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Histrical Development of Blast Furnace Technologies
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M Abstract

Japan'’s iron industry recently celebrated its 150th anniversary. The industry began in 1857 (the 4th year of the Ansei era)
when Takato Oshima built a Western-style blast furnace in the Ohashi district of Kamaishi, lwate Prefecture. At that time,
because cannon barrels constructed from sand pig iron using the traditional Tatara process lacked sufficient strength, Oshima
sought to produce large volume of pig iron of uniform quality refined in blast furnaces. He built his own Western-style blast
furnace using Kamaishi’s lump ore and knowledge from Huguenin Ulrich’s The Casting Processes at the National Iron Cannon
Foundry in Luik (written in 1826), which he translated himself.

To meet the increase in demand by the military as a result of the Meiji government’s policies of “Enrich the country,
strengthen the military” and “Increase production, promote industry,’English early-modern steel production techniques were
introduced at the government-run Kamaishi mine (with a blast furnace of 25t daily output). Integrated steel production (using a
160t daily output blast furnace) was also implemented using German technology at the government-run Yawata iron and steel
mill's No.1 blast furnace. Both steel mills were built under the assistance of foreign engineers, however, they were unsuccessful.
While the steel mills possessed the newest facilities and capabilities, They lacked sufficient knowledge about the performance
of coal. Thus coke strong enough for the size of the furnaces was not produced and the furnace could not be stably operated.
Japanese needed to develop their own knowledge. At that time, strongly - caking coals were not available with Japanese
coals.

The greatest technological challenge was to establish production methods for coke that has strength against breaking
appropriate to the inner volume of blast furnaces.

After world war |, stimulated by growth in the demand for steel, Government-controlled and private-sector steel mills grew in
tandem. The increase of Japan'’s self-sufficiency rate in steel and the price war against foreign steel became industry challenges.
Investment in facility was actively pursued to rationalize the expansion in the production capability of blast furnaces and in
labor-intensive tasks. An environment of investment and loan was also established .

After World War Il ,the development of blast furnace technology was greatly influenced by the advanced economic growth
strategy, and trends in energy and iron ore resources. Large-sized integrated iron and steel woks ware constructed on bay sites.

In response to the strong yen set by the Plaza Accord, and the rise in the global demand of steel in the 21st century by the
growth of developing countries, the intensification of production sites and improvements in labor productivity have been
accelerated.

The development of blast furnaces after the Second World War has proceeded with the active introduction of foreign
technologies, but this has also brought major production risks when facility and operation problems occur as blast furnaces
become larger.

Work is essential to raise the completeness of the facilities to prevent incidents and improve reliability. Also needed is
standardizing technology and increasing added value to establish stable operations.

These efforts have given birth to Japan’s own innovative technologies. Japan's steel technologies have attained the most
advanced level in the world thanks to honing by competition and cooperation among companies, research collaboration by
government, industry, and academia to solve common challenges, and the country’s unique artisanal culture.
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X 7.5 BEiE U — S — DEARINRERTER
(FeMFRL 4 BHE) DOF
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@ FEIFDOPEEARIIN

BEF DRGSR (T 250°CHIEHEFL T
%, COBREAIRORAFOMEERZEIFRIZE
RABITSLDTHS.

BXMAXICIKERI LAY FEEGE, BETL—
PR BERBIREARALESA TS, GRTILA
Y hEEGRFEERARMRB THEERIL AV FAEER
LTEXBEERETHAXTHY ., BETL— PRI
BHREESHNERRL TR 2K, SRR
RESBMERZERA L TEEF A RORZRERRL TS
NERERERICRARBT 2AXTRIBMBOECR
R—RIZHIRHHHEISEL TS,

I'KZ i RWGA I $R5R

721 FA—)ba—U R#EE

B2 REMAEKICE T IERBHEROSEIE—FMNIZ
FEFOA—ILa—Y RILERE LD, SIFOA—
WA= RIBXEFBEGLHHEENRBOPLICIEELELED
THL BFOEEERBEM CHRIL L EETHERD
BREBEORADEFZREBELUCTILDTH 1=,
B, ARBEQOI—JRFEAROMENEHIRIL
F—HEMTEEMEINDEIZHRDIDT, HEKRTIZE
TIEEIX MYICEAGEETMLBEEN N ER S ha—
DRFEAR, BIFARAEEE L TCTIREOMEFOH
BEFOBRARIENEESNIZ, LML, BFAEDOR
BEMENTRELSHS. BEETHELBREOHET
HY., I—VRFOEBRBRBEEIFERLRSE
HETDHIENDHEBHE L THBREVRADS
EMRE STz, RIHTTISME O S LR 8k AR R
MHFITHLER L TEYEF. a—J RFTORML—

IR AOIEMAERDEREAZ OBEHMNSTEDHE L -
fzo B TOWIRRREAA RIS RFZEZFID &
LE-EHRBESBOEREE L -5 T EHNG IR &
otz

IR R E AR E (T HAE TIXHEFD 56 & (1981)
ICHBE#XSE 1 BFRICEASHh, B61 4 (1986)
ICITERNSIFED 50%0 16 &, BEIAFRL 8 £ (1996)
IC25 &, FRL 104 (1998) ICENZTOSFIZHS
RYGAAHRENER LT,

722 BIROMHRYGA

SR DM R EAAIE 1960 FERICT A A, E
EH. NLF—. VEFTHERARLER SO THI K
OmEEA XA S ESEEAXIC KL DX, DER
MAFEEL-. KRMLEBFEPNO~OMS RMEHEAX
& L TId Babcock .~ ARMCO A=, Petrocarb AxX. %
DDA XNHY . RT.1ICEREAHAXDEHE
~L7T=,

BARDOKRELEVWEINEEEZARICH D, PFOE
DABETA—FEAUVHATII>N, T4RKY
Ea—42—TA5MKAEND, J4—F2 VI H
ATHIS>ARICIE T —RE2V o TMEHRE SN ST
VAT T —RADWHR B E WE [ARDE S0 E T HIlE
LT, AOEOMMRREZI FA—ILT HEEA
KERYV Y a—T4—F—THEMICOEHTARD 2
BYLHE, —H. TARMJEa—4—THETS
AREPOBICHMMRELTZEEETHEIERTSHSVR
TLTHAIN., EERZR/IAXEICEVT2EYDA
EDH D, RICO FXTIEREBREDEEZZ0 L
THLSICEHERZI VA M) VIZEMHT S,
DE=HTAAM)E2—2—ZEFELIZRET 5.

R 7.0 WHRWEAHFHROLE
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# PN, Klockner AR (FHAIICK Y BB ZERIT TS
EEBEEY . BERSTELITBEELERLED
EICLTH—NERREHERT D, #>TT4 XY
Ea—42—OHREBFISEMTEOIIERADTE
EFEHILENRHD, EAOARKIZE>THEROTZE
BECTRENEL LD TEEER. RBRE. T2t
HEDHEREHZERLTEIREND,

ARMCO AKX [T« —FE2 > O /4 TE2EH
LTTAARAR)Ea—4— (HEH) ICEREIIM
MRIETAR M) E2—2—DHEREEEICK > TEFH
OIZHEIZHB S DA, Petrocarb AR DIHEIEN
AgICF v )V T7—HRZRAVWTERICHIEENSEC
HIHELH D, DABETRMCBALLZFHEKTIE
ARMCO A = % :Z R L f=. K [E ARMCO %t T & 1960
%38 Ashuland EEXFT O HBEE NI AR R E L TH
13 iR R F A AR E AR ET S Babeock # & DRI
FDHEER, 1966 %12 Bel lefonte H(F. KLV T Amand
BIFICEA SN BAOWEZEFTHBI A8 F(1973)
L% 80kg / t DREVGAREXZMEE L CLV-EHEZ
ML T, ROMBFTTIEZARMCO AXZEEALT
AR

ARMCO AKX &, OWMMRDOBEEES 1 > IZH
WHIEEES N ENI &, QBMROFOSEIZ DL
TIERADORMENRNAOBHEEFTALLLTA A MY
Ea—4—%2BFELEMICHKE L TEPOICHESE
T5 L. OUMRDIMEBENREE 7 L— LIGHER
ELULEICHEF LB ROEBESE LA VVEEIZE ST
KK, BREICHATIRERFLELO>TNEIE, @Y

RATLDEY Y LIGEICEFOREREDBGEE
BLERHEL> TR LA ENE TS NT,
EHAEICS - > TIEKRSBEATE 1 B UHFHY 4000m’
ABEESESFETH YEAICY - TR RIRERERF
TORERR. FAARBAOMBEFEDOIEE. B
BRETOWZELHEGEDRAFHEZRRET 520D
TETS YRR, SFPOOCL—RIIAEETO
MEMEZABEDOOPO—AKRTR R EREIGEKE
LTHBoNn-MREEEHRFICRBLI-, RRKOBE
BELESAEARK, TARAME2—2—ARTKES
JF 38 AANIRENR L WENEBRTEINEESRET
Hot=M. EY A XETILTORIEDER M KRR
EOFOMNT Y XN 2% URNICINESIBLAER SN
TEREORBE LML ST,
2) Rlm& Rz

KHDE 1 BIF T DM KR E A HER R (L BEF0 56 &
(1981) [CIEBNERAA LA, 2RORHEERERT.6
2R LT,
MMREBFEDOZEITEME R > TRED HIEEEE
DELD TURIAARBOE REHE % HEIEET 06
ENHY 80kg/t ERTIRE L THREF STz, HiFHRE
ELTOMBRRRKIT 2 RFE L2 VY. 74— F
AU BREIIMBRRHELNHEL THLEFOREIL. K
BEBOERFINRN S E TORERENTARELREL
THIE, OBES A VIIWBREEDRVNT VR
TI—RTAVEREDENISA )1 —+TI—RF
Ao YHBELGEE S EEEREERRETSH
L. QOFES VL LPOBMDOEES A VIZILEEF

7.6 Wik AR 7 0 —
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LIS DRI EER 2 VS < BRIBEDERBEDHFF & BiEL
BHTHAICLEERHHEELTLS,

MR EAAREIL, BeR, EREE. LRAEE
HEDEREH EHABDLE-EEERDOA )Y &
ENLTEFOREL. $FEL, HER-ETRILF—
DRHFBELTHRLGHEHRELT,

ERNTOBMKBHBOERKRICOVWTIHRS &
BAF 57 & (1982) ICARHEZKTHHBRAREARNE
b, RUNTHE Petrocarb ARXEFEA L1-F 840
ASEEF0 58 &£ (1983) IZ Kobelco AxXX & L THHIIE
2EF. HFE3SFTHRE L=, B 59 F (1984)
FICHABLHEE 1 5F. BHRELE 2S5FIC
ARMCO 7 s AV ZE# 1b & #1 1=, NKK [& Kobelco 7 K.
Nk EN%T oA, FRFEEAXEZHERAL
f=. BBF061 & (1986) ICIXEIFD 50% D 16 &, F
B 104 (1998) ICIZERNTRRET 525 F THit R
W EFAAFENEHFE SN,

I—OyNZEWNTH 1960 ERICNHNEFIFETE
EAHYVREREKRCPI—VRAFOEGRERTKZH
BMéELTREBFTORRAADESD 5 1983 FI(C
Hoogovens—Ijmuiden T ARMCO 57 & A & A & .
1984 &£ [Z BSC @ Scunthorpe T (& SimonMacawber
75 . 1983 £ [ Sollac @ Dunkerque T 3% T PW 5
I & Kloeckner 5 & T, 1985 & (2 (X Thyssen @
Hamborn & %7, & LN T 1987 £ [Z (X Schwelgern @ X
B S 47 [Z Kuettner A K, ILVA®D Tranto £5 & IF

I1Z1& Klockner AR DEEMNHERNTEA I NI,

7.23 S RMUAIIRE

HHYEIZE T BB ELLE (Fimte, fMxEE) &
O—Y ALLOEBEHBEMOBREHTEEICRKT. TIC
R LT=AY, BBFN56 & (1981) £ LIBE D Rk WA &
ENEMEXIZO—7 ALDOERNEBREZAHDIG
BICHBELTREWI LMD D, BIHRWEAHIZ
#E. O3 — YV RFOBEBEREZETIETI—IRF
NEGEREZR S, @Qa—7 RIFTOHRKEFER O E A
BB ZIEN S, QBEOREIL. EI—9 XLLEEIC
K YHSBKIR FEHEHIRT 57 EQBMD L EHI KRR
ENEBRSINT, CORR. MMRVGALIEERICHE
LR 10 & (1998) F(ZIXFH 130kg ~ t., O —
9 R 3T0kg ~ tICELLUBREIELVKREE A >TW
%, LL. RELEBMMIRIIZERIMEFHEILIT S
FEFRO—BOEHREZERTHILOTH Y MEI
HREFEZRIET S MUK IThEo1,

B EAAMREDBSICIEL—R YT —TEHBA
ARET B ENREBEEHRTHY . TDRHICIFH
110kg/t BENEHWAAZDRR LS, 3—V R
LEIE 400kg/t ITET B L IFREETH 1= —A.
MR EAHREDSEICIEL—R I T—THIBK
DAHRE LG THERBREREIHMI—IRELTH
BT HODTEEVRAHNAREE G D, ZDT=8 200 k
g /LU EDRERAHADBARETI—Y AL EKIRIZIE

7.7 DOEDREREIAS (B, HRPREE) &O—0 ALEDH#ER
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TIEHIENEFTED,

WMMEKDEEREAAEXFI—VADTET S
HWEGBmZPDICER SNz, DOAETEFERGEEF
(1994) I P EMMMENIE 1 54 T 200kg/t. TR
104 (1998) IZmENIE 1 ZIF. NKKEILE 3 S 4R
T 250kg/t. #FEIZH LN T 3 Hoogovens—I jmuiden
6EF. PEEILREKRE 1 S5, &E POSCO % 3
SR TIF200 k g /t ZHR SBRERBENRE SN,
EHMRREREREICRPBE S 5-0OI2F, UTD
BRiTREET "R ARENH D,

1) MMRICE>TIA—VREKEBET LD TFADH
G/73—9RkE 0/CEMTBH) NMELLIEL
BHEZETHD, BRMUEDTEEZRS=HITa—U R
DREZED. EAVIHGIHBRTOERZR > TR
NOFEEAEDO /CHMDBEL, RE LI=Fil
MIREEHRT DILELNH D,

2) MMERAPOL—RADI—TRBFEL Aoz
W—2ROFv— W —U ) BNFERTERIZHE
EENTICFESHOFERICERLCREEY —>
R LEBSEZHEE LGVRRABEL G D, M
RNL—RAVI—THRHRLEENICHBRRTETDLHED
EHMROWREAAAE (RERR, HRAE. WGA
HN—F—ERE) OHECTREEY —DERZHL
THREMTBREXRIIROON S,

SR IIRETIEH. FRO0 ./ CAELHELD
TRELFE-ADRIGEZHBRT O -O0EHFEMEL
T IBFOa—7 RhibEARM] ¥4 F 2 <R
FEInht-,

7.8 31— AHFDZEAE®

I— RBRENEEIR 7.8 2RI LS52. BFD
PLERICI—9 R CcZEALTIHARE (00, O
IDERANDTRNAAFIEIEH THILMBEIHD O CERHAT
BICETSEI2EAETHY ., PILDARROLRELE
B ICFBEORRI—0 XK DIFEOHBELH F
REL. FSEETFHICHIFTLILLZEME LIZE
ABETHD, BMPRIZEETCORMBEETH D LR
D.2) #RANICHEETIEN-REFETCHS. &
MmENE2BFTCOEREHABRTC | €2 | G |
01102 | ZEAAKXTHDEATI—Y X (Cc) D
AE%E30kg F¥r—IH 5 150kg /F¥—TFTD
P TEREMICIEMSEER. FVERETBERO
BENE—UNERELEBEODRELIER SN,

BBF0 60 &£ (1987) I2MENIE 2 ZHF TR 1.9 (TR
TR EEME, BB 63F (1988) XAhS i
SMEINE 1 EFE (4,550m) [CHa—4 RAtbEA

7.9 A= 4 APDEARFAE
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EHNBAShT, AREMIEMESFICLERMBES
NEWIRRREAARETOHR ALGEAYS HHIEF
BELTECGERSATLS,

RILLABFIZEVWTHIEE S 12— FEEEEAT
AL ICHERELGIRFHRENTONTERILLS
hTwa,

RIZ, POXTOMMRBREEDRER K E LT,
W BRI IEE DR K T > R Sl ER O B ik KL F D
PHEIZE>TEXEINTLS &L TNK Tl RS
FITNT ARG LBLMNGAE 4 B TER 6 F
(1994) 1247 > =t ik b 230kg/t SR ER IR % TEBE
L= NIBMKTFESE 6 SFTESERNN—F—%FH
HRERLELLTVWS, wRFASTIPOORKEEEL
THMRRERAHIE & R & Y FREICHRES
Bl EIZKY., MMROPONTOHRIEEDEEHN
SSYLEEN-HER. REER. EAYBETRED
EHNDLELBYBRENRELRLIZERELTL S,

I 7.3 BirsEsSOER

731 SiFmRiEREE Y
HHETREBERESICHRIH TOARSFENR
BENRERD/DNEBIFHIRIE S Nz, BIZ1E) BEREKFT
TREMBR, HhK, BEBR TORESHEOEEIC
FOBRBLRERM&EEIZR - L TE/\BEKATERE
B, AR OZKFEAEH 40 F4EITFERIKL LTz,
NKK TIE4EIL. BERSABEETEOERITHEL.

FRESFOBEMR THRE LI)IGE 2 ~ 4 IR
BRE 1 ~25IEHIBF 46 £h SBBFI 51 F(THITT
RiEL 7=,

BIFFRNTORGERE TS v IRy I RESIAT
BHERAZCESTHEY., KEBFELEITREL.
A=Y RAVOBRIELDGRERELZRL L TEFRNTOR
ISEHOBRHEREZERICNSIIENFTARTH -
fzo COEHPMEBZFEORILEEEIFOBELIEZ TH
KAEMNEE ST,

SFRAREL IESFOEAMEFREL-KETK
HLTFEREAMZHKREZRAHNCL>TER
THET 5, FOLEBISFEEZOHA. I—V XD
AARRETOETRRZEAIC K > TTEITHRE.
BETIFREA Z R L TEES T OO YERE
TV, I3 v RYIRESNEFFAORG T A
TRERATEHEAMELI-RAETH S,

BIFORBARAEZ 1957 FEICT A HOHILBDR
EREtE. RUNT 1964 & (2L Y ED Enakievo INEI S
7 (426m") TN, AERICERIAAENER SN TS,
HAETITEFI 43 F (1968) ICEAMEDHRSIR.
JIBESRASL BF£IXLHLE LTHRESF 4 M.
BRF0 50 FEXEE TICESF 11 EOBARENERS
hi-, BICEBIL24E (1977) »id 6 E/MIChI=>T
RSN ERERRAE BFRRGHE TOHE.
INEZHE LI-BREBIROBRROETILERNE LW
ICHEESINT,

7.0 BRI TAEREROEG
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CORR, SETIFIVIRYIRATH>=BIFA
TOHILBEDET. Wik, @E. BTICELRGES
PI-VADREEHRUBHEENALGNZSH
tzo BAAT K, BBETOFE L ZTOHEEICET 540
RiE. TDOROOAEDSFHIERMOESIZFTY £
NGWKEREEEEZ T,

710 [CREFBRO—FIZRLENEEE TS
FOEFIEEHBLEEDOEF TRERDOERNS
MEICHLIHBMGEPLREROFATHY . RESE 4
BFOEFIIEZTHMLRRTOEH T, PREEIMITE
BERNFET SRMBETHIROEFTH S,

BFORBAFEONRE. ThEREE L TRRELE
SFREIRORR (R71.258) PETILHAENES
ENSFEMERDEHE LG5 &RENER- Lz, BA
DIFRNEEIRARERERE LY . Th o DR IRER
EADTERALLGIEHETILOREEERENRTES
N, BT R EDFREE ZEMIEE LIEXDORE
HEEH, RIS, HRIBEEDET - fE - BRE
FPa—Y ADFATORIREECBRBEZRAA L H
IS Y. #iA. BRI, 0—7 A0 RERERMNE
LSEERLE, T3y 0Ky I RESNTV SRR
FORHRE, BEENAELIERL, BEICEFLE
CENBAEDRMENEDRERREL o T=,

732 SIFFIEEHOERE TRA 3L

EFRETHRL—2 —ANEIRL 5 2 BERFIL.
DEAYIHEE, QEAYEKREE, QEREHHK

EEE. OHMENERE, ORHFENBEEEETHY.
BIENREREBT H-OICHlEShRERSENEE
BHEFEREFE LTE, OFFORKETORELH

ARNEEAYET., QRELGPLREEXEZIERT S
BEH ORI, @ﬁ?m‘éﬁ:—bxﬁ‘b—zﬁ
I—HTOBEHE - AROBIERNE. DFFSE.
@ﬂwﬁﬁﬁtﬂ&&r&éo_nbwmﬂMI%w
RiREEBRHEGBEEFERA L TRELTAHRL—42—A
BRUERFELFICEHELTCHETEILICE>TERF
FREICEESIND, BERFETIVIRYIRE
SNEEHERFEOMEREROFAER T 11 125
Ltzo KT v IRy I RESNEHHEEFOR
REFHAT 2-OICBBRHIRORREL REICHE D
HICEBSNZEEFBLE SN, BFREZHADR
Hih LB AEORER 1.2 1R LT,

SIRRED TRZ51b] (X, #EITSv IRy IR
DHRE L SN -BRFRRKR EBHEHUROITERMIC
RTTHILDOTHD. BFOBRERRAECREBRL IR
DRFE. RISETILOCRRZETILEOREKELEES
THENED SN, FRKRA A —OPBEXHER

X 7.1 SIFERAERETF & RBIEIEF & DER
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712 A7 —7RED 2 RITAIR1LHG

CRT, REE®EZFEAL CEEHMNIZRTT S EN
AREE A o Tz, 2000 FERTEM S IT BT OHEKSE
DIER.T—F—R—XDFEREkIZE>T TRZ 51k
HEENREMICLALT Yy TLTWNS 7,
TRASI] FEFOREXBEROBELGZSIRKFICEE
59, FRNTELTVAREREETIME - 1 A—T1EL
THEERE L CHARELAREELLT HEZAITEED
HY . FEOILE. BMCE5FA. FE7I a0
FIRGEOMBERREDY—ILE LTHEEL TS,
FEHBKTOERNLGEFHEZBNT 5. SFICITFEE
22D HY—DRYFITENATNSEL, £HOF
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FICONWTHREBIFDOFEAGCEDEWNEHTT A
ZHAHRAH . N SDFEREZRT(BAARA..ESAM.
BERIHERS) EHRE L CARIESEI2H VR T LER
FELTHALLTWLS (VENUS 555 3) 'V, BIZIE.
M7 12FRT—TEREOERREEERL THEL
L=t DO TEFAR. BSARAOFEORAR ML
MBI EMNTE, ThoDBRIIEBEROCBEDE
LUERZ EXMAEHLE T, FROARARNEEDR
HIEECRETRSOEE ZTHEVEEHEDY—IL
ELTERALTWS,



K 7.2 BIFOR G ST A

51 A3k

1)
2)

3)

4)

5)

6)

)

8)

WWARE #5871 EAELESHATEE (1980) p63

FH OB 580, 81 HMEEFRA 80, 81 EALEETH
fiTsBEE (1982) p109

MITHRE 5 146 MAEILGESEAMAE (1993) pl12b
MEEFFRA %80, 81 MIFILGEZEMARE (1982) p109
MEERE 525 vol.8 (2003) Nob p23 ~ 31
FKER. AftE#. BES—. BE—. 2HE=. B
Xt #MPEHSEECE Vol 41 (1991) pl1 FWEBE— 52
5% vol9 (2004) 10 p31 ~ 38

FIRHEA, RFETH. FHRR=. XEAK, FKEE
FEHE Vol. 46 (1996) p3

MEETER, RERE, EREF. AFEE—. SILFA.
BN —. TAER

9)

10)

1)

gk &8 Vol62 (1976) 3 p75. FHERA. BEIIE. HF
#®r. FlLh. BETE, BIUIE #&H Vol62 (1976)
3 p8l. tEaKIE. #th, SR, BREEHE. TRE—.
hiffE Sk&8 Vol62 (1976) 3 p99
BASZMBSHKEERARTSBFARCHE (BFRE
E XS0 i)
BEE. THIEA MBAHEORESREER p3bd
HSFEN, FRREE. REHE. MR—T. BHH oL
HAHBE %384 p8Y ~ 94
NIPPON - STEEL - MONTHLY Tk #E D T D £ ~ 2 V) —
X1 vol 5, vol 9
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8 | FEEREE 0 PR & IR

I 8.1 BaX MEEDRANKRE

8.1.1 HREFEEFEDRE & BROMR
HHIEOSKIME LA 60 £ (1985) O TSHEE
ZERALLE-ASOXZETENAN. @l & L HMFTFZERL
RECHERL, HMAEES 9,828 5t LE 1 REHMRE
HBURDREKEZRLET AL ERTAOHBICER
L7=. SKEME1LIXARHN 61 & (1986) AV 62 & (1987)

[CMFTTEXOBBEZN TR ANABLTEZF
FELEhRABREHBEERR L.

RFO6HOBMEEZRS. 11TR LT

WIht EAEDRMEERKI, 0005t AEL—
F1 FL150 AZRTIRE LT, OEERROER, &
HEOKRELE, ZEEAELEICISIX MEIRHZRY E
BEENZEBRIET S L. OFREXDRBHERIC
FOTRBEENHREEZEFLETHHLDOTH 1=
RAGHSICEYFBEMEIEHBETHD ML —

% 8.1 SIAF 6 HOP R EFHEDHE "
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ATEEEOTHBEICHAT HKEIELTEY., B
W =R EEHEZEEAEICK Y HSMBMADAE
D3IENZE-Z4BALULDOEEBILERZBEITHEL
BELWABSTH 1=,

BRI O FELEMEEA & LT, OFERFEL
ROEHNZEOBHE. SFEHROEIR & FBEELED
mE. Q&R (LA, Ak) ST 5EAOMEDRIE.
ZEFEHBHEROLZEEAKMORAE, QBT RIL
F—. HIRKRBAEMG ORI EEF—T— R &
THERRENDBRILTH >, RFEEHNELDOHEIT
BIROHENADENEZRL LD, BFRERDOEYN
FRHH0D. SHIEICEARIEREEHDEIFICK -
TELZDMN1990 EFEDONTILBEDKREIZHELS
HMEZDRRICERS L TERICET SN,

—A. 20 #HIBICAYHRE, 1V REHRDET DHEE
EnEERRICK 2HMMEZOILKITKIES L 1= #xHE@
HEOEM, HMENBAXO——INEERTz, HR
MZHMEDRNLKITHT 2HHEDEEE L TEF
EHEEHNL-KETHNERO—BOMLKERS &
ELTz. RULVBFERIZH> THREMFO—iHE LT
EFORFHILEHEL T OEFENFICHIE
BE#ZDZ Tz, COIFOME%EF L T 5000m’
BORBESFRLEZEMNSE. ChICEHREATOFER
Bz ZEiE L T—BOEELL. BFRLEEDT-,

8.1.2 JIF. BEESFINEERRDEE

COMDEFEROEMIEROEGREILET 51
O, FRL2F (1990) &L 15 F (2003) DEFD
FTERXEEREZME L TRS 21T LT,

T2 F(1990) (TR RAREBDH#EER LICH >
EANTIVEFEDZE TRIFRIEDELY %X - -k
ICHEH L., SFEREITENBFEBLTEY FRLH
BF80BEAtEFVKETH =, LAL. FAIS
F (2003) OEFEHSLMEELLHBED 29 EFT

EHEShTVESHT, AFHEDOIKR, 2—J RO
BB EDFRICE > TEERNITFER 2 F (1990)
ZEEY 82BAFt ZHIFLTLS, HHAMADESR
REEDEERAVGCIEETELRVARS 1 Mo
BMNEE D IZKF S HOHKMAFIEB A BIZHSEID
RRF0 60 & (1985) M 15 B3 FAITH LT, 8 FH&D
TS E (1993) ERICIIBESHADIRFE. HE®
FREBESHFAOBHGLEICELY 97 3 FAITKIEIC
REfLSIATWNS,

8.1 ZIERPINEEGEL

HGHPITIEEE. HEROENICL 288, &
PSR OB SELL. EBENOLETEICZLS
BESEEAHES I,

BAEMPIOEEREDOHRE L LTI, KREBRESEHEA
DEEXRBEN. £EERORLXEKR., REEHY—X
~NDEMMFEINDS, RB.IITERK2E (1990) &
FRK 15 & (2003) OBEEHRBRVREREZEETF
HIETHE LT,

BEEMOIFHELL I3 A 5 25 BICEHN I FH
ASEEE9, 017m’ M > 8, 541m* ~NEA L T BA,
B OREESEIELETEEI6BTL L LANILE
HiFL TS,

K 8.2 BIFHREREDLEE (1990 &7 2003 )
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& 8.3 LEIFHEIK DR ERELLE

—MRICERIE, EERFENSENESEIT2E
HROBFBTRS 22I1TR L= SRITH > TET I 5%
ERERIEPRBEDEAFTELG EDRBOIBEEXEFZDOH
EICk-TEER - S BRERMNBIE S, 1988
FLREEROHE LAFICSBOHELER SN,

8.2 £ER L BHBEOBIR

CORER. EEEFEIENIATL—HHEYDE
FERIF9, 407t A 11, 671t A& KiIGIZHEM, F|IZ, 5B
FlIHZEOHESCEEL. PATLALIZE > TEENSE
THEDEAFT B EEEDREBHAHENER L TLVD,

MEE TIEE Si0, BefEfh, SHET LGN Z R
ELTCEFRTHOSEBEETCOERERLEZRSL L%
fEALf-, BERETHIETHRE. DiREIET
ETLTHEFIERDRELICKE CEM L2 &FHE
IhTLa,

EREOEARMLGXREEFLDH D L. OREBEANK
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