DANH GIA CHINH XAC CHUAN CUA MA TRAN NGHICH BAO
TRONG HE PHUONG TRINH XAC DINH Spline logi IV
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Vign Khoa hoc tinh todn va Bidu khién

Nhung niim gan ddly Spline dugc su' dung rét nhidu trong gidi tich s6( xem[1), (2], (3]), bdl VI Spline 1a cong
cy ndl suy c6 db chinh x4c cao, qué trinh tinh todn dé x4y dung Spline Igl rét don gian, dic biét ia trong trudng
hdp Spline bic ba. Trong truding hop nay Spline cdn c6 mét dic tinh t&t nua 1 sal 88 & mdt khu wjc nao d6 anh
huding rét & dén cac khu vijc khac. So di Spline bic ba c6 dac tinh nay 1a Vi ma trdn trong h$ phuong trinh xéc
dinh n6 1A ma trin ba dudng chéo trdl. Thét vAy, cho mét U6l ddu A trén doan [a,b)

b-a
A ={@8=X0Xt.Xn=b}xi=xl+hi=01.,nh=—; L= Xiy+h
n

Cho glé tr) cua ham f(x) trén 18I A : t(xA). | = 0,1,... n. Khi d6 ma tran A trong h¢ phudng trnh xéc dinh

Spline S(x) bac ba, ndi suy ham f(x) trén lu6l Acéd dang sau:
a0 T
1 4 1‘ 0
3TN
o 1 4 1
XU y(i)

g day | dic trung cho loai cua Spline (xem [11)} =1, I, IV; mIa sé chidu cua ma trdn Agn”. V6l ma trén A‘m”

dang (1) thi hg phudng trinh

AVT =T, % = (xax20 Xm) , f = (h, f2... fm) @
c6 thé gial blng phudng phap ta;:y dubi (xem [2]). Thét vdy, ti phudng trinh dBu cua (2) ta cé:
, B 1
Xi= pix2 + qt, p1= p‘tl B 1 = q%n = e— 3)
o N
Béy glt ta dat: _
Xl = pxi+1 +q, 1 =12.,m-1. 4)
Khi d6:
1
pio=- G = -pi( fi- g1)d=23,...m-1. (5)
4 +piq

‘th':é ma trdn A o dang (1) 0 [4] da chihg minh rdng sal s6 & mét khu vuc anh hudng rét it d&n cac khu
vue khéc.

Trora? trdda\)g hdp sbmne loal | (hodc loai ), tic la cho truéc ) va f'(b) (hodc cho trudc I'(a) va 1'(b)) ta c6
at=yleaph=s U= 1, m = n2. Knido matdn AM c6 tinh dudng chéo trdl, cho nén 1dn tgl ma
tran (AY )''. Néu chiing ta I8y chuin cua véc td theo cong thiic sau:
hty = i.'f??,‘,...m‘ fil| taséco(xem [2])

HAD) e ) = (€



Trong trudaing hdp khéng c6 thong tin v& dgo ham cua ham f(x) ta phal s dyng Spiine loel’lv,"t'ac Ia didu
kign ndl suy c4c glé tri dao ham tal céc diém a = xo, b = xm dudc thay béng didu kién fién tyc cua §™(x) tai céc
diém x1 V& Xa1. , o - ) N

Khidé o¥ =4V =2, g¥ =38" =1,m =n4. Matrgn (An")"vén tBn tal, nhung ching ta chi cé

danh glé -
I (A )7 I < 1.
Sau day ching ta 86 chiihg minh rang v6i m >1

I (AmV ) g < 1. ‘
Trui6c tién ta xét trudng hap Spiine loal LIV, tdc 1A trudng hp tal a ta biét f(a) con tal b thi khdng biét didu
kién bién ndo. Khido o =4,V =1, y'V =2,8 "V =1, m=ns.

Plohiy1: (Am™ )™ thoa mén danh gis sau
2+ /3

(A ) < 1 e

3+ /3

™

Chilng minh: Ley mét véc td T = (f1.f2...fm ) bitkyval  |fi | < 1. Cho rfing X 12 nghlém cua hé phudng
trinh : '

(AmV )X =T ®)

Ta 6 ching minh rAng || x | < r. Thét vay, ta gia thiét rdng || x || dat dudc tal thanh phlin thirk cua véa td X

, tlic 1a:
Ix¥ = x| =max |x|
1=12,..m
Triide hét xét trudng hgp k=1. Tir phuong trinh d3u cua hé (8) ta co
Ixtl =(1/a)|f12| < (1) 1| +0/4) 2| < (14 +(1/4) x1 |

iy Ixil € 13 < . '

Béy gid ta xét truding hdp 1 <k<m . Khi d6 ti phudng trinh thir k cua hé (8) ta cé:

Ixi| =01/8) [fic - X1 X+ 1] < CV/AB| +HA/D w1 | +0/4) | xxc+1] 5 1/4 +H1/2) |xx]

Vivily I < 1/2<r g . N

Cudi cung ta xét trudng hop k = m. ,Ching ta chi cBin xét trddng hdp [xm-1| < |Xm| , Vi ring ndu |xm.1| =
[xm] =[x} ta lai tr8 vB trudng hdp 14O day chiing ta khong thé ddnh gid ngay xm tif phudng trinh cudl cua hé
(8) dudc, Vi 1am nhu thé chiing ta chi'thu dudc Xmi<4. X

Vi v@y chiing ta c&n déanh gia xm-1 chinh xac hdn. TU céc cdng thic (3),(4),(5) ta sé chihg minh réng:

1

lx‘“‘1| < (2° \/-3-) IXml ot -1—-----—- (9)
. +
Thét vdy, biing quy nap ta chldng minh réng trong tridng hop =

eV =4 gV =1mch
1
Ipl < 2-v3 =11, |qi < = R =120, m- (10)

. 1+/3 .
vali=1,tacolprM=1/a, la V=G4 v

Vi vy |p;’~ | 1< rn, ;q:"’; <r2. Gla thiét ring (10) dd dudc chiihg minh cho k1, I>2. Khi d6
1 1 ’

ipt | = < < =
{4-pa|l 4 |p| 2+ /T
1 (2- \3)(2+/3)
lal =1pil 1fi- gl @ VE)(1+ ) ® =12

1+3 1++F
Nh& danh gia (9) ta dénh glé chinh x4c hon xm . Thét vy, tif phudng trinh cubi cing cué (8) ta ¢
1

n

2 | = |fmXm-a| = [fo-(Pm-1Xm +Qm-1) | < 1 + (248 ) Xpyy + =memmeee

1+v7T
1 2+3 M

LR AL IRy (e— ) = r. Diphly 1 d& dudc ching minh.
V3 1+3



Bay gl¥/ ta chiing minh réing tuy danh gié (7) khong dudc chinh X4¢ nhy danh gid ('6) va danh o4 (14) sau nay,
nhdngysal 86 ¢ day, khi m dii I6n, fa rdt nho. Thét vay, tif (5) va phudng phép biéu dién phén 86 d&y chuyén

(xem [5]) ta c6:

' 4
PR A T R : (11)

fi + ¢ G) 4 . 2 ‘” .
véirg =2 + \/5'&4 = 2 -V3 14 nghiém cua phudng trinh béc iv X“-4x +1 = 0, ¢ ¥ ddc chon sao cho
(1+ ¢ ) (3 + Vg = pf). Trong truding hdp p1”™ =-1/4 tacd '

4 +13
o =<0
¥ 5 4 +rq4
Tu (11) suy ra rang
(i : 1 +q>‘”v ! - ra
po=-r1 -T:--«-‘_-ﬁ-r‘. 1 =2-13rs o
YR 3
virling -1 < q:“v,l’s < 0 chonén W
1+e¢ 5
0 < oemeeememmemeecennan <1
1+ ‘PHV rs‘
TPL |
Ipif = (—~-~------;'\-l-~~-'--- ), i=1,2, .., m1 (12)

Tit ding thiic (12) suy ra ring khi | = m-1 danh gid (10) & chinh x4c 6! dal lugng r;:"” Khi m 1a mot sé 16n

thl day 1a mét dal lugng rat niho.
Bay gld ta xét trudng hdp Spline loai IV.

Pinh 1y 2. (A, )" thoa man dénh gl4 sau:
1 i +r‘;“” +2

Vyty o ore o e \
WA=t = o) = — (o) ()
3 4 3 4
Chiing minh Trddc hét chiing ta nhan xét ring trong trudng hgp
, ' rgm + 4
p:v =-—'Z—ta co cpN =1. Nhu'véy pi= - l-*-, 1=1,2,..,m -4 (14)
% [ 4 l’; + r4'

Béng quy nap ta chiing minh
LA I N
(teren o), 1= 1, 2, .oy M- (15)
r!s-f rﬁ ra.-{ 1-r4
That vay, Vi rdng rs + 14 =4 cho nén ta c¢6 ngay (15) trong trudng hdp |=1. Bly gid ta gia thiét ring (15) a4
dudc ching minh cho i1, 122, Khi d6 tii (5) va (1142 ta lf(? '
r, +rg

g <

I-1 i1
1 ; 3 -1 1 r

it = 181 18- Gl € I+ 1G] ) o ot ot )
» » |r3+r4 rj +T1, ra-1 1-rsg
1 . '3' -1 11y
e | r;' T mmemmnenne]
r3‘+r}l r3-1 1R
1R -y
= { s + 4)

TN
L+t, 31 1-r14

3. . . . - - - 0
Cung nhu trong chifng minh dinh ly 1, ta 18y mét véc t3 f bt ky véi | fl =1. Cho ring X 1a nghiém cua h
phudng trinh _ :
, (AM)x =1 (16)

Ta clin ching minh rdng iX1< 'te. That vay, gia thiét ring IX|dat dudc tal thanh phlin thir k. Khi d6, néu Ki<m
aco|X] = |xk| <= 1/2¢rs. Bay gid ta xét tridng hgp k=m. T phudng trinh cudl cung (18), (4) va (15)ta.co
2{xm| = |fm Xe-1}eg 1+ | pm-1| {Xm| +|qma|



T+ | 1 t?”-1 1M
<€ |Xm] +1 + T + )
r3""+ i +r'"' ra-1 114

L r'3'"'+r”' 2 -
Vivly [xm] = — = 'e
by 2 2r‘“"+2r“" r"“'zr"""2
Trongtn.ldnghdpkaitachnthéchiénthu&ttoéntmyduﬁltheoch&hug!amdbn tUc!Abléudiénm qua x-1.
Vigc chithg minh b4t dahg thic |x1] < fs hoan toan tudng ty nhu trudng hdp k=m. Nhu vty ta dd ching minh
réng

L HKAVY' (<«

Bay gid ta Iy [F| = (1,1,1,...()™"). Khi d6 dé dang ching minh dudc rng |ai] =|pi(1 +ak1), Vi vy |xm
= 1s. TU d&ng thic nay ta suy ra déng thic (13).
®Pinh ly 2 da ching minh xong.
Trong phln cu6i cua bal bao nay ching ta nhén xét ring danh gid (13) xAu hon cac danh gia (6) va () vi né
phu thudc vao m. Bay g&btaf‘\;ié't r6=16gn) v dang sau:
1+ & 2/l’

1%

re(m) = -2-[1-0- 3
(2r3-1) - ™% (1-2r4) _ )
Virfing 0 <r3, 2r3.1 > 0, 1-2/4 > 0,0 < 15 <1 0 ndn r6(M), m=1,2,... glam dan theo m va
3ra-1

——=

lim re(m) = -
m-— o __.. 2r3-2
Do rs(m) gidm din theo m, cho nén chiing ta khéng dung r dé danh gié (Aly . - am vide ndy
chiing ta chi'cé th§ dung re(2) = 1, re(3) = 5/6, r6(4) = 71/90,...
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ABSTRACT
THE EXACT BOUND OF INVERSE MATRIX IN THE SYSTEM
OF EPIATIONS FOR SPLINE TYPE IV.

Consider here the ease of interpolating spline S(x) for function f(x) at the points x0, x1,..., Xm one has to use
the conditions of continuity of $"'(x) at the points xt,xm-1. For Spline of this type the exact bounds of inverse
matrix are obtained by using the technique of three diagonal systems. .




