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XAY DUNG LUGC DO SAI PHAN SUY RONG
TUA DON DIEU cO DO DUNG cAp cAO
CHO MOT SO PHUONG TRINH

DANG QUANG A

Vién Tin hoc

Trong bdi ndy ding khai trién nghi¢m cda lwge % sai phan cho cde bdi todn khéng ding va
cdc hé thire rit ra tir cdc phwong trinh vi phéin, ching téi xily dyng dwge lwge db sai phén suy
réng tya don digu holc 8n dinh ¢6 dé diing ¢fip cao cho mét 8 phuong trinh v hé phwong trinh.

Muc dich cla bai ndy 1A gidi quy& mau thulin giita tih don digu va xfp xi bfic cao cia lwere
d3 sai phin cho phwong trinh chuyén dich, phwong trinh parabdlic v tfnh 8n djnh v x&p x| bic
hai eda lwge dB sai phin hign cho hé phuwong trinh khf déng hoc trong bién Ole. Mau thukn nay
dé dwgc gidi quyd chwa trigt dé trong (1], cy thé 1A & d6 méi chi xdy dyng duwge lwge A% sai phén
don digu ho¥c 8n dinh c6 d¢ diing cfp cao, hojc theo bwéc thyi gian 7, hofc theo bwée khéng
gian ¢,

1. Ching ta 8é xét bal todn khéng dirng dang

Au= f(t,2),0<t < T)=00 < z < 400 ' (1)
Ultmo = uo(z) (2)

trong dé A Ia mét todn ti vi phén.

Ta dwa vio ludi déu

wen = {(thy2), e =kr, k=1,K; Kr < T, o =1h, i = 0,%1,..}

Dinh nghia 1, [2] Ho chc lwge dB sai phén

A!,",\;,y‘ﬁ = f”'l (t,a;) € Wy, (3)
y“llt=0 = uo(z), j= ﬁ»P 21 ’ (4)
g iy agy'? 4t a,,y“" (5)

trong dé a;(; = T, p) I céc h§ 88 khéng phy thude r, h vA
aptagttaoy=1 (B)

dwee goi 12 lwge 48 sai phén suy réng,
M3i lwgc dB (3), (4) dwge goi 1A lrge dB sai phin co s,
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Dinh nghia 2. [6] Lwge d8 sai phin

Any=/

véi che didu kidn ban diu dwec goi 1a don digu (hay cé xfp xi dwong) néu khi f = 0 6 thd bidu
Idiﬁn '
Vik+1 = D OhYid kv (7)
™) '

trong dé o, 2 0.

Djnh nghia 3. Lwgc 5 sai phin suy réng (3)-(6) dwgc goi 1A tya don digu néu m8i lwge 4B
sai phin co 8& (3), (4) don digu.

Duwéi dfy ta 88 xfiy dung lwge dd sai phin suy réng tya don digu ho¥c én dinh ¢6 46 ding
cfp cao cho mot 88 phwong trinh v hé phuong trinh. DE don gidn ta s gid thi€t rlng vé phdi
vd nghiém cia bai todn vi phin cé d§ trom chin thiét. Cdc ky higu sai phin diing th8ng nht theo
Samarski (5],

2. Xét bal todn Cosl d6i v&l phuwong trinh chuyén dich

Au:%%:%mﬂf(t z) (8)

Cho twong tng bai todn ndy lwee d8 sai phiin suy réng (3) - (6), trong dé

Ny K h
Ay & g 4 ) ey > 'y a) = const (9)
af o |
(N = _Y; _ Y/
V= f= f+za.y % B (10)
Dinh 1y 1. Néu
T 1 —
alsmll =S.=.=‘ Ig"l' 11
! h a; J P ( )
thi
1) Lwge d sai phin suy réng (3)-(6), (9), (10) 1A twa don digu
2) Khi p = 2,
_ B3t _ + r ;
alﬂﬂz-‘ﬂx' = g — ay (12)

lyoe dB sai phan suy réng trén cho nghigm xfp xi cla bAi todn (8), (2) véi 4§ ddng O(r?, h3),
nghia 1

y = u = 0(r? h? . (13)
trong dé u 1A nghifm ding cila bii todn (8), (2).

Chitng minh: Ménh d% 1 d8 dang thu dwec néu viét phuong tiinh A9 yl9) = 0 trong dgng
(7) va kiém tra didu kign o > 0.

Ta 88 chitng minh ménh dé 2,
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Khi dféu kidn (11) dwoc thda min, cde lwge dB sai phin co s khéng chi don digu ma 68 én
dinh theo chufn ||| vA d&i véi nghigm cda ching ta c6 wée lwgng

i lle < llwolle + 7 | max, 1 fwllo (14)

Hon thé, st dung ki thuft trong (3] ta sé chirng té ring nghigm cda lrge dB sai phén cor 8 ¢b
bidu dién

h .
y gu+§(f+ﬂ;')w+n“’. (t)2) € wen (15)
trong dé w 12 nghiém c.a bai todn
8'2
Aw = :ﬁ, wli=0 = 0 (16)

vi n{?) 1A ham lwéi thda mian wéce legng

) = O(r%, K (1)

That viy, thay y!?! theo cdng thite (15) vdo phwong trinh (3), (10) ta dwee

T - h 1 0 (s T
AGY = aflu rt a;) A w+ AGlnU) = £+ 2 (18)
St dung h§ thire
*u _ 9w .
317 ~ Bgi Y
rit ra tir phwong trinh (8) ta dwee
‘ T h d%u .
A',‘j,'u = Au+ Eg + i(f + d,’)a:ﬁ + O(Tﬂ, hz) (19)

Ngodira 48 ¥ riing |
AN w = Aw + O(r, h)

rh

tir ddng thire (18) ta rit ra
At = 0(r? %)

Ding wéc lugng (14) cho n'¥) véi !9 |y = 0 ta & dwge wée lwgng (17) cin ching minh,

Nhén xét 1. T h¢ thike (19) ta thiy ring néu a; = —r thl lwge 48 sai phén co 8& cé xfp xb
bge O(r?, h?) trén nghiém cda bi todn (8), (2) nhung lwge A5 ndy khéng don digu. Luge 48 nby
¢6 tén goi Ia "trd choi nhdy ciru” (xem [4)).

8. Xét bal todn Cosl cho phwong trinh parabdlic
2
Au§—===-=T§.f(t,n;) (20)
Cho bai todn ndy twong ng lwege dB sai phiin suy réng (3)-(6) trong dé
N7, - = h
Ay - w' - vi + a4y 5 VFeFa s Oj = conat (21)
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e fepily =¥y 8 (22)

ET

Dinh ly 2. Néu
T 1 D —
S“J‘£°:°<?Eﬁ$muaﬁlm
g

] —

thl
1) lwge dB sai phiin suy rong (3)-(6), (21), (22) 1 tya don didu,

2) khip = 2,
ag+r—1/6 ay+r-1/6
g R —— ag = = —————

ay—a; az — ay

lwge d8 sai phin suy rong trén cho nghidm xdp xi cia bai todn (20), (2) véi a8 adng O((r2, A4),
nghia la
y=u=0(r? ht)

trong dé u 1 nghidm ding cda bai todn (20), (2).

Chieng minh: Dinh 1y ndy dwge chitng minh twong ty nhw dinh Iy 1 nh¥ bidu difn sau cda
nghiém cta lwge db sai phin co sé

h_a 1

2(’ = E + a,')w - O(fn,h‘]

W =

trong dé w 1 nghidm clia bai todn

. 2 4
Aw — dUJ g 0:1.0. = a7u

ot 8zt " gz Wm0 =0

Nhin xét 2. Do cheh chon tham s a, ¢é thd dat dwge gid trj cda r ma lwge 45 sai phin suy
réng tya don digu 1A 0 < r <€ 2,

Biy gi¢ xét mét lwge dB sai phin suy réng khéc, trong dé cdc lwge dB sai phin co sd 1a luge
dd ba 16p dang

Ol T hiaf 8f
v' - v sy ”’f+(1_2"a—t+§i . (28)
us = ug (24)
ut = g + (fo + uo,ze) :

Dinh Iy 8. Néu r < a;/2 < 1/2 th
1) lrge d8 sai phin suy rdng (23), (24), (6), (6) 1a tya don digu
2) khi p = 2,

rag - 1/6 1/6 - ra,
] —, Q= ——
r(ag - a;) r(ag ~ a;)

lrge A5 sai phan suy réng trén cho nghiém x&p xi cda bai todn (20), (2) véi 48 adng O(r3, h4),
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4. Xét hé phuwong trinh cda khf dféng hoc trong bién Ole

dp  Ov

—+—==0

at 9z

au+ ,6p+u8v 0 (26)
at 8z

trong dé u* = const > 0, ¢? = const > 0.
Ta dwa vio Ky hiéu

Khi 46 h§ phuong trinh (25) viét dwec duwéi dang

U
AU = -éT+Bm—-0 (26)

Ngudi ta di chirng minh rling khéng thé d8ng th¥i dat dwge tinh 8n djnh va x&p xi bic hai hoffe
tao hon trong lép cde lwge 48 sai phin hign déi véi h§ phwong trinh (25).

Duwéi diy bing phwong phép hidu chinh tham 88 ta s& x8y dyng lwgc 48 sai phén suy réng
cé 46 dfing cfp hai 1 t8 hep tuyén tinh clda cc lwge d5 sai phin co s 8n djnh, va do dé d& thily
ring né cfing sé &n dijnh.

Ky higu

(s dnf) -
Dy = (d;,- dei )’ diy = const

Xét lwge dB sai phin suy réng

A(J)y(a) =y +By(:) +D’,:Ym =0 (j=T%) @)
Y= Z%-Y"" (26)
jm1
]
Day=1 (29)
Jj=1 .

Trong mdt 88 didu kign A4t 1én cdc hd #8 di; lwgc dB sai phén co sé 88 én djnh.

Djnh Iy 4. Gid st chc lwge 4B sai phin co s& (27) &n dinh. Thé thl khi chon aj(j = T,8)
théa mé&n h§ phwong trinh
5
Z a." = 1

jm1
5
Y dijay = —re?
=1
5
ng,-aj = —ru’
jm1
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]
Z dgjay = —reiu’
J=1

5
Y degay = —r(c® + u'’)
J=1

hrqlc 4% sai phin suy réng (27)-(29) cho nghigm x&p xi cda h§ phoéng trinh (25) véi 4§ ding
O(r3,h3),
Chitng minh: C6 thé chéeng minh dwge ring nghigm cia luge d8 sai phén co 8é ¢6 bidu difn

Y(” =[]+ %P;w + O(Ir’, h’)

trong 44
L ( re? + di; ru* -+ dgy )
! redu® +dg;  r(c? + ut’) + dyy

W 14 véc to ham khéng phy thude r,h vd Dy,

Nh& bidu dién trén djnh 1y 8é dwge chirng minh. ‘
Nhin ngdy 1-1-1090
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ABSTRACT

CONSTRUCTION OF QUASIMONOTONE GENERALIZED DIFFERENCE SCHEMES
HAVING HIGH ORDER OF ACCURACY FOR SOME EQUATIONS

In this paper with the help of the asymptotic error expansion to finite difference schemes
for nonstationary problems and the corollaries of the differential equations we have constructed
generalized difference schemes quasimonotone and having high order of accuracy for some equations
and system,

20



