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VE TiNH ON BINH NGAU NHIEN CUA HE PIEU KHIEN DA CAU TRUC
NGUYEN TANG CUONG

Hoc vién Ky thuat Quan sw

Abstract. This paper provides some features of stochastic stability for multistructural control sys-
tems in comparision with fixed structural systems. Several results of the system stability obtained in
this paper are done using the classical stability study methods with expandable model of changeable
states for multistructural control systems.

Tém tit. Bai bdo trinh bay cdc dic diém vé tinh 6n dinh ngau nhién cida hé diéu khién da cdu
tric so v6i hé cdu tric ¢6 dinh. Mot s6 két qua dé xuit trong bai bdo vé danh gia tinh 6n dinh ngau
nhién nhan dwoc durra trén phwong phap phan tich 6n dinh kinh dién véi mé rong c¢é tinh dén céc
dac thit riéng vé qua trinh chuyén déi nhiéu ciu tric - trang théi.

1. PAT VAN PE

Ly thuyét ve tinh 6n dinh cia cdc hé dong hoc ¢6 mot cau tric ¢d dinh da dwoc trinh
bay trong nhiéu cong trinh khoa hoc, thi du trong [1,5]. Nhung déi véi cdc hé diéu khién da
cdu triic [2,3,4], viéc ddnh gid tinh 6n dinh ctiia hé van con nhiéu van dé can dwoc tiép tuc
nghién ctru phat trién.

Xét dong hoc ciia hé diéu khién ngau nhién da cau tric dwgc mo ta tong quat bdi hé
phwong trinh vi phan ngau nhién (PTVPNN) ting véi trang théi cdc cdu tric i (i = 1, S5)
2,3,4]

XO@t) = DOXD, 1) + HOX D, )vO(1), (i=1,5), (1)

trong do:

X (¢) - vécto cot n chiéu toa do pha ciia hé tai trang thai cdu tric i

V@ (t) - nhiéu tap trang trung tAm m chiéu véi ma tran déi xing G (t) cdc mat do pho
tai trang thai cau tric 7;

D@ (X t) - ham vécto n chieu da biét tai trang théi ciu tric i

H®O(X® ) - ma tran (n x m) chiéu cdc hé s6 da biét tai trang théi cau tric i.

Céc vecto va ma tran néu trén dwoc gia thiét sao cho qua trinh X ()(¢) 1a qud trinh ngau
nhién Marcov (diéu nay ¢6 dwoc khi thoa man dang céc diéu kién Lipshitz [1]). Trinh tu thay
doi céc chi s6 trang thai (s = 1,.5) 1a qua trinh Marcov gidn doan véi curomg do chuyén doi
trang thai v;;(t) (4,5 = 1,5, i # j). Can thiét ddnh gid tinh 6n dinh ngau nhién cia hé ciu
tric dwge mo ta bdi he PTVPNN (1).
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2. KHAO SAT TINH ON PINH NGAU NHIEN

So v&i hé dieu khién mot cdu tric ¢6 dinh, khi xem xét tinh 6n dinh cia hé dieu khién
ngau nhién da cdu triic, ta thay c¢6 xuat hién mot s6 dac diém rieng. Diém thit nhat, do céc
doan thoi gian ctia cdc thé hién tai cdc trang thai cdu triic khac nhau khong giao nhau, nén
ve tong thé c6 thé mo ta qui dao qua trinh chung ciia hé bdi bicu thite:

X(t)=> X0 (2)

Diém thit hai, mac dit cdc nghiém - quy dao thoi gian cia hé (1) 13 ngau nhién, song c6
thé tién hanh nghién ctru tinh 6n dinh ciia hé nay véi lua chon dé xem xét mot quy dao khong
ngau nhién nao dé, ching han chon mot nghiém tAm thwong X *(t) 1a tong Zle X@*(t) cua
cac nghiém PTVPNN (1) trong tirng cau tric ¢ (i = 1, .S) nhu sau:

X*(t)=>_ xO)=o0. (3)

Pinh nghia 1. Nghiém X*(¢) = Zle X@*(t) cia hé PTVPNN (1) dwoc goi 1a 6n dinh theo
x4c suat, néu nhw véi cde s6 cho truede e va o bat ky (e >0, 0 < o < 1) ton tai o(e,0) >0
sao cho khi thod man dieu kién || X (tg) — X*(t)|| < o thi d6i v6i moi thoi diem ¢ > ¢ sé ¢6

duge bat dang thirc sau cho hAm phan b xéc suat Pr(.):

Pr{|X () = X" (0)]| < el X (t)} = 1 o (4)

O day khodng cach gitta quy dao X (t) vd X*(¢) dwrgc cho duéi dang 1y chuan ctia hiéu
cac vée to. C6 thé xem xét mot mien R(t) = R(X*(t),t) ndo dé, sao cho v&i moi t > ¢ thi
quy dao X*(t) € R(t). Khi d6 c6 thé de xuat mot dinh nghia khéc ve tinh on dinh.

Pinh nghia 2. Nghiém X*(¢) = Zle X@%(¢) dwge goi 1a 6n dinh theo xAc sudt, néu tir
dieu kién X (ty) € R(tg) suy ra dwoc bat dang thitc sau cho ham phan bé xdc suat Pr(.) véi
moi thoi diem ¢ > tg

Pr{X(t) € R(t)|X(to)} > 1 —o. (5)
Dinh nghia 3. Nghiem X*(t) = 27, XW*(¢) dwgc goi la 6n dinh tiém can theo xdc
sudt, néu né 6n dinh theo xdc sudt va ngoai ra con ton tai mot s6 A > 0 sao cho dé néu

1 X (to) — X*(to)|| < A thi

Jim Pr{[[X(t) = X*()[| <X (to)} = 1. (6)

Tinh 6n dinh theo xdc sudt ciing gan lién véi sir ton tai cia ham Liapunov [3].
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Ménh dé 1. Gid sit @ (X, t| Xo, to) = (WM (X, t| X0, to), wP (X, t| X0, o), ..., 0 (X, t| X0, o))
la vecto S chiu véi tog @6 thit i(i = 1, S) la mat dé xdc sudt chuyén doi cia trang thdi cdu
tric thit i; va V(X t) = (VIO)(X, 1), V(X 1), ..., V(X)) la ham vécto xdc dinh khing
am S chiéu nao a6, sao cho:

min VO(X, ) = VU (¢) > 0, (7)
X € R\R(t),
min V% (£) = Vi (t) > 0, i € {1,2, ..., S}, (8)

va gid s tai thoi diémt >ty bt ki, ton tai ham:
9(t) = / VT (X, )@(X, | Xo, to)dX ()

thi ta sé dwgc bat ding thitc sau:

" I(t
Pr{X(t) € R"\R(t)| X (to)} < v ( gt)’ (10)
trong do :
R, - khong gian pha n chiéu;
R™\R(t) - phdn bt cia R(t).
Chitng minh.
Ta co:
S
/ZV(’ (X, )wD(X, t| X0, to)dX > / Z (X, t| X, to)dX >
fen =L RMR()
S .
Viin(0) / S (X, 1)dX.
Rr\R(t) =1
(11)
Béi vi
S
Pr{X(t) € R"\R(t)| X (to)} / > Wl (12)
RMR()
nén suy ra (10) dwgce chitng minh. [

Y

Biéu thitc (10) & trén chinh 13 bat phrong trinh Trebwshev quen thugc. That vay, gid sir
X (t) 1a vo huéng. Ta xéc dinh ving R™\ R(t) bang bat dang thire | X — M[X]| > ¢ va gid stk
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VIX, 1) = (X = MX])? (X = MIX])%, ..., (X — M[X])?).
Trong triromg hop nay thi (10) trd thanh bat ding thirc sau:

M{(X — MIX]*)}
2

Pr{|X — M[X]|> ¢} < (13)

voi
/X w(X, )Xo, to)dX, (14)

& day:
w(X, t| Xo, to) = Zle W (X, t| X, o) - 1a mat do xdc sudt chuyén doi clia hé da cdu tric
néi chung.

Bat ding thite (10) ¢6 thé viét lai mot cdch thich hgp duéi dang:

Pr{X(t) e R(t)|X(to)} > 1—

(15)

Luru ¥ rang bat dang thire (15) chi ¢6 v nghia khi 9(t)/Viuin(t) < 1. Biéu dé chi ¢6 thé
dat dwroe bang cach chon vimg R(t) phu hop. Tir (10) suy ra, dé thod man diéu kién 6n dinh
(5) thi ham 9(¢) can bi han ché véi moi thoi diem ¢ > ¢y, Con dé thod man dieu kién 6n dinh
tiém can (6) thi diéu kién can va dua la:

tliglo I9(t) = 0. (16)

Tinh gi¢i han ciia ham 9(t) ¢6 thé c6 ¥ nghia néu dao ham toan phan ciia né theo thoi
gian khong dwong, nghia 1a 2 = W (X (t9),t) < 0. D& thyc hién (16) thi diéu kién di sé la
W (X (to),t) < 0. Pao ham toan phan theo thoi gian cia ham 9(¢) duge xdc dinh nhu sau:

W (X (to) /ZV() (X, D (X, 1| X0, to)dX
Rn = 1
dwD (X, t| X0, to)
ot

@ .
(20, )+ VO

= )dX. (17)

Rn =1

Xét méat do xac sudt chuyén doi w® (X, ¢|Xo, to) thod man phwong trinh Fockker - Plank
Kolmogorov tong quat thuan [1, 2, 3]

Ow (X, | Xo, to)
ot

= K¢ W), i=1,5 (18)

v6i dieu kién ban dau:
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lim w(i)(X, t| X0, to) = Pi(to)o(X — Xop), (19)

t—to
trong do6:

P;(ty) - xé4c suat cla trang thai thit ¢ tai thoi diém ban dau g,

Kg?t[o] - todn tr tuyén tinh [1, 2, 3].

MGi lién hé gitra cdc todn tir sinh thuan K g?t [e] va toan tir sinh nghich K ;'}(f) [e] ¢6 dang
[1,2,3]:

/ VO X, K [w@]dX = / WD (X, )Xo, to) K3 [VO]dX. (20)

(C7)' day chi ton tai duy nhat mot todn tir lién hop K ;}(Zt) [e] v&i todn tit tuyén tinh K g?t[o] va

K;((Zt) [8] ciing thod man bat dang thitc (10)).

Ta nhan dwgc dao ham toan phan theo thoi gian cia ham 9(t) :

S

(0 - .
W (X (to), 1) = / (Z(th +K;‘§}t>[v<z>(x,t)]) < w (X, t|Xo, to)dX.  (21)
i=1

Rn

Dinh 1y 1. Gid st ton tai ham vecto lién tuc zdc dinh dwong khd vi hai lin theo X

VI ) = (VX 8, V(X 1), .. VIO (X, 1) (22)
sao cho véi moi X € R™ vat >ty thoa man bdt dang thitc:

(i) N _
W + K;}(ft) VO(X,1)]<0,i=1,8 (23)

thi nghiém tam thwong X*(t) = 0 cida hé phwong trinh (1) sé 6n dinh theo xdc sudt. Ngodi

ra, néu ton tai mot s6 k > 0 sao cho:

V(X t)
ot

thi nghiém tam thwong 6n dinh tiém can theo zdc sudt.

+ KVOX )] < —kVO(X,t), i=T,8 (24)

Chitng minh.

Do bét ding thirc w(® (X, t| X, t) > 0 luon ding, nén khi diéu kién (23) dwoe thoa man
thi tir (21) c¢6 thé suy ra W < 0, nghia la ham 9(¢) bi gi¢i han. Khi thod man dieu kién (24),
thi tir (21) suy ra W(t) < —kd(t), nghia la lic nay thoa man diéu kién (16). Do ham vecto
VT (z,t) kha vi hai Ian lién tuc theo X va thod man bat phwong trinh (23), nén né dwoe goi
13 ham vecto ngau nhién tong quat Liapunov. Ap dung dinh Iy 1 sé dan dén nhan xét 1a véi
phwong trinh (1) da cho, ¢6 thé tim ham V(x,t) thod man cic dieu kién ctia Dinh 1y 1. Tuy
nhién, viéc tim chon ham Liapunov nhwr vay thuomg rat phite tap.
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Qu4 trinh ngau nhién X (¢) ciing ¢6 thé dwge dic trung béi cdc dic trung xdc suat nhuw
cac moment, cdc Cumuliant hay cdc tira moment. Do dé tinh 6n dinh cia qud trinh X () ¢é
thé gan lien véi cdce thudce tinh cla cdc dac trung nay. [ |

Pinh nghia 4. Nghiém X*(¢) = 21‘521 X@*(t) = 0 ctia cdc phirong trinh (1) dwge goi la 6n
dinh theo ddc trung xdc suat bac p néu véi e > 0 bat ky, ta luon tim duge s6 d(g) sao cho
néu || X (to)]] < 0(g) thi véi moi t > tg sé cé:

eV {{@p @ wipl X (o))} <&, i =18 (25)

v6i tap cac chi s6 bat ky ky, ko, ..., kp = 1,n. Trong dé zy; 1a toa do thit k; cia vecto X (t)
va phép lay trung binh xdc suat

O ()X (t0))} = / (o) (X, 1)dX. (26)

Pinh nghia 5. Nghiém X*(¢) = Zle X(i)*(t) = 0 dwoc goi la 6n dinh tiém can theo dac
trung xac suat bac p néu né 6n dinh theo dac trung xac suat bac p va ngoai ra ton tai mot
s6 A > 0 sao cho néu || X (¢9)]| < 0 thi ¢6 duge gidi han sau:

lim e {(zp1.2p0...24p| X (t0)) } = 0. (27)

t—o00

Thong thuong cac gid trip = 1,2 14 pho bién nhat. Triromg hop khi p = 2 thi hé dwoc goi
13 6n dinh theo trung binh binh phwrong. Do gitta cdc moment, cdc Cumuliant hay céc tirra
moment ton tai méi lien hé qua lai duy nhat, nén cé thé giéi han bdi cdc dinh nghia dwa ra
trén day.

Dinh 1y 2. Néu nghiém théong thwong on dinh theo ddc trung zdc sudt bac p thi né cing on
dinh theo X\, trong do A =1,2,...,p— 1.

C6 thé chitng minh cho triromg hop nay bang cdch dua vao bat dang thitc Trebursep.

Pinh 1y 3. Néu nghiém tam thuwong X*(t) = le X%t =0 cia hé (1) 6n dinh theo ddc
trung wdc sudt bac p = 2 thi nd 6n dinh theo xdc wudt.
C6 thé ching minh dinh 1y nay bang céch dat VO (X, t) = XTX, i =1, S vio Ménh dé 1.

3. KET LUAN

Bai bdo trén day da trinh bay mot s6 van dé mé rong va phét trién céc khai niem ve
tinh 6n dinh ngau nhién cho treomg hop hé diéu khién da cdu tric. Pieu can lwu ¥ & day 1
dong hoc cia hé théng dirge mo ta tong quat bdi hé phwong trinh (1) va cdc dic tinh cia
ching dwoc gid thiét sao cho qué trinh X () (t) ¢6 thé coi la Marcov. Cdc khéi niém va ménh
de nhan dwoc trong bai bao cho hé dong hoc da cau triic - cdu tric thay doi ngau nhién cho
phép gép phan xay dung céch tiép can khong chi dé phan tich khao sit tinh 6n dinh, ma con
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¢6 ¥ nghia nhat dinh trong bai toan tong hop hé thong, vi du nhwr sir dung phwrong phap ham
Liapunov.
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