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MG dau

Bai toan diéu khién dugc la bai toan co ban trong 13 thuyét diéu khién. Bai toan nay
da duge nghién citu tit nhitng nam 60 ctia thé ki XX va thu huat sy quan tam nghién
cttu clia rat nhiéu nha toan hoc. Mot trong nhitng cong trinh dau tién 1a bai bao clia

R.E. Kalman nam 1962. Trong cong trinh nay, tac gia xét hé diéu khién tuyén tinh

#(t) = Ax(t) + Bu(t),t >0, (1)

voi z(t) € K", A € KV B € K™™ va u(t) € K™ Khi d6, he (1) duge goi la dieu
khién duge néu véi bat ki trang thai cho trude xp va trang thai mong mudn z; cho
trude, ton tai thoi gian T > 0 va ham diéu khién do duge u(t) € K™ v6i 0 < t < T sao
cho nghiém tuong tng z(t) = x(xg,u,t) clia bai toan Cauchy véi diéu kien ban dau

z(0) = z¢ cta heé (1) théa man x(T) = z;. R.E. Kalman da chiing minh dugc rang:
He (1) diéu khién duge hoan toan <= rank[B, AB, ..., A" 'B] = n. (2)

Nam 1969, M.L.J. Hautus da chting minh mot tiéu chuan diéu khién duge khac tuong

duong véi (2) nhu sau:
Hé (1) diéu khién dugc hoan toan <= rank [A — \I,, B] = n,V\ € C. (3)

Cho dén nay 1y thuyét diéu khién duge da dat duge nhicéu két qua cho cac hé diéu
khién mo ta bdi phuong trinh sai phan, phuong trinh phi tuyén, phuong trinh vi phan
hodc sai phan dai s6, phuong trinh vi phan va sai phan trong khong gian vo han chiéu...
Céc két qua nay ciing duge mé rong cho cac hé diéu khién mo ta bdi cac phuong trinh
vi phan hodc sai phan c6 tré theo bién thoi gian. L6p cac hé nay déng vai tro rat quan
trong trong thuc tién, dac biét 1a hé dong luc duge mo té bdi phuong trinh vi phan
phiém ham dang:

&(t) = Apx(t) + /0 d[n(0)]z(t + 6) + Bou(t),t > 0, (4)
trong do .%‘(t) e K" Ay € K" By e K", 77() = (772]()) S BV([—h,O],Knxn)

la ham ma tran véi cac thanh phan 7;; la cdc ham c¢6 bién phan giéi noi trén doan

ij=Tn



[—h, 0], va tich phan & day dugc hicu theo nghia Lebesgue-Stieltjes. Chii ¥ rang, he (4)

bao gom mot s6 trusng hop dac biet nhu hé tuyén tinh c6 tré roi rac dang:
(t) = Agx(t) + Ayz(t — hy) + ... + Agz(t — hy) + Bou(t),t > 0, (5)

hay céc hé tuyén tinh c6 cic tré phan phéi dang
@(t) = Agx(t) / Q(0)z(t + 0)do + Bou(t),t > 0, (6)

trong d6 0 < h; < hy < ... < h; 1a céc hiang s6, cic A; € K™, v6i moi i = 0,1, ..., k
va Q(+) € Ly([—h,0], K™*™). Ly thuyét phuong trinh vi phan tuyén tinh c6 tré trén cac
khong gian ham da dugce nghién citu bdi nhiéu nha toan hoc nhu J. Hale, M.C. Delfour,
H.T. Banks, C. Bernier, A. Manitius, R. Triggiani. Khéac v6i trusng hgp hé diéu khién
tuyén tinh (1), khong gian trang thai ctia hé diéu khién c6 tré (4) duge mo ta bdi céac
khong gian ham, vi du nhu khong gian cidc ham s6 lien tuc C([—h, 0], K"), khong gian
Sobolev W3 ([—h,0],K"), hay khong gian Hilbert M,(K) := K" x Lo([—h,0], K"). Vi
vay, ¢6 cac khai niem khac nhau vé diéu khién duge dbi véi he (4) nhu didu khién duge
Euclide trén khong gian trang thai K”, diéu khién dugce chinh xac trén cac khong gian
ham, diéu khién duge xap xi, diéu khién duge pho... va nhitng khai niém nay quan hé
mat thiét véi viec Iya chon khong gian trang thai. Cac khai niém va tinh chat diéu
khién duge ciing duge nghién cttu cho cac khong gian M, := K" x L,([—h, 0], K"), véi
1 < p < co. Hién nay dé nghién citu bai toan diéu khién duge trong cac khong gian
ham ciia he (4), ngudi ta st dung hai céch tiép can chinh: Cach thit nhat 1a st dung
cong thiic biéu dién nghiém tryc tiép va cach thit hai la sit dung 1y thuyét nita nhém
toan tit lien tuc manh. Theo két qua ctia R. Triggiani, hé (4) khong bao gis diéu khién
dugc chinh x4c trén khong gian trang thai My (K). Bén canh d6, mot s6 diéu kién can
va di clia tinh diéu khién duge xap xi, diéu khién duge Euclide, diéu khién duge pho
clia he (4) tren khong gian trang thai R™ x Ly([—h, 0], R™) da dugc thiét lap. Nam
1981, Manitius da thiét lap cac tieu chuan hé diéu khién tuyén tinh c6 tré roi rac (5)
diéu khién duge xap xi. Céac tieu chuan nay c6 thé xem nhu mot dang md rong ciia
diéu kien Hautus (3), trong d6 thay cho ma tran dic trung A — A\, tac gia st dung
dén ma tran cia tya da thic dac trung (characteristic quasi polynomial) ciia hé (5),
P\) = Ag+e MM + . e ™Ay — A,

Nam 1997, N. K. Son da dua ra diéu kién can va du dé hé (4) diéu khién duge xap
xi. Cac diéu kién nay khong nhiing dude dit lén ma tran cla tia da thic dic trung
P(\) = Ay + fi]h d[n(0)]e* — M, ctia hé (4) ma con duge dit len cic todn tit cau tric

xac dinh trén cac khong gian vo han chiéu.



Bén canh bai toan diéu khién dude ctia hé tuyén tinh c6 tré mo ta bsi phuong trinh
vi phan phiém ham, bai toan di¢u khién dugc ctia hé tuyén tinh trung tinh (neutral
system)

(t) = Agz(t) + Ayx(t — h) + A_12(t — h) + Bu(t),t > 0, (7)
ciing nhan dudc quan tam nghién ctu ctia nhiéu nha toan hoc. Thong qua 1y thuyét
nita nhoém toan tir lien tuc manh, D.A. O’Connor va T.J. Tarn da dua ra cac tiéu
chuan dai s6 don gian vé tinh diéu khién dugc chinh x4c ctia hé trung tinh (7) trong
khong gian Sobolev W3 ([—h,0],R"), tinh diéu khién dugc xap xi trén khong gian
Wi ([—h,0],R") ctia he (7) va tinh diéu khién duge Euclide trén khong gian Euclide
C" ctia he (7). Cac diéu kién nay ciing st dung dén ma tran clia tya da thiic dac trung
P(A\) = A+ e ™A + Xe™™ A — I, ctia he (7).

Trén thyc té, cdc mo hinh toan hoc 1a xap xi, gan ding clia cac mo hinh thic tién,
va ¢6 nhitng tinh chat c6 thé ding v6i mo hinh toan hoc nhung chua chic da ding véi
mo6 hinh thye té. Vi vay, viéc nghién citu sit bén vitng clia cac tinh chat dinh ciia cac he
dong e nhu tinh 6n dinh tiém can ctia nghiém, tinh diéu khién dugc ctia hé théng...
trong pham vi nhiéu bé, va do do bén viing ctia chiing la rat can thiét. Cu thé dé do
tinh bén viing ctia tinh diéu khién duge hay khoang cach tit mot hé diéu khién duge
dén tap cac he thong khong diéu khién duge, ngudi ta dua ra khai niem ban kinh diéu
khién dugc ctia hé (1). Khai niém nay duge dé cap va nghién citu lan dau tien bsi C.
C. Paige nam 1981. Gid stt hé (1) 1a didu khién dugc, khi dé ban kinh diéu khién duge
dinh nghia béi

rr(A, B) = inf{||[A1, Ag]||, [A1, Ag] € K™ x K™*™
sao cho [A + Ay, B + A,] khong diéu khién dugc}. ®)
Trong trudng hop chuan cac ma tran duge xem xét la chuan pho, C. C. Paige da dua
ra cong thic tinh ban kinh diéu khién duge phiic (tiic 13 K = C). Tuy nhién, cic danh
gia d6 con rat phic tap. Ba nam sau, R. Eising da phat trién két qua nay va dua ra

cong thic tinh ban kinh diéu khién duge phitc t6t hon
Tc(A,B) :ireléo'min[A_)\IvB]v (9)
G day omin|A — AL, B] 1a gia tri ki di nhé nhat clia ma tran [A — A, B]. Cac bai toan

ve cac ban kinh diéu khién dugce c¢6 cau tric ciing dude dé xuat va mot trong cac cau

tric nhiéu duge quan tam ctia hé (1) la nhiéu afin dang
[A, B] ~ [A, B] + DAE, (10)

§do D € K, E e K™ 13 cac ma tran da cho trude, va A € K9 1a ma tran

chua biét. Khi d6, ban kinh diéu khién dude cau tric tuong tng véi cau tric nhiéu



(10) ctia hé diéu khién duge (1) duge dinh nghia
r2P(A, B) = inf{||A]|: A € K¥9, [A, B] + DAFE khong diéu khién duge}.  (11)

Tiép theo, bang viéc st dung cac tinh chat toan ti da tri tuyén tinh, N.K. Son va
D.D. Thuan dwa ra cong thic tinh:

1
supjec [[EW(A) 7' DI’

re”(A, B) = (12)

v6i chuan ma tran duge xét 1a chuan bat ki. Nhu vay, cac bai toan vé ban kinh diéu
khién duge ddi v6i he didu khién tuyén tinh (1) dén bay gio da kha hoan thién. Tuy
nhién, bai toan nghién ctu vé su bén vitng ciia tinh didu khién duge déi véi cac he diéu
khién tuyén tinh c6 tré, cac hé tuyén tinh trung tinh cho dén bay gio van chua co két
qua nao. Duéi sy huéng dan ctua GS. TSKH. Nguyén Khoa Son va PGS. TS. Dé Diic
Thuan, dé tai nghién citu ctia toi 1a " Mot so bai todn dicu khién duoc ving cua hé dong
e mo td bdi phuong trinh vi phan cé tré”. Luan an nay dugc viét va hoan thanh tai
Vién Toan hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Muc tiéu ctia luan an la nghién ciu sy bén ving cla tinh diéu khién dude ctia he
diéu khién tuyén tinh c6 tré trong ba truong hgp: hé diéu khién tuyén tinh c6 tré roi
rac (5), hé tuyén tinh trung tinh (7) va he diéu khién tuyén tinh c6 tré mo ta bdi
phuong trinh vi phan phiém ham (4) khi cac ma tran ctia cac hé nay duge nhiéu c6
cau tric.

Cong cu chi yéu dude luan an st dung la céc tieu chuan diéu khién duge ctia cac
hé nay, dic biet 1a cac tieu chuan duge mo ta dudi dang md rong cia dicu kién hang
Hautus. K§ thuat then chét duge dung 1 1y thuyét toan tit da tri tuyén tinh trong
viéc phan tich va danh gia chuan céc ma tran, cac két qua vé ban kinh toan anh phrc
cia N. K. Son va D.D Thuan. Luan an cing sit dung ¥ tudng chia khoang ctua M.C.
Delfour dé thiét lap tiéu chuan diéu khién dugc méi cho hé tuyén tinh c¢é tré mo ta
béi phuong trinh vi phan phiém ham (4) trong trudng hgp ham 7 c6 nguyeén ti co lap

(isolated-atom) tai —h, tic 1a ton tai ma tran A, € K™ va € € (0, h sao cho
nd) = A, véi 0 e (—h,—h+ €.

Trén tinh than d6 luan an dudc viét gom 4 chuong:
eChuong 1: Cac kién thiic chuan bi
eChuong 2: Tinh diéu khién duge xap xi vitng clia cac hé tuyén tinh c6 tré roi rac
eChuong 3: Tinh diéu khién duge vitng ctia cac hé tuyén tinh trung tinh
eChuong 4: Tinh diéu khién dugc vitng clia cac hé tuyén tinh c6 tré mo ta bdi phuong

trinh vi phan phiém ham



Cac két qua ctia Luan an da duge cong bo trong 3 bai bao trong danh muc cac cong
trinh va dudc bao cao tai: Xémina tai Phong Téi uu va Diéu khién, Vien Toan hoc,
Vién Han lam Khoa hoc va Cong nghé Viét Nam.

- Xémina tai Phong Giai tich Toan hoc, Vién Toan hoc, Vién Han lam Khoa hoc va
Cong nghé Viét Nam.

-Hoi nghi "The Third Mongolia-Russia-Vietnam Workshop on Numerical Solution
of Integral and Differential Equations ', ngay 22-27, thang 10 nam 2018 tai Vién Toan
hoc. - Hoi thado T6i wu va Tinh toan Khoa hoc lan thit 14, Ba Vi, thang 4 nam 2016.

- Hoi nghi Toan tng dung va Tin hoc tai Dai hoc Bach Khoa Ha Noi, ngay 12-13
thang 11 nam 2016.

-Hoi nghi Quoc Té “7th International Conference on High Performance Scientific
Computing” ngay 19-23 , thang 3 nam 2018 tai Ha Noi.

-Workshop “Control and Optimization Problems” ngay 17-19, thang 5 nam 2018 tai
Vién nghién citu Cao Cap vé Toan , Ha Noi.

-Hoi nghi “The Third Mongolia-Russia-Vietnam Workshop on Numerical Solution
of Integral and Differential Equations” ngay 22-27, thang 10 nam 2018 tai Vién Toan
hoc.

-Cac hoi nghi danh gia Nghién cttu sinh ciia Vién Toan hoc, thang 10 nam 2016,
thang 11 nam 2017 va thang 11 nam 2018. Du6i day toi xin trinh bay tom tat cac két

qua cua luan an.



Chuong 1

Cac kién thidc chuan bi

Trong phan nay, toi trinh bay céac kién thiic nén tang lam co sé dé viét luan an,
bao gdm cac noi dung: He diéu khién tuyén tinh, hé diéu khién tuyén tinh trong khong
gian vo han chiéu, hé tuyén tinh c6 tré mo ta bdi phuong trinh vi phan phiém ham,
hé trung tinh, 1y thuyét toan ti da tri tuyén tinh va cac két qua vé cac ban kinh toan
anh. Du6i day toi xin trinh bay ngin gon nhing kién thitc co s dé tien cho ngusi doc
c6 thé theo doi.

1.1 Hé tuyén tinh c6 tré mé ta bdi phuong trinh vi phéan
phiém ham
Xét he tuyén tinh c6 tré mo ta bdi phuong trinh vi phan phiém ham cé dang:

0
z(t) = Agz(t) + / dn(0)]|z(t + 0) + Bou(t), t >0, (1.1)

—h
trong d6 z(t) € K", u(t) € K™ By € K™ va n(-) € BV ([—h, 0], K™") la K"*"-céc
ham c6 bién phan gisi ngi trén tap [—h, 0], véi K = R hosic C, va tich phan dugc hiéu
la tich phan Lebesgue-Stieltjes. Mot trudng hgp dic biét ctia hé (1.1) 1a he diéu khién

tuyén tinh c6 tré roi rac:
2(t) = Apx(t) + Ayx(t — hy) + ... + Apx(t — hy) + Bou(t), t >0, (1.2)
dday 0 < hy < hy < ... < hy, 1a cac hang s6, cac A; € K", v6imoi i = 0,1, ..., k.

Ma tran cta tya da thic ddc trung cia he (1.1) 1a
0

Pl()) = Ay + / d[n(0)]e* — AL, (1.3)

—h
Trong truong hop hé c¢é tré roi rac ta tinh ducc
P7(A) = Ag+eMA + . +e A, — N, (1.4)

Dat W(A) = [P(N), By] la ma tran ham Hautus tuong tng cta he (1.1).
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Dinh 1y 1.1. Véi mdi ¢'(-) € L,([—h,0],K") va ham diéu khién do duoc u(-) €
Llee([0, 00), K™), he (1.1) vdi diéu kién ban dau x(0) = ¢° € K™, 2(0) = ¢*(0), vdi moi
0 € [=h,0], ton tai duy nhat nghiém x(t) xdc dinh trén khodng [—h,+o00) théa mdn
dieu kién ban dau cia bai toan Cauchy trén doan [—h,0] va théa man phuong trinh
(1.1) vdi hau hét t > 0.

Khi ham diéu khién u(t) = 0, hé (1.1) sinh ra Co-nita nhom toan tit tuyén tinh lién
tuc {S(¢) }i=0 trén khong gian M, := K" x L,([—h, 0], K") va v6i moi t > 0, S(t) dugc
xac dinh béi S(t)(¢°, ) = (z(t),x;), trong d6 z,(0) = z(t + 6), 6 € [—h,0]. Tuong
tng toan tt A : M, — M, sinh béi nita nhém {S(¢)}+=¢ duge xac dinh béi

A((",0") = (Aozo + L("), 0"),

v6i moi ((¢°, ¢1)) thuode vao mién xac dinh dom(A) clia A:
dOHl(A) = {(¢07 gbl) S Mp : Q'Sl € LP([_h70]aKn)a ¢O = qbl(())}a
Bay gid, ta c6 thé mo ta lai hé tuyén tinh c6 tré (1.1) trong phuong trinh vi khong c6
tré trén khong gian trang thai vo han chiéu
4(t) = Az(t) + Bu(t), t>0,
¢ day toan tit tuyén tinh bi chan B : K™ — M, xac dinh bdi
Bu = (Byu,0), ueK™. (1.5)

Nghiem nhe (mild solution) ctia hé (1.1) tuong ting véi ham dicu khién wu(-) €
loc m N TP N P _ _ X :
L4([0,00),K™) va dieu kien ban dau z(0) = (¢°), z(0) = ¢'(#), v6i moi 6 € [—h,0].
la .
(x(t),z¢) = S(t)o +/ S(t — s)Bu(s)ds, t >0,
0

tich phan ¢ day duge hiéu la tich phan Bochner.
Dinh nghia 1.1. Cac khong gian riéng suy rong o(A) duge goi 1a day di trong khong
gian M, néu clspan{ My, A € o(A)} = M,,

Du6i day 1a mot s6 khai niem vé didu khién duge déi véi he (1.1):
Dinh nghia 1.2. Hé tuyén tinh c6 tré mo ta bdi phuong trinh vi phan phiém ham
(1.1) dugc goi la diéu khién dugdc Fuclide , néu v6i moi diéu kién ban dau z, € K,
trang thai mong mudén cudi ciing x; € K" , ton tai thoi gian 7' > 0 va ham diéu khién
do duge u(-),u(t) € K™ hau hét t € [0,T] sao cho nghiém tuong ung ctia he (1.1)
x(t) = x(t, zo, o, u) théa man x(T) = z;.



Dinh nghia 1.3. Heé tuyén tinh ¢6 tré mo t& béi phuong trinh vi phan phiém ham (1.1)
dugc goi 1a diéu khién duge xap xi trong khong gian trang thai M, hay n6éi mot céch
ngan gon 1a M,-diéu khién dugc zdp xi, v6i bat ki trang thai ¢ = (¢°, ¢*) € M, cho trudc
vae > 0 tly §, ton tai thoi gian hitu han 7' > 0 va ham diéu khién u(-) € L,([0, 7], K™)
sao cho nghiém tuong ung z(t) = xo,(t) ctia he (1.1) véi diéu kien ban dau ¢ = 0 thoa
man ||2(T) — ¢°|lkn + [lzr — ¢'||1, < €. Diéu nay cing tuong duong véi tap dat duge

R = {/Ot S(t — s)Bu(s)ds : u(-) € Ly([0,t],K™),t > 0}

trit mat trong khong gian trang thai M, : cl(R) = M,,.

Dinh nghia 1.4. He (1.1) dugc goi la diéu khién dugc phé néu véimdi A € o(A), PR =
M, trong d6 Py 1a phép chiéu chinh tac ctia M, trén khong gian riéng suy rong hitu
han chiéu M.

Dinh 1y 1.2. H¢ (1.1) diéu khién duoc pho khi va chi khi
rank[P"()\), By] = n,V\ € C. (1.6)
Dinh 1y 1.3 (Manitius, 1981). He (1.2) la diéu khién dugc Euclide néu va chi néu
rank [P™"(\), B] = n vdi moi A € C. (1.7)

Dinh ly 1.4 (Manitius, 1981). He (1.2)la diéu khién dugc xzdp xi trong khong gian
Banach My (K) khi va chi khi

(1)rank [P™(\), B] =n wvdi moi X € C,

(¢3)rank [Ag, B] = n.

(1.8)
Dinh 1y 1.5 (Son, 1997). Hé (1.1) la M,-diéu khién dudc wap xi khi va chi khi
(i); rank [P"()\), By =n, wvdimoi € C,
(ii); KerH*N KerG* = {0},
trong do 1/p+1/q =1 va
(H ) = [ @50 - a), ael-ho) (19
va G* : Ly([—h,0],K") = L,([-h,0,K™),1/p+1/q =1, dudgc cho bdi
(G*v)(a) = Bjv(a), «a € [—h,0]. (1.10)



1.2 Hé tuyén tinh trung tinh

Xét hé tuyén tinh trung tinh
(t) = Apz(t) + A1z(t — h) + Ayz(t — h) + Bu(t),t > 0, (1.11)
trong do6, h 1a hang s6 duong, A_;, Ay, A; € K™ B ¢ K™ 2 € K*, u e K™,
Xét Wi ([—h,0],K") 1a khong gian cac ham ¢ : [—h,0] — K" lien tuc tuyet d6i va
6 dao ham £(-) € Ly([—h, 0], K™), véi chuin duge xac dinh béi:

€lhw-nopery = (IEOI + €I 10 )
Dinh nghia 1.5. He (1.11) dugc goi la diéu khién dugc chinh zdc néu véi moi didu kien

ban dau &(-) € Wi ([—h, 0], C"), dicu kién cubi can dat duge & (-) € Wy ([—h,0],C"),
ton tai thoi gian 7' > 0 va ham diéu khién u(t) € Ly([0, T],C") sao cho nghiém tuong

1
2

ting v6i dieu kién ban dau ctia bai toan Cauchy x(0) = &y(), véi moi 6 € [—h,0]: z(t) =
x(&o, u,t) thoa man zr () = &(0),V0 € [—h,0], 6 d6 z7(0) = x(T + 0),0 € [—h,0].

Dinh nghia 1.6. He (1.11) dugc goi la diéu khién dugc zap xi néu véi moi didu kien
ban dau &(-) € W([—h,0],C"), diéu kien cudi mong mudn & (-) € Wi ([—h,0],C") va
e > 0ty ¥, ton tai 7 > 0 vh ham diéu khién u(t) € Ly([0,T],C") sao cho nghiem
tuong ting v6i diéu kién ban dau ctia bai toan Cauchy z(0) = &y(6), v6i moi 0 € [—h, 0]:
2(t) = (&0, u, t) thoa man [[z7(-) — & C)llwg-nocn <€

Dinh nghia 1.7. He (1.11) dugc goi la diéu khién dudc Fuclide néu v6i moi diéu
khién ban dau cho trude &(-) € Wi ([—h,0],C") va moi trang thai cudi mong muén
z1, ton tai T > 0 vd ham diéu khién u(t) € Ly([0, T],C") sao cho nghiém tuong ting
z(t) = x(&o, u, t) théoa man x(T) = z;.

Ma tran ctia tya da thic ddc trung cua hé (1.11) 1a
Pth(/\) = AO —f- S_h/\Al + /\€_h)\A_1 — /\]n (]_]_2)
Dudi day 1a diéu kien can va di cho tinh diéu khién duge ctia he (1.11):

Ménh dé 1.6 (O’Connor-Tarn,1983). He (1.11) la diéu khién duoc Euclide khi va chi
khi

(i) rank [P"(\), B] = n, vdi moi A € C.
Heé (1.11) la diéu khién dugc chinh xdc khi va chi khi (i) zdy ra va
(ii) rank [B,A_\B, ..., A"'B] = n.
He (1.11) la diéu khién dugc xdp xi khi va chi khi (i) zdy ra va

(i1) rank [NA_y + Ay, B] = n, vdi moi A € C.



1.3 Toan ti¥ da tri tuyén tinh va cac két qua vé cac ban kinh
toan anh

Cho K 1a truong s6 thuc hosic phitc. Dué6i day 1a mot s6 noi dung chinh vé toan ti
da tri tuyén tinh ma ching to6i diing trong luan an:
Dinh nghia 1.8. Cho F : K® = K™ la mot toan tit da tri, néu do thi ctia F dudc
dinh nghia béi

grF ={(z,y) e K" xK™ : y € F(z)}, (1.13)

14 mot khong gian con tuyén tinh ctia K® x K™ thi F dudc goi 1a mot toan ti da tri
tuyén tinh.

Mién xéac dinh ctia F dugc ky hiéu tuong ting béi domF = {z € K" : F(z) # 0}.
Cho F : K» = K™ la mot toan ti da tri tuyén tinh, khi d6 véi chuan véc to da cho
tren K” va K™, chuan ctia F dugc dinh nghia bdi

|F|l = sup{ inf ||yl : x € domF, ||z|| = 1}. (1.14)
yEF ()

V6i toan tit da tri tuyén tinh F : K = K™ thi toan tit lien hop F* : (K™)* = (K")*
va toan tit da tri tuyén tinh nghich ddo F~! dugc xac dinh bdi:

Fly)={zeK':ye F(z)}. (1.15)

Meénh dé 1.7 (Son-Thuan, 2012). Gid si Q € K™*™ la mot ma tran toan dnh, tic la
rank@ = n va D € K™, E € K™ [a cdc ma trdgn cau tric cho trudc, khi dé khodng
cdch co6 cau tric tdi cac cap ma tran khong toan dnh duge cho bdi cong thic

distc(Q; D, E) = inf{||A|| : A € C* s.c. Q + DAE khong toan dnh }
o (1.16)
IEQ-'DI’

trong doé Q' la todn ti da tri tuyén tinh nghich ddo cia Q.

Dinh nghia 1.9. Cho ) € C™™ la ma tran toan anh, tic la rank Q = n va £ € C¥*™
la ma tran cho truge. Gia tri nhiéu thyc suy rong thit n ctia cidp ma tran (Q, F) duge
dinh nghia bdéi:

7.(Q, E) = inf{||Al]2 : A € R™ rank(Q + AE) < n}. (1.17)

Duéi day 1a cong thic tinh 7, duge chiing minh bdéi S. Lam va E.J. Davison:

Re@ —vyIma@ Rell —vyImak
(@ E) = sup ”2”—1([11%@ ReQ ]’[llmaE Rep |)» (118)
’YG(O,H Y Y

trong d6 o;(Hy, H2) la gié tri ki di suy rong thi ¢ ctia cap ma tran (Hq, Hs).
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Chuong 2

Tinh diéu khién dugc vitng ctia hé
tuyén tinh cé tré roi rac

Noi dung ctia chuong nay duge 1ay tit bai béo [1] trong Danh muc cong trinh. Trong

chuong nay, ta xét hé tuyén tinh c6 tré roi rac duge mo ta bdi phuong trinh vi phan:
&(t) = Apx(t) + Ayx(t — hy) + ... + Aga(t — hy) + Bu(t),t > 0, (2.1)
trong d6 0 = hyg < hy < ... < h, A; € K" i =0,1,...,k,B € K™ z(t) € K",

u(t) € K™ véi t > 0 va K 1a truong s6 thyc hoiic phiic.

2.1 Ban kinh diéu khién dudc phiic
Nh&c lai réng, ma tran ctia tia da thic tya dic trung ctia he (2.1) 1a
P(\) = Ag+e A + . e M AL — N, (2.2)
Bay gio, ta gid st rdng cdc ma tran cia he (2.1) duge nhiéu c6 cau tric dang:
[Ao, A1 ..., Ay, B] ~ [Ao, A1, ..., Ay, Bl = [Ag, Ay ..., Ay, Bl + DAE. (2.3)
Khi d6, hé nhiéu tuong tng duge mo té nhu sau:
i(t) = Agz(t) + Ayx(t — hy) + ... + Apz(t — hy) + Buft). (2.4)

O day A € K'* 1a ma tran nhidu chua biét va D € K**!, E € Ko*(mk+D)+m) 13 c4¢ ma
tran da cho xac dinh cau tric cac nhiéu.
Dinh nghia 2.1. Cho hé (2.1) la diéu khién duge Euclide, va || - || 13 mot chuan trén
khong gian K'*?, ban kinh didu khién dugce Euclide cia hé (2.1) tuong iing véi cau triic
nhiéu dang (2.3) dugc xac dinh béi

r¢(A, B; D, E) =inf{||A]|: A€ K™ sao cho

s (2.5)
(2.4) khong diéu khién duge Euclide }.
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Néu [A, B]+DAF la diéu khién duge Euclide voi moi A € K9 thi ta dat rg (A, B; D, E)
= +00.
Dinh nghia 2.2. Gia st he tuyén tinh c6 tré 16i rac (2.1) 1a diéu khién duge xap xi
trong khong gian Banach My(K), K = C hogc R, va || -|| 12 mot chuan trén khong gian
K4, Khi d6 ban kinh diéu khién dugc xap xi cia hé (2.1) tuong tng v6i nhidu cau
trac (2.3) dugce xac dinh béi
r¢(A, B; D, E) = inf{||A||: A€ K" sao cho (26)
(2.4) khong dicu khién duge xap xi trong khong gian MQ(K)}
Néu [A, B] + DAE diéu khién duge xap xi v6i moi A € C™ thi ta dit r&(A, B; D, E)

= +00.

Dat
0 0 I, 0
: : e_hlAIn 0
W) =[P\),B], N=|0o o, HX = 5 e 27)
I, 0 e~hAL () '
0 I, 0o I,

M=EN, E\)=EHO).
Dinh 1y 2.1. Gid st hé tuyén tinh c6 tré roi rac (2.1) la diéu khién duoc Buclide va
| - || la mot chuan trén khong gian K. Khi dé, ban kinh dieu khién dugc Euclide ciia
hé (2.1) tuong tng vdi cau tric nhiéu dang (2.3) dugc tinh bdi cong thic
1
supjec [|E(A)W(A) D’
¢ do W(A) ™! K* = K" la todn ti da tri tuyén tinh nghich ddo cia W (\).

r¢(4,B; D, E) = (2.8)

Dinh 1y 2.2. Gid st rang hé tuyén tinh cé tré roi rac (2.1) la dieu khién dugc vap xi
trén khong gian My(K) va duge nhiéu cé cau tric dang (2.3). Khi dé, ban kinh dieu
khién dugc phitc cia hé (2.1) dugc cho bdi cong thic

1 1
(A, B; D, E) = mi >
¢4, 5; D, F) mm{supmHEwwm—an’|1M[Ak,B]—1DH}’ 2

trong do cac ma tran W(X), E(X) va M duge zdc dinh bdi (2.7).

. . -2 2, > A~ AL ~ - > L PN N z z 2
Dinh 1y 2.3. Gid s rang ma tran cau tric E c6 hang bang so cot va cac cic chuan

todn t duge sinh ra bdi cdc chudn vecto Euclide. Khi dé, ta cé

r&(A,B; D, E) =1%(A,B; D, E) = in(fcamin(E(A)*TW()\)*,D*), (2.10)

Xe
trong dé6 E*T ki hiéu la ma tran gid nghich Moore-Penrose ctia ma tran E* va omin ki

hiéu la gia tri ki di suy rong cia mot cap ma tran.
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2.2 Ban kinh diéu khién dudc thuc

Bay gio, ta gid st ring tat cd A;, i = 0,...,k, B clia hé (2.1) vA cac ma tran cau
tric D, E trong cau tric nhiéu (2.3) la thuyc.
Dinh 1y 2.4. Cho K = R. Gid st rdng hé tuyén tinh cé tré roi rac (2.1) la diéu khién
dugc zap i trong khong gian Banach My(R) = R™ x Lo([—hg, 0], R™) va cdc ma tran
clia hé duge nhiéu c6 cau tric (2.3), véi D € R™ E € R<ED+m) - Khi d6, ta c6
cac danh gid vdi ban kinh diéu khién dugc xap xi thuc cia he (2.1):
r&(A, B; D, E) < 1&(A,B; D, E)

. { 1 1 } (2.11)
< min 1 ) ] )
supyeg [[E(A)W(A) D" [|M[Ag, B]7'D|

trong do cic ma tran W(X), E(X\), M duoc zdc dinh trong (2.7).

Dinh 1y 2.5. Gid st rang hé tuyén tinh cé tré roi rac (2.1) la dieu khién dugc xap xi
trong khong gian Ms(R). Khi dé, ta co

re(4, B; D, E) = min{rg(4, B; D, E);re(4, B; D, E)}, (2.12)
1
g(A,B; D, E) = mi (A, B;:D,E); . 2.1
r]R(-? y ) min {ﬁR(-? y )7 HMI:A]{;7B]_1DH } ( 3)

Hon nita, néu E c6 hang bang so cot va cic chudn todn ti duge sinh bdi cic chudan
vecto Buclide thi
T%(A, B; D, E) = TH%(A, B; D, E)

Dinh 1y 2.6. Gid st rang hé tuyén tinh c6 tré roi rac (2.1) la dieu khién dugc wap
zi, dugc nhiéu bdi cdc nhiéu cau tric dang (2.3). Néu D la ma tran khd nghich va cdc

khong gian vecto dugc trang bi bdi cdc chuan Euclide th
ri(4, B; D, E) = inf 7,(D7'W(X), E(N),
S
Va

AeC

r%(A, B; D, E) = min {mf To(DTTW(N), EQN); 7(D Ay, B, M)} :

trong do T, duogc tinh theo cong thic (1.18).

2.3 Két luan

Trong chuong nay, ching t6i da thu duge cac cong thitc tinh ban kinh diéu khién
duge Euclide phtic, ban kinh diéu khién duge xap xi phiic, cac danh gia cho cac ban
kinh diéu khién duge thuc va mdi quan hé gitta cac ban kinh nay ciia hé tuyén tinh c6

tré roi rac (2.1) khi cdc ma tran ctia heé duge nhiéu cau tric dang (2.3).
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Chuong 3

Tinh diéu khién dugc vitng ctia hé
tuyén tinh trung tinh

Noi dung clia chuong nay trinh bay cac két qué ctia bai bao [2] trong Danh muc
cong trinh. Trong chuong nay ching toi nghién ctu sy bén vitng ctia tinh diéu khién
dugc ctia hé diéu khién tuyén tinh trung tinh:

#(t) = Az (t) + Aya(t — h) + A_@(t — h) + Bu(t),t >0, (3.1)

trong d6 z(t) € K", u(t) € K™, v6i t > 0, Ay, Ay, Ay € C™™ B € C™™ hla hing s6
duong.

3.1 Céac ban kinh diéu khién dugc dudi nhiéu cé ciu tric

Gia st cac ma tran ciia he tuyén tinh trung tinh (3.1) dugc nhiéu cau tric dang:

i(t) = Agz(t) + Ayx(t — h) + A_y&(t — h) + Bu(t), (3.2)

[Ag, A1, Ay, B] ~ [Ag, A, Ay, B] = [Ag, A1, Ay, B] + DAE, (3.3)
§ day A € C*? 1a ma tran nhiéu va D € C™*, E € C9*B3*n+m) x4c dinh ciu tric cia
nhiéu DAFE.
Dinh nghia 3.1. Gi4 st hé tuyén tinh trung tinh (3.1) 1a diéu khién dugc chinh xac
trén khong gian Sobolev W3 ([—h,0],C"). Cho || - || 14 mot chuan tren C™4. Khi do,
ban kinh diéu khién dugc chinh xac ctia he tuyén tinh trung tinh (3.1) tuong ting vdi
nhiéu cau trac dang (3.3) duge cho bdi
rg =inf{||Al|: A€ K sao cho (3.0
hé (3.2) khong diéu khién duge chinh xéc }.
Néu hé (3.2) véi cau tric nhidu (3.3) 1a diéu khién duge chinh xéc véi moi A € C*¢

thi ta dat r& = 4-oc0.
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Dinh nghia 3.2. Cho hé tuyén tinh trung tinh (3.1) la diéu khién dugc xap xi trén
khong gian Sobolev Wi ([—h,0],C") va || - || 14 mot chuan tren C*9. Khi d6, ban kinh
diéu khién dugce xap xi ctia hé trung tinh (3.1) tuong ting v6i nhidu c6 cau tric dang
(3.3) dugc xac dinh bdi

ri =inf{[|A]:Ae K™ sao cho (35)

3.5
he (3.2) khong diéu khién dugc xap xi }.

Néu hé (3.2) véi cau tric nhiéu (3.3) la diéu khién duge xap xi v6i moi A € C*9 thi
ta dat rg’ = 4o0.
Dinh nghia 3.3. Cho hé tuyén tinh trung tinh (3.1) la diéu khién duge Euclide va
| - || 12 mot chuan trén C?. Khi d6, ban kinh diéu khién duge Euclide ctia hé duge
cia he (3.1) tuong tng v6i nhiéu cau tric dang (3.3) duge xac dinh béi

K :inf{HAH :A e K™ sao cho

N (3.6)
he (3.2) khong diéu khién dugc Euclide}.

Néu he (3.2) véi cau tric nhidu (3.3) 1a diéu khién duge Euclide v6i moi A € C!*? thi

ta dat rg* = oo.

Nh&c lai ring, ma tran clia tya da thic ddc trung clia he tuyén tinh trung tinh (3.1)

Ia
P(\) = Ag+e ™A + he A — AL, (3.7)
Ta dat
Wi(\) = [P(\), B], Wa(\) = [A_y — M, B], W3(\) = [MA_, + Ay, B],
I, 0 0 0 0 0
e M, 0 0 0 I, 0
B = yemg, o H2= g, o BVN= 131 o (3:8)
0 In 0 I 0 Iy

El()\) == EH1<)\), E2 - EHQ, Eg()\) = EHg()\)
Dinh 1y 3.1. Gid st ring hé tuyén tinh trung tinh (3.1) la diéu khién dugc chinh zdc.
Khi dé, ban kinh diéu khién dugc chinh zdc cia hé (3.1) tuong tng vdi nhiéu cau tric
dang (3.3) dugc cho bdi cong thitc
er __ : . —1 -1 - -1 -1
v = min {uf [, ) DI it B0 DI 69)

trong dé Wi(X\)~L, Wo(X)™L : C* = C"™ twong ng la cac todn ti da tri tuyén tinh
nghich dao cia Wi(X), Wa(A).
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Dinh 1y 3.2. Gid st rang hé tuyén tinh trung tinh (3.1) la dieu khién dugc xap xi.
Khi do, ban kinh diéu khién duoc wap xi ciia hé tuyén tinh trung tinh (3.1) tuong ting

vdi nhiéu cau tric (3.3) duge cho bdi cong thiic
o = min ot | OWA) DI g B0 DI, (30

¢ d6 Wi(\)~L, W3(A)~L: C* = C"™ tuong 1ing la cdc todn ti da tri tuyén tinh nghich
ddo cia Wi(X\), Ws()).
Dinh 1y 3.3. Gid st rdng hé tuyén tinh trung tinh (3.1) la dieu khién dugc Buclide.
Khi dé, ban kinh diéu khién duoc Euclide ciia hé tuyén tinh trung tinh (3.1) twong ting
vdi nhiéu cau tric (3.3) dude cho bdi cong thiic

rét = inf [|E(A)Wi(A) "D, (3.11)

XeC
trong dé Wi(\)~! : C* = C"™ la todn tii da tri tuyén tinh nghich ddo cia todn ti
Wi ().
Dinh nghia 3.4. Cho ma tran A € K™*™. Tap hgp
LNS(A) = {y" e K" yTA=0e K*™},

v6i phép cong vecto va phép nhan vecto véi mot s6 vo huéng cam sinh trén khong gian
K" lap thanh mot khong gian vecto con ctia K™, Ta goi khong gian nay 1a khong
gian nhan trai (left nullspace) cta A.

Goi k 1a s6 chiéu tuong tng ctia LNS(A) va {f1, f2, ..., fx} 1a mot co s6 ctia n6. Khi

do, ma tran
fi
2

Jr

la ma tran ma dong thit 7 ctia no la toa do cta vecto f;, v6i i = 1,..., k dugc goi 1a ma

: (3.12)

tran co sé cua khong gian nhan trai ctia ma tran A.

Ménh d& 3.4. Cho Uy(X) € Ch*» Vi(A) € CHX1,[y(A) € C2xn V() € Chxa,
U3()‘) S (Ch3><n’ VE’)()‘) S Cthq} sao cho [UI(A)v‘/l()‘)]Tf [UQ(/\)7V2(/\)]TJ [U3<)‘)"/3<)‘)]T
Wi(A)

tuong 1ng la cdc ma tragn co sO cua khong gian nhan trdai cua ma tran ANE
1

{WQ(W | {W?’(A)}, Khi d6, ta c6

E2 Eg()\)
IEAOWi () D]l = max min{2] : i(3)z = ~Ui(3) D),
| E2W2(A)' DIl = max min{||z]| : Va(N)z = ~Uz(A) Do}, (3.13)
IB)Wa(N) ™ Dl = max min{] : Va(3)z = ~Ua(W) D},
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3.2 Mot s truong hop dac biét

Dinh 1y 3.5. Cho cic ma tran Uy(\) € Ch>n Vi(\) € CMx9, Uy(\) € Chaxm,
Va(A) € Ch2xa Us(\) € Chs*m V3(X) € Ch*9 sao cho [Uy(N), Vi(\)]T, [Ux(N), Va( M),

[Us(N), Va(MN]T lan higt la cac ma tran co sé ciia cdc khong gian nhan trdi tuong tng

el [Wl()\)} 7 [W2(>\)} 7 lea()\)

Ei()\) B, Eg()\):| . Gid si rang cac khong gian vecto dugc trang bi cdc
chuan Euclide. Khi do,

er __ : . —‘- -1 - T 1

rg’ = mm{;g(fcll‘/l@) UMD inf [[Vo(X) U2(A) D] }
r? = min < inf [[Vi(\) U, (A) D7, inf [[Va(\)TUs(A) D~ (3.14)
c AeC ’)\E(C ;

12 = fnf Vi) 0 () D]
Hon nita, néu ma tran cau tric E c¢é hang di bang so cot ciia né thi
o= i { it [0V VB DIt 0720 B DI}
o2 = min { |V B ))DI Y ut [0V B D1 19
rg' = inf (WL (N Er(A)NTDJ|

Trong cac truong hop ma tran E c6 hang bang s6 cot va ma tran D kha nghich, ta

cling nhan dugc mot s6 két qua tuong tir Chuong 2.

3.3 Két luan

Trong chuong nay, luan an thu dudc cac cong thic tinh ban kinh diéu khién duge
Euclide phiic, ban kinh diéu khién dude chinh xéc phitc, ban kinh diéu khién dude xap
xi phiic trén khong gian Wy ([—h, 0], K") ctia h¢ tuyén tinh trung tinh (3.1) khi céc
ma tran ciia heé duge nhiéu cé cau tric dang (3.2). Mot s6 truong hop diic biet duge
nghién cttu: Khi ma tran E trong cau tric nhiéu (3.2) ¢6 di hang theo s6 cot clia no,

ma tran D trong cau trac (3.2) la kha nghich.
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Chuong 4

Tinh diéu khién dugc vitng ctia hé
tuyén tinh c6 tré mo ta bdi phuong
trinh vi phan phiém ham

Noi dung ctia chuong nay duge lay tit bai béo [3] trong Danh muc cong trinh. Trong
chuong nay, luan an sé trinh bay vé tinh bén vitng ctia hé tuyén tinh c6 tré mo ta bdi

phuong trinh vi phan phiém ham:
0

() = Agx(t) + /_ AO)a(t+0)+ Byu(t), +> 0 (41)

trong d6 z(t) € K", u(t) € K™, v6i t > 0, Ay € K™, By € K™ va n la K"™"-cac

ham c6 bién phan gidi noi tren khoang [—h, 0], véi K = R hoac C.

4.1 Cac dic trung cta tinh diéu khién dudc xap xi

Ta biét rang, hé (4.1) c6 thé viét lai dudi dang
t(t) = Apx(t) + Lz; + Bou(t), t >0, (4.2)
6 do6, z4(0) = z(t +6) v6i —h < 6 < 0 va L 1a toan tt tuyén tinh bi chan dangC :=
O([~h, 0], K™ t6i K", duge mo ta béi
0
Lo= [ dun@)lo). oec. (1.3
—h
véi i 1a K™*"-cac ham c6 bién phan gii noi trén K va tich phan & day dude hiéu la tich
phan Lebesgue-Stieltjes. Khong mat tinh tong quat ta gia st n € N BV ([—h, 0], K",
tie 1a n(0) = n(—h) = 0, v6i moi § < —h, n(f) = n(0), véi moi 6 > 0 va n lién tuc trai
trén (—h,0).
Dinh nghia 4.1. Gia stt ring € NBV ([—h, 0], K™"), ta néi rang n c6 nguyén ti co

lap tai —h néu ton tai ma tran A, € K™ va e € (0, h] sao cho

n) = A, véi 6 e (—h,—h+e. (4.4)
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Khi d6, ta cing néi n c6 nguyén ti ¢o lap (Ay) tai —h.
Dinh 1y 4.1. Gid st rang n ¢ nguyén ti co lap (An) tai —h. Khi do, he (4.2)-(4.3)
la M,-diéu khién duge xdp xi néu va chi néu

(i)s rank W(X) =n, wvdi moi X € C,

(il)e rank [Ap, Byl = n.

4.2 Khoang cach téi tap khong diéu khién dudc ciia hé tuyén
tinh c6 tré moé ta bdi phuong trinh vi phan phiém ham

Gia sit réng he (4.2)-(4.3) 1a didu khién duge xap xi trong khong gian trang thai M,
va dugce nhiéu bdi cac nhidu tham s6 afin dang

[Ag, Bo] ~ [Zo,éo] = [Ao, Bo] + DoAoEy,

3 (4.5)
n(-) ~ 7(-) =n()+ Di6() Er.
Khi d6, hé nhiéu tuong ting duge mo ta bai
i(t) = Agx(t) + Ly + Bou(t), t >0, (4.6)

trong d6 L la toan t1t tuyén tinh nhidu bi chan tir khong gian C := C([—h, 0], K?) t6i
khong gian K" duge xac dinh béi

Lo= [ dn(e)+ DSOS, o <c. (47)

0 day céc ma tran D; € K™ i = 0,1 va Ey € Kox(+m) B ¢ Ka*" 13 cac ma
tran cho trude x4c dinh cac cau tric nhidu, Ay € Clo*® va §(-) € NBV([—h, 0], Clr <)
la cac nhiéu phiic chua biét. Ta sé gia st rang mdi ma tran ham nhiéu §(-) duge md
rong trén toan khong gian thuc R bang cach dat §(9) = 6(—h) = 0 v6i § < —h va
5(0) = 5(0) véi 6 > 0.

Chiing ta sé do kich ¢d ctia cac nhidu (A, d) € Co*%® x NBV([—h, 0], C'*%) bsi chuan

1(A0, )| == [[Aoll +[I9]]; (4.8)

trong d6, ||Ag|| 1& chuan toan ti ctia ma tran Ag va ||§| := V/(§,[—h,0]) 1a tdng bién
phan cta 6.
Dinh nghia 4.2. Béan kinh diéu khién dugc xap x{ trong khong gian trang thai M, =
K" x L,([—h,0],K") ctia hé tuyén tinh c6 tré (4.2)-(4.3) tuong ung véi cic nhiéu c6
trac (Ao, d) cta dang (4.5) duge xac dinh béi

1, (Ao, Bo) = ru, (Ao, Bo, D;, B, i €{0,1})

s ) (4.9)
:= inf{]|(Ao,0)||: He (4.6)-(4.7) khong M,-diéu khién dugc xap xi},
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trong do, chuan ||(Ag,d)|| duge xac dinh trong (4.8).

Dinh nghia 4.3. Gi sit he (4.2)-(4.3) 1a diéu khién duge pho va céc ma tran ciia he
duge nhidu cac nhiéu c6 tric (Ag,d) clia dang (4.5). Khi d6, ban kinh diéu khién duge
pho ctia hé nay tuong ting v6i cau tric nhiéu (4.5), duge xac dinh bdi

rsp(A(h m, BO) = rsp(AU) m, BO7 Diu Eia (NS {07 1})

o (4.10)
= inf {||(Ao, d)|| : IXo € C, rank [P(Ny), Bo] < n},
6 day .
POy = Ao+ [ di@)e - A,

la ma tran cia tua da thic dac trung ctia hé nhiéu (4.6)-(4.7).

Dinh 1y 4.2. Gid st ring hé tuyén tinh cé tré (4.2)-(4.3) la diéu khién dugc pho va
bi nhiéu vdi nhiéu cé cau tric dang (4.5). Khi dé, ban kinh diéu khién dugc pho cia
hé (4.2)-(4.3) théa man:

1

maxico.) {suprce | EsW(N) = Dill:supsee MOV [ EyW ()~ Dif|}

< Tsp(A07 m, BO) (411)
1

<

max {sup,cc [|EoW (3) 7 Dol|; supsce MOV | EyW ()~ Dy | |

trong dé W (X\)™! la toan tii tuyén tinh da tri tuyén tinh nghich ddo cia W(\),

1 néu Rel >0
M\ = M= ; - 4.12
() eg[l—afico] €™ {e‘h(ReA), néu Rel <0’ ( )
i El Oq1 xm (g1+m) X (n+m)
b= {omm omxml €K : (4.13)

va Oi; ki hiéu la ma tran khong cia K. Dac biét, néu Dy = Dy = D thi ta nhan
dugc cong thic tinh ban kinh diéu khién dugc pho ciia hé tuyén tinh cé tré mo ta bdi
phuong trinh vi phan phiém ham (4.2)-(4.3):

1
max {supycc | EsW (\) 7 D|; supsee MOV E:W (A)1D] |

rsp(Ao, 7, Bo) = (4.14)

4.3 Ban kinh diéu khién dudc xap xi ctia hé tuyén tinh cé6 tré
mo ta bsi phuong trinh vi phan phiém ham

Xét toan tu:
[H7 G] : LP([_ha O]JKH) X LP([_ha O]ij) - LP([_hv 0]7Kn>7
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duge xac dinh bdi
1
[H, G| (QZ) = Ho' + Gu, véi ¢! € L,([=h,0,K"), u € Ly([—h,0],K™), (4.15)

trong d6 H € L(L,([—h,0],K")) va G € L(L,([—h,0],K™), L,([—h,0],K")) tucng tng
duge xac dinh nhu sau:

(o) - [ " dn(0)6' (0 — ), a € [~h,0, (4.16)

—h

voi ¢! € Ly([—h,0],K") va
(Gu)(a) = Bou(ar), « € [—h,0]. (4.17)

Bo6 dé 4.3. X¢ét he diéu khién (4.2)-(4.3) va gid si rang n 6 nguyeén ti co lap (Ap)
tai —h. Khi dé, cdc tinh chat sau la tuong duong.

(a) [H,G] la toan danh ;

(b)  cl(Im[H, G]) = Ly([—h, 0], K");

(¢) KerH*NKerG* = {0};

(d)  rank[Ay, By] = n.

Trong trudng hgp tong quat, tinh M,-diéu khién duge xap x{ khong duge béo toan
khi hé chiu tdc dong ctia nhiéu bé. Bay gio, gid st rang 7 c6 nguyeén t1t ¢o lap tai —h
va cic ma tran n va By clia hé bi nhiéu v6i cau tric tach dang:

n(-) ~ () =n(-) + D16(-)Er, By = By ~ By+ DyAyEs, (4.18)
trong d6, D; € K™ ¢ = 1,2, B, € K" F, € K2*™ |3 cac ma tran cho trudc va
§ € NBV([—h, 0], Ki*a) Ay € K'2%% 13 cic ma tran nhidu chua biét. Hon nita, ta gia
st thém rang ma tran nhiéu § bi han ché 1ay trong tap

NBV,([—h, 0], K" %) = {§ € NBV([—h, 0], K"*") :

d ¢6 nguyeén tit ¢o lap tai — h}.

Khi d6, toan tit nhiéu [H, G] tuong ting dudc xac dinh béi

[H,G) (qj) (a) =[H,G] (qj) (a)+ / 2 dD1SEN]¢' (0 — a) (4.19)

+DyAs Eyu(ar), véi o € [—h, 0].

Trong truong hop nay, ta xac dinh khoang cach cau tric phic téi tap khong toan anh
cia anh xa [H, G| tuong tng véi cac nhiéu (4.18) nhu sau
disty, ([H, G]) =inf{||As]| + ||6] : 6 € NBV,,([—h, 0], C'"*®), A, € C2*%2,

s.t [H, G] khong toan anh }.
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B6 dé 4.4. Gid si rang 1 c¢6 nguyén ti co lap (Ay) tai —h sao cho rank[Ay, By] =
n va cac ma tran cia hé (4.2)-(4.3) dugc nhiéu cé cau tric (4.18), trong dé § €
NBV,([—h, 0], C">a). Khi dé, khodng cdch cau tric tdi tap khong toan dnh cia dnh
za [H, G tuong ting vdi nhiéu (4.18) dugc udc lugng bdi
1
max; je(1,2}{[| Eoi[An, Bo] 7' Dj[}

<disty ([H, G))

(4.21)
< 1
h maXi€{1,2}{HE0i[Aha Bo]*lDiH}’
trong do
E01 = [E17OQ1Xm]a E02 = [0q2><7uE2]' (422)
Dac biét, néu Dy = Dy = D tha
1
disty([H,G]) = (4.23)

maxe (1,211 | Eoi[An, Bo] 1 D||}

Dinh 1y 4.5. Gid sit rang hé tuyén tinh cé tré (4.2)-(4.3) la diéu khién dugc zap xi
trong khong gian trang thdai M, va ciac ma tran cia hé bi nhiéu cé cau tric (4.5). Gia
st thém rang n cé nguyén ti co lap (Ap) tai —h vdi Ay € K™ va & bi han ché trén
lp nhiéu NBV,([—h,0],K'*%). Khi d6, ban kinh cia tinh M,-diéu khién dugc zdp xi

clia hé ¢é thé tinh nhu sau:
M, (A07 7, BO) = min {Tsp(AO) 7, BO)? dlSth([HJ G]) }7 (424)

trong do rs,(Ao,m, Bo) va disty([H, G]) tuong ing théa man cic udc lugng (4.11) va
(4.21), vdi g2 = qo, D2 = Dy,

B, = B, [OT}XM] € Koxm, (4.25)

va cac ma tran Eo;,i = 1,2, duge zdac dinh bdi (4.22). Dic biét, néu Dy = Dy = D th
ta nhan duoc:
1 1

supyec |EoW (A) "' D|” supy e M(N)||E:W (A\)1D||’
: }
SUP;e (1,23 |1 E0i[An, Bo] 1 DI

M, (A07 n, BO) =min {
(4.26)

trong dé M(X) va cic ma tran Ey tuong ing duge xdc dinh bdi (4.12) va (4.13).

Xét truong hop didc biét ctia hé (4.2)-(4.3), trong d6 n c6 dang
N 0
77(9) = ZAjX(,hjjo](e) + / Q(S)ds, (427)
i=1 —h
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Vol 0 = hy < hy < hg < ... < hy = h, va Q(+) 1a K™ "-cdc ham s kha tich xac
dinh trén doan trén [—h, 0] va md rong t6i (—oo, 00) bang cach dat Q(s) = 0 véi moi
s & [—h,0]. Khi d6, hé diéu khién tuyén tinh (4.2)-(4.3) c6 dang

i(t) = Agz(t) ZAQ; / Q(O)z(t + 0)dd + Bou(t), t>0.  (4.28)
Gia st rang ham Q(-) théa man diéu kien
Q(0) =0, V0 € [-h, —h + 7] v6i v € (0, h] nao do6. (4.29)

Hé qua 4.6. Gid si rang hé diéu khién tuyén tinh (4.28), vdi Q théa man (4.29), la
M,,-diéu khién dugc zap xi va dude nhiéu cé cau tric dang (4.5), vdi Dy = Dy = D va
§ € NBV,,([~h,0],Ch*%). Khi dé, ban kinh M,-dieu khién dudc zdp xi ciia hé thong
dugc tinh toan theo cong thic sau:
1 ‘ 1 '
supyec [[EoW (A) D" supyee M(N) || EYW (M) ~1D]|
1
subrcqon) | Bl Bl D]

TMP(AO, 1, Bp) =min {
(4.30)

trong dé ma tran ham Hautus W (-) ciia hé thong dugc viét lai & dang

N 0
=[ D A+ Q(0)eMds — I, By |
=1

—h+y

va M(N\), By, Ey,i = 1,2 tuong ting duge zdc dinh bdi (4.12), (4.13), (4.22).

4.4 Két luan

Trong chuong nay, luan an thu dugde céc két qua sau:

-Tiéu chuan diéu khién duge xap xi méi cho hé tuyén tinh c¢é tré mo ta bdi phuong
trinh vi phan phiém ham (4.1) trong truong hgp 1 c6 nguyén ti co lap tai —h.

-Can trén va can dudi ctia ban kinh diéu khién duge phd ctia hé (4.1) trong trudng
hgp cdc ma tran ctia hé duge nhiéu c6 cau tric (4.5) va dua ra cong thitc tinh ban kinh
diéu khién duge pho trong trusng hop céc ma tran nhidu Dy = D;.

- Can trén va can dudi cia ban kinh diéu khién duge xap xi ctia he (4.1) trong
truong hgp 1 va ham nhiéu § trong cau tric (4.5) déu c6 nguyeén tit ¢o lap tai —h.
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Két luan

Luan an nay da nghién citu su bén viing ctia tinh diéu khién duge clia cac he dong
luc mo ta bdi phuong trinh vi phan c¢6 tré va hé trung tinh trong truong hop cac ma
tran ctia cac hé nay chiu tac dong clia cac nhiéu c6 cau tric khac nhau. Dé tiép can bai
toan nay, ching toi stt dung 1y thuyét toan tit da tri tuyén tinh, Iy thuyét nita nhém
toan ti lien tuc manh, dac biét 1a cac tiu chuan diéu khién duge tua diéu kieén hang
Hautus. Cac két qua ciia luan 4n hoan toan mdi va rat duge quan tam. Cac két qua

chinh ma luan an thu dudge:

1. Cac cong thiic tinh ban kinh diéu khién dude xap xi, ban kinh diéu khién dugc
Euclide ctia hé c6 tré roi rac khi cadc ma tran ctia hé chiu tac dong ciia cac nhiéu

¢ cau tric.

2. Céc cong thiic tinh ban kinh diéu khién duge Euclide, ban kinh diéu khién dugc

chinh xac phiic, ban kinh diéu khién dudc xap xi phtic ctia hé trung tinh.

3. Can trén va can dudi ctia ban kinh diéu khién dugc pho, diéu khién duge xap xi
trong khong gian trang thai M, = C" x L,([—h,0],C"), v6i 1 < p < oo clia heé
tuyén tinh c6 tré mo ta bdi phuong trinh vi phan phiém ham khi cdc ma tran clia

hé bi nhiéu c6 cau tric.
Mot s6 van dé cé6 thé tiép tuc nghién ciu:

1. Bai toan tinh ban kinh phiic ctia hé trung tinh trong truong hop tong quat cé tré

tich phan trong bién dao ham.
2. Bai toan vé ban kinh thuc clia cac hé néu trén.

3. Bai toan diéu khién dudc vitng cho cac hé da nghién ctu & trén trong trusng hop

tong quat hon véi tré xuat hién trong bién diéu khién.
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