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Maé dau

Giai tich cap phan sd nghién citu cac dao ham va tich phan c6 bac khong
nguyeén, bat nguon tit van dé do L’Hopital néu ra trong thu gii Leibniz nam 1695;
cac nén tang ly thuyét sau do dudc phat trién béi Euler, Lagrange, Liouville,
Riemann va Hadamard, v.v. C6 nhiéu dinh nghia vé dao ham cap phan sb, trong
d6 Riemann-Liouville va Caputo 1a hai dinh nghia pho bién; dao ham Caputo duge
st dung rong rai hon do cho phép dat diéu kien ban dau theo dang quen thuoc ctia
phuong trinh vi phan cap s6 nguyén. Cac mo hinh cap phan s6 phan anh dong luc
vat 1§ chinh xac hon mo hinh cap s6 nguyén; bén canh d6, dé mé ta hicéu tng suy
gidm nhanh, dao ham Caputo v6i nhan suy gidm dugc dé xuat trén co sé mé rong
cua dao ham Caputo.

Bai toan on dinh trong thoi gian hitu han da thu hit nhiéu st quan tam trong vai
thap nién gan day do y nghia thyc tién ciia n6. Khai niem nay duge G. Kamenkov
dé xuét lan dau vio nam 1953 va dude P. Dorato phat trién vao nam 1961, véi
yéu cau trang thai hé luon ndm trong mot mién bi chan xic dinh trudc trén mot
khoang thsi gian hitu han, khéc v6i 6n dinh tiém can theo nghia Lyapunov.

Hiéu suat ctia hé dong Iuc thuong duge danh gia thong qua moi quan heé giita
cac tham s6 dau vao va dau ra, tit d6 phan anh kha nang téi wu héa ciia hé thong
trong viéc dap ting cac yéu cau van hanh. Trén co s nay, nhiéu bai toan dinh tinh
quan trong dbi vdi cac 16p hé phuong trinh vi phan cap phan s6 da dudc nghién
ciiu, tieu biéu nhu bai toan tiéu hao va bai toan diéu khién dam bao chi phi.

Khai niém tiéu hao dugce khéi xuéng baéi J.C. Willems vao nam 1972 va da tré
thanh mot cong cu nén tang trong phan tich va thiét ké cac 16p he dong luc. Khai
niém nay la sit tong quat héa ciia cac tinh chat quen thudc nhu on dinh hiéu suat
H,, va tinh thu dong ctia hé dong lyc. Do d6, 1y thuyét tiéu hao nhan dugc sy
quan tam dic biet nho tinh ting dung cao trong ki thuat, vat Iy va cac 16p he diéu
khién. D& c6 nhiéu cong bd dang cht ¥ vé bai toan tiéu hao cho cac 16p hé dong
lire khéac nhau.

Bai toan diéu khién dam bao chi phi da duge S. Chang va T. Peng dé xuat lan
dau vao nam 1972. Khi nghién ctu cac bai toan diéu khién trong thdi gian hitu
han, bén canh viéc xay dung céc tiéu chuan 6n dinh, viéc thiét ké cac bo dieu khien
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c6 kha nang ddm bdo mot mic hiéu suat xac dinh ciing 1a mot van dé dudc quan
tam. Cu the, bai toan nay khong chi yéu cau bo diéu khién duy tri tinh on dinh
ctia hé thong ma con doi hoéi gia tri clia ham chi phi luon nam trong mot gidi han
chap nhan duge. Do d6, su két hop giita diéu khién dam béo chi phi v én dinh
trong thoi gian hitu han mang lai ¥ nghia ting dung cao trong thiét ké diéu khién
thong qua viéc thiét lap mot chan trén cho chi s6 hiéu suat da xac dinh. Da c6
nhiéu cong b6 dang chi ¥ vé bai toan diéu khién dam béao chi phi cho cac 16p hé
dong luc khac nhau.

Céc két qua lien quan dén bai toan tiéu hao va diéu khién dam béo chi phi trong
thoi gian hitu han hién nay van chi yéu tap trung vao cic 16p hé cap so6 nguyen,
trong khi déi véi cac 16p hé cap phan so, s6 lugng cong trinh tuong tng con kha
han ché.

D6i v6i cac hé co tré, cac phuong phap phan tich trong truong hop cap so
nguyén thuong dya trén viéc xay dung cac ham Lyapunov—Krasovskii thich hop.
Tuy nhién, khi chuyén sang céc hé phuong trinh vi phan cap phan s6 khong chéic
chan c6 tré, viec xay dung cac ham Lyapunov—Krasovskii dang nay ciing nhu viéc
x1t 1§ dao ham cap phan s6 clia cic ham toan phuong trd nén phiic tap hon.

Xuét phat tit cac phan tich néu tren, ching toi lwa chon dé tai “Tinh on dinh
trong thoi gian hitu han cia mot so 6p hé phuong trinh vi phan cdp phdan so va
mot so bai todn lién quan” lam huéng nghién ctu clia luan an.

Trong luan an nay, 16p hé dau tién duge xem xét 13 hé no-ron khong chac chan
cap phan s6 Caputo v6i nhan suy gidm c6 nhiéu va tré hang s6, duge mo ta bdi he
sau
(TCDg’/\:c(t) = —[A+ AA(t)]x(t) + [B + AB(t)]g(x(t))

+W + AW (t)|h(z(t — 7)) + [D + AD(t)]w(t), t >0, ,
) y(t) = Crz(t)+Cox(t—7)+Csg(x(t))+ Cyh(x(t—7))+Csw(t), t >0, S

z(0) = ¢(0), 0 € [—1,0].

Két qua dat dugc la dua vio mot bo dé méi vé ude luong ham toan phuong cho
dao ham cap phan s6 Caputo véi nhan suy gidm, trén co sé do, cac dieu kien du
duéi dang cac bat dang thiic ma tran tuyén tinh dugc thiét lap nhiam dam bao
tinh tiéu hao viing trong thoi gian htu han cho 16p hé dugc xem xét.

Lép hé thit hai duge xem xét 1a hé no-ron khong chic chan cap phan s6 ¢6 nhiéu,



duge mo ta béi hé phuong trinh sau

[ §Dga(t) = —[A+ AA®)]2(t) + [V + AW (E)]g(2(t))
) +[D + AD(®)|w(t), t > 0, )
y(t) = Cra(t) + Cog(a(t)), ¢ > 0,

z(0) = xp € R™.

\
Cac két qua dat duge dua trén dinh nghia tiéu hao mé rong trong thoi gian hitu
han da dugc gi6i thieu, qua dé thiét lap cac dieu kién da phu thudc cap phan s6
dusi dang bat déng thitc ma tran tuyén tinh nhim bao dam hé no-ron khong chéic
chan cap phan s6 Caputo c6 nhiéu théa man tinh tiéu hao md rong trong mot
khoang thoi gian hitu han.

Phan tiép theo ciia luan 4n nghién citu 16p hé to hgp 16i cap phan s6 Caputo c6
tré bién thieén, dugc mo ta nhu sau

6 D (t) = A(§)x(t) + D(E)x(t — h(t)) + B(&u(t), t > 0,
z(n) = ¢(n), Vn € [=hs,0].

Két qua dat ducc la dua ra cac diéu kién du cho su ton tai ciia luat diéu khién

phan hoi trang thai ddm bao chi phi trong thoi gian hitu han dugc thiét lap dudi

dang bat dang thiic ma tran tuyén tinh ddi véi 16p hé (3).

(3)

Phan cudi clia luan 4n tap trung nghién cu bai toan diéu khién dam béao chi
phi trong thoi gian hitu han cho 16p hé khong chiac chan cap phan s6 Caputo véi
nhan suy giam co tré, duge mo té béi hé phuong trinh sau

TCD§ a(t) = (A+ AA())z(t) + (D + AD(t))x(t — 7)
(L 2(t) + gl alt =) + (B+AB@)u(®), t 20, (4)
z(0) = (@), 0¢€c]-T1,0].
Két qua dat dugc la thiét lap cac diéu kien da phu thuoc tré dudi dang bat déng
thiic ma tran tuyén tinh, nham thiét ké luat diéu khién phan hdi trang thai dam
bao chi phi trong thoi gian hitu han cho 16p hé xem xét.
Noi dung chinh ctia luan an duge trinh bay trong 3 chuong:

e Chuong 1: Co s6 toan hoc.

e Chuong 2: Bai toan tieu hao trong thoi gian hitu han cho mat sé 16p hé no-ron

khong chic chan cap phan sb.

e Chuong 3: Bai toan diéu khién ddm béo chi phi trong thsi gian hitu han cho
mot s6 16p hé diéu khién cap phan sé.



Chuong 1

Co sé toan hoc

Chuong nay trinh bay cac kién thitc toan hoc co sé lam nén tang cho viéc nghién
ctiu cac bai toan ciia luan an. Noi dung chuong nay bao gom: Mot s6 kién thic
c6 ban vé gidi tich cap phan s6, bai toan ton tai va duy nhat nghiém cho 16p hée
phuong trinh vi phan cap phan s6, on dinh trong thsi gian hitu han va 6n dinh héa
trong thoi gian hitu han, bai toan tieu hao cho hé dong luc, bai toan diéu khién
dam bao chi phi va mot s6 bo dé hd trg duge sit dung trong viec chitng minh céc
két qua chinh.

1.1 Mot sb kién thiic co ban vé giai tich cap phan sb

1.2 Bai toan ton tai v duy nhat nghiém cho hé phuong trinh
vi phan cap phan sb

1.3 On dinh trong th&i gian hitu han va én dinh hoa trong
thdi gian hitu han

1.4 Bai toan tiéu hao cho hé dong luc
1.5 Bai toan diéu khién dam bao chi phi

1.6 Mot sé bd dé bo tro



Chuong 2

Bai toan tiéu hao trong thdéi gian httu han cho
mot s6 16p hé no-ron khéong chic chan cap
phan sb

Trong chuong nay, ching t6i nghién cttu bai toan tiéu hao trong thoi gian hitu
han cho 16p hé no-ron khong chic chan cap phan s6 Caputo véi nhan suy gidm c6
nhiéu va tré hing s6, dong thoi nghién citu bai toan tieu hao md rong trong thoi
gian hitu han cho 16p hé no-ron khong chiac chan cap phan s6 Caputo c6 nhiéu.
Cac noi dung trinh bay trong chuong nay duya trén cac két qua nghién citu da duogc
cong bd trong cac bai bao [CT4, CT1] thuoc danh muc céc cong trinh khoa hoc

clia tac gia lien quan dén luan an.

2.1 Bai toan tiéu hao trong thdéi gian hitu han cho 16p hé no-
ron khong chic chin ciap phan sé6 Caputo véi nhan suy
giam c6 nhiéu va tré hing sb

Xét hé no-ron khong chic chan cap phan s6 Caputo véi nhan suy giam c6 nhiéu
va tré hang s6 sau
(7€ D3 (1) = —[A + AA(D)]a(t) + [B + AB(D)]g(a(t))
+W + AW ()| h(x(t — 7)) + [D + AD(t)]w(t), t >0,
y(t) = Cra(t) + Cox(t — 7) + Cag(x(1)) + Cah(a(t — 7)) + Csw(?),
z(0) = ¢(0), 0 € [-7.,0],

(2.1)

trong d6 a € (0,1) la cAp phan s6 va A > 0 1a tham s6 nhan suy gidm. Véc
to x(t) = (21(t),...,2,(t))" € R" la trang thai ciia he, w(t) € R? 1a nhiéu tac
dong bén ngoai. S6 chiéu n tuong tng véi sé lugng no-ron trong mang. Ma tran
A = diag{ay,...,a,} € R™" la ma tran duong chéo xac dinh duong, cadc ma tran
B, W € R™" va D € R" 4 1a cac ma tran thuc da biét. CAc ma tran tham s bat



dinh duoc xac dinh bdi

AA(t) = EuFi()H,, AB(t) = EyFy(t)Hy.
AD(t) = EqF3(t)Hy, AW (t) = EyFy(t)Hy,
trong d6 E,, Ey, Eq, By, H,, Hy, Hy, H,, 13 cic ma tran thyc da biét co6 kich thude
phtt hgp. Céc ma tran chua biét bién thién theo thoi gian Fj(t), 1 = 1,2, 3,4, thoa
man dieu kién
ETWE(t)<I, Vt>0, i=1,2734. (2.2)

Ham ¢(-) € C([~,0],R") 13 ham diéu kien ban dau v6i chuan

ol = sup |[[p(0)]]-
oe[—,0]

Cac ham kich hoat phi tuyén g, h : R" — R" dugc xac dinh béi

g1(z1(t)) ha(21(t — 7))
g(z) = : , h(z(t — 7)) = : ,
In (T (1)) hn(zn(t — 7))
v6i moi = (z1,...,7,) € R"

Dé phan tich tinh tiéu hao ctia he, ching t6i sit dung céc gia thiét sau.
Gia thiét 2.1.1. Cdc ham kich hoat phi tuyén g:(t), h;(t)(i = 1,2,...,n) la lién
tuc va bi chan vdi g;(0) =0, h;(0) =0 va thoa man

s —a)

7 —

uU—v
. | (2.3)
- < hi(u) — h;(v) < t;’,
uU—v

trong dé ki ki t;, t1 la cdc s6 thue da biét, u,v € R,u # v.
Gia thiét 2.1.2. Nhiéu dau vao w(.) € La([0, +00),RY) théa mdn diéu kien sau
35w (Hw(t) < @,

trong dé @ la mot so6 thuc duong.
Trong trudng hgp khong c6 véc to dau ra, he (2.1) tré thanh
TODSAx(t) = —[A+ AA®))z(t) + [B + AB(t)]g(2(t))
+[W + AW (t)|h(x(t — 7)) + [D + AD(t)]w(t), t > 0, (2.4)
x(0) = ¢(0), 0 € [—T,0].
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Dinh nghia 2.1.3. Cho cac s6 duong cy, co, T vA @ Vi ¢; < c9, he (2.4) duge goi
1a bi chiin vitng trong thoi gian hitu han déi véi bo tham s6 (c1, c2, T, @) néu dicu
kién sau duge thdéa man

lel* < e = @) <ey VEe[0,T],
v6i moi tin hiéu nhiéu w(t) € RY théa man Gia thiét 2.1.2.

Dinh nghia 2.1.4. Hé (2.1) dugc goi la tiéu hao vitng trong thoi gian hitu han
d6i v6i bo tham s6 (cp, c2, T, @) néu hai diéu kién sau duge théa man:

(i) He (2.4) bi chan viing trong thoi gian hitu han d6i véi bo tham s6 (c1, co, T, ©).
(i) Véi dieu kien ban dau p(t) = 0 véi moi ¢ € [—7,0], ton tai s6 duong v > 0 sao
cho

t t
/ e ) (4 — )21 Ts) ds > o / e M9 (1 — )T () w(s) ds, Vit € [0,T7,
0 0

trong do

J(s) = 2y"(s) Waw(s) + vy (s) U1 y(s) +w' (s) Tsw(s),
v6i Wy, Wy, U3 la cac ma tran thuyc cho trude. Trong do, Wy va W3 la cac ma tran
do6i xting, ma tran Wy < 0 va nhiéu w(t) thoa man Gia thiét 2.1.2.

Dinh 1y duéi day dua ra mot tiéu chuan vé tinh tiéu hao trong thsi gian hitu
han cho hé (2.1).

Dinh 1y 2.1.5. Cho cdc s6 duong c1, ca, T va & vdi ¢y < co. Xét hé (2.1) théa
man cac Gid thiét 2.1.1 va 2.2.2. Gid su ton tai cac s6 duong ra, Ty, Td, Tws Vs Vi,
Yo, hai ma tran doi zing zdc dinh duong P,Q va cdic ma tran duong chéo zdc dinh

duong Ay, Ay, sao cho cic dieu kién sau dugc théa man

<0 (2.5a)

any
>
w
|
Q
|
)
~
|
2
[\&)
I~

[y
—

12 =13 =Zuu =15 PE, PE, PL; PLE,

*  Hpo Hoz Zog Zos 0 0 0 0

* x D33 234 =35 O 0 0 0

* * x g4 =45 0 0 0 0

x x  ox x =55 0 0 0 0 | <0, (2.5Db)
* * * * x —r,d 0 0 0

* * * * * x  —rpl 0 0

* * * * * * x  —rgl 0

* * * * * * * x =1yl




1
A A2) < 2.5
Amin(P)( 1c1 + 2) Ca, ( C)
Q— (m1 — 1) > (L +eM)I, (2.5d)
khi dé hé (2.1) la tiéu hao wviing trong thoi gian hitu han doi vdéi bo tham so
(617627T7(D);
trong do
: I . . [k K k, + kY
Klg:dlag{klkl7k2k27...,knkn},KZg:dlag T,..., 2 y
.+ ity t+tr
Ky, = diag{t ], tots, ..., tth}, Koy = diag{ L ; L ..., = ; B }
A, = diag{A]}, Ay, ..., AL}, Ay = diag{Al, A%y, oo ALY,

& = Eo(1T7), & = GM(Ea(TTO‘) - 1)7 3 = ’Y@GAT—EQ(TTOC) — 17

-
LT/T |+1 |T/7]+1

§
A1 = Amax( Z &, A Mﬁ & Z g-1],

Yo = (Mllell? + )\2) T, z7(t) = z(t — 7),
|T/7]+1

M (Ey(rT*) - 1) B
0= S+&—1 o Z g-1).

Eu=—-PA—A"P+rH H, — Ki,A; — C{ U,Cy — 7P,

E1g = —C| U1Cy, Z13 = PB + Ky, A, — C] W03,

Eu=PW —C/V,Cy,E5 = —-C/ Uy — C] ¥,C5 + PD,

Egg = —KipAj — Cy W10y — TP, Zg3 = —Cy U103,

Zos = Kopy — Cy W1Cy, Zgs = —Cy Wy — Cy U1C5,

Sa3 =M, Hy — Ny — C3 U103, Z34 = —C3 U1Cy, Zg5 = —C4 Uy — C5 U1 C5,
By =roH Hy — A — C] U0y, By5 = —C[ Uy — C/ U, C5,

Sxs = 1qH] Hy — C{ Uy — U, C5 — CF U Cs — Uy 4+ v — 11 + ] + Q.

Trong truong hop A = 0 va v6i moi ¢t > 0, hé (2.1) trd thanh 16p hé no-ron
khong chic chan cap phan sé6 Caputo c6 tré hing so6 sau
(§D7a(t) = —[A+ B F(t) Ho(t) + [B + BBy (t) Hi]g(x (1))
+[W + EyFy(t)Hy|h(x(t — 7)) + [D + EqFy(t)Hglw(t),
y(t) = Cra(l) + Cox(t — 7) + Csg(x(t)) + Cah(z(t — 7)) + Csw(t),
x(0) = ¢(0), 0 € [—T,0].

-

(2.25)

\
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T Dinh 1y 2.1.5, ta thu duge hé qua sau.

Hé qua 2.1.7. Cho cdc so duong ci, ca, T va & vdi ¢y < cy. Gid si ton tai cdc so

dUONG T, T, Tds Tws Yy V1, V2, cdc ma tragn P € R™" Q € R™™ doi xiing xdc dinh

duong va cac ma tran duong chéo zac dinh duong Ay, Ay, thod man cic diéu kién

<0,

PE, PE, PE; PE,]
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0
* —be 0 0
* * —rql 0
* * x =1yl

< 0,

(2.26a)

(2.26b)

(2.26¢)

(2.26d)

khi dé hé (2.25) la tiéu hao viing trong thoi gian hitu han doi vdi bo tham soé

sau
vy Uy
* WUy —Q—y] -l
Zn Z12 Z13 Zuu Ers
k  Zop Zo3 Zoq I
k ok D33 T34 I35
* * X D44 245
* * * * 555
* * % * %
k * * k k
k * * k *
x k% % %
1 A A
o (P) (Are1 + A2) < e,
Q— (m1 — 1) > 2%,
(Cl, Co, T, (D),
trong do

Y

K1y = diag {ky ki by ks Ky kb
k4 kT ky 4 kS ko 4k
Ky, = diag L0 R TR B R
2 2 2
K, = diag {t 1], tt5, ..t 1, |,
ty A+t b, g t, +tt
Ko = di 1 1 2 2 n n
2h lag{ 2 Y 2 Y ) 2 Y
A, = diag{Ad,, Ay, ... A Y, A = diag{Al AL, AR Y
= _ E (rT%) — 1
b = Bu(rT%), &= Ba(rT%) =1, &=motelll)=1
(T/rl+1 - [T/7]+1
At = Amax(P Z &, = Z &-1),

§1+§2—1
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[T/7]+1

~ (B (TTY) j

= (Mgl + M) Fo = ( §j -1),
Mllell” +A2)7, Fo 6451 &
En=—PA—A"P+r,H] H, — KiyA, — Cf @101 — TP,

Eig=—C] U1Cy, Ei3=PB+ Ko, —C/UC3, Eyy=PW —C]V¥,0y,
Ei5 = —C) ¥y — C[ UG5 + PD,

Sog = —KipAp — Cy U1Cy — TP, Zo3 = —Cy U1 Cs,  Zpy = KopA, — Cy U104,
S5 = —Cy Uy — C,) U, 05,

- _ T T — . T — o T T

Sz =1y Hy — Ny — C3 U1Cs, Z34 = —C3 W1 Cy, S35 = —C5 Uy — Cg ¥, C5,
By =roH) Hy — Ny — CJU,Cy,  Eys = —C) Uy — C] U, Cs,

555 = TdHJHd - C;—\IJQ - \I’;—C% - C;—\If105 - \113 + ")/I — ’}/1[ -+ ’}/QI + Q

2.2 Baitoan tiéu hao md rong trong thai gian hitu han cho 16p
hé no-ron khong chic chan ciap phan s6 Caputo cé nhiéu

Trong muc nay, ching toi nghién cttu bai toan tiéu hao mé rong trong thoi gian
hitu han déi véi 16p hé no-ron khong chic chan phi tuyén cap phan sdé Caputo co
nhiéu nhu sau

(

§ Dia(t) = —[A+ AA@®)]x(t) + W + AW (1)]g(=(t))

+[D + AD(t)]w(t), t > 0,
y(t) = Cra(t) + Cag(x(t)), t = 0,
z(0) = 9 € R",

(2.28)

\

trong do6 x(t) = (x1(t), 22(t), ..., z,(t))" € R™ la véc to trang théi, y(t) € R™ la
véc to dau ra, w(.) € Ly([0, +00), R?) 1a nhiéu dau vao va

g(@(t)) = (g1(21(2)), - -, gn(wa(1)))

la cdc ham kich hoat phi tuyén. Ma tran A = diag{ay,...,a,} 1a ma tran dudng
chéo xac dinh duong, cac ma tran W, D, Cy, C5 14 cdc ma tran thyc da biét vé6i kich
thudc phu hogp.

Dé phan tich tinh tiéu hao ctia he, ching toi st dung cac gia thiét sau.

Gia thiét 2.2.1. Cdc ma tran tham s6 AA(t), AD(t) va AW (t) zdc dinh bdi

AA(t) = BE\F () H1, AW(t) = EoFy(t)Hs, AD(t) = B3Fy(t)Hs,
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trong do E\, By, Es, Hi, Hy, Hs la cdc ma tran thuc da biét co kich thude phi hop,
con Fy(t), Fy(t), F3(t) la cac ma tran chua biét bién thién theo thoi gian, théa man

ETF(t)<I, ¥vt>0, i=1,2,3.

(3

Gia thiét 2.2.2. Cdc ham kich hoat phi tuyén g;(t)(i = 1,2,...,n) la lién tuc va
bi chan vdi g;(0) = 0, thda man

uUu—v

trong dé k; k™ la cdc so thue da biét, u,v € R,u # v.

)

Khi khong c6 véc to dau ra y(t), he (2.28) tré thanh

6 Dia(t) = —[A+ AA®)]z(t) + [W + AW (t)]g(x(t))
+[D + AD(t)]w(t), t >0, (2.30)
z(0) = 29 € R™,
Dinh nghia 2.2.3. Cho ma tran R € S} va cac s6 duong ¢y, c2, @, T(c; < ¢3).

He (2.30) dugc goi la bi chin viing trong thoi gian hitu han d6i véi bo tham sd
(c1, ¢, T, 0, R) néu dieu kien sau duge thod man

2g Rrg < 1 = o (H)Ra(t) < ¢y, Vt€[0,T],
v6i moi nhiéu dau vao w(t) thdéa man Gia thiét 2.1.2.

Dinh nghia 2.2.4. Gi4 st cac Gia thiét 2.1.2, 2.2.1, 2.2.2 dugc thod man. He
(2.28) dugc goi la tieu hao md rong viing trong thoi gian hitu han d6i v6i by tham
s6 (c1,c9, T, w, R), néu hai diéu kién sau dugc thoa man

(i) He (2.30) 1& bi chéin vitng trong thoi gian httu han déi v6i bo tham s6 (1, c2, T, @, R).
(ii) Véi dicu kien ban dau bang khong, bat ding thitc sau day dugc théa man

oI2J(t) —y () Tay(t) >0, Vtelo,T], (2.31)

trong do
J(t) = y" () U1y (t) + 2y T () Waw(t) + w ' (8) Wsw(t),

véi Wy, W3, U, & cdc ma tran thyc déi xing, c6 sd chiéu thich hgp théa méan
Uy <0,¥3 >0, >0 va Uy [a mot ma tran thuc ¢ s6 chiéu thich hgp.

D61 véi he (2.28), chiung toi thiét lap cac diéu kien di ddm bao tinh tieu hao
mo rong ving trong thoi gian hitu han nhu sau.
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Dinh 1y 2.2.6. Cho cdc so6 duong cy,co,w, T vdi c1 < co va ma trgn R € S;. Gia
st cac gid thiet 2.1.2, 2.2.1 duge thod man. Hé (2.28) la tiéu hao md rong ving
trong thoi gian hitu han doi vdi b tham so (c1,c2, T, R, @), néu ton tai ba s6 duong
€1, €2, €3, hai ma tran Q, X € S}, va ma tran duong chéo xdc dinh duong A € R"*"

sao cho cdc dieu kién sau duge théa man

Q0 Q. Qi QE QB QE;)
x Qg —CJUy 0 0 0
Q 0 0 0
S 33 <0, (2.32a)
* * * —al 0 0
* * * * —eol 0
* * * * * —es3l
)\max(qj?))w
A ————T* <\ 2.32b
2C1 + T(a+ 1) < A1C2, ( )
C{v,0; O W0y X 0
< , 2.32
* CQT\I/4C2 0 I ( C)
X+ K*<Q, (2.32d)

trong do

K =diag {k{ . kf,.. . k'), Ky = diag {kr kf kyki .k ki)

ki + ki ky + ks k, + k!
Ko = di 1 1 2 2 n n
2 dlag{ 9 ) 9 ) ) 9 )

Q=R 2QR 2, M = Ain(@), d2 = A (@),
Q1 =—QA—ATQ +eh hy — C]U,C, — KA,
Q22 = EQH;—HQ — C;\Iﬁ(]g — A,
Q33 = EgH?)THg — W3, Q1 = QW — ClT\Iflcg + KOA, Q3 =0QD — OlT\IJQ

Bang cach chon cidc ma tran Uy = 0, Uy = I, U3 = I, v& ¥y = 0, trong do 7
1a mot hang s6 duong, cac tiéu chi thu dong cho he (2.28) ching t6i thu dugc hée
qua suy ra tit Dinh 1y 2.2.6 nhu sau:

Hé qua 2.2.9. Cho cdic so duong cy,c2,w, T va mot ma tran R € S}, Dudi cdc
gid thiet 2.2.1-2.1.2, hé (2.28) la thu dong viing trong thoi gian hitu han doi vdi bo
tham s6 (c1, co, T, R, W) néu ton tai cdc s6 duong €1, €2, €3,7, cic ma tran Q, X € ST

va mot ma tran duong chéo xdc dinh duong A € R™"™ sao cho cdc diéu kién sau
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duoge thoa man:

(M My Miz QEr QE, QE;]
x My —C] 0 0 0
S A N R ) (2.52a)
* * * —el 0 0
* * * x —ed 0
* * * * x  —egl
yw
A —— T <\ 2.52b
2C1 + Tla+1) < A1, ( )
X 0
>0, (2.52¢)
0 I
X +K?<Q, (2.52d)

trong do
K = diag{k{ , ky,... kI}, Ky =diag{k{ ki kyks, ... k k'},
ki + kT ky + kg ko + kT
ngdiag{1+1 2 tFy n+n},

T g g
Q=R'PQR'? N = \in(@), X = Mnax(@),
My =—-QA—A'Q+ etH| Hy — KiA,
Moy = eaHy Hy — N,  Msg = e3H, Hz — I,
Mg = QW + KoA, Mz =QD —C7.
Xét mot truong hgp dic biét ciia he (2.28).
Cu the, khi AA(t) =0, AW(t) = 0 va AD(t) = 0, he (2.28) trd thanh:

6 Dya(t) = —Az(t) + Wg(x(t)) + Dw(t), t > 0,
y(t) = Chx(t) + Cog(x(t)), t > 0, (2.53)
z(0) = 29 € R™,
Theo Dinh 1y 2.2.6, ta thu dugce hé qua sau.
Hé qua 2.2.10. Cho cdc so duong c1,co,w,T va mot ma tran R € S}. Dudi cdc
gid thiét 2.2.2-77, hé (2.53) la tiéu hao viing trong thoi gian hitu han doi vdi bo
tham s6 (c1,co, T, R, W), néu ton tai hai ma tran Q, X € S} va mot ma tran duong
chéo xac dinh duong A € R™" sao cho cdic dieu kién sau dugc théa mdn
Dy D9 QD — C{ ¥,
* —C;\Iflcg —A _CQT\IJQ < 0, (254&)
* % —‘I’g
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)\max(\ll?)) w
A —— T <\ 2.54b
2C1 + T(a+ 1) < A1Co, (2.54b)
C’lT\I!4Cl C’lT\IJ4Cg X 0
< , 2.54
* C;—\IULCQ 0 I ( C>
X+ K?<Q, (2.54d)

trong do
Py =—-QA-ATQ—CIV,C) — KjA, ®pp = QW — O] ¥1Cy + KoA.

Dé so sanh véi cac két qua da cé trude do, ta xét truong hop dac biét sau, trong
d6 he dang xét trd thanh mot hé cap phan sé tuyén tinh sau

{ngx(t) = Az(t) + Dw(t), t>0, (2.55)

2(0) = 7y € R",

trong d6 « € (0, 1) 1a cap phan s6 ctia he, x(t) € R" 1a véc to trang thai, w(t) € R?
13 véc to nhiéu dau vao thoa man Gia thiét 2.1.2, va xy € R" 1a dicu kién ban dau.
Cac ma tran A € R™" va D € R™ 4 1a cac ma tran thuc da biét.

T He qua 2.2.10, ta thu dude két qua cho tinh bi chan trong thoi gian hitu han
nhu sau.

Heé qua 2.2.11. Cho cdc s6 duong c1, co,w, T vdi c1 < ¢y va mot ma tran R € S}
Gid s gid thiét 2.1.2 duge thod man. Hé (2.55) la bi chan trong thoi gian hitu han
doi vdi bo tham s6 (c1,co, T, R, W), néu ton tai hai ma tran Q, P € S} sao cho cdc
dieu kien sau duoc théa man

QA+ATQ QD
2.
o —p| < (2.56a)
max w [e%
Aocy + F( ( 1) T < Mo, (256b)

trong do

@ - R_%QR_%, )\1 = Amln(@) )\2 = )\maX(@)'
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2.3 Két luan chuong 2

Chuong nay da nghién citu bai toan tiéu hao trong thoi gian hitu han ddi véi
mot s6 16p hé no-ron khong chic chan cap phan sé. D6i véi 16p he Caputo v6i nhan
suy giam, viéc xay dung cidc danh gia Lyapunov gip khé khin do cau tric clia
toan tit khac vé6i trusng hgp Caputo c¢o dién. Dé xit Iy van dé nay, luan an da thiét
lap cac Bo dé 1.6.4 va 1.6.5, két hop v6i phuong phap ham Lyapunov va ki thuat
bat dang thitc ma tran tuyén tinh. Céc két qua chinh dat duge nhu sau:

e D6i vdi 16p hé no-ron khong chic chan cap phan sé Caputo véi nhan suy giam,
c6 nhiéu ngoai va tré hang so, luan an da thiét lap cac diéu kien du dam bao
tinh tieu hao trong thoi gian hitu han dudi dang cac bat dang thic ma tran
tuyén tinh, trén co sé sit dung phuong phap ham Lyapunov.

e D6i v6i 16p hé no-ron khong chic chan cap phan s6 Caputo c6 nhiéu, luan an
da thiét lap cac dieu kien di ddm bao tinh tiéu hao md rong trong thoi gian
hitu han dudi dang cac bat ding thic ma tran tuyén tinh, trén co sé stt dung
phuong phap ham Lyapunov.

e Cac vi du s6 v mo phéng duge xay dung nhim minh hoa tinh kha thi ctia cac
diéu kien du da thiét lap. Két qud mo phéng cho thay cac dieu kien 1y thuyét
thu dugc c6 thé dugce kiém chitng bang tinh toan sb.
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Chuong 3

Bai toan diéu khién dAm bao chi phi trong thoi
gian htu han cho moét sé6 16p hé phuong trinh vi
phan cap phan sb

Chuong nay trinh bay cac két qua nghién citu vé bai toan diéu khién dam bao
chi phi trong thai gian hitu han déi véi cac 16p hé phuong trinh vi phan khong chac
chan cap phan s6 Caputo c6 tré. Noi dung chinh ctia chuong tap trung vao viéc
xay dung cac dieu kien dt dudi dang LMI nham dam bao sy ton tai cia luat dieu
khién phan hoi trang thai théa man yéu cau diéu khién dam bao chi phi trong thoi
gian hitu han. Cac két qua thu dude duge 4p dung cho 16p hé khong chic chan to
hop 16i cap phan s6 Caputo c6 tré bién thién va 16p hé khong chac chan cap phan
s6 Caputo vdi nhan suy gidm c6 tré hang so.

Noi dung ctia chuong duge xay dung dua trén hai bai bao [CT2, CT3] trong
danh muc cac cong trinh khoa hoc da cong bd cua tac gia lién quan dén luan an.

3.1 Bai toan diéu khién dam bao chi phi trong thdi gian hitu
han cho 16p hé cap phéan sé Caputo to hgp 16i c6 tré bién
thién

Xét he khong chac chin t6 hgp 16i cap phan sé Caputo cé tré bién thién nhu sau

{ § Do (t) = A(€)a(t) + D(€)a(t — h(t)) + B(E)u(t), t > 0,

x(n) =), Vn € [~hs,0], (3.1)

trong d6 0 < a < 1, z(t) € R" 1a véc to trang thai, u(t) € R™ la luat diéu khién
v cac ma tran chua biét A(€), B(€), D(€) clia hé thuoc t6 hop 16i Q dugde cho béi

Q:= {[AaB>D](5) :Zfi[Ai,Bi,Di] Zﬁi =1,&>0,1€ {1,---;8}},
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trong do A;, D; € R™" B; € R™™, (i = 1,2,...s, s > 1) la cdc ma tran thuc,
ham tré h(t) théa man 0 < hy < h(t) < hg, V¢ > 0, ham diéu kién ban dau

p(t) € C([=he, 0, R") véi sup |l (s)]-

s€[—h2,0]

Cho s6 T > 0. Lién két v6i he (3.1) 1a ham chi phi toan phuong sau

1 g a—17,.T T
J = W/o (T —s)* " [z" (s)M=z(s) + u' (s)Ru(s)] ds, (3.2)

trong d6 M va R 13 cac ma tran doi xing xac dinh duong.
Khi khong c6 diéu khién u(t), he (3.1) trd thanh

Dpx(t) = A(€)x(t) + D(&)x(t — h(t)), t > 0,
{ x(n) = ¢(n), Vn e [—hy,0] (3.3)

Dinh nghia 3.1.1. Cho ¢; > ¢; > 0, T > 0. He (3.3) dugc goi la 6n dinh ving
trong thoi gian hitu han déi v6i bo tham s6 (cy, ¢, T') néu diéu kien sau duge thoa

man

lol? < er = a(@)I* < 2, Ve E0,T].

Dinh nghia 3.1.2. Cho ¢3 > ¢; > 0, T > 0. He (3.1) dudc goi la 6n dinh hoa
vitng trong thai gian hitu han ddi véi bo tham s6 (c1, co, T') néu ton tai mot dicu
khién phan hdi trang thai dang u(t) = Kx(t) sao cho hé doéng

§ Dpa(t) = [A(E) + B(§)K]x(t) + D(&)x(t — h(t)), (3.4)
z(n) = ¢(n), Vn € [—hy,0], '

14 on dinh ving trong thoi gian hitu han déi v6i bo tham s6 (1, o, T).

Dinh nghia 3.1.3. D6i v6i he (3.1) va ham chi phi (3.2), néu ton tai mot diéu
khién phan hodi trang thai u*(t) va mot hang s6 duong J* sao cho hé dong (3.4) 1a
on dinh vitng trong thsi gian hitu han déi v6i bo tham s6 (c1, co, T') v& ham chi phi
théa man J < J*, thi u*(¢) duge goi la luat diéu khién ddm bao chi phi trong thai
gian hitu han va J* duge goi la chi phi dam bao.

Dé xay dung céc diéu kien LMI trong qué trinh thiét ké diéu khién, ching toi
xét cac chisd 4,7 =1,2,...,s v6i i # 7 va dinh nghia ma tran

S!S 0]7
0 0
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trong dé S 1a mot ma tran déi xing xac dinh duong chua biét. Céac biéu thic sau
duoc stt dung trong qua trinh thiét ké diéu kien LMI
Wi = AP+ B;Y + (AP + B;Y)" —hyP + S,
Wj; = AiP + B;Y + AjP + B;Y + (A;P + B;Y + A;P + B;Y)'

— 2hoP — i’
s—1
[T/h1]+1 .
¢ =Eo(heT*) Y (Ea(hoT*) - 1),
j=0
2haqT*
— 41
5 Au(P) o TlaxD) i
B )\min(P)7 0~ )\min<P)

Dinh 1y 3.1.4. Cho cs > ¢y >0, T > 0. Xét hé (3.1) vdi ham chi phi (3.2). Gid
st ton tai cac ma tran P, S € S} va ma tran thuc Y vdi kich thudc phi hop sao
cho cac diéu kién sau duoc théa man
‘W, D;,P PM Y'R
x —hoP 0 0
* * —M 0
* * * —R

<0, Viel,s, (3.5a)

‘W,; D;P+D;P PM Y'R

* —2h2P 0 0 . _—
<0, V , 1,7 €1 3.5b
§ § M0 , Vi#j, 4,5 €1, (3.5b)
| x * * —%R
|T/h1]+1
'>\maX<P) (65)
E,(haT¢ E, (hoT) — 1) 22— 2 < = 3.5
(hoT) ; (Ea(hoT*) )Ammw)_c1 (3-5¢)

thi u(t) = Y P 'a(t) la luat dieu khién ddm bdo chi phi trong thoi gian hitu han va
chi phi dam bao dugc xac dinh boi

2h2qTa
['(a+1)

* 2
R IE R

Xét truong hop dac biét cua hé (3.1) khi cac ma tran ctia hé khong phu thuoc
tham s6 bat dinh. Khi s = 2 va cidc ma tran ctia hé théa man

A=A D,=D, B, =0, V2€{1,2},



19
thi he (3.1) trd thanh he cap phan s6 Caputo vdi tré bién thién nhu sau

{gpgx@) = Az(t) + Da(t — h(t)) + Bu(t),

vt € [0, 7], (3.27)
x(t) = p(t), WVt e [—hs,0],

trong d6 0 < a < 1, z(t) € R™ la véc to trang thai, u(t) € R™ la tin hi¢u dieu
khién, v cac ma tran A, D € R™" B € R™™ |3 ma tran cho trudc.

Ham tré A(t) la mot ham bi chin, théa man
0<h1§h(t)§h2, vt > 0.

Ham diéu kién ban dau o(t) € C([—hs, 0], R?) lién tuc trén doan [—hs, 0], véi chuan
dugc xac dinh bdéi

ol = sup  [[p(0)]]

96[—}12,0]

Tt Dinh 1y 3.1.4, ta suy ra hé qua sau.
Heé qua 3.1.5. Cho cdc so duong c1,ca, T vdi c; < co. Xét hé (3.27) vdi ham chi
phi (3.2). Gid st ton tai cdc ma tran doi xing zdc dinh duong P, S € R™™ va mot
ma tran Y € R™ ™ ¢6 kich thudc phu hop, sao cho cic diéu kién sau dudc théa
man

'W DP PM Y'R

—hoP 0 0
o <0, (3.282)
* * —M 0
* * * —R

(W, 2DP 2PM 2Y'R
x —2hoP 0 0

2
) AT <0, (3.28D)
| * * * —%R
[T/h1]+1
')\max<P) 65)
E,(haT¢ EahTo‘—lj—<—, 3.28
(T 3 (FahaT) =10 oy < (3.28¢)

khi do

u(t) = YP 1a(t)
la luat dieu khién ddm bdo chi phi trong thoi gian hidu han va chi phi ddm bdo
tuong ung dugc rac dinh boi

ZhQQTa 1 9
J* =
(F(&+ S+ Amm<P>) ol
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trong do

W = [AP + BY] + [AP + BY]" — hyP + S,
W1 = 2[AP + BY] + 2[AP + BY|" — 2hyP — 28,

[T/Ma]+1 ‘
¢ =Eo(hoaT%) Y (Ea(hoT%) — 1),

=0

2haqT®
5 — Amax(P) B — (_F(oz(i—l_) + 1)
B Amin(P)7 0 )‘min(P> '

3.2 Bai toan diéu khién dam bao chi phi trong thsi gian
hitu han cho hé phi tuyén cap phan sé véi nhan suy giam
co tré

Xét 16p hée phi tuyén cap phan s6 Caputo v6i nhan suy gidm khong chic chan,
v6i tré hang s6 sau
TCDS w(t) = (A+ AA(t))z(t) + (D + AD(t))z(t — 7)
+f(t,z(t) + gt x(t — 7))+ (B+AB))u(t), t >0,  (3.30)
x(0) = ¢(0), 0€[-T1,0],

trong d6 A > 0, o € (0,1] 1a cap ctia he, z(t) € R™ 1a véc to trang théi, u(t) € R™
Ia véc to diéu khién, ¢(-) € C([—7,0], R") Ia ham diéu kien ban dau v6i chuan

lell = sup (@),
oe[—,0]

cac ma tran thuc cho truée A, B, D c¢6 kich thuéce phit hop, cac ma tran phu thudc
tham s6 AA(t), AB(t) va AD(t) théa man Gia thiét 3.2.1, con f va g 1a cac ham
kich hoat phi tuyén théa man Gia thiét 3.2.2.

Trong muc nay, ching toi st dung cac gia thiét sau.

Gia thiét 3.2.1. Cdc ma tran AA(t), AD(t) va AB(t) c6 dang
AA(t) = E.Fi(t)Hy, AD(t) = EqFy(t)Hy, AB(t) = EyF5(t)Hp,

trong dé E,, Eq, Ey, H,, Hy, Hy la cdac ma tran thuc da biét cé kich thude phu hop
va Fi(t), 1 =1,2,3, la cdc ma tran bién thién theo thoi gian théa man

ETtF(t)<I, Vvt>0, i=1,2,3.
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Gia thiét 3.2.2. Cdc ham f,g: [0,+00) x R® — R" théa mdn

flta)ft,z) <a'Qu,

3.31
g'(t,2)g(t,x) <G, 33

vdi moi (t,z) € [0,+00) x R", trong dé Q va G la cic ma tran doi zing xdc dinh
duonyg.

Khi khong c6 diéu khién u(t), he (3.30) trd thanh

TCDGAa(t) = (A+ AA®D)(t) + (D+ AD(H)a(t — 7)
+f(t,z(t)) +g(t,z(t —71)), t>0, (3.32)
z(0) = ¢(0), 0¢€[-7,0]
Dinh nghia 3.2.3. Cho cac s6 duong ¢y, co, T véi ¢; < co. He (3.32) dugc goi 1a

on dinh vitng trong thdi gian hitu han déi v6i bo tham s6 (cy, c2, T) néu dicu kién
sau dugce théa man

lell* < er = lla@®I” < c2, VE€[0,T].

Dinh nghia 3.2.4. Cho céac s6 duong ci, ¢z, T théa man co > ¢1. He (3.30) duge
goi 14 6n dinh ho4 vitng trong thdi gian hitu han déi v6i bo tham s6 (cy, c2, T) néu
ton tai mot didu khién phan hoi trang thai u(t) = Kz (t) sao cho hé déng

TCDs () = (A+ AA(t) + BK + AB(t))x(t)

+(D+AD))x(t—7)+ f(t,z(t))+g(t,x(t—7)), t >0, (3.33)

z(0) = (0), 0 €[-,0]

14 on dinh ving trong thoi gian hitu han déi véi bo tham s6 (1, ¢, T).
V6i s6 duong T' > 0, ham chi phi lien quan dén hé (3.30) dugce xac dinh béi
1

= o) O/e )z (s)Ma(s) +u' (s)Ru(s)] ds, (3.34)

véi moi ¢ € [0,T] va M, R 1a cac ma tran déi xtiing xac dinh duong cho trudc.

Dinh nghia 3.2.5. D6i véi he (3.30) va ham chi phi (3.34), néu ton tai luat diéu
khién phan hoi trang thai u*(t) va mot hing s6 duong J* sao cho hé dong (3.33)
I3 on dinh ving trong thoi gian hitu han déi véi bo tham s6 (c1, ¢, T') va ham chi
phi théa man J < J*, thi u*(¢) dugc goi 1a luat diéu khién ddm bao chi phi trong
thoi gian hitu han va J* duge goi 1a chi phi dam bao.
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Tiép theo, chiing toi nghién cttu bai toan diéu khién ddm bao chi phi trong
thai gian hitu han cho hé (3.30) thong qua luat di¢u khién phan hdi trang thai
u(t) = Kz(t). Két qué chinh dugc trinh bay trong Dinh 1y sau.

Dinh 1y 3.2.6. Cho cdc 56 duong cy,co, T vdi ¢y < co. Gid si ton tai cdc s6 duong
€1, €, €3, ma tran doi zing wdc dinh duong P € R™", va ma tran Y € R™ " sao
cho cdc diéu kién sau duoc théa man

(©y DP I I PQ PM Y'R PH] Y'H] 0 0
x —tP 0 0 0 0 0 0 0 PH; PG
* x —1 0 0 0 0 0 0 0 0
* * x —1 0 0 0 0 0 0 0
* * x o+ —Q 0 0 0 0 0 0
* * x x % —M 0 0 0 0 0 | <0, (3.35a)
* * * ok * * —-R 0 0 0 0
* * * % * * * —e1d 0 0 0
* % * % * * * * —eol 0 0
* * * % * * * * * —e3l 0
| x * x ok * * * * * * -G |
[T/7]4+1
Eo(rT®) ; A B (rT*) — 1)3%55)) < Z—j (3.35h)

Khi dé, u(t) = YP'a(t) la luat diéu khién ddm bdo chi phi trong thoi gian hitu
han cho hé (3.30) va gid tri chi phi ddm bdo tuong ing dugc xdc dinh bdi
1 2yt T
J* — 2 2 X
o]l D) Amm(P)“*‘)” ot 1)

trong do

O = AP+ PAT + BY + Y BT + £,E,E] + e3E,E, + e3FyE,] — 7P,

3.3 Két luan chuong 3

Trong chuong nay, luan an da nghién citu bai toan diéu khién dam bao chi phi
trong thoi gian hitu han cho hai 16p hé cap phan s6. Dau tién, ching to6i nghién
citu bai toan diéu khién dam bao chi phi trong thoi gian hitu han cho 16p hé t6 hop
10i cap phan s6 Caputo c6 tré bién thién. Tiép theo, nghién cttu bai toan dam béo
chi phi trong thoi gian hitu han cho 16p hé phi tuyén khong chic chan cap phan s6
Caputo v6i nhan suy giam c6 tré hang so.
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e Dé&i v6i 16p he t6 hop 16i cap phan s6 Caputo cé tré bién thién, luan 4n da
thiét lap cac diéu kién du cho sy ddm bao chi phi diéu khién trong thoi gian
hitu han duéi dang cac bat ding thic ma tran tuyén tinh, trén co sé stt dung
ham Lyapunov.

e D6i vdi 16p he phi tuyén khong chac chan cap phan s6 Caputo véi nhan suy
gidm c6 tré hing so6, luan an dua ra boé dé méi déi véi dao ham Caputo véi
nhan suy giam, tit d6, thiét lap diéu kien dit nhim dam bao chi phi diéu khién
trong thoi gian hitu han duéi dang cac bat dang thiic ma tran tuyén tinh, trén
cd s6 st dung ham Lyapunov.

e Cac vi du s6 va mo phéng dude xay dung nham minh hoa tinh kha thi ctia cac
diéu kien du da thiét lap. Két qud mo phéng cho thay cac danh gia 1y thuyét
thu dugc 1a phit hop va c6 thé kiém chiing duge bing tinh toan sb.
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KET LUAN

Luan an nghién citu tinh 6n dinh trong thoi gian hitu han ctia mot s6 16p hé
phuong trinh vi phan cap phan s6 va mot so6 bai toan lién quan.

Cac két qua chinh cua luan an

e Dua ra mot s6 diéu kién du cho bai toan tiéu hao trong thoi gian hitu han d6i
v6i 16p hé no-ron phi tuyén khong chac chan cap phan sé Caputo véi nhan suy
gidm c6 nhiéu va tré hang sé6 (Dinh 1y 2.1.5), cting nhu bai toan tiéu hao mé
rong trong thoi gian hitu han cho 16p hé no-ron phi tuyén khong chic chan
cap phan s6 Caputo c¢6 nhiéu (Dinh 1y 2.2.6).

e Dua ra mot s6 diéu kien di cho bai toan diéu khién ddm bao chi phi trong
thoi gian hitu han déi véi 16p hé t6 hop 16i cap phan sé Caputo cé tré bién
thién (Dinh ly 3.1.4), ciing nhu 16p he phi tuyén khong chic chan cap phan sd
Caputo véi nhan suy gidm c6 tré hang s6 (Dinh 1y 3.2.6).

Mot kho khan trong qua trinh nghién citu xuat phat ti tinh phi dia phuong clia
dao ham cap phan s6, anh hudng ciia tré va sy xuat hién ctia nhan suy giam. Dé
x1t 1y cac khé khan nay, luan an da thiét lap va st dung cac bo dé bo trg thich
hop, két hop véi phuong phap ham Lyapunov, cic cong cu cla gidi tich cap phan
s6 va k¥ thuat bat ding thiic ma tran tuyén tinh dé xay dung céac diéu kién du cho
cac bal toan dudc xét.

Huéng nghién citu tiép theo

T cac két qua nghién ctu ctia luan an, c6 thé tiép tuc phét trién cac huéng
nghién citu vé 6n dinh trong thai gian hitu han, tiéu hao, thu dong, diéu khién dam
bao chi phi va diéu khién H., cho mot s6 16p hé dong luc cap phan sb khac, chang
han nhu hé hai pha, hé quy mo 16n va hé chuyén mach. Cac bai toan nay c6 thé
dudc tiép can theo phuong phap ham Lyapunov két hop véi cac cong cu giai tich
cap phan sb6 va bat dang thitc ma tran.
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