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CONG THUC NOI SUY

NEWTON-LAGRANGE DOI VOI
TOAN TU KHA NGHICH PHAI

Céc bhi tokn ndi suy c8 di€n di dugc nhitu nhi todn hoc ndi tiéng nghién cdu, nhu Lagrange,
Newton, Hermite... Tuy nhién, cho dén nay, bdi todn ndi suy tdng quit vin chua dugc gidi quyét
tron ven (xem [1] - [5]). BAi todn ndi suy t8ng quét 45i véi l6p todn td kha nghich phdi di dwoc
Prseworska-Rolewics 1] - (2] 4§t ra vA nghién ctu vdo ndm 1988, Tiéu chuln cin vi dd 4& bai
tokn ndy c6 nghi¢m duy nh&t di dwgc Nguyn Vin Miu gidi quyét nim 1990. T4t cd cic két qud
trdn déu dugc gidi quyé&t dudi gid thiét 1A cdc todn t& ban dBu da cho tinh chét (c) twong ty nhw
chc tinh chft co bin cda todn td ban diu Cauchy cho dao him c8 dién. Trong [6], ching $3i da
cho di¥u ki¢n cin vA dd 42 bai todn ndi suy Lagrange t3n tai vi duy nh&t nghi¢m khi c4c todn t&
ban d%u khdng thda min tinh chét (c) vd xiy dyng cdng thérc ngi suy Lagrange duéi dang hién.

Trong bdi ndy, dya vdo cic két qud cda [6], & dwa ra cdc tidu chulln d€ bii todn ndi suy hén
tpp Newton-Lagrange c6 nghiém duy nh&t. Ngodi ra chdng t3i ciing trinh by chi tiét thult toén
42 \\m nghigm twdng minh cda bdi todn ndy.

1. MOT VAI TINH CHAT CO BAN
CUA TOAN TU BAN DAU

Gib st X 1A mdt khdug gian tuyéu tinh trén trudmg 88 thye hode phére. Goi R(X) 1A t§p &t
cd céc todn tir khd nghjch phdi tdc ddng trong X va cé nghich ddo phdi x&c djnb trén todn khéng
gian X. D&i véi m8i D € R(X) ta ky hi¢u Rp 1 tip t&¢ cd cdc nghich ddo phdi cda D vd 7p Id
tp t8¢ cd chc todn td ban diu cda D:

To={Fe€LyX): FX=ker D, F=F, 3 FR=0).
RERp

V3 sau, ta ludn ludn gid thidt dimkerD = 3, 0 < s < c0. Néu R€ Rp vd F € Fp sao cho
FR =0 thl ta néi F 1A todn it ban diu cda D dmg véi R.

Dinb nghia 1. Giksd D € R(X) vd R € Rp. Todn t ban diu F, (khdng ¢ng véi R) dwgc
goi 1 todn t& ban d%u ¢6 tinh chit ¢(R) néu tdn tai chc hing 83 ¢, sao cho



FoR*s = (co/kl)s v&imei s€ker D, k€ N.

K¢ higu: Py(R) = lin{s,Rs,..., RV ~'s, s € ker D}. D& thiy rhng Py(R) C ker D¥. Néi
chung, trong trudmg hop téag quét thl Py(R) # ker DV. Ta cb chc tinh chbt sau 48i véi che toba
td ban d3u cé tinh chit ¢(R).

Dinh 1§ 1 ([1]). Tp hep t& cb cke tokn ti ban du Fp c6 tinh chit c(R) khi vh chi khi
dim ker D = 1. .

B8 & 1. ([6]). Pv(R) = ker DV khi v chi khi dim ker D = 1.

B8 A& 3. ([6]). Néu 1 < dim ker D = s < oo thl tokn t& ban d%u F, cé tinh cht ¢(R) khi
vd chl khi v&i m8i co o& (e,¢3,...,¢,) cda ker D ta d8u 6

Fok‘e,-ard.e,. dy A hdnged, k€N, j=1,...,s.

Dijnh nghia 32 ([3]). H§ céc todn t& ban du (F},..., Fx) dwoc goi A 43¢ 1§p tuyén tinh trén
Px(R) néu

N ’ i
Zﬂ,-ﬂuao vé6imoi u € Pn(R)

i=1

kéo theo f, = --- = fy =0.

Dinh nghia 3 ([6]). H§ cic todn t& ban diu (F,,..., Fy) dugc goi 1A d3c 1§p tuyén tinh
manh trén Py(R) khi va chl khi t3n tai mét co s& (e;,¢3,...,¢,) cda ker D sao cho

N
Z Bi Fiu; = 0 v6i mgi u; € Pnj(R) := lin{e,, Rey,..., RN "e;}

i=1
kéotheo Sy = B3 = - =Sy =0.
Ta thiy ngay tir dinh nghia suy ra h§ todn t& ban diu déc 13p tuyén tinh manh trén Py(R)
€ kéo theo d9c 1§p tuyén tinh trén Py(R). Néu dim ker D = 1, thi hai kh4i niém ndy trang nhau.

Vi dy 1. Xét X = C(R) trén trudng phic D = d?/de?,

(RX)(t) = // z(v)dudv, ker D = lin{e,, ez}, ey =1, e5 = ¢,

0 0

Pa(R) = lin(s, Rz) = a(d, + dat) + b(d,?/2 + dyt®/6), a,b,dy, d3 € C. Gik ok Fy, F; 1A hai todn
t¢ ban d3u dugc dinh nghia nhu sau

(Fiz)(¢) = z(0) + z'(0)¢,
(Faz)(t) = %[z(l) (1)) + %{:’(n) (-1t
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Khi 46 céc tokn t& Fy vd F; ddc I1§p tuyén tinh manh trén P;(R). Thit viy, Psy(R) = lin(ey, Re, ),
Pza(R) = lin(!z, ch) vd (0’1 + ng)(d;el + d3Re,) = ad, + b(d, + d3/2) = 0, Vd,, d; kéo theo
a=b=0, (aF, +bFa)(dies + daRes) = [(a + b)d; + (b/2)da)t = 0 kéo theo a = b = 0.

Tir 46, theo nh§n xét & trén ta ciing cé F), F; ddc 1ip tuyén tinh trén Py(R).

2. BAI TOAN NQI SUY NEWTON-LAGRANGE

a. N§i suy Lagrange. Tim nghi¢m cda phwong trinh D"z = 0 thda min céc ditu ki¢n

Fiz=u;, u,€ker D chotruée, 1=1,...,n.
Trong [6] di cho ditu ki¢n ckn vd dd dé bdi toén ndi suy Lagrange c6 nghi¢m duy nh&t dwéi dang
sau: ‘

Dinh 1y 3: BAi toén ndi suy Lagrange tdn t3i duy nhit nghi¢m véi mei gid tri ban diu
ui(s = 1,...,n) khi vd chi khi h¢ céc todn ¢k ban dBu (Fy, F;,..., F,) ddc 1§p tuyén tinh manh
trén P,(R). *

Cé8ng thérc ndi suy Lagrange dugc tinh theo lwge d3 sau diy. Gik ot (¢,,...,¢,) A co & cda
ker D. Khi 46: .'

F.R'c, = Z ﬂo’bjm‘nu

m=l
1)1 )
p‘ljm - ﬂln—lh’m.ia#p Yy, = Z u;i—l)c#u‘lﬂ
, (™
s = Z ':wu’m E= (p'))i,,-l.....ou'

uwl

Nghidm cda bii tokn ndi suy Lagrange dugc tim duéidpng z =39 + Rs, + - + R~ 's,_,,
trong d4 s; cé dyng (1) 1A nghi§m duy nhbe cda h§ dpi o8 tuydn tinh: £5 = 4, F = (s},...,5.,),
U= (w0 0uh,).

b. BAi todn ndi suy Newton. Tin nghi§m cda phwoug trinh D"z = 0 thda mén cée
didu ki§n bién h8n tpp dang F,D'z = u,, u, € ker D cho truéc, F, 1A chc tokn td ban diu tdy ¢,
t=0,...,n-1, y

Djnh Ig 8. ([2]). Bai todn ndi suy Newton ludn ludn ¢6 nghi¢gm duy nh&t vid nghi¢m duwec
tinh theo cdng thic

s=RR,..Ry 1un-1 + Rouy ... Ry qu, 3+ - + Rou; + ug.

c. BAi todn ndi suy Newton-Lagrange.

Ta xét bdi todn ndi suy h8n tap sau diy: Tim nghiém cda phuong triuh DV z = 0 thda mi
chc dilu kifn sau didy:
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Fz=vy;,, 1=0,...,n-1, (2)
FDz=w, s=nn+l,.. . N-1. (3)

Nh§n xét ring khi n = 1 thl ta dwgc bdi todn Newton vd khi n = N thl ¢& thu dwgc bii toén
Lagrange.

Dya vdo c3ng thérc khai trién Taylor-Goncharov ta ¢6 thé tim nghiém cda bdi todn duéi dgng
sau:

N-1
zxz R's; + Rz, + Z R*R,....R; ,3,, 3, €kerD, (4)
=0 1=ntl
R € Rp cho trwéc R,,..., Ry, € Rp & chc nghich ddo phdi twong éng véi che todn t& ban diu
F'Il"'lFN—l'

b
N -1
zo= R'u, + Y R'R....R, v, (8)
Juntld
n-l
:=:o+z R'aj. (o)
=0

Khi 46 d& ding kiém tra rlng F, 'z = F, D'z, = u,(s = n,...,N = 1). Viy chl cdn xéc djnh céc
nghidm thda min céc dieu kign (2)

Ttr didu kién (2), suy ra

n-dl
Fi(z0 + Z R'3)=u (1=01,....,n-1),

)=0
hay
YRR =8, @ = u - P (7)
=0
Dinb ly 4. Bii todn ndi suy Newton-Lagrange cé nghiém duy nhit véi moi gid tri ban dlu

u,(s =0,1,..., N ~ 1) khi va chi khi b§ cdc todn ti ban diu {F,, F,,..., F,_,) ddc 1§p tuyén tinh
manh trén P,(R). Khi d6 nghi¢m cda bai tokn duge tinh theo cdng théc sau:

z—Z Rz, + R"u, + Z R*R,, ... R, ,u,,

J=0 J=ntl

trong 486 R € Rp cho trwée, R,,...,Rn., € Rp A céc nghich ddo phdi tuomg démg véi
Fu,....Fn-1, 85 c6dpng (1) 1A ngluém duy nh&t cda hé dai 88 tuyén tinh

Ei=0, 5=(s,...,2,)", = (u,...,un)".
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Chémg minh dwgc suy tryc ti€p tir cdc djnh ly 2 va 5 va dieu ki¢n (7)
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NEWTON-LAGRANGE INTERPOLATION
FORMULA FOR RIGHT INVERTIBLE OPERATORS

The general interpolation problems induced by right invertible operators were investigated by Prze-

worska-Rolewics and Nguyen Van Mau. All results of those authors based on the property (c) of a given

system of initial operators.In |6],we obtained a necessary and sufficient condition for Lagrange ini rpolation

problem to have a unique solution without the property (c). In this paper we apply this result to study

mixed Newton-Lagrange interpolation problem.

Khoa Todn - Co - Tin hgc - DHTH Hd Ngs

.

12



