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Phase Transitions in Highly Anisotropic Ternary TlGaSe, Crystals
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Abstract

The infrared and terahertz spectroscopy of TIGaSe; crystals has been studied over a wide
temperature range (3 + 325 K). The appearance of new phonon modes in the TlGaSe; spectra
below a temperature of T = 120K was detected, due to a structural phase transition; the phonon
parameters of the crystal under study revealed features at temperatures of 30K, 60K, and 92.5K.
The observed anomalies have been explained as related to the reaction of phonons to the
formation of an antisegnetoelectric structure and a change in the latter with temperature. Splitting
of some phonon modes at 60K may occur due to symmetry breaking due to increased interaction
between two polar sublattices.
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Yiiksok c¢oziiniirliiklii optik spektroskopiya ilo arasdirilan yiiksak anizotrop
iiclii TIGaSe, kristallarinda faza kecidlari

A.M. Pasayev, K.A. 9sgarov, K.R. Allahverdiyev
Azarbaycan Milli Aviasiya Akademiyasi (Baki, Azarbaycan)

Xiilasa

TlGaSe, kristallarinin infraqirmizi vo terahertz spektroskopiyasi genis temperatur
araliginda (3 + 325 K) todqiq edilmisdir. TlGaSe, spektrlorinde T = 120 K temperaturunun
altindak1 yeni fonon rejimlarinin meydana galmasi, struktur faza kegidino goro askar edilmisdir;
todqiq olunan kristalin fonon parametrlori 30 K, 60 K va 92,5 K temperaturda xiisusiyyatlori
askar etmisdir. 60 K-do bozi fonon rejimlorinin par¢alanmasi, iki qiitb alt sandiq arasindaki
qarsiligl alagenin artmasi ilo slagodar simmetriyanin pozulmasi sabobindan bas vers bilar.

Acar sozlar:  iki Olgiilii materiallar, layli yarimkegiricilor, kristal gofos dinamikasi, faza
kegidlori, tiglii xalkogenidlor, fononlar, infraqirmizi radiasiya.

da3oBble Mepexoabl B CHJILHO AaHU30TPONHBIX TPOHHBIX KpucTawiax T1GaSe;,
HCCJIeIOBAHHbIE  METOJI0M  ONTHYECKOH  CIHEeKTPOCKONHUM  BBICOKOIO
pa3penieHus

A.M. ITamaes, K.A. Ackepos, K.P. AiliaxBepamnen

Asepbatioscanckas Hayuonanonas axademus asuayuu (baxy, Azepbaiiosican)

AHHOTaLUA

HccnenoBana undpakpacHas u teparepuonas (TI'1) cnekrpockonus kpucramios TlGaSe;
B IIHMpoKOoM auarnaszoHe temmeparyp (3 + 325 K). OOHapyxeHO HosBIIeHHE HOBBIX (POHOHHBIX
Mon B cnekrtpax TlGaSe; nHuxe Temmneparypel T = 120 K, o0ycioBieHHOE CTPYKTYypHBIM
¢$a30BBIM Nepexo1oM; (POHOHHBIE MapaMETPhl HCCIEyEMOro KpUCTaiia BBIIBUIN OCOOEHHOCTH
npu temneparypax 30 K, 60 K u 92,5 K. HabGnronaemble aHoManuu ObUTM OOBSICHEHBI Kak
CBsI3aHHBIE C peakiueil (poHOHOB Ha (HOPMUPOBAHHE AHTHCETHETOIIEKTPUUECKON CTPYKTYpHl U
M3MEHEHHMEM MOoCJeTHEH B 3aBUCMOCTH OT TeMIlepaTypsl. Pacienienne HeKOTOpbIX (POHOHHBIX
Mon mnpu 60 K MoXkeT NnpoucXOAuTh U3-3a HapyIIEHUS CHUMMETPUHM U3-3a YCUJICHHS
B3aMMOJICHCTBUS MEKIY ABYMsI IOJISIPHBIMU MOIPEIIETKaAMH.

KiaroueBble cj1oBa: ABYMCPHBIC MAaTCpHaIbl, CIOUCTHIC MOJYNPOBOJHWKH, AWHAMHKA
KpHCT&HJIH‘ICCKOﬁ PCIICTKHU, (I)EBOBBIC Nepexoanl, TpOfIHBIG
XaJIbKOI'CHU/BI, (I)OHOHBI, I/IH(I)paKpaCHOC H3JIIYUCHHUC.
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Introduction

Two-dimensional ferroelectric TlIGaSe;
crystals have semiconductor, photo conductor,
and photoelectric properties, which determines
the variety of possibilities for their application
in modern technologies, including active laser
elements. At the temperature of liquid
nitrogen and the application of an external
electric field (~15 V), the photoelectric signal
in this crystal increases significantly. For
example, in the ultraviolet (UV) range of the
spectrum, the signal increases by ~40 times,
which opens up the prospects of using these
crystals as UV detectors [1]. High photosen-
sitivity also favors the creation of phototran-
sistors [2]. High sensitivity to an external
electric field makes it possible to use TIGaSe;
as elements in microelectronics capable of
changing their resistance depending on the
electric  charge  flowing  through it
(memristors) and rectifiers [1, 2].

For various applications in ferroelectric
memory elements, optoelectronics, and
sensors, information about phase transitions in
a crystal is important. The phase transition at a
temperature of 100 K in TlGaSe, was first
recorded by Raman, then information about
the crystalline and ferroelectric states was
refined by various methods, including
measurements of dielectric properties, heat
capacity, X-ray radiation, nuclear magnetic
resonance (NMR), and others [3-5]. At
temperatures T = 120 K and T = 107 K, two
consecutive structural phase transitions occur.
At T; = 107 K, there is a transition of the first
kind into the ferroelectric phase, accompanied
by a fourfold increase in the unit cell. It is
preceded by a transition of the second order at
Ti =120 K. In the temperature range of 107 +
120 K, an intermediate incommensurable state
with a modulated wave vector (9, o, 1/4), 6 =

0.02 is realized in units of the inverse lattice
[6]. However, there is data on the modulation
vector (0, 0, 1/4), where & = 0.04 [7].

In addition to the well-known transitions
at T; and T, phase transitions at various
temperatures have been discussed [8]. Several
papers have suggested the coexistence of two
competing polar sublattices in TIGaSe; [9,
10]. This is confirmed, in particular, by the
study of the dielectric properties of a crystal in
a static electric field. From this point of view,
anomalies in the heat capacity curves could be
interpreted both in the low-temperature phase
(T =100 K) and at high temperatures. In addi-
tion, based on dielectric measurements, the
phase transition at T* = 65 K was considered
in the framework of a model of strongly
interacting two polar sublattices. However,
studies of the crystal structure and dynamics
of the TIGaSe; crystal lattice at low tempera-
tures are currently insufficient. The present
work is aimed at eliminating this gap and
contains a detailed study of the temperature
dependence of TIGaSe, spectra, which can be
used for analyses of the phase transitions.

In our work, crystals grown by the
Bridgeman method in evacuated quartz
ampoules were used [3, 5]. To record the
transmission spectra, thin plates on magnetic
tape, oriented in the cleavage plane, with a
thickness of up to 10 um, were used. Thus, all
the presented spectra were recorded with the
polarization of the incident radiation E L ¢
(previously, new lines at phase transition
temperatures were recorded only in spectra
with such polarization). The spectra were
recorded on a Bruker IFS 125HR spectrometer
(Bruker Optik GmbH, Ettlingen, Germany)
with a spectral resolution of 0.5 cm™ in the
spectral range of 10 + 100 cm™ and 0.8 cm™ in
the range of 100 + 400 cm™. The crystal was
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cooled in a Sumitomo SRPO096 closed-loop
helium cryostat; the temperature range was 3
+ 325 K. A helium-cooled bolometer was used
as the signal sensor.

TlGaSe, crystals at room temperature
have the space group Cy°. The crystal
structure is shown in Figure 1. GaSeq4
tetranedra are combined into GasSesp
polyhedra, each polyhedron is connected to
four neighboring ones through a common Se
atom, forming a layer lying in the (001) plane.
Each neighboring layer is rotated relative to
the previous one by an angle of 90° (L1 and
L2 in the Figure. 1).

Figure 1 — The unit cell of the TIGaSe, crystal in
the paraelectric state: a projection along the b- axis
and two projections along the c¢- axis
corresponding to two layers of combined Ga,Se;g
polyhedra rotated relative to each other by an
angle of 90°.

Tl atoms occupy the voids formed
between the combined GasSe;o polyhedra. The
unit cell contains two layers. The layer has
tetragonal symmetry, but due to the
displacement of each layer relative to the other
by 0.25 (a + b) during the transition from one
layer to another, tetragonal symmetry is
broken, thus, the structure of the entire crystal
is reduced to monoclinic. In real crystals,
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displacement of GasSe;p polyhedra of
neighboring layers is observed. At the same
time, there is also a good cleavage parallel to
the plane of the layer (001), and the Ga,Sesp
polyhedra are not susceptible to splitting. The
symmetry analysis of the C,,> monoclinic cell
leads us to the following mode distribution: G
= 23Aq + 25B4 + 23A, + 25B,, of which 45
modes: 22A,(z) and 23By(x,y) are IR-active.

It is difficult to analyze the symmetry of
the real structure. In [11], instead of a real
disordered crystal, a model crystal was
considered in which neighboring layers were
connected to each other using an inversion
operation, which led to a D4h group for the
entire cell. The mode distribution in this case
has the form: G = 7A1y + 3Ayg + 8By + 2By
+ 14Eg + 2A1, + 8Ag, + 3By, + 7By, + 14E,, of
which 7Az,z) + 13E, (X, y) oscillations are IR-
active. Figure 2 shows the transmission
spectra of a TIGaSe; crystal in the 10 + 300
cm’ spectral region.

Wavenumber (cm” A )
150
T

100
T

1.0
0.8
0.6
0.4
0.2

0.0 &
1.0

0.8
0.6
0.4
0.2

Transmittance

Transmittance

——3 K

0.0 &

L L L 1 H |
50 100 150 200 250 300

Wavenumber (cm™)

Figure 2 — Transmission spectra of TIGaSe,
crystal at temperatures of 3 and 300 K. Asterisks
mark new lines that appear at T; = 120 K. The
vertical lines indicate the frequencies of all
recorded phonons (in particular, the components
observed during phonon splitting at temperatures
below 60 K). The labels above the vertical lines
indicate the frequencies of the corresponding
phonons at room temperature.
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The spectrum recorded at room
temperature is an agreement with the spectra
given in the work [12]. At room temperature,
13 lines are observed in the spectrum, which
corresponds to the results given in [11]. At a
temperature of T; = 120 K, new weak modes
appear in the spectrum, the intensity of which
gradually increases with a further decrease in
temperature. A similar phenomenon occurs
during phase transitions of the second kind.
With a further decrease in temperature, some
lines split. The detailed temperature
dependence of the phonon spectra will be
discussed below. The frequencies of all modes
observed at temperatures T = 300 K, T = 107
K, and T = 3 K are shown in Table 1.

Phonons associated with translational
oscillations of Tl ions and Ga4Sel0
complexes are active in this range. The intense
mode is observed at 31.5 cm-1 at room
temperature. Two new modes can be observed
at temperatures T < Ti = 120 K: the weak
mode 38.8 cm-1 and the wide mode 23 cm-1
(data are given for T = 107 K, as indicated in
Table 1).

The weak mode splits at temperatures
around 60 K (as can be seen from the inset of
Figure 3 (a)), while the wide mode abnormally
hardens as the temperature decreases. The
intense mode of 31.5 cm™ also exhibits a
temperature dependence: upon cooling, it
narrows down to the temperatures of phase
transitions, then begins to widen and acquires
a complex contour (as seen in the left inset of
Figure 3 (a)). The peculiarities of these two
modes will be considered below.

The lowest frequency mode most likely
refers to the so-called rigid layer modes or
interlayer modes resulting from the addition of
acoustic branches of the Brillouin zone in
layered compounds.
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Table 1 — Phonon mode frequencies (cm™)
determined from reflection spectra at temperatures
T =300 K, T=107 K, and T = 3 K. Index (a)
indicates weak modes. New modes that appear in
the spectra below the temperature T; = 120 K are
highlighted in bold. Index (b) indicates the
components that are observed during splitting of
respective phonons at temperatures below 60 K.

300 K 107 K 3K
- - 26.7
- 29.4° 29.4°
315 32.4 33.4°
36.8*°
- 38.8 39.6°
41a,b
- 42° 42%°
43a,b
45 46.5 45.5°
49° 47.3°
48.4%P
49.1%P
547 54,9 55
- 78.6 78.7
82.2 82.9 83.8
88 87.4 86.3"
87.6°
88.8"
90.8° 92.5 91.8°
093.2"
106 106° 105.4°
106.7°
116.9 116.9 117
- - 196.9°
196 198.7 200.3
- 203.6°
228.6 2315 228.3°
231.3°
- 239 238.4°
240.5°
238.4 -
245 246.1
250.7 250.5
253.6 258.5 261.2
- 274.3 275.1°
278.3"
- 282.1 283.6°
286.6°
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Figure 3 — Intensity maps of the TlGaSe, crystal
transmission spectra in the ranges 15 + 45 cm™
(), 75 = 95 cm™ (b) at temperatures of 3 + 300 K.
The left inset of Figure (a) shows the transmission
spectrum at a temperature of 3 K. The right-hand
inset of Figure (a) shows the transmission spectra
in the dotted area of the intensity map.

Such modes are characterized by a
strong and anomalous nonmonotonic tempe-
rature dependence of the parameters, which is
sensitive to ferroelectric and magnetic states.

In the process of studying the
temperature dependence of the ferroelectric
soft mode by submillimeter dielectric

spectroscopy, the splitting of the soft mode
into two components have been considered
[13]. The first, longer-wavelength component
exhibits the behavior of the classical
ferroelectric soft mode. The square of its
frequency decreases linearly with decreasing

12

temperature, approaching zero as it
approaches the phase transition point. The
shorter wavelength component behaves no
monotonously: as the temperature decreases,
its frequency first decreases, then increases
and continues to increase as it approaches Ti.
In the present experiment, the choice of
spectral region was limited by the capabilities
of the beam splitter: at frequencies nearly
about 15 cm™, the spectra were noisy, and the
region < 15cm™ was inaccessible.

No measurements of the split component
in the ferroelectric phase were carried out.
Thus, we do not have a complete picture,
however, it is likely that we observed the same
mode, but in a different temperature range.
The simulation of the dispersion of the
acoustic branch, measured by the method of
inelastic neutron scattering in the [00I]
direction in the paraelectric phase, allowed us
to estimate the frequency of the rigid layer
mode at 15 cm™ (observed also in
combinational light scattering spectra) for the
case of two layers in a unit cell. This
corresponds to the high-frequency component.
Figure 3 (b) shows a map of transmission
spectrum intensities in the range of 75 + 95
cm* at the temperature 320 K.

The corresponding spectra in a narrower
temperature range of 3 + 165 K are shown in
Figure 4 (a). At room temperature, there is an
intense mode of about 90 cm® and an
overdamping mode of 82 cm ™, which narrows
strongly and increases in intensity below T;.
The new mode appears at 78 cm™ at
temperatures below T;, and when cooled, its
intensity  increases smoothly, but the
frequency does not change.

The intense mode around 90 cm™
consists of two components with peaks at 88
cm™and 90.8 cm™.
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Figure 4 — The transmission spectra of the
TIGaSe, crystal in the range 75 + 95 cm ™ (a). The
spectra at T; = 120 K, T, = 107 K, as well as the
spectraat T* =60 Kand T = 30 K, at which
features in the dependences of the parameters of
the most intense mode in this range are observed,

are shown in different colors.

220 230 240 250
Wavenumber (cm)

Figure 5 — TIGaSe, transmission spectra in the
temperature range of 3 + 300 K, in the frequency
range of 215 + 255 cm™. The arrows are shown for
clarity

The highest frequency component of
overdamping at room temperature narrows
strongly at T < T; = 120 K and abruptly shifts
to a higher frequency region. This is most
likely directly related to the interlayer ordering
and the increase in the corresponding force
constants. Upon further cooling, the mode
shows practically no temperature dependence
(Figure 4b).

Figure 5 shows the transmission spectra
of a TIGaSe, crystal in the temperature range
of 3 + 300 K in the frequency range of 215 +
255 cm™. The main contribution to the
spectrum in this range is made by internal
vibration of Ga;Se;o complexes.

At room temperature, two modes with
frequencies of about 230 and 240 cm™ are
observed. As the temperature decreases, as it
approaches T; = 120 K, the modes expand and
spread out, and at T, = 107 K they merge into
one wide band, on which about four weaker
peaks can be distinguished. In addition, at T; =
120 K, a line of about 250 cm™ appears.
Below T, = 107 K, the wide band smoothly
splits into three peaks with frequencies around
230, 240, and 245 cm™. Below T* = 60 K,
each of the peaks at 230 and 240 cm™ is
partially splits into two components. The most
noticeable difference between the temperature
behavior of these modes and the temperature
regime of the band at 88 cm™ is the
broadening of the bands at T > T; = 120 K (the
88 cm™ line begins to widen only below the
transition point to i).

Conclusion

Detailed temperature studies of the IR
transmission spectra of a TIGaSe; crystal with
incident light polarization E L ¢ was carried
out. Data processing, which included the
construction of temperature dependences of
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phonon mode parameters, made it possible to
identify a number of phase transitions. In
addition to the well-known phase transitions at
Ti = 120 K and T, = 107 K, we recorded a
number of anomalies at T = 93 K, T* = 60 K
and T = 30 K. The first feature is probably
related to the transition of the crystal to a
peculiar antiferroelectric state, which was
discussed earlier in [9,10]. Below T* = 60 K,
we detected splitting of some lines in the
spectrum, which is most likely a sign of a

decrease in symmetry due to a change in the
interaction of two polar sublattices in
TIGaSe,. Further calorimetric, dielectric, and
X-ray studies of the crystal are needed to
determine the nature of the anomaly at a
temperature of 30 K.
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Abstract

Theoretical and experimental studies of forced air-nano-liquid cooling of a single-disk shoe
brake of a drilling winch have made it possible to establish the following. Improvement of wear-
friction properties of friction pairs is achieved due to operation in the temperature range below
the permissible ones for friction lining materials and, as a consequence, braking qualities for the
lifting shaft of a drilling rig. Application of low-melting metal nanopowders of various
modifications diluted with water or acetone for the liquid, which allows to significantly increase
the thermal conductivity coefficient of the nanoliquid and thereby improve the efficiency of
forced cooling of the friction belts of the brake half-disks. The volumes of nanoliquid in the
evaporation zones are much smaller than in the zones of its transport, which intensifies heat
exchange in various aggregate states of the nanoliquid due to increased cycles of its circulation.
The forced air heat exchange of matte and polished surfaces of the disk by convection and
radiation, as well as thermal conductivity, spent on heating the friction belts of the disk, is taken
into account, which allows determining a smaller part of the heat removed from their surfaces
during braking. Accelerators of the motion of nanofluid in any aggregate state between the zones
of evaporation and transport-condensation in their heated state are diffusers, and retarders are the
nanostructure of the condensation and transport zone of the disk, which cause a change in the
gradients of velocity, pressure and temperature in the layers of nanofluid. With a variable
thickness of the friction belt of the disk and the specifics of cooling on the effect of a "heat pipe"
using the method of finite element modeling, estimate the stress-strain state of the disk wall.

Keywords: drilling winch, disc-shoe brake, friction unit, brake disc, nanofluid, stress-
strain state.
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Qazima bucurqadimin bir diskli kiindali aylacinin garginlik-deformasiya

Vaziyyati
9.X. Canshmadov’, D.A. Vol¢enko?®, M.Y. Cavadov®, N.N. Fidrovskaya®, N.A.Volgenko®,
A.V. Voznly4

YAzorbaycan Milli Aviasiya Akademiyas: (Baki, Azarbaycan); *[vano-Frankivsk Milli Texniki Neft vo Qaz Universiteti (Ivano-
Frankivsk, Ukrayna); *Azorbaycan Miihondislik Akademiyasi (Baki, Azarbaycan); * Xarkov Milli Avtomobil va Yol Universiteti
(Xarkov, Ukrayna); °Kuban Déviat Texnologiya Universiteti (Krasnodar, Rusiya)
Xiilasa

Magalods gazima bucurqadmm bir diskli kiindali oylocinin macburi hava-nanomaye ilo soyudulmasinin
todgiginin naticalori togdim olunub. Siirtiinma ciitlarinin yeyilmoa-siirtinma xassalorinin tokmillogdirilmasi friksion
kiindo materiallar1 iigiin buraxila bilon temperaturdan asagi temperatur diapazonunda istismar naticasindo olds
edilmis vo naticads, qazima qurgusunun qaldirict valinin ayloc keyfiyyatlorino nail olunub. Mayelor {igiin su vo ya
aseton ilo hall olunmus miixtolif modifikasiyali asan oriyon metallarin nanotozlarmn istifadesi nanomayenin istilik
kegiricilik omsalini shomiyyatli dorocods artirmaga imkan verir vo bununla da oyloc yarimdisklorinin siirtiinmo
komoarlorinin macburi soyudulmasinin somaraliliyini yaxsilagdirir (artirir). Diskin parlaq vo cilalanmig sathlorinin
konveksiya vo radiasiya ilo mocburi hava istilik miibadilosi, hamg¢inin diskin siirtinmo kamarlorini qizdirmaq ti¢iin
istifado olunan istilik kegiriciliyi nazora alinib ki, bu da ayloc zamani onlarin sothlorindon ¢ixarilan istiliyin daha
kigik bir hissesini toyin etmoys imkan verir. Istonilon agreqasiya voziyyatinde nanomayenin harokaet siiratlondiricilori
buxarlanma va nogliyyat-kondensasiya zonalar1 arasinda onlarin qizdirildigi zaman diffuzorlar, gecikdiricilori iss -
kondensasiya zonasmnimn nanostrukturu va diskin naqli sayilir. Diskin siirtiinmo komorinin doyiskon qalinligi va
"istilik borusu" effektino osaslanan soyutma xiisusiyyatlori ilo sonlu elementlorin modellosdirilmasi metodu ilo disk
divarinin gorginlik-deformasiya voziyyati giymatlondirilib.
Acar sozlar: qazima bucurqgadi, diskli-kiindali oayloc, friksion diiylin, oyloc diski, nanomaye, gorginlik-

deformasiya voziyyati.

HanpsizxenHno-negopMupyemMoe COCTOSIHHE Pa3padOTAHHOTO OJHOAHCKOBOIO

KOJIOJJ0YHOI0 TOPMO3a OypoBoii JiebeaKku
AX. I[)KaHaXMeIIOBl, JLA. Bo.anemcoz, M.H. I[)KaBaszs,

H.H. (I)I/IJII)OBCKaH4, H.A. Bo.m,qe}mos, A.B. Bo3ubrii*

YUsepbaiioncancrasn Hayuonansnas axademus asuayuu (baxy, Asepbatiooican); Zl/leaHo-d?paHKoeckud HAYUOHATLHBIL
mexnuueckuii ynusepcumem wegmu u 2aza (Méano-®pankosck, Yrpauna); *Asepbaiioocanckasn Huxcenepnas axademusn(baxy,
Azepbaiidacan); *Xaporosckutl HAYUOHATLHBLI ABMOMOBUTLHO-O0POdNCHYIT YHUSepcumem (Xapbkos, Ykpauna); *Kybanckuil
HayuoHanvbuvil mexronozuyeckuti ynugepcumem (Kpacnooap, Poccus)

AHHOTAUA

B craTtbe npuBOASTCA PE3YNBTATHl UCCIEA0OBAHUS IPUHYAUTEIHHOTO BO3IyIIHO-HAHOKUIKOCTHOTO
OXJTAKACHUS OMHOAMCKOBOTO KOJIOJIOYHOTO TOpMO3a OypoBOHM JsieOeAku. YIydllIeHHe W3HOCO-
(hPPUKITMOHHBIX CBOWCTB Tap TPEHUS TOCTUTAETCS 3a CUET IKCILTyaTalliil B MHTEpBaje TEMIIEpaTyp HIDKE
JOMYCTUMBIX JJI MaTepHalioB (PPUKIIMOHHBIX HAKIAJOK M, KaK CJICICTBHE, TOPMO3HBIX KAueCTB IS
MOBEMHOTO Basia OypoBOW yCTaHOBKH. lIpuMeHeHHME IS KUJAKOCTH HAHOIOPOIIKOB JIETKOTLIABKUX
METAJJIOB PAa3IMYHBIX MOJU(PUKAIMKM, pa30aBIEHHBIX BOJOW WM alleTOHOM, IMO3BOJISET 3HAYUTEIHHO
YBEIMYUTh KOI(PPHUIMEHT TEIUIONPOBOIHOCTH HAHOKHUIAKOCTH M TEM CaMbIM YIIYYIIUTh 3(PPEKTUBHOCTD
MPUHYJUTEIBLHOTO OXJIaXIEHUS MOACOB TPEHUS MOJIYIUCKOB TOPMO3a. Y UTEH BBIHYKJICHHBIA BO3YIIHBIN
TEII0O00MEH MAaTOBBIX W TOJIMPOBAHHBIX ITOBEPXHOCTEH JUCKAa KOHBEKIMEH M pajuaiueld, a Takxke
TEIUIONPOBOJHOCTHIO, UAYIIEH HA HarpeBaHUE IMOSCOB TPEHUS JUCKA, YTO MO3BOJIAET ONPEIEIUTh MEHb-
IIYI0 YacTh TEIJIOThI, OTBEJIEHHYIO OT UX MOBEPXHOCTEU MPU TOPMOXKEHHUAX. Y CKOPUTENISIMU JIBUKEHUSA
HaHOXKUKOCTH B JIFOOOM arperaTHOM COCTOSHHUM MEXKIY 30HAMU UCHApEHUH U TPaHCIOPTa-KOH ICHCAIIUN
MIPH WX HATPETOM COCTOSIHWU SIBJITIOTCS AU(PPY30pPbI, 8 3aMETUTEISIMA — HAHOCTPYKTYpa 30HBI KOHJ/ICH-
CaIliy W TpaHCIoOpTa AucKa. [Ipu mepeMeHHO# TONIMHE MMosica TPEHUS TUCKA U CTICTM(PUKA OXJITKICHUS
Ha 3QQeKTe «TeIIoBOH TPyObI» C IMOMOIIBI0 METOAa KOHEYHO-3JEMEHTHOTO MOJCIUPOBAHUS OIECHEHO
HaIpsHKEHHO-1e()OPMHUPOBAHHOE COCTOSTHUE CTEHKH JIUCKA.
KiaroueBble cjoBa: OypoBas srebeqKa, TUCKOBO-KOJIOMOYHBIH TOPMO3, (DPUKITMOHHEBIN y3€I, TOPMO3-

HOH THCK, HAHOXHUIKOCTH, HAMIPSKEHHO-TE(hOPMHPOBAHHOE COCTOSHHE.
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Introduction

In the oil and gas industry, disc-shoe
brakes are increasingly used. One of the
reasons for the downtime of well drilling rigs
is associated with the intensity of wear of
friction pairs of the friction units of the brakes
of drilling rigs. This occurs due to insufficient
cooling of the disks. A particularly complex,
urgent and important problem is the study and
research of heat exchange in modern brake
engineering for winches of drilling rigs. At
high speeds of lowering the drill string into the
well, the heat transfer conditions in the friction
zone of the disc-shoe brake change
significantly due to the insufficient efficiency
of forced air cooling, depending on the speed
of rotation of the brake disc washed by air
flows. In this case, the issue of the need for
forced air-nano-liquid (a mixture of the finest
metal powder and liquid), located in the
chamber of a new type of disc, is of significant
importance. Therefore, studies devoted to the
development of a method for reducing the
thermal loads of friction pairs of disc-shoe
brakes, as a result of which their operating
parameters change, are relevant.

In the work [1] a comparison of foreign
models of disc-shoe brakes with hydraulic
drive PS440-9000 and PS40-900 of drilling
rigs ZJ12 and ZJ15 was made. As a result, it
was found that in order to increase the braking
torque by 11 times, the diameter of the brake
disc was increased by 1.7 times. The number
of brake units was increased from 2 to 7,
during sharp braking from 1 to 3, and the
pressure in the hydraulic system increased
from 7.0 to 8.0 MPa [2]. At the same time, the
friction power arising from the frictional
interaction of friction pairs was not
considered, taking into account their heating
and forced air-nano-liquid cooling, which
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makes the study no more complete. This
approach is shown in the work [3], according
to the results of which it was proved that the
thickness of the brake disc has an uneven
effect on the gradients of surface-volume
temperatures and equivalent stresses [4] that
occur during electro thermomechanical
friction, washing microcracks on the friction
belt of a serial disc. However, it was not noted
that the main design parameter of the brake
disc is its thickness, which affects the weight,
and therefore, the target function during
optimal design, and the control parameters are
the thickness of the disc, which complicates
subsequent studies. This could be reflected in
the work [5], where, based on the systems
approach, the possibility of forming equivalent
series of friction pairs of a modular disc-shoe
brake of mine hoisting machines with different
lifting capacities was shown. According to
their power parameters, brake friction pairs
were used in them, which were tested and
studied on vehicles as a dynamic model [6].
But the tests were carried out without taking
into account the complex power factors of
forced cooling and heat transfer, which are
important parameters in the heat exchange of
friction pairs. And in the work [7] the curves
of formation of the total time costs under
different operating modes of friction pairs of
band-shoe brakes of a drilling winch without
inclusion of an additional hydraulic brake are
presented. In this case the energy loading of
friction pairs of brakes during drilling at a
depth of 2900 m was not taken into account.
At such a drilling depth it is necessary to
include a hydraulic brake [8]. But the factor
was not taken into account that during drilling
with disk-shoe brakes there is no need to use a
hydraulic brake, since they have sufficient
energy capacity and efficiency. In the work [9]
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a combination of mathematical models in
tribonics with a physical experiment and
operational experience was used. This made it
possible to combine the calculation and
theoretical studies with the experimental ones
by developing the theory of thermal similarity
and the method of generalizing the variable
dimensionless parameters for friction pairs
[10]. However, nothing was said about the
generalization of the variable dimensional
design and operational parameters of friction
pairs.

All this gives grounds to assert that it is
advisable to conduct research devoted to the
development of new disc-shoe brakes for
drilling winches.

The purpose and objectives of the work

The aim of the work is to develop a new
disc-shoe brake for drilling winches. This will
improve the braking qualities for the lifting
shaft of the drilling rig.

To achieve the set goals, the following
tasks were solved: create a new design of a
disc-shoe brake for a drilling winch; to
evaluate the stress-strain state of a variable
disk wall thickness using a finite element
modeling method.

Design and operation of the developed
single-disc shoe brake for a drilling winch
Let us consider the design features and
operation of a serial disc-shoe brake, forcedly
cooled by air flows. Figure 1 a, b shows a
serial drilling winch with disc-shoe brakes,
cooled by air flows of the medium (a) and
disc-shoe brakes with a hydraulic drive (b).
The serial drilling winch 1 consists of a pair of
disc-shoe brakes 2, having brake discs with
friction belts 3, which cover supports 4 with
friction linings 5 on a metal substrate and ring
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holders 6, installed by spring devices 7 and
hydraulic drives 8. The disc-shoe brake with
forced air cooling operates during lowering
and lifting operations of the drill pipe column
depending on its weight in aperiodic cyclic
and long-term braking modes. Disc-shoe
brakes 2 are installed on both sides of the
drum 1 of the drilling winch.

Figure 1 a, b — Serial drilling winch with disc-
shoe brakes cooled by air flows of the medium (a)
and disc-shoe brakes with hydraulic drive (b): 1 -
drilling winch; 2, 3 - brakes with friction belts; 4,
5, 6 - supports with friction linings on a metal
substrate and ring holders; 7, 8 - spring devices
with hydraulic drives
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They have solid metal disks 3, on the
friction belts of which there are supports 4,
having tong holders 5 of double action, which
are friction linings 5 on metal substrates.
Spring devices 7 for switching on and off the
supports 4 are located on top. In this case, the
supports 4 have individual hydraulic drives 8.

When braking, a large amount of heat is
generated in the mating surfaces of the brake
discs, which cannot be further removed into
the environment from the matte and polished
surfaces of the brake discs.

The present system is proposed to
intensify forced air-nano-liquid cooling of
friction pairs of the disc-shoe brake of a
drilling winch. Figure 2 shows fragments of a
single-disc shoe brake with a forced air-nano-
liquid cooling system. The single-disc shoe
brake of the drilling winch has design features
and operates as follows.

é

ALY,

Yz

7

|

& ‘\\llﬁ._
NN

Figure 2 — Schematic representation of a single-
chamber disc-shoe brake of a drilling winch with a
system and method of forced air-nano-liquid
cooling: 1, 2 and 3 brake disc with left and right
halves; 4 - friction belt; 5, 6 - friction lining with a
metal substrate; 7, 8 and 9 - upper and lower
diffusers and their internal surfaces; 1 - modifica-
tions of capillary structures; 12 - common cham-
ber; 13, 14 and 15 - zones: two evaporations,
combined transport and condensation; 16, 17 -
openings-channels; 18, 19 - inlet and outlet valves
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The brake disk 1 consists of two half-
disks 2 and 3 of variable thickness, the largest
of which corresponds to the maximum radius
of the location of the end of the lining 5 on the
friction belt 4 of the half-disk 3, and the
smallest of the thicknesses - to the minimum
radius, and at the same time, with their
internal shape, the half-disks 2 and 3 with a
variable thickness according to a linear law
form diffusers 7 and 8 in the upper and lower
parts of the disk 1. Such a design solution
allows two diffusers 7 and 8 to be accelerators
of heat removal from the evaporation zones 13
to the combined transport zone 14 and
condensation 15 at any aggregate state of the
nanofluid. This occurs due to: firstly, an
insignificant change in the gradient of the bulk
temperature on the friction belt 4 of the right
half-disk 3 and a decrease in the braking
torque along the diameter of the disk 1;
secondly, a significant difference in the heat
exchange areas of the evaporation zones 13
and transport 14, as well as condensation 15;
thirdly, a difference in the sizes of the
particles of the capillary structure in the
interaction zones. With extremely strong heat
generation on the friction surface of the disc 1
in the brakes, the usual liquid in the chamber
of its volume can almost instantly turn into
steam, which will cause an explosion in it. A
figurative example - as much heat is released
as is needed to evaporate 6 gallons of water
(27.0 1) per minute. Low-melting metals are
used as heat carriers in the chamber 12 of the
disc 1 in the cooling system Na (t, = 97,79°C)
u Li (t, = 180,5°C) in the form of powders
mixed with water, which are called nanofluids.
The latter are used depending on the energy
load of the friction pairs of the disc-shoe
brakes of drilling winches. For disc 1 of the
brake, lithium powder (Li) in nanofluid (50%
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lithium powder and 50% water) is used, which
is capable of removing significant heat flows
(about 15.0 kW/ cm? at a surface-volume
temperature of friction pairs of 800° C). The
cooling system is filled through the opening of
the channel 16 closed by the inlet valve 18
(Fig. 2) by % of the volume of the chamber 12
of the disc 1. The outlet valve 19 serves to
bleed the nanofluid. In addition, the nanofluid
itself is not shown in the cooling system due
to its state of aggregation.

The driving force in the processes of
heating and cooling the friction belts of the
brake disc are the temperature gradients of the
layers of nanofluid, which take place in the
zones of evaporation 13, condensation 15 and
transport 14 (diffusers 7 and 8), located in the
volume of chamber 12. When the disc 1
rotates, the centrifugal force drives the
nanofluid to the inner walls of its chamber 12.
The retarder of the stay of the nanofluid in the
evaporation zone 13 is the modified capillary
structure 11.

The method of forced air-nano-liquid
cooling of friction pairs of a single-disk shoe
brake of a drilling winch consists in the fact
that the surfaces of diffusers 7 and 8 are
covered with small particles of a capillary
structure and are zones of evaporation 13, and
zones of transport 14 and condensation 15 are
large particles, and the external system of
forced forced cooling of matte and polished
surfaces of a rotating disk 1 is subject to
convective and radiation heat exchange,
washed by flows of the medium.

Finite element modeling of a single-disc
shoe brake of a drilling winch

To study mechanical and thermal
stresses, the finite element modeling method
was used using the Ansys Workbench
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program, which considered the friction unit
"disk-linings" with the following initial design
and operational parameters: brake disc
material - SCh 25, specific load on friction
raceways p = 7,0 MPa, friction lining material
FK-24A, permissible temperature of lining
materials 390° C. In the thermal calculation,
the surface-volume temperature was set at
t,=390° C, the ambient temperature was
t;=22° C. The coefficients of convection heat
transfer from the outer surface to the washing
environment were aj, = 27,0 W / (m? -°C).
As for the inner surface of the disk, the heat
transfer coefficients from the inner surface of
the disk and the surface of the diffuser into the
washing nanofluid were ooy = 60,0 W/(m?°C)
and ag=90.0 W/(m?°C), respectively. Figure 3
a, b, ¢ shows the finite element mesh of the
disk model (a), the schemes of its thermal (b)
and mechanical load (c).

In the simulation, a single-disk shoe
brake of a drilling winch with the following
disk thickness b was considered: 100.0 mm;
120.0 mm and 140.0 mm. The results of finite
element simulation of equivalent stresses and
their gradients are presented in Table.

Figure 4 a, b, ¢ shows the results of
modeling the temperature stresses of a single-
disc shoe brake with different disc
thicknesses: a—b=100,0 mm; b—b = 120,0 mm;
c-b =140,0 mm.

When analyzing the data in table 1 and
(Fig. 4 a, b, c) we note the following: the
greatest mechanical stresses were observed in
zone Il above the diffuser. They arise as a
result of the action of pulsed specific loads on
the friction belt of the disk, which lead to
compression of the disk and deformation in
the thinnest place - above the diffuser (see Fig.
4); there is also zone 111 with high mechanical
stresses, also arising from the action of pulsed
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specific loads on the friction belt of the disk
with a small thickness of its wall; with an
increase in the disk thickness from 100,0 mm
to 120,0 mm, with an increase in the thickness
of its wall from 15,0 mm to 25,0 mm, the
mechanical stresses in zone Il decreased from
1154,2 MPa to 1029,6 MPa, i.e. by 10,8%.
But with an increase in the disk thickness from
120,0 mm to 140,0 mm, an increase in
mechanical stresses by 15,3% was observed in
zone 11; with an increase in the disk thickness
by 1,4 times, the mechanical stress gradients
decreased from 46,9 MPa/mm to 35,1 MPa,
i.e. by 25,2%, which has a positive effect on
resistance to crack formation in zone II.

When analyzing the data in table 1 and
(Fig. 5 a, b, c) we indicate the following: the
highest temperature stresses were observed in
zone | at the minimum radius of the disk
friction belt. They arise due to the action
thermal load of the mating surface in places of
the smallest thickness of the disk wall, which
is deformed due to its intense heating and
braking torque; with an increase in the
thickness of the disk by 1,4 times, i.e. its wall
by 2,14 times, the temperature stresses
decreased from 246,2 MPa to 186,2 MPa, i.e.
by 24,4%; with an increase in the disk
thickness by 1.4 times, the temperature stress
gradient decreased from 5,94 MPa/mm to 2,09
MPa/mm, i.e. by 64,8%, which has a positive
effect on the resistance to crack formation in
zone | of the wall.

When analyzing the data in table 1 and
(Fig. 6 a, b, c) the following should be noted:
the pattern of total equivalent stresses has
clearly defined zones | and Il, which are the
result of the action of temperature and
mechanical loads on the friction belt of the
disk.

21

zone 11

000 a0 0300 (e

0800 (m)

B: Static Structural
Static Structural
Timei1, s
30.12.2024 11:48

[A] Pressure: 7.0 <006 Pa
E

Pressure 2 7,e+006 Pa

0,000

Figure 3 a, b, ¢ — Finite element mesh of the disk
model (a), thermal (b) and mechanical load ()
diagrams of a single-disk shoe brake of a drilling
winch
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Table — Results of finite element modeling of equivalent stresses and their gradients in a single-disc shoe
brake of a drilling winch

Maximum equivalent stresses in the disk, | Stress gradients across the disk
MPa thickness, MPa/mm
D, b, Osy | Mg, total | total total
mm | mm | mm kg temperature | mechanical in in temperature | mechanical in
in zone | in zone Il zZone | zone in zone | in zone Il zone
I Il I
100, | 15, | 433, 278, | 1209,
0 0 3 246,2 1154,2 0 7 5,94 46,9 9,26
o
S | 120,125 | 596, | 543 10296 | 242 | 1074 5o 385 | 422
— 0 0 1 7 4
140, | 35, | 758, 221, | 1256,
0 0 9 186,2 1215,4 4 5 2,09 35,1 2,71

EENEEENEEEE |

zone 111 zone I11 zone I11

zone II

zone 11 zone 11

6596,7 Min

0,000 0,800(m)

0800(m) 0,000
] 0,000

0200 0600

0,800 ()
]

0200 2 0,200 0,600

Figure 4 a, b, ¢ — Results of modeling mechanical stresses in a single-disc shoe brake with different disc
thicknesses: a — b=100,0 mm; b — b=120,0 mm; ¢ — b=140,0 mm

Figure 5 a, b, ¢ — Results of modeling the temperature équivalent stresses in a single-disc shoe brake with
different disc thicknesses: a — b = 100,0 mm; b — b=120,0 mm; ¢ — b =140,0 mm
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Figure 6 a, b, c — Results of modeling the total equivalent stresses in a single-disc shoe brake with
different disc thicknesses: @ — b=100,0 mm; 6 — b = 120,0 mm; ¢ — b=140,0 mm

It has been established that with an
increase in the thickness of the disk, the total
equivalent stresses on the surface of its
friction belt decrease, the surface and
thickness gradients also decrease; with an
increase in the disk thickness by 1,4 times and
the thickness of its wall by 2,14 times, the
total stress equivalents in zone | decreased
from 278,0 MPa to 221,4 MPa, i.e. by 25,6%.
In zone Il of the disk, they first decreased
from 1154,2 MPa to 1029,6 MPa, and then
increased to 1215,4 MPa; temperature stress
gradients decreased from 9,26 MPa/mm to
2,71 MPa/mm, i.e. by 241%, which contri-
butes to resistance to cracking.

Thus, the intensification of heat
removal cycles “evaporation zone — transport
zone — condensation zone” of nanofluid in any
aggregate state in the volume of the disk
chamber allows to increase the braking
efficiency of the disk-shoe brakes of the
drilling winch when lowering the drill pipe
column into the well.

Theoretical and experimental studies of
forced air-nano-liquid cooling of a single-disk
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shoe brake of a drilling winch allowed us to
establish the following: an improvement in the
wear and friction properties of friction pairs is
achieved due to operation in a temperature
range below that permissible for friction lining
materials and, as a consequence, the braking
qualities for the lifting shaft of the drilling rig;
an improvement in the wear and friction
properties of friction pairs is achieved due to
operation in a temperature range below that
permissible for friction lining materials and, as
a consequence, the braking qualities for the
lifting shaft of the drilling rig; the use of low-
melting metal nanopowders of various
modifications diluted with water or acetone
for the liquid, which allows for a significant
increase in  the thermal conductivity
coefficient of the nanofluid and thereby
improves the efficiency of forced cooling of
the friction belts of the brake half-discs; the
volumes of nanofluid in the evaporation zones
are much smaller than in the zones of its
transport, which intensifies heat exchange in
different aggregate states of the nanofluid due
to increased cycles of its circulation; forced air
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heat exchange of matte and polished surfaces
of the disc by convection and radiation, as
well as thermal conductivity used to heat the
friction belts of the disc, is taken into account,
which makes it possible to determine a smaller
portion of the heat removed from their
surfaces during braking; the accelerators of the
movement of nanofluid in any aggregate state
between the zones of evaporation and
transport-condensation in their heated state are
diffusers, and the retarders are the
nanostructure of the condensation zone and
transport of the disk, which cause a change in
the gradients of velocity, pressure and
temperature in the layers of nanofluid; with a
variable thickness of the disk friction belt and

the specifics of cooling based on the “heat
pipe” effect, using the finite element modeling
method, evaluate the stress-strain state of the
disk wall.

Conclusion

A single-disk shoe brake for drilling
winches has been developed and its stress-
strain state has been studied, which has
improved the braking qualities for the lifting
shaft of a drilling rig.
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Abstract

The study proposes to determine and justify the required main dimension of the subsea
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Sualt1 texniki toaminat gomisinin asas Olcilarinin muayyanlosdirilmasinda kabel
dlizmo avadanhqinin tasirinin analizi

A.G. Eqorov}, R.Q. Goyusov?, O.M. Abdullayev®

1 Odessa Daniz Miihandisliyi Buirosu (Odessa, Ukrayna)

2 “Azarbaycan Xazar Daniz Gamigiliyi” QSC (Baki, Azarbaycan)
3 "ASCO Mihandislik" MMC (Baki, Azarbaycan)

Xulasa

Moqalada, verilonlor bazasindan istifads edarak, sualti texniki dostok gamisinin (STDG)
tolob olunan asas Olcilarinin tayin edilib ssaslandirilmasi toklif edilir. Kabel dizan gomilarin
verilonlar bazasindan istifado edorak, kabel diizms avadanliginin parametrlarinin gominin asas
Olcllaring tasirini tosvir edan asililiglar tortib edilib. Asililiglardan istifads edarak, avvalcadan
tortib olunmus STDG-nin asas Olcilarini miayyan edon nomogramm, kabel diizma parametrlori
ilo tokmillosdirilib. Xozar hovzasinds istifads olunan kabel diizms samaliyyatlarinin parametrlorini
nozars alsaq vo tortib edilmis asililiglar vo nomograma asaslanarag, STDG-nin, kabel dizms va
tomir amaliyyatlarinin icrasini tomin edilmasi mogsadi ilo, talob olunan STDG-nin asas texniki
verilonlari tortib edilib.

Acar sOzlar: sualti texniki islor, sualti texniki iglori tominat gomilori, kabel dizan gomilar,
texnoloji avadanliglar, ixtisaslasmis gomilar, gominin asas 6lgllari.

AHaJu3 BJIHSAHUA Ka0eJIeyKJIAJ0YHOr0 OOOpYyIOBAaHUS Ha TIJIABHbIE
pa3MepeHusi CyJ10B o0ecrnevYeHus MOABOAHO-TEXHUYECKUX PadoT
A.T. Eropos’, P.I'. Toromos?, O.M. Aday.iaes®

! Mopckoe Hnoceneproe Bropo (Odecca, Yrpauna)
2 340 «Asepbaiioncanckoe Kacnuiickoe Mopckoe Iapoxoocmeo» (baky, Azepbaiioxcan,)
3 000 «ASCO Unocunupune» (baxy, Asepbaiioncan)

AHHOTALUSA

B cratee mpennaraercs ompenenuTs U 000CHOBAaTh HEOOXOIMMBIE TJIaBHBIE pPa3MEpPEeHUS
cyaHa oOecnieueHus MOABOMHO-TexHHYeckux pabdor (COIITP) wmeronom 06a3bl  JaHHBIX.
Hcnone3yss 0azy DaHHBIX KaOeleyKiIaJo4HbIX CYIOB, ObUlM pa3paboTaHbl U MaTeMaTHYECKU
OTHCaHBI 3aBHCUMOCTH, OTPAKAIOIINE BIMSHUE TApaMETPOB KabeIeyKiIaJI0uHOro 000pyI0BaHUS
Ha TJaBHble pa3MepeHus cyaHa. C HCMONb30BaHHEM 3aBHCHUMOCTEH ObLIO JIOTOJHEHa
pa3zpaboTaHHas paHee HOMOTpaMMa omnpenaeneHus raBHeiX pazmepenuid COIITP. Ilpunumas Bo
BHHUMaHHUE HCIOJIb3yeMbIe MapaMeTphbl KaOeleykIaJoyHbIX ornepanuii B Oacceitne Kacnmiickoro
MOpSi U ONHUpasiCh Ha pa3paboTaHHBIE 3aBHCHMOCTH M HOMOTpaMMy, ObLTH C(HOPMHUPOBAHBI
HeoOxoaumble TexHudeckue nqanHble COIITP s BeimonmHeHUs paboT MO MPOKIAIKe U PEMOHTY
MOJIBOJHBIX KaOEIbHBIX JINHUH.

KiroueBble cj10Ba: IOABOJHO-TEXHUICCKHIE pa60TI)I, cyaa oOecreyeHus OABOTHO-TCXHUYCCKUX

pabot, Kaleneykiao4yHble CyJa, TEXHOJIOTHYECKoe 00OpyIOBaHuS,
CHeMaln3UpOBaHHbIE CY/1a, [TIaBHbIE PA3MEPEHUS CyIHA.

26



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2025, cild 17 (3), s. 25-34
A.G. Eqorov, R.Q. GOyusov, O.M. Abdullayev

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (3), pp. 25-34
A.G. Egorov, R.G. Goyushov, O.M. Abdullayev

Introduction

In the Caspian Sea, cable-laying
operations have been successfully carried out
for a long time by a support vessel with
mobile cable-laying equipment installed on
the cargo deck. Given the closed nature of the
Caspian Sea and the frequency of cable-laying
operations, the need to use a special cable-
laying vessel due to downtime between
projects is impractical. In this paper, it is
proven that a subsea construction vessel
(SCV) with the appropriate equipment can be
used as a cable-laying vessel.

The major factor in the solution of the
tasks connected with development and service
of the sea oil field objects [1] is their
uninterrupted supply with electric energy. For
high-quality and accident-free performance of
laying and repair of sea cable routes, the
corresponding vessels are necessary [2 — 5].
Considering the Caspian Sea as the closed sea,
in the present work the problem of
justification of use of the multipurpose Subsea
Construction Vessel (SCV) is solved with the
cable lay equipment installed on it, instead of
the specialized cable lay vessel.

For the solution of an objective, within
the research the system analysis is carried out
with development of the block diagram of
influence of parameters of the cable lay
equipment on formation of the main
dimension of SCV and the criterion function
reflecting influences of the cable lay
equipment on the main dimension of SCV is
developed.

In the abstract, the main dimension of
SCV the using cable lay equipment, with
application of the database method is created
and proved. For the solution of a task, was
created the database of twenty-five cable lay
vessels of the world fleet, reflecting in
themselves key parameters is created. Using
the database, dependences are and assessment
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of the impact of the cable lay equipment on
the main dimension of SCV is carried out.
Also with use of the received dependences, the
nomogram [6, 7] of definition of the main
dimension of SCV developed earlier, with
addition of data on the cable lay equipment
was added. Using the nomogram and
dependences, the SCV necessary parameters
for use of the cable lay equipment were
created.

Research objective

Using the database of cable lay vessels,
having made dependences of influence of the
cable lay equipment parameters on the main
dimensions of the vessel and having added the
nomogram developed earlier, to determine the
SCV necessary parameters for performance of
cable lay operations.

Problem definition

To create necessary main dimensions of
SCV for performance of cable lay operations,
investigating influence of parameters of the
cable lay equipment on the main dimension of
the vessel with use of the database of cable lay
vessels parameters.

System analysis and mathematical model of
influence of the cable lay equipment on the
main dimension of the subsea construction
vessel.

Within the research the block diagram,
(Figure 1) reflecting interference of
parameters of the cable lay equipment
designed vessels and the nature of influence of
these parameters on the main dimension of
SCV was developed. Mathematical model of
influence of the cable lay equipment on the
main dimension of SCV being based on the
offered block diagram of (Fig. 1), it is
reflected by criterion function (1).
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Cable winch Cable winch Cable bollard Winch
diameter capacity pool quantity
Displacement Accommodation Vessel Crane cargo
capacity speed capacity
L,B,d

Figure 1 — Block diagram of influence of parameters of a cable lay complex on formation of the main
dimension of SCV (L — the vessel length; B — the vessel width; d — the vessel draft)

L, B, d=Sc.f(D, Sac,V, Pc), 1)
here: Scy. SCV cable lay equipment
elements, (Dwinch, Vc, Pc, nw, D, Sac, Vv, Pc);
Dwinch — diameter of the winch; Vc — cable
winch capacity; Pc — cable lay bollard pool; D
displacement; Sac. accommodation
capacity; v — the vessel speed; nw — winch
quantity; Pc — cargo crane capacity.

Leaning on criterion function (1),
dependences (see Fig. 3 — 16), influences of
parameters of the cable lay equipment on
technical data of SCV were developed.

Cable lay operation on the Caspian Sea and
their prospects

At a sea oil field development, for
providing the uninterrupted electric power,
trade cable lay operations are made infield
inside. Besides, are carried out laying of
interstate trans-Caspian cable lines also and in
process of development of the wind electric
power on the Caspian Sea, there is a prospect
of laying and repair of cable lines for objects
of wind power industry. Long time when
carrying out cable lay operations, were used
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the mobile cable lay equipment installed on
the cargo deck of the supply vessel [5].

D

Figure 2 — The winch used when cable laying in
the Caspian Sea

Lower in (Fig. 2), the appearance of the
used winch is shown. The key technical data
of the cable reel and the main brands of the
cables which are applied when laying a subsea
cable are specified in table 1 — 2.

The provided data reflected in (Fig. 2),
and tables 1 and 2 act as introductory
information for research of problems of
formation and justification of the main
dimension of SCV at use of the cable lay
equipment.
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Table 1 — Technical data of the cable winch

Power, kW 90.0
Speed, rpm. 0-1
Dimension, m

Winch height H 8.115
Distance from a center of the winch to the basis h 4,215
Maximum winch diameter D 7.8
Minimum winch diameter d 4.4
Basis width L 9.3
Foundation length I 5.2
The winch utility width f 5.0
Winch capacity, t 200
Moments, m 60000
Light weight, kg. 45000
Tension, V 380
Frequency, Hz 50

Table 2 — Brands of the cables used in the Caspian Sea

Brands of the cables | Cable sections, mm? | Cable diameter, mm | 1km cable weight, kg
I1K-6 3x70 55 6300
I1K-6 3x95 65 7600
I1K-6 3x120 75 8800
I13I1K-35 1x70 54.45 6108
I13I1K-35 1x95 56.2 6623

Assessment of the impact of the cable lay
equipment on the main dimension of subsea

construction vessel

For definition of the main dimensions of
SCV, with use of the cable lay vessels
database, dependences of factors of the cable
lay equipment and the vessel were made and
described by a formula (2) (see Fig. 3 — 16).

5 10 15

20 25 30

Winch diameter, m

Data

Calculated

Figure 3 — Dependence of the vessel width and
cable lay vessel winch diameter
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Figure 4 — Dependence the vessel width and cable
lay vessel displacement
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Figure 5 — Dependence the vessel width and cable
winch capacity
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Figure 6 — Dependence the vessel width and capacity and vessel draft
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Figure 18 — Deper;aence the vessel draft and
width

Also, with use of the database ratios of
the main dimension of cable lay vessels (see
Fig. 17 were created - 18), necessary for
definition of the main dimension of SCV on
which use of the cable lay equipment is
offered.

C
Ch=bx*ScyL — n/SC.L. ()
here: C,, — research parameters, (L, B, d); b —

correlation  coefficient the considering
regularity of the considered ratios determined

by a formula (4); C"/SCL — dependence the

research and measured parameters.
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Thus, the ratio investigated and the
measured parameters it is described by
expression (3):

C
n/SC.L. = ?:1 Ci - b * ?:1 SC.L. (3)

At the same time, the correlation
coefficient, is described by expression (4):

By sy = s )€ =T

b= 4)

\/Z?ﬂ(cn/sclh - Cn/SCILl)z Yr(C—Cp?

Formation of the main dimension of subsea
construction vessel on parameters of the
cable lay equipment

Using the conducted researches, earlier
developed nomogram [6, 7], was added with
the cable lay equipment parameters.

Definition of the main dimension
according to the new nomogram, in (Fig. 19),
is made in the listed below sequence:

1. The select of width of the vessel in the
presence of the cable lay equipment in
parameters reflected in horizontal scales in the
bottom of the nomogram: is select the value
added to the nomogram of diameter of the
cable lay winch set in the conditions of design
of the vessel (set in the lower part of the
nomogram); we draw a vertical line before
crossing from a curve the corresponding name
up; from a point of intersection of the vertical
line and the rossing with a vertical scale of
width of the vessel to the right; the point of
intersection of a horizontal line and vertical
scale indicates vessel width size.

2. Determination of diameter of a cable
lay winch with value of capacity of a winch: is
select the value added to the nomogram,
capacity of the cable lay winch set in the
conditions of design of the vessel;
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Figure 19 - The nomogram of the main dimension definition of SCV added with the cable lay equipment
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we draw a vertical line before crossing from a
curve of determination of diameter of a winch
up; from a point of intersection of the vertical
line and the corresponding curve it is drawn a
horizontal line before crossing with a vertical
scale of determination of diameter of a winch
to the right; the point of intersection of a
horizontal line and vertical scale indicates the
size of diameter of a winch.

3. Determination of quantity of winch of
a cable lay: select the value added to the
nomogram, capacity of the cable lay winch set
in the conditions of design of the vessel; draw
a vertical line before crossing from a curve of
quantity of winch up; from a point of
intersection of the vertical line and the
corresponding curve it is drawn a horizontal
line before crossing with a vertical scale of
determination of quantity of winch to the
right; the point of intersection of a horizontal
line and vertical scale indicates the size of
diameter of a winch.

4. Select of length of the vessel: from the
received value of width of the vessel on a
vertical scale, we draw a horizontal line before
crossing from the curve length of the vessel
with the cable lay equipment; from a point of
intersection of a horizontal line and the
corresponding curve length of the vessel, we
draw a vertical line to a horizontal scale in the
top part of the nomogram reflecting vessel
length up; the point of intersection of the
vertical line and horizontal scale of length of
the vessel, reflects necessary value of length
of the designed vessel.

5. Select of draft of the vessel: from the
received value of width of the vessel on a
vertical scale, we draw a horizontal line before
crossing from the curve draft of the vessel;
from a point of intersection of a horizontal line
and the corresponding curve draft of the
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vessel, we draw a vertical line to a horizontal
scale in the top part of the nomogram
reflecting vessel draft up; the point of
intersection of the vertical line and horizontal
scale of draft of the vessel reflects necessary
value of draft of the designed vessel.

Using the algorithm of design of SCV
which developed earlier, the nomogram of
(Fig.19) and dependence of (Fig. 3 — 18), we
obtain preliminary main specifications of SCV
in parameters of the cable lay equipment (see
Table 3) [8, 9]. Considering that the kind of
work of SCV, consists in collaboration of the
established technological complexes (diving,
drilling, pipe laying and cable laying
modules), each of them influencing on
forming the main dimension of SCV.

Table 3 — Main data the SCV with the cable lay
equipment

Length, m 90
Width, m 22.0
Draft, m 3.0
Displacement, t 4500
Service speed, knots. 12.0
Cable winch capacity, t 6500
Cable winch diameter, m 12.0
Cable winch quantity, pies. 2.0
Cable lay bollard pool, t 15
Cargo crane capacity, t 50.0
Main engine power, kW 5000.0
Accommodation capacity, man. 75.0
Winch rotate speed, rpm. 1.0

At the subsequent stages of a research
[10], it is supposed to perform optimization of
influence of the established mobile
technological complexes on the main
dimension of SCV and to define optimum
main dimension of SCV.
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Conclusion

The system analysis is made and
criterion function of influence of the cable lay
equipment on the main dimension of SCV is
created. The cable lay operations which are
carried out in the Caspian Sea their prospect,
the equipment and types of the used cables are
described. Dependences of influence of the
cable lay equipment on the main dimension of

definition of the main dimension of SCV is
added and the minimum main dimension of
SCV necessary for performance of cable lay
operations are created.
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The article examines the factors affecting the wear of camshafts of internal combustion
engines during operation, provides information on measures to reduce and eliminate them, and
discusses the measurement technique and the results of wear of the camshaft cam, which is the
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Daxili yanma miharrikiinin paylayici valinin yeyilmasinin 6yranilmasi
9.G. Hiuseynov, A.F. Karimov
Azorbaycan Texniki Universiteti (Baki, Azarbaycan)

Xulasa

Mogalods daxili yanma muharriklarinin paylayici vallariin istismari dévriinds yeyilmasina
tosir gostoron amillor arasdirilaraq, onlarin azaldilmasi vo aradan qgaldirilmasi todbirlori hagqinda
molumat verilorok tadqigat obyekti olan paylayici valin yumrucuglarinimn yeyilmasinin 6l¢tilmo
metodikas1 vo naticalorindon bohs edilmisdir. Bildiyimiz kimi qazpaylayici val gazpaylama
mexanizminin asas hissalorindan biri olaraq miharrikin sinxron islomasi, yanacaq Sarfiyyatt vo
otraf muhitin ¢irklonmasina birbasa tosir gostorir. Onun siradan ¢ixmasi bahali toamir prosesi tolab
edon amoliyyat hesab olunur. Paylayici valin méhkomlandirma va barpa islorinin moagsadyonli
mUayyon olunmasina gora yeyilmoasinin 0yronilmasi onun siradan ¢ixma sobabinin diizgin tayin
edilmasi Ggln vacibdir.

Acar sozlar: paylayici val, yeyilma, tomir, galxma hindirliyl, yumrucugun yeyilmasi.

MN3yyenne wu3HOCAa pacnpeleJUTeJbHOI0 Bajla [BUraTeJsi BHYTPEHHEro
CropaHus
A.I'. I'yceiinoB, A.®. Kepumos

Aszepbatiodcanckuii mexnuueckuil ynueepcumem (baky, Azepbaiioxcan)

AHHOTAUA

B cratee paccmarpuBatoTcsi (akTOpbI, BIUAIONIME HA U3HOC PACHpe/eIUTEIbHBIX BaJOB
JIBUTATEJIE BHYTPEHHETO CrOpaHus B MPOLECCE IKCIUIyaTalluu, IPUBOIATCS CBEACHUS O MEpax
M0 UX CHIDKCHUIO M YCTPAHEHUIO, a TaKKe OOCYKIAIOTCS METOAMKA U3MEPEHUS U Pe3yibTaThl
M3HOCAa KyJladyKka paclpeiesuTeIbHOTO Baja, SBISIONIErocs OOBEKTOM uccieaoBaHus. Kak
M3BECTHO, PACIPEACIUTENbHBIN BaJl, KAK OJHA W3 OCHOBHBIX JIETAJIEH Ta30pacipeaeaIuTeIbHOI0
MEXaHN3Ma, OKa3bIBA€T HEMOCPEICTBEHHOE BIMSIHUE HA CHHXPOHHYIO pabOTy JBUTATENS, PACXO]]
TOIJIMBA W 3arpsi3HEHUE OKpYy’Karomenh cpenbl. Ero BBIXOA W3 CTPOsl CUMTAETCS OIEpaluei,
TpeOytomiei ToporocTosAlero mpoiecca peMonTta. M3ydenrne nzHoca pacnpenenuTeabHoro Baina
UMeeT Ba)XKHOE 3HAa4YeHHE [UJIs IIeJIEHANPABIEHHOTO OIpeneieHus] o0beMa YHIPOUHSIOMIHNX U
BOCCTAaHOBUTENBHBIX Pa0OT, a TaKkKe AJSl MPaBUIBHOTO OMpENeieHHs] IPUYUHBI €T0 BBIXOJa U3
CTPOA.

KiaroueBrie ciioBa: pacnpeeuTeNbHbIA BaJl, U3HOC, PEMOHT, BBICOTA MOJIbEMa, H3HOC
KyJlauka.
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Giris

Daxili yanma miharriklorinin (DYM)
etibarliligi onu toskil edon mexanizm, diyn
Vo hissalorin etibarliliq gostoricilorindon asili-
dir. DYM-ni togkil edon mexanizmlardon biri
gazpaylayict mexanizmdir (QPM) ki, onun eti-
barlilig1 asason paylayici valin texniki voziy-
yatindan asilidir [1-3]. Paylayici val DYM-nin
istismar gostaricilorine tosir gostoron asas his-
sadir. Paylayici valin nasaz vaziyyoto diigme-
sino asas sobablar kimi onun deformasi-yasini,
dayaq boyuncuglarinin vo yumrucug-larinin
yeyilmasini gostormoak olar. Yumrucug-larin
yeyilmasino yaglama prossesinin muxtalif so-
bablordon diizgiin olmamasi, miihorrikin had-
don artiq qizmasi vo uzun miiddat istismar
olunmasi sobob ola bilor. Yaglamanin diizgln
olmamasina sabab yagin keyfiyystinin pis ol-
masi, yag kanalinda tixac yaranmasi, yag savi-
yasinin normadan az olmasi va s. amillar tasir
gOstorir [4-5].

Isin magsadi

Moagalodo DYM-nin QPM-nin paylayict
vallariin yumrucuglarinin yeyilmasinin anali-
zi vo onlarm tahlilidir.

Tadgigat obyekti — DYM-nin QPM-nin
paylayici valinin yumrucuglaridir.

Avadanliq — KamAZ-740 markali yiik
avtomobilinin daxili yanma miharrikinin pay-
layici vali; TIBM-500 qurgusu; boyuddict siisa;
DUIST 4381-80 tizro MP-50 modelli mikro-
metr; DUIST 577-68 izra saat tipli indigator.

Paylayic1 valin texniki talablorinin adabiy-
yat arasdirmasi

Paylayici valin pastahi isti stamplama ilo
18XT'T markali poladdan hazirlanir. Materia-
Iin kimyovi torkibi codval 1-do verilmisdir.
Paylayict val osason — dayaq boyuncuglar
(klapanlarmn yaratdig1 oks qlivvalari dof etmok
va silindrlor baslhiginda balanslasaraq yigilma-
sin1 tamin etmak tigiin bes odod dayaq boyun-
cugu var), giris vo ¢ixis yumrucuglari, payla-
yic1 digli ¢arx tgun pills, iskil yuvast vo mor-
kozi desiklarindan ibaratdir [2].

Sementlagdirmadan sonra dayaq boyun-
cug-lar1 vo yumrucuglarin sathlori yiksak tez-
likli corayanlarla barkidilir. Boyuncuglarin va
yumrucuglarin sothlori dogig mexaniki emal
olunur: pardaxlanir, cilalanir vo sonra fosfatla-
nir.

Ikinci, Gglincli vo dérdiincli boyuncugla-
rin sathlarinin birinci va besinci boyuncuglarin
oxuna nisbi vurmasi 0,025 mm-don ¢gox olma-
malidir. Dayag boyuncuglarinin silindriklik-
dan meyllonmasi 0,005 mm, birinci va besinci
boyuncuglarin sathina nisbaton bitin yumru-
cuglarin paralellikdon meyllonmasi 0,05 mm-
don ¢ox olmamalidir [1-6].

Ovozedici material kimi 30XT'T, 25XI'T,
12XH3A, 12X2H4A, 20XH2M,14XT"CH2MA
markali poladlardan hazirlana bilor. Paylayici
val doayison quvva Va zarbos yiklarin tasirine al-
tinda isloya bilma gabiliyyatini artirmag G¢in
onun sdrttinan sathlarinin sementlonmosi apari-
lir [6-8].

Cadval 1 - 18XTI'T markali poladin kimyavi torkibi %-lo
Table 1 — 18XT'T chemical composition of alloyed steel %

C Si | Mn P S Cr | Mo | Ni Vv Ti | Cu N W | Fe
Q & - 0 0 S ~

- - - — (90) n -
s | 9| 5| 8] 8| 3| =2 |38| sl 9| 2 3| Y| 8
~ ~ © S S ! o = o ™ < = v 3
— — o v v — \Y Y \Y o v v
o (e») o
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Odobiyyat aragdirmasina osason Kamaz
740 yik avtomobilinin DYM-nin QPM-nin
paylayict valinin is qabiliyyatliyinin pozul-
masi hallaria nozarat Ugln texniki taloblor vo

etibarliq parametrlori codval 2-do verilmisdir
[5-6]. Sokil 1-do Kamaz 740 yuk avtomo-
bilinin mlharrikinin paylayic1 valina qoyulan
texniki taloblor.

Cadval 2 — Kamaz 740 yik avtomobilinin miharrikinin qaz paylayict mexanizminin miharrikinin
paylayici valin qiisurlarina qoyulan texniki taloblar Xaritosi

Table 2 — Technical requirements for the defects of the camshaft of the gas distribution mechanism of the
KamAZ-740 truck engine

Hissonin ad1 Paylayici val
. Hissonin Ne 740.1006.015
Sokil 1-0 bax
Material 18XI'T
. Dayaq boyuncugu vo yumrucugun sohi
Borklik .
STl bokliyi 58-63 HRC, -dir
Eskiz Qisul Olgii, mm-Io Notico
tizro | Ehtimal olunan karlaziaiui;sulu Tomir
qusur qusurlar » e .| Iscicertiyoj | olunmadan
va Ol¢ili avadanhg .
Ne buraxila bilon
= | Miixtolif Umumi baxis,
. qusur askarlama — - Yararsiz
xarakterli catlar .
qurgusu
3 Umumi baxis, Qopmalarin élgiisii 3 mm-don
Yumrucugun uc
1 |hissosinds stangen pargar B B cox olduqda, yararsiz
oomalar SP-11-250-0,05
qop DUIST 166-80
Yumrucugun 2
silindrik . Y gun silindrik hissasini
» |.| .I “ IKalibr 36, 00 =37 0,05 ) u{nrucugun s1 1,1’1dr1 issasinin
hissasinin 6l¢li Olcii azalmasi “a
azalmasi “a”
Giri
;;lil‘l’ju@;linm Yumrueug Profilin 6l¢iisiine uygun h
y 4 profiline nazarat | h=8,05+0,1 h=7,9 et e e (; 1o uye .
3 |galxma etmok {iciin Ol¢iisiinii tistoritma ilo tomin
hundarltytnun . tmoli
yeyilmes?“h” tortibat o
abaq vo arali alibr bon
baq liq |Kalibr band
dayaq boyuncug- | CP-50-75 @54:8:233 53 88 Tomir 6lgiisiine pardaxlamagqla
larinin yeyilmasi ’ uygunlasdirmali
4 |Olgiilor:
| tomir 53,69 053,7 0%79 | 5359
: -0,090
Il tomir 53,49 @53, 5_0’110

38




Azarbaycan Miihandislik Akademiyasinin Xobarlori

2025,

cild 17 (3), s. 35-46

O.G. Hiseynov, A.F. Karimov

Herald of the Azerbaijan Engineering Academy

2025, vol. 17 (3), pp. 35-46
A.G. Huseynov, A.F. Kerimov

Cadval 2-nin davamu

Val
a. n . Araliq dayaq
Paylayici valin oyilmasi boyuncuglarinin
5 | YA slemok tigiin |20 0,035 Diizlondirilmali
oyilmasi . oyilmasi 0,025
tortibat Imamaly
neM-500 | €0%°
Arxa dayaq Kalibr bond
boyuncugunun CP 25-50 —0.050
. : 42-y 41,93 .
yeyilmasi B42_o,070 Tomir &l¢iisiine pardaxlamagla
6 |Olgiilor: uygunlasdirmalt
: -0,050
| tomir 41,73 341,85070 41,59
Il tomir 41,53 041, 6:8:858
Disli ¢arx oturan .
Kalibr band
7 |boyunun 32 IOI o1 (33518:8?3 35,01 Yararh
yeyilmasi '
A ) i . ~0,010 180°-li bucaq altinda yeni igkil
8 |Iskilin yeyilmasi |Kalibr 5 B5_0055 5 frezlomoli
W
c%o' I c%o'} 7 OE? ‘z\“i"
Q I S S Q
KA
A-A Il
L B 5,5 }

Sakil 1 — Paylayici valin yumrucuglarinin 6l¢iilma sxemi
Figure 1 — Measurement scheme of camshaft cams

Avro-1 Kamaz muharriklorinin 740.21
paylayici vallar1 740.10-la miigayisads yumru-
cuglari, gabaq ve araliq dayaq boyuncuglari-
nin Slgiilori 6 mm boyudilmokls eyni zaman-
da klapanlarin agilma vo yanacagin verilmo
vaxti doyisdirilmisdir. 740.21 paylayict valinin
qusurlarina qoyulan texniki taloblor vo qisur-
larin aradan qaldirilmas: tsullarmin xoritasi
codval 3-do verilmisdir [8]. Odsbiyyatda [7]
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gostorilon Kamaz 740.21 yuk avtomobilinin
DYM-nin QPM-nin paylayici valinin para-
metrlori.

Cadval 3-do gostarilon paramatrlor sokil
2 Va [7] -da tayin olunma Gsulu asasinda tayin
edilmisdir.

Miollifin [7] arasdirmasina asason pay-
layic1 valin asas qusuru profilds bir godor ye-
yilma ilo yumrucugun topasinin yeyilmosidir.
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Istismar cirklarindon tomizlonmis vallar dayaq
boyuncuglari, yumrucuglar vs iskil yuvalari-
nin qisuru askarlanir. Qisur arasdirildigdan
sonra, boarpa talob edon yumrucuglart olan
paylayici vallar1 sathina ortuk c¢okilmak tgin
yonaldilir.

Cadval 3 — Paylayici valin qiisurlarinin arasdirilma xari
Table 3 — Investigation map of camshaft defects

Ortilk gokmoadan avval, yeyilmis yumru-
cuq profilinds nov emal olunur (sok. 2).
Novun olmas: elektrodun oridilmasi, Or-
tik ¢okmo vaxtini azaltmaq vo tomir edilmis
paylayici valin keyfiyyatini yiksaltmays im-
kan verir [7].

tosi

Kataloq izro Ne-si Adi Material Borklik
740.21-1006015 Paylayici val Polad18XI'T
Olcii, mm-Io
c
237 2 " i i Idiril
57 % Yaranan qsur Tomir Qtisurun arfldan qaldirilma
342 Nominal olunmadan (isulu
buraxila bilon
1 Cat vo ya qirilmalar
Yararsiz
Araliq dayaq ?59,8520-982 tomir 6lgiisiine
2 |b boyuncuglarinin @60 5982 @ 59,88 mexaniki emal
yeyilmoasi
Arxa dayaq boyun- @4125:95 tomir olgli-siine
3 |B cuglarinin @42 =955 @ 41,92 mexaniki emal
yeyilmoasi
1. Yeyilmis profili 2-3 mm
inli lamali.
Yumrucugun 50,70+0,05 (giris) dorinliys godor pardax z.lma..l .
I' | topasinin yeyilmosi | 50,8740,05 (cixis) 50,60 2. Yumrucuglarin topasins Ortuk|
T ¢okmoali, onlar1 nominal 6lgiiya
4 emal etmoli
Yumrucugun 41,6+0,05 (giris) Yumrucuglarin profilins ortuk
pil| rofilinin yeyilmasi | 42,0£0,05 (cixis) 41,5 ¢okmali, onlar1 nominal 6lgiiyo
P yey RS (TN emal etmali
Araliq dayaq
boyuncuglarmin
konar dayaq
5 Valin ayilmasi boyuncuglarinin 0.035 Duzlondirilmali
morkaz oxuna ’
nishaton ayilmasi
0,025 ¢ox olmamali
Iskilin 0,010 1. Qaynaq
6 | E deformasiyast >-0055 501 2. Pardaxlamali
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Soakil 2 — Paylayici valinin qgiisurlarinin arasdirma va tomir sxemi
Figure 2 — Inspection and repair scheme of camshaft defects

Sokil 3 — Yumrucugq italoyici cuti
Figure 3 — Cam-follower pair

Sakil 3-do yumrucuq italayici cuti tosvir
edilmigdir. Tasvirdon gérunduyd Kimi yumru-
cugla italoyici arasinda zorbonin bas vermasi
(yumrucugla italoyici arasindaki kontaktin
baglangic1) zorboli mexaniki yeyilmo, yagla-
mada (yagm torkibindoki abrazivlorin tasirin-
don) abraziv yeyilms, yumrucugun topasinda
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(yuksok tozyigli kontaktda bas veran surtin-
modon) fretink yeyilmasi bas verir. Bu yeyil-
molarin muharrikin gazpaylayici mexanizmi-
nin ig prinsipine manfi tasir gostorarok natics-
da onun etibarliliq gostaricilori texniki taloblo-
ri 6domir.

Mduollifin [7] geyd etdiyi kimi paylayict
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valin yumrucugun yeyilon hissasi onun kon-
taktda oldugu italayici ilo maksimum yuklon-
moya moruz galan tops hissasidir. Eyni za-
manda muollif yeyilmoys moruz galmis sathin
borpas: {igiin digar odabiyyat tohlilindon mo-
lum olan gaynaq usulu ils ortik gokma Gsulu-
nu toklif etmisdir. Forq yalniz 6rtiyin yumru-
cugla ilisma sahasini goxaltma vo gaynaq van-
nasmi tez formalasdirmag magsadilo yumru-
cugun topasinds nov emal edilmosini toklif
edir.

Yuxarida toklif olunan ortiikgokms Usu-
lunun totbigi zaman yumrucugun islok profi-
lindo yaranan yiksok temperatur ssbabindon
struktur va faza torkibinds muxtslif doyisiklik-
lor bas wverir, handasi 6l¢li vo xarakterinds
monfi doyismolora sobab olur. Eyni zamanda
barpa prosesindan sonra onun mexaniki emali
muirokkablosir vo ona sorf olunan xarclor artir.
Muolliflorin [6 — 9] toklif etdiyi Gsullarin ha-
misinda bltdv paylayict val istirak etdir vo
muoayyan deformasiyaya ugrayirlar.

Qazpaylayict mexanizmin etibarliligi vo
muharrikin istismar gostoricilorino tosiri yum-
rucugun yeyilmasindan bilavasits asilidir. Bu-
na goro do italoyici ilo yumrucugun kontaktda
oldugu hisso mustaqil todgigat obyektidir.

Bunlar1 nazors alaraq biz yeyilon hisso-
nin sathi méhkomliyinin artirilmasi vo barpasi
uctn yeni Gsul toklif edirik. Toklif etdiyimiz
usul tarafimizdon layihalondirilmis yumrucug-
lu paylayici valin [10, 11] sokils bilon konst-
ruksiyaya va hazirlanma tsuluna malikdir. Bu-
na asasan toklif etdiyimiz vakuumda xromla-
ma titanlama Gsulu ilo tsiklik diffuziya barpa
usuludur. Todgiqat isi vakuumda diffuziya
tsiklik Usulu ilo sathi méhkamliyinin artirilma-
s1 va barpasi istigamatinds olacaqdir.

Istismar miiddetinda paylayici val siir-
tinmo qlvvalori, titroyis, olavo yiklor, Kkritik
is soraiti, ylksok temperaturlu muhit va digar
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amillorin tosirine moruz qgalir. Biitln bunlar
(0,05 mm-o qgodor) dayag boyuncuglarinda
sath keyfiyyatinin pozulmasma (ciziglar, kor-
roziya), mexaniki zadalora (yumrucuglarin to-
pa hissasinda golpalonmo va daliklor, disli car-
xin diglarinin rang dayismasi) vo paylayici va-
lIin ayilmasina (0,10 mm-a godar) sabob olur.
Paylayict valin qiisurlarinin barpasi, onun is
resursunun uzadilmasit mogsadilo  muxtalif
emal UGsullarindan istifado oluna bilor. Bu
usullar arasinda tomir 6l¢lsine uygun emal,
cilingar mexaniki emali, plastiki deformasiya,
titroyisli qovsi vo ya sath izarins flls altinda
ustoritma kimi metodlar yer alir. Bu metodlar
vasitasilo paylayici valin zodolonmis hissalori-
nin funksional xususiyyatlori barpa edils bilar.

Paylayict valin qiisurlarinin  miiayyan
edilmoasi Gglin miivafig yoxlama prosedurlar
hoyata kegirilir. Bu yoxlamalar zamani valin
istanilon hissasinds, xususilo dayaq boyuncug-
larinda vo yumrucuglarinda ciziglar va siyril-
molar, yumrucugun topa hissasinda galpalon-
ma va daliklar, igkil yuvasi va morkoz yuvala-
rinin vaziyyati diqgetlo arasdirtlir. Homginin,
digar gOrinon qusurlarin  mévecudlugu da
miayyan edilmalidir.

Valin qiisurlarinin zamaninda vo daqiq
misyyan edilmasi, onun tomirinin effektivliyi-
ni artirmagla yanasi, oamoliyyat middatinin
uzadilmasina va sistemin imumi dayaniqlilig-
nin tomin edilmasina do kdmoak edir.

ik 6nco timumi baxis kegirilir, gizli cat-
lar vo ya sliriismanin oldugu catlar yoxlanilir.
Baxis kecirmok tc¢iin 10 dofoys godor boyiit-
mo gabiliyystino malik DUIST 8309-75 (izro
lupa vo defektoskopdan istifado edilir. Ogor
cat varsa paylayici val yararsiz hesab olunur.
Yumrucugun tapa hissasinin galpalanmoaloari vo
kasilmalari yoxlanilir. Vizual baxis kegrilir va
DUIST 166-80 uizro SC-11-250-0,05 modelli
stangenporgarla Olculir. Qalpalor 3 mm-don
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cox olarsa, paylayici val yararsiz hesab olunur.
Yumrucugun slindrik hissasinin  dl¢usinin
azalmasina nozarot kalibr band vasitssilo apa-
rilir. Nominal olgiisii a=37+0,05 mm, tomirsiz
gobul edilon minimum 6lglsu a=36,6 mm-dir.
Suratkdciurms dozgahinin bazasinda pardaxla-
mal1 a<44,0 mm olduqgda, yararsiz hesab olu-
nur. Giris va ¢ixis yumrucugun h hiindurliyu-
nin yeyilmasino noazarst kalibr band vo ya
mikrometr vasitasilo aparilir. Hiindurliyun no-
minal dl¢ist h=8,05+0,01 mm, tomirsiz goabul
edilon minimum 6l¢ist h=7,9 mm-dir. Ogor h
minimum o6lgldan az olarsa, ortik g¢okilmoklo
borba olunaraq texniki taloblors uygunlasdiri-
lir. On vo araliq dayaq boyuncuglarinin yeyil-
masina nozarot kalibr band vo ya mikrometr
vasitosilo hoyata kecrilir. Bu sathlorin tomir
Ol¢lisuna tomir olunmasi tigiin iki 6l¢ii texniki
toloblords nazords tutulmusdur. Bu magsadls
kalibr bondin 6l¢li meyar1 1-ci tomir Ol¢usi
ucun 53,69 mm, 2-ci tomir 6lgusi Ggln iso
53,49 mm nazords tutulmusdur. Boyuncugla-
rin nominal 8l¢ll @540 552 mm, tomirsiz go-
bul edilon minimum 6&lglsti ®53,88 mm-dir.
Olgmo naticosi boyuncugun olgiisi 53,88
mm-don az olarsa, onda 2-ci tomir 6lglsiins
53,6052 mm dlciisiine pardaxlanmalidr.

Ikinci tomir 6lglstinin tomirsiz gobul
olunan minimal 6l¢tsi 53,39 mm-dir. Oyilma-
nin yoxlanilmasi valin ayilmays noazarst torti-
batinda saat tipli indigator vasitasilo ol¢tlir.
Araliq dayag boyuncuglarinin ayilmoasi 0,025
mm-don ¢ox olmamalidir. ©goar 0,025 mm
hoddi cox olarsa, vali balanslasirmaq lazimdir.
Arxa dayaq boyun-cugunun yeyilmasina noza-
rat kalibr band vo ya mikrometr vasitasilo ho-
yata kegrilir.

Bu sathin tamir 6lglisuna tamir olunmasi
ucln iki o6lch texniki talablords nazards tutul-
musdur. Bu mogsadlo kalibr bandin 6l¢i me-
yar1 1-ci tomir 6l¢lsl Uglin 51,73 mm, 2-ci to-

mir 6l¢isl Uglin isa 41,53 mm nazarda tutul-
musdur. Boyuncugun nominal 8l¢ii 342-¢050
mm, tomirsiz goabul edilon minimum ol¢usi
?41,93 mm-dir. Olgma naticesi agar boyun-
cugun ol¢iisli 41,93 mm-don az olarsa, onda
1-ci tomir 6lgiisine @41,8-0050 mm dlgsiins,
yaxud 0Ol¢ust ©41,73 mm-don az olarsa, onda
2-ci tomir Glgiisine B41,6_g950 mm 6lgiisine
pardaxlanmalidir. ikinci tomir 6lglsunin to-
mirsiz gobul olunan minimal 6lgtsu 41,5 mm-
dir. Disli ¢arx oturan sathin yeyilmasina noza-
rat kalibr band vo ya mikrometr vasitasilo ho-
yata Kkecrilir. Bu sathin  nominal 6&lglsi
@351005s temir olmadan gabul edilon mini-

mum 6lclst 35,01 mm-dir. iskil yuvasmin
yeyilmasina noazarst 5 mm-lik kalibr tixac va-
sitosilo aparilir. iskil yuvasini nominal 6l¢iisi
05 00ss mMm-dir. Tomir olmadan gobul edilon
minimum 6lglst @5 mm-dir. ©gar 5 mm-don
cox olarsa o halda yeyilmo izlorinin tam yox
olmast sorti ilo frezlonir [7-9].

Paylayict valin prisizion hissalarinin
hondasi 6lgli doayismalorinin toyin olunmasi
ticiin asagidak1 metodikadan istifado olunmus-
dur.

Yumrucuglarin vo dayaq boyuncuglari-
nin yeyilmo miqgdarinin toyini tgun 0Olgma
prossesinin aparilma metodikasinin sxemi so-
kil 1-do verilmisdir.

Olgmo iki en kasik I-1 va 1I-1I olmagla
iki perpendikulyar mistovi B-B vo C-C (zra
aparilir. B-B profil tzro yan sothinin “a” sim-
metriya morkozindon kegon mistovi, C-C
mistavisi iso B-B mistavisino perpendikulyar
olan mastavidir [9].

Arxa dayaq boyuncugundan basga galan
boyuncuglarin yeyilmo o6l¢lsinin toayini 1-
diisturuna asasan toyin olunur.

Il’i.yey = dpmin — dyey (1)
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Burada iﬁ.yey- Umumi yeyilms miqdari,
mm; d,, nmin-Certyoj Uzra nominal 6l¢inin
minimum haddi, mm; d,., -yeyilmis yumru-
cugun an Kigik olgisudur. Hesabat naticalori
cadval 4-ds geyd olunur.

Birtorofli geyri-barabar yeyilmo miqda-
rinin  toyin olunmasi U¢lin 2 dlsturundan
istifado olunur.

ib.tar =p- i1'i.yey (2)

Burada I, ,,,-birtorofli geyri-borabor ye-
yilma, mm; [-geyri-borabarlik omsali f =
0,6.

Hesabat naticalori codval 4-do geyd
olunur.

Boyuncuglarin  geyri-slindrikliyi ~ vo
konuslulugu giymatlori uygun olarag 3 vo 4
ifadslori ilo hesablanir.

Aq.s =dp_p —dc_c, 3)
Ay =d;_p—dy_yp, (4’)

Burada A, s-boyuncugun qeyri silindrik-
liyi, mm; Ag-boyuncugun konuslugudur, mm.
Hor boyuncugun iki qeyri slindrik vo iki
konuslulug qgiymati alimir. Alinmis  qiy-
motlordon boyiyu segilorok codval 4-do geyd
olunur.

Tomir Olcist daxilido yeyilmis boyun-
cugun mexaniki emal payr on ¢ox yeyilmis
boyuncugun oOlgiisiine osason 1 ifadssi ilo
hesablanir.

de = dyey - ib.ter = 2Z, (5)

d; - tomir olunacaq boyuncugun oan bdyluk
giymatidir, mm; Z — bir torafs diison minimum
emal payidir (pardaxlama gtin 2Z=0,05 mm).
Alman naticalor hesabatda geyd edilir. Dayaq
boyuncuglari ti¢iin tomir Olculori codval 2-ya
asason toyin olunur. Yumrucuglarin vaziyyas-
tinin miosyyanlosdirilmasi ti¢lin uygun olaraq
yumrucuqlarin yan sothlorindon 5 mm aral
olmagq sartilo iki en kasikda silindrik hissasinin
diametrlorini  “a” vo hiindirliyiinii “b”
mikrometrlo 6lgarok hor bir yumrucugun “h”
galxma hiindiirlilylinii tapiriq. Yumrucuglarin
galxma hindurlayu (1) ifadassi ils tayin olunur.

h=Db-a (6)

Olgmo naticalori cadval 4-da verilmisdir.

Burada muollif [7] bucaq doyismasindan
asilt olaraq “h” komiyyatinin minimum voa
maksimum giymatlorini vermigdir. Malumat-
larin  Microsoft Excel programinda emali
cadval 4-do verilmisdir.

Cadval 4 — Yumrucugun profilinin yeyilmasini xarakterizo edon h kamiyyatinin bucaga uygun giymatlori
Table 4 — Angle-dependent values of the parameter h characterizing cam lobe wear

Cixis Giris
a® h, mm a® h, mm a® h, mm a® h, mm a® h, mm a® h, mm
99 0,000 128 0,656 150 5,142 99 0,000 128 0,967 150 5,901
104 0,019 132 1,235 156 6,163 104 0,027 132 1,663 156 6,939
110 0,088 138 2,562 164 7,200 110 0,138 138 2,520 164 7,769
114 0,156 140 3,034 174 7,929 114 0,300 140 3,788 174 8,005
118 0,236 148 4,759 180 8,050 118 0,419 148 4,922 180 8,050
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Sakil 4— Paylayict valin profilinin bucaqdan asili olaraq giris vo ¢ixis yumrucuqlarinin qalxma

hindirllyinin migayiss grafiki

Figure 4 — Comparison graph of intake and exhaust cam lobe lift height versus camshaft angle

Paylayici valin giris v ¢ix1s yumrucug-
larinin qalxma hindurliylniin “h” yeyilmasi-
nin bucagdan asili olaraq profilinin yeyilmasi-
nin qgrafik tosviri sokil 4-do verilmisdir.
Sakildan aydin gértndr ki, yumrucugun profi-
lindo h galxma mosafosinin baslangicinda o=
99° oldugda h=0 vo a=180° oldugda h=8,05
giymatini hor iki yumrucuqda eynidir. Lakin
bucaqg doyismasi 99° ilo 180° arasinda olduqda
“h”-mn qiymatlori mixtaslif olur [7]. Bu da im-
kan verir Ki, yeyilmanin gostorilon giymatlori-
nin dogiglosdirilmasi tglin 6z toklif etdiyimiz
usuldan istifads edarok yeyilmanin dagiq qiy-
matini, innovativ Usul tatbiq etmokls barpa va
yeyilmonin handasi giymatini toyin edok.

Ik dofo olarag, Azorbaycan Texniki
Universitetinin “Xisusi texnologiyalar vs ava-
danliglar” kafedrasinin Miitoraqqi texnologi-
yalar laboratoriyasinda sokulo bilon yumru-
cuglarin barpa texnologiyas: miislliflor torofin-
don bor xromlama orttikgokmo Gsulu ils yerina
yetrilir.

Yuxarida gostorilon metoddan istifado
edilorok giris vo ¢ixis yumrucuglarinin yeyil-
mosini xarakterizo edon h-dan asililiq grafiki
sokil 4-do gOstorilmisdir. Yeyilmoanin Boks
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Uilson metodu il reqressiv tonliyi alinmisdir.
Homin qgrafikdo nazari vo tocrubi ayrilorin ga-
nunauygunlugu tosdiq edilmisdir. Bu istiga-
moatdoa arasdirmalarimiz davam etdirilir.

Elmi todgigat isinin davami olaraq yeni
konstruksiyali sokiilo bilon yumrucuglarin ye-
yilmasi, etibarliligi diffuziya bor xromlama ilo
yumrucugun sathinin méhkomlondirilmasi vo
borpas: istigamatindo dissertasiya elmi iginin
aparilmasidir. Novbati moarhoalods siradan ¢ix-
mig yeni konstruksiyali yumrucuglarin sathi-
nin moéhkamlandirilmasi vo barpa edilmasinin
mumkinliyii arasdirilmisdir.

Hal hazirda yumrucugun etibarliliginin
texnoloji talablarinin 6donilmasi va barpa edil-
mosinin - mimkun olan Gsullarla apariimasi
aragdirilmisdir. ©dobiyyat vo elektron malu-
mat bazasindan oslds olunan malumatlarin toh-
lili vo arasdirilmasi sinaq tocriibolori gostorir
ki, xrom va titan ilo vakuum diffuziya metal-
lagdirmasi garsiya qoyulan moqgsadi va etibar-
lilig1 tomin edacokdir.

Natica
Movcud odabiyyatlar vo muslliflorin fi-
Kirlorinin arasdirilmasi naticasinds malum ol-
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musdur Ki, paylayici valin etibarliligi va onun
hissalarinin yeyilmosi hagqinda fikirlor mixts-
lifdir. Todgiqat isindo magsadlordon birids on-
larin dagiglosdirilmasidir.

Odobiyyat aragdirmasindan moslum ol-
musdur Ki, yumrucugunun tomir 6l¢tisi mum-
kiinstizdlr vo onun profil Gzra yeyilmasi ¢ox
kicik olmasina baxmayaraq topasinin yeyilma-
si paylayict valin an ¢ox is qabiliyyatinin itir-
masina sobob olan halidir.

Gostarilon 6lci metodika asasinda muol-
lif torafindon tomir fondundan goturilmis 50
odod KAMAZ-740 miharrikinin paylayici
vallarinin yeyilmasi vo etibarliligt haqqmnda

todgigat aparmasi dissertasiya isindo nazards
tutulmusdur.

Paylayic1 valin yeyilmays moruz galan
sathinin mohkamliyinin artiritlmasi vo barpasi
islori AzTU-nun “Xdsusi texnologiyalar vo
avadanliglar” kafedrasinda ©.G. Hiiseynovun
rohbarliyi ilo muollif torafindon yerina yetiri-
lir.

Maraqglar minagqisasi

Miuslliflor bu magalods arasdiriimasi to-
lab olunan maraglar miinagisasinin olmadigin
geyd edirlar.
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Abstract

Numerous tasks of field practice are largely dependent on the physical properties of hydrocarbons,
which include oil. The presence of paraffin, asphaltene and resins in oil has a significant impact on the
movement regime, and, consequently, on the design of technological processes for drilling, well operation,
field development and pipeline transport of oil. In many fields around the world, the process of pressure
recovery when determining reservoir pressure lasts a very long time, in some cases several weeks or
months, which is explained by the manifestation of nonequilibrium effects, i.e. elastic properties of liquid.
Laboratory experiments have proven that if paraffins, asphaltenes and resins exist in the oil, then they give
such oils viscoelastic properties, i.e., along with viscous properties, they also have elastic properties.
These oils are considered from the perspective of nonequilibrium liquids, i.e., the rate of change in their
internal structure is significantly lower than the rate of change in external conditions. To describe the be-
havior of visco-plastic-elastic properties, we propose a model taking into account the relaxing properties
of the system.
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Boru komorlorindo vo laylarda elastik-Ozltplastik mayenin

harokatinin xarakterik xiisusiyyatlori

X.I. Dadaszado, V.Z. Mahmudova
Azarbaycan Dévlat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Modoan praktikasinin goxsayli masalalori bdyik doracads neftin aid oldugu karbohidrogenlorin fiziki
xassolorindon asilidir. Neftdo parafinin, asfaltenin vo qatranlarin olmasi harokot rejimino, belsliklo,
qazmanin texnoloji proseslarinin layihalondirilmasing, quyularin istismarina, yataqlarin islonmasine vo
boru kemari ilo neftin noglina oshamiyyatli tosir gdstorir. Diinyanin bir ¢ox yataqlarinda lay tozyiginin
toyin edilmasi zamani tozyiqgin barpa edilmasi prosesi ¢ox uzun middat, bir sira baltalarda bir ne¢o hofto
yaxud ay davam edir ki, bu da qgeyri tarazliq effektlorinin, yani mayenin elastiki xassalarinin tozah(r( ilo
izah edilir. Laboratoriya eksperimentlori stibut etdi ki, agor neftin torkibinds parafinlor, asfaltenlor vo
gatranlar varsa, onda onlar belo neftloro 0zli-elastik xassolor verir, yoni 6zl xassslorlo yanasi, onlar
homginin elastik xassalora do malikdir. Verilon neftloro geyri-taraz mayelorin mévgeyindon baxilir, yani
onlarin daxili strukturunun doyisma SUroti xarici soraitlorin doyisma sirotindon ohomiyyatli dorocads
asagidir.

Agar sozlor:  OzlUplastiklik, elastik, axin siirati, hocmi axin siirati.

XapakTepHble O0COOCHHOCTH ABHKEHHMSI YNPYIo-BA3KOIIACTHYHOMN

’KHJIKOCTH B TPYOONIPOBOJAX M MJIACTAX
X.U. Japam3age, B.3. Maxmynosa

Azepbatioscanckutl 20Cy0apcmeeHublll yhusepcumem wegmu u npomviutiennocmu (baky, Azepbaiioscan)

AHHOTAIHSA

B crarbe paccmaTpuBaroTcs (U3NUYECKHE CBOWMCTBA YIIIEBOAOPOOB, K KOTOPHIM OTHOCUTCS HE(Th.
Hamnuue B Hedtu napaduHa, acaibTeHa U CMOJI OKa3bIBa€T CYIIECTBEHHOE BIIMSHUE HA PEXKHUM JIBIKE-
HUS, a CJICJOBATEIIbHO, Ha MMPOSKTUPOBAHUE TEXHOJIOTMYCCKUX TPOIIECCOB OypeHHs, DKCIUTyaTallui CKBa-
JKUH, pa3pabOTKH MECTOPOKACHUN U TPyOOIPOBOHOTO TpaHCHIOpTa He(TH. Bo MHOTHX MECTOPOKACHUSIX
MHpa MPOIIeCC BOCCTAHOBIICHUS NIABJICHUS IPU OIMPEACICHUH IIAaCTOBOTO JABIICHUS JUTUTCS OYCHB JOJITO,
B PsiJie CIIy4aeB HECKOJIBKO HEJIEIb WIIM MECSIICB, YTO OOBACHSCTCS MPOSBICHUEM HEPAaBHOBECHBIX 3P Qek-
TOB, T.€. YIPYTUX CBOWCTB XHUAKOCTH. JlabopaTopHble 3KCIEPUMEHTHI JO0Ka3alld, YTO €CIIH B COCTaBe
He(THU CYIIECTBYIOT MapaduHbl, achalbTeHBI U CMOJIBI, TO OHU MPUIAIOT TAaKUM HE(TIM BSI3KOYTIPYTHE
CBOWCTBA, T.€., HAPSY C BSA3KUMH, OHH 00JaJIal0T TaKKe M YIPYruMu cBoricTBamu. JlanHble HehTH pac-
CMaTpPUBAIOTCS C TIO3UIIMK HEPABHOBECHBIX JKUIKOCTEH, T.€. CKOPOCTh H3MEHEHHUS UX BHYTPEHHEH CTPYyK-
TYpBI 3HAYUTEIHHO HUXKE, YeM CKOPOCTh U3MEHECHHSI BHEIITHUX YCIIOBUH.

KualioueBble c10Ba:  BSI3KOIUIACTHYHOCTD, YIIPYTOCTh, PACX0]l, 00BEMHBIH PacXo/I.
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BBenenne

[Ipu Oypenum, pa3paboOTKe U TpaHC-
MOPTE KUIKOCTEH MPUXOJIUTCS BCTPEUATHCS C
Pa3IMYHBIMU KUJKOCTSAMU, OJIHOM M3 KOTO-
pBIX SBISIETCA SKUAKOCTh C YINPYIrO-BSI3KO-
IUTAaCTHYHBIMU CBOMCTBaMHU. MaTeMaTuyeCKui
aHAJIN3 TPOLECCOB JBWXEHUS YIIPYro-Bs3KO-
IUIACTUYHOM >KUJKOCTH B ILIACTEC WM CKBa-
KUHE TpeOyeT NOMOJIHUTENbHBIX, Oojee ne-
TAJIbHBIX HMCCIeAOBaHUM. JlJIsl pemeHust 3Tux
3aa4d TpeOyeTCsl 3HaHUE pa3/iejIOB MaTeMaTH-
YeCcKOH (U3MKHM W TEOPUH  CIICIHATBHBIX
¢yukuuit. [Toatomy B Kypce Oypenus, Hedre-
MIPOMBICIIOBOM TEOJIOTHH, Pa3pabOTKU U IKC-
IUTyaTaluu, MOA3EMHON THJIPABIUKH IPOIIEC-
Chbl, CBSI3aHHBIE C JBHMXKEHUEM YIIPYro-Bs3KO-
IJJACTUYHOU SKUAKOCTH, JAETalbHO HE pac-
cmatpuBaroTes [1 — 5].

Ha ocHoBe nabopaTopHBIX dKCTIIEpUMEH-
TOB M MPOMBICIOBOTO aHalv3a MpeasioKeHa
MaTreMaThdecKass MOJENb YIPYTro-BsA3KOILIAC-
THYECKOH KHIKOCTH.

eab padoTbl — HA OCHOBE MOJIETBHOTO
MOJIX0J]a PEIIUTh OCHOBHBIE 3a7aud MPOMBIC-
JIOBOM MPAKTUKH.

XapakTep mporieccoB OypeHus, paspa-
OOTKH, DKCIUTyaTallud W TPAHCHOPTHUPOBKH
3aBUCUT KaK OT HCKYCCTBEHHBIX METOOB
ONHCaHUs, TAaK U OT MHOYXECTBA €CTECTBEHHBIX
(hakTOpoB.
BEHHBIX (DaKTOPOB, BIUSIONINX HA TIOBEJICHHE

K d4pncny BaxkHeHmMX ecTecT-

mpoliecca, OTHOCATCA Pa3IMYHbIE CBOWCTBA
CJararnMX IJIacT FOPHBIX MOPOJ U HAChIIIA-
IOIUX €ro KHUJIKOCTEH, a Takke (Qu3ndecKue
YCJIOBHUSl B CKBa)XMHE U IUIACTE, JABJIICHHE U
TeMIeparypa.

JIBrKeHUE KUJIKOCTU MOXKET MPOUCXO-
JUTh KaK 3a CYeT MCIOJb30BaHUSA IOTEH-
[IUAIBHON SHEPTUH B Pa3NIUYHbBIX (popMax, TaKk
M 32 CYET JOIMOJIHUTENbHBIX UCTOUYHUKOB. Jlo-
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MOJIHUTEJIBHBIM MCTOYHHUKOM 3HEPIUH B MPO-
1iecce HKCIUTyaTal U pa3pabOTKU SIBIISETCS
IIPUTOK JKAJKOCTH B IIJIACTE OT KOHTypa NUTa-
HUS U NP UCKYCCTBEHHBIX METOJAaX MOIAEp-
JKQHUS JaBJICHUS IIyTEM 3aKaukd B IUIACT
KUAKOCTH, OOJIAAIoONIe yIpyruMu CBOM-
ctBaMu. OTMETUM, YTO JBUKEHHUE JKUIKOCTH
MOXET IIPOUCXOAMUTH KAK 3@ CYET HCIOJIb30-
BaHUs MOTEHLIUAJIbHONW SHEPTUU B Pa3INYHBIX
¢dbopMax, Tak U 3a CUET JOMOJTHHUTEIbHBIX HC-
TOYHUKOB, B Ka4€CTBE KOTOPBIX IIPH DKCILTya-
TalM U pa3paboTKe SABIAETCS KOHTYp IHUTa-
HUS IUIacTa, a IPU MCKYCCTBEHHBIX METOJax
MOJEPKAHUS TaBIEHUS — JKUIKOCTb, 3aKauu-
BaeMas B IUIacT M oOnajaromas yrnpyrumu
CBOMCTBaMH.

OtmeTHM, 4TO AJIs MPOBEICHUS aHAU3a
U PEryJIMpOBaHUS MOBEACHUS HEPTSIHOIO WU
ra3oBOro IJIACTa BBOJUTCS IIOHATHE O PEXKHUME
wiacta. [Ipu 3ToM Kinaccupukanus pexuma
IIPOBOAMTCA HAa OCHOBE COIIOCTABIICHUS BaX-
Helmux Gopm miaactoBoit sHepruu. B cBs3u ¢
3TUM JJI PEKUMa YUUTHIBAIOTCS CIEAYIOLINE
(GopMBI TOTEHLIMANBHOW HYHEPTUU: TOTECHIIU-
allbHas SHEPrusl *KUJAKOCTU B IOJIE CHIIbI TS-
KECTH, CKaTHsl (YIPYrocTh KUAKOCTU U IJa-
CTa), C’KaTHUs CKOMMBILETrocsi CBOOOAHOTIO rasa,
C)KaTHs ITy3bIPBKOB ra3a, BBIACIMBILEIOCS U3
pacTBOpa IIpY CHW)KEHHUH JIaBICHUS U TEMIIE-
paTypsl, NOTEHLMAJIbHAs HSHEPrUsl yNPYTroro
COCTOSIHMSI CaMOT'0 IUIAcCTa.

AHanu3 mokasblBaeT, 4tro ¢opma Iua-
CTOBOM 3HEPIuu, KOTOpas SBJIAETCS JOMUHU-
pyIoIei B mpoiiecce OypeHus U pa3pabdOoTKH,
3aBHCHUT OT COYETaHMsSI MHOXECTBa MepeMeH-
HBIX [1apaMETPOB, MOJyYaEMbIX HCKYCCTBEHHO
WIM E€CTECTBEHHBIM IIyTEM, KOTOPbIE B TOM
WM MHOM BUJIE NPOSBISIOTCS B XOZ€E MpOoLEC-
ca. Ilpumensis pasnuyHble METOIbI BO3JEH-
CTBUS Ha IIJIACT, MOKHO CYIIECTBEHHO YBEJU-
YuTh J00bIYy HepTH mnu raza. OTMETUM, UTO
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CYyIUTh O MHOTOYHCJIEHHBIX OCOOEHHOCTAX
MOBEJICHUS TJIACTa TOJBKO IO OJHOMY PEXKH-
My HHUKaK Henb3s. [loHsATHE «pexuM Iuiacta»
ompezenseT JIUIIb HEKOTOPhIE XapaKTepHBIC
ocobeHHocTH ero nosefieHus. OIUH U TOT ke
PEKUM MOXKET MPOSBIATHCA MpH pa3padoTke
MECTOPOKJEHHS C BECbMA PA3JIUYHbBIM T€0JIO-
TMYECKUM CTPOCHHUEM, C PazIHYHBIMU (hu3u-
KO-XHMHUYECKUMHU XapaKTCPUCTUKAMHU JKHKO-
CTH, TEMIIOM 0TOOpa HePTH U T.1.

be3 yuera ynpyroctu XKuAKOCTH U ILia-
CTa B OCHOBHOM pa3jiHyajiy CIEAYIOLIUE ISITh
PEKHMOB:  BOJIOHAIMIOPHBIN, Ta30HAMOPHBIH,
pPEXKHM PaACTBOPEHHOIO Tras3a, TpaBUTAIHOH-
HbI U cMmewmaHHbld. Hapsny ¢ BeleykasaH-
HBIMH CYIIECTBYET PEXHM, KOTOPBI B 4YacT-
HBIX CITydasiX SIBIISICTCS JOMHHHpPYOIIMM. Pe-
KUM ILJJacTa Ha3bIBAE€TCA YNPYTUM, €ClId Ha
MOBEJICHNE TUIacTa B MPOLIecce HKCILUTyaTallu
CYILIECTBEHHOE BIUSHUE OKA3bIBAET YIPYTOCTh
baroumga. OTMETHM, YTO BIKEHUE KUIKOCTH
K OTIENIbHON CKBa)XMHE HAaYyMHAETCS 3a CYET
UCIIOJIb30BAaHUsl  MOTEHIMAIBHON  SHEPruu
ynpyroii nedopmanuu (iarouga M 1acra;
CcHavaja B OKalield OKpecTHOCTH 3a00s, a
3ateM B OoJsiee yJajeHHbIX 00JacTsSIX IUIacTa.
Kpome Toro, mpu pa3pabotrke He(TAHBIX Me-
CTOPOKJCHUN C aHOMAJIbHBIMH >KUIKOCTSIMH
MOHIDKEHUE JaBJICHUS B HUX ObIBaeT 3HAYU-
TEJIbHBIM M pacrnpocTpaHseTcs Ha Ooyee oTaa-
neHHble 30HBL [loaTOMy ympyras sHeprus
He(TU B IUIACTE, TO €CTh KOJUYECTBO >KUIKO-
CTH, KOTOpOE IPH MOHWKEHUU JABICHHUS W3-
BJIEKAeTCsl U3 IJIacTa 3a CYET €ro 0ObeMHOM
YOPYroCTH ¥ He(TH, HaACBIIAIOUIEH IUIacT,
MOJKET OBITh CylecTBeHHON. Ecnu ObI miacT u
He(Th ObUIM aOCOTIOTHO HEC)KMMAEMBIMH, TO
HE TOJILKO yIPYTUH 3amac >KUIKOCTH | TIIacTa
Obu1 OBl paBeH HYJIO, HO M Tepepacipeerne-
HUE [aBJEHHUSI B IUIACTE MPOUCXOIUIIO OBl
MT'HOBEHHO.
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bonpmiol Hay4yHBIM NPaKTUYECKUN HH-
Tepec MPEICTaBISIIOT paboOThl  aKaJeMHKa
A. X Mup3zaoocanzade. OTHAM U3 PE3yJIbTATOB
UCCJIEIOBAaHUM SABJIAETCA TO, YTO CO3JaHHE
JIaBJICHUSI B COCY/I€, 3alIOJITHEHHOM BA3KOYIIPY-
roil *HUAKOCTbIO, CO BPEMEHEM CHMKAETCS U
3ateM ctabunmsupyercs. [Ipu 3ToM cKopocTh
[IaJICHNs JABJICHUS U pa3HMIIA MEXy Hayajlb-
HBIM ¥ KOHEYHBIM 3HAYCHHUSIMHU 3aBUCHUT OT €T0
HavyaJIbHOU BEJIMYMHBI, PEOJIOTUYECKUX
CBOWCTB yNIPYrOl CUCTEMBI.

PesynbTatsl
yIy4llIeHHEe THAPOJAMHAMUYECKUX CBOWCTB

HEHbIOTOHOBCKON HedTu. Bmecre ¢ Tem, mo-

OIIBITOB ITIOKa3bIBarOT

ciie HeOOJBIIOrO NEepuoja pasrpy3ku HedTu

OOHApYy>KUBACTCA «OCTATOYHAs MaMSATH», T.C.

BSI3KOYIIPYTHE CBOMCTBA.
Ypyro-Ba3Ko-IjacTUUHBIE KUJIKOCTHU B

HedTerazoqo0blue MPUMEHSIOTCS B TPEX
HAIPaBIICHUSAX:
- JUMarHocTUpOBaHUE, MPUMEHEHHUE

YIPYTO-BSI3KO-TUIACTUYHBIX CBOMCTB JIaHHOM
CHCTeMBI B HeTerazoqo0nIye;

- ONpeJeNieHHe U PETYIUPOBAHUE YIIPY-
rO-BSI3KO-TNIACTHYHEIX CBOMCTB 3THX CHUCTEM,

- CO3JIaHWe MOJICJIH, OTMCHIBAIOIIEH OC-
HOBHBIC CBOMCTBA TAKUX CHCTEM.

B nocnennee Bpems Hedrerazosas mpo-
MBIIIJICHHOCTh PA3JIMYHBIX CTPAaH XapaKTepH-
3yeTcs BBEIEHHEM B pPa3pabOTKy OOJIBIIOrO
KOJIMYECTBA MECTOPOXKICHUI BS3KOH He(DTH,
YTO BBI3BAJIO 3aMETHBIN POCT YJIEIBHOTO Beca
no0ban Takux HedTed, o0JamarmuX aHo-
MaJIbHBIMH HEHBIOTOHOBCKUMH CBOWCTBAMU B
oOmeM Oamance. DTO BBI3BIBAET IOMOJIHHU-
TENbHBIE 3aTPyTHEHUS B XOJ€ Mpolecca pas-
paboTkum MecTtopoxneHuid. Peonornueckue
0COOEHHOCTH BBICOKOBSI3KMX HedTel, obia-
JAIOIIUX YIPYro-BsA3KO-IUIACTUYHBIMU CBOM-
CTBaMH, OoJiee CIIOKHBIE I0 CpPaBHEHHIO C
BA3KHUMU.
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Yrpyro-Bs3Ko-IJIaCTUYHBIE  CBOMCTBA
He(dTel NPOSBISAIOTCSA, B OCHOBHOM, B TsXKe-
JIBIX BBICOKOCMOJIUCTHIX, MapadUHUCTBIX YT-
JEBOJAOPOJHBIX CMECSX, OTHOCSIIMXCS K
CJIO’)KHBIM HEHbIOTOHOBCKHUM CHCTEMaM, B KO-
TOPBIX Ha Pa3jMYHBIX CTAIUAX nehopMaruu
MOTYT MPOSIBIISITHCS YIPYTro-BSI3KO-
IIacTU4YHbIe CBOMCTBa. Takas HEePTH oOHApY-
xeHa B Cpenneir Asuu, AsepOaiimkane, Ko-
mu, Tatapuu, FOAP, APE u T.71.

B pabGore [1] mpeminoxeHO HOBOE MpH-
MEHEHUE YyNpyrux xuakocrei. Kak mokasbl-
BaeT aBTOP, IPU UCTEUEHUU U3 TpyOOIpoBoJa
BSI3KOYIIPYTOM KUAKOCTH IUAMETP MpOTeKa-
IOLEH CTpyH NIPEBOCXOIUT AUAMETp TpyOo-
nmpoBoJsia B 3-4 paza. OT1oT 3 (PeKT HACTOIBKO
BEJIMK, YTO 3aTPYJHSAET JI€TAaJIbHOE ONHUCAHME
nporecca. OTMe4eHOo, 4TO JaHHbIM 3¢ ¢ekT
MOJKET OBITh OOYCIIOBJIEH COYETaHHEM YIIpY-
TOCTU KUAKOCTH U CXOJSAIIMMCS XapaKTepOM
JUHUM TOKa Ha BXojae B TpyOomposon. Ilpu
HCTEUYEHUHU >KHUJIKOCTh HU3MEHsAET (opmy, T.e.
yrpyrasi )KUJIKOCTh YMEHBINAEeTCS B JUIMHE U
BO3pacTaeT B auamMmeTpe. JlaHHOe CBOWMCTBO
BSA3KO-YIPYTroi KHJIKOCTH OOBSCHSETCS 3Ha-
YUTEJIBHOW BEIMYMHOW HOPMAJIbHBIX Hamps-
JKEHU B TaKMX CHUCTeMaX. [akoe SBICHUE
XapakTEepHO M s YHOPYrod BsI3KO-ILIac-
TUYHOW KUJIKOCTH.

IIpoMBICIIOBBIN aHAIU3 NOKA3bIBAET, YTO
no0aBieHNE B ONPEEICHHBIX COOTHOMICHUSX
B IIEMEHTHBIN PAaCTBOP BBICOKOMOJIEKYJISIPHBIX
MOJIMMEPHBIX COEMHEHUI MPUBOAUT K 3HAYU-
TEJIbHOMY IMOBBIIICHUIO MOJHOTHI BEITECHEHUS
[JIMHUCTBIX PAaCTBOPOB B CKBAXMHE LIEMEHTa-
MH. B TaHHOM cilyyae LHEMEHTHBIA pacTBOp C
n00aBiIeHUEM

IMOJIMMEPHOTO COCIUHCHUA

npuodperaer YIPYro-BA3KO-IIJIACTUYHBIE
CBOIICTBa, B pe3yJIbTaTe Yero y CTEHOK Tpyoo-
IIPOBOJ1a BO3HUKAET IPUCTEHHOE CKOJIbKEHUE.

I[aHHOG CBOMCTBO ILIEMEHTHOTI'O pacTBOpa U3-
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MEHSIET PMIIOPY pachpenesieHnus CKOpPOCTel Ha
rpaHule pa3zesia BHITECHIEMON U BBITECHSIO-
IIEH JKUIKOCTEH.

JlabopaTopHble HCCIEIOBAHUS MOKA3bI-
BAaIOT, YTO HAJIMYME HOPMAJbHBIX HAMPSIKEHUI
U CKOpPOCTEH CKOJBXEHHUS B YIPYro-Bs3KO-
IUTACTUYHBIX PACTBOpax oOecrneunBaeT MOJ-
HOE BBITECHEHUE TIJIMHUCTOrO pacTBOpa U3
KaBEPH CTBOJIA CKBOXHHBI M IKCIEHTPUIHOTO
npoctpaHcTsa [2, 3].

VYrpyro BSA3KO-IUIACTHUYHBIE CBOMCTBa
MOTYT OBITh TPUJAHBI IIEMEHTHBIM PacTBOpam
BOJIOPACTBOPUMBIMU  TOJMMEPHBIMH  J100aB-
kamu. [IpuMeHeHne naHHOM KUJIKOCTH B BUIE
pasnenuTens MEXAy [IEMEHTOM M TJIWHUCTBIM
pPacTBOPOM MPUBOAUT K PE3KOMY MOBBIIICHUIO
MOJIHOTHI BBITECHEHUS TIIMHUCTOIO PacTBOPA.

OTMeTuM, YTO MPUMEHEHUE YIPYro-
BSI3KO-TUIACTHYHOM KHJIKOCTH B BHUJE MPOOKHU
B Tpolecce OypeHHs AOJKHO ObITh 00s3a-
TEeTbHBIM MepornpusitueM. [IpombiBka CckBa-
JKUH TIpU HAJIMYUU JaHHOW MpOOKHU mepen 1ie-
MEHTUPOBAaHWEM 3HAYUTEIIBHO TIOBBICUT YH-
CTOTY CTBOJIa U OyJET CIOCOOCTBOBATH Kpem-
JICHUIO CKBaYKUHBI.

Takum obpazom,
MUTACTUYHBIE CBOWCTBA JKUJIKOCTH YBEIHYH-

YOpPYTO-BSI3KO-

BAIOT MOIEpPEYHBbIE pa3MepPbl CTPYU U MPHUBO-
JAT K OoJiee MOJIHOMY OXBaTy CEUEHHUsl CKBa-
)uH U 1acta [4]. WccnenoBanusi mokasaim,
YTO CKOpPOCTh (pUIbTpaluu MPHOOpETaeT
YIPYTo-BSA3KO-TUIACTUYHOM KMJIKOCTH MOKHO

3aruMcaThb Kak:
_ k, 1 dp

== Cpax W0 (1)
r7ie ¥V — CKOpoCTh (puiabTpanuu, k — mpoHuma-
€MOCTb IlIacTa OTHOCUTENIBHO YIIPYTO-BSI3KO-
IUIACTUYHOW JKUIKOCTH, [ - CTPYKTypHas
BA3KOCTb TAHHOW JKUIKOCTH, P - IUIOTHOCTb

KHUJIKOCTH,  — KO3(pPUIHMEHT o0beMa ympy-
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rOro paclIupeHHs KUJIKOCTH, iy - HAYAIbHBIN
IPaJUEHT CIBUIA.

C y4eToM IpaHMYHBbIX YCJIOBHI JIaHHYIO
(bopMyITy MOXKHO 3alHCaTh KakK:

Q=""(5-InZ—iy) 2
u ~BL pr

rie Q — oOBEeMHBIH pacxona XKUAKOCTH, F —

IJIOIIAb CEUEHHUS IUIAcTa, P — IUIOTHOCTH

KUJIKOCTH HA KOHTYpE MHUTAHHS IUIACTa, Pp-

IUIOTHOCTD JKUIKOCTH Y BXOJia B Tajepero (T.e.

Ha BBIXOJIC U3 IU1acTa), L — IJiMHa 1iacTa.

[IpoBenéunsiii ananus [4, 5] mokasbl-
BaeT, YTO NPOEKTUPOBAHHWE U KOHTPOJIb 3a
pa3paboTKO HEPTIHBIX U Ta30BBIX MECTO-
POXKAECHUN, CO3aHHE M JKCIUTyaTauus IOJI-
36MHBIX XPAHWIHIL COMPSKEHBI C Ompesee-
HUEM KOJUIEKTOPCKUX CBOWMCTB MOPOJ TIACTOB
U U3y4YCHHEM HUX (UIbTPAIMOHHBIX MapameT-
POB, YTO, B CBOKO OYepe/lb, BBI3BIBAET HEOOXO-
JAMOCTh 0o0Jiee JeTallbHOrO HCCICIOBAHMS
CTETNIeHH HEOJHOPOJAHOCTH TUIacTa IO TOJ-
I[MHE U IUIOIIAINA, HAJUYUsS JTUTOJIOTHYSCKUX
U TCKTOHUYECKUX IKPAHOB U T.]I.

Mertonpl  ompeneneHus  MapaMeTpoB
mjacTa BeChMa Pa3HOOOpa3HBI M 3aBUCAT OT
Te€X KOHKPETHBIX 3aj]a4, KOTOPbIC CTaBAT Iie-
pen coboit nccnenoaTenu B 06gacTd HePTH U
rasza [6].

Oco00 Hago0 OTMETUTH, YTO TUIPOJUHA-
MHYECKHUE METOIbl HCCIEAOBAHHUA IIJIACTOB U
CKB)KWH, CBS3aHHBIC C 3aMEPaMH TUIACTOBBIX
W 3a00WHBIX JaBJICHWA B BO3MYIIAIOIIUX H
pearupyromux CKBaKMHAX, Ha3bIBAIOT 1be30-
Mempuyeckumu _memoodamu. ViccienoBaHus

CKBA’)KMH MOKHO PAa3JCJIMTb Ha ABC OoJIbIIIME

IPYIIIBL: PU YCTAHOBUBIIMXCS U HE YCTaHO-
BHBIIHXCS PEKUMAX.

Metoauka TO3BOJSAET BBIIBUTH TOT
(bakT, YTO METOAbI UCCIIEOBAHUS IIACTOB U
CKBa)XMH, OCHOBAHHBIC HA U3Y4YE€HUU HE yCTa-
HOBMBIIHMXCS MTPOLIECCOB U3MEHEHUs 3a00MHHO-
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ro JaBJ€HMs B BO3MYILAIOLIUX M pearupyro-
IIMX CKBA)XMHAX, TECHO CBs3aHbl C TEOpHeH
ynpyroro pexuma. Ecimu xkuakocTs eumie u
BS3KO-TUIACTHYHAsI, TO MpoLecc pUabTpanuu u
JBIDKEHUS €€ B TpyOax MHOJHOCTbIO M3MEHs-
1orcs. [Ipu mycke miim OCTaHOBKE CKBAYKUHBI C
Y4E€TOM YIPYIOro JIBUKEHUS BO3HMKAET IUIN-
TEJIBbHBIM PEKHUM, XapaKTepU3YIOIMKUCS IIPO-
LIECCOM TepepacrpeiesieHus JaBleHUs, KaK B
MOJBEMHBIX TPyOax, Tak U B IOPUCTOH cpere
[7,8].

OtMmeuaeTcsi, 4TO MpPU MOMOIIUA CaMo-
MUIIYIIMX CKBKUHHBIX MaHOMETPOB MOKHO
3anucaTh KoyieOaHWsl JaBJIEHUS B CTBOJIE
CKBa)KUHBI U ITOCTPOUTH TpaduK 3aBUCHUMOCTH
3a00HHOr0 JaBJIEHHUsI OT BPEMEHU WIH KpH-
BYIO BOCCTAHOBJICHUS J1aBJICHHUS.

Yame Bcero npu rugpoOAMHAMHUYECKUX
UCCIIEIOBAaHMUSIX HaOJI0aeTCsl BOCCTaHOBIIE-
HUe 3a00HHOrO JaBJIEHUs TOCJIE OCTaHOBKU
CKBAKMHBI, paHee paloTaroleld MpoIoIIKuU-
TEJIbHOE BPEMs C MOCTOSHHBIM JI€OUTOM, KO-
TOpoe onpenensiercs mo popmyre (2).

OueBUAHO, YTO KOJUJIEKTOPCKHE CBOW-
CTBa  IUIaCTa,  KOHCTPYKIMsS ~ HACOCHO-
KOMIIPECCOPHBIX TpyO, (U3NKO-XUMHUYECKHE
CBOMCTBA >KUAKOCTH BIUAIOT Ha ¢popmy KB/,
U TI0ATOMY IO (OpMe KPUBBIX BOCCTaHOBIIE-
HUS MOXKHO ONPENENIUTh TaKHe IMOKa3aTelu,
KaK IMPOHUIAEMOCTh U IbE30IPOBOJHOCTb, a
TaKke CKUH-3()(PEKT, KOHCTPYKIUIO TPyOO-
MpoOBOJA — IMaMeTp, TIyOuHy CIlycKa, MapKy,
oOycaB/MBaeMble JOMOJHUTEIbHBIMU (DUIIb-
TPALIMOHHBIMU CONPOTHUBIIEHUSIMH CKBa)KUHBI
U Tnpu3aboitHON 30HBI. C ILETbI0 YIPOIIEHUS
00paboTKH JaHHOTO MaTepHala 4yacTto mnpuoe-
raloT K IpeoOpazoBaHuI0 rpauKoB BocCTa-
HOBJICHHUSI JIaBJICHUS, U3MEHSSI UX KPHUBOJIU-
HeiHy10 popMy Ha mpsiMonuHeiHyro [9 — 11].

AHanu3 UCTOYHUKOB 3apyOexHOH JinTe-
parypsl [5-10] moxka3zan, uro Hambonee pac-
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IIPOCTPAHEHHBIM METOJOM OIpEAENICHUs Ia-
paMETpOB CKBa)XKMHBI U IUIACTa IO JAHHBIM
BOCCTAHOBJICHMsI [1aBJICHUS B OCTAHOBJICHHOM
CKBa)XXMHE SIBJIACTCS METOJ IOCTPOCHUS IIpe-
0o0pa3oBaHHOIO TrpaduKka BOCCTAaHOBJICHUS
JABJICHUS. B TOJYJOTapu(pMHUUECKUX KOOPH-
HaTax (mepemnaj JAaBlIeHUs OT Jorapupmuyie-
CKOro BpeMmeHH, (popma mpsmoii munum). Ta-
KYIO NPSIMOJIMHEWHYI 3aBHCHMOCTb YCTaHO-
BHUTbH HECIIOKHO.

Ha ocHoBaHuMM BBIIIEyKa3aHHBIX 3aKO-
HOMEpPHOCTEN TEOpUn
IJIACTUYHOU KUAKOCTH MOYKHO IIOJyYHTh
cienyromye (yHKIHOHATIbHBIE 3aBHCHMOCTH

yIPYTO-BSI3KO-

MEXIy JAMHAMUKON 3a00WHOTO JaBJICHUS U
BPEMEHEM C MOMEHTA IyCKa CKBAYXMUHbBI B IKC-
TJTyaTaluio C TIOCTOSIHHBIM JCOUTOM:

AP =P — P, =2 |, (—4—m)]_

Qu ant ant
amkh (l 72 -0 5722) amkh (ln? B

_ ant _
n1,781) = -2 (2,21g 1‘781%2) =
1,183228 1g 2220 246’” ©)
e 1. - an/IBeI[eHHLH?I panuyc CKBaXKHHBI,

K — TPOHUIAEMOCTh TuTacTta,  — 0OBEMHBII
pacxo ynpyro-Bsi3KO-TJIACTUYHOMN KHUAKOCTH,
h - moutHOCTH MIacTa, 1 - K03(hHUIUEHT Tbe-
30TPOBOJIHOCTH, (L — JUHAMHYECKAs BSI3KOCTH,
t — BpeMms, Py — KOHTYpHOE WM IUIaCTOBOE
namieHue, P, — 3a00iiHOE JaBIeHNUE.

Hano otrmeTtuth, 4Tto mocneaHee BbIpa-

JKCHUC MOYKHO IICPLIIMCaTb B MHOM BU/IC!

AP =0,18322 19 2220 — 0,1832 % gt (4)
wim 0oJiee mpocTo:

AP = A+ Blgt (5)
rie A = Blg2246n B =0,1832%,
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N3 manHbIX Qopmyn BHAHO, YTO H3MeE-
HEHHE 3a00MHOr0 JaBjCHUS B PabOTaOIICH
CKBO)XHHE C MOCTOSHHBIM JI€OMTOM IKCILTya-
TAllMOHHON CKBa)XUHBI SBIISICTCS JUHEHMHOMN
byHkueit norapudmMa BpeMEHH. YUUTHIBAS
JTAHHBIC YCIIOBUS, MOXKHO CKa3aTh, 4TO rpaduk
M3MEHEHUs 3a00MHOT0 JaBJIeHUs TOCIe MycKa
CKB)XHHBI B 3KCIUTyaTallUl0, OIpPEACIIsIeMblIii
dbopmymoit (5), sABIAETCS MPSIMOUM JIMHUEH C
y4eTOM (PU3NYECKUX CBONCTB HEPTH.

JI1sl HEKOTOPBIX YCIOBHH HEOOXOIUMO
ONpEACINTh KPHUBYIO BOCCTAHOBJICHHS, T.€.
M3MEHEHHE 3a00MHOT0 JaBJICHUS IIOCJIE OCTa-
HOBKH CKBa)KUHEI.

IIppHuMaeM, 4TO OO OCTAHOBKM CKBa-
JKUHBI, JUIUTEIHHO pPabOTAroOMIed C IMOCTOSH-
HBIM JeOMTOM U (PU3NYECKHMMH CBOWCTBAMH
He(pTH, BOKpPYr CKBa)XHHBI B TUIACTE HMEJIO
MECTO YCTAaHOBUBIIIEECS pacClpe/iesiCHUE Ija-
CTOBOT'O JIaBJICHUS

P=P.+— Emml
21

kh Te

(6)
W
In Re

rc ™

B nanaoM CJIydyac IbC30MCETPUUYCCKAA

P= P~ srn

TUHUS SIBJISIETCS KPUBOW Jorapu(pMHIECKOTO
Tuna. MrHoOBeHHasi OCTaHOBKa SKCILTyaTallu-
OHHOM CKBa)XMHBI B MOMeHT t=0 nMuTupyercs
BKJTFOYCHUEM (PUKTHUBHOTO UCTOYHHUKA C JIeOU-
TOM HaxXOJAILIETOCs B 3aJJaHHOM TOYKE IIJIacTa.

JI1st corocTaBieHUs JaHHBIX Pa3IHIHBIX
KUIKOCTEH TPHUBEJEM YHCIICHHBIE 3aJlayd Ha
OCHOBE JIaHHBIX, 3aMMCTBOBaHHBIX U3 [8].

[Ipenmnonoxum, 4To B 3aJaHHOM ILIACTE
JIBIDKETCS OJHOPOJIHAS KHUAKOCTh C HBIOTO-
HOBCKHUMH CBOMCTBaMH.

[pumep 1.

k=1 Japcu =10"? Mm% p=1 cm3; AP =10°

kr/m2, F=100 m2.
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p=1 cm=10"*kr-cex/m?; n=p, L=1000m.

B kauecTBe pacueTHOro ypaBHEHUs

Py kF P, — P. kF AP
n—=P,—-P)Q=—"—T=——;
Pc ( k r) Q M L ‘Ll L
—-12 2 6 3
0 = o = 0,001 =

10~ 1000 M cekK
3
86,4 — .
cyT
[Tpumep 2.

[lo BpIIEyKAa3aHHBIM JaHHBIM B OJHO-
POIHOM ILIACTE JBUKETCS BA3KO-IUIACTHUYHAS
*KuakocTb. OnpenenuM 1eOUT TUTacTa B JIaH-
HBIX yciioBUsX. [locne ynpoiienuil ypaBHEHUE
GunbTpanuu A BSI3KO-TUTACTUYHBIX JKHUKO-
CTEil MOKHO 3aIlicaTh B BUJIE:

kF AP —AP,

Q =48,

L
rae Py nns medreit (4,2+12)104 Kr/m?

IloacraBus YHCJICHHBIC 3HA4YCHUA

MpEeABIAYIIEH 3a1a4l, UMEEM:

0= 10~12m2:100M2 (100—12)10* kr/m2
- _4KF'C8K
107*=5—

0,000882 = 76,03
CeK

cyT

[Tpumep 3.

[lo ykazaHHBIM JaHHBIM B PACUETHYIO
dbopmyny no6aBuM KodPHUITMEHT 0OBEMHOTO
YOPYTOro pacimupeHus kuakoctu. CoriacHo
[3, 4], maHHBII MapaMeTp B CPEJHEM MOKHO
npusaTh fy = 10”*m%xr. Torma, cormacHo
3aKOHaM TH]IPABJIUKH, UIMEEM:

kF Pk
Q= TI (1 + BP) — iy
_10712m? - 100M 100 - 10*kr/m?
B 10—4”'—;:&( 1000 m
M2 kr\ 12-10*kr/m?
1074 —-20-10*— | - —— '~
+ KT M2 1000 m
10712Mm? - 100M? KT KT
= — 100520 — 120 ]
2
M3 M3
=0,0188— =162,43 —
ceK cyT
3aKkjoueHne

VYrpyruii 3anac 3Hepruu B IUIacTe, T.€.
KOJIMYECTBO JKUAKOCTH, KOTOPOE MpPH IOHH-
KEHUU JaBJIEHUS M3BJIEKAETCs U3 IUIacTa 3a
cueT 00BEMHOH yNpyrocTd aHOMaJIbHOM KHJI-
KOCTH U IIJIACTa, MOXET OBbITh CYIIECTBEHHBIM.

Ecnu OBl miacT M Hachlalomas ero
KHUJIKOCTh OBUTH a0COJIFOTHO HEC)KUMAEMBIMH,
TO HE TONBKO YNPYTHil 3amac >KUAKOCTH B
rmacte ObuT OBl paBeH HYJIO, HO M Iepepac-
npeJesieHNe TaBJICHUS B IUIACTE MTPOUCXOIUIIO0
Obl MTHOBEHHO, T.€. OXBaT IUIacTa yMEHbIIal-
csi ObIL.

Ecnu ynpyruil mmactT M Hachllaromas
ero ympyrasi *HJIKOCTb UMEIOT OY€Hb MaJble
KOd(QPHUIUEHTHI O00BEMHOW YIPYrOCTH, TO
MPOIIECCHl TIepepaclpesieieHus] JIaBICHUus B
IUTaCTe MPOUCXOMAT BEChbMa JITUTEIBHO, UTO
YaCTUYHO YBEJIMUYUBACT He(pTEeOTaauy IIaCTOB
C HEHBIOTOHOBCKUMH HEPTSIMH.

JUTenbHOCTh nepepacipeesIeHus
JIaBJIEHUS] OOBSICHIETCS CBOCOOPA3HBIM Xapak-
TepoM (pUIbTpalMK, Ha KOTOPBIM OKa3bIBAIOT
HETOCPEJICTBEHHOE BIIMSHUE CHIIBI COMPOTHB-
JeHUs TPU JBWKEHUH BS3KO-TUIACTHYHOU
KHJIKOCTH B TUIACTE.
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KoHnduukT HHTEpEcoB

ABTOpLI 3asBIISIOT 00 OTCYTCTBHUU KOH(I)J'II/IKTa HHTCPCCOB, CBA3AHHBIX C HY6HHK3HHeﬁ JdaH-

HOU CTaTbU.
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Abstract

The separation of liquid and mechanical solid particles from the transported gas and their
deposition in the relief depressions of the pipeline lead to a violation of the regularity of the flow,
which is the reason for reducing the service life of the pipeline and process equipment. In
addition, condensate and mechanical solid particles contained in the gas supplied to the
enterprises of the processing industry create difficulties in the normal operation of the process
equipment. To separate and collect condensate and solid mechanical particles during gas
transportation, the direction of the gas flow into the collection tank is changed by installing a tank
for collecting condensate at the beginning and end of the pipeline in the direction of flow and
installing a triangle in front of the tank, then a knee based on the specific gravity and mechanical
energy of the separated mechanical particles of solids and condensate collected from the gas flow
into the tanks due to the difference in their weight.
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Magistral boru komarlorinds qazin naqlinin arasdirilmasi

9.N. Qurbanov, I.Z. Sardarova, C.R. Oliyev, S.B. Nurmommodova-Hiiseynova
Azarbayjan Déviat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xiilasa

Maye vo mexaniki bork hissaciklorin nogl olunan qazdan ayrilmasi vo onlarin boru
komarinin relyef girintilorinds ¢6kmasi axin qanunauygunlugunun pozulmasina gatirib ¢ixarir ki,
bu da boru komaorinin vo texnoloji avadanliglarin istismar miiddotinin azalmasina sabob olur.
Bundan slavo, istehsalat miiassisaloring verilon qazin torkibinds olan kondensat vo mexaniki bark
maddolar texnoloji avadanliglarin normal islomasi zamani ¢otinliklor yaradir. Qazin naqli zamani
kondensatin va bark mexaniki hissaciklorin ayrilmasi vo yigilmasi tigiin xiisusi ¢akisi vo mexaniki
enerjisi osasinda boru komarinin avvalindo vo sonunda axin istigamaoti iizro kondensat toplama
¢oninin qurasdirilmasi vo tutumdan avval {i¢liik, sonra dirsok qurasdirmagla yigici tutuma gedon
gaz axininin istiqamati doyisdirilir ayrilan mexaniki bork vo kondensat hissociklori ¢oki forqglorino
gora qaz axinindan tutumlara yigilir.

Acar sozlor: magistral boru komori, kondensat, mexaniki bork hissociklor, filtr, kondensat
toplama coni, s1xliq, mexaniki, kinetik vo potensial enerji.

HccaenoBanue TPAHCHOPTHPOBKH Tra3a M0 MAarucTpajbHbIM

ra3omnpoBoaam
A.H. I'yp6anos, U.3. Capaaposa, /I.P. Annes, C.b. HypmamenoBa-I'yceiinoBa

Aszepbatiodicanckuti  20cyoapcmeenHuvlll  yHugepcumem Hegpmu u  npomviunenHocmu (baky,
Asepbaiiodcan)

AHHOTaNus

Paznenenue KuIKuX U MEXaHUYECKUX TBEPABIX YACTHUI[ U3 TPAHCIIOPTUPYEMOTO ra3a u ux
OCaXJIeHHe B penbe(HBIX YIIyONeHUsX TpyOOmpoBOJAa MPUBOIAT K HAPYIICHUIO PETYISIPHOCTH
MOTOKA, YTO SBISAETCS TNPUYMHOM yMEHBIICHHS CpOKa CIyKObl TpyOompoBoma U
TEXHOJIOTHYECKOro 0bopynoBanus. Kpome Toro, KOHAEHCAT U MEXaHUYECKHE TBEPAbIE YaCTHUIIBI,
colep)Kalmecs: B rase, MoJaBaeMOM Ha NPEANpHUATHsS 00pabaThIBAOMICH MPOMBIILIEHHOCTH,
CO3/1al0T TPYAHOCTH TPH HOPMAJIBHOU JKCIUTyaTalldd TEXHOJOTHYECKOro oOopymoBaHUs. J[is
cernapaiui u cbopa KOHJIEHCATa M TBEPJBIX MEXaHWYECKUX YACTHUIl MPU TPAHCIIOPTUPOBKE rasza
HampaBlIeHUE TTOTOKA Ta3a B COOPHYIO €eMKOCTh M3MEHSIIOT MTyTeM YCTaHOBKU €MKOCTH Ui coopa
KOHJICHCaTa B Hadajlie M B KOHIIE TPyOOINpPOBOJa TO HANMPABJICHHIO TIOTOKA M YCTAaHOBKH
TpEyroJibHUKAa IEpel pPE3epByapoM, 3aTeéM KOJEHAa, OCHOBAHHOIO HA VYIEIbHOM BeCE U
MEXaHUYECKOW AHEPruu OTACISIOIMMNXCA MEXaHWYECKHUX YaCTHI[ TBEPJOTO Tejla M KOHJIEHCATa,
coOMpaeMbIX U3 Ta30BOTO MOTOKA B pe3epBYaphl 3a CUET PA3HUIIBI UX Beca.

KiroueBbie cioBa: MaFI/ICTpaJ'IBHHﬁ Tp}/'6OHpOBOI[, KOHACHCAT, MCXAaHUYCCKHC TBCPIABIC

JacTHIBI, (QUIBTP, €MKOCTh I cOopa KOHJICHCAra, IUIOTHOCTD,
MeXaHW4ecKasi, KHHETHUecKas U MOTeHIMaIbHAasl SHEPTUH.
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Introduction
Investigation of gas transportation in
pipelinesresult, the quantity of
mechanical solid particles, such as moisture
and dust, that are present in the gas that is
provided to the user through the main gas
pipeline occasionally exceeds the standard. In
order to capture moisture and mechanical solid
particles, filter separators are typically
positioned at the end of the belt, and their

main

performance is continuously tracked. There is
a lot of labor involved in cleaning and
replacing the separator's filter throughout the
course of the day, and there is also a risk of
environmental pollution and gas emissions up
to the separator's nominal volume at operating
pressure.

A portion of mechanical solid and
condensate particles that have been separated
during the transit of gas gather in depressions
along the pipeline's terrain. As a result, the gas
pipeline's throughput declines, hydraulic
resistance  pressure  losses flow
irregularities, vibrations, and hydraulic shocks
happen, and the pipeline's inner surface
experiences increased corrosion and erosion.

rise,

As a result, the gas pipeline is less durable and
has a shorter lifespan. The operation of control
measuring devices, adjustment
devices, and compressive compressors are
negatively impacted by mechanical solid and
condensate particles, which also increases

automatic

errors in gas consumption measuring devices
and decreases their reliability and durability
[1]. Condensate and mechanical solid particles
found in the gas supplied to major industrial
firms make it more difficult to regulate
technological operations and raise the
possibility of equipment failure before its
time.
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Setting the issue

Research have revealed that compared to
the end of the pipeline, the pressure of the gas
flow is higher and the speed is lower near the
entrance. In the depression zones of the
pipelines, a portion of the condensate and
solid particles are thus separated and gathered.
Condensate and mechanical solid particles in
the pipeline are removed more effectively
because of the increased gas flow velocity
near the belt's end. As the pressure gradually
decreases throughout the pipeline's length, the
which
causes the gas phase in the gas pipeline to

liquid phase gradually evaporates,

become moist. A portion of the liquid phase in
the gas pipeline transitions into the gas phase
due to the rise in moisture content of gases
under low pressure.

As it

determined that As a result of research, it was

a result of research, was
determined that Cz; Cs; Cs; Cs; found in gases
found in gases. In general, condensation
occurs when the sum of the densities of the
components is ) x >1, and condensation does
not occur when ) x<1 [2].

Sour gases (H2S and COz) in the gas
affect

parameters and ensure the maintenance of

significantly its  thermodynamic

humidity in the gas phase [3].

Solution methods

According to the normative document
it
recommended to install condensate collecting

"Main Pipeline Design Norms", is
capacities in depressions of gas pipelines in
order to check the presence of condensate and
release it. In this instance, the number of
condensate storage capacities likewise grows

as a result of the pipeline's increased length.
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Only the liquid and solid particles that have
settled at the bottom of the pipe are collected
in the condensate storage tanks during
installation; the majority of the liquid and
solid particles continue to move with the gas
flow due to the influence of aerodynamic
forces.

Liquid and solid particles of mass m
along the belt move with the gas flow at a
speed v and have a kinetic energy of mv?/2 [3].
Under normal conditions, the mass of the
liquid (condensate) is ~760kg/m>, the mass of
mechanical solid particles is 1200 kg/m?®, and
the mass of the gas component is =0.8 kg/m?.

The gas density at a given working
pressure and temperature is determined by the

following formula [4, 5]:

p _ pOZnTnpwork
work —
PnZwork Iwork

Right here p, — the density of a gas
under normal conditions, kg/m®; pyork —
working pressure, MPa; T,,,,x — working
temperature, K; T,, — normal temperature, 293
K; p, — normal pressure, p, =0.102 MPa;
are compressibility

Zns Zwork — gas

coefficients under normal and working
conditions. The pressure of gas transported by
main pipelines can be from 1.0 MPa to 9.0
MPa. When the working pressure is 1.0 MPa,
the gas density is ~8 kg/m®; At 9.0 MPa, it is
~70 kg/m?>.

In a short amount of time, the particles
of the gas component, mechanical solid, and
condensate all move through the pipeline's
cross section at roughly the same rates, while
having different masses, according to a

comparison of the kinetic energy of the
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particles. The kinetic energy of mechanical
solid and condensate particles will be greater
than the kinetic energy of gas components
because their mass is ten times more than that
of gas components. Due to the differences in
kinetic energy brought on by the weight of the
particles, it is necessary to install a condensate
collection capacity in the direction of the
movement flow as a continuation of the
pipeline in order to separate and collect the
mechanical solids and condensate particles
from the gas flow. By adding a tee and an end
elbow to the belt before the cap, the gas flow
is continued while the direction of the flow is
changed. In this situation, the condensate
storage capacity serves as a trap for both
condensate and mechanical solids particles.
Thus, mechanical solid particles of mb mass
and condensate particles of mk mass moving
with a acceleration will be separated from the
gas components by mba and mxa forces and
thrown into the condensate storage capacity,
and will sink to the bottom of the capacity due
to mpg and mkg gravities. Aerodynamic forces
are avoided and the separation of settled
mechanical solid and condensate particles is
guaranteed because the gas flow inside the
tank is not moving.

The major gas pipeline's proposed
technological layout is shown in Figure 1.
Condensate collection capacity were placed in
the beginning and end portions of the pipeline
as a continuation of the pipeline in order to
improve the quality indicators of the gas
provided to the consumer. By adding a tee and
then an elbow to the belt before the tanks, the
gas flow's direction was adjusted.
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Figure 1 — The proposed technological scheme of the gas pipeline. GPB — the beginning of the gas
pipeline; GPE - the end of the gas pipeline; CSC — condensate storage capacity; DC- drain capacity; RC -

release chamber; EC - ersingabulu camera; DL - discharge line; DP — drilling pipe
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Figure 2 — The scheme of the capacitor. A — gas inlet; B — gas outlet; C — outlet of condensate (80 mm); C
— reserve outlet of condensate (150 mm); D — reserve line (80 mm); F — output for the level indicator

(80mm); K — protective valve for pressure relief of the tank
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Discharge and intake chambers should be
constructed after the condensate storage
capacity at the beginning of the pipeline and
before the condensate storage capacity at the
end of the pipeline in order to remove
accumulated condensate and mechanical
particles in the interim segment. At various
intervals, releasing the arse from the start
should be done to clean the interior of the belt.

Figure 2 shows the diagram of the
condenser capacity. In accordance with the
requirements
"Safety rules for the operation of main gas
pipelines", control-measuring devices,
protective valves, appropriate connectors for
emptying the capacity and
condensate from the capacity are designed on
the capacity. Due to gas pressure, condensate

of the normative document

removing

that has accumulated in the condensate storage
capacity is collected and transferred to the
prescribed location for disposal in a tank truck
intended to transport oil products. Safety
regulations as outlined regulatory
documents must be adhered to when collecting
and transporting condensate from the tank.

in

The tank's condensate must be drained

throughout the day and in the absence of wind.

Conclusion

Condensate collection capacities must
be installed at the beginning and end of
pipelines in order to separate and collect
mechanical solids and condensate particles
from the gas stream due to differences in
kinetic energy from the gas flow in order to
improve the quality indicators of the gas
supplied to the consumer.

The belt is extended by adding a triple,
followed by an elbow, in front of the tanks.
This changes the direction of the gas flow to
the condensate collecting tank,
mechanical solid and condensate particles to
be separated from the gas flow and thrown

causing

into the tank due to their differences.
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Abstract

The article shows planned solutions for creating underground gas reservoirs in a porous
medium. Formulas for the volumes of produced and injected gas were obtained for each solution.
As pressure values change, the volume of stored gas will also change. In this case, the pressure in
the underground gas reservoir will vary from maximum to minimum depending on the operating
conditions of surface equipment and the minimum permissible flow rate of the gas well. There
are two types of underground gas storage in porous media: one is exhausted gas, and the other is
gas storage in oil fields and aquifers. The article defines the difference between residual, active,
buffer and maximum gas volumes in the design and operation of underground gas reservoirs.
During the creation and operation of reservoirs underground gas is also determined by the differ-
ence between the maximum, minimum and average permissible pressure. At the same time, tech-
nological calculation of the gas tank consists of finding connections between the main indicators
that correspond to the optimal, that is, the minimum reduced costs. All layers created in aquifers,
as well as layers created on the basis of depleted oil and gas fields, characterized by water-
pressure and elastic-pressure regimes, were also calculated taking into account the movement of
formation waters.

Keywords: underground gas storage facilities (UGS), waste gas, buffer gas, gas volume,
minimum and maximum pressure, compressor station (CS), reservoir pres-
sure, porous medium.

Submitted 27 March 2024
Published 24 September 2025

For citation:

O.A. Aliyeva, A.S. Aliyev

[Storage of Gas in Aquifers in Porous Media and Creation of Underground Gas Storage (UGS)]
Herald of the Azerbaijan Engineering Academy, 2025, vol. 17 (3), pp. 62-68

62



Azarbaycan Miihondislik Akademiyasinin Xoborlori Herald of the Azerbaijan Engineering Academy
2025, cild 17 (3), s. 62-68 2025, vol. 17 (3), pp. 62-68
0.90. Oliyeva, O.S. Oliyev O.A. Aliyeva, A.S. Aliyev

Masamoali muhitda sulu tabagoalorde qazin saxlamilmasi1 va yeralti qaz
anbarimin yaradilmasi
0.9. Bliyeval, 8.S. Oliyev?

'Azarbaycan Dovlat Neft va Sanaye Universiteti (Baki, Azarbaycan)
’Neftin, qazin geotexnoloji problemlari Vo kimya ETI (Baki, Azarbaycan)
Xulasa

Mogalodo masamali mihitdo yeraltt gqaz anbarlarinin yaradilmasinin planli sokildo halli yollari
gOstorilmisdir. Hor biri ¢ln ¢ixarilan vo vurulan gazin hacmi disturlart ¢ixarilmigdir. Tazyiglorin
giymatlorinin doyismasilo saxlanilan qazin hacm do doyisocokdir. Eyni zamanda yeralti qaz anbarinda
tozyiq yeriistii avadanliglarin is soraitindon vo gaz quyusunun minimum icaza verilon debitindon asihi
olarag maksimumdan minimuma goadar dayisir. Mogalods yeralti qaz anbarlarmin layihalondirilmasi vo
istismar1 zamani qaliq, aktiv, bufer vo maksimum gaz hacmlori arasindaki farq muayyoanlosdirilir. Yeralt:
qaz anbarlariin yaradilmasi vo istismari zamani hom do icazo verilon maksimum, minimum vo orta
tozyiglor arasinda forq toyin edilir. Eyni zamanda qaz anbarinin texnoloji hesablanmasi optimal, yani
minimum azaldilmig xarclors uygun olan oasas gostaricilor arasindaki olageni tapmaqgdan ibaratdir. Hom do
sulu laylarda yaradilan biitiin anbarlar, eloco do Su-tozyiq vo elastik-tozyiq rejimlori ilo sociyyalonan
tikonmis neft-qaz yataqlar1 osasinda yaradilan anbarlar lay sularmin harokoti nozoro alinmaqla
hesablanmigdir. Masamoli mihitlordo yaradilmig yeralti qaz anbarlart dovri olaraq istismar olunan siini
qaz yataqlari hesab edils bilor.
Acar sozlar: yeralt1 qaz anbarlar1 (YQA), tiikonmis gaz, aktiv gaz, buffer qazi, qaz hacmi, minimum

va maksimum tozyiglor, kompressor stansiyasi (KS), lay tozyiqi, masamoli mihit.

XpaHeHue ra3a B BOJOHOCHBbIX FOPU30HTAX B NMOPHUCTHIX CpeAax M CO3JaHUE
noa3eMHbIx xpanusuul rasa (IIXT)
O.A. AnneBa’, A.C. Aines?

LUsepbatioocancruii 2ocyoapemeennwiii yuusepcumem negpmu u npomviunennocmu (Baxy, Azepbaiioocan)
2HUU T'eomexnonozuueckue npobnemvl negpmu, 2aza u xumuu (Baxy, Azepbaiiocan)
AHHOTaIUA
B craThe mokaszaHbl MIaHUPYEMBIE PEIICHUS 10 CO3JIaHUI0 TOJ3EMHBIX PE3ePBYapOB ra3a B MOPH-
cToit cpene. st kaxk0ro pacTBopa moirydeHsl opMyITbl 00beMOB TOOBITOTO U 3aKadrBaeMoro raza. [Ipu
W3MCHEHUM 3HAUCHUI JABJICHUS MEHSICTCS U 00beM XpaHUMOro rasza. [Ipu 3TOM JaBiicHHE B MOJI3EMHOM
ra3oBOM IIacTe OyAeT M3MEHSThCS OT MaKCHUMAJIbHOIO JI0 MHHUMAJIBHOTO B 3aBUCUMOCTH OT YCIIOBHIA
paboOThl Ha3eMHOTO 00OPYJAOBAaHUS W MHUHHMAJBHO JOMYyCTUMOrO JeOWTa ra30BOM CKBaXHMHBL. B craThe
OTIPEICIICHO PA3JIMYNE MEXK]Iy OCTATOUYHBIM, AKTUBHBIM, Oy(DEepPHBIM 1 MaKCHUMaJIbHBIM 00bEMaMH Ta3a Mpu
MPOEKTUPOBAHUHM M HKCIUTyaTalluy TOJ3EMHBIX Ta30BBIX pe3epByapoB. Ilpm co3maHnu M SKCIUTyaTaIuu
pe3epByapoB MOA3EMHBIN I'a3 ONPEACISICTCS TaK)Ke Pa3HHUIICH MEXAy MaKCUMaJbHBIM, MHHUMAJIbHBIM U
CPeIHUM JIOIYCTUMBIM JIaBJicHHEeM. Bce TI1acThl, Co3/IJaHHbIE B BOJIOHOCHBIX TOPU30HTAX, & TAKXKE IJIACTHI,
CO3/1aHHbIC Ha 0a3¢ MCTOMICHHBIX MECTOPOXKICHUM HEPTH U Ta3a, XapaKTEPU3YIOIIUECS BOIOHAIOPHBIM U
YIPYTO-HAMIOPHBIM PEKUMAMHU, ObUIH PACCUMTAHBI C YUETOM JBHIKECHUS TIACTOBBIX BO/I.
KiroueBnle ciioBa: nonzeMHbie xpanmnuina raza (I1XI7), orxomsamue rassl, OydepHslit ra3, 00bemM
raza, MUHUMaJbHO€ M MaKCHMaJbHOE [aBJCHHE, KOMIIPECCOPHAs CTaHIUS
(KC), mnactoBoe naBiieHue, MOPUCTAst Cpea.
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Giris

Mogalods yeralti qaz anbarlarinin
layihalondirilmoasi vo istismar1 zamani galiq,
aktiv, bufer vo maksimum qaz hacmlori
arasinda  forgin  goyulmasi  moasalasine
baxilmisdir. Tohlil asagidaki kimi aparilir:

Qaliq - anbara vurulmaga baslamazdan
avval yatagda olan minimum gazin miqgdaridir.

Aktiv - hor il ¢ixarilan vo vurulan qazin
hocmi asagidak: dusturla miisyyon edilir:

P, —P
Q3aK"I = Q—uHH

max
Zcp pcm
Burada Q—mosamo sahasinin hacmi; p,,., Vo

1)

Do maksimum vo minimum saxlama

tozyiqi; p,, — atmosfer tozyiqi; z_ - orta

p
gazin supersixilma omsalidir.
Bufer - yeralu qaz
cixarilmayan, lakin qazin satha verilmasi tgun
mulayyan minimum tozyiqin saxlanmasi, lay

anbarindan

suyunun anbara daxil olmasmin qarsisin
almag va s. liclin zoruri olan gazin hacmidir:

p,mm
Qpp = Q" ()

Zcppam
Limit anbarda yerlosdirilo bilon gazin
maksimum miqdaridir:

Qe = Q- Fe

Panlep

Yeralti qaz anbarlarinin yaradilmasi vo

istismari zamant hom do icazo verilon

maksimum, minimum vo orta tozyiglor
arasinda farg qoyulur.

(3)

Isin magsadi

Maksimum icazo verilon tozyiq, lay
Ortilyliniin  (daminin) qorunub saxlanilmasi
sorti osasinda saxlama anbarinda icazo verilo
bilon an ylksok tozyiqidir. Anbarin yaradildigi
layda tozyiq no Qgodor yilksok olarsa, orada
saxlanila bilon gazin miqdar1 bir o godar ¢ox
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olar. Bununla bels, tozyiq haddindon artiq
artarsa, rezervuarin daminin sixhigr pozula
bilor vo qazin yuxaridaki tobagoslore vo ya
Sotho sizmasi {iglin sorait yaradilacaqdir [1].
Bunun qarsisint almaq tglin layda icazo
verilon maksimum tozyigin Ustdo yerlogon
stixurlarin tozyiqindon bir godor az oldugu
gobul edilir (suxur tazyiqi):
Proon-<(06-07)p,, (4

Maksimum texniki-igtisadi hesablamalar
osasinda miioyyon edilmis Vo qazin aktiv
hacmina uygun galon tozyiqdir.

Minimum tozyiq texniki-igtisadi
hesablamalar osasinda miioyyon edilmis vo
saxlanilan qazin bufer hocmino uygun golon
tozyiqdir.

Q@’d’ — p MUH
Qarcm p max _'p MuH

Anbarda orta tozyiq ifadodon muayyan
edilir:

()

Py =7y P(todt) (6)
burada T- bir ilo barabor vo ya bir ildon gox
olan vaxtdir; to — baslangic sortdir.

Belaliklo, yeralti anbarda tozyiq yeristl
avadanlhiglarin is soraitindon va gaz quyusunun
minimum icaza verilon debitindon asili olaraq
maksimumdan minimuma gadar doayigacokdir.

Belo qaz anbarlarinin yaradilmasi vo
istismari osas  cotinliklordon  biri
doyison sixilma nisboti olan kompressorlarin
istismarti

zamani

zamani boylk ¢evikliyin tomin
edilmosi  zorurotidir. Tipik olaragq, qaz
muhorriki  pistonlu  kompressorlar istifads
olunur. Muoyyan sayda kompressorlardan
istifado etmok tovsiys olunur, onlar ardicil vo
ya paralel baglana bilor [2].

Yeralti gaz anbarmin texnoloji layihasi
elo olmalidir ki, anbara qazin vurulmasi vo
¢ixarilmasi tomin edilsin. Bu zaman vurulan
Vo cokilon qazin torkibino, tozyigine vo
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temperaturuna dair zoruri

yetirilmalidir.

toloblor  yerino

Isin yerina yetirilmasi

Yeraltt gaz anbarlarindan birinin blok
diagrami Sakilda gostarilmisdir. Qaz yataginin
anbara cevrilmosi layihasinin  yaradilmasi
ucun tolob olunan ilkin molumatlar: iki qrupa
bolmak olar. Birincisi, anbarin yaradildigi ob-
yektin xususiyyatlori (orografiya, iglim, geolo-
giya) hagqinda molumatdir. Ikincisi, yatagin
islonmosi zamani istifados olunan texnologiya
vo avadanliglar, eloco do iqtisadi gostaricilor
hagqinda molumatlardir [3].

Texnoloji molumatlar dedikds sozlge-
don yatagin islonmasi, ilkin gaz ehtiyatlari, qa-
zin ¢ixarilmasi rejimi, tozyiq dinamikasi, lay
suyunun harokati, quyularin suvarilmasi, yani
yatagin islonmasinin tohlili vo davranisin
prognozlasdirilmasi tigiin asas olan gostaricilor
aid edilir. Bu voziyyotdo, depozit rejimini vo
onun uUsttndaki sin sixligimin doaracasini qiy-
motlondirmoys imkan veron materiallara xusu-
si diggot yetirmok lazimdir [4].

Texniki molumata yataglarin islonmosi
sxemi, avadanligin voziyyati, avadanhiq vo
qurgularin xisusiyyatlori hagqinda malumatlar
daxildir. Baxilan arazido gazilan quyularin bii-
tln ehtiyatinin yeri, dizayn1 vo xUsusilo texni-
ki voziyysti hagqnda materiallar an boyuk
ohomiyyat kasb edir.

Ogor tikonmis neft vo ya neft-qaz yatagi
asasida anbarin yaradilmasi nozords tutulur-
sa, 0 zaman neftin torkibi, gqaliq gaz, neft va su
ilo doyma, gaz faktorlar1 vo digor miqgdarlar
hagqinda molumat almaq lazimdir. Anbarin
yaradilmasi va istismari zamani yaranacaq ga-
liq neft vo gazin qarsiliglt tosirini filtrasiya
proseslorini vo mayenin faza davranisini qiy-
motlondirmok noqgteyi-nozorindon nazardan
kecirmok olar [5].
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Iqtisadi molumatlara baxilan rayonun
gaz istehlaki rejimi, gazin dayari vo onun qiy-
moti, arxa yanacagin doyori, bufer istehlakgi-
larinin olmasi, istifads olunan yanacagin nov-
lori, gazma vo quyularin tikintisi xarclori vo s.
kapital goyuluslarinin vo masroflorin gaz an-
barinin miayyan edildiyi géstaricilor, hamgi-
nin gaza talobatin moévsumi toraddidlorinin
Odoanilmasinin muxtalif Gsullariin migayiss-
sina osaslanir.

Ogor boyik gaz istehlakg¢isinin yaxin-
liginda asanligla anbara cevrils bilon tikonmis
neft vo gaz yataglari yoxdursa, gazin saxlan-
mast {igiin sulu gatlardan istifade olunur. Bu
halda layin kifayat qodar kegiriciliyi, masamo-
liliyi, galinlig1 vo elastiklik gabiliyyati olmali-
dir; qazin st ¢okuntilors nufuz etmosino ma-
ne olan six stixurlarla érttlmalidir. Layda tolo-
nin do olmasi lazimdir (geoloji soraitds su ilo
dostoklonan gaz gabarciginin layda geyri-mah-
dud muddat arzindos sabit vaziyystds gala bilo-
cayi).

Saxlama uUgln gaz yuxar1 gqaldiriima
taginda yerloson quyular vasitasilo tosvir olu-
nan xususiyyatlora malik olan sulu tabagays
vurulur. Bu halda tozyiq rezervuar tozyigindan
artiq olmalidir. Qaz kollektorun masamalorino
nifuz edir vo suyu oradan ¢ixarir, su ilo das-
toklanir, talonin yuxar: hissasini tutur. Quyuda
tozyiq azaldiqda gaz saths axir [6].

Anbar bir negs ildir gazla doldurulur,
buna gora do dovri is rejimina ke¢gmozdon ov-
val onun istismarina baglamaq, har mévsimda
¢okilondan bir gadar bdylk hocmds gaz vur-
maq maslohot goralir.

Qaz anbarmin texnoloji hesablanmasi
optimal, yani minimum azaldilmis xorclora
uygun olan asas gostaricilor arasindaki alagani
tapmaqdan ibaratdir.

Bu gostaricilor asagidakilardir: sistemin
asas komponentlorinds lay - quyu - hidravlik
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sindirma stansiyast (HSS) - qaz komori vo
anbarmn istismar1 zamani onun doyismasi;
quyular Uzro gaz sorfi vo anbarin istismari
zamani onun doyismasSi-qazin aktiv vo bufer
hacmlori; KS-nin glcl; -hazir kommuni-
kasiyalarin diametri vo uzunlugu, yeriisti
avadanligin (kompressorlar, separatorlar, qaz
qurutma qurgulart vo S.) SXemi Vo 9sas
parametrlori; hasilat, miisahido vo miisahido
quyulariin dibinin layihalondirilmasi,
avadanhigi va s. [7].

Bu gostaricilor asagidakilardir: sistemin
asas komponentlarinds lay - quyu - hidravlik
sindirma stansiyasi (HSS) - gaz komari vo
anbarmn istismari zamani onun doyismasi;
quyular Uzro gaz sorfi vo anbarin istismari
zamani onun doyismosi-qazin aktiv vao bufer
hocmlori; KS-nin giicii; hazir kommunika-
siyalarin  diametri vo uzunlugu, yeriistii
avadanligin (kompressorlar, separatorlar, qaz
qurutma qurgulart vo S.) SXemi Vo 92sas
parametrlori; hasilat, miisahido vo miisahido
quyularinin  dibinin layihalondirilmasi  vo
avadanlig [8].

Qaz anbarinin togkili sxemloari XUsusi
sortlordon asili olaraq ¢ox miixtolifdir.
Umumiyyotlo, on ¢ox yayilmis halda, qaz
tochizati boru komari, kompressor stansiyasi,
gaz paylama montogosi, sleyflorin radial
sistemi, hasilat quyular1 vo anbar daxildir.

Yeralti qaz anbarinin toskili, eloco do
tikonmis istifado zamani orada
qurasdirtlmis avadanligin xiisusiyyatlori kéhna
avadanhglarin  vaziyystindon vo obyektin
geoloji va istismar soraitindon asilidir [9].

Saxlamanin togkili diagramina (sokil)

laylarin

osason, magistral gaz komorindon 1 qaz
tochizatt manifoldu vasitasilo kompressor
stansiyasina 2 daxil  olur,  avvallor

skrubberlords 3 tomizlonir. Qaz kamarinda
tozyiq Kkifayat godor yiiksakdirss, kompressor
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gaz vurularkon stansiyadan istifado edilo

bilmaz. Sixilmis isti qaz seperatorlarda 4
5

neftdon tomizlonir, soyuducu qillads
soyudulur vo neft separatorlarindan 6 kegir.

9

[
P

QRP

107 I

Quyuda

Sakil — Saxlama qurgusunun is rejiminin miiayyan
edilmasi

Figure — Determining the mode of operation of
the storage device

Qazi tomizlonmasina ¢ox diqgst yetiril-
molidir. Qazda toz, skala vo neft hisso-
ciklorinin olmasi dib zonasinin tixanmasina vo
quyunun inyeksiya gabiliyyatinin azalmasina
sabab olur. Bunu nozaro alarag, sxemo tez-tez
yag ayiricilarindan  olave,  yagin
¢ixarilmasi ti¢lin karbon adsorberlari vo kdmur
tozunu tutan keramika filtrlori daxildir [10].

Kollektor 7 vasitosilo tomizlonmis qaz
hidravlik qirilma {iglin gaz paylama moanto-
gosino  verilir, burada quyular arasinda
paylanir vo debitometrlorlo 6lcilir. Hidravlik
sindirma qurgusu kompressor stansiyasinin
(KS) orazisindo vo ondan ohomiyyatli
mosafada yerlogo bilor [11].

Anbarda gaz paylama sistemi adoton
radial sokildo hoayata kegcirilir. Kompressorlar
dayandirildigda gazin geri axmasinin qarsisini
almagq ligiin yoxlama klapanlar1 quragdirilir

Qaz anbardan goturuldukds birinci
morholo separatoruna gondarilir, burada damci
su vo bark hissociklor ayrilir, daha sonra qaz
komori sisteminin tozyiginds isloyan ikinci

tam
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morhalo separatoruna daxil olur. Bundan sonra
gaz bir debitometrdon, yoxlama klapanindan
kecir vo manifolda 10 daxil olur, qurutma
qurgusuna 8 aparir. Qurudugdan sonra qaz
axmi timumi debitometr 9 ilo Ol¢ullr, sonra
gaz tachizati qaz kamorina daxil olur.

Sistemin asag1 tozyiqli hissesinds tozyi-
gin gabuledilmaz artmasi halinda manifold 10-
da tohlukasizlik klapan quragdirilir.

Hidrat formalasmasi ilo mibarizo apar-
maq Ucln gaz yataqlarinin istismari zamant
oldugu kimi eyni todbirlor gorulr.

Qaz anbardan kompressor stansiya-
sindan  istifado  edilorok  gotirllarss,
tomizlondikdon vo sixildigdan sonra qurutma
qurgusuna, sonra iso todarik gaz komorino
verilir.

Sulu laylarda yaradilan biitiin anbarlari,
eloco do su-tozyiq vo elastik-tozyiq rejimlori
ilo saciyyolonon tikonmis neft-qaz yataqglari
osasinda yaradilan anbarlar hotta su lay sula-
rinin  harokati  nozoro alinmaqla hesablan-
malidir [12].

Aktiv lay sulart olan gaz anbarmin
dayanigli isloamasinin asas sorti alagoe ilo ifads
olunur:

PT J P30 =0 @)

burada p,, -laydaki tozyiqdir, gaz-su interfey-

sinin orta saviyyasins endirilir;
T bir ilo boarabordir vo ya bir ilin
qatlandir.
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(7) ifadasinin monasi ondan ibaratdir ki,
dovriyyslorin saymin qatt olan bir miiddot
orzindo saxlama anbarinda vaxtla c¢okilmis
orta tozyiq qaz-su interfeysino endirilon
laydaka ilkin tozyige borabar olmalidir .

Natica

Belaliklo, agar anbarda orta tozyiq daha
yuksokdirsa, zaman kecdikco gaz lay suyunu
italoyarok vo tolodon konara ¢ixa bilor. Orta
tozyiq daha az olarsa, su tadrican biitiin anbari
dolduracaqdir.

Masamali laylarda yaradilmis yeralt1 qaz
anbarlarin1 dovri olaraq istismar olunan siini
qaz yataqlar1 hesab etmok olar.

Saxlama  anbarmin  tsiklik  iginin
hesablanmasi osas texnoloji gostoricilorin -
anbarda minimum p,, Ve maksimum p .

tozyiqginin, aktiv Q vo bufer Q,, Vo

akm

Vo minimum

max

muioayyan edilmasindan ibaratdir.

hacmlarinin, maksimum Q
Q

MUH

Soth strukturlar1 sistemindo maksimum
tozyiqglorin doyorlorini do muoyyan etmok
lazimdir. Eyni zamanda masamali mihitlords

yeraltt qaz anbarlarinin yaradilmasi lay
sularinin harokati nazara alinmagqla
hesablanmalidir.

Maragqlar miinaqisasi

Miuolliflor bu moqalods arasdirilmasi
tolob olunan maraglar miinaqisesinin olmadi-
gin1 qeyd edirlar.
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Abstract

The purpose of using hydro-mechanization in the mining industry is to ensure the crushing
of large parts of the rock mass and solid phase to sizes suitable for hydraulic transportation condi-
tions. This process requires the creation of sufficient pressure in the water flow. Therefore, the
required pressure and water flow rate must be determined in advance. For this purpose, various
mathematical models were analyzed to determine the parameters, relevant research studies were
studied, and the most realistic ones were selected from the results. Practical calculations were
carried out to determine the parameters, and graphs were drawn up based on the results. The re-
sults obtained allow determining the pressure and flow rate required to crush the rock to the re-
quired size.
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Hidrodinamik tazyiqin tasiri altinda siixurlarin dagilmasi proseslarinin
oyranilmasi

X.E. 9liyarova
Azarbaycan Dovlat Neft va Sanaye Universiteti (Baki, Azarbaycan)

Xulasa

Dag-moadon sonayesinds hidromexanizasiyadan istifadonin magsadi stxur kutlesinin va
bork fazanmn iri hissolorinin hidravlik daginma soraitino uygun 6lgiiloro gadar ozilmasini tomin
etmokdir. Bu prosesds su axininda kifayat godar tozyiqin yaradilmasi talob olunur. Buna gors do,
tolob olunan tozyiq vo su aximin siirati ovvalcadon mioayyan edilmalidir. Bu magsadls,
parametrlorin toyin olunmasi tigtin miixtalif riyazi modellor tohlil edilmis, miivafiq tadqiqat islori
Oyronilmis vo naticolordon on real olanlart secilmigdir. Parametrlorin mioayyan edilmasi Ugln
praktiki hesablamalar aparilmis vo naticalor asasinda grafiklor tortib edilmisdir. Alinan naticalor
stixurun lazimi 6l¢iido ozilmasi Uglin talob olunan tazyiq v axin siiratini miiayyan etmays imkan
VErIr.

Acar sozlar: dag silsilasi, hidravlik nogliyyat, hidromonitor, tazyiq, slrat, su axini.

HccaenoBanue npoueccoB pa3pyuieHUus TOPHBIX MOPO/ MO AeHCTBUEM THIPO-
JTUHAMHUYECKOT0 1aBJICHUSA
X.2. AnusipoBa

A3zepbaiiodcanckuii 20Cy0apcmeenHblil YHusepcumem Hegpmu u npoMbluLIeHHOCMU
(baky, Azepbatioxcan)

AHHOTAUA

[enpro MpUMEHEHUS THAPOMEXaHU3AIMH B TOPHOI0OBIBAIOIICH TIPOMBIIINICHHOCTH SIBJISICT-
cs1 obecriedeHne QpoOIeHUs] KPYITHBIX YaCTeil TOPHOI Macchl U TBEPIOH (a3bl 10 pa3MepoB, IpHU-
TOJHBIX JUISL YCTIOBUM THIPABIMYECKOTO TPAHCIIOPTUPOBaHHMs. J[Jist 5TOro mporiecca HeoOXoIuMo
CO3/aTh JIOCTATOYHOE JABJICHWE B TOTOKE BOABI. [lo3TOMYy HE0OXOIMMO 3apaHee OIpeNeiTUTh
HE00X0AMMOE AaBJICHUE U pacxo]l Boabl. JIJist 3TOro ObLIN MPOaHAIM3UPOBAHBI PA3JIMUHbBIE MaTe-
MaTUYECKHE MOJICNIU JJIsi ONpEACIICHUs] TapaMeTPOB, U3yUYeHbl COOTBETCTBYIOIINE HAYUYHBIE UC-
CJIEZIOBAHMS | TIO0 pe3yibTaTaM BeIOpaHbl Hanboyiee peanucThuuHbie. /[ onpeaenenus mapamer-
POB OBLIM MPOBEACHBI MPAKTHYECKUE PACUETHI, IO Pe3yJIbTaTaM KOTOPBIX MOCTPOCHBI TpaduKy.
[TomyueHHbIE Pe3yIBTATHI TO3BOJISIOT ONMPEASTUTh JaBICHUE U PACX0l, HEOOXOAMMBIE IS IPO0-
JIEHUSI TOPHOM TIOPOJIBI 10 TPEOYEMBIX pa3MEPOB.

KiroueBsbie ciioBa: TOpPHBII MacCHUB, TUAPOTPAHCIIOPT, TUAPOMOHUTOP, 1ABJIEHUE, CKOPOCTb,
BOJIHASI CTPYHA.
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BBenenue

lenpt0 ruapOMEXaHU3ANHN  SIBIISIECTCS
CO3/7IaHME aBIIEHUSI BOAHOIO MOTOKA, HEO0XO-
JUMOTO ISl WM3MEJIbUCHHsI TaOapUTHBIX 4Ya-
CTell TOpHOM Macchl U TBEPIOM ¢asbl 10 pas-
MEpOB, COOTBETCTBYIOIINX TPEOOBAHUSM TH/I-
PaBJIMYECKOT0 TPAHCIOpPTa. JTO OCYIIECTBIIS-
€TCSl C MOMOUIBI0 Pa3IUYHBIX YCTPOMCTB, Ta-
KHX KaK THAPOMOHHUTOPBI.

[lo cBoemy cocTaBy MHOTOK, CO3/JaBae-
MBIN TUJIPOMOHUTOPOM, COCTOMUT U3 TPEX 30H.
B mepBoii 30He MOTOK 00J1aja€T BBICOKOM
IJIOTHOCTBHIO ¥ 3HAYUTEIBHBIM JUHAMUYECKUM
naBieHueM. BceriencTBue pe3koro M3MEHEHHS
JIaBJICHUA B BOJSHOM IIOTOKE IPOUCXOIUT
OTJ/IeJICHHE ITYy3BIPHKOB BO3ayXa. BTopas 30Ha
MpesICTaBIseT co00i cMech My3BIPHKOB JKH/I-
KOCTH UM BO3ayxa. B TpeTbel 30HE IOTOK CO-
CTOUT U3 OTHEJbHBIX (PParMEHTHUPOBAHHBIX
CTPYH U MEJIKMX Kameib BOJAbI, ABUKYILIHUXCS B
BO3AYIIHOU cpelie.

Bo/iHBII1 TOTOK YCIOBHO JIETUTCS HA TPU
yJacTKa:

1. Yuacrok ¢opmMupoBaHusi CTpyHm —
PaCIoJIOKEH HEMOCPECTBEHHO Yy COIUla THI-
POMOHHTOpPA. 37€Ch TOTOK BOJIBI €€ COoXpa-
HSET KOMIIAKTHOCTh, HMMEET HauOOIBIIYIO
IJIOTHOCTh W BBICOKOE JTMHAMHYECKOE IaBJie-
Hue. Ha 3ToM sTame sHeprus moToKka MakcCH-
MajibHa, U OH CIOCOOEH pa3pyliaTh MPOYHBIC
MOPO/IBI.

2. Y4yacTok pacnajia CTpyM — Ha 3TOM
y4acTKe BCJICJICTBHE B3aMMOJICUCTBHUS C BO3-
JIyXOM W BHYTPEHHHUX TypOYyJIEHTHBIX Mpolec-
COB CTpysl HAaUMHAET pacnanarbes. Boga cme-
[IMBAETCSI C BO3yXOM, 00pa3zyloTCs My3bIpb-
KM, W HaOJI0JIaeTCd YaCTHUYHOE CHIKECHHE
IJIOTHOCTH TOTOKA. JlaBieHWE yMeHbIIaeTcs,
HO COXpaHSETCs JOCTaTOYHAs KUHETUYECKas
SHEPTUS ISl BBITIOJHEHUS TEXHOJIOTHYECKUX
3ajad.

3. YuacTok JAucCHeprupoBaHus
CTpysl OKOHYATENhHO paclagaeTcsl Ha Karuld
pasznudHOrO pasmepa u Qparmentsl. [loTok
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pUOOpETaeT a3pPO30TIbHBINA XapaKTep U TepsIeT
CIOCOOHOCTh K aKTUBHOMY pa3zpyiieHuto. Of-
HAKO JaX€ Ha JTOM JTale OH MOXET OBITh
MIOJIC3CH, HApUMEp, I OPOIICHUS WA TIPO-
MBIBKH.

Takoe neneHue BOISHOTO IMOTOKA MO3-
BOJISIET 0O0JIe€ TOYHO PacCUUTHIBATh dPhek-
TUBHOCTh THIPOMOHHTOPHON CTPyH Ha pas-
JUYHBIX PACCTOSHUSX W KOPPEKTUPOBATH Ila-
pameTpbl paboThl 000pYAOBaHUS B 3aBHCHMO-
CTH OT TMIOCTaBJICHHBIX 3a/1a4.

JlnivHa paGouell 4acTW MOTOKa 3aBHCHUT
OT KOHCTPYKIHUU THIPOMOHHTOPA U OOBIYHO
coctaBisieT 350 — 450 nuameTpoB HacCaIKH
[1].

UYToOB! yCHIIUTH TIOTOK BOJABI B KaHAJIaX
THJIPOMOHUTOPA, UM MPUAAIOT MaKCHUMAaJbHO
MIAIKYI0 U OKpyriyio (opmy. s ymydiie-
HUsl (popmHpoBaHUS CTpyu U €€ ruapomexa-
HUYECKUX XapaKTEPUCTHK B THAPOMOHUTOPAX
UCIIOJNIBL3YIOTCSL  CIICIUATb-HbIC CTaOWITH3UPY-
o1Me ycTpoictsa (puc. 1).

Pucynox 1 — HakoHeYHHK ¢ OIMHAPHBIM BBIPE30M
U €ro yIUIOTHEHHE B rHe3ne: | - ycrmokauBaromui
HaKOHEYHHUK, 2 - YINIOTHEHUE, 3 - 3a)KUMHAsI ralika
Figure 1 — Single-notch tip and its seal in the
socket: 1 - soothing tip, 2 - seal, 3 - clamping nut

[IpumeHeHne Takux CTaOMIM3aTOPOB
MO3BOJIACT 3HAYUTCIIBHO YBCIWYHUTH OAUHAMMU-
4ecKoe JaBlieHHe rmoToka.Hakoneunuk ¢op-
CYHKH THIAPOMOHHTOpPA 00ECIEYHBACT MOJTHOE
(dhopMHUpOBaHKE BOJSHOTO MTOTOKA (Tab. 1).
OntumanbHass KOHCTPYKIUSA CTPYHHOTO
HAKOHEYHHKA CIOCOOCTBYET  YBEITUYCHHUIO
0CEBOr0 IMHAMHYECKOro aasiieHud Ha 14 %.
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Korna HampspkeHHe B ONpPENENEHHOM TOYKe
TOPHOM TOPOABI INPEBBIIACT Mpenen e€ ym-
pYrocTd, IPOUCXOAUT JAerpajauus I[OPOIbI

[2].

Ta6auna 1 — Pa3zmepsl HaKOHEYHUKOB (HOPCYHOK
Table 1 — Dimensions of injector tips

Huametrp |Konuuec Amana up- OOmas -
Ny TUHApAYEC-

HaKOHEY- KUK N Ha JuaMeTpa
KOH 4JacTH,

HUKa, MM | YTOJI, Tp. M CTPYyH, MM
185 10,5 320 730
140 8,5 310 718
150 7,2 300 700
160 6,0 295 682
165 5,7 290 645
175 50 285 575

ITocTranoBka 3agaun

[To MHEHHIO CIIEIMATMCTOB, MTPH MAJIBIX
CKOpPOCTSIX TOTOKAa INPOMBIBKAa HEBO3MOXKHA.
Ilo mepe yBenHueHHs CKOPOCTH IIOTOKA [0
OIpe/IeIEHHOr0 ONTHUMAJIbHOIO 3HAYEHUS HH-
TEHCHBHOCTH NPOMBIBKH CHayajia BO3PaCTaeT,
a 3aTeM M3MCHEHHsI CTAHOBSITCS HE3HAUUTEIb-
HBIMU.

MexaHU3M  TPOMBIBKH  OOBSICHSIETCS
cleyomuM o0pa3oM: mHoJ JeHcTBUEM KOH-
TaKTHBIX CHJI TPOUCXOJUT CMEIINBAHHUE CIIOEB
TOPHBIX TOPOJ, MOCJE YEro OHM OMBIBAIOTCS
Bono# [3]. IloTok Boxbl pa3pymiaer MoBEpPX-
HOCTh TOPHOH MOPOJIBI; BOJA, TPOHHUKAS B TIO-
pBI, BO3JCHCTBYET Ha BHYTPEHHIOIO CTPYKTY-
Py, OCOOEHHO B MeECTax CONPUKOCHOBEHUS
IOTOKa ¢ JHOM. B pesynbrare paspyuiaercs
BHYTPEHHSISI CTPYKTYpa MOPOJBI U U3MEHSIOT-
csi e€ (Qu3mueckue CBOMCTBA. 3aTeM MOpoja
JIOTIOJTHUTEIPHO OMBIBAETCS MOCTYyMAroIen
cTpy€it BomsI [5].

IIpu pacuerte mporecca BblleIadYMBaHUS
ObUT pa3paboTaH MeTO/a pacuera (UIBTpaIU-
OHHOTI'0 TMOTOKA B MOpOJie BOJU3U TOYKU BO3-
JIeMCTBUS TIOTOKA THIPOMOHHUTOPA.

Jlns onpeneneHnss KOHTAKTHOTO YCHIIHS
B MacCHBE TOPHBIX MHOPOA, O0OYCIOBIECHHOTO
COIIPOTHBIIEHUEM OTPBIBY €r0 YacTHI[ C BO-
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JI0iA, uMeeM opMyITy:
T .
— = RI
14

I7ie T — TAKTHILHOE HaNpsKeHUe, KT / cM2; y —
o0BeMHas macca Bomsl, kT / M°; R — TUpPAB-
auueckuil pamuyce, M; | — ruppaBnudeckuit
YKJIOH.

Bo Bpems HaOmofeHHs 3a MPOIECCOM
pa3pyleHusi TOPHBIX MOPOJ MOJ BO3/IEHCTBH-
€M [aBJCHHS II0TOKa BBIABICHO, YTO IIPH
CHJIBHOM YyZape HOpOJbl MOJBEPraroTcs clie-
IYIOIIUM BO3JCUCTBHSIM: MeXAHUYeCKoe pas3-
pyuienue noo  Oeucmeuem  OUHAMUYECKUX
HA2pY30K;, 2UOPOOUHAMUYECKOEe pa3pYuieHue
ecredcmaue KOMIPecCUOHHO20 NOMOKA, 8IS
HUe KOHMAKMHLIX HANPAICEHUll, HAanpsice-
HUSL, BbI36AHHbIE HACHIUWEHUEM NOPOObL BOOOIL.

Taxke BO3MOXHO DPAacCTBOPEHHE COJIEH,
COJIEPKAIUXCS B TIOPOJIC.

Pemienue 3agaun

Ha >¢dexTuBHOCTE MPOMBIBKH OKa3bl-
BalOT JiSies BIIMSTHUE ¢buzuKo-
MEXaHUYECKUE CBOWCTBA TOPHBIX MOPOJA: KO-
3¢ PUIMEeHT GUIbTpalnH, TeTporpadudecKuit
U TPaHyJIOMETPUUYECKUI CcOCTaB, MOPHUCTOCTS,
IUIACTUYHOCTh, BJIAXKHOCTh U KO3 QUIMEHT
cueruieHus. ['muHel ¢ ManbiM ko3¢ uiineHToM
¢uIbTpanuu 1 OJIM3KOPOJICTBEHHbIE YACTHIIBI
00TajaloT 3HAYUTEIBHBIM COMPOTUBICHUEM
BOJIOTIOTJIOLIEHHIO B MACCUB U OTHOCHUTENIBHO
c1abo CMBIBAIOTCS BOJOH, MPHU 3TOM 3P PeKT
NIPOMBIBKH OY€Hb He3HauHTeNeH. Pazpymenne
[JIMHUCTBIX TIOPOJ 3aBUCHT OT IOPUCTOCTH,
IJTACTUYHOCTH M CHUIIBI CLICTUICHUS [6].

VY CTaHOBIIEHO, YTO MPHU MPOMBIBKE MecC-
YaHUKOB (P (PEKTUBHOCTh MPOMBIBKU YBEIHU-
YHMBAETCS] C POCTOM MX BJIAKHOCTH M MIOPUCTO-
CTH, a TaKXXe€ C yMEHBIIEHHEM pa3Mepa Ya-
ctuil. Ha puc. 2 npuseaén rpaduk 3aBHUCHUMO-
CTH YJEJIBHOTO pacxoja BOJbI, pacxoja M
YAEITBHOTO JABJICHUS Ul TOPOJ] C PA3IUIHBI-
MU KO3(PPUITUEHTAMH CLETUICHHUS.
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PucyHok 2 — YaenbHbIN pacxol BOABI HA MOMYT-
HBIC ITOPOABI, JaBJICHUEC U pacXod I10JI€Ta 3aBUCH-
MOCTb CKOPOCTH

Figure 2 — Specific water consumption for associ-
ated rocks, pressure and flow rate dependence of
flight speed

B Tabn. 2 mpuBeneH pacxol BOABI Ha
MPOMBIBKY 1 M TOPHBIX MOPOJ] C Pa3HBIM I0-

Ka3aTcJIEM CLCIIJICHUA.

Taoauna 2 — Biugnoue cuiabl CHEIUICHAS Ha
yZ[CJ'IBHBIfI pacxoa BOAbL

Table 2 — Effect of adhesion force on specific
water consumption

Hazpanus [ena Pacx3oz[ BOJIbI HA
MHHEpPaJIoB crenicHus, M3 HOpoIBI,
Kr / cm? M3/ M3
Cﬁiﬁfn 0,351 5-10
MacCIsTHUCTBI 0,385 10=12
¢ 0,441 14-20
[JIMHBI

OT kadecTBa MpPOBEJIECHHBIX OpraHU3a-
[IMOHHBIX PabOT M MPaBUIBLHOTO PaCIOJIOKe-
HUS TMIPOMOHHUTOpA Ha MECTE YCTyIa 3aBU-
CUT S(QQPEKTUBHOCTh pa3pylIEHUs TOPHBIX
nopoJ B MaccuBe. Ha ocHOBaHMM ycTOWYMBO-
CTH OTKOCA IPHU NPOMBIBAHWUU IOPOJA M JlaH-
HBIX 3KcnepumenTa mpodeccop I.A. Hypok
[4] mpemnoxun cieayromue (HopMyJIbl Ui
ornpezesieHus ITyOruHbI KOTJIOBAaHA B YCTYIIE.

JIist TopoJl ¢ BBICOKOM CHIION cLieruie-
HUS:

8c%l H
a= S

6Hy2 2

ToNMBKO JJIs TOPHBIX TOPOJ, CO3/IAIOIINX

TPCHUA U CUJIBbI CHCTIJIICHUS:
1

~ 2bH

ctga

a+
a (ctg 5 L ctga)(lHZ — bH?)
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2c cosg

————, C- KOd(pQHUIMEHT
v sin(45-2)’ brm

3necy Hj, =

CLEIJICHUS] TOPHBIX NIOPOJ; ¢ - YIOJl BHYTPEH-
HEro TpeHus ropHbIX nopox, H - BeicoTa cry-
NIEHBKH; Y - 00BEMHBIH BEC TOPHBIX MOPOJ; O -
HIMpUHA PEXYyIIEero (poHTA; yroa yCTONYHUBO-
CTH 0-CKJIOHA; | - eMHMYHAS JUTMHA TUTOCKO-
CTHU CKOJIbXKCHHUS.

ITpombIBKM mecka ¢ 00pa3oBaHHEM MPO-
3payHoOil mojocTH He Habmogaercsa. CrnenoBa-
TEJIbHO, MPHU HU3KOM IMOTPEOJECHUM SHEPruu
BO3MO)XHOE BJIMSIHME II0TOKa INPUBOAMT K
HapyLIEHUIO CTPYKTYpbl MaccuBa. [lpu run-
paBJIMYeCKON nepepaboTKe YIS MOJ3EMHBIM
croco0oM cHauana oOpasyeTcst TpeuuHa (1o-
JIOCTB), @ 3aTe€M MOSBJISIOTCS IMOJIOCHI, Mapa-
JensHbIE Tpemune [7,8].

Ot TBEpoocTH yris, pasMepa U Ha3Ha-
YEeHUs BbIPaOOTKH 3aBUCUT pa3mep sMbl. [1po-
LIECC pa3pyLUEHUs yIJIA M0J JaBJICHUEM IOTO-
Ka BOJIbI IPOUCXOJIUT CIETYIOIUM 00pa3oM:

1. B 30HE CONPHUKOCHOBEHHUS MOTOKa C
YTOJIBHOM  Maccod  BO3HUKAIOT  pacTsru-
BalOIIME U TAKTWIBHBIE HAIPSDKEHUS, BBI3bI-
Barolye o0pa3oBaHue CIa0bIX TPELIUH.

2. Bona npoHukaeT B 00pa3zoBaBIIMECs
TPEIIMHbI, U 3aTEM YTOJIb Pa3pylIaeTcs IOJ
BO3/ICIICTBHEM THAPOCTATUYECKOTO JaBICHUS
Y U3HOCA.

3. B 3aBHCHMOCTH OT CTPOEHHS yTOJib-
HOTO TUTacTa HAaOMIOAAIOTCS pa3jIMYHBIE OCO-
OEHHOCTH TIpolLecca pa3pyIeHHs.

4. TIpomMbIBKa MATKHX YyTJIEH OCYIECTB-
nsercs npu aaBiaeHun 20-25 atw.

5. B yrumax cpexneir tBepmoctu (f=2)
JTHO BBIpaOOTKH pa30oHMparoT Uisl CO3JaHus
KOHUYECKOW TIIyOMHBI, a Tepe]] MPOMBIBKOM
YTOJIb Pa3MAr4aroT MPOLyBKOM.

6. Paspymienue  TpecHyBLIETO  yIJs
MIPOUCXOUT 3a CUET TUIPOCTATHUECKOIO BO3-
JNEUCTBUS BOJIBI, IOIJIOIIEHHOW IOPOJHBIM
cioeM. OTOT IMpolLecc Ha3bIBA€TCA THUIPO-
paspblBOM Iu1acTta. Paspymenue yris Tupn-
pPaBIMUYECKUM KJIMHOM 3KCIEPUMEHTAIBHO
JIOKAa3aHO: WHTEHCUBHOCTh OOpYILICHHS YTIJIs
3aBHCHUT HE TOJBKO OT HAYAJIILHOT'O JaBJICHUS,
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HO U OT THIA OTKPBITHIX, 3aKPBITHIX U CBSI3aH-
HBIX TPEIIMH B HEM.

7. PazpyieHue TOpHBIX MOPOJ Ha4yM-
HaeTCsl C MEPBOHAYAIBHOTO pa3MATYEHUs M
IpoOiieHnsT Marepuajia B MeCTe KOHTaKTa
cTpyu ¢ nopoaoi. TpemnHsl B MacCUBE BbI-
3bIBAIOT YIJIOTHEHUE Pa3ApO0ICHHBIX TOPO.

. ,m -
; so‘ /}//
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Pucynok 3 — BeiBox HaKOHEUHHKA TITyOHHBI TIPO-
Imyjia Marepuaia: 1 - ornepeyHass 3aBUCHUMOCTD
TPaHUT, 2 — MpamMop; 3 — U3BECTHAK

Figure 3 — Output of the tip of the cutting depth of
the material: 1 — transverse dependence granite, 2
— marble; 3 — limestone

CorjlacHO  MHEHMIO  CIICIIHAJIHCTOB,
MPUMEHEHHUE TEXHOJIOTHH «THIPABINYECKOTO
KJIMHA» YCJIOBHO pas3JeligeT MpoIece Ha JBa
aTama: sTan OypeHUs U 3Tal CKOIbKEHUS.

[To manHOW (opMyie ompenensieTcs
JIABJICHHE B IICHTPE MOTOKA MPHU CXJIOTBIBAHUU

YIS,

2T
P,

M85+ pu—215+ 64

3nech P, - naBieHUE B IIEHTPE IMOTOKA; | -

koaddumment Ilyaccona; T - nmpeaen ymnpyro-
CTH CKOJIbKEeHHsI 00pas1a.

Paccunrannas nmo ganHoO# (opmyre Be-
JUYMHA pa3pylIalolleld Harpy3Kd COCTaBIIsET
60—-80 % OT BpeMEHHOIO CONPOTUBIICHUS yT-
ns. bein nmpoBenéH psii cHenuanbHBIX HCclie-
JIOBaHHUM pa3pyIlIeHus] TOPHBIX MOPOJ TOHKOMH
crpyéit npu paBiaeHun 2000 atm. [uametp
HakoHeuHuKa cocrtaBisl 0,48—1,19 MM, yron
koHyca 9—13 rpanycos. Ha pucynke 3 moka-
3aHbl OOLIMI BHUJ TaKOTO HAKOHEYHHMKA U 3a-
BHUCHUMOCTH TITyOWHBI OTBEPCTHS OT AMAMETpa
HAKOHCYHHUKA.

3akaoueHne

beuta mpemioxkena Gosee ToYHAs MaTe-
MaTH4YeCKasi MOJIeIb TaBJICHUS BOJISTHON CTPYH
U pacué€ra CKOpOCTH €€ MOJIETA, ITO3BOJISIOIAS
W3MeNbYaTh TOPOABI TOPHOTO MacCHBa [0
TpeOyembIx pa3MepoB. Ha ocHoBe naHHOM
MOJICJI TIPOU3BEACHBI PACU€Thl U MOCTPOCHBI
rpa@uKkd  3aBUCUMOCTH JTaJIbHOCTH CTPYH,
JIaBJICHUSA, CKOPOCTU TOJIETa U YIEIbHOTO
pacxoza BOAbI.

KoHdumKkT HHTEpecoB

ABTOp 3asBiseT 00 OTCYTCTBUM KOH-
GnMKTa WHTEPECOB, CBA3AHHBIX C MyOJH-
Kanuell JaHHOM CTaTbH.
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Abstract

The article provides a comparative analysis of the degree of strength (tensile strength) of
composites based on fillers of various compositions. In this direction, research was conducted
and results were obtained taking into account a number of filler characteristics. The
corresponding fillers were brought from different places and made suitable for laboratory testing.
As a result of comparing the ultimate tensile strength values, it was determined which filler is
more suitable and superior to others. The fillers are based on natural mineral rocks, clays, etc.,
brought from several regions of Azerbaijan. The value of the results directly depends on the
dispersion of the filler, the relief structure of the area, the mineralogical wealth of the extracted
sources and a number of factors.
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Muvafiq tobii minerallar Jsasinda kompozitlor vo onlarin  méhkamlik
daracasinin mugayisali tahlili
V.C. Cafarov, M.9. Manafov, N.R. Bektasi, N.O. 9limirzayeva,

S.M. Xalilova, S.9. Salahova, G.H. Musayeva
Polimer Materiallart Institutu, Azarbaycan Respublikasi Elm va Tahsil Nazirliyi (Sumgayt,
Azarbaycan)

Xulasa

Mogalodo muxtalif torkibli doldurucular osasinda aliman kompozitlarin - méhkamlik
daracasinin (dartma qlivvasi) migayisali tohlili verilmisdir. Bu yoniimds todqiqat aparilaraq
doldurucunun bir sira xiisusiyystlori nazoro alinaraq noticolor oldo edilmisdir. Ayri-ayri
orazilordon gotirilorok laboratoriya soraitinds todqigata yararli hala salinaraq miivafiq
doldurucular istifado edilmisdir. Dartilmada mdohkomlik haddinin giymatlorinin miigayisasi
noticosindo  hanst doldurucunun daha miinasib vo {stin oldugu miioyyon edilmisdir.
Doldurucularin asasin1 Azasrbaycanin bir sira regionlarindan gotirilmis tobii mineral stxurlar,
gillor va s. toskil edir. Naticalorin ylksokliyi doldurucunun dispersliyi, gatrildiyi orazinin relyef
strukturu, ¢ixarildigi manbalorin mineraloji zanginliyi vo bir sira amillordan bilavasits asilidir.

Acar sozlar: tobii mineral siixur, gil, doldurucu, dartilmada méhkamlik haddi (o), qirilma
zamani nisbi uzanma (&), arintinin axiciliq gostoricisi (9AQG).

CpaBHHUTEJBbHBIN AaHAJIM3 KOMIIO3UTOB HAa OCHOBE COOTBETCTBYIOIIMX
NPUPOIAHBIX MUHEPAJIOB U CTENEHH UX MPOYHOCTH

B.[I:x. A:xxadapos, M.A. Manados, H.P. bekrammu, H.A. Anmmup3aesa,

C.M. XamuminoBa, C.A. CanaxoBa, I'.I'. MycaeBa

Hucmumym — nonumepuwvix — mamepuanos,  Munucmepcmgo — Hayku U obpazosanus
Aszepbatiodcanckoui Pecnyonuxu (Cymeaum, Azepoatiodxcat)

AHHOTALIUA

B crarbe mpuBeneH CpPaBHUTEIBHBIM AHAIU3 CTENEHU MPOYHOCTU (IIpelena IMPOYHOCTH)
KOMIIO3UTOB Ha OCHOBE HAIOJHUTENeH pa3jINyHOro cocTtaBa. B 3TOM HampaBiieHUU ObLIU
IIPOBEJEHBl HUCCIIEJOBAHMSI W IIOJYUYEHBl pPE3yJbTaTbl C YYETOM psla XapaKTEPUCTUK
HanonHuTeNsd. COOTBETCTBYIOIIME HAMOJIHUTENU OBbUTM TPUBE3EHBI W3 pPa3HbIX MECT JUIs
UCCIIEIOBAaHMsI B JIADOPAaTOPHBIX YCIOBHSIX. B pe3yibrare cpaBHEHUs NpeAeTbHBIX 3HAUEHUH
mpenena MPOYHOCTH Ha pa3pbiB ObUIO OIpeneseHOo, KaKoW HaroJHHUTENb Oojee MOAXOIUT U
IIPEBOCXOIUT Jpyrue. B OCHOBe HamoiHUTENEH JieXaT HMPUPOJHBIE MHUHEPAIbHBIE IMOPOBI,
[JIMHBI ¥ T.II., IPUBE3EHHbIE U3 HECKOJBbKUX PErHoHOB A3zepOaiimkana. [lokazaTenu Hanpsmyro
3aBUCAT OT AMCIIEPCHOCTHU 3aMIOTHUTENS, PeNbe(PHOTO CTPOSHUSI MECTHOCTH, MUHEPAIIOTHYECKOTO
OorarcTBa JOOBIBA€MbIX HCTOUHUKOB U pslia GaKTOPOB.

KaroueBbie ciioBa: NpUpOJIHAs MHUHEpalibHas IMOpOJAa, TIJIMHA, HANOJHUTENb, Mpeen

MPOYHOCTU TPHU PACTSHKEHUU (G), OTHOCUTENIBHOE YUIMHEHHE MpU
paspsiBe (€), mpenen TekydectH pacrasa (I1TP).
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Introduction

One of the priority directions of modern
chemical science is the production of new
materials with different compositions and
properties based on polymers and their
additives. In the production of any polymer
composite and in the creation of a new
material with higher properties, the influence
of the nature, structure and properties of the
binder added to the initial polymer is
considered to be one of the important factors.
Thus, the binder taken must have a number of
properties, for example; adhesion, adsorption
for  aqueous  solutions,  dispersibility,
compatibility enhancing, etc.

It is known from a number of literatures
that fillers have different sizes, changes due to
the influence of the stabilizing medium,
surface activity, and hardness in nature. Such
additives are diverse and rich in variety in
terms of structure and size, distribution on the
polymer surface and impact strength.

A number of American scientists have
worked on polymers using small-sized clays
as fillers as linking agents. Immediately after
the adoption of nanotechnology programs in
the USA (2000) and other developed
countries, scientists moved from studying
polymer composites and heterogeneous
mixtures to creating various types of devices
based on them. Currently, light-emitting
diodes, solar cells, memory devices, gas
sensors, catalysts and other devices have been
developed based on polymer composites and
nanoheterogeneous mixtures [1].

Currently, interest in  composite
materials based on polymer matrices and
nanosized metal particles has increased
significantly. This is due to the fact that their
application spectrum is quite wide - they can
be used in various fields, from catalysis to
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modern information technology, as well as in
various fields of chemistry, physics, and
materials science.

The development of scientific research
on the study of nanoscale metal particles
stabilized in polymer matrices has led to the
development of metal-polymer composite
materials with many specific physical,
mechanical and operational properties. Such
materials have properties such as high thermal
and electrical conductivity, magnetization
ability, and shielding of ionizing radiation.

The use of solid particles of various
shapes and chemical nature as fillers in
polymeric materials opens up new possibilities
for the modification of these materials, since
small-sized substances are distinguished by
their unusual adsorption activity due to their
large surface area and high surface energy.
Therefore, in composite materials containing
small-sized particles, there is a high adhesion
strength between the polymer matrix and these
particles [2].

There is extensive information from
many sources that the introduction of additives
into polymer-elastomer systems has a positive
effect on the formation of such a structure and
the properties. One of the main factors
affecting the impact strength and brittleness
temperature of a heterophase polymer-
elastomer system is its phase structure - the
volume fraction of components, the average
size of the dispersed phase particles, the size
distribution of particles, the nature of their
distribution in the mixture and the
characteristics of the rubber (molecular mass,
strength, elastic modulus, glass transition
temperature, etc.). It is shown that the main
condition for achieving high viscosity of the
dispersion is the homogeneous distribution of
the elastomer phase in the form of small
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dispersed particles in a continuous matrix
phase [3, 4].

Metal-containing polymer-sorbents were
synthesized as a result of modification of
phosphochlorinated  polybutadiene  with
dithizone. The sorption properties of the
obtained polymer-sorbents were studied with
respect to gold (II1) ion in solution. It was
found that the degree of sorption of gold in an
acidic medium is 85-95% [5].

By functionalizing multi-walled carbon
nanotubes (MWNTS) with various functional
polymers (copolymers of maleic anhydride
with octene-1 and nonene-1 monomers), CdS,
CuS and SnS nanostructures were synthesized
and studied using modern analysis methods.
Different time intervals of ultrasonic treatment
were used to obtain samples [6].

A polymer hydrogel with a memory
effect was synthesized based on polyacrylic
acid and poly-N-vinylpyrrolidone. Silver
nanoparticles were synthesized in a poly-N-
pyrrolidone medium, and nanocomposites
were obtained from its complex with
doxorubicin, and their sorption capacity was
studied. It was found that the obtained
hydrogels have a high sorption capacity. It is
shown that using polymers of this type, the
therapeutic  dose of doxorubicin  for
experimental treatment of oncological diseases
can be significantly reduced [7].

Nanocomposites of nickel, cobalt and
misulfide based on polymers were synthesized
by ion layering and sonochemistry methods.
The optimal conditions for the synthesis of
nanocomposites (equilibrium concentration of
reagents, temperature, reaction time, pH, etc.)
were determined by sorption processes. It was
found that the distribution of ions on the
surface is a heterogeneous process and both
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physical and chemical
simultaneously [8].
Considering the effect of small-sized
fillers on polymers and the positive properties
of the new material obtained, research was
conducted using various natural mineral rocks
ground to a micron-sized dispersion level as
fillers and positive results were obtained.
Selection and use of fillers to obtain a
material with strength properties and low cost;
Selection and use of plasticizers, dressings and
other purposeful components to simplify
technological  processes and  improve
operational properties; Adjustment of friction
and antifriction properties; Introduction of
additional components to adjust thermal and

adsorptions occur

electrical ~ conductivity;  Addition  of
appropriate  flame retardants to increase
resistance to combustion; Presence of

fungicidal, bactericidal and other properties to
increase  resistance to  microorganisms;
Possession of antistatic properties, etc. [9].

Problem statement

Scientific research conducted on the
development of composites and filling them
with additives to improve a number of their
properties is sufficient in number, and the
successes achieved in this way are undeniable.
For many vyears, the issue of introducing
additives into composites and obtaining
positive results has been solved in various
scientific research laboratories. Fillers are
diverse both in terms of structure and
properties. There is a sufficient amount of
work with existing fillers in solid and liquid
form, and the results are many [10]. Polymers
processed with fillers, which are modifying
agents that play a coordinating role in
obtaining  composites  with  complex
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operational properties of a new generation, are
considered suitable materials [11].

Taking all this into account, a
comparative analysis of the physical and
mechanical properties of composite samples
obtained from different areas with different
fillers in terms of their dispersion degree and
structural characteristics was carried out. At
the same time, the issue of the presence of a
finish in the system was also taken into
account. The comparative analysis helped us
to obtain positive results by taking into
account the ratio and the unit of measure of
the dispersion of the filler taken.

Solution
Laboratory staff crushed various fillers
using appropriate methods, sieved and ground

them, achieved micron-sized dispersion, and
used them to obtain samples for research. The
fillers are natural mineral rocks and clays with
sizes of 53 and 106 um, respectively. In order
to improve the compatibility between the
polymer matrix and the filler and to achieve
higher properties of the obtained sample,

sizing agents

synthesized

in laboratory

conditions were included in the polymer-filler

type system [12].

Results and their discussion

As a result of the research conducted
over several years, the values of the tensile
strength of composite samples obtained based
on fillers of various compositions are reflected
in the table 1. We present a list of fillers taken

for the study.

Table 1 — Strength index of composite samples with different fillers

Row Filler, in % Matrix, Apprete, in % Tensile strength, %,
in % o, MP
1. | Vezuviane-80 PE-20 - 374
2. | Bokside-60 PE-40 - 12.8
3. | Kaoline-60 PE-40 (MA+ED-20)-5 15.3
4. | Goydash-60 PE-40 (MA+Hep.1+Acr.ac.)-1/2/1 14.1
5. | Seolite-60 PE-40 (MA+Hep.1+Acr.ac.)-1/1/1 17.8
6. | Alunite-60 PE-40 - 15.3
7. | Silisium gelium-70 PE-30 K salt -3 19
8. | Perlite-70 PE-30 - 15.1
9. | Gadabay dep. clay-70 PE-30 (Hep.1+Acr.ac.)-2/1 16.9
10. | Zakhmatkand-70 PE-30 (Hep.1+Acr.ac.)-1/2 154
11. | Keramsite-70 PE-30 - 14.9
12. | Artesian clay-70 PE-30 (MA+Hex.1)-3 15.9
13. | Volcanic mud -70 PE-30 (Hep.1+Acr.ac.)-2/1 13.7
14. | Tursh Su-60 PE-40 (Hek.1+Acr.ac.)-2/1 17.2

Table 2 — Results of research conducted with polyethylene processing

Row Filler, in % Matrix, Apprete, in % Tensile strength, %o,
in % o, MP
1. | Dashkesan ore -70 PPE-30 | (Hex.1+Acr.ac.)-2/1 16.7
2. | Bentonite-60 PPE-40 | (MA+Hep.1)-1/1 15.8
3. | a-kvars-70 PPE-30 - 31
4. | Tovus clay -60 PPE-40 | Polimetakrylate-3 18.8
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Table 3 — Results of research conducted with
polypropylene (without apprete)

Row Filler, in % Matrix, | Tensile

in % | strength,

%,
¢, MP

1. Mining waste -40 |PP-60 33.6
2. Gisil Zod-30 PP-70 30.6
3. Damirchi Dam-50 |PP-50 32.3
4, Vulcanic ash -30  |PP-70 38

A ranking is presented according to the
variety of fillers taken depending on the type
of each polymer matrix. Thus, separate
presentations are given for polyethylene,
processed polyethylene and polypropylene.
The aim is to determine which is the most
complete result.

The tables 1-3 show the strength of
polymer composite samples treated with
various fillers corresponding to 53 and 106
um. The higher tensile strength of the sample
treated with each filler was taken. An analysis
is presented in accordance with the principle
of obtaining a higher result in samples
corresponding to which mass ratio in
polymer/filler and polymer/filler/size systems
corresponding to different mass ratios.

High-pressure polyethylene (HPPE) or
low-density  polyethylene  (ASPE), its
derivatives and polypropylene (PP) were taken
as the matrix. Separate copolymers synthe-
sized in laboratory conditions were taken as
the size. Obtaining samples with higher tensile
strength  depends on the  dispersity,
environment, nature, and degree of compa-
tibility with the polymer of each filler taken.

When looking at the tables 1-3, it is
determined that the maximum strength is 6=38
MPa in the sample without filler, corre-
sponding to the ratio of volcanic ash-30 and
matrix-70 mass%. In this case, polypropylene
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is present in the system as a matrix. This result
is explained not only by the properties of the
filler but also by the high degree of
crystallinity of polypropylene. Polypropylene
differs from other polyolefins due to its high
degree of crystallinity and its more appropriate
stereoregular structure. Of the composites
obtained using processed polyethylene as a
matrix, the one with the most superior
physical and mechanical properties is the
composite obtained based on Tovuz clay as a
filler and polymethacrylate as a filler. In this
case, the tensile strength is 18.8 MPa.

When looking at other indicators, it is
observed that the tensile strength limit of the
composite sample based on 80 mass %
vesuvian and 20 mass % polyethylene taken as
filler has a higher 6c=37.4 MPa. Based on this
result, it can be said that the nature and
compatibility of the filler is superior to other
binders.

In addition, with a number of fillers, for
example: “Mining Waste”, “Gyzil Zod”,
“Demirchi Dam”, “Tovuz Gili”, “Tursh Su”
the result (strength limit) gets higher values.

Thus, when giving a final opinion on the
results, it is observed that the polymer matrix
in composites with high tensile strength limit

is polypropylene.

Conclusion

As a result of the analytical study, a
comparative presentation of the strength of
composites created over the years based on
various fillers and finishes is given. The
highest result obtained with each filler is
taken. It was determined that the value of the
tensile strength limit is the highest in the
composite sample corresponding to the
PP/Volcanic ash-70/30 mass % ratio (c=38
MPa). It was determined that the maximum
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value of the tensile strength limit corresponds
to the case where polypropylene is used as the
polymer matrix, directly depends on various
properties of polypropylene, such as its
stereoregular structure, crystallinity, melting
and solidification temperature. In a number of
studies, although the physical and mechanical
properties increase with the introduction of a
finish into the system, the regularity is
relatively violated when polypropylene plays
the role of a matrix.

When composites are obtained using
polyethylene as a matrix, the maximum

physical and mechanical performance
corresponds to the sample in which the filler is
taken in the amount of 60% by mass. In this
case, when IPE/Filler-40/60%, the tensile
strength reaches a maximum value of 18.8
MPa. The desired results were obtained in the
research-based scientific research work and
the work was fully evaluated.
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Karbon monoksidin kecid metallarinin oksidlari Uzarinds katalitik

oksidlosmasi

I.H. Malikova, A.C. 9fandi, N.F. Aykan, H.M. Faracov, F.9. Yunisova

Azarbaycan Respublikast Tahsil Nazirliyinin akademik M.Nagiyev adina Kataliz va Qeyri-Uzvi
Kimya Institutu (Baki, Azarbaycan)

Xulasa
Havanin ¢irklonmasinin garsisinin alinmasinin asas halli yollarindan biri CO-nun CO2-ya

oksidlagmasidir. 20-ci asrin oavvallorindon bazi oksidlorin nazaragarpacaq dorocads aktivlik
gOstormosi molum olsa da, son vaxtlar nocib metallarin giymotinin artmasina vo oksid
sintezindoaki xususi irsliloyislora goro karbonmonoksidin oksid katalizatorlar tzorinds katalitik
oksidlogsmosi maraq qazanmisdir. Bu mogalodo katalizatorlarin quruluslar: ilo yanasi sade vo
qarisiq oksidlarde CO-nun oksidlosmasinin kinetikas1 vo mexanizmi aragdirilmisdir.

Acar sozlar:  karbon monoksid, heterogen kataliz, reaksiya mexanizmi, kecid metallar.

KaranuTndeckoe OKHCJIeHHE OKCH/IA yrijaepoaa HaJl OKCHAaMM I1€pe-

XOJHBIX METAJIJIOB
N.I'. MeaukoBa, A.Jl. Dpenan, H.®. Aiikan, I'.'M. ®apanxken, ®.A. FOnucoa

Huemumym xamanuza u Heopeanuueckou xumuu um. axademuxa M. Haeuesa Hayuonanvhoi
axademuu Hayk Azepboaiiocana (baxy, Azepbatioxcan)

AHHOTanug

Oxucnenne 1o CO2 sBIsSETCS OCHOBHBIM pELIEHHEM INpoOIeMbl CHUXKEHUs BbIOpocoB CO
IIPY OYUCTKE BO3IyXa OT 3arpsizHeHui. M3-3a pocTa 1eH Ha 01aropoHble MEeTaJIbl U 3HAYUTEIb-
HOTO TIporpecca B CHHTE3€ OKCHJIOB B TIOCIICIHEE BPEMs BO3POC MHTEPEC K KaTATUTHYECKOMY
OKHMCIICHHIO MOHOKCHJIA YIJIepo/ia HaJ OKCUAHBIMU KaTalu3aToOpaMH, JaXke €CJIM W3BECTHO, YTO
HEKOTOPbIE OKCH/JIbI IIPOSBIISIIOT 3aMETHYIO aKTUBHOCTh ¢ Hadasia 20 Beka. B craTbe paccMOTpeHbI
KMHETHKa U MexaHu3M okuciieHus: CO Ha MpOCTHIX U CMEIIAHHBIX OKCHAX, a TAKXKe CTPYKTYPHI
KaTaJIn3aTOPOB.

KiroueBsnlie cioBa:  OKCHJ yIiiepoja, FeTepOreHHbIN KaTajlu3, MEXaHU3Mbl PEaKIIUH,
MIEPEXOIHBIE METAILIIBI.
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Giris

Karbon monoksid orims temperaturu —
205.02°C, gaynama temperature 191.5°C
olan rongsiz iysiz gazdir. Hemoglobino olan
harisliyino gors insan vo heyvan organizmlori
uclin ¢ox toksikidir. Bu gaza maksimal moruz
galma muiddati 8 saatda 25 ppm-dan vo ya 4
saatda 50 ppm-don ¢ox olmamalidir, halbuki
getdikco dom qazinin bu hoddi kegon zororli
tasirlori, hotta qazin 650-700 ppm oldirtci
gatiliginda miisahids olunur [1-4], qatiligin bu
giymati 1 Mpa qiymoatino godor Umumi
tozyiqdon az dorocads asilidir [3]. Dunyada
boylk miqgdarda dom gazi1 (2000-ci ilds 1.09
milyard ton), osason nogliyyat, elektrik
stansiyalari, sonaye vo moisat foaliyyatlori
naticasinda otraf mihits atilir [5-7].

Karbonmonoksid, ham ds ciddi tonoffis
problemlorino  sobab olan  yerin  ozon
tobagosinin vaziyyati hagqinda malumat verir.
Bu qaz suda ¢ox da yaxst hall olmur
(23mL o, Lipo, Vo Y@ 0.026gco Lipo, ) bU

da onun maye islomodon kegorok havadan
ayrilmasini mohdudlagdirir.

Butin bu ssbablor, CO-nun CO2-ys
oksidlogsmosi yolu ilo azaldilmasini havanin
cirklonmasinin  garsisinin - alinmasinda  asas
hall yoluna cevirir. Karbonmonoksid do gox
tez alisan qazdir; onun havada yanmasi 12 ilo
75% arasinda bas vera bilor [8]. Lakin oksor
hallarda havanin ¢irklonmasina sabab olan gaz
qarisiglarinda CO-nun qatiligi daha asag: olur,
adaton 50-50 000 ppm diapazonunda olur Ki,
bu da CO-nun homogen yanmasinin faktiki
olaraq geyri-miimkiin olmasi demokdir. CO-
nun azaldilmasina nail olmaq Ugun onun
oksidlosmasini katalizator istirakinda aparmaq
lazimdir. Katalizatorun rollarindan biri onun
sothindo tullantt maddoasinin qatilagdiriima-
sidir ki, bu da oksidlosmo reaksiyasinin
kifayot godor sirotlo getmasina imkan verir.
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20-ci asrin oavvallorindon baslayaraq, hopkalit
Kimi bozi oksidlorin ~ otraf  mdhit
temperaturunda CO-ni oksidlosdirdiyi malum-
dur. Hopkalit ikili amorf Mn-Cu oksididir,
onun sothinin qurulusunu CaO, Al203 va ya
bentonit gili olave edorok sabitlogdirmok
mimkunddar.

Qeyd etmok lazimdir ki, alinmis kata-
lizator numunoaloarinin aktivlikliyini sonayeds
(CuO, Zn0O, CaO, Cr203) vo ya avtomobil
nagliyyat vasitalorinds Pt (ABS) tatbig olunan
katalizator numunalari ilo miqgayiso etsok
gororik ki, bizim aldigimiz katalizatorlarin
istirakinda karbon monooksidin ¢evrilmasinds
Pt (ABS) katalizatorlar1 ilo eyni Saviyyado
aktivlik gostorir. Baxmayaraq ki, Sonaye
katalizatoru propanin 100% g¢evrilmasini ¢ox
yiuksok temperaturda 933 K-ds tomin edo bilir.
Temperaturun iss belo proseslords 200-400K
asag1 salinmasi kiilli miqdarda enerjiys gonaot
etmok demokdir. 1990-c1 illordo Avropada
katalitik ceviricilorin inkisafi CO-nun oksid-
losmasinds istifade olunan nacib metallarin
(Pt, Pd, Rh) yiksak aktivliyini [9] vo yiuksok
oksigen toplanma rejimina (OTR) malik
oksidlarin xiisusi rolunu vurgulayaraq, metalin
dovri soraitdo davamli islomoasino imkan
vermisdir [10]. Bununla bels, nacib metallarin
giymoti artdigr tgiin vo oksid sintezindo
nozoragarpacaq iraliloyisloro goOro  karbon
monoksidin oksid Kkatalizatorlar1 {zarinda
katalitik oksidlosmosi son vaxtlar boyuk
maraq kosb etmisdir. Bundan alava, CO-nun
oksidlosmosi oksid sothinin xarakteristikasi
ticlin maraqli bir todqiqat reaksiyasi hesab
edilo bilar.

Burada bizim osas mogsadimiz bu

movzuya hosr olunmus son odobiyyat
materiallarint nozardon kecgirmokdir. Metallar
Uzorinds  CO-nun  oksidlosmasi hom

makroskopik soviyyads, ham do molekulyar
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miqgyasda odobiyyatlarda toforriiatli sokildo
todqiq edildiyi Ggun, sado vo garisiq oksid
katalizatorlar1 tizorindo reaksiyani todqiq
etmomisdon ovval metallar Gzorinda on ¢ox
ehtimal olunan mexanizmlor qisaca nozardon
kecirilmigdir [11, 12].
Metal Katalizatorlar Gzarinda CO-nun
oksidlasmasi

Metallar Gzorindo karbon monoksid va
oksigenin xemosorbsiyasi. Karbon monoksid
Uc rezonansh qurulusa malik molekuldur, bu
da onun unikal adsorbsiya xassslorini vo bu
molekulun oksid vo metal sothlori Gzorindo

reaktivliyini izah edir:

[©) @ @ (€]
C=0C=0«0C-0

Sol torofdoki qurulus, karbon va har bir
atomdaki elektron citi ilo yaranan manfi yik
¢ox ustunluys malikdir. Blyholder ilk muallif-
dir ki, 1800-2200 cm™ tezlik intervalinda
mixtolif vibrasiya infraqurmizi spektrlorini
izah edorok, CO-nun metallar Uzorindo
xemosorbsiyasinin elektron modelini  toklif
etmisdir. CO osasan C-do yerlason 5s-orbitali
vasitosilo s-elektron donoru kimi vo dagidici
2n*-orbitali vasitasilo p-elektron akseptoru
kimi ¢ixis edir. CO bir (xatti qurulus) va ya bir
neco metal atomu (kOrptu qurulusu) ilo
koordinasiya eda bilar. Sheppard vo Nguyens
gora, CO-nun adsorbsiya zolaglarinin bes
spektral araligindan danismagq olar:

¢ vco=1700-1800 cm™ ; 4 metal atomu
ilo rabito yaratmis CO;

e vco =1800-1920 cm™ ; 3 metal atomu
ilo rabito yaratmis CO;

e vco =1860-2000 cm™ ; 2 metal atomu
ilo rabito yaratmis CO;

evco =2000-2130 cm?t
adsorbsiya olunmus molekullar;

Xotti
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evco =2130-2200 cm™ : metal ionlari
ilo rabito yaratmig CO.

Muoayyon bir metal {igiin IR zolaglarinin
dogiq movgeyi metal sahasinin tabistindan va
hissacik Olcusiindon asilidir. Masalon, Brandt
va b. CO-nun Pt/SiOz izorinds 2067 cm™ (Pt-
nin uc noqgtolorinds izolo olunmus CO
molekullarina aid), 2080 cm™(Pt(100) tzorin-
doki CO molekullarinin sahalarineg va ya konar
uclardaki CO molekullarinin qruplarma aid)
vo 2088 cm -0 uygun (Pt(111) sathinds CO
molekullarinin sahalaring aid) U¢ vco vibrasiya
zolagmin yaranmasi qonastino  golmisdir.
Rodium hamginin iki CO molekulunun bir Rhl
morkazi ilo koordinasiya oldugu gem-dikar-
bonil molekullarinin alinmasina Sabab ola
bilor. Bu rejim 2052 cm?i-do CO xotti
zolagmin har iki torafinds iki IR zolag1 (2095
cm™-do simmetrik vo 2027 cm™-do antisim-
metrik) yaradir. Bu gem-dikarbonil zolaglari
asason kigik dasiyicili Rh klasterlarinds ortaya
cixir. Belo maraqli xiisusiyyat (Rh CO-nun
Kimyovi sorbsiyasi hesabina oksidlosa bilor)
bir ¢ox mduolliflori bu hadisoys inandirici
izahat tapmaga sovq etdi. Bazi muolliflor belo
bir fikir iroli sdrdulor ki, Rh ¢ox Kkigik
klasterlor ~ soklinds  oldugda avvalcadan
oksidloso bilor. Primet belo naticaya goldi ki,
CO, dissosiasiyadan alinan O atomu vasitasi
Rh-nun  korrelyativ  oksidlogsmasi
xemosorbsiya zamani dissosiasiya edo bilar.
Bir ¢cox digar mualliflora gérs, Rh-nun oksid-
losmosi CO molekulu vo dastyicinin OH
gruplar arasinda bas veran kooperativ reaksi-
yadan meydana ¢ixir:

ilo ilo

2 Rh+4 CO+2 AIOH—> 2 Al-O-Rh(CO),}+H. (1)

Gem-dikarbonil
sonuncu izahi dostokloyon von zolaginin
azalmasi ilo paralel bas vera bilor. Bununla

zolaglarimin  artmasi,
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belo, mihitdo qarisiq fazali Rh%Rh™-in
olmas1 Rh° iizorindo gem-dikarbonil molekul-
larinin  alinmasina da Sobob olur. Bu
katalizatorlarda rodium sadaca gisman avval-
cadon oksidlasir va dasiyici (aliminium oksid)
ilo sabitlogon rodium oksidi reduksiya
olunmus metal fazanin elektron xiisusiyyot-
larini dayisdira bilir. Bir gayda olarag, karbon
monoksid ¢ox faydali bir IR tadgigat mole-
kuludur; o, metallarin dispersiya va reduksiya

hallar1, elaca do tesiro moruz galan sothlorin
tobiati hagqinda malumat vers bilor. Palladium
katalizatorlar1 da kimyavi adsorbsiya olunmus

CO-nun c¢ox sayda FTIR spektrlorinin
analizinin olmasi baximindan parlaq bir
nimunadir.

Kicik bir sahado vo ya sifra ekstra-
polyasiya edilmis Ssahodo CO-nun Kkimyavi
sorbsiyasinin tocriibi alinmug istilik giymatlori
cadval 1-ds verilmisdir.

Cadval 1 — Metallar (izorindo CO-nun (Qco — kCmol™ ilo) kimyovi adsorbsiya istiliklorinin giymati.
Qiymatlor oan asagi oblasta vo ya sifir oblastina ekstrapolyasiya edilmisdir
Table 1 — Values of chemical adsorption heats of CO (in QCO — kCmol ™) on metals. The values are

extrapolated to the lowest region or zero region

Istinad Istinad Istinad Istinad
Metal (torof) [7.8] [8.9] [10,11] [12]
Pt(111) 138 126 135 190
Pt(100) 134 - - 220
P(110) 109 109 119 -
Rh(111) 130 130 132 -
Rh(100) 121 - 125 117
Rh(110) - 130 - -
Pd(111) 142 142 153 -
Pd(100) 153 - - 170
Pd(L10) 168 168 167 _
In(111) 142 126 185 -
Ir(100) 147 - - -
Ir(110) 155 147 - -
Ni(111) - 111 122 131
Ni(100) - - 117 123
Ni(110) - 126 115 133
Ru(111) 122 122 131 -
Ru(110) 109 - - -
Co(111) - 103 - -
Cu(111) - - 51 -

Bu moalumatlardan mihum naticalor
¢ixarmagq olar:

e Asagida verilmig siraya uygun olaraq,
platin, rodium vo rutheniumun xemosorbsiya
istiliklori metal sathinin sixligindan asili
olaraq artir: (111)>(100)>(110).
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e Asagida verilmig sira (111) toroflori
Uzorinda xemosorbsiya istiliklorini ifads edir:

Pd,Ir>Pt>Rh>Ru,Ni>Co>>Cu (1)

e Umumiyyatlo, xemosorbsiya istiliklori

sathin CO ilo Ortlilmasifco ilo azalir. Platin bu

Oco—don asililiga on hassas olan metal kimi
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0zlni aparir. Bradford vo Vannice xemosorb-
siya istiliyini Qad asagidaki sado tonlikls ifado
etmisdir:

Qad = Do(CO)=Dc-0=1 Dm-c (2)

Burada, Do(CO) qaz fazada CO
molekulunun rabito dissosiasiya enerjisi (1071
kC-mol™?), Dco adsorbsiya olunmus CO-nun
rabito dissosiasiya enerjisi, Dm-c har bir metal-
karbon rabitalorinin rabito dissosiasiya enerjisi
Vo 1 adsorbsiya koordinasiya adadidir (yani,
M-C rabitslorinin say1). Dc-o Vo Dwm-c uygun
vibrasiyanin qlivva sabitinin |k mioyyan
funksiyalaridir vo asagidaki kimi hesablanir:

vt K )
2n\| u
burada, B — ikiatomlu molekulun azaldilmig
kutlosidir (sistemin fiziki parametrlorindon vo
onun harokat ganunundan asili olaraq horokat
edon mexaniki vo ya qarisiq sistemdo
kitlolorin ~ paylanmasimmin  gorti  xarakte-
ristikas1). Bradford vo Vannice 30 ikiatomlu
molekulun adabiyyat malumatlarindan D — va
k — arasinda istonilon ikiatomlu vibratora
uygun timumi olage vermisdilar.

Bu D=k ifadasindon vibrasiya spektr-
lorina goro dissosiasiya enerjisinin giymaot-
lorini  tocriibi olarag hesablamaq vo (2)
tonliyino  osason  adsorbsiya istiliklorini
giymatlondirmok Ugiin istifado edilmisdir. Bir
gayda olaraq, istiliyin tocrubi giymatlori vo
istiliyin -~ (2) tonliyino  osason  tapilmis
giymatlori, Pt {iglin aliman qiymatlor istisna
olmagla, koherentdir. Tonlik (2)-yo osason
hesablanmis istiliyin qiymoti Pt metal1 ii¢lin
monfi odod verir. Adsorbsiya istiliklorinin
tocriibi vo hesablanmis qiymatlori arasindaki
bu boyiik uygunsuzlug CO-nun xemosorbsiya-
smdan sonra platin sathinin ciddi doaracada
yenidon formalasmasi ilo slagodar ola bilar.
Tonlik (2)-do Dwm-m-nin sabit oldugu forz
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edilir, lakin sathin yenidon formalasmasi bas
verdikds bu sabitlik pozulur.

Codval 1-doki giymatlor King vo
homkarlar1 torofindan Ni, Pt vo Pd metallan
ilo, Smedh vo b. torofindon Rh metali ilo
tocrubi olaraq tesdiq edilmisdir.

Adsorbsiya istiliklarinin tacrubi giymat-
lori (coadval 1) sixliq funksional noazariyyasi
(DFT) ilo miayyan edilon nazari assosiativ
xemosorbsiya enerjilori ilo uygundur. Metal-
larin fcc (211) sothi G¢tn Bligaard vo b. nazori
olaraq asagidaki qiymotlori almislar (KC-mol™
ilo): Pt 182; Rh 173; Pd 168; Ir 189; Ni 160;
Ru 171; Cu 60; Au 34. CO-nun mis va qizil
Uzoarinda zoif adsorbsiya olundugu DFT hesab-
lamalar1 ilo tesdiq edilmigdir. Adsorbsiya
istiliklorinin tocribi (kalorimetrik todgigat-
larla) vo nazori giymatlorinin - mikammal
uygunlugu metal sothlordo on muasir DFT
hesablamalarindan istifado etmoklo tasdiglon-
misdi.

Bianchi vo omokdaslar1 Pd/Al2Os,
Rh/Al203, Pt/Al203, Pt/ ZrO2, vo Cu/Al203
uzarinds CO ilo Ortilon sahani 6lgmok Gglin
FTIR spektroskopiyasindan istifads etmisdilar.
Adsorbsiya temperaturunun tosiri ilo  1Q
zolaglarmin intensivliyinin doyismasi (Xatti,
korpu va Pt tigiin tigqat koordinasiya olunmus
CO) adsorbsiya olmus diger mixtalif molekul-
larmn CO tobagssinin doyigmasine nazarst et-
mok Ugun istifads edilmisdir. Bu, bozi mial-
lifloro artmagda olan tobagodo har bir mole-
kulun kimyoavi adsorbsiya istiliyini hesabla-
maga imkan verdi (Cadval 2). Bitin molu-
matlar tosdiq etmisdir ki, CO molekullarinin
tobistindon asili olmayaraq, adsorbsiya istilik-
lori CO tobagasinin artmasi ilo azalir. Lakin
forgli molekullarda Qco shamiyyatli doracada
doyiso bilar. Pd vo Cu katalizatorlart maraql
xususiyyatlor gostorir; CO-nun xotti molekul-
lar1 Pt vo Rh ilo daha gicli birlogdiyi halda,
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Pd vo Cu U¢ln oksini miisahido etmak olar.
Mis metali iso nacib metallardan farglonir.
Belo qgobul edilir ki, bu metal he¢ vaxt
aliminium  oksiddo tamamilo  reduksiya
olunmur. 2120 cm?*-do miisahido olunan
ikinci xotti zolagi Cu* hissaciklori {zorindo
adsorbsiya olmus CO-ya aid edils bilor. CO bu

ionlu mis sahalorindo daha gucli adsorbsiya
olunur (sifir oblastinda Q=115 kC-mol™ vo
biitiin oblastda 58 kC- mol™?). Buna baxma-
yarag, korpu koordinasiyali molekullarin say1
mis Uzorinds ¢ox azdir vo onlar yalniz
katalizatorun  dezaktivlosmasindon  sonra
gorundr.

Cadval 2 — CO ilo soth 6rtiilmasi (6co) ilo miigayisado Xotti va coxrabitoli CO-nun (kCmol™-da Qco)

kimyovi adsorbsiya istiliklorinin giymati

Table 2 — Values of chemical adsorption heats of linear and polyvalent CO (kCmol™ in Qco) compared to

CO surface coverage (6co)

CO molekullart i Rh Pd Cu
Oco Qco Oco Qco Oco Qco Oco Qco
Xatti (L)[a] o | 206 0 195 0 92 0 82
1 115 1 103 1 54 1 57
Korpil (B)[b] 0 94 0 125 0 168 0 130
1 45 1 75 1 92 1 78
Ucqat koordi- | 0 135 - - - - - -
nasiyali (3FC)[c]
1 104 - - — - — -

[a] L v=2075 (Pt), 2065 (Rh), 2072 (Pd), 2092 sm™* (Cu); [b] B v=1878, 1835, 1824 (Pt), 1981 (Rh),
1980, 1942 (Pd), 2003 sm* (Cu); [c] 3FC v= 1800 sm* (Pt).

Oksidlosdirici katalizin kinetik modelin-
do CO ila sath ortlilmasindan asili olaraq kim-
yavi adsorbsiyanin xeyli derocads doyismasi
nazoro alinmalhdir. Umumi halda asagidaki
Xatti asililiq istifads edilir:

Qco =—AHco = a-bbco 4

Masalan, bir sira mialliflorin [9, 10] va
bizim iglarimizds [11] toqdim olunan giymaot-
lara uygun olaraq polikristal Pt (izarinds etanin
oksidlagmasinin kinetik modellosdirilmasinda
82 sado morhalodon asagidaki asililiq alin-
misdir:

Qco = 146-33 Oco (5)
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Umumiyyatlo, Qco Vo Oco arasindaki
Xatti asililiq nacib metallar Gglin istifado edilo
bilor. lakin onlarin omsallar1 diger qazlarin
istirak etmoasindon xeyli doracods asili ola
bilor. Muhitdo basqa molekullarin CO-nun
adsorbsiyasimin giiciine tormozlayici  tosiri
nozoro alinarsa, imumi xotti tonlik ¢cox vaxt
(6) ifadasi kimi toklif olunur:

Qco =AHco = a-b 6co — ¢ Ox (6)

burada, X CO ilo birgo adsorbsiya olunmus
gazdir. ©ksins, bir ¢ox hallarda CO-nun
istiraki birge adsorbsiya olunmus molekullarin
adsorbsiya istiliyini azaldir.
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CO-nun _sado oksid Kkatalizatorlar
Uzorinds oksidlosmasi. Cox istifado olunan
metal oksid katalizatorlar1 tizorindo CO-nin
oksidlogsmoasine  hosr  edilmis  adobiyyat
materiallar1 iki forgli dévro bolina bilar: a)
1975-80-ci ilo godor todgigatgilarin  bu
istigamatdoki maragi — nocib metal Katali-
zatorlarinin  avtomobillorintullanti  gazlarinin
katalitik islonmasindaki  Gstinliyd  gabul
edilmazdan avval; b) son zamanlardaki stasio-
nar totbiglor [ucucu Gzvi birlosmanin (VOC)
azaldilmasi] vo nocib metallarin daha ucuz
katalizatorlarla avoz edilmasi tgln belo oksid
katalizatorlarina olan maragin oldugu dovr.

Codval 3-do Heck vo Farrauto [10]-a
asasan 300°C-do CO oksidlagmasi Ugun nacib
metallarin vo ¢ox istifado olunan metallarin
nisbi aktivliklori gostorilmisdir. Sonuncular
nocib metallardan daha passivdir.

Cadval 3 — 300°C-do nocib metallarin vo ¢ox
islonon metallarin oksid katalizatorlarinin nisbi
aktivliyi

Table 3 — The Relative activities of oxide catalysts
of noble metals and the much-used metals at
300°C

Aktiv faza Nisbi Aktiv Nisbi
aktivlik faza aktivlik

Pd 500 Au 15
Pt 100 MnO; 4.4
C0,03 80 Fe,O3 0.4
CuO 45 Cr,03 0.03
CuO/Cr,03 40 NiO 0.013
LaCoO 335

Reaksiya soraiti: Oz artiginda 1% CO

Bununla bels, bazi oksidlar, xiisusan Co
vo Cu oksidlori CO oksidlosmasinds 6zn
maragli aparir. Onlarin katalitik tosiredici ga-
biliyyatlorinin azalmasmin osas sababi ddvri
geyri-stasionar saraitds arzuolunmaz davranis-
lar1 vo kukird va suyun tasiri ilo deaktivlos-
moya Yyiksok hassashiglaridir. Yanacaglarda
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kikurdin migdarinin ¢ox azalmasi vo oksid
katalizatorlarinin sintezinds iraliloyis ¢ox bili-
non metal oksidlorinin praktik totbiglor tcin
yenidan nozordan kegirilmasino imkan verdi.
Bizim torofimizdon aparilan hartorafli todqi-
gatlar nocib metaldan azad katalizatorlarin ¢ox
yuksok aktivlik gostordiyini tosdiglodi [11].
CO oksidlasmasinds kobalt vo mis oksidlari-
nin ¢ox yaxsi gostaricilorini nozars alarag, bu-
rada icmalin osas hissoesi bu materiallara hasr
edilmisdir.

Butin lazimi hesablamalar “Optim Me”
program paketindan istifado etmoklo aparil-
misdir [12].

Natica

Dom qazinin katalitik oksidlogsmasi iki
osas Sobobo gOro genis sokildo todgiq edil-
misdir: a) CO toksik molekuldur va avtomobil
tullant1 gazlarindan vo stasionar monbalordan
konar edilmolidir; b) CO-nun oksidlogsmasi
yeni materiallarin katalitik aktivliyini giymat-
londirmak t{iglin genis istifado olunan sado
reaksiyadir.  1960-1970-ci illordo  naocib
metallardan ibarot Katalitik tosiredicilorin
inkisafi metal katalizatorlar, xiisusilo Pt, Pd va
Rh haqqinda kitlovi sayda nosrlora sabab
olmusdur. Katalizdo CO-nun oksidlogsmasindo
oldugu kimi reaksiyanin daxili (darin) mexa-
nizmi haqqinda belo ylksok molumat
saviyyasi oldo etmok nadir haldir. Buna goro
do, metal katalizatorlar izarinds aparilmis bu
todgiqatlarin osas noticalori icmalin birinci
hissasinds qisaca nazardon kegirilmisdir.

CO-nun oksidlogmo reaksiyasinda oksid
katalizatorlar metal katalizatorlardan daha
yiksok dorocodo coxfunksionalli katalizator
kimi 6ziinii aparir. CosOs, CuOx, yaxud MnOx
kimi on aktiv oksidlorin aktivliyi reaksiya
soraitindan (CO/Oz2 nisbati, qazda su buxarinin
Vo ya digor garigiglarin olmasi) xeyli doracads



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2025, cild 17 (3), s. 82-90
I H. Molikova va bagq.

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (3), pp. 82-90
I.H. Malikova et al.

asilidir. icmalin ikinci hissosi iso sado oksidlor
Uzorindo CO-nun oksidlogmasinin kinetikasina
Vo mexanizming hasr edilmisdir.

on aktiv katalizatorlarin alds edilmasina
zomin yaradan oksid qurulusunun &yranilmo-
sina xususi digget yetirilmisdir. Odabiyyatlar-
da toqdim olunmus naticalorin oksariyyatini,
eloco do CO-nun vo O2-nin adsorbsiyasi vo
reaksiyasi ti¢iin an ¢ox ehtimal olunan sahalori

¢ixaran hadisolori basa diismok Ugln bu
quruluslardaki kation vaziyyatinin ¢oxyon-
lGluyu (Co®t/Co?;

Cu?*/Cu*/Cu®; Mn*/Mn3*/Mn?*)
yoxlanilmigdir.

Maragqlar miinaqisasi
Miuolliflor bu moqalods arasdirilmasi
tolob olunan maraqlar miinaqigasinin olma-

Vo

10.

11.

12.

katalizatorun

digin1 geyd edirlor.

deaktivlosmasino  gatirib
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Sonaye tohliikasizliyi idaroetmo sistemindo intellektual qgorar gobuletmad
sisteminin miiayyon edilmasi probleminin hoalli

S.R. Rasulov!, S.A. Solod?, E.Z. Yaqubov?, N.A. Abdullayeva'

!Azarbaycan Dévlat Neft va Sanaye Universiteti (Baki, Azarbaycan)
’Maykop Dovlat Texniki Universiteti (Maykop, Adigey, Rusiya)

Xiilasa

Moqalads oyun nozoriyyasi 9sasinda sonaye miiossisolorindo omoyin miihafizosi idaroetmo
sistemindo intellektual qorarlarin gobulu vo idaraetmo sisteminin miioyyon edilmosi problemi
nozordon kegirilir. Malumatin aydinligt vo sadoliyi {igiin miinaqise ilo bagl istirak edon toroflorin
hor birinin iki idaroetmo strategiyasina malik oldugunu qobul edocoyik vo buna goro do
problemin hollini matris vo bimatriks oyunlar1 osasinda mohdudlasdirmaq miimkiindiir.
Oyungular arasinda antaqonizmin noviinii miioyyonlosdirmoak, sistemlorin  mogsadlorini
aydinlasdirmaq vo onlarin maraqglarint miioyyon etmok problemi miizakirs olunur. Osas idaroetmo
alt sistemi tosvir olunur, bu da agirliq funksiyasi ilo tosvir edilocok, onun parametrlori oyun
probleminin hallinden va sistemin magsadina uygun agilli idareetma alt sisteminin se¢ilmasindan,
miivafiq gostaricilordon vo optimallagdirma meyarlarindan asilidir.
Acar sozlar: omoyin miihafizosi idaroetmo sistemi, miinaqigo, oyun nazoriyyosi, agillt qorar

vermo sistemlori, agilli idaroetma sistemi, matris oyunu.

Pemienne 3agauu  onpeieJeHHsi MHTE/IEKTYAJbHOH cHCTeMbl TNPHHATHS
pellieHHsl B cHCTeMe YNpaBJeHHsi 0e30IMACHOCTBIO TPYIa NPOMBIILICHHbBIX
NPOU3BOJCTB

C.P. Pacya0s!, C.A. Conon?, E.3. Aryoos’, H.A. Aoay.1aeBa’

YUsepbaiioscanckuii  2ocyoapcmeennviii  yHusepcumem negpmu u npomviuinennocmu  (baxy,
Aszepbatiodncan)
’Maiixonckutil 2ocyoapcmeennwlii mexnonozuueckutl yuueepcumem (Maiikon, Aowices, Poccus)

AHHOTAUA

B crarbe paccmoTpeHa 3ajada oOmpenesieHUsT WHTEUICKTYadbHOM CHCTEMBl TPUHSATHUS
pelieHusT W YIpaBJICHHS B CHUCTEME YIPaBICHUS O€30MaCHOCTHIO TpPyJa Ha IMPOMBIIIICHHBIX
MPEANPUATUSIX HAa OCHOBE TEOpUH Hrp. JlJis HAMISAIHOCTA U TMPOCTOTHI U3JIOXKEHUS Oynem
rmoJiaraTh, 4TO KaXkJash U3 CTOPOH, MPUHUMAIOIINX y9acTHE B KOH(JIUKTE, UMEET JIBE CTPATEerHu
YIpaBJICHUS U 10 3TOW NMPUYUHE MOXKHO OTPAaHUYHTH PELICHUE 33/1a4l Ha OCHOBE MAaTPUYHOU U
OumarpuyHO# Wrp. PaccMoTpeHa 3amada ONpesesieHHus] THIAa aHTaroOHU3Ma MEXIy UTPOKaMu U
omnpesieseHus 1esel AeCTBUS CUCTEM, BRISICHEHUS X MHTepecoB. Onucana 0a3oBas moJcucTeMa
yIpaBJIeHUs, KOTOpas OyJIeT OMHCHIBATBCS BECOBOM (YyHKIHMEH, €€ mapameTphl 3aBUCAT OT
pelieHusT UrpoBOM 3ajaud M BbIOOpa TMOJICUCTEMON MHTEIJIEKTYaJIbHOTO YIIpaBICHUS LIENTU
CHCTEMBI M COOTBETCTBYIOIIUX IMOKA3aTeJIe U KPUTEPUEB ONITUMHU3AIIIH.

Kirouessble ciioBa: cucTeMa yMpaBieHUs O€30MacHOCTBIO TPyAd, KOHQIIUKT, TEOpUS WID,

HHTCJUICKTYAJIBHBIC CHCTCMBbI IMPUHATHA PCUICHUA, HHTCIIICKTYyaJlbHas
CHUCTCMaA YIIPABJICHUA, MATpUYHAA UT'pa.
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BBenenune
Paccmorpum  3amauy

HHTGHHGKTyaHLHOﬁ CHUCTCMBbI IIPUHATUA pPCLIC-

onpeaeneHus

HUS W YIpaBJICHUS (B CHCTEME YIPABICHUS
0€30IacHOCTBIO TPYy/Ja MPOMBIIIJICHHBIX MPe-
MNPUSTHI, HA TIPUMEpPE TEOPUHU WIP), HA BXOJ
KOTOPOM TMOCTymaeT CHUTHAJ, MpeICTaBIIsIO-
muii  cymmy mnonesHoro curHama G(t) u
nomexu Z(t). [Ipu sTom Oynem npeamnonarars,
YTO CJIEKECHHE 3a MOJE3HBIM CUTHAJIOM OCY-
MIECTBISIET ~ HMHTEJUICKTyaJlbHAsh ~ CHUCTEMa
ynpasieHus (Urpok A), a momexy (opmupyer
B),
KOTOpasi BBIOMPAET XapaKTEPUCTUKU TaKUMH,
yTOOBl OIIMOKHU CJIeAAIIEl CHUCTEMBI OBLIN
OonpmiuMu. B pesynprare BO3HHMKAaeT KOH-
(GIUKT, KOTOPBI 4YacTO paccMaTpuBaeTcs B

teopuu urp [1-10].

MIPOTHUBOIIOJIOKHASL ~ CTOpOHA  (MTPOK

IHocTanoBka 3axa4n

JIJis IpOCTOTHI M HAIVISIAHOCTH H3JI0XKe-
Husl OyneM mojararb, 4YTO KaXaas U3 CTOPOH
UMeeT JIBE CTPaTeruy YIpaBJICHHUs U MO 3TOH
IPUYMHE MOXHO OIPAaHUYUTh PEIIEHUE 3a/1auu
Ha OCHOBE MaTpUYHON U OMMATPUYHON UTD.

Pemenue 3agauun

[lyctb mnomexa mnpexacraBiasieT coOoit
HOpPMAaJIbHO paclpeieNeHHbId OeNblii myMm c
WHTEHCUBHOCTSIMH (L1, 02, BBIOOPOM BEITNYUHBI
KOTOpbIX ympaBiser urpok A. Ilone3nHsiit
curHan G = Go — yucnoBas ciy4aiiHas Beu-
YHHA, TPUHUMAaromas 3HadeHus Bo u - Po C
BeposiTHOCThIO (0,5, BeIMUMHA KOTOPBIX (op-
MHUPYETCSI UTPOKOM A M MOXET NPUHUMATh
snageHus Poi, Po.

XKenaemas BbIXoAHAsI BelnyuHaA HOpPMU-
PYEMOI CHUCTEMBI CIICKEHUSI — TIOJIE3HBIA CHUT-
Han. Cuctema BbIOMpaeTCs Ha KJlacce CTaluo-
HApHBIX CHCTEM, BpeMs PerylIUpOBaHUS KOTO-
PBIX HE MPEBOCXOAUT BpeMs T.
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B
CHUCTEMBI IPHUHUMAETCS CyMMapHas OHIMOKa

KauecTBe IIOKazaTels  KauecTBa
cucTtemsl omnodka cucremsl Dy, koTopas omnpe-
JCIIACTCA OMHOMHHAJILHBIM pacpeaciICHuEM
MOJIE3HOT0 curHana D1 w  ciy4ailHeIM
xapakTepoM nomexu Da.

Crnenys onucaHHIO, U3JI0KEHHOMY BbI-
1Ie, 3amMIeM OIIMOKM CHCTEMBI B CIIEAYIO-

meM Buje, popmyna 1:

TT

Di=[[8(t-n) o (@) o () dudn,

00

(1)

rae o(ti- 12) — Aenbra-(QyHKIUS, TPUHUMALO-
miasi HyJeBoe 3HaueHue, eciau (ti- 12) # 0, u
paBHa oo, eciu (ti- 12) = 0; ®(T1) — BecoBas
(byHKLUS TIpU IEpEMEHHOH T1; (T2) — BecoBast
(YHKIMS TIPU IEPEMEHHOU T2;

D2=(Bo)* {f o(r) dt1- 1}2Dy =Di+ Da. (2)
0

bazoBas moncuctema ynpapieHus: Oyaer
OTIHMCHIBATHCSI HEKOTOPOI BeCcOBOH (pyHKIIMEH,
napamMeTpbl KOTOpPOW 3aBHUCIT HE TOJBKO OT
pelieHus UrpoBOM 3ajauu, BHIOOpA MOJCHUC-
TEMOW MHTEJUIEKTYaJIbHOTO YTPABJICHHS LETH
CHUCTEMBI, HO M COOTBETCTBYIOIIUX TOKa3aTe-
Jier u kputepues ontumuzaruu [11, 12].

Torna nns wutoctpanuu npumem T =1,
U BBIPOXXEHHUE JJIsi BECOBOW (YHKIIMH MOXKHO
3anucarb B BUJE:

o 1 (t) = o (ai+ B?os )t

3)

IJIe YIIPABICHUE PEaM3yeTCs B BUJIE BECOBBIX
GyHKIMI B 3aBHCHUMOCTH OT CTpaTeruil ur-
pokoB (B?w MaKCHUMHU3UPYET JUCTIEPCHIO
OLIMOKH, a 0li MUHUMU3HUPYET OIIMOKY Cllexe-
HUSA).

B
IPUHATON BECOBOM (PYHKIIMU 3alMCHIBAIOTCS B

9TOM ClIy4ac  JUCIICpCUU  JIA
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CIelyIOIIEM BUIE:
Di"= i (oi B0y +1)2, Do = a2 B0y (o + Boy) . (4)

B,
HaOIr0ast ¢ MOMOILBIO CBOMX MH(OPMALUOH-

HNuTemiekTyanbHas  moAcUcTEMa
HBIX U (PU3NYECKUX JTaTYMKOB 32 MIPOKOM A,
olpeJiesIAeT ero AeUcTBUs U HOpMUPYET CBOIO
CTPAaTEeTUIO IBWKECHHS B KaXKIOW KOHKPETHOU
cutyauuy. Bo3HHKaeT 3a1a4a CUTYallMOHHOTIO
YIPaBJICHUS JBW)KCHHMEM, KOTAA pEUICHUS M
YIIPaBJICHUS JOJKHBI OCYIECTBIATHCS B COOT-
BETCTBUM C TOM CUTyallMeW, KOTOpas CKJIAJIbl-
BAeTCs B TEKYLIUH MOMEHT KOH(IIUKTA.

Onuoil U3 HauOoJiee CIOKHBIX 3a/a4 B
JJAHHOM CIIy4ae sBJIACTCS 3aJada ONpeneIcHUs
TUIIA AHTArOHMW3Ma MEXIy MWIpPOKaMHU U
OIIpEIEICHUS LIeJIel IEUCTBUS CUCTEM, BBIAC-
HEHHS WX MHTEpecoB. B mpakThke KOH(IMKT-
HBIX CUTyaluil O JACUCTBUAX APYIOH CTOPOHBI

WM UI'pOKa, KaK IIpaBUJIO, HCIIOJIB3YCTCA

uHpop-
TENIEKOMMYHHKa-

uHpopManus,
MalMOHHbIE  COOOIIEHUS,
IIUOHHBIE CETH U MyTeM cOOopa pa3IMYHBIMU
cnocobamMu  KoH(pUACHUMANbHOW  HH)OP-

noiagydacmass 4Yepe3

MalUH.

IIpn peamus3auuu HHTEIUIEKTYaJIbHON
DKCIIEPTHOM CHCTEMBI HCIOJIB3YIOTCS DKCIIEp-
Thl U UX OLIEHKH, BOBMOXKCH U aHAJIMTUYECKUI
MOJXOJ] K PELIeHUIO UJIEHTU(PUKAIIUN HaMepe-
HUW W LEIU IPOTHUBOIIOJIOKHOW CTOPOHBI HA
OCHOBe aHanu3a KoH(uukra. Ecnm peanu-
3yeTCsl HHTEJUIEKTyallbHasi IOACHCTEMA Ha
OCHOBE CHUTYallHOHHOI'O TO
BO3MO)KHA JIEKOMIIO3MIMA OOmIel 3ajadu Ha

ynpaBJIeHUs,

JIBE
MOJICUCTEMA HJIEHTU(UIUPYET KOHKPETHYIO

YacTH, KOTJIa  WHTEJUIeKTyasbHas
CUTyallMlOo, a yIpaBiIeHHE B KOHKPETHOU
cuTyauu (QopMHpYyeTCs Ha OCHOBE pEICHUS
UTPOBBIX 3aJad JUIs OIpeNeTeHus Heompee-
JICHHBIX CTpATeTU WM HEONpPEICICHHBIX Ma-

paMeTpoB IIPOTUBOACUCTBYIOIIEH CTOPOHBL.
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BMmecte ¢ TeM HHTeNIEKTyanpHas MOICUCTEMA
JIOJDKHA OMNpENeNsiTb THI MOJETU HWIPbl B
KkoH(uuKTe. BO3HMKaeT BONpoC, Kak 3TO MO-
JKET peasln30BaTh WHTEIUIEKTyallbHAs MOJICHUC-
TE€Ma U CyIIECTBYET JIM TaKasi BO3MOKHOCTh?
[TokakeM BO3MOXXHOCTb OLICHKH JEHCT-
BHI COTIEpHUKA HA OCHOBE 00paboTKH MH)OP-
Maluy II0 PELIEHUI0 3aJaid C IIOMOILBIO
teopun urp [13]. Jlyig aToro npoananusupyem
pe3yabTaTbl ~ MPUHATHS ~ PEUICHHS [P
peain3aluy MATPUYHOW AHTArOHUCTHUYECKOMN
urppl. BhHauyane  paccmMoTpuM  BiIMSHHE
KOH(JIMKTa Ha yHOpaBlIeHHE Ha MpUMEpe
eAMHUYHOU Korma — Bpems
ynpasieHus T QUKCUPOBaHO U €MHCTBEHHOE,
a 3areM pacCMOTPUM YCIOBHYIO MOJIENb
CUTYallMOHHOIO  YNPaBJICHMUS OCHOBE

B KOTOpOM JOCTHIXCHUC LCJIU

CUTyalluu,

Ha
CLEHapus,
o0ecrieunBaeTcs HECKOJIBKUMH CHUTyalUsIMU
YIPpaBJIEHUS B pa3HbIe MOMEHTHI BpeMeHH Tv.
[Tpumem, 4TO UT'POKH MOTYT
peann3oBarh IO JABE CTPATETUH, T.€. KOH(PIUKT
OINKMCHIBACTCSA MaTpPHUIECH pPa3MEpPHOCTH 2X2,
rae (B%1 = 1, B%02= 2) — 3HaueHue cTpaTeruit
urpoka B u (o1 = 1, o2 = 2) — 3HaueHue

cTparernii urpoka A. B asTomM ciyuae, mpu

MMPUHATBIX HUCXOJHBbIX  OJAHHBIX MaTpUIbL

BBIMTPBIIICH, MOXKHO 3alUCcaTh B CIEAYIONIUX
BH1ax (Tabmuier 1-3).

Taommma 1 CHUCTEMBI TI0
pucnepcun Do
Table 1 — When analyzing the system by

dispersion D,

IIpu ananuse

Crareruu Min | Max
B/A Fo=l =2 noj | min

or=1 0,5 0, 667 05 (05

=2 0,333 0,4 0,4

Max o 1 0,5 0,667

Min max= 0,5
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Tabmmuma 2 - Ilpu aHanu3e CHUCTEMBI MO
nucnepceun Dy
Table 2 - When analyzing the system by

dispersion D;

Crpareruu Min | Max
B \pA Po=1 | Fe=2 mnoj | min
ar=1 0, 25 0,011 0,011
a=2 0,011 0,08 0,08 | 0,08
Maxmoi | 0,011 0,08
Min max= 0,08

Tabmunma 3 - Ilpu aHanmuse cuCTeMBl IO

nucnepcun Dy
Table 3 - When analyzing the system by
dispersion Dy

Crparerun B | B%o1 = | fZ2= | Min | Max
VA 1 2 10 j min
a =1 0,75 0,678 | 0,678
=2 0,344 | 0,48 | 048 | 048
Max 1o i 0,75 0,48
Min max 0,48

Bce Tpu aHTaroHMCTUYECKUE WIPBI

HMCIOT CCIJIOBBIC TOYKHM B YHCTBIX CTpaTec-
r'ugax, HO LIICHBI UTP Y HUX PA3HBIC:

max min Dy = min max Dy, p=(1, 2, 3),
i j i I=J=(12) (5)

WHTepecHBIM  pe3ylbTaToM — aHalln3a
Jucrnepcuil omuOOK aHaTU3UPYEMOUM CUCTEMBbI
ABJISIETCS TO, YTO TapaHTUPOBAHHAs CymMMap-
Hasg omuOka cuctembl (paBHa 0,48) MeHbIe
rapaHTUPOBAHHOW  OIIMOKH,  MOTydaeMoi
TOJBKO TPH y4eTe HOPMaJIbHOH COCTaBIISAIO-
meid ommOku (paBHou (,5). DT0 Takke

CBsA3aHO C TCM, 4YTO OUCIICPCUH omuoOoK OT

W3MEHEHUSl CHUTHaja IIOMEXH CYIIECTBEHHO
MEHBIIIE [IPH 6.2 BIUAIOT Ha aucnepeuto Di. 1o
9TON IIPUUYUHE, €CIU UTPOK A OyzeT BHIOUpATh
CBOIO CTparTerui0 M3 YCJIOBHS YBEJIUYCHUS
JUCIIEpPCUU TIOMEXH, TO OH MOXET ObITh
HaKa3aH UIPOKOM B, KOTOpeIN B 3TOM cirydae
MOJKET Pean30BaTh CBOKO cTpareruro Bor = 1
(mpoBecTH  AJANTUBHOE  YIPABIECHUE) MU
Onarozmapst STOMY MOJIYYUTh JOMOJHUTEIbHBIH
BBIMTPHINI, KOTOpBIKA Oyner pasen 0,344, t.e.
MEHBIIIE TapaHTUPOBAHHOIO BBIMIPHIIIA Ha
0,135 (ymensmaer aucrnepcuto Ha 28.5%).
Takum 00pa3oM HHTEIIEKTyajbHasl IMOJCUC-
T€Ma Ha OCHOBE IOJIy4YEHHs OLECHOK HWHTEH-
CHUBHOCTHM IIyMa CMOXET ONPEACIUTb, KaKOU
CTpPAaTeruyu MNPUACPKHUBACTCS HUIPOK A mpH
MIPOTUBOJECUCTBUM UTPOKY B.

Jloruka paccyKaeHun HMHTEJUIEK-
TyaJbHOH IMOJCHCTEMBI MOXXET OBITH MPOIOJ-
JK€Ha B TOM HallpaBJIEHUH, €clu UIpok B
OTKQ)KETCS OT HCIOJNb30BAHUS TapaHTUPO-
BaHHBIX OIICHOK, a OyJeT NpPUMEHSTh Kpu-
TEPUM: MMUHHMMAKCHOIO coxayieHus CiBHUIKa,
neccuMmu3Ma-ontumusMa l'ypsuna, «Hemocra-
TOYHOTO OCHOBaHUs» bepHymn.

Paccmotpum Teneps ciydail, korna i
JOCTH)KEHUS ITOCTABJICHHOM 11€JI yIpaBiIeHUS
HE00XO/IMMO BBINIOJIHEHHS HECKOJIBKUX Ollepa-
[UH 110 CIIEKEHUIO, COTJIACHO ONPEAEIEHHOMY
creHaputo  (puc.),
TEIbHO PpEaJu3ylTCsl TPU CUTyallud CoO
BpeMeHeM ympasieHuss T1=1, T»=2, T3 =3, a
TaKKe TOKa3aHO Hayajo paboThl CHCTEMBI U
JOCTWKEHHE LENM B Cllydae YCIEIIHOIO

B KOTOpOM II0CJI€OO0BA-

BBITIOJTHEHUSI BCEX IUIAHUPYEMBIX OIEpaLHil.

HauansHoe

— T, :(

COCTOSAAHUC

>| 1. [y Jocrimkenune
- Len

Pucynok — CrieHapuii ceTeBOM MOJICITH, BEPIINHBI KOTOPOH COOTBETCTBYIOT (paKTaMm, a JyTH CBSI3SM
Figure — Scenario of a network model, the vertices of which correspond to facts, and the arcs to

connections
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Ta6auua 4 — Buael ynpaBieHus, IpUMEHsSIEMbIE
[IpY KOHKPETHOM YPOBHE HECTAOUIBHOCTH

Table 4 — Types of control applied at a specific
level of instability

YpoBeHb

Bun yopasiaenuns
HECTaOWILHOCTH A ynp

VhpapiieHre Ha OCHOBE
WHCTPYKIHH (B TOM 4HUCIIe
u no bT)

1. CtaOunbpHOCTE

2. PeakTUBHOCTD PeaktuBHOE ynpaBiieHue

Jonrocpounoe

3. IIpensunenue
PeABHA IUTAHUPOBAHUE

praBJ'IeHI/Ie Ha OCHOBEC

4. UccnenoBaHue .
MIPEeIBUICHNS N3MCHEHHIA

Crpareruyeckoe
yIpaBJeHHEe Ha OCHOBE
THOKHUX 3KCTPEHHBIX
peleHuit

5. TBopuecTBO

B kauectBe KkputTepus 3pPeKTUBHOCTU
JTOCTHKEHUS 1IeJIM MPUMEM YCJIOBHE IMOyde-
HUSl ONTHMAJbHBIX OLIEHOK B KaXAOH CH-
Tyallul, Kak 3TO OBUIO C/EJTaHO B INEpBOH
cutyauuu npu Ti.

Jns mpoussosbHOro Ty gucnepcun u
orpeniensieMble BeCOBbIE (DYHKIIUH OyIyT paB-
HBI

DiY= Ty ai (ai 201 + Tv)?,

D2V = i % B2o5 (i + Ty B?05) 2,

o (t) = P (ai+ Tv P2or ),

(6)

e v = (1,2, 3),1=(1, 2), J= (1, 2), ecu
HCIIOJIb30BaTh MIPUHSITHIE
HauaJbHBIX pacderax IUCIEPCH U BECOBOM

JIaHHBIE, B
¢bynkuuu mipu T1.

OngHUM U3 HHTEPECHBIX MPEUIOKECHHUN
10 Pa3BUTHIO MHTEJUIEKTYaIbHOM MOACUCTEMBI
JUIsl OLEHKH CTENEHM AHTAarOHU3Ma MEXIy
UIPOKAaMH M COOTBETCTBEHHO  MEXIy
MHTEIJIEKTYaIbHBIMA CUCTEMAMU B YCIIOBUAX
KOH(JIMKTAa CTaJl0 HCIOJIb30BAHUE TEOPUHU

OuMaTpuUHBIX Urp (TabmuIs! 4 u 5).
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Tab6auna 5 — YpoBHH HECTaOMIBHOCTH, KOTOPHBIA
CYIIECTBYET BOKpPYI OpraHu3aluy (KOMIIAaHMU B
11eJI0M)

Table 5 — Levels of instability that exist around
the organization (the company as a whole)

YpoBeHb Bup ctparernueckoro
HECTaOMIbHOCTH yIpaBIeHUS
3,0-3,5 CTpaTerunyeckoe
TUTAHUPOBAHUE
3,5-4,0 yIpaBJICHHUE
MOCPEACTBOM  BbIOOpa
CTpaTeruyeCcKux
MO3ULIAN
4,0-4,25 YIIPABJICHUE IIyTEM
pPaHKUPOBAHUS
CTpaTernyecKux 3aaady
4,25-4,75 YIIPABJICHUE B YCJIIOBHH
CJ1a0bIX CUTHAJIOB
4,75-5,0 YIIPaBJICHUE B YCIIOBUSIX
CTpaTeruyecKux
HEOXKUJIAaHHOCTE!
3akirouenue

B coBpeMEHHBIX YCIIOBHSIX YpPOBEHb
HECTAaOMIIBHOCTH OY€Hb BBICOK, ITOATOMY BCE
yaiie
yrpasiieHue 4 u 5.

VYpoBeHb HECTAOUIBHOCTH 3aBUCUT U OT
OTpaciy, B KOTOPO XO3SHCTBYET KOMITAHUS.

ITo BBIOOp MeTona
TMYECKOTO YIPABJICHUS OCYIIECTBIAETCS B

Ha MpEANTPUATUAX MIPUMCEHACTCSA

CyTH, cTpare-
3aBUCUMOCTH OT YPOBHSI HECTaOWJIBHOCTHU B
paccmarpuBaeMor oTpacid. Bce pasButme
CTPAaTEernyecKoro ympaBieHHUs UIET IO IMyTH
YCIOXKHEHUSI METO/IOB YIIPABJIECHUS, KOTOPHIE
JTOJDKHBI  ObUIM  YYUTBIBATh MPOUCXOMASIINE
U3MEHEHUsT U Bce 0Oosee BBICOKHMI YpPOBEHb
HECTaOMJIBHOCTH, KOTOpBIA TpeboBan Ooiee
3 PEKTUBHOTO yNpaBICHUS.

Takum o0Opa3oM, KaAblidi BHUJ CTpare-
TMYECKOTO YIPaBIEHHUS LIEIECO00pa3HO MpH-
MEHATH MPU ONPECICHHOM 3HAYE€HUU YPOBHS
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HECTaOWJIBHOCTH,  KOTOPBIH  CYIIECTBYET
BOKPYI TPOMBIIUICHHOTO NPEANPHUATHS U

OTpacyii B IICJIOM.

Kondaukr uarepecon
ABTOpBI 3asBJISAIOT 00 OTCYTCTBHH KOH-

TEM CIIOKHEE YIpaBJIeHHE M OOJblIe yCUIUN

(I)J'II/IKTa HHTCPECOB, CBA3AHHBIX C Hy6HI/IKaLII/I-

Yem BbIIE ypOBEHb HECTAOMIIBHOCTH, N .
€l JaHHOM CTaTbH.

HEOoOXOMMO 3aTpayuBarh ISl Mepexoja Ha
TaKOM BUJI yIIPaBJICHHUS.

10.

11.

12.

13.
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Abstract

Cybercrime is recognized as any crime related to computers and the internet. It involves
attacks on information about individuals, companies, or governments. When individuals are the
primary target, their computers are used as tools in cybercrime. Cybercrimes also include
traditional crimes committed with internet access. For example, telemarketing, internet fraud,
identity theft, and credit card fraud are current examples of cybercrimes. In other words,
cybercrime can be classified as an act of violence carried out using any device with internet
access. Billions of robocalls are made around the world every month. Thanks to technology,
telemarketers and scammers can make robocalls over the internet. Some robocalls may offer
useful information, such as appointment reminders or canceled flights. However, they primarily
aim to sell you something, and many of them are scams. When these calls are made, the caller
often hides behind various excuses.
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Robocall hiicumlarinin tahlili: bu tahliikadon qorunma metodlar:
T.S. 9lakbarova, R.M. Haciyev

Azarbaycan Texnologiya Universiteti (Ganca, Azarbaycan)

Xiilasa

Mogalads kibercinayatkarliq masalalori, kompiiter vo internetlo bagli cinayatlor arasdirilib. Bu
fordlar, sirkatlor vo ya hokumaotlor haqqinda mslumatlara hiicumlar1 ohats edir. Fordlar asas hadaf olduqda,
onlarin kompiiterlori kibercinayotkarliqda alot kimi istifado olunur. Kibercinayatlora interneto ¢ixigla
toradilon anonavi cinayatlor do daxildir. Masslon, telemarketing, internet firildaggiligi, soxsiyyat ogurlugu
va kredit kart1 firlldaglar kibercinaystlorin cari niimunsloridir. Basqa s6zls, kibercinayot internets ¢ixisi
olan istonilon cihazdan istifado etmoklo hoyata kegirilon zorakiliq akti kimi tosnif edilo bilor. Diinyada hor
ay milyardlarla robot zong edilir. Texnologiya sayasindo telemarketlor vo firildaggilar internet tizorindon
robot zonglor eds bilarlor. Bazi robot zanglar goriis xatirlatmalar1 va ya lagv edilmis ucuslar kimi faydal
molumatlar toklif eds bilor. Maqalade robot zong hiicumlarinin miixtolif novleri sadalanib, onlardan
gorunma tsullar tosvir edilib.

Agar sozlor:  internet, virtual sobakalar, kiberhiicum, kibercinayat, robot zong.

AHaJu3 aTak po00TOB-BbI30BOB: METOAbI 32A1MTHI OT YTPO3bl
T.I. Anexkneposa, P.M. I'ax:xuen

Aszepbatioaxcanckuil mexnonoeudeckutl ynugepcumem (I sinoca, Azepoatioscan)

AHHOTAUA

B cratee paccmaTpuWBArOTCS BOMPOCH KHOEPIPECTYIMHOCTH — TPECTYIUICHUH, CBSI3aHHBIX C
KoMIbloTepaMu ¥ MHTEepHETOM. DTO BKIIOUAET B ce0s araku Ha WHGOPMAIMIO 00 OTACIBHBIX JIHIAX,
KOMIAHMSIX WM IpaBUTENbCTBaX. KrbeprnpecTyuieHns TakKe BKIIOYAOT TPaIUIIMOHHbBIE TPECTYTUICHIS,
coBepiiaeMbie ¢ joctynioM B WHTepHeT. COBPEMEHHBIMH MPUMEpPaMH KUOCPIPECTYIUICHUH SBISIOTCS
TETIEMAPKETUHT, HHTEPHET-MOIICHHUYECTBO, KPaXka JIMYHBIX JAHHBIX U MOLIEHHUYECTBO C KPEIUTHBIMU
Kapramu. KubepnpecTymHOCTh MOXHO KJIacCHPHUIMPOBATh KaK aKT HACWIHMS, COBEpIIAacMBIA ¢
UCIIONBb30BaHUEM JIO00OTO ycTpoicTBa ¢ jgoctynoM B HMutepHer. [lo Bcemy MHpY COBEpIIAIOTCS
MUJUTHAPJBl 3BOHKOB OT pPOOOTOB. brmaromapsi TEXHOJIOTHSM TeleMapKeTephl W MOIICHHUKH MOTYT
coBepIath 3BOHKM uepe3 MuTepHeT. B cTarbe MpHUBOMATCS pa3IMYHBIC THUIBI aTaKk pOOOTOB-BHI30BOB U
OIIMCBIBAIOTCS METO/IBI 3aIUTHI.

Knawuesblie cioBa:  VHTepHeT, BUpPTyalbHbBIE CeTH, KHOepaTaka, KHOepIpecTymHOCTh, POOOT-BHI30B.
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Introduction

Developments in information and
communication technology have provided
advantages such as communication, quick
access to information, and global trade.
Additionally, both individuals and institutions
face new economic lifestyles and
opportunities, which come with certain
challenges. Information, particularly internet
technologies, has become essential in every
field, especially in business, where they are
increasingly used to remain competitive,
ensure sustainability, and facilitate easy access
to new economic advantages [1]. Instant
access to products and services over the
internet has enhanced the functionality and
efficiency of organizations across all sectors,
including production and inventory control, as
well as supply chain management, especially
in trade.

However, alongside these positive
impacts, the wuse of the internet and
information technologies also brings cyber
threats and attacks aimed at accessing
databases where production and stored data
reside. The types and applications of these
attacks are constantly evolving, and they are
expected to manifest more destructively in the
near future.

Nevertheless, businesses have limited
information about the potential damage they
may face and often lack adequate protection
against cyber threats and attacks. Information
systems have created significant environments
and opportunities for terrorist organizations
and cybercriminals to engage in illegal
activities, leading to new avenues for illicit
revenue [2].

Attacks on government agencies, private
organizations, and individual information
systems pose a threat to our country, as they
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do worldwide. Attacks from hackers and
cyberterrorist organizations can harm many
sectors and significantly damage the national
economy. Despite the fact that cyberattacks
and threats are dangers for all sectors, a lack
of awareness about cyberattacks and the
failure to implement necessary precautionary
measures highlight the seriousness of this
threat. [3]

Robocall Attack. A robocall refers to
calls made automatically by a computer
system that share pre-recorded messages. In
the past, robocalls were primarily associated
with telemarketing, political messages, and
surveys conducted by election candidates.
However, they have become particularly
notorious in the U.S. for capturing individuals'
personal  information  through  phone
conversations and using it for malicious
purposes [4]. Automatic bot calls are also
referred to as spam calls or fake calls.

While there may be beneficial uses for
automatic calls, such as informing a
company's users or school parents, or
notifying the public in emergencies, fake spam
calls receive backlash in many different parts
of the world due to their fraudulent nature.

This system is becoming increasingly
prevalent because searches can be easily
conducted using software that even someone
with limited technical knowledge can operate,
thanks to low costs associated with searching.
The virtually zero barriers to entry mean that
anyone with malicious intent can easily utilize
this system.

What makes fake calls particularly
dangerous is the ability of relevant software to
display the calls as coming from completely
different numbers. VoIP (Voice over IP)
technology allows users to change their
number from anywhere in the world, making it
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seem as if they are calling from the desired
country [5]. For example, a scammer on the
other side of the world can manipulate the
system to make it appear as though they are
calling from your bank in your country. This
can lead to people answering calls they would
typically ignore, putting them at greater risk of
falling victim to scams.

Key Features of Robocall Attacks:
Robocall attacks involve mass calling
campaigns conducted through automated
phone calls. These calls are typically used for
various purposes, such as advertising, fraud,
political campaigns, and more. Many robocall
attacks are illegal or unwanted, causing
significant distress for users.

We can divide the key features of
robocall attacks into 8 parts.

1. Automated Calls. Robocalls are
executed with the help of automated systems.
These systems can make thousands of calls
quickly through computers programmed with
specific algorithms or automatic calling
applications installed on phones. These calls
are carried out using pre-recorded messages,
which typically include sales offers, surveys,
advertisements, political messages, and more.

2. Fake Numbers. Robocalls often use
"caller ID spoofing” technology to execute
attacks. This technology displays a fake
number as the one receiving the call. By doing
this, the caller hides their real number and
shows familiar or local numbers to convince
users to answer the call. This increases the
likelihood that users will pick up the call and
trust the incoming number.

3. Fraud. Statistics indicate that the
majority of robocalls are intended for
fraudulent purposes. These calls often present
users with various scam schemes, the most
common of which include:
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e Notifications about fake lotteries or
prizes.

¢ Phishing attack calls aimed at stealing
bank or financial information.

eFake notices related to tax debts or
legal issues.

e Offers of counterfeit
services.

eScammers pressure users to take
immediate action, such as demanding payment
quickly because an offer is about to expire or
requesting credit card information under the
pretext of protecting personal data.

4. Advertising. While some robocalls
may be legal, advertising calls made without
users' consent are considered illegal. These
calls promote products or services. When
users opt out of such calls, the calling
company is required to honor that request, but
this rule is not always followed. Despite
numerous complaints, these calls may
continue. Sometimes, incoming calls appear to
come from a legitimate company number but
are actually made by a scammer.

5. Political Campaigns. During election
periods, political parties or candidates use
robocalls to disseminate their messages and
engage with voters. These calls provide
detailed information about the candidates,
solicit support for campaigns, and share
information about election dates and polling
locations. While these calls may be legal in
some instances, they are often unwanted and
can cause annoyance.

6. Surveys and Polls. Some robocalls
ask users to participate in surveys and polls.
During these calls, users are asked questions
on various topics and their opinions on those
questions are solicited. These calls are often
used to gather information for commercial
purposes.

products or
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7. Security and Privacy Risks.

Phishing: Robocall attacks often present
users with various fraudulent scenarios to steal
their personal information (e.g., social media
accounts, bank details, credit card numbers,
etc.). Scammers frequently impersonate
representatives  of  banks,  government
organizations, or well-known companies.

Vishing (Voice Phishing): This type of
attack is a form of phishing conducted through
voice calls. Users are asked to provide
confidential information (e.g., the CVV
number of a bank card), which is then used for
fraudulent purposes.

8. Legal and Regulatory Measures.
Various countries have laws and regulatory
measures in place to combat robocall attacks,
and these are continually developed to meet
demand. For example, in the United States, the
Federal Trade Commission (FTC) and the
Federal Communications Commission (FCC)
implement various rules and penalties to
address robocalls. Other countries have
enacted similar laws. In Azerbaijan, the
existing laws include the following.

Robocall attacks remain a significant
issue in today's world, and addressing this
problem requires collaborative efforts from
both  users and legislative  bodies.
Strengthening this fight is possible through
technological solutions, legal measures, and
public awareness campaigns.

Methods  for  Protecting  Against
Robocall Attacks. As the name suggests, a
robocall comes from a computerized
automated caller, functioning like a robot.
These calls often offer pre-recorded messages
to promote political campaigns, telemarketing,
or public service announcements.
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Telemarketing calls, also known as
internal sales, come from vendors or services
encouraging consumers to purchase their
products, while spam calls are a general term
for unwanted calls that originate from
suspicious numbers [6].

Robocalls designed to deceive people
are illegal worldwide. In January 2020, the
U.S. Congress passed the TRACED Act,
which  expands the  Federal Trade
Commission's mandate to combat spam calls
with bipartisan support. This law increases
penalties for robocalls from $1,500 to up to
$10,000 per spam call.

According to an industry report by
Truecaller, fraud attempts and financial scams
are the most common reasons behind the
majority of these calls. Spam calls lead to one
in ten Americans losing money to phone
scams.

According to data from the call
protection company "First Orion," half of the
calls received in 2019 were spam or
automated calls. This highlights the need for
more effective methods to block automated
calls.

The identification and classification of
various types of cybercrimes is an interesting
topic for researchers for several reasons. One
of the primary reasons is to provide a general
definition of the concept of cybercrime [7].

Secondly, having a precise definition of
what cybercrime results in helps researchers
and practitioners determine the scope of the
problem to be addressed.  Thirdly,
understanding the various aspects of
cybercrime (such as distinguishing between
the "technical™ and "human™ dimensions of
cybercrime) can assist law enforcement and
criminal justice agencies in investigating,
combating, and preventing such crimes.
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Abstract
The oil refining and petrochemical industries are considered to be the leading sectors of the

national economy. The purpose of these facilities is to ensure the production of a wide range of
high-quality petroleum products from crude oil. The requirements for quality indicators of
various petroleum products produced at these technological facilities require the creation of more
modern and advanced control systems. It should be noted that one of the main problems of
control theory is the creation and development of new control systems capable of adequately
responding to more dynamically changing external and internal stimuli for complex oil refining
technological complexes in accordance with the requirements of the time. Therefore, it is relevant
to create new automated control systems capable of providing the required accuracy of quality
control.
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Distillo kalonunun avtomatik idaraetma sisteminin sintezi masalasinin halli

A.A. Saforova
Azarbaycan Déviat Neft va Sonaye Universiteti (Baki, Azarbaycan)

Xiilasa
Neft emal1 vo neft-kimya sonayesi xalq tosorriifatinin aparici saholori hesab olunur. Bu

qurgularin mogsadi xam neftdon yiliksok keyfiyyot gdstoricilorine malik genis cesiddo neft
mohsullarinin istehsalin1 tomin etmokdon ibaratdir. Bu texnoloji qurgularda istehsal olunan
miixtalif neft mohsullarinin keyfiyyot gostaricilorine qoyulan taloblor daha miiasir vo mitkommal
idaroetmo sistemlorinin yaradilmasimi tolob edir. Qeyd etmok lazimdir ki, hal-hazirda dévriin
toloblorine uygun olaraq miirokkob neft emali texnoloji komplekslori {iclin daha dinamik doyison
xarici vo daxili hoyocanlandirici tosirloro adekvat reaksiya goOstora bilon yeni idaroetmo
sistemlorinin yaradilmasi vo inkisaf etdirilmosi idaroetmo nozoriyyasinin qarsisinda duran osas
problemlordon biridir. Buna goro do keyfiyyst baximindan idarosetmodo tolob olunan doqiqliyi
tomin edo bilon yeni avtomatlagdirilmig idarsetma sistemlorinin yaradilmasi aktualdir.

Acar sozlor: distillo kalonu, o&tiirmo funksiyasi, kontroller, idaroetmo sistemi, dinamik
xarakteristikalar.

Pemienue mnpoOseMbl CHHTE3a CHCTEMbI AaBTOMATHYECKOI0 YIpPaBJICHUA
PeKTHUPUKANNOHHON KOJOHHOM
A.A. Cagaposa

Aszepbatiodicanckuil  2ocyoapcmeenHuvlll  yHugepcumem Hegpmu u  npomviuinenHocmu  (baky,
Asepbaiiodcan)

AHHOTAaNUs
HedrenepepabarsiBaromias u HepTeXUMHUUECKas! TMPOMBIIIJIEHHOCTh CUUTAIOTCS BEAYITUMU

OTpacisiMM HapoAHOro xo3siictBa. Llenp 3Tux mnpeanpusitiii - oOecrnedyuTbh MPOU3BOACTBO
IIMPOKOTO CIEKTpa BHICOKOKAYECTBEHHBIX He(PTENpOoAyKTOB M3 chipoii HedTu. TpeboBaHus k
MOKAa3aTeNIsIM KayecTBa pa3IMyHbIX HEPTENPOAYKTOB, IPOU3BOAUMBIX HA ITHX TEXHOJOTHUECKHUX
o0bekTax, TpeOyloT co3laHusi 0ojee COBPEMEHHBIX M COBEPIICHHBIX CHUCTEM YIIPaBJICHHUS.
CrnenyeT OTMETUTB, UTO OTHOW W3 OCHOBHBIX MPOOJIEM TEOPHH YIPABJICHHUS SBISIETCSA CO3/IaHUE U
pa3BUTHE HOBBIX CHCTEM YIIPABICHHS, CIOCOOHBIX aJ€KBaTHO pearnupoBaTh Ha 0ojee TMHAMUYIHO
M3MEHSIOIIMECS BHEIIHUE M BHYTPEHHHE (aKTOphl ISl CIOXKHBIX HedTenepepadaThIBarOIIUX
TEXHOJIOTMYECKUX KOMIUJIEKCOB B COOTBETCTBHUM C TpeOoBaHUAMU BpeMeHHU. I[lostomy
aKTyaJbHBIM SIBJISIETCS] CO3JJaHHE HOBBIX aBTOMATU3MPOBAHHBIX CHCTEM YIIPABIICHUS, CIIOCOOHBIX
obecreunTh TpeOyeMyto TOYHOCTh KOHTPOJISI KadyecTRa.

KirmoueBble ci0Ba:  JUCTHWUBIIIMOHHAS KOJOHHA, TepeAaroyHas (QYHKIHS, KOHTPOIUIEP,
CHCTEMa YNPABJIEHUSA, TUHAMUYECKUE XapaKTEPUCTUKH.
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Introduction

The experience of operation of
numerous complex technological objects in
various branches of oil refining industries has
shown that the characteristic features of these
complex technological processes are mainly
the following [1]: complexity of devices as
control objects; the feedstock arriving at the
refining enterprise varies within rather wide
limits both in terms of consumption and
composition (quality indicators); the presence
of a large number of controlled and
uncontrolled excitatory influences, to a greater
or lesser extent affecting the course of the

technological process; non-stationarity of
static and dynamic characteristics of
processes; the complexity of building

mathematical models that can adequately
reflect the course of processes, due to the
complex nature of dependencies between
input and output parameters, as well as the
lack of a complete mathematical description
for many complex technological processes;
high error of measurements of some
technological parameters, and sometimes the
lack of operational methods of measurements
and control and measuring instruments, etc.

Under these conditions, it is impossible
to achieve the criteria established in quality
management by optimizing static modes of
technological processes only at the traditional
upper level. Therefore, solving the problems
of synthesizing a control system capable of
ensuring compliance of quality indicators of
various fuel fractions obtained in the process
of oil refining with the requirements of the
standard at any values of flow rate and quality
indicators of crude oil fed to the atmospheric
unit in the technological complex of primary
oil refining is relevant both from the scientific
and practical points of view.
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Taking all this into account, the paper
proposes as a research problem to develop a
control system for the atmospheric block of
the technological complex of primary oil
refining in such a way that this system
provides an optimal mode of operation of the
system as a whole, regardless of the various
influences occurring in the technological

complex.

Purpose of the work

The issue of optimal adjustment of
controller is included in automatic control
system is considered, the transfer function of
control systems is determined, on the basis of
which the curve of the transient process of the
automatic control system is constructed and
the quality indicators of transient response are
determined.

Problem statement

The quality indicators of the automatic
control system in dynamic modes depend on
the characteristics of the control object. For
this reason, in order to develop control
systems with sufficient stability, reliability and
high quality indicators, it is necessary first of
all to study the dynamic characteristics of the
automatic control object. Static and dynamic
characteristics are studied both experimentally
and analytically, depending on the charac-
teristics of the object under study. However, to
assess the dynamic characteristics of control
objects, active experiments are carried out
with open states of control circuits. Otherwise,
it is necessary to use experimental methods for
studying the characteristics of regulated
objects. Taking into account all this, in the
paper a methodology is given for solving the
above issues without interfering the normal
operating modes of control systems.
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To solve the synthesis problem, first of
all, the transfer function is determined based
on the step response. The transfer function
defines the relation between the output and the
input of a dynamic system [2]. The step

response is shown in (Fig. 1).
Step Response

Amplitude

1
20

1
60
Time (seconds)

L
40 120

Figure 1 — Step response

Here, in order to adjust the temperature,
it is necessary to change the fuel consumption,
that is, to change the movement of the
actuator. On the commissioning curve, the
distance of the actuator is Ax=5%, and the
temperature change corresponding to this
distance is 110-120 °C (7.5%). There are
various methods for calculating the transfer
function. To calculate the transfer function in
this paper the Simoyu Method was used. The
input and output variables of the object were
observed by performing an active experiment.
A stepped control action was applied and a
recording was made of the resulting output
data, which was in the form of a transient
response. In this method, the calculation is
performed in the following sequence [3-5].

1. The time characteristic is divided
into intervals with At=Imin;

2. Let us write down the ratio of the
values Ay(t) and Aymax corresponding to the
intervals At;
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3. The fields
performing appropriate calculations.
Field F1 is defined as follows:

are determined by

Fy = Aty (1—y); = 0,5[1 = y(0)]} (1)

Then [1-y(t)] is established in a different
timeline. Therefore, the variable 6 implies.

i=1[1 — y(i46)][1 — iA6] 2)

Pl - yGae)] [1 -2 a0 + 28] )

Then the F2 and F3 fields are calculated:
F, = FFAO{XT,(1 - y)(1 - 6); — 0,5[1 —
y(0)]} €))

92
Fy = F3A0 {3, (1-y)(1-20 +2); -

0,5[1 - y(0)1}

The results are shown in Table 1.

If any of the fields is negative then the
transfer function will be in the form:

b,p+1
W(p) = —2P
ap +ap+1

)

If all fields are positive, then the transfer
function will be as follows:

1
W (D) =
(P) a,p’+a,p’+a,p+1

(6)

After applying input to the control
system, output takes certain time to reach
steady state. So, the output will be in transient
state till it goes to a steady state. Therefore,
the response of the control system during the
transient state is known as transient respons.
The transient state response of control system
gives a clear description of how the system
functions during transient state [6, 7].
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Solving of the problem

Based on the method of “field” we can
write a transfer function, given the calculated
values al=F1, a2=F2, a3=F3:

Fl=2,4242, F2= 1,70098, F3= 18,866
Wi(p)=k/(2.42p3+1.701p2+18.87p+1)  (7)

The next step is to convert the transfer
function from a dimensionless form to a
dimension form;

W, (P) = Kop W (P) (8)

In this formula

AV ox 7.5
Kﬂ& = = — =
Ax 5

1.5
then Wob(P) takes the following form:
W(p)=1.3/(2.42p3+1.701p2+18.87p+1) (9)
The results are shown in Table.

Algorithm of obtaining a transition
response is as follows:

>> Wt=tf([1.3],[2.42 1.701 18.87 1]);
>> Wt=tf([0.54 0.23],[1 0]);

>> Wo= tf([1.3],[2.42 1.701 18.87 1]);
>> W l=series(Wt,Wo);

>> Fi=feedback(W1,1);

>> step(Fi);grid

The transition response is shown in
(Fig.2).

Step Response
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Figure 2 — The transient response

The transient state response of control
system gives a clear description of how the
system functions during transient state. Based
on the transition response, we determine the
following quality indicators:

Overshoot - 37%

Control time — 24.4

The first maximum — 1.32

The second maximum - 1.03

Static error — 0

The quality indicators obtained based on
trancient response meet the requirements for a
sustainable control system.

Conclusion

In the presented paper, the distillation
column which is the main technological
device of the primary oil refining unit, has
been studied as a control object. Due to the
non-stationarity of the dynamic characteristics
of this control object, the necessity of periodic
and operational assessment and adjustment of
systems is substantiated. The
evaluation of dynamic model of automatic
control system of the distillation column of a
technological facility is solved. it involves
calculation of transfer function of the
controller , building of transient response and
determination quality indicators of the

control

transient response.
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Table — The calculation results of transfer function

t y(t) 1-y(t) 0 1-0 C*E 120 +0 ~2)2 | G*H
A |B C D E F G H
0 |0 1 0 1 1 1 1
0,3 |0,045 0,955 0,124 | 0,876248 | 0,8368167 | 0,7959717 0,760153
0,6 |01 0,9 0,248 |0,752496 | 0,6772461 |0,5951339 0,495621
0,9 |0,158333 |0,841667 |0371 |0,628744 |0,5291924 | 0,387805 0,306403
1,2 {0,225 0,775 0,495 | 0,504991 | 0,3913683 | 0,170967 0,132499
1,5 |0,283333 |[0,716667 | 0,619 |0381239 |0,2732214 | -0,06431 -0,17609
1,8 |04 0,6 0,743 | 0,257487 | 0,1544922 | -0,348939 -0,20936
2,1 | 0475 0,525 0,866 |0,133735 | 0,0702108 | -0,680615 -0,39732
24 |0,566667 |0,433333 0099 |0,009983 |0,0043258 | -1,130695 -0,48997
2,7 |0,691667 0308333 | 1,114 |-0,11377 | -0,035079 | -1,969616 -0,6973
3 |0,733333 | 0266667 | 1,238 |-0,23752 | -0,063339 | -2,659922 -0,75931
3,3 |0,775 0,225 1361 |-036127 |-0,081287 |-3,537842 -0,79601
3,6 |0,808333 |0,191667 | 1,485 |-0,48503 | -0,092963 | -4,525562 -0,8874
3,9 |0.85 0,15 1,609 | -0,60878 | -0,091317 | -6,156485 -0,97357
42 10866667 |0,133333 | 1,733 |[-0,73253 | -0,097671 |-7,231743 -0,96423
45 |0,875 0,125 1,856 |-0,85628 | -0,107035 |-7,917381 -0,98967
48 |0,8875 0,1125 1,98 | -0,98003 |-0,110254 |-8,887117 -0,9998
51 |0,895 0,105 2,104 |-1,10379 | -0,115898 | -9,472516 -0,99461
54 10,925 0,075 2,228 |-1,22754 | -0,092065 |-12,98817 -0,97411
57 1095 0,05 2,351 |-1,35129 |[-0,067565 |-18,76595 -0,9383
6 00958333 |0,041667 |2475 |-1,47504 |-0,06146 |-21,29184 -0,90717
6,3 | 0966667 |0,033333 {2,599 |-1,5988 -0,053293 | -24,62191 -0,88072
6,6 |00983333 |0016667 |2,723 |-1,72255 | -0,028709 | -44,33686 -0,85896
69 |1 0 2,846 | -1,8463 0 0 0
8,580833 2,8389391 -11,201
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utilize large network technologies, and provides various evaluations.
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Kiberfiziki sistemlerda tohlUkasizliyin analizi va giymatlondirilmasi

P.9. Abbasova
Azorbaycan Texnologiya Universiteti (Ganca, Azorbaycan)

Xiilasa

Rogomsallasan diinya ilo barabor hoyatimiza daxil olan kiber hiicumlar ovvollor sads vo
aydinlagdirilmasi asan struktur idi. Lakin bugiin artiq qarisiq bir struktura sahib vo todqiq edilmasi ¢atin
hal almigdir. Bu problemi aradan qaldirmaq magsadilo hiicumlarin ger¢oklosmadon avval onlara aid
kosfiyyat molumatlarin toplanmasi, hoyata keg¢dikdon sonra iso tapilmasi giiniimiiziin ayrilmaz iki asas
iinsiiri olmusdur. Xisusilo son zamanlarda bdyiik sobako avadanliglarininda kiber tohlikssizlik sahasins
ugurla tatbiqi, istor kiber tohdid kesfiyyat1 istorse do hlicum tehlikasi sistemlarinds bu texnologiyalardan
faydalanmagi mocbur etmisdir. Bu isdo kiber tohdid kosfiyyati, hiicum tohlikasi sistemlori va boylk
soboko texnologiyalari agiglanmis, boylik soboks texnologiyalarindan faydalanan kiber tohdid koasfiyyati
Vo hicum tahliikasi sistemlorina yonalmis islor nazorden kegirilmis vo mixtalif giymatlondirilmalar
edilmigdir.

Acar sozlor:  Kiberfiziki sistem, agyalarin interneti (IoT), informasiya tohliikasizliyi, kibertohltkasizlik,
Kiber 6ltm, risk

AHaJIM3 U OLleHKA 0e30I1aCHOCTH B KHOep(pusnuecknx cucremax
I1.A. A6OacoBa

Azepbaiiocanckuti mexnonosuseckuti ynusepcumem (I smoca, Azepbatiocarn)

AHHOTAIUA

C pazButuem 1uppoBoro MUpa KuOepaTaky BOILIN B HAITY KU3Hb, N3HAYAIILHO UMes MPOCTYI0 U
JIETKO OOBSICHUMYIO CTPYKTYpY. OMHAKO CETOTHS OHU MPHUOOPETN CIIOKHBIN XapakTep, ¥ UX aHalUu3 CTall
3arpyaHuTeabHbIM. C 1EIbI0 YCTpaHEHUS JaHHOW MpoOJieMbl cOOp pa3Be/bIBATE/ILHONW WHGpOPMAIMH O
KHOEpyTpo3ax /10 UX pean3alliy, a TakKe WX oOHapyXKeHHE TOCIIe aTaKh CTaIH JIBYMSI HEOThEMIIEMBIMH
dJIEMEHTaMH COBPEMEHHOU KHOepOe30MmacHOCTH. Y CIIeNTHOE MTPUMEHEHHE KPYITHOMACIITAOHOTO CETEBOTO
o0opyaoBanus B 00jacTu kubepOEe30MacHOCTH, OCOOCHHO B IMOCIIEAHEE BpEMsi, CIEIalI0 HCIOJIb30BaHUE
3TUX TEXHOJIOTUH HEOOXOJMMBIM KaK B CHCTeMaxX KHOEpPYTpO3HOW pa3BeIKH, TaK M B CHCTEMaX OOHapy-
JKeHUs aTak. B manHO# paboTe paccMaTpuBarOTCS KHOEPYTpO3Has pa3Beka, CHCTEMBI OOHAPYIKEHHS aTaKk
U KpYITHOMACIITaOHbIC CETEBBIC TEXHOJIOTHH, a TAKXKE aHAIM3UPYIOTCS MCCICIOBaHMYsI, HAPABICHHbIC Ha
MPUMEHEHUE TAKUX TEXHOJIOTHI B CUCTEMax KuOepOe30MacHOCTH, U PE/ICTABIICHBI PA3JINYHBIC OIICHKU.

KuroueBble ciioBa: kubepdusnueckas cucrema, unHtepHer Bemiei (10T), mHbOpManmonHas Oe3-
OTIACHOCTb, KHOEPOe30MacHOCTh, KHOEPCMEPTh, PUCK.
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Giris

Informasiya vo kommunikasiya texnolo-
giyalarmin siiratlo inkisaf etdiyi dévrds sosial
strukturlarin vo aktorlarm hor bir saviyyasi
murokkab vo geyri-miioyyanliklorlo dolu bir
mihitdo yasamali olur. Yasadigimiz asrin
postmodern soraitinds ¢asqinliq vo qaranhigla
dolu dunyanin moarkazinds siibhasiz ki, tohlu-
kasizlik anlayisi1 dayanir. Kibermokan adlanan
va informasiya-kommunikasiya texnologiyala-
rinin yaratdigi, komputer sistemlorini, onlayn
kommunikasiya sabakaloarini vo idarsetms pro-
seslarini 6zlnds birlosdiron bu nshang diinya
global migyasda sosial, igtisadi, siyasi vo mo-
doni inteqrasiyanin torkib hissasi kimi slrotlo
inkisaf edir. Belo inteqrasiyanin osasini bilik
toskil edir. informasiya cari osrin on miihiim
istehsal vo istehlak mohsuludur. Biliys osas-
lanmayan har hans1 mohsul vo ya xidmot isto-
nilon keyfiyyat vo standart sayilmur [1].

Muasir kiber dlinyasinin on asas elemen-
ti internet bazasidir. Hal-hazirda istifado olu-
nan butin komputerlar, elektrik xotlori, radio-
lar, peyk sistemlori, hor ciir elektrik vo elek-
tromagnit cihazlari, mobil telefonlar, peyklar,
robot sistemlor, biitin insanli vo ya pilotsuz
hava, quru vo doniz nogliyyat vasitalori inter-
net bazasinda kodlanmis program sistemlori
sayasinds islayir. Bitiin bu alotlor vo avadan-
liglar hom do kibermokan diinyasinim miihim
elementlori hesab olunur. Bu vasitslerin va bii-
tovlikds internet bazasmin tohllkasizliyi ¢ox
vacibdir. Son illordo miitosokkil cinayatkarliq
vo terror toskilatlari 6z faaliyyatlorini planlas-
dirmag, talimlor kegirmok, informasiya va tob-
ligat texnikalarin1 paylasmaq kimi digqgatlorini
Kibermokana y6noaltmis, moagsadlorine ¢atmaq
uclin informasiya-kommunikasiya texnologi-
yalarindan istifads etmislor.

Kibertahlikasizlik vo miidafia faaliyyot-
lori aktivlasdirdiklori hiicum va tohdidlora go-
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ro fordlor, qurumlar, toskilatlar vo dovlatlor so-
viyyasindo ohamiyyatini artirmisdir. Kiber
dinyanin on miihim acar1 olan tohlikasizlik
sobokasi, muasir hoyatin adi tohlikesizlik an-
layislar ilo integrasiya olunaraq kibertohllko-
sizlik anlayist adlandiriimaga baslayib. Ode-
biyyatda kibertohllkasizliklo bagli bir ¢ox to-
riflor verilmoya caligilsa da, artiq biitiin satir-
lori ilo ortaya ¢ixan Kibertohlikasizlik anla-
yisindan danigsmagq mumkin deyil [2]. Bu ve-
ziyyatin asas soboabi Kibertohlikasizlik anla-
yisinin l¢ii va sarhadlorinin ¢akilo bilmamasi-
dir. ©slinds, informasiya-kommunikasiya tex-
nologiyalarinin global internet sobokasi ilo in-
tegrasiyasi vo miiasir hayatin sahalarina daxil
olmas1  kibertohlikasizlik  konsepsiyasinin
corgivasini angollayir. Bununla bels kibertoh-
likasizlik anlayisi informasiya-kommunikasi-
ya texnologiyalarinin ¢ox siiratls inkisaf etdiyi
bu gln ayri-ayr1 soxslarin, qurumlarin, beynol-
xalq toskilatlarin vo dovlotlorin on miihum
gindom masalalorindon birina ¢evrilib. Bu
giin oshamiyyati danilmaz hala golon kibertoh-
lUkasizlik anlayis1 global postmodern siviliza-
siya prosesinin daimi moévzusu olacaqdir. Ki-
bertohlikasizlik sahasinds hor giin bir ¢ox toh-
lUkalor meydana ¢ixsa da, bu tohllkalori kate-
qoriyalara b6lmok miimkUndur.

Isin magsadi

Kiberfiziki sistemlordo tohliikasizliyin
giymatlondirilmasi, kiber tohlikasizlik va in-
formasiya tohlukoasizliyi arasdaki forglorin
aydinlasdirilmasi, habelo KFS-in tohlukasizlik
tohdidlori ilo mibarizonin miasir yanagmalari-
m togdim etmokdir. Eyni zamanda, kiber 6l-
diirma zancirinin va hiicumlarin garsisini1 alma
usullarmin tadqiqi, bu sahads mévcud mohdu-
diyyatlar, problemlar va galacak tendensiyalar
da muzakirs edilocokdir.
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Masalanin qoyulusu

Kiberfiziki sistemlorin tohllkasizliyi va
bu sahodoki mévcud tohdidlors gars1 miibarizo
usullarimi arasdirir. Homginin, kiber tohliko-
sizlik va informasiya tahllkasizliyi arasindaki
forglar, bu sahadoki mahdudiyyatlor va gale-
cokdo totbiq olunacaq yeni yanasmalar miza-
Kira edilocakdir.

Masalanin halli

Kiberfiziki sistemlor (KFS) sensorlar va
aktuatorlarin kémayi ilo fiziki diinyani virtual
hesablama dunyasi ilo oslagolondirir. Muxtalif
torkib komponentlorindon ibarat olan KFS-lor
omokdasliqda qlobal davraniglar yaradir. Bu
komponentlora real diinya ilo qarsiligh slago
yaratmag Ugln program sistemlari, kommuni-
kasiya texnologiyalari, sensorlar/aktuatorlar, o
cimladon tez-tez qurasdirilmis texnologiyalar
daxildir. Bu iki dinyan1 birlosdiron Kiber-Fi-
ziki Sistemlor iki miihim elementdon ibarat-
dir: internet tizorindon vo toyin edilmis inter-
net Unvan ilo bir-biri ilo slage saxlayan ob-
yektlor vo sistemlar torafindon yaradilmis so-
bakoadan. Bu, kompiter muhitinds real diinya
obyektlorinin vo davraniglarinin simulyasiyasi
ilo yaradilmus virtual muhitdir.

Kiber-Fiziki Sistemlor tokco istehsalda
deyil, ham ds bir ¢ox yerlordo mithim rol oy-
nayir. Onlardan bazilarini bels siralamagq olar:
Fiziki vo togkilati is proseslarinoe nozarat edir;
Ohamiyyatli istifadogi olagasini ehtiva edir;
Real vaxtda konfiqurasiya, yerlosdirma vo ya
toyinatla muhitdoki reaktiv  doyisikliklora
uygunlasir vo tokamiil edir; Oz performansini
daim izlayir vo optimallagdirir; Yiiksok dora-
codo etibarliliq tolob edir; Miixtolif texniki
fonlorin vo miixtalif tatbiq saholarinin integra-
siyasini tolob edir.
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Kiber tohlUkasizlik va informasiya
tahllikasizliyi arasindaka farg

Kompiiter sobokalorindon istifadanin
getdikco artmas: vo onlarin hayatimizin bir
¢ox sahalarina daxil edilmasi, informasiya toh-
lUkasizliyinin tomin edilmasi problemini 6z
ilo gotirdi [3]. Bu halda kibertohliikasizliyin
torifi ilo birlikdo cavablandiriimasi lazim olan
bir sual da, “Informasiya Tohliikosizliyi”-ni
“Kibertohlikasizlik”-don farqli vo ortaq cohat-
larinin na oldugudur.

Informasiya tahlikasizliyi - taqdim olu-
nan Xidmatlarin, sistemlorin vo molumatlarin
gorunmasini tomin edir.

Kiberzahlikasizlik - kompdlterlorin, mo-
lumatlarin vo soboakalarin icazesiz rogomsal-
lagdirilmasidir.

Bu, mixtalif Gsul vo texnologiyalardan
istifado etmoklo hiicumlarin, girisin vo ya
mohv edilmonin qorunmasidir.

KFS-in tahlUkasizlik tohdidlari

Tohllkasizliyin mahiyyati hor hansi mo-
lumatdir. Malumat yoxdursa, tohlikasizlik do
yoxdur. Tohllkasizliyin tomin edilmasi Ugln
bltun gizli, aciq, texniki, ictimai malumatlan-
dirma faaliyyatlori kosfiyyat adlanir. Informa-
siya proseslori Kiber kosfiyyat faaliyyati olarag
ortaya ¢ixdi. Kibertohliks kiber kosfiyyatin alt
hissosi Kimi xususi tohsili olan, xtsusi texno-
logiya vo molumatlardan istifado edon, elmo
osaslanan bir fondir. Buna gora kiber kosfiy-
yatda texnologiyadan istifadoe edirik vo buna
g0ra do kiber tohllko kosfiyyati istifadosi ol-
duqca vacibdir. istifads edilo bilon bu texnolo-
giyalardan biri do blok zanciri texnologiyasi-
dir. Blockchain (blok zonciri) texnologiyasi
proseslari pozmaq potensialina malikdir vo is-
tifado etdiyi kriptografik protokollar sayasinda
radd edilmomasi va doyismozlik xususiyyatlari
ilo tohllkasizdir. Moalumatlarin islonmasinin
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vo molumat monbayinin gorunmasinin daha
yiiksok saviyyasino zomanat verir.

Kiber tohlikasizliyin mibarizo apardigi
tohdidlori bes basliq altinda nozordon kegir-
moak olar: Haktivizm; Kibercinaystkarlq; Ki-
berSabotaj; Kiberterrorizm; Kibermiharibo.

Kiber 6ldlirma zancirinin va hiicumun
qarsisinin alinmasi iisullarimin tadqiqi

Kiber 6liim zonciri Amerikanin global
aerokosmik, mudafia, tohllkasizlik vo gabag-
cil texnologiya sirkati olan Lockheed-in nati-
cosidir. Martin torofindon hazirlanmisdir. Ki-
ber 6liim zanciri, kosfiyyat vo kompliter sobo-
kalarinin mudafiasi t¢un fokuslanmis tohliko
modelidir [4].

“Oliim Zonciri"na gora, hodoflonmis ki-
berhlicum 7 morhoalods bas verir: 1.Kosfiyyat
(Reconnaissance); 2. Silahlanma (Weaponi-
zation); 3. Catdirilma (Delivery); 4. istismar
(Exploitation); 5. Qurasdirma (Installation); 6.
Komanda vo Nozarot (Command & Control,
C2); 7. Mogsadlor Uzro Foaliyyatlor (Actions
On Objectives).

Kasfiyyat (Reconnaissance)

Bu, hlicumgunun hadof sistem hagqinda
molumat toplama marhalasidir. Bu marhalanin
mogsadi sistemo infiltrasiya Usullarini askar
etmokdir. Bu morholodo hodof secimi, toskila-
tin otrafli todqiqi, hodsfin texnologiya se¢im-
lori, sosial saboka foaliyyatlori arasdirilir.Eyni
zamanda tocavizkarlar hadoflorino qarst hansi
hiicum Usullarinin daha yaxs1 oldugunu miioy-
yanlasdirir va tasirli olub-olmayacagini Gyron-
maya9 calisir.

Silahlanma (Weaponization)

Kosfetmo morholosindo hodof sistemo
giris noqtasini toyin edon tocaviizkar bu giris
ndgtasinds hansi hiicum vektorundan istifados
edocayina qgorar verir. Eyni zamanda istifado
edilocok zorarli program da bu morholods ya-
radilir. Bu morholodo miidafiagilor silahi ol-
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dugu kimi askar edo bilmasolor do, zororli
program asarlarini tohlil edorak natico ¢ixara
bilirlor. Bu analizlor adoton on davamli miida-
fiadir.

Catdiriilma (Delivery)

Zororli programin hadof sistemoa gondo-
rildiyi morhola. Bu morhalads tacaviizkar lazi-
mi anonimliys nail ola bilmadiyi middatcs iz-
lor buraxa bilar. Bu sobobls tohlikasizliyin on
zoif halgasi olan insan nozoro alinir vo e-poct
va ya usb kimi zararli vasitolor idars edilir.

Istismar (Exploitation)

Tocavizkarin silahlanma marhoalasinds
yaradilmis hiicum vektorundan istifado edorok
hadof sistemdoki tohlikasizlik zsifliyindon is-
tifado etdiyi morholadir. Burada mogqsad zarar-
li programin sistemds islomasini tomin etmok-
dir [5].

Yiklomo moarhalasi ilo kompiters endi-
rilon fayl iso salindiqda sistemdo zoiflik yara-
nir. Onu istismar etmoklo yiikloma morhalasi
acilacaq .

Qurasdirma (Installation)

Zororli programin hadof sistemdos galma
muddatini artirmaq ¢lin program tominatinin
sistemo qurasdirildigi morhols. Fayllarin vo
metadatalarin silinmoasi, mohirlor va Kritik
molumatlar1 doyisdira bilor ki, sanki giris heg
vaxt verilmayib.

Komanda vo Noazarat (Command &
Control, C2)

Bu marhalado hadof sistem tutulur. To-
cavlzkar indi sobakonin asagi hissasindo zo-
rorli kodu tam manipulyasiya eds bilar. O, iro-
liloyo molumat sizdira vo mahvetmo va ya xid-
motdon imtina omoliyyatlar1 hoyata kegiro bi-
lor.mBu morhslado qurasdirilmis hiicum alot-
larini idars etmok tigiin C2 kanali qurulur.
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Magsadlar iizra Faaliyyatlor (Actions
On Objectives)

Hadof sistemini olo kegiron hiicumc¢u bu
morhala ilo magsadine ¢atmaq Uglin muxtalif
harokatlor edir. Bu horokotloro misal olaraq
molumatlarin ¢ixarilmasi, silinmasi va ya bas-
ga sistemo hiicumu ola bilar.

Kiberfiziki sistemlar — fon

Bu bélmads biz Kiberfiziki sistemlor ar-
xitekturasini, onun asas tobagalarini vo kom-
ponentlarini, homginin asas kiberfiziki sistem-
lor modellarini toqdim edirik [6]._Kiberfiziki
sistemlar soviyyalari kiberfiziki sistemlarin ar-
xitekturasi {i¢ asas tobagadon, askarlama gatin-
dan, Otlrlci tobagadon va totbiq saviyyasin-
don ibaratdir.

Askarlama gati: taninma vo ya askarla-
ma tobaqosi Kimi do taninir. Buraya sensorlar,
aktuatorlar, kollektorlar, homg¢inin radiotezlik-
larin identifikasiyas: etiketlori, global mévqe-
losdirmo sistemlori vo miixtalif digor cihazlar
kimi avadanlhiglar daxildir. Bu cihazlar fiziki
dinyan1 izlomak va sorh etmok {igiin real vaxt
rejiminds malumat toplayir.

Otlricii tobaqa: Homgcinin nogliyyat
gatt vo ya soboka gat1 kimi taninir va ikinci Ki-
berfiziki sistem gatidir. Bu tobago qavrayis vo
totbiq soviyyalori arasinda moalumat mubadilo-
sini vo emaln1 edir.

Tatbiq saviyyasi: Uglincii vo an interak-
tiv tobagodir. O, malumat Otlirmo soviyyasin-
don alinan moalumatlar: emal edir, sensorlar va
aktuatorlar da daxil olmagla fiziki b6lmalor to-
rofindon yerino yetirilon omrlor verir. Bu,
Umumilasdirilmis molumatlar asasinda mirok-
kab gorar gabul etma algoritmlarinin tatbiqi ilo
hoyata kegirilir.

Kiberfiziki sistemlorde mohdudiyyat-
lor, problemlar va galacok tendensiyalar

Kiberfiziki sistemlor fiziki giris vo ¢ixis-
la garsiligh alagods olan daxili sistemlor sobo-
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kasi kimi miiayyan edilir. Basga sozlo, kiberfi-
ziki sistemlar real IoT ilo alagoali obyektlori vo
proseslari izlomok vo emal etmok imkani ilo
bir-biri ilo slagali bir nego sistemin birlogma-
sindan ibaratdir. Kiberfiziki sistemlar ii¢ osas
moarkazi komponentdon ibaratdir: sensorlar,
kollektorlar vo aktuatorlar.

Problemin formalasdirilmasi

CGoxsayl tstunliiklorine baxmayarag, ki-
berfiziki sistemlor miixtalif Kiber va fiziki toh-
lUkasizlik tohdidlarina, hiicumlara vo ¢agiris-
lara gars1 hossasdir. Bunun sababi onlarin he-
terojen tobiati, 6zal vo hossas malumatlara eti-
bar1 vo genis miqyasl paylanmasidir. Bundan
olava, davamli proqram tominati, totbiq vo
omoliyyat sistemi yenilomoalari ilo tohliikosiz-
lik zaifliklari minimuma endirilmalidir.

Motivasiya

Kiberfiziki sistemlorin tohllUkasizliyi sis-
temlori Kritik infrastrukturlara (agilli soboka,
sonaye, tochizat zonciri, sohiyys, horbi, kond
tosarrufati vo s.) inteqrasiya olunub. Bu, onlart
igtisadi, cinayat, horbi, casuslug, siyasi vo
muxtalif moagsadlor tigiin tohlikasizlik hicum-
lar1 Gigtin calbedici hadafa gevirir.

Tohfalar

Bu arasdirmada biz kiberfiziki sistemlo-
rin mixtalif Kiber-fiziki tohllkasizlik aspektlo-
rinin hortorafli nozordon kecirilmosini vo tohli-
lini toqdim edirik [7].

Tohfolors asagidakilar daxildir: Umumi
molumat; Kiber-Fiziki Hucumlar; Riskin qiy-
motlondirilmasi;  TohliUkosizlik  todbirlori;
Mohkoma; Darslor; Tokliflor.

Kiber tohlUkasizlik auditinds Maqsad-
lar

Hor bir auditdo oldugu kimi, Kibertohli-
kasizlik yoxlamalarininda moagsoadi olmalidir.
Kibertohllkasizlik auditinin magsadi rohbarli-
yo kibertohlukosizlik proseslori, siyasotlor,
prosedurlar, idaroetmo vo digor nazarat vasito-
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larinin effektivliyini giymotlondirmoyo imkan
yaratmaqdir [8].
Rohboarliya sistemli,elmi tominat vo maslohot
Xidmatlori gostormakdir.

Auditin magsadlari

Audit mogsadlori miioyyon edilo bilor.
Bununla bela kibertohlikasizlikla bagli mag-
sadlar agagidaki kimi mahdudlasdirila bilor:

v Kibertohllkasizlik siyasati vo prose-
durlar1 va onlarin isinin somaraliliyinin
giymotlondirilmosi ilo rohbarliys eti-
barliligla tamin etmak;

v’ Tohlikasizlik nozaratindoki zaifliklor
sobabindon korporativ molumatlarin
etibarliligina, doqigliyino vo tohllka-
sizliyina tosir etmoklo idaraetmoya roh-
borlik etmok;

v Cavab vo borpa programlarinin effek-
tivliyini giymotlondirarok institusional
yanasmalarin daxililosdirilmasina ko-
mok etmok.

Biznesa tasir vo risklarin giymatlondi-
rilmasi

Kiber insident maliyys, omoliyyat, hi-
quqi va reputasiyaya tasir gostora bilor. Togki-
latin kritik infrastrukturda rolu vebsaytin po-
tensial tosirini do artira bilor [9]. Kiberhicu-
mun naticalori baximindan nozors alina bils-
cok neqativlors asagidakilar misal ola bilor:

v Oqli mulkiyyat vo ya ticarat sirrinin iti-
rilmasi;

v Kibertohllkasizliyo nozaroti azaltmaq
vo tokmillasdirmok figiin texnologiya-
nin inkisaf xorclori;

v Vaxt vo somaralilik itkisi.

Buna g0rs do kibertohliikasizlik auditin-
do kiber pozuntularin is proseslarino tasirlari
corgivasinda riskin giymatlondirilmasi boyuk
ohomiyyat kasb edir.

Natica

Moqgalada kiberfiziki sistemlarin tohli-
kasizliyi vo bu sahodoki movcud tohdidlora
garst totbig olunan mdasir Usullarin tahlilini
togdim edir. Kiber tohlukasizlik va informasi-
ya tohlikasizliyi arasindaki forglor aydinlasdi-
rilmis va Kiber 6ldiirmo zoncirinin garsisini al-
maq Ucln effektiv strategiyalar togdim edil-
misdir. Homginin, Kkiberfiziki sistemlordoki
mohdudiyyatlor vo problemlor lzorinds daya-
nilarag, galocokds tothiq edilocok yeni yanas-
malar muzakirs edilmisdir. Kiber tohliikasizlik
auditi ilo bagli magsadlor muoyyan edilorak,
bu sahads daha da inkisaf edilmasi Ugun tok-
liflor irali sUrilmisdr.

Maraglar miinaqisasi

Miisllif bu moagalods arasdirilmasi tolob
olunan maraglar munagqigesinin  olmadigini
geyd edir.
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Z. 3dadli qeyri-salis idarsetmo sisteminin interpolyativ yanasma mexanizmi
dsasinda modellasdirilmoasi

K.A. Mommadova, 9.9. 9liyeva
Azarbaycan Déviat Neft va Sonaye Universiteti (Baki, Azarbaycan)

Xiilasa

Qeyri-salis idaroetma sistemlorinin modellogdirilmasinde oksar hallarda qaydalar bazasinda
doyisonlorin linqvistik qiymatlorinin etibarlili§i miithiim ohomiyyat kosb edir. Qaydalarin
doyisonlorinin geyri-solis qiymaotlorinin etibarliliq dorocosini nozoro alaraq notico ¢ixarma
mexanizminin layihalondirilmasi shomiyyat kasb edir. Bu mogsadlo molumatin mohdudiyyat vo
etibarliliq deroacalarini 6ziinds birlesdiron Z adadins asaslanan geyri-solis qaydalar qurulur. Qeyri-
solis qaydalara osaslanan sistemin notico ¢ixarma miihorrikinin layiholondirilmasi {i¢iin geyri-
solis gaydalarin interpolasiyasi toqdim olunur. Interpolyativ mexanizmo osaslanan qeyri-solis
notico ¢ixarma sisteminin riyazi modeli islonib hazirlanmisdir. Interpolyativ natico cixarma
mexanizmi osasinda dinamik obyektin idaro edilmosi ligiin Z ododli qeyri-solis idaroetmo
sisteminin modellosdirilmisdir. Layiholondirilmis tonzimloyicinin kegid prosesi adi qeyri-salis
tonzimloyicinin kecid prosesi ilo miiqayise edilir. Alinmis miigayisoli naticolor dinamik
obyektlorin idars edilmasindo modellosdirilmis sistemlorin uygunlugunu niimayis etdirir.

Acar sozlar: geyri-salis interpolyasiya, interpolyativ natico ¢ixarma, Z odadi, dinamik
obyekt, qeyri-solis idaroetma sistemi

MopenupoBaHue HEYETKOM CHCTEMbl YNpaBJIeHUA Z-4UCJIOM Ha OCHOBeE
MEXaHU3MA HHTEPNOJALMOHHOI0 MOAX0AA
K.A. MamenoBa, A.A. AlineBa

Azepbaiiodcanckuii  20cyoapcmeentulil  yuugepcumem Hegpmu u npomwviuiiennocmu  (baky,
Aszepbatiodcan)

Abstract

HpI/I MOZIeJ'II/IpOBaHI/II/I HCUCTKUX CUCTEM ynpaBJIeHI/ISI HAACKHOCTE JIMHTBUCTHUYCCKHUX
3HAYCHHUH MEPEeMEHHBIX B 0a3e MpaBWJI 4acTO MMeeT OoJbloe 3HaueHHe. BakHO pa3paboraTh
MEXaHU3M BBIBOJIA C y‘-IeTOM CTCIICHU HAACKHOCTHU HCUYUCTKHUX 3Ha‘~I€HI/II71 HepeMeHHI)IX HpaBI/IJIa.
Jlist 3TOro yCTaHABIMBAIOTCS HEYSTKHE IMpaBWJIa Ha OCHOBE 4YMCa 7, BKIIFOYAIOIIETO B ceOs
CTETIeHb OTPAaHUYEHHUS M JIOCTOBEPHOCTH HHQOpMaruu. VHTepnoisiimus HEYETKUX MPaBHI
BBEJCHA JUIS TMPOCKTUPOBAHUS MEXaHM3Ma BBIBOJIAa CHCTEMBI, OCHOBAaHHOM Ha HEUYETKUX
npaBmwiax. Paspaborana maremarhyeckas MOJEIb CHCTEMBl HEYETKOTO BBIBOJA HAa OCHOBE
HMHTEPIOJIAIMOHHOTO MexaHu3Ma. CMOJIeIMpoOBaHa CHCTEMa HEYETKOTO YIPABICHHS M0 Z-YUCITY
JJIA praBJICHI/ISI JTUHAMUYCCKUM O6’beKTOM Ha OCHOBC MCXaHU3Ma I/IHTepHOJ'ISIIII/IOHHOFO BbIBO/IA.
[Tporiecc  mepekioueHUsl  pa3pabOTAHHOTO  KOHTPOJLIEpAa CpPAaBHUBAETCA C  MPOIECCOM
MEPEKITFOYCHUS] OOBIYHOTO HEYETKOro KOHTpoyuiepa. [lomydeHHBIE CpaBHUTEIBHBIC PE3YJIBTaThI
JNEMOHCTPUPYIOT TPUTOTHOCTh MOJACIUPYEMBIX CHUCTEM JUISl YIPAaBJICHUS JIUHAMHYCCKUMHU
00BEKTaMH.

KaroueBble ciioBa: HEYETKAs] MHTEPHOJISINUSA, WHTEPIOISUUOHHBIA BBIBOJ, YHCIO Z,
JUHAMUYECKUH OOBEKT, HEYETKas cucTeMa yIIPaBIICHHUS.
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Giris

Miiasir sonaye vo digor oxsar saholordo
bozi dinamik qurgular, horokat edon obyektlor
otraf miihitin geyri-miioyyonliyi, qeyri-doqiq-
liyi vo natamam informasiyalar ilo xarakterizo
olunur. Bu tip dinamik obyektlori idara etmok
liclin istifado olunan deterministik modellor
adoton proseslori adekvat tosvir etmok imkani-
na malik olmur. Bu obyektlorin modellosdiril-
masi va idara edilmasinin an samarali vo eti-
barl1 yollarindan biri If-Then qaydalarina asas-
lanan qgeyri-salis 1daraetma sistemlorindon isti-
fado edilmaesidir. Qeyri-salis idaroetms sistem-
lorinin baza qaydalar1 osason ekspertlorin vo
ya tocriibali miitoxassislorin biliklorindon isti-
fado etmoklo qurulur. Bozon miitoxassislor, ya-
xud da istonilon istifado¢i qeyri-miioyyan,
geyri-deqiq, natamam informasiyalardan isti-
fado edorok rasional qorar qobul ediblor. Qey-
ri-solis montiq geyri-miioyyan vo qeyri-daqiq
biliklori idaro etmoyo imkan verir vo onlarin
osaslandirilmasi {igiin giiclii strukturu toqdim
edir. Dinamik sistemlorin modellosdirilmasin-
do baza gaydalarin qurulmasi vo bu qaydalar-
daki doyigonlorin linqvistik qiymatlarinin eti-
barliligmin tomin olunmasi vacib mosalo he-
sab edilir. Qarar gobuletmo modulunun layihos-
londirilmasi zamani geyri-solis If-Then qayda-
larinda istifads olunan qgeyri-salis qiymatlorin
etibarliliq doracesinin nozara alinmasit boylik
ohomiyyat kosb edir. Bu gorar gobuletmo me-
xanizminin tosviri ¢ox miirokkobdir. Onun si-
mulyasiyasi da ¢otin vo ¢ox morhalolidir. L.
Zado etibarliliq doracosi ilo bagl geyri-miioy-
yon va geyri-doqiq verilonlorlos islomoak tigiin Z
geyri-solis ododini toklif etdi. Z ododi geyri-
solis mohdudiyyat vo etibarliliq hagqinda mo-
lumat1 tosvir edir [1]. Son zamanlarda geyri-
solis coxluglar nozoriyyesi miiasir dovriin
miixtolif problemlorinin hollindo daha genis
sokildo totbiq olunur. Bu todqiqat islorinin ok-
sariyyati tip-1 va ya tip-2 geyri-salis sistemlo-
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ro osaslanir. Bu todqgiqatlarda molumatin eti-
barlilig1 nazars alinir. L. Zads torofindon elma
daxil edilon Z odadlori geyri-solis mohdudiy-
yoti vo geyri-salis idaroetma sisteminin etibar-
liligin1 ifads etmoyo imkan verir. Z adadlorine
osaslanan sistemlor bir ¢cox tadqiqat islorinde
genis miizakirs edilmis vo layihalondirilmisdir
[1-2]. Klassik geyri-salis ¢coxlugla miigayisods
Z odadli geyri-solis ¢oxluq insan biliyini daha
adekvat tosvir edir. Bels ki, insan har hansi bir
fikri sOyloyarkon, onun hom dogruluq, hom do
inam doracasini intuisiyasina gors miioyyan-
losdirmoyo calisir. Fikrin inam doracasi onun
no gador dogru olmasi ehtimalini ifads edir.
Masalon, agor ekologiyanin ¢irklonmasi ehti-
malinin yliksok olmasini tosdigloyon sobab
varsa, onda burada iki ciir geyri-miioyyonlik
meydana galir. Birincisi ekologiya no daracads
cirklidir, ikincisi isa bu fikrin yaranma sababi
no doracods dogrudur. Oslinds [0,1] pargasin-
da verilon ehtimalin 6zii do qeyri-salis adaddir.
Odur ki, insanin har bir fikrinin iki istigamatdo
geyri-miioyyonlik 6l¢iisii moévcuddur. Bunlar-
dan biri fikrin dogruluq dorocosi, digori iso
fikrin dogruluq daracasine aminlik daracasidir.
Bu daracolarin har ikisini qeyri-salis adadlorls
tosvir etmok miimkiindiir. Z-odadi bu iki gey-
ri-solis adaddon ibarat olan bir vektordur. Tok-
lif olunan nazoriyyo informasiyanin hom moh-
dudiyyatini, hom do etibarliligini tosvir eds bi-
lor [1].

Miiasir odabiyyatlarda geyri-salis natico
cixarma sistemlorinin totbiqi ilo miirokkob
geyri-xotti problemlorin sado, lakin effektiv
hollini tomin edir [3]. Verilonlorin hacmindon
asil1 olmayaraq tadqiqat oblastinda geyri-bora-
bor paylana bilocoyini nozoro alsaq, klassik
geyri-solis notico ¢ixarma sistemlorinin ¢ox
seyrak, cox miirokkob yaxud da balanssiz qay-
dalar bazasina malik olarsa ¢otinlik yarana bi-
lor. Qeyri-solis interpolyasiya iso bu problemi
holl edir. O, seyrok qayda bazasi verilmis gi-
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risi ohato etmodikdo, seyrok gayda bazalari ilo
geyri-solis naticalor ¢ixarmaga imkan verir vo
miioyyon qaydalar1 qonsu olanlarla yaxinlasdi-
raraq ¢ox six qayda osaslarini sadolosdirir. Bu
isdo geyri-salis interpolyasiya yanagmalarinin
mixtalif novlori vo onlarin variasiyalart ham
interpolyasiya mexanizmi (¢ixarma mexaniz-
mi), hom do seyrok qaydalar bazasinin yaradil-
mast baximindan sistematik sokildo nozordon
kegirilir. Idaroetmo sahosinda qeyri-salis inter-
polyasiyanin reprezentativ totbiglori nozordon
kegirilir. Qeyri-salis interpolyasiya yanagmala-
rinin effektivliyi vo daha genis totbiq potensia-
I1 toqdim edilir.

Hazirda Z ododi anlayisi1 genis arasdirilir
vo miixtalif masalolorin hallinds totbiq edilir.
[2, 3]-do Z ododlorindon istifadoe edilorak ¢ox-
meyarli qorar gobuletmo masalosinin holling
baxilmigdir. Lakin bu todqiqatlarda toklif olu-
nan yanasma [4]-do togdim olunan yanasma
osasinda Z odadinin geyri-solis odadloro ¢ev-
rilmosino osaslanir. [5]-da ¢oxmeyarli qorar
gobul etmok ii¢iin Z adadindon istifads edilir.
Burada Z odadi geyri-miisyyonlik yolu il in-
terval geyri-salis coxluga cevrilir vo sonra
morkazin hesablanmasi ilo gorar qabul etmok
ticlin doqiq adadlora gevrilir. Bu todqiqatcilar
toqdim olunan yanagmanin ustiinliiklorini tod-
gigatin hesablama miirokkobliyino asaslanaraq
toqdim edirlor.

Lakin, Z adadlarinin salis adadlars ¢ev-
rilmasi xeyli informasiya itkisine sobab ola bi-
lor. Buna goro do belo ¢evrilmo, layiho edilmis
dinamik obyektin, geyri-salis idaroetmo siste-
minin isino tosir gostora bilor. Magalo [6]-da
tabii dillo daxil edilon informasiyanin qeyri-
miioyyonliyinin qavranilmasinda Z odadindon
istifads vo insana effektiv perspektivlorini soz-
lorlo hesablama ilo (CWW) birlosdirmak toklif
edilir. [7]-do AHP (Analytical Hierarchy Pro-
cess)-yo Z odading osaslanan yanasmanin tot-
biqi nazardon kegirilir. Toqdim olunan bu is do
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[4]-do toklif olunan yanasmaya osaslanir. [8]-
do toklif edilon intervalla, qeyri-salis vo geyri-
miioyyanliya malik Z adodino asason gorar qo-
buletmo {¢lin odalatli qiymat yanagmasi no-
zardon kegirilir. Z adoadlorindan istifado etmok-
lo arifmetik omoliyyatlar vo gerarlarin gobulu
tizra bir sira todqiqat islori yerino yetirlmisdir.
Qorarlarin gobulu, idarsetmo vo modellosdir-
mado Z adadlorinin totbiqi layihe edilmis sis-
tem {iclin somorali notico ¢ixarma mexaniz-
mindoan istifads etmolidir. Mioalliflar [9]-da no-
tico ¢ixarma prosesinds Z interpolyasiyasin-
dan istifads etmoyi toklif edirlor. Kogzi vo Hi-
rota seyrok geyri-solis qaydalar bazasinda in-
terpolyativ miilahizoni magsad kimi qoydular
[10]. Bu iisul modus ponens-in mantiqi sorhini
saxlayir. Metod mosafoyo osaslanan toxmini
geyri-salis asaslandirmadir [10, 11]. Qeyri-so-
lis ¢oxluglar ii¢lin ¢oxlu miixtolif mosafs ya-
nasmalart mévcuddur. Bunlara miitloq mosafo,
Evklid mosafasi, uygunsuzluq ol¢iisii, Haus-
dorf 6l¢lisii vo Kaufman vo Qupta 6lgiisii da-
xildir. [11]-do bu Olgiilorin osas catigmazligi
kimi qgeyri-solis ¢oxluglarin  monsubiyyat
funksiyasinin formasi haqqinda molumatin da-
ha ¢ox itirilmosi kimi toqdim edilir. Iki geyri-
salis A vo B coxlugu li¢iin masafs 6l¢iisiindon
istifado edorok qeyri-solis A coxlugu verildik-
do, ikinci geyri-solis B goxlugunu  qurmaq
miimkiin deyil. Isdo qeyd edilir ki, bu proble-
mi hoall etmoak tigiin Koczi 6lgiisiindon istifado
edils bilor. Koczi masafasi iki geyri-salis ¢cox-
lugun a-kosikloring asaslanir. Koczu 6lgiisiin-
don istifado edilorok geyri-solis interpolyativ
osaslandirma toklif edilmisdir. Interpolyativ
toxmini osaslandirma miixtolif mosalolorin
hollins totbiq edilmisdir. Bu islordo Z odadino
osaslanan geyri-salis qaydalar {igiin interpolya-
tiv toxmini osaslandirmanin aldo edilmasi ne-
zordon kegirilir. Daha sonra toklif edilmis me-
tod dinamik idarsetma sisteminin modellosdi-
rilmosino  totbiq edilir. Mogqalodo dinamik
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qurgunun idaroetmo sisteminin layiholondiril-
masinds Z adadlari liciin interpolyativ toxmini
osaslandirma totbiq edilmisdir.

Qeyri-salis gqaydalarin interpolyasiyasi

Qeyri-solis qaydalarin  interpolasiyasi
(QSQI), geyri-salis qaydalar bazasi ilo isloyan
sistemlorde natamam va ya qeyri-daqiq qayda-
lar arasinda naticoalor aldo etmok tigiin istifado
edilon bir texnikadir. QSQI, qaydalar arasinda-
k1 bosluglar1 dolduraraq notico ¢ixarmaga im-
kan verir. Bu metod, klassik geyri-solis asas-
landirmanin miimkiin olmadig: hallarda totbiq
edilir. QSQI-nin totbiginds moagsad, qeyri-salis
gaydalar bazasinda miioyyon girig verilonlari-
na uygun doaqiq naticalar alds etmok, tam gay-
dalar bazasi olmayan hallarda interpolasiya
yolu ilo noticolori toxmin etmokdir. QSQI,
geyri-solis montiqin daha genis totbiq saholo-
rindo ugurla istifade edilon giiclii bir metod
olub, informassiyalarin mohdud, natamam,
geyri-doqiq oldugu hallarda daha somorsli no-
ticolor oldo etmoyo imkan verir. QSQI bir sira
usttinliklore malikdir, belo ki, o, natamam
gaydalar bazasi ils isloys bilir, hotta giris veri-
lonlari dagiq olmadiqda bels natico ¢ixara bi-
lir, daha elastikdir vo realliqda rast golinon
geyri-miioyyanliklori idara etmays imkan ve-
ir.

Mogalods geyri-miioyyon molumatlar
emal etmok vo layiholondirilon sistemlorin
mohsuldarligimi artirmaq ¢tun muxtalif geyri-
solis asaslandirma Usullarindan istifads edilir.
Bu geyri-salis milahizs isullari, asason kom-
pozisiya Uzra natico ¢ixarma gaydasina, analo-
giya vo oxsarliga oasaslanir. Qeyri-salis manti-
gin natico ¢ixarma texnikasi bir név insanin
diistiinma qabiliyyatine oxsayir.

Bu osaslandirma metodlarinin  siirati,
emal imkanlar1 vo miirokkobliyi miithiim maoso-
lalordir. Bu isdo, qaydalarin geyri-salis inter-
polyasiyasina osaslanan noticodon istifads olu-
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nur. Qeyri-solis gaydalarin interpolyasiyast
Koczi vo Hirota [10, 11] torofindon toklif edi-
lir vo seyrok qaydalar bazasinda istifado tigiin
nozards tutulmusdur. Mantiqi natico ¢ixarma
mexanizmi asagidaki sortlorin yerino yetiril-
mosini tolob edir: istifado olunan qeyri-salis
coxluglar davamli, qabariq vo mahdud dastokli
normal olmalidir. Toklif olunan noatico ¢ixarma
metodu mosafs Olglisiine asaslanir. Burada iki
geyri-salis ¢oxlugun mosafs ol¢iisii [0,1] inter-
valinda miioyyon edilmis qeyri-salis ¢oxlug-
dan istifads etmoklo tosvir edilir. Istifads olu-
nan moasafd dl¢iisii a-kosiys osaslanir.

Iki geyri-solis A1 vo A2 c¢oxlugu iigiin
istifado olunan bozi anlayislar1 yada salaq. A:
va A2 qeyri-salis ¢oxluglarin a- kosiyi AY vo
A$ kimi isaraloyok.

Belo gobul edok ki, A1 qeyri-salis
coxlugu A geyri-solis ¢oxlugundan kigikdir;
yoni A1 < Az, ogor

min{A{} < min{A%}
sup{A7} < sup{A3},

(1
2)

burada, min{A{} vo min{A5} A1 vo A>-nin a-
max{A$} vo
vo Aznin «a -kesiyinin

).

kosiyinin minimumudur;
max{A%} iso A1
(sokil

maksimumudur hali

nozardon kegirak.

Asagidaki

u(x) 4

min(A%)

Sokil 1 — A va A geyri-salis ¢coxluglarin a- kasiyi
ticiin ticbucaq mansubiyyst funksiyasi, infimum va
maximum, interpolyasiya vo masafo anlayis
Figure 1 — Triangular membership function for the
a-section of fuzzy sets Al and A2, minimum and
maximum, interpolation and distance concepts

\
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Forz edok ki, tonzimlayici iiglin geyri-

qaydalar Miisahido
noticosindo X giris doyisoninin A" oldugunu
askar edirik. Qaydaya osaslanan dinamik
sistemin mohsuldarligin1  miioyyon etmok

salis bazamiz var.

maogsadils forz edok ki, A" qeyri-salis A1 vo A2
coxluglart arasinda yerlosir. A1 vo A2 qeyri-
solis coxluglarmi tesvir edon gqaydalardan
istifado edorok qeyri-solis sistemin ¢ixigini
miioyyan edok.

X-in A” oldugunu vo A" -nin geyri-salis
A1 vo Az coxluglart arasinda yerlogsmosini, Y
¢ixis doyisoninin B*
asagidaki gaydani yaza bilorik:

Ogor X Ai-dirss, Onda Y B -dir;

Ogor X Az-dirss, Onda Y B -dir.

oldugunu nozers alsaq,

Noticonin tapilmasi: Y = 5" ?
(B* geyri-solis B1 vo B2 coxluglart arasinda
yerlasir).

Ogor A1 < 4" < A2 vo Bi1 < B2 olarsa,
xatti interpolyasiyadan [10] istifade edarak (3)
ifadasini yaza bilorik:

d(A*A;) _ d(B*By)
d(A*A,)  d(B*By)

3)

Burada d(*) iki geyri-solis ¢oxluq arasindaki
mosafodir.  Hamming  mosafesi,  Evklid
mosafasi, Hausdorff mosafasi vo Kaufman-
Gupta mosafosi diisturlarindan istifado edorok
iki ¢oxluq arasindaki d(*) mosafosini hesab-
lamaq miimkiindiir. Bunlar asagidakilardir:

diX,Y) =X -YI;

dX,Y) =X -Y)%

dx,Y) =
= max {n;gg(x ;gg d(x,y), max inf d(x, y).} 4)
X1 — + |x, —
d(X,Y)=(I 1=l + lx =y,

2(B2 = B

A va B coxluglar1 miivafiq olarq [a1,az2]
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vo [b1, b2] intervallarinda toyin olunur. [f1,
B2] hom A-nin, hom do B-nin dostoyidir.
Istinad [9-11]-do qeyd edilir ki, bu mosafa
Olctilori forma hagqinda molumat vermir.
Qeyri-solis coxluglarin monsubiyyst funksi-
yalarmin. Koczy vo Hirota [10,11] iki geyri-
solis ¢oxlugun a-kosiklori osasinda mosafoni
toqdim etdilor. Bu mosafodon istifads edarok
son geyri-solis ¢coxlugu asanligla qurmaq olar.
Koczy vo Hirota [10, 11] a-cut hesablanmis
asagl d. vo yuxart du A vo AY arasindaki
masafalors asason:

d, (A],A%) = d(min{Af}, min{AS});

dy(Af, AS) = d(max{A{}, max{A%});
harada ki,

d; (A%, AT ) = d(min{A*"}, min{AY}) =
min{A*} — min{A{};

dy (A%, A3 ) = d(max{A**}, max{A%}) =
min{A*"} — min{A%} (6)

d,(B**,Bf ) = d(min{B**}, min{B{}) =
min{B*} — min{B{};

dy(B**,BY ) = d(max{Bg}, max{B5}) =
min{B*} — min{B5};

)

Mosafalori 6lgmok {iciin Hamming vo ya
Evklid diisturlarindan (5) istifado oluna bilor.
(5)-ifadasini (3)-do nozors alsaq, asagidakilari
olds edo bilorik:

—7(A%,4%)

2 )min{Bf’H<dia(Ag,A“*)>min{Bg}
L L

L ax* —_— (
min{ B} = A o5 @
L L

max{B**} =

(dia “s, A“*)) max(B&) + (d—la g, A"‘*)) max(Bg)
u u

1 1
a (AT, A%) + a (43, 4%)

Sonra hor a iligiin ndvbati addimda
miloyyon edilmis ¢ix1s a-soviyyasi
B%=[min {B**}, max { B**}]
olacaq.
k sayda qaydalar ftciin (7) diisturu
genislondirildi.

(8)
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1 N .
K <W (AF, A~ )) min{B{*}
min{B%} = : 9
i <@ (A?:A“*)>
K (i (4 A"‘*)) max{B¢}
=1 df [ R4 l
max{B%} =

1
il (@ (A?’A“*)>

Novboti addimda Z adadlorine asaslanan
geyri-solis sistemin ¢ixisint aldo etmak {iciin
yuxaridaki diisturlar tatbiq edirik.

Z adadlars asaslanan qeyri-salis qaydalar-
dan istifado edarak interpolyativ asaslan-
dirma
Z adadins osaslanan If-Then qaydalarini
Vo onun natico ¢ixarma mexanizmini nazordon
kecirok. Forz edok ki, cox girisli tok cixislh
geyri-salis Z qaydalar1 asagidaki kimi verilir.
Z odading osaslanan If-Then qaydalar
bazas1 asagidaki kimidir:
Ogor x; (A11, Ry1)-dirso va ... vo
X (A1ms Rim)-dirss, Onda y (B4, R;)-dir.
Ogor x; (A1, Ryq)-dirsa va ... vo Xy, (Agmy Rom)-dirso,
Onda y (B,, R,)-dir.
Ogor x; (Ay1, Rpy) -dirso vo ...
dirso, Onda

(10)

Vo Xy (Anms Rum) -
y — (B, R,) -dir.

Z odadloring osaslanan qeyri-solis siste-
min natico ¢ixarma prosesing interpolyasiya
yanasmasinin tatbiqini nozordon kegirok. Ilk
iterasiyada a-soviyyadon istifado edorok golon
girig signallar1 vo avvalki hissolordo doyison-
lorin qeyri-solis qiymatlori arasindaki forqlor
Bu
Hamming, Evklid vo ya (4)-do verilmis mosa-
folordon biri ilo hesablamaq olar. Masafalor
ovvi hissado mohdudiyyst vo etibarliliq
doyisonlori {i¢lin ayrica hesablanacaq. Burada

hesablanir. mogsadla  a-kasiklarini

monsubiyyat funksiyasinin asagi vo yuxari

sorhadlorini  tapmaq iiglin  (5) vo (6)
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diisturlarindan istifads olunur. (9) diisturundan
istifado edorok maosafolor tapildigdan sonra
novboti addimda qeyri-solis ¢ixis signalinin
asagl vo yuxart sorhadlorilori hesablanir. Bu
omoliyyatlar1 asagidaki disturlarla da ifade
etmok olar. a-kosiklor wvasitosilo asagi vo
yuxari hissalori aldo eds bilarik. Bu mogsadls

ilk  tokrarlamada mosafolor (11) kimi
hesablanir:

dy (A%i.j'XJ'a) - |A;‘§U - X1g|

dff = Tk, dy (45, XF), (1)

burada, j = 1,m olmagla, giris siqnallarinn,
i = 1,n qaydalarin sayini ifads edir.

hal a={0,1}.
d; (A;’fi’j,Xj“) — iki geyri-salis ¢oxluq arasin-
daki mosafadir. (11) diisturu A mohdudiyyat
parametri {li¢lin dcf mosafosini tapmaq Tligiin

Xiisusi tiglin

istifado olunur. Eyni zamanda etibarliliq

parametri iiciin dr;* mosafosini tapmagq ligiin
eyni diisturdan istifado oluna bilor. Umumi
mosafs, mohdudiyyot vo etibarliliq {iglin
hesablanmis iki mosafonin comi olacaq:

df =dcf +drf (12)
drf etibarliliq parametri ii¢lin
hesablanmis mosafodir. Qaydanin ¢ixisinda
geyri-salis ¢oxluq asagidaki tonlikdon istifado

etmaoklo hesablanir.

Burada

n
1=1

1
<¥)(BY,1':RY,L')“

(@)
dff
Cixis geyri-salis ¢oxluglarda inf, max vo
morkoz qiymotlorini tapmaq ti¢iin (13) totbiq
edilir. (13)-do df -nin qiymotini (11) nozors
alsaq, (14) diisturunu oldo eds bilorik:
(/S du(ag,  XF)) BroRyn®
2 (1/ 20, a4, x5))
(14)-don istifads edorok sistemin ¢ixis Z
geyri-salis signalin1 oldo edo bilorik. Qeyd
etmok lazimdir ki, ¢ixis signalin1 tapmagq ti¢iin

Byi; etibarliligl tapmaq {igiin Ry: doyisonlo-

(ve,Rp) = — (13

1/%

(Y%, RY) = = (14)
ij"
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rindon istifado edirik. Cixig signallar1 alin-
digdan sonra Z ododinin qeyri-solis odoado
¢evrilmasi omoliyyati yerino yetirilir.

[4, 5]-do verilmis
Y=[((Y1 +4%Ym + Yr)/6)x((Rvi +4*Rym +
Ryr)/6)]
diisturu ¢ixis signalinin geyri-solis giymatini
idaro etmok ticiin istifado olunur. Burada Y
geyri-solis ¢ixis qiymati, Ry iso etibarliliqdir.
Qeyd etmok lazimdir ki, gaydalar bazasinin
ovvoalki vo sonraki hissolorindo giris vo ¢ixis
parametrlori liclin {ligbucaq tipli qeyri-salis
coxluglardan istifads edirik.

Simulyasiya tadqiqatlari: Dinamik obyektin
idard edilmoasi

Senayedo bir ¢ox dinamik qurgular
geyri-mioyyon bir miihitde igloyir vo
molumatin  qeyri-salisliyi  ilo  xarakterizo

xarakteriza olunur.

Deterministik modellor bu dinamik
qurgular1 adekvat sokilds tosvir edo bilmir vo
bu modellordon istifado etmokls tolob olunan
idaroetmoni  oldo etmok ¢otin  olurdu.
Idaraetmo sistemlorinin qurulmasi iigiin qeyri-
solis  coxluglar nozoriyyasindon istifado
problemin holli ii¢lin doyarli se¢im ola bilor.
Bu moqgalodo dinamik qurgularin idaro
edilmosi ticlin yuxaridaki bdlmodo tosvir
edilon qeyri-solis Z odadlorino osaslanan
idarsetmo sistemindon istifads olunur. Toklif
olunan qeyri-solis Z odad osasli idaroetma
sisteminin strukturu sokil 2-do verilmisdir.

Bu strukturda qurgunun c¢ixis signali
y(k) vo toyin edilmis hodof signali g(k)
arasindaki forq e(k) xota signali ilo miioyyon
edilir. e(k) - xota qiymaetindon istifado edorok
xotanin doyismo siirati e’ (k) vo xatanin Y e(k)

olunur. Bu dinamik qurgular struktur vo  comi miioyyon edilir.
parametrlorlo  bagli  geyri-miisyyanliklorls
g(k)
[ ——
—

idanaetma

— 1 Qeyri-salls xata
p .

+ e(k) | Faitie |2 [ gumanys
M s 4 ¥ mesamemi

L'{ Drl':z_\f\:kz— }'
siyal u(k)

y(k)

v

Z 3dad asash gey
sistem

Te(k)

(k)

| Bilik bazast
e’ (k) | Veriloalarbazas: 6

Sakil 2 — Z adad asash idaraetma sisteminin strukturu

Figure 2 — Structure of a Z-number-based control system

Sokildo D - forq omaliyyatini, ) - inteq-
rasiyani ifado edir. Bu giris signallarindan isti-
fado edorok, gapali dovroyos malik idaroetmao
sistemi ii¢lin geyri-solis Z odod osash sistem-
don — geyri-salis tonzimloyiciden istifado olu-
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nur.

If-Then formasina malik olan biliklor
bazasi geyri-solis tonzimloyicinin niivasi hesab
edilir. Qeyri-solis idaroetma sisteminin doqiq-
liyi giris doyisenlorindon, eloco do ekspert bi-
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liklorindon vo maonsubiyyat funksiyasinin no-
viindon asilidir. Ona gors do onlarin se¢ilmasi-
no xiisusi digqget géstormok ¢ox vacibdir.

If-Then qaydalarinin avvealki hissasine
girig signal1 (g(k)) daxildir vo qaydalarin son-
raki hissosing iso qurguya totbiq olunacaq ida-
roetmo signalidir (u(k)).

Tohlillor gostordi ki, dinamik qurgularda
idaroetmo osason giris doyisonlori xotast (e(k))
vo xota suratindon (e ’(k)) istifado etmoklo ho-
yata kegirilir. Ilk iterasiyada bu parametrlordon
istifado etmoklo If-Then formasina malik olan
biliklor bazast hazirlanir. Biliklor bazasinda If-
Then qaydalar giris parametrlari ilo ¢ixis ida-
roetmo siqnali arasindaki olagoni tosvir edir.
Dinamik obyektlorin tohlili asasinda girig-¢ixis
asililigin tosvir edon BB (Biliklor Bazasi) tor-
tib edilmisdir. Xota (e(k)) vo xotanin doyismo
suratindon (e’(k)) istifado etmoklo idaraetmo
signalinin miivafiq qiymoti miioyyan edilir.

BB-nin qurulmasi zamani daxil olan gi-
rig-¢1x1s doyisonlori linqvistik qiymotlorlo tos-
vir edilir. Ugbucaq monsubiyyot funksiyasin-
dan istifado etmoklo dayisonlorin linqvistik
giymotlori hesablanir. Linqgvistik qiymatlor
ticlin lighucaq monsubiyyot funksiyasinin layi-
hoalondirilmasi zamani har bir giris parametri-
nin miihakimolor universumu vo linqvistik do-
yisonlarin qiymati miioyyan edilir.

Problemin hollindon asili olaraq monsu-
biyyat funksiyalarinin say1 toyin edilir. Masa-
lan, tutaq ki, problemin halli ii¢iin se¢ilon ling-
vistik doyisonlorin qiymaotlor say1 beso bora-
bordir. Giris parametrlorinin, mosalon, xota vo
xatanin doyisma suratinin aldig lingvistik qiy-
motlor Monfi Boylk (MB), Monfi Kigik
(MK), Sifir (S), Miisbet Ki¢ik (MisK), Miisbot
Boyiik (MusB) kimi igarolonir. Cixis parametri-
nin, yoni ¢ixis signalinin aldigt linqvistik qiy-
matlor Kigik (K), Normal (N), Boytik (B) kimi
isaralonir. Giris-¢ixis parametrinin [0;100] ara-

liginda miqyaslandigini qobul edok. Giris vo
¢ix1s parametrlorinin monsubiyyot funksiyala-
rinin qrafik tosviri sokil 3-do gdstorilmisdir.

1,00

0,75

\ MK
0,50 N .
0,25 \\ MusK
0,00 MusB

0 0,25 0,5 0,75 1

Sakil 3 — Giris-¢ixis parametrlorinin monsubiyyat
funksiyast

Figure 3 — Membership functions of input-output
variables

Hor bir parametr iiclin monsubiyyat
funksiyalar1 miioyyon edildikdon sonra geyri-
solis If-Then qaydalarinin qurulmasi hoyata
kecirilir. Hor bir qayda iki girisli vo bir ¢ixislt
doyisonlors malikdir [11,12].

Cadval 1 girig parametrlori, xota vo xota-
nin doyismo siirati, ¢1x1$ parametri vo tonzim-
layicinin idaroetmo signali arasindaki olagolori
tosvir edir.

Codvoldon istifado edorok qeyri-solis
idaroetmo qaydalar1 oldo edo bilorik. Asagida,
cadval 1-don istifade etmoklo qaydalar bazasi-
nin kigik bir fragmenti qurulmusdur.

9GOR e xatas1 (MB, U)VO dayisma xatasi1 e’ (MB, U)
ONDA idarsetms signali (Y, U)

OGOR e xatasi (Z,U)VO dayisma xatasi e’ (MiisK, U)
ONDA idarsetms siqnal (A, U)

(15)

OGOR e xata (MiisK, U)VO dayisma xatasi e’ (MB, U)J
ONDA idarsetms signali (Y, U)

Cadval 1 — Ekspert biliyi
Table 1 — Expert knowledge

U idaroetmo e’ xotanin doyisma siirati
signali MB,U | MK,U | S,U [MiisK,U|MiisB,U
MB,U | YU | Y,U |[Y,U| AU N,U
MK,U| YU | YU |AU| NU AU
e xota S,U YU | AU |[NU| AU AU
MK, Ul A,U | NJU |[A,U| AU AU
M;B,U| N,U | A, U |[A,U| AU AU
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Qaydalar bazasindan istifado edorok Z
ododlorine osaslanan toqdim olunmus qeyri-
solis sistem dinamik obyektlorin idaro
edilmesi {iglin totbiq edilmisdir. Layiholon-
dirilmis sistem performansinin magbul olub
olmadigin1 yoxlamagq {i¢iin idaraetmos modello-
rindon istifado etmoklo kifayatlonir. Z adadino
osaslanan geyri-solis tonzimloyici asagidaki
diisturla verilmis dinamik qurgunun idaro
edilmasi ticiin totbiq edilir [10].

_y(k = Dy(k = 2)(y(k — 1) +2.25)
YO =T A = 2 -2

burada, y(k — 1), y(k — 2) dinamik qurgunun
bir vo iki pilloli gecikmis cixisi, u(k) iso

girisin idaroetma signalidir.

Totbiq  edilon  signalin
giymotlorindon istifado  etmoklo
qurgunun idaro edilmosi hoyata kegirilir. 100
iterasiyali istinad signalinin riyazi ifadesi
asagidaki kimi verilir (17):

miuxtalif
dinamik

1, 0<k<25

5, 25<k<50
10, 50 <k <75
15, 75 <k <100
Mogqaloda keyfiyyot meyar: kimi orta-

kvadrat xotadan (OKX) istifado olunur [10].

K = (17)

Kot -9

L (18)
Burada, K iterasiyalarin iimumi sayidir.
Xotanin Orta Kvadratik Kokii (XOKK) model
torefindon prognozlasdirilan giymotlor (y) vo
miisahido edilon faktiki qiymatlor ( y; )
arasindaki forqi Olgmok {iglin ¢ox istifado
edilon metrikdir. Bu, daha yaxs1 model
performansini  gostoron daha asagi XOKK
giymotlori ilo prognozlasdirilan modelin
diizgiinliiyliniin gbstoricisini tomin edir .

Dinamik obyekt (16) {igiin geyri-salis Z
ododino  osaslanan  idarsetma  sisteminin
simulyasiyast aparilmisdir. Z adadli geyri-salis
idaroetmo sisteminin performansit eyni ilkin

OKX =

+ u(k), (16)

istifado edorok adi
idaraetma sisteminin performansi ilo miiqayiso
edilir.

Sokil 4-do adi qeyri-solis vo Z
ododlorine  osaslanan  idarsetmo
kecid prosesi oyrisi tosvir edilmisdir.

sortlordon geyri-salis

sisteminin

Distance emor )

' P L . N L ' :
4] 10 20 30 40 50 al 70 80 o0 100

Time

Distance emor ]
© 8 © © o © © ©°© ©
i W w B n @ N @ @

30 & ) S ) as

time (=]

Sakil 4 — Adi vo Z odadlorino asaslanan idaroetmo
sisteminin ke¢id xarakteristikalari

a) Solis tonzimlayicili dinamik qurgunun maosafo
xatasi

b) Qeyri-salis
maosafo xotasi

¢) Z aodadins ssaslanan (biitdv xatli ayri) va adi qeyri-
solis (quriq xotli oyri) tonzimloyicinin kegid prosesi
xarakteristikas1

Figure 4 — Transition characteristics of a control
system based on ordinary and Z numbers

a) Distance error of a dynamic device with a fuzzy
controller

b) Distance error of a dynamic device with a smooth
controller

¢) Transient process characteristics of a Z-based (full
linear) and a conventional fuzzy (broken linear)
controller

tonzimloyicili dinamik qurgunun
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Sokilda biitév xott Z ododli geyri-salis
tonzimloyici ilo idaroetmo sisteminin cavab
xarakteristikasidir; qiriq xott adi qeyri-solis
idareetmo sisteminin cavab xarakteristikasidir.
Sokilden goriindiiyli kimi her iki tenzimlayici
ticiin statik xotalarin qiymatlori sifirdir; kegici
otiirmalor eynidir (19%-o yaxin). 100 iterasiya
ticiin idaraetms sistemlorinin XOKK qiymatlo-
rinin comi Cadval 2-do verilmisdir. Z adadino
osaslanan idaroetma sisteminin XOKK qiymo-
ti ononavi geyri-solis idaroetmo sistemindon
azdir.

Novbeti simulyasiyada qeyri-solis Z
ododino osaslanan idareetmo sistemi diistur
(14) ils verilmis miixtalif toyinat noqtosi siq-
nallarindan istifads etmokls sinaqdan kegiril-
migdir.

Codval 2-do alt1 qeyri-solis montiqi
operator liglin orta kvadratik xota qiymoti
hesblanmisdir. Alinmis noticalorin  analizi
ALI2 geyri-solis montiqinno gora qeyri-solis
tonzimloyici daha kigik xata ila igloyir.

Cadval 2 — Qeyri-solis implikasiya operatorlarina
gora geyri-salis tanzimlayiciin OKXK qiymatlori
Table 2 — The values of the fuzzy controller's
RMSE due to fuzzy implication operators

do geyri-soalis idaroetmo sisteminin
simulyasiya  noticolori  adi  geyri-salis
tonzimloyicili idaraetmo sistemlorinin

simulyasiya naticolori ilo miiqayiss edilir.

Cadval 3 - Solis vo qeyri-solis idaroetmo
sisteminin simulyasiyasi ti¢iin XOKK qiymatlori
Table 3 — RMSE values for fuzzy and fuzzy
control system simulation

Tonzimloayici Xotanin orta kvadratik
qiymati
k=100 iterasiyali
Qeyri-salis 36.733
Z odad asash 18.651

tonzimlayici

Qeyri- |Luka{Mam- KD |ALI1|ALI2|ALI3
solis se- |dani

impli- |vich

kasiya

Qeyri- [36.86 (42.209 (36.861 |36.86936.73336.867
salis sis-

temin

OKXQ

Salis vo geyri-salis idaroetma sisteminin
simulyasiyast ligiin XOKK qiymatlori cadvel
3-do verilmigdir. Goriindiiyii kimi, Z odadino
osaslanan qeyri-solis idaroetmo sistemi {igiin
XOKK geyri-solis
tonzimlayicinin qiymatindon azdir. Cadval 3-

qiymati onanavi
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Cadval 3-ds idarsetms sistemlorinin ca-
vab xarakteristikasinin XOKK qiymatlorinin
miiqayisali qiymaotlondirilmasinin naticalori
verilmigdir. Simulyasiya naticolori dinamik
qurgularin idars edilmasinds Z adadins ssasla-
nan tonzimlayicidon istifadonin samaorsliliyini
nlimayis etdirir.

Natica

Moqalads Z ododing asaslanan geyri-so-
lis notico ¢ixarma sisteminin dizayni toqdim
olunur. Qeyri-solis sistemin interpolyativ nati-
co ¢ixarma mexanizmi toqdim edilmis vo eyni
natico ¢ixarma mexanizmi Z adadli geyri-salis
sistem lcilin hazirlanmigdir. Z geyri-salis qay-
dalar bazasi islonib hazirlanmis vo doyisonlo-
rin qeyri-salis qiymatlorinin etibarliliq dorace-
lori gqiymaotlondirilir. Z odadli sistemdon istifa-
do edorak interpolyativ geyri-salis natica ¢1-
xarma miiharriki prosesi dizayn edilmisgdir.

Hazirlanmis alqoritm dinamik qurgula-
rin idaro edilmasi ti¢iin istifado olunur. Miito-
xossislorin  biliklorindon istifade edorok If-
Then gaydalar bazasi tortib edilmisdir. Do-
yisonlorin geyri-salis qiymatlorinin etibarliliq
doracalori qiymotlondirilir. Qaydalar bazasi vo
geyri-salis interpolyativ miilahizalorden istifa-
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