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ABSTRACT

The purpose of this special problem is to collect existing numerical methods for

finding the numerical solution of the initial value problem of ordinary differential

equation so that it may be useful to students and researchers. These methods are Euler

method, Taylor method, Runge-Kutta method, modified Runge-Kutta method by orthogonal

polynomials, modified Runge-Kutta method by Newton-Cote method, and the integration

method. Some examples are illustrated in this special problem.
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Vi1 = Vo +—Z—(kl +2k, + 2k, + k,) (2.8)
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k, = +—, Yy, +=k
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h h
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2.1.4 32iiuIB39-9AM-Me3dH (Runge-Kutta Merson Method)
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.16) egluguuuiig 11 aumsFeeywusadyduduniisziifeddu £, ..., £, u

o o @ ] a =
Heanduves n+1 @wlsho x,y;, ¥z, ya  HAgUMUUR  (2.15) FuszuuaNnIIE

o CY Y

o & )
DYNUDINYDUA VN UILVUIRWIY IﬂUiJ

f](xs )’1,)'2,---, yn) = y2
H(X Y1, Y2505 Ya) = Y3

G (X Y1200 Yn) =Yy
o (X Y1, Y200 Yn) = (X, ¥ 1,2 500 Yi)

0w a2 aa a A ad A 1%
ﬁ']ﬂ5”1”“”ﬂgllﬁﬂQ’Jﬁﬂqiﬁqwalﬂaﬂzﬂllﬂﬂﬂ (215) o n=3 Iﬂﬂqﬁ RK -4 lWﬂGlﬁ

3/ ad dy
nn%’;‘ﬁmswmamawmﬁumsﬂszmwu

N yll zfl(x’)']’)'Z""a Yn) ’YI(a):yO
Y2 = H(X, Y1, Y250 Ya) .y2(a) =yg
y?} = f3(X, )’1’)'2,---5 yn) ) )’3(3) = )’6
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h

Yim+1 =Yim +g(k11 +2kyy +2k3 +kiy)
h

Y2m+l =Y2m +g(k21 + 2Ky +2Ky3 +Kyy)

h
Yim+l = Yim +'6“(k31 +2k3; +2k33 +k3g)

Iﬂﬂ“n kll :ﬂ(xm’YI,msyz,m’y3,m)
kZI =f2(xm9)'l,m’yz,m’y3,m)
k3t =HXm.Yim Y2.m> Yim)

ki = fi(xp +%’YI,m +5k11,)'2,m +gk21’)'3,m +‘121“k31)
ky =6H(Xp +ga)'l,m +gklla)'2,m +_g_k21’)'3,m +%k31)
ki =f3(xp +%:Y1,m +gk11,)'2,m +%k21’)'3,m +%k31)
ki3 = fi(xp +%a)'1,m +%kl23y2,m +gk22’)'3,m +—}21k32)
kay = H(xp +%,)’|,m +gk|2’)'2,m +%k22,)'3,m +‘2‘k32)
k33 = f3(xp +%’y],m +gk12,)’z,m +%k22a)'3,m +gk32)

kig =f(Xpm +h, Yy +hky3,¥) n +hkos,ys p +hkss)
Koy =X +hsy; m +hky3,y5 5 +hkoy,y; 0 +hkys)

k3g = B(xp +h,y; m +hky3,yy 0 +hkoy,y3 5 +hky3)
d Yo o
WHUIANN y) ety Yomer U0 Y3 e 220031 Iiwdone fu

a a4y
2.4 NYEHUNNNLIVEY
nquunil 241 &1 T 1Wunsnada (contraction) UW R” ud29zya xe R" 1iwigaine,

A Tx=x

nguiunit 242 I8 f(x) duamdesves Clab] Pllveuwaiiiauazdeiies
aduane wwlan

f(x) s Afveuwaiifaauysel
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nQU{UNN 2.4.3 M * Wudusulu Cla,b] wazd " sadwiluadesi
q a n ) n=i n)n=1

Tvoruun

Rt R
fe C[a,b]

: g o { 4 [3
nquund 244 W ¢ dufledduiidefosuy R Amua £>0 il ¢- wamao

IndiRssunq

fmm'sﬁ y(x)= f(x,y) vu |x—§|Sa ﬁ ¢(§)=77

nquUNN 245 & feC(R) uazez geC' YoM y'(x) = f(x,y) LU

‘x—f’ﬁa

3 o R
nquijunh 24.6 19 D duleawulussu (x,y) ez fec (D) sxilaidug Fuduwa
RAvYDY

[ [ 14
Jymlueumsi y'(x) = f(x,») Tuineeswes x #ll & agluanadl

nquundl 247 audld fe(C,LiP) Tu D dwmnsidning LW ¢ du ¢ -
HAIRAY
Indifvauay ¢ Wue,- wamaslndifvsvesilymvesaunish

Y'(x)= f(x,y)unz
8¢l C, un¥ (a,6) lagiidmivung fa <& <buay

4 (x)-¢, (&) <6 2.17)

o, J a a [ }
Tau s Wumnsiivan de =g +¢, udrdmiunng x e[a,b]osldn

M (x)-o, (x)] < et +—E(eL|x_5l —1) (2.18)

nqyﬁunﬁ 2.48 awydl f € (C, LiP) uu
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R=|x—§|$auaz|g—nsb,a,b>0
wag
M ={max'f(x,y) (x,y)e R}
1y
o)
a =min| a,—
M

Y - A Y i
Llazﬂzvlﬂ’31uwalﬂﬁﬂ ¢ lWUQﬂuqﬂlﬂalﬂﬂjﬂﬂQ{]ﬂJﬂjﬂﬂQﬁuﬂTjﬂ

Y'(x)=f(x,»)

Taei

lx—é‘|$a wag (&) =7

‘ . o 4
nquunii 249 &1 7 (C,Lip) vu R udrnziinamasin ¢, vy [x—¢|<a Fuilu
Haridu

A y ‘ 4 o

dolosaziuuuauysaimwamasniiufonr  ¢(x)  vesilymd
y'(x)=f(x,y)

hop(&=n)

: Y I 4 £ a '
nquundl 2410 &1 £ dluilduidediosun R luszw (x,y) ddign (£,7) of
Ty R wazl

L>0 #

lf(xlyl )f(xlyz )l s LIyI —yzl(xlyl)a(xxyz) €R (2.19)

izl S - 0 Amld
X

p(x)=y+ J+(s,¢(s))ds,

4

x-g<s  uda (2.20)

nquund 2411 W b Wulamuvuszu (x,p) uaz feC(D) Tavh f Tvouiwn

PNAUY D
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¢ Lﬂuwamawmﬂmwwmﬁumiﬁ Y () = f(x,y)  UVUFN
(a,b) uda

¢(a+0) unz  p(b-0) ivFeunzdh  (a,4(a+0)) wio
(b:4(6-0)) of

lu D wdwamas ¢ o1vvzan et a wieldnevnves b 14
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unn3

= ad d = adq d 4
ATIVIVITUDI0DADIUASITIVSUIBINGIADT

a Jd
3.1 5VU03908INDI

[ Jd a d o a W o % 4 '
'NIQ‘IIS3ﬁﬂﬂﬂl@ﬂ?%ﬂl@ﬂﬂﬂma®5!ﬂuﬂ'ﬁﬂ']NaLﬂﬁU!‘]Nﬂ'J!ﬁ‘U‘U'E]QﬁiJﬂ']SﬂHWUﬁﬁnJﬂluﬁﬂg

Tugl

dy

—=f(ty), ast<bh (3.1
dt
TaofiguSududiu
y(a)=a
LY Y [R) = [~] 1 & o b_a
BUAVUINTIADWUIYIA [a, b] pomilun U &l A= , Yo=cC uag
n

Y A 1 ac de 9 v =) =)
x, =a+kh Tavezldar y oAy, 35n1svesedumestl s1azldm y, Muaanhud
P 1 =] 1 ac q’: ~ , 2 4 Yy 9 o
oA y. | 5un31 “ IEMIFUALY” FTMIveseoumpsml y, , tauluduasaiininy

Fudhi y'(x,) wazrmga (x,,y,) Wuddmuadagl

Ay
L
Yma+1 hy'(x4
. e
h »
Xm Xin+1 T x

517 3.1 nanadunssiifinndudly y'(x,) uazimga (x,,,)

& J ¥
Fusremnsonia y,,, 19910

ym+l =ym +hf(xm’ym)
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ad a ) o ) g s " A Y ad a -~
P IwamasedyrmaunsFIo Y UM Ny FUREMUUAUTUAUITUT NN IZANY)
AYa Yo A 3 aada
l¥punin eanniluIsh

g/ 1ad o ¢ & & aad Y o a
Ilﬂuﬂ')ﬁ‘ll@ﬂl‘ﬂﬂm@i “]NL'lJu')ﬁ‘chl'HWalﬂu‘ﬂu’]‘waﬁlmlﬂguwuﬂu

9
) Aa ' aa % o Y} o w o o o o
NAld ﬂ']mi]‘ﬂﬁUﬂ???ﬁﬂlﬂﬁlﬂﬂlﬂﬂiﬁﬁ']81‘15'01§ﬂ51.lﬂ'm\1m€lm'05Lﬂuﬂﬂﬂ

NNAUNIT
h2
ym+1 =ym +hf(xm’ym)+?[f;(xm’ym)+f(xm’ym)j:v(xm’ym)] (32)
y'=f(xy),y@)=c Tao a<x<b
Taull h=b;a,yo=cua$ x, =a+kh
o @ o o
NIENWNON  y(x, +Ah) AWOYNTUMAIVDUNUINDT
h2 3
y(x, +h)=y(x,)+hy'(x,) +7y"(xm)+€y’"(xm)+ . (3.3)
AU y(x,+h)y=y, +hf(x,,y,)
Falvt
(3.4)

ym+l :ym +hf(xm’ym)
o aa ~ 1 ad o fo W A A Aa a o 1 aa
LiUﬂ'Jﬁﬂ']i%']ﬂgﬂLL'U'U‘Y] (3.4) MIBYDIUNUDDTIOUAVHNUINTDNULULTUNAUINITUDIDDY

o ° a Y ~
o3 Tuiesfuadunngduuun (3.3)

2

h :
y(x, +h) = y(x,)+h'(x,) +—2—y"(xm) ua y'(x) = f(x,y)

Ay,
"oy SIS,
Y+ = 2y iy 3 s D)+ S (s 20 (57,

Soiulv
h2
Vst = Voo +hf(x,,,,ym)+7[f, + 1, 1% Vo)

a aq ~ 1 ad o do @ A
LiUﬂ')ﬁﬂ']ﬁ]']ﬂE‘lJll‘U‘U‘Yl (3.5) MIFUBIUNULDDIDUALNTDY

(3.5)



ditlonoTyanaa T nszeoundmAnTly 17

o v Aag 4 o v @ A d 1 = ) A 9/ ~
TN IUITVOUNYLADIULUUDUAUNTIN mﬂuL‘BulﬂU’JﬂuﬂUﬁmmeLiﬂ mﬂcl‘]fgﬂLnJU‘VI

3.3) Tavldn

2 3

Y, +B) = y(x,) + Ry (x,) +ﬁ2—y"(xm>+%y'"<xm)
Y'=f(xy)
V=4 1, ()

y’”=%§+%@+f[%g+%@:|+f l:g—f;@-i_—ai@}
o &x Oy ox & ox oyox| | oxox dyox

Y = fa A Lo 4 M+ LSy ¥ S L I (5 )
N fo=f, WIAN Y =L 42+ S, + L f, S

[

3 ac d 4 v o A
U gﬂLlUUﬂlﬂQ’]‘ﬁﬂJﬂQmmﬁﬂilLUUﬂuﬂU‘V]ﬁWN

h2
ym+] =ym+h[f](xm,ym)+7[f:\—+f]:y](xm,ym) (36)

2 8, Py B

[y

[ v ad d 4 [Y Aa o ' = v v v oo oA A & ¥
MHUIVIDUDUNVADILUUVDUALUNT mﬂul‘vummﬂuﬂuauﬂuwﬂm AULAT Y “]NGl‘]f

siuuui (3.3) Taoldn

y(x, +h) = y(x,)+hy'(x,) +h72y"(xm) +%3y'”(xm)+ ;—;y” (x,)
y'=r(xy)
V' =L L4 1, (20 5m)
Y= a2+ LS+ S S+ I (R V)

ylV =%@_+%Q+2f[af‘lﬁ+%@:|+2ﬂy|:%ax af ay:\

_+__
ox ox oy ox ox ox Oy ox o dy ox

0 o) 0 0

cn
j
Cad
"
i)



18

0 6x dy Ox Ox 6x Oy Ox Ox Ox Oy Ox
V' = S ¥ My * 2o ¥ 27 oy ¥ 21 S + 218, S
o Su ¥ Sy ¥ L St Ly ¥ L S+ 1,
20 S, 20, S 420 S + 200, Sy + S+ IS
N foy =S b0 £, =f,, wz f, =1,
V= [ 3y 43 Sy #3S S +5H Sy 3L S+ S S
+ 2 4L Sy S I

s [af o, o ay} f{af o ) 6y:|+f [afax afay}

14
.Y |4

4 o o dd
quugﬂuvumauﬂumas UauNg

Vst =V +h[f](xm,ym)+%[ﬁ +ffy](xm,ym)
Lt 2 L S+ ) 2)

+%[fm+3ffxxy+3f2fw+3fxfxy+5ffyfxy+3ffxfw+fyfu
L fo 442 L Ly + LS 1) | G V) (3.7)

foymii 31y = ,xe[5,10] Tauft y(5)=5

( 4)’

wamavfiufesede y(x)=5+In(5)—In(x)+In(x—4)

M35190 3.1 vassmndi v lduazamnnuiana1nvesITNs Euler 1ag Taylor H x=5.1

1uag h=0.1
x=51h=0.1
y=15.07550755250000000000
Calculated y Error
Euler 5.08000000000000000000 4.492447491855000x10°
Taylor2 5.07520000000000000000 3.075525081450000x10"
Taylor3 5.04769066666666700000 2.781688584147800x10"
Taylor4 5.05048010666666700000 2.502744584147800x10"
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M15199 3.2 uaaamnivia ldazMANuRANa1Ave93TMS Euler 1ag Taylor N1 x=5.1

1azh=0.0001

x=5.1,h=0.0001
3 =5.07550755250000000000

Calculated y Error
Euler 5.07558320327531200000 4.353459371000000x10°
Taylor2 5.07557884952924600000 2.867550000000000x10 ™"
Taylor3 5.07557882676148200000 1.908021464715630x10"
Taylor4 5.07557882676367500000 2.305232500000000x10°

M15199 3.3 uaaamiisiuda dineAn NuRana1ALe9I3NS Euler iag Taylor # x=15

iuaz h=0.0001

x=15.0,A=0.0001
¥ =6.29928298412969578000

Calculated y Error
Euler 6.29932419705063600000 3.878869761600000x10°
Taylor2 6.29928540676228800000 1.590732000000000x10”
Taylor3 6.29928531721452400000 2.333084828220000x10°
Taylor4 6.29928531722134000000 9.113168000000000x10"

i 3.2 y' =

NI

d’ Y a A
namasiuNesIne y(x)=

3 ]
= xe[0,1.1] Tagit y(0)=1

1

3-241+x7

M5199 3.4 waaamni s Idime AN NuRaNa1Ave9I3MS Euler g Taylor #i x=0.1

ing h=0.1
x=01,h=0.1
y =1.00502518870000000000
Calculated y Error
Euler 1.00000000000000000000 5.025188681312000x10°
Taylor2 1.00500000000000000000 2.518868868131200x10°
Taylor3 1.00500000000000000000 2.518868131200000x10°
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MIef 3.4 (99) wamsmnmuln IdieeAInuRANaIAYE9ITMS Euler uaz Taylor 7

x=0.1 1ag h=0.1

x=01,h=0.1
y =1.00502518870000000000

Calculated y

Error

Taylor4

1.00502500000000000000

1.886813120000000x10”

M31970 3.5 ugasmis s lduazmanuiana1nvesdTmMs Euler uag Taylor i x=0.1

iung h=0.0001

x=0.1,h=0.0001
y=1.00502518870000000000

Calculated y

Error

Euler

1.00502008745819300000

5.101223119000000x10°

Taylor2

1.00502520537290200000

1.669158900000000x10"

Taylor3

1.00502520538153300000

1.670022100000000x10"

Taylor4

1.00502518883369400000

1.523810000000000x10"°

M3 3.6 wamamAfiIuIn IdasAInNURANA1AYBIITMT Euler Lag Taylor #i x=1.0

uag h=0.0001

x=1.0,A=0.0001
y =2.41421356237216100000

Calculated y Error
Euler 2.41263549212664900000 1.578070245512000x10"
Taylor2 2.41433568183712800000 1.221194649660000x10™
Taylor3 2.41433614037429100000 1.225780021290000x10™
Taylor4 2.41495339520652100000 7.398328343600000x10"

iyt 33 ) =3, x€[0,10] Tawit y(0)=0.1

4 ¥ a A
Hamasiunesene y(x)=

.
2(50-x)
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M15190 3.7 waaemnfuon lAlazA1nNUAANIAYEIITNS Euler tiag Taylor N1 x=0.1

ag h=0.1
x=0.1,h=0.1
y=0.10010015025043829400
Calculated y Error
Euler 0.10010000000000000000 1.502504380000000x10"
Taylor2 0.10010015000000000000 2.504380000000000x10 ™"
Taylor3 0.10010015025000000000 4.380000000000000x10 "
Taylor4 0.10010015025043800000 1.000000000000000x10

A15199 3.8 uaaImnfIuIe IdazMANUAANA1AYDIITMS Euler 4z Taylor N1 x=0.1

uag h=0.0001

x=0.1,4=0.0001
3 =0.10010015020000000000

Calculated y Error
Euler 0.100100150099837000000 1.506010000000000x10 ™"’
Taylor2 0.100100150250438000000 5.043800000000000x10""
Taylor3 0.100100150250439000000 5.043900000000000x10 ™"
Taylor4 0.100100150250439000000 5.043900000000000x10 ™"

M350 3.9 uaasmis i lduazAnnuRANaIAYeIITMS Euler 1ag Taylor A1 x=10.0

uag h=0.0001

x=10.0,A=0.0001
y=0.11180339800000000000

Calculated y

Error

Euler

2.23087922976991800000

5.188753688733000x10°

Taylor2

0.11180353862945800000

2.80000000000000x10"*

Taylor3

0.11180353862950100000

1.50000000000000x10 ™"

Taylor4

0.11180353862950100000

1.50000000000000x10™"*
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[ ¥ ]
an dﬁl Ja o o A

a o ~ a w
sudloyIJae-aaantussdor TN 19Ismsiign iNemnamoaoyaduavvesilym

A a 9/ a Y 4 = = Ay YY) 9
o lusuduvesaumsgaeyius laoiszidiouitgaus-gandody s szly

HunsafinIuge
a o & ' : o da '
X _, llﬁ$Uﬂ'J’]iJ‘]fuﬂuﬂ’llﬂaU“UﬂQﬂuwuﬁﬂ‘ﬂﬂﬂlﬂ\ﬁ‘ﬂl“ﬂ] S 0 UUHYN [x ,Xx 1N
m ym 3 a 1] ] m? " m+l

o ' o v 4 as [ g =) o @ 1 dy
nszuaumsaena i IfIdhsediondga-gaaisudy s yluuuialddbe Uil

ym+l=ym+hza1ki (41)

i=!

Tﬂuﬁ ko= f(x,,Yn)
k, = f(xm +ha],ym +h,3”k1)
k3 = f(xm +ha2’ym +hﬂ21k1 +hﬂ22k2)

k,=f(x,+ha_,y,+ hﬂs—l,lkl +hﬂs-1,2k2 +o.t hﬂx-l,s—lks—l)

Ym+l
hy'(Xp)
Ym

v

Xm+l X

~ 4 o o ' an o,
317 4.1 neraadunsanfinnuduiiv y'(x,) uozruge (x,,,,) Govodosuass)
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o @ a aa A a Y ' a
dmsuszliouitvesgu-nan wliduassidiuge (x .y ) saziianuduiluaundo

v g 1 a Y t a o  da
yosoyusAnaroga wulunsdildnuduilusundovesoyiusfidesya oz 1851y

Vst = Y T h(ak, +ayk,) (4.2)
k, = f(x, +ahy, + phk)

nanfesndionds (3.7 wldiduasafidiuge (x,y,) sazlidmnududusunie

wod y'(x,) waz f(x, +ahy, + fhk) ﬁﬂugﬂ‘ﬁ 42

Y 4 Y =Ym +hf(Xp,¥Ym)
/ L

e

__— y =y, +hf(x,, + ah,y +Bhk,)

Ym+l

Ym

v

Xm Xm +oh X

m m+1

51U 4.2 namaudunseiiviuga (x,.y,) uazlimnnusueiiuaundoves y'(x,) uaz
f(x,+ahy, + Bhk)

{ 3
110317 4.2 duase L aumsilu

y=y,+haf(x,y,)+af(x,+ahy, +Bhf(x,y,))
Vat =Y th(a f(x,y,)+a,f(x, +ahy, + Bhf(x,¥,))

a ) a aa o o o £ Y ' aa 1
L‘iUﬂ’ﬂi81‘]JEJ‘]J’Jﬁ§QN—ﬂGWH®uﬂ‘1mﬁiN HIAEABDITITA a,a,,x 13Y3 b ﬂ AHNITUINN

v 0 g g/ o d o o o o g
Wia'lu%gﬂi37]’]1@Uclclfﬂ'J']llz'vﬂﬂﬂ'l'imﬂ'm‘“ﬂ\u‘ﬂmﬁﬂi‘U@Q‘W\iﬂ%ua@\iﬁ'«]llﬂﬁ AU
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g ,0g
glx+hy+k)= g(xvy)+[h—(§x—+ k ay]‘”’
—[hzaf ok 28, kzag](x) “3)
ox oxdy oyt

k, = f(x, +ahy, + Phk,)
= Sy + ahf (%, 9,) + BRK S (XY ) + .
S Vo = Vo tha f(x,y,)+ha, f(x,y )+ R aa, f.(x,y,)
+h2ﬂa2k1fy(xm.ym)+

2

e Vo = Y(x,,)=Y(x, +h)=y(x, )+ hy'(x, )+h— "(x, )+ ...

2 2

)+ o F i) F (5, ()

Moudulszand lumeuued h naun1stsduasaun1sez 1dn

1 1
a +a,=laa, =3 uag fBa, =—

1
a,+a,=laa, =3 oy a=pf
=1 (= 14 1 A ' o
wu'ldn Haums 3 aums ualimfvzdoant 4 a1 auudld a = =1 1A

a =d4d, = —
1 2
2
¥
L4

darfu punuh @.2) sy

h
Yma =Vn*3 (k, +k,) (4.4)
Taudi ko= f(x.y)
ky=f(x,+hy, +hk)

° = ol 1
Tudmespvarudild a=p= > w8 a,=1uaz a, =0

v & & g
AugluuN (4.2) wiy

ym+] =ym +hf(xm +§’ym +—g_kl) Iﬂﬂ kl zf(xm'ym) (45)
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3 4 g aa v oW < 1 { a
Mgduuuh 4.4) uaz 4.5 WuiTvesgus-namduduiaes uagluuuditionld Ae
sUnvunngduund 4.4)
<] o a
¥ a =0 uay a, =0 wldidugiuuvvesvesmesauidy
= asg o v w ¢ 4 A 3 @ ¥ P
sziliyI5veegad-gaauuueaty ImeyWusimdsiaesya uanuduveadunsah
I 4 ' and , g aa
HIUYA (x,,y,) Wemmilszanmves y(x,,,) Iezdnmae liUiiduszifionitvesgus-ga

MOUA ‘ﬂ’c‘f']ll mmauwuﬁmatmmmmﬂummmmmmume‘nmu%ﬂ (x YVm ) l‘W@‘Yﬂﬂ']

d

Ee

B

Yoot =Y +H(a )k, +a,k, +ajk;) (4.6)
Taod k= f(x,y,)
k, = f(x, +ahy, + Bhk)
k, = f(x, +a,hy, + B,hk, + B.hk,)

¥
=

MNFUUUA (4.3) NIz &, way k, 1AAail

k!

2hzf +a ,ﬂ]hkf +ﬂl ‘f +...

k, = f+a.hf, + Bk f, +

= f+h(a,f, +ﬂ1ffy)+h2(50‘12fxx +a, B, ff,, +5ﬁ12f2fw)+

alh’

k, = f+a,hf, + B,hk [, + Bihk, f, +

(Bohk, + Bk, )’
2

= f+h(a,f, +ﬁ2ﬂ +ﬁ3ﬂ)+h2(aﬂ3ff +ﬂ1ﬂ3ﬂ + fxx)

fxx + aZﬁthklf,‘vy

+a, Bk, f,, + S+
v, B, + Bt +1ﬂ§f2fw +lﬂ§f2fyy + ﬂzﬂsfsz ‘.

h3
- 5 a,Q, f +h302a ﬂl.f]:vy + azﬂl f? f
tha,f+ R aa, f, + R ap, ff, +h2a3ﬂ3ﬁ’y
h3
+h303a1ﬁ3fxfy + h3a3ﬂ1ﬂ3ﬁy2 +—_-a2203_f:tx

+hH a,o, fy I, + hKa B S+ " a3ﬂ2f Sy

+§“3ﬂ3f2fyy +Ra, [ f,, +..
=y, +h(a f+af+af)+ 1 (a,q f, +aa,f,+a,B [,



+a3ﬂ2ﬁ’y + a3ﬂ3ﬁ’y) + h3(% azalzfxx + aza,ﬂlﬁﬂy
+ w1, raa Bt f, Pl
+%a3,6,2 12, +a,Boff, + aa, B i,

b @B, @B, @B )

1e VYour EV(x,.)=Y(x, +h)
2 3

! h ”n h m
= y(x,)+hy (xm)+?y (xm)+zy (x,)+..
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_=.ym+hf+h?[fx+ﬁy]+—h6—[fxx+2fxyf+fxfy+fy2f+f2fyy]+...

1 t-ﬂI al
Taomm S oSy Lo S, BAUNA (x,.p, ) BazauuAN f = f

p o a ¥ ¥ P
Weudmlszans lhumeuves h nnaumsduduaesaunises ldi
a,+a,+a,=la,0 +a,a, =—

1

1 2 2
a,p,+a,p,*a,p, :—2-,612051 +a,a, =§

1 2 2 2 1
a, 5., :'6' wae a,B +a.f; +a, By +2a,5,p, :'5
Wedduaumsnvezld

a,+a,+a,=la,a, +a,a, =—

2 2 _
a,a) +a,a; =

» &y 2162"':63

W ] ==

1
a,a, fy = s waz a, = p,

¥
LY

a 1A A 9/ '
AIUUITY 6 TUNTTUAUATNIESADIT 8 AN

- 31uuufi (4.6) vilu
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h

Yorul :ym+g(kl+4k2+k3) 4.7)

Tai ko=f(x,y,)
h h
k, = +—,y +—k
2 f(xm 2 ym 2 l)
ky= f(x, +hy, —hk +2hk))
niethid o, =1.8,=0

_ 1 1 1
o :lyﬂ‘ =1,ﬂ3 =1,al :}‘—'az 2'3- (Y3 b+ a, =—6"

-~ gtii @.6) sxii

h
Vst = Y +g(3kl +2k, +ky) (4.8)
TaoA k=f(x,y,)
k,=f(x,+hy, +hk)
k,=f(x,+hy, +hk,)
n’/’ o g an v o = aada =
wagtuuud (4.7 uaz @.8) Wuitvesgus-aamduduiisuuaisidoufiqaiiugluny
YoI3UUUUN (4.7)
TuhueudsrfufuszidioniFyesga-geaamduaundsaassudunane1nveMIseioy
an v W g 4 ] n’;’ ~ a wa A
Fuesgae-amduaugaiuGes lduanslumeanguuaznalfifsziionitvesgae-ge

r=}

o A a = 1o Y y ad o o @ o q ad
ﬂ]@uﬂq%ﬂuﬂ’nﬁ%gquﬂ']‘lﬂﬂ']ﬁ‘ﬁ1walﬂa01ﬂwaﬂmu ﬂ\iuuiﬂﬂﬂ')qﬂ%Q‘l‘BﬁglUUU’Jﬁm6\12\1

]
V- [

R-AAMBUALNaR SuduRmuLazsuduNTuazsaiouiTvesgas-gamsudundntenld

9

vilgtuuudai
h
Yt =ym+g(k1+2k2+2k3+k4) (4.9)
Iﬂﬂﬁ kl =f(xm‘ym)
h h
k2 =f(xm +5’ym +5k1)

h h
ko= fx +2y 2%
3 f(xm 2 ym 2 2)

k, = f(x, +§,ym +hk;) uag
Vsl = Vm +§(k1 +3k, + 3k, + k,) (4.10)

Taf k=f(x,,)
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h h

k, = +—,y, +—k

2 f(xm 3 ym 3 ])
2h 2h

k, = f(x, +?’ym +_3'"k2)

k4 :f(xm +h9ym +hk3)

Taom ldazilon RK2, RK3 ua RK4 unusziiouituedias-naniduaunaes suay

[}
¥ A o w

Aoy wazdusuNaMNdIAY

ﬂmum?; 41 y' = ,x€[5,10] Tawii y(5)=5

_4
x(x—4)

wamaoiiuteiedie y(x)=5+In(5)~In(x)+In(x—4)

A1519% 4.1 ugaemnsmunlduazmanuRana1nveddsms RK f x=5.1 uag h=0.1

x=5.1,h=0.]
y=5.07550755250000000000
Calculated y Error
RK2 5.07565062388591800000 1.430713777730000x10™
RK3 5.07550761798868955000 6.548054454214000x10°
RK4 5.07619676253339591000 6.892100252509081x10™

M3 4.2 uaaamnaiuialduazamnnurAawa1nveddsns RK fi x=5.1 iag h=0.0001

x=5.1,h=0.0001
y=5.07550755250000000000

Calculated y Error
RK2 5.07550752651501000000 1.435200000000000x10 "
RK3 5.07550755250815033000 3.171418440000000x10 ™"

RK4 5.07550827736833909000 7.248603601794900x10"
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M3 4.3 uaasmndmiuin lduazmanuEanaInuedIsMI RK N x=15.0 uay

h=0.0001

x =15.0,A=0.0001
y =6.29928298412969578000

Calculated y Error
RK2 6.29928540915291500000 7.998950000000000x10 ™"
RK3 6.29928298413277599000 3.080202760000000x10 ™
RK4 6.29928944857987894000 6.464450183152340x10°

3
i X ~
ey 4.2 y'=—y——,xe[0,1.1] Tawh y(0)=1
V1+x?
A Y a A 1
HARAUNLNITND p(X) =
3-241+x2
M5199 4.4 uasemnsiuas ldesmnnuRana1aveddFns RK A1 x=0.1 uaz h=0.1
x=0.1,h=0.1
y=1.00502518870000000000
Calculated y Error
RK2 1.00497518595105000000 5.000273026200000x 10"
RK3 1.00503775749608848000 1.256881477651461x10°
RK4 1.00418659383757025000 8.385948437417134x10"

13199 4.5 uaaemna I lduazmaNURANaIAYeIITMI RK N x=0.1 g h=0.0001

x=0.1,h=0.0001
y=1.00502518870000000000

Calculated y Error
RK2 1.00501509268678900000 1.279600000000000x 10"
RK3 1.00502518868132396000 1.176836000000000x10
RK4 1.00502434692429476000 8.417570174224000x10"
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MINN 4.6 waasm sl lduazmanufananueddins RK fi x=1.0 4ag h=0.0001

x=1.0,A=0.0001
y=2.41421356237216100000
Calculated y Error
RK2 2.41421341464646044000 1.477257010051900x10"
RK3 2.41421356236312956000 9.031886350000000x10 "
RK4 2.41421356236957152000 2.589928240000000x10 "

Tyt 43 y =y, xe[0,10] Tavft y(0)=0.1

t:; Y a A
HARasLNIfe y(x)=

_
2(50-x)

AMINN 4.7 uaasmnmuou lduazmanuRanaInuedIsns RK N x=0.1 uag h=0.1

x=0.1,A=0.1
y=0.10010015025043829400
Calculated y Error
RK2 0.10010015015005000000 1.003880000000000x10 ™"’
RK3 0.10010015025400768000 3.752554000000000x10
RK4 0.10010015025043829400 0.000000000000000

AN 4.8 LaaImnm I 1duazmMaNURANAIAYBIITMI RK N x=0.1 uag h=0.0001

x=0.1,A=0.0001
y=0.10010015020000000000

Calculated y Error
RK2 0.100100499498380000000 3.492983800000000x10”
RK3 0.100100150250438613000 3.191900000000000x 10

0.100100150250438613000

3.191900000000000x10 "




A1519N 4.9 uaaennaulduazmanurana1avedIsnms RK fi x=10.0 uag

h=0.0001
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x=10.0,/=10.0001
y=0.11180339800000000000

Calculated y Error
RK2 0.11180339887497300000 3.00000000000000x10 ™"
RK3 0.11180353862950073700 1.45439200000000x10 ™"

0.11180353862950073700

1.45439200000000x10 ™
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5.2 WHHINAIYY

v
9 A Yo o

Taolusiatetiveistmsfinnedsadamfay laanyumziimns1usn 139 wuﬂ 5

L] [

quiuy TnuszeRiusvaziBundade Ui

5.2.1 galuvun 1

dw

an { o o '3
AFUNAUINIINNGS L‘UU‘U’JﬁiQN -AAAN Iﬂﬂﬂﬁﬁumﬂ‘ﬂﬂﬂgﬂLL‘UULﬂTd-Lﬂﬂ‘ﬂﬁ)QﬂNW

~

[ as |=Iy
YSulgaldlaves Mdndnuel RN unuszdiondTjaus-gaan Inad]

9
[}

dwivgtuuunlFlumsdszuasnlSiuiidawavesilanduidegluginasmvoana

P2 [ d
AuIEniNgaguine w, fumvesflanduiigavesyluuy & fineandesiv n yaveumd

gﬂLm'uﬂumm1&-Laaﬂaqﬁuam"lﬁ'ﬁmnms (5.1)
L n
[rede=3 45¢) (5.1)
_i i=l

4 . ] o é q’/’
Lﬁaqmmgﬂuuu 5i=12,..,n Li‘luigﬂ“lm Tur9ta [-1,1] cmi‘luﬁmlmwuumm

4
RINDBIOIA (Legendre orthogonal polynomials) p, (&) %9

Ln=0
p,(&)= x;n=1
(5.2)

%{(2’1 _)ep, (&)~ (n-1)p, HEin>1
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(5.3)

o Y [} v [ o o Y
dmivaavesgluuy & uara1gans 4 vesgluuuimd-laevesaannsoudasiang

~
M1TNN 5.1

4 1 1 a o J g
MInN 5.1 uaeameavedjluuutergea ndmsugduuumd-no909a

[r@as=Y 47

¢ 4

-0.577350269189626 1.0

0.577350269189626 1.0
-0.774596669241483 0.555555555555556
0.0 0.888888888888889
0.774596669241483 0.555555555555556
-0.861136311594053 0.347854845137454
-0.339981043584856 0.652145154862546
0.339981043584856 0.652145154862546
0.861136311594053 0.347854845137454
-0.906179845938664 0.236926885056189
-0.535469310105683 0.478628670499366
0.0 0.568888888888889
0.53849310105683 0.478628670499366
0.90617845938664 0.236926885056189

) Y a 4 o 9/ ) a aa
dmsumnihgduuuma-eesesdu lelumsdiulegdunuvesssiionisjaus-namn

Y a ad Qr o d' d‘d =1
ﬂgvlﬂi&’L‘UU‘U'Jﬁ RKN auauNn S wngﬂtmma

Vot = Vm Th(x,,,y,3h),m=1,2,...
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a o o U a [ ' v 1 A o
Taohilengudmmn gx,,, v, h) Wumanuduiinaazgavesgluuufithuinngluuy

youmd-nevesnunlSuliald Tavdmualdiisduuuialfeaums (5.4)
P(x,,y,:h)= Za,k, (5.4)
i=l

f(xm +ha],ym +h,an(x,,,,ym));i:1
oy k, =

i—1
f(xm +ha,,y, +hz,6,jkjj;i =23,..,5
J=1

g

il B, Suduilsz@nia linnuaesszfouitquegan, 7 fluaundhevesda
Tuudaz4u naze a,,q, segnimua Tasgtuuuveumd-nesesdifiiannman/fouuas
Pu0egluu £ e[~L1] uazgande wi=12,..,s ¥o3ULUUIMA-109999AUUY S A
dlugavesgluuuy, e(x,,x,,,] 4a2yA013 a;i=12,...,s dWmTvszdouITian-na

]
[ w A

A A v @ do o
AU S FelanuduRusdniunsulasgavesyiuuune
h .
W, =x, +5(§, +1);i=1,2,...,5 (5.5)
W  h=x_,-x

nngluuuna lluesszidivnds RN asna1 dhwnlddmsumsadeszdionds RN
14 }4
SuAUAe Taelidunaunisasne aeil
14 ] '
Yunouhn 1 aeguuun lvesszidionds
H & o ' p J o ¥ g
Tunpui 2 Mgavesgluvunazannengluuumd-neesd MUsulelailuge
J =] ad 4 ¥ o
yosgiuuunazganaelusaiionds RN Fuiluldawanuduiusves
quUM3 (5.5)
3 A 9 A VY] s ad d' ] 9/ [ ("] a &
dunoudl 3 a9l lvduduvesszilionds werhanldlumssmaumardulseans
' 4 g <
#ilinswmvessnfionds Taemsihgluuuh ldoinduseui 2 i
nszvieldeglugilveseynsy
= [ a &% Y 0w 4 o
mdaes uazifoudusednilumen h Aueynsumdundinesveumey y(x,,,)
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U

e

UAD 2 NINN S=2 1azNgAveeg uuunazAnaAIRInIs NN 5.2

4 ' ' ° o < dar 1 '
MINA 5.2 waasrganlwayveluuudmsuglunumd-nesnatuniganuasye

vosgluuudmivuseouds RKN duau2

sluuimd-mesed szflonT RKN dudu2
yAuesjuuy 90N UGS 009
5 W v, a,
i=1 -2131/3691 1 x 4+.180, 12
" 3691
2 213/3691 1 y .80, 112
" 989

o [ ) ' 4 [ o 9N 1
dmfumsiyavesglivutazganlennjduuuimd-mesesaundsuljelene unum

Ay v ¢ ¢ I
k, wog k, # 189 nmsnszarweynsumdinesse 1d

Y +hf+h7[(al va)f+ (B + B ] 56)

)
UL BDITN

V)=, +hf(xm,ym>+%<ﬁ + ) 5

t 4
[

s )
Fuluauns (5.6) uaz (5.7) Wwwneudulszanslumey A azlddeulvdududmsy

= ac s
TLVYUIBAD

o +a, =1

B+ By =1
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A v oW @ J o Y 1 o a ddo 1 ' = ad
nndeu lvduduanan mldmusomadulsz@nindalinsuavessziiionis lao

[ ¥ A 3 ~ an LY
fuald B, =, wldN B, =a, miwzaziu sUuuvvessslionds RKN suUAY 2

=)
f1o

h
Vst = Vi +5(k1 +k,) (5.8)
- 780 780
Taen k = + 2y 4 W (x
780 780
k, = f(x, +——h,y, +-— hk
2 f(x, 989 Ym 989 1)

o [

~ a Y v o 3 ~
1ANsEUIUMIasessdouds RKN sudy 2 dnanvzitluiugmlumsadasadoy
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Vit =V +1£8(5k, +8k, + 5k;)

Taoh k= f(x, +a,h,y, +Bhf (x,,5,)) (5.9)
k,=f(x,+a,h,y, + B, hk)
k, = f(x, +ah,y, +p,hk + B,hk,)

4 63 1 496
—,a, == In =—

3/ A =l aa A ] 3/ " W a 4 ] ]
a$ravoulvvsaszdeuds e 1 1d I umsmarduilseansnlunsuar  lawns

' o o4 1 dy
NSEW k,,k, uaz k, Weglugiuvveynsumdioesdeamnsauaassaeliil

k= f(x,+ahy,+B,h)

S M S B e 2, + 2, 1500
k,=f(x,+a,h,y + B, hk)

= b+ B e 20, 420, S,

+, By 11 1+ OCH)
k, = f(xm +a,h,y,, + B, bk, +ﬂ32hk )

= f+hla,f, + (B, + B, )/7 ]+ [aa S t20,(By, + B, )ﬁﬂy
+2afy +a,p) 1, +(Bsy +ﬂ32) f S +2(8,5, +ﬂ21ﬂ32)ffv2]+ O(h*)

' § o o '
UNURY k,, &, uaz &, N 1A0INMINIzRweynsuMdm@es luaums (5.9) 9189

8 8 5 5 8
Yomel = [_ 1_8+_]hf +h [(_al 18 1_8a3)fx +(‘1'§:Bn 4ﬁﬁzl
2, +ﬁ32))ﬁ’y]+h3[(—af +%a§ oad)f. +(ia.ﬂ”

azﬁzl a3(ﬁ31 By, ))/f(y +( (a By +a,f5,) + a Pt f IBIZI
3’6:821 +£(ﬁ31 +B8,)° f fyy +(1_§:Bm821 +E(ﬂ]lﬁ3l +/B21ﬂ32))/7y 1+ 0(h")

(5.10)

T A
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}’(xm+1)=ym+hf+%[fx +ﬂy]+ﬁ6—[fu+2ﬂxy+fxfy+f2fw+ﬂy2]+0(h“)

(5.11)

¥ o,
IWSIEREUUNNAUMS (5.10) wag (5.11) wuneududszans lumonuos # az1d

d' [ LY o Q -1 acy -~
Qoulvdusudmiuszdionds (5.9) Ae

el
18
1:811 2,821 a s(By+Bsy) ==

B +£ﬂ2] +'5_(1831 +f5) :l

(a Py, +a21832)+ a 1By =
gﬂn +'321821 +§E(IB31 +55,) =

8 5
'1"8‘,8111821 +E(ﬂ11ﬂ31 +18211832) =

Mumaes B, By, By, wee B, nneulvdududenannglan

63 1 174 2491

Pu=55gPn =5 P ==z 0% =gy

:/l = ad v W =) I
INFIEREUUISIVYUIT RKN 9UAY 3 Mgﬂltﬂﬂﬂﬂ

Vol = (Sk +8k, + 5k,)
Taui k= f(x +—6—3-h, o+ ) (5.12)
m 7559 7Tm 559
k, =f(xm+—1—h,ym+5hkl)
k= fx, 228y, 174 20,

559 433 ' 2354

5208035 RKN duau 4
) Y = as Y %] & 9 ] 1
dmSusudiouds RKN sudu 4 Falannmaiigavesyduniuazyanisvesgiluny

o 4 aad o 4
imd-taovosanuy 4 9a USulgelFlussfondTaadigduuuna Tuawaunms RKN nsdin



39

a 1 Y] d' d' 9 ¥ a ag
s =4 wliyvogiuuinzyanuanfemsed 5.4 e h=x,,, -x, 12 1Asdioyds

RKN Uy 4 Hgduvunalife

h
Vit =Vm + 3—03—0(527k1 +988k, + 988k, +527k,)

TaoRt & = f(x, +ahy +Bhf(x,,9,) (5.13)
k, = f(x, +a,h,y, + B, hk,)
k, = f(x, +a;h,y, + B, hk + By, hk,)

ky=f(x, +a,hy, + By hk, + B hk, + B,shk,)
364 739 1032

il Q = ,Q, = Q= e a, =——
1109 1103 1103 1109

= 1 ' o LY d d '
A5 197 5.4 uEeIn1ganNLazInvegluuudniv i umd-noen NuAIANIwAZIA

yoagUuuudmivIzilouds RKN duay 4

sluuve umd-evnsd szifloudB RKN dudy 3
VCULREAYTSTLY AN yArDe Uy 0029
5" Wi !//i ai
i=1 -955/1109 527/1515 c + 527/3030
" 1109
.+ 364
2 -375/1103 988/1515 " 1103 988/3030
3 375/1103 988/1515 X, 739 988/3030
1103
4 955/1109 527/1515 1032 527/3030
x —
" 1109

14

=l ad Y ' A o 9/ A v oW =) aa £ z
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JUAY 4 uanfne 1l

af +a,p,+a,(B+B)+a, (B + By +B;) ==

1
2




a,f, +a,a, B, + a,a (B + B+ a,a,(Bs + B + ;) =':13'

1
a,a, p, +a(a, By + o, B) +a,(a fs +a, B+ fr) = _6'

anBlz +a2:822 +a,(f, "':84)2 +a,(Bs + B "',87)2 =%

2 2 2
aa, Py +a,0; B, +aa; (B + B+ a4a3‘ (Bs + B+ By) =

a,a.a, B, + a,o(a, By + o, B) +a,a, (e, B + o, B + o B,) =

X|—= | —= |-

1
5 (alalﬁlz + aza‘sz2 +a,a,(B; + B, )2 +a,a,(fBs+ B + B, )2 =
azalzﬂz t+a (a;ﬁ4 + a12ﬁ3) t+a, (alzﬁS + a;ﬁé + a32:87) =

al:Bl3 "'a:z:B:z3 +a,(f, "':84)3 +a,(Bs+ B+ 5, ) =

£
L] 1

d’ Y Y [ 1 ] 1 s A Yo I dy
snRoulusuduanandnamamdulsansn linsua ladese 111l

77 364 362 803

A _1109’ﬁ2‘ _1103’ﬁ3‘ B 1175"832_821’
1379 1249 1664
=——, B, ==y B, =——
Pa 1602 Pa 1742 Pay 2115

L4
ms1zRziusilionds RKN §udy 4 azdijduuy fe

h
Yorrt = Vm +m(527k, +988k, + 988k, +527k,)

2|~

PNy

o 77 77
Taon k= +——hy +——hf(x,,

1 f(xm 1109 ym 1109 f(xm ym))
364 364

k, = +=——=h,y, +——hk

2 f(xm 1103 ym 1103 1)
739 362 803

k, = +——h,y, ———hk,+—hk

2= G 03 P 115 M e )

k= f(x. +1032 hy. +1379 hk _1249 hi, + 1664
1109 1602 1742 2115

hky)
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(5.14)

L dy Yo o L4 o ~ ad
Taglurdetisiee lddydnyol RKN2, RKN3 tag RKN4 unumsdiyiljeseiouds

3 ~ ¥ J g o o o oA
Jas-9am Taewyuudsmingduundl 1 (@gesldgluuuveamd-inenesd) Tududui

€

Y

UAUA 2, DUALN 3 MIUEIAD

—

9
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e 5.1 y'=L,xe[5,10] Taui y(5)=5

x(x-4)

womavfiufa3afe y(x)=5+In(5)-In(x)+In(x—4)

AN 5.5 uaaemns i lduazmanuRanaIauedIsMs RKN f x=5.1 1#ay h=0.1

x=51h=0.1
y =5.07550755250000000000
Calculated y Error
RKN 2 5.07550750776488879000 4.474325621118000x10°
RKN 3 5.07550755263528419000 1.271391880700000x10 "
RKN 4 5.07550755255869834000 5.055333929000000x10""

M5197 5.6 uaasmnmunlduazmanuRana1nuedITNMs RKN 7 x=5.1 uag

h=0.0001
x=5.1,h=0.0001
y =5.07550755250000000000
Calculated y Error
RKN 2 5.07550755250696461000 1.014299760000000x10
RKN 3 5.07550755250815211000 1.731947900000000x10
RKN 4 5.07550755250815211000 1.731947900000000x10

MINN 5.7 uaaamnmuaa lduazmanuRana1AueIITNS RKN f x=15.0 uag

h=0.0001
x=15.0,A=0.0001
y=6.29928298412969578000
Calculated y Error
RKN 2 6.29861228865987304000 7.459810550000000x10 ™"
RKN 3 6.29861228866733285000 2.543742990000000x10 "
RKN 4 6.29861228866987659000 2.543742990000000x10




3 v
Y xe[0,1.1] Tauil y(0)=1

Haywii 5.2 y =
) V1+x?

A Y a A
HaRaohiunIfe y(x)=

1

3241+ x2

42

A3 5.8 uamamnamun lduazamanuAana1au9IIsNs RKN A1 x=0.1 1ag h=0.1

x=0.1,h=0.1
y=1.00502518870000000000

Calculated y

Error

RKN 2

1.00500724258395691000

1.794609735505936x10"

RKN 3

1.00502907598948821000

3.887308176242500x10°

RKN 4

1.00502523956748679000

5.088174829400000x10"

MINA 5.9 uamamidualduazmanurRana1nuedIIMs RKN 7 x=0.1 uag

h=0.0001
x=0.1,Ah=0.0001
y=1.00502518870000000000
Calculated y Error
RKN 2 1.00502518865249879000 2.881339611000000x10 "
RKN 3 1.00502518868129820000 1.398881000000000x10 "
RKN 4 1.00502118868129798000 1.421085000000000x10 "

3199 5.10 uaasmnmuln lduazmanuRanaInueddIsn1s RKN i x=1.0 uag

h=0.0001
x=1.0,Ah=0.0001
y=2.41421356237216100000
Calculated y Error
RKN 2 2.41421307009709540000 4.922750660441000x10"
RKN 3 2.41421356197544901000 3.967124406800000x10 "

RKN 4

2.41421356236957152000

2.934616993900000x10™"°




flym#i 53 ' = »*,x €[0,10] Tl y(0)=0.1

~ Y a A
HARABALNITIAD y(x) =

S
2(50-x)

43

A15199 5.11 uaaamnmuIn lduazmMANURANIAYDII5NT RKN A x=0.1 1Ay h=0.1

x=0.1,h=0.1
y=0.10010015025043829400
Calculated y Error
RKN 2 0.10010015012361170300 1.268265909000000x10 "
RKN 3 0.10010015025033453000 1.037642200000000x10
RKN 4 0.10010015025040773500 3.055889000000000x10

15190 5.12 uaasaifmuin lduazmMaNuRANaIAUeII5NT RKN 7 x=0.1 uag

h=0.0001
x=0.1,h=0.0001
y=0.10010015020000000000
Calculated y Error
RKN 2 0.100100150250386682000 5.161149000000000x10™"*
RKN 3 0.100100150250438572000 2.775600000000000x10 ™"
RKN 4 0.100100150250438585000 2.914300000000000x10

MINN 5.13 uaaemnsn lduasmanuRanamInueIITNT RKN A1 x=10.0 (ag

h=0.0001
x=10.0,A=0.0001
y=0.11180339800000000000
Calculated y Error
RKN 2 0.11180339886696243100 1.31179500000000x10
RKN 3 0.11180339887498208500 6.53644000000000x10"°

RKN 4

0.11180339887498382000

8.271160000000000x10™"
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5.2.2 gluuun 2

14 ¥
Turadeilisnns1d9ana3 2 9a MInauMsHyUINAWRINUUTINTA [a, b] Taois19z#

d 1A

a oo - Y 4 Y 9/ =Y YN 1
ﬂ’li‘ﬁ'lWﬁlﬂﬁUl‘]N?l'Jm‘U‘UfNﬁiJﬂ’lil‘]NﬂHWNﬁﬁ’liJﬂJ Tﬂﬂ‘ﬁgﬂtmuﬂswuﬁ ﬂ]ﬂ!i'l‘lﬂﬂﬂﬂ'l‘llﬂﬂ

a uway f

i 1 W wx)=V1+x*, a=0 uag b=1 wldnahldanguuuilsiutiie
¥

¥ ¥ ¥
o o Y o o] |
manuavesaumsnyuuaInIneg Idglunvvesaumswyuudamniludei

Po(x)=1
p,(x) = x—0.53099766515942
p,(x) = x* =1.02345230937945x + 0.17739333799485
= (x—0.22108837437432287)(x — 0.80236393495658)
ps(x) = x* —1.52300038892484x” +0.622206970635352x — 0.05333170485791
= (x—0.11628582909632)(x —0.51339554307087)(x —0.89331901675765)
pa(x) = x* =2.02276378124753x" +1.31911343804688x> — 0.29854817682249x
+0.01525866120828
= (x—0.07109146809905)(x — 0.33811204704820)(x — 0.67992525677681)
(x—0.93363500932346)

A 1 o aw ¢ 4
woun2 I wx)=———, a=0 uag b=1 sldwailRnnguvulsiutive
VI+x?

v

ﬁmmTﬁywuﬂﬂumaumswuumﬁymm‘a:"l@’\'gﬂunwumﬁumswuumséfammﬂuﬁaﬁ

gp(x) =1

g,(x) = x—0.46996366634245

g,(x) = x* —0.97630493269873x + 0.15654968391483
= (x—0.20224488252526)(x — 0.77406005017347)

g,(x) = x* —1.47697181467672x* + 0.57830576216521x — 0.04686936811613
= (x—0.06783459130126)(x — 0.32217747708542)(x — 0.65990819565213)

(x—0.92730487502012)
g,(x) = x* =1.97722513905893x" +1.25282311704177x* — 0.27335064745009x

+0.01337372701384
=(x - 0.06783459130126)(x — 0.32217747708542)(x — 0.6599081565213)

(x —0.92730487502012)
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4 L4 :/I ' :: o '
VINAUMIMT-009030 vz IFaumsnyuINAIRInYeIganene 2 #ildananuuda
9 9y o L4 ' 9/ a LY ]
fedulumamaumamd-aesesa lumsma 4, siegldszouaumssaduugisly
mMimia1 Neg ldauaainemsai 514 uazaseh 515 Tasmasmian 4, faegduuy

YIRusuugella [0,1]
b 1]
Tunmsnm jf(z)dz wldmadousimsudsiuees z=(d-a)x+a  uag
a

dz = (b-a)dx Sois ¥ f(z)= f[(b-a)x+a] uay

j f(2)dz = (b-a) j (b - a)x+aldx

1

w(x,)

= (b-a)3 4, f[(b-a)x, +a]

d , 4
AITNN 5.14 LAY 4,, £k =1,2,3 1oz 4 %49 w(x)=v1+x*,a=0,b=1

k 4,

1 1.14779357469632

2 0.53584305392055
0.61195052077577

3 0.28910379084198
0.50332999254073
0.35535979131361

4 0.17876737584616
0.35113093172485
0.38959234931697
0.22830291780834

A3 5.15 LAY A, k=123 uaz 4 i3 w(x) = ! ,a=0,b=1
1+ x?
k 4,
1 0.88137358701954
2 0.46872230010818
0.41265128691136
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MINA 5.15 (Re) LaARIRIves A, k=123 uaz 4 B3 w(x) = 1 ,a=0,b=1
Ji+x?

k 4,

1 0.88137358701954

2 0.46872230010818
0.41265128691136

3 0.26731012407016
0.39566415693511
0.21839930601427

4 0.16933041102463
0.30411492618527
0.27496875203054
0.13295949777910

I acd
32DHVIF Je-RAN
14

s ldyarsvesaunmswyuiuiininluge o, vessufienitjas-gan uazfuium
' v @ L4 @ =} ad
Ao 4, Taswz 1ddydnuel RUL, RU2, RU3 uaz RU4 umumsilSuigesedionds qas-

i o ' ' o o v o &

Aae TaowyuwAIngluuun 2 @ 190029 w(x) =V1+x?) luduaui 1, Suduh 2,
BUALN 3 LAzBUALN 4 MINAIAL

0NN 1 1 wx)=Vl+x® (U dmfuganan wx)=v1+x>, R dwiusuidoy
an o 21 [ [V % ! a o
AP 399-nam wazdauRusurdwansduduvesaums) uazldmnmamandiduavues

aumsiseyRusasiey

RUI;
Yoot = Vu B (X, + he, y, + ha, f(x,,,9,,) (5.15)
Taoii
a, = 0.53099766515942
RU?2;
Vst = YV th(4k + A k) (5.16)
Taui

4, = 0.5201731438



RU3;

RU4;

Taedh

Taed
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A, = 0.47982685762

ky = f(x,+ha,y, +ha f(x,,y,)

k, = f(x,+ha,,y, +hB f(x,,y,)+hBk)
a, = 0.22108837432287

a, = 0.80236393495658

B, = —0.76871602879

B, = 1.5710799638

VYnr = VY th(Ak + Ak, + A k) (5.17)

A = 0.2871400241

A, = 0.4479894246

A4, = 0.2648705513

ko = f(x,+ha,y, +ha f(x,,y,)

k, = f(x, +ha,,y, +hp f(x,,y,)+hBk)
ky, = f(x, +ha,,y, +hp, f(x,,y,)+hB,k +hpk,)
a, = 0.11628582909632

a, = 0.51339554307087

a, = 0.89331901675765

B, = —-1.7184168107

p, = 2.2318124112

B, = 2.9074229420

B, = —3.0830772279

Bs = 1.069667951

Vour = Vo Hh(A K + Ak, + Ak, + Ajk,) (5.18)

A4 = 0.1697117412
A, = 0.3195268068



i s.4 y =

4, = 0.3294291261

A4, = 0.1813323259

ko= f(x,+ha,y, +haf(x,,y,)

k, = f(x, +ha,,y, +hak)

ky, = f(x,+ha,,y, +hok,)

k, = f(x,+ha,,y, +hak,)

a, = 0.07109146809905

a, = 0.33811204704720

a, = 0.67992525677681

a, = 0.93363500932346
—xﬁ,xe[iw] Tav#t y(5)=5

wanaufiutes e y(x)=5+In(5)—In(x)+In(x—4)

15197 5.16 uaaamns s lduazamanurAanaInveIdtns RU f x=5.1 uag h=0.1

48

x=51h=0.1
y =5.07550755250000000000
Calculated y Error
RU1 5.07516793195846900000 3.396205496760000x10™
RU2 5.07550820363754300000 6.511293980000000x10”
RU3 5.07550756161066700000 9.102522000000000x 10"
RU4 5.07539210066426800000 1.154518438770000x10™

A1519N 5.17 LaAIMINAININ IALAZAIANURANAIAYBIITNT RU M x=5.1 uag h=0.001

x=5.1,h=0.0001
y =5.07550755250000000000

Calculated y Error
RU1 5.07550728279629500000 2.697116840000000x10"
RU2 5.07550755261622300000 1.082440000000000x10 ™"
RU3 5.07550755250824700000 2.680000000000000x10™"°
RU4 5.07550743606483100000 1.164431480000000x10”
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MINT 5.18 HAAIMNAIUIN IALASMANURANAIAYBIITNIT RU N x=15 4ag h=0.001

x=15,h=0.0001
¥ =6.29928298412969578000

Calculated y Error
RU1 6.29928057907154900000 2.405058146000000x10°
RU2 6.29928298598254600000 1.852850000000000x10"
RU3 6.29928298413355800000 3.862000000000000x10
RU4 6.29928194568442400000 1.038445272000000x10°

i ss y' =

PN Y a A
Hamasiunasene y(x)=

3 .
\/i)fii_z,xe[o,l.l] Tni y(0)=1
X

1

3-2J1+x°
M319h 519 ugasmisanlduazmauRanaaYes3ins RU f x=0.1 uag h=0.1
x=0.1,h=0.1
y=1.00502518870000000000
Calculated y Error

RUI 1.00530250647917800000 2.773177978660000x10"
RU2 1.00502750467804900000 2.315996737000000x10°
RU3 1.00501925513817300000 5.933543139000000x10°
RU4 1.00516943671439900000 1.442480330870000x10™

AT WA 5.20 LAAINAIUIN IALAZAIANURANAINYDIITNMST RU N x=0.1 uaz h=0.001

x=0.1,h=0.0001
y =1.00502518870000000000

Calculated y Error
RUI1 1.00502550420312600000 3.162218140000000x 10"
RU2 1.00502518868857500000 7.263000000000000x10 ™"
RU3 1.00502518869989700000 1.858500000000000x10™""

RU4

1.00502532526014300000

1.365788310000000x10”
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MINN 521 uaamnf I ldnazaInNuRANaIAveIdTMs RU # x=1.0 uag h=0.001

x=1,h=0.0001
y=2.41421356237216100000
Calculated y Error
RU1 2.41431123299940400000 9.767062724200000x10°
RU2 2.41421357116107460000 8.788913152810000x10”
RU3 2.41421396098765317000 3.986154917257100x10"
RU4 2.41425591135437001000 4.234898220856209x10°

flymifi 5.6 y' = °,x €[0,10] Tawit y(0)=0.1

d’ Y a A
WaMaBALNDIAD y(x)=

2(50—x)

MINA 5.22 uaasmndan lduazmanuRananueddTns RU 7 x=0.1 uag h=0.1

x=0.1,h=0.1

y=0.10010015025043829400

Calculated y Error
RU1 0.100100159383%0200000 9.133464000000000x10”
RU2 0.10010015025074100000 3.030000000000000x10
RU3 0.10010015030586900000 5.543100000000000x10""
RU4 0.10010015429941900000 4.048981000000000x10”

AN 5.23 uaasmndudn lduazainnuRanaInvesIsms RU f x=0.1 uag h=0.001

x=0.1,h=0.0001
y=10.10010015020000000000

Calculated y Error
RU1 0.100100150259775000000 9.336000000000000x10 ™"
RU2 0.100100150250581000000 1.430000000000000x10 ™"
RU3 0.100100150250494000000 5.600000000000000x10 ™"

RU4

0.100100150254470000000

4.032000000000000x10 "
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MINN 5.24 uaaamifi s 1dnazAInNuRANIAT0IITMT RU N x=10 uag h=0.001

x=10,A=0.0001

y=0.11180339800000000000

Calculated y Error
RU1 0.11180354007949200000 1.450005000000000x 10~
RU2 0.11180353864934500000 1.985800000000000x10 ™"
RU3 0.11180353863810900000 8.622000000000000x 10"
RU4 0.11180353925569800000 6.262000000000000x10 ™"

o

1519l dydnual RL1, RL2, RL3 uaz RL4 unumsdsuiljessdionifas-geaa lag

1
V14 x?

y [ 1 | ’
WHHINAIMINGUUDUN 2 (A19A0 N w(x) = ) TUoUAUN 1, dudun 2, duduh 3

*
v oW

HAZOUALN 4 AudIAY

: 1 _ ) 1
ganef 2 18 w(x) = (L dm5ugani w(x) =

V1+x? NIFS'S

a ' o [ v o ! a o
I 30e-0a wazsuuAndurduaaduduvosaums)  uazldmswamangadiay

, R dwmSusudey

yasauMnFIoyiutanly

RLI;
Vst = Yt (x, +ha, y,, +hey f(x,,9,,) (5.19)
Tawii
a, = 0.46996366634245
RL2;
Yot = Vo +H(A K + 4k,) (5.20)
Tefi

A4, = 0.4792808335

A4, = 0.5207191665

k= f(x,+ha,y, +ha f(x,,5,)

k, = f(x, +ha,,y, +hB f(x,,y,)+hBk)
a, = 0.20224488252526

a, = 0.77406005017347

p, = —0.8085271359

B, = 1.5825871861

il




RL3;

RLA4,

Taeh

Tagh

52

Vo1 = YVt h(Alkl + Azkz + A3k3) (5.21)

A = 0.2688725123
4, = 0.4400775329
4, = 0.2910499548

w

k= f(x,+ha,,y, +ha f(x,,y,)
k2 = f(xm+ha2’ym+hﬁlf(xm’ym)+hﬁ2kl)
k, = f(x, +has,y, +hB,f(x,,y,)+hBk +hBk,)

w

a, = 0.10929802929025
a, = 0.48683135191378
a, = 0.88084243347269

B, = —0.9679799779
1.4548117856
—0.5684975641
B, = 0.3521413092
B = 1.0971984638

SRR
I t

Vrt = Y T h(A4 K + Ak, + Ak, + Ak,) (5.22)

A4, = 0.1783462971

4, = 0.3325714020

A4, = 0.3222172415

A4, = 0.1668650594

k= f(x,+ha,y, +ha f(x,,y,)
k, = f(x,+ha,,y, +ha,k)

k, = f(x,+ha,,y, +hak,)

k, = f(x, +ha,,y, +hak;)

a, = 0.06783459130126

a, = 0.32217747708542



tynimss y =

a,

a,

4

0.65990819565213
0.92730487502012

,xe[5,10] Tawft y(5)=5

53

wamaoiufssfio y(x)=5+In(5)-In (x)+In(x-4)

A15199 5.25 uaasmiiian lduazmanurananvesdsns RL i x=5.1 uay h=0.1

x=5.1h=0.1
y=5.07550755250000000000
Calculated y Error
RL1 5.07569755020548700000 1.899976973422000x10"
RL2 5.07550618453746000000 1.767970680000000x 10"
RL3 5.07550754901386000000 3.494285000000000x10”
RL4 5.07562319333131200000 1.156408231670000x10"

AN 5.26 uaAImINMIUIN IdLaMANURANIAUDIITMS RL 7 x=5.1 uag h=0.001

x=5.1,h=0.0001

y=15.07550755250000000000

Calculated y Error
RL1 5.07550781371588800000 2.612079090000000x 10"
RL2 5.07550755250667200000 1.307000000000000x10 2
RL3 5.07550755250879600000 8.170000000000000x10
RL4 5.07550766895204600000 1.164440670000000x10"

AN 5.27 uaAIA MU IALaZMANURANAIAYDIITMT RL 7 x=15.0 11a2 h=0.001

x=15.0,A=0.0001

¥ =6.29928298412969578000

Calculated y Error
RLI 6.29928531382996100000 2.329700266000000x10 "
RL2 6.29928298412457100000 5.125000000000000x 10"
RL3 6.29928298413858300000 8.888888880000000x10 "’

6.29984022585524000000

1.038455828000000x10°




dayrnss y =

= Y a A
wamashunesene y(x)=

xy3

V1+x?

,xe[0,1.1] Tasil y(0)=1

1

3-241+x2

54

A15190 5.28 uaasanmun lduazamnnuAana1nueIITNMI RL A1 x=0.1 1ay h=0.1

x=0.1,h=0.1

y=1.00502518870000000000

Calculated y

Error

1.00469445529856800000

3.307338274400000x10"

1.00502648379740500000

1.295116093000000x10°

1.00504205504215900000

1.686636084700000x10°

1.00489719771565600000

1.279909656560000x10™

MINN 5.29 uaasmnauin lduazmanuAane1nYeIIsnN1s RL i x=0.1 uaz h=0.001

x=0.1,h=0.0001

y=1.00502518870000000000

Calculated y

Error

1.00502488220380100000

3.064775112000000x10"

1.00502518868118200000

1.300000000000000x10

1.00502518869134000000

1.002800000000000x10 ™"

1.00502505210873200000

1.365725800000000x10”

AN 5.30 HAAIATNAILIN IALAZAINNURANAIAVDIITNT RL N1 x=1.0 Az h=0.001

x=1,h=0.0001
y=2.41421356237216100000
Calculated y Error
RL1 2.41811836608313468000 9.519628902676658x10"
RL2 2.41421356132896747000 1.043193975650000x10°
RL3 2.41421366425507378000 1.018829123289300x10"
RL4 2.41417127904808204000 4.228332407940627x10°




‘ﬂmum?'l 59 y' =y’,x€[0,10] Tauii y(0)=0.1

d‘ Y a A
namashuneiefe y(x)=

2(50-x)
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MINN 5.31 uaasaasuin lduazainnuAana1nvreddTNMI RL N1 x=0.1 uag h=0.1

x=0.1,h=0.1
y=0.10010015025043829400
Calculated y Error
RLI 0.10010014105537000000 9.195068000000000x10°
RL2 0.10010015024976800000 6.700000000000000x10 ™
RL3 0.10010015031356200000 6.312300000000000x10™""
RL4 0.10010014624039700000 4.010042000000000x10”

AN 532 uaasandun lduazannurAana1nveddsng RL A1 x=0.1 uaz h=0.001

x=0.1,h=0.0001
y=10.10010015020000000000

Calculated y Error
RL1 0.100100150241391000000 9.047000000000000x10 ™"
RL2 0.100100150250439000000 5.043900000000000x10 ™"
RL3 0.100100150250439000000 5.043900000000000x10""
RL4 0.100100150246406000000 4.032000000000000x10 2

A5 19N 5.33 uaasensn lduazannurRana1nreddsns RL N1 x=10.0 uay h=0.001

x=10.0,A=0.0001
y=0.11180339800000000000

Calculated y

Error

0.11180353722441500000

1.405071000000000x10”

0.11180353862950100000

1.500000000000000x10 ™

0.11180353862951500000

2.900000000000000x10 ™"

0.11180353800330500000

6.261770000000000x10 ™"




5.2.3 guluwun 3
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¥ 14
Y J @ L4
Tuiadeilisawnsoldma, g uaz 4, Tdnngduuuvesaumsnyuiuaminmeen

¥
Y a Y L4 1
WA luszlleyI5399-gea1 JUlUUveIaNMINY U INAIRINMBBIALUY YA [-1, 1]

4 A ! v A
FINAPAD N w(x) =1 HUND

[]' P (x)P. (x)dx =0,n # m

[, dx=c(n) =0

VA 9 sy Y :/’ I [ dw
mﬁuﬂ‘u‘Vl"lﬂmﬂgﬂtmummﬁumiwgummmmammmﬁumu

Y [
Fraiusdunuia lvosnnudunus azidluaail

Vv

P(x) = 2n-1

B =1
B=x

1
p = xz—g
P = x3—3—x
’ 5

2

Blz 4_.6_'.x__+_3_

7 35

t4
v A

n-1
Py () = By ()

(5.23)

(5.24)

A :j d 1 1
MINN 5.34 Ltﬁﬂﬁi'lﬂ‘iJ?NEﬂllﬂUﬁNﬂ'liWT!u'm@NﬂWﬂm@%i’NﬂLLﬁ%ﬂWﬂﬂ’N‘UﬂQgﬂlﬂJU

Uswus
n X A,
2 -0.577350269189626 1.0
0.577350269189626 1.0
3 -0.774596669241483 0.555555555555556

0.0
0.774596669241483

0.888888888888889
0.555555555555556
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a 1 : J 1 '
MTNN 5.34 (7D) Llﬁﬂ\ﬁTﬂ"dENE‘IJL!'lJ'lJleJﬂ'liWTiu'liWNﬂTmﬁﬁ)%ﬂﬁﬂllﬁ$ﬂ1?‘ﬂﬂﬂﬁlﬂﬁ

PRGN
n Xy 4,
4 -0.861136311594053 0.347854845137454
-0.339981043584856 0.652145154862546
0.339981043584856 0.652145154862546
0.861136311594053 0.347854845137454

Y Y o I a 1+xk
Li'lcl‘lf a, vlﬂ%1ﬂ§1ﬂ°ﬂ@\3§lﬂuuUﬁMﬂTiWﬂuWNﬂﬂﬂ'lﬂlﬁ@%@Qﬂ IﬂU‘V] a, = 5 Uag

A '
a, = 15192190 o, uay
2

MINN 5.35 MV0I @, LDy

a, AUTAININTIN 5.35

4

n a, a4

2 0.21132486540519 0.5
0.78867513459481 0.5

3 0.11270165871393 0.277777777777778
0.5 0.444444444444444
0.88729874776386 0.277777777777778

4 0.06943184629339 0.17392739273927
0.33000949667616 0.32607260726073
0.66999093381686 0.32607260726073
0.93056807935077 0.17392739273927

k4
LY

4

A Yo ¥ | AN Yo e
Faeunsouan ldaaduaiail las el

Taoh

Vet =Y h(ak, + ajk,)

1 ~ aa o U o : d
anhusg ldnessziiionitjas-gemiuganieh ldnnaumswyuindininmo s

(5.25)

k = f(x,+ahy, +Bhf)
k, = f(x,+a,h,y, +B,hk)

A s s o & v
Li.l'E)Li'lﬂizi]'lﬂclum'f)u"ll?)\?mﬂmﬂi"dﬂﬁ k],k2 ﬂﬁuuli'ﬁ)%l’lﬂ'ﬂ
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b= Sl e B)
= f+ha f +B 1,1+ [al.f:rx+2alﬂl.f]:ty+ﬂlff 1+ O(h*)
k, = f(x, +a,h, ym+ﬂ2hk)

= f+hla,f + B, 1+ = [ + 20,8, 1, + B £ 1,1+ O(R)

unus k,, k, asluauns (5.25) 1519 180

Vet = YmtHf(a +a )+ [(2a a +2a,a,) f, +(2a,B, +2a2ﬂ2)ﬂ]

3

h
+ ?[(3‘710512 + 3a2a22 Vo + (60, B, + 60,0, ) I, (5.26)

+(3alﬂl2 + ?’azlgz2 )fzfyy] +O(h")

2 3

1 h ” m
Vit = YTV, +—2—ym +;ym +... (5.27)

= ym+hf+h7[fx+ﬂy]+%[fn+2ffxy+ﬂfy +f2f, + 71+ O(hY) - (5.28)

INAUNT (5.27) 1ag (5.28 ) 151musafseudeun lumenass A iisisll

2aa,+2a,0, = 1

20,6,+2a,p, = 1
3aa] +3a,a} = 1
baa, p +6a,a,B, = 2
3a,Bl +3a, =1

1 A k4 =}
HOZIMIUN @, = B, @, = B, WOl WATUNMIHAYDITUMTAD

1 1 1
al ::5-,a2 =5’a] :ﬂl :—2-,a2 :ﬂz :—2-
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9y 9 -~ ad o W = v Y o dy
l!ﬂ'J!i'ﬁ]gvlﬂiglUU‘fIJ'JﬁEQN—ﬂﬂﬂ'lﬂuﬂU 2 IﬂUlﬂJUuﬂTﬁJﬂMWHﬂﬂﬂﬂu
h
ym+] = ym +5(kl +k2) (529)
I & 1 1
il k= f(xm+5h3ym+5hf)

1 1
k, = +—h,y +—hk
2 f(xm 2 ym 2 1)

¥

aumsztunuIndvesszidoniBjas-gamdudy 3 awsadounnuduius 1ddsil

Vet = Vo T H(ak, + ark, + ak;) (5.30)
Taof k = f(x,+ah,y, +pBh)
I, = f(x, +a,hy, + B,hf + Bhk)

kz f(xm +a,h,y, +/64hf+;65hk1 +:B6h11)
I, = f(x, +ah,y, + B,hk + [hl, + Bhk,)
3 f(x, +ash,y, + Bohl + B, hk, + B,hl,)

Y 496 4400 1 557 496
meeldm o = ——,a, = ——,a, ==, a, = =, 0, = ——
4401 14457 2 803 559

5 8 5

e a =—,a,=—,a, =—

18 18 18

o [ a v W Jd d
Mndwiuszidouitjus-gamduau 2 Tagnsnszarelumenyeseynsumdiansnn

k,, ky, k, WorsulSsufoulumenves Aegldn

—a, +—i—;—a3 +—a, = —
18 18 18 2

5 8 5
Eﬂ]+§(ﬂ4+ﬂs+ﬂ6)+§(ﬂxo+ﬂn+ﬂ12) =
5 , 8 , 5, 1

—oa +—a;+—a; =
36 36 36 6

5 8 > :
Bt g Bt Bt B+ e as(Bot B+ f) = 3

18
5 8 5 1
I_Salﬂs +‘1§(a1ﬂ5 +a2ﬂ6)+r§(azﬂ1o +a3ﬂ11 +a,pb,) = g

5/, 8 2 5 2 _ 1
%(ﬂl )+'§g(ﬂ4+ﬂs+ﬂs) +36(ﬂxo+ﬂn+ﬂ12) 6



S B (Bt B) (B (B4 )+ B (B B+ )
+5, (:B7 + [ "'189) = ';'

HAZIT NI N
a = B
a, = b+ p5
a, = B, +Bs+ B
a, = B+ + 5
s = Bo+ b+ by

I 4
nAFUMIIIEINTONIA B — B, 1aaail

496
A= 4401
563
B, = ~303
538
hi = 915
265
Pi = 367
2657
ps = 2534
281
Pe = 340
557
pr = 803
,Bs =0
,B9 =0
1193
P = 2032
,Bn =0
782
,Blz =

2605
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[ :J, 9 ] =} ad v @ [ ] dw
Aadusez leaumsImivessufionisjus-namoudy 3 Asgiuuuaeliil

(Sk + 8k, +5k;) (5.31)

ym+1
P 496 496
Taeh k = , 70
ATl ERryretil
, 4400 563,538,
I = 2490 4, 292
= J/(x, 14457 Fm 1985f 915 k)
1 2657, 281
k = f(x +—h, b — NELLYY
2 = Gty 367f 2534 350
L= e+ ny + 2L e 4 0nl +0hk,)
803 3
496, 1193 782
k, = Y+ 22 B+ Ok, + ==y
AT ey, 260512

4'4 o 9/ [ ~ ad @ 9 ~A ad @ e
HaZioMAuNUITIUIUITII-AANIBUAL 3 %8‘lﬂizlﬂﬂﬂ’l‘ﬁzﬂlﬂ—ﬂﬂﬂﬁ)uﬂu 4 1wn

@Taﬁy
Y = y”'+h(3502370 k‘+3908380 : +3908380 k3+3502370 k“j (5:32)
Toef b= T 13?57 Y %hf)
695 1108 . 1029
o= Ot 06 V4 W TTosa ™)
SIS +1713093 ' 3181794 d _2;221 ! 3369034 k)
b= T i(l)ggh’y” _2120219 " 913131851 ‘+5633656hk2+1(7)(7)§5hk3)

Tausng ¥ dydnuel RKG2, RKG3 way RKG4 unumsifulyeszidionitjus-qam

3 ] ]
Taonyuasningduuui 3 (@1gann wix) =1) Tududvi 2, Sudun 3 uagduduin 4

AURINDY

4

x(x—4)

dyrnsiao y =

,xe[5,10] Tagit y(5)=>5

wamaufiuiisefio y(x)=5+In(5)~In(x)+In(x-4)



62

MINN 5.36 LAAIMINAIUIN IALAZAIANURANAIAYDIITMT RKG # x=5.1 1ag h=0.1

x=5.1,h=0.1
y=5.07550755250000000000
Calculated y Error
RKG2 5.07543611504007500000 7.143746807000000x10°
RKG3 5.07550755157616695000 9.131978050290000x10 "
RKG4 5.07550755142103771000 1.087107293070000x10°

MINN 5.37 uaasandunnlduazamnnNuAanmIaveIdTNs RKG N x=5.1 uag

h=0.001
x=5.1,h=0.0001
y=5.07550755250000000000
Calculated y Error
RKG2 5.07550755243647300000 7.150600000000000x10""
RKG3 5.07550755250716890000 8.100187200000000x10
RKG4 5.07550755250703833000 9.405809500000000x10 ™

MINN 5.38 uaaaana I lduazanNuRaNaInr09I5NT RKG f x=15.0 uag

h=0.001

x=15.0,A=0.0001

¥ =6.29928298412969578000

Calculated y

Error

RKG2

6.29928298373417700000

3.955190000000000x10 ™"

RKG3

6.29928298412402565000

5.167013103000000x10 ™"

RKG4

6.29928298412291188000

6.783906770000000x10"

1] 3
S 5.11 ' = —2
i Y V1+ x2

o Y a A
HARALNUNIAD y(x)=

,xe[0,1.1] Tavft y(0)=1

1

3-2V1+x?
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A5 1N 5.39 waasmnmuan lduazmnnuRanaInuedlIsMs RKG # x=0.1 uag h=0.1

x=0.1,Ah=0.1
y =1.00502518870000000000
Calculated y Error
RKG2 1.00501251167491900000 1.267706393000000x10°
RKG3 1.00502512940145650000 5.927985546883000x10"
RKG4 1.00515335023352992000 1.281615522179535x10"

AT NN 5.40 LAAIPINATIUIN IALAZAIANVRANAIAYDIITNT RKG N x=0.1 uaz

h=0.001
x=0.1,h=0.0001
y =1.00502518870000000000
Calculated y Error
RKG2 1.00501506740329900000 2.529628600000000x10°
RKG3 1.00502518868261249000 1.300293210000000x10 2
RKG4 1.00502518865464130000 2.667088772000000x10™"

MINN 5.41 uaasmnaan lduazmanuRanaIaveIdsns RKG N x=1.0 uag

h=0.001
x=1.0,A=10.0001
y=2.41421356237216100000
Calculated y Error
RKG2 2.41367233240587264000 2.614749350371400x10™
RKG3 2.41421360727975598000 4.490759453191000x10"
RKG4 2.41421330089722641000 4.228332407940627x10°

flygmii s.12 ' = y°,x€[0,10] Tawft ¥(0)=0.1

c; Y a A
HaasNUNITene y(x)=

1
2(50-x)
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AMINN 5.42 HAAIAINMUIN IALAZAINNVAANAIAYDIITMT RKG $ x=0.1 uag h=0.1

x=0.,h=0.1
y=0.10010015025043829400

Calculated y

Error

RKG2

0.10010007503750600000

7.521293200000000x10"

RKG3

0.10010015028167672200

3.123842851000000x10 ™"

RKG4

0.10010015008564220100

1.647960934400000x10"°

AMINN 5.43 uaasnnmuIn lduasmIAuRANIAYE9I5MIT RKG 7 x=0.1 uay

h=0.001
x=0.1,A=0.0001
y =0.10010015020000000000
Calculated y Error
RKG2 0.100100150175138000000 7.530100000000000x10""
RKG3 0.100100150250438794000 4.996000000000000x10
RKG4 0.100100150250439265000 9.714500000000000x 10 °

AINN 5.44 HAAIAINMUI IALAZAANURANAIAYBIITMT RKG N x=10.0 1Az

h=0.001
x=10.0,A=0.0001
y =0.11180339800000000000
Calculated y Error
RKG2 0.11180352693486900000 1.169461700000000x10*
RKG3 0.11180353862953740200 5.122291000000000x10"*
RKG4 0.11180339887510443200 1.288830200000000x10 "

524 juluwun 4

E 4 ]
VNAUMIHYLILAININSUAVRA n vugeTla [a,b] 1513z 1dmgananlunngiluuuves
(5.33)

p,(x) = a,+ax+ax’+..+ax"

UAVUA

=A.
st}
Pl



Iw(x)qm(x)p"(x)dx =0 ;msn-1

65

(5.34)

¥
wazdn Po(X), p,(x), p,(X),..., p,(x) ﬁ‘Juﬁumiwuumﬁamﬂuu‘mﬂﬂ [a, b] NUYA

] Vv
899 w(x) e {P,(x)} Wudrduvesaumswruindesnuusaila [a, b] Audiganis

w(x)

v ¥

) L} U 1
Tudtiszldmganis2 m e w(x) =1+x* uaz w(x):1

Hag

~—~ =l

k

=h

5.45

P(x) = ) Cx"*
k=0

Q,(x) = kax"-*

MINA 5.45 UAAIA 7 LAY X, LAZ X,

2
X

wazis19e M aunis

14
P uag Q mmmmmm"lﬁ'mmmmq w,(x) Lngﬂﬂ'w w,(x) AetiunnmINsulsiu

n
x,) waz (x,); UAZIINVBITUMIHYUIW P,(x) =0 unz 0,(x) =0 MANanianiNg

n X, Xy

1 0.562500000 0.441271200

2 0.231602017 0.193785467
0.815126955 0.758539074

3 0.120065066 0.106061793
0.526975829 0.473926138
0.89832662 0.873923099

4 0.072817105 0.066296331
0.346490283 0.314609924
0.689691855 0.649700478
0.936518836 0.92380906

’q o ¢ o 7 do W '
ﬂWiﬂi$Qﬂﬂ1‘BﬂUﬁMﬂ15Lﬂ1ﬁ ‘Vﬁ!ﬂ n il’tNﬁiJﬂ'l’i!ﬂ'lﬁ-Lﬁi‘)%O\iﬂﬁ'lWiUﬂ1’iﬁ1ﬂﬂﬂ§ﬂl!ﬂﬂ

a o o [}
SWusUUFeTAR [a, b] ?1DEATUNIT




[weseds = 347G

66

A n 14 a 9 Aoy ad '
Mvee A7 anso ldnnaumsBady uag £(x) YesaumMINYUINNLANTFeaiaen N

n—1Han 1duanIfansnen 5.46

4 :
A1TNN 5.46 UAAINY 7 UaE 4, Uay 4,

n 4, 4

1 1.333333333 0.785398163

2 0.577243436 0.441221804
0.756089898 0.344176359

3 0.301401349 0.257604280
0.574865467 0.355001816

0.475066517 0.172792067
4 0.183871036 0.164957760
0.379864871 0.284785615
0.468955741 0.233637618
0.300641686 0.102017202

¢ o

v d a o 1 a o
msilszgaaldiugdnuulSius jlnnnSiusifumsmanamasFiduavvesauns

a o ¢ Qs
NN UDAINEY

Y'= f(x,y); x€la,b]

Taofnnusuduilu
ya)=c

o

Tums1dgduoudinuses 1an

yx) =c+ [ fxy)ds

¥
Y

daiumwes y,,, Adwoulang

(5.37)

(5.38)




67

Vit =Yt h [ £+ x,, (0 + x, ) (539)

aay ¥ a 3 ¥
Tunsaitisldmganag 2 maedu y_, azn1lan

9

nstin 1 THganns w(x)=1+x* v'ldaums

y +h2n: A f(hx, +x,,y(hx, +x,)) (5.40)

Vmat =
‘ k=1 1+(xk )2

22 IA s

)
anl
2n

4 . 1
2 M¥yaae wy(X) =
X

ym+l = ym +hZAk (1+(xk )2 )f(hxk +xm’y(hxk +xm)) (541)

k=1

o y(hx+x,) =y, +hx, f(x,,¥,) Wuaumandiaessudy 1

[ d

Tais1velddyanual RKYAI, RKYA2, RKYA3 uaz RKYA4 unumsdsuilys

a

(Y]

a ad 3 t-ﬁl 1 1 2 [ s d'
2fiouITgaa-gam Taowyundningluuuin 4 (M2 w(x) =1+x) lududun 1,

] ]
L4 4 @ @ o

SURUT 2, SUAUR 3 uaeduduf 4 awddy wazisnzlddadnual RKYBI, RKYB2,

[ v
RKYB3 uag RKYB4 unumstsuiljesaitionisgas-gaa laswuiudmingduuud 4

) TUOUAUN 1, SUAUN 2, BUAVN 3 LAZBUAUN 4 AL

(AN W(x) = 1 ! -

+X

ﬁq;mﬁ 513 y' = ,x€[5,10] Taui y(5)=5

_4
x(x—4)

wamavfutesafio y(x)=5+In(5)-In(x)+In(x-4)

15090 5.47 uaasmingiuan lduazmanuRana1aveddTnis RKYA uag RKYB 9

x=5.1 1az h=0.001

x=51h=0.1
y =15.07550755250000000000

Calculated y Error

RKYALl 5.07586012104703900000 3.525685388940000x 10"

RKYA2 5.07570196595446700000 1.944134463220000x10™
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MINN 547 (B10) LAAIMINAIUIN IALAZAIAILAANAIAYDIITMS RKYA Ay RKYB #

x=5.1 Uag h=0.001

x=51h=0.1
y=5.07550755250000000000
Calculated y Error

RKYA3 5.07549400799423000000 1.354450872200000x10"
RKYA4 5.07550795704505900000 4.045369140000000x10”
RKYBI 5.07126506837524400000 4.242484132901000x10°
RKYB2 5.07550424985589600000 3.302652249 00000x10°
RKYB3 5.07550755051373200000 1.994413000000000x10°
RKYB4 5.07550755506886800000 2.560723000000000x10”

A5 5.48 LAAIMAMUIN IALEZ AN NMURANAIAYDIITMT RKYA 1ag RKYB #

x=5.1 uaz h=0.001

x=5.1,h=0.0001
¥y =5.07550755250000000000

Calculated y Error
RKYA1 5.07647791984069800000 9.703667332719000x10"
RKYA2 5.07566764035624800000 1.600878482690000x10"
RKYA3 5.07549472790450600000 1.282460347300000x10"
RKYA4 5.07550799069393400000 4.381859550000000x10"
RKYBI 5.07085156462156300000 4.655987886416000x10°
RKYB2 5.07550755244958900000 5.839000000000000x10°
RKYB3 5.07550755246267800000 4.530100000000000x10
RKYB4 5.07550755493775800000 2.429779000000000x 10

A9 5.49 waaemfnswan lduazmanuRanmIaveI TN RKYA ey RKYB #

x=15.0 Uag h=0.0001

x=15.0,A=0.0001
y =6.29928298412969578000

Calculated y

Error

RKYAI

6.31598497545203300000

1.670199132233700x10”
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MINN 5.49 (§10) LAAIMIARMUIN IALAZAANURANAIATDIITMT RKYA tay RKYB 9

x=15.0 uag h=0.0001

x=15.0,A=0.0001
¥ =6.29928298412969578000

Calculated y Error
RKYA2 6.30203738700942700000 2.754402879731000x10°
RKYA3 6.29906231407899200000 2.206700507030000x10"
RKYA4 6.29929052433888800000 7.540209192000000x10°
RKYBI 6.21916191527546700000 8.012106885422900x10"
RKYB2 6.29928298316662900000 9.630670000000000x10 ™"
RKYB3 6.29928298335053800000 7.791580000000000x10 ™"
RKYB4 6.29928302593873900000 4.180904300000000x10"°

tynins.i4 y' =

~ Y a A
Hamashiunesene y(x)=

xy3

V1+x?

,xe[0,1.1] Tavit y(0)=1

1

3-2J1+x*

15190 5.50 LAAIINMUIN IALAZAINNURANAIATDIITMT RKYA tlay RKYB 9

x=0.1 1Unz h=0.1

x=0.1h=0.1
y =1.00502518870000000000
Calculated y Error

RKYALl 1.00568833735518500000 6.631486738730000x10™
RKYA2 1.00495908694440900000 6.610173690300000x10°
RKYA3 1.00498769389566400000 3.749478664800000x10°
RKYA4 1.00498761928247100000 3.756939884100000x10°
RKYBI 1.00413655953396600000 8.886291473460000x10*
RKYB2 1.00498805194569900000 3.713673561300000x 10"
RKYB3 1.00498756177808000000 3.762690323200000x10°

RKYB4

1.00498756212552200000

3.762655579000000x 10"
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MTNN 5.51 UAAIAINAIUIN IALAZAIANNAANAIATDIITN1T RKYA 1Ay RKYB #

x=0.1 Uaz h=0.0001
x=0.1,A=0.0001
y=1.00502518870000000000
Calculated y Error

RKYA1 1.00509094484723900000 6.575616592700000x10°
RKYA2 1.00503588135948700000 1.069267817500000x10°
RKYA3 1.00502432977367800000 8.589076340000000x10”
RKYA4 1.00502521806781400000 2.938650100000000x10°
RKYBI 1.00471253763379600000 3.126510475160000x10™
RKYB2 1.00502518865165700000 2.965500000000000x10 "
RKYB3 1.00502518865261600000 2.869600000000000x10™"
RKYB4 1.00502518881842200000 1.368330000000000x10 "

MM 5.52 uaasmnmun lduazmanuRanaIaueIIsMs RKYA uag RKYB 1

x=1.0 1nz h=0.0001

x=1.0,A=0.0001
y=2.41421356237216100000

Calculated y Error
RKYAl 2.49304745393684701000 7.883389156468556x10"
RKYA2 2.42664865439486910000 1.243509202270765x10"
RKYA3 2.41322455654703338000 9.903984373424989x10"
RKYA4 2.41424714844485067000 3.358607268921787x10°
RKYBI1 2.11915734019101443000 0.295056222181147x10”
RKYB2 2.41421331319571975000 2.491764417023000x10”
RKYB3 2.41421331630194524000 2.460702162032600x10”
RKYB4 2.41421350726066652000 5.511149492321000x10"

ﬂi}!’tﬂﬁ 515 y'=y’,x<[0,10] Taui y(0)=0.1

d' Y a A
WAL NUNIRe y(x)=

L
2(50—x)
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A5 19N 5.53 uaasmnmuan lduazAmInNURANAIAYDIITMS RKYA 1Az RKYB %

x=0.1 1ng h=0.01

x=0.1,h=0.1
y=0.10010015025043829400

Calculated y

Error

RKYAI

0.10010145687160500000

1.306621167000000x10"

RKYA2

0.10010036122024000000

2.109698010000000x10 '

RKYA3

0.10010013312060800000

1.712983000000000x10 ™"

RKYA4

0.10010015068208200000

4.316440000000000x10°

RKYBI1

0.10009395738305900000

6.192867380000000x 10"

RKYB2

0.10010015009870200000

1.517370000000000x10"

RKYB3

0.10010015009996500000

1.504740000000000x10 ™"

RKYB4

0.10010015010324300000

1.471950000000000x10°

AN 5.54 UAAIAINMUIN IALAZMANURANAIAYDIITNMT RKYA LAz RKYB 7

x=0.1 uage h=0.0001

x=0.1,h=0.0001
y=0.10010015020000000000

Calculated y

Error

RKYAI

0.100101440015268000000

1.289764829000000x10°

RKYA2

0.100100362857954000000

2.126075160000000x10”

RKYA3

0.10010013321601800000

1.703442000000000x10"

RKYA4

0.10010015083253600000

5.820980000000000x10 "

RKYBI1

0.10093965379479000000

6.184870960000000x10°

RKYB2

0.10010015025036500000

7.300000000000000x10

RKYB3

0.10010015025037700000

6.100000000000000x10™*

RKYB4

0.10010015025366500000

3.227000000000000x10 ™"
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M57199 5.55 uaaemndan lduazmanuRanaIaueadTNs RKYA uag RKYB #

x=10.0 taz h=0.0001

x=10.0,4=0.0001

y=0.11180339800000000000

Calculated y Error
RKYAIl 0.11198368198948100000 1.801408776010000x10™
RKYA2 0.11183317440750200000 2.963577801600000x10”
RKYA3 0.11180102545654200000 2.373418434000000x10°
RKYA4 0.11180347998178700000 8.110681100000000x10"
RKYBI 0.11095138786404000000 8.520110109360000x10™
RKYB2 0.11180353861929500000 1.019100000000000x10 ™"
RKYB3 0.11180339886654900000 8.427000000000000x10 "
RKYB4 0.11180339932462600000 4.496500000000000x10 "

4
52.5 juuuun 5

a dy [ 3 a
TurdeilsedlumsiFaumsnyuaminTumsudilgmlusaidionisyaus-gem

¥ 1
VINAUMINHWAININTUAVN n TasA19an 9 w(x) Tugiluuuninauns

p,(x)=a,+ax+a,x’+..+ax" (5.42)

€

wuduIA

=h.
f=d))
o)

[w(x)q, (x)p, (x)dx =0

¥ ¥
AMTUNIMUATDITUNITAYUINANIN g (x) ¥0ANT m<n—1 1519z 1dn19a099 2

[ »
AuaznS AU lannaunswuINAm I

P
D.

1 U 1 1 z
anaen 1 Tdganaa w(x)=1—, a=0 uaz b=1 EuNTOMMTUMIHYUINAIRINTA
+x

€

<
U

p,(x) = x —0.4426950409
p,(x) = x* —0.9542080584x + 0.1437706959

=(x—-0.1875223329)(x - 0.7666857255)
p,(x) = x’ —1.45586023x" +0.55586023x ~0.0426433717
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=(x-0.1201075693)(x —0.47555636)(x —0.8781963001)
P, (x) = x* —1.9564125459x° +1.220333104x> - 0.259561813x + 0.0121063415
=(x-0.0639745619)(x-0.3125345809)(x —0.6538160142)
(x—0.9260873889)

[ b4
NN 2 T893 w(x)=1+x, a=0 ung b=1 ATOMIMAUMIHYUINARIN IH

¥
v A
AU

g,(x)=x~-5/9

q,(x)=x* —1.0461538462x +0.1923076923
=(x-0.2379422616)(x —0.8082115846)

g,(x) = x* —1.5442176871x" + 0.6462585034x — 0.0585034014
=(x—-0.1246629457)(x — 0.5240590673)(x — 0.8954956741)

g,(x)=x" —2.0436137058x> +1.353063341x* —0.31390001394.x + 0.0168372644
=(x—0.0755251964)(x —0.349782555)(x — 0.6854382012)

(x—0.9346720527)

G Vv ¢ A o o o o )
ﬂ15ﬂ§$Qﬂﬂ1‘]ﬁﬂUﬁﬂJﬂ'}5lﬂ'}ﬂ NIA n “llﬂ\iﬁuﬂ']ﬁm']ﬁ-mﬂﬂﬂﬁﬂﬁ'lﬂ5‘1Jﬂ'151'1'lﬂ'ﬂu

Q

sthiwulSAusuurasa [a,b] 9naums
b "
j w(x) f(x)dx =) 4, f(x,) (5.43)
a k=1

d' d‘ 3 :/‘ d' 3 i 1
e x, N1anInsInvosauMsnYWAIRIN p,(x) N19IN9ARI9 w(x) uazmNsamam

4, 1800

1 w(x)p,(x) i (5.44)

=
p(x); x-x

:I‘ { 1 \ :I‘ ' \ 3
‘\T]ﬂﬁllﬂﬁ‘WT’!‘Ll'llli’PNﬂ']ﬂﬁﬂ'mqﬂﬂ’N‘VNﬁ@ﬁﬂ']ﬁ']lﬂiﬂﬂ']ﬂ'm'lﬂﬁllﬂ']ilﬂ']ﬁﬂlﬂ%'lﬂ

4 1
H9A028 w(x) =—, a=0 uay b=1 214
l1+x
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MINN 5.56 UAAA 1 uag A4,

n 4,

1 0.693147806

2 0.3877545308
0.3053926497

3 0.2319457241

0.3026426227
0.1585588337

4 0.1518192973
0.2428050790
0.2027497073
0.0957730970

uaz NYAnN w(x)=1+x ,a=0 uaz b=11914

A139N 5.57 UAAIA 1 Loz 4,

n 4,
1 1.5
2 0.6645702798

0.8354297202

3 0.3388144440
0.6696725928
0.4915129632
4 0.2015128287
0.4476973456

0.5331714606
0.3176183650

1 ¥ [
nnszfivytjus-gaansizldagaaaeiganiiaumIinyundinign o, ves

s ac a o a o ¢ % [ dy
IZIYUITIN-AAA Gluﬂ']ﬁ'ﬂ’]ﬂﬁﬁlﬂUL‘HQﬂ?Lﬁ‘U‘U@QﬁNﬂ’ﬁL‘HQ@HWHﬁﬁ’]u‘iy%zvlf‘%l‘ﬁﬂﬂ'ﬁﬂﬂu
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Vit = Y T A f(x,, +ha,, y, + ha,) (5.45)

~ ' 1 [ o
N9a019 w(x)=1——, a=0 uaz b=1 914 Tausrvzldddnuel RKDF1, RKDF2,
+Xx
3 [}
RKDF3 1o RKDF4 unumsilfuilyessiionisjas-gaa Taouyuindaningduuuh

) ] 1 v o 4. v o d v o v o o w
(MYADNII w(x)=1—-——)°lu@uﬂw| 1, OUAUN 2, DUAUN 3 LUATDUALN 4 AIU[IAY
+x

RKDF1
VYt =V +HA f (X, + ha,, y, + ha,) (5.46)
A =10

Q dlusinves p,(x)

RKDF2
Yo =V, +h(AK + 4,K,) (5.47)
4,=0.4604671700 , 4, =0.5395328300
K, =f(x,+ahy, +ahf(x,,y,)
K,=f(x,+a,hy, +a,hK))

a, Husinves p,(x)

RKDF3
Vi =V, +h(4K, + 4, K, + 4K)) (5.48)
A, =0.2556291382 , 4, =0.4465662470
A4, =0.2978046148
K =f(x,+ahy, +ahf(x,,y,)
K,=f(x,+a,hy, +a,hK))
K, =f(x,+ohy, +ahK,)

a, Wusnves Ps(x)

RKDF4
Voo =Vm th(A K, + A K, + AK, + 4,K,) (5.49)
A4,=0.1615318704 , 4, =0.3186900624
A,=0.3353107130 , 4, =0.1844673542
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K =f(x,+ahy, +ahf(x,,¥,)
K,=f(x,+a,h,y, +a,hK))
K,=f(x,+o;hy, +ahK,)
K,=f(x,+a,hy, +a,hK,)

a, Wusnves p,(x)

4 ' @ o
tazNyenas w(x)=1+x ,a=0 uaz b=1 91d Taws1ezlddydnusl RKDSI,
v
RKDS2, RKDS3 uaz RKDS4 ununistfuilyesziiienifgae-gaa Taowyuiudnin

d‘ ' 1 @ o d‘ o @ t:l o o t:‘ o o tﬁ'
Jiunf 5 (Mgawix) =1+x) luduauin 1, dudun 2, Sudvh 3 uasdudvn 4

AIWAAY
RKDS1
Vn = Yu +hA f(x, +ha,, y,, +ha,) (5.50)
A =10
a, Wlusnues ¢,(x)
RKDS2
Yot = Vm +h(A1K1 +A2K2) (5.51)

A4, =0.5404667096 , 4, =0.4595332904
K= f(x, +ah,y, +ahf(x,,9,)
K, = f(x,+a,h,y, +a,hK))

a, {usinves q,(x)

RKDS3
Yout =Vu +H(AK, + A, K, + 4,K}) (5.52)
A4,=0.3015861030 , 4, =0.4388992159
A4, =0.2595146811
K =f(x,+ahy, +ahf(x,,y,)
K, = f(x,+a,h,y, +o,hK))
K, = f(x, +ah,y, +o;hK,)

a, Wusnves ¢,(x)
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RKDS4
Vou =y, +th(AK, + 4K, + 4,K, + 4,K,) (5.53)
A4,=0.1873944613 , 4, =0.3320570442
A, =0.3169371576 , 4, =0.1641513368
K=f(x,+ahy,+ahf(x,,y,)
K,=f(x,+a,hy, +a,hK))
K,=f(x,+ahy, +ohK))
K,=f(x,+a,hy,+ahK,)
a, {lusinves q,(x)

ﬂiym?'l 5.16 y'=L,xe[5,1o] Toudt y(5)=5

x(x-4)

wamaofiufesade y(x)=5+In(5)~In(x)+In(x-4)

MINN 5.58 uaasmndululduazannuRaNaInveII5n015 RKDF tag RKDS 1

x=5.1 uaz h=0.1

x=51h=0.1
y =5.07550755250000000000
Calculated y Error

RKDF1 5.07593624434149800000 4.286918333530000x10™
RKDF2 5.07550782411119880000 2.716038430000000x10”
RKDE3 5.07546437745793900000 4.317505020600000x10°
RKDF4 5.07550755250813200000 1.300000000000000x10™"*
RKDS1 5.07495662232504300000 5.509301831020000x10™
RKDS2 5.07550500530010900000 2.547208036000000x10°
RKDS3 5.07550754167900100000 1.082914400000000x10°
RKDS4 5.07550755245549600000 5.264900000000000x 10"
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MINN 5.59 HaAAIMNA N IALAZMANUAANAIAYDIITNS RKDF 1ay RKDS

x=5.1 1oz h=0.0001

x=15.1,h=0.0001
vy =5.07550755250000000000

Calculated y Error
RKDF1 5.07550805092095600000 4.984125770000000x10”
RKDF2 5075507552508 18400000 2.050000000000000x10 ™"
RKDF3 5.07550751247929500000 4.002868300000000x10°
RKDF4 5.07550755250815000000 1.710000000000000x10 ™"
RKDSI 5.07550706917513000000 4.833328490000000x10”
RKDS2 5.07550755250594100000 2.038000000000000x10 "
RKDS3 5.075507552508 15000000 1.710000000000000x10 "
RKDS4 5.07550755250059600000 7.383000000000000x10 "

135190 5.60 uaasmndiuin lduazmanuiananueadsns RKDF uay RKDS 9

x=15.0 Ua¥ h=0.0001

x=15.0,A=0.0001
¥ =6.29928298412969578000

Calculated y Error
RKDF1 6.29928742922557900000 4.445095883000000x10°
RKDF2 6.29928298413300200000 3.307000000000000x 10"
RKDF3 6.29928262716451400000 3.569651820000000x 10"
RKDF4 6.29928298413277400000 3.078000000000000x10
RKDS1 6.29927873984810000000 4.310144885000000x10°
RKDS2 6.29928298412060100000 9.095000000000000x10 ™
RKDS3 6.29928298413277600000 3.080000000000000x 10"
RKDS4 6.29928298400276700000 1.269290000000000x10™"°

dymini 517 ' =

A Y a 4
HRALNUNITeRD y(x)=

xy3

Vi+x?

,xe[0,1.1] Tavit y(0)=1

1

3-2J1+x*
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MINN 5.61 uaasmnmuln lduazamnNuRaNaIAvYe933Ms RKDF uag RKDS

x=0.1 18z h=0.1

x=0.1,h=0.1
y =1.00502518870000000000
Calculated y Error

RKDFI 1.00503636615814300000 1.117747683100000x10°
RKDF2 1.00500555570813800000 1.963297317400000x10°
RKDF3 1.00507000061615500000 4.481193484400000x10°
RKDF4 1.00503281066185800000 7.621980546000000x10°
RKDSI 1.00652381455059800000 1.498625869286000x10°
RKDS2 1.00500895749771700000 1.623118359500000x10°
RKDS3 1.00502482129634800000 3.673849640000000x 10"
RKDS4 1.00503368677027400000 8.498088962000000x10°

A5 5.62 taaamnmuln lduazmnnuRana1nYeeIsNs RKDF 1ay RKDS #

x=0.1 uaz h=0.0001

x=0.1,h=0.0001
y =1.00502518870000000000

Calculated y Error
RKDF1 1.00502522978154200000 4.110023000000000x10°
RKDF2 1.00502518866757900000 1.373300000000000x10 ™"
RKDF3 1.00502523562346500000 4.694215200000000x10"
RKDF4 1.00502518868438100000 3.068000000000000x 10
RKDS1 1.00502654096997600000 1.352288664000000x10°
RKDS2 1.00502518866906800000 1.224420000000000x 10"
RKDS3 1.00502518867882200000 2.490000000000000x10 "

RKDS4

1.00502518868430000000

2.987000000000000x10 ™"
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5197 5.63 uaasmna LM IdtazmMaNuRANaIAYe9ITNT RKDF 1ay RKDS #i

x=1.0 uag h=0.0001

x=1.0,A=0.0001
y=2.41421356237216100000

Calculated y

Error

RKDF1 2.41365264198853513000 5.609203836263176x10"
RKDF2 2.41421343266487520000 1.297072862449500x10"
RKDF3 2.41422807617378776000 1.451380162631466x10°
RKDF4 2.41421359135932612000 _2.898716466859000)(10.8
RKDSI1 2.41391216181717638000 3.010100549850651x10"
RKDS2 2.41421344693808804000 1.1154340734110800x 10"
RKDS3 2.41421353877160039000 2.360050106099000x10"
RKDS4 2.41421359482019016000 3.244802870839000x10"

g 5.18 ' = *,x €[0,10] Tawit y(0)=0.1

A Y oa A
WNAIRAYNLNAIIAD y(X)=

IS
2(50-x)

M3 5.64 uaasmnaIn lduazmanuRanaInueadItns RKDF uag RKDS #

x=0.1 ung h=0.1

x=0.,h=0.1
y=10.10010015025043829400
Calculated y Error

RKDF1 0.10030027807072300000 2.001278202840000x10"
RKDF2 0.10010015016995600000 8.048200000000000x10""
RKDF3 0.10010015161593600000 1.365498000000000x 10"
RKDF4 0.1001001502684 1200000 1.797400000000000x10 "'
RKDSI1 0.10037640603566500000 2.762557852270000x10"
RKDS2 0.10010015017893800000 7.15000000000000x10 ™"
RKDS3 0.10010015023576600000 1.467200000000000x10™"

RKDS4

0.10010015027091700000

2.047900000000000x10™"'
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MINA 5.65 uaaImNi i lduazamnNURANAIAYDIITNS RKDF uag RKDS #

x=0.1 1z h=0.0001

x=0.1,h=0.0001
y=0.10010015020000000000

Calculated y

Error

RKDFI 0.10010028329991000000 1.33049472000000x10”
RKDF2 0.10010015025043900000 0.000000000000000
RKDF3 0.10010015025182400000 1.386000000000000x10 "
RKDF4 0.10010015025043900000 0.0000000000000000
RKDSI 0.10010031727680000000 1.670263610000000x10”
RKDS2 0.10010015025043900000 0.000000000000000
RKDS3 0.10010015025043900000 0.000000000000000
RKDS4 0.10010015025042800000 1.000000000000000x10 ™"

A15190 5.66 Laasnmuan lauazmANURANAIAY0IITMS RKDF 48z RKDS 9

x=10.0 U8z h=0.0001

x=10.0,A=10.0001
y =0.11180339800000000000

Calculated y

Error

RKDF1

0.11182098470696300000

1.758583198700000x10°

RKDEF2

0.11180339887497600000

0.000000000000000

RKDF3

0.11180339909022900000

2.152530000000000x10 ™"

RKDF4

0.11180353862950400000

1.800000000000000x10

RKDSI1

0.11182547728382400000

2.207840884900000x10"

RKDS2

0.11180339887497700000

2.000000000000000x10 ™"

RKDS3

0.11180353862949800000

1.200000000000000x10

RKDS4

0.11180353862810600000

1.381000000000000x10 "
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silunn TeszeFuneswaziBuadsiuaie il
4
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Tudetizuansmammganaswesgluuuiadiu-laanesthmnyfulyessionisgus-
AR

J ' a o YV v w

mgaslugluuuiidu-landuduaes

msmagagaslugliuuiidu-1Rasuduaesiaia annsamldlaeld x,x, v

=)

] ¥
ganiiszeziainulugsa [0,1] 12187 x, =0,x, =1 Ay

1
4+ 4, = [dx=1 6.1)
4}
: ]
A = |xdx =—
) OI :
° 9 9/
Mmsudszuuaumsee1é
1
A ==,4,== (6.2)
2 2

1 U o LY Y Y a oy 9 L
nmsmargandslugiunviidu-1daduduaoriiaile aansamlauainga x,x,

A o 4 )
Hugafismuatuueasy

¥

v 3 LY
i x =0,x, =7 Al
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]
A+ 4, = [dx=1 (6.3)
0
1
1
iA2 = dex =
4 ; 2
0 9 9/
MMSUATZUUANMS 19
1 2
A =_3A == (64)
b3t 3
9 1 Y] g
01 x, =0,x, =— a3y
2
1
A+ 4= [dx=1 (6.5)
0
1 1
—4, = dex = —
2 0
MMsudszuuaunis 1a
A4=0,4 =1 (6.6)

\ U o oW Y v @
amgaedslugduuuidu-lansudvey

' ' a o Y v o a o 14 ¥
msmageaslugdunuiidu-1dadudumuriaila susom1dlasld x,x,,x,
flugaifiszezvhaiiulugasia [0,1] w'lédh

tf’hx, =0,x, =

1
A+ A+ A= [dx=1
0

1 ! 1
EAZ + A3 = dex = 5 (6.7)

1 : 1
ZA2+A3 = Ixzdx=§

0
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0 Y g/
Mmsudszuuaumsee ia

1 4
Alzg’AZZE’ABZ (68)

1
6
msmamganlugduuuidu-Taaduauaweiada aunsonlduaiga x,x,,x,

de 2 '
Li‘lugﬂﬂmwumumtmmu

V2o 2.2

v
0 x, =0,x, =—,x; = — AU
3 3

1
A+ Ay + 4y = [de=1
0

1
_‘/2,42+3A3 _ jxdx=l 6.9)
3 23T,
1
g-Az +—4, = Ixzdle
9 : 3
Mmmsudssuvaumsg lan
1 3
A]=Z,A2=O,A3=Z (610)
9/ 1 [ g
M x=0,x,=—,x, =5 MUY

1
A+ A+ 4y = [dx=1
0

1
%Az+%A3= dex=% (6.11)
0
]
LA2+1A3=_[x2dx:l
1677 477 ) 3

] 9 91
MnsudszuuaumIg lan

2
=Sl == = (6.12)
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9 1 2 Y cg
0 X, ==,x,=—,x; =1 A3UU
3 3
1
A+ A+ Ay = [dx=1
0
1 2 : 1
EA,+§A2+A3=6[xdx=§ (6.13)
1 1
—A,+iA2+A3= szarx=l
979 ] 3
MMsudszuvannIee lan
1
A=2,4=04 == (6.14)
4
9 3 [ g
01 x, =0,x2=—,x3=—5- AIUU
1
A+ A+ Ay = [dx=1
0
3 3 : 1
— A +=A, = |xdx=— 6.15
1072 57 OI 2 (@13
9 1
— A4, 2 3=Ix2dx=—
10072 2570
Mnmsudszuvanmivg1édn
19 10 55
A=— A, =——, A, =— (6.16)
754777 27777 54

v
. v A

v 1 a v
agasalugluvuirdu-landudua

'
(Y |

nmsmanasalugiunuidu-TRadudvdsiialla awsomldlald x,x,,x,,x,

dhuyaditiszoziranhiulugaeda [0,1] sz ldh
y 1 2 Y] g
1x, =0,x, =§,x3 :E’x“ =1 AU
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1
A+ A+ A+ A, = [dv =1
0

l 1
§A2+%A3+A4= J'xdx:—;— (6.17)
0

1 4 ko 1
§A2+§A3+A4=Ide=§

0
1 i
— A, +—8—A3 +4,= Idex=—l—
27 27 ; 4

o 1Y P
mmmmzuuaumnz‘lﬂm
3 3
A, ==, A, ==, 4, =— (6.18)
2 8 3 8 4

6.2.2 3Uuuun 2

14
a

Tusdeilszuaasmsmimganisvesgluuuiafu-TldaieziihwnlSul jeszsidonds as-
ANAT

szilouiBJaa-nAMBudLae

~ o

' ¥
siluuu lvesszifisndBjus-gaanduduaes smuald s =2 wligluyudsil

9

Yt = Vm +h(A|k1 +A2k2) (6.19)
Taui k= f(x,,y.)
k, = f(x,+c,h,y, + phk)

vhganasluaumsh 6.4) vumuluauns 6.19) 1218

h
ym+] = ym +§(kl + 2k2) (620)
Tagdt k=f(x,,,)

3
ky = [ Gon 21y + Bhk)
Tdoynsumdimesnszay k uoz k, w18

k=f s a0f(x,,,) (6.21)
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3
k, =f+zhf, + Bhif,
aumsfi (6.20) szogluguuudai
A’ 4
Yot =V T Hf +?(fx +§ﬂﬂy) (6.22)
° ~ - [ 3 /st a o dy
Waumsi (6.22) lilisurueynsumdmesdalgluuudad

Vi1 = Vm +hf+h7(fx + 1)

=1 o a o o o 9 o 9 a aa v W
Woududse@niduoynsumdiaesezld == Aezldsaidionitjas-namsudumes

W

v b4
HUDH 1 (N21) Janyzasl

h
Yot =V +§(k1 +2k,) (6.23)
Taufi ko= f(x,,5,)

3 3
k, = +Zhy +=hk
, = f(x, PG D

Tumsafesufionitjue-gaamduduassgiunudely THigeaaeainaums (6.6)

unuluaums 6.19) 1219

Vet = Ym + hk, (6.24)
Taud k= f(x,.,)

k2 =f(xm +%h’ym +ﬂhkl)

'3 2
I¥oynsumdimeinszae k uag k, 9314

k=/ /00 (%, ¥ (6.25)
k, =f+%hfx + Bhff, + ...
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] 9
auns (6.24) szeylugduuudsi

h2
Vet =Y tHf +—2—(fx +2811,) (6.26)
=1 [ a o o 4 I 1 3 9 = an YY)

muuauﬂs:ﬁﬂﬁﬂuwﬂmmamas%:% ,B=5 ﬂﬂ:"lﬂs:mumﬁqm-ammouﬂmm

[ i

UV 2 (N22) TAnyEAal
ym+1 = ym +hk2 (627)

Tauh k= f(x,,y,)

1 1
k, = +—h,y +—hk
2 f(xm 2 ym 2 ])

v ldszifioniTga-gamduavassdiom 2 3uu

s21auIBFa9-AAMBUATII

[

’ 14
stlupuiia llvessedoniBjaue-gaamsuduauld dmuald s =3 sxldgduuudad

Yoo1 = Vm +H(A K + Ak, + Aiky) (6.28)
Thuii k= (X + € Y+ 60 f (X2 V)
k,=f(x,+c,h,y, + phk)
ky = f(x, +c,h,y, + Bk +yhk)

vihganasluaumsh 6.10) vumnluaums (6.28) 9z 14

h
Yot = Vm +Z(k| +3k3) (6.29)
Thufi k= (5 3)
2
k, = f(x, +Th’y"' + Bhk,)

2
ky=f(x, +§h’ym + B,hk, + y,hk,)

o
Tdeynsumdiansnszae &, ,k, uaz k, wld
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k=f ,fAD f(x,.7,) (6.30)

k, =f+-\é——2—hfr + B, +...

k, = f+%hfx + Byhif, + rihff, +g71h2fxfy + ,B]}/‘hzj}‘"y2
+—29-h2fxx +§,Bzh2ﬂxy +§71h2jj’xy +BR L,

+712h2f2fyy +/8271h2f2fyy +e.

] [4
aumsn (6.29) azog lugtiuuasi

_ o 35,3
Vot =Y tHf + 5 (f:r+(2ﬂ2+27])ffy)

K 32 9
+?(fo + (35, +371)ffxy +T71fxfy +5ﬂ171ffy2
9 9 9
+(5ﬂ22 +5712 +'2_ﬂ271)f2fyy (6.31)
Foudulszandfuoynsumdianios 18
3 3
Pl
38,43y, =2
2
ﬁ-—yl =1 (6.32)
2
9
5;3171 =1

9 9 9
5,322 +‘2‘712 +5,3271 =1

MU auns (6.32) 3218

2 2-2 2
ﬂ]zTaﬂzz 3 ,}’l:—g_ (633)

ldunuasluaunmsh 6.29) a¢'ld
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h
Y =V + 2 (k, +3k,) (6.34)

Tﬂﬂﬁ k=f(x,,y,)
V2 ghk,)

k2 =f(xm +‘—§—'h,ym +

(2 _3‘/2—) hk, +—‘/32hk2)

k,=f(x, +§h»}’m +

= 4  ag o o =
WHusediouITIe-AAMBUAUNIUUA 1 (N31)

dniganaannaums 6.12) Tlunuasluaumsi (6.28) ve'1d

Yt = Vm +§(k1 _4k2 + 5k3) (6.35)

Taufi k=fCx,v)
1
k, = f(x, +Zh,ym + B,hk,)

1
k= f(x, +5h’ym + B,hk, +y,hk,)

o 4 ° a [ =) ad
Tdoynsumdinesnizaw &, &, uay k udwhewimsidorduduseiiionisjue-nan

v 1Y :.:' 9
dusuaNLUun 1 9214

! ——1— _'§— (6.36)
4 30" T 15 '

Y a aa @ W a 4 A o A
i]gvlﬂiglcﬂUU')ﬁEQN'?}WW']Q'”@]UETUJHUU“ 2 (N32) “NME‘IJLLUUQQ‘N

Yt = Vm +'§'(2k1 — 4k, + 5k;) (6.37)

Taoi k=f(x,,¥,)
1 1
k= f(x. +—hy +=hk
2 f(xm 4 ym 4 ])

1 1 8
k, = +=h,y ——hk +—hk
3 f(xm 2 ym 30 1 15 2)
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o as v 4'
IWHVITTIN-NOAMOUADT

nnnsiiennngluuuiidu-Tdasnaums 6.18) uldlusziloyIsius-naa

LYY

dusudazld

Yol = Vm +§(kl +3k, +3k, + k) (6.38)
Tail k=f(x,y)

k, = f(x, +§,ym + B hk)

k,=f(x, +—§—h,ym + B,hk, +y,hk,)

k,=f(x,+hy, +Bhk +y,hk, + Ahky)

y s o vi1 o d
nszawlaeldoynsumdiaeiez Il

K, =f+h(§f, +ﬂlﬂy>+h2(l—1§fn +§ﬂ1ff,y +%ﬁff2fyy)
1

3_1_ L l 2 o2 303
e feat 1g AT+ B Ly 42 BT
4 1 1 _L 2,2 _1__ 3 .3
1 4 4
+—2:|.—ﬁ|ffyyyy)+”. (6.39)

b= +HC 1+ Bolf, + W)+ G, + KB 45
2B NI LB B S S

RIS ST 45 B 4 Sn L ,

+'§'71ﬂ|ffyfxy +-:15—ﬁ27]/];cfyy + ,B|,B271f2fyfyy +é712!7xfyy
1,

+571

2 1 1 1
+§ﬂ27|f2/:ryy +§712f2/;cyy +gﬂ;f3fm +5ﬂ2271f3j:vyy

1 1
+5ﬁ27‘2f3fm +g7’ff3fw) +... (6.40)

5 4 2 2 1 5, .5
Bf fyfyy+§—1fm+‘9‘ﬂszxxy+§}’1ffm+§ﬂzf Sy



92

k=1 +h(f, + B.J, +Aﬁ’y)+h2(%72f,fy .81
+%A1fxfy + MBS+ 1A +—;—fu + By + 1l AL
% B S, %7; 7, +é—&2f2fyy FB S+ BAS,
1,2+ R (l—léyzfnfy +§72ﬂ,ﬂxyfy +%72ﬂff Fol,
SIS BB A S AL S AP, + S 1A S,
F S BAS [ A BANT S, + 3L 5L S
TP AT SNBSS, 41T S 4 S,
RS RIS, S RS S+ SRS S,
F BT Sy + BBIS S+ PSSy 4 BABI S 1,
DAL, S 43S+ 1ABS S S+ S A,
+1, MBS S,y + AN S TS, +%fm +%ﬂ3-[fuy +%72ﬁ’uy

Il + 3 B Loy ¥ 5P o A S AL o B ey
1

BT Ly 1T oy e BTy AL + 2RSS,
BNy 45 BALT,, BRSPS,
CTIRL AL Bt ) (6.41)

unue k,k,, k, uaz k, aaluaumsez1dn
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1 3 3 el 1,10 3 3
Ymut = ym+h[(§+8+8+§)f] -y [(4 2 4)f (ﬂ1+4/5’2

3 1 1 1

+Z}/'+Zﬂ3+ 411)]f]+ h[(g 5 8)fxx (

1 2
LTSRS, CIB T+ AR AT,

9 9 9 9 3 3 3 3
+(§ﬁ12 +§,322 +Z,327: +§712 +§ﬁ32 +§722 +§112 +Z,33}’2
3

Yy +37221)f2fw +<3ﬂ1 +5ﬂ2 +3y, +3ﬁ3 +27,

4
3 . 4.1
Zﬂq)ﬁ ]—h [(ﬁ 5 2)fm+( ﬂ1+2ﬂ2+271+ ﬂ3
3 1
+572+Eﬂq)ﬁm+(271+72+2ﬂq)fx/’xy+(57,+-6-72
2

+'§"{1)fxxfy+(37n31+671ﬂ|+71ﬂ|+2"{1ﬂ2+271"{1+372:31
344, +37121>m/3 +(-j—ﬁﬁ BB B

3 5 L 3,35 3 0 3 p2a2
+27|+ :33 72 ﬂ'1+2:3371+2ﬂ3ﬂ'1+2ﬂ3;{1

3 2 2 3 2 3 3 2
+5:3372 +"2“72"{1+572’11 +3B87,4)f fm+(3ﬂ271+'2'71
+%722+;{12+,B372+2:33;{1+372"{1)ffxfyy+(‘;'ﬂ12+3ﬂ22
FOB I 2 42723 3

2 2 9 2

+3y,A)f f;w'*'(‘z'}’lﬂl +9ﬂ1ﬁ271+571ﬁ1+%72ﬂ1

3 2 i 2 g 2 é_ 2 :_3_ 2
+5ﬂ2"{1+3ﬂz"{171+271’11+272:31+2"{1,32+2ﬂ'171
36,537, + 35,84 + 3B Ay, + 3y, A8, + 3y, 4B,
30,400 f, 1 ¥ QoS + (MBS + - (6.42)

~ o a % o 4 d I
Woudulsz@ns lumen h 9naums (6.42) fueynsumoinessy 1

3 3 1 3 1 1
Zﬂl +Z:32 +—ﬂ3+_71 +Z72 +Z"{1 =1
3

1
471+ V2 _"{1_1
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9 3 3 3
Z}’IIBI +Z72ﬁ1 +Zj’|ﬁz +Z7’1j1 =1

9 9 3 9 3 3 9 3 3
gﬂlz +§ﬁ22 +§ﬁ32 +§712 +§722 +§312 +§/B271 +Z,3372 +Z}’zﬂq =1
3 3

3 3 3 3
B +=p,+=f =y +=y,+—A4 =2
LAt BB oA

1 3 3 3
5ﬁ]+2}62+5ﬁ3+2}/l +572+5j1 =3

2y +y,+24 =3
1 1 2
Sy oy 2 A =1
Shren 3&
B+ 47,8, + 54, + 51,4 =5
3 3 1 3 1 1 9 9 3
5ﬁ+5@+5@+5ﬁ+5ﬁ+5@+5£%+5@ﬁ+5ﬁn

3 3 3 3 3
+5/B32j1 +’2_133i|2+5ﬁ3722+5722j1 +572j’|2+3,3372j1 =1
3 3 3 3
51312+3IB22+51332+3712+5722+5A12+6ﬁ271 +3B,y, +3B, 4 +3y,4 =3
3 1
3ﬁ271+‘2“712'*"5722’*"112'*':3372'*'3:33’11 +37,4 =3
9 9 3 3 3 3 3
'2—711312'*"2‘712:31 +—2—}’2ﬁ,2+5ﬁ22ﬁ,, +'2'712j1 +5722ﬁ1 +5A12i32
3
+5j'|271 +9ﬁ1 162}/1 +3/B271j1 +3ﬁ1 ﬁ372+3ﬁ2ﬁ3jﬂ +3ﬁaﬂ1 N

+3B7, A4 +3B, A4 +3ny,A4 =4

nnmsudaumsz id

1 1

B =§sﬁ2 :_Eaﬁa =1

7, =Ly, ==-1L4 =1

o1 lunua luaums 6.38) 9314 szifionTTja-gansudud (N41)

Vst = Vi +§(k] +3k, + 3k, +k,) (6.43)

Iml‘ﬁ k= f(xsVm)

h h
k= f(x +=y +—k
2 f(m 3ym 3 ])
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k, = f(x, +%h,ym ~~;—1k1 + hk,)

k, = f(x, +h,y +hk —hk,+hk,)

Tausoz 19da

7
5 o/

uaun 3 359 2

tyrmel y =

a1 laogiluuy An O

v
v @ A

4 4
;——j,xe[S,IO] Tagh y(5)=5

=
=
[\
)
=7
=0
e
=
D¢
=
=1
[\
D
=Ad
=0
)
e
=
=

anwal N21, N22, N31, N32 uaz N41 ununmsdSudgeseiiondsgas-

73 359 1,

wamaofiuiaiefio y(x)=5+In(5)-In(x)+1n(x—4)

15190 6.1 ugasmnanlduasmanuianaiavedlIsms N

i x=5.1 uay h=0.1

x=5.1h=0.1
y =5.07550755250000000000
Calculated y Error

N21 5.07554588154427755000 3.832903613254501x10°
N22 5.07543611504007508000 7.143746806992368x10°
N3l 5.07550986842105267000 2.315912907668860x10°
N32 5.07551288760370145000 5.335095556446840x10°
N41 5.07550758163682314000 2.912867813620000x10"

1519 6.2 uaaamnduon lduazamnnuranaiaueaiins N

A x=5.1 way h=0.0001

x=5.1,h=0.0001

y=5.07550755250000000000

Calculated y Error
N21 5.07550755254399188000 3.601297038000000x10 "'
N22 5.07550755243647256000 7.150635639000000x10 "
N31 5.07550755250815477000 1.758593300000000x10 "
N32 5.07550755250815655000 1.776356800000000x10
N41 5.07550755250815033000 1.714184400000000x10
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A15197 6.3 uaasenmuan lduazamnnurana1nveddTMs N N x=15.0 uag h=0.0001

x=15.0,A=0.0001

y =6.29928298412969578000

Calculated y

Error

N21

6.29928298433793312000

2.022373379900000x10™"°

N22

6.29928298373417661000

3.955191729700000x10"°

N3l

6.29928298413279020000

3.094413610000000x10 "

N32

6.29928298413279908000

3.103295400000000x10

N41

6.29928298413277421000

3.078426400000000x10 "

tymiiez y =

4 9 a A
wamashuneife y(x)=

AN 6.4 uaaemndmunlduazainnuRananuedsms N

xy3

V1+x? ’

xe[0,1.1] Tavdt y(0)=1

1

3-2J1+x?

# x=0.1 #ag h=0.1

x=0.1,h=0.1
y =1.00502518870000000000

Calculated y Error
N21 1.00498599654944232000 3.919213186964754x10°
N22 1.00499376169438914000 3.142698692282231x10°
N31 1.00502222220171444000 2.966479597521500x10°
N32 1.00502396972943187000 1.218951880099790x10°
N41 1.00502526097501188000 7.229369991535000x10°

A5 6.5 uaaamnaulnlduazmanuRanainuediItms N

i x=0.1 uaz h=0.0001

x=0.1,A=0.0001

¥ =1.00502518870000000000

Calculated y Error
N21 1.00502518865887636000 2.243583097000000x10 ™"
N22 1.00502518864925383000 3.205835597000000x10 "
N31 1.00502518868130841000 3.774476000000000x 10"
N32 1.00502518868984669000 8.534506430000000x10 "
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MINN 6.5 ((19) taamndun lduazmanuRana1aueaIsn1s N A x=0.1 uag

h=0.0001

x =0.1,h=0.0001

y=1.00502518870000000000

Calculated y

Error

N41

1.00502518868131152000

6.661300000000000x10 "

MINN 6.6 LaaImNfIuIn lduazmaNuRANaIAYBIIETMI N 7 x=1.0 1agy h=0.0001

x=1.0,,=0.0001

y=2.41421356237216100000

Calculated y Error
N21 2.41421334351819183000 2.188153969613520x10"
N22 2.41421327239291328000 2.899192481692000x10”
N31 2.41421356231524431000 5.691713767000000x10" "
N32 2.41421364310000275000 8.072784130064000x10"
N41 2.41421356237274187000 5.804246000000000x10"°

oyt 6.3 y' = °,x€[0,10] Tagit y(0)=0.1

d' Y a A
Hamaviunzfe y(x)=

1
2(50—x)

MI319R 6.7 uaaamnmIuan ldasmMANURANAIAYBIITMT N # x=0.1 1ag h=0.1

x=0.1,h=0.1
y=0.10010015025043829400
Calculated y Error

N21 0.10010015011252812500 1.379101694000000x10 ™"
N22 0.10010015007501250900 1.754257850100000x10 "
N31 0.10010015025029321600 1.450783900000000x10
N32 0.10010015030026893400 4.983063961000000x10™"
N41 0.10010015025043829400 0.000000000000000
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15197 6.8 naasmnd s lduasmanuianalareddITMs N # x=0.1 1ag h=0.0001

x=0.1,h=0.0001

y=0.10010015020000000000

Calculated y

Error

N21

0.10010015075043848800

1.942900000000000x10™"°

N22

0.10010015025043848800

1.942900000000000x10 ™"

N31

0.10010015025043861300

3.191900000000000x10™"°

N32

0.10010015025043864100

3.469400000000000x10 ™"

N41

0.10010015025043861300

3.191900000000000x10™"°

A15197 6.9 LAAININA LI IALAZAIANUAANAIAYDIITMS N # x=10 uag h=0.0001

x=10,h=0.0001

y=0.11180339800000000000

Calculated y

Error

N21

0.11180339887496612600

9.423020000000000x10 ™"

N22

0.11180339887495943700

1.611211000000000x10™*

N31

0.11180339887499010600

1.455780000000000x10 *

N32

0.11180339887499936300

2.381428000000000x10 ™"

N41

0.11180339887499010600

1.455780000000000x10
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7.1 mytlszgaalidsdsvus

“lumi’faumm%uummm ﬂﬂﬂWWﬂ‘YlLﬂ"lﬂﬂﬁTJiﬂlm'JnluU‘YWl 4 uu 15192 HIUHUTN

Taudluiadeiivzuansldiiiuisialauazda sziunlszgnd Tnoms ldyaguidai
' o ' o as A o yn Ve [3 ¥
unndsfulaziasaswesdauls a uaz g 9n3imsmhnieldae wazilim
' a o a v o d Y 3 [V o o Y a J
AwaaotiaduavvosdumaFeyiusiuly 1die idamnnunsi ldinanai

Aanaaloshnga

7.2 gﬂllllllmiﬂwﬁﬂ?l]ﬂ- Successive approximation

¥ v
Y A Aas ~

v = v 0 v
IﬂUllu‘H’Jilﬁ)u%81J'Jﬁﬂ151’lﬂm3N%ﬂﬂ1ﬂﬂ]ﬂﬂ1wmy"lﬂﬁﬂBWLLﬁguWM'lﬁ'JUTJiJvl’J‘YN‘HiJﬂ 2

Vv

PN ~ v Y 1 v dy
sty Tasszetineswazidoadsnuareae 1

7.2.1 suuuun 1 vietae

o ) a o o VR 1 '
HumsmmwamassuavvosaumsiFioywus luawuuila Taveglugy

yi=f(xy) ., xelab] (7.1)

wiu

.
D
Be

Taenausy

y(a)=c (7.2)

o o

A W o/ o/ as ;
Fuszilszgnamsl¥msdszgnd 19335 Rusind Suledusadion iy aa-gaauneld

C%

a o o o
lluﬂﬁ‘H']Nﬁmam‘lﬁﬂ'Jlﬁil“llﬁ)ﬂﬁNﬂ'lil‘Bﬂﬁ)ku‘ﬁﬁ']iJiU

o

y(x)=c+ ]f (x, y)dx (7.3)

(B 4 14 ] 14
Tuffiszvuaumssuudaiisnsimsfafivategadus 1 9 ldauda 4 yadaeiu
Vo ] o ' b [
TﬂULﬁW‘U&’lLUQ‘B?Q@@ﬂLﬂH [a, b] Tﬂﬂﬂgllﬂ\?ﬂ@ﬂlﬂu n  AIUANNYNU TﬂUﬁﬂ'J'liJU'l'Jﬁ@
b-a
n

h=
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sUuuy 1 3 (OP1)

4 . o
INYANINANVBIAUNMSTIAIUTOMIAIRAUI N 1A Tauh

Yz = Vm + 20 (X0, Vi) (7.4)
fusld s =2h manuAanaaszInn O(s®)

sUuuy 2 9a (OP2)

Has x

9y ) 1 a v d ' 9 o
zlage x -, nsnammlSRusluge [x,,x,,,] 519 ldyandes

m+1

AIENNTT

ym+3 = ym +1'5h(f(xm+]9ym+])+ f(xm+2’ym+2)) (7'5)

fusld s =3k manuRanaIaszInn O(s’)

sUuuy 3 9a (OP3)

¥y ° [ I L ' Y]
151921990 x waz x, . WA IAMmAIST S IuEN [x,,x ] w519z 14

m+l 2

X

m+2 m+4

4
ym+4 :ym +'§h(2f(x,,,+py,,,+1)

K25 Vi) ¥ 2 (X135 Vinis)) (7.6)
usld s =4k manuRana1aszannn O(s®)

JUuuY 4 3 (OP4)

9y ° ' a o J '
mzlege x X s umasiuslure [x,,x,, 19192

m+2

X uae x

m+l m+3 m+4

5
ym+5 = ah(l 1f(xm+| b ym+1)

+f(xm+2’ ym+2) + f(xm+3’ ym+3) + 1 1.f(xm+4 ’ym+4) (7'7)

fusld s =5h manuranaIzuInn O(s’)
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o o o

@ o’ LYY a
Tauisvzlddnyal OP1, OP2, OP3 WAz OP4 unuMsszgnd lFaUsWusjuuun

(7] L

]
Qo A

1 (hadla) Tududun 1, Suduhn 2, SuAUN 3 uazduaun 4 sy

oyt 7.1 y' = ,xe[5,10] Tavft y(5)=5

_4
x(x—4)

wanauTiuRes e y(x)=5+In(5)~In(x)+In(x—4)

15190 7.1 uaaannduin lduazmnnuRana1aueaisns OP M x=5.1 uag h=0.01

x=5.1,h=0.01
¥y =5.075507552508143
Calculated y Error
OP1 5.07550468620320900000 2.866304934000000x10°
op2 5.07550374200961585000 3.810498528267200x10°
OP3 5.07550755138630105000 1.121843062890000x10°
OP4 5.07550755000502374000 2.503120377640000x10°

MINN 7.2 uaaamndun lduazmnnuRana1nueddIsmMs OP 7 x=5.1 uay h=0.0001

x=5.1,h=0.0001
y=35.075507552507980

Calculated y Error
OP1 5.07550755222149100000 2.864890000000000x10 ™"
OP2 5.07550755207865301000 4.293267963400000x10 °
OP3 5.07550755250815389000 1.740829700000000x10
OP4 5.07550755250815122000 1.714184400000000x 10 ¢

AMINN 7.3 LEAIINATUIN IALUAZAININRANAIAYDIITNIT OP N x=15.0 14AZ h=0.0001

x=15.0,A=0.0001
Y =6.299282984129696

Calculated y Error
OP1 6.299282982539057000000 1.5906390000000000x10”
0P2 6.299282981742766020000 2.3869297649500000x10”
OP3 6.299282984132707600000 3.011813020000000x10
OP4 6.299282984132752890000 3.057110120000000x10
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ilq;m‘ﬁ 72 ) = 3 ,x€[0,1.1] Tauii y(0)=1
Ji+x?
wamasiiuResefe y(x)=——1-——
3-21+x*
A319T 7.4 taasmiimun lduazmauiana1nediing OP A x=0.1 uaz h=0.01
x=0.1,A=0.01
y=1.005025188681312
Calculated y Error
OP1 1.00502518354819100 5.1331210000000000x10”
OoP2 1.00502518098241511 7.6988968533700000x10'9
OP3 1.00502319930608897 1.9893752229993600x10_6
OP4 1.00501962359906938 9.5312094614175003x10™
M39h 7.5 waasmiisuan ldiasanuianainveiing OP A x=0.1 uaz h=0.001
x=0.1,A=0.001
y =1.005025188681312
Calculated y Error
OPl 1.00502518862997900 5.13330000000000x10-ll
OP2 1.00502518804315560 7.69966312900000x10""
OP3 1.00502518843121075 2.49901432880000x10 ™"
OP4 1.00502518824985709 1.009555027242648x10°
M319T 7.6 uansmfsuanlduazainuAana1nveadinig OP Al x=1.0 uag h=0.0001

x=1.0,A=0.0001
y=2.414213562372161

Calculated y Error
OP1 2.41421312981290700 4.3255925400000000x10
OP2 2.41412913533581690 6.4883857975317000x10"
OP3 2.41421347443566559 8.7936495862810000x10"
OP4 2.41421332671100242 9.9409957152607475x10"




fymit 7.3 y' = »°,x €[0,10] Tagit y(0)=0.1

:i Y a M
HamaohunIefe y(x)=

__
2(50—x)
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MINA 7.7 uaaam s IauasmaNnuRanaIAYeIIsMs OP N x=0.1 uag h=0.0001

x=0.1,h=0.01
y=0.100100150250438
Calculated y Error

OP1 0.100100141055370000 2.50000000000000x10 ™

OP2 0.100100150249768000 3.73590000000000x10 "

OP3 0.100100134243220174 1.600721812045000x10"

OP4 0.100100121435727260 9.999975318974333x10°
M3eR 7.8 ansmfisuan ldiazanuRena1nes3ims OP A x=0.1 uaz h=0.0001

x=0.1,Ah=0.0001
¥ =0.100100150250438

Calculated y Error
OP1 0.100100150250438000 0.000000000000000
OP2 0.100100250551340544 2.498000000000x10 '°
OP3 0.100100150050435363 2.000029308800x10 "°
OP4 0.100100149962500065 1.0001266277648x10”
MINT 7.9 naaamisunlduazmanufianainvesiims OP fi x=10.0 uaz h=0.0001

x=10.0,/ = 0.0001
1 =0.111803398874976

Calculated y Error
OP1 0.11180339887494800000 2.70000000000000x10 ™
OP2 0.11180339887492439500 5.11535300000000x10 ™"
OP3 0.11180337824699698700 2.062797857527000x10"
OP4 0.11180336443849357700 1.053175045784300x10"
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a y . s
7.2.2 gﬂu‘u‘u‘n 2 11531]!!‘1]‘1] successive approximation
I 4
o ~ 1 v a o a w ¢
TuidetisnzlFguvuang ngrelumnivamasFiduavyoaun sy yus

oy WumimamamaniFainavvesaumsiFeoyius lugrwna Taveglugl
y=5/xy) , xelab] (7.8)
Taofid s
y@)=c (7.9)

& 4 YJas a v o @ @ ~ as & 9/
Fas1vzlszgnanms 19U wusunlSilyedussdoudsgas-gaaune Iy lumsvina
4 @

a o a @ g Yad a v o
masFnvvesaumaFeyiusaiy Tasgluuumsdssgnalgisdinug

g

Yx)=c+ [/(xy)dx (7.10)
1a7TN15 successive approximation
Ywa(X) =+ £y, (Dt (7.11)
Midpoint Formula
! at+b
[y@dx = —a)y( 5 ) (7.12)
Trapezoidal Formula
! 1
fyods == G- a)(y@ +y®)} (7.13)

Modified Trapezoidal Formula



105

[0 =26 @+ YO} b= Y@=y ®) (18
Simpson’s Formula

[yryax = %{y(a) + 4y(—‘-’—§—’3) + y(b)} (7.15)

¥

] ¥
NNAUMSA (7.12), (7.13), (7.14) uag (7.15) 1579z laaumsnadyadail

Vst = Yo + A (x,, +g,ym + bb) (7.16)

Tad bb = g- 1% 3,)

a o

[ o o ey P o o A
Taos e 19 daydnuel PS1 unumsiszgna 19305 Wutjuuuh 2 Tudududi 1

h
Vst = Y +5{k, +k,} (7.17)
Tﬂﬂ‘ﬁ k=f(x,,y,)
k,=f(x, +hy, +hf(x,,y,)

v w I Qv o ~ o o A
Tauiseg 1ddydnual P2 unumsilsegndlditswusgiuuui 2 Tududui 2

2
B =ym+g‘{k,+k2}+%{AA+BB} (7.18)

Taufi ko= f(x,,9.)
k,=f(x,+hy,+h(x,,9,)
AAd= f (%, y)+ (v, (%, 0,)
BB=f(x, ,+h,y, +hf(x,,y, )N+ f(x, +h,
Y +Hf (% y NI, (X, + By, +H(X,50,)

o @ ad & w o ~ v o a
Tagisez [daydnuel Ps3 unumsilszgnd 193t Usiusgluuuh 2 Tududui 3



Toosoz 14d

ymnr.4 y =

h h
Vi1 = Vm +g[f(x,,,a}’,,,)+4f(x,,. +59
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Y. +§f<xm,ym Wt f Gy + By + B (o)

— 2 xe[5,10] Tait y(5)=5

wdnual PS4 unumsdszgnalditdSiusluuuii 2 Tududuh 4

wamaufiuiesedie y(x)=5+In(5)—In(x)+In(x-4)

A5 NN 7.10 uaasmnauan lduazmnnuRanaInueaIsn1s PS A x=5.1 uay h=0.01

x=5.1,h=0.01
y =5.075507552508143
Calculated y Error
PS1 5.07550683586262100000 7.1664552200000x10”
PS2 5.07550898581899400000 1.4333108500000x10°
PS3 5.07550755248174200000 2.640100000000x10 "'
PS4 5.07550755251474500000 6.602000000000x10

A519N 7.11 uaasmnduan lduazmanuAanaInue9IsNs PS i x=5.1 uag h=0.0001

x=5.1,h=0.0001
y =5.075507552507980

Calculated y

Error

PS1

5.07550755243647300000

7.150600000000x10 ™"

PS2

5.07550755265150100000

1.435220000000x10 "°

PS3

5.07507552508150000000

1.710000000000x10 ™"

PS4

5.07507552508150000000

1.710000000000x10 ™"
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AN 7.12 HanItNA U laLaraInNNRANAIAYIITNT PS N x=15.0 uay

h=0.0001
x=15.0,A=0.0001
y =6.299282984129696
Calculated y Error
PS1 6.29928298373417700000 3.955190000000x10 "°
PS2 6.29928298492959100000 7.998950000000x10"°
PS3 6.29928298413277600000 3.080000000000x10 "2
PS4 6.29928298413277600000 3.080000000000x10 "
.X,'y3

daymn s y =

A Y a a
namashineiafe y(x)=

Vi+x?

,x[0,1.1] Tawi y(0)=1

1

3-231+x7

AN 7.12 waasandnna lduazamnnuRanalnueddsms PS fi x=0.1 uaz h=0.01

x=0.1,h=0.01
y=1.005025188681312

Calculated y

Error

PS1

1.00502486868644300000

3.1999486900000000x 10"

PS2

1.00502502281003200000

1.6587128000000000x10”

PS3

1.00502477936959900000

4.0931171300000000x10"

PS4

1.00502492006095600000

2.6862035600000000x10"

A1519n 7.13 uaasandiun lduazannuAanaInvedisns PS N x=0.1 uay h=0.001

x=0.1,h=0.0001
y=1.00502518870000000000

Calculated y Error
PS1 1.00502518864925400000 3.20580000000000x10 ™"
PS2 1.005025 18866849000000 1.28220000000000x10 ™"
PS3 1.00502518864283200000 3.84800000000000x10""
PS4 1.00502518865566700000 2.56450000000000x10""
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A151971 7.14 LAAIMNAIUIN IALAZAIANURANAIAYBIITANT PS 7 x=1.0 1aZ h=0.0001

x=1.0,A=0.0001
y =2.41421356237216100000
Calculated y Error
PS1 2.41421327239291300 2.8997924800000000x 10"
PS2 2.41421341464646000 1.4772570100000000x 10"
PS3 2.41421319851834400 3.6385381000000000x10”
PS4 2.41421331981075800 2.4256140300000000x 10"

e 7.6 ' = x € [0,10] Tauil y(0)=0.1

A Y oa A 1
HARAUNIAD y(x) = —=
2(50-x)

a1519f 7.15 uaasnnsiualduazamnnuienanveddsns PS N1 x=0.1 uaz h=0.01

x=0.1,h=0.01
y=10.100100150250438
Calculated y Error
PS1 0.100100150248680000 1.7580000000000x10 ™
PS2 0.100100150249433000 1.0050000000000x10 ™"
PS3 0.100100150248177000 2.2610000000000x10 "
PS4 0.100100150248931000 1.50700000000000x10 "

A15197 7.16 uaasmns wInlduazaanuRanaInvesItms PS N x=0.1 uag h=0.0001

x=0.1,h=0.0001
y=0.100100150250438

Calculated y Error
PS1 0.10010015025043800000 0.000000000000000
PS2 0.10010015025043800000 0.000000000000000
PS3 0.10010015025043800000 0.000000000000000

PS4 0.10010015025043800000 0.000000000000000




AN 7.17 uaasmnd s lduazmanurananvedtns PS il x=10.0 uag

109

h=0.0001
x =10.0,/=0.0001
y=0.111803398874976
Calculated y Error

PS1 0.11180339887495900000 1.600000000000x10™"*
PS2 0.11180339887497300000 3.000000000000x10 "’
PS3 0.11180339887495100000 2.400000000000x10 ™
PS4 0.11180339887496400000 1.200000000000x10™"*




a
Unn 8

HAI1UIE

=1

dy Q ag ] A (o ad ] o
Tyunigiinisuaainavesisnmaaieg AUsudgaunnszdeyisnisdieg nldiy

a a o a v d as £ o
seifouii ja-gamlumsminamasddinvvesaumagioyiuianiy ¥ lduaad

¥
A5 1991901960 Wil

tyrn 8.1 ) =

_4
x(x-4

,xe[5,10] Tavh y(5)=5

)

wamaufiuiiiefo y(x)=5+In(5)~In(x)+In(x-4)

M35199 8.1 uaaemnfun lALazAnNUAANEIAYRIITNITAINGN x=5.1 Hag h=0.1 Ny

h=0.01
x=5.1,h=0.1
y =5.07550755250000000000
Calculated y Error
Euler 5.08000000000000000000 4.492447491855000x10°
Taylor2 5.07520000000000000000 3.075525081450000x10*
Taylor3 5.04769066666666700000 2.781688584147800x10"
Taylor4 5.05048010666666700000 2.502744584147800x10"
RK2 5.07565062388591800000 1.430713777730000x10™
RK3 5.07550761798868955000 6.548054454214000x10"
RK4 5.07619676253339591000 6.892100252509081x10™
RKN 2 5.07550750776488879000 4.474325621118000x10°
RKN 3 5.07550755263528419000 1.271391880700000x10 ™"
RKN 4 5.07550755255869834000 5.055333929000000x10 "
RUI 5.07516793195846900000 3.396205496760000x10"
RU2 5.07550820363754300000 6.511293980000000x10
RU3 5.07550756161066700000 9.102522000000000x10”
RU4 5.07539210066426800000 1.154518438770000x10"
RL1 5.07569755020548700000 1.899976973422000x10"
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13199 8.1 (M) uamemNfiun lAuarAInNURANEIAYEITMIANT A x=5.1 LAY

h=0.1 A h=0.01

x=5.1,h=0.1
y =5.07550755250000000000
Calculated y Error

RL2 5.07550618453746000000 1.767970680000000x10°
RL3 5.07550754901386000000 3.494285000000000x10”
RL4 5.07562319333131200000 1.156408231670000x10™
RKG2 5.07543611504007500000 7.143746807000000x10°
RKG3 5.07550755157616695000 9.131978050290000x10 ™"
RKG4 5.07550755142103771000 1.087107293070000x10”
RKDF1 5.07593624434149800000 4.286918333530000x10™
RKDF2 5.07550782411119880000 2.716038430000000x10”
RKDF3 5.07546437745793900000 4.317505020600000x10°
RKDF4 5.07550755250813200000 1.300000000000000x10 ™
RKDSI 5.07495662232504300000 5.509301831020000x10*
RKDS2 5.07550500530010900000 2.547208036000000x10°
RKDS3 5.07550754167900100000 1.082914400000000x10"
RKDS4 5.07550755245549600000 5.264900000000000x10 "
RKYAIl 5.07586012104703900000 3.525685388940000x10"
RKYA2 5.07570196595446700000 1.944134463220000x10™
RKYA3 5.07549400799423000000 1.354450872200000x10™
RKYA4 5.07550795704505900000 4.045369140000000x10”
RKYBI 5.07126506837524400000 4.242484132901000x10°
RKYB2 5.07550424985589600000 3.302652249 00000x10°
RKYB3 5.07550755051373200000 1.994413000000000x10”
RKYB4 5.07550755506886800000 2.560723000000000x10°
N21 5.07554588154427755000 3.832903613254501x10°
N22 5.07543611504007508000 7.143746806992368x10°
N31 5.07550986842105267000 2.315912907668860x10°
N32 5.07551288760370145000 5.335095556446840x10°
N41 5.07550758163682314000 2.912867813620000x10"
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:.:i 1 ] tdlo 9 1 o ad ' t-:i
AITNN 8.1 (D) Llﬁﬂﬂﬂ'mﬂ'I‘Ll’Jﬂlvlﬂllﬁzﬂ'lﬂ’J'liJNﬂWﬁ'lWU@\i’)‘ﬁﬂ'liﬂN”]V] x=5.1 Uad

h=0.1 iy h=0.01

x=5.1,h=0.01
y =5.075507552508143
Calculated y Error

OPI 5.07550468620320900000 2.866304934000000x10°
oP2 5.07550374200961585000 3.810498528267200x10°
OP3 5.07550755138630105000 1.121843062890000x10”
OP4 5.07550755000502374000 2.503120377640000x10°
PS1 5.07550683586262100000 7.166455220000000x 10"
PS2 5.07550898581899400000 1.433310850000000x10°
PS3 5.07550755248174200000 2.64010000000000x10 ™"
PS4 5.07550755251474500000 6.60200000000000x10 "

AN 8.2 uaAImINAIUIN lduazMANUAANAIAYBITMIANNGA  x=5.1 1ag h=0.0001

x=5.1,h=0.0001

y =5.07550755250000000000

Calculated y Error
Euler 5.07558320327531200000 4.353459371000000x10°
Taylor2 5.07557884952924600000 2.867550000000000x10"°
Taylor3 5.07557882676148200000 1.908021464715630x10"
Taylord 5.07557882676367500000 2.305232500000000x10°
RK2 5.07550752651501000000 1.435200000000000x10™"°
RK3 5.07550755250815033000 3.171418440000000x10
RK4 5.07550827736833909000 7.248603601794900x10”
RKN 2 5.07550755250696461000 1.014299760000000x10 "
RKN 3 5.07550755250815211000 1.731947900000000x10
RKN 4 5.07550755250815211000 1.731947900000000x10
RUI 5.07550728279629500000 2.697116840000000x10"
RU2 5.07550755261622300000 1.082440000000000x10 ™"
RU3 5.07550755250824700000 2.680000000000000x10 ™"

RU4

5.07550743606483100000

1.164431480000000x10”
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M59N 8.2 (1D) wamamnmun lAlazAnNURANEIAYEITMIANT x=5.1 LAY

h=0.0001
x=5.1,/h=0.0001
y = 5.07550755250000000000
Calculated y Error

RL1 5.07550781371588800000 2.612079090000000x10”

RL2 5.07550755250667200000 1.307000000000000x10 "

RL3 5.07550755250879600000 8.170000000000000x10"

RL4 5.07550766895204600000 1.164440670000000x 10"
RKG2 5.07550755243647300000 7.150600000000000x10™"
RKG3 5.07550755250716890000 8.100187200000000x10 "
RKG4 5.07550755250703833000 9.405809500000000x10 ™"
RKDF1 5.07550805092095600000 4.984125770000000x10”
RKDF2 5.075507552508 18400000 2.050000000000000x10 ™"
RKDF3 5.07550751247929500000 4.002868300000000x10"
RKDF4 5.07550755250815000000 1.710000000000000x 10"
RKDS! 5.07550706917513000000 4.833328490000000x10”
RKDS2 5.07550755250594100000 2.038000000000000x10 ™"
RKDS3 5.07550755250815000000 1.710000000000000x10 "
RKDS4 5.07550755250059600000 7.383000000000000x10 "
RKYALI 5.07647791984069800000 9.703667332719000x10"
RKYA2 5.07566764035624800000 1.600878482690000x10™
RKYA3 5.07549472790450600000 1.282460347300000x10"
RKYA4 5.07550799069393400000 4.381859550000000x10”
RKYBI 5.07085156462156300000 4.655987886416000x10°
RKYB2 5.07550755244958900000 5.839000000000000x10°
RKYB3 5.07550755246267800000 4.530100000000000x10°
RKYB4 5.07550755493775800000 2.429779000000000x10”

N21 5.07550755254399188000 3.601297038000000x10 ™"

N22 5.07550755243647256000 7.150635639000000x10™"

N31 5.07550755250815477000 1.758593300000000x10 "

N32

5.07550755250815655000

1.776356800000000x10 ™"
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M15190 8.2 (M) uanImAMUIN lALazmnNURAANAIAYEIITMIANGN  x=5.1 LAY

h=0.0001

x=15.1,h=0.0001

y =5.07550755250000000000

Calculated y Error
N41 5.07550755250815033000 1.714184400000000x10 ™
OP1 5.07550755222149100000 2.864890000000000x10 "°
OP2 5.07550755207865301000 4.293267963400000x10™"°
OP3 5.07550755250815389000 1.740829700000000x10
OP4 5.07550755250815122000 1.714184400000000x10°
PS1 5.07550755243647300000 7.150600000000000x10"'
PS2 5.07550755265150100000 1.435220000000000x10"°
PS3 5.07507552508150000000 1.710000000000000x10
PS4 5.07507552508150000000 1.710000000000000x10

A15197 8.3 uaAImNA LI IALAZAMIANUAANIIAYEIITMIANGNA x=15.0 LAY

h=0.0001

x=15.0,A=0.0001

¥y =6.29928298412969578000

Calculated y Error
Euler 6.29932419705063600000 3.878869761600000x10°
Taylor2 6.29928540676228800000 1.590732000000000x10”
Taylor3 6.29928531721452400000 2.333084828220000x10°
Taylord 6.29928531722134000000 9.113168000000000x10"
RK2 6.29928540915291500000 7.998950000000000x10 "
RK3 6.29928298413277599000 3.080202760000000x10
RK4 6.29928944857987894000 6.464450183152340x10°
RKN 2 6.29861228865987304000 7.459810550000000x10
RKN 3 6.29861228866733285000 2.543742990000000x 10"
RKN 4 6.29861228866987659000 2.543742990000000x10
RU2 6.29928298598254600000 1.852850000000000x10”

RU3

6.29928298413355800000

3.862000000000000x10 ™"
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A15190 8.3 (#9) uaaamInmuIn lAasAInNURAANAIAYEITMIANT N x=15.0 Log

h=0.0001

x=15.0,A=0.0001

¥ =6.29928298412969578000

Calculated y Error

RU4 6.29928194568442400000 1.038445272000000x10°
RLI 6.29928531382996100000 2.329700266000000x10"
RL2 6.29928298412457100000 5.125000000000000x10 "
RL3 6.29928298413858300000 8.888888880000000x10 "~
RL4 6.29984022585524000000 1.038455828000000x10°
RKG2 6.29928298373417700000 3.955190000000000x10"°
RKG3 6.29928298412402565000 5.167013103000000x10
RKG4 6.29928298412291188000 6.783906770000000x10
RKDF1 6.29928742922557900000 4.445095883000000x10°
RKDF2 6.29928298413300200000 3.307000000000000x10 "
RKDF3 6.29928262716451400000 3.569651820000000x10”
RKDF4 6.29928298413277400000 3.078000000000000x10
RKDS! 6.29927873984810000000 4.310144885000000x10°
RKDS2 6.29928298412060100000 9.095000000000000x10 "
RKDS3 6.29928298413277600000 3.080000000000000x10 ™
RKDS4 6.29928298400276700000 1.269290000000000x10 "
RKYAI 6.31598497545203300000 1.670199132233700x10"
RKYA2 6.30203738700942700000 2.754402879731000x10°
RKYA3 6.2990623 1407899200000 2.206700507030000x10™
RKYA4 6.29929052433888800000 7.540209192000000x10°
RKYBI 6.21916191527546700000 8.012106885422900x10"
RKYB2 6.29928298316662900000 9.630670000000000x10 ™"
RKYB3 6.29928298335053800000 7.791580000000000x10 ™"
RKYB4 6.29928302593873900000 4.180904300000000x 10"
N21 6.29928298433793312000 2.022373379900000x10"°
N22 6.29928298373417661000 3.955191729700000x10 "

N31

6.29928298413279020000

3.094413610000000x10 "
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M5T 83 (M) uaamniuIn ldlarmANIRANAIAYBITNITAINR x=15.0 LAz

h=0.0001

x=15.0,A=0.0001
y =6.29928298412969578000

Calculated y

Error

N32

6.29928298413279908000

3.103295400000000x10 "

N41

6.29928298413277421000

3.078426400000000x10 ™

OP1

6.299282982539057000000

1.5906390000000000x10”

0)

6.299282981742766020000

2.3869297649500000x10”

OP3

6.299282984132707600000

3.011813020000000x10 ™"

OP4

6.299282984132752890000

3.057110120000000x10 "

PS1

6.299282983734177000000

3.955190000000000x10 "

PS2

6.299282984929591000000

7.998950000000000x10 ™"

PS3

6.299282984132776000000

3.080000000000000x10

PS4

6.299282984132776000000

3.080000000000000x10 ™

it 8.2 y=—2 xe[0,1.1] Tneit y(0)=1
Ji+x?
wamaoiiuiiiede y(x) I S
32 1+x*
asef 84 waasmidaldiazmnNuRaNaAYeeINsAe R x=0.1 uaz h=0.1
U h=0.01
x=01,hA=0.1
y=1.00502518870000000000
Calculated y Error
Euler 1.00000000000000000000 5.025188681312000x10”
Taylor2 1.00500000000000000000 2.518868868131200x10°
Taylor3 1.00500000000000000000 2.518868131200000x10°
Taylor4 1.00502500000000000000 1.886813120000000x10”
RK2 1.00497518595105000000 5.000273026200000x10°
RK3 1.00503775749608848000 1.256881477651461x10°
RKA4 1.00418659383757025000 8.385948437417134x10"
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MINT 8.4 (90) waaamNmuIn lduas AN URANEIAYEIITMIA1N A x=0.1 LAz

h=0.1 A1 h=0.01

x=0.1,h=0.1
y =1.00502518870000000000
Calculated y Error

RKN 2 1.00500724258395691000 1.794609735505936x10°
RKN 3 1.00502907598948821000 3.887308176242500x10°
RKN 4 1.00502523956748679000 5.088174829400000x10"
RU1 1.00530250647917800000 2.773177978660000x10™
RU2 1.00502750467804900000 2.315996737000000x10°
RU3 1.00501925513817300000 5.933543139000000x10°
RU4 1.00516943671439900000 1.442480330870000x10™
RL1 1.00469445529856800000 3.307338274400000x10"
RL2 1.00502648379740500000 1.295116093000000x10°
RL3 1.00504205504215900000 1.686636084700000x10°
RL4 1.00489719771565600000 1.279909656560000x10™
RKG2 1.00501251167491900000 1.267706393000000x10°
RKG3 1.00502512940145650000 5.927985546883000x10"
RKG4 1.00515335023352992000 1.281615522179535x10"
RKDF1 1.00503636615814300000 1.117747683100000x10°
RKDF2 1.00500555570813800000 1.963297317400000x10°
RKDF3 1.00507000061615500000 4.481193484400000x10°
RKDF4 1.00503281066185800000 7.621980546000000x10°
RKDS!1 1.00652381455059800000 1.498625869286000x10°
RKDS2 1.00500895749771700000 1.623118359500000x10°
RKDS3 1.00502482129634800000 3.673849640000000x 10~
RKDS4 1.00503368677027400000 8.498088962000000x10°
RKYAI 1.00568833735518500000 6.631486738730000x10"
RKYA2 1.00495908694440900000 6.610173690300000x10°
RKYA3 1.00498769389566400000 3.749478664800000x10”
RKYA4 1.00498761928247100000 3.756939884100000x10°

RKYBI

1.00413655953396600000

8.886291473460000x10"
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MINA 8.4 (@) uansmNiuIn ldiazmaNuRanmIAreIITNITANG N x=0.1 LAy

h=0.1 A1 h=0.01

x=0.1,h=0.1
y=1.00502518870000000000
Calculated y Error
RKYB2 1.00498805194569900000 3.713673561300000x10*
RKYB3 1.00498756177808000000 3.762690323200000x10°
RKYB4 1.00498756212552200000 3.762655579000000x10°
N21 1.00498599654944232000 3.919213186964754x10°
N22 1.00499376169438914000 3.142698692282231x10°
N3l 1.00502222220171444000 2.966479597521500x10°
N32 1.00502396972943187000 1.218951880099790x10°
N41 1.00502526097501188000 7.229369991535000x10"
-x=0.1,h=0.01
y=1.005025188681312
Calculated y Error
OP1 1.00502518354819100000 5.1331210000000000x10”
oP2 1.00502518098241511000 7.6988968533700000x10"
OP3 1.00502319930608897000 1.9893752229993600x10°
OP4 1.00501962359906938000 9.5312094614175003x10"
PS1 1.00502486868644300000 3.1999486900000000x10”
PS2 1.00502502281003200000 1.6587128000000000x 10"
PS3 1.00502477936959900000 4.0931171300000000x10"
PS4 1.00502492006095600000 2.6862035600000000x10"

M319N 8.5  uaasmnmuIn IAuazA I NUAANIIAYEIITNMTANGN  x=0.1 Az

h=0.0001
x=0.1,A=0.0001
y =1.00502518870000000000
Calculated y Error
Euler 1.00502008745819300000 5.101223119000000x1 0°
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M5 8.5 (619) wanemnimuIn lAtazAANUAANIIAYEIITNMIANIN  x=0.1 LAY

h=0.0001
x=0.1,h=0.0001
y =1.00502518870000000000
Calculated y Error
Taylor2 1.00502520537290200000 1.669158900000000x10"
Taylor3 1.00502520538153300000 1.670022100000000x10"
Taylor4 1.00502518883369400000 1.523810000000000x10 "
RK2 1.00501509268678900000 1.279600000000000x10 ™"
RK3 1.00502518868132396000 1.176836000000000x10 "
RK4 1.00502434692429476000 8.41757017422400x10"
RKN 2 1.00502518865249879000 2.881339611000000x10 ™"
RKN 3 1.00502518868129820000 1.398881000000000x10 ™"
RKN 4 1.00502118868129798000 1.421085000000000x10 "
RU1 1.00502550420312600000 3.162218140000000x10°
RU2 1.00502518868857500000 7.263000000000000x10
RU3 1.005025 18869989700000 1.858500000000000x10""
RU4 1.00502532526014300000 1.365788310000000x10"
RLI 1.00502488220380100000 3.064775112000000x10”
RL2 1.00502518868118200000 1.300000000000000x10 ™"
RL3 1.00502518869134000000 1.002800000000000x10""
RL4 1.00502505210873200000 1.365725800000000x 10"
RKG2 1.00501506740329900000 2.529628600000000x 10"
RKG3 1.00502518868261249000 1.3002932100000000x10 "
RKG4 1.00502518865464130000 2.6670887720000000x10 "
RKDF1 1.00502522978154200000 4.110023000000000x10°
RKDF2 1.00502518866757900000 1.373300000000000x10™"
RKDF3 1.00502523562346500000 4.694215200000000x10°
RKDF4 1.00502518868438100000 3.068000000000000x 10
RKDS! 1.00502654096997600000 1.352288664000000x10°
RKDS2 1.00502518866906800000 1.224420000000000x10 ™"
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M7 8.5 (@0) uamsmnsuIn lduasmanuAana1aveIBMIANa N x=0.1 oy

h=0.0001
x=0.1,h=0.0001
y =1.00502518870000000000
Calculated y Error

RKDS3 1.00502518867882200000 2.490000000000000x 10~
RKDS4 1.00502518868430000000 2.987000000000000x10 "
RKYALI 1.00509094484723500000 6.575616592700000x10°
RKYA2 1.00503588135948700000 1.069267817500000x10°
RKYA3 1.00502432977367800000 8.589076340000000x10”
RKYA4 1.00502521806781400000 2.938650100000000x10"
RKYBI 1.00471253763379600000 3.126510475160000x10"
RKYB2 1.00502518865165700000 2.965500000000000x10""
RKYB3 1.00502518865261600000 2.869600000000000x10 "'
RKYB4 1.00502518881842200000 1.368330000000000x10

N21 1.00502518865887636000 2.243583097000000x10""

N22 1.00502518864925383000 3.205835597000000x10 "

N31 1.00502518868130841000 3.774476000000000x10 "

N32 1.00502518868984669000 8.534506430000000x10

N41 1.00502518868131152000 6.661300000000000x10 "*

OP1 1.00502518862997900000 5.13330000000000x10""

OP2 1.00502518804315560000 7.69966312900000x10 ™"

OP3 1.00502518843121075000 2.49901432880000x10 "

OP4 1.00502518824985709000 1.009555027242648x10°

PS1 1.00502518864925400000 3.20580000000000x10""

PS2 1.00502518866849000000 1.28220000000000x10 ™"

PS3 1.00502518864283200000 3.84800000000000x10™"

PS4

1.00502518865566700000

2.56450000000000x10 ™"
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A1519% 8.6 waasmnsmun ldazAnuAANa1AveIITNMIAING N x=1.0 LAy h=0.0001

x=1.0,h=0.0001

y=2.41421356237216100000

Calculated y Error
Euler 2.41263549212664900000 1.578070245512000x10™
Taylor2 2.41433568183712800000 1.221194649660000x10™
Taylor3 2.41433614037429100000 1.225780021290000x10™
Taylord 2.41495339520652100000 7.398328343600000x10"
RK2 2.41421341464646044000 1.477257010051900x10”
RK3 2.41421356236312956000 9.031886350000000x10 "
RK4 2.41421356236957152000 2.589928240000000x10 ™"
RKN 2 2.41421307009709540000 4.922750660441000x10”
RKN 3 2.41421356197544901000 3.967124406800000x10 "
RKN 4 2.41421356236957152000 2.934616993900000x10
RU1 2.41431123299940400000 9.767062724200000x10°
RU2 2.41421357116107460000 8.788913152810000x10”
RU3 2.41421396098765317000 3.986154917257100x10"
RU4 2.41425591135437001000 4.234898220856209x10°
RL1 2.41811836608313468000 9.519628902676658x10°
RL2 2.41421356132896747000 1.043193975650000x10”
RL3 2.41421366425507378000 1.018829123289300x10”
RL4 2.41417127904808204000 4.228332407940627x10°
RKG2 2.41367233240587264000 2.614749350371400x10™
RKG3 2.41421360727975598000 4.490759453191000x10°
RKG4 2.41421330089722641000 4.228332407940627x10°
RKDF1 2.41365264198853513000 5.609203836263176x10"
RKDF2 2.41421343266487520000 1.297072862449500x10
RKDF3 2.41422807617378776000 1.451380162631466x10°
RKDF4 2.41421359135932612000 2.898716466859000x10"
RKDS1 2.41391216181717638000 3.010100549850651x10™

2.41421344693808804000

1.1154340734110800x10”
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A15197 8.6 (D) aAImINAININ lALaZAINNURAANIIAYEIITMIANIN x=1.0 LDy

h=0.0001
x=1.0,A=0.0001
y =2.41421356237216100000
Calculated y Error
RKDS3 2.41421353877160039000 2.360050106099000x10"
RKDS4 2.41421359482019016000 3.244802870839000x10"
RKYALI 2.49304745393684701000 7.883389156468556x10"
RKYA2 2.42664865439486910000 1.243509202270765x10°
RKYA3 2.41322455654703338000 9.903984373424989x10"
RKYA4 2.41424714844485067000 3.358607268921787x10°
RKYBI 2.11915734019101443000 0.295056222181147 x10”
RKYB2 2.41421331319571975000 2.491764417023000x10”
RKYB3 2.41421331630194524000 2.460702162032600x10”
RKYB4 2.41421350726066652000 5.511149492321000x10"
N21 2.41421334351819183000 2.1881539696135200x10”
N22 2.41421327239291328000 2.899192481692000x10”
N3l 2.41421356231524431000 5.691713767000000x10 "
N32 2.41421364310000275000 8.072784130064000x10"
N41 2.41421356237274187000 5.804246000000000x10
OP1 2.41421312981290700000 4.3255925400000000x10”
OP2 2.41412913533581690000 6.4883857975317000x10”
OP3 2.41421347443566559000 8.7936495862810000x 10"
OP4 2.41421332671100242000 9.9409957152607475x10"
PS1 2.41421327239291300000 2.8997924800000000x10”
PS2 2.41421341464646000000 1.4772570100000000x 10"
PS3 2.41421319851834400000 3.6385381000000000x 10"
PS4 2.41421331981075800000 2.4256140300000000x10”




oyt 83y =y, x[0,10] Tawit y(0)=0.1

d' Y a N
HaRaUALNTIAD y(x)=

_
2(50-x)
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M350 8.7  wamamAi s lAuazmANuAANaIAYeIIENMIA19N x=0.1 uaY h=0.1

M h=0.01
x=0.,h=0.1
y=0.10010015025043829400
Calculated y Error

Euler 0.10010000000000000000 1.502504380000000x10”
Taylor2 0.10010015000000000000 2.504380000000000x10
Taylor3 0.10010015025000000000 4.380000000000000x10 ™"
Taylord 0.10010015025043800000 1.000000000000000x10

RK2 0.10010015015005000000 1.003880000000000x10 ™"

RK3 0.10010015025400768000 3.752554000000000x10

RK4 0.10010015025043829400 0.000000000000000
RKN 2 0.10010015012361170300 1.268265909000000x10 ™"
RKN 3 0.10010015025033453000 1.037642200000000x10
RKN 4 0.10010015025040773500 3.055889000000000x10

RU1 0.10010015938390200000 9.133464000000000x10”

RU2 0.10010015025074100000 3.030000000000000x10 ™

RU3 0.10010015030586900000 5.543100000000000x10""

RU4 0.10010015429941900000 4.048981000000000x10”

RL1 0.10010014105537000000 9.195068000000000x10”

RL2 0.10010015024976800000 6.700000000000000x10 ™"

RL3 0.10010015031356200000 6.312300000000000x10 ™"

RL4 0.10010014624039700000 4.010042000000000x10”
RKG2 0.10010007503750600000 7.521293200000000x10°
RKG3 0.10010015028167672200 3.123842851000000x10 "
RKG4 0.10010015008564220100 1.647960934400000x10
RKYALI 0.10010145687160500000 1.306621167000000x10°

RKYA2

0.10010036122024000000

2.109698010000000x10 ™"
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5197 8.7 (\0) anImNmuIn 1AazAIANURANEIAYDITNITANG A x=0.1 1Az

h=0.1 N1 h=0.01

x=01,h=0.1
y=0.10010015025043829400
Calculated y Error

RKYA3 0.10010013312060800000 1.712983000000000x10"°
RKYA4 0.10010015068208200000 4.316440000000000x10°
RKYBI 0.10009395738305900000 6.192867380000000x 10"
RKYB2 0.10010015009870200000, 1.517370000000000x 10"
RKYB3 0.10010015009996500000 1.504740000000000x10"°
RKYB4 0.10010015010324300000 1.471950000000000x10°
RKDF1 0.10030027807072300000 2.001278202840000x10™
RKDF2 0.10010015016995600000 8.048200000000000x10 "
RKDF3 0.10010015161593600000 1.365498000000000x10”
RKDF4 0.10010015026841200000 1.797400000000000x10 ™"
RKDS] 0.10037640603566500000 2.762557852270000x10™
RKDS2 0.10010015017893800000 7.15000000000000x10""
RKDS3 0.10010015023576600000 1.467200000000000x10""
RKDS4 0.10010015027091700000 2.047900000000000x10™"

N21 0.10010015011252812500 1.379101694000000x10™"°

N22 0.10010015007501250900 1.754257850100000x10 ™"

N31 0.10010015025029321600 1.450783900000000x 10"

N32 0.10010015030026893400 4.983063961000000x10 "

N41 0.10010015025043829400 0.000000000000000

x=0.1,h=0.01
y=10.100100150250438
Calculated y Error

OP1 0.10010014105537000000 2.50000000000000x10™*

OP2 0.10010015024976800000 3.73590000000000x10™*

OP3 0.10010013424322017400 1.600721812045000x10"

OP4

0.10010012143572726000

9.999975318974333x10"
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A7 8.7 (@) uaasmnf I IduazmMANUAANAIAUBITMIANI N x=0.1 Lag

h=0.1 A1 h=0.01

x=0.1,h=0.1
y=0.10010015025043829400
Calculated y Error
PS1 0.10010015024868000000 1.758000000000000x10
PS2 0.10010015024943300000 1.005000000000000x10
PS3 0.10010015024817700000 2.261000000000000x10 "
PS4 0.10010015024893100000 1.507000000000000x10 "

AN 8.8  LAAIMINAMUIN IALAZAIANURANAIATDIITMIA1N x=0.1 1Az h=0.0001

x=0.1,h=0.0001

y=0.10010015020000000000

Calculated y Error
Euler 0.100100150099837000000 1.506010000000000x10 "
Taylor2 0.100100150250438000000 5.043800000000000x10 "'
Taylor3 0.100100150250439000000 5.043900000000000x10 ™"
Taylor4 0.100100150250439000000 5.043900000000000x10 "
RK2 0.100100499498380000000 3.492983800000000x10”
RK3 0.100100150250438613000 3.191900000000000x10°
RK4 0.100100150250438613000 3.191900000000000x 10"
RKN 2 0.100100150250386682000 5.161149000000000x10 ™
RKN 3 0.100100150250438572000 2.775600000000000x 10"
RKN 4 0.100100150250438585000 2.914300000000000x10 "
RU1 0.100100150259775000000 9.336000000000000x10
RU2 0.100100150250581000000 1.430000000000000x10
RU3 0.100100150250494000000 5.600000000000000x10
RU4 0.100100150254470000000 4.032000000000000x10
RLI 0.100100150241391000000 9.047000000000000x10
RL2 0.100100150250439000000 5.043900000000000x10""
RL3 0.100100150250439000000 5.043900000000000x10 ™"
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M3190 8.8 (M) LansmnMuIn lduazmauRANAIATEIITMIAINTN x=0.1 LaY

h=0.0001
x=0.1,h=0.0001
y =0.10010015020000000000
Calculated y Error
RL4 0.100100150246406000000 4.032000000000000x10 "
RKG2 0.100100150175138000000 7.530100000000000x10 ™"
RKG3 0.100100150250438794000 4.996000000000000x10 "
RKG4 0.100100150250439265000 9.714500000000000x10 °
RKYALI 0.100101440015268000000 1.289764829000000x10°
RKYA2 0.100100362857954000000 2.126075160000000x10”
RKYA3 0.10010013321601800000 1.703442000000000x 10"
RKYA4 0.10010015083253600000 5.820980000000000x10 "°
RKYBI 0.10093965379479000000 6.184870960000000x10°
RKYB2 0.10010015025036500000 7.300000000000000x10 ™
RKYB3 0.10010015025037700000 6.100000000000000x10 "
RKYB4 0.10010015025366500000 3.227000000000000x10 "
RKDF1 0.10010028329991000000 1.33049472000000x10”
RKDF2 0.10010015025043900000 0.000000000000000
RKDF3 0.10010015025182400000 1.386000000000000x 10"
RKDF4 0.10010015025043900000 0.0000000000000000
RKDS! 0.10010031727680000000 1.670263610000000x10”
RKDS2 0.10010015025043900000 0.000000000000000
RKDS3 0.10010015025043900000 0.000000000000000
RKDS4 0.10010015025042800000 1.000000000000000x10 ™
N21 0.10010015075043848800 1.942900000000000x10"*°
N22 0.10010015025043848800 1.942900000000000x10
N31 0.10010015025043861300 3.191900000000000x10"°
N32 0.10010015025043864100 3.469400000000000x10"°
N41 0.10010015025043861300 3.191900000000000x10 '°

OP1

0.10010015025043800000

0.000000000000000
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M54 8.8 (@0) wamsmnmuIn IdazMANURANAIAYBIITMIANG N x=0.1 LAY

h=0.0001
x=0.1,h=0.0001
y=0.10010015020000000000
Calculated y Error

0) i 0.10010025055134054400 2.498000000000x10"'°
OP3 0.10010015005043536300 2.000029308800x10"°
OP4 0.10010014996250006500 1.0001266277648x10"
PS1 0.10010015025043800000 0.000000000000000
PS2 0.10010015025043800000 0.000000000000000
PS3 0.10010015025043800000 0.000000000000000
PS4 0.10010015025043800000 0.000000000000000

M3197 8.9 uaaamnfiun ldiazmnuRANaIAYeITNIANG N x=10.0 1a¥ h=0.0001

x=10.0,A=0.0001
y =0.11180339800000000000

Calculated y

Error

Euler

2.23087922976991800000

5.188753688733000x10"

Taylor2

0.11180353862945800000

2.800000000000000x10™"*

Taylor3

0.11180353862950100000

1.500000000000000x10

Taylord

0.11180353862950100000

1.500000000000000x10 ™"

0.11180339887497300000

3.000000000000000x10"°

0.11180353862950073700

1.454392000000000x10 ™"

0.11180353862950073700

1.454392000000000x10™

0.11180339886696243100

1.311795000000000x 10"

0.11180339887498208500

6.536440000000000x10 ™"

0.11180339887498382000

8.271160000000000x10 ™"

RUI

0.11180354007949200000

1.450005000000000x10”

RU2

0.11180353864934500000

1.985800000000000x10™"

RU3

0.11180353863810900000

8.622000000000000x 10"

RU4

0.11180353925569800000

6.262000000000000x10 ™"
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MINT 8.9 (@p) uaasmBsuIn lduazmanuRanmAvsInMIANa i x=10.0 o

h=0.0001
x =10.0,/=0.0001
y=0.11180339800000000000
Calculated y Error
RLI 0.11180353722441500000 1.405071000000000x10”
RL2 0.11180353862950100000 1.500000000000000x10
RL3 0.11180353862951500000 2.900000000000000x10"*
RL4 0.11180353800330500000 6.261770000000000x10 "
RKG2 0.11180352693486900000 1.169461700000000x 10"
RKG3 0.11180353862953740200 5.122291000000000x10 "
RKG4 0.11180339887510443200 1.288830200000000x10 ™"
RKYAI 0.11198368198948100000 1.801408776010000x10™
RKYA2 0.11183317440750200000 2.963577801600000x10°
RKYA3 0.11180102545654200000 2.373418434000000x10°
RKYA4 0.11180347998178700000 8.110681100000000x10°
RKYBI 0.11095138786404000000 8.520110109360000x10"
RKYB2 0.11180353861929500000 1.019100000000000x10""
RKYB3 0.11180339886654900000 8.427000000000000x10 "~
RKYB4 0.11180339932462600000 4.496500000000000x10"°
RKDF1 0.11182098470696300000 1.758583198700000x10°
RKDF2 0.11180339887497600000 0.000000000000000
RKDF3 0.11180339909022900000 2.152530000000000x10
RKDF4 0.11180353862950400000 1.800000000000000x10 "
RKDS! 0.11182547728382400000 2.207840884900000x10°
RKDS?2 0.11180339887497700000 2.000000000000000x10 "
RKDS3 0.11180353862949800000 1.200000000000000x10 ™
RKDS4 0.111803538628 10600000 1.381000000000000x10
N21 0.11180339887496612600 9.423020000000000x10"°
N22 0.11180339887495943700 1.611211000000000x10 ™
N31 0.11180339887499010600 1.455780000000000x10 ™

N32

0.11180339887499936300

2.381428000000000x10 ™
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M3N 8.9 (M) uanIAnA I ldlazAInNURANMIAYEITMIANNN x=10.0 LAY

h=0.0001

x =10.0,/ = 0.0001

y =0.11180339800000000000

Calculated y Error

N41 0.11180339887499010600 1.455780000000000x10 ™"
OP1 0.11180339887494800000 2.700000000000000x10 ™
OP2 0.11180339887492439500 5.115353000000000x10"*
OP3 0.11180337824699698700 2.062797857527000x10"
OP4 0.11180336443849357700 1.053175045784300x10"
PS1 0.11180339887495900000 1.600000000000000x10 **
PS2 0.11180339887497300000 3.000000000000000x10 ™"
PS3 0.11180339887495100000 2.400000000000000x10 ™"
PS4 0.11180339887496400000 1.200000000000000x10 ™"
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