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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

0 2 t
U+t == (0, OF Ju, |+ L 0t 5)u, (9 )
= f(x,t,u,u,u,,u,),0<x<Lt>0,
u@,t)=u,t)=u,(O,t)=u, (Lt)=0, (1.2)
u(x,0) =, (x), U, (x,0) = 4, (), (1.3)

trong d6 0,,0;, &, 9, f 1a cdc ham cho trwéec.

Bai toan (1.1)-(1.3) 12 mot sw tong quat cho mo hinh todn hoc mé ta dd 1éch ngang cta cac ddm c6 gidn. Mo hinh
todn hoc goc dwoc nghién cliru béi Woinowsky-Krieger [1] c6 dang nhw sau:

Uy +aU, —(,B + kjoLufdx)uXx =0, (1.4)

trong d6 B 1a sw dich chuyén doc truc ban dau dwgc do & trang thai khong bi kéo cing va u(x,t) biéu thi cho do
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),
chang han nhw cdng trinh ctia Ball [2] vé tinh 6n dinh nghiém, ctia Fit [3] vé dang diéu tiém can cua nghiém hoic
cla Gio va cac cong sv [4] lién quan dén tinh hit 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 cac dao dong lén clia tAm ban mdong. Cong trinh tiéu biéu gin day c6 thé ké dén 1a cong
trinh cta Liu va cac dong nghiép [5] cho phwong trinh ban Kirchhoff c6 dang nhw sau:

Uy + A% =M ([Vulf) -+ o =,

_ou_
v
u(x,0) =uy(x),u, (x,0) =u,(x).

u 0, (1.5)

Céc tac gia da chirng minh tinh bung né nghiém cta bai toan (1.5) trong trwedng hop ning lwgng ban dau cao tuy
y. Trong khi d6, Liao va Li [6] da stt dung cac ki thuat vé bat ding thirc dé thiét 1ap dugc thoi gian séng cia
nghiém cta bai todn (1.5) tai mc ning lwong ban dau thip. Ngoai ra, cic tac gia cling chirng minh dwoc sw ton
tai nghiém toan cuc va tinh tt ddn mii cia nghiém bai todn (1.5). Mot s6 cac két qua khac gin 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 Q0<t<T,
u(x, y,t) =Au(x, y,t) =0,(x,y) eI, 0<t <T, (1.6)
u(x, y,0) = o(x),u,(x, y,0) =y (x),(x, y) € Q,

Trong d6 Q 1a mdt mién bi chan trong R%™, I' 13 bién ctia Q, va @, 1a cdc ham cho trwdc. Trong [11], Anaya
va cac dong nghiép da khao sat mot phwong trinh dAm chita s6 hang dan hoi nhét c6 dang:

U, +A%u+ J:O 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 ciru tinh tit dan ctia nghiém bai toan (1.7)-(1.8). Ngoai ra, mot thuat toan cho bé&i phwong
phép phin tir hitu han theo bién khéng gian lién két véi phwong phap sai phin hiru han theo bién thoi 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 vé&i bai toan (1.1)-(1.3) nhung véi diéu kién bién hdn hgp khong thuin
nhit:

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

D3 dwoc khao trong [12]. O @6, cac tac gia dd ching minh sy ton tai va duy nhat nghiém ctia bai toan bang
phwong phap x4p xi tuyén tinh két hop véi phwong phap 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 thwc hién.

Nhw da dé cap & trén, khong c6 nhiéu nghién ctru vé nghiém xap xi dwoc xay dung bdi cac phwong phap s cho
cac phwong trinh séng phi tuyén chita sé hang dao ham bac bén. Vi vy, ¢é thé néi bai bdo 1a mét déng gop ¢ gia
tri nhat dinh cho nghién ctru vé cht dé nay. Ciu tric cia bai bdo dworc chia thanh cac phin nhw sau: Phan II trinh
bay két qua vé su ton tai va duy nhit nghiém cta bai toan (1.1)-(1.3). Phan III trinh bay két qua chinh cta bai
béo 1a qué trinh xay dwng thuit toan tim nghiém xip xi b&i sai phan hitu han va m6 td qué trinh tinh todn tim
nghiém x4p xi. Phan IV trinh bay cac bang danh gia sai s6 cho bdi thuit toan dwgc xay dung trong Phan 111, 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 mé phdéng nghiém dwgc thwc hién trén nén ngén ngit 14p trinh Mathlab. Phan V 14
phan tém tit cac két qua chinh thu dwoc trong bai bdo va mot 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 1{ dwa vao phwong phap x4p xi tuyén tinh, phwong phap Faedo-Galerkin va cac 1i 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.

bit Q=(0,1). Khi d6, ching tdi ki hiéu: C*,L°, H™ thay cho C*(Q),L°(Q), H™(Q) Ian lwgt dé chi khong gian
lién tuc kha vi cip k, khong gian cdc ham do dwoc liiy thira p kha tich Lebesgue va khong gian Sobolev cip m. Ki
hiéu: ||, d& chi chuan 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 cip k tir doan [0,T] vao khéng gian Banach X, khong gian cic ham

u:(0,T) > X do dwoc va théa |u < 400, trong dé

LP(0,T;X)
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T 1Up
(I ||”(t)||§ dt) , 1< p <+,
e (2.1)
esssup|u(t)], . p = +o.
0<t<T

"u"Lp (0,T:X)

V&i mot ham hai bién u =u(x,t), ching t6i str dung cac ki hiéu: u(t),u’(t) =u,(t),u"(t) = u, (t),u, (t),u,, (t), U, (1)

ou 82U ou o%u o'u
th ho u(x,t),—(x,t),— (X,t), — (X,t), — (X, 1), — (X, 1).
ay cho u( )at( )az( )6x( )axz( )ax“( )

bat: H ={veH' :v(0)=v() =0}, V =H?’ nH; va H! ={ve H* :v(0)=v(1) =V, (0) =V, (1) =0}
Xét T" >0 c6 dinh, d& khao sat sy ton tai va duy nhat nghiém ctia bai toan (1.1)-(1.3), chling ta can cac gia thiét
sau day:
(A):0, e H! G, eV;
(A):ueC*([0.41%[0,T"]xC,);
(A):geH'(O,T);
(A):f eC*([0,1]x[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 mot s8 thuc T (0,T"] sao cho bai toan (1.1)-(1.3) c6 duy
nhét nghiém yéu u théa man u e L*(0,T;H)NC°([0,T];V),u'e L*(0,T;V) nC°([0,T]; ).
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 trwedong hop riéng cta bai toan (1.1)-(1.3) va xay dwng mot thuit toan tim
nghiém x3p xi s cta bai todn twong (rng biang phwong phap sai phan hitu han. Cu thé, ching tbi xét bai todn

(1.1)-(1.3) trong truwdmg hop y(x,t,||ux(t)||2):y(||ux(t)||2), f(xtu,u,u,u,)=f(xtuu,u,)—u. Chinh xic

hon, chiing ta c6 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,(O0,t)=u, (Lt)=0, (3.2)
u(x,0) =0, (x),u,(x,0) =0,(x), (3.3)
trong d6 0,,0;, &, 9, f 1a cdc ham dwgc xac dinh béi:
0, (X) = 2w(x), 0, (x) = —2w(x), w(x) = x* —=2x° + X,
{Ju ©F ) =1+20% Ju, @
gty=e™,
f(x,t,u,u,u,)= fl(u,ux)—% f,(u,u,)+F(xt), (3.4)

fuuu) =40 (L fu, ), f,(uu,) =50 ju [ u,,
F(x,t)=48e" —12(x* —x)e™ {1+ (1+ %loﬁem}

32 wA(x) [1+ 326 |W(X)[" (4w? () ~5(28X° —85x° + 60" +20x" — 24x" +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:
Uy, (x,t) = (x* =2x% +x)e . (3.5)
A. SAI PHAN THEO BIEN KHONG GIAN

. 1 . —
Xét mot phan hoach trén doan [0,1] xac dinh béi: x, =ih,h= m,l =0,N +1va ki hiéu u; =u(x;,t). Khi d6, cac
+

dao hamriéng u, u,,u, U, dwocxip xi bdi cac cong thirc nhw sau:
L= -2
U 04, 0) = 22, (1, ) m o
h h
3u, -3 —4u_, +6 (3.6)
U, (Xi ,t) ~ —Ui; +9U; - Ui +Ui , xxxx(x| ,t) ~ Ui_ Ui + Li Ui HUi,
h h
Thay cac x4p xi (3.6) vao bai toan (3.1)-(3.3) ta dwoc hé phwong trinh vi tich phin sau
., —4u._, +6u —4 ., —2U. +U,
Ui”(t)-i-ui,(t)‘i‘ l'j|—2 u|—1 + hli u|+1 —ﬂ(t) ul—l hlil +u|+l
(s)—2u,(s)+u,,,(s) .
[ g(t—s)d L ds = f(x,t) = f.(t),i=1N,
[o(t=s) = (x.0=f® 5
u,—2u,+u, uy-2u u
uo — UN+1 _ -1 hzO + 1 _ 2N 'l\;;-l + N+2 _ 0,
U, (0) = 0 (%) = U, U/ (0) = 0, (%) = Uy, i =1 N,
trong d6 7i(t) = a2([lu, O ). ) = £ 0,6, 0.0, (6,0, U (6, D), =0 N +1
Chu y ring, tlr (3.7)2 ta suy ra rang:
Ug = Uy, =Uy +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
||ux(t)||2 :J.Oluf(x,t)dx nhu sau:

U2 (%, t) +UZ (Xy,p01)
2

||ux(t)||2 = Ioluf(x,t)dx ~ h{ FUZ (X, 1) o U2 (X ,t)}

) (3.9)
h{“l(t)“’ G031 0-u.0) }
Do d6, nher vao (3.6) va (3.9), cic s6 hang phi tuyén (t) va f(t) nhw sau:
1) = (|, OF ) = M“ LG, S 0©-u,0) Dsﬂ(ul(t),...,uN(t»sﬂ(u ),
= (3.10)

ﬁ(t)=f(xi,t,uia).ux(xi,t>,uxx<xi.t»=f(xi,t,ui(o““) UL (O UL®-24 <t)+u.+1<t)j -

h h? =t

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 phan
thwdng sau day
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Su, —4u, +u
h4
u ()

2u1 +U,

uy(t) +u; (t) + e dCI0))

—2u, (t) +u, (t)
h2

—f(xltu(t) j F(tLU()),

—4u, , +6u, — +U.,,

h4

) Uiy (8) —2u;(8) + ;.4 (s)
h2

|+1

u't) +u/(t) + Ui g

+.[Otg(t—s

—4u, , +5Uu,
h4
= f (XN ,t,uN (t), Uy (t) _huN—l(t) , Uy

u; (0) =0, (%) =0y, u/(0) =0, (%) =0,

u
uy (1) +ug (O + =2

-4 (t))

-2u (t)
h2

ol =1 N,

trong do
Ul ®

— (U )2

—2u,(t) +U, (1)

+[ 9t-9)

2u1(5)+u (s)d

B 2ui +U,

h2
u () —u, , (t) u,_, (t)—2u,(t)+u,,(t)

ds= f(xi,t,ui(t),
EF.(t U(t)) i=2,N-1,

+j g(t-s

j v (LU),

F(LU®)= (xl,t,u (t), 2

)

u(t) U, (0) U () =20, (0) +u,, (1)

) N 1(5)_22uN (S) ds
h

=2,N-1,

Fi(t,U(t))=f(th'“i(‘) h

Uy (t) _uN—l(t) Uy

)

e (3.12)

—2u, ®)

h

Fo(tu@)=f (xN Jtuy (),

h2

)

Hé (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 (t)) BU (t) +j; g(t—s)BU(s)ds = F (LU (1)),

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

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

ljo = (GO(X:L)’ ""GO(XN ))T ,Ul

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

(3.13)

uy ()"

0, ()" (3.14)

F(LU®)=(FEU®),.-Fy tUW))

va A, Bla cadc ma tran vudéng cip N dwoc xac dinh bdi:
0

1 0
4 1

0
0
0

(5 -4 1
-4 6 -4
1 -4 6

0
0 .

R |
4 6 -4
1 -4 5|

1
0

0 0
0

L4y tich phin theo bién thoi gian hai vé (3.13), ta duoc:

[-2

1
0

1 0

2 1 0
1 21 0
. (3.15)
2 1
)
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U'()=e"U, [ e AU (s)ds— [ e 9 2(U(5)) BU (s)ds

Lty [° L o(t-s)
—Ioe ! dr'[0 g(r —s)BU(s)ds +joe “IF(s,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 thwong phi tuyén. Do dé, chiing ta sé st
dung k§ thuat tuyén tinh héa béi day xap xi lién tiép {U m (t)} cho bai toan (3.16) nhu sau:

(m)
dU — ()= j e [ 4™ (s)B- AU (s)ds— j e ”drj g(r —s)BU ™ (s)ds
+ joe-“-”F(m) (s)ds+e U, (3.17)
u™ () =U,,

trong d6 4™ (t) = 2(U™ (1)), F™ (1) = F (LU (t)).
Xét phan hoach theo thoi gian trén doan [0, T] dwoc xac dinh bai: t; = JAL,At=T /M, j=0,M va dat
UM =u™ (), 4" = 2" () = 4V @) F7 ) =F (80" ),

m (m) (m) 3.18
dU( )(t.)~UJ+1 Uj ( )
! At

Khi dd, ap dung (3.18) vao (3.17), ta dwoc thuat giai sau:

U(m)(o)zu =(IJO(X1),._.,GO(XN))T,
Ul(m) U(m)
At
U(m) U(m)

(Ul(Xl) ul(XN ))T ) J =0,
(3.19)

]+1

Zf e [ A™(s)B-AJU™ (s)ds— Zj e dr[ g(z—s)BU™(s)ds

+Z e “IFM(s)ds+e U, j=LM -1

i

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

U(m)(O):UO,
um-yim
—:U ) :Oy
AL 1)
U(m) U(m) ik (3.20)
Ll E AtZe S (AMB-AUM - (ALY Y e g, BUM

k=1 v=1

+ AtZe’tH F™(t)+e U, j=1M -1,
k=1
trong d6 ¢; =9(t;), j =0,M.
C. MO TA QUA TRINH TINH TOAN VA SAI SO CUA THUAT TOAN
Chi y ring, tir (3.20), ching ta sé rit ra dwgc mot thuat toan tim nghiém xap xi u™ (x,t) tai bwéc lip thir m clia
thut giai x4p xi tuyén tinh (3.17). Thuit to4an nay thwc hién qua mot qua trinh tinh toan nhw sau:

. 1 AN A _ O_UOt)=0i=LM
(i) Budc lap dau tién (m=0) U;” =U™(t;) =0, j=1 M.

(ii) Tai bwéc lap thir m -1, gia str ta da tinh dwoc
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U =0 () = (W ), U ) L =1 M.

(iiif) Tai budc Iap thir m, tatinh U™ =U™ (t;) =(u™(t;),...u” (tj))T ,j=1M béinhu sau.
(iii), Tinh 4™ va F™(t,) boi:
= Amm0=ﬂwmﬂm»ﬁW09=H V() i =0M.
(iii); Tinh U™ boi: U™ =U{™ +AtU,, j =
(iii)s Gia st tinh duge cac U™, U™, U<m) , khi d6 U™ duoc tinh nho thuat toan (3.20) boi:

j+1

i K
um=um+ (At)ZZe*H (4™B-A)™ - (At)iZe*‘H g, BU™

k=1 v=1

(3.21)
+(At)? Ze*lkF‘"ﬂ(t )+AteU, j=1M -1
=1
Qua trinh tinh todn U ng), j= LM s& dirng lai néu sai s giira hai budc lap lién tiép thoa méan didu kién
Jlu™ —u 2] = max max |uf™ (t;) - u™ P (t;)] <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:
(m)
Ey s = max max u,, (x;,t;) ~u™ )| (3.23)
Dic biét, tai x =1/2 ta c6 sai s6 nghiém chinh xac u,, (x,t) va nghiém xap xi u™ (x,t) dugc xac dinh boi:
~ 1 m (1
Enm —fl‘,"i‘iﬁ (E,tjj—u (E,tj]. (3.24)

IV. PANH GIA SAI SO VA MO PHONG NGHIEM
A. DANH GIA SAI SO GIU'A NGHIEM XAP XI VA NGHIEM CHINH XAC
Dé danh gia sai s6 gitta 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 thwéc lwdi sai phan cho béi: N e{10,15, 20, 25,30}, M = N?. Khi d6, chiing ta c6 cac danh gia sai s6 nhu sau.

(i) Tai bwéc lap m = 5, thuét toan (3.21) théa min diéu kién dirng qua trinh tinh toan dwoc xac dinh béi
(3.22). Bang 1 dwéi ddy mo ta sai s6 E, ,, giita nghiém chinh xac u, (x,t) va nghiém xdp xi u™(x,t) theo cac
kich thwéc khac nhau cta lwdi sai phan. S6 liéu trong Bang 1 cho thiy sai sé E

w.v cang bé khi kich thwéc ludi sai

phan tang.

Bang 1. Bdng sai s giita nghiém chinh xdc U, (X,t) va nghiém xdp xi u™ (x,t) theo cdc lwdi sai phdn khdc nhau

N M Exm Tho1i gian (giay)
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

(i) V&i lwéi sai phan c6 dinh N =30,M = N? =900, Bang 2 du¢i diy mo ta sai s6 gitra nghiém chinh xac
U, (X,t) va nghiém x&p xi u™(x,t) theo s8 bwdc ldp ting dan. S§ liéu trong Bang 2 cho thdy sai s8 E, ,, giam
theo sy tang 1én mot s6 bwéc 1ap ban ddu m <5 nhung khi m>5 thisai s6 E ,, gan nhw khong thay doi theo
su gia ting cla s 1an Idp. Diéu nady c6 thé 1y gidi 1a do ching ta dang xét tai mot lwdi sai phan ¢é dinh.

Bang 2.  Bdng sai s gitta nghiém chinh xdc U,, (X,t) va nghiém xdp xi u™ (x,t) theo sw tdng dén cia cdc bwdrc Idp
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m Exwm 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

(iii) V&i lwdi sai phan c8 dinh N =30,M = N? =900, Bang 3 dwd¢i ddy mo ta sai s6 gitra nghiém chinh

1 1 g o m [ 1 Nl e s K TiA .
xac tai X = > la u,, (E,tj va nghiém x4p xi U )(E,tj theo so budc ldp tang dan. Quan sat so liéu trong Bang 3,

chiing ta c6 nhén xét twong tuw cta sai s6 E, ,, rangsaisd Ey, giam theo su ting1én mét s6 bwéc lap ban dau

va 6n dinh mic du gia ting cta s6 lan 13p.

1 , 1
Bang 3. Bdng sai s@ giira nghiém chinh xdc U, [E’tj va nghiém xdp xi ut™ (E’tj theo sw tdng ddn ctia cdc buéc Idp

m Envm Thoi gian (gidy)
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

B. MO PHONG NGHIEM XAP XI VA NGHIEM CHINH XAC

Trong phan nay, chiing ta sé vé hinh mé 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) 1an 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
nghiém chinh xac u, (X,t) &ng véi lwdi sai phan (N, M) =(30,900). Hinh 5 m6 phong cho nghiém chinh xac

1 , 1
Uy, [E,tj va nghiém x4p xi u™ (E'tj tai x =% va tng véi lwdi sai phan (N, M) = (30,900) .
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u-axis

t-axis 0 o x-axis

Hinh 1. Nghiém xdp xi u™ (x,t) tng véi N =10,M =100

u-axis

t-axis 0 o T xaxis

Hinh 2. Nghiém xdp xi u™ (x,t) tng véi N =20,M =400

u-axis

t-axis 0 o

x-axis

Hinh 3. Nghiém xdp xi u™ (x,t) trng véi N =30,M =900
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Hinh 4. Nghiém chinh xdc u,, (X,t) tng véi N =30,M =900
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Hinh 5. Nghiém chinh xdc U, E,t va nghiém xdp xi U E,t tai X = > itng véi N =30,M =900

Nhén xét. Hinh 3 va Hinh 4 12 hinh md phéng trong 3D ctia nghiém x4p xi u™ (x,t) va nghiém chinh xac u, (x,t)

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

xi 107 (xem s6 lidu dong 6 - Bang 1) nén 2 hinh gin nhw giéng 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’t) tai x :% véi lwéi sai phan

N =30,M =900 ching ta cé thé nhin thiy “sw léch nhau giira hai dwong cong”.

V. KET LUAN

Bai bdo nay khdo sat mot phwong trinh séng phi tuyén chira sé6 hang dao ham bic bén theo bién khong gian.
Trwéc tién, phwong phap sai phan hiru han da dwoc st dung dé x4p xi cac dao ham theo bién khong gian va thu
dwoc mét hé phwong trinh vi tich phin phi tuyén theo bién thoi gian. Sau khi viét lai hé phwong trinh vi tich
phén dwéi dang phwong trinh vécto, thwe hién viéc tuyén tinh héa boi mot diy xap xi lién tiép. K& dén, mot lan
nira phwong phép sai phin htru han dwoc stt dung dé€ xap xi cadc dao ham theo bién thoi gian, dong thoi cac tich
phéan ciing dwoc x4p xi b&i cong thire hinh thang. Tir d6, mot thuét todn (cong thirc (3.21)) dwoc thiét 1ap dé tim
nghiém x4p xi ctia bai toan. Cudi cling, bai bao ciing xay dung cic bang sé liéu danh gia sai s6 clia nghiém x4p xi
va nghiém chinh x4c, ddng thoi trinh bay mét s6 hinh vé mé phdong trong 2D va 3D ctia nghiém x4p xi va nghiém
chinh x4c. Bai bdo nay chi tp trung vao muc tiéu chinh 1a xay dwng mot thuat toan bang phwong phap sai phan
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hitu han dé€ tim nghiém x4p xi cta bai todn ma khéng 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 cia 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. LO1 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.
Nghién ctiru dwoc tai trg bdi Trudng Dai hoc Ngoai ngit - Tin hoc Thanh phé H6 Chi Minh trong khudn khé Dé tai
ma 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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