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Tém tiit - Trong bai bao nay, tac gia trinh bay nghién ciu vé
viée xay dung so dd sai phan hitu han don diéu c6 x4p xi cuc bd
béc hai trén luéi khong gian khong déu cho phuong trinh
parabol gia tuyén tinh voi diéu kién bién loai ba ma khong st
dung chinh phuong trinh vi phan co s tai bién ciia mién xac
dinh. Muc tiéu 14 sy két hop giita ding thirc vi phan va gia thiét
vé sur ton tai duy nhét cia mot nghiém tron. Trong truong hop
nay, cac diéu kién bién dugc xap xi truc tiép v6i bac hai trén
mau hai nat. Vi sy tro gitip clia nguyén 1y sai phan cuc dai, cac
danh gi4 hai phia ciia nghiém sai phan duoc thiét 14p va thu dugc
danh gia tién nghiém quan trong trong chudn C dong nhit. Cac
thuc nghi¢m sb duogc gidi thi¢u dé kiém chung lai cac Kkét luan
1y thuyét dugc chimg minh.

Tir khéa - Lu6i khong déu; nguyén tic t6i da khong chudn; so dd
sai phan don di¢u; phuong trinh parabol gia tuyén tinh; danh gia
hai phia

1. Pit van dé

Trong Iy thuyét so dd sai phan [1, 2], nguyén tic doi da
duogc str dung dé ching minh tinh 6n dinh va sy hoi tu cua
nghiém sai phan trong chuan C. Cac phuong phap sai phan
hitu han théa man nguyén tic t6i da thuong dwoc goi 1a don
diéu (xem 6 [1, 2]). So d6 don diéu dong mot vai trd quan
trong trong thuc hanh tinh toan. Ching cho phép nhin
nghiém s6 ma khong bi xuit hién cac giao dong ngay ca
trong trudng hgp nghi¢ém khong tron [3].

Ngoai viée ddanh gid trén, mt van dé khong kém phan
quan trong do6 1a nguoi ta can ddnh gid dudi nghiém cia
bai toan vi-sai phan (trong truong hop tong quat, duoc goi
la danh gid hai phia). Diéu nay that sy quan trong de
nghién ctru cac tinh chét ly thuyét cua cac phuong phap sd
xap xi cac bai toan phi tuyen khi ma can phai chirng minh
duoc nghiém sai phan thudc vao mién gi tri cta nghiém
chinh xac. Lién quan dén vén dé nay, chung ta chu y dén
cong trinh [4], trong d6 cac danh gia hai phia cho nghiém
clia so do sai phan xdp xi bai toan Dirichlet cho phwong
trinh parabol tuyén tinh nhan dugc trong cac truong hop
roi rac va lién tuc.

Viéc cai thién bac chinh xac cua mot phuong phap ma
khong 1am ting mau chuin (so nat chuin) cua cac so dd sai
phan luon 1a mdt nhi€ém vu cap bach cia vat ly toan. Khi

16/11/2023; Chap nhan ding / Accepted: 05/01/2024)

Abstract - In this article, the author presents a study on
constructing a second order local approximation monotone
difference schemes on spatial non-uniform grids for the
quasilinear parabolic equation with a third kind boundary
condition without using the basic differential equation at the
boundary of the domain. The goal is a combination of differential
equality and the assumption of the existence and uniqueness of a
smooth solution. In this case, the boundary conditions are directly
approximated with the second order on a two-point stencil. With
the help of the difference maximum principle, two-sided
estimates of the difference solution are established and an
important a priori estimate in a uniform C-norm is obtained.
Computational  experiments, confirming the theoretical
conclusions, are given.

Key words - Nonuniform grid; nonstandard maximum principle;
monotone difference scheme; quasilinear parabolic equation;
two-side estimate

mo hinh hoa toan hoc cac bai toan ing dung da chiéu véi
cic dic trung trong mién hinh hoc phirc tap, nguoi ta
thuong phai dya vao viéc st dung cac ludi khong déu
(khong ddng nhét). Tuy nhién, khi chuyén tir lui déu sang
ludi khong déu, bac cua sai s6 xép xi cuc bo thuong giam.
Vi du khi xdp xi dao ham béc hai trén miu 3 nut théng
thuong [1] trong chuén C va trong chuén L,,chico Xap xi

bac 1 xdy ra, tirc 1 U"(X ) —Ug; =O(h,, —h +1), 6 day

i+1

Uss,i :(ux,i _ui,i)/hi : U = (U —u )/ hy,

Ug i :(ui_ui—l)/hi’ h; 2075(hi+1+hi)7

h. 1a budc nhay clia lugi khong déu. Chi bang cach ap dung
chuén “4m” (negative norm), do chinh xac bac 2 méi c6 thé
dugc chung minh cho cac so do sai phan twong g trén
cac ludi khong dong nhat. Mot cach tiep ‘cén de cai thién
do chinh xac cua phuong phap la tinh gan dung phuong
trinh vi phan ban d4u khong phai tai cac nat cua ludi tinh
to4n ma tai mot s6 diém trung gian ciia mién tinh toan. That
vay, tai mot diém khong thudc ludi duge xac dinh theo
cong thirc X =(X,+% +%4)/3=x+(h,,—h)/3, xép
xi thong thuong ctia dao ham sai phéan cap 2 bao toan dugc
bac 2, nghia la U"(X) —Ug, =O(hi2)~ Y tuong don gian
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nay di dugc phat trién sau do trong cac cong trinh clia AA. _F(x) F(x)
Samarskii, P.N. Vabishchevich va P.P. Matus. Cu thé, AT y(x) < max— ) XE% (4)

trong [5], cc so d0 sai phan hitu han c6 bac xap xi cao hon
da dugc xay dung cho phuong trinh vi phan thuong béc
hai, cho cac phuong trinh parabol va hyperbol mot chiéu.
Trong [6, 7], dbi v6i phuong trinh Poisson da chiéu, cac so
d6 bao toan don diéu c6 bac 2 xap xi cuc by duoc xiy dung
trén mot ludi khong déu tiy .

Khi chung ta xdy dung cac so dd sai phan don diéu x4p
xi mot phuong trinh parabol véi cac diéu kién bién loai ba,
viéc duy tri do chinh x4c bac hai 1a rat quan trong. Viéc
tang bac xap xi ciia cac diéu kién bién thuong dat duoc
bang cach sir dung chinh phuong trinh vi phan ban du tai
bién cta vung tinh toan (vi dy, trong trudng hop hinh hop
p-chiéu, xem [8, 9]). Tuy nhién, véi cach tiép can co dién
nhu vay, kho co thé chirng minh dugc sy hdi tu bac 2 trong
chuin ddng nhit C. Trong nghién ctru [10], mot cach tiép
can da duoc dé xuét dé xay dung cac so do sai phan hitu
han don diéu cho céc bai toan vi phan tuyén tinh vé6i cac
diéu kién bién loai hai va loai ba ma khong st dung phwong
trinh vi phan chinh tai bién cta mién tinh toan, va dic biét
hon 14 ching bao toan dugc bac 2 cia ca sy xép xi va do
chinh x4c. Y tuong chinh dya trén gid dinh vé su ton tai va
tinh duy nhét ctia nghiém tron trong mot lan can da nho
nao do ctia mién xac dinh bai toan. Trong truong hop nay,
céc diéu kién bién dugce xap xi véi bac hai trén mau hai nut.
Néu chung ta gia sir rang phuong trinh ciing c6 ¥ nghla tai
c4c nut bién thi trong trudng hop nay, cac so dd sai phan
béc 4 ciling co thé duoc xay dung trén cac ludi déu [10].
Hon nira, trong bai viét nay chung ta khong thao luén veé
cac van d& vé sy ton tai va tinh duy nhét ciia nghiém lién
tuc cua bai toan trong mdt lan can di nho nao dé cia mién
xac dinh bai toan. Van dé nay dang dugc xem xét riéng,
chang han nhu, dya trén co so cua cac dinh 1y Cauchy—
Picard nbi tiéng [11].

2. Két qua so bd

Gia str Q 1a tap hitu han céc nat trong mot mién dong
cua khong gian O-clit n chidu va X e Q, 1la mot diém cua
Q) . Xét phuong trinh c6 dang

= 2, B(x&)y(&)+F(x),

EeM(x)

Xe, Q)
dugc goi 1a dang chuén cua so d6 sai phan [1]. O day,
M(x)=M(x)\x va M(x) lamot chu triic cac nat clia
so d6. Vi bat ki so' d sai phan nao cling co thé viét vé dang
(1) nén tinh don diéu cua no c6 the duoc hicu la sy thoa
man cua cac dicu kién duong sau day
A(x)>0, B(x,§)>0, VEe M (x), 2)
D(x - > B(x¢&)>0, vEeM(x). ()
EeM'(x)
Dé nhan dugc danh gia hai chiéu dbi véi nghiém cua so dd
sai phén, co két qua sau.
B6 dé. (xem & [ [12, 13]) Gid su cdc diéu kién dwong 2),3)
doi véi cdc hé s6 dwoc théa man. Khi dé gid tri lon nhat va

nhé nhdt cia nghiém so do sai phan (1) sé nam trong
khodng gia tri cua dir liéu ban dau:

H¢ qua. (xem ¢ [1]) Gia su cdc diéu kién dwong (2), (3)
dwoc thoa man. Khi dé, doi voi nghiém cia so do sai phé.n
(1), ddnh gia tién nghiém sau ddy trén chuan C la ding dan:

o
o}

D

¥l =max]y(x)] <

3. Bai toan va so do sai phian
Trong hinh chit nhat Q ={(X,t): 0<x<lI, 0<t ST}
ta xem xét bai toan bién-ban dau dbi voi phuong trinh
parabol gia tuyén tinh sau
au
— [+ f(xt
r aX(() j (x,1), (5)
véi diéu kién ban du
u(x,0)=u,(x), 0=<xc<l, (6)
va diéu kién bién loai 3
k(u(o, t)) (0 t)—oyu(0,t) = —s4 (1),
(7)
—k (u, t))

¢ day o,,0, =const > 0.

210 -ou(l,t) =~ (t)

Gia sir rang bai toan (5)-(7) ton tai nghiém duy nhat va cé
thé dugc mo rong lién tuc trong h-1an cén ciia mién xac
dinh bai toan

Q, :{(x,t): —h<x<

Hon nita, gia st ton tai hai s6 thuc k, and Kk, dé diéu kién

[+h, ostsT}.

parabol cua phuong trinh (5) trén nghiém dugc thoa man
(theo dinh nghia ctia A. Friedman [11])
O0<k, <k(u)<k,, VYueD,,

D, ={u(xt): m<u(xt)<m, (xt)eQ,},
vGi mpvam; la cac héng s6 duoc xac dinh béi didu kién sau

mlzmin{mln{'ul(t) ”Z(t)}, min U, (X )}
0<t<T Gl 02 —h<x<l+h

+ Tmin{O, inf f(x,t)},
(xt)eQr

m2=max{max{ﬂl—(t),yz—(t)}, max u (x)}
0<t<T Gl O-Z —h<x<l+h

+ Tmax{o, sup f(x,t)}.

(xt)eQr
Trén mién Q, ta xdy dung ludi khong gian khong déu
O=0, 0%, @ ={%=x,+h, i=12.,N},
7 :{x0 :—%z-h, Xno = Xy +hN+1:I+%£I+h},

va ludi déu theo bién thoi gian
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:{tn =nz, n :m, N, :T} =, U{O}.
Véi sy gitip d5 cuia dang thirc vi phan
(ku')' = O,5((ku)" +ku"—k”u)

ta xay dung so d sai phan don di¢u béc 2 Xap xi trén mau
sau dlem thong thuong trong mién ludi khong déu

w= a)nxa)
Y =N +0 (xDeo, ®)
Y =U,(x), xea, )
k k Yo + Y
(yO); (yl) AY,l_Gl yo;yl :_:[L_L! XZOv tewry
_k k Yy + . 10
(yN)+2 Ouad g g I +2yN+1 i, (10)
x=I,tea,
o day
y=y=y(%.t), ¥=¥"=y(% t.), t=t, x=X,
. < . - y-y
(ﬂ: f(xi'tml)'/ul:/ul(tml)’ ﬂZZﬂZ(tnﬂ)' yl: r 1
Z=Xi71+xi+xi+1zxi+~i, ﬁizhiﬂ_hi, hi_h|+1+h’
3 3 2

A =05 (K(¥)9), +Kiu) (V) T —Ka (¥) T |

V, =V, V.,—V :
VW: xh XIVX:HZ[ |,VY: ,

i i+1 i

Vibsn) = Bivia +(1_,Bki _,Bk+1,i)vi + BeaiViw
By =05(||+R)/hs B, =05(|n|-h)/h,

Rk — |k ~ hkgt

77 on k, =~ " 2hk.,

i+1 17 7XX

Céc trong sb theo bién khong gian £, B,, B, B, dugc chon

A+

ke

sao cho thoa man yéu cau
v(ﬂkﬂkd) _V(Yi ) = O(h,?), k :1,3.

Tu yéu ciu nay, ta nhan dugc diéu kién dé xac dinh céc
trong sO nhu trén 1a

ﬂki hi+1 - ﬂk+1,ihi =

(11)

hi 1 hi

=h, k=13
3

Dé nhan duoc bac 2 xép xi tai diém (%.t,) , ta phai Xap xi
dao ham riéng theo thoi gian bang cach ndi suy trén cac nit
lan can.

Ta c6 thé viét lai toan tir AY theo cach sau ddy

(hHBlkx B hﬁ2ki) 92& i (h+ﬂ3 yx B hﬂA y? ) ka
2 2

Ay =(ay, ) +

k
= i k7 1 h+ = hi+l'
2
Theo d6, trong trudng hop ludi déu theo bién thoi gian, cac

h=h, h =h_.

hé sb B, B,, B, B, s& bang 0 va so dd sai phan (8) sé& tré
thanh so d6 sai phan hitu han bac 2 x4p xi ¢d dién da biét.
4. Sai s6 xp xi

Trong phan nay, s& ching minh so 6 (8)-(10) xap xi
bai toan (5)-(7) voi sai sb bac 2 theo bién khong gian trong
ung véinut X, va bac 1 theo bién thoi gian, tirc 13 can phai
chimg minh ring

v, (%.t,) = Ad—u, . +9=0(h} +7),

AG:O’S[( (U0, + ki) (U) s~k (U)ﬁ(ﬁam}
That vay, ta co
_PuRtun)

R v o) =0(n). (12)
Tur (12) suy ra

(k)d),, - (k(u);x)z( ) =0(h+7), (13)

kxxl(u)_%:()(h?) (14)
Twr (11) nhéan dugc

a Xi ’tn+1 2
Ui ‘%4)(% +7), (15)
Kis) (U) =k (@) =0(n?), T =u(X). (16)

Tir (12)~(16), ta chimg minh duge v (X.t,)=0(h} +7).

Ngoa‘ti ra, d6i v6i cac nlt & bién, st dung khai trién ham
s0 theo cong thirc Taylor, dé dang thay dugc

wo(Ot)) = k(u0)+k(u1) x,1_0'1UO;_U1+[‘1:O(hlz+T)’
‘//N+1(Iltn):_k(UN)+k(UN+1) OY,N+1_02 —u T et +/32
2 2
_O(hfPrl )

Nhu vay, dinh 1y sau day da duogc chung minh.

Pinh Iy 1. So d6 sai phdn (8)-(10) xdp xi bai toan vi phan
ban dau (5)-(7) trén ludi khong deu bat ky theo thoi gian
voi bdc 2 theo bien khong gian va bdc 1 theo bien thoi gian
sao cho

max |y, <M (h +r)

tew,

h =maxh;,

M =const > 0.

I Je =ma|. |

5. Tinh don di¢u, danh gia hai phia, va dinh gia tién
nghiém trén chuan C

So dd (8)-(10) dugc viét lai dudi dang chuén (1) nhu sau

AV, -CY +BY.,,=-F, i=12..,N,

—Co¥o +BoYi =—F,, Ay -C
& day cac hé sd A, B, C dugc tinh theo cong thirc

Kiss) (¥)+k(¥ia)
A=-B+ (hihi

et = ~Fuaa

- ﬁAkYi ( y) ’
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7 K (¥)+

k(yi+1)
B =-— _
= At T h

i+l

s+ 70 D =C;—A-B =1

() +k(%) o,

_ﬂ3k¥x(y) ’
C=1+A+B, K =Y

o, KOk o

2h, 2 2h, 2
F=i, Dy=C,-B,=a,
k k k k
Com (yN)ZE (yN+1)+%,AM: (yN)ZE (yNH)_%,
N+1 N+1
Foa=i, Dya=Cyi—AL=0,

So db sai phan hiru han (8)-(10) s& don di¢u néu cac diéu
kién duong cua hé so (2)-(3) dugc thoa man, c6 nghia la
A>0, B>0, D=1-A- a7)
Dé ching minh tinh don diéu, ta cin phai tim diéu kién dé
y' €D, véimoigiatri i=01..,N+1van=01,..,N,.

Véi n=0,rdrang y’ =u,(x)e D, véi moi i =0,N +1.
Theo quy nap, gia st ring véi n bat ky, y" € D, la dung
dén, can chimg minh y'"* e D, cling dung. Dé don gian, ta
sir dung ki hiéu khong c¢6 chi sé i va n. Khi do, déi véi
trudong hop >0, k, >0 (trudng hop tAm thuong h=0
va k, =0 khong dugc xem xét ¢ ddy) ta nhan duoc cac
gia tri cu thé ctia cac trong sd khong gian
B,=hih >0, B,=p=0, B, =-h/h<0,

k(Aﬂz)(y):%k(%)Jr(l—%jk(Y)
:%k(y) 2h, +hk( ) >
—ﬂ4kxx(y)—h ks (¥) >0,

tr dosuyra A>0 va

——+7
X 2hh,
Vit nen s, 2K g B0
) ah,  h (h+h)
voi 72 —h2|/(6kl) . Céc truong hop con lai cua h, k.

duogc xét twong tw. Tom lai, céc bt dang thirc

i *
2, (18)
1
2k 2k
hl<711’ hN+1<?21' (19)

dam bao sy thoa man cac diéu kién duong ctia hé s6 (2)-
(3), (17) (nghia 1a so do (8)-(10) don diéu). Trong d6, hai
bat dang thitc (19) dam bao tinh duong cia By, A, ,,. Trén

co s& danh gia (4), voi va véi moi

i=01..,N+1ltaco

n+l n+l
H H Hy H n n+1

0, 0,
n+1 n+1
{ H K
—_,
0, O,

t=t e,

(20)

12 (Yo + (,))}

Truy hoi theo n ddi véi bat dang thire (20) va sir dung céc
bat dang thuc

min !

1<i<N 1y/‘1ﬁ2) T 1cisN— < Mmax

> min y, max
! T 1<isN-1

1<isN-1 y (A52)

(vi cac trong s6 f3, B, >0 khong 4m) ta nhan dugc dénh

gié hai phia dbi vei nghiém cua so dd (8)- (10) thong qua
dir liéu ddu vao ma khong can gia thiét gi vé dau ctia nd

i=1N+1, (21)

1 1 1
rniw < yln+ < m;w ,

o day
m** = mm{min{ﬂl—(t),ﬂz—(t)}, min u (x)}
0<t<T O-l 0-2 —h<x<l+h

+ t,,, min {0,(xl’lr)1efQ f(x,t)} > m,

my* = max{ ax{#l—(t)'uz—(t)} max u (x)}
0<t<T O-l O-Z —h<x<l+h

tmlmax{o sup f(xt)} m,.
Xt)eQT

n+1

Tir danh gia (21) suy ra y"™* € D, v6imoi i =0,N +1.

Vay dinh ly sau day da dugc chiing minh.
Dinh Iy 2. Gid sir cdc diéu kién (18), (19) duwoc théa man.
Khi d6, so do sai phan hitu han (8)-(10) la don diéu cé diéu
kién, nghiém cua no thudc vao mién gia tri cua nghiém
chinh xac y e D, va danh gia hai chiéu dang (21) la ding.
Trén co s¢ h¢ qua cua nguyén 1y cuc dai, danh gia tién
nghiém trén chuan C dugc phat biéu nhu sau
Pinh ly 3. Gid sit cc diéu kién (18), (19) dugc théa man.
Khi do, doi voi nghiém ciia so do sai phdn hitu han (8)-(10)
danh gia tién nghiém sau day la dung dan

t 2
"y n+1)"’ Smax{fﬂ?}x{m )| |/U |} lluol }
o (22)
[F O

Chirng minh. Tu h¢ qua, ta co

+ T max

tew,

n+l n+l

H Hy
C<maxgi 2 b
¢ %] oF}

n+l

y

Vi B, 5,20, nén
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”y(nﬁlﬂz) +T¢M“5 S”y(nﬂlﬂz) c el <[y + 2l
Do d6, ta nhan dwoc mot chudi mdi quan hé
yn+1 . Smax{ltﬁl ‘ #;2 " yl'l 6+T ¢rw-l C}S
n+l n+l n+l n+l
Smax{#l ,'uz ,malx{#1 '/12 }+
o, 0 o, 0
+ o ) 1 ( ) o™ c)} <
<...<
A . +
Smax{ k<n+1{o-1 O-Z}+z Hggk ! c’ y H +ZTH¢k ! }
Str dung bat dang thirc

k k
max {M,Iﬂzl}g . {|M<t)|,|uz <t>|},
1<k<n+1 O-l 0-2 tew, O-l 0-2

z ||(pk+l

ta nhan dugc danh gia (22). Dinh 1y dugc chirmg minh.[J
Nhén xét. Néu heéi theo bién khéng gian la déu, thi cdc
danh gid (21), (22) sé diing ma khéng can phdi théa mén
cdc diéu kién (18), (19) (khi do ta sé néi rang, so do (8)-
(10) la don diéu khéng cé diéu kién).

max| (¢}

n+1

6. Thye nghiém s6
Trong phan ndy, ta s& kiém chimg lai 1y thuyét duogc
ching minh ¢ trén bang thuc nghiém.

Trong mién Q:{(x,t): 0<x<], OStSl} ta giai

s0 hai bai toan sau day:

Bai toan 1:

u(x,t):exp(x2+;—0], 0,=1 o,=2, k(u)=(1+u)2,

Bai toan 2:
u(x,t) =sin(2x+10t), o, =0,2; o, =0,1; k(u) =u®+1.
Vé phai f(x,t), s4(t), 4, (t) va diéu kién ban dau
U, () trong bai toan (5)-(7) dugc xéc dinh bang cach thay
nghiém chinh xac u(x,t) vao nd. Ban dau, luéi khong déu
theo bién khong gian dugc cho theo cach ngdu nhién. Dé
thay dugc so d0 sai phan (8)-(10) hoi tu vai toc do
O(h2 +z’) ta s& giam dan timg khoang theo hé sb 2 va 4
theo bién khong gian va thoi gian twong img. Viéc tang sO
nut cua ludi khong gian dugc thuc hién bang cong thirc
% =(0,375+r)x,,+(0,625—r)x , 6 day r e[0; 0,25)
1a dai luong ngau nhién phan phéi chuan. Pau tién, chung
ta tinh Dy =|y—ul, trong truong hop N nit. Sau do,
chung ta tang s6 nut khong gian 1én gap d6i va nhan dugc
D,y =[y—ull; - Khi d6, tbc d6 hdi tu thuc nghiém ciia sai
= |og2 &

2N
Céc nut khéng gian ban dAu véi h =0,04, h,,, =0,025,
h. =03, h. =0,025 va duoc biéu dién & Hinh 1.

s0 x4p xi duoc x4c dinh bang cong thac R"

-

0.0 02 0.4 0.6 08 1.0

Hinh 1. Lu6i khéng déu theo bién khéng gian ban dau

Bing 1. Két qud nghiém sé ciia bai todn 1

N NO hmax hmin hl hN+l ”y_u”é RN
11 10 0,2 0,025 0,04 0,025 1,30738 -
21 40 0,1245 0,010949 0,02092 0,0109 0,46179 1,50
41 160 0,0620 0,006065 0,011045 0,007449 0,143918 1,68
81 640 0,033294 0,002382 0,004698 0,002495 0,038833 1,89
161 2560 0,017158 0,000855 0,002604 0,002177 0,009526 2,03
Bing 2. Két qua nghiém s6 ciia bai todn 2
N NO hmax hmin hl hN+1 ”y_uné RN
11 10 0,2 0,025 0,04 0,025 0,723434 -
21 40 0,102114 0,011587 0,015336 0,015304 0,202498 1,83
41 160 0,061668 0,006081 0,010350 0,006081 0,052679 1,94
81 640 0,034649 0,002512 0,005379 0,002840 0,013319 1,98
161 2560 0,018623 0,001127 0,001887 0,001606 0,003339 1,99
O bai toan 1, mién gia trj cia nghiém chinh xac 14  dinh dwoc —-1<u(x,t)<1, O0<1<k(u)<2. Két qua

1<u(x,t)<3,00417 va 0<4<k(u)<16,0333. Véi sb
nat khong gian ban dau N =11 va s6 nuat thoi gian ban dau
N, =11 tuong g véi 7=0,1, cac diéu kién (18), (19)
lan luot 1a 7>0,00125, h <8, h, , <4 va ching déu
dugc thoa man. Khi §6 nat khong gian tang 1én thi diéu kién
(18) ciing sé& thay doi. Tuong ty & bai toan 2, dé dang xac

nghiém s6 ctia bai toan 1 va 2 1an luot dugc cho & Bang 1
va Bang 2. Qua d0, ta nhén thay rang, vdi budc nhay khong
gian va thoi gian di nho h <hy, 7 <z, thi thoa man

ly-ul <c(h*+z), c>0-const.

Tée d6 hoi ty bac O(h” +7) dat dugc trén ludi khong déu.
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7. Két luan

Trong bai bao nay, véi su hd tro cua dé“ing thirc vi phan,
tac gia da dé xudt mot so dd sai phan hiru han don diéu méi
¢6 bac hai xap xi dbi voi cac bién khong gian trén ludi
khong déu, so d6 nay xép xi bai toan bién-ban du dbi voi
phuong trinh parabol gia tuyén tinh c6 bién diéu kién loai
ba dya trén gia dinh vé su ton tai va duy nhét cua nghiém
tron trong mot 1an can du nho nao do cua mién x4c dinh bai
toan. Mot nhuoc diém dang ké ciia phuong phap nay la
khong thé ap dung né trong truong hop dir lidu dau vao
khong tron va khong thé c6 duoc thong tin tién nghiém vé
nghiém gan dung tai cic nut gia nam ngoai mién xac dinh
ctia bai toan. Dudi sy dap tmg cua mot so diéu kién trén
ludi, cac danh gid hai phia va danh gia tién nghiém trén
chuan C ctia nghiém sai phan dugc thiét lap. Céac vi du sb
cho théy ring, so d6 sai phan méi dwoc xay dung c6 toc do
hoi ty O(h? +7) trén ludi khong déu voi bude nhay khong

gian va thoi gian di nho h<hy, 7<7,.

Loi ciam on: Nghién ciru ndy dugc tai trg boi Quy Phat
trién tha hoc va Cong nghé Pai hoc Ba Nang trong dé tai
c6 mé s6 B2020-DN04-39.
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