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L1 cam doan

Toi xin cam doan dé tai luan vian "Ly thuyét sé6 mii Lyapunov cho nghiém
ctia phuong trinh vi phan phan thi tuyén tinh" khong c6 su sao chép clia
nguoi khac. Khi viét luan van t6i c6 tham khdo mot s6 tai lieu, tat ca déu co
nguon goc ro rang va duge hoan thanh dudi sy huéng dan cua TS. Hoang Thé

Tuan . Toi xin hoan toan chiu trach nhiém vé noi dung luan van nay.

Thai Nguyén, ngay 10 thang 6 nam 2020

Tac gia luan van

Téng Thu Trang



LG1 cam on

Loi dau tién, toi xin gii 10i cAm on sau sic t6i TS. Hoang Thé Tuan - Vien
Toan hoc da tan tinh chi dan va nhiét tinh déng gép nhitng ¥ kién quy bau gitp
d6 toi hoan thanh luan van nay. Toi ciing xin bay té long biét on sau sic dén
cac thay, co gido trong khoa Sau dai hoc, khoa Toan truong Dai hoc Su pham
- Dai hoc Thai Nguyén da tao nhitng dieu kién tot nhat giap do toi trong sudt
quéa trinh hoc tap va nghién citu tai khoa. To6i xin cam on Ban giam hiéu, cac
thay co va cac ban 6 truong Dai hoc Su pham Thai Nguyén da tao dicu kién va
nhiéet tinh déng goép ¥ kién gitp dd toi hoan thanh luan van nay.

Cudi ciing, toi xin cdm on gia dinh toi. Nhitng nguoi luon yéu thuong va ting

ho toi vo dieu kién.

Thai Nguyén, ngay 10 thang 6 nam 2020
Nguoi thuc hién

Téng Thu Trang
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Lo1 no1 dau

Phép tinh vi-tich phan la mot cong cu Iy tudng dé mo ta cac qua trinh tién
héa. Thong thuong, mdi qua trinh tién héa duge biéu dién béi cac phuong trinh
vi phan thuong. Bang viéc nghién citu (dinh tinh ho#ic dinh lugng) nghiém clia
phuong trinh, ngudi ta c6 thé biét trang thai hien thsi ciing nhu dy doan dudc
dang diéu ¢ qua khtt hay tuong lai ctia qua trinh d6. Tuy nhién, cac hién tugng
hay gap trong cudc song c6 tinh chat phu thudc vao lich stt. D6i véi cac hién
tuong nay, viec ngoai suy dang diéu ctia n6 tai mot thoi diem tuong lai tit qua
khtt phu thudc cad vao quan sat dia phuong lan toan bo qua khi. Hon nta, s
phu thuoc néi chung ciing khong giéng nhau & tat cd cac thoi diém. Phuong
trinh vi phan phan thit 1a mot trong céc 1y thuyét ra doi dé dap tng nhiing yéu
cau do.

Bai toan quan trong trong ly thuyét dinh tinh ctia phuong trinh vi phan la
nghién cttu dang diéu tiém can clia cac nghiém. D6i véi truong hgp phuong trinh
tuyén tinh thuan nhat hé s6 hiang, dang diéu cac nghiem dudc mo ta day du
thong qua phan thuc cac gia tri rieng clia ma tran hé s6 va boi ctia chiing. V6i
phuong trinh tuyén tinh thuan nhat c6 hé s6 tuan hoan, 1y thuyét Floquet dugc
stt dung dé mo ta can ké dang diéu clia tat ca cic nghiem, xem [1]. Déi véi cac
hé phuong trinh vi phan tuyén tinh c6 hé s6 bién thién, phuong phap s6 mi dic
trung duge dé xudt béi Lyapunov, xem [1,6], 1a mot cong cu rat hitu hieuw. Y
tudng chinh ctia phuong phap nay la so sanh do tang trudéng hay suy giam cua
nghiém v6i ham mi. Do tang trudng (suy gidm) duge xac dinh thong qua sé mil
dic trung (ngay nay goi 14 sé6 mit Lyapunov co dién). Ngudi ta biét raing mot
phuong trinh vi phan tuyén tinh thuan nhét trong khong gian Euclide R? c6
nhiéu nhat d s6 mii Lyapunov phan biét. Tap tat ci cac s6 mil nay cing vdi boi

ctia ching dude goi 1a phd Lyapunov. Nhiéu tinh chat quan trong ctia phuong
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trinh nhu tinh 6n dinh, tinh hyperbolic, tinh ré nhéanh,...v.v, ¢6 thé dugc dac
trung baéi phd Lyapunov ciia no.

Tuy nhién, d6i v6i phuong trinh vi phan phan thi tuyén tinh, nguoi ta da
chiing minh dugc rang s6 mi Lyapunov ciia cdc nghiém khong tam thuong luon
khong am. Do d6, s6 mil nay khong thé duge ding dé dac trung cho tdc do tiang
truéng hay suy giam nghiém ctia cac loai phuong trinh nay. N6 dan dén doi hoi
13 phai xay dung mot 1y thuyét sé mii méi phit hop cho cac phuong trinh phan
thit. Trong nam 2014, céc tac gid Nguyén Dinh Céng, Doan Thai Son, Hoang
Thé Tuan va Stefan Siegmund da gidi quyét duge van dé noi trén va cong bo
cac két qua mdi clia ho trong bai bao [3,4]. Muc dich clia luan van nay 1a trinh
bay lai két qué trong [3,4]. Chung toi chia luan vin ra lam hai chuong.

Chuong 1: Giéi thiéu céac kién thitc chuan bi. Cu thé nhu sau: Phan 1.1 giéi
thieu nhiing nét co s6 vé phuong trinh vi phan phan thi tuyén tinh; Phan 1.2
dé cap vé co s clia 1y thuyét s6 mit Lyapunov cho cac phuong trinh vi phan cd
dién; Phan 1.3 théo luan sé mii Lyapunov co dién cho nghiém ctia céc phuong
trinh vi phan phan thit tuyén tinh.

Chuong 2: Trinh bay veé 1y thuyét s6 mit Lyapunov phan thit cho cac phuong
trinh vi phan phan thit tuyén tinh. Chuong nay géom ba phan chinh. Thit nhat,
trong Phan 2.1, ching t6i néi vé sé mit Lyapunov phan tht, cach tinh s6 mi nay,
mot s6 tinh chéat co ban clia sé6 mit Lyapunov phan thi, phd Lyapunov phan thi
cho céc phuong trinh phan thtt tuyén tinh va moi lien he gitta phd Lyapunov véi
tinh 6n dinh ctia cdc hé nay. Tiép dén, trong Phan 2.2, chiing toi thao luan vé
cau tric pho Lyapunov phan tht cho céc nghiem xuat phat tit mat cau don vi
ctia hé phuong trinh vi phan phan thi tuyén tinh. Cudi ciing, ching to6i tinh s
mil Lyapunov phan thit cho cac nghiém ciia mot s6 phuong trinh vi phan phan
thit tuyén tinh hai chiéu hé s6 hing, xem Phan 2.3.

Do thoi gian va ning luc c6 han, mot sé diém trinh bay trong luan van co
thé con thiéu x6t. Tac gid mong mudn nhan duge sy gop ¥ clia cac thay, cac co

ciing nhu clia cac ban dong nghiép.



Chuong 1
Kién thiic chuan bi

Chuong nay trinh bay cac kién thitc co s6 ctia luan van. Noi dung ctia chuong
gom ba phan chinh. Phan 1.1 gi6i thiéu nhitng nét co sé vé phuong trinh vi phan
phan tht tuyén tinh. Phan 1.2 dé cap vé co sd ctia 1y thuyét sé6 mii Lyapunov
cho cac phuong trinh vi phan ¢ dién. Phan 1.3 thao luan sé6 mi Lyapunov co

dién cho nghiém ctia cac phuong trinh vi phan phan tht tuyén tinh.

1.1 Phuong trinh vi phan phan thi tuyén tinh

Phan nay dudc danh dé gidi thieu so luge vé phuong trinh vi phan phan thi
tuyén tinh. Noi dung chinh ctia n6 gom bén muc chinh. Muc 1.1.1 nhéc lai khai
niém tich phan phan thi Riemann-Liouville vA mot s6 tinh chat ctia né. Muc
1.1.2 néi vé dao ham Riemann-Liouville, dao ham phan thit Caputo va cac tinh
chat co ban. Muc 1.1.3 thao luan vé sy ton tai va tinh duy nhat nghiém ctia cac
phuong trinh vi phan phan thi tuyén tinh. Cudi ciing, Muc 1.1.4 lién quan t6i

cac ham Mittag-Leffler va dang diéu tiém can cua ching.

1.1.1 Tich phan phan tht

Hiéu theo mot nghia nao dé, tich phan phan thit 13 mot ma rong tu nhién cta
khai niém tich phan lap thong thuong. Cu the, cho o > 0 va [a,b] C R, chiing ta
dinh nghia tich phan phan thit Riemann—Liouville cap o ctia ham z : [a,b] — R

N

1a

t
I x(t) = ﬁ/ (t — 1) ta(r) dr  véit € (a,b),



G day ham Gamma T : (0,00) — Rsg ¢ biéu dién
0
I(a) = / t* Lexp(—t) dt,
0

xem [5, Definition 2.1, p. 13]. Khi a = 0, chiing ta quy uée I2, := I v6i I la toan
t1r dong nhat. Dé thay trong dinh nghia 6 trén, véi « € (0,1), néu = kha tich trén
doan [a, b], tiic 1a ff |z(t)| dt < oo, thi tich phan phan thit Riemann-Liouville cap
o clia r ton tai hau khap noi trén [a,b]. Hon nita, chinh ban than tich phan nay

ciing la mot ham kha tich.
Bo dé 1.1.1. ([5, Theorem 2.1]) Gid st z - [a,b] — R la mot ham khd tich trén
[a,b]. Khi d6, tich phan IS x(t) ton tai vdi hau hét t € [a,b]. Hon nia, I,z cling
la mot ham khd tich trén [a,b].

Duéi day 1a tich phan ctia mot s6 ham don gian.
Vidu 1.1.2. (i) Cho z(t) =2, ¢ day t > 0. Chiing ta cé

r

~ I'(3.5)
vo1T mot t > 0.
(ii) Cho x(t) = exp(t). Ching ta cé
0 t0.5+]
i) =3 T(j+ 1.5)
=0

vor mot t > 0.

1.1.2 Dao ham phan tha

Cung véi tich phan phan thit, dao ham phan thi la mét trong hai khai niém
quan trong ctia phép tinh vi-tich phan phan thi. C6 nhiéu khai niem dao ham
phan tht da dugce xay dung. Tuy nhién, dao ham Riemann—Liouville va dao ham
Caputo duge dung rong rai hon cd. Sau day chtung ta nhéc lai dinh nghia ciia
hai loai dao ham nay.

Cho truéc mot s6 thuc duong o va mot khoang [a, b] C R. Ngudi ta dinh nghia

dao ham phan thit Riemann—Liouville cdp o ctia ham x : [a,0] — R 13
D¢ x(t) == DI “x(t), t € (a,b],
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& day m := [a] 1a s6 nguyén nhd nhat 16n hon hodc bing o va D™ = 4 13 dao

= dm
ham thong thuong cap m. Trong khi d6, dao ham phan thi Caputo cip o cua

ham z(t) duge dinh nghia la
UDg a(t) == "7 D™a(t), t € (a,b],
xem [5, Chapter 3, p. 49]. D61 v6i mot ham véc to z(t) = (z1(t), ..., z4(t))T, dao
ham phan tht Caputo ciia z(t) duge dinh nghia theo ting thanh phan nhu sau:
“Dga(t) = Dy ai(t),. ... Dya(t)”

Nhan xét 1.1.3. (i) Néu o 1a mot sé nguyén, dao ham phan thi cip a (theo
nghia Riemann-Liouville hodc Caputo) chinh 1a dao ham thong thuong cap
a. Trong trudng hop a = 0, ching ta quy wée DY, (hodc “DY, ) 1a toan ti
dong nhat.

(il) Néu z 1a mot ham lien tuc tuyet doi tren [a, b], tic z € ACY([a, b]; R), thi cac
dao ham phan thit Riemann-Liouville v Caputo ctia ham nay ton tai hau

kh&p noi tren [a,b], xem [5, Lemma 2.12, p. 27] .

(iii) Khac v6i dao ham thong thuong, dao ham phan thit khong c¢6 tinh chat nita
nhom. Cu thé, cho a1, as 1a cac hing s6 duong bat ki va = 1a mot ham lien
tuc tuyet doi tréen doan [a,b]. Khi d6, n6i chung ching ta c6

DYDY x(t) # Dy DY x(t) # Dot a(t), t € (a,b],
xem [5, p. 30] va [5, Remark 3.3, p. 56].

V6i ham z da chinh quy, dao ham phan thit 1a nghich déo trai ctia toan tu
tich phan phan thi.

B6 dé 1.1.4. ([5, Theorem 2.14]) Cho a > 0. Khi dé, vdi moi x € Ly|a,b], ching
ta co

Dy I x(t) = x(t)
vdi hau hét t € [a,b].

Tuy nhién, dao ham phan thit n6i chung khong la toan tit nghich dao phai
cua tich phan phan tht.



