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TOM TAT : Xét h¢ phuong trinh ham tuyén tinh
m
(D) fi@) =Y lag /(A () +by (B ()] + g (x),  xelc R, Vi=1,2
k=l

trong dé 1 la mét khodng bj chdn hay khong bj chdgn cia R. Cdc ham cho trudc g; :
I> R, Ay,By:I—>1,1<k <m,i=12 lalién tuc cho trudc; fi(x), i =1,2 12 cdc dn ham.

Chiing t6i ching minh sy ton tai va duy nhdt loi gidi ciia hé (1). Két qud tinh todn bing s6
minh hoa kém theo.

1. GIOI THIEU
Trong bai ndy, ching t6i nghién citu hé phuong trinh ham sau diy

[i(x) = Y [an /i (A () + by £ (By )]+ g,(x), xeIcR,Vi=12 (1.1)

trong d6 / 12 mdt khodng bi chén hay khoéng bi chdn ciia R. Cic ham cho trudc g
I =R, Ay,By:1—>1,1<k <m,i=12 lalién tuc cho trudc; f;(x), f,(x)1a cdc 4n ham.

Trong [1] cdc téc gid C.Q.Wu, Q.W.Xuan, D.Z. Zhu di nghi€n cttu hé (1) vdi I=[-b,
b], m =2 ; A4,. B, 12 cdc nhi thic bic nhat thda didu kién A4y (x),B; (x)e I,Vxel. Ciing
trong [1] cdc tdc gid da xdp xi 13 gidi ctia hé (1.1) bdi mot day qui nap héi tu déu. Hon nita
161 gidi thu dugce ciing 6n dinh d6i v6i cdc ham gi(x).Mot trudng hdp riéng cta(l.1) da c¢6
dp dung vao vigc gidi hé phuong trinh hyperbolic [1].

Trudng hgp m = 1, I = [a, b], gi(x) = 0, céc tic gid trong [2], [3], [4] da khdo sat su
ton tai va duy nhat 15i gidi trong khong gian ham BC[a, b] ctia mét phudng trinh ham sau:

F(x)=a(x, f(S(x))) (1.2)

Trong[5],[6],[77 ,chiing t6i xét hé phucng trinh ham tuyen tinh(1.1).Bing cdch s
dung dinh 1y diém bat ddng Banach, chiing t6i thu dugc dinh 1y ton tal duy nhat va 6n dinh
clia 19i gidi cia hé (1.1) d6i vdi cdc ham gi(x), trong d6 I = [a, b] hodc I lakhodng khong
bichan cia R. Trong trudng hop Ay, By, 14 cdc nhi thic bic nhdt va gie C"M),I=[-b, b]

chung tdi thu dugc mét khai trién Maclaurin cia 15i gidi cia hé (1.1) dén c4p r. Hon nifa,
né€u g;(x) 1a cic da thic bac r thi 15i gidi cia hé (11.) ciing 1a da thic bic r. Gin day, mét s&
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két qua cia chiing t6i trong [7] ciing dd phit trién cho hé phudng trinh ham vdi mién nhidu
chiéu (Xem [8]).

Bai bdo gém 2 phédn .Trong phin 1, trinh bay mét s& dinh Iy tdn tai, duy nhat va &n
dinh cta 13i gidi cho hé phuong trinh hAm dang (1.1). Trong phin 2 14 phin khdo sat thuét
gidi s0 dya vao thudt gidi x4p xi lién ti€p theo nguyén tic 4nh xa co, k&t hgp vdi xap xi bdi
cdc ham spline bac nhdt. K&t qua thu duge da tdng quat héa cac k€t qua trong [1-6], va mot
phdn két qua ndy da dugc cong b3 trong [7],[8].Cudi ciing laphan thuit todn s trén céc vi
du cu thé.

2. LOI GIAL CUA HE (1)

Ta ky hi€u I=[a, b] hay I 1a khodng khéng bi chin trong R.

-V6il=[a, b], ky hiéu V= C(I;Rz) la khéng gian Banach cic ham f = (], f5)

:T— R? lién tuc trén I d6i vdi chudn

I, = sugllf @l @D

f@| =A@ +HAE)] , f=(i.f)eV .

- V6i I < R ]a mét khodng khdng bi chin, ta ky hiéu V = Cb(I;Rz) Ia khéng gian
Banach cdc ham f =(f,,f,):/ — R? lién tuc, bi chin trén I d6i vdi chudn (2.1).

trong d6 |

Ta thanh 14p cdc gid thi€t sau:
(G1) g=(g1,g2)eV,
(G2) Ay, By 21— 1,1<k<m,i=121a cdc ham lién tuc,

(G3) =2 > (lax|+[bal)<1.

i=] k=1

~

Ta c6 cdc dinh 1y tdn tai, duy nhit va 8n dinh sau:

Pinh 1y 1. Dudi cdc gid thi€t (G1) —(G3), tdn tai duy nhdt mot ham
S =(f1,/2) eV la loi gidi cia k¢ (1.1). Hon nita, 10i gidi hé (1.1) ciing én dinh déi véi g
trong V.

Chitng minh: Ta v_ié't h€ (1.1) dudi dang phuong trinh todn ti¥ trong ¥ nhu sau:
(2.2) f=Af,
trongd6 [ =(/1,/2) » Af =((4N1,(4f);), véi
23)  (ANi(®) = L law /i (A () + b fr(By ()] + g,(x), x€ L, Vi =1,2.
- k=1

Tit cdc gid thiét (G1) —(G3), ta nghiém lai khong kho khin ring
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+ Af €V véimoi feV.
YAl <ol vaimai 1.7 er.

Do d6, st dung dinh 1y di€ém bat dong Banach, ta c6 duy nhdt mot feV sao
f = Af . Hon nita 18i gidi thu dugc ciling 8n dinh d6i vdi g. Thét vay, coi f,f €V 1ahai
18i gidi ciia (2.2) tuong dng véi g, g € V', 14n lugt. Pdnh gié tuong tyf ta c6
~ 1 2
-7, s;=;le-2l, - =24
Chii thich 1: Pinh 1y 1 cho mét thuit gidi xap xi lién ti€p

f(P) = Af(p_l) ’p = 1:2’--'v f(O) € V : (25)
Khi d6 day {fP} hoi tu trong ¥ v& 1o gidi f ctia (2.2) va c6 mot ddnh gid sai s&
P
“ o _ fﬂ S_?__“ FO_ Af(o)“ ,Vp=12,.. 8 (2.6)
Vol-e 4

Cha thich 2 :
(i) Trong trudng hgp A, ,By 1a nhi thic bic nhat theo x, dinh 1y 1 vdn ding véi
I=R.
(i) Trong trudng hop I = [-b, b] va 4, By 12 nhi thic bac nhat theo x nhu sau
{Aik (x) =c:‘kx+‘iik’ @7
By (x) = cyx+dy

trong d6 néu cdc s6 thuc ¢y ,dy,Cy.dy thda man cdc diéu kién sau :

leal <1, |eu] <1 ¢ ¥i=12 ¥lm, o o 28]
d, d,
[ <b, max —I—l;kl-sb. (2.9)
1<k<m ] — Icl.k | i<k<m | — |cik|
i=1,2 i=1,2

Khi d6 gia thiét (G2) diing. ®

Ta c6 k&t qua sau day suy tif dinh 1y 1.

Pinh Iy 2: Gid sit I = [-b, b] va cdc 56 thuc cdc 56 thuc cy,dy,Cy>dy théa min cdc
diéu kign (G3), (2.8), (2.9). Khi dé véi mdi g eV, ton tai duy nhdt f €V la loi gidi ciia hé
(2.2). Hon nita, 1o gidgi hé (1.1) ciing én dinh d6i vdi g trong V.8

3. THUAT.GIAIS0

Trong phin nay, ta xét I=[-1, 1] (b=1), va (G1)-(G3) thda ding. Ta dya vao thuit
gidi (2.5) ,ta viét lai

20



Tap chi Phat trién Khoa hoc & Cdng nghé Tap 3, S 7&8-2000

P = 2 lan A7 (A () + b /377 B ()] + 8ix), xe LV i =12, (3.1)
k=1

=0 (3.2)
Khi d6 day lip {/ "} hoi tu trong V v& 15i gidi f clia hé (1.1) va c6 ddnh gid sai s6
P
(p) _ .l _
63) P-4, s lely . =12
Duya vao (3.1), ta tinh todn cdc gi4 tri f!(p)(x f(p) tai mot s& di€m nut rdi rac.
xj=-1+jAx, 0Sj<N, Ax=2. (3.4)

Sau d6, ta ndi suy cdc gid tri  fP(x,) = f{" tai cdc diém nit (3.4) bdi cdc ham

spline bac nhit trén [-b, b] dua vao cdc diém nit xo, Xj, ..., Xx .

N
[P (x) = Z()J:-,‘-”’w,-(x) 3.5)
j=

trong dé cdc ham wy(Xx), wi(X), ..., wn(X) dudc xdc dinh nhu sau:

((x—xj_l)/Ax, Xy Sx<x;,
X0 —x)/ Ax, Xy SXESXuts
wj(x)=<( %) J #4l (3.6)
0 X¢& [xj—l!xj+l]:
L I<j<N-1
) (x; —x)/ Ax, ~HEX Ex;, a7
Wwe(x)= :
0 , X, =2x505
X=Xy, )/ Ax, X B ELH,
R (CEh . o
0, —bEXE Xy

Tix ddy, ta xdc dinh f(p} bing quy nap & budc lip p=1,2,...

f“” (3.9)

(p) Z[a,ka”p‘ wy (Ay (x; ”*‘%ng,_ wi(By (x; D]+ 8:i(x;),  (3.10)
k=1 =0

i=12, O<j<N, p=12,..
Ta dp dung thudt gidi (3.9),(3.10) trén vi du cu thé sau:
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Vidu : Xét [ =[-1]]

: ».1 1 X l x . 1
hHx )—I@fl(z) f(3 2)+100f(4 Z ﬁfz(?, 4)+g|(x) "
x x 1 x X .3
fr(x )—mfl(“) fl(i 3 f2(2 f(4 4)+g2(x}
trong dé
( 596 1 (x+)? (x 1)
gl()“400[7x"5 16 _(EJ'Z, }
< (.12)

go(x) =

i
Al o 3 399 4 (x+3) |
800 32 4

Cdcsd thuc ay,by,cy,dy,Cy,dy thod cdc gid thi€t (G3), (2.8), (2.9).

L3i gidi chinh x4c cda (3.11), (3.12) 1a
2

ff"(x)=§; f"m:% (3.13)

Tinh todn bdi thudt-gidi (3.9), (3.10) véi cdc budc lap p=1,2,.. sao cho

n;li‘“z{ f(P) f(P“I) 210"5

0<j<N

(3.149)

Sau d6, cho N tidng dan 1dn lugt véi N=5,10,15,20,...
Béng 1 va 2 sau ddy cho két qud so sanh c4c gid tri tinh todn fg(-p) = f‘.(p)(xj)vé‘i cdc
gid tri chinh xdc £,*(x,) tai cdc diém nit x 0SSN véi i =1.2,

Béng 3,4 cho thdy c4c sai s8 thay ddi theo s& niit N ting din.

Bédng 1: N=5

i flfip) | fl(ex)(xj) | Elj A fl(Jp) _fl(ex)(xj) |
01 -0.499812845532 | -0.5000000000 | 0.000187154468 |
11 -0.299827317055 | -0.3000000000 | 0.000172682945 I
21 -0.099979984082 | -0.1000000000 | 0.000020015918 I
I3 1 0.100162394744 | 0.1000000000 I 0.000162394744 I
I 41 0.3001987684511 0.3000000000 I 0.000198768451 I
I'51 0.500095930238 | 0.5000000000 i 0.000095930238 |

max E,; =1.99 - 04
0<j<N
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Bdng 2: N=5
1 g% B b - 1) | By =|f30) - 39 (x,)| |
I 01 0.250114518839 | 0.2500000000 | 0.000114518839 |
I 11 0.090077538333 | 0.0900000000 I 0.000077538333 |
I 21 0.010115787350 | 0.0100000000 I 0.000115787350 |
I 31 0.010128752052 | 0.0100000000 | 0.000128752052 |
I 41 0.090116595909 | 0.0900000000 | 0.000116595909 |
I 51 0.250078954427 | 0.2500000000 | 0.000078954427 |
max EZj =1.29E-04
0s jSN
Bing 3 Bang 4
N €;=max o<j<n Ej €;=max o<i<n Ea;
5 1.99E-04 1.29E-04
10 5.02E-05 3.84E-05
15 2.27E-05 1.44E-05
20 1.28E-05 8.86E-06

ON A LINEAR FUNCTIONAL EQUATION SYSTEM
Nguyen Hoi Nghia - Nguyen Kim Khoi

ABSTRACT : We consider the system of linear functional equations

(1) fi(x) =Y [aufi(4y () +by fr(By ()] + g;(x), xelcR, Vi=12
k=1

where I is a bounded or unbounded interval, g; : I —> R, Ay By :1 —>1,1 < k <m
,i=1,2 are given continuous functions. We prove the existence and uniqueness of solution of

the sytem (1). Numerical results are given.
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