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VE XAY DUNG MOT SO TIEU CHUAN ON BINH NGAU NHIEN
CHO HE PIEU KHIEN PA CAU TRUC

NGUYEN TANG CUONG

Hoc vién Ky thuat Quan sw

Abstract. The stability criteria are widely used in stability analysis of control systems due to
their convenient approach without calculating the roots of differential equations. There are several
stability criteria developed for control systems with the fixed structure (see e.g [1, 5, 6]). But no such
expressions exist for multistructural control systems, it is therefore open for study and development
of new stochastic stability criteria for multistructural control systems. This paper proposes new
stability criteria for multistructural linear systems as well as for nonlinear systems.

Tém tit. Céac tiéu chuin 6n dinh duoc st dung rong rai trong khdo sat tinh 6n dinh cia céc hé
dieu khién do su thuin tién khong cin phai gidi cic phrrong trinh vi phin mé td dong hoc cia hé.
Da c6 nhiéu tiéu chuan 6n dinh dp dung cho céc hé diéu khién c6 cdu tric ¢6 dinh duwoc trinh bay
trong nhiéu tai liéu khoa hoc, vi du nhu trong [1, 5, 6]. Song ddi véi hé dieu khién da cau tric, viée
x4c dinh tinh 6n dinh ngau nhién cia hé dya trén cdc tiéu chudn 6n dinh van con dé ngd nhiéu van
dé va chua dwoc nghién cttu mot cach day di. Bai bdo nay sé b6 xung, dé xuit mot s6 tiéu chuin
on dinh cho hé tuyén tinh va hé phi tuyén da cau tric.

1. XAY DUNG TIEU CHUAN ON DINH
A~ N ~) P , ~ -
CHO HE PIEU KHIEN TUYEN TiNH DA CAU TRUC

1.1. Pat vdn dé

Xét hé dieu khién tuyén tinh da cdu tric dwge mo td bdi hé cdc phwong trinh vi phan

ngau nhién tuyén tinh sau day [2, 3, 4] :

XO@) = D)+ DYOXD (1) + HO()eW (1), i =1,5 (1)
trong dé:
X@(¢t) - véc to n chiéu ¢6 cac thanh phan 1 cdc toa do pha ctia hé tai trang thai ;
CO(t) - véc to n chieu ciia ham tien dinh;
D@ (t) - ma tran (n x n) chitu ciia cdc hé s tién dinh thay d6i theo thoi gian;
HO(t) - ma tran (n x n) chiéu cia céc hé s6 tién dinh thay déi theo thoi gian;

¢0)(¢) - tap trdng trung tam m chiéu véi ma tran cwdng do déi xing GO (¢).
Céc vée to va ma tran néu trén durroc gid thiét sao cho qua trinh X @) () 1a qua trinh ngau
nhién Marcov (diéu nay ¢6 dwge khi thoa man dang cdce diéu kién Lipshitz [1,2]). Trinh tuw
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thay doi cdc chi s6 trang thédi ¢ = 1, S 1a qué trinh Marcov gidn doan véi cuwong do chuyén
doi trang thai vi;(¢) (i,5 = 1,5, i # j) [2]. Sau day sé trinh bay viéc xay dyng tiéu chuin on
dinh cho hé dieu khién tuyén tinh da cau tric dwge mo ta béi hé cde phwong trinh vi phan
ngau nhién tuyén tinh (1) néu trén.
1.2. Phét biéu tiéu chudn &n dinh cho hé diéu khién tuyén tinh da ciu tric

O day ta giéi han chi xét hé dieu khién tuyén tinh da cdu tric véi phan bo xéc suat
chuyén doc lap va dieu kién khoi phuc ¢ dinh, khi d6 phirrong trinh cia ky vong toan hoc
mOT(t) = (mgl)(t)7 mg) (t), ..., mg)(t)) cho qué trinh ngau nhién X ¥ (¢) & trang théi 4 sé 1a
2, 3]

S
() = pi()CO (1) + DO OmD () — vi(ymD () + Y vtymV(t), i=1,S,  (2)
j=1#i
trong d6, p;(t) - xac sudt trang thai dé hé thuoc cau tric 7,
S
vilt) = > (). (3)
j=1#i

2 ~ 7/ . N A 7. ~ 7z M ~ .
O trang thai cau truc i, phwong trinh doi véi ma tran cac moment ban dau bac hai

MO(t) = (M{)nsn v6i M,Sé) = /xrxqw(i)(X, H)dX, r,qg=1,n.

trong d6:
BO(t) - ma tran cdc hé s6 khuyéch tén [2]. Sit dung céc ky hiéu:
seM@(t) - véc to n? chiéu, ¢6 ¢ot tao nén tir cic cot cua ma tran MO (t),
M x (t) - véc to s x n? chiéu, ¢é cot tao nén tir céc vée to seM D (t) véii =1, 5,
% (t) - véc to s x n chiéu, ¢6 ¢ot tao nén tir cac véc to m(t), i =1, .
T (2)7 (3) va (5) c¢6 thé viét cdc phwrong trinh thuan nhat doi véi véc to m * (t) va vécto
M x (t):

vk (8) = Di(t)m = (t), (6)

M x (t) = Do(t)M * (t). (7)
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& day, Di(t) - ma tran (ns x ns) chiéu.

D(l) — Ulf 1)21[ ’L)Slf
(2 —
Dl(t) _ ’Ulgl D UQI USQI (8)
gl vagl . DO — gl

Ds(t) - ma tran (sn? x sn?) chieu

DW x DWT _ 4 1 vor ] vg1]
(2) @)1 _
Dg(t) _ U12I D x D UQI ’USQI (9)
ngl vogl .. DO x DT _ et

I - ma tran don vi ¢6 kich thuwéce twong tng.

DW x DOT = 1 D 4+ DO g T, (10)

trong do, @ 1a phép lay tich Kroneker cidc ma tran.

Sau day sé xét tinh 6n dinh cia qué trinh X @ (¢). Qué trinh X () sé dwoc coi 1a 6n dinh
theo dic trung xdc sudt bac p (véi p = 1,2), néu nhrr nghiém tam thwong cia cic phrrong
trinh (6) va (7) d6i véi cdc moment ctia qué trinh X (¢) 1a 6n dinh. Phwong trinh déi véi
cédc moment trong truong hop nay 1a tuyén tinh, do dé ching sé on dinh, néu nhwr phwrong
trinh thuan nhat twong ing cla chiing 6n dinh. Chiing ta sé xem xét dieu kién ddm bdo tinh
on dinh cta hé tuyén tinh dirng va khong dirng da cau tric.

1.2.1. Tiéu chudn on dinh cho hé tuyén tinh dieng da cdu tric

Xét treong hop hé thong c¢6 cdc hé so d,(jg k,r =T,n ciia ma tran DO (1); v; va vj; 1a
cdc hang s6. Dé hé thong (1) 6n dinh tiém can theo moment bac nhat thi diéu kién can va
du 12 moi nghiém ciia phwrong trinh dac trung |AI — D1| = 0 ¢6 phan thye am [1]. Pé hé (1)
on dinh tiém can quan phwong thi diéu kién can va di 13 moi nghiém phwong trinh (11) sau
day ¢6 phan thye am [1,5, 6] :

M — Dy| = 0. (11)
Céc dieu kién nay, nhwr da biét, c¢6 thé cho duwdi dang céc titu chuan on dinh Routh,
Hurwitz hay tiéu chuin 6n dinh khéc [5, 6]. Nhw vay, qué trinh dan dat tir cong thite (1) dén
cong thire (11) da chitng minh mot dinh ly vé tinh 6n dinh ctia hé tuyén tinh dirng ¢ cau
tric thay doi ngau nhién, nhw sau.
Dinh 1y 1. Xét hé tuyén tinh dirng da cdu tric thay d6i ngau nhién dwgc mo td boi phwong
trinh:

XO@) = c® + DOXO 1) + HOW (1), (12)
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trong do: j,i= 1,8, c) = const, D) = const, vj; = const, H® = const.

Dicu kién cin va di dé hé théng dwoc mo td bdi dang (12) 6n dinh tiém can quan phwong,
la phai dam bao théa man mét trong cdc noi dung sau:

1/ Tt cd cdc dinh thite Hurwitz cia phuwong trinh dac trung (11) phdi dwong.

2/ Tdt cd cdc phan tii trén cdt thit nhdt cia ma tran Routh twong #ng véi phwong trinh
(11) phai dwong.

3/ Phwong trinh ma tran DYU +UDg = —W ¢6 nghiém U xdc dinh dwong véi ma tran
W dwong bdt ky (trong @6, Dy dwgc xdc dinh theo cong thite (9)).

1.2.2. Tiéu chudn én dinh cho hé tuyén tinh khong dieng da cdu tric

Déi véi hé tuyén tinh khong dirng thi viée nghién citu tinh 6n dinh ctia ma tran Dy(t) sé
phitc tap hon. Trong trwomg hop nay, dieu kién tat cd cdc nghiém cia cdc phwong trinh dic
trung cta (6) va (7) ¢6 phan thic am, sé khong di dam bao dé hé tuyén tinh khong dirng
on dinh. Sau day ta sé dwra thém mot dieu kién di dé hé tuyén tinh khong dirng da cdu tric
(1) on dinh.

Dinh 1y 2. Dicu kién di dé hé théng tuyén tinh khéong dirng da cdu tric mo td boi (1) on
dinh tiém cdn quan phwong khi ty < t < oo la phdi thoda man dieu kién \*(t) < —h < 0 khi
to <t < oo. O day,

h - hang s6 dwong nao do,

AT (t) - gid tri riéng cwc dgi cia ma tran déi xitng [Da(t) + D3 (1)].
Chitng minh:

Theo dinh 1y vé cédc gid tri riéng cla ma tran doi xing [1,6], véi ¢ bat ky thi sé ¢6 duge

bat dang thirc sau:

M7 5 () [Do(t) + DI ()M * (£) < AT()MT % ()M * (¢). (13)
Biét rang:
d d
(M7 ()M 5 ()] = —|[M = (1), (14)
LIMT ()M (1)) = M+ ([ Dalt) + DE (O] M » (1), (15)

nén bat dang thire (13) sé twrong dwong véi bt dang thire sau:

CIM ()] < X0 |M » ()] (16)

Chia c& hai v& clia bat ddng thirc nay cho | M x (t)||? > 0 va ldy tich phan trong khodng

[to, t] sé nhan dugec:

I3 (0 < 1M+ (o) expl5 | A0 (1)
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Theo dieu kien AT (t) < —h < 0, ta & ¢c6 M * (t) — 0 khi ¢ — oo, nghia la hé théng sé 6n
dinh tiém can quan phwong. Pinh 1y da dugc chirng minh. [ ]

2. XAY DUNG TIEU CHUAN ON PINH (PIEU KIEN DU)
CHO HE PHI TUYEN PA CAU TRUC

Xét hé phi tuyén da cau tric duwge mo ta bdi phwong trinh dang [2, 3]

X)) =DO(XD t) + HO®)eW (1), i =T1,8 (18)

trong dé:

X@(¢) - véc to n chieu véi cae thanh phan 1 cdc toa do pha cia hé & trang thai 4,

D@W(X@ ¢) - 1a ham phi tuyén vecto n chiéu,

H®(t) - ma tran (n x m) chiéu cdc hé 6,

€@ (¢) - vée to tap trang trung tam m chiéu véi ma tran cuong do ddi xing GO (t) (nxm)
chiéu cla cdc mat do pho.

Phan tich ham véc to phi tuyén D@ (X @ ¢) dwéi dang chudi gom phan bac nhat - tuyén
tinh va cdc phan bac cao - phi tuyén, thi biéu thirc (1) sé dwoc viét lai dudi dang:

X0(t) = 00 () - AD XD (t) — oD (XD, 1) + HO0)eD (1), i =T.5.  (19)

trong dé:
©¥(.) - thanh phin phi tuyén,
A®(t) - ma tran céc hé s6 1a cdc ham thoi gian tien dinh,
CO(t) - véc to n chibu cdc ham tién dinh.
Phuwong trinh:
X0 4 AOXx® = ¢ (20)

nhw da biét, dwoce goi 1a cdec phwong trinh gan ding xap xi bac nhat.

Tir (19) ¢6 thé nhan dwge cdc phwong trinh cho véc to cdc moment bac nhat [2]

m® = — A @ 4y, @ 4 Z vjim® +piCY — D (DX 1)), i =T1,5, (21)

j=1#i
trong dé:
m¥(t) - véc to ky vong todn hoc cia qua trinh X ¥ (t) & trang théi thi 4,
S
pi(t) - xdc sudt dé hé dang trong ciu tric 7, v;(t) = Z (1),
j=1i

@ (@ (XE t)) - 1a ky hiéu phan cia phwong trinh chita cdc thanh phin phi tuyén
¢ (X, t) duoc ldy trung binh xdc sudt véi trong s6 14 ham mat do phan bo w@ (z, t).

Cac phwong trinh cho cdc moment béc hai cia qua trinh X (¢) & trang thai thi i [2):
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S
MO = —AD @ _ gD AOT 4y B0 gy pp @) Z v;iMW)
j=1#
+mWDCOT 4 0Oy OT _ @0 (xO ) XT + XoOT(X, 1)), i =1, 8, (22)

trong do:
B® - ma tran cdc hé sé khuéch tén,

MO (t) = ( ﬁé)) - ma tran (n x n) chiéu véi cdc phan tir

M%) = /:cr:rqw(i)(X, t)dX, r,q=1,n. (23)

Tir (6) suy ra cdc phwong trinh thuan nhat déi véi ma tran cdc moment bac hai la:

S
IO = A MO — MO AOT 01D 4 3 4O

j=1i
— D (X, X" + X (X, 1)), i = T,3. (24)
C6 thé viét lai (9) duéi dang:
M*(t) = =Dy (t)M*(t) — £*(e), (25)

trong do
e * () - 1a vecto (s x n?) chieu, durgc tao bdi s cdc vée to n? chieu sau:

seeD (DX, )X + XpWT(X, 1), i=1,5,

M x(t) - vecto (s xn?) chieu, c6 cot tao nén tir cc vecto scM ) (t), i = 1, S) v&i seMD(t)
vecto n? chiu, ¢6 cot durge tao nén tir cde cot ciia ma tran M@ (¢),

Ds(t) - ma tran (sn? x sn?) chiéu, c6 dang:

DM 5 DT _ gy T vor [ vs1]
(2) @)1 _
Dg(t) _ Ulgf D x D 'UQI ’USQI (26)
ngl vasl . DO x DOT _ o1

O day, I - ma tran don vi c¢é kich thuéce twong ting,

DY x pOT = 1 D 4 DO g T, (27)
trong dé, @ 1a ki hiu phép ldy tich Kroneker cdc ma tran [1, 2]. Lira chon (sxn?) s6 ’yg,) = ,(,i)
va (s x n?) s6 khac ﬁg,) = ﬁ;,(fr) véi i = 1,8 sao cho thod man tiéu chuan Sylvester [1,5, 6] :
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) (@) (i) ['711 71n-‘
’yﬁ) > 0: [’Y%}) 7%12)] >0, | e >0, (28)
21 V22 J

| (i) 400 8y .. 8l
B9 > o; [ﬁ%}) 5}2.2)] >0, | e o | >0 i=T.85. (28)
CH) R PO
Thanh lap vecto v ¢6 (s x n?) chiéu tir céc s6 ’yg,) va vecto B ¢ (s x n?) chiéu tir céc s6
ﬁ,(;,) véii= 1,8 var,p =1, n twong tir nhwr khi xay dung vecto M * (t).
Lay tich vé hudng phan bén trai va phan bén phai cia (10) véi vée to :

(M*,’}/) - _(DQM*v 7) - (5*77)' (29)

Sao cho ¢6 dwge (DoMx,v) = (M, 3) diéu nay twong dwong vai:

D3y = . (30)
Khi dé c6 thé biéu dién (29) duéi dang:

n S n
(’)( Z ’y,%)wrxp) = Z ( Z ﬁkpxkxp Zs Z ’yrp :Up +$rg01(,))>.
=1

i=1 r,p=1 =1 k,p=1 r,p=1
(31)
(2)

Theo diéu kién Sylvester (28), thi cac dang quan phwong Y. 1 yrp @r2p); VA D 1y B,(ngkxp
déu xéc dinh dwong.
Néu cac tong S;

Z By, + Z YD (X, )z + 20l (X, 1)), (1=T,85) (32)
k,p=1 r,p=1

cling 13 ham x4c dinh dwrong, thi dao ham cla tong cdc ky vong todn hoc cdc thanh phan
n

ctia ham véc to xdc dinh dwong V7 (X,t) = (> =1 'yg,)a:rmp, s Z fy,(,;)xrxp, trong cdc diéu

r,p=1
kién & trén 1a am. Xét ham 9(t) = [ VT(X,t)w(X, t| X, t9)dX, thi theo ménh dé 1 [7], ta
RTL
co
thm I(t) = (33)

va hé sé on dinh tiém can theo xdc sudt. Dira vao két qua nay cé thé phéat biéu dinh Iy sau.

Dinh ly 3. Néu cd thé chi ra dwgc cdc s6 ﬁ,(cg = 61()2 vorii = 1,8 va k,p = 1,n thod man
cdc diéu kién Sylvester (28) thi hé phwong trinh:
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D3 (t)y=f (34)

sé ¢d nghiém, cing thoa man cdc diéu kién Sylvester va lic nay ham

Si= 3 800w, + 3 AP (X, ), + 2,0P (X, 1), (1=T,5) (35)
k,p=1 r,p=1

s€ xdc dinh dwong, va nghiém cia hé phi tuyén (18) sé on dinh.

3. KET LUAN

Bai bdo da de xuat xay dung tiéu chuan 6n dinh ngau nhién (Pinh ly 1) cho mot 16p hé
diéu khién tuyén tinh dirng da cau tric; mot tiéu chuan on dinh - mot dieu kien dd dwdi
dang Dinh 1y 2 cho hé diéu khién tuyén tinh khong dirng da cau triic; va mot tiéu chuan on
dinh ngau nhién - mot diéu kién di (Pinh 1y 3) cho hé phi tuyén da cau tric dya trén co s
phwong phédp truc tiép cia Liapunov.
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