—— THU _ BOGIAODUC VADAOTAO
=2 VIEN TRUONG PAI HQC SU PHAM TP. HO CHi MINH

LE XUAN HAU

MOQT PINH LI MOI VE ON PINH LUY THUA
CUA HO TIEN HOA TUAN HOAN TREN
KHONG GIAN BANACH

Chuy,én nganh: Toan giai tich
Ma s6: 60 46 01

LUAN VAN THAC S TOAN HOC

NGUOI HUONG DAN KHOA HOC:
PGS.TS LE HOAN HOA

Thanh phé H6 Chi Minh — 2010



LOI CAM ON

Pé c6 thé hoan thanh duoc luan vin nay. Nguoi dau tién ma toi to 10ng biét on sau sic do 1a
PGS. TS Lé Hoan Hoéa, ngudi thay di tan tim hudng din chi bao timg budc cho toi trong sudt qua
trinh hoc tap.

Xin tran trong camon TS................... vaTS............. da doc gop y cho luan van cua toi.

Xin tran tong cam on quy théy c6 thudc khoa Toan — Tin hoc truong Pai Hoc Su Pham
TPHCM, cung quy thay co giang day cho 16p cao hoc khoa 18 chuyén nghanh Giai Tich da nhiét
tinh giang day va gitp d& cho t6i trong suét khoa hoc.

T6i ciing xin cam on quy thay c6 phong KHCN - SPH truong Pai Hoc Su Pham TPHCM da
tao diéu kién va giup d& cho t6i hoan thanh chuong trinh hoc.

Xin gui 161 cam on dén Lanh Pao S& Gido Duc Va Pao Tao Pha Yén, Ban Giam Hiéu, cung
toan thé gido vién cong nhan vién cta truong THPT Tran Binh Trong — Phii Hoa — Phu Yén da tao
diéu kién thuan loi, va gitp do t61 hoan thanh khoa hoc.

Cudi cung t6i xin chin thanh cam on gia dinh, cic ban bé dong nghiép da dong vién va nhiét

tinh giup d& t6i trong subt thoi gian qua.
Thanh Ph H6 Chi Minh, thang  nam 2010

Lé Xuan Hau



LOI CAM DOAN

T61 xin cam doan chi su dung ndi dung mdt s6 bai bao, va tai li¢u lién quan d€ hoan thanh tot

luan van cua minh va khong sao chép bat ki luan van nao khéc da cé trudc day.

Hoc vién

Lé Xuan Hau



MO DAU

1. Ly do va muc dich chon d@ tai:
Ly thuyét on dinh lity thira cta ho tién hoa tuan hoan trong linh vuc phuong trinh dao ham
riéng d ra doi tir rat sém va co nhiéu tng dung quan trong trong nhiéu linh vire toan hoc. Cung

v6i nhiéu nha toan hoc khac, hai nha toan hoc Constantin va Jitianu dat van dé tim nghiém yéu

L YO =4@v@)+ f() o
v,(.,0) ctua phuong trinh Cauchy khoéng thuan nhat: dua trén 1y thuyét pho
v(0)=0

clia nira nhom tién hoa. Pén nam 2003 hai tac gia ndy da dua ra nhiing két qua quan trong cing
véi nhiéu ung dung méi da dem dén cho linh vuc nay thém su da dang va dac sac.

Véi sy tam déc, va voi muyc dich tim hiéu nhiéu hon nita vé phuong phép trén ciing véi cac
ung dung cua nd dé hoc tap, va budc dau lam quen cong viéc nghién ctru khoa hoc, t61 da chon dé
tai trén cho luan van thac si ctia minh.

2. P6i twong va pham vi nghién ciru.
Nghién ctru 1y thuyét vé on dinh lily thira cua ho tién hoa tuan hoan trén khong gian Banch
va cac ung dung cia no.
Trong ludn vin toi xin dé cap dén mot trong nhitng két cia hai tac gia noi trén, d6 1a:
“MOQT PINH LI MOI VE ON PINH LUY THUA CUA HQ TIEN HOA TUAN HOAN TREN
KHONG GIAN BANACH”.

Cu thé Chung ta xem xét mdt nghiém yéu cua bai toan Cauchy khong thuan nhat
v'(t) = A(tu(t) + £(t)
v(0) =0
trén khong gian Banach phitc X, véi A(.) 14 toan tir tudn hoan chu ki 1.
Ta chimg minh rang néu v,(.,0) thude thp AF (R, X) v6i mdi f thudc AP (R, ,X) thi véi mdi

x thudc X nghiém cua bai toan Cauchy



1a 6n dinh déu theo lity thira va nguoc lai.
Chi tiét vé khong gian AP, (R, ,X) dugc trinh bay trong myc 2.1 cua chuong II duéi ddy. Phuong

phap nghién ctru dya trén 1y thuyét pho cia nira nhom tién hoa. Noi dung cta luan vin trinh bay
lai két qua ctia bai bao:

“A new theorem on exponential stability of
periodic evolution families on Banach spaces”

ctia hai tic gia Constantin Buse & Oprea Jitianu nhung duoc trinh bay chi tiét
hon.
Noi dung cua luan van dugc chia lam ba chuong
Chuong I: Cac kién thitc co' ban
Trong chuong ndy nhéc lai dinh nghia va tinh chit cta nira nhém, ntra nhém lién tyc déu, nia
nhém lién tuc manh, nira nhom tién hoa, ho tién hoa, cling nhu cac khai niém va tinh chét lién
quan 1am co sé cho céac kién thirc ctia chuong I1.
Chuong II: Loi gi6i thiéu va cac két qua
Trong chuong nay gi6i thiéu cac ki hiéu st dung trong lun vian va cic két qua cta luan van.
Chuong I1I: Ung dung
Gidi thiéu mot sd tmg dung quan trong cta cac két qua trong chuong I1.

Vi kién thirc ban than con nhiéu han ché nén chic chin co nhiing thiéu x6t trong qué trinh
trinh bay luan van. R4t mong nhan duoc sy phé binh va dong gop ¥ kién ciia Quy Thay co cing

ban be quan tam.



CHUONG I
KIEN THUC CHUAN BI

1.1. Nira nhom lién tuc déu ciia cac toan tir tuyén tinh bi chan.
Dinh nghia 1.1.1
Cho X 1a khong gian Banach. Ho mot tham s6 T(t),0 <t < oo, cac toan tu tuyén tinh bi
chan tir X vao X duoc goi la mot nira nhom cac toan tir tuyén tinh bi chan trén X néu
i) T(0) = I,(I 12 4nh xa dong nhét trén X )
i) T(t+s)=T(t).T(s) véimoi t,s > 0.
Mot nira nhom cac toan tir tuyén tinh bi chin T(t) dugc goi la lién tuc déu néu

lim|7(t) - 1] = 0. (1.1)

t—0
Tur dinh nghia ta c6:

Néu T'(t),0 < t < oo 1a mét nira nhém lién tuc déu cac toan tir tuyén tinh bi chan thi

lim

t—s

T(t) - T(s)| = 0. (1.2)
Dinh nghia 1.1.2

Cho {T(#)} 1a nira nhém céc toan tir tuyén tinh bj chan, xéc dinh trén X . V6i h> 0, ta dinh
nghia toan tir A x xéac dinh nhu sau

Ay — T(h)r —x

) — 1E€X. (1.3)

Ki hiéu D(A) 1a tap tat ca cac = € X sao cho gidi han lim 4, ton tai.

Ta xac dinh toan tr A trén D(A) nhu sau:

Ar =limAz, € D(A). (1.4)

h—0
Ta goi toan tr A xac dinh nhu trén la toan tir sinh ctia nira nhom 7'(¢), va D(A) la tap xac dinh
cua A.
Dinh li 1.1.3. Mot toan tur tuyén tinh A la todn tir sinh ciia mét nira nhém lién tuc déu néu va chi
néu A la mot toan tir tuyén tinh bi chan.

Chirng minh:



Cho A 13 mdt toan tr tuyén tinh bi chan trén X, va dat

T(t)=e" = i 4y (1.5)

= n!
V& phai (1.5) hoi ty theo chuan véi moi ¢ > 0, va xac dinh v6i mdi ¢ 13 mot toan tir tuyén tinh bi
chan T(t).
R& rang T(0) = I, va véi cach tinh tryc tiép trén chudi liy thira, ta co:
T(t+s)=T(t).T(s)

Tién hanh danh gia chudi lity thira trén, ta co:

fri 1] < e
a PO o)

Suy ra T'(t) la nira nhom lién tuc déu céc toan tu tuyén tinh bi chan trén X, va A la toan tir sinh
cua T'(t).

Mat khac, cho T'(¢) la mdt nira nhom lién tuc déu cac toan tir tuyén tinh bi chin trén X.

p

I— p_lf T(s)ds

0

C6 dinh p> 0 dt nhoé sao cho <1.

P P
Suyra p ' f T(s)ds 1a kha nghich va vi vay f T(s)ds 1a kha nghich.
0 0

Miit khac
%(T(h) — 1) ‘Z T(s)ds= % J:“T(s + h)ds — zT(s)ds
_ % T T(s)ds —Z T(s)ds
Vi vay |
%(T(h) ~I)= %p:h T(s)ds- % z T(s)ds (‘Z T(s)ds)™" (1.6)




Trong (1.6), cho h — 0 ta co %(T(h) —I) hoi tu theo chuan. Do d6 toan tir tuyén tinh bj chan

(T(p)—1)( f T(s)ds)™" 1a toan tir sinh ctia T'(¢).

0
Toan tir sinh ctia nira nhom 7'(¢) 1a duy nhat. Dinh 1i sau s& chimg minh cho khang dinh trén.

Dinh li 1.1.4. Cho T(t) va S(t) la nira nhom lién tuc déu cdc todn tir tuyén tinh bi chan trén X.

Néu A = %ir%% = 1?‘11101% thi T(t)= S(t), véimoi t > 0. (1.7)
Chirng minh:

Cho T >0, chiing ta chimg minh rang S(t) = T'(t), véi 0 <t < T.

C6 dinh T >0, vi ham  — | T'(¢)

,vat — HS(t)H lién tuc nén ton tai hang s6 C' sao cho:
lr@|s@]| < e veio<ts<T.

Cho € > 0, do (1.7) nén ton tai s6 6 > 0 sao cho:

1 € .
EHT(h) — S(h)| < — VO 0<h < (1.8)
Cho 0<t<T, Véchonn21saochoi<(5.
n

Tt tinh chat cta nira nhom va tir (1.8), ta co:

[r&) - ()= |70~ 5(n )
. o1 7(n - k)i]S(ﬁ) ~T|(n—k— 1)1]5((]{ + 1)t>
< S (n—k— 1)% T(%) - S(%) ‘S(%)

¢
<on—=—Lt<¢.
TC n

Vay S(t) =T(t), véimoi 0 <t <T.
Do hai dinh i trén ta c6 két qua sau:

Cho T'(t) 1a ntra nhom lién tuc déu cac toan tir tuyén tinh bi chin, ta co:



a) Ton tai hang s6 w > 0, sao cho HT(t)H <e”.
b) Ton tai toan tir bi chan duy nhat A, sao cho HT(t)H = e,
¢) Toan tir A trong phan b) 1a toan tir sinh ctia T'(2).

dT(t)

d) t — |T(#)| kha vi theo chuén, va — AT(t) = T(t)A.

1.2. Nira nhém lién tuc manh cic toan tir tuyén tinh bi chin
Trong phan nay ta ki hiéu X 1a khong gian Banach.
Dinh nghia 1.2.1
Mot nira nhom 7'(¢),0 <t < oo céc toan tir tuyén tinh b1 chan trén X 1a nra nhom lién tuc
manh néu

lm T (t)r = z, véimoi = € X. (1.9)

10

Mot nira nhodm lién tuc manh cac toan tir tuyén tinh bi chan trén X dugc goi 1a mot nira nhoém cua

16p C hay goi tat 1a nira nhom _C,.

Dinh i 1.2.2. Cho T'(t) la nita nhém _C , khi do ton tai hang sé6 w > 0 va M > 1, sao cho:
|r@)| < Me, véi 0 <t < 0. (1.10)

Chirng minh:

Trudc hét ta thay ton tai sé 7 > 0, sao cho HT(t)H 1a bj chin trong 0 < ¢ < n, vi néu trai lai thi

co day {t,} thoa t, >0, lim¢, =0, va |[T(t)| > n.

Ap dung dinh li bi chan déu, ton tai z € X sao cho HT(tn)xH 1a khong bi chan. Diéu nay mau thuan
v6i (1.9). Vivay |T(t)| < M, véimoi 0 <t <n,

Do do M >|T(0)| = 1.

Chow:llogMZO, vat>0,tacot=nn+06,vo1 0<6<n.
n

Ap dung tinh chét ctia nira nhom, ta thu duoc

[0 = [r@Tey| < M < b = are.




H¢ qud 1.2.3. Neu T(t) la nita nhém _C, thi véi moi x € X, t — T(t)z la mot ham lién tuc tir
R} (dwong thang thuc khong dm) vao X .

Chirng minh:
Cho t, h > 0, ta co:

|7t + ) — Ty < |7 [T ()2 — 4

< M.

T(h)x — xH
vacho t > h > 0, taco:
|7t = )x = 7)) < |7 = B)| |2 — T(R)a]

< M.e”

T — T(h)xH
Cho h — 0, ap dung tinh chit lién tuc manh cta nira nhém T'(t), suy ra ham ¢ — T(t)z 1a lién
tuc tir R} vao X.

Dinh li 1.2.4. Cho T'(t) la mta nhém _C | va cho A la todn tik sinh ciia no, ta co:

t+h

g .1 B
a) Voi z € X, I}I}EI(}E[T(S)de = T(t)x. (1.11)

t
b) Cho x € X, [ T(s)ads € D(4)
0

t

f T(s)zds

0

va A =T(t)r — (1.12)

c) Cho x € D(A), T(t)x € D(A)

v %T(t)x — AT()e = T(t)Ax. (1.13)

d) Cho z € D(A), T(t)xr — T(s)x = fT(r)A:L‘dr = fAT(r)xdr. (1.14)

Chirng minh:
a) Phan nay dugc suy ra tryc tiép tir tinh lién tuc ciia t — T'(t)z.

b) Cho z € X,va h > 0, ta co:



Cho h — 0, vé phai tién dén T'(t)z — z, ta c6 diéu phai chimg minh.
¢) Cho z € D(A)va h > 0, ta co:

T(h)—1 T(t)z= T(t) %]x — T(t)Az khi h — 0. (1.15)

vivay T(t)x € D(A) va AT(t)x =T(t)Ax.

+

Tu (1.15), suy ra Z—tT(t)x = AT(t)xr = T(t)Az. Nghia la dao ham bén phai cua T(t)r la

T(t)Az. Ching minh (1.13) ta chirng minh rang voi ¢ > 0, dao ham bén trai cua T(t)x ton tai, va
bang T(t)Ax.

Taco limlT(t)x — Tt =k _ T(t)Ax
h—0 h
L T(h)x —x :
= 1}11£r01 T(t—h) IT — Ax|+ lhlir& (T(t —h)Az — T(t)Ax).

va ca hai giéi han bén phai déu bang 0.

Gi6i han thir nhét bing 0 do o € D(A), va |T(t — h)| bi chan trén 0 < h < ¢, gi6i han th hai la
do tinh lién tuc manh cua 7'(¢).

Két thuc chimg minh két qua (c).

d) Chimg minh phan nay ta 14y tich phan tir s dén ¢ cho 2 vé cua (1.13).

H¢ qud 1.2.5. Néu A la todan tir sinh ciia nita nhom T(t) va T(t) la nika nhém _C, thi tdp xdc
dinh D(A) ciia A trit mdt trong X, hon nita A la todn tir tuyén tinh dong.

Chirng minh:



~ | =

t
Voi z € X, xéttap 1, = fT(s)ds. Do két qua b)
0

ctia dinh 1i 1.2.4 nén z, € D(A), v6i t >0 va do két qua a) ctia dinh 1i 1.2.4 nén z, — x khi

t—0.Vivay D(A) = X.
Tinh chat tuyén tinh ciia A 13 18 rang, vi vdy ta chi cAn ching minh A 1a anh xa déng.
Cho x € D(A), v, — x va Az — y khin — oo.

Tir két qua d) cta dinh 1i 1.2.4, ta co:
t
T(t)z, —x, =3, = [ T(s)Az,ds (1.16)
0

Ta c6 ham T'(s)Az_hoi tu déu dén T(s)y trén mot khoang bi chan, do vay trong (1.16) khi

n — 00, ta ¢o:
t
T(t)r—z = fT(s)yds (1.17)
0

Chia (1.17) cho ¢t >0, va cho t — 0, ta ¢c6 = € D(A) va Az =y, (do két qua a) cua dinh li
1.2.4).
Dinh Ii 1.2.6. Cho T(t) va S(t) la nita nhém _C, cua cdc todn tir tuyén tinh bi chén véi hai todn
tir sinh twong vmg la A va B. Néeu A = B thi T(t) = S(t), véi moi t >0
Chirng minh:

Cho z € D(A) = D(B). Tur két qua c) cia dinh 1i 1.2.4, ta ¢6 ham s — T(t — 5)S(s)z kha vi
va

%T(t —5)S(s)x = —AT(t — 5)S(s)z + T(t — s)BS(s)z

= —T(t—s)AS(s)xr+T(t—s)BS(s)z =0
Vi vay ham s — T(t — 5)S(s)z 1a ham hang. Trong truong hop dic biét gia tri ciané & s = 0 va
s =t la giéng nhau , tirc 14 T(t)z = S(t)z véi moi z € X. Do d6 diéu nay ciing ding cho moi

z € D(A).



Do h¢ qua 1.2.5, D(A) tru mat trong X, va T'(¢t), S(t) bi chan nén T'(t)z = S(t)x, voi moi

reX.
1.3.Dinh li Hille-Yosida

Cho T(t) 1a mdt nira nhém _C,.Tudinhli1.2.2,taco héng s6 w >0 va M >1, Sao cho:
HT(t)H < M.e, voi 0 <t < oo.

Néu w = 0 thi T(t) dugc goi 1a bi chan déu.
NéuM=1thi T (t)duoc goi 1a ntra nhém _ C| rtt gon.
Néu A 1a toan tir tuyén tinh (khong nhat thiét bi chan) trong X, tap giai p(A) cia tap A 1a tap
hop gdm tat ca cac s6 phic A sao cho A\J — A c6 anh xa nguoc, tirc 1a ()\I — A)fl 1a toan tir tuyén
tinh bi chan trong X .
Ho R(\,A) = (A — 4) . A € p(4) duge goi 1a giai thirc cua A.
Dinh li 1.3.1.(Hille — Yosida)

Mot toan tir tuyén tinh (c6 thé khong bi chin ) A 1a toan tir sinh ctia nira nhém ¢, rat gon
T(t), t > 0 néu va chi néu

a) A ladong va D(A) = X

b) Tap giai p(A) cia A latip chira R™, vacho A > 0, ta co:
1
|rOx, 4)| < < (1.18)

Dinh li 1.3.2. Cho T(t) la nita nhém lién tuc manh xdc dinh trén X, va A la toan tir sinh cua no
théa hai diéu kién cia dinh 1i 1.3.1. Khi d6 ta cé két qua sau

lim AR\, A)z = z, Vx € X.

A—00
Chirng minh:
Pau tién gia sir rang = € D(A), thi

MR, A)z — 2= AR, A)a] = | R, 4)Aa]

< ~|Aa] = 0 khi A = 0.
A



Nhung D(4) = X , (D(A) trit mat trong X va [AR(\, A)| < 1).

Vivay lim AR\, A)x = z, Vo € X.

A—oo
1.4. Nira nhom céc toan tir tuyén tinh va bai toan Cauchy.
Chuing ta xét mot phuong trinh vi phan va quan hé cta né véi nira nhom cac toan tir tuyén
tinh.
Cho X la khong gian Banach, va A 1a toan tir tuyén tinh tr D(A) C X — X . Cho = € X, bai
toan Cauchy ciia A voi gia tri dau = 1a:
du(t)

YY) — Au(t), t>0
dt (1.19)

u(0) =z
Nghiém cuia bai toan 1a mot ham w(t) co gia tri trong X, sao cho u(t) lién tuc voi moi ¢ > 0,
kha vi lién tuc va u(t) € D(A), v6i moi ¢t > 0, déng thoi thda (1.19).
R& rang néu A 1a toan tir sinh cta nira nhom _C T(t) thi bai todn Cauchy theo Acd6 nghi¢m
u(t) = T(t)z, véimoi xz € D(A).
That vay theo dinh li 1.2.4, ta co:

d
ET(t):I: =AT(t)x =T(t)Ax

va
TO0)z =z.
Bay gid ta xét bai toan gid tri du khong thuan nhat

dut) _ 4.
~ = Au(t) + f(t).t > 0 (1.20)

u(0) =z
Vol f [O, T[ — X, va A la toan tir sinh cta nira nhom _ C T'(t) sao cho phwong trinh thuan nhat

twong mg (tirc 1a phuong trinh véi f = 0) c6 nghiém duy nhét v6i moi gia tri ddu = € D(A).

Dinh nghia 1.4.2



Mot ham wu : [O,T[ — X duoc goi 1a mdt nghiém manh cua (1.20) trén [O,T [ néu v lién tuc
trén |0, 7", kha vi lién tuc trén |0, 7|, u(t) € D(A) v6i 0 < t < T, ddng thoi thda man (1.20) trén
0,7].

Cho T'(t) 1a nira nhém _ C, véi todn tir sinh A, va v 1a mét nghi¢ém cta (1.20). Khi d6 ham c6

gia tri trong X, ¢(s) = T(t — s)u(s) kha vi véimoi 0 < s < ¢.

v D ATt = uls) + Tt~ ')
=—AT(t —s)u(s)+ T(t —s)Au(s) + T(t — s)f(s) (1.21)
=T(t—3s)f(s).

Néu f e L'(0,T : X) thi T(t —s)f(s) kha tich, va lay tich phan hai vé ctia (1.21) tir 0 dén ¢, ta

co:

Hay u(t) =T(t)z+ [ T(t—s)f(s)ds (1.22)

Tur dinh nghia trén suy ra néu f € L'(0,7 : X) thi voi moi z € X, bai toan gia tri dau (1.20) co
nhiéu nhat mot nghiém. Trong trudng hop né c6 nghiém thi nghiém nay duoc xac dinh boi (1.22).
Dinh nghia 1.4.3

Cho A la toan tir sinh cua nita nhom _C T(t). Cho z € X va fe L(0,7:X). Haim

u € C([O,T] : X) duoc cho boi:

u(t)=T(t)x + JT(t —35)f(s)ds, 0 <t <T.

0
la mot nghiém yéu (mild solution) cita bai toan gid trj déu (1.20) trén |0,T .

Dinh Ii 1.4.4.



Cho A la todn tir sinh ciia nira nhém _C T(t) Cho f € L'(0,T : X) lién tuc trén [O,T] va cho
t
o(t)= [ T(t - 5)f(s)ds, 0<t<T.
0

Bdai toan (1.20) ¢6 nghiém manh u trén [O,T[ voi moi x € D(A) néu mot trong hai diéu kién sau
duwoc thoa man

i) v(t) kha vi lién tuc trén ]O,T[.

i) v(t) € D(A) véi 0 <t < T, va Av(t) lién tuc trén ]O,T[.
Néu (1.20) c6 nghiém w trén [O,T[VO'i mét x € D(A) nao d6 thi v(t) s€ thoa ca
hai diéu kién i) va ii).
H¢ qud 1.4.5. Cho A la toan tir sinh ciia nita nhém _ C T(t). Néu f(s) kha vi lién tuc trén [O,T]
thi bai todn (1.20) co nghiém manh u trén [O,T[, vdi moi x € D(A).
Dinh nghia 1.4.6

Cho (A(t),D(A(t))), t € R cho (A(t),D(A(t))) , t € R 14 toan tir tuyén tinh trén khong gian
Banach X, cho s € Rva z € D(A(s)). Mot nghiém (c6 dién) cta bai toan Cauchy non —

autonomous:

, VOl t,s € X,t > s. (1.23)

1a mot ham u(.,s,z) = u € C' ([s, oo),X)7 sao cho u(t) € D(A(t)), va thda man
bai toan voi moi t > s.

Bai toan Cauchy (1.23) duogc goi la dat - dang trén khong gian Y, néu c6 mot khong gian con
trd mat Y. C D(A(s)), s € R cua X sao cho v6i s€ R, va z €Y, bai toan c6 duy nhat mot
nghiém ¢+ u(t,s,z)€Y,. Dong thoi néu s —sva (z)CY ;z —z€Y, ta cb

u(t,s ,z ) — u(t,s,z). V6i



z, t<s

1.5.Ham hau nhw tuin hoan.(almost periodic functions).
1.5.1 Pinh nghia (tiéu chuan Bochner).
Mot ham f bi chan va lién tuc dugc goi la hau nhu tudn hoan (almost Perio

. . A e X qm. & o0 A .y~ >~
dic functions) néu voi moi day so {tn} > ton tai day con {tn }
= k k=1

sao cho day ham {f(tnk + )}

k=1
hoi tu déu trén R .
Néu f 1a ham hau nhu tuan hoan thi ton tai gii han
1
a(), f) = lim — [ e ¥f(¢)de.

700 2T
—T

Ta chimg minh duoc rang tap hop o,(f)={ e R|a(\f) = 0}, ton tai va duoc goi 1a phd
Bochner cua f.
1.6. Pho, tap giai clia anh xa tuyén tinh lién tuc.
Cho X la khong gian Banach trén truong C
Kihiéu L(X) = L(X,X), IsomX ={A € L(X): A lasong anh}.
1.6.1 Pinh li
i) Néu |A| <1 thi T — A thuge IsomX va

o0

([—A)_1:ZA”:I+A+A2+...

n=0

ii) Néu A € IsomX va A € L(X) théa mén diéu kién HA — AOH < % thi A € IsomX . Tw

0

do suy ra IsomX la tdp mo trong L(X).
1.6.2 Dinh nghia
Cho X la khong gian Banach trén truong C,va A € L(X).
i) S6 X € C goi 1a gia trj chinh qui cia A néu A — M\ € IsomX.
T4p tat ca cac gia tri chinh qui cia A goi 1a tap giai ciia A, ki hiéu 1a p(A).



ii) Tap o(A) = C\ p(A) goi la phd cta A.

Nhu vay A € o(A) khi va chi khi A — Al khong 1a don anh hodac A — Al khong 1a toan anh.
Néu A — M\ khong 1 don anh thi Aduoc goi 1a gi tri riéng ctia A.
Khi d6 N(A — AI) = Ker(A — AI) goi la khong gian riéng ctia A.
Mbi z € N(A— M)\ {0}, (hay Az = Az, = 0) goi la véc to riéng ing véi gia trj riéng .
Dinh li 1.6.3. Cho X = {0} la khong gian Banach trén truong C. Khi do o(A) la tdgp compact,
khéng rong, chira trong hinh tron déng tam O, bdn kinh HAH cua C.
Dinh nghia 1.6.4

Cho A € I(X), s6 r(A) = sup{| A |: A € o(A)} goi 1a ban kinh pho ciia A.
Pinh li 1.6.5

Bdn kinh phé ciia A dwoc tinh béi cong thire r(A) = lim z/| A"

n—oo

Chtrng minh nhiing dinh 1i trén chung ta tham khao tai li¢u:
“B6 sung vé giai tich ham” cua PGS.TS Nguyén Bich Huy muc 1.1, 1.2, va 1.3 trang 12, 13,14”.
1.7. Pho ciia nira nhém va ham sinh.
Dinh nghia 1.7.1

Cho A:D(A) C X — X latoan tir déng, s(4) = sup{Re ) : X € o(4)} duoc goi la bién phd
(spectral bound) ciia A.

Chu y rang s(A) c6 thé nhan bat ky gia tri thuc ndo bao gom —oo (néuc(A4) = ¢), va +00.

Néu A 1a ham sinh ctia nira nhom lién tuc manh & = (T (t))DO, thi s(A) luon ludn bi chan bai:

w, = w,(Y) = inf {w €R:c6 M >1saocho HT(t)H <M eVt > O}

0
ctia nira nhom (xem dinh nghia 1.5.6 va ménh dé I1.1.13).

M¢nh d@é 1.7.2. Cho bién pho s(A), va w, ciia mira nhém (T(t))t>0 ,ta co:

—00 < 5(4) < w, = inf ~log|[T(#)] = lim T log | T(¢)|

_ 0 t>0 ¢ t—oo ¢

= tllogr(T(to)) < 00.
0



cho mdi t, > 0.

Dic biét ban kinh pho ciia nira nhém (T (t)) r(T(t)) = e, véimoi t > 0.

>0’

Chtng minh cia ménh d& trén chung ta tham khao:
“One-Parameter-Semigroups for Linear -Evolution Equations chuong IV ménh dé 2.2”.

Hé qud 1.7.3. Cho (T(t))»o la nita nhém lién tuc déu véi ham sinh ( bi chén ) la A. ta c6:

s(A) = w,
Chirng minh: o
Tt dinh Ii pho anh xa cho ntra nhém lién tuc (xem bo dé 1.3.13), ta co:
1(T(t)) = e
Do d6 s(A) = w, (ménh dé 2.2).

H¢ qud 1.7.4. Cho (T(t))f>0 la nita nhom lién tuc manh véi ham sinh la A va w, = —o0, ta co:

r(T(t)) =0, voimoi t > 0 va o(A) = ¢.
1.8. Ho tién héa tuan hoan trén khong gian Banach.

Dinh nghia 1.8.1
Cho X 1a khong gian Banach phic, va L(X) la dai sé Banach gém cac toan tir tuyén tinh bi
chan trén X .
Ki hi¢u HH 1a chuan cia cac véc to trong X va cac toan tir trong L(X).
Ho U = {U(t,s) t>5> 0} C L(X) dugc goi 1a ho tién hoa trén R, cua céc toan tir tuyén
tinh bj chan trén X néu va chi néu
(e1) U(t,r) =U(t,s)U(s,r) véi moi t >s>r>0 va U(t,t)=1 vdi moi t >0. ([la
toan tr ddng nhat trong L(X) ).
()  Anhxa{(ts):t>s>0f — X
(t,s) +— U(t,s)z,1alién tuc véimdi z € X .
Mot ho tién hoa 1a bi chin liy thira néu ton tai weR, va M, >0 sao cho
[o(t,9)] < M véimoi t > s > 0. (1.24)
va duoc goi 1a 6n dinh lily thira néu (1.24) ding v&i s6 w < 0.

Neéu ho tién hoéa thda man dicu kién

(e3) U(t,s) =U(t —s,0) véimoi t > s > 0, thi ho



T = {U(t, 0):t> O} C L(X) 1a nra nhom lién tuc manh trén X .

Ho tién héa twong tmg U 1a tuan hoan chu ky ¢ néu

(eq) Ult+q,s+q)=U(ts) voimoi t > s> 0.

n
ik k
g e"'T

k=0

Bé d@é1.8.2. Cho T € L(X). Néu sup

neN

=M, <oo, VueR, thi r(T) <1.

Chirng minh:
Ta c6 dong nhat thic

/ 6“ ,6“ . :eu n n —T. )
> e THe T — 1) = ™" — T (1.25)

Twr (1.25), ta co:

em(n+1)Tn+1

), Vn € N. (1.26)

Suy ra (7)) <1.

Gia str 1 € o(T). Suy ra ton tai day (z

H =1 sao cho 11m (I —=T)z_ =0, (xem [9], m¢nh

dé 2.2, p.64).
Tu (1.26) suy ra T*(I — T)z, hoi tu déu vé 0 khi m — oo chomdi k € N.

Cho N € N, N >2M va m € N sao cho

HT’“(I - T)a:mH < QLNIC —0,1,2,....N.

thi

>(N+1)— >—2> M, (mau thuan).

N(N+1) _ N
4 2

Suyral¢ o(T).

Mt khéc ta ciing ¢6 e & o(T), v6i u € R. Do d6 r(T) < 1.



Bo dé 1.8.3. Mot ho U tién héa tudn hoan chu ky q la on dinh lity thira néu va chi néu r(V)< I,
voi V. =U(q,0) € L(X).

Chting minh bo dé 1.5.4 ta tham khao:

“Bus,e C., Asymptotic stability and Perron condition for periodic evolution families on the half
line, Evolution Equations and Semigroups(preprint),
http://malserv.mathematik.uni-karlsruhe.de/evolve-l/index.html.”

Dinh li 1.8.4. ChoU = {U(t,s) t>s5> 0} C L(X) la ho tién héa tuan hoan chu ky q trén khong

gian Banach X .

Néu sup feng(t7 §)f(€)d¢

t>0

<o, YueRYVfEP(R ,X), (1.27)

thi U o6n dinh lily thira.

Chirng minh:

Cho V =U(¢,0) € L(X), z € X,n=0,1,...,va g € P (R, X) sao cho
9(&) = §la— U(&0)z, V¢ € [0,q].

Tu (1.27), cho t = (n + 1)g, ta co:

(k+1)q

[ Utn+1)g,0)eg(e)de

k=0 kq

n

sup|)>

<oo, VpeR.  (1.28)

Do U 14 ho tién hoa tuan hoan chu ky ¢ nén ta co:
U(pg+¢,pg+u) = Ulg,u), ¥p€N,Vue|0,q|.

Vi Ulpg,jg) =U((p—7)g,0)=V"",VpeNVjeN,p>j.
Bay gio cho £ = 0,1,..., ta co:

(k+1)q

[ U+ 1)g,6e g(6)de

kq

(k+1)q

= [ U0+, (k + 0)g)U((k + 1)g, e *g(€)de

kq

q
— V”_kf U((k+1)g,u+ kq)e‘w(wk”g(u + kq)du

0



q
_ e_wkqvn—kf e—’iuuu(q _ U)U(q, U)U(U, O)xdu

0

q
f tuu d'U/
0

_ M(,u, q)e—iﬂ,(n—&-l)qeiu(n—kv+1)qvn—k+1x -

—mk

Vn k-‘rl

q

voi  M(p,q) = fe_““‘u(q —u)du = 0.

0
Tro lai (1.28) ta thu dugce

n+1

Ze“‘quj < 00

=0

sup
neN

Ap dung bo dé 1.8.2 ta thu dugc (V) < 1.
Ap dung b6 dé¢ 1.8.3 suy ra U 6n dinh lily thira.
Chii y:

Qua chimg minh trén ta thiy chiéu nguoc lai cua dinh 1i 1.8.4 ciing ding.



CHUONG 11
LOI GIOI THIEU VA CAC KET QUA

2.1. Loi gioi thiéu

Cho X la khong gian Banach phic, L(X) 1a dai s6 Banach gdm cac toan tir tuyén tinh, bi
chan trén X.
Ki hiéu HH 1a chuan cua cac véc to trong X, va céac toan tir trong L(X). R . la tap hop céc s6 thuc
khong am, J latap R hay R, .
Khong gian Banach gém cac ham nhan gia tri trén X, b1 chan va lién tuc déu trén J ki hiéu la
BUC(J,X).
Khong gian Banach gom cic ham nhan gia tri trén X, hau nhu tudn hoan trén J ki hiéu la
AP(J, X).
Ta chimng minh dugc AP(J,X) la khong gian con déng nhé nhat ctia khong gian BUC(J, X)
chtra cac ham c6 dang

fM i — X
t— fﬂ (1) = ez, p € R, r € X, (Xem muc [14]).
Tép hop cac ham nhan gié trj trén X, xdc dinh trén R, ma ton tai t, >0, va F e APR , X)
sao cho:
f(t) =0, t €[0,t,]
f6)= ), 121,

kihigula A (R, X).
AP (R, X) lakhong gian con déng nho nhét trong BUC(R , X) chtaduoc 4 (R, X).
Khong gian con cua BUC(J, X) gom cac cac ham nhan gi tri trén X, lién tuc, tudn hoan chu ky
1, va thda man f(0) = 0 ki hiéu 1a P°(J, X).

Mot ham da thure lugng gidc nhan gid tri trén X duoc cho béi:

P:R— X



t— P(t)= z ckew“txk, c, €Cp eR x €X.

k=—n

Tép hop cac ham [ xac dinh trén R, ma ton tai ¢ ;=0 va mot tong luong gidc nhan gia tri trén
X la p, sao cho:

f(t)=0, t€[0,t ]

)= p0), t>1,
duoc ki hiéu la T]D[J(R+,X).

Ta co TP (R ,X) latap con cia A (R ,X), va P'(R_,X) la bao dong cia TF (R, X) trong

1

khong gian BUC(R , X).

Cho T'={T(t): t > 0} C L(X) la ntra nhoém lién tuc manh trén X, va
A: D(A) C X — X la ham sinh ctia nira nhom 7(¢).

Ta biét rang bai toan Cauchy

u'(t) = Au(t)
, Vo1t >0,z € X. (2.1.1)
u(0) ==z
(xem [22, 23, 15] va trong phan tom tit cac phuong trinh dao ham riéng ) c6
nghiém yéu dat ding 1a:

u(t) =T(t)z, (t>0).
Tuy nhién néu f: R . — X laham kha tich dia phuong thi nghiém yéu cua

bai toan Cauchy khong thuan nhat

u'(t) = Au(t) + f(t)
, Vo1t >0, ye X.
u(0) =y

co6 dang:

t

u,(by) = T(Wy + [ Tt~ OFC, ¢ 0.

0

V61 bai toan Cauchy dac biét



u'(t) = Au(t) + e’z
, Vo1t >0,z € X, p € R.
u(0)=0

thi nghi¢m c6 dang:
t
u,(t,0) = u, () = [ T(t—e"zd(, t > 0.
0

Theo dinh li Datko-Neven ([8, 18]) thi ntra nhom lién tuc manh 7' = {T'(¢): t > 0} C L(X) la
6n dinh Ity thira, tc 1a tdn tai cac hﬁng s6 N> 0, va v > 0 sao cho:
|7t)| < Ne, véimoi ¢ >0
khi va chi khi né bi chin trén mot khong gian cia I/(R , X), hay C (R ,X) boi phép bién d6i
tich chap. Hay véi mot cach phat biéu khac néu x 1a khong gian I”(R .»X), hodc C (R, X) thi
ntra nhém lién tuc manh 7' 13 6n dinh Iy

thira khi va chi khi véi mdi ham f € y nghiém u (-,0) € x.
O day C, (R, X) la khong gian cac ham nhan gia tri trén X, lién tuc va tri¢t tiéu tai vo cyc véi
chuan sup, I/ (R, X) la khong gian Lebesgue — Bochner chira ciac ham do duge f: R, — X,

bang nhau hau khap noi va thoa man:

- [7 sl

Khi X 1a khong gian Hilbert phirc, dinh 1i Neerven — Vu ([19, 20, 24]) chi ra rang nira nhém lién

tuc manh 7' trén X 1a 6n dinh Iy thira néu va chi néu

sup sup uﬂT(t)H = M(z) < oo, véimdi z € X. (2.1.2)

neR >0
Mit khac Neerven va Vu da chimg minh duoc néu (2.1.2) dung thi giai thie R(\, A) := (/\ - A)_l
ton tai va bi chan déu trong {)x € C:Re(\) > O}. Hon nita két qua nay ciing dung cho ntra nhom

xac dinh trén khong gian Banach. Pinh 1i Gearhart — Pruss-Herbst — Howland (xem [10, 11, 12,
13, 21, 25]) cho thdy, néu giai thirc ctia nira nhom trén khong gian Hilbert 1 bi chin déu trong



{)\ € C:Re(N) > O} thi né 6n dinh lity thira. Nhiéu chi tiét hon vé cac két qua trén chung ta tham

khao phuong trinh dao ham riéng trong cac muc [2,4, 24].

Cho bai toan Cauchy non — autonomous
u'(t) = A(t)u(t)
(2.1.3)
u(0) ==z
v6it >0, 2z € X, At) 1a toan tir tuyén tinh (c6 thé khong bi chan). Nghiém yéu
ctia bai toan dan t6i ho tién hoa trén R U = {U(t,s):t > s > 0} C L(X), 6 la:
(e1) Ut,r) =U(t,s)U(s,r), véi moi t >s>r>0 va U(t,t)=1, véi moi t >0, ([la
toan tir ddng nhat trong L(X) ).
(e2) Anh xa {(t,s) t>s5 > O} — X
(t,s) — U(t,s)r,lalién tuc véi mdi = € X.
Mot ho tién héa la bi chin lily thva néu ton tai weR, va M >0 sao cho:
HU(t,s)H < Mwe“(H), véimoi t > s> 0. (2.1.4)
va duogc goi 1a 6n dinh lity thira néu c6 s6 w < 0, sao cho (2.1.4) dung.
Néu ho tién hoa thda méan diéu kién
(e3) U(t,s) =U(t —s,0) véimoi t > s > 0, thi ho
T ={U(t,0): t > 0} C L(X)
la nra nhom lién tuc manh trén X .
Trong trudng hop danh gia (2.1.4) thda man. Néu bai toan Cauchy (2.1.3) 1 tudn hoan chu ky 1,
toc 1a A(t +1) = A(t) v6i mdi t > 0, thi ho tién héa twong tng U ciing tuan hoan chu ky 1, tic
la:
(eq) Ut+1,s+1)=U(ts), voimoi t > s > 0.
MBJi ho tién hoa tuan hoan chu ky 1 1 bi chan lily thira, tham khao ([5], b dé 4.1).
Cho ham kha tich dia phuong Bochner f: R, — X, nghiém yéu dit dang bai toan Cauchy

khong thuan nhat



duoc cho boi:

v (t,z) = U(t,0)z + f U(t,7)f(r)dr, (t > 0).

0

Ta xét ho tién hoa trén duong thang, ta sir dung lai cac ki hiéu nhu trong truong hop trén R s
ngoai trir cac tham sé s, va ¢ c6 thé nhan gia tri bat ky trong R .

Dinh 1i Datko — Neerven c6 thé dugc md rong cho ho tién hoa trong ca hai trudng hop trén
duong thang, va trén nira dudng thing. xem ([8, dinh li 6], [17, dinh 1i 2.2], [7] hay tai liéu chuyén
khao [6]. Nhung c6 1& dinh li Neerven — Vu khong thé mé rong duge cho ho tién hoa tuan hoan.
Tuy vay vai két qua yéu hon dugc mé ta sau day ciing van con dung.

Ta sir dung lai khai niém vé nira nhom tién hoa. Chi tiét chiing ta tham khao [6, 7], va céc tai
liéu lién quan cua chung.

Cho U = {U(t,s) t>s€ R} 1a ho tién héa tuan hoan chuky 1, t >0, va G € AP(R, X).
Ham duoc cho boi:

s+ (S(t)G)(s) =U(s,s—t)G(s—t): R — X (2.1.5)
thuéc vao AP(R, X), va ho mdt tham s6 S = {S(t) it > 0} la mot ntra nhom lién tuc manh
trén AP(R, X), xem vi du [16]. S dugc goi 14 nira nhém tién hoa trén AP(R, X).
2.2. Cac két qua
B6 @ 2.2.1. Cho f € AP(R ,X),7 >0 va U={U(t,s):t>s€ R} C LX) la ho tién héa
tuan hoan chu ky 1, gom cdc todn tir tuyén tinh bi chin trén X . Khi @6 ham S(1)f dwoc cho béi
cong thirc

|S(7)f](s) = - 2.2.1)

0, 0<s<T

thugc vao khong gian AP, (R , X).

Chirng minh:



Truéc hét ta ching minh S(r)ge A(R ,X), voi bat ky ¢ trong AR, X).

That vay, vi g € A (R, X) nén ton tai t,>0,vaF e AP(R , X) sao cho:

g(s) =0, s € [0, tg]

g(s)=F(s), s>t

batt, =1+t vaF,  =U(,.—7)F(-7).

g

Ta can chirng minh

That vy, néu s > ¢, ,this—7>1¢.D0od6 g(s—7)=F(s—7), (vi g€ A(R X))
Mat khac, vi s > tS(T)g nén s > T.

Do d6

Néu s € [0, tS(T)g]
Truong hop I:

Voi s € [T,tS(T)g}. Diéu nay dindén 0<s—71< tg, va § > T.

Do d6 gs—7)=0,(vig€ A (R ,X)).
va
[S(T)g(s) = Uls,s —7)g(s — 7)
— U(s,s —7)(0) = 0, (vi U(s,s — 7) € L(X)).
Truong hop 2:

Voi 0<s < T1,taco:
S(7)g](s) = 0, ( theo dinh nghia ham [S(7)g](s)).
Tt hai truong hop trén ta co:

{S(T)g} (s) = 0,véimoi s € [O, tS(T)g}.



[S(r)g](s) =0, s € [0, ts(m}

[S(T>g](s> — Fsmg(s% s>t

Hay T)g € AR, X), Vge A(R

Bay gio cho >0, tuy y

Vi feAP(R_,X),va A(R_,X)=AP(R_,X) néntdntai g € A (R ,X) sao cho:

I =l <=

BUC(R_,X)

Theo chiing minh trén ta co:

S(r)ge AR, X),

vi [57) =50l 1.y, = 00515 =D =) = gl =]

BUC(R,.X) 4

< sup(

§>T

‘U $,8—T HHf §—T)— g(s—T)H).
Vi U tuan hoan chu ky 1 nén U bi chan Iy thtra, tic la ton tai M > 0, va w € R sao cho:

HUSS—’TH< Me* oo TD:M@”.

Do do
|51 =Sl 0, < M 0[5 =) 95— 7]
= Me™ ||f - gHBUC R, X)
< Me“¢.

Cho ¢ — 0 tasuy ra S(7)g hoitu vé S(7)f.
Vi AP (R ,X) latip dongnén S(7)f € AP (R ,X).
Hoan thanh chirng minh bé dé 2.2.1 m
Ta cling théy réng ho {S (1):7> 0} la moOt nira nhom cac toan tir tuyén tinh, bi chan trén
AP (R, X).
That vay, véi f, g€ AP(R ,X), o, B€C, 7 >0.

Néu s > 7, ta co:



|S(7)(af + Bg)|(s) = Uls,s —7)(af + Bg)(s —7)

=U(s,s —7)(af(s—7)+ Bg(s — 7))
=aU(s,s—7)f(s—7)+ BU(s,s — T)g(s — 7)

= o[ S(7)]()+BS(T)g)s)
= [aS(7)f+BS()g)(s).
Mat khac
|s(r)(@f + B9)—[asS(r)f+85()al],, .
= sup{[S(r)(af + 89)(s) ~ [aS(r)f+65(r)g(s)]|} = 0.
Do do S(T)(af + Bg) —[aS(T)f+85(T)g] = 0.
Hay S(T)(af + Bg) = aS(T)f+0S(T)g, Vs> T.

Néu 0<s <7 thi S(7)f](s)=5()g](s)=[S(7)(af + Bg)|(s) = 0.
Dodo  S(r)(af + Bg) = [aS(r)f+BS(r)g]
Vay S(r) € L(AP(R X)), VT > 0.
Mit khac
[S0)f)(s)= U(s,8)f(s) = I(f(s))=f(s), Vs € R .
(v6i I 13 anh xa ddng nhat trén X).

57 =], ., =sup{Us9)16) = )} = 0.

Do d6 S0)f—f =0.
Diéu nay tvong duong véi
(S(0)—=D)f =0.
Suy ra S(0) = I. (I 1a 4nh xa dong nhét trén AP(R , X)).

Vé6i 7,7, >0, f€ AP(R_,X), takiémtra (7, +7,) = S(,).5(7,).
Tu bo dé 2.2.1, ta cé:
S(r)f, S(r,)f € AR(R , X)

va



U(878 -7, — Tg)f(s -7 - TQ)? s> 7_1'1'7_2-
|S(r, +7,)f|(s)=
0, 0<s<T 47,

V6is>T1 +7,,tacd:s>1 vas—7 >T,.

Dodo  |(S(r,).8(r,)) f|(5)=S(r,)(S(r,)f)|(5)

|
Suy ra HS(T1 + TQ)f - (S(T1>'S(TQ)>fHAPO(R+,X)

Do do S(r,+71,)f = (S(r,).8(1,))f

Hay (S(r,+7,) = 8(r,).8(r,))f =0, Vf € AR(R , X).
Suy ra S(r, +7,)=5S(r,).8(t,).

Néu 0<s<T +T,

Truong hop 1:

Véi0§5<71,tacé:

(S(7):8(7,)) £ () = |S(r)(S(r)f )| (5)=0

Suy ra S(r, +1,)f = (S(r,).8(7,)) f.
Piéu nay dan dén

(S(r, +7,)=S(7).8(r,))(f) =0, Vf € AR(R , X).
Hay S(r, +7,) =S(7,).S(r,).

Truwong hop2:



VoiT <s<T7 +7,,tach: 0<s—7 <7,
Do d6 |S(7)-8(,)|(F)(8)=Ul(s,5 — 7,)|S(7,)f (s = 7)

=U(s,s—1,)(0) =0

=[S(r, +T)f}( ).
Suy ra S(r, +1,)f = (S(r,).S8(r,)) f
Hay S(r,).8(t)) = S(r,+71,).
Vaytaco  S(r, +7,) = S(r,).8(r,).

Suy ra ho {S (1):7> 0} 13 mot ntra nhom cac toan tir tuyén tinh, bi chin trén AP (R, X).

Bo6 d@é 2.2.2. Cho U la ho tién héa tudn hoan chu ky 1 gom cdc todn tir tuyén tinh bi chan trén X .

Nica nhém S = {S(t) : t > 0} lién két t6i U trén AP(R ,X), xdc dinh trong (2.2.1) la nia nhom

liéen tuc manh.
Chirng minh:
Cho f€e AP (R ,X)var >0, tuyy.
Tl bo dé 2.2.1, ta co:
S(r)f € AP (R, X).

Vi fe AR (R ,X), nén ton tai t,>0,va F, € AP(R,X) sao cho:
f(s)=0,  sel0t]

|76 =F ), s>,

Ta co ‘S(T) — o= 2[1012 H f1(s) —f(S)H
< smp ISk = 1]+ s, IS+ sup IS~
o [(5)f1s) = £(s)| = s [5G o

Véi s €[0,z,]

Néu 7 > t,, thi s <7.Dodo [S(7)f](s) = 0.



Swyra sup i5)11s) - £ = Ssegg]u[sw)f](s)\\ =0.

Néu 7 <t.

Truong hop 0<s <, tacod [S(7)f]|(s) = 0.

Truonghop 7 <s<t¢,, tac6 0 <s—7 <t —71<t. Do d6 f(s—7)=0.
Suyra [S(7)f|(s) = Uls,s = 7)f(s —=7) = U(s,s = 7)(0) = 0.

Dodo [[S(m)f)s)| = 0.

[S(T)f1(s)] = 0.

Vay ta luén c6 sup
sE[O,t‘f]

Hay s IS~ f(9)] = su stk = o

Véi s € [tf,7'+tf]

Néu 7 <t thi 0<s—7<t.Dodo f(s—7)=0.
Diéu nay dan t6i [S(7)f](s) = 0.

Néu 7 > t, thi [tf,T — tf] = [tf,T} U [7’,7’ + tf]
Truong hop s € [tfﬂ'], ta co: [S(7)f](s) = 0.
Truong hop s € [7’,7- —l—tf}, taco: 0<s—7< tf.
Do d6 f(s—7)=0.

Suy ra [S(7)f](s) = 0.

Vay vai s € [tf,T + tf}, ta c6: [S(7)f](s) = 0. Diéu nay din dén:

sup [(S()f)(s)— f(s)| = sup

SE[tf,T+tf] SE[tf,T+tf]

f(s))-

Véi s € [T+t,,00), tacd s > t,. Dodo f(s) = F(s).

/
Suyra swp [(S(NE) - f6) = swe [SON6)-F)]
vy ROTES L 0 110 B N CORIORRID)



< gl + [S®F = E]

Suy ra

L L Ty U RGeS

7—0 7—0 Se[tfﬂ'-i-tf 7—0 )
vi nira nhom S ( xac dinh trrong 2.1.5 ) 1a nta nhom lién tuc manh, va f1a ham lién tuc déu trén

R, ,va f(t,)=0nén ta co:

ITIE%HS(T)JC N f‘ AP)(R X) =0
Hay lir%S(T)f: f.

Suy ra niranhém § = {S(t) : t > 0} lién két t6i U trén AP (R, X), x4c dinh trong (2.2.1) la nira
nhém li€n tuc manh, va dugc goi la nira nhom tién hoa lién két t6i U trén khong gian
APO(R+,X ).

Hoan thanh chirng minh ciia bé dé 2.2.2m

Két qua chinh ctia luan vin duogc trinh bay trong dinh 1y sau
Dinh ly 2.2.3. Cho U = {U(t, s):t>s€ R} la ho tién héa tuan hoan chu ky 1, gom cdc todn tir

tuyén tinh bi chdn trén X. Hai khang dinh sau la twong dwong
i) U la én dinh lily thira.
i)v(.,0)€ AR (R ,X) chomoi f € AR (R, X).

B6 d¢é sau 1a chia khoa dé ching ta chimg minh (i) kéo theo (ii) cta dinh 1y 2.2.3

Bo6 d@é 2.2.4. Cho U = {U(t,s) t>s€ R} la ho tién héa tuan hoan chu ky 1 cdc todn tir tuyén
tinh bi chan trén X, S = {S(t) it > 0} la nita nhom tién héa lién két t6i U trén AP (R ,X), xdc
dinh trong (2.2.1), (G, D(G)) la todn tu sinh cua S, u va f € AP, (R ,X). Hai khang dinh sau la
twong duong

Jj) ue DG),va Gu=—f.

Jj) u(t) = fU(t,s)f(s)ds, v&i moi t > 0.



Chirng minh:
(j) kéo theo (7).
Véimdi t > 0, vi u € D(G) nén theo két qua d) cta dinh 1i 1.2.4, ta co:

Stu— SO0 = f S(€)Gudé

Piéu nay twong duong véi

S(t)u — u = [ S(e)Gudg
Suyra  u(t) = [S(tyu)t) - ([ S(§)Gudg) (t)

= U(t,0)u fU (t,t — &) (Gu)(t — £)d¢

— [Vl - s - )de

Bang phuong phap d6i bién 7 = t — &, ta thu duoc:

()= [Utnfr)ir

(77) kéo theo (7).
Gid st u, f € AP(R_, X).C6 dinh t> 0. Ta chimg minh
LSty + u)=1f5(7) fir (222)
t t 0
Néu s > 1, taco:
1 1
;(—S(t)u +u)(s) = ;(—[S(t)UJ(s) +u(s))

fUST T)dT —U ss—ths—tT)f(T)dT]



Bang phuong phap d6i bién 7 = s — r, ta thu dugc:

.
stsrsr
0

t

=-([Istr ]’5(7) fdr)(s).

1
—(=S(t)u + u)(
t

H~|}—‘

@Lli—\

0

Néu0§5<t,tacé:

S(=S(Hu u)() = (- SOuks) + uls)

1 s t
3 1)+ [ 18) s

(ta.¢6 [S()f](s) = 0. Vs € [0.7). Do s [[S(r)f)(s)dr = 0).

Vi vay %(—S(t)u tu) = % [ sersir



t
Suy ra liml(—S(t)u +u) = lim1 S(r)fdr
t—0 ¢ t—=0 ¢ 0
= S(0)f, (do két qua (a) dinh li 1.2.4).
— If= f.
Mat khac (G, D(G)) 14 ham sinh ctia nira nhom tién hoa S trén khong gian AP (R, X). Do do
u € D(G), va Gu=—f.
Hoan thanh chirng minh cua dinh li 2.2.4m
Goi o(L) 1a pho clia cc toan tir tuyén tinh L trén X .
p(L)=C\ o(L) latap giaicua L.
r(L)==sup {\A\ oY= a(L)} 1a ban kinh phé cia L.
s(L):= sup {Re()\) tAE O'(L)} 1a bién phod ca L (spectral bound) .
Dinh li 2.2.5. Cho U = {U(t,s) t>s¢€ R} la ho tién héa tudn hodan chu ki 1 trén khéng gian
Banach X,V := U (1,0) la todn tir don, va S la mira nhém tién héa lién két véi U trén khong gian
AP(R, X) duwoc cho trong (2.1.5). Bon khang dinh sau la twong dwong.
(i) U la én dinh lily thira.
(ii) r(V) < L.

n .
z :ewkvk
k=0

(iii) sup _, = MM < 00, voimoi i1 € R.

iv) Véi méi f € P'(R

+7

X) va véi moi p € R ham t — ]U(t,s)e_i“’sf(s)ds la bi chan trén
0

R..

Chirng minh:

Ap dung bd dé 1.8.3 ta c6 (i) < (ii).

Tt chiing minh cta dinh 1i 1.8.4 va dinh 1i 1.8.4 ta ¢6 (1) < (1i1) va (1) < (iv).

Bay gio ta chuwng minh dinh li 2.2.3

(1) kéo theo (i7).

Gia st U 6n dinh lity thira.



Goi S 1a nira nhom tién hoéa lién két v6i U trén khong gian AP (R ,X), va (G,D(G)) la ham
sinh cua no.
Vi U 6n dinh Iy thira nén tdn tai s6 thue w < 0, va M_> 0 sao cho:

HU(t,s)H <M, voimoi t > s.

Ta co:
156, =500 sfess = osis =] =]
< sup «[sup ‘U(s,s — T)Mf(s — T)H : Hf = 1}
s>T ARy(R . .X)
< Mge”, VT > 0.
Mat khac
L T
< lim lnHMge”t = lim In M, +1 Ine”
t—00 t t—oo ¢ t—oo  f
<w<0.

Theo li thuyét ham sinh ctia nira nhom tuyén tinh [26, p.4-5], ta co 0 € p(G).

Suy ra GG 1a song anh. Do d6 G' kha nghich.

Suy ra véi mdi f € AP (R, X), ton tai u € D(G) C AP (R, X) sao cho Gu = —f.
Theo bd dé 2.2.4, ta co:

t
u(t) = [U(t,5)f(s)ds, véi moi ¢ > 0.
0
Ta lai co

t

v,(t,2)=U({,0)z + fU(t, ) f(T)dT, (t >0,).



(1) kéo theo (7).

Gid sir v (.,0) € AR(R ,X), v6imdi f € AR(R ,X).

Cho peR,va fe P'(R ,X).

bat g(t) = e " f(t), t > 0. Ta chimg minh ham g € AR (R ,X).

Pau tién ta chimg minh véi mdi f € TR (R ,X)thi ge AR (R ,X).

That vdy, vi feTPF(R ,X) nén tdn tai t >0, va pf(t) ::chei"”ftxk, vOi

f
c, €C pu € R,z €X, saocho:
fty=0,  telot,]
[ =p,0), t>t,
Dat p (t)=e "'p,(t), vat =t, t>0.
Néu ¢ €[0,¢ ], tacd f(t) = 0. Do do g(t) = e ™ f(t)=0.
Néu t >t taco f(t) = p,(t). Do do g(t) = e " f(t) = e "'p,(t) = p,(t).

g(t)=0,  teloz]

Suy ra ge TR (R ,X).

Mat khac ta laicé TP, (R ,X)C A (R ,X)C AP (R ,X)

Do dé g€ AP(R ,X).

Néu f € P'(R_,X)=TP(R _,X), thi tdn tai h € TP(R ,X) sao cho:

Hf— H <eg, Ve>NO0.

BUC(R ,X)

Ta co:

Jo s e niof] =

Hro=ho) <=1,y <

BUC(R ,X)

(do ‘e’;’” = cos’ it + sin® ut = 1).




Suy ra t — g(f) = e " f(£) thudc vao TP (R _, X).

+’

Miit khic TP,(R ,X) C A(R,X)= AP(R ,X).

+7

Do d6 ham ¢ — g(t) = e ™ f(t) thudc vao AP, (R ,X),véi f € P'(R ,X).

Hay g € AP (R ,X),voi f € P'(R ,X).

+7

t
Vi e ™ f(t) thuge vao AR (R, X) nén nghiém v (£,0) = fU(t,s)e“"tf(t)ds
0

t
thuoc vao AP (R, X). Ttc 1a ham ¢ — f U(t,s)e " f(s)ds € AP(R , X),voi
0
feAP(R_,X).
t
Hon nita AP (R ,,X) C BUC(R,,X), do d6 ham ¢ +— fU(t,s)e“”f(s)ds 1a bi chdn trén R | .
0
Theo dinh 1i 2.2.5 (iv)= (4) ta suy ra U 1a 6n dinh Iy thira.
Chii y
Tir cac diéu kién twong duong (i) va (iv) cua dinh 1i 2.2.5 va véi két qua cua dinh

li 2.2.3 chiing ta thay rang ho tién hoa U trong dinh li 2.2.3 14 6n dinh liiy thira néu va chi néu véi

mdi f € AP (R, X) nghiém v (.,0)bi chdn trén R .

That viy, néu U 13 6n dinh lily thira thi theo dinh 1{ 2.2.3 ta suy ra v (-,0) € AP (R , X), voi moi
f€AF(R_,X). Ttc la nghiém v,(.,0) bi chan trén R .Trai lai voi mdi f € AP (R ,X)
nghiém v f(.,O) bi chan trén R, thi theo ching minh (ii)=-(i) cua dinh li 2.2.3 ta suy ra U l1a on

dinh iy thtra.



CHUONG III
UNG DUNG

Mot hé qua truc tiép cua dinh 1 2.2.3 1a dinh 1i vé& phd anh xa cho nira nhom tién hoa S trén

khong gian AP (R, X). Két qua tuong tu c6 thé dugc tim thay trong ([13], dinh 1i 2.2) cho nira
nhom tién hoéa trén Cp(R,,X), va trong [14, dinh i 5] cho nta nhom tién hoa trén

AAP (R, X).

+7

O day C (R, X) la khong gian cdc ham nhan gid tri trén X, xac dinh trén R, sao cho:

£(0) = lim f(¢) = 0.

t—o00
AAP (R, X) lakhong gian chira cdc ham % nhén gia tri trén X, xac dinh trén R , sao cho £ (0) =
0,vatontai f € C(R, ,X), g€ AP(R ,X), sao cho:

h=f+g.
Dinh li 3.3.1. Cho U la ho tién héa tuan hoan chu ki 1 céc todn tir tuyén tinh bi chan trén X . Nua

nhém tién héa S lién két 16i U rén AP(R _,X) thoa man dinh li vé phd dnh xq, tikc la

e =o(S(t))\ {0}, t > 0.

Matkhic  o(G) ={\€C:Re()) < s(G)}.
va
a(S(t)) = {)x eC: ‘)\‘ < T‘(S(t))}, voi moi t > 0.
Chirng minh:
Theo b6 dé 2.2.2, S 1a nita nhom lién tyc manh trén AP, (R, X). Do d6 theo dinh Ii vé pho cia
anh xa, ta co:
e =o(S(t)\ {0}, t > 0.
Cho ) € p(G), va u € C sao cho Reu > Re.

Pit S, =8 (t) = (e (1) _, U, =(U,(ts))__ =(e"0(ts))

>0 >5>0



Ta chimg minh U, 1a ho tién hoa tudn hoan chu ky 1 trén R . cac toan tur tuyén tinh, bi chin trén
X.
Thatvay, voi z, y € X, a, 8 € C, taco:
U, (t:8) 0z + By)= (0 (15)) (o + By)
e (U(t5)(az + By))

_ o A) (@U(t,s)x + BU(t, s)y)

= ac (L) + fe UL s)y,
= U, (t,8)z + BU, (t,s)y, Yt >s5>0.
Mit khac
o t.5)] = e v e.s)

S e—Re/\.(t—s)

Ult, S)H

o)

ReX.(t—s) *

€

Vi U(t,s) € L(X) nén U bi chin, tirc 1a ton tai M > 0 sao cho:
[ot,s)| < M, vt =s>0.

V&imdit > s> 0,tdn tai N >0, sao cho:

! <N.

RN =
Tir do suy ra

[U,(t9)| < M.N, véimdi t > s > 0.
Vay U, (t,5) € L(X), hay ho U, = (U, (1,5)),
Véit>r>s >0, taco:

U,(t,t) = e ""U(t,t) = I, (I 1a 4nh xa dong nhét trén X).



U, (t,r)U,(r,s) = e Ut r) (e " U(r,s))
= e e Ut r)U (7, 8)
= e \"IU(t,s)
= U, (t,s).
Hon nita vi 4nh xa (t,s) — U(t,s)z 1a lién tuc v6i mdi 2 € X, nén 4nh xa
(t,5) — e "U(t,s)r cling lién tuc véi mdi € X.
Suy ra anh xa (t,5) — U, (t,s)z lién tuc v6i mdi = € X.
Vay U, laho tién hoa tudn hoan cic toan tir tuyén tinh bi chin trén X .
Mat khac
Ut+1Ls+1)=e 0 +1,s +1)
= e "U(t,s), V> s> 0.
Vay U, tuan hoan chu ki 1.

Tuong ty ta cling kiém tra dugc S , la nira nhom tién hoa cac toan tur tuyén tinh, bi chan trén
AP (R, X). Ta goi S, 1a nira nhom tién hoa cam sinh boi ho tién hoa U . trén khong gian
AP(R ,X).

Vi X € p(G) nén G — A\ 1a song anh.
Suy ra G — Al latoan tir kha nghich.

Ta lai c6 G — AI 14 toan tr sinh clia nira nhom tién héa S, = (e‘”S(t)) trén
t>0

khong gian AP (R ,X), cam sinh boi ho tién héa U, = (e‘”t_“”)U(t,s))

t>s>0

That vy, véi f € AP, (R, X), ta co:

lim 6_/\tS(t)f _ f

t—0 t t—0 t



[S(t)f—f+f— f]

-\t
= lim ¢
t—0 t
f
C(swr-f) |
=lim—~ + lim
t—0 t t—0 t
_ M
e il )
t—0 t
eM—1
= Gf —lim —f( )
t—0 t

=
= Gf —)\fhmT

t—0
=Gf —\f =(G-))f.
( V6i I 1a anh xa dong nhét trén khong gian AP (R, X)).

Do d6 G — Al 1a toan ti sinh cua nira nhom tién héa S, = (e’”S(t)) trén khong gian

>0

AP(R ,X), cam sinh boi ho tién hoa U, = (e ' U (t,))

1>5>0
Theo chimg minh cua dinh 1i 2.2.3, ta ¢6 U, on dinh lily thia. Do d6 ton tai M_ >0,
w € R, w < 0 sao cho:
HUA(t’S)H <M e, v6imoi t > s.
Diéu nay twong duong véi

He‘A(t_S)U(t,s)H < Mwe“’“‘s), voimoi t > s.

<M e véimoi t > s.
(Rc)\)(t—s) w

Hay

Ta cling co
.| = o)

(—Reﬂ,)(t—s)

U(t,s)|



e
B 6(1133611/)(?5*:‘)‘)

U(t,s) s
stj<MfaJ'

Suy ra U 6n dinh Iy thira,

Theo chiing minh cua dinh li 2.2.3, suy ra G — pf kha nghich.

Hay ne p(G).

Do d6 o(G)={N € C: Rex < 5(G)}.

Néu Re\ > s(G) thi A & o(G). Do do A € p(G).

Suy ludn twong ty nhu trén ta c6 U, 6n dinh Iy thira. Vi vdy nta nhom tién hoa

$,(t) = (e S(t)) 1 én dinh liy thira.

1>0
Truong hop ddc biét: r (e‘”S (t)) < 1. Piéu nay dan dén
r(S(t)) < e, véi t>0.
Do d6 r(S@) < e t>0.
Mat khac theo dinh 1i phé bao ham, ta co:
e’ C o(S(1)), t > 0.
Suy ra o(S(t)) 1a mot dia va thda man dinh li 4nh xa pho.
Mot tng dung khéc cta dinh 1i 2.2.3 1 bat dang thire Landau — kallman — Rota. Chi tiét vé cac
két qua nay co thé xem “C. Buse, S. S. Dragomir, A Kallman-Rota Inequality for Evolution Semi-
groups, submitted” va “C. Buse, The spectral mapping theorem for evolution semigroups on the

space of asymptotically almost periodic functions defined on the half-line, Electronic Journal of

Differential Equations, Vol. 2002(2002), No. 70, pp.1-11".
Ki higu Y la mot trong céc khong gian C (R ,,X), AAP(R,,X), hay AP (R, X).

Dinh 1i 3.3.2. Cho U = {U(t,s) : t > s > 0} la ho tién héa tudn hodn véi chu ky

1 cac toan tw tuyén tinh bij chan trén X, va f € Y thoa man cac diéu kién sau



i) v,(-,0) = fU(.,s)f(s)ds thugc vao Y .

0
ii) w ()= f(.—s)U(.,s)f(s)ds thugc vao Y .
0
Néu sup {HU(t,s) it > 5> OH} =M < oo th

va("O)Hi < M’ HfHY wa<>HY
Pé chimg minh dinh 1i trén ta sir dung két qua sau:

Cho T ={T(t):t > 0} la mta nhém lién tuc manh va A: D(A) C X — X la ham sinh ciia

nita nhém T . Néu T 6n dinh déu, tirc 1a ton tai hang sé dwong M sao cho st1>1(1)) ‘T H =M < o0,
thi

HAxH2 < AM?||A’z Hx” v6i moi x thuéc D(A).
Chirng minh:

Sur dung két qué d) ctia dinh 1i 1.2.4 ta d& dang kiém tra rang v6i z € D(A%), ta co:
t
Tt —x=tAz + f(t — 8)T(s)A’zds

That vay, v6i z € D(A?), ta co:

t

t
f (t —s)T(s)A’xds = f(t - s)iT(s)Axds
0

g ds

t
Str dung phuong phap tich phan timg phéan cho tich phan f (t—s) % T(s)Azds, ta thu dugc:

0

t t
f (t—s) s)Azds = (t —s)T(s)Az |, —I—f T(s)Axds
0 0

= —tT(0)Ax —|—] T(s)Azds



t
= —tAx +fdiT(s)xds
S

= —tAz +T(s)z |,
=—tAz+T(t)r —x

t

Viay Tt)r—z = tAz+ f(t — 5)T(s)A’zds
0
: 1 *’ :
Do d6 Az == T(t)a:—x—f(t $)T'(s)A xds

biéu nay dan dén

HAxH . T(t)r—z— f(t — 8)T'(s)A’xds

0

t

f (s)A’zds

0

<[]+l +

< Mprcre] + ] + f (¢ 9o 4%

J(t — s)ds]

0

A’z

1
<l @s] el + o)

el

Ta cé thé giasit M > 1, (vi HT H =1).
Néu A’z = 0 thi Az = 0, do d6 bét ding thirc can ching minh 1a ding.
1
2 taco:

Néu A’z = 0, chon t = QHxH; A’x

A’z Azx

2M
4] < 1 el + A2l

2

Diéu nay twong duong véi



faef <21 o e

Hay

HAJZH2 < AM?||A%x

o]
(Ngoai ra chung ta ciing ¢ thé tham khao chting minh cua két qua trén trong R.R. Kallman and G.

C. Rota, on the inequality H f’ H < 4” fHH f"ll, Inequality II, O.Shiha, Ed., Academic Press, New-

York 1970, pp. 187-192).
Chirng minh dinh li 3.3.2
Truong hop Y= AP (R , X).

Goi S 1a nira nhém tién hoa lién két voi U trén khong gian ¥ =AP,(R ,X), va (G,D(G)) 1a

+ )
ham sinh cua no.

Viv(.,0) = fU(.,s)f(s)ds vi f € AAP(R ,X) nén theo b d& 2.2.4, ta co:

v,(-,0) € D(G) va Gu,(.,0) = —f.

Mat khac



t
= fU(t,r)vf(r,O)dr, Vit>r>s2>0.
0

Vi v, (.,0) € AR (R, X) nén theo bo d€ 2.2.4, ta co:
w (.)€ D(G?), szf(.) =f.
va Gw,(.) =v,(.,0).

Ta lai co HS(t)f‘

U(s,s = t)f(s — 1)

= sup
AR (R, X) s>t

<o~ ofts ol

<M,
Suy ra “S(t)“AE)(R+,X) <M, Vt>0.
Do d6
SO,y <M <00

Str dung bat dang thl’l’cHAxH2 < 4AM?|| APz

|«

z=w/()€ D(G?), ta thu dugc

2

o, (-0, < 48[l -

Chung minh cua dinh 1i 3.3.2 trong cac truong hgp con lai dugce suy ra tuong tu.
Gia thiét cua dinh 1i Neerven — Vu ¢6 thé dugc viét lai nhu sau

Tén tai hang s6 duong K sao cho:

, voimoi z € X.
BUC(R, .X)

< Kl|e"x

[ 1) e

sup
t>0

thi két qua sau 1a hién nhién.

Dinh 1i 3.3.3. Cho U = {U(t,s) t>s€ R} la ho tién héa tuan hoan chu ky 1,

gom cdc todn ik tuyén tinh bi chan trén X . Hai khdng dinh sau la twong dwong

(1). U la én dinh lily thira.

, véi moi z thudc D(A”) bang cach chon A = G, va



(2). Véi méi p € TP (R, ,X) nghiém vp(.,O) thugc vao AF (R ,X), va ton tai hang s6
K duwong sao cho:

(3.3.1)

v,(-,0)| <K

I
AP)(R . X) H AR (R, X)

Chirng minh:
(1) kéo theo (2).
Giasir U on dinh lily thirava p € TP(R , X).

Vi TP(R ,X)C AP(R ,X) nén p € AP (R ,X)
Ap dung dinh 1i 2.2.3 ta c6 v (-,0) thudc vao AF (R, X).
Do p € AP(R ,X), v (.,0)€ AP (R ,X) nén ton tai M,N > 0 sao cho

< N.

AP(R,X) —

<M,

g 2,(-0)

AR (R, ,X)

Chon K > E, ta co:
M

v,(,0) <N

AFR(R,X) —

< K.M
<Klpl, ey
< Kip AP(R . X)

(2) kéo theo (1).
Cho f€ AP (R ,X)vap €TF(R , X)voi(p,) laday hoitutéi f trong AP (R, X). Tuc la

p, — ]

lim =
n—00 APU(R+X)

Tir gia thiét (3.1), ta co:

v (.,0)

<K
Py -

AP)(R,,X)

pn

AP(R ,X)
Suy ra (vpn(.,O)) hoi tu trong AP (R, X).

Mat khac véi t > 0 taco

v, (£0)= [U(t5)p,(s)ds,



Do d6

t t
Hv CURSC [ ds— [Ult,s
+ 0
t
= | [U(t.5)(p,(5) = f(s))ds
0 AP)(R, X)
t
< Jleatro- s
t
< [l
0
t
< [loesls, - 1.,
0
Vi U(t,s) C L(X)nén bi chin. Tirc 1 ton tai M > 0,sao cho:
HU(t,s) <
Do do
Hv (£,0) — S]MHp _ fH ds. (3.3.2)
0

Cho n — oo trong (3.3.2) ta dugc (vp (t, 0)) héi tu vé vf(t, 0), Vt > 0. Hay
(v, (,0)) hoi tu timg diém v& v,(,0).

Vivay v,(.,0) thugc AR (R, X).

Theo dinh 1i 2.2.3 ta suy ra U on dinh lily thira.
Hoan thanh chirng minh cua dinh li 3.3.3m



KET LUAN

Luan van trinh bay lai mdt cach c6 hé théng mot sd két qua vé 6n dinh Iiiy thtra cua ho tién
hoa tudn hoan, va mdi quan hé ctia né véi nghiém cua bai toan Cauchy. Dong thoi tac gia ciing
dua ra mot s6 ung dung quan trong ctia cac két qua do.

Tac gia di trinh bay mot cach chi tiét hodc dé nghi phép chimg minh cho cac dinh li. Cac két
qua chinh ctia luan van bao gdom:

1.B6 dé vé nira nhom lién tuc manh sinh bdi mot ham trong khong gian AP (R , X )(Bo dé

2.2.1 vabd d82.2.2).

2.Dinh 1i vé mdi lién hé giira tinh chat cia nghiém cta bai toan Cauchy voi tinh 6n dinh liy
thira ctia ho tién hoa tudn hoan (dinh 1i 2.2.3, b dé 2.2.4, va dinh 1i 2.2.5).

3. Mot s6 ung dung cua dinh 1i 2.2.3 (Pinh li 3.3.1, dinh 1i 3.3.2, va dinh 1i 3.3.3).
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