__THU o L
ET VEN ~ BQGIAODUCVADAOTAO
=N TRUONG PAI HQC SU PHAM TP. HO CHI MINH

PHAN DUONG CAM VAN

BIEU DIEN TiNH ON PINH MU CUA HOQ TIEN HOA
DUOI DANG CHAP NHAN bUQC

CUA KHONG GIAN ORLICZ

Chuyén nganh : Toan Giai Tich
Ma so : 60 46 01

LUAN VAN THAC ST TOAN HOC

NGUOI HU’C)NAG DAI\‘I KHOA HOC
PGS. TS LE HOAN HOA

Thanh phé Hé Chi Minh - 2010




LOI CAM ON

Dau tién t6i xin bay t6 long tri 4n sdu sic d6i voi Thady PGS.TS. Lé Hoan Héa —
Khoa Toan — Tin hoc, Truong Pai hoc Su Pham TP.HCM da hudng dan , dong vién va giap
do toi tan tinh trong sudt qua trinh hoc tap va thuc hién luan van.

T6i xin giri 101 cam on dén quy Thay,Co trong Hoi dong cham luan vin da danh thoi
gian doc,chinh sira va déng gop ¥ kién gitp toi hoan thanh luan vin nay mot cach hoan
chinh.

T61 chan thanh cam on cdc Ban chi nhiém nhiém Khoa Toén — Tin hoc Truong Dai
hoc Su pham TP.H6 Chi Minh, cac Thay,Cé di tan tinh tham gia giang day toi trong 16p cao
hoc Giai Tich khoa 18 va Phong KHCN — SPH Truong Pai hoc Su pham TP.H6 Chi Minh.

To6i goi 10i cam on dén Ban Giam Hiéu, cac dong nghiép td bo mon Toan trudng
THPT Chuyén Lé Hong Phong d tao diéu kién thuan loi cho t6i trong cong tac dé toi co thé
tham gia day du cac khoa hoc ciing nhu hoan thanh luan vin nay.

T6i ciing goi 1oi cam on dén tat ca cac ban trong 16p Cao hoc khoa 18.

Cubi cung , trong qua trinh viét luan van nay , kho tranh khoi nhiing thiéu sot , toi
mong nhéan duoc nhimg ¥ kién dong gbp ciia ban doc. Moi ¥ kién dong gop xin goi vé email:

phanduongcam_van@yahoo.com

Xin chan thanh cam on.



MO PAU
1. Lido chgon dé tai :

Hién nay , van dé nira nhom va ho tién hoa trong khong gian Banach 13 huéng nghién
ctru 16n cta toan hoc hién dai . Nhiéu nha toan hoc trén thé giéi da va dang tiép tuc nghién
ctru phat trién van dé nay theo nhiéu hudng khac nhau . Bac biét mot s6 nha toan hoc quan
tam nghién ctru tinh 6n dinh mii cta ho tién hoa trong khong gian Orlicz .

Vi véy chiing t6i chon dé tai nay 1am noi dung nghién ciru ciia luan van nham hoc tap
va phat trién dé tai theo hudng nghién ciru trén
2. Muc dich :

Luan van nghién ctru tinh 6n dinh mii cua ho tién hoéa trong khong gian Orlicz thong
qua nghiém cua bai toan Cauchy
3. P6i twong va pham vi nghién ctru

Luén van trinh bay lai két qua bai bdo “ A Characterizationof The Exponential
Stability of Evolutionary Processes in Terms of The Admissbilty of Orlicz Space ” cuia ba
tac gia C.Chilarescu — A .Pogan —C.Preda nhung ching minh chi tiét hon .

4.Y nghia khoa hoc thyc tién
Két qua ctia luan van nay 1 co sé tiép tuc nghién ctru cac tinh chat khac ctia nghiém

phuong trinh vi phan véi tinh 6n dinh mil cta ho tién hoa.



NOI DUNG PE TAI

Chuwong 1: Trinh bay nhing kién thirc co ban lién quan dén ho tién hoa va mot s phuong
trinh vi phan

Chuwong 2 : Trinh bay dinh nghia khong gian Orlicz , céc tinh chat va két qua c6 dugc trong
khong gian nay .

Chuong 3 : Biéu dién tinh 6n dinh mii cua ho tién hoa duéi dang chép nhan dugc trong

khong gian Orlicz.



Chuong 1
MOT SO KIEN THUC CO BAN

1.1 NUA NHOM LIEN TUC PEU CAC TOAN TU TUYEN TiNH BI
CHAN
Dinh nghia 1.1.1:

Cho X 1a khong gian Banach .Ho tham sd T(t), 0<7<o cta cac toan tir tuyén tinh bi
chan tr X vao X dugc goi 1a nira nhém céc toan tir tuyén tinh bi chan trén X néu
i) T(0)=1(I1a toan tir ddng nhat trén X)
i1) T(t+s) =T(t) .T(s) véi moi t,s>0

M6t nira nhom cac toan tur tuyén tinh bi chan T(t) goi 1a lién tuc déu néu

lim|[T(¢)-1]|=0 (1.1)

t—0

Tur dinh nghia r6 rang ta c6 :
Néu T(t), 0<t <o, la mdt nira nhom lién tuc déu cac toan tir tuyén tinh bi chan thi
lim|T(s)-T(¢)|=0 (1.2)

Dinh nghia 1.1.2 :

Cho {T () 1a mot nira nhom lién tuc déu cac toan tir tuyén tinh bi chan xéc dinh
trén X .V&i h > 0 ta dinh nghia toan tir tuyén tinh A, xéac dinh nhu sau :

Ahx:%,xeX (1.3)

Ki hi¢u D(A) 1a tap tat ca cac x € X sao cho gi6i han lim A, x tdn tai , ta xac dinh toan
h—0

tor A trén D(A ) nhu sau :
Ax=limA,x , xeD(A) (1.4)

h—0
Ta goi todn tir A x&c dinh nhu trén 14 todn tr sinh cuc vi cua nira nhém T(t) va D(A) 1a tap
xac dinh cuia A
Pinh i 1.1.3:
MOt toan tir tuyén tinh A 13 toan tir sinh ctia nira nhom lién tuc déu néu va chi néu A 1a
toan tu tuyén tinh bi chan

Chung minh :



Cho A la toan tir tuyén tinh bi chan trén X va dat
T(t)=e" =§% (1.5)
Vé phai cua (1.5) hdi tu theo chuin v&i moi 7> 0 va xéac dinh véi mdi t mot toan tir tuyén
tinh bi chan T(t)
R rang 1a T(0) =1 véi cach tinh tryc tiép trén chudi lily thira trén ta thay
T(s+1)=T(s).T(t)
Tién hanh danh gia chudi lily thira trén ta c6 :
[7(0)=1] <] ™
T(1)-1
t

va —A

<allr()-1

Tir do suy ra réng T(t) 1a nra nhém lién tuc déu cla toan tur tuyén tinh bi chan xac
dinh trén X va A 1a todn tir sinh cta T(t)

Mait khéc cho T(t) 1a nira nhém lién tuc déu cua toan tir tuyén tinh bi chan xac dinh
trén X .C6 dinh p > 0,dd nho sao cho:
p

I—p_le(s)ds

0

<1

P P
Suy ra rang p‘l_[T(s)ds la kha nghich va vi vay IT(s)ds 1a kha nghich
0 0

Bay gio

h‘l(T(h)—I)JjT(s)ds:h‘l HT(s+h)ds—J:T(s)ds}

h{pJ:hT(s)ds—IT(s)ds}

Vivay n(T(h)-1)=h" th(s)ds —TT(s)ds} ﬁT(s)ds}l (1.6)



Cho 71— 0 trong (1.6) ta thdy &' (T(h)—1) 1a hoi tu theo chuan va vi vAy du manh dé
o -1

toan tir tuyén tinh bi chin (T(p) — I)UT(S)dsj 12 toan tr sinh cta T(t)
0

Vay ntra nhom T(t) c6 mot toéan tir sinh A thi c6 duy nhat khong ? Tra 16i cau hoi nay
ta xem dinh li sau:
Pinhli1.1.4:
Cho T(t) va S(t) 1a nira nhém lién tuc déu cac toan tir tuyén tinh bi chan .

Néu hmM A= 1imM
t—0 t t—0 t

(1.7)
thi T(t)=S(t) véimdir>0
Chung minh :
Cho T>0, S(t)=T(t), véi 0<¢<T.Cédinh T >0, khi t —|T(¢)| va r—|s(¢)| 1alien
tuc thi ton tai hang s6 C sao cho :
I7(2)| |s(r)|<C voi 0O<t,s<T

Tu (1.7) cho £>0, ton tai mot s6 5 >0 sao cho :

h‘IHT(h)—S(h)H<T—gC voi 0<h<§ (1.8)

\ t < A, ., , \ ,
Cho 0<tr<Tvachon n>1 sao cho —< ¢, tir tinh chat cua ntra nhom va (1.8) ta c6 :
n

()50 r(n - s[
3 T((n—k)%)S %)—T((rz —k —1)%).5("21:)”
(-l )

<Cn——<¢
TC n

IA
T

IA

Il
je)

Vay S(t)=T(t), v6i 0<t<T
Do hai dinh li trén ta cé két qua sau:
e T(t) 12 nira nhom lién tuc déu cua toan tir tuyén tinh bi chin . ta c6

e Ton tai hang s6 @>0 sao cho HT(t)H <e”



tA

e Ton tai toan tir tuyén tinh bi chin duy nhit A sao cho T(t)=e

e Toan tir A trong phan b 14 toan tir sinh cua T(t)

e t—T(t)lakhd vivéichuan va d%’)zAT(t)zT(t)A

1.2 NUA NHOM LIEN TUC MANH CAC TOAN TU TUYEN TiNH BI
CHAN
Dinh nghia 1.2.1

Mot nira nhom T(t) 0 <f <oo cla cac toan tir tuyén tinh bi chan tr X vao X duoc goi
13 nira nhém lién tuc manh néu:

limT(t)x:x voimoi x € X (1.9)

t—0

Mot nira nhom lién tuc manh cac toan tur tuyén tinh bi chan trén X s€ dugc goi la
mot nira nhom cua 16p C, hay goi tat 1a nira nhém_C,
Pinh i 1.2.2 :

Cho T(t) 1 nira nhém_C, , khi d6 ton tai hang s @>0 va M >1 sao cho
HT(t)HSMe‘”t v6i0<t<oo (1.10)

Chung minh :

Trude tién ta thiy rang c6 mot s6 7> 0 sao cho HT(t)H 1a bi chin trong 0<t<7.

Thét vdy néu diéu nay sai thi ta c6 day {z,} théa

t,20 , limz =0 vc‘lHT(tn)HZn

Khi d6 4p dyng dinh Ii bj chan déu ta théy ton taix € X sao cho [T (z, )| 1a khong bi chan,
mau thuan véi ( 1.9).

Vay [T(t)|<M vsio<t<py

Tac6 |T(0)|=1.M=1 . Cho@=7"logM>0 . Chot>0

Taco t=ny+3, v6i0<5<7.

Ap dung tinh chét nira nhém ta c6 :

[r(l=}7(&)7(n)

H¢ qua 1.2.3:

<M™ <MM" =Me” (dpcm )




Cho T(t) 1a nita nhém_C, thi véimoi xe X , t - T(¢)x 1a mot ham lién tuc tir
(0;0) vao X
Chung minh :
Cho t,h>0 tacé:

HT(t +h)x - T(t)x” < HT(t)H HT(h)x - xH < Me”

T(h)x - xH
Vachot>h>0
HT(I - h)x - T(t)x” < HT(I - h)H Hx - T(h)x” < Me”

x—T(h)xH

Vay t > T(t)x lién tuc

Pinh li 1.2.4:

Cho Cho T(t) 1a nta nhém _Cy va A la todn tir sinh ctia n6 .

Taco

D V6 xeX . lim L [ T (s ds=7(1) (L11)
h—0 f g

b) Voi xe X

Ta cod T(t)xeD(A) va A( T(s)xdsJ:T(t)x—x (1.12)

O —_—

¢) Cho xe D(A).Taco T(t)xeD(A)

va %T(t)x:AT(t)x:T(t)Ax (1.13)

d) Cho x e D(A) ,tacod

T(t)x—T(s)x:jT(r)Axdr :jAT(r)xdr (1.14)

Chung minh :
a) Phan nay duogc suy ra truc tiép tir tinh lién tuc ctia ¢ — T () x

b) Cho xe X vah>0.taco

(%jIT(s)xds = %j.(T(h + s)x - T(s)x)ds

0

1t+h 1 h
:Z I T(s)xds—z}[T(s)xds

t



vakhi h— 0 vé phai s& tién dén T(¢)x —x, ta c6 diéu phai chimg minh

c¢) Cho xeD(A) ,vah>0,taco
—T(t)x:T(t)[%jx%T(t)Ax khi h—>0

Vi vay T(t)x € D(A) va AT(t)x = T(I)Ax nén suy ra rang
d+
ET('[)X = AT(t)X = T(t)Ax
Nghia 1a ¢dao ham bén phai ctia T(t)x 1a T(t)Ax.Chtng minh (1.13 ) ta phai thay rang cho t
>0, dao ham bén trai cua T(t) x ton tai va bang T(t)Ax

limr(t)x ~T(t-h)x T(t)Ax}

h—0 h

h—0 h—0

= limT(t - h){%— Ax} +1im[ T(t-h)Ax— T(t)Ax =0

T(t—h)| bichantrén 0<h<t

h—0

an(t—h){%—Ax} =0do xeD(A) va

va lim T(t - h)AX - T(t)AX] =0 do tinh lién tuc manh cua T(t)

h—0

d) Ta chi can lay tich phan tir s dén t hai vé ctia (1.13) s& c6 diéu phai chimg minh

1.3 NUA NHOM CAC TOAN TU TUYEN TiNH VA BAI TOAN
CAUCHY
Cho X la khong gian Banach va cho A 1a toan tir tuyén tinh tir D(A)< X vao X . Cho
x € X , bai toan Cauchy ctia A véi gia trj dau x 1a:
du(t)

T:Au(t) t>0 (115)

u(O) =X
Nghié¢m cua bai todn trén 1a ham u(t) thoa :
e cogiatritrong X
e u(t) lién tuc véimoi t>0, kha vi lién tuc

e u(t) eD(A) véimott>0



e thoa (1.15)
R& rang , néu A 13 toan tir sinh ctia nira nhom Coy T(t) thi bai todn Cauchy theo A cé

nghiém u(t) =T(t)x v61 moi x thudc D(A) .

That vy dinh1i 124 thi dir(t)x = AT(1)x =T (1) Ax va T(O)x = x
4

Bay gio ta xét xem bai toan gid tri dau khong thuan nhat

du(t

%:Au(t)jtf(t) t>0 (1.16)
u(O) =X

Vi f: [O,T) — X, Ala Alatoan tr sinh cta ntra nhom C, T(t) sao cho phuong trinh

thuan nhat twong g c6 nghiém duy nhét v6i moi gia tri dau xe D(A)

Dinh nghia 1.3.1:

Mot ham u: [O,T) — X 1a nghi€ém manh ctia 1.16 trén [O,T)néu :

u lién tuc trén [O,T)

u kha vi lién tuc trén (O,T)

u(t)eD(A) v6i 0<t<T

théa 1.16 trén [O,T)

Cho T(t) 1a ntra nhom _Cy dugc sinh bdi A va cho u 1a mdt nghiém cua (1.16). Khi do
ham c6 gid tri trong X 1a g(s) = T(t-s) u(s) lakhavi v6i0<s<t va

% — _AT(t - s)u(s) + T(t - S)ll'(S)
S

:—AT(t—s)u(s)+T(t—s)Au(s)+T(t—s)f(s)
=T(t—s)f(s) (1.17)
Néu feL'((0,T):X) thi T(t—s)f(s)kha tich va ldy tich phan (1.17) tir 0 dén tta co :

T(t- s)u(s)‘; = jT(t —s)f(s)ds
= u(s)-T(H)x = jT(t —s)f(s)ds

:>u(s):T(t)x+jT(t—s)f(s)ds (1.18)



Tir dinh nghia trén ta thdy néu f e ! ((O,T) : X) thi voi moi xe X, bai toan gia tri dau
(1.16) c6 nhiéu nhat mot nghiém , néu nd c6 nghiém thi nghiém nay duoc cho bai (1.18)
Dinh nghia 1.3.2:

Cho A 14 toan tr sinh ctia ntra nhdém Co T(t) .Cho x e X va feL'(0,T: X). Ham
ue C([O,T] : X) duoc cho boi :
(

u(t):T(t)X+IT(t—s)f(s)ds 0<t<T

0
1a mot nghiém yéu (mild solution ) ctia bai toan gia tri dau (1.16)
Tham khéo [1]
Pinh 1i 1.3.3:

Cho A 14 toan ttr sinh ctia ntra nhém _Cy T(t) .Cho f € L'(0,T: X) lién tuc trén [0,T]
va cho V(t):IT(t—s)f(s)ds 0<t<T.
0

Bai toan (1.16) ¢6 nghiém manh u trén [0,T) v&i moi x € D(A) néu mot trong hai
diéu kién sau dugc thoa :
1) v(t) lakha vilién tyc trén (0,T)
ii) v(t)e D(A) v6i 0<t<T va Av(t) lién tyc trén (0,T)
Néu bai (1.16) c6 nghiém u trén [0,T) v6i moi x € D(A) nao dé thi v(t) sé thoa ca hai diéu
kién 1) va ii)
H¢ qua 1.3.4:

Cho A 1a toan tir sinh cua nira nhém _C, T(t) .
Néu f(s) 12 kha vi lién tyc trén [0,T] thi bai toan (1.16) c6 nghiém manh u trén [0,T) voi
moi x e D(A) .
1.4. HO TIEN HOA TREN KHONG GIAN BANACH

Dinh nghia 1.4.1:
Cho X la khong gian Banach

L(X)= {f :X—>X ,ftuyén tinh lién tuc} .trén L(X) x4c dinh chuén sau

()

[~
X

Khi d6 ta c6 (L(X),

Hf H =sup H) la khong gian Banach



Ho @t = {U(t,s)}t o © L(X) cac toan tu tuyén tinh bi chan trén X dugc goi la ho

tién hoa trén R, néu va chi néu :

(6.t)
e,) U(.,s) lién tuc trén [s ;00) Vs>0 VxeX
U(t,.) lién tuc rén [0 ;t] Vt>0 VxeX
e;) U(t,s):U(t,r)U(r,s) Vtzr=s=0
e,) 330 M,w>0 sao ChOZHU(t,S)HSMew(t_S) Vi>s>0
Néu e, ding vé1 @< 0 thi ho tién hoa @ goi la 6n dinh mii déu

(uniformly exponentially stable , goi tit 13 u.e.s )

Nhu vy ta c6 thé phat biéu nhu sau : ho tién hoa @ = {U(t,s)}t .

duoc goi la 6n
>0

dinh mii déu néu ton tai 2 hang s6 duong N , v sao cho thoa diéu kién sau :

|u(ts)|<Ne™ (1.19)
Néu ho tién hoa @ théoa thém diéu kién sau :

e.) U(t,s)=U(t—s;0 YVt>s>0
5

thiho T = {U(t,O) Tt O} < L(X) 1a mét nira nhom lién tuc manh trén X .

Trong truong hop ndy e4 1a hién nhién dung .
Cho bai todn non- autonomous
du(t
) _au() 120
dt
u(O) =X xeX
Véi A(t) 1a toan tir tuyén tinh ( c6 thé khong bi chin )

Nghiém yéu ciia hé phuong trinh trén dan dén ho tién hoa trén R,

U={U(t,s):t2s20} cL(X)



Chuwong 2
KHONG GIAN ORLICZ VA MOI LIEN HE VOI
KHONG GIANL', L”

2.1 NHAC LAIMOQT SO KHONG GIAN HAM .
Cho X 1a khong gian Banach , f'1a ham do dugc Bochner

M(R,,X)={f:R, - X,dodugc Bochner}

Ll

loc

(R,.X)= {f S M(R+,X):J.Hf(t)udt <+0,K cR,,K compact }
K

L (R,.X) {f eM(R,X): [ (1) dt<+o0 , pe[ls0) }

L°°(]R+,X):{feM(]R+,X): ess supr(t)H<+oo}
teR,

Tabiét L’ (R,,X),L"(R,,X) 1a khong gian Banach véi céc chuan tuong mg sau :

1
HprL{{Hf(t)deth va ||f||oo=ess ts:ﬂlé)”f(t)”

Céc ki hiéu don gian :
LP=1r (R+,R) pe [l;oo)
L”=L*(R,.R)

=1/

1
L loc

loc

2.2 KHONG GIAN ORLICZ.
Dinh nghia 2.2.1

(R..R)

Cho ¢:R, >R, ¢ khong giam ,lién tyc trai va co tinh chit go(t) >0,Vt>0

é(t) = Iw(s)ds goi la Young function

0
Nhin xét vé ham ¢ :

t

vV 0<t,,t, tacod ¢(t1):T¢(s)ds, ¢(t2):I¢(s)ds

0



* V 0<t <t tacd ¢(t,)<¢(t,).Ham ¢ khong giam

Do ¢ I(o _[ ds+_[go(s)ds:¢(t1)+_[(o(s)dsz¢(tl)

* p(t)>0,t>0=g(t)=[p(s)ds>0 ,vt>0

0
*  Daoham ¢'(t)=g(t) v6ihau hétt >0
Do ¢ 1a ham khong gidm , lién tuc trdi nén ¢ 1a ham bién thién bi chin , theo mot két
qua trong “ Giai tich hién dai “ cia Hoang Tuy thi ¢ c6 dao ham hau khip noi va
p'(t)=0 , Vt>0
Vay ¢"(t) = go'(t) hau khép noi , suy ra ¢ 1a ham 161 , nghia 1a :
g At +(1-2)t, [<2g(t)+(1-2)g(t,)  Vi,t,>0

Do tinh chat ham 1di ta c6 :

¢[‘f‘+‘g‘j o(If])+ (\g\) @2.1)
dSaml)sSaole) o0sn . San

Ap dung vao trong dinh nghia tich phan ta co:
1 171
(k— ! \dsJ = ¢(; ! E\f(s)\dsj (2.2)

Dinh nghia 2.2.2:
Cho f:R, - R, dodugc Bochner.Ta dinh nghia :

M?(f)= T¢(\f(s)\)ds (2.3)

0
Ta dat 1/ ={f sao cho Jk >0 @& M¢(kf)<oo}

Trén 1’ ta xac dinh chuin nhu sau: HfH¢ = inf{k >0:M* (%fj < 1} i

Khi d6 , tacod 1’1a khong gian tuyén tinh
i/ Vf,geL’ chingminh f+gel’



Tacd fel’ =3k, >0saocho M’ (kf)<o= Tqé(‘klf(s)‘)ds <o

gel’ =3k, >0sao cho M?(k,g)<0o= Tgb(‘kzg(s)‘)ds <o
0

(£G4 | Jof () sl o [ o) el s
[2o(sa(o)) ol o

2ol FLollel s

< ol 2ol

Suyra f+gel’

{2
“f

ii/ Vf e ’,a € R ching minh af € L/

Tacod fel! =3k, >0sao cho M’ (k,f)<o= J.¢<‘klf(s)‘)ds <o
0
1
Chon k=—k

Jaf ™

Tacd M¢ kaf U‘ ‘kaf

\kf

Suyra af e’

Kiém tra dinh nghia trén la chuin

. 1
) ||f||¢:mf{k>o;M¢(Efjs1}zo,\\f\\¢:o@f:o.

o

Ta c6 :Hfu¢:inf{k>o;M¢(lfj31}:o
Néu £f=0 suyraM¢( j I[‘
0

Nguoc lai [|f], = inf{k >0:M* (lfj < 1} =0




= 3{kn}n€N sao cho: k, —»0

vl i

k—f(s)

n

i)

. |
jds:_[ k_[ p(t)dt <1,VneN

0 0

Suyraf=0
i) ef], =|allf],

||0(f||¢ :inf{k>O:M¢(lafj£1}. A:{k>O:M¢(lafj£1}
k k
I, :inf{k>O:M¢(lfj£1}. bit B:{k>O:M¢(lfj£1}
k k

Tacé ||05f||¢ =infA, |f||¢ =1infB

Trudc hét ta co:

M (£) Hf 5)|Mis = M* (af) :I (o (5) s
= (e (5 s =)
VkeB:Mﬂ’(%fjg:Mﬂ’(éafjg

:>kaeA:>HafH¢£ka£k‘a‘

= |ef], <kle|= VkeB =|af], <|f],l (2.5)
Nguoc lai
VkeA:WG j<1:>M"’(%fj£1

=i r)ei=ben

‘—HfH =kz|al|f], .VkeA

"l
ad (26)

Tir (2.5) va (2.6) taco : |af], =|a]|f],

i) vf. g e L :[ £ + g, <[\ 7], +]gll,



\\f\\¢=inf{k>o:M¢&fj 1}:1\4{“ i) J

1 1
g inf{k>O:M¢(—gj<l}:M‘{ j<1
el - Tk

f+g| =inf{k>0:M’ lf+g <1
¢ k

Ap dung tinh chat ham 16i ctia ¢ ta 6 :

1
M¢[\\f\\¢+\\g\\ (“g)]“:”“g‘bS”fﬂwug\u

Khi d6 ta c6 (

¢) 1a khong gian Banach

Dinh nghia 2.2.3

Khong gian Banach (

¢) goi la khong gian Orlicz (Orlicz space)

Vi du 2.3.4:

1 néu se[0,]

__ 1
6 (1Y
"‘U

Chimg minh g, €L v | V>0

Zlox]

Chli’ng minh:
i/ Chimg minh %, €L’
y 1 néu se[0,]
o1 Z[oz]( ) 0 néu Sg[o’t]
oo‘k [0 )‘
Xét M¢(klo t]) I¢(‘k10 o] {8 ‘)d | ola)da as

e ot
:_[ _[ ¢(a)da ds+_[ I ¢(a)da ds

0 0 t 0
t k

[ o(a)da ds=[#(k)ds=tp(k) <z

00



Vay z,, € L’

ii/ Chimg minh :‘

Xos] ,Vie>0

1
¢l
a4
=inf{k >0:M*’ l <1
s S ke )2
Pit A={k>0:M’ 1 <1
: - kZ[O;t] =

1
oo‘il[o‘l](s)

Ta ¢6 M¢(%l[0;t]j£1:>_" I p(a)da ds<1
0

0

Tacé‘

Xlox]

1
¢ [A00)

= _[ qo(a)da ds<1

= ﬁ(o(a)da ds<1= j.¢(%jds£1:> t¢(1j <1

k
-t e et
=k ! 7 ,Vke A

4t
= infA = !

Vay ‘ V>0

1
X[O;t] y N ¢_1 (lj
t
2.3 MOI LIEN HE GIUA KHONG GIAN ORLICZ VOI KHONG GIAN
LP , LOO

Pinhly 2.3.1: L’ =L’ néu ¢(t)=t",Vt>0



Chung minh :
Tacé ¢(t)=t" = p(|kE(s)]) =kt (s)[
Khi do ta co :
Liy fel’ =3k >0sao cho M?(kf)<1

= [[ke(s) ds =ke [[e(s)]f ds<1<oe
0 0

= THf(s)HP ds<oo =>fel’. Suy ra I/ cL® 2.7
0
Nguoc lai :
Liy fel’ = THf(s)Hp ds < o0
0
= 3k >0 sao cho M’ (kf)= kPTHf(s)Hp ds < oo
0

=fel’Suy ra I’ L’ 2.8)
Vay tr 2.7) va (2.8)taco L* =1/ |(dpcm )
Dinh li : 2.3.2:

1
va ¢ (s)=sP ,Vs>0

p

Néu L[F=L¢,

Ao, = [ A1on)

¢

thi ¢(t)=t",vt>0

Chung minh :

Taco:

b - 11 ,Vt>0

¢:¢-1Cj cjp
’ s :j:

1 1 (1
: p©¢l—(1jt©¥¢ (;j (2.9)

t

Ao]

l[o;t] (S) }([O;t] (S)

)
P 0

P t
ds:jlds:t,vwo
0

. ¢Gj:% V>0 (2.10)



Mat khac ta co6 :

¢ (s)= s% =¢" Gj = (1jp @.11)

09 NON RN e
D S GIEOD

Do (2.10) ta co ¢(

e=]
p—

— | —

Dinh1i2.3.4 :
Néu ¢(t)=e'-1thi I/ <L’ ,Vpe[L;o)
Chung minh :
Trude hét ta c6 két qua sau :t" <m!g(t) ,vVt>0 ,VmeN". (2.12)
That viy " <m!g(t) < ml(e' —1)-t" >0.Pat f(t)=m!(e' -1)-t".
Lay dao ham cdp m ham sd f(t) taco :
f'(t)=m!e' —mt™"
f'(t)=mle'—m(m—1)t"
f"(t)=mle' ~m.(m—-1)..3.2
£ (t)=mle'~m!=ml(e'~1)>0 Vt>0
Taco ™ (t)>0 ,vt>0
suy ra £ (t) =1a ham ting trén (0;+00), ma £ (0)=m!>0
Nén: f"(t)>0 , Vt>0
Chirng minh tuong tu ta c6:
f'(t)>0 ,Vt>0=1f(t)1a ham ting trén (0;)
Ma f(0) =0 nén f(t)>0,vte(0;0),
Vay t" <m!g(t) ,Vt>0 ,VmeN

Tiép theo chimg minh: I c 1P \Vpe [1;00)



Tacod :Lf :{fsao cho 3k > 0 thi M¢(kf)<oo}

Lm{f:R—ﬂR sao cho Hf(t)‘mdt<oo ,meN’ }
R,

vfel! =3k >0 thi M*(kf)<oo= T¢(\kf(s)\)ds <o
0

Ap dung (2.12) taco ‘f(s)‘m < m!¢<‘f(s)‘) ,VmeN’

Suy ra

I\kf (s)\mdsszmkﬁ(\kf (s)\)ds=Im!¢(\kf(s)\)ds<oo

0

:I‘f(s)‘mdSSw:feLm

0
Vay fel" =L/ cL" ,VmeN’
Talaico L" "L cI? ,Vpe[m;m+1],¥vmeN’
Nhuvaytacd VpeR"=3ImeN saochop e[m;m+1]

o . |[PcL "
Mitkhiac : I cL",VvmeN = =L cL"nL"
L¢ c Lm+l

Vay I’ 1P ,Vpe[l;o) (dpcm)
Dinh nghia 2.3.5 :

Néu E 1a khong gian Orlicz ta dinh nghia

feM(R, ; X) saocho ham sd sau: R, >R,
E(X)= t )],

la ham thudc E

Khi d6 E(X) la khong gian Banach voi chuan [f], . =| (-]

.
Dinh li 2.3.6:
Néu {fn}neN cE(X),feE(X),f, > f trong E(X)

Khi d6 ton tai ddy con {fnk}k At} sao cho f, —f trong E(X)

Tham khao [7]



Chuong 3
BIEU DIEN TiNH ON PINH MU CUA HQ
TIEN HOA DUOI DANG CHAP NHAN PUQC CUA
KHONG GIAN ORLICZ

3.1 GIOI THIEU

Trong chuong ndy chung t6i chirng minh mot chudi tién héa trén khoéng gian Banach
X 13 6n dinh mii néu ( va chi néu ) mdi ham f do dugc thudc khong gian Banach E(X) xac
dinh ham

X, ‘R, =»X

t > Xf(t) = U(t,s)f(s)ds

O ) ~

thuoc E(X), v&i E 1a khong gian Orclicz

Xét bai toan Cauchy sau trén khong gian Banach:
x'(1) = A(1)x(¢)
i

Khi d6 nghiém cua (3.1) c¢6 dang x(t) = U(t,s)x(s) , t>5>0 thoa diéu kién dau

x,€D(A(t)),t=5>0 (3.1)

x(s)=x, € D(A(s))
Xét bai toan Cauchy khong thuan nhat:

{x'(t) =A(t)x(t)+ £ (2)

x(0)=0 >0 (-2

t
Ham u,(t)= IU(t,s)f(s)ds 13 nghiém yéu cua (3.2), trong mét sd trudng hop dic biét

0
u, 1a nghiém duy nhat cua (3.2) ( tham khdo [4] )
Trong [2] d3 trinh bay sy biéu thi dic diém cua tinh 6n dinh mii di v6i nghiém cia
phuong trinh vi phan tuyén tinh :
x'(t)=A(t)x(t) t€[0,4x),xeR"
V61 A(t) 1a ma tran cac ham bi chan

va x'(t)zA(t)x(t) +f(t) te[0,+oo),xe]R” ,vo1 f(t) 1a ham bi chdn trén R |



Nhiing két qua tim duoc & chuong nay thé hién sy lién két giira tinh 6n dinh mii cua
ho tién héa véi tinh chap nhan duoc ctia khong gian ham , dic biét 1a khong gian Orlicz L/
3.2 NHUNG KET QUA CHINH.
Pinh 1i3.2 .1

¢ 1a ham Young cua khong gian Orlicz L thi

1/ Anh xa 21¢:]R*+ —>R,

1
t = a¢(t) =tg" (Ij la khong giam

2/}”f(s)HX ds<a,(t)[f], .vt>0 vfel’
0

Chung minh 1
Pau tién ta ching minh ham s6 sau 1a khong giam
b:R, >R,
#(u)

u

u Hb(u):

Thatvay V O<u,<u, taco:

u
ds=—"L.dv
s X u, ... |s=0=>v=0
bits=—v= .Khi dé6 .
u u s=u,=>v=u
2 v=—2g 1 2
ul



u u
(doO<u, fu,=—L<1=>—-"Lv<y
u, u,

:Np(inggp(v) do ¢ khong gidm)

u,

Ma b(u, )= ¢(uu2) :uiTgo(s)ds: ! Igo(v)dv

Vay b(ul)s b(uz). Suy ra b khong gidam (3.3)
Tiép theo ta chimg minh a » 18 ham khong giam

Nghiala:V 0<t, <t, canchimgminh a,(t,)<a,(t,)

Taco:
1 1 o 1 a1 . T T
\ 0<t1£t2:>t—£t— = ¢ - <¢ . . (theo dinh nghia ctia ham ¢ ta c6 ¢ la ham
2 1 2 1
dit 1a o, dit 1a o,
khong gidm )
Tacd do b khong gidm nén:
b(w,) < b(a,) = 22) < #(@)
W, @
1 b
t, t, 1 1

Suy ra a, khong giam |(dpcm)

Chung minh 2

Xét fel?, theo dinh nghta ||f, = inf{k >0: M’ &fj < 1} >0.

DatA:{k>0:M¢&fj31}

Khi d6



=3 <|f,  do |f],=infA

=S j(\f(s)\)ds <|f], a,(t) ,vt>0

0

Hé¢ qua 3.2.2 :
Chung minh tuong tu dinh 1i trén ta c¢6 két qua sau :

to+t

[1E(s)as<a, (O], -vt,>0,t>0 ,vfel (34)

Dinh nghia 3.2.3:
Cap khong gian Orlicz (E, F ) goila chép nhan dugc cho ho tién hoa

a = {U(t,s)}t e néu Vf e E(X) thi ham x, xd4c dinh nhu sau thudc F(X)

X, ‘R, =»X



¢ ox (0= [U(L)F(s)ds (3:5)

0
Bo dé 3.2.4:
Néu cap khong gian Orlicz (E , F ) chip nhan ho tién hoa

= {U(t,s)}t ., th ton tai s6 k >0 sao cho | < k.||f||E(X)

el
Chung minh :
Ta xét ham T dugc dinh nghia nhu sau :
T:E(X)— F(X)
f —T(f)=Tf
V61 ham Tt xac dinh nhu sau :
T: R, —>X
C o TE() = [U(Ls)E(s)ds
0

Khi do6 ta co :
i) Vf,ge E(X),Vt>0, taco

t

T(f+g)(t)= jU(t,s)(f +g)(s)ds

0

.:[U(t,s)f(s)ds + _:[U(t,s)g(s)ds
= Tf(t) + Tg(t)
Suy ra T(f+g)=Tf +Tg (3.6)

ii) Vf e E(X),Va eR,Vt>0

t t

T(ocf)(t) = IU(t,s)(af)(s)ds = aIU(t,s)f(s)ds = an(t)

0 0
Suy ra T(af)=aTf (3.7)
Tir (3.6) ,(3.7) ta co T 1a tuyén tinh
Liy {g,} <E(X), geE(X) va heF(X) saocho
g, —g trong E(X)
Tg, —>h trong F(X)



Ta c6 HTgn (t) - Tg(t)HX =

_:[U(t,s)gn (s)ds - _:[U(t,s)g(s)ds
<Jlotes)

< IMew(t_o)

g,(5)—g(s)]as

g (s) —g(s)Hds

< Me‘”tj

0

SMe”ta¢(t)

g,(9)—g(s)|ds

g —gHE(X) Vt20,VneN

Khidé h=Tg, ap dung dinh li dd thi dongtacd T lién tuc, ma T tuyén tinh nén no

cling bi chédn .Vi thé ta co :

[l = 1Tl <ITIED ) VE€E(X)  (dpem)

B6 dé 3.2.5

Néu L’ 1a khong gian Orlicz,h € Y ,h>0 vatdn tai 2 hﬁng s6 a,b sao cho

h(r)Sah(t)+b Vr>2t>0,r—t<1.Khido hel”
Chung minh :
Véi gia thiét h(r)<ah(t)+b Vr=t>0,r—t<I,tacé

h(n+1)<ah(s)+b VneN,se[n;n+1] (3.9)

Va tir day ldy tich phan 2 vé cua (3.9)taco :

n+l n+l n+l
[h(n+1)ds< [an(s)ds+ [ bds VneN

n n

n+l
:>h(n+1)£a_[ h(s)ds+b ,vneN

n

:h(n+1)£a .a¢(1) .HhHL¢ +b<w , VneN

Suyra h(n+1)<eo VneN = c=suph(n)<w

neN
Tiép tuc st dung gia thiét mot 1an nira ta c6
h(t)<ah(n)+b Vte[mn+1],VneN
=h(t)<ac+b<owo Vte[mn+1],VneN

= esssup‘h(t)‘ <o=hel”
teR*



Bo dé 3.2.6:
Néu cip khong gian Orlicz (L¢,L¢) chap nhan duoc cho ho tién hoa

an ={U(t,s)}t s 0 v6i ¢ 1a ham Young . Khi d6 c6 nhitng diéu sau ddy xay ra :

1) Véi tat ca f e L’ tdn tai a,b > 0 sao cho :

fo(r)HSaHXf(t)H+b Vr>t>0,r—t>1 (3.10)
i1) Cap khong gian (L¢,L°°)12‘1 chap nhan dugc cho ho tién hoa

@ ={U(t.s)}

t>s >0

Chung minh :

r

IU(r,s)f(s)ds

0

) x(r)

JSY S

U(r,s)f(s)ds+jU(r,s)f(s)ds

S e

U(r,t)U(t,s)f(s)ds+ jU(r,s)f(s)ds

= U(r,t)jU(t,s)f(s)ds + jU(r,s)f(s)ds

0

=U(r,t).x,(t)+ jU(r,s)f(s)ds

t

vay [ (0l=lue ol

.fo(t>u+juu(r,s)

< Mea} (r-t)

f(s)|ds (3.11)

x (0] + [ Me)
t

Tacé r—t<l=e” "V <e” = Me“"™ <M.e”

Tuong ty:  M.e”"™ <M.e”

= jM.e”(r_s) f(s)‘ds < _[M.e“’ ‘f(s)‘ds

t+1

< _! M.e”

f(s)|ds dot=r>0,t-r<I



t+1

<Me” [[f(s)]ds+<Me”a, (1) [y, (3:12)

Vay tir (3.11) & (3.12)taco :

e (r) < M

dit Ia a

X (O] +Me”a, (1) [, Vr2t=0, t-r<1

G b
Nhu vay ta c6

[ (1)) <afx; ()] +b vr=t=0.r-t=1 (dpem)
ii) Theo két qua trén ta co:

[ (r)| <afx ()] +b Vr=t=0r-t=1
Ap dung b6 d€3.2.5 tacé ham: t —|x (t)]| thudc L~

Theo dinh nghia 3.2.3 ta c6 cap khong gian (L¢,L°°) chap nhan duoc cho ho tién hoa @

={u(Ls), .,

B6 dé 3.2.7 :

Cho g :{(t.t,)€R’* t2t,20} >R, laham s sao cho thoa nhing diéu kién sau:
1/g(tt,)<g(t.s)g(s,t,) Vt=s>t, >0 (3.13)
2/Ton tai M ,a >0 va be(0;1) sao cho

g(t.t,)<M Vt, 20,Vte[t,,t, +a] (3.14)
g(to+at,)<b Vi, 20 (3.15)
Khi d6 ton tai 2 hing s6 N, v >0 sao cho : g(t,t,)<N.e "™ we>t,>0

Chung minh :

o t—t . 1s A A ,
Cho t>t, >0, dat n:[ 0}taconlasonguyenthoa
a

na+t,<t<(n+1)+t,

t—t
n < °<n+1:{
a

tp<na+t, <t
Ap dung gia thiét (3.13) véi s=t, +na ta co :
g(t,to) < g(t,t0 + na)g(t0 + na,to) Vtzs>t, 20

Ap dung (3.14), (3.15) taco :



g(t, +na,t,)<b"
g(t ,t0+na)£M

Nhu vay ta cé :

g(t.t,)<g(t.t, +na)g(t, +na,t)) SM.b" Vi2s>t, 20

bat v= —llnb:> —av=Inb=e™ =b=e ™ =b"
a

Suy ra g(t,t,)<M.e™ Vt>s>t,>0.

Khi d6 néu xem N=Me" =M =N.e™

Suy ra g(t,t,)<N.e ™ .e™ <Ne ™" wvixt,>0 (3.16)
L ot—t,
Ma <n+l=t—t,<a(n+1)
a
= -v(t—t,)>-va(n+1)= e ) 5 gvelnsl) (3.17)
Nén tir (3.16) , (3.17) taco : g(t,t,) < Ne ™) wi>¢,>0 (dpcm)

Dinh 1i3.2.8 :

Ho tién hoa @ ={U(t,s)} cL(X) la 6n dinh mii déu (is uniformly

t>s 20
exponentially stable : u.e.s) néu va chi néu ton tai khong gian Orlicz L’ sao cho cip

(U’,U’) chép nhan duogc cho ho @A

Chung minh :
Chiéu thuén :

Ho tién hoa @ ={U(t,s)} = <L(X) la 1aondinh mii déu (is uniformly

t >s >0

exponentially stable : u.e.s) = ton tai khong gian Orlicz L sao cho cip (L¢,L¢)ch§p nhéan
duoc cho ho AU

Taco : @A = {U(t,s)}t ,C L(X) la ho u.e.s thi ton tai 2 hing s6 duong N, v

=8 =

sao cho thoa diéu kién sau : HU(t,s)H <N.e ')



Ta can chirmng minh cdp (L"O,L"o )chép nhan duogc cho ho @.

That vay 14y f ty y thudc L”.

Xét ham x,:R, >R

t x(t)= jU(t,s)f(s)ds

Ta ¢ :[x,(1)| < j”U(t,s)‘ ‘f(s)‘ds < jNe_V(t_s) f(s)‘ds
0 0
< jNe_v(t_s) fHOO ds <Ne™ fLO. jevs ds
0 0
t
-v " -v 1 v
< Ne™ f‘w%ozNe ‘ f‘w;<e t—1)

1 » 1 1
< N H{i-e )Nl 1- 5
<Nt] LI (do vi>0=¢e" >1:>%<1)
°y e
Suyra x, eLL”.
Theo dinh nghia 3.2.3 ta c6 cap (L”,L”)chép nhan duogc cho ho @

Chiéu dio :

Néu ton tai khong gian Orlicz L? sao cho cip (L”’,L”’)chép nhéan duoc cho ho tién hoa
a ={U(t,s)}t .. C L(X) thiho @ dugc la 6n dinh mil déu
Ta c6 cip khong gian (L¢,L¢) chép nhan dugc cho ho @ thi theo bd dé 3.2.6, cip
khong gian (L¢,L°°) chép nhan duoc cho ho @
Véi xeX, t, >0 ,taxétham sé sau:
f:R, »>X

t Hf(t){

U(tt))x  tefty,t,+1] (3.18)
0 teR, \[ty,t, +1]

Ta dé dang kiém tra duoc f e L (X) va HfHL"’(X) <M.e” ¢_+(1)HXH



i) Ching minh f e L (X):
Ta c6 L¢:{f:R+—>X sao cho Jk >0 thi M¢(kf)<oo}

Véi k> 0, xét

0 OO‘kf g)‘ to+1 k‘U(S;t‘))x‘
M(kf):I¢<‘kf(S)‘)dS:I _[ ¢(a)da ds= _[ _[ ¢(a)da ds
0 0 0 0

Ma @ = {U(t,s)} , laho tién héa nén 3 s6 M, @ >0 sao cho

t=2s 2

|u(ts)|<Me™™ vi=s>0

Mit khac U(t;s) e L(X)= HU(t;S)(X)H < HU(t;S)

ol
Do d6
ty+! k‘U(S;tO)X‘
M(kf): I I (o(a)da ds
t, 0

e

< I I qo(a)da ds,Vse[tO;t0+1]

(=]

to+1 kMe“’HxHX

SI _[ ¢(a)da ds:¢(kMe‘”

t 0

x|, )<

Suyra fel’(X) |dpem)

N w_ 1
i1) Chirng minh HfHL¢(X) <M. —IHXH :

(1)

bit K=M.e” _11 [x]| -Taco ||f]|, = inf{k >0: M’ (lfj < 1} =infA.
(1) k
A
Chirng minh K € A, nghiala M’ (%fj <1
1 el
| tOHE‘U(s;tO)x‘ (41 € ¢_1(1)HXH

Ta c6 M(Efj: I I p(a)da ds< I j ¢(a)da ds

to 0 to 0



Suy ra M¢(%fj£l:>||f||m(x)SM.e‘”;l”x” dpem)  (3.19)

(1)
Theo dinh nghia 3.2.3 ta laico

0 néu 0<t<t,

t

_ f — to+l
X (1) IU(t,s) (s)ds IU(t,s)U(s,to)de néu t>t,+1

0
to

to+l to+1
Ma _[ U(t,s)U(s,to)de = _[ U(t,to)xds
to to

to+l
=U(tt)x [ ds=U(tt,)x
to
0 néu 0<t<t,

S (t)=
wyra - x; (1) {U(t,to)x néu t>t,+1

Nhu vay ta cé :

[0 to)x]= s (O] <[l
|
< k'HfHU’(X) <kMe ¢—1 (1) HXH
L
Vt>t, +Lt, 20,VxeX

Do d6 ton tai L >0 sao cho HU(t,t0 )H <L  Vt>t,>0 (3.20)

Cho 1,20 ,6>0 xeX

va g:R,—>X

¢ oe(0)= U(t,t,)x tety,ty+5]
0 teR, \[ty,t, +5]
e \ 1
Khido geL’(X) va HgHL"’(X) <L——|x| (3.21)

et j
y ( !
Diéu d6 kéo theo

Xg(t):j:U(t,s)g(s)ds



_[U(t,s).O ds néu te[0,t,)

0
= IU(t,s).U(s,to)de néu telt,,t, +95)

t2+5

j U(t,8).U(s,t,)xds néu teft,+35,)

0 te[0,t,)
=1(t=t,)U(t,ty)x  tefty,ty+0)

5.U(t,t,)x te[t,+6,0)

ty+0

ty+d

Ta co j (s—tO)HU(tO+5,t0)Hds:HU(t0+5,t0)H j (s—t,)ds

to

(s- t0)2
2

to

to+o

:HU(t0 + 5,t0)H

to

2
U, + 54,

Nhu vay

to+o

2
U+ 80)x]= [ (s=t)Ult, +.1,)os

to

to+o
= [ (s=t,)|U(ty +8.5)-U(s.t, )| ds

to+o
< I (s—tO)HU(t0 +5,S)HHU(S,tO)Hds

to

ty+d

< [ (s=to)LJU(st, )|ds (do 3.19)

ty+S ty+S
<L _[ (s— tO)HU(s,t0 )Hds =L _[ ng (S)Hds

to

<L.a,(s) ngum(x) (dohé qua3.2.2)

<La,(5) k'[gq (dobddé3.2.4)



1

<L.a,(5) k' L—1||X|| (do (3.21))
-1 .
49
-1 1 ' 1 -1 1
<L.5¢ (—j k'. L——|x| do a,(5)=5¢ (—j
5 ¢_1(1j 5
5
<k'U’s|x|  vt,20,6>0,xeX
5 .
Ta 6 7”U(%+5,%)XH < k'L’S|x| Vt, 20 ,6>0,xeX
T2
slutrsnx] s B w20 650,xeX
1y 2
slues)] = T V20 650

Ap dung b6 d& 3.2.7 déi véiham  g(1,4,)=|U (¢.1,)| khi do ton tai 2 hing s N, v >
0 sao cho : HU(t0 + 5,t0)H <N.e ™" Vt,20,6>0

Nhu vay ho tién hoa @ ={U(t,s)}  <L(X) 1a06n dinhmidéu

t>s 20



KET LUAN

Trong chwong 1 , chung ti gidi thiéu nhimg kién thirc co ban dé xay dung chuong 2
va chuong 3

Trong chuong 2 , chung t61 xdy dung va gidi thiéu mdt khong gian ham dac biét , do
1a khong gian Orlicz va mot s6 két qua c6 duoc trong khong gian nay .

Trong chwong 3 , chung toi trinh bay nhitng két qua chinh c6 duoc vé viéc biéu dién
tinh 6n dinh mii cta ho tién hoa dudi dang chép nhan dugc cua khong gian Orlicz .

Qua trinh thuc hién luan vin d3 gitp toi bude dau lam quen vé&i nghién ctru khoa hoc
co ban va tiép can véi nhitng hudng phat trién cia toan hoc hién dai , déng thot 1a dip dé toi
van dung nhitng kién thic dd duoc cac Thay Co truyén day vao cac bai toan nghién ctru cu
thé .Toi cling hy vong s& c6 co hoi tiép tuc nghién ciru va phat trién tiép nhiing két qua tir

ludn van nay trong tuong lai .
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