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TOM TAT : Chiing t5i xét hé phuong trinh ham tuyén tinh thuéc dang sau ddy:
n

(1) Zagfj(Ay-(x))zgi(x), VxelcR, 1<i<n
=1

trong dé 1 la mdt khodng bj chdn hay khéng bj chén ciia R . Cdc ham g; :
I—> R, A4;:1—>1,1<i,j<n laliéntuc cho trudc; a;,1<i,j<n lacdc héng 56 cho

trisc; f;(x),1<i<n la cdc dn ham. Bai bdo thiét Igp két qud vé su ton tai va duy nhdt 1oi

gidi ctia hé (1).Két qud tink todn bdng s6 minh hoa kém theo.

1. GIGI THIEU
Trong bai nay, chiing i xét hé phudng trinh ham sau day

Zn:a,-jfj(Ag(x))=g,-(x), VxelcR, 1<igsn (1.1)
j=1

trong d6 / 13 mot khodng bi chin hay khong bi chdn cia R. Cdc ham g : I —> R,
Ay I —1,1<i,j<n 1alién tyc cho trude; ay, 1<i,j<n 12 cdc hiing sd cho trudc; fi(x),

1<i<n 13 cédc anham.

Trong [1] cdc tic gid C.Q.Wu, Q. W.Xuan, D.Z. Zhu di nghién ciu hé

fi(x)= i[a,—k A () + by fo (B (x)]+ g;(x), xe I=[-b,b], Vi=12 (1.2)
k=1

vdi m =2 ;Ay,By 14 cdc nhi thitc bic nhat thda diéu kién Ay (x), By (x)e I,Vx e I. Ciing
trdng [1] céc tdc gid dd x4p xi 13 gidi cia hé (1.2) bdi mét ddy qui nap hoi tu déu. Hon nita
15 gidi thu dudc ciing 6n dinh d6i vdi cdc ham g;(x).MOt trudng hgp ri€ng ctia(l.2) da cé
“4p dung vao viéc gidi hé phudng trinh hyperbolic [1].
Trudng hgp m = 1, I = [a, b, gi(x) = 0, céc téc gid trong [2], [3], [4] d& Khdo sdt sy
tdn tai va duy nhat 13i gidi trong khéng gian ham BC[a, b] cia mdt phuong trinh ham sau:
S(y=alx f(S(x)) (1.3)
Trong[5),[6],[7] ,ching t6i xét hé phuong trinh ham tuyén tinh(1.2).Béng cdch sk
dung dinh I diém bat dong Banach, chiing t6i thu dugc dinh Iy tdn tai, duy nhdt va 6n dinh
clia 19i gidi cia hé (1.2) d6i véi cdc ham gi(x), trong d6 I = [a, b] hodc I lakhodng khong bi
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chin clia R. Trong trudng hgp Ay, By 1a cdc nhi thic bac nhit va gy € C (1), I = [-b, b]

chung t6i thu dugc mot khai tri€én Maclaurin cda 15i gidi cda hé (1.1) dén c4p r. Hon nita,
néu gi(x) 1a cdc da thic bac r thi 15 gidi cia hé (1.2) cling 1a da thifc bac r. Gan day, mot s6
k€t qud ctia ching t6i trong [7] cling da phat trién cho hé phuong trinh ham v6i mién nhiéu
chiéu (Xem [8]).

Bai bdo gom 2 phan .Trong phan 1, trinh bay mgt s& dinh Iy tdn tai, duy nhat va én
dinh ctia 13i gidi cho hé phudng trinh ham dang (1.1). Trong phin 2 13 phin khao sat thut
gidi s0 dua vao thuét gidi x4p xi lién ti€p theo nguyen tdc 4nh xa co, k&t hgp véi xap xi bdi
cdc ham spline bic nhat. K&t qua thu dugc da tong quét héa cdc két qua trong [1-6], [9] va
mdt phan két qua nay da dugc cong bd trong [7],[8].Cudi ciing laphin thudt todn s& trén
cdc vi du cu thé.

2. SU TON TAI VA DUY NHAT LOT GIAT CUA HE (1.1)
Ta ky hi€u I=[a, b] hayI la khodng khong bi chin trong R.

- VGil=[a, b], ky hi€éu V= C(/;R") la khong gian Banach cdc ham F =Py pirs In)
:I — R" lién tuc trén I d8i vdi chudn

171, = @0

rong 46 /()| =i+ 4], & £ =frnfr) €V

- ¥6i I R 1a mot khodng khong bi chin, ta ky hiéu V = C,(I;R™) 1a khong gian
Banach cichdm f =(f,..,f,):1— R" lién tuc, bi chin trén 7 d6i v6i chudn (2.1).

Ta thanh 14p cdc gia thi&t sau:

GD)  g=(g1,+8,) €V,

(G2) A[-j :1 — [ lacdc ham lién tuc,1<i,j<n,

(G3)  4; tdntai ham ngugc 4, lién tuc, 1<i <n,

(G4)  a, #0,1<i<n,

(GS) a=> Y

Khi dé ta’ cé két qua sau:
Pinh Iy 1: Gid sit (G1) - (G5) la diing. Khi d6 t6n tai duy nkdt mot ham [ = (... f,)

€V laloigidicia hé (1.1). Hon nia 10i gidi ciia hé (1.1) ciing On dinh déi vdi g trong
V.
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Chitng minh: Tir gid thi€t (G3), (G4) ta vi€t hé (1.1) vé dang tuong ducng

fi0=-3 B 114,047 N+ 2[4 )] VxelcR, 1<ign. (22)

g#i aji

hay
ﬁ(x)=ia‘gfj[§y(x)] ¥ g, YxelcR, l<isn. (23
Jj=1

vGi

s e (24)
Sy (x) = 4[4, (2],

5= g4 )]
| o

1]

Theo cdc gid thiét (G1)-(G5) ta c6:
(G1) g=(8,8,)€V,

(G2) §;:1->1 ligntuc,

h n

@3 e=XY |&] <1.
i=1 j=1

Mait khdc ta dat

(Qf).-(x)=Zn:E,-jfj[§j(x)] + g;(x), VxelcR, 1<i<n, (2.5)
Jj=1

Of =((Q5(@Nn)s [ =15 Sn) EV .
Khi d6 ta ki€ém lai khong khé khin ring:
Q: V>V va "Qf—Q'fHHV Sa"f—f“V Vf,fe V.
Theo dinh 1y diém b4t dong Banach, ton tai duy nhdt mdt ham f = (f;,....f,) €V 1a
16i gidi cda hé (2.3). Hon nud 13i gidi clia hé (2.3) ciing 6n dinh d6i v6i g trong V.
Viy dinh 1y 1 dugc chitng minh hoan tit .

Chi thich 1: Nhd vao dinh Iy 1 ta xdy dung mdt thuét gidi xap x{ lién ti€p theo
nguyén tdc dnh xa co nhu sau:

P =gfrr D p-12.., f[Qer. (26)
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Khi d6 day {/ )} hoi tu trong ¥ v& 18i gidi f cda (2.3) va c6 mdt ddnh gid sai s&

[r -7, < Ig_”_a” rO-gr¥ . vp=12.. @7

3. THUAT GIAI SO

V& thuit gidi s trong doan nay, ching toi xét véi I = [-1, 1] va (G1)-(G5) dugc thda
min. Trudc hét ta tinh

{ o 3.1)
S;'j(x)= A;_';‘[Aii ()],

Z,(0)= aig (4,7 ()]

]

Duya vao thuit gidi (2.6) ta vi€t lai

n
P =X a7 PS80 + i),
j=1 . Vxelc R, 1g5isH, (3.2)

2@ =0, 1<i<n, xel[-Ll],
T thudt gidi (3.2) ta xdc dinh cdc gia tri rdi rac clia 18 gidi tai cdc diém niit
x;=-1+j&x, 0<j<N, Ax=%,. (33)

Sau d6 ndi suy cac gid tri tai cdc di€m niit (3.3).bdi cdc ham lién tuc trén [-1, 1] va
trén mdi doan [xj_l,xj],O < j < N la ham bac nh4t theo x, titc 1a

N
7200 =Y 7P i), (3.4)
j=0
trong do
!}P) =f;(P)(xj) (3.5)
((x-xj_,)/m:, Xj SxSxy,
w1 — X))/ Ax, B R
wy = RSN
0 x#[x; 1,% )
L A SN -1
) (%) =%}/ Ax, =} S x Sxp4 37)
wp(x) = A
: 0, X Sxsl
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(x—xN_l)/Ax, Xpa—1 stl,

WpaiX)= 3.8

A( ) {0, —-leSxN_]. ( )

Duya vao thuidt gidi (3.2), ta xdc dinh day quy nap y('P) theo budc 1lap p=1,2,.. nhu
v PR .

f,-j =0,i=...n,0£ /<N, (3.9)

n N -
= ay Y [ w S, )+ 8i(x), i=Lun, 0<jSN, p=12,..  (3.10)
k=1 1=0

Ta dp dung thuét gidi (3.9),(3.10) trén vi du sau:

Vi du : Xét hé 3 phuong trinh v&i 3 4n ham sau:

1
100 £, () + f{%} + 3 (3?1] = g(t),

< f](%L 2001, (¥7)+ f;(?—%ﬂ] = &,0), (3.11)

/

(t +1)?

,f,(_cost)+f2(sint)+300f{ —1] =gi(1), -lsr<l1

N

trong d6
g](t)=100r3, gz(t):%(t—l), g3(1) = cost. 3.12)

L3i gidi chinh xdc ciia (3.11), (3.12) 1a
=6 fLO=r70=0. (3.14)

Ciéc s thuc a;;, cdc ham 4; (1), g; (1) thda céc gia thiét (G1) - (G5).

i

Vi€t lai hé (3.11) vé dang (2.3) nhu sau

e boa[HRal) A (e}, L oo
fi(x)=- ﬂ[ J" fs( J+1008.(~[;)=

00”2l "2 ) 100 3
.3 -1 1 (2x*-1) 1 _
|2 (¥)= 200f'[ 2 J 200f3( 3 J+2oog2(x ) 3.15)
fi(x)= —5(1)6f,(cos(—l+ J2(x + l)))—ﬁf2 (sin(—-] +42(x + 1)))

+ﬁg3(—l+,/2(x+l)l “1<x<l

.
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Tinh todn bdi thuit gidi (3.10) vdi cdc budce ldp p = 1,2,... sao cho

(P) _ £(p-D| <106
max | /7 - f7D| <107C.

0<j<N

(3.16)

Sau d6, cho N ting dan lin lugt véi N=5, 10, 15, 20. Bang 1,2,3 cho két qud so sdnh
gi4 tri tinh todn fij(.‘”) vdi gid tri chinh xdc £, (x;) tai cdc nitx; véi i=123vaj =0, ..,

N. Bdng A cho céc sai sd thay ddi theo s6 niit N ting dén.

30

Bang 1: N=5, max E,; =2.47E-10
0<j<5
o AP AT By =P - A
1j LA 1 1j -\
I 0 1-0.999999999753 | -1.000000000000 | 0.000000000247 I
I 11-0.599999999771 | -0.600000000000 | 0.000000000229 I
I 2 1-0.199999999824 | -0.200000000000 | 0.000000000176 |
I 31 0.199999999982 | 0.200000000000 | 0.000000000018 I
I 41 0599999999984 | 0.600000000000 | 0.000000000016 |
I 51 0.999999999985 | 1.000000000000 | 0.000000000015 |
Bang 2: N=5, max E,; =3.82E-11
0<j<5
o AY ) By =) - ()
2j 2 if 2j 2j 2 J
I 0| 0.000000000038 | 0.000000000000 |  0.000000000038 |
| 11-0.000000000033 | 0.000000000000 |  0.000000000033 |
I 2 1-0.000000000035 | 0.000000000000 |  0.000000000035 |
I 3 1-0.000000000035 | 0.000000000000 |  0.000000000035 |
I 4 1-0.000000000037 | 0.020000000000 |  0.000000000037 |
| 5 1-0.000000000033 | 0.000000000000 |  0.000000000033 !
Bang 3: N=5, max E3; =3.82E -11
0<,<5
1j | A0 e ) By =AP - ()
I 01 0.(500000000038 | 0.000000000000 |  0.000000000038 |
I 1 1-0.000000000033 | 0.000000000000 |  0.000000000033 i
I 2 1-0.000000000035 1 0.000000000000 |  0.000000000035 |
| 3 1-0.000000000037 | 0.000000000000 |  0.000000000037 I
I 4 1-0.000000000036 | 0.000000000000 |  0.000000000036 |
I 5 1-0.000000000029 | 0.000000000000 |  0.000000000029 |
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' Bang A 1 Bang A 2 Bang A 3
N _ e = Orsr.lﬁ_:)]{\f Ey; en Ofsngfv E,; ey Ofgjg Es;
5 2.47E-10 3.82E-11 3.82E-11
10 3.28E-10 3.07E-10 3.07E-10
15 2.97E-10 4.06E-10 4.06E-10
20 4.77E-10 6.13E-10 6.13E-10

NUMERICAL SOLUTIONS OF FUNCTIONAL EQUATION SYSTEM
Nguyé&n Kim Khoi - Nguyen Hoi Nghia

ABSTRACT : We consider the system of linear functional equations
3 :

Da;fi(4;(x)=gi(x), VxelcR, 1<i<n (i)

J=l

where I is a bounded or unbounded interval, g;: I - R, A,-J- A —>1,1<i,j<n are the

given continuous functions. We prove the existence and uniqueness of solution of the system (1)
. Numerical results are given.
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