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Gidi phuong trinh vi phan phi tuyén cép ba
bang phuong phap phan tich Adomian

Solving third-order nonlinear ordinary differential equation by adomian method

TH.S TRAN THI TRAM
Trudng Pai hoc M6 - Dia chat
(Bai bao dugc thadm dinh bai TS. Bui Thi Thuy - B& mén Co hoc Ly thuyét - Khoa Khoa hoc Ca ban, Dai hoc Mé-Dia chat)

TOM TAT:

Nhitng bai toan trong Vat Iy, Hoa hoc, Sinh hoc va Khoa hoc ky thuat duge ma hinh hoa toan hoc bai hé phuong trink vi phan cép nguyan. Vi
hau hét nhitng phuong trinh vi phan thye khéng ca nghiém gidi tich xdp xi va ki thuat sd chinh xac. do do, chang duec sir dung mat cach
bao quat. Phuong phap phan tich Adomian (ADM) dugc st dung dé gidi cac phureng trinh vi phan cép nguyén, cé tuyén tinh va phi tuyén,
phueng trinh vi phan thueng ciing nhu phureng trinh dao ham rigng [2). Phueong phép lap mai nay da duge ching minh |3 thanh cang hon
ddi vari ca nhitng bai toan tuyén tinh ciing nhu phi tuyén, nd cho ra nghigm gidi tich va ca vu diém hon céc phuong phép sd thang thiang:
khaing phai lam tran sai sd va viec tinh toan khang phirc tap.

Trong bai bao nay, ta sir dung phuong phéap phan tich Adomian céi tién dé dat duge nghigm coa phuong trinh vi phéan phi tuyén cép ba. Ta
ciing chirng minh nghigm chudi dat duge hai ty nhanh hon so vai chudi dat duge bai phuong phap ADM thang thuang. Thi du md phang
duge dua ra.

Tir khéa: phuong trinh vi phan, phi tuyén, cdp ba, Adomian

ABSTRACT:

Numerous problems in Physics, Chemistry, Biology and Engineering science are modeled mathematically by systems of ordinary and
fractional differential equations. Since most realistic differential equations do not have exact analytic solutions approximation and
numerical techniques, therefore, are used extensively. Recently introduced Adomian Decomposition Method (ADM) [2] has been used for
solving a wide range of problems. Adomian decomposition method has been known to be a powerful device for solving many functional
equations as algebraic equations, ordinary and partial differential equations, integral equations and so on. It is demonstrated that this
method has the ability of solving systems of both linear and non-linear differential equations: it yields analytical solutions and offers
certain advantages over standard numerical methods. It is free from rounding off errors since it does not involve discretization, and is
computationally inexpensive.

In this paper, we used the revised Adomian decomposition method for solving third-order nonlinear ordinary differential equation. It
demonstrated that the series solution thus obtained converges faster relative to the series obtained by standard ADM. Several
illustrative examples have been presented
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1.Mé dau

Mét bai todn ddc biét quan trong trong linh vuc khoa hoc va ky
thuat la nghiém chinh xac cdia nhitng hé phi tuyén va hé ngéu
nhién dugc mé hinh bdi céc phuong trinh vi phan hodc cac
phuong trinh dao ham riéng déi véi cac diéu kién bién/ diéu kién
dau téng quat. V& ban chat, phuong phap giai tich théng thudng
can phai bién déi nhiing bai todn nhu vay dé dé x{ ly vé mit toan
hoc nh& cac phuong phéap da duoc thiét lap. Dang tiéc la nhing

thay d6i d6 can thiét phai thay déi nghiém; do dé, ching cé thé
lam tréch hudng (d6i khi nghiém trong) khoi trang thai vat ly thuc
té. Nhiing phuong phép nhu vay bao gém nhiing ky thuat tuyén
tinh hod, phuang phap nhiéu, va su han ché [én qua trinh tu nhién
va bién d6 cla qua trinh ngau nhién. Viéc tranh nhiing han ché
nay dé thu dugc nghiém chinh xéac can dugc cha y khi xét ing xu
tu nhién cla cac hé phuc tap va dua ra kha nang cai tién trong
khoa hoc va cong nghé.
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NGHIEN CUOU KHDA HOC

Nhiing dé tai nghién cu trudc trong giai tich toan hoc nhat
thiét phai dua vao nhiing phuong phap han ché nhu vay. Do do ta
c6 thé néi rang vat ly thudng la ly thuyét nhiéu va toan hoc chu
yéu la ly thuyét toan t tuyén tinh. Di nhién c6 mot sé phuong
phap giadi nhiing phuong trinh phi tuyén nhung khéng phai la
nhiing phuong phap téng quat. Vi du, su d&i bién t6t thi thoang
dua dén mot phuong trinh tuyén tinh, tuy nhién diéu nay hiém khi
lam dugc.

Muc dich cda phuong phap phan tich la tim nghiém thuc cé
thé ton tai clla nhiing hé phuic tap ma khéng can phai mé hinh hoa
va ap dat diéu kién vao nghiém dé dé xr ly. Thém niia, viéc két hop
nhiing phuong trinh dao ham riéng va phuong trinh vi phan
thudng la can thiét. Trong nhiing bai toan bién c6 tinh phi tuyén
manh hodc tinh ngdu nhién theo tham s6, dé€ tim ra mét phuong
phap mdi la viéc quan trong.

Phuong phép phan tich Adomian da dugc sir dung dé gidi mot
mién réng cac bai toan. Biazar [9] da 4p dung phuong phap
Adomian vao mét hé phuong trinh vi phan théng thudng.
Daftardar-Gejji va Jafari [11, 13] goi y mét su cai tién cla phuong
phép nay va da ting dung dé giai mot hé phuong trinh dai s6 phi
tuyén. Trong bai bdo nay, ta st dung phuong phép phan tich
Adomian cai ti€n dé gidi phuang trinh vi phan phi tuyén cap ba.

2. Phuong phéap phan tich Adomian giai hé phuong trinh vi
phan thuong

Xét hé phuong trinh vi phan thudng sau

zbu yJ+N XY Yareay n)+gi(x)’

yi(O):ci, i=12,...n,
Trong d6 b, (x),g,(x)€C[0,T] va N, la nhimg ham phi tuyén

Mm

lién tuc véi cac déi s6 cla noé. Tich phén ca hai vé clia phuong trinh
(1) tir 0 dén x va sir dung nhiing diéu kién dau, ta c6

dx+_|-ZbIJ

o Jj=

yi(x) c+f9 de+IN XYy YareerYn )X,

(2)
i=12,....,n
ADM théng thudng [2] cho nghiém v, (x) dang chubi

x):ioyim(x) (3)

Va nhing s6 hang phi tuyén dugc cho dudi dang chuéi vé han
cac da thiic Adomian
Ni(XIY1ryZ/~~IYn):zAim(YWYW‘~-Y1mIYZOIY21'~~~Y2mIYn0ryn1/~~ynm)/ 4)

m=0

Nhing da thuc A,
thic téng quat [3]

1 .
A ‘ s "
m m'dkm[ ( Zy”" et HH
: .
. A, A"
|:m'd7»m ( mZ(:)y1m réynm jlo

va nhiing thanh phéan y, ,m>0 c6 thé dugc xac dinh theo

nay co6 thé dugc xay dung st dung cong

(5)

phuong phap hoi quy. Xét thay cac phuong trinh (2)-(4), ADM xac
dinh nhiing thanh phéan y,,,m>0 bang mé&i quan hé hoi quy sau:

yio(x):ci+Jgi(x)dx, i=12,...,n,

yi,m+1 JZ bu

0 j=1

(6)
medx+JA dx, m=0,1,.
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Ta xap xi nghiém nghiém y,(x) béng chudi rit gon

)= 2y (4

Thi du 1: Xét phuong trinh vi phan phi tuyén cap ba thong
thudng [9] véi cac diéu kién dau y(0)=0,y’(0)=1 va y"(0)=2.

va lI(iﬁrrjofik(x):yi(x), i=12,...,n (7)

Phuong trinh nay c6 nghiém chinh xac la y(x) =xe*
1
y" =—y+y’ ®)
X

Bat y, (x) =y (x). ¥2 (x) =y'(x), y3(x) =y"(x)- C)
Khi d6 phuong trinh (8) chuyén thanh hé ba phuong trinh vi
phan phi tuyén cap moét sau
! ! ’ 1
Yi=Yar Y2 =Ys Y3 = YitYs (10)

Ta &p dung toan t& nghich dao va st dung thuat toan bién ddi
cho viéc tinh todn nhiing da thiic Adomian, ta cé ky thuat sau

Yi0=0 Yinn = IyanX
0

)lzo:1 Yona :Jyandx (n:0’1"") an

Ky hiéu y® =y, +y,, +...y,, lamot xap xi clia nghiém véi p+1 s6

hang. TU phuong trinh (11), mét s6 xap xi dugc tinh toan nhu sau
2 2 3
P ox| Texr oy T
Y ( 3 Y 2 12

(12)
XX X X
Y’ =x 1+x+?+ +— ®=x 1+x+ +—t—t—

6 60 6 180 360

, XX X x* 31 X
y =X| T+X+—+—+—+ +
2 6 24 4320 2520

X2 X} xt X 167¢ x°
Yo =x| T x+ + +
2 6 24 120 151200 20160

TU d6 ta c6 thé két luan nghiém chinh xac ctia phuong trinh 1a
y(x)=xe*.

3.Phuong phap phan tich Adomian cai tién giai hé phuong
trinh vi phan thuong

Trong phan nay ta dé xudt mét su cai tién cta phuong phap
phan tich Adomian. Ta thiét lap

Yio(X)=¢, +Ig] (x)dx
0
y],m+1 J‘an yjmdx + JA
o (13)

Yio(Xx)=¢ +J.g|(x)dx+J;

Vi ()= j

Trong dé A, dugc dinh nghia nhu sau

-1

by (X) Y j.idlx + J b, (x

=1 o =

yjmdx+jA



A N ¢ (yl’yl+1""’Yn)’ Yu:j.yndX:j.ZXdX:XZ:
0 0

A=A+ AL N=N(Yey )+ N (YY), 1223, (14)
AIm’ 1 k 3X2
T 2 . . . . ” y22=_“y31dX=J‘3xdx:—,
O day 'A ...,°A, la nhing da thic Adomian tuong Ung Vi o o 2
1 L2 ~ . - N X X
N, va “N, nhu da dugc dinh nghia trong phuang trinh (4). V., :J‘(lyu +y31jdx _ J‘[lxz +3xjdx =22,
+ ° X o X
14 . .
- % Biazar da giai thi du nay st dung ADM thudng [9]. Ta vé d6 thi
N clia y,(x) va so sanh vai nghiém chinh xac, nghiém duoc dua ra
7 y bdi phuong phap Adomian thudng va nghiém dugc dua ra bai
s phuong phap Adomian cai tién. Trong hinh 1, ta vé xe* la nhiing
p nghiém chinh xac, y, ky hiéu nghiém dat dugc bsi ADM cai tién
“] ) (sau 5 budc I3p) va y; ky hiéu nghiém dat dugc bdi ADM thudng
4 (sau 5 budc 13p).
) 4, Két luan
27 el Phan tich Adomian la mét phuong phap hiru hiéu dan ti mot
e nghiém chudi héi tu doi véi bai toan phi tuyén/ tuyén tinh. Phuong
o i ! 5 3 phap nay tét hon phuong phap s6, vi khong phai lam tron sai sé va
x khong yéu cau hiéu suat tinh toan I6n. Daftardar-Gejji va Jafari goi
[ - wemplx) vl vi*]

y mét su cai tién ctia phuong phap nay, dugc goi la “ADM cai tién”.
Hinh 1. Trong bai bdo nay, ta st dung ADM cai tién dé gidi hé phuong
Thi du 2: Xét phuong trinh vi phan phi tuyén cap ba & thi du 1 trinh vi phan thudng. Phuong phap céi ti€n dan téi mét nghiém

véi cac diéu kién dau y(0)=0,y'(0)=1va y"(0)=2.Phuong trinh  chudi hdi tu nhanh hon so véi ADM thong thudng. Nhiing thi dy

moé phdng da ching minh diéu nay mét cach ré rang..

nay c6 nghiém chinh xac la y(x)=xe*
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