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COMPUTER REALIZATION OF SOLUTIONS OF PARABOLIC TYPE
EQUATIONS BY FURIE METHOD

ABSTRACT

The article shows the implementation of parabolic type equations in the Maple system on a

computer using the Fourier method.

Keywords: Parabolic type equation, initial condition, boundary conditions, Maple system

PARABOLIK TiP TONLIKLORIN

KOMIIBIOTEPHAS PEAJIN3ALIUA

FURYE USULU ILOHOLLININ
KOMPUTERD® REALIZ OLUNMASI

XULASO
Moqalode parabolik tip tenliklorin  Maple
sistemindo Furye iisulu ilo kompiiterdo realizo

olunmas1 gostarilmisdir.

Acar sozlor: Parabolik tip tonlik, baslangic sort,
sarhad sortlori, Maple sistemi

PEIIEHUN YPABHEHU
IMAPABOJIMYECKOI'O TUIIA METOJ10OM
DIOPU

PE3IOME

B cratee mnokazaHa peanu3auus ypaBHEHUU
napaboiaudeckoro THHa B cucremMe Maple
MeTonoM Dypbe Ha KOMIIBIOTEPE.

KuiiodeBble cjioBa: ypaBHEHHE TapabOIMUECKOro
THIIA, HAYaJIBHOE YCIIOBHE, I'PAaHUYHBIC YCIIOBHS,
cucrema Maple.
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XULASO

Moqalads parabolik tip tonliklorin Maple sistemindo Furye tisulu ilo
kompiiterda realiza olunmas1 gostarilmisdir.

Acgar sozlar: Parabolik tip tonlik, baslangic sart, sorhad sortlori, Maple
sistemi

Moaqalods parabolik tip tonliklorin Maple sistemindo kanonik soklo gotiril-
masi vo bircins sorhadsortlori daxilindo istilikkegirmo tonliyinin Furye tisulu ilo
hallinin tapilmasinin kompiiterds realizo olunmasi géstarilmisdir. Baxilan misal-
larin konkretliyi realizasiyanin imumiliyino heg bir xalal gotirmir vo verilonlori
ovoz etmoklo bu alqoritmdon istifado etmok olar.

1. Parabolik tiptanliklarin kanonik sokls gatirilmasi

Masald 1. uy — 4uy, +4u,, —u +3u, +u = 0tonliyini Kanonik soklo goti-
rin.

Holli. Masaloni Maple analitik hesablamalar sisteminds holl edirik. Tonliyi
daxil edok.
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> a::1!-4’41-1!3’1’0;
a=1-44,-1,3,1,0

> equ:=a[1]*diff(u(x,y),x,x)+a[2]*diff(u(x,y),x,y)+
a[3]*diff(u(x,y),y,y)+ a[4]*diff(u(x,y),x)+
a[5]*diff(u(x,y),y)+ a[6]*diff(u(x,y)+ a[7]=0;

02 02 02 0
equ = ﬁu(x, y) — 4mu(x, y) + 4a—yzu(x, y) — &u(x, y)

+3— =
ayu(x, y)+u(x,y)=0

Yiiksok tortib toromo omsallar matrisinin determinantini hesablayiriq.
> eq:=ins(equ);
92 92 92 P
eq = (Fzu(xy)) - 4(mu(xl y) + 4(a—yzu(x: ) — (57ul )
d

+ 3(@11(% y)) +u(x,y)

> A:=linalg[matrix](2,2,[coeff(eq.diff(u(x,Xx),X,X)),
coeff(eq.diff(u(x,x),x,y))/2,coeff(eq.diff(u(x,x),x,y))/2,
coeff(eq.diff(u(x,x),y.y))I);

> Delta:=simplifu(linalg[det](A);

A=10
Determinant sifir oldugundan tonlik parabolik tipdir. Xarakteristik tonliyi
qurub onu hoall edirik.

> A[1,1]*z"2-2*A[1,2]*z+A[2,2]=0;
resl:=solve(A[1,1]*z"2-2*A[1,2]*z+A[2,2],2);

z22+4z+4=0

resl = -2,-2
> subs(y*y(x),resl[1]);resl2:=dsolve(diff(y(x),x)=%,y(X));

res2 = y(x) =2x =C1
Xarakteristikalarin bir ailosini aldiq. Dayisonlorin ovoz edilmasini daxil
edirik.
> res2:=subs(y(x)=y),res2);



res2 =y =2x + (1
> itr:={xi=solve(res2._C1).eta=x};

itr:=itr ={& =y —2x,n = x}
Tanliyi kanonik soklo gatiririk.
> tr:=solve(itr.{x,y});
PDEtools[dchange](tr.eq.itr.{eta,xi},simplifu)=0;

tre={x=ny=¢+2n}

62 0 d
a_nzu(n' f) + %u(ﬁl f) - %U(U: E) + u(n' f) =0

2. Istilikkecirmo tanliyinin dayisonlorina ayrilma Gsulu ils halli

Moasals 2.ut =u, (1)

tonliyinin { (x;t) : 0 < x < t> 0} oblastinda bircins
2

u(0,t) =0, u(i =0 (2

sarhad sortlorini vo

u(x,0) = - 2_X+ sin x ©)
T
baslangic sortini 6dayan hallini tapin.
Holli. Masaloni Maple sistemindo Furye Usulu ilo halledok.
> l:=z;a:=1;
21 )

T
l = —, a = 1
2
> eq:=diff(u(x,t),t)-a"2*diff(u(x,t),x,x)=0;0<x,x<I1,t>0;
d 02

equ :=Eu(x, t) —Wu(x, t)=0

0<x, x<l 0<t



> init_c:=u(x,0)=phi(x);
init—c == u(x,0) = @(x)

> bound_c:=u(0,t)=0,u(l,t)=0

2x .
(p-—x—>—7+smx

Axtarilan holli doyisonloring ayiragq.
> res:=pdsolve(eq. HINT="*");
res = (u(x,t) = _F1(x)_F2(t))
2

d 4]
&where [{a_FZ (t) = a?_c1_F2(t), ) _F1(x) = _c1_.F1(x)}]
> resl:=op(1,res);res2:=op(2,res);

resl = u(x,t) = _F1(x)_F2(t)

2
res2 = [{%_FZ(t) = a?_ci_F2(t), ﬁ_Fl(x) = _c1_F1(x)}]

> 5e52[1]:
2
{a_FZ(t) = a2_cl_F2(t),a%_F1(x) = _c1_F1(x)}

> sl:=op(1,res2[1]);s2:=op(2,res2[1]);
02
sl := W_Fl(x) = _c1_F1(x)
s2:=  _F2(t) =a?c _F2(t)
ot 1

Beloliklo, iki adi diferensial tonlik almis oluruq. Sturm-Liuvill masalasini
qurag. x dayisanina gora sart bircins oldugundan S1 tonliyini olverisli sokildo

yaziriq.
> eql:=lhs(sl)+lambd* F1(x);

eql = (a—2 F1(x)) + A_F1(x)

ox2—
Bu tonliyin imumi hallini tapib sarhad sortlorine gora bircins tonliklor
sistemini qururug.
> assume(lambd>0):pdsolve(eql. F1(x));



_F1(x) = _C1sin(vAx) + _C2 cos(vVAx)

_F1:=unapply(rhs(%),x);
el:= F1(0)=0; e2:=_F1(I)=0;
sist:={el,e2};

Y V VY

_F1(x) = x » _C1sin(VAx) + _C2 cos(vVAx)
el=_(C2=0
e2 = _C1sin(V1x) + _C2cos(vAx) = 0
sist = {_C1sin(VAx) + _C2 cos(vVAx) = 0,_C2 = 0}

Bu sistemin determinantini hesablayiriq vo sistemi holl edirik.
>A:=linalg[genmatrix](sist:={_C1._C2},
A= [sin(\/zx) cos(VA x)]
0 1

Delta:=convert(linalg[det](A),trig);

A= sin(vVa1)
> _EnvallSolutions:=true:
> solve(Delta,lambda):
m2_7Z1~2
12
> indets(%) minus {I};
{Z1~}
> subs(%[1]1="k’,%%);
> ev:=unapply(%,k);
m?k?
evi=k -

12
Uygun moxsusi funksiyalar tapilir:
> _F1:="_F1’:assume(k,posint);
> subs(lambda=ev(k),eql);

(2, P10y + TR

0x

> dsolve({%._F1(0)=0._F1(1)=0}._F1(x));



wk~x
_F1(x) = _C1 sin ( )
Moxsusi funksiyalar1 normallasdiririqg:
> rhs(%)/sqrt(int(rhs(%)"2,x=0..1));
. Tk~x
C1sin( HV2
v_c1zl
> simplify(%,radikal,symbolic);

> ef:=unapply(%,(k,x));
Beloaliklo, Sturm-Liuvill masalosinin moxsusi adadlori vo
normallagdirilmig moxsusi funksiyalar1 tapilir:
> ef(k):ef(k,x);
T2k ~2

12
(nkl~x )) NG

Vi
Indi ikinci S2diferensial tonliyi holl edok:

sin

> eq2:=lhs(s2)+a"2*ev(k)*_F2(t);

a’mik~2_F2(t)

eq2 = (_ _F2(t)) + >
!

> dsolve(eq2, F2(t))

_a?nk~2t
P2 = T 7 )

Baslangic tonliyi asagidaki sira soklinds axtaririq.

> spr:=Sum(C(k)*exp(-ev(k)*a’2*t)*ef(k,x),k=1..infinity);

22,2
o C(k~)e~55 sin(mk~x)v2
l

Spr==>. -
k~=1 Vi

Baslangic sortlordon istifados edib Furye omsallar1 hesablanir:




> Ck:=Int((phi(x)*ef(k,x),x=0..1);Ck:=value(CKk);
12 k~x)

(— 7 + sinx) sin( W2
Ck -—(_)f 7 dx
2V2
Ck = (-1 v
ik~ (4k~2 — 1)
> C:=unapply(Ck,k);
pply(Ck.k) 22

C =k~ - (=1)n+1

nwlk~(4k~2 — 1)
Noticado moasalonin formal hallini tapmis olurugq:

> sol:=spr;
2\/2‘ * 1 ( a2n2k~2t) Tk~x
—-— —1)n+1 e I sin
sol = kZ_l( ) ke~ (4k~2 — 1) ( )
Beloliklo, (1)-(1?/) moasalasinin halli tapilir:
AV - 1 ( aznzkzt) mkx
- (D" V" T ’sin(—
u(x, t) 2( ) k(4k? — 1) ( i )
[ voa — nnﬁymstlsrlm yerind yazib ahrlq
u(x, t) = ® (=1)nt1 e~*’t sin 2kx.
=1 k(4k2—1)
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