lond (K 1-5),
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1.3.1 EEXEZRFBICHITHAH - ZRIREOEMALOLES

LoaL, K (2006) (XD &, FEXIERITHIT DUNHELIFE OB LI TBAE R R O
WECHD LERHSN WS, OB E LT, ()FEE 1FR, S5k, RERRE
SEDNHURIC Ko TR, BIEHRAN SR TH D DN X 52—, —fEd -
D DAFEREUT D72 <, BT DSFIEIT e D X5 215700, Q) FIEENB S iz
FEETITONLTETEY, LA CE XX 20N REE, (3) HiiFEicRE D
DAMEE, CEERRIC RO DN D ERENE <, FHEMBE IO TRZH )
HHEBEGIATE Y, WHERFOBREI I OIK TICER T 5, R ENRT LN TWVD,
TEFERUIRSEO S & 1T R 72, DAL O E FRLICAR 59, RNERE
W abRET D2HBUEENNIEL 72 DM ENS N, E£70, HRIED L 5 ITUTHETRALA HE
FIZH D F v X XRERY, IHERN SR IZH D b O THUHERAL A ER MO 2
X RXYRNT YA, IEFEERMED R T Loy U= PEREERREREN DD, N
O OWKETNLITR CTHEFTTH YD, N RUTRELWE WS H@ofES A L T
WD, HEEFEICBO T, WM Clde <, IR O Rz 258 2 2 5
¥, BIRROREOREN:Z 5D 510D HfEE Ry - AR L) Lotz £
M2 SO DIEEICHE L DF TEE L TWD (X 1-6), ZD7=8, AEHREND
VZUHE D I Tl e < FHBLSOEBIEZEIZ DWW T, #bic X A0 Tibhsia< Y
STV D,

100
mIHE BEE O

& (%)

15 60 % El

-
—

40

20

(=Sl

IRIFHH TER S A

(R 13 F M B AR ERET (RMKES, 20012) JUERL)
X 1-6 {EEHRICEITIEEREMICHDIIRELRDIEXRDEE
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1.3.2 RAFXOAH - ZRIEOEMILOVLES

BAEIZ B W TIEE b A B U TEEO L ED ST b b 00, it
—BERRPEETERR DU LTz = A O I7@iRH 32. 6 h/10a (2001 42E ; JEARK
PEA, 2015e) LLHEHZTIUE, HRKTHR 1365 CRIEEHZERLS) ORI 5 NEEL T
WHZEBEFETHD, EVDITEXFICBWTL, K 1-7TITRT X ) ICFDAEREIC
KOFHEZEL TWD Z Enbhd, BXRFITEHFEOR 1-2 I2X4uUx, 10a H720 D
BT BIRER DS 417 KE & fhdt B2 TE L, e THIHRWESED 140 WFH, 25
72 EOHATITE)N 85 B & 2RD 54 %E EH D I END, AERENLITIILD
VEEDB THERTRL KD BTN D,

450 417
400 O mgff.se)) ]
350
300
250
200
150
100
50 |

BRI (h/10a)

fm H
(FRE 13 FE M B AR ERET (RMKESE, 20012) [EAKYIER)
1-7 DALEEH R OLIRFEERERER) [TH TR T HEIRFRE D LLER

FEAXXOFPERITPERPEES (Ford-Lloyd 5, 1993) & &, HIETIIHE, BA,
REE & W o 72T U7 R CIA < HREE ST S (Dong 6, 2013 ; FAOSTAT, 2013),
ARTCRER X & B EN, R2ESHTEA S #ilE ST b, Rk 25 G4
Hifreat (RAMOKEER, 2016F) (2K 5 &, ETmfEIE 22, 900 ha, HiffEE 380, 700
tTHY, 12FFTOFRK 13 FPE L g U, EMfmfE, MfrsEs $120.94 £72o T
BY, IZFHETOTHRE LTV D, ERFIILITEM L TRIINET 25 2F, R
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TERE U TR BTN CTUET KA R ¥ D 2 DOERIC KBl S, FZE T T
LELTCTEN S D Z D, EWNERFICI T 2 BRI R SEE ST D,

RAXFOEFRIILERR L SN B2 0, JEREI RIS BAR & -3 %8050 T2 (T
< FEfE L7- M FE) I L OB A a L TR Y, EHIITRRAOES T,
DR THZE, MfEREZZ2 LTS R, 1963), FEOMEICH O THEEEIOR:
TE2ITo THMEAL, FRAEHTHIFERBLZELL CAlkSE 5, IHERHNTIX
BT mir<ICEL, EHHOESIZ40 en BREICR D, BT, ESEARE
WICEBT 572 DI Z K 5 om £ TIROTBEHAFHETH Y, MAMREZHN 1 mn T
FEZAHT 52 & T, 10a 72059 20, 000 REINHET D = LN TE 5,

INHERL DR FITITIHEE T L > TRERIRLE ) MW TEY, [NH#EEZD
IXOE RO AFINIERTRE GFE) THHZ b, FHREEL L TREYIN &
HIE M TOND, IRERUIN, RRZIEE L BITRRRO X 9 (SRR EE A pE L b | 2
T2 LMD, WTIOFEELEL GHELBWREIC L > T Thi, AERENER EoIRESR
Lo TG, Fio, BERFITHMIEMEICIN U8B 2 APES 2 LTV, fEw, AR
WL bDEFERBANTE D LD THITT D, Wi HEEILIRIAT 4 & 5 EEHID
20, REBBNTHEZEEE N BRTIT O 2 B0, 1EENEE OEMECRE M
FIOEADNE R, BENAENREEZE NN L >ob 5, Ei&IRAHI %2 & 57
T, EHFERDIELDEZ/NELTH72HIL, BRWEOHRY it E%2179
T & CREHEEMOMERE, M EICZD TN DAY, BIRIC X DK S HIBIVES I 2 54
LI TiEZRL, (EEFRICL o THRIREN R D Z L bt Ting,

BEAFIZOWTIEHESN OBEMIZER® I3 2500 FE & T\ 5, 1999 16 &
Y 2000 F-D RAEARNAZ b A %8 U 7o AR S Ol A Sl 2521, H ARBURIE 2001 4R
4 H 23 BIZWI0 B—7 7 — R EE R OBEBERIEICEDSE, 3F, A A2 LE
KO3 MBAIZOWTE—T7 A — FOEEHRELRE Lz (WHE - RREFEES - B
KFEA, 2001), B—7H— ROFENZL Y, ENEEEMORSRENX S0,
(AR B S PE N OIS L ASER OFFRE & 72 1), A PEHIZ IS\ CHF SO FE ISR L F ]
MRE ST (BAMOKEER, 2001b), PEHITR(LEHEICTIE K= X M1 7)), T4
et % A 7, TEMIMEELZ A 7] D=0 b —2% @R LT, ARSI
PUI R EERE 2 RIET RN E Dz, £ 9 Bika & MEZ A 7220 T,
RRAEFEIZIBWTER TERE O 5 B2 oo 2508, MAHE¥EEZ, @mrEaErmofs
FRAO 7238 L > CH BRI OBAEZ XY, EfEa X FOKEE B LT,

R X OFRBUEREICIIARIEL 0 1 & BRIV DD, HREEG) Y TR O RITLER
&L TARERRRLELYIRT 2720 Thivd, ERFOBER CIIBAROFHRmD K
INCEHR D AoTEEENIM L TBY, YIRS AW &AM [ #D ,
HZVEEDRFEMETT 5, £, UIHREI DR EEE 1-1 O X 5 IZHIOZERTE
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MEFLH ST, PESIEME T2, T072, RETIFNIBEIEES Y35
ZENEL, MHEEPHEOERN D, AESFILROEER L e o T T,

ZHVE TITARES UMM EE I B 2 T S 720 2D OFANBIR & LT, UL Mz
DER7R G & 3T TIRFED LD B2 32T T E 2 e+ 2 515 (R,
2005), AREBGIKT NAMER T HALE %2 L —V e THRE L CHHGEEE T X DALE DD
BT 2 51k (e, 1998), HfFElgeRak COFH 2 48E U B AEERTIZ L 5
B BB E I E ds L OB A OERLE 2 B BhEk & 3 HREREIN A 1E GERE S, 2007)
RENFTOND, L, BETOBRIT-ETITRS, ANELITIATITL D4
B TITEMEZR BB ALE OB IINEETH 2,

BE 1-1 1RV ORZRICEHNEDEE

FI B TAEIL D 7 2V B ERGZERRO KT8 E DR 2 i LTRSS 2 RIS
LH T %D, BARFTIILRNIKERNS RO, M ZH LT Z ENEEER
MO, BUETIIEMZERE HOTERIBHES AR ST D, RERELT
Db EHY, TOEZEDNBEMZERZRE A TRERIN L ZHBEL T D120,
JEREZE R A E SEDALEZIRD & HTFR D SOz £ T 57 &, ARAEREIET & [FERIC
PRI Z 2 D,

ZIVE TICRIBAEREDE T2 DN ERESMEA T S 4L, BB (SR 5
AT O OO EONEBER SN, BIZIE, v—T 3T OHEIZEIRTH Z2 5
RL, AFXZEERSERN b0 —T EERikd 5 2 & THITEINE 2 A, EfEz
K ERICIEH S B THRBZAT 9 71k (BB, 1998), FERZ#RE~L b THEF L T
T, EED ) XA FEBRIZERIE L T L7 b N ~EME 225 28R i I B ST %
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Z L CHEN OB R 21T O H1E GEEED, 2003) 72 EMET bivd, LnL,
X XVIFR— DY, W, (R Tho THEOMRIZE—TIE <, WIhoFED
VESERG R\ B2 AT T R OBAAALE 2 BRI CHE R 35 2 & e B Thivd =
D, INZOFNTERY SCE OEE R L, MR E D ORI RBREIND, F
7=, TRNERC X HERHLFRIT, EEREROM LN TE 5 — 5T, KEDEH;ZE
R[EFHHR T IMNERDH Y, EMREROMBIRTH I EE 2 7L v OEENICE
THEINHEBEOHEKICORND Z EMBRE S5, FlZiE, 500 K/hfitkOfEE%
BT DHHBEETIES. 7 kW, 900 A/h B DREREZ AT DU TIL 5. 5~7.5 kW D
72T Ly FORABHREINTWD, =7 a7 Ly IR E 28 )
& LTERY, mERm bt TEAHEEEOH K, SF V EXEHEOHIIERER
i ~OEEEME RER STV,

EHIZ, JERGZER OSSR LB I pEY, B & R E O3 AN
EhTW5 (JERES, 1990a ; fEE 5, 1990b), BEFEOFI B CIXWEM O, H#EF
HEEORE L Wl TRBES A, —EOMBIFIENGE LTSN, RIcH7ZRE
DFFREIZITE > TRV, BARPEREGE A2 (2015) ([2X5 L, BEE LV (AFRHE
BHEL-VV) XD HERE (R 1-3) 23 1982 FFITIRE SN TERY, BITIEETET
R5iu5 100dB(A) % 2% X 5 22585 T CIE, 1 BT 156 FRfE Lo HI R ERICHESE
TERNWI L LD, 2O, FEEAEOBANGHBZEERHIIZA Y—~ T D%
MRS TN D,

& 1-3 BELANIL(ABEEELANIV) ISR EE
(FRREFOHE (AXREXRBEFR015) LY5IM)

1 HOZEREFN RS LUV | 1 HORZRE  FFRiEgL-UL

(h-min) (dB(A)) (h-min) (dB(A))
24-00 80 2-00 91
20-09 81 1-35 92
16-00 82 1-15 93
12-41 83 1-00 94
10-04 84 0-47 95
8-00 85 0-37 96
6-20 86 0-30 97
5-02 87 0-23 98
4-00 88 0-18 99
3-10 89 0-15 100
2-30 90
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U EDE ST, BRFOAEBIGTIE, £ OFEEE~DRMAET HERY
DOFFRUWESE L RBIEEE B I TE DRI ORI LIELE ST 5, T72b
B, 1) @EEEOENEE IR R T OGN & R MT 2 52 BB, 2) HIERIE
KEDORERM L& AT LT EOHIEA TN T X L@ RB IR, ) 1EE~OE AL
328 LT3 @B RS D3R C & 2R BIBE D = s fR 2 d MERERSR O B R = — X8
fFAEL TN D,

1.4 KHEDOBEH

ZZETHRARTLEBY, BRZAREOBLR D ENDRMOKFEEDIRIA XY,
BEIAKBEOR EZBETIENEETHY, EAEN—A TR BHETIX
K73 %% < ERHTHHFIEME S VPR E OO, @R ATE 2R 57201
RIEEIRWRERR D DIEEJR CTH D Z L h, BABOR\OAER L L AR A e R
ZRLZENDH D, BTBNEICBIT D RIETIE, Fr_XU0F v F 70 EOHEZX
NERER, PEHEHE BICR B, HERMELZ HO TS, FEREERIIFTIIUL
FELIREDOMERE OB TR N2 < o TRV, RO THRHIZEAFIZOW T,
0 ENEEICHRZET D2 0D, 2o OVEEOHBALIZ X 2 ek L O
BN AEFEER BN SR RO LN TND, —FF, BERERLANFZE S -
BWTIE, —AICEOBENCET 5 =RV FEAENEINT 2 LHESND,

Z ZCAMISETIE, mEEED OERNRICE R X ORI A ATRE & 2 s E &
BIRTHZ L ERMEANLEL, UUTO SO EZITH) Z L2 AL L,

(D) i RER D D FE L ISR R F OIRETEINT & RIBMT 2 5 R ¥ 2R B R o
PrE,
Tbb, TOEREIN &S, 1) @YUM LE Z B BEE L TREBOIRT 217
5 HEMRESIMTEERS &, 2) 872K B BlARNLIE 2 B B E L THEMIZEAIC K DRI
24T O HEVHIBERE D — SO BB Z BT 5, RWT, 3) Zhb o BBk
i L e 2R TS 2R T 5 & L bIS, BEasmeeRbz AL,
D BEEAR DR X Z [FRHAER T E 5 K ) IZHR O A Bk 2 Zmik Lo meesR e
HEhR R RS2 PSR LT, MR i 72t 217 9,

EE~DE AP AREIBRP EEE 2 LR T 2 & L bIg, HEEEDERERLEE T
IV WL U T2 @SR R O BH K,
TRbb, TOBERFNNE 2D, DIFERESREOM b & 22548 ] EO iR A W7 S
D BRI 7 A&, 2) BBIWEEICARE e 77817 C b 2T &[RRI
KEERNTE, NIERT 2 HBIFEEDIL S DX 2R S 25 K B % B
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YD, WNT, 3) TS DEREAM A HER L7z mh =R R s h I A PR 4
HEEHi, BIHEREZ @ U CEMMRIZAT ERETE1T 9,

IHODOAMEZERT D Z LKD), AIEIZOWTIIRBI R - 85~ Z >k
DOIEENATREL 720, 2L DOHIEFE L CODINHELIEOERE A A FEE Dy
52 L CHAERBOIR EEE I A NOIRBNFEBTE 5, BHICOVTIE, Mg
/B2 FEHIIZ I T B AEE T X M ORI ATRE & 72 0, PEHIEURIC /o S 7R
PERILZ D Z &N TE D, TR, EIRAEICE > THEHERBETRO—MA T
HLEAXAXOREMGZEIL, OO TUIERDEOREIZ2REOMNIZHFEFTH
DEEZD,
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B2F SReFRtiCRAT-28E3HRATAREDORRE

2.1 [FL&HIZ

H1ETHRARIZL DI, BEITORRFHEIERETIE, 2AE O BHIZ X HRERDI
EHIER—EANATOI T D, AR K A 1EEITERN L0127 5720 Tl
EEDOEEIZ L o> TREICEENE D, "B EY ORTICH 27N T,
Z ZTAEICBWTEL, AT Mgl 2 e L, siERtbs i,
EEEVITLEL L 72 B EHEIR ORI HOWTIR RS, $7hbb, MU R I
A BEPEET 2 B EMREOINEERE &, RIRBRMAAE 2 BEEE L CEREZE 5 CTHRIL
21T 9 HEHEERED 2 SO BEYEEEEDBRRIZ OV TR 5,

WIZ, Zio O BN 25 L /-2 B EE R TR OB IC W Tk, B
iz X HHERM ERhROREE, 725 NS B EVbAE O 28 kIC X 0 BEEOR O [FIRFL
HAATRE & L7 H B o mie b O MR, Masbiz i 72 Eh 2n Tk~ 5,

2.2 EEHRFATARBOERRKMOERS

2.2.1 BEMREVIETHIE DR

RESYIWHEE O ERERIL 2 BIe+0ICH 720, ) 2 WKL E 0] (2 e & 354
5 7L, I OVEREICRIENRTE R T & Tl o T b BRIEREE I A O IR EE Y
555 BEIEIEEAZ DUV TRRET L7z,

72 UIALE O E DUV TIE, B & [RIRRICOMEL) b B8 2 el HIE L
THNOUIEIATT 5 71k, Ul &HIEZ R (ZA) ITATWEb 2B IcBE L= 2
AR L CUI AR T A, O 20 2E L, RIS OVWTE, WA TE
AWTHEZEREID 2o U, Bociigz ot 5 2 & TOWiE 4 HE, Dl
& % 0 O e U 8 & O Eh S, AU A FATT 2 LW D TR EARNE LD,
ZOFEEEBRTLOICHIY, R UIZEigs St e Uk E & HEHET 57
LAY X EOEENPLEL 7250, EXX ORI, WREOE NI T
72 BEEAERIDE W Lo T SMEHZb 2T, 07, ABEPHEICRA
RIQT 4 —F VIR RIe T — 2 DEBEET L N BESN 2 &b, 2
DHEOHFEW S LT-, —77, %BEITHOWTIE, YIWLE ORI ELEE L UIWrEE 4
—MLTE, AEMLEE 2 %7 MCTE DRSNS D0, w7 IELE o A B
HIEFEERT2HERZDH Y, LLFOESHOHRIZ W THRIEFT -T2,

(1) s

FTHDIHER L O S I2EH L, UINHRELO 25812 X > Tt e Yl
& 2T D UIMHEH S OB R 2k A - (CEWFRERE, 1998e), UIWHEHTT=UE, /K
SN KRS S D R X OIERITK L, 28ET Y v FITHD FHF 785k o G
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H OCEH) 2 LY T, FTEQUINHETLL N IZe o756, 2F U< TR
REVEEITIEe <, 8O0 < TUINHEHTO /N SUWFERERIZ A3 2 LED» T2 REIZ
Uz 73552 L2 E LT, LL, RXOUIWHE S H AT L - TUIR O
BiF 0 Kb, RO E & HITUWHRIARE <20, BEOREIZEH 5
ZEDHIAL, BEMREUINEEE & L CORMAERIS LT,

(2) BIHHEHT =

BIWHEHT 2 & [FRRI AR & SO S OEVZE B L, [EREIEIH (77 A
ADxT FIN) ZEWOAMTFTE—F 2 4R T A ZIZHA, R O IEEEI T
T OYHEIZATH Z LIk 0, BIEETZ 7 — eV T2 2 U/t Lz (E
WFRERE, 1999), MEFHAUIBR S AV CIEMIRIC R o 72 & X1, GIHHRFLN D LTIy
%z HEPHIBICE 5 LB 2720, UHHRIIOMEIZZEEN R HNT, HBIXRETH
oz, FKE LT, BEEToWmi/hs <, EHHMOBERIZRE W=D, FAL
Z D HOOYIHFEHT T2 < WriifE O K/ M EBEE 1 7o AIREMENE 2 T,

(3) FEi =

flEx DFEZFITT T, LB TITEOMEROEWICE Y FE 2-1 O
L ICHOFTREANERD Z L LN Ui CEERS, 1998e ; Bl 5, 2004) ,
Fhbbh, HEHERIIAKS AL ETMHER OB TH Dbt A2 EB Lo, #
FEERIAT < AR L7 T TH D DI EFEER L3OV RRE LT D,

(E:BAZHT, T REEET)
BE 2-1 EHIICEHLEALRTAHEBRBT H5F
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OIS K D oFm EAOEEAZFIA LT, dEitEr o (s T3
(BK) PATT04) DEEERZIERTICH LY T ORZIRE L, MBS 725268
TUIWIE 2> DI 262 2 T, YINLEOGERZHIET 5 B EMREUINTERE (%
[ 5, 2003, FEMS, 2016a; X 2-1) ZERLI-,

HEMRAUIWHEEIL, AT v e 7e—% (U ZE—%—(F) ASMISAA,
[E#545 : 700rpm) & 2 D[RR PR OUIWTH B - SK#F (58 LESH) , Mt EEFEM:
EEOL DI AMERE T I v I a—T 47 LicbD) EAEEROY Y v X &
FNENEE L, G HNOIERES & IR v v 2 O—EICERIT 728D R& %, [H]
HAHL 2 E A T 1807 SHFRARALEIZER T 72, i 2 E=UE A (SMC (k)  LXPB2SA,
BIWTREORBENEE : 5 mm/s, RIZIBRFOBEIEE : 80 mm/s) |ZHE TRFOIREN D
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2.4.2 HERAE

2 BHEDIEERERB L O ELZRET 272018, KEAXXOFEMTH 25K M IRFE
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AR BHY, SAECOBMSEGETE, Wl [HFE275) & [BE) © 28,
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" M- 57 20.1 1904 269 806 52 325 83 22 148 60
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THERITK 1.3 5l L5 2 & MR LTz,
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em XU HENSTEZ ENERE LTE R LI,

¥, HHEE 24 TG T2 2 LT R U FREED 100 WKHEITE LT Z LD, i
REN DM Z MR T D= DITHHRE 1 4 CHBUEREZIToT- L 2 A, fERIT TR
Pt T816~914 A/ (h- N), ["RUA hH#TU—] T732 &/ (h- N), F¥T 5L 821 K
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JU(BR) MCF0250, FHHEIEIFH : 60~3000 L/min (B#EEHEORBRITESSM, 20 C, 1
SUEHR) ) 2 HWTERII L7z, 7288, [EMEZERDOEINEL, 3 UE2 S L Tl A T 0.4
MPa, il B T 0.43 MPa IZRE L CRIBIEREZAT o 7o, 1FEE HoohdsL, BEes

(VA (R NL-22) ZHWT, ot~y RELAMIEIZERY Fid7e~v Ay & F
BANEZER - TORBECHIE U7e, FIBFEERFOBRS 1Y, JEREZEOMERITHER L7
MRBEE C, 2> OEERE & OZEMN 10 dB LU ESH - 722 L, BFEEET O IEF THT,
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SESFFOE— 7 [EEZ FIRMEET L IZFesk L, TOWHMEZ i L7z (R /NEFHl
, 2013),
PEREFRA DA, R IMEERESRIL, BE 2 BHEA ) 623 A/h, T A 23T 633
A/, BB 521 AK/h Thoto, £z, Z8&MEHEIT, 3I1E2 580
9.8 L/A, TilREEA D L) 49.8 L/A, HilkBEB 23 31.3 L/ A TH -T2,
ERERM OIS A & 2 B2 i3 2 &, FIRAFERERITIZIERRE Th - 7223,
ZERIES BT 1/6 ICHIRT 5 Z e TE e, Fio, HERBOTIREB & 2 5%
T 5 &, FIRVEERERIT 20 %M E L, ZE5MEH &I 1/3 ICHifT 5 Z &N TE Tz
(£ 3-1),

E HY

& 3-1 HERERARERFEDER

B TESERER T
ﬁA
B 2 o o
IR A . .
(S5 (1% 3.0mm) 623 9.8
11T 2L (T EEEA) . ]
(W54 M7 3.7mm X 2 BE ) 633 49.8
BT A0 (T B) 501 b g

(W5 4% 2.5mm X 2 BH )

KAEBRER 5% TRICTFRITAEEDY

BRI ) ANV E WD Z & T, HIEEERF O ZZ XS EAEIN T & 5B R %
L5720, & ANOfiez HMiti L, Jigd Q [n'/s], JEsMiEmfEz A
(], Wz V [n/s], MEHREEC L3758, MEQ UL TFORB-1) THRYE, £
72, UL —A OFEFL R V 13 (63-2) TETZENTE D,

&= CXAXV (3-1)
V=4/2XP+p (3-2)
ZZ TP [PalidET], p [kg/mNIMREE L KT,

20 C, 1KEDZELRDEREIT .20 kg/m* THDHZ Enb, KB p 130.40 MPa
DIE5.96 kg/m’, 0.43 MPa DR 6.32 kg/m’ & 725, R (3-2) M DZERDOFNE V 13,
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0. 40 MPa D 366. 3 m/s, 0.43 MPa DB 368.9 m/s &3RE 2, / X)L OWES O WrHE
(A) 1%, BIE2 5828 14. 1 mo’, THERFEA DS 43.0 mo?, THEFEB 23 19.6 mm® TH 5
ZEnD, MERERC E—EL LTRERQ ZHigd 5L, E25#E 1 L LS
A, THRBEAD 3.0, TRIEBAS 1.4 700, MRERBRMN O OIER & IXEEL
720N,

Z T, HEEDT & o2 MM A A LR, BIF2 53 1. 120.4 s,
HAEAIL 1.610.6 s, HIRIEBIZ2.210.7 s Th o7z, THENDOFEITHIFAE
¥ T L OETIEF R 2 BN ORI ZEREN &R T 5 &, RIE2 BHE 1 &L
T3E, WHEAN 4.4, RSB 2.8 &72 0, MERERBR) B DR LA
—ET 2,

ZDOZ NG, ZELES RO, "EH OBEREOM NS Tl <, FHIEE¥E
IR D JEAEZE R DOVESIRERI NG S D Z SIS BT 5 Z E B LMo T2, 725,
FIP AU D X F ORBE 2 SIZWT O T S REAZE L2720, HIBHFEE
BIRTHD ERERERER ENGON -T2 BB L (X 3-2),

—77, HBVEERFOVEEE Bk, 2 58, HlEA, B3 100 dB(A)
EBZ T2 0D, @RIERRHEH 7 AVEFEH LTS A 1280V T HAER & RIS
BEERIRZHm Lo ERH Y, BB E HR EAHEEIH 2 2 0E R H D5 (M
3-3),

8 BZ DM (RXBEE)
B (2RSSR

A\

AN
A\

SRS 11T 20 BT AL
FIBR 2 (HilkgA)  (REB)

X 3-2 /X)LDIBEEFIZLDERESEHEDEE

o7



106

104 T

102

100

VEEH Hoohg s (dB(A))

98
AfE2SHE A THREB

KIT—N—[FEREREE TS,
3-3 FREXRBROEXEETRS

3.2.2 REHIFNZEEDRH

EATORR X ORI HRNE, FI/EE L FRH/EREE O BHIZ K > THBITHIT
W5, KSHHNTITRZ L, FEICEHAL TORUVEEED MBI Z1T 5 LRk
JEIZIED D Z2E L 2 ENfEtiah g, ZD7, AESE) HIZ NIRRT 54
BFEEDIX DD E 2R T 2 BN N ELE I LTV D,

VERRER AL T SEPITRSHBIZAT S 72DITIE, FIF L RIFRFC R X OBERR 2 5
B2 RERRE, HEEEIMZ D Z MY LB bND, BITOFBEZIEE,
HIRHEI R T SN A ORI ) AVOMICHR X EFEAL, J XSS
NDEMZERZ X FIEH S ST Tbd 2 e, HEH 2 X L R —%t
DOFIFERI DA SHIBIEEE 2 HIFI T 5 2 & C, HIE L RIRHCEEMRZFHITE 5
EEZT,

ZIT, KSHPPEEBICHWS BV L LT, HERZ 7B oo % pfkEes]
DOEEFUE Z LSBT AN~ CHRCE L, FEMERE 2> S H UG OBERYE = & 124778
SN AR T, T ONHND A R DMAAME D DN > TRSHRNEAT O FiEEBRL
7= G5, 2011 ; % 3-4),

o8



R
KmTyRE|  [REH/X /
() ; /

1)

%
1) axomesone
FFEOKRE  GEHEROWE )

7o (REH) ==

wA (SN

SO T O Q0

© 2L

DS (AR
\ZBERERR DM T 5,
72E, a~e OEITFEEHO R H:
KL > TR DAV D D,

o IAIATAIA A A

D
D
D
D
D
D

P,

SCDQ_OO"QJO

(B

3-4 BHOABEUHICRDIARSHIFIEEDBEABE

B, BRE UK SHBEEE ORI, RO E#HT T D, Ziu,
SRIE T ANCELE L7t o DR N (RIBGHORKHE & —8) 1Tk F ot
TIRBE CRHAI L 72 1T AU IERE 22 K SfBIN TE RN, Zo%ek Fma gL L,
IR X SRR D5 EH X 2IC LD TH D, KSFHAOHEAEE MR
[ ST, (FEEBRITEROR BN L FRRIC, R ZTEERD ORI
ERESFHUZATH Z &N TED, £z, EHHAMA TR FTHEORRICEDE
T B ED Z & T, fENOIEMEICRKRZHBINTY 2 ENTE D,

HIFHIRFORELCE L Y (R P IC R THRET 52 LI2kD,
JEMEZE RO SAF 2 FIE L CTd, RT3 5 LEEFE IR T TR &
W, XFXMmE D OFF 272 ), JEMFZEKOERMEIESh D, Zhvad N
TEHE LT, FE ) ZAVOBITICERE LK SR E 2 R & 5 2 A &
L7278, MM K15 em AT OIEMRZ T2 Z LN TE D,

IR ORINE T 7 v 7 \CEEEONEE Y (B F—= X, [Bo¥~y RIFU-
59, JEHEAE 0 0.7 mm, BI VR L5 mm, [7 2 7IFS-V31 (BiEE), FS-V32 (F4%))
Z BEOERBIOBEFE Z & ICEE LTRSS (BE 3-7) 28UE LT, RSk
DOESFUEIIAKH RN O FEMO P EAEASZIZ LT, 10 mm, 13 mm, 15 mm, 20
mm, 25 mm & L, TNEIESMN, S, M, L, 2L, #IKD 6 BERISR L7z, K
YRR R A PR Z LT TR DHBIRE R E R AR T, RO EEEOKR T &
[FRFIZEEE A~ DA L Lie, T apiboRIE1 B8 (B 3-4) ([2H#L
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TRIHBIEEZRE Lz, 7ok, HRIEEOFMEix R & LT, TS CHMEET
HNTAW B D SRR 72 L— PSR HIIER ((BR) F—= 2 A VG-035, # L& : 35
mm, % EHHEE : 0~300 mm, HARBHEPIEL 0 ¢ 0.5 mm) AR U< 1 SRICHH L THuik
L7z (BE3-8),

o=,

~ S
PR (st |

I
LBV ,

BE 37 B HBEHERAL: BH 3-8 L—H5\EEHAISRE
ARSHIBIEE RAWERSHREE

RSHBIREES, R AR TR FOREME (Wi ORI OIME, BN
10 em fHEDHENL) &/ FATEHAI L 7Bz ERfE S U, K SHIBIEEE OHIBIR R &
FHNE LS LAY T, ZOEMRE L TROE, RIS IR E T CI# L
Tohbfl T35 2 74 AL, ZEMZRIT17.5£3.8 mm TH o7,

1 S KD HIRIRE EERA ORE R, et P EE T2 R SRR O IEfERIT
85 %, L —WoMEEHAERZ W IEfERIZ82 % Th o7z (£ 3-2), WTFhoHiks b
[FFREE O RIS/ MBI E NG D=2 & n, K02z tE e v &2 v COREH
BIEEE AT HZ L L LT,

& 32 ASHIFEEICRDHHAEE @

- TR Bk

(%) R 2L L M S F&HRN
AL () 1 19 36 9 6 3

151 NEE YR 85 100 95 86 67 100 33

LA 82 0 89 86 67 83 67
KAEATOLTFHISPER D IEMER %) 27T,
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FROREREZ =T, ARORIE2 S8 (BE 3-6) [TEEE T X 2k E
APEEL, KSHBIRSEZRA L7, 2 58 Sl i HRE SR 2 5 75 CIEEE ~Fn
O D A= ZFIB EICERE Lo, &AL 1 SREOMA & R SHAIE A
Bl & L7 ERERZ RO T, FRAIZIIAH RRB R CUNE L7cdnfl TR NV —] %
450 AHEAL, BEMRIL17.551.8 mm THHo 7=,

2 FHRIZ L DRI EE A OR R, EMRIZ81 ¥ Tho7z, (F3-3),

& 3-3 KSHIFEEICLHHIRFEE @

. L (i
feakpy  HE Gl
(%) kAR 2L L M S A&
0 26 328 7 3 0
25H% 81

- 67 85 37 50

LB ORI I CH LI A BER DAL,
T BT EBER D IR (%)% 7T

7283, IEMEEEN 80 WREHEIZ & B F o7 BRH & LTI, BERER OBE BRI DK S
DFX% ) FA TS EZIMEZFEHEL LT, 0.1 mm BL CZOERBEZHEL-Z &
M—RNZZET b5, RICHERSER OB BT, F 2 IXEEYED £0. 5 mm OHFIFHN
IZHDHFFIL, 1 B L D8 CIafalsho 32 %, 2 58I L D904 I 19 %17 E
L7z, ZO®EPANOEMREL, @A OEREEZZNENRDD L, 15 TIZ6T %
& 94 %, 2EHETIL6L %& 85 %&7RY, BEFUE(HIDORE ORFIIEMEROM 4
HFTnb EEZ LN, WTHOHEEIZENTY, 2 LAEME T 57 EMfk
T2 CRAMIE T 5 77— AT DRI -T2 LD, BRI A SIS A 4
LCENT D2 HETAEHTHDL EEZ b

BRI OV T, KSHBIRSR 2 EER M O HBEREIC OV T, FIREEIL
ANVSEIAHE 2R L CTIT O 72, KRSHBIRERORREINIHIL 2 ZVEDIZERE S
DITENEELWEEZ DN, £, T2 7 FRRIEN CIIBHER B R 2 k4
HZEMEELWED, Ny 7 T4 MOV THRRELZ R TRT 5728, kLS
DELTRB/MELEEZ STz, A=A b0EH CHBIRE R 2 /EER M b E 5
REIL, HIEHE TRICE R 25T D720, [IEMEZER[DOMER F 2N &IN5 2 L3R <,
BERILRAICHEERD Z N TET, 2B, PIRRIOBIIEY v v 7 IZ kSR O R
il = & CEHEONEE V2 EET 5 HN T, FEMT &S TR 55 EI G
UCCREEZLEETDHZENH LY, BdkMEZ A LSS 5720120, OB MEICR
BB ARE TEE R T 2 ERH 5,
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3.3 BMERIRTRIEEANRORSRE
3.3.1 EMERATRIEERNHOERN
AR OFRIE 2 I X D HERERBROFE R A 21T, FIBGH, K HBIEE R S B
fRFRER T ENENR R LT, ShRERTRHBOEIEORE 3 5# (FE 3-9,
F3-4) =RWEL (ES, 2014b),

B PG 5 o | RSHBIRER

o0 AU
\V

R

H 2L ——

/ : _ g —
B / - &
BTSRRI
(HlEER)

RSB E

FE 39 BMERITHBERH GRIESSH) DHVE

R 34 SHNERRATRIFREGUESSH) DEEHT

2iE () 1. 00
N BAT (m) 0.65
% —
% 2E (m) 0. 80
g (kg 48
WG 7 Ly (kW) 2.2 011
B ENRFIRL T ) A X2 A
HI BRI &
j(é\:'fuguﬁezﬂ :‘:U 7K%%’ET/%

HRIFERIORER, A—h
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FIBCEBIZIE, U 2 SRRICHE Lo mah R 2 A (F2—7PEE @ 3.0 mn,
Fa—TME vV Z L TN) ZEE, FIEEE Hooki s AR S5 729D
PR OME S Z 2 i 2 72, BHPHZGE S 2= U X CBRE) L, HIEHERIC R F03MF A
SN LEEB Y (RFRECY) PEGNT 5 EENAE Y, EEZERH
B AV BMES E D, FIRBET L, HEGE»OREN5| &k s &, [EiE
ZEROERPIEE Y, WEELFMT oG L, EEHEORMICITY L& o2k
L, M I L AEEE Bt O E K -7, BREEEN o= doH A
RZ A4 (G7frE, 1992) [Tk D&, 1FEERERE S 85 dB(A) R H%A1TlE, 5
D OEEEARBHEE A5 U A2 LERH D & SITWD, AIROEITORI Y L OSME
2 SR AL U7 BIMIEEREIZ W T AR Hoohi s 25 100 dB(A) 22 T\ iz Z &
5, 85 dB(A) & THID Z & & AARICEEREOUE RS Z & & LTz,

RS HBEEE, 3IE2 5RO L7PRERIORIE 7 v » 7 IR DL EE v
T % BERGERR OB Z L ICELE T 2 FE0 D, #Hiizic= ) TEREERE Y () F
—xT A, [Bro~y RIFU-E40, SEBfiE : 40 mm, YEHWE : 3 mm, [77 2 7 JFS-N1IMN ;
HE 3-10) ZHWDHFRUTET L, BN D IR UG ROIEA R L3 - 7= F
BAEAXORINHE T 2 HEERF Lic, KSHEEITI FA I 71%, FHELDHE
T LU CHEEEO D RXNE E NI 2 L xRt oL, ' 92% OFF
2o leZ & MU IMERE LTHIH LT, 7ok, FERLESERIOBEFYE O ENL, HilfH
DS FoRHF (NF Y =7 (BK) AIGT0030B1) 72BHATX AL HIT LTz,

K SHBFERFREHE, HaBEE2 R ESED720103y 7 T4 FROSFVEH
IR L (BE 3-11), F£72, 2 5 TR EME L2512 L2 B R ols
L 3G THERM L, fEIC A =T 2N L7z,

-/ < \\\ e \\
| *\ 4 &.
=) 7 S

D
\
V.

\
\

BE 310 TY7HABL HEANEASHIRIEE
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RSBl R
FRINHRIL
EEIES
S KB 2 A

»

*

YT A EE

FEH 311 AKSHBFERERT/ ARV

3.3.2 HEEAZE

AIE3 B A 3SHBRYEL, 7H FA~11 APEICHT T, FREENOBEERO R4
PEREZR DM 1 2 5 CHMIGEA T o 7o, FERAERBRCIE, BAEEENEEMLH L TWD
FIR 2 e & L CHEAL, 1 B 2L oA L FEEE R (5M) ZEEL T
LoV, HEERCE L-BENER K L, BHEE, B (REBEXED 77
VT RT N T AR 3168, 7T T AT AR 9298) & FWVCEHIIL 7=,

Fo, MERERBRA EMET D A AT C, KRR, SREN R, KSHBIREE
OFRESCEARMEICBT 2B &Y 217 - 72, ZEXMEF BITKAREST (7 R eV ()
MCF0250, M4 : 60~3000 L/min (BEREHE SO AT EHEE) ) 2 W CEHIIL,
20°C, 1&EICHE L TRk, =7 a7 L yHE, WIFNoRER, BikicksnwT
HFEEFE CHRAE L TWA O ZHH Lz,

KSHBIREEE X, L—AMEEHARE (BR) *—x 2R, [Br ¥~ RIGV-T28C, I
EHRPH : 28 mm, MUK UKEEE 05 um, [7 2 7IGV-51) & W CIEME (W R
M) ZFHAIL, G572 EHIEZ HREMEICIR S U CRO7-EREE2 BEMEE LT, K
SHBIEEE R OB RHIBINC X 2 PRkl & bk U CIEfRsR 2 R 7=, AR UEI T H M
DObOEEM L, FAEEFATIE 10 m AW AI, 10~13mm # S, 13~15 mm &
M, 15~20mmZ L, 20~25mm% 2 L, 25 mm LA L&A RE LT LT, AL
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F BTl 10 mm A2 4&450), 10~16 mm #M, 16~20 mm A L, 20~25 mm % 2 L,
26 mm LA EEAARE LTH LT, AERFZCTIZ10 m TS, 10~16 mm %
M, 16~22 mm %L, 22~28 mm % 2 L, 28 mm LA E&MIKE L THELT,

BT, BEEAP AT 2GR L CHIER L LT, RI1E 3 BRITEEE O
B b, NG 15 em A FHAIL TR E LTS, 207, L—WIEE
JER CHERER R ILATT & 2L D 15 em FHE O E Tk, miFEZ A
HIROEENE, BF 2 BECHB OB AL L TRV,

(1) FREREZFA (EEE . B 36k, BEBREHTH)

7H 26 H~10 H 28 HIT/T T, FEAEAER & MEREaER 2 S50 U 7=, B DRI B2
TIE, HIEBEMED-NL ((BR) ~>E &, / A/UEHA 3.7 mm) &, HJ)5.5 kWD
7 a7y EHERL W, MBRIITNFE R Y A h2AX— ) & TER/ U —],
(B4 5 2L, EMEEKOEINL 3 5T O0.45 MPa, TR T 0.6 MPa & L
7=, BAPATGEEE 1T K A F¥EE Boohi s OBV R i3 5720, BEEst (VA
(#R) NL-22) Z#HWT, 3 5HOZERMESNIFO B — 7 HEE2 R FED LIZRek LT,
(2) RERFEB (EEE - B, 8Lk, RBFEL 28 4F)

8 A9 H~11 A 19 FIZHNT T, FEEaER & MERERER 2 F0E L 7=, BRI IEE
TIL, FEBEMED () ~>E &, / ZVEHRARE 2.6 mX 2801) &, 1)) 2.2 kW
DT a7y EEHL W, BRIt TERv—] & TEF45 %
AL, FEMZEROESNT 3 5%, xHHagEE ©120.5 MPa & L7z,

(3) FRAARZEC (L - B, 69k, RREBFEL 13 4F)

9H6H, 28 H, 10 A6 HIZMREERA I0M LT, SEBOHBAIERETIE, #IEk
MED-NL (Bif#E) &, Hi/12.2 kW o= 7 a7 L oW e LT, RERICILLE
(BER35] & THER/V—] ZHEL, EMEZEKOEINT3 58T 0.3 MPa, X
BT 0.2 MPa & L7=,

3.3.3 HEBHEALUER
(1) REREFEA

3 SHEDIE~ESE BT 20 HH, UEAENT 45525 A, FEAEHE /&I 207 kWh C
otz XHERFEOIE~VEZE R E0T 8 B, ABEAKIZ 17775 A, FEHE =1L 252 kith
Tholz, BHHEREE LT DL, 35H 4. 7213 Wh/AR, xRN 14.3£5.5
Wh/A L 720, MEITHIX0.33 L 1/3 IR TE 5 2 L& fEd Lz,

F7o, BEARFH 200 KT 202458 U7 MEREsBR OfE R, HIR MEERERIT 3 HH%A8 730
A/h, GIHEHEDS 604 A/h T, BITHIT 1. 21 ThoT-, 225 81T 3 5873 21.3 L/
A, XPREEAN 46.8 L/ART, 1BITHIE0.46 ThHo7Tz, KSHPBIFERE T 3 SHEIC L o
BCHIBIAS 74 %, BALHERIZN 72 % ThH o7,
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3 BHEDFI P EERr OVEEE B ki 513 95.61+2.3 dB(A) Th o7z, WEEEFHAL
722 5H%D 104.0£0.8 dB(A) &b, K8 dB(A) OERF IR A MR LTz (K 3-
5, LrL, HEEE L7z 86dB(A) £ TIHEI CTE oo/ T &nh, HIE/EERATIX
WEREBVITA T —~ T DEMANRHEIREN D,

108
n=294 n=147

106
104

102

100

98

96

VE3E3E H ki s (dB(A))

94

92

90
k(3 75 H k2 5

KIF—N—[FERERELZ TS,
K 3-5 HREEFRDOEREELRE

(2) REEEB

3 SHRDIE~EZE A BT 28 HH, AT 44490 A&, FEAEHE/&EIX 201 kWh T
Bbolz, MHBEOIE~EEHEIL 22 HIE], ALPRALIT 34140 A&, FEEE &L 207
kh TH o7, BHMHBEEEZLET DL, 35103 4.551.4 Wh/AK, xFHEN 6.3+
2.4 Wo/ARK L7220, EATHIZO0. 71 &K 3/4 ICHCTE D Z L2l LT,

F 7z, BARFH 500 KT D& MG U7 MERERBR OFE R, FIRVEFERERIT 3 B4 506
A/h, SHIREEDS 498 A/h T, 1BITENE 1. 02 TH o7, Ze5MES 13 3 SN 14.2 L/
A, SRS 17.0 L/AKT, 1BITHIE0.83 Tholz, KSHBIEEIL 3 SR L D%
BREII2S 56 %, HALHIBIN 70 % TH o7z,

(3) FEEZC

FAXK 300 AT o2 Lo MesBRosE B, FIREEERIT 3 51N 398 A
/h, TRREEAS 301 A/h T, EATHIE1.32 Thorz, 285N &1L 3 540N 15.6 L/
A, XPREEAN 22,0 L/ART, 1BITHIZ0.71 TH o7z, KSHPBIRERE T 3 SHEIC L o
RCEIRIAY 60 %, HHHIRIN 62 %9 Th o7,
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FERERRER TS L OMERERBR ORE R Z £ L D D &, RIFAEERERITIEI T & b= 2~32 %
L, ZEXMEFEITIEITHE D 46~83 BIZHIR S iz, ERMERN EORDIZHED, =
TarF Ly OBBICETSENEERE DD L, BT E R 33~T1 B HiEAT
REChH-o7- (F3-5),

&35 REERERLETENE BENHEEDRERR

s PR 2 M WA
5 G/ (L/A) (Wh/ )
wwcr e tmiRe T sEi minse T s o U

A 730" 6047 121 213 468 046 477 1437 0.33
B 506 498 1.02 142 170 083 457 637 071

C 398™ 301" 132 156 220 0.71 - -
wk| TfEIRER 5% CHEFERI A B DY,

FEROBMEITEN A NZHK & LT, FREEEORERBI a7 L o
NDZLENFEL JE LT LB 2 bivle, HIPEFERER & EXMEN &I 2R\ T
BT & DR BN LIRS T2, @R ) AVER WS Z 2T, KD/
Bpx7 a7y aMnTsh, REIIEERRLR LT o rmtEr R L, &
TNHE B LB THEZ W EE L HEAKEES $TEBALNIZZ END, R¥FILH
[Blfis ) ANV EHWD Z & T, AFEIX NOIRBIZH G TE 5 EE 2 bk,

AT TR L7c 2P EaReE b, ARECBASE L7 mah 3 B O HI B AESERESRICZ D
WCIRIET D &, HEERICRE L oo T a T Ly PO AR v, fit
il R A EEREROZRIEE 7 2 v b LTERER, K36 DX HIco7z, K365
1%, EAERNRE L T, SRR ORI E N RE L RoTND Z &N
bnsd, ZoZ kX, Ko/ hoxzT7ar 7Ly RO CERERR M EENE
BTETCWDHILEEZRLTEY, AEOHE LImHEEEDE =3 UL K S
NTWDLZENPLNERST,

728, X 36 1TFILMEERERIZON TR TN DA, 2 H BRI IR RTINS L O
HIFZDOWEREZFIRHIAT O 2 &N TE D, £D7, 2H R 1 SO BEER
T LTABITOFAEZEIC L DRSO R ] 3.1 s/ AR%& @R RFI B O EERE
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HITMET D L 3-TDLHITRY, 1EEA 14 THRT 5L, EHERERED T2
RIERICHEUERZ R TE 5 Z & D05,
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3-71 T7AVTLyH HALTRRIERRER RIS JURIKR) DB

68



K SHIBIEEREN K DB & B 12 2 BALHIBI O BERIREEE 13, #chIBI 23
%64 %, HEHBI L) 68 % 7eoT (R 3-6),

WA OFICITEBAKNES W TENRRE LRI > T03, BRI o B LA
& HEARTREE DR DI 2R Lz, BIRE LTE, RIS B AR F 51k
e CR SR EAT 572728, (EEENR X E G TR ESIT I > THHANLENE D
D, FEEMROEMZ RO T-FHINE & B2 DA0E ORI 23 L TV rTaerEDR & 5
EEZ BT,
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Development Research of Preparation Device
for Leaf and Stem Vegetables

Osamu Fujioka

Summary

Food is not only essential for maintaining human life; it is also important for leading a
healthy and fulfilling life. Japan relies on imports for most of its food, and measures are required
to ensure a stable supply of food. The food self-sufficiency rate is one of the important indicators
of food security. Major developed countries maintain a high food self-sufficiency rate, while
Japan is in the unique position with the self-sufficiency rate stagnating at 39%. Japan had a self-
sufficient supply of vegetables in 1965; however, this reduced over the years in the same manner
as other items and dropped to 80% in 2014. The self-sufficiency rate of vegetables for Japan is
not low when compared to other advanced countries. Nevertheless, the reason for the overall low
food self-sufficiency rate is that the food self-sufficiency rate has been calculated based on the
calorie supply. Vegetables are considered inferior to meat in terms of supporting life as they
contain a large amount of water, but vegetables are important sources of dietary fibers, vitamins,
minerals, etc., which prevent lifestyle diseases, and hence, they are essential for maintaining
health.

The Ministry of Agriculture, Forestry and Fisheries classified 14 vegetables as
important for people’s life. They are working to promote these vegetables by encouraging the
regions that produce them to grow these vegetables. In 2014, these 14 items of vegetables
constituted 66% of the vegetable production and 65% of the total output value, making them
representative of the vegetable production in Japan. In terms of production volume, leaf and stem
vegetables contribute to 44% of the total vegetables produced; root vegetables are 40% and fruit
vegetables are 16%. In terms of output value, leaf and stem vegetables contribute to 41%; root
vegetables are 22% and fruit vegetables are 37%. These indicate that leaf and stem vegetables
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occupy an important position in the vegetable production of Japan. All the designated vegetable
items require a lot of time for post-harvest work. In particular, leaf and stem vegetables require
labor-intensive work such as preparation and shipment, increasing the added value. Therefore,
there is a strong demand from the production sites to reduce labor by making use of
mechanization.

Mechanization of the harvesting and preparation process for leaf and stem vegetables
is making progress. Research and development is in progress, with the aim of reducing labor and
simplifying labor-intensive tasks. However, the fact is that, even the production of items for
which machines have been developed takes 3-8 times longer than the production of rice; it is
also more labor-intensive. Welsh onion is a typical example. The time required for the output of
10a of welsh onion is 417 h, which is high compared to the production of other items; 140 h is
required for the preparation process and 85 h is required for shipping operations such as sorting.
These processes take up 54% of the total time required. Therefore, there is a strong demand from
the production sites to reduce labor.

In this study, the objective was to develop automation technology for root cutting and
peeling operations during the preparation process of welsh onion, which requires skill.
Automation technology would help reduce labor and increase efficiency. We also aimed to save
the energy required to operate the air compressor that supplies compressed air for peeling, as

well as achieve higher efficiency by reducing air consumption and improving efficiency.

1. Development of the full automatic welsh onion trimmer to achieve higher performance

We worked on the development of two automation mechanisms with the objective of
reducing the labor required for root cutting and peeling during the preparation process of welsh
onion. The first was an automatic root cutting mechanism that automatically determines the
appropriate cutting position and cuts the root. The second was an automatic peeling mechanism

that automatically determines the appropriate peeling start point and leaf sheath thickness so that
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peeling can be performed with compressed air of an appropriate pressure. In addition to

developing the full automatic welsh onion trimmer installed with these automatic mechanisms,

we also sought to conduct studies for developing a high performance machine with the automatic
mechanism mentioned above to process multiple ones simultaneously.

We developed an automatic root cutting mechanism that uses transmitted light and an
automatic peeling mechanism that uses a peeling duct, and created the first prototype unit of a
full automatic welsh onion trimmer incorporating these mechanisms. The following were the
findings of the on-site verification of the first unit.

(1) The work efficiency of the first unit (fed by one person) was approximately 500 pieces per
hour-by one person, the root cutting accuracy was approximately 94%, the peeling accuracy
was approximately 91%, and the product rate was approximately 96%. The working efficiency
was 1.5 times that of a skilled worker following customary practices; it was shown that the
working accuracy was almost the same.

(2) The noise reaching the operator could be reduced to 87 dB(A) in the first unit, and the unit
was found to be effective in preventing accidents such as loss of hearing due to the injection
of compressed air.

In order to improve the performance of the first prototype unit of the full automatic welsh
onion trimmer, a second prototype unit capable of processing two welsh onions simultaneously
was manufactured. The following were the findings of the verification test of the second unit
conducted in the welsh onion producing regions of Akita and Oita prefectures in Japan.

(3) The work efficiency of the second unit (fed by two persons) was approximately 900-1200
pieces per hour, the root cutting accuracy was about 91-95%, the peeling accuracy was about
87%, and the product rate was about 96-97%. The working efficiency by one person improved
to 1.3-1.7 times that of a skilled worker following customary practices; it was confirmed that
the working accuracy was almost the same. Moreover, as the result obtained was

approximately 820 pieces per hour-by one person (approximately 2.5 times the customary
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practices); it was indicated the possibility of achieving significant performance improvement

when the operator becomes proficient in handling the machine.

(4) The noise reaching the operator could be reduced to 88 dB (A) in the second unit, and the
unit was found to have adequate soundproofing while performing the same continuous work
as the first unit.

Since the effectiveness in improving the performance by using multiple automatic mechanism
devices was confirmed, a third unit with four devices of the automatic mechanism and a
dedicated sorter were manufactured to conduct studies for developing a practical system. The
following were the findings of the verification test of the third unit conducted in the welsh onion
producing regions of Aomori prefecture in Japan.

(5) The working efficiency of the third unit (fed by three persons and sorted by one person) was
500 pieces per hour by person for trimming only (2.07 times that of common practice), and
375 pieces per hour by one person (1.94 times the same) for trimming and sorting. Moreover,
the result was 187 pieces per hour by one person (1.36 times the same) when the packing
process was also included (trimming, sorting, and packing), and it was shown that the

performance of whole the preparation works could be improved.

2. Development of the high efficiency welsh onion peeler with sizer for the investment energy
reduction

We developed a high-efficiency peeling nozzle with both high performance and low air
consumption to reduce the energy consumed by the air compressor for welsh onion peeling. We
also developed a size identification device to ensure that an inexperienced operator can achieve
the same level of size identification achieved by an experienced operator to reduce the human-
caused variation in sorting. We thus aimed to develop a high-efficiency welsh onion peeler

equipped with the mentioned nozzle and identification device.
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The following were the findings of the studies conducted for the application of the
industrial rotary nozzle that can extend the working range of compressed air to welsh onion
peeling work. We also determined the effectiveness of the nozzle in saving the injected air
quantity.

(1) We tried using of the industrial rotary nozzle (which can be made to work with compressed
air over a wide range) for welsh onion peeling. It was confirmed that the air consumed for
processing of welsh onion, when compared to the air consumed by the traditional nozzle, could
be reduced to half from the results of studies conducted by equipping the first prototype unit
with this nozzle.

(2) We developed a high-efficiency peeling nozzle for welsh onion by improving the industrial
rotary nozzle. The results of the performance tests conducted by equipping the second
prototype unit with this nozzle showed that the peeling work efficiency was approximately
620 pieces per hour, almost the same as that of commercial high performance type machine,
and the air consumption reduced to approximately 1/5. In addition, the peeling work efficiency
improved by 20%, with the air consumption reduced to approximately 1/3 that of commercial
common type machine.

(3) We designed a simultaneous peeling and sorting mechanism, and in the performance tests
conducted by equipping the first and second prototype units with this mechanism, the results
indicated a good differentiation accuracy, with a class sorting accuracy rate of 80% for both
units.

These results indicated that it was possible to improve the working efficiency and reduce air
consumption with the use of the high-efficiency peeling nozzle. It is considered that a smaller air
compressor can be selected when introducing the equipment for the first time or when replacing
the equipment. This would lower the initial investment and reduce the running costs such as
power charges. Further, it was shown that the class sorting of welsh onion can be performed

simultaneously with the peeling work by using the size identification device. Since mechanical
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sorting is used, skill is not required and the reduced sorting accuracy due to the employment of

inexperienced workers can be controlled.

The following were the findings when a third prototype unit equipped with the high-efficiency
peeling nozzle and size identification device was manufactured and used at the production site
over a longer period to verify their respective performances.

(4) The peeling work efficiency improved by 2-32% compared to that when employing
traditional equipment. The injected air quantity reduced to 46-83% of the quantity used in the
traditional equipment. The power required to run the air compressor was reduced to 33-71%
compared to the power required to run the compressor in the traditional equipment.

(5) When mechanical sorting using the size identification device was compared with human
sorting by an experienced worker, the average sorting accuracy was 64% by mechanical
sorting, and 68% by human sorting. There was no significant difference between them.

(6) The easy operation and finished condition after peeling received positive feedback from the
workers who were asked for their opinion, when the peeling work was done using the high-
efficiency peeling nozzle. Further, class sorting using the size identification device was shown
to help inexperienced workers sort with an accuracy close to that of experienced workers;
however, there were requests for improving the handleability.

(7) The on-site verification results showed that the high-efficiency peeling nozzle tube turned
hard at low temperatures, resulting in unstable rotations. We designed a nozzle heating device

to solve this problem.

3. Practical application of the development machine

The full automatic welsh onion trimmer was commercialized by the joint research
company Matsumoto in 2002. It is widely used by individual farmers and the joint facility for
grading and shipping of JA, contributing to the reduction in the labor required for welsh onion

production. The number of full automatic welsh onion trimmers commissioned is not many, as
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they will be used in joint grading and shipping facilities set up by JA to accept post-harvest work
from the region under its jurisdiction. However, separating the labor required for post-harvest
works from the farmers has significantly contributed to the promotion of the production regions
such as increasing the scale of welsh onion production area.

Further, the high-efficiency welsh onion peeler equipped with the high-efficiency
peeling nozzle has been also commercialized by the joint research company Matsumoto in 2011
and has gained popularity among individual farmers. The practical application for the size
identification device was not considered as it is difficult to handle, but 640 units of the peeling
machine have been installed as of December 2015. Moreover, the high-efficiency peeling nozzle
after development has been employed in the garlic separation machine used for separating garlic
bulbs, and 141 units are in use. The nozzle is also being widely used for other applications in

addition to the preparation process of welsh onion.

4. Effect and impact of the development machine

The full automatic welsh onion trimming machine plays an important role along with
the self-propelled welsh onion harvester in the plan to strengthen the production regions, to
oppose the proliferation of imported vegetables. In particular, an opportunity was created to
popularize the semi-automatic preparation machine that simultaneously performs root and leaf
cutting operations along with peeling, when until this point, only the peeling machine was the
center of the work structure. This has contributed in raising production capacity of all the
production regions, which is a major outcome of the present study. The full automatic welsh
onion trimmer with multiple automatic mechanical devices were introduced at the joint facilities
of grading and shipping, allowing farmers to concentrate on cultivation management and rising
its quality and increase production volume. This contributes to not only an increase in the
production output within the jurisdiction, but it also has a broader effect in that it contributes to

prolific production promotion.

87



On the other hand, it was observed that the high-efficiency welsh onion peeling machine
was effective in not only saving energy, but also effective in increasing the performance; the
number of installed machines is steadily increasing. Increasing the number of peeling machines
installed using the existing compressor has become possible, leading to an improvement in the
processing capacity. This helps in significantly contributing to the production scale expansion of
the farmers and the production regions. Further, the high-efficiency peeling nozzles described
above have been used in applications of many other items, for example, separation of garlic bulbs

and cleaning of yam.

5. Future prospects of the development machine

The full automatic welsh onion trimmer can perform root cutting and peeling with high
performance and accuracy. Shared usage in the shipping facilities of the production regions can
also be considered, to promote the expansion of the production scale by individual farmers with
the separation of labor for the post harvesting processes. This will facilitate further reduction of
the production costs.

At the same time, large quantities of residues are ejected along with the preparation
process, and there are concerns that additional costs may be required to disposal such residues.
Technology to disposal the residues at low cost have to be developed, or new ideas for making
effective use of these leftovers are required.

Further, a higher capacity compressor to supply compressed air for peeling may be
required for the increased production quantity; there is a risk that the energy required to run the
compressor may increase, and the cost of the facility and equipment may increase. Therefore,
methods to improve the energy efficiency even when the device is increased in size have to be
developed in the future, by examining the applications of the high-efficiency peeling nozzle.

The problem for which a fundamental solution could not be found during the course of

this research was the noise generated during peeling. It is technically difficult to reduce the noise
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caused by the injection of compressed air. Therefore, methods for reducing noise have to be
studied by examining methods of peeling that combine compressed air and other techniques. In
addition, there is a need to study methods of eliminating noise actively, for example using active
noise control technology.

Agricultural workers' average age are rapidly aging in Japan, and hence, the demand
for technology will increase in the future in order to reduce labor and for development of assist
machines with high accuracy to ensure that the performance of inexperienced workers is at par
with the experienced workers. We expect that the full automatic welsh onion trimmer and the
high-efficiency peeler with sizer developed in this study will be one of the effective solutions that
will help meet this demand. We also expect that this technique will not only be used for reducing
labor for single tasks as mentioned in the previous section, but also for promoting energy saving
and low cost technology for the entire production region.

In recent years, there has been an increase in the amount of Japanese food being
exported overseas, and various studies are being conducted to promote the exports of fresh
vegetables produced in Japan. The search to expand exports of the agricultural products for entire
Japan has begun with the previous TPP outline agreement received. Perishables can now be
shipped to distant locations with the development of transportation and freshness technologies,
but preparation machines are essential for producing agricultural products with a higher added
value to match the transportation costs. Moreover, it is considered that these are required from
the epidemiological point of view as well, such as plant protection and microbial contamination

prevention, and the fields in which this development machine is used will increase.
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