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MOQALD HAQQINDA MOLUMAT XULASO
Magalanin tarixgasi Bu moagalada son intervalda niiva 6z-0ziina birlasan amsallart olan ikinci
Daxilolma tarixi: 23.09.2025 doaracali diferensial operator tonliklori nazardon kegirilir. Bazi sartlor yerino
Diizalig tarixi: 22.12.2025 yetirildikda, bu operatorun spektri bu tonliyin amsallart tigiin arasdirithir, bu
Qabulolunma tarixi:03.02.2026 spektrin qurulugu miiayyanlasdirilir. Bu operatorun qatnama teoremlori siibut
edilmisdir. Daha yiiksak sifarigli operatorlarin nizamh izi ii¢iin asimptotik
Acar sozlar diisturlar aliriq
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Tadqiq olunmus moqalods sonlu pargcada 6z-6ziino qosma niiva tipli operator omsalli li¢iin
ikinci tortib diferensial tonliklorin yiiksok tortibli requlyarlasmis iz diisturu alinmigdir. Baxilan
mosalonin maxsus adadlorinin qurulusa va bazi spektral xassolor [1] moqalosindo aragdirilmisdir.

Qeyd edok ki, diferensial operatorlarin requlyarlasmis iz diisturu ilk dofo 1.Q. Qelfand va
B.M.Levitan torsfindon sonlu pargcada Sturm-Liuvill tonliyi {igiin alinmisdir [2]. Bozi diferensial
operatorlar ti¢lin requlyarlasmis iz diisturlar1 L.A. Dikiy torofindon todqiqi olunmusdur [3].

Bu istigamotdo M.G. Qasimov vo B.M. Levitan [4], V.A. Sadovniciy [6] vo [5], V.A.
Sadovniciy [6] qiymatli todqiqatlar vardir.

[k dofs R.Z.Xolilova torofindon ikinci tortib operator omsalli diferensial tonliklor {igiin
requlyarlagmis iz diisturu isbat olunmusdur [7]. Bu istiqgamatds operator omsall1 diferensial tonliklor
iiclin E.Abdukadirov [8], M.Bayramoglu [9], ©.A.Adig6zslov [10], F.Q.Maksudov, M.Bayramoglu,
O.A.Adgdzolov [11], N.M.Aslanova [12], H.I.Aslanov vo K.G.Badolova [13] Albayrak I., Kokliik,
BayramovA.M. [14] torafindon iz diisturlari tadqiq olunmusdur.

Tutaq ki, H separabel Hilbert fozasidir.

H, = L,([0,1]; H) fozasinda

() =-y"(0)+Qx)y, 0<x<1 1)
diferensial ifadosi vo
y(0)=0, y(M)+ay(1)=0, a>0 (2)

sorhad sortlori ilo L operatoru toyin edok. Burada Q(x) operator-funksiyasi istonilon X€[0,1] ti¢iin H
Hilbert fozasinda 6z-6ziino qosma niiva tipli operator oldugu forz olunur. OSlava olaraq Q(X)
operator-funksiyasinin agsagida gostorilon sortlori do 6dodiyini forz edirik:

1. Q(x) operator-funksiyasinin (0,1) intervalinda 2k tortibli zaif toromolori vardir vo istonilon

X€[0,1] Tgilin Q((;lc))(l =0,1,2..2k) operatorlar H fozasinda 0z-6ziina qosma niivo tipli

operatorlardir.
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2. lstenilon x€[0,1] iiciin |[Q(x)|H < %minm(,umJr1 — WUy) burada py <py < <py, <

-1 cos VA + a sinVA = 0 tonliyinin miisbot kokloridir.
3. H-fozasinda elo ortonormal {¢,,} bazisi var ki,
n

D 10COPnlls, < o0
n=1

4. Istonilon feH vo 12 iigiin fol(Q(Zk-l) (x)f,f)zx =0
5. 1=01,..,2k ) Tug¢iin ”Q((fc)) || o funksiyalar1 [0,1] parcasinda Olglilon, mohdud
%51
funksiyalardir. Burada o, (H) -H Hilbert fozasinda tosir edon biitiin niiva tipli operatorlar fozasidir.
6. [0,1] pargasmnin ii¢ ndqtolorindo Q(Z({)_l -0, (=1,2, ... k-1) vo Q1) =0, (j =0,1,..k)
sortlori 6danilir.

Lo ila ly(y) = —y"'(x) diferensial ifadasi vo (2) sorhod sortlori ilo toyin olunmus operatoru
isara edok.

L, operatorunun spektri VA cos VA + asimv/A = 0 tonliyinin miisbat koklorindon ibarat olan
{,um}moi 10 < Uy < Yy <l < -o+, goxlugudur. Tanliyin hor bir kokii sonsuz tortibli moaxsusi
odaddir. u,, maxsusi adadina uygun ortonormal moxsusi vektor-funksiyalar

L|J£,?,)1(x) = amSm UmX " P, = 0’1’ (3)
soklindadir. Burada

PR | R— 4)
m — [1+aTcos3Vi
Qeyd edok ki, Lo operatorunun  p,,,-lardan fargli moxsusi adadi yoxdur. Dogrudan da, agar Lo

operatorunun ,,,-lordan fargli ,ue{ym}m _ 1 Moxsusi adadi vo uygun y(X) moxsusi funksiyasi

olardisa, bu halda L operatoru 6z-6ziina qosma operator oldugundan y(x) funksiyasi {amSm UnX -
(p”}:=1,n=1 sisteminin biitlin elementlaring ortoqonal olardi. Bu sistem isa tam system oldugundan
y(x)=0 olardi. Bu sistem isa tam sistem oldugundan y(X)=0 olardi. Bu isa y(x)-in maxsusi funksiya
olmasina ziddir. Bu zidiyyot Ae{um}moi oldugunu gostorir. Demali, maxsusi vector-funksiyalar

yalmz (3) soklinda elementlordir.
L operatorunun spektrinin qurulusu haqqinda [1] mogalasinds isbat olunmusdur ki, L
operatorunun spektri

1

Qi = [m = IQCOIHy, i + IIQ)IIH L m = 1,2,...
parcalarinin birlosmasindon ibarot coxlugun alt ¢oxlugudur, belo ki, a) L operatorunun €,
par¢asina daxil olan vo p,, — dan forgli olan hor bir spektr noqgtesi sonlu tortibs malik olan izds
edilmis moxsusi adoddir; b) u,, néqtalori L operatorunun sonlu va ya sonsuz tartibs malik olan
maxsusi adadi ola bilar;

© . . . .
c) {Amn}n —1 ilo L operatorunun Q,, par¢asina daxil olan moxsusi oadadlorini igars etsok,

lim, o Ay = Wy, miinasiboti dogrudur.
{Ymntm=1n=1 ilo L operatorunun {A,,,}m-1,=1 Moxsusi ododlorino uygun ortonormal
moxsusi vector-funksiyalar sistemini isara edok.

Tutaq ki, b, = {)l: [A] = %minm(/xpﬂ - yp)}

Br?m =(, lprgm)Hllpgmr Bnn = ¢ lpmn)Hll/)mn
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Bu halda

- 5

m=1n=1
033 ©
m=1n=1
=)y G5 ) "
m=1n=1 m=1n=

isbat olunmusdur ki, agor A adadi Lo vo L operatorlarinin requlyar ndqtosi ise, onda Ry — R}
operator H; fozasinda niivs tipli operatodur, yani (R; — RY) < o, (H,).

Eyni zamanda R, — Ry operatoru p(A) rezolvent ¢oxlugunda o;(H) fozasinin normasina
nozaron analitik funksiyadir, yoni

Z|/1np—,up|<oo, p=12,.. (8)

siralar miitlaq yigilandir.
Indi iso requlyarlagsmis iz diisturunun alinmasi {igiin vacib olan boazi miinasibatlori gostarak.
Qeyd etdik ki, 2ep(2) oldugda (R, — R} )eoy (Hy). Onda (5) (6), (7) barabarliklordon

tr(Ry = RY) = ZZ(W—A um—/1> ©)

m=1n=1

oldugunu alariq.

k
Bu boraborliyin har torfinin % —Yya vurub alinmis ifadeni |A| = b, = g(,upﬂ — ,up) ¢evrasi izra
inteqrallassaq alariq:

o f A<tr(Ry — RO)dA = Z Z("m 25 (10
|A|=bp m=1n=
Ogor Ry = R} — RjQ(x)R] boraborliyini nozoro alsaq asagidaki miinasibotin dogru
oldugunu alariq:

N
Ry —RY = Z(—nf RO(QRY) + (—~1)/*1R, (QRY)" ™ (11)
j=1
burada N istonilon natural ododdir.
RY(QRY)Y (i =12..) VoR, (QR,({)N+1 operatorlarinin H fozasinda niiva tipli operatorlar
oldugunu nozors alsaq, (10) va (11) borabarliklorindon alariq:

ZZ(A k) = Z (1) flk[RA(QRA)N+1 (12)

m=1n= [A|=bp

burada

Ml = SV
p 2mi

j tr((QrS)' ] da (13)

|A|=bp
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Sonuncu ifadeni miisayyon cevirmolor aparmaqla asagidaki sokilo gotirmak olar:

(=1 -k
j_ N k-1 0
e fa tr[QRY]dA (14)
|A|=bp
(1)-6) sortlarindan istifa do etmokls asagidaki miihiim teorem isbat olunmusdur:

Teorem 1. Ogor Q(x) operator-funksiyasi 1)-6) sortlorini 6doyorso, onda asagidaki

barabarliklor dogrudur:

hmM]—O j=2k+2 (15)
p—©
lim Aetr[Ry(QRY)" | da = 0,N = 2k + 2 (16)
p—oo
1A1=bp )
lim M} = (; . [trQ@k=2 (1) — trQ@k-2)(0)] (17)
p—

Ogor (10), (12) boraborliklorindon vo Teorem 1-don istifado etsok, osas notico olaraq
asagidaki teoremi alariq:

Teorem 2. Ogor Q(X) operator funksiyasi 1) - 6) sortlorini 6doyirsa, onda asagidaki
boraborlik dogrudur:

= s 2k+1
TZI {;(A’fnn —tm) — k- Z ]l'(_l)jﬁifn [Ak_ltr(QRg)j]} _

( 1) k[t Q((lz)k_z)—tTQ((,Zk_z)] (18)

Bu boraborliyin sol torofindoki siraya L operatorunun K tortibli regulyarlasmis izi deyilir.
(18) diisturu iss L operatorunun K tartibli regulyarlagmis iz diisturu deyil.
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Summary
The high order regularized trace formulas for second order differential equation with
self-adjoint nuclear class operator coefficients
Khatamova R.F.

Keywords: Hilbert space, operator, operator-differential equation, boundary condition, eigenvalue,

eigenfunction, spectrum, self-adjoint operator, nuclear type operator, resolvent, regularized trace.

In this paper the second order differential-operator equations with nuclear self-adjoint coefficients are

considered on the final interval. With some conditions on coefficients of this equation the spectrum of this operator is

researched, the structure of this spectrum is defined. The theorems of resolvent of this operator are proved. We get
asymptotic formulas for regularized trace of the highest order operators.

Pesrome
®opMyabI peryasipu30BaHHOIO CJie/la BBICOKOI0 MOpsaKa JJist 1updepeHINATEHOTO yPaBHEHUS BTOPOTro
MOPSIAKA C siAePHBIMH ONIePATOPHBIMM K03 puumneHTaMu
T'amamosa P.@.

Knrouesvie cnosa: ['unbbepmoso npocmpancmeo, onepamop, onepamopHo-oudepenyuaivruoe ypagHeHue,
epanuuHble YCao8us, coOCmeeHHvle 3HAYeHUs, CHeKmp, cOOCmBeHHble OnepamopHule
QYHKYUY,  CAMOCONPAXCEHHBIL — onepamop,  AdepHvle  ONepamopwvl,  pe30abeeHmd,
pe2ynapu308aHblil ceo.

B pabore Ha KOHEYHOM OTpE3KEe paccMaTpHBAIOTCS ONepaTopHO-AuddepeHInalbHbe ypaBHEHUS! BTOPOTO
Hopsiika C SJACPHBIMU CaMOCONPSDKEHHBIMU Ko durmeHnramu. [Ipu HEKOTOpBIX YCIOBUSAX Ha KOA(PQUIMEHTHI
OCHOBHOI'O YpaBHEHHS HCCIIEIyeTCs CIIEKTP JAHHOTO ONepaTopa, ONPEASNsieTcs CTPYKTypa 3TOro crekTpa. Boasres u
JIOKa3bIBAIOTCA TEOPEMBI O PpE30JIbBEHTE IAaHHOTO omnepartopa. llommaroTcst acHMITOTHYECKHE (GOpPMYIbl s
PEryISIpU30BaHHOrO CeAa MOpPsAKa TAaHHOTO OIepaTopa.
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