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Phase Transitions in Highly Anisotropic Ternary TlGaSe, Crystals

Studied by High-Resolution Optical Spectroscopy
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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



Azorbaycan Miihandislik Akademiyasinin Xobarlori
2025, cild 17 (3), s. 15-24
9.X. Canahmadov va basq.

Herald of the Azerbaijan Engineering Academy
2025, vol. 17 (3), pp. 15-24
A.Kh. Janahmadov et al.

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.
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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
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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.
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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.

Conflict of Interests

The authors declare there is no conflicts
of interests related to the publication of this
article.

SCV are developed. The nomogram of

REFERENCES

. Ahmadov E.H. About optimization of the process of development of oil and gas fields // Herald of the
Azerbaijan Engineering Academy, Baku, 2020, vol.12(3), pp. 50-55.

. Abdullayev O.M., Sadiqov V.B. Perspektivi sovershenstvovaniya nauchnikh osnov proyektirovaniya
sudov obespecheniya podvodno-tekhnicheskih rabot // XV1I International scientific-technical conferece
on «Water transport problems». Baku: 05-06 may, 2022, pp.10-12.

. Abdullayev O.M. Analiz funkciy sudna obespecheniya podvodno-tekhnicheskih rabot s uchetom
technologicheskogo oborudovaniya i ocenka vliyaniya na razmeri i tekhnicheskie kharakteristiki sudna //
- Baku: Proceedings of Azerbaijan State Marine Academy, 2023. Ne1(37), pp.11-21.

. Egorov A.G. Risk-based analysis of operational design restrictions and main design characteristics of
subsea construction VESSELS / O.M. Abdullayev // Herald of the Odessa National Maritime University.
Odessa, 2023. Ne1(68), pp.7-26.

. Karayev R.N. Offshore floating structures for oil and gas industry. — Baku: Baku university, 2002.
328 p.

. Abdullayev O.M. Razrabotka nomoqrammi vibora glavnikh razmereniy sudov obespecheniya
podvodno-tekhnicheskih rabot // XIX International scientific-technical conference on “Water transport
problems”. Baku: - 02 — 03 may — 2024. — p.15-17.

. Abdullayev O.M. Vibor glavnikh razmereniy sudov obespecheniya podvodno-tekhnicheskih rabot s
ispolzovaniyem metoda bazi dannikh // - Baku: Proceedings of Azerbaijan State Marine Academy, -
2024. Ne2(40), pp.7-18.

. Abdullayev O.M. Method formirovaniya elementov algoritma proyektirovaniya sudna obespecheniya
podvodno-tekhnicheskih rabot s ispolzovaniyem bazi dannikh odnotipnix sudov // Sankt Peterburg:
Vestnik Gosudarstvennogo universiteta morskogo i rechnogo flota imeni admirala S.O. Makarova, 2023.
Tom15, Ned, pp.680-691.

. Lebedeva M.P. Algoritm proyektirovaniya sudov obespecheniya podvodno-tekhnicheskih rabot
methodom bazi dannikh / O.M. Abdullayev // Nauchniye problem vodnoqo transporta. Voljskiy
Gosudarstvenniy Universitet Vodnogo Transporta. Nijniy Novgorod: 2023. Ne76(3), pp. 32-49.

10.Bashirov R.D., Abdullayev O.M. Classification of subsea construction vessels and evaluation of study
effectiveness // 2" international scientific-practical conference “Machine Building and Energy: New
Concepts and Technologies”, Baku 2024. Vol. 148, pp. 217-223.

34



Azarbaycan Miihondislik Akademiyasinin Xoborlori Herald of the Azerbaijan Engineering Academy
2025, cild 17 (3), s. 35-46 2025, vol. 17 (3), pp. 35-46
O.G. Hiseynov, A.F. Karimov A.G. Huseynov, A.F. Kerimov

UDC 23660-79
DOI 10.52171/herald.291

Study of the Camshaft Feed of an Internal Combustion Engine

A.G. Huseynov, A.F. Kerimov
Azerbaijan Technical University (Baku, Azerbaijan)

For correspondence:
Azad Kerimov / e-mail: azad.kerimov@aztu.edu.az

Abstract

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
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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.

50

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%,

53

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.

Keywords: main pipeline, condensate, mechanical solid particles, filter, condensate collection
tank, density, mechanical, kinetic and potential energy.
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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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