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DISKRET PARAMETRLI IKKINCHI TARTIBLI OPERATORLI
MATRITSANI CHEGARALANGANLIKKA TEKSHIRISH.

Mansurov Tolibjon Ziyodullo 0’g’li
Buxoro davlat Pedagogika instituti
“Aniq fanlar” kafedrasi o‘gituvchisi.
Xolmurodov Behzod Botir 0’g’li
Buxoro davlat Pedagogika instituti

“Aniq fanlar” kafedrasi o‘gituvchisi.

Annotatsiya. Panjaradagi soni saglanmaydigan zarrachalar sistemasiga mos
keluvchi blok operatorli matritsalarning spektral xossalarini o‘rganish bilan bog‘liq
masalalar statistik fizika, gattiq jismlar fizikasi, mexanika va gidrodinamikaning
ko‘plab sohalarida uchrab turadi. Shu nuqtai nazardan ushbu mavzu dolzarb
hisoblanadi.

Annotation. Issues related to the study of the spectral properties of block-operator
matrices corresponding to a system of particles whose number is not conserved in the
lattice are found in many areas of statistical physics, solid-state physics, mechanics,
and hydrodynamics. From this point of view, this topic is relevant.

Kalit so‘zlar: Gilbert fazosi, Fok fazosi, skalyar ko‘paytma, kompleks fazo,
qo‘shma operatorlar, 0‘z — 0‘ziga qo‘shma operator.

Keywords: Gilbert space, Fok space, scalar product, complex space, additive
operators, self — adjoint operator.

H, = C - bir o‘lchamli kompleks fazo, H; := L,(T9) - T4 da aniglangan kvadrati
bilan integrallanuvchi, (umuman olganda, kompleks gqiymatli) funksiyalar Gilbert
fazosi bo‘lsin. H® orqali H, va H; fazolarning to‘g‘ri yig‘indisini belgilaymiz, ya‘ni

H® := H,®H, [1].
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Odatda, H® Gilbert fazosiga Fok fazosining girgilgan ikki zarrachali qism fazosi
deyiladi. H® Gilbert fazosining ixtiyoriy f elementi f = (f,,f;) kabi tasvirlanadi,
bunda f, € Hy, f; € Hy [1].

f = (f,,f;) € H® elementning normasi

Il = \/nfon% TR

formula yordamida topiladi:

Ifollo = Ifol, It 1l = \/de j|f1(t)|2dt-
Td

Ikkita f = (f,,f;), g = (80,81) € H® elementlarning skalyar ko‘paytmasi
(£, 8) = (fo, 80)o + (f1, 81)1
kabi topiladi:
(fo,80)o = fo - 8o, (f1, 81)1 = defl(t)gl(t)dt.
H® Gilbert fazosida quyidagi ikkinchi tartibli
A(S) A
A A
Ay = (A‘i" AES) (1)
AOl A11
operatorli matritsani qaraymiz, bu yerda
Aii: Hi - Hi, i= 0,1, AOl: Hl - HO
operatorlar quyidagicha aniglangan:

A(()So)fo = szo, fo € Ho,

Agif =« Jv(t)fl(t)dt, f, € Hy;
Td
(A6 ) (0 = (—se + uE)F (), f; € Hy.
Bunda, s = +,& — haqiqgiy son, v(-) va u(*) lar haqiqiy giymatli uzluksiz
funksiyalar, o« > 0 — esa “ta’sirlashuv parametri”, A}, operator mos ravishda A,,
operatorga qo‘shma operatorlar bo‘lib, ular quyidagicha aniqlanadi:
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(Ao1fy, fo) = (f1, fohAGy)

(Apif,fo) = | a f v(Df,(Ddt, f | = « j v(Df; (Ddt, f, =
Td Td

= f av(tf, f;()dt = J f, (D) av(t)fydt
Td Td
Ajy = av(®fy
(Ap1fo) () = av(x)fy, fo € H.

1 — lemma. H® Gilbert fazosida (1) formula orqali ta’sir qiluvchi

ikkinchi tartibli A(ZS) operatorli matritsa chiziqli, chegaralangan va o‘z — o‘ziga
qo‘shma operator bo‘ladi [2].

A(zs)operatorni chegaralanganlikka tekshiramiz. Buning uchun shunday C > 0

soni topilib, ixtiyoriy f € H uchun

e

| <l

tengsizlik bajarilishini ko‘rsatamiz.

Buning uchun quyidagi munosabatlardan foydalanamiz:

follo = Ifol, I, 115 = j|f1(t)|201t,||f||2 = [Ifoll§ + 1f2ll5;
Td

a2 = Jaml + ool

”(A(ZS)DOHE = |S£f0 + (xde v(t)f; (t)dt |2

”(A(Zs)f)l”: = J|av(x)fo + (—ss + u(x))fl(x)|2dx,
Td

2

= |sef, + f v, Odt| +

Td

a2
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; f |av(0)f, + (—se + u(0)f GO dx.
']Td

So‘ngra ikki haqiqiy qiymatli a; va a, sonlar uchun
|a; +ay|? < 2[ay|* + 2[ay|?

tengsizlikdan foydalanamiz.

2

[ar" =

+

sefy + a jv(t)fl(t)dt
Td

f|av(x)f0 + (—ss + u(x))fl(x)|2dx < 2|sefy|? +
Td
2

+2 |a fv(t)fl(t)dt + J(Zlav(x)folz +2|(—ss+u(x))f1(x)|2) dx =
']Td Td
2
= 2Is2[elIfo % + 2]al? jv(t)ﬁ(t)dt t
Td

+ | @IIVGOPIfI? + 2152 + uCO PR GI)dx
Td
Endi yugoridagi munosabatlar uchun quyidagi Koshi — Bunyakovskiy
tengsizligini qo‘llaymiz:

JESEGE "< [ireorzax- [1georax

2

2
a2 < 2IsI21el?16, |2 + 2]al?

+

f VO, (Ddt

Td

+2lal?f, |2 jlv(x)lzdx 42 f|—ss +u@)|f (O 2dx <
Td Td

< 20s]2[el2If 12 + 2lal? j v(O)|2dt j £, (O]2dt +
Td Td
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+2laf?]f, |2 f|v(x)|2dx+z f|—se+u(x)|2|f1(x)|2dx.
Td Td

|lu(x)| < M munosabatdan foydalangan holda, quyidagiga ega bo‘lamiz:

2
a9 < 211211201613 + 21el2vI2 116 17 +

+2[al?[IfIGIVIZ + 2(—se + M)?|If|If=
=(IfolI52IsI?1el? + 2al?[IVII*) + NI 117 2lal (V]I + 2(—se + M)?);
Quyidagicha belgilash kiritamiz:
C? = max{(2[s|*|e|® + 2|al?[Iv]I*); 2lal?|IV]I* + 2(=se + M)?)}.
U holda

% |2 < C2(lIfl13 + 1. 113) = || At |2 < C?|lf? =

||A(;)f

| <l

Demak, diskret parametrli ikkinchi tartibli operatorli matritsa A(ZS) chegaralangan
operator ekan.
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