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Abstract

The article shows the application of a new method for determining the center of gravity and weight
of the aircraft and the process of its implementation. For this purpose, using the acousto-optic marker is
measured displacement of the front and rear sides of the fuselage and is determined the center of gravity
and weight on the basis of the obtained values. The method is synthesized on the basis of an acousto-optic
modulator operating in Bregg diffraction mode. The distance determined by the laser rangefinder is used
as the support parameter. Based on the support parameter is formed a high-precision measurement marker
perpendicular to it.

Keywords: aircraft, acousto-optic modulator, acousto-optic marker, center of gravity, weight.
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Hava gomisinin kiitls vo agirhiq moarkazinin
toyini uiciin akustooptik marker
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Azarbaycan Milli Aviasiya Akademiyasi (Mardakan pr.30, Baki, AZ1045, Azarbaycan)

Yazisma iiciin:
Agayev Elgiin / e-mail: elgun84@yahoo.com

Xiilasa

Maogqalads hava gomisinin ¢oki vo agirliq morkezinin toyini {iglin yeni iisulun totbigi ve onun reallagmasi
prosesi gostorilmigdir. Bunun {igclin akustooptik markerdon istifado edorok fiizelyajin 6n vo arxa toroflorinin
yerdoyismosi dlciiliir, alinmis qgiymotlor osasinda ¢oki vo agirliq morkozi toyin edilir. Usul Breq difraksiyast
rejiminds islayan akustooptik modulyator asasinda sintez olunur. Dayaq parametri kimi lazer uzaqliqdlgeni vasitasi
ilo toyin edilmis masafs istifads edilir. Dayaq parametri asasinda ona perpendikulyar olan va yiiksok daqiqliye malik
Ol¢ii markeri formalagdirilir.

Acar sozlor:  hava gomisi, akustooptik modulyator, akustooptik marker, agirliq morkazi, ¢oki.

DOI: 10.52171/2076-0515_2021_13_04_07 13

YK 629.73: 621.396

AKYCTOONITHYECKHI MapKep AJ onpe/ae/ieHust
BeCa M HEHTPA TAKECTH BO3AYIIHOIO CYyJAHA

Araes D.A.

Asepbatioxncanckas Hayuonanvnas akademus aguayuu (Mapoaxanckuil np. 30, baxy, AZ1045, Azepbaiioxcan)

AJHI NEPENMUCKN:

AraeB JnprioH / e-mail: elgun84@yahoo.com

AHHOTAIUSA

B craThe moka3aHO IpUMEHEHHE HOBOTO METO/a ONpeAeTICHHs IEHTpa TSHKECTH M Beca BO3AYIIHOTO CyIHA U
IpoIiece ero peanu3arun. /i 3Toro ¢ moMOIIbI0 aKyCTOONTHYECKOTO MapKepa N3MepSeTcs] CMEIeHHEe TTepeIHe 1
3agHEe CTOPOH (ro3esDka M 1O IONYyYCHHBIM 3HAUEHHUSM OIpefenseTcs MEeHTP THKeCTH W Macca. Meron
CHHTE3MPOBaH HA OCHOBE aKyCTOONTHYCCKOTO MOMAYJIATOpa, paboTaroliero B pexuMme audpakiuu bperra.
Paccrosinue, ompenenseMoe J1a3epHBIM JaJbHOMEPOM, HCIOJB3YETCS KakK OMOpHBIM mapametp. I[lo omopHoMy
napameTpy GopMHUPYETCs IEPICHIUKYISPHBIA €My BBICOKOTOYHBIN M3MEPHUTEIBHBIA MapKep.

KiroueBnie ciioBa: BO3/IYIITHOE CY/HO, aKyCTOOIITUYECKUI MOYJISITOP, aKyCTOONITUYECKUI MapKep,
LEHTP TSKECTH, BEC.
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Introduction

Incorrect calculation of the weight and
center of gravity of aircraft has a direct impact
on flight safety and aircraft control. The report
of the Interstate Aviation Committee states
that overloading of aircraft and incorrect cal-
culation of the center of gravity causes to sig-
nificant losses and fatalities. There were 50
crashes on gas turbine aircraft due to loading
and centralization errors between 1958 and
2019. It should be noted that accidents occur
more often in charter flights. The following is
a list of aircraft accidents that occurred due to
overloading and improper centralization of the
aircraft [1]:

- On November 4, 2015, an accident oc-
curred in Crimea due to incorrect calculation
of the take off weight and center of gravity of
the Cessna-336 aircraft. The flight crew and
passengers were killed in the crash;

- On 05.06.2016, after aircraft landing, the
wings of the aircraft BAe-125 on the flight
Krasnodar-Tyumen-Neryungri were damaged
due to improper centering.

Currently, three main methods are used
to determine the loading rate and center of
gravity of an aircraft [2]. These include the
graphical method, the visual control method
and the scales method. A brief description of
these methods is as follows.

1. Graphic method. Depending on the in-
formation in the registration office, the load-
ing schedule is completed according to the
design of the aircraft, and the distribution of
cargo on the aircraft and the location of the
center of gravity are determined.

The main disadvantages of the method:
requesting a new document for incorrect cal-
culations; a lot of time spent on filling out
documents; the results of the calculation de-

pend on the level of knowledge of the em-
ployee.

2. Visual control method. Unlike the first
method, calculations in this method are per-
formed by computer.

The main disadvantages of the method:
taking into account the approximate average
value for the weight of passengers in the cal-
culations; the results of the calculation depend
on the information received from the registra-
tion department.

3. Scales method. When measuring with
the scales system, the weight (W) and center
of gravity of the aircraft are determined based
on the indicators (W1, W2, W3) of the scales
placed under the main and nose landing gears.
Despite a number of advantages, the scales
method has the following disadvantages: high
material costs for the purchase of scales; the
need to allocate the aerodrome area required
for the installation of scales on site; the need
for additional technical means to lift the air-
craft on the scales and a lot of time lost; prac-
tical impossibility of applying the scale meth-
od for passenger aircratft.

In the graphical method widely used in
modern times to determine the loading rate of
an aircraft, it is very difficult or impossible to
accurately determine the characteristics of ac-
cidents that occur due to the complexity of
providing accurate reports. It is not advisable
to use the traditional methods and tools listed
above to solve the problem of non-contact dis-
tant determination of the dimensions or any
size of the object. Because none of them pro-
vides high accuracy and can not be used to
determine small dimensions (centimeters and
smaller order). Modern aircraft use only one
on-board method of measuring the center of
gravity and mass of the aircraft, the reliability
of the information is not so high.



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2021, cild 13, Ne 4, 5.7-13

Herald of the Azerbaijan Engineering Academy
2021, vol. 13, no. 4, pp. 7-13

Agayev E.A. Agayev E.A.
Method X Aireraft 77':) Videocamera (9w Computer :Dg;ct:[;rl;tation
As a result of studying the shortco- o
mings of the methods used to determine the Manigiment
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center of gravity and mass of the aircraft, we
proposed a new method [3].

Weight and center of gravity are deter-
mined by measuring the vertical displace-
ments of the front and rear sides of the aircraft
from the support points to the ground surface
relative to the center of gravity of the aircraft
missile stationed on the ground.

To do this, the image of the aircraft is
animated on a monitor through a camera. On
the same monitor, the measuring grid is ani-
mated using software developed to solve the
problem.

The scaling factor for the measuring grid
is determined based on the known dimensions
of each aircraft and the real-time values of its
dimensions that remain constant during the
loading process (for example, the length of the
fuselage, the distance between the wing
points). Then the Y1, Y2 absolute values of
vertical displacements of the front and rear
parts of the fuselage are calculated. The ob-
tained results are compared with the normative
values Y1n, Y2n corresponding to the empty
weight of aircraft (figure 1).

Figure 1 — Vertical displacement of fuselage of the
aircraft

Based on the above algorithm, the struc-
tural scheme of the method for distant deter-
mination of weight and centralization of air-
craft is compiled as figure 2.

Figure 2 — Distant determination of the weight and
center of gravity of the aircraft

According to the structural scheme, the
images of the aircraft formed by the video
camera are entered into the computer. At the
same time, a measuring grid is formed on the
computer with the help of “Camera Grid”
software. By means of appropriate operations,
the description of the aircraft is combined with
the measuring grid.

As can be seen from the image, it is pos-
sible to quickly determine the displacements
based on the “measuring grid” formed on the
basis of the “Camera Grid” program. Obvious-
ly, it is possible to increase the measurement
accuracy to pixels. Usually such high accuracy
is not required and the accuracy as parts of a
millimeter is as satisfactory.

In any case, the process of distant meas-
urements is carried out on the basis of the se-
lected marker, and the parameters of the
measuring grid are adjusted to that marker.
Obviously, the accuracy of the measurement is
determined by the accuracy of the selected
marker. In the distance measurement process
described above, one of the pre-known charac-
teristic dimensions of the research object is
used as a marker. It is clear that distant meas-
urement is impossible if the characteristic di-
mensions of the research object are not
known. In this case, it is necessary to have an-
other marker. Choosing the right marker is the
main difficulty of the proposed method for
determining small dimensions.

From the above, it is clear that the estab-
lishment of a method of forming a high-
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precision marker and the device that imple-
ments this marker is highly relevant.

The marker required for distant meas-
urements should meet the requirements of
simplicity and accuracy. It should also be sim-
ple to use. It is clear that the preparation for
and implementation of the measurement pro-
cess should not interfere with the flight prepa-
ration process. This indicates that it is undesir-
able to install any marker on the frame of the
aircraft. Thus, a problem of distant formation
of a high-precision marker arises.

Theoretical and experimental investiga-
tion of the frequency, time and energy charac-
teristics of the acousto-optic processor have
shown that the photo-elastic effect has a high
potential in the context of the formation of a
distant marker [4].

A device called an acousto-optic modu-
lator (AOM) is used to realization the photo-
elastic effect [5, 6]. AOM consists of a photo-
elastic medium FEM mounted at one end
electro acoustic transducer (EAT) and at the
other an acoustic absorber (AU). Glass or
crystalline materials are used as FEM. The
EAC converts the input signal into an elastic
wave. This wave forms the running diffrac-
tion cage to side AA in the FEM. That dif-
fraction cage reveals itself such as periodic
changes in the density of the medium. Di-
rected at a certain angle to the surface of the
FEM laser beams scatter from the running
diffraction cage - diffraction process takes
place [7].

The Raman-Nath and Bragg diffraction
regimes can be realize in the AOM [ 8§, 9].

It is more convenient to give an analyti-
cal description of the use mechanism and for-
mation of acousto-optic marker on the basis of
high-precision measuring system (figure 3).
This system includes an acousto-optic proces-

11

sor (AOP), a video camera, collecting lens, a
laser distance measurement and a monitor.
AQOP creates points corresponding to Bragg
diffraction on the measured object. The dis-
tance between points X is calculated based on
the distance to the object D measured via laser
distance measurement. The resulting value is
used to select the scaling for the report grid.

Ue g— AOP
T
. Video- p
Monitor  |¢—| collecting lens
camera
LDM
Software
| D |

r |
Figure 3 — Distance control and measurement system
based on acousto-optic marker

The image of the object along with those
points is transmitted to the monitor by a video
camera. At the same time, the monitor is syn-
thesizing a report grid via compatible soft-
ware.

Experimental studies

Experimental approbation of the idea of
realization presented above of the acousto-
optic marker was implemented the center fre-
quency was performed on an AOM with
fo=80MHz.

The report and experimental graph of
the marker static adjustment characteristics
based on the values given in Table 1.

We can calculate the accuracy of meas-
urements based on experimental and theoreti-
cal estimates. Given the data in the table, we
determine the standard deviation (o), the mean
error (v), the probability error (g).

First we find the numerical average of
the theoretical values (table 1).
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Table 1 — Static adjustment characteristics of the

marker
Ne | Frequen- | Slide of spot caused by light
cy, flood, mm
MHz Theoretical Experi-
result mental result
1 70 55,88 (x1) 56
2 72 57,48 (x,) 57,5
3 74 59,08 (x3) 59
4 76 60,67 (x4) 61
5 78 62,27 (Xs) 62
6 80 63,87 (Xe) 64
7 82 65,46 (x7) 65
8 84 67,06 (xs) 67
9 86 68,66 (xo) 69
10 88 70,25 (x10) 70
11 90 71,85 (x11) 72

We must first calculate the numerical
mean:

11
1
)"

i=1

702,53
11

~ 63,86 mm

The standard deviation is calculated us-
ing the following formula:

o= \/%Z?zl(xi — X)?=5,26 mm

12

Given that the average error is defined
as v = 4/5 * ¢ and the probability error is € =
2/3 * o, we get v=4,208 mm; £=3,156 mm.

Accordingly, we can make calculations
based on experimental results (table 1).

We must first calculate the numerical
mean:

11
1
i)

i=1

7025
11

=~ 63,86 mm

The standard deviation is calculated us-
ing the following formula:

%Z?zl(xi —X)?=5,03 mm

Given that the average error is defined
as v = 4/5 * ¢ and the probability error is € =
2/3 * o, we get v=4,024mm; €=3,018 mm.

As can be seen, the experimental and
theoretical estimates are close to each other.
This confirms the high accuracy of the marker.

Conclusion

The proposed technological scheme al-
lows optimization of the weight and center of
gravity control process.

The software for generating variable co-
ordinate grids provides the high accuracy of
the vertical distance between fuselage of the
aircraft and ground.

The method of forming based on acous-
to-optic effect of the distance marker and the
device realizing it provides the high accuracy
of contactless measurements.
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Abstract

Estimation of the energy levels of contacts of microprotrusions of friction pairs "shoe-disk" was carried out
on a friction and wear machine SMTs-2. In this case, the block was made of ordinary Kh12MF steel, and the disk
was diffusion-coated with a Ni-Cu alloy and reinforced by surface plastic deformation. Experimental studies carried
out on four test cycles made it possible to obtain profiles of profilograms and use them to establish the types of con-
tacts (ohmic, neutral and blocking) for the samples and their duration of action. Investigation of the tribotechnical
properties of the "shoe-disk" friction pairs made it possible to determine: surface temperature, dynamic coefficient of
friction and wear of the samples. At the same time, the influence of diffusion metallization and surface plastic de-
formation on the relative wear resistance and roughness of samples made of Kh12MF steel was established. The
physical substantiation of the obtained parameters is given.

Keywords: friction and wear machine, “shoe-disk” friction pair, sample Nel and 2,

profilograms, test cycles, operational parameters.
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Xiilasa

“Disk-kiindali” siirtinma ciitii mikrogixintilarinin kontakt enerji soviyyslarinin qiymatlondirilmasi CMI] -2
siirtiinmo  vo yeyilmo magininda hoyata kegirilib. Bu zaman kiindo adi X12M® poladdan hazirlanmis, disk iso Ni-
Cu orintisi ilo diffuziya soklinds Ortiilmiis vo sothi plastik deformasiya ilo giiclondirilmigdir. Dord sinaq tsiklindo
aparilan eksperimental todqiqatlar, profilogram profillor sldo etmoyo vo onlarda niimunoler {igiin kontakt névlorini
(omik, neytral vo bloklayic1) qurmaga vo onlarin foaliyyst miiddetini miioyyon etmoyo imkan verdi. Disk-kiindali
stirtiinmo ciitliniin tribotexniki xiisusiyyatlorinin todqiqati: sothi temperatur, siirtiinmo vo yeyilmo niimunslorinin
dinamik omsalini miioyyon etmoyo sorait yaradir. Eyni zamanda, diffuziya metallagmanin vo soth plastik
deformasiyasinin X12M® poladindan hazirlanmis niimunslorin nisbi yeyilmo ddézlimliiliiyline vo kolokétiirlityiine
tasiri miioyyan edilib.
Acar sozlor: stirtiinmo vo yeyilmo masini, “disk-kiindali” siirtiinma ciitii, 1 vo 2 ndmrali niimuno, profiloqram,

sinaq tsikli, istismar parametrlari.
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AHHOTALIAA

O1eHKa 3HEPreTUYECKUX YpOBHENH KOHTAKTOB MUKPOBBICTYIIOB Iap TPEHHUs «KOJOAOUYKA - TUCK) BBIIOIHS-
nachk Ha MamuHe TpeHus U u3noca CMII-2. Konogouka usrorosnena u3 o0braHOM ctanmu X12MO®, a auck — ¢ aud-
¢y3uoHHBIM TOKpEITHEM ciutaBoM Ni-Cu M yCHIICH NMOBEPXHOCTHO-TUIACTHYEeCKOi nedopmanueii. IIpoBeneHHBIE
9KCTIEPUMEHTAIbHBIE HCCIECIOBAHUS HA YETHIPEX LMKJIAX HCHBITAHUH ITO3BOJIMIM IMOIYYHTh Hpodmin mpoduio-
TpaMM U 110 HUM YCTAHOBHUTH AJIsI 0OPa3LlOB THITBI KOHTAKTOB (OMHYECKHH, HEUTPaTbHBIN 1 OMOKHPYIOIINHA) 1 BpeMs
nx pevicteud. ViccnenoBanue TpHOOTEXHUUECKUX CBOMCTB Map TPEHUS «KOJOAOUYKA - AMCK» TO3BOJIMIIO ONPENEIUTh
MOBEPXHOCTHYIO TEMIIEPATypy, AMHAMUYECKUH KO3()(GHUINEHT TPEHUS W M3HOC OOpa3IoB. YCTAHOBJIECHO BIIMSHHE
1 y3HoOHHONW MeTayuTM3aluy ¥ MOBEPXHOCTHOTO ILIACTHYECKOTO Je(hOPMUPOBAHUS Ha OTHOCHUTEIBHYIO M3HOCO-
CTOMKOCTB M IEPOXOBATOCTh 00pa3oB u3 cranu X12Md.
KiroueBnle ciioBa: MalllHa TPEHUs U U3HOCA, apa TPEHHs «KOJIOJ0YKa - IUCK», 00pa3iubl Nel u 2, nmpodmuito-

I'paMMBI, IUKJIBI HCTIBITAHUH, SKCIUTyaTal[HOHHBIE TapaMeTpBbI.
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Introduction

Among the methods of diffusion metalli-
zation, the most effective method for increas-
ing the durability of tools and parts is the
method of applying coatings from an environ-
ment of low-melting liquid metal solutions.
This technology, which consists in holding the
product in a bath with a low-melting metal
melt, in which the coating element or elements
are dissolved, makes it possible to obtain coat-
ings simultaneously for batches of products,
on tools of the most complex configuration, in
the presence of sharp edges, small holes, deep
cavities, and also combine the metallization
process with heat treatment. In this case, the
resulting coatings are characterized by uni-
formity in thickness, stability of the composi-
tion, high quality and improved tribological
properties.

The state of the problem

At present, many questions concerning-
diffusion metallizationfrom the medium of
low-melting liquid metalsolutions are insuffi-
cientlystudied. These include issues related to
the choice of the composition of the saturation
medium (transport melt), the coating element,
the kinetics and method of formation of coat-
ings, as well as tasks related to the nature of
the interaction of coating elements and materi-
al, with the effect of coatings on the geometry
of products, and the roughness of coated sur-
faces.

The surface quality and contact of ma-
chine parts are considered in [1]. However, in
the latter, the profiles of the microprotrusions
of the friction pairs affecting their energy load-
ing were not investigated.

In [2] dependences were obtained that
describe the profiles of typical relative sections
of the reference curves with the distribution of
their materials along the height of the rough

16

layer. Nothing has been said here about the
types of contacts of microprotrusions of fric-
tion pairs.

The energy levels of various types of
contacts of microprotrusions of friction pairs
were studied in [2, 3]. However, in them, no
reference was made to specific profilograms of
microprotrusions of friction pairs. The prob-
lem of increasing the reliability of mates of
machines, mechanisms and assemblies operat-
ing at high impulse specific loads and high
sliding speeds requires the creation and im-
provement of existing methods of hardening
the mating surfaces. In this case, at the last
stage of finishing the materials, it is necessary
to establish their tribological properties [4].

Formulation of the problem

This publication addresses the following
issues in relation to the problem being solved:
analysis of profilograms with characteristics of
roughness of working surfaces of friction pairs
"block-disk" after testing; comparative results
of studies of tribotechnical properties of steel
HI2MF without and with a diffusion coating
and surface plastic deformation (SPD) at vari-
ous contact stresses in a friction pair.

The purpose of this work to
investigate and establish the effect on the
energy levels of the “shoe-disk™ contacts (the
end surface is alloyeddiffusion metallization)
and evaluate its tribological properties on a
friction and wear machine SMTs-2. Analysis
of profilograms with the characteristics of the
shoe-disk friction pairs after testing. Studies of
the tribotechnical properties of materials after
diffusion metallization with and without PDE
were carried out on a friction and wear
machine SMTs-2 according to the block-disk
scheme (Fig. 1).
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normal load
Thermometer

Figure 1 — Test scheme " block - disc". Sample Ne 1 -
block (stationary), sample Ne 2 - disc (rotating)

The tests were carried out for 6 hours
with each pair of samples under the following
test conditions: normal load - 400 N, the
number of revolutions of the lower sample
(disk) - 300 min™', lubricating medium - I20A.

The control of the profile and roughness
parameters of the samples before and after the
tests was carried out on a Mahr Surf PS 1
profilometer. The tracing length was 5,6 mm,
respectively, the cutoff value of the pitch was
0,8 mm. The number of base lengths (step
cutoffs) was 5. Dimensional parameters were
monitored with an electronic measuring
instrument with a division value of 0,01 mm.
The scheme for measuring the diameter of the
sample "disk" (D) and the height of the block
(B) is shown in Fig. 1.

The control of the weight parameters
was carried out on an electronic laboratory
Shinko  AJH-420CE  with
measurement division value of 0,001 g.

The energy levels of the contacts of the
profilograms were considered from the point
of view of the work function of electrons and
ions from the surfaces of the block (W;) and
the rotating disk (W;). If W,> Wi, then the
contact was ohmic, with W, = W, - neutral,
and when W2 <WI1 - blocking. Studies at
contact stresses ox = 3,5 hPa (Fig. 2) showed
the following:

balance a
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Figure 2 — Profilograms with the characteristics of the
roughness of the working surfaces of the "block-disk"
friction pairs after the tests on machine winding and
wear SMTs-2 at contact stresses o, = 3,5 hPa (cycles I
and IT)

Studies at contact stresses ok = 4,5 hPa
(Fig. 3) showed the following:

- on the IIl-th cycle in sample Nel in
rectangles 1, 2, 3, 4 and 5 there was an
alternation of the ohmic contact with the
blocking contact;

- in sample Ne2, an alternation of ohmic
contacts with blocking contacts was observed
in all rectangles;

- on the IV-th cycle in the sample Nel in
rectangles 1, 4 and 5 neutral contact prevailed,
and in the 2 and 3 rectangles there was an
alternation of ohmic contacts with blocking
contacts;

- in sample Ne2, in rectangles 1, 2, 4 and
5, a quasi-neutral contact was observed, and in
the 3rd rectangle there was a predominantly
blocking contact.
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Figure 3 — Profilograms with the characteristics of the
roughness of the working surfaces of the "block-disk"
friction pairs after the tests on machine winding and
wear SMTs-2 at contact stresses o, = 4,5 hPa (cycles 111
and V)

- on the I-th cycle in the sample Ne 1 in
the rectangles 1, 2, 3, the ohmic contact
prevailed, on the 4 and 5 rectangles - mainly
the neutral contact;

- in sample Ne 2 in rectangles 1, 2, 3
there was a predominantly neutral contact, and
in 4 and 5 rectangles there was an alternation
of ohmic contact with a blocking contact;

- on the II-nd cycle in the sample Nel in
rectangles 1, 2, 3, a neutral contact was
maintained, and in rectangles 4 and 5 there
was an alternation of ohmic contacts with
blocking contacts;

- in sample Ne2, in rectangles 1, 2, 3, a
neutral contact was observed, and in rectangles
4 and 5 there was an alternation of ohmic
contacts with blocking contacts.

Twenty measurements of the "disk"
roughness parameters with different degrees of
deformation were carried out, the average
values of the roughness parameters and the
confidence interval of measurements after
tribotechnical tests were calculated, which are
presented in table 1.

As you can see from the table 1, the
smallest values of the roughness parameters
for the “disk” specimens subjected to diffusion
metallization and surface plastic deformation
were observed at contact stresses of 4,5 hPa.

Table 1 — The results of measuring the roughness parameters of a material with a diffusion metal coating

Gy, hlla Ra, um Rq, um Rz, ym Rt, um
Raw material
'§ 5,384+0,385 6,759+0,493 27,203+1,634 38,32+4,07
é 0 2,176+0,240 2,930+0,306 11,258+1,155 17,74+2,01
.E 3,0 2,272+0,256 2,955+0,323 12,048+1,223 17,96+1,89
é 3,5 2,167+0,295 2,901+0,384 11,649+1,345 17,92+2,36
a 4,0 2,323+0,167 3,099+0,247 12,156+0,972 18,41£2,05
4,5 2,000+0,205 2,689+0,283 10,931+0,961 16,68+1,84
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Comparative results of studying the
tribotechnical properties of steel HI12MF
without and with a diffusion coating and
surface plastic deformation (SPD) at various
contact stresses in a friction pair. There are no
data in the literature on the study of the
tribotechnical properties of steel Kh12MF with
a diffusion coating and SPD on a friction and
wear machine SMTs-2 at various contact
stresses in the “shoe-disk™ friction pair. The
change in the temperature increment was
recorded with a platinum thermocouple
installed in the hole on the sample block

(Fig.1).

. @

b)
R

=

Figure 4. a, b, ¢ — Fluctuation of surface temperature (a)
and dynamic coefficient of friction (b) depending on
time and function of the form f=p (cy); 1, 2 - initial and
subject to diffusion without (SPD of materials)
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According to fig. 4a, fluctuations in the
flash point are caused by the interaction of
microprotrusions to which pulsed specific
loads are applied. After that, the generated
amount of heat is directed into the body of the
rotating disk, where it causes the emergence of
a surface-volume temperature with its negative
gradient [5]. The fluctuation value of the dy-
namic coefficient of friction (Fig. 4b) is asso-
ciated with a sharp increase in the friction
force in the contact and a decrease in the im-
pulse specific load due to its plastic defor-
mation [6].

In fig. 4c presents the generalized results
of changes in the dynamic coefficient of fric-
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tion during tests on the SMTs-2 friction and
wear machine. The application of diffusion Ni-
Cu coatings provides a decrease in the dynam-
ic coefficient of friction relative to the original
samples (1) by 8.4% in relation to the tested
ones at o = 2,5-3,5 hPa (Fig. 4 c¢). Subsequent
plastic deformation leads to a further decrease
in the dynamic coefficient of friction, while its
minimum value is observed after processing
data with contact stresses of 4,0 and 4,5 hPa (a
decrease in the dynamic coefficient of friction
by no more than 3.0% for lower contact stress-
es (2,5-3,5 hPa)). Before and after the study of
the tribological properties of materials, the
dimensional and weight parameters of the
samples were monitored; the results of these
measurements are summarized in Table 2.

According to fig. 5, we analyze the
graphical dependences of the relative wear
resistance (012589) and roughness (3456710)
after diffusion metallization and surface plastic
deformation of the samples.

Two graphical dependences have an in-
tersection point A and a common point 5. Part
of the first dependence 2589 and the second
4567 were under the influence of the semicon-
ductor effect during friction.In the absence of
the latter, part of the first graphical depend-
ence has a concave curve 2-9. Straight line 7-
10 intersects with point 8. In this case, straight
line 7-10 may have the contours of a convex
and a concave curve, depending on the plastic
deformation of the samples [7, 8]. The applica-
tion of diffusion Ni-Cu coatings with subse-
quent deformation leads to an increase in wear
resistance relative to untreated surfaces of
products. In this case, the relative wear re-
sistance of samples with Ni-Cu coating is from
1,0 to 3,5 in the range of contact voltages from
zero to 4.5 hPa.
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Table 2 — Experimental data on tests of the shoe-disk friction pair

) Bec Mass wear, g| Relative dimensions Linear wear,
Sample Material Gis mm
number HI12MF hPa | before after before after
tests, g

Block Nel - 14,913 14,914 -0,001 8,99 8,99 0,00
3,0

Disk No2 dif. met. withSPD 162,733 162,680 0,053 49,95 49,94 0,01

BlockNel without cover 14,934 14,933 0,001 8,99 8,99 0,00
3,5

Disk Ne2 dif. met. withSPD 162,880 | 162,817 0,063 49,94 49,93 0,01

Block Nel without cover 14,781 14,783 -0,002 8,99 9,00 -0,01
4,0

Disk Ne2 dif. met. withSPD 162,062 | 163,018 0,045 49,95 49,94 0,01

Block Nel without cover 14,786 14,788 -0,002 9,00 9,00 0,00
4,5

Disk No2 dif. met. withSPD 162,911 | 162,873 0,038 49,95 49,94 0,01

Block Nel without cover P E 14,748 14,749 -0,001 8,98 8,99 -0,01

=)
Disk Ne2 dif. met. withSPD = 3 163,130 | 163,043 0,087 49,95 49,93 0,02
Block Nel 14,838 14,791 0,047 8,99 8,97 0,02
without cover
Disk Ne2 162,472 | 162,338 0,134 50,05 50,02 0,03

Note: diff. met. with SPD - diffusion metallization with surface plastic deformation

The lowest relative wear resistance after
plastic deformation was observed at contact
stresses of 3,54Pa. At the same time, there was
a minimum roughness (Ra = 20 um). In the
course of testing for wear resistance, it was
found that due to sliding friction, there is a
significant ~ decrease by

in  roughness

approximately the same value.
The discussion of the results

1. Having considered the energy levels of
the contacts of the profilograms under four-
cycle loading of the friction pair "block (1) -
disc (2)" on the SMTs-2 friction and wear ma-
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chine, taking into account the work function of
electrons and ions (W, W;) from their work-
ing surfaces, it was found that ohmic contacts
(W>> W,) work the longest, neutral contacts
(W, = W)) - less than average time, blocking
contacts (W,<W,) - the rest of the time.

2. The application of diffusion Ni-Cu
coatings provide a decrease in the dynamic
coefficient of friction relative to the original
samples by 8.4%, and between the tested sam-
ples by only 3.0%. It should be noted that plas-
tic deformation at contact stresses of 4,0 and
4,5 hPa gives a minimum decrease in the dy-
namic coefficient of friction.
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L S . . — . 3. The application of diffusion Ni-Cu

I ‘f} ‘ coatings, as well as subsequent deformation,
§ \\“\\\ leads to an increase in wear resistance relative
g 45 \\\\\\ { to the untreated surfaces of the products. In
E . witk:m;:S'PB\\ this case, the relative wear resistance of sam-
%ﬁ” ' A ples with Ni-Cu coating is 1,5, plastic defor-
X 75 mation leads to a further increase in the wear

resistance of the samples, and the greatest
wear resistance was observed at a contact
25 [ , ‘ | stress of 4,5 hPa and amounted to 3,56. The
a lowest wear resistance after plastic defor-
mation was 2,15 and was observed at contact
stresses of 3,5 hPa.

4. In the process of testing for wear re-
sistance it was found that due to sliding fric-

without SPDT :
|

T 1 1 1
| |

tion there is a significant decrease in rough-
ness (from 3.5 to 1.5) Ra, um.

Relative wear resistance
S .

S S

S I S N NN BN E— l .
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Contact voltage 5, hPa at SPD

Conclusion
The determination of the main tribologi-

Figure 5 — Influence of diffusion metallization and
surface plastic deformation on the relative wear re-
sistance and roughness of samples from steel Kh12MF;

cal properties of various pairs of friction, tak-
ing into account the medium in laboratory
conditions, was carried out on a friction and

—&—- wear resistance; ——— - Ra after tests, pum .
H wear machine SMTs-2.
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Abstract

The materials of the article are devoted to the features of forced, direct cooling with moist compressed air of the
working surfaces of friction pairs of brake devices. The results of a computational experiment concerning the design
parameters of the cooling system and its operational parameters are presented. The efficiency of air cooling of the
drum-shoe brake friction pairs is estimated. Attention is paid to the peculiarities of forced cooling with moist com-
pressed air of brake tribo couplings. Compressed air pressures have been established, at which it is possible to forci-
bly cool the friction pairs of drum-shoe and band-shoe braking devices.
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Xiilasa

Mogqals, aylac qurgularinin siirtiinme ciitiiniin is¢i sothlorinin nom sixilmis hava ilo mocburi, birbasa soyudul-
masi xiisusiyyatlorino hosr edilib. Soyutma sisteminin struktur parametrlori vo onun istismar parametrlori ilo bagl
hesablama tacriibasinin naticalori taqdim olunub. Baraban-kiindsli aylacin siirtiinms ciitiiniin hava ilo soyudulma-
smin effektivliyi qiymatlondirilib. 9ylac triboqovsaqglarinin nom sixilmis hava ilo macburi soyudulmasi xiisusiyyat-
lorins diqqgat yetirilib. Sixilmis havanin tozyiqi miiayysn edilmisdir ki, bu zaman, baraban-kiindsli va lent-kiindali
ayloc qurgularinin siirtiinma ciitiiniin birlogmolorinin macburi soyudulmasi miimkiindjir.
Acar sozlor: aylac, siirtiinma ciitiiniin mikro-¢ixintilari, birbasa macburi soyudulma, nom sixilmig hava, “Boks-

Xanter” metodu, soyudulma effektivliyi.
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AHHOTAIHUSA

CraThsl TOCBSIIIEHAa OCOOEHHOCTSIM TPHHYINUTEIHFHOTO, HETIOCPEACTBEHHOTO OXJIAXKICHHS BIIAYKHBIM CXKaTBIM
BO3JyXOM pabo4uX MOBEPXHOCTEH Map TPEHUS TOPMO3HBIX YCTPOMCTB. [IpuBECHBI Pe3yabTaThl BEIYUCIUTEIHLHOTO
9KCIIEPUMEHTA, Kacarolrecs KOHCTPYKTUBHBIX MMapaMeTPOB CUCTEMBI OXJIAXKACHHUS, U €r0 SKCIUTyaTallMOHHbIE Mapa-
MeTphl. OrieHeHa 3P GEKTHBHOCTh BO3IYITHOTO OXJIAXICHUS Tap TPEHUs 0apabaHHO-KOJIOJOYHOTO TOpMO3a. Y iene-
HO BHHMAaHHUE 0COOCHHOCTSIM TPUHYAUTEIBHOTO OXJIAXKICHHS BJIAXKHBIM CKATBIM BO3JYXOM TPHOOCOTIPSIKEHHI TOP-
MO30B. YCTaHOBJICHBI JABJICHUS CXKATOTO BO31yXa, MPH KOTOPBIX MOXKHO MPUHYIUTEIHLHO OXJIAXAATh COMPSIKEHUS
map TpeHus 6apabaHHO-KOJIOIOYHBIX U JICHTOYHO-KOJIOJZOYHBIX TOPMO3HBIX YCTPOHCTB.

KaioueBble c10Ba:  TOPMO3, MUKPOBBICTYIIBI 1P TPEHHUS, HETIOCPEICTBEHHOE PUHYANTEIBHOE OXJIaX/ICHHE,
BIIQXXHBIH CXKaThIi BO3IyX, MeTox «bokca XaHTepa», 3)(peKTUBHOCTh OXIIaXICHHS.
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Introduction

When choosing friction pairs of a brak-
ing device, the main characteristics are the du-
rability and performance of their materials.
The durability of a friction pair is primarily
determined by the wear of the friction lining,
and its performance is determined by the sta-
bility of the dynamic coefficient of friction
and, as a consequence, the braking torque.
During the operation of the braking device, the
friction pair heats up in different ways, which
leads to a change in the indicated characteris-
tics - the wear rate increases, and the stability
of the braking torque decreases. Thus, when
assessing the durability and performance of
the braking device and their improvement, it is
necessary to investigate the direct and indirect
forced cooling of its friction pair.

Problem state

Known works [1-3], in which in con-
junction of pairs of friction drum, disc and
tape-shoe brakes, compressed air was supplied
using devices and systems. The latter provided
the supply of compressed air through the fixed
friction units "tape-patch"; "Block-pad". The
efficiency of reducing the energy load of fric-
tion pairs of brake devices was on average 10-
14%. However, this did not take into account
the changes in the micro-profile of the fric-
tional interaction of friction pairs and the pro-
cesses occurring in the coupling.

The processes elec-
trothermomechanical friction also significant-
ly affect the properties of surface layers. Due
to the introduction of contacting protrusions
during tangential displacement, there is an
elastoplastic deformation of the surface layers.
The thickness of the deformed layer depends
on the sliding speed; it decreases with increas-
ing speed. Multiple elastic surface defor-

accompanying
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mations lead to fatigue. Plastic and elastic de-
formations of the surface layer in the process
of electrothermomechanical friction lead not
only to a change in its properties, but also to
the formation of a new microrelief, typical for
the given friction conditions.

The high temperature that develops dur-
ing friction leads to annealing and softening of
the surface layer and smoothing of micro-
roughnesses, to structural changes in the mate-
rial, as well as to the occurrence of diffusion
processes.

The temperature gradient along the
depth has a significant effect on the properties
of the friction surface, leading to a gradient of
mechanical properties. Changing the structure
of the surface layer significantly changes its
mechanical properties. The mechanical prop-
erties of the surface layer can be estimated
from the results of measuring its microhard-
ness. Usually the surface layer of metals has a
high hardness, which is explained by its work
hardening. This cold-worked layer can be de-
tected by X-ray diffraction analysis [3].

The supply of compressed air to the in-
terface of friction pairs helps to reduce their
energy load, but it will harm the following:
transformation of the elastoplastic deformation
of the surface layers into their elastic state;
decrease in specific loads and increase in slid-
ing speed; delayed formation of a new micro-
relief; lack of diffusion phenomena; a decrease
in the depth temperature gradient that does not
affect the mechanical gradient of the material
properties; the surface layer has a lower hard-
ness, which is explained by its weak work
hardening; oxidative processes are accelerated
and reduction processes are slowed down, de-
struction of adsorption and double electrical
layers, etc.
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Formulation of the problem

This publication addresses the following
issues in relation to the problem being solved:
- design and operation of the system for forced
cooling with moist compressed air of friction
pairs of brakes;
- the results of a computational experiment
according to the "Box Hunter" method;
- efficiency of forced air cooling of friction
pairs of drum-shoe brakes;
- about the features of forced cooling with
moist compressed air of brake tribo couplings.

The purpose of the work — is to sub-
stantiate direct forced cooling with moist
compressed air by a micro-protrusion of fric-
tion pairs of brake devices.

Design and operation of the system for
forced cooling with moist compressed air of
brake friction pairs

The pressure of compressed air supplied
for forced cooling of friction pairs of brake
devices depends directly on the specific loads
developed between their friction pairs. Specif-
ic loads in the band-shoe brakes of the draw-
works reach 1.5 MPa, and in the drum-shoe
brakes of vehicles it is only 0.7 MPa.

The system of forced cooling with moist
compressed air of the friction pairs of the rear
drum-shoe brakes of a cargo vehicle works as
follows [1]. According to fig. 1 compressed
air from compressor 1 enters the receiver 2 of
the pneumatic system of the vehicle, and then
into the controlled gearbox 3 (type valve 122-
16 UHL 4 GOST 18468-79). The reducer 3
has a built-in pressure gauge 7, which controls
the pressure of the supplied air. From the re-
ducer 3 it enters the solenoid valve 4 (gas
valve SPB PG-24 PV-16), and then through
the system of tees 6 and pipelines it goes to
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the fittings of 8 brake pads with friction lin-
ings 9 (4 fittings on one shoe) into the gap be-
tween the working surface drum 10 and lin-
ings.

pattern grooves (conditionally) «A ZF
———————— 7 X

View Z (rotated)

B original clearance

Figure 1 — System for forced cooling with moist com-
pressed air of the working surfaces of the friction pairs
of the drum-shoe brake of the vehicle:

1 - compressor; 2 - receiver; 3 - reducer; 4 - electro-
magnetic valve; 5 - brake valve; 6 - tee systems; 7 -
manometer; 8 - hose with fitting; 9 - brake shoe with
friction linings; 10 - brake drum

The solenoid valve 4 is designed to sup-
ply air to friction couples interacting friction-
ally and to stop supplying it after the braking
process is completed. For this, the solenoid
valve 4 is electrically connected to the limit
switch of the brake valve 5, which also in-
cludes the rear brake lights. When the driver
presses the brake pedal, the limit switch is first
triggered, which activates the brake lights and
the solenoid valve 4. The latter will begin to
supply compressed air from the gearbox 3 to
the brake friction couples.

At the same time, compressed air enters
the pneumatic chambers and the expanding
fist 3 (Fig. 2 a) enters into operation, expand-
ing the brake pads 1. After the driver stops
acting on the brake pedal, the supply of com-
pressed air to the brake chambers will stop,
and after a while the limit switch will turn off
the solenoid valve 4 and brake lights.
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Figure 2 a, b — Brake without a drum with elements of
the cooling system (a) and measuring the compressed
air consumption in it (b) 1 - brake pads; 2 - friction lin-
ings; 3 - expanding fist; 4 - hoses with fittings; 5 - air
flow measurement with a mass flow meter MV-306

Thus, the air will still flow into the fric-
tion zone for some time after the end of the
braking process.

The compressed air consumption was
measured with an MV-306 5 mass flow meter
(Fig. 2 b). The supply of compressed air at a
pressure of 2,0-3,0 MPa between the brake
friction pairs is possible only when the vehicle
is braked. The design of the system for cool-
ing with compressed air of the friction pairs of
the band-shoe brakes of the drawworks is
simpler. In it, the compressed air is supplied
through the brake band and friction linings.
About the air cushion between the friction
pairs of the band-shoe brakes, since the cush-
ion "breaks" in the gaps between the linings
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and the compressed air pressure can reach up
to 0,7 MPa. Table 1 illustrates the design pa-
rameters of the friction unit of a given brake
vehicle model ZIL and the parameters of the
forced cooling system of the tribo interface.
The stability and reliability of the brak-
ing device is largely determined by the ther-
mal state of its main working elements. In
drum-shoe brakes, these are friction pairs.

Table 1 — Design parameters of the friction unit of

the brake and parameters of the system of its

forced cooling

Rim working surface radius R, mm | 210,0
Rim width B, mm 140,0
Reduced rim thickness 6, mm 18,0
Drum weight G, kg 45,0
Material SCh-15

) length /, mm 210,0
Working -

width b, mm 140,0
pad A, cm’ 1176,0
hole (32 with a diame-
ter of 13,0 mm) in the

Area escutcheon 42,45
for the installation of
rivets, A, cm’

Pad thickness §,, mm 20,0

Pad weight G,, kg 1,5

Material FK-24A

Average maximum clearance be-

tween the working surfaces of the 1,2

brake friction pairs h,, mm

compressed air 0,0-0,8

pressure P,

bore diameters 2,1-8,0
Intervals | air velocities v, m/s 1,0 - 70,0
changes | ajr flow rate entering

the gap between brak

friectgiolr)l ﬁziff;a P102,e 10 =200

em’ /s
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The main factors that determine the
thermal state of friction pairs of brakes operat-
ing in compressed air are: specific loads in
contact on the working surfaces of the friction
pair; surface temperatures of brake friction
pairs; the sizes of the diameters of the holes
through which the compressed air flows; the
amount of cooling compressed air involved in
heat removal, depending on its pressure and
speed; operating mode of the cooling system
(switching frequency and duration).

Results of a computational experiment ac-
cording to the '""Box Hunter" method

At present, along with other calculation
methods, the mathematical theory of experi-
ment planning, which refers to a computation-
al experiment, has become increasingly wide-
spread [4]. Tasks with the help of the latter are
solved as follows. Initially, it is established to
what extent each of the factors (design and
operational parameters) affects the output pa-
rameter.

A quantitative measure is the value of
the model coefficient corresponding to a given
factor. In this case, the plus sign indicates an
increase in the value of the parameter, and the
minus sign indicates its decrease, that is, indi-
cate the nature of the influence.

Then the location of the set of factors is
established according to the strength of their
influence. After that, decisions are made based
on possible situations, which are distinguished
by the adequacy of the model, the significance
and insignificance of the coefficients. When
constructing a regressive formula, obtaining
an adequate model means the completion of
the task. The modified method for the compu-
tational experiment is the “Box Hunter” meth-
od [5]. As the response functions, it is required
to determine the indicator of direct measure-
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ment - the maximum value of the braking
force F and the calculated braking torque of
the right rear wheel of the vehicle model ZIL.
The following are selected as variable func-
tional parameters of the brake mechanism: the
pressure of the supplied air P, and the diame-
ter of the supply holes in the friction lining dj,.

The experimental technique included the
following stages: determination of the levels
of the considered parameters (pressure of the
supplied) air through the nozzle P, and the
diameter of the supply holes in it (dy), and the
intervals of their variation; build an experi-
ment plan (experiment planning matrix).

The upper levels of the considered pa-
rameters are determined by the lower maxi-
mum pressure of the supplied air Pmax=0,77
MPa, the maximum diameter of the inlet open-
ing in the fitting installed in the friction pad,
taking into account its strength dpma.x=8,0 mm.
When the diameter of the outlet in the choke is
more than 8,0 mm, the air flow from the re-
ceiver increases, the compressor performance
decreases, the speed of the brake friction pairs
decreases due to the creation of a powerful air
cushion between the working surfaces.

The lower levels of the considered pa-
rameters are selected as follows: the minimum
pressure of the supplied air Pymin=0,1 MPa.
The minimum diameter of the inlet hole in the
fitting installed in the friction lining dpm.x=2,0
mm. When installing a smaller diameter of the
supply hole in the fitting, this will lead to the
creation of turbulences of the supplied air into
the friction zone, which increase its efficiency
as a cooling heat carrier, but the air whistle is
heard.

Let us determine the intervals of varia-
tion of the considered parameters according to
the plan of the "Box-Hunter" experiment [5]
according to:
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- pressure of the supplied air P,:

PaminSPSPamaXaOal §P§0,77Mpa

Py~ 0,49 MPa

) a=0,1 +a=0,77 MPa

Ly 00141 o
1,41

L1 07T+ 014:1(1 ~1,41) = 0,67 MPa,

AP =(0,67-0,2)/2=0,24 MPa.

The diameter of the inlet holes in the fit-
tings dj:

Ahmin <d < dpmax 2,0 <d < 8,0 mm

do =~ 5,0 mm

o =2,0 mm, +o.= 8,0 mm
Ut (o U0 DUPPIIE o U 120 ) U

1,41 1,41
Ad =(7,1-2,9)/2 =21 mm.

where -1.41 and +1.41 - the minimum and
maximum coefficients are borrowed from the
factorial experiment matrix [1].

The characteristic of the experimental
design is shown in table 2. Table 2 shows - a
and + a - respectively, negative and positive
magnitudes of the stellar arms; - 1 and + 1 -
lower and upper levels of variation; 0 - center
of the experiment; AXj - interval of variation
of parameters.

The factorial experiment matrix (Box-
Hunter design, core 22) is shown in table. 3.

Table 2. Characteristics of the experimental de-
sign for parameters P, and d,,
Variation levels

Para-
AX;
meters | -a | -1 0| +1 |[+a] .
=12
X;, MPa | 0,1 | 0,2 10,44 0,67 |0,77| 0,23

Xo,mm | 2,01 2,9 5,00 7,1 80| 2,1

Table 3. Matrix of factorial experiment in natural
values of parameters Fg and Mp

On the right rear wheel

N1 p, | ~

experien| \ oo | oo Bﬁakmg Braking torque

ce orce My, N-m
F3 N ’

1 0,12 | 2,9| 7320 32940

2 0,66 | 29| 8520 3834,0

3 0,12 | 7,1 | 7580 3411,0

4 0,66 | 7,1 | 8310 3739,5

5 0 |50 7920 3564,0

6 0,77 | 5,0 8050 3622,5

7 0,39 [ 2,0| 8090 3640,5

8 0,39 | 8,0] 7600 3420,0

9 0,39 | 5,0] 8230 3703,5

10 0,39 | 5,0 8450 3802,5

The matrix of the factorial experiment in
the full-scale values of the parameters of the
braking force Fp and the braking torque Mg,
developed by the right rear brake of the vehi-
cle of the ZIL model, will be used in the future
to obtain regressive dependencies for their de-
termination.

For this, it is necessary to carry out ex-
perimental studies and establish the regulari-
ties of changing the parameters according to
the dependences of the form Gy = f'(Py), Gy =
f(dn) and Gy =f (V) (Fig. 3 a,b,c)and V =f
(P,) and V(dy) (Fig. 4 a, b).

Analysis of the graphical dependencies
listed above made it possible to state the fol-
lowing.

Compressed air consumption Gy de-
pending on:

- pressure P, at the inlet to the pipeline
choke (Fig. 3 a) has a quasi-linear character,
and after 0,5 MPa it sharply increases, which
significantly affects the compressor perfor-
mance,

- diameters dy of the supply holes in the
cooling system of the brake friction pairs (Fig.



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2021, cild 13, Ne 4, s. 22-33
Volgenko N.A. va basq.

Herald of the Azerbaijan Engineering Academy
2021, vol. 13, no. 4, pp. 22-33
Volchenko N.A. et al.

3 b) it follows that at d, = 7,5 mm the com-
pressed air consumption becomes constant and
there is no point in increasing it;

- the average velocity V of air outflow
from the pipeline choke (Fig. 3 c), depending
on their hydraulic resistance;

cm’/s

Compressed air
710

consu mpl 0on

Inlet air pressure Py, MPa

Compressed air
consumption G, 10? cm™s

25 35 4.5 55 0.5 3

Diameters of inlet holes ;,, mm

10 cmss

Compressed air
a
L & 3 C

42

consumption ¢

Average air flow rate 1" m/s

Figure 3 a, b, ¢ — Dependence of compressed air con-
sumption G, - 10% in the system of forced cooling of
friction pairs of drum-shoe brakes of a vehicle model
ZIL: a - air pressure at the inlet at d;, = 7,1 mm of the
opening of the pipeline fitting; b - the diameters of the
supply holes at P, = 0.6 MPa; ¢ - average air flow rate v
at d, = 6,0 mm

The dependence of the average speed V'
of air outflow into the forced cooling system
of the brake friction pairs on:

- pressure P, at the inlet to the pipeline
choke (Fig. 4 a) indicates that the velocity
gradient is greater at high air pressures than at
low ones:

- diameters do of the inlet holes of the
cooling system of the brake friction pairs (Fig.
4 b) indicates that the point O of the intersec-
tion of the two curves is the rational hole di-
ameter and is equal to 4,5 mm.

a)

Average air flow rate
" m/s

Inlet air pressure Pa. MPa

o
=

Average air flow rate
I m/s

2,5 35 45 5.5 6.5 7.5

Diameters of inlet holes . mm

Figure 4 a, b — Dependence of the average air flow
velocity V in the forced cooling system on: @ - inlet
pressure with a hole diameter @, = 7,1 mm; b - diame-
ters of the inlet openings of the pipeline fittings at an air
pressure of P, = 0,6 MPa; 1 - before and 2 - after the
pipe union

Efficiency of forced air cooling of drum-
shoe brake friction pairs

The purpose of forced air cooling of
friction pairs of braking devices is to limit the
energy loading of the surface layers of the tri-
bo interface. With an increase in the permissi-
ble temperature for the surface layers of the
friction lining, the binder component, i.e. for-
maldehyde resin, burns out.

Everything that happens is subject to
the cracking process [6, 7]. Table 4 shows an
assessment of the efficiency of forced air
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cooling of the friction pairs of the rear brake
of a vehicle model ZIL.

Table 4 — The efficiency of forced air cooling of
the friction pairs of the rear brake of the vehicle
model ZIL

Surface temperatures t, from which forced cool-
ing of brake friction pairs was made

100 | 150 | 200 | 250 | 300 | 350 | 400

Compressed air consumption G, -10% cm’ / s at
d, = 4.5 mm and its P,=(0,3-0,6) MPa

10,5] 12,0 [ 13,5 [ 150 | 17,0 | 18,5 [ 20,0

Reduction of ¢, of brake friction pairs by (°C):

50 | 10,0 | 15,0 | 20,0 | 30,0 | 35,0 | 50,0

Surface temperatures from 100 to 200°C
of brake friction pairs characterize their steady
state, the amount of heat generated by the
coupling is equal to the amount of heat re-
moved into the environment. In this case, the
cooling system will rarely turn on. In the
range of surface temperatures from 250 to
350°C, the cooling system is switched on
more often after the completion of the next
braking by the vehicle. As for the surface
temperatures up to 400°C and above, an edo-
thermal reaction associated with the cracking
process takes place in the surface layer of the
polymer lining, which reduces the heat load of
the tribo conjugation. In general, the efficien-
cy of air cooling of friction pairs of drum-shoe
brakes of a vehicle in the temperature range
from 100 to 200°C, from 250 to 350°C and up
to 400° C and above is, respectively, 7.0; 9.0;
and 12.5% excluding free and forced convec-
tive heat transfer.

Further, using the experimental data
from the established patterns of change in the
parameters Gy = [ (P,), Gv =f (dn) and Gy = f
(V) (Fig. 3 a, b, ¢) and V' = f(P,) and V(dy) re-
gression dependencies were obtained to de-
termine:

braking force
F, = 6008,5+3833,4P, —2356,1P. +

2 (1)
+600,6d, —55,8d; —207,2P,d,
braking torque
M, =27038+1725P, —1060,2P> + 2

+270,3d, —25,1d; —93,3P,d,

The critical values of the parameters of
the cooling system are P, = 0,63 MPa and d), =
4,2 mm. The regression dependences (1 and 2)
were used for calculations, which formed the
basis for the graphical dependences shown in
Fig. 5 a, b and made in 3D format.

I 5000
[ 7500
[ 7000
I 6500

I 3600
I 3600
[ 3400
13200
[ 3000
I 2500

Figure 5 a, b — Dependences of the braking force (a)
and the moment (b) on the pressure of compressed air at
the inlet to the cooling system and the diameters of the
inlet pipe fittings

The analysis of the latter made it possi-
ble to state the following:

- the compressed air pressure Pw = 0,63
MPa in the cooling system is critical when the
hole diameter is dj, = 4.2 mm;

- the minimum gradient of the friction
force Fp was achieved at d;,=2,0 mm and P,
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=0,05 MPa, and the maximum - at d; =4,2 mm
and P, =0,63MPa (Fig. 5 a);

- the maximum gradient of the braking
torque 7 was achieved at dy =4,2 mm and
P,=0,63 MPa, and the minimum - at dy =2,0
mm and P, = 0,05 MPa (Fig. 5 b).

Features of direct forced cooling with moist
compressed air of brake tribo couplings

The increasing requirements for reliabil-
ity and the occurrence of transient processes in
friction pairs under the influence of small spe-
cific loads (2,0-3,5 MPa) and cooled by com-
pressed air have led to the problem of combin-
ing microprotrusions of materials with oppo-
site properties - electrical conductivity and
wear resistance - in the contacts. So, under
conditions of normal oxidative wear, an in-
crease in the contact force of the RK leads to
an increase not only in wear, but also in the
level of jumps in the contact resistance RK up
to the complete absence of contact and the oc-
currence of frictional non-conductivity.

Upon reaching the permissible value of
the RK, at which the seizure of the contact
surfaces occurs, the conductivity increases to
the conductivity of the pure metal, but at the
same time the wear rate increases dramatically
[8]. The main type of wear for the friction
pairs under consideration is selective frictional
oxidation of alloying elements in the metal
rim.

With a low content of the latter, their ox-
ides are formed locally (a continuous film is
not formed), and the resulting jumps in the
contact resistance RK can be limited, and their
growth with the accumulation of wear-friction
oxidation products (Fig. 6) can be eliminated
(limited) by such measures, as the use of de-
vices for cleaning surfaces from wear prod-
ucts.
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Figure 6 a, b - Schemes of distribution of heat fluxes
between friction pairs "metal (1) - polymer (2)" (a) and
polymer (2) - metal (1) (b)

The presented friction pairs (Fig. 6 a, b)
in the form of an electric thermal generator
and a refrigerator with heat fluxes ¢; towards
the metal friction element and towards ¢, of
the polymer lining. The values of ¢; and ¢, in
the steady state are determined by its parame-
ters Ry, ve, as well as by the electrothermal
resistances r; and r;. Since r; << r, and r; >>
s, and g; >> ¢» and ¢q; << g, temperature gra-
dients

ar,_dr,  dr,_dr,.
dx dx’ dx dx’
OAT dT, dT.

Sy 3)
dx dx dx
OAT S dT, . dT, . @
dx dx dx

The resulting thermal diffusion flow of
matter (soft and hard phases) is directed to-
wards and against the temporarily differential
flow Ag towards “metal-polymer” and “poly-
mer-metal”.

In this case, the ratios of the sizes of the
contact areas A; and A, of the microprotru-
sions are such that the deformation compo-
nents of the diffusion transfer are also directed
to the side (4; # A»), therefore, the 4; platform
periodically rests, and A, is in contact all the
time. The surface layer of a polymer liner is
always more energetic due to its thermal insu-
lation properties and has a higher temperature.
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Resultant transfer of matter towards the
hot contact of the metal friction element

Als- =DT0LAT L p 9Ae

, 5
x ¢ dx ()
where Dy, D, are the coefficients of thermal

diffusion and deformation, respectively; 8§T,
X

638 - change in temperature and deformation
X
gradients.
According to expression (5)
OAT OAg
Al =0at —=0, —=0. 6
2 dx dx (©6)

To fulfill conditions (9) it is necessary:
creation of a physically homogeneous contact
pair with equal temperature and deformation
gradients in the surface layer (“metal-metal”
pair); suppression of diffusion processes by
temperature gradients of the opposite sign
(materials with different signs of thermoEMF)
[8-11].

The intensity of selective frictional oxi-
dation processes, which was estimated from
the results of measuring and summing the lev-
els (number, amplitude and duration) of jumps
in the contact resistance RK, depends on the
size and number of oxide particles between
the contact surfaces. To improve the conduc-
tivity and reduce the wear rate, constructive
and technological methods can also be used:
optimization of the contact force, an increase
in which in the normal oxidative wear mode
leads to an improvement in conductivity; re-
ducing the activation of the metal surface by
using materials prone to softening; reducing
the activation of the surface of the friction ma-
terial of the lining by using various kinds of
modifiers in the form of inserts; reducing the
concentration of alloying components to the
limits in the metal friction element sufficient
to eliminate seizure.
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Self-regulation of the equilibrium of mi-
crotransference and redox processes, accom-
panied by an abnormal decrease in the intensi-
ty of wear and friction losses, occurs during
selective transfer, in which the contact pair
becomes an electric thermal generator and an
electric thermal refrigerator and converts part
of the friction work into useful forms of acti-
vation. For weakly loaded sliding contacts of
friction pairs, this effect is of interest in that it
not only does not require the supply of energy
from the outside, but also establishes a regime
of equilibrium non-oxidative friction - an im-
portant condition for reliable contact [12].

The stability of selective transfer in
weakly loaded sliding contacts of friction pairs
is impeded by the formation of oxides of al-
loying elements, which do not dissociate when
heated as a result of friction, as well as surface
contamination by polymerization products and
negatively charged wear particles.

The concentration of contaminants, their
composition and properties are random and
not amenable to regulation and control. Thus,
in real working environments with random
composition and properties, the likelihood of
self-regulation of the equilibrium of processes
is very small. Nevertheless, practical cases are
known when, in the mode of selective fric-
tional oxidation of microtransport, weakly
loaded sliding contacts of friction pairs oper-
ate for a long time without noticeable wear
while maintaining reliable contact, i.e. in equi-
librium mode. Consequently, the selective
transfer mechanism is free of oxidative pro-
cesses, and an obstacle arises in the way of its
implementation - the phenomenon of frictional
non-conductivity of the polymer pad in weak-
ly loaded sliding contacts of the selective
transfer effect and its solution to the problem
of combining opposite properties in contact
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materials (high wear resistance and ideal elec-
trical conductivity) gets a new, more real ba-
sis. The results of many years of research on
the processes of contact interaction in a weak-
ly loaded sliding contact show that, in addition
to selective transfer on the surface of contacts
under similar conditions, other competing pro-
cesses can arise: frictional oxidation, frictional
polymerization of organic vapors, formation
of organometallic compounds (metal soap),
destruction of wet compressed air in an elec-
tric discharge. All these processes, as well as
selective transfer, are a consequence of the
activation of the surface of the metal and the
medium during plastic deformation and fric-
tion. The result depends on the intensity of
each of these processes in the given condi-
tions.

When vapors are formed from moist
compressed air during a pause (on the juvenile
surface), the resulting polymer film suppresses

oxidative processes, and surges are not re-
newed even by additional activation of oxida-
tion by evaporation of condensed moisture.
The resource of traditional friction pairs ope-
rating under friction conditions without com-
pressed moist air in their conjugation cannot
be significantly increased. The presence of
controlled moist compressed air automatically
solves the problem of cleaning the surface
from wear products. Finally, the working
coolant is the medium with which the system
exchanges matter and energy, due to which
self-regulation of competing processes can be
achieved.

Conclusion

The forced cooling with moist com-
pressed air of friction pairs of drum and band-
shoe brakes is illustrated and how it affects the
processes, phenomena and effects in their con-
jugation.
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AHHOTAIUSA

B craree paccMOTpeHBI BOIPOCH: KOHCTPYKIHS, padoTa W HHEPTOHATPY)KEHHOCTH Iap TPEHHS TOPMO3HBIX
YCTPOWCTB; pa3nuiyue MEXIy BHYTPECHHHM W BHEIIHUM TPEHHEM METAJUIMYECKOTO (PUKIMOHHOTO 3JIEMEHTa; Ipa-
HUYHBIE YCIIOBHUS MPHU B3aUMOJCHCTBUM BHEIIHUX W BHYTPEHHHUX CJOEB Map MaTepHalioB. YCTaHOBJICHO, IO KaKou
MPUYMHE MOMNOBEPXHOCTHBINA CIOH METAJUIMYECKOTO0 (PPUKIIMOHHOTO BJIEMEHTa UMEET OOJBINYH) MOBEPXHOCTHO-
00beMHYIO0 TeMmreparypy. ITOT 3G(EeKT CB3aH C CHCTBUEM HMITYIbCHBIX YICIBHBIX HATPY30K MPHU ICKTPOTEPMO-
MEXaHMYECKOM TPEHHH, KOTOPBIC «YTPaMOOBBIBAIOTY» aTOMBI KPHCTANTUUCCKHUX PEIIETOK B CJIOC M MEXKAY CIosMU. B
pe3yJibTaTe 3TOTO CJIOM UMEIOT OOJBIIOE JICKTPOTEPMUUCCKOE COMPOTUBIICHHE, KOTOPOE M CIIOCOOCTBYET HAKOILIC-
HUIO TEIUIOBOW JHepruu. PacyeTHBIM IMyTeM ompenaesieHa TOJIIMHA AJIEKTPOTEPMHUUECKOTrO CJI0Si METaUIMYeCKOro
(pPUKIIMOHHOTO AIIEMEHTA.

KaioueBble ciioBa: TOPMO3HBIE YCTPOHCTBA, Hapbl TPEHUs, METAUIMYECKUH (DPUKIMOHHBIA 3JEMEHT, KpH-

CTaJlIM4YCeCKasa pCUICTKa, aTOMbI, TOBECPXHOCTHBIC U 00bEeMHBIC TEMIICPATYpPhI, MMOAIIOBEPX-
HOCTHBIC CJIOH.

35



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2021, cild 13, Ne 4, s. 34-46
Canahmadov ©.X. va basq.

Herald of the Azerbaijan Engineering Academy
2021, vol. 13, no. 4, pp. 34-46
Janahmadov A.Kh. et al.

Introduction

One of the most acute problems in the
creation of high-performance equipment and
machines with improved technical characteris-
tics is the intensive wear of their mating sur-
faces of parts. Most road construction ma-
chines, vehicles and material handling equip-
ment fail not because of breakdown, but due
to premature wear and damage to the surfaces
of parts.

Increased wear of parts leads to a de-
crease in engine power, traction qualities of
road construction machines, braking efficien-
cy of vehicles and material handling equip-
ment, safety of goods, safety of service per-
sonnel and transported passengers. The above
listed machines and equipment with braking
devices are operated in a water-containing en-
vironment, which contributes to hydrogen
wear of the working surfaces of the metal fric-
tion elements of the brakes.

Problem state

The paper [1] analyzes the features of
hydrogen wear of parts of road-building ma-
chines. The general laws of hydrogen wear are
considered as a specific type of surface de-
struction. The ways of hydrogenation of sur-
faces of parts of road-building machines have
been established. The mechanism of hydrogen
wear is discussed. Based on the study of the
regularities of hydrogen destruction of ma-
chine parts and equipment, methods of protec-
tion against tribohydrogenation are formulat-
ed.

In works [2-5] the interaction of hydro-
gen with metals and non-metallic elements is
considered. The influence of hydrogen on var-
ious properties of metals and alloys and on the
occurrence of specific defects in them is illus-
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trated. The information on hydrogen embrit-
tlement and the effect of hydrogen on the me-
chanical characteristics in the "hydrogen -
metal" pair in the groups of the periodic sys-
tem of D. Mendeleev has been expanded.

The work [6] is devoted to the wear of
the sub-roughness of friction surfaces in an
aqueous medium. In the latter, hydrogen is
pumped into the subsurface layer of the metal
body and interacts with its crystal lattice. It is
noted that the driving force in the processes of
hydrogen wear is temperature, pressure, de-
formation, structure and crystal lattice defects.

In works [7, 8] investigated the physical
and mechanical processes on the friction sur-
face of hydrogen wear of machine parts and
equipment. The reasons for the release of hy-
drogen, hydrogenation of rubbing surfaces and
their destruction have been established. A
complex picture of the behavior of hydrogen
in the surface layers in the process of friction
under the is
shown, and the influence of "biographical"
hydrogen on the wear of parts is determined.
The reasons for the transfer of a harder mate-
rial to a softer material during friction are stat-
ed: steel on bronze, cast iron on plastic.

Practical recommendations are given for
suppression of hydrogen wear and increasing
the durability and reliability of friction units of
machines and equipment.

In this case, the following was not con-
sidered: the effect of external hydrogen on the
surface layer of the metal friction element and
its entry into the subsurface layer by injection;
the phenomenon of adhesion and the types of
contacts of friction pairs during their frictional
interaction was not taken into account, as well
as the combination of adsorption - diffusion
phenomena observed in the surface and sub-

influence of various factors
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surface layers of friction pairs. And the most
important thing is that the external and inter-
nal hydrogen and their role in tribological re-
actions were not isolated.

In works [1, 4] it was established that
under severe friction conditions the maximum
temperature is formed at a certain depth from
the friction surfaces.

This creates conditions under which hy-
drogen, if it is adsorbed on the surface of the
part, diffuses into the depth of the surface un-
der the action of a temperature gradient, con-
centrates there, causes embrittlement of the
surface layers and increases wear.

However, it was not specified what hap-
pens in the subsurface layer of a metal element
with its crystal lattice structures.

Formulation of the problem

The main questions of the article: de-
sign, operation and energy loading of friction
pairs of brake devices; the difference between
internal and external friction of a metallic fric-
tion element; boundary conditions in the inter-
action of external and internal layers of mate-
rial pairs.

Purpose of work - to investigate the
factors affecting the energy loading of the sub-
surface layer of a metal friction element and to
establish the relationship between internal and
external friction in its structure.

Design, operation and energy loading of
friction pairs of braking devices

The design of the metal friction element
and its metal consumption significantly affect
the intensity of hydrogen wear of the working
surface.

In fig. 1 a, b shows the friction pairs of

a disc-shoe brake.
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Figure 1 a, b, ¢, d — Diagrams of different types of fric-
tion units of braking devices: a, b - disc-shoe (longitu-
dinal and transverse sections); ¢ - tape-shoe (cross-
section); d - drum-shoe (cross section)

They consist of 2 friction linings, which
are located in the fixed brake pads. With the
frictional interaction of the working surfaces
of the linings 2 with the rotating brake disc /
under the action of the normal pressing force
N, a friction treadmill 3 is formed.

In fig. 1 ¢ depicts the friction assembly of
the drawworks band-shoe brake. When tight-
ening the brake band 4 under the normal
clamping force N, the working surface of the
friction lining 2 interacts with the friction
track of the pulley rim 5. The latter is connect-
ed to the drum flange by means of the fas-
tening protrusion §.

The frictional unit of the drum-shoe brake
of the vehicle is shown in fig. 1 d. It contains a
brake drum rim 6 with a flange 7, as well as
friction linings 2 located on the brake pads.
When the latter are expanded, the working
surfaces of the linings 2 frictionally interact
with the inner (working) surface of the rim of
the brake drum 6.

The quality and reliability of the created
structures of the frictional units of the braking
devices depend on the processes, phenomena
and effects occurring during the frictional in-
teraction of the microprotrusions of their fric-
tion pairs. The contact of microprotrusions is
discrete and is estimated by the dynamic coef-
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ficient of mutual overlap of friction pairs, and
its value is up to 0.25 (for disk-shoe brakes)
and up to 0.75 (for drum and band-shoe
brakes).

According to the molecular-mechanical
model of electrothermomechanical friction,
the interaction of microroughnesses of the sur-
faces of rubbing bodies can be represented in
the form of viscous sliding of the actual con-
tact areas (adhesive component). This is ac-
companied by deformation of irregularities
(deformation component) causing them to be
stressed. Therefore, the heat release during
friction is due, on the one hand, to the destruc-
tion of adhesive bonds in the actual contact
zones, and, on the other hand, to the stress-
strain state of microroughnesses.

The stress-strain state of microprotru-
sions of friction pairs with different types of
contacts (ohmic, neutral, blocking) leads to
volumetric heat release in the surface and sub-
surface layers of frictionally interacting mate-
rials. In this case, the friction power of the lat-
ter is a significant part of the total (taking into
account the adhesive component) heat release
power.

In braking devices of the tape-and drum-
shoe type, the rim of the pulley and the drum
in section can be represented as a horizontal
plate (Fig. 2 a), and a solid disc - in the form
of a vertical plate (Fig. 2 b). At the same time,
in a band-shoe brake, the upper surface of the
pulley rim is polished, and the lower surface is
matte. In a drum-shoe brake, the opposite is
true. In the considered brakes, a one-way sup-
ply of heat is carried out to the polished sur-
faces of the pulley rim. A solid disc or a left
half disc of a self-ventilated brake disc with
spikes has a design feature that a polished an-
nular friction belt is surrounded by matt sur-
faces on the side of the maximum and mini-
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mum radii of the friction belt. In addition, in a
disc-shoe brake, a two-way supply of heat is
carried out to the friction belts.

o
- < %
S =
T &5
| g 1y ol
S
3 5

Figure 2 a, b — Design parameters of metal friction
elements: a - working surfaces of the pulley rim and
drum; b - surfaces of a solid disk and heat fluxes gener-
ated on their working surfaces

In fig. 2 a, b the following symbols are
used: d,, d,,, dy - diameters: inner drum; outer
pulley; solid disc; B, ¢ - width and thickness
of elements; ¢; - heat fluxes; ¢; - surface tem-
peratures; f is - the ambient temperature.

Heat transfer K through the rims, which
are structural elements (thickness: lateral sur-
faces of the brake disc, pulley rim and drum)
of metal friction elements, is determined by
the dependence of the type

1

P S—
1 5 1

(24} A an

(1)

where 1/oy, 1/a, - thermal resistance of heat
transfer; J/4 - thermal resistance to thermal
conductivity; 4 - coefficient of thermal con-
ductivity; 0 - the thickness of the metal fric-
tion elements.

It should be noted that thermoelectric
power. etc. with. is only one (first) component
of the total integral emf, which also includes:
caused by the entrainment of carriers of elec-
tric charges by waves of mechanical and tem-
perature stresses (the so-called acousto-
electric effect), the interaction of metals of the
friction pair in the presence of an electrically
conductive electrolytic liquid (e. etc., arising
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from the interaction of a friction pair in an
electromagnetic field or when at least one of
its elements is in a magnetized state. The
magnitude and direction of the integral e. etc.
with. depends on the physical and mechanical
properties of the metals of the friction pair, on
the speed and load modes of friction, on the
state of rubbing surfaces and many other fac-
tors,

Moreover, pulsed high-frequency me-
chanical vibrations in the friction zone are in-
separable from thermoelectric relaxation pro-
cesses, and both of these factors always jointly
affect the scatter of the experimental values of
wear resistance of parts of friction pairs of
brakes. The effect of thermal current on the
wear resistance of parts is associated with the
peculiarities of relaxation, oxidation, diffusion
and other processes affecting each other.

Suffice it to note that oxide films on
the surface of contacting metals have semi-
conducting properties and high resistivity and
are capable of playing the role of amplifiers of
thermoelectric effects, which can cause the
appearance of rather significant eddy currents
at the points of closest contact of the contact
points and, due to the low thermal conductivi-
ty of oxides, contribute to localized heat re-
lease.

Contact conductivity also depends on
the combination of materials of the friction
pair (for example, copper-copper, steel-copper,
etc.) and the state of the rubbing surfaces.
When studying the conductivity of the contact,
its hysteresis is noted: if with an increase in
specific loads, the electrical conductivity of
the contact increases relatively quickly, then
with a smooth load shedding it decreases
much more slowly and does not coincide with
the initial values.
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In addition, when unloading pairs of
contaminated surfaces that have boundary lay-
ers of products of cracking processes occur-
ring in the surface layers of the polymer lin-
ing, the conductivity hysteresis curves show
not a monotonic decrease in the contact con-
ductivity, but a paradoxical "swelling" of the
curves, the reason for which remains unclear.

It has been established that the transfer
of heat during electrothermomechanical fric-
tion during its accumulation in the surface
layer of the metal friction element occurs
along the normal from places with a higher
temperature to places with a lower tempera-
ture. In this case, a surface temperature gradi-
ent arises. The largest deep temperature drop
occurs in the direction normal to the area of
the contact spot of the microprotrusion.

In fig. 3 shows the interaction of two
surfaces and the direction of the unit vectors
coinciding with the direction of the normal to
the unit contact area.

Polymer

Figure 3 — Contacting two rough surfaces

Obviously, in the general case, the direc-
tion of the common normal n to the contact
does not coincide with the unit vectors. The
temperature field, propagating deep into the
material, leads to a change in its mechanical
properties in a thin surface layer.

The magnitude of the heat flux depends
on the work of friction and the size of the area
on which it accumulates consider the nonsta-
tionary temperature problem of friction ac-
cording to V.A.Kudinov.
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Imagine a metal bar of rectangular
cross-section pressed by the specific load p to
the surface of a rotating disk (fig. 4).

‘ 7

P ‘ 1 v
Deformation Fo) ! 1: At
ﬁ e
T \I — S —
- ‘ / B
Comact /" / &
N

Figure 4 — Change in temperature t along the normal z
to the friction surface (in the surface deformable layer)
of the metal friction element

Legend in fig. 4 are the following: tem-
peratures: layer (¢); initial (z,); increments (A4¢);
environment (z,); shear stresses (r); surface
layer (0); sliding speed (V); z - the origin of
the coordinate axis is located on the middle
surface of the layer.

In this case, it was assumed that the disc
material has a higher strength, and plastic de-
formations occur in the surface layer of the
rod, which are the same in thickness, there-
fore, the temperatures of the planes bounding
the surface layer are equal to each other.

Provided that there is no polymorphism,
ie, there is no change in the type of crystal lat-
tice (face-centered cubic [FCC], body-
centered cubic [BCC] and hexagonally close-
packed [HCP]) depending on specific loads
and surface-volume temperature.

The latter act on the under- and subsur-
face layer of the metal friction element of the
brake device. If we adhere to the model of sol-
id layers, then in the first case, the layers re-
main close-packed (PU), but moved away
from each other, and in the second, the atoms
of neighboring layers touch each other, but a
gap appears between the atoms in the layer
itself, and therefore all real hcp are structures
are not truly PU-mi.

In reality, however, the difference c/a
(where ¢ and a are the height and width of the
ribs) is variable c¢/a <1,633; c/a =1,633; and
c¢/a >1,633; (1,633 is an ideal value) means
that the atoms in hcp metals are not spheres,
but ellipsoids (compressed spheres of atoms
with the ratio in the planes

1,633 < & > 1,633) [9].
a

B

Thus, under the action of pulsed specific
loads in the friction pairs "metal - polymer" of
brakes, the atoms in the layers, as well as the
layers themselves, are compacted, which con-
tributes to the accumulation of energy in them
due to the high electrothermal resistance, and,
as a consequence, an increase in the surface-
bulk temperature. In [10], a method is pro-
posed for determining the electrothermal lay-
ers of a treadmill of materials "SCh-15 - FK-
24A" of a disc-shoe brake with their maxi-
mum energy load. The calculation results are
shown in table 1.

Table 1 — Results of calculations of electrothermal layers of a treadmill of friction pair

"SCh15 - FK-24A" of a disc-shoe brake

Thickness Time of pulsed electric and heat currents,
electrothermal 1-10% s
layers, mm: one 3 five 7 nine eleven 13 fifteen
overlays 0 0.025 | 0.043 | 0.055 | 0.066 0.074 0.082 0.089 0.096
disk 0> 0.094 | 0.163 | 0.211 | 0.249 0.283 0.313 0.34 0.365
0r+ 0.013 | 0.023 | 0.026 | 0.031 0.033 0.035 0.034 0.037

"Note: &, * - refers to the steel disc.
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Based on the data obtained in table. 1, it
seems possible to draw the following conclu-
sions:- with an increase in the time of action
of pulsed electric and thermal currents, the
thickness of the electrothermal layers also in-
creases; due to the lower thermal conductivity
of the lining material than the disc material,
the thickness of the thermal layer in the lining
is on average 26% less; when comparing the
electrical and thermal layers, it can be seen
that the thickness of the thermal layer is an
order of magnitude higher than the thickness
of the electrical one.

The difference between internal and exter-
nal friction of a metal friction element

The distinction between external and in-
ternal friction is quantitative and qualitative.
This is an important question, since in the first
case, the patterns of internal friction could be
extended to external friction, in the second,
other patterns should be expected.

Studies of the mechanism of external
friction show that it is fundamentally different
from internal friction. The only similarity be-
tween them is that they are dissipative pro-
cesses. What is their main difference?

First, in the geometry of the interaction
of rubbing surfaces with external friction of
contact of two solids occurring at separate
points of their microprotrusions, the contact is
discrete due to impulse application of the load.
With internal friction, the contact surfaces of
the layers of the body are continuous.

Secondly, internal friction is character-
ized by the parallel movement of the material
in the direction of the relative velocity vector,
and in external friction - perpendicular to the
relative velocity vector.

Third, with external friction, the for-
mation and destruction of bonds is localized in
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a thin surface layer; with internal friction, the
deformation zone covers the entire volume of
the layers. A necessary condition for external
friction is the presence of a positive gradient
of the mechanical properties of each of the
rubbing bodies in depth, for internal friction -
the presence of a negative gradient in the
thickness of the layers of the body. A positive
gradient is achieved by reducing the strength
of the surface layer under the influence of a
temperature gradient in the friction zone,
which affects the gradient of the mechanical
properties of the body material. Molecular sei-
zure of two solids is inevitable; therefore, lo-
calization of destruction in a thin surface layer
will take place only with a positive gradient of
mechanical properties.

Fourth, during tangential displacement,
the embedded unevenness drives a hemispher-
ical wave of deformed material in front of it.
Behind the embedded unevenness, the materi-
al is strongly stretched. A point located on the
crest of the wave in front of the irregularity, as
it passes, being crushed by the indenter, is
lowered. Therefore, each point on the surface
vibrates in a plane perpendicular to the tan-
gency plane.

With internal friction, the material shifts
in the direction of movement in the plane of
contact. This is the fundamental kinematic dif-
ference between external and internal friction.

Table 2 compares external and internal
friction. The nature of internal friction is the
same, it is associated with the transfer of mo-
mentum from one layer of the body material to
another, but it is necessary to take into ac-
structural defects, phase transfor-
mations, electronic and ionic processes in the
structure of the material.

The nature of external friction is two-
fold, since it depends on changes in the prop-

count:
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erties of surfaces caused by deformation, sur-
face temperature and its gradients, stresses,
and chemical action of the environment. All of
these factors contribute to cyclic structural
transformations in the surface layer of the ma-
terial.

The effect of the gradient of mechanical
properties on the transition from external fric-
tion to internal friction is illustrated by an ex-
periment performed by V.N. Kashcheev and
LA. Solomennym different weight characteris-
tics of the nickel disc rubbing its bottom
against the surface (Fig. 5).

mg / km 1100
2 \ Negative -
] H +
3 $ 7 | ¢
. 3
S| S §
S s Positive S
= 3 s
B V
S ~
Uu 1 1 1 1 3 _50
g 2 4 6 8 m/s
Sliding speed

Figure 5 — Transition from external to internal friction
depending on the gradient of mechanical properties

Table 2 — Comparison of external and internal friction

In this case, the triboelectric potential of
the bronze sample was 4.2 eV, and that of the
nickel disk was 4.5 eV. The difference be-
tween the triboelectric potentials of the mate-
rials was 0.3 eV.

During the experiment, the sliding speed
and volumetric temperature of the glass were
changed (curve 2) (Fig. 5).

9

', measured

Surface temperature

thermo-e¢. etc., was maintained constant, cor-
responding to 60 °C (curve 1), due to the in-
troduction of liquid air into the glass, placing a
heating coil in it and changing the thickness of
the circle and cylinder of the glass.

When passing from a negative to a posi-
tive gradient, the wear value (curve 3) de-
creases slightly due to the small value (only
0.3 eV) between the triboelectric potentials of
the materials.

If we proceed from the fact that the cyl-
inder of the glass is a storage of thermal ener-
gy, then in the processes of "heating - cooling"
of the circle and the cylinder of the glass, due
to the different rates of their flow, a negative
gradient of the volume temperature arises.

Friction:
Characteristic

internal external
Touching Continuous Discrete
Offset direction. By vector Perpendicular to the velocity vector

speed Sinusoidal
Displacement character Layered (wave)
(parallel)

Gradient of mechanical properties in Positive
depth Negative Performance parameters

Excitatory factors

Processes, phenomena and effects in
the dislocation-vacancy nature of the
selective transfer of heat and wear
products

etc.

Energy levels, atoms
Diffusion, interstitial or substitu-
tional atoms, dislocation (sliding
and vibrations), transformation of
materials from one to another,
electrical and magnetic losses
associated with backgrounds and
electrons; Fermi, Brillouin, Bose,

Friction occurs
fields:

- mechanical;

- thermal,

- electric;

- chemical,

- electromagnetic.
Each field has certain processes, phe-
nomena, and effects with their own
energy levels

in the following
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Of particular interest is the study and ap-
plication of the theory of highly excited states
in crystals of a metal friction element of plas-
ticity and strength of its surface and nsurface
layers. In this case, plastic deformation (stress-
es) should be considered in compliance with
the laws of behavior of inhomogeneous,
strongly nonequilibrium systems undergoing
local structural transformations and following
to equilibrium by the movement of the constit-
uent new structures along the crystal under the
action of gradient stresses. Whenthis a de-
formable crystal is capable of carrying out
plastic flow in local volumes, which proceeds
as a dissipative process, due to a relay-race
rearrangement between two adjacent struc-
tures.

The generation of entropy in the consid-
ered zone of the crystal is a local kinetic struc-
tural transition that promotes the initiation of
plastic shear.

The noted structural transformation dif-
fers from the thermodynamic structural transi-
tion and should correspond to nonequilibrium
thermodynamics, which is a component of
nonequilibrium tribology in the frictional in-
teraction of friction pairs of braking devices.
In this case, at each point of the deformable
spots of contacts of microprotrusions at a giv-
en time, only one system of slip planes occurs,
in which there is a loss of shear stability.

Shear information, which is anisotropic
in nature, is always accompanied by material
rotation inside the structural element of defor-
mation (block grains, cells of the dislocation
structure, etc.). In this case, the material rota-
tion, in contrast to the crystallographic one,
does not affect the spatial orientation of the
crystal lattice [9, 10]. This, in turn, on the side
of the surrounding material at the boundary of
the structural element of the deformation caus-
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es a turning moment. Rotational modes (one of
the numerical characteristics of the probability
distribution of a random variable, estimated by
their density) of deformation sets in motion the
entire hierarchical structure of the levels of
deformable spots of contacts of microprotru-
sions. Structural elements begin to move as a
whole, experiencing translation (transmission)
and crystallographic rotation.

The relationship between shears and ro-
tations shows that the elementary act of plastic
deformation is not shear, but a translational-
rotational vortex. The latter, in terms of its
scale, can be at the meso, micro and macro
levels. The vortex hierarchy arises behindscore
the formed hierarchy of various structural lev-
els deformations. Trafficthe whole hierarchy of
structural levels deformations and causes her
vortex character, spowith this occurrence new
channels energy dissipation, more efficient,
than from movement of individual disloca-
tions.

Rotary mods strain on various scale lev-
els differ from each other. Their evolutionat
increasing degree deformation is naturally re-
flected in the change in the fractal dimension
in the places where the mechanicaliCal stress-
es on the surface of the metal friction element.

Boundary conditions for the interaction of
external and internal layers of material
pairs

When assessing the energy loading of
friction pairs of brake devices, you need to
know: geometric parameters of friction pairs
and their shape; thermophysical characteristics
of materials; initial and boundary conditions;-
the maximum energy load of metal friction
elements and their heat exchange capacity,
which consists in the combined action of con-
ductive heat exchange with radiation and con-
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ductive heat exchange from their surfaces, as
well as the permissible temperature for poly-
mer lining materials.

These four conditions are called unique-
ness conditions, and the set of initial and
boundary conditions are called boundary con-
ditions (Table 3).

The energy load of the working surfaces
of the pulley rim and drum, as well as the fric-
tion treadmill of the disks (solid and self-

Table 3 — Classic list of boundary conditions

ventilated) depends on their metal consump-
tion.

The smaller the latter, the faster this or
that metal friction element will warm up. In
addition, the ratio of the areas of matt and pol-
ished surfaces of metal elements affects the
efficiency of convective and radiative heat
transfer. In this case, these types of heat trans-
fer must interact with the conductive type of
heat transfer.

Dependencies

1st

The body surface temperature (z,) is known

II

The intensity of the heat flux from the outside into the body is given (gq)

ot,,

Oox

A ‘x=+0: q,- (@)

III

The heat flux coming from the washing medium is directly proportional to the temperature dif-
ference between the medium and the body surface

o,

A

‘x=+0: 0{(,9 — =40 ) )

Ox

Kind of boundary condition

v

The body is in contact with another body that has different thermophysical characteristics

tnl

x=+0" th‘x:—O' “4)

Legend: 4, a - coefficients: thermal conductivity, heat transfer; q, - specific heat flux; indices x =+ 0 and x = -0 - ex-
ternal and internal surfaces; oOt,/0x - the temperature gradient over the thickness of the body; 3 - heating temperature.

The metal friction elements of the brakes
fall into the zones of the steady state and ther-
mal stabilization state.

In the first case, the amount of heat gen-
erated by the friction pair is removed to the
environment. In the second case, the tempera-
ture gradient across the thickness of the metal
friction element becomes minimal.

In addition, the surface layer of the pol-
ymer lining changes its state of aggregation.

Taking into account the above listed el-
ements of the friction pair requires different
initial conditions for the temperature zones,
which leads to variable conditions of unique-
ness.

44

The following initial conditions corre-
spond to the classical list of boundary condi-
tions
t(x,y,2z 0)=1(x,y, 2). (5)

In the general case A, ¢, p, p, q, o can be
functions of coordinates, temperature, time. In
each specific case, especially in problems with
moving boundaries, where phase transfor-
mations occur, the writing of the boundary
conditions may have a slightly different form,
but in principle the boundary conditions of the
I-IV kind cover all possible cases.

In recent years, works have appeared
where the question of the formalism of boun-
dary conditions of the I-IV kind, especially for
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non-stationary problems, has been raised. For
example, in [11, 12] it is shown that non-
stationary problems of heat transfer should, in
the general case, be solved as conjugate, that
is, it is necessary to simultaneously solve the
equations of heat transfer for the medium
washing the body. It was shown in [11, 12]
that when solving heat transfer problems, the
boundary conditionsThe second kind corre-
sponds better to the physical picture of the
phenomena than the conditions of the third
kind. For non-stationary modes, the coeffi-
cients a4, 0, are fictitious to a greater extent
than for stationary ones, where both o4 and oy
are introduced formally. In principle, the prob-
lems of heat exchange of media with solids
should be solved as conjugate problems, but in
a number of cases the boundary conditions of
the II and III kind are quite justified [11, 12].

The choice of boundary conditions de-
pends on the problem being solved. Currently,
in works [1 - 8], there are five types of bound-
ary conditions:

- "free" when the near-boundary atoms
form a free surface in contact with vacuum,
and can move in the same way as atoms inside
the volume of the calculated crystal lattice.
This type of boundary conditions is sometimes
used to study the deformation of a computa-
tional cell under the influence of thermal and
dynamic factors, or in cases where there is no
need for this boundary condition, for example,
in studies related to large molecules (polymers,
fullerenes, etc.);

- "hard" - when the coordinates of the
boundary atoms are fixed. In this case, it is
assumed that a sufficiently large number of
mobile boundary atoms acts on the phenome-
non under study. This type of boundary condi-
tion is attractive for its simplicity, but it re-
quires a larger number of atoms in the compu-
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tational block and does not allow solving prob-
lems associated with a significant change in
the thermodynamic parameters of the compu-
tational block. In the molecular dynamics
method, this type of boundary condition is
mainly used in combination with other types.

- "flexible", or mobile, which are more
natural than rigid. Boundary atoms in some
periods of time and sometimes with certain
restrictions are allowed to move during the
operation of the model in accordance with
their redistribution in the computational cell.
This boundary condition requires fewer atoms
in the computational block than the stringent
condition and is a more adequate real condi-
tion. As a rule, this boundary condition is used
in cases of a possible change in the volume of
the computational block due to the influence
of thermal and dynamic factors;

- "periodic" - when there is a periodicity
in a certain direction, provided that a settle-
ment cell is selected in this direction, equal to
the identity period. This allows you to simulate
an infinite crystal in the direction in question;

- "viscous" - when the absorption of
elastic vibration energy is simulated at the
boundaries of the computational cell due to the
presence of a damping area around the compu-
tational block. When using a viscous boundary
condition, one strives to ensure that the com-
putational block is considered to be surround-
ed by an infinitely ideal crystal. These condi-
tions are met when studying the structures of
defects, but in problems related to thermal ac-
tivation, it becomes necessary to comply with
the law of conservation of energy.

When compiling a model describing the
processes occurring inside the crystal at the
atomic level, the following sequential steps are
performed:
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- the basis of the crystal structure is set,
which extends in three directions along the
coordinate axes, forming a computational cell,
and the size of the computational block is de-
termined, on the basis of which the initial
packing of atoms in the material structure aris-
es;

- the interaction potential is selected,
which should be sufficiently simple and relia-
ble, and then the potential is tested according
to the most characteristic and known from ex-
perimental data properties of the material;

- determined "boundary conditions" im-
posed on the calculation block of the crystal;

- the method and the described mathe-
matical apparatus for evaluating the motion of
atoms (or particles) and external and internal
hydrogen in the crystal structure of the metal
lattice are determined.

Conclusion

The preliminary stage of research on hy-
drogen wear of heavy-loaded metal friction
elements of brakes has been completed.
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Abstract

The creep of concrete plays an important role in the formation of the stress-strain state of reinforced
concrete elements. The creep of concrete strongly affects the bearing capacity of compressed reinforced concrete
elements. In the article, taking into account the nonlinearity of instantaneous and long-term deformations, an
effective numerical method is developed for calculating compressed reinforced concrete elements of circular cross-
section. For this purpose, a discrete analogue of the nonlinearly hereditary concrete creep equation was first
constructed. When solving special relaxation problems, the high accuracy of the proposed discrete analog is shown.
In long-term loadings the solution of the considered problem is reduced to the solution of a nonlinear system of
algebraic equations. A numerical algorithm for solving the resulting nonlinear system with any desired accuracy is
proposed, and the effectiveness of the proposed algorithm is proved in numerical examples.
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Xiilasa

Domir-beton elementlorin gorginlik-deformasiya halinin formalasmasinda betonun siirtingonliyinin 6nomli
rolu vardir. Betonun siiriingenliyi sixilan elementlorin yilikgdtiirmo qabiliyyetine giiclii tosir gostorir. Maqalada
betonun hom qisamiiddstli, hom do uzunmiiddatli deformasiyalarinin geyri-xattiliyi nozera alinmagqla dairovi en
kasikli sixilan elementlorin gorginlik-deformasiya halinin va yiikgétiirme qabiliyyastinin toyini {igiin effektiv odadi
metodika iglonmigdir. Bunun ii¢lin betonun qeyri-xotti irsi siirlingonlik tonliyinin diskret analoqu qurulmusdur.
Xiisusi relaksasiya masalolorinin hoallinde toklif olunmus diskret analoqun yiiksok daqigliys malik olmasi
gostorilmisdir. Uzunmiiddotli yiiklomoalorde mosslonin hoalli miixtslif zaman anlar1 tiglin qeyri-xatti cobri tonliklor
sisteminin hallino gotirilmisdir. Alinmig tonliklor sistemin istonilon doqiqliklo holli iiclin adadi alqoritm toklif
olunmusg va oadadi misallarin hollinds toklif olunan hall alqoritminin effektivliyi isbatlanmigdir.

Acar sozlar: beton, armatur, stirlingonlik, ylikgotiirmo qabiliyyati.
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AHHOTAIIA

[Mon3yuecTh OETOHA UTPACT BAXKHYIO POJIb MPH (OPMHUPOBAHUU HANPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS
KeNe300CTOHHBIX JJIEMEHTOB M BJIHMACT HAa HECYIIYH CIHOCOOHOCTh CXKATBIX 3JIEMEHTOB. B cTaTthe ¢ ydeTom
HEJIMHCHHOCTH MIHOBEHHOTO U JUIUTEIBHOTO NeQOpMHpOBaHUS OeToHa pa3paboraHa 3(dekTuBHAs dYHCICHHAS
METOJIMKA JUIS HWCCICAOBAaHHS HANPSKCHHO-IC()OPMUPOBAHHOTO COCTOSHHS W HECYIIEH CIIOCOOHOCTH CHKATBIX
AIIEMEHTOB KPYTOBOTO ce4eHHs. lIpeaBapHTeNhbHO TOCTPOCH IUCKPETHHIN aHajlor YpaBHEHHUS HEIHMHEHHO-
HaCJICICTBEHHON mom3ydecTd OeroHa. Ilpm pemieHnn pelakcallMOHHBIX 3a/ad II0Ka3aHa BBICOKAs TOYHOCTh
MIPEUIOKEHHOTO JTUCKPETHOT'O aHajora. PemreHwe 3amad Il UIMTEIBFHOTO 3arpyKEHHS CBEICHO K PEIICHUIO
CHUCTEMBI HEIMHEWHBIX anreOpandeckux ypaBHEHHWH [UI1 pa3iHIHBIX MOMEHTOB BpeMeHH. Jlis perreHus
MOJYYCHHBIX CHCTEM C JI000¥ Hamepen 3aJaHHOW TOYHOCTBIO MPEeNIokeH d(PQPEKTHBHBIA UHCICHHBIH ANTOPHTM.
Pemennem 4ncIOBBIX TPUMEPOB JT0Ka3aHa d3PPEKTHBHOCTD MPEINIOKESHHOTO aJTOPUTMA.

KunroueBble ciioBa: GeToH, apMaTypa, MOJA3Y4eCTh, HECYIAs CTIOCOGHOCTb.
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Giris

Molumdur ki, betonun siiriinganliyi nati-
cosindo domir-beton konstruksiyalarda gorgin-
liyin yenidon paylanmasi prosesi bag verir, yo-
ni zaman kecdikco gorginlik betonda miioyyon
hodds godor azaldig1 halda, armaturda iso ok-
sino artir. Bunun noticosinds domir-beton
konstruksiyalarda gorginlik-deformasiya hali-
nin formalagmasi betonun siiriingonliyindon
giiclii asili olur vo bu real konstruksiya ele-
mentlorinin hesablanmasinda diqqote alinmali-
dir. Bu 0ziinii xiisusilo sixilan elementlordos
daha ¢ox biruzo verir. Ononovi diizbucaqli en
kasikli siitlinlardan forqli olaraq dairovi en ko-
sikli domir-beton siitunlarda armaturun biitiin
kasik 1iizro paylanmasi naticasinds yenidon
paylanma prosesi bu elementlords diizbucaqli
en kosikli elementlora nozoron forqli gedir vo
bu masalalar elmi adobiyyatda daha az todqiq
olunmusdur. Ona goro do betonun ani vo
uzunmiiddatli deformasiyalarinin geyri xottili-
yi nozoro alinmagla sixilan domir-beton ele-
mentlor miiasir geyri-xotti deformasiya modeli
osasinda gorginlik-deformasiya halinin  vo
yiikgotiirma qabiliyyetinin tadqiqi metodikasi-
nin islonmosi miithiim nozori vo parktiki oho-
miyyato malikdir.

Isin magsadi

Mogalonin yazilmasinda osas mogsad
dairovi en kosikli domir-beton siitunlarin sii-
tunlarin betonun ani vo uzunmiiddstli defor-
masiyalarinin geyri xottiliyi nozoro alinmaqla,
ixtiyari zaman ani li¢iin gorginlik-deformasiya
halinin vo ylikgdtiirma qabiliyyatinin tayini
iiclin effektiv ododi metodikanin iglonmasidir.
Qeyd olunan hesablama metodikas1 osasinda
miixtolif adodi eksperimentlor aparmagqla siitu-
nun gorginlik-deformasiya halina vo ylikgotiir-
mo qgabiliyyatino tosir edon faktorlart miioyyon
etmoyo imkan verir.
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Masalonin qoyulusu

Yiiklomonin baslangic aninda yiikgotiir-
mo qabiliyyati betonun ani deformasiyalarinin
geyri-xottiliyi vo armaturun elastik-plastik isi
nozoro alinmaqla, “ylik-oyinti” qrafiklorinin
qurulmasina gotirilir vo bu diaqramin maksi-
mumu osasinda sixilan siitunun yiikgotiirmo
qabiliyyati tayin olunur.

Uzunmiiddatli yiiklomalords avvalca be-
tonun qeyri-xatti irsi siirlinganlik tonliyinin
diskret analoqu qurulur vo sado relaksasiya
mosalalorinin hallinds diskret analoqun yiik-
sok doqiqliklo hollor almaga imkan verdiyi sii-
but olundugdan sonra sixilan milin an ¢ox gor-
ginlosmis orta kosiyinds sixilan iiziin deforma-
siyasi vo neytral oxun vaziyyatini toyin edsn
parametrlor daxil edilmaklo sixilan elementin
yarisinin miivazinot sortindon daxil edilmis
parametrlora 9sason masolonin geyri-xatti cob-
11 tonliklor sistemi qurulur. Bu an hor bir za-
man aninda masalonin halli avvalki hallords
alinmis hollordon asili olaraq qurulur. Belolik-
1o do hor bir daxil edilmis zaman ani1 iigiin gor-
ginlik-deformasiya halin1 xarakterizo edon pa-
rametrlor toyin olunmus olur.

Masalonin holli

Betonun ani vo uzunmiiddotli deforma-
siyalarinin geyri xattiliyini nozoro alan siiriin-
gonlik tonliyi vaxtilo V.M. Bondarenko [1]
torofindon toklif olunmusdur:
5,(0)= 20

Eh<r>'[1*’7"(2§m‘

o))
woC"(t,7)
ot

Burada S.V. Aleksandrovskinin toklifino
osason [2]

(1)

dr
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1 1
m—?(t)JrC(t,r)

Bu borabarlikdo C(,7) - sado siiriingan-

C *(t, T) = (2)

lik meyaridir vo onun analitik ifadosi domir-
beton  konstruksiyalarin  hesablanmasinda
istifado olunan siirlinganlik nazariyyaslarini do
miioyyan edir. Sads siirlinganlik meyarmin an
miilkommal ifadesi vaxtile S.V. Aleksan-

drovskiy 2] torafindon verilmisdir:
Ct.r)=p(r)-F(t)-( - 4,)- Alz)-e 7

olt)=p,+Y ¢ e,
i=1

Fli)= o(t) - Alt) .
et -4,
Alz)=A, + iAi e T 3)

Betonun baslangic elastiklik modulunun
vo sixilmada mohkomliyinin zamana gore

doyismolori asagidaki  kimi apparoksima

olunur [3]:

E,(7)=E,, (1= Bp-e);

R,()=R,, (1= By e ™) 4)
Agir  betonlar liglin S, =0,575;

B.=0,514; a, =0,072 sutka™' vo

a, =0,061 sutka™'  gétiirmok olar vo hor bir

konkret halda bu parametrlorin qiymoti
eksperimentlordon  toyin  olunurlar. S.V.
Aleksandrovskiy vo E.Y. Bagriy [2] gostormis-
lor ki, agir betonlar {igiin:

@, =24,5-10° (MPa) ',
@, =10,0-10"° (MPa)';
@, =43,2-10°° (MPa)';
@, =36,0-107° (MPa)'; f, = 0,023 (sutka) ';
B, =0,1275 (sutka) ™' ; By = 0,35 (sutka)™;
Ay =112-10"° (MPa)';
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A, =34,0-10"° (MPa)'; y = 0,02 (sutka) " ;
a, = 0,125 (sutka)™'; o =5,0 (sutka)™" .
LE. Prokopovic vo II Ulitskiy [4]

tarafindon sado
asagidaki ifadosi toklif olunmusdur :

stiringenlik  meyarinin

Cltr)=(Cy + 4y-e 77 )-(1—e 7)) (5)
Kifayet qodar yasli betonlar iiclin

Cltr)=C,y (1= ) (6)
Son  zamanlarda  betonun  sado

stirlinganlik meyar1 kimi
a-t _ a-T

€ ¢ —el +B-(e_“—e_7")

a-t

C(t,7)=C,-

boraborliyindon do istifado olunur [5].
Bu boraborlikdo tobii olaraq quruyan

agir betonlar iciin C,=3,8-10"° (MPa)';
B=5,7-10" (MPa)';a = 0,03 (sutka) ' ;
y = 0,06 (sutka) " .

Betonun (1) siirtingonlik tonliyini

isarolomolorini daxil etmoklo asagidaki kimi

yazaq:

e =39 15 (6 @) Klohr )
AO N

Te [to ; t] inteqrallama oblastint 7, =¢,;

T,,T,,Ty,...,7, =t mnoqtolori ilo n hissaya
bolok vo bolgii nogtolorinds (7) baraborliyino

daxil olan funksiyalarin qgiymsatlorini uygun
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olaraq ¢,,, 5,0, ), S, (o, ) K(n,j) kimi isaro
edorok, (7) inteqral tonliyi asagidaki com
soklinda gostorak:

bn

=S1§'b”)‘:f%<ab(r>)-z<<z,r>dr—

bn

[ 5.(0,(e) Kook -~
" 8)

_ TJiSz(G,,(r)).K(t,T)dT_,_'_

Jj-1

T”J‘L;Z (6,, (r)) . K(l, r)d‘r

Th-1

Bu como daxil olan inteqrallarda
inteqralaltt funsksiyalar1 xotti funksiyalarla
approksimo  edorok  ingsaat  mexanikasi
kursunda epiirlorin vurulmasi gaydasini [6, 7]
totbiq etmakls bu inteqrallar {igiin yazmagq olar
ki,

Y,=6,,-S,(0,, )+ 4,,-S:(0,,) )
Burada:
5,y =K ()~ 1)+ K(n, )]
T, —7T._ ) '
b =L [Kn,j-1)+2-K(n,j)] (10

6
Bunu nozoro alaraq, betonun sixilmada
irsi slirtingonliyinin inteqral tonliyini asagidaki
com soklindos ifado etmoak olar:

g, =%—ﬂm .5,(c,,)-0, (11)

bn
Burada ovvolki zaman anlarina aid olan
informasiyani 6ziindo comlogdiron omsal

n n—1
0,=>.5,, 'Sz(o'b,/—l)+ DA 'Sz(ab,j) (12)
il =

Yadda saxlamaq lazimdir ki, baglangic

anda, yoni t=¢, olduqda baslangic sort
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_ 5i(0w)

40 barabarliyi asasinda stiriinganlik

b0
nazars alinmadan toyin olunur va slave olaraq
addimda, t=t
0 =65, (Gb,o) olur.

Almmmis diskret analoqun daqiqliyini
miioyyon etmok Tligiin alinmis boraborliklor
osasinda sado relaksasiya mosoalosini hall edok.
o

n,j

vo /4, omsallarmin hesablanmasmi ayrica

birinci yani olduqda

Relaksasiya masalasi hall olunarkon K

n,j?

program modullart kimi tortib etmok praktik
masalalarin hallini xeyli asanlagdirir.

Mosalon, sado siirlingonlik meyart (5)
barabarliyi asasinda approksime olunan halda:
C,=38-10"° (MPa)', 4,=38-10"° (MPa)"'

vo ¥ =0,02 (sutka)
doyismo grafiklori sokil 1-do verilmisdir.

oldugda omsallarin

Aparilmis  hesablamalar  naticasinda
miioyyon olunmugdur ki, holl addimin
At =5 sutka vo At =10 sutka qiymotlorin-

doki naticalorin forqi bir faizdon azdir. Bu da
toklif olunan diskret hall alqoritminin yiiksok
doqiqgliys malik oldugunu gdstorir.
Relaksasiya masalasinin holli asanligla
programlasdirilir. Turbo Pascal ABC alqorit-
mik dilindo [8] miivafiq program modulu
tortib olunmus vo homin modulun totbiqi ilo
stiriingonlik meyarinin (5) boraborliyi osasinda

approksimo oldugu halda y =0,02 sutka™',
C,=38:10"° MPa, A, =28-10"° MPa,

m=2, m=47, n,=235, m,=4,
E, =32810,50 MPa, R, =15,57 MPa,
Br =0,575, a, =0,068, Br=0,514,
a, =0,072, 0,0 =8 MPa, At=5 sutka

gobul olunaraq hesablamalar aparilmisdir.



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2021, cild 13, Ne 4. 5. 47-57
Haciyeva U.M.

Herald of the Azerbaijan Engineering Academy
2021, vol. 13, no. 4, pp. 47-57
Hajiyeva U.M..

12

0.000004 M’L ll ‘
0.000002
0
10
—‘—1 —.—2 3
Sokil 1 —K , 5,1’ ; Ve ﬂn’/. omsallarinin j indeksinden asil olaraq deyisma qrafiklori:
1-K, ;5 2- 5;1/’ 3- 4. ;
Figure 1 — Graphs of change of coefficients K, ;, J, ; and A, ; depending on index j :
1-K,;52-0,;5 3-4,,.
Hesablamalarm  noticolori ~ asagidaki &, (¢) vo o,(¢) parametrlorini daxil edok. On-

codvoldo verilmisdir. Coadvoldon goriindiiyii
kimi deformasiya modulunun vo mdéhkomliyin
zamana goro artmasi relaksasiya gorginliyinin
son giymating kifayot qodor ciddi tosir gostorir
vo bu holl metodikalar1 qurularken diqqate
alimmalidir.

Betonun geyri-xotti irsi sliriingonliyini
nozora almaqla sixilan doirovi en kosikli do-
mir-beton elementlorin gorginlik-deformasiya
halinin vo ylikgdtiirma qabiliyyatinin tayini
metodikasin1 verok. Qisamiiddotli yiiklomolor
iiclin geyri-xotti deformasiya modeli [9, 13,
15] kifayot godor islonso do uzunmiiddotli
yiiklomolor {i¢lin bunu sdylomok miimkiin de-
yildir [10, 11, 14].

Uzunmiiddatli yiiklomalor {i¢ciin mosolo
hall olunarkon betonun sixilmada qgeyri xotti
irsi siiriingonliyinin toklif olunan (5) diskret
analoqundan istifade edok. Uzunmiiddotli ytik-
lomoalordo do qisamiiddatli yiiklomolorde ol-
dugu kimi milin on ¢ox gorginlogmis orta kasi-
yindo neytral oxun sok.2-do gostorilon iki hali
miimkiindiir.

Ani yiiklomoads oldugu kimi uzunmiid-
dotli yliklomoado do gorginlik-deformasiya ha-
lim xarakterizo edon parametrlor kimi x(¢),
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da miistovi kosiklor hipotezinin dogrulugunu
gobul etmoklo deformasiyanin kosiyin hiindiir-
liilyli boyunca doyigmosi iiglin yazmaq olar:

£ tng(t)-xt— +z
)= 25 )~ R ).

&,(1) o,(1)

N
S ] T

Sokil 2 — Uzunmiiddotli yiiklomodo kosiyin hesabi
sxemi. a) neytral oxun kasikdon kenarda kegdiyi hal, b)
neytral oxun kosikdon keg¢diyi hal.

Figure 2 — Calculation scheme of cross-section in long-
term loading. a) the case where the neutral axis passes
outside the cross section, b) the case where the neutral
axis passes through the cross section.
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Cadval — Miixtolif variantlar {iglin gorginliyin relaksasiyasi

Table — Stress relaxation for different options

t, sutka o, , MPa; o, , MPa, o, , MPa; o, , MPa,
E, # const ; E, +# const ; E, =const ; E, =const ;
R, # const R, = const R, # const R, = const
14,00 8,0000 8,0000 8,0000 8,0000
19,00 7,3991 7,0311 7,2607 6,8587
24,00 6,6696 6,1676 6,4291 5,9021
29,00 5,9626 5,4407 5,6721 5,1408
34,00 5,3524 4,8513 5,0506 4,5500
39,00 4,8550 4,3837 4,5617 4,0956
44,00 4,4602 4,0168 4,1829 3,7466
49,00 4,1506 3,7303 3,8905 3,4784
54,00 3,9091 3,5073 3,6648 3,2716
59,00 3,7209 3,3336 3,4903 3,1117
64,00 3,5743 3,1984 3,3551 2,9878
69,00 3,4600 3,0929 3,2500 2,8915
74,00 3,3708 3,0106 3,1681 2,8165
79,00 3,3011 2,9462 3,1042 2,7579
84,00 3,2465 2,8958 3,0543 2,7121
89,00 3,2038 2,8562 3,0151 2,6762
94,00 3,1702 2,8252 2,9844 2,6480
99,00 3,1438 2,8007 2,9603 2,6258
104,00 3,1231 2,7815 2,9413 2,6084
109,00 3,1067 2,7663 2,9263 2,5946
114,00 3,0938 2,7544 2,9145 2,5837
119,00 3,0836 2,7449 2,9052 2,5752
124,00 3,0756 2,7375 2,8978 2,5684
129,00 3,0692 2,7315 2,8920 2,5630
134,00 3,0642 2,7269 2,8874 2,5587
139,00 3,0602 2,7231 2,8837 2,5554
144,00 3,0570 2,7202 2,8808 2,5527
149,00 3,0545 2,7179 2,8785 2,5506
154,00 3,0525 2,7160 2,8767 2,5489
V.M.  Bondarenkonun  todqiqatlarina

osason [1] betondaki sixict gorginliklorin

kosiyin hiindiirliiyli boyunca doyismaosi

%(t)zab(t).(%]"u

kimi ifado oluna bilir. Burada sixic1 gor-
ginliklor epliriiniin dolgunlugunu ifads edon

(13)

n, parametri asagidaki kimi ifado olunur [1]:

ng:l—(l—ﬂ))'(;zgglma

(14)
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Uzunmiiddatli yiiklomolordo m, :%ml

[1].

Betonda yaranan sixict gorgin-

gotiiriilo  bilor betonlar
fo=0,11.
liklordon formalasan normal qiivvo vo oyici
moment materiallar miiqavimatinin miivafiq

diisturlar1 asasinda asagidaki kimi yazilirlar:

Nb<r>-z-ab<r>j[x(t)§<f§”j% |

|R* = z%dz

Agir ugln

(15)
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M, (t)=2-0,(r)- (16)

R C—

R? - z%dz

Bu inteqrallarin asagi sorhaddi neytral

e Z -

oxun voziyyatindan asili olaraq
_|—R, x(t) > 2R oldugda
= R-x(t), 0<x(t)<R oldugda

kimi toyin olunur. (15) vo (16) inteqrallarinin
analitik hesablanmasi miimkiin olmadigindan
onlar odadi olaraq istonilon doqiqliklo trape-
siya iisuluilo z e [ q, R] inteqrallama oblastini

n borabar hissoys bolmaklo hesablanirlar [12]:

N,()=2-0,()- "1

n
nl X(l)—R-l-Z} "o
= R -z (17)
= x(¢)
. R-
z,=q+j- 1
R —
Mh(t)zz'ab(t)' nq
n—1 t_R ) o
. ("()”/j I (18)
j= x(¢)
. R-
z,=q+j-
Bu ifadolor yazilarkon inteqralaltt

funksiyalarin inteqrallama oblastinin sorhod-
dindos sifirlagdig1 diqgoto alinmisdir. Armatur
millorinin deformasiyalar1 da miistovi kosiklor
hipotezi osasinda ¢, (t) vo x(t) parametrlori

ilo ifado olunlar [13]:

&y (t): g)é’ét))(x(t)— R+R;-sing, );
Jj=12,3-k,

Onda armatur millorinin mohdud axma
meydancas1 olan diaqrqam tlizro deformasiya
etdiyini gobul edorok bu millordo yaranan
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gorginliklor da ,(¢) vo x(t) parametrlori ilo

asagidaki kimi ifado oluna bilirlor:

(; ()= R+ R, -sing, );
&,(t)
x(t)

oldugda

R, ~sign(gl’(t

Y x(t)
gb(t)- x(£)— R+ R -sing,_
x(t) ( ( ) R+ R, %,)

oldugda

( ()_R+st-sin¢)_v.)

<& ay

(19)

~—

(x(t)- R + R, -sin (/)Sj)) :

=&

s, axj

Bu boraborliklor osasinda armatur millo-
rindoki gorginliklordon formalasan normal
qilivva vo ayici moment iigiin aliriq ki,

ki
= ZGSJ(t) Asy’ 5
j=1

M, (gb (t), x(t)) = ZO'SJ. (t) Asj . st -sin Py (20)

Daxili qlivve parametrlori toyin olun-
dugdan sonra on ¢ox gorginlogmis orta kosik
ticlin morkozdonxaric sixilmada milin boyuna
oyilmasi do nozoro alinaraq miivazinoat tonlik-
lorini yaziriq:

P(r)

N, (&, (0) x(0)+ N, (e, (1), x(0)) =
M, (e, () x(t))+ M, (2, (¢), x(2))
=P(t) (e + f(0)

Burada e sixici qiivvonin ekssentrisiteti,

21

(22)

f (t) 1so orta kosiyin oyintisidir. Bu oyinti

g,(t) vo x(t) parametrlori il

€ (t ) . _ s
f(t) % x(t) ) p*—”z
kimi ifads oluna bilir [3,10,11].
Nohayaot, orta kosiyin sixilan {izii ii¢iin
betonun sixilmada irsi siiriingonlik tonliyinin
diskret analoqunu yaziriq:

(23)
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o (t) o (t) m ] isarasini doyisona gador davam etdirilir. ¥
&g (t): P+, .(Rb (t)] - funksiyas1  isarosini  doyisdiyi  interval
b

E,(t)
: (24)

-0,

Beloliklo, alinmig (17-24) boraborliklori
gaorginlik-deformasiya halim1 xarakterizo edon
daxil edilmis ,(¢), o,(¢), x(¢), £(t), N,(t),
Mb(t), Ns(t), Ms(t) Vo ng(t) parametrlorino
nozoron baxilan masslonin hoalledici geyri-xotti
tonliklor sistemi olur. Qeyd etmok lazimdir ki,
yiiklomonin baslangicinda, yoni #=¢, oldug-

da baslangic sortlor qisamiiddotli yiiklomolor
liclin aparilan hesablamalar osasinda toyin
olunurlar. Ixtiyari # zaman ani {iciin mosalonin
holli asagida sorh olunan alqoritm osasinda
aparilir. ©vvolco (21) vo (22) boraborlik-

lorindon qiivve parametri yox edilorok &, (t)

Vo x(t) parametrlori arasinda olaqe yaranan
asagidaki boraborlik alinir:

D, (g, (1) () =M, (&, (1) x(c)+

+M (s, (), x(¢)) -

= (N, (5, (0) x(@0) + N (&, () x()- (29)
) 0

fer50).

x(1)
Bu boraborlikdon deformasiyanin malum
qiymatindo homin deformasiyaya uygun x(t)

parametrinin qiymati birmachullu tonliyin

holli kimi toyin olunur. Deformasiyanin
gqiymoti gobul olunaraq (25) boraborliyindon
x(t) parametri  tapilir. (17) vo (20)

boraborliklori osasinda N, (g, (¢), x(z))  vo

N, (gb (t), x(t)) qiivvoleri hesablandiqdan sonra

¥ =N, (g, (e). x(e) + N, (&, (). x(2)) - P
funksiyasinin tapilir.
addimla deformasiyanin qiymati doyisdirilorak
Y

qiymati Miioyyan

funksiyasinin qiymoti bu funksiya
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Y= Nb(gb(t)9 x(t))+ Ns(gb(t), x(t))— P=0

tonliyinin kokiiniin yelogdiyi interval olur.
Bundan sonra kokiin gqiymeti parcani yariya
bolmo tisulu ilo istonilon doqiqliklo doqiqlos-
dirile bilir. ¢, (t) deformasiyasinin tapilmis

gqiymatinds cox asanligla yuxarida verilmis
borabarliklor osasinda gorginlik-deformasiya
halin1 xarakterizo edon digor parametrlor
hesablanirlar. Bu holl alqoritmi asanligla prog-
ramlasdirila bilir vo Turbo Pascal ABC
algoritmik dilinds sorh olunan hall algoritmini
realizo edon program modulu tortib olun-
musdur.

Tortib olunmus program modulunun
totbiqi ilo ododi eksperiment aparilmigdir.
[lkin verilonlor: siitunun en kosiyinin radiusu
R=0,25m, agirllq  morkozlorinin

yerlogdiyi ¢evranin radiusu R, =0,21m olan

stitun

A400 sinifli 8 & 22 armaturla armirlonmis-

dir. Umumi halda betonun elastiklik modulu-
nun vo mohkomliyinin zamana goro doyisdiyi

gobul  olunur vo hesablamalar zamam
E, =32898,02 MPa, R, =15,637 MPa,
B, =0,575, a, =0,067 (sutka) ',
B = 0,546, a, = 0,072 (sutka)',

R, =R, =350 MPa. Betonun siirlingonliyini
xarakteriza edon
C, =34-10"° (MPa) ',

A, =42-10"° (MPa) ',

parametrlor

y =0,02 (Sutka)f1 ,
yiuklomo ani ¢, =14 sutka, siitunun hesabi
uzunluq /, =5m, siitun e=0,01m tosadiifi

ekssentrisitetlo  sixilir.  Baxilan element

P=242902 MN qiivvo geyri
n =20, m =47,
n, =235, m,=4,7. Baslangic parametrlor

ilo  sixilr,

xottilik  parametrlori
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iicin ¢,(0)=0,001031317, x(0)=0,9381m,
£(0)=0,00278 m, ,,(o) 1,9690 MN ,
M,(0)=0,01631 MN, N,(0)=0,46005 MN,
M (0)=0,01474 MN , n,(0)=0,33177

alinmisdir.

12
11.5
11
10.5
10
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AN

‘\—

0 50 100 150 200

Sokil 3 — On ¢ox gorginlogmis kosiyin sixilan iiziindo
betondaki T (t ); MPa gorginliyinin ¢ ; sutka
zamanina gora doyismo qrafiki

Figure 3 — Graph of change of stress 0, (t); MPa in

concrete with time ¢; day on the compressed

surface of the most stressed section

50 100

150 200

Sokil 4 — 1) — neytral oxun vaziyyatini toyin edon x(2);
m parametrinin; 2) — oyintinin f(z; mm t sutka
zamanina goro doyigmo qrafiki

Figure 4 — 1) — parameter x(#); m, which determines the
position of the neutral axis; 2) — graph of the change of
time according to the time f(z); mm ¢, day

50 100 150

1 2

Sokil 5 — 1) — betonun payma diison Ny(z); MN
qiivvesinin; 2) — armaturun payma diison Ns(t); MN
sutka zamanina goro doyismo qrafiki.

200

qiivvosinin £
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Figure 5 — Graph of change of 1- N,(t); MN force per
share of concrete; 2 - N,(t); MN force per share of

reinforcement 7 ; day per time

Hesablamalar  noticosindo, homginin
miioyyon olunmusdur ki, siirlinganliyin hesa-
bina daxili gorginliklorin yenidon paylanmasi
noticosindo on ¢ox gorginlogmis orta kosiyin
sixilan tiziindo betondaki gorginliyin qiymati

o,(t =14 sutka)=11,4257 MPa ~ qiymatindon
o, (t =164 sutka)=9,7475 MPa qadar azaldig

halda, sixilan 1{izo on yaxin armaturda
gorginliyin qiymati

o,,(t =14 sutka)=197,82 MPa  qiymatinden
o, (t =164 sutka)= 301,65 MPa qiymaotino

godor artmigdir.  Asagidaki sok.3-do kosiyin
sixilan iizindo deformasiyanin zamana goro
azalma qrafiki verilmisdir.

Bu sokildon goriiniir ki, stirtingonlik pro-
sesi basa catdigdan sonra bu iizdo gorginliyin
qiymati stabillagir. Homiginin betondaki sixici
gorginliklorin dolgunluq omsali da

n_(t =14 sutka)=0,33177 qiymotindon
n, (¢ =164 sutka)=0,79758 qoder artmigdir ki,

bu da siirlingonliyin hesabina betondaki sixici
gorginliyin azalmasi ilo olagadardir.

Baxilan misal bir daha onu gosterir ki,
domir-beton elementlorin gorginlik-deforma-
siya halinin todqiqindo betonda gedon uzun-
miiddatli proseslorin rolu énomlidir vo hesab-
lamalarda miitloq diqgoto alinmalidir.

Hesablamanin digor noticolori uygun
olaraq sok.4 vo sok.5-do verilmisdir.

Notica

Betonun qeyri xotti irsi slirlinganliyinin
inteqral tonliyinin yiiksok daqiqliys malik olan
diskert analoqu qurulmusdur ki, bu da ixtiyari
hesabi zaman ani ti¢lin masolonin hollini qisa-
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miiddotli statik yiiklomolor {iglin mosalonin
halline gotirmis olur.

Ododi misallarda gostorilmisdir ki, beto-
nun deformasiya modulunun vo sixilmada
mohkomliyinin zamana goro artmasi relaksasi-
ya prosesino va sixilan domir-beton elementlo-
rin gorginlik-deformasiya halina kifayot qodor
ciddi tesir gostorir vo hesablamalarda bu dig-
qoto alinmalidir.

Betonda gedon uzunmiiddatli proseslor
naticasinda gorginliyin yenidon paylanmast

epiiriiniin dolgunluq omsali zaman keg¢dikco
boyiiyiir. Islonmis hesablama metodikas1 beto-
nun siiriingonlik meyarinin ifadoesino heg bir
mohdudiyyot qoymadan vahid bir alqoritm
osasinda sixilan dairovi en kasikli domir-beton
elementlori betonun geyri-xatti irsi siirtinganli-
yi nozors alinmagqla hesablamaga imkan verir.
Toklif olunan holl alqoritmini realizo
edon Turbo Pascal ABC alqoritmik dilinds tor-
tib olunmus program modulu miixtalif toyinat-
11 adadi eksperimentlor aparmaga imkan verir.

prosesi bas verir. Betondaki sixic1 gorginliklor
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Giris

Coxfaktorlu texnoloji amaliyyatlarin mo-
dellogdirilmosinin, optimallasdirilmasinin vo
idaro olunmasinin miirokkob struktura, forqli
kinematik xiisusiyyatloro malik masin vo ava-
danhgqlarin, yiiksok doqiqlik, keyfiyyet, yeyil-
maya davamliliq talob edon detallarinin layiho-
landirilmasinda, hazirlanmasinda va istismarin-
da miistesna rolu vo ohomiyyati vardir. Belo
masin va avadanliqlara neft sonayesinda istifa-
do olunan masin vo qurgulari, kimya sonayesi
avadanliglarini, avtomobillori, gomilori vo on-
larin mexanizmlorini, elektrik avadanhqlarini,
aviasiya sonayesi masin vo mexanizmlorini vo
coxlu sayda digor texniki sistemlori vo vasito-
lori misal gostormok olar. Masin vo avadanlig-
larin doaqiqlik va keyfiyyat gostaricilari goxsay-
I1 faktorlardan asilidir. Bu faktorlarin miisyyon
sistem goklino salinmasi vo onlarin istehsal vo
istismar soraitlorindo nozors alinmasi ¢ox vacib
sortlordon biridir.

Masin vo avadanliglarin yaradilmasi sis-
teminin osas elementlori kimi, onlarin layiho-
londirilmasi, hazirlanmasi vo istismari marho-
lolorini, hazirlanmalar1 zamani bas veran me-
xaniki, fiziki, kimyoavi proseslori, istehsal za-
mani lazim olan dozgahlari, tortibatlari, emal
omoliyyatlar tiglin lazim olan alstlori vo onla-
rin osas parametrlorini, 6lgmads vo keyfiyyota
nozarotdo istifado edilon alot vo cihazlarn, ayri-
ayr1 detallarin hazirlanmasinda istifado olunan
postahlar1 vo onlarin materiallarini, emal tex-
noloji  proseslorini, emal omoliyyatlarinin
kecidlorini, emal ardicilligini, emal edilon de-
tallarin sothlorinin doqiqlik vo keyfiyyat gosto-
ricilorini, emal rejimlorini, masin vo avadanlig-
larin yi1gilmasinin texnoloji proseslorini vo ay-
r1-ayr1 omoliyyatlarini, onlarin elementlorini vo
digor gostaricilori gobul etmok olar.
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Isin mogsadi masin vo avadanliglarin
yiiksok doqiqliys malik detallarinin emalinda
istifado edilon coxfaktorlu omoliyyatlarin vo
mirokkob texnoloji proseslorin osas xiisusiy-
yotlorinin analizi vo todqiqidir.

Masalanin halli

I.  Magin vo avadanhqglarin layihalondiril-
mosi morholosini asagidaki torkib hissalorino
ayirmaq moaqsado uygundur:

1. Layiholondirilocok masin vo avadanlig-
larin dovlot vo sonaye shomiyyotinin miioyyon-
lasdirilmasi vo asaslandirilmasi;

2. Layiholondirilon masin vo avadanligla-
ra verilon asas toloblorin (texniki, iqtisadi, toh-
liikosizlik, ekoloji va s.) toyin edilmasi;

3. Masin vo avadanliglarin ilkin variantla-
rinin layiholondirilmasi;

4. Masin vo avadanliglarin layihalondiril-
mis ilkin variantinin hazirlanmasi va smagi;

5. Alman noticolorin imumilasdirilmasi,
analizi vo sinaq zamani1 miioyyan edilmis nog-
sanlarin aradan galdirilmasi tigiin texniki-togki-
lati mosalalarin hall edilmasi;

6. Masin vo avadanliglarin sonuncu, ha-
zirlanmagq tigiin nozordo tutulmus osas varianti-
nin layiholondirilmosi vo istehsalata togdim
edilmasi.

II. Masin vo avadanliglarin hazirlanmasi
morhalasini asagidaki torkib hissaloring ayir-
maq olar:

1. Masin vo avadanliglarin detallarinin ha-
zirlanmasinin texnoloji ardicilliginin miioyyan-
losdirilmosi (detallarin hazirlanmasi texnoloji
proseslorinin layihoalondirilmosi);

2. Detallarin hazirlanmasi ii¢iin lazim olan
pastahlarin vo onlarin materiallarinin, dozgah-
larin, tortibatlarin, emal alotlorinin, 6lgma-no-
zarat alot vo cihazlariin, diger kdmokgei texni-
ki vasitalorin secilmosi;
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3. Detallarin hazirlanmasi texnoloji pro-
seslorini layiholondirarkon nozordo tutulmus
omoliyyatlar {i¢iin emal rejimlorinin vo digor
texnoloji faktorlarin secilmosi, yaxud hesab-
lanmasi;

4. Texnoloji omoliyyatlarda istifado olu-
nan tortibatlarin vo emal alatlorinin handasi, ki-
nematik vo dinamiki parametrlorinin seg¢ilmasi,
yaxud hesablanmast;

5. Masin va avadanliglarin hazirlanmasi
moarhalasinds emal amoliyyatlariin va texno-
loji proseslorin etibarliliginin qiymatlondiril-
mosi vo lazim goldikdo onlara diizalislorin edil-
masi;

6. Masin vo avadanliglarin yiilmasinin
omoliyyat ardicilliginin toyin edilmasi (yigma
texnoloji prosesinin layiholondirilmasi);

7. Yigma prosesinin yerino yetirilmasi
ticiin lazim olan amaliyyat ndvlarinin, dozgah-
larin, avadanliglarin, tortibatlarin, alotlorin 6l¢-
mo-nazarat vasitolorinin toyin edilmosi, yigma
omoliyyatlarinin rejimlorinin se¢ilmosi vo ya-
xud hesablanmasi, etibarlilia vo uzunomiirlii-
liiya goro laboratoriya vo istehsalat sinaglarinin
aparilmasi, alinan naticalorin imumilagdirilme-
si, analizi vo onlara lazimi diizslislorin edilmo-
si.

III. Masin vo avadanliglarin istismart mor-
holosinin torkib hissolorino asagidakilar daxil
edilmolidir:

1. Layiholondirmo vo hazirlanma morho-
lalorini ke¢mis masin vo avadanliglarin istis-
mar soraiti miioyyonlosdirilmali, islomo rejim-
lori tayin edilmali vo yaxud hesablanmali, istis-
mar miiddati doqiqlosdirilmali, tohliikasizlik
qaydalar1 vo iqtisadi gostaricilor nozere alin-
mali, standartlasdirma, sertifikatlagdirma so-
viyyasi toyin edilmali vo s.

Yuxarida gostorilon morhololor, istehsal
miiassisasinin biitiin struktur elementlorini ne-
zora almali, miiessisonin ayri-ayri bolma va
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hissalorinin (sexlorin, saholorin, qurgularin vo
s.) qarsiligh suratde vo birlikds kompleks so-
kildo operativ foaliyyatino kdmoklik gostormo-
li, xammal (material) ehtiyatlarindan somorali
istifado etmonin vo hazir mohsulun realizo
olunmasinin avtomatik idarsetms sisteminin
qurulmasina yardimci olmalidirlar. Bu morhe-
lolorin reallagdirilmasi faktiki olaraq miiossiso-
nin tam sokildo idaro olunmasina vo miiossiso-
don konar bir sira olave iglorin goriilmasine
ohomiyyatli dorocodo komok edir. Qeyd olunan
foaliyyatlorin hoyata kegirilmasi, miiossisalorin
optimal sokildo idaro olunmasina tam gorait ya-
radir.

Bu masoalalorin halli iiglin ehtimal nozo-
riyyasindon, xatti proqramlasdirmadan, infor-
masiya nazoriyyassindon, amaliyyatlarin todqi-
qindan, etibarliliq nozariyyesindon, oyunlar noe-
zariyyasindan, riyazi statistikadan, kiitlovi qul-
luq nozoriyyasindon, masinqayirma texnologi-
yasinin elmi osaslarindan, kosmo nozoriyyasin-
don, imtinalar fizikasindan, deformasiya nozo-
riyyosindon, sothlorin dagilma mexanizmlorin-
don, yeyilmo nozoriyyosindon vo digor metod
va tisullardan istifado olunmanin miistosna rolu
vo ohomiyyati vardir. Aparilan todqiqatlarin
analizi gostorir ki, masin vo avadanliglarin ya-
radilmasi ilo bagli prosesslor miirokkobliklori
ilo forglonirlor. Onlar1 nisboton daha sado, la-
kin bir-biri ilo alagali torkib texnoloji proseslo-
rino gotirmak olar. Bu texnoloji proseslor qapa-
11 kontur omoalo gotirmoli vo qoyulmus mosalo-
nin hallini tomin edan 6l¢ii zoncirini yaratmaq
imkanina mane olmamalidir.

Torkib texnoloji proseslar adoton ayri-ay-
r1 amoaliyyatlardan ibarat olur. Bu amaliyyatlar,
Ozlorinin kinematiki, dinamiki, mexaniki, fizi-
ki, kimyovi va digor xilisusiyyatlorino goro oho-
miyyotli doracodo forqlonirlor. Onlarin osas
novlorini sorti olaraq asagidaki kimi qruplas-
dirmaq olar (Masin va avadanliglarin yaradil-



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2021, cild 13, Ne 4, s. 58-66
Qafarzado H.V.

Herald of the Azerbaijan Engineering Academy
2021, vol. 13, no. 4, pp. 58-66
Gafarzada H.V.

mas1 marhalolorinin kifayat qodar ¢oxsayl fak-
torlardan asili oldugunu va todqiq olunan mo-
sololorin miixtolifliyini nozore alaraq, material-
larin vo postahlarin alinmasi omoliyyatlarina,
iisullarina vo metodlarina tadgigat obyekti kimi
baxilmir. Bu mogsadlo, tosdiq edilmis norma-
tiv texniki sonodlordon vo standartlardan istifa-
do edilir):

1. Kaski ilo yonma (iist yonus, i¢ yonus, yan
yonus, nazik yonma va s.);

2. Desmo (burgulama, zenkerlomo, genislo-
mo, dartma va s.);

3. Frezlomo (dis frezlomo, yan frezlomo, slis
frezlomo, sonlu frezlomo, fasonlu frezlomo, iist
frezlomo vo s.)

4. Yiv agma (koski ilo yiv agma, burgu ilo
yiv agma, doyonakloms ilo yiv agma, abraziv
alotlorlo yiv agma vo s.);

5. Pardaqlama (xarici pardaqlama, daxili
pardaglama, miistovi pardaglama, fasonlu soth-
lorin pardaqlanmasi, titromoni sondiirmoklo
pardaglama, elektroabraziv pardaqlama, mor-
kozsiz pardaqlama, tozlama ilo pardaglama, ra-
dial pardaglama vo s.);

6. Xoninglomo (daxili xoninglomo, xarici
xoningloma, rotasion xoninglomo, eksentrik
xoningloma, elastiki xoninqloma, fasonlu sath-
lorin xoninqlonmosi, dozalasdirilmis xoninglo-
mo vo S.);

7. Superfinisloma (daxili superfiniglomo, xa-
rici superfinigloma, konik superfiniglomo, sfe-
rik superfinislomo vo s.)

8. Yetirmo (miistovi yetirmo, silindrik yetir-
mo, konik yetirmo, sferik yetirmo vo s.)

9. Elektriklo emal omaliyyatlar1 (elektroim-
puls emali, elktroqigilcimla emal, ultrasaslo
emal vo s.)

10. Sothin plastiki deformasiyasi ilo emali
(doyonoklomo ilo emal, vibroddyonoklomo ilo
emal, elastiki doyonoklomo ilo emal, fasonlu
sathlorin doyanoklomasi va s.)
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Yuxarida gosterilonlorden basqa, nisbe-
ton az istifado olunan emal omaliyyatlar1 da
molumdur. Bunlara iskonoslomo, diiz yonus,
elektrokimyovi, elektrofiziki, termiki vo digor
omoliyyatlar1 misal géstormok olar.

Masin  vo avadanliglarin  detallarinin
emal omoliyyatlarini yonqar ¢ixarmaqla emala,
plastik deformasiya ilo emala, abraziv emala,
tozlama ilo emala va digor ndvlora do ayirmaq
olar.

Masin va avadanliglarin detallarinin tam
oksoriyyoti mexaniki emal omoliyyatlarindan
istifado edilmoklo hazirlanir. Bu omoliyyatlarin
hor biri, ayri-ayriliqda forqli mexaniki, fiziki-
mexaniki, fiziki-kimyovi, kimyovi, diffuziya,
istilik, dinamiki vo diger xlisusiyyatlors malik-
dirler. Eyni zamanda, bu amoliyyatlarin bazilo-
rinin oxsar xarakteristikalar1 da istisna deyildir.
Bundan bagqa, hor bir texnoloji omaliyyatin
moqsadli toyinatr vo irsiyyat xiisusiyyatlori do
nozors alimmalidir.

Masin vo avadanliglarin  detallarinin
emal omoliyyatlarini determinasiya edilmis vo
xaotik proseslora ayirmaq olar. Determinasiya
edilmis omoliyyatlarda proseslori xarakterizo
edon asas faktorlar (kosma va ya diger emal re-
jimlori, texnoloji parametrlor, tortibatlarin va
alotlorin kinematik vo hondosi parametrlori vo
s.) vo cixis parametrlori (detallarin doqiqlik
gostaricilori — masalon, ovalliq, konusluqg, ayil-
mo, miistovilikdon sapma va s., keyfiyyot gos-
toricilori — mosolon, dalgaliliq, kolo-kotiirliik,
qaliq gorginliyi, mikrobarklik va digarlari) me-
lum qayda iizro miisyyon ganunauygunlugla
dayisirler. Belo amoliyyatlarda emal edilon de-
tallarin doaqiqlik, keyfiyyet, yeyilmoyo davam-
lihiq vo digor gostaricilori birmonali olaraq,
omoliyyat1 xarakterizo edon osas faktorlarin
qiymatlori ilo toyin edilirlor. Bu omoliyyatlar
riyazi statistikanin metodlarin totbiq etmoklo
modellogdirmak, faktorlarini optimallagdirmag,
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Ozlorini iso idara etmak olar. Belo omaliyyatla-
ra misal olaraq adi vo elastiki ddyanoklomaeni,
adi vo rotasion xoninqlomoni, adi vo titromoni
sondiirmoklo pardaqlamani, vibronogslomaeni,
adi vo rotasion yonmani vo digorlorini gdstor-
mok olar.

Xaotik xtiisusiyyatlori ilo forqlonen omoe-
liyyatlarda, amoliyyat1 xarakterizo edon osas
faktorlar vo onun ¢ixis parametrlori qaydasiz,
he¢ bir ganunauygunluga tabe olmadan do-
yigirlor. Bu amoliyyatlarda tayinedici faktorla-
rin va ¢ixis parametrlorinin doyismosi adoton
diskret xarakterli olur vo onlar1 izah etmok
iiclin ehtimal nozoriyyoasinin metodlarindan is-
tifado etmok daha mogsadouygun ola bilor. Be-
lo amoliyyatlara, detallarin daxili, xarici vo fa-
sonlu sothlorinin sorbast abraziv donaociklorlo
emalmi, detallarin miirakkab profilli fasonlu
daxili vo xarici sathlorini sirnaqli sorbast qir-
malarla tozyiqlo emalini, detallarin miixtolif
profilli sothlorini bark xalito tozlari ilo yiiksok
temperaturda emalini vo digorlorini misal gos-
tormak olar.

Qeyd etmok lazimdir ki, maginlarin, me-
xanizmlorin, avadanliglarin vo {imumiyyatlo
biitiin texniki sistemlorin elementlori olan de-
tallarin hazirlanmasi texnoloji proseslorino ay-
r1-ayr1 amoliyyatlarin toplusu kimi deyil, mon-
tigi ganunauygunluga vo ardicilliga malik, sis-
temli sokildo yerino yetirilon kompleks horo-
kotlorin mocmuu vo hadisalorin toplusu kimi
baxilmalidir. Burada osas mosalo, ayri-ayri
omoliyyatlarin vo biitovliikdo texnoloji proses-
lorin miioyyan ganunauygunlugla yerino yeti-
rilmasi ilo barabor, detallara verilon doqiqlik vo
keyfiyyat toloblorinin tam tomin edilmasinae do
xtisusi diggoet verilmolidir. Masin vo avadanlig-
larin detallarinin emalinda istifads olunan amae-
liyyatlar1 yerino yetirorkon bag veron hadisolori
miitloq forglondirmok lazimdir. Bu hadisoalor
adoton Ozlorini iki formada, diskret vo fasilosiz
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sokildo gostarirlor. Aydindir ki, bu hadisalarin
yering yetirilmosi naticosindo alinan molumat-
lar da diskret vo fasilosiz xarakterlori ilo forqlo-
nirlor. Diskret hadisolor ayri-ayr1 tozahiirlor
coxlugunun mocmuudur. Onlar sonlu vo yaxud
sonsuz ola bilorlor. Lakin onlarin hesabi qiy-
moatlori olmali vo bu gqiymaotlor miioyyon adod-
lorlo oks olunmalidir. Diskret hadisalors misal
olaraq, masin va avadanliglarin detallarinin ha-
zirlanmas1 omaliyyatlarinin kegidlorinin struk-
turunun, detallarin materiallarinin xassalorinin
vo quruluslarinin, ayri-ayr1 dozgahlarin, torti-
batlarin vo alotlorin istismar parametrlorinin,
Olemo-nozarat alot vo cihazlarinin gostoricilori-
nin vo digor faktorlarin doyigsmosini gostormok
olar.

Fasilasiz hadisalords tadqiq edilon aralig-
lar (sonlu yaxud sonsuz) elo doldurulur ki, ba-
xilan hadisani ayri-ayri tozahiirlora ayirmaq ve
axirincilar1 siralamaq miimkiin olmur [1-5].

Belo hadisoloro misal olaraq emal omo-
liyyatlarinda emaledici alotlorin siirtlinmo noti-
cosindo fasilasiz olaraq ilkin hondosi parametr-
lorini tadricon itirmolorini, emal prosesindo de-
tallarin forma xotalarmin (ovalliq, konuslug,
oyilma, miistavilikden sapma va s.) va sath qat-
larinin  keyfiyyot gostoricilorinin (dalgaliliq,
kolo-kotiirliik, qaliq gorginliyi, mikroborklik vo
s.) miitomadi olaraq doyismalorini vo s. gdstor-
mok olar.

Aparilan todqigatlarin noticalorinin anali-
zi gostorir ki, diskret vo fasilosiz hadisolor ara-
sinda miioyyan olagolor mévcuddur. Onlardan
birinin digarine kegma imkani vardir.

Masalon, ogar hadisolorin torkib hissale-
rinin arasindaki interval sifira yaxinlagmaga
calisirsa, onda fasilosiz hadiso, diskret hadiso-
nin ¢atmaga calisdig1 hodd kimi qgobul edilo bi-
lar. Yaxud oksina, sonlu intervallar vasitasi ilo
togdim olunan hadisayo, fasilosiz hadiso kimi
baxmaq olar.
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Fasilosiz signalin (hadisonin), diskret siq-
nalla (hadiso ilo) ovoz edilmosi kvantlagdirma
adlandirilir [1].

Texnoloji omaliyyatlarin idaros edilmasin-
do oks olagolorin mévcudlugunun bdyiik oho-
miyyati vardir. Buna misal olaraq, texnoloji
omoliyyatlarin rejimlorinin vo digor texnoloji
faktorlarin detallarin emal edilon sothlorinin
doqiqglik vo keyfiyyot gostoriciloring tosirinin
qiymatlondirilmasini vo oksino, daqiqlik va
keyfiyyot gostoricilorindon istifado etmoklo
omoliyyatlarin rejimlorinin vo texnoloji para-
metrlorinin nizamlanmasini  gostormok olar.
Belo yanasma ndévlorindon biri kimi adaptiv
idaro etmo sistemlorini géstormok olar.

Qapal1 sistem goklindo olan emal texno-
loji amoliyyatlarinda oks olagoalor, 6zlorini iki
ciir gostarirlor. ©gor oks tosir, emal omoliyyat-
larinin siirotini vo mohsuldarligini yiiksaldirso
misbot oks olago kimi, omoliyyatin siirotini
asag1 salirsa vo mohsuldarlig1 azaldirsa, monfi
oks olago kimi qiymatlondirilir. Birinci hal
iiclin doqiqlik vo keyfiyyot gostoricilorini sax-
lamaq, yaxud yiiksoltmak sorti ilo emal omaliy-
yatlarinin rejimlorini artirmaq ve mohsuldar-
ligin1 ytliksaltmok, ikinci hal {igiin iso keyfiyyot
gostaricilorini saxlamqg, yaxud asagi salmaq
sorti ilo emal rejimlorini asagl salmaq vo moh-
suldarlig1 azaltmaq xarakterikdir.

Oks olagolordon masin vo avadanliglarin
detallarinin emal1 texnoloji proseslorinds, emal
omoliyyatlarinin idare edilmosinds genis istifa-
do etmokl olar [6-8].

Detallarin emalinin ¢oxamoliyyathh mii-
rokkab texnoloji proseslorindo, yaxud amaliy-
yatlarin ¢oxlu sayda texnoloji faktorlardan asili
oldugu hallarda, onlarin ayri-ayri, nisboton sa-
do torkib hissolorino bdliinmasi, yaxud sintezi
daha diizgiin yoldur. Buna ayri-ayr1 omaliyyat-
lardan ibarat olan texnoloji proseslorin sintezi-
ni misal gostormok olar.
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Ayri-ayr1 omoliyyatlarin texnoloji prosess sin-
tezini tomin etmok {igiin Laplas ¢evirilmasin-
don istifado etmok miimkiindiir. Laplas opera-
toru agagidaki kimi toyin edilir [2]:

wﬁ@=ffﬁkaﬂMt (1)
0

Bu ifado onu gostorir ki, ogor f(t)
funksiyas1 vardirsa vo o har hansi bir texnoloji
omoliyyatt miioyyon bir parametrs, maosolon
vaxta goro izah edirso, onda onu kompleks
doyisonin z = a + bi (burada (i = V—1; a vo
b hoqiqi adadlordir) ¢(z) funksiyasi ilo avoz
¢(z) funksiyasi tosvir, f(t)
funksiyas1 orijinal adlanir. Orijinaldan tosvira
kec¢id amoliyyati agsagidaki sokilds yazilir:

@(2) = f(t) yaxud ¢(2) = L[f(O)] =
fooo f(t)exp(—zt)dt.
Laplasin  molum oks c¢evrilmasindon

istifado edorak, f(t) funksiyasinin 6ziinii barpa
etmak olar

etmok olar.

)

c+ioco
1
f(®) = i f ¢ (z) exp(zt) dz.
c—ioo 3)
Burada inteqral saquli diz R,, =C

xotting gora gotiiriilir. Bu ifadedon ¢(z)-in
giymotino goro f(t)-ni toyin etmok olar.
Kecidin ixtisar edilmis ifadasi:

fO=0@  yud  fO=
L o(2)]
soklindo yazila bilor.

(2) tonliyina goro inteqrallamani apar-
magq Ugiin f(t)-don [ ¢(z)]-o vo oksina kegid
iictin Laplas g¢evirilmolori codvalindon istifado
edilir [2].

Laplas ¢evirilmoalorindon istifado etmoklo
masin vo avadanliglarin detallarinin  emali
omoliyyatlarinin texnoloji faktorlar1 ilo detal-
larin emal edilmis sothlorinin doqiqglik vo key-
fiyyat gostoricilori arasinda olagolori ifads
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edon differensial, inteqral, yaxud qarisiq xatti
tonliklori daha miinasib operator formalarina
gotirmok vo onlarin hall edilmosinin daha sado
iisullarina nail olmaq olar.

Bu mogsadls, [1] vo [2]-do verilmis
metodikalardan istifade etmok miimkiindiir.

Ogor x, F(t) paylanma funksiyasina va
f(t) paylanma sixligina malik

F(t) =p{x <t} f(t) = F'(t)

musbat

©)

tosadiifi komiyyotdirsa, onda bu

komiyyat tigiin Laplas ¢evrilmasi f(t) sixligini

oks etdirir [2].

@x(2) = LIf(®)]

= j f(t) exp(—zt) dt
0

= M[exp(—zx)].
¢ (z) funksiyas1 asagidaki xassolora malikdir:

(6)

o) = | fode=1,
* (7)
0 = - [ @O =-M)
0
vo yaxud timumi halda,
"0) = (=D)"MX™).
P"(0) = (~D"M(A™) &
Uygun olaraq molum tosviro goro

tosadiifi komiyyetin biitin momentlorini, o
cimlodon riyazi gozlomoni M, orta kvadratik
sapmani g vo dispersiyani D toyin etmok olar.

Asagida miixtolif hallar tigiin Laplas
cevrilmalori verilmisdir [2].

1. x vo y sorbost komiyyatlorinin comi
iiclin Laplas c¢evrilmosi  asagidaki
diisturla verilir:

Pxry(2) = M{exp[—z(x + y)]}
= M[exp(—zx)|M[exp(—zy)] = )

= (Px(Z)(Py(Z)-
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Bu o demokdir ki, ogor tosadiifi komiy-
yotlor toplanirsa, onda onlarin tosvirlori bir
birins vurulur.

2. ax =b xotti funksiyas: iiciin Laplas
¢evrilmasi
¢y (z) = M{exp[—(ax + b)z]} =
= exp(—bz) M(—azx) =
= exp(—bz)py(az)

(10)

soklinda yazilir.
3. Eksponensial paylanma {iglin Laplas
¢evrilmaosi:
0y (2) =f Aexp(—Ax) exp(—zx) dx
0 11
o (1
Atz
diisturu ils ifads olunur.
4. Normal paylanma ii¢lin  Laplas
¢evrilmaosi:
RSN () _
Py (2) = - 211.[) exp [T—Zx dx =
(12)
o272
= exp <—uz+ > )
asililig1 soklindo verilir.
5. Qamma paylanma {iglin  Laplas

cevrilmasi asagidaki formula ils yazilir:
©x(2)

:;fmxbexp(
ab*ir(b+1) J,

b+1
— zx) dx = (

Noatico

Laplas ¢evrilmalarindon istifads etmoklo
mixtolif paylanma ganunlar1 ¢orgivosindo de-
tallarin sothlorinin miixtolif emal omoliyyatlar
noticosindo alinmis forma xotalarini, soth qatla-
rinin keyfiyyot gostoricilorini vo texnoloji sis-

X

(13)

1+az

temin etibarliligini qiymatlondirmok olar. Mo-
salon, (9) ifadoesindon detallar1 emal edorkan,
onlarin sathlorinin iki miixtalif faktorun tosiri
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naticasinda yaranan eyni ndv forma xatalarinin
toplanmasinda, (10) diisturundan emal edilmis
detallarin xotti asililiq soklinds verilmis xotala-
rinin giymotlondirilmosindo, (11) yazilisindan
mixtolif omoliyyatlarda istifado edilon emal
alotlorinin, 6z istismar xiisusiyyatlorini birdofo-
lik vo yaxud morhalolorls itirmalorinin qiymaot-
londirilmesinds, (12)
emal omaliyyatlarinda detallarin emali zaman
istifads edilon kasici vo deformasiya edici alot-
lorin yeyilmo naticesindo imtina etmasi sabab-
lorinin analizinda, emal edilon detallarin sath-

ifadasindon mexaniki

lorinin forma xatalarinin (konusluq, ovalliq,
oyilma, miistovilikden sapma va s.) paylanmasi
ganunauygunluqlarinin qiymetlondirilmasindo,
detallarin emal edilon sathlorinin kolo-kdtiirlii-
liyliniin toyin edilmosindo, (13) diisturundan
detallarin emal1 texnoloji proseslorindo vo ya-
xud ayri-ayr1 amoliyyatlarda istifads olunan va
barpa olunmayan dozgahlarin, tortibatlarin,
emal alstlorinin vo quruluslarin, nozarot-0lcii
alot vo cihazlarin imtinaya godor isloma miid-
datinin toyin edilmosinds genis istifade etmok
miimkiindiir.
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Abstract
Article is intended for determination of environmental damage caused by emergency oil spill as a result of

failure of linear part of oil fields and main pipelines. It was noted that corrosion of oil and gas facilities leads to their
premature failure and disruption of technological processes. The article examined the physicochemical properties of
oil transported through oil pipelines and analyzed their impact on the field during the accident. In the laboratory, due
to the spill of oil transported through oil pipelines to the ground during the accident, studies were carried out in
accordance with the requirements of modern standards. Based on the facts of the study, the location of oil-
contaminated areas and the development of a methodology for quickly determining their amount in the soil are
indicated.
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Magistral neft kamarlorindd, qaza hallarinda
torpaga dagilmis neftin migdarinin toyini ii¢iin
yeni tsiillarin islonilmasi vo onlarin tatbiqinin shamiyyati
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Xiilasa

Mogqalo neft qurgularinin vo magistral boru kemorlorinin xotti hissesinin siradan g¢ixmasi naticasinds,
fovgoalado neft dagilmasi sababindon otraf miihits ekoloji zararin miiayyanlosdirilmasi magsadile hazirlanmisdir.
Qeyd olunmusdur ki, neft-qaz qurgularinin korroziyasi onlarin vaxtindan ovval siradan ¢ixmasina, texnoloji
proseslorin pozulmasina sobab olur. Moqalodo neft komorlorindo naql olunan neftlorin fiziki-kimyovi xassolori
Oyronilmis vo qoza zamani onlarin torpaga gostordiyi tosirlor tohlil edilmisdir. Laboratoriya soraitindo neft
komorlorinde noql olunan neftlorin qoza zamani torpaga dagilmasi sobabindon, tomizlonmaesinin miiasir standartlarin
toloblorine uygun todqiqatlart aparilmigdir. Aparilmis todqiqat faktlarina asason, neftlo ¢irklonmis orazinin yeri vo
onlarin torpagda miqdarmin tacili toyininin metodikasinin iglonilmasi gostorlimisdir.

Acar sozlar: qatran, asfalten, parafin, eroziya, nomislilik miqdari, ekstraksiya.
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AHHOTAIIAA

B crarbe paccMaTpuBaeTcs SKoJlorHdeckuil ymep0, HaHeCEHHbIH aBapUTHBIM pa3IuBOM HeTH B pe3ylsibTare
BBIXOZIa U3 CTPOSI JINHEHHOHN 9acTH HE(TEIPOMBICIOB M MaruCTPaIbHBIX TPYOOIPOBOIOB. OTMEUEHO, YTO KOPPO3Hs
He(Tera3oBbIX OOBEKTOB MPUBOJNUT K UX IPEXKICBPEMEHHOMY BBIXOAY M3 CTPOSI M HapyHICHHIO TEXHOJIOTHYECKHX
mporieccoB. Ha 0aze Qu3HKO-XMMUYECKHX CBOMCTB He(TH, TPaHCHOPTHPYEMOW IO He(PTEIpOBOAaM, IPOBEICH
aHaIW3 WX BIMSHUA HAa MECTOPOXICHHE BO BpeMs aBapuu. lcciemoBaHus TpoBeneHB! B JabopaTropud, B
COOTBETCTBUHM C TPeOOBAaHMAMH COBPEMCEHHBIX CTaHIApTOB. YKa3bIBaeTCsA PACIIOJIOKEHHE He(Te3arpsi3HEHHbBIX
y4YacTKOB U pa3paboTaHa METO/MKA ONEPATHBHOTO ONPEIENICHNs] UX KOJIMYECTBA B ITOYBE.

KiioueBsble ciioBa: cMmoia, achaibTeH, napaduH, 3po3us, BIaXKHOCTb, IKCTPAKIIHS.
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Giris

Statistik molumatlar gosterir ki, neft ko-
marindo goza hallarinin yaranmasinin asas so-
boblorindon biri boru komorinin hazirlandigi
metalin korroziyadan zodslonmaosidir.

Neft komorlorinin korroziyaya garsi Or-
tikklo (bitum, plastik, izolyasiya va s.) qorun-
masinin vo kamar boyu katod miihafizs stansi-
yalarinin yerlogmosino baxmayaraq, boru ko-
marini korroziyadan tamamilo miidafio etmok
miimkiin deyil.

Izolyasiyada yaranan hor hans1 bir zoror,
mexaniki zodolonmolor, ciziglar, keyfiyyotsiz
tomirlor korroziya ocaqlarinin ortaya ¢ixmasi-
na sobob olur. Buraya daxili korroziyanin
miixtolif novlori do aid edilir (¢uxurlar, dolik-
lor va sislorin omolo golmosi). Is soraitinin
miixtalif pozuntular1 vo har seydon ovval boru-
daki neft axininin koskin yavaglamasi vo ya
stiratlonmasi ilo miisayiot olunan amaliyyatlar
boru komarlorinin tam giicii ilo islomasi {iciin
ohomiyyatli doracodos tohliiko yaradir.

Elmi todqiqat naticolori gostorir ki, qoza-
larin yaranmasinin korroziya ocaqlarinda bas
vermasinin asas sababi hidravlik zarbslordir.

Qaz komarlorinds girisdos iki torofli kran-
lar quragdirilir, bu ciir kranlarin baglanmasi
borudaki axmi demok olar ki, derhal dayandi-
rir vo boru komorinds olan tozyiqin doyigsmasi
sigrayisla miisayiot olunur. Buna sobab, siirat-
lo horokat edon mayenin bdyiik otaloto malik
olmasidir. Bu voziyyotdo boru komorindo ge-
nislonmo bas verir vo maye sixilir, naticodo
hidravlik zorbs omolo golir.

Neft komorlorindo hidravlik zorbolorin
yaranmamast ii¢lin ani baglanan kranlardan is-
tifado edilmoyo icazo verilmir, mayenin axinin
saxlanilmasi ii¢lin todrici baglanan siyirtmolor-
don istifads edilir ki, onlar da hidravlik zarboa-
lorin yaranmasinin garsisini almis olur [1].
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Isin magsadi

Neft komarlorinde korroziyani miixtalif
iistillar vasitosi ilo monitoring etmak yarana
bilocok goza hallarii minimuma endirmis
olur. Boru komorlorinin layihalondirilmasi, ¢o-
kilmosi (tikintisi) zamani, qurgularin vo boru-
larin Ozillorinin otraf miihitin tosirindon qo-
runmast masalalari 6z hallini tapmalidir. Boru
komorlori yeraltt va yeriistli (tokmodo) ¢okilor-
kon eroziyaya qarst miibarizo todbirlori kimi
yeralt1 materiallardan istifade olunur.

Yeralt1 boru komorlori ilo kosismo yerin-
do subasmayan sahillorin borkidilmo soviyye-
sinin hiindiirliiyii (qas1), 50 ildon bir bas vers
bilocok dasqin soviyyosindon vo eloco do sahi-
la ¢irpilan dalgalarin tasirindon 0,5 m yuxarida
olmalidir.

Su basan sahillerin yamaclarindan bas-
qa, digor hissalorinde 1-5 m uzunlugunda ya-
maclara birloson saholor borkidilmolidir. Sa-
hillorin borkidilon zolaglarinin eni geoloji vo
hidrogeoloji soraitdon asili olaraq layiho osa-
sinda tapilir.

Boru komorlarinin xottlori siiriismo ra-
yonlarindan kegorso, otraf miihitin vo komaorin
miihafizasi {igiin borular dayaq iistii (¢calinma,
gazma-calinma svaylar vo diroklorlo) kegiril-
molidir.

Boru komorinin xottlorino yaxinligdaki
orazilor eroziyaya ugramis vo catlarla ohato
olunmus haldadirsa, homin sahoalor komaorin
¢okilisindon gabaq mohkomlondirilir. Bununla
da golocokdo otraf miihitin qorunmasi ii¢iin
qabaglayici tadbirler goriilmiis olur.

Boru komorlorinin konkret ¢okilmo va
istismar1 goraitindon asili olaraq onlarin  kor-
roziyadan midafio Ortiiklori iki tipdo totbiq
olunur: giiclondirilmis vo normal.

Miidafio Ortliyliniin giiclondirilmis tipi
1020 mm diametrli vo istonilon diametrli
dosonmao boru keamarlorinds agagidaki qaydada
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totbiq edils bilar:

- komor kecon trassa conubdan gimala
dogru 50°-1i bucaq altinda ydnoldikdo;

- Olkonin istonilon rayonun orazisindo
miinbit torpaq hissosi soranlasdiqda;

- bataqliq, qara torpaq vo suvarilan ora-
zidon keg¢dikdo; sualt1 kegid, ¢ay mocrasi, av-
tomobil vo domir yollar ils kesisdikds;

- digor boru komorlori trassasi ilo kosis-
dikdo hor iki torofdon 20m mosafodo ortiiklo
miidafia olunur;

- sonaye vo moigat ¢irkab sular1 axan vo
zibil tullantilar1 atilan orazilarlo kosisdikdo;

- 313 K (40° C) temperaturunda maye
nagl edon boru komaori xoatti ilo kosisdikdo;

- cay, kanal, gol, su anbari, homg¢inin
yasayls montaqosi yerlason orazidon 1000 m-
don az mosafods olduqda.

Yeriistii ¢okilon boru komaorlorini atmos-
fer korroziyasindan qorumaq ti¢lin lakli boya,
emal olunmus siisoli pambiq, metal, yaxud
konsistentli siirtgli ortiiklorindon istifado olu-
nur. Lakli boyanin imumi galinlig1 0,2 mm -
on az, corayan kegiriciliyi iso 1 kV-dan ¢ox ol-
mamalidir. Lak ronglomads noazarat qalinliq
dlcon MT-41NU, TU 25-06.2500-83 vo Kro-
na-1R tipli TU 25-06.2515-83 cihazlar ilo ye-
ring yetirilir. Emal olunmus siisoli pambiq bo-
ru komorino OCT 26- 01-1-90 avadanlig ilo
0,5 mm-don az olmayan galinligda sarinir.
Stisoli pambiq boru otrafina, homg¢inin yuxari-
da adlar1 ¢okilon avadanliglarla da ortiilo bilor.

Boru komarlorinin atmosfer korroziya-
sindan gqorunmasi {i¢iin temperaturu (-60° C)-
don asag1 vo +40° C-don yuxari olan orazilordo
konsistentli siirtgli ortiiylindon istifads olunur.
Onun torkibindo ¢okisino géra 20% togkil edon
PAK-3 vo PAK-4 aliiminium tozlu qarisiq var-
dir. Bu stirtgiiniin qalinlig1 boru komaorinin sat-
hindon, orazido havanin temperaturundan asili
olaraq 0,2-0,5 mm qobul edilir.
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Yertistli boru komorlorinin atmosfer kor-
roziyasindan miidafio olunmasinda metal
oriiklordon SNiP III-23-81-in  tolobloring
uygun olaraq istifado olunur.

Masalonin qoyulusu

Neft-qgaz qurgularinin korroziyasi onla-
rin vaxtindan ovval siradan ¢ixmasina, texno-
loji proseslorin pozulmasina sabob olur. Yeral-
t1 qurgularin (¢onlorin, boru komorlorinin vo
s.) korroziyadan miihafizo vasitosindo vo me-
todunda miihitin vo torpagin korroziya qabi-
liyyatlori nazars alinmalidir.

Torpagin elektrik miigavimoti no qader
yiiksok olarsa, coroyan da bir o qodor az ola-
caq vo bununla olagodar metalin korroziyasi-
dagilmas1 azalacaqdir.

Torpagin korroziya foalligi onun xiisusi
elektrik miiqavimoti iizro asagidaki gostorici-
larlo xarakterizo olunur (cadval 1).

Torpagin xiisusi elektrik miigavimatini
toyin etmok iiclin miixtalif metod vo cihazlar-
dan istifado olunur. Bu metodlar igorisindo
dord elektrodlu metod daha genis yayilmisdir.
Bu metodla xiisusi elektrik miiqavimatini 6l¢-
mok tigiin MS-08 tipli potensiometrdon istifa-
do olunur [2].

Korroziyadan qorunmagq ii¢iin yuxarida
geyd olunan {iisiillara baxmayaraq, neft kamar-
lorinds onun yaratdigi qoza hallarmi holo do
aradan qaldirmaq miimkiin olmamusdir. Isin
mogsadi neft komorlorindo yaranmis goza hal-
larindan torpagin cirklonmosi noticosinds eko-
logiyaya, iqtisadiyyata kiilli miqgdarda ziyan
doymosinin qarsisini almaqdir. Qoza zamani
neft dagilmis orazinin tomizlonmosi, gozanin
aradan qaldirilmasi, torpaga hopmus neftin
miqdarmin toyini, neftlo ¢irklonmis orazinin
torkibindo olan neftin tomizlonmosi vo onun
yenidon istehsala qaytarilmasi neft sonayesin-
do on global masaloalordon biridir.
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Cadval — 1. Torpagin korroziya foalliginin xiisusi elektrik miiqavimstindon asililigi
Table — 1. Dependence of soil corrosion activity on specific electrical resistance

Torpagin xiisusi elektrik <5 5+10 10+20 20+100 > 100
miigavimati, Om.m
Torpagin korroziya foalligi Cox yiiksok Yiiksok Artirilmig Orta Asagi

Masalanin halli

Torofimizdon Azorbaycan neftlor qa-
risiginin boru komarlorindo nogli zaman1 goza
halinda bas vermis orazilordo dagilmis neftin
miqdariin toyini ti¢lin siirstlondirilmis yeni
metod toklif edilmis vo homin neftin fiziki-
kimyavi xassalari cadval-2-da verilmisdir.

Metod magistral, texnoloji neft komarlo-
rinin, ¢onlor parkinin vo avadanliglarin korro-
ziyadan siradan c¢ixmasi sobobindon, neft
dagilmis orazinin otraf miihito vurdugu iqtisa-
di zororin tocili aradan galdirilmasi tiglin hazir-
lanmigdir. Metodda qaza zamani dagilmis nef-
tin kiitlosinin (hocminin), torpagin nomislik
miqdariin riyazi Usiillarla vo TOCT 28268-
89, TOCT P 53123-2008 (ISO 10381-5:2005)
standartlar1 osasinda miiyyonlogdirilmasi gos-
torilimisdir [3-5].

Toklif etdiyimiz metod asagidaki ardici-
liglarin totbiqi osasinda miioyyon edilir. Neft-
lo ¢irklonmis torpagin nomliyini toyin etmok
iciin metod: Metodun mahiyyati torpagin qu-
rudulmasi ilo nom itkisini toyin etmokdir.
Neftlo ¢irklonmis torpagin namliyini toyin et-
mok {iglin torpaq nlimiinesinin gotiliriilmasi
osas sartlordon biridir.

Bunun ii¢iin 'OCT 17.4.3.01, TOCT
17.4.4.02, TOCT 12071 ISO 10381-5:2005
standartlarindan istifads olunur vo gokildo gos-
torilmisdir. Tohlil tiglin gotiiriilon niimuns sot-
hi boyu hartorafli qarigdirilir.

Metoda uygun olaraq iki
gotiiriiliir, onlarin har birinin kiitlasi 15-50 qr

nimiing
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arasinda olur [5-10]. Neftlo cirklonmis torpaq
laboratoriyada 'OCT 17.4.3.01 standartlarina
osason 4°C temperatur goraitindo 2 sutkadan
artlq olmamaq sorti ilo saxlanilmasina icazo
verilir.

4 ‘v. i | Tadgigat sahasi (~10%kg) | 'g
! g
Numina programi =
i
- | Nimfne tigin szha (-105kg) | Z
I o
Numima tgtin 'g
E
Sahadon nitmiina (- 10%kg) ‘ f
) | Z
oA I
Numunenn predmeti
=
|Labura[on'§'a nimmimoasi (~ 107" kg) |
E3 I
= Nimansnin bolinmasi
z
= | Analiz hissasi (102 kg) | £
T =
Ekstraksiva. ;
] =
] . 'S
L) | Olgiivahidi  (~10kg) | B
D] T =
€ 3
Analiz =
C = 245 mg/kg | Notica |

Sokil — Neftlo ¢irklonmis torpagin torkibindo neftin
toyinin sxemi

Figure — Scheme of crude oil determination in oil-
contaminated soil

Neft dagilmis orazido torpaga qarigmus,
neftin ilkin olmasi ehtimalinin toyin edilmasi
metodun osas vacib sortlorindon biridir. Neft
sonayesindo bu {stillardan totbiq edilon on
somorali metod ekstraksiya tsuludur [11].
Neft dagilmis orazido torpaga qarigmis, neftin
ilkin olmasi1 ehtimalinin toyini {li¢iin ekstraksi-
ya metodu (Method 8310 is used to determine
the concentration of certain poly-nuclear aro-
matic hydrocarbons (PAH) in ground water
and wastes (EPA Method 8310) asasinda):
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Cadval 2 — Neft komoarlorinds nogl olunan neftin fiziki-kimyovi xassalori
Table 2 — Physicochemical properties of oil transported in oil pipelines

Ne Fiziki-kimyovi xiisusiyyatlor Olgii vahidi Gostaricisi
1 [Sixliq (15° C-do) kq/m’ 879,4

2 [Sixliq (20° C-do) kq/m’ 875,9

3 Suyun kiitlo pay1 % 0,09

4 Xlorlu duzlarin konsentrasiyasi mgq/l 8,81

5 Mexaniki qarigiglarin kiitlo pay1 % 0,009

6 Kiikiirdiin kiitls pay1 % 0,20

7 Kinematik 6zliiliik (20 °C-ds) sSt 58,14

8 Parafinin kiitlo pay1 % 0,38

9 Doymus buxar tazyiqi kPa 28,0

10 |Tursu odadi mq KOH/q 0,21

11 |Uzvi xlorid birlosmalarinin kiitlo pay: ppm 0,4

12 |Metil-etil merkaptanlarin kiitls pay1 ppm 0,2

13 |Hidrogen sulfidin kiitls pay1 mq/kq Hiss olunmur
14 |Donma temperaturu °C +9

15 |Qatranin miqdari A 18,32
16  |Asfaltenin miqdar % 4,86

17  |Parafinin miqdart % 6,21

Beynolxalq praktikada torpaga garis-
mis neft vo neft mohsullarinin ilkin voziyyati-
nin toyini ii¢lin on doqiq metod ekstraksiya
analiz {isulu qobul edilir (doctor test). Usulun
mahiyyati torpaga hopmus (adsorbsiya olmus)
nefti tizvi holledicilorlo eksrtaksiya etmokdir.
Torpaqdan ekstraksiya iisulu ilo ayrilmis {izvi
halledicinin rong fonunun doyisma effekti nef-
tin torpaga kegmosini gostorir. Bu effekt siia
sindirma omsalina goro miixtolif ronglor fo-
nunda doyiso bilir, vizual skalalarla vo kalori-
metrik aparatlarla toyin edilir. EPA 550 Bey-
nalxalq Standartlarinda torpaga qarismis neftin
buraxila bilon qatiliq haddinin 0,02 mq/kq ¢ox
olmamasi talobi qoyulur. Soyyar tipli laborato-
riyalarda, torpaga hopmus neftin ilkin toyini
iiclin ekstraksiya olunmus tlizvi holledicinin
yoxlanilmasi {i¢lin on ¢ox vizual skalalardan
istifads olunur. Bu zaman, hoalledici kimi miix-
tolif kimyovi reagentlordon (heksandan, hep-
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tandan, oktandan vo s.) istifads olunur. Bu rea-
gentlorin on somoralisi heksan qobul edilir vo
onun istiraki ilo alinmis notico daha doqiq he-
sab olunur.

Metoda goro neft dagilmis orazido tor-
paga adsorbsiya olunmus sahadan, eyni noqto-
dan, 1) torpagin sathinden 100qr, 2) 20 sm qa-
zilaraq 100qr, 3) 40 sm qazilaraq 100qr, tor-
paq niimiinoalori gotiirmak tolob olunur. Goti-
rilmiis torpaq niimiinslorindon hor birindon 20
gram gotiiriib xiisiisi stokanlara tokmok lazim-
dir. Torpaq niimiinolorinin tokiilmiis stokanin
tizorino 100 ml heksan olavo edirik. Heksanla
ortiilmiis torpaq niimiinoalorini siiso ¢ubugla
yaxsica qarigdiririq. Torpaq heksan qarisigini
qizdiricr iizorino qoyub, qarisigi 55-60°C quz-
dira-qizdira sliso cubuqla garigdiririg. Qarisig
otaq temperaturuna qodor soyuduruq vo qa-
risiqdaki torpaq vo heksani1 dekontaksiya vo ya
xtsusi domir aloklo bir-birindon ayiririq. Tor-
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paqdan ayrilmig heksani xiisusi kalorimetr to-
yini icilin istifado olunan stokana tokiiriik.
Sonra torpaqdan ayrilmis heksani diger eyni
markada olan tomiz heksan tokiilmiis kalori-
metr stokaninin yanina qoyuruq. Yan-yana
(aralarinda mosafo 5-6 sm olmagq sorti ilo) qo-
yulmus har iki stokanin arxasinda ag fon yara-
dilir (ag kagiz vasitasi il9), bu zaman torpaq-
dan ayrilmis heksanin rongi tomiz heksanin
rongindan (sofaf) forqlonmirse, demali torpaga
neft qarigmamigdir. ©ksina torpaqdan ayrilmig
heksanin rongi sar1 fona dogru doyismisso, de-
moli neft torpaga qarigmisdir vo onun aradan
qaldirilmasi iigiin tocili xiisusi todbirlor hoyata
kecirilmolidir. Torpagin neftdon tam tomizlon-
masi buraxila bilon qatiliq haddi ilo miiayyan
olunur. Qarigmis neftin buraxila bilon qatiliq
haddini toyin etmok {iclin miixtalif tisullardan
istifads olunur.

Bunlardan, IK spektofotometriya, qravi-
metriya, fluorometriya vo qaz xromatoqrafiya
tsullarin1 gostormok olar. Torpaga qarigsmis
neft vo neft mohsullarinin doqiq miqdarini
I'OCT 31953-2012 osasinda qaz xromatoqrafi-
ya isulu ilo toyin edib, alinmis naticolors
uygun, suyu-torpagin miivafiq normalara gora
tomizlodikdon sonra istifadesine icazo verilir.

Neftlo ¢irklonmis torpagin nomliyinin
miqdarinin toyini:

Analizlori aparmazdan ovval tomiz ndém-
rolonmis VS-1 markali, gapaqli aliiminium
stokanlar1 (vo ya siliso biikslor) 105 (= 2)°C
temperaturda quruducu skafda 1 saat qurudu-
lur, ordan ¢ixardilaraq otaq temperaturunda 30
doqigo kalsium xlorid (vo ya silkagel) olan ek-
sikatorda soyudulur va 0,1 g-dan ¢ox olmayan
xata ilo torazido ¢okilorok bos stokanin c¢okisi
miloyyonlosir.

Analiz tigiin gétiiriilmiis torpaq niimuno-
lori ndmralonmis, qurudulmus sabit ¢okiyo go-
tirilmis stokanlara yerlosdirilir. Stokan torpaq-
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la birlikds 0,1 g-dan ¢ox olmayan xata ilo ¢o-
kilir. Stokanlarin qapagqlar1 agiq vaziyyetds
105 (= 2)° C temperaturda quruducu skafda
goyulur.

Torpagin torkibindon asili olaraq, quru-
ducu skafin temperaturu vo saxlanma miiddoti
asagidaki sortlor daxilindo aparilir.

(105 + 2)° C — gipssiz biitiin torpaqlar;
(80 £ 2)° C - gipsli torpaqlar.

[k qurutmaya sarf olunan miiddati: gips-
li olmayan torpaqlar: qumlu - 3 saat, digorlori
- 5 saat; gipsli torpaqlar - 8 saat.

Ik qurutmadan sonra sorf olunan vaxt:
qumlu torpagqlar - 1 saat; gipsli torpaqlar daxil
olmagla digor torpagqlar - 2 saat.

Har qurudulmadan sonra torpaq olan sto-
kanlarin qapaqlart baglanilir, kalsium xlorid
(va ya silkogel) olan eksikatorda soyudularaq
0,1 g-dan ¢ox olmayan xota ilo torozido ¢oki-
lir.

Sabit c¢okiyo gotirilmonin 30 dogigodon
gec olmayaraq aparilmasi tolob olunursa, bagh
olan stokanlari, eksikatorsuz agiq havada so-
yutmagq olar. Sabit ¢okiyo gotirilmo iki analiz
arasinda forq 0,2 g-den ¢ox olmazsa, o zaman
proses dayandirilir.

Neftlo c¢irklonmis torpagin nomliyinin
miqdarinin tayinin riyazi hesablanmasi: Neftlo
cirklonmis torpagin nomliyinin W kiitlo nisbo-
tinin faizi, asagidaki diisturla hesablanir.

w =270 400

my —

Burada, m, - qapaqli stokandaki nom torpagin
kiitlosi, q; my — qapaqli stokandaki qurudul-
mus torpagin kiitlosi, q; m - gapaqli bos stoka-
nin kiitlosi, q.

Iki paralel aparilmis analizlorin orta he-
sabla naticoalori tohlil noticosi kimi gotiiriiliir.
Hesablamalar vergiildon sonra ikinci raqoma
godor aparilir, sonra noticoni vergiildon sonra
birinci roqgama gader yuvarlaqlasdiririq.
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Neftlo ¢irklonmis torpagin ¢irklonmo do-
racasinin qiymatlondirilmoesi: Torpagin neftls
cirklonmo doracosi, torpagin neftlo doyma om-
sali ilo miioyyon edilir. Torpagin neftlo doy-
masi vo ya torpaga hopmus neftin miqdar
(Mpy, kiitlo vo ya Vi, hocm) nisbatlorlo miioy-
yon edilir.

Mhn = Kandna kq, th =I<n\/dn, 1’1’13

Torpagin neft doymuslulugu K, miqdari,

nomlik dorocosindon asili olaraq codval 3-o

osason (Beynoalxalq elmi todqiqatcilar torafin-
don gabul edilmis naticalor asasinda) tapilir, p
neftin sixligidir. Neftlo doymus torpagin hoc-
mi asagidaki diisturla hesablanir, V4, =Fdnhor.
Burada Fgy, neftlo doymus torpagin sahasi hy,
torpagin orta doyma dorinliyidir.

Bu ciir metodun {istlinliiyii totbiqi zama-
n1 digar metodlardan forqli olaraq ekoloji toh-
liikasiz, zaman vo iqtisadi baximdan on somoe-
rali metod hesab etmak olar.

Cadval 3 - Torpagin neft doymuslulugu K, migdarinin nomlik deracesindon asililigi
Table 3 - Soil oil saturation depends on the moisture content of the amount of K,

Torpaq Nomislik, %

0 20 40 60 80
Cinqil (hissaciklorin diametri 2...20 mm) 0,30 0,24 0,18 0,12 0,06
Qum (hissaciklorin diametri 0,05...2 mm) 0,30 0,24 0,18 0,12 0,06
Kvars qumu 0,25 0,20 0,15 0,10 0,05
Qumlu torpaq, palgiq (orta vo agir) 0,35 0,28 0,21 0,14 0,07
Yiingiil torpaq 0,47 0,38 0,28 0,18 0,10
Gil torpaq 0,20 0,16 0,12 0,08 0,04
Torflu torpaq 0,50 0,40 0,30 0,20 0,10

Neftlo ¢irklonmis torpagin ¢irklonma do-
rocosinin  gqiymoatlondirilmasinin toyinino aid
niimiina: Neftlo doymus torpagin sahasi 300
m?, neftin sixlig1 0,8580 kq/m’, torpagim orta
doyma dorinliyi 0,04 m olarsa, torpaga hop-
mus neftin hocmi vo kiitlesi asagidaki kimi
tapilir.

1) Stokanin bos ¢okisi. 106, 3659 q (m)

2) Torpagn ¢okisi, 34,5938 q.

3) Torpagla stokanin birlikdo ¢okisi, 106,
3659+34,5938=140,9597 q (m;)

4) 5 saat (105 £ 2)°C qizdirilib, 1 saat otaq
temperaturunda soyudulmus qapaqli stokan-
daki qurudulmus torpagin kiitlasi, 135,9234 q.
5) 2 saat (105 + 2)°C quzdirilib, 1 saat otaq
temperaturunda soyudulmus qapaqli stokan-
daki qurudulmus torpagin kiitlosi, 135,2737 q.
6) 2 saat (105 £ 2)°C qizdirilib, 1 saat otaq

temperaturunda soyudulmus qapaqli stokan-
daki qurudulmus torpagin kiitlasi, 135,2692 q
(my).

7) Torpagin namliyinin kiitls nisbatinin faizi,
asagidaki kimi hesablanilir.

L

W= 100

P?ED — M
W= (140,9597-135,2692)/(135,2692-
106,3659) x100=19,69 %.

Analiz {i¢lin gotiirdiiyliimiiz niimuns torf
torpaq oldugundan, alinmis notico cadval 1-o
asasan (20%) torpagin neftlo doymuslulugu K,
miqdari 0,40-a uygundur.

8) Torpagin neftlo ¢irklonma daracasi
asagidaki kimi tapalir.
Mhn = I<np\/dn

Van =Fgnhor= 300%0,04=12m’>
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Vi =Ky Vin=0,40x12=4,8 m’ (hacmlos g¢irklon-
mao miqdart)
M;p,,=0,40%0,8580x12=4,1184~4,1 ton (kiitlo
ilo ¢irklonmo miqdar1)

Natica

Migyasina va toksikliyino goro torpagin
neftlo ¢irklonmasi global bir tohliikkadir. Neft
va neft mohsullart zoharlonmaya, orqanizmle-
rin 0limiine vo torpagin deqradasiyasina so-
bab olur.

Torpagin neftdon tobii yolla tomizlon-
mosi uzunmiiddotli prosesdir, xiisuson asagi
temperatur soraitindo bu daha da ¢otin 6z hol-
lini tapir. Buna goro do, neftlo ¢irklonmis tor-
paqglarin tomizlonmasi problemi son dorace ak-
tualdir.

Torpaq oOrtiiylinlin neft ¢irklonmasindon
tomizlonmasi probleminin halli, neftls ¢irklon-
mis torpaqglarin barpasi {igiin yeni texnologiya-
larin inkisafi vo mdvcud texnologiyalarin tok-
millogdirilmasi neft sonayesinin osas mosalolo-
rindondir.

Miiasir dovrds neft hasilatinin, emalinin
inkisafi, neft vo neft mohsullarinin torpaq vo
su obyektloring tosirlorinin qisa miiddotds to-
sirsiz hala gotirilmasino imkan veron metodla-
rin iglonilmoasing boylik ehtiyac var.

Torpagin neftdon tomizlonmosi {iciin
metodlarin se¢ilmasi bir ¢ox amillorlo miioy-
yan edilir ki, bunlardan oan baslicas: torpagin
cirklonmasinin tabioti va keyfiyyotina dair ton-
zimlayici tolablordir. Neft sonayesinin istifads
olundugu olkslords tomizlonma probleminin
hollino iki yanagma var.

Birinci yanasma, torpagin torkibinin nor-
mativ gostaricilorino godor tomizlonmosindon
vo golocokdo tomizlonmis orazinin yenidon is-
tifadosinin tomin edilmosindon ibaratdir.

Ikinci yanasma, torpagin torkibinin mag-
sado uygun olaraq tomizlonmasing osaslanir.

Torofimizdon toklif edilon metod tor-
pagm hansi isiilla tomizlonmosindon asili ol-
mayaraq, neft dagilmis orazido onun miqdari-
nin tacili toyini li¢iin ekoloji va iqtisadi baxim-
dan boylik ohomiyyoto malikdir.
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Abstract
The article discusses the tasks of identifying the features of the lifting process of abnormal oils that signifi-

cantly affect the flow rate of the working agent, and the appointment of uniform modes for wells with similar geolog-
ical and technical operating conditions. The analysis of the results showed that the reason for the formation of an
increased volume of the gas phase in the borehole fluid, in comparison with the formation oil. When lifting viscoe-
lastic oils, unlike viscous oils, such phenomena as slippage of the injected gas are excluded, which brings its work
closer to the process of piston displacement. When assessing the relaxation time of non-Newtonian oils, it was found
that with an increase in temperature, a degeneration of viscoelastic properties is noted, which in turn affects, under
the same conditions, the specific consumption of the working composition, which tends to increase.
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Xiilasa

Mogqalads isloyon maddonin axin siirotine ohomiyyatli dorocodo tosir edon anomal yaglarin galdirilmasi
prosesinin xiisusiyystlorinin miioyyonlogdirilmosi vo oxsar geoloji vo texniki istismar sortlori olan quyular iiclin
vahid rejimlorin toyin edilmoasi vozifalori miizakire olunur. Noticalorin tohlili gostorir ki, qaz yag1 ilo miiqayisedo qaz
fazasinin artan hacminin yaranma sobobi. Viskoelastik yaglar1 qaldirarken, viskoz yaglardan forqli olaraq, vurulmus
gazin siirigsmosi kimi hadisolor istisna olunur ki, bu da isini piston yerindon doyisdirmo prosesino yaxinlasdirir.
Nyutondan kenar yaglarin rahatlama miiddstini qiymeotlondirerken, temperaturun artmasi ils viskoelastik
xiisusiyatlorin dejenerasyonunun qeyd edildiyi, bunun da eyni sortlor altinda isloyon kompozisiyanin xiisusi
istehlakina tasir etdiyini, artirmag.

Acar sozlar: anormal yag, formalasma yaginin 6zliiliiyd, struktur xassolori, emulsiya, kasma siirati.
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AHHOTANMSA

B crathe paccMOTpeHBI 3a7aud BBIABICHHS OCOOCHHOCTEH Mpoliecca TUPTUPOBAHUS aHOMAaJbHBIX He(TeH,
CYIIECTBEHHO BIUSIOIIUX HA PAcXo]] paboYero arcHTa, ¥ Ha3HAYCHUS CAMHBIX PEKIMOB JJIsi CKBAXKHH CO CXOIHBIMU
T'€0JIOTO-TEXHUYECKAMH YCIOBUSAME PaOOTh. AHAJTIH3 PE3yJIbTATOB MOKa3all NPUYHHY O00pa30BaHUS B CKBAKUHHOM
(roHIe MOBBINIEHHOTO 00beMa ra3oBoi (asbl, M0 CpaBHEHHIO C MIacTOBOM He(dThIO. [Ipu moabeMe BI3KOYIPYTUX
He(TeH, B OTIUYUE OT BS3KHUX, UCKIFOYAIOTCS TAKUE SBICHHS, KaK MPOCKAIb3bIBAHUE HATHETAEMOTO Ia3a, 4To MpHU-
OnmkaeT ero paboTy K IPOIECCy MOPIITHEBOTO BhITecHeHH. [Ipy mpoBeieHNH OTICHKH BPEMEHH PETaKCaliU HEHBIO-
TOHOBCKUX He(pTEH YCTaHOBIICHO, YTO 110 MEPE YBEIMUYCHHS TEMIICPATYPhl OTMEUACTCS BBIPOXKICHUE BA3KOYMPYTHX
CBOWCTB, UTO, B CBOIO OYepelb, CKa3bIBaeTCs IPH STHX XKe YCIOBHUAX Ha YAEIHHOM pacxojie pabodero cocrana, KOTO-
PBIN TIPOSIBIISICT TEHACHITHIO K POCTY.

KaioueBsie ciioBa: aHoOMaJbHasl He(Th, BSI3KOCTH IIACTOBOW HE(TH, CTPYKTYPHBIE CBOWCTBA, IMYJIBCHS, CKO-
POCTB CIIBHTA.
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BBenenne

[Tpo6neme noBwimienust KI1J] razoxum-
KOCTHOTO TOABEMHHUKA MPHU J0OBIYE HBIOTO-
HOBCKHX M, OCOOCHHO, HEHBIOTOHOBKHUX
He(Tel MOCBsIIEHHI MHOTOYMCIICHHBIC UCCIIe-
noBaHus. Hecmotpst Ha 3TO, 3(PHEKTUBHOCTH
JAHHOTO Croco0a A00BYU MPOJOIIKAET OCTa-
BaThCsl HE OYCHBb BBICOKOW M TpeOyeT mpume-
HEHUSI COBEPIIICHHO HOBBIX MOJAXOJIOB.

OgHMM U3 METOHOB, ITO3BOJISIOIIMX
YBEJIMYUTH MPOU3BOAUTEIHHOCTD Ta3MU(THBIX
MMOJbEMHHUKOB, SIBJISICTCS HCIOJIb30BAHUC HH-
HOBAIIMOHHBIX PEOTEXHOIOTHH.

B crathe omuchIBaIOTCS HCCIIENOBAHUSA
HEHBIOTOHOBCKUX HE(MTEH, UX PEOJIOTHUCCKUE

CBOﬁCTBa, a TaKXK€ HX BJIHMAHHC Ha TEXHHKO-

O9KOHOMHYCCKHUEC IIoKaszaTciin I‘aBJII/I(bTHBIX
CKBa’KHH.
Pe?)y.]'H:TaTBI OKCIICPUMCHTAJIBHBIX HC-

CIICZIOBAaHUI MOKa3ald, YTO BAZKOYNpYyras
HEe(Th COACPKUT IOBBILICHHBIH 00BEM IIa-
CTOBOTO Ta3a, KOTOPHI HapsiAy C HarHerae-
MBIM areHTOM CHOCOOCTBYET TOIHITHIO J0-
ObIBaeMOro (IFOM/A O CTBOJY CKBAaXKHUHBI HA
MTOBEPXHOCTb.

Heo0xommMo OTMETUTB, 4TO MpHU paboTe
ra3iuTHOTO MOABEMHHUKA OYAYT MPOSBISATH-
Csl TAKHE HETATUBHBIC SBJICHMS, KaK IPOPHIB U
MPOCKAJIb3bIBAaHHE Ta3a.

B pabGore mpuBogsTcs pacyeTs
OTIPEICIICHUIO TEMITOB M3MEHEHWSI TaBJICHHS B
pu3a00iHON 30HE TUTacTa U B CTBOJIE CKBa-

1o

YKUHBI.

Hanuumne B cucteme «miacT-CKBa)KMHA»
3amna3/bIBaHUsl BPEMEHU «OTKIMKa» Ha BO3-
neiicTBue paboynMM areHToM TpeOyeT ydera
penaKCcalluOHHOIO BPEMEHU Ta303KUJIKOCTHOU
CMECH KakK B IUIacTe, TaK M B TPyOE MOIbEM-
Huka [1, 3]. B cBI3M ¢ 3TUM SIBISETCS aKTy-
ATBHBIM OIPEICIICHUE PEeIaKCAIlHOHHBIX Bpe-

78

MEH M MOMCK MyTel peryJnupoBaHus 3TOro ma-
pamerpa.

B nurtepatype npeasioKeHbl MHOTOUYHKC-
JICHHBIE WCCIICIOBAHUS IO MPUMEHEHUIO (hu-
3UYECKUX IOJIEH — IMOJs AABJICHUS, TEIIOBBIX
IIOJIEW, MAarHUTHBIX, DJEKTPUYECKHX B Kaye-
CTBE PEryJMpOBaHUs BPEMEH perakcanuu [4,
5], nns mpenaHuss HEHPIOTOHOBCKUM HEQDTIM
CBOWCTB HBIOTOHOBCKHUX KUJKOCTEM.

Pemas sty 3agady, mNOsBIsAETCS BO3-
MOXXHOCTb  YINPABIEHUS  PEOJOTUYECKUMHU
CBOWCTBAaMHM IJIACTOBBIX aHOMAJIbHBIX HedTel
nyTeM BBIOOpAa TEXHOJOTHYECKOro pexuma
IOOBIUM.

bbUIM TIpOBENEHBl HKCIIEPUMEHTAIBHBIE
pabotel 1O 00pabOTKE HEHBIOTOHOBCKHX
HeTel MyTeM MOCIeI0BaTeIbHON pa3rpy3Ku
cucteMbl. OLeHKa PeoJIOTUYECKUX CBOMCTB 110
U 1ocie sKkcnepumenta B 6ombe PVT ocy-
HIECTBIISUIACH HA POTALIMOHHOM BUCKO3UMETPE
Peorect-2 ¢ mocnegoBaTeNbHBIM MTPUMEHEHU-
€M KOMITBIOTEPHOM MPOTPaMMBI.

HccnenoBaHusiMA OTMEYEHO, YTO BeEC-
HOM M JIETOM Ha BBIXOJlaX TPYyOOIpPOBOIOB IO-
Ka3aHHUs PacxoJ0MepoB ObUIM 3HAYUTEIHHO
HIWKE, yeM B 3uMHHMUI nepuon. I[Ipenmonara-
JI0Ch, YTO MPUYUHON TOMY MOXKET OBITh U3-
MEHEHHE TMpolecca CTPYKTypooOpa3oBaHHUS
MOTOKA B TPYOOIIPOBOJIE.

B cBs3u ¢ 3TM ObUTM MpOBENEHBI HC-
CJIEIOBaHMs 1O BBISBICHHUIO PEOPU3NUECKUX
CBOWMCTB CKBakMHHOW mpoaykuuu HIAY
«HapumanoBaedTb». Ilocie GapoobpaboTku
U TIOHWKEHHS TeMIlepaTypbl HaOII0JaNoCh,
YTO BA3KOYNPYTUe IUIacTOBble HedTH 0Ope-
TaIOT HBIOTOHOBCKUE CBOMCTBA.

ITocTanoBka 3agaun

[Ipu moObrye BsI3KOynmpyroil HeTH ras3-
TUGTHBIM CIOCOOOM, HEOOXOIMMO, OTHPASICh
Ha peodu3nyuecKkre CBOWCTBA TOOBIBAEMOTO
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Gbarouaa U TUAPOAMHAMUYECKHNE OCOOCHHOCTH
HOpO,Z[BI iaacrta, yTO‘IHI/ITI: O6’beM KOMHpHMH-
pOBaHHOI‘O ra3a B FaBHH(bTHBIﬁ IIOABbEMHHUK.

YuuteiBasg, 4YTO CTPYKTypa «IUIACT -
CKBa)XMHA — TPYyOOIIPOBOI» MPECTABIAET CO-
00l eIUHYI0 THUJIPOJIMHAMHYECKYIO CHCTEMY,
MOXKHO CJIIeTIaTh 3aKJIIOYEHUE, YTO MIPOSIBICHUE
HEPaBHOBECHOCTH 0053aHO KaK OCOOCHHOCTSIM
MPOJIYKIIMH CKBAXHH, TaK U OCOOCHHOCTSIM
caMoro IiacTa.

Pe3ynbraroM HEpaBHOBECHBIX IIPOLIEC-
COB B IIJIACTC SBJIACTCA SIBJICHUC Ha4YaJIbHOI'O
rpanuenta ganenus (HI'Jl) dwusudeckux mo-
nei. Takoil Moaxoa MO3BOJIMJI CUUTATh Ipa-
BOMOYHBIM TIOMCK ITyTEH peryaupoBaHusi u-
3UYECKHMU MOJISIMH.

MeToanka uccjiel0BaHus

DKCIIEpUMEHTHI TIPOBOAUINCH U TIO U3Y-
YCHHIO BIUSHUS mMapaduHa HA PEOJTOTHIECKIE
coiicTBa Hedtu. Ilo Mepe nobGaBieHus napa-
(¢uHa B TUIACTOBBIA (PIIFOM TIPU TEMIIEpaType
BBIIIIE TeMIEepaTyphbl KPUCTAILTU3ALNHU, ITyTeM
CHSITUSI KPUBOM BOCCTaHOBJICHUS IABJICHUS B
KamuUIsIpe  OMpeNessUINCh PeaKCaliOHHbIE
BpEMEHa.

C pocrtom KOHIEHTpauuu mnapaduna
YBEJTMUMBACTCS PEIaKCAIMOHHOE BPEMS.

TepmooOpaboTke  monBepraics  psia
He(dTell ¢ pa3IMyYHBIM COJEpPKAHUEM CMOJI,
achanbTeHOB M Mapad®UHOB. DKCHEPUMEHTHI
MPOBOAMIIMCH Ha OXJIAXKJAOIIEM arnmapaTe
«NESLAB» ¢ nmocienyoommumMa poTOBUCKO3U-
METpUYECKUMHU 3aMepamiu. Mcmonb3yemas am-
naparypa IMo3BOJIHIA MPOU3BOIUTE TEPMOOO-
paboTKy ¢uronna, Kak Ipyu JBHKEHUH, TaK U B
COCTOSTHUM TIOKOSI. Y JAIOCh JOCTUYh Pa3jiny-
HBIX CKOPOCTEH OXJaXIACHUS OT 0,90C/MI/IH.

hi(o) 3,50C/MI/IH, YTO MOBJMSIO HA MOJYYCHHBIN

¢ dexr.

79

s vedTeit ¢ copeprkanueM napapuHa
oT 50% u BBbILIE, HU3KUM COJEPKAHUEM CMOJI
u acganbreHoB (1-2%) ymydiieHue peosnoru-
YEeCKHX MapaMeTpoB He oTMedaercs. Taxoke
YCTaHOBJICHA BO3MOXXHOCTh TEPMOOOPaOOTKH
He(Tel NpH CPAaBHUTEIBHO HEBBICOKUX TEM-
neparypax (50°C) 3a cuer kpaTHOCTH 0Gpa-
OOTKH.

OnHMM U3 TPAJAULMOHHBIX CIIOCOOOB
NOJy4EeHUsI UHPOPMALIUU O COCTOSHUM CUCTE-
MBI TIJIACT-HACHILAIOMIMKA (QIIIOn] SBISETCA
CHSITHE KPUBOW BOCCTAHOBJICHHUS AAaBICHUSI, HA
KOTOPOE MOTYT OKa3bIBaTh BIUSHHE KaK CBOM-
CTBa MOPO/IbI, TAK U CBOMCTBA JKUIKOCTEH.

OKCIIepUMEHTBl MPOBOJAWINCH HAa THU-
0,35 X
10712M2) u rugpodobHOI (IPOHULIAEMOCTH

podmIbHOI (MpOHHIIAEMOCTH
1,12 X 10712M?) nopucThIX cpenax.
B kaudecTBe HCclenyeMbIX MOAEIBHBIX
TpaHnchopma-
TpaHc(hopMaTOpHOE Macio

JKUJIKOCTEN HCIOJIb30BAIHUCH:
TOpPHOE MAcJo:
10%; TpanchopmaropHoe Macio ¢ goOaBie-
HueM napaguna 20%.

TemnepaTtypa B cCHCTEME NOJICPKH-
Bajiack nocrosiuHoi (T=313 K) Bbime Temme-
paTypsl KpucTaud3anuu napaduHa. DKcre-
PUMEHTBI OBLTH TPOBEICHBI ISl CIICAYIOIIETO
CIIEKTpa JaBIECHUS HA BBIXOJE U3 MOJIENH ILIa-
cra (0; 0,1; 1,0; 3,0; 5,0; 7,0; 9,0; 11,0; 13,0
Mrma), a Ha BBIXOJIE NIaBIICHUE MOMAJEPKUBA-
Jock moctossHHeIM — 0,012 Ia.

Pe3ynbrarhl 3KCHEpPUMEHTOB MOKa3ajH,
YTO BpeMs BOCCTAHOBJICHMSI JABJICHUS B THJ-
podoOHOM cpene 3HAYMTEIBHO AOJBIIE BpE-
MEHU BOCCTAaHOBIIGHUS JaBIICHUS B THUIPO-
buIbHON TOpOJIE, XOTS MPOHUIIAEMOCTh TH/I-
podoOHOit cpenapl B 3 paza Oosblie THIPO-
(GHITBHOI.

[To mepe yBenuueHus: MPOTUBOJABICHUS
Ha BBIXOJIE BpeMsI BOCCTAHOBJICHUS JaBJICHUS
ymeHblnaercs. Hapsany c¢ 3tuM HEoO6XoauMo
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OTMETUTH, 4TO npu cHATUU KB/l B ruapodoo-
HOU MOPHUCTOH cpee Mpu Hamudus mapaduHa
B TpaHC(POpPMATOPHOM Macje, NaBJIeHHUE J0-
BoccranaBimuBaerca Ha 0,1 — 0,15 MIla go
nmaBiieHns Ha Bxoge 15,0 Mma. B ocranbHBIX
cirydasix mojIo0Horo ¢gakra He HaOIIOAAIOCH.

Ha6mromaembie 3¢ dexTsl 00BACHIIOTCS
KaK TMOBEPXHOCTHBIMU SIBJICHUSIMH, TaK U pe-
JAKCAITMOHHBIMU CBOMCTBAMH >KUIKOCTH, KO-
TOpBIE BO3HUKAIOT MPH J100aBJICHUH MapapuHa
IpU TEeMIIepaType BBIIIE TEMIIEPaTypbl KpH-
CTaJUTM3aLUH.

Pannue wuccnenoBarenbckue — pabOTHI
MOKa3aJiM, YTO HEeHbIOTOHOBCKHE HedTH 00JIa-
JAIOT aHOMAJIbHBIMH CBOMCTBaMH. AHOMallb-
HBbIE CBOWCTBA He(TEH MPOSBISIOTCS, IPEXK/IE
BCEro, B U3MEHUMBOCTH WX BSI3KOCTH OT BO3-
JEHCTBYIOILIETO HAMPSKEHUS CIBUTA.

BsiskocTh He(TH 3aBUCUT OT HAIUYUS
BBICOKOMOJIEKYJISIPHBIX COEAMHEHHM, ra3000-
pa3HBIX, TBEPIBIX BEHIECTB M CTENEHU HX
JUCTIEPCHOCTH.

YBenuueHue cojepKaHus B YIIEBOJO-
POJIHOM KUAKOCTH BBICOKOMOJIEKYJISIPHBIX CO-
€IMHEHUH, TaKUX KaK CMOJbI, mapauHbl, ac-
(danpTeHbl BEAyT K OOpa30BaHHUIO CTPYKTYp-
HBIX IPOCTPAHCTBEHHBIX CETOK [ 1, 2].

Jlis  m3ydeHus BOIMPOCa TIOBBIIICHUS
K.ILJ. TudTa mpu J0O0bME HEHBIOTOHOBCKUX
HedTel ObUTM TIPOBENIEHBI TAOOPATOPHBIE IKC-
MEepPUMEHThl Ha YCTaHOBKE, CXeéMa KOTOpOi
MpeCTaBiIeHa Ha PUCYHKE 1.

DKcriepuMEHTalIbHAsS yCTaHOBKA COCTO-
UT U3 CJIICTYIOIINUX OCHOBHBIX Y3JIOB:

1 - xoJlOHKa ¢ MOPHUCTOH cperoi (Mo-
JeNb m1acTta); 2 - 6oM0a BHICOKOTO JIaBJICHHS;
3 — npecc pyuHoit; 4 - manudoasa; S - cocya
JUIS. TPOJIABOYHOM KUJIKOCTH; 6 - TepMOCTAT;
7 - MOJeNb Ta30KHIKOCTHOTO TOIHEMHHUKA,
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cocrosimas u3 Tpyoer d=8.10-3m mnmHOM
3,4m; 8 - BHemHsAs TpyOa d=20.10-3m mmrHOM
3,5M; 9 - razoBeni O6amion; 10 - perymsTop
napieHus; 11 - ra3oBeiii cuetuuk; 12 — 3amep-
Hasi eMKOCTh; 13 - o0pa3uoBelii Manometp; 14

- PEryIMPOBOYHBIE BEHTHIIN.

PucyHnok 1 — DkcriepuMeHTanbHas yCTaHOBKA (cxema)
Figure 1 — The experimental plant (scheme)

B

TpaHc(opMaTOpHOE Macio BA3KOCThIO 3,8

AKCIEPUMEHTE  HCIOJIB30BajJOCh
mITa'c, miorHocTBIO 820KT/M° M CMech ryzpo-
Ha ¥ TpaHCPOPMATOPHOTO Maca.

W3BeCTHO, YTO HBIOTOHOBCKHE KUIKO-
CTH TPEBPAILAIOTCS B HEHBIOTOHOBCKYIO CH-
CTeMy INpH J00aBKe K HHM BBICOKOMOJEKY-
JSpHBIX coeauHeHu rynposa. llocme ycra-
HOBJICHUS peKKUMa pabOThl CKBaKUHBI MPOU3-
BOJWICS 3aMep ITOKAa3aHUM Ta30BBbIX CUETYH-
KOB M TPOU3BOAUTEIBHOCTh Ta3nudTHOI
CKBa)KUHBI.

[lo xony nmpoBeneHus ncciae10BaHUs He-
CKOJIBKO pa3 U3MEHSJICS PEXUM pabOThl CKBa-
JKUHBI, U JUI KaXJIOro pPEKMMa CHUMAIHUCh
3amepsl mapamerpoB sudrta. Ilocme storo
CTPOMJIaCh 3aBUCHMOCTb MEXKIY IPOU3BOAM-
TEIBHOCTBIO CKBAYKUHBI, PACXOJOM 3aKaunBa-
emoro raza Q=Q(V;) u ynenbHbBIM PacxoaoM

pabougero arenta Ry=Ry(V;) (Tabmn. 1, 2).
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Tadmuua 1 — Pe3ynbTaThl SKCIIEpUMEHTAIBHBIX UCCIICOBAHUH JIN(PTUPOBAHUS HBIOTOHOBCKUX (TpaHC-
(dhopmaTopHOE Maci0) ¥ HEHBIOTOHOBCKUX (CMeCh TpaHC(HOPMATOPHOTO Macja ¥ IyIPOHA) KUIKOCTEH
Table 1 — The results of experimental studies of lifting Newtonian (transformer oil) and non-Newtonian
(a mixture of transformer oil and tar) liquids

TpanchopmaTopHOE Macio 10%-1ii pacTBOp TYApOHA B TpaHC(hHOpMATOp-
HOM Macilie
Pacxon Jeour Jlebur V nenbHbII Pacxon Jlebur Jeour Y nenbHbIi
rasa, JKHIKOCTH, | Tasa, pacxojnrasa, | rasa, KUJKOCTH, | Tasa, pacxon
V.10, Q.10 Qrl10-6, Ro.M’ /M’ V.10, Q.10 Q,10°, rasa, Ry,
M/c M/c Mm3/c M/c M/c M/c M /M
100 0,078 3,2 1252 100 0,1 4 1000
200 0,8 15,7 250 200 1,3 17 153
300 2,0 45 150 300 2,5 70 120
400 2,5 76 160 400 3,1 85 129
500 3,0 98 169 500 3,1 87 161
600 3,3 100 181 600 3,0 81 160
700 2,8 80 250 700 2,4 68 240
800 2,0 41 400 800 1,8 16 144

Tabauna 2 — CBOMCTBA PEOJIOTHICCKON KUIKOCTH B PA3IMIHBIX TIPOIIEHTHBIX COOTHONIICHUSX (CMECh
TpaHc(hOPMATOPHOTO MACJIa ¥ TYAPOHA)
Table 2 — Properties of rheological fluid in various percentages (a mixture of transformer oil and tar)

Wntepsain us-

Cucrema [InotHocTh, p, | Bsizkocts |, MEpEHHUs Nops l/nad)z, ’52,
Kr/M3 Mmlla c IMac [a“c? Ila’
t,Ila v, ¢!

Tpanchopmaroproe 878 10,0 - - - - -
MacJio 9,5 364,5 0,0261 1470 90
890 12,6 11,1 4374 0,0255 1538 123
16,3 656 0,0248 1639 266
TpancdopmaTopHOE 17,5 729 0,0240 1736 306
Macio + 5% rynpoHa 900 17,2 31,2 1312 0,0238 1770 973
12,5 364,5 0,0342 855 156
Tpanchopmaroproe 13,7 437,4 0,0313 1021 188
Mmacio + 10% rynpona 915 20,5 17,7 656 0,0270 1371 313

18,9 729 0,0259 1492 357
32,5 1312 0,0248 1639 1056

12,7 218,7 0,0580 294 161

13,2 243 0,0543 344 174

TpanchopmaropHoe 14,5 364,5 0,0398 633 210
macio + 15% ryapona 15,2 4374 0,0347 833 231

20,3 656 0,0309 1048 412
21,2 729 0,0291 1182 449
35,4 1312 0,0270 1371 1253
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Pe3ynbTaThl 3KCIEPUMEHTOB IOKa3alH,
9TO TPU OJMHAKOBBIX TEMIIAX HM3MEHEHUS
JABJICHUS B TOPUCTOM Cpelle U CTBOJE CKBa-
KUHBI, Jlera3aius Bs3KOyNpyroi HepTH B
acTe u3-3a HEPaBHOBECTHOCTU 3TOTO IpPO-
1[ecca HCIBITHIBAET 3aTPyAHEHMs, a Iomaja-
I0mmas B TpyOy CKBaXUHBI HEPTH COJECPKUT
MOBBIIEHHBIH 00BbEM IIACTOBOIO rasa, KOTo-
PBIi COBEpIIIACT MOJIE3HYIO PaboTy.

[lpy moxHATHM BS3KOYNpyroit Hedtu
MPOPBIB M TMPOCKAIIb3BIBAHUE KOMITIPUMHUPO-
BaHHOTO Ta3a HMCKIIOYAIOTCS, U paboTa raszo-
BoM (ha3bl mpHUOIMIKAETCS K MOMEHTY TOpIII-
HeBOTo BblIaBiauBaHus HedpTu. I[losToMy B
CKBa)XMHAX, JOOBIBAIOIIMX JaHHBIC HE(PTH,
3HaYEHHUE YAETHHOTO pacxoja ra3a MEHbIIIE,
4eM MPU T00bIYe OOBIYHBIX BSI3KHX HETEH.

PesynbTaThl SKCIEPUMEHTOB 10 JIM(PTH-
POBaHMIO JAHHOTO (DIIIOMIA TPEICTABICHBI B
Tabn. 1, a rpaduxu 3aBucumocteit Q=Q(V,),
Ro=R(V;) Ha puc. 2 u 3.

Ry, 3 in’(10%)
Q 1093
0.8
0.7 +
’ | 1
0,6
o5 | /
04 "
03 \ 7
0,2 X\
i S e A,
. ‘/ v — ra—
0 200 400 600 800 1000 1200
V05,m3fc
——y1 2 =y e

Pucynok 2 — 3aBHCHMOCTB yZIEJIBHOTO pacxoja pabo-
yero areHta Ry u mpousBoautenbHOocTH dupTa Q, OT
pacxopa pabouero aresra V:
1,3 — TpanchopmaropHoe Macio; 2, 4 — TpanchopMma-
TopHOe Macio + 10% ryapon

Figure 2 — The dependence of the specific consumption
of the working agent R, and the elevator performance
of from the consumption of the working agent Vg:

1,3 — transformer oil; 2,4 - transformer oil + 10% tar. +
10% tar at different temperatures.
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Pucynok 3 — 3aBucumocTb T = T(Y) A1 pacTBopa
tpaHcdopmaropHoe macio + 10% ryapoHa npu pas-
JMYHBIX TEMIIEpaTypax.

Figure 3 — Dependence t = t (y") for transformer oil

solution
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Pucynok 4 — 3aBucumocts 1/mad2 =12 U151 pactBopa
TpaHcopmMaTopHOE Macio + IyAPOH MPU Pa3INIHBIX
TeMIepaTypax:

1 -500, 2 - 400, 3 —300.

Figure 4 — Dependence 1 /1 2ef = 12 for transformer
solution oil + tar at various temperature:

1 -500, 2 —400, 3 —300.

Tak, Ha IPSIMOJMHEWHOM YYacTKe Ipa-
¢uka (puc.4) cucrema HOCUT JIMHEHHBIN Xa-
pakrtep. Ilo  pesymprataMm  pOTOBHCKO-
3UMETPUYECKUX HCCICNOBAaHUN Ul CMECH
TyIpoHa U TpaHchHOpMAaTOPHOTO Macia (Ipu
pa3nMuHBIX TeMIepaTypax) BUIHO, YTO Ha
y4acTKax, Tjie KpUBas NapauIedbHOCTH T2,
CHUCTEMA COOTBETCTBYIOT BS3KOMY HBIOTOHOB-
CKOMY TEYECHHIO U HOCUT JIMHEHHBINA XapakTep.

HenuHeliHas yacTh KpUBOM BBIPAXKAET IIPOSIB-
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JICHUE BS3KOYNPYIHMX CBOWCTB (UIIOMIA, YTO
XapaKTepu3yeT HEHbIOTOHOBCKOE TEUCHHUE.

[Ipu ¢unprparmu HedTH B NpHu3abOii-
HOW 30HE K CTBOJY CKBA)XMHBI, B JIaBJICHUE
Oyner majnarb, YTO W MPUBOAUT K BBIICICHUIO
raza u3 Iiacroporo d¢uonna. M3meneHus
3HAQUEHWH IUTaCTOBOTO MJABJICHUS MM TEMII
NaJieHUs JaBJICHUS OIPEICISIIOT W3 BBIpake-
HUS:

|dp| B dpdr|_ dp1 <dp)2 k
del — B

drdtl drmU dr. pum
oo (2, 2)
km ~ km \2whr

3aBUCUMOCTH (2), U3MEHEHUSI CKOPOCTH
SIBIIICTCS. TIPUYUHOW TPOSBICHUS HHEPIIUOH-
HBIX CHJI, YTO MPUBOANT K YCUJICHUIO BIUSHUS
aHoMaJIbHBIX cBoMcTB HedTu [1]. [Ipumenun
JaHHbIE POTOBHUCKO3MMETPUUECKHUX HCCIEI0-
BaHMH (MPU PA3IMYHBIX TEMIIEpaTypax) U Me-
toauky Kpocca [5] W, MOXHO BBIYHCIUTH

BpeMs pejlaKCcaluy, UCCIECAYEMOI0 pacTBOpa.
1
Eciy NpUHATE, 4TO X=T2, a y = = , TO MOX-
Nt
HO 3aIlMcaTh 3aBUCUMOCTE: Y = ax+b,
1

rmea=—;b==.
4G22’ n?

[Ipumem 3a @ - yroy HaKJIOHa NPAMOM K
ocH adcruce, a b — 0Tpe30K, KOTOPBIA OTCeKa-

erca mnpsAMOM mno och opauHaTr. Torma:
b

G = |ige (2 3)
1

ne= |5 (Maxo O

Pa3nenuB 3HaueHne MonyJs yNpyrocTH
Ha [I0Ka3aTeiab BS3KOCTH JKMJIKOCTH IpH
OIIPENIEIICHHON TeMIlepaType, MOKHO HAUTH
BpEMs pellaKcaly pacTBopa.

Pe3ynbTaThl McCCaeqOBaHUI TPUBEICHBI
B Tabuuue 3 M NOKa3bIBAIOT, YTO MPHU IOBBI-
LHICHUH TEMIIEpaTypsl BpeMs  pelaKcaluu
aHOMAJIbHBIX HeTelt OyneT yMeHbIIaThCS.

Onpenenutb TEMI U3MEHEHUS JaBJICHUS
MO’KHO MCXO/I U3 BBIPAKEHUS:
dp _ p/QH, .
3~ fon (i) ®
rae d — quaMeTp MoJenu IiacTa.

[To pe3ynbraTam SKCHEPUMEHTa CHENaH
BBIBOJI, YTO HaWOOJbIIAsl CKOPOCTh (UIBTpa-
MM TUTacToBOro (imonaa B MpU3a00HHOM
30He. Ho CBOIO MakCHMMaabHYIO CKOPOCTH TO-
TOK HaOMpaeT y CTEHOK MOIbeMHHUKa [6, 7].

Tabauna 3 — Pe3ynbTaTsl HCCIISIOBAHMM 110 OIIEHKE BPEMEHH PEIaKCaIliy
Table 3 — The results of studies on the evaluation of relaxation time

NoNe b Temneparypa, Yron Hctunnas Moaynb Bpems penak-
. HaKJIOHA BSI3KOCTb, YIIPYTOCTH, canum,
’ (p/tgq) ne,MIla*c G, Ma t,c
1 2 3 4 5 6 7
1 0,3 30 30/0,57 1,3 0,36 3,6
2 1,1 40 45/1 0,95 0,5 1.9
3 2,3 50 60/1,73 0,65 0,57 L1
4 9 60 70/2,74 0,33 0,9 0,4
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3akiro4yeHue

[lonydyeHHbIE pe3ynbTaThl MOKAa3bIBAIOT,
YTO Ui MOABEMA OJHOTO U TOTO ke o0beMa
HBIOTOHOCKOM M BSI3KOYIIPYTOM KUIKOCTH,
Ui BTOpOro TpeOyeTcsi MeHbIIUI pacxoj ra-
3a, YTO MOXET OBITh HCIOIB30BAHO JIJIS
YIIYYIIEHUSI TEXHOJOTHYECKUX MPOLECCOB J0-
OBIYM HEHBIOTOHOBCKOM HE(PTH.

Ha potanuonHoMm BHCKO3UMETpe ObUIH
HCCIIEIOBaHbl PEOJIOTUYECKUE CBOMCTBA aHO-

MaJbHBIX HeTeH (pacTBOp T'yApOHA B TPaHC-
dbopMaTOpHOM Maclie) C U3MEHEHUEM CKOpO-
creit capura B guanaszode y=100 - 1300 clu
COOTBETCTBYIOIIIMM WM 3HAYCHUSIM KacaTellb-
HOTO HampsDKEHHs caBUTa T. Pe3ynbrarsl uc-
CJICIOBAaHMI MPUBEACHBI B TAOIHIIE 2.

COOTHOILEHUE 1,=T/y MO3BOJIAET OIpe-
JEIUTh COOTBETCTBYIOIIME 3HA4YCHUS dPdeK-
THBHOU BI3KOCTH.
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Abstract

In paper the influence of polyacrylate (as apprete) and mineral fillers on properties of the compositions on the
basis of low density polyethylene has been investigated. It has been shown that the properties of filled composites
depend on nature of the polymer matrix, on dispersity and quantity of fillers and also on character of the interaction
on the boundary surface with the participation of apprete. It has been established that an introduction of apprete into
composition of the prepared composition in quantities of 3-5 mass %, the ultimate strength of the obtained
composites is essentially increased. In disturbance of optimal conditions and ratio, the exploitation properties of the
compositions are deteriorated.
Keywords: low density polyethylene, polymers, fillers, composition materials, bentonite, vesuvianite, MFI,
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Poliakrilatin polietilen kompozisiyalarinin xassalorina tasiri
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Xiilasa

Mogqalodo asagi sixliglt polietilen osasinda hazirlanmis kompozisiyalara appret kimi poliakrilatin vo
doldurucunun tasiri todqiq edilmisdir. Qeyd edilmisdir ki, doldurulmus polimer kompozitlorin xassolori motrisin
qurulusundan, doldurucularin dispersliyindon vo miqdarindan, eloco do appretin istiraki ilo fazalarin ayrilma
sorhoddindoki qarsiliql tosirindon asilidir. Miioyyon edilmisdir ki, hazirlanmig kompozisiyanin torkibine 3-5 kiit. %
appret daxil edildikdos, alinan kompozitlorin méhkomlik hoddi nozors ¢arpacaq soviyyads yiiksolir. Optimal sorait vo
nisbatlor pozulduqda alinan kompozitlorin istismar xassalorinin keyfiyyoti azalir.

Acar sozlor: asag1 sixligh polietilen, polimer, doldurucu, kompozisiya materiallari, bentonit, vezuvian, a-kvars-
albit arintinin axiciliq gostaricisi, méhkomlik haddi, nisbi uzanma, kristalliq
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Baunsinue INoJIMAKpuJIaTa Ha CBOJNCTBA NMOJHUITHJIEHOBBIX

KOMIIO3UIIUM

ILII. Anxanos, C.A. bexkrammu, I'.X. MycaeBa, M.A. Manados,

M.I. Pag:kadosa, C.M. Xaauiosa, B./1. I:xkadapos
Hucmumym nonumepnvix mamepuanos HAHA, (ya. C.Bypeyna, 124, . Cymeaum, Azepbatioxcan)

gﬂﬂ NEPENUCKH:
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AHHOTALIAA

B cratbe uccrnenoBaHo BiAUSHUE TOJUaKpuiaTa (B KaueCTBE allllpeTa) U MUHEpPAJbHBIX HAMOJIHUTENEH Ha
CBOMCTBA KOMIIO3HMIIMM Ha OCHOBE IOJHMATHIICHA HU3KOM ImmoTHOCTH. Iloka3zaHo, 9TO CBOMCTBA HAITOJHEHHBIX
KOMITO3UTOB 3aBUCST OT CTPYKTYPhI IOJIMMEPHON MaTPULbI, OT AUCIIEPCHOCTH U KOJUUECTBA HANIOJHUTENEH, a TAKXKe
OT XapakTepa B3auMOJCICTBUS Ha TpaHUIlE pa3zena (a3 MpHu yJacTHH almpeTa. Y CTAHOBIICHO, YTO BBOJ amlIpeTa B
COCTaB TMPHUTOTOBIICHHON KOMIIOZWIIMHM B KONHYecTBaX 3-5 mac.% Ipenesl MPOYHOCTH IIONyYEeHHBIX KOMITO3HTOB
CyLlIECTBeHHO yBeJlI/I‘II/IBaeTCﬂ. le/l Hapymeﬂnn OIITUMAJIBHOI'O yCJ'lOBI/ISI U COOTHOIUCHHUC 3KCHﬂyaTaHHOHHble
CBOICTBA KOMIIO3ULIUK yXyALIAKOTC.

Kuarwuesble cioBa: MONMMATHIIEH HWU3KOH  IUIOTHOCTH, TIIOJIMMEPHI, HAMONHUTEIH, KOMITO3UIIMOHHEIC
MaTepHuaisl, 0eHTOHUT, BesyBuaH, [ITP, mpenen mpouyHOCTH, OTHOCHTENEHOE YIIHHEHHUE,
KPUCTAJUTHIHOCTB.
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Giris

Elmi texniki toraqqinin inkisafinda yiik-
sok istismar gostaricilorine malik polimer
kompozisiya materiallarinin (PKM) yaradil-
mast dovriin aktual mosalolorindondir. Qeyd
olunan problemlorin halli {i¢iin poliolifenlor vo
mineral stixurlar asasinda doldurulmus sistem-
lorin elmi osaslarla yaradilmasi noazori vo toc-
riibi maraq dogurur. Emal prosesindo sistemlo-
rin optimal saraiti vo texnoloji parametrlorinin
miioyyanloasdirilmasi qarsiya qoyulan magsada
catmagin osas amillori sayilir. Bunlarla yanasi
polimerlorin vo tobii mineral siixurlarin tullan-
tilarindan istifado edorak, yiiksok fiziki-mexa-
niki gostaricilora malik kompozitlorin alinmasi
vo onlarin senayenin miivafiq saholorinds
magsadyonlil istifade edilmasi iqgtisadi vo eko-
loji cohotdon ohomiyyat kosb edir.

Yiiksok keyfiyyotli kompozitlorin alin-
masinda tolob edilon komponentlorin optimal
nisbatlorinin miisyyon olunmasi ilo daha yiik-
sok natico almaq olur. Yoni, kompozisiyaya
olavo edilon qatqilarin noviindon, tobistindon,
funksionalligindan vo digor asili olaraq qarsi-
ya qoyulan moagsodo nail olmaq miimkiin olur
[1-3]. Sistemdo istirak edon matrisin vo doldu-
rucunun torkibi ilo onlarin foal sothi arasinda
qarsiligh slage moévcudlugu, polimerls doldu-
rucunun arasinda kimyavi olagolorin omals
golmasing sorait yaradilir. Belo ki, doldurucu-
nun torkibindoki oksid birlosmolori, motrisin
torkibindoki ikigat rabito, hidroksil, karboksil
va s. funksional qruplart ile saciyyslonir.

Aparilan tocriibi noticalor gostorir ki,
doldurucunun terkibi, tobioti, miqdari, dispers-
liyi kompozitin keyfiyyot doyisilmosino miis-
bot tosir gostorir vo onun totbiq sahoalorini ge-
nislondirir [4].
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Isin magsadi

Yiiksok keyfiyyotli xassoyo malik kom-
pozitlarin yaradilmasinda istirak edon kompo-
nentlorin moagsadyonlii se¢ilmasi, optimal nis-
botlordo va disperslikdo olavo edilmosi ilo ola-
godardir.

[lkin polimerin xassolorinden asili olaraq
materialin keyfiyyotinin doyisilmosini asagi-
dak1 amillorin movcudlugu ils aldo etmok olur
[5].

Mohkomlik xassosino malik materialin
alinmasi, hom do ucuz basa golmasi igiin dol-
durucularin seg¢ilmosi vo istifado olunmasi;
Texnoloji proseslori sadolosdirmok vo istismar
xassolorini yiiksaltmok moqsadi ilo plastifika-
torlarin, appretlorin vo basqa mogsadyonlii
komponentlorin secilorok, istifado edilmosi;
Friksion vo antifriksion xassalorin tonzimlon-
mosi; Istilik vo elektrik kegiriciliyini tonzimlo-
mok iiclin olavo komponentlorin daxil edilmo-
si; Yanmaya qars1 davamligi artirmaq moaqgsadi
ilo miivafiq antipirenlorin olavo edilmosi;
Makroorqganizmlora garst davamliligi artirmaq
iclin — Funqusid bakterisid vo basqa xassolo-
rin movcudlugu; Antistatik xassoyo malik ol-
masl vo s.

Doldurucular yalniz bork halda deyil,
maye vo qaz halinda da istifado edilir [5]. Po-
limeri qazla doldurduqda, bu zaman gazla dol-
durulmus polimer-penoplastlar alinir. Bu yolla
polimer materiallarinin sixligim1 azaltmaq vo
ya molekuldaxili mosamoliliyi artirmaq miim-
kiin olur.

Polimerlori mayelorlo doldurmaq texno-
loji baximdan nisboton ¢otindir. [6]-da bu ciir
polimerlorin alinmasi iisullart maolumdur. Ma-
ye doldurucu kimi emulsiyalardan istifado et-
mokls sonda baork materialin alinmasina imkan
yaranir.
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Maosalonin qoyulusu

Doldurulmus polimer kompozitlorin xas-
solori, polimer motrisin, dispers doldurucunun
fazalar sorhoddindoki qarsiligli olagosi ilo
miioyyon edilir. Makromolekullarin vo onlarin
seqmentlorinin sorhoad miistovido horokiliyi
azalir, noticodo siisolosmo bas verir vo niimu-
nonin axiciliq gostaricisinin azalmasina gotirib
¢ixarir.

Ozliilitys malik termoplastlar1 30 kiit.%-
don c¢ox bork doldurucularla doldurulduqda
miloyyon hoddon sonra, materialin daha c¢ox
qurilmaga meyillilik hala kegmosi bag verir.
Doldurucunun miqdart artiqca elastiklik mo-
dulu artir, lakin bu zaman “psevdomosama-
lor”’in ¢atlarinin 6l¢listi vo miqdar artir.

Arasdirmalardan goriindiiyli kimi doldu-
rucunun hissaciklorinin ol¢iilorini kigiltmoklo
materialda omolo golon catlarin garsisini al-
maq miimkiin olur.

Dispers doldurucularla doldurulmus po-
limer sistemlorin yaradilmasinda asas mogsad-
lordon biri do alinan kompozitlorin zarbays da-
vamliligint vo mdhkomlik hoddini artirmaq
ticlin kaucuk hissociklori ilo modifikasiyasidir.

Zorbayo davaml polistirol, epoksid qat-
rant vo diger matrisler iiclin alinan naticalor
odobiyyatdan malumdur [5].

Kompozitlorin barkime mexanizmi o qo-
dor do asan proses deyil. Lakin asas mogsad
kaucuk hissaciklorinin istiraki ilo ¢atlarin amo-
logalma siiratini longitmokdir. Bir cox miiallif-
lor polimer motriso miioyyon miqdar kaucguk
olava etmoklo kompozitin méhkomliyinin arti-
rilmasini miimkiin hesab edirlar [2].

Dispers doldurucular polimerin 6zliilii-
yiinii vo onun emal temperaturunu artirir, ma-
terialin sortlik modulunu ytiksaldir, hazir me-
mulatin ilkin formasi ilo emaldan sonraki for-
masi arasindaki forqi azaldir.
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Polimerlora doldurucular1 daxil etmoklo
istiliyo vo oda davamlilig1 artirmaq, yanmaya
meyilliyini azaltmaq, borkliyini vo m6éhkomli-
yini yiiksoltmok vo bir ¢cox basqa xiisusiyyatlo-
ring tosir gostormok olur [1].

Doldurulmus polimer materiallar bir ¢ox
miivafiq xiisusiyyatlori ilo sociyyalonir. Maso-
lon, ekoloji tomiz, yiiksok mohkomlik vo koh-
nalmo miiddatinin uzanmasi, kimyavi tasirlora
davamliliq vo s. Qeyd edilonlorlo yanasi, ma-
teriali mexaniki yolla da emal etmok miimkiin-
diir. Bu zaman material yiiksok temperaturda
0z formasini saxlaya bilir. Belalikls, kompozi-
siya materiallarinin yaradilmasinda, dolduru-
cunun xiisusiyyatlori, hamginin onlara qoyulan
toloblor vo polimer motrisin xassoalorino geyri-
izvi doldurucularin tasiri asas amil kimi hesab
edilir.

Masalanin halli

AMEA Polimer Materiallar1 Institutnun
“Polimer Materiallarinin Tokrar Emali
Ekologiyas1” laboratoriyasinin omokdaslari
uzun illordir poliolefinlor vo mineral dolduru-
cular vo onlarin atqilar1 asasinda nozori vo toc-
riibi shamiyyatli elmi todqiqat islori aparmag-
la, yiiksok istismar xassoyo malik miixtalif
cesiddo polimer kompozitlorin yeni naslinin
yaradilmasina nail olmuslar. Doldurucu kimi
yerli tobii siixurlardan: alunit, seolit, kaolin,
bentonit, “vulkan kiilii”, perlit, vezuvian o-
kvars albit vo s. istifads edilmis vo yiiksok fi-
ziki-mexaniki gdstaricilora malik kompozitlor
alinmisdir [7].

Toqdim olunan moqalodo doldurucu ki-
mi bentonit, vezuvian, kaolin va a-kvars albit
istifado edilmisdir. Alinan naticolor codvallor-
do verilmisdir.

Yiiksok keyfiyyatli polimer kompozisi-
ya materiallarinin yaradilmasi, doldurulmus

Vo
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sistemdo doldurucunun seg¢ilmosi, dirspersliyi
vo optimal nisbatdo istifadasi ilo six baghdir.
Doldurucunun matriss daxil edilmasi niimuno-
nin keyfiyyati ilo yanasi, hom do ilkin xamma-
lin — PE-nin sarfini do azaldir.

Dolduruculara tolabat: yiiksok dirspersli-
yi, termiki davamligl, motrislo asan uyusmast,
ucuz basa golmosi vo ekoloji cohotdon tomiz
olmasi osas gotiiriiliir.

Bu baximdan istifads edilon doldurucu-
lar osas: bentonit gili, vezuvian siixuru, kaolin
va a-kvars albitdon ibaratdir.

Bentonit gili:

Azorbaycan Respublikasi Qazax rayo-
nunun Dag Salahli kond orazisindoki yataqdan
gotiirtilmiisdiir. Stixurun torkibi silisium, alu-
minium va domir oksidlori, montmorilonitdon
ibaratdir.

Vezuvian siixuru:
Doldurucu kimi ilk dofas torafimizdon

istifado olunub. Torkibi asason kalsium vo alii-
minium slikatlardan ibarot olmaqla miirokkob
qurulusa malikdir. Miixtolif hondosi forma
soklindo olur.

Azorbaycan Respublikasi Godoboy rayo-
nunun orazisindoki mis filizi yatagi siradagda
rast golinir.

Vezuvian polimer
kompozisiya nisboton daha yliksok mohkom-

osasinda  alinan
liya malik qiymatlor alir.
Difraqtogramdan goriindiiyli kimi osas
kristal qurulusundan ibaratdir.
Doldurucu kimi vezuviandan
etmoklo alman kompozisiyalar
coadvallords verilmisgdir.

istifada
xassalori

7

(b

) o

Ty

Oeyd: a) 100, b)1000 daf> boviidiilmiis, bentonitin hissaciklorinin Slciisii 50 mkm-dir.

Sakil 1 — Bentonit siixurunun mikrofotogokillori
Figure 1 — Microphotographs of bentonite rock

Albit

Albit-Col spati qrupuna daxil olmagla
kimyavi formula Na(AlSi;0g)- qurulusa 263
mol kiitloys malikdir. Miixtolif: iynovari
polisintetik iki qat mineraldir. Doanovar, xall1,
plastic (pul) parlag, tursuda ¢otin holl olan,
nizamsiz qurulusla, yiiksok albit 800°C-don
yuxari temperatura davamlidir. Asagi albit iso
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o o

700°C-don asag1 temperatura davamli nizamli
qurulusa malikdir. Eyni zamanda albitin
torkibi miixtolif minerallardan: klevedandit
(plastik), peruklin (ag uzunsov kristal) vo
peristeritdon (yarim soffaf) ibarot olmagla
Mooc skalasi ilo sortliyi 6.0-6.5, sixlig1 2.60-
2.65(5l¢iiys gora), 2,615 qr/sm’, radioaktivliyi
0-dir.
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Cadval 1 — Bentonit gilinin kimyavi torkibi
Table 1 — Chemical composition of bentonite clay

Kimyavi
birlogmo
Miqdari, %| 58.60 | 13.40 | 4.70 | 0.18 | 0.39 | 2.05 | 230 | 0.11 | 025 | 039 | 2.30 | 15.33
(AMEA Geologiya vo Geofiziki Institutunnun analitik laboratoriyasinda aparilan analizloro
osason mineral sokildo kimyovi torkibi)

SIOZ A1203 F6203 FeO T102 CaO MgO P202 SO3 K20 Na20 PPP

Cadval 2 — PE vo bentonit asasli kompozisiyalarin (appretsiz) fiziki-mexaniki xassoalori
Table 2 — Physical-mechanical properties of compositions on the basis of PE and bentonite (without apprete)
Ne | Kompozisiyamin torkibi % = Méhkomlik hoddi 6, MPa Nisbi uzanma £% OAG qr/10daq

1 PE-100 10,6 598 2,1
2 PE -70/ Bentonit* - 30 11,0 57 0,5
3 PE -50/ Bentonit -50 12,4 34 1,3
4 PE- 40/ Bentonit - 60 12,8 28 axmadi
5 PE - 30/ Bentonit -70 14,6 20 axmadi

*fraksiya -200 mkm

Cadval 3 — ASPE va bentonit asasli kompozisiyada appretin istiraki ilo kompozitlarin fiziki-mexaniki xassolori
Table 3 — Physical-mechanical properties of compositions on the basis of LDPE and bentonite in the presence of
apprete

N Kompozisiyanin Mohkamlik haddi Nisbi uzanma OAG
tarkibi % o, MPa €% qr/10 daq
1 PE-70/Bentonit’- 30 / Appret -5 10,8 60 0,6
2  |PE-50/Bentonit -50 / Appret - 5 13,3 34 0,5
3 PE — 40 / Bentonit - 60 / Appret - 5 13,8 30 0,3
4  PE-30/Bentonit - 70 / Appret - 5 15,7 23 0,1

* fraksiya - 200 mkm; ~ poliakrilat

Cadval 4 — Vezuvianin kimyavi torkibi
Table 4 — Chemical composition of vesuvian

. L. Miqdary, %
Kimyavi birlasmalor V1 V2
Na,O 0.050 0.060
MgO 3.250 3.440
ALO; 15.860 15.370
Si0, 36.710 35.240
P,0Os 0.018 0.017
SO3 0.027 0.031
K,0 0.030 0.260
CaO 30.540 32.440
TiO, 0.051 0.047
MnO 0.032 0.029
Fe,04 4.820 4.240
YTI 8.400 8.600
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Cadval 5 - Vezuvianin mineraloji torkibi (%-10)
Table 5 — Mineralogical composition of vezuvian (%)

Niimunonin sorti adi C319MgFezA110(‘Sll§07o)(0H)s (Mg,Al)‘6(S1,Al)40‘10(OH)8
(vesuvianit) (xlorit-serpentin)
VV-1 71.3 28.7
VV-2 75.4 24.6

Qeyd: VV-1 — qurudulmus vezuvian; VV-2 — qurudulmamis vezuvian

Cadval 6 — ASPE-nin va vezuvian asasinda doldurulmus kompozisiyalarin fiziki-mexaniki xassalarine appretin tosiri
Table 6 — The influence of apprete on the physical-mechanical properties of filled compositions on the basis of
LDPE and vezuvian

Ne Gostaricilor Doldurucunun miqdari, kiitlo% I9AG Qr/10daq
0 10 20 30 40 50 60 70
1 | Xiisusi sixlig, g/sm’ 0.85 1.12 1.45 1.34 | 1.30 1.51 1.85 1.90
0.91 1.1 1.13 | 1.20 1.25 1.33 4.39
2 | Orintinin axiciliq 462 | 445 | 335 | 2.85 1.55 yoxdur | yoxdur --
gostaricisi, /10 doq 1.40 3.2 1.60 | 0.45 1.16 0.48 0.2
3 | Vika iizrs istiliys 105 108 120 126 132 136 140 0.48
davamlilig, °C 106 110 112 123 125 128 133
4 | Mohkomlik haddi, MPa | 9.8 10.6 | 11.5 | 12.2 | 125 13.8 14.4 14.6
11.8 | 134 | 153 | 163 16.2 16.8 17.5
5 | Nisbi uzanma, % 650 205 95 85 48 35 11.2 8.0
225 105 92 54 41 16 11

*Ust roqomlor appretsiz, alt roqomlor isa appretin istirakina aiddir
*fraksiya-106 mkm

Cadval 7 — Toqdim edilmis niimunonin-albitin kimyovi torkibi-%-lo asagidaki kimidi
Table 7 — The chemical composition of the presented sample — albite in% is as follows
Na20 ZI’OZ MgO Al302 SIOZ P203 SO3 K20 CaO T102 MBO F6203 CT YTI

2,96 10,02 1,51 13,66 63,75 (0,12 0,17 33,26 B,77 0,53 0,23 4,24 0,03  [5,62
Qeyd: YTI-9500C temperaturda ucan komponentlorin migdarini bildirir

Cadval 8 — Mikroelementlorin toyini, %-lo
Table 8 — Determination of microelements in%
Ba Zr Cr Rb Za Sr Ca Ni

0.06 0,02 0,01 0,01 0,01 0,03 0.0061 0,0052

Cadval 9 — Mineroloji tarkibi, %-la
Table 9 — Mineralogical composition in%

SiO, Kalsit,Maqnezit Albit . Fe,0;
Kaolinit M1t
(a-kvars) (Ca,Mg(CO3)) (Na(AlSi;03)) (hematit)
34 10 30 15 7 4
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Cadval 10 - ASPE a-kvars asasli kompozisiyalarin fiziki —mexaniki gdstoricilari (appretsiz)

Table 10 — Physical-mechanical indices of composition (without apprete) on the basis of LDPE a-quartz
ASPE-15803-020

Dartma
Sira Km}ll?ozisiyamn Kiirok Orta Dartma qiivvasi Nisbi uzanma | masin
N tarkibi N Qalinhq siirati
mm kq o MPa mm % mm/daq
PE-70% 1 1,082 7,4 10,52 10 40
dol-30% 2 1,082 7,5 10,19 10 40 50
1 3 1,087 72 10,19 13 52
4 0,10 7,6 10,62 10 40
Orta qiymat 1,100 7,42 10,38 10,75 43
PE-60% 1 1.09 7,7 10,86 10 40
dol -40% 2 1,067 7,8 11,24 7 28 50
2 3 1,105 8 11,13 6 24
4 1,20 9 11,53 7 28
Orta qiymat 1.115 8,125 11,19 7,5 30
PE-50% 1 1,232 9,6 11,98 6 24
dol -50% 2 1,182 7,4 9,63 6 24 50
3 3 1,155 9,1 12,12 6 24
4 1,16 9,1 12,06 6 24
Orta qiymat 1,182 8.8 11,44 6 24

dol-akvars albit

sity (counts)

Intens

1600 |

o(MPa)

»

0 10 20 30 40 50 60 70 80 G
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Sakil 2 — Vezuvianin difraqtoqramast
Figure 2 — Vezuvian diffractogram

Sakil 3 — Kompozisiyada bentonitin migdarmin (G)
dartilma zamani qirilma qiivvesindon (o) asililig1

1. appretsiz; 2. appretin istiraki ilo

Figure 3 — The dependence of a quantity of bentonite
(G) in the composition on the the tensile strength

1. without apprete; 2. with the participation of
apprete.
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Cadval 11 - ASPE vo AKN-dos hopdurulmus a-kvars albit asasli kompozisiyalarin fiziki mexaniki gostoricilori
Table 11 — Physical-mechanical indices of compositions based on a-quartz albite impregnated with LDPE and CAN

Dol - ( a-kvars albit AKN qaris1g1) impr ( a-quartz albite acrylonitrile (ACN) mixture. fr -50 mkm

Dartma
Sira | Kompozisiyanin Kiirok Orta Dartma qiivvosi Nisbi uzanma masin
Ne torkibi % Ne Qalinhq siirati
mm kq 6cMPa | mm % mm/daq
1 1,152 8 10,68 35 140
ASPE-80% ’ ’ 50
1 dol-20% 2 1,175 8 10,47 35 140
3 1,12 7,7 10,57 30 120
4 1,161 8,1 10,38 25 100
Orta qiymat 1,161 7,95 10,52 31.75 125
1 1,105 7,7 10,72 22 85
ASPE 53-60 ’ ’ ’ 50
s il 4(‘)58 2 1,14 8 10,74 22 88
3 1,085 7,5 10,63 34 136
4 1,105 8 11,13 28 112
Orta qiymat 1,108 7.8 10,81 26,5 106
1 1,242 2 11 2
ASPE-60 : i 39 0 80 >0
3 dol -40 2 1,18 9,0 11,73 24 96
) 3 1,24 9,3 11.53 20 80
4 1,12 9,0 12,36 19 76
Orta qiymat 1,195 9,12 11,75 20,45 83
ASPE-50 1 1,227 10 12,53 12 48 50
4 dol-50 2 1,13 9,5 12,93 13 52
3 1,112 9.4 13,00 14 56
4 1,14 9.4 12,68 15 60
Orta giymat 1,152 9,575 12,78 13.5 54
ASPE-40 1 1,215 11 13,92 6 24 50
2 1,205 10,8 13,78 6 24
5 dol-60
3 1,185 10,3 13,37 6 24
4 1,185 10,3 13,37 6 24
Orta giymat 1.197 10.6 13,61 6 24
6
1 1,202 9,2 11,77 6 24
ASPE-80 50
2 1,135 9,5 12,87 6 24
dol-20
3 1,13 9.4 12,79 6 24
4 1,145 9,6 12,89 6 24
Orta qiymat 1,153 9.425 12,58 7.5 30
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Cadval 12 — AKN-Is hopdurulmus a-kvars albit ASPE asasli kompozitlarin fiziki-mexaniki gostaricilari

Table 12 — Physical-mechanical indices of compositions on the basis of a-quartz albite LDPE, impregnated with

acrylonitrile (ACN)
Fraksiya 100 mkm
Dartma
Orta .. . : b
Kiirok Dartma qiivvasi Nisbi uzanma masin
- Qahlinliq _—r
Kompozisiyanin | No surati
mm
torkibi kq o MPa mm % mm/daq
1 1,26 8,3 10,13 22 88
PE;53-70%
2 1,17 7,7 10,12 17 68 50
1 d01+(akr)'30%
3 1,13 7,6 10,34 17 68
100mkn
4 1,145 7,7 10,34 15 60
Orta qiymat 1,176 7,82 10,23 17,75 71
1 1,24 8,4 10,42 12 48
PE-60%
2 1,25 8,6 10,58 15 60 50
2 dol -40%
3 1,27 8,9 10,78 14 56
+akr
4 1,29 8,9 10,61 14 56
Orta qiymat 1,262 8,7 10,59 13 55
1 1,18 73 9,51 7 28
PE-50%
2 1,165 7,4 9,77 9 36 50
3 dol -50%
3 1,17 7,5 9,86 7 28
+akr
4 1,23 8,3 10,38 9 36
Orta qiymat 1,186 7,62 9,88 8 32
1 1,19 7,2 9,30 5 20
PE-30%
2 1,27 8,0 9,69 5 20 50
4 dol-70%
3 1,225 7,9 9,92 5 20
4 1,215 7,8 9,79 5 20
Orta qiymat 1,225 7,72 9,67 5 20
1 1,227 8 10,03 5 20
PE-30%
2 1.115 7,4 10,21 6 24 50
5 dol-70%
3 1,075 7,4 10,59 5 20
4 1,085 6,9 9.78 5 20
Orta qiymat 1,125 7,425 10,152 5,25 21
6 1 1,092 7,2 10,14 21 84
PE-80%
2 1,075 7,1 10,16 21 84 50
dol-20%
3 1,062 7,0 10,14 20 80
4 1,077 7,0 9,99 19 76
Orta qiymat 1,076 7,07 10,107 20,21 81
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Cadval 13 — Poliakrilatin appret kimi a-kvars albit asasli kompozisiyalarin xassalorina tasiri

Table 13 — Influence of polyacrylate on the properties of compositions on the basis of a-quartz albite, such as appret

Dol a-kvars albit
Appret —poliakrilat

Dartma
Sira Kompozisiyanin Kiirsk Orta Dartma qiivvasi Nisbi uzanma masin
e torkibi %-1a Ne Qahnhq siirati
mm kq o MPa mm % mm/daq
1 0,92 16,8 28,09 15 60
. 2 0,95 10,2 16,51 10 40
1 IPE-100 3 0,925 13,0 21,62 10 40 50
4 0,965 14,0 22,31 10 40
Orta qiymat 0.94 13,5 22,13 11,25 45
. 1 1,01 19,5 29,70 10 40
31:)]13'3700 2 1,135 20 27,10 10 40 50
2 abnret 3 1,03 19,6 29,27 8 32
PPre 4 1.05 18,8 27,54 32
Orta qiymat 1,05 19,47 28,40 9 36
. 1 1,09 19,8 27,94 10 40
3 31:)11528 2 1,057 20,5 29,83 13 52
i 3 1,122 21,2 29,06 13 52 50
4 1,117 20,3 27,95 13 52
Orta qiymat 1,096 20,45 28,69 11,25 49
1 1,10 21 29,37 13 52
4 IPE-50 2 1,055 21 30,62 12 48
dol -50 3 1,035 18,5 27,49 6 24 50
4 1,04 16 23,66 6 24
Orta qiymat 1,057 19,12 27,78 9,25 37
. 1
111;115_64(;) 2 1,33 22,5 26,02 8 32
5 i 3 1,212 22,9 29,06 8 32 50
4 1,265 234 28.45 9 36
Orta qiymat 1,261 23,07 28,17 8,75 35
IPE-30 1 1,13 22,6 30,76 8 32
6 dol-70 2 1,15 23,5 31 8 32
3 1,16 23,5 31,16 7 28 50
4 1,177 23,8 31,10 7 28
Orta qiymat 1,154 23,35 31,11 7,5 30
. 1 1,13 23,9 32,33 8 32
- 0, > > >
. 31:)115 igo//o 2 1,11 23,8 32,98 7 28
° 3 1.20 25 32,05 7 28 50
4 1,192 23,4 30,20 7 28
Orta qiymat 1,158 24,02 31,94 7,25 29
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Cadval 14 — Xam ASPE va a-kvars albit asasli kompozisiyalarin fiziki — mexaniki xassolorina
poliakrilatin appret kimi tasiri

Table 14 — Influence of polyacrylate as apprete on the physical-mechanical properties of compositions
on the basis of raw LDPE and a-quartz albite.

Dartma
Sira Ne Kompozisiya | Kiirok Q:l)lrltl? Dartma qiivvoasi Nisbi uzanma masin
ra A2 nin tarkibi No mlmlq surati
Yo-ld kq o MPa mm ) mm/daq
PE-70 1 1,035 7,7 11,44 10 40
. dol -30 2 1,005 7,3 11,17 10 40 50
appret-3 3 0,98 6,8 10,67 12 40
4 1,04 73 10.79 8 32
Orta giymot 1,015 7,245 11,017 10 40
PE70 1 1,022 7,5 11,29 15 60 >0
5 Dol30 2 1,065 7,7 11,18 14 56
3 1,045 8 11,77 10 40
4 1,03 7.4 11,05 14 56
Orta qiymat 10,40 7,65 11,30 13,25 53
1 0,925 8,2 13,57 10 40
, s 2 1025 |73 1095 |8 32 50
3 1,0 8,0 12,30 10 40
4 0,96 7.8 12,5 11 44
Orta giymot 0,977 7,825 12,33 9,75 39
4 PE-40 ; 1.14 10.4 14.03 8 32 50
dol-60 3 1.35 10 11.39 9 36
appret 1 1.35 10.5 11.96 9 36
akril+hepten 1.25 10.2 12.55 8 36
Orta qiymat 1.272 10.27 12.482 8.5 34
50
1 1,195 10,2 13,12 10 10
5 PE-50 2 1,132 9,7 13,18 10 10
dol -50 3 1,11 9,7 13,44 10 10
4 1,15 10 13,37 10 10
Orta qiymat 1,146 9,9 13,277 10 10
1 1,257 11,8 14,44 7 28 50
6 gfl_?;)o 2 1,14 10,5 14,17 7 28
aboret 3 1,25 11,2 13,78 7 28
pp 4 1,135 11,2 15,18 7 28
Orta qiymat 1,195 11,35 14,39 7 28
1 1,42 10,7 14,41 5 20
- 0, s H s
; gfl ?;)0/0"/ 2 1,27 11 15,01 6 24 50
’ 3 1,11 10,5 14,55 5 20
4 1,10 10,7 14,96 5 20
Orta qiymat 1,119 10,72 14,73 5.25 21

PEmarka- 166-03-011dol- a-kvars albit, Appret-poliakrilat
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Albitin mineraloji torkibindon goriindii-
yii kimi mineralin torkibinin osas hissosini al-
bit-30, SiO, (a-kvars)-34, kaolinit 15, kalsit-
10 vo digor elementlor togkil edir. Toyin olun-
mus bu torkibo osason albitin adinin o-kvars
albit adlandirilmasi mogsodouygun hesab edi-
lir. Bu baximdan mogqalodo albitin ovozina a-
kvars albit adlandirilmisdir.

a-kvars albitin istirak1 ilo appretsiz vo
appretlo alinan polietilen asasli kompozisiya-
larin niimunalorinin miixtolif nisbatlordo ana-
lizlarinin naticalari cadvalda verilmisdir.

Alman naticalorin miiqayisoesi zamani
cadvallarden goriindilyli kimi kompozisiyalar-
da doldurucunun miqdar1 30-40%-don 70
kiit.%-o dok artirildiqda dartilma zamani moéh-
komlik 10,6MPa-dan 17,4MPa-dok haddinin
(o) giymoti 10,6MPa-dan 15,7MPa-dok artir,
nisbi uzanma is9 (€%) 98%-don 14%-o dok
azalir. Bu hal doldurucu-maortis sothi arasinda,
motrisin gqalinliginin incoalmasi ilo saciyyalo-
nir.

Doldurucunun miqdarint 70 kiit.%-don
cox artirdigda niimunolorde kovroklik xassosi
bas verir, naticodo méhkomlik hoddinin qiy-
mati agag diiglir. Eyni torkibli kompozisiya-
larda appretin istiraki ilo alinan naticalor daha
yiiksok qiymotlor alir.

Masalon, cadval 1 va 2 da 3-cii bandlari
doldurucu - bentonit (fr. 200 mkm) miiqayiso
etdikdo appretsiz 0=15,6 MPa oldugu halda,
appretin 5 kiit% istirakinda 6=17,4 MPa qiy-
mot alir.

Bu iso appretin kompozisiyada miisbot
tosiri ilo sociyyeolonir. Ciinki, kompozisiyaya
appret olavo edildikdo funksionalliq C=O0,
COOH’, OH", iki qat rabitos, qruplarinin hesa-
bina adgeziya xassasi yuksalir vo 6-nin qiyme-
ti artir. Cadval 3 vo 4-ds doldurucu vezuvian
(fr-200 mkm) da miiqayissa zamani1 appretin
miisbat tosiri miisahido olunur.
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Sokil 4 — Kompozisiyada bentonitin miqdarinin (G)
nisbi uzanmadan () asililig1

1. appretsiz; 2. appretin igtiraki ilo

Figure 4 — The dependence of a quantity of bentonite
(G) on the relative elongation (g)

1. without apprete; 2. with the participation of apprete.

Masalon: doldurucunun 60 kiit.% miqda-
rinda appretsiz kompozisiyanin mohkomlik
hoddi 6 =15,6 MPa oldugu halda, appretin isti-
raki ilo 6=17,4 MPa-dok yiiksolir. Kompozisi-
yada hor iki miixtolif doldurucu halinda 6-nin
giymatinin nisbaton yaxin oldugu oxsar niimu-
nalorinde € — nun qiymatinin koskin azaldigi
miisahido olunur. Alinan tocriibi noticolora
osason doldurucunun miqdarinin (G), niimuno-
nin moéhkomlik haddindon (o), nlimunonin nis-
bi uzanmasindan(e) asililiglar1 sokillords veril-
misdir. Ilkin xammal PE-ilo (100%), alinan
kompozitlorin giymotlorinin  miiqayisosindo
1so0  mohkomlik hoddinin  xeyli doracodo
0=10,6 MP-dan 17,4 MPa—dok yiiksolmosi,
alinan kompozitlorin daha yiiksok fiziki-mexa-
niki xassoloro malik olduguna nail olunmus-
dur.

Gostorilmisdir ki, asagr sixligh polietile-
nin moatris kimi istifadasinda, tobii mineral sii-
xurlarin (bentonit, vezuvian, kaolin) atqilarin-
dan istifado etmokls, yiiksok moéhkomlik hod-
dino malik kompozitlorin alinmasi naticosindo
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ilkin bahali xammal olan polietilena 30-40%
gonast olunmasi ilo iqtisadi cohotdon olverisli
prosesa yiyolonmok miimkiin olur.

o(MPa)
A
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14+
121

10 20 30 40 50 60 70 80 Gog

Sokil 5 — Kompozisiyada vezuvianin miqdarmin (G)
dartilmada qirilma qiivvesinden (o) asililigt

1. appretsiz;

2. appretin istiraki ila

Figure 5 — The dependence of a quantity of vezuvian
(G) in the composition on the the tensile strength (o)

1. without apprete

2. with the participation of apprete.
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Sakil 6 — Kompozisiyada vezuvianin miqdarmin (G)
nisbi uzanmadan (g) asililig1

1. appretsiz;

2. appretin igtiraki ilo

Figure 6 - The dependence of a quantity of vezuvian
(G) on the relative elongation ()

1. without apprete

2. with the participation of apprete
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Kompozisiyada doldurucunun miqdari
40kiit %-don 70 kiit % -dok artirdigda moh-
komlik hoddi artir.Kompozisiyada doldurucu-
nun 10-30 kiit% miqdarinda qiymatlorin geyri
sabitliyi miisahido olunur. Qeyd edilon geyri
sabit parametrlorin omolo golmosi, istifado edi-
lon ASPE-nin istehsali noticosinda 30-40
kiit.% torkibinin amorf fazadan ibarat oldugu
icin doldurucu ilk ndvbods, amorf hissoya
niifuz edir, noticodo bir sira fiziki-mexaniki
parametrlords doyisiklik bas verir.

Istismardan ¢ixmis PE va tobii mineral
stixurlarin  atqilarindan istifade  edilmokls,
yiiksok fiziki-mexaniki gostaricilora malik
kompozitlorin alinmasinin emal prosesi do
todqiq edilmisdir. Alman polietilen oasash
kompozitlor sonayenin miivafiq saholorindo
texniki moagsadlor iiciin istifadosi tévsiyys olu-
nur.

Natica

ASPE vo istifado olunmuslarindan maot-
ris kimi, bentonit gili, vezuvian mineral siixu-
ru vo a-kvars albitdon doldurucu kimi istifado
etmoklo, miixtalif kiitlo faizi nisbatlordo kom-
pozitlor alinmisdir.

Alinan kompozitloro emal prosesi zama-
n1 sintez olunmus poliakrilatdan appret kimi
istifado olunmusdur.

Cadvallordon goriindiiyli kimi (codval 2
vo 3 miiqayisado) miioyyon edilmisdir ki,
kompozit niimunasinds bentonitin 70 % miq-
darinda mohkomlik hoddi 14.6 MPa qiymoto
malikdir. Ilkin PE nisboton 10.6 MPa farqinda
doldurulmus sistemdo qiymot 4MPa yiiksok
olmusdur. Lakin eyni kiitls faizi nisbatinda ap-
per daxil edildikde kompozitin mohkomlik
haddi 15.7 MPa yiiksolmigdir.

Homin nisbotlordo doldurucu vezuvian
soraitindo niimunoni miiqayiso etdikdo moh-
komlik hoddi 14.8 MPa (appretsiz) oldugu hal-
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da, appretin istiraki ilo niimunonin méhkomlik
hoddi 17.5 MPa-dok yiiksalir, artim forqi 2.7
MPa ¢ox olur. Eyniliklo islonmis PE a-kvars
albit istirakinda niimunonin analoji eyni nis-
botdo (doldurucu 70 %) mohkomlik hoddi
31.11 MPa (appretsiz) oldugu halda, appretin
istirakinda kompozitin mdhkomlik hoddi

31.94 MPa-dok ytiksolir. Goriindiiyii kimi ali-
nan notico 31.94 MPa kompozitin sonayenin
miivafiq saholorindo genis totbiq imkanina
malik olmasina asas verir.

Beloliklo, toqdim olunan elmi todqiqat
151 iqtisadi va ekoloji cohotdon olverisli hesab
olunur.
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Xiilasa

Mogqalado dag-modon sonayesi miiossisolorindo tullantilarin  texnoloji emal proseslorinin
optimallasdirilmast va enerji tutumunun dinamikasina baxilmis va bu riyazi modellorin geyri-xatti para-
metrlorini on ki¢ik kvadratlarin metodu ilo giymatlondirilmosi {isullari arasdirilmigdir. Eyni zamanda
ekoloji cahatdon samarali texnoloji hallorin praktik axtariginin xatti riyazi proqramlagdirma masslslorinin
halline yonsals bilacayi miloyyan edilmisdir. Texnoloji proseslarin optimallagdirilmasinin asas naticalari
har texnoloji amoaliyyat {igiin optimal vaxt tonliklori soklinds alinir.

Acar sozlar: texnoloji proseslor, enerji tutumu, dinamika, riyazi model, optimallagdirma, tokrar emal
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AHHOTALINA

B cratee paccmaTpuBaeTcs ONTUMHU3ALNS TEXHOJIOTHUECKUX MPOLIECCOB YTUIM3AIUMN OTX0A0B U TUHAMHUKA
9HEPIrHU Ha TOPHOAOOBIBAIOINIUX NPEANPUITUAX. McCrnenyroTcs METOIbI OIICHKH MapaMeTPOB 3TUX MAaTEMAaTHYCCKHIX
MoJesiell HeIMHEHHBIM METOI0M HAaUMEHBIINUX KBaJIpaToB. Y CTAaHOBIEHO, YTO MPAKTUUECKHUM MOUCK IKOJIOTHMUYECKU
PAIMOHATBHBIX TEXHOJIOTWYECKUX PEIICHHH CBOAWTCS K PEUICHHIO 33/1a4 JIMHEHHOTO MaTeMaTHYeCKOTO HpOTpaM-
MupoBaHus. OCHOBHBIE Pe3yIbTAaTHl ONTUMH3AIMN TEXHOJIOTWYECKHX IIPOIECCOB ITONYYEHBl B BHIE YPaBHEHUI
ONTUMAIIFHOTO BPEMEHH T KaXKIOW TEXHOJIOTHUECKON OTIepaIIiH.

KiroueBble cj10Ba: TEXHOJOTHYCCKHUE IIPOMIECCHI, SHEPTOEMKOCTh, IMHAMHWKA, MaTEMAaTUIECKass MOIECIIb,
ONnTUMMU3alusl, yTUIN3al .
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Giris

Dag-modon sonayesi miiossisalorindo
texnoloji proseslor kifayot qodor miirokkob
texnoloji sxemlor {izro hoyata kegcirilir. Bu
proseslorin somoraliliyi xeyli dorocodo ¢ox-
saylt vo miixtolif sopgili amillordon asilidir.
Onlarin arasinda texnoloji, ekoloji va tabii
resurs gostaricilorini geyd etmak olar.

Dag-modon istehsali texnoloji proses-
lorinin optimallagdirilmasi bu amillor icori-
sindon osaslarini nozoro almagqla hoyata kegi-
rilmalidir. Bu is9, 6z ndvbasinds boylik ol¢ii-
lii riyazi mosalolorin holli zorurstini ortaya
qgoyur. Tullantilarin fiziki-kimyovi xassolori-
nin genis yayilmasi da miixtolif altsistemlo-
rin islonmosini vo optimallagdirilma tolob
edir [1,2].

Aydidir ki, informasiya tominati ilo
bagli olava toloblorin do ortaya ¢ixmasi ida-
roetmo sisteminin miirokkoblosmosino goti-
rib ¢ixarir. Olbatto, nozoro alinan amillorin
sayini azaltmagq, intuitiv olaraq onlardan bir
ne¢a amili segmak olar. Ancaq bu halda fay-
dalir informasiyanin itgisi bas verir ki, bu da

Texnolojisxem

Filizin zonginlogdirilms ~ Metallugi posa
tullantilan tullantilan
|
Qranullagdirma(1) Vandirma(8)
i {
Maqnit separasiya(2) Mineral galigin
l ayrilmasy(9)
Qurutmal(3) J—
— xudalama (10)
Xdalama(4)
} Siniflama (11)
Klassifikasiya(5)
— Mohsulun
Bunkerloma(6) hazirlanmasi (12)
i
Dozalama(7) Dozalama (13)
Qangdirma(14)

|

Posa galovi yapigdirics

ekoloji-rasional gorarlarin gqobulunda sahvle-
ro gotirib ¢ixara bilor.

Isin magsadi

Tullantilarin emal prosesinin optimal-
lagdirilmas1 mosolosinin formal olaraq riyazi
programlagdirma masalosine gatirilmasi va
tokrar emal texnologiyalarinin enerji tutumu-
nu xarakterizo edon mogsad funksiyasinin
azalmas1 sorti ilo onun minimumu ancaq bii-
tin f,(xV) funksiyalarmin torkibino daxil
olan funksiyalarin minimumlugu zamani to-
min edils bilmasi.

Masalonin qoyulusu

Optimal hallor axtarisi vo tullantilarin
tokrar emal proseslorinin optimallasdiril-
masinin fiziki modeli vo riyazi tosvirini
islomok {i¢iin Minsker vo Piqotta metodu
istifado olunmusdur.

Bu metodlara uygun olaraq, istehsal
dovrii Uglin  struktur sxem, qraflar
qarsiligl matrislor qurulmusdur (sok. 1).

Vo

Orientlonmis (samtlonmis) qraf ve qarsihighliq matrisi

1 2 3 456738 9 W0 11 12 13 14

L A

beas
-

[

=

Sakil 1 - Tullantilarin texnoloji emal proseslorinin struktur sxemi
Figure 1 - Structural scheme of technological processing of wastes
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Miioyyon olunmusdur ki, tullantilarin
tokrar emal1  proseslorinin  optimallag-
dirilmast mosolosi formal olaraq riyazi
programlasdirma maosalosino gatirilo bilor.

Umumi sokildo riyazi proqramlas-
dirma masalasini bels toqdim etmak olar:

F(x) > min, (1)
g(x)<0.i=Lm, 2
g.(x)=0,j=m+1m+n, 3)
burada F(x), €(x), g,(x)- x=( 1, x

Xp ) vektorunun elementlarinin
(toskiledicilorinin) funksiyalari; m - qeyri-
boraborliklorin - mohdudiyystlorin say1; n -
tonliklorin sayidir.
ogar  Xx
coxlugu kasismoyon altcoxluglara boliiniirsa:

X3yeeey

vektorunun  elementlor

S N ,
x("),vzl,N,:>x=U x(v),x(v)ﬂx(") =¢

v=1

onda, istonilon v=v’ {i¢lin mogsad funksiyasi
arqumentlorin monoton funksiyasi f,(x”)
kimi yazila bilor, onda (1) - (2) mosolasi
asagidaki formaya gotirilo bilor:

r (ﬁ ) o) f5 s £, (6)) > min, (4)

g[v(x(v)) <0,v=1,N,i=1m,,

©)

gjv(x(v))zo,v=1,N,j =m,+1,m, +n, (6)

burada m,, nv—x(v) doyisonlori altgoxlugunda
olan mohdudlasdirict geyri-boraborlik  vo
tonliklorin sayidir.

F  funksiyasinin azalmamas1 sorti
gostorir ki, onun minimumu ancaq biitlin
fux"”)  funksiyasidir ki, riyazi proqram-

lagdirma masolosinin belo qoyulusunda ¢ox
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vacib bir morholo x(v) vektoru kom-
ponentinin identiklosdirilmosidir. Praktiki
noqteyi-nozordon bu komponentlori elo
cevirmok mogsodouygundur ki, (1) masalo-
sini xotti programlasdirma masalosino x”
gotirmok miimkiin olsun.

Istonilon texnoloji prosesi arasdiraraq
tosdiq etmok olar ki, birinci yaxinlagsmada
enerjinin doyisma siiroti xarici monbalorden
enerjinin istehlaki vo daxilolma siiratlorinin
forqi ilo miitonasibdir. Beloliklo, asagidaki
tonliyi yazmagq olar:

dE,

i _K(E -E. 7
- KB — By, (7

burada E; — ¢t zaman anina i-ci texnoloji
omoliyyatin yerina yetirilmosino sorf olunan
enerjinin imumi miqdart; K; — i-ci texnoloji
omoliyyatin yerina yetirilmasinds enerji
istehlakinin siirot omsali; £, — i-ci texnoloji
omoliyyatin  enerji  tutumunun  qiymot
haddidir.

Baxilan mosalonin fiziki meonasina
(7) tonliyi iiglin sifir ilkin sort tamamilo
uygun golir, onda inteqrallama noticosindo

alanq:

ln[Eooi (E.; _Ei)_l]: Kt (8)
(8) tonliyini E; - yo nozoron hall

edorok, 7 - ci texnoloji omoliyyatin enerji

tutumunun dinamikasini asagidaki kimi ifads
etmok olar:
E()=E,[1-exp(-K 1)} 9)
Bu asilihiglar1  istifado  etmoklo
hesablamalarin noticolori sok. 2-do togdim
olunmusdur. Bu zaman qgeyd etmok olar ki,
(8) mogsad funksiyasinin parametrlorinin x
vektorunu (9) ifadosilo verilmis enerji
tutumunun loqarifmi kimi ifade etmok olar.

Belaliklo, moqsod funksiyast Oziindo #;
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texnoloji omoliyyatlarin miiddoti #; omsal-
larinin ~ toromoalorinin - xotti  kombina-
siyalarindan ibarot olacaqdir. Aydindir ki,
xlisusi vo imumi mohdudiyyatlor # miiddati
ilo olagodar olacaqdir.

Sok. 3-doki grafiklor baxilan riyazi
programlagdirma  mosalosinin  hallorinin
biitiin buraxilan qiymatlori ¢oxlugunu ayani
niimayis etdirir. Aydindir ki, baxilan xatti
programlagdirma  mosolosi  buraxilandir,
¢linki bu masalo homiso on az1 bir buraxilan
hollo malikdir, yoni, buraxilan c¢oxluq bos

deyil. (/)i =1,2,3,...N,, néqtesi (burada N

— optimallagdirilan ~ prosesde  texnoloji
omoliyyatlarin  say1) maosalonin  optimal
hollini  xarakterizo edocok vo  qlobal

minimum noqtasi olacaqdir.

Umumi halda mineral tullantilardan
mohsul istehsalina enerji sorfinin minimum-
lagdirilma mosolosini  asagidaki  sokildo
yazmagq olar:

Kt +K,t,+K,t;+...+K,t, = F — min (10)

bty +b,t, +bt;+...+b,t, = f
by t, + byt + byt +...+ b, t, 2 f,

2n“n
byt +by,t, + bty +...+ by t, >
................................................ , (11)
bt +b,t,+b t,+..+b t =20,
t,20,t,20,¢,20,..1, 20. (12)

Beloliklo, (7) - (9) mosalolori global
minimumda mogsad funksiyasiin totbiqilo
xotti programlasdirma masoalosino gotirilir.
Texnoloji proseslorin optimallagdiriimasinin
osas naticalori har bir amaliyyatin optimal
middotlori soklindo alina bilor. Bu yanagma
ekoloji rasional istifado {i¢lin mineral
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resurslarin kompleks qiymotlondirilmasindo
sistemli prinsiplori reallagdirmaga imkan
Verir.

s
IS

Wy

e

o — T | 1

Sakil 2 — Enerji sorfinin cari qiymatlorinin haddi

enerji tutumuna nisbatinin £, / E_,

; i zamandan (?)

asililigt: (Ki ,1 /c uygun olaraq 1-107, 2-3-107, 3-
610’5, 4-9-105,5-1,2:10% 6-1,5-10%, 7-1,8-10", 8-
2,5:10%, 9-5-10) olduqda

Figure 2 — The ratio of the current prices of energy
consumption to the maximum energy capacity when
E,/E_, itime dependence #: (K, ,1/ ¢ properly

1-107,2-3-107, 3-6:10°5, 4-9-10°5, 5-1,2-10™,
6-1,5-10", 7-1,8:10, 8-2,5-10*, 9-5:10%)
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ait
Pz- ity

—Pa+hst1

Enerji tutumun

buraxilan
givmatlor oblastt
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aoty J’

0
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Sokil 3 — Tullantilarin emalina minimal enerji sarfi
tomin edan tl.O optimal vektorunun toyini i¢lin
hesablama sxemi

Figure 3 — tl.o optimal, which provides minimal
energy consumption for waste treatment
calculation scheme for determining the vector
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Masalanin halli

Toklif olunan yanasmanin soksiz {is-
tiinliiyli texnoloji proseslorin optimallagdiril-
mas1 masalasinin nisbaton sads hall olunma-
sidir. ©doadi eksperimentlor gostormisdir ki,
gobul olunan gorarlarin naticolorinin ekoloji
prognoz qiymatlondirilmasinin keyfiyyatini
yiiksoltmak {i¢lin enerji sorfinin dinamikasi-
na dair lokal verilonlor bazasi yaratmaq la-
zimdir.

Qeyd etmok lazimdir ki, dag-modon
sonayesi tullantilarinin tokrar emalina dair
informasiyanin riyazi analizi bir sira metodik
miiddoalara osaslanir. ©vvola, ekoloji infor-
masiyanin riyazi analiz vasitolori miixtalif
ekoloji  soraitlordo  dag-modon
miiossisasinin davranigini imitasiya etmali-
dir. Imitasiya imkanmna EHM-in k&moyilo
nail oluna bilar.

EHM-do modelin parametrlorilo xarak-
terizo olunan bu vo ya digor soraitdon asili
olaraq obyektin davranisin1i Oncodon proq-
nozlagdirmaq olar. Modelin parametrini de-
yisorok miixtolif odadi eksperimentlor apar-
maq vo bu zaman modellogdirilon obyektin
xassolorinin dayigsmasini izlomok olar.

Odadi eksperimentlor noticosindo aldo
olunan informasiyani emal edorok, miirokkob
ilkin modelo vo hesablama molumatlarinin
boylik hocmino osaslanan “miihondis diistur-
lar1” yolu ilo riyazi modellori sadolosdirmok
maqsadouygundur.

Istehsalin enerji tutumu, otraf miihito
texnogen tosirin kompleks gostaricisi sayila
bilor, ¢linki bu gostarici obyektin sistem xas-
sosini xarakterizo edir vo “tabii resurs-otraf
miihit” sisteminin daxili vohdstinin olamati
kimi ¢ixis edir.

Texnoloji proseslorin  effektivliyinin
iimumilogmis gostoricisi enerji tutumudur,
clinki mohsul istehsalina sorf olunan enerji-

sonayesi
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nin bir hissasi tullantilarin yaranmasina sorf
edilir.

Texnoloji proseslorin enerji tutumu ilo
otraf miihito tosirinin intensivliyi arasinda
qarisigh olagonin olmasi haqqinda forziyyo
riyazi fizika tonliklorino asaslanan ekoloji in-
formasiyanin analizino klassik riyazi aparati
totbiq etmays imkan verir [3, 4].

Nazari tohlil vo adadi eksperimentlorin
naticalari gostarir ki, dag-maden tullantilari-
nin yaranma vo lokallasdirilmasi proseslori-
nin riyazi modeli kifayot soviyyado adekvat-
liga malikdir. Odur ki, imumilosmis gostori-
ciloro goro otraf miihito tosirin giymatlondi-
rilmasi ti¢iin enerji tutumu gostaricisinin isti-
fado olunmas: fiziki cohotdon osaslidir.

Tullantilarin yaranmasiin kinetik qa-
nunauygunlugu birinci tortibli diferensial
tonliklorlo yazilir. Bu tonliklords timumi hal-
da doyisonlor texnoloji omoliyyatlarin enerji
tutumu vo zamandir. Bu riyazi modellorin
parametrlorini iso geyri-xatti on kigik kvad-
ratlar metodu ils qiymatlondirmok olar [5,6].

Tullantilarin tokrar emalinin innovativ
texnologiyalarinin reallagdirilmas1  zamani
idaraedici tasirlar, biitiin nozarat edilon amil-
lor arasinda real olagolorin nozoro alinmasi
ilo hoyata kecirilmolidir. Ekoloji rasional
texnoloji hollorin praktiki axtarigini xotti ri-
yazi proqramlasdirma maosalosinin hoallino
gotirmok olar.

Texnoloji proseslorin optimallasdiril-
masinin asas naticalori har bir texnoloji omo-
liyyatlarin optimal miiddati soklindo alina bi-
lor [7].

Natica

Tullantilarin emal prosesinin optimal-
lagdirilmasi maosolosi formal olaraq riyazi
programlagdirma masalosine gatirilo biler.
Tokrar emal texnologiyalarmin enerji tutu-
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munu xarakterizo edon magsad funksiyasinin
azalmasi sorti gostorir ki, onun minimumu
ancaq biitiin £,(x"”) funksiyalarmin torkibino
daxil olan funksiyalarin minimumlugu zama-
n1 tomin edils bilor.

Tosdiglonmisdir ki, tullantilarin yaranmasi-
nin kinetik qanunauygunluqglar birinci tortibi

diferensial tonliklarls ifads olunur, bu tonlik-
lordo timumi halda doayisonlor texnoloji omo-
liyyatlarin enerji tutumu vo zamandir. Bu ri-
yazi modellorin parametrlorini iso geyri-xotti
on kigik kvadratlar1 metodu ilo qiymotlondir-
mok olar.
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Yeni nasil 3D-printerin optimal sintezi
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Xiilasa

Mogqaloda 3D-printerlorin layiholondirilmesi prinsiplorinin analizi osasinda texnoloji gdstoricilorinin
yaxsilagdirilmast iiclin yeni nosil 3D-printeri konstruksiya edilmis vo coldiglomoyos goéro optimal stabillosdirme
sisteminin xiisusiyyastlori arasdirilmaqla proqram idarsli stabilizasiya sisteminin qurulmasi toklif olunmusdur. 3D-
printerin idaroetms sistemlori hom layiholondirms, hom do istismar merhslslorinde mahiyyat etibari ilo ikisoviyyeli
sistem kimi baxilmigdir. 3D-printerin is¢i orqaninin miiharriklorinin idarsetmoa sisteminin todqiqi ve sintezi
masalalorine baxilmis, eyni zamanda optimal idareetmo masolesinin qoyulusu va printerin idarsetmo alqoritmi
islonmisdir.

Acar sozlor:  3D-printer, plastik sap aridicisi, optimal idarsetma, caldisloma.
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OnrumMaiabHbId cHHTE3 3D-npUHTEPa HOBOI'O MOKOJICHUS
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AHHOTaUUA

B crathe paspaboran 3D-npuHTEp HOBOTO MOKOJEHUS JJIS TIOBBIINICHHUS TEXHOJOTHYECKUX TOKa3aTene Ha
OCHOBE aHallM3a MPHUHIUIIOB NPOEKTUpOBaHUs 3D-TpUHTEpa, a TakXkKe MpeyIaracTcsl MOJATOTOBUTH MPOrPaMMHO-
praBHS[eMyIO CI/ICTeMy CTaGI/IHI/I?)aHI/II/I, I/ISY‘H/IB 00066HHOCTI/I OHTHMaHLHOﬁ CHUCTCMBI. CI/ICTGMLI praBHeHI/IH 3D—
HpI/IHTepOM, CUHUTAKTCA I10 CyHleCTBy [[ByXypOBHeBOf[ CI/ICTGMOﬁ KaK Ha >TaIlrie HpOGKTHpOBaHI/IH, TaK WU HaA DTaIlc
BKCHHyaTaHI/II/I. PaCCMOTpeHI)I BOHpOCLI HUCCIICAOBaAHUSA W CHHTE3a CUCTEMBbI ynpaBneHI/m HCIIOJIHUTCJIbHBIMHU
MEXaHUu3MaMHu U pa60‘H/IM OpFaHOM 3D—an/IHTepa, a TaKXKe pa3pa60TaHa 3aa4ya ONTUMAJILHOI'O praBJ’IeHI/IH nu
aJ'Il"OpI/ITM JCKOMITIO3UI[MUOHHOI'O yl'IpaBJleHI/ISI HpPIHTepOM.

KiroueBblie cioBa: 3D-npuHTEp, pACTBOPUTEIND IJIACTUKOBBIX HUTEH, ONITUMAJIBHOE YIIpaBJICHUE,
3aKaIMBaHHE.
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Introduction

Currently, layered assembly-additive
technologies are widely used [1, 2] in the
three-dimensional synthesis of devices, and
one of the fastest-studied technologies
belonging to this class are 3D-printers.
Recently, 3D-printers created by engineers
allow to print a large number of products from
different materials.

The conducted analysis shows that the
existing 3D-printers don’t have high
maintenance parameters, so the accuracy of
the movement of its thread head through the
vertical and horizontal guides, using slot
connectors is due to wear of the working and
guide elements, identificating of errors and
inaccuracies that occur, due to which the wear
cycle of the device requires monitoring of its
movement in the X, Y and Z [1,2,3] axes. If
there is deflection, the table will be inclined to
an uncertain position (both in volume and
direction) that may change during the
formation of the product, not in a horizontal
position. In other words, the presence of
deflection causes the table stand to vibrate
during the formation of the product. Thus,
even a small inclination in space while the
thread head moves along the X axis would
cause the distance between the thread surface
of support and the table to change
monotonously during printing, regardless of
whether the support is positioned along the Y
and Z axes. In addition, the degree of this
change affects how much the shape of the
thread element is bent, and the appearance of
the printed element produced as a result of the
above adverse effects, leads to a loss of
production accuracy [1, 2, 3].

However, in order to turn a new 3D-
printer into a mass product, manufacturers are
focusing must on solving technical and
theoretical problems. Among them, along
with the mentioned shortcomings, is the

planning of the technological trajectory of the
plastic thread melter-tip of the 3D-printer and
the improvement of the tracking system.

The purpose of the work

The creation and management of a new
generation 3D-printers based on the analysis
of the principles and parameters of the
installation of 3D-printers.

The setting of the issue

In this regard, we have proposed a new
generation 3D-printer [3] (Figure 1). Fig. 1
shows the mechanical design scheme of the
3D design model of the 3D-printer.

10

Figure 1 — Mechanical design scheme of 3D-printer
model

As seen from Fig. 1 3D-printer consists
of 1 - general support, 2 - the fastening
elements of the support columns, 3 - the lower
platform capable of moving up and down, 4 -
an optical sensor that monitors the
displacement of the movable sub-platform and
the 7, 8 which are working body and the
quality of the manufactured element and the
displacement of the plastic thread melter tip, 5
- Christavina, 6 - micromotors capable of
moving the plastic thread melter attached to
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the ends of the christavina by 360 degrees in
the environment of the operating range of the
printer, 7 - plastic thread melter va 8 - tip (both
internal working together), 9 - the roll of
plastic handle melting by combustion, 10 -
automatic control system and manufactured
element that control the software of the printer
and from other auxiliary parts.

The working principle of a 3D-printer

The principle of operation a 3D-printer
is similar to the principle of operation a 3D
optical switches [4, 5]. The 3D design of the
product printed on a 3D-printer is transferred
to the memory of the 10-automatic control
system, which provides control over the
creation of 3D design software and the
produced element. From there, based
command enters according to the data
package,3 moves to the working body. The
working body itself has the ability to move
up and down (shown by the arrow in Figure
1) According to the command from 10, the
plastic handle from 7,9 melts and moves
with the help of 8 on the lower platform
according to the design of the required
element according to the contours of the
element produced by micromotors and pours
the molten plastic thread on 3 and as a result,
a device is prepared according to the
command entered from 10.

All states of the manufactured device or
any element are displayed on the LCD
screen, instead of the LCD screen, other
computer terminals such as a USB port,
Bluetooth modules, etc. can be used. Control
of all 6émicromotors, regulation of the state
of movement of 3, 7, 8 are carried out by
means of the feedback circuit with the help
of part 10 of the device. With the help of
sensors in the electronic control and
measuring system integrated into the device,
it is possible to constantly monitor the

operation of the 3D-printer and effectively
diagnose its problems.

In accordance with the principle of
operation of the 3D-printer and its elements,
the control circuit of the 3D-printer is
proposed.

istehsal
olunan

qurgu

&

3D printerin
|| Tdara etmoa
bloku

l

sl proseins ozl sesomy

Figure 2 — Control circuit of a new generation 3D
printer

Let's look at the principle of operation of
the control circuit of the new generation 3D-
printer shown in Figure 2 under the following
conditions:

1. The control unit of the 3D-printer has 4
states: The input of the control unit receives a
signal from the e-system or not.

2. A melt or stop commandis given to control
the level of heating, which is sent to the
melting point.

3. The three states of the engine control system
can be the command to start or stop the engine
of the melting thread roll.

4. Operation and stop command of krestavina
engines, command given to the engine to move
the lower platform up and down, command
given to the engines to move the lower
platform up and down. There are 2 possible
positions of the melt thread motor: start and
stop. Other engines have two compatible
conditions. The condition of the manufactured
device is a complex variable. Taking into
account the two states of the production
process control sensor, sends a signal to the
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control unit with the command "0" at the
output if the production of the manufactured
element is normal, and "1" if there is an error.

As can be seen, the 3D-printer does not
need any other elements to operate in the X, Y
and Z axis, and the production accuracy of the
printed element is fully controlled as a result
of the side effects [3].

Taking into above account, it is important
to calculate more efficient management and
regulation models and algorithms, including
the probability of uninterrupted operation. In
this regard, the development of
decompositional and multilevel control and
mathematical modeling algorithms, the
synthesis and study of the optimal control
system for acceleration are of particular
importance [3]. This approach significantly
simplifies the management of the 3D-printer
and increases its ability to work in real
conditions and productivity.

Let's look at the displacement of the
printer's cap under the above conditions.
During the transition of the working trajectory
x(t) of the working body of the 3D-printer
from its initial state to the final state, x;(t)
corresponds to the Euclidean norm [6, 7, 8]

F=lx(Oll = [xf(®) + x5O+ +
x2()]%° = (xr — )7 (xr — x),

taking into account the task trajectory in
accordance with the command from the
control unit of the 3D-printer will be. Here, the
x -printer status variables depending on t are
the final state to which the x; -system will be
brought. Since the scalar quantity F is a
positive definite function, its zero means that
all x; coordinates are equal to zero. Fig. 3
shows the variable nature of the F function.
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Figure 3 — The changing nature of the F function

In this case reason, it is possible to
determine the position of the x(t)trajectory
relative to the coordinate origin by
continuously monitoring F in the system, and
based on this, the arrival of the 3D-printer
working body at the coordinate origin is
detected by controlling the Euclidean
normF = ||x(¢t)||. When the condition F = 0
is satisfied x(t) = 0.

Conclusion

As a result of the analysis of the
design of 3D-printers, the new design and
principle of operation of the 3D-printer was
presented, the research and synthesis of the
control system of the drivers of the working
body of the 3D-printer were considered, and
the optimal control problem and printer
decomposition  control  algorithm  were
developed. Since the equations of motion of
the working body of the 3D-printer and all
related items consisting of high-level static and
dynamic equations, the problem of optimal
control is solved on the basis of a linear model

by linearization of non-linearity and
nonlinearity. At the same time, the
construction  features of the optimal
stabilization system for hardening were

studied and a software-controlled stabilization
system was established.
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Abstract

Biologically active points as a method of non-traditional medical procedures and diagnostics, as
well as being used for therapeutic purposes. Although this method has become the subject of mass
research, a complete theory of the method has not yet been formed. The initial problem is related to the
mechanism of action of biologically active points. Based on research, we can say that there are two
approaches to explaining the mechanism of action. One is based on Chinese philosophy and the other on
Western thought. One of the unexplored areas of biologically active points research is its application as a
diagnostic tool. Biological structures are electrostimulated for therapeutic purposes. Stimulation can be
performed through signals of different shapes and different parameters. However, if we are talking about
the correct and effective stimulus, then the form and parameters of the stimulation signal must be clearly
defined One of the most promising and new treatment methods of modern electrostimulation is treatment
with rhythmic (pulsed, trapezoidal, exponential) currents. The indicators of such rhythmic currents should
be determined to correspond to the physiological rhythm of the working biological system. The article
discusses the design of a pulse device in the 555 digital timer to excite BAPs. Strong pulses are obtained
due to the stability of the chip, so it is recommended to use it in the design of the device to influence
BAPs.
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DOI: 10.52171/2076-0515 2021 13 04 113_120

For citation:
Gafarov G.A., Valehov S.E.

[Design of stimulation device of biological active points using 555 timer]
Herald of the Azerbaijan Engineering Academy, 2021, vol. 13, no. 4, pp. 113-120 (in Azerbaijani)

113


mailto:gadir.gafarov@aztu.edu.az

Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2021, cild 13, Ne 4, s. 113-120 2021, vol. 13, no. 4, pp. 113-120
Gafarov G.A., Valehov S.E. Gafarov G.A., Valehov S.E.

555 taymeri iizarinda bioloji aktiv noqtalors

tasir qurgusunun layihalondirilmoasi
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Xiilasa
Mogqalade BAN-lar1 stimullasdirmaq moagsadila 555 roqemsal taymeri iizerinde tosir qurgusunun
layihalondirilmasine nazar yetirilmisdir. Mikrosxemin stabilliyi naticesinda sort impulslar aldo olundugu ti¢iin BAN-

lara tosir qurgusunun layiholondirilmasindo istifadesi moslohot goriilmiisdiir.

Acar sozlor: bioloji aktiv ndqtalor, tosir qurgusu, stimulyasiya, 555 taymer, diizbucaqli impuls signallari.
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OMOJIOTHYECKH AKTUBHBIX TOUYEK C Talimepom 555
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AHHOTAIIA

B cratbe paccmarpuBaeTCsi KOHCTPYKIHMSI HMITYJILCHOTO YCTpPOHCTBa wudpoBoro Ttaiimepa 555 s
Bo30yxkneHuss BAT. CunbHble HMOYNbCHl IOJy4alOTcs Onarojapss cTaOWIBHOCTH MHKPOCXEMBI, MO3TOMY

PEKOMEHAYETCS UCTOIb30BaTh €€ B KOHCTPYKLIUU ycTpoicTBa /i Bo3aeHcTBuUs Ha BAT.

KiioueBble ciioBa:  OMOJIOTHYECKU aKTUBHBIE TOYKH, UMITYJIbCHBIHN ammapar, CTUMYJISIuUS, TaiiMep 555, Meanp.
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Bioloji aktiv notqalor

Qeyri-ananavi tibbi tisul kimi bioloji ak-
tiv noqtolor diagnostika vo terapevtik mogsad-
lor {cilin istifado olunur. Bu metod kiitlovi
arasdirma predmetino ¢evrilso do, holo meto-
dun tam nozoriyyosi formalasmamisdir. Ilkin
problem bioloji aktiv ndqtolorin tosir mexaniz-
mi ilo olagoadardir. Aparilmis todqiqatlara asa-
son bioloji aktiv ndqtalera tasir mexanizmini
izah etmok {igiin iki yanagma oldugunu soylo-
ya bilarik. Biri Cin folsofosing, digori iso Qarb
diisiincosing osaslanir. Bioloji aktiv noqtalorin
todqgiqat tsullar arasinda tam Oyronilmomis
istiqgamotlorindon biri do bu ndqgtalorin diag-
nostik vasito kimi totbiqidir. Bioloji strukturlar
terapevtik mogsadlor iiclin elektrostimulyasi-
yaya moruz qalir. Stimulyasiya miixtalif for-
mal1 vo miixtalif parametrli signallar vasitasilo
hoyata kegirilo bilor. Lakin burada diizgiin vo
effektiv stilmulyasiyadan s6hbot gedirso, onda
stimulyasiya signalinin formasi vo parametrlo-
11 doqiq miioyyon edilmalidir. Miiasir elektros-
timulyasiyanin perspektivli vo an yeni miialico
iisullarindan biri ritmiki (impuls, trapesiyavari,
eksponensial) corayanlar vasitasilo mialicadir.
Belo ritmiki cerayanlarin gostaricilari els tayin
edilmalidir ki, faaliyyatds olan bioloji sistemin
fizioloji ritmino uygun olsun.

Qadim tarixo malik geyri-ononovi miiali-
co lisulu olan bioloji aktiv ndqtolora (BAN) to-
sirlo miialico gliniimiizdo do totbiq edilir. Bu
mialico metodunun genis istifado edilmosindo
osas soboblordon biri tibbin siiarina ¢evrilon
“xastaliyi deyil, xasto orqant miialica etmali-
yik” fikrini tam olaraq shato etmosidir. Belo
ki, geyd edilon ndqtolors fiziki amillorin ko-
moyi ilo stimullasdirici tosir gostorilon zaman
sinir sistemi vasitosilo zoif (xosto) organlar do-
lay1 yolla qiciglandirilir [3].

Tarixi baslangic1 qodim Tibetdo gotiirii-
lon bioloji aktiv ndqtolor eyni zamanda aku-
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punktur noqtalor olaraq da adlandirilir (akus-
iyno, punktura-noqts). Bu ndqtalorin toyin
edilmoasindo xiisusi atlaslardan istifads edilo-
rok ndqtonin yeri toyin edilir [1, 2, 10].

Miialiconin tesir mexanizmini izah edon
bir ¢ox nozoriyyolor movcuddur: kapilyar,
embrioloji, atom partlayisi, bioelektrik. Adlar
cokilon nazariyyslor qorb nozariyyeleridir.
Elektrolitik dissosasiya nazoriyyasi miialice-
nin tosir mexanizminin izahatinda miihiim rol
oynayir. Sorq tobabotindo tosir mexanizminin
aciglamasini Doasizm nozoriyyasi togkil edir.
Bioloji aktiv noqtolorlo miialico tobabatin siia-
1 olan “xostoliyl yox, xostoni miialico etmoali
vo organizma heg bir yan tosir vermomolidir”
prinsiping tam cavab verir. Bioloji aktiv nog-
talors tasir magsadi ilo gqeyd olunan iisullardan
istifadas edilir: iynobatirma, daglama (maksote-
rapiya), vakum masaji, lazerpunktura, farmo-
punktura, néqto masaji elektropunktura [9].

BAN:-lara miixtalif novli elektrik coro-
yanlar vasitasilo elektroterapevtik tosir on ¢ox
istifado olunan tosir tsuludur. 1825-ci ilde
fransiz alim Sarlandjer bu haqda ilk mslumati
vermigdir. Sarlandjer ¢ox sado yolla bodono
yeridilmis metal iynolora elektrik coroyani
vermigdir vo noticodo analgeziya (agrikosici
tosir) torotmisdir [9].

Hal-hazirda bu metod genis totbiq edilir.
Kigik ol¢iilii elektrodlarla kigik amplitudlu
miixtolif formalr elektrik giciglar1 bioloji aktiv
noqtolorin komoyi ilo dorinin dorin qatlarina
tasir gostorir [2, 4, 7]. Bu tip carayanlar bioloji
aktiv noqtalora tosir gostarmakla sinir otiiriicii-
lorinds oyanma yaradir, bu da toxumalarda
funksional dayisikliklor yaradir. Miiasir elekt-
rostimulyasiyanin perspektivli vo on yeni
miialico tisullarindan biri ritmiki (impuls, tra-
pesiyavari, eksponensial) coroyanalr vasitosilo
miialicodir [3]. Belo ritmiki coroyanalarin gos-
taricilori elo toyin edilmalidir ki, faaliyyatds
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olan bioloji sistemin fizioloji ritmino uygun
olsun. Bu gostaricilor diizgiin toyin edilmozsa,
ritmiki coroyan geyri-adekvat qiciglanma ya-
radir [5]. Impulslar hiiceyrolordon kegorkon fi-
zioloji reaksiya-elektrodlarin yerlosdiyi nahi-
yado azalolorin y18ilmasi bas verir [3, 6, §].

Impuls signallar

Diizbucaqli impuls signallar1 sinusoi-
dal olmayan periodik siqnal formasidir. Bu-
rada amplitud minimum vo maksimum
qiymatlor arasinda kecid edorok miioyyon bir
tezliyo sahib olurlar (sok. 1).

w
|
T

=3

wn

w

amplitude (volts)

2
-]

i

=
wn
|
1

10
time (ms)

15 20

Sakil 1 — Diizbucaqli impuls sigqnali
Figure 1 — Rectangular pulse signal

Diizbucagli impuls signallara, osason,
rogomsal agar dovralorindo rast golinir vo tobii
olaraq ikili (iki soviyyeli) montiq cihazlar
torofindon yaradilir.

Stoxastik ekvivalenti iki morhalali tray-
ektoriyadir. Bir maontiqi soviyyadon digor
montiqi soviyoyo kecidlor siiratli bas verdiyi
liciin zaman dovrlorinds va ya takt signallart
olaraq istifado imkanimi yaratmisdir. Tezlik-
domen grafikindon goriindiiyii kimi diizbucag-
11 impuls signallar ¢ox miixtalif harmonikalara
sahibdirlor. Diizbucaqli impuls signallarinm
riyazi olaraq asagidaki kimi ifads eda bilarik.

Periodik bir funksiya isare funksiyasi
olaraq da adlandirila bilor, misal kimi, sinu-
soidal funksiyani gotiira bilorik.

x(t) = sgn(sin[t]) (1)
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x(t) = sgn(cos[t]) 2)

Sinusoidal signalin miisbot yarimperi-
odunda miisbat biro borabor, monfi yarimperi-
odunda monfi birs, fasilo anlarimi iso sifira
barabar gotiirsak,

x(t) = [I(t — nT) = (u|t-
nT+1| [t —nT —2]) 3)
“Duty cycle” 50%-o borabar olduqda, T

parametri ikiyo borabor olar. Onda hibrid for-
mada asagidaki baraborliyi oldo edorik.
1, It] < Ty

x(8) = (o, T, < |t| <57 > @
Beloliklo, asagidak1 ifadoni oldo edorik.

x(t+T)=x(t) (5)
p periodu vo a amplitudu sinus va cose-

kans ilo ifado edok.

— . 27\ |sin (2%
y(x) =a csc(p)|sm(p)| (6)
Floor funksiyasindan istifado edorok iki

tisulla diizbucaqli impuls signalinin riyazi
ifadosini oldo eds bilorik. Birbasa tisulla,

+ o0
n=—oo

+ o0
n=—oo

y(x) =m(2|vx]) — 2 [vx] + 1 (7
Dolay iisulla,
y(x) = m(=)!*! (8)

Burada m — diizbucaqli impulsun maksimal
qiymoati, v — is9 tezlik qiymatidir.
Qeyd: y = atansinx + a cot sinx

555 taymeri

NES555 inteqral mikrosxemi (IMS) miia-
sir mikroelektronikanin son nailiyystlorindon-
dir. Belo ki, Signetics Corp torafindon ilk dofo
istehsal edilmisdir. NE555 inteqral mikrosxe-
mi 25 tranzistor, 2 diod, 15 rezistor va atrafin-
da plastik qoruyucu ilo shatolonmis 8 pinli (¢1-
xisl1) sxemdir. Bu qurguda NE555 IMS segil-
mosindo osas soboblor asagidakilardir [11, 12].

Bu sxem vasitosi ilo qurulan rogomli ge-
neratorlar effektiv metroloji xassoloro malik-
dir; Tezliyin yiiksok qurasdirilma doqiqliyi vo
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stabilliyi; Kigik tohrif omsalina malik olmasi;
Cixis signalinin stabilliyi; Diizbucaqli formal
signalin asan alinmasi; Cixigda boylik coroya-
nin alinmasi (200mA); Az enerji tolob etmosi;
Kontruksiyasmin sadoliyi; Iqtisadi cohotdon
somaraliliyi.

Qeyd edilon sobablori nozors alaraq bu
qurgunun generator blokunu NE555 osasinda
qurulmast gobul edilmisdir.

Cadval 1 — Mikrosxemin funksional ¢ixislari
Table 1 — Functional outputs of the chip

555 taymeri daxilinde funksional olaraq
2 odad amoliyyat giiclondiricisi lizerinde qu-
rulmus komparator dovrosindon, Set-Reset
triggerindon (Flib-Flob) vo bir adod n-p-n tipli
tranzistor dovrasindon ibarstdir. Dévranin da-
xilinds ti¢ adad eyni qiymatli rezistor yerlosdi-
rilmigdir.

Pinlor Status Funksiya
GND Umumi Qida manbayinin “- qiitbii
Bu ¢ixigda gorginliyin qiymoti CTRL-doki
gorginlikdon 2 dofo az olduqda sxemin ¢ixisinda yiiksok
TRIG Isoburaxma girisi | gorginlik soviyyosi almr. Bu girisdo yerlosdirilmis
komporatorun  ¢ixigda  montigi  vahid  signalinin
formalagmasi ilo birlikdo vaxtin sayilmasi baglayir.
Bu ¢ixisda gorginlik formalagir, o da toqribon GND-
ouT Cixis yo uygun golir vo Vec cixisindan 1.5 V olur. Bu da
taymerin vaziyystindon asili deyildir.
Homin giriso 0.7V-dan az olan gorginlik verdikda
sxemin ¢ixiginda asagi soviyys alinmis olur. Bu iso
Sxemi baglangic giriglorin Vaziyyetindag asili deyildir, yeni homin giris
RESET veziyyotine dtcll'.la gox prol'ltejce malik ler. Basqauso'zla qeyd 'olunan
aotirmok glrlsdakl. gorginlik taymerlv iso salmaga icazo verir. ka
halda iso salma qadagan olunur. Taymerin iso
gosulmamasini tomin etmak ii¢iin bu giris qida monbayinin
miisbat qiitbiine birlagdirilmalidir.
Sxemin daxili boliiciisiine qida monbayi gorginliyi
Idaroetmo girisi | qosulur. Cixis signali olmadigr halda béliiciido %Vcc
CTRL (bélﬁCQY? nozarat | goroinlik olur vo buda komparatoru aktiv veziyyoto
girisi) gotirir. Bu gorginlik isosalma vo dayanmanin astanasini
toskil edir.
Ogor bu ¢ixisda gorginlik CTRL ¢ixisindan ¢ox
Dayanma olarsa onda ¢ixisda asagi soviyyali gorginlik formalasir vo

THR bu zaman interval qurulmus olur. ©gor TRIG girisinds
dayanma yaranarsa onda iso salma signali galmir.

Agig  kollektorlu  ¢ixisgda  zaman  yaradan
. . . | kondensatorun dalmas1 istifads olunur ki, buda intervallar
Dolma vaziyyatini . . .

DiS Rsiante ar.as'lnda bas verir. Bu ¢ixis V9Z'1}'fy9t1 osas ¢ix1§ olan OUT
kimi tokrarlanir. Ona gors bu iki ¢ixis paralel qosulur ki,
taymerin yiiklonma gabiliyyati artmig olsun.

Sxemi qidanlandirmaq iiglin bu ¢ixigdan istifado
Qida olunur. Osason sxem +4.5...... +18V  diapazonunda

Vee N .

gorginlikla qgidalanir.
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Miigavimatlorin komparatorla oslagoslon-
dirildiyi néqtalardaé Ve VQ% V¢ gorginlik ya-
ranir. Yuxaridaki komparatorun invers girigino
g Vcc gorginlik, asagidaki komparatorun qeyri
invers girising % Vce gorginlik totbiq olunur.
Triggerin Set (S) girisino moantiqi vahid totbiq
olundugda, Q (RS triggerinin diiz ¢ixis1) ¢i-
x1sinda montiqi vahid formalasir. Reset (R) gi-
risino montiqi vahid verilorso, Q (RS triggeri-
nin invers ¢ixis1) ¢ixisinda montiqi yuxari so-
viyyo formalasir. 555 taymerinin pinlorinin
izah1 asagidaki codval 1-do verilmisdir. Trigge-
rin invers ¢ixigl npn tranzistorunun bazasina
birlogdirilmisdir. Belo ki, triggerin invers ¢i-
x1sinda montiqi vahid formalasanda tranzistor
acilir vo kondensatorun tranzistor dovrosi vasi-
tosilo bosalmasini tomin etmok {i¢iin “Dischar-
ge” cixist tormaga birlosdirilmalidir. Tosir
qurgusundan hazir olan signalin parametrlorini
osason “TRG” vo “THR” ¢ixislarina qosulmus
kondensator dolub-bosalmasi ilo miioyyan olu-
nur. Sakil 2-do kondensatorun elektrodlar: ara-
sindaki gorginlik doyismosi gdstorilmigdir.
Kondensator % Vce-don 2 Vee-dok dolarken

Thershold (6)-da yaranan gorginlik asagidaki
ifads ilo toyin olunur.

-t
Ven = Vee [1 e /(Rurhaxc] 4 Ze ©)
vo ya
-t
Ve = Ve [1 — 3¢ /usroc] (10)

Kondensatorun ¢ixiglar1 arasindaki gor-
ginlik 2 Vcce oldugda kondensatorun dolmasi

prosesi basa catir vo buna uygun olaraq
Threshold girisinds yaranan gorginlik

2
Vg = 3 Vee

(1)

ifadasile toyin olunacaqdir.

t

-]

Sakil 2 — Kondensatorun dolma-bosalma qrafiki
Figure 2 — Graph of charge and discharge of a capacitor

(11) 1ifadesini (10) ifadosindo yerino
yazsaq, asagidaki noticoni almaq olar:
2 2 ~t
oo = Ve [t —Ze /Rirra] (12)

(12) ifadesdinds sadslogdirmalor aparsagq,
asagidaki notico alinar:

t = (R, + R,)C In2 (13)
vo ya
t = 0.693(R, + R,)C (14)

Kondensator dolmaga baslayan zaman
dovronin ¢ixigsinda (mikrosxemin Out ¢ixi-
sinda) montiqi vahid oldugu ii¢lin hasil edilon
signalin  (diizbucaqli impulsun) davametma
miiddeti agagidaki ifads ilo toyin olunur:

Tyawr = 0.693(R; + R,)C (15)

Kondensator bosalmaga baslayarkon
tranzistor ag¢ilir vo kondensatorun bosalmasini
tomin etmok iigiin kondensator ilo R2 rezistoru
torpaq xotti ilo alagolondirilmisdir.

Buna goro do kondensator R2 rezistoru
vasitasilo bosalacaqdir. Beloliklo kondensa-
torun bosalan zaman “Threshold” c¢ixisda
yaranan gorginlik asagidaki ifade ilo toyin
olunacaqdir:

(16)

Bosalma gorginliyi EVCC oldugu anda

Vor = 2V “Hryc
TH — 3 cc€

(16) ifadesi asagidaki ifads ilo yazmagq olar.
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1 2 —t/
2 — R,C
Vo =2 Veee /R

(17)
(17) ifadosindo uygun olarq sadolos-
dirmalar aparib t miiddatini tapagq.

t = R,C Ln2 (18)
vo ya
t = 0.693R,C (19)

olaraq toyin olunur.

Kondensatorun bosalma miiddoti uygun
olaraq formalagan impulsun fasilo miiddatine
borabardir. Onda asagidaki ifadeni yazmaq
olar:

Trasito = 0.693 R,C (20)

(14) vo (20) ifadalori vasitosilo hasil olan
duzbucaqli impulsun parametrlorini
hesablamaq olar. Beloaliklo, stabil ddvronin
periodunu vo tezliyini asagidaki ifadolor
vasitasilo hesablamagq olar:

Tperiod = Taotma + Tfasila (21)
(21) ifadosindo (15) vo (10) ifadslorini

yazsaq, onda asagidaki barabarlik alinacaqdir.

Therioa = 0.693(R; + 2R;)C (22)
Period molum olduguna gors tezliyi do

toyin etmok miimkiindjir.
f= 1 1 144
Tperiod  Tdotma*Tfasilo (R1+2R3)2

(23)

Yuxaridaki diisturlardan istifado edorak
istonilon period va tezlikdo diizbucagli impuls
hasil etmok miimkiindiir. Layiholondirilon
generator tadqiqat mosololorini  holl etmok
liclin nozorde tutuldugundan impulsun fasilo
davametmo miiddatlorini idars etomok {i¢iin R4
va R, rezistorlar1 potensimerlo ovoz edilmisdir.
Bunun naticasinds impulsun davametma va
fasilo miiddotlori doyisdirilorok bioloji akiv
noqtolor tlizorindoki tosirlorinin aragdirilmasi
osas mogsadimizdir.

Eyni zamanda todqigat generatoru
mixtolif tezliklordo isloyir (asason dord tezlik

spektri). Ogor bir tezliyi doyismok (idaro
etmak) tolob olunursa, ya rezistorlarin, ya da
kondensatorun nominal qiymaotinin doyisdiril-
mosi kifayotdir. R; vo R, rezistorlarini sabit
saxlaytb kondensatorun qiymaotini doyigsok,
hesablamalar  sadolosocokdir.  Generatorda
Ry =1kOmvo R, = 68 kOm ( Ry qiymaoti R,
giymoatindo ¢ox ¢ox boylik gotiirtilmolidir)
qiymatlori se¢ilmisdir (sok. 3).

c)lG FNT SDS 230

SIGLENT I WX0his Osay000is

v

Sakil 3 — Generatorun ¢ixiginda aldo olunan signallarin
ossillografik tosvirleri

Figure 3 - Oscillographic images of the signals
obtained at the output of the generator

Natica

Bioloji aktiv ndqtelora (BAN) tosir
qurgusu elektrodlar vasitosilo koskin vo xroniki
agrilar1 miialico etmok mogsadilo miioyyon
tezlikli vo amplitudali signallarla periferik sinir
sistemini qiciglandiran cihazdir. Batareya va-
sitosilo qidalanan BAN-lara tosir qurgusu am-
plitud vo tezlik modulyasiyasi imkanina malik
olaraq layiholondirilmisdir. Tezlik modulya-
siyast vasitasilo tosir qurgusunda iki isci tezlik
miloyyon edilmisdir: asagi tezlik diapazonu
(<10 Hz), yuxan tezlik diapazonu (>50 Hz).
Moqalado baxilan BAN-lara tosir qurgusu 555
taymeri tizorindo layiholondirilon diizbucaqgli
impuls generatorudur. Generatorda generasiya
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sortinin O0donmasi Ui¢lin sxemda elementlor
secilmis vo onlarin hesabati aparilmisdir. Faza
sortinin 6donmaosi {i¢iin mikrosxemin girisi ilo
cixis1 arasinda RC dovroasinin oks olago dov-
rosinin fazalar forqi 180° olmalidir. Bu sort
mikrosxemin daxilindo olan transiztorla
cixisdakt elementlorlo yaradilmis oks olaqo
dovrasi vasitosilo hoyata kecirilir. Mikrosxe-

min stabilliyi naticasinda sart impulslarin aldo
olundugu {ig¢lin BAN-lara tosir qurgusunun
layiholondirilmosindo  istifadosi ~ maslohot
goriilmiisdiir. Impuls signallarin  terapevtik
tosir mogsadilo se¢ilmoasindo asas sobob homin
signallarin istonilon tezliyinin bodondo daha
effektiv formada yayilmasidir.

8.

9.
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Abstract
The presented work is devoted to the study of the prospects for the introduction of white LEDs

and was discussed in the context of world ecology and obtaining a large economic effect. Up to 20% of
the electricity produced in the world is spent on lightening and, being a rather serious indicator, it can be
significantly reduced using white light diodes (LEDs) and other modern technologies. For this reason, in
this work, the prospects for the use of white LEDs in the lightening system were investigated. In the pre-
sented work, the issue of the manufacture of white LEDs is deeply considered, the necessary main part of
which is the phosphor material, because the choice of the phosphor in this direction in the manufacture of
highly efficient and permanent systems is one of the main problems. It is known that rare earth materials
and their compounds are basic in matrix materials and with the choice, give highly effective results. In
various industries and technologies, especially in the field of lightening, the prospects for white light di-
odes and similar systems have been studied in aspects of ecology and economic benefits.
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Ag is1q diodlarmmin isiqlandirmada atraf miihitd tasiri,
enerjiyd ¢onaati
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Xiilasa

Toqdim olunan is isiqlandirmada ag isiq diodlarmin tatbiq perspektivlerinin &yrenilmasina hasr olunub va
diinyadaki ekoloji va iqtisadi faydalar miizakirs edilib. Diinyada istehsal edilon enerjinin toxminen 20%-i
isiglandirmaya sarf olunur va kifayat qodor ciddi olan bu gostoricini ag isiq diodlarinin (LED) va elace do diger
miiasir texnologiyalarin totbiqi ilo shomiyyatli doracods agagi salmaq olar. Bu sobobdon, bu igds ag LED istehsalinin
isiglandirma sistemlorindo totbiq perspektivlori aragdirilmigdir. Ag LED-lor yaratmaq ticlin isiq diodlarinin osas
torkib hissasi bu isdo otrafli miizakirs olunan liiminofor materiallaridir. Ciinki liiminofor se¢imi bu istiqgamatds
yiiksok effektivli vo sabit sistemlorin istehsalinin osas problemlorindon biridir. Nadir torpaq elementlori miixtolif
birlogmolorin osas materiallar1 oldugu vo osas matrislordo bu elementlorin diizgiin se¢ilmasinin yiiksok keyfiyyatli
naticalor verdiyi molumdur. Sonayenin vo texnologiyanin miixtalif sahslorindo, xiisuson igiqlandirma sahosindo ag
LED-lorin perspektivlori vo bu ciir sistemlorin ekoloji vo iqtisadi faydalar1 6yronilmisdir.

Acar sbzlor: Is1q diodu, nadir torpaq elementi, yarimkegirici, iqtisadi somara, isiqlandirma, liiminofor.
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Binsinue 0eJibIX CBETOAMOA0B B OCBEIICHUM OKPY KAKOUIeH

Cpeabl HA 9KOHOMHUIO JHEPIrUHn
N.T. I'yceiinoB

Aszepbanioncanckas Hayuonanvnas axademus asuayuu (Mapoaxsmuckuil np., 30, Baky, AZ1010, Azepbatiosrcar)

g.]'lﬂ NEPENUCKH:

Tyceiinos Unvxun / e-mail:inibrahim@mail.ru

AHHOTAIIAA
CraTpsl MOCBSIIEHa W3YYCHUIO TIEPCIIEKTHB BHEAPEHHS OCNBIX CBETOAMOJIOB, PACCMaTPUBAEMBIX B pa3pese

MHpPOBOW JKOJOTHMH M TIOJNy4eHHUs OONbIIOro sSKoHOMHUYeckoro s¢dekrta. o 20% mnpomsBoanuMod B MHpeE
AJIEKTPOIHEPTUU PACXOJyEeTCs Ha OCBEIICHUE U, OyIy4d JIOCTATOYHO CEPHE3HBIM IOKA3aTeieM, a MOXKET OBITh
CYIIECTBEHHO TOHIDKEHA ¢ MOMONIBI0 Auoi0B Oenoro ceeta (LED) u apyrux coBpeMeHHBIX TexHONOTHH. B pabdore
HCCIICIOBAHBI TEPCIICKTUBBI HUCMONb30BaHus Oenbix LED B cucteMe OCBEIEHHs, PacCMOTPEH BONpPoc 00 WX
M3TOTOBJICHUH, HEOOXOAMMOIM OCHOBHON 4YacThIO KOTOPBIX SIBISCTCS MAaTepHall M3TOTOBJICHUs. M3BeCTHO, 4TO
PEeIKO3eMENTbHBIC MaTePHAIBl U MX COCAMHCHUS MCIIONB3YIOTCS U B OCHOBHBIX MaTpHUIaX U IPH MPABIIILHOM BEIOOpE
JIAFOT BBICOKOA((EKTUBHBIC pe3ysIbTaThl. [IeprCIeKTHBBI AHOI0B OSJIOro CBETa U UM MOJOOHBIX CHCTEM H3YYeHBI B
acreKTe YKOJIOTUU U SKOHOMUYecKoro dddexTa.

KaioueBble ci10Ba: CBETOIMO/I, PEIKO3EMEIBHBIN JIEMEHT, TT0JIyIIPOBOAHUK, SKOHOMUYECKast 3PpEeKTUBHOCTS,
OCBEIIIEHUE, TIOMUHOGOP.
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Giris

Enerji diinyanin on vacib problemidir.
Onun istehsali vo istismar1 enerji tolobatini
0domok {i¢iin ¢ox vacibdir. Eyni zamanda ot-
raf mihitin tohliikosizliyi diinyada golocok no-
sillorin qorunmasi1 baximindan enerji istehsa-
lindan daha vacibdir.

Toassif ki, giiniimiizde on ¢ox istifads
olunan enerjinin istehsal tisullar1 otraf miihito
ciddi ziyan vurur. Miitoxassislorin fikrincs,
enerjiys gonaot edon vo ekoloji baximdan toh-
liikkosiz olan miiasir isiglandirma vasitolorinin
totbiqi vo istifadosi zororli maddslorin, o ciim-
lodon karbon-dioksid qazi tullantilarinin faizi-
nin azalmasina da ravac veracak ki, naticoda
ekoloji cohatdon zororli olan istilik vo atom
elektrik stansiyalarinin tikintisine ehtiyac qal-
mayacagq.

Senayenin vo miasir texnologiyalarin
inkisafi vo digor birbasa amillor diinyanin
enerjiyo olan tolobini koskin gokildo artirir vo
bunun qarsisini almaq demok olar ki, miimkiin
deyil [1]. Olbates ki, son zamanlarda enerji is-
tehsali iiclin yenilona bilon enerji monbayi
(glinos vo kiilok) ekoloji cohatdon daha tomiz
metodlar toklif edilmis vo hazirda enerji isteh-
lakina tolob olaraq totbiq edilir [2].

Ancaq bu iisullar otraf miihito do tosir
edir. Ustolik, borpa olunan enerji monbayi
diinya enerji tolobatini tam tomin edo bilmoz.
Bu tip enerji monbolari iglimdon ¢ox asilt ol-
dugundan yer {iziindo yalniz mohdud yerlordo
istifads edo bilorsiniz.

Biitlin bunlar1 nozors alaraq deys bilarik
ki, enerji istehsali vo gonaot diinyanin galace-
yini qorumagq ii¢iin an vacib problemdir. Qeyd
etmok lazimdir ki, enerji qonaoti on az1 enerji
istehsali baximindan vacibdir. Bu baximdan
isiglandirma texnologiyalarinin inkisafi enerji
gonastindo xiisusi bir yers sahibdir.
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Isin maqsadi — Bu isdo isiglandirmada
totbiq olunan ag LED-lorin otraf miihita vo
enerji gonasting tasiri vo iqtisadiyyat baximin-
dan golocok faydalarin1 6yronmoyas ¢alisdiq.

Metodiki hissa

Isiglandirma texnologiyalar1 osason asa-
g1daki kimi tosnif edilir: kozorma lampa, halo-
gen lampa, liiminessent lampa vo LED isiqlan-
dirma.

[k kézorma lampalari ingilis kimyagisi
Humphry Davy torofindon 1802-ci ildo hazir-
lanmisdir. Bu lampalar siiso ampulanin i¢indo-
ki tosirsiz atmosferdo asilmis volfram metal
teldon elektrik coroyaninin kegmosi noticosin-
do is1q sacir. Elektrik coroyani volfram telin o
gader qizmasina (toxminon 2500°C) sobab
olur ki, bu zaman o hom isiqlanma verir, hom
do otrafa yliksok temperatur yayir. Kozormo
lampalarinin on bdyiik monfi cohatlorindon bi-
ri do onlarin tez siradan ¢ixmasidir.

Belo ki, bu lampalarda enerjinin yalniz
5%-1 is1qlandirmaya, qalan 95%-1 isa qizmaya
sorf olunur, bu da faydali is amsalinin va digor
gostoricilorin agagl olmasina gotirib ¢ixarir.

Qeyd etmok lazimdir ki, kdzormo lam-
palarinda enerji itkisi daha ¢oxdur. 2009-cu il-
don Avropa ittifaqr {imumi isiqlandirmadan
biitlin ononavi kozormo lampalarindan vo
asag1 enerji effektivliyino malik halogen lam-
palarindan tadricon imtina etmayi gorara aldi-
lar [3].
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Ko6zarmas lampalarimn istiinliiklori:

Istehsalati vo satismin ucuz olmasi;
Saglamliga zororli deyil; Yaxsi rong gostorici-
si; Cox kigik ol¢iilordo moveuddur.

Ko6zarms lampalarinin ¢catismazhgqlari:

Islomo miiddotinin az olmas1 (<1500
saat); Asag isiq effektivliyi; Islomo zamam
geyri-sabit is1q effektivliyi; Yiiksok istilik ay-
rilmast.

Halogen lampalar1 kozormo lampalari ilo
miiqayisada daha yaxs1 effektivliys vo isloma
miiddotino malikdir vo onlarin tokmillosdiril-
mis formasidir.

Bu lampalar daxilindo az miqdarda yod
vo brom halogenlari olan vo volfram maoftillo
kombinasiya edilmis lampalardir. Umumi qu-
rulusuna goro halogen lampalar k6zormo lam-
palarina ¢ox oxsayir. Lakin kézormo lampala-
rindan forqli olaraq halogen lampalarin daxi-
lindo halogen qazlar olur vo homin qazlar
volfram moftili sublimasiyadan miihafizs edir,
beloaliklo lampalarin émrii daha uzun olur. Ké-
zormo lampalari ilo miiqayisodo iistiin cohatlo-
11 ilo yanast onlarin da bir sira ¢atismazliglar
movcuddur:

Halogen lampalarin iistiinliiklori:
Qiymatinin asag1 olmasi; Saglamliga zororli
deyil; K6zormo lampalar1 ilo miiqayisods daha
parlaq; Yaxs1 rong gostaricisi.
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Halogen lampalarin catismazhqlar::
Islomo miiddetinin az olmas1 (=2000 saat);
Asag effektivlik; Yiiksok enerji itkisi.

Liiminessent lampalar1 isiqlandirmada
istifado edilon kozormo lampalarinin ovoz
edilmosi mogsadils istehsal edilmisdir. Onono-
vi lampalar ilo miiqayisodo liminessent lam-
palar enerjiyo oshomiyyatli doracads qonast et-
mak (enerji gonastinin 75% -9 qadori) imkani-
na malikdir. Forma vo 6lgiilorino goéro (boru,
dairovi vo ya U sokilli) onlarin genis c¢esidi
tokco evlordo yox, homginin restoran vo digor
yerlordo istifado imkanlarin artirir.

Lampanin daxilindo osas komponentlori
civa qazi (dalga uzunlugu 254 nm) vo liimino-
for Ortiiyiidiir ki, homin 6rtiik do cive qazinin
yaydig is181 goriinon isi8a ¢evirir. Lakin, za-
man kecdikco lampa daxilinds civo buxarinin
azalmas1 vo ultrabondvsoyi slialanmanin zoif-
lomosi homin lampalarin otraf miihit vo insan
organizmi ii¢iin zororli olmasi ilo bagl suallar
dogurur.

Liiminessent lampalarin istiinliiklori:
Islomoa miiddatinin uzun olmas1 (10000-16000
saat); Yiksok is1q effektivliyi (kdzormao
lampalarin-dan 5 qat daha yiiksok); Yiiksok
151q gilici (klassik kdzormo lampalarn ilo
miiqayisaodo).
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Liiminessent
mazhqlari:

lampalarin catis-

Asagi rong otlirmo indeksi; Cive zohor-
lonmasi risklori; Lampalardan golon ultrabe-
novsayi vo elektro-maqgnit siialanma; Tolob
olunan x{isusi zibil vo tokrar emal sistemi (zo-
horli elementlora goro). LED isiglandirma la-
yiholorinin mogsadi siiratlo inkisaf edon vo go-
lacak iicilin perspektivli bir texnologiya olaraq
biitiin diinyada genislonmosidir. LED lampala-
rin kdézormo, liiminessensiyali (civali, ksenon,
halogen) lampalardan forqlondiren osas cohati
vo lstiinliiyli, onlarin daha az enerji sorf etmo-
si, yiiksok is1q effektivliyi vo uzun istismar
miiddotino malik olmasidir. LED lampalarinin
torkibindo insan saglamligi vo otraf miihit
ti¢lin zorarli olan he¢ bir birlosmo mdvcud de-
yildir [4-6].

LED lampalarinin istiinliiklari:
- Yiiksok effektivlik vo asagi enerji sorfiyyati;
- Xidmot xorclorinin asagi olmasi; - Islomo
miiddotinin ¢ox olmast (7-10 ilodok); - Sorf
edilon enerji biitdvliikdo is1q selino ¢evrilir; -
Iso qosulmus isiqdiodlardan ¢ox az miqdarda
istilik ayrilir; - LED lampalarinin ronglorine
va enerji sorfiy-yatina goro secilmo imkani; -
LED lampalarinin yangina qars1 tohliikasizliyi;
- LED lampalarinin govdaslari plastikden ha-
zirlanir vo onlarda kdvrok elementlor olmadigi
liclin mexaniki zodolonmoadon “qorxmurlar”; -
LED lampalarindan istifado zamani1 onlardan
zororli stialar ayrilmir; Komponentlordo
civonin olmamasi; - LED lampalari miixtolif
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iqlim soraitindo islo-yirlor; - Isiglandirmada
is1q stalarin1 150-3600 bucaq altinda ni-
zamlamagq olur vo sairo.

LED lampalarinin catismazhqlari:

- Digor lampalar ilo miiqayisodo qiy-
motinin baha olmasi [7]; - Termal idarsetmoya
ehtiyacin olmasi (islomo miiddotinds deqrada-
siyanin garsisini almagq iigiin); - Isloyo bilmasi
liclin ayrica idaroetmo sisteminin tolob olun-
mast; - lkin istehsal xorclorinin ¢ox olmasi; -
Istiliys qars1 davamliga goro xiisusi dizayn to-
lob etmosi. Sadalanan is1q monbalorinin tipik
texniki xarakteristikalar1 codvol 1-do gostoril-
misdir [8].

Ag LED-lorin alinmasi texnologiyasi

Isiq diod anodla (yarimkegiriciden ano-
da keg¢id zamani elektronlar fotonlarin yayil-
mas1 ilo qarsiliglt olagedo olur) birlogdirilmis
yarimkegiricinin katodla tomasindan isi1gin ol-
do olunmasmi tomin edon texnologiyadir.
Sortgévdali isiglandirmanin tipi  kimi, is1q
diodlart ¢ox dar spektral diapazonda elektrik
enerjisini goriinon is1ga ¢evirmak ii¢iin yarim-
keciricilordo elektroliiminessensiya hadisosino
osaslanaraq isloyir. Bu texnologiya bork cisim
tranzistorlarinin inqilabinin bir hissasi olmaqla
50 ildon artiq miiddetdir ki, todqiq edilir. In-
kisafinin erkon morhololorindo is1q diodlar
yalniz asag1 soviyyado is1q sagir vo ragomsal
ekranlarda genis istifado olunurdu. Vaxt kec-
dikco is1q diodlar 6ziiniin inkisaf soviyyasino
catdr. Isiq diodlariin inkisaf etdirilmosi otraf
mihitin magsadli sakilde isiglandirilmasinda
onlar1 istifads etmays imkan yaradir.

Ag LED hazirlamaq {i¢iin on shomiyyot-
li proses is1q ¢evirmosini yerind yetiron liimi-
nofor maddolordir. Umumiyyatlo ag LED is-
tehsal etmok {iciin ultrabondvsoyi (375 nm) vo
mavi (450 nm) diodlar istifado olunur (sok.1).
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Liiminoforlar mavi va ya Qirmizi, yasil va mavi isiq

ultrabandvsayi siialar ag isiga diodlarm isiglarimmn lazimi

cevirmok iiciin istifads olunur miqdarda qarisdirilmasi ilo

¢ixisda ag isiq alimir
Sakil 1 — Ag is18mn alinma texnologiyasi
Figure 1 - White light production technolog
Cadval 1 - Is1q monbalarinin tipik texniki xarakteristikalart
Table 1 - Typical specifications of light sources
Is1q monbalorinin Ko6zormo Halogen Liiminessent LED
xarakteristikalari
Is1gin effektivliyi, Im/W 8-17 11-21 50-70 60 — 130
Islomo miiddaoti, saat 1000-1500 2000-3000 6000-15000 15000 — 30000
Rang temperaturu, K 2600-2800 | 2800-3200 | 2500 — 6500 2700 — 6500
Rong 6tiirma indeksi 100 100 70-85 70 - 95
Cadval 2 — Is1qg monbolorinin imumi enerji sorfiyyati vo texniki igtisadi qiymoatlondirilmasi
Table 2 — Overall energy efficiency and technical economic assessment of Isiq sources
Gostaricilor Olgii vahidi Ko6zarms lampa Ag LED
Tlkin tachizat xarclari
Isiglandiricilarin sayi odad 100 100
Isiglandiricinin 1 adadinin doyari manat 328,00 342,00
100 adad isiglandiricinin dayari manat 32800,00 34200,00
Islomo miiddoti saat 1500 30000
Isiglandiricinin istismar miiddoti il <1 7-10
Elektrik enerjisinin xarclori

Isiglandiricinin sorf etdiyi giic Vit 1000 170
Isiglandiricilarin 1 il (365 giin) orzindo orta Saat 3650 3650
gosulu vaxti (10 saat/giin)
Bir isiglandiricinin 1 il arzindos sorf etdiyi enerji kVt/saat 3650 620,50
100 isiqlandiricinin 1 il arzinds sarf etdiyi enerji kVt/saat 365000 62050
kVt/saat qiymoti manat 0.11 0,11
100 isiglandiricimin 1 il arzinds sarf etdiyi manat 40150,00 6825,50
elektrik enerjisinin doyori
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Molumdur ki, ag is18in alinmasi iigiin ii¢
osas rong lazimdir: gOy, yasil vo qurmizi
Is1gin bu ronglori insan gozii {iciin optimal pa-
rametrlordir. GOy is1q liglin osason hoyocan-
landiric1 InGaN osasinda yaradilan is1q diod
istifado olunur. Eyni zamanda ag isigin alin-
masi ligiin gdy is1q diod ilo birlikds yasil vo
qirmiz1 isiqlar da talab olunur.Burada liimino-
for materiallar bu moqsad ti¢ilin istifads olu-
nur.

Qeyd etmok lazimdir ki, liiminoforlarin
se¢ilmosi yliksok effektivli ag LED-lorin yara-
dilmasi {i¢iin asas mosalodir. Ciinki, yalniz fi-
ziki parametrlori deyil, iqtisadi somoraliliyi do
nozors almaq ¢ox vacibdir.

Odobiyyati arasdirsaq, ag LED-lor {igiin
bir ¢ox toklif edilon materiallar1 goro bilarik.
Hogqigaton, ag LED isiqlandirmasi {igiin yaxst
fiziki parametrlori olan bir ne¢o material mo-
lumdur. Lakin oksoriyyati iqtisadi somorosizli-
yo goro bu sahodo istifado edilo bilmirlor.
Ciinki bu liiminoforlar1 alds etmoak iigiin kifa-
yot godor bahali kimyovi materiallardan istifa-
da olunur.

Son zamanlarda nadir torpaq elementlo-
rinin milkkommaol elektron qurulusu sayossindo
nadir torpaq elementli materiallardan bu sahes-
do genis istifado olunur.

Bu elementlor ana matrislora daxil ol-
dugda yeni emissiya morkozlori yaradir. Osas
matrislordon asili olaraq nadir torpaq element-
lori yasil vo ya qirmizi is1q sagir. Bu baximdan
qgolovi torpaq oksidlori [9-10] vo sulfidlor [11-
15] xiisusilo geyd olunmalidir. Ciinki, bu ma-
teriallarin son tadqiqatlar1 onlar asasindaki lii-
minoforlarin hom fiziki parametrlor, hom do
igtisadi faydalar1 baximindan ag LED istehsa-
lina tamamilo uygun oldugunu gostordi.

Toqdim olunan isdo 100 adad isiglanma
effektivliyi togribon eyni olan kdzormo lampa-
st osasinda is1q manbalari ilo ag LED-lor mii-
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qayisoli analiz edilmisdir. Todqiqat isi Milli
Aviasiya Akademiyasinin orazisinde aparil-
migdir. Cadval 2-do is1q monbalorinin imumi
enerji sorfiyyat1 vo texniki iqtisadi qiymotlon-
dirilmosi verilmisdir.

Tacriibi hissa

Miiqayisali analizde qeyd olunan 100
adad is1q diodlarnin toqribon 7-10 dofoys qo-
dor istismar miiddoatini nozere almaqla yaran-
mis iqtisadi somors 33324,50 manat toskil
edir. Burada ag LED-lorin iqtisadi cohotdon
son doraco somoarali oldugu agiq sokildo gorii-
nlir. Eyni zamanda ag LED-lorin tokrar ema-
letmo miimkiinliiyiinlin olmas1 bu is1q monbo-
larino olan tolobati giinbagiin artirir.

Bu isiqdiod menbalarindon maisotds,
kiigo vo yollarin, metro sobokosinin, aeroport
va digor noqgliyyat vasitolorinin, binalarin isiq-
lanma sistemindo genis istifado olunmasi
elektrik enerjisindon shomiyyatli doracodo go-
naot edilmosino gorait yaradir.

Natico

Toqdim olunan isdo miixtalif is1q mon-
balarinin tipik texniki xarakteristikalar1 arasdi-
rilmigdir.

Todqgigat prosesindo isiglanma effektiv-
liyi togribon eyni olan kézormo lampasi osa-
sinda is1q monbalori ilo ag LED-lor miigayisali
analiz edilmisdir. Analiz noticosindo demok
olar ki, ag LED-lorin istehsali hom enerji
xarclorini azaltmaga, hom do enerjinin qonaot
edilmasina imkan yaradir.

Bir ¢ox iistlin fiziki parametrlori ilo ya-
nasl1, iqtisadi cohotdon yliksok somaralilik bu
lampalarin isiglandirma texnologiyasinda ge-
nis istehsalina imkan verir.
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