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Mé dau

Heé phuong trinh dao ham riéng doéi xing cap mot dong vai tro quan
trong trong 1i thuyét phuong trinh dao ham riéng va trong toan hoc néi
chung. Nhiéu qué trinh trong ti nhién va trong ki thuat da dugc mo
hinh héa béi hé phuong trinh déi xing cap mot. Vi vay viéc nghién ctu
tinh giai duge ctia bai toan Cauchy cho phuong trinh déi xting cap mot
c6 ¥ nghia thyc tién. Luan van nghién citu tinh giai dudge ciia bai toan
Cauchy cho hé phuong trinh déi xiing cap mot véi hé sé khong phu thuoc
thoi gian.

Luan van gom hai chuong:

Chuong 1. Kién thitc chuan bi. Trong chuong nay Luan vin da
trinh bay mot s6 kién thiic co ban nhu: Mot s6 khong gian ham, toan
tr lam tron, nita nhéom va toan tit sinh, Dinh 1y Hille-Yosida, bai toan
Cauchy ddi v6i phuong trinh vi phan thuong trong khong gian Banach
va mot sO toan tu gid vi phan cap mot.

Chuong 2. Hé phuong trinh dbi xitng cap mot véi hé s6 khong
phu thudc thoi gian. No6i dung chinh ctia Luan van duge trinh bay
trong chuong nay bao gom: Heé phuong trinh déi xing cap mot, cach
dua phuong trinh truyén séng vé hé phuong trinh déi xing cap mot,
bai toan Cauchy cho hé phuong trinh déi xting cap mot trong L? va bai
toan Cauchy cho hé phuong trinh déi xting cap mot trong Wy. Trong

mdi khong gian L? hodac W, Luan vian da thiét lap bat dang thiic nang



lugng va chiing minh tinh toan anh ctia toan tit A 1én toan khong gian.
Trén co s6 ap dung Dinh 1y Hille-Yosida, Luan van da chi ra tinh giai
dugce duy nhat ctia bai toan Cauchy trong méi khong gian.

Tai lieu tham khéo chinh trong Luan vin la [1] va [2].

Trong subt thoi gian hoc tap tai Vien Toan - Vien Han lam Khoa
hoc va Cong nghé Viet Nam dén nay, tac gid da nhan duge rat nhiéu su
quan tam va gitp dd clia quy thay co, can bo cong nhan vién ciia Vién
Toan hoc, gia dinh va ban beé. Véi long biét on sau sic nhat, tac gid xin
gtii 101 cAm on chan thanh dén cac thay co cia Vien Toan hoc da cung
v6i tri thite va tam huyét ctia minh dé truyén dat von tri thic quy bau
cho chiing to6i trong sudt thoi gian hoc tap tai Vien.

Tac gid xin chan thanh cdm on PGS. TS. Ha Tién Ngoan da tan tinh
huéng dan, gitup do tac gid rat nhiéu trong qua trinh lam luan van.

Luan van dugc hoan thanh tai Vién Toan - Vién Han lam Khoa hoc
va Cong nghée Viet Nam. Bude dau di vao linh vic nghién citu khoa hoc
kién thitc clia tac gid con nhiéu han ché va bd ngd, mic du da c¢d gang
hét minh nhung khong tranh khoi nhiing so xuat va thiéu sot. Tac gia
rat mong nhan dudce nhicu ¥ kién déng gép clia quy thay co va cac ban
doc dé Luan van dugc hoan thién hon. Tac gia xin chan thanh cam on!

Ha Noi, ngay 15 thang 08 nam 2015
Tac gia luan van

Nguyén Thu Hién
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Chuong 1

KIEN THUC CHUAN BI

Chuong nay trinh bay mot s6 khong gian ham, toan ti lam tron, niia
nhém va toan ti sinh ctia n6, Dinh 1y Hille-Yosida, bai toan Cauchy déi
v6i phuong trinh vi phan thuong trong khong gian Banach v mot s6
toan ti gid vi phan cap mot dude st dung trong cac chiing minh cia

chuong tiép theo.

1.1 Mot s6 khong gian ham

Dinh nghia 1.1. Khong gian L? = L*(R") la khong gian cac ham f(x) =
f(x1, 9, .....,;x,) xac dinh va binh phuong kha tich trong R”
/U@Wﬂ<+m.
R’ﬂ
Chuan trong L?(R") duge dinh nghia béi cong thiic

1
2

191 = 5@l = | [ 1f@) da



Khong gian L*(R") 1a khong gian Hilbert véi tich vo huéng

(f, 9) 2@ :/f(x)@dx.

Dinh nghia 1.2. Khong gian WJ" = Wi (R") la khong gian bao gom
cac ham f € L? ma c6 dao ham rieng dén cap m déu thuoc L2
Chuan trong W3" dude cho béi cong thiic sau
11 = (@ z2)® = D 1D ()72
|a|<m
trong d6, a = (ag,09,....,0p),|a| = a1 + ag + ... + a,; Df(x) =

() ™ ).

Dinh nghia 1.3. Khong gian ™ = %™ (R") la khong gian cac ham
c6 dao ham riéng lién tuc va bi chin dén cap m .

Chuan trong £™(R") dugec cho bdi cong thiic

[f(@)],, = ) sup [D*f(x)].

la|<m T€R"

Dinh nghia 1.4. Khong gian C™ = C™(R") la khong gian cidc ham c6
dao ham dén cap m lien tuc.

Su hai tu trong C™ duge hiéu 1a hoi tu déu trén cac tap compact K C R”
v6i chuan dude cho bdi cong thiic sau

g = D sup |D*f()].

la|<m reK

Dinh nghia 1.5. Khong gian 2 = 2(R") la tap hgp cac ham kha vi vo
han lan va c6 gia compact trong R”, trong d6 gia ctia ham f(z) ki hieu

la supp f la tap hgp

supp f = {z € R"; f(z) # 0}

bt



Dinh nghia 1.6. Khong gian S = S(R") la tap hop tat ci cac ham

f(x) € C*™ sao cho v6i moi da chi s6 «, 3 ton tai Ch 3 > 0 va
2D f(z)| < Cop Vo €R”,

A e .00 ] Q,
trong d6 % = " - x5 - - x0m.

Dinh nghia 1.7. Khong gian C™([a,b], E). Gia sit E la khong gian
Banach. Khong gian C™([a,b], E) bao gom cac ham f(¢) xac dinh trén
[a,b], nhan gia tri trong E va kha vi lién tuc dén cap m trén [a,b], véi
chuan sau

ol

cm((ap),E) = SUP Z Hf(k)(t)HE-

1.2 Toan t lam tron

Dinh nghia 1.8. Todn ti lam tron (ki héu ps ).
Ta chon mot ham p(z) € Z,p(x) =0 néu |z| > 1va [ p(z)dx =1

|z[<1

V6i 6 > 0, dat

Khi do
ps(x) € 2, ps(x) = 0 néu |x| > 6,
/ ps(x)dx = 1.
|2|<d
Toan ti lam tron duge dinh nghia nhu sau

us(z) = ux py = / ps(y)u(z — y)dy.
ly|<o



Dinh 1y 1.1. /1, Bo dé 1.3]

Ta c6 cic khang dinh sau

i) psxueC™®,

i)  Néu ham w cé gid compact thi gid ciia ps x u ndam trong d-lan cn
cua gid cua u.

iii)  Voiue C™ vad— 0 ta cé ps*u— u trong C™.

i) Voiue LPp>1, ta co ps*u — u trong LP trén cdc tap compact.

1.3 Nuwra nhém lién tuc va toan ti¥ sinh

Cho F la khong gian Banach. Gia stt A: E — E 1a toan tt tuyén tinh
dong, n6i chung la khong bi chan. Xét phuong trinh vi phan thudng sau
day trong khong gian E

du(t)
dt

= Au(t) + f(t), t>0 (1.1)
véi dieu kién ban dau

u(0) = uy, (1.2)
trong do ug € E, u(t), f(t) : R, — E trong d6 u(t) 14 an ham.

Dé giai bai toan (1.1) va (1.2) ta dua vao khai niém ntta nhom sau day.

Dinh nghia 1.9. Nda nhom lién tuc 1a tap hop {7}, t > 0} théa man
cac diéu sau

i) T,:FE — E lacac toan tit tuyén tinh bi chin théa man |7} < Ce”
vaVYu € B, Tyu la lién tuc theo t (& day C, 8 la nhiing hang s6 thich
hop).

ii) Ty = Id, trong d6 Id la toan t1t dong nhat trong E.

i) 7Ty =Tiys (t,s>0).



Gia st nita nhém lién tuc {7}, t > 0} duge cho trude. Ta xét toan ti

A: EF — E dugc dinh nghia bdi cong thitc sau

Tiu —
Au = lim ~2 Y (1.3)

t—)0+ t

Khi d6 mién xac dinh 2(A) clia toan tit A 1a tap hop sau

Tou —
@(A):{UEE; 3 lim u}
t—0, t
Toan tit A duge xac dinh béi cong thice (1.3) duge goi 1a toan tit sinh
clia nia nhom lién tuc {7;}.

Xét bién doi Laplace ctia {T;}, duge cho bdi cong thiic
o0

Ty(e Mz = /e_ptTt:E dt (xe€ E,Rep=¢&>p).
0

Dinh ly 1.2. [1, Ménh dé 5.1]

Ta c6 cdc khang dinh sau

a) Vx€FE, tacoTi(e ")z e P(A) va (pI — A)Ty(e Pz = .
b) Vi moix € D(A), ta cé Ty(e ") (pl — A)x = x.

c) A latoan ti dong va P(A) la tru mat trong E.

1.4 Dinh ly Hille-Yosida

Dinh 1y Hille-Yosida sau day cho ta diéu kién di dé mot toan tit déng

1a toan t sinh cua nta nhém lién tuc nao do.

Dinh ly 1.3. Cho E la khong gian Banach, A la toan ti dong va co
mién zdc dinh tru mat trong khong gian Banach E. Gid st ton tai mot

s6 B sao cho vdi moi X > 3 ton tai gidi thic (AN — A)™! ciia A théa man

I — 4) 7| < ﬁ A>Bm=123.)  (14)

8



Khi dé ton tai duy nhat mia nhom lien tuc {1y} sao cho A la todn ti
sinh.

Ching minh.

Lay Ay = A— BI, (vé6i I = Id) ta c6

C
JOL - 4)| < O (A 0).

Mit khac, néu ta c6 thé chiing minh ring, déi v6i nita nhém {S;} véi
15| € C c6 A; la toan tit sinh thi T} = /S, thoa man diéu kién clia
dinh ly.

Do d6 ta co6 the gia thiét 8 = 0, hay

|((AT—A)™™|| < % (A>0,m=1,2,3...).

A1
DétJ,\zll—X (A >0), ta co
) I <C (m=1,2,3.).

2) Néuzxe 2(A), thi Alyx = JyAx = \(J\ — ).

T diéu nay ta co, véiz € E
Adyx = A(J) — Iz,
Hr—xr (A=>o0) (reFb). (1.5)
Cho x € Z(A), c¢6 (Jy—Dx = lJAAx — 0 (A = +00).

A
Tu || )] < C,2(A) 1a tru mat trong E; ta ¢6 (1.5). V6i A, B 1a nhing

toan tu bi chan ta dinh nghia

00 .
A
eA = E —_.
J=0

7!

Ta co

HeAH < el Al

9



Néu A, B 1a bi chan va giao hoan ta co6

ATB — oA B

iem = Ae' = 1A,
dt

Mat khéac, AJy = A(Jy — I) 1a toan ti bi chan, vi thé

etAJA — e{t)‘(JA_I)} = et/\‘b\ . e_t)‘l. (16)

Tw 1) va 2), chot > 0, ta ¢6
HetAJAH < Cethe ™ = C.

Hon ntta %em'ﬁ = A\t = etAD A T, = etA0 ] A.
Do Jy,J, (A p > 0) la giao hoan, nén AJ,(= u(J, —I)) va e ciing
giao hoan.
Dat TV = ¢4 cho z € 2(A), ta c6
t t
(1Y — Ty = / d%{Tt_;M)TSWx}ds = / T, TN (], — J,) Az ds.
0 0
Tir cong thiic (1.5) va (1.6) ta thay T,Mz — T,z hoi ty déu trong mot
khoang httu han véi t > 0,Vz € F, khi A\, u — 4o00. Ta ki hiéu gi6i han
ctia T;Mx khi A — 400 la Tya. Ta c6 Ty lien tuc véi ¢ > 0 va
1) [Tl < Clall,
2) T =TT,
Dé chimg minh 2) ta cha ¢ Tp Ve = T . T,Mz khi A — +00. Do
Tox = x nén ta suy ra
3) Tyx — z khit — +0.
Cudi cling ta ching minh A 14 toan ti sinh ctia nita nhém lién tuc

{1}

10



Ta gid sit A’ [a toan tit sinh ctia nita nhém lién tuc {7;}, va A" O A.
Thuc chat tit Dinh 1y 1.2, cho A > 0, (A — A’) 1a song anh tit Z(A’) vao
E véi gia thiét A" D A thi (Al — A) cling 13 mot song anh tu 2(A’) vao
E. Do dé 2(A) C 2(A") suy ra Z(A) = 2(A).

Cho x € Z(A) ta co6

¢
T\ We — 2z = /Tt(’\)JAAx dt,
0

vi thé
t
Tix —x = /TtA:Edt khi A\ — +o0.
0
Do do6
Tor —
lim —( i — ) = Az,
t—+0 t

vay A la toan tt sinh ctia nita nhém lién tuc {73 }.
Ta ching minh tinh duy nhit ctia nita nhém lien tuc {7;}.
Gid st ntta nhém lien tuc {77} bat ki ndo d6 c¢6 toan tit sinh 1a A.

Ta co

¢
Tix — ey = /TtSBSAJ*(A — Al )xds (v € P(A)),
0

§ day ta st dung AJy, D JyA dé thiét lap dang thic. Tu day ta co,
e 4Ny — Tyw khi A — +oo. Vay {T;} 1a duy nhat. O

1.5 Bai toan Cauchy déi v6i phuong trinh vi phan
thuong trong khong gian Banach
Dinh 1y sau day cho ta 16i giai ctia bai toan Cauchy (1.1), (1.2)

11



Dinh 1y 1.4. Gid st A la todn tik déng cé mién xdc dinh 2(A) tru mat
trong khong gian Banach E. Gia su A la toan ti sinh ctua nida nhom
lien tuc {T;}, f(t) va Af(t) thuoe C°([0,T), E). Khi dé bai toan Cauchy
(1.1), (1.2) ¢6 duy nhat nghiém u(t) € C1([0,T), E) va dugc cho bdi cong

thitc sau t

u(t) = Toug + / T, . f(s)ds. (1.7)
0

Chitng minh. D@ chi ra (1.7) 1 nghiém ta chi can chiing minh

d
St = Av(D) + (2),

V() = | Tr—sf(s)ds.

S

Véi € D(A) va

t

Ap(t) = / T, Af(s)ds,

A la toan tit dong va Awy(t) 1a lién tuc.
Chon>0taco

t+n t
bt +n) —v@) 1 Iy -1
n ~ t/ Tisn-sf(s)ds + 1 O/Ttsf(s)ds'

Khi n — +0, ¢/ _(t) = f(t) + A (t) thi vé phai ctia phuong trinh 1a mot
ham lien tuc theo t. D6 do, ¢/(t) = f(t) + Ay(t).

Ta chiing minh tinh duy nhat.
A )
Gid st Jy, = (I — X)_l’ (A >0). Ta thay
|JP<C (m=1,2,3....). Véizx € Z(A), Alyx = X\(Jy — I)z. Tu day

12



ta co v € B, thi AJyz = AN(J\ — )z, va Jyx =« (khi A — +00). Vay
nghiém wy(t) cia

d

auA(t) = (AJ))ux(t) + f()

1 nghiém duy nhat véi gia tri ban dau ug, do AJy 1a toan ti bi chan.
Ta dat u(t) — up(t) = va(t) cho nghiém u(t) ciia bai toan Cauchy (1.1),
(1.2). Do d6

Cor(t) = (AT)o(t) + (A — Ady)u(t).

Ta co

o (t) = / Ty (A= AJu(s)ds (u€ Z(A)),
0

(cha ¥ rdng v)(0) = 0) va
t
r(t) = / T (I — Jy) Au(s)ds.
0

T, W(I — Jy)Au(s)|| 1a bi chin déu theo A va bién s, véi bién s
thuoc mot khoadng bi chin. Néu ta c¢6 dinh s va cho A — oo, thi

TN (I — J\) Au(s)|| — 0, vay v(t) — 0, nghia 1a u(t) 1a giéi han cla

u(t). Do d6 u(t) 1a xac dinh duy nhat. O

1.6 Mot sé6 toan ti gia vi phan cap mot

Duéi day ta trinh bay mot s6 van dé lien quan dén toan ti gid vi

phan dé phuc vu vao chitng minh cac dinh 1y & chuong tiép theo.

13



1.6.1 Bién d6i Fourier

Gia st f(z) € S. Bién doi Fourier ctia f(x), ki hiéu 1a f(f) véi € =

(ST - ,&n), duge dinh nghia béi cong thiic
FIAIE) = F©) = [ 95 (@) da. (18)
R’ﬂ

Ta ¢6 cong thitc nghich dao sau day

M) = 1(a) = [ 97 d(o) (19)

Rn

V6i moi f(z) € S ta co cac cong thitc sau

FIDg f(x)] = (2mi&)* F[f] (1.10)
Dg‘f —2mix)* f(z)] (1.11)

/f dx—/f (1.12)
/\f )2 dx—/‘f (1.13)

Bién ddi Fourier 14 mot song anh tit S len S. Cong thiic (1.13) cho phép
théac trién bién doi Fourier tit L? vao L?. Bién doi Fourier 1a mot song
dnh va dang cy tit L? len L?, dong thoi cac cong thiie (1.8) - (1.13) van

con dung.

1.6.2 Toan tit gia vi phan

Trén co sé cac cong thic (1.10) va (1.9) ngusi ta dua vao toan ti gia

vi phan sau day

P(a,D)f(z) = [ =9 P(a,)fle) . (119

R’I’L

trong d6 ham s6 P(x,€) dude goi la biéu trung ciia toan tit P(x, D).

14



1.6.3 Toan t& A(x,D)

Toan tit A(x, D) 1a toan tit gid vi phan véi biéu trung
Az, &) = [¢].

1.6.4 Toan t& Riesz R;(z, D).

Toan tit R;(z, D) 1a toan tit gid vi phan véi bicu trung

L&

Hién nhieén R; 1& mot todn tit bi chan trong khong gian L2

T [(

‘3
vl T
=

Ta dinh nghia ham s6 R;(z) = C,, - )

1
trong do C,, = =5

n+1 ) n+1
x| T2
Khi d6 ngudi ta da ching minh réng toan tit gid vi phan R;(x, D) khi
tac dong 1én v duge tinh theo cong thiic sau
Ri(z, D)u = Rj(x) % u = Cpy—2— % u(z). (1.15)

‘ ‘n—&-l

Ta cting c6 mdi quan hé gitta cac toan tit A va R; nhu sau

Au_zﬁ_x]Ru_ZRjﬁ_x]u

15



Chuong 2

HE PHUONG TRINH DOI XUNG
CAP MOT VOI HE SO KHONG
PHU THUOC THOI GIAN

2.1 Hé phuong trinh dbi xing cap moét

Dinh nghia 2.1. Gi4 st A = [a;;] 1A ma tran vuong cAp N véi cac phan
ti 1& cac s6 phitc. Ma tran A dugde goi 1a ma tran ma tran Hermite néu
(A)T = A, trong d6 AT 14 ma tran chuyén vi ctia A vi A 1a ma tran lién

hop phitc cua A.

2 1+ _
Vi du 2.1. Xét ma tran A = ( +Z>. Ta c6, A =

1—43 5
2 1—i
1+4i 5 ’

T
_ 21— 2 14
w Al = ) = T 2 4 vay A 1a ma
1+i 5 1—i 5

tran Hermite.

16



Vidu22 Xétmatran A= |03 4| c6A=AvwA =A Vay A
045

13 ma tran Hermite.

Dinh nghia 2.2. Xét hé phuong trinh cap mot sau

Mu] = 2u—Z:Ak(x,t)aixku—B(.ﬂl:,t)u:f(x,t). (2.1)
O day, u 14 ham vector ¢ ur(z,t), us(x,t),.....;un(x,t) 1a N thanh phan,
f 1a cac ham vector cot, Ag(z,t) 1a cdc ma tran Hermite vuong cap N.
Ta dat
uy(z, t)
u(z,t) = u(t) = : ,
un(x,t)
ki hiéu
N
lu()I* =D Nl (@, )220
j=1

He phuong trinh (2.1) dugc goi 1a hé phuong trinh doi ziing néu cac ma
tran A v6i k= 1,2,...,n la ma tran Hermite.

Bai toan Cauchy cho hé phuong trinh (2.1): Tim ham vector u(z,t)
sao cho n6 thda man hé phuong trinh (2.1) va théa man diéu kién ban
dau

u(z,0) = ug(x), (2.2)

trong do ug(x) la ham vector duge cho trude.

Dé 16 them vé hé phuong trinh déi xtng cap mot, ta xét vi du sau
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Vi du 2.3. Cho hé phuong trinh sau

( 8u1 aUQ .

o om0
3

8UQ 8u1 .
ST

10 U2 2

) 01
NéutadatA—[ ], u—[m], f—[ﬁ]thihéphu’cmg

trinh dugc viét lai dudi dang ma tran nhu sau

8 Ui 01 i Ui . fl
ot | us 1 0| 0x1 | ug fo|
Hé (2.3) 1a hé phuong trinh ddi xing cAp mot.

Vi du 2.4. Cho hé phuong trinh sau
(9w Ow — _ Ou
ot 8:151 81’2

—  ug = fi(xy, 29, 1)

8u2 (9U2 0u3 8U2 8%3
—_— _— —_— —_—m— pr— t
< ot 2(9.’131 + 28561 35’.172 48.%2 2 f2($1, T2 )

8U3 8UQ 6u3 8U2 8U3

\ ot i@xl a 383:1 _48x2 a 58:62 —uz = fs(wn, @2, 1).

10 0 0 0

Néutadat A= |0 2 —i |, Ay=|034]|, B=10

02 3 0
Uy J1
u=|u |, f=1/
u3 J3

SRR REEHAE
ot 2 ! 0xq 2 0xo 12
Us 02 3 us 04 5 Uus

S = O

(2.3)

_ o =



001 Uy fi

— 1010 uy | = | fo | . Vay hé phuong trinh (2.4) trén 1a hé
001 U3 f3

phuong trinh déi xing.

2.2 Dua phuong trinh truyén séng vé hé phuong
trinh dbi xing cap mot.
Xét phuong trinh truyén séng sau
Vg — Z Vg,z; + boUt + Z bjvy, +cv = g(x,1); (2.5)
j=1 j=1
r = (11,22, T3....,T,) € R" L € R,

trong d6 v(z,t) = v(xy, T2, ..., Tn,t) 14 an ham can tim.
Bai toan Cauchy cho phuong trinh (2.5): Tim nghiém v(z,t) € C? cia
phuong trinh (2.5) sao cho

{ v(z,0) = vy(z)

ve(x,0) = vy (x)

trong dé vg(z) va vi(z) 1a cdc ham sb duge cho trude. Dé dua (2.5) vé

hé phuong trinh cap mot ta dat

Uy = v; (2.6)
U = Uy, (2.7)
Up = Vg, 5 (2.8)
Upil = Vg ; (2.9)
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Upto = Ut (2.10)
Khi dé
Ouy (2.6) OV (2.10)
ou 26 v @, . 2.11
at at Un+2 ( )
Oug (2.7) 0, Ov 0 0v. (2.10) OUy.o
2 () = () = . (2.12)
ot ot 8331 6331 ot (9331
% (2.8) 2( ov _ 0 ((% .1 8un+2 (2.13)
ot ot (9:10”_1 (%n 1 ot 61'” 1
Oy i1 0  Ov 0 0Ov 0) OU(n12)
- — = 2.14
ot 8t<8xn) 8a:n<8t) ox, ( )
O (n+9) ) O 8?} (2.5) "0 81}
o atE - Zaxj +bovt+;bvxj+cv+g
"0
= Z oy Wit T botnt2 — biug — baug — ... — byuyq1 — cur + g.
j=1
Khi d6
ou,, 0
¢ +2 Z_: g;jl —boun+2—blu2—bgu;z,—....—bnun+1—cu1+g. (215)
Viét lai cdc phuong trinh (2.11)-(2.15) dudéi dang ma tran, ta co
w | [ 0O 0 0 0 | [ uy ]
U9 0 0 0 1 U9
U 0O 0 O 0 U
ol o
8t N 6):1:1
Uy, 0O 0 O 0O 0 0 Uy,
Up i1 0O 0 O 0O 0 0 Up i1
| Upio | 0 1 0 0O 0 0 | | Upio |

20




Unp+1

U2

U2

U3

Up

Unp+1

Up+2 |

—b, —by
_bn—l

C —bl —b2

Up+1

Up+2 |

Ta dat
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) 0 3 . _
0 x 0
0 x 0
B = ,
0 0o - 0 0 0
0 0o - 0 0 0
—c —=by —by -+ —by1 —by —by

trong 6 Aj(x,t) 1a ma tran vuong cap (n +_2) c6 phan tit ¢ cudi hang
th (j + 1) va cudi cot thit (j + 1) déu bang 1, cac vi tri con lai bang 0.
Ta nhan dugc hé phuong trinh déi xing cap mot dudi dang ma tran sau
day i

ou ou

Dt kién Cauchy cho hé (2.16) tai thoi diém ¢ = 0 13 ham vector sau day

wi(y,0) vo ()
us(y, 0) Ol
uz(y,0) Ol
u(x70) — — :Uo(f)-
un(y,0) Sl
tni1(y,0) Ou(o)
| wia(y,0) || wi(a) |

2.3 Bai toan Cauchy cho hé phuong trinh déi xiing
cap mot trong khéng gian L?

2.3.1 BAat dang thic nang lugng trong khong gian L2

Dinh 1y 2.1. Gid st hé phuong trinh (2.1) la hé doi zing, f(t) €

CY([0,T7], L*) va u(t) € C°[0,T),W3) la nghiem cia hé phuong trinh
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(2.1). Hon nita ta gia st u(t) € CY([0,T], L?). Khi dé ta cé bat dang

thiic nang lugng sau
t
lu(®)]] < e [[u(0)] +/6”(H> 1 (s)|l ds. (2.17)
0

0 day v la hang s6 duong chi phu thuoc vao T va cdc hé s6 ciia phuong
trinh nhung khong phu thuoc u(t) va f(t).
Ching minh.

Do [lu(t)[* = (u(t), u(t)) nen

o = (w0 + (w0, Bt
Mat khac
(10 ggu) = 32 (s Autet ) + B )
__ zk: (a%(Ak(x,t)u),u) (u, Bu + f)
(5 () o (M0
+ (u, Bu + f)

Dé c6 cong thiic trén ta da st dung cong thiic tich phan timg phan sau

o 20) = (). o

That vay, u € W3 nén ta c6 thé lay mot day p;(x) tit trong 2 sao cho
pj(x) = u(x) € Wy khi j — +o0, do d6

uiv = lim (x)iv = — lim i(x)v = — iuv
83% _j—>00 P ’a%'k N J—00 a%'kp] 7 - oxy, ’
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Vay

% lu(t)||* = — Xk: (g—’;fu,u> + 2Re(Bu, u) + 2Re(u, f).
Suy ra
2 [|u@)]] W < afu@)* + 21 £ O lu®)] -
Do d6

(o)l <5 Il + 1£@)] ©<t<T)

Nhan ca hai vé véi et

d
SOl e = e fu@)l < ]

suy ra
(lu)lle™)" < eI f(@B)].

Hay ta c6 thé viét
(u(s)[ e ) < e | f(s)], 0<s<T.

Ta 1ay tich phan hai vé tit 0 dén ¢ ta dugc
t
meE“—mwus/awwwnw
0

Nhan hai vé v6i et
¢

lu(®)]| < \\U(O)\|€7t+€”t/6‘” 1 (s)] ds.

0
Suy ra bat dang thic (2.17). O
Chi ¥ rang ta da gia thiét u(t) € W3, song & bat dang thic (2.17) chi
c6 chuan ctia u(t) trong L? duge ap dung. Thuc té v6i gia thiét u € L2

ta c6 thé suy ra bat dang thitc (2.17) bing viéc st dung bd dé sau
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Bo6 dé 2.1. [1, Bo dé 6.1] Gid sit a € B',u € L? va ps la todn tit lam

tron. Khi do hoan ti Cy dugc dinh nghia nhu sau

Cyu = p * (a(x)%) — afz) (m * %)

= >|<CI,i u
— p(57 8$J .

Ta co
(1) ||Csul| < C|ull, ¢ day C la hing s6 chi phu thudc vao p.
(2)  Csu— 0 trong L? khi § — +0.

Hé qua 2.1. Vdi dieu kién trén cia Bo dé, va u € W3, ta c6
(1) NCsully < Cullully  (lully = [lully;),
(2) Csu — 0 trong Wy,
Chiing minh.
Lay Csu = u’(z) ta co
0 da Ou da ou 0 | Ou
e =0 () s () + oo

Bing viéc st dung Bo dé 2.1 ta c6 diéu phai chitng minh. O

Dinh 1y 2.2. (Friedrichs)

Cho u(t) la nghiém ciia phuong trinh (2.1) sao cho u(t) € C°([0,T], L?)
va u(t) € CH[0,T], (WH*). Khi dé bat dang thitc nang ligng (2.17) van
ding.

Chiing minh.

V6i ps(x) trén u(t) ta thay rang us(t) = ps (j:)u(t) e C1([0,T], W3). Ta

pe

CcO

) B
Csu = x) * (Ap—u) — A k ——u) p + x Bu— B(ps * u
= 5 {osta) () = Aulos e ) L+ (s B Bl )

k
0
= E [p(g*,Ak—] u + [ps*, Blu.
A 8xk
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Tit phuong trinh (2.1) ta thu duge dang thitc théa man véi us nhu sau.
Trude tién ta xét voi psx trong vé trai ciia phuong trinh (2.1)

0 0
s — A —— B
5 U0 Ek Ps (j) ( kaxk“> + ps (i) U+ ps (i) /5

vi thé

0 0
g5 = 2 Avg s+ Bus-+ fy+ O (2.19)

6 day
0 0 ou
aué(t) = 5 (ps *u(t)) = ps (;ﬁ) ETE

sau d6 ta ap dung Dinh 1y 2.1 vao cong thitc (2.19) ta dugc

lus(@)]l < € lus(0)] +/6W‘S){Hfa(8)|\ + | Csu(s)|[} ds.

Mit khac, tit Bd dé 2.1 ta c6 ||Csu(s)|| — 0 (6 — 0). Bay gio ta ap
dung Dinh 1y Lebesgue vé gidi han dé tinh két ctia qua trén; tich phan

trong vé phai tién vé
t

/ S || f(s)]| ds

0
khi 6 — 0.

Nhu vay ta da chiing minh bat dang thic (2.17) bang phuong phap lam

tron va tién t6i gidi han. O

2.3.2 Toan ti¥ A trong khong gian L2

Bay gio ching ta gia st rang

Mu| = —u — ZAk(a:)—u — B(x)u = f(x,t)



c6 tat ca cac hé sd khong phu thuodc vao t, va A, cling 1a cadc ma tran

Hermite. Hon thé nita ta gid st

Ap(z) € B véik=1,2,..n.
Ta dat
A=) Ap(z)5— + B(x), (2.20)
va
P(A) = {uju € L*, Au € L*},
14 mién xac dinh cia A.

Dinh 1y 2.3. Ton tai hang s6 duong 8 va hang so6 duong g di nhé sao

cho bat dang thic sau la ding vdi moi A, |\ < &g
I = AA)ul| = (1 = BIA]) [[ull, Yu € Z(A). (2.21)

Chiing minh. Truée hét ta chiing minh (2.21) cho truong hop u € Wy C
P(A). Ta co

(I = AA)u||® = (I = M)u, (I — X\A)uw)
= [lull* = M(Au, ) + (u, Au)} + N* || Aul|*.

Tit tinh dbi xting clia Ay, sit dung tinh chat (2.18) va thé (2.20) vao biéu

thic trén ta co

0 0
(u, Au) = (u, ;Akﬁ_xku + Bu) = Z <U’Ak(9_xku) + (u, Bu)

Do d6 ton tai hing s6 duong 3 véi
17 = AA)ull® > (1= B[A]) flull*.
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Vi vay ton tai gp dit nho sao cho
(I = AA)ull > (1= B\ [Jull, YA < eo.

Ta chi ra cong thiic (2.21) 1a ding d6i véi u € Z(A) tuy y. St dung toan
tit lam tron pj, ta c6

(L = AA)(ps xu) = ps+ (I — AA)u — MA(ps * u) — ps * (Au)}.

Tu Bo dé 2.1 ta ¢6

Csu = A(ps * u) — ps * (Au) — 0 trong L* (§ — +0).

Vi ps * u € W3, ta thay

(L = AA)(ps = w)|| = (1 = BA]) [lps * ul -

Néu § — 40 & ca hai vé ctia bat dang thiic trén thi bat dang thic nay
tién t6i cac s6 hang clia hai vé (2.21) tuong tng. Vay ta két luan (2.21)
diang véi u € Z(A). O

Dinh 1y 2.4. Toan ti (I — AA) (A # 0, |\ < &, vdi e la mot so6 duong
di bé, la mot song dnh ti 2(A) vao L2
Chiing minh.
1) Truéc hét ta chiing minh A duge xac dinh 6 cong thite (2.20) 1a mot
toan t1t dong. (Ta nhéc lai khai niém toan tit dong. A 1a toan tit dong néu
Uy € D(A), U — u, Ay, — v thi uw € Z(A) va Au = v.) Thuc chét, tit
u, — 0 n6 kéo theo ring Au — 0 trong (Ws')* vi néu Au,, — vy trong
L? thi vog = 0 vi don anh tit L? — (ng)* thuyc chat 13 mot song anh. O
day (W,')* 1a khong gian déi ngau clia khong gian W'

Ta chiing minh rang (I —AA)2(A) 1a khong gian déng trong L?. That
vay, ta ¢6 day u,, C Z(A) sao cho (I —AA)u,, — vy. Khi do tit cong thiic
(2.21) ta c6 {u,,} 1a mot day Cauchy. Do d6, u,, — uy € L* va do d6
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Au,, cing c6 gidi han. Tt A 14 mot toan t1t dong nén ta cé ug € Z(A)
va Au,, — Aug. Nghia la vy = (I — AA)uy.

2)  Im(I —MA) la tru mat trong L?, vi néu khong, ton tai ¢ # 0 (€
L*) va (I — MA)u, ) = 0,Yu € P(A). Diéu nay dung véi v € 2, do d6

0
(I =XA ) =0; A== g (Ai¥) + B0
k

Mat khéc, A% € L?. Tu

W= =Y = Y P B,
ta c6 1 € Z(A*). Dbi véi (I — NA*) ta ciing thu duge bat dang thiic
cung dang véi cong thite (2.21) duge thiét 1ap véi [N < &’. Suy ra, ¢ = 0
diéu nay mau thuan (véi ¢ # 0).
Do d6 néu ta dit € = min(eg, ') trong ménh dé nay thi diéu nay kéo

theo (I — NA)ZA = L? tit két qua (1) va (2) tréen. O

2.3.3 Su ton tai duy nhat nghiém trong L.

Dinh 1y 2.5. Gid st cic ma tran Ap(z) la Hermite va Ap(x) €
B B(x) € B°. Gid s ug(x) € L* f(t) € C°[0,T],L?). Khi dé bai
toan Cauchy (2.1) va (2.2) c¢6 duy nhat nghiem u(x,t) € CY([0,T], L*) N
CH[0.T], (WH)*) dong thoi bat dang thiic nang lugng (2.17) dudc théa
man.

Chitng minh. Heé phuong trinh (2.1) c6 thé viét duge dudi dang phuong
trinh vi phan thuong sau day trong khong gian L?

— = Au+ f(t), (2.22)

u(0) = uo. (2.23)



Dé chiing minh st ton tai va duy nhat nghiém ctia bai toan (2.22), (2.23),
ta sé chiing minh toan tit A 1a toan ti sinh ctia nita nhéom {73} nao dé.
Theo Dinh 1y 2.4 ¢6 (I — AA) 1a song 4nh nén ton tai toan ti nghich ddo
(I — AA)™! ta viét lai cong thite (2.21) nhu sau

(7= 24) M| < _15 syl A< =0 (2.24)
Mat khac néu ta dat u = A1 ta co,
(I=2A) " = DA =A)] =a (AT —A4)!
= p(pl — A)
Do do6
l(ur = A7 < —— 1

Wl @ =BT~ (Iul =B
voi || > % . Suy ra théa man gid thiét ctia Dinh ly Hille-Yosida,
vay ton tai duy nhat nita nhom {7;} véi A la todn ti sinh. Cho
ug € 2(A) (C L?) va ham s6 f(t), Af(t) € C°([0,T], L?) ton tai duy
nhat nghiem u(t) € C'([0,T], L?). Song ta khong biét Af(t) c6 thuoc
C°([0,T], L?) hay khong.
Dé khic phuc diéu trén ta giad st ug € W) (C 2(4)) va f(t) €
CL([0,T]),W3). Khi d6 gid thiét ctia Dinh 1y 2.5 dugc thoéa man.
Bay gio v6i ug bat ki va f(¢) ma thoéa man gia thiét ctia Dinh ly,
ching ta c6 thé st dung todn ti lam tron ps dé c6 (ug)s = ps * uo
va f5(t) = ps * f(t). Dieu nay cling théa man cac gia thiét. Do d6 ton
tai nghiem u;(t) € C*([0,T], L?) Nhung néu nhu ap dung bat dang thiic
(2.17) vao us(t) — uj(t) khi d6 ¢6 dinh s6 T (> 0). Ta ¢6

ma [[us(t) = us ()], < C(T) |[Jul? —%\\+/Mﬁ ~ S0l

0<t<T
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Do do6, khi § — +0, {us(t)} 1a day Cauchy trong C°([0, 7], L?) nghia la
us(t) — u(t) € C°([0,T], L?).

Mat khéac néu ta ap dung qua trinh lay giéi han véi

us(t) = ug® + / {Aus(s) + f3(s)}ds.
ta ducc t
u(t) = uo + / {Au(s) + f(s)}ds.

& day phép lay tich phan dugc thuc hién vé6i t6 po ctia L?. Tu day

d
Sult) = Au(t) + (1)

1a ding theo nghia clia to po trong L2 O

2.4 Bai toan Cauchy cho hé phuong trinh déi xing

cap mot trong khong gian W)

2.4.1 BAat dang thiic ning ludng trong khong gian W),

Dinh 1y 2.6. Gid st hé phuong trinh (2.1) c6 nghiém u € C°([0, T], W3)
va u € CY[0,T],L?). Gid st Ar(x) € PB* la cic ma tran Hermite,
B(x) € #'. Khi dé ta c6 bat dang thic ning hiong vdi chuan trong W)

nhu sau
'
lu()]l; < e [Ju(0)]], +/€W”)} 1£(s)ll; ds, (2.25)
0

Ching minh. Trudc tién ta can ta ching minh (2.25) véi diéu kien manh
hon sau day déi v6i u(t) : u € CO([0,T), W3) va u € C1([0,T], W3)).
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Néu ta tac dong = D; len
(%ci
Lot = Aut) + £
a7 ’
thi ta dugc
%Diu(t) — A(Da) + (DiA)u + Dif (i=1,2.3, ),

o day

D;A = ZDAka—xk+DB

Néu f € C°[0,T], W), ching ta c6 thé ap dung bat dang thiic ning
lugng (2.17) v6i D;u(t). Bay gio ta c6

% IDau()|I* < A [ D) I” + 21 Daa() || (1 Daf (Ol + C [[u(®)]],)-

Véi két qua nay ta xét

% u(®)]]? < A Ju@)]]” + 2 [[u@)]| - || £ ()]

@)l = lu@)I* + > I Dau(t)|*

Ta co

%Hu(t)\lf < 2y flu@®)ll” + 2 [fu@)ll, - 1O -

T dieu nay v6i 0 < ¢t < T ta co

t
Ju®ll < e @)l + [N )l ds @220
0

6 day v, xac dinh theo T
Sau d6 cong thic (2.26) cing duge chitng minh cho trudng hgp u trong

gia thiét ctia Dinh 1y 2.6 bang phuong phap lam tron. O
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2.4.2 Toan ti¥ A trong khong gian W,
Xét nhu mien xac dinh ctia A nhu sau
PD(A) = {u;u € Wy, Au € Wyt (2.27)

Mat khéac doi véi tinh tron cia cac he so, ta gid sit cadc ma tran Ay (z)
va B(x) thdo man cac dieu kién

A, € B, BeR. (2.28)
Dinh 1y 2.7. Gid st mién zdc dinh 2(A) nhu (2.27), cic ma tran Ay

la Hermite va théa man (2.28), va u € P(A). Khi dé bat dang thic sau

dugc théa man trong W3
1T =AYl > (L= B A ull, (B> 00A: A< e),  (2.29)

trong dé By la s6 duong nao dé, €1 la s6 duong di nhé.

Ching minh.

O

Chitng minh tuong ty nhu trong truong hop L2
Dé ching minh Dinh 1y 2.8 duéi day, ta can ching minh hai bo dé

sau

Bo dé 2.2. [1, Ménh dé 2.12] Gid sit f la ham thuan nhit c¢6 bac —n,
tic lo f(N(z)) = A" f(x), VA >0, va théa man cdc diéu kién sau
[ f@)dS, = 0, & day | € C™ (RN(O}). Khi 6 F [vp.f(2)] (€) =

|z|=1

K(&) la ham thuan nhat bac 0 va [ K(£)dSe = 0 ¢ day K €
§1=1

C™(R™\{0}) (m = 0,1,2,....), trong dé tich phan trong bién doi Fourier

hiéu theo nghia gid tri chinh.
Bé dé 2.3. Cho a € %2, va todn ti gid vi phan A. Khi dé hodn ti
Cu = (a(x)A — Aa(z))u la mot todn tii bi chan trong L.
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Ching manh.

Dé chitng minh diéu nay ta chi can xét trusng hop v € 2. Ta viét

Zﬁ J%J - Rig (a2
0 da
_Z 2)R; — Rja(x ))%u—z@a—%u.

hang t cudi 13 mot toan ti bi chan do vay ta chi can kiém tra hang ti
dau.

Xét cong thic (1.15), ta dat

lz—y|=e
= / la(z) — a(y)|Rj(x — y)u(y)cosy; dS
|z —yl=e
da R g
+ a—yj(y) i(x —y)uly) dy
lz—y|=e
[ et =a) (58 @~ vt do
lz—y[>e

Néu ta cho e — +0 thi s6 hang dau tién tién t6i mot ham cé thé danh
gia w6 luong béi Cla(x)|, |u(z)| do dé chuan trong L? ctia s6 hang dau
tien duge uée luong béi C la(x)|, - ||ul|l. S6 hang thit hai ta c6 thé viét 1a
v.p.Rj(x) * a,,(x)u(z). Cudi cling ta udc lugng s6 hang thit ba, ta viét
tach thanh hai tich phan nhu sau
/ dy + / dy,
e<|z—yl<1 lz—y[=1

& day tich phan thit hai khong thé vugt qua

).
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ve gia tri tuyet ddi clia n6. Mat khac,

0 o —n—1
a—ijj(x) =0(|z] "),

do vay tong ctia cdc s6 hang c6 thé ude lugng bdi C' |a(x)], ||ul| voi
chuan trong L2 Néu ta dit a(z) — a(y) = . as,(z)(x; — v;) + b(z,y),
thi tir viee |b(z, y)| < |bl, |z — y|°,

ta c6 udc lugng

Sae) [ @ m) G vt

e<|z—y|<1
5 |OR;
Hay [ o= |5 e )| luw)] dy
z—y|<1 ’

S6 hang thit hai clia biéu thic nay ciing khong c6 van dé gi nén ta chi

2 2 N 7 aR x 7z N P

kiem tra so hang dau. Thay z; 8j () 14 ham so6 thuan nhat bac (—n)
Lj

va trung binh tich phan ctia né 1a 0. Ta phai chi ra rang thuc chat bién

2 6R 2 z N
doi Fuorier cua v.p. [xz J (m)] la m6ét ham bi chan. Dé thay dieu

O |z|<1

< o aRj (:E) ~ N N X ? N

nay ta dat z; = K(x). Vi trung binh hinh cau ctia K(£) la 0, ta
Lj
co
1
) 6 2m7’p005’y
lim / e MK (2)de = lim [ K(w dw/ T,
e—+0 E—H-O
e<|z|<1 €
1
27rzrpcos*y
- [t [
) 0

Tu diéu nay ta thay né bi chian véi |£] = p < 1.
Tiép theo chiing ta chitng minh bi chan khi |¢] — 400 dé lam diéu nay
ta ding Bo dé 2.2 ta ¢6 F [v.p.K(z)] 1a bi chan, do dé ta phai chiing
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minh F [(K(2))z>1] 1& bi chén trong [¢] > 1. Dé két thac trude hét ta
xét ham a(r) € C*™ véi a(r) = 0 trong r < 2 va bang 1 trong r > 3. Ta

thay rang,
P (K (@)ais1] = F a(r) K (@)] + F [(1 = a(r) (K (2)) 1]

Ta thay s6 hang thit hai 13 mot ham bi chan theo £, mat khac s6 hang
dau bi chin vi

Ptk )]
12 mot ham bi chin, 1 bién ddi Fourier cia mot ham trong L', vi thé
2mi&; x Fla(r)K(z)] (j =1,2,....n) 1a bi chan. Cudi cung ta thay no bi
chan véi || > 1. O

Dinh 1y 2.8. Gid st mién xdc dinh cia A duge cho bdi (2.27), va gid
s (2.28) dugc thoa man. Khi do (I — ANA)vdi|A| < e1 la mot song anh
tir 2(A) vao W3.
Chitng minh. Theo Dinh 1y 2.4 ta c¢6 anh ctia (I — ANA)Z(A) la déng, vi
thé dé chitng minh &nh nay trung véi Wi chiing ta chi ra tinh trit mat
cua no.

Gia st anh cta (I — AA)2(A) khong tru mat, khi d6 ton tai mot
Y1 € Wol (i1 #0) voi

(A+1DI = XA)u,( A+ 1)) =0 (ue Z(A)),

trong d6 A 1a toan t1 gia vi phan nhu muc 1.6.3.
Ta dat (A + 1)y = € L?, vi thé

W # 0. (2.30)

Ta co

(I — AA*)(A+ 1) = 0.
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T mdi quan hé nay ta c6 thé viét lai nhu sau

(A+1) L ACY — B*(2)Ay) =0,

0
(e )\Zk: 6—%(14#)

=% S (AAy{x) = Ax(o)A),

nghia la
d
Y)Y 8—%(,4,@(:5)@ + MKy =0, (2.31)
k

§day K = (A+1)71C — B*(x)(A + 1)], va (A + 1)~ 1uJ(E) = (€] +
1)~ t(€). Ta c6 K 1a mot toan tit bi chan trong L. That vay, (A+1)"1C
13 bi chin vi tit Bo dé 2.3 (A + 1)18i, (AAg(z) — Ag(x)A) 1a nhing
T
toan tit bi chan. V6i u,v € L?, ta c6
|(u, (A +1)7'B*Av)| = [(B(A + 1) 'u, Av)| < || B(A+ 1) 1u|, [|Av]l,
< 1B(@)[ [[(A+ 1) ul[, vl

< Cllullze o]l 2 -

Véi ||-||, 14 chuan trong khong gian d6i ngdu ctia khong gian Wy va
|B(z)|| 1a chuan ciia toan tit B(x) : Wy' — W', vithé (A+1)"'B*(x)A
ciing bi chin. T diéu nay va cong thiic (2.31) chiing ta c6 thé ap dung
bat dang thic (2.21). Vé trai clia dang thitc (2.31) v6i chuan trong L?

16n hon

(=B D Ml = AL = {1 = (8" + KT Al

Do d6, néu [N < (8" + |[K||)~! thi ¢ = 0, diéu nay trai véi gid thiét
(2.30). Vay (I — AA) c6 anh ctia né la déng va trit mat trong Wa'. Vay
(I — AA) 1a mot song anh tit Z(A) vao W', O
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2.4.3 Dinh 1y tén tai duy nhat nghiém trong W,

Dinh 1y 2.9. Gid si trong phuong trinh (2.1), Ag(z) la ma tran Hermite,
va théa man A, € B2, B € B'. Gid st cho trudc gid tri ban dau bat
ki ug € Wy, va f(t) € C°[0,T],W3) (vdi f(t) la vé phdi ciia hé phuong
trinh (2.1). Khi dé ton tai duy nhat nghiém u(t) ctia phuong trinh (2.1)
sao cho théa man u(t) € C°([0,T], Wy') va u(t) € C*([0,T],L?). Hon
nita bat dang thitc nang lugng (2.25) vin ding.
Ching minh. Tu bat dang thiic (2.29) vA Meénh dé 2.4 thi ta c¢6 thé kiém
tra diéu kién ctia dinh 1y Hille-Yosida nhu sau (véi E = W3)).
Ta ludn chon dude s6 &1 trong W4 nhu sau, tit Dinh Iy 2.7 ta c6 bat
dang thic (2.29), vi theo Dinh 1y 2.8 ta c6 toan tit (I — AA) 13 mot song
dnh nén luon ton tai anh xa nguge (I — AA)~L, ta viét lai bat dang thiic
(2.29) nhu sau

(7= A4) ]|, < T

— Bi[Al

Mat khéc néu ta dat pp = A7 thi,

-1

(I =XA) = [AAT'T = A)

= (ml — A)~

=2\ - A

Do do

1 1
o =7 < =3y = G —

VOl || > % . Suy ra théa man gia thiét ctia Dinh 1y Hille-Yosida. Gia
st ug € 2(A) (C W3) va ham s6 f(t), Af(t) € C°0,T],W3). Khi
d6 ton tai duy nhat nghiem wu(t) € C1([0,T],W,). Song ta khong biét
Af(t) c6 thuoe vao C°([0,T],W3). Dé khic phuc diéu trén ta gid si
ug € W2 (C 2(A)) va f(t) € CY[0,T], W2). Khi dé gia thiét ctia Dinh
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Iy 2.9 duge thoa man.
Bay gio v6i ug bat ki va f(¢¥) ma thoéa man gia thiét ctia Dinh ly,

chiing ta c6 thé st dung toan ti lam tron ps dé c6 (ug)® = ps * ug va

fs(t) = ps * f(t). Diéu nay cling théa man cac gia thiét. Do d6 ton tai
nghiem us(t) € C([0,T], W) Nhung néu nhu 4p dung bat dang thiic
(2.25) vao us(t) — wj(t) khi d6 ¢6 dinh s6 T' (> 0). Ta ¢6

ma us(t) = us (1), < O(T) | [u? = o] + / I50) = S O], dt

Do dé, khi 6 — 40, {us(t)} 1a day Cauchy trong C°([0, T], W»') nghia I

us(t) — u(t) € C°([0,T], Wsy).

M3t khac néu ta ap dung qua trinh 1ay giéi han trong cong thic

t

us(t) = up'® + / {Aus(s) + f5(s)}ds,

0

thi ta dugce
'
u(t) = ug —l—/{Au(s) + f(s)}ds,
0
& day phép lay tich phan dudgc thuc hién véi t6 po cua L2, Tu day

“u(t) = Au(t) + £()

1a ding theo nghia ctia to po trong L2
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Két luan

Luan van da trinh bay cac van dé chinh sau day:

- Luan van da mo td4 mot sd6 khong gian ham, toan ti lam tron, nia
nhom lién tuc va toan tit sinh ctia n6, da néu va ching minh Dinh Iy
Hille-Yosida, phat bieéu bai toan Cauchy déi v6i phuong trinh vi phan
thuong trong khong gian Banach, dua vao mot s6 toan tit gia vi phan.

- Luan vin xét hé phuong trinh déi xing cAp mot, trinh bay chiing
minh cac bat dang thic nang lugng trong khong gian L2 va W.). Trén
co s6 ung dung Dinh 1y Hille-Yosida, Luan van da ching minh tinh giai
duge duy nhat ctia bai toan Cauchy cho phuong trinh déi xting cap mot

trong khong gian L? va W}
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