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SVAZEK 29 (1984) APLIKACE MATEMATIKY ClsLo 6

A CONTRIBUTION TO THE RUNGE-KUTTA FORMULAS
OF THE 7TH ORDER WITH RATIONAL COEFFICIENTS
FOR THE SYSTEM OF DIFFERENTIAL EQUATIONS
OF THE 1ST ORDER

ANTON HUTA, VLADIMIR PENJAK

(Received July 9, 1983)

In the articles [1] and [2] Runge-Kutta formulas of the 4th and the 5th order
are given, respectively, while in [3] and [4] the Runge-Kutta formulas of the 6th
order are presented, whereby the solutions of the condition equations are rational
numbers. In this paper we give the 7th order Runge-Kutta formulas for the system
of differential equations.

Let us consider the differential equation

1) y = f(x.y)

where the functions f(x, y) and of(x, y)/dy are continuous in the domain G of R,
Let the differential equation (1) satisfy the initial condition

@) y(x.) = Y-
Therefore the increment K of the function y(x) can be written in the form
) K =y(x, + h) - y(x,) .
The development of the function y(x, + h) into the Taylor series is
K= Z —, Y(')(X)
i=11.
and in virtue of
YO0) = L Ay
we have
ntodit
4) K= '21 i f[x y(x)].
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Now we introduce the following simplifications:
1) If the function f(x + h,y + k) the both increments I, k are zero, we write
only f instead of f(x, y);
2) for the partial derivative we use the symbol
0P+(lf a‘lf .

- — where f,=—;
oxP dy1 T oy

rlg =
3) we introduce the operator D" and its derivatives as follows:
¢ n j \ n n—
(5) D"f:Z <'>fj'n-jfja (D"f) =D+1f+n'D ]f]'Df’
i=0\J

(6) ani = Z <n> fj . n—jfi+j 5 (D"fi)‘ = D"+1fi +n. D"_lfi+1 . Df-
J

i=o

Using these relations we can write
1 1 .
(7) K=y(x, +h)—yx)=f.h+ o Df . h? + 3T'»(sz + fi. D) I® +

+ %(D3f+ 3Df. Dfy, + fy . D*f + fi. Df) h* +

+ 515 [D*f + 6Df . D*f, + 4D*f. Df, + 7f, . Df . Df; +
+3f, . (DF)? + f, . Df + f1. D*f + f1. DF] h° +

+ é[DSf + 10Df. D*f, + SDf. Df, + 9f, - D*f. Df, +
+ 12f%. Df . Df, + 15Df . (Df,)> + 16f, . Df . D*f, +

+ 10D*f. D*f; + 15(Df)* . Df, + 10f, . Df . D*f +
+ 13f, . f, . (Df)* + f, . D*f + f1. D3f + 1. D*f + f1 . Df] h® +

1
+ o [D°f + 15Df . D*f, + 20D*f. D°f, + 30f, . Df . D*f, +

+ 45(Df)* . D*f, + 6D*f. Df, + 81Df. Df, . D*f, + 15D°f. D*f, +
+ 15f, . Df . D*f + 24D*f . (Df,)* + 11f, . D’f . Df; +

+ 57f, . Df . (Df)* + 25f, . D*f . D*f, + 45f, . f, . Df . D*f +

+ 15f2. D*f. Df, + 18f}. Df. Df, + 31f2. Df . D*f, +

+ 38f1 . f,. (Df)® + 63f, . (Df)*. Df, + 60Df. D*f. Df, +
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+ 75f, . (DF)* . Df, + 15f5 . (Df)* + 10f, . (D*f)*> + f, . D°f +
+fi.D* + f1.Df + fi.D*f+ f,.Df|h" + O(h%).

According to Runge’s idea we can express the right-hand side of (7) as a linear
combination of the values of the function f(x, y). Then the order of the method is the
greatest exponent of i on the right-hand side of (7), i.e., 7. If we denote

(8) k() =h. f(xm Yn) >
ki=h.f(x,+a;-h, y,+ 2 bi-ki_y), i=12,...m—1,
ji=1

then the approximate increment k has the value

m—-1
(9) k = Z pi- ki,

i=0
where Runge’s conditions must be satisfied:

a; = Zbi,j’ i=1,2,....m—1.
j=1

The number m in the relation (9) denotes how many times it is necessary to sub-
stitute into the function f(x,y) (the so-called stage). It is necessary to substitute
into the function f(x, y) so many times (by comparing indeterminate coefficients) as
to obtain a system of condition equations, in which the number of the unknowns is
at least equal to the number of the equations. In general, only in this case it is possible
to obtain the values of the unknowns as rational numbers.

The development of k; into the Taylor series is

n 1 - i—1 i t
(10) ki=h.f+h.Y —|h.a;.D+Y by sk — hf)—|f.
=1 t! =1 ay
By using the equation (10) up to h” for k; we have
(11,) ky = f.h + a, . Df. h* + Yai.D*f. 1> + a7 .Df . h* +
+ 5zat. DS+ 3sai. DS h® + sisal . DOf. 07
(11,) ky = f. h + ay . Df . h* + (a3 . D*f + 2¢,,f; - Df) h* +
+ 4(a3 . D’f + 6a,cq, . Df . Dfy + 3¢y, - fy - D*f) h* +
+ 5alas . D*f + 12a3¢,, . Df . D*f; + 12a,¢,, . D*f. Dfy +
+ 1262, . fo(DF)? + 4esy - fr - D3] h° + 134[a3 - D3 +
+ 20a3c,, . Df . D*fy + 30ajc,, . D*f. D*f, + 60ayci,(Df)*. Df, +
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+ 20a,¢5, - D*f . Dfy + Scay - fy - D*f + 60cy5¢55 - o - Df. D*f] 1S +
+ =5o[aS . D°f + 30aic,, . Df . D*fy + 60a3c,, . D*f. D3f, +

+ 90c3,f,(D*f)* + 180ajc:, . (Df)? . D*f, + 60a3cs, . D*f. D*f +

+ 360a,¢1,¢5, - Df . D*f . Df, + 120c3, . f5 . (Df)® + 6cs, . fy - D°f +
+ 30aycy, - D*f . Dfy + 120cy5¢5, - f, - Df . D*f | b7

(115) ky = f. h + a5 . Df . h* + ¥(a3 . D*f + 2¢y5 . f, . DF) I* +

+ 4(a3 . D’f + 6ascy5 . Df . Dfy+ 3¢5 - fy - D*f + 6dy5 . f1. Df) h*+
+ su[a% . D*f + 12a%e,5 . Df . D*f, + 12a,¢,5 . D*f. Df, +

+ 24(azdyy + dS9) fy . Df . Dfy + 12¢i5 . f, . (Df)* +

+ ey - D + 12dy5 . 2. D*F] 1° + 55[ad. DO +

+ 20a3c,s . Df . D3f, + 30ajc,; . D*f . D*f; +

+ 60(a3dys + d¥) fy . Df . D*f, + 60asci(Df)*. Df, +

+ 60(asdys + dS3) fy . D*f. Dfy + 20acs; . D3f. Dfy +

+ 120a,d{y . Df . (Dfy)* + 60cyscys - f, - Df . D*f +

+ 60(2¢y3d15 + Eys) fy - fo . (DF)* + Scas - fr - D*f +

+ 20d53f2 . D3] hS + s55[as . D°f + 30atc,s . Df. D*f, +

+ 60a§c23'. D*f. D3f, + 60a3cy; . D3f. D*f, +

+ 120(a3d,; + d¥) f, . Df . D*f, + 180a3ci(Df)* . D*f, +

+ 360(a3d\y + asd®) Df . Dfy . D*fy + 180(a3d,5 +

+ d)f, - D*f. D*f; + 360asc,5¢,5 .« Df . D*f. Df, +

+ 720(azcy5dy 5 + $EYY) Fu(DF)? Df, + 12035 . f5(Df)® +

+ 30asc43 - D*f . Dfy + 360a,d5y) . D*f . (Df,)* + 360(a3E, 5 +

+ 2¢13d9) f, - (Df)? . Dfy + 120¢y5¢55 - fo - Df . Df +

+ 120(asdys + d$3) fy . D3f . Dfy + 360(cy3dy5 + cpadys +

+ %,3)f1 - f - Df. D*f + 90c3, . f5(D*f)* + 360d3, . f1 . fo(DF)* +
+ 6cs5 - f1 - Df + 30d,5 . f1. D*f] 17

(114) ky=f.h+a,. Df. 0> + %(ai' D*f + 2¢14 - f; - Df)h3 +
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+ slai. D*f + 12ale,, . Df. D*f, + 12a,c,, . D*f. Df, +

+ 24(asdyy + d53)fy . DF. Dfy + 12¢2, . f, . (DF)? + 4y . f, . D3 +
+ 12d,4 . 1. D*f + 24e, . f1. DF] h° + oolas . D3f +

+ 20a3cy, . Df . D*f, + 30ac,, . D*f. D*f; + 60a,ci,(Df)? Df, +
+ 60(azd,s + d3)f, . Df . D*f, +‘ 20a4c3, - D3f. Df, +

+ 60(aydys + dS) f, . D*f . Df, + 120a,d'Y Df(Df)?* +

+ 120(aqe;q + € + &) f2. Df. Df, + 60ci4cy4 - fo - Df. D*f +
+ 60(2¢i4dy + Ey) fr - fa - (DF)* +

+ Scaq - fi - D*f + 20d5, . f7 . D*f + 60e,, . f2 . D*f] h®

+ 535148 - D°F + 30atc,, . Df . D*f, + 60ajc,, . D*f . D3f, +

+ 180azci (D)’ . D*f, + 120(a3d,, + d3)f, . Df . D*f, +

+ 60aics . D’f . D*fy + 180(ad,, + %)) f, . D*f. D*f, +

+ 360a,¢14¢24 - Df . D*f . Df, + 360(a2dy + a,d?)) Df . Df, . D*f, +
+ 360(azers + €3 + &%) f2. Df. D*f, +

+ 360(2a,¢14d,4 + E)) fy . (DF)? . Df, + 120¢i, . f5 . (Df)® +

+ 30a4c44 - D*f. Dfy + 360a,d%Y) . Df . (Df,)* +

+ 120(aydsy + di) f, . Df. Df, + 120, 4¢3, - f.. Df. D°f +

+ 720(aqell) + agell) + + 'H{)) f, . Df. (Df1)? +

+ 360(azerq + €8 + &59) f2. D*f. Df, + ‘

+ 360(2¢14d'y + aiEps) fo . (D). Dy + 360(cyod,y + Caadyy +
+ €20) f1 - fo. Df. D*f + 360(2¢, 46,4 + d?, + 29,4 +

+ &) fi - fa. (DF)? + 90c3, . (D) + 6esy . f, . D +
+30d,y - f7. D*f + 120e,, . f3. D*f]h”

(115) ks =f.h + as. Df. h? + Haz. D*f + 2¢45 . f, . Df) h?
+ 4(a3 . D*f + 6asc,s . Df. Df, + 3c,s . fi-D°f + 6d,s . f]. Df) h* +
+ 5alat. D*f + 12a2c,5 . Df. D*f, + 12a5¢,5 . D*f. Dfy +
+ 24(asdys + dSQ) f, . Df. Df, + 12¢3, . f, . (Df)* + 4css . fo . D3 +
+ 12dy5 . 1. D*f + 24e,5. f3. Df] h* + 35lal. D°F +
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(11,) k=

416

+ 20alc,s . Df . D3f, + 30alc,s . D*f. D*f, + 60ascis(Df)* . Dfs +
+ 60(aZd,s + d%) fy . Df . D*fy + 20ascss . D°f. Dfy +

+ 120a5d\y) . Df(Dfy)* + 60(asdys + dS5) fy - D*f. Df; +

+ 60c,s5¢s - fa - Df . D*f + 120(ase;s + €iY + &9) f1 . Df . Dfy +
+ 60(2¢ysdys + Eqs)fy - fa - (DF)* + 5c4s - f1 - D*f +

+ 20d5s . f2. D*f + 60e,s . f1. D*f + 120g,5 . f1 . Df | h®

+ 525lad. D°f + 30aic,s . Df . D*fy + 60aic,s . D*f. D°f; +

+ 120(add,s + d2) f, - Df . D*f; + 180aicis(Df)* . D*f, +

+ 60alcys . D3f. D*f, + 360(azd\y + asd(y) Df . Df, . D*fy +

+ 180(a2d,ys + d$2) fy - D*f. D*f, + 360(ale;s + €i¥ +

+ ¢2)f1. Df. D*f, + 360(2ascysdss + EYY)f, - (Df)* . Dfy +

+ 360ascysc,s - Df . D*f. Dfy + 120¢3s . f5 . (Df)® +

+ 30ascys - D*f. Dfy + 360(2¢,5d\y + asE;s)f, . (Df)* . Dfy +

+ 360asdyy . D*f . (Df,)* + 120(asdss + dS9) f, . D3f . Dfy +

+ 720(asely + aseld + "HYY)f, . Df . (Dfy)* +

+ 360(aseys + €59 + et9) fi . D*f. Df + 720(asg,s + 959 +

+ G + 9 3. Dfy . Df + 120¢,4¢34 - o - Df . D*f +

+ 90¢35 . f2(D*f)? + 360(cysdys + c25dys + €s) fif, - Df - D*f +
+ 360(2¢,sers + dis + 295 + &15) fif2(DF)* +

+ 6cs5 . fi- D°f + 30d,s . fi . D*f + 120e55 . f1 . D°f +

+ 360g,5 - f1. D*f]h7,

f.h+ a;. Df . h* + Y(a} . D*f + 2¢y; - f, . Df) I° +

+ 3(a}. D*f + 6aycy; . Df . Dfy + 3¢y - fy - D*f + 6dy; . f1. Df) h*
+ m[at. D*f + 12a%c,;. Df . D*f, + 12a,c,; - D*f . Dfy +

+ 24(ady; + d$Y)fy . Df. Dfy + 12¢i; . fo(Df)* + 4cyi- fr - Df +
+ 12dy; - f2. D*f + 24ey; . f3 . Df] h° + 135la; - D°f +

+ 20a3cy; . Df . D*fy + 30a%c,; . D*f . D*f, + 60a,ci(Df)* . Df, +

+ 60(a?dy; + d?) f, . Df . D*fy + 20a,c5; . D*f . Df; +



+ 120a,d\? . Df(Df,)* + 60(a,dy; + dYY) f, - D*f. Dfy +

+ 120(asey; + €Y + &) fi . Df. Dfy + 60cy,co; . fo - Df - D*f +

+ 60(2¢y;dy; + Eq;) fif2(DF)? + Scqi- o - D +

+ 20ds; . f1. D3f + 60e,; . f1. D*f + 120g,,. f1. Df| h® +

+ s2o[al . D°f + 30ate,; . Df . D*f, + 60alc,;. D*f. D*f, +

+ 120(ajd,; + dF) f, . Df . D*f, + 180aci(Df)* . D*f, +

+ 60a;cs; . D*f . D*f, + 360(a;d{} + a,d?) Df. Df, . D*f, +

+ 180(ajd,; + d$) f, . D*f . D*f; + 120c3; . f5(Df)* +

+ 360(aje;; + €7 + &¥) f1 . Df. D*fy + 360acy;c,; - Df . D*f . Df, +
+ 360(2a,¢,:d,; + ESY) fi(DF)* . Df, + 30a;c,; - D*f . Df, +

+ 360a,dS? . D*f(Df,)* + 360(a;E;; + 2¢4,d\?) f,(Df)* . Dfy +

+ 90c3; . f2(D*f)* + 360(ae,; + €5 + €5) fi. D*f. Dfy +

+ 120(a,ds; + d5Y) fy - D*f . Df, + 120cy.¢5; - f, - Df - D°f +

+ 720(a;ey + agly + *H{Y) f, . DF(DF,)?* + 720(a,g,; + 957 +

+ G+ %)) F1. Df. Dfy + 360(cyidy; + cpudy; + 65;) fif, - DF . D*f +
+ 360(2¢y ey + di; + 2%y + &1,) fif2(DF)* + 6¢s; - fy - D°f +

+ 30d,; - f2 . D*f + 120es; . f3 . Df + 360g,; . f+. D*f +

+ 7201, . f}. DF] h7.

As we can see the coefficients k; for i=6, 7, 8,9, 10 have both the same form and the
same number of terms. Therefore we could write the expressions from (114) to (114,)
as (11;) for i = 6,7, 8, 9, 10.

In the formulas (11;) to (1 1,0) we have used the following notation:

(12)

Ci = Zak——lbik = c(i, 2/1)

k=2

C2i =) Gf_yby = C(i’ 2/2)
k=2

e =3 ap_1by = (i, 2/3)
k=2

cai =2, a5 by = (i, 2/4)
K=2
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Csi
dy;
d2i

d3i

&y -
a
a
a -
a =
a
Eyi

(1)
E%

418

i

a;_ by = c(i, 2/5)

k=2

= bikcl’k_l = C(i, 3/0/1, 1)
k=3

_ Y bucass = e(i,3/0/1,2)
k=3

= bucas-y = (i 3/0[1,3)
k=3

=k___23bikc4’k_1 = C(i, 4/0/1, 4)

ag— 1b,kcl k-1 = C(i, 3/1/],1)
= Z3ak_1bik62,k_1 = C(i, 3/1/1, 2)
= ak._lbikC3’k._.1 = C(i, 3/1/1, 3)

ak thuct -1 = c(i, 3/2/131)

ap- 1biCa -1 = C(i’ 3/2/1’ 2)
k=3
=Y ay_1bycy -1 = (i, 331, 1)
k=3
= bi,kcf,,‘_1 = (i, 3/0/2,1)
k=3

I

kzsak._lbikcf'k_l = c(i, 3/1/2, 1)

i

;= 2. bucy j—1¢s -1 = (i, 3/0[1,1:1,2)

_

Z ;kdl,k—l = C(i, 4/0/0, 0/1, 0, ], 1)
b;dyi-1 = (i, 4/0/0,0[1,0, 1, 2)
4

2
k=

=Y buds -1 = (i, 4/0]0,0[1,0, 1, 3)
k=4



ef? =ké:4ak_1b,-,‘d1,,,_l = ¢(i, 4/1/0,0/1,0, 1, 1)
&Y = : a—1buds -1 = (i, 4/1/0,0/1,0, 1, 2)
el =k=i4a,f_1b,-kd1,k_, = ¢(i, 42/0,0/1,0,1, 1)
o =k:i4b,.kdg{;_l — (i, 4/0J0,0/1,1, 1, 1)
&sy =k=i4b,kd<2{z_1 = ¢(i, 4/0/0,0/1, 1, 1, 2)

e =kz‘b,-kd(12,,1_1 = (i, 4/0/0,0/1,2, 1, 1)
'HY =Y a,_budi')_y = (i, 4/1/0,0/1, 1,1, 1)
k=4

Eyy =Y byE oy = c(i, 4/0/0, 0/1, 0,2,1)
k=4

7% =k=i4b,.,¢cl,k_lall,,c_1 = (i, 4/0[1, 1/1,0, 1, 1)

g =k§i:5bikel,k_1 = (i, 5/0/0/0[1, 0, 0%, 1,0, 1, 1)

0> =k=isb,.ke2,k_l _ (i, 5/0/0[0]1, 0, 0%, 1,0, 1, 2)
@M =ké]5b,.ks<1f,1_l = ¢(i, 5/0/0/0[1,0,0%, 1,1, 1, 1)
g%y =k=i5a,‘_1b,.,‘e1,,‘_1 = (i, 5/1/0/0/1, 0,02, 1,0, 1, 1)
G = Z bael)_; = c(i, 5/0/0[0[1, 1,02, 1,0, 1, 1)

k=5

li; =Y bugix—1 = c(i, 6/0[00[0/1,0,0%,1,0%1,0,1, 1)
k=6

By inserting k;’s into the formula (9) we obtain a series that we compare with the
series (7) We define the indefinite coefficients p;, a; and b;; so that the first 7 terms
(r = 7) of both series coincide. In this way we get the condition equations of the 7th
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order and the 11th stage, which were presented in the article [5]:

10 10 ]
(13) Ypi=1, Ypai=-——; k=123456;
i=0 i=1 k+1
10 1
Y, pidic(i, 2/n) = ; k=0,1,2,3,4; n=1,2,34,5;
i=2 m+)(n+k+2)
n+k=<S5;
2 k 1
pia;ic(i, 2(ny) c(i, 2[n) = -
igz (5 2fny) {1, 2fm) (ny + )(n+ 1) (ny + n + k + 3)

np=1,2; n=1,2,3; k=0,1,2; ni+n+k=4;

X pic’(i,2f1) = 55
Z, et 3fo]p. m) = (m+1Y(n+oa+B+2)(n+oa+p+k+3)

n=1234; k=0,1,2,3; «=0,1,2,3; p=1,2; n+a+p+k=4;

oo ' ~ 1
Z,piaie(l: 2fv) i, 3fe/1, m) = G+ D)+ +a+2)(n+at+y+k+4)

n=12; k=0,1; y=1,2; a=0,1; n+a+y+k=<3;

L

10 10
‘_Zspicz(i, 3J0/1,1) = 555, Z‘apic(i, 30/1,1:1,2) = 555

10
Y. pidic(i, 4/«/0,0/1, B, 1, n) =
i=4

1
_(n+1)(n+ﬂ+2)(n+zx+ﬂ+3)(n+oc+ﬁ+k+4)
n=123; k=0,1,2; p=0,1,2; «a=0,1,2; n+oa+pf+k=3;

10 10

; pic(i, 4/0/0,0/1,0,2,1) = 335, _;4pic(i, 4/0/1,1/1,0,1,1) = 535
10
Y pic(i, 2/1) (i, 4/0/0,0/1,0, 1, 1) = 53¢
i=4

10
Y. pidic(i, 5/a0[0[1,0,0%,1,0,1, n) =
i=5

. 1
)+ 2+ +a+4)(n ot k+5)

n=12 k=01; 0a=0,1; n4+a+k<2;
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10
;Spic(i, 5/0/0/0/1,1,0%,1,0,1,1) = 13¢5

10
2. pie(i, 5[0fofof1, 0,07, 1,1, 1, 1) = N,

504

10
S pic(i, 6/0/0/0[0/1, 0,02, 1,0%,1,0,1,1) = 55
i=6

As we can see, in the condition equations (13) we used a more effective notation
(introduced in the paper [6]), which makes it possible to write the 59 equations of
this method more briefly.

In order to derive the Runge-Kutta formulas we need to find the solution of the
above mentioned condition equations. We seek the solution in the form of rational
numbers, because then the residues of the equations after introducing the values are
zeros and the solution is exact up to the term h” (there are no round-off errors).
For finding the solution of the condition equations we have used the linearization
of the condition equations, which was described in the paper [6]. In this way we
obtain the following formulas:

(14) ko = h.f[x;¥.]
ky = h.flx, + Zh;y, + 15k ]
ky = h.f[x, + 55h; ¥, + 254k, + ky)]
ky = h.f[x, + 5505y, + 155(— 181k, + 171k, + 30k,)]
ky = h.f[x, + h; y, + 155(—902k, + 2937k, — 2040k, + 30ks)]
ks = h.f[x, + $h;y, + 55(— 15k, + 48k, — 31k, + k; + k,)]
ke = h . f[x, + 2h; y, + 55(17ko — 48k + 31k, — ky — k, + 12k;)]
ky = h.f[x, + 2h;y, + o5(192k, — 528k, + 341k, — 11k, —
— 11k, + 32ks + 25kg)]
ks = h.f[x, + $h;y, + ox(54k, — 144k, + 93k, — 3k; — 3k, +
+ 32ks — 17k, + 32k;)]
ko = h.f[x, + 2h;y, + 5o5(—22 876k, + 64 464k, — 41 633k, +
+ 1343k, + 1343k, — 656ks — 460kg — 40k, + 1 815ks)]
kio = hof[x, + Iy, + 555(16 139k, — 45 120k, + 29 140k, — 940k —
— 940k, + 1828ks — 769k + 2 752k, — 1 980ky + 792k,)]
k = ga5(41ky + 216k + 27k, + 272k, + 27kg + 216k, + 41ky,) -
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This procedure yields the Runge-Kutta formula of the 7th order and 11th stage
for the solution of the ordinary differential equation of the 1st order, which is easily
programmable.
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Sthrn

PRISPEVOK K RUNGEHO-KUTTOVYM VZORCOM
7. RADU S RACIONALNYMI KOEFICIENTAMI
PRE SYSTEM DIFERENCIALNYCH ROVNIC PRVEHO RADU

ANTON HUTA, VLADIMIR PENJAK

CieTom tohto ¢ldnku je ndjdenie Rungeho-Kuttovych vzorcov 7. rddu s raciondl-
nymi parametrami. Vzorce si 11. stupfia. Ak porovndme koeficienty rozvoja

S At y(w)]

=t ildxi~?t

aZ po h’ s rozvojom ziskanym postupnym dosadzovanim do vzorca h.fiko, ky, ...,

10

.ok )=k;prei=1,2,...,10a k=) pk; dostaneme sustavu 59 podmienkovych
i=0

rovnic o 65 nezndmych (okrem prvej vSetky rovnice st nelinedrne). RieSenim tejto

sustavy dostdvame hodnoty parametrov Rungovych-Kuttovych vzorcov 7. rddu ako
racionalne Cisla.
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