FLSEVIER

Contents lists available at ScienceDirect
Engineering

journal homepage: www.elsevier.com/locate/eng

Research
Sustainable Infrastructure—Article

TUESRAGSEYN —U—METESFNRERS NG E

B P EINERHLS AR R

Stephen M. Malone **, Marc J. Weissburg", Bert Bras®

* George W. Woodruff School of Mechanical Engineering, Georgia Institute of Technology, Atlanta, GA 30332-0405, USA

® School of Biological Sciences, Georgia Institute of Technology, Atlanta, GA 30332, USA

ARTICLE INFO e

Article history:

Received 2 November 2017
Revised 1 December 2017
Accepted 3 January 2018
Available online 6 April 2018

YIS R AL HAR RGN T R GE (] (e, Dt QX e R 40 [ AR ELAE R0 1 — Pk
FHEOXE P B R T AN IA BE RO A N A . ATV PR B R] 35 Sk 1 2R R Sede i 77
AN HE RN R TR B K 2 A I k. BB 07 vk iE F B BkdE . WA R
FUHHEN J8b PRI TR H AT SRR BEIR T SR . EASCH, AR E T RERITTHERIR
MM, M AR o SR A e [ MR AT Ml P ORI A I 1] A2 00 A B S5 4 580 J7 T B AR A
M PAEEE, AT 45 SR W] b R4 Bk ) 1k CL7E S oo R 2 T4 w8 17 RE YR AR S w45 4k

A FUFRRLIE, {H A FEHD AR SUHIRR i 5 TR0 47 D2 ). BI04 5 48 WL ) 47l 0 i

N A AT JR I ANk 3 b = AR R PRk, v R SR PR AN AT I A el IR [ B B A AR AR S R
WL BT 5 1 R A 5 i REIR L o

WG © 2018 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher

Education Press Limited Company This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.3|= [6]. A A2EAI M (FW) A2 A 45 2 45 1090 5

WAL Z AT, HER BRI T AEm LR, &
o TR B RS, AW BRI R AW
MAER R GE. A us IF N 2K TR R
AT REIE I A B P RE R AT SR UEER R IR IR
BH1-4]. FTARAEMRFGALE S EREM, BN
ATIAE ARV Bl 4 1) R R AR — R S L, AT RFEER TS
e —ANFRREE KR A ERAL X AT 2 AN BT/ 3K,
HAREE AN B 755K [5].

W55 RE B U A 5 T A 58 T 5 S PR AR A S 17k
FONEATR T RS S B R R G2 (8 1 3 22 W AR

* Corresponding author.
E-mail address: smalone31@gatech.edu (S.M. Malone)

SRERE MR AN T 2 R M fE AR AR Bl fE AR . XL
fabRitiid 7 BHARAES RGN JRIE UL RS RGN
BESIEMRA[7.8]. FFE, MWERESRGEME,
FATTRT USRI U oy st 37 48 9 nT RS2 . PEREIKAN Y T
AR R 75 1%

XF LA R HEAT 2R G0 0 70 A AT DL AR et S B A
FERAY, JFRZMA R BCTE . RURIIEEH] A =B, A
A v ROM M R BE R AR 2R o BB A, I TT 7T 08
ARG R 1 BT AR R T RNAL
i LU AR IS . R iZ s B TRE . REd
R T S5 et A B AR S R G Tk

2095-8099/© 2018 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

: Engineering 2018, 4(2): 209-217

: Stephen M. Malone, Marc J. Weissburg, Bert Bras. Industrial Ecosystems and Food Webs: An Ecological-Based Mass Flow Analysis to Model the
Progress of Steel Manufacturing in China. Engineering, https://doi.org/10.1016/j.eng.2018.03.008



R, o R RGAT AR E L TR RGN T
AL ) = DA TRIE [4,6,91. AR 204 1 R Sid6Hr
ORI T I Tl 4 28k, S2B 7 A48 Tk
PR 2% FRAIC AT B R BT B AR [2,3]

— LRI T H A E AT (CSD Xt
R AR B 1 7 oK DL RO 2 2 R IR BB, CSI
AT AR AT P KRR [10]. A B AR AR T REH
JREF T (MFA) SRES.CSUR A, DIHIRT T
Ak R VEREH G HLR AR Te AR . EITESE A FLAFETH
K (1981—19854) FZE-LAFHAFETHRI (1986—19904F)
JHIE],  AE TP AU R T H Aok 1B R, FRATTEE
FUT X IR [ S AR R G T (1] BE R, R
I 7 E H R ekhlia i 2. &, &g
B 7 CSIARKIE

BNRAT MV v 2 50 I SR Ak, (R B il i K
R UAAEE AN I [12]. A BN IS R iis, =B\
19784F 11318 X 107t K F20134F (18.2199 X 10°t[13].
FE[13 145 T 2004—2013 £ AHAR = 8 G K AF I o

CSIFREVR T FE (5 S REVR T AEIN 18.3%, 72 P [l =
AR = KRRIEZ —[14]. 20124E, 1 ECO,HE &
B AEBRI29%[15]. TEIXEEHR +, 296 12% B #K
P EHE16]. Rk, 42ERKZ3.48%1) CO,HEHEIR
T EN R IE . CSIHE LRI AR VR 5 A5 J7 TS BK
B, AR5 EHBRACE A LA T AR K 2% . 2007 4 (1 HoiiE
o, EPREEIRE (TEAD UF SN SR A H Al AR,
h E AR AN BE T 20 6.1 GIRTRERE[17].

& AN Bk IS LG P RO AR (BF) -B i 4
1 (BOF) IFE, MR “KmfE”; 7 —Fo il

229

(EAF), BRIy “HRORAE". KIRAER D EREHE L.
WrfE. BFIUEA, e AN R E L, m
TR S AR B o r AR B 3 e BEAE S TS S
Rl B ER T RN RAN R, PRI 91% R 8 Bk il
IR ATASIRE [18]0 AW IT R GLZ K L AR ER ™ i
Adr I, R A RS R TR OR VPG R ST A i, T
DB AE AR )R] P 8 e SR M e B O AT

2. AT E

2.1. HE TR br

BB R RKESRIRR T ARG SN
BRGAT NZ B IBER[19]. 4049 5 5w WL I 2R
MEXEEWW (FW), BHEEMSHE 4T R
GHh S 5HZEMNKR. ITHXEEM R FEET
R —FWHH 5 WL AT RER R R, X
FRAETTE T L SERE T AR I H R, #1410k
HELR, HTPoRREAFBRR, AR aEE, TRE
WO E2[4], f;=1RAEW (O MEEHE () 2
(A K AR ]. RAVIEY PG 5 2 HILEFERE B 07 5 740,
HH ) 4 5 7E A [R) RIS [) B R OR A — ) Fh . EAR SO,
FAVICF W 5 2R BE J5 1) 56 B 53 B 45 2 ig H B CSTH,
DL S0 58 A A 285 35 ) 0 B Ak ) 34 A 3R 1) 52 ) LR ) T A
AN 2503

AHIE T A IS FH B S A TR bR 1) 5 R

YIMECE (N) . FWH YA R ZARIE WK
Jy R RE”, i HLnT DUR FWRE RE A AT R a1 2
FR[20].

10

Crude steel (x108 metric tons)

o - N w » (5] o ~ oo ©
T T T T T T T T T

2004 2005 2006 2007 2008

Year

¥ China M Rest of the world

2009 2010 2011 2012 2013

B 1. [ R AR FE S RN B (10 ¢, Bl E 525 SCHR[13]D



230

Predators

1 2 3 45 6 7 8 9 10 11 12 13
1fooo0oo0o00000 0 0 1 0]
211 01000000 1 1 0 0
31000000000 0 1 0 0
410 00000000 0O 0 0 0
510000 00O0O0OO O 0 0 0
610 000000000 0 1 0
710 001 1 1000 0 0 0 0
8100000001 0 0 0 1
910 001 01 000 0 0 0 0
0j/o 001 11000 0 0 0 0
11{0 001 00000 0 0 0 0
2/0 10000000 0 0 0 0
130000007100 0 1 0 0]

—
O
-

E2. (a) BERTYMIBEFW: (b) FEUEFWHEE (25 H SCHR[4])-

FHRBE (L) FWHhYkE B BEERXRNEE.
ZATE FH FWEERE A JE 22 A A T R B R - [20]
L= lefj D

i=1 j=1

KAEEE (Ly) : RAEBEG WG R F S B E
BI[217.

L =L/N (2

BED (e = WE— T B2 Pl il 2 35 4l B (0P R
%R A FWHREFE R IERATHER R 217,

n
1 for qu >0
=

frow(i) = n (3)
0 for» f;=0
=1
Mprey = Zfrow(i> 4>

i=1

ﬁﬁ% (npredator): ﬁﬁ#$*ﬁiz$*zj§¢%%%$¢o iZ
KA HFWHEFE R ARSI BEL IR [21]

m
1 for Ef,] >0
i=1

fcol(j) = m (5)
0 for» f;=0
i=1
npredator = chol(j) (6)
j=1
EYSHEE e (P EYHEEHEENE
e

PR = nprey/npredator D)

HEHE (G FWHEMNHEHE N EREY-T Y

Ko ZAH TSR TT O FWRERE b (1) 21 B N 28 ) B
DB AEFAERIFNEL (Myregaior o

G= L/npredator (8)

WESEHE (Ve FWSHREANEAIRS L B PR
VT AW A T BOR N, AR5 DAl R 47 8
)

(Mg ) o

V= L/nprey (D)

FASINE (A FITO0E RS8N 55 LR AR IR BR A o
I SR F W R £ 4 L ) i K SR I T o B PRI
AFRFWIRERE )7 BAERE s MR ABAIREFE[19,22].

Ap=max, R KSRFAEE T 0 = det(4 — A1)
am

ERE (O : FWHIRAHE (L) BRI
FBBND . I RER I A, AH AR AR 20D,
oy B AR R FW AR Z X Y 2R A e 3R i) 8 57 [8,20,23]

C=L/N? (1D

2.2. FEFRMFE PR

AR FF MR TR IERNRAES R
THE NIRRT B T R AEE BMRsE R . T3
53 BT N R B 4 Fh 3255

(D FHNRGD TN

() RGUANS5H Z AT

(3) BIF R G g H &

(4 JkE CRETS5KEREER K.

HEFEMMERTTEML, TR0
fER (N +3) X (N+3)FWit & FE, f5kE RGN0
I (01T) RGUHMUHIH (N+H1F)D R G IR K=



N elements
< >
o 1 2 NN+1N+2
ofo PO 0]o0 4
110
2
]
C
G @
Intercompartmental o |0 E
exchanges $ 2 o
¢ ™
0 +
2
N|O
N+1]0 0 .. .. 0 0]o0
N+2 |0 0 .. .. 0 010] ¢

B3, AR S (2 E SCHR[24])

(N+241) (3D [24]; W2 5FiFZ 5 RS HE
e, 8w, BVFERE ST )50 ¢, BEOR R
2 5%i8Z 5F A KE RS RER TS, KA
FAEHR 3R

AW F KB AR bR E LR -

R aiE (TST) : RARESRGET AR
HEZ M. TST, H T &Rz AR, 2T
PR — AN [ K S AR 2 55 K 19 [ IR A2 7= S E (GNP)
[9,25,26].

N+2N+2

TST, ::jizjgjty a2
i=0 j=0
M EER (AMD @ 18 24005 AL R FE i
JA (B RERMBIIREI SR . AMIH TR RESR
G0 R RS B R GE R FE 9]

AMI——k%fgf i o t - T5T,
- TST, &(ng(ﬁwa<n)

i=0 j=0

RGMNH (ASC) : MEASRGA R 1T
o P, en TR RS K S R R (9,25,26].

ASC = AMI - TST,, (14>

KIERES) (DC) + XA RGN LGEETINA
K1, BRGNS (ASC) 1) 1FR[9,25,26].

N+2 N+2 N+2
DC———1~§:[<§:Q>‘kg2<§:q>] DC > ASC >0
i=0 j=0 j=0

(15

231

RGEITH (TSO) : EXHMZEHZ RIITHER
K e RAFVERCR 2 6] 1) i LR #5[9,25,26]

TSO = DC — ASC (16>

AT (CD BFinnfGFa40 (FCD : X&)
ENEL, 2ERGIEAF AT AT RN G 2, 5
TEIA R G rh i iE s & 509,271

n
tj—1
j=1
Cl = TST./TST, (18

b, TAERMAGERE DR ERSIEZM; TST, 4R
G .

PR (MPLERAPL) « A )i BiRE & i3]
RAENZ5EME2T].

N+2

MPL = TST,/ <Zf01> (19)
j=0

SR (R): iHEASCHIDCZIAI X R, BAL

ARG S TUAENEE, WML RSN “6 7

£ [25,28].
ASC ASC

2.3 ANERAT ML N A

WET ATk, AR A SN N CSTH B Ak T A AT RR 4k
KRR APFRIZM AN, ASBE BRI A dr
MR E A, IO S Bl 2 iR 13].
eRA ORI IR 1, PR AL RS B T AR Bk ) i
AR, B S DAUBORHROTE 208 dh A i A g e, X
FEFLEN T, R BV I SRR A AR H 2

Blaad 1 RERS 7K JEUREAN EROREZE N Bk i 3 11
IR DA SR A i e TR i LA R . T AR B i
FEZ AMEANER I SZ M AN, T DA B AT B o4 ik b 7>
WT L8 25 N I R G AR i S AN Bk it i A Th ARk
FIRETY, A LRGTAT . WERZ LRI RE &
R A% T 3 B AT 78 2R G830 5 A R N 2O R 2 n T B
5 I 8] RIS 0 A FE A o

2.3.1. f& G ek 5 il il it i 72
1980—19904F, 4 ifi £ 2k fie & % #E M 1285 kgcelik



232

Emissions Waste
Energy t T
I Steel
Raw materials P4 manufacturing 34 Steel products e
3o process
Water P Scrap steel [
Secondary
Abandonment |« Use [ Wares manufacturing e
(—l industry

E4. SRR 2E dr A IS .

/B #1017 kgee (1 kgee=29.727 MI-kg ') [29], TR T
£520.9%. fEMCHANE], o EG]E T S Rk O AR VR
BRI R HE, ST i, 51 2R, B3
SHRERRS, MaEHE MREII[30]. V2T EL
ARG FE, Sl Re R EINIRB %, KA
AR, WS, TR AR R S SRR
T AT DI s A, FRATTA A R 4 T &5 R R it 5t
HHOC [31RAE 1 1988 A 5 1L AN 2k 4 ] A W] I BOF £ 4
T EEN BRI AT ER B, B
FEE L AMEBIRRIRI B S B BT AR DL KT AR
R GEN S B HILEAN FERP RS T A, H— SR A 7 Em it

SCHRR AL, R TEVEE AL AN IR, S EIR 71987
FECSIH R A BT -

JFEA R AR K. K RN A7 . ARk
ERRETY RN EE T ARG E . ke . A
)L AR AR ACER ). AR O R, AR Ak i
R RO D Re B R MR AR bedh . BFHiEk. BOFH
ANELAN . T 6] & PR G AR AR SRR TAL 2, AN
RIS IR e 4 DA S AEENFLAN B0 JEAR FLALZ AT
FRTINAAE . ARG R T

o Rl AR IS (COG),

DL AT JP < (BOFG)

=P A (BFG)
S5 (F 19884F A 1

Effluent Emissions | | Solid waste

Treated water

External recycled scrap

H Raw water |
L] 1
: Power l ,
H plant .
' Water- | Treated water i
[ treatment i
] Washery coal plant 1
H »| Coking | _Coke Oxygen !
: plant plant ,
1 Treated water ‘.| Treated water Ship building | 1
H Coke Scale | Steel scrap H
' powder - '
' Equipment !
manufacturing|
H h 2 ) A 4 o, ¥V¥ H
Raw material H Iron ore powder Psintering] SiNter|  iron- —> Steel- | Crude steel Hot/cold rolling mil , Stool
stores T “1 plant | making 1| making |—l—)
H Hot metal Wide & heavy plate 1 products
L] . 1
H Pellet | Lump ore | Coal Lime Dee !
H ! p ‘ Scale | Steel scrap proceSSing !
' industrial park| !
H Cement Construction H
H ; ; plant material |
[ Lime | Dolomite stone Lime N '
] making plant 1
] plant 1
L] 1
L] 1
' '
' '
L] 1
L] 1
L] 1
-

System boundary

5. L& ek il i R A



TR, TSR A H [29].

« BREW . TEMEEE ., AR BRSO ECA K AR AE

IR R A [32]

o HTERZ 1988 F I EHE, At T 1998 44 Wil A 9V

FE210 m*/K [31].

o BB = 1988 AE [ H M, At T 1988 4 A Wil A R 1)

BOF# ¥ 40.0085 t [33].

o FLEARYE IR Beds ) [34].

o B ZENIRK, | WK 5 BE R E

B FH TR [35]

o WAIR] S R R AERPRHG A 1A 2K3) B e

g5 i S BUE R R AR A

o REMER AR 1 i B RRAL ) B [T

T B GRNEHIIE R G TR

o« PRBRAIE BORE E ZLDUER Oy, IR R R S

AR E .

it _E AR 8 3 bl T 20 1H 20 80 R AR R C ST 1
Gz EREEEE Canp ks e JHGED IR,
s AR ST Ak T DAk S ABE R R AN A

2.3.2. H FiraEk AR Bl i i 1

E 1990 DIk, Bt &5 % . eIRA RN SR
tk, CSITTRERNAT 7 E RHEE . CSIyE 5 R I RIUSCR] F B2
Ry RSB E R AR . T ARtk fea e
AR A B 3 H AR [29].

233

ik 13 5 AR 10 2R G000 5RD 5 30 SR 5
K6 TR o

TEAHR T, BERUE & LT B 6 11 45 44 v iy )
i SRR IS IR B LB T e AR R, ARG R
WL B AR . B P h ACHR I mT3d B #ebr 73 2 Tal 0
FIH . B 52017 ML R —5, 90% A= KT
1000 m* ({1 BFICL % = SR R FIGE T35 5 (TRT).
B AE2004FEE, KLA25%MCSILHEHi84T T TiER
fERE (CDQ) [17,36]. M4k, FZE20064F44)K, HEH
T7% E s ANk Ak 22 2% T BFGRIR B 4%, 64% 0 T.)
24 T COGHIBOFGRE UM it ik £ [36].  H A ALY
(E8-a/im

o RESERFHZANER) 07 b B RHAL G B R A T Y

H T A ARk IE RGP TR .

o AR BT BB DU R R, BRI AR %

AR IR

o ANFRIN = A g R SR RT DL BN T, (HAETR

SEH, WA YRS S AN A R 3R S R SR R

FEAE

2.3.3. AP A S R A AR RO

Zhang M Wang[ 1019\ 75 22— Nk AR sORF
AT BEEHFE.  H AT CSI— 2L IE T J# /) T A2 0
FAEH] 11X — e St BB AR 25 Tl e 2 — N, 1%
Az 2 el e (L AR R AR AT O W) A . fgt Bl AR S Tk T

Effluent Emissions || Solid waste

_______________________________________________________________________________ [

H Raw water |
L] 1
H COG Power l
H plant lg | BOFG
H BFG [ Water- | Treated water 1
] treatment 1
] Washery coal plant 1
H #| Coking | Coke Oxygen
' —1 plant plant !
H cOG ¥ Treated water *l Treated water Ship building| 1
H Coke Scale Scale | Steel scrap !
' powder -
' Equipment
manufacturin
i Yy ¥ Blast|O. Y ¥ ) i
Raw material H Iron ore powder -:|Sintering Sinter| jron- Steel- Crude steel —»{Hot/cold rolling mill i Steel
stores H 7| plant making making >—I_)
' | i |—) Hot metal i |_. Wide & heavy plate ! products
Lime 4 Dee| 1
Pellet | Lump ore P
Ceal | BFG Scale | Steel scrap processing !
industrial park| !
C:Ir;]r?tm Construction H
i - - material
Lime | Dolomite stone _gmme Flux making plant|
plant
Treated water
External recycled scrap

' |
g -

System boundary

El6. H i b e gk 4 il g i A



234

HAENEEE W 2, HH 20 Bk R [l 498k Tk
FERPE S LARI A, I i RN FFEE Kalundborg 4
A TLFESIN[37]. ZEEMATETHIR.

R T B LR R, gl A i I e d P S AR
DT AR PR R A, i R e B YA 3
TR, W), HAATI 2 38 TZ A . HASE
B RRE ) e A T AT IO HR B Ok
DAl BE X EE ATV R, AT B v A2 77 b R R
H T RA T AL P AR Bk 7, DRIk 4% 1 A
THIRIEE R o X AR PR BT -

o ASRANEL IS K 4k 2248 F BOFId 2.

o AXERHIE B 7 BRRL 3 ZE DR e 32, DRI

SRS AR B

o ANHED A R IS AR AT DL AN T, {HAE S

brrp, W& YES AN E R 2R 22 S SR B AR 8

PR

3.45R5141E

BT S AR SRR G EER iR TR .

_________________________________________________

e B St g sh i S 6. BT BRI S5 R RN R Sk
SER AT X LEI,  FRATTAT DA SR B4, 3, B
PRGE RN B S RIS A K. FEARSRE K, BEE B
SRR 2 [ B IS a2k B AH AT Mk, L B 22 B AIC .
A SRR X e AH AT ML IR [P R & T AR, A
Titito KT H AT 4 .

MAE GEFIR RS Rl GIE S A Ve T B
Ui B AR B B R RCRAE H R ke &5 44 vh &
PEL EBMEFIRASY HOR G R, BARIN &
B SR g e Bt B R R S A3 31 1 Ak, FEEERRE T —A
HIR RSt

R gs 7T R Gh a5 R . K200 45 F ik B
ZAGHE HAIEFCI. MPLAIAMIJy [ E & B4 718
Kii . MPLIFAZAL 3 B H 45 74 2 800 B S H Al
FIRGN “Hfih” M2 53%, i HE R
I fEACREE M T, X FRESHTE NI . Rk, R
KEEMTE DB, FAMPLES AR B Rk
W 28 A% FH I VR I F AR R R A . XIEARREL
QEEMRI R Mk, WMRIFR, KRG EE L
HI A B R SEEL I A R D) e . FCLR /RN RGN

Effluent Emissions

ES T
____________________________________________________

H Raw water |
L] i
H COG Power .
' €
plant l¢ | BOFG
H BFG [ Water- | Treated water i
[ treatment i
] Washery coal plant 1
H Coking | _Coke Oxygen !
: — Plant plant Slab|Plate | '
H coG A _Treated water Treated water Ship building | 1
H Coke Scale Scale | Steel scra| H
: powder lab | Plate | Equipment :
L] : 1
H Yy LA Blast| 0, —¥¥ N manufacturing H
Raw material H Iron ore powder _!|Sintering Sinter| jron- Steel- Crude steel Hot/cold rolling mill — . Steel
T > o i > i ! >
stores H | plant making [ Hot metal| Making Wide & hoavy plate B L products

L] 1

Pellet | Lump ore | LimeJ BF siag ™ | 1 Slab | Plate Deep :

Coal BFG l Scale | Steel scrap ) zmcte-sfi"g J

industrial parl
C:Ir;]r?tm BF slag Construction 1
Lime | Dolomite stonelpl Lime Flux > manll(iantenallant
“1 plant 9P
Treated water

External recycled scrap

L e e e o o e e e e e e e e e e e e e e e e e J

System boundary

B 7. AL R SRAN B AL A i

®/1 FETHEMMMES. BT KBOF N HIG TR g it 45

Structure-based statistics Armax Ly Py G 4 N L Npredgator Noey C

Historical 1.4423 0.95 0.800 1.900 2.375 20 19 10 8 0.048
Current 2.1551 1.70 1.000 2.615 2.615 20 34 13 13 0.085
Future 2.1112 1.90 1.385 2.923 2.111 20 38 13 18 0.095




R2 ETRAMMEGE. HETHRKBOFMERL ™ St Hidfs

235

Flow-based statistics FCI MPL AMI ASC DC TSO TST, ASC/DC R

Historical 0.716 7.212 1.922 425.561 782.050 356.488 194.375 0.5442 0.4777
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PREUL KL, Reit— D AR R A B IRVE #E,  [RIB AL REAE
TR 2 A E SR A RS R G HA 1Al .

X e st R T M T AE S RS R HAE A B
TARKFE T RGN REAMEZEIT. FATIA
9 TS e A 28R D R AR R HE TR A AR Ak R AE
SRR T3 — DR T CSIF T KR4 R R e J1. AR
T, FRATTAS 75 3UE B 3 28 b 3 R v A R R 10 38 46 dn
AR R P ESRES TSR AMIMER
Sy ERE T ERE R L 5AE R R K R, Kk
A TC VR ER R B AR X S M BEFR AR i2 F B H AR T2 AT
R

4. 4518

TE I I 25 PA R AR SR AN & AT ML 3 AT 4 o i 1) AR
BT, AR DR H BOF 125 i w404k il i b 1F
TERG Ml RFEL e iE % . FRATTH 43 A K B 20 tH 42 804F
AR LB 2k 1) 3 A7 AE R 0 VR 2l R R AR 1 1) R
TERE L 304ER], N T2 HHAR . BUR AL AT it
AT TIRKRSS 1. H mrdi ek & e g J K 0
R R (R B i 3 A 5% 75 A T vy 110 J) S 0 . T A
i, DLE—ADHEREE “LERRR7. BAT R KT
WK AR 8, G S ATI SR, FRATRT LATE
TE FEAR AR R B 3 — 20 P R G R F a4
Mo BbAh, GBI TR E R AT, FRATTI S
TR BBk s L e gk 2k 0, R InEaL HARAES R
e fE T TATE VR TR N R Tolkrh
PR A RE L, ARSI R EA T R MHE ME
MR SCRE, FRRVOTRE—D TAE, MARRSENE
AR B AL T S Tk RE
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