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1. MO DAU

Nguwdi ta da bift nhitu dén cbc phwong phép x8y dymg phwoung trinh sai phén cho ce bdi
todn vit Iy duge md 4 bdi phuong trinh cé cdc hé 88 dd tron vi thu dugc 49 chinh xéc cao cda
nghi¢m. Tuy nhién 16p cée bhi todn cé che hé 88 tron chwra 44 rdng, bdi viy cée phuwong phép xly
dyng phuong trinh sai phin cho phwong trinh c6 h§ o8 gidn dogn dang dwgc quan tim nhié .

Trong bdi ndy ching t3i dwa ra phuong phdp xiy dyng phwong trinh sai phin cho phwong
trinh khuyéch tén cé h§ o8 gidn dogn dya theo ngnyén ly bién phin vd dpo hdin trung binh (tich

phén) [1].

2. BAI TOAN KHUYECH TAN MOT CHIEU DANG DON GIAN

Xét phuong trinh:
d de
- - - < < .
d‘(pd1)+qp J/ 0<z<1 (2.1)
trong 46 p = p(z) > 0, ¢ = g(z) > 0, f = f(1), ¢ = w(z) IA chc hdm lién tyc vd trom tirng khic
trén [0, 1], ngodi ra gik thidt p'(z), ¢'(z), ¥'(2z) tBn t3i (theo nghia dao hdin trung bluh) va gidi
ndi.

Didu kién bién cda (2.1) cé dang:

0(0) = (1) = 0 (22)
Trén doan [0, 1] ta xét hai h§ ¢iém lvéi {z.). {z“,/g) k=0,1,.. thdairin:
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Xét chc ham:
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VA h§ co a& {wa(z), k=1,n~ 1} c6 dang:
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wa(z) = { wi(z) z-1<z< 2 (2.4)
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Pao him trung binh cda wi(z) nhwr sau:
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Xé¢ tich v8 hudng:
1
(1a)oote)) = [ 11a)ote)ds (20)
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ﬁAA l/? ’.:-k”l
(u.(z),m,( :)) = { ‘] AL =k (2.7)
3
%Ak-ﬂn t=k+1

trong A8 Ay = zp4y — 2a-1 = Bagaya+ Buoupa

Tir (2.7) suy ra wy(z) tryc giao véi tit cd cic hdm we(z) trir ra ba hdm wy_(z), wi(z),

Ukn(-‘)-

Biy gi¥ ta xiy dyng phuong trinh sai phin cho (2.1) nh® hé him co oé {w.(z), k=1n- 1}.

2




Nhin v hwémg hai v& cda (2.1) véi wy(z) ta duge:

1

] [ e = qp]wa(z)dz = ] fwn(z)dz (2.8)

o

hai Iin tfch phdn tirng phin (2.8) ta dwgc:

1S k41
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. e e e ——— wy(z) — qw pdz = wWilz dz
28, 12 28x-1/2 / [p w(z) +] fnls)
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Pl o = plz)
Xét toan td A awgc xéc dinh bdi hé thire:

trong d6 p; :

Sa41

(4¢), = —K‘;{’;;:z“,:‘ + ";;:f‘l"‘; + / [p'wi(2) ~ qua(2)]ds) (29)
TP
trong d6 o € ® - 16p nghiém cda (2.1).
Vecto F véi céc thinh phin:
2541
(Nu=5 [ fortais (2.10)
25y

Sau khi hgp céc hé thirc (2.9) (k = 1,n — 1) ta dwoc hé

Ap=F (2.11)

By gi¥ ta xét cdc x&p xl khéc nhau cda (2.11).
Goi ®5 A khdng gian céc him luéi o* dang:

ph = (P?»Pg----.?:—l)
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Ie*lle, = 2_ 25(#5) (2.12)
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Xét bi todn x£p xli:
Ahp“ - !ﬁ (2.13)
[rong 46
Aph) = - L v"“ p:— ok = p,.‘__A)_ggp.
(4%*), A, {""* Bans T 28000 : %} (2.14)
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Dd ¢ ring (2.13) 1A h§ phuong trinh c6 A* A ma tr§n ba dwdng chéo chinh. Gidi (2.13) ta
duwge nghiém . Khi 46 nghiém cda (2.1) dwge xbe djnh bdi:

n~-3

p(z) = Y phu(2) (2.17)

2 v =1

Sy hdi ty cda nghigm ©* v nghidém p cda phuong trinh (2.1) dwgc thé hign bdi dinh If sau:
Dijunh Iy 1: Nghi§m cda (2.13) hdi ty vé nghi¢m o cda (2.1) véi t& 49 hdi ty 1/2.
Chéng minh: Tacé:

lA* (e — 12, < “fhur. +[In*|,, + Ix*l pa (2.16)
trong 46:
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(("')hn Al-; / wy(z)pdz + [2 Prid Ph-1 ]Pu
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(™) = ‘z:: / qwa(z)pdz - A;q" Pu
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Dt A= n:xls.ﬂ - x|, Tacé:

'f“',. < M 'hl/’
i*l,. s NN/ (2.17)
lX."n < K 'h”’

tir (2.10), (2.17) ta dwoc:

L lj.(ph-'[“l’. S‘ﬂi"’i—”’l’,’-} K'A’/’SC'A'/’:
Troag 46 M, N, K, C 1A cic hing o8 khiag phy thufc A.
Viy lwge 83 sai phin (2.13) cé cfp xfp «d 1A 1/2.
Ta chuyén qua d4nh gif sy n dinh cda (2.13)
Ta cé:
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Tir 46 suy ra lwoc d5 (2.13) én dinh
Viy ta ¢6 uw6c luong:
(edn - "Il < C A7 (2.18)

Dinh ly dwoc clurng manh.

Nhin 7ét: Dé dwoc (Ip hda du cao hon ta ¢b the sd dung phi g phdp Risacxon hoio ting 43
tron cda nghiém, hodc ¢6 thé xét lwéi tya diu.

Xét trén 16p nghiira khéng ting cda phuong trinh (2.1) (tdc 12 gid thiét nghidm () khdng
ting), ta c6 két qui:

Dinh ly 2: Nghiém " cda phwong trinh sai phan (2. 13) hoi tu vé nghid¢in o cda {2.1) véi
t8c d6 hoi ta biag 1.

Viéc chimg minh dinh Iy ady hodn todn giéng vidc chéng minh dinh ly 1, chi khédc 12 chudn
dugc chon:



n-1 [4
(P Z At.z: a,("?
j=1

=1
S hrge ‘4c cda (2.1) nhv sau:

(a*¢*) __ L [PxrrOnsr | Pa-1Pa-1
. . Ai 2804172 284-1p2

1
+ [Pz—n/a - P:.u/: = EAEQb]Ph} (2.19)
(1) =3/ = 3/(51)

trong 46 p,_, » P(sn-1/3)i Phyrpa = P'(zh41/2)-
Céc két qud thu dugc & luge d3 (2.13) ciing ding cho (2.19)

3. PHUONG TRINH KHUYECH TAN MQT CHIEU DANG TONG QUAT

Xét phuong trinh

Lum -5 (P )+l e +atele =1 Oz (1)

Véi che didu ki¢n bién:

P(0) = (1) = 0 (3.2)

Troag 46 p(3), r(s), ¢(=) I\ chc hhm gidn dopn logi 1.
Nghi§m p(z) ¢6 bhc m (rén mdi dopn luéi [z, 24 4,).

T Iy thuyés x€p xi va xby dyng hhm gu(=) A da thére bic m trén (54, 2441 ] di qua (m + 1)
difm z, = 30,5},...,350"" = 544, 1A da thire xEp xi cda p(2) (ga(=) t3n tpi duy nh&t). gi(2)
chinh IA da théc Lagning dwge tinh theo cdng thic:

wie) =3 a1l R (3.3)

Chon {ga(5)} IAm h§ bim co o € xdy dyng cic phwong trinh sai phin (3.1) theo céc buéc dk
lAm trong §32.

Ta cling cé thé sd dyng h§ bAm co o lugng gibc nhv sau:

Trén m8i dopa (3;, 5,4 4) ta x£p x| nghi¢m blng da théc:

3N,

pNi(z) = Z cwi(z); ¢=0,1,...,m (3.4)
k=0

Trong 46:



. . kx(z - z;
waa- 1 (z) = sin
Tier — %

(3.8)
wis(z) = cos fﬂ"‘—‘ﬁ!

Tigt — %

M3i hdm wj () ¢4 thé xem nhu di x4c djnh trén doan [0, 1]

; (3.5) néu 1€ (1,,2,41)
. == .c
it ={ "5 T 2 ¢ (50 5i1] 49
Khi 46 nghi¢m ghn diing cda (3.1) dwge tim duéi dang:
m Ql_y.
e(z) =) ) Guilz) o0<z<1 (3.7)
=1 k=0
Khi 46 ta 6 wéc lugng:
InN
”99(1‘) &= p..(:)“ Lalo.1] S const -N—u‘:'l‘ (38)
trong d6:
N = min N, (3.9)

Céc hAm co 84 trén 1A cdc thf du minh hoa cho nhigu khi nXng trong thyc hinh cda c4c phwong
phap sai bién phln 42 gidi cdc bAi todn vit ly todn.
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| AVARAGE DERIVATIVES AND
| DIFFERENTIAL EQUATIONS WITH
| DISCONTINUOUS COEFFICIENTS

.
% This paper deals with a finite-difference method using avarage derivatives for solving differential

. equation with discontinuous coefficients.

Khoa Todn - Co - Twn hgc - DHTH Ha Ngs



