B2k Al FHERS NEA Vol, 2, No.1
19854108 CONTROL THEORY AND APPLICATIONS  October, 1985

e

REERRESPRERLT K ()

w3 R
CURE TP

w B |
AN Riceati MO TR H’Jﬁ'ﬁ’ﬂi fﬁ%’iﬁl'LT‘“)tF”H’J*é‘E‘%ﬁq’i&ﬁ?&, HMH
In] EZ-‘Z‘E mi’imﬁ(éi’i Lbi}t%ﬂ, @”ﬁt?&&ﬁ’?ﬁ&‘ﬁﬂﬂi éfiﬁﬁfiiﬂﬁiﬁiﬁk

ﬁ]ﬂ(m‘ﬂi 1983 ’Er“ﬁﬁ{u’ ﬂ’J-’ }_Eﬁékmééfc ﬁ’@%mm}ﬁ xlﬂ&é&ﬁh
s KRG 2 T,

CTECS I, RAIRIER KA RSN ARG BRI 2 5ok
Mok, R T R PR R B BRAT I, RSO IR X A B T 2
JORGE, T HXURECOI LR AR 2 M R SR8 ) ST

PNCHEAE S
ARSI gk 45:,
| BB AR K R |
X = AWX+BOU, ' (D)
Y=C)X, ; 1),
(1) TN s D RN T R4
' C s s
7.(i=x4ii(i)Xi+Bii(t)Ui+ 2 AW X+ EBii(t)Ui (1=1,2,,98), (25
i=1 j=1
j#i j#i
Yi=Coilt) Xt 2, Coi(DX; (i=1,2,,9), | @)
j=1
‘ JE=Y]
| WRIT RN
- Xi= AuXi+Bu(OU,  (i=1,2,,5), (3)
Y‘.=C“(t.)X. (1=1 2’..."3;)’ (3) i

%XEE..TEI%X\U\Y~X-\ Ul' =s ]}%]Enéﬁ m‘ﬁ i’ég- nilgﬁz\ miég::\’?l'g-; NQ%

4R3CT 1983 4F 10 A 19 HilkFE], 1984 4F 6 A 23 HULBIBEILEE




2 EHEES MR oy
B AW, BO. CQ), Au@), Bu®, Cu, 4ii(1), B CoOTRIRnxny

nxXméE, pxné& niXn; 4, nyxm; éﬁt‘ piXm 4k, nixny éﬁ\‘n Xm,ffﬁ,p Xxn; 4&(1
%429wﬁ m%ﬁ%%%miﬁﬁﬁuﬁ ‘&Lﬁmﬁm~&ﬁ%m
(@i ()| Saijy 1,5=1,2,0,m5 V=t
lbu(t)lﬁb;;, i=1,2,"',ﬂ; i=192a°"’m? Vi=tg, (4)
Lo (D <cijy 1= 1,200,305 =1,2,00,m, Vi=ty,
T @iiy bijs Cii%gt%%ﬂgﬁﬁ%{.
ME (4, Ba))sme—5kE, (400, Cu)) TE—HERM, nx
f‘}lﬁ.l_é%fiﬁﬁr?”%‘??é?ﬁ(3)E’JEE!31_ZJJE’JH<"‘75$£ _
Xi=AiDXsy  (i=1,2,08) (5)

ezt i, BoEMR—-BWHERER, B0 TRRAREN, ET@EX%&*%&M
Ea"”ﬁ%‘l?‘?%(:&)ﬂ’] KM BETE AR

Ji= J‘» CXr Q)X +UT R, i(HU 1dt (1=1,2,48), (6)

L 10
SRBAMANE R SR BA BRY
Ui= =KX,  (i=1,2,,8), ()
HEEMTHET R4 (3) WEAFHET 7% | I
K= (a0 -BuKa X, (i=1,2,055) (&)

B E TR
CODY(A)) = [ A1) - BiK (1) = ADI]

=(-D" AW +PIW P (t) F oo+ P;fil(t)i(t) +P;lf>(t))

£ (i=1,2400,5) A (9)
B T R AR 2 ) a
o ReA(A:i: (1) = B..(t)K‘.(t))< 6\0, (i=1,2,: j »$)s (10)
S EIFN ST R (8 ) M ERRR — SR R, b |
Kii(t) = R;P @B (DP;. (1) (1=1,2,-5), (11)

XT Vi=t, R (g m;xm; ?&IE%X?‘%%EIE,O;;UF CT,()Cii(t) B nixn; éﬁnXﬁéﬁEi}ﬁ
AEIERE, BN RS BES—BCF R, 1Ml Pii() 72 Riceati MRS TR
\Pu(t)+P,-,-(t)A,-i(t) + A1, ()P (t)—.P,-.-(t)B.-,-(t)R,-‘,-,*,(t)lei (P;i(t):

+ CT (DC(1).=0  (i=1,2,,5  Vi=t,) o2



3 8 KA HAASRRERZT K@) Y
—

SRR, SRR =1, HR S BES—HA R,
3 BRI AR P (0 fE LB ZR BLE R R HC
My 4+,
VLX) =XT P Xi= S PG Wxay (=120 (18)
: ' o _€,i=1ll+--~+7’ly_‘{1jl . :
ﬁ%ﬁfﬂ‘]%ﬂ\]‘?ﬁ?%%éﬁl:ﬁﬂﬁﬁﬁﬁﬁi.éﬂ Kpacoscruit' " I, FFELEE B1:>0,
5zi>0’ HHE

B”X,T X;SV.(t,X,) = Xz‘ P,.(t)X,Sﬁz\,X’{' Xi (i= 1‘,2,""78). ( 14)

b \"" .

v, ot e i
g (33—t TSR

v,

dt () |

(i=1,2,0,5), ‘ o ae

B CT(0) Caat) + Por®) Bu() Rid (0 BT (0P (D RERMUARE, 18 1= 10 W2
s R, Kpaconorui ML, HEEH B>0, £>0, feid

BsiXT Xi=Xi C CT, ()Cii(t) + Pii(t)Bii(2) R:;*()BY, (HPii(DIX;

= - X1 Cl (t)civi(t) +P;i(t)Bii(t)R;il(t)Bnri(t)Pii(t)in

LB, XT Xi (i=1,2,055 )% SRR (16)
et
. "d‘l/“.‘ ) S—BaiX? X:i<0 (i=1929"'gs) C17)
Lo dt gy I L
HHAZFREF AL (8) WERRE—BOFEaE.

u—Fiﬁ i e e

- U= (U, Uyy oy uHTt I \/ | (18)
fe B R R R RS (O MARBRARER. R U ORFR, (=129
R RIS T AL (3 ) HUSR AL SR A B r

Pl (13) RARIRIEN ZRHMILT 75 (3) WRITNET RE (8) W
MRV (X FE R B R Bk R (D) K RER R, B (DR
X ¢ R | ,
vt gev, av, dn i dpg oy L
| dil \(2) = ('_t?_Tl—Jr_ﬁ—xT 77+.“+ axn.iu-ihT)(Z)

Ny :
an aV1 ) . .
_—T?t_— + axl'l (a” (t)xl+---+a1n‘(t)xnl+ 2-a1h1+i (t)xn,w

n=1



24

?A’tﬁ'j ’IE%fA’fﬁ" 2%

+

«b

+by, (Du,

i

Nns

=1

(1)u

Imy +1

o b

2m-m+t

aZn,(t)xnI + Ea2n1+i (t)xnl

i=1

My

1=1

~

( Zaln i (t)x +-
i=1

-
=
—

]

[

3

Ik

I

b

ny,m- m,+1(t) um ms +1 )

() u

mln

+oe kb

et 2 aln-ns+i(t)xn-ns4i+ by Dy & +b1m, u(t) my + 2

o 4

1,

2m

(
1

m—ms+i)

+ 2 %y m, +t(i)’°n +1

m

v, |
2 blm - +z Wu -+t ) + Ox, ( %2 ‘_(t)’”
i=1 :

g 2 Con-ny+i (t)'x1z—nx+i

m, ms .

e 2
B n, N ? 2m +z(i) um,n )
i=1 =1

1

oV, '
+ ( anll(t)x,+ +an,n,(t) Xy
1

R :S By nonesi Wx, nﬁj‘+bh11(ﬂul
1=1

n, s

"lx(t)u"” * z bn,rn1+i(t) L 2
i=1

1=1
My -
="631(x1+ ’+7 ) +- 2 PiP(Mx;
pog=1
T 1,
<X ,
* aln:nﬁz (t)xn -1 s 2

i=1 L CondEY

blm +z(t) & +'+ e 2 b 1m-m,+1 (t)um;m3+i)

P

i ‘(t)x;j..‘(' 2

om  +1i

(Hu

Ty

=

1
21, +1 (t)x (e j e + E 211 N+l (t)xn cn+d
1 i=1
s . .
j et E b‘2‘m—ms+z" ®u ‘m—msw‘i:)i%

W+

i=1 &



KEEHRESRRARZE K@ 85

(23 ns
+2 u) " (2 (D -+-+2 : D )
P ()x’ . a111721+l():?711+2 . : ‘anln—nx«»z (t)xn—nsﬁfz
]_.1 1=1 1=1

M,y ms

(1)U . aee .
+ 2 b1ll7”1+l (l) m1+l+ + E b?l“?l""h"l t
l:l ! ]'::1

u vy = = 5. -2
W mfms+z”> sy (xi

+x7221) +2( Pil’@ay, - (t)+P‘“(t)a2n +Z(t)~1-

n,

P(l) | (t)an n,+i (1) ) xlxan- +.2 ( P{D (D) blm +z(t)

Pip ()b (1) +

2m, +1

Pl [ I
Pnll(i) bnlm (0 )x‘ Um i £

n,

S P way, O+P Way, L@+

m,
(
+ P(:r)z,(t)an n, +Z (t)) x?ll xnl+i * 2 ( p !)(t)b
1=

in, 1ml+i(i)
P (“(t) b2m +i(t)+ P;ll‘l)l (t)bn17111+i(t)) xni um1+i+”‘
+ 2 ( Piy ag, ;O +Pi00 () ay n”(t)+
i=1

ms

o P(“(t)an n-n +z(t)\) ¥n-noi * 2( Pip (t) blm -1 40 :

1=1

+ P31 (1) b2m -1t QRS +P1;:i(t) bn m- ’m ”(t))xlum -+l
1

e F 2 ( Piflz:(t)aln . () +P‘“(t)azn i, ”(t) +

+ P,‘z‘;“(t)a n—n,+i(‘)) Xy Fpgai T E ( P‘“(t) b1772 i B

+ Pé;zi(t) b2m m, ”(t)+ +P7;1’>1](z)b -m ”(t)) R



BEH By RE Vu

26
— %
n, -
<= By (a+ +x>+20%wm%d{
i=1
> Ciat g 11 2y i+ 2 Dt 1wl Iy gl ++
1=1
m2 n;
DR NI T R S SRR I P R
ms . .
+ E Ciat 5y V. M1+ D DAy 1+
i=1
Mme ‘
ES.D;;”x n i | (19)
i=1 } :
X H
4 (2) — 1 B
Cif | é?fﬁ?oo CIP{} >§t>1;a1n Vi (z)l+—] P{b (t)IlGan%il +
_{t |P<1)(t)[|an i, Vi )3,
(2) = . 1) ¢ (1)
Cm1 tuénta<xoo. (]Plnl_(t)!]aln O3 + |P (t)] [ ”2n o (Ql +
¢
) _+w“um%n”mm
\_...__.._.____..._.'_.l. _____________________
() = (b
i =, Bex PO ey 01 P O 0y, 0] +
+|P<1>(t)|[an - nn(t)’]’
£ = - (1)
 Cin, gﬁnguD <nHah,n”un+4p“>un|%nn*ﬁn,+
o+ lpf(lllr)ll(t)”an n-n, +z(t)|j’

(20)



39 KEBHAASRRERZY K@ 27

Dif’= max C(IPiP D|lby, (z)|+;1>“><t)ub

IO
by <t<<oo il
+ IP“’(t)H by si @135
D{2 = max ( P“’(t) | b (t)l*‘lp(l)(t)llb ;W] +-
M <t<oo | | lmy+i 2my 43
] + 1P <0l|bn,n,u<ﬂll,
D= max PP @I by O+ O by, O]+
l 1, <t<<oo 1m-m+i 2t 2m-m+1
+ 1P @I b, memsi 15
Div = max P11 by, 0 O+ IRy D1 by B+
M <t<oo ‘! Lm-mqsd s
L +|P;l*;l OF L cmai 13

21)

B RMEI BRI TF RS G MHRHE T R4 Q) MR GRS RES (7)
B IBIER :

g+,
ui= = O ky@xy GEmy e bm Ly ymy e
jen g eeen, g+l r=1, 2, *,8)
L=
ny++n, 4N
wls D ksl > Kl
j=n1+---+n,_l+] ; j-nl+---+n,_1+1
(Dammy oo bm,_y+ly ey mydos bmg, r=1,205,5),  (22)
Rip KRE t BRIEEH.

¥ (22) RN C(19) RHPEE:

v,

(2
- = = Baulei+ o w2l )+ 2 Cirlmillay, i1+

(2)



28 CEunBtsRER

2%
.nz
* z Ci(nzl)‘xm”xnﬁz ot E Cir? |z, il T
i=1
O ”7 722
‘ s
" Gl i | #E 2 2 Itz
i=1 : = :
My ”« |
(s)
+ K D‘“E]x |2, 1+ +K zD
i=1 =1 l“l
.,
R K> Do 2 ESRIENY
i=1
== BarGei+ ol )+ 2 Bt 1, Hay, i+
* 2 Ft(nz,)] n, xnlu . E E”)ix‘”xn'n;+ii+m
* 2 g N R P , 5 (23)
Hrp
4 g o W m;
- . .. ( = ( (2)
b= it K 3 D, g - of e kS Dy,
7= 1=1
(L
ms s
E = C +K 2 D, e, 1‘1;: = C“ +K2 D‘S;; +
\ 2"‘1 ‘
¥ (23) REMBITESEH, &,
5y -
v, ” "2
T = - ”_ "(33136'1"'2 E:IZ)LV ”xn +Zl _n—n,
(2) : i=1

7y

ﬁglx +2E‘“]x Hn+zl+
i=1




3 58 , K AEHRGSBRRR 2T K (@) V 26

< B fxullx

($) .
53‘xn * 2 Em!]x xn».nsul’

n—ng«zI

i=1
(25)
% ¢ 25 ) MR Bailey "' RER ( BiCsIHREIE 3) .
e b
—az® +ba< 2.:: " Tod
x B a>0, =0, ¥ v0<z<cof3), H
(2)?%
dv, <-8 B S (n—-n,) Efi .
dt gy =70 ey 2 Bss %3+
Ei?
1 5 (Tl"'nl) 21
B ———— xi+ 2 doere
Bss 2(n—mn,) ! 2 Bss rye2
¢ N 7(2) .
1 n—1n, Mgy 5
=631 2(n—1,) 1 2 Bsy *n +1y Bs 20n—mn,)
(2y?
, e B 1
B 2 By T mrl TPla(n-m) M
(sy 2 czy *
(n—mn,) EZn)l N _g 1 o (n—1n,) “nyn,
2 Bas n1+2 S e(n-n,) M 2 Bsy
B ?
2 ﬂ l 2 (n—ﬂ ) 11
7,1, TPt om—n,) ! 2 Bsi vl
s
i (n=np i i
=B sn-n,) o [ R 1 o(n-1m,)
(s) %
, . (n=ny) Eln), B 1 , , (n=1ny)
RN S RS B AL T 2
s ¢s) 2
Eén)l 4 8 1 y (n—-mn,) TisTl g
‘ Ba, -t 2 $llom—-n,) 2 Bs.



24

30 BHELSRERB
—
By (n—mn,) 2
< xr == 2 (x} +e + x;l)+ T [(E‘“ 4o 4 Ei:l:)
2 2 2
R +(Bg” + By ) & Ep gt A OB E(:;ll )
(n—nl) s s 3y 2
L g d COBP ™ v Bty o+ (BEP " v
s sy 2 s 2 ﬁ
+ Eén’! VEL gt CELS + B U oxk IS - ’2‘ (%2
4ok xfll)+Llz (x;1+1+--.+ :lﬁ" ) e L,,(xn_n#l + o +x;)‘
(26)
x B
( (n—n,)
L= max { S22 et o ERD, BT s B, -
2
Bt e B0
{om ot e UL L L
- (n—mny) (s)? (s)") (sy 2 s
Ly.= max | Sp T GBS vt B0 D, (B ek Egp P,
4 - s § 2 )
{ (Eés’ e Ef(lr)l; IBR
(27)
HARER (14), ¥ (27) 5K
av, B3 . Ly, Ly,
—_ <- V,+ Vo doer + Ve (28)
dt 2) 28, ! B, : Bis
FEEE
av, 21 B3 . L,
< V- Vot + Vs (29)
dt (2) B4 ! iz Bis ’
dav, < L,, V,+ L,, |/ Bss V.. (30)
dt (2) 11 B2 28




3 8 KA HEASRRERZT K (@ a1
ﬁELzu " L, ) Lsu vy Lsoy SEE&EPTF Ly, oy Lys, ﬁ#'ﬁ‘ﬁ, N
g5, WA

dV! Bsx sz L,,
<- vV, + Vo oov + V.
dt 28, ' B B "
de sz 832 Lzs
< 14 Vot oo + Vs (31)
{ at i ' 26, B.. "
JVs le Lsz ‘ ﬁss
ELLUET R LI O IL St s L L
\ dt ﬁlx ! Blz : 282:
g R R
/
dvi
581 le * LIS ®
= V* + V¥ +... ¢ V!
dt 28, ' B Brari 2
avsi
L,, B3z Ly, .
= Vi Tokent V! (32)
dt By ' 2By 7 B cn e
dv?
’ le Lsz 533
= 4 Vi 4o - v,
dt 811 ' 812 : 265 s

XE s A—ME REREMS TR, BRRFEEENARTERNAN, FEENA
TERERAK. Hi, BR—AMEMK, HRGIHGIE 2 HREEENAHF. &E2)

HSEF B

L,,
B1s

L,,
B12

Bs:
2845

= (=1 +P A e + P A+ P) =0,

‘§%%~§%%%£?ﬁﬂﬁ%

(33)



32 EHERLSER 2%

e
. P1 Ps Ps =1 .
| P, P, P, P, Posos
Al:Pl, Az:ip P N N e 3 (34)
‘ 0 0 P
g Po=1, % j>sh, P;=0,
MBI —EREXRECEM, (33) m%ﬁﬁﬁﬁﬁﬁﬁ?%%%%%#%e
4,>0, 4 >0, -y 4:>0 _ (35)

ﬁSzJ‘L
Y (35) RN, (32)KNEBMREILRERD, mtb&ﬁﬂ CHIC5IH5IE2 ) 4,
(31)}3’33%1_‘7@1%_%%%8’1, Hp '
lim V,= lim Vy=--= lim V,=0, L 036)
i—-»co -0 t—>Cco
HVRIER Y, BRI MR ER AR R S (2) WA T REGHZBRE— B
ERER. HAE. . !

BE MREERTEHARRESE (2) E@?%ﬁ‘ﬁ%ﬁﬁﬂﬁ:fi&zﬁ (32) BIFFAET T2(33)
BA A LS AR & (35), WAAHRZEEHIMITFRSE (3) WE FHEFR
%5 (8) B —BEfaEt, BRAKERNTEHRRSZE (2) WHAFNERRENE
B —BohE R, '

FELF R R R s SRR, BHARE T RELREEREE
REHEF IR SHIAER2IIER,

8 % X B

XKE, FEHRE %%@ﬁm“%@%,awwéﬁ,&s(w%),
v178-—182 :
(23 XKiE, KEFH %%Eﬁﬁﬁrﬁwm/‘ﬁlﬁlﬁi (1) ﬁéﬁ T2
#®, 11, 3(1983)

€33 XK, REEHASGER E B PO S BHEC2), 19834
B EERRHFERSR (DD4) ERE.

(43 XKE, REZHASER E B L RO 45 R E B (3), 19834
EIEERRHEEARASY (DD4) LR,

(5) $35R, KEBSHRESBBRER 2T KO, LWHELIZEZR, 2
(1984), 1—13,

(63 EFw, REERSBREZT A, HEFEHR, 18, 2(1975), 107—122,

£7) Kpacosckuit, H. H., Hexoropue 3anauu Teopun Ycrounsocty

m
[
.

Msux3sus, ®usmarrus ( 1959 ).
€81 Bailey, F. N,,J. SIAM, Control ser. A, 8, 3 (1966 ), 443—462,



3 KA R RS BRERZY A @

33

THE ENLARGEMENT OF THE STABILITY
REGION OF PARAMETERS IN LARGE—SCALE
CONTROL SYSTEMS

Wu Qibin

( Shandong Chemical Institutc of Technology, Qingdao )

Abstract

By means of the symmetric positive solution of the Riccati ma-
trix differential equation, the Liapunov function of quadratic form is
constructred in this paper. The stability region of parameters of a
large—scale time—-varying linear coutrol system is enlarged by ap-
plying the decomposition method of vector Liapunov function and
the principle of comparison. »

This work is an extension of (5] in which the enlargement of
the stability region of parameters of a large-scale time-invariant

linear control system is achieved.





