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Classification of processes where technology progress
and the primary factor which bears the succeeding type

-Case study in steelmaking process-

Kiyoyuki Honda

School of Knowledge Science,
Japan Advanced Institute of Science and Technology
September 2006

Keywords: steelmaking, Basic Oxygen Furnace, technological evolution, adaptive radiation,
natural selection, combined blowing, slag outflow prevention technology, decision making

The equipments of the steel industry are constructed under the technical uncertainty
because of its very large size. However the knowledge which is obtained on a laboratory scale
is used.

On the one hand, among the former research regarding the decision making of enterprise,
those which refer the uncertainty of technology itself as the risk which accompanies plant
investment are little.

Even in the technical evolution of steel production process, the fact that it is the
development which it should call "adaptive radiation” and "convergence” were discovered,
adding the ordinary “natural selection” similar to biological evolution.

Two examples have been picked up as the case study.

One has been Basic Oxygen Furnace slag outflow prevention technology (evolution
example of natural selection type). And the second has been the combined blowing Basic
Oxygen Furnace (evolution example of adaptive radiation type)
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The result of the investigation regarding the evolution of two technologies which are
observed with the Japanese steelmaking process, it was proved as follows;

The types of those technological evolutions were characterized in two dimensions plane.
First axe was presence of ecological niche and physical isolation of niche of each one, and
second was, "The Great Dying (simultaneity of development commencement)”. Choosing
each in vertical axe and the horizontal axe, pattern of technical evolution was able to be
modeled.

And the answer to the question “What is the primary factor which makes the type that
leads the development to successful goal?” is able to be explained by this model. The solution
is to force the project to be located in the 1st quadrant of the model, in other words, it is
important to let the matter be adaptive radiation type.
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AT eFRBR ATV, RFIGERZREA LT, P iSOG e Tl e o 7z,

T EA DPEDoT, TryY< AREOPA (RN SRR EZRL 72D 7 Z)V)
IEA B LRIz 2o 7zl b b b9 R OREIEAE DROOVTZ, £ ISR
DF—U— RZo72DT,
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4. 1. 3 WHFERREPOOBES

B4 —1— 2177 L9512, POEHAWTEERD 720~ EHESE &R Z A TR %
MFHELEI ELTH, TN TERICITHEICLEY, 22 CTHTXOT—UF v R
PO Loy TZEEPFIA) T, FMEF & ORI BMEIT A THR0d i)
B CH D, oD, ZOBEIT ARALKFES A&, 2 OIRE FAEE TR
2577 yxRTICEDWNEEPOmEANICHHALIZZ ETH D,

196 7THIZ N Y TR A RRIEDN DR Z AL X A T REE) Loy, 20k i)
EWVSFTHID BRD 7= OIZITRIBFERED 1 FI 2FREADITLWEE S Z L3000 |
RO R E T OYUEZ N2 D 72T CTREERIZNRMG bz, 16> T, Ko =
RENZDEDOERE AT L EERE (HERE) ) 24 7RERE Lo ThoT,

BL, —HTE—BHIBEI L%, 7 5~8 0FIZ/)T TR TIE R X iEF 08
B LR EERIF OB AT L7z Z S13FRR L TR L,

%/4

LNy
4

|
=

FL A LT

< HE

e j| "
Q*;;;===£<: ’€§£= EQEE:

El 8 -124 =] o o #BE S =
SREREE E A

K4 —1—2 BRFEEREP0OEEX
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4. 1. 4 DOHIBENTIT DEF ORI X HAlTE A

bﬁﬁ«@%ﬁ&ﬁ@%ﬁ:owf@Lmn@%W% HAEZO 10 4o HA BOT
RROCEEIT, HRPE HARBREZEIRTS OB RS O - BB O AGE H LTV 5 723,
ARSNGB OTIC L DEAREDO T LTI, 19 7 4L EIRFRT 02 EH
EHEZ TS,

— iR C 7 AFEOVE LR SHEAGERE TIE, i Tl ~7z A THNEH S 72 2R R
izt TOBM (Oxygen Bottom blowing Method) | 4725/ S4u, Flli & RS 22807
72 BT, YRR L7213 @ [U.S.Steel OFZERGEANAN, O BMIEOAS R DRIEE
EATDHOLERSNTND, ] EHEFHL TS, ZLTEODLTH 3 %D 7 THIC
LRk (Bl ) FE) THEREPTIOmRR S 725 =580 TI52, AARYIO RSk &
i (Q—BOP LMFRSHI) 25, BAghE LTHEEILT,

TIRRERFT O, AARENTIGEEHRESFRIRR b H L TRBERL T 5, K
N GBI TIRK) THRROB R A T2 E 505, 2 Ofkk#lX, British Colombia KD
Brimacombe #Hd#(1992)12 & - T, [TEOHEARTERI7e S O TIXARV N, HEFMI 7Bk
FAIND L, THEIRES Uy 7L TEST D, MEBT T, Nyt~v— k&
HRbFR L OVR ENEHHIEMR Th o7, BIRRO DI, Ny t~v—, FREESFE OB
Durrer © LT Savard & Lee H23WTAVHERHZEICIEF L TR 2122 8 TH D] &,
FHE TH S Savard & Lee Zil@m L2 VAR Y U A THRRHATN D,

X4 —1— 3IZHARIZEIT D EERZHFOE MR A2 ~T, 1 O T8 EILLENE
HoTLEI EWVWIEF/ ALY — R TEANEX -2 LN R CTHEILS,

ZTCHIBRGEO DL, ZHUSZEDEB AR O D EFHINTH D 7203 5 HERERC AL
of%%kbti%%ﬂmi%ﬁ%%\%b@ébm{%%f\ﬁﬁﬁm%ﬂ%th%
RURLISMT Savard & Lee O “HEP O ZEMET, HIZ 20 4FLL LR TH DO B
BACIUR Ligho o2 & ThH 5,
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L WRERIF (%)

0 i | i

\A) X Sy A e )
A A o) D
DD \%/\ PP

Year

X 42-8-28 EMRZFERIFDOUIVEZ KR

ARSI (200 2) SREREE

X4—1—3 FEWREREE AR,

4. 1. 5 JERX ) ZALOANYxT— 3

X4 —1—412, BASNTZY ., WA SN P 0OREFIZRT,
T OFEENIITE—FICEROAPE TARICE A S,
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it X
itk @/

S

0) B bI2EE  c)EEES (MHP) d-DEXHTHAPPE) d-2) Conned brick e) SAFA

B42-8:32 EME) XV OEE 2o SRS EAN

X4—1—4 JEKR ZLDONY =— g

4. 1. 6 FHEREZEFON)=— 3

X4 —1—40P 0%, SttoFHRbESFe TR - F IS HAehE, &4t
(BBIGKFT) BEED a2 BDIREL TV, FORMAERI—1 —1BL0X4
—1—5Z7R7,

%< OEIDE T, 29 LB RO BIR S HA L ClifFT 5 2 L £TEH Y
95D, BMTZERNDIL, R4 — 12177 X912, 200 1HERET, Zhboraetk
ADIFEAEPEZFESTND, EWVWH ZETHD, b, BERO L HIcZ o T
HOEEO_EEPNZHA L0, BANZEA L 1HDOA T, 1ZhOSHHTT T
AR, NIH Th-o7=,
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#F4—1—1 EEKERFRGHEO N =— 5

R0 LEREFRELOAR T BIEE AR
BOKET 0t 2 E K & 2
Bk 5t : % B
A OB | BB I 42 [BAY 2| 20 2&(NmYmin-t)
g |IRSID ¢ Ny, Ar o 0.0~0.15 | Permeable element, fFA=Jitsk
Bt ARBED
LD-BC CRM " - f=7 AN
UBDT KRUPP " -
LD-AB | p&m Ny, Ar - 0.02~0.30
LD-KG i " = 0.01~0.10
W% H o LD-OTB AN " - 0. 04~0.50 SA 7R, KRGS
LD-CB AARE " - 0.01~0,10 Multi-hole Fr, CO; % &7 2 +EY
LD-S5 MEFFOS " =
ATH-B ATH " -
STB ey ] C04+0; €0, 0.03~0.15  |K #2060 CO, W77 MR
BAP BSC BN Ny 0.30~0.80
ST LD-0B # A AN 0 LPG 0, 15~0.80
-1 LD-HC CRM 0, Catln "
LD-BD | MEFFOS 0, C3Hs 0.20~0.5
K-BOP GmE | 04CO% | CoHy 1.0 ~1.5 Q-BOP #4140 Ca0 BoE%k &

A KMS
=l o
CaQ, I 1 (1] 7
oBMO —BOP =, JEUA }ﬁﬂh

A ERER
® sk X 42-8-30 & FE_LERERIFAOGLE{HF42787 SRAMEE B ALR

=1
O masm B

RiRSAR M4—1—5 FEKXEIFONY m— =
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(%412 2001 EBBTO LRk |

& 42-8-6 EANFHICH TS EERERIFEO E B RE~OBEAKE (2001 £ 4 ARTE)

ZFFR =3t Ti% T/chx ¥ | EWREHX(ERHFEEN)
FHR AHIATR (A RHERE
(Nm3/min.-t)
LD-KGC |JIl#Sisk KB 185EE 180t x 3 CO,N,.Ar 0.005~0.2
NK-CB |NKK BE 250t X 2 N, Ar — 0.01 ~0.15
=L 258 250t X 2 N, Ar — 0.01 ~0.17
38U4M 300t x 2 N, Ar — 0.01 ~0.12
LD-OTB |#FRSEPT | doda )l 240t x 3 CO,N,.Ar - 0.01 ~0.10
i 90t X 2 CO,N, Ar — 0.03 ~0.10
LD-CB FEERDIE (=W 1888 | 270t %2 CO,.N, Ar — 0.01 ~0.12
BE 15450 220t x 3 CO, N, Ar — 0.01 ~0.13
ey it 28488 | 100t x1 CO,.N, — 0.03 ~0.15
120t X 1 CO,.N, — 0.03 ~0.15
USSR | ARET 115t % 2 CO,.N, — 0.06 ~0.15
sTB ERER FEE 135 250t x 3 0,.CO,.N, CcoO, 0.03 ~0.15
285448 250t X 2 0,,CO,,N, co, 0.03 ~0.15
FaExLL 210t x 2 CO,.N, — 0.03 ~0.15
LD-OB FEARBER (B2 23U 300t x 2 0,,CO,,N, LPG 0.13 ~0.30
B2EE 270t % 2 0,.CO,.N, LPG 0.06 ~0.30
J\BE  NEUSH 150t x 2 0,,CO,.N, LPG 0.06 ~0.30
J\PE TS 350t x 2 0,.C0,.N, LPG 0.06 ~0.30
x4y 340t % 3 0,,CO,.N, LPG 0.06 ~0.30
B asE -4 25448 185t x 1 0,,C0,,N,Ar LPG 0.04 ~0.08
1858 90t % 2 0,.CO,.N, Ar LPG 0.09 ~0.10
K-BOP )]sy S % KE 258 250t x 3 0,.N,.Ar C,H, 03 ~05
EIMEEE4R
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IR EERIE O KOBFRIZ SN > T, YRFOYIH, ZERE TR E T 5 2 A 7D HilissF]
(FREL v HENED 35Xy ~—IF, HEEL T O h—~RI4F) MR & & A
& RGN (WEME) CTFREE Y ORETH o7& 2 AT, MilEE FREERF
L, —ZBCIHEERZE L T s T R H 5, (ZORE%Z Lynn(1982)1%, TBOF I
TR OEREAPESEN I IR TG RTEZ R T 28 LW CTh o7 (181%) ) & RBLL T
Wb, Thve THRRoF—U— K] ERIL THZWD)

ZORN, TEEPOOREBHE, B LWV ORROX—TU— FEET, —RICRF
DPEHA — 1 —TENENDR L& =— X ZH ST TN T FEHES L TWnoZ &
INOMND,

ZOOWRBUE. FAE - STHEREE DS EIREERPICERR S LR S . B RS - B - B
TEEE DOWTHIUS S IREOHESERBRSIRF L TR0, TR v ) [RoF—U— K]
DEPR L [FRHZ, Ko TWEBIL A DR LD L 5 ThdH D,

ZOHANROZAENEL, O T 5 HESHED & Fhicke ol 7on
UiE TEYE R (Isomorphism) | IZEEEIL TWA XD IZR %D,

4. 1. 8 EMYRLEDOTFrI—

WU IT B O & [RIRRO BB HEIELIC S R o s 97U, mEicibdmo
AT = X BDMENNTWD AREMEN B 5

EMFTIE, LA DIFZED D, BERE GEERNCT 7 U TR LTINS, ZAkIEDZE
SROHHL (BIEOTH 2B ATAELNIZ L SbihTng) NiE=LshTnb, L
ML, BB OBEIZERIGITIN o7 ) TIBRBOESEDOG | E & TIER, BT TIEsH
LB 2L & OB IUL, B o7 U TS T2 E 2 5 BT, #i L0
FaAED LD =R ORETIERS, TTIEHLBIEFZVNFHA LTI T
T AR L2 E WD [V 7 b OFLEREETHL LW ) ZEERRLTWD, (B
MP£(1998))

Flo, TA TV T RV 200001, AW EBREOW G 2B ZIANTEA AT v 7 Tt
EHY7ZREEN S | W 2 BRSO DT TV T Z DORE O 2 o EDMEIAVWEIIE O H1 6 |
FRRZHPRT DRI ABIRTE DL LI L TWHD TRV, & L7zH 2T, A&
WNITe LNTB S FORBLOFER E UTIHE LI 2 DTN, FiUd, B FOREN,
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FTDOELVICHD T 4 —IV REFME S > TR L ZT-5BICORFREIC R D L ibiaT
FTWA,

4 — 1 — 7IZAEMEIC I T D R 2@ i B O Bl 2 <3,

T VAREEEZNLSNOREET, 7V MRS L, REeRBND, R EOEYFERR=
> FATKRES U TSN Z 0 . IS, JeRIFBIORIRZ RS EM BT L 5 74w
WL L T s 72 & ST b,

I 7205 lE iR (Adaptive Radiation)] & 1%, EIRZ[E—I29 2 EMREN, fEx DR
IRD BB R bl LT A E TR 2 0k 2 i 2 LT 2L ORI D T &
U, BUEDOHIER LICEARARFEN R 5N D DIE, RO OBEISHEIROR R TH D,

ARTEGET UM B, MR, B, 22 K2R T, BTN EME, BAtE, fEAE
72 8N, BHERICIZBA T, AT~ DR & 5,

BIZIL, A=A N T U7 REETIIAEEED A ORI DEREE~ & i L. BRI 140
PWERBLTWD, 277 (B EVE fERME, AT # A~=7 7 /b (M ErE AEE,
BATHE) . 7o TV 74 (RN, BEtE BATH) RENTO—HITH D,
(http://www.brh.co.jp/experience/communication/shinka/index2005.html)

RIZ, EIROER DA BT 28BSO LORE R AV TL 2884 1
#(k(Convergence) & FE5, HA4 7eBlix, A4EE &GN L ORI R B B TZRERIEAILL
PWThos, £z, #Him, B, 2 UE ) OEITAWIZEIRO R 2 8 BRI ZFIAD R
MOINTIZHEIL L 72 b O T, I@utE kol LT UX LIS SN D,

KB Z L CEEH ORISR Z 0 . KEEH T < OIS i & 722 21T/ %,
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FOFIE LT, ~ZHABMIBIT DT > by Z OIS HEIR Z K 4 — 1 — 81TR
R

VA HAINVTIEFE ST KAIT 50, HDHWTZ DO THEEOD VR (oA
ZHDEOE L LI T ULy TRIREN D OATEZERZ O AT T\ D,
FTRDLBETZIAE LT (ZOEARITE) AEFH=y Tt L, BHF O BEFOES 1
ZRAWT, bl LA E IR b A Z LT, < ORFATTDML, £
FNDO= v F D TOL BRNILE TV D,

[ Sl B
Echinops telfairi

FAYRLIRE
ER=Ia— g ey
Microgale drouhardi

a kgl %7
Oryzorictes hova

3 A7 ¥ b v 7 Limnogale mergulus

L 55H AT VIR)

X4—1—8 ~HHTAIINEIIBITAHT Ly 7 OB
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4. 1. 9 7ZpEEREPOCESAENE X 727

AEWFUZIT DO & RO B EAEIC b A o5 & 9hud, miEIcdmo
AT ZALPMHNTOD ARV D 50 AR THIIIBDEE 2/ 2 E L DD &,

ORIk SN2 &> THERRSRMN = v FVER - (FETDH 2 &
QERIE L OMEERRH D Z &

OMRIREA LR = &

OYERRIRRERER IR 8 D Z &

FENZET bND,

IO EERIPIOEMEHETAL, X5—1—3DLHIRY | BEISHENEX S
7= ODNT DS TT- L CWD Z Enbind,

#4—1-3 WOKBOEE ZEM—ERR L EREHNOT o Po—

GR/ES JERIR 2 3 AT

PN G (FRL OFERE - FHROF—T — R [H#E)] ORGSR

ERETFII= v F fhEsRE, B TR - T IRREFORLETRIERE

BRBE & O AAER ENA AN — g U DIRAEEE

IV IR BT AR ER) & ORREE, BERIUZ X0 BEEER AT
TNEND T L~V (CBE, [BIOHE] 25T AaRK
ST IRR 252 T AN DEA 7 L
ez a2 A bR GHEMEA)

WyERA IR FHAEAS B (EIR E RbAE A RE & 0O Lhie C)

R ECIE SR Yo THEEAEHR) 1R I mE
STFORNRRZRVHFT, RECOES

ZIZTREL LTI OBRWREIZR A, TRHER 1SR BRI DORIERA Z — k &ho
Th, THZTHMEBROBIRICET LTI E W IMERIEN 2NV E . RICb DO bihE
BRNEWVWSI TG TH D,

FFHZ 199DIE, BARIZEIT 5 FIR EHRIFE ADRRIZ OV T [BIGEER A B

FCHEITLT=DIL,

WFEAERRE T IE 57,1 LIRRTWAD, ER X P IOV T,
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BRUN & BARDZ < OGN T ClRIFZIERNIBAFEN IR E 72 Z Lnh, IR ERIFE AR
20 FEERET, FPAOBIEITNW S SDOEBEERLEIZR > TWz & Bbivs,

WIZ, JERE P O EEN TS AR GRS Tl Y, MAICEEZEILTEN
IR E O BESERN IR~ 722 &, T7bbENENo THE L~V ([ZERE LS Z
EM. ZFOBDOEIREEEDTITHE ATRBUC OV TIE, ZRFES (2000102 k -~ T, &
BOWNFIZHONTIE, GEHOIEE I —EOFH COMEM L FNLAETH Y . Lizni-o
TRE—D BRI U TEEMEIZ B W T ERERDN AL 9 5, | gk T D
L LERRTH D, Fo, UG (1997) ORBLITIE VEWIIHSHET S ARAEER L2
NS HEOWEEZZLSEDDOT, /e b ORI RBHERDL DO TIE/RL, BFE LN
HAMEL, ZOWBRTEELEEMIENRZ 5,1 LBV, ZORREZHRHPTE TN, %
7oy BRIV TIEEE ST AL L Y ICAZXLKRIBE T, FHAERN® 5 & NERIKTE
IMEIDIZZEAL L CL BB DRR > TWA DD L ) EO LR WA RT L 9125, =
NZZEMMEE LEREBETH D, KNIFFEO L 9 B2 AW R E/ERN HIUZME
T5EVIFHEIRENT, FHAERASZHUTNRLTHMELTLE D EERBT 5139
INEREICUT NS LAYy, | (PUFEMH ibid.) &9 HI4E, Heflroi bimfaicfi< »
T = ARBIN EMROZNEFFFIC LS BPTMEEZ RO Z L ARR LTS LB X Hivd,

RIS, Bl & BANEAR DM G, BISHHEE X TR 2 BT 5,

BERo@y , “EFIEREPIOERH LI T4,/ 27—V % v Ktk Savard &
Lee T, MHOIIMHENOER L L 1 OFDAZEHSLLTVD, b e b LEFOIHETZE
K[ HETENORZAL Ny B~ —i8F CThH 500, fHAGOEIZET 23O RHIE
bolzEBbihvd,

L2rL, ZUZLTH 1 OFROERE . ZOMHWZTH A 5 RIRATA LIZE LIS
HFHT D&, TREED FIREMOH D & Z A0 0 Ly, FrLWERRD AT 5 Z &3/ &
B ADIBANIRN,

RS2 DI, FeAIOFEHNERIZE & 1TACRITIH D72\, BT At TR E /22 LT
b5, LKEbb Loz, 22TH IBSBOMEORME ] BNEX WD, GEFIL, B
FILESF—IFEIIIMATH Y | FE & UCRIBITENICA 1 R 7T 0 M 3d
HONEETH D, L URLERIFOHFPH CORMIASMITERICE L, Bl e
L72)

TlE, R ERGBOIERFTAT S L LOFRDEEN D D
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OO NIZELELEMOEBEZ LIHEY Z 2S5 0HT, RO LEREITEY Ny
70y RIS BT ETHDIX4RTHD, D&, #@mcBind s ANTAKRE 2
TENLOF ST LERFITR D, b, R0 FETE AL, NRINER TAL) Z&
12720, 2L DT AT TRRVEETOSIND Z el /20 ICHAIZ MO
IS T HZ LIS,

ARIZFERDON =BT OFRTH, 2 2ETL— A =0 7O X ) I EE
T THLWNFAEZEZWIGFT 2 XETHLD, TNE LVESITT 00, BOENLD
RSO, TIHRNA D D,

o T, BAOBOIMEDEME, X, LV BRI, (74 77Tk 2IIKED
T HDWVNE 7 AT T OERBIRTS T DMBERIR] LW D THA I,

Z I TROFFET S, BRSSP A Z IR ORI N E D L O TN TH D,

ReH< DEHOZEDSL D) OFAfr, THDWIEPNZGBHT D720 OFr L SI2iEH
L7-BYHERITHE— N & L TR 72D TRV, 51347, PHaxE HEE) LT
R TR W) URCRZZIZT CTh 5, D & %k d 2 AfEOBDIBANITE 9
ThH-oT-,

FERRER Z PO 2 AT DEF R HIIN L CO<\RE T, R CP3FE EDGEBRH ST
W2V, FOBEMRTCIIFERIZIR 7237 FTHoT2 L bW DDEN, Wiz En TH]
k] ZFFLTLELTLEBWNR DD T, R NT U MEolo s bR TE 5,

BIG. A OAEE Savard & Lee, % L C Brotzmann NEW2 P DG EID /X7 > MZIE
<L WS TRARE ] ERVIAENTWRUSERIT 1 LW o LT
BA LEFFHIAAIEE ZAIZD D EB R BIVD, URFORBREMFE X, R0z DIHiuv,
MEOIR] THARENTZDTIH o7z,

Snow (1984) % EHROH LW BEIZO, WANARHFRADIERT, 1FEAEH
RAZHEEDME 0D LWV ) DI, ZORINE S &I L7EARNR L TAH Y b DT
0 2N WNWH T ThD, FUTFAREEL N LOIE, FARRITEDS
DTIERNDTIZ, | LR TND,

WA ERG—ER(1986) 1%, [Hffr O R DB BIRDO—21% TRRELHE) 230 0 155
ZEThD, (FHE) &2 HURE T LD NEHT EORENER SN, L) =a—2R
MMub 2 & FNIET THOHIRE TS, (P [ CRVEN S 4 LER S nD (g Z
DEXEFELTWAHDIT, BT Tk D=2 —X2F T, 20 v 3T—8fE S
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TWDIZHEDDPLT, ROTHD, (i) 5 LIBREZIIG L AT 5 Z LIXFRES
AHIM, LinL, FAUTBTTTIIZT T, i L2 2 SIZiFR 6720 ) Lk _RTn 5, JE
RE PO OWHFUSFEOWED HIX, ZOWME OF A EOFITEN E23D B2 B
Do

K EDEAL DB OWNTIE, LWz DLy, B O] THiAMH< Z
&, Bl BAEMNRIZEET 2 E A RE L TWADHTH o1 TR 23E Z 57
KNTHD, EHTMNADZ EMTELOTIERD,

INZ T, WIS DR & e R, T8 2L ) Z LT =y TR +0Hb2 &) T

%50Pb@érﬁ@ﬂjki:ﬁbk%@%ﬁbfhé@fiﬁﬂ%5ﬁ>OWVUyE
(1998)1F, NERKE/INKRAIL TWBIEE, ©2F 0, BRIV L, BErE At
[CEBRT 2ITENT DIk SN ki%@iﬁhwﬂnf&ﬁ%L@EEW%ML\
DN DI EIIE & D7 WV A BT 2 L1278 D TL L 9,1 IR _TWDH, TE)
)& NERKET) ) 13, BR—E LW eBE 25, o <2 &) 2nl TTRT5
Z &) TR AAMEBLOE DS RO EL ATV D & Ebind)
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4. 1. 10 HEHKBWLRIF U b« THA ADBEE 2o 7= HH

WIT, JERZ P OEAR O TRV L R T2 bk« THA A& 22 hvo T2 JHIA
[ZDOWTELET D,

AAROKRFEF A —T— 64 EUEITEHHC LY 54 T, 19 7 0FEMEZENSH80
FARATPTIIFAELTZ05, 2 0 0 24F 138U FE LR WER P AN 2 FES T H 0 . Wy
EH AHOEINTH 5,

—DX, 77U ANLEIFEA L7 LBE (Lance Bubbling Equilibrium) %7,
AR L Z A—H—Z | T S AT AL (Permeable Element X4 —1—40d
1) ZLTWT, HRAFT NI ERFEREMND, Wb 5 RNEET AR EIAZ T
o,

ZiuE, CB UMEZAELESR) / AVOBAABRBICHEI LTcD b, R CES 2 HEL
FIFTD D LSRR SN T DO TN LEA T, WEGEREREZ T 57208 A ST
LD THDH, [FIUNEETAREIALTHH Y, fERCIEICIZE A EEENAETH
Sfcleh, Whwd BEDHZ a2 b 2MELS ) FIRORERE ATER b LR e s o T2 Z L
DTN, R RER DA T 7 a—7 4 712 K> T AN 5 I D3,
ITEGZ RO TZHADEEFEO D OFZ N ORE T & WD BIGDTE LTcTod, Pk &
WAL LR ESHIB L, SEARK 1R T S vz,

H 99—t A7 T v TEEREE R AT-DIFNICARRORB A6+ 5 = L a5
X L7-3FEE RNENOEZHTAZIXY VT L LTHRE. IROAY v N HEESE,
BAMUDZ Y » 5 LPG) THh D, G

ZOENTIE. BARTIHER S =P T2,

ZOFRROFE 1L, ENENOPANENENOENNT- S BT OREE M ES |
TR - TTROEM) ORI T, 2100 [EREL-V) 12, iR R ETE
b EEZ LD, 198 0OFNTIL, #FZDHLODFFHFMAI1 50 0FINS2 00
O [FIFEEEC, P O EREEERFH (K0 2 OWFE) CT1 RN A ZAHT 5 2 & 2 RET UL,
—[EOREBHTZV 1 IV A—FLOEFETH, 1 A— MLOBEELAZ R TFERL T
EFTIUE o L VWO RHRIC R o T,

FERAD ARBKFTOHE, —EORE B0 1 I U A— L&) BERZERE LT-Di%,
FREREREN, 2 ERRE TH Y, FICEER T LIS, ZORIO LN EOSKIEET AN T, B
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72 DR A RO HILDIRIMTII R 7720, MithbED, 1 IV A—hkLEn)
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