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APPROXIMATIVE SOLUTION OF SOME TMPFERENTLAL
) EQUATIONS

Viktor PIRC, Eva OSTERTAGOV A, Anna SEDLACOVA

Abatract.In'this paper we give sime technique for approximative sohition
of eoane dilferantial spuition,  The ‘given method subsbitubed some mumerical
smethead in the mpeion where those methoda are nol ey oot or e have not
peesibility too wse chose methods.
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Consider very simple example. We haw: the differential equation y' = 100y
and tha initial value »{0] = 1, Using very known method Runge-Kutts {fourth-
order muethod), with the step & = 1, 1, we obtain w(0, 1] == 131, I8. The function
i.'[:ﬂ_:l e e the particular solulicn of _ﬂ"!.-'\-;'];- initial smiue prcklem wod 3 |:|"_|I ]_:|
el w2028, 465, We can aee that it is o very big difference. Uking known
Formuls foa tesi, ol 4l step

Ko 0% i

|J|:|- k':-l_

wi obtain &< 0,000 for good resuls,

Using software MAPLE and method BKAS we obtan e — yppgs = 0, 1147 %
10

Conzider the ponlinesr syatem
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and chee dnivial condig 161
}L'!'i':“] = X, I:-BJ
where x = (27,0, .., E T = hadeie o T, We ga wWank o find the

vitlue xifn + &) Supposing thet Foand £ are continuous i 4 given romion,
where

]
HJ’ ﬂ-l' '51' II-;:
f:: = e R E 1 f;.= : (4]
LTI ) Y iy gy
iy ey S idr. rls
Thoes if we define & - Eeldn; xa), then the EVaem (1] esn be written as
x' = ity )% | hig) - [F(t, %) - hiz) - F (to, xp1%], (5]

where h(id) = 1ty LT PR *oo)m B (B, 20 ey, Now lat 1es dafine ERrjueniy
"R owhere 2™ is Epproamation of the solution of tha Fyutern

(%) = A xlM hit| (631

for £ € {to,ta), €1 = 4y + h and x(tn) = x(ty). Now let's wssiene ihit selos+1] is
the anlution of the aystem
(™ EEY = Alm) g wimiy (7]

where x ™ () = w1 T2 1 2e, v W have y

e EAY 1, 5 ‘*1fw“"[""":'h[-;] s, ¥
fa

x[rn.—]:ll-l::l o= I"-'l.-:z il %3 E-ﬂ-.l't—h—,_:l fe—.‘ll'-—-'-.n:- R',I:-!-', Il:,rl:l:..ﬂ':'.:l -ﬂ:.B.. I:D_.'
a
whern
Els, %(s)) = F{s, x(e}) — Ax(a),

Technigque uf thenren Cavlev-Hamiliog [ paper WL or peneralized furm for ex-
smple [14), 113} to construer, rapenential of matrix A can be used
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IF A Ag oL A wee the eigenvalue of AL then
eM =g (B E kg (t) A 4 =, 1AL 110

|| A o 8 Sog che Tepetions ogltl i 1.2 ..., ace schation of the
syatem algebraic eguations

aplf) 4 a1 A, + g ':"::: ooty g AT = et

where £ = 1,2,. ., n. If eigenvalue A of A hos mltiplicicy. &, then we pbtain
4 - equations correapomling the eigenwlue 4.

e , M

Nt 4w (20 A a H—.. i A = — :""'ﬂ_
-.I”Lll nlit) 1l 2-:'|~1 bdpn g ¥ I'.E.:II:I !" |

A8 Far as applications sre concerned, the fllowing Theorems is important

Theorem 1 [If My, Az, ..., Ay are the distinet gigenvelues of A, wkere Ay s
muttiplicity vy and ny + g - 0y = noand i ang desber lerger M
the vend port of Ay Ay, oo, A, that s

L = BT {;'E'-:'l._-._:'
1=1,..%

them there wmsts & constond N = 0 sach that
i. ﬁ.ﬂ-f ". _.'I|I|FI'IT- I"|:| i |:-__|]_

Theorem 2 Let wll]) be positivg conlinuons Simolion aotifying the ety

£
) = rlt) + o) /.-_?[1-]1;,‘?'_: dr,  tE .
|E||
ukeere v{t), w(t), J[4) are conlmuppne arnsegative fencfuon, Then

[y
: J il 2 s
ull] < i) + ofd) [ rir)dir)er ar
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Theorem 3 et the Functon g sabikly the ciftubition
Tl a) — gt v |12 @) || o=, (11}

where 3 mositie ronfinas e Sfunetion on the fntevn . 1)
Then the sofution x of the sipsiern

= Ax + gft %), {12

eatigfes the mitiol conditiin xity] = xg. o8 boumded wrud oidig

: F { Fis} iin
Xt H0 Zx I< rtth al) fetmipteren 3 m ), g2y
Wiy
L
f['f]=f| e AT ::"IEI:'T:I._.H"':'_ J.-.!;, o

Y]

Proof, Using the varintion of constants formula on the {12), with e®* s 8
Rundamental watrix of the homogensouz avetem %' = Ax am have

[

x{E)}e" .iul:-‘—l':h_l_xl_l_ S [I:!—a‘l. ¥ =iyl [EI:"' XIT]) _g['_.rlx"ﬁ-‘l.l'r I!:|_I:= gl .'.'C.'_pE"“':" =5l :I]-'-'-T.

Prom this, by {111 we obtain

I ithe™ME=4Y oy 12 iy + fﬂr.—; I 2cirje = At 5y || dr

L
Using Theorem 2 we ohtain (13}

Theorem 4 fer o - max ritl, L = rmax T and M = max | X' 1)

(et (Eyy b (bt
XU L =12 T renl posilioe constants @, V epat suclh thai ||
e |l et gngd syueh that
MNE :
— Ry
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b srhisfies 'on the wmborug! -::I:.-_“ fh
Then the sequence of fuietions ()2 conmrpes on the fntermd DO
ta @ antufione x(£), of the micgral equeion

L
x4 E-""‘": '---1:.:,;| jo oAt En) fc,—ﬂ.::- tn} J-‘;l:-'-'u }Lr'“]lfﬁ'j]rfﬁ fI-'J_,:
I
ot m-th approsmetion XN satisfies the cstimate

LA

| iy aphard] fu o
}I'.._I.l X |:|I| "-. i L LJ“I

|:EI'-'1+ LA <) 1} |"'-"flj1'

Jov cvery £ E (T, 1),

Proot. Using the conditions of theorem, we Have

L

| %™ 2e) - i "‘—‘_}'{ | eA = g, %™ (a)) — gl %™ a0 (] s <

Lo
L :.
< f Nettt= L |l () — Ui} | do < LM j el gy
Ly fn
Sinee
[} e ) x™s) = xF N (g} ol Hebll 4k
F REERAE) Lo ety gt e (17)
CEMNES R
£ = 20}
k=0l [
whers
l[-'-i.- -‘_“ll|3p—1 +52-3;|,-_::'+--- i SF_E-?‘_I-_:—S;_._lﬁ_:..
! i
st (LM LA
& = @®lt ~lu) ( il i wk Ii ) : g
C % i i—_uIL o k1 FE:&DE" 5' pEEE-:-SF ?

1
The alwolute convergence of the series i [—L:Eﬂ}": fellows from (14), Dy the
=il

- - = 1 i F - ']
Dy Alembert tase the sories 5 U—T;' abaolute comvergrs on the intirml fta, £
iy
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T viewe of the definition {]] 201 e — %" || 15 e this implies: che abaoute
(k] dunibirmi ) convergence on the intérval {ig, 3} of the serias (|| xt™*1)1) —
7Y (=g This also proves the convergenoe of the sequence {x!M™epo
W e

ik g Larde B8 e LMN
fim | €7 (a) - X i AN S IR ) IMN
- oo ‘b X a
== j T H]

This establishes (1)
We now wish to show thas the limit function x(t) salisfies the intepral equa-
tion (13}, Using of the continuity of the function g we hove

[

x(t) = lim ™) = T (@A0%) g Al —t] [l"- Alr=tul gig xU™ (o)) da) =
FrL o T —n
iy
L
. l.__na-l'l'—‘h_:l:.:];ﬁ.ﬁ.l'! En) frl—.ﬁal_.-l—.'":gl:'a- lim }L:“”[ri‘]]l']!.'i'=
T
L

¢
— gfAit—in} X+ pl—t) J/ c—.ﬁ.-;-:—r..]g['sl x_[a}} da.
Conversely, if x(1) 35 a solution of (15) on some interval J containing tn, then
x(t) aatisfies (1) on J and also the initial somdition (2]
Given method-can be used for approcimative solution of the system of the
differential aquations represented by recurrent neuron networks [R]I [!ﬁ_ . 113,

| {]
= apr + 3 Bigl(dy) © ks [12)

=1

where = 1,. .., »oa, are negative real constunts, Oy positive real constaats and
h; are real constants, The function ¢ i= nonlinear, monotonic, continuous and
boudedness. The papers '3], [7], 8], [10], deal with soroe resules for g0 R — R
Al
gl = ST [11';']
where (3 15 positive real conatant.,
IfX = (X, Xy, 00X, i an equilibrinm poine and condition
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el
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is eatizhied, then by method of Geeachgnrin andd rr|-::1'||_||rj of first approximation
are Bely < 0
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