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STEKLOYV TiPLi SORHOD MOSOLOSININ ODODIi HOLLININ ARASDIRILMASI

Xulasa

Isdo birinci tortib elliptik tip tonlik olan Kosi-Riman tanliyi (igiin sarhod masslasing baxilir. Bela
ki, burada sorhad sortinds dayisonlor ayrilmamisdir. Kosi-Riman tonliyi G¢lin mixtslif oblastlarda,
muxtalif sarhad masalalarinin hallori aragdirilmisdir. Onlarin bazilori lokal, bazilari isa geyri-lokal
sorhad sortlori daxilindadir. Kosi-Riman tonliyi Gglin spektral masalolor do aragdirilmisdir.Onlarin
bozilorinds spektral parametr tonlikdos, bazilorinds iss yalniz sarhod sortinds istirak edirlar, yani gqeyd
olunan tonlik G¢tn Gglin Steklov masalalari tadgiq olunur [1-4]. Tadgiq olunan masalalords osas
mogsad qoyulmus sarhad masalalarini Fredholm tip inteqral tonliys gotirmokdir.

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

Asagidaki sarhad masalosine baxaq .

ou(x) i ou(x)

axz IT]_:O, XED, (1)
u(t,0) = Au(0,1),
ul-t)=Au(-tl) telo] )

burada miistovi oblastolan D = {(x,,X,): X, € (0) k =12}, i =+-1, A-iso spektral
parametrdir. Verilmis sorhod mosoalasini diskretlosdirak [5].
yp,q+1 - yp,q +i yp+1,q - yp,q

h h

Vo sadalosmo aparsaq , alariq

=0,

yp,q+1 + iyp+1,q = (1+ I)ypq (3)
Burada addim1 h = % gotlrdukds 16 duyin néqtesi yani 16 mochul almis olurug. Alinmis (3)

tonliyi sobokonin 9 ndqtasi tigiin yazila bilocayindan, verilmis tonlikdan 9 cabri tonlik alinir.
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P=0, =0 yu+iy,,=A+1)Ye
P=1 q=0 y,+iy,,=@Q+1)yy,
P=2, =0 Yy, +lysp =1+1)yy
P=0, =1 Yo +iy, =1+1)yy
p=1 g=1  y,+iy,=00+Dyy
P=2, =1 Yy +lyy =(A+1)Y,
p=0, q=2 Yoz 1Y, = @ +1)Ye,
p=1, q=2 Yis +1Y, = A +1)Y,, 4)
p=2 q=2 Yoz +1Y3 = (1 +1)Yy,
Eyni gayda ila (2) sarhad sortlorini diskretlogdirsak, asagidaki 7 miinasibati almis olurugq.
Yoo = Weo s Yo = s,
Y10 = AYor Yoo =AY a3
Yoo =Wy, Ys3 = AY33- ©
Y30 = Woea»

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

ifadolorinde =1 oldugunu nozars alsag:
Y10 = Yo1 Y30 = Yos:
Y20 = Yoz, Ya1 = VY13, Y32 =VYo3-
oldugu almar. Tonlikdos alinan (4) sisteminin birinci ifadesindo Yor = Y10 oldugunu nozoro
alsaq:
Yoo = Yor = Y10,

oldugunu alariq. (4) sisteminin ikinci vo dordincu tonliklarindon

Y11 =@ +1) Y0 — 1Yz,

Yoo +1@+1)Y10 + Yoo =@ +1)Yor1,
2y + (i =1 Yy10 =@ +1)Yo1,

2Y0p = Yoa (L+1—1+1),

Vi1 = @A+1)y0 — 1Yy, Y10 = Y11,

Yor = Yoz oldugu alinir. Bu ifads ikinci tonlikda nozars alinarsa
Yio = Y0 = Y11
oldugunu alariq. Yoni
Yoo = Y10 = Yor = Y20 = Yoo = Yu1.
Bu prosesi davam etdirsak bltiun Yi; larin bir-birino borabarliyi alinmis olar.Belaliklo alinmis

diskret masala Ggtiin 4 =1 moxsusi adod, Yii =1 iso moxsusi funksiya olur. Asanligla gormok olar
ki,bu moxsusi adad va funksiya kasilmaz (1)-(2) masalasi ticiin do dogrudur.
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Hoxrop dunocodpun mo maremarrka
I'snmpxunckuii ['ocynapcTBeHHBIN Y HUBEPCUTET
E-mail: yusifova81@inbox.ru, dekanhusenov@gmail.com

[PEJICTABJEHUE PEIIEHUS 3AJJAUH TUIIA KOIIU-TYPCA JUIS
TMIEPBOJIMYECKOI'O YPABHEHUS BTOPOI'O MOPSAIKA B TIPOCTPAHCTBAX
THIIA C.J.COBOJIEBA W (G) M CBSIBAHHBIE C HUMM 3AIAUYU

OIITUMAJIBHOI'O YIIPABJIEHUA

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 & - 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 mis runepOoaMdeckoro ypaBHEeHUsI BTOPOTO MOPsIKa 3y4eHa oHa 3a1a4a tumna Komm
u I'ypca. Ilpu Becbma cinaObIX OrpaHMYEHUSX THUIIA OIPAHMYEHHOCTH M CYMMHUPYEMOCTH Ha
kodpuumentsl Haiinensl nocTaTouHble YCIIOBHS, MPU KOTOPHIX 3Ta 3ajaya, Be3/le KOPPEKTHO
paspemmMa BMECTE€ CO CBOEH COMPSIKEHHOM CHCTEMOW M CYIIECTBYET E€IWHCTBEHHOE 6 -
¢dbyHnameHTanpHoe pemieHue. Jlaiee, mpu MOMOIIM TOJIYYEHHBIX pE3yJbTaTOB HAaWJCHbI
HE0OXOIUMBIE U JOCTATOYHBIE YCIOBHS ONTUMAIBHOCTH.

[ycth W[fl’l)(G), 1< p <o — mpoctpancTBo Bcex U € L,(G) umeromux B cmbicie C.J1.CoGonesa

P . . 0
06001IeHHbIe  Tpou3BoaHble  D,Dju e Lp(G), i=01% j=01 rme D, :E[l]' [TpoctpaHcTBO
W (G) Ganaxoro B HOpMe
” u ”Wg“)(e): ZH D>i< D;U “LD(G)

0<i<l
0<j<i

PaccmoTpum ypaBHEeHUE
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(Lu)x,y)=u,, (%, y)+a,,(x, y)u, (x, y)+ 0
+ 80, (X, Y, (X, )+ a5, (%, yu(x, y)=0°(x,y), (X, y) € G,

rae ¢° L, (G)
3amanum 11s ypaBHeHus (1) Ha HEKOTOpoi MOHOTOHHOM JuHuu " ycnoBust

(Llu)(x) = ux(X’ y] y=S(x)~= ¢1(X)’ xe G,
(Lu)y)=u, (%, ¥) e )= 2:(¥) Y €G,

Lou= U(XO’ y1)= Do

rue ¢, € Lp(G1 ), @, € Lp(Gz)u @, € R— 3a1aHHBIE DJIEMEHTBHI.
[Ipu sTomM QyHKIUIO X = vr(y) MOXHO paccMaTpuBaTh Kak OOOOIICHHYIO OOpaTHYIO MJis

()

dynximu y = S.(x) u o6paTHO.
Oneparmn L, L,,L, B3sths cieo Hempepeuel 13 WI(G,) B L,(G,). L, (G,).R,

cooTBeTcTBeHHO. [loaTOMy omepaTtop L= (LO, L,L,, LO) 3agauu (1), (2) neiicTByer u3

w (G)e Ef)l'l) =RxL, (G,)x L, (G,)x L, (G) wu OrpaHUYEH.
3anauy (1), (2) MOXKHO HaNMCaTh TAKXKE B BUJIE SKBUBAJIEHTHOTO OIIEPATOPHOTO ypaBHEHHUs
Lu=¢ e ¢=(p, 0,0, 0°)cEL 3)

3amgauay (1), (2) Hasosem 3anaueii Komu u I'ypca. Ecmn I'= {(XJ/ (X)XX € 61} To 3axa4a (1), (2)

SKBHUBaJIEHTHA 3anade Komm kinaccmyeckoro Buua, TIIe 7(X)-HenpepLIBHo-I[I/I(b(bepeHquyeMas{

Gyskmus Ha  Gi ¥ (x)<0, (%) =y, Y(x)=Y, (B oTroM ciydae JuHHA I SBISETCS HE

XapaKTePHIECKOMH)
Ecim
T={xy)y=5:(x)= Yo, x € [Xo, % JU{(X, y)x =V (¥) =%, y[yo, . ]}
NJiIn

T={xy)y=5:()=yi.x el x JU{x yIx=v (¥) =2,y €[V, v, }
TO 3amaua (1), (2) skBuBaseHTHa 3a7a4e [ 'ypca kiaccuyeckoro Buja (B 3ToM ciydae [ siisieTcst
XapaKTepucTHYeCcKou JTuHuei ) B aTom cMeiciie, 3a1a4a (1), (2) BkitogyaeT B ceOst Kak YaCTHBIN CITydan

3agaun Komwu u I'ypca.

B pabote nokazana ciemyromas
Teopema 1. 3amaua (1), (2) umeer equHCTBeHHOE @ GyHIAMEHTAIBHOE PEIICHUE

f(xy)=(f(x,y) fi(z.x ), £,(Exy) F°(7.&,xy) u3 E, u npu otom pemerne u W (G)

3anauu (1), (2) npencrasisieTcs: B BUIE

U(X' y)= fO(X, y)‘ﬂo +J. fl(T’ X, y)'pl(r)dr

[ (EME [ (e 0 ) e )t

JlonmycTuM, 4TO MOBEICHUE YIPABISIEMOT0 OOBEKTa OIpeeNsIeTcs
rUNepOoOINYECKUM YPaBHEHUEM BTOPOTO MOPSAKa

(LG)(X, y)=p"(x.y; 0°(x.y) @)
HpI/I YCHOBI/ISIX
EHU)) ((X))= o (Ec vl(>(<))5)
Lu)ly)=o,(y,0,lY))
Lou =g, (Uo )’ Y

10



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

rie @’ (X, Y, UO) ) (X, v (X)), ®, (y, v, (y)) u @, (UO) 3aJaHHble  (DYHKIUHM  OIpe/eleHHbIC
coorBerctBeHHo HA G xR', G, xR",G, xR"u R".

0" ()= 07 (6 Y)05 (% Yo 07 (%, Y)} 0, (X) = (0236, 035 (%), 2, (X))
L, (y) = (UZl(y)1 Uy (Y)v"’ Uy, (Y))’

yIpaBIsIoIue BeKTop-QyHKINu,a v, = (1)01, Doy rees UOrO) YIPAaBISIONUN BEKTOP
YeTBepKy BEKTOPOB (u°(x, y), z)l(x), uz(y), UO) HA30BEM JIONYCTUMBIMH YIIPABICHUSIMH, €CITU
L° (x, y), l)l(X), v, (y) M3MEpUMBIE OTpAaHUYCHHbIE (YHKIMH CO 3HAYEHUSIMH, COOTBETCTBEHHO U3
HEKOTOPBIX 3amaHHbIX MHOkecTB V < R',\V, R" WV, R" ;(z)° (X, y)eV,z)l(X)evl,U2 (X)EVZ) Hu
v eV cRP"

[penanonoxuM, 4to  @° (X, y,0° ), o (x0)ue,(y,0,) ma GxR',G xR"“WG,xR"
V/IOBJIETBOPSIOT ycnoBusam Kaparteomopu u s mo6oro ¢ >0 CyWeCTBYIOT (yHKUHH
= Lp(G), P, € Lp(Gl), Py, € Lp(GZ) TaKue, 4TO

‘(00 (X, y,u)‘ < gpf (X, y),|go1(X,Ul)| Sgofe (X),|¢72(y,02)| < (pge(y) IIOYTH JJIS BCEX (X, y) € G u npu Bcex
HUOH <ol <t o < .| < e

Kpowme Toro, ¢,(v,) Hempepsisra na R".

[Ipu ycmoBusax teopembl 1 3amaua (4), (5) mna m000TO JOMYCTUMOIO YIpaBICHUS
0= (UO (%, y) v, (x), 0,(y), uo) UMEeT eIMHCTBEHHOE peuieHue U eW,El’l) (G) [ToaToMy MOXXHO
paccMmarpuBaTh 33Ja4y MHHUMH3AIUHU (yHKIIMOHANIA

S(ﬁ) =AU (X17 yl)

Ha MHOXKECTBO peIIeHUI YpaBHEHHE (4) YIOBICTBOPSIIONINX 3aIlaHHBIM YCIOBHSIM (5)
IMonoxum H (2', & A, V° ): ,1¢° (r, g, V° ),

Hl(T’ A Ul): 21401(71 Ul) Hz(f’ ﬂz’Uz): 22402(51 Uz) u Ho(ﬂo”)o): ﬂ'oﬁl’(')o)

rae A, 4,4, U/, onpenensioTcs Kak peleHne CUCTEMBI CONPSKEHHBIX YPAaBHEHUH.

Hanee, B paboTe JOKa3aHa CIEAYIOIas

Teopema 2. Jisi ONTHEMAIBHOCTH JOMYCTHMOTO YIPAaBICHUS O = (UO (X, y), Ul(X), v, (y), uo)
HEOOXOMMO U JIOCTATOYHO, YTOOBI BHITOJIHSIIHCH YCIIOBHS:

max H(,&,4(z,&).0) = H(r. &, (7, ) v(z,€)),
max H, (z, 4, (r) v,) = Hy(r, A4 (7). 0, (7))

max H,(g, 4, (£).02) = H, (£, 2, ()0, (€))
max H,(2,7)=H, (45,0 )

COBOKYMHOCTB 3TUX yCIOBHH Ha3zbiBaeM mpuHImIoM makcumyMa JI.C Ilontpsruna. Paznuunbie
YaCTHBIC CITydad paHee pacCMaTpUBAIHCH 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 0(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%u | 9%u
Au —+W—f(x,y)onR 1)

T 9x2
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u=¢@mony™ , m=1234%
Let us draw two systems of parallel lines on the plane:
x=xg+ih=x;, y=yo+kh=y;

Ui-1k+1 Uik+1 Uit1k+1
[ L d
Ui @ A 4 Uit1k
U; i
([
Uj_1 k-1 Ui je—q Uit k-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

|APu — au| < 2

3-8!

Mg 2

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

Aﬁg)U (x,y) = F(x,y), (x,y) ERy,

Ule,y) =fxy),  (x,y)€Cy. 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) = 8(Pl Q) ) P e Ch ) (4)
for Q € Ry, + Cp, and
(1 , P=Q

Lemma 1: (Green’s Third Identity).
Let V(P) be any arbitrary mesh function defined on Ry, + C,, . Thenforany P € R, + Cy,
V(P) = h? Lger, Gu(P, Q[-1:"V(Q)] + Zoec, Ga (P, QV(Q) - (6)
We calculate
AW (P) = R?My Gy (P, )[BTV (P)]
= h? - (=h7?)(—=A,V (P))
= ARV (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) < f—ﬁ , PER,+Cp . @)
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Theorem 1: Let u(x, y) be the solution of
Au(x,y) = F(x,y), (x,y) ER,
u(xy)=fxy), (y)€eC
and U(x,y) the solution of (3). Then the truncation error £(P) = u(P) — U(P) satisfies the
inequality
65;;1\48 Re
Proof: Since e(P) =0 , P € C,, we see from Lemma 1 that

e(P) = h? ) Gu(P, Q)[4 £(Q)]

lely <

Q€Rp
As
|-a22(@)| = 18,u(Q) — Au(Q)]
Therefore,
520 h°M.
|e(P)| = h? z Gh(P,Q)[—Af)e(Q)] < [n? Z Gn(P,Q) 3.8 -
QERp, QERp -

- 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
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 = maxoeyes|f ()]

Let R be an open rectangle

R={(xy):0<x<10<y<2}
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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.

0%°U 0%U ou ou
a—+w + a(x, y)—+b(x y) +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.
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
o*tw  o*w
+
0x?  0dy?

ow ow
+ b(x, y) 3y + c(x,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@ <3 Nfllce =), () 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
111 < 5 1 fllco, £ € C°

So the norm of operator B is at most %

Consider the

2
ZTZ+ay2 + a(x, y)—+b(x y)—+c(x y)V=00onR
V=¢pMmony™ =1,2,3.
V =0o0ny*
where @™ is a given function
Set

0% =0%x)=V(x,1) € C°, we obtain

U(x,1) =0c°(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.
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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 < A < 1 on the interval 0 < x <
1.

Lemma 5 the function ¢ = ¥ (x) found as limy™ = ¢ € C° of an infinite sequence of continuous
functions is in the class C“(ym), 0<A<1lm=1.23.

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.

R, =RNDy,

R,=R nD,

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

Let CJ 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;, € C3, by virtue of (1.1) it follow that
Ifallcg = _max 1fa ()l

it is obvious that the space is complete equipped with this norm. Consider a new linear operator:
LpUn(xy) = h?[Up(x + h,y) + Un(x —h,y) + Up(x, y + h) + Up(x y —h) — 4Up(x, y)] +
a(xy) [Uh(x+h ¥)+Up(x— hy)] +b(x,y) [Uh(x y+h)+Uh(Xy h)] + (%, y)Up (%, y)
Let V,, be the solutlon of the finite difference value problem defined by the system of grid equation.
LpVy—gn on Ry,

V,=¢™on A7, m =1,2,3 3)
V,=0o0ni;
We define
o) =0"% =V,(x,1)e CQ,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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OIIEHKA TEJBAEPOBCKOI HOPMBI PEINEHUI BBIPOXKIAIOIIUXCHA
SJJINNTAYECKUX YPABHEHUI P. JAIIJNTACUAHA

Paccmotpum B obmactn D = R", N2 2 spppnTrdeckix ypaBHEHHMIA
L 0 5
> | ex)ax)vul””’ =0, p=const>1, (1)
o OX OX;

rae @(X)>0. 3xgecs a(x) = {aij (X)}, JENCTBUTENbHAS CUMMETPUYECKas MaTpuIila ¢ M3MEPUMbIM

aneMeHTaMu. [IpeamoNoKUM,9TO OTHOCHTEILHO KO3 GHIMEHTOB omeparopa L BbIMOTHEHBI
YCIIOBHS

ulgl” < Za.l &E < w e e (0] @
i,j=1
Z[J'ISI TOro, LITO6I:I OHpe,I[eJ'II/IT peuieHue, BBCAEM KJIACC (I)yHK]_U/H‘/'[

(D, w)={u:ueWz (D), ‘Vu‘ wel; (D)}

rie W' (D) xmacciaeckoe CoGomeBckoe mpoctpanctBo. Ilox pemenuem ypasuerus (1)

Ioc loc

(D, a)) , JUISL KOTOPOI MHTETPaIbHOE TOXKIECTBO

$ Jotom 2 o

i=1 D | i

nouumaercs dyukmust U €W,

=0 (3)

& eWmc(D, )
BBITIOJTHEHO Ha (PMHUTHBIX MPOOHBIX (PYHKIMIX . Lenpro sBisieTcss BOMPOC O
réapaepoBocTd  perieHuid ypaBHeHHs (1). Jlis BeIpoKAaromuxcsi ypaBHEHUH 3TOH TemaTuke
MOCBSIIEHO O0JbINoe yncao padot. Hanbonee nmonHo uccienoBan ciyyai, Korjaa BecoBas (yHKIUS

a)(X) YIOBIIETBOPSAET Ap -ycnoButo Makenxaynra. Coyqaii P # 2 w3yuen B [3]. Hanomunm, 4to

@(X) i R" A
BCE , OMMPCACIICHHOU BO BCCM IMPOCTPAHCTBEC , YAOBJICTBOPSCT p -yCJIOBUIO, CCIIN
1 p-1
1 1 o
= [ @(x)dx Eja) (X)dx | <oo, 1< p<oo,
B

Bls

n
rzie cynpeMyM Oepercst o BCEM LIapam BcR",

sup
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a
Cranna a)(X) - ‘X‘
PTHBEIM I[IPUMEPOM TAaKOTO BeCa SBISETCS CTEIEHHas (DYHKIUS , TIe
o
—N<a<N(p-1), araxxe a)(X)—‘Xi‘ , TIIe —l<a< p_l.

Baxxupim CJICACTBUEM Ap -yCJI0BHUA MaKeHxaynTa SABJISIFOTCS YCIIOBUE YABOCHUA

o(B,,)<cw(B,), @)
nepasenctBo Cobonena [2], [3]
- n
o™ due | <cnpIr® [Vl du peC3 (B k=" @
B, B, _

HepaBeHcTBo Opunpuxca [2], [3]
[lel" du <c(nv, p)rP [Vl dp,

B, B,
peC (Br),¢‘E:O,‘E‘27‘Br‘,y>O (6)

B pa6ore [4] paccmoTpeHbl BecoBbIe (QyHKIIMU Oojiee obrmiero Buaa. MIMeHHoO, mpenoaras,

YTO THIEPIUIOCKOCTH X :{X Xy = O} paszzmensier  00JacTh D na nBe noxoOiacTu

DY =Dn{x:x, >0}  D® =D n{x:x, <0}

@)
@, (x) ¢ D,
w(X) = e
w, (X) 6 , (7)
T7ie KaX1as U3 YeTHBIX OTHOCHTEIHHO ), BECOBBHIX (DYHKIIMI @. (X), 1 =12, ynosnersopser Ap -

YCJIOBHUIO MaKeHxayr[Ta. KpOMe 9TOro, AJId 1mIapoB Br HCHTpaMH Ha z ISl TIOUYTU BCeX X € Br

npu I < T BBINOJHEHO HEPABEHCTBO

@, (X) <c 2 (X)

0)1 ( Br ) 0)2 (Br )
¢ mocrossHHoM C, He 3aBucsamei or I' u X. B yactHoctH, B I, -OKpEeCTHOCTU >
a)l(x) < Cw, (X) _ (9)

Jliis TaKMX BECOB yCIIOBHE yaABOeHHUs (4), B 00IIeM cityuae Hapymiaercs. B padore [1] Obuio
MoKa3aHo, uTo npu P # 2 u BeinonHeHuu ycioBuit (7) u (8) pemieHust ypaBHeHus (1) HenpepbIBHO

(8)

no ['énbaepy.

Teopema 1. Eciu @ yoosremesopsiem yciosuem (7) u (8), eoe @1y, W, ABNAIOMCS YEMHBIMU

OMHOCUMENLHO 2UNEPNIOCKOCIUL Y, (YHKYuAMU, npunHaonexcawumu kiaccy Maxenxaynma A,, mo

éce peuienus ypasrenus (1) 2éndeposwl 6 D.
B Hamem ciryqae MokeT OTCyTCTBOBaTh HepaBeHCTBO CobosieBa (5), Ha KOTOPOM OCHOBaHA
UTepalroHaIbHAs TeXHUKa Mo3epa. A UMEHHO, eClTu

, (B
2( r) 300

w,(B,) npu T = 0, (10)
TO HepaBeHCTBO (4) He wumeer wecra. [JleiictBurensHo, Bo3bMeM B (1)  dyHKIHUIO

peCr (DY NB,), BY% <D® B

TaKylo, 4To p=1, rizr 0<@p<lu |V(p|SCF_1. B
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cuny (8) u ycinoBus yasoenus (3) uist Beca D1 nocre MPOCTHIX BBIUYMCICHUMN MPUIEM K OLICHKE
@, (B,)>const- w,(B,)

kotopas npotuBopeuut (10).
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RiYAZIYYAT KiMYANI ANLAMAGIN ON ASAN YOLUDUR

Xulasa
Riyaziyyatin kimyada rolu fonlor arasi inteqrasiya olub, ohomiyyatli dorocods kimyanin bir
parcasidir. Kimyada bas veron proseslori riyazi hesablamalara uygunlasdirdigda, kimyovi
problemlorin murakkoblik soviyasi riyazi modellosma sayasinds asanlasir. Bu inteqrasiya kimya tizro
bilik vo bacariglarin qazanilmasi iigiin davamliliq vo somaraliliyi tomin edir.Fonlor arasinda olago
qurmagla onlarin monimsanmasi daha da asanlasir.
Acar sozlari: riyazi modellogsmo, kvant kimyasi, inteqrasiya, kognitivlik

Riyaziyyat bizi ohato edon har sohado ; mobil cihazlar, kompiterlor, program tominatlari,
memarliq, incasonat, muhandislik, hatta idman da daxil olmagla hoyatimizin bir pargasidir.Hala lap
godim zamanlardan riyazi kosflar sivil comiyyatin inkisafi {iciin 5Snamli olmusdur.ibtidai va erkon
modoniyyatlor torofindon istifdo edilmisdir. Zaman kegdikco daha tokmil riyazi hollor comiyyatin
getdikco mirokkoblogon talobloring uygun yaranmaga baglamisdir [1].

Riyaziyyatin kimyada rolu iso fonlor arasi inteqrasiyadir vo shamiyyati getdikca artir. Kimyada
bas veran proseslori riyazi hesablamalara uygunlasdirdiqda, kimyovi problemlorin murakkablik
saviyasi riyazi modellosma sayasinds asanlasir. Nozari kimya, kvant kimyasindan tutmus molekulyar
modellosma, dorman kimyasi, lizvi kimya kimi sahalords riyazi modellogsmoa toxayiilds canlanmasi
¢cotin struklar vizuallagdirmaga, hamg¢inin prognozlasmaga komok edir [2].

Son arasdirmalara gora oksar talobalords 4 illik tadris ilinin sonunda tangidi va kognitiv tafokkdir
ohomiyyatli daracads inkisaf etmir. Ciinki onlar fakti fikirdon, sababi naticadon ayira bilmirlar.

Inteqrasiyanin diizgiin qurulmasi tolim prosesino asagidaki dostoyi gostorir:

1. Inteqrasiya tolim prosesini tokmillosmasing;

2. Tohsil alanlarin kompleks biliklor almasina;

3. Tohsil alanlarmn diinyagdriisiiniin genislondirilmasing;
4, Tolim yiikiiniin azalmasina;

5. Tofokkurlarinin inkisafina;

6. Todqiqat¢iliq meyillorinin yaranmasina;

7. Tolimo maragin artmasina.

Inteqrasiya hamginin bilik vo bacariglarin qazanilmast iigiin davamliliq va samoraliliyi tomin edir.
Fonlor arasinda slage qurmagla onlarin manimsamasi daha da asanlagir.
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Tokmillosdirilmis tonqidi disiinmo gabiliyyoti — hom sagirdlorin hom toloboalorin miixtolif
fonlordon istifado edorak analiz qabiliyyatlorini inkisaf etdirmalidir.

Qeyri-obyektivliyin daha yaxsi miioyyan edilmasi — fonlorarasi inteqrativ yanasma tolob edon
masololorin halli zamani tohsil alanlar adoton, miixtalif perspektivli informasiyalardan istifadoyo
yonalirlor. Onlar avvoalcodon movcud olan fikirloro meydan oxuyaraq, 6zlorindo vo digorlorindoki
geyri-obyektiv diigiinconi miioyyonlosdirdirs bilirlar.

Goloacok problemlors hazirliq — miixtalif fonlordon gazanilan bilik vo bacariqlarin istifado edorok
real hoyatda da problemlorin halli {igiin tocriibs qazanirlar [3].

Riyazi metdodlardan an moshur olan Eyler Venn dioqraminin kimyada tatbigindon danisaq.

Sokil 1.ds Eyler Venn dioqramindan istifads edarak, geyri - Gizi kimyadan 6yronilmis reaksiyalardan
alinan mohsullarin hansi geyri tizvi sinif birlosmalars aid oldugunu tayin etmak tapsirilir.

Duz Tursu

Yerilmis reaksiyvalarin mahsullarinin Eyler Wwenn
diagrarmunin hissalarina uygun olarag miiayyan
edin.

1. CaO+H250s —

2.Cla+H20 —

3.CaO+50s —

A4 S5+KOH —

5. MNazSi0Oz+HCl —

Sakil 1. Eyler diagraminin kimyavi reaksiyalarin naticalarins tatbigi.
Sakil 1.dan gorindiyu kimi X, Y vo Z-in uygun giymatlorini yerino yazmagla kimyovi
reaksiyalardan alinan mohsullarin hansi qeyri tizvi sinifs aid oldugunu miioyyan etmok olar.

ODOBIYYAT SiYAHISI:
1. L. Wilder in his book "Evolution of Mathematical Concepts(opens in new tab)" (Dover
Publications, 2013).
2. Hybrid (Transformative Journal). Paul G. Mezey
https://www.springer.com/journal/10910
3. https://www.arti.edu.az/az/presentation/838-fanlararasi-integrativ-tadris-faaliyyatinin-10-
numunasi
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AZORBAYCANDA LAZER VO LIDAR SISTEMLORININ TOTBiQI PERSPEKTiVLORI

Neft ¢irklonmasinin garsisinin alinmasinin 2sas Vo nazardan gagirilan komponentlorindan biri neft
dagilmalarinin tez vo etibarli agkarlanmasidir [1]. Neft dagilmalarinin erkon askarlanmasi vacibdir,
¢linki bu, onlarin maliyya tasirini va otraf muhito tasirini minimuma endiracokdir. Su va yer
sothlorindoki neft dagilmalarinin uzaqdan askarlanmasi iiglin bir ne¢o Usul mdvcuddur:
sultrabondvsayi (UV), goriinon, yaxin vo orta IR (infraqirmizi) elektromaqnit spektrlorindoki gox
spektral gorinti cihazlari; * mikrodalgali radiometrlor vo s. Isigdan qaynaglanan fliioresan (LIF) vo
Raman sopalonmoa (RS) tisullar1 su vo yer sothlori, torpaq, buz va gar kimi obyektlordo neft
dagilmalarinin askarlanmasi vo identifikasiyasi iig¢lin unikal metodomadir. Malumdur ki, neft
ultrabondvsoyi siialanma ilo slialanarsa, o zaman neft dagilmalari ilo udulacaq vo elektromagnit
stialanmanin bir hissasi daha uzun dalgalarda yayilacaq (floresan tasiri). Forgli OGPC-lordon alinan
yaglarin forqli kimyavi torkibina goro (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 etmoays imkan verir. Lidarin komoayi
ilo atmosferdaki aerozollar da daxil olmagla digar ¢irklondiricilor askar edils bilor.

Son illordo Azarbaycan Milli Aviasiya Akademiyasinin (MAA), Nogliyyat vo Aerokosmik
Problemlor Elmi-todgigat Institutunun (Aerokosmik Problemlor Tadgiqat 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
mosafalardan tayin etmoya imkan verir.

Yuxarida gostarilonlordon aydin olur ki, miixtalif OGPC-lardon gotiiriilmiis miixtalif xam neftlorin
fllioresan vo Raman sopilma spektrlorinin 6lgtilmasi vo bu spektrlorin forgli xususiyyatlorinin
miosyyan edilmasi Azorbaycanda lazerlordan istifadonin perspektivli vazifasidir. Bu molumatlar,
slibhasiz ki, Xozor donizinin Abseron yarimadasinin xam neftlorinin fllioresan spektrlori vo Raman
sopilmasi malumat bankinin yaradilmasi ti¢iin faydali olacaqdir.

Azorbaycanda lazer todqigatlarinin digar, eyni doracads vacib va perspektivli istigamoti aerozol
LIDAR-1n yaradilmas1 vo praktik istifadoesidir.

Sonda, Azorbaycanda lazer vo LIDAR-in praktik istifadesinin bazi vacib (fikrimizca)
istigamatlorini geyd edirik:
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1. Azorbaycanin Abseron yarimadasinin miixtolif NGDU-larinin fosforessensiya vo xam neftin
Raman sopilmasi spektrlori Uzro molumat bankinin yaradilmasi sahosinds todgigatlar (8-i
Azorbaycana moxsusdur + 4 xarici sirkatlorlo birga).

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

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

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

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

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

ODOBIYYAT SiYAHISI:

[1] Hdpyros IO.C., Pomaun A.A. DKOJOrMYeCKHEe aHAIW3bl MpPU pa3iuBax HEePTH U
HedrenpoaykroB. M.: BUHOM. JlaGopatopust 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, Ilham 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.
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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

Muasir yarimkegiricilor fizikas1 ¢oxsayli xarici parametrlordon asili olaraq (masalon, temperatur,
tozyiq, guclu elektrik sahasi va s.) maddanin muxtalif xassalorini 8yranir. Homin xarici parametrlorin
tosirindon maddado muxtalif proseslor bas verir. Homin prosess misal olaraq kristalda qurulus
cevrilmalorini, bark mohlullarin pargalanmasini, nizamlanma vo geyri-nizamlanmani, yenidon
kristallagmani va S. gOstarmok olar.

Bork cisimlordo polimorf ¢evrilmoalorin mexanizminin tadqiqgi boyik elmi vo praktiki shomiyyato
malikdir. Beloki, bu problem birbasa polimorf ¢evrilmoalorin qurulus nazariyyasi vo materiallar
texnalogiyasi ilo alagodardir. Homin problemin yarimkecirici birlosmalorda Oyranilmasi xususi
ohomiyyat kasb edir. Clnki bu maddslor genis tatbiglors 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 cevrilmolorin mexanizmini aragdirmaq iigiin qarsiliqh ¢evrilon modifikasiyalarin
bdylimo morfologiyasim, homin modifikasiyalar arasindaki kristallografik istigamat olagalorini, polimorf
cevrilmonin kinetikasini tadqiq etmok lazimdir. Bu tip tacriibalori optik mikroskop va rentgen siialarinin
kdmoyi ilo aparmaq olar. Lakin optik geyi-soffaf kristallarda isa asasoan rentgenoqgrafik tsulla polimorf
cevrilmonin mexanizmi muoyyan edilir.

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

K. Saum [1] polimorf ¢gevrilmalari 3 névs ayirmagi toklif etmisdir, fiziki, kimyavi, kritokimyavi.
O, ¢evrilmanin stratina gora hamin novlari hor birini bir ne¢o ndve ayirmisdir. Sonralar polimorf
cevrilmolarin iki sinfo béltinmasi toklif olunmusdur.

Birinci sinfa gofasin yurukliuk elementlarinin doyismasilo bas veran polimorf ¢evrilmolor daxildir.
Bu sinifds 3 tip polimorf ¢evrilma nazardoan kegirilir.
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1. Qurulus ¢evrilmoasi qurulus kompleksinin mohdud firlanma ragsindon sorbost firlanmaya
ke¢cmoasi ilo bas verir.

2. Qurulus ¢evrilmasi, komponentlardan birinin gafasinin miayyan hissasinin vo ya tam sokilmasi
ilo bag verir.

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

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

1. Kristal gofasinds atomlarin koordinasiya adadlarinin doyismasilo bas veran ¢evrilma

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

3. Cox yaxin koordinasiya sferasinda koordinasiya ododlori ilo koordinasiya ¢oxizlusinin
formasinin doyigmasilo bas veran ¢evrilmo.

Polimorf cevrilmo zamani hocm sigrayisla doyisir. Polimorfizmin faza nozariyyasinin
catismazligin bark cisimlordo (metastabil fazalarin) genis yayilmasi noqteyi-nazarindon, habels
muxtalif slrotlorin olmasi baximindan izah oluna bilmamasidir. Bu hadisalori izah etmok (glin
cevrilmaya mane olan potensial ¢oparin hiindirliylnd tayin etmok lazimdir ki, bu da atomlararasi
alagonin doyisma daracasi ils tayin olunar.

Polimorf ¢evrilmalarin mixtslif tosnifatlari i¢arisindo Burgerin verdiyi [2] tosnifat da maraqhidir.
O, qurulus doyismasi asasinda polimorf ¢evrilmoani asason iki ndva ayirmagi toklif etmisdir.

1. Rekonstruktiv polimorf cevrilmalor

2. Displessiv polimorf gevrilmalor

Rekonstruktiv cevrilmo zamani kristal qafasi tam sokilur va gevrilmoa ¢ox kigik suratls bas verir.
Beloki, kristal gofasini toskil edan hissaciklor cox hindir potensial ¢opari asmali olurlar.

Displessiv gevrilmo zamani qafasin "tohrif "olunmasi bas verir. Cevrilmo sirotilo bas verir.
Belalikla, potensial ¢oparin hiindlrliyl o godar dos yiiksok olmur.

Ogor Burgerin tosnifatinin I vo 11 ndv faza gevrilmalori ilo miugayiss etsok, rekonostruktiv kegidin
I nov, displessiv kegidin iso 1l ndv faza ¢evrilmasins uygun goldiyini gorarik.

Qeyd edok ki, geyri-metallik sistemlordo do polimorf cevrilmolorin tadqiqina kifayst godor
todqiqat islori hosr olunmusdur. Lakin bu is miioyyan dovrs kimi polimorf ¢evrilmonin olmasi faktini
mUiayyan etmaya, ayri-ayri fazalarin kristal qurulusunun tayinina, polimorf ¢evrilmoa zamani bu vo ya
digar fiziki kamiyyatin doyismasinin éyronilmasine va s. hosr olunmusdur.

Irolido geyd etdiyimiz kimi, qurulus ¢evrilmolorinin mexanizminin arasdirilmasinda ¢evrilmonin
kinetikasinin tadqiqi, yani qarsiligli ¢evrilon fazalarin boyiime stratinin 6l¢tilmasi mihim shomiyyat
kasb edir. Bu istigamatdo miiayyan todqiqat islori aparilmigdir. H. Hartsorn [3] vo onun omokdaslari
kikurd nitroamin va basqa maddalorin nazik polikristal toabagoelorinds polimorf ¢evrilmalarin siiratini
Olgmiiglor. Tocribanin polikristal nimunslorde alinmasi nogsanlidir. Belaliki, prosesin gedisi
riiseymin boyiima siratilo toyin olundugu kimi ham da mixtalif kristallciglarin sarhaddinin harokati
ila tayin olunur.

Qeyd edok ki, polimorfizm boylk texniki shamiyyato malik olan metallarda da intensiv sakilda
Oyronilmis vo bazi metallarda faza cevrilmosi zamani atomlarin yerdoyismasinin dyranilmasinin
osasini akad. R.V.Kurdyumov qoymusdur.

Polimorf ¢evrilmanin mexanizmini arasdirmagq ii¢iin yeni fazalarin boyiimo morfologiyasini, onlar
arasindaki kristallografik istigamot alagalorini habelo, hamin fazalarin boyiima suratini tayin etmok
lazimdir. Basqa s6zlo desok, ¢evrilmonin mexanizmini muayyan etmok tcun elo tocriiba qoymaqg
lazzimdir ki, bir modifikasiya daxilindo diger modifikasiyanin boyiimasini birbasa miisahido etmok
mumkin olsun. Bels tacriiboni mikroskopik vo rentgenoqrafik tisullarla aparmaq olar.

Bu mogsadlos girisdo geyd etdiyimiz kimi prof. A. I. Kitaygorodskinin rahbarliyi ilo yeni metodlar
islonarak bir grup tzvi maddolorin kristallarinda qurulus g¢evrilmalari tadqiq olunmusdur. Homin
todgiqatlarin xarakterik xiisusiyyatlorindon biri tacriibslorin yalniz monokristal niimunalords
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aparilmasi idi. Tocriibslor zaman1 optik mikroskop vasaitasilo yeni fazalarin bdyiimo morfologiyasi,
kinetikas1 vo onlar arasindaki kristallografik istiqgamat alagalori Oyronilmisdir.

Paradixlorbenzol kristallarinda aparilan tadgigatlar noticasinds ilk dofs olarag polimorf gevrilma
zamani monokristal - »monokristal ke¢id miisahido edildi. Mulayyan edildi ki, bu kegid bark
monokristal mihitds Gzlosmis monokristalin boyiimasi ilo bas verir.

Sonralar analoji tadgiqatlar optik soffaf geyri-lizvi maddslorin monokristallarinda aparilaraq tizvi
maddonin qurulus ¢evrilmoalorino xas olan bazi xususiyyatlorin qgeyri-tzvi maddslors aid oldugu
muayyan edildi.

Yuxarida geyd etdiyimiz kimi yarimkegirici birlosmoalords qurulus g¢evrilmalarinin dyranilmasi
xususi ohomiyyato malikdir. Beloki, bu birlosmalarin kdmayi ilo mixtalif funksional xidmatli
cihazlar, miasir ceviricilor duzaldilir.

Homin materiallar i¢orisindo Cu-S sisteminin geyri-stexiometrik birlosmolori xususi yer tutur.
Homin sistem birlosmoalorinda torkibi doyismokls, temperatur vo tozyiqgin tosiri ilo qurulus
cevrilmalarina nail olub, yiikdasiyicilarin konsentrasiyasini doyismak olur.

Bu sistemds doyiskon valentli atomlarin mévcud olmasi geyri-stexiometrikliyin miisahido
edilmasina gatirib ¢ixarir. Cu-S sistem birlogsmolarinds Cu atomlar1 doyiskon valentliys malikdirlor.
Beloki, bu atomlar birlosmolorde Cu* vo Cu?* valentli olurlar. Bunun naticesinds hamin bu
birlogsmoalar bir sira unikal xassoaloro malik olurlar. Torkib qurulus xassa alagoalarinin
musyyanlosdirilmasi verilmis xassalora malik qurulus alds olunmasi {igiin vacib sartlordon olub,
bels alaganin miiayyan fazalarin yaranma saraitinin, qurulus ¢evrilmalarinin, izomorf kation va
anion avoz olunmalarinin qurulus ¢evrilmalarinin strukturuna vo xarakterins tasirini 8yranilmasini
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 A®B® type
semiconductors a concentration of structural defects is equal ~ 101’ cm, 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 GasS 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 GasS 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.
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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%° sm), 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 o~(hv)
dependence corresponds to the peak energies on the spectral characteristic (Fig. 1).
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ELEKTROKARDIOQRAFIK SIQNALLARIN FRAKTAL ANALIZi

Xulasa

Riyazi emal zamani tirok ritminin xarakteristikalar1 diagnostik va praktiki magsodlor tigiin mihim
ohomiyyat kasb edir. Canli organizmdos tonzimlomo proseslorini xarakterizo edon vo ¢oxlu
informasiya dasiyan miixtalif fizioloji ritmlor arasinda strukturun va garsiliqli alagelorin 6yronilmasi
6lcmo aparaturasinin tatbiqi ilo slagodardir. Lakin gostarilon 6lgmalar olduqda ardicil verilanlarin (ilk
nOvbads spektral-korrelyasiyali) anonavi analiz isullarinin tatbiqi ilo yavas ragslorin analizi miiayyan
catinliklorlo misayiat olunur.

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

Klassik tisullarin osas mohdudiyysti analiz olunan proseslorin stasionar olmasinin tolab
edilmasidir. Oks halda parametrlorin tokca pancaranin davamiyyst middatindan deyil, ham do zaman
oxunda yerlosmoasindon asililigini analiz etmak, yoni iki doyisonli funksiyaya baxmaq lazimdir. Bu,
ona gatirir ki, alinmis naticalorin diizguin giymotlondirilmasi t¢iin daha béyik hacmda verilanlor talob
olunur. Bundan olava, praktikada yavas fizioloji tonzimloma ritmlori ¢ox vaxt miintoazom
kvaziperiodik ragslarls, geyri-stasionar trendlorlo, hamginin tosadiifi kilylorlo miisayist olunur [1].

Bu, bioloji sistemlorin analizina mixtalif gostaricilor arasinda va bir bioloji signalin Slgiilmiis
giymatlori arasinda qarsiligli alagonin ¢ox geyri-xatti xarakterli olmasi, voziyyatlorin ¢ox dayiskon
olmasi1 va s. kimi mihim amillori nozars almagqla xiisusi yanasmalarin tatbiq edilmasi zarurating
gotirir. Gostorilon yanagmalar arasinda qeyri-Xxotti dinamika, dinamik xaos nazoriyyassi, fraktal analiz,
interval statistikalarin analizi, statistik hallor nozariyyasi tisullar1 vo bazi basqa tsullar segilib
gostorila bilar.

Fraktal analiz bir sira spektral analiz {isullar1 ilo miiqayisads olduqca daha universaldir. Fraktal
analiz 0z tobiostina goro statistik analizdir vo bundan slava, ilkin signalda 6ziins oxsarliq slamatlori
tapmaga imkan verir. Bu fakt birincisi, eksperimentin aparilmasi iigiin zoruri minimal vaxti agkar
etmoyo imkan verir, ikincisi yaxin goalocokds sistemin 0ziinl necs aparma dinamikasini qabaqcadan
Xabar vermays imkan verir.

Urok-damar sisteminin isi dinamik xaosun vo onun strukturunun olmasma qarsi ¢ox tongidi
yanasir. Urok ozolosinin yigilma tezliyi xaotik attraktorun biitiin olamatlorini askar edir. Onun
dayanigligimin todqiqi gostarir ki, fizioloji norma vaziyyastinds o, nisbi stabildir va sutkanin istonilon
vaxtinda geyd edilir. Beloliklo, determinik xaosun fraktal olcilorinin EKQ-nin analizins totbiqi
montiqi osaslandirilmis vo aktualdir. Diagnostika ii¢lin informasiyanin alinmasi moqsadilo
elektrokardiogramin analizino fraktal metodikalarin tatbiqi perspektiv masaladir.

Belo ki, fraktal analizin kdmoyila fraktalliq vo ya 0zlino oxsarliq xassalorinin mévecud oldugu
zaman diapazonunun (zaman laqinin) minimal intervalini hesablamagq olar.

Fraktal model Urok ozalasinin vaziyystino uygun qoyulmus fraktal parametrlorin (Glgulorin)
yigimidir. Eyni bir pasiyentin vaziyyatini dofolorlo 6l¢diikds fraktal dlcilsrin doyismoa dinamikasi
urak-damar sisteminin vaziyystinin dinamikas1 haqqinda miithakima yurtutmays imkan verir [2].

Hal-hazirda fraktallar vo determinik xaosun nazariyyssinds Herstin normalasmis amplitud tisulu
genis totbiq olunur [3]. Normalasmig amplitud tisulu il tapila bilon osas parametr Herst gostaricisidir.
Onun giymatina gora hom butdvlikds sistemin xaotiklik daracasi hagqinda, hom ds toadgiq olunan
signalin fraktal tabiatinin olmasi haqqinda miihakimo yirttmoak olar [4].

Herst gostaricisinin hesablanmasinin birinci marhalosindo gorginliyin zaman orzindo N sayda
oOlgiilmiis gqiymatinin < U, > orta qiymati tapilir:

<Up>=~3N UM (1)

Burada U,, elektrodlarin va dari sathinin miayyan sahalarinin kémayils ardicil va bir-birindan 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 giymotindan toplam meyletmadir vo asagidaki
com soklindo miayyan edilir:
X(n,N) = 53 {U(p)—< U > N} @)

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

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

SN = J§2ﬁ=1{0(n)—< U> Ny 4

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

empirik ifads ilo tosvir edilir:
R

;= (@) (5)

Burada, H — Herst gostoricisi, 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 tobisto malikdir. H=0,5 olarsa, signal stoxastik kiydir va informasiyaya malik deyil.

Real fiziki, o climlodon 6zilino oxsarliq alamatlorino malik olan fizioloji obyektlor, cox nadir
hallarda fraktal Ol¢iiniin yalniz bir qiymatinin kdmayils tosvir oluna bilor. Ona gbro do son
zamanlarda mutifraktallar — geyri-bircins fraktal obyektlor — nozariyyasino osaslanan analiz genis
yayilmigdir. Mutifraktalin xarakteristikasi ticiin fraktal 6l¢iintin bir qiymati kifayst deyil, onlarin

sonsuz spektri — D(q) — lazimdir:

D(q) =22 (6)
Burada, 7(gq)-skleyling eksponentidir va
7(q) = lim 1 (zg.)) (IZYEZ'S)) (7)

Burada, z(q, e)-Umumilogsmis statistik com, g — Umumilogmis statistik comin doaracasinin
gOstoricisi, - yuvanin dlgiistidiir.

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

Talob olunan parametrlari tapmagq tcin muxtalif riyazi modellordan, yani verilmis fenomenin vo
ya obyektin 0ziinii aparmasinin tasvir olunmasi va prognozlasdirilmasi {igiin istifads olunan tonliklor
sistemlorindan vo konsepsiyalardan istifado edilir.

Bir gayda olarag, Linux amaliyyat sisteminds isloyan multifraktal analiz proqramindan vo ya
Multifrac programindan istifads olunur, hansinin ki, komoyilo hom fraktal dl¢unt, hom do Herst
gOstaricisini almaq olar. Multifrac proqrami digor programlarla migayisads ¢coxlu sayda parametri
toyin etmoyo, emal edilon signalin xarakteristikalarin1 daha doaqiq tasvir etmoys imkan verir.
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Abstract

Co3nana HavajbHasi BEpCHs MPOTPAMMHON CHUCTEMBI C MHTEIUIEKTYaJIbHBIMU BO3MOKHOCTSIMH,
CIIOCOOHOM B3aMMO/IEHCTBOBATH C MOJb30BaTeneM. IIporpaMma oOpabaThIBacT 4EIOBEUECKYIO PEUb,
OCYIIECTBIISICT MOMCK MH(POpPMAllUM B HHTEPHETE, HAXOJUT MOJXOMAALIME HCKOMBIE OTBETHI U
BOCTIPOM3BOJIMT WX YEIOBEUECKUM TOJIOCOM. DTa CHCTEMa 00J1a/1aeT pasHOOOpa3HBIMH (DYHKITHSIMH,
TaKUMHU Kak MOJy4YeHHE MOroJbl, BOCIPOU3BEACHNE MY3bIKH, OTKPBITHE BEO-CTpaHUL, U MHOTO€
apyroe. OHa MOKET OBITh aJanTHPOBAaHA JUIA HCIIOJIB30BAaHMS HA PA3IMYHBIX IUIATPOpPMax M
OTIEPAIlMOHHBIX CHUCTeMax. bmaromaps cBoeil TrmOKOCTM W MacmTabUpyeMOCTH, Nporpamma
MIPEOCTABIISCT MOTSHIIUAI ISl JATBHEHIIIETO Pa3BUTHSI M MHTETPALIAH C APYTUMH IPUIOKCHUSIMH U
CepBUCAMHU.

Keywords: Mopuens, ckyccTBeHHbIN HHTEIUIEKT, Python, Moysib, Tomoc

Beenenue

Kak wu3Bectno [1],[2],[3], coBpemeHHBIE TPOOJIEMBI MCKYCCTBEHHOTO WHTEIIEKTa SIBISIOTCS
JIOBOJIBHO aKTyaJdbHBIMU. OHH UMEIOT TOBOJIBHO MIUPOKHUE U 3P deKkTruBHBIC TpuMeHeHus. OTHUM U3
BO3MOKHOCTEH TaKMX CUCTEM SIBJISIIOTCS BOCIPOU3BEACHUE U TOHMMAaHUE YeJI0BEYECKOro rouoca. B
STOM HAaMpaBJICHUH TPOU3BEACHBI JOBOJBHO Oousbinne ucciaenoBanus [4],[5],[6]. Paznuunbie
HCCIIEIOBATENsIMUA TIPOBENIEHBI JKCIepUMEHTANbHbIE pa0oThl. Co3JaHHBIE MOJENH B KaKOW-TO
CTETeHH IOHUMAIOT U OTBEYAIOT Ha BOIPOCHI €CTECTBEHHBIM U€JI0BEUECKUM rojiocoM. PocT uHTepeca
K CHCTeMaM TOJIOCOBOTO YIPABIEHUS M TOJOCOBBIM TEXHOJIOTHUSIM OOBACHSAETCS MX YJ00CTBOM U
BO3MO>XHOCTBIO YTIPOILIEHUS MMOBCEAHEBHOW >KM3HM MoOJib3oBareneil. B cBs3u ¢ 3tuM, pazpaboTka
TaKHX CUCTEM CTAaHOBUTCS Bce OoJiee akTyalnbHOU U BOCTpeOoBaHHOM. B nanHoii paboTe mpencraBieH
MOAXOJl K CO3JaHUI0 CHCTEMBI TOJIOCOBOTO YIIPAaBJICHUS C HCIOJIb30BAaHUEM COBPEMEHHBIX
TEXHOJIOTHI UCKYCCTBEHHOTO WHTEIJIEKTA, CIIOCOOHOW BOCIIPOU3BOIUTH U TIOHUMATh Y€TIOBEUECKYIO
peub.

OcHoBHast yacTh

[Ipennaraemasi cucremMa siBJIsieTCs MOMBITKOM CO3aHUS CUCTEMBI C TOJIOCOBBIMU BO3MOXHOCTSMU,
CIIOCOOHON aHANMM3WPOBATH M peliaTh pa3lWyHbIC 3a/ladyd, BKJIIOYAsl TMOWUCK WH(OpMAIIHH,
BOCIPOU3BE/IEHUE MY3bIKH U MHOTO€ Jipyroe. B mporiecce co3aanus cucteMbl ObUIH HCTIOIb30BaHbI
CIIeyOIINe MOIYJIA TPOrpaMMHOM cucTeMbl Python:
0S - MOJ1YJIb JUIsl paOOTHI C OTIEPAIIMOHHON CHCTEMO.
webbrowser - moayb 11 paboThI ¢ BeO-Opay3epoM.
SYS - MOAYJIb J1sl pa0OThI C CUCTEMHBIMU (QYHKLIUSMHU.
pyttsx3 - moxysb Ut cuHTE3a peun (text-to-speech).
requests - moaynb misa ornpasku HTTP-3ampocos.
subprocess - MoayJib ISt 3aITyCKa HOBBIX MIPOILIECCOB M PA0OTHI C HUMH.
responses - MoyJib 1Jid co3anusi TeCTOBbIX 0TBeTOB Ha HTTP-3ampochr.
pyowm - moaynb it pabotsl ¢ OpenWeatherMap AP
random - MOJIyJ1b JJISl TCHEPAIIUH CITyYaHbBIX YHCEL.
10 wikipedia - moxysb 1u1st paboThl ¢ Bukumnenuneii.

CoNoO~LNE

33


mailto:mehtiyevsoltan4@gmail.com

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

11. nltk - Mmoxyb 11t pabOTHI ¢ €CTECTBCHHBIMH SI3BIKAMHU.

12. json - moxysb st padbote ¢ JSON.

13. openai - moayis miast padbotel ¢ OpenAl API.

14. datetime - Mmoayb 11t pabOTHI C 1aTON M BPEMECHEM.

15. ecapture - Moxynb 1S 3aXBaTa H300pAKEHHUH C KaMEPBHI.

16. winshell - moxyne m1st paboTsl ¢ 060104K0it Windows.

17. vosk - moaynb Ui pabOThI C pacCiO3HaBaHHUEM PEUH.

18. pyaudio - moynb asst paboThI € ay IO ITOTOKAMH.

19. pyautogui - Moay b I aBTOMATH3AIKMK TpadruecKoro naTepdeiica.

20. base64 - Mmoxynb Ui KOOUPOBAHKS U IEKOJMPOBaHUs JaHHBIX B base64.

21. PIL (Pillow) - moxyms mist pabOThI ¢ H300paKCHUSIMH.

22. tkinter - Mmoaysb i co3manus rpahuyueckux HHTEp(EHcoB.

23. translate - Mmoayb a5t pabOTHI C TEPEBOAMHU TEKCTA.

24. queue: Moxyinb Python, KOTOpBI mNpemocTaBisieT KIAcChl Il PabOTBI ¢ OYEpeIsIMHU,
UCTIOJIB3YETCs ISl BDEMEHHOTO XpaHEHHS JJAHHBIX BO BpeMsi 00paOOTKH.

25. sounddevice: Moaysb st pabOTHI ¢ ayIMOYCTpOHCTBAMH u 00pabOTKM 3ByKa. B maHHOM
Clly4ae UCIONB3YEeTCs TS 3allUCH ayIuo ¢ MUKpo(doHa.

26. vosk: OumbOmmoreka Il pacmo3HaBaHwsi peun Ha ocHoBe Kaldi, wcmomb3yercss s
npeoOpa3oBaHus ayHo B TEKCT.

27. json: mMomysb st padoTel ¢ JSON naHHBIMH, UCIOJB3YETCS JUIS MApCHUHTa PE3yJIbTaTOB,
BO3BpaIacMbIX VOskK.

28. sklearn.feature extraction.text: Momynp wu3 Oumbmmorekwm scikit-learn, comepkuT Kiacc
CountVectorizer 15 BEKTOpU3AIMUA TEKCTA.

29. sklearn.linear model: ~momyms w3  OuOmmorekm  scikit-learn, comepxuT  Kiacc
LogisticRegression amst HCIOJIb30BaHUS JIOTUCTUYECKON PETPECCUHU.

OTH MOAYIH IPEIOCTABIISAIOT (PYHKIIMOHATBHOCTD JUTS PAa3IMIHBIX 33]1a4, TAKKX Kak padoTa ¢ BeO-
caiiTaMu, My3BIKOH, WUIpaMH, MOTOAOW, ayAuo, BHUIEO, M300paXKEHUSAMU M JPYTUMU. BakHbIM
aCIeKTOM Pa3pabOTKH CUCTEMBI SIBISIETCS BHIOOP MOAXOIALINX aJITOPUTMOB U METO/0B 00pabOTKU
ectrecTtBeHHOTO si3blka (NLP), koTopblie mO3BOJNsIOT 00pabaThiBaTh 3allpoChl MOJIb30BaTElNEH,
TCeHEpUPOBATh OTBETHI M B3aMMOJCHCTBOBATH C PAa3IMYHBIMH HMCTOYHHUKAMH HWHpopMmanuu. B
rporecce pa3paboTKU CUCTEMBI YIEISsIOCh BHUMAHKE HE TOJIBKO (PYHKIIMOHATBHBIM acTieKTaM, HO U
YA0OCTBY MCIOJIb30BAHMUS, ONITUMHU3AINN PECYPCOB U BO3MOKHOCTSIM TSI TATBHEHUINIETO Pa3BUTHSL.

[Ipennaraemas cucrema “Max” UMeeT CleIyIOLINE BO3MOKHOCTH:

Brirodats My3bIKYy W3 TOATOTOBICHHOTO TUICHIINCTA
l'oBoputh moroay B 11060M ropoje
dororpadupoBaTh Bac 4epe3 Kamepy

OTKpBIBAaTh U MOKA3bIBaTh HA KAPTE MECTHOCTH, KOTOPYIO BBI CKa)KETe
OTkpbIBaTh Opaysep

Hckatb B Opay3epe TO U4TO BBl CKaXKETe
[Toncka3piBaTh BaM BpeMs

Ouniate KOp3UHY

[Tucats BaM 3aMETKH ¥ YUTATh BaM 0OpaTHO

0. 3amyckarte uUrpy

11. CosznaBatp m306paxenue Ha ocHoBe DALL-E 2

12. Jlenatb CHUMOK DKpaHa

13. Vckarh B BUKUIICIUH CTAThIO M YUTATh BaM

14. TIpomaThcsi ¢ BAMU U OTKITIOUYATHCSA

15. Brikimodatb HOYTOYK

16. Bxiroyath My3bIKY 110 Ha3BAaHUIO

17. TlomHOCTBIO MOAACPIKUBAET AHTITMHCKUAN S3BIK

RBoOoo~Nooa~LNE
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Bo Bropoii BepcuHM CHUCTEMBI MPEAyCMOTpPEHBbl Oojee TIiIyOOKHE HMHTEIUIEKTYyajlbHbIe
(MBICTHTENTFHBIC) BO3MOKHOCTH. JTO BKIIIOUAET B ce0si 00y4YeHHE CUCTEMBI Ha OONBIINX 00BheMax
JAHHBIX JJIs1 MOBBIIIEHUS TOYHOCTU PACMO3HABaHHS TOJ0Ca M MOHMMAHUS KOHTEKCTa 3alpOCOB.
Tarxoke maHupyercs 10paboTKa aNropuTMOB 00paOOTKH €CTECTBEHHOTO SI3bIKa M MCIIOJIb30BaHUE
HEHPOHHBIX CeTel /IS YIy4IlIeHUs KadyecTBa OTBETOB U MPUBJICUYCHHUS TOMOTHUTENbHBIX HCTOUHUKOB
uHpopmanuu. byner mnpoBemeHa paboTra HaJg yCOBEPIICHCTBOBAHHEM IOJH30BATEIHCKOTO
uHTepdeiica M CO3IaHHEM HOBBIX METOJOB B3aUMOJICHCTBUS C TMOJb30BAaTeNeM, BKIIOYas
BO3MOXXHOCTh aJaNTaldd IO0J WHAUBUAYaJbHbIE HPEINOYTEHUS KaKI0ro mnojb3zoBaTend. Jig
TECTUPOBAHUS U OIIEHKU 3PPEKTUBHOCTH cucTeMbl “Max’ Obu1 pazpaboTaH HabOp SKCIIEPUMEHTOB,
OXBATHIBAIOIINX PA3JUYHBIC CLIEHAPUHU UCTIOIB30BAHUS U (PYHKIIMOHATBHBIE BO3SMOKHOCTH CHUCTEMBI.
DKcrepuMeHThl ObUIM HamlpaBlieHbl Ha TMPOBEPKY KadecTBa pAclO3HABaHHs Trojioca, TOYHOCTU
OTBETOB Ha BOIPOCHI, a TaK)KE€ Ha OLEHKY YAOOCTBA M MHPOCTOTHI HCIOJIb30BAHUS CHUCTEMBI.
Pe3ynbpTaThl TECTUPOBAHUS MMO3BOJIIIIN OMPEIEIUTh 001acTH, TpeOytolre JopaboTKH U YIyUIIeHUH,
a TaK)Ke HAMETHTD HAIPABJICHUS IS TAIBHEHIIIEr0 pa3BUTHUS CUCTEMBI.

3akioueHune

B pesynbrare paboThl HaJx MPOEKTOM Oblia pa3paboTaHa HayallbHas BEpPCUS MPOrPAMMHOMN
CUCTEeMBl C HHTEJUIEKTYalbHBIMH  BO3MOXKHOCTSIMH, CIOCOOHOW  B3aMMOJEHCTBOBATH C
MI0JIb30BATEJIEM U BBINOJNHATH pa3HOOOpa3Hble 3ahaud. B pamkax sToro uccienoBaHus ObUN
MCIOJIb30BaHbl Moayu Python, koTopble MO3BOJSIOT cucTeMe paboTaTh ¢ BeO-callTaMu, My3bIKOM,
UTpaMH, MOTOJI0N, ayAKO, BIICO U M300pakeHussMHU. beita cozmana cucrema "Max", obnamgaromuii
TOJIOCOBBIMH BO3MOKHOCTSIMH M TMPEAOCTaBISAIONINI HaO0Op pa3HOOOpasHbIX GYHKIUN AJis
noJib3oBareneil. JlanpHelnme neeiae1oBaHus U pa3padoTKH B 00JIACTH HCKYCCTBEHHOTO HHTEIUICKTA
U CO3JIaHUSl BHUPTYalbHBIX AaCCUCTEHTOB MOTYT PACHIUPUTH BO3MOXKHOCTH TAaKUX CHCTEM,
oOecnieunBas eliie 0oJjiee TOYHOE PACTIO3HABAHNE U AHATIN3 YEJIOBEUECKOM peut, a TaKKe HHTETrpaliio
C Pa3IUYHBIMU MPUIOKEHUSIMH U cepBUCaMU. Bo3MOkHO, B OyaylieM yaacTcs co3qaTh CHCTEMY,
CIOCOOHYIO aHAIM3UPOBaTh M pellaTth Oojiee CIOXKHBIE 3a/layM, YTO 3HAYUTENIbHO IOBBICUT €€
MPAKTUYECKYI0 IIEHHOCTh. TakuM 00pa3oMm, pa3paboTKa CHUCTEM C HHTEJUICKTYalbHBIMU
BO3MOXKHOCTSIMU SIBJISIETCSI aKTyaJlbHOM M MEpCHEeKTUBHON o0nacThio HMccienaoBaHuil. BHenpenue
TAaKUX CHCTEM MOXET YIPOCTUTh >KU3Hb IOJH30BATENIC M TMOBBICUTH HUX MPOIYKTUBHOCTb,
MPEIOCTABIISAS JOCTYNT K WH(POPMAIMK W YIPABICHUIO PA3TUYHBIMU (DYHKIUSIMHA C TTOMOIIBIO
rOJI0COBBIX KOMaH. OcOOeHHOE BHIMAHKE B JAbHEHIIINX UCCIIEIOBAHUSX CTOUT yACTUTh BOIPOCAM
0€30MacHOCTH U KOH(QUACHIUAIBHOCTH, TaK KaK CHCTEMBI C TOJIOCOBBIMU BO3MOKHOCTSIMU UMEIOT
JOCTYN K TEPCOHAIBHBIM JAaHHBIM MOJIb30BaTeseil. Bo3moxkHo, OyaeT HeoOxoauMo pa3paboTaTh
MEXaHU3MbI HICHTH()UKAIMU U ayTeHTH(HUKANU TMOJB30BATEICH, a TakKe OOECIICYHTH 3aIIUTY
nepenaBaeMoil W Xpassiieicss uHpopManuu 0T HECAaHKIIMOHWPOBAHHOTO noctymna. Kpome Toro,
YUMUTBIBas pa3HooOpa3ue S3bIKOB M aKIEHTOB, Ha KOTOPbIE MOTYT CTOJKHYTHCS CHUCTEMBI
pacro3HaBaHMs ToJ0Oca, HEOO0XOIMMO pa3paboTaTh AITOPUTMBI W MOJENH, CIOCOOHBIE
a/1IalTHPOBAThCA K 0COOEHHOCTSIM Pa3HbIX SI3bIKOB U FOJIOCOBBIX OCOOCHHOCTEH IMoJIb30BaTeseil. 1o
MOXKET 3HAYUTEIHHO MOBBICUTh YHHUBEPCAIBHOCTh U MPUBIIEKATEIHLHOCTh CHCTEMBI ISl ITUPOKOMN
ayJIMTOPUU MOJIb30BaTENEH IO BCEMY MUPY.

B 3aknrouenue, co3manue cuctembl "Max" sBIseTCS BaXHBIM IIaroM B pa3paboTke
HCKYCCTBEHHOT'O HHTEIJIEKTa M MOJO0OHBIX cucteM. OpHako, A JOCTHXKEHHUS ele Oobluein
3¢ (HEeKTHBHOCTH U YJIOBJICTBOPECHUS IMOTPEOHOCTEH MOJb30BaTeNe, HEOOXOIUMO MPOAOIDKAThH
HCCIIEIOBaHMS B 3TOM 00J1acTH, pa3pabaTbiBaTh HOBBIC aITOPUTMBI M TIOJIXO/IbI, & TAKXKE YUUTHIBATD
BOMPOCHI 0€30MMaCHOCTH M KOH(PHUAECHIINATBHOCTH.
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MIiCRPC TiPLI CONTROLLERDO TAYMERIN iNiSALIZASIiYA VO
KOSILMOLORIN ISLONMOSI ALT PROQRAMLARININ YARADIMASI

Xulasa

Mogalodo Fastwell firmasinin istehsali olan CPU188-5 prosessorunun bozi texniki
xarakteristikalar1 verilmis, miixtalif totbigq sahalori gostorilmisdir. Qeyd edilmisdir ki, bu prosessor
¢atin goraitdo uzun middat, insanlar tarafindon xidmor edilmoadan muxtalif intellektual monitoring,
diagnostika va idaroetma sistemlorinin torkibinds texniki obyektlor vo quréularla slags vasitasi kimi
istifado edilo bilor. Real vaxt masstabinda isloyon intellektual program tominatlarmin torkibindo
prosessor taymerindon miuvaffagiyyatlo istifado edilo bilor. Mogalods taymerin inisializasiya vo
kasilmolori isloyon alt programlari niimunalari verilmisdir.

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

Moalumdur ki, kanadanin Fastwell firmasinin istehsali olan CPU188-5 prosessorunun muxtolif
versiyalari iizorinds qyrulmus kontrollerlar ¢atin saraitds, insanlar tarafindon xidmat edilmadan uzun
muddot istismsr edilo bilirlor [1]. Prosessorun texniki xarakteristikalari Fastwel firmasinin Technical
Spesifications sonadinds verilmisdir [2]. Prosessorun ¢oxsayli ikilik signallarin gobulu vo verilmasi,
analoq signallarin genis imkanli gobulu va verilmasi, boylk surotli RS232, RS422/485 texniki
standartlarina uygun bdylk siirotli ardicil portlar1 vo s. imkanlar1 vardir. Analoq signallarin
oxunmasina gozon orta giymot metodu bir xarakterik xisusiyyst olaraq qurulmusdur. Hor oxuma
daxildo 16 sayda oxunma amaliyyati naticalorinin orta qiymati kimi verila bilir. Muxtalif tejimlords
bu say azaldila bilir.

CPU188-5 prosessoru asasinda yaradilan kontrollerlor real vaxt masstabinda isloyan bir ¢ox
intellektual monitoring, diagnostika vo idaroetma sistemlorinds texmiki obyektlorlo slags 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
idarosi altinda isloyir, kasilmalor sistemi, yaddasin qurulusu, programlasdirilma imkanlar1 IBM PC-
yo oxsardir [4, 5].

Kontrollerds istifado edilocok har hansi programda Taymer koasilmolorini islayan modullar
yaratmaq magsadlo ilk ndvbads taymerin inisializasiyast alt proqrami yaradilir. Burada birinci
aaddim taymer kosilmolorinin qadagan edilmosidir. Qeyd etmok lazimdir ki, taymerdan golon
kasilmolorin gqadagan edilmasi, kasilmalors icazo verilmasi ti¢iin, taymer periodlarinin tayin edilmasi
Vo idars edilmasi Uglin muxtalif registrlordon istifads edilir.
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- vektor tinvani 12H*4 {invanidir. Bu tinvana toymar kasilmalorini muxtalif moagsadlor Ggin
islayan alt proqramin iinvani yazilir.

- Control registr OFF5Eh muxtalif rejimlorin verilmasini tomin edir. Taymerin isinin
(kasilmalarinin qadagan edilmasi vo kasilmalars icazo verilmosi bu registr vasitosi ilo olur. Bu
mogsadlo registro 0100000000000000b  kodu yazilir. Taymer koasilmoalorino iazo vermok Ugln
registra 1110000000000001b kodu yazilir.

- Saygac registri OFF5Ah taymer kosilmoalorinin periodunun yazilmasi ti¢iindiir. 5000-5 barabar
olan kod tezliyi 2000 hs olan kasilmalar yaradir vo on mindos bes saniyalik vaxt alds edilir. 50000- o
borabar 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 goro muxtalif tezliklor
yaradila bilor. Lakin ¢ox asagi vo ¢ox yuxari tezliklorin yaradilmasi maslohot goraimr.

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

Qarsida duran mosalolordon asili olaraq taymer koasilmolorini islomok tigiin muxtalif 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 €S
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 ?
ti0o: ; 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:cicOl
inc  cs:cic02
B 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 TEXNOLOGiIYALARININ
COMIiYYOTO TOSIRI

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

Yeni Sonaye Ingilabi, basqa sdzlo Texnologiya vo IKT Ingilabi diinyada bonzori olmayan bir
comiyyatin yiiksolmosina sobab oldu. Bu comiyyati yeni comiyyat olaraq adlandirirlar. Eyni zamanda
informasiya comiyyati vo ya yiiksolon comiyyat adlandirmaq olar. IKT-nin tesiri altinda bas veron
transformasiyalar comiyyatin hor bir hissosindo, yoni modoniyyatdo siyasatdo vo iqtisadiyyatda da
miisahido olunur. Umumi IKT-don istifade global miqyasda tokamiilloro sabob olan informasiya
comiyyating keg¢idi sliratlondirmis vo bu diinya kigik bir kond adlandirilmisdir. Buna goras do, bu kigik
kondds hoyatin hor sahasinds son IKT-don istifads vo yiiksok alaqa soviyyasi, yiiksok siiratli soyahot
kimi bazi inkisaflar miisahido 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 inkisafin1 siirotlondirdi, buna goro do uzaq yerlor
yaxinlagdi kimi deyilo bilor. Masalon, dlkalor orta asrlords at siiron bir adam vasitasils bir-birins pogt
gondorirdilor va belaliklo, post bir ne¢o hoftoyo ¢atirdi, lakin bu giin mesaj kimdonso saniyolor orzindo
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
gostormisdir. IKT iqtisadiyyat corgivosindo xorclorin azalmasina vo informasiya faaliyyatinin
sahasinin genislonmasina sabab olur. (Akinci, s.30-38).

IKT daha siiratli {insiyyot roqabotli bazar qurulusunu omolo gotirdi. Bunun noticosi olaraq
texnologiya firmalar arasinda roqabet gotirdi. Bu o demokdir ki, IKT qurumlarin roqabet qabiliyyatine
yeni Olcli gatirir. Masalan, artan geyri-miioyyonlik, yer vo zaman qavrayisinda stiratli doyisikliklor
tez qorar gobul etmoyi, davamliligin davamliligini vo s. anlayislar1 formalasdirdi. Beloliklo, diizgiin
gorar vermak iiclin insanlar tez analiz etmo bacarigina sahib olmalidir. Tez analiz etmak iiciin iso
lazzmi molumatlari on qisa zamanda oldo etmolori lazimdir. Bunun naticoesindo qurumlar
faaliyyatlorini davam etdirmok ii¢lin yeni struktur va texnologiya talob olunur. Mal va xidmatlorin
oksariyyati robototexnika, kompiiterlor, maliyys omoliyyatlar1 vo demak olar Ki, bitiin kommersiya
foaliyyotlori IKT ilo e-pogt vasitosilo baglidir. Ona gora do demok olar ki, amtoo vo xidmotlorin
gostarilmasi yolu fiziki miihitdon virtual (elektron) miihito ¢evrilmisdir. Miiossisalor, sirkatlor, fiziki
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soxslor arasinda elektron poctun iimumi istifadosi demok olar ki, biitliin novlordo gorkomli
niimunolorden biridir. Bu, IKT sayesindo rabitonin siiratinin va doyarinin doyismasina sabab
olmusdur. (Akinci, s.30-38).

Qurumlar, sirkatlor, soxslor arasinda {insiyyat yalniz elektron pogtla deyil, telefon, mobil telefon,
kamera, videokonfrans vasitosilo do hoyata kegirilir. Masolon, onlar arasinda miixtolif yer vo
zamanlarda videokonfrans vasitosilo goriislor kegirilir. Buna gore do, onlar siiratli qorar verma
prosesi, asag1 soyahot xorclori, zamana qonast etmis olurlar. Elektron bazar sayasindo firmalar vo
insanlar arasinda internet iizorindon kommersiya foaliyyotlori daha ¢ox istehlak¢iya, miistoriyo, mal
vo xidmotloro daha asan catir. 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 ¢ox sahibkar" var vo 2015-ci ilds sirkot
"illik satigda 100 milyard dollara" ¢atdi. (Amazon.com, 2015 Annual Report). Bundan alavo, miixtolif
internet saytlarinda forqli goxslor arasinda miizakirolor aparilir. Bu virtual miizakire, bir ¢ox
problemlorin halline va ya on az1 biliklorin paylagilmasina va s. sabob olur. Masalon, istehlak¢t 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.
Istehlakg1 harada yasamasindan asili olmayaraq dorhal digor istehlakgilara gata bilir, buna goro do
istehlakgilar IKT vasitosilo bir-birino tosir gdstoro bilirlor. Bundan olavs, insanlar giindoalik
hayatlarinda bir nega dofs texnoloji avadanliglarla qarsilagirlar. Masoalon:

- (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 vasitosilo dorhal bir hesabdan digor hesaba pul
koglirmak kimi bir ne¢co maliyys amaliyyati eds bilorsiniz;

- (votondas olaraq) Baki kart1 kimi elektron gohor kartlarinizdan sarj masinlari vasitosilo pul
yikloyo bilorsiniz vo ya nogliyyat vasitosini idars edorkon giindolik hoyatda elektron yol nisanlar1 vo
elektron agkarlama sistemi ilo garsilasa bilorsiniz. (Akinci, s.30-38).
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ORACLE VERILONLOR BAZASI iDAROETMO SISTEMINDON iSTiFADO
ETMOKLO SIGORTA iSININ TOSKILi

Gunimuzds Gmumilikds verilonlor bazasi idaroetmo sistemlorindan hor sahado demok olar ki,
istifado olunur. Bunlar iginds iso an moshuru vo istifadasino gora birinci yerdo dayanan Oracle
verilonlor bazas1 idaroetma sistemidir. Istifadasina gora noya goroe birinci yerds dayandigini bilmok
ucln Oracle verilonlor bazasi idaroetmo sisteminin asagidaki bir neg¢o oasas usttnliklorini geyd eda
bilorik:
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1. Yiksok performans: boyik 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. Tohlikasizlik: verilonlar bazasinin icazasiz girisdon qorunmasini al¢atan etmasi;

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

Oracle verilonlor bazasi idaroetmo sistemindon istifado molumatlarin idars edilmasini
sadoalogdirarok vo molumatlarin olgatanligini artirmaqla sigorta toskilatlarimin strukturunu vo
effektivliyini artira bilorik. Sigorta sirkatlorinin gindolik idars etdiyi ¢oxlu molumatlarin idars
edilmasi ligiin yaxsi togkil edilmis va tohliikasiz sistem movcud olmalidir. Verilonlor bazasi idaroetma
sistemlori (VBIS) bu vaziyyatds boyilk hacmli malumatlarm idare edilmasi iiciin etibarli vo somorali
metod taklif edir.

Verilonlor Bazasinin Idars Edilmosi Sistemi (VBIS) molumatlarin saxlanmasi va idars edilmasi vo
molumatlarin aldo edilmasini va aldo edilmasini asanlagdirmaq tiglin nazords tutulmus proqram
tominatidir. Sigorta sonayesindo VBIS-don miistori molumatlari, maliyys molumatlar1 vo s. kimi genis
cesidli malumatlar1 saxlamaq vo idaro etmok tigiin istifados edilo bilor. Sigorta sirkatlori VBIS-don
istifado etmoklo malumatlar: somorali sokildo toskil eds vo saxlaya bilor, malumatlara stiratli ¢ixis vo
molumatl gorarlar gabul etmayas imkan verir.

Sigorta isindo Oracle verilonlor bazasi idaroetmas sisteminin Gsttinltklorini nazardon kegirak:

e  Sigorta sonayesindo VBIS-don istifadonin osas tsttinliiklorindon biri miistori

xidmatlarini tokmillosdirmak imkanidir. Miistari molumatlarinin morkazlogdirilmis moalumat
bazasina ¢ixis oldo etmokla sigorta sirkotlori miistori tofarriiatlarina asanligla daxil ola bilar Ki, bu da
onlara daha yaxsi miistari Xidmati gOstormoys, miistori sorgularini vo problemlorini vaxtinda vo
somarali sokilds hall etmoys imkan verir.

e  VBIS-in diger mithtim Usttinliyti omaliyyat somoraliliyini artirmaq gabiliyyatidir.

Sigorta sirkotlori molumatlarin idaro edilmosi proseslarini sadslogdirarok molumatlarin idara
edilmasi va tohlili ii¢lin talab olunan vaxti va saylori azalda bilor. Bu, amoliyyat xarclorini azaltmaga,
mohsuldarligi artirmaga va daha suratli gorar gobul etmoaya imkan vers bilar.

e Olavs olaraq, VBIS hossas vo maxfi malumatlarla mosgul oldugu iigiin si8orta

sonayesinda vacib olan malumat tohliikasizliyini tomin edir. Giris nazarati, firewall va sifrolomo
kimi muvafiq tohliikasizlik todbirlorini hoyata kegirmoklo sigorta sirkatlori 6z molumatlarinin icazasiz
girig vo kibertohlikalordan gorunmasini tamin edo bilarlar.

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

tohllikesiz Uisul tamin edoarak sigorta senayesinin ugurunda miihiim rol oynayir. VBIS-dan istifada
etmokla sigorta sirkotlori miistori xidmatlorini tokmillasdira, amaliyyat somarsliliyini artira vo
molumatlarin tohlikasizliyini tamin eds bilarlor. Toacciiblii deyil ki, bir ¢ox sigorta sirkatlori indi 6z
biznes amoliyyatlariin osas komponenti kimi VBIS-a miiayyon sarmays qoyurlar.

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

Hoyat sigortast malumatlar cadvalini hazirlayaq.

Bizim igloyacayimiz malumat modeli bes mévzu sahasindan ibaratdir:

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

Cadvoallor yaradildigdan sonra coadvallor arasinda tolob olunan olagolor hazirlanmigdir.
(vertabelo.com)

oL E
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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 iimumi molumat vermok, oxuculara onun necs

gOrindiylnu va neca isladiyini anlamaga komok etmokdir.

Stibhasiz ki, sigorta sonayesi ¢ox mirokkobdir. Muxtalif sigorta novlari toklif edon bir isi idara
etsaydik, bu malumat modelinin necs inkisaf edacayini asanliqla tasavvur eds bilarik. Bununla bels,
bu tezisdo biz yalniz hoyat sigortasi ti¢iin molumat modelini tosvir etdik. Belo bir sirkat Ggln
fordilogdirilmis moalumat modelinin hazirlanmasi hortorafli planlasdirma vo shamiyyatli say tolob

edocokdir.
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VEB-SOHIFO STRUKTURUNDA “BANNER” ANLAYISI VO ONUN NOVLORININ
TOTBIQININ MUQAYiSOLI TOHLILI

Xulasa

Bu magals, veb sohifalords vo mobil programlarda goriinan, onlayn reklam névi olan bannerlora
imumi baxis toqdim edir. Bannerlor miixtalif 6l¢tlords vo ndvlards olur, bunlara standart bannerlor,
pop-up bannerlor, 3D kub bannerlor, catfish adlanan bannerlor vo sohifodaxili, xtsusi olaraq
hazirlanan interaktiv bannerlor aiddir. Magalads har bir banner néviintn xususiyyatlori, tstunluklori
Vo catismazliglarr, homginin masaustl vo mobil platformalarda istifado olunan muxtalif 6lculor
aragdirilir. Mogalodo homginin CPC vo CPM kimi istifado olunan miixtalif reklam izloma tisullari vo
bannerlorin ragomsal mihitdo neca satildig: arasdirilir. Umumilikds, bu mogaloda bannerlor vo
onlarin novlori hagqqinda timumi malumat togdim edilir vo bannerlorin d6gru istifado qaydalar tohlil
edilir.

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

Giris

Bannerlor vebsaytlarda vo mobil programlarda goriinon onlayn reklam névidar. Bu bannerlor
mixtalif multimedia elementlori, matn vo digor funksiyalardan istifado etmoklo yaradilir vo onlar
demografik molumatlari, istifado¢i maraqlarin1 vo istifadogi baxisi osas gotirilorok konkret
istifadogilori hadof almaq Ggun nozords tutulur. Bannerlorinin istifadasi son illordo getdikco
populyarlasdi vo bunlarin mahsul va Xidmotlorin onlayn tosviqi tigiin effektiv iisul oldugu siibut
olundu [1, 2].

Bannerlor onlayn reklamgiliq ti¢iin miihiim vasitadir, ¢iinki onlar biznesin daha genis auditoriyaya
catmasina komok edir. Onlar brend stiurunu yaratmagq, vebsaytlara trafik cokmok vo satislari artirmaq
Ucln istifads olunur. Bannerlar hom ds onlayn biznesin uguru ii¢iin vacib olan potensial miistarilorin
calb edilmasinds xeyli effektivdir [3, 4].

Bannerlorin asas Ustlnliklarindon biri onlarin konkret auditoriyaya yonalo bilmasidir. Reklamgilar
0z bannerlorinin lazimi insanlar tarafindon gérinmasini tamin etmok {igiin cografi yer, maraqlar vo
davranig kimi miixtalif hadafloma se¢imlorindon istifads edo bilarlor. Bu, bannerlorin effektivliyini
artirmaga komok edir vo muassisalorin diizgiin auditoriyaya ¢atmasini tamin edir.

Bannerlor do ylksok saviyyado fordilosdirilo bilor. Reklamgilar 6z xiisusi ehtiyaclarina
uygunlasdirilmis bannerlar yaratmaq tcin muxtalif 6lgtlor vo formatlar arasindan segim eds bilarlar.
Onlar hamginin istifadacilorin diggstini calb edon coalbedici va interaktiv bannerlor yaratmaq tgln
sokillar, videolar vo animasiyalar kimi mixtslif media novlorindan istifads eda bilorlar.
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Bannerlorin digor miihiim xtisusiyyati onlarin yiiksok 6l¢iide olmasidir. Reklamgilar bannerlarinin
performansimi kliklomo doracalori, geri-doniisiim nisbatlori vo gazanc oldo etmo doyoari kimi
gostaricilordan istifads edarak izlays bilarlor. Bu, is adamlarina kampaniyalarini optimallasdirmaga
Vo investisiya golirlorini yaxsilasdirmaga imkan verir.

Mixtalif ndv bannerlorin totbiqi

Bannerlor statik vo ya animasiyali ola bilor. On yaygin 6lgiilori leaderboard (728x90), medium
rectangle (300x250), va skyscraper (160x600) adlanan élgllardir (sok.1), onlar CPC (click per cost)
Vo ya CPM (cost per thousand impressions) reklam izloma va ya ragomsal 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
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ipa-sapa yatmayan gadin

Jukovun diz Usta ¢ok amri va
g Ki yovi formullar. ‘I'adt!bln Berlyanin ¢cokusu
Y shran ol .

azim
Sabiri

Sakil 1. Muxtalif 6lgilu bannerlor

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

Display Banner-lor muxtalif névds, 6lctds ola bilar. Onlardan bazilorini nazardan kegirak.

Standart Banner. Onlayn reklamin on godim formalarindan biri olan standart banner reklamlari,
reklamgilar torafindon saytlara daxil edilmis, kegidlori olan mixtalif 6l¢tlords vo formalarda veb
sohifalordo goriinon grafik reklamlardir. Ziyarotgilor reklamlara Kliklodikds, reklam versnin
sohifasina yonlandirilirlar. Istifade olunan grafiklor doyismayon 6lciids olduqu tigiin onlara standart
banner deyilir. Bu standart 6l¢tlora nozar yetirak:

728 x 90 — Leaderboard Banner. Leaderboard bannerlari hamginin tftigi bannerlor adlanir, Google-
a goro on yaxs1 performans gostoron reklam olgllori arasindadir. Onlar digar Ol¢ilars nishotdo
boylkdir va ¢ox nozars garpir. Leaderboard bannerlori hom da istifadacinin sohifani ziyarst edarkan
gorduayd ilk mazmundur.

320 x 50 — Mobil Leaderboard. 320 x 50 Iévhasi mobil kampaniyalar tgiin Gmumi 6lgidar. Bu
banner adoaton mobil veb brauzerds ekranin asagi hissasinda gorinir. Bununla bels, 0, talob olundugu
kimi ekranin yuxarisina vo ya mazmunun igarisins yerlosdirils bilar.

300 x 250 — Orta Olci banneri (Medium Rectangle). Diizbucaqdan ibarat Google-un an yaxsi
performans gdstaran banner reklam 6lcilarindan biridir. Bu reklam adston forgli dizayn vo CTA ilo
mozmunun ortasinda yerlosdirilir. O, oksar reklam formatlarini dostokloyir va onu video reklamlar vo
interaktiv reklamlar yerlogsdirmoak ticuin 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 6lgusi umumiyyatlo sshifonin yan torafindo
yerlosdirilir. Istifadagilorin veb-sohifoni asag1 vo ya yuxari istiqgamotdo siiriisdiirmoesi zaman1 genis
qulls banner tipi sabit olaraq qalir vo istifadaginin diggstindon yaymmir. Bu sobobdon genis qiillo
banneri veb-sahifalords standarta cevirilib vo ugurlu banner 6lgiisii sayilir.

Pop-up Banner-lar. Pop-up banner reklami veb-sahifada pancears vo ya Ust-Usto diisma Kimi
gorunan onlayn reklam névidur. Bu reklamlar adston istifadaginin kursoru sshifonin mioayyan bir
hissasi Uzarinds harokat etdirmasi vo ya xususi linka kliklomasi kimi harakotlori zamani ortaya ¢ixir.
Pop-up banner reklamlarina motn, sokillor vo digor multimedia elementlori daxil ola bilor vo mahsul
Vo ya xidmoti tanitmaq, istifadagilori xiisusi agilis sohifasina vo ya vebsayta yonlondirmok Ggln
istifado edilo bilor. Bu reklamlar adston pop-up blokerlori torafindon bloklanir. Bazi insanlar
torafindon bezdirici kimi gériina bilar. Pop-up banner reklamlar1 bu giin istifadagi tacriibasi va reklam
blokerlorinin artmas1 sobobindan daha az istifads olunur.

Cube Bannerlor. Kub banner reklami istifadogi U¢uin interaktiv vo calbedici tacruibs yaratmaq tiguin
3D grafika, animasiya va digor multimedia elementlorindan istifads edon onlayn reklam névidir. Bu
reklamlara interaktiv diymalor, pop-up pancaralor va istifadogilorin reklamla qarsiliqlt olageda
olmasina vo reklam olunan mohsul vo ya xidmat haqqinda otraflt molumat slds etmays imkan veran
digar elementlor daxil ola bilar. 3D banner reklamlari veb bannerlor, 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
istifadagi "Close" dllymasini sixaraq onu baglayana qodor ekranda galan tam enli reklam novudr.

In Page Banner-lor. Sohifadaxili video reklamlar veb sohifonin kontekstinds video moazmunu
daxilinda yer alan onlayn reklam névidar. Pre-roll va ya post-roll video reklamlarindan fargli olaraq,
sohifodaxili video reklamlar veb sohifanin asas hissasinds oynayir vo adaton istifadagi sohifoys daxil
oldugda avtomatik baslayir. Bu reklamlar sasli vo ya Sossiz oynatilmaq ii¢iin tayin oluna bilar vo
display (ekranda sabit, arxa planda va ya hor ikisi daxil olmagla muxtslif formatlarda ola bilor. Bu
banner tipi videonun avvalinds, video zamani va ya videonun sonunda yerlosdirilo bilor. Sohifodaxili
video reklamlar istifadoginin diggatini calb etmok ti¢tin gliclii bir yoldur.

Natica

Yekun olarag geyd edak ki, bannerlor muasir reklamda mihiim vasitadir. Veb-sahiflords yer alan
bannerlar mioassisalora daha genis auditoriyaya ¢catmaga, potensial miistarilori calb etmoaya va pozitiv
roy yaratmaga, brend stiurunu artirmaga komok edir. BUltovlukds, banner reklamlari getdikco
rogomsallasan diinyada hodof auditoriyasina ¢atmaq vo onlarla slage qurmaq Ggln bir yol toklif
edorak, bitin olgllards olan muassisalor tictin dayarli reklam vasitasi olmagda davam edir. Aparilan
tohlill onu demays asas verir Ki, biznesin bu giinki ragemsal manzarads rogabsto davamli olmasi
ucuin mutaxassislor displey bannerlarindon davamli istifads etmoklo yanasi, yeni vo innovativ yollari
arasdirmaga 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 (ACLs), 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 boy(ik texnologiya sirkotlori do daxil
olmagla muxtalif sahalords genis istifado olunur. Siini intellekt boyiik texnoloji sirkatlorin foaliyyot
torzini doyisdirarok onlar1 daha somorali vo effektiv edir. Bu yazi bdyiik texnoloji sirkatlords suni
intellektdon muixtalif istifadalori vo onlarin bundan necs faydalandiglarini arasdiracagq.

Sokil vo Nitqin Tammnmasi. Béyiik texnoloji sirkotlorde Si-nin osas istifadolorindon biri
goruntl vo nitqin taninmasidir. Amazon vo Google kimi sirkatlor mohsullarin1 vo Xidmatlorini
tokmillogdirmak {igiin sokillori va nitqi tanimaq ticiin siini intellektdon istifads edirlor. Amazonun
Alexa’1 vo Google Assistant istifadoci amrlorini basa diismok vo onlara cavab vermok Gc¢lin nitgin
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taninmasi texnologiyasindan istifados edon siini intellektls islayan sos kdmakgcilarinin iki nimunasidir.
Bu kdmokgilor dogig cavab vermok Uglin tobii dili tanimaq va nitqi tarcima etmok gabiliyyatina
malikdirlor. Eynils, tosvirin taninmasi texnologiyasi sokillor vo videolardaki obyektlori miayyan
etmok Ugln istifado olunur. Facebook va Google kimi sirkatlor fotosokillords insanlar1 avtomatik
olaraq etiketlomok, mokanlar1 miioyyan etmok vo sokillordoki obyektlori tanimaq {iglin tasvirin
taninmasi alqoritmlarindan istifads edir. Bu texnologiya istifadagilorin qarsiligh slagods oldugu
sokillor asasinda miivafiq mazmun va mohsullar toklif etmoklo istifadagi tocriibasini yaxsilasdirmaq
ucln do istifads olunur.

Tabii Dil Emal. Boylik texnoloji sirkatlords suini intellektdon basga bir shomiyyatli istifads
tobii dil emali1 (Natural Language Processing (NLP))dir. NLP texnologiyasi masinlara insan dilini
anlamag va sorh etmok imkani verir. Microsoft vo Amazon kimi sirkatlor istifadacilorlo tabii dilds
qarsiligl olage qura bilon chatbotlar vo sasli kdmokgilor hazirlamagq tigtin NLP-don istifado edirlor.
Bu komoakgilor dastok vers, suallari cavablandira va istifadagilora tovsiyalor vers bilor. texnologiyasi
hom do matni bir dildon digerino avtomatik torcims eds bilon dil torcimosi programini inkisaf
etdirmok Uc¢un istifads olunur. Bu texnologiya global miqyasda faaliyyat géstoron vo miistarilorlo bir
necs dilds Uinsiyyat qurmaga ehtiyaci olan boyiik texnologiya sirkatlori Gglin xususiloa faydalidir.

Prognozlasdiran Analitika. Boyiik texnoloji sirkotlor bdyiik hocmdo malumat yaradir vo Si
bu molumatlar tohlil etmok {igiin anlayislar oldo etmok vo prognozlar vermok giin istifads olunur.
Prognozlasdirma analitikasi verilonlordaki nimunalari mioyyan etmok va golocak tendensiyalari
prognozlasdirmagq tigiin istifads olunur. Google va Facebook kimi sirkatlor muxtalif istifadacilor tctin
hans1 reklamlarin daha tosirli olacagimmi prognozlasdirmaqla 6z reklam platformalarini
tokmillogdirmak {igiin proqnozlasdirici analitikadan istifado edirlor. Eynilo, Amazon kimi sirkatlor
tovsiya sistemlarini tokmillosdirmak tigiin progqnozlasdirict analitikadan istifads edirlor. Siini intellekt
alqoritmlori istifadagi molumatlarini tahlil edarak, istifadagilorin daha ¢ox hansi moahsullar1 alacagini
prognozlasdira va hamin mohsullart onlara tovsiys eda bilor.

Saxtakarhigin askarlanmasi. Sini intellekt boyiik texnologiya sirkatlorindo do saxtakarligin
askarlanmasi {igiin istifado olunur. Saxtakarligin agkarlanmasi alqoritmlori malumatlari tohlil etmok
Vo saxtakarligi gostoron nimunalori agkar etmok {igiin masin dyranmasindan istifads edir. PayPal va
Amazon kimi sirkatlor saxta omsliyyatlart miiayyan etmok vo maliyys itkilorinin qarsisini almaq tigtin
suni intellektls isloyan saxtakarligin agkarlanmasi sistemlarindon istifads edir.

Avtonom sistemlar. Boyiik texnoloji sirkatlor do 6z idars olunan avtomobillar, dronlar vo robotlar
kimi avtonom sistemloro boylik sormays qoyurlar. Siini intellekt bu avtonom sistemlori inkisaf
etdirmok Ugln istifado olunur, onlara navigasiya vo mistaqil islomaya imkan verir. Tesla vo Google
kimi sirkatlor otraf miihiti askar etmok vo onlara reaksiya vermoak Ugln sini intellektlo isloyan
sensorlardan istifads edan siirticustiz avtomobillor Uzarinds islayirlor. Eynils, Amazon vo UPS kimi
sirkotlor paketlori ¢atdirmaq tiglin dronlardan istifado edirlor. Bu dronlar tohllikosiz va somarali
navigasiya Ugln suni intellektls isloyan maneslardon yayinma texnologiyasindan istifads edir.
Natica olaraq, siini intellekt boyiik texnoloji sirkatlorin foaliyyat torzini doyisdirir. Sakil va nitgin
taninmasindan tutmus proqnozlasdirici analitikaya vo saxtakarligin askarlanmasina qodor sini
intellekt somoraliliyi artirmaq, doqiqliyi artirmaq vo daha yaxsi miistari tacriibasini tamin etmok tiglin
istifado olunur. Siini intellekt texnologiyasi inkisaf etmoyo davam etdikco, golocokds boyuk
texnologiya sirkatlorinds daha ¢ox tatbiq goracayimizi gozlays bilarik.
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KOMPUTER QRAFIKASINDA UCOLCULU MODELLOSDIRMONIN
TOSKILI VO ANALIZI

3D modellosdirma xiisusi kompiiter proqramlarindan istifado etmoklo obyektin Gg¢dlculi
tosvirinin yaradilmasi prosesidir. Bu, miixtalif rakurslardan baxila bilon vo mixtalif tsullarla idars
oluna bilon obyektin virtual modelinin yaradilmasini nazards tutur. 3D modellori mixtalif magsadlor
ucln, o cimladan video oyunlar, filmlor, memarliq, mohsul dizayn1 va s. Ugln istifads edils bilar.
3D modellagdirmanin bir nego novi var:
- Coxbucaqlt modellogdirma: Bu, bir-birino bagl coxbucaqglilardan istifado edarok 3D modellorin
yaradilmasini nazards tutur.
- NURBS modellasdirma: Bu, hamar va daqig 3D modellor yaratmaq Uctin riyazi dusturlardan
istifadani nazardo tutur.
- Heykoaltorashq: Bu, heykoltoragin fiziki bir heykal yarada bilocayi kimi rogomsal olaraq
heykaltorasdirmaqla 3D modellarin yaradilmasini ohats edir.
- Prosedur modellosdirma: Bu, mirokkob 3D modellor yaratmaq ugiin algoritmlordon va riyazi
dusturlardan istifads etmayi nozards tutur.
Kompiiter Qrafikasi:
Kompiiter grafikasi kompiiter texnologiyasindan istifado edorok vizual mozmunun yaradilmasi,
manipulyasiyasi vo niimayisino aiddir. Bu, sokillor, animasiyalar vo digor vizual mozmun névlori
yaratmag Uciin xtsusi program va avadanliglardan istifadoni nozards tutur.
Kompiiter qrafikasinin bir ne¢o ndvi var, o cimlodon:
- 2D grafika: Bu, Adobe Photoshop vo ya GIMP kimi programlardan istifado edorok ikidlgilu
sokillorin yaradilmasini vo manipulyasiyasini nozards tutur.

- 3D qgrafika: Bu, Autodesk Maya vo ya Blender kimi xiisusi program tominatindan istifado
etmokls ti¢olgiilii sokillor vo animasiyalar yaratmag vo manipulyasiya etmokdon ibaratdir.
Kompiiter dastokli dizayn (CAD): Bu, fiziki obyektlorin texniki tasvirlorini va modellarini yaratmaq

tiglin kompiiter texnologiyasindan istifadani nazards tutur.
Kompiiter torafindon yaradilan goriintiilor (CGI): Bu, filmlar, video oyunlar vs digar vizual media
novlori Ugun real tosvirlor vo animasiyalar yaratmaq ti¢iin kompiiter texnologiyasindan istifadoni
nozorda tutur.
Indi kompiiter qrafikas1 miixtalif saholords istifads olunur; sanaye, tahsil, tibbi vo aylonca
moqsadlari ti¢iin. Kompiiter qrafikasinin moaqgsadi real obyektlori va xayali va ya diger 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 sabokolorino hasr edilib. WiFi - muasir simsiz texnologiyadir. Magalads
WiFi-nin yaranmas: vo illor kegdikca inkisaf tarixi haqqinda 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
zamani fikir verilmoli asas moagamlar, layihalondirilon zamani1 digqat yetirmoli 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 toloboalorin imtahan, kurs vo sorbast islori liglin qisa resurs rolunu oynaya bilor.
Bu informasiyalar hamginin wifi sobokalori, onlarin tohlikasizliyinin gorunmasi hagqinda malumat
almagq istayan har bir soxs bu molumatlardan yararlana bilar.

Acar sozlar: WiFi, simsiz soboko, WEP, WPA, WPA2, WPA3, tahliikasizlik protokolu,

Giris

Wireless Fidelity qisaltmasi olan WiFi -simsiz sabakonin bir novidir. 1971-ci ildo Havay
Universitetindo ALOHAnet adli soboka sisteminin yaradilmast WiFi gobokasinin tomalini goydu.
ALOHAnet bir proyekt olaraq yaradilmisdi vo Havay universitetinin 4 forqli korpusu arasinda slages
yaradilmasi ugurla noticolonmisdi. ik yarandigi zamanlarda sadoco xiisusi sirketlor torafindon
istifado edilirdi. Lakin ilkin dovrlords simsiz sobokonin yaranmasina baxmayaraq istifadagilor halo
do simli sobokalora daha ¢ox ustlinltk verirdi.

Hal-hazirda iso simsiz sobokalor siiratlo yayilaraq hoyatimizin ayrilmaz hissasine ¢evrilib. Artiq
miiasir diinyan1 va galocayimizi WiFi olmadan tasavvir etmok mumkiin deyil.

Simsiz saboakalar, signallarin yayilma prinsipi.

WiFi -n islomo prinsipi radio tezliyina osaslanir. WiFi baglantisini tomin etmok i¢cin modem,
yaxud modemo oxsar cihazlardan istifado mitlogdir. Bu cihazlarin komoayi ilo yayilan signallar
telefon, komputer, planset kimi qurgular torafindon gobul edilorok molumatlara gevrilir. Simsiz
sobokalorin kdmayi ilo moxfi sonadlor, soxsi molumatlar vo s informasiya diinyanin miixtolif
hissalorins asanligla gondorilir.

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

WIiFi -n iri vo kigik sirkat rohborlorinin, eyni zamanda adi insanlarin hayatini yiingiinlosgdirib
desak, yanilmariq. Bels ki, artiq uzaq moasafalora moktub va teleqramlarin géndarilmasi, onlayn audio
Vo ya gorintull olagenin yaradilmasi, isgiizar danigiqlarin aparilmasi, darslorin kegirilmasi, alis-

verisin yerina yetirilmasi, eyni zamanda lazimi informasiyanin internet vasitasi ilo tez vo asan yolla

tapilib aragdirilmasi, oyunlar, filmlor, musiqi vo s kimi ayloncali saytlarda istirahot bizo goriba
galmir.

Belaliklo simsiz sobokalor istifadagilora 6z evindan, ofisdon, sayahot zamani, qisacasi istonilon
olverigli yerdon soboko resurslarina daxil olmaga imkan verir. Artiq kafe vo restorlanlarda bels
rahathigla simsiz sobokoys qosulmaq miimkiindiir. Hotta bir ¢ox parklarda, ictimai istirahat
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morkazlarinds, nagliyatda ddonissiz sokildo WiFi sobokasine qosulmaq tigiin sorait yaradilmisdir.
Belalikla, simsiz gabakaliarin miishat cahatlarini saysaq ilk yerds onun istifadagi U¢iin avaz olunmaz
olago vasitosi oldugunu deys bilorik. Eyni zamanda Simsiz soboko infrastrukturunun yardilmasi
zamani qurasdirilmasi ¢atin olan va tohliikasizlik riski yarada bilon nagillorin olmamasi, adi soboka
ilo migayise edildikds, ham siiratli, hom do samarali sokildo qurasdirila bilmasi, istifadesine zaman
baximindan hor hanst mohdudiyatin qoyulmamasi, yani, giinlin istanilon saatinda WiFi vasitasilo
soboka resurslarina qosulmagin miimkiinliiyli onu giindomds avoz edilmoaz slagoe vasitasineg gevirir.

Eyni zamanda bugiinkii giin bu sabakalorin istifadasi yalniz komputer, telefon va plamsetlorimizla
mohdudlasmir. WiFi bu giin miistarilorin istadiklori bltin program 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
gordilytimiiz iglori asanlagdirmig, hoyatimizi yiingiillosdirmis, alave va artiq islordon bizi azad edarok
vaxtimizi samarali boliisdiirmays imkan yaratmisdir.

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

Gorlindiyti kimi, miiasir dovrii artiq WiFi -s1z tasavvir etmok miimkiin olmur. Bu sobokalarin
yaranmasi bizim hoyatimizi daha rahat etmis, giindalik gordiiyltimiiz islori asanlagdirmis, hayatimizi
yiinglllasdirmis, alava va artiq islordon bizi azad edoarok vaxtimizi samorali boliisdiirmays imkan
yaratmisdir.

Lakin bitin musbat cohatlori ilo barabar bu sobokalorin insan hayatina vura bilacayi zorari do
yaddan ¢ixarmamaliylq. Umumiyyatlo, WiFi sobokolorinin bir sira 6ziino moxsus zoifliklori
maovcuddur ki, bu da istifadagilorin narazigiliglarina va hotta onlar t¢tin tahliikali soraitin yaranmasina
sobab ola bilar.

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

Bilirik ki, WiFi cihazinin isladiyi Gmumi tezlik 2,4 GHz-dir, bu tezlik sizinlo WiFi monbayi
arasinda digor elektromaqnit qurgularin va ya divarlarin olmasi sababindon pozula bilor. Bu signal
problemi oslagonin itmasi, malumatin qirilaraq Gtiiriilmasi, zaif signal guict naticasinds suratin asagi
diismasi kimi problemlara sobab olur. Natica etibari ilo istifadacilor arasinda alagonin kasilmasi,
informasiyanin vaxtinda otiiriilmasi Vo ya alinmasinin miimkiinsiizliiyii, boyiik fayllarin 6tiiriilmasi
zamani molumatlarin korlanmasi ehtimal yiiksalir.

Bu da boyiik sirkatlorin isinin pozulmasi, lazimi sonadlarin vaxtinda vo tam alds olunmamasi va
bir sira digar ¢atinliklorin yaranmasi riskini artirir vo istifadossilorin naraziliglarina sabab olur.

Aydm mosoladir ki, bunlarin qarsisini almaq ti¢iin, sobokslorin qurulacag ofis, sirkot vo ya
obyektlarin gabaritlori, konfiqurasiyasinin miirokkabliyi, mévcud divar vao arakasmalor vo onlarin
qalinlig, yerlosdirilmis sonaye avadanliqlari, cihaz vo qurgulari va S . nazors alinmalidir. Sabakanin
keyfiyyati bu gostoricalordon ¢ox asilir.

Bununla yanas1 yeni WiFi sobakalarinin layihalandirilon zamanm WiFi kanallarinin sixligi vo
istifadacilorin say1 da nazoro alinmalidir. Belo ki, "hor kvadrat metro no godor ¢ox giris noqtasi
yerlosdirilsa siqnalin giicti artar" kimi fikir sohvdir. Ciinki, Wi-Fi kanallarinin sixliginin artirilmasi
eyni dalga uzunluqlu cihazlarin islomasi zamani bir-birino mane olmasi ilo naticalons bilar.

Demoali, yeni WiFi sabakalari layiholondirilon zaman cihazlarin yeri dogiq tayin edilmali yani,
giris noqtalori diizgun yerlosdirilmalidir. Artiq istifads edilonlori iSa vaxtasirt monitoringi aparilmali
Vo lazim galorsa duzslislor aparilmalidir

Eyni zamanda WiFi-nin elektrik enerjisindon asililig1 da miiasir dévriin aktual

problemlarindan biridir. Xususils, 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 zarordir. Ovvallor WiFi

sobokalorinin saglamliga oks-tasiri olmadigr diisiiniilso do, arasdirmalar bunun oksini gostorir.
Belo ki, 2007-ci ilds bu istigamatds bir eksperiment aparilmigdir [3]. Eksperiment konalltlori iki
yera bolinarak agiq va bagli vaziyatds olan WiFi cihazlar1 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 va
hipertansiyona sobob ola bilar.

2004-ct ilds aparilan bir aragdirma iso simsiz siqnallarin boyroklorin inkisafina vo imumiyyatlo
hiiceyra formalasmasina mane oldugunu irali suruldu|3].

2009-cu ilds aparilan digor arasdirmanin naticasi isa daha gorxuludur, bels ki, WiFi cihazlar
insana yaxin yerds olarsa va ya onlardan uzun muddat istifads edilorsa xususils usaglarda boyiima
problemlorino sabab ola bilor[3]. Ciinki, radiodalgalar hiiceyro amolo galmasinin qarsisini alir.
Usagqlar iso tam bdyims marhalasinds olduglari ti¢iin onlara daha ziyandir.

Aydim masaladir miasir dovri Wi-Fi-siz tosovvir eds bilmodiyimiz Gglin bu Xatalarin aradan
galdirilmasi vo ya on azindan azaldilmasi vacibdir. Bunun {i¢iin, bu cihazlar1 insanlarin oldugu
mokandan uzaqda quragdirmali, onlardan istifadoni mimkin godor azaltmali, imumiyyastlo az yaslh
usaqlart mobil telefon, planset vo komputerlordon uzaq saxlamali, miioyyon yasdan sonra iso
istifadosini qisa zaman intervalinda, fasilalorlo icazo verilmalidir. Wi-Fi bizim ayrilmaz hissomizo
cevrildiyindon demok olar ki, biitiin islor bu sobokoalorin kémayi ilo hoyata kegirilir. Bu da
istifadacilori narahat edon on bdylk problemlordon biri olan WiFi kanallarmin tohllkasizliyi
problemini ortaya ¢ixarir [4]. WiFi sabokoalorina hiicum — informasiya sistemins girisi alds etmaya
yonalon faaliyyat vo ya foaliyyat yigimidir [5].

Tohsil, aylonca, dostluq slagalari, isgiizar alagalor bu sabokalarin tohliikasizliyinin qorunmasina
zorurot yaradir. Belo ki, elm vo texnikanin inkisafi sabokalorin yenilonmasins, istifado edilon
texnologiyalarin modernlosdirilmasing, ¢oxsayli vo muasir talobata uygun novlarinin yaradilmasina
sobob olur. Noticodo WiFi  gobokolorinin funksionalliginin artmasi, istifadogilorinin sayinin
coxalmagy, iri vo kigik sirkat rohbarlori, eyni zamanda adi insanlar1 daha ucuz vo sarfali olan yeni
xidmatlardan istifado etmoays vadar edir. Belaliklo, bitin konfidensial materiallar, gizli fayl vo
elektron sonad dovriyyasi haqda informasiyalarin saxlanmasi, otiiriillmasi va gabul edilmasi WiFi
sobokalarinin kdmayi ilo hayata kegirilir. Aydin moasaladir ki, bu zaman soxsi molumatlarin konara
sizma riski do artir, gizli molumatlarin alds edilmosi mogsadi ilo onlara edilon tocaviizkar hiicumlarin
say1 artir. Ona gora simsiz sabokoalors inam azalir, insanlarda tohlikasizlik qorxusu artir. [6].

Sabakalar daladuz va hakerlarin hadafina gevrilir. Hovaskar proqramcilar 6zlorini tasdiq etmak va
ya ayloncs tigiin, pesokarlar muxtalif kontenti gsobokoya 6tlirmok Uglin, cinaystkarlar iso soxsi
informasiyanin aldos edilorok satilmasi vo ya konkurentlars 6tirtilmasi tigiin sabakalara hiicum edir.

Belaliklo, informasiyalarin sizmasi, daxili vo xarici haker hiicumlarin artmasi, sifirlomo, IPv6
hiicumlari, bulud hesablamalar1 va sosial soboks hiicumlarinin genislonmoasi ilo alagodar sobakalarin
gorunmasi, tohlikasizliyinin tamin edilssi, isinin keyfiyyatina nozarat edilmasi vacib masalalardan
biridir. Belo ki, onlarin tohlilkasizliyi tomin edilmozso Interneto giris siirotinin azalmasi, fordi
molumatlarin  badniyyatlilor torafindon olo kegirilmasi vo ya on qorxulusu internet sobokasindan
istifado edarok kibercinayotkarliq hadisasinin toradilmasi kimi tohliikali vo xosagolmoz hallar yarana
bilar [7,8].

Biitiin bunlarin qarsisini almagq ti¢iin miitomadi olaraq WiFi sobokalarinin monitoringlori aparmali
vo moaxfiliyi qorumaq Ugun avtorizasiya ve autentifikasiya tomin edilmalidir. Homginin sobakalarin
tohllkasizliyini qorumaq Ugln tohlikasizlik protokollart yaradilir, elm vo texnikanin inkisafi
sayasinda daim yenilonir. Bu yenilonmalar naticasinds WiFi protokollari, WiFi Alliance torafindon
WPA noasli kimi bilinan - WPA, WPA2 va WPA3 olmagla 3 névds tokmillagdirilmisdir.

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

Natica. EIm va texnikanin inkisafi insan hoyatinda ¢ox boyiik rol oynayir. Son zamanlar tahsilin
daha

da maraqli vo informativ kemirilmasi, agir corrahi omoliyyatlarin, agiq kosmosda yerinos yetirilon
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tohlikali operasiyalarin vo digor monipulyasiyalarin miisbat noticasi tiglin virtual realliqda
yaradilan

programlarin, asan istismar edilon murakkab detal vo hissalorin alinmasi {iglin 3D ¢apin va onun
daha da tokmillogdirilmis formasi olan 4D ¢apin, monipulyatorlar, yeni masin vo dozgahlarin
layihalondirilmosi vo istehsali naticasindo ol omoyi azalmig, insanlarin isi asanlasmis vo
stratlonmisdir. Biitiin bu proseslarin keyfiyyatli va stiratli doracads yerins yetirilmasi tgtin iso WiFi
texnologiyalarimin shomiyyati daracads rolu var [9,10].

Goriindiiyt kimi, simsiz sobokalorsiz muasir dévrds ¢ox az sohar, kond va evlari tosavvir etmok
olur. Artiq WiFi bizim giindalik hoyatimizda istifado etdiyimiz ssas texnologiyalardandir. Bu
texnologiyalarin komoyi ilo  komputer, mobil telefon, planset vo digor cihazlarin sabokoya
birlosdirilmasi va ya internets qosulmasi asanlasib. Bunun ii¢iin artiq nagqillor lazim olmur. Bu
texnologiya vasitosils istifadaci kicik orazi daxilinds vo ya uzaq mosafalorlo olage saxlamag, bttn
diinyada sarbast horokat etmok imkani olds edib. Eyni zamanda, eyni vaxt arzinds bir sobokadan
onlarla istifadoci istifads eds bilir.

Lakin bitiin Gstiin cohatlorine baxmayaraq bu sobakalarin zaif cohatlori bizi onun tohliikasizliyinin
gorunmasina daha ¢ox fikir vermaya macbur edir. Belo ki, agiq WiFi sobokoalorino qosulmaq gox
tohliikali hesab edilir. Ciinki bu sobokays qosulan digar istifadagilorin qosulma magsadlari bilinmir.
Ictimai WiFi sobakalori sindirilmaga an hossas olan sobokalordir.

Ona gors hal-hazirda, sabokoalorin qorunmasi vacib masalordan birina gevrilib. Mutomadi olaraq
aktiv vo passiv sokildo aparilan monitoringlor, tohlikasizlik protokollarinin yenilonmosi, yeni
tohliikasizlik program tominatlarinin yaradilmasi yeni-yeni tocaviizkar planlar hazirlayan “ixtirag1”
hakerlara, hovaskar vo pesokar proqramgilara vo cinaystkarlara o6zlorini tosdiq etmok, muxtalif
kontenti sobokays Otlirmok, soxsi informasiyani olds etmak kimi ¢irkin amallorino qarst aparilan
mubarizs tisullaridir.

Bunlarla borabor WiFi sobokoalorinin qorunmasi istigamatinds yeni program tominatlarinin
yaranmast, layiholondirilmoalorinin daha mikommol, doqiq aparilmasi, planlagdirilmasinin aparilan
monitoringlarin naticalorini nazoro alaraq yerino yetirilmasi daha suratli, keyfiyyatli vo tohllikasiz -
Inaml1 sobokoalorin yaranmasina yol agir.
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PROQRAM TOMINATININ INKISAF ETDIRILMOSI METODLARI
VO ONLARIN CATISMAYAN COHOTLORI

Informasiya sistemlorinin yaradilmas: vo zamanla tokmillogdirilmoesi foaliyyotin osasinda
informasiya sistemlorinin inkisaf etdirilmasinin hoyat dévriililyii anlayist durur. Informasiya
sistemlorinin yaradilmasi haqqinda qorarlarin gobul edilmasi anindan informasiya sistemlarinin
foaliyyatinin sonlandirilmasi aniadok bas veran moarhalalors informasiya sistemlarinin hayat dovri
deyilir. Informasiya sistemlarinin inkisaf etdirilmasinin hayat dovrillyl tgiin nozerds tutulmus
mixtolif yanasmalar vardir ki onlarin igarisinds an ¢ox istifads olunan nimunalor asagida geyd
olunub:

e “Waterfall” metodu: Bu iisul SDLC metodologiyasina asaslanir va tosloblorin toplanmasi,
planlagdirilmasi, tohlili, dizayni, inkisafi, sinaqdan kegirilmasi vo texniki Xidmotin ardicil prosesini
ohato edir.

e “Agile” metodologiyasi: Bu isul qisa inkisaf dovrlorino, davamli oks olagoys Vo tokrar
tokmillogdirmaya diggat yetirmoklos slrtali inkisaf etdirmani hadsflayir.

e “Scrum” metodologiyasi: Bu, komanda isini, omakdasligi vo stratli prototiplorin hazirlanmasini
hodafloyan mashur metodologiyadir. Bu, "sprintlor" adlanan qisa inkisaf dovrlarini va "scrums™ kimi
taninan miintozom gorislori ohato edir.

¢ “DevOps”: Bu iisul program tominatinin inkisafinin siiratini vo keyfiyyatini yaxsilasdirmaq ti¢iin
inkisaf vo amoliyyat qruplarinin inteqrasiyasina yonolib. O, davamli inteqrasiya vo catdirilma,
avtomatlagdirilmis sinaq vo suratli qurasdirmani hadosflayib.

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

e SUiratli Totbiq Inkisafi (RAD) metodu: Bu iisul istifadagi rayine vo proses boyunca istirakina
diggot yetirmokla, siiratli inkisaf vo prototiplogsdirmoni vurgulayir.

e “Spiral” metodologiyasi: Bu iisul har biri planlagsdirma, risklorin giymatlondirilmasi, inkisaf vo
sinaqdan ibarat bir sira iterativ dovrlari ohato edir.

Hor bir metodun 6z gicli va zaif toroflori var vo metodun secgimi layihanin va inkisaf qrupunun
xiisusi ehtiyaclarindan vo magsadlorindan asilidir.

Sadalanmig tisullarin bir-birindon kaskin farglonan cohatlori olsada, onlarin aksariyyastinda rast
golinon mixtalif ¢atismazliglarin, ¢atinlikerin oldugu ortaq cohatlori do var. Program tominatinin
hazirlanmasinda bu giin sonaye tgln aktual olan bir nec¢s aktual problem var:

o Kibertohlikasizlik: Diinya getdikca ragomsallagdigca kibertahllkasizliyin shamiyyati artmaqgda
davam edir. Program tominatinin hazirlanmasi tizro komandalar tohlikasizliyi 6n plana ¢okmali va
totbiglarinin kiber tohliikslordon qorunmasini tomin etmoalidir.

o Keyfiyyat Tominati: Proqram tominatinin keyfiyyastinin tomin edilmasi kritik masalodir, ¢unki
program sohvlari va sahvlori istifadagilor Uglin shamiyyatli problemlar yarada bilor. Program tominati
inkisaf komandalar1 qiisurlart agkar etmok vo program tominatinin diizgiin islomasini tomin etmok
ticiin effektiv siaq strategiyalar1 qobul etmalidirlor.

e Layihanin idars edilmasi: Program tominatinin inkisafi layihalarinin idars edilmasi, xtsusan da
layihalor daha mirakkablosdikca va daha boyiik komandalari calb etdikca ¢atin ola bilar. Layihaloarin
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vaxtinda va biidcs daxilinds ¢atdirilmasini tomin etmak tiguin effektiv layiha idaroetms tacriibalaring
vo alatlorino malik olmaq vacibdir.

e Miqyaslandirlma: Proqram tominati istifadogilorin artan toloblorino cavab vermok ugun
migyaslana bilon olmalidir. Daha ¢ox insan proqramlardan istifads etdikco, totbigin artan trafik vo
yuk idars eds bilmasini tamin etmak ¢ox vacibdir.

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

e Mixtoliflik vo Inkliizivlik: Miixtolif vo inkliziv program tominati inkisaf komandalarinin
yaradilmasi sanaye Uciin vacib masaladir. Mixtalifliyin olmamasi yaradiciliq vo innovasiya qithigina,
eloca do etik problemlora sabab ola bilor. Program tominati hazirlama komandalarinin miixtalif vo
ohatali olmasini tomin etmok daha yaxs1 proqram tominati1 yaratmaga va daha adalatli sonayeys tohfo
vers bilar.

Bunlar program tominatinin inkisaf etdirilmasi komandalarin bu giin tizlosdiyi ¢atinliklorin bir
gismidir. Bu problemlorin halli texniki bacariqlarin, omokdasliq vo davamli tokmillogdirmo
6hdoliyinin birlogsmasini talab edir.
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VEB TOTBIQLOR VO ONLARIN HAZAIRLANMASINDA iSTiFADO OLUNAN
TEXNOLOGIYALAR

Veb programlar veb serverlords isloyan vo veb brauzerlor vasitosilo istifadosi mimukiin olan
programlardir.Veb totbiglorinin an mihim xdsusiyyatlorindan biri onlarin miixtalif cihazlarda va
platformalarda isloys bilon sads va asan istifads edilo bilon tatbiglor olmasidir. Onlar istifadagilora
tapsiriglar1 yerina yetirmaya, verilonlorls ils islomaya va internet Gizorindan muxtalif mazmuna daxil
olmaga imkan veran totbiglordir.VVeb tatbiglorin ohats dairasi ¢ox genisdir, masalon, sosial sabakalar,
elektron ticarot, mixtalif xidmotlor, ERP sistemlor vo s. Hotta bir ¢ox mobil vo ya digor totbiqi
programlarinda asas funksional hissalori veb tatbiglorin kémayi il islayir.

Bozi populyar veb totbiq ndvlorine asagidakilar daxildir:

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

e E-ticarot Programlari: Bu programlar miassisalora mahsul vo Xidmatlori onlayn satmaga
imkan verir. Masalon: Shopify, Magento vooCommerce.

e Sosial Media Platformalari: Bu proqramlar istifadagiloro profillor yaratmaga, moazmun
paylasmaga vo basqalari ilo onlayn slags saxlamaga imkan verir. Niimunolora Facebook, Twitter va
Instagram daxildir.

e Unsiyyat vo ©mokdashq Aletlori: Bu programlar istifadogiloro onlayn olaraq basqalar ilo
olago saxlamaga vo amokdasliq etmoya imkan verir. Nimuna: Slack,Microsoft Teams, Zoom, Trello.

Veb totbiglorin yaradilmasi, hazirlanmasi vo idara edilmasi U¢tn muxtslif texnologiyalar,
programlasdirma dillori vo platformalar istifado edilir. Veb totbiglorinin hazirlanmasinda bir ¢ox
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programlasdirma dillari istifads edilo bilor vo bu tatbigin qurulusuna vo moagsadindan asli olaraq
doyiso bilor. ©On moshur veb totbiglori texnologiyalar1 arasinda HTML, CSS, JavaScript, Python,
PHP, Ruby, Java, C# kimi dillor yer tutur:

e HTML vo CSS: Bu iki texnologiya, veb sohifalorinin interfeysini yaradmaq Uglin asas
texnologiyalardandir. HTML sohifo strukturu, veb sohifalorinin hazirlanmasi {iglin  asas
texnologiyadir. Bu dildo sohifalorin matni, linklori, sokillori, videolar1 vo audio fayllarini diizgiin
sokilda gbstarmak ti¢iin lazim olan kodlardan istifads edilir.

e CSS iso sohifo dizaynmi toyin etmok dgln istifade edilir. CSS ilo HTML kodlarinin
goriintisiinii  tonzimlomok mumkundur. Bu texnologiya, sohifalora goriinen vo gizladilmis
elementlars, srift 6l¢iisii, rong, vo s. kimi muxtalif xususiyyatlori toyin etmok Gglin istifads olunur.

e JavaScript: JavaScript, veb tatbiglorin dinamik sokilds isloya bilmasi i¢lin an ¢ox istifada
olunan programlagdirma dilidir. Bu dil, istifadagilorin tocriibasini yaxsilagdirmagq, animasiyalari vo
interaktiv funksiyalar1 slave etmok tgun istifads olunur.

e Server torofli texnologiyalar: Server torofli texnologiyalar, veb totbiglorinin arxa
ucunda(back-end) gedon funksiyalar1 icra etmok Ug¢ln 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 (clin 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 nego modullasdirilmis texnologiyalardir. Cox
sayda framework-lor mévcuddur va onlar arasinda moshur olan framework-lora nimins olaraq
ASP.NET, Laravel, Django, Ruby on Rails , Angular-1 sadalamagq olar.

Veb totbiglorin hazirlanmasi ¢oxlu marhalolordan kegir vo bu prosesin suratli sokildo aparilmasi
vo keyfiyyatli formada son mohsulun yaradilmasi {iglin gabaqcadan planlagdiriimalidir. Osas
morhoalalori asagidaki kimi ifads eds bilorik:

e Layihanin tortibi: VVeb totbiqi hazirlamaq ti¢iin ilk addim, proyektin magsadini, funksiyalarini,
hodoflorini vo kdmokgi funksiyalar1 qorarlasdirmaq iigiin bir plan hazirlamaqdir. Bu plan osas
funksiyalar, interfeys elementlori va istifadagi tocriibasi kimi mihiim masalalari shats edir.

e Front-end hazirligi: Front-end hissasi veb totbiginin istifadaci interfeysinin yaradilmasi ilo
mosgul olur. Burada, istifadagilorin tocriibalorini yaxsilasdirmaq tigiin ronglor, fontlar, mévgelor vo
hissalors dair dizayn quruluglar1 hazirlanir.

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

e  Testlor vo tohlil: Bu marhals hazirlanan veb tatbiginin yoxlanilmasi va tohlili marhalosidir.
Bu moarhalods proyektin barpa edilmasi va optimal olaraq islomasi t¢lin doyisikliklor edils bilar.

e Buraxilis: Bu morhalo totbigin iso salinmasi moarhaloasidir. Bu marholods totbiq veb
serverlarinds qurasdirilir va istifadagilor tarafindon slds edils bilar.
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AZORBAYCAN RESPUBLIKASININ SIiRIN SU EHTIiYATLARINDAN SOMOROLI VO
INTEQRASIYALI iSTIFADO EDILMOSI UCUN RiYAZI MODELLORIN VO
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SISTEMLORININ YARADILMASI

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 Olkslorin davamli inkisafina tasir edon asas amillardan biridir. Su
probleminin kaskinlosmasi shalinin arzag tominatina va regionlarin ekoloji tohliikasizliyino birbasa
tosir gostorir. Galocokds su tominatini yaxsilasdirmaq tiglin yalniz sudan istifadoni azaltmag, ondan
gonastlo istifado etmok Kifayot deyil vo su ehtiyatlarinin artirilmasi vo inteqrasiyali istifadosi
istigamatinda tadgigatlar vo praktiki islor siratlondirilmalidir. Ona g6rs do sudan samarali istifadanin
idaragiliyi problemi diinyanin bir ¢ox bolgalorinds kaskin su qitligi sababindon xiisusi aktualliq kasb
edir. Bir sira beynoalxalq tagkilatlarin (masalon, FAO - Birlogmis Millatlor Togkilatinin Qida va Kand
Tosorriifati Togkilat1) moalumatlarina goro 2030-cu ilo godor dlnya Uzra sirin suya tolobat 60%
artacaqdir [1].

Diinya resurslarinin 70%-1 gay Va qrunt sulari - suvarma tigtin, 20% - iss sanaye v digar ehtiyaclar
ticlin, 10% moisat ehtiyaclar iigiin istifado olunmaqdadir. Oniimiizdoki 25-30 ildo artim sobabiylo
ohalinin diinyanin sirin suyundan istifadasi 70% olacaqdir. Moveud iglim doyisiklarina gore vaziyyat
daha da pisloesacok, daha intensiv tobii doyisikliklor (quraqliq vo dasqinlar) olacaq. Yuxarida
gostarilonlorin har birinin igarisinds ayri-ayriligda suyun .istifadasi ilo bagli problemlor 6lks vo
dovlstlor arasinda munasibatlorin gorginlosmasina sobab olur. Eyni zamanda  miinaqiso
vaziyyatlorinin yaranmasi istisna edilmir.

Ona goro do idarsetmo problemlari vo yeni realliglar nozors alinmagla sirin su ehtiyatlarmin
boliisdiiriilmasi regionun halli vacib mosalalarindan biridir. Burada toraflorin 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 Gcln vacib c¢ort sistemli riyazi vasitolorin yaradilmasi vo bu osasda islonmis riyazi
modellordir. Riyazi aparat va vasitolor kompiiter texnologiyalarindan istifado edilkmasi problem tizro
razilagdirilmis gorarlar gobul etmok va su hdvzalarinds ehtiyatlardan somarali istifads G¢in bir ¢ox
dovletlords artiq yaradilmaqdaqdir. Azarbaycan iiciin Su Ehtiyatlarinin Inteqrasiyali idaro Edilmasi
Uzro Milli Faaliyyst Planm1 hazirlanmisdir. Milli Foaliyyat Planinda 4 osas problem muioayyan
edilmigdir [1,2]:
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Su ehtiyatlarindan daha samarali istifada olunmasi;

Su ehtiyatlarinin miihafizasi Ugun iglim dayismoalarina adaptasiya;
Su ekosistemlarinin muhafizasi;

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 goro do asagida toklif olunan
mosalalarin halli ¢ox vacibdir. Bunun ¢un operativ monitoring, hesabat vo prognoz modellarinin
yaradilmasi vo agagidaki masalalorin halli gox vacibdir [1,2].

1. Yeralt1 vo yerUstl, tobii vo stini su manbolarinin butin mimkin xassslarini nazars alan
ehtimal-statistik xarakteristikali dinamik monitoring vo prognoz modellorinin yaradilmast;

2. Qapalt vo agiq rejimli su hovzolorinin dinamik riyazi modellor asasinda istismar rejiminin
secilmasi vo idars edilmasi guin Gsul vo program ko9mplekslorinin yaradilmasi.

3. Okino yararli suvarilan sahalords soranlagma va bataqlagsmanin qarsisinin alinmasi, “TORPAQ”
idaroetma sisteminin talablorina uygun riitubst-duz  mubadilosinin tomin olunmasi moaqgsadila
suvarma usul vo rejiminin secilmasi, qrunt sularmin saviyyasinin idaro olunmasi vo torpaq
munbitliyinin barpasi modellarinin iglanilmasi.

4. Sel-dasqun, 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 moagsado nail olmag tglin gorilacak islar:

Biliklor bazasinin yaradilmasi.

Modellagdirma.

Ekspert sistemlorinin yaradilmasi.

Totbiqgi program dostinin yaradilmasi va tatbigi.

Nozars alinmali asas amillor:

Dag yamaclarinda qar ortiiyiiniin vo buzlaglarin arimasi;
cay moanbayina va hdvzasine dligan yagis sulari;

cay, kanal vo su anbarlari sathindon suyun buxarlanmast;
torpaga hopan sular;

suvarma va diger magsadlor G¢in istifads olunan sular;
grunt sularnin infiltrasiiiyasi.

VVVVVVVYVYYVY
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Dag caylarinda qar orimasindon yarana bilocok sularin maksimal hoddinin (biitiin real tosirlori
nozors almagla) hesablanmasi metodunun islonilmasi, orinti vo yagislardan yaranan, ¢aylara
garisan sularin (cografi amillori, ¢oxillik hidrometeoroloji miisahidolorin naticalorini vo s. nozora
almaqla) maksimal miqdarinin hesablanmasi, axinin siirati vo turbulentlik amsali arasinda
funksional asililigin tapilmas1 nozords tutulur.

Toklif olunan kompleksin strukturu va hesabat sxemi:

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

Idaro edilon osas parametrlor:

- Cayin miiayyan en kasiyinds su sarfinin miqdart.

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

Yuxarida geyd olunanlarla yanas1 bir sira digar hidroloji problemlar da 6z hallini gozlayir. Bels
Ki, su tesarriifat1 vo otraf muhitin mihafizasi zro ehtiyaclar1 6domok Uc¢lin zoruri olan bir ¢ox
hidroloji istigamatlor hazirda Azoarbaycanda inkisaf etdirilmir va ya zoif inkisaf etdirilir. Belo sahalara
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misal olarag macra proseslorini, gatirmolor aximini, hidroloji proseslorin riyazi vo fiziki
modellosdirilmasini, sel hadisasini, hidroloji prognozlari, iglim doyismolorinin su ehtiyatlarina
tosirini, eksperimental hidrologiyani, ¢cay monsablori vo onlarda bas veran hidroloji proseslari va s.
goOstormok olar. Hidroloji proseslari riyazi modellosdirma miiasir hidrologiyanin an perspektivli isti-
gamatlarindan biridir. Belo hesab olunur ki, galocokds bitiin hidroloji masalolori mixtalif riyazi
modellarin istifadasi ilo hall etmok mimkiin olacag. Belslikla, su ehtiyatlart mohdud olan va ham
zamana gOra, hamdo orazi Uzro geyri-barabor paylanan Azorbaycanda bu ehtiyatlar tosorrifat
foaliyyatinin tasiri va iglim dayismalori soraitinds tadri-con azalir vo onlarin keyfiyyati pislosir. Biitiin
bun-lar, asas vazifalorindon biri su ehtiyatlarinin tadqigi olan hidrologiya elminin bu va digar slagsli
saho-lorinin inkisafina, o ciimlodon hidrologiya ixtisasi lizro bitin saviyyslords kadr hazirligina
diggatin artirilmasini zaruri edir.
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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 avtomatlagdirilmasi vo mexaniklosdirilmasi — miiasir texniki inkigafin asas
va an Onds olan istigamatlorindondir. Texnoloji proseslorin avtomatlagdiriimasinin ilk addimi1 onun
axin metodu sayilir ki, aparilacaq horokatlorin muoayyan ciddi ardicilligini tolob edir. Bunun Ggiin
qurgulari va is yerlorinin yerlogsmasi ardicil olaraq texnoloji prosess uygun olmalidir.

Avtomatlasdirilmis proseslords informasiya funksiyalariin reallagdirilmasi {igiin xtisusi sistemli
avtomatlagdirilmis qurgulardan istifads olunur. Tayinat sahasindon asili olaraq asagidaki sistemlor
vardir: avtomatik nozarat, texnoloji proseslorin avtomatik idars edilmasi, avtomatik tonzimloms,
avtomatik optimallagdirma. Miiasir sistemlor 1980-ci illordokindan fargli olaraq 6zlnln sadsliyi,
yigcam va rahathigi ilo secilir. Adaton avtomatik ¢esidlomo sistemlori pogtlarin konveyer xatlorindo,
aeroportlarda, zavodlarda, domir yollarinda, tullantilarin emali miassisalorinds vo s. qurasdirilir.
Sifarislors uygun olaraq anbarlarda secilmis vo konveyers yerlosdirilmis yiiklorin isaralonmosing
uygun olaraq saxlanma vo gOndarilmo meydangalarina g¢atdirilmasi tiglin gesidlonmasi aparilir.
Miasir anbar komplekslarinds yiklorin emal olunmas: ti¢iin gesidlomo metodundan genis istifado
olunur. Praktikada bu oamaliyyat daxili vo xarici yiklorin emalinda yiiklorin muxtslif kanallarla
boliisdiiriillmasi  demokdir [1,2]. Cesidlomonin osas mogsadi - yuklorin  xisusi prinsipls
qruplasdirilmasindan vo ya soraito uygun yigilmasindan ibaratdir.

60



mailto:zaur.ashirov@aztu.edu.az

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

Maqgsad, tapsirigin toyinati

Layihonin mogsadi avtomatik idaroetmo sistemlorinin  kdmayi ilo anbarda olan yuklorin
cesidlonmosi, ilo konveyer sistemi vasitosilo yiklorin tohlikasiz vo etibarli sokildo yerini
doyismasindan ibaratdir.

Cesidlomo prosesi sado goriiniisdo asagidaki sokildo gostorilmisdir. Konveyera qoyulmus yiik
konar kanallar Uzrs elo qoyulmalidir ki, ¢atdirilmasi sifaris vo marsrut iizra bas versin [3]. Har kanalin
6zUnln némrasi va nagilsiz konveyeri olur, bu da tfliige goro bucaq toskil edir. Kanalin nomrasi
yikin dstuns yapisdirilmis sokilds strix-kodla gostarilir. Skaner konveyer boyunca horakotds olarkan
rampin strix-kodunu oxuyur va onu ¢esidlayici nozaratciys otlrdr.

Nozaratgi 6z novbasinds konkret kanalin toxundurucu mexanizmino komanda verir. Bu
sistemlordon qutu soklinds olan sifarislords istifade olunur, hansi ki, bu qutular1 onu palletlordon
(boylik taralardan) ¢ixarirlar vo ona strix-kod verib konveyerdo miayyan kanalla harokat ictin start
verirlor. Mistorilora (dlkanlara) ¢atdirmaq ti¢iin bu qutularin 6ziinde do ¢esidlonmis adadlo olan
sifariglor ola bilor. Mexaniki olaraq ¢esidlayicilor mixtalif prinsiplor asasinda qurula bilor. Bu kamar
otirict mexanizmlor, siratli giic italoyicilor (ZIP - cesidloyicilor) soklindo ola bilor. Konkret
qurgunun ndviiniin se¢ilmasi mohsuldarligin talabine uygun olmalidir. Bu név qurgularin giicii adatan
saatda 1200, 5500 vo 9500 yiik vahids barabar olur. Cesidlayici kanallarin say1 onlarladir.

Sokil 1— Texnoloji sistemin sxemi

Layiha olunan mexatron sistemin torkibino (sokil 1) asas hissalar (bondlor) vo agreqgatlar: «skaner»,
toyinat1 yiiko sistem daxili tinvanin verilmoasi, «K1.1» asas harokst konveyeri, «K2.1» - elektriki
materialin konveyeri; «K2.2» - dielektrik materialin konveyeri; «K2.3» - isiqlanman1 oks etdiron
materialin konveyeri; «V1.1» - Yukun konveyerdaki lentin Gizarinds asas harokatindas birinci induktiv
vericisi; «V1.2» - Yikin konveyerdoki lentin izorindo osas harokatinds ikinci tutum vericisi;
«V1.3» - YUkln konveyerdoki lentin Uzorinds osas harokoatinds iiglincii fotoelektrik isiglanma
vericisi [4]. Bundan basqa sistemds her bir vericinin tahkim edildiyi «tokangilar» da vardir.

Cesidlomonin avtomatik idars edilmasinin funksional izah1

Avtomatlagdirilmig anbar yiiklarin dagiq toloblorlo hazirlanmasi, golocokda gondarilmasini va
saxlanmasini 6ziinds ehtiva edon yaxsi qurulmus sistemdir. Ona goéra do yiklorin hazirlanmasi
prosesi asas istigamat hesab olunur. Anbara daxil olmus yiik standartlara uygun olaraq qablasdirilmali
Vo nigsanlanmalidir. (yiiklor gondorildiyi yerds gablasdirilir vo nisanlanir). Anbara daxil olan yiik
konveyer lentinin tzarino gqoyulur. Qabul mantagesindon daxil olan yiklor ¢esidlomas aparilmagq tigiin
anbarin miioyyan hissasino gondorilir [5]. Otiirticti italoayicilorin ardicil islomasi noticosinda konveyer
lentinin Uzarindaki yiik vericilorin onlari hiss etmasi naticasinds anbardaxili zonan1 kegmakls horokat
edir. Sonra yuklor ndvbati texnoloji prosesinds emal G¢tin yeni marhalaya gondarilir.

Baza element sisteminin texniki xarakteristikalari
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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 iiclin Quantum sonaye moniqi kontrollerlorindon miivaffoqiyyatlo istifado olunur.
Proseslorin mohsuldarligi bu tapsiriglarin icrasi iiglin vaxt dovriiniin optimalligini qorumaqla
gostaricilorin daha genis imkanlarin1 birlogsdirmokls vo diagnostikasi, yaddasin yigcamligina vo
homg¢inin qorunub saxlanilmasina sorait yaradir.

Quantum 6zlinds balanslasdirilmis MP (markazi prosessoru) birlosdirir ki, bu da mentiqi tolimat
va lizon vergillii 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 idarsolunmasi
otrafinda modullar {i¢iin xiisusi formasi, hom¢inin konfort iizlonmaosi, tohliikesiz giris/¢ixis vo
partnyor modullarin bdyiik kataloglarin olmasi; Tohliikesizlik prosessorlart vo girig/¢ixis modullar
Tapsirigin Plug & Play yiiksok mohsuldar halli, LCD klavyaturadan lokal monitoringlo isti-isti
gostaricilorin ehtiyata verilmosi; Coxlu yaradilmis portlar (port IBB, port ETHERNET TCP/IP
vebserverla, Modbus Plus vo minimum 1 ardicil Modbus port) panelin qarsisinda

Avtomatik gesidloma sistemlarinds yiklorin konveyerdon konveyers yerdayismasinds hidravlik,
elektropnevmatik, elektromexaniki tokan veranlordan istifads edilir ki, bunlarin da asas ¢atismayan
problemi texnoloji prosesin icrasi zamani axiciligin va sliratin asagi olmasi sobobindan yiklorin idars
olunmasinda keyfiyyatin nisbaton asagi diismasina sobab olur [6]. Masalon, aeroportlarda bagajin
cesidlonmosi sisteminda T56911 (sokil 2) tipli tokangilardan istifads olunur. Avtomatlasdirilmis anbar
komplekslorinds anoloji tokangilardan istifads olunur.

Sakil 2 Tokang1 T569P

T593 tokangisinin xarakteristikasi:

Val lzarinds y1gilmis Motor-reduktor 75 kvt; Zorboys davamli rezin dirakli Gzlonmis kotangi;
Tokaginin qolunun optimal harakati; dovrs vaxti; cesidlomanin ylksok aparilmasi bacarigi; konveyer
cesidlayicisinin surati; Bagajin “virtual” pancarays 2 m moasafado maksimal yerdayismasi; Horakatin
qurtarmasinin CAMS vasitasilo mlayyan olunmasi; Miiharrikin 360 doraco tam donmoasi; Texniki
xidmat aparilmayan yastigin olmasi; Layihanin ¢evik halli; PLC bazasinda miiasir idaroetmasistemi
AlS-in idareetma programi Siemens sirkotinin Microwin programinda yazilmisdir[7,8].
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Sokil AlS-in idaroetmo programi

Naticd

Isdo anbarda yiiklorin avtomatik ¢esidlomo sisteminin asagidaki morhololori gdstorilmisdir;
Movzunun aktualliginin osaslandirilmasi;

Tapsiriglarin ohato dairasinin vo layihalondirilon sistemin funksiyalar1 miioyyonlosdirilmasi;
Idaraetmos programinin yazilmas.

ODOBIYYAT SiYAHISI:

1. Hosonov Yasar, Coforov Sonan, Agayev Ulduz. Programlasdirilan moantiqi kontrollerlor. Baki
2015

2. Riistomov Q. ©. Avtomatik tanzimloma nazariyyasi. MATLAB/Simulinkda
modellosdirma. Xatti tonzimlomo sistemlori. 1-ci hisss. Bak1,2012

3. Engin Altin. PLC programlama. www.plcmerkezi.com.tr

4. S7-300 ve S7-400 Programlama I¢cin Merdiven Mantig1 (Ladder Logic - LAD). Referans El
Kitab1

5. www.plcmerkezi.com.tr

6. www.schneider-electric.ru

7. www.industry.siemens.com

8. https://www.scribd.com/document/74492778/Siemens-s7-300-Egitim-Notlari

63


http://www.plcmerkezi.com.tr/
http://www.schneider-electric.ru/
http://www.industry.siemens.com/
https://www.scribd.com/document/74492778/Siemens-s7-300-Egitim-Notlari

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

QAFAROYV Qadir Arzu oglu
Azorbaycan Texniki Universitetinin bag miiollimi
E-mail: gafarov1997@gmail.com

BARAMOV Nbabi Soraf oglu
Azaorbaycan Texnologiya Universitetinin II kurs magistranti

ANESTEZIOLOJi PARAMETRLORO NOZAROT SISTEMININ iSLONMOSI

Xulasa

Moqgalonin asas todgigat obeykti Xxasto ilo aparat arasinda bas veron dorman proseduralarina
nozarat sistemidir. Daha dagiq desok, xastays daqiq miqdarda anesteziya preparatinin yeridilmasi
zamani tibbi personal torofindon yarana bilocok Xotalarin korreksiyasi {iglin amaliyyat zamani
anesteziologa kémak etmokdir. Bu prosesdas bir ¢ox tahllkali problemlorin aradan qaldirilmasi {igiin
mikrokontroller osasinda avtomatik anesteziya aparatinin yeridilmasi 0¢ln elektron sistemin
layihalondirilmasi toklifi irali strtldr.

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

Coarrahi amaliyyata baglamagq ti¢iin hakimlar tarafindon hor hansi boyiik amoliyyatdan avval xasto
anesteziya edilmoalidir. 4 vo ya 5 saata godor davam edo bilon bdylk amoaliyyatlar zamani
anesteziyanin tam dozasi xastoya bir dozada verilo bilmaz. Clinki haddindan artiq doza xastanin daimi
husunu itirmasina sobab ola bilacak kritik vaziyyats sobab ola bilor. Bu problemi aradan galdirmaq
Ucln anestezist golocak yan tasirlori minimuma endirmak tciin xastoanin klinik parametrlori asasinda
anesteziyanin avtomatik istiqamotini tortib etmolidir [1]. Agrisiz corrahiyyo omoliyyati iiciin
anesteziya ¢ox vacibdir, ona goro do ugurlu amoliyyat ii¢iin anesteziyanin avtomatik istigamati
vacibdir. Hal-hazirda klinik praktikalarda anestezist xastays ol ilo anesteziya tothigi sistemindan
istifads edir. Bu, anesteziyanin dozasiin doyismasi Vo golocok hayatda manfi yan tosirlor alds etmok
sans1 kimi bir ¢ox miirokkabliyi yarada bilor. Bundan slavs, anestezioloq carrahi omaliyyat zamani
Xastoni narahat eds bilocok avvalcadon toyin olunmus vaxt orzinds doqiq anesteziya dozasini tatbiq
edo bilmaz. Anestezik proseslor tokrarlanir vo anestezioloqun ciddi diggetini talob edir. Darman
gebulunun avtomatik mexanizmi sayasinda sohvlorin tezliyi kaskin sokilds azalir [2]. Bu kontekstdo
insan sohvini minimuma endirmok (glin anesteziya ilo bagli proseslorin avtomatlagdirilmasina
ehtiyac var, glndslik tokrarlanan foaliyystlordon yaranan narahatliq minimuma endirilo bilor vo
anestezioloqun xostoyo birbasa qayg1 gostormok iiciin daha cox vaxti ola bilor. Indi bir giin
qurasdirilmis sistem miixtalif tibbi vo bioloji parametrlora nazarst etmok Gglin tibb sonayesinds bir
cox tatbiglordo istifads olunur.

Hazirki toklif olunan sistemda ikili omaliyyat Ugiin rejim acari alava edilmisdir. Arduino uno osasl
sistem Xxastays verilon anesteziya saviyyasini saxlamag t¢lin dormani yeritmok U¢lin istifads olunur.
Anesteziyanin dozasi avvalcadon bilinmalidir, cunki svvelcadon toyin edilmis doyer anestezik
nozarati U¢iin giris kimi proqramlasdirilir. Anesteziyanin faktiki dozasi xastonin badan parametrlorino
osasan ovvalcadon miayyan edilir. Arduino uno anesteziyanin dozasint tonzimlomok 0gun
qurasdirilmis sistemdan istifads edarak proqramlasdiriimisdir.

Anestezioloji prosesin idarsetma sistemi: Sistemin asas elementlori asagidakilardir.

Avadanliq Talablori

1) Arduino uno.

2) LCD.

3) Motor surlcus.

4) DC muhoarriki.

5) Urok déyiintiisii sensoru.

6) Tonoffiis sensoru.

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

Power supply

l

Led
Heart beat 7|
_— >
sensor
Ardying
Uno Motor drive
SR
board
Temperature
— 1
sensor
Dc motor
Syringe pump
keypad

Sokil 1. Toklif olunan qurgunun blok sxemi.

Arduino Uno platformasi layihonin asas kontrolleridir. Analoq girislara trok doyuntusu, tonoffiis
Vo temperatur sensorlar1 qosulur [3]. Urak doyiintlisii sensoru xastanin bir dagigeds tirok doyuntiistini
todqiqatgiya kemiyyat gostaricini 6tiracokdir. Barmaga yerlosdirilmis sensor isiq detektoru vo LED-
don ibaratdir. Is1q intensivliyinin doyigmasi liroyin qan1 vurdugu zaman yaranir. Bu variasiya elektrik
impulsuna cgevrilir. Bir dogigods yaranan impulslarin say1 bir dogigads Urok doylintlsiini veracakdir.
Eyni zamanda, badon istiliyi va tonaffiis daracasi kimi parametrlor mivafiq sensorlar tarafindon goabul
olunur. Bu dayarlor Arduino platformasina giris signallar1 kimi daxil olur. Anesteziya dozasi tiglin
minimum doyar miayyan edilmisdir, bu da platformada verilmis artim vo azalma diymolarindan
istifado etmaklo dayisdirilo bilor [4]. Urok déyiintiilorinin say1 vo galan doza soviyyslorinin LCD-do
gOstarilmasi tguin sistemds uygun program tutulmusdur. Xiisusi bir vaziyyat yarandiqda, idaraedici
start dilymasini basaraq anesteziya verir, sabit carayan muharriki iso qosulur. Naticods anesteziyani
enjekte etmoyo baslayacaq spris pompasi iso diisiir. Sabit coroyan L293D mihorrik dreyveri
torofindon idars olunur. Miharrik iki istigamatli, yoni irali va geri istigamatlords idars oluna bilor.
Parametrlorin hesablanmasi naticasinds prosesin anormal oldugu naticasine goalinarss, anesteziya
normal dayars ¢atana godor nasosun aktiv rejimda islomasinae manes olur. Rejim agari klaviatura ilo
idaro oluna bilan tacili ol amaliyyati iigiin istifado olunur. Normal vaziyyatds Urok doylntlsinin
tezliyi vo anormal voziyystdoki (Urok doylintiisiiniin tezliyi arasindaki forq osasinda
programlagdirilmigdir. Avtomatik anesteziya idaraetma sisteminin istifadasi xastonin tohllkasiz halda
omoliyyatinin davam etdirilmasi sansini artirir vo onun nozaroti altinda olan digor fizioloji
parametrlora birbasa nazarot yetirmoklo anestezioloqun isini rahatlagdirir. Toklif olunan sistem
subyekt torafindon daxil edilon verilonlor asasinda ilkin dermanlarin ilkin dozasini hesablayir, bundan
sonra xastonin oasas parametrlori cihaz torofindon davamli olaraq miisahids altinda saxlanilor. ©gor
corrahi omoliyyat zamani hor hansi bir parametr normal hoddon konara meyl edorss, sistem
anesteziyanin tolob olunan dozasini yenidon hesablayir va infuziya mexanizmindan istifads etmoklo
eyni doza boadanos yeridilir [5].

Natica
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Miiasir texnologiyalar biotibbi cihazlarin hor bir sahasinds avtomatlasdirmanin inkisaf
etdirilmasine gatirib ¢ixarmisdir. Bu layiha hom dormanlarin tanzimlonmasinin avtomatlagdirilmasi
sistemino osaslanir, hom do corrah {glin anesteziyanin cari vaziyyotdo Xastonin fizioloji
parametrlorina noazarat {igiin ¢ox faydali olacaq, belaliklo xastalora diizgiin anesteziya preparatlari
vurulacaqdir. Avtomatik anesteziya idaroetmo sistemi 0zro layiho tibb sonayesindo effektiv
muhafizoedici sistemlardan biridir. Bu sistem Xxasts ti¢iin xiisusi parametra nazarat edon vo anesteziya
prosesini nizamlayan anesteziologlar iiglin ¢ox faydalidir.
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OLCMO NOTICOLORININ EMAL DOQIQLIYININ ARTIRILMASI

Xilasa
Analog-ragoam gevirmolari naticalorinin xatanin tullantilarina gora ¢esidlonmasi vo zay 6lgmo
naticalarinin barpasi tisuluna baxilmigdir. Bu mogsadlo moaxtalif alqoritmlor toklif edilmis, tosadifi
kiylorin tullantilarinin askarlanmasi va siztilmasinin sonlu farglor algoritminin istifade olunmasi
moagsadouygunlugu asaslandirilmigdir.
Acar sozlar. 6lgma naticalari, emal dagigliyi, suztlma, 6lgmo Xotasi.

Giris

Olgmo sisteminin girisine diskretlonmis {Xi}, i = LN Olcilon ardicilliq daxil olur. ©gar mane
olan to'sirlor (onlar muxtalif tobioto malik ola bilorlor vo goalocokds onlart kily adlandiracagiq)
olmasaydi, onda 6lgma naticalorino muvafig olan {yi} i =1, N, ardicillig1 yi=y-X; olardi (burada y-
6lgmonin hassasligidir). Tacriibado gox vaxt Xatti sistemlor totbiq olunurlar. Ona gors do sonraki
bélmalardo sabit parametrli (yoani y=const) Xatti sistemlara baxacagiq. Tohlilin sadaliyi tgiin y=1
gobul edak. Real sistemloarin {yi} Xatalar1 nazors alinmagla 6l¢gma naticalorinin ardicilligini asagidaki
sokilda gostarak

§; =x,+&, i=LN. (1)

Olgma xotalarinin yaranmasina sobab olan amillor, imumiyyatlo dasok, tesadiifi xaraktera malik
olduglarindan 6lgmo Xotalarina da miioyyan tosadiifi prosesin realizasiyasindan ibarat tosadufi
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komiyyat kimi baxmaq olar. Bu halda polyar signallarin ayrilmasi masalasinin halli zamani an
alverisli metodlardan biri statistik farziyyslorin yoxlanilmasi metodudur.

Problemin halli
Elementar ardicilliglarin yalniz isarasindon istifado edon alqoritmlor isars algoritmlori adlanir.
Morkoazlosdirilmis paylanma funksiyasina angalin névindan asili olmayaraq malik olan stasionar kiiy
ticiin ardicilligdaki miisbat Vo monfi elementlorin say1 eynidir. Ongallor fonunda misbat isarali signal
olduqda ardicilligda miisbat igarali elementlorin olmasi ehtimali monfi isarali elementlorin olmasi
ehtimalindan ¢oxdur. Bu qayda faydali signali askar etmok tiglin istifado edils bilor. Isars algoritmine
mivafiq olaraq daxil olan garisigda miisbat signalin olmasi haqqinda N1 alternativi geyri-asili

ardicilliq tigiin
E=(€,Ey,.,8,);

. )
;signgi >H

sorti movciid oldugda dogru sayilir. Burada N-ehtimalin verilmis o giymati il tayin olunan haddir,
signe;i isaro funksiyasi olaraq bels toyin olunur:
& {1, g 20

le,] -1 & <O.

(2) borabarsizliyino oks olan barobarsizlik halinda Ny alternativi rodd edilir vo misbat signalin
olmamasi (yoxlugu) barada No farziyyasi gobul edilir.

Isara alqoritmlori birtorofli vo ikitorofli ola bilorlor. Birtorofli algoritmds hallin secgilma gaydas:
har hans1 polyarliqli segmoanin elementlor sayinin verilmis N hiidudunu kegmasinin yoxlanilmasindan
ibaratdir. Yuxarida nozordan kegirilon algoritm mishst signal tictin birtorafli alqoritmdir. Ikitorofli
algoritm Ggln har iki isaro nozors alinir, yo'ni ardicilligin miisbat elementlori sayinin vo ya monfi
elementlori saymin miioyyan hiidudu (haddi) asmasi barads farziyys yoxlanilir.

Hal hazirda forziyyslorin forglondirilmasi tglin xeyli sayda statistik test molumdur [1]. Ongollor
fonunda (1) ardicilligindan yararli 6lgmolorin ayrilmasit moasalasi hipopetik G(g)(w(g)) va alternativ
F(e)(f(¢)) paylanmalarinin iki testinin farglondirilmasindan ibarat oldugundan bu testlor bu va ya
digar sokilda faydali signalin ayrilmasi1 masalasinin halli ti¢tin istifads oluna bilar.

Isaroli test on sado qeyri-parametrik testlordon biridir [2]. Onun statistikas1 polyarliglarin
(isaralorin) nazars alinmasina osaslanir:

signe; =

1, € >0;

S:iMth@Jz{’ (3)

0, ¢ <0.
Bozon (3) avozins goriiniisi testin adini izah edon markoazlosdirilmis statistikaya baxilir:

n o : &, I, &>0;
T =Y sign(e,); sign(s)=—=
=l gl -1 & <0.

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

Test F(¢) paylanmasmin medianimin sifirdan boyiik olmasi farziyyasine NO qarst G(g)
paylanmasinin medianinin sifra barabor olmasi farziyyasinin yoxlanilmasi ti¢iin tatbiq oluna bilar.
Qalan xassalarina gora G(g) va F(g) ixtiyaridirlor. Bu, simmetrik W(e) ehtimal sixligina va sifira
borabar orta giymato malik additiv stasionar kiy fonunda misbat signalin agkar edilmasi masalasina
uygun galir. G(¢)-nun median1t namalum olub yalniz onun F(a) n1n medlamndan kicik olmasi

i

molumdursa, iki ardicilligli isars testi almis olariq. Bu test kiiyli y1 ,y2 5- yn V2 X1,X2,...,Xn tadgiq
olunan ardicilliglarinin miisahids naticalari citlori farglorinin isaralorinin sayllmasma osaslanmisdir:

S:ém%—ﬁ) (4)

Qorar gobul edilmosi {igiin S statistikasi verilmis o1 ehtimalina gora
P(S > H/Ho) = o1
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ifadasindan tayin edilon N haddi ilo sinaqdan kegirilir (yoxlanilir).
Gorindiyd kimi, (3) va (4) comlarinds vahidlorin say1 Bernulli sinaq sxeminda misbat naticalorin
sayina ekvivalentdir. Buna goro do N hoddini asma ehtimal1 bels toyin olunacaqdir:

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

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

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

a=P(S>c/HO):(1/2)”-_:gl(ni) (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) ifadasi testin is¢i xarakteristikasinin
diizgiin askaredilmo ehtimalinin hipotez vo alternativ arasindaki forqi xarakterizo edon R
parametrindon asililigini mioyyan edir. Signalin yararli 6lgmalarinin ixtiyari namolum paylanmali
kiily fonunda ayrilmasi masalasini nozardon kegirok. Yalniz o moalumdur ki, signalla angalin
qarisigmin 6lgmolori statistik olaraq 6lgmolarin sayindan ¢oxdur. Bu o demokdir ki,

oy L x>y
hizh(xi_yi )= e
0, x, <y, .
tosadlfi kamiyyati (burada xi vo sinaqdan kegirilon X¢,X2,...,Xn Vo kiiylii (bulaniq) ardicilliglarinin

elementloridir) yl* ,y;,,,,,y: ehtimali ilo "0" vo ya "1" (agor X ongaldirso), P>1/2 ehtimali ilo "1"

giymotini (oagor X signalla ongolin gqarisigidirsa) alacaqdir. Faydali signalin bulaniq (kiiylii)

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

forziyyasina garsi yoxlanilmasi kimi formalizo olunur. Gostarmak ¢otin deyildir ki, optimal isara

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

meyarina miivafiq olaraq agkaredici

h
/I(h)—P( |H

~ P(h|H

D NPy [Hy)
0) 1=1 P(hi | Ho)

dogruya oxsarliq nisbatini hesablamalidir. Omsallar ardicilliginda Hi vahid giymatlorin saymin
paylanmasi qgeyri-asili signallarda va har iki forziyyads binominaldir, buna gors do

Zhioq n-%h; X h _ n=Xh;
2y PR {PIJ _(1 le -

})OZhl« (I_E))rrZhi 130 1_])0

burada R1 vo Ro- R ehtimalinin uygun olaraq N1 va No farziyyslorina mivafig giymatloridir.
Askaredicini A(h) logarifmlayarak va Po=1/2 gabul edarak
n P
log A(h)=n-log2(1- P)+ ;hi -log " lP ,

1

aliriq. Buradan agkaretms alqoritmini yaziriq
S = zl h, > H.

Askaretmadoki haddin (N) giymati S statistikasinin binominal paylanmasi vasitasi ilo verilmis o
sohv hoyacan ehtimali farziyyasina gors toyin edilir. Qeyd edak ki, angslin stasionarligi vo faydali
signallar sabitliyi tolobi mutlog deyildir, lakin he¢ olmazsa, onlarin garsiliqli to'siri zaman1 P>1/2
sorti 6donilmalidir. Yuxarida gostorilon milahizalorin ssasinda dissertasiyada isara prinsipinds
qurulmus ¢esidlomo meyari

Y+ As £&,>0, &>0

! e, <0, g <0; (8)
Y= 0 &,>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,

©)
yi= 0 & ,|<H, |&>H,
’ &> H,, ‘gi‘SHz

ifadasi toklif olunur. B
Mihiim praktiki tatbigat hallarmin oksoeriyyaetinds & Xstasina & = £+ £° stasionar erqodik tosadiifi

proses v ya tosadifi kemiyyst kimi baxmagq olar (burada & vo €° Xotanin uygun olaraq sistematik
murakkobasi (riyazi gozlomasi) va markazlosdirilmis tosadifi murakkabasidir).

Xotalarin sistematik miirokkabalorinin  sonddrtlmasi tg¢un 6lgma naticalorinin X analoq
kamiyyatini onun xi cari giymati (6lgmasi) vo A&, Xotasimin  birinci tortib sonlug farginin comi
soklina ¢evirmoak magsoadouygundur [3, 4]:

yi* =X, +Ag, =x,+¢& —¢&.,

Sonlu farg (birinci tortib) sizilmasina ragmon 6l¢gmonin yl.* naticasinin Xotast tosadifi
murakkobasinin birincm tartib sonlu fargi ilo miiayyan edilocakdir. Bels ki,

As; =(E+2)—(E+2i_1)=;—;i—1=A;i

Ragamli 6lgmonin naticasinin qaliq A¢ Xatasinin sonraki sondiiriilmasi ya izafi diskretlosdirma,
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 homiso totbiq
etmok miimiikiin deyildir. ikinci iisiil da xeyli zaman mosrafino gora bir sira 6lgmolords, masalon,
signallarin borpast zamani he¢ do hamiso totbiq edilo bilmir. Xatalarin tullantilari ilo miisayot edilon
zay 6lgma naticalorinin askarinin an sads Usulu iki qonsu 6lgma Vo onlarin xotasina mahdudiyyat

qoyulmasidir [6]. Bu zaman cari y*(l‘i) 6lgmoa naticasi

e(t;)-elt,)<h,

sorti 6donildikds yararl sayilir.

Bu g¢esidloma Usulu istifado edilorkon asas masaloa ¢esidloma haddinin asaslandirilmis
secilmasidir. Asagida gostarildiyi Kimi, 6lgma naticalori Xatalarinin sonlu farglor algoritmi vasitasi
ila ilkin sizilmasi zamani bu tisul daha samarali (kvazioptima) gostoricilora malik olur.

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

y(t)= ;)ai -t

Onda aydindir ki,
N
d;(’)=o, N2n+1 (10)
t

Ogor (10) sorti 6danilirss, onda bu hal 6lgma 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 o6l¢malar ardicilliginin N tartibli sonlu fargi olub, bals toyin edilir

AN AN
y(ti)_lgo( 1) ey y(tifj)

burada - N elementdan j - ya géro kombinasiyondur. Demali, agar (10) barabarliyi 6danilirss,
onda toadqiq edilon 6lgmalor ardicilliginda anomal xotalar vardir. Qeyd edok ki, (10) vo (11)
borabarliklori normal xotalar olmadiqda dogrudurlar. Real sistemlordo bu xotalar hamisa x(t) 6lgmo
naticalorini miisayist edir [7, 8]. Ona g6ra do anomal xatalar olmadiqda y(t) funksiyasinin (10) sortini

69



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

6doamoasina baxmayaraq x(t)-nin (n+1) tortibli tdromasi sifra barabor olmayacaqdir. Bunanla olagoadar
olarag anomal xotalarin olmamasi (yoxlugu) sorti belo yazilir:

d n+1y(t)
dtn+l < hh [D(é’)],
burada #, [D(g)]-s(t)-tssadﬁﬁ funksiyasinin dispersiyasindan asili olan mohdudiyyat haddidir.

Diskret zaman oblastinda uygun olaraq yaza bilarik:
a0 K,
- At
Burada Az =¢, —t,_,. Cesidloma sarti asagidaki sokilds olacaqdir:
A™y(t)| < [ D(e)]- A
Sonlu forglar algoritmins asaslanmis tisuldan istifado edorkan asas mosalo mohdudiyyat haddinin
giymatinin toyin edilmosidir. Anomal xatalar normal paylanma ganunu ils paylandigda bu masalanin
halli ¢atinlik torotmir. Ogor A"“x(tl.) paylanmasi moalumdursa, mahdudiyyst hoddini Cebisev

borabarsizliyi asasinda miiayyan etmok olar. Sonlu farglor Gsulunun samaraliliyi tadqiq olunmus vo
gostorilmisdir ki,

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

- ilkin tosadlfi prosesin orta kvadratik mo'nada diferensiallanma tartibinin va istifads edilon
sonlu farglorin tortibinin artmasi ilo gesidlomo algoritminin samaraliliyi artir;

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

Yuxarida geyd olunanlar1 nozars alaraq 6lgmo naticalorinin tosadufi xotalara goro ¢esidlonmasi
liclin asagidaki meyar1 segmisik

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

Signalin ¢oxkiiylii 6lgmalarinin g¢esidlonmasi-atilmas1 meyarlarina asaslanmis sonlu farglarlo
stiztilma iisulu agiq vo gapali 6lgmo kanallarinda istifado edila bilor. Istor toklonmis, istorss do
tokrarlanan 6lgmolords Xotanin sistematik vo tosadlfi mirokkoboslorinin tarazlasmis vo glvanilon
tortibdo sondirilmasi tigiin ¢esidlonmis 6lgma naticalarinin yenidan stiziilmasi algoritmloarini da bu
moasalaya calb etmok olar.

Natica

Signalin ¢oxkiiylii 6lgmalorinin gesidlonmasi-atilmas1 meyarlarina osaslanmis sonlu farglarlo
stizilms dsulu agiq vo gapali 6lgmo kanallarinda tadqiq edilmisdir. Sonlu farglorls ilkin stiziilma
sonraki diskret inteqrallama zamani tolob olunan 6lgmolor sayini azaltmaga imkan verir ki, bu da
dinamik 6lgma soraitinds faydalidir. On miihiim naticas iso ondan ibaratdir Ki, toklif edilon yanasma
Xatanin ham sistematik, ham do tosadifi murokkabalorinin 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
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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:
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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

Xulasa
Bu mogalods selenium avtomatlasdirma testi haqqinda bohs olunub. Bu test iisullar1 veb test
iisullart adlanir. Keyfiyyatin tominati istor manual, istar do avtomatik test olunur. Selenium iss mahv
avtomatik test iisullarindan biridir.

Giris

Avtomatlagdirilma testi bir program totbiginds testi tortib etmok va yerina yetirmak Ugiin test
alotindon istifado edilon bir prosesdir. Bu alotlor vasitosilo sinaq dofalorlo yerino yetirilo bilar.
Avtomatlagdirma test alotlori genis miqyasli vo miirokkob testlori yerins yetirir, hesabatlar yaradir va
sonda, avvallar yerina yetirilon test naticalari ilo miigayiss olunur. Avtomatlagdirma testinde magsad
asason program tominatinda miiayyan hissasinda problemlara digget etmokdir. Mixtalif metodlar
siamag tiglin test skriptinds bir ne¢o dofo tokrarlanan kod nimunalori ola bilar.

Avtomatlasdirma testi

Avtomatlagdirma testindo, avtomatlagdirilmig bir test paketi igsloyon zaman heg¢ bir ol
mudaxilosine ehtiyac olmur. Test avtomatlagdirmasi daha etibarli, programlasdirila bilon, tokrar
istifado oluna bilon, shatali, texniki xidmat g6stora bilondir, vaxta vo pula gonast edir, daha genis
sinaq shatasina malikdir vo ol ilo idarsetmodon daha stiratlidir. Tester test islorini yazir vo sonra onlari
bir ne¢a test paketlarina boliir, clinki Kicik test paketi boyik test paketindan daha siratli islayir va test
skriptini asan saxlayir. Proqram togkilatlarinda test avtomatlasdirilmasi proqram tominatinin
hazirlanmasinda daha ¢ox vacib olmusdur.

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

- BOyuk vo mirokkab layihalor

- Stabil program/tatbiq

- Tez-tez eyni test hallarinin sinaqdan kegirilmasi

- Program tominat1 ¢carpaz platformada islayir

- Vaxt aparan

- Manual testds sahv olma riski yiksokdir.

Moanfi cohatlori iso bunlardir:

- BOylk vo mirakkob layihalor

- Stabil program/tatbiq

- Tez-tez eyni test hallarinin sinaqdan kegirilmasi

- Program tominat1 ¢arpaz platformada islayir

- Vaxt aparan

- Manual testds sahv olma riski yiksokdir.

Boazon avtomatlagdirma testini istifads 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/tatbigda.

- Hor hansi tacriibasiz vo ya milvaqgsti sinaqgg1 tarafindon.

- Avtomatlagdirma testlarini qurmagq t¢un kifayat godor vaxt alir.

Selenium nadir?
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Bu, mixtalif brauzerlords vo ya mihitlords veb programlar1 sinagdan kegirmak Ggln istifado
edilon sinaq ¢argivasidir. Basqa s6zlo, veb programlarin keyfiyyatinin tomin edilmasi Ggtn istifado
olunan proqram testinin avtomatlasdirilmasi vasitalori dastidir. A¢iq monbali program oldugu tigiin
pulsuzdur.

JavaScript

JS kimi qisaldilmig JavaScript HTML vo CSS ilo yanasi World Wide Web-in asas
texnologiyalarindan biri olan proqramlasdirma dilidir. 2022-ci ilo kimi, veb-saytlarin 98%-i veb-
sohifo Ugun client torofindo JavaScript-don istifado edir, Gglincl torof kitabxanalarini 6ziinda
birlogdirir. Biitiin asas veb brauzerlords istifadagilorin cihazlarinda kodu icra etmok ¢Un xdsusi
JavaScript muharriki var.

JavaScript miharriklori avvalca yalniz veb brauzerlords istifads olunurdu, lakin indi bazi
serverlorin vo muxtolif programlarin osas komponentloridir. Bu istifads Ggln an populyar isloma
sistemi Node.js-dir.

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

Natica

Veb totbigetmoni sinagdan kegirmozdon avval nazars alinmali olan boazi faktlar var. Masalan,
totbigin hansi hissesinin avtomatlagdirilacagi, istifadogi gozlontilori, layiha Gglin verilon vaxt va
prioritetlor layiha meneceri torafindon muoyyan edilirdi.

Bu tezisin asas magsadi son istifadoginin onun funksionalligini yoxlamagq ii¢iin eds bilocayi
kimi brauzers girisi avtomatlasdirmagq idi. Testin dizaynina gora, yerina yetirilon notica faktiki islo
eyni oldugu {igiin magsados catildi. Tatbiq dayisdirilarsa, manba kodu daha sonra istifads edils bilar.
Yaqin ki, tatbigin tolablari asasinda onun funksionalligini yoxlamagq ti¢iin kigik bir dayisiklik talob
olunur. Ogor har hansi bir halda o, WebElementi tapmirsa, element {izorindo harokatlori yerino
yetirmok va ya bozi diger alatlordan istifads etmok ti¢tin brauzerlorin konsolundan elementi yoxlamaq
lazimdir.

Bu tezis dinamik veb totbiginin funksionalligi1 yoxlamaq {i¢lin neco avtomatlasdirila
bilacayini niimayis etdirdi. Kifayat godar asan goriinss do, avtomatlasdirmagq ti¢iin ¢ox is talob olunur
ki, bu da onu daha da ¢atinlagdirir. Selenium WebDriver-in 0z dili yoxdur. Bu, digar programlasdirma
dillarindon asilidir.
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PAYLANMIS HESABLAMA SISTEMLORI UCUN MOVCUD HOLL USULLARNIN
ANALIZI

Paylanmis hesablama, oksor hallarda paralel hesablama sistemino birlosdirilon bir necgs
komputerdon istifado etmoklo vaxt aparan hesablama problemlarini hall etmok Gsuludur. Yerli
superkomputerlordon forqli olaraq, paylanmis ¢oxprosessorlu hesablama sistemlorinin bir
xususiyyati, miqyaslama hesabina mohsuldarligin qeyri-mohdud artmasi imkanidir.

Hal-hazirda, hom asagi saviyyali, hom do ylksok soviyysli rahat paralellogsdirma Gglin bir negoa
hazir hallor mévcuddur.

Message Passing Interface (MPI) adli proqramlasdirma interfeysi (API) eyni funksiyani yerino
yetiron proseslorin bir-biri ilo slage saxlamasina imkan verir. MPI paralel proqramlagdirmada an ¢ox
yayilmig molumat mubadilosi interfeysi standartidir vo ¢oxlu sayda kompiiter platformalar iigiin
totbiglor movcuddur. O, klasterlor va superkompliterlor tigiin proqramlarin hazirlanmasinda istifads
olunur. MPI-do proseslor arasinda yazigmalarin asas tisulu mesajlarin bir-birina 6tlrtlmasidir [1].

OpenMP (Open Multi-Processing) C, C++ va Fortran proqramlarini paralellosdirmak ti¢iin agiq
standartdir. Paylasilan yaddasa malik ¢oxprosessorlu sistemlords ¢oxillik programlarin
programlasdirilmasi tigiin nazards tutulmus kompilyator direktivlori, kitabxana prosedurlart vo muhit
doyisonlori doastini tosvir edir. OpenMP paralel hesablamani hoyata kegirmok figiin ¢ox is
parcacig@indan istifado edir ki, burada "master” (master) ip bir qrup kolo (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 tapsiriqlara bolinmiis bir hesablama baximindan miirakkab tapsirigi hall etmok Ggiin
bir ne¢o kompduter toplusudur. Har bir komputer bir negs alt problemi hall edir, bundan sonra fordi
hesablamalarin noticalori birlogdirilir. GRID-in osas ustunliyt ondan ibarstdir ki, o, bir-birindon
yuzlorlo vo minlorlo kilometr maosafodo yerloson vo muxtolif aparat vo program tominati
xususiyyatlorino malik komplterlordon ibarat ola bilor [2]. Kompliterlori birlogsdirmok vozifasi biitiin
kompiiterlori Internet iizorindon bir superkompiiters 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
va potensial olaraq daha gucli moahsuldarliq vasitalorine ¢evrildiyi zaman yaranmisdir.

BOINC arxitekturasi sonlu dovlat masini ideyasina asaslanir - server har biri 6zlinomoxsus tapsiriq
Uclin cavabdeh olan ayri-ayri alt sistemlor toplusundan ibarstdir. Masolon, hesablamalarin
aparilmasi, fayllarin 6tiiriilmasi vo s. Alt sistemlarin har biri alt tapsirigin voziyyatini yoxlayir, bazi
harakatlori yerina yetirir va alt tapsirigin vaziyyatini doyisdirir - sonsuz dongads bels isglayirlar [3].

Umumiyyoatls, sistem BOINC serverindan, server tapsiriglarini yerino yetiron bir cox miistoridan
va balka do qosulmus GRID sobokalori soklinda alave komponentlardan ibaratdir.

Globus Toolbar hesablama sobokolori yaratmaq tiglin agiq (Ag¢iq Monba) alstlor dostidir.
Resurslarin monitoringi, hesablama qovsaqlarinin agkarlanmasi va idars edilmasi, tohllkasizlik va
fayllarin idars
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edilmasi G¢un program xidmatlori

vo kitabxanalar dasti daxildir. Globus il f s
Alliance torofindon hazirlanmis vo 9 :
saxlanilmigdir. &“""‘"‘“’” / : s
Molumatlarin saxlanmasinin fayl e D
toskilindon forgli olarag verilonlor <§> e
bazalarindan  istifado danilmaz
ustunliklor verir. Masalon, axtarisi Rewora
toskil etmok, geydlori tarix vo vaxta
goro  ¢esidlomok, mixtalif geyd
secimlarini hoyata kecirmok asandir,
clinki verilonlor bazas1 molumatin
saxlanmasinin somarali togkilini, girisi
Vo axtarls vaxtini  minimuma
endirmayi  tomin edir.  Minlarlo '
geydlor arasinda tez bir zamanda bir Sakil 1. BOINC sisteminin arxitekturasi
xususi geyd tapa bilarsiniz.
Boyuk  hacmli  molumatlarla

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

Verilonlor bazalarinin fayllarin boyiik ¢atismazligi yoxdur: onlarin malumat mubadilssi ilo bagl
problemlori yoxdur. Fayli isloyarkon doyisdiron skript eyni vaxtda iki nofor torafindon isladils bilor
vo fayli kilidlomok tiglin addimlar atilmasa, problemlar yarana bilor. Verilonlor bazasi ilo bu
problemlor méveud deyil, ¢linki paylasma problemlari maksimum somoralilikls asagi saviyyads hall
olunmagq Uglin nozards tutulmusdur.
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BiLIKLORIN iDARO EDILMOSI

Giris

Tam sokildo muoyyon edilmisdir ki, bilik iqtisadiyyatin inkisafi ii¢iin vacib aspektdir. Biz
comiyyatimizds stiratlo bas veran bir ¢ox transformasiyanin sahidi oluruq. Hor guin biz bilikdon daha
¢ox asilt oldugumuzun fargins variriq. ©gar comiyyatimizds vaziyyat beladirss, bu ssenari toskilatlar
ticlin gox da forqli deyil [1]. Indiki vaxtda rohbaorlik torafindon toskilat iigiin rogabet Ustuinlilyii oldo
etmok vo bu Gstunliyt gorumag dglin an vacib olan vahid monbani vurgulamaq istonilss, manba
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olaraq onlarin oksariyyati “Bilik”i segacak. Biliya bu gadar shomiyyat verildiyi t¢lin onu idars etmoak
toskilatlari ciddi narahat edon masalays ¢evrilmisdir. Biliyi idars etmoak tigiin miikommal proses qura
bilon bir toskilat, siibhasiz ki, ragiblari Gizarinds ragabat Ustiinliyins sahib olacaqdir [6].

Mosalonin qoyulusu. IKT (informasiya Kommunikasiya Texnologiyalar1) sektorunun niimunasi
kimi dinamik doyison muhitdo foaliyyat gostoron toskilatlar {igiin biliyin dayarini hogigaton
konseptuallasdirmagq iiciin biliyo osaslanan baxisin mogzi tam basa diisiilmolidir. IKT sektorunda
innovasiyalarin vo mohsulun suratli inkisafinin artan shamiyyati biliklorin yaradilmasi va innovativ
togkilati transformasiyalar hagqinda malumatlilig1 toskilatda kritik mosaloys ¢evirmisdir. Buna gora
do, biliklorin idaro edilmasi bir toskilat daxilindo informasiya texnologiyalar1 (iT) ilo alageli funksiya
deyil, daha ¢ox strateji idaraetma, 6yranms, R&D, mixtalif texnologiyalardan istifads, insan kapitali
Vo biznesin idaro edilmasinin inteqrasiyasidir [3]. Bu ndqteyi-nozordon toskilatda biliklorin
yaradilmasi vo idars edilmasi sirf mohsulun inkisafi problemi deyil, hom togkilatin biitiin iyerarxik
saviyyalori daxilinds, hom do mixtalif tocribs icmalari arasinda molumatin yenilonmasi Vo
otartulmasinin manimsanilmasi masalasi [4,5], toskilati inkisaf prosesi vo innovasiyalardan siratlo
istifado etmok yoludur. Dayoarli, nadir, tokrarolunmaz vo ovozedilmaz resurslar1 olan bir togkilat
ragiblori Uzarindo davamli ragabot Ustinliyl yarada bilor vo belaliklo, daha yaxsi maliyya
gostaricilari alds eda bilar.

Hor hanst moahsulun istehsali zamani amaliyyatlarin icras1 zamani biliklar oldo olunur. ©lds olunan
biliklor sirkotdo ndvboti dofo mohsullarin istehsalinda bdyiik 6nom dasiyir. Hansi ki, olds olunan
biliklarin 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 ti¢iin anlayis vo tocriibalorin sistematik sokildo oldo edilmasidir. Toskilatdak: fordlarin
anlayislar1 va tocriibalori taskilatda yaradilan va proseslor soklinds daxil edilmis biliklardan ibaratdir
[3]. Biliyin idars edilmasi mixtalif texnologiyalar va strategiyalardan istifado etmokls toskilata xas
olan biliyin alds olunmasi, saxlanmasi vo yayilmasi ilo mosgul olan togkilati funksiyadir.

Biliklorin idaro edilmasinin mogsadi toskilatin rogabot gabiliyystini artirmaq, performansi
artirmaq, 6yranilon dorslori boliigsmok va toskilati proseslori davamli olaraq tokmillosdirmokdir. Tipik
olaraq, muassisalor togkilati prosesloro goro toplanan biliklori tutmag, saxlamaq vo yaymaq ugln
yaxs1 qurulmus alatlor vo program tominatina malikdirlor [4].

3M, Pfizer va Infosys kimi sirkatlor KM-do diinya liderlori hesab edilir [1]. Bunun sababi, onlarin
istifadaya verdiklori har bir layiha va ya mohsuldan sonra bilik alds etmak ti¢iin aydin talimatlar dosti
olmasidir. Masoalan, bu sirkatlorin layiha menecerlori Gglin layihadon sonra toplanan informasiyani
darc etmok vo onlar1 KM (Knowledge Management) sistemina yiklomok t¢ln talimatlar var. Bundan
olavo, muvoffoqiyyatli bir KM sistemi Uglin asas sort, isgilorin ekskliiziv diisiinco torzi oavozino
paylasma diisiincasine sahib olmasidir. Bu o demoakdir ki, isgilor 6z fikirlorini vo biliklorini digar
is¢ilorlo boliismoys hazir olmalidirlar. Bundan alava, ugurlu KM sistemini aktuallagdirmaq {igiin
iyerarxiya va biliklorin paylasilmasina maneslor aradan galdirilmalidir [6]. Kegmis sohvlarin galacak
ugur tiglin addim daslarini togkil etmasini tamin etmoak ictin KM sistemi ¢ox vacib vo shamiyyatlidir.

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

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

Todgigatlar gostarir ki, toskilatlarin biliyi ugurla idara eda bilmasi tiguin biliklorin 6ttrtilmasi bu
foaliyyatlor arasinda on vacib olanidir [8].

Biliyin togkilatin bir iizviindon digar Uzvins Oturilmasi biliyin 6tirtlmasini nazards tutur. Bu
sadolosdirilmis torif olsa da, biliklarin 6ttrilmasi 6zU mirokkab bir prosesdir. Ovvalco geyd etmok
lazimdir ki, otiirtilon biliklor diizgiin vo toskilatin miivafiq Uzviine ¢atmalidir [1,9]. Bundan slava,
catdirilan biliyin vaxti vo formasi da doqiq olmalidir. Biitiin bu aspektlordon slava, bu dasinma
xarclori magbul hodds olmalidir. Biitiin bunlara nail olunduqda, bilik o&tiiriilmosini ugurlu
adlandirmagq olar. Bilik idaragiliyindon gazanc slds etmok tgtin biliyin 6tlrilmoasinin ugurla hoyata
kecirilmasi vacibdir.

79



Umummilli lider Heydar Blirza oglu Bliyevin anadan olmasmnin 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
D

=
/

[

ahsu
(/ %iliyin

‘;é itirilmasi
Zaman>
Bilikdan istifada olunmadiqda

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

onomi

Informasiya miibadilosi {i¢iin texnologiyalarn siiratlo inkisaf etdiyi mdvcud morholodos toskilatlar
biliklarin 6turtiilmasine daha gox 6nam verirlor. Bundan alava, geyd etmak lazimdir ki, yaradilan bilik
koclrmo prosesi bas verdikdo toskilat ticiin tokmillogdirilmis performans oldo etmoys kdmak
edacokdir. Biliyi mongoyinds saxlamagin heg bir faydasi yoxdur. O, togkilatin xeyrina istifado oluna
bilocayi yeros oturulmalidir. Bu clr istismar toskilat liciin doyor yaradir vo bu da 6z ndvbasinds ona
tolob olunan ragabat Gstinliyl gatirir. Belaliklo, toskilatin bilik 6tiiriilmasina nail olmag mogsadi
dastyan proses liciin mohkom tomal qoymasi vacibdir [4].

Biliklorin idaro edilmosinds “gizli” biliklo “a¢iq” bilik anlayislart mévcuddur. Gizli bilik
toskilatdaki fordlorin malik olduglar1 vo eyni zamanda onlarin konkret tapsiriglari neco yerino
yetirmalori barads sahib olub lakin, farginds olmadiqlar1 daxili biliklors aiddir. Digar torofdon, agiq
bilik, toskilatlardaki fordlorin onlara sahib olduqlarini vo forginds olduglarini bildiklori bilikdir [5].

Istonilon Bilik idaroetma sistemindo holledici element gizli biliyin oldo olunmas1 va agiq biliys
cevrilmasini tamin etmoakdir.

Natica. Biliklorin idaro edilmosi artiq bir nego ildir ki, miiasir sirkotlor arasinda sas-klyli
maovzudur. Bununla bels, bir ¢ox sirkat halo do biliklorin idara edilmasi sistemina shomiyyatli
miqdarda pul yatirmaga siibhs ilo yanagir. Bunun sababi, biliklorin idaro edilmoasinin galirliliyini
6lcmak cotin ola bilir. Sirkatlor Xarclorin azaldilmasi vo ya biznesin tokmillogdirilmasi Gzra digor
foaliyyatlor hayata kegirdikds, galir artimi darhal hiss olunur. Biliyin idarsa edilmasinds problem
ondan ibaratdir ki, galir arttm1 miiayyan vaxt talob edir va asanligla 6l¢iila bilmaz. Oksar menecerlar,
biliklorin idaro edilmasi tosobbuslorinin firmanin faaliyyatino daha yaxsi tasir gostordiyi ilo
razilagirlar. Masalon, malumat axini daha sadoloasir, iscilor vo miistarilor daha ¢ox momnun olur.
Bununla bels, eyni menecerlor biliklorin idaro edilmosi sayssinds aldo etdiklori golirlori 6lgarok
milayyan eda bilmirlor. informasiya asrinda biliys diggatin minimal olmasinin 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.lt 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 = LN olgllon ardicilliq daxil olur. ©Ogor mane
olan to'sirlor (onlar muxtalif tobioto malik ola bilarlor vo golocokds onlart kiiy adlandiracagiq)
olmasaydi, onda 6lgma naticalorine muvafiq olan {yi} i = LN, ardicillig1 yi = y-Xi olardi (burada y-
6lgmonin hassasligidir). Tacriibado gox vaxt Xatti sistemlor totbiq olunurlar. Ona gors do sonraki
bélmalards sabit parametrli (yani y=const) Xatti sistemlara baxacagiq. Tohlilin sadaliyi tgiin y=1

goabul edak. Real sistemlorin {yi} Xatalar1 nazars alinmagla 6l¢gma naticalorinin ardicilligini asagidaki
sokilda gostarok

§; =x,+&, i=LN. (1)
Olgma Xatalariin yaranmasina sabob olan amillor, imumiyyatlo dasak, tosadiifi xaraktera malik
olduglarindan 6lgmo Xotalarina da miioyyan tosadiifi prosesin realizasiyasindan ibarat tosadufi

komiyyat kimi baxmaq olar. Bu halda polyar signallarin ayrilmasi masalasinin halli zaman1 an
olverisli metodlardan biri statistik forziyyslorin yoxlanilmasi metodudur.

Problemin halli

Elementar ardicilliglarin yalniz isarasindon istifado edon alqoritmlor isara algoritmlori adlanir.
Morkazlosdirilmis paylanma funksiyasina angalin néviindsn asili olmayaraq malik olan stasionar kiiy
tiglin ardicilligdaki miisbat vo manfi elementlorin say1 eynidir. Ongoallor fonunda musbat isarsli signal
olduqda ardicilligda miisbat isarali elementlorin olmasi ehtimali monfi isarali elementlorin olmasi
ehtimalindan ¢oxdur. Bu qayda faydali signali askar etmok tiglin istifado edils bilor. Isars algoritminoe
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mivafiq olaraq daxil olan garisigda miisbat signalin olmasi haqqinda N1 alternativi geyri-asili
ardicilliq tligiin
E=(€,8,,..,6,);

\ ()
;Signgi >H

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

g, {1, g >0;
signe, =

] 1, & <0.

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

Isaro algoritmlori birtorofli va ikitorafli ola bilorlor. Birtorafli algoritmda hallin segilmo gaydasi
har hans1 polyarliqli segmoanin elementlor sayinin verilmis N hiidudunu kegmasinin yoxlanilmasindan
ibarotdir. Yuxarida nozorden kegirilon algoritm misbot signal tigiin birtorofli alqoritmdir. ikitorofli
algoritm Ggln har 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 tglin xeyli sayda statistik test molumdur [1]. Ongollor
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 ti¢in istifads oluna bilar.

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

n 1, &>0; 3
S=3he), he)= 3)
=l 0, & <0.
Boazan (3) avozina goriiniisi testin adini izah edon markazlosdirilmis statistikaya baxilir:
d & I, &>0;
T =Y sign(e,); sign(e)=—-=

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

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

molumdursa, iki ardicilliglt isaros testi almis olariq. Bu test kiiylii yl ,y2 ye yn Va X1,X2,...,Xn tadqiq

olunan ardicilliglarinin miisahidos naticalari ciitlori farglorinin isaralorinin sayllmasma osaslanmigdir:
=Y h(x, - yo). (4)

Qorar gobul edilmosi tigiin S statistikasi verilmis o1 ehtimalina gora
P(S > H/Ho) = au
ifadasindan tayin edilon N haddi ilo sinaqdan kegirilir (yoxlanilir).
Gorundiyd kimi, (3) va (4) comlarinds vahidlorin say1 Bernulli sinaq sxeminda misbat naticalorin
sayina ekvivalentdir. Buna géro do N hoddini agma ehtimah belo tayin olunacaqdir:

PS>H)= 3 (n)-p'-(1- ", (®)
burada p=P(x>y)=]G(x)-dF(x)- X>Yy (X > 0) hadI3951nln ehtimali; nj - n-dan i-ya goros

kombinasiondur. Ng farziyyasi tigiin ehtimal R=1/2 oldugundan farziyyanin sshvon rodd edilmasi
ehtimali
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a=P(S>c/H0)=(1/2)"-él(ni) (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) ifadasi testin is¢i xarakteristikasinin
diizgiin askaredilmo ehtimalinin hipotez vo alternativ arasindaki forqi Xxarakterizo edon R
parametrindon asililigini miiayyan edir. Signalin yararli 6lgmalarinin ixtiyari namolum paylanmali
kiiy fonunda ayrilmasi mosalosini nozordon Kecirok. Yalmiz o molumdur Ki, signalla angolin
qarisigmin 6lgmoaloari statistik olaraq 6lgmolarin sayindan ¢oxdur. Bu o demokdir ki,

hi :h('xi _y;*):{

tosadlfi kemiyyati (burada xi vo sinaqdan kegirilon Xg,Xa,...,Xn Vo kiiylii (bulaniq) ardicilliglarinin
elementloridir) y-,y), ...,y ehtimali ilo "0" va ya "1" (agar X angaldirss), P>1/2 ehtimali ilo "1"

*x
Lox, >y

0, x <y .

giymatini (agor X signalla angolin garisigidirsa) alacaqdir. Faydali signalin bulaniq (kiiylii)

qarisiqdan ayrilmast 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 - h, comina osaslanan statistikadan istifads edir. Hogigoton, Neyman-Pirson
i=1

meyarina miivafiq olaraq askaredici

2= POIHD PGy [Hy)

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

Zi I’I—Z[ zhi ”_Zh[
= )
PR (-p) " \R - P,

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

log A(h)=n-log2(1- P)+ ilh,. ‘log

B

1-P

1

aliriq. Buradan askaretmas alqoritmini yaziriq
S = fjlhi > H.

Askaretmadoki hoddin (N) giymati S statistikasinin binominal paylanmasi vasitasi ilo verilmis ou
sohv hoyacan ehtimali farziyyasina goro toyin edilir. Qeyd edok ki, angslin stasionarligi vo faydali
signallar sabitliyi talobi mutlag deyildir, lakin he¢ olmazsa, onlarin garsiliql to'siri zaman1 P>1/2
sorti 6donilmolidir. Yuxarida gostorilon mulahizolorin osasinda dissertasiyada isara prinsipinda
qurulmus ¢esidlomoa meyari

LA g >0, ¢>0;
X, +Ag;,
! ole <0, & <0; (8)
Yi=
0 £.,>0, ¢ <0;
’ £_,<0, ¢ >0;
ifadosi, iki ardicil 6l¢monin tutlantilarina mahdudiyyat prinsiinds qurulmus gesidlomo meyari kimi
IS0
x, +Ag, & |<H, |& <H,
©)
Yi= 0 &< H,, ‘91">H2
’ &> H,, ‘gi‘SHz

ifadasi toklif olunur.
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Miihiim praktiki totbigat hallarinin oksariyyatinds € Xotasina & = & + &° stasionar erqodik tosadiifi
proses Vo ya tosadiifi komiyyat kimi baxmaq olar (burada & vo €° xotamin uygun olaraq sistematik
murokkobasi (riyazi gozlomasi) va markazlosdirilmis tosadifi murakkabasidir).

Xotalarin sistematik miirokkabalorinin  sonddrtlmoasi tg¢un 6lgma naticalorinin X analoq
komiyyatini onun xi cari giymati (6lgmosi) vo Ag; xotasmin birinci tortib sonlug forginin comi
soklina gevirmak mogsadouygundur [3, 4]:

yi* =X, +Ag =X, +& —¢&,,

Sonlu forg (birinci tortib) suzulmasina ragmon 6lgmonin y: naticasinin Xotas1 tosadufi
mirokkobasinin birincm tartib sonlu fargi ilo miayyan edilocakdir. Bels ki,

Aq:42+;y4§+gp4)=;—5—1=A;

Ragomli 6lcmonin noticasinin qaliq A& Xatasinin sonraki sondiiriilmasi ya izafi diskretlogdirmo,
ya da ¢ox sayl dlgmolarin naticolorinin statistik ortalagdirilmasi ila tomin edilo bilor. Lakin geyd
etmok lazimdir ki, diskret 6lgmoalarin izafiliyino gotirib ¢ixaran birinci tisulu he¢ do homisa totbiq
etmok miimiikiin deyildir. Ikinci iisiil da xeyli zaman masrafine gors bir sira 6lgmolorda, masalon,
signallarin barpasi zamani he¢ do homiso totbiq edils bilmir. Xatalarin tullantilar ilo miisayat edilon
zay 6lgma naticalorinin askarinin on sads Usulu iki gonsu 6lgms Vo onlarin xotasina mohdudiyyot

qoyulmasidir [6]. Bu zaman cari y*(ti) 6lgcma naticasi

g(ti)_g(ti—l)ghh

sorti 6donildikds yararl sayilir.

Bu g¢esidloma usulu istifado edilorkan asas masalo ¢esidloma haddinin asaslandirilmis
secilmasidir. Asagida gostarildiyi Kimi, 6lgma naticalari Xatalarinin sonlu farglor algoritmi vasitasi
ila ilkin stiziilmasi zamani bu tisul daha somarali (kvazioptima) gostaricilora malik olur.

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

y(t)= ;)ai -1

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

Ogor (10) sorti 6doanilirss, onda bu hal 6lgma naticasinds anomal Xatanin olmasini siibut edir.
Diskret zaman skalasindan istifads etdikds anomal Xotanin olmasi sarti belo yazilir

AVy(t)=0, N>n+1l. (11)
Burada 6lgmalor ardicilligimin N tortibli sonlu fargi olub, bals toyin edilir

N _ ul R YN
A y(ti)_;g‘o( 1) 'CN'y(tifj)

burada - N elementdan j - ya goéro kombinasiyondur. Demali, agar (10) barabarliyi ddanilirss,
onda todqiq edilon 6lgmolor ardicilliginda anomal xotalar vardir. Qeyd edok ki, (10) vo (11)
borabarliklori normal Xatalar olmadiqda dogrudurlar. Real sistemlards bu xoatalar hamisa x(t) 6lgmoa
naticalorini miisayiat edir [7, 8]. Ona gora do anomal xatalar olmadiqda y(t) funksiyasinin (10) sortini
6domasina baxmayaraq x(t)-nin (n+1) tortibli tdromasi sifra barabor olmayacaqdir. Bunanla olagoadar
olarag anomal xotalarin olmamasi (yoxlugu) sorti bels yazilir:

dn+l ¢
d[++$) < hh [D(g)],

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

Diskret zaman oblastinda uygun olaraq yaza bilarik:
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A’y Ay
ar A
Burada A7 = ¢, —t,_,. Cesidlomo sorti asagidaki sokilds olacaqdir:
A"y < by [D(e)]- A
Sonlu farglar algoritmina asaslanmig tisuldan istifado edarkan asas masalo mahdudiyyat haddinin
giymatinin tayin edilmasidir. Anomal xatalar normal paylanma ganunu ilo paylandigda bu masalonin
halli ¢atinlik torotmir. Ogor A"“x(tl.) paylanmas1 moalumdursa, mohdudiyyst hoddini Cebisev

borabarsizliyi asasinda miiayyan etmoak olar. Sonlu farglor Gsulunun samaraliliyi tadqiq olunmus vo
gOstorilmisdir ki,

—  Umumi halda sonlu forglor Gsulu ilo ¢esidlonmonin somoaraliliyi 6lgmoa  signalinin
(malumatin) korrelyasiyasindan, istifade olunan sonlu forglorin tortibindon vo diskretlosdirmo
tezliyinin izafiliyindon asilidir;

— ilkin tosadufi prosesin orta kvadratik mo'nada diferensiallanma tortibinin vo istifads edilon
sonlu farglorin tortibinin artmasi ilo gesidlomo algoritminin samaraliliyi artir;

—  toklonmis zay Ol¢molorin ¢esidlonmosi zamani hotta sonlu farglorin nisboton Kkigik
tortiblorinds (N=2, 3, 4) bels bu tisulun somarasi maksimal somaraliliys yaxindir.

Yuxarida geyd olunanlari nozars alaraq 6lgma naticalorinin tosadiifi xatalara goro gesidlonmasi

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

0, Ag|>H

Signalin ¢oxkiiylii 6lgmalarinin gesidlonmasi-atilmas1 meyarlarina oasaslanmis sonlu farglarlo
suiziilmo iisulu agiq vo qapali 6lgmo kanallarinda istifado edilo bilor. Istor toklonmis, istorso do
tokrarlanan 6lgmolords Xotanin sistematik vo tosadlfi mirokkoboslorinin tarazlasmis vo glvanilon
tortibdo séndirtlmosi tigiin ¢esidlonmis 6lgma naticalorinin yenidon stizilmasi algoritmlarini do bu
masalaya calb etmok olar.

Natica

Signalin ¢oxkiiylii 6lgmoalorinin gesidlonmasi-atilmas1 meyarlarina osaslanmis sonlu farglarlo
stizilms dsulu agiq vo qapali 6lgma kanallarinda todqiq edilmisdir. Sonlu farglorls ilkin stiziilma
sonraki diskret inteqrallama zamani tolob olunan 6lgmolor sayini azaltmaga imkan verir ki, bu da
dinamik 6lgma soraitindo faydalidir. ©On mithiim natica iso ondan ibarotdir ki, toklif edilon yanagma
Xatanin ham sistematik, ham do tosadifi murokkabalorinin bir nego tortib azaldilmasi sayasinds
6lcmalarin zomanatli dagigliyini tamin edir.
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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).
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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

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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MUHONDISLIK SISTEMLORIND® SUNI INTELLEKT
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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 xtsusi téromali
diferensial tonliklora gotirilir. Belo fiziki proseslorin vo hadisalorin riyazi tasvirini verarkon
ohomiyyatlisi masalalorin qoyulusuna, hom do pros.eslorin birgiymatli toyin edilmasini mimkin
etmokdir. Belo ki, butln fiziki proseslor va hadisalor dovrii oldugundan onlarin ifads olundugu
diferensial tonliklorinds hollori sonsuz sayda olur. Bu baximdan istor nozari, istorso do totbiqi
mosalolari birgiymotli xarakterizs etmak tigiin sarhad sortlorindon genis istifads olunur [1,2,3].

Bu clir masalalardan an sadssi 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 Gmumi hollinin elastiki parametrdon asili sarhad
sarlarini 6dayan vo eynilik kimi sifra barabar olmayan (trivial olmayan) hallorinin tapilmasi spektr
moasalasi va ya Sturm-Liuvill masalasinin xiisusi hali adlanir [1, 2,4, 6].

Aydmndir ki, trivial olmayan hollinin tapilmasi ii¢iin toyin olunmus giymotlor maxsusi adadlor bu
adadlars uygun qurulmus funksiyalar ¢coxlugu moxsusi funksiyalar adlanir.

Indi baxacagimiz fiziki mosalo, | uzunluglu elastiki gubugun sorhad sortins elastiki parametr daxil
edilmakla, maxsusi hallinin qurulmasi masalasidir [6]

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

Axtarilan hall iki sarbast doyisondon asili oldugundan onu tapmaq Uglin dayisanlarina ayirma va
ya Furye metodu adlanan tsuldan istifads olunur.

Mohz belo moasalalar Giglin moxsusi adad vo moxsusi funksiya x koordinatindan asili birdayisonli
y(x) funksiya vasitasilo tayin olunur. Yani sorhad sortlori asason y(x) funkiyasimin {izorina diisiir
[L2,3].

Bu tipli sarhad mosalalarin halli zaman1 qurulmus moaxsusi hallarin L, fazasinda ortoqonalligi va
normasinin tayin edilmasi shamiyyatlidir.

Masalanin qoyulusu: Uzunlugu | olan bircins elastiki ¢ubugun ragsi haroksti zaman1 x=0 va
x =1 ndqtoalorinds 6zliniin va téromasinin elastiki parametrdon asili bircins sarhad sortlorini 6doyan
hallinin tapilmasi talob olunur.

Yani: y'(xX)+ Ay(x) =0, xe(0,l) 1)
y'(0)-zy(0) =0, )
y'()+zy()=0, )

burada 7 = ELS > 0 sabit fiziki parametrdir.

Masalanin halli: Qoyulmus masalonin halli Ugiin A adadini miayyon edok. Tutaq ki, 1€C
kompleks adaddir. Gostarak ki, (1)-(3) masalasinin halli var. Bunun tg¢un (1) tonliyinin har torafini
y(x) funksiyasinin qogsmasi olan y(x) funksiyasina vurub, X € (0, |) parcasinda inteqrallayagq.

[y ) dx+A] y(x) y(x)dx =0 = [y(x)dy' () + Ay dx=0 ()

95


mailto:dumanli.zefer@mail.ru

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

(4) barabarliyinin birinci toplanani hissa-hissa inteqrallasaq,

[709dy'(x) = Y0y () s =] Y09 ¥ ()dx = 7)Y (1) = ¥(0)y'(0) — [y’ ([ dx =

y()y' ()= (0)y'(0) - [y’ (9" dx+ A|y()[ dx=0  (5)
(2)-(3) sarhad sartlorini (5)-da nozars alsaq,
rﬂy(|)|2 + |y(O)|2)+ [ly'eofdx=2.[ly dx=

T@y(.)r +|y©)" + | |y'<x>|2de (6)

=> A=

I|y(x)|2dx

(6) minasibatindon aydin olur ki, A -nin sag torafi haqgiqi ododdir. Demali, 4 kompleks adad ola
bilmoz. Buradan (1)-(3) masalasinin hallini 4 € R oldugda axtaracagiq. Malumdur ki, trivial olmayan
bels hall A -nin miisbat qiymatlarinds mimkindr.

Yoni, 4 >0 oldugda (1) tonliyinin tmumi halli y(x) = A cosvAx + A, sin/A x (7)
(1)-(3) mosalasinin trivial olmayan halli {igiin (7) funksiyasini1 diferensiallamagqla (2)-(3) sorhod

sortlorini yoxlayag. y'(x) = —A~/A sinvAx+ A2 cosv/Ax (71)
2)-3)=>(7)= AJI-1A=0=A :AZT*/Z,

— AN Asinal + AV cosv Al + r(Al cosv/Al + A, sin \/ZI)=
= Al(r cos~/Al —/Asin+/Al )+ Az(ﬂcosﬂl +7sin \/ZI): 0, Az sabitini Az ilo avaz etsak,
A, (v rcosy /A1 - Asina/Al + 72 siny/ Al )=0,

A2¢0:>(r - )5|n\/_l+2ﬁrcosJ_I 0= tg/Al = 2\/_r

transendent tonliyini alariq. ©gor Ja = 4 Qabul etsak, bu tonlik, tgul = Zw 5 (8)

(8) transendent tonliyindan musbst tam hallar Ggiin £, -n1 k € N Uglin se¢acayik. Dogrudan da,
(8)-in sol tarafini har hansi f(x) funksiyasi qabul etsak, f(x) =tgu| monoton funksiyasini alariq.
Burada

Gorundiyl kimi batiin R-do toyin olunmus, £ > ¢ oldugda monoton funksiyasinda
A = 12, k e N Ugtin (1)-(3) masalasinin miivafig hallini (7) hall diisturunda

Y (X) = Az.{‘/— ] ager A, =7 gobul etsok,
Y, (X) =\/Zcos\/2x+rsin\/2x 9)

\/Z = 1, oldugunu (9)-da yazsaq:
Y (X) = £4, COS 4, X+ 7SIN 14, X, (91)
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Indi (1)-(3) masaloasinin trivial olmayan halli iiciin qurulmus (9)-(91) moxsusi funksiyalarinin
L, [O,I] fozasinda ortoqonalligini gostarak. Bunun Gglin forz edok ki, (1)-(3) masalasinin maxsusi

giymatlari 4, # A, maxsusi funksiyalar1 y, (X) va y, (x)-dir. Onda (1) tonliyini bu funksiyalardan
asil1 yazsaq:
Ve )+ A4 Y () =0,y () + 4, Yn (X) =0 (10)
(10) barabarliklorinin birincisini y,, (x) -o, ikincisini y, (x) -0 vurub, [O,I] pargasinda
integrallasaq,

[ Vi 00y, 00X+ 2 [ y, (%)Y, (x) dx =0,

| |
[ Y200y, (9dx-+ 2, [ Y (%), (x) dx =0, (1)
0 0
(11) barabarliklarini birinci toplananlarini hissa-hisss inteqrallayib, toraf-torofo ¢ixsaq,

|
(A = 20)- [ YL OOY()dx =0, 4, # 4,
0

|
oldugundan J. Y (X) Y, (X)dx =0, olur, y, (x) va y, (X) funksiyalarinin ortoqonalligini gostarir.
0

Qeyd: L, [0, I] fozasinda (1)-(3) masalasinin moxsusi hallinin normasini hesablayagq.
Bunun dgiin (9:1) funksiyasinin kvadrata yiiksaltsok,
yZ(X) = 147 COS® g1, X+ 72 8iN% g1, X+ 7 11, SIN 244, X (12)

Y O = [l 09 dx (13)

0

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

|
||yk(x)||2 = I(,uf COS’ 11, X+ 2,44, T COS 11, X - SiN g1, X +7° sin? ,ukx)dx=
0
| | | (14)
= 4 [ €08® g xdx+ a7 [ sin 21, xdx+7? ['sin? g1, xdlx,
Ok—w—J 0‘—w——“ 0\—ﬂr——/

I | '
1 1 1 . 1 1 .
I. = |cos? uxdx=|=(1+cos2u x)dx==| X+——sin2u X | ==| | +——sin2u,|
! n !2( 4 X) 2( 2 SN2 JO 2[ o ﬂkJ

|

| Isin 2 Xdx =— LcosZ/ka|'0 :L(l—coszykl)
0 24, 241,

|

1 I—isinZykl
0 2 214,
Bunlar1 (14) barabarliyinds yazsag;

lye I = 2 %(I +isinZyklj+ykr.i(l—cosZyk|)+12 %[I —isin Zykl} (15)
k k k

| |
. :>Isin2ykxdx:I%(l—cosZykx)dx:%(x—zisinZykx]
0 0 Hy

2
Ztgozl Vo C0S2a = - tgza
1+t0°ax 1+t9°ax

funksiyalarinin uygun formalarini tapaq.

sin2a = trigonometrik eyniliklora gora sin2z,| vo cos2y|
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Natica
(1)-(3) sorhod masolosinin trivial olmayan moxsusi hallinin L,[0,1]-do normasi (16) rekurent

ifadasi soklinda miayyan 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. i
The main tasks of technical vision in this \ %

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 gorindiyl Kimi sakilords yaranan bu problemin asasinda sokilorin yaradilmasi tigiin
istifads edilon gruntun mixtslif sabablordan su ils saki 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 ¢irklonmadan qorumaq imkaninini alds etdik [1].

Sakil 1. Deformasiya olunmus sokilar.

Fusion 360 programu ilo dizayn etdiyimiz Techica stone V1 modelimizin perforasiya edilmis iistii
Va igindaki bosluqlar sayasinda bitiin sakidon boru kamori Kimi istifado edarok vo “Tamet dasi”nin
Uzarindaki suyu torpaga 6tiirmadan kanalizasiya xattine gondaracayik [2]. Belaliklo da sokilarin uzun

illor deformasiya olunmadan istifadosini tomin edacayik.

Yandan

Sakil 2. 3D modelinin mixtalif voziyyatlarinin gorintsii.

Hazirladigimiz ilk modellords tUzarindoki doliklorin hom 6lgust, ham do diametri Kigik idi. Bir
necs sinaq ¢apidan sonra modelin sakil 4.doki 6l¢ilorinin sinaq tiglin uygun olacagini diisiiniirik.

131 mm

140 mm
Sakil 3. Modelin sinaq ii¢iin uygun olan dlgiilari.
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Istehsal morholosina kegmazdon ovval 3D printer ilo modelimizin AR-GE islorini miiayyan
morhaloys kimi davam etdirdik [3]. Daha sonra istonilon dayaniqligi, modelds 6lgl duzalislarini,
mixtolif hava soraitino davamliligini miixtalif sinaq tsullar ilo toyin etdik.  Sokil 4.ds iso 3D
printerdan ¢ap olunmus modellarimizi gors bilorsiniz.

=g

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

3D c¢ap prosesi zaman1 PET-G filamentindon istifado etmayimizdoki asas sobob strafimizdaki
plastiklorin do PET cinsindan olan poluretanlar olmasidir [4]. Pet plastiklor ham tabii soraitdo ¢ox
gec curiyur ham do slgatandir.

Umumi model versiyalarimizin istehsalii 3D ¢ap texnologiyast ilo edorok ham qisa zamanda, hom
do sorfoli olan prototiplorimizi oldo edirik [5]. Indiya godor mitalif isti-soyuq temperatur, tizarina
osya diismosi, agirha davamliligi kimi testlorini etmisik. Test prosesimizi bitirdikdon sonra
topladigimiz plastiklori slave tullantilardan tomizloyib dograyici vasitasiylo Kigik hissolors ayiraraq
xammalda ehtiyatimizi hazirlayacagiq. Masaiistii injeksion cihazimizi va galiblorimizi hazirladigdan
sonra kigik hacmli nimunolorimizi istehsal edorok yollarda totbigine baslayacagiq. Burdan aldo
etdiyimiz naticalora goro ehtiyac varsa diizalislori edib kutlovi istehsal prosesine kegacoyik.
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I'OJOI'PAOUYECKHUE JUCKH — 9TO OBbEMHBIE HOCUTEJIN
N KAYECTBEHHBIE XPAHUTEJIN JTAHHBIX

Beenenue

Ceroans uHaycTpus TpeOyeT HOBbIE TUIIBI HOCUTENEH, nMerommue donblie oobema. B HacTosee
BpeMsi OOJIBIIIOC BHUMAHHE YACICHO Ha royiorpaduyeckue MeToanl o0padboTkn nHpopmaruu. OHu
UCHOJB3YIOTCA Ui CO3/1aHUS TOJIOTpapUUECKUX 3alIOMMHAIOLIMX YCTPONCTB OOJIbIIEH €MKOCTH U
OBICTPOrO, HANEKHOTO KOTOpasi obecrieynBail O 3alIUTy OT HE CAHKIIMOHMPOBAHHBIX JOCTYIIOB K
JaHHBIM [2].

VY3ke IIIOTHOCTH 3alMCH Ha ONTHYECKHE TUCKH JIOCTUTIIA CBOETO TEOPETHUYECKOTO Ipejena. Ha
JaHHBI MOMEHT IUIOTHOCTh Pa3MEICHUs IaHHBIX Ha HOcUTele yxke nocturaercs 390 out/mxm. Kak
BUJIIM OHM HAMHOTO OoJibIe, ueM napamerpbl DVD—nuckoB He nmpeBpIIaBmux 5 OUT/MKM.

«O0BEMHOrO0 KOHCEPBUPOBAaHUM» HMH(POpPMALMM Bceria Obula B IEHTPE BHUMAHUS YYEHBIX.
Brnepseie [Tutep Ban Xeepaen B 1963 roay npeioxui 3ToT Meroa. Ho ee He yianock peanu3oBarb.
Ho B 2006 roxy 6puranckas kommanus «New Medium Enterprises» na BoicraBke CeBIT npencrasun
¢dopmat Hocuteneit HD VMD kotopsiii BbizBan unrepec B ['omuByne. A komnanus Warner Bros
u3bsABUI 0 HamepeHuu npoasuratb HD VMD B kuHouHayCTpUn.

Ha ceronusamuuil 1eHb pacT€T PHIHOK KOPIIOPATUBHBIX HOcUTENeW MH(pOpMaluu M3—3a pocTa
00BbEMOB JTaHHBIX, MCIIOJIB3YEMBIX B pab0OTe Ha MPEANPUITUSAX, KOTOPble HY>KAAI0TCSA B PE3EPBHOM
KOIIMPOBAHNY W XpaHEHHWHU Ha CIIyYail HEeMpeABUACHHBIX TOTeph. PaHee st 3TOT0 MCIIOIb30BaIHCh
KECTKHUE JUCKU WM JICHTOYHbIE HOCUTENH, KOTOPbIE C MPOrPEecCOM, JOCTUTHYTHIM B HayKe U
TEXHUKE, IepeatoT dcTadeTy HOBBIM HOCUTEIISIM, UMEIOIIUM OoJibllie 00BhEMa, Ooiee HAIEKHBIM U
o0ecreYnBaOIUM 3alUTy OT He CAHKIIMOHMPOBAHHOTO JIOCTYIA K JAHHBIM. TakUMH HOCUTEIISIMU
BEPOSITHEE BCETO CMOTYT CTAaTh TOJIOTPaPHUECKUE TUCKH.

3anucek ¥ CYUTHIBAHNE T0JI0TPaAPUIECKUX TUCKOB [3]

3amuce Ha ToONOTpadHUUYECKHEe HOCHUTENM TPOU3BOJUTCS C IMOMOINBIO JIa3epHOTO Jiyda Ha
TPEXMEPHYIO MOJUI0KKY. Ha 0IMH ¥ TOT ’k€ y4acTOK MOBEPXHOCTH T'OJIOTPaMMbI MOKHO IPOU3BECTH
3alUCh Pa3HOM MHGpOpMAaLMU, KOTOpas 00ecleduBaeT BBICOKYIO IUIOTHOCTh AaHHBIX. Ilpu sTtom
CUMTBIBAaHUE JAHHBIX C roJorpauuecKux JUCKOB MPOM3BOIUTCS HA OYEHBb BBICOKHX CKOPOCTSX.
Takum 00pa3oM co31ar0TCsl KOMIIAKTHBIE, IIEPEHOCHBIE M KAauyeCTBEHHbIE 3allOMMHAIOLINE
ycTpoiicTBa. Buasl 3amucu MoOryT OBITH camMble pa3HOOOpa3Hble —OyKBEHHBIE, IM(POBEIE,
rpadudeckue, MpeIMETHBIE U T. 1.

3anuce Ha roorpaguuecKue AUCKU OCYLIECTBISIETCS IBYMS CBEAEHHBIMH B OJIMH JIy4 KPaCHBIM
U 3eN€HBIM J1a3epoM, IJie 3eNEHBIN 1a3ep 4YWUTaeT JaHHble, ONU3KME K IIOBEPXHOCTU JMCKa,
a KpacHBIH Jla3ep BCIIOMOTaTeNbHbIE CUTHAIBI C INIyOWHBI JAucka. BemomorarensHas uH(opMaius
UCIOJIb3YETCs AT OTCIIEKUBAHUA MO3UIMU uTeHUs1. DyHAaMeHTallbHbIE CBOMCTBA JU(PPAKIIUU CBETA
MIO3BOJIMIIY TIOJTYYHUTh 3aITHCh/CUUTHIBAHUS C AUCKOB [4].

bnaronmaps n3MeHeHHSIM JTUHBI BOJHBI MM CIBUTA (ha3bl OTMIOPHOTO Jy4a CTajla BO3MOXKHBIM
o0bEeMHas 3alKch HAa MaTepuall. DTOT METOJl 3alMCH 3HAYUTENIBHO 3aTPYAHSIOT UX KOMMEPYECKOe
npuMeHeHue. Tak Kak MpH TaKoM 3amMCH/CUUTHIBAHUS AAHHBIX TPEOYIOTCS CIOXHBIE ONTHYECKUE
CHCTEMBI U TOJICThIC HOCUTEIIH.

Besa unHdopmanus 3anuceiBaeTcsi B OAHOM (DOTOUYBCTBUTEIBHOM cioe aucka. Ha nucke
¢bukcupyercs miockas, HeoObEMHasE cBeToBass MHPOpMaLus, cHOKYCHPOBAHHAS JIMH30W. 3amuch
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IPOUCXOJUT, 32 CYET MHTEPPEpeHLMH, YTO IA€T IPaBO HA3bIBaTh 3alMCAHHYIO HHQPOPMALHIO,
00BEMHOI TOIOTPaMMOIA.

Taxke y 00BEMHON rojorpaMmbl €CTb  CHOCOOHOCTH K  MYJIBTHIIJIEKCHPOBAHUIO.
MyJbTHIIIIEKCUPOBAHUE — 3TO CIIOCOOHOCTh XPaHEHHsI MHOXKECTBO Pa3HBIX CJIETKOB JaHHBIX B
OJTHOM U TOM € 00BbEME 3aNnChIBAIOLIETO BEIIECTBA.

Pa3znnuaroT ciegyronme METoAbl MyJIbTUILIEKCUPOBAHUS:

®  CIBUIOBOE;

®  anepTypHOE;

®  KOppEISALMOHHOE.

Bo Bcex Tpex MeTogax MyJbTHILNICKCUPOBAHUS JUIsl 3alIMCH/CUNTBIBAaHUS MH()OPMAILMH C JUCKOB,
MEHSETCSl IOJIOKEHHMSI HOCHUTEISl OTHOCUTEIIBHO CBETOBBIX Iy4dkoB. (CBETOBbIE IIyUKH,
UCHOJb3YIOLMECS NpPU CIBUIOBOM WU alepTypHOM MYJIbTHIUIEKCUPOBAHUU 3TO C(HEepUUECKH —
ornopHsIe. [Ipu KOppeAInOHHON| MYJIbTUIUIEKCHPOBAHUH 3TH IIYYKH UMEIOT 00JIee CIIOKHYIO GopMy.

Jlnst Gojiee BBICOKOTO YIUIOTHEHUS 3allMCH JAHHBIX IPUMEHSETCS TakKe Haylo)keHue KHUr. CyTh
3TOr0 METO/a 3aKJIIYAeTCs B 3alMCH JIPYT Ha JIpyra MyJIbTHUIUIEKCUPOBAHHbIE MACCHBBI CTPAHMII.
Ho wucnonb3ys 3TOT MeTOJ HYKHO YYMTBHIBaTh CIIOCOOHOCTb ammaparypbl pa3iMyaroliui
nHGOPMAIHMIO HA KAKAOH OTIENBHOW CTpaHMIIE, TaK KaK C YBEIMYCHHEM KOJHYECTBA 3alTMCAHHBIX
CTpaHMIL 00111asi TPO3PaYyHOCTh roJI0rpaMmMbl ajaeT. IloaToMy creneHp IIOTHOCTH OrpaHUYUBAETCS.

Kpome toro, nocne hopmupoBanusi MHPOPMAIMOHHBIX CTPAHUIL C TOMOIIBIO JIMH3bI ONTHYECKUM
CIOCOOOM HMX MOXHO YMEHBUIMTH, & IPU BOCCTAHOBJIEHUM TAKHM K€ CHOCOOOM YBEIMYHUTH JI0
pa3Mepa CUYUTHIBAIOILIETO yCTPOUCTRA.

3TOT cnoco0, TaKkKe TMO3BOJISIET 3HAYUTEIBHO MOBBICUTh CKOPOCTh AOCTYIA K AaHHBIM. Tak kak
JUISL 9TEHHSI ¥ 3aIIUCH C TOJIOTpaUIeCKUX TUCKOB MPOUCXOIUT OJHOBPEMEHHOE 00paIieHne Ko Bcer
CTpaHMIIE JAHHBIX, KOTOPBIE CO/IEPKATh /10 MUJITMOHA U OoJiee OUT.

MaremaTuyeckasi MoJeJIb 3anucH [5].

PaccmoTpuM 3T0 Ha mpuMepe npoekTa «rojorpaduyeckas 6udarorekay. [lokaxkem ero B Bujae
tensopa TK. JlaBaiiTe pasnennM KHMIM B Halleil HAIMOHANBHOM GHONHOTEKE HA JBE KATETOPHH:
azepOaiipkaHcKasi 1 MUpOBasi JuTepaTypa. PazmecTum MHQOpMaMiO O KaXXIOM U3 aBTOPOB B
tensopax T® vo TY, rme, « Vo d — Habop MMEH aBTOPOB, M KakIblii M3 HUX 3aHMMAET
OIIPEAEIIEHHYIO MMO3ULIUIO B TEH30DE:
aeA rpe A = {Huzamu, Camen Bypryn, Mymsur, Bugaau v ap.};
deD rne D = {I'enpux ManHn, ['abpuanb ['apcua Mapkec, Muxaunn bynrakos, Pemapk u ap. }

Huzamu BypryH

o —

™= MymBur BI/I,CL3,£[I/I| (1)
MauH Mapkec

d _

= Bysrakos Pemapk (2)

Tenepb cobepeM KOJUIEKIMIO MPOM3BE/IEHAN Kaxk/10r0 aBTopa B noja—Tensopax Ty u Ti?, HO TIpU
YCIIOBUH, YTO OHU OOJIKHBI OBITH PacCIoJIOKEHBI B 2JIEMCHTAX, COOTBETCTBYIOIIUX KOOpANHATAM HX
pa3mernienust B TeHzopax T vo Td a uHpopManus A0KHA OBITH 3aIMCaHa COOTBETCTBEHHO B
CJIEIYIOIIUM 00pa3oM:

e AsepOaiixaHckas IUTEpaTypa B OA—TEH30D Ti(j" CO CIIBUTOBBIM METOJIOM YIUIOTHEHHS,

e  MupoBas nureparypa B 10J, — TEH30P Ticjl C arepTypHBIM METOJOM MYJIbTUIUIEKCUPOBAHUS:

Huzamu Bypryn
Ta — T11 T21 (3)
1 MymBur TVidadi
12 22
Mapkec
TMaHH T
d _ 11 21
TS, = (4)

Bysrakos Pemapk
T12 T22

Kaxk BunHo, 3nmement T, moa—teH3opa (3) coctouT u3 MHOkecTBa padbot Huzamu, T, -
BypryHa, Ty, - MymBurau T,, Bunmamu coOpansl B coorBeTcTBUU TeH30pY (1). Takxke, MOKHO
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CKasaThb U 0 noA—TeH3ope (4), rue Bce d1eMeHThl COOpaHbl U3 MHOKECTBA pabOT, COOTBETCTBYIOIINX

aBTOpaM YKa3aHHBIX B T€H30pe (2).
THPI3aMI/I TBYPFYH

11 21 Huzamu BypryH |
Myumsur Vidadi| |M B
. (o TVidadi ywBUr Bugaau )
Tg/llalHH Tg’llapKeC

MaHH Mapkec |

pby/raxos  pPemapk | |BysrakoB Pemapk

12 22
Jlns Oonee BBICOKOTO YIJIOTHEHHUS 3allMCH  JaHHBIX Ka)J0r0 aBTOpa IPUMEHSETCS MPUHLIMII

Hasio)KeHue KHUT. Takum 00pa3om norydaercst 00bEMHas 3aIuch HH(GOPMALIMH Ha TOJIOTpadUUeCKHA
TIMCK «rosiorpaduueckoit OnOIMOTEeKNn.

Kak Ob110 MOT4epKHYTO, 11 XpaHEHUS JAHHBIX TOJOrpadruecKue HOCUTENN UCIIONIB3YIOT BCIO
TOJIIUHY 3alHCBHIBAIOIIETO CJI0L. TO €CThb NMPHUMEHSIOTCS BCE TPU H3MEPEHHs pabdodero cios
HocuTensd. TakuM 00pa3oM NMPOU3BOAMTCS MapajliebHOE CUUTHIBAHHE C MACCUBOB OMTOB, TO €CTh
CTpaHMII, COXPAHAEMBIX B BHJIE MHTEPPEPEHIIMOHHBIX KapTHH B cloe Hocutensd. Ha cxeme 1 mokazan
MPOLIECC CUNTHIBAHUS MH(OPMALIUH C TOJIOTPAPUUECKUX THCKOB.

CCD maTtpuua _¢

OropHan
BONHa

y 2
BoccTaHoOBNEHHbIE

ronorpammon
nsobpaxeHus

Cxewma 1. Ilpouecc cuntbiBaHUS HH(YOPMAIMH € TOTOTPAYUIECKUX TUCKOB.

OOBEMHOE CUUTHIBAHHE OTIUYACTCS OT CYHUTHIBAHMA KOMIIAKT—/IMCKOB WM MAarHUTHBIX
HOCHTEJIEH, TEM YTO HEBO3MOXHO CUMTATh MH(pOpMaIMIo Hanpsmyo. Kaxaplil 1UCK TOKEH UMETh
BCTPOGHHBII YNIT ISl XpaHEHUs KapThl JaHHBIX. B HameM ciydae 5to Temzop TX,

Kak BuaHO B ronorpaduyeckoil 371eKTpOHHOM OMOIMOTEKe XpaHATCA Bce JaHHbIE O (opMare U
MIOJIOKEHUN JaHHbIX. [IpyM CUMTHIBAaHMM [aHHBIX C JUCKAa B IEPBYI0 OYEpPEb MPOU3BOIAUTCA
cuuThiBaHMe HMH(popmanuu c¢ 3toro yuma. [Ipm yTepu 3TUX JaHHBIX CUUTHIBATH MH(POPMAIUIO
CTaHOBHUTCS TPAKTHUYECKH HEBO3MOXKHBIM. OHHU 3amM(pPOBBIBAIOTCS METOAAMU KPUNTOBAHUS U
JOCTYI K HUM TOJIy4aeT TOJNbKO Biajaesnen nHdopmaruu. Kak BUIHO 3anuch, IPOU3BEAEHHAs 3TUM
CIOCOOOM, TaK)K€ CTAHOBSITCS CPEACTBOM 3alUTHl HHPOPMALIUH OT 3JI0YMBIIICHHUKOB.

Pe3yabTaT: HOBBIE COBpEeMEHHBIC TEXHOJIOTHH 3aCTABISIOT YEIOBEKA BHIXOAUTH HA HOBBIH 3Tall
pazBuTHsi. OHM HAMHOTO YIPOILNAIOT KU3Hb, OOPETAIOT OOJIBIIYIO MOMYJISIPHOCTH ITO3BOJISS
HaMHOTO ObICTpEE U KaueCTBEHHEE BBIMIOJIHATH IPUBBIYHBIC ACHCTBUS. HbIHEITHUE TEXHOIOTHN —
9TO HAIM MPONLTbIC UHHOBAIIHOHHBIE HIICH.

CoznaBas «romorpapuieckyro OUOINOTEKY», MBI CO3/1aéM HOBOE Oyaylee He 3a0bIBas
npouioe. [{eHHbIe KHUTH, KypHAITBI, THPOPMAIIUU, TOKYMEHTHI OCTaBIISIEM B XOPOIIIEM COCTOSTHUU
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st Oy ayiiero nmokojenus. C UCIoap30BaHIUEM roJ0rpapuIeCcKuX JUCKOB II0JIy4aeM BO3MOKHOCTD
XpaHHUTh JAHHbIC KAYECTBEHHO U Haa0Jr0 [6,7]
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HOBEHMIIHNE TEXHOJIOTUH B OFPA3OBAHUM
BUPTYAJIBHASA PEAJIBHOCTD U TOINIOJIHEHHASA PEAJIBHOCTD
CEI'OJHsA U 3ABTPA

Beenenue

YenoBek Bcerja CTPEMHUTCS C MAKCHMAIbHOM TOYHOCTBIO MMHTHPOBATh OKPYIKAIOIIYIO €ro
pearbHOCTh B KOTOPOM OH JKHBET, NEpeAaBaTh CBOM OIIYIICHHUS W YyBCTBA, 3BYKH HPUPOIBI U
MY3BIKH, 3alIOMHUBIINE H300paskeHus. K npumepy sToMy cosfiaHie BUPTyaJIbHBIX UTP. BupTtyanbHas
pEIbHOCTh B BUPTYaJbHBIX KOMIIBPIOTEPHBIX WIpax MHOTMMHM W3 HAac BOCHPUHHUMAETCS Kak
pasBieyeHHE IS TONIYyYeHHUs Kakoro-to aapeHanuHa. Ho Ha camoMm  jgene 310 ommboudHOE
YTBEpPKJICHHE. BOCIPHHATH BHPTyanbyio peanbHocTh (Virtual reality, VR) — kak peaibHOCTB,
HCKYCCTBEHHO BOCCO3JaHHYIO C IOMOUIbI0 TEXHUYECKHX CPEACTB, BO3JCUCTBYIOIIUX HA OPraHbl
YyBCTB YeJI0BEKa (3peHHe, CITyX, 00OHSHUE, OCS3aHUE H JIP. ), TO M 00BEKTHI BUPTYaTbHON PeaTbHOCTH
HAYHYT BecTU ceOs ONM3KO K MOBEACHUIO aHAIOTUYHBIX OOBEKTOB MaTepUalIbHOM pearbHOCTH. B
HAcCTOfAIEE BpeMsl BUpPTyalbHas peajlbHOCTh HCIOJIb3YeTCs B 00pa3oBaHUU, B MEIUIMHE, B
apXUTEKTYypE, aBUALlUM B BOEHHOW TEXHUKE U T. 1. [5].

TexHonoruss BUPTYyaJbHOW MOMOJHEHHOW PEAbHOCTH — 3TO Hallla PeajbHOCTh, HACTOSIIEE U
Oyaymee. OHa MO3BOJISIET pellaTh MHOTHE HEpEIIEHHBIE BOIPOCHI, COXpaHSAs KU3Hb JIOMSM,
yOeperasi TOPOTOCTOSANIYIO TEXHUKY, YCTpaHssi BO3HUKIIHE TMPOOIEMbI JaeT BO3MOKHOCTD JIFOJISIM
MOJTyYMB HYKHbIC 3HAHUS U HABBIKUA MPOBOJUTH CIOXKHBIC ONEPAIlMH B CAMBIX TPYIHOJOCTYITHBIX
MeCTax IUIaHEeThl, paboTaTh B OTKPHITOM KocMoce. OHM Aal0T BO3MOXHOCTh 00y4aThCs mpodeccusm
CBSI3aHHBIX C OMACHBIMU YCIOBHSIMU paOOTbI, C MOBBIIICHHBIM PUCKOM JUI 4eloBeKa. 10 ecTb,
YeJIOBEK TOTOBHUTCS K SKCTPEMAIIbHBIM CITydasM KU3HU.

Takum 00pa3oM BOCIIOJIb30BAaBIIMCH KOMITBIOTEPHOI TEXHOJIOTHEH, co3aaercst Mup B mupe [1,2,5]
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BupryanbHas 1 10NIOJHEHHAs] PEAJIbHOCTL CErO/IHS M 3aBTpPa

BupryanpHas peanbHOCTb, 3TO CO3AaHHAs C IOMOIIbIO KOMITBIOTEPHBIX TEXHOJIOTUHN YEIOBEKOM
TpexMepHas cpena. JTO cpena Tae H300paKEHHUs pa3IUYaloTcs B 3aBUCUMOCTH OT OOJAcTH
IIPUMEHEHUS] BUPTYaJIbHOM peanbHOCTU: fonoidHeHHoN (AR) nimu cmemannoit (MR). B atom mupe
peanbHbie OOBEKTHI B3aMMOJICHCTBYIOT ¢ OOBeKTamMu BupTyasnbHoro mupa [1]. To ectp 3TO
«HCKYCCTBEHHAsl peayibHO (paHTacTUYecKas cpeaa» OILIyTUMasl UYEIOBEKOM Yepe3 KOMIBIOTEp C
ITOMOIIIBIO BUJIEO U 3BYKOB.

JlorosiHEHHas: pealbHOCTh — 3TO COBMEIICHUE JIBYX HE3aBHCHMBIX IIPOCTPAHCTB: OKPY>KAIOIIEr0
HAac peaJlbHOr0 MHUPa U MHUpa BOCCO3JaHHOTO HAMU K€ Ha KOMIIBIOTEpE — BUPTYyaJabHOTO [1].

OTa TeXHOJIOT U U3MEHSIET Hallly PEaJIbHOCTD IIyTEM HAJIOKEHUS 3apaHee 3alporpaMMHPOBAaHHBIX
BUPTYaJbHBIX OOBEKTOB HA BHUACOCUTHAJBI C KaMep JUIsl CO3JaHHs HOBBIX BUPTYalbHBIX Cpel,
KOTOpBIE€ CTAHOBSITCSI MHTEPAKTUBHBIMH C TOMOIIbIO CIEIIMAIIBHBIX MapKEpOB.

TexHo0rUs AONOJIHEHHON PealbHOCTH - 3TO MPOrpaMMHOE oOecieueHne, KOTOPOe UCIOIb3yeT
CTeMaIbHbIE MATEMAaTUYECKHE allTOPUTMBI JUTsI OOBETUHEHUSI KaMep, MapKEPOB U KOMIIBIOTEPOB B
MHTEpPaKTUBHYIO cucteMy. Kamepel B cpene HMCHOJB3YIOT MaTEMaTUYECKHE AITOPUTMBI IS
pacro3HaBaHus ¥ WICHTU(UKAIMH MApKEPOB U COMOCTABICHHUS UX C BUPTYAJIbHBIMH MOJEIISIMH.
Takum o00pa3oM, BUPTYaJbHBIH OOBEKT IMOBTOPSET Ka)XJ0€ JBM)KEHUE PEAJbHOr0 YyKazaTels.
"I'mazamu” 370 cucTeMsl ABIAIOTCA KaMephl, a "pykaMu' - Mmapkepsl. J[pyruMu ciioBaMu, peasibHbII
MHUp, pacro3HaBaeMblii KaMepoH, "mepeHocuTcs" B BUPTYAIbHYIO Cpely, HAKJIa/lblBas OJUH CIOU
peaJIbHOCTH Ha APYToi, co31aBasi MUP AONOJHEHHOU peanbHOCTH. To ecTh, TOBOPS IPOCTHIM SI3bIKOM,
MOJIOKEHUE yKa3aTelsl B PEaIbHOCTH OMpeesieTcs N300paKeHUEM, CHATBIM KaMepoil.

IIpumeHeHNe TEXHOJIOTMH BUPTYAJbHOM peajbHOCTH B 00pa3oBanuu [2].

Jnist TOro 4To0bl cTaTh KBATM(PUIMPOBAHHBIM CIIELUAINCTOM B JIH000# 0071aCTH, peKOMEHAyeTC s
C paHHEro Bo3pacTa 00y4aThCsl TAKMM HaBBIKaM. MedTa KaXa0ro pOaUTENs - YTOOBI €ro peOeHOK B
OyaylieM cTajl YEeCTHBIM TIPa)KIaHWHOM, HACTOSIIUM MATPUOTOM, YMHBIM U IPOCBEIIEHHBIM
yenoBeKoM. Jljis Toro 4toObl AOCTHYb 3TOrO, HEIOCTATOYHO IOIy4aTh oOpa3zoBaHHE J0Ma,
HEOO0XO/MMO CO3JaTh TaKyl cpeay, B KOTOpoH MX JeTh OyIyT 3auHTEpecoBaHbl B ydebe U
MPUOOPETEHUU 3HAHUW U TJ€ OHM CMOTYT INpUiIaraTb COOCTBEHHBIE YCUJIMS 0€3 MPUHYXACHHUS.
Xopo1110 U3BECTHO, YTO OOJIBIIMHCTBO JIO/IEH, OT AETEl 10 B3pOCIbIX, MPOSBISAIOT )KUBOM HHTEpEC K
BUPTyaJbHBIM UrpaM. [1o3TOMy ObUIO OBl HEMJIOXO HUCIIOJIB30BATH 3TOT MHTEPEC JI€TEN U MOJIOIEKU
K 00pa30BaHUIO M CO3/1aTh BUPTYAJIbHYIO Y4EOHYIO IPOrpamMMy JUIsl LIIKOJ M YHUBEPCUTETOB.

[IepBblit mmar B 5TOM HANPABJICHUH YXKE CIEIIaH.

B AsepOaitmxane B cdepe oOpasoBanus, B mkosie Nel8 ropona baky B kadecTBe NMUIOTHOTO
npoekTa 0wl co3mgaH «3D» kaOuHeT, Te MPOBOAWINCH YPOKH, B 6—9 Kiaccax mo OHOJIOTHH,
300JI0THH U yesioBeka. C MOMOIIBI0 BUPTYaIbHOM TeXHOJIOTHH - «3D» 04YKOB U crienuanbHON T0CKH,
YUYEHUKH M3y4Yald CTPOEHUE, OpPTraHbl M pa3iuuHble MH(QOpPMAIMM O YeJOBEKE, >KUBOTHBIX H
pacTeHui.

B Cwmonencke moj pyKOBOJICTBOM JIOKTOpa TICMXOJOTHYECKMX Hayk, mpodeccopa B.B.
CenuBaHoBa OBUIM IMPOBEACHBI IKCIEPUMEHTAJBHBIE 3aHATHS C JIETHbMH MIIAJIIErO IIKOJIBHOTO
BO3pacTa B TPEXMEpPHOH cpelae C LeNbl0 OTCICKMBAHUSA BIMAHHA Ha WX MBIIUICHHE U
IICUXOJIOTMYECKOE COCTOSIHUE.

B.B. CenuBanoB u kanauaaTr neparoruyeckux Hayk, gouneHt JLLH. CenuBaHoB Ha Temy
"Buptyansusie mupsl"; H. CenuBanoB "BuptyanbHas peaqbHOCTh KaK METOA U CPEJICTBO 00ydeHus"
(CMoneHCKHii TOCYTapCTBEHHBIN YHUBEPCUTET). CMOJIGHCKUI TOCYAapCTBEHHBIM YHUBEpCUTET). B
CTaTb€ pacCMaTpPUBAETCS IMOJIOKUTEIBHOE U OTPULATENIBHOE BIMSIHUE BUPTYAJIbHOW JTOMOIHEHHON
peasibHOCTH Ha oOyuenue. IIpencrtaBieHa skcrnepuMeHTallbHas OOpa3oBaTelbHAs MporpamMma B
BUPTYaJIbHOW PEANbHOCTH Kak 0co00i TpexmepHON HH(OPMAIIMOHHON cpene, Iie MPUCYTCTBYET
OTIBIT aHUMAIMH B pEallbHOM BpPEMEHU, CMEHBI H300pakeHU U 3PPEKTOB MPUCYTCTBUS, BBISIBICHO
UX BIIMSIHUE HA MBIIIJIEHUE U TICUXOJIOTHYECKOE COCTOSIHUE YesloBeKa [3].

Pe3yabTarhl HccIe10BaAHNS.
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[TonydeHHble pe3ynbTaThl UCCIEAOBaHUS OBLUIU CIEAYIOIKUMU — oOydarouue nporpamMmmel B BP
YIIy4IIat0T OTBETHI IO TECTAM IO COOTBETCTBYIOLIMM TEMaM, y cllabo yCIreBalonMX yueHUKOB Ha 40—
50 %, y OTIINYHUKOB U TalaHTJIMBBIX — B 2 U Oonee paza (100%). Beuiu momydeHsl crieayronme
3aKJIFOYEHUSI.

1. Obyuaromue nporpammsl, cozganusie B BP, dopmupyroT cnenuduyeckue mo3HaBaTelbHbIE
MOTHBALIMM, HHTEPECHl K OOYYEHMIO U CO3JaHHMIO IO3UTHUBHBIX, APMOHMYHBIX IICHXHMYECKHX
COCTOSIHMIA.

2. IMe0T MUPOKYI0 BO3MOXKHOCTB JJIsl OCYIIECTBIICHUS NEHCTBUI C¢ mpeameramu, 3pdexTom
MPUCYTCTBUSI, WHTEPAKTUBHOCTHIO CUTYyallMHM, OCYILIECTBICHHEM BH3yalU3allud aOCTPAKTHBIX
MOJIENIEN U JIp.

3. VR, ucnons3zyemas B 00pa3oBaHHH, BBICTYIIAET B KaUeCTBE METOJa, CPEACTBA U TEXHOJIOTHH
oOy4eHwus.

Ho B TO ke BpeMst IpOSIBIISIETCS. M HEraTUBHBIE MOMEHTHI HCIONb30BaHue VR B 00ydeHuu:

a) oOyuaromuye BUPTyaJbHbIE TPOTPAMMBI HE TTOJHOCTBIO 3aMEHSIOT MPENoaBaHne B YIEOHBIX
3aBEACHUSX.

0) menecooOpazHee HCIONB30BaTh MX TNPU H3YYEHUH HAMOOJIee CIOKHBIX TEM Pa3IHYHBIX
IIPEIMETOB

I') UCTIOJIb30BaTh JUIsl TPEHUHTa PO(ECCHOHAIBHBIX HABBIKOB B Pa3JIMYHBIX BUJAX JAEATEIbHOCTH.

Jlaxxe HecMOTpsi Ha OMNpEEIeHHbIE HEAOCTATKM MOXHO CHeNaTh CJIEAYIOIIHE BbIBOAbI
BUpTyaJibHas OOydYaromiasi mporpaMMa HeoOxoauma. JTa MporpaMma JIOJDKHA OBITh KOMILIEKCHO
coOpaHa W3 HIKOJBHBIX MpeamMeToB. C MOMOIIBIO 3TOW MPOrpaMMbl YYEHHKH CMOTYT TOJTYYUTh
nHGOPMAIMY 0 KaXIOM IIPEIMETE B BUPTYaJIbHO JOTIOJTHEHHOW Cpeie.

B cnennanbHO CO3/1aHHBIX BUPTYaIbHBIX KJIACCAX OCHAIIEHHBIX KOMIIBIOTEPAMH M OYKaMU OHU
CMOTYT M3yUYUTh MOBEPXHOCTh U TIIyOMHHBIE CJIOU 3eMIH, €€ MPUPOJHBIE PECYPChl, HCKOMAeMbIE,
pacrojoKEeHUsI OKeaH M MaTepUKOB, MOPEM M peK, MyCThIHb M JDKYHIVIEH, CTpaH, O pPa3HBIX
PacTeHHUSIX, KUBOTHBIX, X CpEAy OOMTAaHMUSI, IBOIIOLUIO, 0 MUKPOCKOITUYECKUX KUBBIX OPraHU3MOB,
0 MaTepuH, e€ CTPYKType, IBWKEHHUU U NpaBWJ TPAaHCPOPMALMHU, O BEIIECTBAX HUX COCTaBOB U
CTPOEHHMH, 00 31€MEHTax UX CBOWCTB U MPEBPAILIEHUH U MHOTOM JIPYTOM.

Ota mporpaMma Oe30macHa Tak Kak 0e3 pucKa Uil JKU3HU U 370pPOBbS YUYEHHKOB MOXKHO
MIPOBOAUTH  JIIOObIE XUMUUECKUE PEaKLUU, MPOCIEIUTh COECIUHEHHUS DJIEMEHTOB U HM3MEHEHMS
CTPYKTYpPHBIX CBsi3€il, MOOBIBaTh B KOCMOCE, B INIyOWHE OKeaHa, MOJ 3eMJIei, U3yUUTh OMACHBIX
KUBOTHBIX M PAaCTEHHH, MOCETUTHh Pa3HbIE CTPaHbI, JaK€ y4acTBOBaTh B MCTOPUYECKUX OUTBAX U
CpaXEHMX HE BBIXOJd U3 KJjlacca.

Ho npu 3TOM Henb3st 3a0bIBaTh O HETATUBHOM BJIMSHUM BUPTYaJIbHOW pealbHOCTH Ha YEJIOBEKA.
Hecmotps Ha To npu 3xcnepumenTtax nposoauMsix B. B. CenusanossiM u JI. H CenuBanoBoii He
ObUTIO yKa3aHO Ha ATOT (akT — «MoXHO JM ucrmosb3oBaTh BP B menmaroruke, B 4acTHOCTH, B
munaktuke? Ha cerogHs HaMm TOYHO HE M3BECTHBI BCE CHUCTEMAaTHUECKuE pa3pabOTKH B JaHHOU
obnactu. IlyGnukanuu, KOTOpble CYLIECTBYIOT, HOCAT 0030pHbBIN, TEOPETUUECKHUI XapaKTep, B HUX
arnpuopH BO3MOXKHOCTh UCTIOJIb30BaHUs TeXHONOTHI BP B 00y4ueHnu npusHaeTcs 1einecoo0pa3HbIM»»
[3].

IIpocMOTpUM paznuuusi OTHOCUTENIBHO U3MEHEHHBIX COCTOSHUN CO3HAHMSI M COCTOSTHUSL OCHOBBI
BP. A.E. Boiickynckum Obu10 mokazaHo — mnpedsiBanre B BP B ortinmume or MCC (BBI3BaHHBIX
TMIIHO30M, XMMHMUYECKUMHU IpenaparaMyd M JIp.) HE BbI3bIBAE€T HEAJCKBATHOCTH MBIIUIEHUS, HE
CHIDKAeT CTeNeHb peQiieKCHuM, HE XapaKTepu3yeTcs HaJU4YMeM OIIyIIEeHUs pPa3JIBOEHHOCTH,
«OTUYXKACHUSI COOCTBEHHOTO fI», «BBIXOZA U3 TeNay, «pa3ieieHus Tena U IyUIn», He IPUBOIUT K
yTpare TMpOU3BOJILHOCTH U LIE€JICHANpPABICHHOCTH JESATENIbHOCTH, He oOecrnedynBaeT 4YyBCTBa
(GUKTUBHOTO OOpeTeHHs COOECeAHMKA, OUIYIICHUS MPUCYTCTBUS «JIPYTOro», «BBICHIETO Pa3zyMay,
«KOCMHUYECKOM MH(POPMAIIMOHHOM Bolu». DT U Apyrue ocodeHHoctu BP cBuaerenscTByIOoT 0 ee
MIPEUMYIIECTBaX BO3MOKHOCTH MCIIONB30BaHUSA B OOY4YEHUH, TPEHUWHIAX HABBIKOB M Jp. chepax,
HauMHas ¢ MJIAJUIEro MIKOJIbHOTO Bo3pacTa [4].
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Ho HecmoTpsi Ha BhINIECKa3aHHBIE YTBEPXKIACHUS MOYKHO YyKa3aTh Ha OIpPEICIICHHBIE MOMEHTHI
CCBUIAsICh HA pa3fInuHble UCTOYHUKH [4, 8, 9, 10]:

— HE HYXHO YBJIEKaThCS U HE HYXKHO CO3/JaBaTh MHUP C «3()PPEKTOM MOJHOTO MOTPYKECHHS» B
BHUPTYaJIbHYIO PeabHOCTh. PEOCHOK erie Mall, U OH MOXKET MOTEPSITh OIYIIEHUE PEATbHOCTH. Y HETO
MOTYT TOSIBUTHCSI CHMITTOMBI — TOJIOBOKPY’KEHHUSI, TOITHOTHI, TOJIOBHASI 00J1b, KOTOPAasi BBI3bIBAIOTCS
TOPMOHAaMU CTpecca, BEIPa0aThIBAEMbBIX OPraHU3MOM. Tak Kak BUPTyaJIbHOE MEPE)KUBAHUE CHUIIBHO
OTJIMYAETCS OT peabHBIX U CO3/aBast Y4eOHUKH HY>KHO y4€CTh ITO.

— KOMIBIOTEPU3UPOBAHHOE OOYUCHHE — 3TO BHPTYyalbHas PeaTbHOCTh, OCHOBOU YEro SIBIISICTCS
JTOCTH)KCHHE «CBEPX CTUMYJISIIIMU» OPTaHOB YyBCTB uejoBeka. Ho mpu 3TOM HYXHO y4ecThb CIoco0
B3aUMOJICHCTBUS MEXIY YUUTENIeM U ydamumcs. To ecTh co3faBasi BUPTyaIbHbIE 3aHATUSI HYXKHO
KOMOWHHMPOBATH TPAJAUIIMOHHBIC METOIbI OOYYCHHS C COBPEMEHHBIMH.

— UCCJIeIOBATh CIIOCO0 B3aMMOJICHCTBUS MEXK/Y YUUTEIEM U YUAIIUMCS U UX JICHCTBHUSIMHU.

— Y4ecTh cojiepKaHue 00pa3oBaHuUs

— U3y4YUTh CIIOCOOBI YCBOEHUS MaTepuaia.

PesyabTar

Bo3MoxHO 1M1 mpHUMEHeHHe BHUPTyallbHOW peabHOCTH B mpolecce oOyueHuss? B Hacrosiunee
BpeMsl €CTh JII HEOOXOJAMMOCTh B M3YYEHMH TEXHOJOTHH BUPTyalbHON peaabHOCTU? YUHUTHIBas
MOBBILICHHBIA UHTEPEC K COBPEMEHHBIM TEXHOJIOTHSIM KaueCTBEHHOTO Ipoliecca 00yueHus: Ha 3TU
BOIIPOCHI, MO’KHO OTBETUTh OJHO3HAUHO MOi0XkHUTeabHO. Ho B TO ke Bpems, He 3a0bIBas O €ro
OTPULIATEIIbHBIX BIUSHUAX U YUUTHIBAS HX.

BuptyanbHas 10TOTHEHHAs pealbHOCTh B 00yueHHH — 3TO Hamie Oyaymiee. Benp yuacTtBys B
JIETCKOM M IOHOILIECKOM BO3pacTe YEJIOBEK B BUPTYaJIbHOM JOIOJIHEHHOM MHpE B BOWHAX WIU B
00€eBbIX JEHUCTBUAX, HEMOCPEACTBEHHO BUPTYaJbHO CONPUKOCHYBIIUCH C HUILETOW M OOJE3HSAMH,
CTaHOBMBILUCh BHUPTYQJIbHBIM 3pHUTEJIEM IIOCIEJACTBUA NPUMEHEHUs sAepHOH  OOMOBI,
YepHOOBUILCKON aBapUM y HETO HEMPEMEHHO BO3HUKHET UyBCTBAa MWJIOCEPIUS, JKEJIaHUs IIOMOYb,
3alIUTUTh, CAMOE TJIaBHOE OOPOTHCS 3a MHpP. YBHJIECHHBIC 3eMIIETPSICEHUsS, HABOAHEHUS, TIOXKAapHl,
KaTaKJIN3Mbl IPUBEIYT K MBICIIH O TOM, KaK 3()(peKTUBHO co37aTh OoJiee yCTOWYUBbIE KOHCTPYKIINH,
coopy>keHusl, 31aHus. OH Takke Hay4duThCs He 00sCh, 0e3 pucKa AJs 37A0pOBbS M KU3HH CTAaBUTh
pa3IMyYHbIE ONBITHI U PEAKIIMU U YUUTHCS HAa CBOUX OIIMOKax. Takxke mosyduTs MHOTO HHQOPMAIIHA,
noOBIBaTh B pa3HBIX CTpaHax, CIyCTUThCS Kak JKioib BepHbckue repou B Heapa 3emiiu, B TITyOHHY
OK€aHa, MOJIETaTh B KOCMOC, MOMYTEIIECTBOBATH YK€ He 3a 80 IHE BOKpPYT cBeTa, a 3a 80 CeKyH/I.

Bynyiee nokosneHre MOXeT MOy4acTBOBaTh B MEPBOM U BTOPOM MHUPOBOM BoifHe, kapabaxckon
BOMHE HE IO HACJBIIIKE M HE MO ydyeOHMKaM, a CBOMMH Ija3aMU MOXKET YBHJIETh BECh YiKac,
MIPOUCXOISIIHIA P BeIeHUU OOEBBIX JCHCTBHIA.

Hcnonb3ys BUPTyalIbHYIO peaIbHOCTS JUISl CO3JJaHusl y4eOHOU MPOTrpaMMBbl, MBI €1II€ C pAHHUX JIET
MOKeM 0OyuyaTh HaIlMX JAETedl K MHJIOCEPAMIO, K aHAIU3y, K JKEIaHUI0 TBOPUTh U CO3/aBaTh,
CTPEMJICHHIO K 3HAHUSM, TOTOBHOCTH K SKCTPEMAaJIbHBIM CIy4asiM, K MPeAypeKIeHUSAM QaTaabHbIX
HCXOJIOB.

VYyeOHass mporpamMma BHUPTYyaJIbHOM JONOJHEHHOW peajbHOCTH — 3TO Hame Oyayiiee, HO
Oyayiiee, IJie HYXXKHO JKUTh pEaJbHOHM M MOJHOW >KU3HBIO, MOJy4YaTh 3HAHWS U TBOPUTH, HE
IIOTPyKasiCh B HEE MTOJHOCTHIO.
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I'OJOI'PA®ONYECKHUE IUCKHU U AJITOPUTM 3AIINCHU HA TUCK

Beenenue

YenoBeyecTBO pa3 3a pa3oM BBIXOOUT Ha HOBBIH 3TaIl Pa3BUTUA U IPCABIAYIINC JOCTHKCHUA Z[CCHTI/IJ'ICTI/Iﬁ
MEPEXo/IAT Ha BTOpol miaH. HoBble coBpeMEHHBIE TEXHOJOTHH 3aXBaTHIBAIOT HAC M OOpPETAIOT OOJBIIYIO
IOy JIAPHOCTD. B IpouryioM MHHOBAIMOHHBIC HMJICH BOIUIOIIAKOTCSA B PCAJIBHBIC HBIHCIIHWE TEXHOJIOTUH, a
CCrogHAIIHUE HACHU CTAHOBATCA 3aBTpaIHH€I>i PCAIBbHOCTBIO. Hosrie COBPCMCHHBIC TCXHOJIOTHUU HAMHOI'O
YOpOoIarT Hally XKU3Hb MO3BOJIASA HAMHOTO 6LICTpee 1N KaUCCTBCHHEC BBIINNOJHATL IPUBBIYHBLIC HeﬁCTBHH.
Nmenno IMO3TOMY HE3aBUCHUMO OT BUAA JACATCIBHOCTU U HpO(l)eCCI/II/I Ka)K}Z[BIfI M3 HAC CTApacTCsa UATHU B HOT'Y
CO BPEMCHEM.

B name Bpems 3D ronorpaMma — 3TO MHHOBAIIMOHHAs! TEXHOJIOTHSI, C MOMOILBIO KOTOPOH MOXKHO
co3/1aTh TpexmepHoe nzoopaxenue. Texnonorus 3D rojgorpaMmMsl akTyanbHa Ui U3y4€HUS, IOTOMY
4TO €€ NPOABM)KEHUE MOXKET U3MEHUTh MUD K JIydmieMy. XOTS ceduac 3Ta TEXHOJIOTHs HE 10 KOHLA
M3y4eHa U He BOIUIOLIEHA B TIOJHON Mepe, TOT METO B OyAylIieM OyIeT SBISATHCS OCHOBHBIM METOA0M
BBIBOJIa JTAHHBIX, a TAK)K€ UCIOIB30BATHCS MOYTH BO BCeX cepax KU3HU JOACH.

OcHoBOMONIOKHUK Tojorpaduu mpodeccop rocyaapcTBeHHOTro koiemka B Jlonmone JleHHUC
I'a6op. B 1947 romy oH moiyyui MepBYIO rojorpaMmy M Ha3Basl ee ronorpaduein. B 1971 rogy 3a
OTKpbITHE rojorpaMMmbl ['abop momyunn HoGenesckyio mnpemuto. C cozmanuemM B 1960 ronmy
COBETCKUMH (pu3nkamu-akageMukamMu bacoBeiM u [IpoXOpOBBIM M aMEpUKaHCKUM y4YeHbIM TayHCOM
Ja3epa HayauoCh pa3BUTHE roJorpaduu U ee MpakTUYECKoe 3HaYeHHe. A Moclie TOro, Kak mpogeccopom
MaiiMamoM ObLIT CKOHCTPYHPOBAH UMITYJIBCHBIH J1azep Ha pyOHHE, KOTOPBIH O3B0 (PUKCHPOBATH Ha
roJIorpaMMe MOABUKHBIE 00BEKTHI B 1967, ObUT CHAT MEPBBIN MOPTPET YETOBEKA.

Cxema 3anmcH rojiorpaMmm, KOTopasi UCIIOJIb3yeTCsl B roJorpaguueckux J1adopaTopUsX BO BCEM MHUpe
U B Hamle BpeMs, Oblla TNpeayoXkeHa aMepUKaHCKUMH yueHbIMH OmmeroM Jleditom u FOpucom
YraTtHHEeKCOM.

[TepByto 3d romorpammy B 1968 romy momyumn coBerckwii ¢usuk 0. H. Jlenuciok, u
coBpeMeHHas rosnorpadus 6azupyercs Ha, MPEAT0KEHHBIX UM METO/1aX.

B nacrosimee BpeMsi rosorpadusi aKTUBHO Pa3BUBACTCA, M C KAXKIBIM TOJIOM PacTeT MHTEPEC K
3TOMU 00JIaCTH U MOSABIIAIOTCSA HOBBIE perieHus. Eciu Tak mpo1oKUThCS yKe He B 1aleKoM Oy y1emM
rosiorpadus 3aliMeT B )KU3HU JIIOJIeH erie Ooliee 3HaunTEIbHOE MecTo [2,3].

Yro Takoe rojorpadus [4].
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l'onorpadust — 310 MHTEpecHas: U 3aBOPAKUBAIOLIEE IOCTHKEHUE COBPEMEHHOM HAYKU M TEXHUKHU.
C nomMomipio rojorpaduu MoydaeTcsi 00beMHOE N300paKeHNE KaKOro-TM00 00HEKTa, YEIIOBEKA HITH
CYIIECTBA.

lonorpadust — 310 TexHomorusi ¢GororpagupoBaHusi KOTOpas PETUCTPUPYS U 3alUChIBas
nH(popMaIHi0 00bEKTOB BOCIPOU3BOAUT UX TPEXMEPHBIE U300paKeHUsI MMOX0XKHUX Ha peanbHbIe. ITO
crnoco0 peructpanuu HHHOpMaIK, OCHOBaHHBIN HAa HHTEP(PEPEHIINH CBETA [ TTOTYYECHUS 0O BEMHBIX
M300pakeHU MpeaMeToB Ha (OTOMIacTUHKE - rojorpamme. [loaToMy ronorpadus — 3TO Hayka U
MPaKTUKAa CO3JaHHs TOJOTPaMM, TO €CTh TPEXMEPHBIX CBETOBBIX TMoOJeH. Meron TMO3BONIAET
3aperucTpupoBaTh MOJHYI0 HHGpopManuio 00 uccieayeMoM o0bekTe. Pa3nnyaior rojorpammbl
aHaJIOTOBbIE, AJIEKTPOHHBIE U KOMOWHUPOBAHHEIE.

[Nonmorpamma oTim4aercst ¥ 0T 00bI9HOTO (hoTorpaduueckoro nzoopakenus u 3D orobpakenus. Tak
Kak o0Obr4Hble (oTOorpaduueckue n3o0paxeHuss (UKCUPYIOT U3MEHEHHE MHTEHCUBHOCTU CBETA, BO
BpeMs 3allicH k€ WH(pOpMalMK B CBETOUYBCTBUTEIHLHOM MaTepuaine ronorpadueil perucTpupyercs
WHTCHCUBHOCTB U (Da3bl CBETOBBIX BOJH PACCESIHHBIX 00BeKTOM. Takum 00pa3oM Mpou3BOJUTCS 3aMUCh
HECYIIUX MOJIHYI0 MHPOPMALIMIO O TPEXMEPHOU CTPYKTYpe 00ObEKTa HAa MaTepHall U CO3JaeT TOUHYIO
TPEXMEPHYIO KOIMHUIO OPUTHHAIBHOTO OOBEKTa, KOTOPhIE MEHSIOTCS B 3aBHCUMOCTH OT TIOJIOKEHUS
HaOII01aTeNs U HEOTIUYUMBI OT PEaTbHOTO 0OBEKTA.

rJIaBHAas OTJIMYHUTEIbHAs dYepTa rojorpaMMmbl OT 3D TpoeKnmii 3akito4aeTcss B TOM, HTO,
roJIOTpaMMbI BHJIHBI HEBOOPY>KEHHBIM Tja3oM, Toraa kKak g 3D mpoekuuid HyxHBI 3D-0ukw.
[1,3,4].

I'onorpaduueckuit MeTo1 MOKHO IPUMEHHUTH KO BCEM BOJIHAM. B 3aBUCUMOCTH OT yCIIOBUH HAIUYHS
KOT'ePEHTHBIX UCTOYHUKOB JICKTPOHHBIX, PEHTTCHOBCKHX, CBETOBBIX, aKyCTHUECKUX U CEHCMHUYECKHIX
BOJIH TPUTOAHBIX JUIsi (POPMUPOBAHUS COOTBETCTBYIOIIMX Tojorpaduueckux mojeil ronorpadus
paszzaensercs Ha CIeIyFOIINe BHIbL:

[udposas;
Pentrenosckas;
Onruueckas;
AKycTuyeckas;
CelicMnyeckasi.

Haubonpiiee pacrpocTpaHeHHe B HACTOsIIEe BpPeMs IOJNyYMIa ONTHUECKas roorpadus, u3-3a
JOCTYITHOCTH JIa3€pOB — HCTOYHHKOB KOTE€PEHTHOTO M3JIy4YEHHUS, U CPEJICTB PETUCTpAlld U
HaOJIOICHNST BOCCTAHOBJICHHBIX H300paKeHUH.

3anuch U XpaHeHHe JaHHBIX [5].

B mHacrosimee Bpemsi TpeOYIOTCS YHUBEpPCAIbHBIE HAKOIMUTENH, MPEBOCXOJIIME 1O OObeMam
KECTKUH AUCK U JJICHTOYHBIN KapTPUDK U BHITIOJIHSIONINE MTPOLIEYPhI 3aHCH H CUUTHIBAHUSI C O0OIbIIIEH
CKOpOCThIO. [onorpaduyeckre TEXHOIOTHH TO3BOIHMIIN PEIIUTH 3Ty pobaemy [6].

Kak u3BecTHO, COBpeMEHHBIE METOIbI 3aIMMCH TTPOU3BOISATCS HA MOCIEA0BATEIBHBIX MPUHITUIAX, TO
€CTb, B KQX/IbIii MOMEHT BPEMEHU Ha MOBEPXHOCTh IUIOCKOI'O HOCHUTEINSI 3alHChIBAETCS TOJIBKO OJUH
out uadopmarun. Ho ronorpaduyeckuii MeToa MOKHO Ha3BaTh MapajliesIbHbIM, OJarogaps TOMy 4To,
OJTHA €IMHCTBEHHAs BCIBIINIKA Ja3zepa (OPMHPYET MPOCTPAHCTBEHHYIO 3alMCh MHJUIMOHOB OWTOB
uHpopmarmu [7]. PaccunthiBaeTcsi Ha BBICOKYIO CTaOMIBHOCTD XpaHeHHUs JaHHBIX (Oonee 50 ner) mpu
MHOTOKPAaTHOM cuuThIBaHUU (Oosee 20 MIiH).

Eme ogna BaxkHel1ass 0cCOOEHHOCTh PErUCTPUPYIOLIETO MaTepHraia Ui 3alUCH TOJ0rPaMM 3TO -
CBOMCTBO 0oOpaTHMOCTH, Ojarojapsi 4eMy MOKHO MHOTOKPATHO Mepe3anuchiBaTh MHQOpPMAIMI0 Ha
rojorpaduueckom mucke. Tak Kak MpU MHOTOKPATHOM CUMUTHIBAaHHH Tojorpadudeckue AWCKU He
MOPTSITCA.

3anuck Ha roorpapuuecKue TUCKU MPOU3BOIUTCS CleAyomMM oopazom (cxema 1) [8]:

-JIa3epHBIN JTy4 pa3enseTcs Ha CUTHAIbHBIN - 00eCTIeYnBaIOINH 3aMKCh TaHHBIX U peepeHCHbIN
— OTCTAIOIIUI HEU3MECHHBIM.

YVVVYY
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-Ha npocBeunBaromemMcs J1a3epHbIM JIy4OM MOAYJISTOPE CBETa OTOOPaXaroTCsl 3aKOAUPOBAHHbBIE
JaHHbIE B JBOMYHOM KOJE, TO €CTb - CUTHAJIbHBIN JIa3€pHBIN JIyd, MPOXOJAsS Yepe3 MOIYJATOp
(boxycupyercs Ha roiorpadgUuecKuil peruCTpUPYIOIIUI MaTepral.

- OgHOBpEMEHHO U3IY4YEHHE OMOPHON BOJIHBI TOIO K€ JIa3epa HANpPABISETCS B 3Ty K€ TOUKY
[IEPECEKasCh B HEW C CUTHAJIBHBIM. B mocnencTBuM mpoucXoAsuieil B 3TOT MOMEHT XHMHUYECKOU
peaxkuus IpOUCXOAUT 3alliCh roJOrpaMMbl Ha HOCUTEIIb.

IIpn sTOoM ecau HM3MEHHUTHh [UIMHY BOJHBI PEePEpPEeHCHOro Iyya, Yrojl ero HakJIoHa WU
IIPOCTPAHCTBEHHOE TOJIOXKEHUE HOCUTEINS, B OJIUH
MOMEHT BpPEMEHHM MOXKHO 3alHCAaTh MHOXECTBO

pasHBIX rojorpaMM. Ilpomecc 3amucu JaHHBIX HA Peructpupylowmin g
MMOBEPXHOCTH M B TJIyOMHE HOCUTENS KaK OBbLIO yiKe Haropman - X
CKa3aHO Ha3bIBAETCS MYJIbTUILUIEKCUPOBAHUEM. OnopHas

Aurroputm 3anucu na auck [9,10] Bofing

ITon MareMaTHmyecKOM MOJECIBIO ITOHUMACTCS \ g™ I .
MaTeMaTU4YeCKOE OIHMCaHuEe JH000ro 0O0bEKTa WU \ > " Tonorpamm

coObiTus. B coBpemeHHOe BpeMs HCCIEOBAHUE
JHOOBIX CIIOKHBIX OOBEKTOB BO BCEX TEXHUUYECKUX,

§\"|'

KK mogynarop
€CTECCTBCHHBIX n TyYMaHHUTapHbIX 06nacmx
06bekTHas
OCYHICCTBIIACTCA C IIOMOIIIBIO METOo4a BOMHA
MaTeMaTndcCKoro MOACIINPOBAHUA. To €CThb, I
peanbHOCTh TpUHUMAaETCA ¢  (Guiocopuieckoi

CTOPOHBI M  HCCIENYEeTCSl  MaTeMaTU4eCKUMU Ceetope.mrens
METOJIaMH, YCTAHOBJICHHBIMH B MaTeMaTHUYECKHX
pamkax. Maremarndeckass MOZIEIb - COCTOUT U3
YPaBHEHWH, CHCTEMbl YpaBHEHHH WM Habopa | Cxema 1. [Ipuaumm rosoradbudeckoii
nH(popManuy, COOpaHHON B MaTpUIIBI U TEH30PbI, U
co3maercs Mo OJOYHO-CXEMHOMY MPHHIMIYY. B 3TO BpeMs THUIOTE3bl WM MPEAINONIOKECHUS,
OTHOCSIINECS K PeabHON CUCTEME, KOJTMYECTBEHHO OMMCHIBAIOTCS U MIX MPABHIIHOCTH IPOBEPSIETCS
0 pe3yJibTaTaM U3MEPEHHU, BBITIOJHEHHBIX B PEAIbHOM cUCTEME.

[TockobKY COBpEMEHHBI BEK — 3TO BEK WHHOBAIMOHHBIX METOJIOB M TEXHOJIOTHH, oOmime
nH(OpMAaIIUY CTAHOBHUTCSA HEOOX0IMMOCTHIO. [[09TOMY HEOOXOAMMBI 3aITOMHHAOIINE YCTPOMCTBA C
OOJIbIIe €MKOCTBIO, JUTUTCILHBIM BpPEMEHEM XPAHCHHUS W BBICOKOH CKOPOCTHIO CUYUTHIBAHUSA,
coOuparolue, XpaHsue 1 nepepabdareiBaronie HHGopMaluo B Ooyee KauecTBEHHOM Buje. B
HACTOSIIIIEE BpEMS TMOSBISIFOTCS TaKWe 3allOMHHAIONINE YCTPOHCTBA. B oTimmume oT Apyrux
3alIOMUHAIONINX YCTPOWCTB TojlorpaduyecKkue AHCKHM HMEIOT BO3MOXKHOCTh  3alUCHIBATH
nHpopMaiuo B 0oiblIeM 00beMe, T. €. 3aIUChIBATh HECKOJIBKO CBEJIEHUH B OJHO U TO K€ MECTO.
DTO0 MOCTUTACTCS 32 CUET M3MEHEHUS IJIMHBI BOJIHBI U yTJia MaJIeHUs CBETA, KaK YKa3aHO BHIIIIE.

Kakum o00pa3zom (GU3HYECKH OCYIIECTBISCTCS TMPOIECC KOAWPOBaHUS HWHQPOpMauu Ha
rojorpauueckux AMCKaX, MOSICHSIETCS HAa pUCYHKax | u 2. JIJisg MOJIHOTO HWCCIIEOBAHHS 3TOTO
mporiecca mejaecooopazHee CUCTEMAaTHUECKH KOIUPOBATh OOJbIIHE 00BbEMBI TaHHBIX U 3aIACHIBATH
WX Ha JWCKH, a 3aTeM, MpH HEOOXOJUMOCTH, CO3/1aBaThb HMX MAaTEMaTUYECKYI0 MOJETb s
KOPPEKTHOTO pa3MEUIECHUs] MPWIOKEHU. PaccMOTpUM co3JaHHe MaTEeMAaTHYEeCKOM MOJEIU Ha
npuMepe «rojorpapuieckoil ONOINOTEKN .

[Tockonbky coBpeMeHHas 310Xa — 3TO 3M0Xa CKOPOCTH U KayecTBa, HOBOE MOKOJIEHUE YXKE He
YIOBJETBOPSIETCSI YTEHHWEM KHHUT W TOJIyYeHHEM HeoOXoIuMoW HHQPOpMAIMH TPaJUIIMOHHBIM
ciocoboM. B Hacrosimee Bpems, Kak W BO Bcex cdepax, B HAyKe €CTh IMOTPEOHOCTh B CO3TaHUHU
CKOPOCTHBIX TE€XHOJIOTHH W HAKOIJICHUH TEOPETHUECKUX 3HAHUN. DTO, B CBOIO OYEPE/Ib, MIO3BOJISET
UCCIIEIOBATENsIM B KOPOTKHE CpPOKM TMOdy4daTb W (uUiabTpoBaTh HMH(OPMALMIO U MOJIYyYaTh
HEOO0XOIUMBIE PE3YJIbTATHI.

[ToaToMy B coBpeMeHHBIX OHMOIMOTEKax Ba)KHBIM BOIPOCOM SIBJISIETCS TOUCK JHUTEpaTyphl B
C)KaThle CPOKH TI0 3aIpocaM HCCIIe0BaTeNel U TOBEICHHE €€ 10 CBEACHHUS IOJIb30BATEINS Ha PAa3HbIX
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JKpaHax, napamie’abHbIX IPYT Ipyry. B cBs3M ¢ 3TM BO3HMKAET OoJiblasi MOTPeOHOCTh B CO3/IaHUU
ronorpaduueckux OubmmoTek. B To ke BpeMs co3gaHue rojorpadguueckoil OMOIMOTEKH JaeT HaM
BO3MOYXHOCTh CO3/1aTh «KJIOH» YHUKAIbHBIX U PEIKUX KHUT U NepeaaTh UX OyIyIIUM MOKOJICHUSIM.

Jlis  co3maHusi COBPEMEHHBIX «TroJIoTpaduiecKuxX OHOIMOTEK» HEOOXOMMMBI CIICIHATbHBIC
HAKOMUTEIN rojiorpaguueckoit nHGOPMaluU U TEXHOJIOTHH, KOTOPbIE X CYUTHIBAIOT. CeroAHSIIIHSS
CKOPOCTh Pa3BUTHUS TEXHOJIOTHUI TTOKA3bIBACT, YTO TUCKHU C TOJOTPaPUIECKON MaMsIThi0 OYCHb CKOPO
3aMEHAT KECTKUHM NUCK, (IdII-IaMsITh U Jpyrue yCTPOWCTBAa XpaHEHUS JaHHBIX, KOTOPHIMU MbI
MOJTB3YEMCH.

Kak Ob110 cka3zaHo Bbilie, HHGOpMAIUs Ha 3T Toorpaduyeckue TUCKU 3aUChIBAETCS 00BEMHO,
COXPAHSETCS B XOPOIIIEM Ka4eCTBE JUTUTEIHLHOE BpeMs (JJaXKe IMIPH MHOTOYUCIICHHBIX TPOCMOTpaxX) 1
B TO K€ BpeMsi OBICTPO CUUTHIBAETCSI.

PaccmoTpuM mpumeHeHue NMpUBeNeHHOTo HaMmu TpoekTa «l ojorpadudeckas Oubimoreka» Ha
npuMepe Haimiei crpanbl. Kak nu3BecTHO, KHUTH, COOpaHHbBIE B KaXKI0W OUONIHMOTEKEe HaIllel CTpaHbl,
NeNATCS Ha a3epOaliKAaHCKYI0 W MHUPOBYIO JIHTEpPATypy, T'YMaHUTapHYI0 U TEXHHYECKYIO
mutepatypy. s 3Toro HeoOXoquMO CHavana MOCTPOUTh
MaTeMaTHYeCKyI0 MOJIENb JaHHOro oObekra. Kak Mbl
YIOMHUHAIH BBIIIE, MaTeMaTH4YeCKasi MOJIENIb CO3JIAeTCs C
HCIIOJIb30BAHUEM YPAaBHEHHM, CHCTEMBbl YPABHEHUW WIIU
TEH30POB.

st aTOoro, B MEPBYIO Ouepenb, WHPoOpMamus O BCe
aBTOopax B OuOIHOTEKe coOupaeTcss M JAENUTCS Ha JIBE
Tpynmnel - aszepOaiijKaHCKas JIMTeparypa W MHUPOBas
mutepatypa. Mudopmarius 06 aBTopax, MpUHAIIEKAITIX K
KaXJ0# rpymme, XxpaHurcs B Temsopax T¢ u T4
COOTBETCTBEHHO. 3/1eCh & U A — MHOYXECTBEHHOE UYHCIIO
HMMEH aBTOPOB.

3aTeM paboThl KaXJOTrO aBTOpa pa3MENIaloTCs B Cxema 2. Anzopumm 2onozpaguieckoii

3JIEMEHTaX IIOJATECH30POB Ti‘} u Tl-’} COOTBETCTBYIOIINX HX sanucu
KOOpAMHATaM B TeH3o0pax T% u T*. B 10 BpeMs, ITyTEM

W3MEHEHUs JUIMHBI BOJHBI ONOPHOIO Jy4ya Ha Ti‘; HNOJATEH30POB COOMpPArOTCsl PabOThI aBTOPOB,

MPUHAIIEKAIIMX K a3epOaiiyKaHCKON JInTepaType, a Ha Ti’}- IIOTEH30POB, IIyTEM U3MEHEHMSI CIBUTA
(ha3bl OMOPHOrO Jyya., COOpaHbl MPOU3BEICHHS aBTOPOB, MPUHAJIEKAILNE K MUPOBO JIUTEpATypE.
Taxkum oOpa3oM, nH(popMalMs 0 pa3HbIX MUCATENX, MPUHAUICKALIMX K OAHON U TOH ke rpyme,
coOupaercs B OJAHOM M TOM K€ MECT€ C OIpPEIEICHHON pPEeryJspHOCTbIO, TOYHEE, BCE HX
MPOU3BEACHUS COOMPAIOTCS Ha TOJOTpapHUUECKOM IUCKE B COOTBETCTBYIOIIEH KOOpAMHATE,
BBIJICJICHHON JUI Ka)KJI0TO MHCATEs.

Tenepp co3naauM anroput™ 3anucu UHGOPMAIMK Ha TosorpaguuecKue JUCKH, UCIIONIb3YEMbIi
JUISL CO3JJaHUS

«["onorpaduueckoii 6ubnuorexkn». [loaromy npencrasum «I'onorpaduueckyro 6uOINOTEKY» B
BHje Kartamora-teHsopa T®. 3meck k = a+1 — chomcok Bceil muTepaTypsl B OMOIMOTEKE.
CrnenoBarenbHO, T* Oy/leT COCTOSATh M3 JBYX CIHCKOB - T% u T* u MHOXecTBa Ti)]f " Ti‘;F (TO ecThb
cyOTEeH30pOB, COOpaHHBIX M3 CIIMCKa aBTOPOB M TPOU3BEACHHI a3epOailyKaHCKOWM M MHUPOBOMH
JIUTEPATYPHI).

Ha npumepe mpocienum nocienoBaTebHOCTh 3allUcH MHPOpMAIMK Ha Tuck. JlomycTuM, Hac
MPOCAT 3aMucaTh Ha AUCK cOOpHUK mpousBeaeHuid Huzamu ['samkeBu u Dpuxa Mapuu Pemapka.
TToMCK TIEPBBIX TIEPEUHCIECHHBIX aBTOPOB OCYIIeCTBIseTcs B cnmckax TX u T® B T* — karanore
«lonorpaduueckoit Oubnrorekn». B 310 Bpems, nmockoiabky Huzamu ['siHIpKeBH — KIIaCCUYECKUN
azepOaikanckuii most T, a Dpux Mapus Pemapk — KiaccMyeckuii HEMELKHW THCATEeNb,
HAMJICHBI BIEMEHTBI, PACIIONIOKEHHbIE B TEH30PaX, COCTABIAIONMX crucok T (TH#saMu ; T Pemapi)
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3anuceiBaHUe COOpHUKA MIPOM3BEACHUI Ka)XI0T0 MHUCATeNs HaunHaeTes ¢ koopauHat T% u T+,

Pemapk
T u Ty, P  COOTBETCTBYIOMIMX PACTIOIOKEHHUIO IEMEHTOB. 3/16Ch

YKa3aHHBIX B MOATCH30pax
IJ- — HOMep cToJNOLA U CTPOKH, B KOTOPBIX HAXOJUTCSI aBTOPCKOE COOpaHUE POHU3BEICHUI.
Creayromuii 3Tar, J0IMyCTUM, OT HAC TaKKe TPeOyeTCs Co31aTh COOPHUK MPOU3BEACHHIN IPYTrOro
mucarens, Ieapuxa Manna. Tereph Mpe/nosioxKuM, YTo IPH MOKMCKE B CMcKax-Tensopax T u T4
He ObUIO HAWJICHO HUKAKOW MH(pOpMANUK O HeM. B 3TOM ciiydae CHavayia ONMpeaeiseTcs], IBISICTCS
M OH a3epOail/DKaHIEM WM MHOCTPAHHBIM MHcaTeneM (HEMEIKHH MucaresieM) W 3aHOCUTCS B
cOOTBeTCTBYOIMIA cricok (T#), Ha 01HO U3 paHee YCTAHOBJICHHBIX LIS TAKHX CIIydaeB ITyCTHIX MECT
(TMa#¥) TTocne sToro ero mponsseieHus 6y ayT J00aBIEHBI K KOOPAHHATE Ti’} B moarensope Ty .

[TonsTHO, uyTO ecnu moTpedyercs co3naTh COOPHUK MNPOM3BENEHUI A3epOailKaHCKOTO IMoATa

Bypryn
T, i

Camena Bypryna, To Bea undopmanus o noste Oyaer cobpaHa B KOOpAUHATE B MIOJITEH30pe

a Bypryn a
Tij , COOTBCTCTBYIOIIEM JJICMCHTY T PypPry , YKa3aHHOMY U3 T% cHoucok B TOM XK€ IIOpAIKE.

Takum O6p2130M, MBI CO3Ja€M MATCMATHYCCKYHO MOJACJIbL TOro, 0 4€M MbI I'OBOPHJIM BBIIIC.
HpOFpaMMI/IpOBaHI/IC BBIIIOJIHSIETCS HA OCHOBE 3TOM MaTeMaTHUUYECKOMH MOOCIIN. To ectb AJITOpUTM

MOCJIeIOBATEIBHOCTH 3aITUCH WH(OPMAIIMK Ha JIUCK 33/1a€TCs CIEIYIOIIM 00pa3oM:

PesyabTatr

B coBpemeHHOe BpeMs LIMPOKO HCIOJNB3YyEeTCS MaTeMaTHYeCKoe MOJIEIUpOBaHUE. ITO
HaIpaBJICHHUEC B HACTOAIICC BPEMA OXBATHIBACT MPAKTHYCCKHU BCC O6HaCTI/I HAayKHN U TCXHUKH. HTaK,
IpU  TMPOCKTUPOBAHUU JIIOOON KOHCTPYKIMH WM HUACH TMPUMEHSETCS HMUTAIMOHHOE
MozenupoBanue. CpefcTBa MOJETUPOBAHUS MPEICTABISIOT COOOM COBOKYITHOCTH PAa3JIMYHBIX
MPOTPaMMHBIX CPEACTB U MPUKIIAJTHBIX CUCTEM, pEaTH30BaHHBIX Ha KoMIibloTepe. [Ipu aToM Mozens,
CO3J]aHHAsl YEJIOBEKOM JIIOOBIMH CIOCOOaMH, SBJISICTCS 3€PKAJbHOW KOMHEW OpuTHHAaa.
Matematuueckass MOJENb TMPEJACTaBIseT peanbHbIH OOBEKT WM TMpolecc ¢ MOMOIIBIO
MAaTEMAaTUYCCKUX UHCTPYMCHTOB, T. €. ypaBHeHHfI, JJOTUYCCKUX BBIpa)KCHHﬁ, TCH30POB U MaTpuIl 1
T. 1. 3TO BBIPaKEHUE C TOMOIIBIO

Co0TBETCTBEHHO, CO3/IaHNE MaTEMaTHYECKON MOJIENIN 3alIUCH MH(OpMallUK Ha Tosiorpaduyeckue
JUCKU TIO3BOJISIET TTyOOKO TMOHSTH, MPABMIBHO CINIAHUPOBATh M CHPOEKTUPOBATH ITOT MPOIlECC,
o0ecneunTh HEMPOTUBOPEUMBOCTh U TOYHOCTD 3aMUCH HHPOPMAIUH.

[Tockonbky ronorpaduueckue AUCKH OONATAIOT CIIOCOOHOCTHIO COOHMpaTh OONbIINE O0BEMBI
I/IH(bOpMaIII/II/I " XpaHUTh UX B XOPOIIEM Ka4€CTBE IroaaMu, UX MOKHO HCIIOJIB30BaTh JJIsI XPaHCHUA
MIPOU3BEICHNN UCKYCCTBa, (PUIBMOB U Tiepeaad, JOKYMEHTOB M HeoOxoaumoi uHbopMmaruu. [Ipu
9TOM, B OTJIHMYHUC OT APYIrux 3allOMHUHAIOMIUX yCTpOﬁCTB, ronorpaqmqecm/le AUCKHU HMCHOT
BO3MOXXHOCTH 3alHUCHIBAaTh WH(GOPMAIIHIO B OOJBIIEM 00beMe, T. €. 3alMChIBAaTh HECKOIBKO MOPLIUN
nH(OpMAaLIUY B OJHO U TO K€ MECTO. DTU AUCKH MOTYT XpPaHUTh OOJIbIlIe HHPOPMAIIUHN U XPAaHUTD €€
B TCUCHUC 60.]166 AJIATCIIBHOTO BPCMCHU. HOBTOMY poneCC 3arnucu HH(bOpMaHPIPI Ha JUCKU CIICAYCT
M3yuaTh TIIyOXKe, a

TAKXXC YBCIIMYUBATH MTPOU3BOACTBO I'OJIOT pa(pnqecm/lx JHCKOB.

C ucnonap30BaHUEM BO3MOKHOCTEH 3TOM TEXHOJOTHUU CO3/IaHa MaTeMaTHYeCcKasi MOJIeTTh TPOEKTa
co3nanus «l omorpaduueckoit OUOMMOTEKM». 3aTeM Ha OCHOBE MaTeMaTHYECKOW MoOjenu ObLIo
MIPOBEJICHO MPOTPaMMHUPOBAHUE U YCTAHOBJIEH AJITOPUTM MOCIEA0BATEIHLHOCTH 3aUCU HHPOpMALUU
Ha OUCK.

[TpeumymectTBo cozmannoi «I omorpaduueckoit OMOIHMOTEKI» COCTOUT B TOM, YTO OHA TIOMOKET
COXPaHUTh YHUKAIbHbIE KHUTH WM WH(OPMALKI0O U OO0ECIEeUuTh UX IMepenady CleayrleMy
MTOKOJICHUIO B JIyYIlIeM BUJIE.
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BAKI SOHORI TABELIYINDO ICRA HAKIMiYYOTLORI ARASINDA OPTIMAL
OLAQO YOLUNUN SURU ZOKALI ALQORITMLORLO TAPILMASI

Giris

Surti Zokali (SZ) alqoritmlori tobistdo miisahido edilon siirii davraniglarini modellagdiran siini
intellekt tisullaridir. Bu alqoritmlar bir-biri ilo qarsiligh alagads olan vo mumi magsadlara dogru
horokat edon surudaki fordlori taglid edir. SZ alqoritmlari xUsusilo optimallagdirma, data mining vo
masin 0yronmasi kimi saholords istifads olunur.

Siirli zokalr algoritmlor arasinda an ¢ox istifads olunanlar:

* Particle Swarm Optimization (PSO) [1]: Bu alqoritm ¢oxlu hissaciklardon ibarat doastoni
modellosdirarak optimallagdirma problemlarini hall etmaya ¢aligir. Hor bir hissacik an yaxsi hall yolu
izlayarkan stiriidaki digar hissaciklarla qarsiliglt alagads olur. PSO xiisusilo miihandislik, igtisadiyyat
va biznes kimi saholords optimallagdirma problemlarinin halli Ggln istifads olunur.

» Ant Colony Optimization (ACO) [2]: Bu alqoritm qarigqalarin qida monbalorini tapmaq tcin
istifado etdiyi tobii davraniglart modellagdirmoklo optimallasdirma problemlarini hall etmayas caligir.
Qarisqa koloniyalar1 qida monbalarins qisa yollar yaradaraq kollektiv sokilda harakat edirlor. ACO,
xususils telekommunikasiya, istehsal va logistika kimi sahalords optimallagdirma problemlarini hall
etmok Gc¢un istifads olunur.

* Artificial Bee Colony (ABC) [3]: Bu alqoritm ar1 ailalarinin gida monbaloarini tapmaq tgcin
istifado etdiklori tobii davranislari modellagsdirmokls optimallasdirma problemloarini hall etmays
caligir. Arilar qida manbalarini kasf etmok, toplamaq va saxlamaq t¢tin bir-biri ilo qarsiligh slagads
olurlar. ABC xisusilo mihandislik, igtisadiyyat vo biznes kimi sahslords optimallagdirma
problemlarinin halli Gglin istifads olunur.

Siirii Zokal1 Algoritmlorin Multidissiplinar Istifadasi

Siirti zoka algoritmlori bir cox mixtslif sahalords istifads edilo bilor. Xususils, bir cox forgli elm
sahasinin alimlori multidisiplinar bir yanagsma ila bir araya golorok siirti kesfiyyati alqoritmlorindon
istifads edarok hallor ortaya qoyurlar [4].

SUrl zokasinin alqoritmlarinin ¢oxsaxali oldugunu miioyyan etmak Ugiin bu algoritmlarin bir ¢cox
forgli sahalords istifads edilmasina vo mixtalif elm adamlar tarafindon manimsanilmasina bir nega
nimuno vers bilarik.

Masalon, PSO algoritmi mihandislik, biznes, igtisadiyyat, biologiya, riyaziyyat vo komplter
elmlari kimi bir cox fargli fonlords istifads olunur. Bu algoritmin totbiq sahalarine enerji sistemloari,
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robot texnikasi, telekommunikasiya, tibbi goriintiiloma, verilonlarin 8yranilmasi vo masin 6yranmasi
daxildir. Buna gora do deyas bilarik ki, PSO ¢oxsaxali bir algoritmdir [5].

Eynilo, ACO algoritmini multidissiplinar algoritm hesab etmok olar. Bu algoritm kompiiter
elmlori, muhondislik, logistika, istehsalat, biologiya, iqtisadiyyat vo biznes kimi bir gox mixtolif
sahalords istifads olunur. Optimallasdirma problemlorine alava olarag, ACO alqoritmi hérimgak toru
algoritmlari vo ot masin1 dyronma kimi digar siini intellekt tisullart ilo birlikds istifado edorok daha
tokmil hallor istehsal etmok G¢tn istifads olunur.

Nohayat, ABC alqgoritmini do multidissiplinar algoritm hesab etmok olar. Bu algoritm
mihondislik, biznes, iqgtisadiyyat, biologiya, riyaziyyat vo komputer elmlori kimi bir ¢ox fargli
fonlords istifado olunur. ABC algoritminin totbiq saholorino verilonlorin Gyronilmasi, masin
dyranmosi, optimallagdirma problemlari va nevroloji xastaliklorin diagnozu daxildir.

Bitdn bu nimunalor gostarir ki, sirl kasfiyyati alqoritmlari bir ¢ox mixtalif sahalords istifada
olunur vo buna gora do goxsaxali xarakter dasiyir.

9s5as matn

Surl zoka alqoritmlori bir cox mixtslif optimallasdirma problemlorinds istifads edilo bilor:

1. Funksiyalarin optimallagdiriimasi: PSO, ACO vo ABC kimi suru intellekt algoritmlori
funksiyalar1 tok vo ya ¢ox dayigonlorlo optimallagdirmagq iigiin istifado edilo bilor. Bu algoritmlorin
totbiq oluna bilacayi nimunalars global optimallasdirma, miirokkob funksiyalarin optimallasdirilmasi
vo emal problemlarinin optimallagdirilmasi daxildir.

2. Siini neyron sobokalori: Siini neyron sobokolori Oyronma omoliyyatlari, model
optimallasdirmasi vo soboks strukturunun optimallasdirilmas: kimi miixtalif problemlari hall etmok
ucln muxtalif surl zoka algoritmlari ilo birlikds istifads edils bilor.

3. Kombinator optimallagdirma: Kombinator optimallagdirma problemlorina bir ¢ox sahslords
rast golinir. Bu cur problemlor optimal birlosmolorin tapilmasini tolob edir. ACO vo ABC kimi sur
kosfiyyati alqoritmlori bu cur problemlorin hallinds yilksak effektivliyo malikdir.

4. Data mining: siirli zokali alqoritmlori data mining problemlorinds do istifado edilo bilar.
Nimunaloara qruplasma, tosnifat vo xususiyyst secimi daxildir. Belo masalalorin halli tigtin PSO,
ABC, ACO kimi algoritmlardan genis istifads olunur [6].

5. Sini hayat vo robot texnikasi: siirii intellekt alqoritmlori siini hoyatda vo robototexnikada da
istifado edilo bilor. NUmunaloro robot nozarsti, davramis modellori vo robot surilarinin
optimallagdirilmasi daxildir.

Bu numunalor gostorir ki, sird kosfiyyati alqoritmlori bir ¢ox mixtolif optimallagdirma
problemlarinds istifado edilo bilor. Bu algoritmlor mirokkab problemlorin hollinds yiliksok
effektivliyo malikdir vo multidissiplinar yanasma toklif edir.

Gozan Satic1 (Tacir) Problemi va Siirii intellekt Alqoritmlarinin Istifadosi

Gozan Satict Problemi (GSP) bir soyyahin miioyyan sayda sohara getmasi vo an qisa yolu tapmaq
uclin hor bir sohoro bir dofo bas ¢okmosi problemidir. Bu problem riyazi optimallagdirma
moasalalarindan an moshurlarindan biridir vo murakkabliyina gors bir ¢ox sahalards istifads olunur.

TSP kimi kombinatorial optimallasdirma masalalorinin halli klassik optimallasdirma {isullari ilo
olduqca ¢atindir. Buna gora do son illords tobistdon ilham alan strl kosfiyyati alqoritmlorinin TSP
kimi optimallagdirma problemlarinds ugurlu naticalor alds etdiyi miisahids edilmisdir.

Surl kasfiyyati alqoritmlari tobiotdoki qarisqa koloniyalari, ar1 siiriilari Vo qus stirtilori kimi canl
organizmlarin davranislarindan ilhamlanir. Bu alqoritmlar adaton birdon ¢ox fordin qarsiliqh slagesi
ilo icra edilon shaliys asaslanan yanasmadir [7].

TSP holli Ggln istifads edilon sirl kesfiyyat1 alqoritmlori arasinda Genetik Alqoritm, Qarigqa
Koloniyasiin Optimizasiyasi, Hissacik Siiriinlin Optimizasiyasi, Ar1 Koloniyasiin Optimizasiyasi
kimi bir ¢cox algqoritm var. Bununla bels, bu algoritmlarin on ugurlularindan biri Qarisqa Koloniyasi
Optimizasiyasina asaslanan Qarisqa Koloniyas1 Optimizasiyasi (ACO) alqoritmidir.

ACO alqoritmi TSP kimi optimallasdirma problemlarinds ¢ox ugurludur. Bu alqoritm qarisqa
koloniyalarinin qida manbalori tapmagq strategiyalarindan ilhamlanib. ACO alqoritmi hor bir sahar
liciin bir garisqa yaradir vo qarisqalar sohorlor arasinda harokat etdikco feromon izlori buraxirlar.
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Daha sonra garisqgalarin izladiyi yollarin feromon konsentrasiyalarina uygun olaraq yeni yollar segilir
Va bu proses iterativ sokildo davam edir. Bu sokilds on yaxs1 marsrutu tapmagq tigiin yiiksok ehtimalli
marsrutlar gotiriiliir [8].

ACO alqgoritmi bir ¢ox todgiqatlarda TSP kimi optimallagdirma problemlorinds ¢ox ugurlu
naticalor vermisdir. Bundan slava, ACO alqoritmi digar siirli kasfiyyati alqoritmlarini Ustalayib.

Natica

Bu mogalods Baki soharinds yerloson icra hakimiyyatlori arasi sonad dévriyasi G¢lin an minasib
baslangic vo son ndqtalora asason uygun xattin tapilmasi nozords tutulmusdur. Aragdirma {igiin hor
bir icra hakimiyyatinin google map xaritasinds lokasiya moalumatlari alds edilmisdir :

Ne Moantagalor X kordinati Y kordinati

1 Baki soh 40.3670652633851 49.83153919760197
2 Binogodi 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 Nasimi 40.38996125404531 49.83721438225856
8 Pirallahi 40.46702593991456 50.32863459760548
9 Sabuncu 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 aras1 mosafo codvali iso agsagidaki kimidir :

>
< S o) = _ 8 = > =
cle 2|5 |8 |E|E |2 S 5|2 |5 |z
3 | £ S |8 | |3 |8 |8 |8 |8 5 | =& | B
m m @4 > z z z -9 (9] 9] xn X X
Baki goh X 93 |154 |29 [129 |35 |32 |61 146 |18 [194 |47 | 376
Binagadi 93 | X 21 79 13970 |62 |59 14978 [17.0]81 | 359
Qaradag 154 | 21 X 15.7 | 28 185 (179|764 | 296 | 17 34.3 | 19.7 | 53.2
Yasamal 29 |79 157X 156 |51 |32 |63.0)168 |45 |209 |69 |399
Nizami 129 1139 | 28 156 | X 10.7 | 126 | 487 |26 |114 |73 |85 |256
Norimanov | 35 |70 [185 |51 |10.7 | X 19 [58.0]124 |20 |159 |39 |349
Nosimi 32 |62 17932 12619 | X 5981143 |24 |178 |45 |36.7
Pirallahi 61 59 76.4 | 63 48.7 | 58 59.8 | X 475 |59.2 | 42.4 | 56.3 | 29.0

Sabuncgu 146 | 149 1296 | 168 |26 |124]143 475X 13.0 | 5.7 [10.1] 244

Sabail 18 |78 |17 45 [ 114 |2 24 1592130 X 179 | 3.1 |36.0
Suraxani 194 | 170343209 |73 |159|178|424 |57 |[179 | X 14.8 | 19.3
Xotali 47 |81 19769 |85 |39 |45 [563|101[31 |148 | X 33.1
Xazor 37.6 1 359 |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 qiymatlor miiqayiss edilmisdir.

Algoritm Getdiyi glizorgah Yekun yolun uzunlugu
an yaxs1 natica 2-3-4-5-13-6-7-8-9-11-12-10-1 227.1
Tabu Search - -
N an pis natica 5 -4-13-2-3-6-7-8-11-10-9-12-1 261.7
ACO on yaxsi natico 1-5-4-3-2-6-7-8-9-10-11-12-13 174.4
an pis naticoa 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 — Sabail — Suraxan1 — Xotai —
Xazar istigamatinds hayata kegirilmali oldugunu géstarmisdir. Bu an ideal yol olmasa da algoritmin
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qisa vaxt orzinde tapdigi on optimal glizorgahdir. Bu g¢alismani daha da genis sokildo basqa
algoritmlor Gizorinds do totbiq etmak olar.
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UZAQDAN IDARD OLUNA BILON CIHAZLAR - IoT TEXNOLOGIYALARI
loT texnologiyalari, cihazlar arasinda slagolori vo molumat paylagimini tomin edon bir soboko

strukturasidir (Sakil 1). Bu soboka strukturasi, cihazlarin interneto baglanmasini va bir-birlari ila
alago qurmasini tomin edir.

Sokil 1. Internet va cihazlar arasinda qurulmus soboko

Bu internet sobokasi, cihazlar arasinda molumat paylasimi hoyata kegirir vo bu malumatlari analiz
edorak cihazlarin daha somarali bir sokildo islomasi tomin edir [1]. Masoalon, agilli termorequlyator
ev sahibinin istoklorina uygun olaraq temperaturu tonzimloyarak enerji saxlamagini tomin edir. 10T
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texnologiyalari, sonaye sahasinds do ¢ox genis sokildo yayilaraq istifado edilir. Istehsal xattindoki
cihazlar arasinda molumat paylasimi sayasinds istehsal prosesi daha samarali bir hala gatirilo bilor
(Sakil 2). Homginin, sonaye avadanhiglarinin vaziyyati hagqinda malumat slds etmok, tomir vo onlari
yenidan sazlamaq proseslorini daha effektiv hala gatirir va problem riskini azaldir.

/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 sayasinds Xastalorin
saglamliq vaziyyati izlona bilar va hokimlar xastalorin mialicasini daha effektiv bir sokilds planlaya
bilorlor [2]. Masalon, bir Urak xastasi izloma cihaz1 ilo daimi nozarst altinda oluna bilar vo cihazdaki
molumatlar hakimlor tarafindan analiz edilorak xastonin mualicasi daha effektiv bir sokilda planlaya
bilorlor. Bu isa az vaxt middstinds pasient haqqinda daha ¢ox malumat toplamaq imkan1 qazandirir
[3].

Lakin, IoT texnologiyalarinin istifadosi eyni zamanda bozi risklori do 6zunds comlayir.
Molumatlarin tohllkasizliyi va gizliliyi kimi masaloalor 6nam qazanir. 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 tokmillagdirilorak tohliikasizlik vo moxfilik ilo slagadar daha da ciddi tohdidlor yaradir.
Demok olar ki, bu qurgularin oksariyyati kiber hiicumlara qarsi dayanigsizdir. ilk baxisda belo
qurgular hakerlor ticlin miithiim shomiyyat kasb etmoya bilor. Ancaq hakerlar ciddi sistemlors hiicum
mogsadilo botnetlorin  (“robot” va “network” sozlorinin birlogsmosindon yaranmigdir, zororli
programlarla yoluxmus vo badniyyatli torofindon idars edilo bilon kompiiterlor soboakasidir [4])
yaradilmasi ti¢lin belo qurgulara miidaxile edirlor.

Giindon-giine artan IoT texnologiyalarinin yeni novlari genis yayilmaga baslamisdir, lakin onlarin
tohllikasizliks bagli bir sira ¢catigmazliglart méveuddur. Mashur elektron ticarot sirkati “Alibaba ”’-nin
mobil tohliikasizlik qrupunun apardigi arasdirmalara asason, IoT qurgularinin proqram tominatinin
90%-don ¢oxu tohlikasizlik hiicumlarina moaruz qalir. Onlarin 94%-do isa hakerlor tarafindon
asanligla istifads oluna bilon veb interfeyslorinds tohliikasizlik bosluglari vardir [5].

Natics olaraq, loT texnologiyalar1 gliniimiizds bir ¢gox bélmalar Ugun istifads edilir va hayatimizi
daha da asanlasdirir. Lakin, bu texnologiyalarin diizgiin bir sokilds istifadssi vo molumatlarin
tohliikasizliyi masalalarina 6nam verilmasi vacibdir.

IoT texnologiyalarina prototip olaraq hazirladigimiz bu layiha da bahs edilon funksiyalara
sahibdir (Sakil 3).

K 157A I
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Sokil 3. Islok vo sénmiis vaziyyatdoki prototip

Bu prototip uzagdan, Esp8266 sayasinds telegram Uzarindan bot ilo idars edilon ledlordi
(Sakil 4).

fleds_on 113 AM v/ |

Aktiv edildi. 1:13 AM

Sakil 4.Prototipin idars sistemi
Esp8266 Nodemcu mikrokontrollerlori indi bir cox senaye sahaloarinds istifads olunur. Bu cihazlar
internet baglantis1 vo bir sira 6zalliklora sahib olan 1/0 pinlari ilo birlikds olur. Bu xususiyyatlor
sayasinda, cihazlar arasinda molumat 6tlirmays imkan veran 10T (Internet of Things) tatbiglorinds
istifado edilir [6]. Homginin, NodeMCU platformu bir ¢ox programg1 tarafindon dastoklonir va genis
bir icma saviyyasina malikdir.
Sakil 5. Esp8266 Nodemcu mikrokontrollerlari.

GPIO16—— WAKE

GPIO13=— MOSI = RXD2|
GPIO15=— CS = TXD2 |
GPIO3 —{ RXDO
GPIO1 = TXDO

Telegram iso, agiq qaynaqli anliq mesajlagma totbiqidir vo mixtalif programlasdirma dillarinda
yazilmis botlarin yaradilmasina imkan verir. Telegramin digar totbiglordon forgi developerlar tigtin
xususi imkanlar vermosidir. Botun kodlari C++ proqramlasdirma dilindon istifado edilorok
yazlimigdir. Bu bot IoT tatbiglori tigtin mukammal bir hall toklif edir. Botun yaradilmas ti¢iin avvalca
Telegram API’na ehtiyac var. Bunu da telegram 6zii asan bir sakilda tomin etmoktadir. (Sakil 6.)
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Done! Congratulations on your new bat. You wil find it &t
tme/TexnoController_bot. You can now add 2 description, about
section and profile pictura for your bot, see /helo far 3 list of
commands, By the way, when you've finished creting your coal
hot, ping our Bot Support if you want a better username forit. ust
make sure the bot is fully operational before you do this.

Use this token o access the HTTP AP

609736978 ARHE_1kNTqUFpzUk@YLWtyBBbCPHBPEN LW
Keep your token secure and store it safely, it can be used by
anyang to control your bot,

For a description of the Bot API, sea this page:

https://core telegram.org/bots/api

(8l

il

AT
Sokil 6. Telegram API’i Sakil 7. Prototipin kodu

Daha sonra, VS code vaya Arduino IDE’dan istifads edorok NodeMCU Uizarinds botu kodlayiriq.
Kodlagdirma prosesi, botun neca isloyacayini vo hansi funksiyalari yerina yetiracayini i tayin edon
bir sira omr daxil edir [7]. Masalon, sads bir LED agma vo sondirmo sistemi tc¢iin NodeMCU
Uzarindoki bir GPIO pinindan istifado edilo bilor. Bot, muoyyon bir mesaj aldiginda bu pinlori
aktivlosdirir vo LED’i agar. Mesajin yenidon alinmasi halinda isa pin faaliyyatdon ¢ixarilir vo LED
sondardalar. (Sakil 7.)

Botunuzu igs salmagq tigiin, NodeMCU’nun internet baglantis1 tomin edilmalidir. Bu is tigiin,
NodeMCU uzarinds bir Wi-Fi modulu istifads eds bilarik. Modul, NodeMCU’nun USB port
vasitasilo komputera qosulmasini va internets girisini tomin edir.
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AZORBAYCAN RESPUBLIKASINDA AZAD OLUNMUS 9RAZILORDO
ALTERNATIV ENERJI MONBOLORININ YARADILMASI VO INKISAF
PERSPEKTIVLORI

Alternativ enerji monbolorinin orazi iizro paylanmasi miixtolif orazi relyefino gdro potensial
paylanmisdir. Bunun iigiin respublikamizin orazisindo alternativ enerji monbolorindon olan kiilok
enerjisinin orta illik bolgiistinti xarits tizorindo sokil 1 — do gora bilorik. Xaritodon aydin goriiniir ki,
Qarabag bolgasinds kiilayin potensiali an gox Kalbacar arazisinin dagliq hissalorindo miimkiindiir.

Qubadli vo Zongilan orazilorinin miimkiin olverisli relyefini nozers alaraq kiilok qurgulart ti¢iin
miihandis — texniki torafdon layihasi moagsads uygundur. Kiilok qurgularinin is prinsiplorini nozors
alsaq burada iki nov kiilok turbini istifado oluna bilor. Birincisi genis sokilds istifads edilon horizontal
oxlu kiilok turbini, ikincisi isa 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 doyismasi sobobindon istifadosi somorasiz
olacaqdir [2]. Kulayin istigamatinin koskin doyismasi sobobindon burada bizim vertikal kilok
turbinlarindan istifads etmoyimiz daha samarali olacaqdir.

Dag otoyi arazilords vo digar ¢atin relyefli orazilords kiiloyin kaskin istiqgamat doyigsmasinin
osas sobabi miixtolif yiiksok maneslorin olmasidir. Bu maneslirin fonunda axinin istigamatini
doyismosi sokil 2 — da verilmisdir [3].

Sakil 1. Kiilok enerjinin orta illik paylanma Sakil 2. Kiiloyin maneodon sonra
potensiali istiqgamotini doyismasi
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Sokil 3. Horizontal kiilok turbini Sokil 4. Vertikal kiilok turbini
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Bu sobablora goro do maneali orazilordo vertikal oxlu kiilok turbinlorindon, manessiz orazilords
iso horizontal kiilok turbinlorindon istifado daha moagsads uygun hesab edillir[4]. Horizolntal va
vertikal tipli kiilok turbinlori miivafiq olaraq sokil 3 vo sokil 4 — do verilmisdir.
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PROTEUS MUHITINDO OPTRONLU OMOLIYYAT GUCLONDIRICIiSININ TEZLIK
XARAKTERISTIiKASININ CIXARILMASI

[lkin olaraq LM358 omoliyyat giiclondiricisi Gzorinds yigilmis differensial optronlu qurgunun
amplitud-tezlik xarakteristikas1 ¢ixarilmisdir. Sxemin girisino muxtalif goarginlik soviyyalorindo
sinusoidal signal totbiq olunur (sokil 1).

R(1)1 monbayi sinusoidal signala sazlanmisdir. Signalin amplitud qiymati 1V, tezliyi iso 10Hs
secilmisdir. Cixis iso U2(PD2A)-dan goétiirilmiisdiir [1]. Gorlindiiyt kimi omaliyyat gticlondiricisi
invers qosulma sxemi tizro dévrays birlosdirilmisdir. Cixis signali 2N2222 tipli npn tipli
tranzistorun bazasina verilir. Bazaya sigqnal verildiyi anda U2 isiq diodu isiglanir va naticads bu
stialar fotodiodlar torafindan gabul edilir. Sxemds HCNR200 tip optogiitundan istifado edilmisdir.
Optogiitiin daxili konfiqurasiyasi agagidak: sokildo gostorilmisdir.

Qeyd edak ki, bu tip optocutin secilmasinds asas mogsad onun buraxma gabiliyyatinin yiksok
olmasidir. Bu tip optogiit MHs diapazonunda islayir. Yiksok coldliys malikdir. Asagidak: sokilda
HCNR200 tip optogitiin dayison corayan ddvrasinds asas spesifik elektrik parametrlori gostorilmisdir
(sokil 1).
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Sakil 1. Xatti optronlu samaliyyat gifcledandiricisi

Sxemin layiholondirilmoasindo LM358 markali omaliyyat guclondiricisindan istifado edilmisdir.
Komparator rejiminds isladiyi Uglin bu tip mikrosxemdan istifado etmok gorarina golinmisdir. Bir
korpus daxilinds iki odod eyni xarakteristikalara malik amoliyyat glclondiricisindan istifado
edilmisdir. Layihalondirmads bu integral sxemdon istifade etmoyimizin asas sobabi onun tezlik

xarakteristikasinin qanastboxs olmasidir.
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Sokil 2. LM358 markali amaliyyat gticlondiricisi

Sxemin element bazas1 se¢ildikdon sonra omaliyyat guiclondiricisinin invers girigina qosulmus R1
rezistoru tzarindon differensial qurguya giris siqnali totbiq edilir. Garginliyin soviyyasi 1V, tezliyi
iSo 10Hs secilmisdir. Bu amaliyyatlar1 proteus proqraminda giris siqgnal manbayi zarinds mausun
sol duymasini iki dofo klik edorok tonzimlomalori aparmaq miimkiindiir (sokil 3).
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generatorun
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Sokil 5. Differensial qurgunun
tezlik xarakteristikasinin ¢ixarilmasi
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Funksional generatorun parametrlorinin sazladigdan sonra program interfeysinin osas is¢i alotlor
panelindon “Grap Mode” bélmasindon “FREQUENCY” is¢i alotini sahoys daxil edirik. Bundan sonra
tezlik xarakteristikasinin qurulmasi ti¢lin qrafiki panelin parametrlarinin se¢ilmasi lazimdir (sokil 4).

Ilkin olaraq giris siqnalim qrafiko daxil etmok lazimdir. Bunun iigiin “Reference” xanasima
funksional generatorunun mdvge ndémrosini tanitmaq lazimdir. Yoni, R1(1) movageyi qgrafiki
analizatora geyd olunur [2]. Daha sonra analizatorun iso baslama vo isi sonlandirma tezlik
sorhadlarini daxil etmok lazimdir. Tadqiqatda iso baglama tezliyi 10 Hs, isi sonlandirma tezliyinin
giymoati isa 2 MHs goétiiriilmisdiir.

Sxemi iso sazladigdan sonra simulyasiya basladilmigdir[3]. Noticodo toklif edilon sxem (zra
differensial qurgunun tezlik xarakteristikas1 qurulmusdur.

Tezlik xarakteristikasindan gorlindiiyii kimi sxemin sorhad tezliyi, daha dogrusu buraxilis
zolaginin qiymoti 100 kHs-o borabordir. Texniki odobiyyatlara vo aparilmis todgigatlara nozor
saldiqda goriiniir ki, sorhad tezliyinin bu giymati kifayot godor yiksokdir [4].

Qeyd etdiyimiz kimi differensial xatti optronlu sxemin toklifi onun optimal tezlik xtsusiyyatloring
malik olmasidir [5]. Belo ki, aparilan analiz naticasinde miayyan edilmisdir ki, differensial optronlu
qurgunun buraxilig zolagmin qiymoti 100 kHs-o barabardir. Buraxilig zolaginin bu soviyyads olmasi
kifayyat goadar ganeedicidir.
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ENINO IMPULS MODULYASIYASI VASITOSILO MUHORRIKININ SUROTININ
TONZIMLONMOSI

Texnikada muxtalif névllu sabit coroyan miharriklori mévcuddur. Sabit carayan muharriklorini
otrafimizda harokat edon bir cox elektron mexanizmin torkibinds gérmok mimkunddr. Sabit corayan
muharriklarinin gabarit 6lctlori va gicl tatbiq sahasins va istifade moagsadine goéros tasnif olunur.
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Sabit caroyan miharriklorinin istehsalinin igtisadi samaraliliyi miharriklorin tatbiq saholorini daha
da geniglodirmisdir.

Sabit coroyan mihorriklorin firlanma siirati mihorriko totbig edilon gorginliyin giymatinin
doyismasindan asil1 olaraq doyissa do praktikada 9 — 12 V diapazonunda gorarli rejimda islayan sabit
coroyan muharriklorindan istifado etdiyimiz Uclin arduinonun ¢ixis goarginliyi sabit coroyan
muharriklorini tohrik eda bilmayacokdir [1].

Sabit carayan miharriklari asason arduinonun ¢ixis carayanindan (maksimum ¢ixis caroyani) daha
artigini tolab edir. Bu hal iss arduino moduluna zarar yetira birlma potensialina sahibdir. Ardunino
modulunun zorar gérmomasini tomin etmok (clin sabit coroyan miharrikini birbasa arduino
moduluna birlosdirmok avazine idarsedici dovra vasitasilo alage tomin edilmalidir. Modul maksimal
40-50 mA-lik coarayan hoddinds ¢ixis coroyani hasil etdiyi ii¢iin sabit corayan miuharriki rele,
tranzistor, mosfet, tristor kimi irdoolunan elementlor vasitossilo idars olunaraq gorarli rejim tomin
edilmalidir. Praktiklik ndgteyi nozorindon tranzistorlu idaroetmonin sadoaliyi vo caldliyi sabobils
idaraetma sxemlarinds daha ¢ox istifads olundugunu geyd eds bilorik. Tranzistorun agar (bagli-agiq
voziyyat) rejimindon faydalanaraq sabit coroyan miharrikinin iso qosulmasi vo gapanmasini
tonzimlomok imkani1 yaranir. Miiharriks Oturilon enerjinin agilib-qapanma middatini enina impuls
modulyasiyast (PWM) metodundan istifado edarok muharrikin siratini yani talab edilon is¢i rejimdo
islomasini tamin etmok miimkiin olar. Sakil 1.a)-da xarici qida monbayi ilo gidalanan sabit corayan
muhorrikinin tranzistor ilo idarsetms ddvrasi gostorilmisdir.

MOSFET

Fower Supply

MOTOR

12v L C1
w ZND1 PWM Signa
TEXT: DIODE
3 10K

R1 [ell L™
P12 NPN
1*

a) T h) Y W
Sakil 1. a) DC motorun tranzistorlu idaraetma ddvrasi b) Arduinolu dc motorun siiratinin idara
edilmasi.

Sabit corayan miharrikinin tranzistor ilo idaroetmo sxeminds bazi masalalors diggot yetirmok
lazimdur:

1. Q1 n-p-n tipli tranzistordur. Magsadi miharrikin xarici gida manbayi ilo islomasini tamin
etmokdir.

2. 1kOm-luq rezistor corayan mohdudlasdiricisi olaraq tranzistorun bazasina arduinonun istalinan
girisino qosulmasi tigiin istifads olunur.

3. C1 kondenstoru miharrikin is faaliyyati zamani yaranan bilocok manes signallarinin aradan
qaldirilmast magsadilo sxema slavs edilmisdir.

4. D1 diodu iso muharrikin ¢ixiglarinda meydana golon oks polyarli gorginliyin dovrays tosirini
kompensasiya edilmasi moagsadilo miharriks paralel qosulmusdur.

Sabit corayan muharriklorini siratinin idaroetma programi tortib edilmisdir. Dovrads istifada
etdiyimiz BC237 tranzistorunun texniki gostoricilor kitabgasina noazor yetirdikdo I (kollektor
carayani) 100 mA , I,c yani pik kollektor corayani iso 200 mA oldugunu gérarik. Bu o demokdir ki,
istifads etdiyimiz sabit coroyan muharrikin ddvrasindon axan maksimal caroyan 100 mA-lik haddi
asmamalidir, ya da istifado etdiyimiz sabit corayan muharrikinin tolob etdiyi maksimal carayan
tranzsitorun parametrlorinoe uygun olmalidir.

Dovrani ilk 6ncoa simulyasiya vo vizualizasiya programlarini totbigq etmoklo elektron mihitda
qurarag analiz etmok lazimdir. Miiasir dovrda an ¢ox istifads olunan Proteus 8.0 programi vasitasilo
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arduinolu idaraetma ddvrasinin elektron sxemini qura bilarik. Progqramin iistiin cohotlorindan biri do
eyni zamanda arduinonu proqramlama imkanidir. Digar bir program vasitesilo dovromizin real
goriiniis formasini qura bilarik. Fritzing programi geyd olunan masalonin hollinds olduqgca aktiv
istifads olunan vizualizasiya proqramidir. Bundan sonra sxemi bord iizrarinds qurmag olar.

Kod

Const int motorPin=9; // muharriki 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 giymati miharriki idara etmok iclin pwm olaraq tatbiq olunur.
analogWrite (motorPin,i);

delay (10); /10 ms gecikma ila

}

delay (2000); // 2 s gegikma ila

for (int i=256; i>0; i--) //255-0 arasinda saygac tayin olunur.

{

//saygacin giymati miharriki idara etmok tglin pwm olarag tatbig olunur.
analogWrite (motorPin,i);

delay (10); //10 ms gecikma ila

}
delay (2000); // 2 s gecikma ila

}

Bitin olagalor dizgiin olub-olmadigin1 yoxladigdan sonra kodu arduino modulun yiklomak
lazimdir. Proqram yiiklandikdon sonra sabit corayan miharrikinin yavas-yavas siiratlondiyini vo
ardinca 2 saniyo gozlodikdon sonra yavaslayaraq tamamilos stabil voziyysto qayidigini vo bu prosesin
daimi olaraq tokrarlandigini miisahido dacoyik. Bu ¢iir is rejimini toyin etmok Uciin  PWM
metodundan istifado edilmisdir. Bunun i¢iin tranzistoru siirotli agilib-qapanan agar funksiyasini
yerina yetiron element kimi istifado olunmugdur. PWM signalinin High oldugu miiddatcs tranzistor
ac1q, digor halda isa (yani Low saviyys) gqapalidir. PWM cixisinin 0 ilo 255 arasinda artirib-azaltsaq
buna paralel olaraq da miharrikin siirati artib-azalacaqdir [2]. ©gar signallagsma saviyyalarina diggoet
yetirsok gorarik ki, muharrik dévrasinde maksimal corayan coroyan axdigi anlar, yani maksimum
strato gatdigr an PWM signalinin 100% oldugu miiddatlordir. Bu halda deys bilor ki, miharrik tam
glicda islayir va an ¢oX Carayant mohz bu anda isladir.

Arduino asasinda layihalondirilon idaroetma ddvralori glinimiizds bir ¢cox elektron sistemlords
(demok olar ki, aksartiyyatinda) totbiq edilir. Mogalads arduinonun idarsetms funksiyalarmi ayani
stbutlarla izah etmok Ggln sabit corayan miharrikinin idaroetms sxemi asasinda qurulmus arduinolu
idaroetms sxemimi y1g1lmis vo uygun analizlor aparilmisdir.
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DINAMIK OBYEKTLORIN QEYRI-SOLIS PID TONZIMLOYICILOR 9SASINDA
MODELLOSDIRILMOSI

Giris

Avtomatik tonzimlomo sistemlorindo oks olagali tonzimlomo operatorunun formasindan vo
xususiyyatindon asili olaraq sonayeds vo texnikada muxtalif tonzimloms ganunlarindan istifado
edilir[1]. Hor bir konkret obyekt iiglin sintez olunmus optimal idarsetms ganununu realizo edoan
tonzimlayicilor konstruktiv cohatdon gox muxtalifdir.

PID tonzimlayicilor proporsional-integral-diferensial tonzimlomo qanunlarindan istifados edir. PID
tonzimloyicilor 1910-cu ildo yaradilib. Zigler va Nikols tonzimlayicilorin sazlanmasi {isullarini
hazirladilar. Sonra iso 80-ci illordo mikroprosessorun yaranmasindan sonra PID tenzimlayicilarin
inkisafi artan templo bag verdi.

PID tonzimloyicilor on ¢ox yayilmis tonzimloyicilor sinfino aiddir. Hal-hazirda istismarda
toxminen 90...95 % PID tonzimloyicilordon 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 tanzimloyicilor vo 36
%-i iso coxkonturlu tanzimlayicilordir.

9s5as matn . . .
Texniki qurgular soklinds togkil olunmus PID tonzimlayicilor PID kontroller adlanir. PID
kontroller avtomatik sazlama, siqnalizasiya, ozlidiagnostika, proqgramlasdirma, markazdon

(distansion) idaroetmo, Sonaye sobokalorindo konvery islorinin miimkiinliyii kimi bir sira
xususiyyatlora malikdir

PID tonzimlayicilor dinamik sistemlorin idaro edilmasinda genis totbiq sahasino malik olub, sos-
kily soraitindo vo xotali 6lgmo zamani isqabililiyyatliliyini saxlayir, doyiskon istehsalat soraitini
sazlayir.

PID tonzmlayicilori, geyri-xatti vo mirokkab sistemlorin idars edilmosi zamani, eloco do obyekt
haqqinda kifayot godor informasiya olmadiqda pis gostariciloro malik olur. Belo olan halda
tonzimloyicinin xarakteristikalarinigeyri-salis montiq tsullarini, genetik alqoritmlori ba neyron
sobokalari tatbiq etmoklos yaxsilasdirmaq miimkiindiir. Adlar1 sadalanan tisullar xarici odobiyyatlarda
“soft computng” adanir. “Hard computing”dan forli olarag natamam va geyri-dagiq informasiya
soraitindo omaliyyat aparmaq imkanlarina malikdir. Bir kontrollerde adlar1 ¢okilon tisullarin (qeyri-
solis PID, neyro-PID, neyro-geyri-sali PID, PID tonzimloyicilorigenetik algoritmlor) kombinasiyalari
tatbig oluna bilar.

Qeyri-salis va neyron soboka kontrollerlorin asas ¢atismayan cohati onlarin sazlanmasinin
(gaydalar bazasinin tartib olunmasi va neyron sabakalorin 6yradilmasinin) mirokkab olmasidir.

Qeyri-salis idaraetmadon (qgeyri-salis ¢oxluglar nozariyyasinin {isullar1 osasinda idaroetms)
idaroetms obyekti haqqinda geyri-daqiq biliklorin oldugu zaman istifads edilir [4]. Amma onlarin
idarsetms tocriibasi, haddon artiq amoktutmlu olan identifikasiya, elaco da espert biliklari mévcud
olmalidir.

NUmuna kimi boéyuk intervallarda 6lglls bilon va ¢atin identifikasiya olunan daha ¢ox emprik
(tocrubays 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 qgeyri-salis mentiqli PID tonzimloyicilorindon idman verilislorinin translyasiyasi
zamani telekameralarin tuglanmasi zamani, avtomobil miiharriklorinin idaro edilmasinds,
tozsoranlarin, paltaryuyan masinlarin, robotlarin va digar sahalorin miharriklorinin avtomatik idars
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edilmasi zamani havanin kondisiyalasdirma (normaya, standarta uygunlasdirilma) sistemlarinds
istifada olunur.

Operatordan sifahi alinmis biliklorin PID tonzimloyicids totbgi Gciin vo 1965-ci ildo L.Zado
torofindon yaradilmis geyri-salis goxluglar nazariyyasinin aparat vo lingvisik dayisonlori totbiq edilir.
Bu nazoriyyanin oasas ideyasi asagidkilardir. ©gor geyri-salis ¢oxluglar nazoriyyssinds bir negos
element (50 doroco temperatur, 100 ton yanacaq, 541 atmosfer tozyiqi vo s.) ¢oxluga (moasalon,
“gaynar su”yun temperaturu ¢oxlugu, “yanaq” materiallar1 ¢oxlugu vo S.) monsubdursa vs ya ona
monsub deyilsa, onda geyri-salis goxluglar nazariyyasina ¢oxlugun elementinin mansubluq daracasini
xarakterizo edon monsubiyyat funksiyasi anlayisi daxil edilir. Masalon, “50 daracali temperatur 0.264
monsubiyyat doracasi ilo Ty gyner oxluguna monsubdur”. Mansubiyyat funksiyasi verilmis elementin
coxluga monsublugunu toxminan ehtimal edir. Lakin bele interpretsiya mihandislor tiglin aydin
olur[5,6]. Qeyri-salis ¢oxluglar nazariyyasi ehtimal anlayisindan istifade etmadiyi ctin o, ciddi
riyaziyyat deyil.

1974-ci ildo Mamdani dinamik obyektlords idaraetms sistemlorinin qurulmasi ii¢iin gqeyri-salis
mantgin tatbigi mumkinliyiini gostordi. Bir ilden sonra Mamdani vo Assilian torafindon PI
tonzimloayicilor va onlarin buxar generatorunun idara edilmasindas totbigi ilo bagli magals darc
olundu [ ]. Qeyri-salis tonzimlayicilarin tatbiq oblastlari bu giina gadar daim genislondirilir va
onlarin stukturunun miixtalifliyi, yerino yetirdiklori funksiyalar ¢oxaldilir (sokil 1,2).
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Sakil 1. Qeyri-salis PD tonzimlayicinin strukturu
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Sakil 2. e dayisoninin doyisma oblastinin tigbucaq formali NL,NM,NS,PS, PM,PL coxluglara
bolinmasi

PID tanzimlayicilords geyri-salis montiq asason iki yolla istifads olunur: tanzimlayicinin 6znun
qurulmast Gigiin va PID tonzimlayicinin amsallarinin sazlanmasinin togkili tictin. Har iki tsuldan eyni
zamanda istifado oluna bilar.

Qeyri-salis mantigin on genis yayilmis strukturu (qeyri-salis PID tonzimlayici) sokil 1, 3-do tasvir
olunur.

. e Ce . de .. .. .. . . s
Tonzimlayicinin girigine o tOromasinin hesablanmasinda istifads edilon e Xotas1 daxil edilir. Hor

iki komiyyat ovvalco fazifikasiya (fuzzy ingilis s6zi olub geyri-salis demokdir) olunur, sonra
obyektds idaroedici tosirin alinmasi {igiin hesablanmis qeyri-Salis dayisonlor geyri-salis moantiqi
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cixaris blokunda istifads olunur [7]. Tonzimloyicinin ¢ixisinda yaranan u idarsedici tasiri geyri-salis
dayisonloari salis formada tosvir etmok (c¢iin defazifikasiya blokuna daxil olur.

Qeyri-salis PID tonzimlayicilorinin qurulmasi prinsiplari

Qeyri-salis mantiq tisullarini totbig etmak Gglin har seydon avval adi salis dayisanlori geyri-salis
kimi ifado etmok lazimdir [8]. Fazifikasiya prosesi sokil 12-dos tasvir olunur.

€ xotasmin doyismo diapazonu NB, NM, NS, Z, PS, PM, PB altcoxluqlarma béliiniir vo hor bir
coxlugdan olan €xotas: tigiin monsubiyyot funksiyasi yaradilir. Sokil 1,2-do tosvir olunan
monsubiyyat funksiyasi nisboton genis yayilmis tigbucaq formalhidir.

Coxluglarin say1 ixtiyari ola bilor. Qeyri-salis ¢oxluglar tgun Umumi gobul edilmis isaraloma
maovcuddur: N — manfi (Negative), Z — sifir (Zero), P — misbat (Positive); bu isaralomalora S (Small
—kicik), M (Medium —orta), B (Big — boyuk) harflori olava edilir. Masalon, NL — monfi boylk, NM
— monfi orta, PL — miishot bdyik va s.dayisonlorin say1 istonilon gadar ola bilar, lakin, onlarin sayinin
artirtlmasi1 giris doayisonlorinin biitiin kombinasiyalar1 ii¢lin gaydalar1 formalasdiran ekspert
tocriibasins tolablorin artmasina miivafigdir.

Ogor qeyri-salis tonzimloyicinin ¢ixiginda e Xotasi (sokil 1,3) e; Xatasina borabardirss, onda
monsubiyyat doracasi u(e;) = 0.82-yoa barabor olan PS alt¢oxlugunun qeyri-salis dayiganinin
muvafiq gqiymati PS-o borabar olacaq vo ya u(e;) = 0.18 barabar olan PS altgoxlugunun geyri-salis
dayisoninin muvafiq giymati PS-o barabar olacag.

Bu halda & xatas1 sokli doyisdirilmis geyri-salis dayison olacaqdir[9,10]. Qeyri-Salis dayisanlor
Uzorinds tonzimlomo funksiyasinin yerino Yyetirilmosi ¢in mihakimolor operatoru ossasinda
qurulmus, qeyri-salis qaydalar soklinds formalasdirilmis amaliyyatlar yerina yetirilmalidir. Qeyri-
solis gaydalardan vo geyri-salis dayigonlordon geyri-salis montiqi ¢ixarisin (sokil 1) hayata
kecirilmasi Gglin istifads olunur va naticasi idaraedici tasir kimi idarsetmo obyektina verilir.

Qeyri-salis ¢ixaris asagidaki sokilda yerina yetirilir [11]. Forz edok ki, e Xatasinin doyisma oblasti
N,Z,P ¢oxluqglarina, i idarsedici tasirin doyisma oblasti isos NL, NM, Z, PM, PL c¢oxluglarina
bolunur va ekspertin kémayi il tanzimloyicinin isi asagidaki qaydalarla formalasdirilir:

Qayda 1: Ogore = N vade/dt=P, ondatii = 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=2, 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: agore =P vo de/dt=2Z, onda ©i = PM,

Qayda 9: ogore =P vo de/dt=N, onda @ =Z.

Yuxaridaki qaydalar ¢oxlugu oksor hallarda daha kompakt sokilds - cadval formasinda yazilir
(cadval 1.).

Cadval 1.
P Z N
de
dt @
N Z NM NL
Z PM Z NM
P PL PM Z

Qaydalardan istifads edarok geyri-salis tonzimloyicinin ¢ixisinda #i-geyri-salis idaroedici tosiri
almag olar. Bundan 6trii & dayisoninin moansubiyyat funksiyasini tapmaq lazimdir.
Natico
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Mogaloda PID tonzimlayicinin qurulmasi prinsiplori vo modifikasiyast mosalesine baxilmis vo
asagidaki naticolor olds edilmisdir. Klassik PID tonzimloyicilorin xarakteristikalarini yaxsilasdirmaq
mogsadilo signallarin qurulmas1 iigiin sorbast vo filtir tonzimloyicilori totbiq edilmisdir. PID
tonzimloyicilords verilmis agiq idaroetmo prinsipi tonzimloma miiddstini azaltmaga vo sistemin
dayaniqliq ehtiyatinin artirilmasma imkan verir, hom do xarici tosirlori kompensasiya edir. PID
tonzimloyicilordo qgeyri-salis montiq osason iki yolla istifade olunur: tonzimlayicinin 6zinin
qurulmasi {iciin vo PID tonzimloyicinin omsallarinin sazlanmasinin toskili iigiin. Hor iki Uisuldan eyni
zamanda istifado oluna bilor.
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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 4
laws milling natural wood. Traced \/\
proportional dependence of the values of \ b
the tangential force and cutting power on e, it
the density of pressed wood. Height \

unevenness on the machined surface is ; & RS
. . 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
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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 optimallasdirma metodunun tatbiqi torpagdan an rasional va somarali
istifadonin oldo edilmasi texnologiyalarini segmoayo kdmok edir. Belo torpaq todqigatinin naticalori
elmi vo praktiki maraq dogurur vo torpagin tabii munbitliyini misyyan etmok Gglin gubralorin
totbigini tonzimlomak tgun istifads edilo bilar [1].

Abseron yarimadasinin ¢irklonmis torpaqlari hotta tomizlondikdan sonra da oslave olaraq yuksok
sorbsiya xisusiyyatlorina malik materiallarla emal edilmalidir. Mlisyyan edilmisdir ki, gil minerallar
mineral gubralorlo birlikdo gabarma, yuksok sorbsiya vo su tutma qabiliyyati kimi qiymatli
xususiyyatlora malikdir va torpaga daxil oldugda mobil fosforun torpaga ¢ixarilmasini ¢atinlosdirir,
onunla koordinasiya olagesinds baglanaraq, torpagin fiziki-kimyavi géstaricilorine musbat tasir
edorak miinbit torpaqglarin ekoloji vaziyyatini yaxsilasdirir [2].

Torpaqda gil minerallarin vo mineral gubralorin mohsuldarliga miinasibatdo optimal kutlosinin
torkibinin tapilmasina yonalmis tadqiqatlar aparilmisdir. Tacriibolor zamani miisyyon edilmisdir ki,
mineral glbrolorlo yanasi gil minerallarin da olavo edilmosi kond tesorriifati mohsullarinin
munbitliyina misbat tasir gostarir [3].

Alman naticolori emal edorkon riyazi modellosdirma va optimallagdirma metodundan istifado
edilmisdir [4, 5]. Gil minerallar1 vo mineral glbralarin birge harokati prosesi ticiin optimal parametrlor
diapazonunun tapilmasi problemi hall edildi ki, burada mohsulun mohsuldarliginin yiiksaldilmasi
soklinda optimal gostarici oldo edilir.

Owvoalki islords verilmis eksperimental molumatlar asasinda Matlab-7 program tominatinin Box
Benkin D modulundan istifads etmokls reqressiya modeli qurulmusdur. Modellasdirma naticasinda
Y = f(x1,x2,x3,x4) (1) coxhadli ifado soklinds regressiya tonliyi alinmigdir ki, bu da Y mohsulun 4
proses parametri izro moahsuldarliginin funksional asililigini (bitin mohsuldarhigi, s/ha) tayin edir:
P.Os (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 - gruntun elektrik kegiriciliyi (¢) € (0,22 - 0,26) .
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Prosesin optimallasdirilmasi probleminin halli {i¢ciin hesablama prosesinin vizuallagdirilmasi
metoduna asaslanan xiisusi hazirlanmis program taminatt modulundan istifads edilmisdir [6]. Bu iisul
Excel mihitinds programlasdirma imkanlarini vo reqressiya modelinin qurulmasi soklinds proseslori
tosvir etmok iiclin analitik metodlar1 effektiv sokildo birlogdirir. Hazirlanmis modulda miixtalif
molumat diapazonlarina miinasibatds istifads edilon rong formati gabiliyyati verilmis soraitdo maraq
saholarinin qruplarini, optimal sahalori, optimal ndqgtalori vizuallagsdirmaga imkan verir.

Riyazi modellogdirms 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 tatbiqi naticasindsa nazordon Kkegirilon proses ¢tin
vizuallagdirilmig optimal sahalor alds edilmisdir.

sy *>21 A e ean - ™

T AT
: user Boixop npoaykta Y, %
1-50
51-85
86-94
95-99
>100

Fig.1 Reqressiya tonliyi (1) ilo tosvir edilon cavab sothinin vizuallagdirilmas: tsulu ilo
optimallagsdirmanin naticasi.

Sokil 1-do mahsulun 95% <Y < 99% mohsuldarligina uygun galon optimal saha gohvayi roangla
ronglonmisdir.

Optimal saho parametrlori:
mohsul galiri Y € (95 -99)% -

A) X1 €(19-37) / P20s; X2 € (58-60) / K20; X3=8.53/(pH); X4=0.26/(¢)

b) X1 € (37-59) / P20s ; X2 € (57-59) / K20O; X3 =8.53/ (pH); X4 =0.26/(¢)

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:

Alman naticalora asasan bela gonasto galinmisdir ki, torpagin ekoloji vaziyyatina tasir edon asas
amillardon biri torpagin geyri-0zvi tarkibinin va onun tarkibindoki mobil fosforun gostaricilaridir ki,

135



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

bu da nisbi miinbitlik haqqinda tasovviir yaradir. Togdim olunan todgiqgat praktiki naticalorlo riyazi
emal zamani oldo edilonlor arasinda olagoni izlomayas kdmok edir.
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ELEKTRIK STANSIiYALARININ iSTIiLiK PROSESLORININ
AVTOMATLASDIRILMASI PROBLEMLORINDOKI QEYRI-SOLIS MONTIQ
METODLARI

Giris

Muiasir sonayedaki texnoloji proseslor homisa 6ziinii ciddi riyazi tosvirlo géstormir [1]. IES-lorda
tozlanma vas toz todariikii, yanma vo buxarlanma proseslorinin dinamikasinin hesablanmasi ¢atin vo
mirokkobdir ki, bu da onlarin avtomatlagdirilmasimi g¢otinlogdirir [2]. Avtomatik idaroetmo
nozariyyasi va muasir tatbiglori, proses tonzimloma sisteminin bir hissasi kimi TO-larin modellarinin
istifadasi, sinir-geyri-salis idaroetms metodlar1 vo s. daxil olmagla, avtomatik tonzimloma va
idaroetms sistemlarinin tokmillosdirilmasi Ugun getdikca daha ¢ox nozori imkanlar toklif edir [3-14].
Buna gora, avtomatik sistemlorin tonzimlonmasinin talob olunan keyfiyyatini tomin etmoak Ugin
metodlarin tahlili, ilk névbads, istilik proseslorinin avtomatlagdirilmasi da daxil olmagqla, tatbigetms
perspektivlori baximindan aktual goriiniir. Son vaxtlara qodor istilik vo enerji proseslari Ggln
avtomatik idaroetmo sistemlori yerli sonaye tonzimloyicilori osasinda qurulmusdur. Bu
tonzimloyicilorin totbigi sabit siroto malik elektrik sistemlori vo tipik idaroetmo qanunlarindan
istifado edorok idaraetms sistemlorinin qurulmasi prinsiplaring osaslanirdi [15]. Ragamsal nazarst
cihazlarinin istifadoasina kecid muayyan tstunliuklar verdi [14]. Masoalon, dovlst miisahidagilorini,
boylk D komponenti imkanlarina malik PID tonzimlomo ganunu olan strukturlari, Smidt
prognozlasdiricilari, kompleks hesablama texnologiyalari vo S. Naticods, bazi taninmis firmalar
miuqavilalorinds texnoloji parametrlorin qorunmasinin daha yiiksok doagiqliyina zomanat verirlar.
Beloliklo, Ansaldo (italiya), enerji blokunun biitiin yiik araliginda birinci vo ikinci buxarin
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temperaturunun +3°C saxlanmasina zomanat verir (mugayiss uctin yerli idaroetmoa sistemlori canli
buxar temperaturunun = 6-13°C olmasini tamin edir va ikinci buxarin isa £10-16°C) [15]. Asagida
istilik proseslorini avtomatlagdirmaq ti¢iin geyri-salis montiq metodlarinin tatbigi perspektivlorini
nozardon kegirilir.

BP

%)

ﬂ) u
DF  }—p
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s, | 2z
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Sakil 1. Qeyri-salis natica sisteminin qurulusu: x1, x2 - giris doyisanlori; B1, B2 - giris geyri-
salis dayisanlar; B3 - qeyri-salis dayison ¢ixisi; u - ¢ixis dayigoni.

Qeyri-salis goxluglar nazariyyasinin asas anlayislari. Qeyri-salis coxluglar nazariyyasi 1965-ci
ildo Azorbaycanli alim Liitfi Zada torofindon toklif edilmisdir. Qeyri-salis ¢oxluglar nazariyyasinin
istifadasi geyri-salis anlayislar1 va biliklori tasvir etmays, bu biliklarls islomak va geyri-salis naticalor
¢ixarmaq imkani verir. Qeyri-Salis ¢oxlug, nazardan kegirilon goxlugun bu va ya digar elementins aid
olub olmadigini tam aminlikls tosdig etmok miimkiin olmadigi tigiin 6zbasina bir tabist 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 terminlarindon istifads olunur [5, 6, 7, 10]. Qeyri-salis natica sistemlarinin
inkisafi vo totbigi geyri-solis montigin asas muddoalarindan istifads edilorok hoyata kegirilon bir sira
morhoaloalari ohato edir. Qeyri-salis natico asagidaki morholalarlo xarakterizo olunur:

1. Problemli sahadaki miitoxassislorin empirik biliklorinin rosmi togdimati ti¢iin hazirlanmis geyri-
solis noticalorin BP sistemlori iigiin qaydalar bazasinin formalasdirilmasi. Qeyri-Solis notico
sistemlorinda sortlarin geyri-salis lingvistik ifadslor baximindan formalasdirildigi qaydalar istifads
olunur.

2. Adi (yaxs1 miiayyonlogdirilmis) ilkin moalumatlar asasinda geyri-salis goxluglarin (sortlarin)
tizvliik funksiyalarmin qiymatlorini tapmagq proseduru olan giris doyisonlorinin fuzifikasiyasi. Qeyri-
salislogdirma marhalasinin magsadi geyri-salis natica sisteminin fordi giris doyisoninin spesifik dayari
ilo giris doyisaninin mivafiq doyarinin tizvliik funksiyasinin doyari arasinda uygunluq yaratmagqdir.

3. Klassik idaroetmo sistemindoki bir hesablama cihazinin funksiyalarina banzor funksiyalari
yerina yetiron vo BP-do saxlanilan gaydalarin hor biri {igiin sartlorin hagiqi doracasini toyin edon
montiqi natica LZ blokunun amaliyyatlari.

4. Cixis linqvistik dayiganlorin har biri {iglin ortaq (yaxst miioyyanlosdirilmis) bir qiymat tapmaq
proseduru vo ya prosesi olan geyri-salis noatico sistemlarinds ¢ixis doyisonlorinin  DF-nin
muioayyonlogdirilmasi. Defuzzifikasiyanin moqsadi geyri-salis notico sistemindon konar Xxususi
cihazlar torofindon istifado oluna bilon ¢ixis dayisonlarinin hor birinin doyoarini oldo etmok (igiin
montiqi naticalorindan istifads etmokdir [10].

Qeyri-salis mantig idarsetmanin amala galmasinin xususiyyatlari. Solis amoliyyatlar aydin
montigoe osaslandig1 kimi, qeyri-salis amaliyyatlarda da geyri-salis montiq var. ki giymatli aydin
montiq vaziyyatindo, NOT, AND, OR amoliyyatlari ilo formalasmis tam sistemlor mévcuddur. Butln
digor montigi amoaliyyatlar onlarin komoayi ilo geyd edilo bilor. Ancaq geyri-salis montiq halinda,
mohdud sayda omoliyyat yarada bilorik. ©On ohamiyyatlisi NOT, AND, OR omaliyyatlarinin
uzantilaridir. Bu uzantilar sirasiyla geyri-salis inkar, t-norm vo s-norm adlanir. Bu nozariyyasys
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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 Ugln sistemin geyri-salis modelini yaratmaq v istifado etmok mogsadi ilo hoyata kegirilir.
Umumiyyotlo geyri-solis model geyri-solis ¢oxluglar vo geyri-solis montiq nozeriyyasi osasinda
qurulmus sistemin informasiya texnologiyast modeli kimi basa diisiiliir.

Belsliklo, geyri-salis modellosdirmoa prosesi asagidaki morholalara bélins bilor:

1. Problem vaziyyatinin tohlili.

2. Movzu algoritminin 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.

Muasir sonaye istehsal proseslorinin avtomatlasdirilmast moagsadilo bir ¢ox forgli geyri-solis
montiq  kontrollerlori  (QSMK) istehsal edir. Bu tonzimlayicilorin  (kontrollerlarin)
programlasdirilmasi ti¢iin xiisusi bir dil var - geyri-salis idaroetms dili [6]. Qeyri-salis Nozarat Dili
(Fuzzy Control Language — FCL), idaraetma sistemlorinin geyri-salis modellarini, xtisusan da yiksak
saviyyali dildo program kimi tofsir edilo bilon strukturlasdirilmis motn soklindo senaye mantiq
kontrollerlori (PLC) modellarini tomsil etmok (iglin nozords tutulmusdur.

Qeyri-salis Nozarat, geyri-salis ¢oxluglar nazariyyasinin iimumi metodologiyasinin va praktik
idaroetma problemlarinin halli Gglin tok montigin totbigi sahasi kimi basa disiiliir. Qeyri-salis
idaroetma, sonaye avtomatlagdirmasinin imkanlarini geniglondira bilon vo mumiyyatlo bir PLC
istifado edorak hoyata kegirilo bilon idarsetmo sahasindos totbig olunan problemlari hall etmok (iglin
hazirlanmig bir texnologiya olaraq ortaya ¢ixdi. Qeyri-Salis nazarat analitik vo ya nozori modellora
deyil, gayda osaslar1 saklinds toqdim edils bilon biliklorin praktik tstbigino asaslanir. Qeyri-salis
nozarat mitoxassislorin muayyan bir tocribasi oldugda istifads edilo bilor vo har hansi bir sokilda
rosmilosdirilo bilor. Genis tatbigetmo vo miitoxassis tocriibasine asaslanan tobii yanasma geyri-salis
nozarati butlin PLC istifadagilori Ugun standart olaraq slds edilmasi lazim olan asas bir vasits halina
gatirir. Qeyri-salis nozarat klassik nazarst metodlari ila birbasa birlagdirila bilar.

Qeyri-salis nazaratin istifadssi, prosesin agiq bir modelinin olmadig: vo ya analitik modelin real
vaxtda tomsil etmak va ya bir hall alds etmak (i¢tin cox mirokkab oldugu hallarda an tasirli ola bilar.
Qeyri-salis montigin digar Gstunliyu bir nego mutoxassisin tocriibasini birbasa birlogdirmoak
bacarigidir. Qeyri-salis nozarat, ¢ox doyorli nozarot olmaqgla, daha ¢ox "dogru" vo ya "yalan"
ifadolorinin manalari ilo mohdudlasir. Bu xiisusiyyat qgeyri-salis nazaroti mutoxassislorin empirik
tocriibasini modellosdirmok (¢in mulsyyan bir giris dosti Uzorinds idarsetms todbirlarinin
formalasdig1 konsepsiyalar baximindan adekvat bir vasito halina gatirir. Qeyri-salis nozaratgilorin
klassik olanlarla migayisasi. ©dobiyyatda klassik Pl vo PID tonzimloms ganunlariin geyri-salis
reallagdirilmasi verilmisdir [9, 11, 12, 13]. ©Ononavi avtomatlagdirilmis idaraetma sistemlari bir ¢ox
musllif torafindan geyri-salis idaraetma sistemlori ilo migayiss edilmisdir. Masalan, S.V. Frolova,
I.A. Elizarova va S.A. Loskutov bir 6tiirmo funksiyas: olan bir idaroetma obyekti liciin avtomatik
idaroetmo sistemi (AIS) modelini miiqayisa etdi:

15 - e?P

W) = ——.
®) = Top+1

W(p) — rele-impuls AIS modelleri verilon funksiyadir.

Oldo olunan naticalor qgeyri-salis ATS-lorin anonavi gaydada totbiq olunan AIS tonzimlomo
keyfiyyatindon geri qalmadigin1 gostordi. Qeyri-salis nozaratin bir {stiinliiyli olaraq, yaxsi qrafiki
interfeyso sahib daxili geyri-salis idaroetmo kitabxanalart olan miiasir PLC proqramlasdirma
sistemlorinin moévcudlugunda, tizvliik funksiyalar1 va qgeyri-salis naticalorin ¢ox asanligla vo aydin
sokildo togdim edildiyi vo dizoldildiyi qgeyd edilir. Naticods, AIS-in tonzimlonmosi do
sadslogdirilmisdir. Qeyri-salis idaraetms algoritmlarinin xususiyyatlarini va naticads klassik va geyri-
solis algoritmlorlo avtomatik idaroetmo sistemlorinin dinamikasindaki forglori nozardon kegirir.
Simulyasiya MatLab Simulink programinda hoyata kegirilmisdir. Noticodo asagidakilar verildi:
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1. Faza-algoritmi olan sistem geyri-xotti vo AIS-do kecid proseslorin névii narahat edici tosirin
forma va 6lglisundon asilidir.

2. Kicik, mahdud migdarda va doyisma siirstinds uygunsuzluq signalinin giymatlori, geyri-salis
vo klassik Pl algoritmlori dinamik olaraq barabordir.

3. Signal uygunsuzlugu asdiqda vo ya normallagdirilmis araligin hadlorini artirdigda doyma effekti
gorlndr - faz algoritmi xeyli doracads geyri-xatti olur.

4. Parametrlorin secilmasinds Pl vo PID alqoritmlarinin faza totbig edilmasi, islona bilon bir sistem
aldo etmaya imkan verir, lakin manealarin tasiri altinda idaraetma Xatasini minimuma endirmak lazim
golir.

Qeyri-salis nazaratin tatbigi. Todgigatlarda geyri-salis montigdon istifade imkanlar1 vo
perspektivlorinin dorin tohlili, 600 MVt glclnds gazan ilo avtomatlasdirma niimunasinda
aparilmisdir. Qeyri-Salis mantiq buxar gazanindaki soviyys davranigini analiz etmok Vo buxarin
istiliyini tonzimlomok tc¢uin istifads edilmisdir. Bir PID kontrolleri (+ 5°C daqigliyini qoruyaraq), bir
obyektin dinamik modeli (x 3°C) va geyri-salis bir nazarat¢i (£ 1°C) istifado edarok canli buxarin
istiliyinin qorunmasiin miigayisali naticalori toqdim olunur. Alinan naticoalorin praktik dayari
asagidaki kimi qiymatlondirilo bilor: saxlanilan buxar temperaturu saviyyasinin £2°C-ys yiiksalmasi
ildo 60 ton yanacaq ekvivalenti yanacaq gonastina imkan verir. Belaliklo, geyri-salis tonzimloma bir
sira xtisusiyyatlorina gora ananavi gaydalardan Ustiindir. Sonayenin inkisafi vo geyri-salis moantig
nozaratgilori istehsali geyri-salis tonzimlonmoanin inkisafi {iglin yaxsi bir zomindir. Qeyri-salis
montigo osaslanan sini intellekt sistemlari muasir ev alotlorinds genis istifado olunur. [10] -da
condoki maye saviyyasini saxlamaq sistemi, buxar qazan parametrlorini idaro etmok sistemi kimi
muxtalif texniki sistemlorda geyri-salis idaroetmonin istifadasina dair numunalor verilmisdir.

Natica

Qeyri-salis noazarastgilor ham proses parametrlorini tonzimlomok tgiin, hoam da xUsusiyyatlarini
yaxsilagdirmaq ti¢iin ananavi Pl vo PID idaraetmalarinin bir hissasi kimi istifado edilo bilor. Bu
sobobdan geyri-salis avtomatlagdirilmis idaroetmo sistemlorinin istilik vo enerji proseslorinin
avtomatlagdirilmasi ti¢iin sonayeds totbiq edilmasi ii¢iin yaxs1 perspektivlor var, xisuson do yeni
texnologiyalarla (CFB) qurgular ig¢iin idaroetmo sistemlori yaradarkon, tezlik vo aktiv giic
tonzimlonmasi va s. hayata kegirilmasi moagsadouygun hesab olunur.
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MEXATRONIK SISTEMLOR: YENI TEXNOLOGIYALARIN INKIiSAFI
VO TEXNIKI TOTBIQLORI

Giris

Son zamanlarda, mexatronika intellektual sistemlor Uzorinds aparilan todgigat vo mohsul
hazirlama faaliyyatlorinds surstlos inkisaf edir. Bu inkisaf yeni vo maraqli moahsullarin yaradilmasina
gotirib ¢ixarir ki, bu clir mohsullar hor giin istifado edilir. Mexatronik sistemlorin xususi
xarakteristikasi, mocburi sokildo forgli texnologiya sahslorinin six baglanmasidir, masalon,
mexanika, hidravlika, elektromexanika, pneumatika, elektronika, komputer elmlari 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 sistemlari kimi forqli is sektorlarinda vacib bir rol oynayir. Homginin, mexatronikanin
vacibliyi bugun ali tohsil do hiss edilir. Tosadlfi deyildir ki, bir nega torofdas tohsil muassisalorinda
bu sahs artiq toklif edilir. Homiso oldugu kimi, mexatronika kurslar1 sadoco muoallimlar torafindan
todris edilmir, oksina, mexanika muhandisliyi, elektronika vo kompiter elmlorindan birlasdirilorok
todris edilir. Aydin olur ki, bu saha, kompter elmlari vo muhandisliyin klassik sarhadlorini asan bir
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maovzudur. Bu magalods, mexatronik sistemlarin galocok perspektivlarini géstoran an son inkisaf vo
galacok meyletmolorin bir negasi arasdirilmigdir.

Mexatronikanin ticari vo Sonaye sahasindo ilk dofo istifadosi Umumi olarag Tetsuro Mori
torofindon 1969-cu ilds edilmisdir [2], lakin informasiya tizro professor Takashi Kenjo torafindan bir
necs il avval informallasdirilmis ola bilar. Holoalik mexatronikanin timumi bir torifi yoxdur. ©lagali
odobiyyatlarin baxisi bir nega torif vermays imkan verir. [3]-do mexatronika t¢un 20-dan ¢ox tariflor
siyahisini gostarir Ki, bu toriflarin har biri, konseptin bir az forqli aspektini vurgulamaga ¢alisir vo
muharrikli avadanliqlardan sensorlara qodar bir ¢ox saholori 6ztinds shato edir [4]. Bir godor forgli
vurgulara sahib olsa da, toriflorin ¢oxu, funksionallig1 bu asas texnologiyalarin birlosdirilmasi ilo
tomin edon yeni vo muasir mahsul va sistemlorin yaradilmasi tizorinds islodiyini bir daha stibut edir.
Informasiya texnologiyalar1 va proqram inkisafi biitiiniin birlosmosini tomin edon "doayirman" rolu
oynayir. Bu birlogsma, mekatronik sistemlorin strukturunu tomsil etmak (gln istifads edilon muxtalif
diagram formasi ilo do oks olunur. Bunu Sakil 1-doki nimunadan gdrs bilarik.

N
1

Melumat domaini

Prosessor

Aktivatorlar | N Struktur :‘> Sensorlar

Sakil 1. Mexatronikanin diagrammatik tasviri (Bradley 2010)

Tipik bir mexatronik sistem muhitdon isaralor alir, onlar1 islayir vo yeni isaralor yaradir ki, bunlar
aktivator mexanizmlorinin girisino doniisorak onlar1 giiclora, harokatlora vo aksiyalara cevirir.
Mexatronika muxtalif sonaye sahalarinds totbiq oluna bilar.

— Avtomatlasdirma va robotika

—  Masin gorma

—  Avtomobil mihoandisliyi

— Komputer tominatli vo inteqrasiya olunmus istehsalat

—  Tibbi sistemlor

—  Hissa vo nozarot sistemlori

— Diagnostika, etibar vo nozarst sistemlori texnikalari

—  Muhondislik dizayni

—  Struktur dinamik sistemlor

— Nogliyyat vo nogliyyat vasitalari sistemloari.

Alman VDI tagkilati tarafindon mexatronik sistemlorin inkisafi tigiin "fleksibel prosedural model"
adli dizayn modeli hazirlanmigdir [5]. Sokil 2, macro-level dizayn prosesi modelini gostorir. Bu
model ¢ox sayda islordo istifads edilmokla, mexatronikanin inkisafi layihalorinin asas marhalalorini
musyyanlagdirir. Bu models asason, mexatronik sistemlorin inkisafi ti¢iin ti¢ asas altsistemi: sistem
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dizayni, domen xiisusi dizayn1 vo sistem birlasdirilmasi altsistemlorini ayirmaq miimkiindiir. Sistem
dizayn1 altsisteminin osas moqsadi tapsirigi, inkisaf etdirilon sistem (gln carpaz domen hall

domain-specific design /
mechanical engineering, /

electronic engineerin
information technology /

/
\ modelling and model analysis /

konseptinin torcumo edilmoasidir. Bu morhalads, sistemin iimumi funksiyasi alt funksiyalara
boélinocak. Hamginin, burada har ¢ domenin (elektronika, mexanika vo yazilim) hansi alt
funksiyalarindan istifado edocayi haqqinda giymatlondirms 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 maginlari, elektronik aparat, idaroetmo qurgusu vo yazilim)
hor biri G¢lin bir nego paralel inkisaf layihosi kimi nozoro alinir. Bu morholods, material
xususiyyatlori, geometriyasi, dizayni, yazilimi, nozarot parametrlori kimi detallar otrafli sokildo
muayyan edilir. Burada, Umumi dizayn parametrlorinin say1 ¢ox bdyiik olacaq ve istirak edon
dizaynerlarin vo dizayn alotlorinin say1 ¢ox olacaqdir. Mexatronik sistem, domen xiisusi dizayn
morholasindon golon naticalorin birlosdirilmoasi ilo tamamlanir vo bu, sistemin birlogdirilmasi
morhalasinds hoyata kegirilir.

Hazirda, mexatronik sistemlor vo texnologiyalar hami {i¢iin movcuddur. Sads ev aletlorindan,
mosalon, mikrodalgaya, toster vo modernal motbax dolablarina, ofis avadanliglarindan, masalan,
kompiiter si¢anlarina, kart oxuyuculara vo kommunikasiya qurgularina, hotta muasir elektronik
avtomobil agarlarina, faal siispensiya sistemlarino vo muharrik idaroetma sistemlorina (birlogdirilmis
digor komputer idars olunan avtomobil aksesuarlari ilo birlikda) godor hami tiglin bir ¢ox nogliyyat
vasitoalorinds, mobil va ya smartfon kimi saxsi kommunikasiya sistemlarinds mexatronik tatbiglor
movcuddur. Bu, mexatronika tatbiginin tokmillogdirmo imkan1 oldugu bir neg¢o cihaz vo tatbigatlar
sixligidir. Bununla birlikda, mexatronikanin an ¢ox tasir gostoardiyi vo mdvcud potensialini ortaya
qoydugu iki osas saho var. Bunlar, avadanliq texnologiyasi vo robotika tatbigloridir.

Sokil 3. Yuksok dagiqglikli bir dovriyyali Sokil 4. Muasir sanaye robotu
avadanlq

Sokil 3-do mexatronikadan gotiirdiiyli potensialin hor qramini tam istifado edon bir dovriyyali
avadanliq gostorilmisdir. Masin stabililiyini tomin edon DCG® -don spindlorin idara edilmasina
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gadar, bu va digor masin alatlori sonatkarligda mexatronik dizaynin zirvasidir. Robotika sahasinds,
mexatronik dizayn va konseptlor, bltun funksional, dagiqgl va yliksok performansli robotlarin asasidir.
Robotun hansi totbiqi ¢ln dizayn edilmasindon asili olmayaraq, motor rotasiyasinin, sensor
nimunoalomasinin va bazi hallarda tomizlayicilorin kompleks va daqiq icrasi, sadoca mexatronika
texnologiyasi vasitasilo hoyata kecirilo bilor [6]. Sokil 4 asason sonaye mogsadlori tgun istifados
olunan mduasir bir robotu gostarir. Mexatronikada tatbiq edilon sonaye va totbiglorin say1 daha da
artmaqdadir. ©Ovvalcadan do geyd edildiyi kimi, bu sanayalardon ikisi an ¢ox tasirlonon sanayalordir.
Moasalan, ofis, ev va nogliyyat mohsullarindan forqli olaraq, mistari torofindon istifads edilon aylonca
Sonayasi mekatronik texnologiyalarin konseptlorini mohsullarinda totbiq edoarak yeni mshsullar
yaradir. WowWee sirkatinin Robopet robot iti vo Roly dans edan topu bunun nimunaloridir.

Biz inaniriq ki, galocokdoki mexatronik sistemlar, 6z fiziki mihitlorini miisahido edon, malumat
mubadilasini hoyata kecira bilon vo 6zgiir sokildo foaliyyat gdstoran bir nego agentlordon ibarot
olacaqdir. Bu olave moalumatlar, mexatronik sistemlordoki program tominati nozarotindon xeyli
uzaqda olan sobokali nozarot texnologiyasi vasitosilo tamamilo yeni adaptasiya imkanlari
yaradacaqdir. Bu, yeni sobokslosma texnologiyalarmin (mas. wireless sensor sobokalori) ortaya
cixmasi ilo dostoklonir. Belo texnikalar, mexatronik sistemlorin analizini vo nazarat imkanlarini
yaxsilasdiracaqdir.

Goalacok mexatronika toatbiglori Gglin bir nega inkisaf layihasi, mexatronik tatbiglorin daha genis
sahalords vo daha bdyuk dorinlikdo istifado edilmoasina imkan vers bilor. Bu yeni sahslors aid
nimunoalor 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 komandasi torafindon
aparilan islordir. Hazirda, onlar implant vo elektron texnologiyasinin istifadasini robotlar ti¢tin bioloji
beyinlor yaratmagq, insan imkanlarini artirmaq vo miiayyan sinir xastoliklarinin tosirini azaltmaq tizro
todqiqat aparir [7].

Natica

Mexatronika vasitasilo maraqli bir golacok tigiin bir ¢ox yeni yol agila bilar. Hogigoatan,
mexatronika, klassik alt sistemi asas alan va ya ananavi tok disiplinli metodlar1 qabul etmokls heg bir
zaman mumkin olmayacaq on yeni texnologiyalara imkanlar agir. Mexatronika naticasino goro
prosesi tosvir edir vo bu fikir 6zlnd real olarag tmumi keyfiyyat konseptins verir. Ugurlu mexatronik
dizayn mohsullarinin keyfiyyati Vo mozmunlugu baximindan istehsalgiya ¢ox calbedici gorins bilar.
Oksina, daha ananavi, ardicil sokildo dizayn olunmus mahsullar kéhna gorindr, mohdudiyyatlors
sahibdir va istehlak¢iya maraqli deyildir. Mexatronika, miixtalif sahalordo miivafig molumatlari ohato
edir. Hoyatimiz1 vo istifads etdiyimiz mohsullarin keyfiyyatini yaxsilagdirir vo anonavi disiplinlarin
sarhadlarinds mohdudlagmir. Miirakkab va inkisaf etmis diinyanin taloblori va ehtiyaclari doyisdikcs,
texnologiyalar va yeniliklor daimi siratlo inkisaf etmolidir. Galocokds, mexatronika mohsullarin
etibarliliginin, tohliikasizliyinin va slverisliliyinin artirilmasinda vacib rol oynayacaqdir.
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