Tap chi KHOA HOC DHSP TP.HCM S@’ .8 ndm 2006

BAI TOAN HON HOP CHO PHUONG TRINH
SONG PHI TUYEN CHUA TOAN TU KIRCHHOFF

NGUYEN THANH LONG', LE THI PHUONG NGOC?

1. Gidi thidua

Trong bai bido nay chiing 81 xét bai todn say:

i, - B{\il

' 3 .ku”_ + %—ua_) = fi{ru), O<r<l, 0<t<T,

I
lim+/r u Ar,1; < +0,

J r—0, {11)
s, (1,8) + hufl, I) =10,

u(r, 0y =1u,(r), wu RERUEIN (r), u || = ! Z‘! U,,(:“,l‘)jzdr,

o
trong d¢ hing 8 A> 0 vA cédc ham s8 B, . [t 1a cho trude. Lign guan dén bai

-todn (1.1) 1a bai todn sau day ma nhiu cOng winh nghidn cdu da dé ¢dp, ching han
trong {6, 7, 13, 15, 16}

B Vel b= fige, e x @),
av L .
P =0, (x,03€ 0Q, x (0,7, (1.2)
hay v=0, (x,£} € 62 x(0, T},
v{x,0) = ¥ (x), v,{x,0) =7 (x), xefy,,

s

N
& day HVU“ jnﬁ“v('c ()i “dx = [z ~§--{x f)l dx, £ 1A mbt mién bi chin trong IR"
X

o, il

vdi bién 20 dit tron vA v 14 véetg phdp tuyén don vi trén bién 0C);, hudng ra phia |
ngoal. :

Yéi N =1 va Q =(0,L), phuong tinh (1.2); xuit phat tr bai todn mo 3 dao
dong phi teyén clia mot diy dan héi [71.

" Tin s1, Khoa Todn - Tin hoe, Tr udng a1 hoe Khea hoe Tw nhign, BHOQG TP HOM.
* Xfhoa Ty nhién, Trudng Cao ding Su pham Nha Trang.
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2 o] |
C

Jddy v 12 43 vong, x 13 bi€a khong gian, ¢ 1 bi€n thii gian, p 1 khSi Mong riéng,

try

dy

v, =0,0<x<L0<t<T,

~ |

h
L

)Ok"}rr “(}—L -{"
!

i
H
J
{

i

A 13 thigt dien, 7 13 chibu dai sgi diy @ e ban ddu, E 13 modun Young va B 1i
IUC cang 16 ban ddu, '
Trong [3], Carrier cling d3 thiét p mdt bai todn ¢é dang:

I Lo h '
Vi __l PLJ +“Z€ I v {3 t)dy lv-ﬂ =0,
\ o J

Wong d6 P, va B 14 cac hiing 6.
Trudng hop € 1a qud cdu don vi md twoag IRV va cdc ham v, f, ¥y, phu

N
) . ~ He 2 2 2 A
hde vao x thong qua » véi 7 = | =% ¥, ta dit:
i=I

vi, ) = w(ho), [0t = fljx ), 5,00 =8, (), 90 =7, (x]),
thi:

|
. '\0 .
U day B(n) = B (ewy1) va oy dién tich mit cAu don vi trong JRY. Khi d6 (1.2) viét
Yai nhy sau:

.y 3
BV Ay = -B] [lu, (r,0 > dr J(uw-‘r—}—/—ur}, v N1,
: ' ' ¥
3

[ \ .
H, —Bi J !'Hr(f’,f} v dr {u,, + —}iu,) = f{ru), O<r<l, O<t<T,
0 . F
u, L)+l e) =0, O0<r<T, (1.3)

hay u(L,1y=0, 0<t<7,
u(r,0y =i (r), u(r.0)=u{r), O<r<l,

Vi N =12, (1.3) 1a phweng trinh sdng phi tuy&n hai chida md 1d dao d6ng cla
Mang don vi Q z’((x, )ity < E}. Trong qud trinh dao d6ng, bé mjt cda ming
v wie cing tai cdc di€m khéc nhau trén do thay déi theo thisi gian. Biéu kién
t?éﬂ bién mé t& nhing rang budc dan hdi, trong dé A 12 hiing s8 ¢6 mot ¥ nghia
€0 hoc nao d6. Didu kién bién (1.1); hién nhitn 58 dude thda min n€u ¥ B mét
Rghigm 8 dién clia bai todn (1.1), ching han nhit e C‘l(ﬁx (O,T)J ACHQx(0,T))
Bitu kign nay thiting dude sir dung trong sy lién hé véi cde khong gian Sobolev ¢
rong (2, 14], |

Trudng hop phudng tinh (1.3), khong chifa s6 hang (7/ ), (¥ = 0), thi {1.3),
G dag: '
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"1

u” - B[ f |E£." {f"r)izerurr = f(r,ff-}. (1.4)

A0

Khi f =0, bai todn Cauchy hay bai todn h¥n hop (1.4) da dirde nhidu tdc gid
nghién cie; xem {3, 20} va cdc 1ai lidu tham khio duge néu trong ds, Téng quan cdc
k&t qud thude v& Bnh vire Todn hoe cita md hinh Kirchhoff o6 the duoc tim thiy trong
cdc tai liu [18, 19]. Mederios [17] cing da nghign cdu bai todn (1.1) wén mét t;’ip.
md va b chan Q cia IR, véi /= fu)=~bu®, b >0 1a hiing 8 cho trude, Hosoya
va Yamada {6] dd nghién ctu bai todn (14)-(1.3), v8i 7= flu) = —8luf* u. trong a6
5>0,a>0 14 cc hing s6 cho trude. Trong [11], cde téc gid cfing 43 nghién citu sy
t6n tai va duy nhal nghi€m ctia phuong trinh:

u, + ANy - B(EVH E )f_‘\u -+ 8’1{, ’(H u, =F{x,t), xe ) t>0, (1.5

Gdiy 1>0,2>0, O<a <1, £z i mol tgp MO Va bichan cua fR°, _

Truding hop ¢6 thanh phin (1/ )u, xudt hién trong phudng trinh (1.1); ta phdi
Khtt bd hé s6 1/ bing cdch sit dung céc khéng gian Sobolev c6 irong thich hap (2, 8,
14,

Trong bai bdo niy, chiing 51 1ién k61 bai todn (1.1) v8i thudt gidi xdc dinh bdi
mt ddy gui nap {u,} nhy saw:

az‘um { - ¢ 1 5 ( a“m} I df
w:(?f"} - BT\” ‘\7'“:?; a ):ELJ‘_‘,’}_—): Jr {r,um_;)—i- (um _1'{;;:—])5—;'(.?111";“1)7 (16)

O<r<l, 0<e<T, v u, thod (1.1)y5 va s6 hang dau tién duge chon 1 u, =0, Vi
JeCHIONXIRY va BeC'(IR), &,<BO)<dy’ +d, Bl <dnt +d,
rong dé b, >0, p>1, vai Efo,gfe, c_z’ﬁi,c?l 20 Ia cdc hing s6 cho irde, cling véi maot 88
didu kién phu, chiing t6i ching minh ring bai todn (1.1) ¢ duy nhat mét nghiém véy
va day Hp {u,} hoi te bac hai v& nghiém y&u ndy. K&t qud thu dudc 1 da tong quit
hon cdc k&t qué trade ddy trong[4, 12, 15, 16].
2. Cae khong gian ham va k&t qué chufnbi

Bat & =(0,1). Ta bd qua dirh nghia cdc khong gian ham thdng dung C ’”(5},
QL H™Q) va ™), Ve mdi ham  ve B, u dinh  nghia

3| -

t

. I 0 . , _ .
v, :[If' b, (r, 0)f dr | va ¥, Ja ddy db hod clia khong gian C%((3) d6i véi chudn

. = w -y — 1 - £ 2 AR
I-].. Tuong w, véi mdi ham ve CHQ), ta dinh nghia [l :(”v : + !1 VT v
. : ‘ v
Y 1 ddy @i hod cda C'(G) dSi voi chudn |- Ta cht § ring cdc chudn I va |,
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: ]
¢6 thé duge dinh nghia 1an Wgt tf cde tich vé hudng (iu,v) = §m(r)v(r)dr va
i

i

(e, vy +{u’,v"). D& dang ching minh duge riing ¥, va ¥, 13 cdc khong gian Hilbert

vdi cdc tich vO hudng twong dng nhi trén. Mit khdc, 7, duge nhing lign tije va nim

iz mét trong V,. Pong nhit ¥, véi !0 (a6 nglu cda ¥y, ta cd ¥y < ¥, Ep’]j -

v, . DE chi cap d8i nglu gitia ¥, va ¥, ta ciing ding ky higu (). Bay gig, véi mbi
ho= 0, ta dac
1
P ] J.f . ,"' . - -
a{z, vy = hul{v{l} + [m {(ry' (rydr, u,vel, (2.1}
0
Khi d6, a(.}1a dang song niyén tinh, d61 xfag. Nhd dinh 1y Lax-Milgram, tdn
tai duy nhit mot todn I luy€n tinh lién tuc A:VE — V! sao cho a(u,v) = (4u,v)
-1 d du

Yu,ve V. Honnda .
rodr dr

vA ngodira ta con ¢d cdc bd 48 sau.

Bé aé 2.1. (21 Dang song tuyén tinh, 401 xing xdc dink b1 (2.1} 1a lién tue trén
Fyx V| va cudng bric trén ¥y, nghia la:

i s N

OIHURY ESS ]quﬂv

{ii} 'a{v v) 2L n||“

ot . " PPN . s gmr fmy
vdi moi w,ve ¥, dddy :Emm{i,h}va C, =1+{1+~2)

in?

BE a8 2.2. Tén tai mdt co sé tryc chudn Hilbert {ﬁ_;. E'Cﬁ.a V., gdm cde kom ritng W,
tuong vng voi cde gid tri riéng A, -sao cho:

(YO <A <2, T+ khi >,

(ity a(iv,,v) = A, (W;,v, Vvel,,VielN.

Chut "1g minh cta bé dé 2. 2 ¢6 the fim thdy trong {23: trang 87, dinh 1 7.7},

Tacdchiy ring, i (11) ,v / /_ }la ¢ st e chitdn trong V.

p theo, véi m&i ve CH(Q) ta dat:

o V2
vl ( [ri® + b 00 vy | (2.2)
W )

va dinh nghfa 7, i ddy 0 hod cla khong gian C*(Q2) d6i vdi chuén |.],. Cing

{2}

chii y réing V, ciing 14 khong gian Hilbert d6i vdi tich va hudng:
Ly v Y+ (A, A, (2.3)
Mf‘ héc ta cling ¢6 thé dinh nghia ¥, nhu 14 ¥, = {ve Vyrdve Pyl
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Lién quan giifa cdc khong gian ¥, ¥, vi ¥, ta 6 cdc b8 dé sau ddy ma
chiing minh ciia ching ¢6 thé tim thay trong [2].
B& dé 2.3. Cdc phép nhiing Vo ¥y — Vg la compact.
BG d8 2.4, Voimpi veV,,

s i
li’v T _'Eii t
{ii} lv”“ S@!!A’v” .
iy |1, <@l ], +1ad, o),

Vi mot khong gian Banach X,tase¢kihiduchuintén ¥ 3 .. va X' i
Lx

461 nghu cla X. Ky hidu LF(0,T;X),1<p <, 1 khong gian Banach gdm 1t ¢
cdc ham do dude »: (0,7 - X, sao cho: '

L7
{7 VP
[s ,ptgr IL |zc(r)f][(ar | <w, véil<p<oo,
i . ]
| th(O,'E‘_:X) = 83 b‘{Ph“(*Jhp vor p=
Qetad

Ta ki hidn u(r), z,:.rm:u-“ O =u @), dO)=u" =0, (5, uv.(), u () &€ chi

a ?, N
u{r,t), — (r £, - d (r i, —f{r,0), »?—ff(r,r), l8a lugt.
P

T].onv cdc muc sau chhng t01 s€ x€ét bai todn gid tri bién va ban ddu (1.1) véi
cdc gia thist sau:
{H) u‘EV;, i, eV,

(H,) Be C'(iR,), sao cho céc hiing s& 230'> 0, p>1, v dy,dy, d,,d, 20 thod:
() by <Bmy<dan® +d,, vn20,
(ii) <dn™ +d,¥n>0,

(H,) f e CP{01]x IR).
Ung v6i b3t ki M > 0 cho titde, véi fthod cde gid thigt (H,) ta dat

Ky =Ko(M, f)= sup |f(r,u),
(M;)54

K =K L )12

VK=K 00, = sp | Lru e u)i (2.4)
{rujed |af'
bz ’ . i

K, =K, (M, fi= sup. |£9 ~(r, 1)l + ——{%(_r,u)',

iransd jd:}?’ ‘
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G diy 4 = A(M

.\_/

P
F
i

. I
(rauy:0sr Ll [zﬁ< M@'E'Ti,x!" f

Cﬁng dng vt bat kj M >0 va 7>0, cho tntde, v6i Bvi [ thod cdc gid
thi€t (H,) (H widng ing ta dat

WM, Ty={ve L°(0,1 V) v e L5073V, ), e IO, 151,
i i = *,!E <
!:] U.'f"r[‘?;" “JM|U t@f}/‘__i‘y? P27 5y M},

WM, Ty="{ve W{M,T}:¥ e L°0,T; V).

{

BE chimg minh sit 9n 1ai nghiém cda bai wdn (1.1), wude hét ta xay dung
mit day {u W (M, T), v3icde hang 50 M >0, 7 > th‘?h hdp s& dude chon sau,
bing phudng phip qui nap. Diy qui nap ndy s& dude chiing minb kot my vé nghiém
y&u ciia bai todn (1.1)

3. Sy hoi tu cdp hai

Ay qui nap (phi tuyén) 1” § dudc xay dung bdi auy tic sauw

Cho wude uy =0 va gia s

P

LED

r‘\«

(G

s € M T), (.1

r3 S
Ta lién két bai todn (1.1) véi bai todn bign phan: Tim u,, € W (M,T) (m 21} sao cho

i 0.+ Bl v, 0

N

J
) W, (0, = (e, )0
7,

ST S .
U, ), YveV,,
O

'H

+ ([um - Hm— 1 )

_ e e
w0y =iy, u, (0y=1u.

P
fad
]

R

K ¢ ta 6 dinh 1Y sau:
Binh W 3.1, Gid sv (H,)—(H,} ding. Khi dé t6n tai cic hdng 56 M >0, T > 0sac
cho vt uy = 0,10n tai m@t dav quy nap {u,,} © W (M, T)xdc dinh b3i (3.1), (3.2).
Chi thich 1. Trong {2] thudt gidi (3.2) da duge xétvdi B=1, £ = f(x).
Chafng minh dioh i 3.1, Ching 161 81 dung phuong phdp xidp xi Galerkin duce gici
thidu bdi Lions (8], va 1i€n hanh qua nhiéy bude dudi day:
Budc 1. Xdp x7 Galerkin. Xét cd sd truc chuén {w_}. }_, vl w, =w,/ \/Z nhif frong b
dé 2.2 Dit

ut™ r)~‘3 ¢! ’(r;w {

s

%]
(™
S

J=!

trong do (m} ’(£) thod min hé phiong ivink vi phin thudng sau:
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@, w+ b alu)) (O w)y ={FP O, w ), 1< j <k, (3.4)
H it (OJ = uOk » “fu (0) - uik * a
& day:
_ . 2
{w@) llw,if”(r)uf,] LZA,,icf,fﬁmi )
i it / (3.5)
L ) w_, &
| ’FTm (F f) .fm (r,t,um ) f(?’ Uyt ) +( iy l)_ (?‘,Mm_l ):
L it
&
= > aPw, — i, lrong ¥, manh, (3.6)
=1
't . .
i, Z,{i‘“ . —» 1, trong ¥} manh, (3.7)

Vi gid st u,,, thod (3.1), b€ d€ sau diy cho ta tinh dn tai nghidém «' () cha hé

-.

(3.4).

BE 48 3.2. Gid sit (H,) —(H,) diing. Khi d6 vdi cdc hing s& M >0, T >0 & dinh, he
phutong trink (3.4)-(3.7) c6 duy nhdt mgr nghiém u'® () wrén doan [0,T7F]<[0,77.
Chising minh b6 d¢ 3.2. Hé (3.4)-(3.7) dude vigt lai dudi dang:

[ G0 = ~A 0 (De) (O +(FP0,w,), 1 j <k,

u; mi {38)
L e (O = a0, o= 4P,
Hé phudng trinh ndy wong dudn g vdl hé phudng trink tich phin sau;
\
et () = am + 1 & J.d‘z“ Qf(r u,  y-u, }:(r,um_l), w;/‘}ds
; Ot '
f k , _ :
+ jdr fZ<—-—{r W, )W, W, XCf,ﬁ)(s}cfs _ - (3.9)
o0 g i

wij]l } (i,l,\cf,i}(s)i J fnf,)(sjds, 1<j<k.

I} i=i

G
Khdng s¢ nhdm 13n, d€ cho gon ta ¢6 thé bd di chi s6 m, khi d6 hé (3.9) ¢6 thé

viéi Jai dudi dang:
¢ = H{c), ' (3.1
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g day: _
Hiel={H [} H D e={e, e, )
H [}ty =g, + [dr [ (. (rott, W, W, >c (s)ds
. . 5 g =} \aM
t T x " . (311)
-4, [ds jB[Z,@cfgs) c, (535, |
0 Q i=t s
. o Y ar \ ,
SN S C VRN ey b ]
g, (ty=a + (57 jmj{f{r,um_l) U, o {2 ,um_i},n_;/idn, 1<jsk
Véimdi TH e (0,7] va p 0 58 duge chon sau ndy, ta dau
_-CM"O,T:M] b ) 8 166 ¥ '“C' ‘*,D}
Gaay |ef = sup ‘qt}l ety = Zi {1:)|, véi moi ¢ = (‘31 )e Y.
F=1

R& rang .-S 13 tép con ddng khdc réngcia ¥ vatacdtodnt® XYV = V. _

Sau diy, ta s& chon o> 0 va T'¥ (0,77 sao cho:

(1) # anhxa S vio chinhnd,
Y A" = H{H"™] 12 doh xa& co vdéi mdt s§ ty nhién ne IN pio dé.

(i) Trudc hé’t ta chi 3?' ring véimoi c={c,,...c, )& S,

va do dg

Zx‘u (<4 o (3.12)
{ f LI B N
(?A‘(E(S‘:]SJL d “;gcf(s}‘! +dﬂ]i~'dﬂﬂfp:p +d,. (3.13)

b, gl i=i

TUWE.1)-(3.13), ta o ;

H [\ =|q,w)| +D, [de | |eo)] ds<fqll, +1 D, c],.  (3.14)
G 0

daay D, =D,(0.kM,T,m)= KK, +4,(d, 4 0" +d, ).

Chon o> gl va T & (0,T] saocho 0 < 7 < ML%_( -4l ) Khi dé:
P o

el

+iD TW  p<p, Yees,

atm

f1et, <

lighia 14 todn tf / dnh xa .S vio chinh né.

(il) Biy gi& ta s& chifng minh ring vdi moi ¢,d € §,vdi moi 1 [0, 777,
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| H*[e)(e) ~ H"[d)) | =] H[H"“ [Ty~ HLE a1 |
L —— D“ZZHH —-d¢| , Vae N,
((); )3
§ddy D, =D, (p.k,M,T,m) =X, + A, (c?;,zf 0% +d, )+ 2002 (.?fi At gd )

Ching mink bling phuong phdp quy nap.

Vai n=1, (3.15) ding. That vy, vdi moi J=12. 0k vaimoi t£[0,7%], 1
cé

in [e]ir) - f, [d’](!)[ % K’] :fd?iﬂc(s) - c:’(S)jl s

4

AT a2 p? +%) "‘F () ~d, (s (3.16)

4. S)rd g

o4, o LBul/ G- s)j

trong d6: &£ = 9(2 Ae! (s)] +{1- 9}[ Z A.d7(s) ] <SPt D<f<t.
i=] Vi s f=i Vi

T cdc bt ding thie:
’D (ﬂ‘i <A v d 2d A pt L g

)

fzzl( (S)—ff (}Yﬁ?lip‘ c{s)~ d(é)l

v (3.}6_} ta thu duic:

H[el) - Hd)(r)|, < B, i{ ﬁff] jels)~d(s),ds < 1D e - dl,.

G
Gid st (3.15) diing v6i n>1. Khi do vesi mot ¢,d €8, vdi moi 1 [0, 7%,
b1 el - a0, = [Erse e - rree 11|

f

<D, [dv J'H [cl(s)~H"[ d](s)[ ds

]

< 1 n+1 Ini 2” dl[
T (2 +2)T Do i
Va chitng minh qui nap dude hoin 41,
T (3.15), ta c6:

O B, s Bryle-d), <L (B, 1 fe-a],

(2 n)! T VT

o
RS
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1/ [ ,P" . 5 . 1 = Y
Vi lim 11\, D, T! =0, aéntdntai nelVN sao cho —| b Tf < .
nve (2 / {

Nini thé &":5 - S 1a dnh za co v do d6, H ¢6 mot difm bit dong duy nhit. Suy ra
h¢ phuong uinh (3.4)3.7) <& duy nhit mdt nghiém «M{1) trén doan
(0,791 [0,T1. BS dé 3.2 dudge chiing minh.

Cdce wde lugng sau cho phép ta ldy TV =7,

Bude 2. Udc iugng tién nghiém

BPar:
,
SP@ =X+ 0+ | |l m;. ds, (3.17)
& day
{ X = |[u‘“(t‘}“ +b9(0) a[ ), ut® (_E}),
: | 7 (3.18)
L }’f‘) {t) ”a(u“‘ (r),u“’(f})- ‘;f} ) ﬁ“(r}ﬂo
T (3.4}, a s-uy 18
f
SE ()= 520+ [5) |a ul ()l (s )TW sl lds
] n ‘J il ) I}{]
+2 (RO )i ,,,(smsuj (R0 (50,60 (5) M (3.19)
] C

- go“‘(s: (Aud (), (s3)ds + [(FE (0,588 ().
0 4]
Do (3.6) - (3.1, dfmg thiye:
? — ~ T Yy e - [ P - "
S“‘ ((,)_‘[:;H :Ta(zfm,r.f]kj-!— BU{VE{UHGAQ(HOPI.{M)+“AHN !li) chifng t0 ring ta

lubn ludn chon dilge 56 M >0, khéng phy thude vao k,m sao cho S0 (0)< M* /6.
St dung cdc bo 6¢ 2.1-2.4 va gid thigt (H,)—(#,), sau khi ddoh gid cho cdc tich
phiin trong v&€ phai cta (3.19), ta thu dudc:

t

S ey <424 7D (M) + D, (M) J,s-f"”(s)dHD jls® ) fas

M H
I+

+D, js”w ds+ D, J( SB ()7 ds,

(3.20}
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G day :
DMy =33 K, +3K M0 )+ 2[R, 4 B b

+6cl[§K";+§K MP+ K1+ 2M)? 42K, (1+ M) M ]
947 27 -,

il — — q
L’img?}{f+4-K2‘(‘!+7‘«fM)2}+ K
b,Cy * V2 2h,  45,C,

GC(J
_3d (1)

3 =

2

33,(1+5, W o 9
b P*lcé-'

N

D (M)=3 w---'—-+1J
L6

D 2b Z;HICT Zp ’

3

2
_ b G,
o - P | P
St dung cde bl Jarg thic:
3 1p+} 1p-1 .
x° Smi + Tpiis VxZO, \?"DZI/Z,

+1 i . ' i .
xPH g L Rt b Wxz 0, ¥p >0,

Ipsi Ea4t?

1ty (3.2, ta thu duoc:

S,&j”{f) <H, 47 jy N(s)ds +7, J‘(Sf,j"(s)]z"’” ds, 3.21)
v

.

7, “??G(ﬁ,{ Ij MZ/Z }"T[D {M)+j;+:D + 'Jp+ID ]’

[
J1 7, = (M) = D,(M), (3.22)
| 7, =5k Dy 4 D, + D,

""Tmrl 2l

~

Kihi d6 ta c6 bd dé san

BE dé 3.3. Tdn tai mot hing s6 T > 0 khdng phy thude vao k.m sao cho:
| SO <M, Yrel0,T), vdi moi kva m.

Chifng minh b8 @é 3.3. Pt

S(0) =1, +77, [S© (s)ds +7, j(S;f () ds, 0<e<T (3.23)
& O
Ro rang
[ S(1)>0,0<80() <80, 0<r<T,
S'O-H.SO<HS*), 0<e<T, (3.24)
‘ S(0) = fj‘o,
DAt Z(s) = §77 (1), 1y tich phin cia (3.24),, 1a c6:
. 3 7
Z(z)z(% ¢ 2 i exp{~ 2p?;if)~——~ viel(,T]. {3.25)
. 7, i

o4
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Chu ¥ ring 1 (3.22), ta ¢6:
. ~ -2p 7 \" 1 2
Wi 7"+ exp(-2pi T -+ | = M 7 >,
Toall . |
- - - (3.26)
lim [{,’3_2" )axp( ZW;ET)w—— M 4!: (4"’ WE)M"“” > 0,
] Testt ﬁk 1-';[ ; 7 1
Do 36 tir {3.26), ta udn chon duge hiing s8 7 > 0 sa0 cho:
oy T,
e L }e‘{p( 2;}};}f)~~——>0
B :'7 - i .
) m’ | ? (3.27)
A 2T M 50,
?FJ y; h

K&t hap (3.24), (3.25), (3. ’2’?}, ta nhin dugc:
0< SN SO = ———== S M2, Vrel0,T)

w ‘\/_""”“ -

BS dé 3.3 duge ching minh. T day, ta ¢d thé 14y 7% =T, vdi mol &, m, suy
ra
il GW(M' T),vé’i moi k,m.
Va do dg, wrday {a

ki)
HJ
{H
Hl
"{”ﬁ-‘; 5 - & -

H VU >, Fong i {0,157, yeu,

h

Y ta c6 thé trich ra mat diy con %% sa0 cho:

1, tmngl (0,7;7,), yéu *,
—u, trong L7(0,T;V,}, yéu *,

& dky u,, €W (M,T). Chuyéa qua gidi han trong (3.4), ta ¢6 aém thod man (3.2) wong
L{0,7), yEu. Mitkhdc, bdi (3.1)-(3.2)y va w, eW{M,T), a cb:

i, = wB(HVum ”; }Aum + fru, e L7{0,T;V,).

Suyra u, &€ W (M,T). Dinh 3.1 duge ching minh.

K&t qua sau ddy cho ta sy hoi t cAp bai cha diy {w,, } v& nghidm y&u cda bii
tedn (1.1).
Bink I 3.4. Gid sit (H))-(H,) ding. Khi d6 t6n tai cde hing sé& M >0, T> 0 sao
cho:
(iy Baitodn (1.1} ¢6 duy nhdt mét nghigm yéu u e W, (M, 1.
(i) Day qui rap {u,} xdc dinh b (3.4) - (3.5) ki tu cdp hai manh vé nghigm véu u
cia bai todn (1.1) trong khéng gian W ()= {\)GL""‘(O,T;K): i’ef,m(O,T;Va}} theo

nghia:

55
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gddy 0< 1. <, CT I cde hdng 36 déc 1gp vdi m.

!

Chit thich 2. Trudng hgp phiong winh (1.1) khing cinia 2 & hang (1/ /), , trong [22]
ciing thu duge k&t qud hoi tw cdp hal nhw dinh [f 3.4 ndy. Mat khdc cho db phuong
trinh (3.1) ¢6 chida 58 hang (1794, , k&1 gud cdz cluing 31 vAn ©©ng qudt hon rading
hop B=1, f = f{1) dd xétwong {2].

Ching minh dinh 1 3.4,

&) Sit 190 rai nghiém cia bai todn (1.1 Trede hét la chd ¥ riing #,(T) 12 khong gian

"}EIT‘(G:T;VG)‘([SD

Ta s& chafng minh {1 m} la diy Cauchy trong W, {7}

anach 48 vl chedn I = 1
Banach ddi véi chuan v oy hltr’(o,r;:’,; 3

Gid st v, =u,,, ~u . Khids v, thda min bai todn bién phin sau:
| I\ {[) ”J m-rl (r) (7{1/“ ( } “f) ( w4t kz ? - E?m (5};K ‘4‘14{’ 3 (I)}’ HJ}
: = (F, ()= Fy (0,), YweV,, (328)

L vm {‘ l}m («O‘} = 09
g day.

I of R 4
}Tm-l-] U} - Fm (?‘} = vnr A L_?‘, Hm) + f vm—i _‘—3_ (.’V?‘ ﬁ’m )7
Ot Oul
}l‘m = h".r}.-—l + 9 vm—‘. * (O g {’} ) . . {32{))
[ 2 wlio, o
S (L) g U) =4 |VI£ o ‘U)§|L‘ u “Ea i»r)ﬂ!jJ'

PR

Timy w=1v, trong (3.28), sau d& 1dy tich phin theo £, ta thu dude:

ill"{}m (r}|ta + re-u] ({}al up (f), vn: ([)) = j.bal;h'—i (.?)53 (vm (S’),Vm (S))ds {33‘0)
V]

2\
T
- d

;]<'4um{5)s (U)dﬂ

U

ff Y {
— 3 iRl PV Rl f
2 JLBQIV%H (s)]‘u BliVu,, (s}l
4]
Tuang 1 trén, sl dyng cdc b6 d€ 2.1- 2.4 va gid thiét (H,)-(H,), 1a 58 ¢d
cdc ddnh gid cho cac tich phin J,, i =14, nhu saw:

!

Iy S 2d 4%+ d M, v, () s, (3.31)
b

Jy s MM +dp?y v, (sl 9,0, s, (3.32)
5

s
[
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- et bl sl i PR,
J, < 2K, g&pf”‘_ (5)!:[[}!;:13?] i\s)}];L ds < 2K, H wld 'f's}”, {3.3%)
[ U

f . . !
7 < Ky 2 o il d < 2K, 02y L 9 I, 0], ds (3.34)

0 G

K& dp (3.30) - (3.34), ta dude:
b, Ol + 5,0, O] <2000 +d M7, j|vm’ ¥ ifs

F2{2d M +2d M7+ X)) J s, ()] (3.35)

2

!
T P ?||
128, {1+ ~v2) jhvm )E; i m(s)
G

Tit ddv, ta suy ra rang:

,"‘ ; f]_ﬂ\! T i ¥ o .
O, (O <l VI TR ol o Ko [, (0, (3.36)
a
rong dé P {H= Lv {1 :i{ *iip”{;‘)ﬂ; v
Ky =lie g 1+ 2,420+ C @M + 3007 ] (3.37)

4%

St dung bo dé Gronwall cho (3.36), ta nhin dude:

o=,
-
i3
0
pa——

I
TR
!JLJT\ = by Ii’ﬂ -l

JT K exp\«-?}w\l T (3.38), ta b

| '” s

Gddy g, =21+ l‘ f

<- ﬁ'" B - (3.39)
IJV(T) ('i — )‘6)

vdi mot m ova p, irong do F=2Mu, <1, Vay {u,} 1a ddy Cauchy rong W, (T) va

. -

.ll':+,r'

do 36 8n tat w e W,{T) szo cho:
u,, -1 manhireng W{T} (3.40)
Chi v 12w, € W(M.T). Khi 45 tif diy {u,} ta c6 thé 18y ra mdt diy con
{umj} sao cho:
u, —ru trong L0751, véu ¥,
i, > trong L°(0,T31)), yeu ¥,

i i twong LU(0,TyV,), véu,

kil

VO we W{M,T)
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Ta lai c6, bdi cde BA d€ 2.1- 2.4 va gid fhié’t (H,)~(H)),

!j (&, (0 Au {ty- B in(:)ﬂ }Au(t) w(r}:

<CAd, M +d, lzem »u‘]!mm,‘y |iw”L,{0 ry (3.41)
F 20 e d M =, e ol
vlimoi we L{0,7;V,). Tt (3.40), (3.41) 1a két ludn ring:
b {(Ndu - Bﬁ'vu(r)lf e trong L°{0,T;¥/ }; y&u *, (3.42)
Tuong 1 ta cling thu duge @ £, )— f(ru S K, imf iy THOE
J(ryu, ) f{r,uymanh trong L°(0, T, VG). . - (343

Chuyén qua gidi han rong (3.2) khi m = m; o, ta thu duge we W, (M, 7) 1A
nghiém cta bai todn (1.1). _
0) Tinh duy nhat cia nghidm. Gid s¥ »,,«, 12 hai nghiém cta bai todn (1.1) vai
u; e W(M,T), i =12 Khi d6 v=u, —u, thda min bai todn bién phan san:

[ GO.wy +B O a0 -5, (0 ) du (1, wy
f(z’) f 2wy, Ywel,, (3.44)
(0} = ¥(0) = 0,
sdty by=B{[vu,ofl)  Fo=foru) i=12

Thay w=v trong (3.44), sau 46 iy tich phin theo 1, 1a thu ddgc:

s FE a0, W) = (5 ()a(v(s), v(s)ds
¢ (3.45)

&

2 [(by(5) = by () s (), 56 ))ds + 2 [{ Fis) - 7, (5),¥(s))ds.

St dung lai cdc b6 d& 2.1- 2.4 va gid thiél (1, 3= (H,), ta cé:
O+ < j e+ o) b, vr efo,77,

vai F [1+]—‘|-)(’?(1+C5)(a’,MZ" +d MY+ K,

Ap dung bd dé Gronwall, ta suy ra |§i-(:_}”§ +‘§v(z‘)Hf =0, Vi €[0,T], hay u, =u,,

Tinh duy nhdt ctia nghidm dudgc ching minh,

58
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¢y Khdng dinh (i) cda dinh 1§ 3.4 duge suy ra & (3.39), (3.40) va do 46 dinh i34
dude chifng minh hoan At

Chu thich 3. M6t 56 két qud lign quan dén truBing hop phudng trinh (1.1) khéng chia
s6 hang (1/ ), cling dige xétrong {4, 13, 16, 17, 22].
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Tam tht: )
BAT TOAN HON HOP CHO PHUGNG TRINH SONG PHI'TUYEN
CHUA TOAN TU KIRCHHOFY

Trong bai bdo ndy chiing t0i xCt bl todn san:

b, — B(ﬂ u, ﬁ: )(u” + —;':u_,) = f(ru), 0<r<l, 0<i<T,

(P \ lim «Jr:u.,_ (r,1) E <+, u, (L+ {0 =0,

11'—»0,{
i
dr Oy =T, w0 =00, = [ rlu 0] dn,

i
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d diy hing 36 k>0 va cdc him s6 B,f,¥,.0, W cho tude. Véi gid thist

feCHIOxIR) va Be (' (m_r Y, by S Bm<dnt +d,, E_B" (;»g)[ <dn*" +d,, trong

46 b, >0, p>1, dy,d,, d J > {} 14 ¢dc hing s6

2

, chiing 31 1ién k&t bai odn (P véi md

davy qui nap {”.-,-,-} ma su tOn tai nghiém dia phuong dude chifng minh bling phuong phdp
Galerkin, phuong phip didm bat ddng va i luin vé tinh compact thdéng dung trong cée khidng
gian Sobolev o trong thich hgp, Dy {um} aiy & duge chifng minh 1A hé1 tu cfp hai vE

nghiém y&u ¢tz bai tedn (P).

Abstract:
AMIXED PROBLEM FOR A NONLINEAR WAVE EQUATION
INVOLVING KIRCHHOVI'S OPERATOR

In this papsr we consider the nonlincar wave equation:

- BL! i, iEi ;(1,;_,_r —'r—jwzi,) = f{ru), O<r<l, O<i<T,
| |

) ] m w i {r,1}] < oo, w L+ (=0

|

w(r0) =i, (ry, w,(r0) =i, (r), |u, |

H
2 ¢ . 2
s =4 r!u},u,f)‘ dr,

¢
where B, f,u, .1, arc given functions and £ >0 is a given constant. With the bypothesis
SeC*([01ixJR) and coefficient fenction BeC'(R), b, <BOy<dn®+d,,

. -ty ) A At . _ ,

[B (T.?)il < t:r.’!?}‘? +d,, where by >0, p>1, d,.d,, d,d, 20 are given constants, we first
associate this problem with a recursive scheme {Usn| which the existence of a local and
nmique weak solution demonstrated by Galerkin’s method i Sobolev spaces with
appropriate weight and a standard compaciness argument. Next, we show the guadraric
convergence of the scheme corresponding o the solution of the original problem.

-



