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MOT SO Ki HIEU SUDUNG TRONG LUAN VAN

e RT Iatap cic sO thuc khong am.

e  R"Iakhong gian Euclid n chiéu véi chuan ||.|| va tich vo huéng (., .).

e R™"]atip cdc ma tran cAp n X m.

o  Lo([t,s],R") la tap cdc ham Ly-kha tich trén [s, t].

e AT 1a ma tran chuyén vi clia ma tran A.

e (>0 (Q > 0),ki hitu ma tran ) xac dinh khong am (tuong tng xac

dinh duong), tic la

(Qr,z) =2 0 ((Qz,x) > 0).
e M(R?) la tap cdc ham ma tran d6i xtng, xdc dinh khong am trong R",
lién tuc trén ¢ € [0, 00).

e BMT(0,00) la tap cdc ham ma tran bi chan, déi xing, xac dinh khong

am trong R", lién tuc trén ¢ € [0, 00).

e BMUT(0,00) la khong gian cdc ham ma tran bi chan, déi xtng, xdc dinh

duong déu trong R", lién tuc trén ¢ € [0, c0).

e (([a,b],R") la tap cac ham lién tuc trén [a, b] va nhan gid tri trong R".



LOINOI PAU

Ly thuyét diéu khién todn hoc 1a mot trong nhitng linh vuc toéan hoc
ting dung quan trong m&i dugc xuat hién va phdt trién trong may thap ki gan
day. Cong cu chinh ctia ly thuyét diéu khién todn hoc 1a nhitng mo hinh va céc
phuong phdp todn hoc duoc tng dung dé giai quyét nhitng van dé dinh tinh cla
céc hé thong diéu khién. R4t nhiéu bai toan thuc tién trong khoa hoc, cong nghé,
kinh t€ duoc mo ta bdi cdc phuong trinh todn hoc diéu khién thudn tuy va can
dén nhiing cong cu toan hoc tinh vi, hién dai dé tim 10i giai. Trong thuc tién,
nhiéu bai toan dé cap cac vin dé ki thuat, diéu khién thuong lién quan dén hé
dong luc mo ta boi cdc phuong trinh vi phan (PTVP) todn hoc véi thoi gian lién

tuc hay roi rac dang

2(t) = f(t,(t),u(t))
z(k+1) = f(k,x(k),uk)),k=0,1,2,..

trong d6 z(.) 1a bién trang thdi mo ta doi tuong dau ra, u(.) 1a bién diéu khién
mo ta d6i twong ddu vao cta hé thong. Nhu vay, mot hé thong diéu khién nhu
12 mot mo hinh to4dn hoc duoc mo ta béi phuong trinh todn hoc biéu thi su lién
hé vao-ra.

Mot trong nhitng muc dich chinh clia bai todn diéu khién hé thong 1a tim
diéu khién (dau vao) sao cho hé thong (dau ra) c¢é nhiing tinh chat ma ta mong
muon. Can ctf vao nhitng muc dich cu thé ctia hé thong - ddu ra - nguoi ta xdc
dinh céc bai todn diéu khién khadc nhau nhu: bai todn diéu khién duoc, bai todn
on dinh va 6n dinh hod, bai todn diéu khién t6i vu. Hién nay, 1y thuyét diéu
khién toan hoc dang dugc phat trién manh theo hai hudng 1y thuyét va tng dung,

dugc nhi€u nha todn hoc trong va ngoai nudc quan tdm nghién ctu. C6 nhi€u



phuong phdp duoc st dung trong 1y thuyét diéu khién nhu: diéu khién tuong
thich (adaptive control), diéu khién bén vimng, diéu khién t6i uu,...

Trong luan van nay chiing toi st dung phuong phap H,, (bai todn di€u
khién H,) trong ly thuyét diéu khién dé dat dugc qud trinh diéu khién 6n dinh
bén viing. Bai todn diéu khién H, 1a su két hgp ctia bai todn 6n dinh hod va
bai todn t6i uu hod. Bai todn diéu khién H., 1a tim ham diéu khién dé hé da
cho 12 6n dinh va thod man céc diéu kién t6i wu miic cho trude. Bai todn diéu
khién H,, cho hé tuyén tinh 6t6nom, phuong phap phd dung 1a sir dung ham
Lyapunov-Krasovskii va diéu kién 6n dinh dat dugc dua trén viéc gidi nghiém
clia bat dang thiic ma tran tuyén tinh hoic phuong trinh Riccati dai s6. D6i v6i
hé tuyén tinh khong 6tonom thi cdc diéu kién duoc dua trén nghiém ctia phuong
trinh Riccati vi phan. Bing phuong phap do, trong [9, 10] cdc tic gia da dua
ra diéu kién du dé giai duoc bai todn diéu khién H,, cho hé tuyén tinh khong
otonom khong ¢6 tré véi gia thiét diéu khién duoc cta hé diéu khién.

Luan van gom 3 chuong:

Chuong 1 trinh bay nhitng kién thic co s& vé phuong trinh vi phan thuong,
phuong trinh vi phan ¢6 cham, tinh 6n dinh va phuong phap ham Lyapunov d6i
v6i hé PTVP cham. Tiép dén trinh bay cédc bai toian diéu khién duoc, bai todn
on dinh hod va bai todn diéu khién H,,. Phan cudi Chuong 1 dé cap dén mot s6
b6 dé dugc str dung nhiéu trong luan van nay.

Trong Chuong 2, luan van gidi thiéu mot s6 két qua da cé vé diéu kién giai
dugc cuia bai toan diéu khién H,, cho hé tuyén tinh khong 6tondom khong c6 tré
trong [9] dua trén mdi quan hé gifta diéu khién déu hoan toan hoic diéu khién
dugc vé 0 ctia hé diéu khién va sy ton tai nghiém ctia phuong trinh Riccati vi
phan (RDE). Cu6i chuong, luan van trinh bay diéu kién c6 10i giai cua bai toan

diéu khién H,, bén viing cho 16p hé phuong trinh vi phan khong 6tonom c6 tré



hang. Dong thoi 6 mdi két qua déu dua ra vi du minh hoa.

Két qua nghién cttu méi cua luan van dugc trinh bay trong chuong 3 1a
ching minh céc diéu kién du giai bai todn diéu khién H,, bén viing cho mot 16p
hé PTVP khong 6tonom c6 tré hang, tré bién thién hon hgp va xay dung ham

diéu khién ngugc 6n dinh dua trén nghiém ctia phuong trinh vi phan Riccati.

Trong sudt qua trinh hoc tap va lam luan van, em da nhan dugc su gidp
dd tan tinh, su chi bao an can, nghiém tic cta thay huéng dan, GS.TSKH Vi
Ngoc Phat. Thay khong chi day em tri thitc, ki nang can thi€t ma con truyén dat
cho em nhiing bai hoc bé ich, phuong phédp nghién cttu khoa hoc... Em xin bay
to 1ong biét on sau sac nhat tGi thdy. Ngoai ra dé hoan thanh luan van nay, em
ciing nhan duoc su dong vién, khich 1¢ clia cdc thdy co trong t6 bo mon todn
Giai tich khoa Toan truong Pai hoc Khoa hoc tu nhién - Dai hoc Quoc gia Ha
Noi cling vGi su quan tam, tao di€u kién cua khoa Toan truong DH Khoa hoc tu
nhién, phong t6i vu va diéu khién Vién Todn Hoc, va rit nhiéu ban be nita. D6
12 nhitng nguén dong luc 16n dé em c6 co hoi dugc hoc tap, trao déi va nghién
ctru. Em xin gui 16i cam on chan thanh nhat tGi cac thay co, ban be va cac don
vi noi trén.

Vi thoi gian va ning luc ban than ¢6 han nén ban luan vin nay khong thé
tranh khoi thi€u s6t va han ché, em rat mong nhan duoc su gép y cua cac thay

cO va céc ban.



Chuong 1

CO SO TOAN HOC

Trong chuong nay, luan van trinh bay cidc khai niém co ban ctia phuong
trinh vi phan c6é cham, tinh 6n dinh va phuong phap ham Lyapunov doi vdi hé
phuong trinh vi phan ¢6 cham, sau d6 dinh nghia va néu cac két qua lién quan
dén cac bai toan diéu khién dugc, bai todn 6n dinh hod va bai toan diéu khién

H,, ma luan van nghién ctru va str dung.

1.1 Phuong trinh vi phan cham

1.1.1 Phuong trinh vi phan thuong

Xét phuong trinh vi phan

r=f(t,x), tel=Ityto+0b
f(t,z) [to, to + b] (D)
x(to):xo, .CII()GRn, to >0

trong do
ft,x): IxD—-R" D={zeR":|z—uz <a}.

Nghiém z(¢) ctia phuong trinh vi phan (1.1) 1a ham s6 z(¢) kha vi lién tuc

thoa man:

D) (t,z(t) € I x D,



ii) z(t) thod man phuong trinh vi phan (1.1).

Gia str ham f (¢, z(t)) lién tuc trén I x D, khi d6 nghiém x(¢) cho bdi dang tich
phan sau

z(t) = xg +/t f(s,x(s))ds

1.1.2 Phuong trinh vi phan cham

Gia st h > 0. Ki hiéu C' = C([—h, 0], R") 1a khong gian cac ham lién tuc
tir (—h, 0] vao R™ v6i chudn dugc xdc dinh boi ||¢|| = sup_,<g<o [|4(0)]]. V6i
bat ki ¢t > 0, dat z;(0) = x(t + 0), —h < 0 < 0 1a doan quy dao cla x(t) véi

chuén ||2|| = supse(_p g [|2(t + 5)||. Phuong trinh vi phan cham (c6 tré) dang

I(t) - f(tvxt)7 t > 07 (12)
z(t) = (1), t € [=h,0],

trong d6 f : RT x C' — R™ la ham cho truGc. Phuong trinh vi phan ¢6 tré duoc
ki hiéu la RFDE(f), ¢(t) € C.

Vi du mot s6 dang phuong trinh vi phan ¢6 tré duoc nghién citu trong luan
van nhu;

o Phuong trinh vi phan tuyén tinh khong 6tonom c6 tré roi rac

=-
—~

<+~
~—

Il

A()z(t) + Ay()a(t — h), £ >0,
ZE(t) - ¢(t>7 te [—h,O],

trong d6 h > 0; z(t) € R™; A(t), Ai(t) € R™" la cdc ham ma tran lién tuc

cho trudc trén RY, ¢ € C([—h,0], R") 1a ham ban dau vé6i chuén

ol = sup [lo@)].

te[—h,0]



o Phuong trinh vi phan tuyén tinh khong 6tonom c6 tré phan phoi

(t) = A(t)x(t) + A1 (t) /thx(s)ds, t >0,
aj(t) = ¢(t)7 te [_h70]7

trong d6 h > 0; z(t) € R™; A(t), Ai(t) € R™" la cdc ham ma tran lién tuc
cho trudc trén RY, ¢ € C'([—h, 0], R") 1a ham ban d4u vé6i chuén
gl = sup [lg(®)].
te[—h,0]

o Phuong trinh vi phan tuyén tinh khong 6tonom c6 tré hon hop

t

A(t)x(t) + A1(t)x(t — h) + A2(t)/ x(s)ds, t > 0,

t—k

-
—~
S~
SN—
I

2(t) = ¢(t), t € [~ max(h, k), 0],

trong d6 h,k > 0; x(t) € R"; A(t), Ai(t), A2(t) € R™" la cdc ham ma tran
lién tuc cho trude trén R, ¢ € C([— max(h, k),0],R™) la ham ban dau véi
chuén

ol = sup ]H¢(t)\|-

te[— max(h,k),0
1.1.3 Tinh 6n dinh cua hé phuong trinh vi phan cham

Xét hé phuong trinh vi phan c6 cham (1.2) véi gia thiét f(¢,0) = 0, tic 1a
hé (1.2) c6 nghiém khong. Tuong tu nhu bai todn 6n dinh cua hé phuong trinh
vi phan thuodng, ta c6 cac dinh nghia sau:

Pinh nghia 1.1.1:
o Nghiém khong ciia hé (1.2) duoc goi la én dinh néu véi moi s6' € > 0.ty > 0,
ton tai s6 0 = 0(e,ty) > 0 sao cho bdt ki nghiém x(to, ¢)(t) ciia hé thod man

\|pl| < O thi

lz(to, 9)(@)[| < &, ¥t = 0.

10



e Nghiém khong ciia hé (1.2) duoc goi la on dinh tiém cdn néu né on dinh va
hon nita voi moi ty > 0 ton tai 6 = 6(tg) > 0 sao cho vdi moi ¢ € C thod man

ol <9, ta co

limy o || (%0, ¢)(2)[| = 0.

e Nghiém khong ciia hé (1.2) duoc goi la on dinh mii néu ton tai cdc s6 M >

0,6 > 0 sao cho moi nghiém cua hé (1.9) thoa mdn

lz(to, ) (&) < Me= ]|, Vt > to.

1.1.4 Phuong phap ham Lyapunov

Stt dung phuong phdp ham Lyapunov nhu d6i v6i phuong trinh vi phan
thuong, chiing ta c6 thé xét dugc tinh 6n dinh ctia hé RFDE(f) (1.2).
Pinh nghia 1.1.2: Xér hé RFED(f) (1.2). Ham khd vi lién tuc V : R* x C — R
duoc goi la ham Lyapunov ciia hé (1.2) néu ton tai cdac hang sé" A1, o, A3 > 0
thod man

i) Mllz@)? < Vitz) < ol

i) V(t,z) < =Xsllz()|
voi moi nghiém x(t) cia hé.
Pinh 1y 1.1.3: Néu hé RFDE(f) (1.2) tén tai ham Lyapunov thi hé da cho én

dinh tiém can.

1.2 Bai toan diéu khién duoc

Xét mot hé thong diéu khién mo ta boi phuong trinh vi phan tuyén tinh, ki

hiéu [A(t), B(t)). dang

#(t) = A)a(t) + B(t)u(t), t > 0, (1.3)



trong d6 z(t) € R" la vecto trang thdi, u(t) € R™ Ia vecto diéu khién, n >
m; A(t) € R™" B(t) € R™™ ¢ > 01acac ma tran ham lién tuc trén R. Mot
ham vécto u(t) xac dinh trén [0, co) ma la kha tich dia phuong 14y gid tri trong
R™ s& dugc goi 1a diéu khién chap nhan dugc ctia hé (1.3). LSp cdc ham diéu
khién chdp nhan dugc thong thudng la céc ham trong L, ([0, c0), R™).

Xét hé diéu khién tuyén tinh (1.3) v6i gid tri ban ddu 2(0) = x¢ cho trude.
Khi d6 ting v6i mdi diéu khi€n chap nhan dugc u(t), bai todn Cauchy ctia hé
phuong trinh vi phan tuyén tinh (1.3) luon c6 nghiém (¢, xg, u) tai thoi diém ¢

duoc cho boi
x(t, xo,u) = U(t,0)xy + /Ot U(t,s)B(s)u(s)ds, t >0
trong d6 U (¢, s) 1a ma tran nghiém co ban cta hé tuyén tinh thuan nhat:
z(t) = A(t)x(t), t > 0.
Pinh nghia 1.2.1: Cho hai trang thdi xy, 1 € R"™, cdp (x¢, x1) dugc goi la diéu

khién duoc sau thoi gian t1 > 0, néu ton tai diéu khién chdp nhdn duoc u(t) sao

cho nghiém x(t, xy,u) cua hé thod man diéu kién
x(0, zg, u) = xg, x(t1,z0,u) = 1.

Pinh nghia 1.2.2: H¢ [A(t), B(t)] goi la diéu khién digc hoan toan vé 0 néu
vOi bdt ki trang thdi xy € R", ton tai mot thoi gian t1 > 0 sao cho (x,0) la

diéu khién duoc sau thoi gian t,. Hay néi cdach khdc ton tai T > 0 sao cho:
T
/ U(T,s)B(s)BY (s)UT(T,s)ds > 0.
0

Trudc tién chiing ta xét két qua co sd ddu tién vé tinh diéu khién duoc clia
hé tuyén tinh dirng dang
t(t) = Az(t) + Bu(t), t > 0, (1.4)

12



trong d6 z(t) € R", u(t) € R™ A, B 1a cdc ma tran hang c6 s6 chiéu tuong
ung.
Pinh 1y 1.2.3: (Tiéu chudn hang Kalman)

H¢ tuyén tinh ding (1.4) la diéu khién duoc hoan toan vé 0 khi va chi khi

rank[B, AB, ..., A"'B] = n.

Nhu vay dé xét tinh diéu khién dugc cia mot hé tuyén tinh dimg (1.4), ta
chi cin xéc lap ma tran [B, AB, ..., A" ' B] — (n x m), sau d6 kiém tra hang cta
n6 1a di. Ma tran nay dugc goi 1a ma tran diéu khién duoge, ki hiéu 1a [A/B|.
Vi du 1.2.4: Xét tinh diéu khién dugc ctia hé

TG = —221 + 219+ u
Ty = T1 — X9.

Ta co

1
rank[A/B] = rank =2
0 1

nén hé da cho 1a diéu khién dugc hoan toan vé 0.

Bén canh d6 chiing ta c6 thé kiém tra dugc tinh diéu khién duoc hoan toan
cho hé tuyén tinh khong dimg duéi dang di€u kién Kalman.
Pinh ly 1.2.5: [2] Gid su cdc ma trdn A(t), B(t) la cdc ham gidi tich trén
[tg, 00). Hé (1.3) la diéu khién duoc hoan toan vé 0 khi va chi khi

dt, € [to, OO) : TCLTLk[Mo(tl), Ml(tl), ey Mn(tl)] =n,

trong do



d
My (t) = =AM Mi(H) + 2 Mi(t), k= 0,1,.n — 1.

Chu y rang néu hé 1a dimg, tic 1a cdc ma tran A(.), B(.) 1a hang s6, thi

cac dieu kién Kalman trong hai dinh ly 1.2.3 va 1.2.5 la dong nhat.

Vi du 1.2.6: Xét hé (1.3) trong d6

%COSt 0
A(t) = )
0 _71 sint
e~ sint O
B(t) =
O e~ cost
Ta co
efsint O
Mo(t) = B(t) =
O e cost
d _73 cos te~ Sint 0
My(t) = —A(t)B(t) + aMo(t) =
0 %Sin te— cost

Vi ma tran [My(t), M;(t)] c6 hang bang 2 v6i moi ¢ > ¢y = 0 nén theo dinh ly
1.2.5, he [A(t), B()] 1a diéu khién duoc hoan toan vé 0.

Pinh nghia 1.2.7: [9] H¢é [A(t), B(t)] goi la diéu khién duoc déu hoan toan néu

ton tai N > 0, ¢y, co, ¢3, 3, ¢4 > 0 sao cho véi moi t € R :
i) el <W(t,t+ N) <ol
ii) csI <U(t,t + N)W(t,t+ N)U(t,t + N) < ¢4l
trong do

W(t,t+N) = [V U(N,s)B(s)BT(s)UT(N, s)ds.

14



1.3 Bai toan on dinh hoa
Xét he diéu khién mo ta boi hé phuong trinh vi phan

#(t) = [t x(t),u(t)), t =0

z(t) € R" u(t) € R™.

(1.5)

Pinh nghia 1.3.1: Hé (1.5) goi la on dinh hod dvoc néu ton tai ham

h(z) : R" — R™ sao cho véi ham diéu khién nay hé phuong trinh vi phdn

z(t) = f(t,2(t), h(x(t))), t =0,

la on dinh tiém cdn. Ham h(x) thuong goi la ham diéu khién nguoc.

Truong hop hé (1.5) 1a hé tuyén tinh
T = Ax + Bu

thi hé 1a 6n dinh hoa duoc néu ton tai ma tran K sao cho ma tran (A + BK) la
on dinh.

Pinh 1y 1.3.2: H¢ tuyén tinh (1.5) la on dinh hod duoc néu né la diéu khién
dvoc hoan toan vé 0.

Vi du 1.3.3: Xét hé diéu khién tuyén tinh (1.5) trong do

-1 0 1
A= B =

)

0 0 0
Ta c¢6 hé © = Ax 12 6n dinh, do d6 hé di cho 14 6n dinh ho4 duoc véi K = 0.
Tuy nhién hé khong 1a GNC vi
rank[A/B] =1 < 2.
Vi du trén chi ra ring né€u hé 1a 6n dinh hod dugc thi hé d6 chua chic da
la GNC. Do d6 phan dao cua dinh 1y 1.3.2 khong ding.

15



Truong hop hé (1.5) 1a hé phi tuyén, ta c6 dinh 1y sau:

Pinh ly 1.3.4: Xét hé diéu khién phi tuyén (1.5). Gid sit ton tai ham V (t, x) va
ham vécto h(x) : R" — R™ sao cho

i) V(t,x) xdc dinh duong
\ oV
ii)Tontgin(.) € K+ ——f(z, hz)) < —([l2]), Yo € R"\ 0.

Khi dé hé la on dinh hod duoc voi diéu khién nguoc u(t) = h(z(t)).

Vi du 1.3.5: Xét tinh 6n dinh hoa dugc cua hé phi tuyén

i = 29 — 23 — u}
iy = —x1 — 25 — Uy

Xét cac ham

V(zy, o) =27 +a3,  a(t) =~(t) =1,

b(t) = 2t%, u=h(z)==z
voi u = (ug,us), x = (x1,22). Tacod
V(0,0) =0,

a([[(z1, z2)[| < V (w1, 2) < 0| (21, 22)]])

oV
—f(z,h(z)) = 22191 + 229.09 = —da] — 4}

ox
< —ai — a5 = —y(|(z1, 32)], V(21,22) € R

Do d6 hé da cho 1a 6n dinh hoa duge v6i diéu khién nguoc
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1.4 Bai toan diéu khién H,

Xét hé phuong trinh vi phan tuyén tinh khong 6t6nom

(t) = A(t)x(t) + B(t)u(t) + Bi(t)w(t), t > 0,
(t) = C(t)x(t) + D(t)u(t), t >0, (1.6)
z(0) = xg, xo € R,

T
2

trong d6 z(t) € R™ 1a vecto trang thai, v(¢) € R™ 1a ham diéu khién, w(t) € R"
12 bién nhiéu, z(¢) € R! 1a ham quan sit, A(t) € R™", B(t) € R™™, B(t) €
R™" C(t) € R>*", D(t) € R™™ la cdc ham ma tran lién tuc cho trudc trén
R*. Ham nhiéu w(t) 1a chip nhan dugc néu w € Ly([0, 00), R").

Pinh nghia 1.4.1; [9] Cho v > 0. Bai todn diéu khién Ha, cho hé (1.6) la bai
todn tim diéu khién nguoc u(t) = K (t)x(t) thda man cdc diéu kién sau.:

(i) Voi w = 0, moi nghiém cua hé dong
#(t) = [A(t) + B(t) K ()]=(t) (1.7)

on dinh tiém cdn Lyapunov;
(ii) Ton tai ¢y > 0 sao cho

o0 2
fg I=(0)]de <,
collzoll* + Jo~ lw(®)[|dt

VOi supremum trén moi gid tri ban ddu xo € R" va moi ham nhiéu khdc khong

w € Ly([0,00),R").

(1.8)

Pinh nghia 1.4.2: [7] Cho v > 0. Bai todn diéu khién H., bén viing cho hé
(1.6) la bai todn tim diéu khién nguoc u(t) = K (t)x(t) thda man cdc diéu kién
sau:

(i) Moi nghiém cua hé dong

t(t) = [A(t) + B(t)K(t)]z(t) + B1(t)w(t) (1.9)
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thuoc Lo([0, 00), R™) vdi moi nhiéu chdp nhdn duogc w(t);

(ii) Ton tai ¢y > 0 sao cho

INECIRY )
collzol> + [ (o) [de =

(1.10)

VoI supremum trén moi gid tri ban ddu xo € R" va moi ham nhiéu khdc khong

w € Ly([0,00),R").

1.5 Mot s6 bo dé bo trg

Bo dé 1.5.1: [7] (Bdt ddng thitc ma tran Cauchy) Cho Q, S la hai ma trén doi

xung va S > 0, khi do

2(Qy,z) — (Sy,y) < (QS7'Q"z,z), Vz, y eR"

Bo dé 1.5.2: Vi moi ma trdn doi xitng xdc dinh dwong W € R™", vé hudng
v > 0va ham vécto w : [0, v] — R" sao cho cdc tich phdn cé lién quan déu xdc

dinh, ta cé

([ ) w(

B6 dé 1.5.3: [7] Vi bdt ki ma trdn A(t) bi chin trén RY, ton tai Q €
BM™(0,00) thod man Q(t) — A(t) > 0.

v

w(s)ds) < V/OVwT<S)Ww<S>dS.

Két hop vé6i hé diéu khién (1.3), xét phuong trinh vi phan Riccati
Pt)+ AT (t)P(t) + P(t)A(t) — P(t)Bt)BL(t)P(t) + Q(t) =0 (1.11)

ta c6 mot s6 bd dé sau:

Bo dé 1.5.4: [7] Gid sir A(t), B(t) bi chdn trén RT. Néu hé [A(t), B(t)] la
diéu khién duoc hoan toan vé 0 thi vdi bdt ki ma trdn Q € BM™(0, 00), phuong

trinh vi phdn Riccati (1.11) ¢6 nghiém P € BM™(0, ).
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Bo6 dé 1.5.5: [9] Néu hé [A(t), B(t)] la diéu khién duogc déu hoan toan thi khdng
dinh sau luén ding:
Phuong trinh Riccati vi phdn (1.11), trong do Q(t) = I, c¢o nghiém P €

M(R") bi chdn déu trén va dudi, titc la ton tai By, B2 > 0 thod mdn

Pr<IP@)I < 5o, VEERT.

19



Chuong 2

Mot s6 két qua vé bai toan diéu khién H
cho hé tuyén tinh khong 60tonéom véi gia

thiét diéu khién duoc

Phan dau chuong 2, luan van trinh bay két qua giai duoc cta bai toan diéu
khién H,, cho hé phuong trinh vi phan khong 6t6nom khong c6 tré dua trén
moi quan hé giita tinh diéu khién dugc déu hoan toan va su ton tai nghiém cta
phuong trinh Riccati vi phan. Ti€p d6 dua ra mot s6 két qua mo rong trong [7]
vé bai todn diéu khién H,, bén viing cho hé tuyén tinh khong 6tondom co tré

hang trén bién trang thai véi cdc gia thi€t vé diéu khién duoc nhe hon.

2.1 Tinh diéu khién duoc va diéu khién H, cho hé tuyén tinh

lién tuc khong 0tonom

Xét hé phuong trinh vi phan tuyén tinh khong 6tonom

)= At)x(t) + B(t)u(t) + By(t)w(t), t > 0,
z(t) = C(t)x(t) + D(t)u(t), t > 0, (2.1)

z(0) = xg, xg € R",
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trong d6 z(t) € R™ 1a vecto trang thai, u(t) € R™ 1a ham diéu khién, w(t) € R"
1a bién nhiéu, z(¢) € R! 1a ham quan sat, A(t) € R™", B(t) € R™™ By (t) €
R™7" C(t) € R, D(t) € R™™ 1a cdc ham ma tran lién tuc cho truée tréen R*.
Ham nhiéu w(¢) 1a chdp nhan dugc néu w € Ly([0, 00), R").

Xét hé (2.1) v6i cac ham ma tran By(t), C(t) lién tuc bi chan trén [0, 0o)

va gia thiét
DY (#)[C(t), D(t)] = [0,1], ¥t > 0 (2.2)

dé giam su phiic tap khi danh gia cac diéu kién. Ta c6 dinh Iy sau:
Pinh 1y 2.1.1: Gid sit hé [A(t), B(t)] la diéu khién duoc déu hoan toan. Bai
todn diéu khién Hw, cho hé (2.1) ¢6 oi gidi néu ton tai P € M(R'.) thod man
phuong trinh vi phdn Riccati (RDE)

P(t)+ AT(t)P(t) + P(H) A(t)

1

—P(t)[B(t)B"(t) — ;Bl(t)Bf B P(t)+1=0, (2.3)

va ham diéu khién nguoc la
u(t) = =BT (H)P(t)x(t), t > 0.

Chiing minh. Gia st hé [A(t), B(t)] 1a diéu khién duoc déu hoan toan, theo
bo dé 1.5.5, phuong trinh RDE (2.3) ¢6 nghiém P(¢) € M(R") thoa man diéu
kién

B < |IP@)| < By, VEteERT
Véi ham diéu khién nguoc u(t) = —BT () P(t)x(t) va hé déng véi w = 0:
i(t) = [At) = B(t)B" (t)P(t)]=(t)
x€ét ham Lyapunov dang sau
V(t,z) = (P(t)z, z).
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Ta co

Aillz@) < V(E,2(t) < Gallz(0)]]-

L&y dao ham cua V' (.) doc theo nghiém ctia hé dong, v6i w = 0, ta ¢

Jo(t), x(t)) + 2(P(t)z(t), &(t))
= —lle®I” = (PO)BO)B () P(t)x(t), x(t))
—%<P( )Bi(t) By (t) P(t)(t), 2(1)) — (CT()C()x(t), = (t)

—[lz@)I’

Vit,a(t)) = (P(t

IA

bdi vi
(P(t)B(t) B (t)P(t)x(t), (1)) > 0
(P(t)Bi(t) By (1) P(t)2(t),z(t)) > 0
(CT()C(t)x(t), z(t)) > 0, Vt > 0.

Vay theo Pinh 1y 1.1.3, hé déng vé6i w = 0 1a 6n dinh tiém can.
Tié€p theo ching ta chiing minh diéu kién (1.8) cua v6i moi gia tri ban dau
xo € R" va ham nhiéu chip nhan dugc w(t). Ta c6
Vit,a(t)) = —lz@)|* = (P)BT(t)B(t)P(t)x(t), (t))
—%<P(t)Bf(t)Bl(t)P(t)x(t),w(t)> — (CT(O)CH)a(t), x(1))
+2(P() By (t)w(t), x(t))

Hon nita, v6i u(t) = —BT(t)P(t)z(t) va diéu kien (2.2) c6

Lz = (CT(OC (O (t), 2(1)) + (P(E)B(t) BT (£) P(t)x(t), (t)).

Do do

[ 01 P

0

< / 12012 = lw(®) 2 + V (8, 2(0))] dt - / V(t,2(1))dt
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< / T e - ~(P(OB]0BAOP(©)a(1).2(1)

+2(P() By(t)w(t), x(t)) — v[lw )] }dH( (0)z0, o).

Str dung bd dé (1.5.1) ta co

2APOBDL(),2(0) ~ 2O < - (POBB! (O P{(),5(0):
Khi dé
| IR = 2lo@lP) < (PO,
< POl
Vay
I o 0
callzall* + Ty~ (O =
Vi ey = 12 io)” P(O)|| > 4 > 0, supremum Idy trén 25 € R” va ham

nhiéu chap nhan duoc w € Ly([0,00),R"). Do d6 theo dinh 1y 1.4.1, bai toan
diéu khién H,, cho hé (2.1) c6 16i giai. O

Vi du 2.1.2: Cho v > 0. Xét hé (2.1) trong d6

sin2t 0 e~ st ()
At = ) B(t): )

0 —1 0 et

?e—smt 4 0
Bl(t)_ el )
0 ?’Ye—cos t—>5

0 0 10
C(t)= | Ysint YLeost |, D(t)=10 0
0 0 01

Ta c6 DT(t)C(t) = 0, DT(t)D(t) = I va ma tran U(t, s) dugc cho béi

2 2
cos” s—cos“t
e 0

Ult,s) =

0 6s—t
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Véi z = (z1,79) € R? ta c6
t+N ,
/ | BT (s)UT(N, s)x|?ds = e 2“5 N2 N + e N2 N.
t

Vi

6—2COS2N Z €—2N’ 6—20052N S 1’ \V/N Z 1

nén chon N = 1tacd

2 N T T 2
e ||| S/t |B*(s)U" (N, s)x||"ds < |||

thod man diéu kién (i) cha Pinh nghia 1.2.7 v6i ¢; = e 2

,co = 1.
Mat khac
U (t, )| = e2leos”smeos®t) 27t < 2 4
vGi s < t nén di€u kién (ii) ciia Dinh nghia 1.2.7 thoa man. Khi d6 ta c6 hé

[A(t), B(t)] 1a diéu khién dugc déu hoan toan.
Vay bai todn diéu khién H,, (2.1) 6 10i gidi v6i u(t) duge xdc dinh boi
u(t) = —B" (t)P(t)x(t)
trong d6 nghiém
pi(t) 0O

0 D2 (t)
cta RDE (2.3) dugc dinh nghia boi phuong trinh vi phan

P(t) =

—2sin® t—8 11
pr(t) + 2sin 2tpy (1) — (eQCOSQt . 66—4) pR(t) + - sin’t = —1
1 2 1
Pa(t) + 2po(t) — (e — ae*%os I p2(t) + 1 cos’t+1 = 0.

2.2 Moi lién hé giira diéu khién H, va tinh diéu khién duoc
cua hé tuyén tinh khong 6tonom
Xét hé (2.1) vai gia thiét
DY (@®)[C(t), D(t)] = [0, 1], ¥t > 0. (2.4)
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ta c6 bo dé sau:

Bo dé 2.2.1: Bai todn diéu khién H, cho hé (2.1) c6 101 gidi néu ton tai ma trén
X € BMUT(0,00), R € BMUT(0,00) sao cho phuong trinh vi phdn Riccati

sau thod man
X+ATX +XA—- X[BBT — %BlBlT]X +CTC+R=0,t>0. (2.5)
Ham diéu khién nguoc la
u(t) = =BT ()X (t)x(t), t>0.
Chitng minh. Vé6i ham diéu khién nguoc u(t) = — BT (¢) X (t)z(t) va hé déng
v6i w(t) = 0
i(t) = [A(t) — B(t)BT ()X (t)]=(t), (2.6)
xét ham Lyapunov dang:
V(t,x) = (X(t)x,z).
Do X € BMU™(0,00) nén ton tai Ay, Ay > 0 sao cho
Mzl < V(t, ) < Xoflzfl?, vt >0
Pao ham V(.) doc theo nghiém ctia hé déng ta c6

Vit,o) = (X((t),x(t)) + 20X (D) (t), i(1))

= ((X(1) + AT(OX(8) + X () A(t)(t), (1))
—2X()B(t) BT ()X (t)x(t), (1))

= —(XMO)BO)B ()X ()(t), z(t) — (CT(H)C(H)x(t), 2(1))
—Z(X()By(OBI(HX (Da(t), 2()) — (RE)x(t), 2(8)

S
—(R(t)x(t), z(t))

IA
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bdi vi

(XBBTXx(t), z(t)) > 0,
(XBiBIX(t),z(t)) >0,

(CTCx(t), z(t)) > 0.
Mat khiac R € BMU (0, o0) nén ton tai A3 > 0 sao cho

(Ra(t),=(t)) > Aslz]”

Do do
V(t,z) < —Xsllz|?
A3
< —=V(t,z).
< -2v(t)
Tu d6 ta co
A3

V(t,z(t) < V(0,z0)e %', ¥t >0

ma
Mllz(t)]]? < V(E (t))
nén
lz(t) < V(i—’l‘”(’)e—ﬁ%t, Wt > 0.

Vay hé déng (2.6) 6n dinh mii nén 6n dinh tiém can.
Dé hoan thanh ching minh, ching ta chiing minh diéu kién (1.8) véi moi
gia tri ban dau xy € R" va ham nhiéu chip nhan duogc w(t).

Véi u(t) = —BT(t) X (t)z(t) va diéu kién (2.4) ta c6

12]? = (CTCx, ) + (X (1) Bt) BT () X (), z).
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Khi dé

s

[Hz ()| = llw(s)[I"] dt

/o ()P = Yllw ()P + V (s, (s ))]dt—/o Vs, z(s))ds)
/O [ 7<X( s)B1(s)BL ()X (s)x(s), 2(s)) — (R(s)z(s), z(s))

+2(X(s) Bi(s)w(s), 2(s)) — 7\|w(s)|\2} dt + (0, zo)
1

sA[%ﬂ@&@w@w@»—¢X@B@ﬁ#@xwm@a@»

—w(s)I” = (R(s)x(s), $(8)>}d8 + (X (0)xo, o).

IA

Str dung bo dé (1.5.1) ta c6

2(X () Bi(t)w(t), z(t)) = vllw®* < %<X(t)Bl(t)BlT(t)X(t)x(t)7x(t)>
—(R(t)z(t), z(t)) < =Xsllz(t)]|*.
Do d6

[ =617 = sl

S—&£H%MW&HX®%ww
< <X(O)£If0, .CE'0>.

Chot — oo tacd

Jo lI=(8)|*dt

collzoll* + fy~ lw(®)[2dt

v6i supremum xédc dinh trén xy € R™ va ham nhiéu chap nhan duoc w €

X(0 PN :
Lo([0,00),R"), ¢y = IX(O)] > 0 vi X > 0. Bo dé¢ dugc chitng minh. O
Y

Dinh 1y sau day cho két qua giai bai todn diéu khién H,, cho hé (2.1) vdi
yéu cau gia thi€t nhe hon.
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Gia stt A(t), B(t), Bi(t) 1a cdc ham lién tuc, bi chan trén R*. Cho v > 0,
dat
1
Ay (t) = A(t) + ;Bl(t)Bf(t) — B(t)B" (1),

B, (t) = [B(H)BT(t) - %Bl(t)BlT(t)] |

(SIS

Dinh 1y 2.2.2: Gid sit B(t)B"(t) — = Bi(t)B] (t) > 0, t > 0, va h¢ diéu khién
[A,(t), By(t)] la diéu khién dugc déu hoan toan. Khi dé bai todn diéu khién H .,

cho hé (2.1) cé loi gidi. Hon nita, ham diéu khién la
u(t) = =BT (t)[P(t) + I]z(t), te€RT,
trong dé P € BM™(0,00) la nghiém ciia phuong trinh vi phdn Riccati
P+ AP+ PA, —PBBIP+A+ A" +C"C+el=0 (2.7)

voi € > 0.

Chitng minh. Chon ¢ > 0, béi B6 dé 1.5.4, sao cho
Q) = A(t) + AT(t) + CT(H)C(t) + eI > 0.
K&t hop véi (2.7) ¢6
P+ ATP+ PA,— PB,BIP+Q(t) =0, (2.8)

dp dung BO dé 1.5.5 vé6i diéu kién di€u khién duoc déu hoan toan cua hé
[A,(t), B,(t)]; A,(t), B,(t) bi chan, ) € BM™(0,00), phuong trinh (2.8) c6
nghém P € BM™(0, 00).

Do d6

. 1
P4 (AT + lBlTBl ~ BB")P+ P(A+ ~-B] B, — BB")
gl gl
1
—P(B(t)BY(t) — =Bi(t)BI(t)) P+ A+ AT + CTC + eI =0
gl
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suy ra

P+ AT(P+1)+ (P+1)A—(P+1)B@t)BT(t) - %B1(7§)B?(7§)](P + 1)

+CTC + B(#)B(t) — %Bl(t)BlT(t) bel=0.

Dat
X(t)=Pt)+1I, Rt)=[Bt)B"(t)—-Bi(t)B](t)] +eI
Ta co
P e BM*(0,00), B(t)B"(t) %Bl(t)BlT(t) >0
X(t)>0, R(t)>D0.
Hon nira

X+ATX + XA - X[BBT — %BlBﬂX—I—CTC—FR: 0,t>0.
Vay 4p dung B6 dé 2.2.1, bai todn diéu khién H,, cho hé (2.1) ¢6 16i gidi véi
ham diéu khién nguogc
u(t) = =BT ()X (t)x(t) = =BT ()[P(t) + Ix(t), Vt>0.
Dinh 1y dugc ching minh. [
Vi du 2.2.3: Xét h¢ (2.1) trong dé

S(=1—e?) -1

At) =

(1) L)

le_t 0 \/—1>1€_t 0
Boy=|" ] Bp=|" ]

0 7§€ 0 %6
Ct)=1{ V2 V2, D)= |V

_Le_t Le_t L

V2 V2 V2
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Ma tran A, (t), B, (t) giai tich va xét

My(t) = By(t), Mi(t) = —Ay()B,(0) + M (1),

ton tai tp > 0 thoa man rank[My(ty), M1(to)] = 2. Theo Dinh ly 1.2.5, hé
[A,(t), B,(t)] 1a diéu khién dugc hoan toan vé 0 va bai todn diéu khién H,, c6
101 gii.

Chon ¢ =2 va

Q) = A@t)+AT(t)+CT)C(t) + el

theo B4 dé 1.5.4, phuong trinh vi phan Riccati
P+ AP+ PA, -~ PBBIP+Q=0
c6 nghiém P € BM™(0,00) va ham diéu khién ngugec bén viing 1a

u(t) = —BT(t)P(t)x(t), vt > 0.
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2.3 Bai toan 6n dinh trong L, va diéu khién H . bén viing cho

hé tuyén tinh khong 6tonom co tré

Xét he¢ diéu khién tuyén tinh khong 6tonom c6 tré hiang trén bién trang théi

t(t) = A(t)x(t) + A1 (t)z(t — h) + B(t)u(t) + Bi(t)w(t), t > 0,
t)=C(t)x(t) + D(t)u(t), t >0, (2.9)
x(t) = ¢(t),t € [—=h,0], h >0,

trong d6 x(t) € R" la vecto trang thdi, u(t) € R™ la ham diéu khién, w(t) €
R” 1a bién nhiéu, 2(t) € R’ 1a ham quan sit, A(t), A;(t) € R™", B(t) €
R™™ By(t) € R™" C(t) € R>", D(t) € R™™ la cdc ham ma tran lién tuc
cho trudc trén R*,

Xét hé (2.9) v6i cac ham ma tran A, (¢), Bi(t) lién tuc bi chan trén [0, 0o)
VA gia thiét

DiwCct) =0, DY)C@Et) =1, vt>O0. (2.10)
Ki hiéu
ar = sup |4 (1), b = sup [ By(o)].

teR+ teR+
Xét phuong trinh vi phan Riccati

P(t)+ AT(t)P(t) + P(t)A(t) — P(t)Bt)BY(t)P(t) + Q(t) = 0. (2.11)
Dinh 1y sau cho ta 101 giai bai toan diéu khién H,, bén viing vdi gia thiét diéu
khién dugc vé 0 cha he [A(t), B(t)].

Pinh 1y 2.3.1: Gid su hé [A(t), B(t)] la diéu khién dugc hoan toan vé 0. Bai
todn diéu khién H., bén vitng cho hé (2.9) c6 loi gidi néu ton tai €,&1,59 > 0

sao cho
1
e —p(eitad + —b?) > 0, 2.12)
Y
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trong dé p = sup,ep+ || P(t)]|, P € BM™(0,00) la nghiém ciia phuong trinh vi
phdn Riccati (2.11) véi Q(t) = CT(t)C(t) + (¢ + &1 + e2h) . Hon nita ham diéu

khién nguoc la
u(t) = —BT(t)P(t)x(t), Vt>0.
Chiing minh. Gia st hé [A(t), B(t)] 1a diéu khién dugc hoan toan. Theo bo dé
1.5.4, phuong trinh Riccati (2.11) vé6i
Q) =CT()C({t) + (e + &1 + &)
c6 nghiém P € BM™([0,0), X).
V6i ham diéu khién nguoc u(t) = —BT(t)P(t)z(t), Vt > 0 va hé déng
voiw =0
i(t) = [A(t) — B(t)BT(t)P(t)]z(t) + A (t)z(t — h), (2.13)
xét ham Lyapunov dang :
V(t,zy) = Vi(t, ze) + Valt, ) + Va(t, xy),
trong do
Vilt,z) = (P()x(t), x(1)),
Vitta) = & [ leColPds

V3(t, ) = 62// |2(s)||*dsdr.
t+1

DPao ham cua V' (.) doc theo nghiém xz(¢) cua hé dong, ta c6

Vi(t @) = (P(t)a(t), (1)) + 2{P()a(t), x(1))
= ((P(t) + AT(t)P(t) + P(t)A(t) — 2P(t) B(t) B (t) P(1))(1), x(t))

_|_
DO
s

(P0)AL(t)x(t = h), x(t)) + 2(P(t) Bi(t)w(t), (1))
Va(t,z0) = e1|2(t)|” — el (t — 0|
)

4
Va(t, @) = eaha(t )\|2—€2/ lx(s)I*ds.
t—h
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Do do

V(t,z;) = ([P(t)+ AT(t)P(t) + P9t)A(t) — 2P (t)B(t) BT (t)P(t)
+(e1 + e2h)Ix(t), z(t)) + 2(P(t)B1(t)w(t), z(t)) t
+2(P(t) Ay (t)z(t — h), x(t)) — exl|lx(t — h)|]* — ez/ |(s)]]*ds.
t—h
Vi
o [ las)lPds 20, ¢ 20,

va stt dung B dé 1.5.1 ¢6

2P(1) Ar(t)a(t — h),(t)) — eille(t — )|
< e (P AL AT () P(0)2(t), 2(1))

nén

V(t,x¢)

— ([P(t) + AT (t)P(t) + P(t)A(t) — 2P(t)B(t) B (t)P(t)
+(e1 + e2h)Ix(t), z(t)) + 2(P(t)B1(t)w(t), z(t))
+er (PO AL AL (D2 (), 2(1))

< —ellz@)|]F = ([CT))C(t) + e7 P(H) Ai(t) AL (1) P(8)](t), (1))
—(P(t)B(t)B* (1) P(t)x(t).x(t)) + 2(P(t) Bi(t)w(t), x(t))

A\

< —(e —er PPa)) e () + 2{P(t) Bu(t)w(t), x(t))
< =iz + 2(P(t) Bi(t)w(t), =(t)), (2.14)

trong d6 n = € — ¢ p°aj > 0 do diéu kién (2.12). Tich phan hai v€ clia (2.14)

tr 0 dén ¢ ta co

V(t,xy) — V(0,29) < —77/0 |z(s)||*ds + 2/0 (P(s)By(s)w(s),x(s))ds
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ma V' (¢,z;) > 0 nén

[ ety reas
< [P0 000+ [ ot e [ [ o)
van o { [ letoas) { [ eto)ieas)

t
PO+ et eak?] ol + 20 pbio{ [ (o) s}

o= { [ Ietras)

pata = ' [IPO)] + &1k + exh?][|6]2 6 =1 phiw, ta c6

[ atPas < s 25 [ aoPas)

t
[ la@Pas < g+ VFETa, w0
0

Cho t — o0, ta cd x(t) € Lo([0,00), X).

trong do

do dé

Dé hoan thanh chitng minh cua dinh 1y, ta can ching minh diéu kién (1.8).

Xét biéu thic
t
/0 z(8) 1P = yllw(s)||*]ds
t t
- / 2()[2 = WS + V(s,2))ds — / V(s,2.)ds.
ViV (t,x;) > 0,t > 0 nén
t
_ / V(s,22)ds = V{0, 20) — V(£ 27) < V(0. 20), ¥t > 0
0
Hon nita v6i ham diéu khién ngugc va diéu kién (2.10) ta c6
[2()|I> = ([CT (1)C(t) + P(t)B(t)B" (t) P(t)]z(t), x(t)).
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Do d6
/0 H2(s)1? = vllw(s)[*)ds
< /O [—ellz(s)]|* + eip’aif|z(s)[I° + 2(P(s) Bi(s)w(s), x(s))

()l + V0,0
< [ (e etitat + —p)las) Pds + V(0,20
< V(0,20) < 0 (IPO) | + 21k + 2]
boi vi
(P(3)B1() BY () P(s)2(s), 2(s)

0tz (s)]”

2(P(s)By(s)w(s), 2(s)) — ]lw(s)]> <

VAN
LR

Cho t — oo, va dat

PO + e1h + ek?) |91
/y Y

ta cO
Jo Ml szt

collgl* + J; llw(@)]dt ~
v6i moi ham khong am w € Lo([0,00),R"), ¢(t) € C. Dinh ly dugc ching

minh. ]

Bang cach chiing minh tuong tu, Pinh 1y 2.3.1 ¢6 thé md rong cho hé diéu
khién véi nhiéu tré dang
G(t) = +ZA hi) + B(t)u(t) + Bi(t)w(t), t > 0,
2(t) = Ct)x(t )+D( Ju(t), t >0, (2.15)
z(t) = ¢(t),t € [=h,0], h > 0.
v6i h = max{hy, ha, ..., hy }, ta cé dinh 1y sau
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Pinh 1y 2.3.2: Gia sit hé diéu khién [A(t), B(t)] la diéu khién dugc hoan toan
vé 0. Bai todn diéu khién H., bén viing cho hé (2.15) cé loi gidi néu ton tai

g,€1,&9 > 0 thod man

Z erlal + b2 >0,
trong do a; = sup;cp+ ||Ai(t)]l, P € BM*(O, o0) la nghiém cuia phuong trinh
vi phdn Riccati (2.11) véi Q(t) = CT(t)C(t) + (¢ + €1 + e2h) 1. Hon nita, ham
diéu khién nguoc la
u(t) = =BT (t)P(t)x(t), Vt > 0.

Vi du 2.3.3: Xét trong R", v € R", x = (z1, o, ..., x,) v6i chuin

n 1
ol = | Y- a?]" < +oo.

i=1
Xét hé phuong trinh vi phan tuyén tinh khong 6tonoém cé tré

#(t) = A()x(t) + AL (D) (t — 3) + B()u(t) + By(t)w(t), t > 0,

z(t) = C(t)z(t) + D(t)u(t), t >0, (2.16)
vGi
/— sm2t 0 O .. O \
0 -1 0 .. O
A(t) = 0 0O -1 ... 0 |,

\o 0 0 .. -1
(L0 0 . 0)

t+1
0 e? 0 0
B(t) - 0 0 e*t 0 )




[ er ~15 0 0 .. 0\

(1+1)?
0 00 .. 0
C(t) = 0 00 .. 0|

/ooo...oo\
1 00 .. 00
Dt)=10 1 0 .. 0 0|,

trong dé a > 0 xac dinh bdi
9a” sup || P(t)[|* < 1,
>0

v6i P(t) la nghiém cua RDE (2.15) v6ie = 1,61 = g9 = 0.125,

Q(t) = CT(H)C(t) + 1.51.

Ta ¢o

DY ()C(t) =0, DT (t)D(t) = I.
Hon nita, d€ kiém tra diéu kién diéu khién, ching ta tim ma tran U (¢, s) bing
cach giai phuong trinh ma tran hitu han chiéu

%U(t, §) = AU (ts), Ultt)=1.
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Ta co

(esin2 s—sin’ ¢ 0 0 .0 0 \
0 et 0 0 0
Ult,s) = 0 0 7' .. 0 0 [,
\ 0 0 0 .. 0 es_t)

Khi d6, v6i moi = = (x1, 29, ...,x,) E R" vaT >0

n
”UT(T’ O)a:TH2 _ e—ZSinsz% + e—QTZ:UZZ
i=2

T
/ | BT (s)U7 (T, 5)a"|Pds
0

.2 T 1 .2 n r
— 6—251n TIL'%/ 26251n SdS—f— 6_2T E 13%2/ 628d$
0 (S+ 1) i— 0

T T
: 1
> 6_2SIHQT$2/ ——  _ds+e T x2/ ds
Yo (s 1)? ZX_; “Jo
1 . -
=(1- A 1)6_2““2Tx% +Te ! Zazf
i=2

Do d6, v6i T = 1, diéu kién diéu khién hoan toan vé 0 trong khoang thoi gian

httu han 7" > 0
T
/ |BT(5)U(T, s)a"|*ds > c| UT (T, 0)||%, Vo € R”
0

thod mén véi ¢ = 1, va hé [A(t), B(t)] 1a diéu khién dugc hoan toan vé 0. Cho
v = 1. Tt ching minh ctia Pinh 1y 2.3.1, ta c6 thé thay viéc gidi RDE (2.11)

bang cach giai bat phuong trinh Riccati

P(t) + AT(t)P(t) + P(t)A(t) — P()B() BT (1) P(t) + Q(t) < 0,
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nghiém ctia RDE (2.11) dugc dinh nghia bai

/esin% 00 .. 0 0\
0 1 0
Pt)y=1 0 0 1

S O
o O

\ 0O 0 0 .. 0 1)
Ta ¢6 p = e, chon a thoa man 3ae < 1, diéu kién (2.12) thoa man, do d6 bai

todn diéu khién H,, bén viing cho hé (2.16) c6 10i giai.
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Chuong 3

Bai toan diéu khién H, cho hé phuong

trinh vi phan tuyén tinh khong 6tonéom c6

(q=3!

tr

Trong chuong nay, luan vin trinh bay nghién cttu phat trién cdc két qua
trong chuong 2 vé diéu kién giai dugc cua bai todn diéu khién H,, bén viing
cho hé PTVP tuyén tinh khong 6tonom cé tré hiang trén ca bién trang thai va
bién quan sat dua trén su ton tai nghiém cua phuong trinh vi phan Riccati va
tinh diéu khién dugc hoan toan vé 0 ctia hé diéu khién.

Cuoi chuong luan van nghién cttu mé rong hon két qua giai dugce cta bai
todn diéu khién H,, bén viing cho hé phuong trinh vi phan tuyén tinh khong
otonom cé tré bién thién trén bién trang thai va bién quan sat khong can gia

thiét diéu khién duoc vé 0.
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3.1 Piéu khién H_, bén virng cho hé tuyén tinh khong 6to-

nom co tré hang

Xét hé diéu khién tuyén tinh khong 0tondm véi tré hing trén bién trang
thai va bién quan sat
(t) = A(t)x(t) + Ay(t)x(t — h) + B(t)u(t) + B1(t)w(t), t > 0,
2(t) = C(t)z(t) + C1(t)x(t — h) + D(t)u(t), t >0, (3.1)
x(t) = ¢(t),t € [=h,0], h >0,

trong d6 z(t) € R" 1a vecto trang thdi, u(t) € R™ 1a ham diéu khién, w(t) €
R” 12 ham nhiéu, 2(¢) € R’ 1a ham quan sdt; A(t), A(t) € R™", B(t) €
R™™ By (t) € R C(t), Ci(t) € RX™ D(t) € R™™ la cdc ham ma tran
lién tuc cho trude trén RY, ¢ € C([—h, 0], R™), h > 012 ham ban dau véi chuén
lpll = sup [lo@)]l.
te[—h,0]
Gia su cac ham A;(t), B1(t),C(t), C1(t) lién tuc va bi chan. Nhu thuong 1¢ ta

van gia thiét diéu kién

DT)[C(t),Ci(t), D(t)] = [0,0,1], ¥Vt > 0. (3.2)

ay = sup Ay (8)]], by = sup [[Bi(t)],

teR+ teR+

a =sup [[Ci(1)|,  c=sup [C@)[, p=sup | PO
teR+ teR+ teR+

Pinh 1y 3.1: Gid sit hé [A(t), B(t)] la diéu khién duoc hoan toan vé 0. Khi dé
bai todn diéu khién H,, bén viing (3.1) c6 loi gidi néu

1> 2par, 1> 26, (3.3)

2p2b?

(1—2c)(1 — ) > 2¢* + 4p*a? + 8paycey. (3.4)
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Hon nita ham diéu khién nguoc la
u(t) = =BT (t)P(t)x(t)
trong dé P(t) la nghiém ciia RDE
P(t)+ AT P(t) + P(OA(t) — POB)BY(H)Pt)+1=0. (3.5

Chiing minh. Gia stt hé [A(t), B(t)] 1a diéu khién duoc hoan toan vé 0 thi RDE
(3.5) c6 nghiém P € BM (R?).
Xét ham Lyapunov cho hé dong

VI(t,z) = (P(t)z(t), 2(1)) + % - |l (s)l[°ds.

Vé6i ham nguoc u(t) = —BT(t)P(t)x(t) thi

@(t) = [A(t) — B(t)BT (t)P(t)]z(t) + Ay (t)x(t — h) + Bi(t)w(t).
Lay dao ham cua V/(.) doc theo quy dao nghiém clia hé¢ déng ta c6
V(t, l't)

= (P(t)x(t), z(t)) + 2(P(1)i(t), (1)) + %IISE@)H2 - %Hx(t —h)|’

= —(P(OBWBTOP(0)(t), (1) + 2P0 Bi(B)(t), (1)
FAPW At~ ), 2(0) — SO — Sl =B GO
< —SlaOI + 24P B (B(t), 2(1)
+2(P(t)A1(t)x(t — h),xz(t)) — %Hm(t — h)]?. (3.7)
Tich phan hai vé& ctia (3.7) tir O dén ¢ dugc:

V(t ZCt) V(O SC())
<1 / J(s)|Pds + 2 / (P(s) By () (s), 2(s))ds

+2/0<P<>A1<> ds——/uxs— )|%ds
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<=5 | lePds +2ptn [ ts)lats)

t 1 t
vopan [ alllats = wlds = 5 [ s — byPas

V6i p = sup,cp+ || P(t)||. Ta cé

V(t, ZE’t) Z 0,

t 1 t t
2par [ lallots = 1)lds =5 [ lals = my|Pds < 2t [ ats)as

, tetienas < (] lutsfas INECIED)
< ol [ lato)Pas)

trong d6 w? = [} [lw(s)|?ds (i w € La([0, 00)), R")).
Nén

1

V(0,20) < (5 — 2% / lo(s) 2ds + 2pbres / lo(s)2ds)

V(0,m) = <P<o>a:<o>,:c<o>>+1 JALCIRE

< ([[P(0 )H+ moll* = e,
y 1 )
VOloz:HP(O)|\+§h, do d6
——2p /||x )||*ds — 2pbyw / z(s)]|*ds) %—OéSO,

ap dung giai bat phuong trinh bac hai v6i 5 — 2p%a? > 0 (theo (3.3)) c6

[ latoas < (/P Ty
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trong d6 5 = phiw, n = % — 2p?a?. Cho t — oo ta ¢6 x(t) € Lo([0, 00), R™).
Tiép theo ching ta ching minh diéu kién (1.10) v6i moi ham ban dau
¢ € C([—h,0],R™) va ham khong chéac chan khac khong chip nhan duoc w(t).
Véi u(t) = —BL(t)P(t)z(t) va diéu kién (3.2) ta c6
=)
= (CT(O)C()a(t), x(t)) + (P()B" (t) B(t) P(t)x(t), x(t))
+2(C(t)z(t), C1(t)x(t — b)) + (CT () Ci(t)x(t — h), x(t — h))

Khi do

(0.9]

(0 = 2llo(o)| ]
/’ |P—ww>W+vuxUﬂﬁ—AWmemw
/ 2(0)) + 2(C B (b), Cr(B)at — b))

CY (t)Ci(t)x(t — h), @—hD—MW@W—%WﬁWQ

+2(P(t)B1(t)w(t), z(t)) + 2(P(t) A1 (t)x(t — h), z(t))

sl — B)IP]dt + V(0,20

<(@=3) [ e+ 2par+ con) [ a@llate - 0t
=) [ttt = a2 [ ato) o
1 [ eIt + o

S—

IA

1 2(paj + ccq)? 2p2 o

3(62——4- (p 1 21) ‘|‘p 1)/ Hx(wHth_i_aSa
2 1 —2¢] 0

pr% 2(]9@1 + 001)2

< 0. Do d6
¥ 1—2c2

< e 1
vi tir diéu kién (3.4) ¢6 ¢* — 3 +

[ B0 = Al < o

0
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Sz (8)])2at
I IOPa
alldl* + [y~ lw®)]>dt
v6i supremum xdc dinh trén ¢ € C([—h,0],R") va ham khic khong w €

a  2[P0)] + A
Ls(|0,00),R"), cg = — = > 0.
(10.00) R, e = = = T
Dinh ly dugc ching minh. [

Vidu 3.2: Cho v = 1. Xét h¢ diéu khién (3.1) véi

%cost 0 ﬁsint 0
A(t) = A= ,
0 Ssint 0 4 cost
e—sint O
B(t) = 5 Cl(t) = 07
O e—cost
Bi(1) =(sin®¢ + 1) 0
1 - )
0 ‘8/—3 cos? t + 3)
0 0 10
C(t) = %cost %sint : Dt)=10 0
0 0 01

Ta c6 he [A(t), B(t)] 1a diéu khién duge hoan toan vé 0 (theo vi du 1.2.8), khi

do6 phuong trinh vi phan Riccati ¢c6 nghiém

6sint 0
P(t) =

0 ecos t

Hon nita DT (#)C(t) = 0, DT(#)C1(t) = 0, DT(#)D(t) = I, a; = =, by =

‘8/—3, cp =0, c:%,p:ethoémﬁn

1> 2pay, 1> 20%,

(1 —2¢D)(1 — 2p°b%) > 2¢% + 4p*a® + Spayccy.
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Vay bai todn diéu khién H,, bén vitng cho hé (3.1) c6 1oi gidi v6i ham diéu

khién nguoc duoc xadc dinh boi

Tu dinh 1y 3.1, cho A;(t) = C1(t) = 0, z(0) = =z, chiing ta c6 ngay diéu
kién giai duoc cta hé phuong trinh vi phan khong 6tonom khong cé tré (2.1)
vGi gia thiét [A(t), B(t)] 1a diéu khién dugc hoan toan. Ta c6 hé qua sau:
Heé qua 3.3: Gid su hé [A(t), B(t)] la diéu khién dugc hoan toan vé 0. Khi dé
bai todn diéu khién H., bén viing cho hé (2.1) cé loi gidi néu
2p*b?
o

1 > 22 +

Hon nita ham diéu khién nguoc duoc xdc dinh bdi u(t) = — BT (t)P(t)x(t) trong

do P(t) la nghiém cua phuong trinh RDE (3.5).

3.2 Diéu khién H_, bén viing cho hé¢ tuyén tinh khong 6to-
nom co tré bién thién
Xét hé diéu khién tuyén tinh khong 6t6ondom c6 tré bién thién roi rac

(t) = A(t)x(t) + Ar(t)x(t — h(t)) + B(t)u(t) + Bi(t)w(t),t >0,
z(t) = C(t)x(t) + C1(t)x(t — h(t)) + D(t)u(t), t >0, (3.8)
z(t) = ¢(t),t € [=h,0], h >0,

trong d6 z(t) € R™ 1a vecto trang thai, u(t) € R™ 1a ham di€u khién, w(t) € R
la ham vao khong chac chin, z(t) € R’ 1a ham ra bi quan sat, A(t), Ai(t) €
R™ ™ B(t) € R™™, By(t) € R C(t), Ci(t) € R™™ D(t) € R™™ 1a céc
ham ma tran lién tuc cho trude trén R*, ¢ € C([—h, 0], R™) 1a ham ban dau véi
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chudn ||p|| = supe(_p g [|¢()]|. Ham tré bién thien thoa méan diéu kién

0<h(t)<h, h(t)<d<l.

Xét he (3.8) v6i ham B (¢), Cy(t) lién tuc bi chan va gi4 thiét

DY )[C(t),Ci(t), D(t)] = [0,0,1], ¥Vt >0, (3.9)
c1 = sup [|[Cf (£)Ca(1)]]. (3.10)
teR+
N 1+ 2¢
va chon ¢ > 5

Pinh 1y 3.4: Bai todn diéu khién H., bén viing cho hé (3.8) c¢6 loi gidi néu ton

tai ma trdn P € BM™(0,00) thod man phuong trinh Riccati sau

P(t) + AT()P(t) + P(t)A(t) — P(t)[B(t) BT (t) — Ai(t) AT (t) -

— BB (O] PO +2CT(C(0) + 2 = 0 a1

Ham diéu khién nguoc dvoc xdc dinh bdi:
u(t) = =BT (t)P(t)x(t), t > 0.
Chitng minh. Véi ham nguoc u(t) = — BT (t)P(t)x(t) thi hé déng 1a
i(t) = [At) — Bt)B" (1) P(t)|x(t) + Ai(t)x(t — h(t)) + Bi(t)w(t).

Xét ham Lyapunov:
V(t,x) = Vi(t, o) + Valt, x4)

trong dé

Vi(t, ap) = (P(t)x(t), x(t))

142¢ (!
Vilt.a) = gt [l
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L&y dao ham cuta Vi(.) doc theo quy dao nghiém ctia hé dong ta cé
Vi(t, 1)
= (P(t)z(t), 2(t)) + 2(P(t)&(t), 2(1))
= —€H$( W? = (P)B()B" (t)P(t)x(t), x(t))
( () B1(t) By (1) P(t)a(t), x(t)) — 2(CT ()C () (t), (1))
( (AL AL ()P @)x(t), 2(1)) + 2(P() A (t)x(t — (1)), 2(t))
+2(P(t) Bi(t)w (), (1))
< —ellz()[* = (P(&)B(t)B" (t)P(t)x(t), x(t))
—%<P(t)31(t)B1T(t)P(t)fE(t)al‘(t» = 2(CT (O (t)x(t), (1))
Ha(t — RE)|* +2(P(#)Bi(t)w(t), x(t))
vi 4p dung b6 dé 1.5.1 ¢6

2(P(1) Ar()x(t — h(t)), x(t))
< (PO ALAT ()P () (t), x(t)) + [lo(t — h(t))[

Tuong tu 18y dao ham cta V5(.) ta ¢6

1—|—201

Valtor) = T lle@) = (1 = h)ljalt — h(e)|*

1+ 2¢

< Tt e = (1= 8) (e = k)]

1 + 2, Sl = (1 +2e)ll2(t = h(E)]

IA

Do do

—e)llz(t)|I> = (P(t)B(t) B (t) P(t)x(t), 2(t))
—%<P(t>Bl(t)BlT(t)P(t)sv<t), (1)) — 2(CT()C(H)2(t), 2(1))
+2(P(t) Bi(t)w(t), 2(t)) — 21|t — h(t))||* (3.12)

< (S5 - eI + 2P Ba(e)e(t), 2(1). (.13
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bdi vi
(P(t)B(t) BT (t)P(t)x(t), z(t)) > 0,
(P(t)By(t) BT (1) P(t)2(t), a(t)) > 0,

(CT@)C(t)x(t),z(t)) > 0.
Lay tich phan hai vé€ cua (3.13) tir 0 dén ¢ duoc:
V(t, CUt) — V(O, .’lf())
1+ 201 t 9 t
< | ; —¢€) |z(s)]|°ds + 2 | (P(s)Bi(s)w(s),z(s))ds
- 0

1—|—201
—€ / lz(s) d8+2HPHIIB1H/ lw(s)[[[[z(s)lds

< (5

Ta co
txt >O

[ s < ([ eeiras) ([ eees)’

Do d6 v6i w? = [;° [lw(s)|]*ds (Vi w(t) € Ly([0,0)),R")) thi

1+2Cl %
V(0,m) < (% / le(s)[%ds + 2| P | By / lo(s)12ds)

ma

V(0.20) < (P(0)2(0),2(0)) + 122! / . loras

1—9
14+2
< (POl + Sy e = a
trong 6 o = (|1 P(0) + L2512, nen

1—¢6

(SIS

1+ 261 t t
=) [ et Pas —21Pl B [ lo)fds)! —a <o,
142
ap dung giai bat phuong trinh bac hai véi € — +_ 501 > () suy ra

[ oo < (P Ty
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trong dé
1+ 261
1—0

Cho t — oo ta c6 z(t) € Ly([0,00), R™). Diéu kién (1.9) dugc thda man.

B=IIPlIBillw, n=e-

Tiép theo ching ta ching minh diéu kién (1.10) v6i moi ham ban dau
¢ € C([—h,0],R™) va ham nhiéu chép nhan duogc w(t).
Véi u(t) = —BT(t)P(t)x(t) va diéu kién (3.9) ta c6
lz(®)1I*
= (CT(M)C(t)x(t), 2(1)) + (P(OB (1) Bt)P(t)x(1), =(t))
+2(C(t)x(t), Cr(t)x(t — h(t))) + (CY ()CL(t)x(t — h(t)), =(t — h(t))).

K&t hop véi (3.12) ta duoc

A =1 — Alw(t)]2) de

/ 1212 = Ylw®)|? + V(E, xt)]dt—/ Ut z)dt
0 0

[
<[ [t (1) + 2(C()(0), Cu(t)alt — h(t))
+{ctme a>u—mmam—hm»—ﬂwww

- (PO BB OP©(0),2() + 2POB(2)(0), (1)
HEEZL ()P — 26t — (0]t + o

Str dung bd d@é 1.5.1 véi

2C(t)a(t), Cr(t)z(t — h(1)) — (CT()C () (t), x(t)
< {CY(M)Ci((t — h(t)), x(t — h(1)))

cflx(t = h(t))I,

(w(t), 2(t)) = vw®)]’
(P(t)Bi(t)B] (t) P(t)x(t), x(t)),

H

<
2(P(t)B
<

==
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/0 T O = Ae@P)de < o

bat
(1+261)
o UPOI+S=22) )
CO:—_
Y Y
ta cO
)|[2dt
Il E0]

collgll® + fy~ lw(®)]dt ~
v6i supremum 1ay trén ¢ € C([—h,0],R") va ham nhiéu khac khong w €

L5(]0,00),R"). Binh 1y dugc ching minh. O

Vi du 3.5: Véi v > 0 cho truée. Xét hé tuyén tinh khong 6tonom (3.8) véGi

ham tré bién thién h(t) = §sin’¢ va
a(t) 0 sint 0
At) = . A(t) = :
0 b(t) 0 2cost

cos®t + 1 0
0 sint + 2

By(1) V37 cos(t — Lsin®¢t) 0
1 = )
0 V87sin(t — 1sin®t)
0 0 00
Ct)=10 0 , Cit)=1(0 0],
0

—3t 10

sint cost
D(t) = | —cost sint |,
0 0
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trong dé

1

a(t) = §(e_t cos’t 4 1) — 4e',
1

b(t) = §e_t sin ¢ — 4e.

14 2¢;
1—9

Tacéhz%,5=%,01:1V55=8thoémﬁn5>

(3.11) duoc cho bai

. Nghiém cua RDE

Khi d6 bai todn diéu khién H,, bén viing cho hé (3.8) c6 10i giai. Ham diéu

khién nguoc duoc xdc dinh boi

u(t) = —(cos*t + 1)e! 0 o(t).

0 —(sin?t + 2)e”!

Hon nita ta c6 mot diéu kién khac dé€ hé diéu khién (2.1) khong c6 tré giai
dugc khi cho A;(t) = C1(t) = 0 ma khong can diéu kién hé [A(t), B(t)] 1a dieu

khién duoc déu hoan toan hoic diéu khién dugc hoan toan vé 0.

Heé qua 3.6: Bai rodn diéu khién H.. bén viing cho hé (3.8) vdi A (t) = C1(t) =
0 (hay hé (2.1)) cé loi gidi néu ton tai ma trgn P € BM™(0,00) thod man

phuong trinh Riccati

Pt)+ AT(t)P(t) + P()A(®t) — P(t)[B(t)B" () —

1
—;Bl(t)BlT(t)] P(t) + 207 (1)C(t) + <l = 0. (3.14)
voi € > 1. Hon nita ham diéu khién nguoc duoc xdc dinh bdi:

u(t) = —BT(t)P(t)x(t), t > 0.
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3.3 Piéu khién H., cho hé tuyén tinh khong otonom cé tré

hon hop
Xét hé diéu khién tuyén tinh khong 6t6nom c6 tré rdi rac va tich phan

(1) = A@)z(t) + Ay (Ba(t — h(t)) + As() /tk@ 2(s)ds
LBOu() + By (Hw(t), t >0

() = C(O)z(t) + Ci (D2 (t — h()) + Colt) /tk@) 2(s)ds  (3.15)
LD()u(t), £ >0,

z(t) = ¢(t),t € [-=max(h,k),0],h > 0,k > 0.

trong d6 z(t) € R™ 1a vecto trang thai, u(t) € R™ 1a ham diéu khién, w(t) € R"
12 ham vao khong chéc chan, z(¢) € R’ 1a ham ra bi quan sét, A(t), Ay(t), Ax(t)
c R™™ B(t) € R™™, By(t) € R C(t), Ci(t), Ca(t) € R>", D(t) €
R™™ ]a c4c ham ma tran lién tuc cho truée tren R*, ¢ € C([— max(h, k), 0], R")

12 ham ban dau véi chuin

o]l = sup [[o(D)].

te[— max(h,k),0]
Céc ham tré bién thién thoa man diéu kién
0<h(t)<h, h(t)<d<1l, 0<k(t)<k kt)<6<l.
Gia st By(t), Ci(t), Cy(t) lién tuc bi chan va

DI B)[C(t), Ci(t), Co(t), D()] = [0,0,0,1], ¥t >0,  (3.16)
c1 = sup [|[C] (t)C1(t)|, ca = sup [|Cy (£)Ca(t)]),

teR+ teR+
1 —|—301 (1 +3Cg)]€2
3.17
S N S A N G-17)

ta co két qua sau:
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Pinh 1y 3.7: Bai todn diéu khién H., bén viing cho hé (3.15) cé loi gidi néu

ton tai ma trgn P € BM™(0,00) thod man phuong trinh

P@t)+ AT(t)P(t) + PWA(@t) — P(t)[B(t) BT (t) — A (t)A{ (t)

— Ay (1) AT (t) — %Bl(t)Bf O] Pt) +3CT()C(t) +el =0  (3.18)

Hon nita ham diéu khién on dinh bén viing duogc xdc dinh bdi:
u(t) = =BT (t)P(t)x(t), t>0.

Chitng minh.Vé6i ham diéu khién ngugc u(t) = —BT(t)P(t)x(t) thi he déng

la
1) = [A() = BOBT(WPO]() + AO)x(t ~ h(t)
+A(8) /t | T+ B0
Xét ham Lyapunov dang
V(t,xy) = Vilt, o) + Valt, z) + Va(t, o)
rong d6

Vi(t, ) = (P(t)z(t), x(t))

1+3c [*
Valtw) = 0 [ al) s
=5 |

h(t)
1+ 3c)k [ !
Vit = S [ e g
- t—k(t) Js

Lay dao ham cta V;(.) doc theo quy dao nghiém ctia hé¢ dong ta c6

Vi(t, ;)

= (P(t)z(t), 2(8)) + 2(P()&(t), (1))

= —ellz(t)|]* — (P(t)B(t)B" (1) P(t)2(t), z(t))

—(P(t)AL(t) AL (1) P(£)x(t), x(t)) — (P(t)Aa(t) Az (1) P(t)a(t), x(t))
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_%<P(t)Bl(t)B{(t)P(t)x(t)v (1)) — 3(CT(1)C(H)2(t), x(1))
F2AP AL (D)t — h(E)), () + 2(P(t) As(t) / (s)ds, z(t))

t—k(t)
+2(P(t)Bi(t)w(t), z(1))
Tubd dé 1.5.1val1.52tacd

2(P(t) A1 () (t — h(t)), 2(1)) — (P()AL(t) AL (1) P(t)x(t), (1))
< la(t = nO)I,
2(P(t) Ay (1) /t_kx(S)dsyw(t» — (P(t)Aa(t) Az (1) P(t)x(t), (1))

< </:k(t)a:(s)ds,/t_tk(t)x(s)ds>

t

< k) [ lellds <k [ ats)Pas

t—k(t)
nén

‘/1 (ta xt)

< —ell2®)IP — (P(t)B(1)B () P(t)a(t), (1))

(PO BB OP@(0), 2(0) = 3(CT(OCW(0).2(1)

t

Ha(t = h(®))]* + /f/ lo(s)[*ds + 2(P(t) Bi(t)w(t), x(t))

t—k(t)

Tuong tu 14y dao ham Va(.), Vs(.) doc theo quy dao nghiém ciia hé déng, ta

duoc
Valt,z) = L @) - (0= (o) e — hie)) )
< S — (1= 8t — O]
1+ 3¢

lx ()" = (14 en) [l (t — h()]I*,

IA

1—¢
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Wiitz) = SRR - 0 k) [ el
< L3 by — (1 43000k JIRECES
t—k(t)

Két hop Vi(.), Va(.), Vs(.) ta c6

V(t,ﬂft)
1+ 3¢ (1 + 362)]€2 9
= 0

—(P(t)B(t)B" (t)P(t)x(t), (t)) — (P(t)Bi(t) B} (t)P(t)x(t), z(t))

—3(CT (O x(t), z(t)) + 2(P(t) B (H)w(t), z(t))

—3cy||lz(t — h(t))|]* — 3c2/<;/ |z(s)||*ds (3.19)
t—k(t)

1+ 3¢ (1 + 302)]€2

< (T S ) a0 + 2P () By (Hw(t), 2(0). (3:20)

Lay tich phan hai v€ cua (3.19) tir 0 dén ¢ dugc:

V(t,.il?t) V(O .T())

(1 + 361 1+ 302 / ”x H ds
1—9

+2/0<P< By (s)w <> £(s))ds

(1+361 1+302 / ”x H ds

1-9
+2HP”HB1H/O lwo(s)[llx(s)|ds-

Ta cé

V(t, .T}t) Z 0,

1+ 3¢
=5, leras

k. / /H<b ) [deds

1PO)] + “f_?’f;) ol =

V(0,20) = (P(0)2(0),2(0)) +

IA
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[renwone s ([ ors)’ fons)
< ol [ Iat)iias)”

trong dé
(1 +3Cl)h (1 +362)]€2 D)
= | P
0 = (IPO) + =5 + gy 6l > 0
= [ tolias
0
Do dé
1+ 301 (1 + 302)]€2 t 9
-5 o) [ el
t 1
—QIIPHH&HM(/0 lz(s)]*ds)* — a <0,
1+3 1+ 3cy)k?
ap dung giai bat phuong trinh bac hai véi € — oG (1 + 3c2) > (0 ta c6

1—9 1—-460

[ atpas < (FYEE
0 n

14+3 1 4+ 3¢9) k2
trong d6 § = [|P|[|Bullw, 5 = « — 036 UHBR o o tacs

1—9 1—-0
x(t) € Ly(]0,00), R™).

Ti€p theo ching ta ching minh diéu kién (1.10) v6i moi ham ban dau
¢ € C([—max(h, k),0],R") va ham nhiéu khac khong chip nhan duoc w(t).
Véi u(t) = —BT(t)P(t)x(t) va (3.16) ta c6

12(t)]1?

= (CT(H)C(t)x(t), x(t)) + (P(t) B (t) B(t) P(t)x(t), x(t))
+<01T(t)01(t)$(tt— h(t)), z(l - h(t)))
+<02T(t)(]2(t)/ x(s)ds,/t z(s)ds)

t—k(t) k()
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t

12>C ) (t), L)t — h(t))) + 2(C(#)x(t), Ca(t) /t_k@) 2(s)ds)

L20Cy (B (t — h(L)), Calt) / 2(5)ds)

t—k(t)

Két hop véi (3.18) ta dugc

/0 =@ = A llwlt)|?] de
— /OOO [Hz(t)u2 — llw®)|]> + V (¢, xt)}dt — /OOO V(t, z;)dt
< [ [-2et e a0

t

~w®I* = 3|zt — h(®)]* ~ SCzk/ |2 (s)||*ds

t—k(t)
<1+301 I (1+362)]€2
1—90 1—-0

- s)ux(t)\ﬁ] dt + a.
Lai 4p dung Bo dé 1.5.1 va 1.5.2 ¢6
2(C(t)a(t), Co(t)ax(t — h(t))) — (CT(H)C (1) (t), x(t))

< (CT(O)Ci(t)x(t = (1), x(t = h(t)))
< allz(t—hO)*
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t

2(C(t)x(t), Caft) /t_k(t) z(s)ds) — (CT()C()x(t), (1))

g<@ﬁxaw/

t—k(t)

t
2(s)ds. / 2(5)ds)
t—k(t)
t
<k [l
t—k(#)

t

2(Ci(Balt = h(©). Catt) [ als)ds)

1—k(l)
< (O (OO (B)x(t — h(t)), 2(t — h(t)))
+<C2T(t)02(t)/ x(s)ds, /t_k x(s)ds)

t—k
t

Scwﬂr4m»W+@k/ lo(s)|%ds
k()

2(P(t) Bi(t)w(t), (1)) — yllw(®)]* < %<P(t)31(t)3f(t)P(t)w(t),x(t)%

(CY(O)C1(t)x(t = h(t)), (t = h(t))) < ecilla(t = h(t))]?

t

s |

t—

t t
2(5)ds. / 2(s)ds) < ook / lz(s)|2ds,
k(1) t—k(t) t—k(t)
Do dé
A =@ — @] dt < o

Vay

Jo =)t N
collell? + [~ llw(®)|>dt ~
v6i supremum xdc dinh trén ¢ € C([—h,0],R") va ham khdc khong w(t) €

sup

La([0,00), R"), co = = Pinh 1y dugc ching minh. 0
g
Vi du 3.8: Xét hé tuyén tinh khong 6tondm (3.17) véi ham gia tri ban dau

¢(t) € C([—1,0],R"), ham tré bién thién h(t) = 1 sin®¢, k(t) = sin® £ va

At) = (a(t) 0 ) | A(t) = (\/§cost 0 ) |
0 b(t) 0 V2(cost + 1)
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1 (o _
—(sint +1 0 sint 0
A= [FED 0 - ,
0 2sint 0 cos?t+1
Y(sin®t 4 1) 0
Bi(t) = 4l 2 7
0 /7y cost
0 0 00
cty=fo o |, a®m=|oof.
0 \/Lgeésint 10
0 0 sint cost
Gyt)=10 0|, D(t) = | —cost sint |,
11
V3 V3 0 0
trong dé
—1 5 15, 1
a(t) — 76cost(sirl‘1=t — §Sin2t—f— sint + Z) + 5 sint — Ge st

1. . ‘.
b(t) = Eebmt(cos‘lt +3cos’t —4cost —5) — 5 cost — 1 — 6e™ ¥,

Tacoh=0=k=10= %,cl = 1,c, = % va diéu kién (3.16) dat duogc. Cho

3
1+3 1+ 3cy)k?
¢ = 10 thoa man ¢ > 1+ 501 + ( 1_ ¢2) . Nghiém cua RDE (3.18) dugc cho
- -7
boi
ecost 0
P(t) = |
0 6smt

Khi d6 bai todn diéu khién H,, bén viing cho hé (3.17) ¢6 10i giai. Ham diéu

khién 6n dinh bén viing duoc dinh nghia boi

— sint.es? 0
u(t) = =)
0 —(cos?t + 1)esn!
Twong tu nhu phan 3.2, chiing ta c6 hé qua doi v6i hé diéu khién khong
otonom co tré co dinh va hé 6tonom.
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Hé qua 3.9: Gid sit h(t) = h, k(t) = k. Bai todn diéu khién H., bén viing cho

hé (3.17) cé loi gidi néu ton tai ma trdn P > 0 thod man phuong trinh ma trdn
P(t) + AT(t)P(t) + P(t)A(t) — P(t) [B() B (t) — Ai() AL (1)
—Ay(t) A (t) — Bi(t)B{ ()] P(t) + 3CT (t)C(t) + I = 0.

v6i € > 1+ 3¢y + (1 + 3co)k% Hon nita ham diéu khién 6n dinh bén viing duoc

xdc dinh boi:

u(t) = =BT (t)P(t)x(t), t > 0.

Truong hop hé (3.19) 1a he 6tonom, bai todn diéu khién H. (3.19) ¢6 1oi gidi

ma khong can diéu kién dao ham cua ciac ham tré bi chan béi 1,
h(t) <6 <1, k(t) <y < 1.

V6i € x4c dinh nhu trong Dinh 1y 3.7, ta c6 hé qua sau:
Hé qua 3.10: Xér hé (3.17) la hé otonom. Khi dé bai todn diéu khién H., cho
hé (3.17) co loi gidi néu ton tai ma trdn P > 0 thod man phuong trinh Riccati

dai so
1
PA+ ATP — P(BBT — A)AT — AyAT — —B\BYP +3C"C + <l = 0.
g

Ham diéu khién on dinh bén viing duoc xdc dinh bdi u(t) = —BT Px(t).

61



KET LUAN

Luan van da trinh bay bai toan diéu khién H,, cho mot 16p hé phuong trinh
vi phan khong 6t6nom c6 tré. Ngoai phan gidi thiéu nghién ctiu va két qua cua
bai todn diéu khién H,, cho cic hé tuyén tinh c6 tré, luan van da phat trién va
mo rong cac két qua cia [9, 10] cho hé tuyén tinh khong 6tonom cé tré hon
hop. Cac két qua dat dugc cua luan van 1a méi va mé rong truong hgp cho hé
tuyén tinh:

o Khong 6tonom.

o C6 nhiéu.

o C6 tré xuét hién trong ca bién trang thai va bién quan sat, tré bién thién
theo thoi gian va tré hén hop.
Trong hai trudng hop sau cdc két qua khong céin gia thiét diéu khién dugc clua
h¢, bai todn diéu khién H - vo cling ¢6 10i giai déu dua vao gia thiét su ton tai
ctia phuong trinh vi phan Riccati. Luan van da dua ra nhiéu vi du minh hoa
cho cac két qua ly thuyét. Phuong phap nghién cttu chinh st dung trong luan
van la cac phuong phap ctuia Pai s6 tuyén tinh, Giai tich va Giai tich ham, Ly
thuyét 6n dinh va Ly thuyét diéu khién. Cong cu chu dao 1a phuong phdp ham
Lyapunov-Krasovskii va nghiém cua cac phuong trinh vi phan Riccati lién quan
dén ham Lyapunov. Tuy nhién, do kha nang con han ch€ va thoi gian khong cho
phép nén mot s két qua con chua dat dugec nhu mong mudén (vi du nhu trong
Dinh 1y 3.4, Dinh 1y 3.7, cdc ham tré bién thién phai thod man di€u kién dao
ham bi chan béi 1, A(t) < 6 < 1, k(t) <~ < 1). Ching toi hi vong c6 thé giai

quyét triet dé cac van dé nay trong mot thoi gian khong xa.
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