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XAP XI NGHIEM CUA HE PHUONG TRINH HAM
TRONG MIEN HAI CHIEU

Nguyén Hgi Nghia
Ban Pio tao Sau Pai hoc, Pai hoc Qudc Gia TP.HCM
(Bai nhdn ngay 28 thdng 1 nam 2002, hoan chinh siia chita ngay 04 thdng 3 ndm 2002)

TOM TAT: Trong bai bdo nay ching t6i xap xi nghiém f =(fj,f;) cla hé phuong trinh
ham
2
fi®) =Y a;fj(bx+c;)+gi(x), i=12,
j=I
xe Q={x=(x,,x2)eR2:nx”] =|x|+|xa| <13,
bing mot diy cdc da thic hoi tu déu, trong d6 g, : Q@ — R la cdc ham lién tuc cho trudc,

a;,b; € R, c; € R? 1a cdc hiing s8 va cdc vectd cho trudc thda cdc dieu kién

& “C"J"Hl
3 maxa,-j'<l, b,-j’<1, fighx st

o 1sis2 iF 11— |b,.j

1. GIGI THIEU

Trong bai bdo nay, chiing t6i nghién cifu hé phudng trinh ham hai chiéu sau day:

2
f;‘(x)=Zaijfj(bg'x+cg)+gi(x)» (1.1)
j=1

xeQ={x=(x,x;)eR? |, =|x|+]xs| <1},i=12,

trong d6 g, : Q@ — R 12 cdc ham s8 lién tuc cho trude, a

e
ag| <1, [py<1, i ln_ﬂl‘

2 - 9
lj,b,j ek, Cy € R* cho trudc thoa

cdc diéu kién

2
Jlay]] = ;1 fuliy

1<j<2

. P (1.2)

va f;:Q —> R la cdc 4n ham.
Trong [1], cdc tdc gid C.Q.Wu, Q.W.Xuan, D.Y.Zhu da nghién cttu hé (1.1) cho mién
mot chigu ing véi Q =[-b,b], cu thé 1a hé
f1(x) = ay fi(byx +cy) +app fr(bpx +¢pp)
+ay3 [ (by3x +c¢y3) + 81 (%),
f2(x) = ay fi(by1x + ¢q1) + ap fi(bypx +¢2;)
+a53 2 (bp3x +c33) + 82(x),

(1.3)
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véi moi x € Q =[-b,b], trong d6 céc hiing s8 a;,b;, ¢;, b cho trude thda cdc dieu kién:
1
Iby] <1,

es]
b= max [ i

3
max ( Z‘aij’ y<1,
=i

(1.4)

~~

I

cdc ham s6 g, g, lién tuc cho trudc va f;, f5 1a cdc dn ham. Nghiém cla hé (1.3) lic nay
ciing dugc xap xi bdi mot day qui nap hoi tu déu va 6n dinh déi véi cdc g;.
Trong [5,6], cdc tdc gid N. H. Nghia, N. K. Khoi da xét cac hé phudng trinh ham cu
thé d€ tién hanh kiém tra c4c thuit todn so.
Trong [5] dd xét hé hai phuong trinh ham:

( 1 % b o% 1]
fl(x)—ﬁf1(§)+%f1(§+5)
1

1 ¥ 1 |
o A e Nt P e )
100f2(4 4) {00 f2(3 4) g1(x)

. (1.5)

1 X 1 x 1
-fz(x)ﬂﬁfl(z)JrEaaf;(EJrg)

1 X 1
+— () +—
| 100f2(2) 200

f2(§+%)+82(x),

vGi moi x € [-L1] , trong do

1159% 1 (x+1)2 [x 1)
X)=—| —x—-—- —=+=1 |
&1 400[3 2716 (3 4
] - (1.6)
1 2 399 , (x+3
WL T8, O, SR ot
&209 soo{ TR N ( 4 ]
Hé nay c6 nghiém chinh xdc la
X x2
fa(x)='52 fz(x)=T- (1.7)

Trong [6] da xét hé ba phuong trinh ham dudi mdt dang khéc:
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(

100 £, (r3)+f2(t—;1)+1’3[%} =g (1),

<ﬁ(%?)+ﬂﬂﬁ@ﬁkj{2%j)=gﬂ0, (18)

E+1*
2

f,(cost)+f2(sint)+300f3[ —1J=g3(t), -1<1<1

trong doé
g,(t)=10013, gz(t)=%(t—l), g3(f) =cost. (1.9)
Ldi gidi chinh xdc clia (1.8), (1.9) 13

0=t fLFO=77@10=0. (1.10)

Trong [2], cdc tdc gid N. T. Long, N. H. Nghia, . V. Ruy, N. K. Khdi da nghién citu
mot trudng hgp riéng cia (1.1) véi Q =[-b,h] hay Q la khodng khdng bi chiin cia R .

Bing cdch sit dung dinh 1y di€m bat dong Banach, cdc tic gid trong [2] dd thu dudc két
qua veé sy ton tai, duy nhét va tinh dn dinh nghiém cla hé (1.1) di véi cdc ham g,. Véi gia
thi€t geC"(;R") va Q=[-b,b] trong bai bdo [2] di cho mot khai trién Maclaurin cla
nghiém ctia hé (1.1) cho dén cdp r. Hon nita, néu g; 1 céc da thiic bic r, thi nghiém f cia
hé (1.1) cling la da thic bic r. Con néu g; 1a cdc ham lién tuc, nghiém f s& dugc xap xi
bdi mdt day cdc da thic hoi tu déu. Sau d6, cdc két qua trén diy di duge md rong trong [3.,4]
cho mién Qc R”. Ngoai ra, trong [3,4] cting dua ra mot diéu kién di vé hdi tu bac hai cia
hé phuong trinh ham.

Trong bai bdo nay. chdng toi trinh bay mét cong thie tudng minh biéu dién nghiém
cia hé (1 D) wrong trudng hgp g; 12 cdc da thic. K€ d6, néu g; 1a ham lién tuc, nghiém f
cua (1.1} s8 dude xap xi bdi mot day cdc da thitc hoi ty déu. Mot s6 két qua cu thé thu dude
trong hai vi du vé ham g;. Hy vong riing diéu nay s& 1am ro thém cdc k&t qua trong [1-6].

2. CACKY HIEU

Ky hiéu X = C(Q;R?) 1a khong gian Banach cda cdc him s&
y

f=(i.f) Q> R?

lién tue wén Q  d6i vdi chuin

Iy = 5-_“!1;(|f1 @) +| /). 2.1)

Mét €iém trong R? duge ky hiéu bdix =(x),x,). Ta goi @ =(a,a,) € Zf 1a mot da

chi 6 va ky higu x* d€ chi don thic x{"x32, c6 bic ]a| =a, +a,.
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|e]
Tuong tf, néu D = véi j=12,thi D* =D D}* . ky hiéu mot todn
ax ; dx{ 1S

tlt vi phan cp |a|. Ta cling ky hidu a!=a;!a,!.
Cho hai da chi s8 a = (a},a,), 8 = (B}, 5,) € Z2.
Taviét @ < B cénghiala a; < f3;, Vi=1.2.

a g _ B po!

Ca= = :
P al(B-a) (B -a) ay!(By —ay)!

Tuong tu, véi s6 nguyén khong am m , ta dit
C™(QR*) ={f = (i, ,) e C(4R?): D* f; e (4 R),

a| =m,i=12}

C™ (€ R?) ciing 1a mot khong gian Banach déi véi chudn:

2
flm, 2, =maxsup Y |D£;(x)|. (2.2)
| |C (R |afem xen,z:f‘ l l
Ta viét hé (1.1) theo dang ctia mdt phuong trinh todn ti trong X = C(C:R?)
F=Bf+g i
trong do
f=0h.12) . Bf =((Bf )1,(Bf)2)
2
vei (Bf)i(x) =D a; fj(bx+c;), i=12, vdimoi xeQ.
J=l
3.SUTON TAL DUY NHAT VA XAP Xi NGHIEM
Ta thiét lap cdc gia thiét sau:
(H1) g e X = C(% RY),
(H2) Céc s6 thuc a;,b; € R va vectd ¢; € R* thda cdc diéu kién
2 s
”[“ij][l =3 maxla,-j‘< 1, bffl <1, max " Uul £1. (3.1)

parg 92

Pinh I§ 1: Gid sit (H1) - (H2) la ding.Khi d6 ton tai duy nhat mét ham [ =(f,f>) € X la
16 gidi ciia hé (1.1). Hon nita 10 gidi ciia hé (1.1) ciing 6n dinh déi véi g trong X .
Chitng minh ¢6 thé tim thay trong [3].

Sau diy ta s& xét cdc trudng hgp khdc nhau cia g;(x).

3.1. Khao sdt truong hop g;(x) la da thiic.

Ta xét g;(x) 1a da thic theo hai bi€n ¢6 bac nhd hon hay bing »
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gi(x)= Y dyat'= Y  dxlxn", i=12. (3.2)
7|~ y=(n.r2)eZ} - .
r|+y25 ¥

Theo mot két qué trong 73], nghiém ctia hé (1.1) ciing 12 c4c da thic c¢6 bic nhd hon
hay béng r. Ta tim nghiém cda (1.1) theo dang

=Y epa’= Y e, 1=12. (3.3)
|r|<r r=(n.r2)€Z?
y|+rzs r

Thay f;(x) vao (1.1) ta thu dugc (cy,,c,,) ,|y| <r la nghiém ctia hé phuong trinh
tuyén tinh

Zau Scrllere,, =d,, i=12,<r. (3.4)

v<y
Irl<r
Gidi h¢ (3.4) ta thu dugc (cy,,¢p,).V| < 7.

Clui thich 1: D€ c¢ thé hinh dung nghiém cy thé clia hé (3.4), ta c6 thé gid st c; =0.Khi dé
hé (3.4) dugc viét:

Za,jb,lfl ¢;y =diy,i=12,]y]<r. (3.5)
Gidi hé (3.5), ta dugc:
. (1 -aybi)d,, +anblydy,
1 ]
r, (I-a nbllrll)(l azzblzgl) a,zaﬂb!;lblz’;l
w gl 171 [ B
o aybyd,, +(1-a,by)d,,
2y T ’
Toa- anb!li;l )1 _azzbgl alzazlb!rzlblzﬁl
| sr.

3.2. Truong hop g =(g,,2,) € CI(Q,R?)

Goi f =(f;,/>)1a nghiém da thic cda hé (1.1) twong tng véi g = (&,,8,), trong d6:
- 1
g:(x)= Z _;D?g‘,(o)xr

plsa-1 7
..
= 2 l1 'x a)’ g’}’ (030)x|y|x2n’ i=he. L0
r=(nrpezt Y1720 Oxloxy?
71+r25g-1

Theo két qua trong (3], sai léch giita hai nghiém £, f cda hé (1.1) Ian lugt, tuong
ting véi g, g , duge cho bdi danh gid
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-1, < >, 68

1-| Iia lll
trong do
fi®= Y, i=112, (3.9)
=
(1 azzblzgi) D’g|(0)+a12b|[}j ” Drgz(())

Clr =

2

¢! anblri)(l azzb ) auaz;blﬁ'blﬁl

1 i F (3.10)
aybfl g (0)+(1- ab) =~ D 8:(0)

CI?‘ =

(1-a,b Hl)(l —anb lz};l) auaz]bel{]I

9] ""'1.

3.2. Truong hop g =(g,8,)e X.

Theo dinh 1§ Weierstrass mdi ham lién tuc g; c6 thé x4p xi bing mdt ddy cdc da thic
hoi tu deu P19 khi bac g — +e0. Do d6, Pl9)= (B9 P,191) hoi tu trong C(R?) vE g khi
g —>+0.Goi 19 12 1di gidi da thic cda (1.1) wong ung vdi g= P4,

Mt khic, tit cdc hé thic f=Bf +g, f9 =B 794+ plal tasuyra ring:

i f[ﬂﬂ B(f - f[q]) +g- plal.

Do d6
-7, <tsllr -7, +e- 21,
feall—7o, Je-rl,. e
ta suy ra: .
‘ 1_|{a ]”Hg P‘?“ 50, khi g = 4. (3.12)

3.4. Hai truong hop cu thé véi ham g = (g,,2,)

a) Ta xét mot vi du cu thé v6i ham g =(g,,g,) nhu sau:
4+i )
gi(x)=gi(x), %) = —————, x={x, %) Q,i=12. (3.13)
4+l—xl _X2
Ta vi€tlai g;(x) nhu sau: ’

® 1 L o) o
2,(x) = x!H Z(“”Z) _qz(xl*_sz +Z[x’+’fzj- (3.14)

- ) 4+ =0 44i s 4+

4+i
Chi ¥ ring
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. ; !
(x; +x,) = Z - . xlhx ZM

|
n+ra=j n'ra! rl=i ¥

SEE S 1.V

j=0 44+ =0 (4+;)J |}’|=j }"
= |
Z Zl ! = Y %ng 0)x” . (3.15)
=0 it (4+1)|”| ng V4
Pit
g-1
Plm=y Y1 ik s (3.16)
J=0 Y4+
ta co
gi(x)- p[q}(x)' Z(x1+x2] Z " ||J Si 1
g A+ i@+ iT(4+iy
1
= -V Tt Y el {(3.17)
G +i)(4+0)T ak
Do vdy
le-7], —supZ|g,(x) PIOx)
xeQ) ;=
- + L gl — 0 khi g > +o (3.18)
Tt sgel gl s ' '

Ta goi }*{ql=(}“-]141j2{q]) la nghiém da thic cia hé (1.1) tuong dng vdi
g= P[‘i’] = (P‘[Q],P?_[CI])_ Vf.iy:

?Eq]z(ﬁ{ql,fz[ﬂ), }:i(x)z Zciyxy’i=l’2’ (3.19)

MSq-I
trong do, cdc hé sd (c1ys€2y) s ]yl < g -1 1a nghiém cida hé phuong trinh tuyén tinh(3.4) ing

véir=qg-1va

_ __ A
& —ﬁDrgi(O)_ y!(4+,-)|)’| , |y|$q 1,i=12. (3.20)
tuc la
—iau yerptere,, -—w-—"’l! f= -1, (321)
il Vi(d+ i)
=
Ta suy ra:
1-
lr-79 < ——le-» “ G0 n Mg s, | (B29)
X 1-||[a 1=Jia 1" =[]
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Chii thich 2. Néu c;j =0 thicdc hé s0 (Cy+€2y) s lyl < g -1 dudc tinh theo cdng thic (3.6)
véi

¥ |
D”g;(o)— i R Jlsg-1,i=12, (3.23)
+1)
tic la
(1-anh)) | anbl]
I S g
LA bl ] Tk
r: (l-a“b” )(l—azzbzz)“alzazlbxzbzl
b (3.24)
a2lb!2}1| (1—a1|bl};l)
Il s 6"
Cz}, =—X s
H (l_allbl - azzbl l) aIZaZIbl |b|21’]|
; |y|£q—l. )
b) Ta xét mét vi du khdc véi ham g =(g,.£7) nhl_r sau:
X +Xx3
gi(x)=g(xpxa)=e M | x=(x;,x)eQ,i=12. (3.25)

Ta viét lai g;(x) dudi dang:

J
g:(x) = Z ["‘”2] P[‘”(x)+zl,'(f“—xf2], (3.26)

et | 1+i
1 1 1
véi Pw= ¥ — " = Y —D'g(0)x". (3.27)
lr|<q-1 7" (1+1) |7l<q17
ta co
» j
_ N {q] B i x,+x2
gi(x)—F (x)| 'E,r[ 1+i )
o [ " /1+:)
= Z < , Vx=(x,x)eQ.

e M+ g '(1“)1 g'(1+i)?

Do dé
e-], -sup2|g,(x) Pl )

x//e%

— 0 khi g = 4. (3.28)
gl29 q' 3 gl
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7[‘11 » (7‘1[4],72[4'})’ .Z(x) ” chyxr =12, (3.29)
lrlsq-1
trong d6, cdc hé so (c1ys€2y) ,)f| < g -1 1a nghiém cda hé phudng trinh tuyén tinh

2
’ L .
e -Ya; Yerllerve, jr = i=l2M=g-1. (330
j=1 v<y vi(1+1)
|y|Sq!

Khi d6 Ve
,, 1 1 :
-7 < m“é’ -] < 1 lag)] a2

— 0, khi g > +0.
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APPROXIMATION SOLUTIONS OF A SYSTEM OF
FUNCTIONAL EQUATIONS IN A TWO-DIMENSIONAL DOMAIN

Nguyen Hoi Nghia
VietNam National University — HoChiMinh City
(Received 28 January 2002, Revised 04 March 2002)

ABSTRACT: In this paper we approximate the solution f = (f},f3) of the following system
of functional equations

2
fi®) =Y a; fi(byx+cy)+gi(x), i=12,
Jj=1

xeQ={x=(x,xy) € R? :"x"l = lx,[+|x2| <1},
by a uniformly convergent polynomials sequence, where g; :Q — IR are given continuous

functions, a;,b; € IR , c; e IR* are given constants and vectors satisfying the followin
ij if g ying g

e

ij 1-|p

{'j ]
conditions

<l

S el e, ] <l <t
' i

o 1sjs2
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