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VEYL-TITCHMARSH FUNKSIYASI VA SPEKTRAL FUNKSIYA ORASIDAGI
MUNOSABAT
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CBA3b MEXAY ®YHKIMAMU BEN/IA-TUYMAPILA U CIIEKTPA/IBHOM
®YHKIMEMN.

Jmuramup JwramMupoB, HypuaauH A6aypamingoB
1JIpenodasamenw-cmadcep kaghedpvl Mamemamuku U pusuku pakyibmema
MOYHbIX U eCmecmeeHHbIX HayK JJeH08Cck020 UHCmumyma npednpuHuMame1bcmaa u
nedazozauku
2 [Ipenodasamenwv-cmadcep kagpedpbl Mamemamuku u pusuku paxky1omema
MOYHbIX U eCmecmeeHHbIX HayK JJeH08CcKk020 UHCmumyma npednpuHuMame1bcmada u
nedazozauku
CypxaHdapbuHckas,Y36ekucmaH
eshtemireshtemirov577@gmail.com. nuriddinabdurashidov9550@gmail.com

THE RELATIONSHIP BETWEEN THE WEIL-TICHMARSCH FUNCTIONS AND THE
SPECTRAL FUNCTION.

Eshtemir Eshtemirov, Nuriddin Abdurashidov
I Trainee teacher at the Department of Mathematics and Physics, Faculty of Exact
and Natural Sciences, Denov Institute of Entrepreneurship and Pedagogy
2 Trainee teacher at the Department of Mathematics and Physics, Faculty of Exact
and Natural Sciences, Denov Institute of Entrepreneurship and Pedagogy
Surkhandarya,Uzbekistan
eshtemireshtemirov577@gmail.com. nuriddinabdurashidov9550@gmail.com

Annotatsiya: Ushbu magqola nazariy xarakterga ega. Maqolada yarim o’qda
berilgan SHturm-Liuvill chegaraviy masalasi hamda Veyl-Titchmarsh funksiyasi va
spektral funksiya orasidagi bog’lanish o’rganiladi. Veylning nuqta holi ma’lum bo’ldi,
Shturm-Liuvill operatori va spektral funksiya o’rnatildi, Shturm-Liuvill masalasining

spektral funksiyasining yechimi aniqlandi, keltirilgan usul va natijalar olindi. Maqola
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ishida olingan natijalar nazariy xarakterga ega bo'lib, singulyar  Shturm-Liuvill
operatorlari ushun to‘g‘ri masalalarni yechishda foydalanish mumkin bo‘ladi.
AHHOTanus: /laHHass cmambs Hocum meopemuyeckull xapakmep. B cmamobe
uccaedyemcsi kpaesasi 3adava IllImypma-/luysunis, 3adaHHass Ha NoOAYocu, U CB53b
Mmexncdy @yukyuetl Belias-Tuumapwa u cnekmpaavHol @yHKyuel. bbvi1 u3zeecmeH
cayqail onepamop lImypma-/luysusnsa u
cnekmpasibHas YyHKYusi, HatideHo peweHue cnekmpa/abHol yHkyuu 3adaqu LlImypma-

moyeYHbulll Beiins, ycmaHosseHbl
Jluysuns, nosyveHsvl U3N0xceHHble Memod u pe3ysabmamsl. Pezyasbmamul, nosyvyeHHble
8 pabome cmambl, HOCAM Mmeopemuyeckull xapakmep, U 015 peweHusl 3mux Mmo4HblX
3ada4 Mo2ym 6bImb UCNO/Ab308AHbI CUHSYASPHbIE onepamopbl LImypma-Jluysuins.

Annotation: This article is theoretical in nature. The article examines the SHturm-
Liouville boundary value problem given on the semi-axis and the connection between the
Weyl-Titchmarsh function and the spectral function. The Weyl point case was known, the
Sturm-Liouville operator and the spectral function were established, the solution of the
spectral function of the Sturm-Liouville problem was determined, and the presented
method and results were obtained. The results obtained in the work of the article are of a
theoretical nature, and the singular Sturm-Liouville operators can be used to solve these
exact problems.

Kalit so’zlar: Yarim o’qda berilgan SHturm - Liuvill chegaraviy masalasi, Veyl-
Titchmarsh funksiya, Spektral funksiya, Xos qiymat.

KnrwueBsble cinoBa: Kpaesas 3adaua Llmypma-/luyeunns, 3a0aHHas Ha noayocu,
@ynukyus Betins-Tuumapwa, CnekmpaavHas gyHkyus, BHympeHHsisi yeHHocmo.

Key words: Sturm-Liouville boundary value problem, eigenvalue, spectral
function, spectr, direct problem.

Ilmiy tadqiqot metodlari. Ishni bajarishda matematik analiz, funksional analiz,
chiziqgli operatorlar spektral nazariyasi va differensial tenglamalar nazariyasi usullari
go‘llaniladi. [1]:

Teorema 1. Agar m(7) - Veyl nuqtasi yoki veyl doirasiga tegishli bo’lgan biror
nuqta bo’lsa, u holda ixtiyoriy T € C\R
{—y” +q()y =1(),

y'(0) = hy(0),
h ixtiyoriy haqiqiy son va T kompleks parametr) tenglamaning

o, 1) =00x,1)+m@w(x,1)
fazoga tegishli bo’ladi hamda

kompleks son wuchun wushbu

(0< x < ), (buyerda q(x)€ [0, ») haqiqiy funksiya,

yechimi  L?(0, o)
ganoatlantiradi: [1]:

quydagi tengsizlikni
Imm(7)

,T)|2dx < —
[ 1o o < ==
0

Tarif 1. ¢(x,7) =0(x,7) + m(t)w(x, 1)
funksiyaga esa Veyl-Titchmarsh funksiyasi deyladi.

yechimga Veyl yechimi, m(7)
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Teorema 2. Agar (a,b) oraligning chetki nuqtalari p(A) spektral funksiyaning

uzluksizlik nuqtalaridan iborat bo‘lsa, u holda
b

1
p(b) — p(a) = _Ej Im{m(u + iv} du (2)
a
tenglik o‘rinli bo‘ladi.
2-Natija. Spektral funksiyaning xos qiymatdagi sakrash uzunligi Veyl-Titchmarsh
funksiyasining shu nuqtadagi chegirmasiga teng: [1],[2]::

p(Ao +0) —p(dy—0) = {gfom(l)- (2.1)
Ushbu
—y"+q(y =2, (0<x<b), (3.1)
y(0)cosa + y'(0)sina =0, (3.2)
chegaraviy masalani qaraymiz. Bu yerda q(x) € C[0, ) haqiqiy funksiya, a € R?
haqiqiy son.
Agar sin @ # 0 bo‘lsa, u holda (3.2) chegaraviy shartni
y'(0) — hy(0) =0, h = —ctg a, (3.3)

ko‘rinishda yozish mumkin. (3.1) formula (3.2) chegaraviy shart bajarilganda
keltirib chiqarilgan edi. Shuning uchun

o) A
m(z) = —ctga + f_m%(;,

funksiyalarni mos ravishda m,(z)va p,(1) orqali belgilaymiz. Agar (3.1)+(3.3) |
chegaraviy masalaning spektral funksiyasini p, (1) orqali belgilasak, u holda p, (1) va
pp (A) funksiyalar o‘zaro quyidagi formulalar bilan bog‘langan:

(sina # 0) formuladagi m(z) va p(A)

pa(A) = pn(A), (3.4)
Shuning uchun (3.1) formulani quyidagicha ko‘rinishda yozish mumkin:
[ 4o 1 [ dp) .
ma(z)——ctga+f P _h+sin2a J P (3.5)

Ikkinchi tomondan p; (1) spektral funksiya uchun quyidagi asimptotik formula
o‘rinli bo‘ladi:
2 -
pn() = —VI = h+ pp(=0) + 6(1), (3.6)

Spektral funksiyaning bu asimptotik formulasidan va (3.5) formuladan Veyl-
. Titchmarshning m,(z) funksiyasi uchun asimptotik formula topishimiz mumkin. [1], :

[2]:

Teorema 3. (3.1) + (3.2) chegaraviy masalaning m,(z) Veyl-Titchmarsh

funksiyasi uchun ushbu § < argz < m — z sohada quyidagi asimptotik formula o‘rinli:
i ctga (1

VzsinZa t sinza 7O (;) 2l = oo, B7)

Bu yerda § > 0 - biror musbat son. [1]:

Misol: Ushbu

my(z) = —ctga —
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. 2a*
T Ch2ax
¢ y'(0) = hy(0) =0,
S ,,«Jgj Shturm-Liuvill masalasining spektral funksiyasini topamiz.
% E' Ma’lumki masalada berilgan differensial tenglamaning umumiy yechimi quyidagi
. »‘f‘q“%i ko‘rinishda ifodalanadi: [3]:

y =21y, 0<x<o

sinVAx
y =10 (cos Vax — athax ] ) + G, (ﬁ sin VAx + athax cos ﬁx) .
Quyidagi
{O(x, 0)=0, {(p(x, 0)=1,
6'(x,0) =1, @'(x,0) =h

\ boshlanich shartlarni qanoatlantiruvchi yechimlari quyidagicha ko‘rinishda &**
' bo‘ladi:

. A
L&

6(x, 1) =

1
Tr a2 (VAsinVix + athax cos Vax),

sin VAx h
7 + T a2 (ﬁ sin VAx + athax cos \/zx),

o(x, 1) = cosVAx — ath(ax)

q(x) = 0 koeffitsiyent quyidan chegaralanganligi uchun Veylning nuqta holi
o‘rinli bo‘ladi.
g% Ushbu 2
@* Y(x, 1) =60(x, 1) + m(AD)e(x, 1) funksiya L?(0, ) fazoga tegishli bo‘ladigan qilib, \ ’»&z
© 2% m(Q) funksiyani tanlaymiz. Buning uchun quyidagicha ifodalashni bajaramiz: [3], [4]: @k -

1
0(x, ) + m(De(x, 1) = 15 a2 (\/1 sinVAx + athax cos ﬁx) +

sin VAx h
7 + T a2 (ﬁ sinVAx + athax cos \/zx) =

+m) | cosVaix — ath(ax)

_ %{;:}_“T; — Ai-\F/ZZ +m(d) + \/Lzm(/l)athax — ;}_l,_\/jz m(4)
a2 m(/l)athax} eVax 4
+ % {ZT‘Z; + /1:\_/12 +m(1) — %m(l)athax + ,1”:/32 m(4)
T m(/l)athax} e iVix, 4)

Kompleks ildizning ushbu
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u + vVu? + v? —u + Vu? + v?
\/u+iv=\/ > +i\/ > , v>0,

shoxchasini tanlash qabul qilinganligi uchun Im A > 0 bo‘lganda
eVx € 12(0,00) va e VA* ¢ [2(0, 00),

bo‘ladi. Demak, (4) tenglikda ikkinchi qavs ichidagi ifodani nolga tenglaymiz:

athax iva

Tt a2 + T+ a2 +m(1) — ém(l)athax + ,11}:/32 m(A) +
h
+/1 e m(A)athax =0,
——+ alfzz +m2) - %m(A) + %mm +—m@a =0,
Alﬁz +m() + A‘T/ZZ m(2) = 0
iV 1 iva
m(/l) =\ - . = — =
< /1+a2> . iV A+ a?+ihva
A+ a?
iVA(2 +a?®) + hA
T (A+adr+h2’
Demak,
1+ a®)V2
Im{m(1)} = — (A(-I— a2)2)+ 2 A>0,
bo‘ladi.

Natija. Ushbu m(z) = —ctga + f_";d”—m

, (sina #0) tenglikga asosan
oy g g S
quyidagi ifodaga kelamiz:

A+ a®)Va
p'(A) =174+ a?)? + h2}’ A>0
0, 1<0,
A
1 (t + a®)Vt

— A
p(D) =1 7n) (t+a?)?+ hztdt' >0,
0

0, A=<0.
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