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MNPEANUCJIOBHUE

COOpHUK TpYyIOB MEXIYHAPOJIHOTO CceMuHapa «BpluuciuTenbHbBIE MOJEIH U
TEXHOJIOTHMNY, TOocBsAmEeHHoTo 90-netnro nmpodeccopa M.U.Mcpounosa, mpomemmero 27
anpess 2024 roga B HanmonaneHOM yHUBEpcuTeTe Y30ekucTana uMeHn Mup3o Yiayroeka.

B mamsaTh 0 BeImaromemcs yaenoM, npodeccope Maspyde Mcpounosuue Mcpounsnose
ObUT OpraHM30BaH MeEXAyHaponHblii cemuHap. IIpodeccop Mabpyd Wcpounosuu
HcpousioB sBIsI€TCS OCHOBOIOJIOKHUKOM U CO3J1aTEIEM HAIMOHAIBHOM IIKOJIbI 10 TEOPUHU
YKCel U BBIYMCIUTENBHON MaTeMaTUKe B Y 30€KHCTaHe.

[Ipodeccop M.U.McpounoB BHec OOdBINOM BKJIaJg B peHIeHUd IpoOjeM
COBPEMEHHOCTH IO TEOPUHU YHCEI, BBIYUCIUTEIILHON MATEMATUKU U TEOPUH MTPUOIIMKEHUS,
OCTaBUB B MUPOBOI HayKe riyOoKkuii cien u boratoe HayuyHoe Hacneaue. [loMumo HaydHOM
pabotsl, mpodeccop Mcpounor M.U. Ben MeToAMUECKYIO U BOCITUTAIBHYIO paboTy cpeau
Mosoaexu. Yuenuku Mcpaunnosa M.U. ycnenrHo paboTaroT U Mo ceil IeHb B Pa3IMnYHBIX
OTpaCysX HAYKH U SKOHOMHUKH PECITyOJIMKH Y30eKUCTaH.

CemuHap, CTaBIIUN TPAAUIIMOHHBIM, CIIY)KHT SPKHUM MPUMEPOM Pa3BUTHS padoOT
npodeccopa Mcpounoa M.U., BkiatouaeT B ce0st pabOThl MO OCHOBHBIM HaIpPaBJICHUSM
BBEIYHCIIUTEIILHON MaTEMaTUKH:

-BBIYHCIIUTEBHBIE METO/IBI;
-KyOatypHble (hOpPMYJIbI;

-metoabel MonTe-Kapio;
-MaTeMaTU4EeCKOE MOJIETTUPOBAHHUE;
-HUCKYCCTBEHHBIN NHTEIJICKT;
-uH(pOpMaIMOHHAsA 0€30MTaCHOCTb.

B pabote cemuHapa UpUHSUIM Yy4YacTHUE BEOyIIME CHEIUATUCTBI B 00JaCTH
BBIYHCIIUTEILHOM MaTeMaTuku, y4eHuku mnpodeccopa HcpounmoBa M.U. u Monossie
ydeHble U3 Y30ekucrana, Manaiizun, Kuras, Poccun.

Llenpr0 MEXIAYyHApOAHOrO ceMHHapa «BbIUMCIUTENBHBIE MOJIEIN M TEXHOJOTHUM»
ObLI0O OOCYXJEHHE Hay4HbIX pe3yJbTaTOB YYEHBIX 3a MOCIEJHUE ToAbl B OypHO
pa3BUBAIOIIMUXCA  OOJACTAX  BBIUMCIUTENIBHOW  MaT€MaTUKH,  MaTeMaTH4eCKOro
MOJIEJIMPOBAHUS, ICKYCCTBEHHOTO MHTEIIEKTa U MHPOPMALIMOHHOM 0€30M1acCHOCTH.

COOpHHK TPYAOB MEXAYHAPOJHOIO CEMHUHApa IMOCIYKUT XOPOLIUM MOJCHOPHhEM
MOJIOABIM YYEHBIM, MarucTpaHTaM, I[penojaBaTeliiM M CHeualnucTaMm B 00J1acTu
BBIYHMCIIUTEILHON MaTeMaTUKU, TEOPUU YUCEIl U TEOPUU MPUOIIMKEHUS.
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SESSION 1. COMPUTATIONAL MATHEMATICS

QUADRATURE FORMULA FOR APPROXIMATING THE SINGULAR
INTEGRAL OF CAUCHY TYPE

Z K. Eshkuvatov 29,
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Terengganu Malaysia
2Faculty of Applied Mathematics and Intellectual Technologies, National University of
Uzbekistan named after Mirzo Ulugbek, Tashkent, Uzbekistan
Author Email
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Maruf Israilovich Israilov (27.04.1934 -
29.08.2010) was a renowned scientist,
Doctor of Physical and Mathematical
Sciences, professor, and organizer who
was a leading figure in the field of number
theory and computational mathematics in
Uzbekistan. He  made  significant
contributions to the unknown aspects of the
theory numbers and computational
mathematics, as well as he trained many
youth scientists for future study.

I have joined (September 1988 -
September 1996) to the “Numerical
methods” laboratory where he was head of
laboratory at the Institute of Mathematics
named after V.. Romanovsky, Academy
of Science of Uzbekistan as “Trainee
researcher, PhD postgraduate students and
junior research fellow. From the beginning
of my attendance in his laboratory | feel
and was witness that he is not only supervisor in research and kind and demanded person. He
gave me the book named “Numerical methods in singular integral equations” written by
Belotserkovskii and Lifanov ([1],1985) to read and analyses “Method of discrete vortex
(MDV)” established by Professor S. Belotserkovskii for aerodynamics problem then Professor
I. Lifanov developed and justified MDV mathematically and implemented it to solve many
types of Cauchy type singular integral equations from one-dimensional to multi-dimensional.
Even if MDV is the simplest method and has many applications it has some demerits such that

when singular point in singular integrals approaches to the end points of the interval [a,b]
convergence of MDYV is getting worse and singular point x must lie in the middle of the
subintervals [xj,xj+1],j=0,...,N—1 where X, =4, X, =b. In 1990, he requested me to

develop MDV such that MDV should be convergent when singular point x approaches to the
end points of the interval (a, b). By analyzing few papers and books of I.K. Lifanov papers [3-
5] and MLI. Israilov’s papers [6-13], | was able to develop MDV and got convergence when
singular point x approaches to the end points (a, b) with the condition such that singular point

x must lie in the middle of the subintervals [xj , xH], j=0,...,N —1 and obtained results were

published in journals [14-18] and named modified method of discrete vortex method (MMDV).
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It is known that Cauchy-type singular integral equations (CSIEs) are naturally occured
in many branches of science, including fracture mechanics (e.g., cruciform crack problems),
aerodynamics (e.g., oscillating aerofoils), and electrodynamics. Since it is challenging to find
analytical solutions to singular integral equations with weak or strong singularity, many
researchers have developed numerical methods with significant accuracy for their evaluation.
The widespread utility and practical significance of CSIEs have led to a growing interest among
researchers in tackling these equations, prompting continuous advancements in methodologies.
Diverse approaches have been employed to address Cauchy and Abel-type singular integral
equations, encompassing their generalized and weakly singular kernels.

It is known that the characteristic singular integral equations of the form
1 pru(t)dt
= ——=1(x), -1<x<l
N Ranlit &

has four types of solutions [1].
Case 1. The solution is bounded at the endpoints x =+1, which yields

\/1_XI

UX

1{1-1? (t-x)
)
dx =0.
J‘lxll X
Case 2. The solution is unbounded at the endpoints x =41, yielding
U(X J- \/1 t2 f C
7[\/1 X2 7['\/1—X2’ @3)

1
J. u(t)dt=c, c may take zero value.
-1

Case 3. The solution is bounded at the endpoint X =-1, but unbounded at the end point x=1,

yielding
1 ’1+x 1 ,1—t f(t)
=—= dt
V4 1—XI—1 1+t t—xX “)

Case 4. The solution is bounded at the endpoint t =-1, but unbounded at the endpoint t =-1,

yielding
1-x
:__\]1+x.[\/ tt— ®)

The four cases solutions (2)-(5) of CSIEs (1) can be written by ignoring negative sign in the
form

1 f
C (f,x)= Wr;X) J'_lw t)g)— x)dt’ xe(-1,1), r={1,2,3,4} (6)
where
w, (X) =V1-x2, WZ(X):J:T, o
1+Xx 1-x
Ws(x): m! W4(X): m



are the weights and f (X) is a smooth function.
Some reseachers consider Cauchy Sls of the form

c(hx)=[ p(t)K (tx)h(t)dt, xe(-11), ®)
where w(t) is the weight function, K(t,x) is week or strong singular kernel and h(x) is a

smooth function.

Professor M.I. Israilov was very good expert in using different type of splines and
polynomial approximation for evaluating singular integrals of Cauchy and Hilbert kernels. In
1990, M.I. Israilov [11] (later partial of this paper with new singular integrals is published in
[13, 2011]) consider SIEs (1) and its solutions given by (6) and develop new quadrature
formulas (QFs) based on linear spline approximations. On the construction of QFs he got very
commendable formula

t\/l x? — x\/l t2

dt
'[\/1—7(t =

He established few theorems on the linear spline approximations and provide convergence of
QF for any singular point XE(—l,l) for many classes of functions Ii.e.

H*([-11].K), c™([-11]), w*([-1,1]), CW, ([-11]). These obtained results and

properties of linear spline approximations lead me new perspective area of research.

Before starting my new carriers in Malaysian universities (since March 2004 to present
March 2024) 1 meet him (2004-2009) few times and got very good message on establishing
convergence of MDV by combining MMDV and linear spline approximations. From 2009 to
20011, I was able to construct new QFs for the solutions of SIEs (1) and published very quality
papers in Elsevier Journals such as Journal of Computational and Applied Mathematics [19-22]

completely establish convergence of MMDV for any singular point x e (—1,1). In [23, 2011]

new quadrature formula was established named automatic quadrature scheme (AQS) and was
new direction of my research.

The results published in [19-23] was one of core results in my getting the Doctor of
science degree (DSc, 2022). Professor M.I. Israilov played in my research life crucial role on
developing and establishing new environment and produces many PhD and MSc students
research work. I am very grateful of late Professor M.1. Israilov as my guidance and supervisor.
I never forget him and remember him in my last minute of my life. Supplicating and making
duo in my praying all the time.

Short reports in my publications dedicated to late Professor M.1. Israilov. In 2009 [19],
new quadrature formulas (QFs) for evaluating the singular integral (SI) of Cauchy type with
unbounded weight function on the edges is constructed. The construction of the QFs is based
on the modification of discrete vortices method (MMDV) and linear spline interpolation over
the finite interval [—1, 1]. It is proved that the constructed QFs converge for any singular point
X not coinciding with the end points of the interval [—1, 1]. Numerical results are given to
validate the accuracy of the QFs. The error bounds are found to be of order O(h o | In h|) and
O(h| In h|) in the classes of functions H%([—1, 1]) and C}([—1, 1]), respectively. In 2010 [20-21],
the singular integrals (Sls) with the Cauchy kernel is considered with different weights. New
quadrature formulas (QFs) based on the modification of discrete vortex method to approximate
Sls are constructed. Convergence of QFs and error bounds are shown in the classes of functions
H%[—1, 1]) and CY([-1, 1]). Numerical examples are shown to validate the QFs constructed. In
2011 [22], new quadrature formulas (QFs) are presented to approximate the singular integrals
(Sls) of Cauchy type for all solutions of characteristic SIE (1) on the interval [—1, 1]. Linear
spline interpolation, modified discrete vortex method and product quadrature rule are utilized
to construct the QFs. Error estimations are obtained in the classes of functions H*([—1, 1], A)
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and CY([—1, 1]). It is found that the numerical results are very stable even for the cases of semi-
bounded and unbounded solutions of singular integral equation of the first kind.
In 2011 [23], consider the following indefinite integrals

Q(h.x.y,¢)=[ p(t)K(tc)h(t)dt, ~1<x,y <1, ce(-11) )
Chebyshev polynomial p, (t)of the first kind of degree N is used for approximating h(t)
function. The approximation p, (t) yields an integration rule Q(f,x,y,c) to the integral
Q( f,x,y,c) which is named automatic quadrature scheme (AQS). Interpolation conditions are

imposed to determine the unknown coefficients of the Chebyshev polynomials p(t).

Convergence problem of the approximate method are discussed in the classes of function
cM*«[-11] and L¥[-1,1]. Numerical results revealed that when the singular point ¢ either lies

in or outside the interval (x, y) or comes closer to the end points of the interval [—1,1], the
proposed scheme gives a very good agreement with the exact solution.
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LYAPUNOV STABILITY OF AN UPWIND DIFFERENCE SCHEME
FOR A QUASILINEAR HYPERBOLIC SYSTEM
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2 Universiti Malaysia Terengganu
Author Emails
3 aloevr@mail.ru, Pilyani@umt.edu.my, 9shalela@umt.edu.my

The paper considers a mixed problem for a quasilinear system of hyperbolic equations
in Riemann invariants with dissipative nonlinear boundary conditions. To numerically solve
the mixed problem, an initial-boundary difference problem based on an upwind difference
scheme is proposed. A discrete Lyapunov function is constructed for the numerical solution of
the initial-boundary difference problem for both linear and nonlinear problems. A theorem on
the exponential stability of the stationary state of a quasilinear system is proven.

Statement of a quasilinear mixed problem. In the region &= {(t x) 0<t<T,0<x< L} we
consider a mixed problem for the following quasilinear hyperbolic system
&+o(&m)& =0,
{m—w(énﬁh=a
with boundary conditions at x=0,L :

0<t<T,0<x<lL 1)
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£(10)=a(n (o). |

{n(t'L)= O . ?
and with initial data

f(O,X):fO(X),

ot <

Here &=¢&(t,x), n=n(t,x)- are unknown functions to be determined, and
p=¢(&,n), w=w(&n) -aregiven functions that have continuous derivatives up to the

second order inclusive. We will assume that @,y € C? (R)

INTRODUCTION TO CIRCULAR Q-RUNG ORTHOPAIR FUZZY SETS
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Circular intuitionistic fuzzy sets (CIFS) is a recent extension of intuitionistic fuzzy sets
(IFS) designed to effectively handle imprecise membership values. However, its representation
is confined to the space beneath the intuitionistic fuzzy interpretation triangle (IFIT), where the
sum of membership and non-membership degrees is limited to one. To overcome this limitation,
a new generalization of CIFS, called circular g-rung orthopair fuzzy sets (Cgq-ROFS) is
proposed. This extends the IFIT to cover a broader range of imprecision. Several relations and
operations, including algebraic operations for Cq-ROFS, are introduced. Additionally, modal
operators and their properties are investigated.
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CAPUTO FRACTIONAL DIFFERENTIAL EQUATIONS FOR LOW-
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In this article, the Caputo fractional order SEeEIITGR model with low risk individuals
of the tuberculosis is proposed. We investigate a qualitative analysis of the epidemic model via
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positivity, existence and uniqueness, stability and threshold quantity. Conducting a sensitivity
analysis and examining the dynamics of threshold parameters enable the assessment of the
efficacy of preventive measures, prediction of future outbreaks, and the formulation of potential
strategies for disease control. Numerical computations are executed using the Laplace Adomian
decomposition method. The findings imply that the increment of low risk individuals can
mitigate the prevalence and impact of tuberculosis on the human population in the respective
region.

SOLVING SYSTEM OF VOLTERRA INTEGRAL EQUATIONS OF THE
FIRST AND SECOND KIND BY MODIFIED ADOMIAN
DECOMPOSITION METHOD

Z. K. Eshkuvatov 1?®  N.M. Salimova?, M.O*.Xudoyberganov?
'Faculty of Computer Science and Mathematics, University Malaysia Terengganu,
Terengganu, Malaysia
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Author Emails
3 zainidin@umt.edu.my, ®muxtorovnanafisasalimova007@gmail.com,
% m.hudayberganov@nuu.uz

Many problems from physics and other disciplines lead to linear and nonlinear system
of integral equations. Several methods have been proposed as approximate solution of these
integral equations. For instance, Adomian ([1], 1988) has developed a so-called decomposition
method (ADM) for solving differential equations,

In this work, we consider system of linear and nonlinear Volterra integral equations
(VIEs) of the first and second kind of the form

[K(xBu(E)de= T (x)

(1)
where
u (t) fl(t)
- U, t 3 _ fz(t)
W) ka(xt) o k()] 7] o= ..
K (x.0)= Ky (X,t) k(X)) o Ky (X1) ’ uN(t)’ fo(t)

ke (X1) Ko (%,1) o Ky (X,1)
Eqg. (5) cannot be solved by ADM. To solve it, we convert (5) into second kind of VIEs
by differentiation

I:%u(t)dHK(x,x)U(x): (%) o

Assuming the matrix K (x,t) is invertible then

0(x)+ [, G(xt)u(t)dt=g(x)

where

(3)
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N
ik=1'

G(xt)=K*(x,x)K, (xt)=(G,, (x.t))
g(X)T = Kil(xa X) f_'(X)T :(gl(x)' 9z (%), Oy (X))T ’ (4)

where “T” means transpose.

Our aim is to solve system of VIEs of the second kind (5) by ADM and MADM. To do
so at first, we have converted system of VIEs of the first kind to an equation of the second kind
by differentiation of transformation. Then standard Adomian decomposition method (ADM)
and modified ADM (MADM) are used to find semi-analytical solution. The Adomian
decomposition method converts Volterra integral equations of the second kind into
determination of computable components of iterative integral equations. The uniqueness
solutions of the system of nonlinear VIEs of the second kind are proved and the choice of the
initial data is shown. It is practically shown that the obtained series by MADM convergence
very rapidly to the exact solution. Finally, four examples were illustrated to show validity and
applicability of this approach. The examples are taken from the works mentioned in the
references

Reference

1. A.V.Kabulov, A.J. Seytov, A.A. Kudaybergenov, Classification of mathematical models of
unsteady water movement in the main canals of irrigation systems, International Journal of
Advanced Research in Science, Engineering and Technology Vol. 7, Issue 4 , April 2020,
ISSN: 2350-0328, India, pp. 13392- 13401.(Ne 5, Web of science, IF=3,98).

APPLICATION OF MONTE CARLO AND ASYNCHRONOUS
METHODS IN SOLVING FINANCIAL PROBLEMS

A.S.Rasulov'®, G.M. Raimova *?
The University of World Economy and Diplomacy
Author Emails
3 asrasulov@gmail.com, Praimova27@gmail.com

When solving many applied problems of physics, biology, financial mathematics and
other disciplines, it is often not possible to find their explicit solution. For this reason, there is
a need to use approximate methods, after applying which the original problem often reduces to
solving systems of equations of large dimension. Solving such tasks, due to their complexity, it
is advisable to carry out on multiprocessor systems, which imposes certain restrictions on the
class of algorithms used. Such algorithms must have the property of parallelism and effectively
use the resources of computing systems. The algorithms, suitable for use on multiprocessor
systems, can be divided into two types: synchronous and asynchronous. When using parallel
algorithms, one way or another there is a need to coordinate the actions of processors. In the
case of synchronous algorithms, this coordination is carried out by dividing the algorithm into
stages common to all processors. At each stage the processors perform a number of operations,
depending on the results of calculations on previous stages. The transition to the next stage is
carried out only after, all processors have completed the operations assigned to them within the
stage. Exchange of calculation results between processors, in other words synchronization,
occurs at the end of the stage. Some processors can cope faster than others with those
operations, that are assigned to them at the current stage, and as a result will, be idle, waiting
for the completion of the stage.

Asynchronous algorithms do not have stages common to all processors, but have their
own stages for each processor. The processors are allowed to compute faster and perform more
iterations, than other processors can do. The fact, that such algorithms are efficient than
previous one and have a potential advantage in speed, makes them the object of the research.
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For example, in works Chazan, Miranker and Baudet asynchronous versions of the method of
simple iterations for solving systems of equations were proposed.

The purpose of our work: To study the method of asynchronous iterations for problems
that do not satisfy the sufficient convergence conditions specified in the works of Chazan and
Baudet, constructing estimates of the Monte Carlo method for solving systems of equations
using multiprocessor systems, studying the issues of their stochastic stability. Also constructing
estimates of the Monte Carlo method with the property of asynchrony for solving high-
dimensional boundary value problems in financial mathematics and application of the
developed algorithms for the numerical solution of the problem of finding the price of European
and an American option. In our works, provided sufficient conditions, under which
asynchronous iterations converge to solve the problem, however, these conditions are quite
restrictive, and, as was shown in our work, in some cases it will be possible to construct
asynchronous algorithms, guaranteeing convergence even under weaker conditions.
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Pren- tice-Hall, Englewood Cliffs, New York 1989.

4. Chazan D., Miranker W., Chaotic relaxation, Linear Alg. its Appl. 1969, 2, 199-222.

YK 519.853.6
AJITOPUTM PEHLIEHUS OI[HOI71 3AJIAYAN BUJIMHENHOI'O
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bunuHenHpIMU Ha3BIBAOTCS CIIEUANIBHBIE 33141 HEJTMHEWHOT O IPOrpaMMHUPOBaHUS C
TaKUMHU ABYMS TPYNIIAMU IEPEMEHHBIX, B KOTOPbIX OUIMHEHAst QYHKIMS OTHOCUTEIBHO ATUX
MEPEMEHHBIX NPUCYTCTBYET JUOO B 1eJeBON (YHKIMHU JIMOO B OrpaHUUYEHUSX 337a4d U IpU
¢uKcalnuu 3HAYEHUH KaXJOH Ipylnme IMoyydaercs 3ajada JIMHEHHOro MpOrpaMMHPOBAHMUS
OTHOCHUTEJIBHO IPYroi IPyMIbl IEPEMEHHBIX [1].

PaccmaTpuBaercs cienytomias 3a1a4a OUIMHEHHOTO TPOrpaMMUPOBAHUS

fG,y) =c'x+x'Ay +d'y - maxyexyey ey
3nech
X=Ulf,sx<f}Y={lg.<y<g" By=b},
c.xf.,f*€R%d,y,g.,9" €ER" b€ER™A€ERY™,
B € R™! rankB =m < L.

Hapsny c 3apaueii (1) paccmarpuBaeTcss MaKCUMUHHAS 3a7ada

F(x) = ming,sneaw (€'x + D' —g.'s + g*'t) — maxyex, (2)

Q) ={(w,s, t)|-A'x+B'u—s+t=d,s >0,t > 0}.

3amaua (2) sBisieTCst TMHEWHON MaKCUMUHHOMW 3a71a4€i CO CBSI3aHHBIMU TIEPEMEHHBIMH,
B KoTOpoii VX € X, Q(x) # 0 [2].

Cnenyst [3-6] mpennaraercst aidropuTM pelieHus 3anadud (2) ¥ Ha €€ OCHOBE
onpezensercss peweHue 3agadd (1). IIpu 3TOM OCHOBHBIM HMHCTPYMEHTOM HCCJIEIOBaHUE
CILY’KMT MOHATHS onopsl [1, 3, 4].
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V]IK 519.711

0 CXOIMMOCTHN METOJA NPEABAPUTEJBHOI'O
NHTEI'PUPOBAHMUA

Y.B. Hopmyponos'?, B.®. AGnypaxumos®?), H.T. ixypaesa®®
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[IpobneMa TUIPOIUHAMHYECKON YCTOWUYMBOCTU IS TIJIOCKOMAPAJUICIBbHBIX BSI3KHX
Te4YeHU onuchiBaeTcs ypaBHeHueM Oppa-3ommepdenbaa

4 2 2
1 (d v _ 2 d ”2’+k4wj{(u(y)-/1)D-d U}//:o, “1<y<1l, (1)

ik Re | dy* dy dy®
C O)IHOpOI[HBIMI/I KpaeBLIMI/I YCJ'IOBI/HIMI/I
v ()= (1)=0, y ()= )=0, @
dy dy

KOTOpBIE O3Ha4yaloT TpeOOBaHMSA HENPOHMUIAEMOCTH W Hpuiaunanus. B ypaBHenue (1)

A=A + A - coOOCTBEHHbIE 3HaUEHUs IPoOIIEeMBI Iie A, -(ha3oBast CKOPOCTh, A - KOdPPULIHUEHT
2

Hapactanusa, D= W —k? -muddepeHumanbHpIil - onepatop, Y-KOOpAMHATA HaNpaBjcHHAs

VL .
HIOIIePEeK OCHOBHOTO TEUeHUsI, K-BOJHOBOE YHCIIO, Re =" _qucno Peiinonbaca, rae p -
U

IUIOTHOCTh, 1 - BsI3KocTh, U, L-XapakTepHas CKOpOCTh M JUIMHA, COOTBETCTBeHHO, U (y) -
PO(HITE CKOPOCTH OCHOBHOTO TeUeHHSI, ¥ (77) - aMIuInTy1a (PYHKIIUU TOKA JIJIST BO3MYIICHUH.
Ecim 4 >0, To paccmarpuBaemoe ocHOBHOE TeueHne U (y) HEeycTon4nBo, ecau A <0, To
oHO ycroitunuBo. Ecin ke A =0, kosiebaHuss HEUTPAIbHO YCTONYHBBI.

0O630p no meronam penienust npodiemsl (1)-(2) uznoxkena B [1], rae npuBeneHsl u
CPaBHEHBI AITOPUTMBI JJI1 TPEX METOAOB: CIIEKTPaJbHBIN, CHEKTPAJIbHO-CETOYHBIN, METOJ
NpeaABapUTCIIbHOTO MHTCTPUPOBAHUS.

B nanHHOil paboTe NpPUBOIATCS pe3yiabTaThl HCCIEAOBAHUM, WILTIOCTPUPYIOIINE
CXOUMOCTDb METOa MpeaABapuUTCIbHOTO HHTCTPHUPOBAHUA JJIsL HpO6J’IeMBI
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ruapoauHaMudeckor ycrounBocta (1)- (2). st atoro ypaBaenue (1) mepenuiiem B BUIE
CJICAYIOIIEM BUJIE:
4 2 2] 2
Ly = ‘Zy‘f +[k4w—2k2‘:’j7‘/2’_u (y).Dl//+C(ijL: Wj_z(k“w—%):o. ©
VYpaBuenue (3) paccMmarpuBaeTcsi C OJHOPOIHBIMU KpaeBbiMH ycioBusimu (2). Bymem
npezmnonarartb, 4ro 3amada (3), (2) mpu A =0 umeer TOIBKO TPUBHAIBHOE pEIICHHE. DTO
TpeboBaHue 0becreunBaeT cymiecTBoBanue Gynkuun ['puHa ms omepatopa L' c xpaeBbMm

4
ycioBusamu (2). 3agaya (3), (2) ¢ moMoIIb0 BBEICHUST 0003HAYCHUS x(y) = ((jj 1/4/
y
CBOJIUTCS K OTIEPATOPHOMY YPaBHEHHUIO BTOPOTO pojia
(E+T)x=4Tx, x=2(E+T)"Tx )

rjae l//(y) - pemienue auddepennuanbHon 3anaun (3), (2), Toraa
1

v(y)=[F(y.&)x(£)Hs.

-1

Omneparopsl T, u 'rx orpezaessroTes B Buze [2-5]:

7= [TX(EIE). T = [T(re)x(e)de.

B Merone npeaBapuTenbHOIO HHTEIPUPOBaHUs [6] cTapiueil npon3BoAHOM 3a1auu (3),
(2) mmercs B BUJe KOHEYHOTO psijia 1o MoJruHOMaM YeOblmeBa nepBoro poa:

dly &
ay° —Z:O:aiTi (x) ()

rie @, HEHW3BEeCTHblE KOX(DQUIMEHTHI pa3IoKeHHs, Ti(X) - monmuHOMBI YeObImeBa i-T0

nopsiaka. B paccmarpuBaemom Metose o pemienus 3agauu (3), (2) psa (5) npenBapuTenbHO
YETHIPEXKPATHO MHTETPUPYETCS U HAXOJSATCS BBIPAKCHUS JJIS BCEX HU3IINX MPOU3BOIHBIX U

HNCKOMOT'O pE€IICHUA ¥/ ( y) . HpI/I HWHTCTPpUPOBAHUH pALa (5) MMOABJIAKOTCA YETBIPEC HEU3BCCTHBIC
KOHCTAHTBI HHTCTPUPOBAHUSA, BBIPAKCHUSA [JIA HUX OHNPCHACIAIOTCA U3 KPACBBIX YCHOBI/Iﬁ (2)

Jlumb mocne 3TOro BBIpAXEHHS M pPELIEHHsT W HYKHBIX IPOU3BOJIHBIX CTaBSTCS B
muddepenmanbHoe ypaBHeHue (3) u TpedyeTcs y10BIETBOPEHHSI YCIOBHSI OPTOTOHAIbHOCTH

A .
HeBsiskn L™y (y) k nonmuomam YeGpimena 10 Homepa N

IL‘NV/(y)Tk(y)p(y)dy:O, k=0,12,..N (6)

1 . .
e p(y)= , L™ -muckpeTHslii  omepaTop,  MOJYYEHHBIH  METOAOM

,/l— y?
MpeIBapUTENIHOTO HHTErpupoBanus. JluckpeTHoe ypaBHeHue (6) Takke 3aliChIBa€TCs B BUIE
onepaTopHoro ypaBHCHI/IH BTOpOFO pona

x™ = 2ME x™ | e Fo=(E+PT) T )

) N N
P, L, p( N L, p( ). OIepaTop MPOEKTUPOBAHUS.

3areM, JIOKa3bIBaeTCs CIEAyIollas TeopeMa O CXOAUMOCTH MPHOIMKEHHBIX
coberpennpix 3uauenmii AN ypaBHeHne (7) K TOYHBIM COOCTBEHHBIM 3HAUCHUSIM A,

ypaBHeHue (4).
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Teopema. Ilycts x03¢dunmentsr ypaBuenus (1) mpunamnexat Kk kimaccy C**, 0<a <1.
[Tycts manee AL N A, mpu N — o0, rze AN A, - cobcTBeHHBIC 3Ha4YeHUs 3a1a4 (4) u (7)

COOTBETCTBEHHO, Ipu4eM A, umeeT panr r. Toraa cpaseuinBa oleHKa

“ 5\ Ia

AW —gl<Cl| =

p-al=c(5)

rae C KoHCTaHTa, S, o ONpEeAesioTCs U3 yeaoBus JInmmmia, T.¢.
‘f(s)(xl)— f(s)(xz)‘ <M % =%,|".
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UCCJIEJOBAHUE KOJOIO-MEJIUIIUHCKUX MOJEJIEA
METOAAMU BUDYPKAIIMOHHBIX TAPAMETPOB B KOHEYHO
PAZHOCTHBIX TUCKPETHBIX CUCTEMAX

A.C.Conees?, I.T. Pozer?, 5I. Myxrtapos®
Camapranckuti 2ocyoapcmeennviii ynueepcumem umenu Lllapogha Pawuoosa,
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PexxnMbl cTOXacTMKM M Xaoca JOMYCKAKOTCS B HEIWHEHHBIX CHCTEMAaX «peaklHs-
mubdy3us»,  ONUCHIBAIOIIMX  XMMHUKO-PEAKTHBHBIE,  acTpopu3UYECKHEe,  TEIJIOBBIE,
TEPMOsIEPHBIE, IJIA3MEHHBIE, SMUEMUOJIOTHYECKHE U ieMorpadudeckue nmpoueccol. B padore
paccMaTpUBAIOTCS  JKOJIOTO-MEAULUHCKUE CUCTEMBI, SBJISIOLIUECS HENPEPBIBHBIMU, HO
UCCIIEJOBAaHHBIMU B BHJI€ JUCKPETHBIX cHCTeM Ha OBM ¢ HCHOIB30BaHMEM KOHEYHO-
Pa3HOCTHBIX METOMOB. J[atOTCS YCIOBHUS CYLIECTBOBAHUS PEKUMOB CTOXACTUKU B HEKOTOPBIX
JKOJIOTO - MEJAULIUHCKUE MOJIEIIAX.

OKOJIOTO - MEIUIMHCKUE CHCTEMBI XapaKTEPHU3YIOTCS BBIBICHHEM HX OCHOBHBIX
BUJIOB, IPHYEM HE 0053aTeNbHO — OJHOTO, T.K. MOT'YT OBITh OTHECEHBI CPa3y K HECKOJIbKHM.
Taxkumu BUIaMu, B IEPBYIO 04€pPE/Ib, OTHOCATCS aBTOHOMHOCTb M1 HEABTOHOMHOCTB CHCTEM, UX
HENPEpPBIBHOCTh W JUCKPETHOCTb. B  ciywasx, Korga HCCIEAOBaHHS OCHOBAaHbI Ha
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SMIIUPHUYECKUX JAHHBIX ¢ 00pabOTKOI KOTOPBIX MUCHOJIb3YETCS COBPEMEHHbIE KOMIIBIOTEPHbBIE
CUCTEMBI, 0071aCTh MPOCTPAHCTBEHHBIX aPTYMEHTOB pa3OMBaeTCsl TUCKPETHBIM MHOKECTBOM
TOYEK M 3TO BCE MPHUBOJUT K pa30MEHMIO CHUCTEMbl Ha JBa Kjacca: HENpPEpbIBHBIX H
JIUCKPETHBIX.

N3 mukna pabor Mapuyka, OCHOBaHHBIX Ha pe3yjibTaTax BBIYUCIUTEIBHBIX
OKCIEPUMEHTOB C TnpuMeHeHneM OBM u anHanmmze rpadukoB pemeHuH H3ydaeMbIxX
TUHAMHYECKHX CHCTEM, COCTABJICHHBIX MO pe3ybTaTaM TaKUX dKCIEpUMEHTOB (Moaenu §2.2
u §2.8 u3[1]) caenyer, 4To B HUX UMEIOT MECTO MEPUOIUYECKHE IO BpeMeHHU | aBTOKOJIeOaHuUs.
B atoii pabore, a Takke B padore [10] paccMaTpuBarOTCs IKOIOTO-MEIUIIUMHCKUE CUCTEMBI,
SIBJISIFOLIIMECS] HEPEPBIBHBIMMU T10 1, HO MCCIE0BAaHHBIMU B BUJIE TUCKPETHBIX cucTeM Ha DBM
C HCIMOJB30BAaHMEM KOHEUHO-PAa3HOCTHBIX MeTOoJ0B. B pabGorax [1] rpymm Mapuyka u
baswikuHa [4] pekuMbI CTOXACTHKY [ 5, TnaBel 9,12], [6, rnaBsl 1,4] HE yTOMHHAIUCE U HE OBUTH
WCCJIEI0BAHBI.

Hamu paccmorpena 0GaszoBas moxens u3 [1, §2.2], ommcheiBaromiasi XpOHHYECKUE
3aboneBanus, u [1, §2.8] momens rematombl. Monens §2.2 wuccienyem B (Pa3oBBIX

npoctpanctsax {C,F} u {C,F,t}, rae t— Bpemsi, C — KONMYECTBO IIA3MATHYECKUX KIICTOK,

F — KonuyecTBO aHTUTEN B KJETKax, a npu 7 =0 3ama3ablBaHuE OTCYTCTBYET. DTa MOJEIb
CUCTEMbl YpPaBHEHMH 3a7aéT MOJCHUCTEMY MPU HOBBIX MEPEMEHHBIX {Cl, Fl,vl}, UMEIOITYIO

BH/ B HOBBIX IIapaMETpax:

1 1
dci :—I[,lc'Cl+aF1Vl,ddit:—lL[f-Fl+pC1_77F1Vl (1)

ocHoBanHas Ha mogenu (2.1.11) [1], B xoTopol @,1, p, i,, i, OUYIUPYIOIIKE TTAPAMETPEI,

V! — mepeMeHHas CBS3aHHAs C HAJM4YUEM AHTHIEHOB MOJ JCHCTBUEM KIETOK «TIaMSATH»
HOJBEPKEHHBIX MEPUOJNYECKUM BO3MYLICHHUSM, KOTOPbIE OTCYTCTBYIOT npu a =71=0, 3a
cuét wienoB F'V', sprusromuxcs crapmmmu, (1) — HenuHeiiHas. Torja BO3HMKAIOT TPH
clieHapus OudypKanuid:

1) mpu HaTMYUK TOJIFKO MAJIBIX IEPUOIUIECKUX MO BPEMEHHU BO3MYIIEHUH CTOXaCTHKA
BO3HHUKAeT BHYTpH obnactu npoctpanctsa [lyankape P, [2,3,9];

2) npu Hanu4yuu OMQypKalUuil, yIOBIETBOPSIOMIMX JOCTaTOYHBIM, a TaKXkKe o =—17]
YCJIOBUSIM CYIIECTBOBaHMs 0co0Oro THIa 3KBaTopa mpoctpaHctBa Ilyankape P, [2],
CTOXaCTHKHU BO3HUKAIOT B obnactu P conmepxkammii sxkBarop [lyankape;

3) IIpHU COBOKYITHOM BBIITIOJIHCHUH CLICHAPUECB — OAHOBPECMCHHO BHYTPU U BHE POO.

B wmonenn remaromer ([1, §2.8]), da3oBble mepemMeHHBIE KOTOPOH SBISIOIIEECS
ABTOHOMHOM U 0e3 3ama3IbIBaHMsI BpEMEHHOTO aprymMeHTa t—7:

d—T=aW—bWT—a(T—T*),M=—cWT}, )
dt dt

rae a,b,a,T" — kosdpuuuents: u 6upypKauus MPOUCXOIUT HpH ycIoBusx: b=0.
B cucteme W — konmuecTBO nepepoxAEHHON KPOBHU, T — KOJIMYECTBO UYKOH KPOBH.
[Tockonbky 11t 000MX YpaBHEHHIl CHUCTEMBI BBINOJIHSAIOTCSA YCIOBHS ocoboro tuma [3]

skBaropa [lyaHkape, TO peXHM CTOXacTHKH oOpasyercs B obmacté P, a mockombky mpu

o 2

BBCJICHHMU BHCITHUX MAJIBIX MMEPUOANICCKUX BOSMYIHeHHﬁ, TO U PEKUM CTOXACTHKHU BO3HUKACT
BHC POO . Ecnu ke uMerT MeCTO ABa 3THUX CLHCHapud B COBOKYIIHOCTH, TO — OJHOBPECMCHHO

BHYTPU U BHC Poo . Takum o6pa30M, MOJEJb I'eMaTOMBI BEAET ce0ss BO MHOT'OM aHAJIOTUYHO

MOACIIN XPOHUYECCKOIO 3a00/IcBaHU B IUIaHE 06p330BaHI/I$I CTOXaCTHKU.
PaCCMOTpI/IM TAaK¥XKC JUCKPETHYIO CUCTEMY
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%: fl(xi’yi’ri)+dx(xi—l_zxi +Xi+1)1

gyt i=In-1, 3)
8_ti: fz(xi'yi'ri)_'_dy(yi—l_zyi+yi+l)
. D, D, | 12
rae % =X(r,t),y, =y(r,t),r =ih,dx= " ,dy=F,h=H B | <o u " HenpepsiBHBIE

10 CBOMM TIEPEMEHHBIM (DYHKIIUU.
B ciyuae nuddpy3rMOHHBIX KOJOTHYECKUX CHCTEM KaKJIble MOJICUCTEMBI cUCTEeMBI (3)
IPH KOHKPETHOM | MOJKHO MPHHSATH [7] MOAENN JAUHAMHKH B OTACIBHBIX DJIEMCHTapPHBIX

o 12
o0beMax, B3aMMOJEHCTBHE KOTOPBIX 3aBHcHT oOT f C IOJHBIM BHYTPEHHHUM

nepeMeluBaHeM BHYTPHU KaXXJJ0ro o0beMa Korja cyuiectsyer auddys3us B ciiyyae MUTrpanuu
MEXy COCeTHUMH 00beMaMu. it cucTeMsl (3). Bo3MoxkHa MUTpalinoHHAs HHTEPIIPETAIHS,
UCIIOJIb3yeMasl TAKKe /ISl COLMAIbHbIX cucTeM. J[ist cucremsl (3) ¢ HAIMYMEM EPUOANYECKUX

IBYOKeHUi B obnact G mpumenum meton Ditnepa:
1
Xi = Xi—l +h-f Z(Xil, yi,l, ri,l)f ,i :ﬁ
Y=Y, th-f (Xi—l’ Yias ri—l)
TO €CThb BBIYHCIMM Ha CIIOE [XO, X1] , [yo, yl] npyd TepBOM Imare h  3HadYeHUs

f1(x,y,r), f?(x,y,r). [ponomkas naiee, IpULeM K MX BBIMUCICHHIO HA IIOCIEIHEM CIIOE

[%0: Xos [:[ Vs Yot |-

Torpa:
X, =X, +h- F1(x, yo,ro),}
Y, =Y, +h- fZ(XO!yo’rO) 1
Xy =Xoq + 0 FH(X0 0 Yoai 1), '
Yo =Yoa 0 T2 (X0 Yoa fhs)
3ameTHM, 4TO B [8] MpuBEICHBI YUCIEHHBIE PE3YIIbTAThI, peAIN30BaHHbIE HA DOBM.
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In this note, we have developed the hybrid method as a semi-analytical solution for the
bounded and unbounded solutions of first kind system of Cauchy-type singular integral
equations (CSIEs) with constant coefficients. Before applying homotopy perturbation method
(HPM), we have to first reduce the system of CSIEs into a triangle system of algebraic equations
using Gauss elimination method (GEM), then carried out using HPM. Using the theory of the
bounded and unbounded solutions of CSIEs, we are able to find inverse operators for the system
of CSIEs of the first kind. The proposed method is proven to be exact for the system of
characteristic SIEs [1], in the case of bounded and unbounded solution for any type of initial
guess. Two examples are provided and analysed to demonstrate the validity and accuracy of the
proposed method. Obtained results are compared with the Chebyshev collocation method [3-
4]. Numerical results revealed that the hybrid method dominates others.

The application of HPM and MHPM is demonstrated for the system of the singular
integral equation of the first kind given by

li:{e::rui(T)dTer‘jJ‘llKij(t,r)uj(r)dr}z f(t),i=L...,M, ~1<t<l, 2

1 -t Vid
where A=(a ;) and B=(n;) are given constant matrices with det(A)=0, det(B)=0, the forcing
functions 1, (t)and kernels K, are all known to be real-valued or complex-valued continuous
functionsand u;, j=1,2,..., M are unknown functions to be determined.
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GIPERBOLIK SISTEMA UCHUN QO‘YILGAN CHEGARAVIY
BOSHQARISH MASALASI UCHUN OSHKORMAS AYIRMALI
SXEMASI TURG‘UNLIGINI TADQIQ ETISH

R.D.Aloyev*®, M.X.Ovlayeva*?), D.Z.Egamberdiyeva'?
Mirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy universiteti, Toshkent, O ‘zbekiston;
Mualliflar elektron pochtasi
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Ushbu ishda giperbolik sistemalar uchun oshkormas sxemasining eksponensial
turg‘unligi isbotlanadi.. Chegaraviy shartlarga ega bo‘lgan bir o‘lchovli chizigli simmetrik t-
giperbolik sistema uchun qo‘yilgan aralash masala uchun oqimga garshi oshkormas ayirmali
sxemaning (Lyapunov ma’nosida) eksponensial turg‘unligini tadqiq qilish usullari o‘rganilgan.
Tadgigot Lyapunov funksiyasini qurishga asoslangan. Bundan tashqari eksponental turg‘unlik
uchun etarlilik sharti olingan

Masalaning qo ‘yilishi.

ov ov
—+K(x)—=0 1)
ot OX
ko‘rinishdagi chiziqli simmetrik t-giperbolik sistema berilgan bo‘lib
K (X) = diag {K+ (X) ,—K~ (X)} dioganal matritsa, ya’ni
K™ (x)=diagia(x),--,a,(X)f,
()= diag a,(x).-+an ()} a,(x)>0 Vi, vxe[0,1]
K™ (x)=diag{a,.,(x).---.a,(x)},

Asosiy masala
x=0:v'=sv", te[0,+00) yoki x=1:v"=rv', te[0,+mx)
kanonik shakldagi chizigli chegaraviy shartlari bilan (1) eksponensial turg‘unligini sonli tahlil
gilishdir.

Boshlang‘ich shart quyidagicha berilgan: V(X,0) =V,(X), X € (0, I )
Bu erda V'=(V,V,, V)" V! = (Vo Voo Y,) ', S Mx(n—m)  oflchamli
to‘rburchak matritsa, I - (n - m) XM o‘lchamli to‘rburchak matritsa.
Ushbu qo‘yilgan aralash masalani sonli echish G ={(t,x):0<t<T,0<xel} sohada
(Vi)’j( =v.(t*,x.), 1=1...,n; x=0,...,K; j=0,...,J noma’lum funksiyani tugun
nugtlardagi giymatlarini topish uchun quyidagi oshkormas ayirmali sxemani taklif gilamiz:

(W) = () —(a),

i AX
(v, )Ij(+1 =(v )I,( -(a&)

|:(Vi ),jc+1 ~(v, )’Jﬁll] i=1m;

(W)t ()] i=mein @

j=1J-1 x=0,K -1
Chegaraviy shartlar quyidagicha aproksimatsiya gilingan:

1\&+1 _ <+
(V“)OK+1 S(V I)Tﬁl’ K= O’ K-1 (3)
(V )J - r(v )J_l’

Boshlang‘ich shart quyidagicha appriksimatsiya qilingan.
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0 . . =

(vi);=(¢),, i=Ln; j=0,J. (4)

(2)-(4) boshlang‘ich-chegaraviy ayirmali masalaning eksponensial turg‘unligi
isbotlanadi. Isbotlash jarayoni diskret Lyapunov funksiyasini qurishga asoslangan.
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DINAMIK CHEGARAVIY SHARTLARIGA EGA IKKI O‘LCHOVLI
GIPERBOLIK SISTEMA UCHUN OSHKORMAS AYIRMALI
SXEMANI QURISH, TURG‘UNLIGINI TEKSHIRISH

R.D.Aloyev!®, M.X.Ovlayeva>?, N.G*.Fattoyeval®
Mirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy universiteti, Toshkent, O zbekiston
Muallif elektron pochtasi
Daloevr@mail.ru, ®mohinur1009@gmail.com, ¢ fattoyevanodira543.com@gmail.com

Ushbu ishda dinamik chegaraviy shartlar bilan boshqariladigan ikki o‘lchovli giperbolik
sistema uchun aralash masala qo‘yiladi. Keltirilgan aralash masalaning eksponensial
turg‘unligi va [2-nopma uchun Lyapunov funksiyasining ta’riflari beriladi.

Qo‘yilgan aralash masala uchun parchalanish metodining eksponensial turg‘unligi
isbotlanadi.

Masalani echishda chizigli balans gonunlari giperbolik sistemasi keltiriladi. Chegaraviy

shartlar kanonik shaklda bo’lgan chiziqli balans qonunlari giperbolik sistemasi uchun aralash
masala qo'yiladi. Lyapunovning eksponensial turgunligining tarifi keltiriladi.
Giperbolik sistemalar uchun parchalanish metodining eksponensial turg‘unligi isbotlananaau.
Parchalanish metodida, pastgi qatlamdan yuqori qatlamga o‘tishni ikki yordamchi bosqichlarga
bo‘lib va har bir bosgichda dastlabki tenglamalardan approksimatsiya xossasini majburiy
bajarilishini va turg‘unligini talab etmasdan tejamkor ayirmali sxema qurishga muvaffaq
bo‘lingan. Chegaraviy shartlarga ega bo‘lgan ikki o‘lchovli chizigli simmetrik t-giperbolik
sistema uchun qo‘yilgan aralash masala uchun oqimga qarshi o‘zgaruvchilar yo‘nalishlari
bo‘yicha parchalanuvchi oshkor-oshkormas ayirmali sxemaning (Lyapunov ma’nosida)
eksponensial turg‘unligini tadqiq qilish usullari o‘rganilgan.

Aralash masala uchun Lyapunov funksiyasi quriladi. Muayyan algebraik matritsaviy
tengsizlik bajarilganda, masalaning | 2 fazodagi normasining nolga intilishi ko’rsatiladi. Misol

sifatida porshenli ogimga ega bo’lgan ekzotermik reaktor boshqgarish matematik modeli misol
sifatida keltiriladi.

O‘zgarmas koeffitsient chiziqli balans qonunlari giperbolik sistemasi uchun qo’yilgan
aralash masalaning sonli echimning Lyapunov manosidagi turg’unligi haqidagi teorema
kelitriladi va isbotlanadi. Lyapunov manosidagi turg’unlik haqidagi teorema ochiq kanallarda
suv harakati Saint-Venant-Exner chizigli modeliga qo'llaniladi.

Bunda quyidagi vazifalarni bajarish lozim:

- pastgi qatlamdan yuqori qatlamga o‘tishni ikki yordamchi bosqgichlarga bo‘lib va har
bir bosgichda dastlabki tenglamalardan approksimatsiya xossasini majburiy bajarilishini va
turg‘unligini talab etmasdan tejamkor ayirmali sxema qurishga muvaffaq bo‘lish;

- Lyapunov turg‘unlik nazariyasiga tayanib oqimga qarshi fazoviy o‘zgaruvchilariga
nisbatan parchalanish ayirmali sxema sonli echimini eksponensial turg‘unligi haqidagi
teoremani isbotlash va boshlang‘ich-chegaraviy ayirmali masala sonli echimi uchun
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Lyapunovni diskret funksiyasini qurish. Sonli echimni eksponensial turg‘unligi uchun etarli
algebraik shartlarni hosil qilish;

- boshlang‘ich funksiyalari va chegaraviy shartlaridagi boshqarish funksiyalari orqali
sonli echimni baholashga imkon beruvchi boshlang‘ich-chegaraviy ayirmali masala sonli
echimi uchun aprior baho olish va buni ogibatida sonli echimni chegaraviy shartlardagi
boshqarish funksiyalariga uzluksiz bog‘ligligini tasdiqlash.

Dinamik chegaraviy shartlarga ega bo‘lgan ikki o‘lchovli chiziqli simmetrik t-
giperbolik sistema uchun qo‘yilgan aralash masala uchun yo‘nalishlari bo‘yicha parchalanuvchi
oshkor-oshkormas ayirmali sxema quriladi va uning Lyapunov ma’nosida turg‘unlik
yondashuvidan foydalanib eksponensial turg‘unligi isbotlanadi.

EXPONENTIAL STABILITY OF ANUMERICAL SOLUTION OF A
HYPERBOLIC SYSTEM WITH NEGATIVE NONLOCAL
CHARACTERISTIC VELOCITIES

R. D. Aloev!?, V.B.Alimova?
L2National University of Uzbekistan named after Mirzo Ulugbek.
Author Emails
3 aloevr@mail.ru, Pvasilarobiyaxon@gmail.com

In this paper, we study the problem of stabilizing the equilibrium state for a hyperbolic
system with negative nonlocal characteristic velocities and measurement error. The formulation
of a mixed boundary control problem for the indicated hyperbolic system is given. The stability

in the ¢*—norm with respect to a discrete perturbation of the equilibrium state of an initial-
boundary difference problem is determined. A discrete Lyapunov function is constructed and a

stability theorem for the equilibrium state of an initial-boundary difference problem in the (> —

norm with respect to a discrete perturbation is proven.
Statement of a mixed problem. Consider the following symmetric t —hyperbolic system:

%_M(A(t))%—;@o, te[0,+0), xe[0,1], 1)

where

M(A(t))2 diag(l,u(la(t)), i (La(t)), -, n/,z(na(t))),

U2 (0 ,0) o A2 (a(t)a() 0 a()

.44(s) - some specified functions.
Here the characteristic velocities M(A(t)) depend on the integral of the unknown

vector function U (t,x) over the entire region [0,1]

A(t)=[ U (t,X)dx, te(0,+) @

or component by component
a(t)= I:iu dx, i=1n.
Initial conditions for system (1):
U(0,x)=d(x), xe[0,1]. (3)

Where @ (x) 2 (,p(x), ,0(X), -, ,¢(x))" - given initial vector function,
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In this work, we limit ourselves to the case when the functions of characteristic
velocities are negative, i.e. M(A(t)) > 0. In this case, it is known from the theory of hyperbolic

systems that boundary conditions for system (1) are required only on the right boundary, at
x=1:

-M(A())U (£ =V (1), @)
where V(t)£(V (1), V (1), V (t))T - vector function controller.From works [1] and [2] it

follows that with an appropriate choice it is possible to prove the correctness of the formulation
of the mixed problem (1)-(4).
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FUNKSIYALARNI INTERPOLYATSIYALASH MASALASI. SPLAYN

FUNKSIYALARNI KLASSIK INTERPOLYATSION KO‘PXADLARDAN

AFZALLIGI
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Qaralayotgan klassik interpolyatsion ko‘phadlarning darajasi tugun nuqtalar soniga
bog‘lig, tugun nuqtalar soni oshishi bilan ko‘phadning darajasi oshib boradi va ko‘phad
koeffisentlarini aniglash uchun yuqori tartibli algebraik tenglamalar sistemasini echishga tog‘ri
keladi. Tuzilgan algebraik tenglamalar sistemasining soni tugun nuqtalarga bog‘liq ekan, tugun
nugtalar oshishi bilan algebraik tenglamalar sistemasining tartibi ham oshib ketadi. Natijada
klassik interpolyatsion ko‘phadlar qurilishida ko‘plab kamchiliklar kuzatish mumkin

Funksiyaning analitik ko‘rinishini tiklashda splayn funksiyalarni qo‘llanilishi yaxshi
natija beradi. Tiklovchi ko‘phad koeffisientlari ko‘phadlarning qo‘shni oraliglarda silliq
tutashishi shartidan, nuqtalarda interpolyatsiya sharti va bir oraligdan ikkinchisiga silliq o‘tish
uchun gidirilayotgan funksiya va uning hosilalarining X €[a, b] da uzluksiz bo‘lishi talab
gilinadi.

Lokal interpolyatsion kubik splayn funksiya interpolyasiya ob'ektiga yaxshi
yaginlashuvchanligi va qurilishi sodda va EHM algoritmini tuzish juda soddaligi bilan ajralib
turadi.

Murakkab jarayonli masalalarni taqribiy echishda hamda ushbu masalalarning
modellarini qurishda va qo‘llanilishida splayn-funksiyalarning qo‘llanilishi dolzarb
masalalardan hisoblanadi.
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Jadval ko‘rinishida berilgan funksiyalarni splayn funksiyalar bilan yaqinlashtirish.
Interpolyatsion kubik splaynlarni qurish.

Ta’rif: Quyidagi to‘rt shartni ganoatlantiruvchi ushbu

S(f,x) = S3(x, f, 4,) funksiya interpolyatsion kubik splayn funksiya deyiladi:

Har biri [x;, x;41] (i = 0,n) oraliqgda S(f,x) € H;(P);

S(f,x) € C*[a,b];

To’rning x; (k = 0,7n) tugunlariga S(f, x;) = fitenglik o’rinli;

S"(f,x)uchun S"(f,a) =S"(f,b) =0 1)
chegaraviy shartlar bajariladi.

Bu to‘rt shartni ganoatlantiruvchi yagona S(f,x) splayn mavjudligini ko‘rsatamiz.
Buning uchun avval quyidagi yordamchi faktlarni keltiramiz.

Endi splaynni qurish bilan shug‘illanamiz, S(f, x) ning ikkinchi hosilasi to‘rning har
biri [x;_q, x;] oralig‘ida uzluksiz bo‘lganligi tufayli x;_; < x < x; da ushbu tengsizlikni yoza
olamiz:

S"(f,x) = Mi_y 5~ + M;— = 2

Bu yerda h; = x; — x;_; va M; = S"(f, x;) tenglikning har |kk| tomonini integrallab,
quyidagiga ega bo’lamiz:

S(f,x) = M;_ 1(’“16:) + S g Sy p X @3)
Bunda A; va B;integrallash doimiylari bo’lib, ular S(f, xl_l) =fi_avaS(f,x)=f;

shartlardan aniqlanadi (3)dax = xl 1, X = x; larni 0’rniga qo’yib, mos ravishda

M;_4 1 +A = fi_ivaM; 1 +B fi larni hosil gilamiz. Bundan A; va B; larni topib
(2) gaqo ysak natijada

(x; — x)° (x —x;_1)°
S(f,x) =M,_ M;
_ My h i
(o — )M 4 (- ) @
(xi—x)? (c=xi-1)? | fi~fisa  Mi=M;_
5 (f,x) = ~Mig xzhf M= ;hil T T h O

larga ega bo’lamiz.
Oxirgi tenglik [x;, x;,1] oraliq uchun quyidagi ko‘rinishga ega:
( i ) ( l) fiva—fi M; M;

S'(f,x) = =M =5+ My -+ S-S, (6)

Endi (5) da x ning x; ga chapdan va (6) da x ning x; ga o’ngdan intilgandagi, ya’ni
X1, X, ..., Xp—1 lar uchun hosilaning bir tomonlama limitlarini hisoblaylik:
h; h; fi—fiaa
S'(x;—0)=— Ml L= M+
3 h;

Sl(xi + O) hl+1 M + hl+1 Ml+1 + fl+1 fl (l — 1'n _ 1)

l+1

Ta’rifning 1kk1nch1 shartlga ko’ra S'(f,x) va S"(f,x) funksiyalar [a,b] oraliqda
uzluksiz.

S'"(f,x) ning xq,%,,...,x,_1 nugtalarda uzluksizligidan foydalansak, quyidagi
tenglamaga ega bo’lamiz:

I. hi +hl hi fi fi fi_fi—
DMy + M 4 ey = Tl Joe 7)
Bu tenglamaning (1) chegarawy shartdan kellb chigadigan
My =M, =0 (8)

Yugorida tahlil gilib chigilgan formulalarimizdan foydalangan holda interpolyatsion
kubik splayn-funksiya quriladi.

27



Foydalanilgan adabiyotlar

1. Isroilov M.I. Hisoblash metodlari. 1-qism.Toshkent O‘qituvchi.; Isroilov M.I. Hisoblash
metodlari. Toshkent, O*qituvchi, 2-qism, 2008. nomli adabiyotlar va ‘“Parallel Processing
of Signals in Local Spline Methods” maqolalari tahlil gilindi.

SOME APPROACHES TO IMPROVING SOLUTIONS OF

DIFFERENTIAL EQUATIONS
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There are quite a number of works on the numerical solution of differential equations
[1-4]. Here we propose two ways to improve the solution of ordinary differential equations with
boundary conditions. To solve ordinary differential equations, you can use the method of
moving nodes [5-10]. Using the method of moving nodes, it is possible to improve the obtained
approximate solution and construct improved circuits.

Parametric schemes. Here an attempt is made to construct a special parametric scheme
in order to improve the quality of the circuit. In this case, the choice of the parameter is carried
out on the basis of the calculated approximation error. We demonstrate this method for

convection-diffusion problems. Consider the problem
2
PeZ—Z = % + Pe - 5(x), u(0) =up, u(l) =uy (1)
Here Pe is the Peclet number, S(x) is the source, u is the unknown function.

When problem (1) is discredited, it is essential to approximate the convective term [3]. The
standard finite-difference scheme against the flow on a three-point template is:

pelUzUw _ _ 2 (UE—U _ U-Uy

X—Xw XE—Xw

)+ Pe - 5(x), )

XE—X X—Xw

Consider the parametric scheme

U-Uy . k—1 _ 2 (UE—U_U—Uw) .
Pexk—x{j, kx = i o + Pe - S(x), 3)

The choice of the parameter k can be found by numerical experiment. Based on the
calculated approximation error, it is not difficult to select the parameter k. The idea of
approximating the convective term is as follows. We introduce an intermediate variable y(x),
and based on the calculation of the derivative of a complex function, we have

du du dy
dx dy dx’
For the function y(x) we take a monotonically increasing function, for example, y = x* will

be replaced by the difference relation upstream. Making the assumption that with such a
. . . du u—uy k—1
replacement, the approximation error decreases. In this way — = kT

=~
k_
X=Xy
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Fig.1 Comparison of results. The solid line  Fig.2 Comparison of results: S(x) = cos(5x),
is the exact solution Pe=10, »=0,06

Figure 1 shows the results of calculations (Pe=10, S(x)=0, N=11, u0=0, ul=1) at k=1 and 9.(
the circles are the numerical results obtained at k=1, and the solid circles at k=9.)

Iterative method to get a solution. Using the idea of constructing iterative methods
for systems of discrete equations, we will show the possibilities of an analytical approximate
solution based on the method of moving nodes.

Consider problem (1). If there is only one moving node, we carry out an iterative process
in the form (u0=0, ul=1)
2x x(1-x)
t= 2+Pe(1-x) 2+Pe(1-x) S(). (4)
This expression is taken as the initial approximation of problem (18). Let's find the
approximation error

Rl = _p dul N d?ut
T T % T dxe
Let's calculate the second approximation
u? = u! + wx(1 —x) - R
Find the approximation error R?

+ Pe - S(x),.

R* = -P du2+d2u2+P S
o ¢ dx = dx? ¢S -
Thus, we carry out an iterative process in the form
u'=u"t+ wx(1—x)-R7L (5)

On fig.2, the solid line corresponds to the exact solution of the problem; dot - u?; dashed, u?;
dotted-dashed -- u®; long-dashed - u*. As can be seen from the graphic, step by step we can
improve of analytical solution.

Using the parametric scheme of the convection-diffusion problem (the scheme
parameter is determined by a numerical experiment), it is possible to obtain an improved
scheme. An iterative scheme for obtaining an approximate analytical solution of two-point
boundary value problems is proposed.

It remains to be explored how to choose the parameters of the proposed schemes in order
to optimize the resulting solutions.
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O YHACJIO PEIIEHAU OJHOM KBAJIPATHOT'O YPABHEHMUE B
MNPOCTBIX YUCEJI U3 APUGPMETUYECKOHN MIPOI'PECCUHU

. Amraxos'?, O.111.Nmamos™?
1T€pM€3CK020 eocyaapcmseHHoeo yHueepcumem
DneKTpOHHAas 0YTa aBTOPOB
3 jallakov@mail.ru ® oybekimamov000@gmail.com

HYCTB N ZAOCTaTO4YHO OOJIBIIIOE HEYETHOE YHUCJIO, YHAOBJICTBOPAKOIICC YCIOBHUIO

N =5(mod 24) umycts P, .- , Ps TPOCTBIC UHCIA. Brnepsbie Xya-Jlo-Ken nokasain (cM.
ctp.110 pabotsi [1]), uro nruadanTOBO ypaBHEHUE
2 2 2 2 2
N=p +p,+Ps+Ps+Ps (1)
paspemmnmMo B IPOCTHIX YucIax [y, ... , Pg . Ming-Chit Liu u Kai-Man Tsang [2] noxazanm,

paspemmmocTh ypaBHenms N = aipf +.o.ta ps , tie @,.,85, N = nemsre umcna,
YIIOBJICTBOPSIOIIUE YCIOBUSAM KOHIPYIHT Pa3pelIMMOCTH U TOJI0KUTEIbHON Pa3peiuMOCTH:
a) s JI00ro mpocToro [ CyWecTBYWT Takue uensie uucna lp,...lo ¢ ycmosusmu
1< |1,. ..,|5 < p-1, Koropble YIOBIETBOPSIOT CHUCTEMY JIMHEHHBIX  CPaBHEHHIL:
al, +a,l, +...+agl; =N (modp).

b) cymecTBylOT Takue JEHCTBUTEIbHBIE IOJOXKHUTEIbHBIE YMCIA Y,,...,Y: A
KOTOPBIX BBINOJIHAIOTCSA paBeHCTBA Y, + A, Y, +...+ A Y =
Onu Taxke B [2] yTBEpXJald, YTO METOAOM HCIIOJIb30BAaHHBIM HMMHU JJISI CYMMBI IISITH
KBA/[PaTOB MOHO J0Ka3aTh paspemmmocts ypasuenus N =c¢p, +¢,p, + ¢, p; , TpH

unenoM K >1. Jlokas3arenbCTBO TOCHENHETO yTBepK-AeHus K =2 mnpuBeneHo B pabore
N.Anmaxosa u H.C.My3pomnosoii [3], [4].

Brie chopmynupoBaHHbIE 337a4ll MOYKHO paccMaTpUBaTh KaK HEJIMHEHHOE pacHIMpeHHe
TepHapHO mpobnembl ['onpadaxa (Teopema ['onbnbaxa-Bunorpagosa [5]), a Takke Kak
aHaJOTOM M3BECTHOM TeopeMbl Jlarpanika o yeTsipex kBajaparax (cm. ri. V1, §6.5, [6]).
Y.H.Wang [7] uccnenoBan ypaBHeHue (1) ¢ mpocTbIMU NEPEMEHHBIMHU U3 apUPMETUUECKOI

POrpeccHH, T.e. IPOCTble MEepeMEHHbIe yzoBieTBOpsior ycnosusam: P =D, (mod d)

i=12,..5 ub=(b,,...b;)eB(N,d),
rac
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B(N,d)={beN®*:1<h <d,(b,d)=1 b} +---+b=N(modo(d)d)}, @

u o(d)=44,2 s 24d, 2||d " 4‘d , cooTBeTcTBeHHO. 31meck N - MHOXecTBO

HaTypaibHbIX yuceT B N° = N x N x N x N x N .
OH J10Kasaj, 4To CyIecTByeT 3G PEeKTHBHAS MMOJOKHUTEIbHAS TIOCTOSIHHAs O , Takas,
4TO TM0(aHTOBO ypaBHEHHUE

N =p+p:+p:+p;+p;,

3
p, =b(modd),i=1,...,5, ©

5
C IPOCTHIMH TIEPEMEHHBIME Pa3PEIIHMO TSl BeeX nosoxkutenbabix nesix uncen d < N° mpu
yenosun, uro N =5(mM0d24) 6omemoe neuernoe nenoe uncno, B(N,d)  memycroe.
OTMCTI/IM, YTO U3 3TOT'0 pE3ylibTaTa BBITCKACT 3HAMCHUTAA TCOPEMaA JIuHHUKA 0 HAaUMEHbBIIIEM

MIPOCTOM YHCIIE B apudmeTrndeckoit mporpeccuu (cm. [8]).
B nacTosmeit pabote Mbl OLIEHUM KOJIMYECTBO pelieHui ypaBHeHMs (1) B mpocThIx

anciax u3 apudmerndeckoii mporpeccuu. Iycts F(N) - kommuectBo pemennii ypasnenus

(1) B mpocteix umcnax [ = bi (modd) (i =l,...,5), rne N - mocrarouHo OGoubIIOE

ukcuposanHoe HatypansHoe uncrio, ¥ (Modq) u %, (mod Q) — 03HAYAET MPOU3BOJIBHBIN

XapaKTep U TJIaBHBIM XapakKTep [Inpnxne o MoAyJIro q , COOTBCTCTBCHHO. I/ISBGCTHO, qTo

CYHICCTBYCT IMMOCTOsSIHHAA Cl’ TakKas, 4YTO CYHIECTBYCT HC Ooiee OIHOI'O IIPHUMHUTHUBHOI'O

xXapakrepa ;Z u monyns [ <T, nns koToporo coorsercTByIOmas L-Qpynkuus L(S, )() AMEET

_l o o
HyJap B obmactnu o >1—c (logT t|<T: v ecim TAakKOU HCKIIOUUTEIILHBIA XapakTe
1 ) ’

~

CYHICCTBYCT, OH KBaJApaTUYIHO U COOTBeTCTBYIOH_II/Iﬁ €My HYJIb ﬁ, TaK Ha3bIBa€MBIM
HUCKIIIOYUTCIIBHBIM  HYJIEM, 6YI[GT NpoCTbIM W CAWHCTBCHHBLIM. KpOMe TOTO, OTOT

HCKITIOYNUTEILHBIN HYJIb ﬂ YAOBJIETBOPACT COOTHOLICHUIO

1 -1

c, ]’,‘.’5 |092 7 Sl—ﬁ < (e / |Og T, (CM§ 14: [9]) (4)

OCHOBHBIM pe3yjIbTaToM pa6OTBI SABJIACTCA CIICAYIOIIas TCopeMa.

215
Teopema. Eciu N - nocratouno 6onpmoe uncno 1 Q =N, torna cnpasenmussr
CJEYIOLINE YTBEPKICHUS

a) ecru He cymecTByeT [ —uckmountensublil Bymb (4) L — dynxmun dupuxie umm xe oH
1

CYmICCTBYCT W MOAYJIb COOTBCTCTBYIOIICTO HCKIIFOUUTCIBHOI'O XapaKTepa r> Q13 , TOT A4
3 1 3

r(N)>N2Q 5In®N|1-c,d?Q ©In°*N

b) ecnim  cymectByer [ —uckmountenbupii Hyns (4) L —dynxmum Iupuxne u momymb
1

COOTBETCTBYIOIIETO UCKIFOUUTENBLHOTO XapakTepa I < Q13| torma
3 2 1

r(N)>N2Q 5In°*N|1-c,d?Q ©In°**N

W3 31011 TeOpeMBI crieyer.
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215
Cnencrue. Eciu N - pmocrarouno Gombmoe umenmo u Q=N cymectsyer

d<N°
3(1)(1)6KTI/IBH8.$I ITOJIOKUTCIIbHAA KOHCTAHTAa 5 JJIA Y CHpaBeI[J'II/IBa OLICHKAa
3 2

r(N)>N2Q 5(InN)~,

OrMeTuM, 4To momo0HbIH pe3ynbTaT, koraa d =1 6but mokasan B pabore M. Asnakosa
u H.My3panosoii [4].
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TO‘LQIN TENGLAMASIGA QO‘YILGAN ARALASH MASALA SONLI
YECHIMINING LYAPUNOYV BO‘YICHA TURG*‘UNLIGI

Xudoyberganov M.O*.1®, Karimov D.>?)
Mirzo Ulug 'bek nomidagi O ‘zbekiston Milliy universiteti
3 mirzoali@mail.ru Pkarimovdavlatyor91@gmail.com

Dunyoda meditsina, neft va gaz, shaharsozlikdagi ishlab chigarish sohasida zamonaviy
texnologiyalarni joriy etish, xususan ilmiy-texnikaviy imkoniyatlarni rivojlantirish sur’atlarini
oshirishda, ishlab chigarish sohalariga zamonaviy texnologiyalarni joriy etishda, ilm-fan va
ishlab chiqarish integratsiyasini kengaytirishda giperbolik sistemalar uchun aralash masalalarni
hisoblash modellarini ishlab chigishda ayirmali sxemalari nazariyasini takomillashtirish
bo'yicha ko'plab ilmiy tadgiqotlar olib borilmogda. Bunda aralash masala uchun ayirmali
sxemani qurish va uning turg’unligini isbotlash muhim rol o'ynaydi. Shuning uchun ikkinchi
tartibli giperbolik tenglamani sonli echish uchun ayirma sxemalarini qurish, ayirmali sxema
turg‘unligini tekshirish va taqribiy echimning dastlabki differensial masala echimiga
yaginlashishini tekshirish dolzarb hisoblanadi. Ishda bir o‘Ichovli

o°'u d°u _ou , au
——-——+a—+b—+cu=1f, te(0,T), xe(0,d), 1
o Xt ot ox €(0T), xe (@] @)
to‘lgin tenglamasining
u(t,0)=u(t1) =0, te(0,T).
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chegaraviy shartlarni va
U(O, X) = UO(X)! au (07 X)
X

=u,(x), xe(0,1),

boshlang‘ich shartlarni ganoatlantiruvchi sonli echimining turg‘un echimini topish masalasi
tadqiq etiladi. Bunda masala asosan riman invariantlari bilan bog‘liq giperbolik sistema asosida
tahlil gilinadi.
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TEOPETUKOYUCJIOBBIE METO/IbI 1JIS1 PEHIEHUSA CUCTEMBbI
O/HOMEPHBIX UHTEI'PAJIBHBIX YPABHEHUH OPEJI'OJIBMA

BTOPOI'O POJIA B KJIACCE EY (C)
Aobupaes .M.
Henayckuii uncmumym npeonpunumamenscmea u neoazoauxa /lenay, Y36exucman
DneKTpOoHHAas IoYTa aBTopa

ustozmat616@gmail.com

B a10ii paboTe coueras Merox WTEpamMH C METOAOM ONTHMAlbHBIX KOA((UIIMEHTOB,
pPacCMOTPHUBAETCA TPHUOIMKEHHOE pellieHHe CIeAyIoNleld CHUCTEMbl WHTETPANBHBIX YpaBHEHHWH
®penronsma 2-ropoa

Yi)=f)+A T, [ Ky (e, Dy (0dt, i=1.2,...0. L
rac
fl(X)EEla (Cl)! Kl] (x' t)EEg(CZ) (1,_]:1,2, . ’q) (2)

Cnenys [1-3] mpennaraercst alrOpuT™M pemieHusi CHCTeMbl MHTETPAJIbHBIX ypaBHeHUi (1) u
JAOKa3bIBACTCs CIICAYIOIIass TCOpCMa.

Teopema. [Tycte N>2%, a > 1, Bemonnsrorcs ycnosus(2). Torma 1 peNIEHUs  CUCTEMBI
(1) cipaBeJIMBBI  paBEHCTBA

1 .
Vi (x) = fl(x) + EZTl\:Izlln Ilg=1 cDin (.X, Mkn) + RN! |:1925""q'
Trae

-1

Ry=0DN "z log®5(@-DE+M-1N 0] <1,
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1
D=D(a,4,q,4,C;,C;) — nmocrosmmas, wme 3aBucsmas ot N, N;=[Nzlog=£N],
:[(a—l)logN—(a,b’—,B+2)loglogN]1 I/“ <(3an2(;2)_

2(loglog N-log(|1|qA2C;)) 2(a—1)
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As the use of web services has grown, systems have faced challenges in serving user
requests. These include longer wait times for users requesting services, as well as disruptions
in service during times of high demand. To improve the efficiency of these systems, it is
necessary to take a variety of actions. Based on our investigation, it appears that the system'’s
servers are unable to handle requests in several situations.

- Limited server capacity for user requests;
- Slow data exchange as a result of Internet connection;
- Improper selection of the system's working principle (algorithm).

Furthermore, there are instances where the systems may fail to respond to requests due
to various reasons. These scenarios may occur intermittently and at specific times. However,
these issues significantly contribute to the situations mentioned earlier, and it is crucial to
address them urgently.

To efficiently serve requests in a system, it is important to regulate the flow of requests
by analyzing the server's capabilities. In order to do this, it is necessary to understand the
server's service timings and capabilities for a specific amount of time, such as one second, one
minute, or one hour. However, before this can be done, it is crucial to determine the server's
capability. The research in this article is based on Intel Core™ i7-10700T Processor (2.0 GHz
base frequency, up to 4.5 GHz with Intel® Turbo Boost Technology, 8 cores, 12 threads, 16
MB cache), 8 GB DDR4 3200 MHz RAM, 256 GB SSD performed on a benchmark server
device, the server's ability to serve requests per second without rejections was =165 based on
[1], [2], [3], [4]. To test the server's ability to service requests, requests were submitted via
Apache Jmeter 5.4.1, and the number of concurrent requests before rejection was determined
to be 162. It should be noted that when calculating the system's ability to service requests
simultaneously, it is assumed that requests arrive at a specific time. However, the completion
time of the requested service was not taken into account. Because the completeness of the
responses to these requests is dependent on many other criteria, the ability to provide an
accurate value is limited. As a result, serviceability is measured by the number of requests a
server can handle at the same time.

Based on the determined indicators, the useful value of the intensity of requests was
determined based on the following formula (1).
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T=o (1)
Here, C is the server's ability to receive requests per second, W is the time scale under
consideration (one second in the study), and T is the useful value of request intensity.

The study found T to be around 61 milliseconds.

That is, this value signifies that if the pace of requests is less than 61 ms, the server will
not respond to requests of a specific size [6]. Because in any system, the server's service devices
and standby devices are based on the notion of losing incoming requests when the standby
devices are busy [3], [5]. Losses can occur in multiple stages.

- In the first case, when the service and standby parts of the server are busy with requests
(Figure 1);

- In the second case, the requests go to the waiting state, but there is no possibility to serve
them due to the fact that too many threads are created on the web server, that is, the server
does not have time to process them (Figure 2).

Coming Requests | BUSY EMPTY

TCP socket queue
E (Listenjqueue)
m P HTTP SERVER CONTROL

[ SERVER PROCESS |

[ SERVER THREADS | [ SERVER THREADS |

v [ SERVER THREADS | [ SERVER THREADS |

@ [ SERVER THREADS | [ SERVER THREADS |

[ SERVER THREADS | [ SERVER THREADS |

@ <: [ SERVER THREADS | [ SERVER THREADS |
@ APPLICATION

Rejected Requests

Figure 1. Loss of requests when all server devices and queues are busy

Coming Requests | BUSY EMPTY
TCP socket queue

} (Listenjqueue)
m > HTTP SERVER CONTROL

<< \ SERVER PROCESS \
[ SERVER THREADS | [ SERVER THREADS |

[[SERVER THREADS | [ SERVER THREADS |
[[SERVER THREADS | [ SERVER THREADS |
« [ SERVER THREADS | [ SERVER THREADS |

APPLICATION

Rejected
Requests

L 5 |

Figure 2. Loss of requests due to web server overload

As a result, managing the request interval is critical for enhancing servers' ability to
serve requests. To do this, mechanisms for artificially controlling their intervals during times
of high demand must be developed based on the values stated above. Figure 3 depicts a
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technique for artificially delaying the reception of requests to the web server when the intensity
of the requests is less than the server's capacity to receive them.

\ 4

( Begin )
Forward the request - .
T to the web server P SartioRmRe
Setting the / +
queue length, K = Determining the
1=61 / time the request v
arrived at the web
server Respond to
A 4 + request
Accepting a request Subtract this tir_ne
to the system (K) from the arrival 7I
time of the previous
¢ request (S) ( The end )

Check ifthm There is space
space intW — P ; Voo

hi
No empty space Queue the request

No

v

Hold the requests
for the time 1-((S-
K)+1)

Deny connection

Figure 3. Algorithm for artificially delaying the reception of requests to the web server
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YEVROPA TURDAGI OPSIONNING NARXINI DISKRET VA
UZLUKSIZ HOLDA HISOBLASH

A.S.Rasulov!®, G.B. Matqurbanov 1)
Mirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy Universiteti
?) asrasulov@gmail.com, Pmatqurbanovganjaboy@gmail.com
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Yevropa turidagi ogibatli standart sotib olish opsion uchun mugqobil narxni topishga
doir misollar keltirib o‘tamiz hamda hisoblash dasturini Mathcad dasturida keltiramiz.

N —a—>p
Sy =S+ A, A =S-S5, A = b—sq ,a>0,b>0 bo‘lganda p va g lami
n=1

toping?
To‘lov funksiyasi fy = (S, —K)",K =S, bo‘lgan standart sotib olish (call) opsionida
N =2 uchun mugobil narx C,ni toping?

Yechish: N=2, EA, =0,n=12 ghartdan —a-p+b-q=0 ni hosil gilamiz.

a
P+q=1 bo‘lganiuchun P =m va ( =m larni topamiz. U holda
C,=Ef,=E(S,—-K)"' =E(A,+A,)" =(-2a)" p>+(—a+b)" pg+
2a—b2 a< b
+ + 2 + 2 (a+b)2 ’
(b—a)" pg+(2b)'q” =2(b—a)" pq+2bg” =
2a_b2 a> b
(a+b)?’

Yevropa turidagi standart sotib olish (call) opsionida N =2 uchun muqobil narx C, ni
hisoblash dasturini keltiramiz.

Dastur uchun hisoblash algaritmi quyidagicha bo'ladi:

1. Narxlar tasodifiy o‘zgarib turishini hisobga olgan holda aksiya narxi a va b larni aniglab
olamiz: a := 2000% va b := 3000%

2. Aksiya narxlari uchun mos ehtimolliklar giymati aniglanadi.

b . a
p=—r; Qi=—r
a+b a+h
3. a va b sonlarni oralig‘idan tasodifiy tanlaymiz buning uchun runif funksiyasini ishlatamiz

S = runif (3,a,b) va chiggan natijasi:

AAA

2.147 x 10°
S =1[2.989 x 10°
2.119x10°

min(S) = 2.119 x 10’ Standart

Endi chiqgan tasodifiy sonlardan minimumini topamiz,
sotib olish opsioni /N = 2 uchun mugobil narxni a < b bo‘lgan hol uchun hisoblaymiz va

quyidagi C, =2-(b—a)-p-q+2-b-¢* natijaga ega bo‘lamiz.

Bu ifoda orgali C, = 1.44 x 10° ga teng ekanligi kelib chigadi.
Biz Bleck shoules tenglamasi bilan opsionni sotib olish va sotish jarayonini Python dasturi bilan

ham hisoblab natijani olishimiz va olingan natijani. Amaliy matematik paketlar bilan hisoblab
topilgan natija bilan solishtirishimiz mumkin.

1 9 -
7l

Lo
2

N(d) =
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C(S,t) t vaqtidagi giymati va P(S,t) go‘ng‘irog optsionining ¢ vagtidagi sotish giymati.
Blek-Shoulsning Yevropacha sotib olish formulasi.

C(S,t)=5N (dl) - Ke_r(T_t)N (dz)
Blek-Shoulsning Yevropacha sotish formulasi.

P(S,1) = K;""IN(d,) - N(d,)

S o’
In (K}L(r +2j
= (T-1)

% o /(T -1)

In (Kj + (r — G;j
d,=d, -o(T-1) = (T-1)
ay(T -1)
N(d) - normal tagsimot funksiyalari.
def norm_pdf(x):

return (1.0 / ((2 * pi)**0.5)) * exp(-0.5 * X * X)
def norm_cdf(x):

k=1.0/(1.0+0.2316419 * x)

k_sum =k * (0.319381530 + k * (-0.356563782 + k * (1.781477937 + k * (-1.821255978 +
1.330274429 * Kk))))

if x >=0.0:

return (1.0 - (1.0 / ((2 * pi)**0.5)) * exp(-0.5 * x * x) * k_sum)
else:
return 1.0 - norm_cdf(-x)

defd_j(, S, K, r, sigma, T):

return (log(S/ K) + (r + ((-1)**(j - 1)) * 0.5 * sigma * sigma) * T) / (sigma * (T**0.5))
def vanilla_call_price(S, K, r, sigma, T):

return S * norm_cdf(d_j(1, S, K, r, sigma, T)) - K * exp(-r * T) * norm_cdf(d_j(2, S, K, r,
sigma, T))
def vanilla_put_price(S, K, r, sigma, T):

return -S * norm_cdf(-d_j(1, S, K, r, sigma, T)) + K* exp(-r * T) * norm_cdf(-d_j(2, S, K,
r, sigma, T))
K =100
S=80
r=0.12
sigma=0.3
T=1
print(vanilla_call_price(K, S, r, sigma, T))
print(vanilla_put_price(K, S, r, sigma, T))

Opsionni (call) sotib olish Opsionni (put) sotish narxi
narxi
30.623576050003393 1.577210987375997

Opsionning narxini hisoblab topish jarayonida bizga ma’lum bo‘lgan natijalardan kelib
chigib. Opsion narxini Amaliy matematik paketlarda va Python dasturi bilan hisoblab chigdik.
Amaliy matematik paketlarga garaganda dasturlash tillarida opsioning narxini hisoblashda
aniqlik darajasi yugori ekan.
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OCHIQ KANALLARDA SUVNING IKKI O‘LCHAMLI BEQAROR
HARAKATI MASALLARINI YECHISH UCHUN CHEKLI ELEMENT
USULIDAN FOYDALANISH

Abdigahhorov S.%®, Choriyorov N. Q.%'?, Abduraxmonov O. N.>9 Seytov A. J.1' 9
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Zamonaviy kompyuter texnologiyalaridan foydalangan holda murakkab matematik
muammolarni hal gilishning ragamli usullarining keng rivojlanishi munosabati bilan turli xil
murakkab dinamik jarayonlarning o‘ziga xos sifat va miqdoriy tavsiflarini olish uchun real
imkoniyat paydo bo‘ldi. Ushbu ishda suv xo‘jaligi ob’cktlarida suv oqimining beqaror
harakatini modellashtirishda oqimning kosmosdagi ikki o‘lchovli oqimi hisobga olinadi, bu
ob’ektlarning sifat va miqdoriy tavsiflarini yaxshilashni ta’minlaydi, shuningdek loyihalash va
foydalanish uchun ob’ektlarning eng yaxshi parametrlarini tanlash kerak.

Ochiq kanallardagi suvning begaror ogimini [1,2] vektor-matritsa ko‘rinishida
tavsiflovchi ikki o‘lchovli Sen-Venant tenglamasi qo‘yidagi shaklga ega.

ou ou ou
—+A—+B—+D=0,(x,y)€Q 1)
ot ox oy

bu erda U ={h, p,q}

Bu tenglamani echish uchun boshlang‘ich va chegara shartlarini o‘rnatish kerak.
Dastlabki sharoitlar t, vaqtning ma’lum bir nuqtasida dastlabki harakat sifatida qabul gilingan
suv ogimining harakatini tavsiflaydi.

Ux y,tg) =Ug(xy),  (X,y) e )
bu erda U,(X,y)— suv ogimining chuqurligi va ogim tezligining berilgan tagsimot
funktsiyalari, Q - o‘zgaruvchilarni aniglashning ikki o‘Ichovli sohasi.

Biz Q hududining dQ chegarasini suyuq va o‘tib bo‘lmaydigan qattiq gismlardan
iborat deb hisoblaymiz, ya'ni dQ={dQ,,dQ} va chegaraning bu gismlari bir nechta
segmentlardan iborat bo‘lishi mumkin.

Suyug gism uchun chegara shartlari chuqurlikdagi o‘zgarish yoki suv ogimi
go‘yidagicha belgilanadi

hi (x,y,t) =Hj(t), q;(x,y,t)cosa + p;(X,y,t)sina =Q;(t),
A 3)
a =(n0x), (xy)edQ
bu erda ¢.(x,y,t) va p;(x,y,t) suv ogimi tezligining noma’lum bo‘ylama va ko‘ndalang

xKi i zl’n)x’
komponentlari bo‘lsa, H,(t) va Q(t) larga suvning chuqurligi va ogim tezligini o‘zgartirish
funksiyalari berilgan. Mos keladigan suyuqlik gismidagi ogim, a- chegaraning normal va X

0°qi orasidagi burchak.
Chegaraning gattiq qismida qo‘yidagi shaklda berilgan

N
q; (x,y,t)cosa + pi (X, y,t)sinax =0, a=(n,0x), (xy)edQ; i=1n_.. 4
Vagt o‘tishi bilan (1) tenglamaning ayirma yaqinlashuvini amalga oshirib, tenglamaning
koeffitsientlarini  kvazilinearizatsiya usuli yordamida chizigli qilib va suv ogimi

39


mailto:nchoriyorov@gmail.com
mailto:saybek868@gmail.com

parametrlarining o‘zluksizligini hisobga olgan holda, oddiy o‘zgarishlardan so‘ng biz
tenglamani olamiz.

aU k+1 aU k+1

EX LEX +GKUML ZRX, k=1,2,3,....... (5)
OX
buerda E*, F*, G¥, va R*matritsalari quyidagicha aniglanadi
1 1
X = Ak 4 (A “UK)eZakuk E o8 4 (BN - UF ) ZBK UK,
2 2
k k (6)
k 1 gov 1 U k 1 k k 1)k Lk
2 OX 2 oy T T

0A oB oD
BUerdaA'CJ:— : B'C,:— : leJz— :
U ), ou ), U ),

Shunday qilib, har bir bosgichda biz oldingi bosgichdagi ma'lumotlarga asoslanib,
noma'lum U*"* vektorlari uchun tenglama oldik. Dastlabki va chegaraviy shartlar ham vaqt
bo‘yicha diskretlashtiriladi.

U (x,y) ko‘rinishida taxminiy echim izlanadi

N.
k+1 i

U (6= Qi (¢y), Y
i 1=

bu erda Q, noma’lum koeffitsientlarning vektor matritsasi va o‘zgaruvchilarni aniglash sohasi

elementlarining  yaqginlashuvidagi  funktsiyalar soni va ¢@(X,y)- uchburchak va
to‘rtburchakdagi chizigli yoki kvadrat asosli funktsiyalar [3, 4].
O‘zgaruvchilarni aniglash sohasining ichki nuqtalarida Q, koeffitsientlarini aniglash

uchun tenglamalar tizimi qo‘llaniladi.
Ni 99 (x,Y) 99 (x,Y)
2Qi [ gh 000 gk TR0
i=1 QJ
Yugqoridagi usul yordamida ikki o‘Ichovli suv ogimini modellashtirish natijalarini daryo
tubi va figurali cho‘ktiruvchi idish misolida ko‘rsatamiz.
Quyidagi holatlar uchun kompyuterda ikki o‘Ichovli beqaror suv harakatini simulyatsiya

+G g (% y)RdexdyO, i=12,..,N (8)
OX

qildik.

Misol 1. Murakkab geometrik shakllarga ega daryo o‘ti (1-rasm). Daryoning o‘zan
qismi uchburchak elementlarga bo‘linadi, ular murakkab hududlarni yaqinlashtirish uchun
qo‘laydir. Butun kanal bo‘ylab boshlang‘ich shartlar shunday olinadiki, suv oqimi nolga teng
va chuqurligi 3,0 m. Suyugqlikning to‘rtta chegarasi mavjud, ikkitasida suv oqimining o‘zgarishi
1000 va 160 m®/s, qolgan ikkitasida esa suv gorizontlari 3,0 m ga o‘rnatiladi.

1-rasmda. tezliklarning diagrammalari, ogimning erkin yuzasi va jarayon
boshlanganidan keyin 15 soatdan keyin suv ogimi tezligining yo‘nalishi ko‘rsatilgan. Tezlik
diagrammasidan yugqori tezliklar mavjud bo‘lgan joylarni ko‘rish mumkin, ya’ni yuvish joylari
va tezligi past bo‘lgan joylarda loyqalanish joylari.
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1-rasm. Murakkab geometrik shakllarga ega daryo tubi

Tezlik diagrammasidan ko‘rinib turibdiki, cho‘kindi cho‘kindining kengligi kengayishi
bilan tezliklar pasayadi va eng past tezliklar cho‘kindi tankining toraygan qismining o‘rtasida
bo‘ladi, bu esa eng zaif joylarni aniglash imkonini beradi. Sedimentatsiya tankining loylanishi.

Shunday qilib, kosmosdagi suv xo‘jaligi ob’ektlari parametrlarining ko‘p o‘Ichovliligini
hisobga olgan holda, suv ogimini modellashtirish uchun chekli elementlar usulidan foydalanish
suv resurslarining vagtinchalik jarayonlari dinamikasini kompyuterda tahlil gilish va suv
resurslarining sifat va miqdoriy xususiyatlarini aniglash imkonini beradi. Daryo tubining
uzunligi, kengligi va kanal uchastkasi bo‘ylab suv oqimining xususiyatlari, shuningdek ulardagi
yangi inshootlarning loyiha parametrlarini aniglash va mavjud gidrotexnik inshootlarning,
kanallar, daryolar va boshga suvlarning ekspluatatsion parametrlarini yaxshilash imkonini
beradi.
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HILBERT FAZOSIDA FURYE KOEFFITSIYENTLARINI HISOBLASH
UCHUN GIPERBOLIK FUNKSIYALARGA ANIQ OPTIMAL
KVADRATUR FORMULA

A.l. Kurbonnazarov *®, N.D. Boltayev 2
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Integrallarni taqribiy hisoblash uchun Hilbert fazolarida kvadratur formula qurish
amaliyotda juda muhim. Kvadratur formulalar qurishdagi olingan natijalar turli tabiiy
jarayonlarning mukammal matematik modellarini ishlab chigish imkonini beradi.

Shu magsadda quyidagi yo‘nalishlar bo‘yicha ilmiy tadqiqotlarni amalga oshirish hisoblash
matematikasining asosiy masalalaridan hisoblanadi:

1) Furye koeffitsiyentlarini sonli hisoblash.

2) Turlicha Hilbert fazolarida optimal kvadratur formulalar qurish va ularning xatoliklarini
baholash.

Biz bu ishda, Sobolev usuliga asoslanib, wh € 7., w € R, =0, bo‘lgan holda Furye
koeffitsiyentlarini tagribiy hisoblash uchun optimal kvadratur formulani quramiz.

Shu munosabat bilan quyidagi kvadratur formulani ko‘rib chigamiz
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1

[ (e ox=3clp] 1 () ®

0

bu erda C[ﬂ] bu (1)-ko‘rinishdagi kvadratur formulaning koeffitsiyentlari, [ﬂ]:hﬁ
— 1
(ﬂ =0,N,h= Wj tugun nugtalar.

f funktsiyalar Kés) (0,1) fazosiga tegishli bo’lib, ushbu fazo quyidagicha aniglanadi
(garang [1], 209-bet)
K (0,1)={f :[0,1] - C| f "—absolyut uzluksiz, f " < L,(0,1)}.

Ushbu fazo, ma’lum faktorizasiyadan so‘ng quyidagi skalyar ko‘paytma bilan Hilbert
fazosini hosil giladi [2]

(f.9)e =[(F"()=T(x))(a"(x)~g"(x)) e 2)
Bu Hilbert fazo (2)-skalyar ko‘paytmaga asoslangan quyidagi norma bilan ta’minlangan
1l =| J(F00-F ) 1700 700

0

Ta’kidlash joizki, ushbu fazoning nol elementi quyidagi ko‘rinishdagi funksiyalar
ekvivalent sinfi bo‘ladi

1
2

@)

6(x)=b, +b,sinh(x) +b; cosh(x),b;,b,,b, € C. @)

Ma’lumki, aniq bir fazoda kvadratur formulalarni qurishda kvadratur yig‘indining integralga
yaginlashishi o‘rganiladi. Bu holda olingan xatoni baholash zarur.

Integral bilan kvadratur yig indi oradidagi farq

1 . N
(¢, F)=[e™"f (x)dx— Y C,f (hA) (5)
0 =0
(1)-ko‘rinishdagi kvadratur formulaning xatoligi deyiladi va bu ayirmaga ushbu
_ N
((X)=€"""¢10 (%)= 2.C,0 (x=p) (6)
=0

ko‘rinishdagi xatolik funksionali to‘g‘ri keladi, bu erda &p5;(X) bu [0,1] kesmaning
xarakteristik funksiyasi, 5(x) esa Dirakning delta-funksiyasi.
Ushbu (1)-ko‘rinishdagi kvadratur formulaning xatoligi, { (X) xatolik funksionalning f dagi

giymatiga teng.
Bu funksional uzluksiz va chegaralangan, uning normasi chekli va quyidagicha aniglanadi

1)
fle]

Bu (7) dan (1)-ko‘rinishdagi kvadratur formulaning (5)-xatoligining yuqoridan bahosini
olamiz:

i

= sup
][0

()

(e < lwer

£k (8)

Bu (7)-tengsizlikdan ko‘rinib turibdiki, xatolikning absolyut qiymatining yuqori bahosi, xatolik
funksionali normasi bilan bog‘liq.
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Oz navbatida, bu K§3>(o,1) fazoda (3)-normaning yadrosiga kirmaydigan va bu fazoga

kiruvchi elementlar normasi musbat chekli sondir. Shuning uchun bu fazoga tegishli har ganday
element uchun (1)-ko‘rinishdagi kvadratur formula (5)-xatoligi va u yugoridan (8)-tengsizlik
yordamida baholanadi. Buning uchun xatolik funksionali { ning normasi uchun ifodani

topishimiz kerak. Shubhasiz, { ning normasi (1)-kvadratur formulaning Cﬁ koeffitsiyentlariga
bog‘liq chegaralangan funksiyadir.
[ xatolik funksionalining normasiga eng kichik giymat beradigan Cﬁ koeffitsiyentlar (1)-

ko‘rinishdagi kvadratur formulaning K{”(0,1) fazodagi optimal koeffitsiyentlari deyiladi

hamda ular C[],4=0,1,...,N bilan belgilanadi.
Demak, K£3)(O,l) Hilbert fazosida wh e Z,w =0 bo‘lgan holda optimal kvadratur

formulaga ega bo‘lish uchun biz quyidagi asosiy 2 ta masalani hal qilishimiz kerak bo‘ladi.

1) Birinchidan, Hilbert fazosida aniglangan (6)-ko‘rinishdagi { xatolik funksionali uchun uning
normasini ko‘rinishini topish;

2) Ikkinchidan 1l ¢1l, .. normaga eng kichik giymat beruvchi C,, A=01...,N (agar

mavjud bo‘lsa) koeffitsiyentlarni topish.
Ushbu ish shu ikkita masalani echishga bag ishlangan bo’lib, bunda (1) ko rinishdagi optimal
quadratur formulaning koeffitsiyentlari to'liq aniglangan.
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CHEKLI ELEMENTLAR USULLARI UCHUN YANGI ALGEBRAIK —
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Ushbu ishda biz differensiallanuvchi funksiyalarning Kgm(j Hilbert fazosida ¢(x)

funksiyani Pm(go,x) interpolyatsion funksiya bilan optimal interpolyatsiya gilish masalasini

qaraymiz. Ta’kidlash joizki, bunda hosil qilingan optimal interpolyatsion formula
koeffitsiyentlari mos fazoda chekli elementlar usuli uchun bazis funksiyalar vazifasini bajaradi.

Bu yerda K™ Hilbert fazosi quyidagicha aniglanadi

2,0
K™ = {go :[0,] = R| o™ —absolyut uzluksizva ¢™ e L, (0,1)}

hamda quyidagi norma bilan ta’minlangan
2

1

a0 = (0" (x)+ 0" (x)) dx
0

bu erda @ —noldan fargli ixtiyoriy hagiqiy son.

le
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Bizga 0< X, < X, <...< Xy =1 interpolyatsiya tugunlari va (o(x) funksiyaning bu tugun
nugtalardagi ¢(X,),@(x,),...(Xy ) qiymatlari berilgan bo‘lsin. Ushbu

w(x)spm<¢,x>=gcﬁ<x><o(xﬂ) @

tagribiy tenglikka interpolyatsion formula deyiladi, bunda C, (x)(,B =0,1,...,N) formulaning
koeffitsiyentlari hisoblanadi.
(1) —ko‘rinishdagi interpolyatsion formula

?(%5)=Pn(2.%;), B=0.1,...,.N
interpolyatsiya shartlarini ganoatlantiradi. Quyidagi
(L:9)=p(X) =P (9:%)
tenglikka (1)—ko‘rinishdagi interpolyatsion formulaning xatoligi deyiladi. Bu erda ¢ bu (1)-

ko‘rinishdagi interpolyatsion formulaning xatolik funksionali bo‘lib, u

1
C(X, z C . X, =hB, h==
( Z 2)5(x=%,) %, =hpp, ==
tenglik orqali aniqlanishini ko‘rish q1y1n emas.
Xatolik funksionali normasiga eng Kichik giymat beruvchi

C,(2)= Coﬁ, (2)(#=01,...,N) koeffitsiyentlarga ega (1)—ko‘rinishdagi formulaga

optimal interpolyatsion formula deyiladi, mos Cﬁ(z) koeffitsiyentlarga optimal
koeffitsiyentlar deyiladi.

Ushbu ishda asosiy magsad z“ («=0,1,.....,m-3), sin(wz) va cos(wz) funksiyalarga
aniq bo‘lgan optimal interpolyatsion formula qurishdir.

Ishning asosiy natijasi sifatida (1)—ko‘rinishdagi optimal interpolyatsion formula
koeffitsiyentlarining analitik ko‘rinishi uchun quyidagi ifodalar olindi.

Teorema 1. Ushbu K™ Hilbert fazosida (1) —ko‘rinishdagi optimal interpolyatsion

2,0

formulaning koeffitsiyentlari uchun quyidagi ifodalar o‘rinlidir:

Z)=pfzja(Mk+ﬂk“Nk)+p[CGm(z)+ - Ziiy zhyj

2m-1

m+1
+p[(4_ ) whcos(wh+wz)—d; sin(wh)+d, cos(wh)+
@

o= Sy ) g

a=0

= meAk(ﬂka + 4N )+ p(G, (2-h(B-1))+CG, (z-hp)+

+G, (z- ﬂ+1)+ml%i/1{”6 (z- h}/j B=12,..,N-1, (3)
éN(z)zpmiAk(AkNMk+Nk)+p(CG (z-1)+G, (z-1+h) +ml%i@' G, (z- hy)]+



m+1
+p((_1) (wh+w)cos(wh+w—wz)+d; sin(wh+w)+d, cos(wh+w)+

4a)2m—l
m-3 i 2m-5
+Z P (1+h) + Z r, (1+ h)“j. (4)
i=0 a=0

Ushbu (2) — (4) ifodalarda tenglikning o‘ng tomonidagi kattaliklar barchasi ma’lum
kattaliklardir.
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The construction of quadrature formulas involves determining the nodes and weights
associated with these nodes to approximate definite integrals. In addition, and even more
critically, quadrature formulas provide an essential tool for the numerical solution of differential
and integral equations. Several methods exist for constructing quadrature formulas, each with
its approach. One of these approaches is based on variational methods. The variational approach
for constructing quadrature formulas is based on variational principles and functionals. In this
approach, the goal is to find the optimal nodes and weights that minimize or maximize a certain
functional associated with the approximation of the integral. Optimal quadrature formulas with
derivatives are essential in terms of achieving a high order of approximation.

Let a table containing values ¢(x,) and ¢'(x,) at points x, €[0,1] for functions ¢ be

given, where £ =0,1,...,N . We assume that these functions belong to the Hilbert space
W% (0,1) ={¢:[0,1] > R | ¢' is abs. cont. and ¢" € L,(0,1)},
equipped with the norm

umw;zm(o,nu={j(¢"<x>+(pf<x))zdx} |

where j.((p”(x) + (p'(x))zdx < oo, and the inner product in this space is defined by the following
formula(t)

(o) = j((p”(X) +¢'(X)) (v" () +y'(x)) dx.
We consider a quadrature formula in t;e space W,*"(0,1) given by

Iol P()p(x)dx = C,0p(X;)+ > C,10'(Xy). 1)
p=0 p=0

Optimizing this type of quadrature formula by coefficients C,, and C,, is a complex
problem. In constructing this quadrature formula, we perform successive optimizations. That
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is, we take coefficients of optimal quadrature formula in work [1, Theorem 1.6.1.] instead of
C,, and optimize the quadrature formula (1) with respect to coefficients C , .

The following is true.
Theorem 1. Coefficients of the optimal quadrature formula (1) with equidistant nodes in the
space W, > (0,1) have the following forms:

2 9,4 .o _ah
Co,l——l_eZh(4(l e”)+F,(0)-e Fz(h)j,
cﬁ,l=$(—e“(a(h(ﬁ—1))+ Fz(h(,b'+1)))+(1+e2“)F2(h,B)), B=12,..,N-1,
pp— (ﬂa—eme“(e“aa)— Fz(l—h)))
T 1l-e 4
here

F(08) = 2.C,0 G, (% = X,)+ [ POOG, (x—x,)dx,

N 1
g=>.C,e" —j p(x)e dx,
7=0 0

G, (X) = Sigg(x) [ex +2ex —1].
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Many problems of science and engineering are naturally reduced to singular integral
equations. Moreover, plane problems are reduced to one dimensional singular integral equation
(see [1]). The theory of one dimensional singular integral equation is given, for example, in
[2,3]. It is known that the solutions of such integral equations are expressed by singular
integrals. Therefore, approximate calculation of singular integrals with high exactness is actual
problem of numerical analysis.

In this work, for the approximate calculation of singular integrals of the Cauchy type

N
(/’—X:dx, an optimal quadrature formula of the form ZCﬂq)(Xﬂ -1), is constructed, where
SX- =0

~1<t<1, o(x) is an integrand, o(x)e " (-11), C, are the coefficients, x,are the nodes, N eN.
In particular, from the results of this work at m=2 the result of work [4] is obtained.

—_—

AN
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Computing the Radon transform and the inverse Radon transform of radially symmetric
functions is a relatively simpler problem in CT reconstruction. The Radon transform calculated
here is the Abelian transform known long before Radon, regardless of the rotation angle of the
projection calculation. The problem of finding the original function itself when the Radon
transform of the radially symmetric function is known is reduced to solving the following
"external” Abel integral equation

j2rf (r)dr _R(s), (1)

|s|
where R(s) is the Radon transform of the radially symmetric function f(r), usually known,
and f(r) isa function to be found. The solution of equation (1) has the following form [1]

= SR(S)ds

f(ry=——— 2

T s @

In the present work we consider the problem of approximate calculation of the integrals (2)
using the following quadrature formula

a SR(S)ds _ ¢
JIQ— > ARG ©)
in the Sobolev space LY(r,a). Here A and s, are the coefficients and nodes of the quadrature

formula, N is a natural number. Using this quadrature formula, when the Radon transform of
radially symmetric functions is known, we reconstruct the function f (r) with sufficiently high

accuracy.
Here the absolute value of the difference between the integral and the quadrature sum is

minimized by the coefficients A . The quadrature formula with coefficients A, that give the
minimum to the error is called the optimal quadrature formula. The following is true.

Theorem. In the space LS (r,a) coefficients A of the optimal quadrature formulas of the
form (3) are defined by formulas

-1 2
A, =h7[(h+r)\/h2 T ohr —r2 [t “rh +2hrH,
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A = h7_1[(h(k +1) + )T (h(k +1)) —2(hk + r)T (hk) + (h(k =1) + r)T (h(k -1))

(P + 1 +T(R)) ‘

+r2in
(h(k +1) 41+ T (h(k +1)))(h(k ~)+r+ T (h(k —1)))‘

A, =h7l (—a+2h)Wa? —r? +(a—h)y/(a—h)? —r? +r?In

where T (hk) = J(hk)2 + 2(hk)r , h=%, NeN.
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Numerical analysis is a branch of mathematics that deals with the development of
effective methods for obtaining numerical solutions to complex problems. Due to the
development of computing technology, numerical problem solving is developing. As a result,
many practical software packages (Mathlab, Wolframalfa, Maple, C++, etc.) were created to
solve complex problems effectively and easily. These applications solve problems using
numerical methods, where the user can get results by entering the necessary variables without
knowing the theoretical side of the numerical method. So, the question arises as to why we need
to learn the number of methods when the application package is created. Here are some reasons
to have a basic understanding of the theoretical foundations of numerical methods:

1. The study of numerical methods and their analysis allows the development of new
numerical methods or, if the existing methods do not provide sufficient accuracy, it is necessary
to choose another effective method.

2. There are many ways to solve problems, but it is important to choose the right method to
achieve a clear result in a short time.

3. It is important to use numerical methods appropriately based on the specifics of the
problem, and when the results are not as expected, it is important to understand what is going
wrong in the program.

It is known that optimal quadrature formulas with derivative are methods of
approximate calculation of definite integrals. They are necessary for calculating the integrals
when an antiderivative of the functions under the integral cannot be expressed by elementary
functions or the integrand exists only at discrete points. The use of formulas with a high level
of algebraic accuracy in the integration of non-smooth functions does not lead to the good
results. Therefore, it is important to construct optimal quadrature formulas with derivatives in
the space of differentiable functions and estimate their errors. In this work, optimal quadrature
formulas wuth derivatives are obtained based on the variational approach for the approximate
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calculation of definite integrals using the values of the given function up to the second order
derivative at the nodes.
We consider the following quadrature formula with derivatives

Eu(x)dx s; C.[AROA + 0@ -uw) +§cl [Ah(hp) ®
the difference below is called the error of the quadrature formula (1)
(1100) = U003, [A0) 5 O - @) -3 C [ W)
with error functional
£000 = 105 (9) —gjco [BP0-h8)+ 1 (570 -5 1)~ ;c [ABx-hp) @)

where ¢g,,,(x) is the indicator of the interval [0,1], 6(x) is the Dirac delta-function,

h
A :OlNl
ColBl=12 /

h, B=1N-1

C[Al, B=0,N are unknown coefficients of the formula (1),

h=—, N is anatural number.

1
N
The error functional ¢ (x) corresponding to the derived quadrature formula (1) is a
linear, continuous functional defined in the conjugate space L{""(0,1).
According to the definition of the functional norm
(m*|| = |(6N'u)|
FIs= 28 it
from this, using the definition of suprimum, we get the Cauchy-Schwarz inequality
|l 57 -l C TS
As it can be seen from this inequality, the error of the derived quadrature formula (1) is
estimated by the product of the norm of the error functional ¢ (x) obtained from the conjugate

space L{"" and the norm of the function u obtained from the space L™ . When Hu| L‘zm)H =1

e 1L= sup 1(£yW)1. 3

i

Thus, the evaluation of the error of the quadrature formula (1) on the LY (0,1) space
elements (2) is related to the norm of the error functional ¢, inthe L{""(0,1) conjugate space.
(,, The norm of the error function (1) depends on the coefficients and nodes of the quadrature

formula. In this work, we solve the problem of minimizing the norm of the £, error functional

only by coefficients when the nodes are fixed. In this work, a quadrature formula with
derivatives is constructed using the Sobolev method based on the discrete analog of the

d?™* /dx*™* differential operator in L{™(0,1) space [1-3]. Since the error function £, is
defined in space L™ (0,1), it satisfies the following conditions
(0, x)=0, «@=0,1,2,..,m-1. (4)

Therefore, the condition N >m-—2 must be fulfilled for quadrature formulas with derivatives
of the form (1) to be exist. As noted above by the Cauchy-Schwarz inequality, the error of the
quadrature formula (1) is estimated by the norm of the error functional (2). Moreover, the norm

of the error function (2) depends on C,[ 5] coefficients, and we minimize the norm of the error
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function by C,[S] coefficients. C[/5] coefficients that satisfy equality (3) are called optimal

coefficients and are denoted by Ci[/], and the corresponding quadrature formula is called the
optimal quadrature formula. Thus, in order to construct the optimal quadrature formula with
derivatives in the form (1), we need to solve the following problems [5].

Problem 1. Finding the general view of the error functional norm (2) of the quadrature
formula with derivatives of the form (1) in L{""(0,1) space.

Problem 2. To find the coefficients that give the minimum to the norm of the error
functional.

To solve Problem 1, we use the Riess theorem about the general form of a linear
continuous functional and the concept of an extremal function. The norm of the error function
of the quadrature formula can be written as follows [4]:

[ K7 @D = (60,00 = (04 00, (D™ £ (0 %G () + P i)

2m-5 2m-3

Jeu | = 0 Lioclmgcl[ e ) o
s gcl[ﬂ][“ﬂzm;;fjﬁ)w}zico IR
_h_;;CO [ﬂ]{(hﬂ)zmzzznfl 2;1!ﬂ)2”’ 2} LA 5 am i |;(2rr;ﬁ|2:)|l

+ZC Z thzzéh 1))|jl 6(2:12—1)!+(2m1+1)!+144(2hr:1—3)! |

The foIIowmg is true.
Theorem. Coefficients of the optimal quadrature formula with derivatives in the form
(1) in LY (0,1) space are determined as follows

C,[0]= h3Zik - q

C.[Al= h3m2:3/h (af +a”),  B=LN-1

CIN]=h") A ——*
iy
where 4, satisfy the following system of m—3 linear equations
m—. N+i i+1
Z ZQk +( 1)lqkA0 — B|+3 , |:1,m_3,
o i Q)" (I+1)(1+2)(1+3)

here B,,, are Bernoulli numbers, A'y' is the finite difference of order i of !, g, are the roots
of the Euler-Frobenius polynomial E, +(q), |q, [<1.
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We present the following algorithm for solving a Volterra integral equation of the
second kind

u(x)=f(x)+ ﬂi K (x,t)u(t)dt 1)

using the Galerkin method based on the coefficients of the optimal interpolation formula in
the space W%
Algorithm 1:
1) Let F=zeros(n+1,1)
A=zeros(n+1,1)
K=zeros(n+1, n+1)
Ci(x) are coefficients of the optimal interpolation formula in the space W0 (see, [1])

0, 0<x<h(i-1),
—(x-hi) _ 42h+(x-hi)

° 1_:2h . h(i-1)<x<hi,

Ci(x) = eX-hi _ g2h-(x-hi)
e : hi<x<h(i+1),
—€

0, h(i+1) <x<1

here h=1/n;

2) Calculate all entries of vector F such that
1

F :J.f(x)Ci(x)dx, i=0,12,...,n;
0

3) Calculate all entries of the matrix K such that
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Kij= ﬁ{ci (x) +/1i K(x,t)C, (t)dt}Ci (x)dx,:l 1,)]=012,...,n;

0
4) Find the unknown vector A by solving the system AK=F.
5) Substituting the entries of the vector A at the technique of Galerkin method [2], find an
approximate solution (x) of (1). For this, we assume that

000 =Y AC,()
6) Maximum absolute error — Max‘u(x)—ﬁ(x)‘-
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We consider the numerical solution of the following Volterra integral equation of the
second kind

u(x) = f(x)+}t‘X[K(x,t)u(t)dt 1)

using the optimal weighted quadrature formula in the space W% . Here u(x) is unknown
function, K(x, t) is kernel of the integral equation, f (x) is free term of the integral equation

and A is a real number.
Let's solve the integral equation (1) approximately using optimal quadrature formulas

(see chapter 12, [1]). We construct a grid for the interval [0,1] with nodes { X, i=0,1,...,n }.
Equation (1) can be written in terms of the collocation nodes:

u(x,)= f(xi)+/1f[iK(xi,t)u(t)dt, 1=0,12,...,n (2

To solve the system of equations (2), we use finite sums to approximate the integrals.

u = f,+1> Cyu, i=0,12....n. 3)
j=0

Here C; are the coefficients of the weighted optimal quadrature formula in W9 space.
The coefficients of optimal quadrature formula

[ p()p(x)dx =" C,o(hp)
0 p=0

have the following form
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C,= @i p(x)[sign(x— hp+h)(e" ™ —e* ")+ sign(x—hB —h) (e —e* ™)
+(1+€”)sign(x—hp)(e* ™ — e )] dx.
Applying above formula for coefficients C; and we get
C, = 2(%&)1 K(x,t) [sign(t —hB+h) (e“ﬁ’t —gt A ) +sign(t—hg —h) (ehﬂ*z"’t - et’“ﬁ)
+(1+e)sign(t —h ) (e —e"" )}dt. 0<i<n0<j<i-1.
Putting coefficients C; into equation (3), we get a system of linear algebraic equations with
respect to U, that has the following form

(1-2C;) AZCU = f, 0<i<n.

Thay

The solution for this system can be determlned as follows
=(1-1C;) (f +,120” JJ i=0,1...n.
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In this work, we study the construction of the optimal quadrature formula for highly
oscillatory integrals using the phi function method. In this regard, consider quadrature formulas
of the form

IeZ”iwx-f(X)dX:i&f(Xk)ﬁ-Rn(f)’ (1)

where A and X, are coefficients and nodes of the quadrature formula. Let the nodes of the
formula be located on the segment [a,b] as follows
a= X,<X,<..<X,=Db, )
and R, ( f) is the residual of formula (1).
Suppose that the integrand function f(x) is from the space W2 (a b), where
Wz(ff’)(a,b) is the Hilbert space of absolutely continuous functions that are quadratically
integrable with the first-order derivative on the interval [a,b]. The inner product of two

functions f (x) and g(x) from this space is defined by the following formula
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b

(£(x),0(0) = (1 (x)+of (x))('(x) o (x)) ®

a

where ¢ € R and o = 0. This space is provided with the corresponding norm

It g ={ (1 Coartoa] @

a

In this paper, we will consider the problem of optimality of a formula in the sense of
Sard. We use the one-to-one correspondence between quadrature formulas and ¢ - functions in

this.
For convenience, we introduce the multi-index notations

=(4y, A4,... 4,) and X =(xp,x,,....x, ). (%)
The main result of this work is presented in the following theorem
Theorem 1. In the space WZU (a b) for each fixed positive integer n, there is a unique

quadrature formula that is optimal in the sense of Sard of the form

b n
J‘ez”f‘“x f(x)dx=>" A f(x,)+R,(f) with coefficients
a k=0

2 27i 27i b
e27n’wxo zo_emco (e( Tio+o)x, ) e( mio+a)x )

A== + 2 200, \ !

H . . o, o

2nic —o (2711(0—0)(27na)+0)(e 0—¢ Xl)

Zo_eaxk e(Zm’w+a)xk _ e(Z;ri(u+a)xk+l e(Zniw+a)xk_1 _ e(Zm’w+a)xk

Ak = . 2 2 2(7xk 207k+1 - 20xk71 20'xk 4 k = l’ 2’ = 1’
(27t1a)) —(0) e “-—e e —-e

ezm,wxn Zo_eaxn (e(ZninrJ)xn_l _ e(27riw+a)xn )

2ni0—0 (2rio-0)(2nio o) ¢

for fixed nodes X, £k =0,1,...,n satisfying the inequality a =x, <x, <...<x,=b.

CONSTRUCTION OF OPTIMAL FORMULAS FOR APPROXIMATE
SOLUTION OF GENERALIZED ABEL’S INTEGRAL EQUATIONS OF
FRACTIONAL ORDER

B.A. Boytillayev
V.1.Romanovskiy Institute of Mathematics, Uzbekistan Academy of Sciences, 9, University str.,
Tashkent 100174, Uzbekistan
Author Email
bboytillayev@gmail.com

In this study, solving the generalized Abel integral equation is reduced to computation
of weighted weakly singular integrals. To approximate the resulting integral, a method has been
devised for optimizing weighted quadrature formulas within the Hilbert space. This
optimization entails constructing optimal quadrature formulas in the sense of Sard, achieved by
computing the norms of the error functional of weighted quadrature formulas in the dual Hilbert
space. We present a novel approach for the numerical solution of generalized Abel integral
equations, accompanied by an error estimation. Using the quadrature formula and the Maple
computer algebra system, we calculate exact and approximate values and their errors for several
generalized Abel integral equations. These results demonstrate the efficiency of the proposed
method.
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The Abel integral equation shares a close connection with the concept of fractional
integration. Hence, it is fitting to present a solution for the generalized Abel integral equation.
Let's delve into the specifics of the following integral equation.

f t
[ YO g fx), )
o (X—1)

This integral equation is called generalized Abel integral equation, where 0 < <1,
te[0;x), x>0, f(x) is a given function (sufficiently smooth function) and Y(X) is
unknown function.

The solution to equation (1) is expressed in the following analytical form [1]

sin(ar)| f(0) ¢ f'(s)ds
(o= SED)| O 1) | o
T X 5 (X=5)
Our goal is to calculate the following integral with sufficiently high accuracy
IL)T' O<a<l.
o (X=9)™

To accomplish this, we compute the approximate value of a specific integral using a
quadrature sum.
Let's examine a quadrature formula in the following form

[P =EC.00m). ®

. t .
where Cﬂ are the coefficients, h = W N is a natural number.

Suppose the function ¢(X) is an element of the space WZ(Z’” (0,t), which is defined as
follows

W,22(0,t) = {¢|¢:[0,t] > R,¢' —absolutely continuous,¢" e L, (0,t)}.

The inner product for the functions @(X) and w(X) of the space W,*V(0,t) is

introduced as follows
t

<(),y (x) >=[("(x) +¢'(x))(w"(x) +1'(x) ) dx. (4)

In addition, the norm corresponding to the inner product (4) in this space is defined as
follows

o = \/i(qo"(x) () dx. ®

The difference between the integral and the quadrature sum is called of the quadrature
formula (3)

|

_e(dx

(@)= —— ) .C,o(hp). 6
(L.9) e % s2(hB) (6)
This difference corresponds to of the form
X N
(0= S0 5(x-np), G
(t—X) Y 500

here, &,,,(X) is the characteristic function of the interval [0; t], 5(X) is the Dirac delta-
function.
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It should be noted that the error functional ¢ is defined in the space W,*”(0,t), it
satisfies the following conditions
(t,e)=0, (4,1)=0.
Thus, in order to construct an optimal quadrature formula in the sense of Sard in
W, (0,t) , we need to solve the following problems:

Problem 1. Determine the norm of the error functional ¢ for the specified quadrature
formula (3).

Problem 2. Find the coefficients Cﬁ that give the minimum to the norm of the error
functional .

As a result of the above problems, we present the next theorems.

We present the representation of the norm of the error functional for the quadrature
formula (3). Finding the representation of the norm of the error functional is presented in the
work [3].

Theorem 1. In the space W,**(0,t) the squared norm of the error functional ( has
the form

¢t G, (x—y)dydx N (x hp)dx & Q
K (207 = 2 1 o o + C CyGZ h —h )
e i e e e e AU
where G, (X) = SIQHX(G € —X].
2 2

We obtain the following theorem for the coefficients Cﬁ (=0,1,2,...,N) [4].

Theorem 2. In the space W2(2'1) (O,t) the coefficients of the optimal quadrature formula
of the forrq (3) are determined by the following equalities:

C®=p %(MﬁﬂfN1+iﬂffz(h7)}+20fz(0)—2€h(Uz(—h)+fz(h))}, B=0;

y=0

C,(0)= p{ﬁ M, + N_ﬂNﬁZT‘,/%'H fz(hy)]"'Zsz(hﬂ)_zeh(fz(h(ﬂ_l))"' fz(h(ﬂ+1))):|,

A
p=1..,N-1
C,()= p{%(ﬂlNMﬁ N1+ZN:21N’y fz(hy)j+2Cf2(t)—2e“(fz(t—h)+U2(t+h))},
B=N,
where
ot " g RO+ -d
M, =4 |- g S— 9 —+ 4 4 .
41-4e) 21-4)° 1-4e 1-4
h-+t +—h-t f (t)—i d+67t
N, = 4, egh_ hg02 d'e 4
41-4e") 20-4)° 1-4e 1-4
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FORMULANING KOEFFITSIYENTLARI
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Ko’p hollarda aniq integrallar texnikaviy va hayotiy masalalarni echishga tadbiq etiladi.
Jumladan ba’zi aerodinamika, texnika, kemasozlik kabi sohalarda uchraydigan masalalar aniq
integrallar yordamida hal etiladi. Lekin integrallarning juda kam turlarinigina integrallash
mumkin. Bunday integrallarni katta aniglikda tagribiy hisoblash usullarni ishlab chigish
hisoblash matematikasining muhim masalalaridan biri hisoblanadi. Singular integrallarni
hisoblash ham xuddi shu kabi aniq integralini hisoblash mushkul bo’lgan integrallardan
sanaladi. Singular integral tushunchasi yigirmanchi asrning yigirmanchi yillarida paydo bo’ldi.
Bu integrallarni hamma hollarda ham boshlangich funksiyasini topib bo’Imaydi. Shu sababli
ularni tagribiy hisoblash to'g'ri keladi. Regulyar va singulyar integrallarni taqgribiy
hisoblashning ko' p ommalashgan usullaridan biri bu kvadratur yoki kubatur formula qurishdir.

Hozirgi kunda kvadratur va kubatur formulalar qurish nazariyasida quyidagi asosiy
yondashuvlar mavjud: algebraik, ehtimollar nazariyasi, nazariy-sonli va funksional. Biz bu
ishda funksional yondashuv asosida kvadratur formula quramiz. Funksional analiz usullariga
asoslangan kvadratur formulalar qurish dastlab A.Sard va S.M.Nikolskiylar tomonidan
kiritilgan. Berilgan integralning giymatiga mos kvadratur formula qurishning mohiyati shu
integral va kvadratur yig’indi ayirmasining qiymati eng kichik bo’ladigan qilib tuzishdir.

Biz quyidagi singular integral uchun kvadratur formulani garaymiz

Jetg* L odx= Y CLAlo(h), &
0 =0

bu erda O<t<27, p(x)ely, h:%, £=012,..N, C[B]-kvadratur formulaning

koeffitsiyentlari, [ 5] = (hp) -kvadratur formulaning tugun nuqtalari.
LY (0,27) fazo Gilbert fazosi bo‘lganligi uchun, bu fazoda ¢ funksiyalar quyidagicha
aniglanadi:
LY (0,27) ={p:[0,27] > R, @—abs.uzluksiz, ¢’ €L,(0,27)}.
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LS (0,27) fazoning ¢ va y funksiyalari uchun skalyar ko’paytma quyidagicha kiritiladi:

2
<o > 0= [ ¢/ (' (X)dx )
0
va shu skalyar ko’paytmaga mos funksiya normasi quyidagicha aniqlanadi:
2z 2
|l =[ | (qo'(x))de] 3)
0
Integral va kvadratur yig’indi orasidagi ayirmaga kvadratur formula xatoligi deyiladi:
2z N
X—t
(6.9)= [ ctg == p(x)dx~ > CLAlp(hp) @)
0 p=0
bu yerda
X—t &
((X) = &p9,0., (X)Ctg T—ZC[,BW(X—W)- ()
5=0

((x) ga (1) kvadratur formulaning xatolik funksionali deyiladi. Bunda & ,,,(x)—[0,27]

kesmaning xarakteristik funksiyasi, &(x)-Dirakning delta-funksiyasi.

Biz (4) ifodadagi integral va kvadratur yig’indi xatoligini minimallashtirishimiz kerak.
Buning uchun bizga ¢(x) funksiya ma’lum bo’lganligi uchun bu ayirmani ((x) xatolik
funksionalini minimallashtirish orgali erishishimiz mumkin. Biz (4) ifodani yugoridan
baholashimiz kerak. Buning uchun biz Koshi-Shvars tengsizligidan foydalanamiz:

|(f,(p)| S”f L ||§0 L (6)

Tengsizlikdan ko’rinib turibdiki, (4) ayirmaning yuqori bahosini olish uchun ¢(x)
ning normasi noma’lum. Bu erdan quyidagi masala kelib chigadi.

1-masala. (1) kvadratur formulaning (5) xatolik funksionali £(x) ning ||¢| normasini
hisoblash.

(5) ifodadan ko’rinib turibdiki, ¢(x) xatolik funksionali normasi C[f] koeffitsiyentlar
va hg tugun nuqtalarga bog’liq. Koeffitsiyentlar va tugun nuqtalar bo’yicha xatolik
funksionali normasini minimallashtirish Nikolskiy masalasi va tugun nuqtalar qo’zg’almas
bo’lib faqat koeffitsiyentlar bo’yicha xatolik funksionali normasini minimallashtirish masalasi
esa Sard masalasi deyiladi. Nikolskiy ma Sard masalalarining echimlari mos ravishda Nikolskiy
va Sard ma’nosida optimal kvadratur formula deyiladi. Biz bu ishda hg tugun nugtalarni
oldindan fiksirlab olib, fagat C[3] koeffitsiyentlarga nisbatan Sard tipidagi optimal kvadratur

formula gquramiz. Bundan keying masala kelib chigadi.
2-masala. hf qo’zg’almas tugun nuqtalarda C[£] optimal koeffitsiyentlarni topish.

Biz dastlab 1-masalani echamiz. Buning uchun Sobolev tomonidan kiritilgan ekstremal
funksiya tushunchasidan foydalanamiz.
Ta’rif. Shunday ¢ funksiya mavjud bo’lib, u (6) tengsizlikni tenglikka aylantirsa, u

holda ¢ funksiyaga ekstremal funksiya deyiladi.
o) =] Il ™
Biz bu ishda ekstremal funksiyani y, bilan belgilaymiz. S.L.Sobolev tomonidan y,
ekstremal funksiya quyidagicha aniglangan:

y, =—L(X)*G,(X)+ p, (8)

X

bu erda G,(x) = PR P, -0’zgarmas son.
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L$?(0,27) fazo Gilbert fazosi bo’lganligi uchun chizigli uzluksiz funksionalning
umumiy ko’rinishi hagidagi Riss teoremasini keltiramiz.

Riss teoremasi. H biror Gilbert fazosi bo’lsin. U holda har bir chiziqli uzluksiz
(e H* funksional uchun fazoning o’zida shu funksionalga mos Riss elementi deb ataluvchi
yagona v, funksiya mavjudki, quyidagi tengliklar bajariladi:

(l,p) =<y, 0>,

I
va aksincha. Vy,eH uchun ((,¢)=<w,@> va |(|,.=|wl,. peH shartlarni
ganoatlantiruvchi 3¢ € H * funksional topiladi.
Demak, teoremaga ko’ra, v, ekstremal funksiya Riss elementi bo’lar ekan va

2 2
) =[ter =lwlie )
Yugqoridagilarga ko’ra xatolik funksionali normasining kvadratini hisoblaymiz:

[ = () = [ e (x) = [ 4x) (£ *G,(x) + py ) dx

—00 —00

((x) xatolik funksionali L (0,27) fazoda aniglanganligi uchun
(¢,1)=0 (10)

shartni ganoatlantiradi. (10) tenglik (1) kvadratur formula songa anig ekanligini bildiradi va
ortogonallik sharti deyiladi.

Endi ¢ ini hisoblaymiz

|£|| = TT|X y| gy tdxdy+22C[ﬁ]T|X_2hﬁ|.ctgX_tdx—
p=0 0
(11)
—ZZC[ﬂ]C[M'hﬂ '
p=0 y=0

Natijada ¢(x) xatolik funksionali normasining kvadrati topildi va 1-masala echildi.
Bu ishda 2-masala echildi va u uchun quyidagi teorema o‘rinli.
Teorema. L$(0,27) fazoda (1) kvadratur formulaning optimal koeffitsiyentlari quyidagilarga

teng:
clo] =+ (f M- £,(0)), B=0,

ClAl= (f(ﬁ D-2f,(B)+ .(B+1), B=LN-1

1
C[N]=H(f1(N—1)—f1(N)), =N,
bu erda
Zlx=hp| . x-t "x-hB _ x-t . Fx-hg _ x-t
f = -ct dx =— -ct dx + -ct dx =
Jﬂ]!zgz !292 hjﬂzgz

.t
B 0 Y sz'22k+l 2 —t 2k+1_ hﬂ—t 2k+1 _l 2k+1 ) SlnE
_;( 1) (1+2k)(2k)!(( > J 2(—2 j +( 2) ]+2(t h,B)In—Sinhﬂz_t.
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APPROXIMATE METHODS FOR CALCULATING
HYPERSINGULAR INTEGRALS
llya V. Boykov 1@
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In this note we consider hypersingular integrals with fixed

j‘ p(r)dz j’j’ @(7,,7,)drdz, jj’ o(7,,7,)drdz,
I A Tlplrzpz RN (712 + 722 )°
and variable singularities

Lo(r)dr } r)drdr, ,7,)d7,d
.[Z(i)t)z’.[ o(z,,7,)dr,dz, ] o(z,,7,)dr,d7, B, Pu P, =23,
-1 1-1

hehel (21 —ti)pl(fz —tz)p2 ey (€ _tl)z +(z, _tz)z)p ’
An overview of the optimal methods for calculating the above integrals is given in [1].
Optimal methods for approximating conjugate (for hypersingular integrals) functions
are constructed. A method for extending quadrature and cubature formulas for calculating
singular integrals to quadrature and cubature formulas for calculating hypersingular integrals is
presented in [2]. Methods for calculating hypersingular integrals on fractals have been studied
in [3].
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MATHCAD DASTURIDA MATEMATIK ANALIZ MISOL VA
MASALALARINI YECHISH ALGORITMLARI

Arasheva S., Abdujabborov Z., Seytov A.
Mirzo Ulug 'bek nomidagi O ‘zbeksiton Milliy universiteti

Mathcad - foydalanuvchilarga ragamli va grafik usullarning kombinatsiyasidan
foydalangan holda matematik muammolarni hal gilish imkonini beruvchi hisoblash dasturiy
ta'minot dasturi. Ushbu dasturiy taminot bir qator afzalliklarga ega, jumladan:

Masalalarni samarali yechish: Mathcad murakkab matematik muammolarni tizimli va tashkiliy
tarzda yechish uchun samarali vositadir. Bu foydalanuvchilarga tez va oson hisob-kitoblarni
yaratish va hujjatlashtirish imkonini beradi.

Yuqori aniglik: Mathcad hisob-kitoblarda yuqori darajadagi aniqlikni ta’minlaydi,
analitik usuldan foydalanganda yuzaga kelishi mumkin bo'lgan xatolar ehtimolini kamaytiradi.
Bu, aynigsa, ilm-fan nugtai-nazarida juda muhim.

Ko'p tarmoqlilik: Mathcaddan nafagat matematik muammolarni, jumladan dizayn,
tahlil va optimallashtirishni hal gilish uchun foydalanish mumkin. U bir nechta o'zgaruvchili
tenglamalarni, chizigli bo'lmagan funksiyalarni va murakkab matritsa operatsiyalarini
boshgarishi mumkin.
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Vaqgtni tejash: Mathcad matritsa operatsiyalari, tenglamalarni yechish va grafik
yaratish kabi takrorlanuvchi vazifalarni avtomatlashtirish orgali foydalanuvchilar uchun vaqtni
tejash imkonini beradi.

Yuqorida takidlangan afzalliklardan birini ko'rib chigamiz. Hammamiz natija tezroq
ega bo'lish ya’ni vaqtdan yutish uchun dasturiy taminotlardan foydalanamiz. Mathcad
dasturidan foydalanishimizning asosiy magsadlaridan biri bu vaqtni tejash. Keling bizga
berilgan biron matemetik topshirigni analitik usulda va Mathcad orgali yechib natijalarini
ko'rib chigamiz.

Bizga ushbu anigmas integral berilgan bo’lsin uni dastlab analitik usulda yechib olamiz

f dx

sin(x) * (1 — sin(x)

Qavslarni  tashlab yuboramiz sin(x) uchun umumiy trigonometrik almashtirishdan
foydalanamiz

t
2tg(3)
t
1+ (tg())?
Ushbu umumiy almashtirishni integral osti funksiyamizga qo yib olamiz
dx
| 2
X X
29(3) (_29(3)

1+(t9(3) \1+(es(3))

Bu integralni hisoblashimiz uchun tg (g) = a almashtirishdan foydalanamiz va bundan esa

2da

dx = —; daega bo lamiz. Endi integral ostini soddalashtiramiz

sin(t) =

2

j 1 2da

* -

2a _( 2a )2 1+ a?
1+ a? 1+ a?

J 1 2da
* -
2a(1+a?) —4a? 1+ a?
(1+ a?)?

1+ a?
jZa+2a3—4a2*2da_)

J 1+ a? 4 f<1+ 2 )d
_— - -t -
a+ad—2a? ¢ a (1-—a)? @

fld +f 24 In(a) + 2
— ——————— _) —
a® (1—-a)? oMYt

Endi tg (g) = a ushbu almashtirishni o°rniga qo’yib olamiz

j dx In(tg(3))+ . e
% F— —
sin(x) * (1 — sin(x)) BEAY 1—tg (%)

Mathcadda yuqorida ko'rib chigganimizga nisbatan ancha sodda va vagtga nisbatan
ancha tez yechimga ega bo ' lamiz. Buni esa quyidagicha amalga oshiramiz. Mathcad dasturini
ochib, unda berilgan anigmas integralni kiritib olamiz. Kiritish qutidagicha amalga oshiriladi.
Ekranda View+Toolbars+Calculus oynasidan integral bolimi ochib, anigmas integral belgisini
kiritamiz va berilgan anigmas integral osti funksiyani kiritamiz.
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HOSILA HISOBLASHNING SODDA QOIDALARI. ELEMENTAR
FUNKSIYALARNING HOSILALARI

Beshimov Nurali, Kamboyev Bekzod, Seytov Aybek
Mirzo Ulug’bek nomidagi O zbeksiton Milliy universiteti

Biz ushbu paragrafda ikki funksiya yig'indisi, ayirmasi, ko'paytmasi va nisbatining
hosilalarini ~ topish  qoidalarini  keltiramiz.  So'ngra  elementar  funksiyaning
hosilalarinihisoblaymiz. f(x) va g(x) funksiyalar (a,b) oraligda aniglangan bo'lsin.

1.1kki funksiya vyig'indisi hamda ayirmasining hosilasi. Agar f(x) va g(x)

funksiyalarning har biri x (a,b) nugtada f'(x) Va g'(x) hosilalarga ega bo'lsa, u holda f(x)
+ g(x) funksiya ham x nuqtada hosilaga ega va
(F) +9(x) = F(¥) +g'(x) @
(FO) - g(x)' = F(x) - g'(X) @)
Hagigatan ham, f(x) va g(x) funksiyalar x tegishli (a,b) nugtada f'(x) va g'(x) hosilalarga ega
bo'lsin. Tarifga ko'ra (t tegishli (a,b),t+ x ):
) f(t) — (X
f (X) = |lim M
t—> X t—X (3)
Endi F(X) =f(X) +9(X) va F(X) = f(X) —9(x)
FO-FX) _TO-T)  9(t) - 9(x)

t—X t—X t—X (4)
FO-FX) _TO-TC)  9(t) —9(x)
t—-x  t-X t—x (5)

Bu tenglikda t — x limitga o'tsak quyidagiga ega bo'lamiz:
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oo FOZFO (f(t) ~f(9 , g(t) - g(x)) O+ g0
t—X t— x t—X t—X ©)
Fpo = FO=FOO (f(t) ~f(9 _ g - g(x)) C 00 — g
t—X t— x t—X t—X @)
Bu esa (1) formulani isbotlaydi.
Bu yerda biz MathCad dasturida yig'indini hosilasini ko'rishimiz mumkin:
(100 +909) > L100 + L g0
dx dx dx (8)
i (f(t) ~f() |, 90 - g(x)) L9049 g
t— X t—X t—X dx dx ©
Bu yerda MathCad dasturida hozir ayirmani hosilasini ko'rishimiz mumkin:
(100 - 909) > 10 - L g
dx dx dx (10)
i (f(t) —f0 900 - g(x)) 59100 - g
t o x t—X t—X dx dx 1)

Bu ikki holatda mathcadda funksiyalarning har biridan alohida hosila oladi, yig'indi va ayima
bo'lgani uchun.
Biz yugorida f (x) va g(x) ga giymat berib funksiyani ishlashini ko'rishimiz mumkin.

2.Ikki funksiya ko'paytmasining hosilasi. Agar f(x) va g(x) funksiyalarning har biri y

tegishli (5 p) nugtada f(x) va g'(x) hosilalarga ega bo'lsa, u holda f (x).qg(x) funksiya
ham x nugtada hosilaga ega va

(F(¥)-9(x) = F(¥)-9(x) +F(x)-g'(x) (12)
formula o'rinli
FHO—F)
F(X) = £()-9(X) deb belgilab, t—X nisbatni quyidagi
F() -F() _ f() —T(x) 9(t) — 9(x)
t—X - t—X 909 + ? T (13)

korinishda yozib olamiz. Bu tenglikda t — X limitga o'tib quyidagini topamiz:

co tm FOZFO) L (f(t) 10 45, 900 ~000 f(t))
t— x t-Xx t— X t-
(14)
g(x)- lim (M) + lim () - lim M =f(x)-9(x) +f(X)-g'(X
t— x —X t— X t>x X (15)

Bu yerda MathCad dasturida hozir f (X) va g(X) ko'paytmasini hosilasini ko'rishimiz mumkin:

4 (£ (x)-90x)) = £ L g + (%) -9(%)
dx dx dx (16)



t > X =X t—X dx X (17)
Bu yerda f(x) va g(x) ga giymat berib funksiyani funksiyani ishlashini ko'rishimiz mumkin.
1.Ikki funksiya nisbatining hosilasi. Agar f(x)V@ g(x) funksiyalarning har biri y

tegishli (3 p) nugtada f'(x) va g'(x) hosilalargaega bo'lib, g(x) » gbo'lsau holda m

9(x)
funksiya ham y nuqtada hosilaga ega va
(gﬁ):qumm—ﬂmgbo
90) g(X)2 (18)

formula o'rinli
(18) formulani isbotlashdan avval funksiya hosilasi tarifidan foydalanib

i(g(x) = 0) funksiyaning y tegishli (a,b) nuqtadagi hosilasini hisoblaymiz:
9(x) ’

11 9(9-9(t)
( 1 j.: i | 90900 | L aWe0 | L (g(t)—g(x))_ i L _ 90
909 t— X t-x t— X t-x 909 t— X t-x t— X o(t) 2

Demak

( 1 j _ 909

B 9007 (g0 % 0)

) NN R R CRCLIR L
) =10 g = r g 10 g e o

9(x)
Bu (12) formulani o'rinli ekanini isbotlaydi.
Bu yerda MathCad dasturida bo'limani hosilasini hisoblashdan oldin uni maxrajini 0

d
. ( . j d—xg(X)
— — 2
dx . 9() 9(x) (19)
1 1 d
— = —g(x)
i {g(t) g(x)] i
t—> X t-X g(x)2
11 9(9-g(t)
( 1 j.: P I I B I I (g(t)—g(x)). P ]
9() t— X t=x tsx\ =X 9() t— X t=x t— X 9(t) g(x)2
Bu yerda biz MathCad dasturida bo'linmani hosilasini ko'rishimiz mumekin:
d d
—f f —
; (mj%dx (x) ) () dxg(X)
dx \ 9(x) g(x) g(x)2 20)
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1-natija. Yuqorida Kkeltirilgan (1) va (2) formulalar yordamida qo'shiluvchilar hamda
ko'paytuvchilar soni ixtiyoriy chekli bo'lgan holda ham tegishli formulalarni isbotlash mumkin.

2) (12) formuladan g(x) = ¢ . ¢ = consf bo'lganda (C-T(¥))" = ¢-T(X) formula kelib

chigadi. Bundan o'zgarmas sonni hosila ishorasidan tashqgariga chigarish mumkinligi kelib
chigadi.
Bu yerda biz hatural son va f (x) funksiya ko'paytmasini ko'rishimiz mumkin.

Bundan kelib chigadiki hozir fagat f (x) nomalumdan ahohida hosila oladi.

4 (cfx) - L)
dx dx (21)

3-eslatma. Ikki funksiya yig'indisi, ayirmasi, ko'paytmasi va nisbatidan iborat bo'lgan
funksiyaning hosilaga ega bo'lishidan bu funksiyalardan har birining hosilaga ega bo'lishi doim
kelib chigavermaydi. Bunga misollar topishni o'quvchiga havola gilamiz.
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9 o_jalolov@mail.ru
B Hacrosmiei paboTe paccMaTprBarOTCS MPAKTUYHBIC ACHMITOTHYECKUE OITUMAIIEHBIC
KyOarypHble (GOpMYIbl B MPOCTPAHCTBE E(pm) (Sn ) . MHoromepHbie KyOaTypHble (OPMYIIBI
OTJIMYAIOTCS OT OJTHOMEPHBIX JBYMSI OCOOCHHOCTSIMH:

1) 6eckoHeyHO pa3HOOOpa3HBI (HOPMBI MHOTOMEPHBIX 00JIACTEH HHTETPUPOBAHNUS,

2) OBICTPO PACTET YUCIIO Y3JIOB HHTETPUPOBAHUS C YBEIUUEHUEM Pa3MEPHOCTH IPOCTPAHCTBA.
[TpoGiiema 2) TpeGyeT 0co00Tr0 BHUMAaHHUS K MOCTPOCHHUIO HanboJiee IKOHOMHBIX (hOPMYIL.

B Hacrosmeill pabore paccMmarpuBaroTcs (OpMyJIbl MMEHHO C YYETOM 3TOro
tpeboBanus. Kak n3BectHo, uro Beipaxkenuem H.C. baxBanoBa Takue GpopMmyIbl Ha3bIBaeTCs
“npaktuunbie Gopmyis” [1]

[Tycts bynkumn f (49) , 38JJAaHHBIC HA SIMHUYHOU cdepe S, MpUHaIIIekKAT HEKOTOPOMY

banaxoBomMy mpoctpancTBy B, BoxenHoMy B nipoctpanctBo C (Sn) HETNPEPBIBHBIX (PYHKIINN
Ha S, . Oyukuun f ((9) € B mpomomkuM Ha Bee MpOCcTpaHcTBO R", cunTas MX MOCTOSHHBIMU

Ha JTy4ax, BBIXOSIIINX U3 IIeHTpa cepbl S, u Oyaem 0003Ha4aTh uepes f_(X)

PaccmoTpum norpentHocts KyoaTypHoil hopMyIbl

jf(e)dezigf (07), @)
S A=1
Ha QyHKIMAX U3 N— MEpHOI equHIYIHOH cdepe S, :
([f]=<ty, f>=[f(0)do- ZC f(6”)= Iﬁ f( @)
S
4 (x)=0, (1—r)—icl5(x—9“’), (3)
A=1

n/2
Os (1—!’), 5(X—0(’1)) - nenpta GyHkun [upaxa, rz\/xf+x§+...+x ZC 27[/2)
n
. Jlst pemmrerust 370it 3a/1aun B KauecTse B Bo3sMéM mpoctpancteo LU (S,) .
Onpenenenne. Ipoctpancrea LU (S,) - ompemensiercs Kak MPOCTPAHCTBO (yHKIHiA

3a/laHHbBIX HA S, W HOpMa (PYHKIH#, KOTOPas OMPEIessIeTCs CIASYIOINM PAaBEHCTBOM
1

Sj( ot (6) Tde g @

00,00,™..90.™

Hf (0)/[(pm)(sn) -

rae m+m,+..+m =mm >0,i=1n

CO CKaJIAPHBIM IMMPOU3BCACHUCM

(£(0).0(0)) g, = I(a;;&e)} [a;(fg(mg)jpda p, (5)

m=m+m,+..+m , dé=dgdé,..déb,.

Teopema. Ecmu ans ¢pyakumnonana norpeunrHocts (3) kydarypHoit dopmyssr (1) Han
L

p

rae 00" =06000,"...00"

n 1

IIPOCTPAHCTBOM (Sn) BBIITOJIHSIETCS yclIOBUE JleKapTOBBIX TPOU3BEICHNUN, T.€.
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1/1
0y, (6 )/ I:(pm‘) (o )H <d, Nlmi ,d. —  xoHcTaHTHl, (6)
T.€.
ly, (Gi)/l:(pmi)* (a)I)H < dio(hmi ) , 0, —xoHcTanThI, (7
TO
0y (9)/ I:(pm)* (Sn)‘é d-— , d — KOHCTaHTBI, (8)
i
HIIH
£,(8)/T0 (s,)|<d-o(h") )
e
N;
0, (8)=¢,(0)-2c,5(6-6)
)
dzir:Ildi, m=m+m,+..+m , M - OPOU3BOJIBHBI (i=1,_n) T.C. 0<m<m u
_ [0,27], ecru i=n
- [0, 7], ecnu i=ln-1
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HAXOXIAEHUHU 3JIEMEHT PUCCA U HOPMA ®YHKIIMOHAJIA
HOI'PEINTHOCTU KBAJIPATYPHOU ®OPMYJIbI TUIIA ®YPHE B

IIPOCTPAHCTBE XEPMAHJEPA ()

O.1. Kanomnos>®, M.III. Myxcunosal
 Byxapckuii 2ocyoapcmeennviil ynusepcumem
3 o_jalolov@mail.ru

B Hacroseit pabote paccMOTpUM CIEAYIONMYIO KBAIpaTypHYIO GOpMyTy:
1 N
2rioX
e f(x)dx= » C f(x
! (>3, f(x,), )
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¢ (yHKIIMOHAJIOM MOTPEIIHOCTH

( N (X) = 8[0,1] (X)eZﬂiax - Zcﬁé(x - X/;) (2)
B=0

I7I€ COOTBETCTBEHHO, Cﬁ M X Ha3bIBAKOT Koo puIMeHTaMH U y37IaMH KBaJpaTypHOU
dopmyasr (1), f(x) sBmsercs snmementoM ['mnbpbepToBa nmpocTpancTBa Xépmanaepa H ; (R)

[1,2] u Ha30BeM ee KBapaTypHyIO Gopmyiy tumna Dypbe.
Omnpenenenune. [Ipoctpanctso H, (R) ompenensiercss kak 3aMblKaHuE OECKOHEYHO

nuddepeHnupyeMbIX GYHKINN, 3a1aHHBIX B R 1 yOBbIBaromux Ha OECKOHEYHOCTh OBICTpEe
710001 OTpUIaTeNbHON cTerneHu B Hopme [ 1-3].

HEAQE {T [F{ @y -F[f (x)](y)]\2 dx} . 3)

CnpaBennuBa cieayromas
Teopema. Dnement Pucca pynkunonana norpemHoctu (2) KBaaparypHoi GopMyIibl
(1) umeer Bug

v, () = [€77V, (x=y) =D Cpv (x=), @)
0 p=0

U KBaJIpaT HOPMbI (YHKIMOHAIA IOrpentHocTu ( (X) B mpoctpancTee Xepmanepa H ' (R)

UMEET CIEAYIOUUI BU

o] = |

—a0

rae v (x)= (Fl (%@D (x).

Jluteparypsl

[ - 10y (] # v,y (X) = D C v (x =) dx, ()
£=0
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layer in the space H#(q)”, AIP Conference Proceedings. 3004, 060028 (2024), DOI:
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AJI'OPUTM NOCTPOEHUUN KBAJIPATYPHBIX ®OPMYJI C
HOMOIBIO OITUMAJIBHON UHTEPIIOJIAINOHHOU

7 (m)
®OPMYJIBI B ITPOCTPAHCTBE CJLCOBOJIEBA V2 (1)

0.1.XKanonos?, X.V.Xasros!?
 Byxapckuii 2ocyoapcmeennviii ynusepcumem
% 0_jalolov@mail.ru, ® wera00@mail.ru

B mepeeie C.JI. CoGoneBbiM [1] Oblma mocTaBleHHas 3aJada HaXOXICHUU
IKCTpEMaIbHON (YHKIMHM IS WHTEPIOISIIMOHHOW (OPMYIbl W BBIUYUCICHUE HOPMBI
(G yHKIIMOHaa MOTPENTHOCTH B mpocTtpaHcTBe CoboieBa.

69


https://doi.org/10.1063/5.0199854
mailto:o_jalolov@mail.ru
mailto:wera00@mail.ru

B Hactosmielt pabote WHTETpHPYs pemeTanHX ONITUMAIIBHBIX MHTEPIIOJISIIIUOHHBIX
dopmyn B mpoctpanctBe C.JI. Cobonesa W [0 1] MBI TIOJIy4aeM ONTHMAIbHBIX

KBapaTypHbIX popmMya B 3ToM ke npoctpanctse C.JI. Cobornena.
Tpebyercs moCTPOUT UHTEPHOIAHOHHYIO hopmyry P; (X), T.e.

N
f)=P (x)=D>.C.(0)f(x,), 1)
A=0
coBrnaaronyro Gyskiuet f(x) B y3ax HHTEPHOIUPOBAHUS:
f(x)=P (%), 1=01,..N, 2

3J€Ch TOYKH Xl ETl n  MMapaMCTpbIl Ci(X) Ha3bIBA€CM COOTBETCTBCHHO Y3JIaMU H

KO3 PHIIeHTaMH UHTEPIOSIMOHHOM hopmyibl (1), T, -omHOMEpHBIH TOp ,T.€.

OKPYKHOCTbB JUIMHBI PABHON €IMHMUIIE.
OcHOBHOI1 3a/1auell B TEOPUH UHTEPIIOIUPOBAHUE SBJISICTCS HAXOXKICHUE MaKCHMyMa
omm6Oku Gopmyinsl f(X) = P, (X) Hax naHHOM KiaccoM (YHKLHUH.

3Ha4yeHne 3Toi (yHKIUK B HEKOTOPOH TOUKHU Z SABIISIETCS (DYHKIIMOHAI, OTIPE/ICICHHBIN
KaK

< (x), T (X) >= j 0(x) f (x)dx =f (z) ~ P, (2) = f (2) - ZC (2) (x,) (3)

—00

rae scHo, uto P, (z) = ZCﬂ(Z) f(x,)
A=0
UHTEPIOJSIIUOHHAs HOpMYIIa U

(x)=6(x-2)- 3 C,(2)5(x—x,) %)

(yHKIMOHAI OTPENIHOCTH 3TOM  MHTEPNONAIMOHHOM Gopmyibl, C, () - koaddurmenTs, a
X, y3ab1 ¢opmynsl P, (z),x, €[0,1], &(x)- nenbra- pynkuuns dupakau f(X) eV\72(m) (T).
Onpenesenne 1. Tipoctparcteo W,™ (T,) onpesensiercst kak mpocTpaHcTBO hyHKIHiA

3a/IaHHBIX OJHOMEPHOM [, - OKpPYXHOCTH [UIMHBI PaBHOW COWHHIE W HMEIOUINX BCE

000011IEHHBIE TPOU3BOHBIE TIOPSAAKA M CyMMHUpPYEMbIE C KBaJpaToM [2].
Hopwma onpenensiercs o ¢popmysie

e

B pabote [3] noka3aHa crnemyromas

£l 5)

T,) g (If(x)dxj + g(;|27rk|2m

1

Teopema 1. B nepuonndeckom mnpoctpanctBe CoboneBa V\72(m) (T,) cymecrsyer

€IMHCTBEHHAsl OINTHUMajbHas WHTEpHOJIMOHHAs ¢opmyna Buaa (1) ¢ ¢yHKuHOHAIOM
HOTPEIIHOCTH (4), KodpPULInEeHTHI K0T0p0171 HpI/I M =1 umeroT cieayrouuii BU

ZcosZ;:k (z—hp)
¢ (2)= ( ) 0 (6)

1 1wl ’
Nj1+ — =%
( (272_)2 NZ;kZ}
rie ,B=1,_N,N=2,3,....

Hcnonb3ys 3TON TEOpeMbl, T. €. C MOMOILBIO ONTHUMAJIbHON WHTEPHOJSAIMOHHON (HOpMYyIIHI,
MOCTPOUM ONTUMAJIbHBIE KBaIpaTypHble (GOPMYJIIbI BUIA

70



1

jf(x)dXzﬂzN_;Cﬂf(hﬁ), (7)

0
rae f(x)eV\~/2(m) [0,1], Cﬂ -onpenensercs u3 (6), T. e. Ko3QQHIMEHTH KBaJpaTypHOI

dbopmyIbL.
CripaBeyiiBa ClieAyIOIIast

Teopema 2. B mpoctpaHcTBe V\72(m)[0,1] CYIIECTBYET €AMHCTBEHHAsl ONTHMalbHas
kBagparypaas Gopmymna Buga (7), KodphUIUMEHTH KOTOpo mpu M=1 ompenensiroTcs
dbopmynoit

° 1
cC, =

; . (8)
N| 1+ LLZL
(27) N* &K

DTO W ecThb ONTUMAaJbHas KBaJpaTypHas ¢opMmylia B MPOCTPAHCTBE V\72(m)[0,1] npu p=1,

KOTOpOI moitydaercst B padore [4].
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SESSION 2. INFORMATION SECURITY

COLLABORATIVE CREATIVITY BETWEEN HUMANS AND Al

0.V. Tuyboyov' ?, S.B. Normatov® ®
Tashkent state technical university
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Collaborative creativity between humans and Al involves exploring the intertwined
agencies of artists and Al throughout the creative process, from coding to curating the outcome.
It also delves into scenarios of human-machine collaboration in creativity, emphasizing
responsible and ethical Al use through fundamental laws and harmonious partnerships.
Additionally, the potential of Al in collaborative ideation among multiple users is highlighted,
focusing on understanding social interactions, transforming individual efforts into group
efforts, and ensuring user satisfaction with the collaborative process. While some believe Al
cannot replicate human creativity, others see Al as a valuable partner that can amplify human
effectiveness and offer more creative opportunities. The integration of Al in creative practices
reshapes how content is generated and consumed, potentially impacting the social structure of
creativity [1]. To ensure responsible and ethical use of Al in creativity, fundamental laws of
generative Al have been proposed, aiming to prevent harmful content generation and direct
competition with humans. The future of creativity lies in a harmonious collaboration between
humans and Al, fostering a new level of creative productivity while respecting ethical
considerations and human values.
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Figure.1 Duration of Creative Periods

Figure.1 visualizes the timeline of creative process evolution by representing different
periods or eras in the history of art and creativity. Each bar in the plot corresponds to a specific
period, and the height of the bar indicates the duration or significance of that period. The x-axis
of the plot displays the names of various creative periods, including the Renaissance, Baroque,
Impressionism, Cubism, Abstract Expressionism, Digital Art, and Deep Learning. The height
of each bar represents the duration of the corresponding period, measured in ears [2]. Longer
bars indicate periods that spanned a significant amount of time, while shorter bars represent
shorter-lived artistic movements or technological advancements. One significant aspect of
collaborative creativity between humans and Al lies in the evolution of the creative process
itself. As Al systems become more sophisticated, they offer novel tools and methodologies that
can augment human creativity. For instance, Al-driven tools can assist artists in exploring new
artistic styles, generating innovative ideas, and even predicting audience preferences. By
leveraging these capabilities, artists can push the boundaries of their creativity and produce
content that resonates with diverse audiences. The integration of Al in creative practices has
the potential to democratize the creative process. Al-powered tools can lower the barrier to
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entry for aspiring artists by providing access to advanced technologies and resources. This
democratization fosters a more inclusive creative ecosystem, where individuals from various
backgrounds can participate and contribute to cultural innovation [3].

; Integration of Al into the Creative Process
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Figure. 2 Evolution of Al Adoption in the Creative Process

Figure. 2 visualizes the gradual integration of artificial intelligence (Al) technologies
into the realm of creativity over time. The horizontal axis represents the timeline, spanning from
the early ears of Al research to the present day. Each point on the timeline corresponds to a
specific ear. The vertical axis represents the adoption rate of Al in the creative process. It
measures the extent to which Al technologies have been incorporated into various aspects of
creative endeavors. The adoption rate ranges from 0 to 1, indicating the proportion of creative
processes utilizing Al at a given time. The line graph illustrates the increasing trend of Al
adoption in the creative domain, showcasing milestones and advancements in Al technology
that have influenced artistic practices. Early on, adoption rates are minimal, reflecting the
experimental nature of Al applications in creativity [4]. However, as technology progresses and
capabilities expand, the adoption rate steadily rises, signifying the growing integration of Al
tools and methodologies into the creative process. This visualization offers insights into the
evolutionary trajectory of Al adoption in creativity, highlighting key moments of innovation
and transformation. It underscores the profound impact of Al technologies on reshaping artistic
practices, expanding creative possibilities, and redefining the boundaries of human-machine
collaboration in the pursuit of innovation and expression. Figure. 3 visualizes how various Al-
driven functionalities augment human creativity across different stages of the creative process.
The horizontal axis represents the contribution of Al-driven functionalities to the creative
process. It ranges from 0 to 1, indicating the extent to which Al contributes to each stage of
creativity. The vertical axis represents the stages of the creative process, including Inspiration,
Idea Generation, Creation, Refinement, and Presentation. Each stage is presented as a distinct
segment of the bar chart. Each bar is divided into segments, with each segment representing the
contribution of a specific Al-driven functionality (e.g., Style Exploration, Idea Generation,
Audience Prediction) to a particular stage of creativity.

Augmentation of Human Creativity by Al
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0 01 02 03 04 05 06 07 08 03 1
Al Contribution

Figure. 3 Al Contribution to Creative Stages
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The height of each segment indicates the relative contribution of the corresponding Al
functionality to the overall augmentation of human creativity at that stage. This visualization
allows for a clear understanding of how Al technologies are integrated into the creative process,
highlighting their role in enhancing various aspects of human creativity. By examining the
stacked bars, viewers can discern the specific functionalities that contribute most significantly
to each stage of creativity, providing valuable insights into the collaborative relationship
between humans and Al in creative endeavors.

Despite the significant advancements and explorations in collaborative creativity
between humans and Al, there exists a notable research gap in understanding the long-term
societal and cultural implications of Al integration into creative practices. While the current
discourse predominantly focuses on the technical aspects of Al-driven tools and their immediate
impact on creative productivity, there is limited research addressing the broader implications of
these technological advancements on artistic expression, cultural diversity, and the
democratization of creativity. The existing studies primarily emphasize the augmentation of
human creativity by Al tools, often overlooking the nuanced dynamics of human-Al
collaboration and the evolving role of artists in this context. There is a need for empirical
research that delves deeper into the socio-cultural dimensions of collaborative creativity,
examining how Al integration reshapes artistic processes, influences aesthetic preferences, and
affects the dissemination and reception of creative works within diverse communities.

Reference

1. Kim, J., Maher, M. L., & Siddiqui, S. (2021). Collaborative Ideation Partner: Design Ideation
in Human-Al Co-creativity. In CHIRA (pp. 123-130).

2. Wankmiiller, L. Style Recognition in Paintings using Deep Learning.

3. Fountaine, T., McCarthy, B., & Saleh, T. (2019). Building the Al-powered
organization. Harvard Business Review, 97(4), 62-73.

4. Tigre Moura, F., Castrucci, C., & Hindley, C. (2023). Artificial intelligence creates art? An
experimental investigation of value and creativity perceptions. The Journal of Creative
Behavior, 57(4), 534-549.

IMPACTS OF Al ON THE FUTURE OF WORK AND EMPLOYMENT

0.V. Tuyboyov! ¥, S.B. Normatov® )
Tashkent state technical university
Author Emails
3 Corresponding author: justoybek86@gmail.com
b) co-author: sultonmurodnormatov678@gmail.com

In communication, Al tools like GPT-3/4 and ChatGPT are revolutionizing content
creation. Financial services benefit from Al in investment decisions, risk assessment, fraud
detection, and customer service, but face challenges like data privacy and job displacement. Al,
coupled with big data, enhances managerial decision-making by optimizing processes and
enabling automated rationality [1]. In higher education, Al transforms teaching, learning,
assessment, and future career preparation, emphasizing the need for ethical considerations and
extensive integration into curricula. These diverse impacts underscore the transformative
potential of Al, necessitating a balanced approach that maximizes benefits while addressing
ethical, security, and societal implications. While Al and automation are replacing some jobs,
tasks requiring human qualities like intuition and empathy remain challenging for Al to
replicate. The evolving work landscape emphasizes the need for reskilling programs to prepare
the workforce for new job demands. AI’s influence on labor markets can lead to job
reorganization rather than mass displacement, enhancing job quality by reducing tedium and
improving worker engagement. Discussions on Al’s impact often revolve around labor
replacement versus labor enabling scenarios, highlighting the importance of considering human
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augmentation and human stunting outcomes for the future of work. While Al and automation
can replace many jobs, certain human attributes like intuition and empathy remain challenging
for Al to replicate. Job reorganization is more prevalent than displacement, with automation
redirecting tasks towards human comparative advantages, enhancing job quality by reducing
tedium and improving worker engagement and safety. The evolving work landscape
necessitates lifelong learning, reskilling programs, and proactive policies to address challenges
like skill requirements and increased work intensity, ensuring that Al benefits all individuals
[2]. As the integration of Al continues to permeate various sectors, the implications for the
future of work are profound and multifaceted. While Al and automation have the capacity to
replace certain repetitive tasks, they also offer opportunities for job enhancement and the
redirection of human effort towards tasks that require uniquely human qualities. One of the key
challenges in navigating the evolving work landscape lies in addressing the potential mismatch
between existing skill sets and the skill requirements of emerging roles. Lifelong learning
initiatives and reskilling programs are essential for equipping individuals with the necessary
competencies to thrive in a technology-driven environment. These initiatives should be
proactive and adaptive, catering to the dynamic nature of technological advancements and
evolving job demands. Figure. 1 visually represents the integration of Al in various aspects of
financial services alongside the challenges faced in its implementation. The horizontal axis
depicts different applications of Al within the financial services sector, including Investment
Decisions, Risk Assessment, Fraud Detection, and Customer Service. Each application serves
as a distinct category for comparison. The vertical axis represents the percentage scale,
indicating the extent of Al integration and the severity of challenges faced by financial
institutions. Each bar on the chart is divided into two segments. The lower segment illustrates
the percentage of Al integration in the respective financial service application, highlighting the
degree to which Al technologies are utilized. The upper segment, stacked on top of the Al
integration segment, represents the percentage of challenges faced by financial institutions in
implementing Al solutions, such as data privacy concerns and potential job displacement.
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Figure. 1 Al Applications and Challenges in Financial Services

The Al Applications segment is depicted in a shade of blue, while the Challenges
segment is represented in a contrasting shade of red. This color differentiation aids in visually
distinguishing between the two components of each bar. This visualization offers insights into
the dual nature of Al adoption within the financial services sector, showcasing both the
advancements made possible by Al technologies and the obstacles that must be addressed to
ensure successful implementation. By highlighting the applications of Al alongside the

75



associated challenges, stakeholders can gain a comprehensive understanding of the
opportunities and considerations inherent in leveraging Al within financial services.

70 Discussions on Al and Automation in the Workforce
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Figure. 2 Discussions on Al and Automation in the Workforce. Job Replacement versus Job
Enhancement/Reorganization

Figure. 2 represents the dialogue surrounding the impact of Al and automation on
employment, focusing on contrasting scenarios of job replacement and job
enhancement/reorganization. The horizontal axis delineates two scenarios: «Job Replacement»
and «Job Enhancement/Reorganization» These scenarios encapsulate divergent perspectives on
the consequences of Al and automation in the workforce. The vertical axis represents the
percentage scale, indicating the proportion of discussions attributed to each scenario.
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Figure. 3 Impact of Al and Big Data on Managerial Decision-making: Enhancements, Ethics,
and Societal Implications

Figure. 3 represents the multifaceted implications of integrating Al with big data in
managerial decision-making processes. The horizontal axis depicts a single category,
«Managerial Decision-making» which serves as the focal point of analysis. The vertical axis
represents the percentage scale, indicating the magnitude of impact for each aspect discussed.
The chart consists of three grouped bars, each corresponding to a distinct aspect: «Enhanced
Decision-making» «Ethical Considerations» and «Societal Implications» While the paper
adeptly outlines the multifaceted impacts of Al integration across various sectors, including
communication, financial services, and higher education, there exists a notable research gap
regarding the nuanced implications of Al and automation on the workforce. There is a need for
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comprehensive research that delves deeper into the socio-economic implications of Al
integration on the workforce, evaluates the effectiveness of reskilling initiatives, and explores
alternative models for human-Al collaboration to ensure equitable outcomes and mitigate
potential disparities in the future of work.
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PEBOJIIOLIMSA B KUBEPEE3OIIACHOCTMU: POJIb CUMYJISILIUA U
BUPTYAJIBHBIX CPE/l B TECTUPOBAHUU U OITUMHU3ALIUHN
PACUYETHBIX MOJIEJIEA

Myprazus 3. P.1?, Tlerpos P. 1.2
YAccucmenm Jlxncuzaxckozo nonumexuuueckozo uncmunmyma
2Cmyoenm epynnot 440-21 PYuO Jicu3akcko2o noiumexHu4ecko20 UHCmumyma
DJIEeKTPOHHAs T10YTa aBTOpPa
dkirenakirka.fr@inbox.ru

B coBpemeHHOM 1M(pOBOM MHUpe, TAe KUOEpYrpo3bl CTaHOBATCS Bce Oolee
M30LIPEHHBIMU U pa3pyLIUTEIbHBIMU, oOecriedeHre 6e30MacHOCTH NH(OPMaIlUU CTAaHOBUTCS
IIPEIMETOM NEPBOCTENIEHHON BaXXHOCTH. Pa3BuTHe cpeacTB KMOep3aluThl TpeOyeT He TOIBKO
3¢ (HEeKTUBHBIX TEXHOJOTHI, HO U MEPEIOBBIX METOJ0B TECTUPOBAHUS U ONTUMU3aLMU. B 3101
CBSI3M CUMYJISIIMM M BUPTYaJIbHBIE CPEABl BBHIXOAAT HA MEPEAOBYIO MO3ULIUIO, MTPENOCTABIIAS
YHHUKaJIbHbIE BO3MOKHOCTH JUJISl aHAJIN3a, TECTUPOBAHUS M ONTUMHU3ALUN PACUETHBIX MOEei
B KHOepOe30MacHOCTH.

Cumyasiuum B Kudep6e30nacHOCTH: NPEUMYLIECTBA M BO3MOKHOCTH

Cumynsiuuu B KuOepOe30MacHOCTH MPEACTaBIAIOT €000 MOIIHBIM HMHCTPYMEHT,
KOTOPBIH MO3BOJISIET aHAIU3UPOBATh U OLIEHUBATh YPOBEHb 3aIIUTHl HUHPOPMALIMOHHBIX CUCTEM
u cereil [6]. BOT HECKOJBKO KIIIOUEBBIX NPEUMYIIECTB U BO3MOXKHOCTEH, KOTOpBIE OHU
IPEIOCTABIISAIOT:

1.MogenupoBaHue peaibHbIX cleHapueB arak: C IOMOLIbI0 CHUMYJSALUN MOXHO
co3daBaTb W  MOJEJIMPOBATh  pa3MuHble CIIEHApUU  aTrak, OT THUIHYHBIX JIO
BBICOKOOPTaHM30BAHHBIX ~ KHOEpHpecTyIUIeHHH. ITO  MoMoraer  CHEeLHalIUCTaM 1o
k1OepOe30MacHOCTH JIydllle MOHSTh Yrpo3bl, ¢ KOTOPHIMH OHM MOTYT CTOJKHYTHCS, U
pa3pabaTbIBaTh COOTBETCTBYIOIIUE CTPATEI MU 3AILUTHI.

2.0mneHKa YSA3BUMOCTEH W CHJBHBIX CTOPOH CHUCTeMbl: CHUMYISAINU TIO3BOJISIFOT
BBISBIISITH YSI3BUMBIE MECTa B MH(OPMAIIMOHHBIX CUCTEMAX U CETAX, a TAaKXKe ONpeNleaTh UX
CUJIbHBIE CTOPOHHI [1]. DTO MaeT BO3MOKHOCTH pa3paboTYMKaM U aJIMUHUCTPATOPAM CHUCTEM
yAYYIIUTh YPOBEHb 3alllUTHI, BHECTU HEOOXOIMMbIE U3MEHEHHS U CJeNlaTh CBOU CHUCTEMBI
OoJiee HaAEKHBIMH.

3.00yuenue u TpeHHpOoBKa nepcoHana: CUMYISIUH MOTYT OBITh MCHOJIB30BAHBI JUIS
00ydeHHUs ¥ TPEHUPOBKH IepcoHana no kubepoeszonacHocTu. IlyreM co3nanust BUpTyaIbHBIX
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Cpell, SMYJIUPYIOUINX pealbHble CUTyallud, COTPYIHUKU MOTYT IMOJYYUTH OMBIT pabOThI C
Pa3IMYHBIMHU BUJAMH aTaK U HAyIUThCS 3PPEKTUBHO pearupoBaTh Ha HUX.

BupryajbHblie cpeibl B TECTHPOBAHUMN 0€3011aCHOCTH

BupryanbHble cpeapl B TECTUPOBAHUM OE30MACHOCTH  IPEACTABISAIOT  COOOM
WHHOBAIIMOHHBIH MMOIX0/I, KOTOPBIN MO3BOJISET AaHATU3UPOBATh U OLICHUBATH YPOBEHB 3AIUTHI
MH(POPMALIMOHHBIX CHCTEM B KOHTpolHMpyeMod u Oe3zomacHoil cperme. BoT HecKonbKO
KITFOYEBBIX aCIEKTOB U BO3MOXKHOCTEH, CBSI3aHHBIX C MCIIOJIb30BAaHUEM BUPTYalbHBIX Cpell B
TECTUPOBAHUU OE30MIACHOCTHU:

1. M3onsmust peanbHBIX TaHHBIX U ccTeM: BUpTyanbHbIe cpesibl MO3BOJISIOT CO3aBaTh
U30JIMPOBAHHBIE  AK3EMIUIAPHl  MH()OPMAIMOHHBIX CHUCTEM M CeTed, KOTOpble He
B3aUMOJICCTBYIOT C PpEaJbHBIMH JIAHHBIMH M HHQPPACTPYKTYypor [2]. DTO mo3BossieT
POBOJUTH TECTUPOBAHHE O€30MAacCHOCTH 0€3 pHCKa HaHECeHHUs yIiepOa peaibHbIM JaHHBIM
WM CUCTEMaM.

2.MojenupoBaHue Pa3NUYHBIX cleHapueB: C MOMOIIBIO BUPTYaAJIbHBIX CPEJ MOXKHO
SMYIUPOBATH PA3NUYHbIE CIIEHAPUU aTaK U KHOepyrpo3, BKIIOYas BUPYCHI, XaKePCKUE aTaKH,
(UIIMHTOBBIC TONBITKA M APYrHe BUABI KHOEPIpecTyIIeHHH. JTO TO3BOJISIET TECTHPOBATH
PEaKIUIO CUCTEMBI Ha PA3IUYHbBIE YTPO3bI U OLICHUBATH €€ YPOBEHb 3aIIUTHI.

3.I'mbkocth u MacmTabupyemMocTh: BupTyanbHbie cpeapl 007a1al0T  BBICOKOM
THOKOCTBIO U MacIITaAOMPyEMOCTBIO, UTO MO3BOJISIET aJaNTUPOBATh MIPOLIECCHl TECTHPOBAHUS K
pa3sTUYHBIM CrieHapusM u TpeboBaHusM [3]. OHM Takke MO3BOJISIIOT OBICTPO CO3/aBaTh H
YHUUTOXKaTh BHUPTYaJbHBIE 3K3EMIULSIPHI CHUCTEM, YTO YIPOIIAET MPOIECC TECTUPOBAHHS U
ONITUMU3AIIHH.

OnTuMHu3anus pacyeTHbIX MojeJieill ¢ MOMOIIbI0 CUMYJISINUI M BHPTYAJbHBIX
cpen

OnTumu3anusi pacyeTHbIX MOJIENeH C MCIOIb30BAHUEM CHUMYIALMNA U BUPTYaTbHBIX
Cpell UTpaeT BAXKHYIO PoOJib B chepe KnbepOe3onacHOCTH, obecnieunBast 3P (HEKTUBHOE U TOYHOE
MOJICJIMPOBAHUE PA3IMUHBIX CIIEHAPUEB aTaK, a TAKXKE aHAIHU3 U YIy4IlIeHHEe METOI0B 3aIHTHI.
BOT HECKOJIbKO KITFOUEBBIX ACMEKTOB OMTHMHU3AIMH PACYETHBIX MOJIENEH C MCIIOIh30BAHUEM
CUMYJISIIUN ¥ BUPTYaTbHBIX CPEI:

1.Ananu3 noBeaenust yrpo3: C NOMOUIbIO CUMYJISIIMM M BUPTYaldbHBIX CPEI MOYKHO
CO3/1aBaTh MOJIEIM, KOTOpPbIE SMYJIMPYIOT MOBEJIEHHE MOTEHIHAJIbHBIX KHOepyrpo3. ITo
MIO3BOJISIET AaHAJTU3UPOBATHh U OLIEHUBATh YPPEKTUBHOCTH PA3TMYHBIX METOJIOB 3alIUTHI U MX
CHOCOOHOCTH NMPENIOTBPAIATh MU CMATYaTh YTPO3bI.

2. TecTupoBaHHE HOBBIX AITOPHUTMOB M TEeXHOJOTHIA: CHMYISIUUA W BUPTyaJbHBIE
Cpedpl TPENOCTaBISIFOT BO3MOXKHOCTh TECTHPOBATh HOBBIE AaJNTOPUTMBI M TEXHOJOTHU
KHOep3aluThl, IpexX/ie YeM OHM OyAyT BHEAPEHB! B peallbHble cucTeMbl [4]. T0 mo3BoseT
BBISIBIISITH TTOTEHIIMAJIBHBIE YSI3BUMOCTH M HEIOCTATKHU €lIe Ha CTaINH pa3pabOTKH M CHIENaTh
COOTBETCTBYIOIIHUE YIIYULICHHUS.

3.UtepatuBHOoe ymyumenue Mojnened: CHUMyNSIUM W BUPTyaJbHBIE CpEIbI
o0ecreynBaoT BO3MOXHOCTh HMTEPATUBHOTO YIydllleHHs Mojeneil Oe3omacHocTH. [lyrem
aHaM3a pe3yJIbTaTOB CHUMYISIIANA W TECTHPOBAHWS pa3IMYHBIX BapUAHTOB MOJENEH
CHELHATUCTHI IO KHOepOe30nacHOCTH MOT'YT ITOCTOSTHHO COBEpPIIEHCTBOBATH CBOM METOJbI U
CTpaTEeTUH 3alUTHI.

3akioueHue

Cumyssiiii W BHPTYAIBHBIE CpEbl WTPAIOT KIIOYEBYIO POJb B TECTHPOBAHWUU U
ONTUMU3AIMH PaCYETHBIX MoJiesiell B kubepoe3onacHocTH. OHM NPEeOCTABISIOT YHUKAIbHBIE
BO3MOXXHOCTH JUISI aHAJIM3a M MOJETHPOBAHUS PA3IUYHBIX CIICHAPHEB aTaK, TECTHPOBAHUS
HOBBIX METOJOB 3alIUThl M ONTHMM3ALUU TPOU3BOJUTEIBHOCTH CHUCTEeMBL. JlanmbHeiiiee
pa3BUTHE OTHUX TEXHOJOTMM OyneT CcrnocoOCTBOBAaTh MOBBILEHUIO 3((HEKTUBHOCTH
KuOep3amuThl 1 obecredeHno 6e30nacHoCcTH HHGOPMAIUHU B IIUPPOBOM MHUPE.
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UCCJIEJOBAHUE YS3BUMOCTEN UHTEPHETA BEIIEHA (I0T) U
METOAbI UX YCTPAHEHUA

JI.T Hopmyponos?),

1YHueepcumem Muposoﬁ OKOHOMUKU U dun/zOMamuu
DneKTpOHHAas oYTa aBTOpa
normurodovwork@gmail.com

Ananus yszBumoctet Mutepnera Bemieit (10T) u crmocoOb! ux npeaoTBpameHust — 3T
Ba)KHas TeMa, KOTOpas 3aclykMBaeT BHUMaHUS. |0T oObeAMHSIET MHOKECTBO ‘‘YMHBIX
YCTPOMCTB B CETh, O3BOJISAE UM COOMpPaTh, aHATU3UPOBATh, 00pabaTHIBATh U NEpeaaBaTh APYT
apyry naHHble. OJHAKO, HECMOTps. Ha OBICTpOE DPAa3BUTHE ATOH OTpacid, CYIIECTBYIOT
npo0sieMbl, Takue Kak YsS3BUMOCTh K KHOepaTakaMm, OTCYTCTBHE O€30MacHBIX MEXaHHU3MOB
OOHOBJICHMSI, MCIIOJb30BaHWE HEOE30MAacCHbIX MM YCTapeBUIMX KOMIIOHEHTOB M JIpyrue
YSI3BUMOCTH.

BaxxHOo nmpoBecTH aHaNu3 ysI3BUMOCTEN U UX NCTOYHUKOB, a TAKXKE ONUCATh METO/BI UX
npenoTBpanieHus. Hanpumep, onHoi u3 mpobiem 6e3omacHocTH 3KOocUCcTeMBbI |0T sBisieTcs
TO, YTO €€ KOMIIOHEHTBHl pacHpelelIeHbl B MPOCTPAHCTBE M YacTO YCTaHABIMBAIOTCS B
nyOJIMYHBIX WIN HE3alUIIEHHbIX MecTax. Takke yacto npu coznanuu |0T npousBoautenn e
CMOTpPAT Ha OCHOBHBIE NPaBHJIA 3AIUTHl YCTPOWCTB M HCIHOJB3YIOT NIl BCEX YCTPOMCTB,
KOTOPBIE BBITYCKAIOTCS C KOHBEHEpa, CTAaHIapTHBIN CIIMCOK MapoJiel 10CTyma.

Ceroans B Mupe yxe 0Oojee MMIUIMApJa YCTPOWCTB IMOJKIIOYEHBI K CETH, U 3TOT
MOKa3aTellb MPOJOKAET YBEIMUUBATHCS KaXabld roJ. Oxumaercs, yto K 2025 romy 4yucio
ycTpoiicTB, moakmoueHHbIX K MHTepHery Bemel (IoT), nmocturner Gonee 75 mMumnuapioB
[1]. MuoxectBo ycTpoiictB [0T, KoTOpble ceifvac JOCTYIMHBI Ha PHIHKE M TOJAKIFOYEHBI K
WuTepHeTty, 10 cux mop He o0nagaroT Aaxe 0a30BBIMH MEXaHHW3MaMHU KHOepOe30MmacHOCTH.
BonbmIMHCTBO W3 3THX YCTPOMCTB pa3palaThIBalOTCS € OrPaHUYEHHBIMH Mepamu
0€301aCHOCTH, YTO JeJaeT MX IMOJBEpKEHHBIMH KuOepaTakam. OTCyTCTBHE NPOTOKOJIOB
mu@poBaHus, aJCKBAaTHBIX MEXaHU3MOB AayTEHTU(UKALIUU U peAKue OOHOBJICHHS
0€30I1aCHOCTH B 3THX YCTPOMCTBAX JENAOT UX YSI3BUMBIMU JJIS1 BO3MOXKHBIX yIpO3.
OcHoBHbIe ys3BuMocTH B cuctemax UHTepHera Beutei (IoT) BriouarT cieayrouiee:

1. Cnabple, yranpiBaeMble WIM JKECTKO 3aJaHHble maponu: lcrmonb3oBaHMe JIETKO
B3JIaMbIBa€MbIX, OOIEAOCTYIHBIX WM HEU3MEHSEMbIX YUETHBIX JAaHHBIX, BKIIOUYas O3KIOpbI
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BO BCTPOCHHOM IPOTPAMMHOM OOECHEUYEeHUU WM KIMEHTCKOM MPOrpPaMMHOM OOECHEYeHHUH,
KOTOpOE MPENOCTABIIAET HECAHKIIMOHUPOBAHHBIN IOCTYI K Pa3BEPHYTBHIM cUCTEMAM [2].

2. HeGe3omacupie cereBbie cepBuchl: Hekoropeie [oT ycrpoiicTBa MOryT mpemnocTaBisATh
HeOe30MacHbIe CETEBBIE CEPBHCHI, KOTOPHIE MOTYT OBITh HCIIOJIb30BAaHbI 3I0YMBIIIICHHUKAMU
JUJIs1 IPOBEJICHUS aTak [3].

3. HeOe3omacHbele SKOCHCTEMHBIE WHTEp(EHCH: 3TO MOXKET BKJIOYaTh B ceOs BCe, OT
HeOe30IacHbIX BEO-CepBUCOB 10 MOOMIBHBIX HHTEpdelcoB n obmaunbix API [3].

4. HenmocraTo4yHas CTaHAAPTH3ALMS apXUTEKTYPhl U TPOTOKOJIOB, CEPTH(UKALINS YCTPOUCTB!
9TO MOXXET NPHUBECTH K HCIOJIb30BAHHUIO YCTAapEBIIMX WM HEOE30MacHBIX MPOTOKOJIOB U
CTaHJapToB [2].

5. OrcyrctBue  mmudpoBaHus OecpoBOJHOTO  Tpaduka: STO  MOXKET  IO03BOJHUTH
3JIOyMBIIIJIEHHUKAM IIEPEXBaThIBATh JaHHbIE, [IEPEAABAEMbIE MEXKY YCTPOICTBaMHU [2].

6. Cnabas ayreHTU(UKAIMSI U CUCTEMbl YIPABJICHUS TOCTYIOM: 3TO MOKET MO3BOJUTH
3JI0YMBIIIJIEHHUKAM TOJIyYUTh HECAHKIIMOHUPOBAHHBIN JOCTYII K yCTPOWCTBAM MJIU CETAM [2].
IIpumepom MOKHO IpUBeECTH ciaeAsmme caydae B3jaoma [oT ycrpoiicTs:

1. Ymuas xodemammnua: Cnenmanuctel b-komnannn Avast CMOTTIM MEHEE YeM 3a MHHYTY
MOJMEHUTh MPOIIMBKY YMHON KOQeMallnHbI, KOTopas yMeeT moakiatodarbcs mo Wi-Fi k
cuctemMe yMHOro ngoma. OHM Hay4MJIu €€ HE TOJIbKO MallHUTh KPUIITOBAIIOTY, HO U TpeOOBaTh
C BJIaJIeNbIIa BHIKYT 32 BO3BpAIlleHUE MPUBBIYHBIX QyHKIUH [4].

2. YMHas 3yOHas IIETKa U JaTYUK TEeMIIepaTyphl: 3JOYMBIIIICHHUKA MOTYT B3JIOMATh TaKHe
YCTPOMCTBA, YTOOBI OTCIEIUTH, €CTh JIU KTO-TO JI0Ma, U BBIOPATh BpeMsl [JIsl IPOHUKHOBEHHUS B
KBapTUPY U KpaXxu LIEHHOCTEH [5].

3. IIpommBka ycTpoiicTB: B ogHOM U3 HccnenoBaHuii ObUIO MOKA3aHO, KAK MOKHO B3JIOMaTh
loT-ycrpolicTBo 3a 60 MUHYT, IOJMEHSS €0 MPOLIUBKY [6].

Obecneuenne 6e3onacHoCcTH B cucremax nHrepHera Bemeit (IoT)

Jns  obecriedeHnsi 0€30MacCHOCTH TepeAaydl JaHHBIX HEOOXOIUMO TPUMEHSTH
HAJeKHBIE MPOTOKONBI CBA3M U MeTonasl mmdpoBanusi B loT-ycrpoiicTBax, KoTOpBIE
UCIIOJIB3YIOT OecHpOBOJAHbBIE COeNMHEHHUs. Takke CTOMT HCIOJIb30BaTh 3allUILEHHBIE U
mudpoBaHHbIe KaHANBI Ul 3arpy3ku oOHoBieHHMH. [lepen BHenpeHneM OOHOBJIEHUH B CETh
l0T-ycTpoiicTB BaXHO MPOBECTU MPOBEPKY UX 1EOCTHOCTH. KOoMITaHUU MOTYT CIpaBIsiThCS C
npobnemamu  OezonacHoctu  IoT, wu3beras wucnonb30BaHUs HEOE30MACHBIX HACTPOEK
ONEPallMOHHOW CUCTEMBI YCTPOKCTBA.

B cnyuae, korja OTCyTCTBYIOT MPOBEPKH CEPTU(HHUKATOB WM MOANUCEH i HOBBIX
OOHOBJICHUH, 3JOYMBIIUIEHHUK MOXET MPUHYAMTh YCTpOMCTBA K OOHOBJIEHUIO Ha
BPEIOHOCHYIO IIPOIIMBKY ¢ O3KA0OPOM MIIM MOIY4YHUTh MOJHBIN fqoctyn uepe3 C2C cepsep. s
NPEJOTBPALEHUS ITOr0 HEOOXOJMMO HCIOJIb30BaTh MOJMMCH, IMM(POBAHHBIE KaHAIbI IS
MOJlyueHUs: OOHOBJIEHMM M JIpyrMe TEXHOJOTHUH, KOTOpBIE HCKIIIOYAIOT BO3MOXKHOCTh
MoguduKauu  Tpaduka WIM YCTaHOBKM HeopuuuaibHoro [IO Ha ycTpolicTBo.
370YMBIIIJICHHUK, MOIYYUBIIMM (PU3UYECKUIM OCTYN K YCTPOWCTBY Ha KOpPOTKOE BpeMms,
MOJKET BHEIPUTH BPEJOHOCHBIN KO/ B ycTporcTBO uepe3 SPIO win apyrue noptsl ycTpoicTBa
[7].

CymectBytoT ciydau, korjma loT-ycTpoiicTBa MMeIOT Ha OOpTYy He3allMIICHHBIE
MIPOTOKOJIbI, YTOOBI MOJI30BATEIN MOIJIA Cpa3y HayaTh UCHOJIb30BaTh YCTPOWCTBO, KOTOPOE
Ccpady K€ CTAHOBUTCS  JOCTYNIHBIM  JUId  YIpPaBIECHHUA  3J0yMBINUIEHHUKOM. Jljis
MPEOTBPALEHHS 3TOr0 HE0OX0IMMa IMOJIHAs BaJIUJAIMS MEX]y YCTPOHCTBOM U BIa€IblEM
JUISL CO3IaHUS HA/IEKHOTO 3aLIUIIEHHOT0 coeAnHeHus. Heo6X01MMOo NCKITIOUNTh BO3MOKHOCTh
“OBICTPOTO” MOJKIIFOYCHUSI HA JIETY M CJIeJIaTh aKIIEHT Ha IMOBHIIIICHUU YPOBHS 0€30MacHOCTH.

Cern MWnrepnera Bemieit (IoT) TpeOyroT HaAeKXHBIX Mep O0€30MacHOCTH IS
MPEIOTBPALICHUs] HECAHKIIMOHUPOBAHHOTO JOCTyMa W YyTE€YKW JaHHbIX. [IpuMeHenue
CerMEHTALlMU CETH, YIPaBIECHUS TOCTYIIOM U CHUCTeM OOHApy>KEHHUs BTOPKEHHUH MOXKET
VIIYYIIATH 0€30MacHOCTh ceTr. HeoO0Xoammo TIaTelbHO TOIXOIUTh K BEIOOPY O€CTIPOBOIHBIX
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MPOTOKOJIOB ISl B3aMMOJACHCTBHUSI MEXIY yCTpohcTBaMu [8], a Takke K KadyeCTBEHHOU
CETMEHTAIIMU B CETH IS IPEIOTBPAILCHUS] BHEIITHETO BO3/ICHCTBUSI.

B 3akmrodenne xodercs moauepkHyTh, uto MuTepHeT Bemeit (IoT) mopokmaer kak
3HAUUTENBHBIE TPOOJIEMbI 0E30MACHOCTH, TaK M OOIIMPHBIE BO3MOXKHOCTHU ISl TIporpecca u
WHHOBAIMM. YYUTBIBasg, 4YTO Bce OOJbIIE YCTPOHCTB BCTYHAalOT BO B3aUMOJCICTBHE U
WHTETPUPYIOTCS B HAIITY €KETHEBHYIO )KH3Hb, KPAHE BAXXHO YCTPAHITH YSI3BUMOCTH M PUCKH,
cBs3anHble ¢ cuctemMamu [oT. OT 3amuThl AaHHBIX M KOHGUACHIMAIBLHOCTU JI0 3alIUTHI OT
kubeparak, HEOOXOJAMMOCTh B HAJIC)KHBIX U KOMIUICKCHBIX MEpax O€30MacHOCTH SIBISETCS
MIPUOPUTETHOM.

OpHako 9TH TPOOJEMBI TaKXKE OTKPHIBAIOT BO3MOXKHOCTH Ui OTpacyei,
rOCYy/IapCTBEHHBIX OPraHOB M YAaCTHBIX JIMI[ AJSl COTPYAHMYECTBA U YIYUYIICHHS METOJIOB
obecnieuenus 6ezonacHocty [oT. [IpuMeHsist Haie:)KHBIE MPOTOKOJIBI 8y TEHTU (DUKAIIH, METO b
mUppoBaHUS W HENPEpPBIBHBIH MOHHUTOPHHI, Mbl MOXeM 3amututh cetu loT ot
MOTECHIUATBHBIX yrpo3. KpoMe Toro, mepenoBbie TEXHOJIOTHH, TaKHE€ KaK HCKYCCTBEHHBIN
MHTEJJIEKT U ONOKYEWH, MPEACTaBISAIOT CO0OM MEepCHEKTUBHBIC PEIICHUs IS YIy4dlIeHUS
6e3onacuoctu [oT.
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How

NudopmanioHHble TEXHOJOTMHM 3aHUMAOT Bce cdepbl JKU3HH  OOIIeCTBa,
00eCreYrBaOT MOJACPHU3ANNIO U YITYUIICHHUE COIUATBHO-IKOHOMHYECKOW XKHU3HHU, CO3AI0T
YCIIOBUS JUJISl PETYISPHOTO Pa3BUTHUSL BCEX HAyK, d()PEKTUBHOTO MCIOIB30BAHUS HOBEHIIIMX
JTOCTHXKEHUI (yHIaMEHTAlIbHBIX, COLIMAbHBIX U TyMaHUTapHbIX HayK. CoaepkaHHe U CYTh
HBIHEIITHEH SMOXU — ATO 3MO0Xa WHTEUIEKTYallbHOTO 3HAHHUS M «OCHOBAHHOTO Ha 3HAHUIX)»
o011ecTBa.
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OT0 mopokaaer HeoOXoauMocTh TudPEepeHIMPOBAHHOTO TOAXO0Aa K aHau3y
nporecca GOPMHUPOBAHUS M SBOJIOUMH HHOOPMAIIMOHHON KyJIbTYpbl JUYHOCTH. Ha Hamr
B3IJISA]1, BAYKHYIO POJIb B (POPMUPOBAHUN MH(POPMALIMOHHON KYJIBTYPbl UTPAET CIAECAYIOIIEE.

Bo-niepBbIX, MOJI0/1€Kb B OCHOBHOM 3aMHTEPECOBAHA B MCIIOJIb30BaHUU MHTEpHETa, a
MOJIOJICKb — 3TO JMHAMUYHO pacTyllas TBOpYecKas cuia, Oyayllee CTpaHbl, HAallUUd U
rocygapcTBa. VIHTEpHET SBISIETCS BaXXHBIM pPeCcypcoM, (OPMHUPYIOIIUM MHPOBO33PEHUE,
MBILIIEHHE, HPAaBCTBEHHOCTb, OOIIECTBEHHO-TIOJIUTUYECKOE U KYJIbTYPHO-1yXOBHOE CO3HAHHE
MOJIOJIEXKHU.

Bo-Bropeix, MHTepHeT crtanm Haubojee AOCTYHNHBIM M BIHMATEIbHBIM CPEICTBOM
MaccoBoi uH(popmanuu. MHTEpHET cTal UCTOYHUKOM HWHGOPMAIMU M TUIOIIAIKON st
npeacraButeneit CMU, penakTopoB >KypHaJIOB, MyOJIUIIMCTOB, MHUCATENed, KOMMEHTATOPOB.
WuTepHeT yaoBneTBOpsieT HHGOPMAIMOHHbBIE MOTPEOHOCTH CO3HAHUS JIIOACH M COIMAIbHBIX
CJIOEB.

B-Tperbux, B cucteme MHTEpHET aKTMBHO YYacTBYIOT IPEICTaBUTENIN COLMAIbHBIX
CJIOEB, MPUHAUICKAIINX K CTApUIEMY IOKOJEHUIO U UMEIOIIUX ONPENEICHHYIO COLMAIBHYIO
MO3HIIMI0 B OOINECTBE: MOJUTOIOTH, FOPUCTHI, SKOHOMHUCTHI, KYIBTYpPOJOTH, (HIOCO(BI,
IIPEJICTaBUTENIN BCEX IUCLUIUIMH .

B-uerBepThIX, ¢ cuctemoit IHTEpHET 3 PEKTHBHO pabOTAIOT IUAECPHI O0IIECTBEHHOTO
MHEHUS, NPEICTAaBUTENIN TOCYAAPCTBEHHBIX OpraHu3alui, JHUIEPbl MOJIUTUYECKUX NapTUH,
HEIPAaBUTEIbCTBEHHBIX 1 HEKOMMEPUECKUX OpraHU3alHi.

Ha HoBoM »rame pasButus obOumectBa MHTepHer mnpeBpatmica B Oeckpaiinee
MH(pOpMaLlMOHHOE NPOCTPAaHCTBO. «llenp MoJOOHBIX YCHIIH, CiTyKallluX UHTEPECaM IJIaBHOTO
CyObeKTa M ABWKYLIUX CUJ UH(OPMAIIMOHHOIO MPOLECCca, COCTOUT B TOM, YTOOBI aTaKOBaTh
TpaJMLIMOHHBIN 00pa3 MBIIIIEHUSI, OCHOBAaHHBINM Ha HALIMOHAJIBHBIX UHTEPECAX U IEHHOCTSAX, U
CO3JaTh €IMHYK) SKOHOMMYECKYIO, COLMAJIBHYIO, MOJIUTUYECKYIO U KYJIBTYPHYIO CHUCTEMY.
[luBuIM3anus, OCHOBaHHAsI HA 3aIla{HBIX MOJEJISIX BO BCEM MUPE, COCTOUT M3 YCTaHOBOK»[1].

Oto Haubosnee 3PpPeKTUBHOE U MOIIHOE CPEACTBO (GOpMUPOBaHUS UHGOPMAITMOHHON
KYJIbTYpbl JIMYHOCTH, B KOTOPOM OOILIECTBEHHOE MHEHHE OTpa)kaeTcsi myOinyHo. B atom
cmbiciie VIHTepHEeT cuuTaercss MpOCTPAaHCTBOM (OPMHUPOBAHUS OOIIECTBEHHOIO MHEHMS,
NpUHATHS perieHuid. THTepHeT — oueHb y100HbIN cI0c00 y10BIETBOPEHUS YETOBEKOM CBOUX
HAaYYHBIX, U/I€OJIOTHUECKUX U AYXOBHBIX oTpeOHOocTel. Uepe3 IHTepHET uenoBeK NposBiseT
ce0st KaK JTMYHOCTb, CO3/1a€T BO3MOXKHOCTH JIJISl pa3BUTHS HAYYHOT'O YPOBHS CBOETO TyXOBHOTO
mupa. B MHTepHeTre KaxIpli MOXET TBOPUTb, CO3/1aBaTh Hay4dHble HWHHOBALIMH,
JEMOHCTPUPOBATh CBOU MHTEIJIEKTYaJIbHbIE BOZMOKHOCTH.

CeronHsi HapsiAy € MoJie3HOM MH(pOpMalyell HeraTUBHOE BO3JIEHCTBUE, OCOOEHHO Ha
CO3HAHUE MOJIO/IEKH, OKa3blBaeT NECTPYKTHUBHAs (PENUTIHO3HBIA SKCTPEMU3M, TEPPOPU3M,
JKECTOKOCTh, NPOTHUB  KOHCTUTYLMOHHOTO CTpOsi) M  aMopajbHas HHpOpManus,
pacnpoctpaHnsiemas B IHTepHere.

B mnameit pecnyOnuke TpUHUMAETCS pAJl 3aKOHOB W PEIICHUH YIS  3alUThI
nojb3oBaresnel IHTepHeTa oT 3Toi BpenoHOcHO! nHpopmarnmu. B vactHocTH, 2 mapra 2020
roga wu3gaH Yka3 Ilpesunenta PecnyOmuku VY30ekucran Ne5953, cormacHo KOTOopomy
ylenseTcss BHUMaHUe pealu3yaluu psija paboT Mo MPHOPUTETHBIM HarpaBleHUsIM B cdepe
0€30MacHOCTH, PETUTHO3HON TOJEPAaHTHOCTH M MEKHAIMOHAJIBLHOTO coriacus. JlaHHBIM
MYHKTOM MPEAYCMOTPEHO NpuHATHE poekTa pemenus [Ipe3unenta Pecriybnuku Y36ekucraH,
a Tarke yrBepkaenne HanmonanbHoli crparerun knudepbesonacuoctu Ha 2020-2023 roawi[2].

JlaHHas cTpaTerus npe1ycMaTpuBaeT peryJIupoBaHue AeATeIbHOCTH B cepe 60phObI ¢
MPECTYITHOCTHIO B HAIIMOHAJIBHOM KHOEpPIPOCTpaHCTBE U (hOpMHUpOBAHUE MPaBOBON 0a3bl B
cdepe earHOIN cucTeMbl KHOepOe30MacHOCTH M 3aIUThl KPUTHYECKOM MH(PACTPYKTYphl OT
kuOeparak, a TakXKe YyCWJIEHHE Mep, NIpPUHMMAeMbIX B CTpaHe B OTHOILIEHUU
KnOepOe30MmacHOCTH. B CBSI3M ¢ 3TUM psIOM 3aKOHOAATENbHBIX JOKYMEHTOB PecnyOnuku
V30ekucTaH yCTaHOBJICHBI >KECTKHE TpeOOBaHUS, HANpaBICHHbIE Ha 3aIIUTy TPpaKIaH OT
HeHauiexamet undopmaruu. Ilpexne Bcero, crtarbs 29 Konctutynuu PecnyOnuku
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V30ekucTan IpeaycMaTpuBaeT, 4YTO KaXAbli MMeeT IpaBO MCKaTh, MOIYy4aTb U
pacrpocTpaHsaTh Ty HH(OpMAIMIO, KOTOPYI0 OH XO4YeT, 3a HCKIIYEeHHEM HHQOpMaluy,
HalpaBJIEHHOW MPOTHUB JEHCTBYIOIIEIO0 KOHCTUTYLMOHHOTO CTPOSl M JIPYT'MX OIpaHUYEHUH,
YCTaHOBJICHHBIX 3aKOHOM[3].

B 1o xe Bpems cratesa 159 VII Pecnybnuku Y30eKnCTaH yCTaHABIMBAET YTOJOBHYIO
OTBETCTBEHHOCTb 3a JEAHUS, MOCATAIOIIME Ha KOHCTUTYLHOHHBIM cTpoit PecnyOmuku
V3b6ekucran. Taxxke craths 189 Komekca 00 agMUHUCTPaTUBHON OTBETCTBEHHOCTH
PecnyOonuku Y3b6ekucran u crathst 130 VYromoBHoro kozekca PecmyOnmuku Y30ekucran
IpeIyCcMaTpUBalOT OTBETCTBEHHOCTh 3a IPOM3BOJCTBO, BBO3, PACHPOCTPaHEHUE, pPeKIaMy U
JIEMOHCTPAIIHIO MOPHOTPAPUIECKOM MPOIYKIINH.

Kpome Toro, B psizie 3aKOHOB Hallel pecryOIMKH coepKaTcst TpeOOBaHMs 110 3aIlUTe
rpaxkJiaH, OCOOCHHO MOJIOAEKH, OT BPEOHOH Jis 370poBbsi uMHpopMmanuu. B wacTHOCTH,
corjacHO TpeOoBaHusIM cTaThu 7 3akoHa PecrmyOmmku VY30ekuwcran «O mnpuHIMIAX U
rapaHTusx cBoOOJAbl HMH(MOpMAIMM», 3amlperiaeTcss HCKakeHue ¢ (arbCupUKaIH
uHpopmanuu. CornacHo TpeOOBaHUAM cTaThu 14 3TOr0 3aKoHa HE JOIYCKAeTCs B HApyLLICHHUE
3aKOHA OKa3bIBATh IICUXOJOTUYECKOE BO3JIEHCTBUE HA OOLIECTBEHHOE CO3HAHUE TIOCPEICTBOM
unopmanuu[4].

Kpome Toro, 4 cenrsOpsi 2014 roma BHeceHbl u3MeHeHUs B 3akoH PecmyOmmku
V36ekucran «O06 nHpopMaLuny», HalPaBJICHHbIE HA PEryJIMPOBAaHUE 1€ATEIILHOCTH 0JIOTTEpOB,
TO €CTh €CJIM B CTaThe 3 HACTOSIIETO 3aKOHA Pa3bsACHSIETCS TEPMHUH «Oiorep», B IMyHKTE |
CTaTbu yKa3aHbl TpeOoBaHus K Onorrepam[5]. Bmecte ¢ TeM, B COOTBETCTBHHU C MPUKA30M
MunucTpa HHPOPMALMOHHBIX TEXHOJIOTUN U pa3BUTHA CBs3U PecrryOmmku ¥Y36exucran Nel73
ot 21 mas 2018 rona 6bu1 npuHAT nOoKyMeHT «IIpaBuia mpenocTaBlieHHs CETeH mepenadyu
JAHHBIX, BKIo4as yciyru MaTteprer». Cerogns B Y30eKucTaHe OY€Hb MHOTO OJIOTTEpOB H
TelerpaM-KaHalloB, pabOTaOLIMX HA Pa3InvHble TeMbI[6].

Taxoke B cooTBeTcTBUU ¢ 3akoHOM PecryOnuku Y36ekucran «O0 nHdopMaTH3amm» u
B LEIIX JaJbHEHIIEro COBEPLICHCTBOBAHMS CHUCTEMbl oOecreueHus HH(POPMaLMOHHON
0e3omacHOCTH B Tio0ainbHON cetu HTepHeT, A 3alUThl HHTEPECOB JTMUYHOCTH, OOIIECTBA U
rocyaapcTBa B uHGopMannoHHol cgepe uzgano IlocranoBnenune Kabunera MuHucTpos ot 5
ceHTs10ps 2018 rona Ne 707 «Mepsl 110 AanbHENIIEMY COBEPIIEHCTBOBAHUIO HH(OPMAIIMOHHOMN
0€30M1aCHOCTH BO BCEMUPHOI MayTHHE.

B pemenun 3anpeniaercs:

- «BBI30BBI CYHIECTBYIOIIEMY KOHCTUTYLIMOHHOMY YCTPOK U TEPpPUTOPHAIIBHON
nenoctHocTy Pecnyonuku Y30ekucTaH;

- Ilpomaranma BOWHBI, HACWIHS W TEPPOPU3MA, a TaKKE HAECH PEIUTHO3HOIO
HKCTpEMH3Ma, cenapaTu3ma u pyHIaMeHTaTu3Ma;

- Pasrnamenue nHQoOpManuy, COCTaBISIONIEH TOCYJApCTBEHHYIO TallHYy WM HHYIO
OXpaHsIEMYIO 3aKOHOM TaliHY;

- Pacnpoctpanenne uH(poOpManuu, pa3KUTAONIEd HAIMOHAIBHYIO, pPacoOBYIO,
ATHUYECKYIO WM PEIUTHO3HYIO BPAXKIY, a TAK)KE MPUUMHSIONLYIO BPEJl YECTH U JIOCTOUHCTBY
rpaXkJaaH WM penyTaiuuu Ou3Heca, JOMyCKaolie BMEIIATeIbCTBO B UX YaCTHYIO KU3Hb;

-IIponiarana HAPKOTUUECKUX CPEICTB, ICUXOTPOIIHBIX BELIECTB U IPEKYPCOPOB ;

-IIponaranga nopHorpaguu.

B nenom, cerogHs Hamiel IJIaBHOW LIENbIO B BOIPOCE HMHTEPHET-0€30MaCHOCTH B
MH(OPMaLIMOHHOM MPOCTPAHCTBE ABIIAETCSA pa3paboTKa U peanu3anus Mep no 3PpPeKTUBHOMN
3alIUTe MOJIOJIEKHM OT BpeaHOW HH(popMmanmu. B 3Tol CBS3M B ONpeNeNeHHOW CTeneHH
3¢ (deKTUBHBl U3MEHEHUS U JIONOJHEHHS B 3aKOHOJATENbCTBO, a TaKXke JeHCTBHS,
HalpaBJIeHHbIEC HA OPTaHU3AIMIO PA3TUYHBIX MEPONIPUATUI U KPYTIIBIX CTOJIOB B cpepe 60pbObI
C JIeATEIbHOCTHIO PEIUTHO3HBIX SKCTPEMUCTCKUX OpraHU3aIuil.

Vcxons 3 BBIIEU3IOKEHHBIX YIpO3 U Po0JIeM, CEroHsI MOXKHO C/IENaTh CIeAYIOIne
npeaiokeHus mo odecnedenunto urepuer-6e3onacHoctu B PecriyOnuke Y30ekucraH:
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- [Tomumo yrpo3 orpannuenus Be6-pecypcoB B [loctanoBnennn Kabnnera MuHUCTpOB
Ne707 «O mepax 1o nanbHEHIIeMy COBEPILIEHCTBOBAHUIO HH(OPMAIIMOHHON 0€30IaCHOCTH BO
BCEMMPHOU NayTHHE» BKJIIOUEHBI TAK)KE OHJIAH-TeMOJIMHT U peKiiaMa 3apyOexHbIX UAEH;

-nyHKT 1 ctarbu 12 3akona «O06 mHQOpPMALIUUY MPETyCMAaTPUBACT OTBETCTBEHHOCTH
6siorrepa He TOJIBKO 3a MH(OpMaIMIo Ha BeO-pecypce, HO U 3a peKiiamy;

- myTeM o0beIMHEHHUS HEKOTOPBIX 3aKOoHOB PecnyOnuku Y36ekucran 00 uHGpopManuu
(«O rapanTtusax u cBoboe nosnyueHus nHpopmauun», «O NpUHLMIAX U TapaHTHIX CBOOOAbBI
uHpopmanumn»), « [puHIHMIax 1 rapanTusx cBoOOIbI HH(POPMAIIMNY, CO3/IaH HOBBIN 3aKOH;

- pa3BUTHE JEATEIbHOCTH OJOITepoB, Beaylux OoprOy ¢ HH(OPMAIMOHHBIMU
aTakaMM, HAIPaBJICHHBIMHU MPOTHB Y30eKHCTaHa U MPUYMHSIOMIMMHU Bpe OOIIECTBY B CETIX
Nurepner;

- HWJIOKUBAHUE  IMIpPENojaBaHUsl  CHEUAIBbHBIX  NIPEAMETOB  (Hampumep,
«MH(popMalOHHAas TICUXOJIOTHUA»), PACKPBHIBAIOIIUX COLMATIbHBIE OCHOBBI HH(OPMAIIMOHHBIX
yIpo3 Ha BCEX YPOBHSIX 00pa30BaTENbHOMN CHUCTEMBI;

- HeoOxonumo ynensate 60sblie BHUMAHUS IPOCBETUTENIBCKOM pOJIM UMaMOB, I1O3TOB,
nycareneld, yueHbIX B O00ph0e ¢ BpPETHBIMU TOCIEACTBHSAMHU PEIUTHO3HOTO HKCTPEMHU3MA U
dyHaaMeHTanIu3Ma U MX HPEJOTBPALICHUH, a TAaK)Ke OPraHU30BBIBATH KPYIVIBIE CTOJIBI B
00pa30BaTeNIbHBIX YUPEKICHUAX C UX YUaCTUEM.

OTpakeHue TakuX HOPM B OIIBIT€ HAIMOHAIBHOIO 3aKOHOAATENbCTBA BaXXHO B
(GOpMHUPOBAHUM HJICOJIOTUYECKOTO HMMMYHHMTETA Yy Hallell MOJIOAEKU INPOTUB PA3IUYHBIX
MH(POPMALIMOHHBIX aTaK, Yy>KJbIX HalleMy OOLIECTBY HJied, B BOCIMTAaHUM HAIIMX JeTeil Ha
OCHOBE HallMOHAJIbHOW JYXOBHOCTH HAILETr0 HApOJAa, IPUHSTHIX TPAJAULUN B HAILIUX CEMbSX, B
JyXe yBayKe€HHs K poauTessiM. Beab Mooexs 110001 CTpaHbl CUUTAETCs TOM CUIION, KOTOpast
ompenenser ee Oyaymiee u cyap0y. Tak, CBSIIEHHBIN TOJT KaKIOrO CO3HATEIFHOTO YeJI0BEKa
— 3alIUTUTh CBOI HAIMIO, OCOOEHHO MOJIOI0€ IMOKOJEHHE, OT HEraTHMBHOIO BO3AECHCTBUS
COLMAIBHBIX CETeH M CAMTOB, HE3AIIWIICHHBIX OT JIIOOBIX WH(POPMALMOHHBIX aTak U yrpo3
«MaccOBOH KyJIbTYpBI».
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The Proposed Encryption Standard (PES) is an iterated block cipher designed
by Lai and Massey in 1990 [6], and this algorithm is based on the Lay—Messi scheme. PES is a
64-bit block cipher, using a 128-bit key. PES iterates 8 similar rounds plus an output
transformation (that is treated as a half round). The International Data Encryption Algorithm
(IDEA) is a 64-bit block cipher, using a 128-bit key, designed by Lai, Massey and Murphy in
1991 (see [7]). It is an evolution of PES. IDEA is a candidate block cipher to the NESSIE
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Project. The block ciphers IDEA and PES use three group operations: addition modulo 2%
represented by B, bitwise exclusive-or, denoted @, and multiplication modulo 2"° +1, denoted

®, with the exception that 2° is interpreted as 0.

The IDEA NXT block encryption algorithm is based on the extended Lai-Massey
scheme developed by P. Junod, S. Vaudenay. Later, the IDEA NXT algorithm came to be
known as FOX [5]. Using the structure of the PES block encryption algorithm, created networks
with round function PES4-2[8], PES8-4[1], PES32-16[9], PES2m—m [10] and EPES8-2 [2],
SREPESS8-2 [3] and EPES16-4 [4].

In this article based on the structure encryption algorithm PES developed network
SREPES16-4 (extended PES), which consists of sixteen subblocks and four round functions.

Network structure. In the proposed network SREPES16-4, the operations ® (mul), H
(add) Ba @ (xor) can be used as operations zo, 71, Z2, z3. Here ® — multiplication of 32 (16, 8)

bit blocks by module 2% +1(2'°+1,2° +1), B addition of 32 (16, 8) bit blocks by module

2°2(2%° 2°y and @ — addition of 32 (16, 8) bit blocks by XOR. It is possible to create block
encryption algorithms with a block length of 512 bits when the length of the subblocks of the
network is 32 bits, 256 bits with a block length of 16 bits, and 128 bits with a block length of 8
bits.

In the network SREPES16-4 the length of round keys Koy 1y, Kogiigyase--s Koogiiys
i =1..n+1 isequal 32 (16, 8) bits. The length of round keys K116+ Kyoggyaaz > -+ K

> IN20(i-1)+19

,i=1..nis not requested to be equal to 32 (16, 8) bits. The encryption formula of the network
is given in formula (1), and the functional scheme is shown in Figure 1, and the round functions
described in the formula

X0 X X, X3 Xty XS, XS, X7, X& X0 X1 xi Xtz X5, XM, x5 TN
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Figure 1. The scheme of network SREPES16-4
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Tio =k (((xio_l (Zo) KZO(i—l)) ® (Xi4—1 (Zl) K20(i—1)+4)) ®
((Xil (Zz) K20(i—1)+8) D (X |l—21 (23) K20(ifl)+12 ), KZO(H)”G)
Til =k (((xil—l (Zo) KZO(i—l)+1) ® (Xi5—1 (Zl) K20(i—1)+5 ))®
((Xig,l ( Z, ) K20(i—1)+9) D (X |l—31 (23) K20(i*1)+13))’ KZO(H)*“)
Tiz =F, (((Xiil (ZO) K20(i71)+2) ® (Xie—l (Zl) KZO(H)*G )@
((Xil_ol (Zz ) KZO(i—l)+1O) ® (xil—41 (23) Kaog1y1a ). KZO(“1)+18)
Ti3 =F (((Xil (Zo) K20(i—1)+3) ® (Xi7—l (Zl) K20(i*1)+7 )@
(X2 (22) Kaggioayian) @ (X2 (23) Kangiay 1)) Kaogioapans)

X{ = (X21(2,)Kyays) OT  OT OT OT
Xi = (X7 1(2,) Kpggiayo) O T O T T

X{ = (Xi%(2)Kygayao) O T O T

X7 = (X{(2) Koygayons) O T

X = (X{2(2) Ky OT O T T O T?
X7 = (XE(25)Koppys) OT @ T OT?

X{ = (X{(2) Koy OT O T

X{ = (X20(25) Koogzyos) @ T

X = (X24(2)Kpoip)) OT OT T ST
X; = (X 1(20)Kyayr) T ®T T

X = (X7 1(26)Kygayr) O T OT!

Xt = (X7 1(20) Kop(igys) €T

X2 =(X1(2)Kpgiayes) OT OTTOTZ DTS
X = (X2 1(2)Kygays) OT  OT OT?

X = (X7 1(2) Kyggayes) T O T

Xi® = (X[ 1(2)Kygayir) T

(1)

86



Xnia = (X7 (20)Kog)
X = (X3(2)Koo.a)
X = (X7 (2)Kapp.2)
X = (X3(25)Kyon.s)
X = (X3 (2)Kop.4)
Xpa = (X7 (2)Kon,5)
Xpia = (X7 (2)Koo.6)
Xpa = (X7 (2)Kgn.7)
X = (X73(2)Kon.o)
n+l (X (ZZ)K20n+9)
Xain = (X3 (2,)Kgp.10)
Xaia = (X' (2) Kogpa1)
Xpia = (X3 (25)Kiggz0)
Xals = (X7 (25)Kgp.15)
XM = (X*(2,)Ky,.1,) + IN the output transformation
Xals = (%77 () Koonsas)

Keys generation. In n-rounded SREPES16-4 network, in each round applied 20
round keys and in the output transformation applied 16 round keys, i.e. the total number of
round keys is 20n+16. In encryption, the basis of key K generating encryption round keys

K. Decryption round keys K. are created based on encryption round keys K °. In encryption

process in Figure 1 and formula (1), uses an encryption round key K/ instead of K, and

decryption process uses a decryption round key K‘, i.e. a single algorithm is used for

encryption and decryption, only the order of the round keys. The n-round SREPES16-4
network in first, second and n-round decryption round keys are associated to the encryption
round keys as follows:

d d d d d d d d d
(K20(| 1) Kzoo “1)+17 K20(| “1)+2) Kzo(| ~1)+37 Kzo(| “1)+41 K20(| ~1)451 K20(| ~1)+61 Kzo(| 1)+7szo(| -1)+8° K20(| “1)491

d d d d d d d d d
K20(i—1)+10’ KZO(i—1)+111 KZO(i—1)+12 ' K20(i—l)+13’ KZO(i—1)+141 K20(i—1)+15' KZO(i—1)+161 K20(i—1)+171 K20(i—1)+18’

d
K20(|—1)+19) ((KZO(n |+1)) (K;O(n |+l)+1) (K;:O(n |+1)+2) (K;:O(n |+1)+3) (K20(n |+l)+4)
(KZO(n |+1)+5) (Kzo(n |+1)+6) (Kzo(n |+1)+7) (Kzo(n |+1)+8) (Kzo(n |+l)+9) (Kzo(n |+l)+10) ’

(KZO(n |+1)+11)Zz (KZO(n |+1)+12) (KZO(n |+1)+13) (KZO(n |-¢-l)+l4)23 (KZO(n |+1)+15) K20(n -i)+161
KSO(n i)+177 KZCO(n i)+18 K2c0(n |)+19) |=1...n.

If zo, 71, Z2, z3 applied as ® operations, then K = K™, H operations are applied, then
K =—K and @ are applied, then K =K, here K™ — multiplication inversion K by modulo
2% +1 (2" +1,2% +1), — K - additive inversion K by modulo 2% (2'°,2%). For 32 bit numbers

K®K™*=1mod(2* +1), 16 bit numbers K®K™=1mod(2° +1), 8 bit numbers
K®K™=1mod(2® +1) and - K Hk =0, K@K =0.

)
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The decryption round keys of the output transformation are associated with encryption
round keys as follows:

(KSOn’ K2dOn+1' K;0n+2’ K;On+3’ K§0n+4’ K§0n+5’ K2dOn+6’ KZdOn+7’ K30n+8’ K30n+9’ KZdOn+1O’ KZdOn+11’
K zone12 Kaoneass Kaonesas Kaoness) = (K5) (7)™, (K3) ™, (K, (K™, (KS)™, (Kg)™, (3)

(K™ (Kg)™, (Kg)™ (Kio) ™, (K )™ (K5) ™, (Kp) ™, (K) ™, (Kis) ™).

Results. In article on the basis of the encryption algorithm PES and the extended Lai-
Massey scheme developed network SREPES16-4. In developed network as round function can
choose any transformation, including one-way functions. Because when decryption no need to
calculate inverse round functions. The advantage of the developed networks is that the
encryption and decryption using the same algorithm. It gives comfort for creating hardware
and software-hardware tools.

In addition, as the round function using the round function of the existing encryption
algorithms for example, encryption algorithms based on Feistel networks, you can develop
these algorithms on the basis of the above networks
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Along with the rapid development in technology as well as network architectures,
cybersecurity becomes a primary issue for organizations such as commercial trades, banks,
military networks. Symantec shows that cybercriminals could exploit the communication
channels among 10Ts (Internet of Things) devices to perform an increasing of 600% in overall
loTs attacks in 2017. According to Cisco Cybersecurity Reports, even though global web traffic
enhances security by using encryption techniques, there still exist 42% of organizations that
have been faced with DDoS attacks.

Many companies suffer from numerous network security problems without ever actually
realizing it. What’s worse, when these problems go unresolved, they can create openings for
attackers to breach a company’s security infrastructure to steal data and generally wreak havoc.
There are far too many potential problems to cover in one online post in detail. So, this article
will cover a few of the most common network security problems and their solutions to help you
cover your bases.

Classification of specific types of attacks to computer network:

Denial-of-service (DoS) and distributed denial-of-service (DDoS) attacks;
Man-in-the-middle (MitM) attack;

Phishing and spear phishing attacks;

Drive-by attack;

Password attack;

SQL injection attack;

Cross-site scripting (XSS) attack;

Eavesdropping attack;

9. Cryptojacking.

Denial-of-service (DoS) and distributed denial-of-service (DDoS) attacks: A denial-
of-service attack overwhelms a system’s resources so that it cannot respond to service requests.
A DDoS attack is also an attack on system’s resources, but it is launched from a large number
of other host machines that are infected by malicious software controlled by the attacker.Unlike
attacks that are designed to enable the attacker to gain or increase access, denial-of-service
doesn’t provide direct benefits for attackers. For some of them, it’s enough to have the
satisfaction of service denial. However, if the attacked resource belongs to a business
competitor, then the benefit to the attacker may be real enough. Another purpose of a DoS attack
can be to take a system offline so that a different kind of attack can be launched. There are
different types of DoS and DDoS attacks, the most common are TCP SYN flood attack, teardrop
attack, smurf attack, ping-of-death attack and botnets.

Password attack: passwords are the most commonly used mechanism to authenticate
users to an information system, obtaining passwords is a common and effective attack approach.
Access to a person’s password can be obtained by looking around the person’s desk, ‘sniffing’’
the connection to the network to acquire unencrypted passwords, using social engineering,
gaining access to a password database or outright guessing.

Denial-of-service (DoS) and distributed denial-of-service (DDoS) attacks: SYN Flood,
SYN-ACK Flood, ACK or ACK-PUSH Flood, Fragmented ACK Flood, RST/FIN FLOOD,
Fake Session Attack, UDP Flood, UDP Fragmentation, Non-spoofed UDP Flood, ICMP Flood,
ICMP Fragmentation Flood, PING Flood, TOS Flood, IP Specially Crafted Packet and NTP
Flood.

NGO~ wWNE

Table 1; DDoS Attack Tools/Software Download For Linux, Windows and Mac

Name Features Platform
. . . . Linux +
DDosS Attack Respond in real-time. Detect malicious activity. .
Windows
LOIC Test the performance of the network. Loic _does not hide an IP Windows
address. Perform stress testing.
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HOIC Attack up to 256 websites at once. Counter for measure the Windows+ Mac
output. 0Ss
HULK Bypass the cache server. Generate unique network traffic. Windows
Used for research purposes.
DDOSIM Create full TCP connections. Perform a network attack. Linux +
TCP connection flood on random port. Windows
. . ) Windows, Mac
PyLoris This tool enables you to attack using HT TP request headers. 08, and Linux.
OWASP It allows you to distribute a-nd transmit the tool Wlth others. It Windows
helps you to decide the server capacity.
GoldenEve It is one of the ddos tools which is easy to use app written in Windows +
y Python. Arbitrary creation of user agents is possible. Linux.

DDoS Attack is atool that can be used to perform a Distributed Denial of Service attack.
This application can monitor the event log from numerous sources to find and detect DDoS
activities.

Features: 1. This application can detect communication with control servers and
commands; 2. It provides respond in real-time;3. You can easily filter specific timeframes, IPs,
or parameters; 4. The tool helps you to detect malicious activity between the command-and-
control server.

LOIC (Low Orbit ION cannon) is open-source software use for DDoS attack. This ddos
tool is written in C#. This tool sends HTTP, TCP, and UDP requests to the server.

Features: 1. LOIC is one of the free ddos attack tools which helps you to test the
performance of the network; 2. It enables you to create a DDoS attack online against any site
that they control; 3. Loic does not hide an IP address even if the proxy server is not working;
4. It helps you to perform stress testing to verify the stability of the system; 5. This ddos
software can be used to identify ddos programs that may be used by hackers to attack a computer
network.

High Orbit lon Cannon is a free denial-of-service attack tool. It is designed to attack
more than one URLS at the same time. This ddos tool helps you to launch DDoS attacks using
HTTP (Hypertext Transfer Protocol).

Features: 1. You can attack up to 256 ddos websites at once; 2. It has a counter that
helps you to measure the output; 3. It can be ported over to Linux or Mac OS; 4. You can choose
the number of threads in the current attack; 5. HOIC enables you to control attacks with low,
medium, and high settings.

HULK (HTTP Unbearable Load King) is a web server DDoS tool. It is one of the free
ddos attack tools specifically used to generate volumes of traffic at a webserver.

DDoSIM (DDoS Simulator) is a tool that is used to create a distributed denial-of-service
attack against a target server. It is written in C++ and can be used on the Linux operating system.

PyLoris is a software product for testing network vulnerability by performing
Distributed Denial of Service (DDoS) attack online. It helps you to manage ddos online and
control poorly manage concurrent connections.

OWASP (Open Web Application Security Project) HTTP Post software enables you to
test your web applications for network performance. It helps you to conduct denial of service
from a single machine.

RUDY is a short form of R-U-Dead-Yet. It is one of the free ddos attack tools that helps
you to perform the DDoS attack online with ease. It targets cloud applications by starvation of
sessions available on the web server.

GoldenEye tool conducts a DDoS attack by sending an HTTP request to the server. It
utilizes a KeepAlive message paired with cache-control options to persist socket connection
busting.

90


https://sourceforge.net/projects/highorbitioncannon/
https://sourceforge.net/projects/ddosim/

Cloudflare is an authoritative DDoS fighter with the broad scope of protection
mechanisms. The tool mitigates attacks, thus allowing your website to function normally. With
Cloudflare, you can maintain full-capacity and availability regardless of the strength of the
attack.Its Shared Network Intelligence enables software network to become smarter over time,
making it easier to notice and eliminate new threats. If you are running a small website or a
blog, you can even use the basic Cloudflare features free of charge.

Arbor DDoS is a specialized service that utilizes the so-called intelligently automated
DDoS attack protection products. The purpose of this software is mostly to protect larger
systems such as enterprises, telecommunication service providers, or web hosting services.
Arbor DDoS can deal with up to 140 Thps of attack traffic without disrupting the regular traffic.
It puts an extra emphasis on mobile protection, thus improving the overall quality of network
infrastructure and applications.

Conclusion

Important security problems in computer networks were considered, Classification of
specific types of attacks to computer networks were introduced, Types of Distributed denial of
service attack (DDoS) attacks and their features were described and the tools protection of
information from DDoS attacks were analyzed.
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Talabalar deyarli har kuni kiberob'ektlarga ham, kiberxavfga ham duch kelishadi,
chunki ular hayotlarining muhim qismini Internetda o'tkazadilar. Ular ta’lim muassasidagi uy
vazifalarini tayyorlash, film tomosha qilish, onlayn o'yinlar o'ynash va ijtimoiy tarmoglarda
muloqot qilish kabi faoliyatlar bilan shug’ullanadi. Shuning uchun o'gituvchilar, ota-onalar,
murabbiylar ularga kibermakonda malakali xatti-harakatlarni o'rgatishlari kerak. Bu xvafsiz
internetdan foydalanish bo’’yicha yo’rignomalarda ta’kidlangan bo‘lib, unda bugungi kunda
nafaqgat ta’lim jarayonida axborot xavfsizligi bo‘yicha maxsus kursni ishlab chiqish va joriy
etishni ta’minlash zarurligi ta’kidlangan, jumladan, kiberxavfsizlik modullari, balki
“kibermakonda xavfsiz xulg-atvor madaniyatini shakllantirish va rivojlantirish va uning
xizmatlaridan xavfsiz foydalanish” bo’yicha ko’rsatmalarni yaratish ham nazarda tutilgan.

Dasturiy ta'minot ishlab chiquvchilari, ta'lim portallari va talabalar kiberxavfsizlik
asoslarini o'rgatish xususiyatlari hagida o'z garashlarini taklif gilishadi. Masalan, Yandex
akademiyasi "Onlayn xavfsizlik™ kursini joylashtirmoqda, Kasperskiy laboratoriyasi 0'z veb-
saytida barcha yoshdagilar uchun kiberxavfsizlik bo'yicha maslahatlarni e'lon gildi va Yevropa
Kengashining "Bolalar va bolalar uchun Yevropani qurish” dasturi doirasida o'yin "Walk
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through the Wild" Internet o'rmoni yaratilgan [1]. Professor-o'gituvchilari integratsiyalashgan
darslarni ishlab chigmogdalar. Ammo bu borada ko’plab ishlar hali amalga oshirilmagan.

Hozirgi kunda ko'pgina ta’lim muassalarida informatika 5-sinfdan boshlab o'gitiladi.
Ko'pgina o'gituvchilar o'z ishlarida original dasturidan foydalanadilar. Biroq, batafsil tahlil
kiberxavfsizlik asoslarini o'rgatish nugtai-nazaridan mualliflik dasturining bir gator
kamchiliklarga ega bo’lishi mumkin:

1) mavjud kibertahdidlarni va ular bilan yuz kelganda harakat qilish goidalarini
tavsiflamasdan qolishi;

2) kiberxavfsizlik bo'yicha material tagdim etilmay qgolishi, natijada, talabalar darslarga
tayyorgarlik ko'rayotganda global tarmoq bo'yicha ma'lumotni tobora ko'proq gidirishlari kerak
bo’ladi;

3) kibermakon, kiberjinoyatlarning turlari, kibertahdidga duch kelgan vaziyatlarda xulq-
atvor xususiyatlari, shaxsga doir ma'lumotlar va ularni saglashning ahamiyati, global
tarmoqdagi amaldagi gonunchilik va hokazolar o'rganilmaganligicha golmoqda.

Kiberxavfsizlik asoslarini o‘rgatish uchun biz ishlab chiqqan konseptual model mavjud
kibertahdidlar tasnifiga asoslanadi. Ko'pgina talabalar, ularning ota-onalari va professor-
o'gituvchilari kundalik hayotlarida u yoki bu kibertahdidga duch kelishadi, bu o'quv jarayonida
hisobga olinishi kerak; Yuqorida aytilganlarga muvofiq, ta’lim muassasasida kiberxavfsizlik
asoslarini o'rgatish maqgsadi shakllantirildi, bu talabada kibermakonning tuzilishi, undagi
ishlash tamoyillari, Internet foydalanuvchilari uchun mavjud tahdidlar, qoidalar to'g'risida
bilimlarni shakllantirishdir. Bu tabalariga global tarmoqdagi shaxsga doir ma'lumotlarini
himoya gilish imkonini beradi. Ushbu magsadga quyidagi vazifalarni hal gilish orgali erishish
mumkin:

1) kiberxavfsizlikning asosiy tushunchalarini, masalan, kibermakondagi xatti-harakatlar
goidalarini tavsiflovchi ko'rsatmalarni qo'llash orqali kiritish;

2) darslarda amaliy masalalar tizimidan foydalangan holda o‘quvchilarda kibermakonda
harakat qilish ko‘nikmasini shakllantirish;

3) interaktiv o'yinlar o'tkazish yoki simulyatorlardan foydalanish orgali kibertahdidga
duch kelgan vaziyatlarda professor-o'quvchilarning xulg-atvor ko'nikmalarini rivojlantirish;

4) ota-onalar yig'ilishlarini o'tkazish uchun o'quv va uslubiy materiallardan foydalangan
holda uyda ota-onalar uchun kiberxavfsiz muhitni yaratish. Ushbu muammolarni hal gilishning
mumkin bo'lgan tashkiliy shakllaridan biri, kiberxavfsizlik haftaligidir. Aniglangan
kibertahdidlarga, belgilangan maqsad va vazifalarga muvofiq, o‘quv jarayoni
ishtirokchilarining ehtiyojlarini hisobga olgan holda, shuningdek, “Kiberxavfsizlik asoslari”
uslubiy tavsiyalari asosida o‘quv mazmuni tashkil etiladi. Quyida kiberxavfsizlik asoslarini
o‘rgatish bo‘yicha taklif etilayotgan kontseptual modelimizning diagrammasi keltirilgan (1-
rasm).
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1-rasm. Kiberxavfsizlik asoslari darslari bo'yicha ta'limning konseptual modeli

Ta’riflangan model doirasida quyidagilar taklif etiladi:

1) mualliflik dasturining o'quv-uslubiy to'plamiga kiritilgan darsliklar va ish kitoblari
materiallarini to'ldirish. Kiberxavfsizlik masalalari bo'yicha maxsus ishlab chigilgan muammoli
va nazariy materiallar bilan, o'gituvchilarni malakasini oshirish va gayta tayyorlash tizimiga
kiritishlari mumkin,

2) o'rganishda uchun bo'sh vagtlardan unumli foydalanish;

3) har bir ta'lim tashkilotida kiberxavfsizlik haftaliklarini o'tkazish.

Takliflar gilinayotgan vazifalar amaliy xarakterga ega. Ular turli yoshdagi talabalarning
psixologik va pedagogik xususiyatlarini hisobga olgan holda tuzilgan. Ularning asosiy o'ziga
xosligi shundaki, talabalar kibertahdidga duch kelganda muammoli vaziyatlarda garor gabul
gilishlari kerak. Muammoni hal gilish orgali talabalar hamma saytlarga ham ishonish mumkin
emasligini tushunadilar. Fishing saytlari (dublikat saytlar) mavjud bo'lib, ularning interfeysi
tanigli kompaniyalar, banklar va onlayn-do’'konlarning saytlariga o'xshaydi. Biroq, ularga kirish
xavfli, shaxsga doir ma'lumotlar yoki moliyaviy aktivlarning yo'golishiga olib kelishi mumkin.

Xulosa o’rinida, amalga oshirilayotgan tadqiqotlar davomida ta'lim jarayonining barcha
ishtirokchilari kiberxavfsizlik sohasida malakali bo'lishi kerakligi aniglanadi. Eng yaxshi
ta'sirga ushbu muammoni hal gilishda kompleks yondashuv bilan erishish hisoblanadi. Taklif
bo’yicha har yili ta'lim muassasalarida kiberxavfsizlik haftaliklarini o'tkazish, professor-
o'gituvchilar tomonidan o'gitish jarayonida kiberxavfsizlik masalalari bo'yicha nazariy va
muammoli materiallarni 0'z ichiga olgan to'plamdan tizimli foydalanish joriy gilish magsadga
muvofiqg hisoblanadi.

Foydalanilgan adabiyotlar ro’yxati

1. Tpounxkas O.H., Hlupukosa T.C., besymona O.JI., JIeitkuna E.A. KOHIEIITY AJIbHAA
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Steganography is the practice of concealing information within another message or
physical object to avoid detection. Steganography can be used to hide virtually any type of
digital content, including text, image, video, or audio content. Steganography can help improve
security by giving security through obscurity, since the focus of steganography is to hide
sensitive data in an object.

Literature review

Over recent years, many definitions of the Internet of Things (IoT) have been presented.
They generally refer to trends in integrating digital capabilities, including network connectivity,
with physical devices and systems. [oT as “a world of interconnected things that are capable of
sensing, actuating and communicating among themselves and with the environment (i.e., smart
things or smart objects). In addition, IoT provides the ability to share information and
autonomously respond to real/physical world events by triggering processes and creating
services with or without direct human intervention”. In contrast, defines IoT as “a network that
connects uniquely identifiable ‘things’ to the Internet. The ‘things’ have sensing/actuation and
potential programmability capabilities. Through the exploitation of unique identification and
sensing, information about the ‘things’ can be collected, and the state of the ‘thing’ can be
changed from anywhere, anytime, by anything”. IoT networks comprise billions of connected
devices exchanging an exponentially growing global volume of data. As these devices handle
sensitive data, ensuring their protection should be paramount. Steganography and cryptography
techniques can be used to address cybersecurity concerns in 0T networks [1]. In
steganography, the interest is in concealing the existence of a message from a third party, while
in cryptography, the purpose is to make a message unreadable to a third party. Additionally, the
main objective of steganographic systems is to provide a secure, undetectable, and
imperceptible way to conceal a high rate of data in a digital medium. It is used under the
assumption that it will not be detected if no one is attempting to uncover it. Steganography
techniques manipulate the characteristics of digital media files and use them as carriers (covers)
to hide secret information (payload).

Main part

Firstly, Steganography vs cryptography illustrate a brief comparison between these two
techniques.

Cryptography Steganography[2]
Application Secret communication using | Secret communication using hidden
scrambled information information
Supported data Text Digital medium (Text, audio, video,
image)
Secret key type Single (private) Single (private)
Double keys (public)
Key size importance | Critical Moderate
Usage All communications types Dependent on payload capacity
Human perception Visible but unreadable Invisible/Inaudible
Machine based Cryptoanalysis Steganalysis
attack
Attack result Secret information recovered | Secret communication detected

Steganography and cryptography are important parts of network security. Network
security has evolved into an essential component of today's communication infrastructure.
There was an urgent need for network security to protect confidentiality and data integrity. It
protects the user from unauthorized access.

Steganography

It is a method of hiding information by hiding the secret message within a fake message.
The term steganography contains Greek influences, which mean
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"covered writing”. The primary goal of steganography is to prevent suspicion regarding the
existence of data. In the past, the message was concealed using invisible ink, pencil marks on
the handwritten characters, and tiny pin punctures. The simplest method of hiding a message is
to compose a message that contains the hidden message just within a select few important
characters.
Types of Steganography
1.Audio Steganography
2.Image Steganography
3.Video Steganography
4.Text Steganography
5.Network or Protocol Steganography
Cryptography
It is a method for securing data and communications by employing codes that only the
persons who require the information can understand and process. As a result, it aids in
preventing unwanted access to information. The word cryptography means "Secret or hidden
writing". Cryptography techniques are developed from mathematical concepts and a set of rule-
based computations known as algorithms to modify communications in ways that make them
complex to decode. These algorithms are utilized to generate cryptographic keys, verify data
privacy, digitally sign documents, and protect confidential transactions like credit card and debit
card transactions.
Types of Cryptography
1.Symmetric Key Cryptography
2.Asymmetric key cryptography
3.Hash Functions
Conclusion
Steganography is the science that deals with how communication may bed disguised,
whereas cryptography is the science that deals with altering communication content and making
it hidden. The most significant distinction between steganography and cryptography is that the
data structure remains constant with steganography, whereas it is not the case in cryptography.
Steganography does not require many mathematical transformations, whereas cryptography
alters data using number theory, mathematics, and other approaches.

Reference

1. B.K. Tripathy, J. Anuradha, “Internet of things (IoT)” /CRC Press Taylor&Francis, 2018,
p.359.

2. Fatiha Djebbar, “Securing IoT Data Using Steganography: A Practical Implementation
Approach” Article Electronics 2021, p 1-8.

I0T TIZIMLARIDA TROJAN HUJUMLAR
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O‘rtacha murakkablikdagi ImC(Integral mikrosSxemalar) uchun mumkin bo‘lgan
troyanlar soni turli xil faollashtirish mexanizmlari (triggerlar deb ataladi) va effektlar (foydali
yuklar deb ataladi) bilan haddan tashqari ko‘p bo‘lishi mumkin. Bunday zararli qo‘shimchalar
chipda "josuslar yoki terrorchilar” sifatida samarali harakat giladi. Ushbu zararli sxemalar
kompyuterning operatsion tizimiga (OT) hujum qiladigan dasturiy ta’minot troyanlariga
o‘xshash "apparat troyanlari" deb nomlanadi[1].

Apparat troyanining ikkita asosiy xususiyati quyidagilardir:

1) u g‘arazli niyatga ega bo‘lishi kerak;
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2) u an’anaviy ishlab chiqarishdan keyingi sinov-validatsiya jarayonida aniglashdan
gochishi kerak.
Ham tarkibiy, ham funksional, har xil turdagi ishlab chigarishda zaifliklar va uskuna
troyanlarini aniglashga qaratilgan tekshirishlar.

| USKUNA
ZAIFLIK
S—— TROYANI
F AOLLASHTI RISH ODATDA MA'LUM FUNKSIONAL ICHKI AYLANMA HOLATNING IXTIYORIY
HOLATDA COMBINATSIYASI(ragamli/analog)
KIRITISH AGENTI TASODIFIY(ishlab chiaarish MAQSADLI(ImC ishlab chiaarish yoki
iaravonidagi mukammallik uchun) loyihalash jaravonida ragib tomonidan
kiritilean)
NAMOYON FUNKSIONAL (parametrik) nosozlik FUNKSIONAL/PARAMETRIK
< MA’LUMOTLARNING ISHLAMAYQOLISHI
BO LISHI YOKI TARQALISHI

1-Rasm. Zaifliklar va uskuna troyan hujumlari o'rtasidagi taqgoslash.

1-rasmda apparat troyanlarining xossalari nosozliklar bilan taggoslanadi. Ishlab
chigarish jarayonida kiritilgan kamchiliklar tufayli yuzaga keladigan dizayndagi nosozliklardan
farqli o‘laroq, apparat troyanlari ma'lum bir zararli maqsadga xizmat qilish uchun dushman
tomonidan ataylab Kiritiladi. Nosozlik kontaktlarning zanglashiga olib kelib ma'lum funktsional
holatida faollashtirilgan bo'lsa (masalan, inverter chiqishidagi tigilib golgan nosozlik, uning
Kirishini 0 mantiqiy giymatiga rostlash orgali faollashtirilishi mumkin), troyanni shunday
loyihalash mumkin: ixtiyoriy murakkab sharoitda, shu jumladan ichki elektron tugunlarida
sodir bo'ladigan hodisalar ketma-ketligini faollashtirish[2].

DASTUR TROYANI USKUNA TROYANI
FAOLLASHTIRISH KODDA BO'LGAN VA IJRO USKUNA(ImC)DA YASHAYDI VA
ETILGAN ZARARLI DASTURLAR UNING ISHLASHI BILAN
FAOLLASHADI
ZARARLANTIRISH FOYDALANUVCHILARNING DIZAYNERLIK UYIDA YOKI
0'ZARO TA'SIRI ORQALI ISHLAB CHIQARISHDA
TARQALADI, MASALAN, ISHONCHSIZ SHAXSLAR ORQALI
INTERNETDAN FAYLNI KIRITILGAN
YUKLASH VA ISHGA TUSHIRISH
CHORA/YECHIM S/W TA'SIRIDA O CHIRISH ImC ISHLATILGANIDAN KEYIN
MUMKIN UNI OLIB TASHLAB BO'LMAYDI

2-Rasm. Uskuna troyan hujumlariga qarshi dasturiy ta’minotning ishlashi.

Uskuna troyanlariga garshi dasturiy ta'minot 2-jadvalda apparat troyanlari asosiy
xossalari bo‘yicha o‘zining dasturiy hamkasblaridan farqlanadi. Troyan oti (STH- software
Trojan horse) - bu operatsion tizimga imtiyozli kirish huquqgiga ega bo'lgan va ma'lumotni
o'g'irlashi yoki asosiy kompyuterga zarar yetkazishi mumkin bo'lgan zararli kodli zararli dastur
turidir (masalan, ma'lumotlarni o'chirish yoki buzish)[2].

STH hujumini ko'pincha amalda troyanga garshi dasturni ishga tushirish orgali tozalash
mumkin, u troyanni kuzatadi va o'chiradi. Uskuna troyanlari ImC ishlab chigarilishidan oldin
unga kiritiladi. STH dan fargli o'laroq, apparat troyanini ishlab chigarilgandan so'ng chipdan
olib tashlash deyarli mumkin emas va shuning uchun amalda ishlash paytida uni bartaraf etish
juda qgiyin bo'ladi.

Foydalanilga adabiyotlar

1. S. Bhunia et al., ‘‘Protection against hardware Trojan attacks: Towards a comprehensive
solution,”” IEEE Design Test Comput., vol. 30, no. 3, pp. 617, May—Jun. 2013.

2. B.K. Tripathy, J. Anuradha, “Internet of things(IoT)” /CRC Press Taylor&Francis, 2018,
p.359.
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BLOWFISH SIMMETRIK BLOKLI SHIFRLASH ALGORITMI

L.G.Xolbo’tayeva
Mirzo Ulug’bek nomidagi O ’zbekiston Milliy Universiteti magistranti
lazizaxolbutayeval56@gmail.com

Blowfish 1993 yilda Bryus Shnayer tomonidan ishlab chigilgan va ko'plab shifrlash
to'plamlari va shifrlash mahsulotlariga kiritilgan simmetrik kalitli blokli shifrdir . Blowfish
dasturiy ta'minotda yaxshi shifrlash tezligini ta'minlaydi va hozirgacha uning
samarali kriptotahlili topilmagan.

Blowfish 64 bitli blok hajmiga va 32 bitdan 448 bitgacha bo'lgan o'zgaruvchan kalit
uzunligiga ega. Algoritm ikki gismdan iborat: kalitni kengaytirish gismi va ma'lumotlarni
shifrlash gismi. Ma'lumotlarni shifrlash 16 raundli Feistel tarmog’idan va kalitga bog'liq
bo'lgan katta S- boxlardan foydalanadi .

[_ Plaintext 64 Bits _]

xL 32 —]— 32 xR

[ Ciphertext 64 Bit ]

1-rasm. Blowfish algoritmi umumiy blok sxemasi

Dastlab shifrlanishi kerak bo’lgan blok m ikki qismga ajratiladi.

Ly — 32 bitli blok;

R, — 32 bitli blok;

Blowfish shifrining bir raundida amalga oshiriladigan amallar quyidagicha. Dastlab
L;_,va P;(K kalit va P}, P;, ..., Pjg0’zgarmaslardan hosil gilingan pastki qismiy kalit) XOR
amali bajariladi. So’ngra f(L;_;®P;) funksiya bajariladi. Funksiya natijasi R;_;bilan XOR
amali bajarilib L; ga taminlanadi.

R;esa L;_{®P; gatengbo’ladi.

Shunday qilib i-chi raundi matematik ko’rinishi quyidagicha bo’ladi:

{ R; = L;_1©®P; (1)
Li=Ri_1®f(Li—1®P)

Ohirgi 16-raunddan chiqqan natijaning o’ng (R;5) va chap(L,s) gismlariga mos
ravishda P;,va P;g qism kalitlar 2 ning moduli bo’yicha qo’shilib natija hosil gilinadi.

C= {L15$P17'R15®P18} 2
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2-rasm. Blowfish algoritmi i- raundi blok sxemasi
Blowfish algoritmi f(R;_4, P;) shifrlash funksiyasi. Dastlab 32 bitli L,_;®P; 4ta S
bloklarga bo’linadi. Ushbu S bloklar 16x16 matritsadan iborat.
So’ngra f(R;_4, P;) funksiya hisoblanadi.

F(Ri_1,P,) = ((((s{ + Si)mod 2%) XOR 55) + si) mod2%?  (3)
Kalitlarni hosil gilish. Bizga K-umumiy kalit va P;, P;, ..., P;g 0’zgarmaslar
berilgan.
P, P, ..., Pjg = const {32bit} (1.13)
K = [min 32bit, max 448bit]  (1.14)

Dastlab K 32 bitlik bo’laklarga bo’linadi.
K = {ky, kg ., k,} z=1{12--14},z€N (4)

So’ng pastki raund kalitlar hisoblanadi.
Pl = P{@kl, PZ = Pé@kz, P3 = Pé®k3, ,P14_ = P1'4®k14,, P15 = P1'5®k1,
P16 = P1,6®k2’
P,; = P},®ks, P1g = Pjg®k, (5)

Bunda K kalitdan hosil gilingan gismiy Kkalitlar 14 ta (va undandan kam ) bo’lganligi
uchun pastki raund kalitini hisoblash uchun kalitlar P, dan boshlab gayta ishlatiladi.

Foydalanilgan adabiyotlar

1. Bryus Shnayer(1993). "Description of a New Variable-Length Key, 64-Bit Block Cipher
(Blowfish)" Tez  dasturiy ta'minot shifrlash, Kembrij xavfsizlik seminari
materiallari. Springer-Verlag: 191-204.

2. Akbarov D.E. ”Axborot xavfsizligini ta’minlashning kriptografik usullari va ularning
qo’llanilishi” Toshkent . 2008 — 83-84 b.

3. "Bcrypt - Blowfish File Encryption™ Archived 2015-08-29 at the Wayback Machine bcrypt

file encryption program homepage
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4. Tom Gonzalez (January 2007). "A Reflection Attack on Blowfish" (PDF). Journal of
LATEX Class Files. Archived from the original (PDF) on 2015-11-18. Retrieved 2015-
11-17.

5. Vincent  Rijmen (1997). "Cryptanalysis and  Design  of Iterated Block
Ciphers" (PostScript). Ph.D. Thesis. Archived from the original on 2013-05-08.

AXBOROT XAVFSIZLIGIDAGI ZAIFLIKLARINI ANIQLASH
KLASSIFIKATSIYASI

Islomjon Sattorov
Mirzo Ulug’bek nomidagi O ‘zMU magistranti

2023-yil sentabr holatiga eng ko’p foydalaniladigan zaifliklar, Smallpot loyihasi SANS
instituti (SysAdmin, Audit, Network, Security) va FBR infratuzilmalarni himoya qgilish Milliy
markazi (NIPC) har yili hisobot tayyorlab, ularda o’tgan yil davomida internet uchun eng xavfli
zaifliklar keltiriladi. SANS versiyasi bo’yicha 2004-yilning yigirmata asosiy zaifliklari:

e Windows OT dagi asosiy zaifliklar
Web Servers & Services
Workstation Service
Windows Remote Access Services
Microsoft SQL Server (MSSQL)
Windows Authentication
Web Browsers

Kompyuterlar endi paydo bo’lganida «xaker» so’zi hurmatga loyiq so’z bo’lgan edi. Bu
so’zdan operatsion tizimi yaxshiroq ishlashi uchun uning yadrosi bir gismini gayta yozishga
yoki barchaning yodidan chiggan administratorlik parolini «olib tashlashga» qodir kompyuter
daholiklarini ifoda etish uchun foydalanganlar. Xakerlarni nostandart fikrlashlari va eng
murakkab muammolarni ogilona hal gilishni bilishlari uchun hurmat gilganlar. Biroq vaqt
o’tishi bilan so’zning 0’ziga xos ahamiyatli ifodasi yo’qoldi, chunki barcha «xakerlar» ham OT
yadrosini o’zgartirish va 0’z hamkasblarining iltimoslarga ko’ra parollarni tiklash bilan
cheklanmadilar. Ulardan ba’zilari «bu mumkin ekanligini» isbotlash uchun yaxshi
himoyalanmagan kompyuter tizimlariga buzib kira boshladilar va nihoyat gandaydir muhim
axborotni yoki tizim resurslarini 0’g’irlash magsadida omonot kirish chegarasini buzib o’tdilar.
Kompyuter hamjamiyati «xaker» termini tushunchasi yemirilishga duch kelib, bir necha
qo’shimcha terminlar, misol uchun, «script kiddie» va «cracker» terminlarini foydalanishga
kiritdi. «Script kiddie» terminidan xakerlik sohasida katta bilimlarga ega bo’Imagan va buzib
kirish uchun begonalar xakerlik utilitlaridan — skriptlar, eksploytlar va shu kabilardan
foydalanuvchi insonlarni ifoda etish uchun foydalaniladi. «Cracker» termini o’z bilimlari
darajasi bo’yicha script kiddie va xaker o’rtalarida bo’lgan insonlarni ifoda etish uchun
foydalaniladi. U dasturlarni buzib kirishni va misol uchun nusxa olishdan himoyalanishdan
xalos qilishni biladi, ammo yangi zaifliklarni mustaqil topish yoki xakerlik utilitlarini yozish
uchun yetarlicha aglli emas. Xakerlikka «nomzodlar» boshqalar yaratgan xakerlik utilitlaridan
foydalana boshlaganlarida, dasturlarni buzib, servislarni o’g’irlay boshlaganlarida va shu bilan
bir vaqtda, qandaydir ijtimoiy foydali ish bajarib, «krekerlar» esa dasturlarni buzishni hamda
nusxa olish himoyasini yo’qotishni to’xtatib internetda kompyuterlarni buzishga
kirishganlarida ahvol yanada murakkablashdi. «Xaker» termini mana shu barcha o’zgarishlar
sababli uning tushunchasi ancha kamroq «qora-oq» bo’lib boradi va natijada, «black haty,
«white hat» va «grey hat» terminlari taqdim etiladi. «Black hat» — yomon, «qora» xaker, u
axborotlarni o’g’irlash maqsadida darsturlarni va boshga tizimlarni buzib kiradi, DDoS-
hujumlarini ishga soladi va kredit kartalar raqamlarini o’g’irlaydi. «White hat», «oq» xaker,
«xaker» termini asl tushunchasiga ancha yagin — ko’p bilimlarga ega dasturchi va xavfsizlik
bo’yicha ekspert, o’z iste’do-didan kompyuter tizimlari xavfsizligini oshirish hamda
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jinoyatchilarni tutish uchun foydalanadi. Qandaydir «grey hat» va barchasi bilan ozozdan
shug’ullanuvchi jaydari xakerlar o’rtasida bo’ladilar. «Xaker», «kreker» va «script kiddie»
terminlari internetda va boshqa ommaviy axborot vositalarida ko’p ishlatiladi, biroq axborot
xavfsizligini ta’minlash sohasida mashg’ul bo’lgan insonlar xakerlarni «oq» va «qoralarga»
ajratishni afzal biladilar. Nihoyat, mana shu barcha terminlar subyektiv hisoblanadi, ulardan
foydalanuvchi insonning u yoki bu guruhga taallugligiga bog’liq bo’ladi va aslida kim «qoray,
kim esa — «oq» xaker ekanligi to’g’risida uzoq tortishuvlarni keltirib chigarishi mumkin.
Zaifliklardan foydalanishning ko’plab usullari mavjud. Xakerlik hujumi uchun bir eksployt, bir
vaqtning o’zida bir necha eksploytlardan, dastur komponentlari noto’g’ri sozlashlaridan yoki
hatto avvalgi hujum jarayonida operatsion tizimi o’rnatilgan bekdor-dasturidan foydalanish
mumkin. Shu sababli xakerlik hujumini aniglash juda murakkab, aynigsa, tajribasiz
foydalanuvchi uchun mushkul masala hisoblanadi. Ushbu bo’limda kompyuter xaker hujumiga
duchor bo’lganmi yoki hatto ilgari kompyuterga buzib Kkirilganini aniglashiga yordam beruvchi
maslahatlarni ifoda etishga harakat qilamiz. Viruslar holatida bo’lgani kabi ushbu usullar bilan
xakerlar hujumini qayd eta olasiz deb hech kim yuz foiz kafolat bera olmasligini eslatib o’tamiz.
Umuman olganda, agar sizning tizimingiz buzilgan bo’lsa, unda albatta, quyida keltirilgan
belgilarni kuzatasiz. Windows-kompyuterlar: « Shubhali juda yuqori chigish trafiki. Agar siz
daylap yoki ADSL-ulanishdan foydalansangiz va juda ko’p sonli chiiqish trafigini sezib
golsangiz (xususan, kompyuteringiz ishlayotgan va internetga ulangan ammo undan
foydalanmayotgan paytda namoyon bo’ladigan), unda sizning kompyuteringizga buzib kirilgan
bo’lishi mumkin. Bunday kompyuter spamni yashirin targatish yoki tarmoq qurtlarini targatish
uchun foydalanilishi mumkin.

 Qattiq disklarning yuqori faolligi yoki ildiz direktoriyalarida shubhali fayllar.
Ko’pchilik hakerlar kompyuterni buzib kirgandan so’ng bank hisob markazlari yoki PayPal
kabi elektron to’lov tizimlariga loginlar va parollar majud bo’lgan qizigarli hujjatlar yoki
fayllarni izlash magsadida undagi axborotlarni skanerdan o’tkazishni amalga oshiradilar. Ba’zi
tarmoq qurtlari shu kabi usulda diskda email manzillari bilan fayllarni izlaydilar, keyinchalik
ulardan zararlangan xatlarni targatishda foydalaniladi. Agar siz kompyuter hatto ishlamay
turganida ham qattiq disklarning katta faolligini, umumiy foydalanish papkalarida shubhali
nomlar bilan fayllar paydo bo’lishini sezib golsangiz, bu ham kompyuterni buzib kirilganligi
yoki hatto uning operayiln tizimi zararli dastur bilan zararlanganligi belgisi bo’lishi mumkin.

* Personal tarmoglararo ekran tomonidan to’xtatiladigan bir manzilning o’zidan ko’p
sonli paketlar. Nishonni aniqlagandan so’ng (misol uchun, biror-bir kompaniyaning 33 yoki uy
tarmog’i [P-manzillari diapazonini) xakerlar odatda, tizimga kirish uchun turli eksploytlar
to’plamidan foydalanishga urinuvchi avtomatik skanerlarni ishga tushiradilar. Agar siz
personal tarmoglararo ekranni ishga tushirsangiz (xakerlar hujumidan himoyalanishda
fundamental vosita) va bir manzilning o’zidan qoldirilgan juda ko’p sonli paketlarni sezib
golsangiz, bu — sizning kompyuteringizga hujum uyushtirilayotganligi belgisidir. Lekin agar
sizning tarmoglararo ekraningiz shunday paketlarning to’xtashini xabar gilsa, unda
kompyuteringiz xavfsiz holatda bo’lishi mumkin. Biroq ko’p tomoni internetga ulanish uchun
gaysi ishga tushirilgan servislar ochiq ekanligiga bog’liq bo’ladi. Masalan, personal
tarmoglararo ekran sizning kompyuteringizda ishlayotgan FTP-servisga garatilgan hujumni
bartaraf gila olmasligi mumkin. Bunday holatda ulanishga urinishlar to’xtamagunicha xavfli
paketlarni vaqtinchalik to’la taqiqlab qo’yish muammo yechimi hisoblanadi. Ko’pchilik
personal tarmoglararo ekranlar mana shunday funksiyalarga ega. Jinoyatchi sayyoramizning
boshqa tomonida o’g’irlagan pullariga qurilgan villasida, hovuz oldida hordiq chiqarib yotib,
sizning kompyuteringizdan maxfiy axborotlarni 0’g’irlashi mumkin. Ishbilarmonlar dunyosida
esa, ko’plab katta korporatsiyalar korporativ obro’ni yo’qotmaslik mazmunida ularning
kompyuter tarmoglariga buzib kirilganligi hagida umuman xabar qilishniistamaydilar.
Bularning barchasi kompyuter jinoyatlari ko’pincha jazolanmasdan qolinishini anglatadi.
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Injection Attacks and Countermeasures,” College of Computing Georgia Institute of
Technology IEEE, 2006.

3. OWASP: Top 10 Security Threats 2013. Retrieved online:
https://www.owasp.org/index.php/Top_10 2013-Al-Injection (2013)

KRIPTOGRAFIK HESH FUNKSIYA ALGORITMLARINING QIYOSIY
TAHLILI

E.X.Mirzaxmedoval?
Mirzo Ulug’bek nomidagi O zbekiston Milliy Universiteti.
% mirzaxmedova02@gmail.com

SHA - Secure Hash Algorithm AQSHning standartlar va texnologiyalar Milliy
instituti (NIST) tomonidan 1992-yilda axborotni gayta ishlash federal standarti — PUB FIPS
180 ko‘rinishida nashr qilindi va 1995-yilda gaytadan ko‘rib chiqilib, SHA-1 deb nomlandi.
SHA algoritmi MD4 algoritmiga asoslangan bo’lib, tuzilishi jihatidan ham juda yaqin
hisoblanadi. SHA algoritmi MDC — Merkle Damgard Construction ga asoslangan.

2002-yilda AQSHning yangi hesh funksiya standarti PUB FIPS 180-2 gabul gilindi. Bu
standartda 4 ta hesh funksiya — SHA-1, SHA-256, SHA-384 va SHA-512 algoritmlari
keltirilgan. Ushbu tezisda PUB FIPS 180-2 standartiga kiruvchi algoritmlardan — SHA-1, SHA-
256 hamda SHA-512 larning solishtirma tahlilini ko’rib chiqamiz.

Quyidagi jadval yordamida algoritmlarning bir necha parametr va xususiyatlari
bo’yicha o’zaro solishtirish o’xshash va farqli tomonlarini ko’rish mumkin:

SHA-1 SHA-256 SHA-512

O’Ichov bitlari bo’yicha farqlar

Ochig matn uzunligi

< 264 bit < 264 pit < 2128 pt
Blok uzunligi
512 bit 512 bit 1024 bit
Qismiy blok uzunligi
32 bit 32 bit 64 bit
Hesh giymat uzunligi
160 bit 256 bit 512 bit
Raundlar soni
80 ta 64 ta 80 ta
Funksiyalar
Wi
Wi=M; (0<t<15) Wi=M (0<t<15) Wi=M: (0<t<13)
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Wi=(Wi-3 PWir-g PWh-14 PWt-
16) <<<1
(16<1<79)

Wi=01(Wh-2)+Wh.7+00 (W
15)+Wh-16
(16<1<63)

Wi=01(Wht-2)+Wi7+00(Wt-
15)+Wh-16
(16<<79)

Mantiqiy funksiyalar

fi=(xNy) (—xAz)

fi=(xNy) B(—xNz)
fa=(x1y) B(x1z) B(y 1z)

fi=(x1y) D(—xA2)
fa=(x1y) B(x1z) B(yNz)

f=x Py Bz Z0=S2(X) BSB(X) PSP (x) | Zo=S%(x) BS*(x) BS*#(x)
fa=(XAy) UXAZ) Uy AZ) 21=S5(x) BSH(X) BSB(x) | Z1=SM(x) BSB(x) BSH (%)
f1=x Py Pz 00=S"(X) BS8(x) PR3(X) 00=S(X) BSE(x) BR(X)
01=5(x) DS°(x) DR¥(x) 01=5°(x) DS} (xX) BRE(X)
O’zgarmas gqiymatlar
K
5A827999 Birinchi 64 ta tub sonlar[2, | Birinchi 80 ta tub sonlar[2,
6ED9EBA1 3,...,311] dan olingan kub | 3, ..., 409] dan olingan kub
8F1BBCDC ildizi kasr gismining ildizi kasr gismining
CA62C1D6 dastlabki 32 biti dastlabki 64 biti
Boshlang’ich initsializatsiya vektorlari
A=6A09E667 A=6A09E667F3BCC908
_ B=BB67AES85 B=BB67AE8584CAA73B
;f;gégfgég C=3C6EF372 C=3C6EF372FE94F82B
C:988ADCFE D=A54FF53A D=A54FF53A5F1D36F1
D_—10325476 E=510E527F E=510E527FADE682D1
E—_C3D2E1FO F=9B05688C F=9B05688C2B3E6C1F
B G=1F83D9AB G=1F83D9ABFB41BD6B
H=5BEOCD19 H=5BEOCD19137E2179

Hesh giymatni hisoblash jarayoni

T=A x5 &f(B,C,D) DE DKt +W; +W;
AW T2=20(A)+f2(A,B,C) T2=20(A)+f2(A,B,C)
E=D; D=C; C=B «<30; H=G; G=F; F=E; H=G; G=F; F=E;
B=A; A=T E=D+T1; D=C; C=B; B=A | E=D+T1; D=C; C=B; B=A
(0<t<79) A=T1+T> A=T1+T>
(0=<t=63) (0<t<79)

T1=H+21(E)+f1(E,F,G)+K¢

T1=H+21(E)+f1(E,F,G)+K;

Hisoblashda foydalanilgan operatorlar sharhi:

A —bit bo‘yicha VA amali (ko‘paytirish).

V —bit bo‘yicha YOKI amali (qo‘shish).

@ — bit bo‘yicha XOR amali.

+ - 2% ni moduli bo‘yicha qo‘shish.

— — bit bo‘yicha to‘ldirish amali (inkor).

SrR"(X) — X so‘zini n bit o°‘ngga siklik surish.

SL"(x) — x so‘zini n bit chapga siklik surish.

R"(X) — x so‘ini n bit 0‘ngga surish.

Har bir algoritmda kiruvchi xabarni to’ldirish zarur bo’ladi:

M ma’lumotning uzunligi | ga teng bo‘lsin. Xabar uzunligi har bir algoritmning blok
uzunligiga karrali qilib kengaytiriladi. Ma’lumotning uzunligidan keyin bitta 1 ga teng bo‘lgan
bit qo‘shiladi va k ta nollar yoziladi. k quyidagicha aniglanadi:

SHA-1 va SHA-256 uchun - k = (448 — (I + 1))mod 512;

SHA-512 uchun - k = (896 — (I + 1))mod 1024,

102



Qolgan bitlari esa M ma’lumot uzunligi — | ning ikkilik ko‘rinishidagi qiymati bilan
to’ldiriladi.

Natijalar. Tahlil natijasi shuni ko’rsatadiki, SHA-1 va SHA-256 algoritmlari uchun
o’lchov bitlari uzunliklari bir xil bo’lsa, funksiyalar va hesh qiymat esa SHA-256 va SHA-512
algoritmlarida bir xil aniglanadi.

SHA-1 algoritmida hesh giymatni aniglash jarayoni 4 ta qismga bo’lib aniqlanadi ya’ni
har 20 raundda funksiya ko’rinishi va o’zgarmas kalit qiymati o’zgaradi. Qolgan 2 algotimda
esa funksiya ko’rinishi raundlarning barchasi uchun bir xil ko’rinishda bo’ladi. O’zgarmaslar
har bir raund uchun turli xil giymatga ega bo’ladi.

Boshlang’ich initsializatsiya vektorlari turlicha qiymatga ega hamda ularning
uzunliklari algoritmlardagi qismiy blok uzunligiga teng bo’ladi.

Hesh qiymat uzunligi va ko’rinishi algoritmlarning har biri uchun turli xilda bo’ladi.
Buning uchun quyidagi M=“axborot xavfsizligi”” xabarini hesh giymatlarini quyidagi jadvalda
ko’rishimiz mumkin:
SHA-1 (160 bit)

SHA-256 (256 bit) SHA-512 (512 bit)

A3 5F 49 AE 22 B8 A2 18 2E
92 A6 1519 CO 98 94 A6 17
E77F

SD 59 F38EB76C 74 E260
453243 B96AB7E2 CE 8D
0D 5C D7 30 D2 B2 8D 46

49FA1CD3FC6FE61774
61 AE 48 34 23 3F B3 53 A3
OF 7TEE56216 DC1AC182

BC CC 74 60 CB 93 1A 8D
2627 E8 CASD FF5A F94A
20 5A 38 9E 86 A3 13 03 1C
91 B3 E2C6771305EF D8
94 9C

4B 9D 16 5E 79 5D
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1.Introduction to SM4

SM4 is China’s national standard for packet ciphers and is widely used in various
information systems and security products. Some application environments have high demands
on the performance of software implementation of cryptographic algorithms. Some application
environments have high demands on the performance of software implementation of
cryptographic algorithms. At present, there is not much research on SM4 software
implementation method, so it is important to study the fast software implementation technique
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of SM4 algorithm. In this paper, the optimization of the software implementation of SM4 is
given. In addition, the software implementation optimization of SM4 variant is further studied.

In this work, the methods of implementation of the SM4 encryption algorithm
transformations in the Python programming language were studied. It was found that the
implementation of S-box in the form of a 1-dimensional table allows to achieve efficiency in
terms of time. An efficient method has also been found for the cyclic shift left operation. The
results obtained for the code written in the Python programming language for the encryption
algorithm were compared with other implementation options in terms of the time spent on
encryption and decryption, and it was found that this implementation method allows to achieve
higher efficiency in terms of time.

SM4 is the basic packet cipher used in the Chinese wireless LAN security standard
WAPI (Wireless LAN Authentication and Privacy Infrastructure), which is the first commercial
cryptographic algorithm announced by the Chinese government in 2006[1]. In 2012 it was
announced as the standard for commercial packet ciphers in China. In 2021 it became part of
the international standard ISO/IEC.SM4 has received a lot of attention in the cryptographic
field from the beginning of its appearance [2].

SM4 is a Feistel structure packet cipher algorithm. SM4 algorithm is designed by Shu-
Wang Lu, Da-Wei Li, Chao Zhang and others and drafted by the related standard [3], its group
length and key length are 128 bits, and the algorithm adopts the non-equilibrium Feistel
structure. The SM4 is decrypted by 32 rounds of nonlinear iteration with an inverse order
transformation, which is convenient for decryption, and the decryption round key only needs to
be the inverse order of the encryption round key, while the decryption algorithm remains the
same as the encryption algorithm.

SM4 including algorithm structure, key and key parameters, round function F,
permutation T, encryption algorithm, decryption algorithm, key expansion algorithm. Fig. 1. is
the encryption process of the SM4 block cipher. Fig.2.is permutation T.

2.Introduction to SM4 variant

SM4 variant is denoted by SM4 Mix, where instead of the cyclic left-shift operations
used in the SM4 algorithm, the linear transformation used in the AES algorithm is used, the
MixColumns transformation is used [4].

In the MixColumns representation, the state column elements are expressed as
coefficients of a polynomial not larger than the third degree, given in this polynomial algorithm:
g(x) = {03}x> + {01}x>+ {01}x + {02} multiplied by mod x*+1 to the polynomial.

pany
&

[y

Fig. 1. The encryption process of the SM4 block cipher Fig.2. permutation T

This transformation can be represented in matrix form as follows:

Soi | [{02} {03} {01} {01} | S0
sy |_|01 {02} {03 for)| |5, | 104
s, | |01} {01} o2} {03},
s | L3} {1 oy 2] |,




where c is the column number.

3.Software optimization

In the Python programming language, substitution tables (S-boxes) can be expressed in
1-dimensional (Sbox_Tablel) ways. Depending on the expression, the tables are referenced.
An efficient method has also been found for the cyclic shift left operation, move n bit to the
left, move size-n to the right, then XOR.

MixColumns() with Lut_table is the time required to use the pre-calculated table
Lut_table. The time taken to encrypt and decrypt 100,000 blocks of plaintext using this software
code was compared with other implementations. Tablel shows the comparison results. From
the results in Tablel, we can see that the implementation method proposed in this work has a
time-efficient performance compared to other proposed implementation methods.

Table 1.
The time it takes to encrypt and decrypt 100,000 blocks
Implementation Time spent (sec) (SM4)
Decryption process
[5] 36.23312 36.06769
[6] 9.26895 10.14109
[7] 6.723578 6.760374
4. SM4 5.526601 5.759675
5. SM4 Mix (Lut table) 5.234876 5.482364
Conclusion

In this work, the implementation of SM4 and SM4_MIX in the Python programming
language was investigated and it was found that the implementation of S-boxes in the form of
one-dimensional tables can be time efficient. In addition, an efficient method of cyclic left shift
operation was found. The results obtained from the cryptographic algorithm code written in
Python programming language confirm that the implementation can be more efficient in terms
of time.
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Let Q < R" be a bounded domain with appropriately smooth boundary 0€2, and
Q, ={t|t > 0}. In this paper we are concerned with the self-similar solution connected to the
following nonlinear problem with a source under the Cauchy condition:

X[ ou= uqdiv(|x|n ‘Vuk‘p_z Vum)—|x|_I u%s, (x,1) eQ=Q xQ, (1)

ulo=Mé&(x),xeQ, )

where g<1mk=>1p>21<N,n=const are given parameters,
B B @-g)(p—n-I) o . .

L.=q+m+k(p-2)+ N ] the critical Fujita exponent [5], 5(X) Dirac delta

functionand M = Iu(t,x)dx.
QX
The equation (1) characterizes many processes such as diffusion [1], heat dissipation
[3], salt or dust transfer, biological population [4], image processing (Peron-Malik equation)
and other processes [6]. The equation (1) studied by many authors. Especially, in 1966-year
Fujita studied [5] the following equation
u, = Au +u™”, ©)

where X € R",t >0 and the initial condition is given by U(X,0) =a(x).
Fujita establishes the condition of the existence of a global solution to equation (3) as
a>1+ W This coefficient was called the critical Fujita exponent, and the critical Fujita

exponent was recognized as a condition for the global existence of solutions to the Cauchy
problem.
Weissler investigates [9] the behavior of solutions to the semi-linear heat equation (3)
with Neumann boundary conditions. His results are as follows:
-for the critical case N /2 =1, there are no non-trivial global non-negative solutions;
-if N /2 <1, non-negative solutions always blow up in the L norm in finite time;
-for aN/2>1, Weissler provided new sufficient conditions on the initial data
guaranteeing the existence of global solutions.
Inthe case =n, =0, k =1, the problem (1)-(2) studied by Martynenko A.V., Tedeev
A.F., and Shramenko V.N. [7]. They obtain the conditions of the existence and nonexistence of
global solutions depend on the behavior of the initial data as | X|—> oo, and prove that for
1 < p < p,,all nonzero solutions blow up for a finite period of time.
It is well-known that degenerate equations need not possess classical solutions. Thus,
we define the local in-time existence of the weak solution.
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Definition 1. We will call a weak solution to the problem (1)-(2) in (o,T) with 0 < T< +
the function with the property

0<u, | x| ‘1‘Vu‘ VUEC( )

and satisfying the equation (1) in a distributed sense.

We introduce the notation v =u"*® and put it into the problem (1)-(2). Then, we rewrite
the problem (1)-(2) as follows
p-2

0 v T ov
riov=r"_—|pNTymt 1—g)r v (x,t) e Q 4
" 8r[ . ar] (1-0q) ,(X,1) (4)
Vo= Vo (X) =[u, ()], x e Q. ()
Wherem:— k2=— Zc—ﬂ —9 rx= inz.
s 1-q B 1 q Il x| IZ:l:

We look for the solution of (4) in the following form

v(r,t) =t (t)eo(y(t),o(r))

1
where T(t) =[ (T +t)In(T +t) ] %=, T =const >0,

m2+k2(p 2)-1
w(t)= I[(I' +)INT +1)] A2 dtz[r(t)]a_lem(t),
ﬂ
~ rs ,n#p+n ~ . p-n-n _p(N-n)
p(r)=<N —n , 7(t) =In(T +1),a = (N_nl)(ﬂZC_]_)'S_ p-n-n #h
Inr,n,=p+n

It is easy to check that for an unknown function @ obtained the following equation
0w 14 0 ( o1 m]00% |, 1-q)o™ 1l+7 o
00 _ g 2 ( slwm21|_|pz)_( Qo™ | |
oy 0 0 Ty P —11y

Below, a method of nonlinear splitting [8] is provided to construct a self-similar equation in the
following form:

1

o(y,)=0(7,5),E=d(zy) ° ®)
Then, we obtain the following equation:
1-s s—1,m,-1 K, -2 é 1 _ Pac 1+7 —
£ (5 o] (0%, |° 9§)§+ peé 1-q)0 +ﬂ20_19_o.

Hence, we have the following an approximate solution
/4

0(r,&)= ALa—(rfp)Pllj (7)

+
1 /4

where7=m p-1 A= p_—l( 1 jp_l ,(d)+=max(d,0),a=const20.

2+k2(p_2)_1’ yp \ pkJ

Let us denote Z(X,t)=U(t)0(z,&).
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Theorem 1. Let ¥ >0, p>n+1,v(x,0)>z(x,0),x € Q, and one of the following inequalities
be satisfied:

p

- 0<t<ed=DP T if s(B,, —D) < p;

_p
- t>max(e %= —T,0), if s(B,, —1) > p.

Then for the solution to the problem (4)-(5) an estimate

v(xt)=z(xt) in Q

hold.
Proof. Theorem 1 can be proved in the same way as was done in [2].
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The advancement in technology has necessitated the collection of massive high

dimensional data in bioinformatics, medical sciences, business, climatology, and magnetic

resonance images. These collections have given rise to high dimensional (p) and small sample

(n) (H@DSS) problems in group classifications. The classification coefficient of the HDSS

data cannot be constructed due to the ill conditioning or singularity of the covariance matrix.
The curse of dimensionality suffered by the classical methods has rendered the formulation of
the coefficient impossible as such different dimensionality reduction methods have been
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proposed to avert the curse of dimensionality and ill conditioning. Dimensionality reduction
methods such as the principal component analysis have been applied as a prelude to reducing
the dimension of the HDSS data to enhance constructing the coefficients of any classification
methods. Some of these dimension reduction methods with infused constants as a benchmark
selection may increase or decrease computational time and improve classification accuracy at
the cost of information loss. In this paper, we proposed two methods that can solve the ill
conditioning and singularity, or dimensionality problems associated to HDSS data directly.
These methods are diagonal FLCM (DFLCM) and point extraction method (PEM). We
investigated the robustness of these methods based on the optimal probability benchmark
(OPB). The computational time (CPU time) of all the methods is also investigated. We applied
three real data sets to determine the comparative performance and the classification results
revealed that the proposed DFLCM is very robust more than the Naive Bayes classifier in terms
of probability of correct classification and CPU time. Therefore, this study affirmed that the
OPB is suitable to determine the robustness of HDSS classification problems.
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A model of thunderstorms formation within the mid-latitude is considered using the
fractional integro-differentiation technique, taking into account the fractal nature of cloud [1,2].
Unlike classical works [3,4], in this paper the electrification of hailstones in cumulonimbus
clouds at mid-latitude mainly depends not only on the electric field strength, the charge
entrained in drop, the size and fall speed of hailstones, but also on the cloud fractal dimension
[5-7]. We show the dependence of hail charge formation at temperate latitudes on the fractal
dimension of the cloud, as well as the dependence on the model parameters characterizing
fractional (fractal) structures.

A mathematical model for charging hailstone dynamic in a thundercloud has the form:

doc(t)qr t
dta(t)()wl(t)qr(t):f(t)’qr(o)—qo' (@)

here A(t)=w-x6"0" 1 (t)= Ar’Ev,0“V*, the parameter § has the dimension of time and
rl‘

characterizes some internal process time in the thundercloud; E is electric field intensity; V.

is the terminal velocity of hail; I, I. isthe drop radius and gradient radius; . is the drops
frequency from hailstones; A is the constant; t<[o,1] - is the time, T >0 is the simulation time;

109


mailto:macist20@mail.ru

q, IS the constant. The fractional differentiation operator is the operator in the Gerasimov-
Caputo sense [8,9]:
t .
a“Yo. (1) 1 }
a®V  r(1-a(t))o
where I'(-)- is the Euler's gamma function.
The order of the fractional derivative in (2) is a piecewise constant function:
a,tel0t],
a(t) - ay,te(t,t,], (3)

,O<a0)<1, 2)

a.te(t .t ],
where k - is the number of time-slot splits t<[0,T], «, <(0,1)is the constants. In addition, we

assume that the values in (3) increase with moving from one time interval to another, i.e.
o>, > >0, >

Note that when all values o, =a,=..=, , =, =1, model (1) is a classical model
presented in monograph [4].

Next, using a numerical method based on a nonlocal explicit finite-difference scheme
first-order accurate [10], we get a numerical solution to problem (1). Calculation curves for
solving the growth of the charging the hailstone depending on the model parameters are
constructed, and an interpretation for the research results is given.

The work was carried out in the framework of the state assignment of the Research
Institute of Physics and Mathematics of the Kabardino-Balkarian Scientific Center of the
Russian Academy of Sciences (registration No. FMEW-2022-0056, problem statement and
interpretation of results) and the state assignment of the IKIR FEB RAS (registration No.
124012300245-2, calculation algorithm, computer modeling and visualization of results).
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ITo mepe pa3BuUTHS TEOPUH TOPEHUsI MOSBUINCH HEKOTOPbIE ACUMITOTUYECKUE UIEH U
MaTematuueckue Meronbl. IIpaBra B TOM, YTO rumore3a ropeHbe OOBIYHO MPEICKA3bIBAET
JIOBOJIBHO CHUJIBHYIO TEMIIEPATypHYIO 3aBUCHUMOCTb CKOPOCTH XUMMYECKOW peakLHu. DTO
CO3/aeT MpoOJIeMBbl, C TOYKH 3PEHHUS YHCICHHOTO pPEIICHHUS IOJyYeHHBIX YpaBHEHHU.
ACUMNTOTHYECKHI MOAXOJ MO3BOJSAET MOJIYYUTh OCHOBHYIO HJICI0 TEOPUM TOpEHbE: IIams,
pacrpoCTpPaHSIOLIEECS C TOCTOSIHHON CKOPOCThIO, HE3aBUCHMO OT YCJIOBUI BOCILIAMEHEHUS U
peryiaupyeMoe TOJIbKO KadecTBaMHU M COCTOSHHMEM roproueid cmecu. K peskum pazindusm
XapaKTEpPHBIX I TEOPUU FOPEHUS PEKUMOB PEaKLMU OTHOCATCS HAIMUUE BOCINIAMEHEHUS U
pas3JInYHbIe KPUTHUECKUE YCIIOBHS CMEHBI PEKUMa, XapaKTepU3yIOIUecs: CUIIbHOM, B IpeJieie
Pe3KOi 3aBUCHMOCTBIO peXUMa OT MapaMeTPOB 3a7auu U3-3a CUIbHON 3aBUCUMOCTU CKOPOCTH
XMMHUYECKON peakIuu OT TeMIleparypbl. VIMEHHO 3TH acHUMITOTHYECKHE HJIEM U METOJIbI
NPUJAIOT TEOPUH TOPEHHs ee rTyOoKyro 3HaunMocTh. Jnddys3us ropenue npepcrasiser codoi
MHTEPECHYIO IOCTAaHOBKY 33]1auH, KOI'/la pearupyrouife HHrpeIueHThl H3HAYaJIbHO pa3/elIeHbl
B npocTpaHcTBe. ['opeHus, B nepBoM NpUOIMKEHUH MOXHO IPEIINOJIONKUTh, YTO CKOPOCTh
XMMHUYECKON peakiMy B 3TOM CLEHAPUH HEOIpPaHUUYEHHA; TEM HE MEHee, HalIeHbl KOHEUHbIE
YpaBHEHHUS JJI KOJIMYECTBA CrOPAOIIEr0 BELIECTBA U KOJUYECTBA TEIJIA, BBIICIAIOIIErOcs B
eauHuLy BpeMeHu. [1o Mepe yMeHbIIeHUs! CKOPOCTH PEAKIIMU TOJIIIMHA 30Hbl YBEIUYMBAETCS,
HO JIMIIb JIO ONPEEIIEHHON CTENeHH, PexIe YeM OHa pa3pyuaercs. [1,2]

Kpocc-nuddy3noHHbIe MOAETH BCTPEYAIOTCS B Pa3IMUHBIX 00J1aCTSIX €CTECTBO3HAHUE.
Hampumep, B ¢usnueckux cucremax (pusmka mmasmsl) [1-17], B XuMUYecKuX cuctemax
(IMHAMMKa 9JIEKTPOJIMTUYECKMX pacTBOpPOB), B OHOJOrMUYECKHMX cHcTeMax (Kpocc-
T dy3MOHHBIA TPaHCIOPT, JTUHAMUKA MOMYJISLUOHHBIX CHUCTEM), B DKOJOTHMHU (JUHAMMKA
BO3PACTHOM CTPYKTypbl Jieca), B celicMoimorun — Monenb byppumka-Knonodda,
ONMCHIBAIOLIAs B3aUMOJEUCTBUE TEKTOHMYECKUX IUMT [4-7]. B mnocnegnue roxapl npu
UCCIIEIOBAaHUM OHMOJOTMYECKOH MOMYyJISLUM M JBU)KEHHUE TEKTOHMUYECKUX IUIUT aKTUBHO
MIPUMEHSIOTCS MaTEMaTHYECKHUE MOJICNN ¢ Kpocc - nuddysueii [4, 5].

B nanHOl paboTe wu3ydaeTcst CBOMCTBA pelIeHUH HENMHEHHOM CHUCTEMbI Kpocc
T dy3un ¢ ICTOYHUKOM CBS3aHHBIX C HEJIMHEWHBIMHM IPAaHUYHBIMU YCIOBUSMU

U 0 naou "t v [ nadv
EZ&U &‘f‘ =—1 U — |+

"ot ox X
_Umilg_‘;((o,t)zuql(o,t), _umzl%(o,t)zqu (0,t), t>0, )

U(%0)=Uy(x), v(x0)=0y(x), xeR, 3)

roe M, 21, q; >0(i =1, 2), Uy u UO(X) -HEOTpHULIaTeIbHbIE HETPEPhIBHBIE (YHKIUU C

P-2

au
Ox

ov

—| , XeR_, t>0,
OX

(1)

KOMITaKTHBIM HOCHUTECJIEM B R+ .

Teopema 1. Ecim 0 <1,0,<1, 1o Besxoe pemenune 3amaun (1)-(3) sBusercs
TII00ATBHBIM.
Teopema 2. Ilycte 0 >1, 0,>1, rorma Besixoe pemenue 3anaun (1)-(3) sBusercs

HCOTPpaHUYCHHBIM IIPU JOCTATOYHO OOJIBIIMX HAYAJIbHBIX JaHHBIX.
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HccnenoBanbl KadyeCTBEHHBIE CBOWCTBA PEIICHWN HEJIUHEHMHONM MOJEIN KpOCC-
Tu(dy3un ¢ UCTOYHUKOM B OJHOPOIHON M HEOAHOPOAHOH cpexe. IlomyuyeH riaBHBIN diieH
aCUMIITOTUKHM aBTOMOJEIBbHBIX pelIeHUi Kpocc-ITuddy3MOHHON CUCTEMBI JUIsl YHUCIEHHOTO
UCCIIEI0BAHMS PACCMAaTPUBAEMON 3aauH.

IlocTpoeHbl pa3iuyHblE ABTOMOJEIBHBIE PEIIEHUS HEJIMHEHHOW 3aJadyd Kpocc-
muddy3un, YCTaHOBJIGHBI 3HAYCHUS KPUTUYECKOTO TMOKazarens Tuma @DymKUTE |
KPUTUYECKHX TOKa3aTeNel CyIeCTBOBAHNUS ITI00aIbHOIO PELICHNUS.

Jloka3aHo, YTO NP OIPEJEICHHBIX 3HAUYEHUSAX UYMCJIOBBIX MapaMETPOB HEJIMHEWHAas
cucreMa Kpocc-Iu(pPy3uu ¢ HEIMHEHHBIMU TPAHUYHBIMHM YCJIOBHUSIMU MOXET HE HMETh
r7100aIbHBIX PEHICHUH BO BPEMEHH.
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NOHJIALIT'AH CYCIIEH3UAJIAPHU ®OUJIBTPJIAIIIIA
MATEMATHUK MOJEJ NIIJIAB YNKHIII

Cannos Y. M.
Myxammao an-Xopazmuii Homudaeu Towkenm ax6opom mexHoI02UANAPYU YHUBEPCUMEmU
Camapxano gunuanu, Camapxano, Y3bexucmon

Cyrokiukiiap, apajaniMalapHi TEXHOJOTUK YWKHHIWIAP Ba OFHP MeTaliapiaH
(GUIABTPIANTHUHT HOCTAIIMOHAD TEXHOJOTUK >KapaéHmapum — €EF-MOH, ¢apmaleBTHKa,
MAaIIHHACO3JIMK, 03UK-OBKAT Ba OOIIKa TypJard MaXxCcyJIOTIApHU HIILTA0 YNKAPUTITHIHT aCOCHI
Ooockuwiapugan Oupumup. Kaxonga wunuia®d ywkapumn oObeKTIapuaa (KuME caHOATH
3aBOJUIapH Ba yHTa ajJoKaJop TapMOKJapJa) KeHT KYJUIAHWJIaJWTaH CYIOK apajamMaiap Ba
WOHJIAHTaH »JpUTMaJapHU (QUIBTpIAl Ba TO3AIANITHUHT HOCTAIMOHAP TEXHOJOTHK
KapaSHIapuHU YpraHullra aloxuaa YbTHOOP KapaTUIMOKAa. YHIOy TEXHOJOTHK >KapaéHHH
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OOIIKApUIIIHM OKWIOHA TAIIKWI STUIUIIM SKCIUTyaTallMOH XapaXaTJapHU Ce3WJIapiu
Japakaja KaMalTHpaaX Ba UIUIA0 YMKAPUIIAUraH MaxcysloT CU(paTUHU SXIuIai . OuisTp
arperaTjJiapuHUHT WIITa SPOKJIWINTH (DUIBTPIOBYM MaTepHAJUIAPHUHT (PU3HK-MEXaHHK Ba
KUMEBHI XyCYCHSTIIAPH, ITYHUHT/ICK, KATTHUK (a3a 3appavanapu, Telib 3appadaiap, HOHIap Ba
OOIIKa TErWIUTN JIEMEHTIIAPHU SPUTMATIAPHUHT CYIOK (ha3acuiaH aKpaTuO OJMIIHU amajra
OLIMpaaAUTad (GUIBTPIAPHUHT UII PEKUMIIAPU OUIIaH OeNTUIaHaIu.

Wnmuii uuOuiapHu  Taxawl KWIKMIID [IYHM KYPCATAMHKM CYIOK Ba HOHJIAHIaH
SpUTMANIApPHU CTATHK OynmaraH (QuibTpiaml >kapaéHHHM Tax)IMil KWJIUII Ba Oamropatialil
MyaMMOJIapUHHU XaJl KWIUII Y9yH XUCOOJall aJropuTMJIapy Ba JAacCTypuil BOCHUTAJApUHHUHT
SHI'M MaTeMaTHK MOJEJUIApMHM MIUIA0 YMKUII Ba TAaKOMWIUIALUITHPUII, HIYHHUHIAEK Kapop
Kal0ynl KWIMIIHM Kyi1a0-KyBBaTjaml yd4yH (UiIbTpIiall — arperarjiapuHUHT  acOCHH
KYpCaTKUYJIapuHU aHMUKJIAIl 3apypaTH YJIApHUHT (DAOJUATHUHUHI MakOysl peXKUMIIApUHU
TaHIal OunaH OenruiaHaIu.

CylOKIMKHM FOBAaKJIM MYXHUT OpKaIM (UIbTpiaml >KapaéHUHUHI MaTeMaTHUK
MOJICJUTAPUHM OJIMII YYYH UKKH (a3ajid MyXUT TeHINIaManapujad ¢poigananunaad. OnuHran
MaTeMaTHK MOJENb XYCYCHH XOCWJIaIM TEHIJIaManap TU3MMJapu OWilaH YI4oBCH3 ILIAKIIA
taBcu(ananu[1-4]:

oW oW w F , oP oW H,F W
—— +ReW — - = - — 0 ; 1
or o T (1-6,) HOZ( X oxl Hko(1—03)(1—5)2) M
90 ReM _y, 2
ot OX
06; ki(ky+6) 05 @)
ot ky+k,0 or’
o5
= 68— : 4
3, A (0—75) (4)
onm onW  oN o’n
—+Re—+—=8,—; 5
ot X or a(’ax2 ©)
oN oyN
N _ N . 6
or ﬂaf(n az—bN]’ (©)
W=1 6,=0, 6=e™, 5=0, (r=0);
W =1 0=1 (x=0); (7
oW
— =0, (X=1);
19)4 (p( )
n(x,0)=0, N(x,0)=1;
Ny 0 (8)

n(x,7)=0, n(l,z)=—*=n".
N
By epna kyiinnaru 6enrunanuiap kadbyn kunuHagu: Vo — ¢uibTpaTHUHT Xakmu; W —
bunpTpaam Te3nmurd; ¢ — XapakaTgard —apajammMa  CyCHEH3USUIAPHHHUHT  XaKMITH
KOHIIEHTPAIUSCH; 193 — ¢unpTp OYynmuMIapu OpKamu OKHO YyTaguraH 3appadanap

KOHIICHTPALUAICH;, O — (PUIBTP FOBAKIMKIIAPUTA YYKKAH MOJIATIApHUHT KOHIIEHTpanusicu;
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— MyaJUIaK XoJijia TypraH 3appavaiap Kouienrparmsicu; F — ¢unsrp maiimonun; P — arperar
FW,
0

HHy

Osunran (1)-(8) moxennan doiinananus, CYOKIMKIAPHUHT FOBAK MYXUT OPKaIH HOH
QIMaIUHAAUTaH (UIBTPIAHUIIUHYA YPTaHUII, HOCTAI[MOHAP TEXHOJOTHK >Kapa¢HIapHUHT
aCoOCHil mapaMmeTpiiapy Ba yJapHUHT Y3Trapuil JWana3oHJapUHU aHUKJIAIl y4yH XHCOOJall
TU3UMH/JIA COHJIM XUCOO-KUTOOIApHU amMalira OIIHPHUIIT MyMKHH.

Sparunran nacTypuii TAbMHUHOT MOKMYH XHCOO-KUTOOIAp HATHIKAIAPUHY KaJIBall Ba
qUarpamMma makiuaa TaaKUH KWW UMKOHUSATUHU Oepaau. AManira OomupwiIrad XyucoOJar
TaXpUOATAPUHUHT 0ab3u HATIKAIapH 1-2-pacMiiapia KypcaTHIITaH.

KOJIOHKacuaru 6ocum; I — BakT, Re= — Petinonpac coHu;

W
1.20

1.00
0.80
0.60
0.40
0.20

0.00 i
0.01 2.02 4.03 6.04 8.05 10.06 12.07 14.08 16.09 18.1

1-pacMm. Bakr yTuimm 6unaH CyroK 3puTMaIapHUHT GUIIBTPIIAI TE3TUTUHUHT Y3rapuiim

a=0y; Hy=0.2; W, =0.0025; 6,=0.00001.

o)

1 =
0.8 —
06 //

]
04 -
/

0.2 ——

0 " | t

0.01 2.02 4.03 6.04 8.05 10.1 12.1 14.1 16.1 18.1

2-pacM.OUIBTp MUHJIATH TeJT 3apPATTAPUHUHT TYKUTIT Te3UTHHHUHT Y3rapumu O = (93 ;
Hy=0.2; W, =0.0025; 6,=0.00001,

OnuHran xucoOnaml HaTWKaJapuHU — TaxJdil  KWIMI  QUIBTP  KUCMHUHHMHT
KQJIMHJIUTUHUHT Macaiuiy Ty(aiinyu CYIOKIMKHUHT YTHII TE3JUTH OIIWIIMHU Ba BAaKTHUHT
nacTina0Ky JTaKMKajJapuaa CYIOKIMK €TKa3uO OepuIl TEe3NUTHMHUHT OLIMIIM  (puiabTpIiamd
KapaHUHUHT TE3NMALIMIINra Ba GUIBTPHU aIMAIITUPUIIHUHT MAacaliUIIura oau0 KeIUIINHUA
aHMKJIAIIra UMKOH Oepau BakT. AKCHHYA, ACTIa0KH CYIOKJIUK OKMMUHUHT MMacailuIg CyIOK
SpUTMANIapHU  (QUIBTPJIAIl  TEXHOJOTMK JKapaéHMHUHI  acOCHil  KYpCaTKHUWIAPHUHHUHT
y3rapummura, Xxycyca, GuIbTp OYIuMH 103aciia SpUTMa KOHIICHTPALMSACUHUHT Y3rapuIinra,
CYIOKJIMKHUHT YMKHII KOHIEHTPAUMACH, (GWIBTPHUHT TELIMKIApHIa Tell  3appajapu
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KOJIMAaTallUACH Ba UYKHUII TE3NMUTHMHUHT Yy3rapumura onud kenmanu. bynman Tamkapw,
t > 40, 21 unbTpiam BakTH OMiIaH GUIBTPIIALI Japakacy HOJITa SKHHIIAIA/IH.

Anaduérnap pyuxaru

1. H.PapmanoB, VY.M.CaumoB MogenbHas 3a7a4a  TEXHOJOTHYECKOTO  IIpoliecca
MOHOOOMEHHOTO (PUIIBTPOBAHHUS CYCIIEH3MHM U HMX YHUCICHHOAHAIUTHUYECKOE pelieHue //
[TpoOnembl BEIYUCIUTENBHON U IpUKIaqHON MaTematuku. — 2018. — Ne6(18). — C. 102-114.

2. N. Ravshanov, O. Ja. Kravets, D. Karshiev, U.M.Saidov Numerical modeling approach of
wastewater treatment processes // AIP Conference Proceedings . — 2021. — Vol. 2402. — Issue
1.-P.1-6.

3. H.PaBmanoB, Y.M.CaumoB MaremaTudeckas MOJEIb W YHUCICHHBIA aJITOPUTM JUIS
WCCJICIOBAHMSI TEXHOJIOTMYECKOTO Iporecca (DUIbTPOBaHUS >KUIKUX HOHU3HPOBAHHBIX
pactBOpoB. [IpoOaeMbl BEIUNCIUTENBHON U TPUKIAAHON MaTeMaTHKu. — 2022. — Nel(38).
— C. 44-65.

4. N.Ravshanov, U.M.Saidov, D.I. Mutin Modelling of the technological process of multiple
filtering suspensions with multi-layered filter // IOP Conference Series: Materials Science
and Engineering. - 2019. - Vol. 537. - P. 1-7.
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SINGULYAR QO‘ZG‘ATILGAN TENGLAMANI DASTLAB
INTEGRALLASH METODINING DISKRET VARIANTI BILAN SONLI
MODELLASHTIRISH

Ch.B. Normurodov*®, Sh.A. Ziyakulova'®, M.M. Normatova'®
Termiz davlat universiteti, Termiz, O zbekiston
Mualliflar elektron pochtasi
3ch.normurodov@gmail.com,  shziyaqulova@gmail.com, © moxiranormatova3@gmail.com

Quyidagi ikkinchi tartibli singulyar qo’zg’atilgan tenglama uchun chegaraviy masalani
garaylik:

d°u
gW:_f(X)’ ye(-11), 1)
u(-1) =u(+1)=0. 2
Masala (1)-(2) uchun sinov funksiyasi (anig echimi)ni quyidagicha tanlaymiz
u(x) = e(-x>)e*. 3)

Formula (1) dan f(x) funksiyaning ko’rinishini aniqlash uchun echim (3) ni ikki marta
differensiallaymiz:
2
du _ 2 Axd_u:2__ 2 A2 | aAX
Le[(1-x)A-2xer, 7=¢ [ -2-4xA+(1-X) A Je
Bu holda
d’u
f(X)=—¢—
(x) >
yoki
f(X) = —&2 [—2—4xA+(1—x2)A2]eAX
ko’rinishga ega bo’ladi. Differensial masala (1)-(2) ni sonli modellashtirish uchun dastlab
integrallash metodining diskret variantini qo’llaymiz. Tagribiy echim y(x) va o’ng tomondagi

funksiya f(x) ni birinchi turdagi chekli Chebishev ko’phadlari qatori ko’rinishida izlaymiz:
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y(x) = Z'aiTi x), f(x)= Z'biTi (x), (4)

Bunda @; va bi noma’lum koeffisiyentlar, yig’indilardagi shtrix belgisi @, va bo
koeffisiyentlar % ko’paytuvchi bilan olinishini anglatadi.

Bu holda hosilalarni hisoblash uchun quyidagi qatorlarni Kiritamiz:

d N, X 2X
d_i:; ai( )Ti(x)! dx 2 g a( )T (). ®)

Formulalar (4)-(5) va tenglama (1) ga asosan, ushbu tenglamani hosil gilamiz [1-3]:

N N
EZ ' ai(ZX)Ti (x)= _ZlbiTi (X)
i~0 i—0
yoki bir xil tartibli Chebishev ko’phadlari oldidagi koeffisiyentlarni tenglashtirib,
g™ =-h, 1=0123..,N,

tenglamani hosil gilamiz.
Ushbu tenglikning har ikkala tomoni dastlab integrallash metodining diskret formulasi
[1-3]
kx kx
k-x _ &~ &y
g, =0 6
> (6)
yordamida ikki marta integrallanadi:

ga) = —(F2— P '*1) .( 1 Da),

gai:—i_(b‘ -b. b sz)_ 1
2i

2(i-1) 2(i+1) 4i(i* -1) [
i=23,..,2M, N=2M
va algebraik sistema (7) hosil gilinadi. Ushbu sistemada (N+1) ta noma’lumlar noma’lumlar va
(N-1) ta tenglama mavjud, etishmaydigan tenglamalar chegaraviy shartlar (2) ning gatorlar
orqali ifodalanishidan olinadi. Natijada quyidagi (N+1) ta noma’lumli (N+1) ta tenglamaga ega
bo’lamiz.

(i+Db,_, —2ib, +(i _1)bi+2]’ @)

8=~ [(i+Db_,—2ib+({-Db,], i=23...2M, N =2M,

4G -1)

u(—l):%ao—a1+a2—a3+...+a2M =0,

u(+1)=%a0+a1+a2+a3+...+a2M =0.

Ushbu sistemadan chegaraviy shartlar uchun yozilgan oxirgi ikkita tenglamani o’zaro
qo’shib va ayirib, quyidagi sistemani hosil gilamiz

1 . . . .
&8, =W D [(i+Db_, —2ib, +(i—-Db,,], i=2,3,..,2M,
%a0+a2+a4+a6+...+a2,v, =0, (8)
a+a,+a;+...+a,,, =0

Sistema (8) ni echish uchun, dastlab 0’ng tomondagi bi koeffisiyentlar
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N
.:Ni Z f(x)T.(x), ¢,=¢, =2, ¢, =1 agar m=12,..,N-1 i=01..N

1=0 Y
formula bo’yicha hisoblanadi, so’ngra sistema (8) dan &, lar topiladi va tagribiy echim
formulasiga qo’yiladi:

=3 aT ().

Tagribiy echimning X, tugunlardagi qiymatlari hisoblanadi va ular qo’yilgan

masalaning aniqg echimi U(X,) bilan parametr ¢ ning turli giymatlarida taggoslanadi.
Quyidagi rasmlarda &£=0.1 bo’lganda echimlar grafiklari keltirilgan.

0.10 4

0.10

0.08
0.08 -

el
o
=

0.06

natijalar
natijalar

o

o

=
L

0.04 4

0027 0.02 1

—e— Aniq yechim —e— Aniq yechim
0.004 . —#— Tagribiy yechim 0.004 i . —# Taqgribiy yechim

—1:00 —0775 —OI‘SO —0:25 0.60 0.I25 O.ISO O.L!S 1.60 100 075 -0.50 -0.25 000 025 050 075 100
(1-rasm. Anig va tagribiy yechimlar (N=20, A=0.1)) 2-rasm. Aniq va tagribiy yechimlar (N=20, A=0.1)
Rasmlardan ko’rinadiki, approksimatsiyalovchi ko’phadlar sonining ortib borishi bilan
tagribiy yechim xatoligi kamayadi.
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PACCEAHUME HECTAHMOHAPHBIX BOJIH JTABJIEHUS HA
ZAKECTKOM HIAPE B AKYCTHYECKOM HOJYIHPOCTPAHCTBE

L 9 Iykypos A.M., 2 Ka660poB A.Y.
Kapuunckuii 2ocyoapcmeennviii ynusepcumem, Kapuw, Y36exucman
DIIeKTpOHHAs IT0YTa aBTOPOB
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MarteMaTuueckoe MOACIINPOBAHUC W HUCCIICAOBAHUC PACIIPOCTPAHCHUA U PACCCAHUA
HCCTAlIMOHAPHBIX BOJIH B CIUIOIIHBIX CpE€adaXx, U TOM HYHUCIC B aAKYCTHYCCKUX CpCaax C
NpEIATCTBUAMUA PA3JIMYHOTO poOJa SABJIACTCA OIHOHN u3 AKTYyaJIbHbIX, (I)YHI[aMCHTaHBHLIX n
MMPUKJIIAAHBIX HpO6HCM BOJIHOBOM JUHAMMKH Ile(bOpMI/IpyCMOFO TBECPAOTO TCJIA.

I[aHHaH pa60Ta NOCBAIICHA MATCMATUYCCKOMY MOIACIIMPOBAHUIO U HCCICOOBAHHUIO
HCECTAlITMOHAPHBIX BOJIHOBBIX IIPOLECCOB IIPU paACCCAHUU HCCTaHHOHapHOﬁ IUTIOCKOM BOJIHBI
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JIaBJICHUS Ha a0COIIOTHO-KECTKOM IApe B aKYyCTUUECKOM MOIYIPOCTpaHcTBe. Llenpio padoTsl
ABIISETCS pa3paboTKa alrOpUTM PEINEHUs 3aJaYd O PACCESHHU HECTALMOHAPHBIX IUIOCKON
BOJIHBI Ha aOCONIFOTHO JKECTKOM HEMOABMKHOM IIAPE B aKyCTUYECKOM ITOIYIIPOCTPAHCTBE U
MCCJIEI0BAHNE BOJHOBBIX MPOIIECCOB B OKPECTHOCTH JKECTKOTO IIap.

IIycts B akyctudeckom nonynpocrpanctee (Z>0) na royoune h ot rpanmunoi
mwiockoctd (Z=0) B Touke O pacronoxeH HEHTP HEMOIBMKHOTO JKECTKOIO IIapa paanyca
R (R<h).

B moment Bpemenu T=0 (pOHT HecTalMOHAPHOW IIOCKOM BOJHBI JABICHHS C

3alaHHBIM IIOTEHIIMAJIOM (PO KacaeTcst JIOOOBOW TOUKE MOBEPXHOCTH KECTKOTO I1apa

@, = f(t+rcosO-1)H(t+rcos6-1) (1)
rac f (T) - IIPOM3BOJIbHAA (1)yHKI_[I/ISI, 3aZiaromias 3aKOH U3MCHCHUS MMOTCHIIMAIa BO BPCMCHHU,
H (T) - ¢IUHUYHAY (1)YHKLII/I$I XeBucaiina.

Torna morexmman () r1utocKoit BONHBI, OTpakeHHOW or rpanuisl (Z=0)
MOJIyIIPOCTpaHCTBa 0€3 mapa, UMEeT CIEIYIOUIHA BT
o, =Ff(t—rcos6-1-2h)H(t—rcos6-1-2h), )

/1€ BEpXHUI 3HAK COOTBETCTBYET CBOOOIHOM MOBEPXHOCTH, & HYKHUMN — )KECTKOM CTEHKE.
[TpuHuMast s KUIKOCTH MOJAETh aKyCTUYECKOTO MPUOIMKEHNS U B CHITy TIPUHIIUIIA
Cynepno3uiuu (JIMHEHHas 3ajaya), MPEACTaBUM IOTEHIMAJl CKOPOCTH YaCTHI cpeibl (P B

BHUJC CYMMBI Tpex cJaracMbIx.
O=0Qy+O, +0O,, (3)
rae (¢, - noreHuMan BO3MYIEHUH, BHOCUMBIX LIAPOM.
BOSHI/IK&IOHICC B aKYCTH‘IeCKOﬁ cpez[e JaBJICHUC onpenens{eTcsl paBeHCTBOM
P=P,+ P+ P, P =—0¢;/0t,(i=0,2). (@)
C y‘{éTOM OCGBOfI CI/IMMeTpI/II/I 3aJa4u IBUXKXCHHUC aKYCTH‘leCKOﬁ CpeZ[BI OTHOCHUTCJIILHO

INOTCHIHAJIa (P2 CKOPOCTH OIMHUCBIBACTCA BOJIHOBBIM YPABHCHUCM

v 82(p2/6r2 =Ag,, (5)
rae A - oneparop Jlamaca B cepuuecKoli cucTeMe KOOPAUHAT 1,0, 9 .
[Inockast rpaHuIa MOTYIPOCTPAHCTBA SIBIIsIETCS JTM00 CBOOOJHON MOBEPXHOCTHIO, TNOO
JKECTKOW CTeHKOH. B ciiydae cBOOOIHON MOBEPXHOCTH TPAaHUYHOE YCJIOBHE Ha IUIOCKON
IpaHHULIE 33]]aeTCsl PABEHCTBOM

P, , =0, (6)
WJIM B CIIyYae )KECTKOM CTEHKH OHO ONPENEISETCS YCIOBHEM
V2 ‘z:O =0. (")
Ha nosepxHocTH 1mapa rpaHU4HOE YCIIOBUE UMEET CIEAYIOIIUM BUI:
V| =-Vy| V| ..V, =0, /or (i=0,2), (8)
HauanbHble ycnoBus — OMHOPOIHBIE:
(Pz =0 = (bz =0 = 0 (9)

1 Ha 0ECKOHEYHOCTH OTCYTCTBYET BO3MYILIEHUE:
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lime, =0. (10)

r—oo
HauanbHo-KkpaeBas 3aaua pemaercs ¢ IpUMEHEHUEM HHTETPaIbHOTO TpeoOpa3oBaHus
Jlannaca o BpemeHu T ¥ UCIOJIb30BaHUEM METOJa HEMOJIHOTO pa3/iefieHus epEeMEHHbIX [3].
B npoctpancTBe n300paxeHnii moTeHIMaibl najaatomuiei (1) u orpaskeHHo# BonH (2), a Takxke

UCKOMBIE (DYHKIIMU pacKIIaIbIBAIOTCS B PsBI 1O MoJrHOMaM Jlexxanapa Pn (COS 9) [1].

B nmpocTpancTBe M300pakeHus ¢ y4ETOM OTCYTCTBUSI BO3MYIICHUSI HA OECKOHEUHOCTH
pemieHue ypaBHEHHsS (5) pa3bICKMBAEeTCsl B BHJIE CYMMBI JIBYX OECKOHEUHBIX PSAJIOB I10

noiauHoMam Jlexxannpa Pn (COS e) . B Heli mepBBIii OECKOHEYHOW pSAI COOTBETCTBYET
pacxoAsieMcsi BOJHAM OT Illapa, a BTOPOH psi - CXOIAIIEeMCsS BOJIHAM B JOMOJHUTEIbHOU
chepuueckoit cucreme koopaunar (I, 91) C LEHTPOM B TOYKE o) , cuMMeTprdHOi Touke O

OTHOCHTENBHO I10CKOoM rpanuiibl ( Z =0) momynpocrpaHcTBa.
B mpoctpancTBe nm300pakeHuid 3aqada cBeieHa K OECKOHEYHOW cHCTeMe JIMHEHHBIX

y . AL

anreOpaudecKnx ypaBHEHWH OTHOCHTENbHO (QyHkumit A (S), KOTOPYIO 3alMIIeM B BHE
MaTpUYHOTrO ypaBHEeHHUs [3]:

MAY? + FOAx - F@Axy? =pPy + p@xy + p®y* + pWxy®  (12)

3necs M (S) - GeCKOHEUHas MaroHanbHas mMarpuna ¢ yementamn M (s); F (s) -

OeCKOHEYHbIE MATPUIBl AJIEMEHTOB Fn(p')(s) (1=12); p‘k’(s) - OECKOHEYHBI BEKTOp -

cToJIOeI] C PIIEMEHTAMHU pr(]k)(S) (k=1,4); A(S) - OECKOHEYHBI HEU3BECTHBIM BEKTOP -

L
ctonben ¢ kommonentamu A (S) .
Pemenune matpuuHoro ypaBHeHus (11) pa3pickuBaeM B BHJE psjia MO IKCIHOHEHTaM

x=g 2" y=e":

A= Y a9y, (12)

i,j=0
rae a; (S) 0ECKOHEUHBIE BEKTOPBI-CTOJIOIBI C 3JIEMEHTaMH a(’"(s).

IToncrasnsis 6eckoneunslit psaf (12) B ypaBHenue (11) u npupaBHUBast KO3 HUIMEHTHI
JIeBOM M TpaBOW dYacTeil NMpH OJMHAKOBBIX CTEHEHsAX MepeMeHHbIXx X © Y, monydaem

= (m
PEKYPPEHTHBIC COOTHOIICHHS OTHOCHTENBHO GYyHKIM & () wm coorBercTByMOLIHE

HAYaJbHBIE YCJIOBHS K HHMM. AHaIU3 PEKYPPEHTHBIX COOTHOIIEHUH ITOKa3bIBAET, 4YTO
n300pakeHHs eCTh pallMoOHaNbHbIE (DYHKIMU MapaMeTpa npeodpa3oBanus Jlamnaca, KOTOpbIi
AT BO3MOJKHOCTb BBIYMCIIATH WX OpPUIMHAJIBI, a CJIEN0BAaTEIbHO, M OpPUTMHAJBI
K02 (D PUITMEHTOB PsIZIOB UCKOMBIX (DYHKIIUHA C TIOMOIIBIO TEOPUHU BBHIYETOB [2].

ITonyyensr dopmynsl K03(pPUIMEHTOB pa3inoXeHUud ig TUAPOIUHAMUYECKOTO
JaBJICHUS B Cpejie

Py (1,8) = Py, (1,8) + Py, (r,8) + P, (1,9),
p(l)'n(r,S) —_f L( )(2:? ()ZnTl-l-nl) (r—l)ys[RnO( I"'YS) e 2rysRn0(r,Ys)]
(2n+1)
( )n+lsn

P (r,8) =1 5(s) e e VR[R  (—rys) —e "R, (rys)]
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n+1( 5)" i[ no(rYS)aﬁn)(S)yr+

+G,o(rys) Y C,p (S)aiﬁp’(S)X}x y
p=0

Gno(s) = I:\)nO (_S)es - I:ano (S)eis

e Rno (S) - nomumomer napameTpa npeobpaszosanus Jlammaca S [3].

P (1,8) =~

[TpoBeeHbI YNCIEHHBIC SKCTIEPUMEHTHI. | padukn 3aBUCMOCTH OT BPEMEHHU JAAaBICHHS
P DOKa3bpIBarOT, YTO BOJIHBI, OTPAXXEHHBIE OT IUIOCKOM TPAHMIIBI, OKA3bIBAIOT BIIMSHUE HA

TUAPOJUHAMUYECKOE COCTOSHME Cpeldbl B OKPECTHOCTH kecTkoro map. IlomydeHHble
pe3yibTaThl paboThl MOTYT OBITH HCIIOJNB30BaHBl B O0JACTH MPOEKTHBIX OpPraHU3alMid Mpu
CTPOUTEIIBCTBE COOPYKEHUH, a TAKKE IIPU IPOCKTUPOBAHUH ITOABOIHBIX PE3EPBYapOB.
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THE USE OF QUARTILE RESAMPLE FOR MULTI-D IMENSIONAL
BAYES CLASSIFICATION

F. Z. Okwonu
Department of Mathematics, Faculty of Science Delta State University, P.M.B.1, Abraka,
Nigeria
Email: okwonufz@delsu.edu.ng; fokwonu@gmail.com
The covariance dependent classifiers (CDC) which also rely on the computation of the

group mean vectors are impracticable if the dimension ( p) of the data is larger than the sample

size (n) . Another problem that is associated with the CDC methods is the effect of outliers on

the group mean vectors. As a result of the curse of dimensionality and singularity, the
coefficient of the CDC methods could not be formed explicitly without the modification of the
covariance matrix structure. The nearest mean classifier (NMC) and the independent
classification rule (ICR) are some powerful techniques applied to mitigate the curse of
dimensionality and singularity associated with the CDC methods. However, these methods do
not address the effects of outliers that may perturb the robustness of the NMC and ICR. To
solve the above problems, we proposed a multidimensional classifier based on the Bayes
concept. We applied these methods to five real data with varying conditions, thatis n > p and

p > n. The classification results based on these data set revealed that the performance analysis

of all the classifiers is comparable. The simulation result also indicates that all three classifiers
have similar CPU computational times. The comparative analysis demonstrated that these
classifiers have averagely very minimum performance error. Therefore, this analysis affirmed
that the proposed method could be applied to perform classification tasks regardless of whether
n> p and p > n classification problems.
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PACITPOCTPAHEHUE HECTAIIMOHAPHBIX ITOIIEPEYHbIX BOJIH
OT C®EPUMYECKOM MMOJIOCTHU BBJIN3U JKECTKOI'O LIIAPA B
ITPOCTPAHCTBE YIIPYI'OU CPE/IbI

L. Mycypmonosa M.O., ¥ @ Illykypos A.M.
1Ka WMHCK‘Z/{ZZ 20C aa Cm€€HHblLvl HUueepcumem, Ka wu, V36el<ucmaH
74 yoap Yy /4 D
SHGKTpOHHaﬂ Imo4uTa aBTOpOB
amusurmonova.mamura@gmail.com, ®shukurovamon@yandex.ru

HCCHGI{OB&HH@ HECTAIMOHAPHBIX BOJTHOBLIX MMPOLCCCOB B CINIOIIHBIX CPpEAaX ABJIACTCA
CIOXHBIM M B TO € BpeMsl aKTyaJlbHbIM HAaIpaBIICHUEM BOJHOBOH IMHAMHKU MEXaHHKHU
negopMupyeMoro Tena. AKTyaaIbHOCTh TPOOJIEMBI BOJTHOBOW JMHAMUKH J1€(OPMHUPYEMBIX T
OTIpEe/IeNIIeTCSl Pa3BUTHUEM PA3IUYHBIX OOJacTell TEeXHUKH, CO3JJaHHEM HOBBIX KOHCTPYKIIUH,
pa6OTaIOHII/IX B YCJIOBUAX NJTUHAMUYCCKHUX HAIrpy30K.

JlanHast paboTa MOCBSIIEHa MaTEMaTHYECKOMY MOJICIMPOBAHUIO U HCCIEIOBAHUIO
HECTAllMOHAPHBIX BOJIHOBBIX IIponeccoB npu pacnpoCTpaHCHUU HECTAlTMOHAPHBIX
MONIEPEYHBIX BOJH OT c(epuyecKol IOJIOCTH, PACHOJIOKEHHON BOJIM3M KECTKOro Iiapa B
MpocTpaHcTBe ymnpyrou cpenbl. Llenpto paboThl sBisIeTCs pa3pabOTKa aJTOPUTM PEIICHUS
3aJ]a4d O PacIpOCTPAHEHUH HECTAI[MOHAPHBIX MONEPEYHbIX BOJIH OT c(hepHuecKoi MoocTH,
pPacHojio’)KEHHOM BONM3M KECTKOro IIapa B IPOCTPAHCTBE YIPYrol cpeibl, a TaK Ke
UCCIIEIOBAaHHE BOJHOBBIX MIPOLIECCOB B OKPECTHOCTH C(hepHUeCcKOi MOJIOCTH.

[lyctp B OeCKOHEYHON JIMHEMHO-YIPYrol OAHOPOJHOM HM30TPOIHOM cpene uMmeercs

cepryeckas MoJOCTh PaIycoM Rl BOJIM3M JKECTKOTO IIapa pajnycom Rz, paccrosiHue

MEXly LIEHTpamMu ux paBHo |, rie | > R1 + R2-

7
Y A
&N I
Vo7 s 1%

FCOMeTpI/I‘-IeCKa}I 00J1acTh 3agauun
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JIBU>KEHHE CpeIbl PACCMATPHUBAETCS B IBYX chepuueckux cucremax koopaunar (I, eK
,SK), Ha4aJIbHbIE TOYKH OK KOTOPBIX HAaXOJATCSI COOTBETCTBEHHO B LIEHTPax chepuyecKoin
nonocty u mapa (K= 1, 2).

B HavanbHBIi MOMEHT BPEMEHH K BHYTpEHHEW moBepxHOCTH chepuyeckoir T=0

I0JIOCTU ql(r,Gl) IPWIOKEHA 3a/laHHasi OCECUMMETPUYHAsl KacaTellbHasi [OBEPXHOCTHAs

Harpyska, Koropas o0pa3yer BpalaTelIbHOE JBUKEHHE CPEIbl BOKPYT OCH, IPOXOSIIEH uepe3
LEHTPHI MOJIOCTH U IIapa.

CYI‘191 L=R, = ql (T’ el) . (1)
Ha noBepXHOCTH 1apa MepeMENCHHE PABHO HYJIIO
92 I’2=R2 - O ’ (2)

C y‘léTOM 0CEBOM CUMMCTPHH 3aJla4i ABMKCHUC CPCJbl OTHOCUTCIIbHO ITOTCHI X AJIa \.V
OIMUCBIBACTCS BOJIHOBBIM YPABHCHHUEM

0*y \
2
=Ay-——— (k=12) 3
o Y r’sin’e_ ( 4) ®)
HaanBHBIe YCJ'IOBI/IH - O,Z[HOpOI[HBIe
oy
_oVl _o. 4)
v =0 a,c o

Ha 6eckoHeyHOCTH OTCYTCTBYET BO3MYILEHUE
limy=0. ®)

I —©
HauanpHo-kpaeBass 3amaua (1)-(5) pemaercs C TpPUMEHEHHEM HMHTETPAIBHOTO
npeo6pa30BaHI/1${ Jlannaca no BPEMCHU T ¥ UCTIONB30BaHWEM METO]Ia HEMOJIHOTO pa3sacCICHUA

. L
nepeMeHHbIX. B mpocTpaHcTBe M300paskeHuil moreHnuan \J ~, KOMIIOHEHTBI Wg‘ BEKTOpa
- (1.0,
CMEIIEHHs W G, o TEH30pa HANPHKEHUA, a TaKKe 3aJaHHYIO ¢ynkumio  (, (7,9,

3/2
IpeJICTaBUM B BUJe OECKOHEUHBIX Psi1oB N0 nosnHomaMm ['erenbayspa Cné 1 (cos eK) [1,2].
B npoctpancTBe n3o0paxkeHus odiee perieHne ypaBHeHus (3) pa3bICKUBAEeTCs B BUJIE

GEeCKOHEYHOr0 psAjga MO ToNMHOMAaM I erembayspa Ci ?(cos0.) (L oGosnauaer

TpancdopMaHTy npeobpasosanus Jlamnaca, S - mapamerp npeobpasosanus) [1]:

2,sinf, &
WL = _Zl \/7]{ Zl Bllgn (S) Kn+1/2 (rKyS)Cr?/_i (COS eK) ; (6)

L
e K, ,y/,(X) - momudummposanmusie dynkimn Beceens Broporo pona; B, (S) - nenssecrasie

(yHkIMu mapameTpa .
B npocrtpancTBe n300pakeHuil 3amada cBefeHa K OGCKOHEYHOM CHUCTeMe JIMHEMHBIX

. . L
anreGpauyecKuX YpaBHEHMH OTHOCHTENBHO HeM3BECTHBIX GyHkimit B (S), xoropyo
3aIUIlIeM B BUJIE CUCTEMBI IBYX MaTPUYHBIX ypaBHeHui [1]:

MBlyz +FB,x— Fszxy2 =Qy
NB,z* + T,B,x—T,B,xz° =0

Q(S) =01 (8).0, (). B, (8) =|B5(5), B&,(5),-.
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x=e"" y=e®r 7=¢7"

riue F TK - 6ECKOHEUHbIE MAaTPUIBI COOTBETCTBEHHO C DJIEMEHTAMU FKn (3) , Tm (S) («=1,2

), a |\/|, N - GeckoHeuHBbIE AMArOHAIbHBIE MaTpULbl COOTBETCTBEHHO C DJIEMEHTaAMU M n (S),
N, (S).

Pemenne cucreMbl MaTpUUHBIX ypaBHEHUH (7) mpencTaBUM OECKOHEYHBIMU psiIaMu
10 SKCIIOHEHTaM

() | 1 -k K K1 K,2 T —
Z b'Jk (S)X y I(Jk) (S) - Hbék )(S), bigk )(8)1 H 1 K= 11 2 . (8)
i,jk=0
[ToncraBnsas 6eckoHeunsie psanabl (8) B cucreMy (7) u mpupaBHUBasS KOd()PUITUEHTHI B
JNIeBOil M MpaBOW YacTAX TIPM OJMHAKOBBIX CTEleHsX nepeMeHHbx X, Y u L, momyuum

PEKYPPEHTHBIE COOTHOIICHUS i1 KOA(PUIINEHTOB bé:'n) (s), (n=1,2,...) u HavyanbHbIC

YCIIOBHS K HUM.

AHanu3 peKyppeHTHBIX COOTHOLICHUI IIOKa3bIBa€T, YTO H300paKeHHS ecCThb
panmoHanpHbIe (PYHKIMH MapaMeTpa rnpeodpa3zoBanus Jlammaca, KOTOPBIH AaeT BO3MOKHOCTh
BBIYHCIIATh MX OPUTHHAIIBL, @ CJIEI0BATEIBHO, U OPUTHHAIBI KOA(PPHUIIUEHTOB PSIIOB HCKOMBIX
(GYHKIHMI ¢ TOMOLIBIO0 TEOPUH BBIYETOB [3].

B mpoctpancTBe n3zobpaxenuii Jlamaca momydeHsl BeIpaxeHus 11 KodppUImeHToB

) L L )
PAULOB KOMIIOHEHT nepememtennit Wy (r,,S) 1 G, (I, S) TeH30pa HaNpsLKEHHii.

W50 (109) == SU(075) - 07,0 (1 8) = U, (179).

K K

(9= s i R, (139)al" (s)e ™

K |,J,k=0

G, (r18) ) S, (S)ag ™ (s)e™ X'y 7z,
p=l

m=12; v=mod,x+1, k=12

UrcneHHble pe3ybTaThl IPEICTABICHbI B BUIE TPaQUKOB, KOTOPBIE MOKA3bIBAIOT UTO,
OTPpaXEHHBIE OT JKECTKOrO IIapa BOJHBI OKa3bIBAIOT BIMSHHE HA HaIMPSHKEHHO-
nehOpMHUPOBAHHOE COCTOSIHME CPEIbl B OKPECTHOCTH chepuueckoi momoctu. [lomyueHHbie
pe3yabTaThl pabOThl MOTYT OBITH HCIIOJIB30BAHBI B 0O0JIACTH CEHUCMOJIOTHH, T€OU3UKUA U
MPOEKTHBIX OpPraHU3alMsaX MPU CTPOUTETBCTBE COOPYKEHHI.
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OB OJJHOHM JIMHEMHOM OBPATHOM 3AJAYE JIUISI
TPEXMEPHOI'O YPABHEHUSI CMEIIIAHHOI'O TUITIA BTOPOI'O
POJIA BTOPOI'O IOPSJIKA C HEJIOKAJIbHBIMHA KPAEBBIMHU
YCJIOBUSIMH B HEOTPAHUYEHHOM IAPAJUIEJIENIMIEIE

C. 3.[[>1<aMaJ10131* 9 B.K. Cunarauaosa® ?

Y2 femumym mamemamuxu umenu B.M. Pomanosckozo npu akademuu Hayk Pecnybnuxu
V3bexucman
% siroj63@mail.ru, Psbiybinaz@mail.ru

B npouecce nccnenoBanus HEJIOKaIbHbBIX 3a/1a4 ObliIa BbISIBJIEHA TECHAS B3aUMOCBSI3b

3a/1a4 C HEJOKAJIbHBIMH KPAaeBbIMH YCIOBUSAMU U OOpPATHBIMU 3aJauaMHu.
HenokanbHble KpaeBble 3afaud Uil YPAaBHEHHUS CMEIIAHHOIO THIIA BO3HUKAET IIpU
MOJCIIMPOBAaHME 3aJa4yd B  TPAHC3BYKOBOM Ta30BOM  JUHAMUKOW, MarHUTOTMIPO-
JUHAMUYECKMMHU TEYEHMSMHU C IEPeXOJ0M uepe3 CKOPOCTH 3ByKa U CKOpocTH Anb(eHa, C
TEYEHUSIMU SKUJKOCTH B OTKPBITOM KaHalle, C TEOpUeill OECKOHEYHO MajblX H3rMOaHUi
IIOBEPXHOCTEH, a TaKkKe ¢ 6€3 MOMEHTHOH TeopHelt 000J104eK ¢ KpUBU3HON IEPEMEHHOI0 3HaKa
Y MHOTHIMU JIDYTUMH BOTIPOCaMHU MEXaHuKH [1].

OTMmeTuM, 4YTO MHTEpeC K MCCIEIOBAHUIO OOpaTHBIX 3ajad JJs YpaBHEHUS
MaTeMaTHYECKOW (PU3UKH OOYCIIOBICH BXHOCTHIO MX MPHIIOKEHUN B PA3IMYHBIX pa3zenax
MEXaHUKH, CEHCMOJIOIMH, MEAULIMHCKON ToMOrpaduu, reopU3uKy, a Takke oOpaTHbIE 3a1a4u
BO3HHKAIOT MPH U3yYCHUH KPATKOCPOYHOTO MTPOTHO3a IIyHaMu [2].

K nacrosmemy BpeMeHM JOCTaTOYHO XOPOLIO H3y4YEHbI OOpaTHBIE 3adauu JUIs
KJAaCCUYECKUX  YpaBHEHMH  TakMX  KakK, 1apabOoJIMYeCKUX, JJUIMITHYECKUX U
runepOonyeckux TUMoB. Takue 3a1auu JUIsl YpaBHEHUI CMELIAHHOTO THUIA B MJIOCKOCTH
u3y4deHsl B padorax K.b. Caburosa [3], a A71s1 MHOrOMEpHBIX YpaBHEHHI CMEIIAHHOTO THUIIA
BTOPOIO pOJa B OrpaHUuYEHHBIX oOjacTsAx wu3ydeHsl B pabortax C.3./[»amarosa,
P.P.Amyposa [4]

3HAUUTEIPHO MEHEE W3YYEHHBIMH SIBISIIOTCS OOpaTHbBIE 33Jayd s ypaBHEHUH
CMEIIIaHHOTO THUIIa MEPBOro poja (B YaCTHOCTH, AJs ypaBHeHUs Tpukomu n Yamieiruxa) B
HEOTPaHUYEHHBIX 00JacTsaX [5], a /U1 ypaBHEHHUI CMENIAHHOTO THIA BTOPOTO POJa TaKHe
3alayl B HEOTPAHUYEHHBIX OOJACTSAX NPAKTHUECKHE HE HCCIeNoBalUCh. YacTH4HO
BOCTIOJHUTH JJAHHBINA TPOOEI MBI U TIONBITAEMCS B paMKax 3TOi paObOThI.

B o6mactn

G=0,)x0,T)xR=QxR={(x,t,2);x(0,1),0<t<T <+0,z e R}
PacCMOTPUM TPEXMEPHOE YpaBHEHUE CMEIIAHHOTO THIIA BTOPOTO POJia BTOPOTO MOPSIKA:

Lu=Kk(t)ug —Au+a(xt)us +c(x,t)u=w(xt,2), 1)

e AU = U,y + U,; - omeparop Jlamaca, n mycts k (0) <0 <k (T).
3neck v (x,t,z) =g (x,t,2)+h(x,t)- f (x,t,z), rme g(x,t,z) u f(x,t,z) -3agaHHbIE QYHKIIHH,
a QyHKIusA h(X,t) HOJICKUT OIPEEICHUIO.

VYpasHenue (1) OTHOCUTCS K YpaBHEHHUSIM CMEIIAHHOTO TUIIA BTOPOTO poJia, TaK Kak Ha
3HaK QYHKOUM Kk(t) 1O IEPEMEHHOM t Bayrpu otpeska [O,T] He Hamaraercs HHKaKMX

orpaHu4eHuit [4].

Juneinan oopamnas zadaua. Haiitm ¢ysxiun {u(X,t,z), h(x,t)} yaoBIETBOpSIONINE
ypaBHaenuto (1) B obmactu G, takue uTo, GyHKIUS U (X,t,Z) YIOBIETBOPSET CIEIYIOLIHM
HEJIOKaJIbHBIM KPA€BBbIM YCIOBHAIM

4 u‘tzo - u‘t:T ’ )
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ul ul 0, 3)

x=0 = x=1 =

re ) —HEKOTOpOE IOCTOSIHHOE YHUCIIO, OTJIIMYHOE OT HYyJs, BEIMYMHA KOTOPOro OyneTr
YTOYHEHA HUXKE,
B naneneiimem Oynem cuurarh, 4To u(X,t,z) M u, (x,t,z) —> 0 OpHU | Z |—> 0. 4

Kpowme Toro, pemenue 3agaun (1)-(4) y1oBAETBOPSIET TONOJIHUTEILHOMY YCIOBHUIO
u(x,t,l,) =@, (x,t), rme (,eR (5)

u ¢ dyaknuer h(x,t) mpuHaIISKUT KiIaccy
U ={(u,h)|uewW?*(G);heW?(Q)}.

| .
3necs W 2’3(G) — aHM30TpoIHas mpoctpancTBa CoboeBa ¢ HOPMO

400
||u”5\/2|'3(e) _ (272_)—1/2 . J‘ (1+ |/I|2)3 . ||l€(x’t’ﬂ’)|l\7V2|(Q) d/,l,

rac I—J'II-O606 KOHCYHOC IIOJOXKXHUTCIIBHOC Oejao€ 4YuclIo. qepes IE(X,'[,Z) 0003HaYEHO

npeoOpazoBanue Oypbe 1Mo nepeMeHHo Z.
Jlureparypa

1. ®pankip O.M. U30pannble Tpybl 10 ra30Boi AuHaMuke: Mocksa. 1973. ¢.711.

2. JlaBpentheB M.M, PomanoB B.I', Bacunrer B.I'. MHoromepHbsie oOpaTHBIC 3a1add IS
mubdepeHmansHbix ypaBHeHuil. HoBocubupcek. Hayka, 1969,c.67

3. CaburoB K.b., MaprempsinoBa H.B. Hemokanpnasi oOpaTHas 3amaya Ui ypaBHEHUS
cMeinanHoro tumna. // 13B. By3oB. Maremaruka.2011. Ne2.¢.71-85.

4. C.3.Ixxamanos, P.P.Aurypos. OO0 onHO# nuHENHHON 00paTHON 3aaaye AJii MHOTOMEPHOTO
YpaBHEHMsI CMEIIAHHOTO TUIIA BTOPOTO poja, BToporo mopsaka./  JuddepeHnuanbHbe
ypaBHeHusd. 2019,1.55, Ne 1 ,C.34-44.

5. S.Z.Dzhamalov, R.R.Ashurov, Kh.Sh. Turakulov. The Linear Inverse Problem for the three-
dimensional Tricomi equation in a prismatic unbounded domain. // Lobachevski Journal of
Mathematics, 2021, 42(15), pp. 3606-3615.

UDC 517.977.5

OPTIMAL CONTROL OF NONLINEAR INVERSE PROBLEM FOR A
HILFER FRACTIONAL ANALOG OF THE BARENBLATT-ZHELTOV-
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Solving some problems of mathematical modeling of thermal processes often leads to
the consideration of nonlocal inverse problems for parabolic and pseudo-parabolic equations.
The theory of inverse problems is one of the modern and most important sections of the
differential equations of mathematical physics. Nonlocal problems with final valued conditions
are encountered in mathematical modeling of phenomena of various nature, when the boundary
of the process flow domain is inaccessible for direct measurements. An example is some
problems of studying the diffusion of particles in a turbulent plasma and some problems of
studying the processes of heat propagation. When studying the technological process of
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aluminum production, before the start of the production cycle, the raw material passes through
firing and the state of the raw material by the beginning of the production cycle is not known.
And the final expected state of the output will be unknown in reality. We find it from a known
final state and control the technological process. So, we have an inverse control problem with
final valued condition and intermediate condition to solve the heat equation with redefinition
function at the final point.

The theory of optimal control for systems with distributed parameters is widely used in
solving problems of aerodynamics, chemical reactions, diffusion, filtration, combustion,
heating, etc. (see, [1-8]). Various analytical and approximate methods for solving problems of
optimal control systems with distributed parameters are being developed and effectively used.

In this paper, we consider the questions of a generalized and approximate solving of the
fractional inverse problem of nonlinear optimal control of the process of heat propagation along
a rod of finite length for a fractional order pseudo-parabolic differential equation with a
quadratic optimality criterion. The necessary optimality conditions are formulated by the
maximum principle, and the control function is calculated.

So, we consider the following fractional pseudo-parabolic equation of the inverse
problem and control the process of heat propagation along a rod of finite length

L7 [u(t,x)]= f(x,p(t)), (t,x)eQ (1)
with final valued
uT, x)=p(x), xeQ, )
and Dirichlet type conditions
u(t,0)=u(tl)=0, teQ,, (3)

where f (X, p) e C (€, xY) is external source function, p(t)e C(Q,) is control function,
u(t, x) e C(Q) is state function of the controlled process, @ (X) is the redefinition distribution

function of heat along the rod, @(0)=¢()=0, o(X)eL,(Q)),
L*” =D“” -D*” ;—;—;—:2 is Hilfer fractional analog of Barenblatt-Zheltov-Kochina
operator, D*" =J3]" %Jé], O<a<y<l is Hilfer fractional  operator,
Jow(t)= L [w(s)ds , 0 <« is Riemann--Liouville integral operator, Y'=[0,M ],

[(a)y (t—s)™
0<M <o, Q=Q.xQ,, Q. =[0T], Q,=[0I], 0<T<wo, 0<l<ow.In

finding redefinition function @ (X), we use the following additional intermediate condition in
integral form

ut,x)=w(x), 0<t <T, xeQ,, (4)
where ¥ (X) € L,(€2)).

In this work, the mixed problem of nonlinear optimal control is considered, where the
final valued condition (2) is connected with the fact that often in practice there are situations
when the object of research in the inverse problem is either fundamentally inaccessible for

measurement, or conducting such a measurement is expensive. The function @(X) in the

condition (2) is unknown, too. There arises the necessity of using the additional condition (4).
The necessary optimality conditions based on the maximum principle are formulated, the
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control function and the state function are calculated.The inverse optimal control problem (1)-
(4) contains a triple of unknown functions:

{u(t,x) eC(Q), p(X)eL, (), p(t)eC(QT)}. We note that for a complete

definition of this triple, it is not enough to use only the conditions (2)-(4). Therefore, in this
paper we also consider the minimization of the quadratic functional of quality.
Problem. Find redefinition function ¢(x), control function

p(t) e{ p: | p(t) | <M*, teQ, } and corresponding state function u(t, X) , which deliver
a minimum to functionality

Ipl=[[uT.y)-¢W ] dy+a|p*®dt,

where &£(X) is given continuous function such that 0 < & = const,

£00=2 60,00, &, = [eb Wy, EO=£=0, |,

The methodology of this work can also be used to solve other problems of nonlinear
optimal control associated with the heat transfer or wave processes, for example, in problems
of controlling metallurgical furnaces. In solving such optimal control problems, it is necessary
to study mathematical models of process control, which allow real-time prediction of the
temperature distribution of heated materials depending on changes in supplied power, heating
time of bodies, heating modes, etc. If we consider the technological process of aluminum
production indicated above, it is impossible to determine the initial temporary state of the
aluminum in the beginning of the technological process. The fact is that first the raw material
goes through the firing stage. We do not know in what state the raw materials enter the
technological process. The technological process consists of four cycles. After each cycle, it
becomes possible to determine the intermediate state of the manufactured product from sensor
readings. The mathematical problem is posed as follows: knowing the intermediate state of the
product, predict the state of the finished product in advance at the intermediate stage. Based on
this analysis of sensor indicators, introduce control into the thermal process. If the simulation
analysis needs to be repeated, the thermal process control can be adjusted up to three times.

So, the questions of generalized solvability of a nonlocal inverse problem in nonlinear
optimal control of thermal processes for a fractional analog of pseudo-parabolic differential
equation (1). The fractional analog of pseudo-parabolic equation is considered with final valued
(2) and boundary valued conditions (3). To determine the redefinition function from (2),
intermediate condition (4) is specified. The method of variable separation based on the Fourier
series is applied. It is assumed that the redefinition function and nonlinear term of the given
differential equation are also expressed as a Fourier series.

< 00,
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Increasing the efficiency of any enterprise is directly determined by increasing the
efficiency of using information resources. Traditional methods of building information security
systems are based on the principle of static two-component construction, and then a dynamic
security system model is developed based on the intruder model (set of requirements, measures,
tools, etc.). If the variety of control actions is greater than the variety of disturbances in the
system, the system will be controllable. An alternative formula for this, researched by A.
Kabulov[1] and Saint-Ber [2], should be no less than the variety of security measures and threats
to information protection. Development of dynamic protection system models from the point
of view of the general theory of systems, such a problem can be expressed as an algorithmic
provision of the control system of the protection subsystem and the process of its interaction
with the external aggregate.

The information protection system is defined according to the following levels:
A, B, C, D, atree of system objectives is built. We define: P- the number of elements of level 4;
Q- the number of B-level elements; Number of elements of level R- C; Number of elements of
level ] — D; Let G be a quantitative measure of risk and F be a quantitative measure of effective
countermeasures.

The mathematical model of the dynamic protection system for levels A, B, C, D can be
written in the following form:

dP
E= v—aAPG—kAP,
aQ
= = QPG+ uo(0)Q ~ apQG ~ kQ,
OR
= = aQG + po(G)R — acRG — keR,
aJ
a = aCRG - kD]l

To analyze the performance of the four-level hierarchical structure of the protection
system, it is proposed to use the efficiency criterion used by Kapitsa[3] et al.:

Spqrj = (5P + b1) - (52Q + by) - (s3R + b3) * (s4] + by) — bybyb3by

in this s; - performance of A level elements; s, - performance of B level elements; s;-
performance of C level elements; s,- performance of D level elements.
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no

This research analyzes the state of the ‘green’ economy in Uzbekistan in comparison
with Kazakhstan, Kyrgyz Republic, Tajikistan and Turkmenistan, focusing on the descriptive
analysis of the situation within the last 20-30 ears. The core element of the research is the
analysis of the Random Effects model (Panel Data analysis). There are various types of models
to analyze panel data. For this research, the choice was made between Fixed Effects and
Random Effects models using the Haussmann test.

Within the REM (Random Effects Model) used in this research, the EKC (Environmental

Kuznets Curve) concept is used. The EKC hypothesis suggests an inverted U-shaped

relationship between environmental degradation (here represented by GHG emissions) and

economic growth (indicated by GDP) (Lan Xu, 2011). According to this hypothesis:

e Initial Economic Growth: In the early stages of economic growth, environmental
degradation increases as economies prioritize growth over environmental concerns.

e Turning Point: As an economy matures, a turning point is reached where the rate of
environmental degradation starts to decrease.

e Further Economic Growth: With further economic development, investment in cleaner
technologies and higher environmental regulations leads to a reduction in environmental
degradation.

The Fixed Effects Model (FEM) accounts for unobserved heterogeneity by allowing
each entity to have its own intercept term, effectively controlling for all time-invariant
characteristics, whether observed or unobserved. This model is particularly useful when the
unobserved variables are correlated with the explanatory variables, thus eliminating the omitted
variable bias. The FEM is estimated using the Within-Group Estimator, which removes the
entity-specific effects by demeaning the data with respect to each entity’s mean (Baltagi, 2005).

The FEM is expressed as:

Yii=a;+ B Xy + & 1)
where Yi: represents the dependent variable for entity i at time t, Xt denotes the vector of
explanatory variables, £ is the vector of coefficients, and &it is the idiosyncratic error term. The
estimation of FEM typically employs the Within-Group Estimator, which involves demeaning
the data with respect to each entity’s mean to eliminate the entity-specific effects.

The Random Effects Model (REM) assumes that the unobserved individual effects are
uncorrelated with the explanatory variables. Unlike FEM, REM considers the entity-specific
effects as part of the error term, leading to a composite error structure. This model is more
efficient than FEM if its assumption holds, as it utilizes both within and between entity
variations. The estimation of REM is typically done via Generalized Least Squares (GLS),
optimizing the use of available data (Baltagi, 2005).
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The Random Effects Model assumes that the individual effects are uncorrelated with
the explanatory variables, allowing for a more efficient use of the data by considering both
within and between entity variations. The REM is represented as:

YVie=a+ f-Xi+u +e (2)
where Yit is the dependent variable for individual i at time t, « is the overall intercept, Xit is the
vector of explanatory variables, g is the vector of coefficients, ui is the random individual-
specific effect. The composite error term ui+ eir combines the individual effect and the
idiosyncratic error, with REM typically estimated via Generalized Least Squares (GLS) to
account for the structure of the composite error.

In our model, where there are 6 countries (i) and 32 ears (t), the following representation
of the REM model equation will be used:

GHG" = a+ By - GDPyy + B, GDPi + B3 * PES; + By Xyt uwi + & (3)

Where CO. (numeric dependent variable) is carbon dioxide emission (mlIn metric tons),
GDP (numeric variable) — Gross Domestic Product (constant at 2015, 100 min USD rate), GDP?
relates to the model of EKC (Environments Kuznets Curve), PES (numeric variable) — primary
energy supply (tonne of oil equivalent, toe is defined as 107 kilocalories (41.868 gigajoules)),
X —is a vector of other variables in country i at time t (there might be multiple of them). Other
complementary variables include: forest area (percentage of total land area), population (total),
Renewable energy consumption (percentage of total final energy consumption), Urban
population (percentage of total population).
Analyzing Heterogeneity Across countries and ears we begin by exploring the variability
in pollution levels, or heterogeneity, across different countries and over time.

Heterogeineity across countries Heterogaineity across years

50 100 150 200 250 300

Figure 1. Analyzing Heterogeneity
The first graph in figure 1 shows GHG emissions for various countries. The second
graph illustrates the fluctuation of GHG emissions over time, from 1991 to around 2022.
Results. The Random Effects model with the final set of variables represents the
following:
Table 1. Random Effects model: results

Test name Test statistics p-value
Cross-sectional Dependence
Breusch-Pagan LM test 82.126 2.85* 10
Pearson CD tests (for unbalanced panel data) -2.543 0.01099
Serial-correlation 128.03 448 * 10
Stationarity (Augmented Dickey-Fuller test, k=1)
GHG -2.1608 0.509
GDP -1.877 0.6276
GDP? -2.607 0.3225
Primary energy supply -2.4083 0.4056
Renewable energy consumption -1.7516 0.68
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Equation of the model:
GHG, =

=2,42+0.29-GDP, —4.77-10® - GDP? +0.017 - PES, —0.016 - REC, + U, + &,

(Note: The GHG and GDP are in natural log forms)
Where RES - is the renewable energy consumption, ui - is the unobserved country-specific
random effect and & - is the idiosyncratic error term. Unobserved country-specific random
effect:
Kazakhstan Kyrgizstan Tajikistan Turkmenistan Uzbekistan
0.1961505 -0.4283945 -0.1158202 0.2525338 0.2828653
In economic terms, this nonlinear REM model highlights the complexity of the
relationship between economic activity, energy consumption, and environmental impact. It
provides evidence that while economic growth and energy supply are vital for development,
there needs to be a simultaneous focus on sustainable practices, particularly the adoption of
renewable energy and increasing the forest area to mitigate the environmental costs of
development.
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The use of innovative technologies is of particular importance in the current stage of
translation activities. Primarily, this includes information technologies. The nature and
requirements of translation process have significantly changed in the last decade. Firstly,
changes expressively relate to the written translation of scientific, technical, official, and
business documents. As a rule, translation solely through computer assistance like machine
translation is not sufficient at present. The client expects the design of the translated document
to closely resemble the original copy, and at the same time wants to adhere to the standards
accepted in that country. Additionally, the translator is expected to effectively utilize previous
orders completed on the same subject matter. In turn, the client anticipates a noticeable
reduction in time and cost when translating text segments. These conditions can be met not only
through a translator's proficiency in both the source and target languages and in-depth
knowledge of the chosen field of expertise, but also by using modern computer technologies
with confidence. Furthermore, utilizing digital technologies in translation is a crucial factor in
addressing various challenges in the fields of information and communication technologies,
such as enhancing the efficiency of services in the Uzbek language. It is also known that the
creation of text analysis methods plays an important role in the development of these
technologies. These methods are crucially utilized for the intellectual analysis of the given
content. To achieve the main goal of research, it is necessary to create a program that analyzes
mathematical models and generates algorithms automatically. If we utilize mathematical
models in quality machine translation today, we can express the idea of using them in translation
as follows:
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If the computer can be programmed to understand this mathematical model in a

language that it comprehends, then it is possible to achieve appropriate translation into the target
language. Machine translations created up to the present day have been comprehensively
translating the texts in different spheres across multiple languages. If machine translation is
used in the scientific field, several limitations will be observed without any doubt. Even such
limitations exist in the translation process that it is still possible to encounter issues where
certain words and the content of the text in the source language may not accurately convey its
intended meaning in the target language. In addressing these issues, we have made significant
progress in achieving fairly comprehensive translations in machine translation today. However,
according to our research, the problems in machine translation have not been fully resolved.
The foundation of machine translation is considered to be computational linguistics, but every
natural language (NL) is a complex system composed of mathematically unstructured and
unformalized components. In accordance with the scientific work by Y.N. Marchuka [2],
various concepts of models in the field of machine translation by mathematicians and linguists
are explained in detail. Tables below illustrate new mathematical models of demonstrative,
interrogative and negative sentences, together with affixations in the English pronouns. New
mathematical models of affirmative, interrogative and negative sentences and affixations have
been developed to translate from Uzbek into English or vice versa. The indicators below were
taken to simplify the tables. All indicators in the text were created based on [1].
E1(MM+): Mathematical model of affixes in declarative sentences; E1(MM): Mathematical
model of declarative sentence; E2(MM+): Mathematical model of affixes in interrogative
sentences; E2(MM): Mathematical model of interrogative sentence; E4(MM+): Mathematical
model of affixes in negative sentences; E4(MM): Mathematical model of negative sentence;
EVX: Input language; EVIX: Output language.

Table 1
E1(MM+) s
E1(MM) El(M1,C,G3,D):$[i,1-7]]|\/|1[i]@~l/$[j,l-h[|]C[j]@$[i1,1-h|]]G3[i1]®~lf$[jl,1-h[]]C[j1]@~l«
$ii2,2-71 Mgz DY $pi2.1-nm) G3(iz) DY $piz1-hgiDriz DV $1i2.1-0mCriz
EVX My name | is Nurbek. | | am | a | student
EVIX Mening | ismim | Nurbek. | Men talabaman

EL(MM) | E1Z(M1,C)=$(i1-mM1i@®4 $j 1-nmCri® $rin, 1-0m Crig®¥ $2,1-mM 1124 Crnyg

E1(M1(X3),C(X2),C)=$(i 1-nM1(X3[i) D4 $;.1-01C (X 20)) BN $pi1 1.0 Crig Y

E1(MM+
( ) $1i1.1- MDY Bz 1-n C(M1i)

In the table above demonstrates new mathematical models of declarative sentences
involving pronouns in both English and Uzbek.

The practical aspect of the research is expresses in following table 2 below. According
to our study, new mathematical models of interrogative sentences with pronouns in English
and Uzbek are constructed and new mathematical models of the affixation method found in
sentences and word-forming affixes are also shown in the tables below.

Table 2

E2(M4,C,G3,M1,D,F,Y)=$i,1-amM4[i1D¥ $5i.1-ng1 C g4 $pin.1-00 G 3y 4 S 1-4mM 1

E2(MM+
(MM+) (X(52) ¥ $i2,1-hm Dz D4 $pi2 -0 Fiiz 4 $ris 1-00 Y 1314 $52,1-0m Dz ¥ $pia 103 Fia)
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E2(M4,C,G3,M1,D,F,Y)=$[i.1-4m MA@ $1;.1-0mCrg®¥ $pin 1-np1 G 3y $iin, 1-4mM1

E2(MM
(MM) [i1D¥ $piz,1-ny Dpizg® Sz, 1-hg1Frizr® ¥ $riz.1-nr Y sV $ii2,1-hm Da1 @ $iis 1-hmFiis
EVX Which | book | Is yours |the | first |one | Or |the |second | One?
. . IkKi
EVIX Qaysi | kitob $|zn|k .bl.”r.]Ch yoki | nchis
i isimi io

E2(M4,C,G)=$i,1-4mM4i1 DY 8. 1-ng Crip® ¥ $rin, 1-4mM L) ¥ S, 1-ny Fring O3 $piza1-hp

E2(MM
(MM) Y (214 $i2,1-h11 Fiizg

E2(M4,C,G)=$i,1-4mM4[i1 D4 $[j,1-0m Crg® $riv, 1-amM L (X 3ri1) ©4 i 1-4mM 1 (Upiag)
E2(MM) | @ $1i21-nF(Adiz $i21-nmF (Ad2)) D4 $ia 1nmF (Urisg) O .10 Y 131D $tia 2-4m
ML(X3qia)) D4 $ija 1-nF (Adgiar) 4 is 1-nmF (Adgisy) @ ¥ $pis,1-nmF (Ugis))

Table 3

E4(MM+) -

E1(MM) E4(M3,C,G,E4,M1)=%i,13mM3ii @< $p,1-0m Cri®¥ $it 1-hm Grity®¥ S, 1-nm E 4D
(210 Grizg®¥ $ii2.1-3mM 12104 $iz 1-hm M Liiz D4 Bz 1-h01Cia]

EVX That man did not tell me | his | address.

EVIX O¢sha kishi menga manzilini | aytmadi.

E4(MM) E4(C,M1,M3,G)=%;i,1-301M3i1®4 $,1-hm Crin@ $rit. 13 M L) D4 $ij1, 1-nm Crig S
Bri2,1-h01 Grizg
E4(M3,C(X2),M1(X3),C(X3),G(AG),G(0))=%(i,13mM3[®+$,1-mC X2 DY

E4(MM+) | $fi1,1-3mM1(X3(i1) D4 $51,1-0m C (X 2(517) DY Bz, 1-0C (X 31i21) D4 $pj2,1-0m G (AG i)
@ $[i3.1-n01G(Oria))

According to the analysis presented the next table 3 above, a new mathematical model for
negative sentences with pronouns has also been developed. However, it can be easily seen that
it is impossible to program the strict translation of negative sentences with pronouns in English
and Uzbek, since both languages have their own peculiarities in terms of forming negation and
sentence structure.

In conclusion, in order to create a quantum computer translation system for educational
and scientific-technical fields, it is crucial for the mathematical models based on natural
languages to align with each other. This alignment ensures the precise functioning of machine
translation between two languages.
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Hozirgi kunda shaharlarda o‘sib borayotgan tirbandliklar va harakat hajmining yildan-
yilga o‘sib borish omillari tufayli, yo‘l transporti oqimini o‘rganish va uni boshqarish
zamonaviy dunyoda muhim rol o‘ynamoqda. Yo‘l harakati dinamikasini tushunish va bashorat
qilish yo‘l harakati xavfsizligi va samaradorligini ta’minlashning asosiy masalalaridan biri
bo‘lib, kelmoqda. Xususan O‘zbekistonda ham oxiri yillari harakat dinamikasi va transport
ogimlarini bashorat qilish, dolzarb masalalarga aylamoqda. Bunday masalalarni kelib chigish
sabablari yuqgorida keltirilgan omillarning tobora rivojlanib borishidir. Bunday omillarni
tushunish va o‘rganishga yana bir asosiy sabab, o°sib borayotgan tirbandlik va avtotransport
hajmining ortib borayotgani, mamlakat taraqqiyotiga sezilarli ta’siridir. Tirbandliklar iqtisodiy
jihatdan tovar va xizmatlarni etkazib berishda kechikishlarga sabab bo‘lmoqda, bu esa 0z
navbatida tadbirkorlik faoliyatining samaradorligi va rentabelligini pasaytirmoqgda. Ekologiya
nuqtayi nazaridan, avtomobillardan chiqadigan chiqindilarning ko‘payishi havo sifatini
yomonlashtirishi va fuqarolarning sog‘lig‘iga ta’siri bo‘lsa, ijtimoiy jihatdan tirbandliklar
stressni  kuchaytirishi va shahar aholisining hayot sifatiga salbiy ta’sir ko‘rsatishi
mumkinligidir. Bularning barchasi transport tizimining samaradorligini pasaytirishi, odamlar
va tovarlarning harakatlanishini giyinlashtirishi va mamlakatning jahon iqtisodiyotidagi
ragobatbardoshligini yomonlashtirishi mumkin.

Transport infratuzilmasini o‘rganish va boshqarishda transport oqimining modellari
asosiy rol o‘ynaydi. Ular turli sharoitlarda transport oqimining harakatini bashorat gilish va
tahlil gilish imkonini beradi, bu transportni boshgarishning samarali strategiyalarini ishlab
chiqish va transport infratuzilmasi bilan bog‘liq muammolarni kamaytirish uchun katta
ahamiyatga ega. Yol transportining harakat modellari hal giladigan asosiy vazifalardan biri bu
yo‘llarda harakatning dinamikasini bashorat qilishdir. Bu mavjud infratuzilmaning
samaradorligini baholash va yo‘llarning tirbandligi va u bilan bog‘liq yuzaga kelishi mumkin
bo‘lgan muammolarni bashorat qilish imkonini beradi. Ushbu prognozlarga asoslanib,
svetoforlarni optimallashtirish yoki mugobil marshrutlarni tavsiya qilish kabi harakatni
boshqarish strategiyalari ishlab chigilishi mumkin. Umuman olganda, transport ogimi modellari
transport infratuzilmasini o‘rganish va uni boshqarish strategiyasini ishlab chigishda muhim
vosita hisoblanadi. Ular infratuzilmaning hozirgi holatini tahlil gilish, uning rivojlanishini
bashorat gilish va umuman transport tizimining faoliyatini optimallashtirish imkonini beradi
[1,2,4].

Transport ogimini tahlil qilish uchun foydalaniladigan modellardan biri LWR
(Lighthill-Whitham-Richards) modelidir. Massaning saqglanish qonunlari va ogimning
ideallashtirilgan namoyishiga asoslangan ushbu model yo‘l bo‘ylab transport zichligidagi
o‘zgarishlarni tasvirlashi va tirbandlikning shakllanishi yoki hal qilinishini bashorat qilishi
mumkin. LWR modelidan foydalangan holda transport oqimi dinamikasini o‘rganish
zamonaviy dunyoda juda dolzarbdir. LWR modelidan foydalanish nafagat transport ogimida
sodir bo‘layotgan jarayonlarni yaxshiroq tushunishga, balki uni boshgarishning yanada
samarali strategiyalarini ishlab chigishga imkon beradi. Bunga svetoforni boshgarishni
optimallashtirish, sayohat vaqtlarini bashorat gilish va haqiqiy trafik ma’lumotlari asosida
transport oqimini boshqarish kiradi. Shunday qilib, transport oqimini o‘rganishda LWR
modelini o‘rganish transport muammolarini kamaytirish, yo‘l harakati xavfsizligini yaxshilash
va shaharning yashash muhiti sifatini yaxshilashga yordam beradigan bargaror va aglli transport
boshgaruv tizimlarini rivojlantirish uchun katta ahamiyatga egadir [2,6].
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Ushbu tadgiqgotning asosiy magsadi LWR modelining tenglamasini (1) echish uchun
chekli ayirmalar usuliga asoslangan sonli usulni ishlab chigish va bu usul yordamida hisob-
kitoblarni amalga oshirish imkonini beruvchi dastur yaratishdir.

dp , 9q(p) _
E-I_ ax 0 (1)

Yugorida keltirilgan (1) tenglamani chekli ayirmalar usuli ko’rinishidagi tenglamani
yozib olamiz (2) Bu tenglama asosida keyin dasturimizni yaratamiz.

Pij+1—Pij , d@ijp—aWi-1,j) _
s Ax =0 (2)

Bu erda LWR tenglamasini echishning sonli usullariga oid asosiy [1-5] manbalari va
ularni transport ogimini modellashtirishda qgo'llash ko'rib chigilgan. LWR tenglamasining
matematik jihatlarini o'rganishning asosiy manbalari sifatida transport ogimlarni
modellashtirishda sonli usullar bo‘yicha zamonaviy ilmiy maqolalar va kitoblar qo’llanilgan.

Xususiy differensial tenglamalarni sonli usullar yordamida EHMda echish uchun ham
dasturiy ta'minotni yaratishga bag'ishlangan ishlar ham o'rganildi. EHMda ragamli usullarni
samarali amalga oshirishni tavsiflovchi ishlarga, jumladan algoritmlarni optimallashtirish va
parallel hisoblashdan foydalanish masalalariga alohida e'tibor garatilgan [5,7].

Yugorida keltirilgan tenglamalarni hisoblash yordamida masalamizni echish algoritmi
va dasturi ishlab chiqildi. Dasturimizda boshlang’ich va chegaraviy shartlar sifatida p(x, ty) =
5avto/km, p(xyt) = 0 avto/km, p(Xpmax t) = 5 avto/km, pmae. = 250 avto/km va
Vmax = 60 km/soat olingan. Dasturimiz yordamida hisoblab topilgan avtomashinalar
zichligiga asosan 3 o’lchovligi va 2 o’Ichovli harakat zichligi grafiklari (1-rasm) qurilgan. Bu
dastur yordamida ixtiyoriy tezlik, masofa, vaqt va boshlang’ich tezliklar yordamida harakat
dinamikasini tahlil gilish mumkin.

=

2f+ LWR MODEL

+$ L-masofa P75y Dinamic Iy T-vaqt
o oo ovorkem ooy EEIEENEN
prmastoe o

1-rasm. LWR modelni sonli usullar yordamida hisoblash dasturi.
Xulosa. Xulosa qilib, shuni aytish mumkinki chekli ayirmalar usuliga asoslangan sonli
usullar yordamida ishlab chigilgan dastur LWR modelini hisoblab topishga yordam beradi. Bu
natija ma’lum yo’ldagi transport oqimlarining tirbandliklarini tahlil gilish imkonini beradi.
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Many processes involve fluid movement in the presence of porous media. In channel
flow, liquid flows with various porous inclusions are observed: flow in the presence of
sediments, with vegetation, with uneven ground, etc. [1-2].

This work represents a further development of the use of the two-speed model [3-4] for
the study of related problems.

Let part of the channel be filled with a porous medium.

Consider an interpenetrating model that describes the flow of two-phase media [5],
where the velocity of the discrete phase is neglected. Then the flow of the liquid phase is
described by a system of equations (two-dimensional case):

ou ou_ fop 4 8(fauj

fu—+fv—=-— — |+
OX oy Re ox 3Reox\ oXx

1 0(,o0u 2 0f,ov) 1 6( évj
+——| === f=|+=—=—| T = |-Cuy,
Reay( ayj 3Reax( 8yj Re oy ox 1)
fu@+ fvﬂz—L@jLié(f@jjt
OX oy Reody Reox\ ox

4 a( auj 15[ avj 2 aL avJ
+— = |+ fF—|———| f— |- CWw.
3Redyl oy) Reox\ oy) 3Redyl ox )
8(fu)+6(fv)_0
OX oy B (3)

Here, u,v— longitudinal and transverse flow velocities, p- pressure, f volume

concentration, Re is Reynolds number, C is interaction coefficient. In equations (1-3) the
parameters are dimensionless (Re=UHp/w), U is the average volume velocity, L is the
characteristic scale, p — is the density of the liquid, p is the viscosity, H is channel height). The

2 2
Kozeny-Karman relation was used for the interaction coefficient: C:D_(l_f#
Re

D =\/EH /d, where d is the characteristic size of the porous medium. Fr is the Froude
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number, a is the angle of inclination to the horizon, £ is the coefficient in the Kozeny-Karman
formula.

Equations (1)-(3) make it possible to study flows both inside and outside a porous
medium, since at f = 1 we obtain the Navier-Stokes equations for an incompressible fluid.
Moreover, these equations are suitable for the entire region under consideration. To numerically
solve (1)-(3), we use the control volume method [6] with a non-uniform mesh. The uneven
mesh was built so that their concentrations formed around the porous medium. The SIPMLE
algorithm [6] is generalized for equations (1)-(3).

Let the lower part of the channel be filled with a porous medium. Consider a flow in the
region: the length of the channel is 5 and the height is 1, and the porous medium occupies half
of the lower part of the channel. At the bottom of the channel, no-slip conditions are used. We
consider an open flow at the upper boundary and use a soft boundary condition at the exit.

At the entrance a uniform flow is given,

15

25 3 3,5 4

¢)f=0.9; Re=10
Fig.2 Speed along sections: x=0.166; 0.995; 1.869; 3.179; 4.887 (D=100)

Figure 2a) shows the behavior of the flow velocity due to the presence of a porous layer.
At the end of the channel, a one-dimensional flow is formed, obtained by solving a one-
dimensional problem, which has been studied by many authors [7]. Based on the output velocity
profile, a boundary soi near the interface is visible, widely discussed in the literature [7]. A
comparison of Fig. 2a) and b) shows a strong influence of porosity (for clarity, the scale in Fig.
2 has been changed). For the output velocity profile, the effect is more noticeable compared to
the Reynolds number.

o
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Fig.3 Current velocity field. Re-10, D=100; f=0.9
Figure 3 shows the field direction and velocity vector.
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One of the main issues in problems with an interface is the issue of leakage through the

interphase boundary. Figure 4 shows the transverse velocity at various Reynolds numbers.

.....................................................................................

u
0 1 2 3 4

Fig.4 Transverse velocity at the interface. D=100; f=0.9
The results in Fig.4 were obtained at Reynolds numbers: Re=1; 10;100; 200. The

maximum value of the transverse velocity through the interface is observed at small Reynolds
values; as this number increases, the maximum value decreases. In this case, the length of the
region of leakage through the interface is proportional to the Reynolds number.

Using the proposed model, which is obtained on the basis of a two-speed

interpenetrating model, it is possible to obtain a characteristic of the hydrodynamic fields of
joint flow with porous inclusions. The extended Navier-Stokes model can be used to study
hydrodynamic structures for flow in complex regions using a single equation without explicitly
identifying the interregional boundary.
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MAVSUMIY TARTIBGA SOLUVCHI SUV OMBORLARI BO‘LGAN
YIRIK NASOS STANSIYALARIDA SUV RESURSLARINING
MATEMATIK MODELLARI
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O‘zbekiston Respublikasi Qishloq va suv xo‘jaligi vazirligining suv xo‘jaligi tizimlari

tarkibiga mavsumiy tartibga solinadigan suv havzalari bo‘lgan yirik nasos stansiyalari
kaskadlari kiradi, ular suv ta’minoti turlicha bo‘lgan yillarda iste’molchilarni suv bilan
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ta’minlashni ko‘paytirish uchun foydalaniladi. Bunday ob’ektlar qatoriga nasos stansiyalari
kaskadiga ega Qarshi magistral kanali va Tolimarjon suv ombori, Quyimazor va To‘dako‘l suv
omborlari bilan Amu-Buxoro kanali va Uchgizil suv ombori bilan Amu-Zang mashina kanali
Kiradi.

G(m,1) kompleksining shoxlarini bittadan boshlab va har bir yoyning tugunlarini
belgilab, gandaydir tarzda ragamlaymiz. Keling, bu shoxlarning yo‘nalishini chap uchidan

o‘ngga belgilaymiz. G(m,1) kompleksining har bir M -yoyi, m=1,2,...,M sonini N(M) — |
segmentlarga va bu segmentlarning uchlarini chap bilan birga ajratamiz va yoyning o‘ng uchlari
umumiy holda yoyning N (M ) nugtalari bilan aniglanadi. Biz bu nugtalarni nazorat nugtalari

deb ataymiz. K -yoyning har bir j- nazorat nugtasida j=12,.., N(M), q,"(t) va h,"(t)
o‘zgaruvchilari aniqlanadi, giymatlari k = 1,2,..., K, vaqtning diskret momentida M —
yoyning j- nazorat nugtasida mos ravishda ogim tezligi va suv sathini ifodalaydi.

Magistral kanal uchastkasining holati begaror suv ogimi bilan tavsiflanadi va Sent-
Venantning saqlanish qonunlari ko‘rinishidagi differentsial tenglamalar tizimi bilan
tavsiflanadi [1-5]:

L 0
ot Ox,
2
L[%u\,@}{l(ij o _ @
Jow, ot OX; o8 OX;

Q

buerdav, ==L, ¢ = |+=,
@, B,
(1) tizimdagi giperbolik tipdagi gqisman differensial tenglamalar ogimning massasi va
impuls momentini saqlash tenglamalari bo‘lib, ochiq kanal kesimida suvning beqaror

harakatining matematik modelini ifodalaydi.
Ogim moduli K;(X;, z;) ishqalanish kuchlarining kattaligini tavsiflaydi va quyidagi
formula bilan aniglanadi:
Ki=a-C \/ﬁi’ 2

bu erda

R - kanalning gidravlik radiusi;

. — kanalning harakatdagi kesimining maydoni;

C. — Shezi koeffitsienti.

Chezi koeffitsientini aniglash uchun bir gator empirik formulalar mavjud. Ulardan
biri sifatida Pavlovskiy formulasini gabul gilish mumkin:

C :niRiYi Ly, =25n, —013-0,75R; (/n, —02) 3)

bu erda
n —kanal dag-allik koeffitsienti.
(2)-(3) tenglamalarning xarakterli shakli quyidagi ko‘rinishga ega:
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bu erda

2

o =i +1{5%J U
1 I B.| ox. C.
I I hi = const I

Matematik model (4) asosida ob’ektning holatini modellashtirish uchun
tenglamalarni echish sohasini tavsiflash uchun boshlang‘ich va chegaraviy shartlarni
belgilash kerak. Bu chegaraviy masalalarni sonli echish uchun xarakteristik shakldagi
tenglamalar tizimini yozish qo‘lay [5].

Matritsali tenglamalarning asosiy tizimi uchun yozuvning xarakterli shakli quyidagi
shaklga ega:

ouU, ouU,
T4 AS —L=F(U. K
S TS5 = RULKL, (5)
bu yerda
s [t -Bi(vi+ci); u -]
! B Bi(vi 'Ci) | Z
(6)
_ V, —C; 0 _ .2 Q||Q|| _
A, —{0 v +CJ’ F=-Biv," - 9o T. (V; F¢)a.
Dastlabki shartlar quyidagi shaklda yoziladi
Qi (Xi ’to) = QiO(Xi)' Z; (Xi 1to) = ZiO(Xi) (7)

0<x </, k=1..6

bu yerda Q,(X) va Z (% )— ma’lum funktsiyalar; ty - vaqtning dastlabki momenti.

Qarshi magistral kanali uchastkalarida suvning beqgaror harakatlarini tavsiflovchi
tenglamalar xuddi shunday xarakterli shakl ko‘rinishida keltirilgan (5).
Dastlabki shartlar shaklda yoziladi

Qi (%;,t5) = Qi (X)), Z; (X, %) = 2,0 (%) (8)
0<x, <7, i=1,...,9,
bu yerda i - bo‘lim raqami, Q, (Xi) va Z, (Xi )— ma’lum funktsiyalar; T, - vaqtning dastlabki
momenti.
Chegaraviy shartlar quyidagicha yoziladi:
2,(0,1) = 7, (1), Q (I, 1)=Q,(0,t) =Q“(1),
Q (I, 1)=Q;(0,1) =Q*(t),  Q;(I;,1) =Q,(0,1) =Q5° (1),
Q, (I, 1) =Qs(0,t) =Q;*(t), Qs (l5,t) =Qg(0,1) = Qs (1),
Qs (Is,1) =Q; (0,1) = Q" (1) , Q; (1,1) = Q7" () + Q" (1),
Q: (1Lt) =Q" (1), ©)
Qi’w(t): F (Zi(gi’t)' Zi+1(0’t)’ (Ni (t)’ NiP (t)’ ‘/’iP (t)))

bu yerda Z,(t) - daryodagi suv sathining o‘zgarishi. Amudaryo; Q™(t) — nasos
stansiyalarining suv oqimining o‘zgarishi; i — nasos stansiyasi; Q" (t) — ajratuvchi

inshootning suv oqimining o‘zgarishi; Qigp (t) - oxirgi olchash stantsiyasida suv ogimining
o‘zgarishi.

140



Foydalanilgan adabiyotlar ro‘yxati

1. Rakhimov, Sh., Seytov, A., Nazarov, B., Buvabekov, B., Optimal control of unstable water
movement in canals of irrigation systems under conditions of discontinuity of water delivery
to consumers. IOP Conf. Series: Materials Science and Engineering 883 (2020) 012065,
Dagestan, 2020.

2. Shavkat Rakhimov, Aybek Seytov, Nasiba Rakhimova, Bahrom Xonimqulov. Mathematical
models of optimal distribution of water in main canals. 2020 IEEE 14th International
Conference on Application of Information and Communication Technologies (AICT),
INSPEC Accession Number: 20413548, IEEE Access, Tashkent, Uzbekistan.

3. Rakhimov, S., Seytov, A., Kudaybergenov, A. Modeling and optimization of water supply
processes at large pumping stations. Global and Stochastic Analysis, 2021, 8(3), ctp. 57-62.

4. Kabulov A.V., Seytov A.J., Kudaybergenov A.A. Optimal water distribution in large main
canals of irrigation system // Global and Stochastic Analysis. — 2021. VVol.8, No.3. Pp. 45-
53. (N3 Scopus IF = 9.6246)

5. Seytov, A., Turayev, R., Jumamuratov, D., Kudaybergenov, A. Mathematical Models for
Calculation of Limits in Water Resources Management in Irrigation Systems. International
Conference on Information Science and Communications Technologies: Applications,
Trends and Opportunities, ICISCT 2021, 2021

KOMIIBIOTEPHOE MOIEJIMPOBAHUE TEMIIEPATYPHOI'O
OJIs1 ITPU TEIVIOBOM IIOTOKE B OCECUMMETPHYHbBIX
TEJIAX CJIOKHOU KOHCTPYKIIMHU

A.M. Ilomatos 1'a), AM. I/IKpaMOBl’6), I11.0. Camnaes -*)
!National University of Uzbekistan named after Mirzo Ulugbek.
3dr.polatov@gmail.com, ®ikramovaxmat@gmail.com, ®sapoyev.nazarbek@gmail.com
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KOHeuHbIX 31eMeHToB (MKD) nccienoBaHo pelieHne 3a1aui CHMMETPHYHON TeIUIonepeauu
OTHOCHUTEJIBHO OCH B ClIydae, KOrJia TEIJIOBOH MOTOK HAlpaBJIEH B ONPEACICHHYIO CTOPOHY.
Jlng pemieHus INIOCKOW 3alayd TEIUIONEpeAaud IMPUMEHSIETCd TPEYrOJbHBIM JJIEMEHT C
IUIOCKUMHU cTopoHaMu. Hymepatius y31oB npeacrasiisieT co0oil HarpaBiieHHe IPOTUB YaCOBOM
CTpENKN OT KOHKpeTHOro y3na[l]. Ha ocHOBe mocTaBkM 3a7aun JaHO PEIIEHUE KOHKPETHOM
3a[a4d ¥ U3Y4EHO BIMSHHE TEIJIOBOTO IIOTOKA HA PAacIIpeIeIEHUE TEMIIEPATYphI TEIIE.

PaccmarpuBaercs auddepeHIMaIbHOe ypaBHEHHME JUIs KBAa3UCTATUYECKUX 3a/ad
TEOPHUH TOJIS B IMJIMHIPUIECKUX KoopauHaTax [1]:

T 1, oT K, 0T 0T
Az T TR T 2+Kzz 2+Q:0; (1)
or* r ~or r° o0 oz

3nech Krr ) Kgga K 22 - KOO PUIIMEHTHI TETUIONTPOBOTHOCTH B COOTBETCTBYIOIIUX HAMPABIICHUSX;

K

I' - pacCTOSIHME OT OCH CHMMETPHMHM JI0 LIEHTpa 3JIEMEHTA; Q - UCTOYHUK TEIUIa BHYTPH Tea,
3HA4YEHUE KOTOPOr0 CUUTAETCS IMOJIOKUTEIbHBIM, €CIIM TEIUIO MOABOAUTCS K Temy; T(X,y) -

HewsBecTHas Temreparypa, K .
ECJ‘II/I TpeXMepHOC TCIIO 06J'Ia,£[aeT FeOMeTpI/I‘{eCKOﬁ CHMMCTpHCﬁ OTHOCHUTCIIBHO OCHU OZ

, TO 3TO TC€JIO HAa3bIBAKOT OCCCI/IMMCTpI/I‘{HBIM TCIIOM. ECJ‘II/I K TOMy KE I/ICCJ'IC,I[yeMaH (I)I/I3I/I‘-ICCK8.}I
BEJIMYMHA HE 3aBHCUT OT asuMyTaibHOro yria ¢, to maudpdepenumansHoe ypaBHeHue (1)
CBOJHUTCH K CIEAYIOLIEMY:
2 2
0 1 0 0
rr_(20+_ rr_¢+Kzz_(20+Q:O; (2)

or- r or oz

['paHuYHBIC YCIOBHUS CTABATCS ABYX THUIOB[2]:
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T=T.(I) (3)

eci Temneparypa 7’ W3BECTHA Ha HEKOTOPOH wacTu rpanuusl 1, rae 1, (I') - usBecrnas

TeMHepaTypa B TOYKax rpaHI/IubI, 3aBucsiIIas OT KOOpI[I/IHaT TOYCK HOBerHOCTI/I S Ha FpaHHHe
T,
K, 1k, N1, 4 q(x y) +h(T -T,) =0; @)
or oz

eCIJIM Ha YaCTH MOBEPXHOCTH || POMCXOIUT KOHBEKTHBHBIH TEII00OMEH, XapaKTePU3yeMbIi

pemramnoi N(T —Tw) , MM 33J[aH MIOTOK TeIIa q(x,y) Ha yacTu moBepxHoctd |, mpuuem

I'=TI+T),. 3necp h — koaddurment TemioobMeHa, Kf";( ) . T, - usBecrnas temmeparypa
M .
okpyxkaroreit cpensl, K ; |r, |Z - HaIIpaBJIAIOLIME KOCUHYCHI; ((X,Y) - U3BECTHBIM IIOTOK TEILIA,

kBm
—— », CIMTACTCS MOJIOKUTCIBHBIM, €CIIH TEILJIO TEPSCTCS TCIOM. IToTok Temia 1 KOHBEKTUBHASI
M

TEIUIOO0T/Ia4a Ha OJTHOM U TOM K€ YUacCTKe HE MOTYT JIeHiCTBOBaTh oiHOBpeMeHHO. Eciin nmeet
MECTO TEIJION30JIMPOBAaHHAsl TPaHWIA, TO TOTOK Telja pPaBeH HYJIIO M KOHBEKTHUBHBIN
dT
TEINIOOOMEH OTCYTCTBYET, TOTJIda TPAaHUYHOC YCJIIOBUE 3aIMILIETCS TaK: o 0, tme N —
n
BHEIIIHSS HOPMaJIb K TPAHUIIE pacCMaTpUBAEMON OOJIACTH.
Pemenne ypaBuenus (2) mo obnactu S ¢ rpaHnvHbIMU ycioBusmu (3) u (4) na [’
9KBUBAJICHTHO OTHICKAHUIO MUHUMYMa QyHKIHOHama [3]:
2 2
1 oT oT 1
O(x,y)=[Z| K, | = | +rK,| =] —2rQT @V +[|q-T+=h-(T-T,)* dT- (5)
52 or oz J 2
I[Ipu pemennu 3agaun MKD obnacte S pas6buBaerca Ha | momoGnacreil (KOHEUHBIX
3JIEMEHTOB), KOTOpPbIE 0OBIYHO MPUHUMAIOTCS B (popMe TpeyroiabHUKOB (puc.l. 0). Jlanee Bce
(bOpMYITBI TPUBOASTCS TSI TPEYTOIBHBIX KOHEYHBIX AIIEMEHTOB. DYHKIIMOHAN 3aIMCHIBACTCS
KaK CyMMa BKJIaJIOB BCEX KOHEUHBIX 3JIEMEHTOB Mo o0iactu. Toraa (5) npumer BuA

D(x, Y)Zzn; % J- {g(e)}T .[D(e)}{g(e)}ds— J-T(e)'r'QedS+ J)T‘e)-q(e)dr+
e= e

s 5@

+1.£%'[T(E)'T(e)_Z'T(E)'Too+(Too)2:|' h(E)dF

T | oT® oT® rk® 0
rae @l _ : D® | = X - wMarpuua kodhdUIMEeHTOB
{g@} [ x o [D“]=]"¢ K P o

n
TENJIONPOBOIHOCTH, WIIU D(x,y) = Z(D(e)(X, y).

e=1
[IpeacraBuM TeMIiepaTypy, U3MEHSIOIIYIOCS B Mpeaeiax (e€)-ro KOHEYHOTo 3JeMEHTa, Yepes
Y3JIOBbIE 3HAYEHUS:

T® :I:N(E)]_{T}

rae [N ©] - maTpuna dpyskuuii popMbI KOHEUHOTO DIEMEHTA, YIHTHIBAIOMIAS PACHIpe/IeIeHHe
TEMIIEpaTyphl B peiesiax KOHEYHOro j1eMenTa. Tornaa
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ONS”  ONP NS | (¢
1

. o o 8 . .
(9] = aN?) aN)E‘” aN)Ee’ : 12 Wi {g@}=[B®](T
oy oy oy |7

rae [B(e)] - MaTpHIla rpagueHToB (PyHKINH (HOPMBI KOHEUHOTO 3JIEMEHTA.

JInst KakI0ro KOHEYHOTO 3JIEMEHTA Tereph MOKHO 3alucaTh €ro BKJIA B BBIpaKCHHE IS
byukunonana (5):

O — I%‘{T}T‘[B(E)JT'[D(E)] [B(e)] dS— I)rQ(e)-[N(e)]-{T}+

s(® sle

+ [ q@ [N@]{T}dr+ j — [T [N<e>] [N {T}ar -

e

— [ hO(T,)-[NOJ{T}dr+ | h

re e

(e)
(T.)*dr

Munnmym yakponana (5) TpedyeT BBITOTHEHHS CIEAYIONIETO YCIOBHS:
o0 & o
o} FofT}
J1s1 (€)-ro KOHEUHOI0 HJIEMEHTa UMEEM:

Skl e

TrA¢ MaTpuia TCIIOIIPOBOAHOCTH 2JICMCHTA UMECT BU !
] [0 {0 [0 e [
g(®)

a BECKTOP BHCHIHCTO BO3JCHCTBUSI 6yz[eT

{F(e)} J' Q(e) [N(e):| ds + J' q(e) [N(e):| dr — J'h(e)_(Tw)_[N(e)]T dr
5 o

Jnst Bceit paccmaTrpuBaeMom 06nacm nonquM

ey LIURLIR
[K}-T}={F)
K=2[] (Fl=-2{FY) ®

e=1 e=!

niIn

Trac

VpaBHeHHe (6) ABISAETCA OCHOBHBIM ypaBHEHHEM [T  pEUIeHHs  3a1add
terutonpooaocTd MKD. O6bemusbit nuterpan B [k®] 3amaercs hpopmysoit:
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— | bb bb; bb, — |¢C ¢C; CC
[k(e)]=% bb bb, bb, 2”4RA|\<H cC ¢, chk]
bbb, bhb, ¢C CC; CC
h(e),L1 he . L 00 h(e)_L3 201
+—>201 2 0(+—220 2 1|+—32L|0 0 O
0 00O ° 01 2 10 2

rne Ly L, 5 Ly —wmimer cootBeTcTBYIONIIX CTOPOH KOHEUHOrO dneMeHTa. BekTop BHEIIHIX

BO3JICUCTBUI HAa KOHCUHBIN 3JIEMEHT UMEET BUI:

Q(e) 1 q(e)+h(T ) 0 L
FO =Sl T L Lk Lo 1+ Loy 40
1 0 1 1

B kauecTBe TECTOBOrO NprUMepa paccMaTpuBaeTcs cieayolas 3ajaaqa (puc. 1.a):

m
Cpena mmeer koddoumuentsl temmonposoxnoctn K, =K, =46W. Koaddunment
cMm-
TEIJI0OOOMEHAa Ha TOBEPXHOCTH Cpeabl h =1OBZ—mK. I[To OoKOBBIM cTOpOHAM
cm - -

paccMmaTrpuBacMasd Cpcia OrpaHu4CcHa TOJICTBIM CJIOEM HU3O0JIALIUH. TeMnepaTypa BO3yXa Ha

BHEIIHEH TTOBEPXHOCTH Cpesbl |, = +293K . Ha nnxneii IIOJIYKPYIJION YacCTH CpeJibl 3a1a€TCs

. _ 2
teronoii motox J =500Bm /[ cm”

2,900602
2,900E02
2,906E02
2905602
2,994E02
2902602

SOem
Maoaams 0| [Hsonmuen

(a) (6)

Puc. 1. JIBymepHbIii KOHGHUTYpalus Tena (a) U M30JIMHUH TeMIiepaTypsi (0)

Ha puc. 1.a npencraBieHa AByMepHas KOH(GUTypalus TeJla i U30JIMHUN TeMIIepaTyphbl,
MOJTyYeHHBIE HA OCHOBE BBIYUCIIUTEIIBHOTO IKCIIepuMenTa ( puc. 1.0), MoTydeHHBIX B TIpoIiecce
pemeHust 3agayd O paclpeseieHud Teljla NpU HaJIMYUM  TEMJIOBOrO TOTOKE B
0CECHMMETPUYHOM TPEXMEPHOM TeJ€ CI0XKHOU (POPMBI.
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AEROKOSMIK TASVIRLARNI QAYTA ISHLASHNING MATEMATIK
USULLARI

L.P. Varlamova®, A. O¢. Qahhorov?
Mirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy universiteti
Mualliflar elektron pochtasi
Adimirel@gmail.com, Pgahhorovabdusalim@gmail.com

Aerokosmik tasvirlarni ishlatilish sohasi juda keng hisoblanadi. Misol uchun: er yuzi
xaritasini tuzishda, favqulodda holatlarda zarar ko‘lamini baholashda, razvedka va harbiy
amaliyotlarda ishlatilishi mumkin. Aerokosmik tasvirlarni uchuvchisiz uchish qurilmalari,
samolyotlar yoki sun’iy yo‘ldoshlar orqali olinishi mumkin.

=

1-rasm. Uchuvchisiz uchish qurilmasida yer yuzini tasvirini olish.
Bunday tasvirlarni saglash, gayta ishlash va uzatishda bir gator muammolar vujudga
keladi. Qurilmalardan olingan tasvirlar haddan ziyod ko‘pligi hamda tasvirlarni hajmi kattaligi
sababli “Big Data” muammosini paydo bo’lishi bunga misol bo‘ladi. Bu muammoni echimi

sifatida ikkinchi tur Fredgolm integral tenglamalari orqgali amalga oshirilgan tasvirni
sigishni(konvolutsiya) olish mumkin.

YL L\

JETENE,

AAN

wal
Y
A

AV

TN

A AN
(AU

RN

Yadro

LY

[E RS

Natijaviy rasm
Berilgan rasm
2-rasm. Tasvirni konvolutsiya yadrosi orgali sigish.
Tasvirni sigish orgali rasmlarni sifatini saglagan holda hajmini gisgartirish mumkin.
Tasvir konvolutsiyasi neyron tarmoglar orgali amalga oshirilganda samarali natijalarga erishish
mumkin. Ammo neyron tarmoqni o‘rgatish uchun juda ko‘p namunalar hamda juda ko‘p vaqt
talab qilinadi. Taklif etilayotgan usulda ya’ni ikkinchi tur Fredgolm integral tenglamalari orqali
amalga oshirilgan tasvirni sigishda bunday muammo bo‘lmaydi. Tasvirlarni konvolutsiya qilish
real vaqgt rejimida amalga oshiriladi.
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Tasvirlarni konvolutsiya gilish rasm ustida amalga oshiriladigan keyingi jarayonlar
uchun poydevor hisoblanadi. Ya’ni chegaralarni aniqlash, aniqlikni oshirish hamda eng asosiysi
tasvirdagi obyektlarni tanib olish uchun tasvir konvolutsiyasini qo‘llash boshlang‘ich jarayon
hisoblanadi.
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O HAXOXKJIEHUHU KOSPOPUILUEHTDI BECOBOM OIITUMAJIbHOM
KBAJIPATYPHOU ®OPMYJIbI B ITPOCTPAHCTBE C.J1.COBOJIEBA

Yl
wW,"(T,)
®.U. Kanonos'?d, B.0. UcomummuHos!
L Byxapckuii 2ocyoapcmeennviil ynusepcumem
9 0_jalolov@mail.ru
B nacrosieit pabore B nmpocTpaHCTBe V\72(m) (Tl) NepUOANYECKUX (PYHKLIMN MOCTpOoeHa
ONTUMaJIbHAsl BECOBas KBaJpaTypHas (QopMmyla HCHoOJb3ysd MeTo] mnpemtoxkeHHsM C. JIL
Co6onesbiM [1], mpuMeHsis TUCKpeTHbIH aHanor D, [,B] [2] omHOro muddepeniHanbHOrO

orepaTopa mpu m=3.
PaccmotpuM kBaaparypHyto GopMyity Bua

J‘p(x)f(x)dngclf(x“)), (1)

rne x um C; - y3mel u koo dumMenTs KBagpaTypHOi hopMyssl. KBaaparypryro
dbopmyny (1) comoctaBuM 0000IIEHHYIO () YHKITHIO

N
£(x)=p(X) &, ()-8 (x=x7), 0
A=1
¥ Ha30BEM e€ (yHKIIMOHAJIOM MOTPEIIHOCTH KBaJpaTypHoit popmyiy (1). 3xech &m) (x) -

XapaKTepHCTHUecKas pyHKIMS 1q, T.e.

&y (X) = {1’ X le : 5(X) - nenbra GyHknus Jupaka u p(x) el, (T1) .
! 0, xeT,
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Onpenenenne 1. IIpoctpaHcTBO V\72(m) (Tl) orpenensercss Kak HpPOCTPaHCTBO (PYHKITHIA

3aJaHHBIX OJHOMEPHOM |; - OKDYKHOCTH JUTMHBI PaBHOM EIMHHIC M HMMEIOLIMX BCE
0000uénnbIe nmpousBoausie opsaka M cymmupyemsie ¢ kBagparom [1].

Hopma onpenensercst o popmysie
2
2 2
= Uf(x)dx} + Z‘Zﬂk‘ i

H f ’Wz(m) (Tl) o

rue ?k - koopurmentsr Gypre T.e. T, :J' f(x)e*™dx .
Tl

£l 3

1

CnpaBennuBa cieayrolme.
Teopema 1. KBaapart HopMbI (QyHKIIMOHAJIA TOTPEITHOCTA BECOBOM KBAAPATYpPHOU (POpPMYIIBI

(1) Hag mpocTpaHCTBOM sz(m) (Tl) paBeH

i @) =[6-Se,
=1

rae C, - koadpumuentsl, x*) - y3ibl kBagparypHoit Gpopmyas Buga (1).

2

A N (2
. pk _ ; Ciezka( )
+ (272_)6 Z - k6 ! (4)

2 2

k=0

Teopema 2. ®Dynkuus vy, (X) eV\~/2(m) (Tl) SBJIIETCS OKCTpEeMaNbHOM (QyHKUMEH s
KBazpatypHoi ¢popmynsl (1), rae
A N 1 @ke—ZHikX (5)
w,(X)=p,— > C, + -
(( ) 0 ~ g (272')6 g:; k©
ITo Teopembr babymiku [1] npencTaBnenue sKcTpeManbHOM QyHKIHMK (5) UMEET CIIeyIOHit
BU/]I

N
N k() —2ikx
pk_zciehlkx ]e Iﬂ

l//((x/})z 60_ZC/1+ Z[ = K - (6)

1
-1 (272')6 k=0

OCHOBHBIM PE3YyIbTaTOM HaCTOSIIEH pa60TBI ABIIACTCA

Teopema 3. B nepuonmueckom mpoctpanctBe CoboseBa V\72(m) (Tl) CYLIECTBYET
€IMHCTBEHHas ONTUMalbHass  KBajaparypHas ¢opmyna Buza (1) ¢ ¢yHKUHOHAIOM
HOTPENIHOCTH (2), KOAPPHUIUEHTHI KOTOPOH MpU M =3 HMEIOT CICAYIOIUIl BU

A

- 1 1 Pk
Pot 6 76276
(272' ) N k=0 k

c, = p=LN,N=23.. 7)

A )

" 1 1
P o N ke

k=0

Hcnone3yst uzBecTHbIe (QopMymbl [4] s ONTUMANBHBIX KOI(PQPUIIMEHTOB KBaJIpaTypHOR
dbopmynsr (1) u3 (7) momyanm
1
1+—B,(hp)

¢ p=—PN ®)

(8] 1
N (1+ IN° B4j
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Ob OJHOM AJI'OPUTME ITIOCTPOEHHUE OHTHN{AJII;HOﬁ
KBAJIPATYPHOU ®OPMYJIbI B IIPOCTPAHCTBE XEPMAHJEPA

2

3. Farhod Jalolov. "The best cubature formula over the space of S. L. Cobolev yy/ {™ (T.) AlP

N.U. Kanonos™?, B.0. UcoMumanHoB
Y Tawxenmckuii 2ocyoapcmeennwiii mpancnopmubwiii ynusepcumen
2 Byxapckuil 20Cy0apcmeenHblil yHugepcumen
9 0_jalolov@mail.ru

Hacrosmas pa60Ta IIOCBAIICHA HAaXO0XACHHUECM B SJIBHOM BHAC OIITHMAJbHBIX

K02 PHUIMEHTOB KBagpaTypHEIX Gopmys B mpoctparcTe Xépmanaepa H, (R) mpu m=2.

U
Onpenenenne 1. ITpocrpancreo H, (R) OTpEeNIeTISIeTCs KaK 3aMblKaHUE OECKOHEYHO

FI@+y*)21-FLf 001(y)

nuddepeHIUpyeMbIX (YHKLIUK 3aaHHbIX B R 1 yObIBaromux Ha 6ECKOHEYHOCTD OBICTPEE
000 OTPUIIATEIIEHOM cTeneHu B HopMe (cM.[1]).
. 2 )2
Hf(x)\H;(R)Hj dx}
3nece F u F™' mpsamoe n o6parroe npeobpazosanue Oypee :
FLEOOIY) = [ F00e™dx u F2LF(01(y) = [ f()e ™ dx
PaccMmoTpuM KBasipaTypHyo GopMyIly BHIA
If(X)dXzZCﬂf(Xﬂ), (1)
¢ (G YHKIIMOHAJIOM TIOTPEIIHOCTH
N

K(X):5[0,1]()()_%(:/35()(_)(!?)’ )
rae &gy (X) - uHpukarop obmactu [0,1]. Jnga HaxoxAeHHS  HOPMbI (PYHKIHMOHAIA
norpemrsoctr (2) B mpoctpanctee H, (R) ncmomesyercs ero sxerpemanbhas ynkims .

Onpenenenne 2. DyHkuus %(X) Ha3bIBAETCS  DIKCTpEeMalibHOW (DyHKIMEH

dysmonana £y (X), ecmn (¢, (x), v, (x0) =|[¢ [H£ (R)| |

CnpaBeuBa ClIeIyOIINe

v, [HER).

Teopema 1. ®ynxmus U, (Nf) mveer su:
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f.lBl, npu  hpe[01];
iy (h) = S ey, (ha—hp), npu hp 20 )

Teopema 2. OnTumManbHbie KOXQPHUIUEHTH KBaapaTypHbIX Gopmyn (1) KOTOpbIi
MHHUMH3HPYET HOPMY (QYHKIIMOHATIA HOTPEITHOCTH (2) € paBHO PaCIIOIOKEHHBIMH Y3JIaMH B

npocrpanctee  H) (R) npu M=2 UMEIOT CICIYIOUINA BT

(1+4"), B=0
ClAl=pb=kp§(A +4"), p=LN-10 @
(4" +1), B=N

race
T Bt IR

2(e2zh_ﬂl)

M:{l{z r th_h {1+7z+ ’fﬂem} emz”{ ™ —1} }}
2" 1-4 e -4 e -4 | 1-Ae 1-2e
At —Ach2mhA + 2(1+ 2ch®2xh) A7 — Ach2rhi, +1
A2-1
(27h - sh2zhch2zh) - [(1-ch?27h ) (47°h —sh?2zh)
27rhch2zh —sh27zh

2
P 7 (2zhchazh—sh2zh)’

3 2( 27h—sh2zhch2zh

277hch277h —sh2zh

|21|<l u h - Maselit mapamerp.

—4Ch27zhj + ﬁ
A
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MODEL OF ANOMALIOUS FILTRATION OF LIQUID IN A ONE-
DIMENSIONAL HOMOGENEOUS POROUS MEDIUM
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This paper examines the anomalous filtration of a homogeneous liquid in a
homogeneous porous medium. A mathematical model of anomalous filtration is developed
using the apparatus of fractional differentiation. In a finite one-dimensional medium a problem
with an exponential boundary condition is considered. The influence of the anomaly on the
distribution of the pressure field and filtration velocity was assessed.

The anomalous filtration law is taken in the form [1,2]

k a
7= __fv(a_lo} (1)
atot

where V is the filtration velocity vector, k. is pseudo-permeability, i.e. fractal permeability
with dimension L“T%, L is length dimension, T is time dimension, w is fluid viscosity,

o (0 < o <1) is derivative order, V is Hamilton operator, p is pressure, { is time.
For homogeneous porous media, the piezoconductivity equation based on (1) is written as

op _ 82 [6“p]’ )

ot ax ot

k x
where y = Bf* is the piezoconductivity coefficient, B is the coefficient of elastocapasity
0}
of the medium.
For this equation it is enough to set one initial and two boundary conditions, for example

for the finite cegment [0, Ly ]:
p(O, X): Py = const (3)
p(,0)= py{1-exl- ot), plL,)=0, 0= const (4)

where Ly, is the length of the medium.

Equation (2) under conditions ( 3)- (4) is solved by the finite difference method [3]. To
do this, in the domain f{o<t<T,, O<x<L,, We introduce a grid

_ : _ L T
mhz{xizl-h, 1=0,2,.N,h= nllled} wrz{tj:j-T, J:0,1,2,.--,M,r=#"x}, where h is

the grid step in the direction X, 1 is the grid step in time. From these two grids we will construct
® = @y X, —a two-dimensional grid. Its nodes consist of dots ( X, t J) i=0,N; j=0,M.We

denote the grid function for pressure by pij 0= O,_N; J :O,_M.
On this grid, equation (2) is approximated as

pi*™ - p; Pl - Py ta o el PAE P
Ir I_[1"(2 o)t” [ZI | ( el ) Ih2I )

k+1

_ i+
— a)t [Zpl P (k) — (ke )+ P h2 p.J

j k+1 j+1 i
r(z a)T Lz Pt - piy ( k+1)1—cx_(j_k)1—cx) p.—lhz pul]], ©)
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i=LN-1: j—O M-1
where 1°(-) is the gamma function.

We introduce the following notations
j-1

Sy = > (PX - Pk, ) (G —k+ D) = (j—k)), (6)
k]=_(_';-

Spa = (P = P )- (T =k + D = (—k)+*), )
o

Spa = 3 (PH = Py )- (G -k + D) = (G —k)+), (8)
k=0

1
P r@2-a)h?’
Substituting the above notations into equation (5) we get

it opl _X[k (S o+ P - pij+1)_ 2kp(sp2 +pi*t- pij)+ k ( Spa+ Pt - pij—1>' (10)

T
Equation (10) takes the following form

Aplj+1 Bplj+1 + Cplj+1 _Flj

9)

,1=0,N, j=0,M, (12)
where
A=ytk,; B=2ytk, +1; C = y1k,

The system of linear algebraic equations (11) is solved by using the Tomas’ algorithm.
The initial condition is approximated as

PP = Po.i=0N . (12)
Boundary conditions (4) in difference form are written as
pJ+1 D, (1_e—03(1+1)r)’ p’{|+1 0, j-od. (13)
We use the following relation
plJ+1 6|+1 plﬁl +n|+1! (14)

where 0;.;, M;.; are the coefficients.

Using (14) from (11) we obtain the following recurrent formulae for determining the
coefficients i1, My
C F+A-B;

Sy =——— My =———" 15
i+1 B—A'Oti 11.+1 B—A'Oti ( )

The initial values of the coefficients 0;.;, Mi,; are determined based on conditions
(13): 8, =0,m = pc(l e ("”)"') :

Note that sufficient stability conditions for applying the Tomas  algorithm to equations
(11) are satisfied.

Some results for pressure and filtration velocity for two values of o are shown in Fig
1-4.
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Fig 1. Pressure profiles ato. =0

Fig 2. Pressure profiles ato = 0.2
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Fig 3. Filtration velocity profiles Fig 4. Filtration velocity profiles

at o.=0. at a.=0.2.

It is clear from the figures that an increase in the order of the local fractional derivative
o in Darcy’s law leads to a slowdown in the development of pressure distribution and filtration
velocity in the medium. Moreover, the larger o, the stronger the slowdown effects.
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Bugungi kunda biomeditsina signallariga raqamli ishlov berish bo‘yicha keng qamrovli
ilmiy-tadgiqot ishlari olib borilmogda. Bizga ma’lumki, hozirgi kunda oshqozon-ichak
kasalliklari bilan tashxis qo‘yilgan bemorlar soni ko‘pchilikni tashkil etadi. Aynigsa, oshqozon
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shilliq gavatining o‘zgarishi ya’ni oshqozon yarasi ko‘payganini ta’kidlashimiz mumkin.
Bunday holatda oshqozonning himoya qoplamasi yo‘qolib, eroziya boshlanadi va
davolanmaydigan trofik kasallik paydo bo‘ladi [4-5]. Faqat o‘ta og‘ir holatlarda jarrohlik
amaliyoti amalga oshiriladi. Shu boisdan yaraning yuzasiga, joylashuviga garab kasallikka
tashxis qo‘yish bir qancha qiyinchiliklar paydo bo‘ladi. Endoskopik apparatlar yordamida
oshqgozon yarasining tasvirini olish imkoniyati mavjud. Ammo uning yuzasini aniglashda
mutaxassis shifokor ko‘p holatlarda taxminlarga asoslangan holda tashxislaydi. Hozirda ko‘p
bemorlarda kasallikka aniq tashxis qo‘yilmaganligi yoki ayrim shifokorning tajribasizligi
sababli, kasallik og‘ir darajasiga tushib golishiga buning natijasida esa jarrohlik amaliyotini
o‘tkazilishiga sabab bo‘lmoqda [1], [5]. Bunday holatlarni oldini olish uchun zamonaviy tibbiy
apparatlar yordamida, endoskopik usulda oshgozonda mavjud yaraning tasvirini kasallangan
soha yuzasini aniglash magsadida tadgigot olib borildi. Biz tadgiqot davomida oshgozonda
joylashgan yaraning tasvirini FUJIFILM VP-7000 va FUJIFILM LL-7000 apparati yordamida
olindi. Gastroenterolog shifokor yordamida kasallik belgilari mavjud sohani aniglash va ajratib
olish uchun algoritm ishlab chigildi. Oshgozonda joylashgan yaraning chegaralarini aniglandi
hamda ajratib olishni amalga oshirildi (1-rasm).

16408G133

1-rasm. Oshqozon yarasi ajratib olish jarayni.
Ishlab chigilgan algoritm yordamida ajratilgan sohaning koordinatalari aniglanadi (1-
jadval).

1-jadval.
Kasallik mavjud sohaning koordinatalari
Neo 1 2 3 4 5 6 7
Vi 188 165 133 121 103 88 124
X; 223 230 233 255 271 294 444
Yj 188 217 212 209 191 163 124
Xj 223 255 303 355 393 419 444

Aniglangan koordinata giymatlari yordamida belgilangan sohani yuzini hisoblash uchun
quyida bir nechta usullarni kertiramiz:
elntegral yordamida yuzani taqribiy hisoblashning to‘g‘ri to‘trburchak (1)
formulasidan foydalanib, hisoblangan tepa soha yuzasidan pastki soha yuzini ayrib natija
aniglash mumkin [2].
n ( Yia Yis
sfz[ J 00dx =205y, - | f2<x)dx=%z(yz>n] (1)

Yi Yi
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bu erda n — soni qanchalik katta bo‘lsa, integralni to‘g‘ri to‘rtburchaklar formulasi yordamida
hisoblashdagi hatolik shunchalik kam bo‘ladi. Biz aniqglab olgan qiymatlar aniq bir qonuniyatga
bo‘ysunmaganligi sababli, dastlab aniglab olingan giymatlaridan o‘tuvchi f;(x) va f;(x)
funksiyalarni qurishni talab etadi.

eAniglangan nuqtalar aniq bir qonuniyatga bo‘ysunmaganligi sababli, biz tadqiqot
davomida trapetsiya usuli yordamida yuzani hisoblashni ko‘rib chiqishni taklif qildik. Quyidagi
(2) formula yordamida yuzani hisoblashni amalga oshirdik [2].

n m
Vit Vit Vi Y+
S= z%(le — X;) _z%(xjﬂ - xj);
i=0 j=0

bu erda f; — yugori nugtalar giymatlari, f; — pastki nugtalar giymatlari.
Yugorida keltirilgan (2) formula yordamida ajratib olingan soha yuzasini hisoblaymiz
(3-rasm).

(2)

y
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3-rasm. Yuzani hisoblash grafigi
(1) va (2) formulalar yordamida 1-jadvaldan foydalangan holda kasallik mavjud
sohaning yuzasini hisoblashni amalga oshiramiz (2-jadval).

2-jadval.
Usul nomi Yugori yuza (S1) | Pastki yuza (S2) Umumiy yuza (S)
Trapetsiya 43511 22614 20897
To'g'ri
42941 22462 20479
to‘rtburchak
Aniglik giymati 570 152 418

Hisoblangan S yuza, 2-rasmda kesib olingan sohadagi piksellar sonini anglatadi.
Tasvirni har 10 pikselini 1 mm ga tengligini hisobga olsak, S = 2.0897 sm? ni tashkil etadi.

Xulosa

Hozirgi kunda biomeditsina signallariga ragamli ishlov berish va kasalliklarni oldindan
tashxislash muhim sanaladi. Yugorida (1) va (2) formulalar yordamida aniglangan soha
yuzasini hisoblash 2-jadvaldagi natijalarga e’tibor bersak, tibbiyot sohasida inson sog‘lig‘ini
yaxshilash uchun millimetr ham juda katta samaradorlikka ega hisoblanadi. Tadgigot davomida
oshgozon vyarasining yuzasini integral hisoblashning trapetsiya usuli samarali ekanligini
ko‘rsatildi va 2-jadval yordamida batafsil asoslandi. Natijaga ko‘ra, taklif etilgan usul
yordamida 0.418 sm? aniglikda yuzani hisoblash imkonini berdi. Bu albatta shifokorlarni
bemorlarga to‘g‘ri tashxis qo‘yishida yordam beradi.
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no

Jynéna Te3 puBOXUIaHAETTaH  aXxOOpPOT-KOMMYHHKALMOH  TEXHOJIOTHsIapuaa
AQHWMKJIAHTaH CUTHAJUIAPHU THKJIAI, paKaMJId WIUIOB OCpHIN alropuTMIIapuaa (oiiariaHuIl
Ba ONTUMaJ €YMMIIAPHM TOINMII Y4YyH IOKOPH YHYMJIM, camapajli XUcoOJall YCyJUIapuHU
unriad YUKW MyXUM axaMusT KacO s3TMoknaa. JKymianaH JoKan CrjaifH (QyHKIUSUIapHUA
KypuIlJa Xucobaap COHUHUHI KaMJIUTH, FOKOPU aHUKJIMK Japakacy, pakaMld MIIUIOB OepuIll
ITOPUTMIIAPUHUHT MOCIANTYBYaHIINTH, ONTHMal auddepeHman Ba sKCTpeMall Xxoccalap,
napaMeTpiIapHd  XUCOOJALIHUHT COJNIANUTY  Ty(palau CUTHAIJIapHU pakaMild —MIUIaml
AITOPUTMIIAPHHHU SIPATHILA MYXHUM MaTeMaTUK BocuTa xucoosnananu [3]. Kyituga 6up Heura
JIOKaJ CIIaiH (QYHKUMAJIApUHU KyPUIUIINHYU KeJITUPUO YTamMu3 Ba reo(pu3nuK CUTHAIIAPHUHT
OonutaHFuy KMMMaTiaapura pakaMmiay UIUIOB OEpUITHU KYpUO YUKaMU3.

Wkku y3rapyBumiv crjiaiiH (QyHKIMSACUHUHT KypWIMIIM KyHUJaru Tap3ja amaira
oumpunamy [1]-[3], [5], [6].

bepunran D=[a,b]x[c,d] maiinonna kypum yuyn Oy Oyuumkiapau OX yku 6¥iinua N
TeHr Kucmra, M OY yxu Oyilnua TeHr KucMiapra axparaMu3 Ba OMp XWJI yiadyaMJaru TYpHU
Kypammus.

A=A4,X%XA4,.

Aya=x)<x <...<xy =b,4:c=y,<y; <...<yy =d.

Oy epaa h Ba | kamammap Kylingaruda TaHIaHaIHd
h= Xiv1 — X, i=01... N—1; = Yi+1 _3’1'] =01,....M - 1.

Kenunr, Kyitugaru kaTakdyanu Kypuo YUKaINK:

A" = Ay X 4
A:x_q <Xo <X <...<xy <Xy41,45:Y-1 <Yo <Y1 <. <Yy < Yym+1-

Mlynna D* =[a—h,b+ h] X [c —,d + 1] coxacu Terunum 6yaran D* - JpHUHT
TYT'YH HyKTanapuaard QyHKIus KuiMaTIapuHu Onnamu3 A* TerHIUH, ShHHU:
f(xoy)=fij, i=-101,..,NN+1 j=-101.. MM+1.
IOxopunaru kmitmatinap acocuma D - maiimonnaa f(x,y) - @yukyusnu unmepnonsiyus
KUIysuu oupuryu mapmubau 10kan cnaain gyukyusicu Kypunaou [1], [4].
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WHTeprioysist KWIYBYM JIOKan CIUlaiH QyHKnwsacupan owpu Si,(x,y)  fixy)
@ynkyuany KMAMATIap Opacuuard fi; JOKal [X;, Xi4q1] X [V}, ¥j41] MHTEPIONALMSA KUIALI
GyHKIMS KuAMatiaapu paaMuia Ty3uiaad KyHuIara TyryHiapiad yTauu:

(xi) yj)' (xi' yj+1);
(xi+1» y]')» (xi+1' Yj+1)-

Ilysan TapKkuanam Kepakkd, S;q(X,y) CIUIaiiH y3rapyBumnapiaH OUPHHUHT COOHT
JIOMMUI KHIMaTH YY9yH KypuiraH, OOIIKa y3rapyBuura HUCOaTaH OMPUHYM TapTHOIM JIOKAT
cruaitnaup. by epnma, x OenruiaHraH, SbHU J1a X = X;, OMPUHYHM TApTUOIM JIOKAJ CIUIAiH
dynxmsicu Sy ;1 (x, y) Kyliuaary maxira sra:

S11(6,y) = ¢ + agjx + by + dyjxy
Ba KyWHJaru mapTiapHu KOHAUPaIn
Spa(xwy;)=f;, i=01,..,N; j=0,1,..,M. (1D

S11(x,y) HM KypHII anropUTMUHH Kypub uukamus. X,y S; 1(X,y) y3rapyBunmiapian

OMPUHMHT y3rapMac KUMaTu y4yH OOIIKa y3rapyBuura HucOaTaH OMPUHYH Japakaiu JIOKal

CIUTaliH Oynranu yuyH (2) hopmyagan Q)oﬁnanaHaMm
X —X;
S0 =iy g A @
l l
Sl,l(xr yq) = (1 - t)fi,q + tfi+1,q' q = ],] + 1' (3)
Oy epma, t= %, h; = x;41 + x;. IOxopuna Ttonwiran Sl,l(x, yj) va 51,1(95’ yj+1)
dbopMynanapuHu UHTEPHONALUS KUINO, Kyiinaaru (4) popmynaHnu XOCUI KUIaMU3:

Sia(y) = (1 =wS;1(x,y;) + uS; 1 (%, y41), (4)
Oy epna, u = %, l=yj11— Y
(3) Ba (4) bopmynanapnan dorinananran xonaa (5) hbopMmyaaHu XOCHI KUJIaMU3:
Sia(xy)=(00- u)[(l —tOfij+ tfi+1,j] + u[(l —fijt tfi+1,j+1] =
= fij = tUij = firry) — ulfij —t(fij = fira D1+
+ u[fi,j+1 - t(fi,j+1 - fi+1,j+1)] =
fij = t(foj = firnj) = ulfij — t(fij — firry) —
- (fi,j+1 - t(fi,j+1 - fi+1,j+1))- (5)
S11(x,y) craiiH sSToHa SKaHJINTHHM KYpUII MyMKHH Ba (X,y) HyKTajard CIUIaiHHH
XucoOnanr KyWuaaruda TalKul KHIMHaau: asean hy, [, t,u Hu xucobnaimus. XucoOsamnu

OCOHJIAIIpUpHUIl Makcaguaa (5) dopmynara Kyiluparuda Oenruianmi KUPUTHO oOJiaMu3.
Hatwmxkana ukku y3rapyBUWIn OMPUHYM TapTHOIM JIOKad CIIaiiH pyHKUMsICcH Xocuia Oymamu

[4]-[5] (6).
A= fij+t(firy— fij)
B = fi,j+1 + t(fi+1,j+1 - fi,j+1)
51,1(95»37) =A-u(B-A) (6)
K¥pub unkunran nokan crutaifH Mmoaenuaa ¢oiaananund, reopu3nK CUTHATHU TUKJIAII
kypub ynkunau. FOxopunaru ketma-ketnuk acocuna MATLAB pactypuii myxutnna OupuHIu

TapTHOIM JIOKaJ CIUIAafH KypWIl JacTypyd HWOUIA0 YHKWIIA Ba Teo(DH3UK CHUTHAIUIAPHU
tuknamnaa ¢ponananunam [3] (1,2-pacm).
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l-pacm. T'eodpusuk mangoHman omuHraH 2-pacM. HWKkW y3rapyBUwiId OUPHHYH
CHUTHAIHUHT TpapyK TaCBUPH TApTUOMU  JIOKaJ CIUIAaH  (YHKIHSICH
épaamMuia paKaMiId WIUIAl HATHXKACH
Kentupwmiran kuiiMaTiiap acocua reopu3uk curaan racsupianrat (1-pacm). Ukkuaun
pacmjia UKKHU Y3rapyBUMIM OUPUHYU TapTUOIU JIOKaJ cIuiaiiH ¢ yHKIuscH (2-pacM) Epaamuaa
paKamIld WIUIAII HATH)KaJdaph TacBHpJIAHTAaH. TacBHpiapAaH KYpHIINMH3 MYMKHHKH, WKKH
V3rapyBUMiIu OHPUHYM TapTHONU CIUTallH (QYHKIUSACKH Teo(U3UK CHUTHAUIAPHU paKaMIIU
WA aHUKJIATH FOKOPH AMACIIUTU KYypUHAIH.
XyJ1oca
l'eopu3uk cUrHaIApHU TUKIAIIJA WKKH Y3rapyBUWIMA JIOKal CIUIaWH (YHKIHSICH
épraMua HHTEPIOJSALUS KapaéHu aMmaira omupmwiau. ['eousruk cCUrHalapHUHT XOccanapu
YypranuiauO, epHUHT SJEKTPOMArHUT Ba TOPTHULIMIN MaWJOHJIAPHAArd aHOMAN Y3rapHIuiap,
noHocepasaru aHoMan y3rapuuuiap, CeMcMHMK ImapoutT (UIymyiap), TYpiIud aKyCTHK
TeOpaHuIuIap TeopHU3WK CHUTHALIAPDHU THKIANIIA Ba YyJapHU pPaKaMmiId MDAl OpKaIH
KYypcaTKu4 cU(paTUHU sSXIMUIamaa GoijaiaHu MyMKUH SMACIUTH KYPUO YHKUIIH.
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TENGMAS ORALIQLARDA QURILGAN LOKAL
INTERPOLYATSION KUBIK SPLAYNLAR QURISH
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Aniq berilgan dastlabki eksperimental ma’lumotlar asosida 2-ta umumiy nuqtalarga ega
bo‘lgan parabolik funksiyalarni qurish va bu qurilgan parabolik funksiyalarni chizigli
kombinatsiyalari asosida defekti 2 ga teng bo‘lgan, tengmas oraliglarda qurilgan lokal interpolyatsion
kubik splayn funksiya quriladi.

Ushbu Y, (X) va Y;,,(x) parabolalarning qurilishini garaymiz:

(%0 Yia)s 060 Yi)s (Kiaas Via) va (6 i) (% Vi) (K Vi) 1)

nugtalardan foydalib quyidagi 2 ta mos parabolalarning umumiy ko’rinishi hosil bo’ladi.
Y,(t) =05t A1)y, , + L-t2)y, + 05t +D)y, 2)
Y, (1) =05(t" =3t +2)y, ~t(t-2)y;,, ~0.5t(A-1)y,., ®)

Yugoridagi qurilgan Y, (t) va Y. ,(t) parabolalarning quyidagi chizigli kombinatsiyasidan
tengmas oraliglarda qurilgan lokal interpolyatsion kubik splayn funksiya hosil gilinadi.

5,(t) =(%+t)vi (t)+(§—t)vi+1(t) (4)

(4) — tengmas oraliglarda qurilgan lokal interpolyatsion kubik splayn bo‘lishi uchun
quyidagi interpolyatsiya sharti bajarilishi ya'ni S;(X) = f(X), natijasida [x;x,,]| oralig uchun
tengmas oraliglarda qurilgan lokal interpolyatsion kubik splayn funksiya hosil gilindi.

Y, (X), Y,(X), Y;(X), Y,(X) —parabolalarning grafiklarini qurishda quyidagi
A(-1;2),B(0;0),C(0.5;0.25), E(2;1), D(3;3), F(5;1)
berilgan nugtalardan foydalanilgan holda chizilgan.

1.Qaralayotgan Y;(X)-parabola A(-1;2), B(0;0),C(0.5;0.25) - nuqtalardan o‘tuvchi
paraboladir. Y, (X)-parabola B(0;0),C(0.5;0.25), E(2;1) -nuqtalardan o‘tuvchi paraboladir.
Y,(X) -parabola C(0.5;0.25), E(2;1), D(3;3) -nuqtalardan o‘tuvchi paraboladir. Y,(X)-parabola
E(2;1), D(3;3), F(5;1) -nuqtalardan o‘tuvchi paraboladir.

Y, (x), Y,(X), Ys(x), Y,(x), parabolalarning grafiklarini chizish uchun MathCad

matematik paketidan foydalanildi.
Yugorida garalgan parabolik funksiyalarni chizigli kombinatsiyalari asosida defekti 2 ga
teng bo‘lgan, tengmas oraliglarda qurilgan lokal interpolyatsion kubik splayn funksiya qurish.

yi(x) -~
y2Ax)
V@ £S5

va(x)

} 4 N 4 + 4 I + + + + + + + 3 + + + |
107583025710 025 05075 1 125 15A75 2 X25252[75 8 32535375 4
=0p
o
t
X

1-rasm. Interpolyatsion kubik splayn
Yugoridagi Y;(X), Y,(x), Y,(x),Y,(x)—parabolalarning chizigli kombinatsiyasidan 3-
darajali S;(X) tengmas oraliglarda qurilgan lokal interpolyatsion kubik splayn hosil bo‘ladi.Endi
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ushbu parabolalarni grafiklarini bitta Dekart koordinatalar sistemasida chizamiz. Bu erda har bir
yonma-yon turgan parabolalar ikkitadan umumiy nuqtalarga ega bo‘ladi. Bu holatni
parabolalarning grafiklaridan ham ko‘rish mumkin.

Y,(X), Y,(x), Ys(x), Y,(x) larning ketma-ket yonma-yon turgan har ikkita

parabolalarni ifodalarini (8) ga qo‘yib, 3-ta yonma-yon turgan oraliglarda lokal interpolyatsion
kubik splayn funksiyalar quriladi. Endi ushbu parabolalarni qurilishini har biri xususida
to‘xtalib o‘tamiz.

Y1(x) va Y, (X) — parabolalarning grafigidan x [0,0.5] ekanligi kelib chigadi va S;,(x)

shu oraliqda quriladi. Buerda X, =0 va X, =0.5 ga teng bo‘ladi.

Yuqoridagi kabi Y,(X) va Y;(X) — parabolalarning grafigidan x €[0.5,2] da S,,(X).

¥ =05x=2, Yy(X)va Y,(X) — parabolalarning grafigidan xe[2,3] S;5(X). X, =2,%=3
tengmas oraliglarda qurilgan lokal interpolyatsion kubik splayn funksiya qurildi.

23 59 133
S...(X)="—x*—=x*+—"x; xe[0: 0,5
R R =[0: 0]
213 21 223 63
S X)= == x? -3 xe[0,5; 2].
s =50 X T 5 X 0 o0 <[5 2]
11 229 349 57
S X)=—=x - xel[2: 3
s (X) =5 X == 20 10 €[z 3]

Ushbu ishda garalgan splaynlarning grafiklari quyidagi tasfirda o’z aksini topgan.

Sa(x)

S(x) ,51®) Sa(x)

2-rasm. Splaynlarning grafiklari
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Hayunsrii mporpecc B 00J1aCTH KOMITBIOTEPHBIX CUCTEM M YHCICHHBIX MATEMATHIECKHIX
METOI0B 00pabOTKM CHTHAJOB BEAET K (DOPMUPOBAHHIO HOBBIX IIOJXOJIOB B JIeJI€ aHAIN3a
MPOLECCOB JMCKPETU3allUd M BOCCTAHOBJICHUS HENpepbIBHOM uHpopmanuu. B stom
HaIlpaBJICHUHU IUPOKO MIPUMEHSICTCS TEOPHS CIUTAH-QyHKIUH [3].

Wnes npubnvxeHns: TAONMUYHBIX TaHHBIX C MOMOIIBI0 MOJUHOMHUAIBHBIX CIJIAITHOB U
WX IPUMEHEHUE B OCHOBHOM TE€OPUU OTCUYETOB CUTHAJIOB, a TAK)KE (PU3NUYECKUX, TEXHUIECKUX
U JIPYrUX HAy4YHBIX HANpPaBJICHHUU B MOCIEIHUE AECATHIICTHS OypHO pa3BuBanoch. [loaTomy
3amada npuOIrbKkeHus QyHKIUKA Ha 0a3e oOmIeH TEOpUM CIUTAMHOB SIBJISICTCS aKTYAIbHOU.
BriepBbie ujiero criiakuBaHus TaONMYHBIX JAHHBIX PU MOMOIIIM CIIAHHOB, KaK U caMy HJICI0
crutaiinoB, Beickazan U. [1Iénbepr (CLLIA) B 1946 1. [2]

[upokasi MOMyIsIPHOCTh METOJIOB CILIAH-aMMPOKCUMAIINH O0BSCHAETCS TEM, YTO OHU
CIyXaT YHUBEPCAIbHBIM HHCTPYMEHTOM MOJCIUPOBAHUS (PYHKIUW M IO CPABHEHUIO C
JIPYTHMH MaTeMaTUYECKUMHU METOIAMH TIPU PABHBIX ¢ HUMH HH(GOPMAITMOHHBIX U allllapaTHBIX
3aTparax 00ecrneurnBaroT OOJIBIITYI0 TOYHOCTh BhIuncieHuu [ 1,6].

B nenoMm pasButue Te€0puM CIUIAMHOB UAET IO IBYM HAlpaBICHUSIM:

WHTEpnoNsIIMOHHBIX — CILJIAiHOB,  YJOBJETBOPSAIOIIUX CHUCTEME  OMNPEIECIICHHBIX
TPAaHUYHBIX YCIOBHUH U YCIOBUN BO BHYTPEHHHX TOYKAaX 00JIACTEH.

CraaxuBarolux CIUIalHOB, KOIJIa PAacCMATPUBAIOTCA BOMPOCHI  ONTUMM3ALUU
Pa3IMYHOTO poja QYHKIIMOHAIIOB.

B TexHuyeckux NpUIOKEHHUSIX HauOoliee YIMOTPEOUTENbHBIMU SIBISIOTCS CILIAHBI
HEBBICOKOM CTENEeHH, B YAaCTHOCTU Mapabonuueckue u Kyouueckue. [Ipouecc moctpoeHus
TaKUX CIUIAMHOB 3HAYUTENIBHO MPOIIE, YEM IPOLECC MOCTPOEHUS CIUIAHOB 0ojiee BBICOKOM
crenenu. [1,6]

JlokanbHbI KyOnueckuit cruiaitH I'peGeHHUKOBA, KOTOPBIM Ha OTpe3ke [x.,x.,,] AMEET

BU: [2,3,4]

3
SB(f;X)=Z¢j+l(t)f(xi+j—1)' 1)
j=0
1 s _1 . ,
re: PO =50 0,0 =546t +3t),

o) = %(1+ 3t+3t°-3t°), @, t)= %ﬁ_

3reck  t=(x—x)/h, h:%, N=1,23.....

Jlanee 3TOT cruiaiiH OyaeM 0003HaYaTh GS,(X)-
B kauecTBe mpuMepa pacCMOTPUM MHTEPIIONALMIO ¢ TOMOIILIO cIilaiina ['peGeHHrKoBa
ananmuTHaeckn 3agannoil Gynxumn | (X) =2 —2X+ 3 na unTepnane [—O .5, 2] .B
Tabnuile | npuBeieHb! pe3yabTaThl HHTEPHOJIALMHI dTON (YHKIUH.

Tabnuua 1.
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X f(x) GS,(x) IR, (%) !
-0,5 4.7071 4.7214 0.0143
0 4.0000 4.0332 0.0332
0,5 3.4142 3.4528 0.0386
1 3.0000 3.0463 0.0463
15 2.8284 2.8857 0.0573
2 3.0000 3.0727 0.0727

rae: R, (xX) =GS;(x) — f(x).

Interpolyatsiyalash jarayoni

656 T T

Grebennikov spiayn funksiya

| | |
25 05 0 05 1 15 2 25

Sy(f,x)= Z(Pk O F (Xiik_2)

11> 5t t3 o2 t 3t 7t 3t 3t

31ec t) = =, t)=1-——— 4 t)=—+— ",

I (01() 12 12 2 (pz() 7 1 2 (/)3() 4 2 >
t* 5t° t
t)=—— " ——
=551

t=(x—x%)/h, h=%,1—X%, x€x,x3..], L €[01]

Janee 3ToT criaitn 6yaem 0003HauaTh LS, ()"

B kauectBe mnpumepa pacCMOTPUM HMHTEPIONIALMIO C IIOMOLIBIO CIUlaiHa LS, (X)
aHanuTHyeckn 3anannoi Qymkimm T (X) =2° —2X+3 Ha unTepBane [—0 .5, 2] . B

Tabmuie 3 NpuBeIeHBI Pe3yJbTaThl HHTEPIIOJSALUHN 3TONH (GYHKINH.

Tab6muma 3
X f (x) LS, (x) IR, (X) |
-0,5 4.7071 4.7071 0,0001
0 4.0000 4.0000 0,0003
0,5 3.4142 3.4142 0,0006
1 3.0000 3.0000 0,0002
1,5 2.8284 28284 0,0004
2 3.0000 3.0000 0,0001

i (CH R1 (X) = LS3 (X) - f (X) :
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Interpolyatsiyalash jarayon:

25 - L / 1 1
- 5

IIpoBeieHbl YMCIIEHHBIE SKCIIEPUMEHTBI C UCIOIb30BAHUEM aHAIUTUYECKH 3aJaHHBIX
¢GyHKIMI. Pe3ynbraThl YMCIECHHBIX SKCIIEPUMEHTOB MOKA3aJIM, YTO JIOKAIbHBIA KyOMYECKH
CIUIaliH O00ECcleYynBaeT CaMyl BBICOKYIO TOYHOCTb, OTHOCUTENIbHBIC OIIMOKU TpHU
npubmkeHnn QyHKIUN ¢ MOMOIIbI0 ciiiaiiHa ['pebennukoBa cocrasnser 2,27%, a cruiaiiH
JLN.C. 0,06%.
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Curnamnapra pakamjid HMIUIOB Oepuill OyryHI'M KYHHUHI PHUBOXJIaHUO Oopaérran
nomap0 coxamapuman Ouwpu XucoOnaHaau. CuTHaIapra pakamyid HWIUIOB  Oepwuimia
MaTeMaTHK alnapaTiapHd TYFPH TaHJAIl COXa MYTaXaCCUCIApUHHUHI TYFpHU Kapop KalOyi
KUJIUII aHUKJIUTUHY I0KOpH Oy unuiurura oo kenaau. Xo3upru Aaspja ¢paH Ba TEXHUKAHUHT
PUBOXJIAHUIIKAA CIUIAWH  (QYHKIMSUIADHUHT  KYJUIAaHWIMIIM ~ 0oy3ap0  MacananapjaaH
xucobnanagu. CrutaifH GyHKIMsUIap KIACCHK MHTEPIOSINOH KYTXauiapiapAad SKUHIIAITHII
6opacuaa OMp KaHua aB3aJIMKIApra 3ra. YOy uIjia JoKajl HHTEPIOSLHOH CIIaiH (QyHKCHs
OpKalli aHAJIMTUK (QYHKIUSIITAPHU UHTEPIOJISKUS KW MacajJacuHU KYpHuO yramus [2].
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1. JIoka; MHTepNoOJISINMOH KyOHUK CIIaliH (QyHKIUS
4
S;(f,x) = Z¢k OF (X 2)
k=1

by epna
1, 5, 1, 9, 11, 3,
t) = ——t+—-t"——=t°; t)=1-—t——t"+—-t°;
¢1(8) sitgl 5 @2(8) si=gl ™5

P3(t) = T+t =213 @u(t) = — 2t —=t? +t%
t=(=x)/h h=X,1—X, xel%.] te[0]]

Teopema: Kypwiran Jokan HWHTEPIOJSIHMOH KyOWK CIUIAMHHHA KO3 QHUIIUEHTIIAPH
HuruHIMCH Oupra TeHr [1].

4
z o () =1
k=1
Hcbotu:

D o) = @i (t) + 0, (t) + 05 (t) + 9, (1)

k=1

Kentupu6 umkapunran @ (1),i=1Ln craitu GyHKIMAHU KO3 PHUIMEHTIAPUHI
Kyin0 Mabiaym OWp comganamTHpUIuIapIaH KeinH kodduunentnap durnHaucu 1 ra TeHr
OYIUIIUHU KYpUILI KHHUH dMac.

SpHn

4
th)zmt)+¢2(t)+¢3(t)+¢4<t>=—§t+§t2 —gts +
k=1

et 33 18 Te 33 3y Lz Ly
8 8 2 8 8 2 8 8 2
Teopema ncOoTIIaHIH.
2.Jlokan kyOuk cnJaifti épaamuaa GyHKUUSJIAPHU SKHHIAIITHPUII
1-6ynumaa XOocwJl KWIMHTAH JIOKaJl MHTEPHOJSUOH KYOUK CIUIaiH (QYHKUIMSHU

rpapuru T (X) dysxuusau rpaduru 6unan rakkocnanau. Ymoy ToKan KyOHK CIUIAHHMHT

skuHnammy 6epuiran ¢yakims T (X) 6unan commmrupamus [3].

120

100

80

> B0

40+

20+

0 T | I I
0 1 2 3 4 5 6

5
1-pacm. T(X)= X? + g X+ 9 QyHKIMAHM yd XU KYPUHMIIKIA KyOUK CIUIaiiH OMlaH

AKUHJIAITUPUILT HATHXAJIapH.
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50

X
2-pacm. T(X)= ? - 5X dyHKUMAHE YU XUT KYpUHHUIIMAA KYOUK CIUIaiiH OuIaH

SKUHJIAIITHPUIL HATHOKAJIApH.
1-, 2- Mucomapian KypHUHAIUKH, 33(X) crumaitn dymkims rpadura T (X) dynxmms
rpaUruHy SXMHAPOK SIKHHIAIITHPAIH.

XyJoca

Ym0y mMakonaga CUTHAJUIAPHU paKaMJyId HMIIJIAIlga aHUKINK Japa)acu Kopu OyiraH
JIOKQJI MHTEPIOJSIIMOH KYOUK CIUIaH-QYHKIMACH TaHuad onuHAu. TaHnad onuHraH KyOWK
CIUTalH-(QYHKIUSHU TEHT TaKCUMJIAHTaH TypJjapja Kypuiuil Tadcunoriapyu KENTUPUIAN Ba
nacTiad QyHKIMSUIApHY SKUHIAMTHPUII sKapaCHIapy aMaira OITHPUIIIH.
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TedyeHne XUAKOCTEH B MOPUCTBIX CPENax — CIOXKHOE SBICHHUE, KOTOPOE TPYAHO
MOJIEJINPOBaTh MaTeMaTH4ecKku. [[oaToMy ipu pacdere TeUeHUs )KUIKOCTEN B IOPUCTOM cpenie
UCTIONb3YyeTCsl KOHIENIUsl CpPEeJHero, a He peajbHOro teueHus. CKoOpocTh (MIbTpaLu,
JIABJICHUE W JPYTrHe MOPAMETPbl MHTEPIPETUPYETCS KAK CPEAHUE BEJIIMYMHBI TP ONUCAHUU
CpPEIHEero NoToKa KUJIKoCTH [1].

Yacto B miacTax, HaChIIIEHHBIX BBICOKOBSI3KUMU HE(PTSIMH, 3a4acTyi0 OTCYTCTBYET
NPUTOK He()TH U3 TIIACTA, IPOSIBIAIOTCS aHOMAJIbHBIE CBOIMCTBA HEPTEH, HE XapaKTEpHbIE JUIs
HBIOTOHOBCKHUX JKMJKOCTEH. JKHJIKOCTH C TAKUMU aHOMAaJIbHBIMH CBOMCTBAMH HA3BIBAIOTCS
HEHBIOTOHOBCKMMHU. DTO KHUJIKOCTH, HE CIEAYIOLINE MOJIEIH JIMHENHO-BI3KON KUAKOCTH, IS
KOTOPOM HMMEET MECTO JIMHEWHAas M30TPONHAsl CBA3b MEXAY TEH30paMU HAINpsSHKEHUH W
ckopocreit nepopmaruu [2, 3].
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B nannoit pabore m3ydeHa 3amaya aHOMAJIBHOW (DUIBTpAIMU B MOPHUCTOH cpefe ¢
ydyetoM mnpenenbHoro rpaauenta aasinenus (I1I]]). TedeHue OAHOPOAHOW JKHUIKOCTU B
MOPUCTON  cpefie  MOJEIMPOBAIOCH AU dEepeHIMaTbHBIM — YpaBHEHHEM C  APOOHBIMU
MPOU3BOIHBIMU. PacueT rpamueHTa AaBJIEHUS M CKOPOCTH (PUIBTpAMU OCYIIECTBIIICS C
n3BecTHbIMH 3HaueHussMU (I11°]1).

VYpaBHeHUE HEPa3PHIBHOCTH 3aIMKMCHIBACTCS B BUJIC

o _.0p
—+p —=0, 1
ox b ot @

rae S — ko3hOUIMEHT yIpyroeMKOCTH IIacTa, V — CKOPOCTh (HIIBTPALUH, P — JaBIeHHE,
X —KkoopauHata, t — Bpemsi.

Mopnens aHOMaJIBHON (UIIBTpAINK C JBOWHOW pellakcanueid B OJTHOMEPHOM Ciydae ¢
yaeroM (I1I'J]) 3anmceiBaeTcs B B

0 npu P <0y
op op
v+A,DPv= I I 2
t k| |ax| 9 op ol 1ox 9o op op @)
B e b e B | R = P
ul o [9p] ox op|  Ox OX
OX OX

re O, B —nopsaaxu apoGHBIX mpou3BoaHEX, DP D" — oneparopsl IpoOHOM IIPOU3BOIHON
no Kamyro [4], 9, —II'/I, A, , A ,—BpemMeHa penakcaluuu CKOPOCTH (pUIIbTPALIMK U TPAJUEHTA
JaBJICHHUSL.

B (2) 4 u A, wmmeior apoGuyio pasmepuocts : A, =T” , A =T rme T -

Ma3MepHOCTh BpeMeHH. JlaHHbBIN MOIX0] XapaKTepu3yeT HeJOKaIbHbBIE BO BpeMeHH 3(D(EKTHI.
YpaBHeHHE penakcalluOHHON (UIBTPAIH 3aMMCHIBAETCS B BUJIC

ap " 82 p a 62 p
EﬁLﬁthﬁlp:”[@?"'ﬂth (y ; ®)
rae #= —— - kodbduunuent mpesonpoogroctn , 0<a <1,  0<f<1.

up
3amerum, uto npu 0. =1, B=1 u3 (3) monyuaercs ypaBHeHne GuibTpauu ¢ ABONHOM
penakcanueii [5], ampu o=1, =1 A, =0 — ypaBHeHHE MbE30NPOBOIHOCTH C peIaKcaiuei
rpajJiueHTa IaBieHus [6].
HavanbHoe u rpannyHble yciioBUs AJi ypaBHeHUs (3) npu QpuUiIbTpaluyd B KOHEUHOU
cpene [0, L] mpuHUMAalOTCS B CIEIYIOIIEM BUIE
p(0,%) =0, 4
p(t.0)=py, Py =const, p(tL)=0. ()

Tl (3) mpu B> 0 mauanbHOe ycnoBue (4) HegocratouHo. Hamo m106aBuTh emie oqHo
yCIIOBHUE, HAIIPUMEDP
op(0,x) _ 0. (6)
ot
VYpasuenue (3) pemaercs npu ycioBusx (4), (5), (6).
s uucnenHoro pemenus 3amadu (3), (4), (5), (6) mpumeHsieM MeTOJ KOHEUHBIX
pasHocreit. B obmactm Q= {O <x<L,0<t ST_W} BBEJIEM paBHOMEPHYIO CETKY

o =04, 1) % =ih, i=0,N, h=L/N, t,=jt, j=0,M, t=T,. /M|, rac h — war

(IR | max
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CETKHM TI0 KOOpJMHATe X, T — WIar ceTKU 1o BpeMenu. CeTounyro GyHKumio B Touke (X;,t;)
o0o3Hauum yepe3 p; .
Kak BUIHO U3 ypaBHEHUS IbE30NPOBOAHOCTH (3) Ha pacnpeseieHue AaBieHust J, He

BiMsieT. YTOOBI OLICHUTH BIUSIHUE (, Ha pacrpeieieHne CKOpoCcTy (pUIbTpauy NpoBOAUIINCH

pacyeTsl PH pa3IMYHBIX €ro 3HaYeHUsX. HeKoTophie pe3ynbTaThl MpeaCTaBIeHbI He puc. 12,
Ha pucyHnkax nmokasanbl npoiii CKOPOCTH (GMIBTPALUH Ui ABYX 3HaueHui Bpemenu {. C
yBenudyenueM U mpu mansix X MOkHO HaOmonaTh ymenbiieHue V. Bo Bcex ciyuasx ¢

YBCIIUYUCHUEM ggHa6J'IIOI[aCTCH YMCHBIICHUC V. D10 CBA3aHO ¢ M3MEHEHHEM rpaivucHTa

JIaBJICHUS B 3TOW 30HE. [IoMUMO yMEHBIICHUS 3HAYCHUI V' HabmromaeTcs Takxke COKpalleHUe
30HBl €€ pacHpoCTpaHEHUs B cCpene. IDTO TOBOPUT O PACHIMPEHUH pPa3MepOB 30HBI C
HEIOABUKHOM JKUJIKOCTBIO. DTO MPsMBIM 00pa3oM cBsizaHo ¢ BiaussaueM [11°]1.

y 105, Mmic
047 }7-105,]\4’/0
0,35 g =10 Ilalm |
w—4=900c 0,35 -
03 7% ———=g,=510 llaly ;| =900 ¢ 4
025 | " g, =10" Hal/m
L g, =10 Ialm 025 -
02 t —_——— — g0=5-104 Ha/ﬁ
’ 02
NN NN T =10" Ila/
0,15 0.15 - 8 aim
1=3600¢ t=3600 ¢
0,1 4 0,1 -
0,05 - 0,05 -
) X, M ) X, M
0 1 2 3 4 5 0 1 2 3 4 5
Puc.1. IIpopunu usmeHeHns: CKOPOCTH Puc.2. ITpodunm usmeHeHust CKopocTu
bunabTpauuu  OpU  pPa3IUYHBIX g, M QUIbTpAlMM TpH  Pa3IU4YHbIX g, U
A, =1000c, r,=500c, =1, B=09. A, =1000c, %, =500c, =09, B=1.
Jlutreparypa

1. bapen6Omnarr I'. 1., EatoB B. M., Peikuk B. M. JIBrkeHHE )KUIKOCTEH U Ta30B B IIOPUCTHIX
cpenax //M.: Henpa. — 1984.

2. Monokosnu FO.M., Henpumepos H. H, Iluky3za B.UM, Ulranua A.B. Penakcanmonnas
¢unbrpanus. — U3a. Kazanckoro ynusepcurera.1980. — 136 ¢

3. bepuagunep M. I'., EntoB B. M. T'unpoaunaMudeckas Teopust GUIBTPAUN aHOMAIbHbIX
*)uakocrei. — M.:Hayka, 1975.

4. Caputo M. Models of flux in porous media with memory. Water Resources Research, Vol.
36. Ne3. 2000, P. 693 — 705.

5. Amumaes M.I'., Mupsamxkanzane A. X. K ydery siBieHud 3amas3iblBaHMs B TEOpUHU
¢unbTpanumn. —, “U3B. By30B”, “Hed1b 11 ra3” 1975, Ne 6, c. 71—74.

6. Ammmaer M.I'. O HecranuoHapHOW QwiIbTpanuu ¢ penakcanued masienus // Tp.
MocxkoBckoro 0611. men. na-ta uM. H.K.Kpyrmickoiit. «I'uapomexanukay. M., 1974. Bem. 111.
C. 166-177.

166



V]IK 519.8

TEPMOILIACTUK MACAJIAHH EYHLITHUHT YMYMHUIA XOJIJA
KYANJIMIIA BA EYALI YCYJUIAPU XAKHUJIA

AOGnypanMoB JloctonOek DramHaszap YEiu
T'ynucmon oasnam ynueepcumemu, Amanui mamemamura éa AT kagheopacu kamma
yiumysuucu, I'yviucmon, Y3bexucmon
Myannug 37eKTpOH moyTacu
abduraimov.dostonbek@mail.ru

XO03upru JaBpja KOMITBIOTED TEXHOJOTHSUIAPUHUHT Kajal cypbariap Ouian
PUBOXJIAHUILY, SHIMJIAH-SIHI'M aMaJInii MacalajJapHU COHJIM €YHIlTra UMKOH Oepajiu.

Yeknu HIeMEHTIap yCylu MYXaHAMCIMK Ba (HU3MKAa MacajajllapiHU EUUIIIATd
s dextuB ycyn 0Ynubd xucodaanaau. by yCymHHMHT KYJUTaHHII yCYIIHM, COXACH KEHT: CaMOJIET
€K1 aBTOMOOWIADHUHT KOHCTPYKCHSUIApHUIAH KyWIAHHIUIAD aHAIM3HIAH TOPTHO TO aToM
JIEKTp CTaHLMsUIapU KaOM Mypakkal cucTeMalaplard XucoOJaHMIUIapraya KyJJaHWIaau.
UYexnu asieMeHTIIap yCyau €pAaMu/ia CUKWITaH ra3 OKUMU, CYFOKJIMKHUHT TpyOajaru xapakaTu
ypraHunagy, 5SJIEKTPOCTaTHKAa Macajajapu edyuiIajy, cHUcTeMa TeOpaHUIUIapyu aHalu3
KUJIMHAIU.

TepmorutacTK MacanaHy €UUIIHUHT MAaTEeMaTHK MOJIENIU Ba IPOrpaMMa TabMUHOTHHU
ApaTull AMCCEpTAlMsl WINW MaB3ycH OYynuO, yHIa TEPMOIUIACTUKIMK MacallaCHHHM €YU
QITOPUTMU Ba IIy acocla KWJIMHTaH IporpaMma TabMMHOTMHU HILIAll HOPUHOUNU OaéH
KUJIMHAIU.

basu Oup TexHojOruk sxapa€niap (MacanaH, MaiBaHAJAll) MaT€pUATHU IOKOPU
Japa)kajia UCUTHUIIra acociaHrad. byHnail skapa€Hiiapia UCCUKIMKIAH KEHTaWUIIHUHT OUp
TEeKUCcAa OYJIMaciury, MaTepUaIHUHI MKOpPUH TeMIleparypaja IUIaCTUKIMK YerapacujaH
OLLIMIIN MyMKHUH OYJIraH KyWwIaHUIIUIAPHU BYXKY/ra KeITUpaaAu. by COBUTHIN SKyHJIaHTaHAaH
KeMH XaMm Marepuan cudaTura TabCHUp KWIYBYM  HOJjAaH ¢apkau Jnedopmanus Ba
KyWIaHUIIApHU NMaia0 Kuiaaau. TepMOIUTACTUKIMK MacaJlaCHHU €4MIl Yoy >kapaéHiiapHU
AQHMKPOK aHIJIall UMKOHUHHU Oepajiu.

byryHrn kyHaa KynruHa WIMHM Ba CaHOAT AOWpacuja HIUIAMAWIaH TAIKUIOTJIAp
KOMITO3UTIIMOH MaTepualjlapHy Kallg KUIUII Macalacu YCTH/a HIUTAIIMOKAA. TepMoIIacTuK
MacaJlaH{ €4HIll, NUCCUKIUK TaAbCUPU OCTHAA OUPOp KUCMJIAa BYKY/Ta KeJIaJuraH IIacTUKINK
XOJaTWHU  aHUKJalra MMKOH Oepaiau.TepMONMIacTUKIMK  Macajacd  KOMIO3HMIMOH
MaTepuaiap HyHaIUIIUAArd Macajia XucooJaHaIu.

Kyn ¢usuk Macanmamap KBa3urapMoHUKIM auddepeHunman TeHriaama OuiiaH
tabpudranaay; Oy TeHraama TapkuOujga BakTra OOFIMK ajmoxuia Xxocwia Oop. Hatmxana
KylUaaru TeHriamMa Xocuma oOymaau:

2 2 2
XXZXZHKW gyf gyf+Q=}t%(f 1)
VHuHr yerapasuii maptiapu (1) Ba (2) opmynapu Ounan raspudiaHagy. ¢ = ¢, , S1
Jla YpUHIIUIUD.

+K,,

op

O0p op
Ky —1 +K, —I, +K,—"—1,+q+h(p-¢,)=0 2)
Yoy oy

OX
By epna (1) tenrmamacupgaru A YI4OBM MaTEpUAIHUHI alpUM MapaMeTpu €KM LIyHAan
napamMeTpiap KOMOWHAIIMACUHMHT  WUFUHAUCHAAH wubOopar. TeHrmamanwunr  Oapdya
koopuuuentnapu Kxx, Kyy, Kzz Ba A, xamma Q BakT maBommja y3rapuimu MyMKHH. (1)
TEHIJIaMacUHHU €YMIlJla YeKJIM 3JIEMEHTIap ycynujaH (oipamaHuiragaa BakTra HucOataH
IOXUJa XOCWIAIM ab30 BAaKTHMHI Xap OMp OenrmianraH oHuja (a3oBUH KOOpAWHATaIap
byuknuscu cudaruga kypunaau. bynnai xonna (1) renrnamanu (3) TeHriaamacura TeHr ae0
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xucobmam kepak, jJekuH OyHaa (3) tenrmamamaru Q (4) dopmynacumard aimpmara

AJIMallITUPpUIIAIN.
a[KXXa(D]+6 Kwa—(o +6(KZZ&0]+Q=O (3)
OX ox ) oy oy ) oy 0z
0
0-122 (4)
ot

Bynnait anmamyBnan cyHr ¢usuk MacamanuHr eynmu (1) TeHrnmamamaru BakT
MHTEPBAIMHUHT Xap OMpH y4yH QyHKIMOHAIHI MUHYMUMJIAIUTHPUILIaH uOopat Oynaau. Xap
OMp MUHYMHMJIAIITHPHUII OJIMIAH UCCUKIUK YTKa3um Kod3(duiuenTrn Ba O0IIKa YiIrdoBiap
(BakTra OOFNWK OYyNraH ViadoBiap) KaWTalaH XHUCOOJAaHWMINM Kepak.Macanaga yd YITHOBIH
KHCMIa MCCUKIMK Tabcup Kuiaaau. JKucMra MCCUKIMK TabcUpu OonuiaHranzaH At BakTIaH
KeHMHIM JKUCM IIJAaCTUK IapaMeTpliapMHM aHMKJIAll Kepak OyiacuH. by muactuk
napameTpIapra Kydiuaarmiap KHpaiu:

» TyryH HyKTajJap CUDKULUIAPU: ), /, W,

> : .
HOpMaJ'I Ky‘lJ‘IaHI/IH_U'Iap O-xx , Jyy, O_zz’

> : ;
ypI/IHMa Ky‘lJ'IaHI/IHJJ'Iap Txy , Tyz y sz ’

» nedopmanus MHTEHCUBIIUTH: &,
» KyWIaHHII HHTCHCHBIIUTH: o;;

Macananu eyuiga TeMmIieparypa MaioHM aHWKJIaHraH 1e0 Qapa3 KuianmHagu Ba
IUIACTUKIIMK Macajlaci 4YeKJIM 3JIEMEHTIap ycyiau €piamuaa eunmnaau.bynpail Kyhnunumiga
MacajaHH €4YuIl Mypakka® OynraHu ydyH, YHH MOC KeJaJuraH BapHallMOH KYpUHHIITA
aJMalITupaMus3. by KYpUHHUII MacallaHW TaKpuOUi euuIl yCcyJIapuHH KYJUTaHUIIUTa UMKOH
Oepanu. MycTaxKaMJIMK MacaJlAIApUHUHU CUHUITHUHT IOKOPH CaMapajiy ycyJulapuaaH Oupu
yeknu aneMmeHTiap ycynmu (U9VY) Ba A. A. MIpIOIIMHHUHT 3JaCTUK €4UMIIAp YCYIH
XHCOOIaHaIu.

Oxwupru urupma nmummkiaapaa Y9V 3XMpua nedopManusiiaHyBud KaTTUK KUCMIIap
MEeXaHMKacH MacajlaJJapUuHU eduil Oyinua SHI KeHI TapKalraH ycyn xucoOiaHaau. by mry
OuiaH M30XJaHAIUKHU, Xap KaHaai Mypakka® MmacajaHM 01y ycyna OWiIaH MoOJeIUIalITHPHIL
MYMKHUH, OMpOK HaTHKaJa IOKOPH TapTUOJIM TEHIJIaMajlap CUCTEMAaCHHU €UuIIra o110 Kenaau.
Bynnait rokopu TapTHOIM TeHTIamManap CUCTEMACHHU €U UMKOHU OXUTH 20 HIIIIHKIapiaru
KOMITHIOTEP TEXHUKACH PUBOMUIIAHMINN OWJIaH OOFIMK. AWHAH 1Ty yCyn KaTTa (y4 YI4OBIIH,
TYPT YIUOBIM) MacajlalapHU KHYUK TEHIVIaManapra akpaTull MMKOHUHM Oepaau Ba ynap
KeTMa-KeT euwiagu, Oy 5ca TeHIlaMmajap CUCTEMACHMHUHI  OOIJIaHFUY TapTUOMHU
Kn4ypaiTupuil UMKOHUHM Oepamau. UlyHum Ttapkumiad ytum no3umku, YDYHUHr Oomm
adp3aMkmapugan Oupu, — 4YerapaBud — IMIAPTIAPHUHT  OCpUIUIN  MIAKIW  SKHCM
KOH(QUIypalMsACUHUHT MYpPaKKaOIUKIApUHM XHcoOra onum oaauil Ba Kynaiiaup.by sca
MacajaHu €YMIITHHUHT KyJlail Ba caMapalld yCyJUIapUHU KYPUIIHN OCOHJIAIITUPAIH.

OnacTUK—TUIACTUK KYWIAHTAaHJIMK XOJaTMHHM TONMWINA KyJUlaHujaaaurad A. A.
WNbIOMMHHUAT YCYJIMHU Ma3MYHU IIYHAAKH, OyJa 3JaCTHK-TUIACTUK MacalaJapHUHT €4uMU
KeTMa-KeT SKUHJIALITUPHII acoCHia KypuiIaau: Xap OMp Kajamia 3J1acTUK Macaja eyuIaif,
SBHU, KYIIMMYa XaKMUH KM CUPTKH Kyd cudaTuaa O0UUIaHFUY TeHIIamara KupyB4H xap oup
IUIACTHK JeopManus sSKUHIAIIYBUIA aHUKIAMKO OOpyBUM YM3MKCU3 MacallaHU YHM3HKIN
yerapaBuil Macajaiap KeTMa-KeTJINTUTa 0JIN0 KeIUHaIu.

DNacTUK—TIIACTHK Macajacu €YMIMIIN UKKH KUCMAaH nOopaT. ABBaJIO AJIACTUK Macasia
euwnaau.CyHrpa oJaMHIaH HaThkanap acocuaa A. A. MIbIOIIMHHNHT 3JIACTUK €4UMIIAp YCYIIH
acocyia uTepalyoH xapaéH Oaxxapuianu.Mtepannon kapaéHia TEHIIaManap CUCTEMacHHU
€UMIll YCYJIMHUHT TecKapu KajaMu Oakapuiiaau.byHna kBaapar wiausnap ycyiu OuiiaH 6u3
IIyHra SpULIMITIMHU3 MYMKHHKH YHJa OOlIKa ycyiapra HucOaTaH BaKTIaH IOTHIIMMH3 Ba
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apudMeTUK aMajulap COHWHHU NeSIpiu UKKHA OapobOap kamalTupamus. DIACTHK MacajajJapHH
€4ras/ia TONWITaH TYI'YH HYKTAJIApHUHT CUJDKUII BEKTOPUHUHI KUMMAaTIapy aHUKJIaHaau. by
eunmMiaH ¢oiinananuod, € KUHMaTH XUCOOIaHAAM Ba SJIEMEHTIAPHUHT OepuiraH HyKTajapuaa
€i > & mapT OAKAPWINIIN TEKIIUPUIAIN Ba Iy OPKAIM TUIACTUK COXAJIAPUHUHT Yerapaiapu
anukiaHaau. [lapt 6axkapunmaran xosaa MIyHH XyJoca KUJIUII MyMKUHKH OepuiIraH Kydja
IIaCTUK AedopMalrus fo3ara KelIMaWgu IIYHUHT Y4yH IUIACTHK JedOopMallMsHU [o3ara
KEeNTUPYBYM, IJIACTHK COXAaHH XOCWJI Oynummra oiu0 KeayBuyd Kyd TaHjiaHaau. bynpaii
KYWIApHU TaHJIAIIl KUWWH 3Mac, yJIapHU Kyd YI4aMUHU OLUMPHIL, JIACTUKIMK MACAJIACHHU
€UMII Ba IJIACTUKIIMK IIAapTIApUHU OaKapUIMIIMHUHT XUCcOOIal Wyimapu opKajiu aHUKIall
MyMKHUH. [lmactuk nedopManusiIapHUHT MaBXYIJIUTH, TUIACTUKINK 30HACHIa XUCOOIaHHUII
HATH)KACHHU TEHIJIaMajlap CUCTEMACHUHUHT YHT TOMOHHra ojaud 60opul Kyiunaau Ba SHTU
NMACTHK Macaja edunagd. MacamaHu KalTa €YWIMINM 3JacTUK €4uMIap YCYJIMHUHT
HaBOaTnaru urepauuscu Oyiaad Ba TEHIVIAMAHUHT SHTM YHI TOMOHM acocua KBajapaT
WITU3J1ap YCYJIMHUHT TecKapu Kagamu Ooaxkapuinanu.llly cababnu macananu WnsommH ycynu
OuJiaH edrIia KBaapaT WIAU3Iap yCylu Kylauaup.
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MOJIEJIb KHHEMATHUYECKOM BOJIHBI

Seytov A.J., Abdujabbarov Z.A.
National University of Uzbekistan Tashkent, Uzbekistan
saybek868@gmail.com, zafarabdujabborov57@gmail.com

B pabote paccMoTpeHsbI /1Ba BapuaHTa ypaBHEHUH KUHEMATUYECKOM BOIHBI B ITUPOKUX
IIPSAIMOYTOJIBHBIX PYCJIaX B IPEAIIOIOKEHUH TIOJHOTO HACBIILEHUS [I0TOKA HAHOCAMU:

1. ypaBHEHMs, B KOTOPBIX 3aKOH COXPAHEHHUS MAacChl XKUAKOCTU BKJIIOYAaeT B ceOs
pa3MbIB U OTJIOXKEHUE HAHOCOB,

2. ypaBHEHMsI, B KOTOPBIX JIBUYKEHUE KUIKON (Pa3bl CUNTAETCS OIUCHIBAEMOM OOBIYHBIM
ypaBHEHMEM KHHEMAaTHYeCKOW BOJIHBI, JOHHBIE JehopMallu MPearoaraloTcsi MalbIMH, HE
BIIMSIOIIMMH Ha THIPOIMHAMHYECKYIO KapTUHY.

Jlis 060MX BapMaHTOB PacCCMOTPEHBI ABTOMO/ICTIbHBIE 3a/1a4H:

- 33/1a4a O MPOXOKJICHUN 110 PYCILy Pa3pbIBHOW BOJIHBI IOBBILICHUS,

- 33/1a4a O MPOXOKIAECHUHU ITPOCTON BOJHBI IIOHUKEHUS.

Jns 3amaun o0 pa3pblBHOM BOJHE IMOBBIIEHUS B 000UX Cly4asX IOCTPOEHBI
AQHAJIUTUYECKUE PEILICHHUS.

VYpaBHeHHEe KHHEMAaTHYeCKOM BOJIHBI B Cly4yae Haluuusg OOKOBBIX OTBOJIOB
3aIMMCBIBACTCS CIETYIONUM 00pa3oM

dw(x,t) 0Q(xt) _
ot " OX =a(x0) 1)

Q(x,t) = w(x,t)c(x,t)/R(x, )i .

3neck Q(X,t) — u3MeHeHne pacxoja BObI Ha ydacTke KaHama, U — CKOPOCTb JABHKCHUS
MIOTOKa.
Hauansnoe ycnoBue

Q(x.0)=Q, (x),  @(x,0) =, (x), 6y
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Qo(X) — HauyaIBHOE pacmpeaecHHs PacXxoa BOIbI Ha y4acTKe KaHala.

I'pannuHOE ycimoBue
QO =Q; (1), 3)

rae Qi(t) —mM3mMeHeHue pacxoia BOJbI B HaYalle yJacTKa KaHauia.
O061acTh ONpeaeTICHUs TIEPEMEHHBIX
x>0, t>0, o>0. (4)
Pacxo/1p1 BO/IbI B TOUKaX Boj03abopa yyactka kanana q(X,t) B yCIOBUSIX AUCKPETHOCTH
pacupeneneHus BOAbl UMEET BUJL

g0t =30, 5(x—a, Ut -T) (5)

VpaBuenue (11) yuuThIBa€T OCHOBHBIE CBOICTBAa HMPPUTAIMOHHOTO KaHala, Kak
3amasjpIiBaHue U TpaHchopmanus pacxoja BoJAbI IO JIMHE KaHana. B nanHOM ciydae pacxof
BOJIbl, U3MEHEHHBIN B HaYaJIbHOM CTBOpE ydacTKa KaHaja, MIPUBOJUT K U3MEHEHHUIO pacxoja
BOJBI Ha JIPYIMX CTBOpax ydacTKa KaHala 4epe3 OMpPENEeJICHHOE BPEeMs, 3TO Ha3bIBAETCS
3amnas3/lbIBaHue, KOTOPOE MOCTETICHHO U3MEHSETCS 110 BPEMEHHU.

KonBekunonno-auddy3Has Moieinb OCHOBBIBAETCS HA IPEHEOPEKEHNUE HHEPIIUMOHHBIX
YJICHOB YPaBHEHUM U UMEET BH/]I

a oK an Jox o ae Y ©)

Q,(QK\Q_ K* &°Q _
o 20Q| ox?
rae K — Moayinb pacxoja.
Monyns pacxoga K(x,z) XapakTepu3yeT BEJIMYUHY CHJI TPEHHS M OUPEIENAETCS I10

CIeyIolIel U3BECTHOHN (popmyre K=w-CJR,
rae R — ruapaBnuyeckuii paguyc pycia; X — cModeHHbIH nepumerp pycia; C — koappuunueHt
[Ie3n.

Hnsa onpenenenus xoddduuumenta Ille3u cymecTByeT Lenas cepusi SMIUPUUYECKHX
¢dopmyi. B kauecTBe 0qHON U3 HUX MOXKET ObITh IpUHATa (hopmyiia [1aBaoBckoro

1

C==R”, y=25/n-013-075/R(Vn-01) (7)
rze N- k03¢ HUIMEeHT MEepOXOBAaTOCTH KaHaa.

Hauanenoe ycnoBue
Q(x.0)=Q, (x),  @(x,0) =, (x), (8)
riae Qo(X) — HadanbHOE pacTpeesieHHs Pacxo/ia BO/IbI HA YUaCTKe KaHaJa.

I'pannuHOE ycinoBue
QWO =Q, (1), 9)

riae Qi(t) —M3mMeHeHue pacxo/ia BO/IbI B HaYajie ydyacTKa KaHaja.
OO6nacth ornpesesieHns TEPEMEHHBIX
x>0, t>0, o>0. (10)
PaCXOHBI BOJAbBI B TOYKax Bon03a60pa ydyaCTKa KaHajla B YCIOBUAX AOUCKPETHOCTHU
pacmpeseneHus: BOIbI

q(xt)=-3>q,5(x—a)(t-T) (1)

IMosHasi Mone/ib HeyCTAHOBHMBILIEroCsi TeYeHHs] BOAbI Ha Y4YacTKe KaHaja.
CocTosgHME yyacTKa MarucTpajabHOIO KaHalla XapaKTEPU3yeTCsl HEYCTaHOBUBILUMCS TEUEHUEM
BOJBl U OIHUCHIBaeTCA cucTeMoil auddepeHunanbHbix ypaBHeHuil CeH-Benana B ¢opme
3aKOHOB COXPaHEHUs SHEPTUU

oz 0Q
B2 R _ 12
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ool 2S5

7| Jr%(%_i)jh:const](%jz ?<|?|

. w .

rjae V=9, C= %; Q =Q(x,t) — pacxox BOAbL; z =z(x,t) — OpAMHATa CBOOOIHOM
()

OBEPXHOCTH; { — rPABUTALMOHHAS [IOCTOSIHHAS, | — YKJIOH JiHa; B = B(z) — IUMPHHA [I0TOKA

10 NOBEPXHOCTH JKHBOTIO CEUCHUS; o = o(z)— IIIOMAIb )KUBOIO CEYEHHUS MOTOKA; ¢ = c(z2)
— CKOPOCTb PAaCIpOCTPAHEHUs MaJbIX BOIH; K = K(z)— MOZYIb pacxoza.

JuddepeHnmanbabie ypaBHEHHS B YaCTHBIX [IPOM3BOAHBIX THIIEPOOIMIECKOrO THIIA B
cucteme (12) ecTh ypaBHEHHS COXPAHEHHSI MACChI M HIMITYJIbCa ITOTOKA, U MPEJCTABIISIOT COO0H
MaTeMaTHYECKyI0 MOJEIb HEYCTaHOBUBIIErOCS IBHIKCHHS BOJBI HAa YY4aCTKE OTKPBITOIO
KaHasa.

B kadectBe GyHKINH, ONpEACTSIONINX TEUSHUE TOTOKA, 3/1eCh BhIOpaHbl pacxox Q(X,t)
U opauHaTa CBOOOAHOW moBepxHOCTH Z(X, 1) . He3aBHCHMBIMH IEPEMEHHBIMH SIBJISIFOTCS
NPOJOJIbHAS KOOPpANHATA X U Bpems {.

Pycno 3amaércs opaunHatoi qHa Zo(X) M MIMPUHO# momepeuHoro ceuenus B(X, t) Ha
paccTosiHuH Z (110 BEPTUKAIIK) OT JHA PyClia.

Torpa:

r1yOMHA MOTOKA: h(Z,t) = Z(X,t)_ Z, (X:t);

h
- IUIOIIAb TOMEPEYHOTO CECUCHHUS IMOTOKA: a)(x,t)z I B(x, z)dz ;
0

Q

- CpeIHsIsl CKOPOCTh TCUEHUS: p = —< |
w

- CKOPOCTh PacIpOCTpaHeHHus ManblX BonH: C=./Jw/ B ;
- YKJIOH JHAa = —dZO/dX_

Xapakrepuctuueckas popma ypaBHEHHHA (12)

8Q+(V c)aQ B(vF C)[ +(VEC) o } (¢~ |Q|)9w (v¥c)g.  (13)

2
1(ow Y,
Blox h = const

HauvanbHbie YCJIOBUA 3a1al0TCA B BUAC

(x0)=z,0,  QXx0)=Q(x) (14)

rae: Qo (X), Zo(X)-u3BecTHBIC PYHKIINH.
I'paHHYHBIC YCIIOBUS B TOUKaX x, =0 H x, =| 3aIHCHIBAIOTCS CICIYIOIIM 00pa3oM

Q) =u,(),  QY)=u, () (15)

Pacxo/pl BoAbl B TOUKax BO/103a00pa ydacTka KaHaa, IpaBasi yacTh ypaBHeHUs (14) B
YCIIOBUSX TUCKPETHOCTHU PACIPENEICHHSI BOJbI, UMEET BH]L

q00t) = =30, S(x—a Ut -T). (16)

B »tux monensx ananutrueckoe pemienue ypasHeHuit (1), (6) u (13) mpu ykazaHHBIX
KpPaeBbIX YCIIOBUSAX OTCYTCTBYET, TaK KaK THJIPABIMYECKHAE IapaMeTphl ITOTOKA BOJIBI
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MIPEACTABISIET COOOM HEMMHEWHYIO (DYHKITHIO, 3aBUCAIILYIO OT (DOPMBI IMOMIEPEYHOTO CEUCHUS
yJacTKa KaHama.

N3 BeIpaskeHHs1 OOKOBBIX BO103a00p0oB (16) BUIHO, UTO MOTPEOUTEISIM 00SCIIEeYNBACTCS

JTUCKpPETHAsE BOJ I0/lada BO BPEMEHHM B BUJE cTymeHuaTod (yHKIuu. [Ipu cTymeHuaThix
GyHKIUAX Uil pelleHHsl 3aJadd  ONTHMAJbHOTO YIPABICHHUS pACIpeNeeHHEM BOJIbI
HeoOxoauMo chopMynHpoBaTh KPUTEPUU KadecTBa pACHpPEICSICHHUS BOJbI B KaHallax
UPPUTALIMOHHBIX CUCTEM B YCJIOBHSIX IHUCKPETHOCTH BOJ| MOJAa4YM MOTPEOUTENSIM U CUCTEMY
OTpAaHUYECHUU.
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BOCCTAHOBJIEHUE CUTHAIOB C NOMOLLBbIO MHOIOYJIEHA

NATPAHXA

['odypxoHoB ML) JlagabaeB C%P) Kocumos A9, Kyp6oHoB H4Y
Y Tawxenmexuii ynusepcumem ungpopmayuonnvix mexnonozuil
?Jlexan paxynomema “HUngopmayuonnvie mexnonozuu u 6s14ucIumenvuas mexuuxa”
AHOudCancKo2o 20cy0apcmeeHHo20 yHugepcumema
8Byxopo daenam Ynueepcumemu
*Hayuonanvrozo ynueepcumema Ysbexucmana umenu Mupzo Ynye6exa.
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B xnaccudeckoit 3aj1aue HHTEPIOJISAIMH TOJTUHOMBI CTPOSITCS Ha UHTEpBaJie [a,b]. Uem
Oonbiie  y370B, TEM  JIydllle  anmnpokcumanus.  BO3MOXHOCTM  KIIACCHMYECKHX
MHTEPIOSIIIMOHHBIX MTOJIMHOMOB YaCTUYHO OrpaHu4YeHbl. KonyecTBO MOCTPOCHHON CHCTEMBI
anreOpanyecKX ypaBHEHHMH 3aBHCUT OT KOJHMYECTBA Y3JIOB, C YBEIHMYEHHEM YHUCIIA Y3JIOB
BO3pacTaeT M TMOPSAJOK CHCTEMbl alreOpanvyeckuxX YpaBHEHHUHA. OTOT BBIIYCK HIMPOKO
UCTIOJIB3YETCs IPU aHAJIM3€ MTOTOIHBIX JAHHBIX, IU(YPOBOI 00pabOTKE MEAUIIMHCKUX CUTHAJIOB
U aHallu3e MUHEPAJIbHBIX PECypCcOB. BONBIIMHCTBO METO/IOB pacyeTa OCHOBAaHbI Ha 3aMEHE
(GyHKUNH, yIaCTBYIOUIMX B IOCTAHOBKE 3a/1a4M, Ha ()YHKIINH, OJIM3KHE K HEH B ONpeIeIEHHOM
CMBICTIE U UMeEIoIIKe O0iee MPOCTYIO CTPYKTYPY.

INOCTAHOBKA 3AIAYH

[Ipeanonoxxum, 4T0 B MHTEPBaJIE [a,b] 1aHO N TOYEK.

Xor Xpr Xgpeen Xy

OTH TOYKU HA3bIBAIOTCS y3J1aMu UHTeproyauuu. IlycTs 3HaueHne pyHKIun B 3TUX
TOYKaX PaBHO CICAYIOLIEMY

f(X,) =V, F(X) = Yiseeeiiiianns f(x)=Y.,...f[(x,) =Y,

3Ha4YeHUAMH, IPUHAVICKALIUMHU ONPEIETICHHOMY KJIACCy U IPUHUMAEMbIMU
dynkimeit f(X) B y3max HHTEPIOISLUM, SBISIOTCS:

F(X,) =Yoo, FOX) = Vi F(x)=YVY,,..F(X,)) =Y,

Tpebyercs moctpouts GyHKIUIO F(X), MPUHUMAIOIYIO 3HAUYEHHUS, U OLIEHUTH €€
a0COJIIOTHYIO MTOTPEIIHOCTb.

CIIOCOB PEHIEHUA 3AJAYHN

Hcronb3ys METO JIarpaHKeBO MHTEPIIOJSIIMU, MBI TIOJTydaeM noiuHoM F(X) st
yKa3aHHOH BBILIE 33]auu.

Jlist kasxnoro ysna uarepronsimu (X;,Y;) cTPOMM OTHENbHBIH MOTHMHOM.

I:n (X) = I—n (X) = yO ) I:On (X) + yl : I:ln (X) +...+ yn : an (X) (1)
Kaxnprit u3 Fin(X)— siBisieTcst mouHOMOM N-cTerneHu, Toraa (1) Takke sBIsSeTCs OJTUHOMOM
n-crenenu. Kaxxaoro — Fin (X)

0, ecu 1+ ]
Fin (X) = { . -
1, eciu 1=
MBI BBIOMPAEM BBITIOJIHUTh YCIOBUS.

X X

F(X) — nonunoM n-crenenu ¢ kopHamMu X,, Xj, X5,...,X igreens Xy -

i—i?
[TOHSTHO YTO MHOTOWIEH NOJIyYEeT BUJ
Fa () =A- (X-Xo)(X=Xp) oo (X=X ) (X - X)X - X))
3neck A- 910 KoHcTanTa. CormacHo yeiosusm F (X) =16yner ecmn, 1= J. Teneps
MBI HaxXoauM A.
A‘(Xj - XO)(Xj - Xl) '---'(Xj - Xi—i)(Xj - Xi+1) '---‘(Xj - Xn) =1
)
_ 1
(Xj 'Xo)(xj 'Xl) (Xj - Xi-i)(xj 'Xi+1) (Xj 'Xn)
F(X) — (X B XO)(X B Xl) Teent (X B Xi—i)(X - Xi+1) Tl (X B Xn)
(Xj - XO)(Xj - Xl) (Xj - Xi—i)(xj - Xi+1) (Xj - Xn)
B TOM CJIy4ae Mbl OJYYHM HHTEPHOJSAILMOHHOE YpaBHeHue Jlarpanxka /i HepaBHBIX
WHTEPBAJIOB CIICTYIOITUM 00pa3oM:
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(X=X%,) o (X=X)
L(X)=Y, F,X)+y,-F,(X)+..+y, -F. (X)=y,- L T+
(Xo o Xl) '---'(Xo o Xn)

(X—=X) - (X=X,) s (X—X,) - (X=Xg) eer (X=X o (X=X 1)

et Y, =
(Xl - XO) : (Xl =X, ) (Xl - Xn) (Xn - XO) ’ (Xn - Xl) Teet (Xn - Xn—l)

PE3YJIbTATBI DKCIIEPUMEHTA

[TocTpouTh HHTEPIIOJSIIMOHHBIN TTOJIMHOM Jlarpanx asis curHanoB( Tad 1)

+Y -

1-tabnuna
3HaueHus QYHKIMH, COOTBETCTBYIOIINE Y3/1aM
[ Xi Y (Xi)
0 0,1 0.0334
1 0,1 0.0339
2 0,2 0.0343
3 0,3 0.0348
4 0,4 0.0353
5 0,5 0.0357
6 0,6 0.0362
7 0,7 0.0368
8 0,8 0.0374
9 0,9 0.0381
2-Tabnwuma.
OreHKa MOrpenIHOCTH HHTEPIOISIMK B MeToze Jlarpanxka
i Xi y(xi) Li(xi) | y(xi)- Li(xi)|
0 0,1 0.0334 0.0334 0
1 0,1 0.0339 0.0337 0.0002
2 0,2 0.0343 0.0341 0.0002
3 0,3 0.0348 0.0344 0.0004
4 0,4 0.0353 0.0348 0.0005
5 0,5 0.0358 0.0353 0.0005
6 0,6 0.0362 0.0357 0.0005
7 0,7 0.0367 0.0362 0.0005
8 0,8 0.0372 0.0368 0.0004
9 0,9 0.0376 0.0374 0.0002
10 1 0.0381 0.0381 0
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Interpolation Polynomial Plot
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0.0350 4
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Pucynok 1. Pe3ynpraT HHTEpHOISALUY CUTHATIOB MeTO10M Jlarpanxa

3akiroyenue

Metonom unTeprionsiun Jlarpanxka B Toukax (y371ax) CEYCHHS CTPOMIUCH TOJIMHOMBI.
Pa3paboTraHbl anroput™ U mporpamMma, MOBBIIIAIOIINE TOYHOCTh UHTEPIOJSINH. AOCOTIOTHAS
MOTPEIIHOCTh MHTEPIIOJISIIIUOHHOTO MoNMHOMa Jlarpamka Ha JaHHOM HHTEpBaje COCTaBHIIA
L(x)=0005. YcraHoBieHO, uTO MeToj HHTeprnossiiuu Jlarpanxka Oosiee 3hGeKTHBEH MpU
BOCCTAaHOBJICHHH AHAJIUTHUYECKOTO MpeACTaBlIeHUs (QYyHKIMH Wik (QYHKIMH B 3aJaHHBIX
TOYKaX.

Jlutreparypsl

1. X.H.3aitnuaunos, C.A.baxpomos. Teopus crutaitnoB. MoHorpadwus, Tamkent- Alogachi-
2019.

2. WUcpounoB M.U. Xucobnam MeToapu. 1- Kucwm. SU’KI/ITquI/I Tomkent- 2003

3. H.N.Zaynidinov, B.R.Azimov, N.H.Sadritdinov. Non-Dependent Cubic Spline Function
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technology Control and Management 2020, Ne5 6 p.(95-96).International scientific and
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MODELING THE NOISE MAP OF THE DORMITORY OF THE
NATIONAL UNIVERSITY OF UZBEKISTAN

Ramanova T.T.2®, Abdullaev I.U.1P)
!National University of Uzbekistan named after Mirzo Ulugbek
Author emails
3 tumarisramanova@mail.ru
b) jIkhomjon.abdullaev@gmail.com

In recent years, urbanization has brought about significant changes in the acoustic
environments of cities, leading to a rise in noise pollution levels. Among these urban centers,
"Talabalar shaharchasi" in Tashkent stands as a microcosm where the impact of noise pollution
is becoming increasingly apparent. Noise pollution, characterized by excessive and unwanted
sounds, poses various challenges to both human health and the quality of urban life. To better
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understand the extent and nature of this problem, this study employs modern technological tools
to measure and analyze noise levels within the area.

The primary aim of this investigation is to assess the noise environment of "Talabalar
shaharchasi” using data collected through a fieldwork. These measurements provide a
quantitative basis for understanding the spatial distribution and temporal variation of noise
levels within the urban landscape.

The study conducted noise level measurements at specific times within the vicinity of
dormitories near "Talabalar shaharchasi” (part of NUU). The data collection process aimed to
assess the impact of noise pollution on students' study environments during peak daytime and
evening hours. Data was collected using a smartphone-based decibel meter application,
providing real-time noise level readings in decibels (dB) at each location.

Measurement points were strategically chosen to capture variations in noise levels based
on proximity to potential sources of noise like roads and public spaces. Efforts were made to
ensure data accuracy by avoiding areas with ongoing construction or temporary noise events
during data collection.

Furthermore, to spatially visualize and analyze the collected data, Geographic
Information System (GIS) techniques were employed. ArcMap, a widely used GIS software,
was utilized to map the noise measurements onto the geographical layout of "Talabalar
shaharchasi.” This spatial analysis offers insights into areas of high noise concentration,
potential sources of noise, and areas most affected by noise pollution.

Noise level maps generated using ArcMap (Fig.1.) revealed a heterogeneous spatial
distribution of noise pollution within the dormitory area. Areas adjacent to major roadways and
commercial establishments exhibited higher noise concentrations, while quieter zones were
observed in residential pockets. Specific locations were identified as noise hotspots based on
clustering and density analysis. Temporal analysis indicated distinct noise patterns throughout
the day. Evening hours experienced peak noise levels coinciding with rush hour traffic and
increased pedestrian activity, potentially disrupting students' evening study routines. Spatial
correlation analysis revealed strong associations between noise levels and nearby urban
features. Proximity to major roads and commercial areas emerged as significant determinants
of noise pollution, highlighting the influence of anthropogenic activities on noise intensity.
Spatial statistical analyses, including spatial autocorrelation and hotspot identification,
underscored the presence of statistically significant clusters of high noise levels. These findings
provide actionable insights for targeted noise mitigation strategies. The observed noise patterns
have critical implications for students' study environments. High noise levels in proximity to
dormitories may impede concentration, disrupt sleep patterns, and contribute to overall stress
levels among residents.
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Fig.1. Fragments of noise pollution maps of “Talabalar shaharchasi” (part of NUU)

Maps depicting noise level distributions, temporal trends, and spatial correlations
enhance the presentation of results. Visual representations aid in conveying complex spatial
patterns and facilitate a deeper understanding of noise pollution dynamics in the dormitory area.

Noise pollution poses significant challenges to students residing in dormitories,
impacting their ability to concentrate, study effectively, and maintain overall well-being.
Implementing targeted strategies to mitigate noise pollution is essential for creating conducive
living and learning environments.

Future research will examine the long-term impact of noise pollution on student well-
being and evaluate the effectiveness of noise reduction strategies over time.

In conclusion, addressing noise pollution in dormitory settings requires proactive efforts
and collaborative partnerships. By prioritizing noise reduction strategies and advocating for
noise-conscious practices, universities and local communities can create supportive
environments that enhance students' academic success and quality of life.
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HCIOJIb30BAHUE TEXHOJIOT UM BUPTYAJIBHOM
PEAJIBHOCTHU B ObPA30OBAHUU

Bbo6osuu Jlapest AnpeeBHa,
AnexcannpoBud Apcennil EBrensesuy
Hayuonanvnoui demcxuti mexuonapx benapycu
ONEKTPOHHOU MOYTHI aBTOPA
een.efimof@ gmail.com

B coBpemenHOM 0011ecTBe HaOM01aeTCs TeHASHIUs HH(OopMaTH3alul 00pa3oBaHMs,
BHEJPEHUA MH(POPMAIMOHHO-KOMMYHHMKAIIMOHHBIX TEXHOJOTHMH B IMpolecc OOydeHusl.
HNudopmannonHo-koMmyHuKamonnsle Textonoruu (MKT) - 3To mporeccsl, HCIONb3yIomye
CcpencTBa U METOAOB cOopa, 0OpaOOTKU, HAKOIUJICHUSI U TEepeladdl JaHHBIX JJIs TOJY4EeHUS
HOBOH MH(popManuu, a Takke e€ pacrnpoctpaHeHUs. OHM yXe aKTUBHO HCIIOJIb3YIOTCS B
paznuunble oOnactsax obpazoBanus [1]. K mpeumymectBam npumenenuss UKT otHocsaTcs
pasHooOpa3ue (GopM NpOBEACHUS 3aHATHUH, BO3MOXXHOCTb OpraHU3alMU JUCTAHIIMOHHOTO
00y4eHus1, TOBBIIIIEHHE HHTEPAKTUBHOCTH 00pa30BaHMs.

OnHuM U3 BHJIOB HH(POPMALMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJOTMH SIBIISIOTCS
TEXHOJOruM BupTyasibHOM peanbHocTH (VR). BupryanbHas peanbHOCTh — HCKYCCTBEHHO
co3/1aHHas cpefia, MHPOPMALIHIO O KOTOPOH YeJIOBEK MOJIydaT Yepe3 CBOU OLIYIICHUS, a TAKXKe
MOJKET caM BIHUATh Ha He€ B peasibHOM BpeMeHH. VR-TexHoornu akTMBHO pa3BUBAIOTCS U
HaXOJAT CBOE MPUMEHEHHE B CO3/1aHUU KOMITbIOTEPHBIX UTp. OnHako B nocuenHee Bpems VR
TEXHOJIOTUM HaXOSAT MpPAaKTHUYEeCKOe NMPUMEHEHHE B aBTOMATH3allMU NMPOEKTHUPOBAHUS U B
oOpa3zoBaTensHOM mporiecce K mirocam 3Toro oTHOCST:

ebonpmmas >¢gdekTuBHOCT OoOydeHus. [Ipu 0O0ydeHWUH C TIOMOIIBIO BUPTYAIBHOM
peanbHOCTH 1iu Buaeo 360°, a He MPOCTOro BUIE0, YETOBEK 3alIOMHUHAET 3HAUUTEIBHO OO0JIbIIe
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UHOPMALIUU U JIeTYe MOXKET UCIOIB30BaTh €€. DTO CBS3aHO C TEM, UTO OIIBIT, IEPEKUTHIN B
VR, HaxomauTcsi B Jpyroil o0macTH MaMsATH, CBS3aHHOM C aBTOOMOrpaduuecKuMH
BOCIIOMMHAHUSIMH, a Takke ¢ (OpMHUpPOBAHUEM OOJBIIEr0 KOJIMYECTBA ACCOLMATUBHBIX U
SMOILIMOHAJIBHBIX CBs3EH [2].

¢B03MOXHOCTh THOKOTO M3MEHEHUS 1 OOHOBIICHHSI TPOrpaMMHOTO obecrieuenust. [Ipu
U3MEHEHUH TpeOOBaHMM K CUMYJSIIMM He TpeOyercs IOKyNnaTh HOBOE 000pyHOBaHHE,
JIOCTaTOYHO IPOCTO OOHOBUTH M HACTPOUTH NIPOrpaMmy. ITo TpeOyeT MEHbIIIEe SIKOHOMUUECKUX
3aTpaT, a TAaKXKEe MEHbIIIE BPEMEHHU.

¢B03MOXXHOCTh CHUMYJIALIMM ONACHBIX M 4YPE3BbIYAMHBIX CUTyalud B O€30IaCHBIX
ycaoBuax. C  HCHOJIB30BAHHMEM TEXHOJOTMM BHPTYAIbHOM  pPEaJbHOCTH  BO3MOYKHO
BOCIIPOM3BOANTH T€ CUTYallMd M MOMEHTBI, KOTOPhIE B OOBIYHBIX YCIOBHSX HEBO3MOXHBI B
CBSI3M C OMACHOCTBIO JJIs1 )KU3HU U 370POBbSL.

Onnako Bo BHenpenun VR-texHonoruid B 00pa3oBaHue €CThb M HEKOTOPHIE MHHYCHI,
KOTOPbIE 3aMEMJIIOT pa3BUTHE ATOrO HAIPABICHMS, M HE IMO3BOJSAIOT HCIHOJIb30BAThH
BUPTYaJIbHYIO PEATbHOCTh TIOBCEMECTHO:

eBo3MOXHbIE TpyJHOCTH ajantauuud. He Bce oaM  OJUMHAKOBO — XOPOILO
BOCIIPUHUMAIOT H300paK€HHE, IepelaHHOe C IOMOUIbI0 BHUPTYalbHOH pealbHOCTH. Y
HEKOTOPBIX BO3HMKAIOT TOJIOBHBbIE OOJIM M T'OJOBOKPY)XEHHE, OCOOEHHO MpPU IUTEIHLHOM
ucnoip3oBaHuu. B coBpemennsix monensix VR-Texnonoruit ata npobiieMa crana MeHee sSIBHOM,
OJIHAaKO MO-TIPEKHEMY MELIAET TIOBCEMECTHOMY UCIIOJIb30BAaHUIO TEXHOJIOTUH.

eJloporoBu3Ha mnoaHoueHHoro VR-obopynoBanus. Hecmorps Ha mnosBieHuE
HEKOTOpHIX 0Oosiee NEemEBBIX MOJENCH B IOCIeNHee BpeMs, Ui KOMIUICKTAIIUH TTOJHBIX
KJIACCOB 000PYZOBAaHHEM TO-TIPEKHEMY TPEOYIOTCS OTIPENIeIICHHBIC 3aTpPaThI.

oCnoxxHOCTh pazpadoTku npunoxkenuid noa VR. Ilo cpaBaenuto ¢ 3D-npuiioxeHusIMu
pa3paboTka MporpaMM JUisi BUPTYaJlbHOM peanbHOCTU TpeOyeT OMpEeNeNIEHHBIX  3aTpart.
[Tonb3oBarens VR-MpHIIOKEHUS UMEET ropasio OOJbIIYyI0 CBOOOIY NEHCTBUA, YTO TpeOyeT
BBIJICJIEHUS] OOJIBIIOTO KOJMYECTBA PECYpCOB pa3pabOTKH Ha TECTUPOBAHME U MCIIPABICHHE
Pa3INYHbIX CUTYallUH.

JlanHble ~ MHHYCBl ~HE  TIO3BOJIAIOT  IOJIHOCTHKO  3aMEHUTh  TPAJAMIIMOHHBIE
o0Opa3oBaTe/lbHbIE 3aHATHS, OAHAKO 3TO IO3BOJIUT YIYYLIUTh KAade€CTBO CYLIECTBYIOIIUX
3aHATMM M YBEIMYUTh HX pa3zHooOpazue. Kpome Toro c pacuimpeHueM COBPEMEHHOTO
UHCTPYMEHTApHsl MOCTPOCHHUsSI MOJENel paclIMpsoTCs BO3MOXKHOCTH nHpuMeHeHus VR-
TexHoyoruil. Takke OHM MOTYT OBbITh HCHOJB30BAHBI U CUMYJISIIMK YpEe3BBIYAMHBIX WIIH
PeAKUX CHUTyallM M s CHEeNUAIU3HPOBAHHOIO OOY4YEHHS] B KOHKPETHBIX YCJIOBMSIX,
HEJOCTH)KMMBIX B pealbHOCTH.B kauecTBe nmpumepa MpUMEHEHUs] TEXHOJIOTUN BUPTYalIbHON
peasbHOCTH B 00pa30BaHUU BO BpeMsi 00yUeHHs B yupexaeHnn oopazoBanus «HanmoHanbHbli
JETCKUI TeXHomapk» [3] B TeueHue qucTaHMOHHON porpaMMel oOyuenus (120 yacoB) Oblita
pa3paboTaHa mnporpaMma OOyueHHMs Ha @puUMepe COOpPKHM TpakTOpa M OpraHU3alu
NPOM3BOACTBEHHBIX 1eX0B. /Iy co3maHus TporpamMMbl OBUT MCHOJNB30BaH ABIXKOK UNity,
KOTOPBIN MPEOCTaBISET UHCTPYMEHTAPUH Ui pabOThI C MPUIIOKEHUSIMHU MO/ pa3inyHbie VR-
ycTpoiicTa [4]. [Iporpamma cocTOUT U3 7 9acTeid, COOTBETCTBYIONIUX II€XaM 3aBO/Ia, B KAXKIOM
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N3 KOTOPBIX CMOICIUPOBAHBI TJIABHBIC TCXHOJOI'MYCCKUEC ITUKIIBI MMPOU3BOJACTBCHHOT'O
npoliecca, Takue Kak 00paboTka MeTaioB, cOOpKa y3J10B, MOKpacka Ky3oBa u T.1. (puc. 1).

Puc. 1. HexoTopsle U3 11eX0B 3aB0OJja MOJIENIM KOTOPBIX BKIIOYEHBI B IPOrpamMmy

Bo Bpemst paboTa ¢ MOZENbIO MOIb30BATENh 3HAKOMUTCSL C OCHOBHBIMU IPOIIECCAMH,
MPOUCXOISIIIMMHU Ha 3aBojie, 4depe3 VR-ycTpoilcTBO, a Takke JHYHO Yy4acTBYeT B
MIPOU3BOJICTBEHHOM MPOIECCEe ¢ MOMOIIBI0 VR-KOHTPOIEPOB: COPTUPYET JeTaau, coOupaer
Y3JIBI, PEKET METAJUI, KPACHUT Ky30B, COOMpPAET roTOBOE M3enue. Takol mpakTHISCKUN ITOIX O/
MO3BOJISIET 3aWHTEPECOBATh YYAIIETOCs, a TaKXKe MO3BOJSET WM  JIyYlle 3arlOMHHATh
TEXHOJIOTHYECKHl mporiecc. B pesynpTaTe MOIB30BaHUS MOENBIO  yyalluiics coOupaer
rOTOBOE H3[eNNe, B JAHHOM CIy4yae TPAKTOp, KOTOPBIM MOTOM MOXKET MPOTECTUPOBATH B
pPa3IMYHBIX pekuMax (puc. 2).

% .
Puc. 2. Onun u3 BapuaHTOB TOTOBOTO TPAKTOpa
[IporpaMMa opHEHTHpOBaHA HA PA3BUTHE JIMYHOCTH Yy4aluxcs, (GOpMUpPOBAHHE U
pa3BUTHE WX TBOPYECKUX M WHTEJUICKTYaJbHBIX CIOCOOHOCTEH, MOBBIIIEHWE MOTHUBAIMH K
HAyYHBIM HWCCIEAOBAHUAM H K ONPEICICHUI0 UX Npo(ecCHOHATBLHOW OpUEHTAIINH.
[IpyuMmeHeHre JTaHHOrO MPUIIOKEHUS TO3BOJSET 3aMHTEPECOBATh YYEHUKOB B HW3YYECHHH
MAalIMHOCTPOUTENIBHOrO  Jiena.  Jl[aHHOE MNpWIOKEHHE [Ja€T y4dallluMCs BO3MOXKHOCTh
03HAKOMHTCS ¢ pabOTOH 3aBOjIa U MOJTYYUTH OIBIT pa0OTHl HA HEM B BUPTYAJIbHOM peaTbHOCTH
B MAaKCHUMallbHO KOM(OPTHBIX YCIOBUAX. MToroBas mporpaMma SBIISE€TCS HATJISIIHBIM
MIPUMEPOM BO3MOKHOCTEH MTPUMEHEHHUS BUPTYAIHbHOW peaTbHOCTH B 00pa30BaHUM.
B pesynprare Oblia wHccienoBaHAa BO3MOXKHOCTh MPUMEHEHHS TEXHOJOTHH
BUPTYJIbHOW PEATbHOCTH B O0Opa30BaHWUM HA TPUMEPE MpOrpaMMbl OO0ydYeHHsS Ha
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MAaIllMHOCTPOUTEIbHOM 3aBojie. JlaHHas TEXHOJOTHs MOXXET OBITh HCIIOJIb30BaHa JUIs
yIAyYIICHUS] KAa4eCTBa U Pa3HOOOPA3Hsl 3aHATHH yUaIIUXCsl, a TAKXKE TS UX MPO(OPUEHTALIUH.

B kauectBe miara x mpumenenuto VR mopeneiil B npakTuke rpymmna pa3padoTUHKOB,

BKJIIOUAIOL[Asl aBTOPOB CTAaThbU, NPUHUMAET 3aKas3bl Ha co3/aHUE U HacTpolky VR moxpeneit
JUI Pa3JINYHOIO0 KJ1acca MAIIMHOCTPOUTENBHBIX Y3JI0B M U3JEIUN I'PakJaHCKOI'O U BOEHHOTO
IIPUMEHEHHUS.
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Pa3zButue sHepreTMuecKux CHCTEM CTaHOBUTCS Bce Oosiee 3HAUYUMBIM B KOHTEKCTE
CTPEMHTEJBHBIX W3MEHEHHH B cepe HSKOJIOTMH M TEXHOJOTUH. B coBpemMeHHOM Mupe
3¢ (EeKTUBHOCTh 3HEPronoTpedIeHUs W MHHHMHU3AIUs HEraTUBHOIO BO3JEHCTBUSA Ha
OKPYXXAIOIYI0 CpeAy CTaHOBSTCS KIIOUEBBIMH IpHUOpUTETaMU. B 3TOM KOHTEKcCTe,
ucKyccTBeHHbI uHTewiekT (M) urpaer BakHyr0 poib B ONTUMHU3ALMM M YIPaBICHUU
HHEPreTUUECKUMU CUCTEMaMU. B HaHHON cTatbe Mbl pacCMOTPUM IMPHUHLMIIBI U CTPATETUU
MHTErpalii UCKYCCTBEHHOI'O MHTEJIJIEKTA B IPOEKTUPOBAaHHUE 3((PEKTUBHBIX SHEPreTUYECKHX
CUCTEM, a TaKX€ BBISIBUM BBI30BbI, C KOTOPBIMH CTAJIKMBAIOTCS pa3pabOTUUKKU U UHKEHEPHI B
3TOM IIpoLEcCe.

1. YMHBIe ceTH M ynipaBJieHUe HATPY3KOil

VYMHas ceTh NpeacTaBiseT cOO0H COBPEMEHHYIO SHEPreTHUECKYI0 CUCTEMY, KOTopast
UHTETPUPYET pPa3InYHbIEC TEXHOJIOTHH, BKIKOYAsi CEHCOPbI, CYETYMKHU, CUCTEMbI aBTOMATH3ALIUU
u W, nns ynydmenust 3p(EeKTUBHOCTH M HAJeKHOCTH 3HeprocHabxeHus. OHU 103BOJISIOT
peaTbHOMY BPEMEHH MOHUTOPHUTH U KOHTPOJIMPOBATH YHEPTETHUECKYI0 HHPPACTPYKTYPY, UTO
JA€T BO3MOKHOCTH ONTHUMHM3UPOBATh IPOLECCHl M PEarupoBaTb Ha W3MEHEHUs CIpoca U
MPEJIOKEHUS.

IIpeumyiuectBa ynpasieHUs Harpy3kon ¢ npumenenem MHU:

1.9neprocoepexenue: [lyrem onTuMu3aIu noTpeOICHUS YJHEPTUH B 3aBUCUMOCTH OT
CIpoca, YNpaBJIC€HHE HArpy3Kol IO3BOJSET CHU3UTHh IOTPEOJICHHUE HIEKTPOIHEPIUU H,
CJIeIOBATENIbHO, COKPATUTh PAcX0/bl Ha SHEProNnoTpeOIeHUE.

2.YBenuueHue HajexxHocTH: I[IpenckazaHue W ymnpaBieHUE NMUKOBBIMU Harpy3Kamu
MIOMOTaeT CHU3UTh BEPOSITHOCTh MEPErPy30K M aBAPUIHBIX CUTYallUH B CETH, YTO MOBBIIIAECT
HAJEKHOCTh U 0€30MacCHOCTh dHEeprocHad eHus [1].

3.0konornyeckast dPPeKTHBHOCTh: ONTUMHU3AIMS TOTPEOJICHUST YHEPTUH CHUXKAET
BBIOPOCHl MApHUKOBBIX Ta30B M HETaTMBHOE BO3JIEHCTBHE HA OKPYXKAIOIIYI Cpexdy,
CrocoOCTBys 0o0Jiee YCTOMUNBOMY M DKOJIOTHYECKH YUCTOMY Pa3BUTHIO.

BpI30BBI Ilepes yIipaBiaeHUEM Harpy3koi ¢ npuMenenvem MU:

1. KonduaenmnumanpbHOCTh JaHHBIX: COOpaHHBIE JaHHBIC O MTOTPEOJICHUH YHEPTUHA MOTYT
coJiepkaTh KOH(PHUIEHIMAIbHYI0 MH(OpMAINIO, MO3TOMY HEOOXOJMMBI COOTBETCTBYIOIINE
Mepbl 0€30M1aCHOCTH U 3aLUTHI JAHHbIX.

2. MndpactpyKkTypHble U3MEHEHUs: BHeIpeHne yMHBIX ceTeil U yIpaBlIeHHs Harpy3Koii
MOKET TMOTpeOOBaTh 3HAYUTENbHBIX HWHBECTHIMH B OOHOBIIEHHE U MOJEPHU3AIUIO
CylIeCTBYIOILEH HHPPACTPYKTYpHI.

2. OnTumMu3anys MPOM3BOACTBA U paclpele/IeHUs1 JHEPIuU

B coBpemenHom wmupe 3(h(deKkTHBHOE TPOM3BOJACTBO M pacHpelesieHHe >HEPruu
CTaHOBSTCA Bce 0oJjiee BaXXHbIMU B KOHTEKCTE YCTOMYMBOIO Pa3BUTHUS U SKOJIOTMUECKOM
oTBeTCTBeHHOCTU. IIpumeHeHue uckycctBeHHoro wuHTeiuiekra (M) B sHepreTnuyeckoin
OTpaciii OTKPBIBAET HOBBIE TEPCHEKTUBBI JJIs ONTHUMH3ALMU IPOLECCOB INPOMU3BOJCTBA,
pacripesiesieHus: 1 moTpedieHus sHeprui [2].
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[Iporuo3upoBanue crpoca U NpeIOKEHUS

OpHMM U3 OCHOBHBIX IPEMMYyILECTB Hcnonb3oBaHus WM B sHepreTuke sBiseTcs
BO3MOXXHOCTh 00Jiee TOYHOTO MPOTHO3UPOBAHUSA CIPOCA M TPEUIOKEHHS Ha HSHEPrHIo.
AJNTOPUTMBI MAIIMHHOTO OOYYEHUS aHAIM3UPYIOT OOJbIIME OOBEMBbI JAHHBIX, TaKHE Kak
UCTOPUYECKHE J[aHHBIE O TMOTPEOJCHUH SHEPTrUU, IOTOJHBIE YCIOBUSA, AKOHOMUYECKHE
MoKa3arenu U Japyrue (HakTopsl, 4TOOBI MPEICKa3bIBaTh OyAyllee MOTPeOJICHHE SHEPTruu C
BBICOKON TOYHOCTBIO. DTO MO3BOJISET SHEPreTHUECKUM KOMIaHUIM 3¢ (HEeKTUBHO IITAHUPOBATh
IPOU3BOJCTBO M PACHPENEICHUE DSHEPIMM, MHUHHUMU3UPYS PUCKH U3JIUIIHEIO WU
HEJOCTATOYHOT'O IIPOU3BO/ICTBA.

VYipasneHue ceTbro

HckyccTBEeHHBIH MHTEIUIEKT TAK)Ke UCHOJB3YeTCs JUIsl ONTUMH3AIMKN paboThl CeTeBOM
UHPPACTPYKTYPHI. AJTOPUTMBI MAIIMHHOTO OOYYEHUS aHAJIM3UPYIOT JaHHBIE O COCTOSHHU
CETH, IPOTHO3UPYIOT BO3MOXKHBIE IEPErpy3KH WIM aBapUMHbBIC CUTYallMU, W IPEIararoT
ONTUMAJIbHBIE CTPAaTErMM YIPABIEHUS 3HEPrOCUCTEMON. DTO IMO3BOJSET IPENOTBPALLATh
aBapuM, ONTHMHU3HMPOBATh paclpefesieHue Harpy3Kd U TIOBBIIIATH HAAEKHOCTH DPAOOTHI
DHEPTeTUIECKON HHPPACTPYKTYPHI.

3. MOHMTOPHHT U 00CIy’)KMBAHUE 000PY10BAHUA

B cdepe osHepretnku HamexxkHOe (PYHKIIMOHUPOBAHHE OOOPYIOBAHUS SIBIACTCS
KPUTHYECKH BaXXHBIM JIJIs1 00€CIeYeHHs] HEeMPEPHIBHOIO HEPrOCHAOKEHUS U MUHUMHU3ALUU
norepb. OpnHAaKO, TPAaJULMOHHBIE METOJbl MOHUTOPHUHIA U OOCIY)KUBAaHUS MOTYT OBbITh
HEJA0CTaTOYHO 3((HEKTUBHBIMU U PEAKTHBHBIMHU.

[IpeumymiectBa ucronb3oBanus MM B MOHUTOpHHTE U OOCITY)KUBAaHUHA 000PYJOBAHUS:

1.ITporHo3upoBaHre OTKa30B: AJITOPUTMBI MAIIMHHOTO OOYYEHHsI IO3BOJISIIOT
AQHWIN3UPOBATh JaHHbIE C JAaTYUKOB U IpPE/ACKa3blBaTb BO3MOKHBIE OTKa3bl WJIU
HEUCTIPABHOCTH OOOPYAOBAaHMUA HA paHHUX cTagusx [3]. DTo mMO3BOJSET MPEANPUHSATH
IIPOAKTHUBHBIE MEPHI 10 MPEAOTBPAILIECHNIO aBAPUI U YMEHBIIEHUIO ITPOCTOEB.

2.0ntuMuzanusa  pacnucaHus oOcimyxuBaHusi: lcmonb3ys AaHHBIE O COCTOSHUU
000Opy/s0BaHUsI U €ro Mpou3BOAUTENbHOCTH, MM momMoraer onTuMHU3HpPOBaTh pPACIUCAHUE
TEXHUYECKOT0 00CTyKUBaHUS. JTO MO3BOJSET MUHUMHU3HPOBATh IPOCTOM U CHU3HUTD 3aTPATHI
Ha 00CTy>KUBaHHE.

3.YnopaBieHue  pecypcaMu:  AJTOPUTMBI ~ MAIIMHHOTO  OOy4YeHHMS  MOTYT
ONTUMU3UPOBATH UCIIOJIB30BAHUE PECYPCOB, TAKUX KaK SHEPIHsl U MaTepUalbl, 4YTO IPUBOJUT
K MOBBIIIEHUIO 3HEProd((EeKTUBHOCTH U CHIDKEHUIO 3aTpaT Ha 00CITyKUBaHUE.

4. YiayuueHue 3HepreTudeckoii 3¢dekruBHOCTH 31aHUH

B coBpeMeHHOM Mupe, /i€ SHEpronoTpedsieHne pacTeT, a Pecypchl CTAHOBSTCS BCe
Oosiee OrpaHMYEHHBIMH, MOBBIIMIEHUE dHEPreTHYecKol 3(pPEeKTUBHOCTU 3MaHUN CTAaHOBHUTCS
KpUTHYECKH BaxHbIM. lcmosnb3oBanue uckycctBeHHoro uHteiviekta (M) mpencraBisier
coOOH MOIIHBIM MHCTPYMEHT JUIi ONTHUMM3AllUM SHEPronoTpeOleHuss W CHUXKEHUs
DKOJIOTHYECKOTO Cieia 3IaHui.

1. ApnanTuBHOE  yIpaBIEHHE  CHCTEMaMU  OTOIUIEHMs,  BEHTWIALUU U
koHuinonuposanus Bozayxa (HVAC)

NN no3Bosger co3maBaTh ananTuBHble cucTeMbl ynpasieHus HVAC, xortopsie
pearupyroT Ha HM3MEHSIOLIUECS YCJIOBUS BHYTPUM M BHE 3/1aHUSA. AJTOPUTMBI MAlIMHHOTO
00y4YeHHsI aHATTM3UPYIOT JaHHBIE O TEMIIEPAType, BIAXKHOCTH, TOTO/IE U MOTPEOICHUN SHEPTHU
Juist ontuMuzauun padotel cuctemMbl HVAC, 4TO NPUBOAUT K COKPALICHUIO HU3JIHUIIHErO
noTpeOJIeHUs! SHEPTUH U CHIKEHHIO 3aTpar.

2. [Iporno3upoBanue 3HepronoTpedIeHus

Hcnonp3ys pAaHHBIE O XapaKTEpUCTUKAaX 3[aHUs, KIMMAaTUYECKUX YCIOBHAX U
MOBEJICHUHU moJbk3oBareneid, UM momoraer mporHo3upoBaTh SHEPTONoOTpeOIcHUEe 3AaHUs HA
OCHOBE BPEMEHH CYTOK, JIHS HEJeNu U ce30Ha [4]. DTO MO3BOIISAET ONTUMHUZHPOBATH pabOTy
CUCTEM OTOIIEHUS, BEHTWIALIMY U KOHIUIIMOHUPOBAHUS BO3/lyXa, a TaKXkKe MPeaylnpexIaTh O
BO3MO>XKHBIX IIEPETPY3KaX CETH.
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3. AHaIMTHKA SHEPTOMOTPEOICHUS

WU aHanu3upyeT AaHHbIE CUCTUYMKOB HEPTUU M APYTUX JATYUKOB, YTOOBI BHISBIIATH
NaTTePHBI TMOTPEOJICHUS DHEPTUUM H  HUACHTU(DUIMPOBATH TOTCHIMAIBHBIC HWCTOYHUKH
U3JINITHET O HOTpC6HeHI/I$I. 3TO IIOMOraeT BBISIBUTH MNOTCHIUAJIbHBIC MCPbI IO COKPAIICHUIO
nOTPeOJICHUS] SHEPTUH U TIOBBIIICHHUIO dHEPreTHYeCcKO 3D (HEeKTUBHOCTH 31aHHUS.
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AHAJIMTUYECKHUX BBIPA’KEHUI 1151 BBIYUCJIEHUI
3HAYEHUH JIATEHTHBIX IPUBHAKOB

Kyapatunno Axmamxanosuu Tyxrabaes, Oprauesa [lloxcanam Damypoa Ku3u
Hayuonanvnouii ynusepcumem Y3zoexucmana umenu Mupso Yinyebexa
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B Teopun unHTenmnexkryampbHoro asanusza aaHHbix (MMAJ]) cymectByeTr sMHeEWHBbIE U
HEJIMHEHHbIE METO/Ibl 0TOOpa)KeHHsI ONMCAaHUH OOBEKTOB U3 OJHOI0 MPOCTPAHCTBA B APYTOE.
Bo MHOruX ciaydasx JTMHEHHbIE MOJEIH SBIISIOTCS CAMBIMU ITPOCTHIMU M 3(PPEKTUBHBIMH JIHILIb
C TOYKM 3pEHMs pealM3allid BBIUYMCIUTENIBHBIX MeTOoA0B. HenuHeiHble Mozaenu Oosee
3¢ (dEeKTUBHBI, HO MX CIIO)KHEE TOHATh U HMHTEpHpeTUpoBaTh. TakuMm 00pa3oM, JMHEHHbIE
MOJIEJIM XOPOLIM ISl TPOCTBIX OTHOIIEHUM, a HEJIWHEHHBIE MOJEIM JIyYIIE IS CIOXKHBIX
OTHOILICHHUH.

JIluHeliHble W HeNUHEWHble MNpeoOpa3oBaHMsl JAHHBIX MPU PEHIEHUH 3a7ay
pacro3HaBaHUs C YUUTEIEM MPUMEHSIOTCS IS

— CHW)KEHHSI Pa3MEPHOCTU ITPU3HAKOBOI'O IMPOCTPAHCTBA YEPE3 BBHIUUCICHUE JIATEHTHBIX
MPU3HAKOB;
— pacrno3HaBaHUs 0OBEKTOB 110 MPaBUJIaM U MpeLeIeHTaM;
— 0T60pa MHPOPMATUBHBIX MPU3HAKOB.
Knaccndyeckum mpezictaBieHueM JTUHEWHOW MOJENH SBISETCA JIMHEHHAs GyHKUIUS 110

n
ukcupoBaHHOMY HAGOPY KOJTHYECTBEHHBIX MPH3HAKOB X;; X;y.., X, B BHmE W, + Zwi X
=)

rae Beca Wi, W,..., W, Wy stBrstroTest mapamerpamu mojenu. Co3aHue METO0B BBIYHCICHHS

00O0OIICHHBIX OIICHOK OOBEKTOB [2] MO3BOIMIIO HCIOJIb30BaTh MPH MOCTPOCHHUU JIMHEHHBIX
MojieJel pa3HOTUITHBIE (KOJMYECTBEHHbIE M HOMMHAJIbHBIE) MpHU3HAKU. [IpuMeHeHue HTHx
METOJIOB PACIIMPUIO BO3ZMOKHOCTH IS

— pazzienenust 00bEKTOB Ha KJIACChI IO PA3HOTUITHBIM (HOMUHAJIBHBIM U KOJTMYECTBEHHBIM )
npu3HaKaM 0e3 BCIKUX MPEATOI0KEHUN O MPUPOJIE CPEAbl JaHHBIX;

— MOCTPOEHUS aHCAMOJICH PacIO3HAIOIINX AITOPUTMOB 110 TEXHOJIOTHU cTeKuHTa[ 3];
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— pemenus podiem Big Data mytém BbIOOpa JaTEHTHOTO MPU3HAKOBOTO MPOCTPAHCTBA
[4];
— oTO0pa HHPOPMATUBHBIX HAOOPOB MPU3HAKOB [4].
1. TlocTraHoBKa 3a1a4uM U METO/I €€ peleHust
PaccmarpuBaeTcs 3amada pacro3HaBaHUs B CTaHAAPTHON mocTaHOBKe. CUMTaeTCs, YTO

3aJaH0 MHOXeCTBO 00bekToB Eo = {Si,...,Sm}, pasnenénHoe Ha 1Ba HEIEPECEKAIOMIUXCS
kiacca K u K. Onrcanune 00beKTOB IPOU3BOIUTCS C TIOMOIIBIO N Pa3HOTHITHBIX MPH3HAKOB
X(n)=(X1,...,Xn), & U3 KOTOPHIX U3MEPSAIOTCSA B MHTEPBAJIBHBIX IIKaIaX, N-§ — B HOMHUHAILHOM.
CuuTaercs, 4TO 3aJIJaHbI CIOCOOBI BRIYUCIICHUS 3HAUCHUH () yHKIIMH IPUHAIICKHOCTH K
KJIaccaM TI0 TpajalusiM HOMHHAIBHBIX TPU3HAKOB U MEPHI KOMIIAKTHOCTA OOBEKTOB KJIACCOB,
ompejelieHa HeMWHEHHas (opMa CHHTE3a JIATCHTHBIX MPU3HAKOB IO TapaM Pa3sHOTUITHBIX
MPU3HAKOB.
Tpebyercs onpenenuTs:
— Ha0Op JATCHTHBIX NMPU3HAKOB C YYETOM HEJIIMHEHHOCTH;
— TIOCTIEIOBATEIBHOCTh AHAJIMTHYCCKUX BBIPAKCHUH IS BBIYUCIICHUS 3HAYCHUU
JIATCHTHBIX MTPU3HAKOB,;

— TpeacTaBieHue GYHKITUN HA AITOPUTMHYCCKOM SI3BIKE JIUISI BEIYMCIICHUS 3HAYCHU T
10 HabOpy M3 OJTHOTO MJIM HECKOJIBKHX JIATCHTHBIX MPHU3HAKOB B 3aBUCUMOCTH OT
PAcTiO3HOBAHMSI IO MPEIEACHTAaM WIIH TTPABHIIAM.

[lpu Bbuucnenun (yHkuun npuHamiexHoctu fo(p) mwis X.€X(n) x wmaccy Ki 1o
rpaganun PE{1,2,...,pc}, Pc22 ucnonbzyercs dic(p) (dac(pr)) — umcino oobexToB Kiacca Ki (K2)
CO 3HauyeHHWeM M. 3HaveHwe GyHKIMH npuHamIeKHOCTH fo(u) k kmaccy Ki mo rpamaruu
pe{l,...,pc} ompenenseTcs Kak
A e ST C A @

Ay, (1) /[Ky[+dy () 1K
3aMeHa rpajanuii MpU3HAKa Ha 3HAYeHUs (YHKIUHM TPUHAUIKHOCTH OOBEKTOB K

kiaccy Ki o (1) paccMarpuBaeTcst Kak HEJMHEHHOE peoOpa3oBaHue.
Bec HoMuHANIBHOTO Mpu3Haka XcEX(N) B OMMCAaHUU OOBEKTOB BHIOOPKH BBIYHCIISCTCS

yepe3 rpaganuu u3 {1,...,pc}. O6o3HauMM uepes gl‘c,gzjc — KOJINYECTBO 3HAYCHHM Tpajaiuu
Je{1,....pc} mpu3Haka XcEX(N) B ommcaHuM OOBEKTOB COOTBETCTBEHHO Kiacca Ki m Ko.
MesxkiaccoBoe pa3inure Mo MPU3HAKY Xc ONpeeNseTcs KaKk BeTUYnHa
& iy
J_zlglc gZC (2)
Ao=1-2
KK,
CremneHb OHOPOTHOCTH (MEpa BHYTPUKIIACCOBOTO CXOJICTBA) B¢ 3HAUCHUH rpajaliiii mpu3HaKa
no kiaccam Ki u Kz Beraucrnsiercst mo gopmyoe:
Pc . . . .
290 (98 1)+ 92 (92 1)

- . 3
A= ©)

C momomsio (2),(3) Bec npu3Haka XcEX(N) B HOMUHAJIBHOM IIKAJIE U3MEPEHUIN ONPEIeIseTCs
KaK IPOU3BEJCHUE BHYTPUKIACCOBOTO CXOJICTBA M MEXKKIIACCOBOTO Pa3IUyus

We=PcAc. (4)
MHOX€ECTBO JTOMYCTUMBIX 3HAUYECHUI BECOB MPHU3HAKOB, BBIYUCISAEMBIX 10 (4), IPUHAIIICIKUT
untepsainy (0;1].
B kauecTBe rpaHuIl ABYX HEMEPECEKAIOMIMXCS HHTEPBAIOB [11;m2], (72;7r3], onpenenseMbIx o
(4), wucmomp3yrorcss mi=r1, m2=rj, 1<j<m, m3=rm. HWurtepBanel [mi;m2] u (m2;w3]
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UICHTU(PHUIHUPYIOTCS, COOTBETCTBEHHO, KaK IEpBBIM M BTOpoil. Bec mpusHaka 0OBEKTOB
KJIacCOB MO (4) BBIYMCIIAETCA KaK MAKCUMYM IPOU3BEACHMSI BHYTPUKIACCOBOTO CXOJCTBA U
MEXKKJIACCOBOT'O Pa3InyMsl 10 KPUTEPHUIO

ii(uid _1)"lid iiuid(“(37i|_ugfi)
i1 d=ti—1 > max . (5)

5K, - 2) 2K, K]

df,d .
rae U (U3_i) — KOJINYECTBO 3HAUCHUH npu3Haka XceX(N) y oobekToB u3 kiacca Ki (Ks.i) B d—

OM WHTEpBaJIC.

O603una4yuM vepe3 Y(N-q) HaOOp U3 JIATCHTHBIX U UCXOJHBIX MPU3HAKOB HA (-OM IIIare
uepapxudeckoit rpynmuposku, Y(n)=X(n) npu q=0. [IpoBepke ycIoBHs BKIOYCHUS MPU3HAKA
ypEY(N-q) B rpynny GEO mpeniiecTByeT HOPMHUPOBAHHE €r0 3HAYCHUH C HCIIOIb30BAHHEM
TpaHUI] HHTEepBana [M1p;m2p|(M2p;m3p] 10 popmyse

ap=(Yp — T2p)/( T3p- T1p). (6)
Jlis  KOJMYECTBEHHOTO TNpHU3HAKAa 3HAUCHHS TPAHMI[ HMHTEPBAIOB  [71p;m2p](72p;7ap)
onpenenstorcss mo kpureputo (5). Ilocne 3ameHbl rpaganuii HOMMHAJIBHOTO TMPU3HAKA Ha
3HaueHUs QYHKIUHU MPUHAIICKHOCTH (1) BRIOOp TpaHUI] M1p,M3p aHATIOTUYEH (5), a B Ka4eCcTBe
3HAYCHHUS Tl2p UCTIONIb3YETCS (2).

CuHre3 3HaueHMH JIATEHTHOro mnpusHaka YEY(N-g-1) ¢ HopmupoBanueMm 1o (6) s

napsl (Yi,Yj)<Y(n-q) npousBoautcs mo popmyiie

y= nij (ti wigit tj wjaj)+(1— ij) tij wij(ai &) — maij )/( 7aij — i), it tiie{-1,0,1}, ij €[0;1],  (7)
e Wi,Wj,Wij — Beca IPU3HAKOB M 3HAUYEHHsI TPaHHUIL [71ij;72ij | (72ij; m3ij], ompenensiemsie 1o (5).
BbIuncuTe IbHBIH AKCIEPHUMEHT

J1i1st SKCTIEpIMEHTA HCIIOIB30BATUCH 2 BBIOOPKH JaHHBIX. Llenbio ObU10 JeMOHCTpays
NpUMEHEHHS HEeTMHEHHBIX MPeoOpa3oBaHui 1JIs pacIiO3HABAHUS 10 MIPABHJIAM H TIPEIeICHTAM.
[TprMepoM HCIIONIB30BaHUS JIATEHTHBIX NPU3HAKOB IS PACIO3HABAHHS 110 MpPELEACHTaM
SIBJISIFOTCST TaHHBIE BBIOOpKH heart [5] u3 270 00bekToB ¢ cooTHomeHneM KinaccoB |Ki|:|Kz| =
150:120. Yucno npuzHakoB 13 u3 HUX 7 KOJWYESCTBEHHBIX, 6 HOMUHAIBHBIX. COCTaBbI 4-X
JATCHTHBIX MTPU3HAKOB M UX TTApaMETPhI IPUBOISTCS B TAOI. 2.

Ta6auna 1. HaGop JIaTeHTHBIX NPU3HAKOB

Ne Mepa
CocraB npusHaka TouHocTh
n/n KOMIIAKTHOCTH (5)
(((((KomuuectBo OCHOBHBIX COCY/JIOB,
thal:3=HopMmaJbHBII1;6=(pUKCHPOBAHHBIHI
1 nedext; 7=o00paTuMblit Jie(l)eKT), Tun 6onu ? 0,5345 84.07%
rpymu),  JlOoCTHTHYTBIH ~ MakCHMabHBIN
cepaeunslii putM), Oldpeak=nemnpeccust ST),
Haknon nukoBoro HanpspkeHust ST cermeHT)
((ITokosmiee KpOBSIHOE JIaBJICHUE,
2 | YopaxHeHue WHIYyIIUPOBAaHHON 0,3641 72,96%
CTEHOKapI1H), PesynbTarhl
AJIeKTpoKapanorpaduu noKos)
3 | (Bospacr, Ilox), YpoBeHs caxapa B KpOBH 0,3245 68,89%
HaTOIIIaK)
4 | XonecropaabHasi CBIBOPOTKA 0,2685 60,00%
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Llen3ypupoBaHue 00ydaroLIX BHIOOPOK paccMaTpUBAETCs KaK BayKHas 4acTh Ipolecca
MaImMHHOTO O00y4eHusi. OCHOBHBIMH UENISAMH IICH3YPUPOBAaHUS SIBIIIIOTCS TIOBBILICHHE
o0o0maroneil cnocoOHOCTH M CHUIKEHUE CIIOXKHOCTH alrOpUTMOB. Peanuszanus 3Tux uenei,
KaK TpaBujo, CBs3aHa ¢ (GOPMHPOBAHMEM OOYUYaAIOIIMX BBHIOOPOK Yepe3 MOUCK U YIAJICHHE
IIYMOBBIX 00BeKTOB M mpu3HakoB [1-3]. Cneunduky 1eH3ypupoBaHUs Ui METPUUYECKHX
QIrOPUTMOB paclio3HaBaHus B pabore [2] NpeuIokKEeHO paccMaTpuBaThb 4Yepe3 Mepy
KOMITAKTHOCTH OOBEKTOB KJIACCOB U BBIOOPKH B LIEJIOM.

[Ipouenypa ueHsypupoBanus B [4] mpenycMmarpuBaia KOPPEKIHIO TUarHOCTUPYEMBIX
00BEKTOB Ha MpuUMepe BHIOOPOK MaHHBIX M3 00JacTH MeAUUMHBL. CMBICH KOPPEKIHU
3aKIJIIOYAJICSl B yJAJIEHUN TaKUX OOBEKTOB HIIM WCIPABICHUU OMIMOKK B JHATHOCTHPYEMOM
(ueneBoMm) mpu3Hake. Peanmu3zarust mporenypsl OCHOBaHa Ha aHaJIU3€ M3MEHEHUIl B OLIEHKE
pa3aeTMMOCTH OOBEKTOB KJIACCOB, BBIYMCIISIEMOM IO M TIOCIE BHECEHHUs UCIIPABICHUH TPH
UCIOJIb30BaHUN (PYHKIIMM KOHKYPEHTHOro cxojctBa. OTka3 oT (QuiIbTpalMy HUCIOPUYEHHBIX
00BEKTOB MOTHBHPOBAJICS TE€M, YTO TAaKHE JIEHCTBHS MOTYT OTPUIATENFHO OTPA3UTHCS Ha
NPEJCTaBUTENILHOCTH 00y4aroliei BIOOPKH.

B paGote [5] oTmeueHo Hanmuyue BIUSHUSA ILIYMOBBIX OOBEKTOB Ha CTPYKTYpPY
OTHOILIEHUH 0OBEKTOB 00YJAIOIIUX BHIOOPOK B METPHUECKUX alITOPUTMAaxX. Y TBEPHKIAJIOCh, YTO
MHOXECTBO IIIYMOBBIX OOBECKTOB SIBIISIETCS IOJMHOXXECTBOM TPAHHYHBIX 110 3aJaHHOU
MmeTpuke. MIHTepec K rpaHUYHBIM OOBEKTaM CBSA3aH C UCIOJIb30BAHUEM HX JJISl BBIYMCIICHUS
OTHOIIEHUH CBA3aHHOCTH OOBEKTOB KJIACCOB MO CUCTEME FHIEepLIapOB.

IIporiecc morcka MHMHHUMAJIBHOTO TOKPHITHS B pabore [5] peann3oBaH >KaJHbIM
anroput™MoM. [lo 3TOH TpWYMHE NIyMOBBIE OOBEKTHI MOTYT OBITH BBIODaHBI B KauyecTBE
ATAJIOHOB U MOBJIHATH Ha 0000IIAIOIIYIO CTOCOOHOCTh AJITOPUTMOB PACIIO3HABAHUS B CTOPOHY
ee yMmeHblIeHUs. [1OCKONBKY 3amaud pacrio3HaBaHUs SIBISIFOTCS HEKOPPEKTHBIMH, BCTAET
BONPOC O HAIWYMM ONTHUMAJIBHOTO pEIIeHHs — TMOJIY4YEeHUS MaKCUMyMa 3HAYeHHsS Mephl
KOMITAKTHOCTH. [[OMCK ONTHMAaJIbHOTO PEIICHUS OCYIIECTBICH 4Yepe3 COOTHOIICHUE MEXKIY
YHCIOM 3TAIOHOB MUHHUMAJIBHOTO MOKPBITUS M YKCIOM OIPEENIIEMOr0 COCTaBa yAalseMbIX
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IITyMOBBIX OOBEKTOB. [[1s1 MPOBEPKM MPUHAIICKHOCTH K MHOXKECTBY IIYMOBBIX OOBEKTOB
IIPEMIOKEHO UCIIOIb30BATh JOMOJHUTEIbHBIN KPUTEPUN — PETYIISIPUA3ATOP.
ITocTanoBka 3agaun

PaccmoTrpum 3amauy pacno3HaBaHus B CTaHAApTHOM nocTaHoBKe. byneM cuurtarts, 4to
3a1aHO0 MHOYECTBO M3 M OOBEKTOB Eo :{Sl,...,Sm} pa3zaenéuHoe Ha | HenmepeceKkaromuXCs

KJaccoB  K,,..,K,. Onucanue oOBEKTOB MNPOU3BOAUTCA C IMOMOLIbIO N Pa3HOTUIHBIX
HOPU3HAKOB X (N) = (X,,...,X,), & U3 KOTOPBIX U3MEPSIOTCS B MHTEPBAJIBHBIX 1IKanax, N - & — B
HOMUHaJIbHOW. Ha MHOKECTBE 0OBEKTOB E, 3aJaHa METpHUKA p(X,Y) .

[Tponiecc hopMUPOBaHUS MHUHUMAIBHOTO MOKPBITUS 00YYaroIIell BEIOOPKH ATAIOHAMH
[5] peanuzyeTcs myTeM MOCIEA0BATEIBHOIO BHIIIOJIHEHUS CIEAYIOLUX 3TAMOB:
—  BBIJICJICHUE MHOXKECTBA IPAaHHYHBIX OOBEKTOB KJIACCOB B(E,,p) IO 3aJaHHOW METpPHKE

PO%Y) 5

—  IOHUCK M yJaJICHHE IIyMOBBIX O0OBEKTOB T — B(E,,p) U3 MHOKECTBA IPAHUYHBIX;

— pa3bueHue OOBEKTOB KIJIACCOB Ha HENEpPEeceKaroluecss TPYHNbl [0 OTHOUICHHUIO
CBSI3aHHOCTH 110 MHOKCCTBY 'PAaHMYHBIX HA E = Ej\T

—  (opMUpOBaHHE MUHUMAIBHOIO MTOKPBITUS U3 3TAJOHOB IO Ka)KJ10M rpymIe.
ITouck mymMoBBIX 00BEKTOB M3 MHOKECTBA I'PAHMYHBIX

BbInomHUM  OLIEHKY THUIHWYHOCTM TPaHUYHOTO OOBEKTa IO OTHOLICHHIO JBYX
OJMDKalIIMX OT HEro pacCTOSIHUM 10 0OBEKTOB U3 CBOET0 KJlacca U ero AonojHeHus. Pemenue
0 BKITIOYECHUH (HE BKIIFOYCHUH ) TPAHUYHOTO 00BEKTa B MHOYKECTBO IITYMOBBIX TPUHUMAETCS HA
OCHOBE aHaJIu3a 3TOro oTHoIeHus. i1 aHanu3a TpeOyeTcs: OnpeaAeaIuTh IOPOroBOe 3HAYCHHE
A U yCIIOBHSl, HA OCHOBE KOTOPBIX IIPUHUMAETCS PELICHHUE.

Ha MHOXECTBE TPAHHYHBIX OOBEKTOB B = B(EO, p) chopMHEpyeM MHOXKECTBO TIap

BG={(S.5))}, S eKBt>2, §eCKNB, ps.5)=_min p(s.s,). M

(S,5;,)€BG  Beném  obosmauenns  r(S;)=p(S..S;), d(S)=p(S.S,), rae

s, =arg_ min _ p(S,.S,)- AHasIoru4Ho s S;eCK/B onpeenm

SacEonK\{S;}

r(Sj):p(Sk,S,—)= min p(sv,sj), d(Sj)zp(Sj,Sﬂ) , TI€ S =arg min }p(Sk,sa).

S, eBNK; Sa€BgNCK\(S;

r(s
OrtHotIeHne (—') <4,0<A<1 paccmarpuBaercss Kak HEOOXOIMMOE YCIIOBHE OTHECCHHE
d(s)
O6’BeKTa Si € Kt ﬂ B K MHOKCCTBY HIYMOBBIX. I[OCTaTOLIHBIM YCJIOBUEM SABJISACTCA
r(S, r(S.
M<l and (J)Zﬂ- (1)

4(s,) d(s;)

MNPUHAJICKHOCTH T'PaHUYHOTO 00BeKTa Si € Kl K MHOXKCCTBY HIYMOBBIX Ha BBI60pKC

Eo =K, U K, onpenensiercs mo (1) . 3nauenue A, onpenensiemoe 1o (1) B kauecTBe mapamerpa

(xoa¢urrenTa) peryisapu3aTopa, IPUMEHETCs AJIs TOMCKa SKCTPEMAIbHOT0 3HAYSHUS MEPHI
KOMIIAKTHOCTH TpU (PUKCUPOBAHHBIX (aKTOpax.

Pe3ynbTarhbl, MoMy4YeHHBIE MPHU PEryIIpU3aLUH OTHOLUICHUH CBS3aHHOCTH OOBEKTOB
KJIaCCOB, BOCTpEOOBAaHBI MpPU TIOCTPOCHHWU MOJENel, OCHOBAaHHBIX Ha 3HAHMSX, B
CJIa0OCTPYKTYPUPOBAHHBIX MPEIMETHBIX 00JacTaX. PekoMeHayloTCs cielyronue BapuaHThl
MPUMEHEHHUS:

1. pacno3naBaHue 0OBEKTOB C MUHUMAJIBbHBIMU 3aTpaTaMH BHIYMCIUTEIbHBIX PECYPCOB;
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2. aHaIu3 KJIACTEPHOH CTPYKTYpBl OOBEKTOB M CBOMCTB 3TaJIOHOB MUHUMAJILHOTO

IIOKPBITHS;
3. HCCle0OBaHUE IPUUUH MOSIBICHUS IIYMOBBIX OOBEKTOB.
OnTumanbHOE 3HAY€HHE MeEpbl KOMIAKTHOCTU MIO3BOJISIIOT ~ OTCJICKUBATH

nepeodydyeHre airopuTMOB, CBS3aHHOE C MPOOJIEMON MPOKIATHS Pa3MEPHOCTH IPHU
MaluHHOM O0OyueHuH. MHINKATOPOM NepeoO0ydeHHs CIYKHUT YMEHBIICHHE 3HAUYCHHUS MEpHI
KOMIIAKTHOCTH U CHIDKEHUE 0000Iameid crnocoOHOCTH alropuTMOB IPU POCTE YHCIA
NpU3HAKOB. Pa3MepHOCTh MPOCTPAHCTBA, BBIIIE KOTOPOTO  (UKCHPYETCS HAIWYHE
nepeody4YeHusl, ONpeesiseTcsl IPU MPOBEICHUN BBIYUCIUTEIHHOIO SKCIIEPUMEHTA.
OTanoHHBIE 00BEKTHI SABISIIOTCS MPEAMETOM OTACIBHOTO UCCIICAOBAHMS KaK TUITUYHbIC
npencraButenu rpymi. [1lymoBbie (HeTUNHUHBIE) 00BEKTHI (BapUaHT 3) pacCMaTpUBAIOTCS KaK
BBIOPOCHI MM OTKJIIOHEHHS OT OMIMPHYECKUX 3aKoHOMepHocTeil. Hampumep, 1o
COLIMOJIOTHYECKUM JIaHHBIM YPOBEHb MOTPEOJICHUS PECHOHJIEHTa CYIIECTBEHHO Pa3iHyaeTcs
OT YpPOBHS 3asIBJICHHBIX UM JTOXOJIOB.
BorunciauTe1bHbIH IKCIIEPUMEHT
Jnist 1eMOHCTpanuy BIMSIHUS KO3(PPHUIMEHTOB peryispu3anuyd Ha 3HAYEHUE MEpPbI
KOMITaKTHOCTH (1) cBsI31 K03 HUIIHEHTOB ¢ 00001Ia0IIIeH CTTIOCOOHOCTHIO aJITOPUTMOB METOAA
Ommkaiiero cocexa ObUIM HMCHONB30BaHbl JnaHHBIEe German . CBs3p KOA(PQPHUIHEHTOB
perynspu3aluu ¢ pe3yibTaTaMy 0TOOpa IIYMOBBIX U 3TaJOHHBIX 00bEKTOB Ha JaHHBIX German
no merpuke XKypasnésa mokaszana B ta0u. 1. Omucanue kaxaoro u3 1000 00eKTOB BEIOOPKHU
npu cooTHomenuu kiaccoB [K1|:[K2|=700:300 npousBoaunaoch 7-10 KOINYECTBEHHBIMH U 13-
10 HOMUHAQJIbHBIMH ITPU3HAKAMH.
Tabauya 1. OT60p MIYMOBBIX U STAIOHHBIX OOBEKTOB Ha JaHHBIX GErMan B 3aBUCUMOCTH OT
3Ha4eHUH K0A((HUIIMEHTOB peryspu3annu mo merpuke JKypaniépa

Koaddurment Uucno 06beKTOB Cpennee no
Perynsapuzanmm IITYMOBBIX STAJIOHOB sTajony (2)
0,5 42 267 (126, 141) 3,4373
0,6 60 259 (120, 139) 3,4116
0,7 54 259 (112, 147) 3,4553
0,8 42 260 (114, 146) 3,5299
0,9 27 277 (127, 150) 3,4178
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SHAXSNI TANIB OLISHDA BIOMETRIK TEXNOLOGIYALAR:

AFZALLIK VA KAMCHILIKLARI
G-afforov Nuraddin Yorkin o°g‘li 1'®
1Ragamli texnologiyalar va sun’iy intellektni rivojlantirish ilmiy-tadgigot instituti
Muallif elektron pochtasi
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Jahonda biometrik texnologiyalarga asoslangan intellektual tizimlarini ishlab chigishga
alohida e’tibor qaratilmogda. Ushbu yo‘nalishda biometrik autentifikatsiyalash usul va
algoritmlarini ishlab chigish, takomillashtirish hamda amalga oshirish dolzarb masalalardan
biri bo‘lib golmoqda.

Hozirgi kunda biometrik autentifikatsiyalashning statistik va dinamik usul va
algoritmlarini takomillashtirish, ishlab chigish hamda texnik qurilmalarini yaratishga
yo‘naltirilgan keng qamrovli ilmiy tadqiqot ishlari olib borilmoqda. Jumladan,
identifikatsiyalash va autentifikatsiyalash yo‘nalishida BIO-key, eyelock, IRIDIDe, NEC va
Softprom kabi yirik kompaniya va korporatsiyalar etakchilar hisoblanadi. Sun’iy intellekt
texnologiyalari asosida biometrik ma’lumotlarga ishlov berish, tanib olish sifati va tezligini
oshirish, shuningdek hujumlardan himoyalanishning samarali vositalarini ishlab chiqish,
takomillashtirish, optimallashtirish hamda autentifikatsiyalashni ishonchli avtomatlashtirilgan
tizimlari va qurilmalarini yaratishga katta e’tibor qaratilmoqda.

Asosiy gism. Respublikamizda ham ushbu yo‘nalishda biometrik ma’lumotlariga
dastlabki ishlov berish, tahlil gilish va tanib olishga mo‘ljallangan apparat-dasturiy vositalarni
ishlab chiqish va joriy etishga alohida e’tibor garatilmoqda. «Ragamli O‘zbekiston — 2030»
strategiyasida, jumladan «idoraviy ragamli infratuzilmaning axborot xavfsizligini, shuningdek,
elektron ma’lumotlar va hujjatlarning himoyasini ta’minlash, «aqglli» va «xavfsiz» shahar
loyihalarini izchil amalga oshirish bo‘yicha ilmiy ishlarni olib borish» 1 hamda «Sun’iy intellekt
texnologiyalarini jadal joriy etish uchun shart-sharoitlar yaratish chora-tadbirlari to‘g‘risida»gi
Prezident garorining 2021-2022 yillarda sun’iy intellekt texnologiyalarini o‘rganish va joriy
etish bo‘yicha chora-tadbirlar dasturida «...sun’iy intellekt texnologiyalari asosida ishlab
chigilgan dasturlarning xavfsiz ishlashi, yuzaga kelishi mumkin bo‘lgan xatarlarning oldini
olish, shuningdek, foydalaniladigan ma’lumotlarning konfidensialligini ta’minlash» kabi
ustovor vazifalar belgilab berilgan. Mazkur vazifalarni amalga oshirishda biometrik
identifikatsiyalash va autentifikatsiyalash dasturiy va texnik vositalarni boshqarish tizimlarini
yaratish muhim va dolzarb masalalaridan biri hisoblanadi. Ushbu masalalarni samarali echish
biometrik ma’lumotlarga ragamli ishlov berish model, biometrik belgilarni hagiqiyligini
asoslovchi o‘ziga xos belgilar majmuasini shakllantirishni inobatga olgan holda rivojlantirish
shuningdek, shaxsiy ma’lumotlarini kuchli himoyalashning avtomatlashtirilgan tizimlarni
ishlab chigishni talab giladi.

Hozirda biometrik texnologiyalar insonning quyidagi o‘zgarmas biologik belgilariga
asoslangan: Klassik misollar — yuz tuzilishi, barmoq izi, irisi yoki kaftni skanerlash; odamning
klaviaturada yozishi, yurishi, gapirishi va boshgalar. Insonning ushbu biologik belgilaridan
foydalanish turli xil anigliklarga erishishga imkon beradi. Biz ushbu maqolada hozirda keng
go‘llanilayotgan biometrik tizimlar bo‘yicha shaxsni tanish masalalariga to‘xtalib o‘tishni
lozim topdik [1].

Har bir texnologiyaning ham o‘ziga yarasha afzallik va kamchilik taraflari mavjud.
Quyida biometrik texnologiyalardan biri — “Yuzni tanib olish tizimi” ning o‘ziga xos afzallik
va kamchiliklari to‘g‘risida gaplashamiz.

Yuzni tanib olishning afzalliklari. Yuzni tanish tizimi smartfon qulfini ochishdan
tashgari, boshga bir gancha afzalliklarga ham ega: 1) xavfsizlikni oshirish, Hukumat darajasida
yuzni tanish yoki boshga jinoyatchilarni aniglashga yordam beradi; 2) Jinoyatlarni kamaytirish.
Yuzni tanib olish o‘g‘rilar va huqugbuzarlarni izlashni osonlashtiradi; 3) Qulaylik yaratish.
Texnologiya keng tarqalib borar ekan, mijozlar do‘konlarda xarid uchun kredit kartalari yoki
naqd pullardan emas, balki yuzlaridan foydalangan holda to‘lashlari mumkin; 4) Tezroq
ishlash. Yuzni tanib olish jarayoni atigi bir soniya davom etadi, bu esa yuzni tanishdan
foydalanadigan kompaniyalar uchun foydalidir [5].

Yuzni tanib olishning kamchiliklari. Yuzni tanib olishning ba’zi kamchiliklari va
muammolari quyidagilarni o‘z ichiga oladi: 1) Nazorat. Ba’zilar hamma joyda mavjud bo‘lgan
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videokameralar, sun’iy intellekt va ma’lumotlar tahlili bilan bir qatorda yuzni tanishdan
foydalanish ommaviy kuzatuv uchun imkoniyat yaratadi, bu esa shaxsiy erkinlikni cheklashi
mumkin; 2) Xatolik doirasi. Yuzni tanib olish ma’lumotlari xatolikdan xoli emas, bu esa
odamlarning o‘zlari qilmagan jinoyatlarga aloqador bo‘lishiga olib kelishi mumkin; 3) Katta
hajmdagi ma’lumotlarni saglash. Yuzni aniqlash dasturiy ta’minoti mashinani “o‘rganish, tanib
olish” texnologiyasiga tayanadi, bu aniq natijalarni berish uchun katta ma’lumotlar to‘plamini
talab qiladi. Bunday katta ma’lumotlar to‘plamlari mustahkam ma’lumotlarni saqlashni talab
giladi [3].

Biometrik ma’lumotlar odatda eng ishonchli autentifikatsiya usullaridan biri
hisoblansada, u ham katta xavf tug‘diradi [3]. Buning sababi, agar kimningdir kredit karta
ma’lumotlari buzilgan bo‘lsa, u o‘z kreditini muzlatib qo‘yishi va buzilgan shaxsiy
ma’lumotlarini o‘zgartirish choralarini ko‘rishi mumkin. Butun dunyo bo‘ylab biometrik
ma’lumotlarni saglaydigan va gayta ishlaydigan infratuzilma ganchalik xavfsiz? Shaxsni tanish
dasturiy ta’minoti hali o‘zining nisbiy rivojlanish bosqichida bo‘lganligi sababli, bu sohani
tartibga soluvchi gonuniyatlar hamon rivojlanmoqda. Zamonaviy mobil qurilmalarda shaxsni
tanishdan foydalanib tizimga kirish ham mumkin. Foydalanuvchilarni autentifikatsiya
qilishning ushbu usuli qurilmalarda o‘rnatilgan kamera mavjudligidan foydalanadi. Boshqa
tomondan, ushbu qurilmalarni aldash kameraga haqiqiy foydalanuvchining harakatsiz
fotosuratini ko‘rsatish kabi oddiy ekanligi isbotlangan [2].

Iris yoki qo‘l geometriyasini skanerlash kabi boshqa usullar an’anaviy uy yoki kichik
ofis foydalanuvchilari sohasida hali ham ilmiy fantastika hisoblanadi. Shuni ham ta’kidlash
kerakki, foydalanuvchi biometrik usullarni qo‘llashda qurilmalarida foydalanish qulayligi
asosiy omil hisoblanadi. Shaffoflik, ishonchlilik va aniglik foydalanuvchilarning gabul
qilinishini ta’minlash uchun birga keladi .

Hozirgi vagtda tizimlarda biometrik ma’lumotlarni o‘qish uchun eng ko‘p talab
gilinadigan vosita qurilmadir. Ehtimol, ushbu qurilmalarda yangi biometrik identifikatsiya
texnologiyalari joriy etiladi. Ushbu magolada biz tavsiya etadigan biometrik usul klaviatura
bosish dinamikasiga asoslangan. Foydalanuvchi klaviaturada yozishda mavjud bo‘lgan tabiiy
ritmdan foydalanadi. Ushbu ritm har bir inson uchun o‘ziga xos bo‘lishi va ularni aniqlash,
autentifikatsiya qilish, doimiy monitoring qilish yoki hatto tasniflashning haqiqiy usuli bo‘lishi
mumkin [4]. Boshga biometrik tizimlar bilan solishtirganda, juda oson va eng muhimi, gimmat
emas.

Foydalanilgan adabiyotlar
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IMPUMEHEHME KOHIEIIIINHN SMART GRID B 3A/TAYAX
YIIPABJEHUSA PEXKUMAMUM PABOTbBI
IJIEKTPOOHEPTETUYECKUX CUCTEM
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Jlns  npumenenuss — TexHonormu  Smart  Grid  mpu  IpPOEKTUPOBAHUM
anexkTpodHepreruueckux cucteM (33C), IrIaBHBIM YCIOBUEM peajU3alliu SIBISIETCS HAIUYUE
AKTHUBHBIX, HACTPAWBAEMBIX U YIPABIISIEMBIX JJIEMEHTOB JJIEKTPOIHEPTETUUCCKIX OOBEKTOB
(930). CneayromuM MOMEHTOM SIBIISIETCS HaJU4YM€ ABTOMATUYECKUX CHUCTEM KOHTPOJIS,
aHaJM3a v yIpaBJIeHUs pacnpeeaeHueM saepropecypco B 99C B pexxume onzaitd. [lpu stom
BOXHBIM MOMEHTOM SBIISIETCS HWHTEJUIEKTyallM3alus TMPOIECCOB paclpeieneHus U
noTpeOIIeHUsT PHEPTOPECYPCOB ¢ MPUMEHEHHEeM TexHosoruu Smart Grid, kak Ha anmapaTHOM,
TaK ¥ Ha mporpamMmmHoMm yposhe [1]-[3].

BpIX00oM M3 CIIOKUBILEWCS CHUTYyallMd SIBISETCS SBOJIOIMOHHBIA IEPEX0] OT
CYILIECTBYIOIIUX cucTeM yrpaBieHus DOC K cUCTeMaM YIpaBICHUS JIEKTPUUECKUX CETeH C
npuMeHeHreM Kouuenimu Smart Grid, mo3Bossone yMEHBIINTh KOJUYECTBO MHOTHX
napaMeTpoB MPH PEIICHUH ONTUMU3AIMOHHBIX 33/1a4, CBSI3aHHBIX C OMpPEJEICHUEM IOTePh
nepetokoB momHocTu IIC [4], [5].

OCHOBHBIM HampaBlIECHUEM I OTMEYCHHBIX CHCTEM SIBJISIETCS pa3paboTka 0OBEKTOB C
HaWBBICIICH CTETICHBIO aBTOMATHU3AIUH.

OmnumeM coctogaue D9C MaTeMaTHYECKON MOIENBIO:

Xoe = X0 +T (X0, Hy ) v +G (X, Hy ) - &,

\ :¢(Xk-Hk)+77k

, 1)

rae X, — BEKTOp YNpPaBISAIOMINX Bo3neicTBuil; X, — Bekrop cocrosiHus D2C; V, —
BEKTOpP M3MepSIeMbIX BETHUMH; H, — MaTphija mapameTpoB JIeKTPOIHEPreTHUCCKONH CeTH;

T,G — HOPMHPYIOIIXE MATPHUILIBL; 4 1 Tl — cinydaiinple (GakToOpbl; (P — BEKTOP HEITMHEHHOM

GyHKINU.
N3 (1) MokHO yBHIETh, uTO Ha AUHAMUKYy OOC 3HAUMTENBHOE BIUSHHE OKa3bIBAIOT

Clly4aiiHble BO3JICHCTBHS, YTO BbI3bIBAE€T OIPE/EICHHbIE TPYAHOCTH B 3a/aye yNpaBICHUS
npoleccaMi TPAHCIIOPTUPOBKU U MOTPEOJICHUS 3JIEKTPOIHEPIHU. DTU U Jpyrue (akTopsl
coxHOCTH yrpasieHuss D9C, 00yCIaBIMBAIOT MPUMEHEHNUE MPUHITUIIOB KOHIeTIH Smart
Grid B BuIE MPOrpaMMHO-AITOPUTMHYECKOTO KOMIUIEKCA YIPABICHUS PEKUMaMH PabOThI
99C, 4To sBNISETCSA OJHOM U3 IIaBHBIX 3a/1a4 ONTUMHU3ALUU peXUMOB padboTel DIC B pexxume
pEaIbHOTO BpeMEHU. {7151 perieHns 3Tol 3ajaun UCTIOIb3YOTCS pa3HbIE METO/BI, C Pa3IMYHON
cTerneHbto dpdexkTuBHOCTH [6]:

— METOJbI, OCHOBAHHBIE HA 3aMEHE CHCTEM, C HEONPEIEIEHHBIMHU I1apaMeTpaMu, Ha
AQHAJIOTMYHBIE CUCTEMBI C IETEPMUHUPOBAHHBIMU JTAHHBIMH;

— METO/bl, OCHOBaHHBIE HA IPUMEHEHUH PUHIUIIOB CTOXaCTUYECKON ONTHMHU3ALINH;

— METOJbl, OCHOBAaHHbIE Ha TPUMEHEHUH MPUHIUIIOB MHOTOKPUTEPHAIBEHOM
ONTUMHU3ALINY;

— METOJIbl MHTEJUIEKTYaJbHBIX TEXHOJOTHH, K KOTOPHIM MOXXHO OTHECTH METOJbI
HEUYeTKOW JIOTMKH, HEMPOHHYIO CETh U UCKYCTBEHHYIO HeliponHyto ceTb (MHC).

AHanu3 CyIECTBYIOIIMX METOJIOB MCCIEIOBAaHUS TUHAMUYECKHX OOBEKTOB IOKa3al,
4yTo Hambosiee ylO0OHBIM MaTeMaTHMYECKHM amlapaTroM JUIs CO3JaHMs CHCTEMBbl YIpaBJICHHUS
pexxuMaMu pabotel IIC, ABIsETCS NpUMEHEHNEe THOPUAHON HEHPOHHOM CEeTH, BKIIIOYAIOIEH
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B ce0s MHC u HAC [7], [8]. IlpumeHeHuEe mporpaMMHO-aIMapaTHbIX KOMIUIEKCOB IS
peruoHanpHbix ODC, B pamkax KoHuenuuu Smart Grid, npencrasisiercss HauOolee
3¢ (deKTUBHBIM IMEHHO B TAKHX YCIOBUAX. B mporiecce mepexona K CTpyKTypam, OCHOBaHHBIX
Ha KoHuemniu Smart Grid, B kauectBe 6a30BOr0 MeT0/1a, OTACILHOEC BHUMAHHUE 3aCIyKHBACT
NPUMEHEHHE METO/Ia MHTeUIeKTyanu3anuu moaxonoB HAC, kotopesie 00ObeTUHSIIOT B cede
JIOCTOMHCTBA HEMPOHHBIX CeTel U ceTel ¢ HeUETKOM JIoruKoil [9].

B pamkax xonnenmmu Smart Grid pazpabotaHo ¢GopMaln30BaHHOE OIKMCAHHE
0000MEHHOI CTPYKTYpHOU cxeMbl cuctembl yrpasienus D9C Ha 6aze MHC/HAC [116; ¢.30-
34], xoropasi UMEECT HEPapXHUYCCKYI0 CTPYKTYpy M COCTOMUT M3 JABYX ypoBHe#l (puc. 1.5):
YPOBEHb TPAaHCIIOPTUPOBKU DJICKTPOIHEPTUH (BEPXHHI) M YPOBEHb YIPABICHHS HArpy3Kon
norpedutens (HwkHUI). Ha BepxHeM ypoBHE peEIIaloTCs 3a/layd ONTHMH3AIMU BBIPAOOTKH
YOPABJISIIOLIUX BO3ACUCTBUN C ydyeToM aAuHamuku mnapamerpoB DIC. Ilpu 3TOM BBeIEHBI
JOTIOTHUTETIFHO OJIOKU 3alepXKu (z ",z "), MO3BOJISIIOIINE YYECTh 3aJePXKKy IMepeaadu
JIEKTPO3HEPTUU B CUCTEME. A HAa HM)KHEM YPOBHE CTPYKTYpbl D20 HaxoAUTCs JIOKaabHast
cUcTeMa YIPaBJICHUs TEXHOJOTHUSCKUMH Mapamerpamu nojcucteM DIC, npeaHa3HauYCHHAsS
JUTSI KOMITCHCAIIMM W3MEHEHUsS CTPYKTYPHl M HArpy3Kd B JJICKTPUUYECKUX CETAX. B KOHTYyp
yIIPaBJICHUS] JIOTIOJIHUTEIILHO BKIIOYCH AJITOPUTM OOYYCHHs, TO3BOJISIFOIIUI ONpPEACTUTh
3HaYeHWE HEHPOHHOW CETH Ha OCHOBE M3MEHEHUS TEXHOJIOTHYECKUX MapaMeTpPOB CHCTEMBI
yIpaBJICHUS] C Y4ETOM HH(POPMAIIUU O MOTPEOJICHUN DIICKTPOIHEPTUU B PEIKUME PEATLHOTO
Bpemenu [11].

2y SR by
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Puc. 1. CrpykrypHas cxema cuctemsl ynpasieHus 99C ¢ npumenennem MHC u HAC

Cnenyer OTMETUTH, YTO MPEAJIOKEHHBIM NOAXOJ IO3BOJISIET JaTh aJalTHBHBIC
CBOMCTBA CTPYKTYype cucteMbl ympasieHuss 99C u sABIseTCs 0OpaTUMBIMH TIPH U3MEHEHUHU U
JIOTIOJIHEHUH TapaMeTpOB, B 3aBUCHUMOCTH OT IPENJIOKEHHOIO KPUTEPHUS MPUMEHUMOCTH.
OCHOBHOM 3ajayell pacCMaTpUBAEMOM TOMOJIOTHU SIBJIETCS COBEPIIECHCTBOBAHUE METOJI0OB
9HeprodhPeKTUBHOCTH (TPAHCIIOPT) U dHEprocoOepexeHus (y37Ibl YHEPrOCHA0KEHHS) TTyTEM
HaXO0X/ICHUS TTI00aTbHBIX 1eNIeBbIX (GyHKIUH 3a cueT coBMecTHOM padotet MHC u HAC.

[Ipumenenne HAC nns mporHo3upoBaHUSs, YIpaBIEHUS U ONTUMH3ALUU PEKUMOB
pabotel O3C mO3BOJIAET MOBBICUTH CBOMCTBA MHTEJUIEKTYAIBHOCTH W aJalTHPYEMOCTH
IPOIIECCOB YNPABICHUS CUCTEM DJHEPronoTpelseHuss NpU HAJIWYMM PA3JIMYHBIX BHUIOB
HEeolpeAeNeHHOCTe  PEeXUMOB  pabOThl  00OPYIOBaHMSI JIHEPrOCHUCTEMBI, a  TaK¥kKe
BEPOSATHOCTHBIN XapaKTep BHEIIHUX BO3ICUCTBUM.
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YK 004.8
Ob OHEHKAX KAYECTBA KJIACTEPHOI'O AHAJIM3A JTAHHBIX

UrnareeB Hukonaii AnekcanapoBuy
Hayuonanvnolii ynusepcumem Y3zbexucmarna umenu Mupzo Yiyebexa
DNeKTpOHHAas [T04Ta aBTOpa
n_ignatev@rambler.ru

s oOocHOBaHUS pE3yJibTaTOB pa30MeHUs OOBEKTOB Ha TPYIIbI aIrOpUTMaMu
KJIACTEPHOTO aHalIn3a ObIIIM BBEJCHBI CIIeIaIbHbIe KPUTEPUU U aKkCHOMBI. Jloka3aHa Teopema
HeBo3MoxkHOCTH KiteitHOepra [1] 06 oTCyTCTBHM ONTHMAIBHOTO aJrOPUTMA KIacTepU3aIlHU.
BbIBoBI OCHOBBIBAIOTCS Ha TPEX akcHOMax (0 MacITaOHOW WHBApPUAHTHOCTH, MOJIHOTE U
COTJIACOBAaHHOCTH ), KOTOPHIE OJHOBPEMEHHO HE MOT'YT BBIIIOJIHATCS IIPU KJIACTEPHOM aHaIH3E.
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Oco0eHHOCTH pealu3aly psjia ajirOpUTMOB HE TMO3BOJSIOT MPUMEHSTh K HX
pe3ysipTaTaM CyLECTBYIOIINE MEPBI OLIEHKH KaueCTBa KJIACTEPHOI0 aHanu3a. K uncity TakoBbIX
0COOEHHOCTEH OTHOCSTCS:

— KJIACTEPBI UIMEIOT CIIOKHYIO U M3HAYAJILHO HEolpeaensieMyto (opMy KOHPHUTypalnu;

— CYUIECTBYIOT BBIOPOCHI B BHJI€ OOBEKTOB BBIOOPKH, MPHUHAJICKHOCTh K TpyMIam
KOTOPBIX HE OIIPENIEIICHA;

— OTHOUICHHS MEX 1y 00bEKTaMU CTAHOBSTCS PA3MbITHIMU U3-32 BHICOKOM pa3MepHOCTH
IIPU3HAKOBOI'O IPOCTPAHCTBA (IIPOKJIATUE PA3MEPHOCTH).

[Ipennaratorcs cienyrole BapuaHThl JJIs aHAJIM3a JaHHBIX Yyepe3 KilacCu(PUKaIio:

— MEXIy CcOoCTaBaMM TIpyoI M KJIAacCOB CYHIECTBYET B3aWMHO-OJJHO3HAYHOE
COOTBETCTBHUE;

— 00BEKTHI TPYII ¥ BEIOPOCOB MPEICTABICHBI B Pa3HbIX Kilaccax.

HccnenoBanne OTHOIIEHUWH OOBEKTOB KJIACCOB, AHAJIOTMYHO OIMCaHHBIM B [2],
OCHOBBIBA€TCSI HA TMIIOTE3€ O KOMIAKTHOCTU. KOIMueCcTBEHHBIMU MOKAa3aTENIMU OTHOILIEHUIN
SBIISIOTCS HOBBIE BHEUTHSSI M BHYTPEHHSISI MEPBI JUIsI OLIEHKU KayecTBa KJIIACTEPHOTO aHAIIM3A.

1. KiiactepHblii aHAIM3 HA OCHOBE IVIOTHOCTH pacinpee/ieHUs U y4eTa BbIOpOcoB
B TaHHBIX

[Ipennaraercss AByX3TamHbIN MPOLIECC peai3allMM KIACTEPHOrO aHalu3a CTPYKTYpPbI
OTHONIEHUH OO0BEKTOB C wucnoib3oBaHueM anroputMa DBSCAN. Beruucnenue craryca
00beKTa JIOCTHXKUMBIM, TPAaHUYHBIA W BBIOPOC 1O TapaMeTpaM K ¥ € Ha MepBOM dTare
paccMaTpuBalOTCs Kak WHGoOpManus JUis 3aJlaHds 3HAueHUs LEJeBOro MpHU3HAKa IpHU
knaccupukanuu. [lo kmaccuduranum OOBEKTOB HA OCHOBE HMX CTAaTyCOB OIPENENIeTCs
MIPABHUJIO, COTIIACHO KOTOPOT'O MPEICTABUTENN U3 PA3HBIX KJIACCOB HE JOJIKHBI BXOJUTh B OJIHU
IpynIbl, CPOPMHPOBAHHBIMU 10 OTHOIICHUIO CBSI3aHHOCTH OOBEKTOB 110 CHUCTEME
nepecekamIuxcss  runepmiapoB.  lcnonp3oBanue — mpaBWwiia  SIBISETCS — TFapaHTOM
€MHCTBEHHOCTH YHUCJIa TPYIII U UX COCTaBa Ha BTOPOM 3Talle.

MHoroo6pa3ue pa3zoueHuit 00beKTOB Ha jaBa Kiacca Ki (10CTHKHUMBIE, TPaHUYHbBIC) U
K2 (BBIOPOCHI) OrpaHUYEHO M 3aBHCHUT OT BbIOOpa 3Ha4YeHUi mapamerpoB K u €. CooTHOIICHUE
MEXX/Ty YHUCIIOM JJOCTHXKUMBIX U TPAaHUYHBIX OOBEKTOB C OJJTHON CTOPOHBI U BBIOPOCOB C APYroi
BJIMSIET HA YUCIO 0OBbEKTOB-ITAIOHOB MUHUMAJILHOTO MOKPBITHSI. DTO BIUSHUE MIpeasIaraeTcs
MCCJIEIOBATh YEPE3 HOBBIE BHEIIHUE W BHYTPEHHHUE MEPHI OLIEHKHM KauecTBa KJIACTEPU3aLUU.
3HaueHUe BHEIIHEW Mephl BBIYUCIAETCS KaK Mepa KOMIAKTHOCTH OOBEKTOB INpPHU YCIOBUHU
€AMHCTBEHHOCTH 4MCJa TPYNI ¥ MOIIHOCTH MX COCTaBOB IO KaXIoMy Kiaccy. B kauectse
3Hau€HUsl BHYTPEHHEH Mepbl UCIOJB3YETCS] COOTHOIIEHUE BHYTPUKIACTEPHOTO CXOJICTBA U
MEXKJIACTEPHOT'0 PA3JINYMs, BEIUUCIIIEMOE 110 MHOXKECTBY 00BEKTOB-3TaJIOHOB MUHUMAJILHOTO
TIOKPBITHSI.

IIpuMeHEeHNnEe HOBBIX MEp OLIEHKH KauecTBa KJIacTepU3allui MO3BOJISET I€IaTh BbIBOIBI
00 3(@eKTUBHOCTH HCIONB30BaHUS JJIi TPYHNIUPOBKH PA3IMYHBIX METPUK, CIIOCOOOB
HOPMHPOBAHHUS JAHHBIX, 0TOOpa HAOOPOB MPU3HAKOB U T.Jl. DTU BBIBOJABI PACCMATPUBAIOTCS
KaK UCTOYHHUK HOBOT'O 3HAHUS JIIsl SKCIIEPTOB U3 MPEAMETHBIX 001acTel, MOTy4yaeMbIX MU MPU
IIPOBEPKE CBOMX THMIIOTE3 HA JAHHBIX Ye€pe3 pEIICHUE 3a/aud KJIACTEPHOIO aHalu3a W3
OTPaHMYEHHOT0 YUCJIa MHOTOOOpa3uil rpynIUpOBOK OOBEKTOB.

[Ipennaraercs cieqyromuii NepeyeHb UCCIEA0BaHNMN N0 KJIACTEPHOMY aHAJIN3Y.

1.ITo kmaccy Ki BBIUMCIHTH W CpPaBHUTh 3HAUYEHHUS MeEpPbl KOMIIAKTHOCTH TpYIII,
chopmupoBaHHbIX 110 anroputMy DBSCAN U 110 OTHOIIEHHUIO CBS3aHHOCTH;

2. OtieHUTH pe3ynbTaThl pa3oueHus Ha rpynmsl B K1 n K2 1o oTHOIIEHUIO CBSI3aHHOCTH
110 BHYTPEHHEN U BHEIIHEH MepaM KadecTBa KJIacTepU3aliu.

2. IlocranoBKka 3aga4n. Mepbl OLIEHKH Ka4ecTBa KJIacTepu3aluu

B muoxectBe (Bo10OpKe) Eo={S1,...,Sm} Kaxmpiii 00bekT Si€E( onucriBacTes HAbOpOM
pasHOTUIHBIX Mpu3HAKOB X(N)=(Xy,...,Xn). Ilo 3amaHHBIM mapamerpam u3 K Ommkaiimx
cocezielt mo MeTpuke p(X,y) ¥ paauycy runepiiapa € o0beKThl BIOOpPKH Eo pasznensiorcs Ha
HemnepeceKkarouecss MHOKecTBa 3 D noctnxumsix, I' rpannunbix u V Be1opocos, DUTI'UV=E,.
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[Mpu ycmoBuu 1<|V|<m mo Eo dopmupyrorcs nBa kimacca Ki=DUI' u K=V, Ha KOTOpBIX
OIPE/ICNIACTCS OTHOIICHUE CBI3aHHOCTH OOBEKTOB 10 CHCTEME MEPECEKAIOIIMXCSI THIIEPIIApPOB.
Oo0nbekThl Si,SjeKq, q=1,2 cunTaroTcs CBI3aHHBIMU MEXIy c000it (Si«>Sj), eciu
{SeB(Eo,p)|p(S,Si)<ri and p(S,Sj)<rj} # T, (1)
rae ri(rj) — paccrosuue ao Ommwkaiimero ot Si(Sj) oobekra u3 Kiz.q mo merpuke p(X,y),

B(Eo’p): Sek, P(SU’S): min p(Su,SV),u =1..,M! _ MHOXECTBO rPaHUYHBIX OOHEKTOB

SueKg,SyeKs_q
KJIaCCOB, onpeessemMoe Ha Eo.
MuoxectBo Ggqv={ S\,1 yoeey SVC }, ¢>2, Gqv=Kgq, q=1,2, v<|Kq| mpencrasuser

obnacth (rpymiy) co cBsi3aHHBIMH 00beKkTamMu B Kiacce Kg, eciam uist MoOBIX Svi ,Svj €G,

CYILIECTBYET IyTh S\,i <—>Svk <—>...<—>S\,j . O6bekt SieKy mpuHAMIEKUT TpyMHIe U3 OAHOTO

DJIEMEHTAa M CUUTAETCS HECBS3aHHBIM, €CIM HE CYHIECTBYET MyTH Si<>Sj HHU IS OJHOTO
oobekTa Sj#Siu SjeKy.

MmuoxectBo B(Eo,p) ucnonb3yercs ans onucanus o0beKToB Eo B mpocTpancTBe 13
ounapHbix pusHakoB 1o tadmuie T={tjj}nq, d=|B(Eo,p)|. 3HaueHue snemenTa Tadbmuis tj=1,
ecnu BeimosiHsieTcst yeyoBue (1) u tij=0 B mporuBHOoM citydae. [To Tabmuue T onpenensiercs
MUHUMAJIBHOE YUCIIO TPYI U3 CBA3AHHBIX U HECBSI3aHHBIX 00BEKTOB Ki1accoB. COCTaBbI IPyII
HE TIepEeCeKaloTCs U MpecTaBieHbl o0bekTamu kinacca Ky wim Ko.

Cunraercs, uro Ha K1UK> onpenenens! nporeaypsr:

— BBIYHCIICHUS MEphl KOMITAKTHOCTH IO pe3yjbTaTaM aJIFOPUTMOB pPa3OHMEHUS Ha
TPYNIbI B 3aBUCUMOCTH OT KOJIMYECTBA U MOIIHOCTU UX COCTABOB;

— 0TOOpa MHHIMAJILHOTO IMOKPBITHS dTAIOHAMH I10 TPYIIIaM.

Tpebyercs:

— pa3paboTaTh BHEUIHHEC W BHYTPCHHHE MEpHI OIICHKM KadecTBa KJIACTEPU3AIUU C
y4€TOM 3HAYEHUH KOMIAKTHOCTH KJIACCOB U MUHUMAIILHOTO TIOKPBITHSI UX 3TaJOHAMU;

— OTIPEJICITUTH YCIIOBHUSI KOPPEKITUU COCTaBA IPYII C TPOU3BOIBHON KOH(HUTYpaIHe 1o
OIICHKaM Ka4eCcTBa KIIACTePU3AIIHH.

BHemHsisi Mepa onleHKH KadecTBa Kiaacrepusanun. [1ycts Gig,...,Gu (G11U... UGy
=Ky), u=1 u Goy,...,Gov (G21U...UG2y =K2), v>1 MHOXecTBa HENEpeceKaroNMXCsl TPYIIIL,
MOJTYYSHHBIX TI0 OTHOIIIEHHUIO CBsI3aHHOCTH 00BeKTOB (1) mo kiaccam Ki u Kz, Kaknas rpynma
OTpeJIeIsIeTCSl 10 HEMepeceKarmeMycs MOIMHOKECTBY TpaHUUHBIX 00mekToB B(Eo,p),
NpUHAIeKAIMX ongHOMY U3 KimaccoB Ki mmm Kz, Mepa KOMIAaKTHOCTH KIIacTepoB (nanee
BHEIIHSS Mepa) MO KjaccaM M BBIOOPKU B IIENIOM [2] HCIONB3yeTcs ISl OLEHKH KayecTBa
KJIACTCPU3AIMU U BBIUYUCIISICTCS KaK

_1G, [ ++IG, [

Q(K,) T o)

G PatlG P
Q(Kz):l 2l |+K ;I wl 3)
Q(Eo)=(IK1| Q(K1)+ |K2| Q(K2))/m. 4)

[Ipn oaMHaKOBOM MOIIHOCTH COCTaBa TpyNIl MUHUMAalbHbIE 3HaueHus mno (2),(3),(4)
OyayT COOTBETCTBEHHO paBHbI 1/U, 1/v, 2/(U +V) 1 OTHOPOIHOCTH COCTaBa PYIII OMPEACISITCS
KaK
O(K1)=Q(K1) - 1/u, B(K2)= Q(K2) - 1/v, B(Eo)= Q(Eo)- 2/(u +v). 5)
3HavYeHMs BHEIIHEW Mephl (2) TTO3BOJISIOT aHAIM3UPOBATH PA3JIMYNE B UCIIOIH30BAHUN
OTHOIIEHHH 0OBEKTOB HAa OCHOBE IUIOTHOCTH pacIpe/IeeHusl U TONOJIOTMYECKON CBSI3aHHOCTH
(1). [Tpu umcne knacrepos |, />2 na Eo MHOKeCTBO HomycTUMBIX 3HaYeHu# (4) Oyaer B [1/m;1],
a pe3ynbTaThl TIPYNIHUPOBKM MOKHO HHTEPIPETHPOBATH C MOMOILNBIO JIMHIBUCTHUYECKUX
nepeMeHHbIX. OTHOPOIHOCTH coctaBa rpym 1o (5) O(K1) >0, O(K2) >0, 6(Eo) >0.
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O6béM BBIOpOCOB (MomrHOCTH MHOXecTBa V) mo anroputmy DBSCAN npu
¢dukcupoBaHHOM uncie K OvkalImux coceneil CyIeCTBEHHO 3aBUCHUT OT BBIOOpa 3HAYCHUSI
pamuyca €. MccrnemoBaTh Takyl 3aBUCUMOCTH IpEAJaractcs 4epe3 CpaBHEHHE 3HAYCHHI
BHelIHeW Mepsl 110 (2) u (3).

BHyTpeHHsisT Mepa OlleHKH Ka4yecTBa KJjacTepu3anuu. BreruuciieHue BHyTpeHHEU
Mepbl OCHOBAaHO HAa WCIIOJIb30BAaHUM BHYTPUKIACTEPHOW ONM30CTH U MEXKKIACTEPHOTO
paznuuust. Kondurypamnus (manpumep, B hopme runepirapa) rpynn o anroputmy DBSCAN
¥ 110 OTHOIICHUIO CBA3aHHOCTH OOBEKTOB KJIACCOB HE ABISETCA (PUKCHPOBAHHOM, TOMYCKAIOTCS
onucaHusi 00BEKTOB MPU3HAKAMH W3 Pa3HbIX IIKal u3MepeHuil. ClIecTBHEM 3TOTO SBISIETCS
TO, YTO ONPEACIUTb IEHTPHl TPYNI HEBO3MOXHO. B KauecTBe anbTepHATHUBBI IIEHTPaM
Npe/IaraeTcsi UCMOIb30BaTh 00BEKTHI-3TATIOHBl MUHUMAIBHOTO MOKPHITHs KiaccoB K1 u Ka.

CocTaB 3TaJIOHOB M HMX KOJIHMYECTBO 3aBHUCAT OT BhIOOpa 0a30BOI WIIM JIOKATBHBIX
METPUK ISl ajJrOpUTMa, PEAU3YIOIIEro J>KaJHYH CTpaTerdHi0 OoTOOpa MHUHUMAIILHOTO
MOKPBITHSI METOJIOM ITOCIIEIOBATEIBHOT0 UCKITIOUeHHs 110 Kaxkao# rpymme u3 Ki=G11U... UGy,
U>1 u Ko=G21U...UGyy, v>1. Jlokanbaas MmeTpuka aist oobekra SeKy, t=1,2 onpexnensercs o

6asoBoil p(X,y) Kak ps(X,y)=wsp(Xy), rae @s=1/p(S,S"), p(S,S")= min p(S,S,). Yucno

Sd K3t
00BEKTOB-3TAJIOHOB 110 JIOKAJIbHBIM METPUKAM MEHbILE WM PaBHO aHAJOTMYHOTO YyHCia IO
6azoBoii merpuke. [laHHOe YTBEp)KIEGHHE JIETKO MPOBEPsiETCS IO  pe3ysbTaTraM
BBIYUCIIUTENLHOTO HKCIIEPUMEHTA.

Jiist ynoOcTBa naeHTHGUKAIMK OyeM HCIIONIb30BaTh HHASKCAIIMIO TPYIIT 0€3 yKa3aHus
INPUHAAISKHOCTH K KJIacCaM BXOASIIUX B HUX 00bekTOB. Ilycth Gj — rpymnna u3 cBsi3aHHBIX
00bekTOB 1 Mj — MHOXKECTBO 3TaJIOHOB MUHHMabHOrO NokpeiTHi U3 Gj, MicG;j, |Mj>1,

d
UM, =E, , d>2. Onpenennm:
i=1

— BHYTPUKJIACTCPHYIO 0IM30CTh K dTAJIOHAM

«(8) =43 mine(5°5) ©
— MEXKJIACTEPHOE PAa3INune MEXKAY 3TaTOHAMU
A(d)=% ¥ _min p(S",8); (7)
i=1SeM; " eEgp\M;
— OLIeHKY KadecTBa 110 (6) u (7) kak
a(d)
CT(d)= : (8)
D= 5)

YeMm MeHbI1Ie 3HaUeHHE (8), TEM BhIIIE 3HAaUEHUE KayeCTBa KJIaCTepH3alMU. Y Ka3aHHbIM
YTBEPXKACHUEM HYXHO PYKOBOJCTBOBAaTbCS IPU  BHIOOpE  OOBEKTOB-3TAJOHOB €
UCIIOJIb30BaHUEM JIOKAJIBHBIX WIHM 0a30BOil MeTpuk. BHyTpeHHss Mepa Takke BocTpeOoBaHa
JUIS1 KOPPEKTUPOBKHU COCTaBa IPYIIIL.

Jlutreparypa

1. Kleinberg J. An Impossibility Theorem for Clustering.
2. Ignatyev N.A. Structure Choice for Relations between Objects in Metric Classification
Algorithms // Pattern Recognition and Image Analysis, 2018. V. 28. No 4. P. 590-597.
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CoBpeMeHHBIE TOpOJa CTAJKUBAIOTCS C PACTyIIUMHU MpoOiieMaMu yrpaBiIeHUS
JIOPOXHBIM JIBKEHHEM M oOecriedeHus: 6e30macHoCTH Ha goporax. OTHUM M3 KIIIOUYEBBIX
aCIEeKTOB B OTOM o001acTu SBISETCS MPOTHO3UPOBAaHUE TpaduKa, KOTOPOE IO3BOJISET
3P PEKTUBHO YIPaBIATh MOTOKAMU aBTOMOOMJICH M MPeJoTBpaliaTh BOSHUKHOBEHUE 3aTOPOB
u aBapuil. B naHHOM wuccienoBaHMM paccMaTpUBaeTCsl MPOTHO3UpOBaHUE Tpaduka Ha
nepekpectke borumamon B Tamkenrte, Y30ekucrad. OTa 3aja4ya akTyajabHa JUIsl yIIPaBICHUS
JOPO’KHBIM JIBM)KEHHEM U HMMEET UIMPOKOE NPHUMEHEHHE B TOpPOJCKOM IIJIAHUPOBAHUU U
TPaHCHOPTHOM Joructuke. lIpenckasanue TpapuUKOBBHIX NMOTOKOB Ha IEPEKPECTKaX TaKkKe
MO3BOJIUT COKPATUTh BPEMsI IIPOCTOSI aBTOMOOMIIEH, YMEHBIIUTH BHIOPOCHI BPEIHBIX BEIIECTB
B aTMoc(epy U MOBBICUTH OE€30MMACHOCTH JIOPOKHOTO JIBFKCHUS.

B nmuteparype [1-4] mpoBeneHO MHOTO MCCIIEIOBAHHI 1O MTPOTHO3UPOBAHUIO TpaduKa
C MCII0JIb30BaHUEM METOJI0OB MALLIMHHOIO 00Y4YEHHUsI, TAKUX KaK JI€PEBbS PELIEHUI, Cl1ydaiiHbIe
Jieca ¥ TpaueHTHBIN OycTuHr. J[pyrue paboTsl [5, 6] cocpenoTayrBaroTCsl Ha UCIIOJIb30BaHUN
HEHPOHHBIX CEeTeH IJIsl MPOrHO3UPOBAHMS TpaduKa, YTO MO3BOJIIET MOAEIHPOBATH CIIOKHBIC
3aBHCHUMOCTH B JIaHHBIX. AHAIM3 JHUTEpPaTypbl IMO3BOJSET CAENaTh BBIBOJ O TOM, 4TO
NPOTHO3UPOBaHUE TpauKa C HCIOJIB30BAHHEM METOJOB MAIIMHHOTO OOyUYEHHsS SIBISETCS
3¢ (PeKTUBHBIM MOAXOAOM JJs ONTHUMH3ALUU YIPABICHUS JIOPOKHBIM JBHKEHHEM Ha
NEPEKPECTKE.

Jl11g uiccneoBaHus MPOTHO3UPOBaHUA TpadrKa Ha IEPEKPECTKE UCTIONb30BAIU TaHHBIE
00 MHTEHCUBHOCTH JIBUYKEHUS, [TOJIyYEHHBIE C IIOMOILBIO PYYHOTO MOJICYETa aBTOMOOMIIEH U
BUJcokamepbl. Ha OCHOBE 3THX JAaHHBIX BBIYHMCISUIM TUIOTHOCTh TPAHCIOPTHOTO TMOTOKA U
CPEIHIOI0 CKOpPOCTb JBHKEHMS, HCIIOJIb3ysSd METOJbl CTaTUCTUKU U MaTeMAaTUYECKOTO
MonenupoBanus. [lomydeHHBI HAOOp MAAHHBIX HCIOJB30BANU i OOyYeHUS U OICHKHU
MoJieJIe MPOrHO3UpoBaHus Tpauka, IOCIe Yero NPOBOANIHN NPEABAPUTENIbHYIO0 00pabOTKy
JAHHBIX JIJIs1 TADAaHTUPOBAHMSI UX Ka4eCTBA U JOCTOBEPHOCTH.

[Ipu mnporHozupoBanum Tpaduka Ha mepekpectke borumamon OBLIO pemIeHO
UCIIONIb30BaTh MOJIENb JiepeBa pElIeHUN H3-3a €€ CIOCOOHOCTH JIETKO WHTEPIPETHPOBATH
pe3ynbTaThl M aBTOMATHYECKH BBISBIATh HEIMHEHHbIE 3aBUCUMOCTH B JaHHBIX. OTHU
ocoOeHHOCTH JnenaT €€ >(PQPEeKTUBHBIM HHCTPYMEHTOM JUI MOJEIMPOBAHUS CIIOXKHBIX
TpapUKOBBIX TOTOKOB.

Jlist moCcTpoeHUsl AepeBa pelIeHuil BaXKHO TPABUIIBLHO BHIOUPATh MPU3HAKH U YCIOBUS
paszeneHus, BbIpaKEHHbIE B BUJE MpaBuUi BHYTpU JepeBa. Kaxnoe mpaBuio ompenenser,
KaKOW TPU3HAK HCIOJIb30BAaTh M KAKOE YCIOBHE NPHUMEHHUTH Ul pa3[elIeHUs JaHHBIX Ha
noArpynnsl. TakuM oOpa3oM, €peBO CTPOMUTCS TakK, YTOOBI KaXKJO€ €ro y3JI0BOE€ 3Hau€HUE
MPUHUMAJIOCh HA OCHOBE 3HAYEHMI MTPU3HAKOB. 7151 MOCTpOEHNUs JEPEBBEB PELICHUI B 3a/1a4ax
KJIacCU(UKALMU U PErpeccuy UCONb3YyIOTCs (popMyiibl HHPOPMALMOHHOTO BeIUTphIma (1) u
METPUKH UHPOPMATUBHOCTH (2) J1sl BBIOOpA MPU3HAKOB U YCIOBUH pa3/ieleHHUs.

|Ry] |Rr|
16 (R, D) = I(Ry) = L I(R) = L I(R,) ®
ICne 1G (R, p) nHGOPMAIIMOHHBIA BBIMIPHIII MIPU pa3lIeleHUH y3ia R,, Mo Mpu3HaKy
p, I(Ry,) - Merpuka undopmaTuBHOCTH, |R;| - KOMMYECTBO OOBEKTOB JIEBOro y3ia, |R,|-

KOJMYECTBO 00BEKTOB mpaBoro y3ma, I(R;) u I(R,) COOTBETCTBEHHO SIBIIAIOTCS METPUKAMHU

MH(OPMATUBHOCTH JIEBOTO U MPABOTO y3Ja.
1

I(R) = o Xima (Vi = Vi )? 2
I'ne y; - peanbHOE 3HaUEHNWE 1IETIEBOIM TIEPEMEHHOM T 00BEKTA I, J; - IPEACKa3aHHOE
3HAuUEHUE IeNIeBOI MepeMeHHOMN i 00beKTa i.
[Tocne mocTpoenus aepesa pemeHuit (puc. 1.) MOKHO MPOBECTH aHANIU3 €r0 CTPYKTYPhI
U pe3ylbTaToB. Ba)KHO OIIEHUTH KAYECTBO MOJIETH M €€ CIOCOOHOCTh 0000IIaTh JaHHBIE.
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hour ==75
samples = 2899
value = 1261 821

T

week == 4.5 week <= 4.5
samples = 986 samples = 1913
value = 859.006 value = 14659 441
hour <= 5.5 hour <= 6.5 hour <= 205 hour <= 15.5
samples = 709 samples = 277 samples = 1362 samples = 551
value = 927.757 value = 683.032 value = 1637342 value = 1054 41

ANV AN
E B B 8 BB E @

Puc.1. JlepeBa ¢ MakcuMabHOM r1yOUHOM paBHOU 15.

Pe3ynbrathl uccnenoBanus mokasaiu (puc. 2.), 4To npu riayouHe aepesa B 15 ypoBHei
MOJICJIb  TTOKa3bIBAaCT XOPOIIME TOKa3aTead KadecTBa, UTO ObUIO MOATBEPXKICHO
ko3 puimenTom aerepmuHanuu (R?).

Decision tree width max_depth = 15

2250 A
—— The real data

The predicted data
2000 7

W an

vehicle

750 4

500 A

(I) i IIE é =Il 5 é T:" !I3 é lID 1Il ll2 ll3 ll4 ll5 ll6 lI? lIB ll9 2ID 2Il 2I2 2I3
Sample
Puc.2. PesynbTaTa npencka3anue aepeBa peiieHui mpu riyoune 15.

ITo pe3ynpTaTaM uccienoBaHUs ObUIO YCTaHOBIJIEHO, YTO MOJEINb JiepeBa peleHui ¢
ryouHol 15 ypoBHEH JE€MOHCTPHpPYET BBICOKYIO TOUHOCTH Ipe/CKa3aHWil Ha ypoBHE 92
IPOIIEHTOB. DTOT PE3y/NbTaT CBUAETENBCTBYET O XOpOIIel cnocoOHOCTH MoJenn 006001maTh
JaHHBIE U JIOCTOBEPHO MPOTHO3UPOBATH 1IEJIEBYIO IEPEMEHHYIO.

CnHcoK MCI0/Ib30BaHHBIX JUTEPATYP

1. Prasad K. S. N., Ramakrishna S. An efficient traffic forecasting system based on spatial data
and decision trees //Int. Arab J. Inf. Technol. — 2014. — T. 11. — Ne. 2. — C. 186-194.

2. Alajali W., Zhou W., Wen S. Traffic flow prediction for road intersection safety //2018 IEEE
SmartWorld, Ubiquitous Intelligence & Computing, Advanced & Trusted Computing,
Scalable Computing & Communications, Cloud & Big Data Computing, Internet of People
and Smart City Innovation (SmartWorld/SCALCOM/UIC/ATC/CBDCom/IOP/SCI). —
IEEE, 2018. — C. 812-820.

3. Hou Y., Edara P., Sun C. Traffic flow forecasting for urban work zones //IEEE transactions
on intelligent transportation systems. — 2014. — T. 16. — Ne. 4. — C. 1761-1770.
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YK 004.8
NCKYCCTBEHHOI'O UHTEJUJUIEKTA ITPU ®OPMUPOBAHUMN
WUMUIKA OPTAHU3ALIMU
B.T.KOHHpOBl’a)’ M.B.Pa33akosl®

1AHaMOfCCZHCKulZ UHCmumyni 9dKOHOMUKU u cmpounmeilbcmea
SHGKTpOHHaﬁ Imo4Ta aBTOpOB
9godirovbahodir0175@gmail.com, %contactuchunmail@gmail.com

UckycctBennsiii  unHTeuiekt (M) oka3piBaeT 3HAYMTENbHOE BIUSHUE Ha
dbopMHUpOBaHME HMHKAa OpraHu3allid B COBPEMEHHOM OM3HEC-KOHTEKCTe. braromaps
nepeaoBbIM TexHosiorusamM MW koMmnaHnuu MOryT aHaluM3UpOBaTh JIaHHBIE O CBOUX KIIMEHTAX,
ONTUMHU3UPOBATh MAPKETUHIOBBIE CTPATETHMH M IEPCOHAIM3UPOBATH B3aAUMOAECHCTBHUE C
MOTPEOUTENSIMU, a TAKXKE C COTPYAHUKAMU. YeJIOBEK - 3TO CaMblii CIIOKHBIN U3 TOCTYIHBIX JIJIS
HaIIero BOCHPUATHSL 00BEKT, & CHOCOOHOCTh MBIIIJICHUS - €r0 TJIaBHOE CBOMCTBO - aTpHOYT.
HckyccTBEeHHBIM UHTEIUIEKT - HayKa, [IOCTaBUBIIIAs CBOEH LIEJIbI0 U3YUEHUE U MOJIETTUPOBAHUE
atpubyra dyenmoBeka. (1) DTo mo3Bosiser opraHm3anusM Oosnee P(HEKTHBHO W TOYCUYHO
dbopMUPOBATH MOJIOXKUTEIHHBIA 00pa3 B Tia3ax 0OIIECTBEHHOCTH.

NMumpk opranuzanma — 3TO 00Iee BOCIPUSATHE, MHCHHE WM TPEACTaBICHUE O
KOMIIAaHUM WU OpPTaHU3allid, KOTopoe (OpMHUpPYETCS B Tria3ax OOIIECTBEHHOCTH, BKIOYAs
KJIIMEHTOB, MapTHEPOB, COTPYIAHHUKOB M JIPYTrUX 3aWHTEPECOBAHHBIX JIMI. DTO BOCHPHUITHE
MOJKET OBITh OCHOBAaHO Ha Pa3JMYHBIX ACHEKTaxX JEATEIbHOCTH OpPraHMU3alluM, BKIIOUYas ee
NPOAYKUWIO WA YCIYyTH, KOPIOPAaTUBHYK KYJIbTYpY, OTHOLIEHUS C KJIMEHTAMH,
OOIIECTBEHHYIO JESTEIBHOCTD, pEKJIaMHbIE U MAPKETHHT OBbIE KAMIIaHHH, & TAaK)KE TTOBEICHUE
€€ pYKOBOJCTBA M COTPYIHHUKOB. MMUIK oOpraHu3zanuy CKJIAJbIBA€TCS W3 Pa3IMYHbBIX
AJIEMEHTOB:

1. Penyranus: Kak opranusaiysi BHIIOJHSAET CBOU 0053aTEIbCTBA, KAK OHA OTHOCHUTCS
K CBOMM KJIMEHTaM, COTPYJHUKAaM U apTHEpaM.

2. BusyaibHasi WAEHTHYHOCTBH: JloroTum, IBETOBas TaMMa, JW3allH W Jpyrue
BHU3YaJbHbIE AJIEMEHTHI, KOTOPBIE ACCOUMUPYIOTCS C OPraHU3aLUEN.

3. Hennoctu u 3THKA: [[pUHIIUIIBI, HA KOTOPBIX CTPOUTCS AEATEILHOCTH OPTraHU3aIiH,
Y €€ OTHOULIEHHE K BOIIPOCaM COLUAIBHON OTBETCTBEHHOCTU U YCTOMYMBOI'O Pa3BUTH.

4. Kommynukamusi: Kak oprarmzanusi oOmaercss ¢ OOIIECTBEHHOCTBIO, BKIFOUAs
npucyrctBiue B CMU, Ha coManbHBIX CeTIX U Apyrue GopmMbl KOMMYHHKAITUT

5. OnbIT KIMEHTOB: BrieuaTiieHUs1 KJIMEHTOB OT B3aUMOJICUCTBHUS C OpraHU3aluei, ee
MPOAYKLUEN WIIH YCIyTaMHU.

6. Pe3yabTaTbl AeATEJbHOCTH: YCIEXW WM HEyJa4d OpraHM3alud B OW3HeEce,
VHHOBALMOHHOCTb, KAYECTBO MPOAYKLIUHA U YCIIYT.

Nmvumk opranu3anuu sSBIASETCS BaKHBIM (DAKTOPOM ycCrexa, TaK KaK OH BIIMSET Ha
JIOBEpPHUE U JIOSJIBHOCTh KJIMEHTOB, HHBECTOPOB U JPYTUX 3aUHTEPECOBAHHBIX CTOPOH.

HckyccTBeHHBI HHTEIEKT B I000pe nmepcoHaJa:
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. pvymetrics g;

Puc. 1. Pymetrics (a harver company) (2)

pymetrics — ato matdopma soft skills, koTopast mepeOCMBICIMBAET MPOLIECC HaliMa U
yIpaBJICHUS] TallaHTAMHU, HWCIOJIb3ys IOBEICHYECKYI0 AHAJIMTHKY Ha OCHOBE IaHHBIX W
NPOBEPEHHBI WCKYCCTBEHHBI HMHTEIUICKT JUIsl co3fmaHus Oonee 3((EKTUBHOTO W
CHpaBeAIMBOTO MpoIiecca HaliMa Ha MPOTSHKEHUH BCETO )KU3HEHHOTO KA TaJTAaHTOB.

Anroputmsbl, ocHoBaHHBIe Ha MU (ITox anropuTMoM NMOHUMAIOT TOYHOE MPEIITHUCAHNE
O BBITIOJIHEHUH B OTIPE/ICIICHHOM MOPSAKE CUCTEMBbI OTIepaIfii AJIsl pelIeHus JII000H 3a1a4u U3
HEKOTOPOro JaHHOTO Kjacca 3alay), MOTYT HU3ydaTh pPE3IOME, HaXOIUTh MOJXOJSIINX
KaHIUJIaTOB BHYTPU KOMITaHUH, BBISBIISATH BRICOKOA((EKTHBHBIX COTPYIHUKOB U JaXKe JaBaTh
pacmpoOBKy BHJICO3AIMCH COOECEOBAaHUs, TIOMOrasi HaM BBIOMpATh CIEIHAHCTOB,
KOTOPBIE, BEPOSITHEE BCETO, OKAXKYTCS HanboJiee ycremHbIMA. JIIoau KOTophie XOTAT paboTaTh
B Hallleil KOMIIaHWUW OyIyT CIaBaTh aHKETY M pe3loMe depe3 IuaThopMy UCKYCCTBEHHOTO
uHTeIUIeKkTa pymetrics. Cioxxknbie anroputMbl M Oyner BBIABIATH BBICOKOd(PPEKTHBHBIX
COTPY/ZHUKOB, JaBaTh HaM pacmu@poBKy Bujco3anucu cobdecempoBanus. MU BeiOeper
CHENHAINCTa, KOTOPBIA MPOIIENT MHOTHE TECTHI M OKaszajcs HamOoyee YCHEeNIHBIM. JTOT
UCKYCCTBEHHBIN HWHTEJUICKT B TEPBYIO OYEPEIb IOMOXKET COKPATUTh BpeMs, OBICTPO
MOJTrOTOBUTH OTYET 110 HAlfMY TIEpPCOHANIA U CHU3HUTH PACXOIBI OT/AET KaJIpOB.

[IpuMeHeHHe anropuTMOB, OCHOBAHHBIX Ha HMCKycCTBeHHOM wuHTeiuiekre (MU), B
mporecce HaiiMa TepCOHaNa MPEJOCTaBIISICT OPraHU3alMHM 3HAYUTEIbHBIC MPEUMYIIECTBA.
Takue TEXHOJIOTHUH YCKOPSIIOT IMPOIECC MOA00pa KaHAMIATOB, MOBBINIAS dPPEKTUBHOCTh U
TOYHOCTh BBIOOpA TOTEHIHMAIBHBIX COTpyIHUKOB. MM mo3BosseT OBICTPO aHAIM3UPOBATH
pes3toMe, BBISIBIISATh BBICOKOI((EKTUBHBIX COTPYJHMKOB M MHTEPIPETUPOBATh BUIEO3AMUCH
co0ece10BaHUH.

{:) humanyze

Puc. 2. humanyze A.l.-Powered Workforce Analytics (3)

OT0 c1ocoOCTBYET ONTUMU3ALKN PabOThI OT/EIa KaJpOB, COKpalasi BpeMs U 3aTpaThbl
Ha HaiiM nepconana. B nenom, BHeapenne MM B mporecc HaliMa criocoOCTBYET MOBBIIICHUIO
KOHKYPEHTOCIIOCOOHOCTH OpraHu3alliy, IO3BOJISIE HAaHUMaTh CHEIHMAUCTOB, Haubosee
COOTBETCTBYIOLIMX TPEOOBAHUSAM KOMIIAHHH.

Humanyze BbIsiBIIsIeT Ballll caMmble yS3BUMbIE MecTa B paboTe C MEepCOHAIOM, YTOOBI
yAYYIIATh yJepKaHWE COTPYIAHUKOB M 3((EeKTUBHOCTh OM3HECA, MCIONb3Yysd HAydyHO
000CHOBaHHYIO MH(QOPMAIMIO O MepcoHale JUIsl FeHepalbHbIX TUPEKTOPOB, PYKOBOJICTBA U
AQHAJTUTUKOB JIAHHBIX

Hama xommanust ¢ MOMOLIbIO TEXHOJOTUU HCKYCCTBEHHOIO MHTEIUIEKTa TIOJ
Ha3BaHUWEM humanyze temepb MOXeT d(PPEKTUBHO POPMUPOBATH 00pa3 COTPYIHHUKOB — 3TO
Kak? Mbl ycTaHaBIMBaeM KaMepbl BUIECOHAOIOIEHUS B MOMEIIECHUAX rie paboTaroT HalIu
COTPYAHUKH MOTOM MM JaéM |ID GekuKku ¢ 1aTYuKoM M ¢ MUKPO(OH. A MCKYCCTBEHHBIN
UHTEIUIEKT humanyze OyaeT OTCISKHBATh KaXIOTO COTPYAHHKA W JaTh HAM Pe3yJIbTaThl
aHanmu3a. To ecTh Kakoil COTpPYAHMK YTO JIeNaeT YeM 3aHMMAaeTCs C yTpa Ha paboTe, ¢ KeM
oOmaercs paboTaeT Wik HET, B KAKOW KOMHATe OH OOJIbIIe TPOBOJIUT, U CaMOE TJIaBHOE, a OH
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CYACTJIMB WM HeT. B wmTore Mbl MOXXEeM TOYHO 3HATh MPOOJIEMBbl HAIIMX COTPYAHHKOB
Kacaroleics ¢ Hameil paboToi, yCTpaHUTh MPOOJIEMBI ¥ CO3/]aBaTh XOPOIINE YCIOBUS AT HX
paboThl. A 3710yNOTPEOISIONINX COTPYAHUKOB 3aMEHUTh Ha TEX JIt0JIeH, KOTOpBIE B Oy ylleM
MOJIOKUTEITHHO OYAYT BIUSATH HA UMUK,

ABTOMATH3alUs KOJII HEHTPA 3TO HE TO YTO MbI BCE 3HAEM KOTja 3BOHUM Pa3IuYHbIM
KOMITAaHUSIM OTBEYAET xKe
aBTOOTBETYMK U TOBOPUT JJIL TOTO
YTOOBI UTO TO CJIENaTh HAKMHTE

a nudpy 1 wim 2. Her 310 coBcem
JIPYroe 3Ty TEXHOJOTHIO CO3JaIu
pyCCKHME  IPOrpaMMUCTBI  JUIs

) banka  Tunskodpd  Ha3Banue
roJIOCOBOM poboT Onmer.
I'onocoBoit  momomHuk  Ouer
MIOMOKET NEPEBECTU JICHbIU WIH

BOBPEMsI ITONOJHUTh MOOWIbHBIN. OTBETUT crlaMepaM, COXPAaHUT 3alUCh 3BOHKA U MPUILIET

pacimppoBKy pasroBopa. Paboraet 6ecrutatHo. (4) BOoT MbI Takke BHEIPUM 3TOr0 podoTa Ha

Han1 KoJu1 1eHTp. C MoMoIIbio 3TOro po00Ta, THICSYH OJJHOBPEMEHHBIX 3BOHKOB B JieHb Ha 100

COTPYIHUKOB KOJIJI LIEHTPA YMEHbIIUTHCSA. BOoT MoxeT oOcimyxuBaTh Oojiee 5 THIC YEIOBEK

OJIHOBPEMEHHO TO €CTh OTBEYATH 110 TEIE(POHY.

W camoe riaBHoe Oosblie HE OyIET OXKUIAHUN U BEPUM ITO OYAET MOJIOKUTEIHHO

BIIUATH MPU (HOPMUPOBAHUH UMHJIXKA OpTaHU3AIIH.

3akuouenue:'pamoTHoe  ympaBieHue ¢ nomombio MU ¢ BHemHe#d CTOpOHBI

pacroJjiaraeT KJIMEHTOB U MAPTHEPOB K MNOCTOSSHHOMY COTPYAHUYECTBY, MIOKA3bIBAET, YTO OHU

MOTYT JI0BEpATHh KOMIAaHUU. [’ paMOTHas BHYTpeHHss NoJUTHKA ¢ momolubio MW npusnekaer

HOBBIX KBAJIM(UIMPOBAHHBIX CICHUAIMCTOB, YTO VYIy4YIIaeT KadeCTBO IPOJIYKIUH.

[IpencraBienne 06 UMUKE OpraHU3ALUU MOKET CTPEMUTEIBHO U3MEHUTHCS K JIydIleMy MPU

ucnonbszoBanuu MU, numMumk 3aBiekaeT HOBBIX MOTpeOuTeNnel, 6narogapss UMUKY KIHMEHTbI
rogamMu OyayT BBIOMPATh HAIly OPraHU3aIlNIo, 3HAS, YTO MBI «HE MOJABEAEM).

MogkntoynTte Onera

.

i
, -

N

Puc. 3. T'onocoroit pobot Oner

Hcnonb3oBanHas iuTepatypa

1. JI. H. SAcuuuxuii, BBeneHue B HCKyCCTBEHHBIN MHTEIUIEKT, M31aTenbCKuil IEHTP
«Axanemusa» Mocksa 2010 r. ISBN 978-5-7695-7042-1

2. https://www.pymetrics.ai/

3. https://humanyze.com/

4. https://www.tinkoff.ru/oleg/

IQTISODIYOTDA SUN’IY INTELLEKT TEXNOLOGIYALARINI
QO‘LLANISHINING NAZARIY ASOSLARI

Sayfullayeva Sevinch Umidjon gizi
Toshkent axborot texnologiylari universiteti talabasi
Muallif elektron pochtasi
sayfullayevasevinch13@gmail.com

Sun’iy intellekt — informatikaning alohida sohasi bo‘lib, odatda inson ongi bilan
bog‘lig imkoniyatlar: tilni tushunish, o‘rgatish, muhokama qilish, masalani echish, tarjima va
shu kabi imkoniyatlarga ega kompyuter tizimlarini yaratish bilan shug‘ullanadi.Hozirda Al turli
amallarni bajarishga mo‘ljallangan algoritm hamda dasturiy tizimlardan iborat va u inson ongi
bajarishi mumkin bo‘lgan bir gancha vazifalarning uddasidan chiga oladi.1990 yillarda Al
taraqqgiyotida yangi sahifa ochildi. Hozirga kelib sun’iy intellekt keng ko‘lamda ommalashib
kundalik turmush tarzimizning deyarli barcha jabhalarini gamrab olmogda. Masalan, Xitoydagi
Inchuan shahri aholisiga bank kartalarining keragi yo‘q. Hisobkitoblar bilan bog‘liq barcha
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jarayonlar sun’iy intellekt tomonidan insonning yuz giyofasini aniglashtirish orgali amalga
oshiriladi.

Sun’iy intellekt bizning hayotimiz va igtisodiyotimizda tobora muhim rol o‘ynaydi va
bizning dunyomizga turli yo‘llar bilan ta’sir ko‘rsatmogda. Uning foydasini olish uchun jahon
miqgyosidagi ragobat shiddatli va global liderlar - AQSh va Osiyo sahnaga chiqdi.Ko‘pchilik
sun’iy intellektni samaradorlik va iqtisodiy o‘sish mexanizmi sifatida ko‘radi. Bu ishlar
samaradorligini oshirishi va katta hajmdagi ma’lumotlarni tahlil gilish orqali garor qabul qilish
jarayonini sezilarli darajada yaxshilashi mumkin. Shuningdek, u yangi mahsulot va xizmatlar,
bozorlar va tarmogqlarni yaratishga, shu bilan iste’mol talabini oshirishga va yangi daromad
oqimlarini yaratishga yordam beradi.Biroq, sun’iy intellekt igtisodiyot va jamiyatga zararli
ta’sir ko‘rsatishi mumkin. Shuningdek, rivojlangan va rivojlanayotgan mamlakatlar o‘rtasidagi
tafovutni kengaytirishi va ma‘lum ko‘nikmalarga ega bo‘lgan ishchilarga bo‘lgan ehtiyojni
kuchaytirishi va boshqalarni ortigcha gilish mumkin; bu oxirgi tendentsiya mehnat bozori
uchun keng gamrovli ogibatlarga olib kelishi mumkin. Mutaxassislar, shuningdek, uning
tengsizlikni oshirish, ish hagini pasaytirish va solig bazasini gisqartirish imkoniyatlari hagida
ogohlantirmoqda.

Ushbu xavotirlar o°z kuchini saglab qolgan bo‘lsa-da, tegishli xavflar yuzaga keladimi
yoki ganchalik ko‘p bo‘lishi haqida ma’lumot mavjud emas. Ular ma’lum emas va puxta ishlab
chiqilgan siyosat salbiy ta’sirlarni nazorat qilishda sun’iy intellekt rivojlanishini
rag‘batlantirishi mumkin. Evropa Ittifoqi global ragobatda oz mavqeini oshirish va Alni 0‘z
igtisodiyoti va fugarolariga foyda keltiradigan yo‘lga yo‘naltirish salohiyatiga ega. Bunga
erishish uchun u birinchi navbatda o‘zining kuchli tomonlaridan foydalanadigan va a’zo
davlatlar resurslarini eng samarali tarzda birlashtirishga imkon beradigan umumiy strategiyani
kelishib olishi kerak.

Iqtisodiyotda sun’iy intellekt texnologiyalarini qo‘llanishi so‘nggi yillarda jadal
sur’atlarda rivojlanib, iqtisodiyotning turli sohalariga kirib bormoqda. Sun’iy intellekt
texnologiyalari igtisodiyotda ragamli transformatsiya jarayonini yanada kuchaytirib, ragamli
igtisodiyotga o“tishni tezlashtirmoqda[1].

2021 yilning 17 fevral kuni “Sun’iy intellekt texnologiyalarini jadal joriy etish uchun
shart-sharoitlar ~ yaratish ~ chora-tadbirlari ~ to‘g‘risida”gi O‘zbekiston =~ Respublikasi
Prezidentining Qarori gabul gilindi.

Mazkur Qarordan ko‘zlangan maqgsad — “Ragamli O‘zbekiston — 2030 Strategiyasiga
muvofiq sun’iy intellekt texnologiyalarini jadal joriy etish va ularni mamlakatimizda keng
qo‘llash, ragamli ma’lumotlardan foydalanish imkoniyatini va ularning yuqori sifatini
ta’minlash, ushbu sohada malakali kadrlar tayyorlash uchun qulay shart-sharoitlar yaratishdir.
Shuningdek, ushbu hujjat sun’iy intellektni qo‘llashning asosiy yo‘nalishlari va tamoyillarini,
shuningdek, yaqin va uzoq istigholda ushbu sohani kompleks shakllantirish uchun shart-
sharoitlarni belgilovchi sun’iy intellektni rivojlantirish strategiyasini ishlab chiqish, iqgtisodiyot
tarmogqlari va ijtimoiy sohada, davlat boshgaruvi tizimida sun’iy intellekt texnologiyalarini
ishlab chigish va ulardan foydalanishda yagona talablar, javobgarlik, xavfsizlik va shaffoflikni
belgilovchi normativ-huquqgiy bazani ishlab chigish, aholi manfaatlari yo‘lida davlat xizmatlari
ko‘rsatish sifatini yaxshilashni nazarda tutadi. O‘z navbatida, ma’lumotlarni qayta ishlashda
davlat organlarining samaradorligini oshirish uchun sun’iy intellekt texnologiyalaridan keng
foydalanish, foydali texnologik echimlarni ishlab chiqish bo‘yicha fundamental va amaliy ilmiy
tadqiqotlarni o‘tkazish va ularni keyinchalik tijoratlashtirishni rag‘batlantiruvchi sun’iy
intellekt sohasida innovatsion ishlanmalarning mahalliy ekotizimini yaratish kabi magsad-
vazifalar amalga oshiriladi[2].

Sun’iy intellekt texnologiyalari iqtisodiy samaradorlikni oshirishga katta hissa qo ‘shadi.
Quyidagi jihatlar bu masalani yoritib beradi:

Avtomatlashtirish: Al texnologiyalari yordamida ma’lumotlarni qayta ishlash, rejalashtirish,
prognoz qilish kabi jarayonlar avtomatlashtiriladi. Bu esa, inson resurslarining samarasiz
ishlatilishini kamaytiradi va samaradorlikni oshiradi.
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Ma’lumotlarni tahlil gilish: Sun’iy intellekt ma’lumotlarning katta hajmini tez va samarali
tahlil gilishga imkon beradi. Bu esa, firmalarga yaxshiroq garorlar gabul gilishda yordam
beradi.

Xizmat sifatini oshirish: Al texnologiyalari mijozlarga Xxizmat ko‘rsatishning sifatini
yaxshilash uchun ishlatiladi. Chatbotlar, tahlilchilar va boshgalar mijozlarga tez va samarali
xizmat ko'rsatadi.

Texnologik tadgiqot: Sun’iy intellekt yangi innovatsiyalarni yaratishda asosiy vositalardan
biridir. Kompaniyalar tadgigot va rivojlanish sohalarida Al yordamida yangi mahsulot va
xizmatlar yaratishda katta muvaffagiyatlarga erishmoqdalar.

Yangi biznes modellari: Al kompaniyalarga yangi biznes modellari, xizmat ko‘rsatish
usullarini ishlab chigish imkonini beradi. Misol uchun, obunaga asoslangan xizmatlar va
platformalar kabi modellarni yaratish mumkin.

Ta'lim: Al texnologiyalari ta’lim sohasida ham samarali qo‘llanilmoqda. Al yordamida
talabalar uchun individual ta’lim dasturlari yaratiladi.

Ishchilarni gayta o‘gitish: Al tufayli yangi texnologiyalar paydo bo‘lishi ishchilarni gayta
o‘gitish va yangi malakalarni egallashlarini talab giladi.

Al texnologiyalari biznes sohasida innovatsiyalarni rag‘batlantirishda muhim rol o‘ynaydi.
Kompaniyalar yangi mahsulotlar va xizmatlarni ishlab chigishda Al texnologiyalaridan
foydalanib, raqobatbardosh bo‘lishlari mumkin.

Yangi mahsulotlar: Sun’iy intellekt yordamida yangi mahsulotlar va xizmatlar yaratish
mumkin. Masalan, avtomobil ishlab chigarish sohasida avtopilot tizimlari, tibbiyotda
kasalliklarni tez aniglash va davolash usullari kabi innovatsiyalar paydo bo‘Imoqda.
Ragobatbardosh strategiyalar: Al texnologiyalari kompaniyalarga ragobatchilarning
harakatlarini tahlil gilish va ularni samarali ragobatga garshi taktikalarini ishlab chigishga
imkon beradi.

Sun’iy intellekt iqtisodiyotning turli sohalarida qo‘llanilishi mumkin:

Moliyaviy soha: Al moliyaviy sohada ko‘p jihatdan qo'llaniladi. Bu sohada ma’lumotlarni
tahlil gilish, investitsiyalarni prognoz qilish, xavflarni aniglash va boshgalar uchun ishlatiladi.
Tibbiyot: Al tibbiyot sohasida kasalliklarni tashxislash, davolash usullarini takomillashtirish
va bemorlarni kuzatib borish uchun go'llaniladi.

Transport va logistika: Al avtomatlashtirilgan transport tizimlarini rivojlantirishda va
logistika sohasida samaradorlikni oshirishda go‘llaniladi.

Kichik biznes: Al kichik bizneslarga marketing strategiyalarini optimallashtirish, mijozlar
bilan aloga gilish va mahsulotlarni targ‘ib gilishda yordam beradi.

Al texnologiyalarining iqtisodiy sohalarga ta’siri ijobiy bo‘lsa ham, uning cheklovlari
ham mavjud. Al texnologiyalari ma’lumotlarni himoya qilishda ba’zi xavflarni keltirib
chigarishi mumkin. Shaxsiy ma’lumotlarni himoya qilish va kiberxavfsizlikka e’tibor berish
zarur.Al avtomatlashtirish orqali ba’zi ish o‘rinlarini yo‘qgotishi mumkin, bu esa ijtimoiy va
igtisodiy muammolarga sabab bo‘lishi mumkin.Al texnologiyalari bilan bog‘lig huqugiy va
axlogiy masalalarni hal qilish kerak. Masalan, Al tomonidan gabul gilinadigan garorlar
mas’uliyati va axlogiy jihatlari ko‘rib chigilishi zarur[3].

Xulosa

Sun’iy intellekt texnologiyalarining iqtisodiyotga qo‘llanilishi jadal sur’atlarda
rivojlanib bormoqda va uning ta’siri ko‘plab igtisodiy sohalarda sezilmoqda. Al texnologiyalari
orgali igtisodiy samaradorlik oshadi, innovatsiyalar rag‘batlanadi va raqgobatbardoshlik
kuchayadi. Bu texnologiyalar bizneslar uchun yangi imkoniyatlar ochib beradi va ular orgali
yangi mahsulotlar va xizmatlar yaratish mumkin. Masalan, Al yordamida yangi biznes
modellari va mijozlar ehtiyojlarini yaxshirog aniglash imkoniyatlari paydo bo‘ladi.Al
igtisodiyotga integratsiyasi moliyaviy sohada investitsiyalar va xavflarni tahlil gilishda,
logistika sohasida, tibbiyotda kasalliklarni tashxislash va davolash  usullarini
takomillashtirishda, transport sohasida avtomatlashtirilgan tizimlarni yaratishda va
boshgalarida muhim rol o‘ynaydi.
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NCITOJb30BAHME ITOTEHIIUAJIA HCKYCCTBEHHOI'O
HUHTEJVIEKTA B 9JIEKTPOHHOM OBYYEHUU
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YTawkenmexuii punuan MITHMO.
2 Viusepcumem Muposoii Dxonomuxu u Juniomamuu
DneKTpOHHAas oYTa aBTOPOB
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3a mocnexHee AecATWiIeTHE 00NacTh UCKyccTBeHHOro mHTeiuiekra (M) mobwmiiack
3HAYUTENIbHBIX YCIIEXOB M Halllla CBOE MPUMEHEHHE B Pa3jIMYHBIX OTPACIAX, BKIIOYAs
obpaszoBanue. C momompto MM npenogaBareny MOTYT aBTOMaTH3MPOBATh MOBTOPSIOLIHECS
3aJa4uM, CO3[aBaTh KOHTEHT U MPEJOCTABIATH YYallUMCS IEPCOHATM3UPOBAHHBIN OIBIT
ob0ydenus. Paccmorpum norennman MM B 3mekTpoHHOM OOydeHWH, OCHOBaHHBIA Ha LMS
Moodle. Moodle — o510 mnonyaspHas cuCTeMa yIpaBieHHs OOydeHHEM, KOTopas
IPEJOCTABIISET MPETOAaBATENSIM HHCTPYMEHTBI U PECYPCHI JUIS CO3/IaHUS YBJIEKATEIbHOTO U
MHTEpaKTUBHOTO oOyueHus. biaromaps mHTerpamuu HMCKycCTBEHHOro HHTeliekta Moodle
CTaHOBUTCA e1le 00jIee MOIIHBIM, TIO3BOJISISI IPENoIaBaTessiM aBTOMAaTH3UPOBATh Pa3INIHbIC
3ana4n 1 3((HEKTUBHO TEHEPUPOBATH KOHTEHT.

Jlns  ucnonbp30BaHUS BO3MOXHOCTHM MCKYCCTBEHHOro uHTeisiekta B Moodle
CYIIECTBYIOT TUIATUHBI C OTKPBITBIM HMCXOJHBIM KOJOM. OTH JOIOJHUTENbHBIC IJIarUHbI
B3aMMOJIEHCTBYIOT C MEXaHU3MAMU UCKYCCTBEHHOT'O MHTEIIJIEKTA U crtocoOcTBY0T Moodle st
pacuIMpeHusi CUCTEMbl OHJaH-00y4YeHus. Huke mpuBOIUM HEKOTOpBIE U3 ATHX IUIATMHOB,
KOTOpBIE MCIOJIb3YIOTCS B DJIEKTPOHHOUM 00pa3oBaTelbHON cucTteMe TamkeHTCKoro ¢uiuana
MI'UMO.

Ilnarun Moodle Al Connector. Ha nene — cBsazyromiee 3seHo mexay LMS Moodle u
MPUIIOKEHUSIMU Ha 0a3e UCKYCCTBEHHOTO MHTemekTa, Takumu kak ChatGPT, Dall-E u Stable
Diffusion. ITnarun pacummpsier Bo3mMoxHOcTH Moodle, nobasnsis Ha miathopMmy QyHKIHA
UCKYCCTBEHHOIO  MHTEIJIEKTa, TO3BOJISISL  MOJB30BAaTEIsIM  HCIOJIb30BAaTh  IepeoBbIE
TEXHOJIOTUM HMCKYCCTBEHHOTO HMHTEIUICKTa ISl Pa3iIMYHBIX O0pa3oBaTENbHBIX M YYEOHBIX
Lesen.

Ilnarun Text to questions. JIokanpHBIM IUIArMH TeHepaTropa KOHTEHTa. [lnarun
aBTOMATH3UPYET TNPOLECC CO3JaHUs TECTOBBIX BOMPOCOB M aHKeT. Ilpu 3ToM MOXKHO
pETyIHpOBaTh YPOBEHb CIIOKHOCTH y4eOHOTO KOHTEHTa B 3aBUCHMOCTH OT YCII€BAa€MOCTH
cTyneHTa. Takas aJanTUBHOCTh TapaHTUPYET, YTO CTYAEHTHI OYAyT TOCTOSHHO peliaTh
JIOCTAaTOYHO CJIOXHBIE 33/1a4M, HO TIPH 3TOM HE YyBCTBOBATh CE0SI CBEPXIEPErPYKECHHBIMH.

IMnarun OpenAl Chat Block. Kpyriocyrounas nuanoroBast mojajaepxKa B yate 4epes
GPT Al OpenAl. briarogapst ”HTETparyu A36IKOBEIX Mojiesield OpenAl 3TOT IIaruH mo3BoOJsSeT
yUalMcs y4acTBOBAaTh B UHTEPAKTUBHBIX U €CTECTBEHHBIX Oeceaax Juis moucka nHpopmanuu,
pa3bsICHEHUS] BOMPOCOB WJIM HM3yYCHHS TEM, CBSI3aHHBIX C KypcoM. [lomomp B pexume
peaJbHOr0 BPEMEHH, IMpefocTaBisieMasl OJIOKOM uaTa, He TOJIBKO MOJEP)KUBAET 3aIlpOChl
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yyalnuxcs, HO TaKXe CIOCOOCTBYeT AaKTUBHOMY OOYYEHHIO M CaMOCTOSTEIbHOMY
HCCJIEJOBAHMUIO.

OpenAl Chat

Dainoean cTpykTypa OC Windows
Assistant

DaiAnoBan CTPYKTYpa onepalMoHHOR cucTembl Windows opraHuaoeaHa cnegylowMm obpazom:

1. Omek: B Windows kamabii AMcK MMeeT ceoto Gykay (Hanpumep, C;, D2 u T.40.). Ha kaxaoM aucke XxpaHATeA (aino
1 ManKku.

2. MNanka (wnu kaTanor): MNanka - 3T0 KOHTERHED ANA XpaHeHWA (hainoe WK Apyrux nanok. NManku MoryT GoiTh
BNOXEHHBIMYW APYT B ApYra, CO3AaBan Tak Ha3biBaeMYyIo MEPAPXMYECKYIO CTRYKTYPY.

3. Maiin: Paiinbl COREPKAT AAHHBIE, TAKHE KaK TEKCT, M206paMeHnA, NporpaMMel U T.A.

4. NMyTe k Gaiiny: 3To agpec (haina Ha KOMNbIOTEPE, KOTOPbIRA YKa3bIEAET HA €ro pacnonoxeHue B aiinosoi
CTPYKTYpE onepaluoHHOR cueTeMbl Windows.

Mpymep nyTH K dainy: C:\Users\Username\Documents\File.txt
Ecnu y Bac ecTb KOHKPETHLIE BONpockl No paboTe ¢ daiinamMi WK nankamiu B OC Windows HNM eCli HyXHa NOMOILb ©
UEM-TO ElL|e, He CTECHATECH o6pawaTben!

pagaiite Bonpoc...

.

Pucl. Ilpumenenue uata uepes GPT Al OpenAl.

UYepes GPT Al OpenAl npernoiaBaTen MOTYT:

e co3garb noApoOHbI rinoccapuil, mnopyuuB GPT Chat coctaButh crnucok
COOTBETCTBYIOIIMX TEPMHHOB. llodydeHHBI TiIOCCapuii MOXHO 3arpy3uTh B Moodle,
IIPEJIOCTaBUB CTYAEHTAaM LIEHHBINH pecypc /Ui U3YUEHHS U CIIPaBOK.

e mnopyuuts Chat GPT renepupoBarh 3cce Mo KOHKPETHBIM T€MaM, KOTOPYIO MOXKHO
UCTIOJIB30BaTh IS Ha3HAYCHHs y4YallUMCsl MUCHbMEHHBIX 3alaHUi. OTa (QYHKIHS KOHOMHUT
BpeMsl IIpenoiaBaTesel Mpyu CoO3JaHUH 3CCE C HYJIS U TapaHTUPYET, UTO MOACKA3KH aKTyallbHbI
Y COOTBETCTBYIOT TEME.

e monpocuts Chat GPT co3mate pyOpuKy sl OIEHKH 3aJaHWid, yKa3aB TaKue
KPUTEPHH, KaK 3HaHHWE TEeMbl, TOUHOCTh MH(GOpPMALMU U OpraHU3alMs CoAepKaHHs. OTa
(GyHKLUS MO3BOJSET YHPOILATh MPOLECC OLIEHUBAHMS, BBICTABIATH IOCIEIOBATENIbHBIE U
00BEKTHBHBIE OLIEHKH, 3KOHOMS IIEHHOE BpeMs IpernojiaBaTeseil u nperocTaBisis ydalumcs
YETKUE KPUTEPUU OLIEHKH.

e nopyuuts Chat GPT co3naTth TecTsl, cnenuanbHo oTgopmatupoBaHHbie 11 HSP.
H5P — »5TO0 MHCTpyMEHT A CO3/1aHUS MHTEPAKTUBHOTO KOHTEHTAa, KOTOPBIH MOXHO
unterpupoBath ¢ Moodle. Chat GPT crenepupyet comep>kuMoe BUKTOPHHBI, KOTOPOE MOKHO
nerko umnoptupoBath B HSP 11 co3anust MHTEpaKTUBHBIX BUKTOPHH JUISl YUaLUXCS.

Bonpimne nepcrnekTHBBl NPUMEHEHUST HCKYCCTBEHHOT'O HHTEIUIEKTa IOCPEICTBOM
oO0yuernss LMS Moodle cBs3pIBaloT U ¢ 3KOHOMHUEH BpeMeHH Oarojapsi aBTOMaTHUECKOMY
CO3/IaHUI0 TECTOB M OIEHOK. CleAyroMi IUIarMH I03BOJIAET MPENoJaBaTelssM OBICTPO
CO3/1aBaTh TECTOBBIE BOIIPOCHI HA OCHOBE BBEICHHOT'O TEKCTA.

IMnarun OpenAl Question Generator. DToT 1uUIarvH MO3BOJISIET MMOJIB30BATENI0 Ha
OCHOBE BBEJIEHHOIO TEKCTa aBTOMAaTHUYECKHM T€HEpPUpPOBaTh BONpPOCHl B (opmaTax
«MHO)ecTBeHHBIN BBIOODY, «McTtrHa/JIokbY», « KOpOoTKHit OTBETY.
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Question Generator

nrra
B 3TOM pa3gens paccKaIEIS2ETCR 06 MX KMIOYEEEIE 0COBEHHOCTAX W 0 TOM, KOTAZ WX CREQYET RCTIONLIOBATE ANA LOCTHHEHKA
HEURYUWN pRYNETETOR.

Ngameuznne: FATIZ u FATI 6 nourn smiTecrensl FAT32 & peAKO #CNON:3YI0TCR B HECTORWES SPEMA, TOSTOMY 2a5Ck SyasT
PECCHAZEH0 TONEXD 0 hainosod cHoTeme FATIZ.

FAT31

PzArosas chetenmz FATEZ Guina npegeTaznena = 1997 rogy komnasmel Microsoft £na 2amese dafinozol cuctene FAT16. 372
daitnoseA croT w FAT. FAT3Z
ansa USB-

B TOM, 4TD cbnam

2 CHOS NEOCTRARCTED HE PAMHUHEIS Y SCTH: PE3EPSHYR, KOFHEEYH MaNSY,
TPOMCTEaMM, 20AW 05H MMewT NopT USE. KoTH GHa CUMTISTCR 1OPOLID ROAXD
YCTROMCTS M MECTXIK QMCKOR, OHA MMEET DNPEAENEHHKIE CrPEHMY eHitA. D40 W2 OrpaEUUEHM 2axmIayas:
HpaHNMBIx GERNOS HE MORET NPeRsIWaTs 4 15, Becs p23ReN TakME HE MOMET GuiTs Sonbws 8 TE. 3T GTE2HMNEHNR TRREMIENME!

|Source taxt = -
ONF BHEW=NY YCTPONCTE XD3HEHUR D3HHEI L HO NPOSNEMETHUHE] ANA BHYTPEHEHE YoTPORCTE. [TO3TOMY NONLI0S2TENAM CREOYET
NEpEroAuTE Ha £0Nes HOBIE W G0NSE COEPSMEHsLIE SAIANOZHE CHETSML, TakuE kak NTFS i exFAT. Eonswe unopmam
copepsmTCA B cTarse: Pazanuna meway FATIZ u NTFS..
cTpykTYP2 haiinomoi cucTeMu fat32
HFFS
aiinosar cacrerz HPFS Guinz cosazsa Topaonon leTarnoy & somnzsien Microsoft & sosdos 1996 roas. 37a dainosen
CHCTEME MONYCH2ET MMeHa aiinos 1o 254 neyxEaiiToselX CHME0N0E U GONSS rHGXO OTHOCUTCR K OPYTHM COMNWEHMER 08
vaeHaEaHIM. ELLE OAHUM MSMEHEHMER, NEERNckenHsIM HPFS, AznAsten aamesz knacrapoe Ha 512-6aiitHuis duznueckus o
CEMMEHTEI & SMHWLEX DECTIPSLENSHNA S7 MAHUMHEELNN HEDSUNOHENES0r0 MCNONEE0B3=NA QUCKOBOND NPOCTRANCTEE.
Question type @ Multigle chaice &
Humber of questions to generate & z

Oruens

Puc2. Ilpumenenne miaruaa OpenAl Question Generator.

Co3maHHBIE TECTOBBIE BOIPOCHI MOXKHO DPEJAKTHUPOBATh M COXPAaHUTh Ha OaHKE
BonpocoB. Mcnonb3oBanue Bo3moxHocTed ChatGPT mo reHepanuu TeCTOBBIX BOIIPOCOB
OTKpPBIBAET IIMPOKHE IMEPCHEKTUBBI JJIsI OBICTPOTO M KAaYECTBEHHOI'O CO3/aHUS TECTOBBIX
3aJJaHU{ Pa3IMYHBIX (OPMATOB Ha 3a/laHHBIC TEMBI.

HckyccTBEeHHBI HHTEIIEKT IPOU3BENl PEBOJIOLMI0O B TOM, Kak IIpernojaBaTeiu
CO3JIal0T KOHTEHT M B3aMMOJIEHCTBYIOT cO cTyaeHTaMu Ha miatdopme Moodle. C nmomoribio
(GyHKIMH WMCKYCCTBEHHOro uHTeluiekTa, Takumx kak Chat GPT, mpemomaBatenu wmoryt
aBTOMATHU3UPOBATh PA3JIMYHBIC 33Ja4l, TAKHE KaK CO3[aHUE TECTOB, 3aJaHUI U IJIOCCApUEB.
OTH BO3MOXKHOCTH MCKYCCTBEHHOIO HWHTEIJIEKTa SKOHOMST BpeMsl IIpernojaBaresei,
YIY4IIal0T KaueCTBO 00Y4EHUS ydalluxcs 1 00eceyrBaroT IepCOHAIN3UPOBAHHOE 00yUEHHE.

[TockonbKy NCKYCCTBEHHBI MHTEIIEKT MPOAOIKAET pa3BuBaThes, Moodle, BeposTHO,
OyzeT BKIIOUaTh B ceOs erie 0osbie PyHKIUN HCKYCCTBEHHOTO MHTEIIEKTA JUIs AajdbHeHIen
ONTUMM3ALMH TTpoliecca MpernogaBanus U o0ydeHus. MHCTpyMEHTBI 3JIEKTPOHHOTO 00y4eHus,
ucnoap3ytoue MM, n0mKHBI yIydIIUTh Pe3yabTaThl Ul BCEX THUIIOB y4YalIUXCs, IIOBBICUTh
3¢(EeKTUBHOCT, U  OCBOOOJUTH YUWUTENEHM U HMHCTPYKTOPOB OT IOBTOPSIOIINUXCS
a/IMUHUCTPATUBHBIX 33/1a4, 0OecrieuynBas Mpx 3TOM O€30M1aCHOCTb U 3aIUTY JIUYHBIX JaHHBIX.
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THE IMPORTANCE OF DEEP LEARNING TO DETECT IDC
PATCHES FROM BREAST CANCER

Z.Sh. Hokimjonova
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z.hokimjonova@gmail.com

Around the world, cancer is one of the leading causes of death before the age of 70.

(Xie, X. Z., Niu, J. W., Liu, X. F., Li, Q. F.,, Wang, Y. et al. 2022) As the most common type

of cancer which leads to fatal ending among women, breast cancer challenges researchers to
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investigate the latest curing methods in medicine, while to detect cancer earlier, machine
learning algorithms are vital. Accurate IDC detection is crucial, since it is an initial step in the
diagnosis of breast cancer. Therefore, deep learning models is a great choice to classify IDC
patches in fast pace.

This research paper proposes three types of CNN models to classify breast
histopathology images. To accomplish the analysis, reliability, confidence, and reproducibility
are vital. By separating images into testing, training and validation paths, we are going to
achieve accuracy results by using VGG16, Res Net models as well as self-developed CNN
models.

Motivation: As most of the types of breast cancer, Invasive ductal carcinoma directly leads to
metastases, that dangers life. Patients with IDC are often assigned to biopsy to remove small-
sized tissues. To start treatment a pathologist must decide correctly, whether there is IDC or no
IDC. In particular a pathologist needs to determine the location of sick cells exactly in a manual
way, that requires long time. To detect cancer tissue zones early, deep learning serves as one of
the most effective ways to automatically detect and locate tumour tissue cells and to speed up
the process of detecting cancer.

Materials and Methods

The research paper aims to classify IDC into existence of IDC (+) or non-existence of IDC (-)
via applying deep learning models, including three layer self-developed CNN models, Res Net
and VGG16 model to compare and discuss accuracy levels along with prediction results.
Thanks to Google Colabaratories (google colab) 1 will effectively rely on TensorFlow_ Keras
Libraries created on python 3.10.11 software to obtain the results of the of the modules above.
Evaluation Metrics

To control the model classification performance, three metrics, so called precision (PR),
recall(RE), and F1-score are used. Below, formulations of these three metrics are illustrated:

. . TP
PT@ClSlOTl(PR) = m ’
TP
Recall(RE) = TP
2TP
F1 —score(F1) = ZTP+FPFN)

Where TP is True Positives, TN is True Negatives, FP is False Positives, FN is False Negatives.
By separating images into testing, training and validation paths, we achieved best accuracy
result by using VGG16 model at 83%, while other self-developed convolutional networks
represented 80% each.

Reference

1. Xie, X. Z.,, Niu, J. W., Liu, X. F.,, Li, Q. F., Wang, Y. et al. (2022). DG-CNN: Introducing
margin information into convolutional neural networks for breast cancer diagnosis in ultrasound
images. Journal of Computer Science and Technology, 37(2), 277-294.
https://doi.org/10.1007/s11390-020-0192-0

UDK 004.896
DIKTORNI TANIB OLISH MASALASIDA OVOZNI
XARAKTERLOVCHI BELGILARNI AJRATIB OLISHNING MEL
CHASTOTALI KEPSTRAL ANALIZ USULI

N. Mirzayev!?, J.K. O‘rinboyev 1)
YRagamli texnologiyalar va sun’iy intellektni rivojlantirish ilmiy-tadgigot instituti.
3 nomazmirza@rambler.ru, ®jahongir8010@gmail.com

Insonlar past chastotalarda tovushdagi o‘zgarishlarni osonroq idrok etadilar. Inson
eshitishi taxminan 1000 Hz gacha deyarli chiziqli, keyin yuqori chastotalar uchun u ko‘proq
logarifmik bo‘ladi [4], shuning uchun spektrogramma logarifmi olinadi. Mel-Scale shkalasi -
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bu spektrdagi yuqori chastotalarni taniydigan mel intervalli filtrlarni joriy gilish orgali inson
eshitishidagi ushbu xususiyatni ifodalovchi shkaladir. Mel shkalasiga o°tkazish quvvat spektral
zichligi va uchburchak filtrlar soni orasidagi skalyar ko‘paytmani hisoblash yo‘li bilan amalga
oshiriladi. Filtrlar kichik o‘lchamli shkalaga teng chastotalarda joylashgan. Ushbu spektral
xususiyat mel masshtablangan filtr banklari sifatida tanilgan. Ushbu ishning magsadi nutq
ma’lumotlarini ragamli qayta ishlashga giziggan ishlab chigaruvchilar va tadgigotchilar uchun
diktorni ovoz asosida tanib olish vazifalarida nutgning individual xususiyatlarini aniglashning
mel chastotali kepstral analiz usuli haqida umumiy ma’lumot berishdir.

Asosiy gism. Diktorni ovozi asosida tanib olish tizimlarida mel masshtablangan filtr
banklaridan foydalanilganda odatda 26 dan 60 gacha filtrlar banklari yaratiladi [4]. Shu bilan
birga, filtr banklar sonini Furye diskretlash elementlari soni bilan ham aniglanishi mumkin.
Bunday holda, odatda elementlarning 2 yoki Y4 qismi mel fazosiga aylanadi. 512 Furye
elementlari uchun bu 256 yoki 128 mel gadamli filtrlarni anglatadi. (1) formula chastotani 1-
rasmda ko ‘rsatilgan Mel shkalasiga aylantiradi. (2) formula esa aksincha chastotaga aylantiradi.

f
Mel(f)=1125In [1+7—00j )

Mel(f) = 7oo{eﬂn;5 —1J 2
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1-rasm. Mel shkalasi grafigi

Filtrlar uchburchak shaklida bo‘lib, har bir filtr chap qo‘shni filtrning markazidan
boshlanadi. Keyin filtr chiziqgli ravishda 1 ga ko‘tariladi va keyin yana chiziqli ravishda 0 ga
kamayadi, bu esa 2-rasmda ko‘rsatilgan boshqa qo‘shni filtrning markazi bo‘ladi. Uchburchak
filtrlarni (3) formuladagi kabi modellashtirish mumkin [1; 2; 5]. Filtrlar hosil gilingandan so‘ng,
mel masshtablangan filtr banklari va (4) formulada ko‘rsatilgan spektrogrammaning skalyar

ko‘paytmasi logarifmini olish yo‘li bilan hisoblanadi.

0 k< f(m-1)
k- f(m-1)
= fmop (MYsk<fm
c(n) =41, ) 5
f(m+1) -k
fF(m+1)— f(m)’ f(m) <k <(m+1)
0 k> f(m+1)
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2-rasm. Mel-filtr banklari. Filtrlar soni 26 ta
Mel chastotali kepstral koeffitsiyentlari (MFCC) [1; 4] ko‘pincha nutqni avtomatik tanib
olishda qo‘llaniladi [3] va 2-toifa diskret kosinus almashtirishini asosida filtr banklarini
korrelyatsiyalash orqgali hosil qilinadi. Mel-masshtabli filtr banklar yugori darajada
korrelyatsiyaga ega, chunki uchburchak filtrlar bir-birini gisman qoplagan bo‘ladi. Filtrlar (5)
formulada berilgan diskret kosinus almashtirishini qo‘llash orqali dekorrelyatsiyalanadi:

SMFCCIZiXk COS{i(k—%jﬁ},i:LZ,_.,M (5)

bu erda X;, — Mel-masshtabli filtr banklar filtrlari soni.

Diskret kosinus almashtirishini har bir filtr banki uchun qo‘llash Mel-chastotali kepstral
koeffitsiyentlarini (MFCC) beradi. Odatda ularning yarmi tashlab yuboriladi, chunki yuqori
raqamli filtrlar banklari yuqori energiyani tez o‘zgarishini anglatadi. Mel-chastotali kepstral
koeffitsiyentlari additiv xalagitlarga nisbatan kamroq bardoshlidir.

Xulosa. Xulosa qilib aytish mumkinki, Mel chastotali kepstral analiz usuli uzoq vaqt
davomida nutqni ragamli qayta ishlash vazifalarida asosiy yondashuvlardan biri bo‘lib
golmoqgda. Ushbu usul yordamida nutgni tanib olishdagi xatolikni bir muncha kamaytirish
mumkin.
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AHAJIN3 OTHOIIEHUN OFBEKTOB OBYYAIOIIENA BBIGOPKHU HA
MHOI'OOBPA3UAX HABOPOB JIATEHTHBIX ITPU3HAKOB
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Hayuonanvnolii ynusepcumem Y3zoexucmana, Tawkenm, Y30exucman
Maullif elektron pochtasi
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@®opmupoBanue HaOOpPOB JIATCHTHBIX NPU3HAKOB PACCMATPUBACTCS KaK OJUH W3
CHOCO0OB pelIeHUs MPOoOJIEeMBbl MPOKISATHS Pa3MEpHOCTH B 3a/lauaX HHTEIUIEKTYaJbHOTO
aHanv3a JaHHbIX. J1d peanu3auuu JIMHEMHBIX W HEJIMHEHMHBIX METOJOB CHUKEHHUS
pPasMEpHOCTH CYIIECTBYET psiA YCIOBUHM, OrpaHHMYMBAIOMIMX HMX MpuMeHeHHe. K Takum
YCIIOBHUSM OTHOCSTCS:

— OpHMEHTAIHS JINIIb Ha KOJMYECTBEHHBIC TPH3HAKH;

— YYBCTBUTEIBHOCTH K MPOKIISATHIO Pa3MEPHOCTH MIPU BBIYUCICHUU MEPBI PACCTOSHUS
MEXIy 00ObEKTaMU;

— HEJIMHENHBIN POCT CII0KHOCTH BBIYUCIICHUM.

HcrounnkoM MHOT00Opa3usi HaOOpPOB JIATEHTHBIX MPU3HAKOB SBISIETCS MHOXKECTBO
CIIOCOOOB TPYIIUPOBKU MCXOJIHBIX IPU3HAKOB, HAa OCHOBE KOTOPBIX MPOUCXOIUT HX
dopmupoBanue. [lpu wucciaenoBaHuu 3TUX HAOOPOB HUCIHOIB30BAICS AHAIM3 WU3MEHEHUS
CTPYKTYpbl OTHOULICHHH OIM30CTH OOBEKTOB BBIOOPKM Ha pasHbix MeTpukax [l1]. Jlns
BBIUKCJICHHS MEPbI KOMITAKTHOCTH BBIOOPKU MPUMEHSIIOCH OTHOLIEHHE CBA3aHHOCTH 00BEKTOB
[0 CUCTEME TUTEPIIAPOB, B IEPECEYCHUH KOTOPHIX UMEIOTCSI TPAHUYHbIE 0OBEKTHI KJIACCOB.

ITocTanoBka 3agaun
PaccmarpuBaetcs 3a/1aua paclo3HaBaHUs B CTaHAAPTHOM moctaHoBKe. CUMTAETCs, 4TO 3a/1aHO
MHOeCTBO 00beKTOB Eo={S1,...,Sm}, pa3aenénnoe Ha 1Ba Hemepecekarommxcs kiacca Ki,Ko.
Onucanne 00BEKTOB MPOM3BOMTCS C MOMOIIBIO N Pa3HOTUITHBIX Mpu3HAKOB X(N)=(X1,...,Xn), &
U3 KOTOPBIX U3MEPSAIOTCS B MHTEPBAJIBHBIX IIKaNaX, N-§ — B HOMUHAJIBHOM.

CunTtaercsi, uro Ha X(N) OMpEAENEeHO [Ba MHOKECTBA AITOPHUTMOB, OTIMYAONIHXCS
NPUHIUITAMU (POPMHUPOBAHUS HETIEPECEKAIOINXCS TPYIIT MPU3HAKOB: (21 — aIUTUBHBIX; ()2 —
MYJIbTHITAKATHBHBIX.

Anroputmbl A, BEQ1UQ, ucnons3yrores st GOPMHUPOBAHUS HETEPECEKAIOIIUXCS
rpynn  npusHakoB  A(t(A))={Gui,...,.Gia}, A(t(B))={Gsy,...,Gye)} mnpu BbIOOpe oOmMHCAHUSL
00bekTOB Eo mo Habopam natentHbIx pu3HakoB Y (t(A))=(Ys,....Yta), Y(t(B))=(Y1,...,yxr)). ITo
kaxaon rpymmne Gi€A(t(A)) (Gi€A(t(B))) mpow3BOAMTCS CHUHTE3 JIATCHTHOTO IpH3HAKa
YiEY(t(A)) (YiEY(t(A))).

3agaHbl yCIIOBHS BBIOOpa TOJAMHOXECTB T'DAaHHYHBIX 1O MeETpUKe p(X,y) OOBEKTOB
kiaccoB O(A,p) u O(B,p) coorBeTcTBeHHO Ha Habopax Y (t(A)) u Y(t(B)).

AJITOPUTM HepapXH4ecKOi arJioOMepaTUBHOM IPYNIIMPOBKH NPU3HAKOB 110
aJTUTHBHOMY NPHHIHITY

AJTOpUTM HEPapXUUYECKOM ariioMepaTUBHON TpyNIUPOBKU [2] peanu3yeT KaIHYro
cTpateruto (opMupoBaHusi HAOOPOB JIATEHTHBIX MPU3HAKOB. KOJIMUECTBO TPYIIT U X COCTaB
OTpeIesIIoTCss anropuTMudeckuM myréM u3 X(N)\F Ha OCHOBE MpPUHIMIIA TAUHAMHYECKOTO
IPOTPaMMHUPOBAHHUSL.

[ycte T (FcT) — MHOXECTBO TNPH3HAKOB, MPHHAMICKHOCTh KOTOPBIX K
HeTepeceKarIMMes rpymmnam ycranosieHa. [Ipu [T|<n ¢popmupoBanue ouepennoii rpymmbsl G
0 TIPaBUJIAM UEPAPXUIECKOH arfIoMepaTUBHON TPYIITUPOBKU OyIIET TaKUM:
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— BBIOODP XcEX(N)\T ¢ MakcUManbHBIM 3HaUeHUS Beca (9) B KaueCTBE IIEPBOTO
npezacraButens rpymnnsl G, T=TU{Xc};
— Brutodenue npusHaka XpEX(N)\T B rpyny G=GU{Xp} tipu ycinosuu

Byl 7 Ta_ pa
ei 0i+1 0| 0i+1 XpeX (T

rie ¥i(0i) — BHyTPHUKIACCOBOE CXOICTBO(MEKKIACCOBOE Pa3InUKeE) 10 3HAYCHUAM

0000mEnnbIX omeHok (11) a G, i=|G|, |GU{Xp}|=i+1.

MyabTHINIMKATUBHbBIA NPUHUMII BHIYMCIEHUS 0000IEHHBIX OLIEHOK 00bEKTOB

[Ipu BblYKMcIeHUU OOOOHIEHHBIX OLEHOK OOBEKTOB M0 MYJIbTHILUIMKATUBHOMY
MPUHIIMITY MCHOJIb3YIOTCS 3HAYEHUS BECOB MPHU3HAKOB M UX IMONApHBIX KoMOuHarwmil. J{ius
JAHHBIX (JJATEHTHBIX U HMCXOJHBIX) B MHTEPBAJbHBIX IIKaJaX HU3MEPEHUN peKOMEHIyeTCs
UCIIONIb30BaTh MHTEPBANbHBIA MeTon [3] Kak 3TO cHAenaHo MNpu pealid3aluy  IpaBHI
MEepapXUUYECKOro arJioOMepaTUBHOTO aJITOPUTMA IPYIITUPOBKU IMPU3HAKOB.

B KkauecTBe TrpaHWIl JBYX HEMEPECEKAIOIIUXCA HHTEpBAIOB [n1;m2], (m2;73],),
UCTIONB3YIOTCS T1=F1, M2=Ij, 1<j<m, m3=rm. UHTepBansl [n1;m2] U (72;73] UACHTUPHUIUPYIOTCS,
COOTBETCTBEHHO, KaK IMEPBBIA M BTOPOH. Bec mpu3Haka 0OBEKTOB KIIACCOB BBIYUCIIACTCS KaK
MaKCUMyM TPOU3BEACHUS BHYTPUKIACCOBOTO CXOJCTBA M MEXKKIACCOBOTO pPa3ju4Hs IO
KPUTEPUIO

53 (u,d —1)uid s sl (|K37i|—u§7i)
d2:l|:1 d=li=1 - max (1)
CEED

e u’ (ug_i) — KOJIMYECTBO 3HaYeHUH npusHaka XceX(n) y oobekroB u3 kiacca Ki (Ks.i) B d—

OM HHTepBaie. MHOXECTBO IOMyCTUMBIX 3HaueHHil kputepus (1) mpunamnexut (0;1] u
UCTIONb3YyeTCsl JUIsl OLEHKH KOMIAKTHOCTH OOBEKTOB KJIACCOB HAa 4YHUCIOBOM ocu. I'panuia
(mopor) mexny kiaccamu Ki u Ko 17151 KOTMYeCTBEHHOTO MpU3HaKa Xa€X(N) onpenensercs: Kak
r,="2, @
2
rae b — Ommkaiiinee K w2 3HaUeHUE U3 UHTEpBaa (72; 73], Beraucisiemoro o (1).

3aMeHy rpagannii HOMUHAJIBHBIX PU3HAKOB HA 3HAYEeHUs (QYHKIIUU MPUHATIEKHOCTH
00BEKTOB K KJIaccaM IpeJylaraeTcsi UCIOJb30BaTh MPU CHHTE3€ JIATEHTHBIX MPU3HAKOB IO
NpaBUIaM HEpapXUYeCKOH arJoMepaTMBHON TIpYNNUPOBKH. AJNTOPUTM U  TpaBuia
IPYNIHAPOBKU KOJIMYECTBEHHBIX MPU3HAKOB onucanbl B [3]. Peanuzamus npouecca nonapHoro
00bEeIMHEHNs TMPHU3HAKOB JUIsI (POPMHPOBAHUS MHOXKECTBA M3 HEMEPECEKAIOUUXCs TPy
6={Gy,...,Gt},t=1 ocHOBaHa Ha HCMOJIB30BAHUU IKCTPEMANbHBIX 3HaueHHUN Kputepus (1) u
COOTBETCTBYIOLIMX €My T'PaHMII IBYX HENEPECeKaroIuXCcsi HHTEPBAJIOB.

O6o03uaunM gepe3 Y(N-Q) HaOOp M3 JIATCHTHBIX U UCXOIHBIX MPU3HAKOB Ha (-OM IIare
uepapxudeckoit rpynmuposku, Y(n)=X(n) mpu q=0. [IpoBepke ycinoBHs BKIIOYCHUS MPH3HAKA
ypEY(N-q) B rpynny GEO mpeniiecTByeT HOPMHUPOBAHKE €TI0 3HAYCHUH C HCIIOIh30BAHHEM
TpaHUI] HHTEepBaNa [M1p;m2p](M2p;73p] 10 popmyIie

ap=(Yp — T2p)/( T3p- T1p). 3)
JIis  KOJMYECTBEHHOTO TPHM3HAKAa 3HAUCHHS TPAHMI[ HMHTEPBAIOB  [71p;m2p](72p;7ap)
onpenenstores no kpureputo (1). Ilocne 3amens! rpaganuii HOMHHAJIBHOTO TNpH3HAKa Ha
3Ha4YeHUs (QYHKIHUU TPUHAJUIEKHOCTH BHIOOP TPaHMIIL T1p,M3p aHATOTHYEH (1).

CuHTe3 3HaueHHid JaTeHTHOro mpusHaka YEY(N-g-1) ¢ HopmupoBanuem 1o (3) s
napsi (Yi,Yj)Y(n-q) nmpousBoautcs mo Gopmysie

y= nij (ti wiai+ t wiaj)+(1— 7ij) tij wij(ai &) — mzij )/( 7wsij — mi), titj,tiye{-1,1}, ij €[0:1], (4)
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rae Wij,Wj,Wijj — Beca IpU3HAKOB U 3HAYEHUS TPAHULL [T1ij;72ij] (72ij;msij], onpenensiemble mo (1).
IIpn peannsanuu IpaBUIl UEPAPXUYECKOM arJIOMEPaTUBHOM TPYIIIUPOBKH MCIOJIb3YETCs
NPHUHIAIT JUHAMHYECKOTO mporpammupoBaHus. [pymma G u JnaTeHTHBIA TpU3HAK Y,
MIOJTyYECHHBINH Ha € OCHOBE 110 (4) cuuTaroTcsi chopMUPOBAHHBIMH, €CIIH HE CYILIECTBYET Iaphl
(y,yi), Yi€Y(n-q) npu o0benuueHnn kotopoii B y*€Y(n-g-1), Beca nmpusHakos 1o (1) w(y*)>w(y).

BouruncinTebHbIA IKCIIEPUMEHT

AHanmM3UpyOTCS NaHHble 1O 3-i xpomocome i 2504 o0bekToB [4], KOTOpBIE
colepkaT HMHQOPMAIMIO IO OAWMHOYHBIM MYTAlUsIM B HEKOTOPBIX KOJIUPYIOLIUX T'€HbI
yaactkax Monekynbl JJHK. IIpu knaccudpukamuu JJHK no renotruny ELP6-201 B kxauecTBe
LEJEBOr0 IpHU3HAKa MCIOJNb30BAIMCh JaHHble U3 MoOJeKkynsl mnocpennuka PHK. B
JKCIIEPUMEHTE paccMaTpUBaeTCsl BapuaHT pa3OueHuss oObEKTOB Ha JBa Kjacca ¢ OJAHOW U
nBymst  myranusMu. llpu  QopmupoBaHuM  BBIOOpKHM  JUISI  MAIIMHHOTO  OOy4YEeHHS
WCITOJIH30BAJIUCH JIUITb YHUKAIbHBIE 00BEKTHI. M3 52 00beKTOB 27 ObUIM C OJHOW MyTaIlUeH,
25 ¢ nByMsl.

CuHre3 1ByX HaOOPOB JIATCHTHBIX MpU3HAKOB L1 u Ly u3 38 ucxomnsix mus ELP6-201
MPOBOJIAJICSL MO TPaBWIIaM HEPAPXUYECKUX arjIOMEPATUBHBIX aAJTOPUTMOB TPYIIIUPOBKH
COOTBETCTBEHHO MO aIUTUBHOMY M MYJIbTHUIUIMKATUBHOMY MPUHIHUITY. MOIIHOCTh Habopa,
c(OPMUPOBAHHOMY 10 AJJIMTHBHOMY NpuHIMIY |L1]=9, mo mynbruruinkatuBHoMy — |L2|=5.
PesynbTarhl BeIYMCIEHUS MEPBI KOMIIAKTHOCTH (1) M TOYHOCTH pacrno3HaBaHUs 10 rpaHulie (2)
JUTSL KQKJIOTO JIATCHTHOTO TIPU3HAKa MPUBOASTCS B Ta0u. 1 u Tabu. 2.

Taoanuma 1
3HaueHUsT MEPbl KOMITAKTHOCTH ¥ TOYHOCTH pacrio3HaBaHwus 1o Habopy L1

Ne narentHoro 3HaueHHE
IIpusHaka KoMmmnakTHocTH (1) TOYHOCTH B % 110 (2)
1 0,3197 69,23
2 0,3216 71,15
3 0,2848 65,38
4 0,0743 3,85
5 0,0743 3,85
6 0,0743 3,85
7 0,0743 3,85
8 0,1419 50,00
9 0,1419 50,00

Tadonuma 2
3HaueHus1 MEpbl KOMITAKTHOCTH ¥ TOYHOCTH pacro3HaBaHus 1o Lo

Ne marenTHOTO 3HadeHue
MpU3HaKa KOMITaKTHOCTH (1) TOYHOCTHU B % 10 (2)
1 0,8550 96,15
2 0,3200 69,23
3 0,2286 50,00
4 0,0744 3,85
5 0,0744 3,85
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CYHBUM MHTEJUIEKTHUHT INAKJIJIAHUIIINA BA
PUBOXJIAHUII UCTUKBOJIJIAPA

Paxmarynnaesa CapBuno3 Faiipar kuzu
T'yaucmon oasnam ynusepcumemu, Abopom musumiapu 6a menoo2usiapu uyHaiuwu 1-
6ockuy manabacu, I'ynucmon, Y36exucmon
Muallif elektron pochtasi
rahmatullayevasarvinoz@gmail.com

XX MKKUHYM ApMH MakiaHa OomuiaraH-XXI acpmapna cy3cu3 TaH onvMHa&TraH
ax0opoTiamrad >KaMusTra TeTUILIN Xoaucanapaan Oupu cyHbHi uHTEeKTAnp. CyHbHi
unTesekt (CU) 1956 iunna Haptmyt komnexu (I'annosep, AKI)ga é3ru cemunapaa TypT
amepukanuk onuMm: JKon Makkaptu, Mapsun Muncku, Hatanuen Pouectep Ba Koz Illennon
TOMOHU/JIAH TAIIKWJI 3TUITaH €37 CEMUHAPAA PaCMaH 3bJIOH KWIMHTaH (paH cOXacuIup KUIUII
YUyH sipaTWirad O0ynu0, my Kajgap mamxyp Oynauku, OyryHru KyHaa Oy xakiaa Xed KauoH
SIIMTMAraH OJAMHHU YYPATUIIMHIU3 KUMMH. Bakr yTumm OmnaH MHGOPMATUKAHUHT yIIOY
TapMOFH TOOOpa pUBOXIAHUO OOpAM Ba CYHITH OJTMUII WU MUMJA aKUIM TEXHOJIOTHSIIAp
nyHE Kué€dacuHU Y3rapTUpulia MyXuUM post YiHaau.JleMak, CyHbUH HWHTEIUIEKT—Kenuo
YUKUAIINra Kypa nHpopMaTuka (PaHUHUHT OMp TapMOFu OYIu0, y o1aT/a MUHCOH aKJIMHU Tanad
Kujgagurad BasuganapHu Oakapa OJIQAMraH JacTyp Ba TU3UMIIAPHM sApaTUll OuilaH
HIYFYJUIaHAIH.

Nnm-pan Ba axOOpOT-KOMMYHHUKAIUS TEXHOJOTHSJIApU JKagal TapakKuid dSTHO
Oopaérran OyryHru mapouTia IyHEHUHT PUBOXKJIAHTaH MamilakaTilapujia JaBiaT Ba XKaMUSIT
OoIIKapyBH, UKTHCOAUET, CaHOAT, MIKTUMOUN XUMOs, TabJIUM, THOOMET, OaHAIUK, KUIIUIOK
Xyxanuru, mynodaa, XxaBPCHU3IMK, Typu3M Ba Oollka coxanapja 3aMOHaBUM axOopoT
TEXHOJIOTUSUIApU Ba CYHBHH MHTEIJIEKT HMKOHHUSATIAPHIAH KeHr ¢oiganaHum ypdra
KAPMOKZa. V36EKUCTORMa ~ XaM  axOOpOT/IAIITHPHII ~ Ba  PAaKaMIM  HKTHCOXHETHH
puBOXJIaHTHPHIL opKainu 2030 iwira Kagap MHHOBAIIMOH TapaKKUM 3TraH eTakyd JaBiaTiap
KaTOpHUIaH YpUH drajiianl ycTyBop Baszuda cudaruma OenruianraH.

Xo3upru BakTAa ymoOy BOCHTa MKTHCOAMETHMHI Oapya coxajapuaa KeHT
KyutanmiMokaa. CyHpUH MHTEINIEKT TEXHOJOTHUSJIAPUHU KUIIUIOK XY KaduTHaa Ba y OWIaH
TyTam OynraH coxajapla XaMm KyJaml Y4yH ajoXujla TYCHKJIAp MaBxyx sMac. Yoy
TEXHOJIOTHSl MIUIA0 YMKApHUII Ba OOIMIKapuIl >Kapa€HJIApUHU aBTOMATJIAIITUPHINTAa WMKOH
Oepanu, IIYHUHTAEK, KaTTa XXMM Ty3uWiMmara sra OyiamaraH MabiyMoTiapia SIIUpUH
OOFJIMKJIMKIIAPHU aHUKJIAIl UMKOHMHM Oepanu. CyHbUH HHTEIEKT atamacu 1956-itmnna
Creudopn ynusepcutetu (AKIL) Tomonnnan taknud kKuinunrad. MHTENnnekT — Oy Makcaara
SPUIINIIA 3apyp OYnaauran oMuUIap Ba ycyJap TyramMuaad noopar. Makcaara SpuIimI —
Oy oMwIIapra 3apypuil KouJlanapHu Kyiamaad noopart.

Cynnbuii unremnexkt (CH) — Oy nactypuil MyXUTHUHT IIyHAad TU3UMHUKH, YH]IAa UHCOH
TadakKypu KOMIBIOTEp jkKapa€HUTra UMUTAlMsIIaHTaH. VIHCOH akjura xoc Ba yXIIanl HapcaHu
ApaTUIl Ba YHAAH Mypakka® wunwiapaa doigananum (QUKpH KaauMIaH KUIIHJIApHU
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Viinantupuod kenrad. X1V acpaa simmaran onum P Jlynmnuit TymyHuanap Majgakacura acocjaianuo
MamuHa siparumra xapakar kuiarad. XVIII acpna smaran I.Jleitonuny Ba P.Jlexapt Oup-
OMpHIaH MYCTaKWJI XoJiga xaMMa daniaap Oyindya yHUBEpcaa TWJ Takiu@ STUIITaH. YOy
TaKIu(] CyHbUH MHTEIUIEKT pUBOKUTA acoc Oyiran. CyHbUI MHTEIUIEKTHUHT (aH HyHaIuIIM
cudarnna puBoxstanuimm DXM maigo Oynranuman cyHr MyMkKuH Oynran. by Hapca 20
acpuuHr 40-iinmnapura tyrpu kenagu. Ly nmaiitna H.Bunep suru ¢an xubepHeTnkara acoc
conrad. CyHbU MHTEJUIEKT TaH OJMHIaHJIaH KYI YTMaclaH y WMKKM acoCHMM HYHauIlra
axpanau: "Helipokubepreruka" Ba "kopa smmk" kuOepHeTukacu. dakaT XO3Wpru mMaiTra
KenuO Oy MKKY WYHAIMII SIHA KYIIWIUIT TSHICHIUICUTA WY TYTMOK/IA.

“HeiipokubepHeTnKa” ifyHaTHIINHE KyiHi1ariua H30X/1am MyMKIH: Y inamy Ba Gukp
KWIAIIA MYMKHAH OYyJraH OupnaH-Oup oO0bekT Oy-uHCOH muscumup. IyHUHT ydayH Oomika
spaTuiagurad (PUKpIIOBYM KypUiIMa YHUHT TY3WJIHIINHY aKc 3TTupuim kepak. Llynmaii kumuo
HelpOoKHOepHEeTHKA WHCOH MHUSCUTA YXINall Ty3WJIMallapHU MOJAEJUIAIITUPUILTA KapaTHUIIraH.
dusnonornap TOMOHMIAH MHCOH MHUACHIA Y3apo GOFTaHTaH Ba y3apo aman KumyBum 102
TaZaH KyI HEpB TYKUMAallapH - HEeHpoHiap OOpJiuru oiauHAaH aHuKiaHraH. LIlyHWHT ydyH
HEUPOKMOEPHETHKA MaKCcaJu HEHpOHJapra VXImam yHCYpJapHH SIPATHII Ba yiaapJaH amall
KUJyBUM OMpUKMaiap Ty3ull 3Au. by OupukmanapHu HEHpoH TapMmokiapu (Heipocer) ned
KaOyn kunmuHrad. CyHrra 20 HHIDIHKAA AKaxXOoH MamilakaTlIapy ypTacuaa uiaM-(QaHHUHT Kaaal
Ba INIUAAAT OWJIaH pPUBOXIAHUIIN Ba CYHBbUH HMHTEIUIEKT acocHJa IOKOPH TEXHHK Ba
TEXHOJIOTHK “KypoJIIaHHI” OpTHO G0pMOKIa.

X03Upru BakTa XaéTUMU3ZHUHT TYPJIU COXalapuaa CYHbUU HMHTEIJIEKT, poOoTiIap Ba
yJIApHUHT UCTHKOOJUIapu OmiaH OOFIMK Macaia MyXOKaMa KWIMHMOKAa. bus cyHrru yH
Huinuknapaaru  Amepuka QuibMiaapuga KyOo HapcaldapHU ydpatamu3. Bu3HM TeMup
MaligHajzap KY3FOJIOHM caxHajapu Ba poOOTiIap TabCUpW KYpKUTaau. byHaaH Tamkapw,
acocuii acocuil TylIyHUYanap TyFpucuia siroHa Qukp Wyk:-Gukpianr; — oHr; — aKi.

CyHbUM HHTEUVIEKTHUHI PUBOXJIAHUIIM TaHJIOB MMKOHHUATIAPUHU KEHraTHpUIIra
UMKOH OepajguraH JacTypJIapHUHT BaKTU-BaKTH OWJIaH WILIAIIMra acoclaHaau. [ puropuit
bakynoB (Yandex texHomorusuiapu OVitmdya AUPEKTOp) oJamiiap YUyH HEHpPOH TapMOKJap
KepaKcH3 KapopiapaH xajloc OYIuiira MMKOH OepUIINHY aiiTanu. byHaaH kennd YnKaauk,
yJIapHU MHCOH XaETH UILTUPOKUCH3 Kapop KaOyJ1 KHMIIMII MyMKHH OYiraH (aonusar coxanapuia
KyJutam MyMKuH. Kenrycu iininapia aifHaH 11y MaxopaT pUBOXJIaHaIu. by onjaMHUHT KaiiTa
KypuO UYMKWIMIOMHM OepuiiraH CaBOJIHMHI aBTOMAaTUK aBTOMAaTHK HaTWKacu OwiiaH
QJIMAIITHPUIITAa UMKOH Oepajiu.

Bynunr optugan y3-y3uHu ypraHui ne® HOMiIaHraH OOCKWY Kenaau, Oy Y3-Y3uHM
YpraHui alropuTMiIapuaan noopat 0yiuo, y y3-Y3uHMU YpraHuill OpKaIu MallliHAaHU YPraHulll
aNTOPUTMIAPUIAH MOOPAT-acTa-CeKHH YCHO GOpYBUM HEHPOH TapMOK. Y3-Y3MHM YpraHuIm
TaxJIMJI, CAHTE3, TAKKOCIAIIHY 3 nunra oyaau. Keinaru 60CcKu4I-akc STTUpHIL. Y110y 60cKu4
xa0apIOpJIMK KOOMIUATUHUHT MaBXyUIMTUHH TacAUKIIaIu.

Cynbuil MHTEJUIEKT XaKWJa TamupraHja, Ou3 axJIOKM MyaMMojapra ayd Kelamus3.
PoboTnamtupuin 60CKUUM TEXHOTEH Aapakaa KyJUIMKKa 010 KeTuiu MyMKMHMU? borkaya
KUiub aiTrana, 613 KOMIbIOTEpHU (QUKpIamira yprara onamMusmu? by caBosra sxaBo6 6epurin
y4yH 6M3 (pUKpIall HUMa SKaHIMTUHY TYIIYHUIIUMHU3 MyYMKUH 3Mac. Buptyan gaonuar xxyna
Mypakka0, IIyYHUHT Y4yH Y KOMIIbIOTEPAA TYIUK OJMO TalUTAHUILIN Ba MHXKPO ATHIMIIM Kepak
Oynran >xapaéH sMmac.

Hlynra xapamaii, kommnbpioTepaa (UKpiam >KapaéHUHUHT aloXMJa JaKUKaTapuHU
ApaTuil MYMKUH. VWHCOHMSTHHHT acocuii Basudacu sHaga Mypakkad Ba MYCTaKHII
MaIIMHaJapHU SApaTHIL smMac, Oanku wirapu SApaTHJIraH MalIHaJlapHU
takomwtamrupuamup. llyHra kapamaii, ”HCOH Ba CyHBUN MHTEIUIEKT YpTAaCHIard acoCUil
dapk MoTuBauuanup. MoTHuBalMs OJaMHHUHI Xapakariapura onu0 kenmaau. Tapuxia
MOTHUBALMSIHUHT Y4 TYPU MaBXY[ d7H: — *Ka30[aH KYPKHUIIAAH KeJInO YMKaJUTraH Xapakar; —
parGaTiaHTUpHIITra OIM0 KelaauraH Xapakar; - CU3HMHT IBbTUKOJMHIU3 acoCHaa amaira
OIIMPUTIAAUTAH XapaKar.
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[ynaait Kuanb, CyHbU WHTEIUICKT/Ia MOTHBALUA OyMaca, y BocuTa O0yin0 Komaau.
Kyiingaru MyaMMoJapHH TabKHUUIAIIHU HCTapAMM:-KOHTCENTyall armnapatiap Haeanra
KeJITUpHIIMAraH, TyllyH4ajnap Ba (aHjiapapo annapatiiap MaBxyz 3Mac. - IHCOHUATHUHT Xail
KWJIMHMaraH MyaMMOJIApUHUHI XUJIMa-XWUIMTH (XaM WKTUMOMM, XaM UKTHcoauil). CyHbUil
UHTEJUIEKTHUHI Ha30paTAaH 4YMKUO KeTumu »>XTumMonn Oynunm  MymkuH.lOxopunaru
MyaMMOJIapHU IOMIIATHII MYMKHH. YCyIJlapAaH OUpU TEXHOJOTHSHM YeKJall OYIuIIn
MyMKHH. CyHbUH HHTEJUIEKTHYU KeCHUIll (PyHKIMsICH OMIIaH TAbMUHIIAII MyMKUH.An0aTTa, SHANU
OM3HMHT XaéTUMHU3HHUHT CYHBHI MHTEIIIEKTIa ora Oyiran kymninad coxanapu MaBxya. by Typnu
cOoXaJlapHu OolIKapuIilga MeXHaT 3UWIMIHMHM OIIMpHINra HUMKOH Oepagu Xaér. byHnan
Tamkapy, Oy xuszMmatiap cudatuau omumpunra Epaam Oepaau. CyHbHH HWHTEIUIEKT TYpIH
HyHanumaaru TU3UMJIApHU 3aMOHAaBHM MII MIAPOMTIApUIa MOCIAIITUPULI KapaCHU YIyH
BOCHUTAJIUP.
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MMPEANOYTUTEJILHBIE KOMBUHAIIAY ITPU3HAKOB B
AJITOPUTMAX PACITO3HABAHUS
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YHUM Pazeumus yughposvix mexronozuii u ucKyccmeeHHo20 uHmennekma.
%) farhodmeliev84@gmail.com, ?) azizbek.otabekovich@gmail.com

AJTOpUTMBI PAcTIO3HABAHUS UTPAIOT BAKHYIO POJIb B 00pabOTKe JaHHBIX U MPUHATUN
peleHnii Ha OCHOBE O3TUX JAaHHBIX. OJHUM W3 KIIIOYEBBIX AaCHEKTOB B pa3padoTke
3¢ (EKTUBHBIX AJITOPUTMOB pACHO3HABAHMS SBJSETCS BBIJCIECHHUE MPEANOYTUTEIbHBIX
koMOuHaimii mnpusHakoB [1]. Ilox mnpeamodTuTeNnsHBIMM KOMOWHAIMAMU —IPU3HAKOB
MOHUMAIOTCS T€, KOTOPbIE HAWIYYIIUM 00pa30M OTpa)karoT BaXKHbIE XapaKTEPUCTUKU JAHHBIX
U CIIOCOOCTBYIOT 00Jiee TOUHOMY U 3P PEKTUBHOMY pPaCIO3HABAHUIO OOBEKTOB HIIU SIBICHUI.

OcHoOBHas 3aja4a aJIrOPUTMOB PACIO3HABAHUS COCTOMT B TOM, YTOOBI Ha OCHOBE
UMEIOIIMXCS JaHHBIX KJIacCCU(PULIMPOBATh OOBEKTHI MITH JIENIaTh IPYTUe BHIBOJIBI O JaHHBIX [2].
[Tpu 5TOM BBIOOP MOIXOJAMIMX MPU3HAKOB MM MX KOMOMHALIMN MMEET pellarolee 3HauYeHHe
JUIsl TOYHOCTH U HaJ€KHOCTH aJITOPUTMOB.

B naHHOM KOHTEKCTE BBIJEICHUE NPEAIOYTHUTENbHBIX KOMOWHAIUMN MPU3HAKOB
CTAaHOBUTCS KIIIOYEBBIM IIaroM. DTO MO3BOJSET COKPATUTh Pa3MEPHOCTh JaHHBIX, yOpaB
M30BITOYHBIE WIIK MeHee NH(POPMATUBHBIE MPU3HAKU, a TAKXKe BBIICIUTh Hanbojee 3HaUuMble
XapaKTEpUCTHKHU, KOTOPHIE CYIIIECTBEHHO BIMSIIOT HAa PE3YJIbTAThl PACIIO3HABAHMSL.

OcHoBHast yacTh. 1 TOCTUKEHUS 3TOM 1[eJIN UCTIONB3YIOTCS pa3InyHble METOBI [3],
BKJIIOUast AJIITOPUTMBI MalIMHHOIO o0yueHus, CTaTUCTUYECKUE
MIOAXOABI, MCCIIEOBAaHNE KOPPEIALUNNA MEXAY NMPU3HAKAMHU U JApyrue TeXHUKHA. Kaxapli u3
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STUX METOJIOB MMEET CBOM MPEUMYIIECTBA U OTPaHUUYEHUS, U BHIOOp KOHKPETHOrO MOAX0/a
3aBUCUT OT KOHKPETHOM 3a1auu paclio3HABAHMS M XapaKTEPUCTUK JIAHHBIX.

Jlanee B ctaThe MBI paccMOTpUM Oosiee MOAPOOHO pa3IWyYHbIE METObI BBIJCICHUS
NPEINOYTUTEIIFHBIX KOMOMHALMN NPU3HAKOB, WX MPHUMEHEHHE B PA3JIMYHBIX O00JaCTAX H
UCCJIEIOBAHMSI, IOATBEPKIAIOIIHNE NX 3PPEKTUBHOCTD U 3HAYMMOCTh B KOHTEKCTE aITOPUTMOB
pacro3HaBaHMUs.

CunbpHOCBsI3aHHBIE OOBEKTHI WIPAIOT BAXKHYIO pOJIb B aHalIM3€ JaHHBIX U
pacro3HaBaHUM, OCOOCHHO B KOHTEKCTE BBLICICHUS NPEANOYTUTEIBHBIX KOMOWHAIMN
npusHakoB. Huxke mnpencraBieH 0030p OCHOBHBIX METOJOB aHaliM3a CUJIbHOCBSI3aHHBIX
00BEKTOB M UX BIMSHHME Ha 33]]a4l PACIIO3HABAHUSA:

Knacrepuzanus:

Metoa KJIacTepu3aliy MO3BOJIIET TPYNIHPOBATH CXO0XHE OOBEKTHI B KJIACTEPHI HA
OCHOBE MX NPHU3HAKOB WM XapakTepucTuk. CHIBHOCBSI3aHHBIE OOBEKTHI  YacTO
CTPYNIIUPOBAHBl B OJMH KJIAacTep WM OJNU3KHE KIACTephl, YTO OOJIET4aeT BBIACIICHHUE
MPEMOYTUTENbHBIX KOMOMHAIINI TPU3HAKOB BHYTPH KJIaCTEPOB.

AHauu3 cereii:

CunbpHOCBSI3aHHBIE O0BEKTHI MOTYT OBITH MPEACTABICHBI B BUE ceTeil umu rpados, rae
y3J1bl IPEICTABIAIOT OOBEKTHI, & CBSI3U MEXKIY y3/1aMU 0003HAYAIOT CUIIbHBIE CBSI3U. AHAIU3
CETe 03BOJISIET BHISBIIATH CTPYKTYPY CBA3EH MEX1y 00BEKTaMH U UX BIUSHUE APYT HA JIpyTa,
YTO MOJKET OBITh MOJIE3HO MIPH paCIO3HABaHUU OOBEKTOB.

H3yyeHue koppeassumii:

AHanmm3 Koppesui Mex 1y Mpu3HaKaMy WIN XapaKTePUCTUKAMU OOBEKTOB IIOMOTaeT
BBISIBJISITH CHJIbHBIC 3aBUCUMOCTU MEXAY HUMH. CHUIBHOCBS3aHHBIE OOBEKTHI OOBIYHO UMEIOT
BBICOKHE KOPPEJSILIMKY MEX/1y CBOUMU IPU3HAKAMHU, YTO MOKHO MCIIOJIb30BaTh ISl BbIIETICHUS
MPEMOYTUTEIbHBIX KOMOMHAIIMH TPU3HAKOB.

MeTtoabl MAIIUHHOTO 00y4YeHH:

Metoasl  MamMHHOTO  OOy4YeHHUs, TaKHE Kak aJIrOpUTMbl  KIIACTEpU3AIlHH,
KJIaCCU(UKALMU U PErpeccud, MOTYT HCIOJIb30BaThCS JJIs aHAIW3a CUJIbHOCBSI3aHHBIX
O00BEKTOB M BBIJCICHUS MPEANOUTUTENBHBIX KOMOMHAIMIA MpH3HAKOB [4]. DTH MeETOHbI
MO3BOJIIIOT aBTOMAaTHUUYECKU BBISIBIATH 3aKOHOMEPHOCTH U I11a0JIOHBI B IaHHBIX, YTO MOJIE3HO
JUIS pacrio3HaBaHUsl OOBEKTOB.

Ponpb aHanmu3a cuIbHOCBA3aHHBIX OOBEKTOB B pACIIO3HABAHUU 3aKJIIOYAETCSI B TOM, YTO
OH [IOMOTAeT BBIACTUTH Harboiee BaXKHbIE M HH(DOPMATUBHBIE MPU3HAKN WU KX KOMOMHAIIUU
st 3¢()EeKTUBHOTO pacro3HaBaHUs OOBEKTOB. OTO MO3BOJIAET YIAYUYIIMTh TOYHOCTh U
MPOU3BOJUTENILHOCTh AJITOPUTMOB PACIIO3HABAHUS 3a CUET HCKIIOYEHUS] M30BITOYHON WIIU
ManonH(GOPMAaTUBHON HH(POPMAIIMM M COCPEIOTOYCHHS] HA KIFOUEBBIX XapaKTePUCTUKAX
00BEKTOB.

VYHnoMuHaHue 3HAYMMOCTH M TOTEHUUAIBHBIX IPEUMYIIECTB HUCIOJIb30BAHUS
MPEIIOYTUTENBHBIX KOMOMHAIMM TPU3HAKOB B QJITOPUTMAX PaclO3HABAHUS:

Hcnonb30BaHue MpenOYTUTENLHBIX KOMOMHAIIMI TPU3HAKOB UTPAET KIFOUYEBYIO POIh
B MOBBIIIEHUH (P PEKTUBHOCTH ¥ TOUHOCTH aITOPUTMOB pacrio3HaBanus [5]. Huke npuBeneHb
OCHOBHBIE aCIMEKThl 3HAYUMOCTH ¥ MIPEUMYIIECTB UCIIOIb30BAHMS TAKMX KOMOUHAIIW:

YMeHbllIeHHe pa3MEepHOCTH JJaHHBIX: BoiOop Hanbonee HHPOPMATUBHBIX U 3HAUUMBIX
MIPU3HAKOB TO3BOJIIET YMEHBIIUTh PA3MEPHOCTh JAHHBIX, YTO CHUXKAET BBIYUCIUTEIbHYIO
CJI0KHOCTB QJITOPUTMOB U YIYUIIAeT UX MPOU3BOAUTEIHHOCTb.

Viyumenue TouyHocTH: IlpeamouruTensHble KOMOWMHAIMM TMPU3HAKOB OOBIYHO
coJiepkaT Haubosiee Ba)KHbIE XapaKTEPUCTHKU OOBEKTOB, YTO CIIOCOOCTBYET YIYUIIEHHIO
TOYHOCTHU U HAJICKHOCTU aJITOPUTMOB PACTIO3HABAHUS.

Bbonee untepnperupyembie Moaenu: Vcnonb3oBaHue NpeanouYTUTENbHBIX KOMOMHALIMHA
NPU3HAKOB JleslaeT Mojienn Oojiee MHTEPHPETUPYEMbIMU, TaK KaK OHU (DOKYCHPYIOTCS Ha
KJIFOUEBBIX aCMeKTaxX JaHHbIX U 00ecreunBaoT MIOHUMaHUE MPUYMHHO-CIIEICTBEHHBIX CBSI3EH.
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Cokpamenue wu3zepkek oOydeHus: BwiOop mnpeanouTHTensHbIX KOMOWHAIWN
NPU3HAKOB TO3BOJIIET COKPATUTh BpPEMsi M 3aTpaThl Ha OOydueHHE MOJENIeH, TaKk Kak
YUUTBIBAIOTCS TOJILKO HAN0O0JIee 3HAYMMBIC ACTICKTHI JAHHBIX.

Vinyumenune oboOmaromeid  cnocoOHoctu:  IlpeamourutensHble  KOMOMHALIUU
NPU3HAKOB CIIOCOOCTBYIOT CO3JIaHHIO OoJjiee OO0OOMIAIOMIMX MOJEJCH, KOTOpBIE JTydlle
CIIpaBJIAKOTCA C HOBBIMH, paHCC HC BUJACHHBIMH JaAHHBIMHU.

Takum 00pa3zoM, HCIOJIB30BAaHHE IMPEANOYTHTEIBHBIX KOMOHWHAIMI TPU3HAKOB HE
TOJIBKO ITOBHIIIIACT 3(1)(1)CKTI/IBHOCTL N TOUHOCTD AJITOPUTMOB PACIIO3HABAHUA, HO TAKKC ICIaCT
Mojien  OoJiee HMHTEPIPETUPYEMBIMH, ASKOHOMHYHBIMH M CIIOCOOCTBYET WX JIydIIeH
0000maromnel crnocoOHOCTH. DTH TPEUMYINECTBA JIETAIOT BBIACICHUE MPEANOYTUTEIHHBIX
KOMOWHAIMI IPU3HAKOB BAKHOW CTpATETUEH B Pa3pabOTKe aJrOpUTMOB PAacIiO3HABAHUSI.
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Tarixga soladigan bo‘lsak, jamiyat taraqqiyotida uchta omil asosiy rol o‘ynaganini
kuzatishimiz mumkin, bular: fan, san’at va sport. Ta’lim ushbu uch omilni birlashtiradigan
asosiy omil hisoblanadi. Rivojlangan mamlakatlarga nazar tashlaydigan bo‘lsak, yuqoridagi
uch jihat yaxshi rivojlanganligini kuzatishimiz mumkin. Rivojlanishning asosiy sabablaridan
biri ta’lim sohasini takomillashtirish hisoblanadi. Hozirgi kunda ta’limning rivojiga ko‘plab
to‘siglar mavjud. Ayrim to‘siglar tabily to‘siglar, ayrimlari sun’iy to‘siglar [2]. Ushbu
muammolarni hal qilish uchun hozirgi kundagi optimal vositalardan biri bu sun’iy intellekt
hisonlanadi.

Sun’iy intellekt jamiyatdagi ko‘plab sohalarga tadbiq gilinib, muammolarni echishga
yordam bermoqda. Ta’lim sohasida sun’iy intellektni qo‘llanilishi yugoridagi muammolarni hal
gilishga yordam beradi. Mashina o‘rgatish algoritmlari sun’iy intellektning tarkibiy gismi
hisoblanaib, ushbu algoritmlar sun’iy intellektning funksional qismi hisoblanadi. Ushbu
maqolada yoritiladigan logistik regressiya algoritmi ham mashina o‘rgatish algoritmi
hisoblanadi. Ushbu algoritm asosan klassifikatsiya va regressiya masalalarini echishda
go‘llaniladi. Dastlab algorimning matematik modelini ko‘rib chigamiz. Logistik regressiyaning
eng oddiy shakli ikkilik yoki binomial logistik regressiya bo‘lib, unda yakuniy natija fagat
ikkita giymatdan iborat bo‘lishi mumkin, ya’ni 1 yoki 0. Bu bizga bir nechta bashorat giluvchi
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o‘zgaruvchilar va ikkilik/binomli  magsadli o‘zgaruvchi o‘rtasidagi  munosabatni
modellashtirish imkonini beradi. Logistik regressiya holatida chizigli funktsiya (formula 1)
asosan boshga funktsiyaga kirish sifatida ishlatiladi.

ho(x) = g(8Tx),bunda 0 < hg < 1 (1)
Bu erda g logistik yoki sigmasimon funktsiya bo‘lib, uni quyidagicha yozish mumkin
g(2) = 1;_2, bunda z = 0Tx (2)

Sigmasimon egri chizigni quyidagi grafik yordamida tasvirlash mumkin. Biz y o'gining
giymatlari 0 dan 1 gacha ekanligini va o'gni 0,5 da kesib o'tishini ko'rishimiz mumkin [3].

1= : —

0.5+

l | o I 1 j

-6 -4 =2 0 2 4 6

Rasm 1. Sigmasimon funksiya grafigi.

Rasm 1 da tasvirlanganidek erkli o’zgaruvchilar sigmaoid funksiya yordamida ikkita qiymatga
klassifikatsiya gilinishi yoki giymatlar bashorat gilinishi mumkin.
Ushbu akgoritm bizning holatimizda o‘quvchilarning psixologik holatini aniglashda, fanlarga
gizigishini aniglashda, o‘quvchilarni baholashda go‘llaniladi.

Xulosa va takliflar:

Xulosa gilib aytganda, logistic regressiya mashina o‘qitish algoritmni o‘quv jarayonida
go‘llaganda 98.05% samaradorlikga erishilgan. Ushbu natija yuqori hisoblanib, o‘quvchilarni
sifatli ta’lim olishida muhim rol o‘ynaydi [1].
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In recent years, convolutional neural network (CNN) has achieved remarkable research
results in image classification and recognition. In order to achieve potato leaf disease
recognition and timely control, this paper takes potato early blight and late blight as the research
object, and constructs a potato disease recognition model based on convolutional neural
network, with a view to obtaining better recognition performance.

In 2006, Hinton et al. from the University of Toronto used deep neural networks for
feature dimensionality reduction, which opened the era of deep learning [1]. In recent years,
deep learning based on convolutional neural networks has been widely used in the field of
image recognition. In 2012, Hinton et al. used deep networks to automatically extract features,
and achieved good results in the Image Net image set classification problem. A. Krizhevsky et
al [2] applied CNN to rice disease classification, firstly constructed a dataset with 500 rice
disease images captured from experimental paddy fields, and then used AlexNet network to
construct a CNN architecture for rice disease classifier, and the experimental results showed
that the deep CNN was superior to traditional machine learning algorithms, and the recognition
accuracy was above 90%.A. Vedaldi et al [3] proposed a CNN-based classifier for cucumber
diseases, the dataset contains seven different types of diseases in addition to the health category,
and the test results show that the algorithm has a recognition accuracy of 82.3%.

Plant diseases are often caused by microorganisms such as bacteria, fungi, nematodes
and viruses [4-6]. Potato is the 4-th largest food product in the world, which can produce various
diseases at different growth periods, among which the incidence of early and late blight is higher
and the danger is serious. Potato early blight and late blight appear as dark brown spots on
leaves during the onset of the disease, and the two diseases have similar symptoms and are
difficult to distinguish. The traditional identification method relies on expert judgement, which
requires a lot of professional knowledge, is affected by subjective factors, and is time-
consuming, and cannot diagnose potato diseases in a timely and efficient manner. Therefore, it
is of great practical significance to study an efficient and accurate intelligent identification
method for potato diseases.

With the rise of computer vision, convolutional neural networks have been widely used
in the fields of face recognition, image classification, and target detection, and have made great
progress in agricultural crop disease recognition. In this study, based on deep learning theory,
the intelligent recognition method of potato diseases is investigated, and a convolutional neural
network model is constructed to intelligently identify early blight, late blight, and healthy leaves
of potato, and to verify the accuracy and efficiency of the model.

1 Sample data set

In this study, 4728 potato pictures were collected to form the experimental dataset,
including healthy potato leaf samples, potato early blight leaf samples and potato late blight
leaf samples, of which 1534 were early blight, 1647 were late blight, and 1547 were healthy
leaves.

2 Potato leaf disease recognition model

In this paper, a potato disease recognition model is constructed based on the structure
of convolutional neural network, which consists of a convolutional module and a fully-
connected module, including an input layer, a convolutional layer, a pooling layer, a fully-
connected layer and an output layer, and is used to intelligently identify the early and late blight
diseases of potato.

(1) Convolutional Layer

Convolutional layer is used to extract image features . The convolution layer consists of
multiple convolution kernels, through the convolution operation can obtain multiple images of
the feature map. The formula for the convolutional layer operation is shown in equation (1):

X, = f [ > x;le;j +b! (D

11
X eM| 4
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where X'j is the jth feature map of layer I, f is the activation function, M, is the set of
feature maps of layer | -1, XiH is the i th feature map of layer | -1, ki'j is the i th convolution

kernel of x'j , and b; is the bias of the jth feature map of layer | .
(2) Pooling layer
Pooling layer is essentially to reduce the dimensionality of the feature map, this paper uses
the maximum pooling shown in equation (2), down denotes the pooling function.
X, = down(x;™) 2

(3) Fully Connected Layer
The outputs of all neurons in the fully connected layer receive the outputs of the neurons
of the previous layer in fully connected form. The neuron formula is shown in [3]:

X, =f (w'xi"1+b') (3)
Where: b is the bias term and w is the weight parameter.
(4) Output layer
Classifier as shown in [4] used for classification and the maximum value is output as
the classification result.

Cp(y® :1‘x‘;6?) ] (o ]
p(y” =2|x';0) 1 |e%x®

AT
zeﬁ? X
j=1

h, (x) = @)

Py =mlx:0) | X

Where : y® is the number of image labels; m is the total number of image categories; x is
the image feature vector; @ is the set of training model parameters.

Input layer | Convolution layer »  Activation layer
Output layer «——| Connection layer Pooling layer

Fig. 1 Structural diagram of convolutional neural network
3 Indicator evaluation analysis
Precision, Recall and F1-Score were used as the evaluation indexes to evaluate the
performance of the model. Let TP be the number of correctly classified positive classes, TN be
the number of correctly classified negative classes, FP be the number of incorrectly classified
positive classes, and FN be the number of incorrectly classified negative classes. Then the
expression for calculating the evaluation index is:

Precision=— ®)
TP+FP
Recall=—" (6)
TP+FN
F1-Score=—21° (7)
2TP+FP+FN

The higher the individual values of Precision, Recall and F1-Score, the better the
recognition of the model and the higher the prediction accuracy of the model.
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With the rapid development of big data technology, scientific term retrieval faces
unprecedented challenges and opportunities. This paper delves into the application of artificial
intelligence technology in scientific term retrieval under the background of big data, analyzing
its advantages, challenges, and future development trends. Through a review of existing
research, this paper proposes a scientific term retrieval method based on artificial intelligence
technology and validates its effectiveness through experiments. The research results show that
artificial intelligence technology has significant advantages in scientific term retrieval, greatly
improving retrieval efficiency and accuracy, and providing strong support for researchers.

1 Introduction

Scientific term retrieval is an indispensable part of scientific research, playing a crucial
role in promoting scientific innovation and academic exchange. However, in the era of big data,
scientific term retrieval faces challenges such as large-scale data, rapid updates, and complex
structures. Traditional retrieval methods can no longer meet the needs of modern scientific
research. Therefore, seeking new technical means to improve the efficiency and accuracy of
scientific term retrieval has become a hot research topic. The development of artificial
intelligence technology provides new solutions for scientific term retrieval. This paper aims to
explore the application of artificial intelligence technology in scientific term retrieval under the
background of big data and its effects.

2 Application of Artificial Intelligence Technology in Scientific Term Retrieval
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2.1 Scientific Term Representation and Matching Based on Deep Learning

Deep learning technology can automatically extract semantic features of scientific
terms, achieving efficient and accurate representation and matching. This paper utilizes deep
learning models to vectorize scientific terms and achieve retrieval through similarity
calculation. Experimental results show that this method has higher precision and recall in
scientific term retrieval [1].

2.2 Application of Natural Language Processing in Scientific Term Retrieval

Natural language processing technology can automatically analyze and process
scientific term texts, extract key information, and provide strong support for retrieval. This
paper uses techniques such as named entity recognition and syntactic analysis to parse scientific
term texts, improving retrieval accuracy [2].

2.3 Application of Knowledge Graph in Scientific Term Retrieval

Knowledge graphs can construct relational networks between scientific terms, achieving
semantic-level retrieval. This paper utilizes knowledge graph technology to build a network of
scientific terms and achieve efficient retrieval through graph search algorithms. Experimental
results show that this method significantly improves retrieval efficiency and coverage [3].

3 Application Evaluation and Optimization Strategies

This study designs and implements a series of experiments aimed at comprehensively
evaluating the application effects of artificial intelligence technology in scientific term retrieval.
Through comparative analysis of performance indicators of different methods, the significant
advantages of artificial intelligence technology in scientific term retrieval are verified.
Meanwhile, addressing the shortcomings of existing methods, this study proposes
corresponding optimization strategies to further enhance retrieval effectiveness.

3.1 Application Effect Evaluation

To objectively evaluate the performance of different artificial intelligence methods in
scientific term retrieval, this study selects precision, recall, and F1 score as evaluation metrics.
The following table 1 presents the experimental results:

Table 1 Application Effect

Method Precision Recall F1 Score
A 0.85 0.78 0.81
B 0.82 0.85 0.83
C 0.89 0.80 0.84

From the table, it can be observed that Method C performs best in precision, Method B
excels in recall, and Method A slightly lags behind Method C in F1 score. This indicates that
different methods have their own strengths in different metrics, and the choice should be made
according to specific needs. Additionally, this study employs formulas to calculate these
evaluation metrics for precise quantification of the performance of different methods. The
formulas for precision, recall, and F1 score are as follows:

Precision = TP / (TP + FP) 1)
Recall = TP/ (TP + FN) @)
F1 Score = 2 * (Precision * Recall) / (Precision + Recall) 3

Here, TP represents true positive, FP represents false positive, and FN represents false
negative [4].

3.2 Optimization Strategies

Despite the achievements made by artificial intelligence technology in scientific term
retrieval, there are still challenges and deficiencies. To further improve retrieval effectiveness,
this study proposes the following optimization strategies:

3.2.1 Model Fusion

Integrate the advantages of various artificial intelligence methods to construct hybrid
models. For example, combining representation learning methods based on deep learning with
text analysis methods based on natural language processing to fully utilize their respective
strengths.
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3.2.2 Feature Enhancement

Introduce more feature information tailored to scientific terms, such as domain
knowledge and term context, to enhance the model's expressive power and accuracy.

3.2.3 Data Augmentation

Increase the scale and diversity of training data through methods such as data
augmentation and data labelling to enhance the model's generalization ability and robustness.

3.2.4 Algorithm Optimization

Optimize and improve algorithms at the algorithm level to address the deficiencies of
existing algorithms, such as improving loss functions and optimizing model structures, to
enhance the model's retrieval performance [1].

In conclusion, this study thoroughly discusses the application of artificial intelligence
technology in scientific term retrieval under the framework of big data. Through the design and
implementation of a series of experiments, this study verifies the significant advantages of
artificial intelligence technology in scientific term retrieval and provides specific performance
evaluation results. The experimental data indicate that the scientific term retrieval method based
on artificial intelligence technology performs well in key indicators such as precision, recall,
and F1 score.

Additionally, this study proposes optimization strategies such as integrating multiple
methods, optimizing model structures, introducing domain knowledge, and processing large-
scale data to address the shortcomings of existing methods. The implementation of these
strategies is expected to further improve the efficiency and accuracy of scientific term retrieval,
providing researchers with more convenient and efficient retrieval tools.

4 Conclusion and Outlook

In conclusion, this study thoroughly investigates the integration of artificial intelligence
technology with scientific term retrieval within the context of big data. Through rigorous
experimentation, it confirms the substantial benefits of artificial intelligence in enhancing
precision, recall, and F1 score metrics [5]. Furthermore, by proposing optimization strategies
like method fusion and data augmentation, the study anticipates further improvements in
retrieval efficiency and accuracy. Looking ahead, future research avenues include deeper
integration of advanced Al techniques, real-time adaptation to evolving scientific terms,
interdisciplinary collaboration, and ethical considerations to ensure responsible data handling
[6]. Overall, the application of Al in scientific term retrieval holds immense promise, with
ongoing research poised to deliver more sophisticated and effective retrieval tools for
researchers.
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AHAJIN3 DOPEKTUBHOCTHU TPUMEHEHUA
HUHTEJUIEKTYAJIBHBIX TPEHAXKEPOB B TEXHOJIOI' MTYECKHUX
INPOU3BOJACTBAX
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Tawkenmckuti 2ocyoapcmeeHHbll mexHuyeckutl yHusepcumem umenu Mcrama Kapumosa

PazButue 1MQPPOBBIX TEXHOJIOTMH W POCT AaBTOMATHU3ALUU HPOU3BOJCTBEHHBIX
IIPOLIECCOB  YBEIMUYUBAET CIIO)KHOCTh COBPEMEHHBIX CHCTEM YIPABJICHMs, 4YTO BEAET K
YBEIUYEHUIO TPEOOBAaHUI K HMHTEUIEKTYalbHBIM TPEHAXKEPHBIM CHUCTEMaM sl OO0y4YeHHS
omnepatopoB. ABTOpsI padot [1, 2] B cBouMX paboTax aHATM3UPOBAIM OCHOBHBIC MPOOJIEMBI
BCTpeyarolecs B paboTe onepaTopoB M3-32 BO3POCIIEH CIIOKHOCTH CHCTEM YIpaBIICHHUS,
KOTOpble MOTYT MNpuBecTH K OonpmuM mnotepsM. CorjgacHO MHpPOBEAEHHOMY aHAIU3Y
JUTEPATypPHBIX JAHHBIX OOJBIIMHCTBO HoTepb 10 30% B IMpPOM3BOACTBE MPOUCXOAUT H3-3a
omuOKu onepatopoB. KpoMe Toro, CrouMocTh noBpexacHUH, npousomenmux ¢ 2008 mo 2023
I. B TPOHM3BOJICTBE IMPHUMEPHO OIlCHHMBaeTcst Oojee yeM B 40 Mipa JOJUI., BBI3BAaHHBIX
HapyILICHUAMH TEXHOJIOTHYECKOTO PEXHUMA. OrcyrcTBUE [TOCTaTOYHOM IOATOTOBKH
OIIEPATOPOB SIBJISETCS OCHOBHOM NNPUYMHON aBapUMHBIX CUTYallMi HA IPOU3BOJCTBAX.

Ha ocHoBe aHanu3a MOXHO CKa3aTb, YTO HENPAaBWJIBHOE YIPABIECHUE OILEPATOPOM
TEXHOJOTMYECKMMH IPOLEcCaMH MPUBOAUT K HEIUTATHBIM CUTyallUsiM U aBapusiM. JlaHHble
CUTyallud BO3HMKAIOT HE TOJIBKO M3-3a OTKa3a 0OOpYJOBaHHUS a C HEeaJeKBAaTHOM peakiuen
orepaTopa, KOTOPbI MOXET MPEBPATUTh BO3MOXHYIO HEOOJbIIYIO NMPOOJIEMY B CEPbE3HYIO
aBaputo. MccnenoBanus, mnpoBeéHHble Ha Oosiee 50 HEPTSIHBIX NPEIUPUATHH, UL
ONpe/e/ICHUs OTBETCTBEHHBIX 3a aBapUWHbIE CHUTyallud  IOKa3aliM, YTO, NPUUYUHOU
OOJNBIIMHCTBA aBapUil SABISETCA OIMIMOOYHAS NMPHUHATHE PELICHMS, CACIAaHHOE OIEePaTOPOM.
TakuMm o0pa3oM, MOKHO CJIeaTh BBIBOJI, YTO TOHUMAaHNE/OCBEIOMIIEHHOCTh ONIEPAaTOPOB U UX
TOYHBIE JEUCTBUS MMEIOT BaXHOE 3HAaueHUe s obecredyeHuss Oe30MacHOCTH U
MPOU3BOJUTENILHOCTH MPOMBIIIIEHHBIX NpeanpusaTuil. bonpmumHcTBO padboT nmo paspaboTke
TpeHax€EpoB [3, 4] HampaBJeHbl Ha cO3[JaHMe OOYYaroIUX TPEHAKEPOB JJIsi ONEpaTOpOB B
PUMBIIIEHHBIX TPou3BocTBaX. Ho qanHbIe paboThl paccMaTpUBaOT KOHKPETHBIE CUTYALIHH.

WuTennekTyanbHble 00ydaronve CUCTEMBbI, TAK)KE U3BECTHBIE KaK MHTEIJICKTyallbHbIE
aJaNTUBHbIE CUCTEMBl OOYYEHMs, MCIONb3YIOT NEPEOBbIE TEXHOJOTMHM, TaKHe Kak
uckyccTBeHHbI uHTeuekT (MUW) u wmammHHOe oOyueHue, JUIsi HEpCOHANM3allUUd U
ONTUMM3ALMH TIpolecca 00y4eHUs Ui OTIENbHBIX YUYaIMXCA. DTH CUCTEMBI pa3pabdOTaHBbI
TakuM 00pa3oM, 4YTOOBI HMHUTHPOBATh pOJIb IMPENojaBaTelNsi-ueI0BeKa, IPel0CTaBIIS
yyalumcsl HHAUBUAyallbHOE 00yueHue, OOpaTHYIO CBSA3b U MOJIJEP’KKY, OCHOBAaHHBIE Ha HUX
YHUKAJIBHBIX TOTPEOHOCTAX, IPEANOUYTEHUSIX U YCIIEBAEMOCTH.

KittoueBbie 0COOEHHOCTH MHTEIIEKTYaIbHBIX CUCTEM OOYUEHHUS BKIIIOYAIOT:

- Ilepconanu3zanus: 3T CUCTEMbI aJaNTUPYIOT COJEPKaHUE, TEMIT U YPOBEHb CJIOKHOCTH B
COOTBETCTBUU CO CTUJIEM 00YUEHHMsI, yDOBHEM 3HAHHI U YCIIEBAEMOCTHIO KaXKJIOTO Y4aIlerocs.
AHanu3upys [JaHHblE O B3aUMOJCHCTBMM M YCIIEBAEMOCTH YYalllUXCSA, OHM MOTYT
IPEJOCTABIIATh WHAMBUYAIbHbIE BO3MOXXHOCTH OOYYEHHUS, YYUTHIBAIOIIME UX CHJIbHBIE U
cia0ble CTOPOHBI.

- OOparHas cBsi3b U oueHKa: VHTemnekTyaiabHble cHUCTEMbl O0y4eHHsI 00ecreqHuBarOT
HEMEIJICHHYIO U IIeJIeHaNpaBIeHHYI0 00paTHYIO CBS3b C YYalllUMUCS, IOMOTasi UM BBISIBIISITH
olMOKH, 3a0TyXIeHHUs U 00J1acTH, TpeOyromue yay4iieHus. biaarogaps mocTosHHOHN OlleHKe
Y aHaJIM3Y OTBETOB yYalllUXCs, 3TU CUCTEMBI MOT'YT JTUHAMHYECKH KOPPEKTUPOBATh CTPaTEruu
00y4YeHHs [T ONITUMH3AIMH PE3YIbTaTOB O0yUEHHUS.
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- ApnantuBHOEe O0y4YeHHE: DTH CHCTEMBI HCIOJB3YIOT QJITOPUTMBI U MPOTHO3UPYIOIIHE
MOACIN IJIs1 ,Z[HHaMI/I‘ICCKOﬁ HaCTpOﬁKH MOCJICAOBATCIIBHOCTU U NPCACTABIICHUSA y‘le6HBIX
MaTepHaJiOB Ha OCHOBE B3aUMO/ICHCTBUS yUaIIUXCS B PEKUME PEaTbHOTO BPEMEHH U JJAHHBIX
00 ycreBaeMOCTH. BBISBIISISI 3aKOHOMEPHOCTH M TEHACHIMU B TIOBEJACHUU YYallUXCS, OHU
MOTYT TPOBOJUTH Y4eOHBIC MEPONPUATH, KOTOpble Hauboiee 3()(HEKTUBHBI ISl KaXKI0TO
y4aIerocs.

- Bosneuenue u MOTHUBaALUA: HHTCHHCKTY&HBHBIC CHUCTCMBbI 06y‘-ICHI/ISI HCIIOJIB3YIOT
DJIEMCHTHBI FeﬁMHCI)HKaHHH, HWHTCPAKTUBHOI'O MOJACIIMPOBAHUS U MYJIBTI/IMGI[I/II\/JIHOI‘O KOHTCHTAa
JUIS TIOBBIIICHUS BOBJICYCHHOCTH W MOTHBAIIMM Y4YaluXxcs. Brirouass 3JIEeMEHTHI BBI30BA,
UCCIIC/IOBAaHUST M BO3HATPAXKICHUS, OHM CO3JAI0T 3aXBATHIBAIOIIUN ONBIT OOy4YCHHS,
CHOCOOCTBYIONIHI AKTUBHOMY YYaCTHIO U TIOJYYCHHUIO yIOBOJIbCTBUSI.

- AHanuTHKa HA OCHOBE JaHHBIX: JTH CHUCTEMBI COOMPAIOT UM aHATM3UPYIOT OTPOMHEIE
00BEMEL JAaHHBIX O B3aHMOHeﬁCTBHH ydyamuxcs, uxX npeAarnodYTCHUAX U yCIIeBacMoOCTH, I-ITOGI:I
TCHCPUPOBATL IIOJIC3HBIC HACHU IJId HpeHOﬂaBaTeHeﬁ n  aIMUHHCTPATOPOB. BroiaBnas
TEHJICHIMH, 3aKOHOMEPHOCTH M KOPPEJSAIMHA B JaHHBIX 00 ydalleMcsi, OHU MOTYT CIYXXHTb
OCHOBOW JUIi TPUHATHS YYEeOHBIX pEIICHHH, pa3padOTKW y4eOHBIX MPOrpaMM U
00pa3zoBaTebHON MOJIUTHKH.

BBoJ nCX0MHBIX
IIAHHBIX OT OJI0Ka

TJTAaHUPOBAHMS U
MOHHTOPHHTA
o0y4enust ninu Onoka
oOydeHus u
TECTHPOBAHUS 3HAHUN

Her IMouck B Gaze
3HaHWH OJM3KOT0
mpaBuiia

JlanHbie
COOTBETCTBYIOT
MpaBHUIaM

IIpaBuna

o ITocTpoenue
HaiizieHo

HOBOI'O ITpaBHJIa

OxoHYaHuE B COOTBETCTBUH
TIPOLIEYPBI C UCXOJHBIMH
ananTarun Mondurars JTAaHHBIMH
1 1 HaWIGHHOTO TIpaBUIIa
B COOTBETCTBHH C i
UCXOAHBIMU [epecsuika
JIaHHBIMHU HOBOT'O
npaBuia B
l 0a3y 3HaHHI
Ilepechuika
MO (DUIIMPOBAHHOTO
mpaBuia B 6azy
3HAHUI
]

Pucynok 1. Cxema GpyHKIMOHHPOBAHUS aIallTAllUN TPEHAXKEPHOTO KOMILIIEKCA C
SKCHEPTHBIMU CUCTEMaMH.

B o6Omactu HedrerazoBoil OTpaciaM, HampuUMeEp, CYIIECTBYIOT KOMIIBIOTEpHBIC
TPEHAXEPHl MJi1 OOY4YEHHUsS OIMEepaTOpOB TEXHOJOTHUYECKHM TmporieccaM. OHHM MOMOTaroT
omneparopam YIpaBiATh CI0KHBIMU TEXHOJIOTMYECKUMHU IPOLIECCAMH, KAueCTBO KOTOPBIX
4acTO 3aBUCUT OT WX JEHCTBHUI'. B cTaThe, KOTOPYIO s HAIIeN, MPEICTaBIeH KpaTKuil 0030p
CYIIECTBYIOIIUX MPOTPAMMHO-TPEHAKEPHBIX KOMIUIEKCOB JJisi OOYy4YeHHS OINepaTopoB
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TEXHOJIOTHYECKUM TIpolieccaM He(TerasoBoil oTpaciiv, 0003HAYeHBI OCHOBHBIE MPOOJIEMBI
Pa3BHUTHSI KOMITBIOTEPHBIX TPEHAXKEPOB, & TAKKE IMMyTH X YCOBEPIICHCTBOBAHUSI.

B 1ienom, HHTEIIEKTYaJIbHBIE TPEHAXKEPHI IO TEXHOJIOTUIECKAM MPOIIECCaM SIBIISIFOTCS
BaXHBIM MHCTPYMEHTOM JUISI TIOJITOTOBKY KBATH(PHUIIMPOBAHHBIX CIEIIUAINCTOB B PAa3IMIHBIX
oTpacisX MPOMBINUIEHHOCTH. OHM 00€CIEeUYHnBAIOT MPAKTUYECKYIO TMOATOTOBKY, MO3BOJISIOT
orepaTopaM y3HaTh U MOHITH TEXHOJIOTHUYECKUE MPOIECCHl U 000PYyI0BaHHUE, C KOTOPHIM OHU
OynyT paboTaTh, ¥ IOMOTAIOT YJIYYIIATh 0€301MacHOCTh U A (HEKTUBHOCTH PAOOTHI.
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In order to accurately identify the types of tomato diseases, this material carries out the
research on the tomato disease detection algorithm based on YOLOVS5. In this study, the
performance impact of different optimizers on tomato disease detection models was compared,
and high-precision detection of tomato diseases was achieved. The final detection accuracy of
this tomato disease detection model is up to 97.5%.

1. Introduction

As an important economic crop, the yield of tomato will be affected by a variety of
diseases in the planting process, and the lack of timely prevention and control will cause a lot
of losses to the tomato planting industry [1]. Therefore, timely mastering the development of
diseases plays an important role in tomato cultivation and harvest [2]. Convolutional neural
network can effectively overcome the defects of traditional machine learning and build feature
extractors with higher detection accuracy and generalization ability, and has been applied to the
field of agricultural disease detection [3].

2. Dataset establishment

In this research, three kinds of tomato diseases with high incidence rate, together with
healthy tomato leaves, are used as research objects to establish image datasets. An example of
asingle picture for each category of the dataset is shown in Figurel. The research dataset source
of this material is the Tomato dataset publicly available on Kaggle website.

L ; { v e

4 5 s | \ ) | ,/‘
(a) Healthy (b) Late_blight (c) Powdery_mildew (d)Yellow_leaf curl_virus
Figure. 1 Example of tomato disease species
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After image preprocessing and Lablimg labeling, the dataset images are stored as tomato
disease dataset. This dataset contains a total of 4000 images of four kinds of tomato leaf, and
the final number of each category are shown in Table 1.

Tab.1 General information on the dataset of tomato disease

Lab Heal Late b Powdery m Yellow leaf cur
el Name thy light ildew 1 virus
Ima 256x% 256x2 256%256 256%256
ge size 256 56
Nu 926 1003 847 1224
mber

3.YOLO tomato disease model training
In this study, YOLOV5s network model is selected as the basic network, and pre-training
Is carried out on the constructed dataset. YOLOV5s network model is shown in Figure. 2. In the
training process, Adam and SGD optimizers are selected to train the tomato disease dataset, and
the influence of different optimizers on the model training results is compared.
BackBone PANet Output

| BottIeNeckCSP ~——> Concat '_> BottIeNeckCSP —-—-> Convlxl

v
Conv3x3 S2
P R 2

Conlel ’—» Concat |

|
|
| \ BottleNeckCSP

v : :
| BottleNeckCSP ————> Concat | | BottleNeckCSP —————> Convixl

' * :
. Conv3x3 S2
i | ;

P Convlxl y—» Concat ‘
] P— —
i > BottIeNeckCSP \ ‘BottleNeckCSP —+——> Convixl

Figure. 2 Structure diagram of YOLOV5s[4]

In this study, the experiment running environment is windows10 64-bit system, and
Pytorch 2.0.1 version of the open source deep learning framework is used, which supports GPU
acceleration and dynamic neural network. In this experiment, the dataset is divided according
to the 8:1:1 ratio of training set, validation set and test set. The number of fully connected layers
in the model in this material is 4, which represents four different types of dataset category. The
setting of specific initial experimental parameters is shown in Table 2.

Table 2 Initial experimental parameter Settings

Parameters Value
Batch size 16
Number of iterations 100
optimizer SGD/Adam
Input size 256*256
Learning rate 0.01

4. Training results and analysis

SDG and Adam optimizers were selected to complete 100 rounds of training on the
tomato disease dataset, and the comparison of the training results of the two training models is
shown in Figure 3. The final trained model performance data are shown in Table 3.
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wmmm YOLOVSS+5DG s YOLOVSS+Adam m— YOLOVSS4SDG — ====YOLOV5s+Adam

PRECISION

Figure. 3 Comparison of accuracy and mAP_0.5 values of the two models
It can be seen from Figure 3 that after 100 rounds of training of YOLOv5s+SDG model
on tomato disease dataset, the detection precision curve and mAP_0.5 curve have reached the
convergence state. However, the detection precision curve and mAP_0.5 of YOLOv5s+Adam
tomato disease model did not reach the convergence state after 100 rounds of training. It shows
that for the tomato disease dataset in this study, YOLOv5s+SDG model has faster convergence
speed than YOLOv5s+Adam model, and can achieve good results in a shorter training period.
Table 3 Comparison of the final training performance of the two models

Model precision/% recall/ % MAP_0.5/
%
YOLOvV5s+SDG 97.5 994 99.2
YOLOv5s+Adam 94.2 98.5 99.0

According to the above experimental comparison results, YOLOv5s+SDG model has
the advantages of fast convergence speed, high training efficiency and relatively high accuracy
for the tomato disease data set in this study, and the detection precision can be as high as 97.5%.
The visual detection results on the validation set are shown in Figure. 4.

Figure. 4 Detection results of partial disease pictures in the validation set
5. Conclusion
In this study, a detection model based on YOLOV5 is implemented for the task of tomato
disease recognition, and the detection accuracy can reach 97.5%. The SDG and Adam
optimizers were used to train the model. The training comparison results show that the
YOLOv5s+SDG model has faster convergence speed, higher training efficiency and higher
training precision on the tomato disease dataset than the YOLOv5s+Adam model.
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Yillar o'tishi bilan Internet rivojlanib borishi bilan Internet orgali amalga oshiriladigan
hujumlar soni ko'paydi. Hujumlarni aniglash tizimi (IDS) axborot xavfsizligi uchun
go'llaniladigan yugori gatlamlardan biridir. IDS biznes uchun xavfsiz muhitni yaratadi va
shubhali tarmoq harakatlaridan saqlaydi. Hozirgi davrda xavfsizlik tahdidlarini aniglash va
tasniflash uchun IDS-da Machine Learning (ML) algoritmlari go'llanilmogda. Ushbu magolada
bir nechta dasturlar uchun IDS-da ishlatiladigan turli xil ML algoritmlarini giyosiy tahlili
keltirib o’tilgan.

Vektorli mashinani go'llab-quvvatlash (SVM)

SVM - bu ko'pincha go'llaniladigan ML algoritmlaridan biri. SVM ham tasniflash, ham
regressiya uchun ishlatilishi mumkin. Algoritmni yorligli ma'lumotlar bilan o'rgatish mumkin
va u barcha hujum sinflari orasida chegarani maksimal darajaga ko'taradigan giper tekislik
orgali ma'lumotlarni sinflarga ajratishni chigarishi mumkin. SVM ikkilik klassifikator sifatida,
shuningdek kaskad usulidan foydalangan holda ko'p sinfli tasniflashni amalga oshirishi
mumkin. SVM asosan ishlatiladigan yadro turlariga va parametrlariga bog'liq.

Logistik regressiya (LR)

LR - bu sinflarning diskret to'plamini kuzatish uchun ishlatiladigan boshqgariladigan ML
tasniflash algoritmi. Logistik funktsiya sigmasimon funktsiya deb ataladigan xarajatlar
funktsiyasidan foydalanadi. Ushbu funktsiya bashoratlarni ehtimolliklar bilan tagqoslaydi.
Ma'lumotni logistik funksiyaga moslashtirish orgali hodisa ro'y berish ehtimolini taxmin gilish

mumkinligini ta'kidladi. Sigmasimon funktsiyaning formulasi:

F) = —= (1)

Bu erda F (x) 0 va 1 orasidagi chigish, x funktsiya uchun kirish, e esa tabiiy jurnalning
asosidir.

Lineer diskriminantlar tahlili (LDA)

LDA - bu o'lchovni kamaytirish va bashorat gilish uchun ishlatiladigan oddiy chizigli
boshgariladigan ML algoritmi. Bayes teoremasiga asoslanib, LDA yangi yozuvlarning gaysi
sinfga tegishli bo'lish ehtimolini taxmin giladi [8].

_ N (PlexfE(x))
PY =x1X=x)= sum(Pllxf(x))’ )
Bu erda k (x) - chigish klassi, x - Kkirish klassi, f (x) - taxmin gilingan ehtimollik va
PP kk - oldingi ehtimollik. ikkilik, shuningdek ko'p sinfli sinf.
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Tasodifiy o'rmon (RF)

RF - bu tasniflash va regressiya uchun ishlatiladigan murakkab chizigli bo'lmagan
boshqariladigan algoritm. Bu modelni o'gitishda ko'plab qgaror daraxtlarini barpo etadi va
natijada barcha daraxtlarning bashorat gilish natijalari birlashtirilib, natijada Ansambl texnikasi
sifatida qayd etiladi.

RF chastotalari quyidagicha ishlaydi: modeldagi daraxtlar soni gancha ko'p bo'lsa, aniglik
yugori bo'ladi va modelga haddan tashgari mos kelmaydi.

K-means

K-vositalari nazoratsiz ML algoritmlaridan biridir. Ushbu algoritm ma'lumotlar
tarkibidagi guruhlarni topishga asoslangan holda ishlaydi va guruhlar sonini o'zgaruvchi
ko'rsatishi mumkin. K-vositalar algoritmi namunalarni moslashtirish uchun vaqt gatorlari
ma'lumotlarida yuqori darajada go'llaniladi.

Ushbu xususiyatlar keyinchalik Naive Bayes klassifikatori yordamida tasniflanadi. K-Means
algoritmining kamchiliklari shundaki, u ma'lumotlarning sharsimon shakli uchun
go'llanilmaydi.

Printsiplarni tahlil gilish (PCA) PCA bu o'lchovni kamaytirish uchun ishlatiladigan
usuldir. PCA printsipial komponentlar deb nomlangan yangi o'zgaruvchilar to'plamini tagdim
etadi va har ganday boshgariladigan ML algoritmiga kirish sifatida ishlatilishi mumkin.
Aburomman va boshq. [1] taklif gilingan ansambl PCA-LDA usuli. PCA faqgat chizigli
xususiyat ma'lumotlarini olib tashlashga qodir va LDA chizigli bo'Imagan xususiyat
ma'lumotlarini o'chirib tashlaydi.

Yarim boshqariladigan ML algoritmi

Yarim boshgariladigan ML algoritmi nazoratsiz o'rganish va nazorat ostida o'rganish
o'rtasida yotadi. Ushbu o'quv texnikasi mashg'ulotlar uchun noma'lum ma'lumotlardan,
shuningdek katta migdordagi noma'lum ma'lumotlar uchun oz miqdordagi etiketlangan
ma'lumotlardan foydalanadi. Jarrah va boshg. [2] tarmogning kirib kelishini aniglash uchun
taklif gilingan yarim nazorat ostida ko'p gavatli klasterlash modeli. Ushbu algoritm tasodifiy
K-Means klasterlash algoritmining bir necha gatlamlarini taqdim etadi, bu tasniflagichning
xilma-xilligini yaxshilaydi va kirishni aniq aniglashga olib keladi.

Ishlashni baholash ko'rsatkichlari
ML algoritmlarining samaradorligini aniqglik, aniglik, eslash va FScore va boshqalar kabi
ko'rsatkichlar yordamida o'lchash mumkin. Ba'zi ko'rsatkichlar quyida muhokama gilinadi:

Asosiy atamalar va formulalar

Haqiqiy ijobiy (TP): Dastlabki ma'lumotlar nuqgtalari ham, bashorat gilingan
ma'lumotlar nugtalari ham to'g'ri.

Haqiqiy salbiy (TN): asl ma'lumot punktlari ham, bashorat gilingan ma'lumotlar
nugtalari ham yolg'ondir.

Soxta ijobiy (FP): asl ma'lumotlar punktlari noto'g'ri, ammo taxmin qilingan
ma'lumotlar nuqtalari to'g'ri.

Soxta Salbiy (FN): Original ma'lumotlar nugtalari to'g'ri, ammo taxmin gilingan
ma'lumotlar noto'g'ri.

TN+TP
Accurasy = —————, 3)
TP+TN+FP+FN
. . TP
Precision = ——, 4)
TP+FP
TP
Recall = ——, )
TP+FN
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F-o‘Ichovi shuningdek, F-Score deb nomlanadi, bu eslab qgolish va aniglikning o'rtacha
giymatini aniqlaydi. Quyidagi formula bilan o‘lchanadi:

2(R+P)
R+P '’ (6)

Bu erda, R - eslash, P - aniglik, ROC egri - bu har xil chegaralar darajasida
klassifikatorning ishlashini ko'rsatadigan gabul qiluvchining ishlash xarakteristikasi egri
chizig'i. Ushbu ROC grafigi TP va FP kabi ikkita parametrni tuzadi. AUC-ROC ROC egri
chizig'i ostidagi ikki o'lchov maydonini o'Ichaydi. Othman va boshg. [15] AUROCNHI topish
uchun quyidagi formuladan foydalangan:

auRoC = [ (%)ac), )
Qayta tiklashning egri chizig'i ostidagi maydon turli xil chegaralarda eslash va aniglik
o'rtasidagi o'zaro bog'liglikni tushuntiradi.
TP

AUPR = fol (TP+FP) d(%), (8)

Hujumlarni aniglashning aqgl-zakovati va samaradorligi yugoridagi ko'rsatkichlar bilan

o'lchanadi, shuningdek, kirishni aniglash uchun tadgiqotchilarning aksariyati aniglash darajasi

va noto'g'ri ijobiy tezlik deb nomlangan o'lchovlardan foydalangan. Yaxshi IDS aniglash

darajasi juda yugori va soxta ijobiy darajasi past bo'lishi kerak [1]. U quyidagi formula bo'yicha
hisoblanadi:

F — Score =

TP

Detection rate = ——, 9
TP+FN
. FP
False Positive rate = ——, (10)
FP+TP
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Bronx obstruktiv sindromi — bu yosh bolalarda ko'p uchraydigan bir kasallikdir. Bu,
bronx shoxlarining gisga vaqt ichida bir necha marta kechkin golgan bir yoki bir nechta katta
bronxlarni bloklaydi. Bu blokada, havo sadoqatlari o'zgaradi, shuningdek o'zgaradi va bronxlar
to'g'ri o'rganlarga yetkazilmaydi.

Bu holat oxir-oxirgi yillarda ko'p o'tkazilgan tadgiqotlar va ilmiy tadgigotlar orgali
tushirilmogda. Yana ganday davolash usullari kerakligini tushunish uchun keng ko'lamli ilmiy
tadgiqotlar kerak. Bunday holatlarda, kattalar ota-onalarga qo'llab-quvvatlanish va sabrli
davolanish juda muhimdir.

Bronxoostruktiv sindrom bir gancha sabablarga asoslangan shuningdek genetik va
mukammmal olmaydigan embriyonal jismlarning tuzilishi va gqoidalariga muammoni o'z ichiga
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oladi. Bu holatni davolashning yagona usuli mavjud emas, ammo sun'iy intellekt (Sl)dan
foydalanish bu muammoga yangi yondashuvlar izlashga yordam berishi mumkin.

Sl tahlil qilish, sanoatni avtomatlashtirish, va shaxsiy tibbiyot sohasidagi yangi
texnologiyalarning o'rnatilishi orgali, Bronxoostruktiv sindromni erkaklarda aniglash va
davolash muammoni hal gilishda muhim rol o'ynaydi. SI, bronxoostruktiv sindromning ma‘lum
belgilarini tanib olish va bu holatni oldini olish uchun mosliklarni tavsiya gilishi mumkin. Yana,
Sl tibbiyot sohasida yangi dasturlar yaratishda va ilmiy tadgigotlar olib borishda ham
go'llanilishi mumkin. Bunday usullar, bronxoostruktiv sindromga ega bolalar uchun
afzalliklarga ega bo'lishi mumkin.

Bronx obstruktiv sindromi o'ziga xosrog masaladir va uning davolash usullari
shifokorlar, terapevtlar, va kasallikni tahlil gilish uchun mutaxassislar tomonidan amalga
oshiriladi. Bu sindromning holatiga garab, biror xususiy usullar muayyan bo'lishi mumkin.

Bolalar uchun yangi yondashuvni ishlab chigish jarayoni uchun ko'plab yo'l bor, ammo
bir nechta umumiy garorlar mavjud:

Davolash rejasi: Shifokorlar va terapevtlar obstruktiv bronxitni davolash uchun
moslashtirilgan rejani tavsiya qilishlari mumkin. Bu rejalar o'sishni va simptomlarni
kamaytirishni magsad giladi.

Dori vositalarining ishlatilishi: Bronx obstruktiv sindromida dori vositalari, masalan,
bronx dilatorlar, inhalatorlar, yoki kortikosteroidlar, simptomlarni bajarish uchun tavsiya
etiladi. Ular havo yo'llarining ochishini yengillash va ganigarliyini 0'z ichiga oladi.

Tibbiy monitorlash: Bolalar davolash paytida terapevtlar tomonidan monitor gilinadi,
shuningdek, ularga takroriy tekshirishlar o'tkaziladi, shu jumladan pulmonolog tomonidan.

Mashq va terapiya: Bolalar havo yo'llarini ochish va havo ogimlarini yaxshilash uchun
mashqlar va terapiya oladi. Bu, og'rigni yengillatish, qorin tutish va og'riglar ustida ishlashga
yordam berishi mumkin.

Tuberkulez, alergiya yoki boshga asosiy sabablarni davolash: Agar obstruktiv
bronxitning sababi tuberkulez, alergiya yoki boshga davolash talablari bo'lsa, ular ustida ham
ishlov berilishi mumkin.

Nazorat va istigomat: Bronx obstruktiv sindromining davolashida mavjud xolatni
nazorat gilish juda muhimdir. Shifokorlar va terapevtlar davolash natijalarini kuzatib borish
uchun boshqarish rejimlarini belgilaydilar.

Munosabat va yoshlar uchun go'llab-quvvatlash: Bolalar va ularning oilalari uchun bu
jarayon ko'p holatda muhim va o'zaro munosabatlarni go'llab-quvvatlash ham muhimdir.
O'quvchilar uchun ishni bajarish va ta'limni boshlashda go'llanish va o'zaro go'llab-quvvatlash,
masalan, jismoniy aktivliklarga gatnashish va yaxshi ovqgatlanish, juda muhimdir. Bronx
obstruktiv sindromini davolash jarayoni odatda ko'plab usullar va individual holda amalga
oshiriladi. Shifokorlar, terapevtlar va kasallikni tahlil gilish uchun mutaxassislar bu jarayonni
boshgarishda yordam berish uchun ko'p imkoniyatlarga ega.
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Urbanization intensifies the global water crisis, demanding innovative solutions for
sustainable water management. This paper critically examines the potential of Artificial
Intelligence (Al) to optimize water delivery, minimize waste, and promote environmental
sustainability in cities. We explore recent research findings on Al applications in water demand
forecasting, leak detection, smart irrigation, and energy reduction. The paper also identifies key
challenges and outlines a collaborative approach for successful Al implementation in urban
water infrastructure.

Freshwater scarcity poses a significant threat to urban centers worldwide. Rapid
population growth coupled with aging infrastructure and inefficient water management
practices exacerbate the crisis. Traditional water management systems often struggle to meet
demand, leading to water shortages, increased pressure on resources, and environmental
degradation [1]. Al has emerged as a promising solution for transforming urban water
management into a data-driven, intelligent system. By integrating machine learning algorithms
with sensor networks, Al can offer real-time insights, optimize resource allocation, and promote
sustainable water use.

Al Applications in Urban Water Management:

This section delves into specific Al applications for urban water management, drawing
on recent research and statistics:

o Predictive Demand Forecasting:

Accurate water demand forecasting is crucial for efficient resource allocation. A 2023
study published in the Journal of Hydrology by Xu et al. [1] demonstrated that Al-powered
demand forecasting models incorporating weather forecast uncertainties can reduce urban water
consumption by up to 15%. This research highlights the potential of Al to proactively adjust
water pressure and pumping schedules based on real-time and predictive data, ensuring water
availability where and when it's needed.

e Leak Detection Revolution:

Leaks in aging urban water infrastructure are a major source of water loss. A 2022 study
in Environmental Modelling & Software by Wang et al. [2] found that Al-based leak detection
systems using Long Short-Term Memory (LSTM) networks can reduce urban water loss by an
average of 20%. These Al systems analyze pressure sensor and smart meter data in real-time,
enabling rapid identification and repair of leaks, minimizing water loss and infrastructure
damage.

e Smart Irrigation for Green Cities:

Urban green spaces contribute significantly to city life, but traditional irrigation systems
often waste water. Research by the Singapore University of Technology and Design (SUTD) in
2022 explored the use of Al-powered irrigation systems with soil moisture sensors. Their
findings suggest that these systems can optimize watering schedules based on real-time needs,
leading to water savings of up to 30% while maintaining healthy plant life in urban
environments.

Beyond Efficiency: Al for Environmental Sustainability
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Al's benefits extend beyond immediate water savings, fostering environmental

sustainability in urban areas:

Reduced Energy Consumption: The American Water Works Association (AWWA)
published a white paper in 2023 [3] exploring Al's role in water utilities. Their research
suggests that Al-controlled pump stations can achieve energy savings of up to 35%
compared to conventional methods. Al optimizes pumping schedules, minimizing
energy usage for water treatment and distribution, leading to a significant reduction in
a city's carbon footprint.

Early Drought Detection: Al algorithms can analyze satellite imagery and weather
data to identify early signs of drought. A 2021 study by the National Oceanic and
Atmospheric Administration (NOAA) [4] investigated the use of Al for drought
monitoring. Their findings demonstrate the potential for Al to predict droughts with
higher accuracy than traditional methods, allowing cities to implement water
conservation measures before a crisis unfolds.

Challenges and Considerations for Al Implementation:

While Al offers significant benefits, implementing Al solutions in urban water

management presents several challenges:

Data Infrastructure Development: A robust network of sensors and data collection
systems is crucial for providing real-time information to Al algorithms. Significant
investments are required to establish and maintain this infrastructure.

Cybersecurity Concerns: Cybersecurity measures are essential to protect sensitive
data collected by sensors and used by Al systems.

Integration with EXxisting Systems: Seamless integration of Al technology with
existing water infrastructure is necessary to minimize disruption and ensure smooth
operation.

Stakeholder Capacity Building: Training personnel on operating and maintaining Al-
powered water management systems is vital for successful implementation [3].

The Future of Al in Urban Water Management: Looking Beyond

The potential of Al for urban water management extends beyond the applications

currently explored. Here are some promising areas for future research and development:

Personalized Water Management: Al could personalize water use recommendations
for households and businesses based on historical data and real-time consumption
patterns. This could empower residents to make data-driven decisions and further
reduce water waste. Imagine a system that analyzes your water usage habits and
suggests ways to conserve water, such as shorter showers or fixing leaky faucets.
Decentralized Water Treatment: Al-powered systems could manage decentralized
water treatment facilities, optimizing resource allocation and treatment processes for
smaller, community-based water systems. This could be particularly beneficial in peri-
urban areas or communities struggling with traditional water infrastructure[4].
Predictive Maintenance: Al algorithms can analyze sensor data from pumps, pipes,
and other infrastructure to predict potential failures and schedule preventative
maintenance. This proactive approach minimizes service disruptions and extends the
lifespan of critical water infrastructure. By predicting when a pipe might burst, for
example, cities can fix it before it causes major problems.

Climate Change Adaptation: Al can be integrated with weather forecasting models to
predict future water availability and demand fluctuations due to climate change. This
information allows cities to develop proactive water management strategies to adapt to
a changing climate. Al can help cities plan for droughts and floods, ensuring a more
secure water supply for the future.

Conclusion:

Al presents a transformative opportunity for urban water management. By harnessing

the power of data and intelligent algorithms, cities can move towards a future of sustainable
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water use, environmental protection, and improved quality of life for all residents. As research
and development in this field continue to evolve, Al will play an increasingly critical role in
ensuring a secure and sustainable water future for our cities.
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The development of artificial intelligence (Al) and its implementation in the field of
education is becoming widespread. Experts agree that Al will lead to significant
transformations in industries related to intellectual activity, which include education.

The education sector, unlike business, has its own specifics for the integration of Al
technologies. The main goal of introducing Al into educational processes is not to obtain an
economic effect, but to improve the quality of education, which is difficult to measure using
a system of objective indicators.

At the same time, the use of artificial intelligence is not only equipping classes and
auditoriums with appropriate equipment, but also a change in the educational paradigm. As
Al solutions are introduced, traditional classes will be replaced by multi-format project-
based learning.

The role of the teacher will also change. His importance as a mentor will increase,
motivating students to work independently, teaching them how to work with information,
and finding new solutions. This is due to the fact that artificial intelligence in education is
based on the use of a variety of applications, including intelligent mentors, functions of
personal and prompt feedback, and monitoring progress in learning.

Artificial intelligence (Al) is used in education for:

Personalization of learning: Al can help teachers create personalized learning plans
for each student based on their individual needs and abilities.

Automate routine tasks: Al can help teachers free up valuable time by automating
routine tasks such as grading tests, grading papers, and preparing teaching materials.

Data analysis: Al can analyze learning data, helping teachers identify areas where
students need additional support and suggesting strategies to improve learning. This will
make it possible to predict educational results.

Development of new teaching methods: Al can help teachers develop and test new
teaching methods based on the analysis of large amounts of data. Where human attention
may fail, Al will work strictly according to the algorithm, without missing anything.

Improving access to education: Al can help teachers create innovative resources
that make education accessible to all students.

The power of Al can also be used to provide tailored support and increase awareness
of knowledge gaps, allowing educators to leverage personalized and adaptive learning
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technologies. Al enables algorithm-based decision making that evaluates complex skills and
knowledge in real time.

In addition, educational systems based on artificial intelligence are able to analyze
the dynamics of classroom activities and student engagement, which makes it possible to
quickly identify underperforming students and eliminate gaps in knowledge.

The following technologies, which until recently seemed like a distant future, are
already being used in the educational sphere.

Implementation of adaptive learning. Adaptive learning presupposes a form of
organizing the educational process in which the skills, interests and other individual
characteristics of students are taken into account as much as possible. The construction of
adaptive educational models is carried out using technologies based on Al and machine
learning, which make it possible to analyze the results of mastering an educational program
by a student or schoolchild and adjust it for each student.

Al-powered gamification. Using artificial intelligence algorithms, personalized
games can be created that help speed up the learning process. This makes learning more fun
and promotes better learning. First of all, gamification in education is used to increase
student motivation. It also helps to achieve higher concentration, interest in the material
being studied and retention of attention throughout the lesson.

Introduction of intelligent robotics into education. Robots in the learning process
can be used to solve a variety of problems - from programming to designing and conducting
experiments. This helps students develop problem-solving, creativity and teamwork skills.
Students get the opportunity to apply their acquired knowledge and skills in practice, as well
as develop creative and engineering thought.

Generative artificial intelligence. Over the past year, the popularity of this Al
technology has grown rapidly. In education, generative Al is also used to improve the
educational process. For example, a chatbot is able to answer students’ questions, and
neural networks help analyze the results of classes, select topics and materials for new
ones, and tell speakers which programs require adjustments. Al also helps in the
administrative work of teachers.

Currently, three modern artificial intelligence algorithms are actually used in teaching:

» Ensembles of algorithms based on logic of varying degrees of complexity. It is this
Al that is responsible for constructing individual learning paths or analyzing the effectiveness
of a lesson plan.

» Pre-trained neural networks, which are created to solve one specific problem and
trained on a large amount of data. Such neural networks may, for example, be responsible for
automatically understanding language or recognizing emotions on students’ faces.

> Neural networks that belong to the field of shadow deep learning. In this case,
the pretrained neural network is additionally trained on a smaller amount of data and adapted
to solve a narrower problem. For example, when a language neural network is specialized in
checking open tasks for a particular course.

The results of the study show that today the education sector is at an early stage of
introducing Al technologies. On the one hand, in terms of investment opportunities in Al
technologies and attracting specialized specialists, it is inferior to the leading segments of
the economy: banks, trade, telecommunications. On the other hand, educational institutions
have a special need for the use of Al, since this field of activity is directly related to
information and its processing.

You need to use Al where you can see and understand how it made this or that decision
and why it did so. Indeed, in educational projects, especially those aimed at children and
adolescents, errors or incorrect interpretation of data can lead to serious consequences for a
person’s fate.

Artificial intelligence allows not only to conduct an in-depth analysis of the interaction
between the student and the system, but also provides an accurate assessment of the current
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state and contributes to the construction of an individual learning trajectory depending on the
person’s demonstrated abilities.

The capabilities of artificial intelligence in the field of analysis and forecasting are used
for:

v' analyzing the interaction between a teacher and a student;

v’ forming an individual educational trajectory for a student;

v' assessing the current progress of students;

v monitoring the educational activities of both students and teachers.

Thus, the use of artificial intelligence solves one of the problems of education -
universality, allowing you to change approaches to learning, offering different learning options
depending on the individual characteristics of each student. Features of Al in education are the
use of key models: pedagogical, educational (various educational platforms, systems, training
simulators, etc.), student model.
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So'nggi o'n yilliklarda sun'iy intellekt (Al) tibbiyotdan tortib transportgacha bo'lgan
sohalarda ajoyib yutuglarni namoyish etdi. Ushbu sohada texnologiyalarning rivojlanishi
jamiyat giyofasini o'zgartirishga va inson hayotining turli sohalariga innovatsiyalarni olib
kelishga va'da beradi. Sun'iy intellekt-bu bizning kundalik tajribamizni o'zgartirish va hayot
sifatini yaxshilashga godir texnologik ingilob.

Vaqt o'tishi bilan sun'iy intellekt ilmiy fantastikadan zamonaviy texnologik davrning
ajralmas gismiga aylandi. Sun'iy intellekt tadgiqot sohasi sifatida XX asr o'rtalarida, asosan
1950-villarda paydo bo'lgan. Bu atama 1956 yilda Dartmut kolleji konferentsiyasida kiritilgan
bo'lib, unda jon Makkarti, Marvin Minski, Enderson Nyuell va Gerbert Saymon kabi bir gator
tanigli olimlar inson agl-idrokiga taqlid gila oladigan mashinalarni yaratish imkoniyatlarini
muntazam ravishda o'rganishni boshladilar. Birog, sun'iy intellekt g'oyasining o'zi ushbu
konferentsiyadan ancha oldin olimlarning asarlarida kuzatilgan uzoq tarixga ega.

Texnologiyalarni rivojlantirish va ulardan foydalanish hagidagi zamonaviy g'oyalar
standartlashtirish jarayonlarini innovatsion faoliyat bilan bog'laydi [2], shuning uchun yangi
standartlar paydo bo'ladi. O‘zbekiston yondashuvining o'ziga xos xususiyati faoliyatning
muayyan sohalarida, birinchi navbatda sog'ligni saglash, ta'lim, gishloq xo'jaligi va transportda
sun'iy intellektning amaliy tizimlarini standartlashtirishga alohida e'tibor berish edi. Shu bilan
birga, faoliyatning har bir sohasi uchun yagona printsip asosida qurilgan o'ziga xos standartlar
guruhi shakllantiriladi: ushbu sohada sun'iy intellektdan foydalanish ontologiyasi; ushbu
sohaga xos bo'lgan vazifalarni va sun'iy intellekt texnologiyalaridan foydalanadigan funktsional
quyi tizimlarni yaratish va ulardan foydalanishning umumiy masalalarini hal giladigan
namunaviy axborot va texnologik tizimlarning tavsiflari[1] sun'iy intellektni rivojlantirish
motivlari har xil. Birinchidan, ko'p vaqt talab giladigan vazifalarni avtomatlashtirish va ish
faoliyatini yaxshilashga intilish, aynigsa sanoat va biznesda asosiy omillarga aylandi.
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Ikkinchidan, yangi texnologik imkoniyatlarni yaratish va ilmiy tadgiqotlar chegaralarini
kengaytirish innovatsiyalarni boshgaradi. Ish joylarini yo'qotish va axlogiy muammolar kabi
xavf-xatarlarga garamay, ko'plab tadgigotchilar va tadbirkorlar to'g'ri boshgaruv bilan
texnologiya katta foyda keltirishi mumkinligiga ishonishadi.

Al muhim hissa go'shishi mumkin bo'lgan hayotning quyidagi sohalarini keltirishimiz
mumKkin:

1) Tibbiyot va biotexnologiya.

Sun'iy intellekt allagachon tibbiy tadgiqotlar va kasalliklar diagnostikasida faol
foydalanilmogda. Tibbiyot sohasida chuqur o'rganish, tasvirlarni tasniflash va ob'ektni
aniglashga asoslangan sun'iy intellekt usullari endi saratonni MRIda yuqgori malakali
rentgenologlar kabi aniglikda aniglash uchun ishlatilishi mumkin [3]. Mashinani o'rganish
algoritmlari katta hajmdagi ma'lumotlarni tahlil gilish, nagshlarni aniglash va erta bosqichlarda
potentsial kasalliklarni bashorat gilish imkoniyatiga ega. Bu diagnostika va davolash
jarayonlarini  takomillashtirish, xatolar xavfini kamaytirish va tibbiy aralashuvlar
samaradorligini oshirish imkonini beradi.

2) Ta'lim va shaxsga garatilgan ta'lim.

Sun'iy intellekt shaxsga garatilgan o'quv dasturlari va moslashtirilgan usullarni tagdim
etish orgali ta'lim jarayonlarini ingilob gilmoqgda. Al algoritmlari talabaning o'rganish uslubini,
kuchli va zaif tomonlarini tahlil gilishi, shaxsiylashtirilgan materiallar va topshiriglarni tagdim
etishi mumkin. Bu bilimlarni samarali o'zlashtirishga va har bir o'quvchining o'ziga xos
gobiliyatini rivojlantirishga yordam beradi.

3) Transport va logistika.

Avtomatlashtirish va sun'iy intellektning transport sohasida joriy etilishi bilan xavfsizlik
va samaradorlikning sezilarli yaxshilanishi kutilmoqda. Yo‘l harakati boshqaruv tizimlari,
avtonom avtotransport vositalari va marshrutni optimallashtirish algoritmlari yo‘l-transport
hodisalarini kamaytirish, transport ogimini yaxshilash va sayohat vaqtini tejash imkonini
beradi.

4) Ishlab chiqgarish va robotlashtirish.

Sun'iy intellekt sanoatda ishlab chiqgarish jarayonlarini boshqarish va robotlashtirish
uchun faol qo'llaniladi. Mashinani ko'rish tizimlari, sun'iy intellekt robotlari va ishlab
chigarishni optimallashtirish algoritmlari samaradorlikni oshirishi, xarajatlarni kamaytirishi va
mahsulot sifatini yaxshilashi mumkin.

5) Etika va xavfsizlik.

Birog, inkor etib bo'lmaydigan afzalliklari bilan bir gatorda, sun'iy intellektning
rivojlanishi axloq va xavfsizlik masalalarini keltirib chigaradi. Mumkin bo'lgan salbiy
ogibatlarga yo'l go'ymaslik uchun nazorat gilish, ma'lumotlarni himoya qilish va sun'iy
intellektdan foydalanishda shaffoflikni ta'minlashning samarali mexanizmlarini ishlab chigish
muhimdir. Sun'iy intellektni rivojlantirish kontekstida etika va xavfsizlik ehtiyotkorlik bilan
ko'rib chigish va muvozanatli yondashuvni talab giladigan muhim masalalardir. Sun'iy
intellektning aniq afzalliklaridan tashgari, undan foydalanish etikasi va xavfsizligini ta'minlash
bilan bog'liq bir gator savollar va muammolar mavjud. Sun'iy intellektning rivojlanishi nugtai
nazaridan, inson huquqlari, qarorlar gabul gilishda shaffoflik va adolat kabi axlogiy
muammolar paydo bo'ladi. Algoritmlar, agar ular ijtimoiy-madaniy tarafkashliklarni 0'z ichiga
olgan ma'lumotlarga asoslangan bo'lsa, ular noxolis yoki adolatsiz bo'lishi mumkin. Shuning
uchun Aldan adolatli va mas'uliyatli foydalanishni ta'minlash uchun axlogiy standartlarni ishlab
chiqgish va go'llash muhimdir

Sun'iy intellektning oddiy inson hayotiga integratsiyalashuvi

Sun'iy intellekt hayotning barcha sohalariga gachon joriy etilishini anig aytish qiyin,
birog biz tibbiyot, ta'lim, transport va moliya kabi sohalarda sun'iy intellektning keng
go'llanilishini allagachon kuzatayapmiz. Kelgusi o'n vyilliklarda biz uy jihozlari, sog'ligni
saglash texnologiyalari va kundalik hayotning boshga jihatlariga integratsiyalashuvning
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kuchayishini kutmogdamiz. Shuni hisobga olish kerakki, bu jarayon texnologik taraqqiyotga,
axloqiy goidalarga va jamoatchilik tayyorligiga bog'liq bo'ladi.

Sun'iy intellekt bilan bog'liq xavflar orasida avtomatlashtirish tufayli potentsial ish
yo'qotishlari, maxfiylik va ma'lumotlar xavfsizligiga tahdidlar va axlogiy asoslarga ega
bo'lmagan avtonom tizimlarni ishlab chigish imkoniyati kiradi. Masalan, avtonom qurol
tizimlari xavfsizlik va nazorat hagida savollar tug'dirishi mumkin. Bunday xavflarni
minimallashtirish uchun axlogiy me'yorlar va gonunchilik asoslarini faol ishlab chigish va joriy
etish muhim ahamiyatga ega.

Sun'iy intellekt global muammolarning yechimlariga sezilarli ta'sir ko'rsatish
potentsialiga ega, Alni iglim o'zgarishiga qarshi kurashda, resurslardan foydalanishni
optimallashtirishda, qashshoglikka qarshi kurashda va sog'ligni saglash tizimlari
samaradorligini oshirishda qo'llash yanada bargaror va samarali jamiyatga olib kelishi mumkin.
Bu ma’lumotlarni to‘plash va tahlil qilishning innovatsion usullarini ishlab chigish,
shuningdek, global muammolarni hal giluvchi jarayonlarni optimallashtirish uchun intellektual
tizimlarni yaratishni o°z ichiga oladi.
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BO3MOKXHOCTH UCITOJBb30OBAHHUA A3BIKA
HNPOI'PAMMUPOBAHUSA PYTHON B OBYYEHHUU CTYJIEHTOB
HAIIPABJIEHUSA UHCKYCCTBEHHOI'O UHTEJVIEKTA

1O.111.ABazoB, ¥Y.b.Hopues, P.X.PaxmoHnoB
Tawxenmckutl 20cyoapcmeenHblll mexHudeckutl yuugepcumem umenu Mciama
Kapumosa

Ha ceroausiamii [eHb, KOTAa HH(GOPMAI[HOHHBIE TEXHOJIOTHH PA3BUBAOTCS BRICOKMMHU
TEMIIAMH, COBEPIICHCTBOBAHWE CHCTEMBI MOJTOTOBKH KaJPOB, OOJAMAIONINX 3PETbIMU
3HAHUSIMHU M KBaTH(UKAIKeH B TU(PPOBBIX CHCTEMAX BBICIIET0 00pa30BaHusI, SBISETCS OTHUM
U3 KITIoUeBbIX 3BeHbeB cTparerun “Ragamli O°zbekiston-2030”. OmHuM 13 BasKHBIX BOIPOCOB
CETO/IHSAIIHEr0 JHs SBJISETCS LMIMPOKOE BHEApeHHE HMU(POBBIX TEXHOJIOTHH B 00pa3 >KH3HU
JqrOJeH, MpPEIOCTaBICHHE CTYIACHTaM OOydYaloIuMcs B CHCTeMe O0Opa3oBaHMs, BCEX
IPENoIaBaeMbIX 3aHATHI U MPEAOCTaBIsIeMON HH()OPMAIIMK Ha OCHOBE CAMBbIX COBPEMEHHBIX
1 ()POBBIX TEXHOJIOTHHA.

Peanu3yembie Mepbl MO MOBBINICHAIO 3P()EKTHBHOCTH CUCTEMbI MPO(ecCHOHATBHON
HOATOTOBKH B cepe HMHPOPMANMOHHBIX TEXHOJOTHH CO3AI0T IIHPOKUE YCIOBHS IS
obecriedeHrsT TOCYIapCTBCHHBIX OPraHOB M Pa3IMYHBIX MPOU3BOJICTBCHHBIX MPEANPUSITHIL
KBATU(UIIMPOBAHHBIMHA ~ KaJpamu, OOJAJAONMMH OTJIMYHBIMH HaBbIKAMH B 00JIaCTH
UH()OPMAIIMOHHBIX TEXHOJIOTHHA.

OpraHu3anus 3aHITHI C TOMOIIBI0 MHTEPAKTHBHBIX METOIOB B BBICIIUX yIEOHBIX
3aBEJICHUSIX Pa3BUBAET CKOHIIEHTPUPOBAHHOCTH, YKPEIUICHHE MaMSTH, OJHOBPEMEHHO C
BOCITUTAHHUEM TaK)Ke TBOPYECTBO, KPEATUBHOCTH, KPUTHUYECKOE MbIuIeHUE. [Iporecc 3ausaTuit

OyJeT opraHM30BaHa TaKUM 00pa30M, YTO B HEM 0OYyJarONIUEeCs y4aTcsl B3aMMO/ICHCTBOBATh U
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neiictBoBath cooOma. OHM y4arcs KPUTUYECKH MBICIUTh W JEHCTBOBaTH B KOMaHJE,
COBMECTHO aHATU3UPYS JOCTYIHYIO HHPOPMAIIUIO, pElIasi pa3IMyHbIe TIPOOIEMHBIC CUTYAITUN
COBMECTHO. MIHTEpaKTUBHBIE METOJIbI, NMPUMEHSEMbIE B BBICIIEM OOpa30BaHUM, MPHUACTCS
noI0UPATh C YIETOM MX BO3PACTHOTO XapaKTepa U OTbITA.

[IpumepoM omHOTO H3 TaKUX MHTEPAKTUBHBIX METOJOB SIBJISETCS METO]
CUHOHUMUYHBIX KOJ0B. OCHOBHOW II€NIbI0 JAHHOTO METOJla SIBJIACTCS (POPMUPOBAHUE Y
yYalUXCsd YMEHUU MOHUMATh, aHAIM3UPOBATh MPOrPaMMy U YIPOIIATh JAHHYIO MPOTrpaMMy
MyTeM 3aMEHbl CTPYKTYPBI NMPOTPAMMbI aHAJIOTUYHBIMH CTPYKTYpaMH, YMEHHUS OINpPEACIAThH
OJIHO3HAYHbIE CTPYKTYPBbI IPOrPAMMBI, U3 KOTOPBIX OHU BO3BpAIIalOT ONITUMAJILHOE 3HaYCHUE,
a TakkKe BbIOMpaTh Hambosee MpPOCThie. DTOT METOJA TaKKe MOXHO HCIIONb30BaTh s
peanu3anuu peQIIeKCHH y CTYIEHTOB.

DIIeMEHTBHI, UCIIOIb3YEMBIE B TOM METOJE, CIAEAYIOIIME: Pa3aTOuYHbId MaTepHall, B
KOTOPOM JIJIsl K&XKJOT0 CTy/IeHTa HamucaHa nporpamma. Pa3garounslii MmaTepuan MOXKET ObITh
B [IPEAIIOYUTAEMOM BHJIE.

[Ipumenenue merona: Llenp 3aHATHIA, TTOCIIE KPATKOrO M3JIOKEHHUS TEMbl M MOPSIKA
BBIMIOJTHEHHST PaOOThI, y4allMMCS BBINAIOTCA DPA3AaTOUYHbIE MaTepHallbl JUIsl BBITOJHEHUS
paboThl, a TaKXke TMPEeAOCTaBISIETCS BO3MOXKHOCTh BBIIIOJHUTE M MPOAHAIU3UPOBATH
pe3ynbTaThl B IPYIIIE WX UHAUBUYAIIBHO.

[Topsiaok BeIMOMHEHUS PaOOTHI M TOJYUYEHUSI pe3yJIbTara.

CryaeHTam BbIIaeTCS TOTOBBIM pa3fgaTOUYHBIN Martepuali. B pazmaTounom matepuale
HalMcaHa ImporpamMma, OTHOCSINASICS K TeME CTYJEHTHI JTOJDKHBI U3MEHUTh 3TH MPOTPaMMBI
TakKuM 00pa3oM, 4TOOBI TOJTy4aeMblid pe3yJabTaT ObUI TAaKUM K€, KaK pe3ysbTaT B JaHHOU
porpaMMme, TO €CTh 3aMEHa, CAeJIaHHas CTYAEHTOM, HE MOBJIMsUIAa HA Pe3yJIbTaT IPOrPaMMBI.

st mpumepa paccMOTpuM (PYHKITUH, AJI1 KOTOPBIX MPUBEACHHOE HUXKE COKpPAILICHHE
HE BBITIOJIHEHO.

3xx3 —5#x2 —T7*y+2xx3—x =>5xx3-5xx2—-7xy—x
['nsinst Ha BBINIEYTOMSIHYTHIE OJIMHAKOBO CHIIbHBIC (DYHKIIMH, POU3BOJIbHBIE 3HAUYCHUS

X Uy 00enx 3THUX (yHKIMNA paBHbI, M UX TpaduKU HA MIIOCKOCTU nepecekatorcs (Pucynku 1-
2).

1 numpy - o —
math - ) -
matplotlib.pyplot - 100000
[4 1) -
[y S A ——— X3 —200000 -

plot(x.,v) -
% Show(d 300000 /

—400000 /

1@ | —S00000

11

12 —600000
—700000

—100 —80 —&0 —a0 —20 o

Pucynok-1. I'paduk 115 pacmmpeHHOro pyHKINH.

3

W o~ o+t - m s e - .
a B = -
1 numpy * - 0 - —
math * - _—

3 matplotlib.pyplot * —100000
4 x=arange(-100,3,1) - 00000
5 y=(5*X*X*¥x-5¥x*x-%x)/7 -

plot(x,y) —300000

/4 show()
—400000

12 —500000

12 -600000

—700000

-100 —-80 —-60 —40 -20 0o

Help Varisble Explorer [Ptz Files

Pucynok-2. I'paduk st cokpaméHHoi QyHKINH.
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W3 npuBeseHHBIX BbIIIE PE3YyIbTaTOB BUIHO, YTO MPU BBEICHHHM OJHOM (DYHKIMH B
JBYX pa3HbIX IPEJICTABICHHUIX JaHHOTO pe3ysbTaTa, a Takke B TpauKe HE MPOU3OIILIO
HUKAaKUX M3MEHEHHWH, U Ojaromaps 3TOMY CTYIACHT Ha4MHAeT HAXOIUTh JJs cebs Ipyrue
pELICHUS PAa3JIMYHbIX TUIIOB.

B omiune oT IpuBEAEHHOTO BBIIIE IPUMEPA, 1aBANTE PACCMOTPUM 3aMEHY, KOTOpas
MOYET OBITh BBITNIOJHEHA B TEJIe MPOTPaMMbl, a He B (YHKINHU, U U3MEHEHUE, KOTOpPOe OBLIO
BBIIIOJIHEHO, HE TIOBJIMSET HA Pe3yJIbTaT IIPOrPAMMBI.

JInniHue mary npu NOBTOPEHUMU.

[Tpumep: CocTaBbTe CIEAYIONIYIO POTPamMMy JUIsl BBIYUCICHUS (QYHKIUH.
2 3 n
x

X
n

T+2 Twzw3 o FED

JlaHHBIA [IPUMEP MOXKET OBITH COCTABIEH HA OCHOBE IIPOrPaMMbI Pacuera JBYMs
CHOCO6aMI/I: HepBbeI-Ha OCHOBC BHYTPUIIUKIIOBOI'O OUKIIa, a BTOpOﬁ-Ha OCHOBC
OAHOLIMKIIOBOI'O, HpeﬂOCTaBHﬂeMOFO yanII/IMCﬂ B BHJIC pa3ﬂaT0'—IHOFO MaTepI/Iaﬂa B TOTOBOM
0TpabOTaHHOM BapHaHTe OAHMM CIocoOoM. IIepBhIi CIIOCO6-3TO COCTABIEHUE MPOrPAMMbI
4epes3 [UKII, KOTOPBIH, MOCKOJIbKY OH BH3YaJIbHO MIHPE, 3)(HEKTUBCH, YTOOBI JaTh CTYJACHTAM
3TOT METOJI B KAYECTBE MPUMEPA, ¥ OH BBITJISLAUT CIICAYIOIIAM 00pa3oM:

y=-x+

Elle Eait Search Sourge Bun Debug Consoles Projects Tools View Heip

B ® B B » @ @ L m = % T » ®m @ F A cussweemmen

D iomppy x = mame Type

W x=input('x="') it 4 12
2 x=int(x)
n=input(’'n=")
4 n=int(n) Cansale 1/A % -
2}

(IPdb [191): runfile’ - - temp.py', wdirs rs/u p¥3")

e
»

x-10

n-12
5= 924.0521618209335

ao TN
T BT

(IRdb [201):
math *

i range(l,n+1):

p=1

q=1

k] range(1,i+1):
pr=x

q*=j

s+=t*p/q

8 t*=-1

print('s=",s)

WHBRBRRBRHERR

Pucynok-3. Paciumpennsiit Kog nporpammsl st GyHKIUH.

Bropoii croco0, T. €. MOKHO pelInTh 3Ty MPpobIeMy, IPUMEHHUB MTPOLECC BHIMOTHEHUS
yepe3 oaMH UK. 1Ipy 3TOM UTepanus BINOIHAETCS IIyTEM BBOJA MHOKUTEIIEH B UACIUTEIEC
¥ 3HaMeHaTele B IMKJI. —1" ONTHManbHBIA CIOCOO BBIYHMCICHUS PAHTa-3TO BBIYHCICHUE C
MOMOIIbIO OJIHOM IEePEeMEHHOM, KOTOpPOE€ BBINMONHIETCS IyTeM YMHOXEHus -1 Ha 3Ty
nepeMeHHyIo B 1ukie (PucyHok-4).

% Spyder

File Edit Search Source Run Debug Consales Projects Tools View Help

B & B @ » O RL o oA ¥ o » [ B0 /& @ Cussseispd-ps [~
C:\Users\user\,spyder-py3\temp.py d 153 1 3 a c

O tempay x =

Nama Type  Size Valve

1= math * ol | it 1 12

Help Variable Explarer Plats Files

O console 1/ X

-
-

(1Pdb [18]): runfile('C:/Users/user/.spyder-py3/temp.py’, wdir='C:/Users/user/.spyder-py3')
x=18

n=12
s= 924.8521618299395

(1Pdb [19]):

Pucynok-4. Cokpaménnsiit Koa nporpaMmsl aist GyHKITHH.

Kak BHOHO M3 NIpPHUBENEHHBIX BBIIIE PE3YJIHTATOB, TEJIO NPOrPaMMbl, CO3AHHOE
pa3IMYHbIMM CIOCOOaMM Ui BBIMOJIHEHHUS JaHHOMW (YHKIMH, JajJ0 OJHO U TO Ke
3HA4YEHHE. DTO MOMOTaeT y4JaluluMcCs OBJIAJIETh HABBIKAMHU IIOMCKA HECKOJIBKHMX PpELICHUH,
UCTIONB3Yysl (PYHKUIMU M KOMaHJAbI MPOrpamMMbl MO-pa3HOMY MpPU TOJIYYEHUHU pe3yibTara ¢
IIOMOUIBIO PA3IINYHBIX METOAOB.
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OTOT MeToA TpeOyeT OT CTYIEHTOB TBOPUYECKUX CIIOCOOHOCTEN M pa3BUBAET MaMSTh,
HABBIKM MBIIIJICHUS U paccyxaeHus. [103BoisieT caMOCTOATENbHO OLIEHHWBATH MOJTYYEHHbIE
3HAHUSL M TPUMEHATh Ha TPAKTUKE TOHSATHS, OTHOCAIIMECS K paccMaTpUBaeMOil
teme. DopMUpyeT yMEHHE BbIpaXaThb HJIEM 1O MPUMEHEHHUIO Pa3IMYHBIX OIEpPaTopoB U
HAXOJHTbh CBSI3U MEXy HUMU
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