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Abstract

Abstract

PID controller was widely used in the real industrial processes, especially in the
processing control systems, because of its simplicity, reliability ,easy implement and
good robustness. But the control object in industrial processing control was often
time-delaying nonlinear and has a certain degree of uncertainty. In this way, the fixed
parameters of regular PID controllers can hardly achieve satisfactory control effects.
Robust PID controller was of great significance for enhancing the endurance of PID
controller to uncertainty, which was robustness. Complete differential PID was mostly
adopted in researching of the robust PID control system. As we all knew, the
differential action of the complete differential PID controller had nearly no effect as
which last only one period, so that the advance control of error caﬁ’t be achieved. At
the same time, the oversize amplitude of the period would make the computer data
easily overflowed and even bring adverse effects to the implementation of the system.
In order to overcome these disadvantages, it is necessary to study Robust Incomplete
Differential PID controller. The main results are summarized as follows.

Firstly, incomplete differential PID controller was introduced. On basis of it,
Genetic algorithm, by which Robust Incomplete Differential PID controller was
designed, optimized the parameters of the controller which made the system a perfect
control effect.

Using the Youla parameterization theory, Pade approximation and sensitivity
minimization, the H-based robust incomplete differential PID controller, containing

only one turning parameter which facilitated it’s turning process, were designed and
the parameter expression were presented. The system based on robust PID controller
possessed high robustness, as considering the robust of the system while designing.

Simulation on the industrial process with uncertainty was carried out by using
the two methods above. The research proved that the robust PID controllers had been
designed were of high robustness, which met the need of real industry and improved
the performance of the control system.

Keywords: Robust Control; Incomplete Differential PID; Genetic Algorithms.
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370 -4

TR « B0 BIEEMTEE, WL TENFARKE gHE, MRIGHE
SHEGH Z-N S H0HATIE BB IE:

(1) £225<x<1580.16<0©<0.57, REFEEFH Z-N SHAE, {FEHF

MBS DT 10%3 20%E, SIAT BFRY, HRTRHTEIE:



B & PIDRHNBREE

_15-x

T 15+«

36

T 27+5k

@ #F15<x<2255057<0 <096, ¥ Z-N AP RELTFTRBTBIE.
¥ ETRPHEEN.

(

B B <10%
(2-10)

B B <20%

T, =0.5uT,

<u=19*-x @-11)
8 (4
kﬂ—ﬁ(;l(“"l)
3) Hl2<x<l5, HFEHAR/NMT 10%, PID SHEIEMT HE:
X =§( 12+x J
P 6\15+14x

T =l(ix+1)
5\15

(2-12)

23 ISTE &R ER *

FEHELS Atherton™% "5t 3f & FpRAZ R BB T RIL PID SHBEMNHE,
R T IS RN RERER-

1,0)= [e@,0)f at (2-13)

KA e(0,t)—BEA PID HHIBHREREST.

R EAESHRMNEREHE, HRE-13)F AR EARER, &
FEEE=FEM: n=0, &2k ISE (Integral Squared Error) #M}; n=1, f&id
% ISTE #M); n=2, f&idk IST’E #EN.

HEEMRRBIE RS EER A — RN BN Q- DA, MR
PID Al A AR AR (2-14)F17R:



£ PID B HI REMTIA

<T:

i

-1
a +~L—b ¢19
277 %

()

SMARML/THEE, TlUBHa. bBHKR, WK 23 Fhir. HRPEH
{1 PID £ ¥ B 0] LUl id Matlab S 18] L5 3E.

L/T¥%H 0.1~1 1.1~2
HE ) ISE ISTE IST’E ISE ISTE IST’E
a, 1.048 1.042 0.968 1.154 1.142 1.061
b, -0.897 -0.897 -0.904 -0.567 -0.579 -0.583
a, 1.195 0.987 0.977 1.047 0.919 0.892
b, -0.368 -0.238 -0.253 -0.220 0.172 -0.165
a, 0.489 0.385 0.316 0.490 0.384 0.315
b, 0.888 0.906 0.892 0.708 0.839 0.832

#£2-3 ARPL/ITHEER. bSEEK
24 lREHMBRES X

WX B FE S S R R BB 3 A P(s) M C(s) , AEMMERMABER
SalA4, Mo, . RIFWBBEIHRABEREX, BINTETEHAK:
1,

[CCw, ) P(w,)|

larglc(jw,)P(jw,)|=-= @-15)
arg|C(jw, )PGw,) ]+ 7 = @,

[CUw)P(w,)|=1

16




B% PID FHMSHREE

Hep, w, REATEAER, w, RIBETEAE. BR, RENEER, R
RN FERIBTE, BI—BRATRRETEMAR:

l7z>c,|xl$l
arctan x = (2-16)

—7:——”—,le>1
2 4x

ERuE-Srd G Ul Yich

K " K i

P(s)=—; e = e
s°+2pw,s+w, (Ts+1)(T's+1)

(2-17)

SFEHEBHIRR(s, >, BEAXWMRQ-18)H7R:

< " o @19)

S FRBHIER(0<g, <), BEARMRQ-19H7R:

( Am(Dm +%Am(Am —1)

W, = (Amz —l)L
K = 2w, (ngﬂ,w,2 +7w, —2wp2L)
7 4, K (2-19)
2(7rgpwn +7w, —ZWPZL)

w 2

T =

T, = z .
L 2(7t w, +aw, =2w, L)

P n

17



£ 4 PID B REHTINT

25 XE/hgG

FEFENMATHR TSRS E LA —HEETEEENRE PID B2
Fik. XENMBT Ziegler-Nichols B, B i Ziegler-Nichols 24, ISTERS
BN EE. WEMAEETES? . WTEERR, —SFEEEME.



B=F BHALMSEEIT

FZE EHRENSELES

3.1 BHRENSEEER

BHARGN B BRI R LRAFEIE R EN, BHSRGERFRED
RAEIEH TR BN —RERE T 5RENEHFTHERNER
BEAT, XFME R LUR KPR RN . MBI TR, B RER
WA RAEL R ENEEN B EE. BELFEHIRES, BENEHHE
WA R LIB R, AR RIMEARB BRI, trTRelR il TR AT L AUE
fTiife. BEoh, BEE RGN T A RTAEFRENRNL LT PR
o, BAFIFEENRLE) , BHRETTEMREAEIIR, B R
R RAERN, NTREFRRAEE, SRR LRE, ZMHRE
AR E 1

BBMR—GR, SAERTREENEBERRNTE. EFERAFE
AHE R TR BER IR E AL T, REIRIRRIF M REIEIR NS . B
BRI RAE20 1 R TOSEARAT T T RERL B9 AT 52 1) RE IR th 9 FEREA AR R A BT
I A I R A AR R R B, IITERRGR E RS T IR EEREFER
SE, AR RFFE RV MTEE M . BT AT K Tk SN o]t ot 77 76 5
AsEts, ELHAE SR a8 T REEs+ 5%, — TRz
FIRZRTAEEEE, REREENATIWIZHI R,

3.2 PID EHIRAGHEHEME S

BEE UL H, BiS A ER S B HER R R, AR PID 26345 R
BARF N EEE, R b TETRLRP RN RIOER PeEELEEHE
B, BRIMEENRERIRREZ B FE—EKIRE s), B

P(w)- P(w)
13( w)

BMIRE ()R ARBMAHEY . ()N ESERANBRIHWE Hbx, £27

P(w)| < I(w),Yw ER)Y

19



£ # PID i RERIDIT

REIBRANPEE. BEAMFREE, LSRR BRY

__P()CE) ]
=1 rece ¢-2)
BN, <LV, FORAEHREE. RN ERHRGNE

R
(1) Kw)BEE w IS INTTIE 0, WEVTRSE, RENAFELLWBREE, Ww)
A —ANFFE R G ECE S 28,
QA RIEREAERIAR LF -
‘[’ ¢(t)dt —min (3-3)

Hp, ehistinz, A dEdEnE. WERHRERLE, Hw) =Pw)C(w)
B, wEHW)>>1, 5% Hw) KRN BH EB- 1R rER. B
w<w if, BIHWP>1; w>wi, HHW|<l; w, <w<wBt, |Hw)|#&
T, FREETEHRLEF —EWRERE. BTFFE2TVEHRETH
BAEX RO T P(s) = Ke™ (1+ Ts) I — B PR AR5 2o i G AL R R, T
He " REm| H(w) |[FIKAD, FUHCERANEEMAPIDE SN, RN
T,=T,, BT <T, WHw)KEEETE L 5 3- VRS 2 2 IS AL
A] WPIDFEH 83 3%F — B It v j5 0 B H R AR &tk .

BAPIDE G B EA AT EENE, BEFZHIENRANELRER, AF

AR BN, AR RS A R BRI — R
T, SRR SHEEZEUE ARSI KERN, 1SR ABH—EHEN,

RENHRLNERZE, EETRSUARENREL. B, AWERTeY
HIfF7E AR H (w) FIIRME, (8RS H (w) MABGL, W1 ELZEN G i Al
K, REWWPLERRIS, REAHEe " W ELMEEHAZNGFK, R

it th S KKPER R Bt S5 BT A ZPIDEHIB NS HEE S,
ATELGERR BT v BPIDIR 1 28 X4 A B PRI A VR Re 1 A B IR

20



F=F BHRENGEEMT

4 |HW)|
sk

20

wi

20

40 F

3-1 HAE H(w) HiZR

3.3 tEER T

FEX RGHATHERE MRS, AR RE M REIRAR R — R B AT IR A 1RO
REVRHRE. SHPERLRNENE, TAR—AFANETRE SNET
FHEIFRIEIF

IAE: f le(t)| dt (3-4)
ITAE : f t]e(t)|dt (3-5)
ISE: [ e*(t)dt (3-6)
ITSE fte2 (t)dt 3-7)
ISTE : ftzez(t)dt (3-8)

TSI T, RTRIRER R ARETES, FIURINEES
FE R Al T AR ER P Al 7T BT SR A B A R R
ALK
B P RS SR ARSI T, 75 0% 5574 4 84
HOR D). FEXARE e()h:
e(t) = r() - y(0) (3-9)
KRG R R LR BB A b, A SRR AR AR 2 404 R 1R

21



£ 4 PID BH R HIBIF

HMEREIRVE A S HEENB P BRE: AT EEHRETK, —REBRF
RERIMAT EEEMARF T, BlEH TR S BRI B REFER:
J=[ le()|+ wiu (0 e + wyt, (3-10)
%Eit (3-10) EP’ u(t)ﬂ]ﬁ%ﬂ%ﬁﬁ&, tu%J_tﬂH‘ﬂﬁJ, lewzﬁﬂﬁo %Ti&ﬁ
BT KRB, BATERCPBREXETET SR, B—EBREEIE
— KW, KBEEEENBRRIERN T, BE RN T:
J=[ He)|+ w2 e + wyt, +w,5(0) (-11)
He, By LRom LUEBREANSE BB TRAE, B TRIUM 08
ZIFFth . R EIRIPE REE SRR BB ) 5 T, F S8 as K AR G et &
L RIABWTEE, ST EtERefats J i LR,
WMETZELRE, HTHEESANRE, ULRERDIELA, LERRAFTE.
ik, ERIXATERSE, A:

1
[’e(z)dt ra (3-12)

DR 1 88 O AR 4 18 25 FT LUB BB IR RO F Pk e, RERZHIMRL
AXRBERK. WERETR, RAITTLUFAEHSRM BN ERTRE

F(K,) )RR ARG T I 8E.

3.4 EEaEERE

I
e l +J y
r
.(8) > C(S) 'l > PO(S) _’®.:__-—__>

Tt

3-2 BHEEHARR

T 32 FintEEEHRE, Co)hEHR, P)RFHRRIMEER

22



BT BHARNS BT

B, AIHERMAREDE, SERAZNERIRE. EFRERNEME, B’
Po(s), AGIATENAERREHERE, BEE Ws), EHAMEHL

|AGW)| < W (jw), Yw € [0,+0) (3-13)
AT RIS . W RHE IR R BOERE A
P(s)=F,(s)+A(s) (3-14)
HARBHHSHHEFR. BERENEENETUHTEESRKER:
A(F,, W) = {P(s) = Ry(s) + A(s),| A(jw) [ W (jw), YW} (3-15)

&R B LB TR E H, aEERRR LI, RATH&HE
HREEBARAIWTERRSE (B 3-3):

A 4

A(s)

G(s) <

3-3 HMARL
R

C(s)

"I+ R ()CE) (-16)

G(s)

MPG(s)e RH, + A(s)e RH,, WIg/pEEE (Nyquist HI#E) AIBEEZERS
EBRBERN— MR FMHR:
poLlsel. <ellcel. =reoe), <t (3-17)
ALLEH, BMEA@ARRE, REP(s)e AR, W) M F(s) EWAEFIA
HHREABBEORS, NEXREENREEERENRESRH.

3.5 XE/G

AEWHENAT HEHREMEBIEER, 75 PID EH RE#TEEIED
PR b, AMRT —ARSREWRGRIER, BEN TERRELRREHETT

iwtig.

23



£ PID BHI RS

FNE BTBEEEIHNERTTLMS PID EHREHHR

4.1 FELMS PID #4358

HAER PID S| S8 R B T

U(s)= kp[l +}1——+Tds:|E(s) =U,(5)+U,(s)+U,(s) @-1)
S

i

BAEA PID 255128 (LA 4-1) FHEHSBINSINBRLE T ZENIE
t, HEEEE PID ZHIBOBOMER R BT —AM, W FrRERTBKH
RG, LHEARIHSER, HfiAgEBansiREnEN. Rk Ti%A
SIABEE KR, BESERTENFEENREY, MU, 3 KEEFEHPITHI
HWHRARIEIEN. AT RRERES, EEH, BRITEEAFWTERHAR
SELMS PID 44304142

1 T;s
Us) =K, |14+ (=2
© "[ Ts e

H

)}E(S) =U,(8)+U(s)+U,(s) @2

APk, HELBIERE, T, W EEER, T, hESREIES, T, hiEKks
HH XHAERM (4-2) REFARTELMS PID BB, %% HI 3R
AEFE—TAMAKEE TR, £558RAT IR e u, (0) K= RLE

4-2), FrUEXTFEAER PID #54123(LE 4-1), A2 5 PID 4| LA BT
. B 4-3 RASERMS PID ML HAER,

u(k) u(k)

0 T 2T 3T 0 T 2T 3T L7

A 4-1 B4 PID #4 B 4-2 R5Lm4 PID B4

24



BE ETREEHROEET 2N PID BHAKMTA

KP
E(s) L — U(s)
> KATs) » X —
A
K, Ts/Ts+1)

Bl 4-3 e PID MG HIHEE
RETFHH, BAER (4-2) M. #5. Ra=H2 05 EELE R

up(k) =k e(k)

k k
u, (k)= (k,TIT)Y e()) =k e()) 4-3)
Jj=0 =0
KT,

upk)=—r

(1-a)[e(k) —e(k -D)]+au,(k-1)

=k, (1-a)le(k)—e(k —-1)]+au,(k-1)

T, k,T,
B, a= k =k, TIT,, k;=-2
EP a Tf+T’ f » i d T

W (k) = up(k)+u, (k) +uy(k) .
Au(k) = Au, (k) + Au, (k) + Au, (k) -

ASELS PID BRSNS HEEXBERMEL, . k. k,» T, KIRME, X

Fr, EME, RIOTTUELHE o ERERE. EEREHT, Bkl

RIREM, A EBMRURLNIRE, X FEETHRNAETNREERS
i R — B E TR A .

P, B 44 5H T RATLHS PID EHISIENIEFER, B4 PID %8

KR T

25



£ H PID BHIRENBIR

{ BRESKMM ks T Tos T ,,—l

BN k), k)

v

HSLINEAL ek) =r(k) —k) J

v

l T ke(k) ~u(k)

<>

Y

i la'i: e(j) + u(k) - u(k)
70

T
kg —a)le(k) —e(k - 1)1+
auy(k-1)+u(k) > u(k)

v

e(k) - e(k ~1)

& [l

B 4-4 Ae2H5 PID EH BRER

4.2 ETREFEZNSETFTLRNS PID 2585 80% 1t

4.2.1 BEEEGHM

B EHIE (Genetic Algorithm, GA) RIE 4RI E K &K K —Fh 2B bE
MR ST, ZEE B ERZKFHB Holland RHZEAET 1975 a1
WG, BAEHERMASIRETEAMEERXE. B 1985 FLUK, HiF LEHTF
TEZEREHHENEARSUAH G, BERBEEEZSA4RATH
ICGA (International Conference on Genetic Algorithms) 2131 FOGA (Workshop on
Foundation of Genetic Algorithms) #9453, TR Flig & BikiR 4t T B FFAE
RIS, Bk, BEHE RN T I, 2588, X@Efh. T

26



BT ETREFROGERTEMS PID BHALNPIR

W B SR RGUR, R T HZ B Fin, TEERL. FOKERFEE. fFLE
B, NLRAE. ’REMBRE. BREUEEEZES.

GA R AR FARENBNAYE RSN BENMEEEREE. ©
f 35k A FELABL A2 5 4 AR 10 L 4k R e A A L A B AL BE AR R M B AR AT R
I — 4355 T, Holland ¥ “RMFBIK, EHERE" MAEYHILREIANRK
2 MY R R S BXBE AP, $RBTIE BRI E R (R OB B A P I X
X RESMAMEHEATIHE, FERESOMEERE TR, ARFritidk. HK
BABAAT E—RIER, XRTLE—R. XFEATMELS, HEpMEENE
Airie, HEWE—EREHE.

BN LI B

BHM 1967 LK, AMBLIRETEHRRBANSEEHE GA, —HIE
Holland F 1975 4E42 4 49 GA FRAFRAE GA (AR HBEH T, SimpleGA, A
% SGA), HEEISBRWT:

(1) %if5: GIBRGBEFENAR Y AELEN, GA EPTKBZA, &
SREREASBENRETR, BRBRHESEERER NN T E, BHESTH
YEBER - EKENSEEEKN D), BRask, —NMRRRBTRB—ME.

Q) FEANEEE: BN EABRR RS, REHLAE U A )
B N ANIEEAMEYE R VIR, R REE. U8, —BCRE, B
BN ZE . GA R MX—VIHBH AR, Bl B L8 AE, Bl iR,
RERBEFENFHRENE,

(3) MEENE: RIEEEN R R A EE X —ENERE, HUK
A A o) R S B R A% 3R 55, BIAR MRS - (& R B R SE S B,
BRI TN

(4) ¥E#(Selection): EHRAHIMT “EHEAFE” HBEREN. —RRAHHLEFIE
BHTOMENE, MENESH, LasRiilastis. Bk, M
WIERMRA £,)3 f, b fAMRERNE, D f AMEERE B, &K

E 2 B ik ) B S R RUE
(5) X (crossover): XX REENBREHT. SGA —BKAHRFL Lo
HASHERMMEURNME P hE BERAELN . RETHINE, Bl

27



¥ PID HHI RAE MBI

EHEXXME i (1=i=L), WHTHRTXALE i GUHER, F=ERASHTME,
FARAGHAT KEMERMRE. XXM ERETEERNEEAE, HAH
RAME, THRMERZEKHFXE. SFEBAIlT BRFAFEBRHRNBE,

Stringl 0101010 ——=*2» 0101101

String2 1010 101 1010010
A A
(6) ZF(mutation): XXTEHRGEERRRETF, BRREL(GIOBITH,
EICARER P, U R L3 —Or, LA & A 4
String 0101010 —Z=@ 5, 0101110

A A

BRR—IMABKBRERIE, RERKEZRNBRERFR. ERFHSEER
BHER, WIREFRADMEM SN, REH 00N ERER BB, B
HHEREE GA B HBEHEER.

(1) #IEHEN: GA REPITEMEFMAERE. X, BRIEEETF, H
EHRFEMESAEN . WSOEM EER: OGA EHFIGEZHNFME: @GA
BT e KB KRG OTETRE BARE P & RN ME I & R Tl : @&
TR AME BRI LB SR B L. IR EAIL E

HirE$f: R">R, XeR"ARHZE;

ENERE ¢: =R, HPIZMERZER, aclith ™Mb, oTREN
#(a)= S(f(a)), & K LU ¥ bk 5K

BB N, FRE . B PO={ai(t), > amt) | a()ET};

EBRHETS; TXHF C, XXHE P, (—KIH 0.4-0.99) ZHREF m,
BFHME P (—HHECH 0.001-0.1);

BEIEERA: Y'—(T, F}, THRRE, FETB: Barif GA TR R:
t=0;

HIGE: PO)={ a,;(0), --*» am0) | a0)EI}, I={0, 1}}};

BERE: PO): {d(ai(0))s -+ ¢ (am0)) | o (ai(0))= 38 (f(ai(0)))}:

While (/\(P(t))#T)

28



HE ETREFERNEEATEMS PID BRRZANDIR

Do t=t+1;

EH: Pt)=S(P(t-1));

RX: a k®=CP)PW) » VKE(1, 2, =, N};

ZH: a kt=mPy)(a k), VKE{l, 2, -, N}

EREE: P O=(a (1), > a n®}: {®@ ®) =5 & (@) | ¢ ()=
8 (flai 1))}

End
AR AR R R S — AN R IR ), BT it ST — R R DA T IR
W
Procedure SGA
Begin
Initialize P(0);
t=0;
while(t <T' ) do
for i=1toM do
Evaluate fitness of P(t); %|MAi&E N FE VP4 ik £
end for
for i=F1toM do
Select operation to P(t); %iE#FH T
end for
for i=1toM/2 do
Crossover operation to P(t); % Hiins X HF
end for
for i=1toM do
Mutation operation to P(t); % Ml RH T
end for
for i=ltoM do
P(t+1)=P(t);
end while
end
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B PID BH ALK

G LR, GA XA RBHATIBRVERRE, B AT RFTAE M RIEN R,
RHAERKEE . GA MBREEERES. XX TH 3 MREREZT. GA
BEMTH S M EEEER.

(1) X EHRE;

(2) AR AR E;

(3) &P R R E s

(4) BERAER T

(5) EHIBHORE B AR IBA R R E).
Lk 5 MNERMIRL GA KIZLAR, RET GA FRKE XK.

4.2.2 BT RIEHZNEETTLNS PID EH BRI

FR UM PID #5185 hEat, £ RTS8 PID FHIRMdES%
RTRGEHEENE, FAAEREFREHNTERLMEEEERITEHE
S, MR E A LM PID BHBSBEREN A RIRATIBAL.

) ZHHERFR

HEZHHESES, HAERHEIEHRNSENGHE, RERIERERHER,
XIHT WG . ASCEBHRD, HENHETERITRE. L4 X K
KA X=(x1,X2,X3, *** X)X ERI=1,2, - on. LHFRBEERES, EFAKETN

@) EWHILEFH B

A SRR v ENUBENLF= A IR BE . FhBER/MEN B EEN SIS S
—, HMNTHEMGENRERGZWE . B, BERLTRENER S
%, A BEXERSFRH TN ARG RO SR

() Ha5E &ML R B

HR-NMERRENEEE =AW, Rt Rt mYEsE. wEAt
TR R T RGP, B B, #EIETIRRR, REM St
. FMITEE—EMAREFFTITLCRBHELMHH—HSE, FAPIR
— MBI

FESLPR N A AT e D RE R A MR S BRERRE, A TR
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BUE ETREFEOEERTERS PID BEHRAEOHA

BfE R K, 7E BRI IMARRIE. By T R HMRTR, A4
TAARHE. RERLFRAELARAFNEFRR. %0 RRREE,
BB SRR X R R BT B B . BRI S R R R LR A
T @ ) BAR, xFRSHEHESH,

W AR

FERAER B A A A PID SEGHT L. FURBEEERILK, |
K. K, T, AGSERINT:

O WS SR KB H R KA, TR

@ BEHL=AE n A MEHIBHTIHEE P(O) ;

@ WHBTEANMERBRARN S, s kRN R RE S RE
RERHIE S RIS =

@ FEBBET. AXETRERETAHE PO TR, P4 TF—R
FEEPE+]);

® EESEOND, HESNBNRSITRNITH

4.2.3 BireR BB E

A% Rt T B BT 0 T AN B S5 ) R )

@[ c) F—rporrars) (4

v

Bl 4-5 REATIERALEHWE
Hrh PR RZHFFREE, Cs)RAW@-2)RNHIARELM S PID 2425, B:

Cs)=K 1+L+Tds -—1— =K +Ki/s+ de 4-4)
Pl Tis T,s+1 i T,s+1

i S

AP(s) ARZMAHIEIRZE, HEEEARRH(Ow) e H, #HRE:
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£ # PID BHIRLKMTIR

|AP(jw)| < [£(w), Yw [0,00) @é-3)

X, B 4-5 IR E RER & BT e ER T RRAL:

COP©E)| (4-6)
1+C(s)P(s) ||,
EREALRFR:
lcumPGWEGW) 1 v, @)
[ 1+COWPGW |~
& howy | CUMPUWEGW)|
) | 1+CwWP(UW) |
W (4-6) FHF:
h(w) <0, Vw (4-8)

AT IREGHE TSRS, R RELESHER RIS ERE R E
HSEIEBRNB/DNBARRE; RN A TR IEEERERE K, —MREBARERE M
AT BHMARTF R TERAR, WER FRENSBOER MR AR R,

J=[ [le(|+ wa? @) Jit + wy, (4-9)
TR (4-9) F, e() ARFKIRE, u(@) hEHIIFHE, ¢ A EFEE, w,w, A

BAE. AT BEEKIBIE, RNELTPBERATETEE, B—Ei@#H
Bl AR, BHEEREARMIEGN—T, BERNEEERDT:

J = [ e+ wu* @lit+ wyt, +w,5(0) (4-10)

A w,wy,w ABUE, BREZ w, >>w .

BUE w,, w,, wy B 6 HR U

(1) & BiFRBORMBENR—HEY, BRE TR bRXT H bR R AU
W EIML

(2) ARIMERMNHEETE. flm, HEHEEMAR, Ew X, B
LTI RE BTN K& T

o RAEPAIR BRI K RSB BA1E X6 BB T
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FNE ZETREEENSEATEMS PID BHALNIIA

1 0>5%
o(o) = 4-11
@ {0 o<5% ( )

XA, PID S E R ERB A FR—ASY, FHEG-YRWAREZHEFT,
E@-10REE R/, R KBIM T AEALRAIL R &

{Min J @12)
h(w) < 0,Yw
XF (4-12) X, BATIEWT TR

P(x, )= J + p h(wyu(h), Yw (4-13)

Ko, p, B8 e RSB TE T, B, >p >0, u(h) REAHEREL,

BiF:

uMk?ﬁ%SQW%%ﬁE
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