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2w (0) + f(1,)B, (1) +f(1,)7,(1), (7)
Hrp
(= 0 = B0 (D) +6,()
o - 2<t1 _to) 2(tn _to)
(t)_qb,,(t) ~ b (1) be(0) (1)
o - 2<tn ~ 1) 2(t, = ty) ’
_ 1 () — (1) 1 b)) -4, ()
Bolt) =5 = 2(1, — t,) B =5 2(t, — 1, ,)
Loty (1) b)) 1, -t
Yolt)=—— = v ()= -~ —.

HT T L f 1R S5 R0 T R 50 98 i AL ) L LR AR ST o ) R P 6% | 79 i 1 5
BUEA SRl Wu Fl Schaback ™ $&H T L, f.
Ly f(1) = f(1,)8,(t) +f(t,)8,(t) +

Ef(ti)tﬂ,-(t) +f(t,)6,.,(1) +/(2,)6,(1), (8)
Hrp
_ 1 ¢1<l> - (t _to) _d)z(t) _qbl(t) d)1<t> - (t _to)
6"(t)_7+ 2(1, = t,) » 8u(1) = 2(1, —1,) ¥ 2(1, = t,)
bt =d (1) b, (1) — P, (1) 1 G, mt) =, (1)
0,.(1) = 2(t, = t,,) - 2(t, ., —t,,) 5.(1) T2 2(t, —t,,)

xR AR ZE Al 11

cl 0 W) c
| LA =) I, < ﬂ”ff” +@+A%UM, (9)
HLJU)—ﬂDHw<(1+;ijﬁ% (10)
| L) =f(0) |, < 0() + 00k, (11)
| Lo f() = f(0) |, < OCK) +0(ch) + O(Flgh), (12)

H w(f,h) ZRE() TEAK B TS8R,

SIER AU HUGRHE T L, f %A W BT E  RUREE T L, A W 8 MR B 4R
PEFLAEE  IRIER T Lo f, L, f AR AME SRR SR k.
2.2 4 Fr Runge-Kutta ;£ EZAIEig

Runge-Kutta 52 KM 303 I B 0 H T 5 s, — MAE oK il 7 R A B i M B L T
F5R 4 B Runge-Kutta V55— #2211 4 IeRE(E , (FU2 & R SR RS B 34T

EX 3P Py <1, <<t < e <1, (020,100, 0) N—FRIVEHCT A, x,,x,,00,
x; ey, R R T A, AR S B K b, WA

h
Xy =X +€(K1 + 2K, + 2K, + K,),



946 R i

B
=
+

y
+

h h
K, =f(1;,%), K, =f[ti +7’xi +2K1j s
h h
K, = ti+?,xi+?K2 ’K4=f(t,-+h,xi+hK3).

3 BH Mk
3.1 BHYEHESW

HAT, A7 A LR v 30 1 R GBS ff 19 7 i oA 8 3l ik 3361 Buler 3517 B E
2% Runge-Kutta 3" Adams 0L ZAENY T = RFE A R B 5 2k 3
T4z 1) e pR B AT Y 1 ) SR B Bk Y R IR M E T HBESR AR 3 AR R v Bl o R 4 SRk
SRAEER 4y N AT AR LU B 45 51 (BB AR 8 R 28U LT, BB THRS B, &= A Al
RIS ; Buler YEFE x (1) J&— R 2T B REAR &, miAe A IS T RS BEAR 22 B IR TR 2 R
A, AT AL SR A, e s AR =y TG B (H A B 2% Adams B Rk AR AT R
I ERRE M H 7 FAEY AR A (R Al S P0G 225 8 B 2D K A 2 52 i HORS 3 1) E LR R
Runge-Kutta 2 RS BE LU AT T LA 5 2588 57, (H2 24 Runge-Kutta 32 BB R T 4 B, THE 26
SRAGAR K, K BE AT RE S A A elC 2k 19 Euler 5, 25 Runge FLG H IAUEIE &0 7= A 26T
SRR ST PR Tk T2 AERAE SR R BR M L AN 477 A2 Runge B B9 ASICEIUIE L, =K
it T 1 ARG FEE AR R X e e v st il B SR = WRORR AR I (L R EICA s B 2 1k, it
FF, B2 R 3 Wl L R X0 5 35 T A 1 6 R B ST B O R TR G R R B R SR TR
1o 20 RS AN T i B B A SR 200 (1 ) R, 214 B o R A i 22 B 3K R R ) 4% 2 B ok sk
K, 3K AR R B AT A SR R 3 IR G R AR A
3.2 MEET MQ IUEE RN EEKRE T X

MQ LT {EL PR A BT AR B P R E 1. 2 % PRV B B SRAE, AN 5 2R A AT ] 28
PRI RRAL AT BT R 30, I T T LA 5 G 08 380 5 B0 A e M s i) 8 o >R o [ 3 AR S
5Bl 4 By Runge-Kutta 3 F1 MQ LU (1 R HO AL M 30 1 Z S8 I I Bt 4 7oK .

HEE 2 TS B 10, NG AR v AR R A A SR T L IR F L, S,
Ly f s WNIE T A AR S Ly, fAMRT L f, B2 NIDARIE S T A i 45 R A L, f7ER g
T FE AR L f ARFE T B0 T8 Ui s A0 0 BB, B Ly SR T Lo f T 00, A SCR AR 55+
Ly [RGB WMA ) B RS 301 ) 2R 58 i B

e SRR X T o0 + 1A S e, (0=0,1,+,n) BHECE ¢, WIS (R, =1, +
hoh ) WAL o (¢) 6D T YA PR AR Ly, £(2) 7T —ZHDASS 9 8 ¢, S bt B30
HPREL §, (1) BIENEAGRER A

Ly, f(2) = Z:,)f(t,-)%(t), (13)
R H A7

1 (1) —(t=t) 1 &) = (t-1t)
el = o —y 2t 2h ’

(1) = (1) (1) = (t—t) (1) —2¢,(¢) + (2 — 1)
(1) = 206, —t,)  2(t, - t,) B 2h ’

t, =t =&, (1) (1) b, (1) 1, —t=2¢0,,(1) +,,(1)
(P,rl(t): - = ,

z(tn - tn—l) 2’(tn—l - tn—Z) 2h‘



FE T MQ VL7 F PR KICE 1T AR 2 130 T R GURER it 947

1 (,-t) =, (1) 1 (t,-1t) —d, (1)
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145 T SH c BORTRER, MQ SR R HOR M R G2 (14) M IR 2 36 XN RS
(14) 43 3IWEH 2 By Rosenbrock 7% .2 B Runge-Kutta 1 FRIEH 7%  Adams B 4 B Runge-Kut-
ta V£ | = OE A% RR RSO (ELVR S B8 7 125 B0 T 2 55 R SO SR AT 0 19 1 7 MLQ 4006 1 BRI %5



950 it it Z K %

T 7 AT LR, 2 X BRI R 22 BAR 18] 4 (8 (12 16 FIEE 2 4.

450~ MQ quasi-interpolation function A 241 — MQ quasi-interpolation function
® exact curve e exact curve
4.0
23
3.5
x x 22
3.0
2.1
2.5
(@ (®)
2.0 : . . . 2.0 - : -
0 2 4 6 8 10 0.2 0.4 0.6 1.0

10 BUfELT5 ¥ A TORT i % 4

t
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Table 2 Mean square errors of different numerical methods for

Ist-order nonlinear dynamic system ( 14)

numerical solution method

mean square error

2nd-order Runge-Kutta method 9.100 0x1073
2nd-order Rosenbrock method 2.900 0x1072
Adams algorithm 2.200 0x107!
4th-order Runge-Kutta method 1.240 5x107*
cubic spline function 8.024 7x107°
trapezoid method 5.549 4x107*
MQ quasi-interpolation function( ¢ = 0.1 ) 1.968 0x107°
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A Numerical Approximation Method for Solutions to

Nonlinear Dynamic Systems Based on Multiquadric
Quasi-Interpolation Functions

DU Shan, LI Feng-jun

(School of Mathematics and Statistics, Ningxia University, Yinchuan 750021, P.R.China)

Abstract: The multiquadric quasi-interpolation function has advantages of high accuracy and

good stability. A new numerical method for resolving the initial value problems of nonlinear dy-

namic systems was proposed via combination of the multiquadric quasi-interpolation function

and the 4th-order Runge-Kutta method. The advantages and disadvantages were analyzed be-

tween this new method and the existing numerical methods for nonlinear dynamic systems, ac-

cording to the numerical example and error estimation. The results show that the proposed

method needs less computation cost and enables fine approximation to the analytical solutions

to nonlinear dynamic systems.

Key words: nonlinear dynamic system; numerical method; multiquadric quasi-interpolation ;

4th-order Runge-Kutta method
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