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PANH GIA LOI GIAI CAN TOI UU BANG PHUONG PHAP
POI NGAU bO1 vOI BA1 TOAN MIN-MAX CHO HE
PIEU KHIEN NHIEU DAU VAO

TRAN HOANG YEN

1. PAT VAN BR

Xét bai toan:

Li(u(.)) = max | d; (1 z(t) + a(®)] —— min 1.1
(s,t) € SXT
() = Al = () + Blhu® + C®
t<T = [0, t*]
x(0) = x, - (1.2)
Hx() =g (1.3)
€U, tET, U={u€R" Du=1{, upSu<xu*} (1.4)

Trong d6 S — tdp hitu han cac chi s8 s; T — khoang tho¢i gian c6 didm k&t thtec
t* > 0 cho truée; x(t) € R" — véc to trang thai elia hé dong lyc; xo — trang thai ban diu
¢ho trude; u(t) € R® —vée to didu khidn; c(®), ds() € R™, f ER* k<r; A, B®), H,
D - cac ma tran c6 ¢ tuwong &ng la nXn, nXr, mXn, kXr. Han ché (1.4) goi 1A han ché

dang da di¢n. (Xem [1]). d, (1) 1a chuy@n vi cla ds(t). Con b4t ding thire ddi véicac véc to co
nghia 13 b4t dfng thirc @6 x3y ra véi moi thanh phin clia né.
Didu khidn chdp nhan duge u°() =(ut), t €T) & diy 12 ham véc to thude lop

Llc;, [T] cing v6i qui dao twong wng x(t) cfia (1.2) théa min cic han ché (1.3)—(1.4)

Digu khién chdp nhan duge uo() = @®(), € >0 goi 12 t6i wu (€ — t6i wu hay can
t6i wu) clia bai toan (1.1) — (1.9 néu Li(uo(.)) — L1(u())) = 0 (L1(u°()) ~ Li(u(.)) = €) vé&i moi
u(.) chdp nhan dugec.

Trong khi x4y dung thuat toan tim didu khién cin t8i wu cda bai toan (1.1) — (1.1
mét cAu hoi dit ra 1a 1am thé nao c6 dwoe danh gia cdn t6i wu clia hAm muc tiéu cho mdi
didu khidn chdp nhan dwoc sau ting bwdc Lip. Pidu ndy c6 ¥ nghia thiét thuc vi trong
nhidu trudng hop nhét 1a d6i voi cac hé lién tuc, ta khong the (va cling khong cin) tim
ra h&n didu khidn t6i wu, ma chi ciin tim véi mot d6 chinh xac nao d6 cho phép. Mot trong
nhitng phurong phap xay dung danh gia cin t8i vu 12 théng qua bai toan d&i ngiu (xem [2)).
Tuy nhién theo phuong phap nay ta s& chi thu duge danh gia can 16i wu tét néu cye tri
ciia ham muc tiéu & bai toan d6i ngu bing gia tri 16i wu cla ham muec tidu cha bai toan
ban dhu, ma tinh chét ray khhng phai Hic pdo eiing c¢6. Thong thudng ta phai dit thém mot
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86 diéu ki¢n (xem [3]). Trong mot s6 trwdng hop. bing chch khio sat tryc tiép ta co thd
chirng minh duge tinh chidt d3 néu ma khéng cin 4%t thém didu kién gi 1én cac ddi tuong
& moé hinh bai toan. K&t qui trong [4] 12 'mdt vi du v& chch gidi quy8t theo huong ndy
trong triedng hop don gian cda bai toan (1.1)—(1.4) v6i S =1, d() ==2d, A() = A, B(D) =B,
C()==0, r =1, han ché& (1.4) c6 dang us < u(t) = u® t € T. Du6i day ta s& phat trién két

qui [4] cho bai toan (1.1)~—(1.4).

1. KET QUA co BAN
pit

max id; ) () + )] = -4
(s, ) €SXT

va goi ®(V) 1a nghi¢m eo ban cia phuwong trinh vi phin ma trin
O = AL (D)
o0 =E
Khi d6 nghiém x(t) cla (1.2) ¢6 dang:
t
(1) = iz, + G J-¢"l ) [B®) u(z) + (] dT
0
Thay vao (1.1)—(1.4) ta dwogc bai todn twong dwong sau:
3 (. A)

~— ——< max

- @l ® = a0 QW - () + A +d O O™ [BTD) u(®) + ()] dT < 0
sES

—0 g (D=4 (D B xo - as(t) + A—a; XD [B®) u(®) + (0] dT < 0
sES i
) -u®* =<0
u)+ u <0
tt
HP(tMx,~g + Hj‘b(t')qr"(t) [B(D)u(T)+e(r)] dr =@
[3)

Put)~-f=0

Q.0

(2.2)

2.3)
(2.4)
(2.3)

(2.6)

(2.7

Theo luye dd [3]taco the 14p duge bai toan d3i ngdu véi bai toan (1.1)—(1.4) nhwsau:

La(vist). s €8, val) s €8, v3(), val.), yi. yul)

t
=X f [d; () O xo + xs (D+d] DD f ®-'mec(n) dr] [vas®=vi ()]t
.{‘.GS T ) (o]

+ u® Iva (t)dt — ug Iv; tidt +1 Iyn(t) dt
T T T

+y (e~ HO® "z, —HD (t‘)IO*‘(r)e(:)dt) — mia
T

NI & -

(2.3)



Z [[Vis () + vas(v]dt=1 2.9

s&€S T
T W0 BO+[va O—=vi®] +y] HO$)O™ (OB (+y (D =0 210)
sES
Trong do

vis() = 0, s€S; vast) >0, s € S; vis (B, vast) € L1(T)
va(d) > 05 va (D) > 0; vs(t), va(® € Ly (D)
yi € R™; up, (0 € Li(T); Ys(V) 12 nghi¢m ciia hé:
P = =YL OAD — [Vis() — ves (D] AV

(2.11)
Pe(t*) = 0
Dai luong
B, u(), vis(), s €8, vas (), s€S, v3(.), val), yy, ()
= ES w:(t)vm (t)dt + zj wgn (Dvas(t) dt +
s€S T s&ST
+ Iv3 ) [u*—at)]dt+ jv4 (1) [ut) — ug) dt (2.12)
T T

s& 1a danh gia can t8i wu d6i véi cac phiin t& chdp nhan duge ul) cho bai toan (1.1) —
(1.4) v céc phin t& chip nhan dwoc (visQ); s €8, ves(Is&S v3(), vi(), yp y() (eho
bai toan (2.8) — (2.11)).

bigu d6 ¢6 nghia 1a néu B() < e thi u(Y 1a ditu khidn €—t8i wu cha (1.1) (1.4) va
(vis(), sES, vas(l), sES, v3(), val.), Yoo v 12 1oi gidi 8 —t6i wu clia bai toan (2.8)—(2.11).
Pinh Iy. Didu kién cin va d& d& didu khidn chdp nhan dwgc ue() 1a 1oi gidi e— 16i
wu cda (I.1) — (1.4) 1a tdon tai ddy cdc phin t& chip nhin dwgc cla (2.8) — (211

P ar

4 T Y T T
v Is(.), sES, v%(.),sés, vy ), vi ), Y1 ), yn(.) sao cho
lim B, ul), vis(), sES, vas(), sES, vg(), val), ¥ ¥ () e

T—>oo

Chirng minh :

a) Diéu kién @4 1A hidn nhién.
b) DPitu kién ein:

Né&u ue(.) 1a didu khign €-t8i wu cta (1.1)-(1.4) thi tap cac phin t& chdp nhan duge cta (1.1)-
(1.4)va (2.8) = (2.11) khac réng. Hon nira tdp céc phin t& chip nhan dwge cda (1.1)—(1.4) bj chiin

Y Y
nén ton tai dicu khién t8i wu cda (1.1)~(1.4). Theo dinh Iy 32 [3, phan 111} §; — 0, 22 ) —o,

¥ L
vi() 220, i=1,4 y;, yp;{.) sao cho
i I’ JI1

e [T o~ T
j.‘;‘ [vls(a) - vﬂs(a) Jdt+§1 =1

Ts&S

t#
v T(m) 57 ’ ~1 T ~T0 T
Vo v, () | A (@)@ (d@P OB+ [ v 3 = v, +
t
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~7 ~7 Y
+ y HOWMO ' OB+ y D+ (=0 (2.14)

va
lim Lz(vV1s(), s€S, vas(), sES val), val), ¥ ypr) = Li (@) (2.15)
Y —> 00
P& chon v;r Q), yl yH() chdp nhan dwoc ta xét ting trudng hop sau:
)] CE >0
Dit
. Y
v“(t)=v (t)+-‘——>0
vY(t)=v (t)>0 s=1
1s
I = Ym >0  Vses
2s 2s

L7 t* '

, Y+

d (t)S ® (a)da O-'(t) B(D|+ C’2 © >0
t

T _ 0,
v3(l)—v 3(t)+

*

Y t -

g

T; j— ’Y» 1 ’ -1 ’Y_‘ ~.
v = v 0 e d @) Paydz Ol [+ LT >0

’ P4

-

Y '1'
) = t)
Ly y 11
Ta thfy ngay (2.9) thda min do (2.13). Ngoai ra c¢6 thd kidm tra dwgec (2.10) théa min

do (2.14). Nhw vay (v:(t), VzT(t), v;(t), IY(t) y;r yY (t) théa min (2.9), (2.10) tirc 1a chép

nhdn dwugec.
T — oo . T
Do QIT—>0, C;(t)—-O ta c6: viT(t)-——-'» v?r V=14
1
Vay
timL, (v .y, TOov] O[Oy g O =tim Ly <>VT(>v OVIO.7 ] y T
Troe? 1 U e I

= Ll(u"(.))

2) CI <X 0: ta phan ra hai truéng hop nhd: S =1

Pt
CYI‘
s{f = {té‘l‘ \7:(t)+\77<t)> _,L}
1 7 .\<

!.'

t* 2

24] ”
0<py = 11 :I(l)—;T(t)dt————,O

-

Sy



f Yl 1
Eql o~y
f—-"l;“ + v 1(t)+v2(t)Jdt—1+PY
&
Sy
\“1
~ 1
S;—>= tGS?xf,(t)z
+< N +>
Sy - =8y S
Ta xac dinh
T . Y . -
vy (t)=v2(t)=0neut€5]r
ey |
T 1 ~7 Y 1 ~7 1 +>
vy )= —— v, (1), vy (= ~~—}F v, ()}~ —g— |néut €S
! 1+py 1 2 2 t* T (2.16)
Yo 3
T 1 ;{ ]QH cst
vl(t)—O v2 ) = 1+ i. e +x1(t)+v2(t) néu t T
P . T N Y Y = oo ~T)
D& thiy vy (U = 0, v, 20, v (1) ——r v @
] T 00 ~7
v2(t) _— vz(t)
)|
Y+ v sl
vit) +ve dt= 4o, | " + v, @+ \72(t) dt =1
YL
Sy

Nhw vay (2.9) théa min. Tiép theo ta dit

t*
Y, . . S A ~
V= VI ® + H.[v} (@) - vgm)—vfum

t

w
~

.
+ vY () a0 Da)dad B M| + ;f (t) 217
t:}k
vz’m = \v:’(l) + [ j[ krz (2) - ““2' () — v1 (2) +
t
| \2‘ (@) dia) D () da.ib‘(t)Bu)] + ‘g; ( (2.18)
T o~ ~
S Tooo ~7T Vo T T
De thay vy (U —— vg (U, vy (0 — vy

Co the kietm tra dwge 1 (2.1 thoa mian néan
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T N T T T Y )
(\1(.), \2(.), v3(.), v‘!(.), Yo yn(.)
la chdp nh4n dwgc. Hon ntta

v

2

7

. 7 T, v Y
) 194 =
lim Lz(v1 ), v_ (), v3 ), v4 (t3, yI , yH (§9) )

Y—-’OO

~Y  ~T AT ~Y  ~T ~Y
= lim Ly (v 0. vy 0, vy @, ¥ 3 v @) = Liwea.
T—>oe
S =1
Piiu tign ching ta chtng minh bing phin chirng ménh d& sau: Jj € (. 2,..., ) &

pV == vl +v8 w|dt
- 1s 2s

J T
1a mot s6 duong
Gid st Vj:p’ =0
S
Khi d6 2 =0
i1
Nhung
S~ pY, —s=(s = 1) Z j vl(t)+v2(t)] t
J——l I s=1T
nén
S 1
Z j[ t)+v2(t)]dt>1+~—'1—
s=1T -
S YW+ VI wla+ LY =
Do 2 Vi Vo 1
s=1T
1
x Y ~,
nén [§1[ >~

Y Yoo

Vi §{ —— 0 nén diéu trén 13 vo 1y.

9

Bay gio khong mét tinh dng quat ta c6 the gid st

ia
pv = pif’ =1- Z J[ s O+ v2s(t)} dt > 0.
s==1

Twong tw nhu trong truedong hop S =1 ta di!

a4 ? - lg{ g

Sy = 3t &< 1 v (14 vY ot —_—

Y Y ‘21 ) f” *
y { ISR :

0 < py = e T () =y Y -
¥ ] i T ( v21(t) d 0

o
Y



SO .
Y Y t = +
+ vll(t)+ v21(t) d Py + Pxy

S+
i g
Rf
s> 3tésy IO > —%
+ +
Y < = SY \ S-r>
A = Y
i v“(t) vI () =0 néu t€ Sy
» ’ Y
PY - Py - 151 >
\ Vi = vip W, vg (0 = ————| vo () = ——| néu t € Sy
({ oy + o7 oYy + py (2.20)
> Y
Py ICI' ~ ~ +<
v =0, vy )= : (- Tt v+ ve | néu tés
Py t+ ox
Y Ty
vi (D = vy (D)
Is s (2.2D
Y [ —
Vo (U = vy () S # 1
D& thdy VEW >0, vt >0 vt ) YT
1s ' 2s — 1s 1s
vI® T2 T
2s
S
2 j. vI O 4y (t) J. Vi ®+ vl (t)Jdt +
s=17 T
S ~
+ Z j { vi(@®+ vY (t)]dt = J [v* )+ vY (U}dt + 1 =-py) =
1s 2s 11 21
s+1 ¢ T

1l

: ey &0~
1 —py + ) e +v11(t)+v21(t) dt =
Pr + Py

v PY
1 -py + ———(py, py) = 1
oY + Py

it

Nhu viay (2.9) théa min.

bit vy s, v4 ), yI . yu (t) nhur cdc cong thire (2.17) (2.18) va (2.19) twong wng. Nhu ta

da thdy (2.10) théa min.
Vay
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Y ¥ Y Y k't T
(Vi ses. vio s€s viCo v 5, i)
chiip nhin dwge. Ngoai ra do vY () —— v'}'s(t), i=1,4, s &S

1 1
r Y _ T
vi ¥ T ¥ ypw =

¥
lim Lo ( VT, s€S,
Yoo 1s

(t) nén

—

~

v S, vr(), v¥(, yY, "(t)):
Vogr 8 €S vy, Vit vl oypn

lim L2 vY g

Y v oo Is

t), s€S, v;S(L), s &S, vg ), VZ ), y;' . yﬁ (t)) = Li(u®(t).
Nbu vAy trong moi trudong hop:

lim B, u€(.), vis(.), sES, vas(.), s €S, v3(.), va(.) yi, yu(.) L &=
T —» 00
= lim
T o0

[L1(uB () —La(vis(.), sE€S, vas(.), s€S, va(.), va(.), yi» yu(. N} =

= L1u®(.) - L1(u°(.) < &
Ta d4 ching minh xong dinh ly.
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ABSTRACT

Estimating subeptimal solutions to minimax problems for linear multi — input con”
trol systems by dual method

sysstems in shown.

It's difficult to estimate suboptimality of minimax problems for lincar systems. Vhe
estimate by dual method has proved to be effective. Here a result for linear multi - input
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