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STEKLOV TiPLi SORHOD MOSOLOISININ ODODIi HOLLININ ARASDIRILMASI

Xiilasa

Isdo birinci tortib elliptik tip tonlik olan Kosi-Riman tanliyi iiciin sarhod masslasina baxilir. Bela
ki, burada sarhad sortinds dayisonlor ayrilmamisdir. Kosi-Riman tanliyi ti¢iin miixtalif oblastlarda,
miixtolif sorhad masalalorinin hollori arasdirilmisdir. Onlarin bazilari lokal, bazilari isa geyri-lokal
sorhad sortlori daxilindadir. Kosi-Riman tonliyi {igiin spektral mosalolor do arasdirilmisdir.Onlarin
bazilorinda spektral parametr tonlikds, baziloarinds iss yalniz sarhad sortinds istirak edirlar, yani geyd
olunan tonlik t¢iin tiglin Steklov masalalari tadgiq olunur [1-4]. Tadgiq olunan masalalords asas
mogsad qoyulmus sarhad masalalarini Fredholm tip inteqral tonliys gatirmokdir.

Acar sozlar: Steklov masalasi, sarhad sorti, moxsusi adad, maxsusi vektor.

Asagidaki sarhod mosoalasine baxaq .

au_()()+|au_(x)

o, ox, =0, xeD, 1)
u(t,0) = Au(0,1),
u(Ll-t)=Au-t1) tefod] 2)

burada miistovi oblast olan D = {(x,,x,): x, € (0,1) k =1,2}, i =+/-1, A-iso spektral
parametrdir. Verilmis sorhad mosalasini diskretlogdirak [5].
Yoqer~Y Yo ™Y
patt  Jpa ; Yesta” Tea g
h h

Vo sadolosmo aparsaq , alariq

yp,q+1 + iyp+l,q = (1+ i)yp,q' (3)
Burada addim1 h = % gotilirdiikdo 16 diiyiin néqtasi yani 16 mochul almis olurug. Alinmis (3)

tonliyi sobakonin 9 noqtasi tigiin yazila bilacayindan, verilmis tonlikdan 9 cabri tonlik alinir.
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P=0, =0 yu+iy,,=QA+1)Ye
P=1 q=0 y,;+iy,=@A+1)yy,
P=2 9=0  y,+iy;=QA+1i)yy
P=0, =1 Yo +iy,=00+1)yy
p=1 g=1  y,+iy, =A+iyy,
P=2 q=1 Yy, +iy;=00+i)y,
P=0,0=2  yu+iy, =01+i)Yyg
p=1, q=2 y13+iy22 :(1+i)y12 4)
p=2 q=2 Yoz +1Y3 = (1 +1)Yy,
Eyni gayda ila (2) sorhad sortlorini diskretlogdirsak, asagidaki 7 miinasibati almis olurugq.
Yoo = Yoo Ya1 = i3
Y10 = AYor, Yoo = WYa3,
Ya0 =WYoo, Ya3 = AY33. ©
Ys0 =Wz

Belalikls biz 16 machullu 16 Xatti cobri tonliklor sistemi almis oluruq. Burada 4=1 mMmoxsusi
adadina gars1 qoyulan moxsusi vektoru tayin edok. Sarhad sortlorinin diskretlosmasindon alinan (5)

ifadolorindo =1 o]dugunu nozers alsaq;
Y10 = Yo1: Y30 = Yos:
Y20 = Yoz, Ya1 =VY13. Y32 = Yos-
oldugu alinar. Tonlikds alinan (4) sisteminin birinci ifadesindo Yo1 = Y10 oldugunu nazars
alsaq:
Yoo = Yo1 = Y10,

oldugunu alariq. (4) sisteminin ikinci vo dordiincii tonliklorindon

Y11 =@ +1) Y10 —1Y20,

Yoo +1(@+1)Y10 + Y20 =@ +1)Yo1,
2Y0 + (i —1)y10 =A+1)Yo,

2Y0p = Yo X +i—i+1),

Y11 = QA+ 1)y —iYgq, Y10 = Y11

Yor = Yoz oldugu alinir. Bu ifads ikinci tonlikda nozars alinarsa
Yio = Y20 = Y
oldugunu alariq. Yoni
Yoo = Y10 = Yor = Y20 = Yoo = Y11,
Bu prosesi davam etdirsak biitiin Yij larin bir-birino borabarliyi alinmis olar.Belaliklo alinmis

diskret mosals tigiin A =1 maxsusi adad, Yij =1 iso maxsusi funksiya olur. Asanligla gérmak olar
ki,bu moxsusi adad va funksiya kasilmaz (1)-(2) masalasi ti¢iin do dogrudur.
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IPEJCTABJIEHUE PEHIEHUS 3AJTAYH TUIIA KOIIHU-T'YPCA JIJIS
TMIEPBOJTAYECKOIO YPABHEHHSI BTOPOI'O MOPSIIKA B TIPOCTPAHCTBAX
THUIIA C.J1.COBOJIEBA W*"(G) X CBSI3AHHBIE C HUMHU 3AJAYH

OIITUMAJIBHOI'O YIIPABJIEHU S

Abstract

In this paper is studied one type of the Cauchy - Goursat problem for a hyperbolic equation of the
second order. Under very weak restrictions of the type of boundedness and summability on the
coefficients sufficient conditions are found which this problem is everywhere correctly solvable
together with its adjoint system and there exists a unique 8 - fundamental solution. Further, with the
help of the results obtained, necessary and sufficient optimality conditions are found.

Keywords: Cauchy - Goursat problem, hyperbolic equation of the second order, & - fundamental
solution.

B pabote 1 runep60oa1M4eckoro ypaBHeHuUsl BTOPOTo MOpsAIKa U3ydeHa oJiHa 3a1a4a tuna Kommn
u I'ypca. Ilpu BecbMa crnabbIX OrpaHMYEHMSX THIA OrPAaHMYEHHOCTH U CYMMHPYEMOCTH Ha
koa¢p¢unmenTsl HalifeHsl 1ocTaTouHble YCIOBHS, IPHU KOTOPBIX 3Ta 3ajJaya, Be3Jle KOPPEKTHO
paspeniMMa BMECTE CO CBOCH CONpSIKEHHOM CHCTEMOHW W CyLIeCTBYeT €IMHCTBEHHoe 6 -
¢dbyHnameHTanbHoe peuienue. Jlanee, npu MOMOUIM MOJYYEHHBIX pE3yJbTaTOB HailI€HbI
HE00XO/IMMBIE U IOCTATOYHbIE YCIOBUS ONTUMAIBHOCTH.

[lycTh Wél’l) (G)l<p<oo- npocTpaHcTBo Beex U € L G) umeroux B cMeicie C.JI.Cobonesa

L . . 0
06o0mennsie  mponspomHbie  DyDJuel (G)i=01 j=01 rge D, = E[l] [IpocTpaHcTBO
W (G ) GanaxoBo B HOpMeE
” u ”W,SL“(G): Z” D;D;u ”Lp(G)

O<i<l
0<j<l

PaccmoTpum ypaBHEeHUE
(LOUXX’ y): uxy (X’ y)+ a‘1,0()(1 y)ux(X’ y)+
+ g, (%, Y, (%, )+ 840 (x, Yu(x, y) = 9" (x,y), (x,y) € G,
9

(1)
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rae ¢° e Lp(G)
3amanum 118 ypaBHeHu (1) Ha HEKOTOPOH MOHOTOHHOM JuHUM " ycmoBus

(Liu)(x) =Uu, (X’ yx y=5(x)~ ¢1(X)v xeG,
(Lu)y)=u, (%, ¥) e )= 2 (¥). y€G, 2
Lou = U(Xo’ y1)= Do
rue ¢, € Lp(G1 ) o, € Lp(G2 U @, € R— 3a1aHHEIE JTEMEHTHI.
[Ipu srom QyHKIHIO X = vr(y) MOKHO paccMaTpuBaTh Kak OOOOIIEHHYIO OOpaTHyIO Ui
¢byHKIMH Y =S, (X) U 00paTHo.
Omepauyun L, L,,L, B34THA CJIEIOB HENPEPLIBHBI W3 W,f“) (G,) B L, (G,), L, (G,)R,
cooTBeTCTBEHHO. [loaTomMy onepaTtop L= (LO, L,L,, LO) 3apauu (1), (2) nelictByer u3
Wp(l’l) (G)6 Egl,l) =Rx Lp(Gl)X Lp(GZ)X LD(G) Y OTpaHUYEH.
3amady (1), (2) MOKHO HaMKCATh TAKXKE B BUJIC SKBUBAICHTHOTO ONEPATOPHOTO YPABHEHHUS
Lu=¢ rae ¢ =00, 0,0°)c EH 3)
3amgauay (1), (2) nasosem 3amaueii Komwm u Iypca. Ecom I'= {(XJ/ (X))(X € Gl} to 3ama4a (1), (2)

SKBHBaleHTHa 3agaue Komm kmaccuueckoro Buma, rae »(X)-menmpepbisro-muddepenumpyemas
bymxums wa G, 7'(x)<0, ¥(%)=Y1, ¥Y(X)=Y, (8 >rom ciydae nMHHS [ sABIsSETCS He

XapaKkTepUUYECcKOi )
Ecim
I={xy)y=5.(x)=yo. x&[X0, % JU{x Y)x=v . (¥)=X,, ye[yo, v.]}
NJIn

C={(xy)y=5:()=yix el xJuix yix=vi(y)=x.yelyo. v, ]}

To 3a1a4a (1), (2) sxBuBajeHTHa 3a7aue ['ypca kiaccuueckoro Buja (B aToM ciayvae [ sBisercs
XapakTepucThuueckoi nuHue) B aTom cmeicie, 3aga4a (1), (2) BkirodaeT B ce0s Kak YacTHBIH citydaid
3amaun Komwm u I'ypca.

B pabote nokazana ciemytromas

Teopema 1. 3anaua (1), (2) umeer eauHcTBeHHOE @ (yHIAMEHTAIBHOE PELICHHUE

f(xy)=(fo(x,y) fi(z, %, y) f,(£,xy), £°(z.£,%,y)) w3 E, u npu s1oM pemenne u eW ) (G)
3anaun (1), (2) mpeacraBnsercs B BUIE

U(X' y): fo (X’ Y)% + I fl(T’ X, y)(Pl(T)dT

+ [ Xy, (E)e+ [ (7.8, % y)o° (7, £)d g

JlomycTuMm, 4TO MOBEICHUE YIIPABIISIEMOTO O0OBEKTAa OMPEIEIETCS
TUNepOOTUYECKIM YPaBHEHUEM BTOPOTO MOPSAKa

(LSJ(X, ¥)=0"(x,y; 0°(x,y) @
IPH YCIIOBUSX
(L) (x) = ¢1(x,0,(x))
(Lzu) (Y) =, (y’ L, (Y))’
Lou = o, (Uo )'
rie  ¢° (x, y,0° ) o, (x,0,(x)), 0, (y,0,(y) u @,(v,) 3amammbIe QyHKIHE onpeneTeHHBIE
coorBercTBeHHo Ha G xR', G, xR",G, x R"u R"®.

()
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0" (%, y)= (07 (Y05 (6 Yo7 (6 V) 0 (X)= 03, (X035 (%), (X))
L, (Y) = (UZI(y)' Uy (Y),---, Uyr, (Y))’

YIPABIIONIUE BEKTOP-QYHKIUU,A Uy = (1)01, Ugprees u%) YIIPABIAOLIUNA BEKTOD

UYeTBepKy BEKTOPOB (u°(x, y), ul(x), uz(y), UO) HA30BEM JIOMYCTUMBIMH YTIPABICHUSIMH, CCITU
UO(X, y), Ul(X), Uz(y) U3MEpPUMBIC OTPAaHUYCHHBIC (YHKIIMH CO 3HAYCHHSIMH, COOTBETCTBEHHO W3
HEKOTOPBIX 3ajaHHbix MHOkecTB V < R"\V, c RV, c R"” ;(U°(X, y)EV,Ul(X)EV1,1)2 (X)EV?_) u
v, eV, < R"

[Ipeamnonoxum,  9TO goo(x, y,0° ),gol(x,ul) ug,(y,v,) ma GxR'",G,xR"UG,xR"
YIOBIIETBOPAIOT yciioBusM Kapareomopu u s moboro ¢ >0 CymEeCTBYIOT (GyHKIHH
= Lp(G), P, € Lp(Gl), Py, € Lp(GZ) TaKHe, 4To

0% (%, y,0) < (6 Yo (%0, ) <00, ()2, (v,0, | < 95, (y) mowtn st Beex (x,y) € G m mpu Beex
HUOH <ol <t o < .| < e

Kpowme toro, ¢, (UO) HenpepbiBHa Ha R" .

[Tpu ycnoBusix Tteopembl 1 3amava (4), (5) mis m00Oro JIOMYCTUMOTO YIpPaBIICHUS
0= (UO(X, y), ul(x), uz(y), UO) MMEeT CIMHCTBEHHOE pelieHne U e Wél’l)(G). [ToaTomMy MOXKHO
paccMatpuBaTh 3a7ja4y MUHUMH3AIUH (YHKIIMOHAIA

S(ﬁ): AU (X11 yl)
Ha MHOXECTBO pelICHUH ypaBHEHHE (4) YIOBICTBOPSIONINX 3aaHHBIM YCIOBHM (5)
Honoxum H(z, &, 1,0° )= 10°(r,&,0°),

Hl(T’ Ap 01) = 11(01(7' Ul) Hz(é:! Az, Uz): lz?’z(g: Uz) u Ho(lo'uo): /10¢(Uo)
rne A,4,4,UA4, onpenensoTcs Kak pereHre CUCTEMbI CONPSKEHHBIX YPaBHEHUI.

Hanee, B paboTe 10Kka3aHa CleLyomas
~ 0
Teopema 2. JIyi1 ONTUMAIbHOCTU JIOIMYCTUMOTO YIPABJIEHUS U = (U (X, y), Ul(X), Uz(y), UO)
HE00XO0IMMO U JOCTATOYHO, YTOOBI BHIMOIHSUINCH YCIOBHSL:

maxH(r,¢,A(,£),0) = H(z.&,A(r, ) 0(z, £)),
Tgvf( Hl(r,ﬂi(r), ul)= Hl(T’ﬂq(T)’ Ul(f)),
maxH,(£. 4, (£) ;)= H, (£,2,(£).0,(£)),
max H,(4,,7)=H, (45,0, )

neVy
COBOKYHHOCTL 9TUX YCJ'IOBI/II‘/’I Ha3bIBa€M IIPUHIXUIIOM MaKCUMYyMa .H.C.HOHTpHFI/IHa. Paznuunrle

YaCTHBIC CTyYau paHee paccMaTpUBAIUCh B padoTe [2,3,4]
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DISRETE GREEN’S FUNCTION FOR HIGHER ACCURATE SCHEMES

Introduction

The finite- difference method is one of the most widely applied methods for the approximation of
ordinary and partial differential equations.

We can practice this discretization method in many science applications such as in dynamical
meteorology, aerodynamic, mathematical physics, oceanography, and many other disciplines.
Therefore, the convergence analysis and the error estimation of this scheme hold practical, as well as
theoretical importance.

When analyzing the error estimation and the convergence of the applied finite-difference scheme,
the determination of the order of accuracy by the suggested scheme is important. Moreover, with
investigation of the scheme, it might be possible to structure schemes with increased accuracy.

In many researches of the discretization error resulting from approximating boundary value
problems for elliptic equations by finite difference methods, the error estimation in maximum norm,
there are three effective methods:

(i)  The methods which based on maximum principle.
(i)  The methods which based on discrete Green’s function.
(iii)  The methods which based on energy inequalities with embedding theorems.

Courant, Friedrichs, and Lewy [1] gave a finite difference Green’s function for the Dirichlet
problem to Poisson’s equation. Using this Green’s function, they give an analogue of Green’s third
identity. Laasonen [2] uses an explicit representation of the finite difference Green’s function for the
rectangle to obtain bounds in that case.

A.Samarskii [3] obtained a priori estimates for the solution of finite difference problems by the
method of energy inequalities. This estimation is used to get error estimation in maximum norm by
applying the discrete forms of the embedding theorems.

In this research, the error analysis for the 9-point finite-difference scheme have been studied. The
discrete Green’s function method in the case of square grids to get O (h®) is improved.

Discrete Green’s function method for O(h®) order of error estimation

We will consider two methods for the construction of six order approximation for the Dirichlet
problem for Poisson’s equation on rectangular domains. Moreover, we will define Discrete Green’s
function for the constructed six order difference operator to prove the six order convergence theorem
in the maximum norm,

The Dirichlet Poisson Problem on the Rectangle

The structure of difference schemes for the numerical solution of Poisson problem with Dirichlet
conditions on the rectangular sides is analyzed.

Let
R={(xy):0<x<a0<y<b}
be an open rectangle ¥/, j = 1,2,3,4 be the sides of this rectangle including the vertices. Let the
numbering be in counter clockwise direction starting from the side which lies on the x-axis.
The Dirichlet Poisson equation on a rectangle is

2 2
Au=%+g—yz=f(x,y)onR )
u=¢@mony™ , m=1234
Let us draw two systems of parallel lines on the plane:
X=xyo+ih=x, y=y,+kh=y,

12
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Ui—1 k+1 Uik+1 Uit1k+1
[ L d
e @ Uit1k
Ui
[
Ui k—1 Ui je—1 Ujt1 -1

Figure 1 : 9-point stencil

Let u;, be the point in Figure 1 and we define A, to be the usual nine point operator there
i.e.

Hence, by Taylor’s formula, we have

6
|A§19)u _ Au| < 520h

3:8!

Mg ()

Discrete Green’s Function for the Six Order Error Estimation
For the Dirichlet problem for Poisson’s equation we have the following finite difference problem

AU Y) =F(xy), (LY ER, |

U(x,y)=f(x,y), (X,y)ECh. (3)
We define the Finite difference analogue of Green’s function G, (P, Q) as
BipGn(P,Q) = —6(P,Q)h™ |, PeR,
Gh(P, Q) = 6(Pt Q) ' P e Ch ' (4)
for Q € R, + (Cy, and
(1 , P=2Q

Lemma 1: (Green’s Third Identity).
Let V(P) be any arbitrary mesh function defined on R, + C,, . Thenforany P € R, + Cy,

V(P) = h? Yger, Gn(P, Q[ATV(Q)] + Ygec, Gn(P, QV(Q) . (6)
We calculate
AOW(P) = h2A,G, (P, P)[AY V(P)]
= h? - (=h=*)(=ApV (P))
= A,V(P)
Let P € C, then W(P) = G, (P, P)V(P) = V(P).

Lemma 2: If d is the diameter of the smallest circumscribed circle containing R then
2
h?Yoer, Gn(P,Q)SS | PER,+Cyp . )

Theorem 1: Let u(x, y) be the solution of
Au(x,y) = F(x,y), (x,y) €ER,
u@xy)=fxy),  (xy)ec
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and U(x,y) the solution of (3). Then the truncation error £(P) = u(P) — U(P) satisfies the
inequality
65d’Mg , ¢
lely < Tonl h

Proof: Since e(P) =0 , P € C;, we see from Lemma 1 that

e(P) = h* )" Gu(P,Q)[-05e(Q)]

Q€Rp,
As
|—A29)8(Q)| = |Apu(Q) — Au(Q)|
Therefore,
520 h°M
le(P)| = h? Z Gh(P,Q)[—Aff)e(Q)] < [n? Z Gp(P,Q) T,B
Q€ERp, QER}, )

< d? (520 h®Mg

16 3-8!
Conclusion

When the boundary value problem is defined on a rectangular domain by discrete Green’s function
method to obtain effective error estimations are analyzed.

In the case of problem on domains with curve line boundaries by discrete Green’s function method,
when different type of interpolation formula on the irregular grids are used, the first and the second
order of error estimations are given.

Furthermore, Bramble and Hubbard [4], by constructing fourth order interpolation in irregular
grids and using 9-point approximation on square regular grids by using discrete Green’s function
method O (h*) order of estimation was obtained.

In this paper, when solution domain is rectangle we have used the 9-point approximation on square
grid, and by applying Green’s function method we obtain O (h®) order of uniform convergence of
the approximate solution.

To extend this result for the problem on the domain is curveline boundary in the irregular grids
high order than Bramble and Hubbard’s [4] formula is needed.
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AN APPROXIMATE SOLUTION OF A NONLOCAL BOUNDARY VALUE PROBLEM
FOR GENERAL SECOND ORDER LINEAR ELLIPTIC EQUATION

Abstract
This study present an approximate solution of a nonlocal boundary value problem for general
second order linear elliptic equation on a rectangular domain. Dirichlet boundary condition were
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applied to obtain the solution of the problems given on the three sides of the rectangle, while on the
fourth side the unknown function f was set and obtained which define the trace of the solution parallel
at the midline of the rectangle.

We assume that, the boundary function on three sides of the rectangle belong to the Holder classes
C%*,0 < 1 < 1. On the fourth side, the desired function f gives rise for a simple prove of the
existence and uniqueness of the solution. The proposed method help in constructing the 5-point finite
difference approximate solution of the general second order linear elliptic equation.

Keywords: Elliptic equation; nonlocal boundary value problem in a rectangular domain; finite
difference method; Dirichlet problem.

1. Introducation

Bitsadze and Samarskii (1969) introduced nonlocal boundary value problem for simplest
generalizations of linear elliptic problems. On the rectangle, Dirichlet boundary conditions were
given on the three sides, at the fourth side, a function f was set to be unknown function using the
condition that, it is equal to the trace of the solution on the parallel midline of the rectangle. Volkov
and Dosiyev (2016) proposed on the numerical solution of a multilevel nonlocal problem. 5-point
approximate solution of the multilevel nonlocal boundary value problem for Laplace's equation using
a Dirichlet problems was stated. Uniform estimate of the error of the approximate solution for the
multilevel nonlocal problem is of order O(h?), where h is the mesh step.

In this paper a solution of a nonlocal boundary value problem for general second order linear
elliptic equation is considered. It was assumed that the boundary values given on the three sides of
the rectangle were given and have a second derivatives satisfying a Holder condition. On the fourth
side of the rectangle the unknown function f is obtained by solving the Dirichlet boundary value
problem on the rectangle. The solution of the nonlocal problem is defined as a sum of two Dirichlet
problems. The desired function is obtained through the limit of infinite sequences of the continuous
functions.

Finally, an approximate solution of the nonlocal boundary value problem for general second order
linear elliptic equation on a rectangle using a finite difference method is considered. We define L,
to be a new linear difference operator of averaging over four neighboring grid nodes. By the use of
nth iteration of the convergent fixed-point iterations the desired function is obtained.

On the solution of a nonlocal boundary value problem on a rectangle

Our aims is to find a function from the domain which are continuous boundary value given on the
three sides of the rectangle, where the fourth side coincide with those on the middle of the rectangle
parallel to this side. Our expected function seen to be harmonic on R while continuous on R.

Consider a linear space C° to be a space of continuous function in horizontal line with a close
interval x € [0,1]. Forany function f € C° the given function equipped with the norm can be defined
as

Ifllco = maxoees<:|f ()

Let R be an open rectangle

R={(xy):0<x<10<y<2}
On R, let y™ denote the sides of the rectangle, where m = 1,2,3,4. From the origin numbered y™
in a clockwise direction, where m = 1,2,3,4.
On R, take ¢’ as a given continuous function on the three sides, where j = 1,2,3.
Now, consider the boundary value problem.
02U 0%U ou b ou
722 + 377 +a(x,y) 7% + b(x,y) 3y + c(x,y)U
=0onR

U=¢e™ ony™,m=1,23. (D
U(x,0) = U(x,1) ony*
From equation (1) we set U(x, 0) = U(x,1) = f(x) where f(x) € C° is an arbitrary function.
For any f € C°, equation (1) satisfy a unique classical solution U(x, y) that is harmonic in the
open rectangle R and continuous on the closed rectangle R.
Our interest is to obtain the desired function f € C° which is define in the below.
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U(x,0) =U(x,1),0<x
<1

where U is the solution of (1). Clearly, the function U can be written as U(x,y) = V(x,y) +

W (x,y) .Let B be the linear operator from €° to C°, and consider f € C° and let W (x,y) be the

solution of Dirichlet problem

otw 0w

dx? + dy?

ow aw
+ b(x, y) + cCx,y)W

=0on R
W=0ony™, m=123. W= fony*
We set Bf (x) = W(x,1). It follows from the maximum principle that.

W) <5 1fllco =), () R, Al
If W # constant and LW > 0 then W (x, y) can’t take its positive maximum on R.
Since
Bf(x) =W(x,1) € C°
Hence

1
IBfIl < = 1flico, f € C°

So the norm of operator B is at most %

Consider the
%

ﬁ+— + a(x, y)—+b(x y)—+c(x y)V=00nR

V=¢™mony™ =1,2,3.

V=0ony*

where @™ is a given function

Set

0% =0%x)=V(x,1) € C°, we obtain

U(x,1) =0%x)+ Bf(x),0<x <
1 (2)

where U is the solution of (1).

Theorem 1:

Given a function f € C°, the equality U(x,0) = U(x,1),0 < x < 1 where U is the solution of
boundary problem (1), holds if and only if f satisfies the equality in (2).
Ux,1)=f=0%%x)+ Bf(x) 0 <x < 1.
Approximate solution of nonlocal boundary value problem by the finite difference method
Everywhere below we can consider a function f on the set E to belong in a class of C**(E) if f has
k" derivative of E satisfy the Holder condition with an exponent 0 < 1 < 1. We assume that the
function ,™, U = ¢* ony* and U = ¢* on y* are in the classC?*(,™), m = 1,2,3.
Lemma 4 the function ¢°(x) defined by (1.25) belongs to €>*,0 < 2 < 1 on the interval 0 < x <
1.
Lemma 5 the function 1 = (x) found as limy" = ¥ € C° of an infinite sequence of continuous
functions is in the class C2*(,™),0 < A < 1,m = 1,2,3.

Theorem 2:
There is a unique function f € €° for which equality (2) holds.
We construct a square mesh D, obtain with the lines x,y = 0, h, 2h, ...

Leth = % be thre mesh size, where N > 2, positive integer.

Dy, be the set of nodes of the square mesh on grid.

Ry =RND,

Rh =R nD,

vwr=y"NDp,m=1,..,4

Let C? denote the linear space of grid function on interval [0,1], where x is vanish at

x = 0,x = 1. For any arbitrary given function f;, € C2, by virtue of (1.1) it follow that
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fulleg = max |fp ()l
it is obvious that the space is complete equipped with this norm. Consider a new linear operator:
LyUn(xy) = h?[Up(x + h,y) + Un(x —h,y) + Up(xy + h) + Up(x,y —h) — 4Up(x,y)] +
a(x,y) [Uh(x+h y)+Up(x— hy)] +b(xy) [Uh(x y+h)+Uh(Xy h)] +¢(%,y)Un(x,y)

Let I, be the solutlon of the finite difference value problem defined by the system of grid equation.
LpVp-gn on Ry

Vp=¢™on A, m=1,2,3 3)
V,=00nA}
We define
a™p =07) =V,(x,De Cy,x €[0,1,], (4)
where V}, is the solution of the grid equation (3)

Conclusions

The approximate solution of the nonlocal boundary value problem for general second order linear
elliptic equation on a rectangular domain is defined as a sum of 5-point solution of the two classical
local Dirichlet problem. Nonlocal conditions is replaced by zero on the first classical local Dirichlet
problem except where W = f € C%n y*, also nonlocal boundary conditions of the original problem
are replaced by non-homogeneous condition except where W = 0 on y*. The boundary values of a
nonlocal condition problem were solved by using a local value of a special constructed function f,
where f € C°. By simplicity f= f = U(x,0) = U(x,1) it was assumed that Bf = W(x,1) €
C°and 6°(x) = V(x,1) € C°. Original problem written as a non-linear equation ¢ = ¢® + v, the
function y is defined as the n-th iteration of the convergent fixed-point iterations. The uniform
estimate of the error of the approximate solution of the nonlocal boundary value problem for general
second order linear elliptic equation for n = ([Inh™2(1 — q)™*/Inq '] + 1,1) is of order 0(h?),
where h is the mesh step.
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Paccmotpum B obmact D < R", N2 2 syppmriaeckux ypaBHeH#i
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=0, p=const>1, @
i=1 i
rae @(x)>0. 3pecs a(x)= {aij (X)}, JIEUCTBUTENIbHAS CUMMETpUYECKass MaTpulla ¢ U3MEPUMbBIM
aneMeHTaMu. [IpearoNoKuM,9TO0 OTHOCHTENIBHO KOA(pHUIMEHTOB omeparopa L  BbimosHeHsI

YCIIOBHUS

,Ll|(§| zalj (X)§I§J <Hu 1|§| yHE (0 1] (2)
I J—
J1is TOTO, 9TOOBI OTIPEICNIUT PELIeHHE, BBeIeM Kiaacce (pyHKIIHiA

Ioc(D 0)) {U UEW (D) ‘VU‘ a)ELloc(D)}

rie W (D) knaccudeckoe CoboneBckoe mpoctpancTBo. I[loxg pemenuem ypaBaenus (1)

loc

(D, @), nns xoTopoii MHTErpabHOE TOKAECTBO
3> [avul* 2 %= gy =0 e
i=1 D aXI aXI

5 e\Nloc(D’a))
BBIIIOJIHCHO Ha (DMHHUTHBIX MPOOHBIX (YHKIIHIX . lenpto sBIISIETCST  BOIPOC O
réapaepoBOCTH  pemeHuit ypaBHeHust (1). Jlims BeIpOKAarOmMMUXCs YpaBHECHHUM ATOH TEMaTHKE
MOCBSIIEHO 60JbInoe yncao padbot. Hanbonee monHo uccienoBan ciyuai, Korjaa BecoBas QyHKIUs

nounmaercs pyukuust U €W,

a)(X) YAOBJIETBOPSIET Ap -ycnoBuio Makenxaynra. Cinyuait P # 2 nsyuen B [3]. HanomuuM, 4T0

(X . n
BCE ( ), Onpe/ieJIEHHON BO BCEM IIPOCTPAHCTBE R , YIOBIIETBOPSET Ap -yCIIOBHIO, €CIIU
1 p-1

sup ‘ja)(x)dx ‘Ia) PL(X)dX | <o, 1< p<oo,

IJie CympeMyM Gepercs 1o BeeM mapam B C R".
(X) =X
CTaH,I[apTHLIM MpUMEPOM TaKOTO BeECa ABJILACTCA CTCIICHHAA (byHKI_[I/IH
[24
—N<a<Nn(p-1) aacxe *X) =P e —l<a<p-1

BaxxHpIM ciieacTBueM Ap -YCJIOBUA MaKeHxaynTa SABJIIFOTCA YCIIOBUC YABOCHU A

a)(BZr) < Ca)(Br); (4)
nepasenctBo Cobonena [2], [3]
K n
[lol™ du | <c(np)r® [[Vol'du 9eCT(B) k=" ®
B B, —

HepaBeHcTBo Opunpuxca [2], [3]
H(ﬂ\ du <c(nv, p)re HVco\ du,

r

peC” (B)go‘ —O‘E‘>7‘B‘7/>O (6)

B paGore [4] paccmoTpeHsl BecoBbie (yHKIIMU Oomee obriero Buaa. MiMeHHo, mpeanonaras,
Y={x:x =0} D

4YTO THUIHICPIINIOCKOCTDH n pasaciacT 0051aCcThb Ha JIBC HOI[O6J'IE[CTI/I

DY =Dn{x:x,>0} D®=Dn{x:x, <0}
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w,(x) ¢ DY,
o(X) = )
w,(x) ¢ D', R

TJle K&KIas U3 YETHBIX OTHOCHTENBHO 2, BecoBbIX Gynkumit @ (X), 1=1,2, ynosnersopser Ap -
yenosuio Makenxaynra. Kpome aroro, s mapos B, nentpamn na 2. mis noutn Beex X € B,
npu I < I, BBINOJIHEHO HEPABEHCTBO
a() _, @09
0)1 (Br ) 0)2 (Br )
¢ nocrossHHou C, He 3aBucsmei or I' u X. B yactHoctH, B I, -OKPECTHOCTH >
@, (X) <ca,(X) (9)

Jliist TaKMX BECOB yCIIOBHE yaBOeHHMs (4), B 00IIeM citydae Hapymiaercs. B padore [1] Obuio
MOKa3aHo, 4To pu P # 2 u BeinoiHeHHH ycinouid (7) u (8) peuienus ypasHenus (1) HenmpepbIBHO

no I'énbaepy.

(8)

Teopema 1. Eciu @ yoosnemsopsem ycinoguem (7) u (8), 20e Dy, W, AGNAIOMCS YeMHbIMU

OMHOCUMENLHO 2UNEePRIOCKOCIUL Y, (DYHKYUAMU, npunaonexcawumu kiaccy Makenxaynma A,, mo

6ce pewenus ypasHenusi (1) 2éndeposwi 6 D.
B namrem cirydqae MOXeT OTCYTCTBOBaTh HepaBeHCTBO CoOoseBa (5), Ha KOTOPOM OCHOBaHA
UTepalMoOHAIbHAS TeXHUKAa Mo3epa. A UMEHHO, €CITi

wZ(Br) —3 0

w,(B,) mpu F >0 (10)
To HepaBeHCTBO (4) He wumeer wMecra. [leiictButensHo, Bo3bMeM B (1)  dyHKIHIO

peCy (DY NB,), B < DY nB,,,

TaKylo, 4To p=1, 0<@p<lmu ‘V(p‘SCI’_l. B
cuty (8) 1 ycnoBust yBoerus (3) ans Beca L TM0CIE IPOCTHIX BBIMHCICHHUIT IPHAEM K OLICHKE
@, (B,)>const - w,(B,)

KoTopas npotuBopeyurt (10).
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RiYAZIYYAT KiMYANI ANLAMAGIN ON ASAN YOLUDUR
Xiilasa

Riyaziyyatin kimyada rolu fanlor arasi inteqrasiya olub, shomiyyatli doracads kimyanin bir
pargasidir. Kimyada bas veron proseslori riyazi hesablamalara uygunlasdirdigda, kimyovi
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problemlorin miirokkablik saviyasi riyazi modellosma sayasindo asanlasir. Bu inteqrasiya kimya tizro
bilik va bacariqlarin gqazanilmasi ii¢iin davamliliq va samaraliliyi tamin edir.Fonlor arasinda olago
qurmagla onlarin moanimsanmasi daha da asanlasir.

Acar sozlari: riyazi modellosmo, kvant kimyasi, inteqrasiya, kognitivlik

Riyaziyyat bizi ohato edon hor sshads ; mobil cihazlar, kompiiterlor, program tominatlari,
memarliq, incasonat, mithandislik, hatta idman da daxil olmagla hoyatimizin bir pargasidir.Halo lap
godim zamanlardan riyazi kosflar sivil comiyyaetin inkisafi {iciin Snomli olmusdur.ibtidai vo erkan
moadoaniyyatlar torafindon istifdo edilmisdir. Zaman kec¢dikco daha tokmil riyazi hallor comiyyatin
getdikco miirokkablogan talablarina uygun yaranmaga baslamigdir [1].

Riyaziyyatin kimyada rolu iso fonlor arasi inteqrasiyadir vo shamiyyati getdikca artir. Kimyada
bas veran proseslori riyazi hesablamalara uygunlasdirdiqda, kimyavi problemlorin miirokkablik
saviyasi riyazi modellosma sayasinds asanlagir. Nozari kimya, kvant kimyasindan tutmus molekulyar
modellosmoa, dorman kimyasi, lizvi kimya kimi sahalords riyazi modellosma toxayiilds canlanmasi
¢otin struklart vizuallagdirmaga, hamginin prognozlasmaga komok edir [2].

Son aragdirmalara gora oksar tolobalords 4 illik todris ilinin sonunda tongidi vo kognitiv tofokkiir
ohomiyyatli doracads inkisaf etmir. Cilinki onlar fakti fikirden, sebobi noticadon ayira bilmirlar.

Inteqrasiyanin diizgiin qurulmasi talim prosesine asagidaki dostoyi gostorir:

. Inteqrasiya tolim prosesini tokmillosmasing;

. Tohsil alanlarin kompleks biliklor almasina;

. Tahsil alanlarin diinyagoriistiniin genislondirilmasing;

. Tolim yiikiiniin azalmasina;

. Tofokkiirlorinin inkisafina;

. Tadqiqateiliq meyillorinin yaranmasina;
. Tolimo maragin artmasina.

Inteqrasiya hamginin bilik vo bacariqlarin
gazanilmasi U¢iin davamliliq vo somoaraliliyi
tomin edir. Fonlor arasinda alago qurmagla
onlarin manimsamasi daha da asanlasir.

Tokmillosdirilmis  tonqidi  diisiinmo

~No ok owN —

Duz Tursu

Verilmis reaksiyalarin mahsullarimin Eyler Wenn
diagrarmimin hissalarina uygun olarag miayyan

qabiliyyati — hom sagirdlorin hom tolobalorin

miixtolif fonlordon istifado edorok analiz

qabiliyyatlorini inkisaf etdirmalidir.
Qeyri-obyektivliyin daha yaxsi miioyyan

edin.
1.CaO+H2502 —
2.Cla+H20 —
3.Ca0O+50z —

A S+KOH —
S5.MNaSi0z+HCl —

edilmosi — fonloraras1 inteqrativ yanagma

Sokil 1. Eyler diaqraminin kimyavi reaksiyalarin naticalarine
totbigi.

Sokil 1.don goriindiiyii kimi X, Y vo Z-in uygun giymatlorini
yerino yazmagla kimyavi reaksiyalardan alinan mohsullarin hansi
geyri tizvi sinifs aid oldugunu miisyysn etmok olar.

tolob edon maosalolorin holli zamani tohsil
alanlar  adoton,  miixtolif  perspektivli
informasiyalardan istifadoyo yonslirlor. Onlar
ovvalcadon movcud olan fikirloro meydan

oxuyaraq, Ozlorindos vo digorlorindaki qeyri-
obyektiv diislinconi miioyyanlosdirdirs bilirlor.
Golacak problemlars hazirliq — miixtalif fonlordon qazanilan bilik vo bacariqlarin istifads edorak
real hoyatda da problemlarin halli {igiin tocriibs qazanirlar [3].
Riyazi metdodlardan an mashur olan Eyler Venn dioqraminin kimyada tatbigindon danisaq.
Sakil 1.ds Eyler Venn dioqramindan istifado edorak, geyri - {izi kimyadan &yronilmis reaksiyalardan
alinan mohsullarin hansi geyri tizvi sinif birlogsmolors aid oldugunu tayin etmak tapsirilir.

ODOBIYYAT SiYAHISI:
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2. Hybrid (Transformative Journal). Paul G. Mezey
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CTPYKTYPHBIE ®A30BBIE IEPEXO/IbI B KPUCTAJIUIAX TBEPJ1OI'O
PACTBOPA CusSeTe

Abstract
In connection with the above, this work presents the results of a study of structural phase
transformations of crystals of the CusSeTe composition in a wide temperature range (300-773 K).
All temperature experiments to identify structural-phase transitions in the Cu4SeTe crystal were
carried out on a powder diffractometer "D8 ADVANCE" from "Bruker", in vacuum (10 Torr),
mode: 40 kV, 40 MA, CuKq -A=1.5406A, 10<20<80°.

N3BecTHO, YTO TEPMOMArHUTHBIE U TEPMODIEKTPUUECKUE MATEPHAIbl C MAJIOM PEIETOYHOU
TEIUIONPOBOAHOCTBIO M BBICOKOW IOJABM)KHOCTBIO HOCHUTENIEH 3apsijia UMEIT IIMPOKYI 00JacTh
npumeHenus [ 1, 2]. K uucimy Takux marepuanaoB OTHOCSATCS CyneprHoHHBIE XanbkoreHuasl Ag, Cu u
pasnuyHbIe TBEpJblE PACTBOPHl Ha HUX OCHOBE. B CBsI3M ¢ M3JI0XKEHHBIM B Hacrosueil padorte
MIPUBOASATCS PE3YJIbTAThl UCCIEIOBAHUS CTPYKTYPHBIX (Da30BBIX MPEBPALMICHUN KPUCTAIIOB COCTAaBa
CusSeTe B mupokom Temneparypuom unrepsaie (300—773 K). Bce remneparypHble SKCIEpUMEHTHI
10 BBIABICHHUIO CTPYKTYpHO-(a30BbIX mepexoqoB B kpucrawwie CusSeTe BbImoNHEHB Ha
nopomkoBom audpaxromerpe "D8 ADVANCE" ¢upmer "Bruker", B Bakyyme (1072 Topp), pesknm:
40 kV, 40 MA, CuKa -A=1.5406A, 10<26<80°.

Jlns ompeneneHuss KpHcTalmaorpaduyeckux MapaMeTpoB, ObUIM CHHTE3MPOBAaHbl U MOJIy4YeHa
mudpakiuonHas kaptuHa oOpasmoB CusSeTe mpm 300 K ams. Ha ocHoBe momydeHHBIX
nupaknMOHHBIX  JaHHBIX (20, d) omnpeaeneHsl  KpUcTawiorpaguyeckue — mapaMeTpsl
HU3KOTEeMIIepaTypHbIN (a3l uccieayemMoro oobekra. MeTo10M aBTOMHAYLIMPOBAHHUS 110 IPOTpaMMe
“TOPAS” wu yrouHeHus pJaHHbIX 10 nporpamme “EVA”  OblJIO yCTaHOBJIEHO, 4YTO
HU3KoTeMIiepatypHas ¢aza CusSeTe kpuctaummsyercs B TeKCaroHalbHOM CTPYKTYpe ¢ MepHoAaMu
pemetku a=4,178A, ¢=41,921 A, ¢.rp. R-3m, Z=12.

Ilocne ompeneneHuss OCHOBHBIX KpHCTaIOrpaUyYeckux MapaMeTpoB HU3KOTEMIIepaTypHOM
¢a3er CusSeTe npucTynuiTi K BRICOKOTEMITEpATyPHOMY HCCIIEIOBAHUIO B TOM K€ 00pasIie U pexknMe.
Wx cpaBHeHue mokasaino, uro B obmactu 273K<T<573K Habmogaercs CylecTBEHHOE M3MEHEHHE
WHTCHCUBHOCTH JU(PPAKINOHHBIX IMMKOB 3a CUET MOSIBIICHHS] HOBBIX OTPAXCHUU M TIOTacaHUs psza
nukoB. Ha ocHoBe pacuera audpakrorpaMMbl BBISIBICHO, 4YTO BOMM3u Temmepatrypel 573 K
HU3KOTeMIIepaTypHas (a3a MpeBpalaeTcs B IPUMUTHBHYIO KyOuueckyro pasy ¢ a=10,923 A, ¢.rp.
Pa-3. B nanbHeiimem npu temneparype a0 673 K nomyuennas nudpakiinoHHas KapTHHA OKa3alach
unaeHTuYHOu ¢ audpakrorpammont ipu 573 K. JlanpHeiniee moBeimenne temmepatypsl (T=723 K)
MoKa3aJio, 4To BOJIM3U 3TOW TeMIlepaTyphl MPUMHUTHUBHO KyOndeckas ¢a3za nepeuuia B 'K ¢a3zy ¢
nepuosioM pemretky a=5,950 A, ¢.rp. Fm3m, Z=4.

B 3akiroueHne OTMETHM, YTO B pe3yjbTaTe NMPHUBEIEHHBIX HCCIEOBAHUN YCTaHOBIIEHO, YTO
rekcaroHanbHas o ¢a3a CusSeTe Boamu3u 673 K nepexoaut B MpUMUTUBHO KyOruecky:o (), a 0koJo
773 K y-T'IHK ¢a3y. IIpouecc pazoBoro mpeBpaiieHus HOCUT 00paTUMBIN XapakTep.
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AZORBAYCANDA LAZER VO LIDAR SISTEMLORININ TOTBiQi PERSPEKTIVLORI

Neft ¢irklonmasinin garsisinin alinmasinin 2sas Vo nNazardan gagirilan komponentlorindan biri neft
dagilmalarinin tez vo etibarli agkarlanmasidir [1]. Neft dagilmalarinin erkon askarlanmasi vacibdir,
¢linki bu, onlarin maliyya tasirini vo otraf miihito tosirini minimuma endiracokdir. Su va yer
sothlorindoki neft dagilmalarinin uzaqdan askarlanmasi {iglin bir ne¢o tsul movcuddur:
sultrabondvsayi (UV), goriinon, yaxin vo orta IR (infraqirmizi) elektromaqnit spektrlorindoki ¢ox
spektral goriintii cihazlari; * mikrodalgali radiometrlor va s. Isiqgdan qaynaqlanan fliioresan (LIF) va
Raman sopalonmoa (RS) tisullar1 su vo yer sothlori, torpaq, buz va gar kimi obyektlordo neft
dagilmalarinin agkarlanmasi vo identifikasiyasi ticiin unikal metodomadir. Molumdur ki, neft
ultrabondvsoyi siialanma ilo slialanarsa, o zaman neft dagilmalari ilo udulacaq vo elektromagnit
stialanmanin bir hissosi daha uzun dalgalarda yayilacaq (floresan tosiri). Forgli OGPC-lordon alinan
yaglarin forgli kimyavi torkibina goéra (neft-qaz hasilati sirkatlori; Oil-Gaz-Production-Companies)
floresan vo RS spektrlori forgli olacaq. Sonuncu, yalniz suyun sothindo neft dagilmalarini agkar
etmaya deyil, ham do [1] yag olan miixtalif neft siniflorini ayird etmoys imkan verir. Lidarin komayi
ilo atmosferdaki aerozollar da daxil olmagla digar ¢irkloandiricilor askar edils bilor.

Son illordo Azorbaycan Milli Aviasiya Akademiyasinin (MAA), Nogliyyat vo Aerokosmik
Problemlor Elmi-todgiqat Institutunun (Aerokosmik Problemlor Todgiqat Institutu) Totbigi
Toadgigatlar grupu Xozar danizinin sathinds neft dagilmalarinin masafodon zondlanmasina yonaldilib.
Bu mogsadlo LIDAR KA-14 hazirlanmigdir ki, bu da [2,3] yag tokiilmosini 250 m-o godor olan
mosafolordan tayin etmays imkan verir.

Yuxarida gostarilonlordon aydin olur ki, miixtalif OGPC-lardon gotiiriilmiis miixtalif xam neftlorin
fliiloresan vo Raman sopilmo spektrlorinin 6lgiilmasi vo bu spektrlorin forqli xiisusiyyatlorinin
miioyyon edilmasi Azorbaycanda lazerlordan istifadonin perspektivli vozifosidir. Bu molumatlar,
stibhasiz ki, Xazar donizinin Abseron yarimadasinin xam neftlorinin fliloresan spektrlori vo Raman
sopilmasi malumat bankinin yaradilmasi ti¢iin faydali olacaqdir.

Azorbaycanda lazer todqgigatlarinin digar, eyni doracads vacib va perspektivli istigamoti aerozol
LIDAR-m yaradilmas: vo praktik istifadosidir.

Sonda, Azorbaycanda lazer vo LIDAR-in praktik istifadesinin boazi vacib (fikrimizca)
istigamatlorini geyd edirik:
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1. Azorbaycanin Abseron yarimadasinin miixtolif NGDU-larinin fosforessensiya vo xam neftin
Raman sopilmasi spektrlori {izro molumat bankinin yaradilmasi sahosinds todgiqatlar (8-i
Azorbaycana moxsusdur + 4 xarici sirkatlorls birgs).

2. Atmosfer aerozollarini askar etmok {i¢iin LIDARin yaradilmasinda todgigatlar.

3. Sonaye qazlarinin askarlanmasi ii¢iin LIDAR1n yaradilmasi tadgiqatlar1 (zoharli olanlar da daxil
olmagla..- Miidafio Sanayesi).

4. Atmosfer gazlarini askar etmok iiciin LIDAR1n yaradilmasi ilo bagli arasdirmalar.

5. Layli geyri-xotti optika sahasindo lazer todqiqatlarinin davam etdirilmasi vo inkisafi GaSe
kristallar1 vo onun struktur analoglar1 - ilo lazerlor yaratmaq moqgsadi ilo genis spektrds (THZ
spektrinin sahosi daxil olmagla) yenidon qurulan tezlik.

6. Tip quruluslu tg¢lii yarimkegiricilordo lazer osilasiyalarinin todqiqi lazer aktiv girklori ilo
alasimli CaGa2Ss tiogallate (Nd*, Eu?*, Eud* va digorlori).

ODOBIYYAT SiYAHISI:

[1] Hpyro }O.C., Poaun A.A. DKOJOrMYEeCKHE aHAIW3bl MpPU pa3iuBax HEePTH U
HedrenpoaykroB. M.: BUHOM. Jlabopatopust 3Hanuii, 270 ¢, 2007.

[2] A.M. Pashayev, A.A. Musayev, N.A. Veliyev, B.G. Tagiyev, Y.M. Baghirov, K.R.
Allahverdiyev, 1.Z. Sadikhov. DISTINCTIVE FEATURES OF EMISSION SPECTRA OF CRUDE
OILS OF THE ABSHERON PENINSULA, International Conference on Modern Trends in Physics,
Baku State University (May 2019).

[3] Arif M. Pashayev, Bahadur G. Tagiyev, Nazim A. Veliyev, Aydin A. Musayev, Yashar M.
Baghirov, Kerim R. Allahverdiyev, llham Z. Sadikhov, "A database of fluorescence spectra of crude
oil of the Absheron peninsula registered by KA-14 LIDAR developed at the National Aviation
Academy of Azerbaijan,"” Proc. SPIE 11322, XIV International Conference on Pulsed Lasers and
Laser Applications, 1132202 (December 2019); https://doi.org/10.1117/12.2542945.

ABASZADE Rashad Gabil oglu

Azerbaijan State Oil and Industry University, docent
E- mail: abaszada@gmail.com

STUDY OF PHOTOCONDUCTIVITY OF CARBON NANOTUBE DOPED WITH
GADOLINIUM

Abstrakt

- In the presented work, the photoelectric properties of multi-walled carbon nanotubes were studied
and the photosensitivity spectral dependences of multi-walled carbon nanotubes doped with 10
percent gadolinium were studied. In the research study, the spectral dependences of photosensitivity
for pure carbon nanotubes were analyzed in the broadband spectral range of 400-900 nm at the values
of the bias voltage applied to the sample from U=1 to and 9V) and measured in the wavelength range
from 400 nm to 900 nm.

Keywords: Carbon nanotube, gadolinium, doping, strain, photoconductivity.

Introduction

Modern studies are attracting the attention of researchers due to the unique optical, electrical,
electronic and catalytic properties of carbon-based nanomaterials. In [1], applications of carbon
nanotubes with single-walled (SWCNT) and multi-walled (MWCNT) forms in various optoelectronic
devices are widely investigated. In recent years, researches are related to the study of photoelectronic
properties in low-dimensional systems with a negative photoconductivity field [2].

Main text
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A new detector based on fullerene-activated carbon nanotubes was proposed in [3], and this
detector shows high photosensitivity up to 108 A/W and has an enhancement factor of more than 108.
Compared to Si, it has been suggested that photodetectors based on multi-walled carbon nanotube
layer have low cost, fast response, high detection, simple manufacturing, high reliability and modern
technologies [4-5]. Carbon nanomaterials and nanocomposites have been promising due to their
unique optical, chemical, mechanical, and electrical properties [6-18], and have been suggested as
more promising materials for future solar cell and optoelectronic applications.

Result

During the studies, a voltage of 3V was equal to the generation of the highest sensitivity value at
the wavelength A, that is, ~480 nm and Ip~0.158 pA. The widest range of photosensitivity was
observed at U=1 V voltage. Using this voltage value can be effective for detector applications. The
results are promising for the accessible and cost-effective fabrication of Gd-doped MWCNTSs for
detector and optoelectronic devices.
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KRISTALLARDA POLIMERF CEVRILMOLORININ TODQIQi

Miiasir yarimkegiricilor fizikas1 ¢oxsayli xarici parametrlordon asili olaraq (masalon, temperatur,
tozyiq, giiclii elektrik sahasi va s.) maddenin miixtalif xassalorini dyranir. Homin xarici parametrlarin
tosirindon maddado miixtalif proseslor bas verir. Homin prosess misal olaraq kristalda qurulus
cevrilmolorini, bork mohlullarin pargalanmasini, nizamlanma vo geyri-nizamlanmani, yenidon
kristallasmani va s. gostarmok olar.

Bork cisimlords polimorf ¢evrilmoalorin mexanizminin tadqiqi boyiik elmi vo praktiki shomiyyato
malikdir. Beloki, bu problem birbasa polimorf ¢evrilmoalorin qurulus nazariyyasi vo materiallar
texnalogiyast ilo slagodardir. Homin problemin yarimkecirici birlosmolords dyranilmasi xiisusi
ohomiyyat kasb edir. Ciinki bu maddalor genis tatbiglora malik olub, onlarda bas veran qurulus
cevrilmolarinin tosiri noticasinds onlarmn fiziki, kimyavi, habelo mexaniki xassolorinin doyismasi
homin maddslarin totbiq dairasinin genislonmasina sobob olur.

Kristallarda polimorf ¢evrilmolorin mexanizmini arasdirmaq tigiin qarsiliqli ¢evrilon modifikasiyalarin
boylimo morfologiyasmi, homin modifikasiyalar arasindaki kristallografik istiqamet olagolorini, polimorf
cevrilmanin kinetikasini todqiq etmok lazimdir. Bu tip tocriibalori optik mikroskop vo rentgen siialarinin
komoyi ilo aparmaq olar. Lakin optik geyi-soffaf kristallarda iso osason rentgenografik isulla polimorf
cevrilmanin mexanizmi mioyyan edilir.

XIX asrdo termodinamikanin inkisafi ilo polimorf modifikasiyalara miixtalif fazalarda yerlogmis bir
kimyoavi torkibdo baxildi. Mioyyan edildi ki, minimal sarbast Gibbs enerjisino malik polimorf
modifikasiya verilmis temperatur va tozyiqds dayaniglidir. 1912-c1 ilds rentgen stialarinin difraksiyasinin
kosfi polimorf maddonin qurulus modifikastyalarm askar etmoys imkan verdi. O vaxtdan gox sayl
polimorf modifikasiyalarm qurulusu rentgenorafik metodla toyin edildi. Bu vo ya basga xassalorin
arasdirilib 6yronilmasinds Saum, Erenfest, Jaffri, Fiser vo basqalarmin boyiik xidmati olmusdur.

K. Saum [1] polimorf gevrilmalari 3 néva ayirmagi toklif etmisdir, fiziki, kimyavi, kritokimyavi.
O, cevrilmanin siiratina géra homin novlari har birini bir ne¢o ndve ayirmigdir. Sonralar polimorf
cevrilmalarin iki sinfa boliinmasi toklif olunmusdur.

Birinci sinfa gofasin yiiriikliik elementlorinin doyigmasils bas veran polimorf ¢evrilmalor daxildir.
Bu sinifds 3 tip polimorf ¢evrilma nazardon kegirilir.
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1. Qurulus ¢evrilmoasi qurulus kompleksinin mohdud firlanma ragsindon sorbost firlanmaya
kegmasi ila bag verir.

2. Qurulus ¢evrilmasi, komponentlardan birinin gafasinin miiayyan hissasinin vo ya tam sokiilmasi
il bag verir.

3. Cevrilma gofasin har iki komponentinin qurulus elementlarinin sarbast miitaharrikliyinin omala
goalmasi ila bag verir.

Ikinci sinif polimorf ¢evrilma hissaciklori arasinda qurulus miinasibatlorinin doyismasilo bas verir.
Bu sinifds asagidaki gevrilma tiplarina baxilir:

1. Kristal gafasinds atomlarin koordinasiya adadlarinin doyismasilo bas veran gevrilma

2. Kristal gofasinda koordinasiya adadinin deyil, koordinasiya sxeminin deyismasilo gedon
cevrilmo

3. Cox yaxin koordinasiya sferasinda koordinasiya ododlori ilo koordinasiya g¢oxiizliisiiniin
formasinin doyismasils bas veran gevrilma.

Polimorf ¢evrilma zamani hocm sigrayisla doyisir. Polimorfizmin faza nozariyyasinin
catismazligin bark cisimlords (metastabil fazalarin) genis yayilmasi noqteyi-nazorindon, habelos
miixtalif siiratlorin olmasi baximindan izah oluna bilmamasidir. Bu hadisalori izah etmak {igiin
¢evrilmays mane olan potensial ¢oparin hiindiirliiylinii tayin etmok lazimdir ki, bu da atomlararasi
alagonin doyisma daracasi ils tayin olunar.

Polimorf ¢evrilmoalorin miixtalif tosnifatlar1 i¢arisindo Burgerin verdiyi [2] tosnifat da maraqlidir.
O, qurulus doyismasi asasinda polimorf ¢evrilmoani asason iki néva ayirmag toklif etmisdir.

1. Rekonstruktiv polimorf gevrilmoalor

2. Displessiv polimorf ¢gevrilmalor

Rekonstruktiv ¢evrilmo zamani kristal qofasi tam sokiiliir vo ¢evrilmos ¢ox kigik siiratlo bas verir.
Beloki, kristal gofasini toskil edan hissaciklor ¢ox hiindiir potensial ¢opari asmali olurlar.

Displessiv ¢evrilmo zamani qofasin "tohrif "olunmasi bas verir. Cevrilma siiratilo bas verir.
Beloliklo, potensial ¢oparin hiindiirliiyii o qodar do yiiksok olmur.

Ogor Burgerin tosnifatinin I vo II ndv faza ¢evrilmalori ilo miiqayisa etsok, rekonostruktiv kegidin
I nov, displessiv kegidin iso Il ndv faza ¢evrilmoasine uygun goldiyini gorarik.

Qeyd edok ki, geyri-metallik sistemlorda do polimorf g¢evrilmalorin todgigine kifayat godor
todqiqat islori hosr olunmusdur. Lakin bu is miioyyan dévrs kimi polimorf ¢evrilmonin olmasi faktini
miioyyan etmaya, ayri-ayri fazalarin kristal qurulusunun tayinina, polimorf ¢evrilmo zamani bu vo ya
digar fiziki komiyyatin doyismasinin dyronilmasine va s. hosr olunmusdur.

Irolido geyd etdiyimiz kimi, qurulus ¢evrilmolorinin mexanizminin arasdirilmasinda ¢evrilmonin
kinetikasinin tadqigi, yoni qarsiligli ¢evrilon fazalarin boyiimas siiratinin 6l¢iilmasi miithiim shomiyyat
kasb edir. Bu istigamotdo miiayyan todqiqat islori aparilmisdir. H. Hartsorn [3] va onun amokdaslari
kiikiird nitroamin vo basqa maddalorin nazik polikristal tabagalarinds polimorf ¢evrilmalorin siiratini
olgmislor. Tocriibonin polikristal niimunolordo alinmasi ndgsanhdir. Beloliki, prosesin gedisi
riiseymin boylima siiratilo toyin olundugu kimi hom do miixtalif kristallciglarin sarhaddinin harakati
ilo tayin olunur.

Qeyd edok ki, polimorfizm boyiik texniki shamiyyato malik olan metallarda da intensiv sakilda
Oyronilmis vo bazi metallarda faza ¢evrilmosi zamani atomlarin yerdoyismasinin &yranilmasinin
asasini akad. R.V.Kurdyumov qoymusdur.

Polimorf ¢evrilmonin mexanizmini aragdirmagq ii¢lin yeni fazalarin béylimo morfologiyasini, onlar
arasindaki kristallografik istigamat slagalarini habelo, hamin fazalarin boyiims siiratini tayin etmoak
lazimdir. Bagqa s6zlo desok, ¢evrilmonin mexanizmini miiayyan etmok iiciin elo tocriiba qoymaq
lazzmdir ki, bir modifikasiya daxilindo diger modifikasiyanin boyiimasini birbasa miisahido etmok
miimkiin olsun. Bels tacriibani mikroskopik va rentgenoqrafik iisullarla aparmagq olar.

Bu mogsadlos girisdo geyd etdiyimiz kimi prof. A. I. Kitaygorodskinin rohbarliyi ilo yeni metodlar
islonarak bir qrup tizvi maddslorin kristallarinda qurulus ¢evrilmalori tadqiq olunmusdur. Homin
todqiqatlarin  xarakterik xiisusiyyatlorindon biri tocriibolorin yalniz monokristal niimunoslords
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aparilmasi idi. Tocriibalor zaman1 optik mikroskop vasaitasilo yeni fazalarin boyiima morfologiyasi,
kinetikas1 vo onlar arasindaki kristallografik istiqgamat alagalori 6yronilmisdir.

Paradixlorbenzol kristallarinda aparilan tadgigatlar naticasinds ilk dofs olaraq polimorf gevrilma
zamani monokristal - »monokristal ke¢id miisahido edildi. Miiayyon edildi ki, bu kegid bark
monokristal miihitds iizlosmis monokristalin boytimasi ilo bas verir.

Sonralar analoji todqiqatlar optik soffaf geyri-tizvi maddslorin monokristallarinda aparilaraq tizvi
maddonin qurulus c¢evrilmalorino xas olan bozi xiisusiyyatlorin qgeyri-iizvi maddslors aid oldugu
miioyyon edildi.

Yuxarida geyd etdiyimiz kimi yarimkegirici birlosmoalordo qurulus g¢evrilmoalarinin éyranilmasi
xiisusi ohomiyyato malikdir. Beloki, bu birlosmalorin kémayi ilo miixtalif funksional xidmatli
cihazlar, miasir ¢eviricilor dizaldilir.

Homin materiallar igarisindo Cu-S sisteminin geyri-stexiometrik birlosmoalari xiisusi yer tutur.
Homin sistem birlosmoalorinds torkibi doyismokls, temperatur vo tozyiqgin tesiri ilo qurulus
cevrilmalaring nail olub, yilikdasiyicilarin konsentrasiyasini doyismak olur.

Bu sistemds doyiskon valentli atomlarin mévcud olmasi geyri-stexiometrikliyin miisahido
edilmasina gatirib ¢ixarir. Cu-S sistem birlogsmolorinds Cu atomlar1 doyiskan valentliys malikdirlor.
Beloki, bu atomlar birlosmoalorde Cu'* vo Cu?* valentli olurlar. Bunun naticesinda hamin bu
birlogsmoalar bir sira unikal xassalora malik olurlar. Tarkib qurulus xassa alagoalarinin
miioyyoanlosdirilmasi verilmis xassoaloro malik qurulus alds olunmasi tigiin vacib sartlordan olub,
bela alaganin miiayyan fazalarin yaranma saraitinin, qurulus ¢evrilmalarinin, izomorf kation va
anion avaz olunmalariin qurulus ¢evrilmalarinin strukturuna ve xarakterins tosirini Gyranilmasini
zoruri edir.
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THE EFFECT OF THERMAL BOILING ON THE PHOTOELECTRIC PROPERTIES
OF PROTON-IMPLANTED GaS MONOCRYSTALS

In recent years, the application of nanotechnology in microelectronics, photonics and information
technology requires the synthesis and study of nanostructured materials with novel properties. The
existence of quantum size effects in semiconductor nanostructures creates the conditions for the
construction on their basis new structural elements with a wide range of functional capabilities. One
way to fabricate such structures is the ion implantation method, widely used in the manufacture of
LEDs and microchips based on Si. Under implantation is particularly important a process of thermal
annealing, carried out to eliminate defects that are forming in different depths depending on the ions
energy. Thus, simple stable defects generated during the thermal annealing process allow to control
the photoelectric and optical properties of the crystal. Due to the fact, that in layered AB® type
semiconductors a concentration of structural defects is equal ~ 101’ cm3, in order to compensate them
and purposefully control their properties, the ion implantation method is the most suitable. The study
of the nature and properties of defects formed in layered AB® type compounds under implantation
can allow to expand the possibilities of the applied method and create local nanostructures in the near-
surface regions[1-3].

In the present work the effect of thermal annealing on the defect layer formed in the near-surface
region of the layered Gas single crystals under implantation of hydrogen ions was studied.
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The layered Gas single crystal was grown by the Bridgman method. The resistivity of the obtained
single crystal at room temperature in the direction perpendicular and parallel to C axis was 2-10°
Om-cm and 1-108 Om.cm, respectively. The dimensions of the single crystals studied were
0.65x0.5x0.028 cm. ESU-2 accelerator was used to irradiate GaS crystal with protons in the direction
along the C axis. The proton energy was 70 keV, current density 0.15 pA/cm? and the whole surface
of the sample was irradiated with a dose 1 x 10'° proton/cm?. To study the photoelectric properties
of the crystals under study, the current contacts on the straight (implanted) and opposite (unimplanted)
sides of the sample were applied using a silver paste. In experimental measurements
spectrophotometer MDR-23 was used to obtain the photoconductivity spectrum of GasS single crystal.
To study the optical properties spectrometer VarianScan UV50 was used. Experimental
measurements were carried out at room temperature. Thermal annealing of the implanted crystals was
carried out at a temperature 200-400 °C for 30-90 minutes. After the thermal annealing process the
photoelectric and optical properties of the samples were repeatedly measured [4-5].

Fig. 1 shows the spectral characteristics of the layered GaS crystals irradiated with protons (1x10%°
cm?) before irradiation, after irradiation and spectral characteristics obtained from the irradiated
(upper) surface of samples, thermally annealed at a temperature 473 K for 30 and 90 minutes.
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Fig. 1. Spectral distribution of photoconductivity in the forward direction (1 - initial state, 2 - after
implantation protons with energy 70 keV and dose 1x10%° sm, 3 - after thermal annealing at the
temperature 473 K for 30 minutes, 4 - after thermal annealing at the temperature 473 K for 90 minutes

From Fig. 1 it can be seen that after irradiation with protons (1x10* sm) (curve 2) the spectral
characteristics of the photosensitivity in the intrinsic and impurity regions of the spectrum change
sharply with respect to the original sample (curve 1). Thus, an increase is observed in the
photosensitivity corresponding to the maximum of the spectrum (Amax = 505 nm) by 1.66 times, and
5.3 times in the 670-750 nm wavelength region. This fact shows that the radiation defects created
under the irradiation have vacancy character that is consistent with the results obtained elsewhere.
After the thermal annealing of the irradiated samples for t = 30 min the photosensitivity corresponding
to Amax = 505 nm of the spectrum decreases and simultaneously shifts to the long-wave region, and
increases in the 670-750 nm wavelength region. But with the annealing time t = 90 minutes no
photosensitivity is observed in the samples. The decrease in the short-wavelength region of the
spectrum is the result of a decrease in the sulfur concentration in the near-surface region when
irradiated with protons, and this result was observed in and in Rutherford backscattering (RBS)
spectra [4]. A wide maximum, observed in the spectral range 600-800 nm shows an increase in the
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concentration of Ga vacancies. Thus, it can be said that the increase in photosensitivity after the action
of protons occurs as a result of compensation by donor-type defects, created under irradiation the
initial acceptor-type defects of the crystal.

Fig. 2 shows the spectral characteristics of the layered GaS crystals irradiated with protons
(1x10% sm) prior to irradiation, after irradiation and spectral characteristics obtained from the non-
irradiated (lower) surface of samples, annealed at 473 K for 30 and 90 minutes.

1.0x 107 -
8.ox10™ -

6.0x10™"

Ifoto

4.0 10™

2 0x10™

00

A.nm

Fig. 2. Spectral distribution of the photoconductivity in the opposite direction (1 - initial state, 2-
after implantation protons with energy 70 keV and dose 1x10° sm, 3-after thermal annealing at the
temperature 473 K for 30 minutes, 4-after thermal annealing at the temperature 473 K for 90 minutes

From the comparison of Fig. 1 (curves 1 and 2) and Fig. 2 (curves 1 and 2), it can be seen that the
spectral characteristics obtained from irradiated and non-irradiated surfaces of the samples, irradiated
with protons (1x10% sm2), differ quantitatively, but in character they have the same features. That
is, there is an increase in photosensitivity in the range 500-700 nm. However, after the thermal
annealing process (Fig. 2, curves 3 and 4) the photosensitivity of the samples changes abruptly. It
was found that the spectrum obtained from the non-irradiated surface of samples thermally annealed
for 30 and 90 minutes, the photosensitivity corresponding to Amax = 505 nm is the same as initial
photosensitivity before irradiation. However, in the range 500-700 nm the photosensitivity after
annealing for t = 30 min is higher than the photosensitivity that is observed after annealing for t = 90
minutes. This shows that the structural and radiation defects are different in nature .

Fig. 2 shows the spectral characteristics of the crystals irradiated with protons, measured from the
non-irradiated (bottom) surface of samples thermal annealed at the temperature 473 K for 30 and 90
minutes. From Fig. 2 it can be seen, that the photosensitivity of samples irradiated with a dose 1x10
sm? completely corresponds to the photosensitivity of the irradiated surface, that is, the
photosensitivity increases throughout the spectrum. After annealing these samples for 30 minutes
photoconductivity throughout the spectrum, including corresponding to Amax ~ 505 nm, sharply
decreases (curve 3). Under these conditions, when samples are annealed for t = 90 minutes, the
photosensitivity decreases again in the spectral range 600 nm - 900 nm, and the photosensitivity
corresponding to a wavelength 505 nm approaches to its initial value. And this fact once again proves
that the sulfur atoms leave the crystal and they diffuse to the surface. For this reason, thermal
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annealing affects the highest photosensitivity corresponding to the bandgap (505 nm) of the single
crystal.

Fig. 3. Absorption spectra for proton-implanted and thermal annealed at a temperature of 473 K
for 30 and 90 minutes GasS crystal (1 - initial state, 2 - after implantation with protons with an energy
70 keV and dose 1x10° sm, 3 - after thermal annealing at the temperature 473 K for 30
minutes, 4 - after thermal annealing at the temperature 473 K for 90 minutes)
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Fig. 3 shows absorption spectra for proton-implanted and thermal annealed at the temperature 473
K for 30 and 90 minutes GasS crystal.

From Fig. 3 it can be seen that before irradiation (curve 1) an absorption coefficient (o) increases
exponentially with increasing photon energy (hv). The width of the forbidden band, determined from
the plot is 2.45 eV and corresponds to the results obtained elsewhere. When are irradiated with
protons, the absorption coefficient in the region of intrinsic absorption of the spectrum decreases, and
at wavelengths 668 nm (1.85 eV) and 739 nm (1.68 eV) additional transitions are observed. The
values of the energy levels corresponding to these peaks were 0.59 eV and 0.77 eV. As a result of our
measurements, it was found that the energy corresponding to the transitions observed in the a~(hv)
dependence corresponds to the peak energies on the spectral characteristic (Fig. 1).
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ELEKTROKARDIOQRAFIK SIQNALLARIN FRAKTAL ANALIZi

Xiilasa

Riyazi emal zamani tirok ritminin xarakteristikalar1 diagnostik va praktiki magsadlor ti¢iin mithiim
ohomiyyat kosb edir. Canli organizmds tonzimlomos proseslorini xarakterizo edon vo ¢oxlu
informasiya dastyan miixtolif fizioloji ritmlor arasinda strukturun va qarsiliqlt alagslorin dyranilmasi
0lgmo aparaturasinin totbiqi ilo slagodardir. Lakin gostarilon 6lgmalar olduqda ardicil verilanlarin (ilk
novbads spektral-korrelyasiyali) ananovi analiz tisullariin totbiqi ilo yavas rogslorin analizi miioyyan
catinliklarlo miisayist olunur.

Acar sozlar: tirak ritmi, kadioloji signal, EKQ, fraktal analiz, fizioloji norma.

Klassik iisullarin osas mohdudiyysti analiz olunan proseslorin stasionar olmasinin tolob
edilmasidir. ©ks halda parametrlarin tokca pancaranin davamiyyst miiddstindan deyil, ham do zaman
oxunda yerlosmasindon asililigini analiz etmak, yoni iki doyisonli funksiyaya baxmaq lazimdir. Bu,
ona gatirir ki, alinmis naticalorin diizgiin qiymatlondirilmasi ti¢iin daha boyiik hacmda verilonlor talob
olunur. Bundan olavo, praktikada yavas fizioloji tonzimlomo ritmlori ¢ox vaxt miintozom
kvaziperiodik ragslorls, geyri-stasionar trendlorlo, hamg¢inin tosadiifi kiiylarlo miisayiat olunur [1].

Bu, bioloji sistemlorin analizine miixtalif gostaricilor arasinda va bir bioloji signalin Slgiilmiis
giymotlori arasinda qarsiligli alagenin ¢ox geyri-xatti xarakterli olmasi, voziyyatlorin ¢ox dayiskan
olmasi vo s. kimi mithiim amillori nozors almagqla xiisusi yanagmalarin totbiq edilmasi zaruratinoe
getirir. Gostorilon yanagmalar arasinda qeyri-xatti dinamika, dinamik xaos nazariyyassi, fraktal analiz,
interval statistikalarin analizi, statistik hallor nozariyyasi tisullar1t vo bazi basqa tsullar segilib
gostarilo bilar.

Fraktal analiz bir sira spektral analiz {isullari ilo miiqayisods olduqca daha universaldir. Fraktal
analiz 6z tobiatino gors statistik analizdir vo bundan olavs, ilkin signalda 6ziino oxsarliq slamatlori
tapmaga imkan verir. Bu fakt birincisi, eksperimentin aparilmasi tigiin zoruri minimal vaxti agkar
etmays imkan verir, ikincisi yaxin golocokdos sistemin 6ziinii neco aparma dinamikasini gabaqcadan
Xabar vermays imkan verir.

Urok-damar sisteminin isi dinamik xaosun va onun strukturunun olmasmna qarsi ¢ox tongidi
yanasir. Urok ozolosinin yigilma tezliyi xaotik attraktorun biitiin olamatlorini askar edir. Onun
dayanighigimin todqiqi gostarir Ki, fizioloji norma voziyystinds o, nisbi stabildir vo sutkanin istonilon
vaxtinda qeyd edilir. Beloliklo, determinik xaosun fraktal olgiilarinin EKQ-nin analizins totbiqi
montigi osaslandirilmis vo aktualdir. Diaqnostika {iglin informasiyanin alinmasi mogsadilo
elektrokardiogramin analizino fraktal metodikalarin totbigi perspektiv mosalodir.

Belo ki, fraktal analizin komayilo fraktalliq vo ya 6ziino oxsarliq xassalorinin moévecud oldugu
zaman diapazonunun (zaman laqinin) minimal intervalin1 hesablamagq olar.

Fraktal model iirok azalosinin vaziyystine uygun qoyulmus fraktal parametrlorin (6lgiilorin)
yigimidir. Eyni bir pasiyentin voziyyatini dofalorlo 6l¢diikdo fraktal 6lgiilorin doyismo dinamikasi
tirok-damar sisteminin voaziyyatinin dinamikasi haqqinda miithakima yiiriitmays imkan verir [2].

Hal-hazirda fraktallar vo determinik xaosun nazariyyasinds Herstin normalasmis amplitud tisulu
genis totbiq olunur [3]. Normalagmis amplitud tisulu il tapila bilon asas parametr Herst gostaricisidir.
Onun giymatina gora hom biitovlikds sistemin xaotiklik daracasi hagqinda, hom ds toadgiq olunan
signalin fraktal tobiatinin olmas1 haqqinda miithakimas yiiriitmok olar [4].

Herst gostaricisinin hesablanmasinin birinci marhalasinds goarginliyin zaman orzinds N sayda
ol¢lilmiis qiymotinin < U, > orta giymati tapilir:

< Up>==3N_ U(n) (1)

Burada U, elektrodlarin va dori sothinin miisyyan sahalorinin komayils ardicil vo bir-birindon eyni
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uzaqligda olan zaman anlarinda 6l¢iilmiis garginliklorin diskret giymatlorinin yigimudir.
Sonra X(n,N) hesablanir, hansi ki, orta < U >n giymatindon toplam meyletmadir vo asagidaki
com soklindo miisyyan edilir:
X(N) = S5, (U(p)-< U > N} 2)

Herstin normalagsmis amplitud tsuluna goérs meyletmolorin  amplitudu toplam X(n,N)
meyletmasinin minimal vo maksimal giymatlori vasitasilo miiayyan edilir:

R(N) = max 3)
Standart S(n) meyletmasini dispersiyanin kvadrat kokiiniin diisturuna goéra hesablamagq olar:

SN = \/§2ﬁ=1{0(n>—< U> N @

Zaman siralarinin oksariyyati liglin miisahido olunan normalagmis R/S amplitudu asagidaki

empirik ifads ilo tosvir edilir:
R

;= (@) (5)

Burada, H — Herst gostaricisi, a — ixtiyari sabitdir. Fraktallar nazariyyasina uygun olaraq, agor
H<0,5 olarsa, onda tadqiq olunan sira antipersistent olur, H>0,50larsa, zaman siras1 persistentdir vo
fraktal tobioto malikdir. H=0,5 olarsa, siqnal stoxastik kiiydiir va informasiyaya malik deyil.

Real fiziki, o climlodon 6ziino oxsarliq alamatlorino malik olan fizioloji obyektlor, ¢ox nadir
hallarda fraktal ol¢liniin yalniz bir qiymstinin kdmoyilo tosvir oluna bilor. Ona géro do son
zamanlarda mutifraktallar — geyri-bircins fraktal obyektlor — nozariyyasino asaslanan analiz genis
yayilmisdir. Mutifraktalin xarakteristikasi liglin fraktal 6l¢liniin bir giymati kifayat deyil, onlarin

sonsuz spektri — D(q) — lazimdir:

D(g) =2 (6)
Burada, 7(g)-skleyling eksponentidir va
7(q) = lim =& )

Burada, z(q, e)-imumilogsmis statistik com, ¢ — Umumilogmis statistik comin daracasinin
gostaricisi, &- yuvanin Olgiistidiir.

Fraktal 6l¢ii verilmis ¢oxlugun strukturunun miirokkoblik daracasini xarakterizo edir.[3]

Tolob olunan parametrlori tapmaq tigiin miixtalif riyazi modellordan, yani verilmis fenomenin vo
ya obyektin 6ziinii aparmasinin tasvir olunmasi va prognozlasdirilmasi {igiin istifads olunan tonliklor
sistemlarindan va konsepsiyalardan istifads edilir.

Bir gayda olarag, Linux amaliyyat sisteminds isloyan multifraktal analiz proqramindan vo ya
Multifrac programindan istifado olunur, hansimin ki, komayilo hom fraktal 6l¢iinii, ham do Herst
gostaricisini almaq olar. Multifrac proqrami digor programlarla miiqayisads ¢oxlu sayda parametri
toyin etmayo, emal edilon signalin xarakteristikalarin1 daha doqiq tosvir etmoys imkan verir.
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Abstract

Co3nana HavajbHAs BEPCHs MPOTPAMMHON CHUCTEMBI C MHTEIUIEKTYaJIbHBIMH BO3MOXKHOCTSIMH,
CIIOCOOHOM B3aMMO/IEHCTBOBATH C MOJIb30BaTeneM. IIporpaMma oOpabaThIBacT 4EIOBEUECKYIO PEUb,
OCYLIECTBIISICT TOUCK WH(POpPMAIMM B WHTEPHETE, HAaXOMUT MOAXOJIINE HCKOMBIE OTBETHI U
BOCIIPOM3BOJIMT WX YEIOBEUYECKUM TOJIOCOM. DTa CHUCTeMa 00J1a1aeT pa3HOOOpa3HBIMU (DYHKIHSIMH,
TaKUMH KakK TOJy4eHHE TOTOJbl, BOCIPOU3BEICHUE MY3BIKH, OTKPBITHE BEO-CTpAaHMI, U MHOTOE
apyroe. OHa MOKET OBITh aJanTHPOBAaHA JUIA HCIIOJNB30BAaHMS HA PA3IMYHBIX IUIATPOpPMax H
OIICPAIlMOHHBIX CcHUCTeMax. bmaromapst cBoeil TMOKOCTM W MacIITaOMPyeMOCTH, IpOrpamMma
MIPEOCTABIISET MOTSHIIUAI IS JATbHEHIIIETO Pa3BUTHSI M MHTETPALIAU C APYTUMH IPUIOKESHUSIMH U
CEpPBHCAMH.

Keywords: Mopuenb, ckyccTBeHHBIN HHTEIUIEKT, Python, Moysb, romoc

Beenenue

Kak wu3Bectno [1],[2],[3], coBpemeHHBIE MpPOOJIEMBbl HCKYCCTBEHHOTO HWHTEIJICKTA SIBISIOTCS
JOBOJIBHO aKTyallbHbIMH. OHU HMEIOT IOBOJILHO MIMPOKUE U 3P ekTrBHBIC mpuMeHeHus1. OTHUM U3
BO3MO’KHOCTEH TaKMX CUCTEM SIBIISIIOTCA BOCIIPOU3BEACHUE U TOHMMAaHUE YeJI0BEYECKOro rouoca. B
9TOM HAMpaBJICHUH TPOU3BEICHBI JOBOJBHO Oousbinue uccieaoBanus [4],[5],[6]. Paznuunbie
HCCIIEIOBATENsIMU TIPOBEJIEHBI JKCIepUMEHTaNbHbIe pa0oThl. Co37aHHBIE MOJENH B KaKOWU-TO
CTETEHU IOHUMAIOT U OTBEYAIOT Ha BOIPOCHI €CTECTBEHHBIM U€JI0BEUECKUM rojiocoM. PocT uHTepeca
K CHUCTeMaM TOJOCOBOTO YIPABIEHUS U TOJOCOBBIM TEXHOJIOTUSM OOBSCHSIETCS UX YAOOCTBOM U
BO3MO>XHOCTBIO YTIPOILEHUS NMOBCEAHEBHON >KM3HU ToOJb3oBaTeneil. B cBa3u ¢ 3tuM, paspaborka
TaKHX CUCTEM CTAaHOBUTCS Bce OoJiee akTyalnbHOU U BOCTpeOoBaHHOM. B nanHoii paboTe mpencTaBieH
MOJXOJl K CO3/IaHUI0 CHCTEMbI TOJIOCOBOTO YIIPAaBJIEHHS C HCIIOJIb30BAHHMEM COBPEMEHHBIX
TEXHOJIOTUI UCKYCCTBEHHOTO MHTEJIIEKTa, CIIOCOOHOM BOCIIPOU3BOIUTH M MIOHUMATh YEIOBEYECKYIO
peub.

OcHoBHast yacTh

[Ipemyiaraemas cuctemMa sIBISI€TCS IOMBITKOM CO3JJaHUSI CUCTEMBI C TOJIOCOBBIMH BO3MOKHOCTSIMH,
CIIOCOOHOM aHaANIM3WpPOBaTh M pellaTh pa3NUYHbIE 3aJaud, BKIIOYas TMOUCK HWHGOpMAIIUH,
BOCIPOM3BE/IEHUE MY3BbIKH U MHOTO€ ipyroe. B mporecce co3nanus cucteMbl ObUIH MCTIOIb30BaHbI
CIIeyIOIINe MOIYJIA TPOrpaMMHO# cucteMbl Python:
0S - MOZIYJIb JUIsl paOOTHI C OTIEPAIIMOHHON CUCTEMO.
webbrowser - moayb 11 paboThI ¢ BeO-Opay3epoM.
SYS - MOJIyJIb JJIsE pa0OTHI C CHCTEMHBIMH (DYHKITUSIMH.
pyttsx3 - moxysb st cuHTe3a peun (text-to-speech).
requests - moxyns i ornpasku HTTP-3ampocos.
subprocess - MoysIb IS 3aITyCKa HOBBIX MPOIIECCOB U paOOThI C HUMH.
responses - MoayJib Ui co3aHusi TeCTOBbIX 0TBeTOB Ha HTTP-3ampochr.
pyowm - moaynb 1t pabotsl ¢ OpenWeatherMap APIL.
random - MO/IyJ1b JJISl TeHEPAIUH CITyYaHbIX YHCEL.
10 wikipedia - Moy s paboThl ¢ Bukumneauei.

CoNoOR~ LN E
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11. nltk - Mmoxyss 1715t pabOTHI ¢ €CTECTBEHHBIMHE SI3BIKAMHU.

12. json - moxyab st padote ¢ JSON.

13. openai - moayis miast padbotel ¢ OpenAl API.

14. datetime - moaysb 11 pabOTHI C 1ATON M BPEMECHEM.

15. ecapture - Moxysb 15 3aXBaTa U300PAKEHHUH C KaMEPBHI.

16. winshell - momyne m1st paboTsl ¢ 060104k0it Windows.

17. vosk - moayb juis pabOThI ¢ paCliO3HaBaHUEM PEUH.

18. pyaudio - moyb a5t paboThI € ay IO ITOTOKAMH.

19. pyautogui - Mmoayb I aBTOMATH3AIKMK Ipadrueckoro naTepdeiica.

20. base64 - Mmoxynb Uit KOOUPOBAHUS U IEKOJMPOBAHMs JJaHHBIX B base64.

21. PIL (Pillow) - moxyms mist pabOThI ¢ H300pasKEHUSIMH.

22. tkinter - Mmoaysb i co3nanus rpapuyeckux HHTEp(ErcoB.

23. translate - moaysb 1j1st pabOTHI C IEPEBOIAMH TEKCTA.

24. queue: Monyns Python, koTOpbIii mpemocTaBisieT Kiacchl i pabOTBI C OYepeasMHu,
UCIIOJIB3YEeTCs ISl BDEMEHHOTO XPaHSHHS JaHHBIX BO BpeMsi 00paOOTKH.

25. sounddevice: Moaysb it pabOTHI ¢ ayIMOYCTpOHCTBAMH u 00pabOTKM 3ByKa. B maHHOM
CIIy4ae UCIOJIb3YETCs JIJIS 3alMCH ayHo0 ¢ MUKPO(OHA.

26. vosk: OumbOmmoreka JuIsi pacmo3HaBaHusi peun Ha ocHoBe Kaldi, wucmomb3yercst mis
npeoOpa3oBaHus ayJHo B TEKCT.

27. json: mMomysb st paboTel ¢ JSON naHHBIMH, UCHOJB3YETCS IS MApCHUHTa PE3yJIbTATOB,
BO3BpaIacMbIX VOskK.

28. sklearn.feature extraction.text: Momynp w3 Oumbmmorekwm scikit-learn, comep uT Kiacc
CountVectorizer /Ui BEKTOPU3aIIUH TEKCTA.

29. sklearn.linear model: ~momyns w3  OubOmmorexku  scikit-learn, comepxut  Kiacc
LogisticRegression jist KCIIOJIb30BaHUS IOTHCTUYECKOM PErpeccui.

OTH MOIYJIH PEAOCTABISIOT (QYHKIIMOHATBHOCT JJISl PA3JIMYHBIX 33144, TAKUX Kak paboTa ¢ BeO-
caiiTamMu, My3bIKOH, WIpaMH, MOTOAOW, ayAuo, BHUIEO, M300paKEHUAMU H APYTUMU. BakHbIM
aCIeKTOM Pa3pabOTKH CUCTEMBI SIBJISIETCS BHIOOP MOAXOJSALINX aJIFTOPUTMOB U METO/10B 00pabOTKH
ecrecTtBeHHOTro si3blka (NLP), koTopble mO3BOMNsIIOT 00pabaThiBaTh 3allpochl MOJIh30BaTENEH,
TCHEpUPOBATh OTBETHI M B3aWMOJCHCTBOBATH C PAa3IMYHBIMH HMCTOYHUKAMH HHpopMmaruu. B
mpolecce pa3paboTKU CUCTEMBI YIESIOCh BHUMAHHUE HE TOJIBKO (PYHKIIMOHAIBHBIM acleKTaM, HO U
y100CTBY MCIIOJIB30BAHNUS, ONTHMH3ALNN PECYPCOB 1 BOZMOKHOCTSIM JIJIS TAJIbHEHIIIEro pa3BUTHSI.

[Ipennaraemas cucrema “Max” UMeeT CleIyIOLINe BO3MOKHOCTH:

BrurouaTh My3BIKy U3 IIOATOTOBIEHHOTO TUICHIINCTA
["oBopuTH MOroy B 11000M ropoe
dotorpadupoBaTh Bac 4epe3 Kamepy

OTKpBIBaTh U MOKA3bIBaTh HA KAPTE MECTHOCTH, KOTOPYIO BbI CKa)KeTe
OTtkprIBaTh Opaysep

Hckatp B Opay3epe TO YTO BBl CKaXKeTe
[Toncka3piBaTh BaM BpeMs

Ouniate KOp3UHY

[TucaTh BaM 3aMETKH M YUTATh BaM OOPaTHO

0. 3amyckate uUrpy

11. Co3nmaBatbk n3o0paxenue Ha ocHoBe DALL-E 2

12. Jlenatb CHUMOK DKpaHa

13. Hckarh B BUKUTICAUH CTAaThIO M YATATh BaM

14. TIpomaThCs ¢ BAMH U OTKJIFOUATHCS

15. Brikimtouats HOYTOYK

16. Bxiroyath My3bIKY 110 Ha3BaHUIO

17. TlomHOCTBIO MOAACPIKUBAET AHTITMHCKUAN SI3BIK

RBoOoo~Nooa~wONE
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Bo Bropoii BepcuM cHUCTEMBI MPEAyCMOTpPEHBbl Oojee TIiIyOOKHE HMHTEIUIEKTyajlbHbIe
(MBICTHTETFHBIC) BO3MOKHOCTH. DTO BKIIOYAET B ce0si 00ydeHHe CHUCTeMbI Ha OOJIBIIUX 00beMax
JAHHBIX JJIs MOBBIIIEHUS TOYHOCTH PACO3HABaHHS TOJI0OCAa UM MOHMMAHUSA KOHTEKCTa 3alpOCOB.
Taxoke rIaHupyercs A0paboTKa alropuTMOB 0OpaOOTKH €CTECTBEHHOTO SI3bIKa M MCIOJIBb30BaHUE
HEHPOHHBIX CeTeH /Ui yIy4llIeHNs Ka4eCTBa OTBETOB U MPUBJICUCHUS IOTIOTHUTEIbHBIX HCTOYHUKOB
unpopmanuu. byner mnpoBeaeHa paboTa HaI YCOBEPIICHCTBOBAHWEM I0JIb30BATEIHCKOTO
uHTepdeiica M Cco3laHMEM HOBBIX METOJOB B3aUMOJICHCTBUS C TMOJb30BaTeNIeM, BKIIIOUas
BO3MOXXHOCTh QJIANTAllMK TIOJI WHIUBUAYaJIbHBIC MPEINOUTEHUS KaXKIOro IMosb3oBarens. Jlis
TECTUPOBAHUS U OILIEHKH 2(PPEKTUBHOCTH cucTeMbl “Max’ Obu1 pazpaboTaH HaOOp SKCIIEPUMEHTOB,
OXBAaTBIBAIOIINX PA3JIMYHbIC CIICHAPUHU HCIIOIB30BAHUS U (PYHKIIMOHAIBHBIE BOZMOKHOCTH CUCTEMBI.
DKcrepuMeHThl ObUIM HalpaBlieHbl HA MPOBEPKY KayecTBa PACIO3HABAHMSI r0JI0Ca, TOYHOCTHU
OTBETOB Ha BOMPOCHI, a TAaKKe Ha OIEHKY YAOOCTBA M TPOCTOTHI HCIOJIB30BAHUS CUCTEMBI.
Pe3ynbTaThl TECTUPOBAHUS MO3BOJIIIIN OMPEIEIUTh 001acTH, TPEOyIoLe JOPaOOTKU U YITyUICHHH,
a TaKKe HAMETUTh HAMPABJICHUS [Tl TATHHEHUINIETO Pa3BUTHS CHCTEMBI.

3akii0ueHune

B pesynprare paboThl HaI MPOEKTOM ObLIa pa3paboTaHa HadallbHAs BEPCUS MPOTrPAMMHOMN
CUCTEMbl C HHTEJUIEKTYaJIbHBIMH  BO3MOXKHOCTSIMH, CIOCOOHOW  B3aMMOJEHCTBOBATH  C
MOJIE30BATEICM W BBINMONHITH Pa3HOOOpa3Hble 3ajadd. B pamkax 3TOro wuccienoBaHHS ObUTH
UCIOJIb30BaHbl MOyH Python, KOTOpbIe MO3BOJIAIOT cucTeMe paboTaTh ¢ BeO-callTaMu, My3bIKOM,
WUrpamH, MOTroJI0M, ayaro, BUACO U n300paxkeHusMu. boina coznana cucrema "Max", o6nanaromuii
TOJOCOBBIMH BO3MOYKHOCTSMU M TMPEAOCTaBISAIONINI HaO0op pa3HOOOpa3HbIX GYHKIUN AJis
noJib3oBaresei. JlanpHelme necine1oBaHus U pa3paboTKH B 00J1aCTH UCKYCCTBEHHOTO MHTEIICKTA
U CO3JIaHUSl BHUPTYalbHBIX ACCUCTEHTOB MOTYT pACHIUPUTH BO3MOXKHOCTU TAaKUX CHCTEM,
obecnieunBas eie 00Jiee TOYHOE PACIIO3HABAHNE U AaHATIN3 YEJIOBEUCCKOM PEUH, a TAKKE HHTETPALIHIO
C Pa3JIMYHBIMU MPUIOKEHUSIMH U cepBUCcaMU. Bo3MoxkHO, B OyaylieM yaacTcs co3aaTh CUCTEMY,
CIIOCOOHYIO aHAIM3UPOBATh M PEIIaTh OOJee CIOXKHBIC 3aJla4d, YTO 3HAYUTEIHLHO IOBBICHT €€
MPAKTUYECKYI0 IIEHHOCTh. TakuM 00pa3oMm, pa3paboTka CHCTEM C HHTEJUICKTYalbHBIMU
BO3MOKHOCTSIMU SIBJISIETCSl aKTyaJbHOW W TEPCHEKTHBHON 00JIaCThIO HCCienoBaHuil. BHenpeHue
TaKMX CHCTEM MOXET YNPOCTUTh KHU3Hb TOJb30BaTeNed U TOBBICHUTh HX TMPOJYKTUBHOCTD,
MPEIOCTABIISAS JOCTYNT K HWH(QOpPMAIMK W YIPABICHUIO PA3TUYHBIMU (DYHKIUSIMHA C TIOMOIIBIO
roJI0COBBIX KOMaH. OcoOeHHOE BHUMAaHKE B JAbHEHIIINX UCCIIEIOBAaHUSAX CTOUT yACTUTH BOIIPOCAM
0€30MacHOCTH U KOH(PUACHIINATHHOCTH, TaK KaK CHCTEMBI ¢ TOJIOCOBBIMH BO3MOYKHOCTSIMU MMEIOT
JOCTYN K TEePCOHANBHBIM JAaHHBIM MOJIb30Baresei. Bo3moxHo, OyaeT HeobxonuMo pa3paboTaTh
MEXaHU3MbI HJICHTU(DUKANA W ayTEHTHU(PUKAIIMU IT0JIb30BATENICH, a TakkKe 00ECIeYUTh 3aIUTY
nepenaBaeMoil W xpassiieicss nHpopManuu OT HECaHKIIMOHWPOBAHHOTO noctymna. Kpome Toro,
VYHUTBIBAs pa3sHOOOpa3ue SI3bIKOB M AKIICEHTOB, HA KOTOPBIE MOTYT CTOJKHYTHCS CHCTEMBI
pacrmo3HaBaHHsl To0JIoca, HEOOXOJMMO pa3paboTaTh AITOPUTMBI U MOJETH, CIIOCOOHBIE
aJanTHPOBATHCS K OCOOEHHOCTSIM Pa3HbIX SA3bIKOB U TOJIOCOBBIX OCOOCHHOCTEN MOJIb30BaTENEH. ITO
MOJKET 3HAYUTEIHHO TMOBBICUTH YHHUBEPCAIBHOCTh U MPUBIEKATEIHLHOCTh CHCTEMBI JUISI HIUPOKOM
ayJTMTOPUH TIOJTB30BATEIICH TI0O BCEMY MHPY.

B 3akmrouenue, coszmanue cuctembl "Max" sBISeTCS BaXKHBIM IIIarOM B pa3paboTke
HCKYCCTBEHHOTO HWHTEIICKTAa W TOJOOHBIX cucteM. OjHAKO, Ui JIOCTMDKCHHUS elne OoJbliei
3¢ (HEeKTUBHOCTH U YJIOBJIETBOPEHUS MOTpEeOHOCTEH MONb30BaTeNei, He0OXOIUMO MPOAOIIKAThH
WCCJICJIOBAHMS B 9TOM 00JIaCTH, pa3padaThIBaTh HOBBIC aJITOPUTMBI M TIOJIXO/bBI, @ TAKKE YIUTHIBATH
BOIPOCHI 0€30MACHOCTH ¥ KOH(DUIEHITUAIIBHOCTH.
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MICRPC TiPLIi CONTROLLERDO TAYMERIN iINiSALIiZASIiYA VO
KOSILMOLORIN iSLONMOSI ALT PROQRAMLARININ YARADIMASI

Xiilaso

Mogalodo Fastwell firmasinin istehsali olan CPU188-5 prosessorunun bozi texniki
xarakteristikalar1 verilmis, miixtalif totbigq sahslori gostorilmisdir. Qeyd edilmisdir ki, bu prosessor
¢atin goraitdo uzun miiddat, insanlar tarafindon xidmor edilmodon miixtalif intellektual monitoring,
diagnostika va idaroetma sistemlorinin torkibinds texniki obyektlor vo quréularla slags vasitosi kimi
istifado edilo bilor. Real vaxt masstabinda isloyon intellektual program tominatlariin torkibindo
prosessor taymerindon miivaffoqiyyatlo istifado edilo bilor. Mogalods taymerin inisializasiya vo
kasilmalori isloyan alt programlari niimunalari verilmisdir.

Acar sozlar: CPU188-5 prosessoru, Technical Spesifications, taymer kasilmalari, control register

Molumdur ki, kanadanin Fastwell firmasinin istehsali olan CPU188-5 prosessorunun miixtalif
versiyalari tizarinds qyrulmus kontrollerlor ¢atin soraitds, insanlar tarafindon xidmot edilmadan uzun
miiddat istismsr edilo bilirlor [1]. Prosessorun texniki xarakteristikalar1 Fastwel firmasinin Technical
Spesifications sonadinds verilmisdir [2]. Prosessorun ¢oxsayli ikilik signallarin gobulu vo verilmasi,
analoq signallarin genis imkanli gobulu vo verilmasi, boyiik siirotli RS232, RS422/485 texniki
standartlarina uygun boylik siirotli ardicil portlar1 vo s. imkanlar1 vardir. Analoq signallarin
oxunmasina gozon orta giymot metodu bir xarakterik xiisusiyyot olaraq qurulmusdur. Hor oxuma
daxilds 16 sayda oxunma amoaliyyati naticalarinin orta giymati kimi verilo bilir. Mixtalif tejimlorda
bu say azaldila bilir.

CPU188-5 prosessoru osasinda yaradilan kontrollerlor real vaxt masstabinda isloyon bir ¢ox
intellektual monitoring, diagnostika vo idaroetma sistemlorindo texmiki obyektlorlo olago vasitosi
kimi istifado edilmisdir [3]. Azorbaycanda bu kontrollerlorin Baki metrosunda miixtalif texniki
proseslorin idars edilmasinds, Heydor Oliyev adina Baki Neft Emali zavodunda Katalitik kreking
qurgusunu qazla tomin edon kompressorun vibrodiagnostika sisteminin yaradilmasinda,
Seysmoakustik signallarin kily texnologiyalari vasitasi ilo analizi va seysmik proseslorin monitoringi
sisteminin yaradilmasinda istifads edilmisdir. Kontroller Microsof MS-DOS 6.22 amoaliyyat sisteminin
idarasi altinda isloyir, kasilmolor sistemi, yaddasin qurulusu, programlasdiriima imkanlar1 IBM PC-
yo oxsardir [4, 5].

Kontrollerds istifado edilocok har hansi programda Taymer koasilmolorini islayan modullar
yaratmagq magsadlo ilk ndvbads taymerin inisializasiyast alt proqrami yaradilir. Burada birinci
aaddim taymer kosilmalorinin qadagan edilmasidir. Qeyd etmok lazimdir ki, taymerdan golon
kasilmalarin qadagan edilmasi, kasilmoalora icazs verilmasi iigiin, taymer periodlarinin tayin edilmasi
Vo idars edilmasi tiglin miixtalif registrlordon istifads edilir.
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- vektor tinvan1 12H*4 {invanidir. Bu tinvana toymar kasilmalorini miixtalif magsadlor {igiin
islayan alt proqramin iinvan1 yazilir.

- Control registr OFF5Eh miixtalif rejimlorin verilmasini tomin edir. Taymerin isinin
(kasilmalarinin qadagan edilmasi vo kasilmalars icazo verilmasi bu registr vasitasi ilo olur. Bu
moagsadlo registro 0100000000000000b  kodu yazilir. Taymer koasilmoalorine iazo vermok iiglin
registro 1110000000000001b kodu yazilir.

- Saygac registri OFF5Ah taymer kosilmalorinin periodunun yazilmas: ti¢iindiir. 5000-2 barabar
olan kod tezliyi 2000 hs olan kasilmalar yaradir vo on mindas bes saniyalik vaxt alds edilir. 50000- o
barabar olan kod -200 hs-lik, 10000-5 barabar olan kod -1000 hs-lik kasilmalor yaradir.

Bu parametrlorin hasilinin 5000*2000=50000%200=10000*1000 olduguna gors miixtalif tezliklor
yaradila bilor. Lakin ¢ox asagi vo ¢ox yuxari tezliklorin yaradilmasi maslohot gériilmiir.

- Taymer saygacinin idara edilmasi registri OFF58h. Bu registra 0 kodunun yazilmasi ilo OFF5Ah
registrinds galan istifads edilmomis kod silinir.

Qarsida duran masalalordan asili olaraq taymer kosilmalarini islomak {igiin miixtalif alt programlar
yaratmag olar.

Init_Timerl_sec proc
mov  dx, OFF5Eh ; Timer 1 Mode and Control Register
mov  ax,0100000000000000b ; timer and its interrupt disabled
out  dx,al
mov  dx,0FF58h ; Timer 1 Count Register
mov  ax,0
out  dx,al
mov  dx, OFF5Ah ; Timer 1 Max. Count A Register
mov ax,cs:M_c_a
out  dx,al
push es ; save current interrupt vector for the Timer 1
Xor  ax,ax
mov  es,ax
mov  word ptr es:[12h*4 ], offset Timerl_Interrupt ;set new interrupt vector
mov es:[12h*4+2], cs
mov  dx,0FF28h ; Interrupt Mask Register
in ax,dx
and al,11111110b
out  dx,al

mov dx,0FF5Eh  ; enable Timer 1 and its interrupt
mov  ax,1110000000000001b
out  dx,al ; enable timer
; enable its interrupt
; use internal (processor) clock
; compare with Max. Count A only
; continuous work

pop es
ret
Init_Timerl_sec endp
Timerl_Interrupt proc
push ax
push dx
push cx
push si
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push di
mov  dx,0FF2Ch ; Interrupt In-Service Register
in ax,dx
test  al,00000001b
jnz  ti00 ; > Timer interrupt "in-service" bit is 1,
; then it's a hardware interrupt
; Timer interrupt "in-service" bit is 0,
; then it's a software interrupt
pop di
pop si
pop  CX
pop dx
pop ax
; and pass the control on to the saved vector
db OEAh ; "JMP FAR" processor instruction
old_timvect label dword
dd ?
ti0o0: ; SP interrupt "in-service" bitis 1,
; then it's a hardware interrupt
push ds ; save segment registers
push es
mov  ax,cs ; set DS to "our" data segment
mov  ds,ax
mov  es,ax
;DO WHAT YOU WANTED
mov  ax,cs:cdc01
cmp  ax,0
je ftim01
dec  cs:cdcO1
ftimO1.:
mov  ax,cs:cdc02
cmp  ax,0 ;o5...add by
je ftim02
dec  cs:cdc02
ftim02:
inc  cs:cic0l
inc  cs:cic02
e thank you
mov dx,0FF22h  ; End-of-Interrupt Register
mov  ax,8 ; ATTENTION! For all 3 Timers "8" has to be
out dx,al ; written, although all 3 Timers have different
; interrupt vectors
pop €S ; restore segment registers
pop ds
pop di
pop si
pop  cX
pop dx
pop  ax

iret; return from the interrupt
Timerl_Interrupt endp
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INFORMASIYA-KOMMUNIKASIiYA TEXNOLOGIYALARININ
COMIiYYOTO TOSIRI

Texnologiya inkisafinin noticasi olaraq informasiya — Kommunikasiya Texnologiyalarinin (IKT)
inkisafinin, diinyada mokan vo zaman anlayisinda yeniliklor gotirmisdir. Bu yeniliklorin insan
hoyatinda hansi rola sahib olunmagindan bohs edilmisdir. IKT-nin giindolik hoyata, comiyyata oks
olunmasindan bohs edilmisdir. Insanlarin hayatinda bu texnologiyalarin hans1 avantajlar1 gotirmayi
miizakira olunmusd.

Yeni Sonaye Ingilabi, basqa sdzlo Texnologiya vo IKT Ingilabi diinyada bonzori olmayan bir
comiyyatin yliksolmosina sobab oldu. Bu comiyyati yeni comiyyat olaraq adlandirirlar. Eyni zamanda
informasiya comiyyati vo ya yiiksolon comiyyot adlandirmaq olar. IKT-nin tosiri altinda bas veran
transformasiyalar comiyyatin hor bir hissosindo, yoni modoniyyatdo siyasatdo vo iqtisadiyyatda da
miisahido olunur. Umumi IKT-don istifado global miqyasda tokamiilloro sobob olan informasiya
comiyyating keg¢idi stiratlondirmis vo bu diinya kigik bir kond adlandirilmigdir. Buna géra do, bu kigik
konddo hayatin hor sahasinde son IKT-dan istifads va yiiksok alago saviyyasi, yiiksok siiratli soyahat
kimi bazi inkisaflar miisahids edilmisdir. (Olszak and Ziemba, s.213).

Qlobal doyisiklik biitiin diinyaya yayildiqca paralelinds yer vo zaman anlayis1 da tokamiil etdi.
IKT-nin toraqqisi mokan vo zaman anlayisinin inkisafini siirotlondirdi, buna géro do uzaq yerlor
yaxinlagdi kimi deyils bilor. Masalon, 6lkalor orta asrlords at siiron bir adam vasitasils bir-birins pogt
gondarirdilar va belalikls, post bir neco haftays ¢atirdi, lakin bu giin mesaj kimdansa saniyalor arzinds
basqa bir soxso gedir. Digor biitiin qurumlar da bu mexanizmin tosirino moruz qalmisdir, ¢iinki
linsiyyat prosesi insanlar arasinda vo qurumlar arasinda daha siiratli olago kimi is prosesino tosir
gdstormigdir. IKT igtisadiyyat corcivosindo xorclorin azalmasina vo informasiya foaaliyyatinin
sahasinin genislonmasina sabab olur. (Akinct, s.30-38).

IKT daha siiratli {insiyyot roqabotli bazar qurulusunu omolo gotirdi. Bunun noticosi olaraq
texnologiya firmalar arasinda rogabot gotirdi. Bu o demakdir ki, IKT qurumlarin rogabat qabiliyyatina
yeni Olcii gotirir. Masalon, artan geyri-miioyyonlik, yer vo zaman qavrayisinda stiratli doyisikliklor
tez qorar gobul etmoyi, davamliligin davamliligini vo s. anlayislar1 formalasdirdi. Belslikls, diizgiin
qorar vermak iiclin insanlar tez analiz etmo bacarigina sahib olmalidir. Tez analiz etmok iiciin iso
lazimi molumatlar1 oan qisa zamanda oldo etmolori lazimdir. Bunun noticesinds qurumlar
faaliyyatlorini davam etdirmak ii¢lin yeni struktur va texnologiya tolob olunur. Mal vo xidmatlorin
oksariyyati robototexnika, kompiiterlor, maliyys omoliyyatlari vo demok olar ki, biitiin kommersiya
foaliyyotlori IKT ilo e-pogt vasitosilo baglidir. Ona gora do demok olar ki, amtao vo xidmotlorin
gostorilmosi yolu fiziki miihitdon virtual (elektron) miihito ¢evrilmisdir. Miiossisalor, sirkatlor, fiziki
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soxslor arasinda elektron poctun iimumi istifadosi demok olar ki, biitin ndévlordo goérkomli
niimunolorden biridir. Bu, IKT sayesindo rabitonin siiratinin va doyarinin doyismasina sabab
olmusdur. (Akinci, s.30-38).

Qurumlar, sirkatlor, soxslor arasinda {insiyyet yalniz elektron pogtla deyil, telefon, mobil telefon,
kamera, videokonfrans vasitosilo do hoyata kegirilir. Masolon, onlar arasinda miixtolif yer vo
zamanlarda videokonfrans vasitosilo goriislor kecirilir. Buna goére do, onlar siiratli qorar verma
prosesi, asag1 soyahot xorclori, zamana qonaot etmis olurlar. Elektron bazar sayosindo firmalar vo
insanlar arasinda internet tizorindon kommersiya foaliyyastlori daha ¢ox istehlakg¢iya, miigtoriys, mal
vo xidmotloro daha asan ¢atir. Beloliklo, e-ticarat yeni yiiksolon mdvzulardan biridir. Masalon,
amazon.com, ebay.com, Hepsiburada.com, sahibinden.com kimi bazi internet saytlar1 elektron ticarot
faaliyyati ti¢iin aktivdir. Bu giin amazon.com-da "70.000-don gox sahibkar" var vo 2015-ci ilds sirkot
"illik satigda 100 milyard dollara" ¢atdi. (Amazon.com, 2015 Annual Report). Bundan slave, miixtalif
internet saytlarinda forqli soxslor arasinda miizakirolor aparilir. Bu virtual miizakire, bir ¢ox
problemlarin halline va ya on az1 biliklerin paylagilmasina va s. sobab olur. Masalon, istehlakgr hor
hans1 malla bagli xabarlori dorhal mal yoniimlii forumun internet saytinda onun qiymati ucuzlasdiqda
paylasa bilor vo ya hor hansi mal vo xidmatlo baglh 6z fikirlorini vo tocriibslorini paylasa bilor.
Istehlak¢r harada yasamasindan asili olmayaraq derhal digor istehlakgilara cata bilir, buna goro do
istehlakgilar IKT vasitosilo bir-birino tosir gdstors bilirlor. Bundan olave, insanlar giindolik
hayatlarinda bir ne¢a dofs texnoloji avadanliqlarla qarsilasirlar. Masolon:

- (istehlake¢1 kimi) susuzluq va ya acliq hiss etdikdo avtomatdan su, sokolad vo ya sendvig ala vo
ya supermarketdon alig-veris etdikdon sonra Jet Cash vasitosilo aldiginiz biitiin mallar1 paylasa
bilarsiniz;

- (miistori kimi) siz pul yatirib ¢ixara, bankomatlar vasitasilo dorhal bir hesabdan digor hesaba pul
koclirmak kimi bir ne¢o maliyye amoliyyati eds bilorsiniz;

- (vatondas olaraq) Baki kart1 kimi elektron gohor kartlarinizdan sarj masinlari vasitosilo pul
yliklaya bilarsiniz va ya noaqliyyat vasitosini idara edorkon giindslik hoyatda elektron yol nisanlar1 vo
elektron agkarlama sistemi ilo qarsilasa bilarsiniz. (Akinci, s.30-38).
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ORACLE VERILONLOR BAZASI iDAROETMO SISTEMINDON iSTiFADO
ETMOKLO SIGORTA iSININ TOSKILi

Giuinimuzds imumilikda verilonlor bazasi idaraetma sistemlarindan har sahadoa demak olar ki,
istifado olunur. Bunlar igindo iso an moshuru vo istifadasine gora birinci yerdo dayanan Oracle
verilonlor bazas idaroetmo sistemidir. Istifadosine géra noys gora birinci yerdo dayandigini bilmok
ticiin Oracle verilonlor bazasi idaraetma sisteminin asagidaki bir nego asas istiinliiklorini geyd eds
bilorik:
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1. Yiiksok performans: boyiik hacmli verilonlori somarali va siiratlo idars etmok imkanina sahib
olmasi;

2. Etibarlihq: yiiksok al¢atanliq tarixi ilo etibarli olmasi ilo bagli s6hrato malik olmast;

3. Tohliikasizlik: verilonlar bazasinin icazasiz girisdon qorunmasini algatan etmasi;

4. Ceviklik: bizneslori onlarin unikal taloblors uygunlasdirmaq va digar program va sistemlorls
birlagdirmays imkan vermasi;

Oracle verilonlor bazasi idaroetmo sistemindon istifado molumatlarin idars edilmasini
sadolosdirarok vo molumatlarin olgatanligini artirmaqla sigorta toskilatlarimin strukturunu vo
effektivliyini artira bilorik. Sigorta sirkotlorinin giindolik idars etdiyi ¢oxlu molumatlarin idars
edilmasi ligiin yaxsi togkil edilmis va tohliikasiz sistem movcud olmalidir. Verilonlor bazasi idaroetma
sistemlori (VBIS) bu vaziyyatds boyiik hacmli malumatlarim idars edilmasi iiciin etibarli vo somorali
metod toklif edir.

Verilanlor Bazasinin idara Edilmasi Sistemi (VBIS) molumatlarin saxlanmasi va idars edilmasi va
molumatlarin aldo edilmasini vo oldo edilmasini asanlagdirmaq tiglin nazords tutulmus program
tominatidir. Sigorta sonayesindo VBIS-don miistori molumatlari, maliyys molumatlar1 vo s. kimi genis
¢esidli malumatlar1 saxlamaq vo idaro etmok iigiin istifads edilo bilor. Sigorta sirkotlori VBIS-dan
istifado etmoklo malumatlar: somorali sokildo toskil eds vo saxlaya bilor, molumatlara siiratli ¢ixis vo
molumatli gorarlar gabul etmays imkan verir.

Sigorta isindo Oracle verilonlar bazasi idaraetms sisteminin tstiinliiklarini nozardon kegirak:

e Sigorta sonayesindo VBIS-don istifadonin asas iistiinliiklorindon biri miistori

xidmatlarini tokmillogdirmak imkanidir. Miistari molumatlarimin morkazlogdirilmis moalumat
bazasina ¢ixis aldo etmokla sigorta sirkotlori miistori tofarriiatlarina asanligla daxil ola bilar Ki, bu da
onlara daha yaxs1 miistori Xidmati gostormoys, miistori sorgularini vo problemlorini vaxtinda vo
samarali sokilds hall etmoays imkan verir.

e  VBIS-in digor miihiim iistiinliiyii omoaliyyat somaraliliyini artirmaq qabiliyyatidir.

Sigorta sirkotlori molumatlarin idars edilmosi proseslarini sadalogdirarok malumatlarin idara
edilmasi va tohlili tigiin talab olunan vaxti va saylori azalda bilor. Bu, amoliyyat xarclorini azaltmaga,
mohsuldarligi artirmaga va daha siiratli gorar gobul etmoaya imkan vers bilar.

e Olavo olaraq, VBIS hassas vo maxfi malumatlarla mosgul oldugu iigiin s18orta

sonayesinda vacib olan malumat tohliikasizliyini tomin edir. Giris nazarati, firewall va sifralomo
kimi miivafiq tohliikasizlik todbirlorini hayata kecirmoaklo sigorta sirkotlori 6z molumatlarinin icazasiz
giris vo Kibertohliikolordon qorunmasini tomin edas bilarlor.

e Notico olaraq, VBIS molumatlarin idaro edilmasi vo saxlanmas iigiin somarali vo

tohliikosiz iisul tamin edorak sigorta senayesinin ugurunda miihiim rol oynayir. VBIS-dan istifada
etmoklo sigorta sirkotlori mistori xidmatlorini tokmillogdira, amaliyyat somoraliliyini artira vo
molumatlarin tohliikasizliyini tamin eds bilarlar. Toocciiblii deyil ki, bir gox sigorta sirkatlori indi 6z
biznes amoliyyatlarimin osas komponenti kimi VBIS-2 miiayyon sarmays qoyurlar.

Sigorta isinin taskilindo Oracle verilanlor bazasi idaraetma sisteminin qurulmasi. Sigorta
toskilat tiiin xiisusi verilonlor bazas1 dizayni1 hamin togkilatin unikal ehtiyac vo toloblorindon asili
oldugu ti¢iin konkret bir dizayn niimunasi yoxdur. Har bir sirkatin 6ziins lazim olan informasiyalari
asasinda bu sistem Oracle VBIS-da qurulur vo dizayn edilir.

Hoyat sigortast malumatlar codvalini hazirlayaq.

Bizim igloyacayimiz malumat modeli bes mévzu sahasindan ibaratdir:

Omokdas (sokill.) ;
Mohsul (sokil2.) ;
Miistori (sokil3.) ;
Toklif (sokil4.) ;
Odonis (sokil5.).

Codvollor yaradildigdan sonra coadvollor arasinda tolob olunan olagolor hazirlanmigdir.
(vertabelo.com)

agrownE
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Burada hayat sigortasi ti¢iin effektiv malumat modelini qurmusam. S6hbatimizs yekun vurmazdan

avval bu modells bagh miizakirs edilocok daha ¢ox seyin oldugunu vurgulamaq lazimdir. Bu tezisin
asas mogsadi modelin asas aspektlori haqqinda imumi molumat vermak, oxuculara onun necs

goriindiiylinii vo neca isladiyini anlamaga komok etmoakdir.

Stibhasiz ki, sigorta sonayesi ¢ox miirokkobdir. Miixtalif sigorta novlari toklif edon bir isi idara
etsoydik, bu malumat modelinin necs inkisaf edacayini asanliqla tasavviir eds bilarik. Bununla bels,
bu tezisdo biz yalniz hoyat sigortast tigiin molumat modelini tosvir etdik. Belo bir sirkat iiglin
fordilogdirilmis moalumat modelinin hazirlanmasi hartorafli planlasdirma vo shamiyyatli say tolob

edocokdir.

Sakill. Omokdas

migteri_slage_tipl

alagali_miigtar

id
mastar_id
saxs_id

int PK
it FK
int FK

e K
=

varchar(255)

iorvan  varchar(256) N
itelefon  varchar(255) N
mail varchar(256) N

Misterl

i
kod
soxs_id
misstori_katagori_id  int FK

f

2 e
varchar(64)
int FK

tan_imzal_tokifler:0 |

i mig int
i mah int
{rol_i int
{imz date
| takiif int
| prog int FK |
{6da decimal(10,2) i

id PRl —————o= misten_slags_kataqori_id int FK
slaga_tipi  varchar(64) detal toxt N
aktiv bool
danig
id int PK
imzalandi int FK
bdanis_tarixi date
miqdar decimal(10,2)
tasvir toxt N
saxs_id int FK
mistari_id int NFK
fia PRl
i kod varchar(64) Mistarilar:Odenisler
iad varchar(255)
soyad  varchar(255) | { e
Gnvan varchar(255) N ’ varchar( ’FK
i tolafon varchar(255) N gs_id " i E
| mal varchar(258) N | | msterl_kataqori_id int K
ddama
id int PK
imzatand int FK o
dama_tarixi date
miqdar decimal(10,2)
hal_id int FK Bo
&dema_sebabi_id  int FK
soxs_id int FK
misstari_id int NFK|
adama_sabebi
id int
sobob_adi  varchar(256)

int
+ hal_adi varchar(255) |
 tasvir text N

T

Sokil2. Miistari

rol

id int K
rol_adi wvarchar(255)

rol:@makdag
id int PK
amakda. int FK
rol_id int FK
baglama_tarixi date
bitma_tarixi date N

amakdag
int PK
varchar(32)
varchar(255)
varchar(255)

_tarixi date

Oracle

FK |

K 2
NFK .

Soakil3. Miistari

Corporation.

Sakil4. Taklif

Sokil5.0donis
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VEB-SOHIFO STRUKTURUNDA “BANNER” ANLAYISI VO ONUN NOVLORININ
TOTBIQININ MUQAYiSOLI TOHLILI

Xiilasa

Bu moqals, veb sohifalords vo mobil proqramlarda goériinon, onlayn reklam novii olan bannerlora
imumi baxis toqdim edir. Bannerlor miixtalif 6l¢iilords vo névlards olur, bunlara standart bannerlor,
pop-up bannerlor, 3D kub bannerlor, catfish adlanan bannerlor vo sohifodaxili, xiisusi olaraq
hazirlanan interaktiv bannerlor aiddir. Magalads har bir banner ndviiniin xiisusiyyatlori, tistiinliiklori
Vo c¢atismazliglari, homginin masaiistii vo mobil platformalarda istifado olunan miixtalif 6lgiilor
arasdirilir. Magalads hamginin CPC vo CPM kimi istifads olunan miixtalif reklam izloma iisullart vo
bannerlorin rogomsal miihitdo neca satildig: arasdirilir. Umumilikds, bu mogaloda bannerlor vo
onlarin novlori haqqinda timumi malumat togdim edilir vo bannerlorin d6gru istifado qaydalar tohlil
edilir.

Acar sozlar: banner anlayisi, veb-sohifolords banner, banner reklamlari, bannerlarinin effektiv
inteqrasiya olunmasi yollari

Giris

Bannerlor vebsaytlarda vo mobil proqramlarda goriinon onlayn reklam néviidiir. Bu bannerlor
miixtolif multimedia elementlori, matn va digor funksiyalardan istifado etmoklo yaradilir vo onlar
demogqrafik molumatlari, istifadogi maraqlarini vo istifadogi baxisi osas gotiiriilorok konkret
istifadogilori hodof almaq t¢iin nozords tutulur. Bannerlorinin istifadasi son illordo getdikco
populyarlasdi vo bunlarin mahsul va xidmatlorin onlayn tosviqi ti¢iin effektiv tisul oldugu siibut
olundu [1, 2].

Bannerlar onlayn reklamgiliq ti¢iin miihiim vasitadir, ¢iinki onlar biznesin daha genis auditoriyaya
catmasina komok edir. Onlar brend stiurunu yaratmaq, vebsaytlara trafik cokmok va satislari artirmaq
ti¢iin istifada olunur. Bannerlar hom da onlayn biznesin uguru tigiin vacib olan potensial miistarilorin
calb edilmasinda xeyli effektivdir [3, 4].

Bannerlorin asas iistiinliiklorindon biri onlarin konkret auditoriyaya yonalo bilmosidir. Reklamgilar
6z bannerlorinin lazimi insanlar tarofindon gdriinmasini tamin etmok iigiin cografi yer, maraqlar vo
davranig kimi miixtalif hadafloma se¢imlorindan istifads eds bilarlor. Bu, bannerlarin effektivliyini
artirmaga komok edir vo miiassisalorin diizgiin auditoriyaya ¢catmasini tamin edir.

Bannerlor do yiiksok saviyyodo fordilosdirilo bilor. Reklamgilar 6z xiisusi ehtiyaclarina
uygunlasdirilmis bannerlor yaratmagq tiglin miixtolif 6lgiilor vo formatlar arasindan se¢im edo bilarlor.
Onlar hamginin istifadagilarin diggstini calb edon coalbedici va interaktiv bannerlor yaratmagq tigiin
sokillar, videolar vo animasiyalar kimi miixtalif media ndvlarindan istifads edos bilorlar.
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Bannerlarin digor miihiim xiisusiyyati onlarin yiiksok 6l¢iido olmasidir. Reklamgilar bannerlarinin
performansini kliklomo doaracalori, geri-doniisiim nisbatlori vo gazanc oldo etmo doyoari kimi
gostaricilordan istifads edarok izloys bilorlor. Bu, is adamlarina kampaniyalarini optimallagdirmaga
Vo investisiya golirlorini yaxsilasdirmaga imkan verir.

Miixtalif név bannerlarin tatbiqi

Bannerlor statik vo ya animasiyali ola bilor. On yaygin 6lgiilori leaderboard (728x90), medium
rectangle (300x250), va skyscraper (160x600) adlanan Slgiilordir (sok.1), onlar CPC (click per cost)
va ya CPM (cost per thousand impressions) reklam izloma va ya rogomsal miihitds satis qaydasindan
istifado olunaraq yayimlanir.

Lev Trotski - Stalinin en gox
qorxdugu sirli adamin dahgati

Distant tohsil nadir va
xUsusiyyatiari

Yagsamaq gozal geydir, gardagim Sdeblyyatimizin Mirzs Fatali asri
X3 ya adablyystnin > X a pdmer’ Klara Setkin-ganc yaglarnindan
ipa-sapa yatmayan gadin

Jukovun diz Usta ¢tk amri va
azim | Rass 3 Kimy formullar. Tarkibin Berlyanin ¢cokusu
Sabirl itliyi i ahran ol -

Sokil 1. Miixtalif 6l¢iilii bannerlor

Qeyd olunan bannerlor veb sohifodo eyni anda vo ya miioyyon araliglarla yayimlana bilor. Bu
tamamilo veb sohifonin qurulusundan asilidir. Iyerarxik struktura malik veb sohifodo “Display
banner” -lor 7 — 23 miixtolif 6l¢iiyo malik olmagla asason iki platformada — desktop vo mobil
platformalarda yayimlanir:

Display Banner-lor miixtolif novdo, 6l¢iido ola bilor. Onlardan bazilorini nazardon kegirok.

Standart Banner. Onlayn reklamin an godim formalarindan biri olan standart banner reklamlari,
reklamgilar torafindon saytlara daxil edilmis, kegidlori olan miixtalif dlgiilords vo formalarda veb
sohifolordo goriinon qrafik reklamlardir. Ziyarotgilor reklamlara Kliklodikds, reklam versnin
sohifasino yonlondirilirlor. Istifade olunan grafiklor doyismoyen &l¢iide olduqu iiciin onlara standart
banner deyilir. Bu standart 6lgiilara nazor yetirok:

728 x 90 — Leaderboard Banner. Leaderboard bannerlari hamginin {ifiiqi bannerlor adlanir, Google-
a goro on yaxsi performans gostoron reklam olgiilori arasindadir. Onlar digar Slgiilora nishotdo
boyiikdiir va ¢ox nazars garpir. Leaderboard bannerlari ham da istifadaginin sahifoni ziyarst edorkon
gordiiyti ilk mazmundur.

320 x 50 — Mobil Leaderboard. 320 x 50 16vhasi mobil kampaniyalar ti¢iin imumi 6lgiidiir. Bu
banner adoton mobil veb brauzerds ekranin asagi hissasinds goriiniir. Bununla bels, 0, talob olundugu
kimi ekranin yuxarisina vo ya mozmunun igarising yerlosdirils bilar.

300 x 250 — Orta olgli banneri (Medium Rectangle). Diizbucaqdan ibarat Google-un an yaxsi
performans gostaran banner reklam 6l¢iilarindan biridir. Bu reklam adaton forgli dizayn vo CTA ila
mozmunun ortasinda yerlogdirilir. O, oksar reklam formatlarini1 dastokloyir vo onu video reklamlar vo
interaktiv reklamlar yerlogsdirmak ti¢iin ideal edir.
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160 x 600 — Genis Qiillo (Wide Skyscraper). Genis qiillo banneri adi géydslondon daha genis olsa
da, ideal yerlosdirmo adi versiya ilo eynidir. Bu banner dl¢iisii iimumiyyatlo sshifonin yan torsfindo
yerlosdirilir. Istifadagilorin veb-sohifoni asag1 vo ya yuxari istiqgamotdo siiriisdiirmoesi zaman1 genis
qiillo banner tipi sabit olaraq qalir vo istifadoginin diggstindon yaymmir. Bu sobsbdon genis qiillo
banneri veb-sahifalords standarta gevirilib vo ugurlu banner 6l¢iisii sayilir.

Pop-up Banner-lar. Pop-up banner reklami veb-Sahifada pancera vo ya tist-iisto diisma Kimi
goriinon onlayn reklam noviidiir. Bu reklamlar adoton istifadoginin kursoru sohifonin miioyyan bir
hissasi tizorinds harokat etdirmasi vo ya xiisusi linka Kliklomasi kimi harakotlori zamani ortaya ¢ixir.
Pop-up banner reklamlarina motn, sokillor vo diger multimedia elementlori daxil ola bilar va mahsul
Vo ya Xidmati tanitmagq, istifadagilori xiisusi agilis sohifasina vo ya vebsayta yonlandirmak {igiin
istifado edilo bilor. Bu reklamlar adston pop-up blokerlori torafindon bloklanir. Bazi insanlar
torafindon bezdirici kimi goriina bilar. Pop-up banner reklamlar1 bu giin istifadagi tacriibasi va reklam
blokerlorinin artmasi sabsbindsn daha az istifads olunur.

Cube Bannerlor. Kub banner reklami istifadagi tigiin interaktiv vo calbedici tacriibs yaratmagq ii¢iin
3D grafika, animasiya va digor multimedia elementlorindan istifade edon onlayn reklam néviidiir. Bu
reklamlara interaktiv diiymolor, pop-up pancaralor vo istifadagilorin reklamla qarsiliqlt slagads
olmasina va reklam olunan mohsul vo ya xidmat haqqinda otrafli malumat alds etmays imkan veran
digar elementlor daxil ola bilar. 3D banner reklamlari veb bannerlar, mobil reklamlar va hotta virtual
realliq reklamlar1 da daxil olmagla miixtolif formatlarda istifads edilo bilor. Kub banner yaratmag
xiisusi bacariq talob olundugundan vo istehsal doyori adi banner reklamlarindan daha yiiksok
oldugundan bu tip reklamlar daha az yayilmisdir.

Catfish Banner-lor. Catfish brauzer poncorosinin yuxart vo ya asagi hissasindo goriinon va
istifadogi "Close" diiymasini sixaraq onu baglayana qadar ekranda qalan tam enli reklam noviidiir.

In Page Banner-lor. Sohifodaxili video reklamlar veb sohifonin kontekstinds video mozmunu
daxilinda yer alan onlayn reklam néviidiir. Pre-roll va ya post-roll video reklamlarindan fargli olarag,
sohifodaxili video reklamlar veb sohifanin asas hissasinds oynayir vo adaton istifadagi sohifoys daxil
oldugda avtomatik baglayir. Bu reklamlar sasli vo ya Sassiz oynatilmaq iigiin tayin oluna bilar vo
display (ekranda sabit, arxa planda va ya har ikisi daxil olmaqla miixtalif formatlarda ola bilor. Bu
banner tipi videonun avvalindo, video zamani va ya videonun sonunda yerlosdirilo bilor. Sohifadaxili
video reklamlar istifadaginin diggatini calb etmak tigiin giiclii bir yoldur.

Natica

Yekun olarag geyd edok ki, bannerlor miiasir reklamda miihiim vasitadir. Veb-sahiflords yer alan
bannerlor miiassisalora daha genis auditoriyaya ¢catmaga, potensial miistarilori calb etmoaya va pozitiv
roy yaratmaga, brend sliurunu artirmaga komok edir. Biitovlikdo, banner reklamlari getdikco
rogomsallasan diinyada hodof auditoriyasina ¢atmaq vo onlarla slage qurmaq {igiin bir yol toklif
edaroak, biitiin dlgiilords olan miisssisalor tigiin doyarli reklam vasitosi olmaqda davam edir. Aparilan
tohlill onu demayas asas verir ki, biznesin bu giinkii ragomsal manzarads rogabsto davamli olmasi
tiglin miitoxassislor displey bannerlorindon davamli istifado etmakls yanasi, yeni vo innovativ yollart
aragsdirmaga davam etmoalidirlor.
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DESIGNING AN EFFICIENT AND SCALABLE ORACLE DATABASE:
BEST PRACTICS AND METHODOLOGY

Introduction. The increasing reliance on digital systems and data-driven decision making has
put a spotlight on the importance of efficient and reliable database management systems. Oracle is
one of the most widely used database management systems in the world, offering robust features and
tools for designing, managing and analyzing data. However, designing a scalable and efficient Oracle
database is not a simple task and requires careful planning, consideration of requirements and best
practices.

Data Modeling. One of the first steps in designing an Oracle database is to create an accurate
data model. The data model is a visual representation of the data and its relationships, and it should
be created in a way that accurately reflects the business requirements and the data structure. A well-
designed data model helps to identify potential issues, improve the quality of data and simplify the
process of querying and retrieving data. Oracle provides several tools, including the Oracle SQL
Developer Data Modeler, which can be used to create data models, and perform various data analysis
and management tasks.

Normalization. Normalization is a technique that helps to ensure data integrity and reduce
redundancy in a database. The normalization process involves organizing data into smaller, more
manageable tables and establishing relationships between them. Normalization is particularly
important for large databases, where it helps to improve the efficiency of data retrieval operations
and reduce the risk of data corruption. Oracle supports different levels of normalization, including
First Normal Form (1NF), Second Normal Form (2NF), and Third Normal Form (3NF). It is
important to choose the appropriate level of normalization for each table in the database, based on
the specific requirements and data characteristics.

Indexing. Indexing is a technique used to speed up data retrieval operations in a database. An
index is a separate data structure that maps the values in a table to their corresponding location in the
database. This allows the database management system to quickly retrieve the relevant data, without
having to scan the entire table. Oracle supports various types of indexes, including B-tree, Bitmap,
and Hash. The choice of index type will depend on the specific requirements and the characteristics
of the data.

Partitioning:Partitioning is another technique used to improve the performance of data
retrieval operations in a database. It involves dividing a large table into smaller, more manageable
units, called partitions. This enables the database management system to retrieve data more
efficiently, and it also makes it easier to manage the data and perform operations such as backup and
recovery. Oracle supports several types of partitioning, including Range Partitioning, Hash
Partitioning, and List Partitioning. The choice of partition type will depend on the specific
requirements and the characteristics of the data.

Security and Access Controls

Security and access controls are essential for ensuring the confidentiality, integrity, and
availability of data in a database. Oracle provides several security and access control features,
including encryption, access control lists (ACLSs), and auditing. When designing an Oracle database,
it is important to consider the security requirements, and to implement the necessary controls to
ensure that the data is protected.

Backup and Recovery. Finally, backup and recovery is an essential aspect of database
design, and it is critical for ensuring data availability in the event of a disaster. Oracle provides several
backup and recovery options, including hot backups, cold backups, and archive backups. The choice
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of backup and recovery strategy will depend on the specific requirements, resources and data
characteristics.

Conclusion

Designing a scalable and efficient Oracle database requires careful planning and
consideration of several key components. From data modeling and normalization, to indexing,
partitioning, security and access controls, and backup and recovery, it is important to make informed
decisions and implement best practices. In addition, it is important to monitor the performance of the
database and make changes as necessary to ensure that it continues to meet the changing needs of the
organization. By following best practices and staying informed about the latest developments in the
field of database design and management, organizations can create and maintain an efficient and
reliable Oracle database that supports the needs of their business.
It is also important to regularly assess the performance of the database and make changes as
necessary. This may involve adjusting the data model, optimizing indexing strategies, or making
changes to the security and access controls. Regular performance assessments and continuous
improvement can help to ensure that the database remains efficient, scalable and responsive to the
needs of the business.
In conclusion, designing an efficient and scalable Oracle database requires a combination of technical
knowledge and a deep understanding of the business requirements and data characteristics. By
following best practices and staying informed about the latest developments in the field, organizations
can create a database that supports their needs and enables them to make data-driven decisions with
confidence.
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BOYUK TEXNOLOGIYA SIRKOTLORINDO SUNI INTELLEKTIN TOTBIQi VO
ISTIFADOSI

Siini intellekt (SI) siiratlo populyarliq gazand: vo indi bdyiik texnologiya sirkatlori do daxil
olmagqla miixtalif saholords genis istifado olunur. Siini intellekt bdyiik texnoloji sirkatlorin foaliyyat
torzini doyisdirarok onlar1 daha somarali vo effektiv edir. Bu yazi bdyiik texnoloji sirkotlords siini
intellektdon miixtalif istifadslori vo onlarin bundan neco faydalandiglarini arasdiracagq.

Sokil vo Nitqin Tammnmasi. Béyiik texnoloji sirkotlorde Si-nin osas istifadolorindon biri
goriintii vo nitqin taninmasidir. Amazon vo Google kimi sirkotlor mohsullarin1 va xidmatlorini
tokmillogdirmak {igiin sokillori va nitqi tanimaq liciin siini intellektdon istifads edirlor. Amazonun
Alexa’1 vo Google Assistant istifadagi amrlorini basa diismok va onlara cavab vermak {i¢iin nitqin

47


mailto:esed.esedov.632_1tp@wcu.edu.az

Umummilli lider Heydar Olirza oglu Bliyevin anadan olmasinin 100 illik yubileyina hasr olunmus “Miihandislikda riyazi
metodlar va mexatronik sistemlar” movzusunda Beynalxalq elmi-praktik konfransin materiallart

taninmasi texnologiyasindan istifado edon siini intellektls islayan sos kdmokgilarinin iki niimunasidir.
Bu komokgilar dogig cavab vermok iigiin tobii dili tanimaq vo nitgi torciimo etmok gabiliyyatine
malikdirlor. Eynils, tosvirin taninmasi texnologiyasi sokillor vo videolardaki obyektlori miiayyan
etmok tgilin istifado olunur. Facebook va Google kimi sirkatlor fotosokillords insanlar1 avtomatik
olaraq etiketlomok, mokanlar1 miioyyan etmok vo sokillordoki obyektlori tanimaq {iglin tasvirin
taninmasi alqoritmlarindan istifado edir. Bu texnologiya istifadagilorin qarsiliqh alagods oldugu
sokillar asasinda miivafiq mazmun va mohsullar toklif etmoklos istifadagi tocriibasini yaxsilasdirmaq
tictin do istifads olunur.

Tabii Dil Emal. Boyiik texnoloji sirkatlords siini intellektdon basga bir shomiyyatli istifads
tobii dil emal1 (Natural Language Processing (NLP))dir. NLP texnologiyast masinlara insan dilini
anlamag va sorh etmok imkani verir. Microsoft vo Amazon kimi sirkatlor istifadagilorlo tabii dilds
qarsiliglt alage qura bilon chatbotlar vo sasli komokgilor hazirlamagq tigtin NLP-don istifads edirlor.
Bu kémokgilar dastok vers, suallar1 cavablandira va istifadagilora tovsiyalar vers bilor. texnologiyasi
hom do matni bir dildon digerine avtomatik torciimo eds bilon dil torciimosi programini inkisaf
etdirmok t¢iin istifado olunur. Bu texnologiya global migyasda fealiyyst gostaran vo miistarilarlo bir
nega dilds tinsiyyat qurmaga chtiyaci olan boylik texnologiya sirkatlori ti¢iin xiisusils faydalidir.

Prognozlasdiran Analitika. Boyiik texnoloji sirkotlor byiik hocmdo malumat yaradir vo Si
bu molumatlar tahlil etmok {igiin anlayislar oldo etmok vo prognozlar vermok tigiin istifads olunur.
Prognozlasdirma analitikasi verilonlordoki niimunslori miiayyan etmok vo golocak tendensiyalari
prognozlasdirmagq ti¢iin istifado olunur. Google va Facebook kimi sirkatlor miixtalif istifadagilor tigiin
hans1 reklamlarin daha tosirli olacagmi prognozlasdirmaqla 6z reklam platformalarini
tokmillogdirmak {igiin prognozlasdirici analitikadan istifado edirlor. Eynila, Amazon kimi sirkatlor
tovsiya sistemlorini tokmillosdirmak ti¢iin prognozlasdirict analitikadan istifads edirlor. Siini intellekt
alqoritmlori istifadagi molumatlarini tahlil edarak, istifadagilorin daha ¢ox hansi moahsullar1 alacagini
prognozlasdira va hamin mohsullart onlara tovsiys eda bilar.

Saxtakarh@in askarlanmasi. Siini intellekt boylik texnologiya sirkstlorindo do saxtakarligin
askarlanmasi tiglin istifado olunur. Saxtakarligin agkarlanmasi alqoritmlari malumatlari tohlil etmok
Vo saxtakarligi gostoran niimunalori agkar etmok {igiin masin dyranmasindan istifads edir. PayPal va
Amazon kimi sirkotlor saxta smoliyyatlart miioyyan etmak vo maliyys itkilorinin garsisini almaq tigiin
stini intellektls isloyan saxtakarligin askarlanmasi sistemlarindan istifads edir.

Avtonom sistemlar. Boyiik texnoloji sirkotlor do 6zii idars olunan avtomobillar, dronlar vo robotlar
kimi avtonom sistemloro boyiik sarmays qoyurlar. Siini intellekt bu avtonom sistemlori inkisaf
etdirmok tiglin istifado olunur, onlara navigasiya veo miistaqil islomaya imkan verir. Tesla vo Google
kimi sirkatlor otraf miihiti askar etmok vo onlara reaksiya vermak iiglin siini intellektlo isloyan
sensorlardan istifads edan siiriiciisiiz avtomobillar tizarinds iglayirlor. Eynilo, Amazon va UPS kimi
sirkatlor paketlori ¢atdirmaq {igiin dronlardan istifads edirlor. Bu dronlar tohliikasiz vo samarali
naviqasiya t¢iin siini intellektls isloyan maneslordon yayinma texnologiyasindan istifado edir.
Noatica olaraq, siini intellekt boyiik texnoloji sirkatlorin foaliyyat torzini doyisdirir. Sokil va nitgin
taninmasindan tutmus prognozlasdirict analitikaya vo saxtakarligin askarlanmasina qodor siini
intellekt somoraliliyi artirmaq, doqiqliyi artirmaq va daha yaxs1 miistari tocriibasini tamin etmok tigiin
istifado olunur. Siini intellekt texnologiyasi inkisaf etmoyos davam etdikco, golocokds boyiik
texnologiya sirkatlorinds daha gox totbiq gorocayimizi gozloys bilarik.
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KOMPUTER QRAFIKASINDA UCOLCULU MODELLOSDIRMONIN
TOSKILI VO ANALIZI

3D modellosdirma xiisusi kompiiter proqramlarindan istifado etmoklo obyektin {i¢olgiili
tosvirinin yaradilmasi prosesidir. Bu, miixtalif rakurslardan baxila bilon vo miixtolif tisullarla idara
oluna bilon obyektin virtual modelinin yaradilmasini nazards tutur. 3D modellori miixtalif magsadlor
ti¢iin, o cltimladon video oyunlar, filmlor, memarliq, mohsul dizayni vs s. li¢iin istifads edilo bilor.
3D modellasdirmonin bir ne¢a novii var:
- Coxbucaqli modellasdirma: Bu, bir-birina bagli ¢coxbucagqlilardan istifads edoarok 3D modellarin
yaradilmasini nazards tutur.
- NURBS modellosdirma: Bu, hamar va dagiq 3D modellor yaratmaq tigiin riyazi diisturlardan
istifadoni nazoardo tutur.
- Heykoaltorashiq: Bu, heykoltoragin fiziki bir heykel yarada bilocayi kimi rogemsal olaraq
heykaltorasdirmaqla 3D modellarin yaradilmasini ohats edir.
- Prosedur modellogdirma: Bu, miirokkab 3D modellor yaratmagq iigiin alqoritmlardan va riyazi
diisturlardan istifado etmayi nazards tutur.
Kompiiter Qrafikasi:
Kompiiter grafikasi kompiiter texnologiyasindan istifado edorok vizual mozmunun yaradilmasi,
manipulyasiyasi vo niimayisina aiddir. Bu, sokillor, animasiyalar vo digar vizual mazmun névlori
yaratmagq ti¢lin xiisusi proqram va avadanliglardan istifadoni nazards tutur.
Kompiiter grafikasinin bir ne¢o novii var, o ciimladan:
- 2D grafika: Bu, Adobe Photoshop vo ya GIMP kimi programlardan istifado edorok ikiolgiili
sokillorin yaradilmasini vo manipulyasiyasini nazordo tutur.

- 3D qgrafika: Bu, Autodesk Maya vo ya Blender kimi xiisusi program tominatindan istifado
etmoklo ti¢olgiilii sakillar vo animasiyalar yaratmag ve manipulyasiya etmokdan ibarotdir.
Kompiiter dastokli dizayn (CAD): Bu, fiziki obyektlarin texniki tasvirlorini vo modellarini yaratmaq

tiglin kompiiter texnologiyasindan istifadoni nozards tutur.
Kompiiter torofindon yaradilan goriintiilor (CGI): Bu, filmlor, video oyunlar vo digor vizual media
novlori liglin real tosvirlor vo animasiyalar yaratmaq liglin kompiiter texnologiyasindan istifadoni
nozorda tutur.
Indi kompiiter grafikas1 miixtalif sahalords istifads olunur; senaye, tohsil, tibbi va aylonca
mogsadlari ti¢iin. Kompiiter qrafikasinin maqsadi real obyektlari va xayali va ya digor miicarrad
osyalar1 vizuallagdirmaqdir
ODOBIYYAT SIYAHISI:
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WiFi - DUNON, BU GUN VO SABAH BiZO VERDIiYi XEYiR VO YARATDIGI
FOSADLAR TOHLUKOSIZLIK PROTOKOLLARI, QORUNMASI

Xiilasa

Bu moagalo WiFi simsiz sabokolorins hasr edilib. WiFi - miiasir simsiz texnologiyadir. Magalads
WiFi-nin yaranmas: vo illor kegdikca inkisaf tarixi hagqinda qisaca molumat verilib. Imkanlari,
istifado saholori, osas parametrlori gostorilib. Bunlarla yanasi simsiz sobokalorin zoif cohotlori
aragdirilib, yarada bilocayi fosadlar, insan hoyatina vura bilacayi zoror agiqlanib. Planlagdirilan
zaman1 fikir verilmoli asas mogamlar, layihslondirilon zamani digqet yetirmali vacib masalalor
gostorilmigdir. WiFi  simsiz olagonin tohliikesizliyinin qorunmasina genis fikir verilmis, bu
istiqgamoatdo atilan addimlar atrafli 6yronilmisdir. Magalonin asas mogsadi WiFi , onun somoraliliyi,
verdiyi xeyir va zarar, eyni zamanda onun tohliikasizliyinin tomini hagqinda hor hanst molumati aldo
etmok istayan bakalavr vo magistr tolobalari ti¢iin qisa informasiya monbayinin yaradilmasidir. Eyni
zamanda bu magals tolobalorin imtahan, kurs vo sorbast islori liglin qisa resurs rolunu oynaya bilar.
Bu informasiyalar homginin wifi sabakalari, onlarin tohliikesizliyinin qorunmasi hagqinda malumat
almagq istayan har bir soxs bu moalumatlardan yararlana bilar.

Agar sozlar: WiFi, simsiz soboko, WEP, WPA, WPA2, WPA3, tohliikasizlik protokolu,

Giris

Wireless Fidelity qisaltmasi olan WiFi -simsiz gobokonin bir névidir. 1971-ci ildo Havay
Universitetindo ALOHAnet adli soboka sisteminin yaradilmast WiFi gobokasinin tomalini goydu.
ALOHAnet bir proyekt olaraq yaradilmigsd1 vo Havay universitetinin 4 forqli korpusu arasinda slage
yaradilmas1 ugurla noticolonmisdi. ilk yarandigi zamanlarda sadoco xiisusi sirkatlor torafindon
istifados edilirdi. Lakin ilkin dovrlords simsiz sobokonin yaranmasina baxmayaraq istifadagilar hala
do simli sobokoalors daha ¢ox iistiinliik verirdi.

Hal-hazirda iso simsiz sobokalor siiratlo yayilaraq hoyatimizin ayrilmaz hissasine ¢evrilib. Artiq
milasir diinyan1 vo galocayimizi WiFi olmadan tesavviir etmok miimkiin deyil.

Simsiz gabokalar, signallarin yayilma prinsipi.

WiFi -n igloma prinsipi radio tezliyina asaslanir. WiFi baglantisin1 tomin etmak ti¢iin modem,
yaxud modemo oxsar cihazlardan istifado miitlogdir. Bu cihazlarin kémoyi ilo yayilan signallar
telefon, komputer, planset kimi qurgular torofindon gobul edilorok molumatlara gevrilir. Simsiz
sobokalorin kdmoayi ilo moxfi sonadlor, soxsi molumatlar vo s informasiya diinyanin miixtalif
hissalorins asanligla gondorilir.

Simsiz gsabokalar: insan hayatinda miisbat rolu [1 2].

WiFi -n iri vo kigik sirkat rohbarlorinin, eyni zamanda adi insanlarin hoyatin1 yiingiinlogdirib
desok, yanilmariq. Belo ki, artiq uzaq mosafolora moktub va teleqramlarin géndarilmasi, onlayn audio
Vo ya goriintiilii alagonin yaradilmasi, isglizar danisiqlarin aparilmasi, darslorin kegirilmasi, alig-

verisin yerino Yyetirilmosi, eyni zamanda lazimi informasiyanin internet vasitasi ilo tez vo asan yolla

tapilib aragdirilmasi, oyunlar, filmlor, musiqgi vo s kimi ayloncali saytlarda istirahat bizo goariba
golmir.

Belaliklo simsiz sobokalor istifadagilora 6z evindan, ofisdon, sayahot zamani, qisacasi istonilon
olverisli yerdon soboko resurslarina daxil olmaga imkan verir. Artiq kafe vo restorlanlarda bels
rahatligla simsiz sobokoys qosulmaq miimkiindiir. Hotta bir ¢ox parklarda, ictimai istirahot
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morkazlorinds, nogliyatda ddonissiz sokildo WiFi sobokasina qosulmaq tigiin sorait yaradilmisdir.
Belalikla, simsiz gabakaliarin miisbat cahatlarini saysaq ilk yerds onun istifadagi ti¢iin avoz olunmaz
olago vasitasi oldugunu deys bilorik. Eyni zamanda Simsiz soboks infrastrukturunun yardilmasi
zamani qurasdirtlmasi ¢atin olan va tohliikasizlik riski yarada bilon nagillorin olmamasi, adi soboka
ilo miigayiso edildikds, ham siiratli, hom do samarali sokilds qurasdirila bilmasi, istifadasine zaman
baximindan har hanst mohdudiyatin qoyulmamasi, yoni, giiniin istonilon saatinda WiFi vasitasilo
soboaka resurslarina qosulmagin miimkiinliiyti onu giindomds ovaz edilmaz slage vasitssing ¢evirir.

Eyni zamanda bugiinkii giin bu sabakalorin istifadasi yalniz komputer, telefon vo plamsetlorimizilo
mohdudlasmir. WiFi bu giin mistarilorin istadiklori biitiin proqram tominatlari, termostatlar, isiq
lampalari, evdo miisahids, izloma va nazarat cihazlari, elektronika vo avtomobil mallari va s. internets
baglanmasinda asas rol oynayair.

Gorlindiiyti kimi, bu sobokslorin yaranmasi bizim hoyatimizi daha rahat etmis, giindalik
gordilylimiiz islori asanlagdirmis, hoyatimizi yiingiillasdirmis, salavs va artiq islordon bizi azad edarok
vaxtimizi samarali boliisdiirmays imkan yaratmisdir.

Simsiz sabakalatin zaif cohatlori va insan hayatina vura bilacayi zarar [2 3].

Gorlindiyti kimi, miiasir dovrii artiq WiFi -s1z taSavviir etmok miimkiin olmur. Bu sobokalarin
yaranmasi bizim hoyatimiz1 daha rahat etmis, giindolik gérdiiylimiiz islori asanlagsdirmis, hoyatimizi
yiingiillogdirmis, alava va artiq islordon bizi azad edoarok vaxtimizi samorali boliisdiirmays imkan
yaratmisdir.

Lakin biitiin miisbat cohatlori ilo borabar bu gobokalorin insan hayatina vura bilacayi zorari do
yaddan ¢ixarmamaliylq. Umumiyyatlo, WiFi sobokolorinin bir sira 6ziino moxsus zoifliklori
moveuddur ki, bu da istifadagilarin narazigiliglarina va hatta onlar ti¢iin tohliikali soraitin yaranmasina
sobab ola bilar.

Belo ki, WiFi soboakalarinin salis islomasi bir sira sortlordon ¢ox asilidir.

Bilirik ki, WiFi cihazinin isladiyi imumi tezlik 2,4 GHz-dir, bu tezlik sizinlo WiFi manbayi
arasinda digar elektromaqnit qurgularin vo ya divarlarin olmasi sababindan pozula bilor. Bu signal
problemi alagonin itmasi, molumatin qirilaraq otiiriilmasi, zoif signal giicii noticasindo siirotin agagi
diismasi kimi problemlara sobab olur. Natica etibari ilo istifadacilor arasinda alagonin kasilmasi,
informasiyanin vaxtinda 6tiiriilmasi vo ya alinmasinin miimkiinsiizliiyii, boyiik fayllarin 6tiiriilmasi
zamani molumatlarin korlanmasi ehtimal yiiksalir.

Bu da boyiik sirkstlorin isinin pozulmasi, lazimi sonadlorin vaxtinda vo tam sldo olunmamasi vo
bir sira digar ¢atinliklorin yaranmasi riskini artirir va istifadosilorin naraziliglarina sobab olur.

Aydm mosoladir ki, bunlarin qarsisini almaq ti¢iin, sobokslorin qurulacag ofis, sirkot vo ya
obyektlarin gabaritlori, konfiqurasiyasinin miirokkabliyi, mévcud divar vo arakesmalor va onlarin
galinhig, yerlogdirilmis sonaye avadanliglari , cihaz vo qurgulari vo S . nozors alimmalidir. Sabakanin
keyfiyyati bu gostoricalordon ¢ox asilir.

Bununla yanags1 yeni WiFi sabakalarinin layihalandirilon zaman WiFi kanallarmin sixligt vo
istifadagilorin say1 da nazoro alinmalidir. Belo ki, "hor kvadrat metro no godor ¢ox giris noqtasi
yerlosdirilso signalin giicii artar" kimi fikir Sohvdir. Ciinki, Wi-Fi kanallarinin sixliginin artirilmasi
eyni dalga uzunluqlu cihazlarin islomasi zamani bir-birina mane olmasi il naticalons bilar.

Demoali, yeni WiFi sabakalari layiholondirilon zaman cihazlarin yeri dogiq tayin edilmali yani,
giris noqtalori diizgiin yerlogdirilmalidir. Artiq istifado edilonlori iso vaxtasirt monitoringi aparilmali
Vo lazim galorsa diizalislor aparilmalidir

Eyni zamanda WiFi-nin elektrik enerjisindon asililigi da miiasir dovriin aktual

problemlarindon biridir. Xiisusilos, ofis va is yerlorinds elektrik enerjisi ilo bagli yaranan har-hansi
problem simsiz sobokoya daxil olmaqgda problemlor yarada bilir.

Simsiz sobokonin asas tohliikasi iss insan saglamligina vura bilocayi zorordir. ©vvallor WiFi

sobokalorinin saglamliga oks-tasiri olmadigr diistiniilso do, arasdirmalar bunun oksini gostarir.
Belo ki, 2007-ci ilds bu istigamotds bir eksperiment aparilmisdir [3]. Eksperiment kondllilari iki
yers boliinorak agiq vo bagli vaziystds olan WiFi cihazlari yaninda yuxulamali idi. Eksperiment basa
catdiqda sondiiriilmiis cihaz olan otaqda yuxulayan qrup istirak¢ilarinin daha rahat yatdigi miisahido
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edilmisdi. Tibbi cohatdon bu hal arasdirilarkon bels naticoys golmisdilar ki, bels vaziyst davamedici
olarsa, yani insan daim agiq WiFi sabokalorinin yaninda yerlosorsa bu, onlarda depressiya yarada vo
hipertansiyona sobob ola bilar.

2004-cii ilds aparilan bir aragdirma iso simsiz siqnallarin boyraklorin inkisafina vo timumiyyatlo
hiiceyrs formalagsmasina mane oldugunu irali siirtildii[3].

2009-cu ilds aparilan digor arasdirmanin naticasi isa daha gorxuludur, bels ki, WiFi cihazlar
insana yaxin yerds olarsa va ya onlardan uzun miiddat istifads edilorss xiisusilo usaqlarda boyiima
problemlarino sabab ola bilor[3]. Ciinki, radiodalgalar hiiceyra amolo galmasinin qarsisini alir.
Usagqlar iso tam bdyiima marhalasinds olduglari ti¢iin onlara daha ziyandir.

Aydin masaladir miasir dovrii Wi-Fi-siz toSovviir edo bilmadiyimiz {igiin bu xotalarin aradan
galdirilmasi vo ya on azindan azaldilmasi vacibdir. Bunun {i¢iin, bu cihazlar insanlarin oldugu
mokandan uzaqda quragdirmali, onlardan istifadoni miimkiin gador azaltmali, imumiyyatlo az yash
usaqlar1 mobil telefon, planset vo komputerlordon uzaq saxlamali, miioyyon yasdan sonra iso
istifadosini qisa zaman intervalinda, fasilalorlo icazo verilmalidir. Wi-Fi bizim ayrilmaz hissomiza
cevrildiyindon demok olar ki, biitiin islor bu sobokolorin komayi ilo hoyata kegirilir. Bu da
istifadagilori narahat edon oan boylik problemlordon biri olan WiFi kanallarimin tohliikasizliyi
problemini ortaya ¢ixarir [4]. WiFi sabokoalorine hiicum — informasiya sistemins girisi alds etmaya
yonoalon foaliyyat vo ya foaliyyat yigimidir [5].

Tohsil, aylonca, dostluq slagalari, isgiizar alagalor bu sabokalorin tohliikasizliyinin qorunmasina
zorurot yaradir. Belo ki, elm vo texnikanin inkisafi sobokalorin yenilonmasins, istifads edilon
texnologiyalarin modernlasdirilmasina, goxsayli vo miiasir tolobata uygun novlarinin yaradilmasina
sobab olur. Noticado WiFi  gobokalorinin funksionalliginin artmasi, istifadagilorinin sayinin
coxalmagi, iri vo kigik sirkat rohbarlori, eyni zamanda adi insanlar1 daha ucuz va sarfali olan yeni
xidmatlardan istifado etmays vadar edir. Belaliklo, biitiin konfidensial materiallar, gizli fayl vo
elektron sonad dovriyyasi haqda informasiyalarin saxlanmasi, otiiriillmasi va gabul edilmasi WiFi
sobakalarinin kdmayi ilo hayata kegirilir. Aydin masaladir ki, bu zaman soxsi molumatlarin konara
sizma riski do artir, gizli molumatlarin oldo edilmasi magsadi ilo onlara edilon tocaviizkar hiicumlarin
say1 artir. Ona gora simsiz sobokoalors inam azalir, insanlarda tohliikasizlik qorxusu artir. [6].

Sabakalor daloduz vo hakerlorin hadafine ¢evrilir. Hovaskar proqramcilar 6zlorini tosdiq etmok vo
ya ayloncas iigiin, pesokarlar miixtalif kontenti gobokoys Otiirmok tigiin, cinayotkarlar iso soxsi
informasiyanin alds edilorok satilmasi vo ya konkurentlora 6tiiriilmasi tigiin sobokalora hiicum edir.

Beloliklo, informasiyalarin sizmasi, daxili vo xarici haker hiicumlarin artmasi, sifirlomo, IPv6
hiicumlari, bulud hesablamalari va sosial soboka hiicumlariin geniglonmasi ilo slagadar sobokalarin
gorunmasi, tohliikasizliyinin tomin edilssi, isinin keyfiyyatina nozarat edilmasi vacib masalalardan
biridir. Belo ki, onlarm tohliikesizliyi tomin edilmozso Interneto giris siirotinin azalmasi, fordi
molumatlarin  badniyyatlilor tarafindan alo kegirilmasi va ya an qorxulusu internet sobakasindan
istifads edorok Kkibercinayotkarliq hadisasinin toradilmasi kimi tohliikoali vo xosagolmoz hallar yarana
bilar [7,8].

Biitiin bunlarin qarsisini almagq ti¢iin miitomadi olaraq WiFi sobokalarinin monitoringlori aparmali
Vo moaxfiliyi qorumagq ii¢iin avtorizasiya vo autentifikasiya tomin edilmalidir. Homginin sobakalarin
tohliikasizliyini qorumaq Ttgiin tohliikesizlik protokollari yaradilir, elm vo texnikanin inkisafi
sayasinda daim yenilonir. Bu yenilonmalar naticasinds WiFi protokollari, WiFi Alliance torafindon
WPA nasli kimi bilinan - WPA, WPA2 vo WPA3 olmagla 3 novdo tokmillosdirilmisdir.

Protokollarin simsiz sobakalor tiglin tamin etdiyi asas soboka tohliikasizlik xidmatlori: maxfilik,
molumatlarin biitovliiyii ve identifikasiyadir.

Natica. EIm va texnikanin inkisafi insan hayatinda ¢ox bdyiik rol oynayir. Son zamanlar tohsilin

daha
da maraqli vo informativ kemirilmasi, agir corrahi amoliyyatlarin, agiq kosmosda yerins yetirilon
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tohliikali operasiyalarin vo digor monipulyasiyalarin miisbat noticasi tiglin virtual realliqda
yaradilan

programlarin, asan istismar edilon miirokkab detal vo hissalorin alinmasi {iglin 3D ¢apin va onun
daha da tokmillogdirilmis formasi olan 4D ¢apin, monipulyatorlar, yeni masin vo dozgahlarin
layihalondirilmosi vo istehsali naticasinds ol omoyi azalmig, insanlarin isi asanlasmis vo
stiratlonmigdir. Biitiin bu proseslarin keyfiyyatli va siiratli doracads yerina yetirilmasi tigiin isa WiFi
texnologiyalariin shomiyyati daracads rolu var [9,10].

Goriindiyti kimi, simsiz sobokalorsiz miiasir dovrds ¢ox az sohar, kond va evlari tasovviir etmok
olur. Artiq WiFi bizim giindalik hoyatimizda istifado etdiyimiz ssas texnologiyalardandir. Bu
texnologiyalarin komoyi ilo  komputer, mobil telefon, planset vo digor cihazlarin sabokoya
birlogdirilmasi va ya internets qosulmasi asanlasib. Bunun ii¢iin artiq naqillor lazim olmur. Bu
texnologiya vasitosils istifadagi kigik orazi daxilinds vo ya uzaq masafalorlo slage saxlamaq, biitiin
diinyada sorbast horokot etmok imkani olds edib. Eyni zamanda, eyni vaxt arzinds bir sobokadan
onlarla istifadogi istifads edo bilir.

Lakin biitiin Gistiin cohatlorine baxmayaraq bu soboakalarin zaif cohatlori bizi onun tohliikasizliyinin
gorunmasina daha ¢ox fikir vermaya macbur edir. Belo ki, agiq WiFi sobokoalorino qosulmaq gox
tohliikoli hesab edilir. Ciinki bu gobokays qosulan digar istifadagilorin qosulma magsadlori bilinmir.
Ictimai WiFi gabokalari sindirilmaga on hassas olan sobokalordir.

Ona gora hal-hazirda, sabokoalorin qorunmasi vacib masalordan birina gevrilib. Miitomadi olaraq
aktiv vo passiv sokildo aparilan monitoringlar, tohliikasizlik protokollarinin yenilonmasi, yeni
tohliikasizlik program tominatlarinin yaradilmasi yeni-yeni tocaviizkar planlar hazirlayan “ixtirag1”
hakerlora, hovaskar vo pesokar proqramgilara vo cinaystkarlara o6zlorini tosdiq etmok, miixtalif
kontenti sobokoya Gtiirmoak, soxsi informasiyant olds etmok kimi ¢irkin amallarine qarsi aparilan
miibarizo tsullardir.

Bunlarla borabor WiFi gobokalorinin qorunmasi istigamotinds yeni program tominatlarinin
yaranmast, layiholondirilmolorinin daha miikommol, doqiq aparilmasi, planlagdirilmasinin aparilan
monitoringlarin naticalorini nazoro alaraq yerinos yetirilmasi daha siiratli, keyfiyyatli vo tohliikasiz -
Inaml1 sobokoalorin yaranmasina yol agir.
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PROQRAM TOMINATININ INKIiSAF ETDIRILMOSI METODLARI
VO ONLARIN CATISMAYAN COHOTLORI

Informasiya sistemlorinin yaradilmasi vo zamanla tokmillosdirilmosi foaliyyatin osasinda
informasiya sistemlorinin inkisaf etdirilmasinin hoyat doévriiliiyii anlayist durur. Informasiya
sistemlorinin yaradilmas1 haqqinda qorarlarin gobul edilmasi anindan informasiya sistemlarinin
foaliyyatinin sonlandirilmasi aninadok bas veran morhalalara informasiya sistemlarinin hayat dovri
deyilir. Informasiya sistemlarinin inkisaf etdirilmasinin hayat dévriilityii ii¢iin nozords tutulmus
miixtalif yanagmalar vardir ki onlarin igarisinds on ¢ox istifado olunan niimunalor asagida qeyd
olunub:

o “Waterfall” metodu: Bu tisul SDLC metodologiyasina osaslanir vo taloblorin toplanmasi,
planlagdirilmasi, tohlili, dizayni, inkisafi, sinaqdan kegirilmasi vo texniki xidmaotin ardicil prosesini
ohato edir.

e “Agile” metodologiyasi: Bu isul qisa inkisaf dovrlorino, davamli oks olagoys vo tokrar
tokmillogdirmaya diggot yetirmokls stirtali inkisaf etdirmoani hadasflayir.

e “Scrum” metodologiyasi: Bu, komanda isini, omakdaslig1 vo siirotli prototiplorin hazirlanmasini
hodaflayan maghur metodologiyadir. Bu, "sprintlor" adlanan qisa inkisaf dovrlarini va "scrums™ Kimi
taninan miintazom goriislori shato edir.

¢ “DevOps”: Bu iisul program tominatinin inkisafinin siiratini vo keyfiyyatini yaxsilasdirmaq ii¢iin
inkisaf vo omoliyyat qruplarinin inteqrasiyasina yonolib. O, davamli inteqrasiya vo catdirilma,
avtomatlagdirilmis sinaq va siiratli qurasdirmani hadoflayib.

e “Lean” metodologiyasi: Bu iisul ariq istehsal prinsiplorindon ilhamlanib vo israfi aradan
qaldirmaq vo somaraliliyi maksimuma c¢atdirmagq ti¢iin proseslorin sadolosdirilmasini nazordo tutur.

o Siiratli Totbiq Inkisafi (RAD) metodu: Bu iisul istifadogi royine vo proses boyunca istirakina
digget yetirmoklo, siiratli inkisaf vo prototiplosdirmani vurgulayir.

e “Spiral” metodologiyasi: Bu tisul har biri planlagdirma, risklarin giymatlondirilmasi, inkisaf vo
simaqdan ibarat bir sira iterativ dovrlari ohato edir.

Hor bir metodun 6z giiclii vo zaif toroflori var vo metodun se¢imi layihonin va inkisaf qrupunun
xiisusi ehtiyaclarindan vo mogsadlorindon asilidir.

Sadalanmis tsullarin bir-birindon kaskin farglonon cohotlori olsada, onlarin aksariyystinda rast
golinon miixtalif catigmazliglarin, ¢atinlikerin oldugu ortaq cohatlori do var. Program tominatinin
hazirlanmasinda bu giin sonaye ii¢lin aktual olan bir nec¢o aktual problem var:

o Kibertohliikasizlik: Diinya getdikco rogomsallagdigca kibertohliikasizliyin shamiyyati artmaqgda
davam edir. Program tominatinin hazirlanmasi tizro komandalar tohliikasizliyi 6n plana ¢okmali vo
totbiglorinin kiber tohliikalordon qorunmasini tomin etmolidir.

o Keyfiyyat Tominati: Proqram tominatinin keyfiyyatinin tomin edilmasi kritik masaladir, ¢iinki
program sohvlari va sahvlori istifadagilor tigiin shamiyyatli problemlor yarada bilor. Program tominati
inkisaf komandalar1 qiisurlart agkar etmok vo program tominatinin diizgiin islomasini tomin etmok
ticiin effektiv sinaq strategiyalar1 gqobul etmalidirlor.

e Layihonin idaro edilmasi: Program tominatinin inkisafi layihalorinin idara edilmasi, xiisuson do
layihalor daha miirokkablosdikcoa va daha boyiik komandalar calb etdikca ¢atin ola bilar. Layihalarin
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vaxtinda va biidca daxilinds ¢atdirilmasini tomin etmak tigiin effektiv layiho idarsetma tocriibalarinag
Vo alatlarina malik olmaq vacibdir.

e Miqyaslandirlma: Proqram tominati istifadogilorin artan toloblorino cavab vermok iiciin
miqgyaslana bilon olmalidir. Daha ¢ox insan proqramlardan istifads etdikco, totbigin artan trafik vo
yiikii idara eda bilmasini tamin etmak ¢ox vacibdir.

e Siiratli Dayisiklik: Program tominatinin inkisaf etdirilmasi Sonayesi daim inkisaf edir, yeni
texnologiyalar, ¢argivalor vo metodologiyalar hor zaman ortaya ¢ixir. Program tartibatgilari rogabsto
davamli galmaq ii¢lin an son tendensiyalar va yeniliklordon xobardar olmalidirlar.

o Miixtoliflik vo Inkliizivlik: Miixtolif vo inkliiziv program tominati inkisaf komandalarinin
yaradilmasi sonaye ti¢iin vacib masaladir. Miixtalifliyin olmamasi yaradiciliq vo innovasiya qithigina,
eloca do etik problemlora sabab ola bilor. Program tominati hazirlama komandalarinin miixtalif vo
ohatali olmasini tamin etmak daha yaxsi proqram tominati yaratmaga vo daha adalstli sonayeys tohfa
vera bilor.

Bunlar program tominatinin inkisaf etdirilmasi komandalariin bu giin tizlasdiyi ¢atinliklorin bir
gismidir. Bu problemlorin halli texniki bacariqlarin, omokdasliq vo davamli tokmillogdirmo
ohdoliyinin birlogsmasini talab edir.
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VEB TOTBIQLOR VO ONLARIN HAZAIRLANMASINDA iSTIFADO OLUNAN
TEXNOLOGIYALAR

Veb programlar veb serverlords iglayan vo veb brauzerlor vasitasilo istifadosi miimiikiin olan
programlardir.Veb totbiglorinin on miihiim xiisusiyyatlorinden biri onlarin miixtalif cihazlarda va
platformalarda isloys bilon sads vo asan istifads edilo bilon totbiglor olmasidir. Onlar istifadagilora
tapsiriglari yerina yetirmaya, verilonlorla ils islomaya va internet tizorindon miixtalif mazmuna daxil
olmaga imkan veran tatbiglordir.VVeb totbiglorin ohato dairasi ¢ox genigdir, masalon, sosial sabokalar,
elektron ticarot, miixtolif xidmotlor, ERP sistemlor vo s. Hotta bir ¢ox mobil vo ya digor totbiqi
programlarinda asas funksional hissalori veb totbiglorin komoayi il isloyir.

Bozi populyar veb totbiq névlarine asagidakilar daxildir:

e Mozmun Idaroetmo Sistemlori (CMS): Bu programlar veb sayt sahiblorino blog yazilar,
sohifalar va sokillor kimi vebsayt mozmununu yaratmaga vo idaro etmayo imkan verir. CMS-lara
misal olaraq WordPress, Drupal vo Joomla-n1 sadalamaq olar.

e E-ticarot Programlari: Bu programlar miiassisalora mohsul vo xidmatlori onlayn satmaga
imkan verir. Masalon: Shopify, Magento vooCommerce.

e Sosial Media Platformalari: Bu proqramlar istifadoaciloro profillor yaratmaga, mozmun
paylasmaga vo basqgalari ilo onlayn slage saxlamaga imkan verir. Niimunolora Facebook, Twitter va
Instagram daxildir.

e Unsiyyot Vo ©mokdashq Aletlori: Bu programlar istifadogilora onlayn olaraq basqalari ilo
olago saxlamaga vo amokdasliq etmoys imkan verir. Niimuna: Slack,Microsoft Teams, Zoom, Trello.

Veb totbiglorin yaradilmasi, hazirlanmasi vo idara edilmasi ii¢iin miixtalif texnologiyalar,
programlagdirma dillori vo platformalar istifads edilir. Veb totbiglorinin hazirlanmasinda bir ¢ox
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programlasdirma dillari istifads edilo bilor vo bu tatbigin qurulusuna vo magsadindon asli olaraq
dayiso bilor. ©On mashur veb tatbiglori texnologiyalari arasinda HTML, CSS, JavaScript, Python,
PHP, Ruby, Java, C# kimi dillor yer tutur:

e HTML vo CSS: Bu iki texnologiya, veb sohifolorinin interfeysini yaradmaq {igiin asas
texnologiyalardandir. HTML sohifo strukturu, veb sohifalorinin hazirlanmasit {iglin  asas
texnologiyadir. Bu dilds sahifalorin matni, linklori, sokillori, videolar1 vo audio fayllarini diizgiin
sokilda gostarmak tigiin lazim olan kodlardan istifads edilir.

e CSS iso sohifo dizaynmi toyin etmok {iglin istifado edilir. CSS ilo HTML kodlarinin
goriiniisiinii  tonzimlomak miimkiindiir. Bu texnologiya, sohifoloro goriinon vo gizlodilmis
elementlars, srift 6l¢iisii, rong, vo s. kimi miixtalif xiisusiyyatlori toyin etmok figiin istifads olunur.

e JavaScript: JavaScript, veb tatbiglorin dinamik sokilds isloya bilmasi ii¢iin an ¢ox istifada
olunan proqramlasdirma dilidir. Bu dil, istifadagilorin tocriibasini yaxsilasdirmaq, animasiyalar1 vo
interaktiv funksiyalari slave etmok iiciin istifads olunur.

e Server torofli texnologiyalar: Server torofli texnologiyalar, veb totbiglorinin arxa
ucunda(back-end) gedon funksiyalar1 icra etmok {igiin istifado edilir. Bu texnologiyalarin an
moshurlarina Java,C#,PHP, Ruby, Python vo Node.js-i aid etmak olar.

e Verilonlar bazasi texnologiyalari: Veb totbiglori oksar hallarda verilonlor bazasina sahib olur.
Verilonlor bazasi istifadogilorin - molumatlarin1  saxlamaq, molumatlarin doyisdirilmasini  vo
yenilonmosini idaro etmok iigiin istifado edilon texnologiyalardir. Mashur verilonlor bazasi
texnologiyalart MySQL, PostgreSQL vo MongoDB-dir.

e Framework-lor: Framework-lar, veb totbiglorinin hazirlanmasinda istifads edilon, tokrarlanan
islorin va funksiyalarin avtomatlagdirilmasi ti¢iin bir ne¢go modullasdirilmis texnologiyalardir. Cox
sayda framework-lor mévcuddur vo onlar arasinda moshur olan framework-lora niimiino olaraq
ASP.NET, Laravel, Django, Ruby on Rails , Angular-1 sadalamagq olar.

Veb tatbiglorin hazirlanmasi ¢oxlu moarhalalordan kegir vo bu prosesin siiratli sokilds aparilmasi
vo keyfiyyatli formada son mohsulun yaradilmasi ii¢iin gabaqcadan planlasdirilmalidir. Osas
morhalolori asagidaki kimi ifado eds bilorik:

e Layihanin tortibi: Veb totbiqi hazirlamaq ti¢iin ilk addim, proyektin magsadini, funksiyalarini,
hodoflorini vo komokgi funksiyalari qorarlagdirmaq tigiin bir plan hazirlamaqdir. Bu plan osas
funksiyalar, interfeys elementlori va istifadagi tocriibasi kimi mithiim masalalari shats edir.

e Front-end hazirligi: Front-end hissasi veb totbiginin istifadaci interfeysinin yaradilmasi ilo
mosgul olur. Burada, istifadagilarin tocriibalorini yaxsilasdirmaq ti¢iin rongler, fontlar, mévqelar vo
hissoaloro dair dizayn quruluslar1 hazirlanir.

e Back-end hazirhigi: Back-end hissasi, veb totbiqinin funksiyalarini vo daxili is proseslorini
hoyata kegirir.

e Testlor vo tohlil: Bu moarhols hazirlanan veb tatbiqinin yoxlanilmasi va tohlili morhalosidir.
Bu marhalads proyektin barpa edilmasi va optimal olaraq islomasi tigiin doyisikliklor edils bilar.

e Buraxilis: Bu morhalo totbigin iso salinmasi moarhalasidir. Bu marholodo totbiq veb
serverlarinda qurasdirilir va istifadagilar tarafindon olds edils bilar.

ODOBIYYAT SIYAHISI:
1. Web Technologies - A Computer Science Perspective - J. Jackson (Pearson, 2007)
2. Content management system - https://en.wikipedia.org/wiki/Content_management_system
3. Principles of Web Design: The Web Technologies Series — J.Sklar (5-nth edition)
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Abstract

Taking into account management problems and new realities in water management, distribution
of fresh water resources is one of the important issues to be solved in the region. Here, it is important
to consider the interests of each of the parties, conduct negotiations and find compromise solutions.
To analyze the above-mentioned problems, to understand their essence and to find compromise
solutions, it is important to create four-system mathematical tools and mathematical models
developed on this basis. Mathematical apparatus and tools using computer technologies to make
coordinated decisions on the problem and efficient use of resources in water basins are already being
created in many countries.

Keywords: su problemi, inteqrasiyali istifads, riyazi model.

Giris

Miiasir soraitdo su problemi 6lkslorin davamli inkisafina tasir edon asas amillardan biridir. Su
probleminin kaskinlosmasi shalinin arzag tominatina va regionlarin ekoloji tohliikasizliyino birbasa
tosir gostarir. Galocokds su tominatini yaxsilasdirmaq tiglin yalniz sudan istifadoni azaltmag, ondan
gonastlo istifado etmok Kifayot deyil vo su ehtiyatlarinin artirilmasi vo inteqrasiyali istifadosi
istigamatinda todgigatlar vo praktiki islor stiratlondirilmalidir. Ona géra do sudan samarali istifadanin
idaragiliyi problemi diinyanin bir gox bolgalorinds kaskin su qitlig1 sobobindan xiisusi aktualliq kasb
edir. Bir sira beynoalxalq togkilatlarin (masalon, FAO - Birlogmis Millatlor Togkilatinin Qida va Kand
Tosorriifatt Togkilat)) molumatlarina gora 2030-cu ilo gador diinya iizro sirin suya tolobat 60%
artacaqdir [1].

Diinya resurslarinin 70%-i ¢ay va qrunt sulari - suvarma tigiin, 20% - isa Sanaye va digar ehtiyaclar
iiciin, 10% moisot ehtiyaclar iiciin istifado olunmagdadir. Oniimiizdoki 25-30 ildo artim sobabiyla
ohalinin diinyanin sirin suyundan istifadesi 70% olacaqdir. Méveud iglim doyisiklorine goro voziyyaot
daha da pislosocok, daha intensiv tobii doyisikliklor (quraqliq vo dasqinlar) olacaq. Yuxarida
gostarilonlorin har birinin igarisindo ayri-ayriligda suyun .istifadosi ilo bagli problemlor 6lko Vo
dovlatlor arasinda miinasibatlorin gorginlosmasina sobab olur. Eyni zamanda  miinaqiso
vaziyyatlorinin yaranmasi istisna edilmir.

Ona gora do idaroetmo problemlari va yeni realliglar nozars alinmagla sirin su ehtiyatlarmin
baliigdiriilmasi regionun halli vacib masalalorindan biridir. Burada taraflorin har birinin maraqlarinin
nozoro alinmasi, danisiglarin aparilmast vo kompromis holl variantlarinin tapilmasi vacibdir.
Yuxarida gostarilon problemlarin tohlili, onlarin mahiyyatini basa diismak vo kompromis hallor
tapmaq Uglin vacib ¢ort sistemli riyazi vasitolorin yaradilmasi vo bu osasda islonmis riyazi
modellordir. Riyazi aparat va vasitolor kompiiter texnologiyalarindan istifads edilkmasi problem iizro
razilagdirilmig qorarlar gobul etmak va su hovzalorinds ehtiyatlardan samarali istifads tigiin bir ¢ox
dovlotlords artiq yaradilmaqdaqdir. Azarbaycan iiciin Su Ehtiyatlarinin Inteqrasiyali idaro Edilmasi
tizro Milli Foaliyyst Plani hazirlanmigdir. Milli Foaliyyot Planinda 4 oasas problem miioyyan
edilmigdir [1,2]:
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Su ehtiyatlarindan daha samorali istifada olunmasi;

Su ehtiyatlarinin miihafizasi tigiin iqlim dayismalarina adaptasiya;
Su ekosistemlarinin miihafizasi;

Suyun keyfiyyatinin yaxsilasdiriimast.

9s5as matn

Sirin su hacminin tabii vo antropogen faktorlarin tasiri altinda azalmasi onlardan somorali istifado
Vo inteqrasiyali idars olunmasi giiniin actual masalalarindan biridir. Ona gore do asagida toklif olunan
moasalalarin halli ¢ox vacibdir. Bunun ii¢iin operativ monitoring, hesabat vo prognoz modellarinin
yaradilmasi vo asagidaki masalalarin halli ¢ox vacibdir [1,2].

1. Yeralt1 vo yeriistii, tobii Vo siini su monbalorinin biitin miimkiin xassalorini nazars alan
ehtimal-statistik xarakteristikali dinamik monitoring vo prognoz modellsrinin yaradilmast;

2. Qapali vo agiq rejimli su hovzalarinin dinamik riyazi modellor asasinda istismar rejiminin
secilmasi va idars edilmasi Tigiin iisul vo program ko9mplekslorinin yaradilmasi.

3. Okino yararli suvarilan sahalords soranlagsma va bataglagsmanin garsisinin alinmasi, “TORPAQ”
idaroetma sisteminin talablorina uygun riitubst-duz  miibadilesinin tomin olunmasi moqsadila
suvarma isul vo rejiminin se¢ilmasi, qrunt sularmin saviyyasinin idars olunmasi vo torpaq
miinbitliyinin barpast modellarinin islonilmasi.

4. Sel-dasqn, siirligma tipli tobii folakotlor zamani torpagin miinbit qatinin yuyulmasi vo
formadayisma proseslorinin hesabat modellarinin va zararli naticalorin minimallagdirilmasi
algoritmlorinin islonmasi va tatbigi.

5. Bitkigilik mohsullarinin  becorilmasindo su sorfinin kompiiter modellogdirilmasi vo
mohsuldarligin idars olunmasi.

Bu moagsada nail olmagq tiglin goriilacak iglar:
Biliklor bazasinin yaradilmasi.
Modellasdirma.
Ekspert sistemlorinin yaradilmast.
Totbiqgi program dastinin yaradilmasi va totbiqi.
Nozars alinmali asas amillor:
Dag yamaclarinda qar ortliyiiniin vo buzlaglarin arimasi;
¢ay manbayina va hdvzasine diigan yagis sulari;
cay, kanal vo su anbarlari sathindon suyun buxarlanmast;
torpaga hopan sular;
suvarma va diger magsadlar ti¢iin istifads olunan sular;
grunt sularmin infiltrasiiiyasi.
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Dag caylarinda qar orimoasindon yarana bilocok sularin maksimal hoddinin (biitiin real tosirlori
nazora almagla) hesablanmasi metodunun islonilmasi, arinti vo yagislardan yaranan, ¢aylara
garisan sularin (cografi amillori, ¢oxillik hidrometeoroloji miisahidalorin naticalorini vo s. nozora
almaqla) maksimal miqdarinin hesablanmasi, axinin siirati vo turbulentlik amsali arasinda
funksional asililigin tapilmas1 nozordos tutulur.

Toklif olunan kompleksin strukturu va hesabat sxemi:

Su anbarlarinin sayi: N si, (I=1.2,......... n)

Su anbarlarmin tutumu: Qi (t) , Qi min < Qi (t) < Qi max

Kanallarin say1: N ki (i:1,2, ......... n)

Idars edilon osas parametrlor:

- Cayin miiayyan en kasiyinds su sarfinin miqdart.

- Istonilon su hévzasinda suyun saviyyasi va s. ola bilar.
On sads variantda is¢i sxem asagidaki kimi toklif edilo bilor [3].
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Natica

Yuxarida geyd olunanlarla yanasi bir sira digor hidroloji problemlor do 6z hallini gozlayir. Belo
Ki, su tesarriifati vo otraf miihitin miihafizasi lizra ehtiyaclari 6domok {igiin zoruri olan bir gox
hidroloji istigamatlor hazirda Azorbaycanda inkisaf etdirilmir vo ya zoif inkisaf etdirilir. Belo sahalara
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misal olarag macra proseslorini, gatirmolor aximini, hidroloji proseslorin riyazi vo fiziki
modellosdirilmasini, sel hadisssini, hidroloji prognozlari, iglim doyismalorinin su ehtiyatlarina
tosirini, eksperimental hidrologiyani, ¢ay monsablari vo onlarda bas veran hidroloji proseslari va s.
gostarmoak olar. Hidroloji proseslari riyazi modellosdirma miiasir hidrologiyanin an perspektivli isti-
gamatlarindan biridir. Belo hesab olunur ki, galocokds biitiin hidroloji masalolori miixtalif riyazi
modellorin istifadasi ilo hall etmok miimkiin olacaq. Belaliklo, su ehtiyatlar1 mahdud olan vo ham
zamana gora, homdo orazi tizro geyri-borabar paylanan Azarbaycanda bu ehtiyatlar tosarriifat
foaliyyatinin tasiri va iglim dayismalori soraitinds tadri-con azalir vo onlarin keyfiyyati pislosir. Biitiin
bun-lar, asas vazifalorindan biri su ehtiyatlarinin tadqigi olan hidrologiya elminin bu va digar slagsli
saho-lorinin inkisafina, o ciimlodon hidrologiya ixtisasi {izro biitiin saviyyalords kadr hazirligina
diggatin artirilmasini zaruri edir.

ODOBIYYAT SiYAHISI:
1. Olokbaorov A.B. Imanov F.O. Azaorbaycan su ehtiyatlari: Problemlor, yanasmalar, realliglar.// Su
problemlari: EIm vo texnologiyalar.Nel, 2016, s.15-25.
2. R.M. Mommadeov, F.D. imanov.Azorbaycanda hidroloji tadqigatlarin miiasir voziyyoti.
// Cografiya vo tobii resurslar. Nel(11), 2020, s.15-26.
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ANBARDA YUKLORIN CESIDLOMO PROSESININ AVTOMATLASDIRILMASI

Abstract

Automated devices with a special system are used to implement information functions in
automated facilities. Automatic conveyor devices are used so that the loads are not changed. The
purpose of the work is to design the automatic production system of the loads in the warehouses, at
the same time, to adjust the speed and quality improvement of the electric motor pushers, to safely
change the location of additional loads with the conveyor system, and to simplify and reliably manage
the technological process.

Keywords: PLC, Control, Microwin

Texnoloji proseslorin avtomatlasdirilmas: vo mexaniklosdirilmasi — miiasir texniki inkisafin osas
Vo an 6nda olan istigamatlorindondir. Texnoloji proseslorin avtomatlagdiriimasinin ilk addimi onun
axm metodu sayilir ki, aparilacaq harokatlorin miisyyon ciddi ardicilligini tolob edir. Bunun tiglin
qurgularin va is yerlorinin yerlosmosi ardicil olaraq texnoloji prosess uygun olmalidir.

Avtomatlagdirilmis proseslords informasiya funksiyalariin reallagdirilmasi {igiin xtisusi sistemli
avtomatlagdirtlmis qurgulardan istifads olunur. Tayinat sahosindon asili olaraq asagidaki sistemlor
vardir: avtomatik nozarat, texnoloji proseslorin avtomatik idars edilmasi, avtomatik tonzimloms,
avtomatik optimallasdirma. Miiasir sistemlor 1980-ci illardokindon forqli olaraq 6ziiniin sadsliyi,
yigcam va rahathigi ilo secilir. Adoton avtomatik ¢esidloma sistemlori pogtlarin konveyer xatlorindo,
aeroportlarda, zavodlarda, domir yollarinda, tullantilarin emali miiassisalorinds vo s. qurasdirilir.
Sifariglora uygun olaraq anbarlarda se¢ilmis vo konveyers yerlosdirilmis yiiklorin isaralonmasina
uygun olaraq saxlanma vo gondorilmo meydangalarina g¢atdirilmasi tiglin gesidlonmasi aparilir.
Miiasir anbar komplekslarinds yiiklorin emal olunmasi iigiin ¢esidloms metodundan genis istifado
olunur. Praktikada bu amaliyyat daxili vo xarici yiiklorin emalinda yiiklorin miixtolif kanallarla
boliigdiriilmasi  demokdir [1,2]. Cesidlomonin osas moagsadi - yiiklorin xiisusi prinsiplo
qruplasdirilmasindan vo ya soraito uygun yigilmasindan ibaratdir.
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Maqgsad, tapsirigin toyinati

Layihonin mogsadi avtomatik idaroetmo sistemlorinin komayi ilo anbarda olan yiiklorin
cesidlonmosi, ilo konveyer sistemi vasitosilo yiiklorin tohliikasiz vo etibarli sokildo yerini
doyismasindan ibaratdir.

Cesidlomo prosesi sado goriiniisdo asagidaki sokilds gostorilmisdir. Konveyera qoyulmus yiik
konar kanallar iizra elo qoyulmalidir ki, ¢atdirilmasi sifaris vo marsrut iizra bas versin [3]. Har kanalin
Ozinlin ndmrasi Vo naqilsiz konveyeri olur, bu da iifiiqo gora bucaq toskil edir. Kanalin nomrasi
yiikiin Gistiina yapisdirilmis sokilds strix-kodla gostarilir. Skaner konveyer boyunca horakoatds olarkan
rampin strix-kodunu oxuyur vs onu gesidlayici nozaratgiya otiiriir.

Nozarot¢i 6z novbasinds konkret kanalin toxundurucu mexanizmino komanda verir. Bu
sistemlordon qutu soklinds olan sifarislords istifads olunur, hansi ki, bu qutular1 onu palletlordon
(boylik taralardan) ¢ixarirlar vo ona strix-kod verib konveyerds miioyyan kanalla harokat tigiin start
verirlor. Mistarilora (diikanlara) ¢atdirmaq ti¢iin bu qutularin 6ziinde do ¢esidlonmis odadlo olan
sifariglor ola bilor. Mexaniki olaraq ¢esidlayicilor miixtalif prinsiplor asasinda qurula bilor. Bu kamar
otiiriici mexanizmlar, siiratli giic itolayicilor (ZIP - cesidloyicilor) soklindo ola bilor. Konkret
qurgunun ndviiniin se¢ilmasi mohsuldarligin talabine uygun olmalidir. Bu név qurgularin giicii adoton
saatda 1200, 5500 va 9500 yiik vahido barabor olur. Cesidloyici kanallarin say1 onlarladir.

Sakil 1- Texnoloji sistemin sxemi

Layiho olunan mexatron sistemin tarkibina (sokil 1) asas hissalar (bondlar) vo aqreqatlar: «skanery,
toyinat1 yiiko sistem daxili tinvanin verilmoasi, «K1.1» asas harokat konveyeri, «K2.1» - elektriki
materialin konveyeri; «K2.2» - dielektrik materialin konveyeri; «K2.3» - isiglanmani oks etdiron
materialin konveyeri; «V1.1» - Yiikiin konveyerdaki lentin tizarinda asas harokatindas birinci induktiv
vericisi; «V1.2» - Yiikiin konveyerdoki lentin iizorindo oasas harokoatinds ikinci tutum vericisi;
«V1.3» - Yikiin konveyerdoki lentin iizorinds oasas harokoatinds {iglincii fotoelektrik isiglanma
vericisi [4]. Bundan basqa sistemds her bir vericinin tohkim edildiyi «tokangilar» da vardir.

Cesidlomonin avtomatik idars edilmasinin funksional izah1

Avtomatlasdirilmis anbar yiiklorin dagiq taloblorlo hazirlanmasi, golocokds gondarilmasini vo
saxlanmasini 6ziinds ehtiva edon yaxsi qurulmus sistemdir. Ona goro do yiiklorin hazirlanmasi
prosesi asas istigamat hesab olunur. Anbara daxil olmus yiik standartlara uygun olaraq qablasdirilmali
Vo nisanlanmalidir. (yiiklor gondorildiyi yerds gablasdirilir vo nisanlanir). Anbara daxil olan yiik
konveyer lentinin iizarina qoyulur. Qabul montagasindan daxil olan yiiklar ¢esidloma aparilmaq tiglin
anbarin miioyyan hissesine géndorilir [5]. Otiiriicii italoyicilorin ardicil islomasi naticosinda konveyer
lentinin Gizarindoki yiik vericilorin onlari hiss etmasi naticasinds anbardaxili zonani1 kegmoklo harakot
edir. Sonra yiiklor ndvbati texnoloji prosesinds emal {igiin yeni marhaloya gondorilir.

Baza element sisteminin texniki xarakteristikalar1
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Schneider Electic sirkotinin PMK Quantum bazasi osasinda blok idaroetmo sistemi asagidaki
bloklardan ibaratdir.

PMK-nin morkozi prosessor qurgusu 140CPU11302 tipli CPU-a malikdir. Cox miirokkob
proseslor liclin Quantum sonaye moniqi kontrollerlorindon miivaffoqiyyatlo istifado olunur.
Proseslorin mohsuldarligi bu tapsiriglarin icrasi iiglin vaxt dovriniin optimalligini qorumaqla
gostaricilorin daha genis imkanlarint birlosdirmaklo vo diagnostikasi, yaddasin yigcamligina vo
homg¢inin qorunub saxlanilmasina sorait yaradir.

Quantum 6zilinds balanslagdirilmis MP (morkozi prosessoru) birlogdirir ki, bu da montiqi tolimat
vo lizon vergiillii tolimatlarla isloyon zaman maksimal mohsuldarliga nail olmaga imkan verir.

PMK 5 dilli olmasi, standart versiya: LD, ST, FBD, SFC, IL; Coxtapsirigli sistemin yiiksok
morholosi; Yaddasin giicii 7 Mb, PCMCIA genislondirilmis platalar; Proseslorin idaroolunmasi
otrafinda modullar {i¢iin xiisusi formasi, homg¢inin konfort iizlonmaosi, tohliikkosiz giris/cixis vo
partnyor modullarin boyiik kataloglarin olmasi; Tohliikosizlik prosessorlar1 vo girig/cixis modullari
Tapsirigin Plug & Play yiiksok mohsuldar halli, LCD klavyaturadan lokal monitoringlo isti-isti
gostaricilorin ehtiyata verilmoasi; Coxlu yaradilmis portlar (port IBB, port ETHERNET TCP/IP
vebserverlo, Modbus Plus vo minimum 1 ardicil Modbus port) panelin qarsisinda

Avtomatik ¢esidloma sistemlarinds yiiklarin konveyerdon konveyers yerdoyismosinds hidravlik,
elektropnevmatik, elektromexaniki tokan veranlardan istifads edilir ki, bunlarin da asas ¢atismayan
problemi texnoloji prosesin icrasi zamani axiciligin va siiratin agagi olmasi sobobindan yiiklorin idars
olunmasinda keyfiyyatin nisbaton asagi diismasina sabab olur [6]. Masalon, aeroportlarda bagajin
cesidlonmosi sisteminda T5691T (sokil 2) tipli tokangilardan istifads olunur. Avtomatlasdirilmis anbar
komplekslorinds anoloji tokangilardan istifads olunur.

Sakil 2 Tokang1 T569P

T593 tokangisinin xarakteristikasi:

Val tizorinds y1gilmis Motor-reduktor 75 kvt; Zoarboys davamli rezin dirakli {izlanmis kotangi;
Tokaginin qolunun optimal hoarokati; dovra vaxti; ¢esidlomanin yiiksok aparilmasi bacarigi; konveyer
¢esidlayicisinin siirati; Bagajin “virtual” pancarays 2 m moasafodo maksimal yerdayismasi; Horokatin
qurtarmasinin CAMS vasitasilo miiayyon olunmasi; Miihorrikin 360 doraco tam donmosi; Texniki
xidmot aparilmayan yastigin olmasi; Layihonin ¢evik holli; PLC bazasinda miiasir idaroetmasistemi
AlS-in idareetma programi Siemens sirkotinin Microwin programinda yazilmisdir[7,8].
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Isdo anbarda yiiklorin avtomatik ¢esidloma sisteminin asagidaki marhololori gostarilmisdir;
Movzunun aktualliginin osaslandirilmasi;

Tapsiriglarin ohato dairasinin vo layiholondirilon sistemin funksiyalart miioyyonlosdirilmasi;
Idaroetmo programinin yazilmas.
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ANESTEZIOLOJi PARAMETRLORO NOZAROT SISTEMININ iSLONMOSI

Xiilaso

Mogalonin asas todgigat obeykti Xasto ilo aparat arasinda bas veran dorman proseduralarina
nozarot sistemidir. Daha dogiq desok, xastoys doqiq miqdarda anesteziya preparatinin yeridilmasi
zamani tibbi personal torafindon yarana bilocok Xotalarin korreksiyasi {igiin omaliyyat zamani
anestezioloqa komak etmokdir. Bu prosesds bir ¢ox tohliikali problemlorin aradan qaldirilmasi {igiin
mikrokontroller osasinda avtomatik anesteziya aparatinin yeridilmasi {giin elektron sistemin
layihalondirilmasi toklifi irali siiriiliir.

Acar sozlar: Anesteziya, idaroetms sistemi, Arduino uno, fizioloji parametrlor, mikrokontroller.

Coarrahi amaliyyata baglamagq ti¢iin hakimlar tarafindon hor hansi boyiik amoliyyatdan avval xasto
anesteziya edilmalidir. 4 vo ya 5 saata godor davam edo bilon boylik amoaliyyatlar zamani
anesteziyanin tam dozas1 xastoya bir dozada verilo bilmaz. Ciinki haddindan artiq doza xastanin daimi
husunu itirmasina sabab ola bilocak kritik voziyyats sobob ola bilor. Bu problemi aradan qaldirmaq
ticlin anestezist galocak yan tasirlori minimuma endirmak tigiin xastonin klinik parametrlori asasinda
anesteziyanin avtomatik istigamotini tortib etmoalidir [1]. Agrisiz carrahiyya omaliyyati {iglin
anesteziya ¢ox vacibdir, ona goro do ugurlu omaliyyat ii¢iin anesteziyanin avtomatik istiqamati
vacibdir. Hal-hazirda klinik praktikalarda anestezist xastoya ol ilo anesteziya totbiqi sistemindan
istifads edir. Bu, anesteziyanin dozasimin doyismasi Vo golocok hayatda manfi yan tosirlor alds etmok
sans1 kimi bir ¢ox miirokkabliyi yarada bilor. Bundan slava, anestezioloq carrahi amaliyyat zamani
Xastoni narahat eds bilocok avvalcadoan toyin olunmus vaxt orzinds doqiq anesteziya dozasini tatbiq
edo bilmoaz. Anestezik proseslor tokrarlanir vo anestezioloqun ciddi diggetini talob edir. Darman
gobulunun avtomatik mexanizmi sayasinds sahvlorin tezliyi kaskin sokilds azalir [2]. Bu kontekstda
insan sshvini minimuma endirmak ti¢lin anesteziya ilo bagl proseslorin avtomatlasdirilmasina
ehtiyac var, giindoalik tokrarlanan faaliyyotlordon yaranan narahatliq minimuma endirilo bilor vo
anesteziologun xostoyo birbasa qaygi gostormok iiciin daha cox vaxti ola bilor. Indi bir giin
qurasdirilmis sistem miixtalif tibbi vo bioloji parametrlora nazarst etmok {igiin tibb sanayesinda bir
cox tatbiglorda istifads olunur.

Hazirki toklif olunan sistemds ikili omasliyyat tigiin rejim acari olava edilmisdir. Arduino uno ssasli
sistem Xastaya Vverilon anesteziya saviyyasini saxlamaq tiglin dormani yeritmok {igiin istifads olunur.
Anesteziyanin dozasi avvalcadon bilinmalidir, ¢linki avvalcadon toyin edilmis doyar anestezik
nozarati ti¢iin giris kimi proqramlasdirilir. Anesteziyanin faktiki dozasi xastonin badon parametrlorino
osason ovvalcodon miioyyon edilir. Arduino uno anesteziyanin dozasini tonzimlomok iiglin
qurasdirilmis sistemdan istifads edarak proqramlasdiriimisdir.

Anestezioloji prosesin idarsetma sistemi: Sistemin asas elementlori asagidakilardir.

Avadanliq Talablori

1) Arduino uno.

2) LCD.

3) Motor siirticiisti.

4) DC miiharriki.

5) Urak déyiintiisii sensoru.

6) Tonoffiis sensoru.

7) Temperatur sensoru.
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8) Spris pompasi.
9) Klaviatura.

Power supply

l

. Led
Heart beat
—_— >
sensor
Ardying
Uno Motor drive
>
board
Temperature
—
sensor
Dc motor
Syringe pump
keypad

Sokil 1. Toklif olunan qurgunun blok sxemi.

Arduino Uno platformasi layihonin asas kontrolleridir. Analoq girislars iirok doyiintiisii, tonaffiis
Vo temperatur sensorlar1 qosulur [3]. Urok ddyiintiisii sensoru xastonin bir dogigoda iirok ddyiintiisiinii
todqiqatgiya kemiyyat gostaricini otiiracakdir. Barmaga yerlosdirilmis sensor isiq detektoru vo LED-
don ibaratdir. Is1q intensivliyinin doyigmasi iiroyin qan1 vurdugu zaman yaranir. Bu variasiya elektrik
impulsuna ¢evrilir. Bir dogigads yaranan impulslarin say1 bir dagigods tirok doyiintiisiinii veracokdir.
Eyni zamanda, badon istiliyi va tonaffiis deracasi kimi parametrlor miivafiq sensorlar tarafindan gabul
olunur. Bu dayarlor Arduino platformasina giris signallar1 kimi daxil olur. Anesteziya dozasi tiglin
minimum doyar miioyyan edilmisdir, bu da platformada verilmis artim vo azalma ditymolarindon
istifado etmakla dayisdirilo bilor [4]. Urok ddyiintiilorinin say1 vo galan doza soviyyalorinin LCD-do
gostarilmasi ti¢iin sistemda uygun program tutulmusdur. Xiisusi bir vaziyyat yarandiqda, idaroaedici
start ditymasini basaraq anesteziya verir, sabit coroyan miiharriki iso qosulur. Naticods anesteziyani
enjekte etmoyo baslayacaq spris pompasi iso diislir. Sabit coroyan L293D miihorrik dreyveri
torofindon idars olunur. Miiharrik iki istigamatli, yoni irali vo geri istigamatlords idars oluna bilor.
Parametrlorin hesablanmasi noticasindo prosesin anormal oldugu noticasine gslinarss, anesteziya
normal dayars ¢atana godor nasosun aktiv rejimda islomasine manes olur. Rejim agari klaviatura ilo
idara oluna bilan tacili ol amoaliyyati {igiin istifade olunur. Normal voziyystds iirok doyiintiisiiniin
tezliyi vo anormal voziyystdoki {irok dOylintiisiiniin tezliyi arasindaki forq osasinda
programlasdirilmisdir. Avtomatik anesteziya idaraetma sisteminin istifadosi xastonin tohliikosiz halda
omoliyyatinin davam etdirilmasi sansini artirir vo onun nozaroti altinda olan digor fizioloji
parametrloro birbasa nazarot yetirmoklo anestezioloqun igini rahatlagdirir. Toklif olunan sistem
subyekt torafindan daxil edilon verilonlor osasinda ilkin dormanlarin ilkin dozasini hesablayir, bundan
sonra xastonin osas parametrlori cihaz torofindon davamli olaraq miisahids altinda saxlanilor. ©gor
carrahi omoliyyat zamani hor hansi bir parametr normal hoddon konara meyl edarss, sistem
anesteziyanin tolob olunan dozasini yenidon hesablayir va infuziya mexanizmindan istifads etmoklo
eyni doza boadono yeridilir [5].

Natica
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Miiasir texnologiyalar biotibbi cihazlarin har bir sahasinds avtomatlagdirmanin inkisaf
etdirilmasina gatirib ¢ixarmisdir. Bu layiha hom dormanlarin tanzimlonmasinin avtomatlagdirilmasi
sistemino osaslanir, hom do corrah {iglin anesteziyanin cari vaziyyotdo Xastonin fizioloji
parametrlorina noazarat {igiin ¢ox faydali olacaq, belaliklo xastalora diizgiin anesteziya preparatlari
vurulacaqdir. Avtomatik anesteziya idaroetmo sistemi tizro layiho tibb sonayesinds effektiv
miihafizoedici sistemlordon biridir. Bu sistem xasta {igiin x{isusi parametra nozarat edon vo anesteziya
prosesini nizamlayan anesteziologlar ti¢tin ¢ox faydalidir.
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OLCMO NOTICOLORININ EMAL DOQIQLIYININ ARTIRILMASI

Xiilasa
Analog-ragom gevirmolari naticalorinin xatanin tullantilarina gora ¢esidlonmasi vo zay 6lgmo
naticalarinin barpasi tisuluna baxilmigdir. Bu mogsadlo maxtalif alqoritmlor toklif edilmis, tosadiifi
kiiylorin tullantilarinin agkarlanmasi vo siiziilmasinin sonlu forglor algoritminin istifade olunmasi
moagsadouygunlugu asaslandirilmigdir.
Acar sozlar. 6lgmoa naticalori, emal daqiqliyi, siiziilma, 6lgma Xotast.

Giris

Olgmo sisteminin girisino diskretlonmis {Xi}, i =1, N ol¢iilon ardicilliq daxil olur. ©gor mane
olan to'sirlor (onlar miixtalif tobioto malik ola bilorlor vo golocokds onlart kily adlandiracagiq)

olmasaydi, onda 6lgma naticalorine miivafiq olan {yi} i =1, N, ardicillig1 yi=y-Xi olardi (burada y-
6lgmonin hassasligidir). Tacriibado ¢ox vaxt xatti sistemlor totbiq olunurlar. Ona goérs do sonraki
bdlmolords sabit parametrli (yani y=const) xatti sistemlora baxacagiq. Tahlilin sadsliyi tiglin y=1
goabul edak. Real sistemlarin {yi} Xatalar1 nazars alinmagla 6l¢gma naticalorinin ardicilligini asagidaki
sokilda gostarok

§; =x,+¢&, i=1N. 1)

Olgmo Xotalarinin yaranmasina sobob olan amillar, iimumiyyatlo dosak, tosadiifi xaraktera malik
olduglarindan 6lgmo Xotalarina da miioyyan tosadiifi prosesin realizasiyasindan ibarat tosadiifi
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komiyyat kimi baxmaq olar. Bu halda polyar signallarin ayrilmasi masalasinin holli zamani an
olverisli metodlardan biri statistik forziyyslorin yoxlanilmasi metodudur.

Problemin halli
Elementar ardicilliglarin yalniz isarasindan istifado edon alqoritmlor isars alqoritmlori adlanir.
Morkoazlosdirilmis paylanma funksiyasina angalin néviindon asili olmayaraq malik olan stasionar kiiy
ticiin ardicilligdaki miisbat Vo monfi elementlorin say1 eynidir. Ongallor fonunda miisbat isarali signal
olduqda ardicilligda miisbat igarali elementlorin olmasi ehtimali monfi isarali elementlorin olmasi
ehtimalindan ¢oxdur. Bu qayda faydali signali askar etmok iiiin istifado edilo bilor. Isars algoritmine
miivafiq olaraq daxil olan qarisiqda miisbat signalin olmasi haqqinda N1 alternativi qeyri-asili

ardicilhq iiglin
E=(€,Ey558,);

. )
;signgi >H

sorti movciid oldugda dogru sayilir. Burada N-ehtimalin verilmis o giymati ila tayin olunan haddir,
signe;i isaro funksiyasi olaraq bels toyin olunur:
) £, I, & 20;
signg, = —— =
"e] {— 1, & <O.
(2) borabarsizliyina oks olan barobarsizlik halinda Ny alternativi rodd edilir vo miisbat signalin
olmamasi (yoxlugu) barada No forziyyasi gabul edilir.

Isara alqoritmlori birtorofli va ikitorofli ola bilorlor. Birtorofli algoritmda hoallin secilma gaydast
hor hans1 polyarliqli segmoanin elementlor sayinin verilmis N hiidudunu kegmasinin yoxlanilmasindan
ibarotdir. Yuxarida nozorden kegirilon alqoritm miisbat signal iigiin birtorofli alqoritmdir. ikitorofli
alqoritm {iglin hor iki isara nozars alinir, yo'ni ardicilligin miisbat elementlori saymin vo ya manfi
elementlori saymin miioyyan hiidudu (haddi) agsmasi barads forziyys yoxlanilir.

Hal hazirda forziyyslorin forglondirilmasi iigiin xeyli sayda statistik test molumdur [1]. Ongallor
fonunda (1) ardicilligindan yararli 6lgmolorin ayrilmasi masalasi hipopetik G(g)(w(e)) vo alternativ
F(e)(f(¢)) paylanmalarinin iki testinin farglondirilmasindan ibarat oldugundan bu testlor bu va ya
digar sokildo faydali signalin ayrilmasi masalasinin halli tigiin istifado oluna bilar.

Isaroli test on sada qeyri-parametrik testlordon biridir [2]. Onun statistikas1 polyarliglarin
(isaralorin) nozars alinmasina asaslanir:

n 1, € >0;
S =3 h(z,), h(a)={ ’ @)
i=1 0, & <0.
Boazan (3) avozina goriiniisi testin adini izah edon markazlogdirilmis statistikaya baxilir:
no ) &, {l, g >0
T =Y sign(e,); sign(s)=—=
i=1 -1, ¢ <0.

Isaro funksiyasi vahid sigrayis funksiyas h(g) ilo sign(e)=2-h(g)-1 ifadasi ilo baghdur.

Test F(¢) paylanmasimnin medianmin sifirdan boyiikk olmasi farziyyasine NO qarst G(g)
paylanmasinin medianinin sifra barabor olmasi forziyyassinin yoxlanilmasi {igiin totbiq oluna bilor.
Qalan xassalarina gora G(g) va F(g) ixtiyaridirlor. Bu, simmetrik W(e) ehtimal sixligina va sifira
borabor orta giymoto malik additiv stasionar kily fonunda miisbat signalin agkar edilmasi masalasine
uygun galir. G(g)-nun median1t namalum olub yalniz onun F(s) n1n medlamndan kicik olmasi

i

molumdursa, iki ardicilligli isars testi almis olariq. Bu test kiiylii y1 ,y2 ye yn Va X1,X2,...,Xn todqiq
olunan ardicilliglarinin miisahids naticalari ciitlori farglorinin isaralorinin sayllmasma osaslanmigdir:

S:éM%—ﬁ) (4)

Qorar gobul edilmosi tigiin S statistikasi verilmis o1 ehtimalina gora
P(S > H/Ho) = a1
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ifadasindan tayin edilon N haddi ilo sinagdan kegirilir (yoxlanilir).
Gorilindiiyt kimi, (3) va (4) comlarinds vahidlorin say1 Bernulli sinaq sxeminda miisbat naticalorin
sayina ekvivalentdir. Buna gora do N haddini agsma ehtimali bels toyin olunacaqdir:

P(S>H)= 3 (n)-p'-(1-p)"", )

burada p= P(x>y)=]G(x) -dF(x)- X >y (x > 0) hadisosinin ehtimali; ni - n-don i-ya goro

kombinasiondur. No farziyyasi tigiin ehtimal R=1/2 oldugundan farziyyanin sshvan rodd edilmasi
ehtimal1

a:P(S>c/H0)=(1/2)"-él(nl.) (6)

G(X)-don asil1 deyildir ki, bu da testin qeyri-parametrikliyini siibut edir. Dogru olduqda alternativin
gobul edilmo ehtimali tobii ki, G(X) vo F(x)-don asilidir. (5) ifadosi testin is¢i xarakteristikasinin
diizgiin askaredilmo ehtimalinin hipotez vo alternativ arasindaki forqi Xxarakterizo edon R
parametrindon asililigini miiayyasn edir. Signalin yararli 6lgmalarinin ixtiyari namolum paylanmali
kitly fonunda ayrilmasi masalasini nozardon kegirok. Yalnmiz o moalumdur ki, signalla angalin
qarisiginin 6lgmolari statistik olaraq 6lgmalarin sayindan ¢oxdur. Bu o demokdir ki,

. L, x >y";
hi=h<xi—y,->={ Y

tosadiifi kamiyyati (burada Xi vo sinaqdan kegirilon Xg,X2,...,Xn Va kiiylii (bulaniq) ardicilliglarinin
elementloridir) y]*,y;,,,,,y:: chtimali ilo "0" vo ya "1" (agor X angaldirso), P>1/2 ehtimali ilo "1"

0, x <y, .

giymotini (sgor X signalla ongolin garigigidirsa) alacaqdir. Faydali signalin bulaniq (kiiylii)

qarigiqdan ayrilmasi maSalasi P=P(n-1)=1/2 ehtimalina uygun No forziyyasinin alternativ N1 (P>1/2)

forziyyasina qarsi yoxlanilmasi kimi formalizo olunur. Gostormak ¢otin deyildir ki, optimal isaro

agkaredicisi bu haldan -, comins osaslanan statistikadan istifads edir. Hagigoton, Neyman-Pirson
=1

meyarina miivafiq olaraq askaredici

a2 PIHD 0 POy Hy)

~P(h[Hy) 2P IHy)

dogruya oxsarliq nisbotini hesablamalidir. ©Omsallar ardicilliginda Hi vahid giymatlorin saymin
paylanmasi geyri-asili signallarda vo har iki farziyyads binominaldir, buna gérs do

h; n=2h;

sy BB z(l’lf’.[l—l’l] . @)
pra-py ™ \r) i-p

burada R1 vo Ro- R ehtimalinin uygun olaraq N1 vo No forziyyslorino miivafiq qiymatloridir.

Askaredicini A(h) logarifmlayarak vo Po=1/2 gabul edarok

n P
log A(h)=n-log2(1- P)+ Zlhi -log1 IP ,

-4

aliriq. Buradan agkaretmas alqoritmini yaziriq
S = fj]hi >H.

Askaretmadoki haddin (N) giymati S statistikasinin binominal paylanmasi vasitasi ilo verilmis o
sohv hoyacan ehtimali farziyyasina gora toyin edilir. Qeyd edoak ki, angslin stasionarligi vo faydali
signallar sabitliyi talobi miitloq deyildir, lakin he¢ olmazsa, onlarin qarsiliql to'siri zaman1 P>1/2
sorti odonilmolidir. Yuxarida gostorilon miilahizolorin osasinda dissertasiyada isara prinsipinds
qurulmus ¢esidlomo meyari

+ Ag £_,>0, ¢ >0,
X. .
! " ole <0, & <0; (8)
i 0 g >0, ¢ <0
’ g ,<0, &>0;
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ifadasi, iki ardicil 6l¢monin tutlantilarina mahdudiyyat prinsiinds qurulmus ¢esidlomo meyari kimi
1S9

x;,+Ag, & |<H, |&<H,

9)
Y, = 0 &, <H, |&|>H,
’ e |>H, |&|<H,

ifadasi toklif olunur.

Miihiim praktiki totbiqat hallarinin oksoriyystindos € Xotasia & = ¢ + £° stasionar erqodik tosadiifi
proses Vo ya tosadiifi kamiyyot kimi baxmagq olar (burada & vo €° Xatanin uygun olaraq sistematik
miirokkabasi (riyazi gézlamasi) Vo markozlogdirilmis tasadiifi miirokkobasidir).

Xotalarin sistematik miirokkabalorinin sondiiriilmasi ti¢iin  6lgma naticalorinin X analoq
komiyyatini onun xi cari gqiymati (6lgmasi) vo Agl. Xatasinin  birinci tortib sonluq farginin comi
soklina ¢evirmak magsadouygundur [3, 4]:

yi=x,+Ag =x,+& — &,

Sonlu farg (birinci tortib) siiziilmasine rogmon O6lgmanin y: naticasinin Xotasi tosadiifi
miirakkabasinin birincm tartib sonlu forgi ilo miioyyan edilocokdir. Bels Ki,

Agi = (6 +2)—(+£i-1) = e-£i-1 = Ay

Roagomli 6l¢gmonin naticasinin qaliq A¢ Xoatasinin sonraki sondiiriilmasi ya izafi diskretlosdirmo,
ya da ¢ox sayli dlgmolorin naticalorinin statistik ortalasdirilmasi ilo tomin edilo bilor. Lakin geyd
etmok lazimdir ki, diskret 6lgmalarin izafiliyino gotirib ¢ixaran birinci tisulu he¢ do homiss tatbiq
etmok miimiikiin deyildir. Ikinci iisiil da xeyli zaman masrafino géra bir sira 6lgmolorda, masalon,
signallarin barpasi zamani heg¢ do hamisa totbiqg edila bilmir. Xatalarin tullantilar ilo miisayat edilon
zay Olgma naticalorinin askarimin oan sads tisulu iki qonsu 6l¢gma Vo onlarin xotasina mahdudiyyat

qoyulmasidir [6]. Bu zaman cari y*(t l.) 6lgmos naticosi

g(ti)_g(ti—l)Shh

sorti 6donildikds yararl sayilir.

Bu c¢esidlomo iisulu istifado edilorkon asas moasalo ¢esidlomo hoddinin osaslandirilmis
secilmosidir. Asagida gostarildiyi kimi, 6lgma naticalori Xatalarinin sonlu forglor algoritmi vasitasi
ilo ilkin siiziilmosi zamani bu iisul daha somorali (kvazioptima) gostariciloro malik olur.

Bu tisulun ideyasi ¢ox sads olub asagidakindan ibaratdir [5]. Tutaq ki, 6l¢giilon parametr n daracali
polinomla tasvir olunur:

y(t) = ;)ai -t

Onda aydindir ki,
N
d;(t)zo, N2n+l (10)
t

Ogor (10) sarti 6danilirss, onda bu hal 6l¢gma naticasinds anomal Xatanin olmasini siibut edir.
Diskret zaman skalasindan istifads etdikdo anomal Xotanin olmasi sorti belo yazilir

A¥y(t)=0, N>n+1. (11)
Burada o6lgmolor ardicilliginin N tartibli sonlu forgi olub, bals tayin edilir

N RN,
A" y(t,) _jgo(_l) "Cy 'y(ti—j)

burada - N elementdan j - ya goro kombinasiyondur. Demali, agoar (10) baraboarliyi 6doanilirss,
onda todqgiq edilon 6lgmolor ardicilliginda anomal xotalar vardir. Qeyd edok ki, (10) vo (11)
borabarliklori normal xatalar olmadiqda dogrudurlar. Real sistemlords bu xotalar homiss x(t) 6lgma
naticalorini miisayiot edir [7, 8]. Ona gora do anomal xatalar olmadiqda y(t) funksiyasinin (10) sortini
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o6domoasina baxmayaraq x(t)-nin (n+1) tortibli toromasi sifra barabor olmayacaqdir. Bunanla olagoadar
olarag anomal xotalarin olmamasi (yoxlugu) sorti belo yazilir:

d n+1y(t)
dtn+1 < hh [D(g)]’
burada 5, [D(g)] -g(t)-tosadiifi funksiyasinin dispersiyasindan asili olan mahdudiyyat haddidir.

Diskret zaman oblastinda uygun olaraq yaza bilarik:
d'y(0) L Ay,
arr AT
Burada At =t —t _,. Cesidloma sarti asagidaki sokilds olacaqdir:
A" y(t)| < h,[D(e)]- A"
Sonlu farglar algoritmina asaslanmis tisuldan istifado edarkan asas masalo mahdudiyyat haddinin
giymatinin tayin edilmasidir. Anomal xatalar normal paylanma ganunu ilo paylandigda bu masalonin
halli ¢atinlik toratmir. Ogoar A"“x(tl.) paylanmasi malumdursa, mohdudiyyst haddini Cebisev

borabarsizliyi asasinda miiayyan etmok olar. Sonlu forglor tisulunun somaraliliyi tadqiq olunmus vo
gostorilmigdir ki,

—  Umumi halda sonlu forglor dsulu ilo ¢esidlonmonin somaraliliyi 6lgma signalinin
(malumatin) korrelyasiyasindan, istifado olunan sonlu forglorin tortibindon vo diskretlosdirmo
tezliyinin izafiliyindon asilidir;

— ilkin tosadiifi prosesin orta kvadratik mo'nada diferensiallanma tartibinin vo istifads edilon
sonlu farglorin tortibinin artmasi ilo ¢esidlomo algoritminin samaraliliyi artir;

—  toklonmis zay Ol¢molorin ¢esidlonmosi zamani hotta sonlu farglorin nisbaton kigik
tortiblorinda (N=2, 3, 4) belo bu tisulun somarasi maksimal somaraliliys yaxindir.

Yuxarida geyd olunanlari nozars alaraq 6lgma naticalarinin tosadiifi xotalara goroa gesidlonmasi

ticlin asagidaki meyar1 segmisik
) {xi +Ag,, Agl.\ <H (12)
Vi =

0, Ag|>H

Signalin ¢oxkiiylii 6lgmalarinin g¢esidlonmasi-atilmas1 meyarlarina asaslanmis sonlu farglarlo
siiziilmo iisulu aciq vo qapali 6lgmo kanallarinda istifado edilo bilor. Istor toklonmis, istorso do
tokrarlanan 6lgmolords Xotanin sistematik vo tosadiifi miirokkobaslorinin tarazlasmis vo giivanilon
tortibdo sondiiriilmosi tiglin ¢esidlonmis 6l¢ma naticalorinin yenidon siiziilmasi algoritmlarini do bu
moasalaya calb etmok olar.

Natica

Signalin ¢oxkiiylii 6lgmalarinin ¢esidlonmosi-atilmasi meyarlarina asaslanmis sonlu farglorlo
stiziilma iisulu agiq vo qapali 6lgma kanallarinda tadqiq edilmisdir. Sonlu farglorls ilkin siiziilma
sonraki diskret inteqrallama zamani talob olunan 6lgmolor sayini azaltmaga imkan verir ki, bu da
dinamik 6lgma soraitinds faydalidir. On miihiim natics iso ondan ibaratdir Ki, toklif edilon yanasma
Xotanin ham sistematik, hom do tosadiifi miirokkabolorinin bir nego tortib azaldilmasi sayasinds
olgmolarin zomanatli dogigliyini tomin edir.
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AUTOMATION OF THE INFORMATION-MEASUREMENT PROCESS AND
IMPROVING THE ACCURACY OF MEASUREMENTS

Abstract

At most enterprises of the technological process, automation occurs spontaneously, projects are
financed from various sources, and development is carried out by unrelated development teams. And
this leads to insufficient compatibility of operating systems, communications, applications, storage
formats and data management. Existing methods have been investigated in order to increase the
accuracy of the measured quantities. These methods are justified in reducing either systematic or
random error. Studies have shown that the finite difference filter reduces both errors. In order to
reduce the measurement error, it is proposed to use a finite difference filter.

Keywords

Automation, technological processes, automated systems, information processing.

1. Introduction

At present, the development of our country depends on the proper conduct of oil refining and
production processes in accordance with existing rules during oil refining. The essence of the process
of refining oil in a usable form is the improvement of the quality standards of those responsible for
the use of a small amount of energy, as well as the efficiency of the refining process.

The solution to all of this depends directly on the provision of oil refineries with electronically
regulated devices based on automatic control in accordance with the existing new regulations [1-5].
It should be noted that until recently, some elements and measuring devices that were considered
useful in oil refineries did not meet modern standards, as well as the following cases were recorded
during operation [6, 7, 9]:

* low accuracy of automation devices as well as control measuring instruments

« there is a certain delay in the circuits during regulation;

* low quality of compressed air supplied to pneumatic automated systems.

The above-mentioned shortcomings make it possible to say that automation devices used in oil
refineries, as well as automatic systems and industrial devices that control electronically, become
inefficient when they are widely used.

At present, automation devices and tools manufactured in instrument-making enterprises of
developed countries are used in oil refineries in our republic.

2. Statement of the problem
The reactor is also a regenerator catalytic cracking unit and has a special role in its operation. The
most important parts are listed below:

71


mailto:almaz.mehdiyeva@asoiu.edu.az

Umummilli lider Heydar Olirza oglu Bliyevin anadan olmasinin 100 illik yubileyina hasr olunmus “Miihandislikda riyazi
metodlar va mexatronik sistemlar” movzusunda Beynalxalq elmi-praktik konfransin materiallart

Reactor block:

» VSS booster termination device;

* Reactor top head, inner chamber;

* Valves, cyclones, stripper;

* External reactor booster.

Regenerator block:

 Two-stage cyclones;

* Valves, plenum, air breakers.

The reactor block is the main unit of the Q-43-107M catalytic cracking unit. The catalytic cracking
process is carried out in the vacuum distillation of the reactor block. plays the role of raw material for
the process. The fraction is boiled at 350-500 ° C and expelled directly. The initial processing process
is carried out in this device, as a result of which vacuum distillation is obtained.

3. Resolving the problem

Control of parameters at power facilities is an urgent issue to increase the efficiency of the fuel
and energy complex. The main reason for this is that the quality of electricity produced in our country,
as well as the consumption capacity of power plants ultimately determine the performance of the
whole complex. When installing a new system, we often need to receive or send data to a long running
system. When upgrading existing systems, it is often impossible (or technically impractical) to replace
all obsolete equipment. There are also tasks of docking with the latest automation equipment for new
projects under construction. The information collected by the complex often needs to be transferred
to the existing automated enterprise management system. The following problems arise:

- Each dispatch program must have a driver for a specific device.

- There are conflicts between drivers from different vendors, which leads to the fact that some
modes or hardware parameters are not supported by all software vendors.

- Hardware modifications may result in loss of driver functionality.

- Conflicts when accessing the device - different dispatcher programs cannot access one device at
the same time due to the use of different drivers.

Some hardware manufacturers are trying to solve this problem by developing additional drivers.
However, these attempts are met with strong resistance from dispatch system developers, which
should, in this case, complicate their client protocols. To effectively solve these problems, the term
"industrial intelligence"” is used. The basis for the development of tools that allow you to create
systems with "industrial intelligence™ is a new one that allows you to quickly and efficiently create
software products and ensure the consistent operation of all applications, production systems and
automation subsystems at all levels. Industrial intelligence includes the following: Currently, there
are a large number of heterogeneous and loosely coupled automated systems in technological
processes that perform their local tasks. This is primarily due to the significant distance of
technological objects from each other. As a result, one technological process is controlled by several
unrelated systems. By influencing some part of the technological process, we influence the whole
process as a whole. To determine the complete picture of the technological process, it is necessary to
manually collect and process data from dozens of different automated systems [10, 11]. There can be
no real time and no speech. This leads to management errors, increased accidents and increased costs.
The way out of this situation is the purposeful and carefully planned construction of a single
information space of the enterprise. The tool for solving this problem is the real-time database. Such,
for example, as Industrial SQL [8]. This product is becoming more popular and has advanced
capabilities for creating client applications for processing, analyzing and displaying production
information for dispatchers, technologists, geologists and mechanics. The economic effect of the
integration of heterogeneous automated systems is to reduce losses due to the adoption of more
correct and timely decisions. Getting information about accidents anywhere on time reduces losses.
The proposed automated control system is of great importance for process management.
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The creation of automated control systems for complex technological processes is carried out using
automatic information systems for data collection and computer systems, which are constantly being
improved as technology and software develop [7-9]. One of the reasons for the lag in the field of
information technology from developed countries is the lack of knowledge in this area among
production personnel and business leaders. Information technology is often viewed as something
fashionable, unnecessary in the face of a lack of investment, and creates unnecessary problems that
they seem to be working on. This is especially true for the services of mechanics and technologists.
Instead of initiating the introduction of new information technologies that can greatly facilitate their
activities, they are passive at best. As a result, their problems are left on the sidelines and are not
taken into account when choosing priorities for automation, setting the most relevant and cost-
effective tasks. To remedy the situation, it is very important to organize training for specialists of
these categories in new modern methods of work based on information technologies. In this regard,
modern methods of distance learning can help, which allow you to receive additional education
without interrupting production.

The level of information technology production developed by the leaders in industrial automation
is now very high, but the potential inherent in software products is still being used with low efficiency.
At the stage of choosing information technologies and specific automation tools in the oil and gas
industry, it is important not only to manage the amount of required capital costs, but also to take into
account the cost of ownership of these information technologies. Using the OPC specification, an
equipment manufacturer can develop a server program that provides access to these client programs
from various software vendors.

In the field of oil industry of our country, "SIMATIC S7-1200" controllers, created mainly by the
German company "SIEMENS", have an advantage in terms of application (Fig. 1).
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Fig. 1. The S7-1200 is a compact PLC generation model

The module has inputs and outputs. To increase the number of inputs and outputs, it is important
to add boards as well as signal modules.

In the above system, a corrective filtering has been proposed to increase the measurement accuracy
(Fig. 2). The system uses a finite difference filter to increase signal accuracy. Distorted - noisy signal
is given to the input of the finite difference filter. A corrected signal is received at the output of the
filter. The noise clearance coefficient of the received signal is calculated and it is confirmed that there
is a significant difference. The result obtained proves the effectiveness of filtration.
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Fig. 2. Measurement and processing complex with corrective filter

4. Conclusion
Existing methods have been investigated in order to increase the accuracy of the measured

quantities. These methods are justified in reducing either systematic or random error. Studies have
shown that the finite difference filter reduces both errors. In order to reduce the measurement error,
it is proposed to use a finite difference filter.

~
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SELENIUM VASITOSILO AVTOMATLASDIRMA TESTLORI

Xiilasa
Bu moagalods selenium avtomatlasdirma testi haqqinda bohs olunub. Bu test iisullar1 veb test
tisullart adlanir. Keyfiyyatin tominati istor manual, istar do avtomatik test olunur. Selenium isa mahv
avtomatik test iisullarindan biridir.

Giris

Avtomatlagdirilma testi bir proqram totbigindo testi tortib etmak va yerino yetirmok {igiin test
alotindon istifado edilon bir prosesdir. Bu alotlor vasitosilo sinaq dofalorlo yerino yetirilo bilar.
Avtomatlagdirma test alatlori genis miqyasl vo miirakkab testlori yerins yetirir, hesabatlar yaradir vo
sonda, avvallar yerina yetirilon test naticalari ilo miigayiss olunur. Avtomatlagsdirma testinde mogsad
asason program tominatinda miiayyan hissasinda problemlara digget etmokdir. Miixtolif metodlar
smamagq ligiin test skriptinds bir nego dofos tokrarlanan kod niimunalari ola bilar.

Avtomatlasdirma testi

Avtomatlagdirma testinds, avtomatlasdirilmis bir test paketi isloyon zaman heg¢ bir ol
miidaxilasina ehtiyac olmur. Test avtomatlasdirmasi daha etibarli, programlasdirila bilon, tokrar
istifado oluna bilon, shatali, texniki xidmat gostara bilondir, vaxta vo pula gonast edir, daha genis
sinaq ahatasina malikdir va al ils idarsetmadon daha siiratlidir. Tester test islorini yazir vo sonra onlar1
bir nega test paketlorina boliir, ¢iinki kigik test paketi boyiik test paketindon daha siiratli islayir va test
skriptini asan saxlayir. Proqram toskilatlarinda test avtomatlasdirilmasi proqram tominatinin
hazirlanmasinda daha ¢ox vacib olmusdur.

Avtomatlasdirma testinin miisbat vo monfi cohotlori var. Miisbat cohatlori bunlardir:

- Boyiik vo miirokkab layihalor

- Stabil program/tatbiq

- Tez-tez eyni test hallarinin sinaqdan kegirilmasi

- Program tominati ¢arpaz platformada isloyir

- Vaxt aparan

- Manual testdo sohv olma riski yiiksokdir.

Monfi cohatlori iso bunlardir:

- Boyiik vo miirokkob layihalor

- Stabil program/tatbiq

- Tez-tez eyni test hallarinin sinaqdan kegirilmasi

- Program tominat1 ¢arpaz platformada islayir

- Vaxt aparan

- Manual testdo sohv olma riski yiiksokdir.

Bozon avtomatlagdirma testini istifado etmok moagsadouygun olsa da, bazan istifado etmomak
daha magsadsuygun olur. Bu hallar asagidakilardir:

- Test son istifadaginin miisahidasini talab edirso.

- Test yalniz bir dofs hayata kegirilirso.

- Istonilon geyri-sabit program/tatbiqda.

- Hor hansi tacriibasiz vo ya miivaqgati sinaqgg1 tarafindon.

- Avtomatlagdirma testlorini qurmagq ii¢iin kifayot godor vaxt alir.

Selenium nadir?
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Bu, miixtalif brauzerlords vo ya miihitlords veb programlari sinagdan kegirmak ti¢iin istifado
edilon smaq ¢argivasidir. Bagqa sozlo, veb programlarin keyfiyyatinin tomin edilmasi ii¢iin istifados
olunan proqram testinin avtomatlasdirilmasi vasitalori dastidir. A¢iq manbali program oldugu tigiin
pulsuzdur.

JavaScript

JS kimi qisaldilmis JavaScript HTML vo CSS ilo yanasi World Wide Web-in osas
texnologiyalarindan biri olan proqramlasdirma dilidir. 2022-ci ilo kimi, veb-saytlarin 98%-i veb-
sohifo ii¢lin client torofindo JavaScript-don istifado edir, {iglincli torof kitabxanalarini 6ziindo
birlosdirir. Biitiin asas veb brauzerlordo istifadogilorin cihazlarinda kodu icra etmok ii¢iin xUisusi
JavaScript miiharriki var.

JavaScript miiharriklori avvalca yalniz veb brauzerlords istifads olunurdu, lakin indi bazi
serverlorin vo miixtolif programlarin osas komponentloridir. Bu istifads {igin an populyar isloma
sistemi Node.js-dir.

Java vo JavaScript adlarina, sintaksislorine vo miivafiq standart kitabxanalarina gors oxsar
olsalar da, iki dil forglidir vo dizayn baximindan ¢ox farglonir.

Natica

Veb tothigetmoni sinagdan ke¢irmoazdon avval nazars alinmali olan bazi faktlar var. Masalon,
totbigin hansi hissosinin avtomatlasdirilacagi, istifadogi gozlontilori, layiha iigiin verilon vaxt vo
prioritetlor layiha meneceri torafindon miioyyan edilirdi.

Bu tezisin asas moagsadi son istifadoginin onun funksionalligini yoxlamagq ii¢iin eds bilocayi
kimi brauzers girisi avtomatlagdirmagq idi. Testin dizaynina gora, yerina yetirilon notico faktiki islo
eyni oldugu {igiin magsados catildi. Toatbiq dayisdirilarsa, manba kodu daha sonra istifads edils bilar.
Yaqin ki, tatbigin talablari asasinda onun funksionalligin1 yoxlamagq ti¢iin kigik bir dayisiklik tolob
olunur. Ogor har hansi bir halda o, WebElementi tapmirsa, element {izorindo harakatlori yerina
yetirmok va ya bazi digor alotlordan istifads etmok tigiin brauzerlarin konsolundan elementi yoxlamaq
lazimdir.

Bu tezis dinamik veb totbiqinin funksionalligini yoxlamaq iig¢lin neco avtomatlagdirila
bilacayini niimayis etdirdi. Kifayat godor asan goriinsa do, avtomatlagdirmagq ti¢iin ¢ox is talob olunur
ki, bu da onu daha da ¢atinlogdirir. Selenium WebDriver-in 6z dili yoxdur. Bu, diger programlagdirma
dillarindon asilidir.

ODOBIYYAT SIYAHISI:

"Selenium WebDriver Recipes in C#: Second Edition" by Zhimin Zhan and Jiarui Liu
"Selenium Testing Tools Cookbook™ by Unmesh Gundecha
"Selenium WebDriver Practical Guide™ by Satya Avasarala

4. "Selenium Framework Design in Data-Driven Testing: Build data-driven test frameworks
using Selenium WebDriver, AppiumDriver, Java, and TestNG" by Carl Cocchiaro

5. "Selenium WebDriver: From Foundation to Framework" by Yujun Liang

6. "Mastering Selenium WebDriver 3.0: Automate browser testing and improve your front-end
development workflow with Selenium WebDriver" by Mark Collin

7. "Selenium WebDriver Quick Start Guide: Write clear, readable, and reliable tests with
Selenium WebDriver API" by Zhimin Zhan and Jiarui Liu

wrh e

76



Umummilli lider Heydar Olirza oglu Bliyevin anadan olmasinin 100 illik yubileyina hasr olunmus “Miihandislikda riyazi
metodlar va mexatronik sistemlar” movzusunda Beynalxalq elmi-praktik konfransin materiallart

OLIYEVA Yegans Novruz quz1 t.e.d.
Azarbaycan Dovlat Neft vo Sonaye Universiteti
E-mail: yegane.aliyeva.1969@mail.ru

OHMODLI Elxan ibrahim oglu
Azorbaycan Dovlot Neft vo Sonaye Universiteti, magistr

PAYLANMIS HESABLAMA SISTEMLORI UCUN MOVCUD HOLL USULLARNIN
ANALIZI

Paylanmis hesablama, oksor hallarda paralel hesablama sistemino birlosdirilon bir nego
kompiiterdon istifado etmoklo vaxt aparan hesablama problemlorini holl etmok itsuludur. Yerli
superkompiiterlordon forqli olaraq, paylanmis ¢oxprosessorlu hesablama sistemlarinin  bir
xiisusiyyati, miqyaslama hesabina mohsuldarligin qeyri-mohdud artmasi imkanidir.

Hal-hazirda, hom asagi saviyyali, hom do yiiksok saviyysli rahat paralellogsdirms iigiin bir nego
hazir hallor mévcuddur.

Message Passing Interface (MPI) adli proqramlasdirma interfeysi (API) eyni funksiyani yerino
yetiran proseslorin bir-biri ilo alage saxlamasina imkan verir. MPI paralel programlagsdirmada an ¢ox
yayilmis moalumat miibadilosi interfeysi standartidir vo ¢oxlu sayda kompiiter platformalart {igiin
totbiglor mévcuddur. O, klasterlar vo superkompiiterlor tiglin proqramlarin hazirlanmasinda istifads
olunur. MPI-do proseslor arasinda yazigmalarin asas tisulu mesajlarin bir-birina otiirtilmasidir [1].

OpenMP (Open Multi-Processing) C, C++ va Fortran proqramlarini paralellosdirmak ti¢iin agiq
standartdir. Paylasilan yaddasa malik ¢oxprosessorlu sistemlordo ¢oxillik programlarin
programlasdirilmasi iigiin nazards tutulmus kompilyator direktivlori, kitabxana prosedurlar1 vo miihit
dayisonlori doastini tosvir edir. OpenMP paralel hesablamani hoyata kegirmok figiin ¢ox is
parcacigindan istifado edir ki, burada "master" (master) ip bir qrup kol (qul) iplor yaradir vo tapsirigi
onlar arasinda boliisdiiriir. M6vzularin bir ne¢o prosessoru olan masinda paralel islomasi nozards
tutulur (prosessorlarin say1 iplarin sayindan ¢ox va ya ona barabar olmamalidir).

GRID, alt tapsiriglara bolinmiis bir hesablama baximindan miirokkob tapsirigi hall etmak {iciin
bir ne¢o kompiiter toplusudur. Har bir kompiiter bir ne¢a alt problemi hall edir, bundan sonra fordi
hesablamalarin naticalori birlogdirilir. GRID-in osas istiinliiyii ondan ibaratdir ki, 0, bir-birindon
yiizlorlo vo minlorlo kilometr maosafodo yerloson vo miixtolif aparat vo program tominati
xiisusiyyatlorina malik kompiiterlordon ibarat ola bilor [2]. Kompiiterlori birlogdirmok vazifasi biitiin
kompiiterlori Internet iizorindon bir superkompiitera birlosdiron ara program torofindon yerino
yetirilir. GRID ideyast 1990-c1 illordo, kompiiter kommunikasiyalarinin inkisafi ilo cografi cohotdon
sopalonmis kompiiterlarin konsolidasiyasi bir superkompiiterin giiclinii artirmaqdan daha ucuz, sada
Vo potensial olaraq daha giiclii mohsuldarliq vasitolorine gevrildiyi zaman yaranmisdir.

BOINC arxitekturasi sonlu dovlot magini ideyasina osaslanir - server hor biri 6ziinomaxsus tapsiriq
iglin cavabdeh olan ayri-ayri alt sistemlor toplusundan ibarstdir. Masolon, hesablamalarin
aparilmasi, fayllarin 6tiiriilmosi vo s. Alt sistemlorin hor biri alt tapsirigin voziyyatini yoxlayir, bazi
horakatlori yerina yetirir vo alt tapsirigin vaziyyatini doyisdirir - sonsuz dongads bels islayirlor [3].

Umumiyyatlo, sistem BOINC serverindon, server tapsiriglarini yerino yetiron bir gox miistoridon
Vo balka do qosulmus GRID sobokalari soklinda alave komponentlordan ibaratdir.

Globus Toolbar hesablama sobokolori yaratmaq tiglin agiq (A¢iq Monba) alstlor dostidir.
Resurslarin monitoringi, hesablama qovsaqlarinin agkarlanmasi vo idars edilmasi, tohliikasizlik va
fayllarin idara
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edilmasi ti¢iin program xidmotlori

vo kitabxanalar dasti daxildir. Globus SRD(eE f p—
Alliance torofindon hazirlanmis vo 9 :
saxlanilmisdir. &“""‘"‘“’“‘ / : S
Molumatlarin saxlanmasinin fayl o of ¥
toskilindon forgli olaraq verilonlor (@D &
bazalarindan  istifado danilmaz :
ustlinltiklor verir. Mosolon, axtarisi Rewsent
toskil etmok, geydlori tarix vo vaxta
goro  ¢esidlomok, miixtalif geyd
secimlarini hoyata kegirmok asandir,
ciinki verilonlor bazasi molumatin
saxlanmasinin somarali togkilini, girisi
Vo axtarly vaxtini  minimuma
endirmayi  tomin edir.  Minlarlo '
geydlor arasinda tez bir zamanda bir Sakil 1. BOINC sisteminin arxitekturasi
xiisusi geyd tapa bilarsiniz.
Boyik  hocmli  molumatlarla

islomok ticiin insanlar ya fayl yaddasindan, ya da verilonlor bazasindan istifads edilir [4]. Fayllarla
isloyarkan bir cox kdmokgi parametrlor vo fayllar daim nozarat altinda saxlanilmalidir.

Verilonlor bazalarinin fayllarin boyiik ¢atismazligi yoxdur: onlarin molumat miibadilasi ilo bagl
problemlori yoxdur. Fayli igloyarkon doyisdiran skript eyni vaxtda iki nafor torafindon isladilo bilar
vo fayli kilidlomok {iglin addimlar atilmasa, problemlor yarana bilor. Verilonlor bazasi ilo bu
problemlor mdveud deyil, ¢linki paylasma problemlari maksimum somoralilikls asagi saviyyads hall
olunmagq tigiin nazords tutulmusdur.
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BIiLIKLORIN iDARO EDILMOSI

Giris

Tam sokildo miioyyon edilmisdir ki, bilik iqtisadiyyatin inkisafi ii¢iin vacib aspektdir. Biz
comiyyatimizdo siiratlo bas veran bir ¢ox transformasiyanin sahidi oluruq. Hor giin biz bilikdon daha
¢ox asilt oldugumuzun fargins variriq. ©gar comiyyoatimizds vaziyyat beladirss, bu ssenari toskilatlar
iiciin ¢ox da forqli deyil [1]. Indiki vaxtda rohbarlik torafindon toskilat {iciin rogabat iistiinliiyii olda
etmok vo bu iistiinlilyli qorumagq tigiin on vacib olan vahid monbani vurgulamagq istonilss, manba
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olaraq onlarin oksariyyati “Bilik”i segacak. Biliya bu gadar shomiyyat verildiyi {igiin onu idara etmoak
toskilatlari ciddi narahat edon masalays ¢evrilmisdir. Biliyi idars etmak ti¢iin miikommoal proses qura
bilon bir toskilat, siibhasiz Ki, ragiblori tizarinds ragabat tistiinliiyiins sahib olacaqdir [6].

Mosalonin qoyulusu. IKT (informasiya Kommunikasiya Texnologiyalar1) sektorunun niimunasi
kimi dinamik doyison miihitdo foaliyyat gostoron toskilatlar tiglin biliyin doayarini hagigston
konseptuallasdirmagq iiciin biliyo asaslanan baxisin mogzi tam basa diisiilmalidir. IKT sektorunda
innovasiyalarin vo mohsulun siiratli inkisafinin artan shamiyyati biliklorin yaradilmasi va innovativ
togkilati transformasiyalar hagqinda malumatlilig1 toskilatda kritik mosaloys ¢evirmisdir. Buna gora
do, biliklorin idaro edilmasi bir toskilat daxilinde informasiya texnologiyalari (iT) ilo alageli funksiya
deyil, daha ¢ox strateji idaraetma, 6yranmoa, R&D, miixtalif texnologiyalardan istifads, insan kapitali
Vo biznesin idaro edilmasinin inteqrasiyasidir [3]. Bu noqteyi-nozordon toskilatda biliklorin
yaradilmasi vo idars edilmasi sirf mohsulun inkisafi problemi deyil, hom togkilatin biitiin iyerarxik
saviyyalori daxilinds, hom do miixtalif tocriibo icmalar1 arasinda molumatin yenilonmasi Vo
otiiriilmasinin moanimsanilmasi masalasi [4,5], toskilati inkisaf prosesi vo innovasiyalardan siiratlo
istifado etmok yoludur. Dayoarli, nadir, tokrarolunmaz vo svozedilmaz resurslar1 olan bir togkilat
rogiblori tizorindo davamli ragabot dstiinliiyli yarada bilor vo belaliklo, daha yaxsi maliyya
gostaricilari aldo eda biloar.

Hor hanst mahsulun istehsali zamani amaliyyatlarin icras1 zamani biliklor alds olunur. ©lds olunan
biliklor sirkotdo novbati dofo mahsullarin istehsalinda bdyiik 6nom dasiyir. Hansi ki, olds olunan
biliklorin istifadasi tamin olunduqda digar mohsullarin istehsali daha qisa zamanda basa ¢atir (Sakil
1).

Biliyin idara edilmasi togkilata biliyi miioyyan etmok, yaratmag, tomsil etmok vo yaymaq imkani
vermok tiglin anlayis vo tocriibalorin sistematik sokildo oldo edilmasidir. Toskilatdaki fardlorin
anlayislar1 vo tocriibalori togkilatda yaradilan vo proseslor soklinds daxil edilmis biliklardan ibaratdir
[3]. Biliyin idars edilmasi miixtalif texnologiyalar vo strategiyalardan istifado etmoklo toskilata xas
olan biliyin alds olunmasi, saxlanmasi vo yayilmasi ilo mosgul olan togkilati funksiyadir.

Biliklorin idaro edilmasinin magsadi togkilatin rogabat qabiliyyatini artirmaq, performansi
artirmaq, 6yranilon dorslori boligmok vo toskilati proseslori davamli olaraq tokmillosdirmokdir. Tipik
olaraq, muiassisalor togkilati prosesloro goro toplanan biliklori tutmaqg, saxlamaqg ve yaymaq {iglin
yaxs1 qurulmus alatlor vo program tominatina malikdirlor [4].

3M, Pfizer va Infosys kimi sirkotlor KM-ds diinya liderlori hesab edilir [1]. Bunun sababi, onlarin
istifadaya verdiklori har bir layiha va ya mohsuldan sonra bilik alds etmak ti¢iin aydin tolimatlar dosti
olmasidir. Masslon, bu sirkatlorin layiha menecerlori Gigiin layihodon sonra toplanan informasiyani
darc etmok vo onlar1 KM (Knowledge Management) sistemina yiiklomok tigiin tolimatlar var. Bundan
olavo, miivoffoqiyyatli bir KM sistemi tiglin asas sort, is¢ilorin ekskliiziv diisiinco torzi oavozino
paylasma diisiincasine sahib olmasidir. Bu o demoakdir ki, is¢ilor 6z fikirlarini va biliklorini digor
iscilorlo boliismoays hazir olmalidirlar. Bundan olava, ugurlu KM sistemini aktuallasdirmaq ti¢iin
iyerarxiya va biliklorin paylasilmasina maneslor aradan qaldirilmalidir [6]. Kegmis sohvlorin golocok
ugur tiglin addim daslarini togkil etmasini tamin etmoak tigiin KM sistemi ¢ox vacib vo shamiyyatlidir.

Biliyin idaro edilmasino tok miioyyon foaliyystlo nail olmaq miimkiin deyil. Bu, bir sira
foaliyyatlori ohato edir. Bunlara adaton bilik faaliyyati deyilir.

Tadqiqgat islori vacib olan bir sira bilik faaliyyatlorini gostarir. Onlardan bazilori asagidaki kimidir:

Toadqgiqatlar gostarir Ki, togkilatlarin biliyi ugurla idara eds bilmasi ti¢iin biliklorin &tiiriilmasi bu
foaliyyatlor arasinda oan vacib olanidir [8].

Biliyin toskilatin bir iizviindon digor iizviino otiiriilmasi biliyin &tiiriilmasini nazards tutur. Bu
sadolosdirilmis torif olsa da, biliklorin Stiirilmasi 6zii miirokkob bir prosesdir. Ovvalca geyd etmok
lazimdir ki, otiirtilon biliklor diizgiin vo togkilatin miivafiq tizviino ¢atmalidir [1,9]. Bundan slava,
catdirilan biliyin vaxti vo formasi da daqiq olmalidir. Biitiin bu aspektlordon slava, bu dasinma
xarclori moagbul hadds olmalidir. Biitiin bunlara nail olunduqda, bilik Otiiriilmosini ugurlu
adlandirmagq olar. Bilik idaragiliyindan gazanc slds etmok tigiin biliyin Gtiiriilmasinin ugurla hoyata
kecirilmasi vacibdir.

79



Umummilli lider Heydar Olirza oglu Bliyevin anadan olmasinin 100 illik yubileyina hasr olunmus “Miihandislikda riyazi
metodlar va mexatronik sistemlar” movzusunda Beynalxalq elmi-praktik konfransin materiallart

Bilikdan
istifada olunduqda

@ Biliyin yenidan B
istifadasi //Mahsul
.

=
.-’./
/'/‘J

/ M H

shsu
/ %iliyin

{’3 itirilmasi
Zaman>
Bilikdan istifada olunmadiqda

Sakil 1. Bilik idaroetmasinin mohsulun istehsalinda Sokil 2. Bilik faaliyyatlori

onami

Informasiya miibadilosi {i¢iin texnologiyalarn siiratlo inkisaf etdiyi mévcud morholodos toskilatlar
biliklorin 6tiiriilmasine daha ¢ox 6nam verirlor. Bundan slava, geyd etmak lazimdir ki, yaradilan bilik
koclirma prosesi bas verdikdo togkilat tiglin tokmillosdirilmis performans oldo etmays komok
edacokdir. Biliyi mongayinds saxlamagin heg bir faydasi yoxdur. O, togkilatin xeyrina istifado oluna
bilacayi yero otiiriilmolidir. Bu ciir istismar togkilat li¢iin doyor yaradir vo bu da 6z ndvbasinds ona
tolob olunan rogabat tstiinliiyii gatirir. Beloliklo, toskilatin bilik 6tiiriillmasina nail olmag mogsadi
dasiyan proses ti¢lin méhkom tomal qoymasi vacibdir [4].

Biliklorin idaro edilmosinds “gizli” biliklo “a¢iq” bilik anlayiglart moveuddur. Gizli bilik
toskilatdaki fordlorin malik olduglari vo eyni zamanda onlarin konkret tapsiriglari neco yerino
yetirmaloari barada sahib olub lakin, forginds olmadiqlari daxili biliklora aiddir. Digar torofdon, agiq
bilik, toskilatlardaki fardlorin onlara sahib olduqlarini vo forgqinds olduglarini bildiklari bilikdir [5].

Istonilon Bilik Idaroetma sistemindo holledici element gizli biliyin oldo olunmasi vo agiq biliys
cevrilmasini tamin etmokdir.

Natica. Biliklorin idaro edilmosi artiq bir nego ildir ki, miiasir sirkotlor arasinda sas-kiiyli
movzudur. Bununla bels, bir ¢ox sirkat holo do biliklorin idara edilmasi sistemino ohomiyyatli
miqdarda pul yatirmaga siibhs ilo yanagir. Bunun sababi, biliklorin idaro edilmosinin galirliliyini
Olgmoak ¢otin ola bilir. Sirkatlor Xarclorin azaldilmasi va ya biznesin tokmillogdirilmasi {izra digar
foaliyyatlor hayata kegirdikda, golir artimi dorhal hiss olunur. Biliyin idara edilmasinds problem
ondan ibaratdir ki, galir artim1 miiayyan vaxt talob edir va asanligla 6l¢iila bilmaz. Oksar menecerlar,
biliklorin idaro edilmosi tosobbiislorinin firmanin foaliyyatino daha yaxsi tesir gostordiyi ilo
razilagirlar. Masalon, malumat axin1 daha sadslosir, is¢ilor vo miistarilor daha ¢ox momnun olur.
Bununla bels, eyni menecerlor biliklorin idaro edilmosi sayasindos aldo etdiklori golirlori 6lgarok
miioyyon edo bilmirlar. Informasiya asrinds biliys diggotin minimal olmasimnin sababi budur.
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ARTIFICIAL INTELLIGENCE IN ENGINEERING SYSTEMS: THE ROLE OF
ARTIFICIAL INTELLIGENCE IN SOLAR PANELS

Acrtificial intelligence has been widely used in recent years to improve the efficiency of solar
panels. Various data analysis and prediction models have been developed to improve the performance
of solar panels. These are used to evaluate factors related to solar panel efficiency and sunlight
intensity. Artificial intelligence technology can be used to improve the efficiency of solar panels. For
example, predictive models with artificial intelligence can help with more accurate placement of
panels and better exposure to sunlight. Thus, the amount of energy produced by solar panels increases.
In addition, artificial intelligence can analyze the performance of solar panels and predict the need
for maintenance, which can extend the life of solar panels and reduce maintenance costs. The most
common type of algorithm used in solar panel inspection is a deep learning algorithm. Deep learning
algorithms are a type of machine learning algorithm that uses a neural network to learn how to solve
a task. Neural networks consist of interconnected layers that can learn how to recognize solar panel
defects from images. These deep learning networks require training data, which is a large database of
labeled images. For the embedded approach, this is done by creating a training dataset consisting of
images containing solar panel defects and also images without solar panel defects. The solar farm
operator will label each image as either faulty or defective so that the neural network learns how to
identify both types of panels. Using Al to automatically classify defects, quality inspectors can reduce
costs by surveying their entire facility in a matter of hours, rather than hiring someone for days to
perform repairs. Moreover, automatic identification of defective panels with location-based tagging
can speed up inspection time and thus improve efficiency. There are several different methods of
deploying artificial intelligence in solar farms. A recent publication by the Ministry of New and
Renewable Energy and the Institute of Energy and Resources identified 7 PV simulation programs
that are widely used for designing solar PV systems around the world. They are these. 1 Homer Pro
- Homer Energy, USA,2 PV F-Chart - F-Chart software, USA,3 pvPlanner - SolarGis, Slovakia,4
PVsyst - Pvsyst SA, Switzerland,5 RETscreen - Natural Resources Canada, Canada,6 System
Consultant Model (SAM) - National Renewable Energy Laboratory (NREL), USA,7 Solar Pro -
Laplace Systems, Japan. These programs were compared to determine how well each performed in
the design and simulation of solar PV power systems. The analysis only focuses on SPV power and
therefore wind, biomass, etc. Other renewable energy simulation programs such as The following
criteria were considered: Features and USP, user interface, Historical Weather Data, Module and
Inverter information, Pricing. The most popular method is the SAM software package. Free software
developed by the US Department of Energy and the National Renewable Energy Laboratory is a
performance and financial model designed to aid decision making during the project planning phase.
SAM provides performance estimates and energy cost estimates for grid-connected energy projects
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based on installation and operating costs and user-defined system design parameters. It has presets
for different types of financial models used in the US, and the user can select the appropriate option
and provide input to run the simulation and generate production, losses, and financial statements. It
downloads data from the US National Solar Radiation Database, which covers many cities around
the world, and allows you to import its data. Another popular program is PV-chart. PV F-Chart,
developed by University of Wisconsin faculty, is a PV system analysis design program that uses solar
radiation data to calculate PV energy production without considering variations caused by PV
modules, inverters, and other variables. This application is for academic purposes only.A simple
program to calculate PV power output with a common module and inverter All data will be added
manually, and therefore it is difficult to quickly compare module data, field capacity or production
data by changing location. No shadow analysis. It is not suitable for calculating PV power in real-
world conditions. Simple chart or tabular data can be created but not exported.It is very simple and
convenient for calculation as the data for each parameter is entered manually. This is a set of macro-
enabled spreadsheets. Very limited automation and no wizards.300 spaces are provided by the
software. There is no space to add module or converter information to the calculation. PV-screen
software, an Excel-based clean energy project analysis software tool developed by National
Resources Canada, helps decision makers quickly and inexpensively determine the technical and
financial viability of potential renewable energy, energy efficiency and cogeneration projects.A free
macro-active spreadsheet with all the formulas for calculating various energy sources, including solar
PV, allows the user to calculate PV energy production based on location, perform cost analysis and
determine project feasibility. It is a useful tool for students and a good tool for students who want to
look at the investment and returns of an early stage solar PV project. No shadow analysis or reporting
functionality.It's pretty easy to use, as it's a regular Excel spreadsheet that most users are used to, and
has macros to choose from drop-down lists. There is not much possibility to change these values and
percentages.lt comes with historical weather data from NASA database covering all major cities of
the world. There are no fields to add other data sources or personal information.It comes with a limited
number of modules, but does not include an inverter. There are no fields to add specific module or
converter information
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AUTOMATION OF THE INFORMATION-MEASUREMENT PROCESS AND
IMPROVING THE ACCURACY OF MEASUREMENTS

1. INTRODUCTION

At present, the development of our country depends on the proper conduct of oil refining and
production processes in accordance with existing rules during oil refining. The essence of the process
of refining oil in a usable form is the improvement of the quality standards of those responsible for
the use of a small amount of energy, as well as the efficiency of the refining process.

The solution to all of this depends directly on the provision of oil refineries with electronically
regulated devices based on automatic control in accordance with the existing new regulations [1-5].
It should be noted that until recently, some elements and measuring devices that were considered
useful in oil refineries did not meet modern standards, as well as the following cases were recorded
during operation [6, 7, 9]:

* low accuracy of automation devices as well as control measuring instruments

» there is a certain delay in the circuits during regulation;

* low quality of compressed air supplied to pneumatic automated systems.

The above-mentioned shortcomings make it possible to say that automation devices used in oil
refineries, as well as automatic systems and industrial devices that control electronically, become
inefficient when they are widely used.

At present, automation devices and tools manufactured in instrument-making enterprises of
developed countries are used in oil refineries in our republic.

2. Statement of the problem

The reactor is also a regenerator catalytic cracking unit and has a special role in its operation. The
most important parts are listed below:

Reactor block:

» VSS booster termination device;

* Reactor top head, inner chamber;

* Valves, cyclones, stripper;

* External reactor booster.

Regenerator block:

 Two-stage cyclones;

* Valves, plenum, air breakers.

The reactor block is the main unit of the Q-43-107M catalytic cracking unit. The catalytic cracking
process is carried out in the vacuum distillation of the reactor block. plays the role of raw material for
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the process. The fraction is boiled at 350-500 ° C and expelled directly. The initial processing process
is carried out in this device, as a result of which vacuum distillation is obtained.

3. Resolving the problem

Control of parameters at power facilities is an urgent issue to increase the efficiency of the fuel
and energy complex. The main reason for this is that the quality of electricity produced in our country,
as well as the consumption capacity of power plants ultimately determine the performance of the
whole complex. When installing a new system, we often need to receive or send data to a long running
system. When upgrading existing systems, it is often impossible (or technically impractical) to replace
all obsolete equipment. There are also tasks of docking with the latest automation equipment for new
projects under construction. The information collected by the complex often needs to be transferred
to the existing automated enterprise management system. The following problems arise:

- Each dispatch program must have a driver for a specific device.

- There are conflicts between drivers from different vendors, which leads to the fact that some
modes or hardware parameters are not supported by all software vendors.

- Hardware modifications may result in loss of driver functionality.

- Conflicts when accessing the device - different dispatcher programs cannot access one device at
the same time due to the use of different drivers.

Some hardware manufacturers are trying to solve this problem by developing additional drivers.
However, these attempts are met with strong resistance from dispatch system developers, which
should, in this case, complicate their client protocols. To effectively solve these problems, the term
"industrial intelligence"” is used. The basis for the development of tools that allow you to create
systems with "industrial intelligence™ is a new one that allows you to quickly and efficiently create
software products and ensure the consistent operation of all applications, production systems and
automation subsystems at all levels. Industrial intelligence includes the following: Currently, there
are a large number of heterogeneous and loosely coupled automated systems in technological
processes that perform their local tasks. This is primarily due to the significant distance of
technological objects from each other. As a result, one technological process is controlled by several
unrelated systems. By influencing some part of the technological process, we influence the whole
process as a whole. To determine the complete picture of the technological process, it is necessary to
manually collect and process data from dozens of different automated systems [10, 11]. There can be
no real time and no speech. This leads to management errors, increased accidents and increased costs.
The way out of this situation is the purposeful and carefully planned construction of a single
information space of the enterprise. The tool for solving this problem is the real-time database. Such,
for example, as Industrial SQL [8]. This product is becoming more popular and has advanced
capabilities for creating client applications for processing, analyzing and displaying production
information for dispatchers, technologists, geologists and mechanics. The economic effect of the
integration of heterogeneous automated systems is to reduce losses due to the adoption of more
correct and timely decisions. Getting information about accidents anywhere on time reduces losses.
The proposed automated control system is of great importance for process management.

The creation of automated control systems for complex technological processes is carried out using
automatic information systems for data collection and computer systems, which are constantly being
improved as technology and software develop [7-9]. One of the reasons for the lag in the field of
information technology from developed countries is the lack of knowledge in this area among
production personnel and business leaders. Information technology is often viewed as something
fashionable, unnecessary in the face of a lack of investment, and creates unnecessary problems that
they seem to be working on. This is especially true for the services of mechanics and technologists.
Instead of initiating the introduction of new information technologies that can greatly facilitate their
activities, they are passive at best. As a result, their problems are left on the sidelines and are not
taken into account when choosing priorities for automation, setting the most relevant and cost-
effective tasks. To remedy the situation, it is very important to organize training for specialists of
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these categories in new modern methods of work based on information technologies. In this regard,
modern methods of distance learning can help, which allow you to receive additional education
without interrupting production.

The level of information technology production developed by the leaders in industrial automation
is now very high, but the potential inherent in software products is still being used with low efficiency.
At the stage of choosing information technologies and specific automation tools in the oil and gas
industry, it is important not only to manage the amount of required capital costs, but also to take into
account the cost of ownership of these information technologies. Using the OPC specification, an
equipment manufacturer can develop a server program that provides access to these client programs
from various software vendors.

In the field of oil industry of our country, "SIMATIC S7-1200" controllers, created mainly by the
German company "SIEMENS", have an advantage in terms of application (Fig. 1).
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Fig. 1. The S7-1200 is a compact PLC Fig. 2. Measurement and processing complex

generation model with corrective filter

The module has inputs and outputs. To increase the number of inputs and outputs, it is important
to add boards as well as signal modules.

In the above system, a corrective filtering has been proposed to increase the measurement accuracy
(Fig. 2). The system uses a finite difference filter to increase signal accuracy. Distorted - noisy signal
is given to the input of the finite difference filter. A corrected signal is received at the output of the
filter. The noise clearance coefficient of the received signal is calculated and it is confirmed that there
is a significant difference. The result obtained proves the effectiveness of filtration.

4. Conclusion

Existing methods have been investigated in order to increase the accuracy of the measured
quantities. These methods are justified in reducing either systematic or random error. Studies have
shown that the finite difference filter reduces both errors. In order to reduce the measurement error,
it is proposed to use a finite difference filter.
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OLCMO NOTICOLORININ EMAL DOQIQLIYININ ARTIRILMASI

Giris
Olgmo sisteminin girisino diskretlonmis {Xi}, i = I,N &lgiilon ardicilliq daxil olur. ©gor mane
olan to'sirlor (onlar mixtalif tobioto malik ola bilorlor vo golocokds onlart kiiy adlandiracagiq)

olmasaydi, onda 6lgma naticalorine miivafiq olan {yi} i =1, N, ardicilhig1 yi=y-Xi olardi (burada y-
olgmonin hossashigidir). Tocriibada ¢ox vaxt xatti sistemlor totbiq olunurlar. Ona géro do sonraki
bolmolordo sabit parametrli (yoni y=const) xatti sistemlora baxacagiq. Tohlilin sadoliyi tiglin y=1
goabul edak. Real sistemlarin {yi} Xatalar1 nazars alinmagla 6l¢gma naticalorinin ardicilligini asagidaki
sokilda gostarok

§; =x,+¢&, i=1N. 1)
Olgmo Xotalarinin yaranmasina sobob olan amillar, iimumiyyatlo dosak, tosadiifi xaraktera malik
olduglarindan 6lgmo Xotalarina da miioyyan tosadiifi prosesin realizasiyasindan ibarot tosadiifi

komiyyat kimi baxmaq olar. Bu halda polyar signallarin ayrilmasi masalasinin halli zamani on
alverisli metodlardan biri statistik farziyyslorin yoxlanilmasi metodudur.

Problemin halli

Elementar ardicilliglarin yalniz igarasindoan istifado edan algoritmlor isars algoritmlori adlanir.
Morkazlosdirilmis paylanma funksiyasina angslin néviindan asili olmayaraq malik olan stasionar kiiy
ticiin ardicilligdaki miisbat vo manfi elementlorin say1 eynidir. Ongallor fonunda miisbat isarali signal
olduqda ardicilligda miisbat isarali elementlorin olmasi ehtimali moanfi isarali elementlorin olmasi
ehtimalindan coxdur. Bu qayda faydali siqnali askar etmok iigiin istifads edilo bilor. Isars alqoritmina
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miivafiq olaraq daxil olan garisigda miisbot signalin olmasi haqqinda N1 alternativi qeyri-asili
ardicilliq ligiin
E=1(8,,65,..,8,);

\ ()
;Signgi >H

sorti movciid oldugda dogru sayilir. Burada N-chtimalin verilmis o giymati ils tayin olunan haddir,
signg; isara funksiyasi olaraq bels tayin olunur:

[ 2

el -1, g <0.

(2) borabarsizliyina oks olan barabarsizlik halinda Ny alternativi rodd edilir vo miisbat signalin
olmamasi (yoxlugu) barada No forziyyasi gobul edilir.

Isara alqoritmlori birtorofli va ikitorofli ola bilorlor. Birtorofli algoritmda hallin secilma gaydast
hor hansi polyarligli segmanin elementlor saymin verilmis N hiidudunu kegmosinin yoxlanilmasindan
ibarotdir. Yuxarida nozorden kegirilon alqoritm miisbat signal iigiin birtorofli alqoritmdir. ikitorofli
alqoritm {iglin hor iki isara nozars alinir, yo'ni ardicilligin miisbat elementlori saymin vo ya manfi
elementlori saymin miioyyan hiidudu (haddi) asmasi barads forziyys yoxlanilir.

Hal hazirda forziyyslorin forglondirilmasi iigiin xeyli sayda statistik test molumdur [1]. Ongallor
fonunda (1) ardicilligindan yararli 6lgmolorin ayrilmasi masalasi hipopetik G(e)(w(e)) vo alternativ
F(e)(f(¢)) paylanmalarinin iki testinin farglondirilmasindan ibarat oldugundan bu testlor bu va ya
digar sokildo faydali signalin ayrilmasi masalasinin halli tigiin istifads oluna bilor.

Isaroli test on sado geyri-parametrik testlordon biridir [2]. Onun statistikas1 polyarliglarin
(isaralorin) nozors alinmasina asaslanir:

, s {l, g >0;
signe, =

$hie). hey=10 57 @)
= E. . gi =
= 0, & <0.
Bozon (3) avozine goriiniisii testin adin1 izah edon morkozlogdirilmis statistikaya baxilir:
g . & L, &>0;
T =Y sign(e,); sign(e)=—-=
=l | -1 & <o

Isara funksiyasi vahid sigrayis funksiyasi h(e) ilo sign(g)=2-h(g)-1 ifadasi ilo baghdir.

Test F(e) paylanmasinin medianinin sifirdan boyiik olmasi forziyyssino NO gqarst G(g)
paylanmasimin medianmnin sifra borabor olmasi forziyyssinin yoxlanilmasi iigiin totbig oluna bilor.
Qalan xassalorina gora G(g) va F(g) ixtiyaridirlor. Bu, simmetrik W(g) ehtimal sixligina va sifira
borabar orta gqiymato malik additiv stasionar kiiy fonunda miisbat signalin agkar edilmasi masalasina
uygun golir. G(g)-nun median1 namalum olub yalniz onun F(s) nln medlanmdan kicik olmasi

molumdursa, iki ardicilliglt isara testi almis olariq. Bu test kiiylii y1 ,y2 ,e yn Va X1,X2,...,Xn tadqiq
olunan ardicilliglarinin miisahido naticalori ciitlori forglorinin isarslorinin sayllmasma osaslanmisdir:

S = éh(xl. —yl.* ). 4)

Qorar gobul edilmosi tigiin S statistikasi verilmis o1 ehtimalina gora
P(S > H/Ho) = a1
ifadoasindan toyin edilon N hoddi ilo sinagdan kegirilir (yoxlanilir).
Gorilindiiyt kimi, (3) va (4) comlorinds vahidlorin say1 Bernulli sinaq sxeminda miisbat naticalorin
sayma ekvivalentdir. Buna goro do N haddini agma ehtimah belo tayin olunacaqdir:

PS>H)= 3 (n)-p (1= »", (5)
burada p=P(x>y)=[G(x)-dF(x)- x>y (X > 0) hadISQSIIHn ehtimali; nj - n-don i-ya goro

kombinasiondur. No farziyyasi tigiin ehtimal R=1/2 oldugundan farziyyanin sshvon rodd edilmasi
ehtimali
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a=PG>cH%%4U2Y¥§‘m) (6)

G(X)-don asil1 deyildir ki, bu da testin geyri-parametrikliyini siibut edir. Dogru olduqda alternativin
gobul edilmo ehtimali tobii ki, G(X) vo F(x)-don asilidir. (5) ifadasi testin is¢i xarakteristikasinin
diizgiin askaredilmo ehtimalinin hipotez vo alternativ arasindaki forqi xarakterizo edon R
parametrindon asililigini miiayyan edir. Signalin yararli 6lgmalarinin ixtiyari namolum paylanmali
kiily fonunda ayrilmasi mosalasini nazordon kegirok. Yalmiz o molumdur ki, signalla angoalin
qarisiginin 6lgmolori statistik olaraq 6lgmalarin sayindan ¢oxdur. Bu o demokdir ki,

h = hix, —yi*>={

tosadiifi kamiyyati (burada xi vo sinaqdan kegirilon X,X2,...,Xn Vo kiiylii (bulaniq) ardicilliglarinin
elementloridir) yf ,y; ,...,y, chtimali ilo "0" vo ya "1" (eger X ongoldirss), P>1/2 ehtimal ilo "1"

o
Lox, >y

0, x, <y .

giymatini (agor X signalla ongslin qarisigidirsa) alacaqdir. Faydali signalin bulaniq (kiiylii)

qarisiqdan ayrilmasi maSalasi P=P(n-1)=1/2 ehtimalina uygun No forziyyasinin alternativ N1 (P>1/2)

farziyyasina qarsi yoxlanilmasi kimi formalizo olunur. Gostarmak ¢atin deyildir ki, optimal isaro

agkaredicisi bu haldan -, comina asaslanan statistikadan istifads edir. Hagigoton, Neyman-Pirson
=1

meyarina miivafiq olaraq askaredici

2y POLHD) _m Py [Hy)

~ P(hIHg) =1 P(h 1Hp)
dogruya oxsarliq nisbatini hesablamalidir. Omsallar ardicilliginda Hi vahid giymatlorin saymin
paylanmasi geyri-asili signallarda v har iki forziyyads binominaldir, buna géra do

; n—2h; Zhi n—Zhl
Mh):Plzmﬂ_pl) Ik =[Plj '(I_PIJ (7
POZhi (I_Po)nfzhi P 1_1)0

0
burada R1 vo Ro- R ehtimalinin uygun olaraq N1 vo No forziyyslorina miivafiq giymatloridir.
Askaredicini A(h) logarifmlayarak vo Po=1/2 gabul edarok

n P
logA(h)=n-log2(1-F)+ ;hl. ~10g1

1
s

1

aliriq. Buradan askaretmas alqoritmini yaziriq
S:§h>H

Askaretmadoki hoddin (N) giymati S statistikasinin binominal paylanmasi vasitasi ilo verilmis ou
sohv hayacan ehtimali farziyyasina goéra toyin edilir. Qeyd edak ki, angalin stasionarlig1 vo faydali
signallar sabitliyi tolobi miitlaq deyildir, lakin he¢ olmazsa, onlarin qarsiliqlt to'siri zaman1 P>1/2
sorti odonilmolidir. Yuxarida gostorilon miilahizalorin osasinda dissertasiyada isara prinsipinda
qurulmus ¢esidloma meyari

+Ag g ,>0, ¢>0;
X, )
! 7 ole <0, & <0; (8)
71 = 0 g >0, ¢ <0;
’ g ,<0, &>0;

ifadosi, iki ardicil 6l¢monin tutlantilarina mahdudiyyat prinsiinds qurulmus gesidlomo meyari kimi
iSo

x, +A¢, | & <H

<H,

i-1 i 2

(9)
Vi = 0 g|<H,, |&|>H,
’ e |>H, |&|<H,

ifadosi toklif olunur.
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Miihiim praktiki totbigat hallarinin oksariyyatinds & xatasina & = & + £° stasionar erqodik tosadiifi
proses Vo ya tosadiifi komiyyat kimi baxmaq olar (burada & vo €° Xotamin uygun olaraq sistematik
miirokkabasi (riyazi gézlamasi) Vo markozlogdirilmis tasadiifi miirokkobasidir).

Xotalarin sistematik miirokkabalorinin sondiiriilmasi ii¢iin  6lgma naticalorinin X analoq
komiyyatini onun xi cari giymati (6lgmosi) vo Ag; xetasmin birinci tortib sonlug forginin comi
soklina ¢evirmak magsadouygundur [3 4]:

y, =X, +Ag =X, +& —¢&,_

*

Sonlu farg (birinci tortib) siiziilmasina rogmen olgmanln Y, nhaticasinin xotas: tosadiifi
miirakkabasinin birincm tortib sonlu fargi ilo miioyyan edllswkdlr Bels ki,

Aé; —(8+8) (5+g| 1) =¢&- 8| 1= Ag.

Roagomli 6l¢gmonin naticasinin qaliq Ag Xatasinin sonraki sondiiriilmasi ya izafi diskretlosdirms,
ya da ¢ox sayli dlgmolarin naticalorinin statistik ortalagdirilmasi ila tomin edilo bilor. Lakin geyd
etmok lazimdir ki, diskret 6lgmoalarin izafiliyina gotirib ¢ixaran birinci tisulu he¢ do homisa totbiq
etmak miimiikiin deyildir. ikinci iisiil da xeyli zaman mosrafino géra bir sira 6lgmolards, masalon,
signallarin barpasi zamani he¢ do homiss totbiq edils bilmir. Xatalarin tullantilart ilo miisayst edilon
zay Olgmo noticalorinin askarinin on sados tisulu iki qonsu 6l¢gma Vo onlarin xatasina mahdudiyyat

qoyulmasidir [6]. Bu zaman cari y*(t l.) 6lgms naticasi

e(t,)—e(t,,)<h,

sorti 6donildikds yararl sayilir.

Bu c¢esidlomo tsulu istifado edilorkon osas mosalo cesidlomo hoddinin oasaslandirilmis
secilmosidir. Asagida gostarildiyi kimi, 6lgma naticalori Xatalarinin sonlu farglor alqoritmi vasitasi
ilo ilkin siiziilmasi zamani bu tisul daha somarali (kvazioptima) gostaricilara malik olur.

Bu tisulun ideyasi ¢ox sads olub asagidakindan ibaratdir [5]. Tutaq ki, 6l¢giilon parametr n daracali
polinomla tasvir olunur:

y(t)= _;)ai -t

Onda aydindir ki,
N
d;(” 0, N2n+l (10)
t

Ogor (10) sarti 6danilirss, onda bu hal 6l¢gma naticasinds anomal Xatanin olmasini siibut edir.
Diskret zaman skalasindan istifads etdikdo anomal Xotanin olmasi sorti belo yazilir

A¥y(t)=0, N=n+1 (11)
Burada o6lgmolor ardicilliginin N tartibli sonlu forgi olub, bals tayin edilir

N _ & J. )
A y(ti) _jgo(_l) “Cy .y(tifj)

burada - N elementdon j - ya géro kombinasiyondur. Demali, ogor (10) boraborliyi 6donilirss,
onda todqiq edilon 6lgmolor ardicilliginda anomal Xotalar vardir. Qeyd edok ki, (10) vo (11)
borabarliklori normal Xxatalar olmadiqda dogrudurlar. Real sistemloards bu xoatalar hamisa x(t) 6l¢ma
naticalorini miisayiat edir [7, 8]. Ona gora do anomal xatalar olmadigda y(t) funksiyasinin (10) sortini
o6domoasina baxmayaraq x(t)-nin (n+1) tortibli toromasi sifra barabar olmayacaqdir. Bunanla olagoadar
olarag anomal xotalarin olmamasi (yoxlugu) sorti bels yazilir:
n+l
C 2O <))
dt}’l+

burada 4, [D(g)] -g(t)-tosadiifi funksiyasinin dispersiyasindan asilt olan mahdudiyyat haddidir.

Diskret zaman oblastinda uygun olaraq yaza bilarik:
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d'y(m Ay,
ar At
Burada At =t¢, —t,_,. Cesidlomo sorti agagidaki sokilds olacaqdir:
A"y (1) < h,[D(e)]- A"

Sonlu farglar algoritmina asaslanmis tisuldan istifado edarkan asas masalo mahdudiyyat haddinin
giymatinin toyin edilmasidir. Anomal xatalar normal paylanma ganunu ilo paylandigda bu masalonin
halli ¢atinlik toratmir. Ogor A"Hx(tl.) paylanmasi malumdursa, mohdudiyyst haddini Cebisev
borabarsizliyi asasinda miiayyan etmok olar. Sonlu farglor tisulunun samaraliliyi tadqiq olunmus va
gostorilmigdir ki,

—  Umumi halda sonlu forglor dsulu ilo ¢esidlonmonin somaraliliyi 6lgma signalinin
(malumatin) korrelyasiyasindan, istifado olunan sonlu farglorin tortibindon vo diskretlosdirmo
tezliyinin izafiliyindon asilidir;

— ilkin tosadiifi prosesin orta kvadratik mo'nada diferensiallanma tortibinin vo istifads edilon
sonlu farglorin tortibinin artmasi ilo ¢esidloma algoritminin samarsliliyi artir;

—  toklonmis zay Ol¢molorin ¢esidlonmosi zamani hotta sonlu farglorin nisbaton kigik
tortiblorinda (N=2, 3, 4) belo bu tisulun somarasi maksimal somaraliliys yaxindir.

Yuxarida geyd olunanlari nozars alaraq 6lgma naticalarinin tosadiifi xotalara goroa gesidlonmasi
ticlin asagidaki meyart segmisik

. [x +As, [Ag|<H (12)

¥ =
0, Ag|>H

Signalin ¢oxkiiylii 6lgmalarinin g¢esidlonmasi-atilmas1 meyarlarina oasaslanmis sonlu farglarlo

stiziilmo tsulu agiq vo gapali 6lgmo kanallarinda istifado edilo bilor. Istor toklonmis, istorso do

tokrarlanan 6lgmolords Xotanin sistematik vo tosadiifi miirokkobalorinin tarazlasmis vo giivanilon

tortibds sondiiriilmasi tigiin ¢gesidlonmis 6l¢ma naticalorinin yenidon siiziilmasi algoritmlarini do bu
moasalaya calb etmok olar.

Natica

Signalin ¢oxkiiylii 6lgmalarinin ¢esidlonmosi-atilmasi meyarlarina asaslanmis sonlu farglorlo
stiziilma iisulu agiq va qapali 6lgmo kanallarinda todqiq edilmisdir. Sonlu forglorls ilkin siiziilma
sonraki diskret inteqrallama zamani talob olunan 6lgmolor sayini azaltmaga imkan verir ki, bu da
dinamik 6lgma soraitinds faydalidir. On miihiim natica isa ondan ibaratdir Ki, toklif edilon yanasma
xatanin ham sistematik, ham do tosadiifi miirokkabalorinin bir nego tortib azaldilmasi sayosindos
olgmolarin zomanatli dogigliyini tomin edir.

ODOBIYYAT SiYAHISI:

1. Bollinger J.G., Duffie N.A. Computer Control of Machines and Processes. -Addison-Wesley,
2005.

2. Severtsev N.A., Betskov A.V., Lonchakov Yu. Security and reliability of the system as an
object with a protection system // Reliability and quality of complex systems. 2014. No. 1(5). pp. 2—
8.

3. Sergienko A.B. Digital signal processing. SPb.: Peter, 2015, 604 p.

4. Ryndin A.A., Khaustovich A.V. Design of corporate information systems / publishing house
"Quart" 2013. Voronezh.

5.  Goncharov O.N. Guide for senior management personnel. M. MP “Souvenir”, 2007. 207p.

6. Lebedev S.V. Firewalling. Theory and practice of protecting the outer perimeter. M.:
Publishing house of MSTU im. N.E. Bauman, 2002. 304 p.

7. Mehdiyeva A.M., Rustamova D.F. Features of Digital Processing of Non-Stationary
Processes in Measurement and Control. Informatics and Cybernetics in Intelligent Systems. 2021.
pp.592-598

90



Umummilli lider Heydar Olirza oglu Bliyevin anadan olmasinin 100 illik yubileyina hasr olunmus “Miihandislikda riyazi
metodlar va mexatronik sistemlar” movzusunda Beynalxalq elmi-praktik konfransin materiallart

8. Mehdiyeva A.M., Baxtiyarov [.LH. Investigation of information support in corporate networks.
American Journal of Information Science and Computer Engineering, 2019. V.5, N.2, pp.82-86.

MEHDIYEVA Almaz Mobil PhD, ASOIU,
E-mail: almaz.mehdiyeva@asoiu.edu.az

AUTOMATION OF THE INFORMATION-MEASUREMENT PROCESS AND
IMPROVING THE ACCURACY OF MEASUREMENTS

Introduction

At present, the development of our country depends on the proper conduct of oil refining and
production processes in accordance with existing rules during oil refining. The essence of the process
of refining oil in a usable form is the improvement of the quality standards of those responsible for
the use of a small amount of energy, as well as the efficiency of the refining process.

The solution to all of this depends directly on the provision of oil refineries with electronically
regulated devices based on automatic control in accordance with the existing new regulations [1-5].
It should be noted that until recently, some elements and measuring devices that were considered
useful in oil refineries did not meet modern standards, as well as the following cases were recorded
during operation [6, 7, 9]:

* low accuracy of automation devices as well as control measuring instruments

« there is a certain delay in the circuits during regulation;

* low quality of compressed air supplied to pneumatic automated systems.

The above-mentioned shortcomings make it possible to say that automation devices used in oil
refineries, as well as automatic systems and industrial devices that control electronically, become
inefficient when they are widely used.

At present, automation devices and tools manufactured in instrument-making enterprises of
developed countries are used in oil refineries in our republic.

Statement of the problem

The reactor is also a regenerator catalytic cracking unit and has a special role in its operation. The
most important parts are listed below:

Reactor block:

» VSS booster termination device;

* Reactor top head, inner chamber;

* Valves, cyclones, stripper;

* External reactor booster.

Regenerator block:

» Two-stage cyclones;

* Valves, plenum, air breakers.

The reactor block is the main unit of the Q-43-107M catalytic cracking unit. The catalytic cracking
process is carried out in the vacuum distillation of the reactor block. plays the role of raw material for
the process. The fraction is boiled at 350-500 ° C and expelled directly. The initial processing process
is carried out in this device, as a result of which vacuum distillation is obtained.

Resolving the problem

Control of parameters at power facilities is an urgent issue to increase the efficiency of the fuel
and energy complex. The main reason for this is that the quality of electricity produced in our country,
as well as the consumption capacity of power plants ultimately determine the performance of the
whole complex. When installing a new system, we often need to receive or send data to a long running
system. When upgrading existing systems, it is often impossible (or technically impractical) to replace
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all obsolete equipment. There are also tasks of docking with the latest automation equipment for new
projects under construction. The information collected by the complex often needs to be transferred
to the existing automated enterprise management system. The following problems arise:

- Each dispatch program must have a driver for a specific device.

- There are conflicts between drivers from different vendors, which leads to the fact that some
modes or hardware parameters are not supported by all software vendors.

- Hardware modifications may result in loss of driver functionality.

- Conflicts when accessing the device - different dispatcher programs cannot access one device at
the same time due to the use of different drivers.

Some hardware manufacturers are trying to solve this problem by developing additional drivers.
However, these attempts are met with strong resistance from dispatch system developers, which
should, in this case, complicate their client protocols. To effectively solve these problems, the term
"industrial intelligence"” is used. The basis for the development of tools that allow you to create
systems with "industrial intelligence” is a new one that allows you to quickly and efficiently create
software products and ensure the consistent operation of all applications, production systems and
automation subsystems at all levels. Industrial intelligence includes the following: Currently, there
are a large number of heterogeneous and loosely coupled automated systems in technological
processes that perform their local tasks. This is primarily due to the significant distance of
technological objects from each other. As a result, one technological process is controlled by several
unrelated systems. By influencing some part of the technological process, we influence the whole
process as a whole. To determine the complete picture of the technological process, it is necessary to
manually collect and process data from dozens of different automated systems [10, 11]. There can be
no real time and no speech. This leads to management errors, increased accidents and increased costs.
The way out of this situation is the purposeful and carefully planned construction of a single
information space of the enterprise. The tool for solving this problem is the real-time database. Such,
for example, as Industrial SQL [8]. This product is becoming more popular and has advanced
capabilities for creating client applications for processing, analyzing and displaying production
information for dispatchers, technologists, geologists and mechanics. The economic effect of the
integration of heterogeneous automated systems is to reduce losses due to the adoption of more
correct and timely decisions. Getting information about accidents anywhere on time reduces losses.
The proposed automated control system is of great importance for process management.

The creation of automated control systems for complex technological processes is carried out using
automatic information systems for data collection and computer systems, which are constantly being
improved as technology and software develop [7-9]. One of the reasons for the lag in the field of
information technology from developed countries is the lack of knowledge in this area among
production personnel and business leaders. Information technology is often viewed as something
fashionable, unnecessary in the face of a lack of investment, and creates unnecessary problems that
they seem to be working on. This is especially true for the services of mechanics and technologists.
Instead of initiating the introduction of new information technologies that can greatly facilitate their
activities, they are passive at best. As a result, their problems are left on the sidelines and are not
taken into account when choosing priorities for automation, setting the most relevant and cost-
effective tasks. To remedy the situation, it is very important to organize training for specialists of
these categories in new modern methods of work based on information technologies. In this regard,
modern methods of distance learning can help, which allow you to receive additional education
without interrupting production.

The level of information technology production developed by the leaders in industrial automation
is now very high, but the potential inherent in software products is still being used with low efficiency.
At the stage of choosing information technologies and specific automation tools in the oil and gas
industry, it is important not only to manage the amount of required capital costs, but also to take into
account the cost of ownership of these information technologies. Using the OPC specification, an
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equipment manufacturer can develop a server program that provides access to these client programs

from various software vendors.
In the field of oil industry of our country, "SIMATIC S7-1200" controllers, created mainly by the

German company "SIEMENS", have an advantage in terms of application (Fig. 1).

PGIPC

o £

SIMATIC §7-1200

— ey
Termination
network inside CB

B

CPU

USS [ Modbus RTU

+
t
5
[

Fig. 1. The S7-1200 is a compact PLC generation model

The module has inputs and outputs. To increase the number of inputs and outputs, it is important
to add boards as well as signal modules.

In the above system, a corrective filtering has been proposed to increase the measurement accuracy
(Fig. 2). The system uses a finite difference filter to increase signal accuracy. Distorted - noisy signal
is given to the input of the finite difference filter. A corrected signal is received at the output of the
filter. The noise clearance coefficient of the received signal is calculated and it is confirmed that there
is a significant difference. The result obtained proves the effectiveness of filtration.
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Fig. 2. Measurement and processing complex with corrective filter

Conclusion
Existing methods have been investigated in order to increase the accuracy of the measured

guantities. These methods are justified in reducing either systematic or random error. Studies have
shown that the finite difference filter reduces both errors. In order to reduce the measurement error,

it is proposed to use a finite difference filter.
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SORHOD SORTLORINO ELASTIKi PARAMETR DAXIL OLAN CUBUGUN ROQSI
HOROKOTI UCUN MOXSUSI HOLLIN QURULMASI

Molumdur ki, mexanikanin va texnikanin bir ¢gox masalalarinin halli ikinci tortib xiisusi téramali
diferensial tonliklora gotirilir. Belo fiziki proseslorin vo hadisalorin riyazi tasvirini verarkan
ohomiyyatlisi masalalorin qoyulusuna, hom do pros.eslorin birgiymatli toyin edilmasini miimkiin
etmokdir. Belo ki, biitiin fiziki proseslor vo hadisalor dovrii oldugundan onlarin ifads olundugu
diferensial tonliklorinda hollori sonsuz sayda olur. Bu baximdan istor nozori, istorsa do totbiqi
masalalari birgiymatli xarakterizo etmok {igiin sorhad sartlorindon genis istifads olunur [1, 2, 3].

Bu ciir masalalordan on sadosi uclart Ox oxuna baglanmis, bir ucu baglanmis, digar ucu sarbast vo
ya bir ucundan yiik asilmis elastiki cubugun va simin enina rogsi harokatidir.

Fiziki prosesi ifado edon diferensial tonliyin imumi hallinin elastiki parametrdon asili sarhod
sorlarini 6dayan va eynilik kimi sifra barabar olmayan (trivial olmayan) hollorinin tapilmasi spektr
masalasi va ya Sturm-Liuvill masalasinin xiisusi hali adlanir [1, 2,4, 6].

Aydindir ki, trivial olmayan hallinin tapilmasi iigiin toyin olunmus qiymatlor moxsusi adadlor bu
adadlars uygun qurulmus funksiyalar goxlugu moxsusi funksiyalar adlanir.

Indi baxacagimiz fiziki mosals, | uzunluglu elastiki cubugun sorhad sortine elastiki parametr daxil
edilmakla, maxsusi hallinin qurulmasi masalasidir [6]

Klassik riyazi-fizika tonliklori fonnindon molum oldugu kimi simin vo ¢ubugun ragsi horokati
ikinci tortib xiisusi téromoli diferensial tonliklorin holline gotirilir [1,2,3].

Axtarilan hall iki sarbast doyisondon asili oldugundan onu tapmagq iigiin doyisonlarins ayirma va
ya Furye metodu adlanan iisuldan istifads olunur.

Mohz belo moasalalar iigiin moxsusi adod vo moxsusi funksiya x koordinatindan asili birdayisonli
y(x) funksiya vasitasilo tayin olunur. Yani sorhod sortlori osason y(x) funkiyasinin {izorine diisiir
[1,2,3].

Bu tipli sarhad mosalalarin halli zaman1 qurulmus moaxsusi hallorin L, fazasinda ortoqonalligi vo
normasinin tayin edilmasi oshomiyyatlidir.

Masalonin qoyulusu: Uzunlugu | olan bircins elastiki gubugun ragsi horokati zaman1 X =0 vo
X =1 noqtalorinds 6ziliniin vo téramasinin elastiki parametrdon asili bircins sarhad sortlorini 6doyan
hollinin tapilmasi tolob olunur.

Yani: y"(X)+Ay(x) =0, xe(0,1) Q
y'(0) -z y(0) =0, )
y'()+zy()=0, @)

burada 7 = % > 0 sabit fiziki parametrdir.

Masalanin halli: Qoyulmus masalonin halli liglin A odoadini miisyyon edok. Tutaq ki, 1 €C
kompleks adaddir. Gostarak ki, (1)-(3) mosalasinin halli var. Bunun ii¢iin (1) tonliyinin har torafini
y(x) funksiyasinin qogmasi olan y(X) funksiyasina vurub, X € (0, I) pargasinda inteqrallayaq.

[y 00 909 dx+A] y() y(x)dx = 0 = [ y(x)dy'(x) + A[|y ()] dx =0 @)
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(4) barabarliyinin birinci toplanani hissa-hissa inteqrallasaq,
|

[909dy'(x) = 509y ()1, =] y'0) y'0)dx = y(1)y'A) - y0)y'(0) - [|y'(x)f dx =

y()y' ()= 5(0)y'(0) - [y’ (9| dx+ A[y()[ dx=0  (5)
(2)-(3) sarhad sartlorini (5)-do nozars alsaq,

Tﬂy(|)|2 + |y(0)|2)+ yx)fdx=2. j ly(x)[dx =
T[|y(l)|2 +|y©)" + | |y'(x)|2dxj (6)
= 1= | 0
J'|y(x)|2dx

(6) miinasibatindon aydin olur ki, A -nin sag torofi haqiqi ododdir. Demali, 4 kompleks adad ola

bilmoz. Buradan (1)-(3) masalasinin hallini 4 € R olduqda axtaracagiq. Malumdur ki, trivial olmayan
belo hall A -nin miisbat qiymaotlorinde miimkiindiir.

Yani, 4 >0 oldugda (1) tonliyinin imumi halli y(x) = A cos Jax+ A, sin VA x (7)

(1)-(3) mosalasinin trivial olmayan halli {igiin (7) funksiyasini1 diferensiallamagqla (2)-(3) serhod
sortlorini yoxlayag. y'(x) = —A A sin VAx+ A~/ cos/Ax (72)

@@= AVT-cA 0= A="IA

T
— Asin+/2l +A2\/zcosﬁl+r(Alcosﬁl + A, sin \/Zl)z :
= Al(z' cos v/ Al —/A sin /Al )+ Az(\/zcos Jal +zsin \/ZI)z 0, A1 sabitini Az ilo avaz etsok,
A (VA rcosVA T Asin Al +2sin VAl )=

AZ¢O:>( - )sm\/_l+2\/Zrcos\/_l 0=tg/al = 2‘/_T

transendent tonliyini alariq. ©gor /4 = 1 qgobul etsok, bu tonlik, tgul = ’uziﬂ = (8)
(8) transendent tonliyindon miisbat tam hallor tigiin g, -n1 K € N 1igiin segocayik. Dogrudan da,

(8)-in sol tarafini har hansi f(x) funksiyasi gabul etsak, f(x) =tgul monoton funksiyasini alariq.
Burada
T N 7 7N
HE|l——+—, —+—|,Ne’l
[ 20 1 21 1 J

Goriindiiyii kimi biitiin R-ds toyin olunmus, x> ¢ oldugda monoton funksiyasinda
A, = uf, k e N digiin (1)-(3) mesalesinin miivafiq hallini (7) hell diisturunda

Y (X) = Az{\/— J agor A, =1 qobul etsok,
yk(x):\/i—kcos\//l—kx+rsin\//1—kx 9)

JA = p, oldugunu (9)-da yazsaq:
Y, (X) = 4, €COS 14, X+ 7SIN 44, X, (91)
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Indi (1)-(3) masaloasinin trivial olmayan halli iiciin qurulmus (9)-(91) moxsusi funksiyalarinin
L, [O, I] fozasinda ortoqonalligini gostorok. Bunun tigiin farz edok ki, (1)-(3) masalasinin moxsusi

giymatlori A4, # A, , maxsusi funksiyalar1 y, (X) vo y, (x) -dir. Onda (1) tenliyini bu funksiyalardan

asil1 yazsaq:
Ye () + A Y (X) =0, yn(X)+4,Y,(X)=0 (10)
(10) boraborliklorinin birincisini y,, (x) -o, ikincisini y, (x) -o vurub, [0,1] pargasinda
integrallasaq,

[ ¥1 00y, (9dx+ 2, I Yi ()Y (x) dX =0,

j Vi ()Y, ()X + 4 j Yo ()Y () dx =0, (11)
(11) borabarliklorini b1r1nc1 toplananlarini hlSSS hisss inteqrallayib, toraf-torofo ¢ixsaq,

|
(A = 20)- [ YEO)YR (X =0, 4, # 4,
0

|
oldugundan jyk (x)y,, (x)dx =0, olur, y, (x) va y, (x) funksiyalarinin ortoqonalligin1 gostarir.

Qeyd: L, [0, I] fozasinda (1)-(3) masalasinin moxsusi hallinin normasini hesablayagq.
Bunun {igiin (91) funksiyasinin kvadrata ytiksaltsok,
yZ(X) = p? cos” g1 X+778iN° g1 X+ g1, SiN 244, X (12)

Vi O = [l 09 dx (23)

L,[0,1] fozasinda normanin hesablama diisturunu xatirlasaq,

|
||yk(x)||2 = I(y,f COS’ 11, X+ 244, 7 COS 11, X -SiN g, X+ 77 sin’ ykx)dx =

0
| I I (14)
= y,ffcos2 ykxdx+ykrj.sin 211, XdX + rzj.sin2 14, XdX,
0 I 0 I 0 1.

1 1 .
—(I +——sin Zyli
24 2 244

I |
:>_[cos ﬂkXdX=Jll+COSZﬂk )dx=1 x+isin2ykx =
02 2 .

k k

. 1 [ 1
In. = }[sm 241, XdX = — gCOSZIUkXL) =§(1—0032ykl)

|
1 I—isin 24,
0 2 241,

| |
L, 11
. :!sm ,ukXdX—J-E(l—COSZ,ukX)dX—E(X—Zsm Zykxj

0 k
Bunlari (14) baraborliyinds yazsag;

Iy | = = ( -1 i Zykll + U, T i(1— cos2u,1)+ 7?2 1(I L i Zyklj, (15)
2 244, 214 2 244,
_ 2
sin 2a = 9o Vo CO0S2a = 1 tgza trigonometrik eyniliklars gora sin 2,1 vo cos2y,|

1+tg°a 1+t9°a
funksiyalarinin uygun formalarini tapagq.
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sin 24,1 = 2tg‘2’k| —9. f”‘kz. 1 .
1+1tg° 4l e —T 271,
1+ ——5
He—T

_ A, i _ Ay (w2 —7?)
=7 (,ukz +z'2)2 (,ukz +z'2)2

—ta? 2 ?
1+tg° sl M =T 1+( 271, ]

Demoli,

i —T°
(-t —ariud (i) (R o) -4t
(wi-f  (@+etf (@)

1 1 4w (uz—rz)
O =Zpl |1+ o +
IO = |15

+£[1_ (142 —fz)—4r2u5}%r2(l B 21 o, —TZ)J:;J_E{I . 2 (142 _12)}

2 (,ukz +7° )2 Hy (,ukz + rz)z 2 (,uk2 + 2'2)2

+%{1+ 4% 1 —(ﬂkz —72)2]+§[| _M]:ll(yf +12)+%(,uk2 —1-2)- 2T(luk2 —2'2)+

(st +7°F (i +2f ) 2 (st +7°F
8722 1 2 2 2+4 2,20 1
%'ﬁ=§|(ﬂf +72)+ T(('uk (ﬂgzrz)zr #k)=§|(ﬂf +72)+r
Demali, ||y, ()| =%| (w2 +7%)+7 (16)
Natica

(1)-(3) serhad masalosinin trivial olmayan maxsusi hallinin L,[0,1]-do normasi (16) rekurent
ifadasi soklinds miiayyan olunur.
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STATEMENT OF THE PROBLEM OF DEVELOPING A VISION SYSTEM FOR
INDUSTRIAL ROBOTIC COMPLEX

Statement of the problem of developing a vision system for an industrial robotic complex. Today,
TVS is gaining great popularity as devices for determining the position of the payload coordinates
when working with manipulation robots [1]. Simple representatives of such systems make it possible
to determine the Cartesian coordinates x and y, as well as the orientation angle R of payloads located
in the same plane of the working space of the manipulation robot, and the parameters of this plane
must be known in advance. More complex solutions allow you to define three coordinates x, y and z
in the workspace. Complex solutions allow you to determine all six coordinates x, y, z, ¢, 0, v, but
such solutions require special functioning, so their scope is very limited; in addition, in many
technological processes there is no need to determine the full set of payload coordinates, so the cost
and functionality used for such systems will be unjustified. VS allows you to reconfigure the
workplace without significant costs, since the position determination system is largely configured at
the software level. As a rule, one camera, which is part of the VS, is sufficient to obtain data on a
large working area. In the event of a process change, the same camera can be used to determine the
position of payloads in new conditions without the need to interfere with its design or electrical
circuitry. The functional tasks of the VS, typical for robotic systems, are conventionally divided
according to the level of their relative complexity. Simple tasks include: detecting the presence of an
object, measuring the distance to it, calculating its linear and angular displacements, speed; measuring
the geometric parameters of an object, determining the physical characteristics of radiation from an
object, counting the number of objects in a frame. More complex tasks are performed by a system
that provides the manipulator with the information necessary to capture unordered objects [2]. These
tasks include: reviewing the workspace to search for an object of interest, which may be single or one
of several, or its location may be isolated, overlapped by other objects. In this case, the observed
objects may differ not only in shape and size, but also in color, texture, etc., is in motion or rests in
place.

In this work, it was decided to introduce the
VS into the control system of the sorting robot. » /' .g

(Figure 1) Sorting is carried out according to two

criteria: the color of the product and the QR code
pasted on the product. S
The main tasks of technical vision in this \ ‘g

system are:

— Determining the position of the product on
the conveyor belt. Only two coordinates need to Figure 1. Functional diagram of the sorting
be defined since the conveyor is at a constant robot control system
height.

— Determining the orientation of the product
on the conveyor belt. At what angle is it turned
so that the manipulator can align it when sorting.

— Determining the color of the product.For clarity, there will be three of them: red, blue and green.

— QR code recognition.
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As can be seen from the goals of technical vision presented above, in this work, the functional
tasks of technical vision can rather be attributed to simple ones.The formulation of the sorting
problem almost converges with the formulation of the pattern recognition problem in the
circumstances of the previous uncertainty, and the determination of the location and orientation of
objects can be regarded equally as estimates of the images of objects fixed against the background of
noise [3].The creation of efficient algorithms and programs that will provide automatic analysis and
image processing for image parameter estimation and object pattern recognition is considered to be a
significant direction for improving VS in industrial robotic complexes [4]. The following
requirements are imposed on image processing methods in VS:

— Ensuring high efficiency according to the specified criteria.

— Minimum time costs for processing information in real time;

— Minimum costs for computing resources.

Therefore, to solve the tasks of parameter estimation and recognition, algorithms based on the
analysis of the recorded image contours will be used. To simplify the method of describing the images
of objects recorded in the VS, the following assumption was made: objects have a relatively
elementary shape, in which the contour of a given object can easily characterize this shape.
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YENIDON BORPA OLUNMUS PLASTIKLORLO YAGIS SULARINI IDARD EDON
SOKIi DASLARININ HAZIRLANMASI

Sokil 1.-don goriindiiyti kimi sokilords yaranan bu problemin asasinda sokilorin yaradilmasi tigiin
istifado edilon qruntun miixtalif sobablordan su ils soki altinda yuyulmasi durur.

Yaranmis bu ¢atinliklori aradan qaldirmagq tigiin 3D ¢ap texnologiyasinin kdmayils yeni “Techica”
daslar istehsal etdik.
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“Techica”nin istehsalinda plastik tullantilarin tokrar emalindan istifads edarok, hom soki daslarinin
sizintilardan sonra deformasyasinin qarsisini aliriq hom do plastik tullantilarin samarali istifadasini
toskil edorak diinyamizi plastik girklonmadan qorumaq imkaninini alds etdik [1].

Sokil 1. Deformasiya ounmus sakilar.

Fusion 360 programu ilo dizayn etdiyimiz Techica stone V1 modelimizin perforasiya edilmis iistii
Va igindoki bosluqlar sayasinds biitiin sokidon boru kamori Kimi istifado edoarok vo “Tamet dasi”nin
tizorindoki suyu torpaga Gtiirmadon kanalizasiya xsttine géndaracayik [2]. Belaliklo do sokilorin uzun

illor deformasiya olunmadan istifadosini tomin edacayik.

Yandan

Sakil 2. 3D modelinin miixtalif voziyyatlorinin goriiniisii.

Hazirladigimiz ilk modellords tizarindoki daliklorin ham 6lgiisii, hom do diametri kigik idi. Bir
ne¢a siaq ¢apindan sonra modelin sokil 4.daki Glgiilorinin sinaq ti¢iin uygun olacagini diistiniiriik.

131 mm

140 mm

Sakil 3. Modelin sinaq ti¢iin uygun olan 6lgiilori.

101



Umummilli lider Heydar Olirza oglu Bliyevin anadan olmasinin 100 illik yubileyina hasr olunmus “Miihandislikda riyazi
metodlar va mexatronik sistemlar” movzusunda Beynalxalq elmi-praktik konfransin materiallart

Istehsal morholosina kegmozdon ovval 3D printer ilo modelimizin AR-GE islorini miioyyan
morhoaloya kimi davam etdirdik [3]. Daha sonra istonilon dayaniqligi, modelds 6l¢ii diizalislorini,
miixtolif hava soraitino davamliligini miixtalif sinaq tsullar1 ilo toyin etdik.  Sokil 4.do iss 3D
printerdon ¢ap olunmus modellorimizi gors bilarsiniz.

Sakil 4. 3D Cap olunmus modelin miixtalif voziyyatlords goriiniisii.

3D c¢ap prosesi zaman1 PET-G filamentindon istifado etmoyimizdoki osas sobob otrafimizdaki
plastiklorin do PET cinsindan olan poluretanlar olmasidir [4]. Pet plastiklor ham tabii goraitdo gox
gec ¢lirtiylir hom do olgatandir.

Umumi model versiyalarimizin istehsalin1 3D ¢ap texnologiyast ilo edarok hom qisa zamanda, hom
do sorfali olan prototiplorimizi olds edirik [5]. Indiya godor miitalif isti-soyuq temperatur, {izorina
osya diismosi, agirliga davamliligi kimi testlorini etmigik. Test prosesimizi bitirdikdon sonra
topladigimiz plastiklori olava tullantilardan tomizlayib dograyici vasitasiylo kigik hissalora ayiraraq
xammalda ehtiyatimizi hazirlayacagiq. Masaiistii injeksion cihazimizi va galiblorimizi hazirladigdan
sonra kigik hacmli niimunalorimizi istehsal edorok yollarda totbigino baslayacagiq. Burdan oldo
etdiyimiz naticalora gors ehtiyac varsa diizalislori edib kiitlovi istehsal prosesins kegacayik.
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DEVELOPING MATHEMATICAL MODEL OF HYDROELECTRIC POWER UNIT OF
SMALL HYDRO POWER PLANTS WITH FREQUENCY-CONTROLLED PERMANENT
MAGNET SYNCHRONOUS GENERATORS

Currently, the hydroelectric generating sets of small HPPs with Pelton turbines employ as their
generating units conventional synchronous generators with electromagnetic excitation. To deal with
the torque pulsatile behavior, they generally install a supplementary heavy flywheel on the
mechanical system shaft that minimizes the pulsations. They limit the needle full stroke time to 20—
40 seconds since quick shutting the nozzle for swift water flow reduction may result in pressure surges
which may cause hydraulic impact. For quick power adjustment so-called deflectors are employed,
that task is redirection of water jets. The paper offers employing frequency-controlled synchronous
machines with permanent magnets generating units for the hydroelectric generating sets of small
HPPs with Pelton turbines.

The above-mentioned modes are illustrated on the developed mathematical model. The model of
a frequency-controlled synchronous generator with permanent magnets is proposed in [4]. The
equations of the synchronous generator are presented in the following form:

P¥qs =Uds =0 -wgs — s -lgs

Pygs —qu +wpyys — s 'qs

Tar far “Xad : Far
P¥War =——— Var +—— g+ My
Xdr dr Xdr
r Fy - X
__ar gr ""aq
Pvgr =— Wor t+ “lgs
Xqr ar
1 1
P, =ﬁ'mt —ﬁ'mem
po = w,
U g :0,707~kus[cos(kfs~r)'(cos(x—sinoc)—sin(kfS ) COSa+SIna] 1)
Ugs =0,707~ku5[cos(kfs~r)~(003a+sin a)+sin(kfs~r) (cosa —sina) ]
H Xdr Xdr " Xad Xad
lgs =———— 5 Wds ~ > Mg - > Vdr
Xds * Xdr — Xad Xds * Xdr — Xad Xds * Xdr — Xad
X X
i ar ad
logs = 2 Yas ~ 2 Var
qu 'er - Xaq qu 'er - Xaq

Mem = Was “lgs —Vas “lds
Ps =Ugs -lgs +qu “lgs

Qs =qu “lgs —U gs 'iqs

Here , Yus, Ygs, Par, Pqr are the corresponding components of the stator and rotor flux linkages
along the axes d, q; ias, igs are the components of the stator current along the axes d, g; wr - is the
rotation frequency of the machine rotor; o - is the shift angle between the fixed coordinate axis and
the rotor axis; Mt — is the magnetomotive force characterizing the energy of the permanent magnets
of the machine, referred to a unit of volume; mi, mem, pPs, s — are, respectively the torque of the
turbine and the electromagnetic torque of the synchronous machine, the active and reactive powers
of the machine; Tj — is the inertial constant of the system, rad; kus, kis — is the amplitude of the stator
voltage of the machine.
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On the base of above mentioned mathematical model computer simulation carried out and
fluctograms of operating modes of the electrical machine obtained.
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Fig 1. Fluctograms of the frequency-controlled synchronous generator operating

parameters alteration with the revolution rate change from the rated value w"=1.0 up to 0.5

Wnom
The developed mathematical model reveals that this method provides a higher level of adjustability

towards rapid-changing load needs in the grid. Furthermore, this will replace the power output
mechanical control involving the expensive deflector actuator and the turbine nozzle needles with
electrical revolution rate and power output regulation by a frequency converter located in the
generator stator circuit. Via frequency start, the controlled synchronous machine ensures stable
operation of the hydroelectric generating power unit with negligibly small amount of water. Finally,
in complete absence of water, the frequency start facilitates switching between the generator
operation to the synchronous capacitor mode, which the system operating parameter fluctograms
obtained through computer modeling prove the above shown statement.
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HOBEWIIAE TEXHOJIOTUU B OGPA3OBAHUH
BUPTYAJIBHASA PEAJIBHOCTbDb U TOINOJIHEHHASA PEAJIBHOCTD
CET'OJHA U 3ABTPA

BBeaenue

UYenoBek Bcerja CTPEMHUTCS C MAKCUMaJIbHOM TOYHOCTBIO HMMHUTUPOBATH OKPYXKAIOLIYIO €ro
peasbHOCTh B KOTOPOM OH JKHMBET, IepeAaBaTh CBOM OLIYLIEHHUS M 4YyBCTBA, 3BYKH HPUPOIBI U
MYy3bIKH, 3alIOMHUBIINE H300paxenus. K npumepy atomy coznanue BUpTyallbHbIX Urp. BupryanbHas
peaTbHOCTh B BUPTYaJbHBIX KOMIIBIOTEPHBIX WIpaX MHOTMMH M3 HAac BOCHPHUHUMAETCs Kak
pasBieueHuEe Ui IOJIy4eHHsI Kakoro-to aapeHanuHa. Ho Ha camom  nene 310 ommOOuYHOE
YIBEPIKICHHE. BOCIPUHATH BHPTyalbyro peainbHOCTh (Virtual reality, VR) — kak peaabHOCTS,
HCKYCCTBEHHO BOCCO3/IaHHYIO C IOMOIIBIO TEXHUYECKUX CPEICTB, BO3JECUCTBYIOLIMX Ha OpraHbl
YyBCTB 4€JIOBEKa (3peHHUe, CIIyX, 0OOHSHUE, OCSI3aHUE U JIP.), TO U1 00BbEKThI BUPTYaJIbHOM PealbHOCTH
HAYHYT BECTH ceOsi ONM3KO K MOBEACHUIO aHAIOTUYHBIX OOBEKTOB MaTEpUATBHON pearbHOCTH. B
HacTosIllee BpeMs BUPTyallbHas PEAJIbHOCTh HCHOJIb3YeTCsl B O0pa3oBaHMM, B MEAULUHE, B
apXUTEKTYype, aBUAllU1 B BOEHHOW TEXHUKE U T. 1. [5].

TexHonorus BUPTyalbHOW JOMOJIHEHHON pEaJlbHOCTH — 3TO Hallla PeajbHOCTb, HACTOsAIIEE U
Oynymee. OHa MO3BOJISIET pemIaTh MHOTHE HEpEIICHHBIE BOIPOCH, COXPAHSAA >KU3HB JIIOJSIM,
yOeperast JOPOroCTOSAIIYIO0 TEXHUKY, YCTpaHss BO3HHUKIINE MPOOIEMbl JaeT BO3MOKHOCTD JIIOJIIM
MOJTyYMB HYXKHBIC 3HAHWS W HABBIKHA MPOBOJUTH CIIOXKHBIE OMEPAIMN B CAMBIX TPYIHOIOCTYITHBIX
MecTax IUIaHeThl, paboTaTh B OTKPBITOM KocMoce. OHU JatoT BO3MOKHOCTh 00ydaThCst mpodeccusm
CBSI3aHHBIX C ONACHBIMU YCJIOBUSMU paOOThl, C MOBBIIIEHHBIM PUCKOM JUIsl yeioBeka. To ecTsb,
YeJIOBEK T'OTOBUTCS K 3KCTPEMAIbHBIM CIIy4asM KHU3HH.

Takum 00pa3oM BOCTIOIB30BABIINCH KOMITBIOTEPHOM TEXHOJOTHEH, co3aaeTcst Mup B mupe [1,2,5]

BupTtya/jbHas M 10M0JHEHHAas] PeaJIbHOCTh CeroJHs U 3aBTPa

BupryaneHas peanbHOCTb, 3TO CO3JaHHAs C IOMOIIbIO KOMITBIOTEPHBIX TEXHOJOTUHN YEI0BEKOM
TpexMepHas cpefa. DTO cpeAa TJe U300pakeHHs pa3IMyaroTcsl B 3aBHCUMOCTH OT 00JacTH
MIPUMEHEHUS BUPTYaJIbHOM peanbHOocTU: nonoigHeHHon (AR) nmu cmemannoit (MR). B atom mupe
peanbHble OOBEKTHI B3aMMOJICHCTBYIOT ¢ oOOBekTamMu BHpTyanbHoro mupa [1]. To ecte 3TO
«HMCKYCCTBEHHAsl peajbHO (paHTacCTUYECKas Cpela» OLIyTUMasi 4YeJIOBEKOM 4Yepe3 KOMIIBIOTEp C
ITOMOUIBIO BUJIEO U 3BYKOB.

JlomosiHeHHas: pealbHOCTh — 3TO COBMEIICHHE JIBYX HE3aBHCHMBIX IIPOCTPAHCTB: OKPYKAIOIIEr0
Hac peaJbHOro MHpa U MUpPa BOCCO3/1aHHOTO HAMH e Ha KOMITbIOTEpe — BUPTyanbHOro [1].

JTa TeXHOJIOTUS U3MEHSIET Hallly PeabHOCTh ITyTEM HaJIOXKEHHS 3apaHee 3aporpaMMHPOBAaHHBIX
BUPTYaJIbHBIX OOBEKTOB Ha BUICOCHTHAJIBI C Kamep JUIsl CO3/1aHUS HOBBIX BHUPTYaJIbHBIX Cpe[,
KOTOpBIE CTAHOBSITCSI MHTEPAKTUBHBIMH C TOMOIIIbIO CIEIIMATIBHBIX MapKepOB.

TexHo0rUs AOMOIHEHHON PeaIbHOCTH - 3TO MPOrpaMMHOE oOecIiedeHne, KOTOPOe UCIOIb3yeT
crelHalbHble MaTeMAaTUYECKUE aITOPUTMBI i1 00bEeIMHEHUSI KaMep, MapKepoB M KOMIIBIOTEPOB B
MHTEPaKTHBHYIO cHucTeMy. Kamepel B cpele HCHOJB3YIOT MaTeMaTHYeCKHUEe alTrOpUTMBbl s
pacrno3HaBaHUsl U UACHTU(UKAIIME MapKEpOB U CONOCTaBIEHHUS MX C BUPTYaJIbHBIMU MOJIEISIMH.
Takum o0Opa3oM, BUPTYaJdbHBIH OOBEKT IMOBTOPSAET KAXJ0€ JIBI)KEHHE pEaIbHOTO YyKa3aTells.
"I'mazamu" 370 cucTeMBbl ABISAIOTCSA KaMepbl, a "pykamu' - Mmapkepsl. JIpyruMu clioBaMu, peaslbHbII
MHp, paclo3HaBaeMblii kKaMepoil, "mepeHocuTcs" B BUPTyallbHYIO Cpeidy, HaKiIaJablBas OAUH CIOU
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peaIbHOCTH Ha JIPYroii, co3aBas MUp JOMOJIHEHHON PeaabHOCTH. TO €CTh, TOBOPS IPOCTHIM S3BIKOM,
MIOJIOKEHHE yKa3aTessl B PEabHOCTH ONPEAEIsIeTCss H300paKeHUEM, CHATHIM KaMepOi.

IIpumeHeHMEe TEXHOJIOTHM BUPTYaJIbHOM PeaJibHOCTH B 00pa3oBanuu [2].

Jist TOro 4T0OBI CTaTh KBATM(PUIMPOBAHHBIM CIIEHUAIMCTOM B JII000H 00J1aCTH, PEKOMEH Ty €eTCs
C paHHero Bo3pacta 00y4aThCsl TAKMM HaBblKaM. MeuTa Kax10ro poauTels - 4To0bl ero peOeHOK B
OyAymieM CTajql YeCTHBIM TIPaXIaHWHOM, HACTOSIIUM MaTPUOTOM, YMHBIM U MPOCBEIICHHBIM
yenoBekoM. s Toro 4roObl AOCTHYL 3TOrO, HEAOCTATOYHO IIOJIy4aTh OOpa3oBaHME JIOMA,
HEOOXOMMO CO3[aTh TaKyl0 Cpeay, B KOTOPOW MX AeTh OyIyT 3aMHTEpecOBaHbI B ydebe u
NpUOOPETEHUN 3HAHWM M IIe OHM CMOI'YT MpuiaraTb COOCTBEHHbIC YCWIMs 0€3 NMPHUHYKICHHUS.
XO0poI10 U3BECTHO, YTO OOJIBIIMHCTBO JIOAEH, OT AETEN A0 B3POCIBIX, IPOSIBIIAIOT )KUBOM HHTEPEC K
BUPTyalIbHBIM Urpam. [IoaTromMy ObU10 ObI HEMJIOXO UCHOJIB30BATH ITOT UHTEPEC JETEN U MOJIOJECKHU
K 00pa30BaHUIO M CO3/1aTh BUPTYATIbHYIO YUEOHYIO TPOTpaMMy JUISI IIKOJI M YHUBEPCHTETOB.

IepBblif mar B 3TOM HalpaBIEHUU YXKe CIelaH.

B Asepb6aitmkane B chepe oOpazoBanus, B mkojie Nel8 ropoma baky B kauecTBe MHUIOTHOTO
npoekta Obu1 co3maH «3D» kabuHeT, rie NMpOBOJWINCH YPOKH, B 6—9 Kilaccax mo Ouosoruw,
300JI0TUH U yenoBeka. C mOMOLIbI0 BUPTYyaJIbHOM TEXHOJIOTUH - «3D» 04KOB U cielManbHOM JOCKH,
YUEHHKH H3Yy4all CTPOCHHME, OpraHbl M pa3iuyHble MH(OpMALMM O 4YeloBEKe, *XMBOTHBIX U
pacTeHUi.

B CMmosieHcke 1OA pPYKOBOJCTBOM JIOKTOpa IICMXOJIOTMYECKMX Hayk, mpogeccopa B.B.
CenuBaHoBa ObUIM IPOBEINCHBI AKCIEPUMEHTAJIbHBIE 3aHATHUS C JETbMHM MJIAJLIETO IIKOJbHOTO
BO3pacTa B TPEXMEPHOM cpelne C MLEeIbl0 OTCIEKHMBAHUSA BIMSHHUA Ha HMX MbIIUICHHE U
IICUXOJIOTMYECKOE COCTOSIHUE.

B.B. CenuBaHoB M KaHaujgaT nenarorundeckux Hayk, goueHt JI.H. CenuBaHoB Ha Temy
"Bupryanbubie mupbl"; H. CenuBanoB "BuptyanbHas peanbHOCTh KaK METOJ U CPEACTBO 00yueHus"
(CmoneHckuit rocyjapcTBeHHbIN yHUBepcuTeT). CMOJIGHCKUI rocynapcTBeHHbIN yHUBepcuTeT). B
CTaTb€ pacCMaTpPUBAETCS IMOJIOXKUTEIBHOE U OTPULATENILHOE BIMSIHUE BUPTYAJIbHOU JIOMOJIHEHHON
peanbHOCTH Ha oOyueHue. IIpencraBieHa sKcnepUMeHTalbHas oOpa3oBaTellbHAas HporpaMMa B
BUPTYaJIbHOU PEATbHOCTH KaK OCO0OHM TpexMepHOW MH(POPMAIMOHHON Cpefe, TNie MPUCYTCTBYET
OTIBIT AaHMMAIMM B PEaTbHOM BPEMEHH, CMEHBI H300paxeHuil U 3(h(heKTOB MPUCYTCTBUSL, BBISIBICHO
WX BIIMSIHUE HA MBIIIJICHUE W TICHXOJIOTHISCKOE COCTOSIHUE YelioBeka [3].

PesyabTaTsl Hcciie10BaHuS.

[TosydyeHHbIe pe3ynbTaThl HCCIEA0BaHUs OBUIN CIEAYIOIMMU — oOydarouue nporpamMmmel B BP
yJIY4IIalOT OTBETHI IO TECTaM 0 COOTBETCTBYIOIIMM TeMaM, Y ci1ab0 yCIeBaroMX yueHUKOB Ha 40—
50 %, y OTIMYHUKOB U TaJIAaHTJIMBBIX — B 2 U Oonee pasza (100%). Beuiu nmosydeHsl cieayronme
3aKJIFOYEHUS.

1. Obyuaromue nporpammsl, cozganHsie B BP, dopmupytoT crenuduyeckue mo3HaBaTelbHbIE
MOTHBAIlMM, HMHTEpEChl K OOYYEHHMIO M CO3[aHMIO TO3UTHUBHBIX, TAPMOHHUYHBIX ICUXMYECKHX
COCTOSIHMIA.

2. IMe0T MHUPOKYI BO3MOXKHOCTB /ISl OCYIIECTBIIEHUS NeHCTBUI ¢ mpeameramu, 3pdexTom
MPUCYTCTBUS, WHTEPAKTUBHOCTBIO CUTYyallUM, OCYUIECTBIEHHEM BH3YyaJH3alluu aOCTPaKTHBIX
MOJENEN U Ip.

3. VR, ucnonb3yemas B 00pa3oBaHUM, BBICTYIIAET B Ka4€CTBE METOJA, CPEICTBA U TEXHOJIOTHH
o0ydeHusl.

Ho B T0 3xe Bpems posBIsieTCs] U HEraTUBHbIE MOMEHTHI UCIoNIb30BaHne VR B 00yueHuu:

a) oOyuaromiye BUPTyaJbHbIe IPOTrPAMMBbl HE TOJHOCTBIO 3aMEHSIOT MpernojaBaHnue B y4eOHBIX
3aBe/ICHUSX.

0) menecooOpazHee HCIONIB30BaTh MX MPU H3YYEHUM HauOoJiee CIOXKHBIX TEM Pa3IHYHBIX
MIpeIMETOB

I') HCIIOJIb30BATh JJIsl TPEHUHTa PO EeCCHOHATBHBIX HABBIKOB B PA3IMUHBIX BUJAX JIEATEILHOCTH.

Jlaxke HecMOTpsT Ha OIpeAeNieHHble HEJOCTaTKU MOXHO CJlielaTh CIEAYIOIIUE BbIBOJbI
BUpTyaJibHas oOydJaromiasi mporpaMma Heooxoauma. JTa MporpaMma J0JDKHA OBITh KOMILIEKCHO
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coOpaHa M3 HIKOJBHBIX MpeamMeToB. C MOMOIMIbIO 3TOW MPOrpamMMbl YYEHHKH CMOTYT MOJYYUTh
uHpOpPMAIIUU 0 KaXIOM IIPeIMeTe B BUPTYaJIbHO JOMOIHEHHOU Cpeie.

B cnenuanbHO €O31@HHBIX BUPTYaJIbHBIX KJaccaX OCHAIIEHHBIX KOMIIBIOTEPAMH U OYKaMU OHU
CMOTYT M3y4YUTh MOBEPXHOCTh M TIYOMHHBIC CIIOU 3eMIIH, €€ MPUPOTHBIC PECYPCHI, UCKOMAEMbIE,
pacHoJIOKEHUsT OKE€aH M MAaTEepUKOB, MOPEW M pEeK, MYyCThIHb U JHKYHIVIEH, CTpaH, O pa3HbIX
PACTEHUSIX, dKUBOTHBIX, UX CPeIy OOUTAHUs, SBOJIOLUIO, O MUKPOCKOITUYECKHUX KUBBIX OPTaHU3MOB,
0 Marepuu, €€ CTPYKType, ABMXKEHHWU W MpaBWI TpaHchoOpMaluu, O BEIIECTBaX HX COCTABOB U
CTPOCHHMI, 00 PIEMEHTaX UX CBOWCTB U MPEBPAIICHUH U MHOTOM JIPYTOM.

Orta mporpamMMa Oe3omacHa Tak Kak 0e3 pucka Ul KU3HU U 3/0pPOBbS YYCHHKOB MOKHO
MPOBOJIUTH  JIFOObIE XUMUYECKUE PEAKIMH, MPOCICAUTh COCAMHEHHS HJIEMEHTOB U HU3MEHEHHS
CTPYKTYPHBIX CBsI3€i, MOOBIBaTh B KOCMOCE, B INIyOMHE OKeaHa, MOJ 3eMJiel, U3yYUTh OMacCHBIX
KUBOTHBIX M PACTEHUH, MOCETUTHh Pa3HbIC CTPAHBI, Ja)KE y4aCTBOBATh B MCTOPUUYECKUX OUTBAX U
CPaKEHMSIX HE BBIXOJI U3 KJlacca.

Ho nipu 3TOM Henb3s 3a0bIBaTh O HETATHBHOM BIIMSIHIHM BUPTYAJIBHON PEAIbHOCTH Ha YEIIOBEKa.
HecmoTtps Ha 1O npu 3kcnepumentax npoBoaumsix B. B. CenuBanossiM u JI. H CenuBanoBoil He
OBUTO yKa3aHO Ha ATOT (akT — «MOXHO JM HCIOJIb30oBaTh BP B memarorwke, B 4acTHOCTH, B
muaakTuke? Ha ceroiHs HaM TOYHO HE M3BECTHBI BCE CHCTEMAaTHYECKHE Pa3pabOTKU B JaHHOU
obmactu. IlyGnukanuu, KOTOpbIe CYIIECTBYIOT, HOCAT 0030pHBIN, TEOPETUIECKUN XapaKTep, B HAX
anpuopu BO3MOKHOCTH UCIIOJIb30BaHUA TeXHOJIOTUl BP B 00yueHnn npusHaercs 1enecooOpa3HbIM»
[3].

[IpocmoTpuM pasznuuust OTHOCUTEIBHO U3MEHEHHBIX COCTOSIHMIM CO3HAHMS U COCTOSIHUS OCHOBBI
BP. A.E. Boiickynckum Obuto moka3aHo — mpeObiBanue B BP B otnmuume ot MCC (BhI3BaHHBIX
TUITHO30M, XMMHUYECKUMHU TpenaparaMyd U JIp.) HE BBI3bIBAET HEAJCKBATHOCTHU MBIIUICHUS, HE
CHIDKAeT CTENeHb peQIIEKCHU, HE XapaKTepU3yeTcs HaJMYUMEeM OIIYIICHHUS pPa3IBOCHHOCTH,
«OTUYXKJI€HUsI COOCTBEHHOTO SI», «BBIXOJA U3 Telay, «pa3/eieHHs Teja U TyIIn», He TPUBOIUT K
yTpaTe TPOM3BOJIBHOCTH M IICJICHANPABICHHOCTH JEATEIBHOCTH, HE OOECIeYMBAET YyBCTBA
(UKTUBHOTO OOpeTeHUs COOECeHMKA, OIIYIICHUS MPUCYTCTBHUS «IPYTrOro», «BBICIIETO pa3zymay,
«KOCMHUYECKON MH(OpMAIMOHHOM BOJIW». DTU U Japyrue ocod0eHHocTu BP cBumerenscTByIOT 0 ee
MPEUMYIIECTBaX BO3MOKHOCTH HCIIONIb30BaHUS B OOyuU€HWH, TPEHUHTaX HaBBIKOB M JIp. chepax,
HayuHas ¢ MJIQJIIIETO MKOJIBLHOTO Bo3pacTa [4].

Ho HecMmoTpsi Ha BblllIeCKa3aHHbBIE YTBEPKACHUS MOYKHO YKa3aTh Ha ONpPEJEJIEHHbIE MOMEHTHI
CCBUIAsICh HA pa3IMyHbIe UCTOYHUKH [4, 8, 9, 10]:

— HE HYXKHO YBJIEKaThCSl U HE HYKHO CO37aBaTh MUP C «9()PEeKTOM MOTHOTO MOTPYKEHUS» B
BHUPTYaJIbHYIO peabHOCTh. PeOEHOK elie Mall, 1 OH MOXKET MOTEPSTH OUTYIIIEHUE PEaTbHOCTU. Y HETOo
MOTYT MOSIBUTHCSI CAMIITOMBI — TOJIOBOKPY>KEHHUS, TOIIHOTHI, TOJIOBHASI 00JIb, KOTOpasi BHI3BIBAIOTCS
TOPMOHaMU CTpecca, BbIpabaThIBAEMbIX OpraHu3MoM. Tak Kak BUPTyaJlbHOE MEPEKUBAHUE CHIIBHO
OTIIMYAETCS OT PealbHBIX U CO3/1aBasi yUeOHUKH HYXKHO Y4eCTh 3TO.

— KOMIIBIOTEPU3UPOBAHHOE 00YUYEHHE — 3TO BUPTYyajbHas PEaJbHOCTb, OCHOBOM YEro SBIISETCS
JOCTUKEHHE «CBEPX CTUMYIISIIMM» OPTaHOB YyBCTB 4eloBeka. Ho mpu 3ToOM HyKHO y4ecTh Crocod
B3aUMOJICHCTBUS MEXKIY YUUTEIEM U ydamuMcs. To €CTh co3aaBasi BUPTyaIbHBIC 3aHATHUS HYKHO
KOMOMHHPOBATH TPATUIIMOHHBIE METO/IbI OOYYCHHSI C COBPEMEHHBIMH.

— MCCJIeIOBATh CIIOCO0 B3aMMOJICHCTBUS MEXK/Yy YUYUTEIEM U YUAIIUMCS U UX JICUCTBHUSIMHU.

— Y4ecTh co/iepykaHue 00pa3oBaHus

— U3y4YUTh CIIOCOOBI YCBOEHUS MaTepuaa.

PesyabTatr

Bo3MoxHO 1M1 mpHMEHEeHHEe BHUPTyaJlbHOW peabHOCTH B mpolecce oOyueHus? B Hacrosiee
BpeMs €CTh JII HEOOXOJMMOCTh B M3YYEHHMU TEXHOJOTHH BUPTyalbHON peaabHOCTU? YUHUTHIBas
MOBBIIIEHHBI MHTEPEC K COBPEMEHHBIM TEXHOJIOTHAM KadeCTBEHHOT'O Mpoliecca 00yueHHs Ha 3TU
BOIIPOCHI, MO’KHO OTBETUTh OJHO3HAUHO MONokHUTEeNbHO. Ho B TO ke Bpems, He 3a0bIBas O €ro
OTPULIATEIILHBIX BIUAHUAX U YUUTHIBAS HUX.
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BupryanpHas AomosiHeHHas peabHOCTh B 00yuyeHUU — 3TO Hamie Oyaymiee. Benb ydacTBys B
JIETCKOM UM IOHOLIECKOM BO3pacTe Y€JIOBEK B BUPTYaJIbHOM JIONOJHEHHOM MHpE B BOMHAX WIH B
00€eBbIX JIEUCTBUAX, HEMOCPEACTBEHHO BUPTYaJbHO CONPHUKOCHYBIIUCH C HUILETOW M OOJE3HSIMH,
CTaHOBHBIIWCh BHUPTYJIbHBIM 3pHUTEJIEM TIOCIEJACTBUHA NPUMEHEHUS SIIEPHOH  OOMOBI,
YepHOOBUILCKON aBapUM y HETO HEMIPEMEHHO BO3HUKHET UyBCTBAa MUJIOCEP.IUs, KEJTaHUS TTOMOYb,
3alIUTUTh, CAMOE TJIABHOE OOPOTHCA 32 MHp. YBHJIECHHBIC 3eMIICTPSICEHUS, HABOJAHEHUS, TIOXKAPHI,
KaTaKJIM3Mbl IPUBEIYT K MBICIIU O TOM, KaK 3()(PeKTUBHO cOo37aTh 0oJiee YCTOMYUBbIE KOHCTPYKIIHH,
coopyxenusi, 31anus. OH TakKe HAyIUThCsS HE 00sCh, O€3 pUCKa sl 3M0POBbSI M KU3HU CTaBUTh
pa3IMYHbIC OMBITHI U PEAKIIUU U YUYUTHCS HAa CBOUX OIIMOKax. Takxke moayduTh MHOTO HH(QOPMAIIHIA,
noOBIBaTh B pa3HBIX CTPaHAaX, CIIyCTUTHCS Kak JKioiab BepHbckue repou B Helpa 3eMiH, B TIyOHHY
OK€aHa, MoJIETaTh B KOCMOC, MOMYTEIIECTBOBATH yke He 3a 80 nHEH BOKPYT CBeTa, a 3a 80 CeKyH]I.

Bynyiiee nokosieHre MOXET NOYy4acTBOBATh B MEPBOM U BTOPOM MHUPOBOM BOiHE, KapabaxcKou
BOIfHE HE IO HACJBIIIKE M HE MO yuyeOHMKaM, a CBOMMH Ija3aMU MOXKET YBHJIETh BECh YiKac,
MIPOUCXOISIIHIA MTPH BEIEHUU OOEBBIX JICHCTBHIA.

Hcnonb3ys BUPTyallbHYIO peaTbHOCTD JUIs CO3AaHMsI yUeOHON MPOrpaMMBbl, MBI €1l ¢ paHHUX JIET
MOXKeM OoO0yuaTh HAIUX JETed K MWJIOCEPIUIO, K aHaIU3y, K KEJIAHUI0 TBOPUTh U CO3/aBaTh,
CTPEMJICHHIO K 3HAHUSM, TOTOBHOCTH K SKCTPEMAaJIbHBIM CIy4asM, K MPeAyNPeKIeHUSIM PaTaTbHbIX
HCXOJIOB.

YyeOHass mporpamMma BHUPTYaJIbHON JIOMOJHEHHOW pealbHOCTH — 93TO Haie Oyayiiee, HO
Oyaymiee, TJe HYXHO JKUTh PEaJbHOH W IOJHOW >KU3HBIO, MOJYy4YaTh 3HAHWUA W TBOPHUTH, HE
MOTpy>KasiCh B HEE MOJHOCTHIO.
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I'OJOI'PA®OUNYECKHUE IUCKH U AJIT'OPUTM 3AIIMCH HA TUCK

Beenenune

YenoBeuyecTBO pa3 3a pa30M BBIXOJUT HA HOBBIM 3Tall pa3BUTHUS U MPEABIAYIINE JOCTUKEHUS NECATUIICTUI
MEepexXoadAT Ha BTOpOﬁ mnaH. HoBeie COBPCMCHHBIC TCXHOJIOTUM 3aXBATBIBAKOT HAC U O6pCTaIOT 6OJ'II)HIYIO
MOMYJIAPHOCTD. B IMpOoUIJIOM MHHOBAMOHHBIC MACH BOILIOMIAIOTCA B PC€aJIbHbIC HBIHCHIHHME TCXHOJIOTHHU, a
CCTOOHAITHUC HJICHU CTAHOBATCS SaBTpaIHHeﬁ PEaTBbHOCTLIO. Hosrie COBpPEMEHHBIE TEXHOJOTMH HaMHOI'O
YHOpouraroT Hally >KHU3Hb IO3BOJIASA HAMHOTO 6I>ICTpCC N Ka4YC€CTBCHHEC BBINOJIHATH IMPHUBBIYHBIC ,I[eﬁCTBPISI.
Nmenno IMO3TOMY HE3aBUCHUMO OT BUIA ACATCILHOCTU U HpO(bCCCI/II/I Ka)KILI)II\/'I 13 HAaC CTApacTCsd UATU B HOT'Y
CO BPEMEHEM.

B name Bpems 3D rongorpamMmma — 3TO HHHOBAIIMOHHAs! TEXHOJIOTHSI, C TOMOILBIO KOTOPOH MOXKHO
co3/1aTh TpexMmepHoe n3oopaxenue. TexHonorus 3D ronorpaMmsel akTyajibHa AJIs U3yYEHUS], IOTOMY
41O €€ MPOABMKEHHE MOXKET U3MEHUTh MUP K JiyunieMy. XOTs cefiuac 3Ta TeXHOJOTHs He JI0 KOHLA
M3y4YeHa U He BOIUIOIIEHA B ITOJIHOW MEpe, 3TOT METO/ B OyayIieM OyAeT SABISTHCSI OCHOBHBIM METOZOM
BBIBOJIA JAHHBIX, & TAKXKE UCIOJIb30BATHCS MOYTH BO BCeX cdepax KU3HU JIHOACH.

OCHOBOTIOJIOKHUK ToJorpaduu mpodeccop rocyaapcTBeHHOro koiiemka B Jlongone JleHHuc
I'a6op. B 1947 rogy oH mosyuusn mepByro roiorpammy u HazBai ee ronorpadueir. B 1971 rogy 3a
OTKpbITHE rojorpamMmbl ['abop mnomyuun HoGeneBckyro mnpemuto. C coznanuem B 1960 rony
COBETCKUMH (pr3nkamu-akageMukamMu bacoBeiM U [IpoXOpoBBIM U aMepHKaHCKUM yueHbIM TayHcom
Ja3epa Hayauoch pa3BUTHE roJorpaduu 1 ee MpakTUYeCKoe 3HaUeHHe. A 1oclie TOro, Kak mpogpeccopoM
MaiiMamoM ObLIT CKOHCTPYHPOBAH UMITYJIbCHBIH J1azep Ha pyOuHe, KOTOPbIH O3B0 (PUKCHPOBATH Ha
roJiorpaMMe MOABUKHBIE 00BEKTHI B 1967, ObUIT CHAT MEPBBI MOPTPET UETIOBEKA.

Cxema 3amucH rojorpamm, KOTopas UCIOJIb3yeTcs B TOIOrpapuuecKux 1adopaTopusix BO BCEM MHpe
U B Halle Bpems, Oblia MpeuioKeHa aMEepUKAaHCKUMHU yueHbiMH OmmeroMm Jleditom u HOpucom
YIaTHUEKCOM.

[TepByto 3d romorpammy B 1968 romy momyumn coBerckuit ¢uszuk HO. H. Jlenuciok, u
cOBpeMeHHas rojorpagus 6a3upyercst Ha, IPEATOKEHHBIX UM METOaXx.

B Hacrosiiee Bpems ronorpadus akTUBHO pa3BUBAETCS, U C KaXKJbIM I'OJIOM pacTeT UHTEPEC K
3TOM 00JaCTH U MOSIBIIAIOTCS HOBBIE pelieHus. Eciy Tak mpogosKUThes yKe He B JalIeKOM OyayIiemM
rosiorpadus 3aiiMeT B )KU3HU JIFOJICH elie OoJiee 3HauuTeIbHOE MecTo [2,3].

Yro Takoe roiorpadusi [4].

['onorpadust — 3T0 MHTEpECHas: U 3aBOPAKUBAIOLIEE TOCTHKEHNE COBPEMEHHOM HayKU M TEXHUKHU.
C nomoripto roiorpadguu noiaydaercss 00beMHOE N300pakeHNe KaKoro-inbo oObeKTa, 4eaoBeKa HITH
CyILIECTBa.

lonorpadust — 5310 TexHonoruss ¢otorpadgupoBaHusi KOTOpash PETUCTPUPYS U 3alKChIBas
uHpopMaIno 00BEKTOB BOCIIPOM3BOAUT MX TPEXMEPHbIE N300pa’keHHs MMOXOKUX Ha peasibHble. DTO
croco0 peructpanuu nHGopMaluy, OCHOBaHHBIN Ha UHTEPPEPEHLIUN CBETA /TSl TOJIyYeHUS O0BEMHBIX
n300pakeHNi mpenMeToB Ha (OTOMIIACTUHKE - rojorpamme. [loatomy romorpadus — 3T0 Hayka U
MpaKTUKa CO3/IaHUsl TOJOrpaMM, TO €CThb TPEXMEPHBIX CBETOBBIX TMoJied. Meroa Mo3BOJISET
3aperuCTpUpPOBaTh NOJHYI HH(popMaiuio 00 ucciaenryeMoMm oObekTe. PasnuyaroT ronorpammbl
aHaJIOTOBBIE, DJIEKTPOHHBIE 1 KOMOMHUPOBAHHBIE.

['onorpamma otnuyaeTcst ¥ OT 00bIYHOTO (hoTorpaduueckoro nzodbpaxenus u 3D orobpaxenus. Tak
Kak o0ObruHble (oTorpaduueckue n3odpaxeHus (GUKCUPYIOT U3MEHEHHE MHTEHCUBHOCTH CBETA, BO
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BpeMsl 3allucH k€ MH(OpMalMK B CBETOUYBCTBUTEIHLHOM MaTepuase roynorpadueil peructpupyercs
WHTEHCUBHOCTh U (pa3bl CBETOBBIX BOJH PACCESIHHBIX 00beKTOM. TakuM 00pa3omM pOU3BOIUTCS 3aMTUCh
HECYIUX MOJIHYI0 MH()OPMALIMIO O TPEXMEPHOU CTPYKTYpe 0ObEKTa Ha MaTepHall U CO3JaeT TOUHYIO
TPEXMEPHYIO KOIHIO OPUTHHAIBHOTO OOBEKTa, KOTOPHIE MEHSIOTCS B 3aBHCHMOCTH OT TOJIOKEHUS
HaOII01aTeNs U HEOTIUYUMBI OT PEaJIbHOTO 00BEKTA.

[JIaBHAs OTJIMYMUTENIbHAs 4epTa rojiorpaMMbl OT 3D mpoekuuid 3akiioyaercs B TOM, 4TO,
roJIorpaMMbl BUJIHbI HEBOOPY>KEHHBIM TJIa30M, Torja Kak miga 3D mpoekuuil Hy>kHbl 3D-04KkH.
[1,3,4].

I'onorpaduueckuit MeTo1 MOKHO IPUMEHHUTDH KO BCEM BOJIHAM. B 3aBUCMMOCTH OT yCIIOBUH HAJIUYHS
KOTE€PEHTHBIX UCTOYHUKOB JIEKTPOHHBIX, PEHTT€HOBCKUX, CBETOBBIX, AKyCTUYECKUX U CEMCMUYECKUX
BOJIH TMPUTOAHBIX JUIsi (POPMUPOBAHHUS COOTBETCTBYIOIIMX Tojorpaduyeckux Mmosiei romgorpadus
pasfensercs Ha CleAyolue BUAbL:

[udposas;
Pentrenosckasi;
Onruueckas;
AKycTuyeckas;
Ceiicmuueckasl.

Haubonpmiee pacrnpocTpaHeHHe B HACTOsIEe BpeMs IONyYMiIa ONTHUYECKass roiorpadus, u3-3a
JOCTYIMHOCTH JIa3€pOB — HMCTOYHHKOB KOTEPEHTHOTO W3IY4YCHHs, U CPEACTB PETUCTpallud U
HaOJTI0ICHHU ST BOCCTAHOBJICHHBIX N300paKEHHI.

3anuch M XpaHeHHe JaHHBIX [5].

B Hacrosmee Bpemsi TpeOyIOTCS YHHMBEPCAJIbHbIE HAKOIMWTEIH, MPEBOCXOJAIIME MO O0beMaM
KECTKUH AUCK U JJICHTOUHBIN KapTPUK U BHIITOJIHSIOIINE TPOLIEYPhI 3aMCH M CUUTHIBAHUS C OOIbIIEH
CKOpoCThIO. ["onorpaduyeckre TEXHOIOIHH TTO3BOIMIIN PEIIUTH 3Ty podaemy [6].

Kak u3BecTHO, COBpeMeHHBIE METO/IbI 3aMUCH TPOU3BOISATCS HA MOCIEA0BATEIbHBIX MPUHIUIAX, TO
€CTh, B KQXKJIbII MOMEHT BPEMEHHU Ha MOBEPXHOCTH IJIOCKOTO HOCUTEJS 3aITMCHIBAETCS TOJIBKO OJIMH
out unpopmanuu. Ho ronorpadudeckuii MeTo1 MOKHO Ha3BaTh MapalljieNIbHBIM, Oaroiapsi TOMy 4To,
OJIHa €IWHCTBEHHAs BCIBINIKA Jiazepa (POPMHUPYET MPOCTPAHCTBEHHYIO 3aMKMCh MIJLTHOHOB OWUTOB
uHpopmanuu [7]. PaccunthiBaeTcsi Ha BRICOKYIO CTaOMIBHOCTh XpaHEHHUs JaHHBIX (Oosee 50 ner) mpu
MHOTOKPAaTHOM CUUThIBaHUU (60see 20 MITH).

Eme onHa BaxHeimas 0COOEHHOCTh PETUCTPUPYIOILIETO MaTepuaia JJis 3alHuCU TOJIOTPaMM 3TO -
CBOMCTBO 00OpaTUMOCTH, OJiarojiapsi 4eMy MOKHO MHOTOKPATHO Iepe3anuchiBaTh WHGOPMAIUIO Ha
rojorpaduueckom maucke. Tak Kak MpU MHOTOKPATHOM CUMUTHIBAHMH Tojorpaduueckue AUCKH He
MOPTSITCS.

3anuck Ha ToorpapuuecKue TUCKU MPOU3BOIUTCS CIeAyIONMM o0pa3om (cxema 1) [8]:

-JIa3epHBIN JIy4 pa3ensieTcs Ha CUTHAIbHBIN - 00€CTIeYBAIOIIUI 3aMIUCh TaHHBIX U pe)epeHCHBIN
— OTCTAIOIINI HEU3MEHHBIM.

-Ha npocBeunBaromemcs J1a3epHbIM JIy4OM MOAYJISTOPE CBETa OTOOpa)XaroTcsl 3aKOAMPOBAHHbIE
JaHHbIE B JIBOMYHOM KOJI€, TO €CTh - CHUTHAJbHBIM JA3€pHBIM Jyd, MNPOXOJs Yepe3 MOIYJATOP
¢boxycupyercs Ha roiorpadguyecKuil perucTpUpyOIUil MaTepual.

- OTHOBPEMEHHO M3JIyY€HUE OMOPHOM BOJHBI TOTO K€ JIa3epa HAIpPaBISAETCA B ITY K€ TOUKY
MEepPEeCeKasch B HEM C CUTHAJIbHBIM. B mocieacTBUM MPOUCXOASIIEd B 3TOT MOMEHT XUMHYECKOU
peakiys IPOUCXOIUT 3aMUCh TOJIOTPaMMBbl HA HOCUTENb.

YVVVYVYYV
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[Ipn sTOoM ecau HM3MEHUTHh [UIMHY BOJHBI pPeQEepeHCHOro Jyya, Yroj €ro HakJIoHa WU
MPOCTPAHCTBEHHOE TMOJIOKEHUE HOCUTENsS, B OJMH
MOMEHT BpPEMEHU MOXKHO 3alucaTb MHOXXECTBO

pas3HbIX rosnorpamm. IIpomecc 3amucu JaHHBIX Ha Peructpupylowui TN
MIOBEPXHOCTU U B INIyOMHE HOCHUTENS KakK ObUIO yiKe MaTepMan - Y
CKa3aHO Ha3bIBAETCS MYJIbTUILUIEKCUPOBAHHEM. OnopHas

AJaroput™ 3anucu Ha auck [9,10]

Ilong MaTemMaTHYeCKOWl MOJIEIBI0 IIOHHMACTCS
MaTeMaTU4YeCKOe OITMCaHHe JII00Oro OOBEKTa MU
coOwiTus. B coBpeMeHHOE BpeMsi HCCIIEIOBAHUE
JIFOOBIX CIOKHBIX OOBEKTOB BO BCEX TEXHHYECKHUX,

BOJIHa

Fonorpamm

| KK mogynarop
€CTECCTBCHHBIX )41 TyMaHHUTapHbIX O6J1aCTSIX

O6bekTHas
OCYHICCTBIIACTCA C IIOMOIIIBIO METOda BOMHA
MarTemMaTndcCKoro MOJCINPOBAHMA. To €CTh, I
peanbHOCTh TPUHUMAETCA C  (HUIOCOPUICCKOM

CTOPOHBI M  HCCIENYEeTCSl  MaTeMaTH4eCKUMH CeeropesmTens
METOJaMH, YCTaHOBJIEHHbBIMH B MaTeMaTHYECKUX
pamkax. Maremarudyeckass MOAEIb - COCTOUT U3
YPaBHEHHH, CHCTEMbl YpPAaBHEHMH WM HabOpa | Cxewma 1. [Ipununmn romorpabudeckoit
uHpopmanuu, coOpaHHONW B MAaTPHUIIBI U TEH30PbI, U
co3llaercad Mo OJIOUHO-CXEMHOMY HNpHUHLMIY. B 3TO BpeMs rumore3bl WM IPEaOIOXKEeHus,
OTHOCSIINECS K PeabHON CHCTEME, KOJTMYECTBEHHO OMMCHIBAIOTCS U MIX MPABHILHOCTH MTPOBEPSIETCS
10 pe3yJbTaTaM U3MEPEHUH, BHIIOJHEHHBIX B pEalIbHON CHCTEME.

[TockoIbKY COBpEMEHHBI BEK — 3TO BEK WHHOBAIMOHHBIX METOJOB M TEXHOJIOTHH, oOmime
uH(pOpMaLUU CTAaHOBUTCSA HEOOX0AMMOCThIO0. [103TOMY HEOOX01MMBI 3alIOMUHAIOIINE YCTPOICTBA €
OoJbIIIe EMKOCTBIO, JUIMTENBHBIM BPEMEHEM XpPaHEHHS U BBICOKOH CKOPOCTBIO CUHTBHIBAHUS,
cobuparomue, XpaHsime 1 nepepadarsiBaronye MH(GopManuo B 0ojiee KauyeCTBEHHOM BHJe. B
HACTOSIIIIeEe BpEMS TMOSBISIFOTCA TaKWe 3allOMHHAIONINE YCTPOHCTBa. B oTnmume oT Apyrux
3alIOMMHAIONIUX YCTPOMCTB rojorpapuyeckue JTUCKH HMEIT BO3MOXKHOCTh 3allUChIBATh
nH(popMaiuo B O0NbIIeM 00beMe, T. €. 3aIIMChIBATh HECKOJIBKO CBEICHUM B OJHO U TO K€ MECTO.
OTO0 AOCTUraeTcs 3a CueT U3MEHEHUS JUTMHBI BOJIHBI U YIJIa MTaJIeHHUs CBETa, KaK yKa3aHO BBIIIIE.

Kakum o00pa3om (u3MUECKH OCYIIECTBISIETCS TIPOIECC KOJMPOBAHHWA WHPOPMALUU HA
rojorpagMuecKux JUCKax, MOsCHSAeTCs Ha puUcyHKax 1 m 2. J[Is MOJHOTO MCCIEeIOBAaHUS ATOTO
mporiecca meiaecooopazHee CUCTEMAaTHUECKH KOJUPOBATh OOJbIIHE 00bEMBI TaHHBIX U 3aIUCHIBATH
UX Ha JUCKH, a 3aTeM, IpU HEoOXOAMMOCTH, CO3[aBaThb MX MaTeMaTHYECKyI0 MOJenb s
KOPPEKTHOTO pa3MeIIeHHs] MPHUIOXKEeHHH. PaccMOTpuM co3aHWe MaTeMaTHYeCKOW MOJENd Ha
npuMepe «rojorpapuieckoil OuOIMOTEKN.

[TockobKy COBpeMeHHas d1oxa — 3TO AI0Xa CKOPOCTH M KadeCcTBa, HOBOE TIOKOJICHUE yKE HE
YIOBJIETBOPSIETCS YTEHWEM KHUT U MOJy4YeHHEM HeoOXOIuMONW HH(POpPMAaLUU TPaJAULHOHHBIM
cocoboM. B Hacrosimee Bpems, Kak W BO BcexX cdepax, B HAyKe €CTh IMOTPEOHOCTh B CO3TaHUHU
CKOPOCTHBIX TEXHOJOTMH U HAKOIJIEHMH TEOPETHUYECKUX 3HAHUH. DTO, B CBOIO OUYepe/ib, T03BOJISET
WCCIIE/IOBATENSIM B KOPOTKHE CPOKM TMONydaTh H (QWIBTPOBaTh HHMOPMAIMIO W TOJIyYaTh
HE00XO/IUMBIE PE3yJIbTATHI.

[TosToMy B COBpeMEHHBIX OMOIMOTEKaX BaKHBIM BOIPOCOM SIBIISIETCSl TOMCK JIUTEPATyphl B
C)KaThle CPOKH TI0 3aIpocaM UCClieioBaTeNell U TOBEICHHE €€ 10 CBEACHHUS IOJIb30BaTels Ha Pa3HbIX
9KpaHax, NapaJuIeNbHBIX IpYT APYTY. B CBSA3M ¢ STMM BO3HHUKAET OOJbIIasi MOTPEOHOCTH B CO3JaHUH
rojorpaguueckux 6ubnuorek. B To ke Bpems co3manue rojorpaduueckoil 6MOIMOTeKH JaeT HaM
BO3MOYKHOCTh CO3/IaTh «KJIOH» YHUKAIBHBIX M PEIKAX KHUT U TIEpeAaTh UX OyAyIIUM TOKOJICHHUSIM.

Jlns co3maHus COBPEMEHHBIX «rojiorpaduyeckux OMOTMOTEK» HEOOXOIUMBI CIIeUaAIbHBIE
HAKOTIUTEJNN ToJorpadudecKoi HHGOPMAIH 1 TEXHOJIOTUH, KOTOPBIE WX CYUTHIBAIOT. CeroTHSIIHSS
CKOpOCTh pa3BUTHS TEXHOJOTHH MOKa3bIBAET, UTO JUCKH C roJ0rpaduuecKoil mamMsIThio OUeHb CKOPO
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3aMEHSAT KECTKMH AMCK, QUIdII-NAMATh U JPYrHe YCTPOICTBa XpaHEHUs JaHHBIX, KOTOPBIMH MBI
I10JIb3YEMCH.

Kak 6bu10 cKa3aHo BbllIe, THPOPMALIUSA HA 3TH rojlorpapruecKue JUCKH 3alUChIBAeTC 00bEMHO,
COXPAHSETCS B XOPOLIEM Ka4ueCTBE JUINTEIbHOE BpeMsI (ke TP MHOTOYHMCIIEHHBIX IPOCMOTpax) U
B TO 7K€ BpeMs OBICTPO CUMTHIBACTCS.

PaccmoTpuM mpumeHeHue NMpHUBENEeHHOro HaMmu MpoekTa «l ojorpaduueckas 6ubimoreka» Ha
npuMepe Haieil ctpanbl. Kak n3BecTHO, KHUTH, COOpaHHBIE B KaXK10H OMOJIMOTEKe Hallel CTpaHsbl,
JensATCs Ha a3epOailJKaHCKyl0 U MHPOBYIO JIUTEPATypy, TYMAHUTAapHYI0 H TEXHUYECKYIO
aureparypy. s 3Toro He06X0AUMO CHayana MOCTPOUTH
MaTeMaTHYECKyI0 MOJIeNb JaHHOro oObekra. Kak Mbl
YIOMHUHAIMU BBIIE, MaTEMaTHUECKasi MOJIENIb CO3/1aeTCs ¢
HCIIOJIb30BAaHUEM YPAaBHEHUM, CHCTEMbl YPAaBHCHUN WM
TEH30pOB.

Jlnst 3TOrO, B MEPBYIO Ouepenb, MHpoOpManus O BcCe
aBTOpax B OuOimoTeke coOupaeTcss M JENIUTCS Ha JBe
rpynmel - asepOaii/pkaHckas JHTEpaTypa W MHpPOBas
mureparypa. Mapopmanus 00 aBropax, IpUHAAISKAIINUX K
KaXJI0H rpymme, XxpaHurcs B Temsopax T¢ u T4
COOTBETCTBEHHO. 3/1eCh & U A — MHO)XECTBEHHOE UYHCIIO
HUMEH aBTOPOB.

3areM pabOTHl KaXIOTO aBTOpa pa3MENIalOTCs B Cxema 2. Anzopumm 2onozpaghuueckotl

3JIEMEHTaxX NOATEH30POB Ti‘; U Tl-’} COOTBETCTBYIOIIUX HX sanucu
KOOpAMHATaM B TEH30pax T* u T*. B sro BpeMs, IIyTEM

W3MEHEHUs JUIMHBI BOJHBI ONOPHOIO Jy4ya Ha Ti‘} HOJATEH30POB COOMpArOTCsl PabOThl aBTOPOB,

MpUHAISKAIINX K a3epOaiipkaHCKON IuTeparype, a Ha Ti’}- MOJITEH30POB, ITyTEM U3MEHEHHSI CIIBUTA
(a3bl OMOPHOTO Jy4a., COOpaHbI MPOU3BEICHHS aBTOPOB, IPUHAJICKAIINE K MUPOBOU JINTEPATYypE.
Takum o6pazom, nHGOpPMAITUS O pa3HBIX MHUCATENSIX, MPUHAIICKAIIUX K OJHOU U TOH Xe TpyIIe,
coOMpaercss B OJHOM H TOM € MECTe C ONpEICNCHHON pEeryspHOCTBIO, TOYHEE, BCE HX
MPOM3BEICHUS COOHMpAIOTCS Ha ToNorpaduyeckoM JOHUCKE B COOTBETCTBYIOIIEH KOOpIUHATE,
BBIJICJICHHON ISl KaXKJ0TO MK CaTelIs.

Teneps co3maaum aaropuT™M 3anucu MHPOpPMAIMK Ha rolorpaduvecKre TUCKU, UCTIOIb3yeMBbIi
TUTSL CO3JTAHHMST

«["onorpadpuueckoit 6ubnuorexkn». [losromy npencraBum «Il'onorpaduueckyro 6uGINOTEKY» B
BHje Kartamora-temsopa T*. 3meck k = a+1 — comcok Bceil muTepaTypsl B OMOIMOTEKE.
CnenoBarenbHo, T* OyleT COCTOSATh M3 JIBYX CIHCKOB - T% u T* u MHOXecCTBa Tl-’}- u Tf; (TO ecTh

cyOTEeH30pOB, COOpaHHBIX M3 CIIMCKa aBTOPOB M TPOU3BEACHHI a3zepOailKaHCKOM W MHUPOBOH
JUTEPATYPHI).

Ha npumepe mpocienum mnocienoBaTeabHOCTh 3allicy MHQOpMaluu Ha auck. JlomycTtum, Hac
IPOCAT 3anucaTh Ha AUCK cOOpHUK mpousBeneHuid Huzamu ['stamxeBu n Dpuxa Mapun Pemapka.
TToMCK TIEPBBIX TIEPEUHCIEHHBIX aBTOPOB OCyIIecTBIsAeTcs B cnuckax TX m T® B T* — karanore
«lonorpaduueckoit Onbnmorekn». B 310 Bpems, mockonbky Huzamu ['stHIKeBH — KiIacCUYECKUM
azepOaipkanckuii moot T, a Dpux Mapus Pemapk — KiaccMyeckuii HEMENKHW THCATeNb,
HAilJIEHBI SJIEMEHTHI, PACIIONIOKEHHbIE B TEH30PaX, COCTABIISIONNX CITHCOK T4 (TH#saMn yy TPemapi)

3amuceiBaHUe COOpHUKA MIPOU3BEACHUIN KaXI0T0 MUCATENs HaunHaeTCs ¢ koopauHat T% u T4,
Tij usaMu o TPEMapK

i , COOTBCTCTBYIOIIUX PACITIOJIOKCHHNIO DJIEMCHTOB. 3)1601)

Ij- — HOMep CTOJIOIA U CTPOKH, B KOTOPBIX HAXOUTCSI aBTOPCKOE COOpaHUE MPOU3BEICHUI.
Crenyromuii aTarm, I0IMyCTUM, OT HaC Takxke TpeOyeTcs co3/1aTh COOPHUK MTPOU3BECHUIN IpYTroro

micarens, I'enpuxa Mauna. Tereps NpeAToN0XuM, UTO TIPH MOKCKE B CIHCKax-Ten3opax T% u T4

He ObUIO HalJeHO HUKakoi nHdopmanuu o HeM. B 3ToM citydae cHauyana onpezaensercs, ABiIseTcs

YKa3aHHBIX B IIOATCH30pax
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7 OH a3epOaifjuKaHIEeM WM WHOCTPAaHHBIM MHcareieM (HEMEIKHWH MucaresieM) M 3aHOCHUTCS B
cOOTBeTCTBYOIMIA cricok (T#), Ha 01HO U3 paHee YCTAHOBJICHHBIX LIS TAKHX CITydaeB IyCTHIX MECT
(TMa#¥) TTocne sToro ero mponsseeHus 6yayT J00aBIEHBI K KOOPAHHATE Ti’}- B moarensope Ty .

[TonsTHO, yTO ecnu moTpedyercs co3laTh COOPHUK MPOM3BENEHUI A3epOailKaHCKOTro I03Ta

Bypryn
J

Camena Bypryna, To Bes nH(opManus o 1osre Oyaer codpana B koopaunare T; B [IOJITEH30pE

T{f, cOOTBETCTBYIOMEM eMeHTy T BYPTYH ykazanHOMY 13 T% CITHCOK B TOM K€ HOPSIKE.
Takum 00pa3oM, MbI CO3/1a€M MAaTEMAaTHYECKYI0 MOEIb TOTO, O YeM Mbl TOBOPHJIM BBIIIIC.
[TporpamMmmupoBaHKe BBIMOJHICTCS Ha OCHOBE 3TOW MaTeMaTh4eckoi Mojenu. To ecTh aJroputM

MOCJIeIOBATEIbHOCTH 3alTUCH MH(OPMALIUK Ha JIUCK 33aJ1aeTCs CIICAYIOIMM 00pa3oM:

Pesyabrar

B coBpemeHHOe BpeMs LIMPOKO HCIOJIB3YyEeTCS MaTeMaTHYeCKoe MOJIeIUpOBaHue. ITO
HaIpaBJICHUE B HACTOAIIEE BPEMS OXBATHIBACT MPAKTUYECKH BCE 00JIACTH HAYKU U TeXHUKH. WTaK,
IpU  MPOCKTUPOBAHUHU JIIOOOH KOHCTPYKIMH WM UACH T[PUMEHSETCS HMMHUTALUOHHOE
MojnenupoBanue. CpeacTBa MOAETHPOBAHUS TPEACTABIAIOT COOOH COBOKYHMHOCTH Pa3IUYHBIX
MIPOrPaMMHBIX CPEACTB U MPUKIIAJHBIX CUCTEM, PeaTH30BaHHBIX Ha KoMIibtoTepe. [Ipu aToM Mojens,
CO3/IaHHAs YEJOBEKOM JIIOOBIMH CIIOCOOAMH, SIBIISIETCSI 3€pKaJIbHON KOMHUEH OpWTHHAaA.
Matematuueckass MOJAENb MPEJICTaBIseT pealbHbIi OOBEKT WJIM TMPoOLecC C MOMOUIBIO
MaTEeMaTHYECKUX WHCTPYMEHTOB, T. €. YPaBHEHUH, JJOTHYCCKUX BBIPAKECHUHN, TCH30POB U MATPHI U
T. JI. 3TO BBIPAXXEHHE C TOMOIIBIO

CoOTBETCTBEHHO, CO3aHNE MATEMAaTHIECKON MOJIENTN 3aMiCcH HHPOPMAILIUU Ha ToJI0rpaduuecKue
JUCKU TIO3BOJISIET TTIyOOKO TMOHSTH, NMPABUIIBHO CIUIAHUPOBATH M CIPOEKTUPOBATH ITOT MpOIlecc,
00ecTeYnTh HEMPOTUBOPEUUBOCTh U TOYHOCTD 3aITMCH WH(OPMAIIHH.

[Tockonbky ronorpaduueckue AUCKH OOJIAAIOT CIIOCOOHOCTBIO cOOHMpaTh OONbIINE 00BEMBI
nH(OPMALINY U XPAHHUTh MX B XOPOIIIEM KAa4eCTBE TOAAMH, HX MOKHO HCIIOJIb30BATh JIJISl XpaHEHUS
MIPOU3BEICHNN UCKYCCTBa, PUIBMOB U Tepeaad, JOKYMEHTOB U HeoOxoaumon uHbopmaruu. [Ipu
3TOM, B OTJIMYHAE OT JPYIHX 3allOMHUHAIOIINX YCTPOHCTB, TOJOTpapUUECKUE IUCKH HMMEIOT
BO3MOKHOCTh 3aIIUCBIBaTh MH(POPMAIIUIO B 00JIbIIEM 00BbEME, T. €. 3alUChIBATH HECKOJIBKO MOPLUI
nH(OpPMAaLIUU B OHO U TO K€ MECTO. DTU AUCKH MOTYT XpPaHUTh OO0JIbIlIe HHPOPMAIIUH U XPAaHUTD €€
B TeUeHHE OoJiee JUIMTENbHOT0 BpeMeHu. [loaTomy npouecc 3anucu nHGopMaIy Ha JUCKH ClIeTyeT
u3y4artb I1yoxe, a

TaK)Xe yBEIMYMBATh MPOU3BOICTBO TOIOTpadUIECKUX JTUCKOB.

C ucnonp30BaHUEM BO3MOKHOCTEH 3TOW TEXHOJIOTHUH CO3/]aHa MaTeMaTHUECKasi MOJEIh TIPOEKTa
coznanus «l onorpapuueckoi 6uONMMOTEKM». 3aTeM Ha OCHOBE MaTeMaTH4YEeCKOM MOJENH ObLIO
MIPOBE/ICHO MPOTPAMMHUPOBAHHE U YCTAHOBIICH AJITOPUTM ITOCIIEIOBATEILHOCTH 3aITMCH WH(POPMAIAN
HAa JIUCK.

[TpeumymiectBo coznannoi «I omorpaduueckoit OMOIMOTEKI» COCTOUT B TOM, UTO OHA TTIOMOKET
COXPaHUTh YHUKAIbHbIE KHUTH WM WHAOPMALMI0O U O0ECIeYuTh UX Mepenady CleayrleMy
MOKOJICHHUIO B JIy4IIIEM BUJIC.
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BAKI SOHORI TABELIYINDO ICRA HAKIMIYYOTLORI ARASINDA OPTIMAL
OLAQO YOLUNUN SURU ZOKALI ALQORITMLORLO TAPILMASI

Giris

Siirii Zokal1 (SZ) alqoritmlori tobistdo miisahido edilon siiri davraniglarini modellasdiron siini
intellekt tisullaridir. Bu alqoritmlor bir-biri ilo garsiligli alagads olan vao timumi moagsadlara dogru
horokat edan siiriidoki fordlori taglid edir. SZ alqoritmlari xiisusilo optimallagdirma, data mining vo
masin 0yranmasi kimi saholords istifads olunur.

Siirii zokal1 alqoritmlor arasinda an ¢ox istifads olunanlar:

* Particle Swarm Optimization (PSO) [1]: Bu alqoritm ¢oxlu hissaciklordon ibarat dastoni
modellasdirarak optimallagdirma problemlarini hall etmaya calisir. Har bir hissacik an yaxs1 hall yolu
izlayarkan siirtidaki digar hissaciklorla qarsiligli alagads olur. PSO xiisusilo mithandislik, igtisadiyyat
Vo biznes kimi saholords optimallasdirma problemlarinin halli tigiin istifads olunur.

» Ant Colony Optimization (ACO) [2]: Bu alqoritm qarisqalarin qida monbalorini tapmagq ti¢iin
istifado etdiyi tobii davraniglart modellagdirmoklo optimallasdirma problemlarini hall etmayas caligir.
Qarisqa koloniyalart qida monbolarins qisa yollar yaradaraq kollektiv sokilda harokat edirlor. ACO,
xtisusilo telekommunikasiya, istehsal va logistika kimi sahalords optimallagdirma problemlorini hall
etmok tigiin istifads olunur.

« Artificial Bee Colony (ABC) [3]: Bu alqoritm ar1 ailalorinin gida manbolorini tapmaq ti¢iin
istifado etdiklori tobii davranislari modellasdirmokla optimallasdirma problemlorini hall etmays
calisir. Arilar qida manbalarini kasf etmok, toplamaq va saxlamagq iigiin bir-biri ilo garsiliqh slagads
olurlar. ABC xiisusilo miihondislik, iqtisadiyyat vo biznes kimi sahoalordo optimallagdirma
problemlarinin halli tiglin istifads olunur.

Siirii Zokal1 Algoritmlorin Multidissiplinar Istifadoasi

Stirli zoka algoritmlari bir ¢ox miixtalif sahalords istifads edilo bilor. Xiisusilo, bir ¢ox fargli elm
sahosinin alimlori multidisiplinar bir yanasma ila bir araya golorok siirii kosfiyyati alqoritmlorindon
istifado edarok hollor ortaya qoyurlar [4].

Stirti zokasinin alqoritmlsrinin ¢oxsaxali oldugunu miiayyan etmak {igiin bu alqoritmlarin bir cox
forgli sahalords istifads edilmasina vo miixtalif elm adamlari tarafindon manimsanilmasine bir nego
niimuna Vvers bilarik.

Moasalon, PSO alqoritmi miihandislik, biznes, igtisadiyyat, biologiya, riyaziyyat vo kompiiter
elmlori kimi bir ¢ox fargli fonlords istifado olunur. Bu algoritmin tatbiq sahslorina enerji sistemlori,
robot texnikasi, telekommunikasiya, tibbi goriintiiloma, verilonlarin dyranilmasi vo masin dyronmasi
daxildir. Buna gora doa deyas bilarik ki, PSO ¢oxsaxali bir algoritmdir [5].

Eynilo, ACO alqgoritmini multidissiplinar algoritm hesab etmok olar. Bu alqoritm kompiiter
elmlori, mithondislik, logistika, istehsalat, biologiya, igtisadiyyat vo biznes kimi bir gox miixtolif
saholordas istifads olunur. Optimallagdirma problemlarins slavs olaraq, ACO alqoritmi horiimgak toru
algoritmlori vo ot masin1 dyronma kimi digor siini intellekt Gisullart ilo birlikds istifado edorok daha
tokmil hallar istehsal etmak iigiin istifads olunur.
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Nohayat, ABC algoritmini do multidissiplinar algoritm hesab etmok olar. Bu algoritm
mithondislik, biznes, iqtisadiyyat, biologiya, riyaziyyat vo kompiiter elmlori kimi bir ¢ox fargli
fonlords istifado olunur. ABC algoritminin totbiq sahoslorino verilonlorin Gyranilmasi, masin
Oyranmosi, optimallagdirma problemlari va nevroloji xastaliklorin diagnozu daxildir.

Biitiin bu niimunalor gostarir ki, siirli kesfiyyati alqoritmlori bir gox miixtalif sahalords istifads
olunur va buna gora do goxsaxali xarakter dasiyir.

9sas matn

Siirii zoka algoritmloari bir cox miixtslif optimallagdirma problemlarinds istifads edilo bilor:

1. Funksiyalarin optimallasdirilmasi: PSO, ACO vo ABC kimi siirii intellekt alqoritmlori
funksiyalar1 tok va ya ¢ox doyisanlorlo optimallasdirmaq tigiin istifado edils bilor. Bu algoritmlarin
totbiq oluna bilacayi niimunslors global optimallasdirma, miirokkob funksiyalarin optimallasdirilmasi
vo emal problemlarinin optimallagdirilmasi daxildir.

2. Siini neyron sobokalori: Siini neyron sobokolori Oyronmos omoliyyatlari, model
optimallagdirmasi vo soboka strukturunun optimallasdirilmast kimi miixtalif problemlori hall etmok
tictin mixtalif siirti zoka algoritmlori ilo birlikdo istifads edils bilar.

3. Kombinator optimallasdirma: Kombinator optimallasdirma problemlarina bir ¢ox sahalords
rast galinir. Bu ciir problemlar optimal birlosmalorin tapilmasini tolob edir. ACO vo ABC kimi siirii
kasfiyyati alqoritmlari bu ciir problemlarin hallinds yiiksok effektivliya malikdir.

4. Data mining: siirii zokali alqoritmlori data mining problemlarinds do istifads edilo bilor.
Niimunslora qruplasma, tosnifat vo xiisusiyyat se¢imi daxildir. Belo masalalorin halli ii¢iin PSO,
ABC, ACO kimi algoritmlardan genis istifads olunur [6].

5. Siini hayat va robot texnikasi: siirii intellekt alqoritmlori siini hoyatda va robototexnikada da
istifado edilo bilor. Nimunoloro robot nozaroti, davramis modellori vo robot siiriilorinin
optimallagdirilmasi daxildir.

Bu niimunalor gostorir ki, siirii kosfiyyati alqoritmlori bir ¢ox miixtalif optimallagdirma
problemlorindos istifado edilo bilor. Bu alqoritmlor miirokkab problemlarin  hollinds yiiksok
effektivliyo malikdir vo multidissiplinar yanagma toklif edir.

Gozon Satici (Tacir) Problemi vo Siirii Intellekt Alqoritmlarinin Istifadosi

Goazon Satict Problemi (GSP) bir sayyahin miioyyon sayda sohara getmasi va an qisa yolu tapmaq
t¢clin hor bir gohoro bir dofo bas g¢okmasi problemidir. Bu problem riyazi optimallasdirma
masalalarindon on maghurlarindan biridir vo miirokkabliyina gors bir ¢ox sahalords istifads olunur.

TSP kimi kombinatorial optimallasdirma masalalorinin halli klassik optimallasdirma {isullari ila
olduqca ¢otindir. Buna gora do son illords tobistdon ilham alan siirii kegfiyyati alqoritmlorinin TSP
kimi optimallasdirma problemlarinds ugurlu naticalor alds etdiyi miisahids edilmisdir.

Siirii kosfiyyati alqoritmlori tobiotdoki qarisqa koloniyalari, art siiriilori vo qus siirtilori kimi canli
organizmlorin davraniglarindan ilhamlanir. Bu alqoritmlar adaton birden ¢ox fordin qarsiligli alagoesi
ilo icra edilon shaliys asaslanan yanagmadir [7].

TSP hoalli Giglin istifado edilon siirii kosfiyyat1 alqoritmlori arasinda Genetik Alqoritm, Qarisqa
Koloniyasinin Optimizasiyasi, Hissacik Siirliniin Optimizasiyasi, Ar1 Koloniyasinin Optimizasiyasi
kimi bir ¢ox alqoritm var. Bununla bels, bu alqoritmlarin an ugurlularindan biri Qarisqa Koloniyasi
Optimizasiyasina asaslanan Qarisqa Koloniyas1 Optimizasiyasi (ACO) alqoritmidir.

ACO alqoritmi TSP kimi optimallagdirma problemlarinds ¢ox ugurludur. Bu alqoritm garisqa
koloniyalariin qida moanbslori tapmaq strategiyalarindan ilhamlanib. ACO alqoritmi har bir sohor
iclin bir qarisqa yaradir vo qarigqalar saharlor arasinda harokst etdikco feromon izlori buraxirlar.
Daha sonra qarigqalarin izladiyi yollarin feromon konsentrasiyalarina uygun olaraq yeni yollar segilir
Vo bu proses iterativ sokildo davam edir. Bu sokilds an yaxsi marsrutu tapmagq tigiin yiiksok ehtimalli
marsrutlar gotiiriliir [8].

ACO alqoritmi bir ¢ox todqgigatlarda TSP kimi optimallasdirma problemlarinds ¢ox ugurlu
naticalor vermisdir. Bundan slavs, ACO alqoritmi digar siirii kosfiyyati alqoritmlorini iistalayib.

Natica
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Bu mogalods Baki saharinds yerloson icra hakimiyyatlori arasi sonad dovriyasi li¢iin an miinasib
baslangic vo son noqtalora asason uygun xattin tapilmasi nozords tutulmusdur. Aragdirma {igiin hor

bir icra hakimiyyatinin google map xaritasinds lokasiya malumatlari alds edilmisdir :

Ne Montogoalor X kordinati Y kordinati

1 Baki goh 40.3670652633851 49.83153919760197
2 Binagadi 40.43714742303285 49.84617469760441
3 Qaradag 40.32101457952699 49.72695889760029
4 Yasamal 40.37871259685699 49.80860579760233
5 Nizami 40.41013903255076 49.94524382643942
6 Norimanov 40.3871342964995 49.854623421449425
7 Nosimi 40.38996125404531 49.83721438225856
8 Pirallahi 40.46702593991456 50.32863459760548
9 Sabungu 40.41936971328883 49.96300715527583
10 Sobail 40.37327466337069 49.84710358225813
11 Suraxani 40.4244491285933 49.99559309760397
12 Xotali 40.38423813269676 49.87479364363482
13 Xazor 40.4841318642249 50.16283563993401

Lokasiyalar aras1t masafo codvali iso asagidaki kimidir :

>
— —_ =} —

S8 8 E|e|E | |8 |8 |z |8 ==

as)] m < > e prd p [ %) (95} n Pal Pal
Baki soh X 9.3 1541 2.9 129135 |32 |61 146 | 1.8 194 | 47 | 37.6
Binogodi 93 | X 21 7.9 139|170 |6.2 |59 149 | 7.8 17.0|8.1 | 359
Qaradag 154 ] 21 X 15.7 | 28 1851179 |76.4 | 29.6 | 17 34.3 | 19.7 | 53.2
Yasamal 29 |79 157 | X 156 |51 |32 |630]16.8]|45 2091 6.9 | 39.9
Nizami 12.9 | 13.9 | 28 156 | X 10.7 | 12.6 | 48.7 | 2.6 114173 |85 | 256
Norimanov | 3.5 | 7.0 185 | 5.1 107 | X 19 |580](124 1|20 159139 | 34.9
Noasimi 3.2 | 6.2 17.9 | 3.2 126 |19 | X 508|143 |24 178 | 45 | 36.7
Pirallah1 61 59 76.4 | 63 48.7 | 58 59.8 | X 475 | 59.2 | 424 | 56.3 | 29.0
Sabung¢u 146|149 | 296 | 16.8 | 2.6 124|143 | 475 | X 13.0 | 5.7 10.1 | 24.4
Sobail 18 |78 17 4.5 11412 24 1592|130 | X 179 | 3.1 | 36.0
Suraxani 1941170 | 343|209 | 7.3 159 | 178 | 424 | 5.7 179 | X 14.8 | 19.3
Xotai 47 |8.1 197169 (85 |39 [45 |56.3]10.1]3.1 148 | X 33.1
Xazar 37.6 | 359 | 532|399 | 256|349 |36.7|29.0|244|36.0| 193|331 X

Burada algoritm olaraq Tabu Search [9] va ACO istifads olunmusdur. Har iki algoritm 30 dofs iso
salinaraq miimkiin qiymotlor miiqayiso edilmisdir.

Algoritm Getdiyi gilizorgah Yekun yolun uzunlugu
on yaxsi natico 2-3-4-5-13-6-7-8-9-11-12-10-1 227.1
T h
abu Searc an pis natice 5 -4-13-2-3-6-7-8-11-10-9-12-1 261.7
ACO on yaxsi natica 1-5-4-3-2-6-7-8-9-10-11-12-13 174.4
an pis natics 13 -2-3- 4-5-1-12-6-7-8-9-10-11 181.8

Yekun naticays gors an yaxsi yolu ACO alqoritminin tapmasidir. Bu yol Baki — Nizami — Yasamal
— Qaradag — Binogadi — Norimanov — Nasimi — Pirallah1 — Sabungu — Sobail — Suraxan1 — Xotai —
Xazar istigamatinds hoyata kegirilmali oldugunu gostarmisdir. Bu an ideal yol olmasa da algoritmin
qisa vaxt orzindo tapdigi on optimal glizorgahdir. Bu g¢alismani daha da genis sokildo basqa
algoritmlor tizorinds do totbigq etmak olar.
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UZAQDAN IDARO OLUNA BiLON CIHAZLAR - IoT TEXNOLOGIYALARI
IoT texnologiyalari, cihazlar arasinda slagolori vo molumat paylagimini tomin edon bir soboka

strukturasidir (Sokil 1). Bu saboka strukturasi, cihazlarin interneta baglanmasini va bir-birlari ilo
olago qurmasini tomin edir.

Sokil 1. internet vo cihazlar arasinda qurulmus soboko

Bu internet sobokasi, cihazlar arasinda molumat paylasimi hoyata kegirir vo bu molumatlari analiz
edorak cihazlarin daha somorali bir sokilda islomasi tomin edir [1]. Masalon, agilli termorequlyator
ev sahibinin istaklorine uygun olaraq temperaturu tonzimloyarok enerji saxlamagini tomin edir. 10T
texnologiyalari, sonaye sahasindo do ¢ox genis sokildo yayilaraq istifade edilir. Istehsal xottindoki
cihazlar arasinda molumat paylasimi sayasinds istehsal prosesi daha somoroli bir hala gatirilo bilor
(Sakil 2). Homginin, sonaye avadanliglarinin vaziyyati hagqinda malumat alds etmok, tamir va onlari
yenidon sazlamag proseslorini daha effektiv hala gatirir vo problem riskini azaldir.
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/state 12:25 AM &

Her iki led deaktivdir 12:205 AM

Sakil 2. Cihazlarla istifadagi arasinda molumat paylagimi

IoT texnologiyalar1 saglamliq sahasinds do istifado edilir. Agilli cihazlar sayasinda Xastalorin
saglamliq vaziyyati izlona bilar vo hokimlor xastalorin miialicasini daha effektiv bir sokilds planlaya
bilarlor [2]. Masalon, bir iirak xastasi izloma cihaz1 ilo daimi nozarst altinda oluna bilar va cihazdaki
molumatlar hakimlor torafindon analiz edilorak Xastonin miialicasi daha effektiv bir sokilda planlaya
bilorlor. Bu isa az vaxt miiddatinds pasient haqqinda daha ¢ox moalumat toplamaq imkan1 qazandirir
[3].

Lakin, IoT texnologiyalarinin istifadosi eyni zamanda bozi risklori do 6ziindo comlayir.
Molumatlarin tohliikasizliyi va gizliliyi kimi masalolor 6nam gazanir. Bu texnologiyalarin istifadosi
ilo birgs toplanan malumatlarin diizgiin bir sokildo qorunmasi vo icazesiz soxslorin girisino qarsi
qorunmasi vacibdir. IoT texnologiyasinin tatbiglori vo qurgularinin siiratlo artmasi ilo yanasi, kiber
hiicumlar da tokmillosdirilorak tohliikesizlik vo moxfilik ilo slagodar daha da ciddi tohdidlor yaradir.
Demok olar ki, bu qurgularin oksoriyyati kiber hiicumlara qars1 dayamgsizdir. Ik baxisda bela
qurgular hakerlar ti¢lin miithiim shomiyyat kosb etmaya bilor. Ancaq hakerlor ciddi sistemlora hiicum
moqsadilo botnetlorin  (“robot” va “network™ sozlorinin birlogsmosindon yaranmigdir, zororli
programlarla yoluxmus vo badniyyatli torofindon idaro edilo bilon kompiiterlor sobokasidir [4])
yaradilmasi {igiin belo qurgulara miidaxils edirlor.

Gilindon-giino artan IoT texnologiyalarinin yeni novlori genis yayilmaga baslamisdir, lakin onlarin
tohliikasizliks bagli bir sira ¢atismazliglart méveuddur. Moashur elektron ticarat sirkati “Alibaba ”-nin
mobil tohliikasizlik qrupunun apardigi arasdirmalara asason, IoT qurgularinin proqram tominatinin
90%-don ¢oxu tohliikasizlik hiicumlarina moruz qalir. Onlarin 94%-do iso hakerlor torafindon
asanliqla istifads oluna bilon veb interfeyslorinds tohliikasizlik bosluglari vardir [5].

Notica olaraq, IoT texnologiyalar gliniimiizds bir gox bolmalar tigiin istifads edilir va hayatimizi
daha da asanlagdirir. Lakin, bu texnologiyalarin diizgiin bir sokildo istifadasi vo malumatlarin
tohliikasizliyi masalalorine 6nom verilmasi vacibdir.

IoT texnologiyalarina prototip olaraq hazirladigimiz bu layiha do bohs edilon funksiyalara
sahibdir (Sakil 3).

-

Sokil 3. Islok va sénmiis voziyyostdoki prototip
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Bu prototip uzagdan, Esp8266 sayssinds telegram tizarindan bot ilo idars edilon ledlordi
(Sakil 4).

[ledson 113 AM v/ |

Aktiv edildi. 113 AM

Sakil 4.Prototipin idars sistemi
Esp8266 Nodemcu mikrokontrollerlori indi bir cox sonaye sahalorinds istifads olunur. Bu cihazlar
internet baglantis1 vo bir sira 6zalliklora sahib olan 1/O pinlari ilo birlikds olur. Bu xiisusiyyatlor
sayasindo, cihazlar arasinda molumat Gtiirmayo imkan veran 10T (Internet of Things) totbiglorinds
istifads edilir [6]. Homginin, NodeMCU platformu bir ¢ox proqramgi tarafindon dastoklonir vo genis
bir icma saviyyasino malikdir.
Sakil 5. Esp8266 Nodemcu mikrokontrollerlari.

N

crocontrollers
ADCO =) GPIO16—— WAKE
e =R DY € g GPIOS == SCL _
Tl p GPIO4 =~ SDA |
GPIO0 === FLASH
GPIO2 = TXD1

wcscmven
SDD3 == GPIO10
SOD2 — GPIOS
SOD1 == MOSI
SDCMD—_ CS ‘ i P & T
sp00 — miso — K R GPIO1 4=l SCLK
SDCLK== SCLK GPIO12== MISO
GPIO13=— MOSI = RXD2 |
GPIO3 — RXDO
GPIO1 === _TXDO

Telegram iso, agiq qaynaqlt anliq mesajlagma totbigidir vo miixtolif proqramlasdirma dillorinds
yazilmis botlarin yaradilmasina imkan verir. Telegramin digar totbiglordan forgi developerloar tigiin
xususi imkanlar vermosidir. Botun kodlari C++ proqramlagdirma dilindon istifado edilorok
yazlimigdir. Bu bot IoT tatbiglari tigtin miikommal bir hall toklif edir. Botun yaradilmast tigiin avvalca
Telegram API’na ehtiyac var. Bunu da telegram 6zii asan bir sokildo tamin etmoktadir. (Sakil 6.)
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Done! Congratulations on your new bot. You will find it &t
tme/TexnoController_bot. You can now add 2 description, about
section and profile picture for your bot, see /neln for alist of
commands. By the way, when you've finished creating your cool
hot, ping our Bot Support if you want a better username forit. Just
make sure the bot is fully operational before you do this.

Use this token to access the HTTP AP

6097369781 ABHE_1kNTqUFpzUkBY1WtyBBbCPHBPEN LW
Keep your token secure and store it safely, it can be used by
anyane to conrol your bot,

For a description of the Bot API, sea this page:

1ZZGEI."."C‘3I'E.:E|EEI'8 M.0rgroats/apl

)

il

A [T
Sokil 6. Telegram API’i Sakil 7. Prototipin kodu

Daha sonra, VS code vaya Arduino IDE’dan istifads edarok NodeMCU iizarinda botu kodlayiriq.
Kodlasdirma prosesi, botun necs isloyacayini vo hansi funksiyalari yerina yetiracayini i toyin edon
bir sira omr daxil edir [7]. Masalon, sado bir LED agma vo sondiirmo sistemi iigiin NodeMCU
tizarindaki bir GPIO pinindan istifado edilo bilor. Bot, miioyyan bir mesaj aldiginda bu pinlori
aktivlogdirir vo LED’i agar. Mesajin yenidon alinmasi halinda isa pin foaliyystdon ¢ixarilir vo LED
sondiiriilir. (Sakil 7.)

Botunuzu igs salmagq tigiin, NodeMCU’nun internet baglantis1 tomin edilmalidir. Bu is tigiin,
NodeMCU iizarinds bir Wi-Fi modulu istifads eds bilarik. Modul, NodeMCU’nun USB port
vasitasilo kompiitera qosulmasini va internets girisini tomin edir.
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AZORBAYCAN RESPUBLIKASINDA AZAD OLUNMUS ORAZILORDO
ALTERNATIV ENERJI MONBOLORININ YARADILMASI VO INKISAF
PERSPEKTIVLORI

Alternativ enerji monbolorinin orazi iizro paylanmasi miixtolif orazi relyefino goro potensial
paylanmisdir. Bunun iigiin respublikamizin orazisindo alternativ enerji monbolorindon olan kiilok
enerjisinin orta illik bolgiisiinii xarits lizorinds sokil 1 — do gors bilorik. Xaritadon aydin goriiniir ki,
Qarabag bolgosindos kiiloyin potensiali on ¢ox Kolbacar orazisinin dagliq hissolorindo miimkiindiir.

Qubadli vo Zongilan orazilorinin miimkiin alverisli relyefini nozors alaraq kiilok qurgulari ii¢lin
miihandis — texniki torafdon layihasi magsads uygundur. Kiilok qurgularinin is prinsiplorini nazoras
alsaq burada iki nov kiilok turbini istifado oluna bilor. Birincisi genis sokilds istifads edilon horizontal
oxlu kiilok turbini, ikincisi iso vertikal oxlu kiilok turbinloridir [1]. Horizontal tipli kiilok turbinlorinin
faydalilig1 yiiksok oldugundan onlardan genis totbiq edilir. Lakin isgaldan azad edilmis orazilords bu
qurgularin relyef baximdindan kiiloyin koskin siirot doyismosi sobobindon istifadosi somorasiz
olacaqdir [2]. Kiilayin istigamatinin kaskin doyismasi sobobindon burada bizim vertikal kiilok
turbinlarindan istifads etmoyimiz daha samarali olacaqdir.

Dag otoyi orazilords vo digar ¢atin relyefli orazilords kiiloyin kaskin istiqgamat doyigsmasinin
osas sobabi miixtalif yiiksok maneslorin olmasidir. Bu maneslirin fonunda axinin istigamatini
doyismasi sokil 2 — do verilmisdir [3].

Sakil 1. Kiilok enerjinin orta illik paylanma Sakil 2. Kiiloyin maneadon sonra
potensiali istigamatini doyismasi
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Sakil 3. Horizontal kiilok turbini Sakil 4. Vertikal kiilok turbini
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Bu sobaoblora goro do manesli orazilordo vertikal oxlu kiilok turbinlorindon, manessiz orazilords
iso horizontal kiilok turbinlorindon istifado daha mogsads uygun hesab edillir[4]. Horizolntal va
vertikal tipli kiilok turbinlori miivafiq olaraq sokil 3 va sokil 4 — do verilmisdir.
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PROTEUS MUHITINDO OPTRONLU OMOLIYYAT GUCLONDIRICIiSININ TEZLIK
XARAKTERISTIKASININ CIXARILMASI

[lkin olaraq LM358 omoliyyat giiclondiricisi iizorindo yigilmis differensial optronlu qurgunun
amplitud-tezlik xarakteristikas1 ¢ixarilmisdir. Sxemin girisino mixtalif gorginlik soviyyalorindo
sinusoidal signal tatbiq olunur (sokil 1).

R(1)1 monbayi sinusoidal signala sazlanmisdir. Signalin amplitud qiymati 1V, tezliyi iso 10Hs
se¢ilmigdir. Cixig iso U2(PD2A)-dan gétiiriilmiisdiir [1]. Goriindiiyii kimi amaliyyat giiclondiricisi
invers qosulma sxemi {izro dovrays birlogdirilmisdir. Cixis siqnali 2N2222 tipli npn tipli
tranzistorun bazasina verilir. Bazaya signal verildiyi anda U2 isiq diodu isiqlanir v noticads bu
stialar fotodiodlar tarafindan gabul edilir. Sxemds HCNR200 tip optogiitiindan istifads edilmisdir.
Optogiitiin daxili konfiqurasiyasi agagidak: sokildo gostorilmigdir.

Qeyd edok ki, bu tip optogiitiin se¢ilmasinds asas mogsad onun buraxma gabiliyyatinin yiiksok
olmasidir. Bu tip optogiit MHs diapazonunda isloyir. Yiiksok coldliys malikdir. Asagidaki sokildo
HCNR200 tip optogiitiin doyison carayan dovrasindas asas spesifik elektrik parametrlori gostorilmisdir
(sokil 1).
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Sakil 1. Xatti optronlu amaliyyat gﬁ—cladandiricisi

Sxemin layihalondirilmasindo LM358 markali omaliyyat giiclondiricisindan istifado edilmisdir.
Komparator rejiminds islodiyi tiglin bu tip mikrosxemdan istifado etmok Qgorarina golinmisdir. Bir
korpus daxilinds iki odod eyni xarakteristikalara malik omaliyyat giiclondiricisindan istifado
edilmisdir. Layihalondirmads bu integral sxemdon istifado etmoyimizin asas sobabi onun tezlik
xarakteristikasinin qonastbaxs olmasidir.

()
Outpur AE EVCC
IZ Outputs B
Inputs A
rz]‘_> ‘ iﬂ
Inputs B
GND [4]

Sakil 2. LM358 markali omaliyyat giiclondiricisi
Sxemin element bazas1 secildikdon sonra amaliyyat giiclondiricisinin invers girising qosulmusg R1
rezistoru lizorindon differensial qurguya giris signali totbiq edilir. Gorginliyin saviyyasi 1V, tezliyi
iso 10Hs secilmisdir. Bu amoliyyatlar1 proteus programinda giris signal monbayi tizorinds mausun
sol ditymasini iki dofa Klik edarok tonzimlomolori aparmaq miimkiindiir (sokil 3).
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generatorun xarakteristikas1” qrafikinin tezlik xarakteristikasinin ¢ixarilmasi
parametrlarinin parametrlorinin sazlanmasi
sazlanmasi
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Funksional generatorun parametrlorinin sazladiqdan sonra program interfeysinin osas is¢i alotlor
panelindon “Grap Mode” bélmasindan “FREQUENCY” is¢i alatini sahoys daxil edirik. Bundan sonra
tezlik xarakteristikasinin qurulmasi tigiin qrafiki panelin parametrlorinin segilmasi lazimdir (sakil 4).

Ilkin olaraq giris siqnalim qrafiko daxil etmok lazimdir. Bunun iigiin “Reference” xanasima
funksional generatorunun movqe ndmrasini tanitmaq lazimdir. Yoni, R1(1) modvqgeyi qrafiki
analizatora geyd olunur [2]. Daha sonra analizatorun iso baglama vo isi sonlandirma tezlik
sorhadlarini daxil etmok lazimdir. Tadqgiqatda iso baglama tezliyi 10 Hs, isi sonlandirma tezliyinin
giymati isa 2 MHs goétiiriilmisdiir.

Sxemi iso sazladigdan sonra simulyasiya basladilmigdir[3]. Noticodo toklif edilon sxem {izroa
differensial qurgunun tezlik xarakteristikasi qurulmusdur.

Tezlik xarakteristikasindan gorlindiiyii kimi sxemin sorhad tezliyi, daha dogrusu buraxilis
zolaginin giymoati 100 kHs-o borabardir. Texniki odobiyyatlara vo aparilmis todgigatlara nozor
saldigda goriiniir ki, sarhad tezliyinin bu giymati kifayst gadar yiiksokdir [4].

Qeyd etdiyimiz kimi differensial xatti optronlu sxemin toklifi onun optimal tezlik xiisusiyyatlorine
malik olmasidir [5]. Belo ki, aparilan analiz naticasinds miioyyan edilmisdir ki, differensial optronlu
qurgunun buraxilis zolaginin qiymati 100 kHs-a borabardir. Buraxilis zolaginin bu saviyyads olmasi
kifayyat godar ganeedicidir.
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ENINO IMPULS MODULYASIYASI VASITOSILO MUHORRIKININ SUROTININ
TONZIMLONMOSI

Texnikada miixtolif novlii sabit coroyan miihorriklori mévcuddur. Sabit coroyan miiharriklorini
otrafimizda harokot edon bir ¢ox elektron mexanizmin tarkibinds gérmok miimkiindiir. Sabit carayan
miiharriklorinin gabarit 6lgiilori vo giicii totbig sahasine va istifade mogsadina gora tosnif olunur.
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Sabit coroyan miiharriklorinin istehsalinin iqgtisadi somoraliliyi miiharriklarin tatbiq saholorini daha
da genislodirmisdir.

Sabit coroyan miihorriklorin firlanma siirati miihorriko totbiq edilon gorginliyin giymatinin
doyismasindan asil1 olaraq doyissa do praktikada 9 — 12 V diapazonunda gorarli rejimda islayan sabit
coroyan miiharriklorindon istifado etdiyimiz ti¢lin arduinonun c¢ixis goarginliyi sabit corayan
miiharriklorini tahrik eds bilmayacaokdir [1].

Sabit coroyan miiharriklori asason arduinonun ¢ixis carayanindan (maksimum ¢ixis caroyani) daha
artigini tolob edir. Bu hal iss arduino moduluna zarar yetira birlma potensialina sahibdir. Ardunino
modulunun zoror gérmoamasini tomin etmok {iglin sabit coroyan miiharrikini birbasa arduino
moduluna birlosdirmoak avazine idaraedici dovra vasitasilo alage tomin edilmalidir. Modul maksimal
40-50 mA-lik coarayan hoddinds ¢ixis coroyani hasil etdiyi ii¢iin sabit coroyan miiharriki rele,
tranzistor, mosfet, tristor kimi irdoolunan elementlor vasitssilo idars olunaraq gorarli rejim tomin
edilmoalidir. Praktiklik noqteyi nozarindon tranzistorlu idaroetmonin sadoaliyi va caldliyi sabobils
idaroetma sxemlarinds daha ¢ox istifads olundugunu geyd eds bilorik. Tranzistorun agar (bagli-agiq
vaziyyat) rejimindon faydalanaraq sabit coroyan miiharrikinin isa qosulmasi vo gapanmasini
tonzimlomok imkani yaranir. Miharrika Gtiiriilon enerjinin agilib-qapanma miiddstini enina impuls
modulyasiyas1 (PWM) metodundan istifado edorak miiharrikin siiratini yani talob edilon is¢i rejimdo
islomasini tamin etmok miimkiin olar. Sakil 1.a)-da xarici qida monbayi ilo gidalanan sabit corayan
miihorrikinin tranzistor ilo idareetma dovrasi gostorilmisdir.

MOSFET

J Power Supply
MOTOR p
W N D1 PWM Signal

DIODE E ﬁ} -
i 10K i |
) :
R1 o]
P12 p—:—” NeN
1k

) g b) MY
Sakil 1. a) DC motorun tranzistorlu idaraetma dovrasi b) Arduinolu dc motorun siiratinin idara
edilmasi.

2
I
]
%
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Sabit coroyan miiharrikinin tranzistor ilo idaroetmo sxeminds bazi masalolors diggot yetirmok
lazimdir:

1. Q1 n-p-n tipli tranzistordur. Mogsadi miiharrikin xarici gida monbayi ilo islomasini tomin
etmokdir.

2. 1kOm-luq rezistor corayan mohdudlasdiricisi olaraq tranzistorun bazasina arduinonun istalinan
girisina qosulmast {igiin istifads olunur.

3. C1 kondenstoru miiharrikin is foaliyysti zamani yaranan bilocok manes signallarinin aradan
qaldirilmast magsadilo sxema alavs edilmisdir.

4. D1 diodu iso miiharrikin ¢ixiglarinda meydana golon oks polyarli gorginliyin dovrays tosirini
kompensasiya edilmasi moagsadilo miiharriks paralel qosulmusdur.

Sabit coroyan miiharriklorini siiratinin idaroetms programi tortib edilmisdir. Dovrada istifada
etdiyimiz BC237 tranzistorunun texniki gostoricilor kitabgasina nozor yetirdikdo I (kollektor
carayani) 100 mA , ¢ yani pik kollektor carayani iso 200 mA oldugunu gérarik. Bu o demokdir ki,
istifado etdiyimiz sabit coroyan miihorrikin dovrasindon axan maksimal caroyan 100 mA-lik haddi
asmamalidir, ya da istifado etdiyimiz sabit corayan miiharrikinin tolob etdiyi maksimal carayan
tranzsitorun parametrlorina uygun olmalidir.

Dévrani ilk onco simulyasiya vo vizualizasiya proqramlarini totbiq etmoklo elektron miihitdo
quraraq analiz etmok lazimdir. Miiasir dovrds on ¢ox istifads olunan Proteus 8.0 programi vasitasilo
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arduinolu idaraetma dévrasinin elektron sxemini qura bilarik. Programin iistiin cohotlorindan biri do
eyni zamanda arduinonu proqramlama imkanidir. Digar bir program vasitssilo dovramizin real
goriiniis formasin1 qura bilarik. Fritzing programi geyd olunan masalonin hallinds oldugca aktiv
istifads olunan vizualizasiya proqramidir. Bundan sonra sxemi bord iizrarinds qurmag olar.

Kod

Const int motorPin=9; // miiharriKi idara edacak pwm girisidir.

Void setup()

{

pinMode (motorPin,output), // pwm ¢ixisi olaraq tayin edilir.

}
void loop()

for (int i=0; i<256;i++) //0-255 arasinda saygac tayin olunur.

{

//saygacin qiymati miiharriki idara etmok ti¢iin pwm olaraq tatbiq olunur.
analogWrite (motorPin,i);

delay (10); //10 ms gegikma ila

}

delay (2000); // 2 s gecikma ila

for (int i=256; i>0; i--) //255-0 arasinda saygac tayin olunur.

{

//saygacin qgiymati mitharriki idara etmok diciin pwm olaragq tatbiq olunur.
analogWrite (motorPin,i);

delay (10); //10 ms gegikmo ila

delay (2000); // 2 s gegikma ila

}

Biitiin olagolor diizgiin olub-olmadigim1 yoxladiqdan sonra kodu arduino modulun yiiklomok
lazimdir. Program yiiklondikdon sonra sabit coroyan miihorrikinin yavas-yavas siiratlondiyini vo
ardinca 2 saniyo gozlodikdon sonra yavaslayaraq tamamilo stabil voziyysto qayidigini vo bu prosesin
daimi olaraq tokrarlandigini miisahido docoyik. Bu ¢iir is rejimini toyin etmok iigin PWM
metodundan istifado edilmisdir. Bunun ii¢iin tranzistoru siiratli agilib-qapanan agar funksiyasini
yerino yetiron element kimi istifado olunmusdur. PWM signalinin High oldugu miiddstcs tranzistor
ac1q, digor halda isa (yoni Low saviyys) qapalidir. PWM ¢ixisinin 0 ilo 255 arasinda artirib-azaltsaq
buna paralel olaraq da miiharrikin siirati artib-azalacaqdir [2]. ©gor signallagsma saviyyalorina diggot
yetirsok gororik ki, miihorrik dovrasindo maksimal corayan coroyan axdigi anlar, yoni maksimum
slirato ¢atdigi an PWM signalinin 100% oldugu miiddatlordir. Bu halda deys bilor ki, miihorrik tam
giicda islayir va an ¢ox carayanit mahz bu anda igladir.

Arduino osasinda layiholondirilon idaroetma dovralori giiniimiizds bir ¢ox elektron sistemlordo
(demok olar ki, aksartiyystinda) totbiq edilir. Magalads arduinonun idarsetms funksiyalarmi ayani
stibutlarla izah etmok ii¢iin sabit coroyan miiharrikinin idaroetma sxemi asasinda qurulmus arduinolu
idaroetmo sxemimi yigilmig vo uygun analizlor apartlmigdir.
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DINAMIK OBYEKTLORIN QEYRI-SOLIS PID TONZIMLOYICILOR 9SASINDA
MODELLOSDIRILMOSI

Giris

Avtomatik tonzimlomo sistemlorinds oks olagali tonzimloma operatorunun formasindan vo
xiisusiyyatindon asili olaraq sonayeds vo texnikada miixtolif tonzimloms ganunlarindan istifado
edilir[1]. Hor bir konkret obyekt iiglin sintez olunmus optimal idarsetms ganununu realizo edoan
tonzimloayicilor konstruktiv cahatdon ¢ox miixtalifdir.

PID tonzimloyicilor proporsional-integral-diferensial tanzimlomoa ganunlarindan istifads edir. PID
tonzimloyicilor 1910-cu ildo yaradilib. Zigler vo Nikols tonzimloyicilorin sazlanmasi {isullarini
hazirladilar. Sonra iso 80-ci illordo mikroprosessorun yaranmasindan sonra PID tenzimlayicilarin
inkisafi artan templo bag verdi.

PID tonzimloyicilor an ¢ox yayilmis tonzimloyicilor sinfino aiddir. Hal-hazirda istismarda
toxminon 90...95 % PID tonzimlayicilorden istifado olunur. Belo populyar olmasina sobob
istehsalatda sado qurulmasi, salis foalyyati, oksoriyyat praktik masalalarin halli tigiin faydaliligi vo
asag1 doyarli olmasidir[2,3]. PID tonzimloyicilor arasinda 65 % - birkonturlu tanzimloyiciler vo 36
%-i isa goxkonturlu tonzimlayicilordir.

9s5as matn . ‘ .
Texniki qurgular soklinds togkil olunmus PID tonzimlayicilor PID kontroller adlanir. PID
kontroller avtomatik sazlama, signalizasiya, oziidiagnostika, programlasdirma, markazdon

(distansion) idaroetma, Sonaye sobokalorinds konvery islorinin miimkiinliiyii kimi bir sira
xiisusiyyatlora malikdir

PID tonzimloyicilor dinamik sistemlorin idaro edilmasinda genis totbig sahasino malik olub, sos-
kily soraitindo vo xotali 6lgmo zamani isqabililiyyatliliyini saxlayir, doyiskon istehsalat soraitini
sazlayir.

PID tonzmlayicilori, geyri-xatti vo miirokkob sistemlorin idaro edilmosi zamani, eloco do obyekt
haqqinda kifayst godor informasiya olmadiqda pis gostoriciloro malik olur. Belo olan halda
tonzimloyicinin xarakteristikalarinigeyri-Salis montiq tsullarini, genetik alqoritmlori ba neyron
sobokalari tatbiq etmaklo yaxsilasdirmaq miimkiindiir. Adlar1 sadalanan iisullar xarici odobiyyatlarda
“soft computng” adanir. “Hard computing”dan forli olarag natamam va geyri-dagiq informasiya
soraitindo amoaliyyat aparmaq imkanlarina malikdir. Bir kontrollerde adlar1 ¢okilon tisullarin (qeyri-
solis PID, neyro-PID, neyro-geyri-sali PID, PID tonzimloyicilorigenetik alqoritmlor) kombinasiyalar
totbig oluna bilor.

Qeyri-salis va neyron soboka kontrollerlorin asas ¢atismayan cohati onlarin sazlanmasinin
(qaydalar bazasinin tartib olunmasi vo neyron sobokolorin 6yradilmasinin) miirokkob olmasidir.

Qeyri-salis idaraetmadon (qgeyri-salis ¢oxluglar nozariyyasinin {isullar1 osasinda idaroetms)
idaroetma obyekti haqqinda geyri-daqiq biliklorin oldugu zaman istifads edilir [4]. Amma onlarin
idarsetms tocriibasi, haddon artiq amoktutmlu olan identifikasiya, elaco da espert biliklori mévcud
olmalidir.

Niimuns kimi boyiik intervallarda 6lgiilo bilon va ¢atin identifikasiya olunan daha ¢ox emprik
(tocriibays osaslanan) omsallara malik domna pegi, buxar qazani vo ya rektifikasiya kalonu ola bilar.
Bu zaman ixtisaslasdirilmis operatorlar cihazin gostaricilorindon vo gazandiglari tacriibalarindan
istifado edarok belo obyektlori idars edirlar.

Hal-hazirda qeyri-solis montiqli PID tonzimlayicilorinden idman verilislorinin translyasiyasi
zamani telekameralarin tuslanmasi1 zamani, avtomobil miiharriklorinin idaro edilmosindo,
tozsoranlarin, paltaryuyan masinlarin, robotlarin va digor sahalorin miiharriklorinin avtomatik idars
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edilmasi zamani havanin kondisiyalasdirma (normaya, standarta uygunlasdirilma) sistemlarinds
istifada olunur.

Operatordan sifahi alinmis biliklorin PID tonzimloyicids totbqi {iciin vo 1965-ci ildo L.Zado
torofindon yaradilmis qeyri-salis ¢oxluqlar nazariyyasinin aparat va linqvisik dayisonlori totbiq edilir.
Bu nazoriyyanin asas ideyasi asagidkilardir. ©gor geyri-salis ¢oxluglar nazoriyyasinds bir nego
element (50 doroco temperatur, 100 ton yanacaq, 541 atmosfer tozyiqi vo s.) coxluga (moasalon,
“gaynar su”yun temperaturu ¢oxlugu, “yanaq” materiallar1 ¢oxlugu va S.) monsubdursa vs ya ona
monsub deyilsa, onda geyri-salis goxluglar nazariyyasina ¢oxlugun elementinin mansublug daracasini
xarakterizo edon monsubiyyat funksiyasi anlayisi daxil edilir. Masalon, “50 daracali temperatur 0.264
monsubiyyat doracasi ilo Ty gynar oxluguna monsubdur”. Mansubiyyat funksiyasi verilmis elementin
coxluga monsublugunu toxminan chtimal edir. Lakin bele interpretsiya miihandislor tiglin aydin
olur[5,6]. Qeyri-salis ¢oxluglar nazariyyasi ehtimal anlayisindan istifade etmadiyi ii¢iin o, ciddi
riyaziyyat deyil.

1974-cii ildo Mamdani dinamik obyektlords idaraetms sistemlorinin qurulmasi ii¢iin geyri-salis
montqin totbigi miimkiinlilyiinii gdstordi. Bir ildon sonra Mamdani vo Assilian tarafindon Pi
tonzimlayicilor va onlarin buxar generatorunun idara edilmasindas totbigi ilo bagli magals darc
olundu [ ]. Qeyri-salis tonzimlayicilarin tatbiq oblastlari bu giina gadar daim genislondirilir vo
onlarin stukturunun miixtalifliyi, yerino yetirdiklori funksiyalar ¢oxaldilir (sokil 1,2).
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Sakil 2. e dayisoninin doyisma oblastinin tigbucaq formalt NL,NM,NS,PS, PM,PL ¢oxluglara
boliinmasi

PID tonzimlayicilords geyri-salis montig asasan iki yolla istifado olunur: tonzimloyicinin 6ziiniin
qurulmast Gigiin vo PID tonzimlayicinin amsallarinin sazlanmasinin togkili tigtin. Har iki {isuldan eyni
zamanda istifado oluna bilar.

Qeyri-salis mantigin on genis yayilmis strukturu (qeyri-salis PID tonzimlayici) sokil 1, 3-do tasvir
olunur.

: T .. - . o e
Tonzimlayicinin giriging d—i toromosinin hesablanmasinda istifado edilon e Xatas1 daxil edilir. Hor

iki koamiyyat ovvolco fazifikasiya (fuzzy ingilis sozli olub geyri-solis demokdir) olunur, sonra
obyektdo idaroedici tosirin alinmasi {igiin hesablanmis qeyri-Salis doyisonlor geyri-salis moantiqi
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¢ixaris blokunda istifads olunur [7]. Tonzimloyicinin ¢ixisinda yaranan u idarsedici tasiri geyri-salis
dayisonloari salis formada tosvir etmok tigiin defazifikasiya blokuna daxil olur.

Qeyri-salis PID tonzimlayicilorinin qurulmasi prinsiplari

Qeyri-salis mantiq tisullarini totbigq etmak {igiin hor seydon avval adi salis dayisanlori geyri-salis
kimi ifado etmok lazimdir [8]. Fazifikasiya prosesi sokil 12-dos tasvir olunur.

€ xotasinin doyisme diapazonu NB, NM, NS, Z, PS, PM, PB altcoxluglarina béliiniir va har bir
¢oxlugdan olan € xotas1 iigiin monsubiyyot funksiyas: yaradilir. Sokil 1,2-do tosvir olunan
monsubiyyat funksiyasi nisbaton genis yayilmis tigbucaq formalidir.

Coxluglarin say1 ixtiyari ola bilar. Qeyri-salis ¢oxluqglar ii¢lin imumi gobul edilmis isaraloma
moveuddur: N — monfi (Negative), Z — sifir (Zero), P — miisbat (Positive); bu isaralomalara S (Small
—kicik), M (Medium —orta), B (Big — bdyiik) harflori slava edilir. Masalon, NL — manfi boyiik, NM
— moanfi orta, PL — miisbat boyiik va s.dayisanlarin say1 istanilon godor ola bilar, lakin, onlarin sayinin
artirtlmas1 giris doayisonlorinin biitiin  kombinasiyalar1 ili¢lin gaydalar1 formalasdiran ekspert
tocriibasins tolablarin artmasina miivafiqdir.

Ogor geyri-salis tonzimloyicinin ¢ixisinda e Xotasi (sokil 1,3) e; Xatasina boraboardirsa, onda
monsubiyyat doracasi u(e;) = 0.82-yoa barabor olan PS alt¢oxlugunun qeyri-salis dayiganinin
miivafiq qiymati PS-o barabor olacaq vo ya u(e;) = 0.18 borabar olan PS alt¢coxlugunun qgeyri-salis
doayiseninin miivafiq qiymati PS-o barabar olacag.

Bu halda ! xatasi sokli doyisdirilmis geyri-salis doyison olacaqdir[9,10]. Qeyri-salis dayisonlor
tizorinda tonzimloma funksiyasinin yerino Yetirilmasi {iglin miihakimalor operatoru osasinda
qurulmus, qeyri-salis qaydalar soklinds formalasdirilmis amaliyyatlar yerina yetirilmalidir. Qeyri-
solis gaydalardan vo geyri-salis dayisonlordon geyri-salis montiqi ¢ixarisin (sokil 1) hayata
kegirilmasi tigiin istifada olunur va naticasi idarsedici tasir kimi idarsetma obyektins verilir.

Qeyri-salis ¢ixaris asagidak: sokildo yerina yetirilir [11]. Forz edok Ki, e Xatasinin doyisma oblasti
N,Z,P coxluqglarina, i idareedici tosirin doyisma oblasti iso NL, NM, Z, PM, PL ¢oxluglarina
boliiniir va ekspertin komayi ilo tonzimlayicinin isi asagidaki qaydalarla formalagdirilir:

Qayda 1: Ogore = N vade/dt=P, ondat =Z,

Qayda 2: ogore = N vo de/dt=2Z, onda @i = NM,

Qayda 3: ogore = N vo de/dt=N, onda @& = NL,

Qayda 4: ogore =Z vo de/dt=P, onda i = PM,

Qayda 5: ogore =7 vo de/dt=2Z, onda @ = Z, 1)
Qayda 6: ogore = Z vo de/dt=N, onda @i = NM,

Qayda 7: agore = P vo de/dt=P, onda & = PL,

Qayda 8: ogore = P vo de/dt=2Z, onda @ = PM,

Qayda 9: ogore = P vo de/dt=N, onda i =Z.

Yuxaridaki qaydalar ¢oxlugu oksor hallarda daha kompakt sokildo - cadvol formasinda yazilir
(codval 1.).

Cadval 1.
P Z N
de
dt @
N Z NM NL
Z PM Z NM
P PL PM Z

Qaydalardan istifads edoarok geyri-salis tonzimloyicinin ¢ixisinda #i-geyri-salis idaroedici tosiri
almagq olar. Bundan 6trii @ doyisoninin monsubiyyat funksiyasini tapmaq lazimdir.
Natica
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Mogaloda PID tonzimloyicinin qurulmasi prinsiplori vo modifikasiyast mosalosine baxilmis vo
asagidaki noticalar alds edilmisdir. Klassik PID tonzimloyicilorin xarakteristikalarini yaxsilagdirmagq
moagsadilo signallarin qurulmas1 iigiin sorbast va filtir tonzimloyicilori totbiq edilmisdir. PID
tonzimloyicilords verilmis agiq idarsetmo prinsipi tonzimlomo miiddstini azaltmaga vo sistemin
dayaniqliq ehtiyatinin artirilmasma imkan verir, hom do xarici tosirlori kompensasiya edir. PID
tonzimloyicilordo qeyri-salis moantiq osason iki yolla istifade olunur: tonzimlayicinin 6ziiniin
qurulmasi {i¢iin vo PID tonzimloyicinin omsallarinin sazlanmasinin togkili iigiin. Hor iki tisuldan eyni
zamanda istifado oluna bilar.
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STUDY CHARACTER OF WEAR OF MILLING CUTTERS IN THE PRODUCTION OF
FURNITURE MATERIALS

Introduction

Milling wood materials is accompanied by increased compared to milling natural wood wear of
the cutting elements of the tool, a decrease in the period his tenacity. To maintain effective pot life
tool, for the manufacture of tools are used more and more wear-resistant materials, cutting conditions,
optimal according to the criterion of the greatest tool life. But, unfortunately, for most processes of
cutting wood and wood materials, such regimes have not yet been developed.

The technological goal of the turning process is production of parts with surfaces of bodies of
revolution: cylindrical, conical, complex. Obviously, in the process of turning the cutter must move
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relative to the work piece in accordance with view forming. In the direction of feed relative to the
axis of rotation, they distinguish longitudinal (axial) and transverse turning. With longitudinal (axial)
turning, rotational the cutting motion is received by the work piece, the feed motion along axis of
rotation is attached to the cutter. This cuts off the continuous a layer of constant cross section bounded
by helical surfaces.

Cross turning has two varieties: radial and tangential. Radial turning is obtained by feeding cutter
perpendicular to the axis of rotation in the direction of the radius. Absolute trajectory of the point of
the blade of the cutter in wood is an Archimedean spiral, the distance between the turns of the spiral
- the thickness of the cut layer a, mm, value constant, a = 1000 v¢n, , Where n- is the work piece rotation
frequency, min™,

Tangential turning is carried out with a transverse supply of the cutter along the chord. Cutting
path — spiral with variable spacing between coils. Respectively the thickness of the cut layer changes,
moreover, which is very important to ensure quality processing, it is reduced towards the end of the

process.
Force patterns during milling pressed Recession on clearance face,*
wood qualitatively correspond to the  Width of wear land J
laws milling natural wood. Traced \/\ d
proportional dependence of the values of S \
the tangential force and cutting power on 5o, it
the density of pressed wood. Height - '\':‘.w
unevenness on the machined surface is A

. . Recession on rake face
lower than with processing of natural

wood, due to the absence of irregularities
destruction and makes up for cross
milling with sharp cutters and feed to the Wedge angle
cutter in the range of 0.03....0.7 mm total

5...19 mm [1].

Woodcutting is the basic technological process in wood production and influences the organisation
of production, its efficiency as well as safety at work, quality of products, and the amount of energy
and so on. The wear of cutting wedges of a saw blade considerably influences the entire system — the
machine - tool - work piece, and thus it is crucial to correctly assess the wear of cutting wedges. There
are several methods which allow for assessing and numerical expression of the degree of wear. Saw
blades are made of tool steel. In order to increase wear resistance, and at the same time their working
life, the teeth are chrome-plated, they have stellite surface applied or them, or they feature sintered
carbide tips argues that such measures resulted in increasing useful life of saw-blade chemical film
on the surface of a saw blade, which prolongs its life by up to 20% compared to a conventional SC
saw blade. [2].

Electroless nickel plating is an auto-catalytic reaction that creates a thin coating of milky colour.
In the process of electroless nickel plating, the layer thickens by depositing nickel-phosphorous onto
a steel surface. The layer grows over the surface of a part. The layer prevents resin and other
impurities from sticking onto a blade. This lowers friction and heating, and thus extends the life of a
saw blade. Such treatments also prevents corrosion which might be caused by cutting wood with
increased content of moisture.

The other methods include teflon-coating, chrome plating a 0. However, these modifications are
not commonplace and far from abundantly used. The aforementioned method may be applied onto
entire saw-blade bodies or only their cutting parts. Curing teeth with suitable coatings is a more
progressive method of increasing the life of a saw blade [3].

It is evident the growth in demand for industrial wood products and therefore it increases the need
of technological innovations in order to reach market competitiveness. Among these innovations,
machining stands out, because it is the most noticeable change among the mechanical metal processes
and the timber industry develops machines that provide process automation, resulting in better surface

131



Umummilli lider Heydar Olirza oglu Bliyevin anadan olmasinin 100 illik yubileyina hasr olunmus “Miihandislikda riyazi
metodlar va mexatronik sistemlar” movzusunda Beynalxalq elmi-praktik konfransin materiallart

quality of machined work pieces. In commented that the milling is often used in the manufacturing
industry. With technology, progress has been made in the procedure, but still there is room for
improvement. Programmed machining, which is able to generate suitable surface for coatings, is
increasingly necessary, allowing for minimum waste and maximum efficiency, besides the reduction
of tool wear. Irregular surfaces after machining reduces the quality of the final product. This
characteristic is defined by measuring the roughness of work pieces of MDF panels. Thus, it is
possible to measure the surface quality and improve the machining process with adjustments to the
cutting speed, feed rate, power, and others. In milling occur vibrations occasioned because of de
vibrations in the work piece. The cutting speed, feed rate and depth cut influence this variation. The
nonlinear interaction between the tool and the work piece causes stability regions which lead to the
jamming up of chip formation and consequently unevenness in the work piece surface. Thus, the
stability of cutting influences directly the quality of surface roughness [4].

Furthermore, we examine effects regarding machine stability, including machine mounting as well
as tension of the toothed belt connecting the electrical motor to the gearbox. Since machine stability
significantly contributes to process quality, it is important to get an early feedback regarding any
instabilities.

The tooth belt tensions and its maintenance typically requires a manual measurement on an
inactive machine. An automatic in-process detection may lead to further optimizations in the
maintenance schedule. To this end, our paper also evaluates different approaches to failure
recognition. Hence, aside theoretical findings, our analysis also is of high, practical importance, since
retrofitting older machines, such as the round-seam milling machine, with a single or a set of vibration
sensors comes at low cost and effort, yet provides valuable insights into the state of the machine and
tools in particular and the production process in general [5].

Results and Discussion

In summary we can say that the present research lays the groundwork for subsequent studies to
optimize the size of edge preparation applied on the cutting edges of the saw teeth. Optimization of
the coating parameters and chemical composition of the layers could likely become another
interesting avenue for future work. Moreover, reduced or delayed wear will more than likely result in
lower sawing variations.
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NEFTLI TORPAQLARIN SOMOROLI ISTIFADO EDILMOSININ OPTIMAL
PARAMETRLORININ MODELLOSMOSI

Riyazi modellogdirms Vo optimallagsdirma metodunun tatbiqi torpagdan an rasional va somarali
istifadonin oldo edilmasi texnologiyalarini segmoyo komok edir. Belo torpaq todqigatinin naticalori
elmi vo praktiki maraq dogurur va torpagin tobii miinbitliyini miioyyan etmok ti¢iin giibralorin
totbigini tonzimlomak iigiin istifados edilo bilor [1].

Abseron yarimadasinin ¢irklonmis torpaqlar1 hotta tomizlondikdan sonra da oslavs olaraq yiiksok
sorbsiya xiisusiyyatlorino malik materiallarla emal edilmalidir. Miiayyan edilmisdir ki, gil minerallar1
mineral giibralorlo birlikdo gabarma, yiiksok sorbsiya va su tutma gabiliyysti Kimi qiymatli
xiisusiyyatlora malikdir va torpaga daxil oldugda mobil fosforun torpaga ¢ixarilmasini ¢atinlosdirir,
onunla koordinasiya olagesindo baglanaraq, torpagin fiziki-kimyovi gostoricilorine miisbat tosir
edorak miinbit torpaqglarin ekoloji vaziyyatini yaxsilasdirir [2].

Torpaqda gil minerallarin vo mineral giibralorin mohsuldarliga miinasibotdo optimal kiitlosinin
torkibinin tapilmasina yonalmis tadqiqatlar aparilmisdir. Tacriibalor zamani miisyyon edilmisdir ki,
mineral giibralorlo yanagi gil minerallarinin da olave edilmasi kond tosorriifati mohsullarinin
miinbitliyino miisbat tasir gostarir [3].

Alinan noticalori emal edarkan riyazi modellosdirma vo optimallasdirma metodundan istifado
edilmisdir [4, 5]. Gil minerallar1 vo mineral glibralarin birge harokati prosesi ti¢iin optimal parametrlor
diapazonunun tapilmasi problemi hall edildi ki, burada mshsulun mohsuldarliginin yiiksoldilmasi
soklinda optimal gostarici alds edilir.

Owvalki islords verilmis eksperimental malumatlar asasinda Matlab-7 program tominatinin Box
Benkin D modulundan istifads etmokls reqressiya modeli qurulmusdur. Modellasdirma naticasinda
Y = f(x1,x2,x3,x4) (1) ¢oxhadli ifado soklinds regressiya tonliyi alinmigdir ki, bu da Y mohsulun 4
proses parametri tizro mohsuldarliginin funksional asililigini (bitin mohsuldarligi, s/ha) tayin edir:
P2Os (mq /kq), K203 (mg/kq), pH, torpagin elektrik kegiriciliyi/e (ds/m):

Y =-113.0727-0.1137x1-2.7704x2 + 27.6686x3 + 540.1719x4 (1)

x1 - P20s , mg/kq € (19,2 — 91,22);

x2 - K203, mg/kq € (56,4 — 78,32) ;

X3 - pH € (8,29 - 8,74);

X4 - qruntun elektrik kegiriciliyi (€) € (0,22 - 0,26) .
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Prosesin optimallasdirilmasi probleminin holli {iciin hesablama prosesinin vizuallagdirilmasi
metoduna asaslanan xiisusi hazirlanmis program taminatt modulundan istifads edilmisdir [6]. Bu iisul
Excel miihitinds proqramlasdirma imkanlarini va reqressiya modelinin qurulmasi soklinds proseslori
tosvir etmok ii¢lin analitik metodlar1 effektiv sokildo birlogdirir. Hazirlanmis modulda miixtalif
molumat diapazonlarina miinasibatds istifads edilon rong formati gabiliyyati verilmis soraitdo maraq
saholarinin qruplarini, optimal sahalori, optimal noqtalori vizuallagsdirmaga imkan verir.

Riyazi modellosdirma zamani hazirlanmis vizual optimallasdirma modulundan istifado etmoklo
mohsulun mohsuldarliginin proses parametrlorindon asililigini ifado edan cavab sathi alds edilmisdir.
Modulun 95% <Y < 99% verilmis sorti altinda tatbigi naticasinds nozardon kegirilon proses tigiin
vizuallagdirilmig optimal sahalar aldos edilmisdir.

gy »>2 A e was - ™

. AT
: user l Beixop npoaykta Y, %
h 1-50
51-85
86-94
95-99
>100

Fig.1 Reqressiya tonliyi (1) ilo tosvir edilon cavab sothinin vizuallasdirilmas: iisulu ilo
optimallagdirmanin naticasi.

Sakil 1-do mahsulun 95% <Y < 99% mohsuldarligina uygun galon optimal saha gahvayi rangla
ronglonmisdir.

Optimal saho parametrlori:
mohsul galiri Y € (95 -99)% -

A) X1€(19-37) / P20s; X2 € (58-60) / Ko0; X3=8.53/(pH); X4=0.26/(¢)

b) X1 € (37-59) / P20s ; X2 € (57-59) / K20; X3 =8.53/ (pH); X4 =10.26/(¢)

The proposed method demonstrates the advantages of a simplified solution of various research
problems by using the standard MS Office software package.

that reflects the influence of the main factors of the regime on the productivity of agricultural
crops.

Natica:

Alnan naticalora asasan bela gonasto galinmisdir ki, torpagin ekoloji vaziyyatina tasir edon asas
amillardon biri torpagin geyri-tizvi tarkibinin va onun tarkibindoki mobil fosforun goéstaricilaridir ki,
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bu da nisbi miinbitlik haqqinda tasovviir yaradir. Togdim olunan tadgiqgat praktiki naticalarlo riyazi
emal zamani1 oldo edilonlor arasinda olagoni izlomays komok edir.
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ELEKTRIK STANSIiYALARININ iSTILiK PROSESLORININ
AVTOMATLASDIRILMASI PROBLEMLORINDOKI QEYRIi-SOLIS MONTIQ
METODLARI

Giris

Miiasir sonayedoki texnoloji proseslor hamiss dziinii ciddi riyazi tesvirlo gostormir [1]. IES-lordos
tozlanma va toz todariikii, yanma vo buxarlanma proseslorinin dinamikasinin hesablanmasi ¢atin va
miirokkabdir ki, bu da onlarin avtomatlasdirilmasini ¢atinlosdirir [2]. Avtomatik idaroetmo
nozariyyasi vo miiasir totbiglori, proses tonzimloma sisteminin bir hissasi kimi TO-larin modellarinin
istifadasi, sinir-geyri-solis idaroetma metodlart vo s. daxil olmagla, avtomatik tonzimlomo vo
idaroetms sistemlarinin tokmillosdirilmasi ti¢iin getdikco daha ¢ox nozori imkanlar toklif edir [3-14].
Buna gors, avtomatik sistemlorin tonzimlonmasinin tolob olunan keyfiyyatini tomin etmok iigiin
metodlarin tohlili, ilk névbads, istilik proseslorinin avtomatlagdirilmasi da daxil olmagqla, tatbigetma
perspektivlori baximindan aktual goriiniir. Son vaxtlara qodor istilik vo enerji proseslori tiglin
avtomatik idaroetmo sistemlori yerli sonaye tonzimloyicilori osasinda qurulmusdur. Bu
tonzimlayicilorin totbiqi sabit siiroto malik elektrik sistemlori vo tipik idaroetmo ganunlarindan
istifado edorok idaraetma sistemlorinin qurulmasi prinsiplaring osaslanirdi [15]. Ragamsal nazarst
cihazlarinin istifadoesine kecid miioyyon iistiinliiklor verdi [14]. Masoalon, dovlat miisahidagilarini,
boyiik D komponenti imkanlarina malik PID tonzimloms ganunu olan strukturlari, Smidt
prognozlasdiricilari, kompleks hesablama texnologiyalari vo S. Naticods, bozi taninmis firmalar
miiqavilolorinds texnoloji parametrlorin qorunmasinin daha yiiksok dogigliyina zomanat verirlor.
Beloliklo, Ansaldo (italiya), enerji blokunun biitiin yiik araliginda birinci vo ikinci buxarmn
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temperaturunun +£3°C saxlanmasina zomanat verir (miiqayiss tigiin yerli idaraetms sistemlori canli
buxar temperaturunun + 6-13°C olmasini tomin edir va ikinci buxarin isa £10-16°C) [15]. Asagida
istilik proseslorini avtomatlagdirmaq ti¢iin geyri-salis moantiq metodlarinin tatbigi perspektivlorini
nozardan kegirilir.

BP
X ¥
"| F B:_
B u
)
£ =~ > DF |—»
x) F »
e

Sakil 1. Qeyri-salis natica sisteminin qurulusu: x1, x2 - giris dayisanlori; B1, B2 - giris geyri-
salis dayisanlar; B3 - qeyri-salis dayison ¢ixisi,; u - ¢ixis dayigoni.

Qeyri-salis ¢oxluglar nazariyyasinin asas anlayislari. Qeyri-salis coxluglar nazariyyasi 1965-ci
ildo Azorbaycanl alim Liitfi Zados torofindon toklif edilmisdir. Qeyri-Salis ¢oxluqglar nazariyyasinin
istifadasi geyri-salis anlayislar1 va biliklori tasvir etmays, bu biliklarls islomak va geyri-salis naticalor
¢ixarmaq imkani verir. Qeyri-Salis ¢oxluq, nazardan kegirilon goxlugun bu va ya digar elementins aid
olub olmadigini tam aminlikls tosdig etmok miimkiin olmadigi tigiin 6zbasina bir tabiat elementlorinin
moacmusudur. Formal olarag geyri-salis A dasti, formanin nizamlanmus ciitlori vo ya qapagqlari toplusu
olaraqg toyin olunur, burada x har hansi bir universal ¢oxlugun elementidir, E vo pA (x) har birina
toyin olunmus bir tizv funksiyadir. universal x elementlori [0, 1] araligindan bazi hogigi adadi tayin
edir. Ustalik, pA (x) = 1, E-don x elementinin gatiliklo geyri-salis A ¢coxluguna, pA (x) = 0 qiymoti
iso E-dan x elementin geyri-salis A ¢oxluga aid olmadigini bildirir. Bu vaziyyatlar, insanin assosiativ
konsepsiyalarindan - dil terminlarindan istifads olunur [5, 6, 7, 10]. Qeyri-salis natica sistemlarinin
inkisafi vo totbigi geyri-salis montigin osas miiddoalarindan istifads edilorok hoyata kegirilon bir sira
morhalalori ohato edir. Qeyri-salis natico asagidaki marhalolorlo xarakteriza olunur:

1. Problemli sahadoki miitoxassislorin empirik biliklorinin rosmi togdimati ti¢iin hazirlanmis qeyri-
solis noticalorin BP sistemlori iigiin qaydalar bazasinin formalasdirilmasi. Qeyri-Salis notico
sistemlorinda sortlarin geyri-salis lingvistik ifadslor baximindan formalasdirildig1 qaydalar istifads
olunur.

2. Adi (yaxs1 miiayyonlogdirilmis) ilkin moalumatlar asasinda geyri-salis goxluqglarin (sortlarin)
tizvliik funksiyalarinin qiymaotlorini tapmaq proseduru olan girig doyisonlorinin fuzifikasiyasi. Qeyri-
salislagdirma marhalasinin magsadi geyri-salis natica sisteminin fordi giris doyisoninin spesifik dayari
ilo giris doyisoninin miivafiq dayarinin tizvliik funksiyasinin doyari arasinda uygunluq yaratmaqdir.

3. Klassik idaroetmo sistemindoki bir hesablama cihazinin funksiyalarina bonzor funksiyalari
yerina yetiron vo BP-ds saxlanilan qaydalarin har biri tiglin sortlorin hoqigi doracasini toyin edoan
montigi natico LZ blokunun omoliyyatlari.

4. Cixis linqvistik dayigonlorin har biri {iglin ortaq (yaxs1 miioyyanlosdirilmis) bir qiymat tapmaq
proseduru vo ya prosesi olan qeyri-salis noatico sistemlarinds ¢ixis doyisonlorinin  DF-nin
mioyyanlosdirilmasi. Defuzzifikasiyanin moqsadi geyri-salis natico sistemindon konar xiisusi
cihazlar tarafindan istifado oluna bilon ¢ixis doyisonlarinin har birinin dayarini olds etmok {igiin
montiqi naticalorindan istifads etmokdir [10].

Qeyri-salis mantiq idaraetmanin amalo galmasinin xiisusiyyatlari. Solis amaliyyatlar aydin
montigo osaslandig: kimi, geyri-salis omoliyyatlarda da qgeyri-salis montiq var. iki qiymatli aydin
montiq vaziyyatinds, NOT, AND, OR amoaliyyatlari ilo formalasmis tam sistemlor mévcuddur. Biitiin
digor montigi amoaliyyatlar onlarin komoayi ilo geyd edilo bilor. Ancaq geyri-salis montiq halinda,
mohdud sayda omoliyyat yarada bilorik. ©On ohomiyyatlisi NOT, AND, OR omoliyyatlarinin
uzantilaridir. Bu uzantilar sirasiyla geyri-salis inkar, t-norm vo s-norm adlanir. Bu nazariyyasys
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asaslanan riyazi modellorin qurulmasi metodlar1 kompiiterlorin totbiq sahasini genislondirir va yeni
elmi va totbiqgi todgiqat - geyri-salis modellogdirma istigamatini togkil edir. Qeyri-salis modellagdirma
prosesi, bir-biri ilo alagali marhalalorin ardicilligidir, moarhoalalorin har biri orijinal problemi hall
etmok lciin sistemin qeyri-salis modelini yaratmaq va istifado etmok magsadi ilo hayata kegirilir.
Umumiyyatlo geyri-solis model geyri-salis coxluglar vo geyri-salis montiq nazoriyyoesi osasinda
qurulmus sistemin informasiya texnologiyast modeli kimi basa diisiiliir.

Belaliklo, geyri-salis modellosdirmoa prosesi asagidaki morhoalalars béliing bilor:

1. Problem vaziyyatinin tohlili.

2. Mévzu alqoritminin va geyri-salis bir model qurulmasi.

3. Qeyri-salis modello hesablama tocriibolorinin aparilmasi.

4. Hesablama tocriibalarinin naticalorinin tatbigi.

5. Qeyri-salis modelin diizaldilmasi va incaldilmasi.

Miiasir sonaye istehsal proseslorinin avtomatlasdirilmasi moagsadilo bir ¢ox fargli geyri-salis
montiq  kontrollerlori  (QSMK) istehsal edir. Bu tonzimloyicilorin  (kontrollerlorin)
programlasdirilmasi ti¢iin xiisusi bir dil var - geyri-salis idaroetms dili [6]. Qeyri-salis Nozarat Dili
(Fuzzy Control Language — FCL), idaraetma sistemlarinin geyri-salis modellarini, xiisuson da yiiksok
saviyyali dildo program kimi tofsir edilo bilon strukturlasdirilmis moatn soklinds sonaye montiq
kontrollerlori (PLC) modellarini tomsil etmoak {igiin nozords tutulmusdur.

Qeyri-salis Nozarot, geyri-salis ¢oxluglar nazariyyasinin imumi metodologiyasinin vo praktik
idaroetma problemlarinin halli tigiin tok montigin totbigi sahasi kimi basa diisiiliir. Qeyri-salis
idaroetma, sonaye avtomatlagdirmasinin imkanlarini geniglondira bilon vo timumiyyatlo bir PLC
istifado edorok hoyata kecirilo bilon idarsetmo sahasindos totbig olunan problemlari hall etmak Gigiin
hazirlanmis bir texnologiya olaraq ortaya ¢ixdi. Qeyri-salis nazarat analitik vo ya nazori modellara
deyil, gayda osaslar1 soklinds toqdim edilo bilon biliklorin praktik totbigine asaslanir. Qeyri-salis
nozarat miitoXassislorin miiayyan bir tocriibasi olduqda istifads edilo bilor vo hor hansi bir sokilda
rasmilosdirila bilor. Genis tothigetmoa vo miitoxassis tacriibasine asaslanan tabii yanagma geyri-salis
nozarati biitiin PLC istifadagilari ti¢iin standart olaraq alds edilmasi lazim olan asas bir vasits halina
gatirir. Qeyri-salis nozarat klassik nazarst metodlari ila birbasa birlagdirils bilar.

Qeyri-salis nazarotin istifadasi, prosesin agiq bir modelinin olmadig1 vo ya analitik modelin real
vaxtda tomsil etmak va ya bir hall alds etmak ti¢iin gox miirokkab oldugu hallarda an tasirli ola bilar.
Qeyri-solis montigin digor dstiinliiyii bir ne¢o miitoXassisin tocriibosini birbasa birlogdirmok
bacarigidir. Qeyri-salis nozarat, ¢ox doyorli nozarot olmaqla, daha ¢ox "dogru" vo ya "yalan"
ifadolorinin manalar1 ilo mohdudlasir. Bu xiisusiyyat geyri-salis nazaroti miitoxassislorin empirik
tocriibasini modellogdirmok ii¢iin miisyyan bir giris dosti tizorindo idaroetma tadbirlarinin
formalagdig1 konsepsiyalar baximindan adekvat bir vasito halina gatirir. Qeyri-salis nazarotgilorin
klassik olanlarla miiqayisasi. ©dobiyyatda klassik Pl vo PID tonzimloms ganunlarinin qgeyri-salis
reallagsdirilmasi verilmisdir [9, 11, 12, 13]. ©Ononavi avtomatlagdirilmis idaraetms sistemlori bir ¢ox
miuollif tarafindon geyri-salis idaroetmo sistemlari ilo miiqayiss edilmisdir. Masalon, S.V. Frolova,
LA. Elizarova vo S.A. Loskutov bir otiirmo funksiyasi olan bir idaroetmo obyekti iigiin avtomatik
idaroetmo sistemi (AIS) modelini miiqayisa etdi:

15-e??

W) = —.
®) = T0p+1

W(p) — rele-impuls AIS modellori verilon funksiyadir.

Olda olunan naticalor qgeyri-solis ATS-lorin anonavi gaydada totbiq olunan AIS tonzimlomo
keyfiyyatindon geri qalmadigin1 gostordi. Qeyri-salis nozaratin bir {stiinliiyli olaraq, yaxsi qrafiki
interfeyso sahib daxili geyri-solis idaroetmo kitabxanalart olan miiasir PLC proqramlasdirma
sistemlorinin mévcudlugunda, tizvliik funksiyalar1 va geyri-salis naticalorin ¢ox asanligla vo aydin
sokildo togdim edildiyi vo diizoldildiyi qeyd edilir. Noticods, AIS-in tonzimlonmasi da
sadslogdirilmisdir. Qeyri-salis idaraetms algoritmlarinin xiisusiyyatlarini va naticads klassik va geyri-
solis alqoritmlorlo avtomatik idaroetmo sistemlorinin dinamikasindaki forglori nazordon kegirir.
Simulyasiya MatLab Simulink programinda hoyata kegirilmisdir. Noaticodo asagidakilar verildi:
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1. Faza-algoritmi olan sistem geyri-xotti vo AIS-do kegid proseslorin ndvii narahat edici tosirin
forma vo Glgiistindon asilidir.

2. Ki¢ik, mahdud migdarda va doyisma siiratinds uygunsuzluq signalinin qiymatlori, geyri-salis
va klassik P1 algoritmlori dinamik olaraq barabordir.

3. Signal uygunsuzlugu asdiqda va ya normallagdirilmis araligin hadlorini artirdigda doyma effekti
goriiniir - faz alqoritmi xeyli doracoda geyri-xatti olur.

4. Parametrlorin segilmasinds Pl vo PID alqoritmlarinin faza tatbig edilmasi, islona bilon bir sistem
aldo etmaya imkan verir, lakin manealarin tasiri altinda idaraetma Xatasini minimuma endirmak lazim
galir.

Qeyri-salis nazaratin tatbigi. Todgigatlarda geyri-salis montigdon istifado imkanlar1 vo
perspektivlorinin dorin tohlili, 600 MVt giiciindo gazan ilo avtomatlasdirma niimunasinda
aparilmisdir. Qeyri-Salis mantiq buxar qazanindaki soviyys davranigini analiz etmok Vo buxarin
istiliyini tonzimlomok tigiin istifads edilmisdir. Bir PID kontrolleri (+ 5°C daqigliyini qoruyaraq), bir
obyektin dinamik modeli (+ 3°C) va geyri-salis bir nazarat¢i (+ 1°C) istifado edarok canli buxarin
istiliyinin qorunmasinin miigayisali naticalori toqdim olunur. Alinan naticalorin praktik dayari
asagidaki kimi qiymatlondirilo bilor: saxlanilan buxar temperaturu saviyyasinin £2°C-ys yiiksalmasi
ildo 60 ton yanacaq ekvivalenti yanacaq gonastina imkan verir. Belalikls, geyri-salis toanzimloms bir
sira xiisusiyyatlorina gora ananovi qaydalardan istiindiir. Senayenin inkisafi vo geyri-salis mantiq
nozaratgilori istehsali geyri-salis tonzimlonmoanin inkisafi {iglin yaxsi bir zomindir. Qeyri-salis
montigo osaslanan siini intellekt sistemlori miasir ev aloatlorinds genis istifado olunur. [10] -da
¢ondoki maye saviyyasini saxlamaq sistemi, buxar qazan parametrlorini idaro etmok sistemi kimi
miixtolif texniki sistemlords geyri-salis idarsetmanin istifadasine dair niimunslor verilmisdir.

Natica

Qeyri-salis nazaratgilor ham proses parametrlorini tonzimlomok ti¢iin, hom da xiisusiyyatlorini
yaxsilagdirmaq ti¢iin ananavi Pl vo PID idaraetmalarinin bir hissasi kimi istifads edilo bilor. Bu
sobobdan geyri-solis avtomatlagdirilmis idaroetmo sistemlorinin istilik vo enerji proseslorinin
avtomatlagdirilmasi ii¢iin sonayedos totbiq edilmasi tigiin yaxsi1 perspektivlor var, xiisuson do yeni
texnologiyalarla (CFB) qurgular igiin idaroetmo sistemlori yaradarkon, tezlik vo aktiv giic
tonzimlonmasi va s. hoyata kegirilmasi magsadouygun hesab olunur.
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MEXATRONIK SISTEMLOR: YENI TEXNOLOGIYALARIN INKIiSAFI
VO TEXNIKi TOTBIQLORI

Giris

Son zamanlarda, mexatronika intellektual sistemlor iizorinds aparilan todgigat vo mohsul
hazirlama faaliyyatlorinds siiratls inkisaf edir. Bu inkisaf yeni vo maraqli mohsullarin yaradilmasina
gotirib cixarir ki, bu clir mohsullar hor giin istifado edilir. Mexatronik sistemlorin xiisusi
xarakteristikasi, mocburi sokildo forgli texnologiya sahslorinin six baglanmasidir, masalon,
mexanika, hidravlika, elektromexanika, pneumatika, elektronika, kompiiter elmlori vo program
tominati. Mikrokontroller mexatronik sistemlorin asas elementlorindan biridir vo hazirda onun
program tominati siirotlo inkisaf edir [1]. Mexatronika, sonaye mohsullari, istehlak mallar1 vo
avtomobil sistemlori kimi forgli is sektorlarinda vacib bir rol oynayir. Homg¢inin, mexatronikanin
vacibliyi bugiin ali tohsil do hiss edilir. Tasadiifi deyildir ki, bir ne¢a torofdas tohsil miiassisalorinds
bu sahs artiq toklif edilir. Homisa oldugu kimi, mexatronika kurslari sadoco miiallimlar torafindan
todris edilmir, oksina, mexanika miihandisliyi, elektronika vo kompiiter elmlorindon birlosdirilorok
todris edilir. Aydin olur ki, bu saho, kompiiter elmlari vo mithandisliyin klassik sarhodlorini agan bir
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movzudur. Bu mogalads, mexatronik sistemlarin golocok perspektivlarini gostoran on son inkisaf vo
galacok meyletmolorin bir negasi arasdirilmisdir.

Mexatronikanin ticari vo Sonaye sahasinds ilk dofo istifadosi timumi olaraq Tetsuro Mori
torofindon 1969-cu ilds edilmisdir [2], lakin informasiya iizra professor Takashi Kenjo torafindan bir
ne¢a il avval informallasdirilmis ola bilor. Halolik mexatronikanin timumi bir torifi yoxdur. Olagali
odobiyyatlarin baxisi bir nega torif vermaya imkan verir. [3]-do mexatronika ti¢iin 20-don ¢ox tariflor
siyahisini gostarir Ki, bu toriflarin har biri, konseptin bir az forqli aspektini vurgulamaga ¢alisir vo
miiharrikli avadanliqglardan sensorlara qadar bir ¢ox sahalori 6ziindo ohato edir [4]. Bir gadar forqli
vurgulara sahib olsa da, toriflorin ¢oxu, funksionalligi bu asas texnologiyalarin birlogdirilmasi ilo
tomin edon yeni vo miiasir mahsul vo sistemlorin yaradilmasi tizarinds islodiyini bir daha siibut edir.
Informasiya texnologiyalar1 vo proqram inkisafi biitiiniin birlogsmasini tomin edon "doyirman" rolu
oynayir. Bu birlogsma, mekatronik sistemlorin strukturunu tomsil etmak {igiin istifado edilon miixtalif
diagram formasi ilo do oks olunur. Bunu Sokil 1-doki niimunadon gors bilarik.

Melumat domaini

N
1

Aktivatorlar | N Struktur :> Sensoriar

Sakil 1. Mexatronikanin diagrammatik tasviri (Bradley 2010)

Tipik bir mexatronik sistem miihitdon isaralor alir, onlari iglayir vo yeni isaralor yaradir ki, bunlar
aktivator mexanizmlorinin girisine doniisorok onlar1 giiclora, harokatlora vo aksiyalara cevirir.
Mexatronika miixtalif sonaye sahalarinds totbiq oluna bilor.

—  Avtomatlasdirma vo robotika

—  Masin gorma

—  Avtomobil miithondisliyi

—  Kompiiter tominatli vo inteqrasiya olunmus istehsalat

—  Tibbi sistemlor

— Hisso va nazarat sistemlori

— Diagnostika, etibar va nozaroat sistemlori texnikalari

— Miihondislik dizayni

—  Struktur dinamik sistemlor

— Nogliyyat va nogliyyat vasitalari sistemlori.

Alman VDI togkilati torafindon mexatronik sistemlorin inkisafi tigiin "fleksibel prosedural model"
adli dizayn modeli hazirlanmigdir [5]. Sokil 2, macro-level dizayn prosesi modelini gostarir. Bu
model ¢ox sayda islordos istifads edilmokla, mexatronikanin inkisafi layihalorinin asas marhalslorini
miioyyanlosdirir. Bu models asasan, mexatronik sistemlorin inkisafi {igiin ii¢ asas altsistemi: sistem
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dizayni, domen xiisusi dizayni vo sistem birlasdirilmasi altsistemlorini ayirmaq miimkiindiir. Sistem
dizayn1 altsisteminin 0sas moQsadi tapsirigi, inkisaf etdirilon sistem {iglin ¢arpaz domen hall

domain-specific design
mechanical engineering,
electronic engineerin
information technology /

/
\ modelling and model analysis /

konseptinin torciimo edilmasidir. Bu morhalads, sistemin iimumi funksiyasi alt funksiyalara
boliinacok. Homginin, burada hor ii¢ domenin (elektronika, mexanika vo yazilim) hansi alt
funksiyalarindan istifado edocayi haqqinda giymatlondirma aparilir.

Sokil 2. VDI 2206 inkisaf Modeli (Gausemeier & Moehringer 2003).

Sokil 2-do gostorildiyi kimi, ikinci tapsiriq, domen xiisusi tapsirigi, sistemo aid asas
komponentlordon (masalon, disli, elektrik masinlari, elektronik aparat, idaroetmo qurgusu vo yazilim)
hor biri ligiin bir ne¢o paralel inkisaf layihosi Kimi nozoro alinir. Bu morholods, material
xisusiyyatlori, geometriyasi, dizayni, yazilimi, nozarot parametrlori kimi detallar otrafli sokildo
miioyyon edilir. Burada, imumi dizayn parametrlorinin say1 ¢ox bdyiik olacaq vo istirak edon
dizaynerlorin vo dizayn alotlorinin say1 ¢ox olacaqdir. Mexatronik sistem, domen xiisusi dizayn
morholasindan golon naticalorin birlosdirilmoasi ilo tamamlanir vo bu, sistemin birlogdirilmasi
morhalasinds hoyata kegirilir.

Hazirda, mexatronik sistemlor vo texnologiyalar hami ii¢iin moévcuddur. Sads ev aletlorindan,
moasalon, mikrodalgaya, toster vo modernal motbax dolablarina, ofis avadanliglarindan, masalan,
kompiiter si¢anlara, kart oxuyuculara vo kommunikasiya qurgularina, hotta miiasir elektronik
avtomobil agarlarina, faal siispensiya sistemlarino vo miiharrik idaroetma sistemlorina (birlogdirilmis
digar kompiiter idara olunan avtomobil aksesuarlar1 ilo birlikda) gadar ham tigiin bir ¢ox naqliyyat
vasitalorinds, mobil va ya smartfon kimi soxsi kommunikasiya sistemlarinds mexatronik tatbiglor
movcuddur. Bu, mexatronika tatbiginin tokmillagdirma imkani oldugu bir nega cihaz va totbigatlar
sixligidir. Bununla birlikda, mexatronikanin on ¢ox tasir gostardiyi vo mdvcud potensialini ortaya
qoydugu iki osas sahos var. Bunlar, avadanliq texnologiyasi va robotika totbigloridir.

Sokil 3. Yiiksok doaqiqlikli bir dovriyyali Sokil 4. Miiasir sanaye robotu
avadanlhq

Sakil 3-do mexatronikadan gotiirdilyli potensialin hor qramini tam istifado edon bir dovriyyali
avadanliq gostorilmisdir. Masin stabililiyini tomin edon DCG® -don spindlorin idara edilmasina
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goadar, bu va digor masin alatlori sonatkarligda mexatronik dizaynin zirvasidir. Robotika sahasinds,
mexatronik dizayn va konseptlar, biitiin funksional, daqiql va yiiksak performansli robotlarin asasidir.
Robotun hansi totbigi ii¢iin dizayn edilmasindon asili olmayaraq, motor rotasiyasinin, sensor
niimunalomasinin va bazi hallarda tomizlayicilorin kompleks va doqiq icrasi, sadoco mexatronika
texnologiyasi vasitasilo hoyata kegirilo bilor [6]. Sakil 4 asason sonaye mogsadlari iigiin istifados
olunan miiasir bir robotu gostarir. Mexatronikada tatbiq edilon sonaye va totbiglorin say1 daha da
artmaqdadir. ©Ovvalcadan do geyd edildiyi kimi, bu sanayslardon ikisi an ¢ox tasirlonon sanayslordir.
Moasalan, ofis, ev va nogliyyat mohsullarindan forqli olaraq, miistari tarafindon istifads edilon aylonca
Sonayasi mekatronik texnologiyalarin konseptlorini mohsullarinda totbiq edoarak yeni mshsullar
yaradir. WowWee sirkatinin Robopet robot iti vo Roly dans edon topu bunun niimunaloridir.

Biz inaniriq ki, galocokdoki mexatronik sistemlar, 6z fiziki miihitlorini miisahido edon, malumat
miibadilasini hayata kegira bilon va 6zgiir sokildo foaliyyast gostoron bir nega agentlordon ibarat
olacaqdir. Bu oalavo molumatlar, mexatronik sistemlordoki program tominati nazarstindon xeyli
uzaqda olan sobokali nozarat texnologiyasi vasitoSilo tamamilo yeni adaptasiya imkanlar
yaradacaqdir. Bu, yeni sobokslosmo texnologiyalarmin (mos. wireless sensor sobokalori) ortaya
cixmasi ilo dostoklonir. Belo texnikalar, mexatronik sistemlorin analizini vo noazarot imkanlarimni
yaxsilagdiracaqdir.

Galocok mexatronika totbiglori tigiin bir neco inkisaf layihasi, mexatronik totbiglorin daha genis
saholordo vo daha boyiik dorinlikde istifado edilmasino imkan veroa bilor. Bu yeni sahsloro aid
niimunolor arasinda mikroelektromexanik sistemlor (MEMS), nanotexnologiya, nanomexatronik
sistemlar (NMS) va nanoelektromexanik sistemlor (NEMS) geyd edilir. ©n niifuzlu islordan biri,
Ingiltoronin Reading Universitetindoki professor Kevin Warwick vo onun komandas: torafindan
aparilan islordir. Hazirda, onlar implant vo elektron texnologiyasinin istifadssini robotlar {igiin bioloji
beyinlor yaratmagq, insan imkanlarini artirmaq vo miiayyon sinir xastoaliklarinin tosirini azaltmagq tizro
todqiqat aparir [7].

Notica

Mexatronika vasitasilo maraqli bir goalocok tigiin bir ¢ox yeni yol agila bilar. Hogigoatan,
mexatronika, klassik alt sistemi osas alan va ya ananavi tok disiplinli metodlar1 gobul etmakls heg bir
zaman miimkiin olmayacaq on yeni texnologiyalara imkanlar agir. Mexatronika naticasine goro
prosesi tasvir edir vo bu fikir 6ziinii real olaraq imumi keyfiyyot konseptina verir. Ugurlu mexatronik
dizayn mohsullarinin keyfiyyati vo mozmunlugu baximindan istehsalgiya ¢cox colbedici goriino bilar.
Oksina, daha ananavi, ardicil sokildo dizayn olunmus mohsullar kéhna goriiniir, mohdudiyyatlors
sahibdir va istehlak¢iya maraqli deyildir. Mexatronika, miixtalif sahalordo miivafiq molumatlari ohato
edir. Hoyatimiz1 vo istifads etdiyimiz mohsullarin keyfiyyotini yaxsilagdirir vo anonoavi disiplinlorin
sarhadlarinds mohdudlagmir. Miirakkab va inkisaf etmis diinyanin taloblori va ehtiyaclari doyisdikca,
texnologiyalar vo yeniliklor daimi siirotlo inkisaf etmolidir. Galacokds, mexatronika mohsullarin
etibarliliginin, tohliikasizliyinin va alverisliliyinin artirilmasinda vacib rol oynayacaqdir.
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I'OJOI'PAOUYECKHUE JUCKHU — 9TO OBbEMHBIE HOCUTEJIN
N KAYECTBEHHBIE XPAHUTEJIN JAHHBIX

Beenenne

Ceroans unaycTpus TpeOyeT HOBbIE TUIIBI HOCUTENEH, nMerommue oosnblie oobema. B HacTosiee
BpeMs 00JIbIIOe BHUMAHUE YJIENIEHO Ha rojorpadudeckue Metoabl 00padoTku nHpopmarmu. OHn
UCHOJB3YIOTCS Il CO3/IaHUs TOJIOrpapUUECKUX 3alIOMMHAIOLIMX YCTPOHCTB OOJbIIEH €MKOCTH U
OBICTpPOrO, HANEKHOTO KOTOpasi obecrieynBail O 3alIUTy OT HE CAHKIIMOHMPOBAHHBIX JOCTYIIOB K
JTaHHBIM [2].

Ve MIOTHOCTh 3aIllCU Ha ONTUYECKUE JHUCKH JIOCTUIJIA CBOEr0 TEOPETHUECKOIo Ipejenia. Ha
JaHHBII MOMEHT IUIOTHOCTh Pa3MEICHUsI IAHHBIX Ha HOcUTele yxke nocturaercs 390 out/mxm. Kak
BUJUM OHU HaMHOTO OoJibliie, yeM napameTpbl DVD—nnckoB He mpeBbIIaBIINX 5 OUT/MKM.

«O0BEMHOTO KOHCEPBHPOBAaHUM» HMH(POpPMALUMU Bcerja Obula B IEHTPE BHUMAHUS YYEHBIX.
Brnepseie [Tutep Ban Xeepaen B 1963 roay npeioxui 3ToT Meroa. Ho ee He yanock peanns3oBarsb.
Ho B 2006 rony Opuranckas komnanus «New Medium Enterprises» na BoictaBke CeBIT npencrasuin
¢dopmat Hocuteneit HD VMD kotopsiii BbizBan unrepec B ['omuByne. A kommnanus Warner Bros
U3bsABUI 0 HaMepeHnuu npoasurate HD VMD B kuHOMHAYyCTpUU.

Ha ceronnsamnHuil 1eHp pacT€T PhIHOK KOPIIOPATUBHBIX HOCUTENeW MH(pOpMaluu M3—3a pocTa
00BEMOB JTaHHBIX, MCIIOJIB3YEMBIX B paboTe Ha MPEeANpPUATUSAX, KOTOPbIe HYXKAAlOTCS B PE3EPBHOM
KOIIMPOBAHUU U XpaHEHUHU Ha cly4yall HempeIBUECHHBIX OTephb. PaHee /g 3TOro ncnosib30BaInuCh
KECTKUE NIUCKU WM JICHTOYHBIE HOCUTENH, KOTOPBIE C IPOTrPECCOM, IOCTHTHYTHIM B HAayKe U
TEXHUKE, TIepeatoT 3cTadeTy HOBBIM HOCUTEIISIM, UMEIOIIIUM OoJibllie 00bEMa, Ooiee HAIEKHBIM U
o0ecreYnBaOUM 3alUTy OT HE CAHKIIMOHMPOBAHHOTO JOCTYyNA K JaHHBIM. TakKMMU HOCUTEISIMU
BEPOSATHEE BCEro CMOTYT CTaTh royiorpaduyeckue TUCKHU.

3anuch ¥ CYUTHIBaHHE T0JI0rpaguIecKuX AUCKOB [3]

3anuch Ha TrojiorpadUyecKkue HOCUTENHM MPOU3BOAUTCS C IMOMOIIBIO JIA3€pHOTO Jiydya Ha
TPEXMEPHYIO MOAN0KKY. Ha 0lMH M TOT e y4acTOK OBEPXHOCTH rOJIOrPaMMbl MOYKHO ITPOU3BECTH
3anmuch pa3sHod HMH(opmanuu, KoTopass oOecredyrBaeT BBICOKYIO IUIOTHOCTh JaHHBIX. [Ipu sTom
CUMTHIBAaHUE JAHHBIX C roJorpauuecKux JUCKOB MPOU3BOIUTCS HA OYEHBb BBICOKMX CKOPOCTSX.
Takum o00pa3oM cO3/al0TCS KOMIAKTHBIE, MNEPEHOCHbIE U KayeCTBEHHbIE 3allOMMHAIOIINE
ycTpoiicTBa. Buasl 3amucu MoryT ObITh camMble pa3HOOOpasHble —OyKBEHHBIE, IM(pPOBHIE,
rpaduyeckue, NpeAMETHbIE U T. [I.

3anuce Ha rosorpaguuecKue AUCKU OCYLIECTBISIETCS IBYMS CBEAEHHBIMH B OJIMH JIy4 KPACHBIM
U 3en€HBIM JIa3epoM, T/ie 3eNEHBIN Ja3ep YUTaeT JaHHble, OJIM3KHWE K TIOBEPXHOCTH JIHUCKA,
a KpacHBIH Jla3ep BCIIOMOIaTeNbHbIE CUTHAIBI C [NIyOWHBI Jucka. BemomorarensHas uH(oOpMarus
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UCIOJIb3YETCs 171 OTCIIEKUBAHUSA TO3ULMK uyTeHnsl. DyHAaMeHTaIbHbIE CBOWCTBA AU(paKIK CBETa
MO3BOJIMJIM TIOJTyYHUTh 3AITMCh/CUUTHIBAHUS C AUCKOB [4].

bnaronaps m3MeHeHMsM AJUHBI BOJHBI MM CABUra (asbl OMOPHOrO Jyda CTajga BO3MOKHBIM
o0bEeMHAas 3alKCh HA MaTepuall. DTOT METOJl 3aIMCH 3HAYUTEIBHO 3aTPYAHSIOT UX KOMMEPYECKOe
npuMeHeHHe. Tak Kak MpH Takoi 3amMCH/CUUTBIBAHUS JAAHHBIX TPEOYIOTCS CIOXHBIE ONTHYECKUE
CUCTEMBI U TOJICTbIE HOCUTEIIH.

Besa undopmanus 3amuceiBaeTcs B OAHOM (OTOUYBCTBUTENBHOM ciloe aucka. Ha nucke
bukcupyercs TUIOCKasi, HeOObEMHasI cBeToBass MHGopMaIus, choKycupoBaHHasi JTUH30H. 3amuch
IPOUCXOJUT, 32 CYET MHTEPPEpPeHLMH, YTO HA€T IPaBO HA3bIBaTh 3alMCAHHYIO HH(POPMALHIO,
00BEMHOI TOJIOTPaMMOIA.

Takke y 00BEMHON rojorpaMmbl €CTb  CHOCOOHOCTH K  MYJIBTHIIJIEKCUPOBAHUIO.
MyJbTHUIIIIEKCUPOBAHUE — 3TO CIIOCOOHOCTHh XPAaHEHHsI MHOXKECTBO Pa3HBIX CJENKOB JaHHBIX B
OJTHOM M TOM e 00BbEME 3aMMChIBAOIIETO BEIIECTBA.

PaznnuaroT cienyromnume METoAbl MyJIbTUILIEKCUPOBAHUS:

®  CIBUIOBOE;

®  anepTypHOE;

®  KOppEJSLMOHHOE.

Bo Bcex Tpex MeTogax MyJbTHILICKCUPOBAHUS JUIs 3aIIMCH/CUUTBIBAaHHS MH(OPMAIMH C JHCKOB,
MEHSIETCSl IOJIOKEHMSI HOCHUTEISl OTHOCUTEIIBHO CBETOBBIX Iy4ykoB. (CBETOBblE IIyYKH,
UCHOJb3YIOLMeCs HpPU CIBUTOBOM WU alepTypHOM MYJIbTHIUIEKCUPOBAHUU 3TO C(HEpUUECKH —
onopusble. [Ipu KoppensnoHHON MyJIbTUIIIIEKCUPOBAHUY 3T IIyYKU UMEIOT O0JIee CII0KHYI0 hopmy.

Jlnist Gosiee BBICOKOTO YIUIOTHEHUS 3alMCH JAHHBIX MIPUMEHSETCS TaKkKe Haylo)keHue KHUr. CyTh
3TOr0 METO/a 3aKJIIYAETCs B 3alMCU JIpYr Ha Jipyra MyJIbTHILUIEKCHPOBAHHBIE MAcCHUBBI CTPAHHILI.
Ho wucnonb3ys 3TOT MeTOJ HYKHO YYMTBHIBaTh CIIOCOOHOCTb ammaparypbl pazIdyaroliui
MHGOPMALIHIO HA KAXKIOH OTIENBHOW CTpaHHIIE, TaK KaK C YBEIWYCHHEM KOJHYECTBA 3allMCAHHBIX
CTpaHMIL 0011as TPO3PAYHOCTh roI0rpaMmMbl najaeT. IloaToMy creneHb IIOTHOCTH OIpaHUYUBACTCS.

Kpome toro, nocie hopmupoBanusi MHPOPMAIMOHHBIX CTPAHUIL C TOMOIIBIO JIMH3bI ONTHYECKUM
CIOCOOOM HX MOXHO YMEHBUIMTh, & MPHU BOCCTAHOBJIEHUH TAKHM K€ CHOCOOOM YBEIMYHUTH JI0
pa3Mepa CUMTHIBAIOIIEr0 yCTPONUCTBA.

OTOT cnoco0, TakKe TMO3BOJISIET 3HAYUTENIBHO IMOBBICUTH CKOPOCTh JIOCTYMA K JaHHBIM. Tak Kak
JUIS YT€HUS U 3alMCH C ToJIorpapuuecKuX AUCKOB IPOUCXOAUT OJTHOBPEMEHHOE 00palleHne Ko Beel
CTpaHMIIE JAHHBIX, KOTOPBIE CO/IEPKATh J1I0 MUJITMOHA U OoJiee OUT.

MaremaTuueckasi MoJeJIb 3anucH [5].

PaccmoTpuM 3T0 Ha mpuMepe HpoekTa «rojorpaduyeckas 6udanorekay. [lokaxem ero B Buze
temsopa TK. JlapaiiTe pasjnennM KHMTM B Halleil HAIMOHATLHOM GHONHOTEKE HA JBE KATETOPHH:
azepOaii/pkaHcKasi 1 MUpOBasl JuTepaTypa. PazmecTum MHQOpMalMiO O KaXXIOM U3 aBTOPOB B
tensopax T® vo T9, rme, « Vo d — Habop MMEH aBTOPOB, M KakAblii M3 HUX 3aHMMAET
OIIPEAEIEHHYIO MO3ULIUIO B TEH30DE:
aeA rpe A = {Huzamu, Camen Bypryn, Mymsur, Bunagu u np. };
deD rne D = {I'enpux ManHn, ['abpuanb ['apcna Mapkec, Muxann bynrakos, Pemapk u ap. }

TS — Husamu BypryH | (1)
~ [MymBur Bupaau
MauH Mapkec
T = —y @
bysarakos PeMmapk
Tenepb cobepeM KOIEKIUIO MPOU3BEIEHUH KaK0ro aBTOpa B MOA—TEH30pax Ti‘j" u Ti?, HO IIpH

YCIIOBUH, YTO OHH JIOJDKHBI OBITH PACIIONOKEHBI B 3JIEMEHTAX, COOTBETCTBYIOIIUX KOOPAUHATAM HX
pasmerenns B Tensopax T® vo T a mHpOpMauus JomKkHA ObITH 3aIHCAaHA COOTBETCTBEHHO B
CJIEIYIOIIUM 00pa3oM:

e Asepbaii/kaHcKas uTeparypa B moga—Ten3op T co c/IBUTOBBIM METOIOM YIUIOTHEHHUS;

e  MupoBas TuTeparypa B MoJ — TEH30p Ticjl C anepTypPHBIM METO/I0M MYJIbTUIIJIEKCUPOBAHUS:
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Huszamu BypryH
¢ = |11 T (3)
1 TMyLHBP[I‘ T\Z/;dadi
12
Mapkec
T T
d _ 21 (4)

iy = | .Bysrakos Pemapk
T12 T2
Kaxk BunHo, a3mement T, moa—teH3opa (3) coctouT u3 MHOXkecTBa padbot Huzamu, T, -

BypryHna, T{, - MymBurau T,, Bunaau coGpansi B coorBeTcTBUU TeH30pY (1). Takxke, MOXKHO
CKa3aTh U 0 moja—TeH30pe (4), rae Bce 3JeMEHThI COOpaHbl U3 MHOXKECTBA PadOT, COOTBETCTBYIOIINX

aBTOpaM YKa3aHHBIX B TEH30peE (2).

H Bypryn
Tip=ame TPV Hpysamu  Bypryw

. Tg/lzyumﬂr szgdadi MywBur Bupapu
T = ()
Thlans TgllapKec MaHH Mapkec

TE;’HFaKOB TgezMapK bysnrakos Pemapk

Jns Gosiee BBHICOKOTO YIUIOTHEHUS 3alMCH  JIAHHBIX Ka)KJOTO aBTOpa HPUMEHSETCS MPUHIIMIT
HaJIO’KEeHUE KHUT. Takum 00pa3zoMm mosrydaeTcst 00bEMHas 3auch HH(PpOpMaIK Ha roJorpaduaecKuii
JUCK «rojiorpaduuecKor OMOIMOTEKI.

Kak 0pUT0 MOTYepKHYTO, I XpaHEHUS! JaHHBIX rojiorpadudeckne HOCUTEIH HUCIOIb3YIOT BCIO
TOJILIUHY 3alMCBHIBAIOIIETO CIIOL. TO €CTh NPHMEHSIOTCS BCE TPH HM3MEPEHHUs Pabodero cios
HocuTelns. TakuM 00pa3oM MPOU3BOAMTCS MAapaUIeTbHOE CUUTHIBAHHE C MACCUBOB OMTOB, TO €CTh
CTpaHUII, COXpaHsIEMbIX B BUJIC HHTEP(PEPEHIMOHHBIX KapTHH B ci1oe Hocutensi. Ha cxeme 1 mokaszan
MPOIeCcC CUNTHIBAHUS HH(OPMAIIHH C TOJIOTPaQUIECKUX TUCKOB.

CCD maTtpuua _¢

OropHas L

-,
BONHa

pm——

N>

y

BoccTtaHoBnNeHHbIE
ronorpammou
nsobpaxeHus

Cxewma 1. Ilponecc cuntbiBanus HHGOPMALIUHU C TOJIOTPapUUIECKUX JUCKOB.

OObEMHOE CUNTBHIBAHME OTJIMYAETCS OT CYMTHIBAHUS KOMIAKT—JIMCKOB WJIM MAarHUTHBIX
HOCHUTEJIEH, TeM YTO HEBO3MOXKHO CUMTATh MH(OpMaIio HarpsiMyro. Kaxaplil Tuck 10MKeH UMETh
BCTPOGHHBII YN JIsl XpaHEHHs KapThl JaHHBIX. B HameM ciydae 5to Terzop TK,

Kak BuaHO B ronorpaduyeckoil 371eKTpoHHOM OMOIMOTEKe XpaHATCA Bce JaHHbIE O (opMare U
MIOJIO)KEHUN JaHHbIX. [IpyM CuUMTBIBAHMM JaHHBIX C JUCKAa B MEPBYIO OYEpEAb NPOU3BOAUTCS
cuuThiBaHMe HWHpopmanuu c¢ 3Toro yuma. [Ipm yTepu 3TUX JaHHBIX CUUTHIBATH MH(POPMAIUIO
CTaHOBHUTCS TPAKTHUYECKH HEBO3MOXKHBIM. OHHU 3alIM(pPOBBIBAIOTCS METOAAMU KPUNTOBAHUS U
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JOCTYI K HUM IOJIy4aeT TOJIbKO Biaaenen nHdopmanuu. Kak BUIHO 3anuch, IPOU3BEIEHHAs ATUM
CIIOCOOOM, TaK)K€ CTAHOBSITCS CPEACTBOM 3aLIUTH HHPOPMAILIUH OT 3JI0YMBIIIICHHUKOB.

Pe3yﬂLTaT: Hosrie COBPCMCHHBIC TCXHOJIOIUH 3aCTaBJIAOT YCIIOBCKA BBIXOJAUTD Ha HOBBII dTaIl
pazButusi. OHM HAMHOTO YIIPOIIAIOT KU3Hb, 00OPETAIOT OOJIBINYIO OMYJISIPHOCTD TI03BOJISS
HaMHOTI'O 6bICTpee 1 KaYCCTBCHHCC BBIIIOJIHATD IPUBBIYHBIC HeﬁCTBHﬁ. Hrememmnne TeXHOIOIuA —
3TO HAIIIM MPOIILIbIC UHHOBAIIMOHHBIC HIICH.

CoznaBas «romorpapuieckyro OUOINOTEKY», MBI CO3/1aeM HOBOE OyayIee He 3a0bIBas
nponuioe. [{eHHbIe KHUTH, )KYPHAIbI, HHOOPMALIUH, TOKYMEHTBI OCTaBIISIEM B XOPOIIIEM COCTOSIHUH
st Oyaytero nokoseHus. C UCIoib30BaHHEM TroJIorpagMuecKuX JUCKOB MOJIy4aeM BO3MOYKHOCTh
XPaHUTh JAHHBIC KAYECTBEHHO U HAI0ro0 [6,7]
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