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DZYADYK’S TECHNIQUE FOR ODE’S

USING HERMITIAN INTERPOLATING POLYNOMIALS

METO/I 3SI[ITAKA PO3B’SI3YBAHHS 3BUIAVTHAX
JUAOEPEHIIAJIBHUX PIBHAHD 3 BUKOPHUCTAHHAM
IHTEPIIOJIAIIIMHUAX ITOJITHOMIB EPMITA

For the case of Hermitian interpolation, we consider the approximation-iteration method introduced by
V. K. Dzyadyk. We construct a practical algorithm.

PoarJianyTo anpokcumaiiifino-ireparusumit Meroy B. K. Asauuka y Bunanky epmitonoi inreprnonsauii.
[MoByopano npakTHYIHI aJIFOPHTM.

1. Introduction. The mathemaltical formulation of physical phenomena in many
situations often lead to one or a set of initial value problem (IVP) of the form:

y(x) = flxy®),  y(x) = yo» x€lxg,xp+h], yeR, h>0. (1)

- In 1980 — 1984, V. K. Dzyadyk [1, 2] has introduced a new technique in which he
has constructed an algorithm based on both approximation and iteration. In this

algorithm f(x, y) of (1) is considered to be analytic in some domain G > [xg, xy + k]

or sufficiently smooth on [xg, xo + h]. We will call this technique the Dzyadyk
Approximation-Iteration method [1 —5] or, briefly, DAI-method. The following
theorem, which is called the Picard’s theorem whose proof can be found in [5] and [6].

Theorem 1 (Picard’s theorem). If f(x,y) defined and continuous on D = [x,
xo+h]x[yo—H,yo+ H], H >0, satisfies a Lipschitz condition with respect to y

; o o . ; -1 (4
and with constant A and, in addition satisfies the inequality: | f|ic A : joe” ds <

< H, q = Ah, then the unique solution y(x) of the IVP (1) given by: y(x) = yy +
+ 3 [ =), where Y00 =y0, M) =30+ [ F[o o)) do.
And, ||y =y | < [ fllg, e Ak [x —al /G + 1)1,

In the DAI-method (technique) Dzyadyk has considered the following projection
operator to approximate f (&, y(§)):

An(f; &) = L'n(f:‘ é) = %f(&n y(&;i))lu,i(g)v E! E.\F € [x0>x0 + h’]: = (-}_:E,

where IH,,-{&) are the fundamental Lagrangian interpolating polynomials given by:

T E—£&;
f,“-(i) o= -E}&;_&j

J#i

In this paper, instead of L,, we consider a projection operator depending on
Hermitian interpolating polynomials #,,,; for approximating f (&, y(€)). Namely:

A.-i(f" r;) = %En-i—l(f; ‘\’;) - gf(én y(&:‘))h?.:ﬂl,i(g) ok gfl(éh y(&u)) EQ:H-I.:'(&)!

where
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honsri®) = [1=20,EVE-EN]R®),  hops®) = E-ENEE. @
M. Rizk in [7] expanded for any n € N the fundamental Hermitian polynomials

honsr i) and B,y (€), i = 0,n, built by either the nodes &} ==cos (jn/n) or
the nodes E_,O =—cos ((2/ + 1)1\:;‘(2n+2)) j=0,n, on [-1,1] by the formula:

L If §= ﬁj, -=: cos (jm/n), then for i=1, 2,. n—1:
h;!l‘i‘lf(&r) = _2{[”-_ 1 ] + Ci[ 2 _2n+1]T1(E.,) .+
' n 1—cy; 1— ¢y
2n—-2
+ IZ‘Z(—U}‘QH—@%?}@) - c;[Hﬁ}Tzn_j@ ¥
+ 1_ 'm(ﬁ) ﬁ 2u+1(€)} (3a)
hopar,i®) = 213 {C; -7 + 2-(—1)'&[6;(;:-1-1) — Cige-1y | T (®) +
n =2
+ '[sz‘%]?ifz—l(&) - ¢ T, ) + %Tznu@}, (4a)

and, for i=0, i=n

i€ = 48;7{4(;13 +6n-1) - 2(2n* +24n—11)¢; [§) +
3

2n-2

+ 24 Y (D@ -R)ep () + (2n° =23)¢; T,y ©) -
k=2
— 4(n* =1)T,®) + (20 +1)q; Tg,,+,(&)}, . (3b)

th-Hr(é) = [éh)[ T}.(g)"' T?.u I(§) CT'\;”(E)-F T?u+1(§):| (4b)

2. If &= Ej, ik 2= c0s (2 + 1)/ (2n +2)), then for i=0,1,.

2n+l
h"nﬂ;(&») L 1{1‘1'2 Z(‘l)k[ ?k 2}8 ‘Il'@)} (5)
_ 2n+l
h3p1,i€) = 2( 1* (S = St ] T B)- ©

2. Analytical method. Let n be an arbitrary natural number and {E; }; _5 s
—-1<§<€ <...<§,<1 benodeson [-1,1] and 2 >0 be a real number. Using
the liriear transformatlons

E=-1+ %(xmxo): [xg, %0+ h] — [-1,1]
@)
or x = x5+ g(l+§): [-.1] - [xg, xp + 4]
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to construct a nodes {X;} on the segment [xg, xp + A].

i=0n

If &, f, I, h and k are the transfers of ®, f, I, A, and F, respectively from
[1,1] to [xp,xg+ 4], then itis easy to show that:

~ n+l
o = 10, 01® = (2] B0, ®
dz(’*’nﬂ@) [dm;wl(&))_l d UJ“H(JC) dm.-:-ki(x) (9)
dE* dE T2 d
h2;x+|‘i(§) o E‘Bn-i-l.f(x)ﬂ FZ!H-!.E(E:») - % iZu-i-l.r‘(x)' (10)

The algorithm consists of the following steps:

Step 1. Construct the nodes {&§;}}-o: 15§y <& <...<§,<1 on [-11].

Step 2. Construct the matrices [a’]]r'.j=@’ [bﬁ]f,j=ﬁ of degree (n + 1) X (n +
1) as follows:

Ej ﬁj&
ay = ay(nt)) = j] i i ©)dE, by = by(mE)) = _thz,m.,-(é)da. an

From (3a, b), (4a, b) and (11) we get a proof of the following lemma,
Lemma 1. If &j = &: = —cos (jm/n), then the matrices ay, by can be

expressed in the following explicit forms:
For i=1,2,...,n-1:

* * 1 4n? .
o = o = o) = {0 s |
. ﬁﬂ_-cﬁl[(z,l_l)_,_n-ﬁ} .
4 (=10 =cq;)

20—
& i (2n—k)cy, [C(k»—l)j _Ck+n)j 2 ]}‘

= 2 k=1 k+1 k*-1

* * 1 4n> I-¢y 3
bn‘j= b,}- = b,'j(n:&j) = = {c(l—c i +[ 1 J][cﬂ-‘-ng-—.l:]‘

2n—1
1 Clk—1)j  Clk+1)j 2
= = = Croiyi— € it
2,22[ o1 "kt P o7 e ]
Andfor i=0, i=n:

2_
ay = a,;- = a&-(n,gj) = ﬁ?{la_ﬁ)[n —1~6n—1+‘;I I] +

3 n®—1
Ay 2
+ EL(—C?'Q f2.nz+24;1.—11-i-2n2 +1 S
24 =1
gil(z K, | Sz cwrnj 2 |1
+ n—kyc; - -
A TR T T kw1 BB
C;(]—CJ') ]—ng

= + 2
204n% -1  32(n*-1)

where ¢, =cos (km/n).
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And from (5), (6) and (11) we get a proof of the following lemma.

Lemma 2. If & = &} = —cos (2 + )n/(2n +2)), j = O,n, then the matrices
ajj, by can be expressed in the following explicit forms:

For i=0,1,...,n

P | R 0y _ 1 (I—Sj_g)(2n+l)S;_l
4 = aj = a(n&]) = n+1{1_Sj‘1+ 4(n+1) ¥

£y 1 ks Sjtk=1) _ Sj,(k+1) 2
+ Z - ik - —73 >
&0 2+ k-1 k+1 Kk*-1

by = by = by(n&j) = 1@1—1){1( ~DA-8;2) +

i (s ) Sike= _ Sje+n 2
= I'k‘i'l lk—l k‘—‘l k'i“]. k2_1 ¥

where S; ; = cos ((2i+1)jn/(2n +2)).
Nonce that [au] and [bU]U % depend on the natural number n and the

choice of the nodes {?’; } T , but does not depend on our problem (1).

Step 3. Construct a sequence {xj},

s (xg<Xy<X <...<X,<x9+h), on

[xg, xo+ R] as:
- h §
xj: Xp +‘£0+§j), j:O,l,...,ﬂ

Step 4. Using the matrices in step (2), we give a (n+ 1) non-linear system of
equations in (n+1) unknowns y;,j=0,n as:

211

=Y 'g' E auf Xi» y.f 2 [f; ‘|*ff;](fp yi), j: m (12)

By solving system (12) (using simple successive iteration or Newton iteration), we
get values for y;,j= 0,n. ;
Theorem 2. The values -y; which are given from (12) represent values of the

following polynomial (of degree not exceeding 2n +2) at the points x= X; € [ xo,
xg+h]:

P'—’-H'i"l(x) =Y+ Jﬁmwl[f(';%wz(‘)); G]dU =
xp '
= 30 + S A(F Prusa(®) [apsr(0)do +

i=0 Xo

n

) (£ + FA)E Pona () _[ %:i'+-1,i(0)d5 ) (13)

i=0 Xy

P2n+2(3:-j) = Y j= ﬁ
Proof. By use the transformation (7) and the equations (10), we get:
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Jh’lu+l ,(U)dﬁ = Jibu+l :(‘g) E.» U‘

X

.\'j_” ﬁ
j"?'z;a+|.;(0)d0 = I 2 ’J""?u+] :(&) d‘)::»
-\'ﬂ g
So, obvious to get.the result. _
Step 5. Now, by Theorem 2, (12), we get a'polynomial of degree not exceeding
(2n+2) given by:

Pypa(x) = yo + g% (&, yi) gy 40,i(6) + %'Z) [£+ ff_;](fs: Yi) ap42,(8),

(14)
where E=—1+ 2(x —xg)/h and

: g
Iy,42,i(8) = Jfb;m‘;(f)df and  TIIy,45,;) = I»’lznﬂ,s(f)df-
2 -1

For specific nodes and by (3a, b), (4a, b), (5) and (6) with some manipulation, we
get explicit forms for each of TI,.5,;() and Iy, ;(), by the following two
lemmas.

‘Lemma 3. If'§; ='§j = —cos (jn/n), and c¢; = cos(jn/n), j = O,n, then
I, ,,_,,2.,-(@, ﬁ2 0+, (&), can be expressed in the following explicit forms:

I For i=1,2,...,n-1:

My 40iE) = Tpya6) = ng{( ‘](1 +&) +

2n=1
= (2%;;).9,,( Ten®) T (©) 2(—1)
+ L D [ k+1 k=1 K1

C; ??ln+2(§) TEH—Z (E_.,) 1 :|
- =3 +— +
4(1—cy) L 2n+2 2n=2 n~ -1

i 1 [T2H+|(E.l) _ T‘:’.n—iﬁg} _ 2 jl}
20 —ey) L 2n+1 2n—1 an*-1]J’

T42,i(®) = TMaus0i(6) = 83:2 {46;(1 +E) + 20,,(1-E%) +

e Ten1® T ®  2¢-1)
N ok o 3| Test k=1
+ 2_}{;( 0¥ (cgesni C(k—l):)[ Ea -1 kz—l}

+ I:Tj’!u+2(&.') _ Tzu—z(@ _ 1 :| _ ZC: [ T2u+l(§) _ I‘ZH—[(&) _ 2 }}
2n+2 2n—-2 n? -1 "I 2n+1 2n—1 4n® -1 ||

II. For i=0, i=n:
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Toian® = Mol =

1
48n

5 {4(n2 +6n—1)(1+&) + c;2n® +24n—11)(1 - &%) +

21 Tee1® Tq®) 2%
% k o ; k+1 = k-1 S,
+ 12}{%( 1" @2n k)‘c'*{ k+1 k-1 kz—l} "

+ (2ﬂ2 + 1) ¢ T’_ni—Z(&) _ T).n—Z(E.») + 1 _
2 2n+2 n—-2  pt-i

2(n2 -1 ]: T2n+l(§) _ I‘ZH-—J.(&) _ 2 }
2n+1 2n—1  4n?—-1|J’

40,08 = Thuun©) = 321n3 {4c,-(1 +E)+2(1-E%) +
+ [ T2u+2(‘t:) TQ.H—?.(&.) + 1 :| 2 [ T:'?.N-H(E\) TZ.Q—! (é) 2 ]}
- 2 = AL - =T .
2n+2 2n—-2 n"-=1 2n+1 2n—1 4n” —1

Lemma 4. If & = &) = ~cos ((2j + D7/@n +2)), j= 0,n, then Ty, ;(E),
H'),—,+2 (&), can be expressed in the following explicit forms. If S, ik = COS ((2i +
+ 1)kn/(2n+2)), thenfor i=0,...,n:

HZM-!—Z.;’(E.') - ng!‘l'i-z,f(&) = %{ E'*" 2-’?:1 :I[l ]

+1
= T ®) T€) 2(-1)F
# 2( o ”‘[ 2n+2}[ Ei1 kel ;3—1}}’ &=
My42:6) = 105,40, = T +1)2 {[ 5][ :2—1]
L Tes1®) 1) 2(-1F
k[ q _q k+1 _ k-1 _
i ,cz:‘g( DSk S’-"‘J[ k+1 k-1 kz—l}}' ¢

Now by applying the Picard’s iteration (Theorem 1) to solve the system (12), we
get the following approximation polynomial (polynomial (14)) depends on W = 0,

N (-
ks = Yo,
2n+‘?(x) = Yo + _Zf(xn [’i ]]H'LrHZ,i(&) b
- i[f; + ff):](f:" )’:[u"”)ﬁzn-t-z.a'@-
where E=~1+ 2(x— xo)fh.

Theorem 3 (error estimation). If f(x,y) € C®*2[x,, xo+h), there exists
[finite positive constant H and the following conditions are satisfied:

1) f(x,y) defined and continuous on D : =[xy, xy + h] X [yy — H, yo + H];

2) |fx,)—Ff(x2)| S Aly—z| Vxelxyxg+h), Vyze lyy—H, y+H];

3) g:=Ah<]1.

Then there exists a finite positive constant M, ., such that for n =1, 2, ...,
the following inequalities are satisfied:
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LIf &j = @: =—CO0s (J‘?’U'ﬁ), j= O,_rl, then

1782, -] Mg % 1-g* r
242 Vg pen = 2P T 2n 1201 1= 2 (u+1)'
I If &=E) =—cos (2 + )/@@n +2)), j= O, n, then
|28, -] M2k 1-g" | g
WL Mg T 2" @usopn 1- Cp® (p+1)r

Proof. If ym(x), p=0,1,2,..., be the Picard sequence of functions given by
Theorem 1, then from (13), Theorem 1, and condition 2, we get:

lP_[ﬂ —)’[M(x)l = T{:I?EJH—I{.}E( g[,ﬂ'}]()) ] f(G.y”'l(c))}dc <

J

(s i O) o] £ (o i) dol +

+ J]7(os PEEDO) - £(0, 47 @) o] <

&}

D i Hm ©)|do| + A j| PO -y (o)|ldo| <
= (2?‘-'-4‘2)! n+l b 2n+2 =
M- 2 h An+2 5 » "
¥ ey (2] 202 + Anf 2y -y, a7
So, if A —-| 2[:':12 ym} ", then we get:
3 1-4"
ﬁuSB+QAH_|£B+QB+qA“_25...£Bl_q, (18)
where
2M. 2n+2
] (2] Jo2ni]. a=an
Therefore, from the triangle inequality, (17) and (18) we get:
2M. h 2n+2 p_
” P2 =¥ "q',n,_q,m < (%T;! (E) e ”*1” * 17 le, e ( +1)1

(19)
If &= Ej or §= 5?, then we have:
@h®) = (E-&o)(E—E)---(E~&n) = Cy/1-E* sin(narccosE),  (20)
C" 2 _2(1—11),
0p®) = (E-E)(E-ED)...(6-ED) = C)sin((n+DarccosE), CF=27"
21
Now, from (19) and (20) we get I and from (19) and (21) we get II. Therefore
Theorem 3 is thus proven.

3. One step method. In this section, we shall give a one step method by using
polynomials (14), and give a relation between its parameters.
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Let [xp, xo + H] be any interval and ‘M, ﬁ, N e N be any natural numbers, h =
=H/M andlet xy=xy+Nh, N=0,1,2, ..., M and {Ej}:f:{} be anodes on [-1,1].
Also, forall i,j=0,1,2,...,n consider the following parameters:

1 1 1
= 5(1'1’55), A@' = Eﬂﬁ, B,}- = —bj

2.
(22)

L 1
= %-‘!- -H:(é)d& §r = %lel"'l((&)dg

B; =

3

2. If &= &Y = —cos ((2/ + )/(2n +2)), then from (15) and (16), it is easy to

show.that:
1
B- = Bo = 1_’2 S ?
o n+1{ E ”kli n+1i”:4k2—1}}

B = BY 22 i, 2k—1 = i, 2%+1 S = c03(2£+1)ﬂc

3= 2(n+1) a1 0 i m+2

“The relation between the constants (22) is given by the following theorem:
Theorem 4. For any ne N and for any {r'é_,-}, 7=0,1,...,n, we have:

L ‘Forallj=m and 1<k<2n+2:

Il
i k=1 _
ZAJ! g =
i=0

I Forall 1£k<2n+2:

I k-1 _ 1 .k___ n
Z‘Bﬂ'cf - k 2 Z

i=0 i=0

Proof. 1. From (22) and (11) we get:

n n o k-1
Sy = S Sy = %z [ranani®at (1) ar gt =
= _: _.]

of - £ > Bt @3)

=

24)

._t‘UI

= _Ixc"J %ﬂ*”&s)k—lhznﬂ,:@d&- - (25)

Consider the function g(&)= (1 + g)*‘l k< 2n+2. Hence:

5{2n+1 g &j’ 2(] +§;)k 1h’).n+] :(&) +

¥ -n3a +Iz,-)"‘2 Foas ®) = A+E) 26)
i=o £
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By integration each side of (40) from —1 to &;, we get:
5
j2(1+§)" i E)dE + (k- 1)):2" 2oty = - tokk. @

= i=0

From (25) and (27), we get I of Theorem 4.
II. From (22) and (11) we get:

n no |
25t = 5 2 | b @dipr 05 28)

By integrating each side of (24) from —1 to 1, we get:
n k-1 I n g 2}.:
> A+ENFT [ Aoy ®dE + k-1 U+E)NTE = = (29)
=0 =] . i=0

From (28) and (29), we get II of Theorem 4.
Remarks.
n
1. In (23),if k=1, k=2, then D" A;=c;jand 3 By=c;—23, A
; n n = ;
2. In (24),if k=1, k=2, then Y, Bi=1and ) _ B=1-2 Z?ZDB;C;.

3. Let {«"; j};lzo be any nodes in [-1,1] and G € C[-1,1] be a function defined
as:

(E+DRE-(E -D)E-E) : S
=B LS
G@={(&-§;)(2n";—(E,-+§,-+é))(&—§;+1), i Eefgntin] i=0ATT
(&:‘-i-i'"&r')
(E_'En)(?'i_(&u +1))(§-1) it 11.
T , f Eefg,l]

It is obvious that G'(-1")=G'(§)=G'(17)=1, G(-1)=G()=G(1) =0
Vi=0,1,...;n and EIG(r) dt =0. Therefore

i} n s
Honri(G:E)) = Z,]G@s)hzmu@ + Y G EDhape1i€) = GE), n2l.
J= i=0
(30)
By integrating each side of (30) from —1 to 1, we get ZLOE = 0. So, from 2,

weget » . B Ci=1/2.

In polynomial (14), if we put x=xy and yy= y(xN) n=0,1,2,..., M, then we
can consider the following scheme:

ISSN 0041-6053. Ykp. mam. sxypu., 2001, m. 53, N* 4
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N hz n iy o, T
Kf-- f[IN“I‘Ch YN+hZ ij J ?JZ{)BUKJ}, t=un,
€19
K = f’[xN + ¢ih, Yy +hZA K +—2 i "J’ i=0,n.
j=0
nd
1 ;12 no___
Yysr = Yy + h Y BK; + = YB K, N=0,M-1. (32)
j=0 j=0
The parameters of (31) and (32) can be expressed in the following table:
Table 1
Aon By By, By,
Alu BE}U BOI BU};
Anu BnO Bﬂ 1 Bm:
Bn EO -§] ‘En

espect to the parameters of Ay, By, By, B; and ¢;, i,j=

:::llowing properties:

Lo 1 -1 =
. L _ k-1 c;‘_z B;, 1=<k<g, (33)
=0 Kk 2 =
- - Il e—-
sl -k lSpk2 jo0m, 1<ksm, G4
2 i3
1 1l
BielAuctt = _ L __ k=l 5 p r-lp k-2 _
f,%ﬂ 'j Ci i Cp k(k+7) 2 ‘_Jz::u '} Ci ji Ci
kz;‘lch“’-ZE, 1<r<n, 1<k<E. (35)
=0
" ctly that:

‘gorithm given by (31) and (32) satisfies the properties
vwn wov ol 4+ 2) foreach n.
-~ (35), it is easy to show that B(n + &) and C(E) implies

using the scheme (31), (32) and on PC Pentium II-MMZX

+ing tive examples (known analytic solution) were solved using the
cosﬂ, j=0,n.
n

-or e’ |Y[“] —y(xg + h)‘ (1 is the number of iteration) for
1 third examples when using the Jacobi iteration, i.e.:

K = fxov0), KPP = f'(x0, 30,

ISSN 0041-6053. Ykp. mam. xypn., 2001, m. 53, N° 4
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[p + |] - i -
K! f(xo +c,yp+h EA,J KW 42 ;]B,j EM |

K{“‘+u = f [x0+c.-=y0+h ZAUK_E”]-’- ZBUKPL]}’ k=0,1,...,

for different values of A (h= 01 0,5; 1,0) and different values of n (n=3;5;7;9).
Table 3 gives the error e,, [Y[“] —y(xp + )’z)[ for stiff fourth and fifth examples
when using the Newton — Raphson iteration for different values of 4 (h =0,5; 2; 4;
30) and different values of n (n=3;5;7; 9).
Example 1. y'= —nyz, xp =0, with the initial condition y(xy) =1 and the exact

solution: y(x) = (] +12)*|.

x—y

Example 2. y'= ¢" 7, x5 =0, with the initial condition y(x;) =1n(2) and the

exact solution: y(x) = x+1n (1 + e'x).

Example 3. y'= 4x./y, x xg = 1, with the initial condition y(x;) =4 and the
exact solution: y(x) = (1+ xz)”

Example 4. y’= —1000(y — x3) + 3x2, xg =0, with the initial condition y(xy) =
=0 and the exact solution: y(x) = ».

Example 5. y’ = 1000 (y- 1+ xz)rl) —2xy%, xp =0, with the initial condition
y(xp) =1 and the exact solution: y(x) = (1+ xz)_l.

Taﬁle 2

: oo J
- h m ¢ of " e, of e, of
Example 1 Example 2 Example 3

0,1 06 3,367306E-13 07 8,570922E-13 09  7,371880E-14'

3 0,5 08 1,263820E-08 10 5,537792E-13 15  1,206146E-12

1,0 29 1,582177E-05 14  2,633049E-09 21  3,812061E-12

0,1 07 9,992007E-16 05 5,759837E-13 08  9,237056E-14
5 0,5 13 3,721246B-12 11 1,506573E-13 13 3,323564E-12

1,0 31 3,055127E-08 18 1,887379E-14 19  1,044498E-12

0,1 07 1,665335E-15 05  1,827427E-13 08  9,769963E-15
7 0,5 17 1,842970E-14 11  2,252643E-13 14  1,154632E-13
1,0 34 4,580791E-11 17  2,278178E-13 20  5,165646E-12

0,1 06 7,771561E-16 05  3,186340E-14 08  2,398082E-14
9 0,5 17 3,330667E-16 11  2,333689E-13 13  4,920508E-13
1,0 44 1,565414E-16 16 9,414691E-14 18  2,664535E-13
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Table 3
N N
W 2 mn e, of m e, of
Example 4 Example 5

0,5 04 1,970673E-10 02  3,039236E-14
3 20 07 7,501384E-10 02  1,385558E-12
40 08 8,105921E-07 02  1,108447E-11
30,0 43 7,651603E-07 02 4,678441E-09

05 06 1,131317E-13 02 1,149081E-14
5 2,0 08 4,142714E-09 - 02  5,533352E-12
40 09 4,438719E-08 02 1,567884E-10
30,0 43 3,542338E-07 02 3,368408E-06

05 06 9,858780E-14 02 2,428613E-15
7 2,0 09 2,060452E-10 02  2,178169E-11
40 10 -4,565695E-09 02  1,622595E-10
30,0 42 1,306392E-07 02  7,262734E-06

05 06 3,497203E-14 02  9,492407E-15
9 2,0 10 5279666E-12 02  2,804867E-12
40 11 1,096299E-11 02 9,636381E-11
36,0 42 3,640602B-07 02  5,373036E-06
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