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LOI NOI DAU

Mo hinh mang nc ron mo ta béi hé phuong trinh vi phan véi dao ham béac
nguyén dugc nghién ctu dau tién béi L.O. Chua va L. Yang vao nam 1988
[6, 7]. Mo hinh nay da nhan duge sy quan tam nghién cttu ctia nhiéu nha khoa
hoc trong nhiitng nam gan day do nhiing ting dung rong l6n clia né trong xi
If tin hiéu, xi 1{ hinh anh, t6i wu héa va céc linh vyc khéc [7, 18]. Nam 2008,
trong mot nghién cttu ctia minh, A. Boroomand va M.B. Menhaj [3] lan dau
tien mo hinh héa mang no ron béi hé phuong trinh vi phan phan thi (Caputo
hoac Riemann—Liouville). So v6i mang no ron mo té bdi hé phuong trinh vi
phan v6i dao ham bac nguyén, mang nd ron mo ta bdi hé phuong trinh vi phan
phan thit (Caputo hodc Riemann-Liouville) c6 thé mo ta cac dic tinh va tinh
chat clia mang no ron mot cach chinh xac hon [3, 18]. Do d6 hé phuong trinh
mang no ron phan thit da nhan dudc sy quan tam nghién cu ctia nhicu nha
khoa hoc. Nhiéu két qua hay va thi vi vé hé phuong trinh mang no ron phan
thtt da duge cong bo trong nhitng nam gan day.

T quan diém cta k¥ thuat, ngudi ta mong mudén thiét ké cac hée théng
diéu khién khong chi 6n dinh tiém can ma con c¢6 thé ddm bao mitc hicu suat
hé thong phu hgp. Nam 1972, hai nha khoa hoc Chang va Peng [5] dua ra va
nghién cttu bai toan dam bao chi phi diéu khién cho hé dong luc duge mo ta
bdi hé phuong trinh vi phan thuong. Sau dé bai toan ddm bao chi phi diéu
khién cho mot s6 16p hé phuong trinh vi phan c6 tré véi bac nguyén da nhan
dugc sy quan tam ciia nhiéu nha khoa hoc. D6i v6i hé no ron than kinh véi
bac nguyeén, da c6 mot sd két qua thu vi va sau sac dudge cong bod trong nhitng
nam gan day (xem [10, 11, 12] va céc tai lieu tham khéo trong d6). Nam 2019,

Thuan va Huéng [20] nghién cttu bai toan ddm bao chi phi diéu khién cho mot
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16p hé no ron than kinh phan thi c6 tré.

Luan vin tap trung trinh bay mot s6 tieu chuan cho bai toan dam bao chi
phi diéu khién cho mot 16p hé no ron than kinh phan thit c¢6 tré dya trén co
sé doc hiéu va tong hop bai bao da ducc cong bo trong nhitng nam gan day
(xem [20]). Luan vin gom c6 2 chuong gom nhiing noi dung chinh nhu sau:

Trong chuong 1, chiing to6i trinh bay mot s6 khai niém veé giai tich phan thi
nhu tich phan va dao ham phan thit Riemann—Liouville, tich phan va dao ham
phan thit Caputo. Sau d6, ching t6i trinh bay mdt dinh 1§y Razumikhin cho
hé phan thit c¢6 tré. Tiép theo, ching to6i nhac lai mot s6 két qua vé bai toan
dam bao chi phi diéu khién cho mét sé 16p hé phuong trinh vi phan véi bac
nguyeén. Cudi chuong, chiing téi trinh bay mot sé bo dé bd trg. Noi dung chinh
cia chuong nay duge tham khao chtt yéu tir cac tai lieu [8, 14, 15, 17, 21].

Trong chuong 2 ctia luan vin, ching t6i trinh bay mot s6 tiéu chuan cho bai
toan dam bao chi phi diéu khién cho mot 16p hé no ron than kinh phan thi c6
tré. Ngoai ra, chung toi dua ra mot vi du s6 minh hoa cho két qua 1y thuyét.

Luan van nay dugc thuc hién tai truong Dai hoc Khoa hoc - Dai hoc Thai
Nguyén va hoan thanh duéi sy huéng dan ctia Tién si Mai Viét Thuan. Toi xin
dugce bay t6 long biét on chan thanh va sau sic téi ngusi huéng dan khoa hoc
ctia minh. Ngudsi da diat van dé nghién cttu, danh nhiéu thoi gian huéng dan,
tan tinh diu dat va chi bao toi trong sudt qua trinh thyc hién dé tai nay.

T6i xin tran trong cam on BGH truong Dai hoc Khoa hoc - Dai hoc Thai
Nguyén, Ban chi nhiém khoa Toan — Tin cuing cac giang vién da tham gia
giang day, da tao moi diéu kien t6t nhat dé téi hoc tap va nghién citu.

Dong thoi toi xin gii 161 cAm on t6i gia dinh than yéu,cdm on nhitng nguoi
ban than thiét da cham séc dong vien khich 1é toi trong sudt qua trinh nghién
citu. Sau ciing t6i xin kinh chiic toan thé quy thay co trusng Dai hoc Khoa
hoc - Dai hoc Thai Nguyén that doi dao stic khoe, niém tin dé tiép tuc thuc
hién st ménh cao dep ctia minh I& truyen dat tri thitc cho thé hé mai sau.

Xin chan thanh cam on.






Danh muc ky hiéu

khong gian vec to thiic Euclide n chiéu

ma tran chuyén vi clia ma tran A

ma tran don vi

tap hop tat ca gia tri rieng clia ma tran A

= max{Re\: A € A\(A4)}

=min{ReX: A € \(A)}

chuan phd ctia ma tran A, || Al = \/Amax (AT A)

ma tran A ntta xac dinh duong, tic la (Az,z) > 0,Vz € R”
nghiala A— B >0

ma tran A xac dinh duong, tic 1a (Az,z) > 0,V € R", 2 # 0
bat dang thitc ma tran tuyén tinh (Linear matrix inequalities)
chuan Euclide clia véc to x = (x1, 29, ..., 7,) | € R"

khong gian cac ma tran thuc ¢6 (n x r)

khong gian cac ham lién tuc trén[a, b| nhan gia tri trong R"
khong gian cac ham lién tuc tuyet ddi cap m trénla, b

toan tit tich phan phan thi Riemann - Liouville cap o
toan tit dao ham phan tht Riemann - Liouville cap «

toan tit dao ham phan thi Caputo cap o

ham Gamma

ham Mittag-Leffler hai tham s6

sO nguyén nhé nhat 16n hon hosic bang o

i, 00

L:diag{ll,lg,lg} L= 0 l2 0

0 0 I3



Chuong 1

Mot s6 kién thitc chuan bi

Trong chuong nay, chiing toi trinh bay mot s6 khai niem vé giai tich phan
thit, dinh ly Razumikhin cho hé phuwong trinh vi phan phan thi, bai toan dam
bao chi phi diéu khién cho mot s6 16p hé phuong trinh vi phan véi bac nguyén.
Ching toi ciing trinh bay mot s6 két qua bo trg sé duge sit dung trong ching
minh cac két qua chinh ctia luan van cho cac chuong sau. Kién thitc st dung

& chuong nay duge tham khéo & [8, 14, 15, 17, 21].

1.1. Giai tich phan thw

1.1.1. Tich phan phan thw

Trong muc nay, ching toi trinh bay so luge vé khai niém tich phan phan
tht. Khai niém tich phan phan thd 1a mot md rong tuy nhién cia khai niém

tich phan lap thong thuong.

Dinh nghia 1.1. ([15]) Cho a > 0 va [a, b] C R, tich phan phan thit Riemann-
Liouville cap « ctia ham z : [a,b] — R dugc cho bdi
1 ¢
o lix(t) == m/ (t —s)* a(s)ds, t e (a,b],

to
+oo
trong d6 I'(.) 1a ham Gamma xac dinh bdi I'(o) = [ t* e~ dt, a0 > 0.
0
Trong Dinh nghia 1.1 khi a = 0, ching ta quy ué6c I := I v6i I la toan

ti dong nhat. Sy ton tai ctia tich phan phan thit Riemann-Liouville cap o véi

0 < a < 1 dugce cho bdi dinh 1y sau
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Dinh 1y 1.1. ([15]) Gid st x : [a,b] — R la mot ham khd tich trén [a,b]. Khi
doé, tich phan 1, Ifx(t) ton tai vdi hau hét t € [a,b]. Hon nia, 1, Ic cing la

mot ham kha tich.
Vi du sau day cho ta tich phan phan thit cia mot s6 ham co ban.

Vidu 1.1. ([15])
(i) Cho z(t) = (t — a)’, 8 day 8 > —1 va t > a. V4i bat ki a > 0, chiing ta c6

F(ﬁ—'_l) a+
Matpsn 9 ’

(ii) Cho z(t) = e*, X\ > 0. Véi bat ki a > 0, chiing ta c6

tolix(t) = , t>a.

+o0o
)\ta—i-j
Ix(t) =\~ t>0.
0 Z (a+j+1

1.1.2. Dao ham phan thw

Muc nay trinh bay mot cach ngén gon vé dao ham Riemann-Liouville va
dao ham Caputo. Day 14 hai loai dao ham dugc st dung rong rai trong nhieu

linh vuec.

Dinh nghia 1.2. ([15]) Cho truéc mot so thue duong o va mot khoang [a, b] C
R. Dao ham phan thit Riemann-Liouville cAp « ctia ham z : [a,b] — R duge
cho bdi
d" 1 d [
RL Nna L n—ao _ n—oa—1
to Dy a(t) == pr 1o 17 (t)] = m%/to (t—s) z(s)ds,
trong d6 n := [a] la 6 nguyen nhd nhat 16n hon hogc bing a va 4 1a dao

ham thong thuong cap n.
Vi du 1.2. Cho ham budc don vi (unit-step function)

I,néu t>0
ft) =

0,néu t<0.
Bang cach st dung Dinh nghia 1.2, ta tinh dao ham phan thid Riemann—
Liouville cap « ctia ham f(¢) 1a

t*O{
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Trudce khi trinh bay diéu kién cho sy ton tai clia dao ham phan thit Riemann—
Liouville, ching toi nhac lai mot s6 két qua sau.
Cho [a, b] 14 mot khoang hitu han trong R. AC|[a, b] 1a khong gian cadc ham
tuyet doi lien tuc trén [a, b]. Kolmogorov va Fomin da chi ra méi lien he gitta

cac ham tuyet doi lien tuc va cdc ham kha tich Lebesgue nhu sau:

f(t) € ACla,b] & f(t) = c + / o(s)ds (p(s) € L(a, b)),

do d6 mot ham tuyet doi lien tuc f(t) c6 dao ham f’(t) = o(t) hau khip noi
trén [a, b].
Véi n € N, ta dinh nghia 16p ham AC"[a, b] nhu sau:
d
AC™[a,b] = {f : [a,b] — R, (D" ' f)(t) € AC[a, b] (D = dt)}
Meénh dé sau day cho ta mot s6 dac tinh ciia 16p ham AC™|a, b].

Ménh dé 1.1. ([15]) Khong gian AC™[a,b] chita tat cd cic ham f(t) cé dang

nhi sau:

f(t) = 117 (t) cht—to :
trong doé ¢(t) € L(a,b),ci(k=0,1,...,n— 1) la cdc hing so tuy 4 va
1 ! .
1ol p(t) = m/ (t—s)" p(s)ds.

Ngoai ra, tu cic dieu kién trén ta co

F® ()
k!

o(s) = FO(s), = (k=0,1,....n—1)

Dinh 1y sau day cho ta mot tiéu chuan cho su ton tai ctia dao ham phan

thi Riemann-Liouville.
Dinh ly 1.2. ([15]) Cho a > 0,n = [a|. Néu f(t) € AC"[a,b], khi dé dao
ham phan thi FEDg f(t) ton tai hau khdp noi trén [a,b] va cé thé dudc biéu

dién dudi dang sau

n—1 t
_ 1 ) (s)ds
RLDp t—t h-a :
1 ZF el - / i — )i

Két qua sau day dudc suy ra trie tiép tit Dinh 1y 1.2
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Heé qua 1.1. ([15]) Néu 0 < a < 1 va f(t) € AC|a,b] thi

BD0) = s [+ [ 2]

I'(1—a) | (t—1ty)~ , (t—s)

Meénh dé sau khang dinh toan tit dao ham phan tht Riemann-Liouville 1a

mot toan tit tuyén tinh.

Meénh dé 1.2. ([14]) Cho trudc mot s6 thuc duong o. Khi dé dao ham phdan

thit Riemann—Liouville cap o la mot todan ti tuyén tinh, tic la
w DY INF() + ng(t)] = N DR f(1) + pi Dt g(t)

trong do A\, € R, f(t),g(t) € AC"[a, b).

Chtng minh. Ta c6

2EDY N (L) + pg(t)]

o et / (t = sy"=*"V[Af(s) + pug(s)] ds

= ﬁ%/ (t — 3)”_0—1f(3)d3 + ﬁ% /to (t _ S)H—a—lg(s)ds

= AEDYf(t) + pit Dy g(t).

Dinh nghia 1.3. ([14]) Cho truéc mot s6 thuc duong o va mot khoéng [a, b] C

R. Dao ham phan thit Caputo cip a clia ham z : [a,b] — R dugc cho bdi
CDra(t) = o I D x(t),

d’l’l

trong d6 n := [a] la so nguyén nhé nhat 16n hon hodc bang a va D" = 7= la

dao ham thong thuong cap n.

D6i v6i mot ham vée to z(t) = (21(¢), 22(t), . .., zq(t))” dao ham phan thu
Caputo ctia z(t) duge dinh nghia theo ting thanh phan nhu sau:

Cpea(t) = (CD0xy(t), CDfxa(t), . .., CDfaa(t)) .

Jto

Dinh 1y sau day cho ta mot diéu kien du cho su ton tai dao ham Caputo phan

thit cap o.



