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LOI CAM ON

Loi dau tién, toi xin kinh giri ¢én Thay PGS. TS Lé Hoan Hoéa 101 cam on siu sic va chan
thanh nhét vi su tan tinh gitip d& va chi bao ctia Thay danh cho toi trong sudt thoi gian lam luan
van.

T6i ciing xin chan thanh cam on Qui Thay Co truong Pai hoc Su Pham Thanh phé Hb
Chi Minh, trudng Pai hoc Khoa Hoc Ty Nhién Thanh phé H6 Chi Minh va trudng Pai hoc
T6n Puc Thing da tan tinh giang day va hudng din toi trong sudt khoa hoc.

To61 xin chan thanh cam on Qui Thﬁy Co6 Phong Khoa hoc-Cong nghé va Sau DPai hoc
truong Pai hoc Su pham Thanh phé Hd Chi Minh di tao moi diéu kién thuan loi cho toi trong
sudt qua trinh hoc tap va hoan thanh luan van.

T6i xin kinh gui dén UBND tinh Tién Giang, S Noi vu, S& Gido Duc va Pao Tao Tién
Giang, Ban Gidm Hiéu truong THPT Cho Gao 161 cdm on chan thanh vi da giap dd va tao moi
diéu kién thuan tién dé toi hoc tap va nghién ciru.

T6i cling xin chan thanh cam on Qui Thﬁy Co truong THPT Cho Gao va diac biét 1a cac
Thﬁy trong Tb Toan; cac ban hoc vién cao hoc Toan K18 da luon dong vién, khuyén khich va
giup do toi trong thoi gian hoc tap va lam luan van.

Sau cung t6i xin kinh gtri dén gia dinh t6i cing nhig ngudi than tit ca tinh cam yéu
thuong nhat va long tri on sau sic nhat, noi da tao cho toi niém tin va nghi luc va la chd dua
virng chac nhat gitip t6i hoan thanh luan vin nay.

Vi kién thtrc ban than con han ché nén luan vin s& kho tranh khoi nhirng thiéu sot. Rt
mong duoc su nhan xét va chi bao ctia Qui Thay C6 va sy gop ¥ chan thanh ciia cac ban dong

nghiép.



LOI CAM DOAN

Mic du trong qua trinh lam ludn vin nay, toi da nghién ciru, tim hiéu va tham khao &
sach v&, cac bai bao toan hoc cua cac tac gia va ludn van cua cac khoa trude, to1 co6 st dung mot
s0 két qua da dugc chimg minh dé hoan thanh luan vin ciia minh nhung toi xin cam doan khong
sao chép cac luan van da c6 va to1 xin hoan toan chiu moi trach nhi€ém voé1 161 cam doan cua

minh.



MO DAU

1. Ly do chon deé tai:

Ly thuyét 6n dinh 1a mot trong nhitng dé tai dugc rt nhiéu tac gia nghién ciu. Tuy
nhién dé tai nay rat rong nén trong bai viét ciia minh t6i chi mubn tim hiéu va nghién ctru vé
tinh 6n dinh lly thura cua ho tién hoa q—tuﬁn hoan cac toan tur tuyén tinh bi chan
U= {U(f,S)ifZ s 2 0} va nira nhom tién hoa T = {T(f)ifZ 0} bai vi cac két qua ciia no ¢o
lién quan dén nghiém cta bai toan Cauchy:

u'(t)=A(t)u(t),t 2520
u (S) =x,xeX

2. Muc dich:

Trong luan van nay, chung ti s& nghién ctru vé tinh 6n dinh lily thira ctia ho tién hoa g-
tudn hoan cac toan tur tuyén tinh bi chin, tinh 6n dinh Ity thtra cua ntra nhém tién hoa va dic
trung tich phan cho tinh 6n dinh lity thira ctia cac ntra nhom va céc ho tién hoa trén khong gian
Banach.

3. Poi twong va pham vi nghién ciru:

Toan bd ludn van dugce trinh bay gém cac chuong muc sau:

Phan m¢o dau gi6i thiéu vé 1y do chon dé tai, muc dich, dbi twong va pham vi

nghién ctru cung véi y nghia khoa hoc va thyc tién cua dé tai.

Chuong 1 trinh bay cac kién thirc chuén bi, bao gém cac ky hi€éu duoc st dung
trong luan van, khai niém vé ho tién hoa céc toan tur tuyén tinh bi chan trén khong gian Banach

va cac két qua thura nhan.



Chuong 2 nhim nghién ctru va trinh bay vé tinh 6n dinh lily thira cta ho tién hoa
c4c toan tir tuyén tinh bi chin trén khong gian Banach, gdm cac muc cu thé sau:
Muc 2.1: Trich tir bai bao [1], nghién ciru va trinh bay vé dinh li 4nh xa phd cho nira nhom tién
hoa cac ham tuan hoan xac dinh trén nira duong thang.
Cho X 1a mot khong gian Banach phtec.
Chung ta ciing s& ching minh nira nhom tién hoa T = {T (¢):12 0} trén APP(R,,X) 1a lién
tuc manh. Sau do ching ta chirng minh mot vai tinh chét téng quat cua ntra nhém tién hoa va

chi ra mot s6 tng dung trong 1y thuyét bat dang thuc.

Muc 2.2: Trich tir bai bao [2], nghién ciru va trinh bay vé tinh 6n dinh lity thira cta ho tién hoa
q-tudn hoan céc toan tir tuyén tinh bi chin trén khong gian Banach. Trong d6, chiing ta ching
minh rang mot ho tién hoa g-tuan hoan U= {U (t 5§ ) tzs 2 O} clia cac toan tir tuyén tinh

bi chan 1a 6n dinh liiy thtra déu néu va chi néu

t

sup|[ U (,€) £ (£)dE| =M (1. f) <0, YueR,Vf € P, (R, X)

>0 |5
(f 14 ham lién tyc va g-tudn hoan trén R,)

Muc 2.3: Trich tir bai bao [3], nghién ctru va trinh bay vé cac dic trung tich phan cho tinh on
dinh lily thira cia cac nira nhom va cic ho tién hoa trén khong gian Banach. Cu thé, cho
U= {U (f ) S)}mzo 12 mot ho tién héa bi chin Iy thtra va lién tuc manh trén X; J 1a ham khong
am xac dinh trén non duong tat ca cac ham bi chin dia phuong nhan gia tri thuc trén
R, = [0; +OO) . Khi d6 chung ta chirng minh ho U 1a 6n dinh lily thira déu néu véi moi X € X |

ta co:

SslzlopJ(HU(S + .,s)xH) <0



Phan cubi cung 14 két qua thu duoc trong ludn vin. Sau cung 14 phan tai liéu tham
khao.
Trong luan van, mot s6 két qua st dung s¢€ dugc phat biéu dudi dang dinh i hoac bo dé

khong chirng minh.

4. Y nghia khoa hoc va thyc tién cua deé tai:
Két qua vé tinh 6n dinh Iy thura déu cua ho tién hoa co lién quan dén tinh 6n dinh tiém

can déu ciia nghiém bai toan Cauchy tuyén tinh chinh va khong ty sinh:
u'(t)=A(t)u(t),t =520
u (S) =x,xeX
Trong trudng hop tu sinh, chang han khi U(f, S) =T (f - S) Vo1 {T(t)}tzo la nira nhom

tién hoa lién tuc manh thi ta nhan dugc cac dinh li cua Datko, Littman, Neerven, Pazy va

Rolewicz: dinh 1i Datko-Pazy, ..



Chwong 1: KIEN THUC CHUAN BI

1.1 MOT SO KY HIEU

Cho X 14 khong gian Banach phtic va L(X) 1a dai s Banach cua tit ca cac toan tir tuyén
tinh trén X, 4 € L(X).
Céc ky hi¢u:
R+ 14 tap hop cac sd thuc khong am.
HH 14 chuan ctia vecto va toan tir.
o (A) 14 pho clia toan tir tuyén tinh 4 trén X.
p(A4):=C\o(A) 1 tap giai cua 4.
Ban kinh phé ciia 4 1a 7(4):=sup{|4|: e o (4)}.
Bién cta phé:s(4) = sup{Re(/I) Ae O'(A)} ,
BUC(I, X), I €{R,R,} 1a khong gian Banach tit ca cdc ham lién tuc déu, bi chin

trén / va nhan gia tri trong X voi chuan sup.

AP( I, X) 1a bao déng tuyén tinh trong BUC( I, X), 1a tdp gébm cac ham:
tse*x: ]l > X, ueRxeX

BUC( R, X) la khong gian tat ca cac ham lién tuc déu trén duong thiang thuc, bi
chin va ldy gid trj trong X cung vdi chuan sup.

C, (R,X) 1a khong gian con ciia BUC( R, X) gdm tat ca cdc ham f théa méan:

lim £ (£)=0

>



AP(R, X) 1a khong gian gdm hau hét tit ca cac ham tuan hoan, d6 1a khong gian
con dong bé nhit ctia BUC(R , X) bao gdm cac ham c6 dang: ¢ — e x JueR,xe X

AAP, (R+,X ) 1 khong gian tat ca cac ham A sao cho: i(0) = 0 va ton tai
feC (R+,X) , g€ AP(R+,X) sao cho: i = f+ g.

C (R+,X) 1a khong gian con ctia C, (R+,X) bao gdm tat ca cac ham f'sao cho
J0) = 0.

P,(1, X) 1a tap gdm tat ca cdc ham lién tuc f 1/ = X sao cho:
f(t+q)=f(t) voibatky t € I va mot g nao do, ¢ > 0.

qu (R+,X ) 14 khong gian tit ca cac ham ftrén R, , nhan gia tri trong X, g-tudn
hoan sao cho: f(0) = 0.
1.2 KHAI NIEM HO TIEN HOA

1.2.1 Dinh nghia 1:
Cho ¢ > 0 va A:{(t,s)e]R2 :t2s20},
Mot anhxa U:A—> L (X ) dugc goi 1a mot ho tién hoa cua cac toan tir tuyén tinh
bi chin trén X néu:
(i)U(f,S)ZU(f,I”)U(I”,S),VtZSZI”ZO.
(ii)U (t,t) =id (id 1a 4nh xa ddng nhat trén X).
(iii)‘v’x € X,(t,s) — U(t,s)x AN —>L(X) lién tuc.
Néu ho tién hoa U thoa méan thém diéu kién:
(iv)U(t+q,S+q)=U(t,s),Vt2S20,

thi U dugc goi 1a ho tién hoa q—tuﬁn hoan.

1.2.2 Dinh nghia 2:



Mot ho tién hoa U duoc goi 1a bi chan iy thura néutdntai @ e R va M 0> 0 sao
cho:
|U(t.5)| <M e vizs=0 (1
Mot ho tién hoa U duoc goi la 6n dinh Iy thura néu (1) théa vé1 mot sb Am @ nao

do.

1.2.3 Cac két qua thira nhén:
1.2.3.1 Két qua 1:

Néu ho tién hoa U thoa diéu kién:

U(t,s)zU(t—S,O),‘v’tZSZO

thiho T = {U(t,O) 2 O} < L(X) 1a nira nhém lién tuc manh trén X,

1.2.3.2 Két qua 2:

Cho T = {T (f )} .o la nura nhom lién tuc manh trén khong gian Banach X va

ton tai P € [1200) sao cho véimdi X € X c¢6:

J(:HT(t)pr dt =M(p,x)< © o)

thi 7 6n dinh liy thira.

1.2.3.3 Két qua 3:

Cho T = {T (f )} o 1 nra nhom lién tuc manh trén khong gian Banach X.

Néu ton tai ham lién tuc khong giam P [O;OO) — [O;OO) sao cho ¢(f) >0 vé6i

moi t > 0 va néu



[o(|T (0) )t = 0, () <o, 95 e

0

3)
thi nira nhom 7 6n dinh liy thira.
1.2.3.4 Két qua 4:
Ntra nhom lién tuc manh 7 trén X 13 6n dinh iy thura déu néu ton tai mot

=X gsao cho

khong gian Banach E trén R, =[0;0) ¢6 tinh chat }1_{2 I[O;t] .

HT()xH eE,Vxe X

1.2.3.5 Két qua 5:
Cho U = {U(t,s):t2s€R} 1a mot ho tién héa bi chan liiy thira va lién
tuc manh cua cac toan tir tuyén tinh bi chan trén X.

Véi mdi t>0 va FeC,(RX), ham
= (TOF)(s)=U(s,s=t)F(s—1):R—>X thuse C,(R,X) va ho

T:{T(t) 120} la nira nhém lién tuc manh trén C, (R, X).

1.2.3.6 Két qua 6:

Néu U= {U(t,5):¢2 s €R} 1a mot ho tién hoa g-tudn hoan, £ >0 va
G e AP(R,X) thi ham S H (S(I)G)(s) = U(s,s—t)G(s—t) ‘Ro>X
thuoe AP(R,X) va ho mot tham sé S ={S(¢):7>0} 1 nira nhom lién tuc

manh trén AP(R,X).

1.2.3.7 Két qua 7:



Cho I = {T (f )} ;>0 12 nira nhom li€n tyc manh trén X va Ar la phﬁn tr sinh
vO cung bé cua no.

t

j eHT(E)dE

0

Néu sup <o,Vxe X,VueR thi

>0

O'(AT)CC_Z{ZECZRC(Z)<O}.



Chwong 2: TINH ON PINH LUY THUA CUA HQ TIEN
HOA

2.1 PINH Li ANH XA PHO CHO NUA NHOM TIEN HOA
CAC HAM TUAN HOAN XAC PINH TREN NUA PUONG
THANG

2.1.1Bodé 1:
Cho T = {T(t)itZ 0} 14 nira nhom lién tuc manh va 4:D(4)c X - X 1a ham

sinh vO cung bé cua nd. Néu 7 1a 6n dinh déu, nghia la ton tai m{t hang s6 duong M sao

cho:
sup T(t)H =M <o
t>0
thi:
HA(X)H2 <4AM? HAZxHHxH ,VxeD (AZ) . (4)
Chirng minh:
Xem trong [4].
2.1.2 B6 dé 2:

Cho nira nhom T = {T(f) 2 0} duoc mo ta nhu sau:
Véimdi he APP,(R,,X) vamoi ¢ =0, ta dinh nghia

T~

U(S,S—t)h(s—t) , s>t
0, 0<s<t )



Khi d6 nira nhom T ={T'(¢):1 20} xac dinh trén A4AP,(R,, X) va lién tuc manh.
Ntra nhom nay dwoc goi 1a nira nhom tién héa lién hop voi U trong khong gian

AAP(R,, X).

Chirng minh:
Giasth=f+gvéi f€C,(R,,X) va ge AP(R,,X) sao cho: h(0) = 0.
Liy FeC, (Rn X) va G e AP(R, X) sao cho F(s) = f(s) va G(s) = g(s),
Vs >0.
Véimdi £ 20 taco:
T(£)h= (11, S(£)G)+ (1, T(2) £ =110,y S (£)G).
Vo1 {S (f )}QO 14 nira nhém tién hoa trén AP(R , X) va 1; 1a ham dic trung trén khoang J.
bat:
8 =l S(t) G
S =l T(0)S 10y S(¢) G
thi f;€C,(R..X) va g e 4PR,, X), (g +/)(0)=0.
Vi thé T(2) duge xac dinh trén A4P,(R,, X) v6imoi >0,

Hon nita, Vi€ AAF (R, X) ta c6:
sup|7 (1) ssg?H(T(r)h—h)(s)H+Ss€g€]H(T (e)h=h)(s)
<sup|(5()G=G)(s)]+ sup [(T (¢} P~ F) (5|

is)

+ sup
s€[0,1]



<|S(1)G-G] ., HT()F-F

G(R.X)
+ sup Hh(s)H
se[O,t]
Viay HT (f)h - hHAAP(,(R+,X) —> 0 khi t — 0 tirc 1a nra nhom T lién tuc
manbh.
2.1.3 Bo dé 3:

Cho U = {U (t,5):t2s¢€ A} 14 mot ho tién hoa ¢-tuan hoan cia cac toan tir tuyén
tinh bi chan trén X, T = {T (t) 2 0} 14 nira nhom tién hoa lién hop véi U trén khong gian
AAP (R, X), dugc cho trong (5) va (4, D(4)) 1a phan tir sinh v6 cung bé cua nd. Cho
u,f € AAP (R, X) Hai phat biéu sau 13 twong duong:

1).u eD(A),Au =—f

2)u (z‘) = jU(t,s)f(s)ds,Vt >0

0

Chirng minh:
1)=2):GiastAdu= - f

Véimbdi £ >0, ta co:



t

= (U(t,O))u(O)—IU(t,t—(f)(Au)(t—(f)d(f

0

U(t,t=¢&) f(t-¢&)dE

o!—..N o'—..N

U(t,f)f(l')dl'.

2)=1):Giase u, f € AAP (R, X) va u thoa:

u@):IUUJ)f@ykﬁﬁZO.

Lay t > 0 c6 dinh.
Néu S =1 | ta co:

(—T(t)u +u)(s) = —U(S,S —t)u(s —1)+u(s)

s U(S,Z')f(l')dl’—:[[U(S,Z')f(l')dl'

Néu 0< s <1, taco:

(—T(t)u + u)(s) =u(s)

~[U(s,7) £ (7)dr

0

=IU(S,S—I”)f(S—I”)dI”



T do suy ra: (—T(t)u—l—u)(s) :[

O'—.N
™~
—~
~
—
B
~
N—
—~
o]
—

vay U eD(A),Au:—f_

2.1.4 Dinh i 1:
Cho U, Tva (4, D(4)) nhu trong bd dé 3. Nam phat biéu sau la trong duong:

(1)
(i)

(iii)

(iv)

v)

U 1a 6n dinh liy thira déu.

A 1a mdt toan tir kha nghich.
t

Véimoi f € AAP (R, X), ham = u, (l‘,()) =J.U(t,s)f(s)ds
0

thuoc 44P(R,, X).

Véimoi f € AAE,(R,, X), ham u, (.,0) bi chan trén R
Véimoi f€P/ (R, X)va geR ham tHjU(t,s)e"'”‘*f(s)ds
0

bi chan trén R



Chirng minh:
(i)=(ii):

pat: ¥y =AAP (R, X),

Khi dé:

()], =su {sguu(s,s_f)h(s_f)u ], - 1;
<sup {Mwe“” SEPHh (s I)H ; HhHl = 1}
<M _e”",Vt>0

vithé: @, (T)= limM

f—0 Z‘

<w<0

Theo 1y thuyét nira nhoém tuyén tinh tong quat ta suy ra Oe p(A) va do do
A 1a toan tir kha nghich.
(it) = (iii):

Vi A4 kha nghich nén phuong trinh Au = — f ¢6 nghiém

()= [U(5) £ (s)ds v e D(4), f € AABR., X).

Tu do suyra U, (O,f) =u(l‘) va do d6 ham

t

tu, (I,O)ZJ.U(Z‘,S)f(S)dS thuoc A4AP (R, X).

0

(iii) = (iv

N—

Pat U, R, — X,u, (t)zuf (Z‘,O),tac(’):

u, € AAP,(R,, X) nénham u,(-,0) bj chan trén R.



(iv) — (v):

Liyh =0+ gvoi ge AP(R,, X), g(s)=e_i‘”f(s) va 0eC (R, X).

Suy ra: he AAP, (R, X)

t

Do d6: ham ¢+ J‘U(l‘,S)e_wa(S)dS = JU(t,S)g(S)dS

0

=j:U(t,s)h(s)ds

bi chan trén R

(v)=(i):

t
Vi = IU (t,S)e_lﬂsf(S)dS bi chin trén R, véi moi
0

feP (R,,X) vavéimoi #€R nén

t

Ie_i”SU(t,s)f(s)ds

0

sup <o, VueR,VfeP' (R,,X) 6)

>0

DE_VI'[ V:U(Q9O)9XEX)n:()91)"" va gEPqO (R+9X) sao cho:

g(s) :S(q—S)U(S,O)x,VS € [O,q]
Tu (6), cho t = (n+1)q ta duogc:

n (k+hg

Z I U((n+1)q,s)e_i”‘9g(s)ds

k=0 pq

sup
neN

<o,VueR )

Theo (iv) ctia dinh nghia ho tién hoa g-tudn hoan ta suy ra:

U(pg+q,pqg+u)=U(q,u),VpeN,Vue[0,q] v

U(pq,jq)zU((p—l)q,O)=V"_1,VpeN,VjeN,ij.

Bay gio, voimoi k =0, 1, ...ta co:



(k+1)q

U((n +l)q,S)e_i”Sg(S)dS

kq

(k+1)q

= [ U((n+1)q.(k+1)q)U((k+1)g,s)e “g(s)ds

kq

q
= V”‘kIU((k +1)q,u+ kq)e_i“(”+kq)g(kq +u)du

o

q
= e_i”qu”_kje_i””u (q — u)U(q, u)U(u, O)xdu

q
ik i e+l
= e M Ie”‘”u(q—u)du |

0

— M(q,,u) e—i,u(n+1)qei,u(n—k+1)qVn—k+1x

Trong do: M(q,p)= | e u(qg—u)du#0

Q )

Thay vao (7) ta duogc:

n+l o .
Z o My,

J=0

sup < oo

neN

b

tire 1a (V) <I va U la 6n dinh liy thira.

2.1.5 Dinh i 2:
Cho U 1a mét ho tién hoa, q—tuﬁn hoan cua cac toan tu tuyén tinh bi chan trén
khong gian Banach X. Khi 6 ntra nhom tién hoa T trén A4P, (R, X) théa min dinh ly

anh xa pho, tuc la:



¢? =o(T(t))\{0},620
Hon nita: 0(4)={2€C:Re(1)<s(4)} va

O'(T(t))z{/le(j:w Sr(T(t))},VtZO_

Chirng minh:
Léy A E,O(A) va i € C sao cho Reu > Re 1.
Vi A—Ald 1a phan tir sinh ciia nira nhom tién hoa 7, = (ewT (¢ ))QO trén A cam
sinh béi ho tién hoa U, =(e U (1,s))

Theo dinh li 1 suy ra ring U, va do d6 U u 6n dinh liy thira, diéu ndy tuong duong
A— pld kha nghich, tic 1a pe p(A4).

Do do6 U(A) = {Z eC: Re(l) <s (A)} 1a nira mit phang bén trai.

Néu Re A > s(A4) thi theo dinh 1i 1 ho tién hoa U, 1a én dinh liiy thira va vi thé
ntra nhom tién hoa 1. 2 duoc cam sinh ciing 6n dinh liy thira.

Pac bigt, 7 (e T (¢)) <1, tic Ta: #(T(¢)) <™ véit>0.

Vivay, 7(T(t))<e™,t>0.

Cung v6i dinh li bao ham pho ¢eo (T (f )),f >0 suy ra rang

O'(T (1)) ,t >0 1a mot cai dia va dinh 1i 4nh xa phd dugc thoa.



2.1.6 Dinh 1i 3:
Cho U = {U (t,8):t>5> 0} 14 mot ho tién hoa, g-tudn hoan cua cic toan tir
tuyén tinh bi chan trén X, f € ¥ = AAP,(R,, X). Gia st hai didu kién sau dugc

thoa:

IU(.,S)f(S)dS thuoc X .

0

~
Pk

=~
<
\\
—_~

S
~—
I

(it) Vf I )ds thuoe A .
0
Néu sup{HU(t,s)H t>s> O} =M <©

i Ju, (-0), <4M?[ 7] [v, ()], @

Chirng minh:
Gia str 7 13 nira nhom tién hoa lién hop v6i U trén khong gian X va (4, D(4)) 1a
phan tir sinh vo cuing bé.
Theo két qué ctia bd d& 3 thi #, (-,0) thuoe D(4) va Au, (,0)=—f "

Theo dinh 1y Fubini, ta co:

Vv, (t)sz(t,r)uf (r,O)dr,VtZO.

0

Suyra: Vy () €D(4%) va 4°v, ()= 1 (b6 a 3).

Theo b6 dé 1 ta c6 bat dang thuc (8).

voi U (f > ) =1 | dinh 1y 3 c6 thé duoc tong quat 1én nhu sau:
2.1.7 Ménh dé:



Cho f'1a ham kha tich Bochner dia phuong trén R, , nhan gia tri trong X, g, /4 1a cac

anh xa trén R, dugc cho bai:
g(t)::ff(s)ds v h(?) :zj‘(t—s)f(s)ds.

\h(r)\:tzo}:M3 <0 thi

—

Néu sup{‘f(z‘)‘ :tZO} =M, <o y3 sup

2
‘g(r)‘ <AM M, Vr=0_ (9)

Chirng minh:
V&imoi >0 va bt ky ham Ftrén R, nhan gia tri trong X, xét ham F; duoc cho

boi:

Ta co:

VG 0<r<t thi ht(r)—h(r)wg(r):Itf(s)ds-l(r_s) £(s)ds

r

= (t—r+s)f(s)ds

= | (t—r)ﬁ(r)dr

0

Lay chuan hai vé ta duogc:

e (r)] 22+ S vez0,
*Voir=>t thi

2



ht(r)—h(r)+tg(r):h(r—t)—h(r)+tg(r)

t

I
St

(r—t—s)f(s)ds—j)‘(r—s)f(s)ds+_Itf(s)ds

t

I
o7

(r—t—s)f(s)ds—l‘(r—t—s)f(s)ds

t

(r—t—s)f(s)ds

I Il
O Ly ~ ¢ T

(t—r)f(r—r)dr

(t—r)fr (r)dr

Il
[

Lay chuan hai vé ta duoc:
2M, t™M
Hg(r)HS L+ —L V>0
t 2 ‘

Nhu vay ca hai truong hop ta déu c6 :
2M, t™M

3

s ()<=

1
+ , Vi > 0.(10)
Néu M, = 0 hodc M3 = 0 thi g = 0 va (9) thoa.

2
NéuM, >0 va M; > 0 thi (9) c6 thé nhan dugc tir (10) véi £ =+J4M; /M




2.2 TINH ON PINH LUY THUA CUA HO TIEN HOA ¢-
TUAN HOAN CAC TOAN TU TUYEN TiNH BI CHAN
TREN KHONG GIAN BANACH

2.2.1 B6 dé 4:

Mot ho tién hoa g-tudn hoan U trén X ting theo lily thira, tirc 1a c6 @ € R vam

>] sao cho:

[U(t.5)|< M) vizs=0

Ho tién hoa U dugc goi 1a 6n dinh liy thira néu c6 @ <0 va M >1 sao cho (11)

thoa.

pit: VZU(Q,O)EL(X).

2.2.2 Bo dé 5:
Mot ho tién hoa q—tuﬁn hoan U 12 6n dinh Ity thtra néu va chi néu (V) <l.

Chirng minh ciia bo dé 4 va bé dé 5 co thé xem trong [6, Pinh Ii 6.6].

2.2.3 Bo dé 6:

< 1k ko
Ze’”T

k=0

Cho T € L(X) . Néuy sup =M, <o,VueR

neN
thi #(T) <.
Chirng minh:

Chung ta sir dung dong nhat:

:Zoei“ka (¢“T—1d)=e"""T"" ~ 1d a2)

Tu (12) suy ra:



e = H[d + zn:ew"T" (T - Id)H
k=0
<t+sup||> e (7] +1)
neN |l =0
S1+Mﬂ(1+‘ ),‘v’neN (13)

poas: (1) =limeyfJr| <timeyf<e e, (14]r]) -

e
Giasi leo(T).
Khid6 véim=1,2, ... tdntai X,, € X véi |x,[=1 va (1ld-T)x, =0 khi

m —> %O (xem [7, Ménh dé 2.2]).

Tir (13) taco: T (1d —T)x,, hoi tu ddu vé 0 khi m —> o0 (voi k e N),

Liy NeN,N>2M  va meN sao cho:

HT" (Id ~T)x H<—k 0.1,...N

Khi do:
N k-1 _

M, >|x, +Z(xm + YT (T—]d)xm)
k=1 j=0

k-1

N
(N+1)x, +> > T/ (T-1d)x

k=1 j=0




z(N+1)-N(4LN“)
>E >M,
2

Mau thudn nay dén dén 1 € O (T ) .

Tirdo dé théy € €0 (T),VueR
Vay r(T) <.

2.2.4 Dinh I 4:

Cho U = {U (f > )} 550 18 MOt ho tién hoa g-tuan hoan trén khong gian Banach

t

e u(t.e)r(£)de

0

X. Néy sup

t>0

<o, VueRVfeP (R.,X) (14) thi Ulaén

dinh Iy thtra.

Chirng minh:
Léy V:U(Q9O)9XEX)n:()91)"" va gEPq(R.pX) sao cho:

g(é:) = é(q—é)U(é,O)x,Vé < [an]
Tu (14), cho t = (n+1)q ta duogc:

n (k+lh)g

Z I U((n+1)q,§)e_i”§g(§)d§

k=0 pq

sup
neN

<o,VuelR (15)

Theo (iv) ctia dinh nghia ho tién hoa g-tudn hoan ta suy ra:

U(pg+q,pqg+u)=U(q,u),VpeN,Vue[0,q] v

U(pq.jq)=U(ja+(p-j)q.jq+0)



=U((p-/)4.0)

="', VpeN,VjeN,p>j

Bay gio, voimoi k =0, 1, ...ta co:

(k]l)qU((n+1)q é’) —iug (é‘)dé‘
:(k]_l)qU((n_i_l)q,(k_l_l)q)U((]H_1)q,§)e—iﬂf§g(§)d§

q
= V”‘kIU((k +1)g,u+ kq)e_i“(”+kq)g(kq +u)du

o

q
:e_i”qu”_kI iy (g-u)U(q,u)U(u,0)xdu

o

q
:e_i”k"V”_kI u(g-u)U(q,0)xdu

o

q
:e—i,ukq {I —ipu (q u)dujVn k+1

o

— M (q, ,U) e—i,u(n+1)qei,u(n—k+1)q Vn—k+1x

q

Trong do: M(q.p)= Ie_wu”(q_“)du 70,

Thay vao (15) ta dugc:

n
Z M (q, ILI) e—z,u(n+1)qez,u(n—k+1)qVn—k+1x

k=0

sup
neN

<o,VueR




Suy ra:

n
Z eiy(n—k+1)an—k+l

k=0

sup <o,VueR

neN

n+l o .
Z e My, || < oo
=0

y. Sup
hay la: s

b

tire 1a (V) <I va U 1a 6n dinh liy thira.

225 Hé qual:
Mot ho tién hoa g-tuan hoan U trén X 1a 6n dinh lity thira déu néu va chi néu:

t

[u(t,¢)r(£)de

0

sup <o,Vf e AP(R,,X)

t>0

Chirng minh:
Xem trong [8] va [9].

Cubi cung, ta c6 két qua cho cac ho tién hoa trén duong thang:
Cho U = {U(I,S) it2se R} 13 ho tién hoa g-tuan hoan trén R.
Sir dung ky hiéu nhu phan 2.1 v6i R, thay boi R | cac bién s va 1y gié tri trong R .

Xét nira nhom tién hoa 1,4 lién hop v6i U trén khong gian AP(R,X). Nira nhém nay 1a nira

nhoém lién tuc manh.



|

2.2.6 H¢ qua 2:

Cho U = {U (f »S ) itzs } 14 ho tién hoa g-tuan hoan cua cic toan tir tuyén tinh bi
chan trén X va T, «p 1a nira nhom tién hoa lién hop véi U trén khong gian AP (R,X )
Khi d6 U 1a 6n dinh lity thira déu néu va chi néu:

Ue"‘“fTaﬁ (f)fdf](r)

0

sup
>0

<o, YueRVf el (R, X)Ching

minh:

Vo1t >0 ta co:

j T, (&) fdéJ(t) = jefﬂfU(z,z—g) f(t-&)a¢s

0

t

— e‘i”tj.ei”’U(t,r)f(r)dr

>
Theo dinh 1y 4 ta ¢6 han ché U, cia U trén tap {(£-5) 22520} 1a én dinh Ity
thira déu.
Liy N >0 v v> Osao cho: |U (t,s)| < Ne ™, Ve =520
Khi d6 v&i moi s6 thye u va v ma u>v ta co:
U ()] = U (- i+ )] < N,

trong d6 n €N saocho V+nqg 20,

Vay U 1a 6n dinh liy thira déu.



2.3 PAC TRUNG TiCH PHAN CHO TiNH ON PINH LUY
THUA CUA CAC NUA NHOM VA CAC HO TIEN HOA
TREN KHONG GIAN BANACH

2.3.1 Mot su tong quat hoa ciia dinh li DATKO-PAZY
2.3.1.1 Bo dé 7:

Cho T'={ T(t): t>0} la nira nhém bi chdn dia phuong trén mot khong gian
Banach X. Néu v6i mdi X € X ton tai #(x) > 0 sao cho T(t(x))x = 0 thi T 1a 6n

dinh ldy thira déu.

Chirng minh:
D@ thay T bi chin déu.

That vay, néu T khong bi chin déu thi ton tai ddy cac sb thuc duong (,) voi

[, — % sa0 cho HT(l‘n )H —> 00

Theo dinh 1i bi chin déu suy ra tén tai X € X sao cho HT(fn ) XH — ©  Piéu
nay trai voi gia thiét,
Vay T bi chin déu.

Vé6iv> 0 ta c6 nira nhom {e"T(t)} thoa gia thiét bd dé& 7 va bi chin déu.
Tt d6 suy ra: HT(f)H <Me™,Vt>0

Vay T 6n dinh lily thira déu.

2.3.1.2B6 dé 8:

Cho T = { T(t): t=0} 1a nira nhom bi chin dia phuong sao cho v&i mdi

x€X 4nhxalb> HT(f)XH lién tuc trén (O;OO) . Néu ton tai s6 dwong h va 0 <



g < 1sao cho v6imoi X € X ton tai t(x) € (OQh] véi HT(t(x))xH < QHXH thi

nira nhoém 713 6n dinh liy thira.

Chiing minh:
Liy X € X cbdinhva £, €(0;4] sao cho |T ()] < q||x|| Kni do ton tai
t, €(0;4] sao cho:
|7 (. +4) x| < a7 (1)
<q’ |+l
Suy ra ton tai ddy (z,) voi 0 <7, </ sao cho:
|7 (s,)x| < q"||x], trong d6: S, =8+,

Néu S, = © thiveimdi £ €[S,38,.] tacor< @+ Dhva

In(q)

HT(t)xH < Mq" x| < Me ™ Pe |

va do d6 T 6n dinh liy thira.

Néu day (S n ) bi chdn, goi #(x) 1a gid1 han cua day (Sn ) . Do tinh lién tuc

nén suy ra T(#(x)) = 0 va theo bd dé 7 suy ra 7 6n dinh lity thira.

2.3.1.3 Dinh li 5:

Goi M, ([0200)) la khong gian tt ca cac ham thuc bi chin dja phuong
tren R, = [O;OO) vo1 topd hoi tu déu trén cac tap bi chan va M ;,c (R+) la non
duong.

Gia sit J 1M, (R, )—>[0;0] 12 anh xa ¢6 cac tinh chét :

1. J khong giam.



2. Vi mbi sb thuc duong £ thi }E&J(P-l[o;t]) =0,
Néu 7 1a nira nhom trén khong gian Banach X nhu trong bo dé 8 sao cho :

supJ(HT(.)xH) =K, <o (16

[xl<1
thi 7'6n dinh liy thira.
Chirng minh:
Gia sir T khong 6n dinh liy thira.

Khi d6 v6i moih > 0 vamoi 0 < g < I ton tai X, e X , =1 sao cho :

[7(1)x,

Tu dosuyra:

K,2J(|T()x,

ZJ(q.l[O;h])

Piéu nay mau thuin véi (16).

xO

>4 véi moi Z‘E[O;h].

)

Vay T 6n dinh liy thira.

2.3.1.4 H¢ qua 3:
Cho T = { T(t): t>0} 1a nira nhoém trén khong gian Banach X nhu trong bd

dsvalip<w,

Néu !HT(t)pr dt =M (p,x) <o (17) véi moi X € X thi nira

nhom 7 6n dinh liy thira.



Chirng minh:

V61 moi1 s6 duong ¢ dinh £ x€t toan tir tuyén tinh bi chdn

. p
tHThx.X—>L (R+9X) dugc xac dinh boi :

T(t)x, 0<t<h
0, t>h

(19001

Véimdi X € X taco:

1

h ) D
IP(R,,X) - [I“T(t)x“ dtj
0

1

SM(p,x);

|7,

Theo dinh li bj chin déu suy ra tn tai hing s6 duong C, sao cho :

|7,

w0 < Colldl voimoi x e X

Bay gio d& dang suy ra bat dang thirc :
sup IHT(t)pr dt <K, <o
<1 5 ’
trong do K, 1a hang s6 duong.
[ J— p 1 1
Chon J (f ) T _[ f (t) dt va ap dung dinh 1i 5 suy ra di€u can chirng
0
minh.

2.3.1.5 H¢ qua 4:
Cho T = { T(t): t>0} la nra nhém trén khong gian Banach X nhu trong b

d8 8. Néu ton tai him khong giam @ - [OQOO) — [OQOO) sao cho ¢(t) >0 voi

moi ¢ > 0 va £¢(HT(1‘)’CH)‘” =M,(x)<®,VxeX (18)



thi nira nhom 7 6n dinh liy thira.

Chirng minh:

Gia su ¢(0) =0, ¢(1) =1va ¢ tang ngat trén R, | néu khong ta c6 thé

thay @ boi ham:
(¢t

I¢(u)du, 0<r<l1

t> P(t)=1° t
a

Lat+1—a

, 1>1

1
trong d 0: a.= j¢(u)du .
0
Lay X € X ¢b dinh, N1asb nguyén duong sao cho M 4 (x ) <N va lay

t=2N .

véimsi TE[t—Nst] vamoi u >0 taco:

e_“’Nl[t_N;t] (u)HT(t)xH Se_w(t_r)l[t_N;t] (u)HT(t—T)T(T)xH

<M T ()|
Va khi do:
LAOL Al (0L
N¢( Me™" St;[N¢ Me™" du



Suy ra: ¢(%] <1= ¢(1)

T(t)x‘

Vi thé < Me™ vimoi t = N va do d6 Tbichin déu.

Theo [10, B6 dé 3.2.1] suy ra ton tai khong gian Orlicz E thoa
lim|1

t—©

0], =% sao cho véi mdi X € X thoa (18), dnh xa £ > T'(#) X thuse

vao E.

Véi mdi ham thye bi chin khong am f, ta dit:

J(f)= sup Lo S

7 ()

E,tacé:

1

[0:]

I (I () =sup

E

< H‘T()me < oo

vO1 moi xeX.

Theo hé qua 3 suy ra tdn tai hﬁng sb duong K, doc 1ap vdi x sao cho:



2.3.2 Truong hop khong ty sinh
2.3.2.1 B6 dé 9:

Cho U = {U(t > )}tz >0 1a ho tién hoa bi chan lily thira trén khong gian
Banach X. Néu v&i mdi X € X tdn tai 7(x) > 0 sao cho U(S—I—t(x),s)x =0 véi

moi S = 0 thi ho U én dinh lily thira.

Chwrng minh:
Trude hét ta chimg minh ton tai M >0 sao cho :

SE(I)DHU(S+LS)H§M vGoimoi £ 20,

That vay, gia st trai lai thi ton tai day sb thuc dwong (¢,) v6i ¢, = © sao

cho limHU(S +t,, S)H =0

n—0

Theo dinh li bj chin déu suy ra ton tai X € X sao cho :

|U (s+2,,5) ] = % kni 7 —> 00 (mau thudn véi gia thiéo).

v(t—s) . Ly , .
Tu d6 ta nhan dugc ho {e U (t > ) théa céc gia thiét ciia bo dé va

t>5>0
khi 6 :
HU(t’S)H <Me™"™) oimoi 1> S

Do d6 U 6n dinh lity thira.



2.3.2.2 B6 dé 10:
cho U ={U (£,5)}

Banach X sao cho véimdi ¥ € X vamdi § >0 anh xa :

>0 12 ho tién hoa bi chan lily thira trén khong gian

[ HU(S+t,S)yH 'R, > R, Jien tuc trén (0;oo).
Néu ton tai sb thuc duong 4 va g < I sao cho v61 moi X € X tdn tai
t(x) € (OQh] c6 tinh chat

s1>1(1)9HU(S+ t(x).5) 2| < q]*| thi ho U én dinh Ity thira.

Chirng minh:

Liy X€ X cddinhva ¢, € (O;h] sao cho

sup U(S +t H < q||x||

520

Khi d6 ton tai £, € (OQh] sao cho:

sup|U (s +(t, +t1)(x),s)xH

520

<qHU S+t H

< gsup ‘U(S +1, (x),s)x”

s>0

2
<q’[«].
Suy ra ton tai ddy (z,) voi 0 <7, </ sao cho:

Sl:.g)HU(S +Sn(x),s)xH <q" ||x||  trongdo: S, =4 ..+

Néu S, = 0 thi véimdi L €[5,38,.1]| tacor< @+ 1hva



sup|T (1) g1 |

va do d6 T 6n dinh liy thira.

Néu day (S n ) bi chdn, goi #(x) 1a gid1 han cua day (Sn ) . Do tinh lién tuc

nén suy ra U(S +f( ) )X 0 va theo bo dé 9 suy ra T 6n dinh liy thira.

2.3.2.3 Pinh li 6:

Cho U = {U (f > )} 50 1a ho tién hoa bi chin lity thira trén khong gian

Banach X nhu trong bo dé 10 va goi J 1a ham nhu trong dinh 1i 5. Néu ton tai » > 0

sao cho :

supsupJ(HU S+.,8 xH) Jr)<oo (19)

520 [xf<r

thi ho tién hoa U 6n dinh lily thira déu.

Chwrng minh:

Gia sir ho U khong 6n dinh lity thira déu. Khi d6 v6i moi s6 thuc duong 4 va

moi ¢ E(O;l) tontai X, € X va s, 20 sao cho:

HU(SO +1,5,)x

véimoi [ € [O;h].
Do do:

L(J r (HU s, +t,s )rx

)

> J(rq.l[ogh])

vO1 moi 2 > (), mau thuan voi (19).

2.3.2.4 Dinh 1i 7:



Cho J nhu trong dinh 1i 5. Gia st J nia lién tuc dudi va 16i theo nghia
Jensen( nghia la J(f+g) < J(f)+J(g) véi moi £ va g thuoe M, (R+) :
Cho U 1a ho tién héa nhu trong bo dé 10. Néu tap ¥ tat ca nhing X € X ma
SEOPJ(HU(S +.,5)x]) < 14 tap pham trit thit hai trén X thi U én dinh Iy thira

déu.

Chwrng minh:

Lay s >0 ¢6 dinh.

Anhxa x> HU(S +.,S)XH : X > M, (R,) lién tyc.

Piéu nay twong duong voi anh xa
X @ (x):= J(HU(S +.,s)xH) : X —[0;0] nira lién tuc dudi.

Véi mdi sé ty nhién duong , tap X, (5):= {X €EX: J(HU(S + .,S)XH) < k}
dong vi no 1a anh ngugce cua khodng dong [0; k ] qua anh xa CDS :

RO rang tap

X, = {x eX: supJ(HU(s+.,s)xH) < k}

520

:ﬂXk(S)

5§20

cling 13 tap dong va hon nita ¥ 13 hop cia tit ca cac tdp X;. Vi ¥ 14 tp pham tru
thir hai nén ton tai tap X k, €O phan trong khéc rong.

Lay x, € X va r, >0 sao cho B(xonro)CXko-

D& dang thdy ring B (O,— 0) ciing chira trong X, nghia 1a:

|
5 r
sup sup J(HU(S+.,S)xH) <k,

s>0 Hnglrn
2



That vay, vi véimoi X € X' ma HxH <7, taco:

J(HU(H.,S)G)CH ( [ (s +..5)[ (x+x,)- j

¥ 0 T e 1)
)

+%J(HU(S+.,S)

S%J(HU(S+.,S)(X+X0)

xo)

<k

o .

2.3.2.5 H¢ qua 5:
Cho U ={U (t,5)}

>s>0 1a ho ti€n hoa bi chdn theo s6 mil trén khong gian
>5>0 ¥ g .

Banach X sao cho voi mdi ¥€ X anh xa ¢ |[U(s+45)x] lien tuc trén
(O; OO) voimoi § = 0. Xét 3 bat dang thuc sau:

1. Tontai P € [IQOO) sao cho
supTHU(sH,s)pr dt <o,Vxe X
5§20

2. Ton tai khong gian ham E( E 1a khong gian Banach) thoa

lim||1

jm = 530 cho véimdi § =0 vavéimdi X € X 4nh xa

[0.7] P
U(S+-,S)x thudc £ va voi moi x € X ta co:

supHU s +. S xH <o

s>0



3. Ton tai ham khong giam @:[0;00) = [0;0) yei #(2) >0 ysi

moi1 t > 0 sao cho:

sup [ (| (5-+£,5) ] dr <o0,¥x € X

s>0 0

Néu bat ky mot trong cac phat biéu trén 1a ding thi ho U 6n dinh liy thira.



KET LUAN

Qua ludn van nay tac gia da that sy bat dau 1am quen v&1 viée nghién ctru khoa hoc
mdt cach nghiém tic va co hé thong nhat. Tac gia ciing dd hoc tdp dugc phuong phap nghién
ctru trong viéc doc tai li¢u va cac budi hop nhoém trong qua trinh hoc tap. Qua luin van nay tac
gia cling hiéu biét thém vé tinh 6n dinh liy thira ctia ho tién hoa cac toan tir tuyén tinh bi chin
trén khong gian Banach von c6 lién quan mat thiét dén ho nghiém cua bai toan Cauchy. Tuy
nhién, do kién thirc ctia tac gia con han ché nén rat mong dugc su gitip d& va chi bao thém cua

Qui Thﬁy Co trong va ngoai Ho1 déng.
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