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Respublika miqyosidagi ilmiy-texnik anjuman materiallarida zamonaviy
innovatsion tadgiqotlarning dolzarb muammolari va rivojlanish tendensiyalari
sohasidagi innovatsion tadgiqotlar aks etgan.

Globallashuv sharoitida davlatimizni yanada barqaror va jadal sur’atlar bilan
rivojlantirish bo‘yicha amalga oshirilayotgan islohotlar samarasini yaxshilash
sohasidagi ilmiy-tadgiqot ishlariga alohida e’tibor qaratilgan. Zero iqtisodiyotning,
ijtimoiy sohalarni gqamrab olgan modernizatsiya jarayonlari, hayotning barcha
sohalarini liberallashtirishni talab gilmoqda.

Ushbu ilmiy ma’ruza tezislari to‘plamida mamlakatimiz va xorijlik turli
yo‘nalishlarda faoliyat olib borayotgan mutaxassislar, olimlar, professor-o‘qgituvchilar,
ilmiy tadqgiqot institutlari va markazlarining ilmiy xodimlari, tadqiqotchilari, magistr
va talabalarning ilmiy-tadqiqot ishlari natijalari mujassamlashgan.
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Mazkur to‘plamga kiritilgan ma’ruza tezislarining mazmuni, undagi statistik
ma’lumotlar va me’yoriy hujjatlarning to‘g‘riligi hamda tanqidiy fikr-mulohazalar,
keltirilgan takliflarga mualliflarning o‘zlari mas’uldirlar.
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Abstract. We study the discrete spectrum of a wide class of discrete

= f 2
Schrédinger-type operators HP =Hy+uV Z-,

H

on the two-dimensional lattice

V

where “°0 is a Laurent-Toeplitz-type convolution operator, * is a finite rank potential

=0U. . . .
and # = 0 is the coupling constant. In the case of existence, we study the asymptotic of

eigenvalues of H, as i = T

Keywords and phrases: one-particle discrete Schrédinger-type operators,
potential, essential spectrum, eigenvalue, asymptotic behavior.

— d
In the present paper we replace the Euclidean d dimensional space R by the

_— T2 £2(T2) .
two-dimensional lattice Let be the Hilbert space of square-summable

2
functions on - . We denote by

T? = (R/27Z)? = (-7, 7]

) ) EE LE (']['2:] )
be the two — dimensional torus, the dual group to ™ and be the Hilbert
T? (T?)

can be

2
space of square-integrable functions defined on = ° Elements of L

d
considered as functions fiR ¢, in periodic each coordinates.

-

In the coordinate space representation, the energy operator i, of a one-particle

Z -~
system on the two-dimensional lattice - with a potential field Vis defined as
H, =Hy+ uVv 1)

where the free energy operator H, is a Laurent-Toeplitz-type operator in

£2(72)
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A, () = Z e — NG, feem,
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yEL?

& 1 (72
given by given by a Hopping matrix be £€ £°(Z°) of the particle which satisfies

- -y 2
£(0) = é(—x) for all x € L , and the potential energy operator is the multiplication in
2 r2
t°(Z )by the function
a, If x =0,
plx)=< b, if |x|=1,
0 if |x|=1,

a,b €R {0}

where

2 2
In the momentum space representation, the operator acts in L= (T*) by
HFJ =FH,F"+ uFVF*=H, + uV,
where
F:£*(Z%) - (T, Ff(p)=(@2m)™" Z f(0e®
xeT2
is the standard Fourier transform with the inverse. The free Hamiltonian Hyis the

[2(T? £ = 2mFE
[2(T?)

multiplication operator in ) by the function socalled the dispersion

relation of the particle and the potential V acts on

1
V@) = 5= | - (@dg
']['2

as a convolution operator

with the analytic on © kernel

vip) = Fi(p) = 2—:; Z vlx)e®* = 2—:; (a—|— ZbZ cosp; )

xeL?
Since v is compact, by Weyl’s Theorem [8, Theorem XIII.14],
Jess I:Hy] = J(Hﬂ] = [mm £, Max E] = [Ema'n- Ema_r]
In what follows we always assume:

Hypothesis 1. The dispersion relation € is a real-valued even function,

symmetric with respect to coordinate permutations and having a non-degenerate
_}

T = (m,m eT? £ TT.

unique maximum at . Moreover, © is analytic near

Recall that
LE(TEJ — LE.ES(TE) $ LE.E&(TE) $ LE.GS‘I:']I‘E) @ LE.G&(TE).
Recalling that

a b
Vi(p) = —Ef flg)dg +— | (2cosp,cosq, + 2cosp,cosq,) f(q) dg
411 J= 41 )=
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b . . . )
+— (ZSlnplsmql + 2sinp,sing,) f(q) dg

472
2. . : : V.
we get that each is invariant also with respect to
Thus, we study the discrete spectrum of H, separately restricted to these
subspaces. Moreover, we study the asymptotics of eigenvalues as yu — +oo. The
existence of eigenvalues for this operator is explored in this work [2, 5, 7-11]. In this

work, we only define the asymptotic expansions of eigenvalues as g teo.

Next, we study the asymptotics of eigenvalues of H, as = T

Theorem 3. (a) Let € {os, 0, ea} and let E,() be the unique eigenvalue of
Hylizome) . Then

( 1
b,u—l—ﬁ (sing, + sing,)*e(q) dg+ 0(1/K) if w = os,
]1'2

1
Em(pr:{b,u—Fﬁ (sing, — sing,)*e(q) dg+ 0(1/p) if w=o0a, (2)
]1'2

1
b,u—l—a (cosq, — cosq,)?s(q) dg+ 0(1/y) if w=-ea
]IZ

CIS*u — +o0,

(b) Let ¥ = €5 ab <0 ;hq1er Ees() pe the unique eigenvalue of Hylizesas)

Then
E.(u)=
1
bp—|—4 . (casql—kcasqzjzs(q] dq+0(;_1) if b>0>a
= a 1 (3)
ap+ E(q]dq—FO(E) if a>0>b
as n—= +co,
— (1] {2]
(c) Let w=es,a,b>0 and let Ees" () and Ees () pe the eigenvalues of

HP ILZ"ES{-.I].-Z:I Then
maX{ (W), Em(,u)} =max{y, (W), Y,(W) }+ 0 (E) (4)
: p

and

. (23 — i l
min (£ (0, ES ) = mintp, s} +0 () )
as* 7 T yhere

a
Y, (W) =au+-—| e(q)dg,
4?—[2 T2
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b
Yo ():=bu+— | (cosq,+cosq,)*e(q) dg.
]1'2
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DIOFONT TENGLAMALARINI YECHISHDA ZANJIRLI KASRLAR
XOSSALARIDAN FOYDALANIB YECHISH USULLARI

Xoljigitov Dilmurod Xolmurodovich,
Xolmanova Klara Yangiboy qizi
O‘zbekiston Milliy universiteti Jizzax filiali
Omonova Laylo, Tog‘ayev G‘ofur
O‘zbekiston Milliy universiteti Jizzax filiali talabalari

Annotatsiya. Ushbu maqolada zanjirli kasrlar hagida ma’lumotlar berilib shu
zanjirli kasr yordamida diofont tenglamalarini yechishda foydalanganmiz. Qisqa qilib
aytganda diofant tenglamalarini yechishda chekli uzluksiz kasrga yoyish orqali
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