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Annotasiya. Bu ishda birinchi va ikkinchi tur Bessel funksiyalari hamda
modifitsirlangan Bessel funksiyalarining nollari va ularning grafiklari hagida ma‘lumot
berilgan. Funksiyalarning grafiklari Maple paket dasturi yordamida chizilgan.

Kalit so‘zlar: birinchi tur Bessel funksiyasi, ikkinchi tur Bessel funksiyasi,
modifitsirlangan Bessel funksiyasi, Makdonald funksiyasi.

Bessel funksiyalari hagida ma’lumotlarni [1] ishdan, Bessel funksiyalarining
Maple dasturidagi tasvirlarini [2] ishdan olish mumkin.

Bessel funksiyalari Maple dasturida Bessel buyrug'i bilan chagqiriladi. Bessel
funksiyalari umgdT ishlash uchun quyidagi buyruglardan foydalanadi:

Bessell( v ; x) - modifitsirlangan Bessel funksiyasi;

Bessel](v; X) - birinchi tur Bessel funksiyasi;

BesselK(v ; x) - Makdonald funksiyasi;

BesselY(v ; x) - ikkinchi tur Bessel funksiyasi;

HankelHI(v ; x) va HankelH2(v ; x) Hankel funksiyalaridir,

bu yerda v- algebraik ifoda (tartib yoki indeks), x-algebraik ifoda (argument).

Bessel] va BesselY mos ravishda birinchi va ikkinchi turdagi Bessel funksiyalari
hisoblanib, ular quyidagi ko’rinishdagi Bessel tenglamasini ganoatlantiradi:

X2y" + xy’ +(x —v )y:O.

Bessell va BesselK mos ravishda birinchi va ikkinchi turdagi modifitsirlangan
Bessel funksiyalari bo’lib, ular quyidagi Bessel tenglamasini qanoatlantiradi:

X2y" + xy’—(x2 +v2)y:0.

HankelH1 va HankelH2 Hankel funksiyalari bo‘lib, uchinchi turdagi Bessel
funksiyalari sifatida ham tanilgan. Ular ham Bessel tenglamasini ganoatlantiradi va
ular birinchi va ikkinchi tur Bessel funksiyalari tomonidan quyidagi belgilanadi:

HankelH1(v ; x) = Bessel](v; x) + iBesselY(Vv ; x),

HankelHZ2(v ; x) = BesselJ(v ; x) — iBesselY (Vv ; x).

Bessel funksiyasining Maple dasturida chizmalarini chizishni ko‘rib chigamiz.

Bessel funksiyalari, ta’rifiga ko‘ra, ba'zi oddiy differensial tenglamalar uchun turli
xil chegaraviy masalalarning yechimidir.

Birinchi va ikkinchi tur Bessel funksiyalari odatda to‘lgin tenglamasi uchun
chegaraviy masalalarning yechim sifatida paydo bo‘ladi.
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>restart:
>gr:=plot([Bessel](0,x),Bessel](1,x),Bessel](2,x),Bessel](3,x)],x=-8..10,
color=black,thickness=[1,2,3,4],legend = ['Bessel](0,x)’,/Bessel](1,x)’,
"Bessel](2,x)’,/Bessel](3,x)’],linestyle = [solid, longdash,dashdot,dot],
caption="T'paduku nepBbix yeTblpex PpyHKL UM beccens I-ro poga”,
captionfont=[TIMES,ROMAN,14]):
>gr;

Bessel) (0, x) === Besseld (1, x) ==« + Besscl) (2, x) ® ® ¢ Bessel)( 3, x)

Birinchi tur Bessel funksiyalarining dastlabki to‘rttasining grafigi

Endi esa Bessel funksiyalarining nollari hagida ma’lumot beramiz.

Bessel]Zeros - birinchi tur Bessel funktsiyalarining haqiqiy nollari;

BesselYZeros - ikkinchi tur Bessel funksiyalarining haqiqiy nollari;

Bessel]Zeros(v, n) - n raqamli birinchi tur Bessel funksiyasining noli;

Bessel]Zeros(v, n1..n2) - n1 dan n2 gacha bo’lgan oraligdagi birinchi tur Bessel
funksiyasining nollari;

BesselYZeros(v, n) - n ragamli ikkinchi tur Bessel funksiyasining noli;

BesselYZeros(v, n1..n2) - n1 dan n2 gacha bo’lgan oraliqdagi ikkinchi tur Bessel
funksiyasining nollari,

bu yerda v - algebraik ifoda (Bessel funktsiyasining tartibi yoki indeksi), n -
algebraik ifoda.

>G0:=plots[pointplot]([Bessel]Zeros(0., 1... 10)],color=black,

symbol=cross,symbolsize=14,legend = 'Bessel](0,x)’,

caption="Hysnu rpa¢ukoB nepBbix yeTblpex GyHKuUM beccens I-ro poaa”,

captionfont=[TIMES,ROMAN,14]):

>G1:=plots[pointplot](|Bessel]Zeros(1., 1... 10)],color=black,

symbol=circle,symbolsize=14,legend = 'Bessel](1,x)"):

>G2:=plots[pointplot]([Bessel]Zeros(2., 1... 10)],color=black,

symbol=diamond,symbolsize=14,legend = 'Bessel](2,x)"):

>G3:=plots[pointplot]([Bessel]Zeros(3., 1... 10)],color=black,

symbol=box,symbolsize=14,legend =Bessel](3,x)’):
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plots[display]({G0,G1,G2,G3});

Ikkinchi turdagi Bessel funktsiyasilarining grafigi quyidagicha bo’ladi:

>GR2:=plot([Bessell(0,x),Bessell(1,x),Bessell(2,x),Bessell(3,x)],

x=0..10,color=black,thickness=[1,1,3,4],legend=['Bessell(0,x)’,

‘Bessell(1,x)’,/Bessell(2,x)’,Bessell(3,x)’] linestyle =[solid],

caption=I'pa¢puku nepBbIx YeThipex pyHKI UK beccesns I[I-ro pona”,

captionfont=[TIMES,ROMAN,14]):

>GR2;
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