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Abstract: The complex regularity of the silicon content of hot metal-[ Si] in BF ironmaking processes is studied
with hybrid mechanism of liquid dynamics and chemical reaction dynamics. Chemical reaction chain and its nonlinear
energy consumption is explored, based on different hydrokinetics state. Firstly, the partial differential equation for mixed
control of [ Si] and its control pattern is established by some nonlinear methods, such as partition of fuzzy pattern,
optimigation of parameter of every pattern with adaptive study, etc. The results of simulated computation with product
data collected on-line at Laiwn BF No. 1 by intelligent control expert system (ICES) are given to show that the equation

is applicable to forecast and control of [ Si], the hit rate achieves over 90% . The mixed control equation established the

foundation of forecast and automation control of [ Si] in BF ironmaking processes.
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2.1 SR KEIERF AR S R B (Hydrokinetics
model of BF ironmaking processes )
MTEEh 1 SRR PR ELR, Ea
T i P TR A B SRR B B AL R4 T IR
B T REVLAR” 52 3l , A4 B X O 3EA B8R,
UL BA S RONIE B TR 52 3. Bk
B RAENEUT KR .

‘—(’5 + div(pv) = kp, (2. 1)

5+(v-

P = f(p). (2.3)
Her:(2.1) HsEgih R, REEEFEAE; (2.
2) AkEs R, RREE S F SEEERATH
BEEAE; (2.3) RIS, RELE S P 5if&k®%
B p HIBRBE R k A KK ¥,V & Hamilton &
T AkEshEE N E, 3 H

dx dy 3z’

_ ) ad ad
(veV)v= (vxé; +v, —— +vzg)(vx,v,r,”z), (2.5)

V)o = F - Lgradp, (2.2)
p

div(pv) = (2.4)

grad p = (28 9P oF,
dx dy 0z
TR BUNAT 254 T FAT el 3 — P RIS, R
% R ILARTE S e 2 b R)E 3 BE LS T 2 B8 42 1)
r RIRM 0 LRIE S EE AR AR (2.1)(2.2) 1]
LATRIAE A -

(2.6)

ap LS _

2.1
at 0z ( *)
dLs 1 F

dis _p_ 1 FQ 2.

@ S F o, FF (2.2+)

KA FQ JRE,FF B SR EBEKTE
WEE R BREEN = RE/ EkE, M FF =
FQ/grad P.

ZEU EFRTH ESFRERLRS, Sk
BT VX ZEREE LS, & FO,&X
¥ FF 3 grad P LA RIRKE B p. IS HCF IR
ST ALETRES HE, RATEHEFENEN
BEE RS SR RS A R R, TS E
TELHGI.

22 BRAKIBHNUERMHHEHERY
( Chemical reaction dynamics model of BF
ironmaking processes )

TEBAE R S aHRS R 2 8
RGBS P Rn, A B LR E &
IR T W 0. B AR A B T LU R
HRE AR 100 B EBELER Nl
B AR BT

(A+B=F+Q+AQ N (STand P and D)),,
(2.7)
AFi =12, ,n RAREFMARM RN LR ,A,B

RRRBYLF LG RRAERY),AQ B R 72 i 4

RO (R ERR ) , T (ST and P and D) 2iZ34L
R BEB AT BT B & R IR IR EE ST Ry P
FOWREE D &A%, BN R X RE, TE RN I L
b, TR SN o 72 B TR 24 2R 143 R T
KA, BE R AR R A R MMELLBEAT. B
RIGRRARE T, EMRT — SR n e
ALK TR)EE , R R0 B R AR 1 3 25 R i P AL R ) R
AT Bkttt R RBOTE(2.7) 5
EE N EW T RQ2.1) ~ (2.3) ZEIMERK
BK, X B 100 Rl R i B e g AR
VERg 12 MR RR, gk 1 pR. KR EE
div(pv) BX e RNGERSMER(ER) REXR
HRLEI RN I SBT3 st 59 40 51
KK A div(pv) =0,div(pv) >0 B div(pv) <O0.
2.3 BREgNFRBTEFRAGEIRNERES
#7 ( Complex regularity of BF ironmaking
processes based on hybrid dynamics model)
2.3.1 BAKFIRLRE S R ( Complexity
of silicon content control in BF ironmaking
processes)
TR M TR (2. 1) ~ (2.3) MR
BB S 2RO R (2. 7) AL T WP iR R R IR
FE R FUE IR B S 1 #7 RAE WA 1%
54k RN SN IR X NERHF B ik sl 71
SRR A WL AR BE I B P e it B B iz gl
HUAR , B 2 U s AL S 3l T BRI R A
O A BE I B R A i A L RALE L. DY
FHW I HAERW R T EE RNRMAE, BIREYLTE
e Ll SR gL e R
PIE BN I E AR SR B A CHR, S BT Bk
SRR SIRNE 24, L& B NAMFZ S0
AT X P LR B 2 AR AL SE 2R N REYLEN ) 2 Tk
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Table 1 Main reaction style that affected the parameter of hydrokinetics model markedly
g 3 RA AR div (pv) BB/ (K - mol™") BRI FKA

® [EEEEE 3Fe,0, +CO =2Fe,0, +CO, =0 8.87 41T

® [AHEEE Fe,0, + CO =3FeO + CO, =0 -4.99 240C

© [aEFE FeO + CO =Fe + CO, =0 +13.6 300
HERE 6Fe,0, +C =4Fe,0, + CO, >0 -10.98 390T

@ HERR 2Fe,0, + C =6Fe0 + CO, >0 -51.78 750 ~800T
©® ERER FeO +C =Fe +CO >0 -152.2 800 ~850C
® HEER 2Fe0 +C =2Fe + CO, >0 -145.6 850 ~900C
@ BRIEM RN CO, +C=2C0O >0 -165.8 $E 45 800 ~850T
@ Rk 1/20, +CO =CO, <0 +283.4 RO R
@ AR5ehbs 1720, +C=CO >0 +125.5 iy et
@ 5Eemps 0, +C=C0, =0 +408.8 RO
(OF:35Y: (8i0,) +2C=[Si] +2CO >0 -635.1 1350 ~ 1550

2.3.2 FEAASREMHEXSHNKEDHERE
35 4k B B iE ( Cases which explain that
different chemical reactions induces different
hydrokinetics states)

MFAEB M BEA TR 1 12 HE R RE

B R T FE R, 1 BRI A AR Y R B -5 A AR
Prh SRR T2, v LA SR

1) REGEBSAEBAL, BIEE div(py) =
0,k O, ERFEIE QA®; ik,
YT p = flp) A&

2) RAIEFESAE B, B div(py) >
0, MATZLEMETE Q, BIERHE @ [EAEM
g AAENTENE , R, i FREFRES
Sk, RN AE R EASE, mEEER N2
GEO® MEERFE IR @; Wi PIEFEp = f(p)
RFEEENEK, ESHEE EHELFESSE,
B PSSR B g , (B T RS A ARLE .

3) RPEESSAEBEL, BEE div(pr) <
0, I WRkEH 12 @ BRI BUR L 50% . XFPE
MEREAENESBFENAGRES, FEPEH
8724k

XEE T WA FRIFRE T B A B2 = bR |
BRESHESHIRE, XERBT BT LS
i TR EAAFIRMIERERHE. 4, K ESUE
R FRARAL B T8 B3 2550 IR B 44k, A BB R UL
BebriR [ Si] HARBh E et

2.33 FRFREHIHERETHUEZREERR
JE£k 1 §EFF ( Chemical reaction chain and its
nonlinear energy consumption based on
different hydrokinetics states)

FRriB R DLk RIETE R R F Y, —E BBk
FIRNLESHTR, B — R B E R RS —
R R , BRI R A TR R R 3X — 8
R BATROEI R

MR 1 ] L2 o T 1R B S R R 1 BH gk
bR R RERE R AE LR .

D) BIRRNE EHO—- @2 xO@, Eilt
B3| b2 Iz B4R #e ¥ (O,, 2C, 2Fe0) — (2Fe,
2CO,) N (AQL, - AQ4,AQ9), ERRTERILY)
(0,,2C,2Fe0) &M T , BB | KRN HHBR T4
B (2Fe,2CO0,) , [A] B 15 2 $44% 46 ) B ( AQ1, -
AQ4,AQ9 ) BREA HH, A A 3 HiE JR 12 mol
BRFEETHFE 2 mol Jk. X B MK RBEFEHR D, =
12/56 x 1000 =214 kg/t, FR AR LFERE D,.

2) FUEFMNE. L O— Q@— @, ik
P BE K ((3/2)0,,2C,Fe0) —(Fe,2C0O,) N
( AQL,AQ2,AQ9 ). kAT 2 mol k Rt R F1 mol
B, IR BBAER 2 D,. {HRE, B i P A% i a1 B 52
LRI, T R E A R TREAEIR.

BIXEGENEXRNBERBELNEEE
5, FREETAERNHREARR. HERLZHER
R OBREe 8 LRSS AR, £ THROHR
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SURSEX, - BEEH A RS AR R 1E .

3) PR MAEMAEHAE . IEHa( 1) + (1 -
a)(1).

T N FEFP ARSI 12 R0 T B R N SR AR
R R & kA, IR R R BRI R AR

D=D,2-a)

BRER 1 &, R IR [ N 8 5 B FEN 253 —
% [& Fe,0,—Fe,0,—~FeO—Fe B W 818 M,
NYERERCEE SWECRESS, BT RE,
XEA——RIF HE MERERKS 12 &0 T
WJRREREIELMERYIERA, A | 3 2K I i % B 2% BA
HREE ST R S FE S BRIk
AR IHARERETEELREN. B, 7
(FPEEEMERRAR) . Bl REMERE
gitgarpiaat.

3 PEBEEWNABNEBISEEEAZ
“HH KK M” (Mixed control equation of
Silicon content and its nonlinear rough
solution )

3.1 ETREHINFVNELINESEHNSTE
( Mixed control equation of Silicon content
based on hybrid dynamics mechanism)

BB EX“RE3N 1% Wit A, &k
BB FEE KD ¥ SR EHER NS
M“FE” XA FERIAKK T Z A B SEH AT K
HERAT IR EPRE O, 25858 2 WX IR
BFSE, BAVE R B LS, EKIEH FF, NE
BFQ FIMEIEAE U PM AE o f 15 TR 42 ) R )
AZE ENEEZHP RN CBE(ZRUERT
— B R RS ATERE N ENN PRI
MAEE/N, AR EBAAER S N KBRS, R
MEREREE) HAMNHHTRESARRE[SIE
(B FEREHEMERFASKERE, BADkF
BRASKEN S BERBIEGFPRIGRE). #52
IR A 312V R SRR 7 BN T -

d[ Si] =L(1) al;I;S +F(1) al;z:F N

de

(1)

dbFQ 9bPM
M(t) —/—— .1
L M 20 (31)

AG. 1) B pgeok e (Si) BB,

bLS ,bFF ,bFQ F1bPM 53 H N KL AR R LS , B I
FF, XEFEHFQ BTG TR B PM B H T LR R
B L(e), F(e), Q) F1M(e) IR ENHE

R, B R B T T B T 4
PETTAS L.

FR(3. 1) ] i) B R BALE R H RS
BIEASR, FO 5 PM Rish 11 2B A5 B, T
LS 55 FF BERALEI5 530 112 B RAS A it , L2
KB L MRS AR

FER AR IR (3. 1) B s TR
SEHRA T 2 250, P, R R S
TR H 20 AR 45 Fourier % B S/ B0 i3
. B AR R

Fo) = [ aa@d, e[ w(d = 1

o

ZEUN LZ SR TR gt 8, X 2K
NG 1 P8R 20 o BRI L ZSBBRENE
B I R W B B ROR AE R M, 0 (0) R 35 BR
1, BN AR B e i A .

A—JELFEFRG. D), B TS REPE
AH—AE, REHER; W LS,FF,FQ,PM#
RGBSR AR ST # SRR, Hik, T E
xR RAR AT R R AL B, SRS R TR
ENEHBES TR

A[Si](n) = [Si](n) - [Si]l(n-1) =
LS(n)-LS(n- n)-FF(n-
L(ny IS () EEGO L)
FQ(n)- n-1 PM(n)-PM(n-1
Q(n) Q(F())(pr;?l() bep(e) (Pizfl(n—l() s
(3.2)
FREEFRMNEE SHEHEIBRELR -2
WA A B Z Rl 2 7 T .
3.2 BAEHAENARBRHE"™ (Rough
solving process for the mixed control equation )
ok (3.2) ERA RN T REMEN,
fERRAE A 7= 52 bR, AT — P B REE ([ Si] ) 1B
TR RIBIIR T F ARG, X R A F G A B
IR 4, W S — AR BE, 1T RURE IS
A BB, B3 P e i
YIGRAT LB e X3 R T 7 72 B AR B, s TR AR
R AR B (E. B M BT, i xRStk
EHHR(3.2) MBARERHEITREALTE, 7
Bl — KB, R BB RY R F BENE
BOAb 3R, (ERE B2 R B , B AR ST 05 B s
Tt R BRAE R R o, — B i) LA S A R B T o o
RS E TR ik, Sit—2E g8 I fgibe
IPARFHSER , RGOET BB N AFTHE &
—HRXTHREL(n), F(n), Q(n) FMM(n) X
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RSB BIR S MRSE R SRR NE
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Table 2 Domain partitions of state variables

and control variables

Sviv

-B -A +A +B
(Sil(n-1) <0.30 0.30 ~0.450.45 ~0.60 =0.60
BEBB LS -20 ~-10 -10 ~0 0~10 10 ~ 20
MNEEHOFQ -00~-1.2 -1.2~0 0~12 1.2 ~200
WIS B bPM <0 =0

BEIOFF 2 B

F2H, -B, -A, +A, + BRARETIEHMAE
ACTEE , BN TH B B & RN B Bl m&
(X,.X,,X,,X,) = ([Si],LS,FQ,PM) = (+ A, +
A, +A, +A) FTRFE[SL] e [0.45 ~ 0.60] Fk}@
TEROLS e [0 ~ 10.0] BT, PATRFFRETER
FAROFQ e [0 ~ 1.2) FIMBEHEIEE(bPM = 0)
BT REZXFPBAAER LR FEENHER
SERHTRITERD

H U507 B A 4H -6 430 T, SRR B ST R R Y

Frdp AL i Fe A

¥
[

A1
Fig. 1

.40 —-. 04 10. 95.T8 . ~1.40 36.15
.29 -11 4.79 6.5 . 14.82 5.305
.66 .37 1.37 -4.15 . 2.42 -8.51
.30 ~ 36 80 -1.37T 2.7 2.37 1.448
.50 .20 -2.73 ~10.8 -9.48 -602 -7.16
.30 -.20 ~1.28 32.90 4.01 -2.28 -8.47
.3 .04 .03 -6.83 2.9 -10.2 0.691
.5 .01 .58 -11.9 12.83 16.84 6.500
.40 .05 .98 .00 -5.19 ~4.03 S.255
.29 -.11 ~. 81 -.55 2.08 16.28 -7.72
.3 .05 1.42 12.98 4.83 -3.72 12.01
.28 ~. 08 ~1.92 4.83 -21.8 -7.78 -~12.9
.38 .08 - 81 1.48 20.15 -.81 34.19
.40 .04 ~1.72 -~14.4 -~3.41 -1.73 -20.3
.42 .02 ~.91 ~14.6 -~.988 ~4.51 -12.9
.73 .31 3.15 -1.72 9.85 15.0¢ 2.799
.68 ~.05 .21 14.40 5.69 3. 718 19.87
.38 - 32 ~4.17 4.84 -21.8 -4.73 ~18.0
.32 - 04 -.01 ~7.24 5.98 -5.39 3.821
.38 .04 2.87 -7.39 9.68 5.05 9.590
.38 .00 -2.73 2168 11.72 -4.61 2155
.42 .08 4.58 1.490 -11.8 -.81 7.677
.38 ~.04 -—2.02 3.4 .24 -.20 -15.7
.41 .03 ~.90 2.53 -5.20 -.51 2.852
.43 .02 o7 -10.8 -9.09 14.83 -6.68
.41 - 02 -4.15 -11.5 -.87 ~7.84 -14.2
.82 .21 4.97 5.90 4.m 2.03 28.78
.44 -.18 -1.33 ~3.4¢ -3.48 -308 ~-12.2
.57 .13 .3 -2.21 -.43 -12.5 -0.84
.58 ~.0% .51 2.4 9% 12,51 2.4
.3 - 22 2.3 15.92 2.13 2.5 16.28
.48 J14 ~1.67 -54.9 2.82 -1.81 -8.10
.7 -21 - 42 133.2 13.04 599 2.175
.38 11 -2.75 576 ~7.90 -6.88 ~7.08
.38 - 02 -1.28 6.33 -15.7 -19.9 -14.2
.55 .19 1.88 ~10.6 3.93 -3.97 6.719
.44 -.11 5.38 15.28 4.15 33.86 17.32
.49 .05 -.21 3.16 ~1.89 8.77 ~1.09
.41 ~. 08 -1.58 -28.6 -2.28 -10.0 -4.79
.42 .01 N 41.15 4.38 ~4.78 5.751
.40 -.02 .18 -5.11 ~1.59 5.99 1.6809
.3 ~.08 -2.19 -17.1 -8 5.58 5.3
.42 .08 1.70 -5.92 8.37 -5.83 6.057
.21 -.21 ~1.85 13.46 .09 ~.90 -3. 44
.16 -.05 -. 45 7.01 3.08 ~4.08 -1.38
.20 [} 2.19 ~-26.4 -8.81 2.12 5.618
.54 .3 -.64 19.02 6.9¢ 6.22 ~4.64
. -17 ~-.38 €57 411 -1.4 14.9
.3 .01 ~4.59 -30.1 S % -13.8 -8.07
.38 00 578 6547 13 1343 4112

F([Si])RABRMESTRABEHBLER

Emulation results of Silicon content based on mixed control difference equation

. ;
421 .0 003  0.00 0.0 1 ]
3.698 . -0.10 000 001 1 1
4100 00 0.37 000 000 1 1
3,785 0 -0.3 000 -000 1 1
4348 28 00 0.20 000 000 1 1
3,980 . 00 -0.17 0.00 0.03 1 1
4088 277 00 004 000 000 1 1
4135 10.28 -840 0.0 000 -0.00 1 1
4172 -20.3 75.00 002 000 ~0.03 1 1
4151 2447 —28.0 -0.11 000 000 1 1
3.961 -11.1 4400 0.05 000 000 1 1
4130 997 €00 -0.02 000 004 1 1
4313 -414 400 008 000 000 1 1
4143 291 230 -0.01 000 -005 1 0
4227 -47.3 S8.00 003 000 001 1 1
40 213 -~18.0 O 0.00 -0.00 1 1
413 71.28 W00 -0.05 0.00 0.00 1 1
420 59 2200 -0.2 000 000 1 1
4318 261 1800 001 000 00 1 0
3948 -1.84 200 011 0.00 007 1 1
4098 58 2000 007 000 0607 1 1
435 912 400 008 000 00 1 1
4028 -1.3 -12.0 -0.01 000 00 1 1
439 348 -40.0 00 000 -0.01 1 1
3.998 -14.9 5S0.00 002 0.00 -~0.00 1 1
4222 1254 10.00 -0.04 0.00 -0.02 1 1
4000 8278 5500 0.17 000 -0.04 1 1
4279 -85 -7.00 -0.18 000 0.00 1 1
4118 -36 -3.00 0.13 000 000 1 1
4200 3195 -3%0 -0.01 000 000 1 1
4181 18.73 49.00 -0.18 0.00 004 1 1
4175 -478 530 008 000 -008 1 1
370 -.06 680 -0.18 0.00 003 1 1
408 821 1140 017 000 008 1 1
3972 -20.0 200 -0.02 000 000 1 1
4134 1810 600 019 000 -0.00 1 1
4184 500 -280 002 000 013 0 [
4151 511 .00 012 000 007 1 1
4404 1575 4600 -0.02 0.00 0.08 1 1
4057 -1.89 -13.0 006 0.00 005 1 1
4210 .27 220 -0.04 000 -0.02 1 1
€203 792 250 -0.03 000 0.03 1 1
4148 -16.1 43.00 0.08 000 000 1 1
4052 1.19 240 -0.11 000 010 1 1
4287 -1.50 18.00 -0.05 000 -0.00 1 1
385 S50 3700 00¢ 000 000 1 1
4314 -6 700 03¢ 000 -000 1 1
3.962 325 17.00 -0.08 0.00 009 1 1
3831 208 -200 001 000 ~0.00 1 1
4241 549 200 -0.00 000 -0.00 1 i

B 2R 128 MiEHR. R 2 X4
PR BEHIT RN ERERY, BEETPEH
A RIS 30 7, B & A T8 B0 128 R
H, KRAH 40 FEAAE R ERAAITH BB AR
JrE SRR, Fan, FEAREERI 8 R T KR E 9 #
Ye, X R B B ATEA T R A B L. BT
BRI T (3. 2) B8 B SR gk 3
BAEERYRT NE SBEN TR,
3.3 ¥W1SH/HPXEFEBEMH R (Simulated
computation with product data collected on-line
at Laiwu BF No. 1)
= BRIR & B T B L b A P R AT T B i
HAPE WHAESR XREFRM 1 SE 2002
£ 36214 5 ~36263 SHYELLAE TR 50 S50, R
i oK SN ERIHTRE S EREZ ENE
SHE<O0.1 FEP TR . REEE 1“wh”
—REPRE 1, B RE R 0. [, iRy EE
5 SRR EAR L IR B O 1) 5 P YRR R S BR IR 5 1)
— B AROD I IR R R 1 BT —
WRE 1, BN 0. AE 1 B REERFRITES
REEHEIXD 8% , INFED 2% . XMHE
SR LRV VR T W H BRI EA RN
RN EERE L.
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FARER U EER 1 15 36216 ~ 36219
SHEL 4 PRNRET RS, PR ST 4B
FOLSH BIFREERKR . +0.37, -0.36, +0.20,
-0.20. ZEH B NG E T, inad ] IR, pr
P& %), BAYES W4 #E RV 4F  7E 4R P53 T Bl
SRR (ER X A SR R A4 i AR sh R T Bk
. R RE SRR T BRI ESRAIBT R
BT TR R AR
4 458 (Conclusion)

X R R R R A h 2 54k R
I 3 7 2RI 238, e R X B R Bl ) S L Y
R4, B T BPs G R RBE S ER TR,
HABMEAR S BEN I EESHEE
MBS R OERER R SRR R R
IEMER AL - BA #E R, mE R
ALBWAITHES T EE. AR aRT R
PR R E R A ghitE RS T 2.

LR BTRABHIBZI, B ARET RN
EHyBRAAERTR S ENREER KEES
HAEE RIS RABEYLE EH; LR BRI 1%
s lErREER S, eNEaARE e ET
BHERER HERE(RPERERETRAR
iYL EA RGEAR AT A W Th AR, T
BEZTHEZ A HTEERE, TP RN B
EHNITIEE. X—ThREM B RS , WA s HEdt
KRB A EEN(EPERERERRR).

£ % 38K (References) ;

(1] ERAES (ERRERRE A TR BAR R AL
4. 41H ,99040422A[ P]. 1999.
( National Ministry of Science and Technology. Grand plan that
popularizes national technological accomplishment emphasized :
China, 99040422A[ P]. 1999.)

(2] WERE, ZRD,2REH AEEHFEEEMIM]). L 6E
Tk i it ,2000.
(SHEN Yishen, LI Baowei, WU Maolin. Basic Principle of
Metallurgy Trangfers [ M]. Beijing; Metallurgical Industry
Press, 2000. )

(3] SRR, %, FAH. DAl (M) AL At tiRRdt 2008,
(GUI Keting, WANG Jun, WANG Qiuying. Engineering
Hydrodynamics [M]. Beijing: Science Press, 2003.)

(4] HEXE,HEE RSO TERZEMIM] dLa Gkl
iRtt, 1997.
(XIAO Xingguo, XIE Yunguo. Basic of Metallurgical Reaction
Engineering [ M]. Beijing: Metallurgical Industry Press, 1997.)
(5] PRt S sadE =R F MM LR RS Tl AR,
2002.
(ZHOU Chuandian. Technology Manual of BF Ironmaking
[M]. Beijing: Metallurgical Industry Press, 2002. )
(6] R, NME. By aALRABREERHA (1] 2R¥EH,
2004 ,40(4) :347 - 350.
(GAO Chuanhou, LIU Xiangguan. Chaotic identification of BF
ironmaking process [ J]. Acta Metallurgica Sinica, 2004, 40
(4): 347 -350.)
[7] X#H. N5 SpagadBRit SERERHARZEIM]. L.
164 Tk b iRt ,2003.
(LIU Xiangguan, LIU Fang. Optimum and Intelligent
Cybernetics of BF Ironmaking Processes [ M]. Beijing: Metallur-
gical Industry Press, 2003. )
(8] BRiK.EKAE,ZRE ETFHEKUEHTENELBRSE
BII). RS SRR, 2004, 21(5) : 684-688.
(CHEN Mou, JIANG Changsheng, WU Qingxian. Inverted
pendulum system control based on nonlinear control method [ J].
Control Theory & Applications, 2004 ,21(5) . 684 —688. )
(9] BEE B, KER. B AR FAEEH R4 0 RBE & R
it (7). R Eie 5N ,2004, 21(6) :1015-1019.
(XIU Zhihong, REN Guang, ZHANG Yunjie. Systematic design
of fuzzy control systems with standard fuzzy partition inputs [J].
Control Theory & Applications, 2004,21(6) ;1015 - 1019. )
[10] XBE,XLHM, TR ¥W 750m’ P EREH KRR
[J]. $9%%,2002,37(8) ;18 -22.
(LIU Xiangguan, LIU Yuanhe, LUO Dengwu. Intelligent ex-
pert system on No. 1 BF at LaiWu iron and steel Group Co [J].
Iron & Steel, 2002 ,37(8) :18 -22.)

Y B

MEE (1983—) .8 . #48 z25¥5EHRT LB LES
I, BERETEFEERETRER, TEMREL TV RENEES
oAk Tolk B R FH%E, E-mail ; xgliu@ zju. edu. cn;

Bt (1975—) , 5, PR F LT A, THRAF T,
RSN AN R AR EEE EHER, E-mail: luoshihua@

nbu. edu. cn;

KT (1945—) B, ER LR, FORMEAR B0 2%
WA KA
2eug  (1962—), B, BR TR, %W A el £, A

LR AREF LA .



