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In recent years, higher-order differential equations problems have
been of interested to many domestic and foreign scientists. There have
been many approaches and solutions to these problems, one of which
must be mentioned is how to build operators and use contraction
mapping. In these problems, the class nonlinear higher-order
differential equations with coefficcient dependent on integral
function is very important in mechanics. Finding analytic solutions for
classes of these problems is difficult, so solving these numerical
problems is very necessary. In this paper, we present the solving of
nonlinear fourth oder differential equations with coefficient dependent
on integral function by numerical methods. At the same time, we also
compare the convergence speed of this iterative method with previous
methods to see the effectiveness of the method.
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Phuong trinh vi phan cip cao
Phuong phap sé

Phiém ham tich phan

So do lap

Thuét toan lap

Nhirng nim gan ddy, cac bai toan vé phwong trinh vi phan phi tuyén
bac cao dugc nhiéu nha khoa hoc trong va ngoai nuéc quan tam,
nghién ctru. D3 c6 nhiéu hudng tiép can va giai quyét cac bai toan
nay, mot trong sé d6 phai ké dén cach xay dung toan tir va sir dung
anh xa co. Trong céc bai toan nay, 16p cac bai toan phwong trinh vi
phan cap cao c6 hé sb phu thudc phiém ham tich phan c6 ¥ nghia rat
quan trong trong co hoc. Viéc tim nghiém giai tich cua 16p cac bai
toan nay 1a kho khin nén van dé giai s6 cho 16p céc bai toan nay la
rat can thiét. Trong bai bao nay, ching toi trinh bay viéc giai phuong
trinh vi phan cap bén véi hé s6 phu thudc phiém ham tich phan bang
phuong phap sb. Bong thoi chung t6i cing dua ra so sanh tdc do hoi
tu cua phuong phép 13p ndy véi cac phuong phap truée do dé thiy
duoc su hiéu qua caa phuong phap.
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1. Giéi thigu

Khi nghién ctru vé phuong trinh vi phan phi tuyén tinh bac cao di c6 nhiéu nha khoa hoc
trong va ngoai nudc dua ra cac két qua quan trong nhu [1]-[4]. L6p cac phuong trinh vi phan phi
tuyén bac cao véi hé s6 phu thudc vao phiém ham tich phan cé nhiéu y nghia trong co hoc. Trong
[5], chung t6i da dua ra viéc giai s6 cho bai toan cap hai. Dang phuong trinh da duoc giai quyét

y 2
f‘u" ds]u = f(z),a <z <b,

trong [5] la:
b, []‘u/r ds

a,u(a) — au'(a) = A bu(b) + bu'(b) = B.

U” 4 p2 (1)

b
Pit ¢ = f [u'(s)| ds. khi do bai toan (1) ¢6 dang:

p(Ou"(x) + p,(Hu(z) = f(z),a <z <, ,
a,u(a) —au'(a) = A,bu(d) +bu'(b) = B. 2)
Hién nhién néu xac dinh dugc ¢ thi nghiém sé cua bai toan sé& tim dugc theo tha tuc Mathlab

[5]. Chung tdi x&y dung thuat todn lap nhu sau:
Thuat toan:

Budc 1: Xuat phat & = 0;

Budc 2: Véi moi k= 0,1,2,... giai lién tiép hai bai toan
pl(gk)u;,,,_ pz(gk)uk = f(:L‘),CL <z <b,
a,u,(a) — alu;(a) = A, (3)
byu, (b) + u, u; (b) = B.

Hiéu chinh

G = | () ds. )

Trong bai bao nay ching tdi phat trién sang viéc giai phuong trinh vi phan cip bdn véi hé sb
phu thudc phiém ham tich phan. Bai bao gdm 4 phan, sau Phan Giéi thiéu 12 Phan 2, trinh bay md
hinh va thuat toan lap dé giai phuong trinh vi phan cap bdn véi hé sb phu thudc phiém ham tich
phan; Phan 3 trinh bay cac két qua thuc nghiém va Phan 4 1a phan két luan.

2. M6 hinh bai toan bién cap bén véi hé sé phu thudc cac phiém ham tich phan

Trong phan nay, ching tdi trinh bay viéc giai quyét md hinh bai toan bién cap bon vei hé s
phu thugc phiém ham tich phén bang phuong phap so. Xét bai todn bién cap bon sau:

j‘u"st] u —p, []‘u"st] u"(z) = f(z),a <2 <b

a,u(a) — au'(a) = A,bu(b) + bu'(b) = B, (5)
c,u"(a) —cu(a) = C,du"(b) + du"(b) = D.

by

Day chinh 1a dang tong quét ciia cac bai toan da dugc cac tac gia T. F. Ma, A. L. M. Martinez
dua ra trong [6] vai mo hinh bai toan:
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—M( [l ds)u" () = flwui),

u(0) = A u(L) = B, (6)
u"(0) = C,u"(L) = g(u'(L)),

va Q. A. Dang, T. L. Vu dua ra trong [7] v&i mé hinh bai toan:

, 2
(4) " 12 "
Y —ey — (y')'dz|y" = p(z),0 <z <1,

y(0) = y(m) = 0,4"(0) = y"(7) = 0.
Dé giai quyét bai toan (5), chiing t6i dwa ra phuong phap 1ip nhu sau:

b
bit ¢ = f‘u '(s)‘2 ds ;v(x) = u"(x) . Khi d6 bai toan (5) duoc dua vé hai bai toan cap hai:

P (" (2) = p,(Eu(@) = f(z),a <z <,
¢,v(a) —¢v'(a) = C, (8)
d,v(b) + dv'(b) = D,

(@) — a,(a) = A ©

Thuat toan lap

Budc 1: Xuét phét §, = 0;

Budc 2: Véi moi k= 0,1,2,... giai lién tiép hai bai toan
P, (&) = p,(§ )y, = f(z),a <z <b,
v, (a) — clv]i (a) =C, (10)
d,v,(b) + d v (b) = D,

u]:': v,a <z <b,
a,u, (a) — alukf(a) = A, (11)
byu, (b) + b, (b) = B.

Hiéu chinh:

&= [l & (12)

Chui y rang, sy hoi tu cia so do I3p trén chi phy thugc vao tinh chat ciaham p, z ,p, = . Suhdity

cua phuong phap s€ duoc kiém tra bang cac chuong trinh thyc nghi¢m. Céc bai toan (10), (11) dugc giai
quyét qua luoc do sai phan bac bon va nghiém sé duoc tim bang thi tuc Mathlab [5].

3. Mot s két qua thuc nghiém
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Dé kiém tra su hoi tu cua cac thuat toan, phuong phap chung chiing toi sir dung 1a xuat phét tir
bai todn goc, chung i cho truéc nghiém ding u, (z)cua bai toan, cac ham p (2), p,(z). Tir d6
xac dinh ham vé phai f(z) clng cac gia tri diéu kién bién. Trong cac so dd lap, chdng t6i s& tién
hanh sai phan cac bai toan cap hai véi d6 chinh xéac bac 4, sau dé st dung thu tuc Mathlab [5] dé
xac dinh nghiém gan ding «  tai tit ca cac diém ludi. Sai sé tinh toan dwoc xac dinh bai

*
E=|u, —u|.
d

Trudce tién, ching ta xét bai toan dugc cac tac gia Q. A. Dang, T. L. Vu [7] vai mé hinh bai
toan:

| 2
YW —ey” - _[f (y')de]y” = p(x),0 <z <1,
s

0 (13)
y(0) = y(m) = 0,y"(0) = y"(m) = 0.
Ta c6 thé thay, bai toan (13) nay 1a mét truong hop riéng cua bai toan (5) voi:
2
p,(2) =Lip,(2) =+ —z
Xétv6i € =2,f 2 = —4sinx, bai toan (13) o nghi¢m ding 1a u (r) = —sinz. Ap dung

thuat toan lap trén, ching t6i nhan dugc két qua nhu sau:
Bang 1. Két qud sai s6 so sanh vdi [7]

S6 buéc lap Sai s S6 buéc lap Sai s6
5 0,0202 20 6Xe-7
10 6Xe-4 25 1Xe-8
15 1Xe-5 30 2Xe-9

Dya vao so liéu cua Bang 1, c6 thé thay rang phuong phap I3p hoi tu rat nhanh va sai so dat
dugc la tot hon nhi€u so véi sai s6 trong tai liéu [7] da cong bo (Sai so e-4). ’
Sau day, chung t6i dua ra mot s6 két qua tinh toan cho bai toan (5) vdi cac ham hé so duoc
chon 1a tuy ¥, diéu kién bién Neumann.
Bang 2. Két qua kiém tra doi véi thugt toan lgp
1
2)=——+1Lp(z)=€e“a=0,b=1,
n() =7+ 1n0)
a, = 2;a, = 3;b, = 50, =4,
¢, = 2;¢, = L;d, = 5;d = 3, N =100.

u, =z' —z’ +1 u, = sinmz u, =e' u, =cosz+e "’ +a'
k IS k E k € k €
5 0,001 10 3,219 1 0,034 5 0,03
10 1Xe-6 20 2,546 2 1Xe-4 10 6% 10-4
15 2Xe-9 30 0,250 3 7Xe-7 15 1X10-5
20 2Xe-10 40 0,017 4 3Xe-9 20 1X10-7
50 1Xe-5 5 1Xe-9 25 3X10-9
60 5Xe-6 30 9% 10-10

Bang 2 cho ching ta thdy thuat toan hoi tu rat rat nhanh va sai s dat dwoc ciing 1a rat tt khi ta chon

z

cic he s6 p(2)=——+1Lp,(2)=e". Tuy nhién véi viéc chon he¢ s6 p (2)=e" +1;

p,(2) = cos z + 1,5 thi ¢6 nhimg truong hop lam thuat toan khong hoi tu, diéu nay dugc thé hign trong
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Bang 3. Tur két qua nay, thiic ddy ching t6i dang tim ra diéu kién cho cac cac hé s6 p,(z), p,(z) va s&

dugc chung i trinh bay trong nghién cuu tiép theo. )
Bang 3. Ket qud kiém tra doi véi thugt toan lap

p(2)=e " +1p,(2) =cosz+15a=00b=1,
a, = 2;a, = 3;b, = 5;b, = 4,
¢, = 2;¢, =Ld, = 5;d =3, N =100.

ud=x4—3:3—|—1 u, = sin u, = e’ udzcossv—f—eﬂ”—i—x3
k € k € k € k €
5 0,0018 Khéng héi tu 2 0,015 5 0,318
10 5Xe-6 3 5Xe-5 10 9Xe-4
15 1Xe-8 4 1Xe-6 15 2Xe-5
20 1Xe-10 5 6Xe-8 20 7Xe-7
6 1Xe-9 25 2Xe-8
30 9Xe-10

4. Két luan

Bai bao da trinh bay viéc phat trién sang giai so cho bai toan phuong trinh vi phan cip bon
tong quét véi hé sé phu thudc phiém ham tich phan. Pay 1a mot két qua rat quan trong dé ching
toi tiép tuc nghién ctru va giai quyét cac bai toan dao ham riéng c6 hé sé phu thudc phiém ham
tich phan, cu thé 1a bai toéan:

w, T,t —

it W'J::E x’t =0.

s
2
« +afw z,t dx
0 1 T
0
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