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ANNOTATSIYA
Ushbu magolada yarim o‘qda berilgan SHturm-Liuvill chegaraviy masalasi
hamda Veyl-Titchmarsh funksiyasi va spektral funksiya orasidagi bog‘lanish
o‘rganiladi.
Kalit so‘zlar: Yarim o‘qda berilgan SHturm — Liuvill chegaraviy masalasi, Veyl-
Titchmarsh funksiya, Spektral funksiya, Xos giymat.

ABSTRACT
This paper examines the Sturm-Liouville boundary value problem given in the
semicircle and the relationship between the Weil-Titchmarsh function and the spectral
function.
Key words: Sturm-Liouville boundary value problem, eigenvalue, spectral function,
spectr, direct problem.

Teorema 1. Agar m(t) — Veyl nuqgtasi yoki veyl doirasiga tegishli bo‘lgan biror

nugqta  bo‘lsa, u holda ixtiyoriy T € C\R kompleks son uchun ushbu
-y +q)y =1(y), . :

, 0< x < ), (bu yerda g(x)€ [0, o) haqgigiy funksiya,
A A ). (bu yerda q(x)e [0, o) hagigiy funksiy

h ixtiyoriy hagiqiy son va T kompleks parametr) tenglamaning
(1) =0(x1)+m(t)w(x,1)

yechimi L2 (0, «) fazoga tegishli bo‘ladi hamda quydagi tengsizlikni qanoatlantiradi:
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Imm(7)

,D)|Pdx < —
[1oeorar < -
0

Ta’rif 1. @(x,7) =0(x,7) + m(r)w(x,7) yechimga Veyl yechimi, m(t)
funksiyaga esa Veyl-Titchmarsh funksiyasi deyladi.

Teorema 2. Agar (a, b) oraligning chetki nugtalari p(4) spektral funksiyaning
uzluksizlik nuqgtalaridan iborat bo ‘Isa, u holda

b .
p(b) — p(a) = —%fa Im{m(u + iv}du (2)
tenglik o ‘rinli bo ‘ladi.
2-Natija. Spektral funksiyaning xos gqiymatdagi sakrash uzunligi Veyl-

Titchmarsh funksiyasining shu nugtadagi chegirmasiga teng:

p(Ao +0) — p(o — 0) = res m(4). (2.1)
Ushbu
—y" +q(x)y = 1y, (0<x<bh), (3.1)
y(0)cosa + y'(0)sina = 0, (3.2)

chegaraviy masalani garaymiz. Bu yerda g(x) € C[0, %) hagigiy funksiya, a € R?

haqiqiy son.
Agar sina # 0 bo‘lsa, u holda (3.2) chegaraviy shartni
y'(0) —hy(0)=0, h=-ctga, (3.3)

ko‘rinishda yozish mumkin. (3.1) formula (3.2) chegaraviy shart bajarilganda keltirib

chiqarilgan edi. Shuning uchun

dp(1)

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

m(z) = —ctga + f_moo
funksiyalarni mos ravishda m,(z) va p,(1) orgali belgilaymiz. Agar (3.1)+(3.3)
chegaraviy masalaning spektral funksiyasini pj, (A1) orgali belgilasak, u holda p, (1)
va py(A) funksiyalar o‘zaro quyidagi formulalar bilan bog‘langan:
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po(A) = pr(A), (3.4)

sina

Shuning uchun (3.1) formulani quyidagicha ko‘rinishda yozish mumkin:

_ (doa) 1 [dp(@
my(z) = —ctga + f 1 _h+sin2a f P (3.5)

Ikkinchi tomondan p;, (1) spektral funksiya uchun quyidagi asimptotik formula

o‘rinli bo‘ladi:
2 —
pn(1) = ;\/I —h+ pp(—) + 6(1), (3.6)
Spektral funksiyaning bu asimptotik formulasidan va (3.5) formuladan Veyl-

Titchmarshning m,(z) funksiyasi uchun asimptotik formula topishimiz mumkin.

Teorema 3. (3.1) + (3.2) chegaraviy masalaning m,(z) Veyl-Titchmarsh
funksiyasi uchun ushbu &6 <argz < m —z sohada quyidagi asimptotik formula

o‘rinli:

[ ctga _/1
9% 5

m,(z) = —ctga — Trsina + Zsin’a —) ,|z] - o, (3.7)

Z
Bu yerda § > 0 - biror musbat son.
Misol: Ushbu
2a?

T ch?ax
y'(0) — hy(0) =0,

Shturm-Liuvill masalasining spektral funksiyasini topamiz.

y=21y, 0<x<o

Ma’lumki masalada berilgan differensial tenglamaning umumiy yechimi quyidagi
ko‘rinishda ifodalanadi:

sin ﬁx
V2

y=0 <cos Vax — athax ) + C, (\/I sinVAx + athax cos \/Zx) :

Quyidagi

https://t.me/ResearchEdu_Journal Multidisciplinary Scientific Journal May, 2022 131



https://t.me/ResearchEdu_Journal

RESEARCH AND EDUCATION ISSN: 2181-3191 VOLUME 1 | ISSUE 2 | 2022
e
{H(x, 0)=0, {go(x, 0)=1,

0'(x,0) =1, @'(x,0)=nh
boshlanich shartlarni ganoatlantiruvchi yechimlari quyidagicha ko‘rinishda bo‘ladi:

1
0(x,A) = T oz (\/I sinVAx + athax cos \/zx),
sinvV2x h
@(x,1) = cos Vx — ath(ax) + (\/I sinVAx + athax cos ﬁx),
VA A+ a?
q(x) = 0 koeffitsiyent quyidan chegaralanganligi uchun Veylning nuqta holi o‘rinli
bo‘ladi.
Ushbu

Y(x,A) = 0(x, 1) + m(De(x,1) funksiya L?(0, ) fazoga tegishli bo‘ladigan

gilib, m(A) funksiyani tanlaymiz. Buning uchun quyidagicha ifodalashni bajaramiz:

1
0(x, 1) + m(Dep(x, 1) = T oz (VAsinVAx + athax cos Vax) +
sinvV2Ax h _
+m(A) | cos Vax — ath(ax) 7 My (VAsinVAx + athax cosVax) | =
1(athax iV i ihv2
= E{A T 1t a2 +m(A) + ﬁm(l)athax “Tr a2 m(A)
ivax
+ T a2 m(/l)athax} e +
+1 athax+ iva +md [ Dathax + A 1
2(A+a? A+4a? m(4) \/Zm( Jathax /1+a2m()
—ivaAx 4
+ 1T a2 m(A)athax} e , (4)
Kompleks ildizning ushbu
+ A/172 + 2 —u + NETY + 2
\/u+iv=\/u 1; U+iju 2u v , v>0,

shoxchasini tanlash gabul gilinganligi uchun Im A > 0 bo‘lganda

eVIx € [2(0,00) va e Vx ¢ [2(0, ),
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bo‘ladi. Demak, (4) tenglikda ikkinchi qavs ichidagi ifodani nolga tenglaymiz:

athax iva [ ihva
T a2 + Tr a2 +m(A) — ﬁm(ﬂ)athax + T a2 m(A) +
+/1 ) m(A)athax =0,
a iva ia ihv2
1+ a2 ‘|‘/1 T 42 +m(/1) —ﬁm(/l) +mm(ﬂ) +A+ 02 m(/l)a =0,
iV ihv/2
T 2+m(/1)+/1+a2m(/1) =0
iV 1 iV
Ata?) WL A+a*+ikVa
A+ a?
WA+ a) +h
(A4 a®)z+h2r’
Demak,
A+ a®)Va
I =—
Mm@} = - Ay a2 + e 1=0
bo‘ladi.
Natija. Ushbu m(z) = —ctga+ ff;%? , (sina #0) tenglikga
asosan quyidagi ifodaga kelamiz:
A+ a®)Va
SRS LC ) S )
p' (1) (1 + a?)? + h22
0, A1<0,
17 (t+a)e
t+ t
: dt, A>0,

p(D) =1 ) (t+a??+ h2t
0
0, A<0.
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