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2 EMLRFS
EREK REIDER N RIR &
’ _ NG,
P(S;qyr) - D(s,r)' (2- 1)

Hef N(s,q),D(s,r) REH B

NG, = Zq;S‘, q € Q, ’ ' 2.2

- Q= {q: Ziq, — g | <b,g" > 0,4 >0 i=0,1,,m},

D(s,r) = er, R, 2.3

= {r:Z'r:’ —r l La,r > 0,r, > 0,i = 0,1,,n}.
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l2g
%,
N(s,Q) = {N(,q}:q € Q}, '
. D(s,R) = {D(s,r):r € R}. é- 4)
K2 D, Q. OHEEE LT A, -5)
B No(s) = D g5 B Dy(s) = 207 s MR FHE NGs,Q) K D(s,R) ﬂﬁ%u%}\(/\/\
i=0 i=0 i

TR Zm
Ni(s) = No(s) +5, N,(s) = N,(s) — b,
N;(s) = Ny(s) + bs, N,(s) = N,(s) — bs,
Ns(s) = No(s) 4+ bs""1,  No(s) = No(s) — b1, (2.6
N;(s) = Ny(s) + bs™, Ni(s) = Ny(s) — bs™,

D, (s) = Dy(s) + a, D,(s) = D,(s) — a,
D;(s) = D,(s) + as, D,(s) = D,(s) — as,
Ds(s) = Do(s) + as"™, Dy(s) = Do(s) — as™!, 2.7
D;(s) = D,(s) + as", Dg(s) = Dy(s) — as”.
XF R H (2. 6) 7 & (2. REWBENE=C 2N CES dik P
¢ =L + 0.7 sqi Ty ¢ =[q; —b,qr SRRERY Ml
¢ =[e5 9" + 6,07 .03 T, ¢t = [q7 rqr — byqr s gn 1T,

¢ = [‘10* 2°** 9 Qn—25Gm-1 + b,q: 17, q° = [q; 2 9 Gm—23qm—1 — baqr 7, 8
¢ =g ginngn + 6T, ¢ =[g5 ,rgiirrqr — b
yd
r'=1[r +a,ry, ], 1= [re —a,rf e, 7,
= [ri,rf +a,r) e, I r=[rm - asry yeeeyrt 7,
2.9
= et i 4 a, s T P =[r syt — a7,
r'=[ri, et +alt, 1= [re seerty ot — al.
X
QA convig'gh ' .q') CQ, Q, A convig.gbq g} O, (2.10)
R, A conv{r',r*,r*,r'} C R, Ry & conv{r®,rs,r" ,r*} C R.
BA=T=T[0,1],NG,Q,) HMhsin
Sny (55 8) & (AN () + (1 — A)N,(5) 14 € A},
Sw,(s,4) & (AN, () + (1 — AIN;(s):4, € A}, (2.11)

Sny (534 & (AN + (1 — )N, :4 € A},

Sn, (5 & (AN, () + (1 — A)N,():4, € A}
NG5, Q) By At

Sn, (558 & {AN5() + (1 — AN, ()14 € A},
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Sn, (554 & {ANs() + (1 — )N, (s): 4 € A},
Sw, (51 ) & (WNL() + (1 — AN 1 € 4}, (2.12)
Swy(5,4) & {AN(5) + (1 — AING(5) 14, € A}
pes>R) BB
Sp, (1) & (7D () + (1 — ¥)Dy(s).7, € T},
Sp,(5,1) A {7:D,() + (1 — 7,)D5(s) .7, € T},

Sp, (s, A {7:D,(s) + (1 — 70D, (s):7, € T'}, (2.1
Sp, (s, A (%D, (s) + (1 — Y)D,(5):7, € I'};
(s, Re) WA H % .
Sp,(ssI") & {¥5D5(s) + (1 — 7)D,(s):7, € I'},
Sp, (5, A {¥:Ds(s) + (1 — 7)D,(s) .7, € T'},
(2.14)

Sp,(8:1) & {:Ds(s) + (1 — 7,)Dy(s) .7, € I'},
Sp,(5:1) & (%:Ds(5) + (1 — %,)Dy(s) .7, € I'}.
FRXMRIRC DB FERG .  n(9),d () ybflﬁf%wﬁéﬁ&ﬁﬁ’%wﬁéﬁzrﬁ“ﬁ,

H R AR

n(s) (2.15)

C(s) =a’(s)'
Cl) NETRH P4 B (B A 4 =K.
W RGN E 2T R
0Cs3¢,r) = n(s)N(s,9) + d(s)D(s,r), q€Q, r€ R, (2.16)
HLH R 2 TR
AGs3Q,R) = {0(s;9,r):g € Q,r € R. } (2.17)

X T4 IR (2. 15) , B L= AG;Q,R) £ Hurwitz FRTE M, W BRIZ P ) 58 e
HEM Sk Q. D.

3 FE4HLE
B pG) = h(s®) + sg(s?) HEE— HRMEFEAKRFENESMR, 32 X Lmtn
Ay (s,Q) = {8n(s,q) = n(s)NC(s,q) + 2G):q € Q}, (3. 1
Ap(s,R) = {8p(s,r) = d(s)D(s,r) + p(s):r € R}, (3.2)

RATE 5621 AvGs,Q) & 40(s,R) # Hurwitz BEYE. SHEE 0 > 0,40(5,Q) EEE
o ,
Ay (j©,Q) = n(jw)N (jw,Q) + p(jw)
R SR 1]
N(jo,Q) = N(jw,Q)), 0<w<]. a3
N(jw,Q) = N(jw,Q,), 1< w< oo,
%5
Ay (jo,Q) = Ay (jw,Q), 0< w1,
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Ay (jw,Q) = Ay(Gw,Q,), 1 L w< oo, G .
B2y :
Ap(jo,R) = Ap(jw,R), 0< w1,
AD(jw’R) = Ap(ju,R), 1< w< o, (3. 5

EE1 1 K Av(s,Q) Hruwitz 5, % B ALY T &5 LR
() An(N() + p(s), i=1,2,,8

3.6
Hurwitz 2 %2.
2) % Ap(s,R) Hurwitz B 52, LRV EAT=C 2k
- Ob() A dIDi(s) + p(s), j=1,2,,8 3.7
Hurwitz 3858,
IE - RHF A
EE2 ZWRE AG;Q,R) Hurwitz B , 2 BT 4 T & L1t
05() A n(IN(s) + d(D;(s), i,j=1,2,3,4, 3.8)
0%(s) LA n(s)N,(s) + d(s)D;(s), i,j=5.6,7,8 3.9
Hurwitz $8 5.
IE MEEN 0> 0HG. 0,653 518
AGjw;Q,R) = AGw;Q,,R) U A(jw;Q,,R,). - (3.10)

HOH 44 89 8 29 5. AG;Q,R) Hurwitz 4 5, W H AT Y AGs3QuR),AG55Q,,R,)
Hurwitz 858 , 2 B{X Y XHERA r € Ry, € Ry, AG3Q1r),AG3Q,,r') Hurwity .
EHE 1,4 HAVY '
Ohi(ssr) & n(IN;(s) + d(s)D(s,r), i=1,2,3,4,
0% (ssr) A n(DIN(s) + d()D(s,r'), i=5,6,7,8
Hruwitz 852, AT AG;Q,R) Hurwitz T8, Y BV Y FH L W% Hurwitz RE.
Ahi(s,R) A {8hi(s,»):r ER}, i=1,2,3,4
Ai(s,Ry) A {%(s,r') ¥ € Ry}, i=5,6,7,8.
BRNHEHE 1, Abi(s,R) i = 1,2,3,4,45,(5,R,) i = 5,6,7,8, Hurwitz T, M E Y
05(8) = n(IN;(s) + d(ID;(s), i,j=1,2,3,4,
O5() = n(IN:(s) + d(HD;(s), i,j=5,6,7.8
Hurwitz fa58.  JEE. .
B 2 RYL BRI CO BREEXNSIE 2 1 Fo BBAM R T R A £
%;%si,j =1,2,3,4 ﬁg—f%’i’j =5,6,7,8.
ABREHBOI T HBETR 2(),d () RUNT RA E G 6 R B 0G 3R ‘
HAUE BRI 21, :
n(s) = i(— Dias?, >0, k=0,1,,m,
k=0

n2(8) =— ()5 n3(s) = smy $); m(s) =— sn,(s),
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d1(5)= Z(—' 1)kﬁk52ka 'ﬂk>O, k=0,1,"',n’,
k=0

d,(s) =— d\(s); di(s) =s5d,(s); d,(s) =—sd;(s).
IO T A TR EA

) = Z((SS)) (3.11)

i=192,394’ ]'=1(y_29§j21‘:1,2’ j=192,3,4.
I3 P BEECH (3 1D AT, (3. 8), B D FIHEMNZF ARSI T,
g4 ARPEAHER AGHQ,R) #) Hurwitz BE .

T MR B.

T TS ST SR EI2E C,() FOHRIEMA T A Z TR M B K &
B, (HEH MR B).,
4 B F

2 RN TN SRR i B R U IR -

2
@ = {p<s;q,r> - ‘%i-—ii—i—%}q €Q,re R}.

HeP :
Q= {q:ICIo“13| + ‘%’“18! + IQz—9‘<3}s

R={r:|r,— 2| + |r,— 14| + |r. — 4] < 3}.
B R B X S, AT AR MR N E T £ TR
NG,Q) = {(N(s,q) = qo + 15 + q.5*:q € Q}»
D(s,R) = {D(s,r) = ro + s + rstir € R}
NG, Q) HTREZHAN
NG5 7 05’ + 185 + 16, N,(s) = 95 + 185 + 10,
Ny(sY'= 95t + 215 + 13, N, (s) = 9s* + 155 + 13,
Ni() =128 + 185 + 13, NoCs) = 6 -+ 185 + 13,
DG, R) BT E SN ,
— Dy(s) = 4s* 4 145 + 5, Dy(s) = 4s* + 145 — 1,
D,(s) = 4st + 17s + 2, D,(s) = 4s* + 11s + 2,
Dg(s) = 7s* + 14s + 2, D,(s) = s* + 14s + 2.

B 28 . C(s) = g
HAME 2105 % R EOE SO R (UE BRI 2 T3, B A SR ISR R S 2 TR T
REHRARN '
811 (s) = 4s* + 14s* + 91s* + 1665 + 155,
8,2 (s) = 4s* + 14s® + 85s* + 166s + 101,
833 (s) = 4s* + 17s* + 98s* + 193s + 128,

8., (s) = 4s* + 11s° + 98s% 4 139s + 128,
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12%
05:(8) = 75 + 145" + 1155 + 1665 + 128,
Oss(s) == s 4~ 145% + §1s? + 166s + 128.
BBHWAE 0:(s)yi = 1,2,3,4,5,6 £ Hurwits RUEY, B 3 4, ) e Cs) ‘%mﬁ*
Rk 2. 83
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MRA 1 miEs
IEREH 1 ZHL R4S T,
SE1Y BREAMETR 0 = by (2 + 585 (1) BE () HIERRL W TFHI= 425302 47,
1) 8(s) Hurwitz Bz,
2 HRMEMRA 516D A ha(s) + jgs(s) Hurwitz B,
) HRMEMA 5,0 & ha(— js) + sgy(— 75) Hurwitz £ 5.
I TWEY RATHBE A (52Q), % n(s) KR BTG 22 ST 005 TF 48 43 0. 20 W £
TE B 301,
FEAERES L B L TF o> 00, 1 fi5 4 Av G Q) RE JH B BRI, S 0 MR 2 0 > 0 1,
0§ Av(Go,@(HF o =0kt,0 & Ay (0,Q)). '
B4 0< w10, 3. 4) L B R R o* € R ffi8 0 € Ay (o ,Q), T « #E
O MIFES N ht, 0 & AvGo,Q), NTT%HE @ € R, fifE 0 € Wy (o, Q0) , P IE B, Ax (o, Q1)
= conv{dy(jw).i = 1,2,3,4}. G, Ay Go,Q,) EE%‘EEPB‘J%%EB‘JIH%’:&@?@
Lu Gord) = n(Sn, (5,0 + p(s), i =1,2.3.4. (AD
MmiH
0 € (i@ = Ly, G, 4, (A2

E#ﬂ‘#&%ﬁ\l € {1!293’4}9 ﬁfg
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0 € Ly,(jo,4) = n(jo)Sy,(jo,A) + p(jo). (A3)
, Sx, (5, ) B2 1) ' X
R0t B i = 1, BB ST,
8,354 A n(H[AN () + (1 — ADIN(H] + (), A € A,

:ﬁrF'

m 8. (s, A) =n(s)[hs (%) + sgg(sz),—i- A —b)]+ h(s®) + sg(s?)
=[n(h;(s*) + h(s*) + An()b] + s[n()gs ) + g(s?) — An(sb]. (A1)
gﬁ‘lﬂﬁﬂff n () RALH MK ZHR, 8 n(s) = w7 (D), 3E18 .
8G2A) = [ (Gdhs () + h(js) + An*(G)b] + 0 Gisdas Gis) -+ gGs) — An' (6] (AB)
H3IE 1, 80,4 5 8G,A) 2% F Hurwitz RES, %0 € Ly Go,A), 08 &' € (0,1),flii% 8,GGo, A7)
= 0, NTHRH 8¢, A7) = 0. ‘

EHREIE 50,00 = 01 8o, 1) = 0 WIS 3XH 5 5¢5,00,5G,1) Hurwitz BEFE, H % 56,
02,86, 1) WEEHES ok (),0% () MBBHLEN. AHEREE 56,0 = 56, 1) WFS, 1T (e, A ) =
o HE, AN FE 0,40 #£ 1,

RTILE © B9 400 2 48 Do, A) A (5Go,A) :h € A) B8 T i — 8B, 8 4 % 5w, 0)
5o, D B (A3 RHMZRBAEFE m(w) =— 1L, MEERTRE ZGo,A) b, 14 5G,0),56,1) &
Hurwitz B BY. T A1 argd (jew, 0) ,argd (jew, 1) J oo ) P25 1 B EL, X T Q sp /MR 0> o0, 357 71 ()
>m(@). X5 m@)(w € D HHBFE.HO0<o<1H,0 & Ay(o,Q).

HISo<oolf, (3 4) ML HRIMEFRIL , 5H «* € IR, ffif8 0 € Ay(Geo* 1R, MM % w FE4r Kk
HoH 0§ Av(G0,Q), 5 0 < o< 1 (IR AA, BT © € IR, §fifh.

0 € M (j6,Q) = U L (i, 1), (A6
0 € Ly, (jw,4) = n(jw)Sy, (jo,A) + p(jo) (AT

RE—ftk B i =5, BELTR,
0.(554) A n(O[AN() + (1 — AN, (D] + p(s), A € A,
ANG, ) RBCA B ERRES 0 < o<1 WERMRE. WL m = 2k
B Z i 50,(s,4), A € A, ‘ (A8)
XI5 50,(5,0) il s6.(s,1) BRR Hurwitz §5E 80, (HABEA YR SHERH o € (0,00,
Jwo, (jw,0) #£ 0, (A = 0),

Jwd (o, 1) # 0, (A = 1), (A9)
LhTF 0.05,0),8,Cs,1) REEH AL argjwd, (jo,0) 5 argjwd, Gw,1) 1 o B 74 5 2
$0:(5,4) =sn' () [hs () + 5g5 (%) + A Gs*™ = 5] + 5[ (s + sg(s7) ]
=5g5 (O In (s%) + An* (sD)bs? + stg (s1)]
+ sIn Dk (51 — Aen* (8)bs™ + (2], (A10)

~e

8CssAs) =[isgs (js) + jsg(js) + At (j)b(js)*]
+ j[n Gdhs Gs) + h(js) — Am* ()b (Gis)H T, (A1D)
ISIT1FTELE H s 50,0554 45 85, ) BRT A8 s = 0 51 FE3 00 AOAR B0 S AR AT 49, 1 BT 0> 0
8w, 00,80, 1) R 5%, H argd(je,0),a1g3(jw,0) 1 By FEIEEL 2 0 € Luy, (oo ), MALH
L€ (0,1), flife
J08,Gw, ALY = 0, @ =0, (A12)
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NIT]
FG@,A) =0, ®F0. (Algy
BT 0< o< 1IHEEAE , (A13) SUSL A5 37 4R Y 1 <o<Lol,0 & Av(o,Q). 3%
Sy PEARIE. EEe.
fits& B &3 3 MIEH
i (3.4), 3. RAEHEE.

A(jw;QyR) = A(jw;Q11R1)9 0<w<1’ (Bl)

AGw;Q,R) = A(jo;Q:,R), 1<K o<Too. B2
3

0 & AGw,Q,R), 0<w<1, (B3)

0 G A(j“’;Qz sz)’ 1 < w < oo, (B4)

W AREXE R @ > 0,0 & AGw0,Q,R). R ITHIEH , fRIEB3) RS T S A M T A T R R i AA,
IR, RTE (B4) S FF 38 BUE I T9 5 X g Rt A AR R R A LR AG;Q,R) Hurwitz §&
. E I RE i T A T 1 e Y.

B3 2 THIE— 4T RARIE:

0 & AGw,Q R, 0<o<1.

1) n(s) = 1y () 5d () = dy(s) 5 EL 8% » 0%,k 8%, Hurwitz .

9) n(s) = my(s),d (s) = dy (), B n(s) = m,(s),d(s) = ds(s), H > 11,01,0%,, Hurwitz B 7€,

3) n(s) =n;(s),d(s) =d (), B n(s) =mn(s) ,d(s) =d,(s), H 8% ,6},0%,00,0% 403,405,051 » Hurwitz
.

19 n(s) = my () ,d(s) = diy (), Bn(s) = (5, d(s) = dy (), FL8%, 8%, 841 8% 0k Ok Ol Oz, Hurwitz
e,

- RATRIER &S DR 3, e & FHIENRALL

Y DI, HER 0 € 0,11, F

A(jm;Qan) = Conv{a}j<jw):i!j: 1927394}- . (B5)
BB ny o) > 0,dy (o) > 0, I
8o (@) =n, (jw)No(jw) + dy (joIDy(jo), (B6)
& .
L (jo) =n ()N, (jo) + dy (jo) D (jo)
=, (j)[No(jw) + b] + & Go)[Dy(jw) + a]
=8, (jw) + n, (jodb + d, (jwa.:
Bk K]

8L, (jw) = & (jw) — (m (j)b + d,(jw)a),
L) = 8 (jow) + joln (jo)b + di(jwa),
8L, G = 8,(jw) — joln (jo)b + d,(jwla). -

. L . _ n, (jo)b oA 3 . ) _
X4 — 0w, # j, A= T GaYh  dyGada € [0,1], T WL B §E A : 05 Go) = M%) + (A

DGy, B 3 g — 0l (e i # 7 AT BARTRIR 0% (o) 5 &%) MMAE T (BS)AIFERA
A3 Q1,Ry) = conv{dL(jw) 1i = 1,2,3,4}. (B
(BDIEH AGw;Q,,R) RETFHHHEE, EHHABRAN
L, = {404 Gw) + (1 — AL GGe) :4 € [0,11},
L, = (AL Gw) + (1 — )8k (w):4 € [0,11),
Ly = {8, Go) + (1 — A8k ()14 € [0,1]},
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L, = (AL Gw) + (1 — A)8% Gw) 14, € [0,17).
g VAR T 0 & Ly G = 1,2,3.4), AT 0 & AGw; QR0
% 3) WILE, HEEH 0 € 0,11, B AWML, H onGe) > 0,d,(jo) > 0, & do(jw) =
m(jw)No(jw) + dy(jo) Dy (jw) , WA
8 (o) = 8, (jw) -+ m (jw)be* + dy (jw)a,
8L (jw) = 8, (jw) + jon, (je)b + di(jw)a,
3y (jw) = 8, (jw) + jom (j)b + jed,(jw)a,
&, (jw) = 8 (jw) + jon, (jo)b — d;(jw)a,
8, (Gw) = 8, (jw) — m (jo)be® — dy(jw)a,
Sh(jo) = 8o(jo) — jem (jw)b — dy(j)a,

8L (Gw) = 8, (jw) — jon (jw)b — jwd,(jwa,
8l Gw) = &8, (jo) — jon, (jo)b + d,(jwla.

5, Gw) = 8,(jw) + n, (jYbo? + d, (jw)aw?
Foa(Gw) = 8,(jw) — m (j)bw? — dy (jw)awt,
T
— n, (jo)bw? — dy(jo)a < ny (jo)be® + d; (jo)aw® < ny (jo)be + dy(jwla,
— i GeYbet — dy(jwda S— m GoYbet — dy (jwaw? < m (jwdbet + dy (joa.
AT » B (j0),82GGe) € (A4 GGo) + (1 — VoL e):A € [0,1]. A ZHIIE:
itd

1= 1, (jo)bw?
m (jw)bwz + 4, (jw)a

8l (jo) = A8} (jw) + (1 — D% (jw) ;84 (jw) = A% (jw) + (1 — A& (jw.

€ [0,1],

;L n, ()b
¥ = v+ d,Gava € L0010

8y (jw) = N8, Gw) + (1 — A0k (jw) ;8% (jw) = X &4 (jw) + (1 — X)),
B Gw) = ATy (o) + (1 — XD (0) 8% (o) = ¥ Ty (o) + (1 — XD (o),
: 8L, (jw) = X8, (jw) + (1 — X (jw) 581, (jw) = X8l (jow) + (1 — X)6%, (jeo).
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Extreme Point Results for Robust Stabilization of Diamond Plantg

GENG Zhiyong and WANG Enping
(Institute of Systems Science * Beijing,100080,PRC)

Abstract: The paper studies the stabilization of diamond plants with the compensator which is Proper
and its numerator and denominator are even or odd polynomials. It is proved that the necessary and syff;_
cient condition for the compensator to robustly stabilize the diamond plants is that it simultaneously stap;.
iizes thirty-two vertex plants. If the numerator and the denominator of the above compensator are confineq
to the even or odd polynomials with their coefficients positively and negatively interlaced,then for the com.
pensator to robustly stabilize the diamond plants,it only needs to simultaneously stabilize at most sixteen
vertex plants. The results obtained are independent of the order of the plants.

Key words: dimaond plants; robust stabilization
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