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ABSTRACT

The purpose of this paper is to study the smoothness of
generalized solution for the seccond initial boundary
value problem for hyperbolic equation in infinite
cylinders with base containing conical points. Some
important results on the unique existence, smoothness of
the solution for the problem in Sobolev spaces were
given.

TOM TAT

Bai bdo nay cong bé két qua nghién civu vé tinh tron ciia
nghiém suy rong cua bai toan gid tri bién ban dau thir hai
doi véi phuwong trinh  truyén séng (phwong  trinh
hyperbolic) trong hinh tru vo han voi day chira diém non.
Mot s6 két qua quan trong vé sur ton tai duy nhdt, tinh
tron cua nghiém cua bai todn trong cac khong gian
Sobolev da duoc trinh bay ¢ day.

smoothness of solution

1 MO DAU

Trong bai bao nay, ching t6i xét bai toan bién
ban dau thir hai dbi voi phuong trinh hyperbolic
trong mién tru vo han véi day khong tron, bai toan
dang duogc nhidu nha toan hoc trong va ngoai nudc
quan tdm. Cac hé sb cua phwong trinh hyperbolic
bac hai dugc xét & day phu thudc vao ca hai bién
thoi gian va khong gian. Cu tric cia bai bao gom
5 phan c6 thé md ta nhu sau: Trude tién ching toi
gi6i thi€u mot vai khong gian ham va céac ki hi¢u
trong muc 1; Thiét 1ap bai toan va cac két qua
chinh dugc trinh bay trong muc 2; Muc 3 gidi thiéu
mot s6 bd dé phu tro; Muc 4 trinh bay chirng minh
dinh 1i vé tinh tron cta nghiém suy rong va muc 5
gi6i thiéu mot s6 hudng nghién ciru tiép theo.

Cho Q 14 mot mién bi chin trong R",n>2
véi bién cua nd la AQ théoa man diéu kién
I'=0Q\ {0} la mdt kha vi vo han va Q) tring véi

non K ={x:i €G} trong lan can cua géc toadd O,
| x|

6 46 G 1a mot mién tron trong mit cau don vi

S"cta R”.

V6i méi s6 thye duong T, dit Qp =Qx(0,7),
Sy =0Qx(0,T) Q, =Qx(0,00), Qu =Qx(0,00)-

Véi mdi da chi sda = (ap,...a,) R", ta dat
a\ﬂt\

|a|=a, +...+ a, vakihigu D* = ———.
ox/t..ox."
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Véi mdi ham vée to gi tri phic u = (u,,...,u,)
xac dinh trong €, ta ki hiéu D = (DZ,...,D;’),

Tu_ g =X, P
=

Y T ( ot’
Gia sir /13 mot s6 nguyén khong 4m, trong bai
bao nay chung t6i sir dung cac khong gian ham sau.

PREET)

C'(Q)1a khong gian cdc ham kha vi lién tuc
dén cép />0trén Q.

C(Q)=C"(Q) 1a khong gian cac ham lién tyc
trén Q) .

C™(Q) :EJC’ () la khong gian cac ham kha vi
1=0
vO han trén Q.
CSO () la khong gian cac ham kha vi vo han
c6 gia compact trong €.
L,(Q) la khong gian cac ham binh phuong
kha tich trén Q véi chuan

211,00 = ([luCx) P d)?

L,(y,Q,) la khong gian cac ham binh phuong
kh3 tich trén Q, voi chuan

(J. lu(x,t)? e’”’a’xa’t)2

Q

Nl an=

H'(Q) 1a khong gian gdm cac ham véc to u(x)
c6 dao ham suy rong D’ueL,(Q),|pl<!, voi
chuan

i = ([ 2N DPu P ) <o0.

alps

H'O (e”",Q;)(y € R) la khong gian gom céc

him u(x,1),

DPu,| p|<1 v6i chuén

(x,£) € Qp c6 dao ham suy rong

1
=([ Y |D"ul e dxdt)? <o
Qrlplisl
bac biét, chung ta dat Ly (7,.Q7) =H0’0(671,QT).

H”HHLO(JQQT)
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H"(",Q,)(y €R) la khong gian gom cac
ham y(x,7), (x,)€Q c6 dao ham suy rong
DPu,| p|<1 véi chuan
=([ 2Dl +|u, Py dvdr)’ <co.

O, i<l

HuHH’v‘(eY’,QT)

L7(0,T;L,(€2)) 1a khong gian gdm cac ham gia
tri phtrc do dugc u: (0,7) —> L2 (Q),t > u(.,t) thoa
man

2], =ess sup [[u(,0)l, o
L (0,T;L, (Q)) 0<i<T 2 (€2)

Bay gio ching ta s€ gidi thi€u toan tr vi phan
str dung trong suot bai bao

L=L(x,t,D)= Z—(a i)+a, (1.1

lj] _/

o do ajj = aj (x,t), i,j =1,...,n 1a cac ham gia
tri phic bi chin kha vi vd han trong o va
a=a(x,t)1a ham gia tri thyc bi chan kha vi v6
han trong Q.. Hon nita ching ta gia sk
aij (x,0) = Eji (x,¢) v6i moi .., didu nay co nghia 1a
toan tor Lty lien hgp hinh thuc. Gia st rang
a;,1,j=1,..,n lién tuc theo xeQ deu voi

t €[0,0) va tdn tai mot héng sb duong «, sao cho

iaij(x,t);.;. >, |EFVECR\{OL(x, 1) €D, . (1.2)

i,j=1
2 PAT BAI TOAN VA CAC KET QUA CHINH
Cho Q 1a mién bi chan trong R" (n>2) véi
bién cia ndé la 0Q théa man dicu kién
I'=0Q\{0} 1a mat kha vi vo han. Hon nira ta gia

st rang () trung véi nén K = {x:< e G} trong

Taf
lan can nao do6 cua goc toa do O, & d6 G 1a mot

Y < A . -1 , ’
mién tron trong mit cau don vi S cta R”. Ki

hiéu: 0, =Qx (0, 7), S, =0Qx(0, T) (T >0).

Trong hinh try Q,, 0 <7 <0, ching ta xét bai

toan bién ban dau tha hai ddi véi phuong trinh
hyperbolic cap hai:
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L(X,I,D)M—u” =f(x7t)7(xat)€QT7 (21)
ul_=ul_, =0, xeQ (2.2)
Nu|, =0, (2.3)

& d6 f(x,t) la véc to ham gia tri phuc,

L(x,t,D) 1a toan tir (1.1) da gic’ri thiéu & trén,

Nu = N(x,t,D)u = Zau(x t)

i,j=1 ‘/

cos(xl V),

v 1a vecto phap tuyén don vi ngoai dén S;.

DPinh nghia 2.1: Ham vecto u(x,t) duoc goi
la nghiém suy rong trong khong gian
H"(&",Q,) cua bai toan (2.1) — (2.3) néu
u(x,tye H'(e",0,),u(x,0)=0 va voi moi r,
0<z<T, dcfng thire sau

dxdt — — L —quigydxdt = | fridvde (2.4)
Ium [(l;alj % a)g auiy) Ifn

dung voi véi moi ham thi ne H"(e",0,),
sao cho n(x,t)=0,te[z,T).

Véi mbi s6 nguyén khong am A, ta dat

_(n+D)Ch+Du+g,

214

2,2 2
o6 , _ e Due ) 4
0 5 =
Pinh 1y 2.2: Pinh li vé tinh tron clia nghiém
suy rong). Gia su cac hé so cua toan tir L(x,t,D)
thoa man dieu kién (1.2) va

or*
V(x,t) e QT,y =const >0
it) ftk €L,(7,0;),0<k<h,
i) f, (x,00=0,0<k<h-1.

. [ dta
l){ t‘J|| |} i j=1..n0<k<h+1,

Khi @6 véi moi s6 thiec y > ¥y, nghiém suy rong
u(x,t) trong khong gian H"' (¢”',Q,) ciia bai todn
(2.1)-(2.3) ¢6 dao ham suy réng theo t tdi tin cdp h
\or) u, € H (7,0;), k=0,....h. Hon nita bat d‘cfng

thire sau dung
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h

HY (" ,0r ) Z

k=0

et M on

6 d6 C la hang sé dwong khéng phu thuge vio
uvaf.

3 MOT SO BO PE PHU TRQ

bé chimg minh Dinh li 2.2 trude tién ta gidi
thi€u céc bd d¢ sau ma c6 thé tim thay cach chung
minh n6 trong Nguyen Manh Hung and Phung Kim
Chuc (2012).

B6 d& 3.1: Gia s cic hé 56
a; = aj (x,t),i,j=1,..,n,a=a(x,t)cua toan tr
L(x,t,D) thoa man diéu kién (1.2) va a,(x,t) lién
tuc theo xeQ déuvéi te [0,00). Thi ton tai hai

hang s6 u, >0 va A, >0 sao cho

ZI 5_ua_“dx Iauﬁdxzﬂo ot |

U
iSn  Ox; Ox

_ﬂo u]|

H'(Q)

Q)
voi moi u=u(x,t)e H(”",0,) .

B6 dé 3.2: (Bit ding thirc Gronwall-Bellman)
Gia sur u(t) va @(t)la nhitng ham kha tich khong
am trén doan [0,T] va ¢(t) cé dao ham ¢'(t) kha

t
tich trén [0,T] sao cho u(t) < @(t)+ Lju(‘r)dr
voi moit €[t,,T],t,>0, ¢ @6 L la hang sé

duwong. Thi

u®) < (t,) + j.eL(H);/ﬁ'(z')dz' véi moi t €[t,,T].

l

B6 dé 3.3: Gid st cac hé s6 cuia toan tir L(x,t,D)
théa mén diéu kién (1.2) va

oa,  oF
i) {| — at" |} <ui,j=lmk<l,

V(x,t) e QT,,u =const>0,

(4D (n+1Y 42 +477 b

ii) fel(y,,0), Voi y, = ™

iii) f(x,0)=0.
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Thé thi véi moi s6 thuc dwong ysao cho
v >v,, bai toan (2.1)-(2.3) co duy nhdt mot
nghiém suy rong u(x,t) trong khong gian

H"(e",Q,). Hon nita bat ding thirc sau diing
< 2

Ilu HH”(e”,Qw)_ ClLA L7 (0,901, ()

¢ d6 C la hang s6 dwong khéng phu thugc vio
uvaf.

4 CHUNG MINH PINH Li 2.2

Gid st {¢, (x)}7_, 1a mdt h¢ ham trong H'(()
sao cho bao dong tuyén tinh cua né lai chinh 1a
H'() va mot hé truc chuan trong L (©2). Ching
ta xét day ham sau

u" =320 (), ()

k=1

& do (C)Y(@),...,CY () 1a nghiém cua hé phuong
trinh vi phén thuong tuyén tinh cap hai:

j . j(Z ——au ") =
a Q i,j=1
—I Sodx (4.1)
Q
v6i diéu kién ban dau la
C,ﬁV(O):%Cf(O):O,k:l,...,N. 4.2)
N
Nhan déng thirc (4.1) véi % va lay tong

theo / tir 0 dén N, ta nhan duoc:

I Ndx+j(z ou”

Q i,j=1

—quNdx

N, N _
a; 8 —au" u, )dx =

4.3)

Gia sir 7 1a mot sb duong, 7 < T, tich phan
hai vé cua (4,3) theo ¢ tir 0 dén 7 ta duoc

[uy ,ddej(z o’
0. 0, 1=

—I fu,Ndxdt
o

a; 6 —au” E)dxdt =

44

10
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Cong (4.4) vai lién hop phtic clia n6 ta co
2Re j Yo dxdt

u l

—au® J)dxdt

2Re [(Ya, ‘2“ a;;

Tl/l

=-2Re j fu dxdt (4.5)
oA

Tir day, tich phan timg phan (4.5) véi diéu kién
(4.2) ta nhan dugc

ou” 6u

L P ax+ [ a, 2 E —auVu™| dx
J- i IZI : 5 xi —r
v Ba; ou” ou”  ba y—
= A u"uM)dxdt
J: (,Z] ot ax ox, Ot M
(4.6)

~2Re | fu dxdt
0,

Cong A4, .[a—)dth vao hai vé cua (4.6)
o
va su dung tich phén ting phan ta dugc

ou® 8u

N_ N

j|u & dx+£(;:l ,Ja—Ti—au u )_dx
+ I(uNuN) dx
a . N N
S SO GuT 0a N gy
0, i,j=1 6t 5xj axi at
0 Nw -
+2 [ =" u")dxdt—2Re [ fu,"dxdt (4.7)
o Ot 5
Chting ta c6
a(”at D =u"u" +u"u" =2Re(u"u"). Do do
j|u o) dx+.[(Z:alJ uNu_N) dx
Q b a t=r
+4 J.(uNuN)‘ dx
6
J‘ a; 6u 8u _Oa U N)dxdt
0. ij= =1 at a.x ax at
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+2Re A, [ (u"u})dxdt -2 Re [ fudxdt
oA 0.

Ap dung bd @ (3.1) va Bat ding thirc Cauchy

ta duoc

1) (o 7) 1Py oo 1 ) P
n 8'(11 ) )
s!<nu;|a—%| | P )t

+f((n —Dp+e) | ufdrdt

)\2

[ (2 P 6 )t

Q. (n_l)u+€

-

=l F 1

f’WZ|—| +rp|uf dxdt+fs|u| dxdt
Q i=1 Q,

f ° |u| +6|u |)d:cdt+—|\f||

Q.

T do tacd

1w ) I o o ™ I

HY(Q)

<((n+1 u+€f|\u [
+6f|\u 1 ot

170 e
+5 f IR ot (4.9)

6 d6 £>0,8=const >0 1a cac hiang s6 tiy .

T (4.9) taco

N 2 N 2
I, (D) Iz, ) +ao 1w (-7T)HH1(Q)

2 T
S(%M)j (¥ 012,

mtDutrele, v 2
Fras 1™ 60 11 o))t
15
+5_([||f”%2(9) dt (4.10)

(4.8)
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0d6 £>0,0 = const >0 1a cac hang s6 tuy y.
Bay gio ta xét dang thuc sau
_((n+Du+e)e

0 102+5g

& do p,,4, 1a cac hang sé duoc xac dinh trong
B6dé 3.1 va u lay tir gia thiét cia dinh 1.
Tir dang thirc trén ta co

5 (e D)= A
Ho&

—(n+1),u+\/(n+l) uw +4/10,u0

Chon ¢ >
2

Tordoétaco 6>0 voi ¢>¢, va

/1_02+5=(n+1),u+g >(n+1),u+g0

€ Hy Hy
(A Dpe D AR,

- o =2y,

Tir day viét (4.10) nhu sau:

N 2 N 2
10" GO B,y it 10" D) By

(n+Du+e g
<ERRE

0
2
oty |10 (1) [ g )l

2
xat)Hl,z(Q)

+C@|IS I, o 4.11)

6do e>¢,,C(s) 1a hang s6 duong phu thudc

va e.
Pat
N N > N 2
Jo ) =l w (1) HL,Z(SZ) +y [ w” (1) HHI(Q)'

Ta thay v6i moi v > ~,t0n tai € > g, sao cho

(n+Du+e

2y >2y,(8) = >2y,.

0

T (4.11) ta nhan dugc

<27,(c f

(1)t + C(e fw o
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& d6 C(e)1a hang s6 chi phy thude vao . T
bat dang thirc nay va Bo dé 3.2 ta co

T

I () SO [ f IR, dt . @4.12)

0

Mat khac ta co
. T

) 2 2 :
,[e ) f||L2(Q) deJ.e il f”Lz(Q) dt
. 0

< S 000

Tir (4.12) va bat dang thirc trén ta nhan duoc
JY @) <O F I o dt-

Diéu do6 co nghia la
) (.7) H;(Q) iy 11 )

<CE™ N FIE, (4.13)

Néu g, >1 thi tir (4.13) ta c6

e T)IIZ

S 0(8) 2'\/

+ || uN(. T
||f||m o

Néu 0< g, <1 thi tir (4.13) ta co

2
) IIHl o

1 o) oy + 11 ) g,

C(e) » 2
< 2L Pl 1S ey .0, 92
Hy

Tom lai ca hai truong hop #, 21 va 0< g, <1
ta thdy ton tai mot hang s C,(g)>0 chi phu
thudc vao € sao cho

N 2 N 2
1 o)+ 16 O

2 2
< Co()e™ | £ I, 0p) At 414

Nhan ca hai vé ctia (4.14) véi e 2" sau do lay
tich phan theo 7 tir 0 dén 7, ta dugc
N |12
u
1 s o

T
2 2 -
<G f Iy0 [€7°dr (419
0

12
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Ta thidy Vy >+ (c) thi Vo(e)—y <0 va

T

2 _
[e (ro(e) 7/)d
0
vao Y do do tir (4.15) ta co

N |2 2
H R )S C H f ||L_3("(U,Q,‘)

Y (e Qp

7 hdi tu. Hon nira, & phu thugc

I u (4.16)

& d6 C 1a hing sé duong chi phu thudc vao ~ .

Tu (4.16) suy ra {u"}% | 1a mot ddy bi chin
déu trong khong gian H"' (¢”*,0,). Do d6 ton tai
mot diy con cua diy {u"} (ta van dung ky hiéu 1a
{u"}) hoi tu yéu trong H"'(e7",0Q,) toi nghiém
u(x,t) € H"' (e, Q,) cua bai toan.

Dao ham £ 1an theo bién ¢ hai vé cta (4.1) ta co

ja T P +j(Z

Q i,j= 1
——J‘fthgoldx
Q

ou™ % _
e 6—g—auNco,))dx

Tur gia thiét cua dinh i ta nhan dugc
dh+ClN (t)

e e’(0,7),0<7r<T

dh+1ClN (t)

dth+1

tong theo / tir 0 dén N, ta nhan duoc:
N N
f ut’ +2 utf +1 dx

Nhan dang thic (4.17) véi va lay

N ooul

+f 1J 8u i

0 =1
N
= 7"/‘ f;h ut}w+1d$
Q

Tich phén (4.18) trong khoang (0, 7), ta dugc

f ull,u
+f ”1

- f £ uf,,‘;ldxdt
Q

— (au ), u" )z

th+1

th\l

O,

(4.18)

dmdt

/u’tthl

% 6 ) Ox

— (au"), u, )dudt

(4.19)
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Cong (4.19) véi lién hop phirc ctia n6 ta dugce
2Re [k, u), dudr

(oA
+2Re j (Z(a” o /.)dxdt
0, i,j=1
= -2Re [ f,u). dvdt (4.20)
(oA
Tacod
N a £l
2ReI(Z(aU " U au™), ul dde
oy i,j=1
b (b &aa; Ay, y &
=2Re [ ( = uM))abaﬁ(421)
é[kd) k}r/lak &C &
|
ado | |=—5
k) kWs—k)!
Pit
N W a"
H, o2 a y
B u,v,t u,kvj,vﬂ ,(4.22
( )(jl(; oo o X, (4.22)

Ta c¢6 B(u,v,t) = B,(u,v,t).
phan timg phén va gia thiét

St dung tich

aij = all,l,] =1,...,n,
ta dugc cong thire sau :

T
2Re[ B (v,v;,0)dt = B (v,v,7) = B, (v,v,0)
0

[ B (v,v,0)dt (4.23)
0

Tir (4.22) va sir dung bat dang thirc Cauchy ta
nhéan duoc

u’ ou, o
Ik h+l a y
B h-k 3 /15t 777[77 Uy et
@) ull,0) = I(Z B At )
ERGRTOT=ICER N [E (4.24)

2Rej(2(au o —(au ), u’, )ddt

Tr/l

h(h P
:z 2ReJ‘Bk(u1/\,lfk9u[Z~l7t)dt
k 0 t t t

k=0
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Mt khc, tir gid thiét f, (x,0)=0,0<k<h-1
va diéu kién (4.2) ta ¢6
8uﬁ'

ox,

i

=0,0<k<h.

Sir dung cong thirc (4.23) v6i v=u) va tich
phan ting phén ta nhan dugc

2Re j (Z (CllJ e )dxdt
Or i,j=1 a L
:B(u:,,v,u:Z,T)—jB,(U:Z,M:X,f)df
0
4 h t N N
+ ' 2Rej‘B,k (), uly ,t)dt
k=1 0
:B(u:j,u:j,f)—jBt(uth,u:X,t)dt
0
r h N N
+z k 2Re Btk (uth,k ,uth ,T)dt
k=1
h h T
*Z 2Re vau(uﬁlmuﬁlat)dt
k t t t
k=1 0
h h
_Z 2RGB ( ,H“’U,N,t)dt
k=1 k ‘
N N
:B(UZH’U,,, ) (2h+1fB z"t)dt
v (b
+}; L PReB, (ulul 7)dt
b |h
2Re | B ,ul,tdt.
kz::l Kk ef e+ n(u -k )
h |h N
; L RReB, ()l u) dt (4 .25)

Mit khac st dung tich phén timg phan, diéu
kién (4.2) va gia thiét f; (x,0)=0,0<k <h -1
t

ta co
2Re I u :L’ u fhﬂ. dxdt =|| u fhﬂ, (.,7) ”i(m (4,26)
0.

Tir (4.24)-(4.25) viét lai (4.20) nhu sau

|| ut]f\{ﬂ (',T) ||22(Q) +B(M::I,u::/,f)
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= —(2h+ l)j B,(u) u’f t)dt
0

h

h
+kz;[kj2 Re B, (u:,vl_k ,ut/:,/, 7)

h h T

—Z 2Re Bk_l(u],\,[ “’u,],\f,t)dt
k t t t
k=1 0
L h T
N N

_,Z; . 2Re fB[L (W rs )t

= 0

—2Refffk ugﬂda}dt 4.27)
Q.

_ Ap dung B6 dé (3.1) va (4.24) sau d6 sir dung
bat dang thirc Cauchy ta c6

N 2 N 2
I U p (,7) ||L2(Q) +dg || U (-7) HHl(Q)

< QR+ D+ Dl G g, 4t
0

h—-1
N 2 N 2
#2101 i@ Z b 0

1

z h
N 12 N |2
re Il I @ +Cra@ T )
0 =00

T

+5 1),

0

1
2 dt+—||f, I* dt
o 5 [ |

6do 0<e<py, va C, (¢),C,,(¢)la cac hang s6
duong phu thude vao ¢ . Tu d6 ta dugc

N 2 N 2
5 ) ) 0 = )10 () 1Py

T T
<(@hADM D+l (1 ) e+ b 12, e e
0 0

h-1 h-17 1
G (@) 2t (P 1 +Cia () 2 I3 1t +5 U I e
k=0 k=00 0;

+(2h+1)(n+1)/4+a

N2
5 [l ||H1(Q))df

T
N |2
= 5...(””/”‘ HLZ(Q)
0

h-17

h-1
(X 1) () P ) +Coa ()X [ I 11t
k=0 k=0 ¢

+1 j If, | dt (4.28)
5y "
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pat Ch+D)(n+Du+e
o
Ch+D)(n+Du+e
Hy—¢
T d6 va (4.28) ta nhan dugc

N 2 N 2
e Ry +Htto = &) 1 (D) By g

tacd §=

7n(&):

T
< 7h(5)j(||l‘;x+' H%Z(Q) +(uy — &) || ut]X ||§{|(Q))dt
0

h=l h=17
+Cn (@ O ) +Coa (@ [l I o e
k=0

k=0 o

1 .
+—|If, | dt. 4.2
5 Qj £ | (4.29)

Béy gio bang qui nap ta chimg minh bat ding
thuc sau

1)) = o 2N S O
(4.30)
voimoi y>y,,0<e<y, ,lading véi s >0

Véi s=0 bét dang thirc (4.30) theo (4.14) hién
nhién dng.

Gia sir voi § =1 bit ding thic (4.30)  dang
voi s —1. Ta chung minh né dung véi s. Thay h=s
vao (4.29) ta dugc

N 2 N 2
1Y (0 )+t =) 1Y GO

dt

2 2
<7, @[ (B 1o+t =& 1) 1 )
0
s—1 N 5 s—17 N2
@ X ) D B ) +Coa @ X [ 71 1.
k=0 k=00
1 2
+— |7 dt
5]V

V6i 0< ¢ < - Do do, str dung gia thiét qui
nap va v, <v_,,(k<s—1), tr bat dang thirc
trén ta cod

1) ) I ) g =) 1) () [,

<7, @[ (ks 10y + 1ty = &) 1) I g )l
0
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s—1 k
+Cs,1 (S)Z Ck (‘E‘)e}/A @ Z | |.f;/ ('9 T) ||i(7, ,0r)
k=0 =0

s=1 7 k
+C (&)Y | (C (&) " NS, (1) 0,00
k=0 j=0
f 2
+Coy @I, 11 at
0

<7, @[ (1 1 o+t = &) 1) 1 o))t
0

s—1
+C1 (g)en(s)rznf;/ (.,T) ”i(istr)
=0

s—1

T s—1
+G@Y [@ YN, D g, 0, )
0

k=0 j=0

+C,s @I, 11 (431)
0

Dit
TYO =1 ) By +aty =) 11 )

s—1
A0 =G D, 00
T s—1
@[ @ LN, g0
0 =0

+Cs @I 11, -
0

Tir Bit déng thuc (4.31) ta co

T @) <y @[ I 0di + (7). (4.32)

Ap dung Bb d& 3.2 vao bat ding thirc (4.32) ta
nhan dugc

JsN (‘L’) < en(é‘)TJ.e*?,v(s)t¢f(t)dt .

0

(4.33)

Twr (4.33) tacod

2 2
11, ) iy +Ctty = ) 16 () g

<Cy (@) YN 0 - (4.34)
7=0

Tir bat dang thirc trén ta c6 (4.30) dung. Tro lai
(4.29), ap dung (4.34) v6i moi s < h —1, lap luan
tuong tu nhu (4.34) ta co
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2 2
I U:ZH (.7) ||L2(Q) +(a =€) || u:,:' (-7) HH‘(Q)
h
2
S Cs,O(g)e}/h(S)TZ||~f;k ||L2(7k’QT)
k=0

Tur d6 suy ra

N 2 N 2
2 AR oy 102 ) g
h
< CS»O (8)eyh(£)rzl|f;k ||i2 (7%-9r) (435)
k=0

Gia st Y la mot s6 dwong sao cho y >y, , thi
tdn tai g:0< &< y,,sa0 cho
Qh+D)(n+Du+e¢ .

/'10_‘9

y>7, (€)=

Nhan ca hai vé cta (4.35) véi e sau do lay

tich phan bét dang thirc nhan dwoc theo 7 tir 0 dén
T ta c6 két qua:

T

2 2
_[( 26 (D U7y + 1) ) I ) )™ d T
0

h
<C(&)e" Y I,
=0

T

2 (74 (£)-1)7

Ly (74:Qr) J-e dr
0

Vi 7,(e)—y <0, néntich |e"“7"dr hoi ty.

S t—

Hon nita, ¢ phu thudc vao y nén tir bat déng thirc
trén ta nhan duoc

h
2 2
||“,h HHI’I(EW,QT)SC(}/)/{Z;'mk ||[Q(y,(,Q,.)

& d6 C(y)1a hiang sé duong phu thude vao y .

Vi {u}}1a ddy bi chan trong H"(¢",0Q,) v6i
moi ¥ > 7, nén chung ta co thé chon ra dugc mot
diy con hoi tu yéu téi mét ham »" trong
H"(e",0p)-

Chung ta dé dang thay rang

I ut];\%’vdxdt = (—l)h I qut,, dxdt>
Or or

Véi moi ve Gy (Q;). Cho qua gi6i han khi
N — o0, ta nhan duoc
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.[ u[,,vdxdt = (—l)h I uvlhdxdt’
Or Or

Diéu nay c6 nghia 1a « 1a dao ham suy rong t6i
tan cp A theo ¢ va u, =u" . Hon nia ta co

h
2 2
| | uth | |Hl’l (67/ 7Q,[.) S C; | V;k | |L2(7’/C=QT)

& d6 C 1a hang s6 dwong khong phu thudc va N
vaf.

Dinh ly dugc chung minh hoan toan.

5 MOT SO HUONG NGHIEN CUU TIEP TUC

Bai toan da xét véi hinh try déy chira diém nén
dung phuong phap nghién ctu tuong tu ta c6 thé
trinh bay bai toan cho hinh tru vo6i day khong tron
chang han nhu mién c6 tinh chat doan.

Chiing ta c6 thé thay doi y, dé dugc khong
gian nghiém rdng hon.
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