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Danh sach cac thanh vién tham gia nghién citu deé

tai va don vi phdi hop chinh
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Maé dau

Trong nhitng nam gan day, hé phuong trinh vi phan va diéu khién c6 tré da nhan
duge nhiéu sy quan tam nghién citu cia nhiéu nha khoa hoc trén thé gidi (xem [11, 19,
24] va cac tai ligu tham khao trong d6). Trong d6, tinh on dinh theo nghia Lyapunov
[11, 19, 24], tinh 6n dinh hitu han [1, 49], tinh thu dong (passivity analysis) [12], 1a
nhitng tinh chat dinh tinh quan trong ctia hé phuong trinh vi phan va diéu khién c6
tré. Do d6 nhitng tinh chat nay nhan duge nhiéu st quan tam nghién cttu ciia nhiéu
nha khoa hoc. Ngoai ra, bai toan nghién cttu bao ciia tap dat duge cho hé phuong trinh
vi phan c6 tré cing nhan duge sy quan tam nghién cttu ctia dong ddo cac nha khoa
hoc trong nhitng ndm gan day (xem [10, 13, 28, 47, 48, 58, 60, 80] va cac tai ligu tham
khéo trong do6).

Bai toan nghién cttu bao ctia tap dat duge cho hé phuong trinh vi phan cé tré duge
nghién citu dau tien vao nam 2003 bdi Fridman E. [13] cho 16p hé tuyén tinh c6 tré.
Sau do6, bai toan nay duge nhiéu nha khoa hoc nghién cttu va md rong cho nhiéu 16p
hé dong Iyc c6 tré khac nhau, ching han nhu hé tuyén tinh c6 tré [47], 16p he c6 tré
dang tich phan [80], 16p hé trung tinh c6 tré [58], 16p hé phi tuyén c6 tré [48], 16p
hé sai phan c6 tré [28, 60], 16p h¢ phuong trinh vi phan dai s6 c6 tré [10], mang no
ron c¢6 tré [81]. Tuy nhién, theo nhu sy hiéu biét ctia chiing toi, bai toan nghién citu
bao clia tap dat duge cho 16p hé chuyén mach c6 tré bién thién, bai toan nghién citu
bao ctia tap dat duge cho mang no ron tong quét cé tré bién thien dang khoang van
chua duge nghién cttu mot cach day dt. Bang cich tiép can st dung phuong phap ham
Lyapunov-Krasovskii, trong d6 c¢6 stt dung mot so6 bat dang thiic tich phan méi duge
dé xuat trong [53], trong Chuong 1 clia dé tai, ching t6i nghién citu bai toan tim bao
clia tap dat dugc cho mot s6 16p hé phuong trinh vi phan c6 tré. D6 1a 16p hé phuong
trinh vi phan tuyén tinh chuyén mach cé tré bién thién, mang no ron toéng quat cé tré
bién thién va mang no ron chuyen mach c6 tré hén hop bién thien. Cac két qua trinh
bay trong Chuong 1 dugc viét dua trén ba bai bao khoa hoc ctia chli nhiem dé tai va
dong nghiep (xem [64, 65, 66]).

Khai niém 6n dinh hitu han thoi gian (FTS) duge nghién citu dau tién trong [8,
70] déng mot vai tro quan trong trong ly thuyét on dinh cac he dong Iyc. Mt khéc,
trong cac bai toan kj thuat, ngoai viéc tim cach thiét ké mot bo diéu khién lam cho
hé théng khong nhitng 6n dinh hitu han thoi gian ma con dam bao mot miic do day
d vé hieu suat (guarantees an adequate level of performance). Bai toan nay duge goi
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1 bai toan dam bao chi phi dieu khién trong thoi gian hitu han ctia hé dong luc. Noi
dung co ban ctia bai toan nay la ngoai viéc thiét ké mot bo dicu khién dé dam bao
cho hé théng diéu khién 1a 6n dinh hitu han thoi gian, ta con phai dua trén diéu khién
d6 tim mot can trén ctia ham muc tieu (ham chi phi) tuong ing. Bing cach tiép can
sttu dung phuong phap ham Lyapunov-Krasovskii két hop v6i bat déng thic ma tran
tuyén tinh, cac tac gia trong [50] nghién cttu bai todn dam bao chi phi diéu khién trong
thoi gian hitu han ctia 16p hé tuyén tinh c6 tré bién thién véi diéu khién bi chan. Mot
vai tieu chuan cho bai toan dam bao chi phi diéu khién trong thoi gian hitu han ctia
mang no ron ¢6 tré bién thien duge nghien citu trong [49]. Bai toan dam béo chi phi
diéu khién trong thoi gian hitu han ctia 16p hé ngau nhién Ité6 duge nghién citu trong
[73, 74]. Theo nhu hiéu biét ctia chiing t6i c6 rat it cong trinh nghién citu bai toan dam
bao chi phi diéu khién trong thai gian hitu han cho 16p hé duong c6 tré. Trong [3], cic
tac gia giai bai toan ddm bao chi phi diéu khién trong thoi gian hitu han cho 16p hé
tuyén tinh duong chuyén mach c6 tré bién thien bang cach st dung phuong phéap tiép
can thoi gian trung binh phu thuoc tham sé. Chu § rang, két qua trong [3] thu duge
bang cach st dung dinh nghia 6n dinh hitu han tuong tng v6i hé duong chuyén mach.
Khai niém nay khac véi khai niem 6n dinh hitu han thoi gian (FTS) duge dua ra trong
[8, 70]. Vi vay, viec nghién cttu bai todn dam bao chi phi di¢u khién trong thai gian
hitu han cho 16p he duong da tré sit dung dinh nghia pho bién dua ra trong [8, 70] la
mot van dé md, can duge quan tam nghién citu. Trong Chuong 2 clia dé tai, ching toi
tap trung giai bai toan dam béo chi phi diéu khién trong thoi gian hitu han cho 16p hé
duong da tré bing cach tiép can sttu dung bat ding thic ma tran tuyén tinh v6i cach
chon ham Lyapunov—Krasovskii phit hgp.

Bai toan nghién cttu tinh thu dong va tinh thu dong héa cho hé phuong trinh vi
phan va diéu khién tuyén tinh c6 tré duge nghién citu dau tien béi cac nghién ciu cla
Fridman E. va Shaked U. [12], Niculescu S.I. va Lozano R. [51]. Sau d6, bai toan nghién
cttu tinh thu dong va thu dong héa duge cac nha khoa hoc nghién citu cho nhiéu 16p
hé phuong trinh vi phan ¢6 tré khac nhau nhu mang no ron ¢6 tré (xem [27, 30, 32] va
cac tai lieu tham khéo trong dé), hé phuong trinh vi phan mo ¢6 tré [31], hé phuong
trinh vi phan dai s6 c6 tré [34]. D6i v6i 16p hé chuyén mach, da c6 mot sé két qua tha
vi dugc cong bd cho bai todn nghién cttu tinh thu dong va thu dong hoéa cho 16p he
phuong trinh vi phan chuyén mach khong c6 tré (xem [15, 79]). Tuy nhién, theo nhu
hiéu biét ctia chiing toi, bai toan nghien citu tinh thu dong cho 16p hé phi tuyén chuyén
mach c6 tré bién thién van chua c6 mot két qua ndo duge cong bd. Bang cach sit dung
mot vai bat ddng thiic tich phan méi duge dé xuat trong [53], két hgp k§ thuat td hop
16i trong [52] khi u6c lugng dao ham ciia ham Lyapunov-Krasovskii va st dung cach
tiép can thoi gian dimg trung binh (the average dwell time), trong Chuong 3 cia dé
tai ching to6i nghien citu bai toan nghién ctu tinh thu dong va tinh én dinh mi cho
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16p hé phuong trinh vi phan phi tuyén chuyén mach cé tré bién thien.

Trong nhitng nam gan day, gidi tich phan thit va hé phuong trinh vi phan phan thi
da nhan dugce nhiéu sy quan tam nghién ctu ciia cac nha khoa hoc do nhitng ting dung
clia chiing trén nhiéu linh vie ctia khoa hoc ki thuat. Trong nhitng nam gan day, bai
toan nghién ctu tinh én dinh héa ctia hé phuong trinh vi phan phan thit Caputo phi
tuyén nhan dude nhiéu sy quan tam nghién cttu va da c6 nhiéu két qua tha vi vé bai
toan nay duge cong bo trén céc tap chi quoc té uy tin (xem [4, 5, 29, 69, 75]). Tuy
nhién, cac két qua trong [4, 5, 29, 69, 75] chi nghién ctu tinh én dinh héa duge dia
phuong ctia diém can bang goc 0 ciia hé bdi vi thanh phan phi tuyén trong cac két
qué trén théa man dieu kién }clir(l) W = 0. Vi vay, viéc tim ra cac tieu chuan méi
cho tinh 6n dinh héa duge toan cuc clia hé phuong trinh vi phan phan thtt Caputo phi
tuyén 1a can thiét va c6 ¥ nghia khoa hoc. Trong Chuong 4 ctia dé tai, chung toi nghién
cttu tinh 6n dinh héa ciia 16p hé phuong trinh vi phan phan thit Caputo c6 nhiéu phi
tuyén bang cach tiép can stt dung bat ding thic ma tran tuyén tinh vd phuong phap
ham Lyapunov cho hé phan thi.

Noi dung chinh ctia dé tai dude chia lam bdén chuong:

Chuong 1. Bai toan tim bao ciia tap dat dudc cho mot sd 16p hé phuong
trinh vi phan cé tré

Chuong 2. Bai toan dam bao chi phi diéu khién trong thsi gian hitu han
cuia 16p hé tuyén tinh duong da tré

Chuong 3. Tinh 6n dinh mi va tinh thu dong ctia 16p hé phi tuyén chuyén
mach cé tré bién thién

Chuong 4. Tinh 6n dinh héa ctia 16p hé phuong trinh vi phan phan thd

Caputo c6é nhiéu phi tuyén



Chuong 1

Bai toan tim bao ctia tap dat dudc cho mot s 16p
hé phuong trinh vi phan c6 tré

1.1. Mot sbé bd dé bo tro

1.2. Bai toan tim bao ctia tap dat dudc ctia 16p hé tuyén
tinh chuyén mach cé tré

Xét he tuyén tinh chuyén mach cé tré bién thién va nhiéu bi chin

(t) = Ayz(t) + Dyx(t — 7(t)) + Bow(t),
z(s) = p(s), s€[-7,0,

(1.1)

& d6 x(t) € R™ 1a véc to trang thai, o(.) Ia quy tdc chuyén mach gitta cac hé con trong
he (1.1), 6 day o(.) 1a mot ham phu thuoc vao z(t), o(.) lay gia tri trong tap hitu han
N :={1,2,...,N}; A, € R™" D, € R¥" B; € R™™ j =1,...,N, la cdc ma tran
thire, hang s6 cho trude c6 s6 chiéu thich hop sao cho cac phép toan dai sé vé ma tran

thuc hién duge. Ham tré 7(¢) 1a ham lién tuc théa man

0<7n <7(t) <o (1.2)

Ham ¢(s) € C([—72,0], R™) la diéu kién ban dau théa man

JJpax Pl (s)¢(s) < 12, (1.3)

Véc to nhiéu w(t) € R™, khong biét nhung gid thiét thoa man diéu kien dudi day
W' (w(t) < w?, Yt >0, (1.4)

& d6 71, 7o, i, w 1a cac s6 khong am.
Trude khi trinh bay cac két qua chinh cia muc nay, ching toi nhac lai mot s6 dinh
nghia va bd dé duge ding dé ching minh céc két qua chinh ctia ching toi.



Dinh nghia 1.1. (xem [67])

(i) Cho truée €y C R"™ la mot tap 16i dong, bi chan chita diém gbe 0. Mot tap Q C R®
duge goi la tap dat duge tién (forwards reachable set) tuong ting v6i tap ban dau cho
trude Qo ciia he (1.1) véi cac didu kien (1.2), (1.3) va (1.4) dudi quy téc chuyén mach
o(.) néu véi moi diéu kien ban dau p(s) € Qy,Vs € [—72,0], nghiem ctia he théa man
z(t, (t), w(t)) € Q,Vt > 0.

(i) Cho truéc Ag C R™ la mot tap 16i dong, bi chan chia diém gbéc 0. Tap A C R®
duge goi la tap dat duge lui (backwards reachable set) tuong ting véi tap muc tiéu
Ay ctia hé (1.1) véi cac dicu kien (1.2), (1.3) va (1.4) dusi quy tac chuyén mach o(.)
néu v6i moi ham diéu kién ban dau ¢(s) € A, Vs € [, 0], nghiém ctia h¢ thoa man
x(t, (t), w(t)) € Ao, Vt > 0.

Dinh 1y 1.1. Gid st rdng ton tai bdy hdang so duong «, Bo, Bi,q1, @2, 71, T2, ndm ma
tran P,Q1,Q2, R1, Ry € S}, cac ma tran U;, W; € R""(i = 1,...,N), mot ma trgn

X € R33" 5q0 cho cdc dieu kién sau day duge théa man:
(i) Heé thong ma tran {L;(U;)}, (i = 1,2,...,N) la day di chat, tic la ton tai cic so
N

€ >0,i=1,2,....,N,> ¢ >0 sao cho

=1
N
i=1
(i) Fori=1,2,... N,
P < pBil,, Q1< qln, Q2 <qly, Ry <ril,, Ry <rl,, (1.6a)
1
P> =1, (1.6b)
B
Ry, X
b = — 0, 1.6
XT Ry| = (1.60)
Q=% —-GIFTRFG, —TToI <0, (1.6d)
Kiplo + rap® < 1, (1.6e)
J do Mo = m, va

Ei=e] (PA+ATP+aP+Qi)er+e5 (—e Q1+ e Q) ey
—e el Qe + el (7’12R1 + 75 Ry — W; — I/VZT) e11 + e PDses
+ el DI Pey + el PBieyy + €1, Bl Pey — el Usey — el Ule; + el U;Djes
+ el DIU ey + el U;Bieyy + €1, BI Ul'e) + el W Ajey + el ATW e,
+ e\ WiDiey + ¢f DI W er + e, WiBiews + LB/ W ey — Selens,
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1 _ e—an _|_ e—OéTl _ e—aTQ
/{1:51+Q1( ) 22( )’

1 1
Ko = T1T1 (% + 2 (e_a” — 1)) + roT12 (% + el (6_0”—2 — 6_0”1)) .

Khi dé tap dat dugc tién cia hé (1.1) duge bao bdi hinh cau B(0, ) = {x € R" :
lz|| < Bo} dudi quy ludt chuyén mach duge chon nhu sau o(x(t)) = i € N khi ma

1.3. Bai toan tim bao cua tap dat dudc cia mang no
ron tong quat cé tré

1.4. Bai toan tim bao cua tap dat dudc cuiia mang nc
ron chuyén mach cé tré hén hgp



Chuong 2

Bai toan dam bao chi phi diéu khién trong thoi
gian hitu han cta 16p hé tuyén tinh duong da tré

2.1. Phat biéu bai toan va mét sb kién thiic chuan bi
Xét heé diéu khién da tré hon hop

(t) = Az(t) + % D;x(t — ;) + Ww(t) + Bu(t), t € [0,T¥], 21)

z(s) = ¢(s), se€[-7,0],7= 125;}}(\[{73},

§ do x(t) € R™ la véc to trang thai, u(t) € R™ la véc to didu khién, w(t) € RP 1a véc
to nhiéu; A € R™", D, € R W € R"*?, B € R™™ la cac ma tran thuc cho trudc;
7> 00 =1,...,N) la do tré thoi gian. Ham ¢(s) € C([—7,0],R™) 1a ham diéu kien
ban dau véi chuan xéc dinh béi ||¢|| = sup,;_, g [|6(t)]|. Véc to nhiéu w(t) 1a ham lien

tuc va théa man dieu kién sau
Ty
3d >0 / wh(t)w(t)dt < d. (2.2)
0
Khi khong c6 tac dong ctia véc to didu khién, hé (2.1) trd thanh

(t) = Az(t) + i\/: Dix(t — 7))+ Ww(t), tel0,Ty], 23)
x(s) = ¢(s), se[-7,0], 7= 121@2;)}(\}{7‘,} |

Tuong tng v6i hé (2.1), ta xét ham chi phi toan phuong

J= /0 (T (0)Qa(t) + o (¢)Ru(t)) dt. (2.4)

4 do Q € R™" R € R™™ ]a cac ma tran thuyc, doi xiing, xac dinh duong cho trude.

Dinh nghia 2.1. He (2.3) dugdc goi 1a mot he duong néu véi bat ky diéu kien ban dau
o(t) € R va w(t) € RY, ta 6 véc to trang thai x(t) € R} v6i moi t > 0.
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Dinh nghia 2.2. ([56]) Cho trudc cac s6 Ty > 0, ca > ¢; > 0. He (2.3) dugc goi la 6n
dinh httu han thoi gian tuong ting véi bo (ci, ¢z, T) néu cac dieu kién sau duge thoa
man v6i moi véc to nhiéu w(t) thoa man dicu kien (2.2):
sup @' (s)o(s) < ey = 2l ()x(t) < co, VEE[0,TY].
—7<5<0
Dinh nghia 2.3. Cho cic s6 Ty > 0, ca > ¢; > 0. Néu ton tai mot luat diéu khién
ngugce u*(t) = Kxz(t) va mot s6 duong J* sao cho hé déng sau

t(t) = (A+ BK) x(t) + i\/: Dix(t — 7)) + Ww(t), t € [0,TY], (25)
2(s) = ¢(s), s € [=7,0], 7 = max {r;}, '

1<i<N

la hé duong va én dinh hitu han thoi gian tuong tng véi bo (e, ca, Ty) va gia tri clia
ham chi phi toan phuong (2.4) théa man J < J* thi gia tri J* dugc goi la gié tri dam
bao chi phi diéu khién va diéu khién u*(¢) 14 luat diéu khién ngudge ddm bao chi phi
diéu khién cho hé (2.1) trong thoi gian hitu han.

2.2. Bai toan dam bao chi phi diéu khién trong thoi
gian hitu han cta 16p hé tuyén tinh duong da tré

Dinh 1y 2.1. Cho trudc cic so duong Ty, c1,c0. Gia st rang W = 0,D; = 0,(i =
1,...,N) va ton tai mot ma tran duong chéo chinh xdc dinh duong P € R™™, moét ma

tran Y € R™™ va mot s6 duong o sao cho cdic diéu kién sau day dudc théa man:

= pPDT pPDI ... PDL PQ YTR]
x —P o ... 0 0 0
* * -P ... 0 0 0

R IR (2.6a)
* * * ... —P 0 0
* * * * . =@ 0

| * * * * * .. —R]

dt oot < cge 1 (2.6b)
A1

[A+BYPY,; >0, Vi#ji=1,...,nj=1,...,n, (2.6¢)

where

E=AP+PAT + BY +YT'BT + NP+ WWT,
>\1 - AInin(f)_l)a



N
A2 = Amax (P + ) Tidmax(D] P71 D).
i=1
Khi do
u(t) =Y P 'z(t), te€l0,Ty]
la luat diéu khién ngugc ddm bdo chi phi diéu khién cho hé (2.1) trong thoi gian hiu
han va gid tri dam bdo chi phi diéu khién duoc cho bdi

Jr=d+ Ao
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Chuong 3

Tinh 6n dinh ma va tinh thu dong ctia 16p hé phi
tuyén chuyén mach cé6 tré bién thién

3.1. Phat biéu bai toan
Xét hée phuong trinh vi phan phi tuyén chuyén mach c6 tré bién thién

i(t) = Aonyx(t) + Doz (t — 7(t)) + Eq@yw(t) + fow (8, 2(t), z(t — (1)), w(t)),

x,(8) = x(tg + 8) = P(s), s¢€ [—7'2,0],

() = Mo x(t) + Usyz(t — 7(8)) + Womw(t),

(3.1)

6 d6 z(t) € R™ la véc to trang thai, w(t) € R™ la véc to nhiéu, z(t) € R™ la
véc to quan sat ctia hg; o(t) : [0,00) = N = {1,2,..., N} 1a luat chuyén mach;
As, Dy, By, My, Uy, Wi i =1,..., N, 1a cdc ma tran hang s6 cho trude; ¢(s) 1a dieu kien
ban dau. Nhiéu phi tuyén f;(.),i = 1,..., N, théa man f;(¢,0,0,0) =0, va

fl(ta(t), ot = 7(t)),w(t) filt, 2(t), 2t — 7(t)), w(t))
o' () L] Lix(t) + " (t — 7(1)) G} Gia(t — 7(t)) + " () H Hiw(t), (3.2)

6 do L;, Gy, H;,i = 1,..., N, Ia cAc ma tran hing sé cho trude. Cha y rang giad thiét
(3.2) dat len nhiéu phi tuyén f;(.),i = 1,..., N, dugc 4p dung rong rai trong thyc té
va duge nhiéu nha nghién cttu xem xét (xem [7, 26, 39, 40, 41, 76]).

Do tré 7(¢) 1a ham lien tuc théa man diéu kien dudi day

0<n < T(t) < 7y, (3_3)

4 do6 71, la cac hing s6 khong am cho trudc.
Tuong ng véi tin higu chuyén mach o(t), ta c¢6 trinh tu chuyén mach sau day

{xto; (iOvtO)v"w(ik’atk) : Zk eN,k = 0,1,...},

diéu nay c6 nghia rang he con thit 7, duge kich hoat khi ¢ € [tg, tx11).
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Dinh nghia 3.1. Cho bat ky hai 6 Ty > Ty > 0, ky hiéu N, (71, Ts) 1a s6 lan chuyén
ddi cia luat chuyén mach o(t) trén khoang (T}, Ts). Néu N, (Ty, Ty) < Ny + TQT;GTl ding

v6i T, > 0,Ng > 0, thi T, duge goi la thdi gian diung trung binh (the average dwell
time). Nhu thuong lé, ta chon Ny = 0.

Dinh nghia 3.2. He (3.1), véi w(t) = 0, dugc goi 1a on dinh mii dudi luat chuyén
mach o (t) néu nghiém z(¢, ) ctia hé (3.1) thda man

lz(t, @)l < Be™ Ol [l,  VE >t
v6i hang s6 8> 1,a > 0.

Dinh nghia 3.3. Hé phuong trinh vi phan phi tuyén chuyén mach cé tré bién thien
(3.1) duge goi la thu dong néu ton tai mot hiang s6 v > 0 sao cho vé6i diéu kien ban
dau bang khong, bat dang thiic dudi day dang véi moi t; > tg

2 [ optas 2 — [ ptas (3.4)

to to
3.2. Tinh 6n dinh mu cua 16p hé phi tuyén chuyén mach
co tré bién thién
Xét hé phi tuyén chuyén mach cé tré bién thien

i(t) = Agyz(t) + Doy (t — 7(t)) + for (t, 2(t), z(t — 7(1))),

(3.5)
Ty, = x(tg + 8) = P(s), s € [—7,0].

Dinh 1y duéi day dua ra mot diéu kien du cho tinh on dinh mii ctia hé trong trudng
hop dao ham ctia do tré khong biét hodc do tré 1a ham khong kha vi.

P, P Py
) N . P P. PL
Dinh 1y 3.1. Cho trudc so a > 0. Gid s rang ton tai cac ma tran P; = 2@.1 212 21.5
Py Py Pgy
Py Py P
St Qi,Ri,Si, Z; € ST, X; € R¥3 (i = 1,...,N), va cic hing s6 ¢ > 0,(i =
1,...,N) sao cho bit ding thiic ma tran tuyén tinh sau day ding vdi T € {11, T}
| Z X
i | %250 =1, N, 3.6a
X Z;| ~ ( )

Q(r)==i(r) - Z, -TT®dT <0, i=1,...,N. (3.6b)

Py
Py
Py
Pl
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Khi dé hé (3.5) on dinh mi vdi bat ki luat chuyén mach ma thoi gian dimg trung binh

(average dwell time) théa man

1
T, > T = £ (3.7)
(6]

Ngoai ra, nghiém ciua hé thoa man danh gid duoi day

b i
fott, 1 < | 2o ). 38)
d do p > 1 thoa man

PZSMPW QlSHQ]7 Rzgﬂij SZSHJS]? ZZSNJZ]? VZ,]GN, (39)

A; = Ajey + Dies +eqq, S; = diag{e *™S;,3¢ ™ S;,5e " S;}, i=1,...,N,
Z; = diag{e ™ Z;, 3¢ ™ Z; 5e " Z;}, i=1,...,N,
21(7) = G/ (T)P.G2 + Gy PGi(7) + aGy (1) PiGi(7) + €1 (Qi + &L Li)ex
+ el (e_‘”1 R, —e ™™ Qz) ey — e el Rieq + e;eh GT Gies
—eieyen + AL (7S + 1o Zi) Ay i=1,...,N,
= =GIF'S,FGs, i=1,...,N,
1

In p . i
A= 5 (a T ) , a=miy Amin(Pf1),

1 3
b= m%( Amax(B) + 1 I}é%( Amax(@i) + T12 I}g}\%{ /\max<Ri) + 5 I}é%( T )\max(Si>

S
1
+ 57122(71 + ) max Amax(Z;).
3.3. Tinh thu dong cta 16p hé phi tuyén chuyén mach
c6 tré bién thién
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Chuong 4

Tinh 6n dinh héa ctia 16p hé phuong trinh vi
phan phan thi Caputo c6é nhiéu phi tuyén

4.1. Mot sb kién thiic vé giai tich phan th&

4.2. Mobt sb tiéu chuan 6n dinh héa ctia 16p hé phuong
trinh vi phan phan thi Caputo c6 nhiéu phi tuyén

Xét hé diéu khién phan thi Caputo c6 nhiéu phi tuyén

W DRa(t) = [A+ AA®)] x(t) + f(x(t)
+[B+ AB(H)]u(t), t>ty>0, (4.1)

z(ty) = x9 € R”,
§ dé a € (0,1), z(t) € R™ la véc to trang thai, u(t) € R™ la véc to dicu khién,
AA(t) = G F,(t)H,, AB(t) = GyFy(t)H,, trong d6 A, B, G,, Gy, H,, H, 1a cac ma tran
thue, hing s6 cho trude c6 s6 chiéu thich hgp; F,(t) va Fy(t) 1a cac ma tran khong biét
thoa man dieu kien FI (t)F,(t) < I, FI(t)Fy(t) < I, V¢t > ty > 0; nhiéu phi tuyén
f(z(t)) € R, f(0) = 0, 1a ham lien tuc Lipschitz, titc 1a ton tai mot hing s6 x > 0 sao
cho véi bat ky z(t),y(t) € R™, ta ¢

1f () = Fly@)I < wlle@) —y@)], Vi =1t = 0. (4.2)
Dac biet, khi y(t) = 0, ta c¢6
If (@) < wllz(@®)l, Vz(t) eR", VE > 15 > 0. (4.3)
Khi véc to didu khién u(t) = 0, he (4.1) tré thanh

WD) = [A+ AA®)] x(t) + f(=(t)),
t>1t >0, (4.4)
x(tg) = o € R™.
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Muc dich chinh ctia ta trong muc nay la ta thiét ké mot diéu khién nguge u(t) = K (t)
sao cho hé dong sau day

CDa(t) = |A+ GoF,(t)H, + BK + Gy Fy(t) Hy K | 2(t)

+f(x(t)), ¥t >ty > 0, (4.5)
x(t0> =19 € R,

Vo € (0,1) on dinh Mittag-Leffler va do dé 1a on dinh tiém can theo nhu Nhan xét 4.3.
Dinh Iy dudi day cho ta mot dieu kien du cho tinh 6n dinh héa duge ctia hé didu
khién phan tht (4.1).

Dinh 1y 4.1. He¢ dong (4.5) on dinh Mittag-Leffler toan cuc néu ton tai mot ma tran
doi zing, xdc dinh duong P, mot ma tran Y c6 s6 chiéu thich hop sao cho cdc phép
todn dai s6 vé ma tran thuc hién duge va ba so duong €, €, €3 sao cho bat dcfng thice

ma tran tuyén tinh sau day dudc théa man:

My, PHT YTHF xP

—e 1 0 0
oA <0, (4.6)
* * —eof 0
* * * —e3l

g do

My = AP+ PAT + BY +YT'B” 4+ ¢,G,GY
+ EQGbiT + €31

Ngodi ra, diéu khién nguoc on dinh héa hé (4.1) zdc dinh bdi:

u(t) =YP 'a(t), t>ty>0.
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Két luan

Trong dé tai, chiing t6i da dat dudc mot s6 két qua co ban sau:

e Trinh bay bai toan nghién citu bao cla tap dat duge cho mot sd 16p hé phuong
trinh vi phan c6 tré nhu 16p hé tuyén tinh chuyén mach cé tré bién thién, mang
no ron téng quét c6 tré bién thién, mang no ron chuyén mach c6 tré hén hgp bién
thién;

e Trinh bay bai toan dam béo chi phi diéu khién trong thoi gian hitu han cho 16p
hé phuong trinh vi phan tuyén tinh duong da tré;

e Trinh bay tinh on dinh mii va tinh thu dong cho 16p hé phuong trinh vi phan phi
tuyén chuyén mach cé tré bién thién;

e Gidi thieu ve giai tich phan thi va dua ra mot sb tieu chuan cho bai toan én dinh

héa 16p hé phuong trinh vi phan phan tha Caputo.



