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Magnamonok I'I. TOUHOE TPEYT'OJIbHOE PA3J/IOKEHUE

OCHOBHBIM PE3yJIHTATOM, KOTOPBIN IPEICTABJIEH B 9TOI paboTe, sIBJISETCS CYIECTBOBAHIE B KOMMY-
TATUBHON 0OJIacTH R MaTpHIBI TPEYTrOJIBHOTO pa3jioxkeHus, Koropas nmeer sug: A= PLDUQ, rtne P
u (Q — nepecranosounsie MaTpunpl, L u PLPT — mmxune rpeyromsubie marpunsl Hag R, U n QTUQ
— BepxHHE TpeyroibHble MaTpuipl Hag R, D =diag(d; !, dy",..,d1,0,..,0) — nmaromanpHas MaTpHIA
panra r, d; € R\{0}, i=1,...,r.

Key words: TpeyroibHOe Pa3JIOKEHNEe MATPUIIBT; AJITOPUTM B KOMMYTATHBHBIX OOJIACTSIX.
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THE LAPLACE TRANSFORM METHOD FOR SOLVING DIFFERENTIAL
EQUATIONS WITH DELAYED ARGUMENT

© N.A. Malashonok

Key words: Laplace transform method; differential equations with delayed argument.

The Laplace transform method is used for differential equations with delayed argument.
There is constructed an algorithm, which is symbolic-numerical. The numerical component
concerns a representation of functions, involved into the process by some kind of series.

There is a class of physical problems, which is associated with action of some kind of
complementary forces - forces which are involved at various not initial time moments. Such
problems frequently lead to the so called differential equations with delayed argument. Different
ways of dealing with such equations exist. Applications of the Laplace transform method are well
known. However there are some facts which prevent using this method in a symbolic way. Some
difficulties, for example, are connected with a form of the solution of the Laplace image of the
input differential equations. Only concrete kinds of equations may be solved entirely symbolically.

We restrict ourselves to the consideration of one equation, but the method works similarly
with systems of equations of such type.

All functions of the argument t are supposed to satisfy the conditions for existing of their
Laplace transform, and they equal zero for negative t. The points tj,tr_1 <tg, are taken in the
set of t,t>0. Consider an equation

n N
£ + 303 eIt~ 1) = £(9) (1)

j=1 k=0

with initial conditions z("~7)(0) :x(()n_j),j =1,ldots,n. The function f(¢) in the right-hand
part is in general composite. We may consider for it the same partition points ;. The unknown
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function z(t) and f(t) satisfy the properties, put on above, so the equation (1) may be written
using the Heaviside function 7(t) in the following way:

n N

M(t) + Z ajn(t — te)z " (E— 1) = f (1), (2)

j=1 k=0

f(t) is also written by means of Heaviside function. It permits to write symbolically the Laplace
image of the equation (2):

n n—1

n N N
PSS ) X(0) =Y T 30N ap e e £ Fp),  (3)
j=1 k=0

j=1 j=1 k=0

where X (p) and F(p) are the Laplace images of x(t) and f(t)), correspondingly, and F(p)
in general is also a sum of exponents with polynomial coefficients.

Denote N
Zp] L) 4 303 ag e+ F(p),
7=1 k=0
n N ‘
=p )Y ajre Prpt
j=1 k=0
then o)
b
X(p) = =——+=. 4
”)= 5 (®)

The numerical component of the algorithm depends on the representation of the expression (4)
into the series of exponents of a special kind and taking the partial sum, sufficient to obtain
the desired accuracy for the solution of the initial differential equation. We will not describe the
details of such estimations in this article an will consider an example.

Ezxample

Consider the equation

2+t -2’ (t—1) —nt—2)2"(t —2) +nt —3)2'(t —3) +nt —3)z(t—3) = f(t), (5)

where f(t)=t*(n(t) —n(t—1))+tn(t—1).
The Laplace image of the equation:

(p2 + 2pe™P — pe= % 4 pe P + e_?’p) X = pao + xp + 2 Pxg — e Prg + e Py + F, (6)

where F=2/p®— (e7P(2+p))/p>.
The solution of (6) is the following
—2e7P 42— e Pp+2p3eP — 2e72Pp3 + dePpd + p3 + 2pt
p3 (e3P + pe=3 — e=2Pp + 2e7P)p + p?) '

(7)

We expand (7) by the exponents e *P in some way, and taking 10 terms of the series we
obtain a solution we sufficiently high accuracy. It satisfies the initial conditions and the given
equation with correspondent precision. We omit the discussion of these estimations and produce
the plot of the solution.
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Magnamonok H.A. IPUMEHEHUE ITPEOBPA3OBAHUA JIATIJTACA [JJId PEINEHUA TUO-
®EPEHIINAJILHBIX YPABHEHUI C 3AITA3IBLIBAIOIINIM API'YMEHTOM

[Ipeobpazosanue Jlammaca ucrnonap3yercs s perteHus nudepeHInaIbHbIX yPABHEHU ¢ 3a1a3/1bl-
BaIOIUM apryMeHToM. [1ocTpoeH CHMBOJILHO-IUCIEHHBIH AJIropuT™. UHCIeHHAS COCTABIIAIONAS OTHOCUT-
csl K IpeJCcTaB/IeHn0 (DYHKIIUU, BOBJIEYEHHON B IIPOIECC, B BHJE HEKOTOPOIO Psiia.

Karuesnie caosa: npeobpaszosanust Jlamaca; nuddepeHuaibable ypaBHEHNS € 3aIa3bIBAIOIIAM
apryMeHTOM.

VIIK 517.529

METO/, TEST-YPABHEHUI B UCCJIEAJOBAHUN YCTOMYMNBOCTU
PA3BHOCTHBIX YPABHEHUII

© B.B. Masgsbiruna

Karouesvie caosa: pasHOCTHOE ypaBHEHUE; IIOCJIENENCTBUE; SKCIIOHEHITMAJbHAS YCTONIH-
BOCTB; PaAaBHOMEPHAaA YCTONINBOCTD.

IIpennmaraerca MeTom nccaeI0BaHUs YCTOMIIBOCTY PEIIEHUH JTUHENHBIX CKAISIPHBIX PA3HOCT-
HBIX ypaBHeHUil ¢ nocseneiicrBuem. CeMeicTBY ypaBHEHUI UCCIIEyeMOr0 KJIAacca CTaBUTCS
B COOTBETCTBUE test-ypaBHeHUe, N3ydeHne CBONCTB KOTOPOTO TMO3BOJIAET MOIYyIUTh dddek-
TUBHOE OMHCaHue 00JIACTA YCTONINBOCTH BCEX YPABHEHUI ceMeiicTBa.

B paborax [1-3] npeiozxen MeTo | MCCIIeI0BaHUsT yCTORINBOCTH DyHKIMOHAILHO- ] depeH-
muasibbix ypasuenuit (O/IY), cyTb KOTOPOro cOCTOUT B TOM, UTO 06 aCUMIITOTHYECKOM TIOBE/Ie-
num pernennit cemeiictsa GJIY MOXKHO CyIUTH IO TOBEJIEHUIO OJHOIO, CIIEITHAIBLHO ITIOCTPOSCHHOTO
ypasuenust (test-ypasnerua). OKa3aaoch, 4TO TOT 2Ke METOJ, MOXKHO IIPUMEHUTH K MCCJII0BAHIIO
pasHOCTHBIX ypaBHeHHil. Kak yke He pa3 ormedasoch [4-6|, pasHOCTHBIE ypaBHEHUsI 110 CBOMM
cBoiictBaMm Ouimzku kK OJIY.

Paccymorpum criemyroruit Kjace pa3HOCTHBIX yPaBHEHUIA:

N
z(n+1) —z(n) = agz(n) — Zakw(n — hx(n)), n € Ny, (1)
k=1
rne ag €R, ap >0, 0<hi(n) < Hy ana seex k=1, n.
ITycrs B ypasuennu (1) dbukcuposan Habop KoahdUIMEHTOB ag,al,...,aQ, W TPAHUI] 3a-
naznpiBanuit Hy, Ho, ..., H,. HazoBem cemeticmeom (1) muoxkectBo ypasHenuii Buma (1) mpu
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