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The winning second project in the Science Development Foundation
competition by Khazar University’s Department of Mathematics

One of the winning grant proposals of “Basic Grant Competition” of the Science
Development Foundation (SDF) Under the President of the Republic of Azerbaijan is
titled “Investigation of mathematical modeling of some class of stationary and
non-stationary problems of mechanics and physics”, one of which participants is
prof. Nazim Kerimov from the Department of Mathematics of Khazar University. In the
project, along with Nazim Kerimov, there participate 7 researchers from Baku State
University and Institute of Mathematics and Mechanics of the National Academy of
Sciences. The project period is 12 months.

Within the framework of the project it will be investigated both the longitudinal and
torsional oscillations of the Euler-Bernoulli beam with loads at the ends, as well as the
bending oscillations of the Euler-Bernoulli beam with inertial load at both ends and the
force acting on the axis at the cross sections. Such types of vibrations of the Euler-
Bernoulli beams are encountered during flights of spacecrafts and aircrafts, the
extraction of residual oil from oil wells, and many other processes in physics,
mechanics, and engineering.

Mathematical models of the mentioned problems will be expressed by boundary value
problems for the second and fourth order partial differential equations of hyperbolic
type. These boundary value problems will be reduced to the eigenvalue problems for
linear and nonlinear ordinary differential equations of the second or fourth order, which
contain the spectral parameter in the boundary conditions by applying the method of
separation of variables. The project will give a general description of the location of the
eigenvalues of linear spectral problems on the real axis, determine the order of
multiplicity of all eigenvalues, study the oscillation properties of the eigenfunctions,
obtain asymptotic formulas for eigenvalues and eigenfunctions, and select two, three or
four other systems, as will be shown to form bases in Lebesgue spaces.

Using these results we will prove the existence and uniqueness of classical solutions of
direct and inverse problems for the corresponding partial differential equations, as well
as the existence of an unbounded continuum of solutions of nonlinear problems
containing spectral parameters in boundary conditions. The existence of a global
solution for stationary and non-stationary nonlinear equations or systems of equations
obtained as a result of mathematical modeling of processes such as heat transfer, air
filtration in a certain environment, and gas separation in a closed medium will be
studied, also sufficient conditions will be found for the absence of a global solution, and
the accuracy of the sufficient conditions.

A package of recommendations and suggestions will be prepared for estimation of non-
stationary oscillations of a vertical liquid column stratified by density and their
stabilization for wave propagation in the elastodynamic system, wave frequency
evaluation and practical application. Mathematical analysis of processes will be carried
out in concrete tests, the corresponding analytical expressions of hydrodynamic
guantities and physical parameters and the range of concrete values will be specified.



The discovered solution of the mathematical model of the physical event and posses
will allow to understand the essence of the considgred model, to compare and evaluate
the effectiveness of asymptotic and approximate numerical methods.

Elmin Inkisafi Fondunun miisabiqasinds Xozor Universiteti Riyaziyyat
departamentinin galib olmus ikinci layihasi

Azerbaycan Respublikasinin Prezidenti yaninda Elmin inkisafi Fondunun (EiF) “Elmi
tadqigat layihaleri Uzre asas grant musabigasi’nin digar galibi Xezer Universitetinin
Riyaziyyat Departamentinin professoru Nazim Karimovun istirak etdiyi “Mexanikanin va
fizikanin miiayyan sinif stasionar va geyri-stasionar masalalarinin riyazi
modellarinin tadqiqi” adli layihadir. Layihada Riyaziyyat Departamentinin amakdasi
Nazim Karimovla yanasi Baki Dovlet Universitetinin voa AMEA Riyaziyyat ve Mexanika
institutunun smekdaslarindan ibarst 7 tedqgigatg! istirak edir. Layihenin icra middasti 12
aydir.

Layihada uclarinda yukler olan Eyler-Bernulli gubugunun ham uzununa va burulma
rogslari, heam da uclarinin har ikisinds inersial yuk olan va en kasiklarinds ox uzra quvva
tasir eden Eyler-Bernulli cubugunun ayilma ragsleri tedqgiq olunacaqdir. Eyler-Bernulli
cubugunun bu cUr regslerine kosmik gemilerin va teyyarelarin uguslari, neft
quyularindan galig neftin gixariimsi va fizikanin, mexanikanin ve texnikanin bir gox diger
proseslari zamani rast galinir.

Qeyd olunan masalalarin riyazi modelleri ikinci ve dordincu tertib hiperbolik tip xUsusi
toromali diferensial tenliklor Gg¢un serhad masalsleri ile ifade olunacaq. Bu serhad
masaleleri dayisanlare ayirma Usulunun tatbiqgi ile serhad sertlerine spektral parametr
daxil olan xetti ve geyri-xatti ikinci ve ya dorduncu tertib adi diferensial tanlikler Gg¢un
maxsusi giymat masalalerina getirilecekdir. Layihads xatti spektral masalalerin maxsusi
adadlerinin hagqiqi oxda yerlesmasinin Umumi xarakteristikasi verilocak, butin maxsusi
adadlarinin tekrarlanma tertibleri muayyenlesdirilocek, maxsusi funksiyalarinin
osillyasiya xassaleri dyrenilacek, maxsusi adadleri voa maxsusi funksiyalari Ggln
asimptotik dusturlar alinacaq, maxsusi ve qosulmus funksiyalari sistemindan ikisi, Ugu
vo ya dordu atildigdan sonra yerde qalan sistemlerin Lebeq fezalarinda bazis emala
gstirmalari gosterilacakdir.

Bu naticalarin kdmayi ile uygun xUsusi téremali tanlikler tglin diz ve ters masalalerin
klassik hallerinin varligi ve yeganaliyi, sarhad sartlerine spektral parametr daxil olan
geyri-xatti masalalarin hallarinin geyri-mahdud kontinuumlarinin varligi gosterilacakdir.
Burada ham ds istilikkegcirma masalasi, muayyan miuhitde havanin filtrasiyasi, qapali
muhitde qaz ayriimasi prosesinin prognozlasdirimasi kimi proseslerin riyazi
modellesdirimasinden alinan stasionar ve geyri-stasionar geyri-xatti tenlikloer va ya
tonliklar sistemi Gguln global hallin varligi masalasi dyranilecak, global hallin yoxlugunu
teamin eden kafi sartler tapilacaq ve bu kafi sartlerin daqigliyi dyranilacakdir.

Sixhigina gora stratifikasiya olunmus saquli maye sutununun geyri-stasionar ragsleri ve
onlarin stabillegdiriimasi elastodinamik sistemda dalgalarin yayimasi, dalga tezliyinin
giymatlendiriimasi ve praktikada tetbiq masalslari tglin tovsiya ve taklifler paketi
hazirlanacaqdir. Konkret testlerds proseslarin riyazi analizi aparilacaq, hidridinamik
kemiyyatlerin ve fiziki parametrlerin uygun analitik ifadsleri ve konkter giymatlar oblasti
gostarilacakdir. Fiziki hadise ve posesin riyazi modelinin askar alinmig halli baxilan



modelin mahiyyatini derk etmays, asimptotik va teqribi adadi Usullarin effektivliyinin
mugayisasini va giymatlandirimasini aparmaga imkan veracakdir.



