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TOM TAT— Bai bdo nay khio sat mdt phwong trinh séng phi tuyén chtra s6 hang dao ham cip bén. Truéc tién, ching toi
phat biéu cac két qua vé su ton tai va duy nhit nghiém ctia bai toan dwoc chirng minh bing phwong phap Faedo-Galerkin va
mot s8 1y luan vé tinh compact. Tiép theo, chung ti xét mot trwong hop cu thé clia bai toan ban dau va st dung sai phan hiru
han dé xay dwng mot thuit todn tim nghiém xap xi ctia bai todn trong trwong hgp nay. Ngoai ra, ching tdi cling thiét 1ap cac
bang s6 liéu danh gia sai s6 gitra nghiém x4p xi va nghiém chinh xac theo s buéc ldp va theo kich thwéc cia lwdi sai phan.
Cudi cuing, chiing t6i vé mot s6 hinh minh hoa cta nghiém x4p xi va nghiém chinh xac theo mdt s6 Iwéi sai phan khac nhau.
Tir khéa— Sai phan hiru han, nghiém xap xi, phwong phap Faedo-Galerkin, phwong trinh séng phi tuyén bic bon.

I. GIO'l THIEU

Trong bai bio nay, chiing toi xét bai todn gia tri bién va ban dau cho mét phwong trinh séng phi tuyén chira dao
ham cip bon theo bién khdng gian dwoc cho nhw dwéi diy

Uy + Uy, —%[g(x,t,”ux (t)||2)uX J + L: g(t—s)u,(x,s)ds

(1.1)

= f(x,t,u,u,u,,u,),0<x<Lt>0,
u(@0,t)=u@t)=u,(0,t)=u, (Lt)=0, (1.2)
u(x,0) =, (x), u, (x,0) = 4, (x), (1.3)

trong d6 U,,0;, &#,9, f 1a cdc ham cho truéec.

Bai toan (1.1)-(1.3) 1a mot sw tong quat cho mo hinh todn hoc mé ta do 1éch ngang cia cac ddm cé gidn. M6 hinh
todn hoc goc dwoc nghién cliru béi Woinowsky-Krieger [1] c6 dang nhw sau:

U, +au,,, —(ﬂ+kj.0Lufdx)uXX =0, (1.4)

trong d6 A 1a sw dich chuyén doc truc ban dau dwoc do & trang thai khong bi kéo cang va u(x,t) biéu thi cho dd
l1éch ngang ctia ddm c6 chiéu dai L véi hai ddu dwgc ¢d dinh. Sau nay, c6 nhiéu nghién ciru vé phwong trinh (1.4),
chéng han nhw cong trinh ctia Ball [2] vé tinh 6n dinh nghiém, cta Fit [3] vé d4ng diéu tiém cin ctia nghiém hoic
cla Gio va cac cong sw [4] lién quan dén tinh hut toan cuc va tinh 6n dinh mii ctia nghiém.

Cac phién ban trong trwong hop nhiéu chiéu cta phwong trinh (1.4) dwoc biét dén véi tén goi 1a cac phuwong
trinh ban Kirchhoff mé ta ciac dao déng 1&n cla tAim ban méng. Cong trinh tiéu bifu gan day c6 thé ké dén 14 cong
trinh ctia Liu va cac dong nghiép [5] cho phwong trinh ban Kirchhoff c6 dang nhw sau:

U, +A2U—M <||Vu||2 )Au —Au +u | Tu = ]u

_ou_
=2 =
u(x,0) =u,(x),u,(x,0) = u, (x).

u 0, (1.5)

C4c tac gia da chirng minh tinh bung nd nghiém cia bai todn (1.5) trong truedrng hop ning lwgng ban diu cao tuy
y. Trong khi d6, Liao va Li [6] da st dung cac ki thuat vé bat ding thirc dé thiét 1ap dugc thoi gian séng cia
nghiém cta bai toan (1.5) tai mitc ning lwong ban dau thip. Ngoai ra, cic tac gia ciing chirng minh dwgc sy tén
tai nghiém toan cuc va tinh tt ddn mii cia nghiém bai todn (1.5). Mot s6 cac két qué khac gan day vé cac phwong
trinh ban Kirchhoff c6 thé tim thiy trong [7] - [9].
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Mic du da cé nhiéu nghién cru vé cac bai toan bién va ban diu cho cidc phwong trinh ddm cé gidn trong ca
treong hop mot chiéu va nhiéu chiéu. Tuy nhién, theo quan sat cia ching toi thi c6 rat it két qua lién quan dén
viéc tim nghiém x4p xi bdi cadc phwong phép sd cho cac bai todn loai nay. Mot s6 it cdc nghién ciru c6 thé liét ké
ra & day, chang han nhw cac két qua nghién ctru ctia Achouri [10] vé su ton tai nghiém sé béi phwong phap sai
phén hitu han cung v&i tinh 6n dinh va hiéu qua cla thuit gidi ca bai toan gia tri bién va ban dau cho phuwong
trinh ddm c6 dang sau:

u, +A’u+u+f(u)=0,(x,y) e Q,0<t<T,
u(x,y,t)=Au(x,y,t) =0,(x,y) eI',0<t <T, (1.6)
u(x,y,0) = p(x),u,(x,y,0) =y (x),(x,y) € @,

Trong d6 Q 1a mét mién bi chin trong (1%, I' 1a bién cda Q,va ¢, 1a cAc ham cho trwéc. Trong [11], Anaya
va cac dong nghiép da khao sat mot phwong trinh ddm chita s6 hang dan hoi nhét c6 dang:

u, +A%u +I:g(s)Au(t—s)ds =0, (1.7)

Lién két véi mot diéu kién lich st ¢6 dang nhu sau:
u(x, —t) =uy(x),u, (x,0) = u, (x). (1.8)

Cac tac gia da nghién ctru tinh tt dan cia nghiém bai toan (1.7)-(1.8). Ngoai ra, mot thuat to4n cho b&i phwong
phép phin tir hitu han theo bién khéng gian lién két véi phwong phap sai phin hiru han theo bién théi gian cling
dwoc dé xuit cho viéc tim nghiém x4p xi s8 clia bai toan. Mot két qua khac vé mét bai toan gia tri bién va ban dau
cho phwong trinh séng phi tuyén gan véi bai toan (1.1)-(1.3) nhung véi diéu kién bién hon hop khong thuan
nhit:

U(0.1) = gy (1), U, (0.t) = g, (t). Au(Lt) = Au, (1,t) =0, (1.9)

Pi dwoc khao trong [12]. O d6, cac tac gia d3 ching minh sy ton tai va duy nhadt nghiém ctia bai toan bang
phwong phap xdp xi tuyén tinh két hop véi phwong phip Faedo-Galerkin va mot s6 1i ludn vé tinh compact. Hon
nita, mot thult toan cho bdi phwong phap sai phan hitu han ciing dwoc xy dung dé tim nghiém x4p xi s6, dong
thoi cac danh gia sai s6 cia nghiém x4p xi va nghiém chinh x4c cling dwoc thwe hién.

Nhw da dé cip & trén, khéng c6 nhiéu nghién ctiu vé nghiém xdp xi dwoc xay dwng bdi cdc phwong phap sd cho
cac phwong trinh séng phi tuyén chira sé hang dao ham bac bén. Vi vy, cé thé néi bai bdo 1a mét dong gop cé gia
tri nhat dinh cho nghién ctru vé cht dé nay. Ciu tric ciia bai bdo dworc chia thanh cac phin nhw sau: Phan II trinh
bay két qua vé sw ton tai va duy nhit nghiém cta bai toan (1.1)-(1.3). Phan III trinh bay két qua chinh cta bai
bao 1a qua trinh xay dung thuit to4dn tim nghiém x4p xi b&i sai phan hitru han va md td qua trinh tinh toan tim
nghiém x4p xi. Phan IV trinh bay cac bang danh gia sai s6 cho bdi thuét toan dwgc xay dung trong Phan I11, va vé
hinh m6 phdng nghiém xdp xi va nghiém chinh xac theo cac lwéi sai phan khac nhau. Trong phin nay, cac dir liéu
trong cac bang va hinh vé m6 phong nghiém dwoc thuwc hién trén nén ngdn ngir 1ap trinh Mathlab. Phian V 1a
phan tém tit cac két qua chinh thu dwoc trong bai bdo va moét s6 hwéng nghién ciru trong twong lai lién quan
dén bai bao.

II. S’ TON TAI VA DUY NHAT NGHIEM

Trong phén nay, ching tdi sé phat biu dinh 1i vé sy ton tai va duy nhit nghiém yéu cho bai toan (1.1)-(1.3). Viéc
chirng minh dinh 1i dwa vao phwong phap x4p xi tuyén tinh, phwong phap Faedo-Galerkin va cac li luin vé tinh
compact. Truéc tién ching toi gi¢i thiéu mot sé ki hiéu vé cadc khéng gian ham théng dung va mot sé gia thiét
trén cac dir kién cda bai toan (1.1)-(1.3) nhw sau.

Diat Q=(0,1). Khi dé, ching t6i ki hiéu: C*,L°, H™ thay cho C*(Q),L"(€2), H™ () lan lwgt dé chi khong gian
lién tuc kha vi cip k, khong gian cac ham do dwoc liiy thira p kha tich Lebesgue va khong gian Sobolev cdp m. Ki
hiéu: |||, dé chi chudn trén khong gian X. Chiing t6i ciing st dung cac ki hiéu: C*([0,T];X),L°(0,T;X) dé chi
khong gian cidc ham kha vi lién tuc cdp k tir doan [0,T] vao khéng gian Banach X, khong gian cic ham

u:(0,T) — X do dwoc va thda ||uf < 400, trong dé

LP(0,T;X)
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T 1/p
u , 1< p <40,
([} ol at) 1< p

esssup|ju(t)],, p = +e.
0<t<T

"u"Lp(o,T;x) = (2.1)

Vé&i mét ham hai bién u = u(x 1), chl’mg toi st dung cac ki hiéu: u(t),u’(t) =u, (t),u”(t) = u, (t),u, (t),u, (t), U )

thay cho u(X, t) (x t) (x t) (x t) (x,t),g%(x,t).

Hi ={veH':v(0)=v() =0}, V=H’H; . H!={veH*:v(0)=v(Q) =V (0)=v, (1) =0}

bat: 0 va

Xét T" >0 cb dinh, dé khao sat sy ton tai va duy nhit nghiém ctia bai toan (1.1)-(1.3), chling ta can cac gia thiét
sau day:

(A):0, € HZa 0, eV;
(A):peC? ([0,1]x[o,T*]x[ L)
(A):geH(OTY);
(A):feC’([0.U0x[0,T IxC*)

f(0,t,0,0,y,,y,)= f(1t,0,0,y,,y,) =0.
Khi dd, ching ta cé dinh li sau:
Pinh 1i 2.1. Néu céc gia thiét (A)—(A,) thi ton tai mdt s8 thuc T €(0,T"] sao cho bai toan (1.1)-(1.3) c6 duy
nh4t nghiém y&u u théa man u e L*(0,T;H)nC°([0,T;V),u" e L"(0,T;V)NC° ([O,T]; Lz).
Chirng minh chi tiét ctia dinh 1i c6 thé thyc hién twong tw nhw trong bai bao [13].

I1I. THUAT TOAN XAP Xi BO'I SAI PHAN H(*U HAN

Trong phan nay, ching t6i sé xét mot trweong hop riéng cta bai toan (1.1)-(1.3) va xay dwng mot thuit toan tim
nghiém x4p xi s6 clia bai toan twong tng bing phwong phap sai phan hitu han. Cu thé, ching tdi xét bai toan

(1.1)-(1.3) trong trwong hop ,u(x,t,||ux(t)||2)=,u(||ux(t)||2), f(x,t,u,u,u,,u,)=f(xtuu,u,)-u. Chinh xic

hon, ching ta cé bai toan sau day.

U+ Uy + U = 22 Ju O )+ [ 9t =5)u, (x,5)dls

(3.1)
= f(x,t,u,u,,u,),0<x<Lt>0,
u@,t)=u@t)=u,(0,t)=u, (Lt)=0, (3.2)
u(x,0) =0, (x),u,(x,0) =0, (x), (3.3)
trong d6 0,,0,, 12,9, f 14 cAc ham dwoc x4c dinh béi:
0, (X) = 2w(x), 0, (X) = —2w(x), w(x) = x* = 2x° + X,
#(Ju, @ ) =1+20° Ju, O
gty =e™
f(x,t,u,u,, XX)—f(uu)——f(uu)+F(xt) (34)

f.(u,u) =4’ (l+|ux| ) f,(u,u,) =5u*|u, u,,
F(x,t) =48 —12(x* —x)e {1+ (1+ %10‘3}‘”}

—32*'WA(x) [1+ 32¢™ [w(x)|" (4w (x) 5(28X° - 85X° + 60" +20x° — 24’ +1))].
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Chu y ring, v&i dit liéu dwgc cho nhw & (3.4), nghiém chinh x4c ctia bai toan (3.1)-(3.3) dwoc xac dinh bai:
u, (x,t) = (x* =2x% +x)e™". (3.5)

A. SAI PHAN THEO BIEN KHONG GIAN

. 1 .
Xét mot phan hoach trén doan [0,1] xic dinh bai: x, =ih,h= ﬁ" =0,N +1va ki hiéu u, =u(x;,t). Khi d6, cac
+

dao hamriéng u, U, ,u,, U, dugcxip xi bdi cic cong thirc nhw sau:

XX

L= -2
ux(xi7t)z&7 xx(X|7t)~ Li +u
X 3u, -3 ' 4u, , +6u, —4 (3.6)
uxxx(xi ,t) ~ —Ui, +9; - Ui, Ui, ,uxxxx(xi ,t) ~ U_, —4u_, + Lii —4Ui, tUi,
h h
Thay cac x4p xi (3.6) vao bai toan (3.1)-(3.3) ta dwoc hé phwong trinh vi tich phin sau
-4 6u. —4 L, —2Uu +U,
u’ (t)+U (t)+ | -2 U + hli UH_1+U ﬁ(t) ul—l h"il +u|+l
t U;_, (S) —2u; (s) +u, (s) - N
+ t—s) -2 i+l =f(x,t)=f(t),i=1N,
J,9tt-9) - (.= f0 37
U,—2U,+U, Uy —2Uy, +U,,
uo — uN+1 — 1 hzO 1 — N ;21 N+2 — 0’
U; (0) = 0, (x,) =0y, u/(0) = G, (%) =0, i =1, N,
~ 2 e . T
) = y(||ux ®)| ) ft)=f(x,t,u(),u, (x,t),u,(%,1)i=0N+1
trong do
Chu y rang, tir (3.7): ta suy ra rang:
Uy =Uy, =U +U =Uy +Uy,, =0 (3.8)

Ngoai ra, st dung cdng thirc hinh thang va diéu kién u,(t) =u(0,t) =0, ta cé thé x4p xi s6 hang tich phin
Ju, @ = [ u2(x.tyex nhur sau:

2 2
Ju, @ = [ u? (x.tyx ~ h{”x (.1 +2”X Ot 2 (k1) 402 (%, ,t)}

; (3.9)
h{” SOOGS0 0)-u,0) }
Do d6, nher vao (3.6) va (3.9), cic s6 hang phi tuyén z(t) va f(t) nhu sau:
0 = p(Ju, OF ) = [ {u LONO .S (0, 0)-u,.0) Dzﬂ(ul(t),...,uN(t»zﬁ(u ).
= (3.10)

(0= £ 046U .U, (6,0,U, (5,0) = T [xi,t,ui (0,202, “‘-1(‘)‘2‘:;§t)+“i+1‘°j,i 1N,

Thay (3.10) vao (3.7), va st dung (3.8) d€ loai bé u,u_,,u, ,,Uy,, ta thu dwgc hé phwong trinh vi tich phin
thwdng sau day
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Su, —4u, +u
h4
u ()

) 2u1 +u2

uy(t) +u; (t) + -

—2u, (t) +u, (t)
h2
4'u|+1

= f (X17t7u1(t)
_4ui—1

j F(tU(),

+6u,

h4
) ui—l(s) 2u 2(5) + u|+l(s) dS f
h

) + (D) + =2

+_[(:g(t—s

—4u,_, +5u, 2
h4
- f(xN,nuN(o,“N“>;f~1(0,uNy;fuN(o

u; (0) =0, (x;) =0,,u/(0) =0,(x,) =0, i—1 N,

u
uy (1) +ug (O + =

trong do
u (t)

Yoz _p(u())

_,[‘(U(t))uN_lh_z N

—2u, (t) +U, ()

+f00-3)

2u1(s)+u (s)CI

-2u;, +u,,

h?
Y (t) —Uiy (t) Uiy (t) - 2ui (t) + ui+1(t)

[xi Jtu, (1),
=F (t,U(t)),i =2,N-1,

[Latt-9)
jEFN (LU®),

R(LU®)=f (Xi’t’ul(t) "

J

0,0 UL ®) UL O 260 +u,, O

Pa— 2 ) (3.11)

=2,N-1,

F(tLU@)= f(xi,t,ui(t) . :

u (t)_uN 1(t) Uy,

)i

e (3.12)

—2u, t)

h

Fo(tLU®)= f[xN Jtuy (), = 2,

h2

)

Heé (3.11)-(3.12) c6 thé viét dudi dang phwong trinh vi tich phan theo thoi gian nhu sau:

{U "(t)+U'(t)+ AU (1) — 2(U (1)) BU(t) +j; g(t—s)BU(s)ds =F(t,U(t)),

U(0)=U,,U'(0)=U,,
trong do

U(t) = (U, (1), ..

ljo = (UO(X:L)’ ""GO(XN ))T ’Ul

uy ()7, U"(0) = U] (1), ..,
= (0,(%), -

(3.13)

uy ()"

0, ()" (3.14)

F(LU®)=(FREUQ),.-Fy tUWR))

va A, Bla cadc ma tran vudéng cip N dwoc xac dinh béi:

0
0
0

(5 -4 1
4 6 -4
1 -4 6
0 .

0
1 0

-4 1 0

S
4 6 -4
1 -4 5]

1
0

0 0
0

L4y tich phén theo bién thoi gian hai vé (3.13), ta dugc:

[-2

1
0

1 0
-2 1
1

0
2 1 0
. (3.15)

0
2 1
1 2]

-2 1
1
0

1
0

0
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U'(t)=e"U, - [ e DAU(s)ds - [ e (U (5)) BU (s)ds

— [, dz[ g(r—5)BU(s)ds+[ e IF (5,U(s))ds, (3.16)
u(0)=U,.

B. SU TUYEN TINH HOA VA SAI PHAN THEO BIEN THO'I GIAN

Chu y rang, (3.16) 1a bai toan Cauchy cho mot phwong trinh vi tich phan thwdng phi tuyén. Do d6, ching ta sé sir
dung k§ thuat tuyén tinh héa béi diy xap xi lién tiép {U (m (t)} cho bai toan (3.16) nhu sau:

du™ U _(t=s)[ ~(m) (m) t-(t-0) ‘ (m)
T(t):joe [ 4™ (s)B-A]U (s)ds—joe drjog(r—s)Bu (s)ds

+ j; e “IFM (s)ds+e'U,, (3.17)
u™()=4,,

trong d6 2™ (t) = (U™ (1)), F™ (1) =F (LU (1)).
Xét phan hoach theo thoi gian trén doan [0, T] dwoc xac dinh béi: t; = JALAt=T /M, j=0,M va dat

U™ =0 (), 4" = 27 (1) = (U (). F (1) = F (6,0 (),
dum um_ym (3.18)

t)r it T
dt ) At

Khi dd, ap dung (3.18) vao (3.17), ta dwoc thuat giai sau:
U(m)(o) :Uo = (l]o(Xl),...,UO(XN ))T )
] (m) —U (m) N - - .
0= U, = (ul(xl)""’ul(XN ))T ,1=0,
At
(m) (m)
UiTl _Ujm

At

' | . 3.19
- 2 [" e[ a™(s)B-AJU™ (s)ds —i [ e dz[ g(z-5)BU™ (s)ds (5:19)
k="t o1 * et

j . 8
+ ka e WIEM(5)ds+e U, j=LM -1

k=1 k-1

Tiép theo, ching ta xip xi cac tich phan trong (3.19) bdi céng thirc: J?k H(s)ds = AtH(t,). Khi d6, thuat giai
(3.19) tré thanh thuit giai sau day:

u™©)=U,,
um-uyim
—:U y :0,
Al 1)
um _ym j ik (3.20)
—Mm =AY e (AMB-AJU™ - (AD)°Y Y e g, BUM
k=1 k=1 v=1

j , -
+ADY e FM () +e U, j=1LM -1,

k=1
trong d6 ¢; =9(t;), j =0,M.
C. MO TA QUA TRINH TINH TOAN VA SAI SO CUA THUAT TOAN

Cht y rang, tir (3.20), ching ta sé& riit ra dwgc mdt thuat toan tim nghiém xap xi u™ (x,t) tai buéc ldp thir m cta
thuét giai x4p xi tuyén tinh (3.17). Thuit toan nay thwc hién qua mét qua trinh tinh toan nhw sau:

(i) Bwdc 1ip dau tién (m = 0) U® =UO(t;) =0, j =L M.
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(ii) Tai budclap thd m -1, giad st ta da tinh dwoc

m-: m-: m-. m- L
UMD =09 () =™ t),..ul @) L i=1M.

(iiif) Tai budc Iap tht m, tatinh U™ =U™ ;) =(u™(t;),....u” (tj))T ,j=1M béi nhu sau.
S TR M gy EM
(iii), Tinh ;™ va F™(t;) boi:
A7 = 2™ () = (UM (t), FU () = F (1,00 (), i =0,M.
(iii), Tinh U™ boi: U™ =U{™ +AtU,, j =0.

(iii)s Gia sir tinh dugc cac U™, U™ ... ,U™  khid6 UT) duoc tinh nho thuat todn (3.20) boi:

i ik
UM =Um+ @At > e (4MB-AUM - (A’ > e g, ,BUM
k:lj k=1 vt (3.21)
+(At)? > e HE™ () +Ate U, j=1M -1

k=1

Qua trinh tinh todn U J(m), i=1LM s&dimng lai néu sai s giira hai budc lap lién tiép thoa méan didu kién
Ju™ U = max max|u™ (t;) -u™ ;)| <10°* (3.22)

1<j<M 1<i<N

Khi d6, sai s6 giita nghiém chinh xac u_ (x,t) va nghiém xap xi u™ (x,t) duoc xac dinh boi:

Eyn = max max|u,, (x,t;) —u™ (tj)|. (3.23)

1<j<M 1<i<N

Dic biét, tai x =1/2 ta c6 sai s nghiém chinh xac U, (X,t) va nghiém xap xi u™ (x,t) duoc xac dinh bai:

NETRTEny|

IV. PANH GIA SAI SO VA MO PHONG NGHIEM
A. PANH GIA SAI SO GIU'A NGHIEM XAP XI VA NGHIEM CHINH XAC

E, ., = max
NM g iem

(3.24)

Dé danh gia sai s6 gifra nghiém chinh xac u_ (x,t) va nghiém xap xi u™ (x,t), ching ta xét x €[0,1],t €[0,0.3] va

kich thuéc lwéi sai phan cho béi: N e{10,15,20,25,30}, M = N°. Khi d6, chiing ta c6 cac danh gia sai s6 nhuw sau.
(i) Tai bwéc 1dp m = 5, thuat todn (3.21) théa min diéu kién dirng qua trinh tinh todn dwoc xac dinh béi

(3.22). Bang 1 dwéi day mo ta sai s6 E,,, gitta nghiém chinh xac u, (x,t) va nghiém xap xi u™(x,t) theo cac

kich thuéc khac nhau ctia lwéi sai phan. S6 liéu trong Bang 1 cho thdy saisé E, ,, cang bé khi kich thuéc lwéi sai

phan ting.
N M Enm Thoi gian (gidy)
10 100 0.009353408405667 12.665546
15 225 0.004357095991122 32.787382
20 400 0.00256565099811 154.769058
25 625 0.001656190887705 570.135079
30 900 0.001169450443302 1662.583403

Bang 1. Bdng sai s6 gitka nghiém chinh xdc U, (X,t) va nghiém xdp xi u™ (x,t) theo cic lwéi sai phin khic nhau

(i) V&i lwdi sai phan ¢8 dinh N =30,M = N® =900, Bang 2 dw¢i diy mo ta sai s8 gitra nghiém chinh xac u,, (x,t)

va nghiém x4p xi u™(x,t) theo s8 buéc ldp ting dan. S8 liéu trong Bang 2 cho thiy sai s E, ,, gidm theo su
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tang 1én mot s6 bwdc ldp ban dau m <5 nhwng khi m>5 thi sai s6 E ,, gan nhu khong thay doi theo sy gia

tang cta s6 lan 13p. Pidu nay cé thé ly gidi 1a do chiing ta dang xét tai mot lwdi sai phén cd dinh.

m Enwm Thoi gian (giay)
1 0.023710878888528 344.380875
2 0.001598044180291 368.243016
3 0.001061337053305 367.358361
4 0.001166241837987 316.866741
5 0.001169450443302 327.378199
6 0.001169507520792 348.306363
7 0.001169508296348 348.693218
8 0.001169508305051 347.156139
9 0.001169508305128 357.757205
10 0.001169508305133 362.151965

Bang 2. Bdng sai s gitta nghiém chinh xdc U, (X,t) va nghiém xdp xi u™ (x,t) theo sw tdng dan ciia cdc budéc Idp
(iii) Vé&i lwéi sai phan c6 dinh N =30,M = N? =900, Bang 3 dwd¢i day md ta sai s6 gitta nghiém chinh xac tai
1 ’ m [ 1 N 1w s " (r ia . .
X :% la u,, (E,tj va nghiém xap xi u™ (E'tj theo s0 buwéc lap tang dan. Quan sat soé liéu trong Bang 3, ching

ta c6 nhan xét twong tw cla sai s§ E,,, rdngsaisd Ey, gidm theo sy ting1én mot s6 budc 1dp ban dau va 6n

dinh mic du gia ting cda s6 1an lap.

m Envwm Thoi gian (giay)
1 0.023710878888527 309.923591
2 0.001596676937749 312.484402
3 0.001047071048001 337.989763
4 0.001161188950922 330.923304
5 0.001164134899124 317.114394
6 0.001164186126866 323.985569
7 0.001164186811922 316.120956
8 0.001164186819514 323.19016
9 0.001164186819582 314.639495
10 0.001164186819586 315.033501

1 1 ,
Béang 3. Bdng sai s6 gitta nghiém chinh xic Ug, (E,tj vi nghiém xdp xi u™ (E,tj theo sw ting dan ctla cdc buée ldp

B. MO PHONG NGHIEM XAP XI VA NGHIEM CHINH XAC

Trong phan nay, ching ta sé& vé& hinh mo phéng nghiém chinh xac u, (x,t) va nghiém xap xi u™(x,t) theo cac
lwéi sai phan khac nhau. Cu thé, Hinh 1 - Hinh 3 mé phéng hinh 3D cho nghiém xap xi u™ (x,t) lan lwot theo cac
lwdi sai phan (N, M) =(10,100), (N, M) =(20,400),(N, M) =(30,900) . Hinh 4 la hinh mé phéng trong 3D cho
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nghiém chinh xac u,, (x,t) ng véi ludi sai phan (N,M)=(30,900). Hinh 5 md phéng cho nghiém chinh xac

u,, (% ,t) va nghiém xdp xi u™ (%t) tai x =% va rng véi ludi sai phan (N, M) = (30,900) .

u-axis

t-axis 0 o X-axis

(m) — —
Hinh1. Nghiemxdpxd ¥ D ingvg N =10M =100

u-axis

t-axis 0 o x-axis

(m) — —
Hinh 2. Nghiém xdp xi U™ (x,1) tng véi N =20,M =400

u-axis

t-axis 0 o T ads

(m) — —
Hinh 3. Nghiém xdp xi u™(x.0) tng véi N =30,M =900
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0.6

u-axis

t-axis 0 o ’ x-axis

Hinh 4. Nghiém chinh xic U, (X,1) 1ng voi N =30,M =900

Exact solution
Approximate solution |

0 0.05 0.1 0.15 0.2 0.25 0.3
t-axis

Ly

1
UEX 2
Hinh 5. Nghiém chinh xdc

j u™ (— t
va nghiém xdp xi

j tai X=% tng véi N =30,M =900

Nhan xét. Hinh 3 va Hinh 4 1a hinh mo phéng trong 3D clia nghiém xap xi u™ (x,t) va nghiém chinh xac u,, (x,t)

rng véi lwdi sai phan N =30,M =900 (tai budrcldp m=5). Do saisé E, ,, trong trwong hop nay cé gia trj xdp

xi 10° (xem s6 liéu dong 6 - Bang 1) nén 2 hinh gin nhw gidng nhau khi “nhin bang mit thwong”. Trong khi d6,
’ 1 1

Hinh 5 12 mé phong 2D ctia nghiém x4p xi u™ (E,tJ va nghiém chinh xac u,, (E’tJ tai x =% véi lwdi sai phan

N =30,M =900 chung ta c6 thé nhin thiy “sw léch nhau giita hai dwong cong”.

V. KET LUAN

Bai bao nay khao sat mot phwong trinh séng phi tuyén chivra sé6 hang dao ham béc bén theo bién khéng gian.
Trwéec tién, phwong phap sai phin hitu han da dwoc st dung dé x4p xi cdc dao ham theo bién khong gian va thu
dwoc mot hé phwong trinh vi tich phan phi tuyén theo bién thoi gian. Sau khi viét lai hé phwong trinh vi tich
phan dwéi dang phwong trinh vécto, thwe hién viéc tuyén tinh héa bdi mot diy x4p xi lién tiép. K& dén, mot Ian
nita phwong phap sai phan hiru han dwgc str dung dé€ xap xi cic dao ham theo bién thoi gian, dong thoi cac tich
phéan ciing dwoc x4p xi b&i cong thirc hinh thang. Tir d6, mot thuit todn (cong thirc (3.21)) dwoc thiét 1ap dé tim
nghiém x4p xi cta bai toan. Cudi cung, bai bao cling xay dung cic bang s liéu danh gia sai s6 cia nghiém xap xi
va nghiém chinh xac, ddng thoi trinh bay mét s6 hinh vé mé phdng trong 2D va 3D ctia nghiém x4p xi va nghiém
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chinh xac. Bai b4o nay chi tap trung vao muc tiéu chinh 1a xdy dung mot thuat toan bang phwong phap sai phan
hitu han dé tim nghiém x4p x{ ctia bai todn ma khong khao sat cac két qua khic vé tinh chit cia nghiém bai toan,
chéng han tinh bung né, tinh tit dan, sw phu thudc lién tuc clia nghiém vao céc dir kién,... Cac nghién ctru twong
lai cia ching t6i sé tap trung vao khao sat cic tinh chit nghiém cta bai toan.

VI. LO'T1 CAM ON
Téc gid chin thanh cdm on Ban bién tip, cic phan bién di cé nhirng loi phé binh va y kién déng gop c6 gia tri dé
cac tac gia hoan thién bai bao.
Bai bdo nay dwoc tai tro bdi Quy phét trién Khoa hoc va Céng nghé Trudng Dai hoc Ngoai ngtr va Tin hoc Thanh
phd HO Chi Minh. M s6: H2023-05.
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APPROXIMATE SOLUTION BY FINITE DIFFERENCE OF A WAVE EQUATION
WITH FOURTH-ORDER DERIVATIVE TERM
Nguyen Huu Nhan, Le Thi Mai Thanh, Tran Trinh Manh Dung

ABSTRACT— This paper examines a nonlinear wave equation with a fourth-order derivative term. First, we state the results
of the existence and uniqueness of the problem, which are proved by the Faedo-Galerkin method and several arguments of
compactness. Next, we consider a special case of the original problem and utilize the finite difference method to construct an
algorithm to find an approximate solution to the problem. In addition, we also establish some tables to estimate the error of
the approximate solution and the exact one respectively iterative steps and sizes of differential mesh. Finally, we show some
figures to illustrate the approximate solution and the exact solution with several various meshes.

Keywords— Finite difference, approximate solution, Faedo-Galerkin method, fourth-order nonlinear wave equation.
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