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1. Introduction

We consider the initial-boundary value problem for pseudo-
parabolic differential equation with delay in the domain
0=0x[0,7]:Q=[0,1], 0=0x(0,T], 2=(0,1):

au(@j’t)_a(t)a;ig;’zt) b(t)a u(x t)+ (t)a u(xt r)
+d(t)u(x,t)+f(x,t), (x,z) €0, (LD
u(x,t) = (x,1), (x,t) Qx[-r,0], (1.2)
u(0,6)=u(l,t)=0,1e (0,T], (1.3)

where a>a >0, b,c,d, fand ¢ are sufficiently smooth functions

satisfying certain regularity conditions to be specified, » >0 repre-
sents the delay parameter. Equations of this type arise in many areas
of mechanics and physics. They are used to study heat conduction
[11], homogeneous fluid flow in fissured rocks [9], shear in second
order fluids [16,23] and other physical models. The important
characteristic of these models is that they express the conservation of
a certain quantity (mass, momentum, heat, etc.) in any sub-domain.
For a discussion of existence and uniqueness results of pseudo-
parabolic equations see [10,12,18,23]. An overview of some approxi-
mate methods and applications of pseudo-parabolic equations can be
found in [2-6,13-15,19,20,24]. The numerical study of pseudo-
parabolic equations with delay has been given in [6,19] and re-
ferences therein. We also note that, various approximate methods for
delay parabolic equations were investigated in [1,7,8,17,21, 22]. In
this study, we use the method of lines for the discretization in space
variable for the problem (1.1)-(1.3). The method of lines is a general
technique for solving partial differential equations by typically using
finite difference relationships for the spatial derivatives or the time
derivative. Our aim is to get a fourth-order accurate difference-
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differential scheme and to establish the error estimate for its solution.
For the time variable we use the appopriate Runge-Kutta method for
the realization of our difference-differential problem. Numerical
results are also given at the end to demonstrate the efficiency of the
method.
2. The Difference Scheme and Convergence
On the q, we introduce the uniform mesh
w, ={x, =ih, i=1,2,..,N-1, h=1/N}
and denote g, ; =(g., —2g,+g_,)/h’ for any mesh function g,.
We propose the following difference-differential scheme for
approximating (1.1)-(1.3):
i~ (a - /12) ) »(t):(b(t)+d(t)h2/l2) ORS00y ()
+d(t)y,(t)+[fl+1(t)+10f(t)+f (®O1/12,i=1,2,..,N-1,t (0,T], 2.1
V()= @;(t).i=0,1,2,...N,t € (0,T], (2.2)
Vo) =y (0=0,1€(0,T]. (2.3)
Theorem 2.1. Let the derivatives 0u/otox®, 6% /ox® are bounded on
the 0 and a—-h*/12>a, >0. Then the error of the problem (2.1)-
(2.3) satisfies
V(- (| <Ch*,i=0,1,...N, 1€ (0,T].
3. Numerical Example
Consider the particular problem
2
—(x -2 a@ 5 (x,1)— o (x H+e 8 > (x t—=1)+u(x,t) = e sinh(x),
(x,1) €[0,1]x(0,2],
u(x,1) =100e™" (sinh(x) - xsinh(1)), (x,7) €[0,1]x[-1,0],
u(0,5)=u(l,1)=0,1<(0,2].
The exact solution of this problem is
u(x,1) =100e™ (sinh(x) - xsinh(1)), (x,7) €[0,1]x[-1,0].
To solve this problem numerically, we use the appropriate Runge-
Kutta method. The spatial and time steps are both taken to be 0.1. The

obtained results are essentially in agreement with the theoretical
analysis.
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Many processes in nature have multiscale nature. These
include flows in porous media, deformation in composite materials,
pore-scale processes, and so on. Numerical solution techniques for
these processes are prohibitively expensive and require resolving
fine-scale details. For example, solving flows in porous media at the
pore scale require resolving distances between the particles. Such
high-level resolution is prohibitively expensive for simulations at
large scales. For this reason, some type of model reduction is
necessary.

Processes in perforated domains constitute one of very
important multiscale problems. In these problems, the partial
differential equations are solved outside perforations. More

precisely, if we consider Qc R? (d=2,3) to be a bounded
domain covered by inactive cells (for Stokes flow and Darcy flow) or

active cells (for elasticity problem) B®. We use the superscript & to
denote quantities related to perforated domains. The active cells are
where the underlying problem is solved, while inactive cells are the
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rest of the region. Suppose the distance between inactive cells (or

active cells) is of order & . Define Q)° := Q| B*. See Figure 1 for an
illustration of the perforated domain. We consider the following

problem defined in a perforated domain Q°

L(w)y=f, in QF (1)

w=00r@=0,0n8£280835, )
on

w=g,on 0QNoQ°, 3)

where L° denotes a linear differential operator, n is the unit
outward normal to the boundary, f and g are source and boundary
terms.

Figure 1. lllustration of a perforated domain, coarse elements and
coarse neighborhoods.

The numerical solution techniques developed by multiscale
procedures consist of approximating the solution on a coarse grid
(see Figure 1 for the illustration of a coarse grid). Traditional
approaches include numerical homogenization or upscaling ([23]).
The main idea of these approaches is to derive macroscopic
equations and local solutions, which allow computing the
macroscopic coefficients. To demonstrate an example, we consider
Stokes system in a periodic domain with a period size & (see [23])

~Vp, + pe’Av, = finQ_,div(v,) = 0,inQ,, 4)
v, =0 on 0Q,. Solving this equation requires a fine mesh that is

smaller than & . In homogenization or numerical homogenization,
our goal is to solve this problem on a coarse grid. It can be shown
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that for periodic or scale separation case, the homogenized equation
has a form

K, 0 )
v =L (42 (6, div(sy) = in
H ox,;

We omit many details of the description and emphasize that
the main idea is to write the homogenized equations in the domain
without perforations. The permeability tensor x, is defined by

solving local Stokes problems in each period subject to periodic
boundary conditions (see [23] for details). These approaches are
limited by the assumption on periodicity and they limit adding more
degrees of freedom. In many applications, one needs extra degrees of
freedom to represent more complex scale interactions. For this
reason, we have generalized and proposed a new approach,
Generalized Multiscale Finite Element Method (GMsFEM).

The main idea of GMSFEM is to compute the multiscale basis
functions in each region coarse region (see Figure 1 for illustration).
The construction of multiscale basis functions is discussed in many
previous papers [14,11,8,7,9,16,17,15,13,10,5]. Our approaches are
motivated by recent works [22,21,3,4]. For problems in perforated
regions, we proposed corresponding algorithms in [12]. Next, we
briefly describe the main idea of our approach.

The GMsFEM follows the main concept of Multiscale Finite
Element Method (MsFEM) [18,19,20,6,1,2]; however, it
systematically constructs multiscale basis functions for each coarse
block. In the first step, the GMSFEM uses local snapshot vectors
(defined on coarse grids) to represent the solution space. More

precisely, we denote by ¢#°)" the snapshot vectors defined in a

coarse grid @ .. The use of snapshot spaces is essential in problems
gr ; p p p

with perforations, because the snapshots contain necessary geometry
information. The snapshot vectors are typically constructed by
solving local problems with various boundary conditions (including
all possible boundary conditions), see [12]. For example, for Stokes
system, we construct the snapshot vectors for the velocity field. In
the second step of the GMsFEM, we construct multiscale basis

ms

functions, ¢

Lo, 2

as a subspace of the snapshot space. For this
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purpose, in the snapshot space, we perform local spectral
decomposition to identify multiscale basis functions. These basis
functions are derived based on the analysis. The obtained multiscale
basis functions are not conforming. When using in conforming finite
element discretization, we multiply these basis functions by a

partition of unity functions y, , which are zero on the boundary of
@ ;. More precisely, for each coarse block, we have )(w/qﬁi‘?;f/ . These
basis functions are used to solve the global problem in a variation
form. More precisely, if we denote multiscale basis functions for all

coarse blocks by @, we seek w, = ZC[(DW[ .
i

Multiscale basis functions constructed in each coarse region
represent the reduced representation of the solution. For example,
one multiscale basis function in each region can correspond to the
numerical homogenization technique. In general, the number of
multiscale basis functions in each coarse region depends on the
complexity of the solution space. One needs to employ some type of
adaptivity to determine the number of basis functions. We employ
adaptivity to define how many basis functions to select in every
region for a given error threshold. The adaptivity is done by defining
an error indicator function and it is derived from the analysis. The
multiscale basis functions are coupled via a global Galerkin
formulation.

Our numerical results indicate that with a very few basis
functions, one can achieve a small error. Moreover, using adaptive
strategies, we can define the necessary number of basis functions in
each coarse region.
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Abstract. In this paper one method for finding the numerical
solution of the Cauchy problem for a 2D nonlinear equation
describing of conservation laws, sufficiently close to each other

f(u) and g(u) of which f"(u)>0 and g"(u) >0 is proposed. Our
initial data consist of three piece constants in the (x,y) plane. The

adapted grid is constructed taking into account the configuration of
initial function, and on the adapted grid a new finite differences
scheme for obtained solution is originated. Some computer tests have
been carried out.
Keywords: Hyperbolic conservation laws, Finite differences scheme
in a class of discontinuous functions, High-order accuracy
1. Introduction. This paper is devoted for obtaining the numerical
solution of the Riemann problem of two dimensional scalar
conservation law. The questions of existence and uniqueness were
studied in important works [6], [7], [17], [21]. But these results give
a little information for quality behavior of the exact solution. Similar
problem for one dimensional Riemann type problems have been
studied in significant papers [3], [5], [9], [12] end to end.
Investigations of quality properties of the exact solution of 2D
Riemann problem have been begun from primarily works [4], [19].
In [4], the author gives a new namely “rarefaction” property, which
is possessed in the solution of 2D equations of conservation laws.
Then the J.Guckenheimer’s theory was developed by W.B. Lindquist
in [10], [11]. Consequent research is found in [5], [13], [18], [20]
and etc.
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Applications finite differences methods to find of the solution
of the investigated problem above, is examined [1], [2], [8], [16] and
etc.

As it is known that, even one dimensional cases, the solution
have points of discontinuous whose locations are known beforehand,
even if the initial function is sufficiently smooth. When the number
of spatial variables is more than two, amount of points of
discontinuities are indefinite. Special research is required in order to
select what is discontinuity is admissible from physical point of
view. Therefore, presence points of discontinuities in solution does
not permit us to approximate differential equation by finite
differences, directly, because by approximation derivatives with
respect to both spatial variables the break is spread on some points of
the grid.

In this study, we intended to develop the numerical method for
finding the solution of the problem (1), (2), and exhibit some
behaviors of it. For this aim, we will use the auxiliary problem
instead of problem (1), (2). By using the advantages of the suggested
auxiliary problem, a new numerical algorithm will be proposed.

Now, in R* x R" space we consider the following problem

5_u+ 9f (u) + og(u) _ 0, 1)
ot ox oy
u(x,y,0)=u,(x,y). 2)

Here, f and g are given functions satisfying following conditions

(i) f(u), gw)eC* (R,
(i) f"(u)>0 and g"(u)>0,

!

and u,(x,y) is piecewise constant function in R’ with take the

values (u,,u, ,u,) as
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u,, 0SOS£+a,
2
u,(x,y) =1 u,, £+a<9s3—ﬂ, 3)
2 2
u,, 3—7TS€S27T
2

where, u,, u, and u, take the value (1,2,3) respectively, and
0<a<% is any angle.

As we noted above, the exact solution of the problem may not
exist. We will define the weak solution as follows.
Definition 1. The function u(x,y,#), u:R>xR" — R satisfying the

initial condition (2) is called a weak solution of the problem (1), (2),
if the following integral relation

LZW{% + f(u(x, y, z))%

op(x,y,t
+g(u(x, y,1)) %}dxdy + J.RQq)(x, 1,0)dxdy =0 4)

is hold for any test function ¢(x,y,t)e C” and vanishing for

sufficiently large /x* + y* +¢.

2. Derivation of the Auxiliary Problem. In order to find the weak
solution, according to [14], [15], we will introduce an auxiliary
problem. To this end, we integrate the equation (1) over

D, ={-0<&<x,—o<n<ycR’ domain

X

%J:j;u(gaﬂ,t)dédn + J.;f(u(x,n,t))dn + J' wg(u(é,y,t))dg
= J‘;f(u(—oo,n, 1))dn + J‘;g(u(g,—oo,t))dg _ (5)

Let us denote
wix,0) = [ [ u(n.ndédn + P(x,y.0). (6)

Here
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y X
P(x, )= [ flu(=o0,n,0))dn + [ glu(&,~o0,0))dé .
It is easily to shown that
Mw(x, y,1) =u(x, y,1), (7
where M is operator defined as

=20,

According into consideration (6) the equation (5) can be rewritten as

SELDL [ (vt Om)n + [ g(MOuE v 0)ME ®)
Initial condition for (8) is
w(x, y,0)=w,(x, ) . )

Here w,(x,y) is any continuously differentiable solution of the
equation
Mw, (x,y) = uy(x, y) (10)
The problem (8), (9) is called an auxiliary problem.
Auxiliary problem has the following advantages:

o The order differentiability of w(x,y,f) is more than the
order of differentiability of u(x, y,?) .

e In process of finding of u(x,y,t) in algorithm, the
derivatives of u with respect to x, y and ¢ does not occur, as
these derivatives does not exist.

e On the basis of the problem (8), (9) we can write higher

order differences scheme with respect to ¢ (for instance,
using Runge-Kutta type methods) .

2.1. Adapted Grid and Numerical Algorithm. In order to find the
numerical solution of the problem (8), (9), now we construct the
finite differences method. For this aim, we create the following grid

over the D, domain.
Provided that L is any positive sufficiently large number,we create an
“adapted” grid over the domain D For this, let us firstly

(=L,L) "

establish the following grid over the segment [/, /] of the oy axis
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y’y

o, = {y i

Afterwards, we adapt the nodal points over the ox axis with
the initial function as follows.

—C+jh , h g j=0,1,2,...,m}.
m

o
X

B

Figure 1.
From the right triangle OAB we get h{” = h ctanx . Now, we

divide [-/,/] into n subintervals with equal width 4'*’. Thus, we
have
0,0 = {5 X, ==+ ih', i=0,12,.,n}

wh&”’hr = {(xi’yi)| X €WDywrs V; €O }

Now, we divide [x,,x,,] and [y, y,,] segments into the

numbers p and g equal subsegments, respectively. Scheme of the

points mentioned above denoted by
(x5 )

Q(h; hj) _{gv :xi +Vh§’r]y :yj +:uhv;v:051:2:"'9npa

u= 0,1,2,...,mq}.

It is obvious that, x,=&p, y,=n.49, h =——, h =-—",
() QC
UQ(h hy) Qq, i)
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Integrals involved in equation (8) can be written in the
quadrature formulas as follows

stz r0he =Y gV, v,00)
J om0l =1, U0xn,000)

5 i
[ Juennagin=hnYy YU, v,.0).

=0 v=0 u=0
Substituting these expressions in equation (8), we get the following
finite differences system of equations

LD UCRIAMEUCRINA)

v=l pu=1

q-J pii
+ Thﬂ Zf(U(xi’nH 2 Z/f ))+ h§ Zg(U(év s yj’ Zk ))
p=l v=1

—hanjf(U(—ooanm))—hijg(U(év,—oo,zk)F0. (11)

From the last system of equations we get

ZZU(xv,yﬂ, )= S UGyt~ ngf(U(x,,m,t )

v=l pu=1 v=l pu=1
p-

— &, Zg(U(év ’yj’lk ))+ & Zf(U(—OOaUHJk ))

v=l u=1

+g 3 alU(E ~0.1,)),

th, _ Th,
Ko, 8 o

Taking into account below equality
i-1 j-1

ZZa =a,+y Ya, +Za +Za

v=l u=l1 v=l u=l1
the last system of equations can be written in the followmg form

here g =
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i-1 j-1

J— i—1
t/k+1_ ZU(xv’y,u’llﬁ-l)_ZU(xv’yj’lk)

v=l u=1

—Zuoc,,yﬂ,z)! UG, 3,000~ 2 S FUGm,0,))

v=1l pu=1 u=1

- gzzg(U(év,y,,-,tk ))+ g if(U(—oo,m,tk ))

+ g3 g(UE =) (12)

As it is seen, scheme (12) is an explicit scheme. For the
stability of the numerical scheme it must be provided that

, T LT
max f (u) @ +max g (u)h— <L
X y
3. Computer Tests. As in [15], noted that if functions f and g

sufficiently close to each other, then a well defined function satisfies
the entropy condition. Some examples have been carried out on the

basis of numerical algorithm.
2

1. At first, we will consider the case f(u)=g(u)= u? and

u, =1, u, =2, u, =3. Inthis case algorithm (12) takes the form

i-1 j-1

Ui jwn = ZZU(XV,}/H, lew) = ZU(XV,}//,Z)

v=l u=l1

—ZU(x,,yH,z Y+ SV, v~ ZU (X,277,.1,)

v=l u=1

_%ZUZ@V’};J_,[/{)+%ZU2(_oo,nﬂ,zk)
v=1 =1

pi
+%ZU2(§vv—°°vtk)’ (=12, j=12,..m).  (13)

v=l1

Initial condition for (13) is
U(iv’ny’e):ul(gv’n,u)’ (14)
(v=12,..,np; u=1,2,...,mq), here
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3

2r ar

ul(xay): 1/!2, ?<93?:
u, 4?77<93277

Thus there are six (3!) cases to be considered. The graphs of
solutions obtained of the problem (13), (14) given in Figure 2.
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> // /
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// 7
/) 4
// )
5 /] -5 //
-5 0 5 5 0 5
X X
(b)
5 5 \
\
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-5 -5
-5 5 5 0 5
X
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5 5 \
A\
> 0 > 0
-5 -5
-5 5 -5 0 5
X X
©) ®
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Figure 2: a) Two shocks one rarefaction with the initial data (1,2,3)
at t=1; b) Three shocks with the initial data (1,3,2) at t=1, ¢) Two
rarefactions one shock with the initial data (2,1,3) at t=1; d) Two
shocks one rarefaction with the initial data (2,3,1) at t=1; e¢) Three
rarefactions with the initial data (3,1,2) at t=1; f) One shock and two

rarefactions with the initial data (3,1,2) at t=1.
2

2. Secondly, we considered the case f (u):% and

3
g(u):% and « =%. In this case calculation leads with the

following algorithm
i-1 j-1

Upjied == 22U (09,0000 = ZU(xv,y,,f ) - ZU(x,,wa )

v=1l pu=1
+ZZU(xV’yH’Zk)_jZUz(xi’nﬂ’tk)_%ZU3(§V’)}./"Z/€)
v=l p= u= v=
+&iuz(_wn z)—&f‘p%g —o,1,) (15)
2 = s>k 3 ~ v ERd

under initial conditon (14). Graphs obtained solutions are shown in

Figure 3.
5 \F 5 \

5 -5
5 0 5 5 0 5
X X
(a) (b)
5 \ [ 5 ‘1
‘ —
> 0 > 0
-5 5
5 0 5 5 0 5
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(© (d)

-5 0 5 -5 0 5

X X
(e) ®

Figure 3: a) Two shocks one rarefaction with the initial data (1,2,3)
at t=1; b) Three shocks with the initial data (1,3,2) at t=1; ¢) Three
rarefactions with the initial data (2,1,3) at t=1; d) Two shocks one
rarefaction with the initial data (2,3,1) at t=1; e) Three rarefactions
with the initial data (3,1,2) at t=1; f) One shock and two rarefactions
with the initial data (3,1,2) at t=1.

Conclusion. In this study a new method for the numerical solution of
the initial value problem for 2D conservation law with three-
piecewise constant initial profile that accurately describes the all
properties of physical problem is suggested.

For this aim a special auxiliary problem having some
advantagies the over main problem, which is equivalent to main
problem is introduced.

On basis of the introduced auxiliary problem more sensitive
difference scheme is extracted, and using the solution of the auxiliary
problem taking into consideration formula (7) the solution of the
main problem is found.
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DUZBUCAQLI ORTOTROP LOVHODO ISTILIK
MONBOYININ INTENSIVLIYININ TOYIN
EDILMOSINO AiD TORS MOSOLO
Abbasov Z.D.

Gonca Doviat Universiteti
dumanl.zefer@mail.ru

Isdo ortotrop diizbucaqli 16vhods istilik menboyinin intensiv-
liyinin toyini haqqinda ters masslays baxilir [1, 2].

Mosslonin hallinds, serhad sortlerine gors 16vhe miistovisindd
temperaturun sifirda saxlanmasi forz olunur. Istilik monbayinin
intensivliyi 0, (x) voT (x, y) temperatur paylanmasi D oblastinda

2 2 2
Sk Sk T =0 M
tonliyindon toyin edilir. Burada
xz(xl,xz),D:[—a1 <x, <a,—a,<x,<a,, —b<y<b] vo sarhad
sartlori;
T(_alaxzay):T(alaxzay): T(xla_azay):T(xlaazay):
=T(x1,x2,—b)=T(xl,xz,b)=0 (2)
k,,k,,k, sabit adodlor olub, istilikke¢irmo omsallar1 adlanir.

k
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Sorhad sartindon olave

f(x2)= 1), e[-b.0] (3)
sartini gobul edak.
Yeni doyisanlor va sabitlor

x =&k =6k, y=nk, b—\/> f f

daxil edarak (1) tonliyini va (2), (3) sortlorini asagidaki kimi yazmaq
olar. Burada

AT+Q(5)=0 4)
A=6§2+g§+5—;, E=(6.6) 06)=-0,l6k.&k)
T(_blvgzvn):T(blvgzv ) (él’ 2977) (fpbz»ﬂ):
=T(&.8,,—c)=T(£.&,.c)=0 5)
T(En,)=w(&). n, e(-c.c) (6)

Ogor (4), (5) masolasinin halli varsa, onda o enerji funk-
sionalina minimum verir [3].

LT)=(-AT,1)-2(T,Q)
H_, -enerji fozasinda tam {d) mnp} ortonormal sistemi moévcud-
dur. (4), (5) masalasinin imumilogmis halli agagidaki kimi olur.

7= Yoo,,)0, ™

m,n,p=1

(7) swras1 energetik H [1] va avvalki H fazasinda yigilir.
T(&,n) funksiyasiin serhod qgiymetlori sifra barabar oldu-
gundan — A operatoru miisbat toyin olunandir. Bu halda V(é,n) )
R(§ ,77) funksiyalarinin skalyar hasili energetik fozada

¢ b b,

.R)=—] | [Ren)AV(Ey)dcdz,dn

—c—b—b,

formulasi ilo energetik norma iso

=] fV(f,n)AV(é,n)dn dé de,

—b—by—c

formulasi ils toyin olunur.
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S (&12E,.1) = cos 4,& cos v, &, cos 7 3
Haqigatan
Moy (& E0m) = =120 fo (0 E0um)

olduqda alariq:
Naticados aliriq:

fmnp = ymnp V bleC

Qeyd etmok lazimdir ki, {cosA & },{cosv & },{cosun} sistem-

larinin har biri uygun olaraq [— bl,bl], [—bz,bz], [— cl,c] pargalarinda
Parseval barabarliklorini 6dayir [2, 4].
(8) sistemini

wp| @ DOIsak enerjiys nazoran ortonormal

sistemi alariq:
o (E:11)
®,,(&n)=—"—= ()]
(&) Y DD,

T (5 ,n)-temperatur funksiy351 asagidaki formula ilo toyin olunur:

Ten)- bbc i (o) £, ) lem)  (10)
O che, n
= ; [ gmcjfm(é,éz) (11)

(11) ifadesini (6)-da yerino yazsaq aliriq:
che
vi6.&)= g D0 [ ot jfm (6.6,

e che c

mn

l//mngmn Chgmnc

O, = (12)
(12) ifadasini (11)-ds yerins yazib 16vhads temperaturu toyin edirik.

1 che, c—che, n
T(&, Tl , 13
(&)= b W;wm ook 0fm(af1 &) (13)

0, -lor Furye omsallari oldugundan Q(&,&,), {f,,(£,&,)} orto-
normal sistemine nozoran asagidaki kimi olur.

che, c—che, n,

v, & che, ¢

Q(§1 ’ 62 ) = u — = CO0S j‘mé] cos Vn§2 D

nmche,,c —che,,n,
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°° chd, b—chd,y ~
T(xl,xz,y = mZ::(p h5 b Ch5 f (“xl’x2)
Dy = J- J-(D(xlvxz )fmon (xlvxz )dxldXZ’

E kk 2m-1 2+ -1
mn \/ﬁ’ mn al az

Demoli istilik monbayinin 1ntens1v11yi asagidaki kimi toyin olunur.

Y82 chd,c

0. zgmfm{ I J—J O = ho_bcho_n

m,n=1

ﬁ
V/mnzﬂ_[l J; m,,[\/— \/—dedx
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DINAMIK STRUKTURLAR VO UMUMILOSDIRILMIS
SINIFLOR
Agamalhyev R.X., Siileymanov N.S.,
Mehdiyev H.B., Haciyev R.N.
Baki Doviat Universiteti

Dinamik strukturlar dedikdo fiziki tesvir zamani yaddasin
dinamik ayrilmasia osaslanan strukturlar1 deyil, zaman kecdikca
miayyon doyisikliklora meruz qalan daha dogrusu, elementlorinin
sayl artan vo ya azalan mentiqi struturlar1 basa diigacoyik. Beio
strukturlar 6zlori yaddasdan istifade qaydasina, yaddasm ayrilmasi
tisuluna gora statik vo ya dinamik do ola bilar.

Dinzamik strukturlarla islomok ii¢lin nazorde tutulan
alqoritmlords miixtalif omoliyyatlar hoyata kecirilo bilor va bir ¢ox
alqoritmlords strukturun veziyystinin yoxlanilmasi, elementin
struktura daxil edilmasi va strukturdan oxunmasi amsliyyatlar ilo
kifayotlonmok miimkiindiir. Gostarilon  omoliyyatlarin  yerine
yetirilmasi xlisusiyyati asason dinamik strukturun fiziki tesvirindon
asil olur.

Umumi halda dinamik strukturlarla olan omoliyyatlarm bir
gismina sorgu, yoxlama xarakteri vermok miimkiindiir. Basqa qrup
omoliyyatlar iso modifikasiya xiisusiyyatlidir, yoni strukturun mez-
mununda miioyyan doyisikliklor edo bilir. Bu amolyyatlardan Insert
(S, a) kimi isaro etdiyimiz omoliyyat dinamik struktura yeni a
elementinin olava edilmasi liglindiir vo h6kmon amaliyyatdan avval
elementin daxil edilmo imkani yoxlanilmalidir. Delete (S,a)
omoliyyati da modifikasiya xiisusiyyatli olaraq strukturdan a
elementini ¢ixarir vo bu amoliyyatdan da avval strukturun vaziyyati
yoxlanilmalidir.

Baxilan dinamik struktur sistem proqram tominatinin, xiisuson
kompilyatorlarin layiholondirilmasindo vo yaradilmasinda bolks do
ovozi olmayan stekdir (LIFO). Insert omoliyyat: steko elementi
yazan Push omoliyyati ilo, Delete omoliyyati iso stekdon elementi
cixaran Pop omoliyyati ilo ovoz edilmisdir. Har iki amoliyyatin
yerino yetirilmasinds stekin topasini toyin edon tepe adli doyisondon
istifado edilmisdir vo bu doayisenin qiymsti ilo stekin voziyyati
yoxlanilaraq onun bos va ya dolu oldugu miiayyanlosdirilir.
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Umumilesdirilmis siniflor yalniz obyektin yaradilmasi zamani
onun tipinin gdstorilmasini tolob edir vo belsliklo bir programda
stekin fiziki tosviri kimi istifads etdiyimiz miixtolif tipli (int, char,
double vo s.) massivler liglin stek mexanizminin hoyata kecirilmosi
imkam tomin edilir. Hazirladigimiz proqramda {imumilssdirilmis
sinif agagidaki kimi toyin edilmisdir:

#define N 100

template < typename X>
class stek

{ X LIFO [N];

Int tepe;

Public:

Stek ()

{tepe=0;}// konstruktor
void Push(X element);

X' Pop();};
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“HONDOSO MOZMUN XOTTi” HAQQINDA
Agazados S.M.
Baki Dovilat Universiteti

Giris: Hazirda lazim olan vo golacokds todrisi daha da yaxsi
hazirlaya bilmok {iglin sagirdlori; neco Gyranacoklori, neco diigiine-
coklarivs bunlar ii¢lin lazim olan texnologiyadan necs istifads etmoyi
sturlu sokilds yetisdirmok vacibdir [1]. Todrisin ger¢oklogmasi
sirasinda iglodilon texnologiya vo materiallar miisllimin xeyrine
hesab olunarken, hor giin doyison texnologiyadan xabordar olmag,
onlar1 dogru vo diizgiin yerlordo islotmok do bir bacariqdir. Bu
bacariga tadris edanlar sahib olmali va istifads etmalidirlor.

Sinifde aktiv Oyroenmenin gercoklogmasi; sagird — miiallim,
misllim — sagird, sagird — vesait, sagird — aotraf slagolorinin an azi
birinin yliksok olmasiyla todrisin ugurlar1 hesab olunur [2]. Bu
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oksolaqgonin yiiksok olmasi li¢ilin todris texnologiyalarindan va todris
materillarindan yararlana bilor. Daha yaxs1 dyronms sagirdin 6ziiniin
hazirladigi materiallar1 siralamaqla qurulan ders programi imumi
yox, fordi yanagma adlanir.

Tadris: Tadris miiddatinden kegon sagirddo miioyyan doyisik-
liklor olmalidir. Tadris yoluyla insanin magsodlari, malumatlari, dav-
ramglari, oxlaq olgiilori doyisdiyi goriilmelidir. Todrisin timumi vo
ohatsli toraflorindon asaslar1 bunlardir:

—  Umumi monada davranis doyisdirma vaxtidir.

— Genis monada sosiallagmasini qgazanmagin vaxtidir.
— Comiyyat arasinda manali davrnigi tonzimlomak.

— Bacariqda yerli istifadasini stiurlu dork etmak.

Oyrotmo  texnologiyas:: Cox vaxt tohsil vo todris
texnologiyalar1 bir — birine bagli sokilde biri digorinin yerindo
isladilir. Tahsil neca? — idisa, tadris niya? — kimi sual meydana ¢ixir.
Masalan: niya Riyaziyyat, niys hoandaso mazmun xatti?

Hazirda todrisin va tohsilin paylart barabor tutulmalidir.
Texnologiya aragdirmalara gora tadris tohsilin hal — hazirda ti¢ds iki
hissasini togkil edir [3]. He¢ vaxt bu tam olmayacaq, ¢iinki tam
texnologiyal1 dars totbigdon basqa birsey deyil. Texnologiyanin asas
hissasini praktika togkil edir. Nozori hisso olmadan, praktika
manasizdir.

Materiallar1 genislondirma: Tadris zamani miiallim terafindon
miixtalif g¢argivelorde toqdim olunanlar — materiallardir. Bunlar:
mumi materillar, gokillor, maketlor kimi ilk baxisda basa diisiilon
formada klassik, program tominatiyla iso miiasir igladils bilar.

Asagidaki sokilds todris mate- _
miihiti

riallarinin yeniloms hocmlori ¢orgi-
vasi verilmigdir.
Sokildon goriildiiyii kimi ikito-
rofli oxlar garsiliqh oks slageni vur- @ mezmun
gulayir.

Sagirdin davranigina zidd olma
yanasmalari

yan materiallar segilmasi, islodilmasi
lazimdir. ©gor bu alimmirsa, daha da
uygun variant var. Kéhno materiallari
yenilomoak [3].

tohsil
materiallar:

le—
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Sinifds texnologiyadan istifads asagidaki kimi olmalidir:
— Modellar,
— Kitablar, brasuralar,
— Qrafiklar (cadvaller va s.),
— Cesidli yazi taxtalar1 (elektronik va s.),
—  Proektorlar,
— Slaydlar, films banzar texnologiyalardan,
—  Sos kasetlori (CD — lor va s.),
— Komputer.

Hor bir materialin 6zlinomaxsus xiisusiyyati vo igladilmo
tarixgasi var. Kimi materiallar goriilmali, esidilmoali kimi iki ¢egido
ayrmaq olar. Tadris olunan forqliliyi ilo 3D (li¢olgiili) iso,
digorlorindon ayrilmalidir. Bu halda hansinin iglodilmasi miisllimin
professionalligindan irali golir. Proseduru baslatmagda problemli
saho igtisadi vo zaman hissasidir. Masslon: proektorla bels bir 6zallik
togdim etmok olar. Obyekt: konus.

Eyni hiindiirliklii konusun hundurluklo 90 daracali bucaq
toskil etmokls harakat etdirsak, hacm sabit qalar.

h — hiindiirlik,

DC (AB) — oturacaq diametridir,
PB — konusun doguranmidir,

P — konusun topasidir.
Konuslarin sahslori barabardir.

Bu verilon molumatlar 6n moalumatlardir. Digar verilonlor iso
slaydda yer alsa da, sagirdin Oziine do tapsirmagla Oyratmo
mexanizmindon istifads etmok olar.
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THE NEW METHOD OF THE FINE SPECTRUM
OF A CLASS OF OPERATOR-MATRIXS
IN SOME SEQUENCES SPACES
Akhmedov A.M., Akhundov A.Z.
Baku State University
akhmedovali@rambler.ru

In this paper, we give the new method for the investigation of
fine spectrum of a c lass generalized difference-operator matrixs
acting in some sequences spaces. According to it we probe the
convergence of the iterative process for an infinite family of
bounded linear operators on a Banach space. We apply the main
result presented in this paper for certain problem in summability
theory.

Keywords: Iterative process; Convergence; Bounded linear operator;
Banach space.

1. Throughout this paper, we assume that X is a real or complex
Banach space.

We consider the following iterative process for an infinite family
of bounded linear operators:

zo€X, z,,=Tz, +y,, nenN, (D)
where 7, : X — X 1is a bounded linear operator on X, for each
neN ,and (y,) is a sequence in X.

The purpose of this paper is to study the boundedness and the
convergence of the sequence (z,) which is generated by the

iterative process (1) for an infinite family of bounded linear operators
on an arbitrary real or complex Banach space.

The main result of this work is

Theorem 1. Let X be a real or complex Banach space and

T e€B(X), foreach neN , and (y,) is any sequence in X. Also,
(z,) be a sequence generated by (1). If T, - T uniformly on X and

T is a strictly contractive operator, then we have the following:
(1) The sequence (z,) is bounded if and only if (y,) is
bounded.
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(2) If (y,) is convergent and limy =y, then the sequence

(z,) converges to unique fixed point x e FW'), where W is
given by

Wz=Tz+y, zeX andxhastheformszT"y.
n=0
This theorem proofs by the next
Lemma 1. Let T € B(X') be a strictly contractive operator on a

Banach space X, and y € X . Then the sequence (x,) which is

generated by x, ., =Tx +y, converges to the limi x =ZT "y and
n=0
the limit x is the unique fixed point of the operator W which is given
by Wz =Tz +y,zeX.
2. Application. Now, let (@, ) be either constant or strictly
decreasing sequence of positive real numbers such that
lima, =a >0and sup(a, )< 2a.

n—o k
In[1] (see also [2], [3] ), the authors introduced new generalized
difference operator

a 0 O
A= -a, a 0 ’
0O -a a, -

and investigated the spectrum of the operator A, over the sequence
space ¢, .
Theorem 2. Suppose that |ﬂ, —a| >a. Then, the following assertions

are true
(1) The sequence (S,) is bounded if and only if the sequence

|
=

(2) The sequence (S,) is convergent if the sequence [

—J is bounded.

a, —/1|

is convergent.
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(3) If imS, =s , then s I S
n—>o |A - a| -a

References

1. Srivastava P.D., Kumar S. On the fine spectrum of the generalized
difference operator A, over the sequence space c,// Commun.
Math. Anal., 2009, 6, no.1, p. 8-21.

2. Akhmedov A.M., El-Shabrawy S.R. On the spectrum of the
generalized difference operator A, over the sequence space ¢, //
Baku Univ. News J., Phys. Math. Sci. Ser., 2010, no. 4, p. 12-21.

3. Akhmedov A.M., El-Shabrawy S.R. On the fine spectrum of the
operator A, over the sequence space ¢ / Comput. Math. Appl.,
2011, 61, p. 2994-3002.

THE NECESSARY CONDITIONS OF OPTIMALITY OF THE
ONE PROBLEM DESCRIBING BY THE EQUATION OF
THIRD ORDER
Aliev F.A., Yagubova M.M.

We obtain necessary conditions for optimality in the problem
of determining the minimum of the functional

I(u)= J.:J.(I)(x,t,z, zx,zt,u)ixdt
Q

defined on the solutions of the equation of the third order
0’z oz . 0

gz = Y F _
Pt o & etz
—iiAi(x,t,zx)=fl(x,t,z,zx,z[,u)
i=1 ax,’

satisfying the initial conditions
20 =¢(x) 2z x0)=p,x)
and the boundary condition
Z| <=0,

where Qc R"(n>1) is domain with sufficiently smooth boundary
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of §=Tx(0,7) T- is the border of Q, ZX:[2 ﬁ} ,

ox,”ox,
u :(ul"“’u2) > ng(x),§02(x)
are given functions. As the admissible controls are taken the
measurable on  Qx(0,7) the limited functions with values from

UcR'

%By imposing on the functions q)(x,t, z,p, a), 1 (x,t, z, p,q, ),
¢,(x),¢,(x) some conditions of smoothness the formula for the
increment of the functional [ ( ) in the form of

=—IIA H X,1,2,2 ,Z ,,qo,u)dxdt+

+ OQAZ| + ‘AZX| + ‘AZ[ )
is obtained. Here
H(x 1,2,z ,y, u): —(D(x,t,z,zx,z,,u)+
+l,z/f(x t,z ZX,Zl,u)
and y(x,t) is the solution of the problem

v Oy O0H 0 [0oH| d(0oH
o B (R
z Tox |0z, ) O\ Oz,

0’¢ OF
—L4 0
[WZJ;; 2v)-

(x,t)eQx(O,T),,

oy : oy OF,
- —|=0 Q=T
ﬁat ” Z‘Z‘ax {ax,, asz e
y/(x,t)—O, xeQuT,
6_t,//:0’ xel, te(0,7),
ot
8_!,1/_0 i=12..,n, xel, t=T.
Ox,

Next on the basis of the obtained increment formula necessary
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condition for optimality in the form of the Pontryagin maximum
principle, is proved.

Note that using the scheme of derivation of the formula for the
increment of the functional, can be obtained also the formula for its
gradient.
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NUMERICAL SOLUTION OF A NON-LOCAL PROBLEM
Aliyev A.Y.
Baku State University
aydin_aliyev66@mail.ru

The following non-local mixed problem is considered. It is
required to find a solution of the equation

Au=0 onlIl (1)
satisfying the boundary conditions
a—u=0 on I3, T,, 2)
oy
u=p(y) on I, )
u(0,y)=au(c,y), (a<l) on I, “4)

where it is assumed that ¢()) is thrice continuously differentiable
and
9'(0)=¢'(b)=0.
Here H={(x,y):0<x<1,0<y<b}, and T, (i=1,4) are the

sides of the rectangular IT numbered counterclockwise starting with
lower-side except for the ends. Introduce the following notation:

r:On,ﬁ:nUF.

i=1

Introduce quadratic net by straight lines
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x=x,=ih, y=y, = jh (i,j=1n).
Denote

IT, ={(x,y):x=xl.=ih,y=yj=jh,i=0,_n},

I 4
I, (i=1,4) is a set of net nodes lyingon I, and T, = UF[,, respect-
i=1
tively, as well as TL, =1, UT,.
Let’s construct the difference scheme of corresponding
problem (1)-(4) in the following form

Au,=0 on II,, (5)

2 =0 r 2 =0 I 6

_Z”}‘H‘}y — on 30 ZM +M* = on 1,, ( )
2

_Z”}'H";y:(Dh(y) on I, (7

u,(0,y)=au,(c,y), (a<l) on I, (®)

Here it is assumed that the point ¢ coincides with one of nodes.
We prove that the solutions of problem (1)-(4) and (5)-(8) are
defined by the following formulae respectively

u(x,y)= 2(1 )+Za g(x, nﬂ)cosTﬂy C)
uh(x,y)—z(l_ ) Zb g(x, B, /h)cos— (10)

=—J.go(t) cos ™ ar, a, = J.(D(t)dt

1/h h 1/h

nkh
Zco,,(kh) . b, =;Zco,,(kh),
k=1
sh—x—ashi(x—c)
gns)=—t—2Pb (i
ch——ach—(-c)
b b

sh& =sin nhx .
2b 2b

This function satisfies equation (1) and boundary conditions
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(2), it remains to select the constants 4, and B, such that to satisfy
boundary conditions (3) and (4).
According to these solutions

Z%[Ansh% + Bnch%] cos% + 4, = (),
n=l

n=l1

S e o, :a{z[/w%+anh%cos%%ﬁBO}

n=1

On the other hand subject to
> nmt a
=) a,cos— +—=,
o()=2a,c087 =+
where
2 ¢ nmt f
a =— t)ycos—dt, a, = t)dt .
n b‘[(o() =, a, !co()

Hence comparing the coefficients of series we obtain

nrmc
ash——
A, =i b a,
" osh 25 sh 7 en ™ _ en M ep I
b b b b
nmc
1—ach ™
B = b ian.
ashﬂsh@+ch%—ach@ch% nw

a shnﬂcchnﬂx—chnﬂcshnm +shnm
p b b b b b b nmy

—Ccos—= +
“(x’y)Zz a(ShIZTShnbm—chnzcchmJ+chm nx b

)
n=1

ac

+ a,
2(1-a)
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sh@+ashﬂ(x—c)
b b

1/h
u(x,y)= Z cos 2.
TN )" e - P
b b

The validity of the formula (9) is proved.
Now we prove that u,(x,y) defined by (10) is the solution of
the problem (5)-(8).

hQAhuh =u,(x+h,y)+u,(x—h,y)+u,(x,y+h)+u,(x,y—h)—
1/h

—4u,(x,y)= Zang(x, [Z” J(COSMTE—Z)COS%+
n=l

{shﬂ”b/hx +a(sh(c—x) ﬂ”/h)}ch P,

1/h h nﬂy
+2Zbﬂ oS =0
n=1 Chﬁnb/h hﬂ /h(l C) b
Hence
ch™~ B, +cosTﬂ—2 0,
sh ﬁ —smnh—ﬂ.
2b 2b

We’ll get the solution of difference scheme (5)-(8) u,(x,y) as
a approximate solution of problem (1)-(4).
We estimate error of method. From (9) and (10) we have
|u —uh|SR1 +R,,
where
1/h

S peunm-o{xL)

B

R, =

g(x,nm).
n=l+1/h
Consequently, in order to estimate R, (i =1,2) it is necessary

g(x,nm)— g(x, [Z” j

to estimate |g(x, z)| and

It is easy to note that
0<g(x,z)<1.
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We estimate

g(x,nm)— g(x, %)‘ We have

2 1z _anZa—ol L i (L. z_
. Z[Chb achb(l c)} {(b+sth(l x)b (b x)ch(1+x)b

—a[(l—c+x)sh(1—c—x)%—(1—c—x)sh(l—c—x)%}+
+(1—c+x)sh(l+c—x)%—(1+c—x)sh(1—c+x)§—

- o{(l +x—2¢)sh(l - x)% — (1 =x)sh(1+x —2¢) ﬂ}

Considering
1 z 1 z
—+x |sh(l—x)=—<| ——x |sh(1+x)—,
[b x)s ( x)b [b x)s ( x)b

(1—c+x)sh(1—(c—x))§£(1—c—x)sh(1—c+x)§
andin x>c¢

(1—c+x)sh(1—(x—c))§£(1+c—x)sh(1+x—c)§,

(1+x—20)sh(1—x)%£ (1—x)sh(1—x+2(x—c))§,
in x<c¢

(1—c+x)sh(1+c—x)%2(1+c—x)sh(1—(c—x))§,

1+ x-2c)sh(1 —x)% >(1-x)sh(l-x-2(c —x))%,
We obtain

og(x,z)
0z

1 z z N z
< E[chz - achz(l - c)} {(1 —x)sh(1+ x)g+

a(l—c—x)sh(1—c + x)%+ (| = cysh(1 +|x —c|)§
ta(l—c—|x—d)sh(l-c+|x -z} (12)
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We’ll use below the following obvions inequalities
shkt <exp((k —1)t)sht (0<k<1)

sht > %(1 —exp(=2¢))exp(?), (=t >0).

Hence
1+x
2

l-c+x,z z z
2= <exp| —(l+c—x)= |sh2=
5 xp[ (1+c x)bJs b

sh(l + x)% = sh 2% < exp[— a —x)%JShZ%,

-

h(1-c+x)= = sh
sh(l1-c x)b s

1+|x—c|

sh(l+|x—c|)%=sh 5

z z z
2=< —(I—|x—c|)= |sh2=,
p exp[ ( |x c|) b)s b

I-ctr—d 2 _

sh(l—c+|x—c|)%=sh 5 5

< exp(— 1+ c—|y —c|)%)sh2%,

(ch% —ach(l1-c¢) %) < 4(1 - exp(— %) -a exp(— %D

z
exp| —2—|.
p( bJ
Considering these inequalities in (12) we obtain

-2
o2 < 2{1 - exp(— %} -a exp(— ;J} exp(— 2%} X
c

Oz
X sh2§{(l —x)exp(— a —x)%} +a(l-c —x)exp(— (I+c —x)%} +

-2

+(1- |x - c|) exp(— 1- |x - c|)%}+ a(l-c—- |x - c|) exp(— (I+c- |x - c|)%}}

Considering

we obtain
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og

% < {1 - exp(— %) -a exp(— %ﬂ {(1 - X) exp(— (1-x) %) +

+a(1+c—x)exp(— ( +c—x)§)+ (1—|x—c|)exp(— ( —|x—c|)%)+

+a(l+c —|x—c|) exp(— (I+c —|x—c|)%)}.

This at %I’IS&SZ<I’17L’,OSXS1, ISnS% we obtain

oo & -aem 2] o= (1_x>g,g+
C

+a(1—x+c)exp( (+c—x)— nJ(l |x c|)exp( 1- |x c|))

0g

Oz

+a(l+c- |x c|)exp( (1+c—|x—c|))§n}.

Then
-2
8 4
<|l—exp| —— |—aexp| —— X
{ p( 3bJ p( 3cﬂ

g(x,&J—g(x,nﬂ)
4 4
x{(l—x)exp[— (l—x)gn)+a(1+c—x)exp(— (1+c—x)§n)+

h

+(1—|x—c|)exp[— (1—|x—c|)%nj+

+O{(l+c—|x—c|)exp[_(1+c_|x_c|)%nj} (”l767-')3 n.

Estimate R, :
-2
8 4
<L-— 7Th l—exp| —— |—aexp| —— X
6 ( p( 3b) p( 3(:)]

(5} s

x{(l—x)fexp(—(l—x) j +oa(l+x—c)x ﬁ(exp( (1+c—x)§D +

1/h

R =2
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where

+(1- |x - c|)Z(exp(— (1- |x - c|) %D +
+a(l+c —|x —c|)§:(exp(— (1+c —|x —c|)§D } <

2
SLMT[3}12 1—exp _8 —aexp(—iJ ,
4 3b 3c

4
L= —4max|g0'"(x)| .
T

Thus

i)
1l 1+« 8 4
—u | < Ld=+—=7°| 1—exp| —— |—aexp| —— h*.
e = {3 4 ( p( 3bj p( 30D}
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ONTOLOGIYA OSASINDA EKSPERT SISTEMLORININ
BILIKLOR BAZASININ VO CIXARIS MEXANIZMININ
YARADILMASI
Amooji A.S.
Department of computer, Payame Noor University(PNU), P.0.Box
19395-3697, Tehran, Iran.
it_iranian@yahoo.com

Giris. Kompiiter elmlori sahasinds “ontologiya” termini basqga
bir mona da qazanmigdir; ontologiya biliyin konsepsiyalagdirma
anlayis1 olub, onlar arasindaki anlayiglar vo slagslorden basqa, onlarin
prinsip vo inkisaf qaydalarin1 da shato edir. Ontologiya baximindan
gercokliyin moévcud olmasina baxmayaraq, bizim gergaklik haqqindaki
tasovviiriimiiz miiayyan godar zehnimizin xaritalondirmasinin nazarati
altinda olub, ger¢okliyin dork edilmesi liclin bas verir. ©gor bu
konseptual c¢orgivao modellorini(6ziimiiziin zehin xoritomizi) vers
bilmoys gadir olsaq, o halda bu modellordon siini intellektdo harokot
sxemi kimi istifado edo bilarik.

Ontologiyamin asas anlayislari.Ontologiya termini ¢ox vaxt
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miloyyon bir sahonin iizvlori arasindaki semantik dorketmos vo ya
konseptual bilik c¢orgivasine aid edilir. Bu konseptual ¢orgive, ya
konseptual ontologiya homin sahodoki qeyri-rosmi bir konseptual
struktur kimi miixtolif anlayislari vo oalaqolori axtara bilor. Ikinci halda
olagolar sistemli bir gokildo montiq dilinds sorh edilmisdir vo daha ¢ox
cins va ndv, yaxud imumi-xiisusi asasinda tonzimlanir.

Qruberin torifine gors, ontologiyaya diinyanin istifadagi
comiyatinin fikirlosdiyi sade vo ciizi konsepsiyalagdirilmasi kimi
torif vermok olar. Aydin bir moaqgsod iclin yaradilan
konsepsiyalagdirma ndviine rosmi dil vo avtomatlagdirilmig olaraq
torif verilir. Bu torif asagidaki kimidir: “Bir ontologiya bir tessvviiriin
daqiq va rasmi boayanindan ibaratdir”.

Qruber torafindon asagidaki prinsip verilmisdir: “Siini intellekt
lictin mdveud olan sey, har an acila bilon seydir”. Bu prinsipden iki
natico almaq olar:

- yalmz informasiya sisteminde tesvir olunan mdvcudiyystlor
movcuddur;

- bu mdvcudiyystlor homin sistemds tosvir  olunan
xiisusiyyatlors malik olmalidir[6].

Son olaraq ontologiyaya asagidaki kimi torif veririk: ontologiya
tobii insan dilinin aydin vo resmi xiisusiyyatlor kompleksi olub, bir
seyin dork edilmasi ligiindiir[3].

Ekspert sistemlarinds ontologiyanin asaslandirilmasi. Ontologiya
informasiya sistemlorinin ayrilmaz hissesidir. Avtomatlagdirma
diinyasindaki har bir faaliyyat, proseslorin simulyasiyasi, macazi
diinyalarin yaradilmasi, robot va kibernetika sonayesi va informasiya
sistemlori ontologiyaya osaslanir[4]. Belo bir proseslor 3 boliimds
yerina yetirilir:

1 — Sistemin biliklor tosvirinin ontologiyasi onun istifadagilori vo
yaradicilarinin ~ konsepsiyalagdirmas1 osasinda yaradilir, yoni bu
moarholads sistemin obyektlori, hor obyektin xiisusiyyatlori va biitiin
obyektlorin arasindaki slagslari tayin edilir.

2 — Bu ontologiya ilo islomoak liglin naticogixarma motoru hazirlanir.
3 — Son olaraq bu ontologiya ilo islomak ii¢lin slverigli dil secilb,
totbiq olunur[6].

Masalan, vebin xiisusiyyatlarini klassifikasiya edon vo axtaran
agent yoniimlii layihalogdirmads, ilk addim olaraq veb diinyasindaki
obyektlori(sayt, ekran, basliq, motn, link vo acgar sozlor kimi)
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mioyyon etmoli vo sonra onlardan hor birinin  miimkiin
xiisusiyyatlorinilmdévzu, dil, yaradilma tarixi kimi) vo onlar
arasindaki olagolori(oxsarliglar, bir saytin iizvii olmaq, link almaq
kimi) toyin edilir. Bu marhalodo real olaraq agentin ontologiya
ohdiliklorini yaratmisiq. ikinci morholode bu ontologiyadaki axtaris
vo horokot gqaydalarmi bir noticogixarma motoru formatinda
layihalogdirmaliyik. Son olaraq ise xarici diinya ils alage iiglin bir
olagslondirici miioyyan etmsliyik ki, bir xarici movcudluq agentdon
bir vazifoni talab edo bilsin.

Mosalonin aktualligi. Ekspert sistemlorinin ontologiyasinin
yaratmaq zaruriyyatlori asagidakilardan ibaratdir:

—insan vo masin agentlori arasinda informasiya strukturunun
ictimai anlagmansinin paylagimy;

— abstrakthg sobabils tokrar istifads qabiliyyati;

— verilonlorin domain aydinhigi;

— aqreqasiya yaradir[5].

Mosalonin halli. Ontologiyalarin islonib hazirlanmasi ii¢ilin bir
tisul, ya metod mdévcud deyildir.Bir ontologiya siniflorin absrtakt
niimunalarinin bir kompleksi ils birlikds bir bilik bazasim tagkil edir.
Siniflar(classes) ontologistlorin aksariyyatinin diqqgatini calb edir vo
domain konseptlorini tosvir edir. Daha spesifik konseptlori tosvir
etmok {glin bir sinfin altsiniflori (subclasses) ola bilor. Bir
ontologiyanin yaradilmasinin prosesi asagidaki marhalalorden
ibarotdir:

1 — siniflorin bir altsinif—supersinif iyerarsiyasinda yerlos-
dirilmasi;

2 — slotlarm torifi va o slotlarin gobul edabilocok migdarlarmin
tayin edilmasi;

3 — sinif niimunalari ti¢iin slotlarin qimatlondirilmasi.

Ontologiyalarm iglonib hazirlanmasi iiglin interativ yanagmadan
istifads edirik. ©Ovvalca ontologiyaya ilkin kegidlo baglayiriq, sonra
marhoalali korreksiya vo diizalislor veririk. Hor morhslods ona yeni
xirdaliglar alava edirik. Ilkin variantin torifinden sonra bu variantin
debug va doyerlondirilmesine (Evaluate) baslayiriq. Bu interativ
proses asagidaki kimi olacaqdir:

Birinci addim: Ontologiyanin domainimin(iglonilmo sahasinin)
mioyyon edilmasi; Bir ontologiyanin iglonib hazirlanmasinin
miixtolif morhololorini onun domain vo sahosinin torifi ilo
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baslayiriq[2].

Ikinci addim: ontologiyalardan tokrar istifado mosalosinin nozoro
alimmasi; bagqalar1 torafindon goriilmiis islorin yenidon istifads vo
nozords tutulan spesifik istifade {iglin terminlorin doyigdirilmasi,
yaxud movcud manbalarin ekstensiyasi.

Uciincii addim: agir ontologiya (Heavyweight ontology ) uzun
bir marhsalods hazirlanir.

Dérdiincii addim: siniflor va siniflorin iyerarxiyasinin torifi; Bu
marhals ii¢ név gaydada miimkiin ola bilar:

e yuxaridan asagi: ovvalco ohato dairssindoki  {imumi
konseptlorin miiayyan edilmasi vo sonra isa daha spesifik altsiniflarin
secilmasi;

e asagidan yuxari: avvalca spesifik siniflorin miiayyon edilmasi,
sonra siniflarin iyerarsiyasinin qollarinin toyin edilmasi, daha sonra
iso iimumi formatda bu siniflorin qruplasdirilmasi;

e hibrid (qgarisiq) : yuxaridan asagr vo asagidan yuxari
tisullarmin garigigindan ibaratdir. Hibrid yanasma daha sade hall
yolu sayilir. Bels ki, ligiincti addimda hazirlanmis siyahidan miistaqil
seylori tosvir edon sozlori segirik. Bu sozlor sinif ontologiyasini
miiayyan edir vo siniflorin eyerarxiyasindaki dayama ndqtesini togkil
edir.

Besinci addim: sinfin xarakteristikasinin torifi (slots defination).

Altinc1 addim: slotlarin xassalorinin torifi; bu xiisusiyyot bir
slotun malik olabilacok miqdarlarini gdstarir[1].

Notica. Siini intellektdo biliklorin tosviri liglin - miixtalif
metodologiyalardan istifade  olunur. Giiniimiizde informasiya
sistemlorinds ontologiyanin yeni bir totbiqi iso islok olmusdur. Bu
monada ontologiya konsepsiyalagdirma {igiin ¢argiva olub, alomla
bagl abstrakt vo sadoslosdirilmis bir baxigdir.
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INVESTIGATION OF CONTROL OF THE STRING
VIBRATION PROCESS BY MEANS OF LUMPED SOURCES
Asadova D.A.

Institute of Control Systems of ANAS, Azerbaijan, Baku

Various oscillatory processes of electric, acoustic, mechanical,
and hydrodynamic systems such as unsteady flow of liquid and gas,
appearing in the main pipelines with intermediate pumping stations,
transport processes in the electricity transmission system, the
vibrational motion of strings, rods, plates and point controls, etc. are
described by the mathematical model of the telegrapher's equation
with lumped impacts incorporated in the term containing the Dirac’s
function. Therefore, the obtained results can be attributed to many
processes described by hyperbolic systems of equations.

The aim of the research carried out in this work is to ascertain
the dependence of the optimal transient period of oscillatory
processes on the number and locations of lumped control actions, on
the parameters of the process, on the resistance coefficient of the
environment, and on other factors as well.

If there are M intermediate lumped (point) impacts (sources),
the motion of the oscillating system (taking the resistance of the
medium into account) can be described by the following system of
hyperbolic equations in dimensionless variables:

M
—@+ZM[(I)5()C—E)=§+W§’
ox ‘S or 0<x<l1, 0<Xx, <1,t>0 (1)
_on_0¢
o o’

where ¢ is the resistance coefficient of the medium, & =&(x,¢) and
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n=n(x,t) are the state functions of the distributed oscillating
system, 6(x) is Dirac’s delta-function, X, and u,(¢) are the location
and power of the point impact of the i—th source, i=1,...,M,
u,(t)e L,[0,T].

Our goal is the transfer of the oscillating system (1) from the
initial state:

$(x,0)= qDl()(x)’ n(x,0) = Dy (x), (2)

at the initial point of time 7 =0 to the final state:

&(x, 1) = @ (%), n(x,T) =@, (x), x€[0,1],2€[0,T], (3)
where T is the time after which there will be formed a new regime
(3) in the system.

Here the pair of functions {p,(.), gozo(.)}, {golr(.),gozr(.)} can be
viewed as the elements of the Hilbert space H =W, [0,1]x W, [0,1]

The boundary conditions for (1) can be set in one of the following
forms:

n(0,0) =v ), n(l,H)=v,(0), (4)
$(0,0)=v,(0), S(LH)=v,(t) ®)
§(0,0) = (@), n(l,1) =v,(1) or n(0,0) =, (1), E(L,1)=,(7),
where
v (1) e L,[0,T], i=12. (6)
The considered problem of control of process (1) lies in finding such
control functions u(t) = (u,(?),...,u,,(t)) and w()=v,(?),v,(?)),
under which the period of transition 7' from initial conditions (2) to
the desired final conditions (3) is minimal.
In practice, it is impossible to achieve accurate values of the desired
mode to any specific point in time, and therefore it will be assumed
that the system (1) has reached the state (3) if the following
conditions are satisfied:
|§(X, t) - ¢1T(x)| < 5;7
(x,0) =@y (x)|<5,, xeO)), =T,

where &,, 6, are given small quantities, determined as a percentage

of some steady-state mode.
As a criterion for the quality of the transition process, consider the
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objective functional composed of two terms: the first term -
minimized point of time 7, and the second term - penalty for

violation of the fact of & — establishment of the process:
T+DT 1

T D=T+ | [{il0c0-0,@F +5[ne0 -, (] | dxdesmin (8)

To solve the problem of optimal control of the process of
establishing oscillatory systems considered in this paper, it is
proposed to use the iterative first order optimization methods, based
on the use of analytical formulas for the gradient of the objective
functional with respect to the control parameters.

Formulas for the components of the gradient of the target
Sfunctional with respect to the intermediate control actions.

Using the method of variation of the optimized functions [2], we
show, that the functional is differentiable with respect to u,(¢),

i=1,...,M inthe space L,[0,7 + DT] and its gradient is determined

by the formula:
grad, J(u,v,T)=y,(x,,0), i=1...,M, t€[0,T+DT] (9)

Formulas for the components of the gradient of the target
Sfunctional with respect to the boundary controls
grad, J(u,v,T)=w,(0,1), t€[0,7+DT], (10)

grad, J(u,v,T)=y,(1,0), t€[0,7+DT]. (11)

Formulas for the components of the gradient of the target
Sfunctional with respect to the point of time T.

grad, J(u,v,T)=1+

1

[R(EG.T+ DT+ E(6,T) = 204, ()E(x,T + DT) = £(x, T))dx +

+j[rz(77(x,T+DT)+77(X,T)—Z%T(X))(U(X,T+DT)—77(x,T))dx (12)

Using the formulas obtained in the work, we have conducted
numerical analysis of dependence of the optimal transition-process
time from its parameters, the number and locations of the pumping
stations, the range of admissible values of the control actions, and the
values of the initial and final steady-state regimes [1]. These
investigations generalize the results of the works ([1], [4]), obtained
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for boundary controls, in cases when there are intermediate pumping
stations considered as control actions.
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ABOUT RESOLVENT OF OPERATOR-DIFFERENTIAL
EQUATION HIGHER ORDER ON
FINITE INTERVAL
Aslanov H.I., Abdullayeva N.S.
Institute of Mathematics and Mechanics of NAS of Azerbaijan,
Sumgqait State University
aslanov.50@mail.ru

Let H separable Hilbert spase. In spase L,([0,7];H)

consider operator
L, which arising by differential expression

I(y)=(1yy""+0(x)y, 0<x<z
And boundary conditions

7(0)=y"(0)=...= y*(0)=0

YN (z)=y"Nz)=...= y*(z)=0

is considered.
We suppose, that of operator function Q(x) satisfy following

conditions:
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1. Atall xe [0,71], Q(x) is self-adjoint, bounded below operator
and Q(x) under all x is compact operator in H .

2. Let a,(x)<a,(x)<...<a,(x)<.. eigenvalue of operator O(x)

in H and at any xe[0,7] series ia[%(x) is convergence

i=l1

and itself sum contentiously on interval [0, z].
3. The operator-function Q7'(x) weak measurable, i.d. for any

f,g e H, the function (Q"(x) 7, g) is measurable in mean of

Lebesque.
At conditions 1-3, operator Lhaving discret spectr. We
defined over uy,u,, ..., i, ... eigenvalue of operator L in order they

rate.
The following basis theorem is proved:

Theorem: If coefficient of operator L satisfy by conditions
1-3, then of resolvent of operator L is operator of type Hilbert-

C . = 1 .
Smidt, i.d. series » —- is convergence.
2

n=1 n

SAGIRDLORIN SUURLU MONIMSONILMOSININ VO
MONTIQI TOFOKKURUN FORMALASMASINDA HONDOSO
MOSOLISI HOLLININ ROLU
9fondi S.N., 9liyev S.C., Sarbatov E.M.

Baki Doviat Universiteti

Molum oldugu kimi hondeso maddi alomin foza formalarini
Oyranmoklo maggul olan bir elmdir. Maddi alomin foza formalarini
dork etmoak va Oyronmak ii¢iin sagirdin ¢ox yaxsi inkisaf etmis, foza
tosovviiriic vo meontiqi mithakimesi olmalidir. Buna goro do
hondasonin todrisi prosesindo orta moktab sagirdlorinin foza
tasovviirlorini vo mantiqi mithakimasini inkisaf etdirmok on vacib
masalolordondir. Foza tosovviirliniin zoif inkigsaf etmis olmasi
sagirdlorin bir sira fonnlorin miivaffaqiyystls menimsamslorine mane
olur.
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Sagirdlorin mantiqi mithakimasinin inkisafinda hesab, cabr va
elementar  funksiyalara aid c¢aligmalarla  yanasi, hondosi
caligmalarinda boylik shomiyyati vardir. Lakin foza tosavviiriiniin
inkisafi vazifasi, demok olar ki, hondasinin vo hondass masalalarinin
lizorina diisiir.

Molumdur ki, telim nazeriyyesindo 1) biliklor arasindaki
olagolorin xarakterinin sagirdlor torofindon basa diisiilmoesi; 2)
olagolorin agkar edilmesi; 3) biliklori osaslandirma bacarigy;, 4)
biliklorin alds edilmasi lisullar1 vo onlarin tatbiqi dairslorinin basa
diisiilmasi vo s. sagirdlerin biliklori siiurlu menimsomslarinin asas
olamatlorididr.

Handasinin tadris prosesinds fuqurlarin xassolarinin sistematik
Oyronilmasinds masalo holli bdyiik shomiyyste malikdirs. Hondasa
mosalalori  nozori materialin - daha dorin  vo daha siiurlu
moanimsanilmasine komok etmoklo borabar, bu materiali tacriibaya
totbiq etmayi dyradir.

Hondoasa mosolasinin hoalli prosesinds siiurlulug ve faalligin
hayata kegirilmosi sagirdlordo osas soxsi keyfiyyst sayilan idrak
miistaqilliyi formalasdirir. Bunun naticasinds sagirdlor miistaqil fikir
sOylomak, yeni masalonin halling istiqgametlonmok, biliklorin alds
edilmasi lisullarin1 6yronmak bacariqlar1 formalasir.

Tolim idraki masalolorinin  kdmoyi ilo sagirdlorin biliya
yiyalonmok igino siiurlu, yoni mogsadli yanagsmagq, onun yerina
yetirilmasi yollarini vo mosalads verilonlari nazars almag, masalonin
diizgiin hall edilib-edilmoadiyini dork edib basa diismak qabiliyyationi
torbiys etmoyo imkan yaradir. Siiurluluq prinsipi sagirdlordon
konkret vo miicorrad proseslori diizgiin oslagolondirmayi tolob edir.
Mosalo holli zamami sagirdlor konkret vo miicarrad proseslori
olagslondirmayi Oyranir.

Stiurlu  monimsams prosesindo biliklorin  yrenilmoesi va
totbiginoe yaradic1 miinasibat, sagirdlordo montiqi  tofokkdirii
formalasdirir.

Sagird handeso mosalalarini hall etmokls ¢oxlu yenilik derk
edir: mosolodo tosvir olunan yeni situasiya, nozoriyysnin masala
hallins tatbiqi ils tanis olur, yaxud masals halli {iglin zaruri olan yeni
biliklari dork edir. Hondasadon maosala halli verilonlori, axtarilanlar:
ayirmagi, notico ¢ixarmagi, verilonlorde imumiliyi tapmagi, faktlari
tutusdurmagi vo qarsi-qarsiya qoymagi dyradir ki, bu da sagirdlorin

55



tofokkiirlinii  zenginlagdirir vo Oyrandiklorinin stiurlu monimse-
nilmasing ciddi tasir gdstarir.

Hoandoasado masalonin holli prosesinds sagird masalods tasvir
edilonlorls tanis olur, nazsriyyonin bu masalo hallins totbiqini goriir,
yeni metod vo ya hondasonin yeni bolmalarini oyrenir ki, bununda
naticasinda yeni riyazi biliklor alds edir, alds etdiyi biliklori siiurlu
manimsayir vo montiqi mithakimasi formalasir.

Nozari biliklorin masalo hallinds totbiqi bacarigi sagirdlorin
Oyrandiyi biliklarin siiurlu manimsamalarinin sdstaricisi olur. Siiurlu
monimsoms tolim vo Oyronmenin miiveffoqiyystini tomin edir,
tolimin osas vozifalorinin yerino yetirilmasino sagirdlorin idrak
foaliyyatina va bu faaliyyats rohbarlik isina baslica istiqgamet verir.

Moslum oldugu kimi hendass masslalori {i¢ ndve bdliiniir:
hesablama maosalolori, isbat maosalolori vo qurma masalalar.
Hondoasadan hesablama masslslorine bozen vo qurma mosslalering
homige isbat daxil oldugundan aydindir ki, bu bdlgiinii ciddi elmi
bolgii hesab etmok olmaz. Buna baxmayaraq homin bdlgii handass
masalalarinin hallinin dyranilmasini asanlasdirmaq magsadi ilo gabul
edilir.

Tadris prosesindo hondasa  masalalorindon  isbata aid
masalalorin asas mogsadi, sagirdloro miixtalif isbat metodlarindan
istifado etmoyi Oyrotmokls onlarin moentiqi tofokkiiriinii inkigaf
etdirmokdir.

Qeyd edak ki, hesabin va cabrin tadrisinds sifahi ¢aligmalarin
ohamiyyati haqqinda deyilonlor, hondaso masalalarinin sifahi hallina
do aiddir, lakin handass masalalarinin sifahi halli, hom do sagirdlorin
foza tesavviirlorinin vo mantiqi tofokkiirlerinin inkisafinda ¢ox bdylik
ohamiyyato malikdir.

Hondasa masalslorinin hallinds asas morholo hsllin planinin
tortib edilmoasidir. Boazi hallar miistasna olmagqla sinifde masslslsrin
halli planim sagirdlor miisyyon etmolidirlor. ©gor masaloni bir nega
tisulla hall etmok miimkiindiirss, ¢alismaq lazimdir ki, bu iisullarin
hamis1 tapilsin vo onlardan on somorsli vo maraqli olani segilsin.
Sagirdlorin miihakimo aparmasma mane olunmamaldir. Onda
sagirdlorin hondssoni dorindon Oyronmoys maraq yaradilir vo
sagirdlorin montiqi mithakimosi formalasir.

Molumdur ki, masslonin holli planin1 tapmaq igiin analiz
metodundan istifado etmok lazim golir. Sagirdlorin bu sahado hesab
masalalorinin  hollinds olde etmis olduglart vardislorden istifads
etdikds bu vardislor méhkoamlanir.
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Isbata aid hondoaso moasalolarinin holli sagirdlors miixtalif isbat
metodlarinda istifads etmoyi 0yronmakls, onlarin mantiqi tofokkiirii
inkisaf edir, bununda noticosinds sagirdlordo montiqi miithakima
formalasir. Bu ciir mosalalarin holli prosesinds sagird ¢ox zaman
fiqurlarm bozi imumi xassolorini agkara ¢ixarmagqla, bilik dairasini
genislondirir vo onlarin riyaziyyatla daha ¢ox maraqlanmasina sobab
olur. Tolim prosesinds sagird isbata aid mosalalorin halli ils
miintozom siirotds masgul olduqda, sagirdlor isbat prosesini siiurlu
olaraq monimsayir vo mantiqi mithakims yiiriitmays aligirlar.

Hondoasads qurma masslslari sagirdlerin foza tosovviiriiniin,
montiqi tofokkiirliniin vo montiqi tofokkiirdon yaranan mentiqi
mithakimonin inkisafina komok edon qilivvetli bir vasitadir.
Hondoasads qurma masalolori dedikdo bazi verilon elementlors vo
sortloro goro hondosi fiqurun qurulmasini tolob edon maosalalor
nazords tutulur. Elo mosslalar var ki, onlarm hslli yalniz qurma ils
yerino yetirilir. Bu halda qurma kémokgi rol oynamir vo asas magsad
kimi garsiya qoyulur.

Qurma mosalolori sagirdlorin  montiqi  tofokkiiriinli, foza
tosovviiriinii inkisaf etdirir, onlarin nozori bilik va tacriibii vordislor
olds etmosing, Gyronilon biliklorin giiurlu monimsonilmasine ciddi
komok edir.

DORDUNCU TORTIB TONLIK UCUN BiR SPEKTRAL
MOSOLOYD UYGUN MOXSUSI ODODLORIN
ASIMPTOTIKASININ TAPILMASI
Ohmadov S.Z., 9laskarova S.T.

Baki Doviat Universiteti,

Azarbaycan Dovlat Pedaqoji Universiteti
salehmedovO@gmail.com

@'+ pAy"+ Ay —b(x)y—a(x)Ay =0, (1)

4 4
L(» =Y,y 0,0+ B, »""(1,2)=0,
k=1 k=1
4 4
L) =Y a, " 0,0+ B y* " (1,2)=0,
k=1 k=1

4 4
L(») =Y a, " 0,2)+> B,y "(1,4) =0,
k=1 k=1
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L(») =2 00" (0,1 + ) B,y (1, 2)=0, 2)

a,.p; (,j= 1,_4) kompleks adadlordir, a(x) veo b(x) kompleks
qiymotli funksiyalardir, p,q hoqiqi adadlar.
Teorem. Tutaq ki, (1) tonliyinin vo (2) sorhad sortlorinin
omsallar1 asagidaki sartlori 6dayir:
a(x) e C'[0,1], b(x) e C'[0,1], L(as,a,, By, B,)#0,
p<0, p°—4g<0
olarsa A(A) xarakteristik determinantin sifirlarinin asimptotikasi
asagidaki kimidir:
Ay = L{ln ctgQ ++/— 1[i Zs ZMH + O[lJ ,
, 2 n
n—ow, k=14. 3)
Burada o, (k=14) Birkhof monada xarakteristik tonliyin
koklaridir:

o, =i(cosgo+\/—lsingo),

Ql

W, =i(cosgo—«/—lsingo),

Ql

2

4qg-p
-p

0, =-0, 0,=-0,, @=arctg

ﬁpl aql ﬁql apl

a a
ﬁpZ q2 ﬁq2 p2 , p’q c {3’4} ]
ﬁ[)3 aq3 ﬁq3 ap3

ﬁp4 aq4 ﬁq4 ap4

L(ﬁp’aq’ﬁq’ali) =
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3. Mawmenos I0.A., AxMmenoB C.3. HccnenoBanue
XapaKTepPUCTUYECKOr0  ONPEACIUTENs,  CBSI3aHHOIO  C
peleHreM crekTpainbHoi 3anaun // Bectauk BI'Y, cep. ¢us.-
Mat.Hayk, 2005, Ne2 ¢.5-12.

IKi TORTIBLI KOSILON OMSALLI SPEKTRAL MOSOLO
UCUN AYRILIS TEOREMI
IJhmoadov S.Z., Quliyeva L.Y.
Baki Doviat Universiteti
salehmedovO@gmail.com

Isdo asagidaki kimi mosalayo baxilir:
p(x)y" =2y =f(x), —0<x<+w, (1)
|y(x,l)|SM, X — Fo0, 2)
Yoy —0)+0,,(a+0)=0,
yuy(a—=0)+6, (ax+0)=0,
Y20 Y(B=0)+6,(8+0)=0,
YuY(B—0)+6,(B+0)=0,

)

burada

a’, xe(-o;0)\(a;f),

p(xX)=1

ib”, x € (a; ),

a>0; b>0 olmaqla haqiqi ododlordir.
y; vo o, (i=12; j=01) hoqigi odadlor, M — miisbot

adaddir. (1)-(3) masoalasinds (2) sorti tabii sort, (3) sorti iso uzlagsma
sorti adlanur.

(1)-(3) spektral mosslonin moxsusi adadlerinin asimptotikasi
asagidaki kimi tapilmisdir ([1], [2]):

Lo b
Y 2V2(B-a)

burada

(go+27rk—K+i(go+27tk+K))+O[%), k — +o0,

A a,+a,+a,—i(a +a,+a,)

- , p=arg A, K=1n|A|.
-a,+a,—a,+i(a,—a,+a,)
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Teorem. Ogor ¢(x) funksiyasi vo uzlagma sortlorinin amsal-
lar1 asagidak: sortlori 6doyarsa
a) ¢@(x) funksiyast (—oo;00) arah@inda ikinci tortibo qader
kasilmoz téromolars malikdir;
b) ¢(x),¢'(x) vo @"(x) funksiyalari (—oo;00) araliginda mohdud-
durlar;
¢) p(a)=¢(f) =¢'(@) =¢'(f)=0 ;
d) (a,+a,)a, +a,)>0,
onda ¢@(x) funksiyasi ii¢iin asagidaki ayrilig diisturu dogrudur

o(x) = ﬁz j Y A)AdA,

burada y(x,4) spektral mosolonin hollidir. C, - sado qapali kontur
olub 6z daxilinds y(x,A) funksiyasimin bir polyusunu saxlayrr,

_ 7/107/20511521 . _ 7/107/21511520 .
al = N a2 = > s
V2ab b
_ 7/117/20510521 . _ 7/117/21510520
a, = ; a, = > .
V2ab b
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HZLB FOZALARINDA KOSI STILTYES SINQULYAR

OPERATORU
Ikbarov A.9., Haciyeva R.O.
Baki Doviat Universiteti

Tutaq ki, p,(x) (i =1,2) - azalmayan funksiyadir vo
p,(0)=0;

ar
p(x)=p,(x—a)p,(b-x) xe[a,b]; w(5), 5e(O,b—a] -
kasilmazlik moduludur;
H} = {u €Cn: lglaq (pu)(x)=lim(pu)(x)=0,

x—b

Jul = sup (1(pu)(x)-(ou)e)y o ~]) < 0}

X15X,
X #Xy

Umumilosmis ¢okili Holder fozasidir [1].
Qeyd edok ki, p(x)=(x—a)(b-x) vo 0)(5) =08" olan
halda H) fozasmi H, isars edocoyik.
Isdo asagidaki sinqulyar operatora baxilir:

A (4, ) hm“ IJ |x s

X+&

xe(a,b); ne(0).
Teorem. Tutaq ki, ue€ H ;. Onda (Ayu)(x), xe(a,b) sinqulyar
inteqralin varlhigi tiglin zoruri gort

B

O<v<L,0<v—pyv<a<v+lLv<f<v+l (D)
Odonmosidir.
Teorem. Tutaq ki, (1) sorti ddonir. Onda 4, operatorunun H, -dan
H) , -a mohdud tosir etmosi {igiin zoruri vo kafi sort

O<v,sv—u,a<a, p<p
Odonmosidir.
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H” FOZALARINDA KOSI STILTYES SINQULYAR

OPERATORU UCUN TORS QiYMOTLONDIRMOLOR
IJkbarov A.9., Haciyeva R.O.
Baki Doviat Universiteti

Tutaq ki, p,.(x) (i=1,2) - azalmayan funksiyadir vo

ar
plx)=p(x-a)p,(b-x) xelab], w(5), 5e(0.b-d] -

kasilmozlik moduludur;
HY = {“ €Cluny: 1}}}}(/3“)(3‘)2 1}{}}(/3“)(3‘)

o sip (o)~ (o))l rol, —x]) < )

Umumilosmis gékili Hoélder fozasidir [1,2].
Isdo H . fozalar1 skalasinda asagidaki sinqulyar operatora baxilir:

Au—)Au 11_1)1&)[‘[ jJsx|x s|

xe(a,b); ne(0).
Teorem. Ogor A4, operatoru H -dan H ®_yo mohdud tosir edirsa,

) 3020 o)y, B o)

0,

p(x) g e Xy p(0)
)] pa,.)((f))fﬂ <Ca(x), xe (0, (—a)2)

2) Ogor p hom do asagidaki sorti 6doyirso:
I e(0,b-a),35,>0,Vye(x, x+6,)
(voya Vye (3?—50, )_c))
|p(x)-p()|<ca(]x-y]),
onda
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ELASTIKi BORUDA MAYENIN AXIN REJIMLORINDO
DALGALARIN RiYAZi MODELLOSMOSI
Oliyev A.B., Hasoanova G.H., Sultanova G.9.
Baki Doviat Universiteti

Elastiki boruda mayenin bir6lgiilii qeyri — stasionar harakstinin
tonliklor sistemi asagidaki kimidir [1]

8P aM A M|W|

ax at 2D

_gOP _ M 1)
ot ax

Burada M =SWp borunun en kesiyindon kegon mayenin kiitlolor
forqi, S ( )-borunun en kosiyinin sahasi, p - mayenin sixligi, P(x t) -
tozyiq, W(x,t)- en kosikdon kegon mayenin orta siirrati, ¢ - sistemin

hayacanlanma siirati, D - borunun diametri, A - hidravlik miigavimat
omsalidir.
Forz olunur ki, borunun en kosiyi mayenin tozyiqinin tosiri
naticasinds elastiki deformasiya olunur:
S-S, D P-PR
S h E

P

2)

burada §, - baslangic P, tozyiqino uygun borunun en kasiyi, E —

borunun divar materialinin elastiki modulu, h boru xotti divarinin
qalinligidir.

Boru boyu dalganin paylanma siirati asagidaki diisturla tayin
olunur [2].

k K
02:_’K= *
P 1+K*D
Eh



burada K, - mayenin hacmi sixilma moduludur.

Borunun en kosik sahosinin doyismosi S =S, exp{— 2§xJ
0
ganunu ils doyisir.
Nozero alsaq ki, borunun en kasiyi S-yalmiz x koordinatlarindan
asihidir. Onda (1)-i asagidaki kimi yazmagq olar:
,OM oM OF
¢c—+—+—=0
ox oOx Ot
aﬁJr@_F:l@_SF_LMM' (3)
ox ot S ox 2DSp
burada F =Sp

Miivafiq riyazi ¢evirmolordon sonra P iigiin

S  dc
P=P. |20 exp| —dmr [ 25
ool ool
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DEFORMASiIYA OLUNAN BORUDA ELASTIKI
SURTUNMONI NOZORO ALMAQLA
AXAN MAYEDO DALGALAR
Oliyev A.B., Miiseyibli P.T.

Baki Doviat Universiteti

Tutaq ki, yarimsonsuz silindirik boru verilmisdir. Borunun
radiusunu vo qalmhigmmi uygun olaraq R va £ ils isara edok. Sixligi
p, olan mayeni bircins vo sixilmayan qobul edok. Tagribi olaraq

stirotin profilini miistovi qobul etsok (mosolon arteriya damarlari
liclin), Ozlililylinli nazere almaya bilorik. Ozliiliiyii yalniz sorhod
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lay1 daxilinde nozers almagqla kifayotlonocoyik. Dalganin uzunlu-
gunu borunun diametrindon ¢ox boyiik olan hal {igiin uzun dalgal
tagribi lisulu realizasiya etmok toklif olunur.

Bir 6lgiilii axm iigiin siirati u =u(x,t), tozyiqi P=P(x,?),
radial yerdoyismoni iso W =W(x,t) qobul edok. Bu halda
kasilmozlik tonliyi asagidaki formani alir [2].

a 2w _ o 0
ox R ot

harakat tonliyi isa
o p, ox

soklinds olur. Burada x e [0,00) - uzununa koordinat, ¢ 1so zamandr.

% << 1 sortini qobul etsok, borunun harakat tonliyini agagidaki kimi

yaza bilarik.

o'w Eh

——=0- w, 3

or’ R(1-v?) ®)
burada p,- boru divar1 materialinin sixligi, E” - elastiklik modulu,
v - Puasson omsalidir. Forz edokki, o gorginliyi iki nov

gorginlikdon ibaratdir: mayenin boruya gostordiyi P hidrodinamik
tozyiq veo otraf miihitin olavoe 0Ozlii elastiki barkliys tosir edon

p.h

G’ aw tazyiq.
ot

Irsilik nozariyyasine analoji olaraq [1] G -ni asagidaki kimi
yaza bilorik:
ow ow(x,7)
G =Gi— - |G \t—7)———=dr 4
e
Axirinet ifadodo G, (¢ —7)-niive forgi olub, siirtinmodon

yaranan Ozliililyli ifade edir. G iso ani elastiki mohkomlik &l¢iilii
parametrdir. (1.4) barabarliyini (1.3)-ds nazars alsaq, alariq:

o ot "ot
Belalikls hidroelastiki sistem tonliklori (1.1), (1.2) va (1.5) ilo
ifads olunur.

ow _fow | ow Eh
P=p.h +G{——J;G0(t—f\ dT}+R2(l_v2)W (5)
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Almmis (1.1), (1.2) va (1.5) tenliklorini inteqral difernsial
tonliklorin halling gatirilir va naticads P, W, U ii¢iin agagidakilar
alinir.

P = P, expli(cwt — )] (6)
W= £y expli(or — &) 7
i(l—a)g£+£02n
R R "
5 2 geili-a)-i>cn
u=i—P~P, R exp[i(a)t —5x)] ®)
®
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PALCIQ VULKANLARININ MUXTOLIF STRUKTURLARI
UCUN DALGA SAHOLORININ RiYAZi
MODELLOSDIRILMOSI HAQQINDA
dliyev A.B., Salmanova G.M
Baki Doviat Universiteti

Palgiq vulkanlarmin strukturunun fundamental mosslasinin
hoalli giiclii vibratorlar totbiq etmoklo dilatans vulkan zonalarinin
tacriibi osaslarmin todqiqi ilo baghdir.Bu nov vulkanlarin Syronil-
masinin asas masalalorindon biri bu strukturlar iiglin giiclii vibratorla
yaradilan elastiki ~ dal@alarin yayilma proseslorini tesvir eden
adekvat riyazi modellarin qurulmasidir.Seysmik dalgalarin yayilmasi
prosesinin miirokkeb quruluslu elastik anizotrop miihitlords riyazi
modellagdirilmasi sarhad va baslangic sortlora malik yerdoyisma vo
gorginlik voaziyyeatlorinds yazilan elastiklik nazariyyasi tonliklorinin
osasinda yerina yetirilir. Miihitdo yerlogon dalga monbasinin tesiri
naticasinde meydana golon seysmik qirilmalarin hesablanmasi ligiin
asagidaki baslangic vo sorhad sortli tonliklori 6doysn yerdoyismo
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(u,v,w) siirat vektorlarinin vo gorginlik tenzorunun komponentlarini

(0,,0,,0..,0,,0,,0, ) midyyan etmok lazimdir [1].
oo,
pﬁ—u _ 9%, + L 90, ,80-"" =(4 +2,u)8—u+l@++18—w+Fx
ot Ox oy 0z Ot ox oy 0z
0 0 0 0
p@: O OO OO , O :(l+2,u)8—u+l@++l@+[?
ot Ox oy 0z ot ox oy oz 7
oo,
p@_wzﬁo'n O +8GZZ,8GZZ :(A+2y)8—"+1@++1@+l72
ot Ox oy 0z Ot Ox oy oz
0. _0u o,
ot 0z Ox
oo ov  ow
—=pu(o )
ot 0z Oy
86 R (al_i_@)
a Mo o

Forz edilir ki, p=p(x,y,z)- sixliq vo F asagidaki soklo

malikdir: F (x,y,z)=F,i+F y+F.k

Bu tip mosalolerin hsllinds sonlu forgler {isulundan istifades
etmoak daha slveriglidir. Miixtalif sabakalar li¢iin sonlu farq sxeminin
timumi variant1 toklif olunmusdur. Lakin sadslik xatrine baxilan igdo
foza doyisonlorine gora eyni addimli varianta baxilmigdir. Bir neco
tonliyin aproksimasiya niimunosi gostorilmisdir. Qalan tonliklor
analoji siilla alinirlar [2]:

(o

ol ;
flml{):(l"‘zﬂ)ﬂk 2 Ax T ’

n+l o
1. 1. n n
Pijk + P Kk =5 Jk (Gm/k O o /k)
- - = - — +

2

n+l
xxijk

u 1
+— jk i—jk
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2 n
+ A Az + [
unl un v’l v’l l
ol ., ik ik ik imjek
o', —o" ,  =c66 , | ( + )
yi——j——k xyi—— j——k i——j——k Ay Ax
2’72 272 2’72
1 1 1 1 _
VSRS SR S

i_%'f oF My Mg My Mg

Naticado alinan sxem zamana vo fozaya goro ikinci tertib
aproksimasiya ilo avazlonirSonlu farglor sxeminin imumi varianti
ixtiyari goboka {iglin dogrudur,lakin sadslik tiglin bu igdo foza
dayisonloari {izra eyni addimlarla olan varianta baxilir.

Umumi hesablama sxemi asagidaki kimidir.©Ovvalco zamana
g0ra birinci yarimaddimda yerdayisma siirati vektoru komponentlari
miioyyon edilir,sonra iso zamana gors ikinci yarimaddimda lazimi
gorginlik komponentlori diisturlardan tapilir.Sonra iss zamana goéro
yeni yarimaddimda  yerdoyisme  siirati  vektorunun = yeni
komponentlari hesablanir.
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T’ (M) laylanmasi iizorindo Riman metrikasi vo Riman rabitasi

Fattayev H.D., Kazzimova S.F.
Baki Doviat Universiteti

Tenzor laylanmalarinda Riman metrikalarimin  tedqiqi
aktuallig1 ilo segilon mosslalordondir. Toxunan laylanmada Riman
metrikas1 [1] moqalssinds, kotoxunan laylanmada vo (0,2) tipli
tenzor laylanmasinda iss uygun olaraq, [2] vo [3] moagqalslorinda
qurulmusdur. Togdim olunan igdo analoji Riman mtrikasinin (3,0)

tipli tenzor laylanmasinda toyin olunmasindan bshs edilir.
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Tutaq ki, C” sinifindon olan » - 6l¢iilii M Riman ¢oxob-
razlist verilmigdir, g, Riman metrik tenzor meydanidir, g’ iso
metrik tenzor meydanmin tors tenzorunun kom-ponentloridir.
T’(M) ilo M Riman goxobrazlisi iizarinds (3,0) tipli tenzorlarin
laylanmasmi isaro edek: T)(M)= UT(f(M ), burada T;(Q)-0

QeM
ndqtesinda (3,0) tipli tenzorlarm xatti fozasidir.

T’(M) tenzor laylanmasinda asagidaki kvadratik formani
toyin edoak:
G, dx'dx’ = g dx'dx’ + g, g, g, 61", (1)

burada 6t —t™ tenzorunun V Riman rabitosindo miitloq diferen-
sialidir, bels ki,

St =dt™ + T ™ dx" + Tt dx’ + gt dx’, )
I) —Riman rabitosinin omsallaridir. (1) kvadratik formasimin

doyisonlori T (M) tenzor laylanmasmin lokal koordinatlarinin
diferensiallaridir.

G, dx'dx’ kvadratik formasinin asagidaki omsallarmi toyin
edirik:

— abc | T bac - cab pqr | T qpr = rpq
G[:/ - g,/ + gapgbqu‘r (rl + 1—‘1 +r i )(r/ + r/ +r: )’
_ abc | T bac = cab
G’; - g@/l g]?fz g‘ffx (rl + E +rl )’

G =8,,8.,8, " + f/qpr +T 7
Gii =818, 800
burada T} ¢ =T, T/ t™ =T/, I " =T isars olunmusdur.
Teorem 1 . (1) kvadratik formasinin omsallari
det(G,,) # 0
sartini ‘tidsyirlsr.
Isbati. Gostorok ki, (G,,) matrisi cirlasmayandir, yoni
G,G" =65 3)
sisteminin yegans holli var, burada 8" — Kroneker simvollari, G™ —

tors matrisin komponentlorini isars etmoak tliglin gobul etdiyimiz
simvollardir.
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(3) sistemini agagidaki hallarda todqiq edok:
DI=i,K=k 3)1=i,K=k;
2)I=i,K=k; MHI=i,K=k.

1)-ci halda yaza bilorik:
G,G"+G,.G" =5/,
Vo ya
[+ 8481y & (T + T 4T )T/ + T 4T P)]G* +

+8,,8,,8, (0" + T TG =5,
Asanligla yoxlanilir ki, bu barabarlik yalniz vo yalniz
y y
G‘ik — g/k
Gt = g (—[)h T T i
sartlori daxilinde dogrudur.

Qeyd edok ki, (4) sortlori daxilinds (3) barabarliyi 3-cii halda
da 6danilir. Dogrudan da,
JK jk j I =, )
G.,G" =G.G’ +G,7G"" =g,,8,8, "+ ++T P g™ +

iJ ij

“4)

+g,,8,,8, 8" (T T I By = 0 = 5%,
2)-ci halda (3) sistemi asagidaki sokli alir:
G,.jij + G,.;ij =0
Vo ya
[gl/ + gapgbqgcr (l—‘iabc + Ft’bac +F ;ab)(r;}qr + f/‘qpr + F :pq)]G/I; +

ab T ba = ab jk
+g@/1g}?/2g‘f/1 (1—" ’ + 1—; ‘ +rf )G/ = 0
Sonuncu miinasibatden alariq:
Gﬂ; — gmf (_Fklkzkz _TkEklkZ _1?‘ kzklkz)

_ _n 7 5
G;l; — (l"klkzkz +Fk2k1kz +f‘kzk1k2)(l"./1./2./z +F./2./1./z +IT‘ ./2./1./z)gml? _i_g./lklg./zkzg./zkz. ( )

Asanliqla yoxlanilir ki, (5) sortlori daxilinds (3) borabarliyi 4-
cii halda da 6donilir:

Jk _ (/‘l; 71; _ pqr T qpr = pq mj
G,G7 =G,G" +G;,G" =g,,8,8,I]" + I +17)g" x
kkoky  Thkk 1 Kk kkoks | Thkk | 1 ki
o (_1—‘mI T 1—‘m " _r rr: I ) + gi,(/‘, gil/‘2 giy/‘K [(Fvl T+ Fv v +r .vws I )><
% (1"’(’?/‘2/‘1 _ F”«I/AL/AL/AI _T’;I/A’s/‘l/‘z )g”” + g«/Alklgjlk2 g«f”k’s ] = 5:' 5:25:1 = 5;]{ .

70



Beloliklo, (G,,) cirlasmayan matrisdir vo tors matris (4) vo
(5) komponentlorine malikdir. Teorem isbat olundu.
Teorem 2. (1) kvadratik formasinin G,, omsallar1
ox' ox’
Gy = Al A
ox' Ox

tenzor qanunu ilo dayisirlar.
Bu teoremlor asagidaki naticoni qeyd etmays imkan verirlor.

Noatica. 7;'(M) tenzor laylanmasi xatti elementi (1) kvadratik
formasi ilo toyin olunan Riman ¢oxobrazlisidir.
G,, Riman metrikasina uygun olan Riman rabitosinin
omsallarini, yoni II név Kristoffel simvollarim hesablamaq
miimkiindiir. Ogor G,, Riman metrikasina uygun olan °V Riman

rabitosinin omsallarim “T); ilo isars etsok, onda
1
Grllj = EGKL (aIGLJ + aJGIL _aLGIJ) .
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AFINOR REPERLORININ LAYLANMA FOZASI,
BU FOZADA VEKTOR MEYDANININ TAM VO
HORIZONTAL LIiFTLORI
Fattayev H.D.

Baki1 Doviat Universiteti

Hamar ¢oxobrazli iizorinde qurulan laylanma fazalarinda
diferensial-handasi strukturlarin, o ciimlodon tenzor meydanla-rinin
tadqiqi aktualligr ilo segilon masalalordendir (bax, [1], [2], [3]). [1]
moagqalasinds bazada verilon miixtolif novlii tenzor meydanlarinin va
afin rabitalorin toxunan laylanmada, [2] magalasinds iso kotoxunan
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laylanmada tam liftlori toyin edilmis, xassolori Oyronilmisdir. [3]
moqalasindo  iso analoji mosoloys afinor laylanmasi halinda
baxilmigdir. Toqdim olunan isdo hamar ¢oxobrazli iizorinds afinor
reperlorinin laylanma fozasinin toyin olunmasindan vs bu laylan-
mada vektor meydaninin tam vo horizontal liftlsrinin qurulmasindan
bohs edilir.

Tutaq ki, M — C” sinfinden olan » - 6lgiilii diferen-siallanan
¢oxobrazlidir, 7' (x) iss x € M ndqtasinds afinor ((1,1) tipli tenzor)

fozasidir. x noqtesinde A, afinor reperi dedikds 7'(x) afinor

X
fozasinin (Xl‘,...,X;,Xl”,...,X:) bazisini basa diisacoyik. M ¢oxob-
razlisinin biitiin ndqtalorinds biitiin afinor reperlori goxlugunu LM
ilo isaro edirik. 7:LM — M tobii proyeksiyasi iso A —> x
soklinds toyin edirik. LM ¢oxlugunda C” sinfindon olan n+n*-
olgiilii diferensiallanan goxobrazli strukturunu asagidak: sokilde daxil
edirik.

Tutaq ki, (U ,xi) M ¢oxobrazlisinda koordinat sistemidir
(lokal xeritadir). LU =77'(U) -U goxlugunun biitiin noqtelorindo
biitiin afinor reperlorini 6ziindo saxlayir. A4 e LU afinor reperinin
X, afinoru yegans qaydada

(0 .

() ol
soklindo  ifado oluna  biler. §3uradan aydin  olur ki,
{LIIU ,(x[ X /‘;/ )} LM ¢oxlugunda koordinat sistemidir. Bu koordinat
sistemini dogrulmus koordinat sistemi adlandiririq.

Tutaq ki, (U ,x! ) \) (U ',xi') M ¢oxobrazlisinda bir-biri ilo
x'=x" (xl,...,x”) (1)
cevirmosi vasitasilo olagali olan koordinat sistemlaridir. Onda
dogrulmus {LIIU,(x[,ng)} Vo {LIIU',(x’,X;f}' )} koordinat sistemlori

ligiin LU N LU’ kosismoasindo

, o
{x’ =x’(x ,...,x”),

on/" — A/"AiXa/ (2)
Bi' j i pi
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¢evirmo diisturlarim yaza bilorik, burada A4’ = % -(1) ¢cevirmesinin
torsi olan x' =x' (x",...,x”') cevirmosinin Yakobi matrisinin ele-
mentloridir.

Yuxaridaki miihakimolor gostorir ki, LM — n+n*-olgiili,
C” sinfindon olan diferensiallanan ¢oxobrazlidir. Nozords tuturuq
ki, 7,J,K,...indekslori 1—don n+n*-o godar doyisir va i, soklinda
olan indeks iso n+1— don n+n'-0 qodor doyisir. Noticodo LM
laylanmasinda (x[ X ) koordinatlarini (X ! ) Vo ya (x[x["f’) soklindo
ds ifads etmok miimkiindiir.

(1) ¢evirmoasini nozors almagla miioyyan edirik ki, LU N LU’
kosismasindo bu ¢evirmonin Yakobi matrisi asagidaki struktura

malikdir:
(A")— o B A 0
olax! ) \o 4/ ahxy Al4isesy |

Tutaq ki, M ¢oxobrazlisi iizorindo ixtiyari ¥ =V'0, vektor

meydani verilmisdir.
Teorem 1.V =(V", V™ )= (V', X0,V = X200™)
obyekti LM laylanmasinda vektor qanunu ils gevrilir.
Isbat1. Iki hal miimkiin hala baxilr.
1) I'=i",buhalda V"=V"=V", digor torafdon,
ALV = AV + 4]V =4V =V

2) I'= i;ﬁ , bu halda
VIV = X9V - XT oV =X5'0, AV +
4
X0, VAl - X530, 470V - X3 470, V" = ;ak.
Digor torofdon,
ATV = AV + 47V = X50,(A] AWV +

4
A0 A A X LY = 3 b,
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Elementar ¢evirmolor gostorir ki,

a=>b, a,=b, a,=b, a,=b, 3)
(3) barabarliklarinden miiayyan edirik ki,
z‘V[;;/f — A;’«’w Z‘V[ ,

bu iso teoremin isbat olunmas1 demokdir.
V vektor meydanini ¥ vektor meydamnin LM laylan-

masinda tam lifti adlandiririq.
M  c¢oxobrazlisi lizorindo V afin rabitosi verildiyi halda
asagidaki teorem isbat olunur.

Teorem2. "V = (HVi,H y )= (Vi,X;f;rkerk - X;’”F,j;nV")
obyekti LM laylanmasinda vektor qanunu ils gevrilir.
"V vektor meydami isa ¥ vektor meydanmin LM

laylanmasinda horizontal lifti adlandiririq. Vektor meydanimin LM

laylanmasinda tam vo horizontal liftlorinin xassolori vo aralarindaki
miinasibat do tadqiq olunmusdur.
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TOHSIL PROSESINDO RiYAZI PROQRAM
PAKETLORININ OYRODILMOSI
Fatullayeva L.F.

Azarbaycan Miiallimlor Institutu

Kompiiterin insan faaliyyatinin biitiin sferalarina totbiqi
miixtalif sahoalordo calisan ixtisasg¢ilardan hesablama texnikasindan
istifado bacari@ini tolob edir. Ali moktoblorin «Riyaziyyat vo
informatikay ixtisasl fakiiltalorindo oxuyan talobolor birinci kursdan
baslayaraq todris dovrii orzinde daim kompiiterlo tomasda olurlar.
Ovvolco onlar alqoritmik dil, sonra iso sado riyazi vo fiziki
masalolorin  holl proqramlarmi tortib etmoyi Oyronirlor. Yuxari
kurslarda toloboloro kurs vo sorbest islorin verilmasi, toqribi
hesablama iisullarmin todrisi kompiiterdon istifade bacariginmin
vacibliyini bir daha tesdiq edir. Hesablama texnikasi sahasinin asas
fonlorindon biri do «Hesablama riyaziyyatidir». O, miixtalif
proseslari tasvir edon vo eyni zamanda analitik tisullarla hoalli ¢otin
olan (bazon miimkiin olmayan) riyazi masalolorin toqribi holl
tisullarinin (adadi tisullarm) tetbigini, bu tisullarin tadqiqini dyronir.
Odadi tisullar bir qayda olaraq yiiksak ixtisasl riyaziyyatcilar igloyib
hazirlayir vo arasdirirlar. ©gor bu iisullardan pedaqoji, qeyri-riyazi
sferalarda istifado olunarsa, onda istifadagidon iisulun asas ideyasini,
xiisusiyyatlorini va tatbiq sahasini yaxsi bilmak talab olunur.

Riyaziyyat, fizika, geologiya, astronomiya vo digor tobiot
elmlarinin nazori porblemlarinin holli zamani, mithondis - texnoloji
vo iqtisadi layihalorin hazirlanmasi prosesinds ¢ox zaman halli
yalniz adadi iisullarla miimkiin olan riyazi masalar hall etmak, bdyiik
hacmli hesablamalar aparmaq zsrursti meydana ¢ixir. Ovvallor bu
tip masalorin halli tadgiqatgidan odadi tisullar1 bilmokls yanasi,
miitloq miisyyon alqoritmik dilde programlar tortib etmok bacarigi
tolab edirdi. Bundan slava, bir masalonin halli ii¢iin saatlar, bazon do
giinlor tolob olunurdu. Bu gilin iss, hor bir goxs xiisusi totbiqi
programlar - riyazi proqgram paketlori vasiatsilo on miirokkab riyazi
masalalari qisa bir miiddstds hall edo bilar.

Riyazi proqram paketlorinin elm va texnikada somarali istifado
olunmasina baxmayaraq, bir ¢cox riyaziyyatg¢i-alimlor onlarin todris
olunmasinin sleyhine ¢ixirdilar. Bu ciir diislinon tadqiqatgilar iddia
edirlor ki, riyazi program paketlorinds islomayi bacaran riyaziyyatgi-
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talobalor, hamginin riyaziyyat miisllimlori qoyulmus masslonin hall
yolunu, riyazi diisturlart unutmus olarlar. Onlar belo programlarin
mohz hesablama xarakterli islorlo mosgul olan miitoxassislorin
bilmasini vo mithandislar, texniklor, memarlar va s. kimi ixtisasgilar
hazirlayan ali moktoblords riyazi proqram paketlarinin todrisini vacib
sayirlar. Lakin bu fikir yanhgdir, ona goére ki, bu proqramlar todris
edon miisllimlars ehtiyac vardir. Bunu nazors alaraq, ali moktoblarin
riyaziyyat vo informatika profilli fakiiltslorindo riyazi proqram
paketlorini 6yraden fonnin todris olunmasi shomiyyatlidir.

Hal-hazirda riyazi paketlorin miikommal variantlarindan biri
olan MathCAD programi elm va tohsildo miivaffaqiyyatlo istifads
olunur. Bu riyazi program paketi 1988-ci ildo Math Soft Inc firmasi
torofindon riyazi masololori ododi {isullarla hall etmok {igiin
yaradilmigdir. Programda masalonin qoyulusu snonovi riyazi yazi-
lisla - riyaziyyatda qobul edilmis isaralorin kdmayi ils tosvir edilir.
Baxilan masalalor analitik va ya adadi iisullarla hall edilir. MathCAD
Professional paketi inteqral sistem olub, 6ziinds hesablama
prosessoru ila yanast matn, diistur, qrafiki redaktorlar1 birlogdirir.

Mathcad-da  hesablama  omoliyyati adoton  avtomatik
hesablama rejiminds, oadadi vo ya analitik-simvolik olaraq hoyata
kegirilir. Bir sira tonliklori, o ciimlodon transendent, tartibi dérddon
yitksak olan cabri tonliklori analitik holl etmok miimkiin deyildir.
Buna goro do bu tip tonliklor odadi iisulla hall olunur. Bu moagsadlo
Mathcad-da root (f(x1,x2,K), x1,a,b) funksiyasi nozords tutulmusdur,
burada f{x], x2,K) tenliyin sag torofini toyin edon skalyar funksiya,
xI,x2, K iso funksiyanin skalyar arqumentloridir. x/, @, b miivafiq
olaraq tonliyin kokiiniin funksiyanin hansi arqumentino goéro
axtarildigim vo hallin axtarildig1 par¢am toyin edir. x/ - arqumentina
hollin baglangic yaximlasmasi iiclin qiymot monimsadilmolidir.
Hallin baglangic yaxinlagmasi asason qrafiki yolla, digar adadi lisulla
toyin edilo bilor. Masalon, tutaq ki, x(x — 6)(x + 3)(5—x) — 17 =0
tonliyinin x=0 baslangic giymetinde vo 10~ dogiqliyilo ododi hollinin
tapilmasi talab olunur. Malumdur ki, bu tip tonliklari analitik hall etmak ¢ox
cotindir, lakin MathCAD sistemindo masalonin holli miimkiindiir.
Hollin fragmenti agagida verilmisdir:
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Funksivanm tavin olunmas:
i)y =wx—-6(x+305-0 - 17
Hoallin baslangic givmatinin daxil edibmasi
x=10

toof(fi%) %) = -0.188

Yuxarida sOylonilon miilahizalori yekunlagdiraraq, belo bir
naticoya golmoak olar:
e  riyazi proqram paketlorinin ali moktoblards tadrisi vacibdir;
e  riyazi proqram paketlorinds isloysrkon, miitoxassis misal hollina
vaxt sarf etmoaz, demali, vaxta gonast etmis olar;
e holli analitik yolla miimkiin olmayan tonliklar, miirakkeb riyazi
ifadslor vo funksiyalar1 programin miivafiq panellorindon isti-
fads etmokls asanligla hesablamaq miimkiindiir.
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THE ESTIMATES OF SOLUTIONS FOR DEGENERATED
EQUATIONS
Gadjiev T., Hesenova E.
Institute of Mathematics and Mechanics of NAS of Azerbaijan

In this work a class of degenerated elliptic-parabolic equations
of the second order of non-divergent structure is considered. For
solutions of boundary problems of there is equations the coersitive
estimation in appropriate Sobolev soace is established. Let Q be a
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bounded domain in R" with a boundary 0Q,0QeC*. Q, be a

cylinder Qx(0,7), where T €(0,0).Let is consider in Q , the boun-
dary problem

Ya, (50U, +y (x0U, ~U, = f(x,1) (1)
i,j=1
U|r<Q,> =0 )
2
= ou ,U, :a—U where I,j=1,_n.
7 Ox0x; ox

[(Qr)=@2{0.T) L (Qx((0,1); = 0) 3)
is parabolic boundary of Q. Here y(x,7) some weight function.
Assume that for coefficients of the equation fallowing conditions are
satisfied. ||al.’j(x,z)|| is a real symmetrical matrix with elements

measurable ih Q ; for every (x,t) € Q, and & e R" the inequalities
are true
a 2 < _ a 2
I <Y a0 & < I @
i,j=1
where y is constant from a semi interval (0,1],o < n.In this work is
to obtain a coersitive estimation for the problem (1)-(2) at every

f(x,t) L,O, .

THE SOLUTIONS NON-LINEAR ELLIPTIC-PARABOLIC
EQUATIONS
Gadjiev T.S., Gasanova G.Sh.
Institute of Mathematics and Mechanics of NAS of Azerbaijan
tgadjievi@mail.az

Let R be an (n+1)-dimensional Euclidian space of points
(x,0)=(x,,...,x,,1) O, =Qx(0,T) be a cylindrical domain in R"",
where Q is a bounded n-dimensional domain with the boundary 6Q
and 7 =(0,00). Let Q, = {(x,#):x€Q,t=0 } and
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1(Q,)=0, u(éQx[0,T]) be parabolic boundary of Q, .Consider
the following second order degerenated elliptic-parabolic equation in

O,
Lu= iaﬁ(x,t,u)ux,xl + ib[ (x,Du, +¥(x,0)u, + c(x,t)u, = f(x,t) (1)

i,j=1
"|r<Q,> =0 2)
In assumption that (% (x,t)) is a real symmetric matrix where for all

(x,t) €O, and any n-dimensional vector & the following conditions
are fulfilled

6 < Xy (v ki, <yl 3)
Where y € (0,1]-const
c(x,0)<0, c(x,t) e L,,(0,), 4)

We determine the function ‘P(x,7) = a)(x)a)(t)go(T —t), where
a)(x) nonnegative function satisfy Makenxoupt condition, w,¢ are

continuous, non-neagtive and non-decreasing functions of their

arguments.In the above mentioned conditions the coercive estimate

is proved for strong solvability is proved in the following form.
Theorem. Let the conditions (3)-(4) be fulfilled. Then at

T <T, the problem (1)-(2) has a unique strong solition in the space
0
W3 (Q,) forany f(x.0)€L,(Q;)

APPROXIMATION OF HYPERSINGULAR INTEGRAL
OPERATORS WITH HILBERT KERNEL
Gadjieva Ch.A.

Baku State University
hacizade.chinara@gmail.com

Consider the hypersingular integral

2z

J.CSC2TT_t(D(T)dT, teT,, (1)

0
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where ¢ is Lebesgue integrable on 7, and 2z -periodic function. If
we define this integral similar to the Cauchy integral, even if p=1,

we get the divergent integral.

Therefore, using the idea of Hadamard (see [1]), we will
define the integral (1) as follows:

Definition 1. If a finite limit

N Tt 8¢(¢)
lim (,J.,, csc’ T(D(T)d‘[' + ,L csc’ T(D(T)d‘[' —TJ

exist, then the value of this limit is referred to as the hypersingular
Hilbert integral of the function ¢ on 7}, and is denoted by

2z
Ics02 T—_tq)(r)dr :
. 2
Theorem 1. If the 27 -periodic function ¢ is absolutely

continuous on 7, then the hypersingular Hilbert integral (1) exist for
almost all ¢ €T, and the equation
27 27
2 T— t T _t ’
csc-—olt)dr =2 | cot——@'(7)dt
[ese* = olc) ! A,

0

holds.
Let L, = L,(T,) be the space of the functions square-integrable

/2

2z
on 7, with the norm ||, :(%HQD(T)FCZTJ , and let
. Ty

w) =Ww,(T,) be the space of absolutely continuous on 7, functions,
which derivative belongs on the space L,, with the norm

lell; = lel., +le’]., -
From the theorem 1 it follows that, the hypersingular integral
operator with Hilbert kernel

= Jcsc —go , teT

is bounded from the space W, into the space L,, and ||H "W'% =1.

Consider the sequence of operators
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(H p)\t)= 2 2k +1) [go[t + ﬂ(zi - l)j - go(t)} neN.

k=0

Theorem 2. The operators H,, n=1,2,... is bounded from
the space W, into the space L,,

g 1, and for any

trigonometric polynomial q qu ™ the equation
k=

(H,q)¢)= (Hq)¢)
holds.

Suppose that E, ((p; WZ‘): 11127f||¢)()_ q, (.)"W,Z is the best appro-

ximation of the function ¢ € W, by polynomials 7,, where T, is the

set of trigonometric polynomials of the form Zake”“
k=—n

Theorem 3. The sequence of operators {H,} strongly

,o,€C.

converges to the operator H and, for any ¢eW,, the following
estimate holds:
<2E,(p:7}).
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SOLUTION OF HEAT CONDUCTION PROBLEM
WITH DISCONTINUOUS BOUNDARY CONDITIONS
IN NONHOMOGENOUS MOVING CYLINDER
Gasimov G.R.

Baku State University, Faculty of applied mathematics
Abusutash Z.A.

Department of Mathematics, Faculty of Science, Damietta
University, Egypt

Abstract: This paper presents a heat conduction problem with
discontinuous boundary conditions in nonhomogeneous moving
entire cylinder, which moves on the axis oz with any movement law
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z=S(t). Using the method inversion of the unit function 7(t-S"(z)),

method a sequence of integral transformations like Fourier transform
with respect to z, Hankel transform with respect to r, Bessel
functions theory, general integral transforms theory, a solution in the
form of the series is obtained. And in order to illustrate theoretical
results in this paper, we wrote special programming in Maple
program and for a special cases, where numerical solutions were
presented with explained graphics and discussed.

Formulation of the problem: Consider the temperature field of
moving cylinder with discontinuous boundary conditions and
initially at temperature ¢@(r,z) for entire cylinder, which moves

along the z-axis with any movement law. The temperature field is
determined in the cylindrical coordinates system linked with motion-
less cylinder as a system in a single movement. This coordinate sys-
tem moves from one environment in other environment with dif-
ferent thermophyscial descriptions. The formulation of this problem
is given as:

2

0 0 0 0

E(k(r)ET(r,z,t))+¥T(r,z,t)—chT(r,z,t)=0,
O<r<a, O0<z</l, z=S(t),t>0
T(r,z,t)=q@(r,2), T(r,z,t)|r:0 < 0,

[ P } { £ (z,0), if z<S(1),
o—T+a,T = .
or iz, ifz>S(1),

st

k(r)=k," (k,—const,0<m<1), p-const,c-const,
where T, k(r), p and ¢ are the temperature, thermal conductivity,

=g,(r1);

Z—go(l",t), |:ﬁ3 T+ﬁ4 j|

z=0 z=/

density and specific heat of the cylinder, and «,,a,,B,,,, B, B, are
the coefficient of surface heat transfer are constants, and
o(r,z2),f,(z,0),1,(z,t),g,(r,t),g,(r,t) are given functions.

Solving Method: The boundary condition is discontinuous, we can
write its as follows:
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= fi(z.0)= fo(z,0n(t =87 (2)) = f(2,0);

{al aiT + azT}
r =a

S7'(z)is inverse function to z=S(t), f,(z,1) = f,(z,1) - f,(z,?).
We choose a solution of this problem in the form:
T(r,z,t)=T,(r,z,t) + T,(r,t) + T,(r,t)z,
where T (r,z,t) satisfies homogeneous boundary conditions. Using
boundary conditions we find 7;(r,¢) T,(r,t) and after use integral
transform Fourier with respect to z by kernel
R.(2)=—K, (),

n

0
c, = J.Kf(z)dz , K, (z)=py,cosy,z+pB,siny,zzn=1,2,...,
0

r(BB.+B.B)
72181ﬂ3 - ﬂ2ﬂ4

Now we use integral transform Hankel with respect to r by kernel

where y,,n=12,...- are the roots of gyl =

* 1 }”1 B —m)/2
K,(r)=—-4J,( L") ,

N, " Bk,

P )r(l—m)/Z)Zdr , v=(1-m)/(2-m) and

2,

Bk,

A,-1m=12,... are all real, simple and have an arithmetic numbers and

T

Where N, =J.(JV(
0

the root of
a L., Ay 2 a, A g
—=J!( a’y+a* (I-m)—*+aa,)J,(—=a")=0.
NN 2 Bk,

We find the solution of the received Cauchy's problem
relatively t. Using the inverse Hankel transform with respect to r and
the inverse Fourier transform with respect to z, we find the relation
to T(r,z,t):

2]~ 2 o
T(r,z,0) = T,(r,0) + 2T, (r,0) + D/, () + D e x
n=1 az

n=l1
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X 5(:,‘1,17 +LJ.(T (r)- Onn(r))eﬂ,f.n/(pc)»rdr y
pecs)
J( l”
xJ (——=
Bk,

T, (r,t) = [go(r (B, + B,)+ Bg,(r,1)],

rr ™K (2).

where

T,(r,t) =§[ﬂzgl (r,0) = B,go(r,0)), A= BB, + By (B + B,) %0,

T (r,) = {g(k(r)ifl (1) = peS T, r)}jl?n (2)dz +

[—(k(r) T, (r,1)) - pca—T(r z)}sz (2)dz,

0

B0 =— [pcgw }fﬂ o) jK (rr,

T, 0.0 = j Ty(r,2,00K (2)dz, w7}, = (2 + 7)),

a

T,, ()= j T (0K, ()dr s By, = [ 30, (K, (r)dr

0

Bra ()= 3,0 =T,(0)[ K (2)dz = T,(r0) [ 2K ,(2)dk=.

Solution in program Maple 18: On base theoretical results written
special programs for calculation and presentation of two and three-
dimensional images, including, using the last formula for T(r,z,t)
was received graphic representation of the temperature distribution
for the nine of inner layers of the cylinder, to consider that the outer
surface of cylinder is silver: a=1, {=20 (using the units are c.g.s,

caloric, and Oc).
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at r=0.1
at r=0.2
at r=0.3
at r=0.4
at r=0.5
at r=0.6
at r=0.7
at r=0.8
at r=0.9

Tvalues
i

B S TR B\ TSI TE e )

z values
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FUZZY TESTING SYSTEM WITH METRIC FUNCTIONS
Gurbanov F.I., Abdullayev V.M.
Baku State University

In process of education as we know the main aim of teaching
is effectively, with high quality, and full transfer of own knowledge
and skills to the trainee. To increase the quality of teaching one of
the main principles is feedback at teaching. Another words, when the
new portion of knowledge is transfer it is necessary at this moment to
mark and control assimilated knowledge.

There is a lot of variable methods to control the knowledge
[1]. At last time it is enough large dissemination obtained method of
closed type testing, as method objective graduation of knowledge.
One of the most important tasks is to create a test systems which
takes into account the uncertainties in the knowledge.
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Lets denote as ZO knowledge of trainee, which it is necessary
to mark. After application indicated earlier method, knowledge of
trainee will be transformed by means of some natural number. Other
words, usual method of closed testing (crisp test) is operator, which
reflect knowledge to the multitude composed of natural numbers and
Zero:

CT:ZO > N U {0}, (D)

Here N is multitude of all natural numbers. Arise natural
question: how much obtained after this testing natural number
adequate valuation trainee?

As we know,[2],[3], that examinated earlier Crisp testing has
some defects. For removal the main defects of this type of testing in
work [2] proposed A testing system, which much sufficiently allow
to mark knowledge of trainee.

Usual CT system of testing not consider the part of truth that
can be included in answer. When for adequate and exact mark of the
knowledge it is necessary differ trainees which select absolutely
incorrect answers and other one which select partly incorrect answer.

Lets allow that the opinion of trainee distribute the following
way. He consider that correct second or third variant of answers. The
rest variants throw away. At that by opinion of trainee 51% maybe
correct second and 49% third variant of answers. That way choosing
the second answer in CT system he will gets zero marks. While other
trainee with 100% assurance will choose second variant so as first
trainee will get zero. While it is easy to see that theirs understanding
and knowledge much differs.

The number = is equal to what?

Variants of answers:

1.3.14159
2.3.14159....
3.4
4.15
5. 10000

As we know correct answer is second variant. But different
between first and second variants less than 10°. Make some
negligible mistake trainee gets zero marks. Lets note that we can
built test in which this type of mistakes will be less than 10 ™ for
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each natural n. While other trainee which know nothing about
number nt choosing fifth variant and gets zero marks too.

In other hand lets allow that trainee omits all other variants left
only first two variants. But he is don‘t know which one of them he
have to choose. And he has an opinion that 51% that first variant is
correct and 49% that the second variant is correct. That way when he
choose first variant trainee again will get zero marks by CT system.
Other trainee completely sure that the fifth variant is true will get
zero mark too.

The main idea of Fuzzy Testing is to assess variants between
with 0-100 values. For the above example consider that, two students
named stdl and std2 had answered test.

Correct Student answer Values of
answer Stdl Std2 coefficients
A |8 |A 70 20 A 0,1
B | 100 | B 100 0 B 0,8
CcCl|20 |C 30 10 C 0,07
D |0 D 5 80 D 0,02
E |0 E 0 100 E 0,01
Use following marks:
Variants - V

Student Answer - Si (1<i<5),

Correct answer - Ci (1<i<5),

Coefficient - &; , (0<e; <1), i=1..5, N @ =

Use following formulae in order to appremate the compliance
between the correct answer and student answer.

y=%",e|C— S5, (0<a; <1), T a;=1, 0<C;, 5; < 100
It is clear that, 0<¥™,@;|C;—5;] <100 and formula
Y= E?zlnxilfi — 5;| is define discrepancy between the correct
answer and student answer. Then

y =100} ¢~ S|
i=1
is define compliance between the correct answer and student
answer. In other words fomula
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5
¥y = 100 _Zﬂilci - Sil
i=1

gives a value between 0-100.

i[V Jai |Ci |S |ICi-Sul] oICi-Sq|
1A |01 |80 |70 |10 1

2|B |08 |100 | 100 |0 0

3/ C 0,07 [20 [30 |10 0,7
4D [0,02 [0 5 |5 0,1
s|E [0,01 [0 0 |o 0

b3 1 25 1,8
i]V Jai |Ci |Ss |ICi-Sal] oICi-Sql
1A [0, [80 |20 |60 6

2|B |08 [100 [0 | 100 |80

3/ C 007 [20 [10 |10 0,7
4D [0,02 |0 80 | 80 1.6
5|E [0,01 |0 100 [ 100 |1

b3 1 350 | 893

It seems that std1 closed to the correct answer and his score is 100-
1,8=98,2 and std2’s answer is very differ from the correct answer
and his score is 100-89,3=10,7.

Shown earlier examples in general demonstrate all the main
weak sides of usual system. Especially easily seen unsteadiness of
such systems. By means of them it is impossible with high exactness,
mark knowledge. Those are gives only rude mark.

Thus , the proposed testing model permits a more adequate
estimation of the s knowledge and provides a basis for the creation of
various test systems, high
quality. This numbers are very easy to control by sight by means of
parameters. For work with numbers of that type is prepared software
environment,
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QRUNT SULARININ SOViYYO DOYISMOLORININ
MODELLOSDIRILMOSINDO
KOSR TORTIBLI TOROMOLORIN TOTBIQI
Hasonov A.B., Hasonova S.A.
AMEA Idaraetmo Sistemlori Institutu
mexanik5758@rambler.ru

Respublikanin  suvarilan torpaqglart1 osason arid zonada
yerlosdiyindon yiiksok vo sabit kond tesarriifatt mohsullart olds
etmok ii¢lin meliorasiya va irrigasiya tadbirlorinin daim aparilmasi
tolob olunur. Miixtalif sobablordon qrunt sularmin saviyyssinin yer
sothina yaxinlagmasi torpaglarin sorlasmasi va bataqliglagsmasi ila
naticolonir. Yeralt1 sularmin saviyyasinin lazimi hadds saxlanilmasi,
izafi sularin sahslordon uzaqglagdirilmasi variantlarinin seg¢ilmasi,
optimal meliorativ rejim vasitasilo  okina yararli torpaglarin
miinbitliyinin idars olunmasi {igiin bu sularin saviyys variasiyalarimin
riyazi modelinin yaradilmas1 olduqca zaruridir.

Qrunt sularmin soviyyssinin lazim olan hadde saxlanmasi
meliorativ soraitin alverigliliyini tomin etmoak {i¢iin asas vasitolordon
biridir. Seviyyenin idars olunmasi drenaj sistemi vasitasilo yerina
yetirilo bilor. Qrunt sularinin soviyyesinin doyismasi tonliyi agagidaki
sokilda yazilir [1]:

8h_k(8h2 6h2) k0
o 2 ox’ M,

Burada o, k, k,, M, H~c0nst,

Serbost sothde  y = H, olduqda A(x,H,,t)= f(x,t) olur.

y=0; oldugda A4'(x,0,£)=0, (sukegirmozlik sorti) nozors alnir.

(h—-H)+W

h(x,y,t) va W(x,y,t) funksiyalar1 hor hans1 ¢ kicik parametrino
nazaran qiivvat funksiyasi soklinds gotiiriiliir.
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h(x,y,0) = hy(t)+ Y &, (x, 1)

k=1
WY, =W,(0)+D & W, (x..0)
k=1
Bu ifadolori tenlikds nazars alsaq va ¢ - nin eyni daracalarinin
omsallarini barabarlosdirsak, asagidak: differensial tonliklor sistemini
alarig.

5%"‘%'}’00):%)

0

oh k
a(a—;) =k hy(6)- Dby = b =W,

0

Bu halda birinciden basqa har bir tonlik doyison amsalli xatti
tonliklordir. Birinci tonlik isa birinci tartib qeyri-bircins adi dife-
rensial tonlikdir. Onun halli:

hy(t)=C-e™ L J.VVO(T) et
o 0

__h ) C:hO+A+M
oM, a
W,(0)y=W(x,y,t) t=0 olduqda infultrasiyanin baslangic qiyme-
tidir, tonliyi holl edoarak tapiriq:
t-1 &xT+yt 11
A rerriva

h(x,y,t)=h,(t)+&-h(x,p,t)+...
Torpag-qrunt qatinin stoxastik geyri-bircinsliyini, masamoli miihit-
lorin fraktal xarakterini nozora alsaq vo kasr tortibli differensiallama
istin molum ifadalordon [1-3] istifads etsok alariq:

a

1 e(r)dr a <0,
C(—a); (t—1)""
Dig= @), a=0,
[e]+1
9 Ay @>0

Onda
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1 0h(x,,7)
or
Burada D{"' -kosr tortibli differensiallama operatorudur.

h=kT(l-a)D;, ————

M. Kaputo menada [3] kasr tortibli differensiallama operatorundan
istifado etsok:
oh(x,y T)
Ih{\'\«f}—)al 2 ¥,
(] 1] a T
va ifadslori miigayisa etsok

h = kT (1-a)dg h(x, y.1),

OD<a<l.

vaya

of oh) o _ dh) Kk,
KT =)0y, (mh(x, y.)) = ar[ (}).] g[ 8\,] kd,, TR

oldugunu tapiriq. Bu tonlik zamana gors kaosr tortibli imumilogmis
Bussinesk tonliyi adlanir. Asanligla yoxlamaq olar ki,
oh(x, y,f)

o
Ona gora do asagidaki halda bu tonlik klassik Bussinesk tonliyina
cevrilir:

lil’l’ll dgh(x,y,t)=

1

K= na—1.
Ii-a)

olduqda

an_ (9% an
ot ax*  dy?

oldugunu aliriq. Daha olverisli formada

A(mh) 9 ( ohY 3 ohY  k
=— K— —| K— |- — K *
ot axlax )T oyl a9y ) kd, o

]+j(,1 v, 1),

ky
; .ﬁj = _j(hu - HGJ] +w,
0

oldugunu tapiriq. Bu qgeyri-xatti tonliyin fiziki miilahizalori nazars
almagqla xattilosdirilmis hall iisulu yuxarida verilmisdir.

Fraktal strukturlugun nazars alinmasi halinda qrunt suyunun saviyys
variasiyalarinin tadqiqi ii¢iin yeni ifads aliriq:
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oh(x, y,T)

h=x|t-17)" dr,
[;[ J7
Burada
m Toom md,
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GECIKON ARQUMENTLI SISTEM UCUN
OPTIMAL iDAROETMONIN VARLIGI

Hiiseynova T.E.

Baki Doviat Universiteti

Tutaq ki, idarsolunan proses gecikon arqumentli
x(t) = f(t,x(1), x(t =7 (2)),u(1)) (1)
sisteminin
x(1)=@,(0), te Ezn = [to _T(to)ato] (2)
sortini 6dayan holli ilo tosvir olunur, burada n 6lgilic f(¢,x, y,u)
vektor-funksiyast G = {to <t<t,—-0<x,y<w,UE Q} ¢oxlu-
gunda, 7(f) iso [to,tl] parcasinda kosilmozdir vo 7(¢)>0 sorti
Odonir.
Tutaq ki, Q@ R" - mohdud, gapali ¢oxlugdur. Miimkiin
idaroedici u(¢) funksiyasi olaraq [to,tl] parcasinda Olgililon va

qiymatlori Q ¢oxluguna daxil olan funksiyalar gétiiriiliir.
Tutaq ki, u(t)eQ, te [to,tl] idaroedici funksiya, x(f) iso
(1), (2) mosolosinin  u(¢) funksiyasima uygun hollidir. Onda
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(u(t),x(t)) cliti miimkiin proses adlanir. (1), (2) mosoalasinin

miimkiin (u(t),x(t)) proseslari tigin

J(u) = (x(t,))+ j £ (6x(0),x(t) = 7(0)) , u(t)dt  (3)

funksiyasina baxaq. Burada ®(x), f,(¢,x,y,u) funksiyalari

X € (—oo,oo) vo G ¢oxlugunda toyin olunmus funksiyalardir.

Masalo elo miimkiin (uo(t),xo(t)) prosesi tapmaq talob

olunur ki, bu proses (3) funksionalina minimum versin.
Isdo asagidaki teoremlar isbat olunur.
Teorem 1. Tutaq ki, asagidak: sortlor 6donir:

1) f(t,x,y,u) funksiyasi G ¢oxlugunda 6z arqumentlorino
nazoran kasilmazdir vo x, y arqumentlorine nozeron Lipsist
sartini ddayir:

|7 (xye) = f (03 5] < L (b= + |y =31)- @)

2) 1(t) funksiyasi [to,t1 ]parc;asmda kasilmazdir vo 7(¢) 20,

3) @,(#) vektor — funksiyast E, coxlugunda kasilmozdir,
Onda hoar bir u(¢) € Q,t e [to, t1] idaroedici funksiya tigiin (1)
sisteminin (2) baslangic sorti 6doyon yegano x(¢), ¢ € [to,tl] holli

var.
Teorem 2. Tutaq ki,
1. Teorem 1-in biitiin sortlori 6donir,

2.Istenilon x, y iigiin R(7,x,y)= {Z,Z =(t,x,y,u),ue Q}
coxlugu gabariq va gapalidir.

3.D(x) funksiyasi x e (—o0,+0) kosilmozdir vo agagidan
mohduddur,

4. J(u) funksionali asagidan zoif yarim kosilmozdir. Onda
(1),(2),(3) optimal idareetms  masolesinds  optimal

(uo (), x° (t)) prosesi var.
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SINQULYAR POTENSIALLI BIRTORTIiBLI
DIFERENSIALLAMA OPERATORU UCUN PARCADA
MOBXSUSI QIYMOTLOR MOSOLOSI
Heydorov A.H., Habibov S.9.

Lankaran Déviat Universiteti

Isda [0,1] parcasinda sinqulyar potensialli birtortibli diferen-
siallama operatoru {igiin asagidaki moxsusi qiymsatlor mosslosi tadqiq
edilmigdir:

() +ad (x—x,)- y(x) = y(x), (1)
(2+a)y(x0+0)=(2—a)y(x0—0), 2)
'(0)= 2y (D). 3)

Burada 5(x - xo)— Dirak funksiyasidir, x, € (0,1), ae(—oo, +oo), AleC-
spektral parametrdir. §(x —x, )- y(x) hasili asagidaki diistur ilo toyin
edilir:

=) 3(0) =[x, +0)+ (o, ~0)lolx—x,)

Torif. Tutaq ki, miloyyon AeC adodi iiglin sifirdan forgli
y(x)ew, ((0)\{x,}) funksiyast var ki, y(x) funksiyasi (1) tenliyini
timumiloegmis funksiyalar menasinda 6dsyir va (2), (3) sartlori ddonilir.
Onda A adadi (1) - (3) masalosinin maxsusi qiymati adlanir. Bu halda
y(x) funksiyasina A moxsusi qiymetine uygun moxsusi funksiyasi
deyilir.

Teorem. Ogor « # +2olarsa, onda (1)-(3) moxsusi qiymetlor
masalasinin sonsuz sayda sade moxsusi qiymatlori var:

a+2 a+2

A=0,2 =0n +ilp+2m), n=0,£122,..,p = arg A=0

a-2
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moaxsusi qiymsting uygun moxsusi funksiyalar asagidaki kimi olur:

C ,0<x< x,,
x)= _
y() 2—O‘C,x(,<x£1.
2+a

A, (n = 0,il,i2,...) maxsusi giymetina uygun maxsusi funksiyalar

Ce™ 0<x<x,,
y(x): A, (x-1)
Ce™", x,<x<I.

soklindadir, burada C # 0 ixtiyari sabitdir.

Ogor o =2 vaya a =-2 olarsa, onda (1), (3) mosoalssinin yalniz
bir sado maxsusi qiymati var: A =0. Bu halda o =2 oldugda 12 =0
moaxsusi qiymstine uygun maxsusi funksiyalar asagidaki kimidir:

C, 0=<x<x,,
y(x):{o, X, <x<1.
o =—2olduqda iso
0, 0<x<x,
y(x):{C, X, <x<1,
burada C # 0 ixtiyari sabitdir.

YARIMOXDA SOPILMO OPERATORUNUN
FAKTORIZASIYA XASSOLORI
Isgondarov N.S., Cafarova L.N
Baki Doviat Universiteti

Yarimoxda asagidaki birtartibli
oU, (x,t oU, (x,t X
L0 g LD B, (w U ()

ox i

k=1n, x=0, -00<t<+QE >..>&E >0>E >E >E

hiperbolik tonlikler sistemine baxaq; burada ”c,g. (x, t)H: g -matris
] =

funksiyas1 6l¢iilon, kompleksqiymaotli, diaqonal1 sifir olan va
miioyyon azalma sortino malikdir.

ey )| St ™ 1}
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c>0, £>0, c,&=const, k,jzl,_n
n-2 mosalays birlikdo baxildiqda galon (g, (?),...,a, ,(¢))" dal-

galarmi

Uk(x,)=a,(t+&x)+o(l), x >+, j=1,n=3 k=1n-2,
a,(t)ye L, (R), R=(—0,+0)
sapilon (b, ,(?),b, ,(t),b,(¢))" dalgalarina
Uk(,0)y=b,(t+&x)+0(l), x > +o0, j=n-2,n—Lmk=1Ln-2,
b.(t)eL,(R)
geviron S =(S',...,S"?) operatoru [l] asagidaki faktorizasiya
xassalorine malikdir:
(I+P)S! +..+(U+P S, +S', =U+R)"'U+R),
(I+P)S),+..+(I+P S, ,+SE,,=(I+R) "(I+0),
Sy =Sl =4, k=ln-2,j=1n-4

S — S

1,n-4 1,n-4

=I+A+, j=Ln-3,

burada P, operatorlar1 S operatorunun elementlori ilo ifads edilir.
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UCUNCU TORTIB YARIMXOTTI XUSUSI TOROMOLI
DIFERENSIAL TONLIK UCUN QOYULMUS TORS SORHOD
MOSOLOISININ KLASSIK HOLLININ VARLIGI
Ismayilov A.I.

Baki Doviat Univesiteti

Isdo asagidaki birdlgiilii tors sorhod mosolosinin  klassik
hallinin varlig1 masalasi tadqiq olunmusdur:

(%) =a)b(oyu(t, x) +c(t)d(x) +
+ 1t xuu u_u,u al)ct) (0<t<T,0<x<1), (1)
u(0,x)=p(x) (0<x<D),u,(0,x) =w(x) (0<x<1), 2
u(t,0)=u(t,))=0 (0<¢<7), 3
u,t0) =g, 0<r<D),u t)=g,¢) 0<t<7), (@)
harada ki, 0<7 <+w; b,d, f,p,y,g, (i=12) - verilmis funksi-
yalar, u(t,x), a(t) va c(t) iso axtarilan funksiyalardir.

Toarif. (1)-(4) mosolosinin klassik  holli dedikde asagidaki
sartlori 6doyan {u(x,?),a(t),c(¢)} funksiyalar ligliiylinii basa diige-
coyik:

a) u(t,x),u (t,x),u_(t,x),u,(t,x),u,tx)u,(tx),

u,(t,x)e C([O, T]x [0,1]);

b) a(t),b(t)e C(0,T])
v) (1)-(4) sortlorinin hamist adi klassik monada 6danilirlar.

Masalonin verilanlari {izarine miiayyan sartlor qoymaqla Furye
tsulunu totbiq edok. {u(x,?),a(?),c(¢)} klassik hallinin birinci
komponentini

U, (tv X) —U

u(t,x)= iuk (¢)sin kmx 5)

soklindo axtaracagiq, burada u,(#) (k=12,...) funksiyalar1 hololik
namolum funksiyalardir. (5) miinasibstini (1)-do yazsaq, (2)
sortlorindon istifado etmoklo u,(¢#) funksiyalarmi asagidaki kimi
tapariq:
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V/k —(km t
o (1—e * 7] j j F(u(z, x),a(t),c(r))x
x[1—e O sinkmxdxdr  (k=12,..), (6)

uk(t) =@+

harada ki,
1 1
0, =2[ p(x)sin ke, y, =2y (x)sin kxd,
0

F 2u(t, x),a(t),c(t)) = a(t)b(x)u +c(t)d(x)+

+f(t,x,u,ux,uxx,u[,utx,a(t),c(t))~ (7)
Aydindir ki, (6) sistemini bir tonlik soklinds yaza bilarik:

u(t,x) = Z% smkﬂx+z W" Tk (1— ") sin ko +

krr)?
+§;665711F04nxxa@L0@Dx
x[1—e " sin kmxdxdr sin kmx . (8)

Daha sonra, hallin galan iki a(f) ve c(t) komponentlorini
tapmaq U¢iin (8) miinasibatini (4) slava sortinds yerina yaziriq ve
alman Dboraborliklori  formal olaraq ¢-yo gore iki dofs
diferensiallayaraq alariq:

ﬂﬂqmm%{gm+iwmwﬁWﬂ_ +

o
2

x=0

© t 1
+ 2k’ I I F(u(t,x),a(r),c(r))e ™ sin knxdxdr} -
k=1 00

—d(0)A™ (¢ ){gé'(f )+ Zm: (=D (km)’e "y, — % +
+iz(—1)k(lm)3 j j Fu(t,x),a(t),c(r))
x e F' ) gin kmdxdr} , ©)
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C®=M®&®AW{£@H§]4YMmWK“m_gl

+Zz( ) (kr)® j j Fu(z,x),a(r),c(t))e ™ sinkmxdxdr |-

I—I

+
x=0

—b(l)g, (A" (¢ ){gl"(t) + i(kﬂf ey, - %

+ i2(kﬂ)3j.j.F (u(z,x),a(t),c(r)) e ™ gin kmcdxdf} , (10)

harada ki,
b(0)g, () d(0)

At) E‘b(l)gz o d(l)‘ +0  Vie[0,T], (11)
o ,
a . = fr (t,0,0, & (t)aoaoa & (t)a a(t),c(t)) +

b £ (10.0,8,(00.0,g/(0).a(0),c(0)g, (1) +

b £ (00,0, 8,(0).0.0,g!(0), (), c(t)g! (1),
T = £.010.8.0.00, 8.0, a0).c(0) +

+ /£, (61,0, 8,(6),0,0, 85(1), a(1),c(1)g, (1) +
+/,,(6:1,0,,(0),0,0, g (1), a (1), c(1)) g5 (1),

X=Ug, U =ULU = Uy, U = Uy U, = Uy, U, = Us .
(9), (10) ifadslarini alarken biz forz emisik ki,
f;tx x=0 - f;tx x=1 -
Beloliklo, (1)-(4) mosolesinin klassik hollinin axtarilmasi
namolum u(¢,x),a(t) vo c(t) funksiyalarina nozoran (8), (9), (10)

qyri-xatti inteqro-diferensial tonliklor sistemina gotirildi. Alinan
tonliklar sistemini bir operator tonlik soklindo yaza bilorik:

Z=Pz, P=(R,P,,P), z=(u,a,). (12)
P operatorunun P(z) (i=12,3) komponentlori (8),(9),(10)
tonliklorinin sag teraflari il toyin olunurlar.
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Daha sonra, terpenmoz noqte haqqinda sixilmis inikas
prinsipionin komayi ilo (12) operator tonliyinin varligi haqqinda
teorem isbat olunur [1].
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THE INFLUENCE OF RELAXATION AND
HYDRODYNAMIC PARAMETERS ON OIL OUTPUT
IN A SCHISTOSE STRATA
Jalilova R.Q.

Baki Doviat Univesiteti

1.Introduction. In the development of oil and gas fields as well as in
numerous studies the problems of underground productive
formations, there necessity reliability of the analysis, come into force
the laws of Newtonian filtration, emerging non-equilibrium effects
caused.

2. Formulation of the problem. The article investigates the
influence of the relaxation time on the oil output curve in schistose
strata consisting of structures of the same porosity, but with a
substantially different permeability-overlying, high-power low-
permeability layer (H) and an underlying layer of high permeability
low power (h) The mathematical model can be represented

2 2
6_P+116_f:i a,.(P 6—P+126P +
ot o Ox Ox OxOt

2 0<x<M
R S R | W R i=12
oy oy oyot -h<y<N

ai(p):M’,;:{hv"zl Ja(P/Z

e dy =0




oP oP oP

|, =0,y>0a,(P) |  =a(P)

ax x=0 > y > aZ( )8y| y=+o0 a2 ) ay |y:—0
OP oP
5x:0:0 P(x’y’o):I)O’E [:0:0

where k , u, — permeability and viscosity of i phases (i = l,_2)

3.Method of decision. The approach consists of the synthesis of
group-theoretical and numerical analysis, allowing in the framework
of group-theoretic methods based on the apparatus of the theory of
Lie groups, to create a course difference analog of the original
problem and arrange a computational experiment. Research has
shown [1], the synthesis of the group analysis of differential
equations with computational experiments enables targeted control
the results of the calculations and make reliable conclusions
regarding the effect of relaxation and hydrodynamic parameters on
the process under study, in particular, the oil recovery. For the above
tasks by using the theory of Lie allocated classes of relaxation
functions A (t) (i=1,2) and found their analytical representation

(pp.140-142), and theoretically studied the effect of hydrodynamic
parameters of the effective hydraulic conductivity coefficient on the
depletion of reservoirs [2]. Computer experiment was organized as
part of the analytical results obtained. For this purpose, the original
problem with the true (based on the integral-interpolitsional method)
approximation has been brought to its finite-difference analogue:
where
AP —CP"+B P =F,

Jo g Jo g J

n+l — —ntl = —adl

A_mP m—1 _Cum +Bum+1 :Fm A‘/. ZI?/MITZ(1+TlVZ71)+ S[TSI
C =1+ P/.""TZ(2 +mpP, | P —m + 27‘3’1)+ 2s,7°

17 j+

B, =P (1 +mP, /P —m +7%" )+5(S, +12)

1
A =575+ ;erz(l + 152‘1)
C =1+ 52212(2 +m, P /P —m,+2r%" )+ 25t + Pl | H
Bn = ;erz(l +m, Pt | P —my + 757 )+ ¥ (s1 + 122)+ Pl | H
F = Pl(l42057 )+ (P, —2P + P (P o™ — 5,25 )~ 1225 P

Jj+l
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P

0
_ 1 — "
p= jh;de;P,. = P!; Py = Py

JE— 1_ R —
ﬁzo;p;zpizpo; P,-I:P;’:Po
) . ; ;
P]\,/I_PI\,/I—IZOPM PM,1:0,Pm|P1_P0_Q
ll > ) >70 ,

where 7 -time step, n-Room sacrificial layer,/,/, - a step in the space

variables, s,us,,mum, -performance analytical concepts for the
variable relaxation and effective hydraulic conductivity, respectively.
4. Conclusions. In the computational experiments by varying certain
parameters have been solved a large number of options. The
calculations showed that the difference between elastic and
relaxation is observed at the beginning of the process of restoration
of pressure in layered strata with the above characteristics. The
process of restoring the pressure in the elastic mode is much faster
than the relaxation process, and the more the relaxation parameter,
the slower the process. Thus, the results show the need to consider
the relaxation factor and, in general, non-equilibrium effects in the
design of the development of productive oil and gas fields with
different technologies or the intensification of the impact of
secondary or tertiary methods. The developed method of synthesis
of the ideas and the approach of the group analysis of differential
equations and numerical analysis to the subsequent organization of
the computational experiment identifies promising opportunities and
provides the most reliable explore the numerous nonlinear
phenomena, and including the effect of non-equilibrium system
performance and oil output seams.
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PA3PABOTKA KJIMEHT-CEPBEPHBIX ITPHJIOKEHU I
C UCITOJIb30OBAHUEM TEXHOJIOI'MiA ORACLE
AnueB U.A.
bakunckuii I'ocyoapcmeennuwtii Ynueepcumem

B coBpeMeHHOM OOIIECTBE B CBSI3M C HCIOJL30BAHHUEM
OTPOMHBIX JIAHHBIX TPEOYETCSs MUHHUMAJIBHOE BpeMs ISl 00paboTKH
9TO MH}OpPMAIMK C HCIOIB30BAHUEM COBPEMEHHBIX TEXHOIOTHH.
KonoccanpHbiii npopblB B HHQOPMAIMOHHOM MHpPE B 3TOH cdepe
JEATEIBHOCTH YCIICIIHO Havyalia ¥ NPOA0JDKAeT 3Ty paboTy BCeMHp-
Hasg xomnauus “‘Oracle” [1]. Ilpmopureramu Oracle ocratorcs
JIOCTYITHOCTh, YCKOPEHHE WHHOBALMH, O€30IMacHOCTh, THOKOCTh pa3-
BEPTHIBAHUS CHCTEM, JIETKOCTh MHTPAIldH, WHTErPAIMd W paspa-
6orku. Jlrobas mmpokomacmtabHas KoMIaHus B cdepe (uHaH-
COBOT'0, TOCYJapCTBEHHOI'0, TEIEKOMMYHHUKAI[HOHHOTO, He(pTeraso-
BOTO CEKTOPOB MCIOAB3YIOT MPOaykThl Oracle st XpaHeHHUs CBOMX
JAHHBIX U JaTbHEHIINX MAHUTTYJISIIAN C HUMHU.
B cBs3u ¢ aTM B pabote paccMmarpuBaercs auanekt SQL u
PL/SQL, npemnaraemom ¢upmoit Oracle st paboThl ¢ Oa3zamu
JTAHHBIX, KOHCTPYKIIMK SI3bIKA, Kacaroruecss paboThl € MOJENBIO
MPEAMETHONH O00NMacTH W HMEIONIHEe TEXHOIOTHYECKUH XapakTep,
pabora c GonpmMHu o0beMaMHi MH(OpPMAIKMK H, JOCTaATOYHO HOBAs
otpacib Oracle - pa3paboTka KIHMEHT-CEPBEPHBIX MPUIOKEHHH Ha
6a3e Oracle.
B pabote paccmarpuBarorcs Takue acnekThl Oracle kak:
= QchoBsl Oracle SQL. Tunst u cuntakcuc SQL komana
= Qcnossl Oracle PL/SQL
=  (O030p THIIOB AaHHBIX THIBI AaHHBEIX SQL 1 PL/SQL
= [IporpaMMHBIE MOIYJIU: Cozmanne mpouenyp, GYHKIHH,
MAKETOB U TPUTTEPOB 0A3bI TAHHBIX

"  VhopaBieHWe TPaH3aKIMAMH, OOCTY)KMBAaHHE 3aBHCHMOCTEH
MeXIy oObekTamu B B/

= PaGora ¢ OONBIIMMH JAHHBIMHU U CTaHJIAPTHBIMH MTAKETaMU

* Pa3paboTKa KIMEHT-CEPBEPHBIX MPUIOKEHHUH

Jluteparypa
I'punBanen P, CrakoBesik P, Crepr JI. «Oracle 11g. OcHOBBI»,
UsznarensctBo «CumBon-ITmrocy, 2009 1.
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