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Solving of a Fredholm’s integral differential equations with time delay
using the system of symbolic (analytical) mathematics Maple
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B srofi pabore ¢ onopoli Ha oaHy H3 Mo-
Andukauni dyHKUHK THOKOH CTPYKTYpHI Obl-
N0 MoKa3aHo, 4To 3afava (1)-(2) ans ypaste-
HUH 3amasapisatowero thna (ecau f, (x) =0
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3anauy (1)-(2) npeoGpazyem K paspemato-
wWeMy ypaBHeHuio (3), Bcnone3ys MarTeMaTH-
yeckuit naker Maple, kotopblit HMeeT cobCT-
BeHHBIH A3BIK MNPOrPaMMHUPOBAHUA, [103BO-
SAOWUA CO3AABATL NONB3OBATENILCKUE MPO-
TPaMMb!, U OTNHYAETCA OT APYrUX HA3bIKOB
NpOrpaMMHUPOBAHNA TEM, YTO B HEM YXKE pea-
NM30BaHBl MHOFKE anropuT™bl. Hanpumep,
komadasl Gift(F.x), int(F,x), kotopeie nndde-
PEHLHPYIOT U BHTErpHpyoT pyrkumo F no
nepemenHon x.

B Maple umeetcd N10BONBHO ILMPOKUI Ha-
Bop XOMARA M KOHCTPYKMME, AHaNOrH4YRbI}
CYWIECTBYIOMMM B H3BECTHBIX A3bIKAX MpO-
rpaMMupoBaHms (HanpHmep, B s3sikax Pascal
unn C) onepaTopbi NpHCBauBaHKA, BETBJIE-
nus, unkna for, while, onepatopbt npepbisa-
Hug u obpaborks owubok. Tarxe npedy-
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CMOTpeHbl cnocobrl o0BABNEHNA Mpoleayp M
MOy AEH.

Haa peuierns HHTErpo-
anddepeHunansHoro ypasnenus ®pearonsma
CO3TAAWM MOAYNE, M3 KOTOporo OyayT skc-

nopruposathes aapa (0, (x,f), N (x,0) n
bynxums B(x), ¢ onuMeit «naker». Jlokane-
Hele apouenyps: MatrD, MatrDelta, C, Bui-

> idyf:=module()

export QNuclews,NNucleus,BNucleus;
option package;

local MatrD, MatrDelta,c:
MatrD:=proc(R,n)

end proc:
MatrDelta:= proc(MD,R,SS8tr,Variable,n)

end proc:
¢c:= proc(u,x0,b)

end proc:
QNucleus:= proc(R,U,F,n,I)
lgcal Q,i,j;
Q:=array(1..}+1});
for j from 1 to 1+1 do
for i from | to n+1 do
if i>1 then

CHKMTBIBAKOT, COOTBETCTBEHHO, MaTpuibl D, As
U KOPHH C,, KOTOpble OMNPEAENSIOTCA W3
ypaBHeHHs u,(x)=x, Ha oTpe3ke [xg, b], ecan

A€ TAKOBbIX HET, TO BLIGHUPAKOTCA COOTBETCT-
BYIOILIHE ¢; = b.
{Iponeaypel, ucnonsayeMele B MoAYJIE:

Qij1:=Q[i]+Fli.j)*diff(det(MatrDelta(MatrD(R.n).R,n, U[j]-t,n)),x8(i-1));

else

fi;
od;
Q[i):=det(MatrD(R,n)*(-1))*Q[j];
od;
eval(Q);
end proc:
NNucleus:= proc{R,U,K,n. I}

end proc:
BNucleus:

it

end proc:
save idyf,"idyf.m";
end module;

[Tporpamma no3eonseT NONB30BaTENO NO-
Ay4UTh M3 HavanbHOM 3agaun (1)-(2) paspe-
LIAIOLIEE UHTErpaabHOE YPaBHEHHE CMetlaH-
Horo THna Bosnbreppa-Opearoacma ¢ oObIk-
HOBEHHBIM apryMeHTOM (3).

PaccmoTrpum 3agauy Koiu npu HauanbHOM
3HaYeHHH x, =0 [ ypaBHEHHA 3anasgbl-

BaroluCcTO THMA:

Q[j]:=F[i,j]"det(MatrDeIta(MatrD(R,n),R,n,U[j]-t,n));

proc(R,U,K,F,f,x0,b,lambda,Phi,n,1)

[ 1
Y+ 0 (x=1)=2 fe'n ymydy = xe™,
o

) y(x)=x,y'(x)=1na E, = (0],
yx=-D=x-1y(x-0)=1raE, =[-1,0].

Jnn nosiyueHns 2oCcTyna K npoieaypaM nake-
Ta ero HeoOXOAMMO MNOAKHOUYMTL KOMaHIoIt
{with(idyf);). 3ananum HCXOAHBIE NaHHBIE:
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R:=vector([0,1]):
x0:=0:
fi=x*exp(x-1):
lambda:=2:

Banaepmonna,
HEONPENEEHHEIX
roj=ln, KOTOpbIE

R - onpeaeaurensw
COCTABACHHbI n3

A2paMeTpoB

ONPEICNAIOTCE B XOJe PEHICHHT 3aJiauu,
MCXO[ W3 ONTHMANBHOCTH ee peleHus. B
naHHoM npumepe B3aTo (0, 1),

Ofpatumess x  npoueaypam  QNucleus,
NNucleus, BNucleus

QNuclens(R,U,F,n,1);
NNucleus(R,U,K,n.1);
BNucleus(R,U,K,F,£,x0,b,lambda,Phi,n,l);

Tlepas mpoueaypa BbUMCAHIZ  sApa

Q,(x,#) ¥ pesyabTaThl BBIBOASTCA HA pabo-
9AH TUCT
(x -1} txr—1-1)

e .xXe 1

CoOTBETCTBEHHO, axpa Nou N,

~matrix([[0,0],[0,x],[1,0]]):
matrix([[eta*exp(x),0],[0,0],[0,01]):
vector([x,x-1]}:
hi:=matrix([[x,1}.[x-1,1]]):

# hyHKuus B(x)
~2e’.
Takum oOpasom, Mbl UMeeM paspemarolee
HHTErpanbHoEe ypaBHEHHE CMELWAHHOTO THMA

BonsTeppa-®pearonsma ¢ OOBIKHOBEHHbIM
aprymMeHToMm Buja (3).
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