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One-step method onT
KX = o M o
§1 Oneéstep method
HHS FER
(1.1) 7 y' = f(xyy)
EOBEK y(xo)yy BERLARET B 2R Ly £ny)  wism

LOBEBETH2E4 5, x=u O& &, y=v %3 (1) Rom*

showv)  rpE. yxixgyy) * oy(x) racdciisa,

ylushiu,v)  (0hShy)  OFEBEERD BHEEE L 50 BEH O

kl: f(u,v)
(1.2) io1
k.= f(u+aih,v+hz bijk.) (i=2,3,...,r)

=1

r ’ . ’
FEELT. v+h2:'_,lpiki T y(uthsu,v) 2558045 FEp one-step
1=

method T3 2, % L.

i-1

(1.3) ;"z;_ibijz a;, O0fa;<1 (i = 2,3,...,r)
Ir
‘ i=1 *
Td b,
r : -
(1.5) E p;k;, = Q(ulv;h)
(1.6)

V+h§=_(u,v;h) - y(uthu,v) = T(u,v;h)
Exlo Muvih) 0 h KOWTO71 5- BEHOEKF P 2 o

-1 =
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THAHLSEES ag, by, py  (i=1,2,...,7) BEHLNTRBLE,
¢ @ one-step method @ order ¥ p THBEwdo ¢lu,vsh)
FMAEH . T(u,v;h) EAREELVI,

Multistep method L&DT. one-step method TEHARBEDER
BMOGHECIEALLNEADOT step-size h OHEHRDG Oh Lo £ O

MECALTKRDOL S ZFESEREDLRL TR S,

E(u,V';h) * Ordef POoHIEEE L.
| (1.’7) Z,= v+h?!'5(u,v;h), 22: Z’1+h _EI_S(u+h,zl;h)
(118.) ' EZ: v + 2h@_(u,v;2h)
(1.9) v T(u,v;h) = hp+19(u,v) + O(hp+2)
3T AHEN

(1.10) Zl— y(u—l—h;u,v)zT(u;V;h):hp+;1(f(u,v)+0(hp+2)

(1.11) Z,- y(u+2h;u,v):T(u+h,Zl;h)+y(u+2h;u+h,Zl)fy(u+2h;u,v)

= 2hpf199(u,v)+o(hp+,2)
(1.12) Z,- yl(utr2h,u,v)= ;P+1hP+19«u,§) + o(n?)
7?%60?5&
(1.13) e = Zpi - ('22- zZ,) = 2hﬁ+iy(u?v) k+ 0(n”*?)
2 b
(1.14) | B Z,~ y(uth;u,v) =1§ e + 0(hp+2)‘
(1,.15) Z.,- y(u+"2h"’;u‘,.v) N o(hp*'é’)d

-2 -
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Ehbo LEBDTY h B+HFAIThE. /2, ¢ T Ly, 2, OK
RBZEEENUTHCEBTE Do COFET 2 step LI h T T
PELEEROHBEEEE s EFTHE. s EEI10IS5CARD, T @&

1 step HELWRUEABEHBOFER K

£ 1
P T s N =X
1 1 2 Euler
2 2 5 B B Euler, & IE Euler
3 3 8 Kutta, Heun, Ceschino
4| 4| 11 Runge~Kutta, Gill, Boulton, Merson
5 6 | 17 Nystrom, Huta, Guerra, Shanks, Butcher
6 3 23 Huta, Shanks, Guerra

Thbo |

%%%%@%em@\ﬁu@fﬁ ﬂ@ EhoEEEAhb, 20X
ABAL t(ny) MAOEROEEHET 5% LC. BEOEUHNE
2?5ﬁ%mom1%iéok
§ 2 n-step process’

21. % W

xo P h T nstep EUBALEXBCEEL.

(2.1) X501= e (3+1)h, pi+1= §Kxj,yj;h), Y417 ¥j+ hpj+l
v ) (J:O,l,-.-,n"’l)
N o d.= L - ) f.= f(x Y. ) .
(2 2) =i yis) 717 (j=0,1,...,n)
EE <o

ERBRBAZEZER AN 572@% ~ y(x) ([C ﬂv:ﬁ Cyixs e)

= y(x,xo.,yo- e) ‘ ' %%2‘

-3 -
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(2.3) o) = y() - y(xse)
a§<o'eﬂybb§§&5@\g_@§§m M%H%.T§2ano
Clx)  BEEERE Clxg)-e ARTRAFER

(2.4) ¢! = F(x,y(x),C)

T, C(x)=e-0(1) i s, 2% L

(2.5) F(x,y,u) = £(x,y) - £(x,y-u)

Th Ao |

r (r<{n)%FoEHKE L.

(2.6) _ m=2n -1+ 1

(2.7) T(x,y;h) = nP[ ﬁlhiyi(x’y)+o(hm+l)}

' - m .
3 : 1
(2.8)  y(x+hix,y)=y+ha(x,y;h)=yy+ 2 b4, (x,y)+0(h™ )
i=1

, T 4
(2.9) ~dj = h e (j = 0,1,...,n)

L3+ 5,0

(2.10) | Yie1™ V5™ hA(xj,yj;h) = T(xj,yj;h)
(2.11) Coylegg) - yxg) = h A (x4,y(x;)5h)

Ehb RORBL bh bo

(2.12)  dy-d4= Vi1 y(xj+1)—yj+y(xj)=yj+1-yjf(y(xj+l)-y(xj))
=hDA(Xj»Y(Xj)+dj;h)_ A(xj,y(xj);h)J+T(Xj’Y(Xj)+dj5h)

m .

‘m. o ' ’
Pr <71 m+1
~+h Lﬁgih gg(xj,y(xj)+dj)+o(h )1
tn% xy TRETZLKO lemma B bN5,

-4—.7
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Lemma 1. ej, F(x ,y ,d )ﬁ\ D L ST 54

m
(2.13) ;= 2 hlPi(j) + o(n™1)
i=1
m .
(2.14) F(XJ;Yj’di):hPEnghlgi(j)+Q(hm+l)] (j:O,l,...,n)
i=

CETy Rx), 0.(x) @RARS i koS EET
(‘2-15) Pl(o) = Ql(O) (12172,”‘,1'1)
Th 5o
[xgsxgrnb] T el EERATEECROEE 2(x) ©H LT,

(2:16)  2(m)-2(xg)=h 3 ay 2" (x )+2_,b 2(x;)+0(b™1)
j=o

kj

' (k:O,l,o.‘c,n)

n .

(2.17) Z’é bka(xj) =0 (k=0,1,...,r)
J:

BRYELDL S CHRBE oy by &&bét&#?é%tk&TLT &
® lemma ﬁii&ﬂ%o

Lemma 2. % %
3 -1 2, ) ) .
(2.18) ,9,5_;_76 37 eyt ;:% Jﬂbkj= kk (L:l,z,...,m)
. n k-
(2.19) 32 ilg . =0 (f=0,1,...,r)

%%‘k?%ﬁ a-kJ, bkj (j’k = 1,2,..,1’1) ﬁ#&?éo
CABLRO lemma i bh3o

" Lemma 3. y(x) LT |
(2.20) N y(xk)-y(xo)=h§) ay 5 (xj)+,j§ bkj_y X5 +0(h .

- 5 -
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: n P+1 .

(2.21) >, b y{x;) = 0™ ") (k=0,1,...,n)
B DY Do

(20)ReHBm LT

/ n n J
(2.22) Sy = ¥~ Yo hj{:(,) S hj‘é%) bquzzl’l Py {k=0,1,..,n)
¥E 4.

{(2.23) g = 4 - Sy

o .r+1
ot et 0®E )
(2.24) é\k = =
0 ( Zzof )

&‘i?( o

(12), (13), (14) REFES L RORE2 LN B,

n n h]
(2.25) Yo —Y¥5 -4 =h), a .£f.+h) b . p
k 0 k =0 S j=o k']qé'i Q

D il '
- vPL7 BT a0, (4)
i=1 j=0 7t

m
. +1
+ 2 b P01+ o(n™")
i=r+l1

Ed
(2.26) R

(x)

X
| i+l fo Qi(“)d“
EBLE. () RKKLY

n
(2.27) )2 j-l‘lakj - % Kt - % ) jibkj

Zho



e
A5}

n

, ) B .
(2.28) 53_:6 akai(J) =R, (k) - J{% by iRy, (3)

BE YYD, Abl. (19) Rk b

n

(2-29) 35_;;) biji-E-l(j) =0 (!(:0717-*°;r_1)
Td 5,

2,
(2.30) €1y = fié bkjEPi(J) - R, (3)]

EE i, Qmﬁé(5)ﬁkﬁﬂ?5£\&®lwmtﬁibﬂﬁo

Lemma 4.

EkBRD ISk HhT 2,

: L i+l = i m+1
(2.31) g, = bP[2° n'"'R, 1 (K)+37 e h'1+0(n™ )
i=1 e i=r+1 %
RZL. ¢ HBERT ¢ -0Thb. 4 -1 %bi o
ki 0i Kk
Td 5o

k, il

22 BEOEHR

Lemma 4 pb\ m 2 p+tl %bE g = 0P 2) T 3, LrsoT
ROEHEEL DN bo

EHL n2ptl ALYk ORFBERRORE 2R+,

(2.32) Ve — ¥(x) =5+ 0(bP*?)  (k=1,2,...,n)

IDIHEPRE L 2D CEHE

(2.33) m>p+r+1
Thbb4&#
- (2.34) 2(n-r) 2 p21
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BERINTRIBAEELHL LT 5o
(2.35) x=x =% +uh (0<ugn)

tbE. ROBEEEZE L 5o

m .
{2.36) e(x) = 2 hlPi{u) + hm+1a,(u)
iz1
B i+l o, 3 m+1
(2.37) g(x) = nh [2_h " R, 1(u)+z hYe.(u)] + b “blu)
izl 1+ i=r+l *

Ty a(u), c;(u), plu) @&
v (2.38) “ e(xk) = e, ci(k) = o g(xk) = g (k=0,1,..,n)

EEBL% kb o ROMHEULERNTD S0

(2.39) d(x) = hPe(x)

(2.40) v(x) = y(x) - a(x)

(2.41) S(x) = da(x) - g(x)

¢k &
- (2.42) alx) = dy, vix) =y, Slx) = 8
EEhbBo THEXRD lemma B bbb,

Lemma 5.
(2.43) w o= Fx,v(x),8(x)+w), wixgie) = e

AR THEE wixse) (55 &f (2.340) OFTRORERKDELDo

- (2.44) v~ y{xe) = S+ w(ik;e) + 0(hp+r+5\k+1)
- o (k=0,1,...,n)
S, RERTERRL. vy, ORBEEMTIRDER. vigie) o
EBEERONET Lo EORDBI one-step method %8 5 H. S(x),

'v(',x‘)-? i»@fﬁyﬁ X o= X (k = 0,1,00.,n) TLRADODED2TwnEndhb,

-8 -



ZHBRORTOEHBOBELOEDLDEZRIDOTATRE R D R,

Y (t,wsh) % x = tejh/k (j =0,1,...,k) DA TOHEHK
ODEEELARY order ¢ D one-step method DEHEEKE T+ 50 &
ZLs k d n2EARnEARKT 1< q < prrvl 235, n 2

2hn k OBEEE | EL.t=1[n/l], V=1t <o

xg Bb x) $THE [hTHPT2HEEEL
(2.45) qj+£(e) = 7(xj,wj(e);ﬁh)
(2.46) WJ+Q(6> = e + th;H_E(e)
(j=09E92£7"',(t‘1)£i

(2.47) zj+£(e) = Zj(e) + qj+€(e)

(2.42) woyle) = e, Zy(e) =0

E$5hH, CODEE. ROBEEB LN B
CEE L &M (2.34) XEfE

(2.49) p 2 n-r-1, 1< qI_S_ p+r+l
ODFTRORBE VI Do
p+ .+l

(2.50) y5- yixgie) = Tj(e)+e-0(hq+l)+0(h 3T
(j=f,2f,---,ti)

et L
(2.51) | T,(e) = 85 + wyle)
(2.52) [ = min (g, r+ )
Th b0
2.3 RoOBRE

HRE a @%géﬂkfﬁi’ a* TEDbLT T LT %o BT EE yj,!.‘, wg(e),
T*(e) WHHRoO LIS KHT 50

(2.53) yf=y%_y + hp} - r! (i = 1,2,¢0.,n)

-9 -



(2.54) w?(e) - e + th§(e) - s (3= 4,20, «--sth)
(2.55) T§(e) = s§ + w?(e) -ty

CCTy i sty FROOEET Y5 =Y Y0 = ¢ Thhbo
i O (>}

(2.56) Coyvp oy =vig -y e eg) -

(2.57) W?(e) - wj(e) = thza?(e) — Zj(e)] - sy
BRbND,

(2.58) /L(: max ( fpi—pil,!Z§(;)—ZJ(e)i;!&ﬁ—gkl)

(i=1,2,...,n3j3=§,2/y«+-,tf;k=0,1,...,n)

E3nE. SE wile), ThHe) @koXsnd %o

J
(2.59) s§': YE = Yyt St o(gy) - T
(2.60) w?(e) = wj(e) + O(Eu) - Sj
2.61 T% = v¥ — y.+ T. O(ht) - r.— s.— t.
( ) 3(e) v yJ+ J(e)+ (1’}4) ri- sy tJ

L Ty BABDDORETD L, TNBDOLROMRBELDLON D,

EFEI  m) p+l BbE
(2.62) v - y(g) = sp + 0P s o(w) + 1y (k=1,2,..,0)
¥, £ (2.34), (2.49) o FT
pr A+l

(2.63)  y% - y(x5e) = T5(e) + e-0(a?™h) v o T ) + 0(hw

+ rj + Sj + tj (J=4,20, vy ty)
BED LD 1, sy, t; BEAER %,wﬂd,s?wyw TAtE

- 10 -



49

THEEONDOEETD 5o

‘Sk EHDODOBREFEND DT, Sk FROLSICH 2 ES
1, A,
— - —_ —_ —_ S
(2.64) Rk = Y Yo hjz_:Z) a’kjfj 5:0 bkjyj
L7zd>T
(2.65) Vi = Rk - Sk

GEHE O Thh, R v FRDO L S5EHT B,

2 2 J
(2.66) * = y* -y —~h) a .fX -3 b .57 (hp*-r')-t,
R =Yk ~ Yo S "kit] i kj2y PP TTi) Tk
n J
_ f - L 1
(2.67) v = }—o bkjé;% Ty Tt = by

L b, 4 BABOBEZETRL, Vi RAPOBRXOKIILITH
Bo Chbb. y ORFBZEVADOBRZCH L TXRHTH L% L.
bvXl g ’%'K%&Tﬁ§¢é<ﬁHﬂH&B&mC&ﬁbﬁéo

2.4. BHMER |
ROFITE n=] =47T. ylx),vixse) EELFLOK

Runge-Kutta EOREONTwDo S5, S, Ry RIROKRTEET o

(2.68) S, = ¥y~ Yo~ hP + hlp,= py+ Py- Pp)/2
(2.69? S, = Y4~ Yo~ 2hP
' 4,2 1 4
(2.70) R, = 5%[5(y4- yo)+32(y3— yl)J—Zh(2f2+7A fl+§§zhfo)
Vi O
1 8
(2.71) P = 2f + gzngl+ 33-&4f0+ 52(94— Pyt Pp- pz)

- 11 -
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Tdhbo COHAE

(2.72)

L 723d3>T

(2.7)

Td Ao

®f] e =0, h

v 5 7
Y4~ y(x4;e) = T4(e)+e-0(hj)f0(h )

0.05

Mols #FRETHELL.

(§=5x10"7, §=5x10"%

By 1.

7 2.

Yy

y{x)

exp(xz) (

y':12x3—8y/x, y(—l)=1

4 (

N

élf
a = O

H

©

ylsyz’y3’y47s4

e3fE

lLTx 42~ 4+1-

x2)

x 3)

AT EME

‘E fE

-8.361-07

-8.720-07

-9.946-05

-9.941-05

-3.057-02

-3.039-02

-6.386+01

-6.343+01

~9.764+05

-9.687+05

§ 3

2—-step process

order 4 ® one-step method T 2-step (§ h THAFE X,

(1.13)

RCIDOTRFARZLAM LIS E T 5L, 3EAPCHEEEKD



EZABELETRhETALAE 0V,

51

t@ﬁ&ﬁ\%ﬁﬁﬁwﬁﬁtﬁmma~%

W3O TH B0, THRORPCEEEOHES LT 2-step ERUNONE

%ﬁﬁﬁﬁwfgéi5&®ﬁ@&m@&m5ﬁﬁmomf%ifﬁéo

3.1, ¥ fF
% B T
(3.1) D=+ k1'§§
FEA L.

(3.2) Djf(xo,yo) =1,
Djfy(xo,yo) - 5!
(i=1,2,..,5)
(3.3)  (0£)%(xy,5,) = P
(p£)%(xq,50) = 9
Df  (xgs¥9) = R
(3.4) fy(xo,yo) = fy

fyy(XO’yO) = fyy

S 3

Bl st ¥

1 -0.9| -2.374-07 | -2.370-07
~0.8| -8.889-07 | -8.877-07
~0.7 | ~2.925-06 | -2.922-06
0.6| -1.007-05 | ~1.006-05
~0.5| -4.331-05 | -4.328-05
~0.4| =2.581-04 | -2.580-04
~0.3| -2.575-03 | -2.578-03

=
-0.2| -6.599-02 | -6.706-02

0.1} -1.688+01 | -1.691+01

EE<o THE. y(x+h) BAOLSCEEIN 5,

0]

4
) Ll_ _}1— 2, h_
(3.5) y(xg+h) = ythle + 57T+ 57(1 +JyT)+ 77 (T

1
.0

51

6
+ %T[T5+10Ts3

2 3

3 2 2

+3TS+) T“+7=T
Yy 3y )

(61874417543 8 Pr ] 13452102 13147 1]
Clyy Tyt Tiyt HigtH iy

+101%53451%8+15PR+15TQ+ 130 ] Pi16J 152
yyy y

) 2 . 2.t 4 2.3 3.2 .4
+ 93 T9S+120°T8+104 1T+ ) 1%+ 127340372, 24y
y 'y Iyy T+ Fym]

+ 0(n)

- 13 =
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(3.7) Zy =yg+ h 2:1 pik;

(™

OBRBERORES bt 2T ) REe—E+rrdk. (1.2) o aj,by;
p, ERD DL ROKHBEIRINAEED Blao
Pp ¥ Pyt Pyt Py =

‘ _ 1
APy + A3P3 T Py = 3

(3.8) 1
C1Py * Py = §
1
¢1by3P4 = 234
/ a,4 = ].
(3‘9) < &3(a3 - az) = 2(1 - 2&2)c1
(1 - a3)02 = (3 - 4a3)clb43
L (l - a2)(lr— a3) = 2(3—4a2—4a3+6a2a3)c1b43
REL
i+@ )
‘(3-;0) c, = j:2 ajbi+2,j (i=1,2)

TBBo cOLE  T(xyyyh) BROLSEHB,

, , s
h 4 2 2
(3.11) T(xo,yo;h) = gT[AlT +A TS +A,T

o -3
5 3 S+A43ny+A53yT

2.2 3o, o 6
+A6§y1 +A73yT+A85yTs]+o(h )

, _ L _ !
(3.12) A = 12(3 Sa,t Sagt 10a2a3)

A, = %(3 - 5a3), Ay = %(2 - 5a2)

- 14 =



A4 = 5-(—1—_;:3—?;(3—4&13)@24- clj -3

As = —4A

5 1’ Abz_AB’ A7: -1, A8:5a—.2

Xy bfE h T3S 1 step #EHARDIC.

~

ks = f(xl,Zl)

PN

(3.13) ~ i-1 _

k4+i = f(xl+aih,Zl+hj_>:.lbijk4+j) (1:2,3,%)
*EE L

4
(3.14) Z, =17y + hf:jpik4+i
(3-15) » T(XO!yO;h) = 22" Y(Xz)
&j@<0 ?Z)&\
(3.16) T(xg,¥0ih) = 2T(xy,¥g5h) + 0(n®)
EHhBo
%7
4

(3.17) Vo= hg;i (ajke; + ay, k)

FE{E. CORBERE R

BLMEBLLOIEC qj,q,,; EEDLICTEH
TE. EREERE C—EHICES o
5.2 MARNROHFAE

4

T(x4,¥43h) & v o 1 18°

, T%S DREBAE—HT DLV S R
EP0 L. COMBR—-BRNZEEIL. Lbd ywa5f$@%ﬁ%
Bt Do 2 LTI NTORKAERDL 5 ICEE Do |

1 1
(3-18) . 32 = 31 a3 :-59 b32 = '3—, b = -}' b = 2

- 15 -



' 1 4
(3.19)' plzp4:€ p2:O, Py =g
(3.20) v = 9O(k 4ky+ bk, - 4k k8+v3(k5— k4))
~ B . 4.3 2 p2n2 22,3mn
- (3.21) T(xq,¥gih)-v = gTF—gayT - £ gyT 59y
+ Qi[~199T3s;16TQ+——A JopiL a TS —103 °s
6! 27 3 yyy
154 ;99 4 119 2 44 don
——3— TS—- :)T lOJ T 3JyTJ
+ O(h7)

25 1E flx,y) OEZHELT (21) RO WOESBENET L
CER R D PNICEBAD LIRS DHE BEROI S %S OFEAR

i h r N ~ ~
(3.22)» | P = 251 {17k~ 66k,+ 52k, 25k4+ 23k5+ 3k, - 4k7)
P 1 hy>
(3.23) kgy= f(xl+ 3h, 2.+ 3k5+ P)
r‘_L . S~ _ ~ — J__ ~ _ l A _ -
(3.24) m = tho(k1 4k3+ 6k5 4k7+ k8)+2(k5 k4)+2(k9 k6)j

It

h)-m

3.25 B
(3.25) T(x : P

1 h 83 4
0 Yo 361l 318 + 5510+ 3
4. 2 2 8 2 £ 2.3
+ =45 T8+ 16J TS + =TS - 8p°T
Béy 5y 3§y ay

- o ai3m2 aopd 7y
- 24417- 564071 + 0(h7)
(1.13) xp~3z &

- 16 -



A
Ut

6

!

\®}

3 ™ N 2
T S+16TQ-8 P-84. TS
S 0 5}' ‘)y'y AY

lﬂ‘

{3

Wi

o
9l

w2 2 32 12m3 32 vd 7
- +32 )T == T 1647 T°=324"T1+0(h")
+164, 178 325y 5-5-45 ’éy dyT1+0(

TRERE G
3.5 HEH
KOBPITOFEFERIXRDOEY TH Do
(3.27) Iml < 2lz,1 (f= 0.5 x1077)
B INSLZTTHEEEIICT Ho
(3.28) v=u+m+ 2h[f(x1,Z1+ u) —%5]

EHE L. uy,x, TEREN v,Ix, CEEGL Do

(3.29) Iml ¢ %Z £iz,

b EEEBECT Do ) |
BAFRDAEERE uw=0, h =0.05& L, B2 E, ARHE T,
(1.13) © o BEBOARDEEHELTD 20

#l1. vy =2xy, y(0)=1 (F£ 4)
#l 2. y' = -5y, y(0) =1 (£ 5)
- 4
X m e ' 7 Su E7
0.2 | 2.786-09  2.680-09  4.053-09 | 2.401-09  4.919-09
0.4 | 6.156-09  5.723-09  7.563-09 | 1.443-08 2.023-08
0.6 | ~4.501-09 ~7.609-09 =-4.904-09 | 1.739-08  2.548-08
0.8 | -7,016-08 -8.371-08 -8.374-08 | —7.682-08 -8.457-08
1.0 | -1.327-08 =-1.427-08 -1.480-08 | -1.452-07 -1.621-07
1.2 | -5.019-08 =-5.386-08 ~5.651-08 | ~3.651-07 -4.197-07
1.4 |-1.760-07 =-1.891-07 -2.004-07 |-1.147-06 -1.330-06
1.6 |-6.027-07 -6.495-07 =-6.954-07 | -3.924-06 -4.656-06
1.8 | -7.501-08 -7.803-08 -8.201-08 | -8.010-06 =-9.703-06
2.0 | =2,651-07 =2.764-07 =2.905-07 | -1.826-06 -2.262-06
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# 5
R
X m e T u B
6.788-09 6.512-09 6.165-09 5.272-08 4.828-08&
2.497-09 2.396-09 2.269-09 | 3.751-08 3.626-08
9.187-10 &.813-10 8.343-10 | 2.002-0& 2.001-08
. 3.380-10 3.242-10 3.07C-10 | 9.070-10 9.505-09
1.243-10 1.193-10 1.129-10 | 4.232-09 4.512-09
4.574-11 4.388-11 4.154-11 | 1.809-09 1.991-09
1.683-11 1.614-11 1.528-11 | 7.523-10 &.546-1C
1. 6.190-12 5.938-12 5.622-12 | 3.066-10 3.562-10
1. 2.277-12 2.185-12 2.069-12 | 1.230-10 1.487-10
8.378-13 8.037-13 7.609-13 | 4.878-11 6.077-11
§ 4 2-step process (II)
4.1, Order 4 D one-step method.
RO k., (1=1,2,3,4) DEHBICE K, EHbbICEEDN

fm&mo%CTki%ﬁ5l5m?nﬁ\%@ﬁ@%%%ﬁ?é@ﬁé«
BLT, BifiE AR AECERTELDTRAEVOLERSHELODWTEL S
CEk$+ 5, ThRDD |

4
.1 = - - 5
(4.1) Zy = yg* hggi pik;, 23 y(x;) = 0(h’)
. = - - = (v \
4 22 Yot hg;& riki’ Z2 y(x2)7 2(21—3(x1))+0(h )
&L 6
(4.3) e = hz;i qiki’ Z2— e - y(xz) = 0(h”)
1=

25X 5k, a,

i7P3§7P32 75505

ﬁfﬂfi>2>il7iv3ﬁxé:v§€5ﬁ5%§7f§>
%0
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7

3 p

% 4 U)ﬁﬁ&bﬁokbkﬁ(Bﬂ)ﬁﬁ&kéhﬁﬁteﬁwo&
T COEBEDOTFTT

5 mad ml2al

FLUL Zy-yxy) 0 17,187,198 OfsE O Th L&k

FDO05E 197 0TFBREA2INDETEbEw, ThdbROEERD

2bhbo -

‘4.5) | (a6— 2)[—% + %9(a2+‘a3) - %§a2a3+ a5(1 - 4a,
- dayt Bajas)] + (ag- %)(% - % ay= 5 agt % aya3)
TR

(4.6) (ag- 2)[-F + 32 ay+ % as- 2aya5] + (ag- 2)(5 - 5 a;)
+ 15(a3m 3) = 0

(4.7) (ag- 2)[—]5.3—5 + %Q ay+ % 85= 2a,a5] + (aS— %)(1—25-
- % a2) + 1‘%’*’(&2— %) =0

ZET ay =3, 8y =3, a3, a2 EREE. RERFNTED

Y. ROL S5 5b0

h 3 N
(4.8) kg = f(xl+72,yo+ 8h(k1f 3k4))

_ . |
ek 2y (- -
(4.9) ke = fx+ h,yq+ 7h( 4k + 3kt 12(ky k4)+8k5))

1
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(4.10) Zy= yot 45[7k + 32K+ 12k + 3°k5+ 7k6J
(4.11) 7 - y(x,) = % gpds » 2410 - 4§ P+ Z)1s?
. 2T Y%/ = Bt ‘ylyy 3%

+

' > 2 4 3202 or3
8N TS — 240°TS + 16 T7- 89“1°~ 80T
Iy 45 V] ay ‘Xy

2021 4 , 7
=i & T] + 0(h')

¢ |
W v = k35 qk, = 0(hY) T TP OBEE 0 LeoEHEEDOD S

121 101
g?‘ a1 = q6’ 4y = 0, (13 = q5 = "4(169 q4 = 6q6 E%bo
G = 1/90 REBRERORHBL LN B,

(4.12) = i

w = gglk = 4ky+ 6k - 4k5+ k6]
~ b 1.2, b2 40 o o3 5 p2n2
(4.13)  Txgiygsh) = v = =77 ny + 57l-23 §,7°- ?-$yT
15 n® 443, 82
- 14 3y -1 g\yTsJ + grl-= 178 - 2510

+ O 8 P 3P 18- 2$§'J&TZS - 222 p2rs

- I3 nto 381200 13T 3y _ Lagdy

VO ¢ RHBELT.  (13) Ront 0ErkBEYE(OL ©
EEW Lk ZhICH. £E2EROL 5K+ NE L vo

3n

(4.14) hYot B

= f(x + h( 9k +16k., -4k +k6))

7 3

(4'15), e = w —_63h(k7—‘k5), Zy =12+ e
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LDk %

(4.16) "f(xo,yo;h) = ;‘—?e% J‘;T + -l,—rif?yTs] + (-—~
s
219 + o3 AP+ 209 Ts?- 120 Iy 725
EpIN 5\ 0 4 12 X?T“ 22 )20 212 3y
- 758 E4T] + 6(h

Td 50 ,
m=e/2 %O zzkﬁﬂié LTx '22:'»22+ m % Y('xz_)@&Z_HLJHEt L
n T Zy- yix,) BEBFHFEIELDL N Do

_ 2 oy _ b2 1.4 2 1.2, 1 p o,
(4.17) Z,- y(x,) = S7l551" TS + 2% + 5 4
Iy o3 L1p2.2 1303, 4 g 5
-5 0T 8T 55 AT - 7 4 TsT 4 [-T 21
5p242, 15 5 0 o2, 4873 159
+ 3785 PR + 3 I TT7 F3178 4+ S2ETQ

S04 p e BT 5 1P 23 g% - 4982 %

56
839 . p4_ 8597 n243_ 953 3,2 96113 n4
55 0,7 882 5 5 0yT7- 555 1]

+ 0o(n')

4.2. Order 3 @ one-step method

, v v 4y
(4 . ]_8) , E Z].: yo+ ‘hj[t;:l Piki’ Z-l- y(xl) b, = O(h )

s EREOTEL . KORESRSBRER B Ao

3
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' . _ 1 1

(4.19) P1t Pot Py= 1y apPot azpy= 3y ¢yP3= g
(4.20) a3(a3— aZ) = (2 - 3a2)cl

COLE | ARBEZRZRDOIS>K AR 5o
' 4

(4.21) z,- yix;) = %Tz(-1+ 3a,t §a3—2a2a3)T3+ (4a,-3)18
+ (2a,- 1)3yT2- &éT] + 0(n’)
3T
(4.22) Z2 = Yot hf:i qiki’ Z2— y(xz) = 0(h”)
. =5 ht 4 4 3
(4.23) e =nh f:i rk, = ZTL:(—1+ 38yt Fas- 2a2a3)T

+ 2(4a,- 3)1S + 2(2a2-1)ny2-23§T] + 0(K?)

T Z,-y(x)o 1418%,1% OFRKE O THBLWIEBEDOHE

&N

(4.24) azzlg, ay= %, a,= 2, as= %
agibfiée REDIS> %S,

(4.25) Zy= yo+ Tegllaky+ 63ky+ 120ky+ lak,+ 125k.]

(4.26) e = If%z h7(k,~ k) + 11(kg- k;) + 14(k55 k,)]

-22 -
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(4.27) 2y = Yot 4(k + 3ky)
e’ L
ok, = fxgt %h,yoﬂe g}hkl)
2 L1 -
| k3 = ffx0+ ;)Th,yo-i- h('gkl—i» 2k2)J
(4.28) { :
" 27
k4 = foO+ 2h,yO h(2 1~ 3 k2+ 12k3)],
' 8
L k5 = flx + gh,yo 125}1( 5ky+ 2Tk,+ 21kg+ 7k )]
(4.29) To— y(xy) = p—i[-Sé\ P + j\ 3 + T2+ 64} TS
: 27 Y\Xp) = 5 Yy y
%‘—‘(}\yTSJ + 0(n®)
(4.30) o bl 203 246 20 122 2)21] &+ £[42T4
* T 4179 3 9% ¥y 512
64ng2, 1702 320 20,3
- TS+ SIS - J\ P + 2435\T+ 33‘yT
§ 6
- 24§yTs] + 0(n°)
Thbo
m=e/2, Z,-= 2’2+ m &ETHE
(4.31) z —»yr(x) {13 318 5\T2 J‘T]+b-'5-[ 16T4
: PR A 5y 51727

32052, 11425 _ 885 p . 1024y o3

- 9TSt 5y 243%y

2, 74,3 28 6y
+ J\T "yT+ 3c_r‘yTs]Jfo(hL)
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Ehbo

2 % x &
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