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ABSTRACT

This article is devoted to the research and development of methods to improve the performance of
centrifugal pumps. Centrifugal pumps are key elements in various industrial and technical
systems, ensuring efficient transportation of liquids. This article reviews the operation of
centrifugal pumps, shows the scheme of the pumping part of the centrifugal type equipment, the
scheme of the cantilever type centrifugal pump and describes their main components. Further, the
factors affecting pump performance, including fluid viscosity and operating conditions, are
analyzed, and methods for improving performance are described in detail, including design
optimization, the use of new materials and modern technologies, as well as speed control and
monitoring of pump condition. The advantages and disadvantages of centrifugal pumps are noted,
the concept of what the operation of this equipment is based on is given, and the fields of
application of centrifugal pumps are considered. In order to improve the operation of pumps, the
article includes a table showing the existing problems in the operation of the pumps described by
the author, the correction of which will lead to positive results, namely, an increase in quantitative
and qualitative performance indicators. Further, in the article, a color diagram is shown, which
shows the share distribution, that is, the percentage of damage to the structural elements of
centrifugal pumps. To improve the reliability and efficiency of operation of centrifugal pumps, the
article discusses in detail two ways to solve this task. The first way to solve the problem is the
development and manufacture of new, namely more advanced pumps in design, which most often
requires significant financial costs, and the second way was noted the modernization of already
functioning equipment, which allows you to reduce your own costs and thereby ensure the
implementation of energy saving programs. Based on the analysis and the examples considered, it
is concluded that an increase in the performance of centrifugal pumps can lead to a significant
improvement in efficiency and cost reduction.

Keywords: centrifugal pump, productivity, performance indicators, optimization, materials,
control.

Introduction.

A centrifugal pump is a pump in which the movement of a liquid and the necessary pressure are
created due to the centrifugal force that occurs when the impeller blades act on the liquid. Their
role in ensuring uninterrupted technological processes, cooling systems and liquid pumping
simply cannot be overestimated. The efficiency and reliability of centrifugal pumps are critical for
productivity and economic efficiency.

However, in the face of constantly changing technical requirements and growing environmental
expectations, there is a constant need to improve centrifugal pumps. Increasing operational
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performance, such as efficiency, reliability, and service life, is becoming a key challenge for
engineers and businesses in all industries.

The purpose of this article is to explore various aspects of improving the performance of
centrifugal pumps. We will start with an overview of the basic principles of centrifugal pumps
and their role in various fields. Next, we will look at the factors that affect performance and how
to improve it, including design optimization, the use of new materials and technologies, as well as
monitoring and maintenance measures.

The main part

The centrifugal pump belongs to the group of vane equipment, since the liquid is pumped under
the influence of centrifugal forces. They are created by rotating the pump blades. Most often, the
devices are made of cast iron, but there are models made of aluminum or other materials. The
centrifugal pumps are running quietly. Depending on the type of liquid to be pumped, the material
of the working chamber, impeller and mechanical seal also depends. Manufacturers focus on
materials that are able to resist chemicals. The materials from which the pump is made determine
not only the durability of the device, but also the efficiency of its operation. As centrifugal pumps
are rapidly gaining popularity, the range of materials used for their manufacture has expanded.
Durable metals with a high level of corrosion resistance remain a priority for manufacturers.
However, in the design of centrifugal pumps, parts such as thermoplastics for seals may occur.

Figure 1: The device of the pumping part of the centrifugal type equipment: A - oil seal;
B - stuffing; C - shaft; D - shaft sleeve; E - blade; F - body; G - the receiving space of the paddle
wheel; H - impeller; I - o-ring; J - impeller; K - exhaust pipe.

The production of this pump commenced in the 19th century, and the operational principle of the
centrifugal pump has endured unchanged for centuries, underscoring its enduring popularity
among buyers. Each year, its design has undergone slight modifications, continually enhancing its
sophistication. Centrifugal pumps may feature either a single impeller or multiple impellers,
earning them the designation of multistage centrifugal pumps. The latter, renowned for superior
performance at equivalent engine power, owes its popularity to a more advanced and versatile
structure.
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Examining the centrifugal pump's components, the following elements stand out in its
construction:

- The electric motor serves as the driving force in the centrifugal pump. The section housing the
drive motor is meticulously sealed, a crucial measure to shield the power unit from contact with
the pumped liquid medium.

- The pump shaft transmits rotational motion from the electric motor to the impeller.

- An essential component, the impeller, is integral to the centrifugal pump's design. The outer
cylindrical surface of the impeller features blades that propel the liquid medium through the
device's inner chamber.

- Bearing units facilitate the smooth rotation of the shaft, which carries the impeller.

- Sealing elements act as protective barriers, preventing the pumped fluid medium from coming
into contact with the internal parts of the hydraulic machine.

- Regularly molded like a snail, the pump body is prepared with two spouts — suction and weight.

Figure 2: Diagram of a cantilever type centrifugal pump: 1 - supply; 2 - impeller; 3 -withdrawal;
4 - diffuser; 5 - clap

The operation of centrifugal pumps (see figure 2) is based on the conversion of the energy of a
moving flow, turning it into both kinetic energy and potential pressure energy. These centrifugal
pumps improve the process of suction and pumping out liquids thanks to the centrifugal force that
causes the blades to rotate inside the volute casing of the pump.

The impeller blades establish channels for liquid passage. Before turning on the centrifugal pump,
its cavity is filled with the pumped liquid. The pressure that a single stage pump can reach can be
up to 50 meters. Consequently, to achieve high pressure on one shaft, several pumps are used or,
more precisely, impellers are installed in series within a single housing. The pressure of a
multistage pump directly depends on the number of impellers, usually their number does not
exceed five. Centrifugal pumps are widely favored in diverse industries and applications due to
several advantages. One primary benefit lies in their capability to efficiently disperse and move
liquids with minimal noise. Additionally, their versatility is evident in the various versions
available, allowing adaptation to different conditions and liquids. The straightforward and
dependable design of centrifugal pumps contributes to low maintenance costs and an extended
service life [2].

However, it is essential to consider certain drawbacks when selecting and utilizing centrifugal
pumps. Notably, their elevated cost and substantial weight can pose challenges in specific
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applications. Limited resistance to pollutant together with particles is another drawback,
potentially at the bottom of harm to the rotor and other components of the pump. Regular
servicing and replacement of wear elements are necessary, incurring additional financial and time
expenditures [1].

The centrifugal pumps find application across various functions in thermal power plants,
including:

1. Supplying condensate to the system and regenerative heating feed water.

2. Powering boilers for steam generation.

3. Providing circulating water to turbine condensers.

4. Supplying mains water in heating systems.

Moreover, they are utilized in pipelines and systems for transporting water and oil over long
distances. It's noteworthy that all public water supply systems rely on the deployment of
centrifugal pumps.

Adherence to operational regulations and maintenance practices is crucial during the operation of
pumping units. Prior to initiating the pump, it is essential to verify the closure of the valve on the
pressure line and ensure the pump is adequately filled with water. Before activating the electric
motor, conduct checks on the oil level in the bearings, open the filling valve, suction valve, and
pressure gauge valve, and subsequently start the engine.

A study conducted by the Finnish Research Center in 1996, titled "Expert Systems for the
Diagnosis and Operation of Centrifugal Pumps,” revealed that the average pumping efficiency of
1,690 pumps across 20 different enterprises, spanning various market segments, was below 40%.
Remarkably, 10% of the examined pumps operated at an efficiency level of less than 10%. As a
consequence of this investigation, it became evident that there was substantial room for
improvement in pump efficiency.

Table 1. Possible problems in the operation of centrifugal pumps and ways to eliminate them.

What needs to be done to
troubleshoot
Eliminate leaks in the suction line

Repeat the filling

What are the problems Possible causes of problems

1) Leakiness of the suction line.
2) The presence of air in the pump

1. Refusal to work after start-up | housing.
3) Corking of the hydraulic gland | Inspect and clean the tubes
tube.
1) Reducing the number of | Check the engine
revolutions.

2) Air seepage into the suction
lineage or into the pump housing
through the gland.

3) Increased resistance in the

Check the pipeline,
change the stuffing box

tighten or

2. Reduced productivity during

. Check all valves and possible
operation

pressure pipeline

pipeline blockages

4) Increase the suction height

Check with a vacuum gauge; inspect
the suction pipeline

5) Clogging of the impeller

Inspect and clean the wheel

3. Engine overload

1) The number of revolutions is
higher than the calculated one

Check the engine

2) The pump capacity is higher than

Close the valve on the pressure




ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

the permissible one, the pressure is | pipeline
less than the calculated one
3) Mechanical damage to the engine | Check the engine and pump
or pump

Upon the pump's delivery to its designated location, it is imperative to exercise caution and
conduct a thorough inspection to ensure compliance with the order and the absence of any
damage. In instances where the pump has been stored for less than six months, it suffices to store
it in a clean, dry room, free from the risk of contamination, overheating, and vibration to maintain
optimal condition. However, if the storage period exceeds six months, adherence to the same
guidelines is recommended. Additionally, it is advisable to manually rotate the shaft at least once
every three months to prevent the formation of dents on the bearing surfaces, as outlined in the
manual [6].

Improving the reliability of operation of centrifugal pumps.

Addressing the challenge of enhancing the reliability and efficiency of centrifugal pumps
necessitates consideration at both the development and production stages, as well as during
operation. Two primary approaches to resolving this issue are identified: the development and
production of new, more advanced pumps, or the modernization of existing operational
equipment. Opting for the first approach often entails substantial financial investments to yield
results, with profitability contingent on factors such as production scale, duration, operational
features, market competition, and the constraint of limiting price increases despite improved
efficiency or reliability.

The second approach, involving the modernization of pumps, allows for a relatively swift and
cost-effective implementation of measures to enhance the efficiency and reliability of pumping
equipment. This modernization is particularly attractive to operational organizations, offering a
means to reduce their own costs and facilitate the realization of energy-saving programs.

When designing centrifugal pumps, significant emphasis is placed on sealing the pump's working
components. During operation, the contact surfaces of the seals experience wear, leading to a
notable deterioration in the pump's key parameters, including efficiency, pressure, and reliability.
To bolster the reliability and efficiency of pump operation, a comprehensive modernization of the
centrifugal pump's design elements is imperative. Damage primarily affects almost all the
principal elements of pumping units, with issues such as damage to the housing, bearings,
impellers, shaft, and seals categorized into distinct groups.

Hull details Bearings
3.6% 37.1%

Impellers
8%
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Figure 3: Chart of damage distribution by pump elements.

Figure 3 illustrates a diagram depicting the distribution of damage among the pump design
elements. The personnel of the thermal power plant play a crucial role in eliminating the causes of
these damages, with a primary goal of reducing the accident rate of pumping equipment and
enhancing its operational reliability.

To make informed decisions during operation, it is essential to assess the operability of the pump
unit. The pump's condition at any given time is defined by an available resource, ensuring reliable
failure-free operation of the pumping unit until significant repairs are required. Throughout these
repairs, the main technical parameters and characteristics specified in the passport should remain
within established tolerances.

The evaluation of pumping unit operability involves the creation of physical and mathematical
models describing processes occurring in the flow part and the primary nodes of the pump. These
models consider the mutual influence of pump parameters or a group of pumps on each other and
their interaction within the specific technological cycle. The primary objective of this analysis is
to identify limitations and permissible effects on the studied pump unit, along with determining
the real resource, accounting for increased loads experienced during abnormal operating
conditions [5].

In his study titled "Enhancing the Efficiency of Centrifugal Pumps through Alterations in the
Hydrodynamic Interaction of the Working Flow with Flow Part Elements,” Sergey Alexandrovich
Chernyshev demonstrated that the key to improving the performance of centrifugal pumps lies in
enhancing the hydrodynamic characteristics of the flow part. This improvement is directed at
minimizing losses during the transfer of mechanical energy to the working flow. Of particular
interest is the application of a modification that alters the hydrodynamic interaction between the
surfaces of the flow part elements and the working flow, all without altering the pump's design.
The author suggests that such an approach is feasible through the hydrophobization of streamlined
surfaces. Hydrophobization serves to reduce hydraulic losses, which have a substantial impact on
centrifugal pump efficiency. A significant portion of hydraulic losses, stemming from hydraulic
friction, is generated during the flow within the impeller (RC), where surfaces interact with the
flow under conditions of the highest flow velocities. The hydrophobic coating provides additional
protection against corrosion processes, thereby enhancing reliability during operation.
Consequently, the adjustment of the hydrodynamic interaction between the flow and the flow part
elements, based on hydrophobization of streamlined surfaces, ensures an improvement in the
efficiency and reliability of centrifugal pump operation. This form of modernization enables
operating organizations to implement energy-saving programs [3].

In his dissertation titled “Investigation of the Impact of Surface Hydrophobicity on the
Performance and Specific Losses of Centrifugal Pumps,” G.P. Khovanov established the
technological foundation for enhancing the efficiency of centrifugal pumps through the
hydrophobization of flow element surfaces. The author identified a correlation between the
increase in efficiency and the hydrophobization of these flow elements in centrifugal pumps.
According to Khovanov, the key to improving the reliability and efficiency of centrifugal pumps
lies in enhancing the hydrodynamic qualities of the flow elements to minimize losses during the
transfer of mechanical energy to the working flow. Modifications that alter the hydrodynamic
interaction between the surfaces of the flow elements and the working flow, without altering the
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pump's design, are of significant interest to operational organizations. This approach can be
implemented by altering the properties of the functional surfaces of centrifugal pumps using
structured coatings to reduce losses [4].
Through an analysis of the primary operational challenges, standards for manufacturing pumping
units were developed. These standards aim to standardize equipment requirements and establish a
common basis for reliability indicators.

The latest centrifugal pump in the industry.

Today's centrifugal pumps have complex structures and are made from modern materials,
including synthetic materials. The efficiency achieved by this type of pump is typically between 1
= 0.65 for small pumps and n = 0.89 for large units.

Therefore, one of the important points when choosing a pump is to consider not only the cost, but
also the cost of repair and maintenance over the lifecycle of the device.

Pumps manufactured today have mechanical seals and high-strength bearings and are typically
designed to require no regular maintenance and to be fully autonomous.

Figure 4: Centrifugal pump.

Pumps are present in almost all industrial facilities, in some they perform the main technical
function, in others they perform auxiliary functions. Energy consumption is an important cost
factor for companies.

All advances in pump technology are useless if you choose the wrong device. Each unit has a
range of acceptable parameters within which it must operate. If work is carried out outside this
range due to incorrect selection, this will not only increase energy consumption, but also reduce
the time to repair. This is because operating the device at an unacceptable operating point
increases vibrations, which can damage bearings and seals [7].

Result
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The article offers a comprehensive examination of this subject from both scientific and literary
perspectives. It delves into the advantages and disadvantages of centrifugal pumps, exploring
ways to enhance their operational reliability. Achieving improved performance in centrifugal
pumps necessitates a holistic approach encompassing design advancements, technological
upgrades, and efficient management. Committing resources to optimization efforts and staff
training is crucial for ensuring the sustained and effective operation of the system over an
extended period.
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PE3IOME

JlanHast cTaThs TIOCBSIIICHA WCCIICIOBAHUIO W pPa3pabOTKe METOJOB JUIS  ITOBBIMICHUS
9KCILTyaTallMOHHBIX TOKa3aTelel LEeHTPOOSKHBIX HacocoB. LIeHTpoOekHbIe HACOCHI SBISIOTCS
KIIFOUCBBIMHU 3JICMCHTAMU B paSJII/I‘-IHI)IX HpOMBIHIJIeHHLIX U TEXHUYCCKUX CUCTEMAX, O6€CHC‘II/IBa$I
3 PeKTUBHBI TpaHCHIOPT XKHUAKOCTEH. B maHHOW cTaTthe paccmaTpuBaeTcs 0030p paboThI
[IEHTPOOCKHBIX HACOCOB, IIOKa3aHAa CXeMa yCTPOMCTBA HACOCHOW 4YacTH O0OpYIOBaHUS
IEHTPOOEIKHOTO THITA, CXeMa IEHTPOOEIKHOTO HAcOCa KOHCOJBHOTO THUIA M OMHCHIBAIOTCS HX
OCHOBHBIC KOMIIOHCHTHI. I[anee aHaJ'II/I?,I/Ip}IIOTC?I Q)aKTopm, BIIMAKOIIINEC HaA HpOH?;BOI[I/ITCJII)HOCTI)
HACOCOB, BKJIIOYas BS3KOCTh JKHJIKOCTH U YCJOBHUS JKCIUTyaTallMH, MOJPOOHO OIMUCHIBAIOTCS
METOABI ITOBBIICHUA 3KCHJIyaTaIII/IOHHI)IX HOKaSaTeHeﬁ, BKJIFOYAasds OITHUMU3AIIUIO IIPI33.I>1H3.,
MIPUMEHEHHE HOBBIX MaTEpHUaOB U COBPEMEHHBIX TEXHOJOTUH, a TAaK)KE YIpPaBIEHUE CKOPOCTHIO
nu MOHI/ITOpI/IHF COCTOAHHUA HACOCOB. OTMG‘-IGHI)I HpCI/IMYHIeCTBa U HCOOCTATKH HeHTpOGC)KHBIX
HACOCOB, /IaHO TIOHATHE Ha YeM OCHOBaHa paboTa JaHHOTO 00OPYIOBaHMS, a TAKXKE PACCMOTPEHBI
o0jacTu MPUMEHEHUs HAacOCOB LIEHTPOOEX HOro Tuma. B craTeio, B 1eNsAX yiydileHus: paboThbl
HACOCOB, BKIJIIOUEHA Ta0iWila, TMOKa3bIBAIOIIAs HMEIOIIMECS HEMONagku Tpu padore
OIINCBIBACMBIX aBTOpOM HaCoOCOB, I/ICHpaBJ'ICHI/Ie KOTOpI)IX, HpI/IBeI[éT K TITIOJOXUTCIIbHBIM
pe3yibTaTaM, a UMEHHO K YBEIMYEHHUIO KOJIMYECTBEHHBIX M KaUE€CTBEHHBIX 3KCIUTYyaTallMOHHBIX
nokazareneil. Jlasee B cTaTbe NOKa3aHa IBETHAs JuarpamMma, Ha KOTOPOW BHIHO JOJIEBOE
pacnpeneneHue, TO €CTh MPOLIEHTHOE COOTHOLIEHUE MOBPEXKACHUN MO 3J€MEHTaM KOHCTPYKIIMU
LEHTPOOEKHBIX HAcOCOB. /[l TOBBIMIEHUS HAAEKHOCTH M 3(PPEKTUBHOCTH SKCILTyaTallUuU
HEHTPOOEKHBIX HACOCOB, B CTaTbe TMOAPOOHO pPAacCMOTPEHBI JBa MyTH pEIIeHUs D3TOH
noctaBlieHHOW 3ajmaud. llepBbIM myTem pemieHus mpoOJieMbl SBIsSETCS pa3paboTka U
M3TOTOBJICHHE HOBBIX, a UMEHHO 0o0Jiee COBEPIIEHHBIX MO KOHCTPYKIIMM HACOCOB, B KOTOPOM
yaile BCero, TpeOyroTcs 3HAUMTEIbHbIE (PMHAHCOBBIE 3aTpaThl. BTOphIM myTeM OBLIO OTMEUYEHO
MoOJIepHHM3aIUsl yxe (DyHKIMOHUPYIOUIETO O000pYJIOBaHMS, KOTOPOE TIO3BOJISET CHMXKATh
CO6CTB€HHLI€ SanaTI)I nu TEM CaMbIM O6eCHe‘—II/IBaTI) BBIITOJTHCHUC nporpaMM 110
sHeprocOepexeHnto. Ha ocHOBE POBEJCHHOTO aHaIN3a U PACCMOTPEHHBIX MPUMEPOB ACNAeTCs
BBIBOJI O TOM, YTO ITOBBIIIICHUE 3KCHJIyaTaI_[HOHHBIX HOKa3aTeHeﬁ HeHTpO6e)KHI)IX HACOCOB MOXET
MPUBECTH K CYIIECTBEHHOMY yIyUIIeHHIO 3P PEKTUBHOCTH U CHIXKEHHUIO 3aTpart.

KiroueBble cjoBa: I1EHTPOOSXKHBIM HACOC, TMPOU3ZBOJUTEIBLHOCTh, JKCILTyaTal[MOHHBIC
MOKa3aTeN, ONTUMU3ALIMS, MAaTEPUAIIbI, KOHTPOJIb.
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XULASO

Bu moqalo markezdonqagma nasoslarmin omoliyyat gostoricilorini artirmaq iiclin metodlarin
Oyronilmosino vo inkisafina hosr edilmisdir. Morkozdonqagma nasoslart mayelorin somorali
noglini tomin edon miixtalif sonaye vo Texniki sistemlordo osas elementlordir. Bu moqalodo
morkozdongagma nasoslarinin isino tUmumi baxis nozordon Kegirilir, morkozdongagma tipli
avadanliglarin nasos hissosinin cihazinin diaqrami, konsol tipli morkozdonqagma nasosunun
diagram1 gostorilir vo onlarin asas komponentlari tosvir olunur. Bundan slavo, mayenin o6zliililyii
vo ig soraiti daxil olmagla nasoslarin isino tosir edon amillor tohlil edilir, dizaynin
optimallagdirilmasi, yeni materiallarin vo miiasir texnologiyalarin totbiqi, homginin siirotin idaro
edilmasi vo nasoslarin voziyystinin monitoringi daxil olmaqla omosliyyat gostoricilorinin
artirtlmas1 tsullar1 otrafli tosvir olunur. Moarkozdongagma nasoslarinin istiinliiklori vo monfi
cohotlori qgeyd edildi, bu avadanliglarin isinin noyo osaslandigi anlayist verildi vo
morkozdongagma tipli nasoslarin totbiqi saholori do nozordon kegirildi. Maqalads nasoslarin isini
yaxsilagsdirmaq Ug¢iin muollif torofindon tosvir olunan nasoslarin igindo moévcud problemlori
gostaran bir cadval daxil edilmisdir ki, bunlarin diizoldilmasi miisbot naticolors, yoni kamiyyat vo
keyfiyyot performans gostaricilorinin artmasina sabab olacaqdir. Magalads, pay bolgiisiinii, yoni
morkozdongqagma nasoslarinin dizayn elementlorino goro zororin faizini gostoron rongli bir
diagram gostorilir. Morkozdongagma nasoslarinin etibarliligini vo somoraliliyini artirmaq {iciin
mogqalods bu problemi hoall etmayin iki yolu otrafli miizakirs olunur. Problemi hoall etmoyin ilk
yolu, an ¢ox ohomiyyatli maliyya xorclori tolob olunan Yeni, yoni dizaynda daha inkisaf etmis
nasoslarin inkisafi vo istehsalidir. ikinci yol, 6z xarclorini azaltmaga vo bununla da enerji gonast
programlarinin icrasini tomin etmoyo imkan veran artiq isloyon avadanliglarin modernlosdirilmasi
geyd edildi. Tohlil vo nozorden kegirilmis niimunslor osasinda morkozdongagma nasoslarinin
omoliyyat gostoricilorinin artmasinin somoraliliyin ohomiyyoatli dorocodo yaxsilagmasina vo
xarclorin azalmasina sobab ola bilocoyi gonasting golinir.

Acar sozlor: morkozdongagma nasosu, performans, performans, optimallagdirma, materiallar,
nazarat.
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ABSTRACT

This study examines the significance of protective coatings for pipelines in hydropower and
thermal power plants. It covers the role of primers in establishing strong bonds and explores the
use of various coatings, including bituminous, epoxy, vinyl, and chlorinated rubber coatings. Key
findings include the impact of environmental factors on coating durability, the adaptability of
epoxy resins, and the efficacy of vinyl coatings in marine atmospheres. The study provides
valuable insights for selecting appropriate coatings based on specific conditions and requirements.
Keywords: Protective coatings, pipelines, hydropower, thermal power plants, epoxy coatings,
vinyl coatings

The protection of metals from corrosion through coatings is based on their barrier, passivating, or
protector actions. Coatings of the barrier type merely restrict the access of substances that induce
electrochemical reactions on the metal surface [1]. Coatings whose action is based on the
passivation of the metal surface contain chemical agents with oxidizing properties, causing
inhibition of the corrosion process. Passivation of the metal surface can also be achieved through
phosphating and nitriding. Organic coatings acquire passivating properties by introducing
appropriate pigments or special groups into the composition of the film-forming macromolecules.
Under the influence of these passivators, a phase film forms on the metal surface, physically
isolating the metal from the aggressive action of the electrolyte. Thanks to this film, coatings
maintain their protective properties even after losing their insulating properties.

Protector coatings either contain fillers that act towards the protected metal as anodes (e.g., zinc
dust), providing "internal cathodic protection," or they act as anodes with the same effect (zinc
metallization coatings and, under certain conditions, aluminum). In modern corrosion protection
practices for pipelines, all these coatings are used.

In Austria, Germany, the United Kingdom, and Australia, these enamels are also applied to
protect steel structures located in underwater and coastal areas, ship bottoms, the inner surfaces of
pipelines in contact with seawater, pipes of treatment plants, and sewage systems. In some cases,
epoxy-coal tar enamel is applied over epoxy-zinc primer or a thin layer of sprayed zinc. In the
United Kingdom and the USA, epoxy coatings are widely used for the protection of drinking
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water pipelines. In Italy, combined metallization-paint coatings have been successfully applied to
protect the internal surface of cooling water supply pipelines in power plants. The first layer is a
sprayed zinc with a thickness of 20 um, the second layer is a high-viscosity epoxy composition of
200 pm, and the third layer is an epoxy lacquer of 30 um. [2]

In Germany and Switzerland, two-component zinc-filled epoxy paints and chlorinated rubber
paints are used for the protection of pipelines in hydroelectric power plants (HEPS). They are
applied over epoxy-zinc primer or lead-pigmented chlorinated rubber. The coatings have a
thickness of 240-260 pum. In Switzerland, chlorinated rubber coatings protect distribution
pipelines, turbines of various systems, gates of turbine penstocks, and other metal structures of
HEPs exposed to rapidly moving water. Turbine blades are coated with thixotropic chlorinated
rubber paints. In the United Kingdom and Australia, pipelines operated in conditions of high
humidity, in acidic and alkaline environments, are protected by chlorinated rubber coatings. They
are recommended for the protection of bridges and metal structures operating in the atmosphere,
in fresh and saltwater, while in the USA, they are used for steel structures located in coastal areas.
Cyclo-rubber coatings are used in Germany to protect the internal surface of pipelines in HEPs
and chemical equipment. Neoprene coatings are used in the United Kingdom to protect the steel
linings of pressure tunnels and pipelines of HEPs and nuclear power plants. [3]

The turbine penstocks and spiral chambers of the HEP in Indonesia are protected by a coating
with a thickness of 0.6-0.8 mm, consisting of 7 layers of neoprene and 3 layers of
chlorosulfonated polyethylene. In Australia, vinyl coatings in combination with zinc silicate
primers are used to protect the external surface of penstock pipelines (Tumut-3 HEP), steel
structures of hydraulic engineering facilities, and industrial structures erected in coastal areas of
the country. [4]

In Switzerland, Germany, and Sweden, vinyl coatings are applied to protect the internal surface of
pipelines for conveying chemically aggressive liquids. At the Rance HEP (France), six-layer
coatings based on vinyl resins were used to protect penstock pipelines and pipelines of various
purposes in contact with seawater. The coatings included 1 layer of primer, 3 intermediate layers
of vinyl paint containing zinc chromate, and 2 top layers - either finishing or containing copper
oxide paint to combat fouling. There is information about the use of coal tar enamels (hot
application) on HEPs located in areas with mild climatic conditions, such as Tasmania (Australia).
[5]

Coal tar-polyurethane coatings with primers containing zinc dust or zinc chromate are used in
Germany to protect metal structures of hydraulic engineering facilities, marine vessels, and
chemical equipment. Coatings based on petroleum bitumen are used in the USA, Germany, and
the UK to protect the internal surface of water supply system pipes. Hot asphalt mastics and
enamels based on bitumen, cold-applied mastics from plasticized coal tar resins or petroleum
bitumen with the addition of natural asphaltite, and coatings applied hot from microcrystalline
paraffin are used in many countries to protect the external surface of pipelines for various
purposes. [6]

Powder coatings made of thermoplastic and thermosetting resins, sprayed in an electric field, are
gaining increasing popularity. In the USA and Germany, polyethylene is most widely used for
protecting the external surface of steel pipelines. Underground pipeline sections laid in rocky soils
in the USA, Italy, and the Netherlands are protected by thick-layer (3 mm) coatings of sprayed
polyethylene powder. In France, England, Australia, and Germany, the internal surface of water
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supply system pipelines is protected by powder coatings based on epoxy resins. [16] In the USA,
a two-layer coating with a thickness of 275-400 um, obtained by spraying epoxy-phenolic and
then epoxy compositions, is widely used for protecting the external surface of pipelines for
various purposes. [7] In recent years, many new wrapping materials have appeared on the world
market designed to protect the external surface of gas, oil, and water pipelines. Combined wraps,
such as those made of polyethylene, polyvinyl chloride, and bituminous materials, have become
widespread. [3] Gravity method lining has been done for water pipelines (Luxembourg),
(Australia), and Austria, while the separate concreting method is used for lining penstock
pipelines of HEPs (Canada), (Austria). [8] Cement coatings are used in many countries to protect
the external surface of aboveground penstock pipelines and underground water supply system
pipelines. In Japan, pipes with cement coatings are used in water supply networks for the transfer
of hot water. Cement coatings in the USA, the UK, Australia, Spain, and other countries protect
the internal surface of water supply system pipelines. For the same purpose, ceramic and zinc
silicate paint coatings developed in Australia are used in the USA and Japan. [9]

When choosing a protective coating system, significant importance is given to the primer, the
purpose of which is to ensure the adhesion of the coating to the metal surface and protect it from
corrosion. The high demands on the anticorrosive properties of the primer are justified by the fact
that, when using paint coatings, corrosion protection is based not only on their barrier action
(although efforts are made to make the coating salts from the least water-permeable materials),
but also on the action of pigments contained in the primers. Another essential requirement for the
primer is high adhesion to the steel surface, which persists during prolonged contact with water.
The adhesive properties of the primer depend mainly on the film-forming material. The
wettability of the steel surface by the primer also plays a significant role.

Primers with anticorrosive pigments are mainly used when it is necessary to protect the surface of
the pipeline before it is put into operation. Most often, primers containing iron oxide and zinc
chromate are used, and in cases of less thorough surface preparation and exposure to aggressive
industrial-marine atmospheres, primers containing lead oxide are used. Phosphating primers,
which form a practically insoluble layer of metal phosphate and polymer material on the metal
surface with a total thickness of 8-12 um, are widely used. Phosphating primers are applied by
spraying, dipping, or brushing. Such primers enhance the adhesion of most bubbles in coatings
made of zinc-containing paints.

In recent years, primers with protector action - zinc-filled systems on organic or inorganic binders
- are becoming more widely used. They are capable of self-healing and maintaining protective
properties with small film damage. Organic binders in zinc-filled primers include epoxy and
epoxy-polyamide resins, chlorinated rubber, ethyl silicates, and inorganic binders - alkali metal
silicates. If the pipeline is operated in not very harsh conditions, leaving a uniformly painted
surface ahead. In recent years, another direction has emerged - the development of underwater
painting methods. One of the devices used in the UK consists of a nylon brush, a device for
supplying paint by airless spraying, and vibration cushions. In another device, paint application is
carried out using a hollow waterproof profiled visor in the form of a rectangular trumpet, at the
upper narrow end of which a nozzle with a flat nozzle and rollers regulating the thickness of the
applied coating is placed. To obtain high-quality anticorrosive coatings, in-process control of the
process is carried out. Portable, easy-to-maintain devices are used for conducting anticorrosive
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works on construction sites. In factory serial production of pipes with anticorrosive coatings,
control is carried out automatically.

The continuity of the coating is determined using ultrasonic and spark testing devices. Penetrant
composition methods are used in laboratory research.

Materials for applying bitumen coatings include solutions of pitches, coal tar resins, petroleum
bitumens, and various modifying additives in organic solvents, upon evaporation of which the
coatings are formed. The resulting coatings are quite porous, explaining their low protective
ability. They dry slowly, are prone to destruction under the influence of solar radiation (especially
coal tar), and are characterized by low heat and frost resistance (at temperatures above +60 °C,
they melt, and at low temperatures, they become brittle and crack). However, satisfactory water
resistance, low requirements for surface preparation, availability, and low cost have determined
their wide application.

In Australia, at the Tully Falls hydro plant, the internal surface of the inclined section of the
pressure pipeline was coated with "Inertol” bituminous paint, while the horizontal section was
coated with coal tar enamel. However, upon inspection after 6.5 years of operation, both coatings
exhibited significant damage, with complete delamination in certain areas, exposing the metal to
corrosion products. Coal tar enamels were also used on the pressure pipelines of the Tumut-1,
Tumut-2, Murray-1, and Murray-2 hydroelectric power plants. Coatings on pipelines embedded in
concrete and put into operation a few months after painting remained in satisfactory condition. In
contrast, coatings on the Murray-1 and Murray-2 hydroelectric power plants, with construction
lasting about 3 years, deteriorated due to abrupt temperature fluctuations. Coatings based on coal
tar resins modified with polyurethanes are of interest. These coatings, applied in thicknesses
ranging from 0.1 to 0.5 mm, can be single-component or two-component compositions. Single-
component coal tar-polyurethane compositions cure through the interaction of isocyanates with
water, allowing them to be applied to both dry and wet surfaces. Cured coatings exhibit resistance
to water, diluted mineral acids, alkalis, soda, and oil, low flammability, and high resistance to
abrasive wear. However, their drawback is low adhesion to metal surfaces, which is sometimes
addressed by incorporating various additives into the composition. Coatings from two-component
coal tar-polyurethane compositions form through the interaction of isocyanates with hydroxyl or
epoxy groups. These coatings possess excellent adhesion properties, hardness, and resistance to
abrasive wear. The combination of properties such as water and chemical resistance,
waterproofing, elasticity, good adhesion, dielectric properties, high dynamic strength, impact
viscosity, resistance to abrasive wear, atmospheric resistance, and frost resistance make them
widely applicable in hydraulic and industrial construction. Vinyl coatings, containing iron oxide,
after 14 years of operation, remained in good condition on dam gate structures exposed to water
flow, small stones, and ice. These coatings, applied in 4-5 layers with a total thickness of 150-200
pum, are being considered for future use in less multi-layered vinyl abrasive-resistant coatings,
including thixotropic ones. Vinyl paints used as topcoats over zinc silicate primers are
characterized by a high film-forming content, allowing the application of a single layer with a
thickness of 125 pum and more. However, drawbacks of vinyl coatings include their multi-layer
structure, determined by the small dry residue in vinyl paints, and a high solvent content,
requiring the use of powerful ventilation devices and fire prevention measures. These drawbacks
are partially mitigated by using high-viscosity paints and airless application methods. Over 20
years of global experience with vinyl coatings has shown that their use does not require
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significant expenses to protect structural steel. In terms of protective ability in a marine
atmosphere, vinyl coatings are rated in the USA on par with epoxy-coal tar and epoxy-polyamide
coatings. [10]

In corrosion protection technology, epoxy resins rank among the most well-known synthetic
materials. They possess high adhesive capability, strength, water resistance, chemical resistance at
elevated temperatures, and excellent electrical insulation properties. Their high versatility allows
the imparting of new properties through the use of various modifying additives, hardeners, and
curing regimes. Epoxy resins can be modified with polyamide and novolac resins, as well as
polyurethanes, coal tar materials, petroleum bitumen, etc. Additionally, epoxy resins are
technologically advanced and do not require scarce raw materials in their manufacturing. Epoxy
varnishes and paints contain up to 50% solid content. A recent trend involves using more viscous
compositions containing up to 90% solid content or completely solvent-free compositions.

For pipeline permeability improvement, epoxy coatings with a thickness of 37-50 um are applied,
while for corrosion protection, thicknesses of 200-250 um and more are used. Two-layer epoxy
coatings are employed as topcoats over zinc silicate primers for protecting coastal metal structures
and in shipbuilding. Coatings made of epoxy-coal tar enamels, combining the properties of both
components, are of particular interest. Epoxy resins provide high adhesion, chemical resistance,
and resistance to abrasive wear, while coal tar imparts water resistance. The performance of these
properties is determined by the quality and quantity of coal tar resin, epoxy resin grade, and
physical state, and the amount and type of hardener, pigments, fillers, and thixotropic additives.
The content of coal tar resin in the composition usually does not exceed 50-60%, but even this
addition results in a significant reduction in the cost of protective coatings.

Epoxy-coal tar coatings are primarily applied using the airless spray method for both solvent-
containing and solvent-free compositions. Aluminum powder is often introduced to enhance the
surface's reflective ability and give it a lighter shade. These coatings are applied over epoxy or
zinc-epoxy primers. The thickness of the primer layer ranges from 15-50 pum, determined by the
durability requirements of the coating. Sometimes they are applied without a primer in 2 layers,
each with a thickness of 20 um. The most effective coatings, with a thickness of 300 um, are
achieved by applying three layers of enamel with layer-by-layer drying over 1-3 days. Prolonged
intervals between applying individual layers can deteriorate interlayer adhesion. A drawback of
epoxy-coal tar coatings is their slow curing at temperatures below 10 °C (practically no curing
below 4.5 °C).

The resulting coating exhibits water and chemical resistance, resistance to abrasive wear, dynamic
loads, and sharp temperature fluctuations. Despite the significant manual labor and complex joint
sealing technology, it is still widely used where long-lasting and reliable protection is required.
Chlorinated rubber and cyclo rubber coatings find extensive application in Russia, England, the
USA, Germany, Yugoslavia, Australia, Switzerland, and other countries. In Northern Europe and
certain regions of the USA, the use of epoxy and vinyl coatings poses some difficulties due to the
damp cold climate, leading to their replacement with chlorinated rubber coatings. Chlorinated
rubbers dissolve well in aromatic and chlorinated hydrocarbons, and certain ketones, and can
combine with various natural and synthetic resins, allowing for a wide range of variations in the
properties of protective coatings. [11]

Among all organic coatings, chlorinated rubber coatings have the lowest water and gas
permeability. They demonstrate resistance to inorganic and organic acid solutions, alkalis, salts,
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seawater, freshwater, marine, and industrial atmospheres, as well as plant and mineral oils.
Chlorinated rubber coatings are wear-resistant, possess good electrical insulation and adhesive
properties, and can be used for extended periods at temperatures up to 75-100 °C and up to 60 °C
in the presence of diluted acids. They can be applied at temperatures ranging from -20 °C to +50
°C, pigmented with various pigments, and produce coatings of desired colors. Chlorinated rubbers
act as excellent binders in thixotropic paints and primers filled with zinc or lead dust.

With the development of the airless application method, it became possible to obtain coatings
with thicknesses up to 100 um from high-viscosity chlorinated rubber compositions. The addition
of iron oxides, mica, and aluminum powder to these compositions imparts high resistance to
polluted atmospheres and underwater conditions.

Chlorinated rubber coatings are non-toxic, odorless, and tasteless, making them suitable for
protecting drinking water pipelines. Cyclo rubber is obtained through the catalytic isomerization
of rubber. The presence of double bonds in cyclo rubber determines the mechanism of coating
formation, with the primary process being oxidation by atmospheric oxygen, resulting in a
reticulated structure.

In conclusion, there is a wide range of coatings suitable for protecting hydroelectric and thermal
power plant pipelines. However, for a reasoned choice of coating, it is essential to know not only
the working conditions of the protected structure but also the fundamental properties of anti-
corrosion coatings and the methods of their application. The main trends in the development of
pipeline corrosion protection technology will be discussed later. The effectiveness of a protective
coating is determined not only by its chemical nature but also by the quality of surface
preparation, the method of coating application, strict adherence to the technology at all stages, and
careful quality control of the finished coating. Surface preparation aims to provide the greatest
strength of adhesion to the coating, which should persist for an extended period (ideally,
throughout the designed service life of the protected structure). Adhesion strength is influenced by
the cleanliness and roughness of the surface. The greatest adhesion strength of the coating to the
metal surface is achieved when polymer molecules are in direct proximity to the atoms of the
metal's surface layer, creating the most favorable conditions for the action of electrical,
mechanical, and chemical forces.
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B nmanHOM MCCIIeZIOBaHUM PACCMATPUBACTCSI BAKHOCTD 3AIUTHBIX MMOKPBITUH I TPYOOIPOBOIOB
B THAPO- M TEIUIOdJIeKTpocTaHusaX. OHO OXBaThIBaCT pOJIb TI'PYHTOBOK B (HOPMUPOBaHHU
IMPOYHBIX CBSI3EH U HUCCICAYCT HCIOJb30BAHUC PA3JIMYHBIX BHIOB HOKprTI/II\/JI, BKJIOYas
OUTYMHBIC, SIOKCHIHbIC, BHHWIIOBBIE W XJOPUPOBAaHHBIC DPE3WHOBBIC IOKPBHITHA. B Xxome
HUCCIICAO0OBaHNA OLCHUBAIKOTCA HUX IMPOU3BOAUTCIHLHOCTD, CBOMCTBaA aare3nu nu J0JI'OBCYHOCTh B
Pa3IMYHBIX YCIOBUSX OKpYyKaromei cpeapl. KiroyeBble pe3ynbTaThbl BKIIOYAIOT —BIHSIHHE
(haKTOpOB OKpYKAIOIICH CPebl HA JIOJITOBEYHOCTh MOKPBITUN, aJalTUBHOCTD AMOKCHIHBIX CMOJ
1 3()(HEKTUBHOCT, BUHWIIOBBIX IOKPBITHI B MOPCKUX ycioBHsX. MccienoBanue mpeaocTapisieT
LCHHbBIC MJEU JUIS BBIOOpA MOAXOMSIINX HOKPHITHH B 3aBUCHMOCTH OT KOHKPETHBIX YCIOBHH U
TpeOOBaHUH.

KnaioueBsie  cioBa: 3amuTHBIE ~ TOKPBITUS,  TPYOONPOBOIBI,  THAPOIHEPreTHKA,
TCIIOJICKTPOCTAHIMH, TPYHTOBKH, SIIOKCUAHLIC ITIOKPBLITHA, BUHUJIOBBIC ITOKPBITUA.
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XULASO

Todgigat hidro vo istilik elektrik stansiyalarinda boru komarlori Uglin goruyucu Ortiiklorin
ohomiyyatini arasdirir. Giiclii baglarin formalagmasinda astarlarin rolunu shats edir vo bitum,
epoksid, vinil vo xlorlu rezin orttklor do daxil olmagla muxtalif név oOrtiklorin istifadosini
aragdirir. Todgigat onlarin performansini, yapisma xiisusiyyatlorini vo mixtaslif otraf muhit
soraitindo davamliligin1 qiymotlondirir. Osas naticolora otraf miihit faktorlarinin ortiklorin
davamliligina, epoksi qatranlarin uygunlasmasma vo doniz soraitinds vinil ortiklorin
effektivliyino tosiri daxildir. Toadgiqat, xiisusi sortloro vo toloblora asason uygun ortiiklorin
secilmosi tcun dayarli fikirlor tagqdim edir.
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ABSTRACT

When oil and gas wells are ready for operation, when drilling is carried out at the bottom of the
well to establish contact with the formation, it is considered that the degree of crushing of the
rocks is proportional to the speed of application of the load. As a result of the stresses created by
them, the degree of fragmentation is higher. In the article, it is proposed to take into account the
quality of crushing of the necessary rock by using some empirical coefficients in the calculation
formulas. The dynamics of the rock dispersion process is studied on the basis of the
hydrodynamic hypothesis. Here, the solution of the system of differential equations is given based
on the fundamental laws of conservation of mass, energy and momentum. Based on the strength
properties of mountain rocks, broken lines are found in the continuum of the whole environment,
which determines the final effect of rock crushing. However, the accepted assumptions about the
incompressibility of the rock and the transfer of the explosive impulse to the immediate
environment significantly reduce the practical value of the results. It should be noted that in the
immediate area directly adjacent to the load, the mountain rock is under uneven volume
compression. In this case, the largest tangential stresses occur mainly in planes oriented at an
angle of 45° to the radial direction. Thanks to this, a system of spiral sliding lines breaks the rock
into small blocks. Outside this zone, a system of radial cracks is formed as a result of the
expansion of the massif. When the pressure in the gas cavity decreases and the mass moves back
in the direction of the load, tangential cracks appear. The combination of the volume compression
zone and the reach zone constitutes the controlled crushing area. When the compression wave
reaches the bare surface, it becomes a stress wave. As this wave travels from the surface to the
load, it forms a system of jump cracks. The high explosive effect of explosive gases with
sufficient explosion energy causes the release of such shattered rock. Obviously, this concept is
very important for the development of the theory of explosive disintegration of mountain rocks.
Because there is no unequivocal relationship between the nature of the dissolution of the rock and
the acoustic hardness. One of the first to clearly describe the mechanism of shock wave formation
and its transformation into a more explosive and seismic wave when detonation reaches the
boundary of the charge cavity. In rocks, shock waves are formed during the entire time of
expansion of the gas cavity. It explains in detail the mechanism of cracking phenomena by
considering the cracks as a source of multiple reflections of the stress wave.

Keywords: rock strength, constant material, scale effect, rocks, destruction probability, fractured,
robustness theory, microcrack, mineral, experience constant, density of defects, displacement,
compression.

Introduction
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Perforation is the creation of holes in the casing at the level of the productive formation to ensure
inflow into the well. Perforators connected in garlands are lowered into the well using a logging
cable. A charge of gunpowder and a fuse are placed in the chambers of the perforator. When
current is applied through a cable from the surface, the gunpowder ignites and the bullet is pushed
out of the gun barrel at high speed. During 1 descent and ascent, the hammer drill shoots 6-12
holes with bullets with a diameter of 11-11.5 mm. There are various methods for perforating and
torpedoing wells.

After drilling an oil or gas well, its walls are secured with casing pipes; in the intervals of
occurrence of productive (oil and gas-bearing) and aquiferous formations, the column is
cemented. In this case, oil-bearing and gas-bearing formations are blocked by casing pipes and a
cement ring, and the flow of fluid into such a well is impossible until conditions are created for
connecting the productive formation with the well. To create the possibility of the influx of oil
and gas from the formation, a number of channels (holes) are created in the casing and the
surrounding cement ring against the oil-bearing (gas-bearing) formation, providing
communication between the formation and the well: through these channels, oil and gas enter the
well.

As a rule, holes in the column and cement ring are created by shooting. This process is called
column perforation, and the devices used to shoot through are called perforators. They are
lowered into the well using a logging cable. Perforation is also used for opening flooded
formations in injection wells, for carrying out isolation work and after them: when moving to
other horizons, etc.

It is related to the formation and development of the energy concept of rock blasting when the oil
and gas wells are ready for operation and perforation works are carried out at the bottom of the
well to establish contact with the formation. According to this concept, the process of crushing
rocks by blasting is determined by the maximum energy density possible for a given rock. The
process of crushing rocks by blasting is determined by the maximum energy density possible for a
given rock. At this time, surface waves (Rayleigh waves) in the scattered volume are observed at
a speed close to the uniform and constant propagation speed of the cracks. This regime
corresponds to the limiting rate of elastic energy transfer to crack surface energy. The concepts of
limiting energy intensity and the role of rock fragmentation allow to significantly expand the
understanding of the mechanism of rock fragmentation by explosion. In this case, it is assumed
that the P, stresses caused by the impact of the explosive charge are evenly distributed throughout

the dispersed volume, and the state of the environment remains stable. Disintegration criterion
o, Is determined from the condition of equality of effective stresses and strength of the rock in

tension.

Statement of the issue.

In addition to the wave mechanism, the pressure of detonation products plays an important role in
the collapse of mountain rocks. Based on G.I. Pokrovskii's scheme, the dynamics of the impact of
explosive gases during the development of radial cracks and their role in the mechanism of spall
events were studied in detail. At this time, the formation of cracks was studied based on the
classical scheme. Crack growth occurs due to the expansion of the gas gap in the predisintegrated
medium. This allows us to argue that gas pressure is the main factor in the disintegration of rocks
due to an explosion. At the same time, disintegration is understood as the process of complex
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internal reconstruction of the environment under the influence of its loads. The description is
carried out from the point of view of the mechanism of defect nucleation and development at
different scale levels.

Blasted rock is presented as a quasi-continuous, quasi-homogeneous, and quasi-isotropic medium,
with the relationship between stresses and strains defined by generalized Hooke's law. All this is
connected with the further development of the wave concept. It describes in detail the mechanism
of bedrock disintegration along helical fault lines in the zone closest to the load. At this time, the
effect of the direct compression wave is considered the main destructive factor. The stress wave
reflected from the free surface interacts with the compression wave, further developing the cracks
caused by the direct wave alone. Perforated drill information is given in the introduction of the
article and an overview of “the method of perforation of wells” is given in figure 1.
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Figure 1: The method of perforation of wells.

=

Formulation of the Problem.

Using the complex strength characteristics of rock under dynamic loading, calculation formulas
are given to estimate the radius of the small crushing zone and the radial crack zone.

Historically, the first concept of the crushing effect of an explosion can be called volume. The
explosion volume is related to the specific consumption of these explosives and it is determined
that the volume of the crushing cone is proportional to the weight of the charge and to calculate
the load weight is determined by the following formula:

Q=qW*f(n), (1)
where q is the specific consumption of explosives; w is the smallest resistance line; f(n) a

function of the waste indicator; When f (n)=0,4+0,6n°, the expression takes the form known as
Boreskov's formula.

O=q.S+q,V, 2)

where @, and q, are the corresponding specific costs of explosives.

Formula (2) does not explicitly take into account the quality of rock crushing. It is postulated that
during the explosion, primary fragmentation of the massif occurs in the volume of the ejection
crater. It is believed that the degree of rock crushing is proportional to the speed of application of
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the load, i.e., the greater the loading speed, “the greater the accelerations it creates, the greater the
inertial forces that arise and the stresses caused by them, and therefore, the greater the degree of
crushing.” In the calculation formulas, it is proposed to take into account the required quality of
crushing using a certain empirical coefficient.

The quasi-static destruction hypothesis considers the explosion effect from the point of view of
the classical theory of elasticity. It is assumed that the effect of the explosion of an explosive
charge is similar to the effect of gas pressure for a thick-walled tube with an infinite outer
diameter. In this case, the stresses P, caused by the action of explosives are evenly distributed

throughout the destroyed volume, and the state of the environment is stable. The collapse criterion
is determined from the condition of equality of the effective stresses of the tensile strength of the
rock o, . In this case, the value of the line of least resistance is determined by the following

formula;
W =kr |-, (3)

where r is the radius of the load; k is the coefficient of explosion conditions.

It is determined that a quasi-static stress field is formed in mountain rocks quite quickly. The
process of formation of radial cracks in mountain rocks practically does not affect the distribution
of stresses.

In addition to the wave mechanism, the pressure of detonation products plays an important role in
the collapse of mountain rocks. It completes the classic scheme of the crack’s formation during an
explosion. Thus, because of the reflected wave, freely oriented radial cracks are formed, the
surfaces extend towards the filling cavity, and "break™ cracks appear at their ends. The latter is
related to the "swelling"” of detonation products in the last stages of disintegration (V.K. Filippov).
The explosion is divided into two stages - before the collapse, where the main role is played by
the wave mechanism and the main process under the influence of explosive gases.

During the explosion of strong rocks, radial deformations predominate over tangential ones. It
follows from this those rocks do not behave as expected from the perspective of hydrodynamic
theory, when the deformations do not differ and we can limit ourselves to considering only
changes in the density of the medium. Moreover, the occurrence of tensile stresses does not yet
mean the appearance of radial cracks. They can form during the return movement of the gas
cavity.

At low stresses, the envelope of Mohr's stress limit circles can be considered linear with sufficient
accuracy for calculations. With an increase in normal stresses o on the wave front, the limiting
tangential stresses = remain practically constant. In this case, a state is observed when the shear
stress reaches the maximum value z, for a given rock, and failure does not occur until the shear

strain reaches y, . Thus, in addition to 7, when studying an explosion, it is necessary to know
the value of the critical shear strain y, .

This is one of the reasons why the passage of a stress wave only causes initial cracks near the
load. Further growth of cracks occurs due to the expansion of the gas layer in the previously
cracked medium. This allows him to argue that gas pressure is the main factor in the explosive
destruction of rocks.

cr?
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Based on the energy concept, let us present the concept of a dynamic coefficient, which
characterizes a multiple increase in the static strength of rocks in the near-explosion zone under
complex dynamic load, in the form of the following formula:

K, {"CZT - @
O,

J

where C, is the empirical coefficient (material constant); o, - compressive strength of rocks;

p —rock density.

Equation (4) provides calculation formulas for estimating the radius of the fine crushing zone and
the radial crack zone using the complex strength properties of rocks under dynamic loading.

The diversity of the above concepts and hypotheses indicates the absence of a single workable
theory of explosion. This is due to the extreme complexity of the process. The fact that there is
not even a unified theory of strength suggests that in the foreseeable future the creation of a
comprehensive theory that describes the patterns of all aspects of rock crushing by explosion
should not be expected. In this regard, the phenomenological approach predominates in research.
Using the complex strength characteristics of mountain rocks under dynamic loading, calculation
is carried out for estimating the radius of the small crushing zone and radial crack zone.

The development of this approach is based on the periodization of the rock blasting process and
the experimental study of individual stages of the process. Thus, they divide the process of rock
disintegration into three stages:

— the formation of radial cracks under the influence of a shock wave;

— formation of individual events when the wave enters the free surface;

— the development of radial cracks from the pressure of detonation products and the ejection of
rock.

It is proposed to divide the process of rock blasting into the following stages:

— disintegration of mountain rocks in the immediate vicinity of the load during x <15d

charge;
— destruction of components in the rock mass as a result of collision under the influence of blast

waves (at x <40d,.);

— movement of the broken rock mass - scattering of pieces, sediment formation, etc.;

— formation and propagation of air shock waves in the atmosphere;

— formation and propagation of seismic waves in a rock mass.

Quasi-static wave theory is proposed to describe the first stage (disintegration of rocks in the
immediate vicinity of the explosive charge). The name of the theory is defined as follows. By
phenomenological, it is intended to use phenomenological (technical) criteria for the strength of
rocks in the theory. The second part of the name refers to the approach of the author, according to
which rock collapse is completely determined by the quasi-static stress field, formed by
detonation products and blast waves generated in rocks (Bezmaternykh V.A., Simanov V.G.).

The complexity and danger of conducting full-scale rock blasting studies has led to the
widespread use of modeling techniques. The most commonly used physical models are based on
the method of equivalent materials. At the same time, the adequacy of the model and nature is
ensured by strict fulfillment of the similarity conditions.
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Therefore, research methods based on the use of a deep analogy of the results of rock crushing by
impact and explosion are becoming more widespread. The granulometric compositions of the
rocks destroyed by impact and explosion have general regularities and can be described by a
uniform distribution law. This analogy is related to the fact that impact and explosion have many
common features:

* high initial pressure on the body;

« short duration of the effect (102-107s);

* deformations exceeding the limit of elasticity and speed of particles;

« disintegration due to intersecting cracks leading to the formation of separate fragments.

The great variety and heterogeneity of the structure of real mountain rocks led to the extensive
development of the statistical concept of studying the decomposition laws. Based on the study of
the property values of the rocks, fracture and blockiness, as well as the distribution regularities of
the fractional composition of the disintegration products, calculation formulas are found that
relate the characteristics of the rocks and the blasting conditions with the parameters determining
the quality of crushing. Preparing such formulas, should be based on the already known
theoretical laws of the rock crushing process.

The determining factor in the breakdown of mountain rocks is the presence and geometry of
cracks. A large number of works have been devoted to the study of the influence of rock cracks on
their dynamic (explosive) disintegration process. At the same time, both accepted theoretical
models and the results obtained using them are ambiguous and often contradictory.

Analyzing the results of the explosion from thermokinetic and thermodynamic points of view. In
addition to the surface of the fragments formed during the explosion, new surfaces of unmelted
cracks are also formed inside them, which consumes a lot of explosion energy. To take this into
account, it is proposed to use the concentration criterion proposed below:

1

K=3 ,
nl

Q)

where n. is the concentration per unit volume of unmixed cracks of length |..

Expression (5) is used for the physical interpretation of the parameters of the logarithmic normal
distribution of the granulometric composition of rocks destroyed by an explosion.

A simplified model of crack development and fusion was considered and the following
assumptions were made.

1.Due to the material decomposition between successive and randomly located defects, the result
of combining n defects are called a chain.

2.The chain has two states-active, forming a chain of n=1failures, and inactive, when a
developing crack meets another crack, which can be interpreted as the formation of a fragment.
The probability of crack growth stoppage (lack of energy at dt or absence of an adjacent defect)
is expressed by the following equation:

P =1-Kydt, (6)
where K-is the mountain rock constant; y-is the concentration of Griffiths defects per unit length.

Combining all possible possibilities for crack growth and completion and using expression (6), we
obtain the following expression for the size of the crack zone during rock destruction:
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R(f)= b{l+ va (- e‘”)] (7)

where b is the average distance between Griffiths defects; A -distribution parameter.
If we denote the average time of crack formation in a given process by T, then 2 =1/T will also

mean a measure of frequency. Taking exp(—At) 0 1 with t equal to the total time of formation of
the destruction zone, from expression (7) we obtain the following expression (8)

Ky
R= b[1+ . j (8)

can be considered an average fragment size. The parameters of the equation obtained by
experiment (by analyzing the granular composition) have the following order:

A =104£; Y :102i; b=10%sm; K ~ Y.
C Sm

The nature of the crushing of the massif's rock-block structure. In this article, we prove that the

size distribution of massive blocks obeys the Weibull law is noted.

During explosive rock crushing, the average particle size will be proportional to the average

distance between the microcracks, which can be determined by the following formula.

b= |2
n
where a is the size of the cubic sample, m; n - the total number of cracks on the working
surface.
It is proposed to estimate the breakdown voltages during an ambient explosion using the

following expression:
[o]=0,-C. kA, (8%)

where o, — strength of homogeneous defect-free rock; C, — empirical coefficient (material

constant); k — coefficient of heterogeneity, proportional to the concentration of microcracks in
the rock; A is the specific work of deformation per unit volume of rock.

It is proposed to estimate the coefficient k by the ratio of the deformation energy of the cracked
rock A to the deformation energy of the ideal homogeneous rock A, by the following formula:

43

In a simple case, we can take A= a§/2E , then the equation (8*) becomes the following form:

-1 |
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Thus, the most important task of predicting and managing the quality of crushing rocks is to
establish a connection between the patterns of distribution of cracks in the original massif and the
distribution parameters of pieces of destroyed rock at various blasting parameters.

The Griffiths failure criterion can be written as:

k=6p\/|_, K = 2E€S ’

T

where | is the half-length of the crack; e is the specific surface energy of the body.

If the number of cracks in the rock is large and they are distributed independently and randomly,
the distribution density of the crack size can be determined by the following formula:

F (1) :exp{—(ul—j_a},

where U and « are distribution parameters.
Then the rockfall probability is determined by the following equation

P(o) 1—exp{—(£]a},

The statistical analysis of the experimental results made it possible to determine the distribution
parameters of the cracks according to the Cauchy equation for the studied rocks. As an example,
the crack distribution graph for some rocks is shown in figure 2.

Mi 1.00 —

0,75 /’/
0.50 1

0 200 400 600 800 1000
Crack length, pom

0,25

Figure 2: Distribution of cracks in rock

The most important task for the experiment is to evaluate the explosiveness of rocks. The main
parameters of the passport of drilling and blasting-the number and type of explosives, the number
of holes and their depth, methods and means of explosion are determined primarily by the specific
consumption of explosives. Correlating the selection of the specific consumption of explosives
with the field conditions of the explosion is determined by the following formula (M.M.
Protodyakonov):
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q=05,[0.2f —§ )

where f is the strength coefficient of the rock; S is the cross-sectional area of the work.

Another development of this approach is its widespread use in the construction of mines. Having
made some transformations in expression (9), we obtain the following expression (10).

q=q./;8-e, (10)
where ¢, =0.1f is the normal specific consumption of explosives; f,-coefficient of rock

1
structure; 3:7(ij)5-81’2-rock compression coefficient; (ij)-average depth of pits; e-

efficiency coefficient of explosives.

Formula (10) and their numerous well-known modifications are used only for estimation
calculations with subsequent adjustment to real mining and geological conditions, using the
strength coefficient as the main criterion. Using the collapse index V., as a criterion for

calculation methods of the same category, we obtain the following expression (11):
q =0.678exp(—0.0647V, ) (11)

To calculate the specific consumption of explosives, methods that take into account the energy
intensity of explosive destruction seem preferable. Thus, based on expression (11), the following
expression is obtained.

: (12)

where A is the specific potential energy of the explosive substance, kC/kg; 7 =0.04—-0.06 -

coefficient of energy efficiency of explosives; where e — the specific energy consumption for
crushing and transporting rock mass and is calculated using the following formula:

2lgD  pu;InK
ech g +pu0 V4 1 (13)
2Ed 2

p

where D —average size of the piece before explosion; d, —is the average size of fragments after
shredding; p -rock density; u, is the initial speed of expansion of rock pieces; K —discharge

coefficient.

The advantages of expressions (11) and (12) include the fact that the specific consumption of
explosives is related to the degree of crushing D/d,, and the consumption coefficient, taking
into account the characteristics of rocks. For the same reasons, taking into account the quality of
crushing, the following equation is proposed:

K o 6
9. 14
1= O4272Ed (14)

where K is the charge form factor.
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The optimal load value during hydraulic fracturing of a well is related to the value of the line of
least resistance and is determined by the following formula:

Gl

pOZE (19)

q:

where G, is the weight of the explosive charge associated with the length of the well; n-is the

impact indicator of the explosion.
Using the above-mentioned formula, they propose the following formula (16) to determine the
specific work of rock blasting.

klot, +2(1+ 9

e= [G ( )Tsdv]. (16)
2F

The total number of holes in the surface is determined by the condition of placement of the

explosive charge and the value of the line of least resistance. In the first case, the number of holes

is determined by the following formula

sl q
N =201 17
. 7)

From formula (17) it is clear that q is directly proportional to the specific charge (where E is the

hole capacity, kg). The analysis of dependencies used in field practice shows that the smallest
resistance value is directly proportional to the crashing of rocks, and inversely proportional to

strength (ng) , rock stiffness coefficient ( f) and specific charge of explosives (q]/ 2).

The probabilistic aspects of explosive rock destruction and, in particular, the development of
activated faults are of great importance for understanding the physics of the process.. Based on the
theory of brittle fracture, the following formula was first proposed to describe the distribution of
fragments taking into account the presence of defects in the destroyed volume. The proposed
formula is accepted as the cumulative Poisson distribution function:

F(x)=1—exp(-Gx), (18)
G=yL+7S+rV,

where L, S, V - are the length, area and volume of the object dispersed accordingly; 7,, 7., 75-

is the average concentration of linear, surface and bulk defects.

The main disadvantage of this approach is the assumption of an equal contribution and
independence of the movement of different types of defects, which is clearly incorrect. Moreover,
due to the fact that during a high-pressure explosion it acts for a short time, only a certain part of
the defects, called “activated”, and not all, can participate in the destruction process.

Developing Gilvari's ideas, the following integral function of the granulometric composition
during rock blasting is proposed:

F(x)=1—exp[- (o, + a)x], (19)
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where ao is a constant proportional to the average concentration of any type of activated disorder;
o =p-1; where 1 is the specific impulse of the explosion; 3 coefficient of explosion conditions.

The studies made it possible to formulate a fundamentally new approach to consider the
mechanism of rock bursting. The basic principles are called "probabilistic wave decay theory".
According to this theory, the equations regarding the particle size distribution of blasted rock are
explained by the following formula:

F(x)=oF (X)+o,F,(x), (20)
o +w,=1.
The physical interpretation of this distribution from the point of view of irreversibility (increase of

entropy) of the decay process allowed to determine the following. The probability function F,(x)
describes the distribution of crushed rock pieces formed by the direct impact of the blast wave
according to the size x. The function F,(x) characterizes the distribution of fragments formed
under the influence of a wave reflected from a free surface. Factors @, and @, quantitatively

characterize the share of the first and second mechanisms during rock crushing.
It is clear that for different explosion conditions these fractions can vary significantly and a purely
unimodal distribution can be obtained for @, or @, close to zero.

The existence of a two-modal distribution of fragments after the explosion is explained by the
characteristics of the block structure of the initial mass. The first peak is associated with the
predominant part of the crushed mountain rock fragments, the second is a residual block in the
collapse of the blasted rock.

In the case of a unimodal curve, a generalized Weibull-Rosin—Rammler distribution is proposed:

(]

where n and X, are distribution parameters.
In the case of a bimodal distribution, the following formula is proposed

Eonncdl|
el

where b is the size of the individual array; x,, is a scale parameter, representing some function of
the disintegrable rocks — x,, = f (b).
Then the probability density is:

F(b,x)= (22)
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aj F(b,x)db+(1-a) f,(x), (23)

Xmin

where o —is the coefficient that determines which part of the massive is crushed, that is, at o =1,
all natural parts are crushed, at « =0, the massive collapses into its natural blocks; 0 <« <1,
Xmin PlOCK size;

The f,(x)-primary blocking distribution is proposed to be described by the Rayleigh distribution:
2x x?
filx)= ( b jexp{ 7 } (24)

where b, is the average size of the natural separation.

In the simplest case, if we assume that the cloud distribution density is uniform, then we have the
following expression:

XTXF(Z), x)db, x<x,,
-X

f(x): max min z:;: . (25)
I F(b,x)db+_—a, Xpin <X < X
Xmax ™ Xmin xpin Xmax ~ Xmin

Scientific studies have also pointed out that the rock fragments dispersed as a result of the
explosion show a bimodal distribution. Three modal size distributions of particles were obtained,
which were compared to three crushing zones: overgrinded, active collapse, and collapse. Each
zone corresponds to a lognormal distribution with its parameters. It is assumed that the dispersion
of logarithms of fragment sizes as a distribution parameter is unchangeable for a given rock type,
that is, it does not depend on blast parameters.

A large number of experimental studies, including those on the organization of mass explosions,
have shown the effectiveness of the developed theory and a fairly accurate correspondence of the
actual particle size distribution to the calculated values. Based on experimental studies, it has been

established that the distribution of F,(x) can have different analytical forms depending on the

explosion conditions and the properties of rocks. The distribution of Fl(x) has an exponential
distribution of the form below, regardless of these factors.

F(x)=1-exp(-v,x). (26)
For limestone under conditions of blasting the free surface, we obtain the following expression:
Fy(x)=1- exp( YZ2 J 7)

From equations (26) and (27), y,and y, are parameters proportional to the density (per unit
length) of explosively activated defects in the rock structure, which corresponds to this
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destruction mechanism. Here y, corresponds to the density of activated linear defects, and y,

corresponds to surface defects.
The weak point of the technique is the lack of a mechanism for a priori estimation of the density
of activated violations and parameters y, and y, . It is proposed to estimate these values based on

an analysis of the granulometric composition of rocks destroyed in a real explosion.
The procedure for determining the distribution parameters is as follows. To bring equation (22) to

a standard form, its parameters are normalized: o, =1y, ;05 :]/ 7> . Then equations (26) and
(27) will be written as follows:

Fl(x):l—exp[—ij; (28)
G,
x2
Fz(x)=1—exp(— J . (29)
20,
Compliance with the particle size density distribution is determined by the following expression
P(x) = &R, (x) + @,P, (), (30)
w, + o, =1,
here
B(x)= iexp(— 1] , (31)
1 G,
X x2
P,(x)=—exp|l — . 32
2(x) Gg p( 205} ( )

To estimate the distribution, it is necessary to know the values of o,,0,,®,®, for the given

explosion conditions. They are determined using the moments of the distribution of crushed rock
fragments:

M, :izmz‘xi ' (33)
M, ZEme (34)
3=m2mx (35)

where m, is the percentage of the i -th fraction.
According to the distribution law adopted below:
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M, = Ix-[mldmx)mzda ()]

M, = sz [o,dE(x)+ 0,dF,(x)], (36)

M, = IXB -[mldl*“l(x)+w2sz(x)1

A nonzero solution to the system of equations (36) has the following form

o, = %%, o, =1.06%, (37)
2 2
_AM; =My My S, (38)
MZ

Based on experimental studies, the following conclusions can be noted.
1. With an increase in the specific impulse of the explosion, the granular composition of rocks is

more accurately described by the distribution F,(x),i.e., o —1.

2. In any explosion conditions, the grain composition always contains a part (smallest) of
fragments described by the Rozin-Rammler equation:

F(x)=1-exp(-y,x) (39)

3. The density of activated disturbances y is related to the specific impulse of the explosion by the
following relations:
Y, = Yo, -J — for straight explosive charge;
1
Y, =Yg -J 2 — for cylindric explosive charge; (40)
1
Y, = Yo -J > —Tfor spheric explosive charge.

where y,,, 70+ Vo3 re some constants of rock and explosive charge constructions.
Thus, the quality of rock crushing, characterized by the granulometric composition of the
destroyed rock mass, depends on the concentration of explosion-activated disturbances. In turn,
the density of activated disturbances is determined by the blast blasting parameters, the main of
which is the specific blast flow rate q.
w, =", (42)

o =1-0,=1-¢", (42)
where « is a parameter that depends on the properties of the rock and the type of explosive used.
The number of activated defects depends on their total number in the collapsing rock y, and the

specific consumption of explosives, and this dependence is determined by the following
expression:

Y =Yq" - (43)
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Here, the exponent n depends on the type of blast wave. A cylindrical stress wave propagates
through a single hole or well charge. Under the combined effect of several loads, the waves are
superimposed and leave the free surface and turn into a plane stretching wave. With a sufficient
number of holes or cavities in a row, they can be treated as a single flat (plane) charge. For such
flat load n=1, for cylindrical load n=1/2.

The crushing effect of the explosion is determined by the characteristics of the explosive used (its
amount from the density of the explosive py, and the radius of the charge r,, the speed of the

explosion D) and the characteristics of the crushed rock (its density p, the speed of longitudinal
Cy and transverse C, waves). The most important characteristic of the conditions of the
explosion impulse transfer to the rock is the mass velocity u, at the boundary of the charge

cavity. Consequently, all these factors also determine the number of rock faults activated by the
explosion:
- for (flat) plane load

2

PeeD | Us | 1
= == =, 44
Y1 YOl[pCMJ[ng R (44)

- for cylindrical load
1

Pl |*[ Uy | 1o
= =2 |2, 45
Y1 Yoz(pCM](csz (45)

where r, is the radius of the load; R-linear dimension of crushed rock; y,, and y,, mean the

number of defects in the original rock per unit length.

In the general case, the values of y,, and y,, may not coincide because a plane wave forms near
the free surface and a cylindrical wave form around the charges inside the massive.

The size distribution of fragments is the result of a complex process of rock blasting that depends
on many independent factors. Therefore, it is not possible to unambiguously determine the quality
of pre-grinding. It is possible to predict the outcome of a single explosion only with a certain
degree of probability, which is carried out by a sufficiently large number of tests. In this case, the
reliability function has the following form:

S =1—exp(=1). (46)

Each confidence level corresponds to a certain value of the parameter f, A. Thus, the most
common engineering practice corresponds to the parameter A=4.6 with a confidence level of 95%
(f,=0095) 1=3,f, =0.99.

A typical free surface blast for field practice. In this case, the largest amount of damage is
determined by the effect of the reflected wave, which forms the zone of spall events. The size
distribution function of pieces is shown by equation (27). Then we get from the equality condition

Fy(x)=fy:

yox = (20):. 47)
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Here x is given reliability parameter A is the required limiting size of the fabric (eg, oversized).
This ratio can be used to design rational parameters of blast holes that provide the required rock
quality with a given reliability.

Conclusion

The diversity of the above concepts and hypotheses indicates the absence of a working theory of
the explosion. This is due to the extreme complexity of the process. Even the absence of a unified
theory of strength suggests that the creation of a comprehensive theory that describes the
regularities of all aspects of rock fragmentation by explosion should not be expected soon. In this
regard, the phenomenological approach prevails in the research.

In equations (26) and (27) and are parameters proportional to the density of blast-activated faults
in the rock structure. This corresponds to the dispersal mechanism. We consider that corresponds
to the density of activated linear defects and corresponds to the density of surface defects.

A computational method has been developed to predict and control the quality of blast rock
fragmentation. A weakness of the technique is the lack of a mechanism for a priori estimation of
the density of activated perturbations and the parameters and. It is proposed to estimate these
values by analyzing the granulometric composition of the rocks destroyed during a real explosion.
It also made it possible to determine the distribution parameters of cracks according to the Cauchy
equation for the studied rocks.
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PE3IOME

[Ipu roTOBHOCTM HE(PTIHBIX W Ta30BbIX CKBAXHUH K OJKCIUTyaTallMd, Korjna OypeHue
OCYIIECTBISICTCS Ha 3a00M CKBaKMHBI JIJIsl YCTAHOBJICHMSI KOHTAKTa C IUJIACTOM, CUYUTAETCS, UTO
CTENeHb JAPOOJICHUS] TOPHBIX TOPOJ MPOTMOPIMOHAIBHA CKOPOCTH MPHUJIOKEHUS Harpy3ku. B
pe3ynbTare Cco3/JaBaeMbIX MMM HalpsDKEHUH CTeNeHb (QparMeHTanuu Bble. B cratbe
MpeAJIaraeTcsl YYUTHIBATh KaueCTBO JAPOOJICHUS HEOOXOAUMOM MOPOIBI MyTEM HCIIOIH30BAHUS B
dbopMynnax pacuera HEKOTOPBIX OHMIOHMpUYECKUX Kodpduumento. JluHamuka mporecca
JTUCTIEPTUPOBAHUS TOPHBIX TIOPOJ UCCIIEIOBAHA HA OCHOBE THIPOJIMHAMUYECKON TUTIOTE3HI. 3/1eCh
pemieHrne cucteMbl aupdepeHaNbHbIX YpaBHEHUH [daeTcs Ha OCHOBe (yHIaMEHTAIbHBIX
3aKOHOB COXPAaHEHMsI MacChl, SHEPTUU U UMMYyJbca. VICXOas U3 MPOYHOCTHBIX CBOMCTB TOPHBIX
Mopoji, B KOHTUHYyME BCEHl OKpyXawlieid cpeasl OOHApYKUBAIOTCS JIOMaHble JIHHHH,
ompenensaonmure KoHeuHbll 3ddekT aApobiieHuss TOpHBIX TopoA. OnHAKO TMPUHSTHIC
MPENIONIOKEHUS 0 HE CKUMAEMOCTH TOPOJBI U TMepeaye B3PHIBHOTO MMITyJIbca B ONmkaiiiiee
OKPY>K€HHE CYIIECTBEHHO CHWIKAIOT MPAKTHYECKYIO IIEHHOCTh pe3ysbTaToB. ClieyeT OTMETUTD,
YTO B HEMOCPEICTBEHHOW ONU30CTH OT HArpy3KHU TOpHasl MOpPOJa UCHBITHIBAET HEPAaBHOMEPHOE
oO0bemMHOe cxatue. Ilpm dSToM HambonbIIME KacaTelbHBbIC HAMPSHKEHUS  BO3HUKAIOT
NIPENMYIIECTBEHHO B IUIOCKOCTAX, OPHMEHTHPOBAHHBIX mon yraom 45° k pamgmaneHOMY
HarpaBJieHu10. biiaromgaps 3ToMmy cuctema CriupaibHbBIX JUHUN CKOJIBKEHUS pa30MBaeT MOpoy Ha
MenKue OJOKH. 3a TpeaenaMyd 3TOH 30HBI B pe3ylibTaTe pacHIUpPEeHHs MaccuBa o0pasyercs
CHUCTEMa paJHANbHBIX TpemuH. [Ipu yMeHbIIEHWN JaBIICHUsS] B Ta30BOM TMOJIOCTH W JBWIKEHUU
Macchl 0OpaTHO B HAIPABJICHUU HArPy3KH TOSBISIOTCS TaHTEHIUMANbHBIE TpelmuHbl. CoueTaHue
30HbI OOBEMHOIO CHKAaTUSl U 30HBI JOCSITa€MOCTH 00pa3yeT 30HY KOHTPOJIHPYEMOIO JPOOIeHHMS.
Korma BomHa ckaTusi [AOCTHTaeT OOHAKEHHON TIOBEPXHOCTH, OHA CTAHOBUTCS BOJIHOM
HanpspkeHus. [Ipu pacmpocTpaHeHHUH STOM BOJTHBI OT MOBEPXHOCTH K HAarpy3ke oHa oOpasyer
CHUCTEMY CKaykooOpa3HbIX TpenuH. @DyracHoe [eWCTBHE B3PBIBOOMACHBIX Ta30B MPHU
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JIOCTAaTOYHOM SHEPIHH B3pPbIBa BBI3BIBAET BHIOPOC TAKOH pa3pylIeHHON mopoasl. OUeBUAHO, YTO
9Ta KOHLENUUS OYEHb BaXKHA I Pa3BUTHUS TEOPUU B3PBIBHOTO pa3pyLIEHUs TOPHBIX IOPOZ.
IIoToMy 4TO HET OJTHO3HAYHOM CBS3M MEXIY XapaKTEPOM PaCTBOPEHUS IOPOABI U aKyCTUYECKOU
TBepAoCThI0. OTHUM M3 MEPBBIX YETKO ONHUCAI MEXaHU3M 00pa3oBaHMs yJapHOI BOJHBI U €€
Tpanchopmanuio B 0ojice B3PHIBHYIO U CEHCMHYECKYIO BOJIHY HpPU JOCTHIKEHUU JI€TOHAIMEH
IPaHULBI 3apsAA0BOM IOJIOCTH. B TOpHBIX NOPOAAaX B TEUYEHUE BCErO BPEMEHU PACIIMPEHUS
ra3oBoi MosocTH 00pa3yloTcs ynaapHble BOJMHBIL. [10apoOHO OOBACHSETCS MEXaHW3M SIBJICHUS
pacTpeCKUBaHUs, pacCMAaTpuBas TPEIUMHBI KaK MCTOYHMK MHOTOKPATHOIO OTPAXKCHMsI BOJIHBI
HaIPSDKECHUS.

KioueBble €10Ba: IPOYHOCTh TOPHBIX MOPOJI, MOCTOSIHHBIA Marepuai, MacmuTaOHbINA 3¢ddekr,
TOpHBIE TIOPOJbI, BEPOATHOCTb pPa3pyLICHMs, TPEUIMHOBATOCTb, TEOpUS YCTOMYMBOCTH,
MUKPOTpEIIMHA, MUHEPATbHAS, TIOCTOSIHHBIN OIIBIT, TNIOTHOCTH 1€()EKTOB, CMEIIEHHE, CHKAaTHE.
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XULASO

Neft vo gqaz quyulart istismara hazir olduqda, layla olago yaratmagq ii¢iin quyunun dibindo qazma
islori aparildiqda, siixurlarin ozilmo doracesinin yiikiin totbiqi siiratino miitonasib oldugu hesab
edilir. Onlarin yaratdig1 gorginliklor noticosinds parcalanma daracosi daha yiiksok olur. Maqgalada
hesablama diisturlarinda bozi empirik omsallardan istifado etmoklo zoruri silixurun ozilme
keyfiyyatinin nozors alinmasi toklif olunur. Hidrodinamik forziyye osasinda siixurlarin dispersiya
prosesinin dinamikasi1 dyronilir. Burada diferensial tonliklor sisteminin halli kiitlonin, enerjinin vo
impulsun saxlanmasmin fundamental qanunlarina osaslanaraq verilmisdir. Dag silixurlarinin
mohkomlik xiisusiyyatlorine asason, biitiin otraf miihitin kontinuumunda qiriq xotlor askar edilir
ki, bu da slixurlarin azilmasinin son tasirini miiayyan edir. Bununla belos, siixurun sixilmamasi va
partlayict impulsun yaxin miihits 6tiiriilmasi ils bagli qobul edilmis forziyyslor naticalorin praktiki
doyorini shomiyyatli dorocodo azaldir. Qeyd etmok lazimdir ki, birbasa yiiko bitisik orazido dag
slixuru geyri-borabar hocmli sixilma altindadir. Bu zaman on bdyiik tangensial garginliklor asason
radial istigamoto 450 bucaq altinda yonsldilmis miistovilordo bas verir. Bunun sayosindo spiral
stirisma  xotlori sistemi qayani kicik bloklara pargalayrr. Bu zonadan konarda massivin
genislonmasi noticosindo radial catlar sistemi omolo golir. Qaz boslugunda tozyiq azaldiqda vo
kiitlo yiik istiqgamotindo geriyo dogru horokot etdikdo tangensial c¢atlar omolo golir. Hocmin
sixilma zonasi vo ¢atma zonasmin birlosmosi idaro olunan ozmo sahosini toskil edir. Sixilma
dalgasi cilpaq sotho catdiqda, gorginlik dalgasina cevrilir. Bu dalga sathdon yiike dogru harokot
edorkon sigrayis catlari sistemini omoalo gotirir. Kifayst qodor partlayis enerjisi olan partlayici
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qazlarin yiiksok partlayici tasiri belo pargalanmig siixurun sorbost buraxilmasina sobab olur.
Aydindir ki, bu konsepsiya dag slixurlarinin partlayici pargalanma nozoriyyasinin inkisafi tiglin
cox vacibdir. Ciinki siixurun oarimo xarakteri ilo akustik sortlik arasinda birmonal1 olago yoxdur.
Zorbo dalgasimnin meydana golmosi mexanizmini vo partlama yiikk boslugunun sorhoadine ¢atdigda
daha partlayici vo seysmik dalgaya cevrilmosini aydin sokildo tosvir edon ilklordon biri.
Stixurlarda, gaz boslugunun genislonmosinin biitlin vaxti arzindo zorbo dalgalar1 yaranir. Catlari
gorginlik dalgasinin ¢oxsayli oks etdirmo monboyi kimi nozoro alaraq, kreking hadisslorinin
mexanizmini otrafli izah edir.

Acar sozlor: siixur mohkomliyi, sabit material, miqyas effekti, siixurlar, dagilma ehtimali, siniq,
mohkomlik nozariyyesi, mikro ¢at, mineral, tacriiba sabiti, qlisurlarin sixlig1, yerdayisma, sixilma.
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ABSTRACT

The article considers the possibility of improving the design of the valve of the drilling manifold,
which is used to cool the rock-crushing tool, as well as for the constant removal of drilled rock
(sludge) from the well. Currently, in existing drilling manifolds designed for pressures up to 45
MPa, the most used are towed valves or valves with a quick-release connection (BRS) to the
pipeline. At higher pressures, gate valves of the Z43Y type with a flanged connection are used,
the design of which is like the design of direct-flow gate valves used for fountain fittings. Since
these connections are used to reduce the time for changing gate valves in order to repair or clean
them, there is a need to improve the design of the locking assembly of these valves, designed for
higher pressures to increase the tightness of the gate and ensure a high degree of maintainability
of the gate valve. In order to improve the gate valve of the drilling manifold, it is proposed to
change the design of the locking unit, which provides reliable sealing, ensuring ease of
installation of the gate assembly. In this case, the gate is assembled, consisting of two halves, in
which slots are provided for installing disc springs in them. The ends of each of the gate halves
have bevels for ease of assembly of the locking assembly.

Keywords: drilling pump, manifold, gate valve, quick-release connection, tow joint.

Introduction

In recent years, due to an increase in the depth of oil wells of more than 5000 m, it is necessary to
increase the pressure of pumping drilling mud into the well during drilling to bring the drilled
rock (sludge) to the surface and cool the rock-destroying tool. In the circulation system of a
drilling rig, when drilling for oil, as a rule, two drilling pumps are installed, working in parallel,
i.e. feeding the solution into one common pressure manifold. In the event of a sudden stop of one
of the pumps, the check valves installed on the discharge lines automatically close the liquid
supply line of this pump. At the same time, the liquid supply to the well continues with the help of
a second pump, which allows you not to stop the drilling process. When drilling deep wells, three
or more pumps are installed. The number of pumps included in the rig kit depends on the required
volume of liquid for flushing the well from the drilled rock. Taking into account the fact that
several pumps are provided on the drilling rig, they are connected to the drilling sleeve by means
of drilling manifolds to supply liquid to the well. The main elements of the drilling manifold of
the circulation system are shut—off devices, which, depending on the pressure, come in two types -
cranes and valves. The purpose of this article is to develop a drilling manifold valve designed to
operate at high pressures and provide ease of installation and repair by changing the valve
connection node with pipes, as well as increasing the tightness of its shut-off unit.
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The main part.

A drilling manifold is used to connect drilling pumps with a swivel or a top driver, through which
the liquid flows through the drill string to the bottom of the well. The drilling pumps of the
circulation system have individual suction lines and one common manifold of discharge lines. The
drilling discharge manifold consists of taps that connect the drilling pumps to the swivel and
supply drilling fluid to the well at a pressure of up to 70 MPa. The taps are designed to connect
the pump discharge line to the distributor and consist of a set of pipe sections, transition elbows
and gate valves, as well as pressure gauges. The taps are designed to connect the pump discharge
line to the distributor and consist of a set of pipe sections, transition elbows and gate valves, as
well as pressure gauges. The gate valves of the drilling manifold are used to block the drilling
fluid supply line to the well in case of gate valve repair or pump replacement. The drilling
manifold may have a backup line, which requires an additional block of gate valves to switch the
flow from the main line to the backup one (figure 1).

= = ===

500

@ 140x20

555 250

415

415

1850

Figure 1: The block of valves of the drilling manifold.

In existing drilling manifolds designed for pressures up to 45 MPa, the most commonly used are
towed valves or valves with a quick-release connection (BRS) to the pipeline. Figure 2 shows the
design of a 3b6bM-100x40 type slide gate valve manufactured by Tyumen Machine-Building




ISSN: 2663-8770, E-ISSN: 2733-2055

" ETM

REFERRED & REVIEWED JOURNAL

Company (Russia) [1], designed for installation on injection manifolds of drilling pumps. The
main technical characteristics of these gate valves are as follows:
- maximum working pressure — 40 MPa;
- the nominal diameter of the passage is 100 mm;
- working environment temperature — up to + 120°C
- overall dimensions:
width — 300 mm;
height - 740 mm;
- weight with tow joints — 167 kg.
Figure 3, a shows a gate valve of the 3BPM type (Z23Y, Z23X) manufactured by the
«Kommtekrcrpoiicepsuc» company (Russia) [2] with a quick-release connection (BRS), Fig.3, b
is a bugle connection. The main technical characteristics of these valves are as follows:
- pressure — 35 MPg;
- nominal diameter of the passage — 50, 65, 80, 100 mm;
- connection size — Tr120x6; Tr130x6; Tr150x6; Tr180x8;
- length for type Z23Y — 230, 235, 270, 330 mm;
- length for type Z23X is 205, 235, 270, 330 mm.

+53 257

Figure 2: The yoke assembly gate valve of the drilling manifold
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Figure 3: Gate valve with quick-release connection (a), gate valve assembly (b)

At higher pressures, valves of the Z43Y type with a flanged connection are used, the design of
which is similar to the design of direct-flow gate valves used for fountain fittings.

Considering the fact that in recent years, the most commonly used for drilling manifolds are
towed gate valves and gate valves with quick-release connections, necessary to reduce the time to
change gate valves for repair or cleaning, there is a need to improve the design of the locking
assembly of these gate valves, designed for higher pressures to increase the tightness of the gate
and ensure a high degree of maintainability of the gate. For this purpose, it is proposed to use the
gate valve assembly shown in Figure 4 [3].

\ |
Figure 4: The proposed shut-off unit of the yoke assembly gate valve (or gate valve with BRS)
for the drilling manifold
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The gate valve consists of a flat prefabricated gate 1 with a passage hole corresponding to the
passage hole of the gate valve, and two seats 2. The gate consists of two flaps, each of which has
hole at the place of their contact with each other, into which the bushing 3 is inserted. Disc
springs 4 are installed inside the opening of each die, resting against the sleeve 3. The outer
surfaces of the gate dies are in contact with the seats 2, which are located in the bores of the
housing 9. Annular grooves are made at the ends of the saddles, in which self-sealing cuffs 5 are
placed. The gate dies are limited by the cheeks 6 during assembly. A spindle 7 is screwed into the
assembly gate, when rotating in the running nut 8 in one direction or the other, the valve is either
closed (Fig.4, a) or open (Fig.4, b).

During the assembly of the locking assembly, the gate 3 is assembled together with two dies 1, a
sleeve 3 and unclenched disc springs 4 is passed between the cheeks 6. During assembly, as the
gate 3 is lowered into the seat, thanks to the bevels provided at the outer ends of the dies, the disc
springs 4 are compressed. When the gate 3 moves along the dies and reaches the bottom of the
valve body, the spindle 7 is screwed into the gate 3.

This position of the shut-off unit is the initial one at which the valve is open (see Fig.4, b). In this
position, the opening of the prefabricated gate 1 is combined with the through hole of the valve
body 9, and the liquid flow passes directly through the valve.

At the same time, due to the springy force of pressing the gate dies 1 to the seats 2 located in the
bores of the valve body 9, the necessary tightness is created between the gate dies and the seats at
the initial moment. Self-sealing cuffs 5 automatically provide a seal between the valve body and
the seats under the pressure of the liquid flowing through the passage. This seal works well at
high pressures, as the liquid tightly presses the whiskers of the self-sealing cuffs to the surfaces of
the contacting parts and seals the gap.

When the gate valve is closed, the prefabricated gate 1 moves upwards due to the rotation of the
spindle 7 and blocks the passage opening of the gate valve body (Fig.4, a). The flow of the
medium, acting on the dies regardless of the direction of movement of the liquid flow, and creates
a force equal to the force created by the disc springs 4. At the same time, even at high pressures,
there is no gap between the contact surfaces of the gate dies and the seats, since for high pressure
the disc springs are calculated for the required pressure, as a result of which the necessary
material is selected, thereby ensuring the tightness of the valve when closing.

The method of calculating the elements of the locking device.

The poppet spring is calculated based on the provision of the necessary specific pressures on the
sealing surfaces of the gate and seat (Fig.5). The calculation of a poppet spring with a contact
surface at the top and bottom is carried out in accordance with the requirements and
recommendations of TOCT 3057-90 "Poppet springs, general mechanical conditions”. The axial
force Q is determined using the following formula:

4EtS 2
i)y G0

Here Dy, D are the outer and inner diameters of the spring, mm; S is the compression height of
the spring, mm; Ss is the height of the maximum compression of the spring (height of the inner
cone), mm; t is the thickness of the spring, mm; p is the Poisson's ratio, p = 0,3; 1 - p2=0,91;

E — the modulus of elasticity of the spring, E =2.1-105 MPa.

Q=
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Here b is the width of the contact surface, mm:;

D2 A

D

0,840,5

F 22°

E1in

Figure 5: The scheme for the calculation of the poppet spring

4,5
P

S3

The required specific pressures on the sealing surfaces are calculated using the formula:
C+kP,

g =
.

where C = 35; k = 1 — for steel materials; Pw — working pressure, MPa; b1 — width of the sealing
surface.
The value of the preliminary specific pressure at P, = 0:

q 35
Y

The specific pressure created by the poppet spring is determined by the formula:

Q
0,785(D% - D?)

q:

where D3, Dy are, respectively, the outer diameter of the seat at the point of contact with the gate
and the nominal diameter of the passage of the gate valve body (Fig.6).
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Figure 6: The scheme for calculating the poppet spring: 1 — poppet spring; 2 — sleeve; 3 — cheeks.
The tightness conditions are met if gs > g.

202 10 3INSSI (90) 6T INNTOA

Conclusion

1. As a result of the conducted research, in order to improve the design of the gate valves of the
drilling manifold, it was proposed to manufacture a gate consisting of two halves, each of which
has grooves for installing disc springs in them, ensuring reliable sealing of the shut-off unit.

2. Bevels are provided at the lower side ends of the gate, which facilitate and accelerate the
assembly of the gate valve assembly.

3. A method for calculating the tightness of the gate valve assembly is given, based on a
comparison of the preliminary specific pressure on the sealing surfaces and the specific pressure
created by the poppet spring.
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PE3IOME

B cratbe paccmarpuBaeTcsi BO3MOXKHOCTh COBEPUIEHCTBOBAHUS KOHCTPYKIMM  3aJBHKKHU
OypoBoro MaHM(}osbIa, KOTOPBI HCHOJB3YETCS JUISl OXJIAXAECHHUS I0POAOpPa3pYILIAIOIEro
HMHCTPYMEHTA, a TAKXKe JJIs IOCTOSSHHOTO BBIHOCA U3 CKBAYKMHBI BIOYPEHHOMN NOpobl (1iu1aMa). B
HacTosIlee BpeMs B CYLIECTBYIOIIUX OypOBBIX MaHHU(]OIIbaX, PACCUNTAHHBIX Ha JaBiieHUe 10 45
MIla, Hanboee yacTo NPUMEHSIOTCS OyTeIbHbIe 3aABMKKU I 33IBIKKU C OBICTPOPa3bEMHBIM
coeaunenueM (BPC) ¢ tpy6omnpoBosom. IIpu 6osee BBICOKMX JaBICHUAX UCHOIb3YIOT 3aABHXKKU
tuna Z43Y c¢ ¢naHueBbIM COETUHEHHEM, KOHCTPYKIHMS KOTOPBIX aHAIOTWYHA KOHCTPYKIUH
IPSIMOTOYHBIX 33JIBMIKEK, UCIIOJIb3YEMbIX JJ1s1 (POHTAHHBIX apMaTyp.

Y4uTeiBas TOT (QaKT, YTO ATH COCIUHEHHE UCHOIB3YIOTCS IS COKPAILICHHUS BPEMEHH Ha CMEHY
3aJIBIDKEK C LEJIbI0 MX PEMOHTa WJIM OYMILIECHMS, MOSBUIACH HEOOXOAUMOCTh B COBEPIIEHCTBO-
BaHWU KOHCTPYKLMHU 3allOPHOTO Yy3j7a O3TUX 3aJBWKEK, PACCUMTAHHbIE Ha 0o0Jee BBICOKUE
JaBJIEHUs] /ISl TOBBILIEHUS TE€PMETUYHOCTH 3aTBOpa U 0OeCHeueHUEe BBICOKOW CTEMEeHU
PEMOHTONPUTOTHOCTH 3aIBUKKU. C L1€IbI0 COBEPUICHCTBOBAHUS 3a/IBU’KKH OypOBOTr0 MaHU(OIb-
Ja TpeUIOKEHO W3MEHUTh KOHCTPYKLHMIO 3allOpHOro Yy3na, oOecreuuBarolas HaJeKHYIO
repMeTH3alnio, odecrnedeHne JerkocTH MOHTaxa y3ia muoepa. [lpu aTom mmbep BbIOIHAETCS
COOpPHBIM, COCTOSLIMM U3 JIByX MOJIOBHH, B KOTOPBIX MPEIYCMOTPEHBI Ma3bl JI1 yCTAHOBKH B HUX
TapenpyaTbiXx NpyXuH. KOoHIIBI KaXK0W U3 MOJIOBUH MIMOepa UMEIOT CKOCHI JUIsl JIETKOCTH COOPKHU
3aIl0pPHOTrO y3Ia.

KuroueBble cioBa: OypoBoil Hacoc, MaHU(ONBJ, 33JBUXKKA, OBICTPOPA3bEMHOE COEAMHEHHUE,
OyrenbHOE COETMHEHNE.
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Moqalads siixurkosici alotin soyudulmasi, eloco do gqazilmis siixurun (slamin) quyudan daimi
cixarilmast  Ug¢lin  istifado olunan gazma manifoldu siyirtmolorin  konstruksiyasinin
tokmillogdirilmasi imkanlarindan bahs edilir. Hal-hazirda, 45 MPa-a qoadar tozyiqlar {i¢iin nozards
tutulmus movcud qazma manifoldlarinda, bugelli siyirtmolor vo ya boru komorindon tez ayrilan
siyirtmalar an ¢ox istifads olunur. Daha yiiksok tozyiqlords, dizayn1 fontan armaturlarda istifado
olunan konstruksiyalar1 diizaxinli siyirtmolora bonzoyon flansli Z43Y tipli siyirtmalor istifads
olunur.

Bu birlogmolorin onlarin tomiri vo ya tomizlonmosi iigiin siyirtmolomrin doyisdirilmosi vaxtini
azaltmaq va yiiksok saviyyads tomirini tomin etmok tigiin istifads edildiyini nozars alaraq, Kipliyi
artirmag UgUn daha yiiksok tozyiqloro nozordo tutulmus bu siyirtmolorin baglayici diiyiiniin
konstruksiyanin tokmillosdirilmasina ehtiyac var. Qazma manifoldu siyirtmoni yaxsilasdirmaq
ticiin etibarli Kipliyi tomin edon vo qurasdirilmasiin asanligini tomin edon siberin dizaynini
doyisdirmak toklif edilmisdir. Bu voziyyatds, iki yaridan ibarat olan sbberin i¢orisinds ningovari
yaylarmin qurasdirilmasi {igiin yivlor verilir. Siberin hor yarisinin uclart baglayicit diyiiniin
qurasdirilmasinin asanlig1 tigiin ayilmisdir.

Acar sozlar: gazma nasosu, manifold, siyirtma, tez ayrilan birlosma, bugel baglantisi.
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ABSTRACT

Over the last two decades, different gas transportation companies has placed significant emphasis
on the issues of energy efficiency and energy conservation. The allocation of electrical energy for
the operation of air-cooling mechanisms for gas in a compressor station equipped with gas turbine
pumping units ranges from 22% to 48%. The primary aim of this study is to improve the
durability of the bearings in the electric motor of the gas air cooling device. This will be achieved
by investigating various approaches to reduce friction. The objective will be accomplished by the
use of advanced surface technology with enhanced strength properties. The use of the Repair and
Recovery Compound (RRC) inside the lubrication system or its direct application onto the friction
pairs' surface is contingent upon the unique characteristics and design of the particular unit
undergoing treatment. The objects undergoing processing included the use of specialist lubricants.
The items in question are primarily the ball bearings that are located inside the drive electric
motors of air-cooling fans used in gas compressor stations. The results obtained from the study
examining the effectiveness of using serpentine-based compositions on electric motor bearings
demonstrate a noticeable impact on the outermost layers of the metal surfaces that come into
contact. This impact enables beneficial modifications in the operating characteristics of the
device.

The effectiveness of repair and restoration chemicals mostly depends on the manufacturer
responsible for their creation. A comprehensive economic assessment is essential when choosing
a compound for the processing of rubbing components in equipment. This assessment should
include several factors such as the cost of the compound, processing expenditures, and the time
necessary for cost recuperation.

Keywords: gas air cooling devices, bearings, reliability, energy efficiency, energy saving, repair
and recovery compound.

Introduction.

In the contemporary gas transportation system, the optimization of gas air coolers (ACUs) entails
not only the timely execution of maintenance and repair activities, but also the systematic use of
advanced techniques for rejuvenating deteriorated components, assemblies, and interfaces. [1].

In order to achieve cost reduction, minimize expenses related to spare parts, optimize labor
allocation for workers, enhance operational efficiency of machines and equipment, and extend
their service life, it is essential to promptly diagnose and fix worn-out components of the devices.
According to sources [2, 8], a significant portion of the power used at a compressor station
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equipped with gas turbine pumping units is allocated to gas air cooling devices, ranging from 22%

to 48%.

Table 1: Results of measured parameters.

ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

Obiject of control,
electrical type.
Engines

Vibration level of
bearing motors

Noise level

Power consumption

ACA gas fan shaft
run-out

ACA gas st. No. 1,
eex-diibt3, Control

148% increase in
vibration

Increased noise
level 93.2 dba

Decreased by 28.5%
before bearing
failure

Increased by 7.76%

ACA gas st. No. 2,
eex-diibt4, Treated
with composition
of company 2

Vibration reduction
by 42%

Reduction in noise
level from 88.6 to
87.8 dba (1%)

Decreased by 1.08%

Increased by 3.17%

ACA gas st. No. 3,
eex-diibt3, Treated
with composition

77% increase in
vibration

Increase in noise
level from 88.6 to
92.6 dba (4.5%)

Increased by 0.6%

Increased by 1.07%

of company 1

The focus of this research is a compressor station located in the Bashkortostan. The station was
used as a testing site for a repair and restoration composition, which is a finely dispersed
multicomponent combination consisting of minerals, additives, and catalysts. [3].

In alignment with technological advancements, repair and restoration compounds are introduced
into the carrier substance, namely lithol, which already contains friction products, rather than
introducing new ones [4].

The use of RRC entails a series of continuous procedures that may be categorized into three
distinct phases, as seen in Figure 1. The fusion of RRC particles with the crystal lattice of the
surface layer of steel occurs due to the friction process and the subsequent rise in temperature
between the friction pairs (refer to Figure 1a).

Subsequently, the formation of novel crystals occurs inside the border area, resulting in the
creation of a unified metallic structure (refer to Figure 1b). Following this, the crystals align
themselves along the surfaces that experience rubbing in the friction pairs and amalgamate,
resulting in the formation of an uninterrupted sequence of solid solutions or individual crystals
that span the whole of the parts' surface (refer to Figure 1c). All of the aforementioned processes
occur in close temporal proximity.

Upon application of RRC at the contact locations, the friction between the metal surfaces
transitions from "metal-metal” to a "metal-modified layer” interaction. This altered pairing
exhibits a notably reduced friction coefficient and is distinguished by its enhanced resistance to
wear. The fundamental characteristics and measures of the resultant altered stratum [5, 6]:

o coefficient of linear thermal expansion varies from 13.6 to 14.2;

e friction coefficient is approximately 0.007;

e surface microhardness ranges from 690 to 710 HB;

e impact strength is 50 kg/mm?;

e corrosion resistance — high;

e wear resistance — increased.
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The examination of intricate friction phenomena and the rejuvenation of deteriorated surfaces of
components via the use of RRC technology necessitates the consideration of mechanical,
physical, and chemical processes that transpire at the atomic-molecular scale inside the surface
layers of these components when subjected to friction [7].

The present study aims to outline the methodology used in conducting experimental research.
During the course of the study, the researchers used a mineral composition for the purpose of
manufacturing bearings, which was derived from serpentines obtained from two distinct firms
(hence referred to as Company 1 and Company 2). The ball bearings of the driving electric motors
of ACA gas compressor fans were subjected to treatment using specialized lubricating solutions.
— two bearings from electric motor No. 3, type EExdIIBT3, treated with composition from
company 1,

— two bearings from electric motor No. 2, type EExdIIBT4, treated with composition of

company 2.
@ ©
k ;
®, ®,
e P L
b e
@

Figure 1: The process of formation of a modified layer on the surfaces of friction pairs: a — the
beginning of the influence of the surface layer of steel; b — formation of new metal crystals;
¢ — formed surface layer.

For a control comparison, we selected the ACA gas electric motor No. 1, type EEx-dIIBT3, with
similar bearings (closed-type bearings packed with lithol-type grease for the entire service life).
To process the bearings, the electric motors were dismantled from the gas cooler and processed at
the production facilities of the operating organization. The first measurements of the parameters
of the gas air cooler electric motors began after installation. Four days after the bearings were
treated, electric motors No. 2 and 3 operated for 797 hours, controlled No. 1 — 403 hours (until
bearing failure).

Before measuring the operating parameters of the gas air cooler, the angles of attack of the gas air
cooler fan blades were determined. Due to the fact that this parameter determines the load on the
gas air cooler fan drive, the initial values of the operational parameters depend on this
characteristic. Next, the following types of measurements were taken to assess the condition of
the bearings:

e measuring the level of vibration of the electric motor housing at the lower bearing of the gas air
cooler;

e noise level measurement;
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e measuring the current strength of the gas air cooler electric motor, determining the consumed
electricity;

e measuring the run-out of the ACA gas fan shaft.

Methodologically, the equipment efficiency assessment was carried out in three stages - before
treatment with the compounds and periodically after treatment - for a month. Parameters affecting
the operation of the equipment were also monitored: ambient air temperature, atmospheric air
pressure.

Discussion of experimental results.

The experimental findings are shown in Table 1. Based on the provided data, it can be inferred
that the application of treatment to the bearings of electric motor ACA gas No. 3, using the
composition from business 1, resulted in a 1.07% increase in run-out after one month of
operation, equivalent to 797 hours. Positive dynamics have not been attained for other parameters.
No discernible decrease in the total levels of vibration was noticed, despite the aforementioned
circumstances. During the first period of operation, vibration decreased at some points, and then it
began to increase. The noise level and power consumption per drive also increased by 4.5 and
0.4%, respectively. Treatment of ACA gas bearings No. 2 with composition of company 2 made it
possible to achieve improved technical characteristics in all respects within a month (797 hours)
of operation:

ereduction in the level of root-mean-square vibration velocity by 42%;

e reduction in noise level from 88.6 dB to 87.8 dB (by 1%);

e reduction in power consumption by

¢ 1.08%:;

eincrease in fan rotor run-out by 3.17%.

The gas control electric motor No. 1 had a failure during the testing period, which may be
attributed to the wear-related failure of one of its bearings. Prior to the occurrence of failure,
adverse changes in the parameters of electric motor No. 1 in the gas air cooler were observed.
These changes included a significant increase in vibration by 148%, accompanied by a rise in
noise level up to 93.2 dB. Additionally, there was a temporary decrease in electricity consumption
and an increase in the fan rotor run-out. Consequently, this treatment method holds the potential
to bring about fACArable alterations in the operational characteristics of the equipment.

Conclusions.

1.The use of RRC technology, in conjunction with conventional planned maintenance practices,
has the potential to decrease the expenses associated with maintenance and repairs.

2. The efficacy of using these components (compositions) is mostly contingent upon the
manufacturer, with an additional factor being the duration required for cost recovery.

3. The choice to use a composition for the treatment of frictional components in machinery should
be predicated upon an economic evaluation encompassing the cost of the treatment composition,
associated processing expenses, and the duration required for cost recovery.
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Study Limitations
There are no limitations that could affect the results of the study.
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Son iyirmi ilds miixtalif qaz noqli sirkstlari enerji somoraliliyi vo enerjiyo qonast masalalorine ¢ox
diqgot yetirmislor. Qaz-turbin nasos qurgulari ilo tochiz olunmus kompressor stansiyasinda qazin
hava ilo soyutma mexanizmlarinin islomasi {igiin elektrik enerjisinin sorfiyyat1 22% - don 48% - o
godordir. Bu todgiqatin osas mogqsadi qaz-hava ilo soyutma cihazinin elektrik miiharrikindoki
yastiglarinin dayaniqhigini artirmaqdir. Burada siirtinmoni azaltmaq Uc¢ln miixtalif yanagmalar
arasdirilir. Mogsad inkisaf etmis mohkomlik xilisusiyyatlorino malik qgabaqgcil soth emali
texnologiyasindan istifado etmoklo olunur. Yaglama sistemi daxilindo tomir-borpa torkibinin
istifadosi vo ya siirtiinmo ciitlorinin satha birbasa totbigi xiisusi emal olunan qurgunun unikal
xiisusiyyatlorindon vo dizaynindan asilidir. Baxilan hissolor siirtkii yaglarinin istifadssini ohato
edirdi. S6zligedon mohsullar ilk névbado qaz nasos stansiyalarinda istifado olunan hava soyutma
fanlarmin elektrik miihorriklorinin  daxilindo yerloson bilyali yastiglara aiddir. Elektrik
miharriklorinin yastiglarinda serpentin osasli kompozisiyalarin istifadesinin effektivliyinin
Oyronilmosi zamani alds edilon noticolor tomasda olan metal saothlorin on xarici tobagolorine
nozora garpan tosir gostarir. Bu tasir cihazin igini miisbot sokildo doyisdirmays imkan verir.

Tomir vo barpa {igiin kimyovi maddslorin effektivliyi asason onlarin yaradilmasina masul olan
istehsalgidan asilidir. Siirtiinon avadanliq hissolorinin emali {i¢iin bir kompozisiya segorkon
hortorofli iqtisadi qiymatlondirmo lazimdir. Bu giymatlondirmo kompozisiyanin doyori, emal
xorclori vo xarclorin 6donilmasi ligiin lazim olan vaxt kimi bir ne¢o amili ohato etmolidir.

Acar sozlar: gaz-hava ilo soyutma aparatlari, siirtinma yastiglari, etibarliliq, enerji somoaraliliyi,
enerji qonaati, tomir vo barpa torkibli garisiq.
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PE3IOME

3a mocimemHWE JBa JIECATWICTHS Pa3IMYHbIE Ta30TPAHCIOPTHBIE KOMMAHWUU  YACISIIN
3HAUUTENBHOE  BHUMaHHE  BompocaM  JHEProdh(EeKTHBHOCTH U DHEProcOEepPEeKCHHUS.
Pacnipenenenne >neKTpUYeCKOW SHEPTUHM JIsT PaOOTHI MEXaHW3MOB BO3IYIIHOTO OXJIaXKICHHS
ra3a Ha KOMIIPECCOPHOW CTaHIMHU, OCHAIEHHOW Tra30TypOMHHBIMH HACOCHBIMH YCTaHOBKAMU,
cocrtaBirsieT oT 22% no 48%. OCHOBHOM II€NBI0 JAaHHOTO HCCJIEAOBAHUS SIBISETCS ITOBBIIIEHUE
JOJITOBEYHOCTH TMOAIIUITHUKOB B AJIEKTPOJBHUraTeNle YCTPONCTBA Fa30BO3AYITHOTO OXJIAXKICHHUS.
D710 OyAeT TOCTUTHYTO MyTEM U3YUYECHUS Pa3IMYHBIX MOJXO0I0B K CHHUKEHHIO TpeHus. Llens Oyner
JOCTUTHYTa 3a CUYET WCIOJb30BAHMS TIEPEIOBOM TEXHOJOTUH OOpaOOTKH TOBEPXHOCTEH C
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IMOBBIICHHBIMU TTPOYHOCTHBIMHU cBolicTBaMu. lcmoab3oBaHue PEMOHTHO-BOCCTAHOBUTCIIBHOI'O
COCTaBa BHYTPH CHCTEMbI CMa3KH HJIM €r0 HEIOCPEACTBEHHOE HAHECCHHE HAa MOBEPXHOCTH Iap
TPEHUS 3aBUCUT OT YHUKAIBHBIX XapaKTEPUCTUK U KOHCTPYKIIMUA KOHKPETHOrO 00padaThIBaeMOro
y31a. O0BEKTHI, moABeprimecs: 00padoTKe, BKIIFOYAIN UCTIOIh30BaHUE CIICIIMAIBHBIX CMa30YHBIX
MaTepHuasioB. PaccMarprBaeMbie U3IENUs B IEPBYIO OYEPE/Ib OTHOCITCS K MIAPUKOTOAIIUITHUKAM,
KOTOPBIE PACIOJIOKEHBI BHYTPH NPUBOJHBIX AJICKTPOABHUraTENICH BEHTHISATOPOB BO3IYIIHOTO
OXJIAXKJACHUS, UCIIOJIB3YCMbIX Ha Ia30NCpCKAYMBAIOIINX CTAHIUAX. P€3y.TIBTaTbI, IMOJIy4YCHHBIC B
Xoze wuccieaoBaHus 3PPEKTHBHOCTH HCIOJIH30BAHUS KOMIIO3UIIMH HAa OCHOBE CEpPIICHTHHA B
MOJIIIAITHUKAX JICKTPOIBUTATENCH, IEMOHCTPUPYIOT 3aMETHOE BO3JICHCTBUE HA CaMble BHEIIHUE
CJIOW CONPUKACAIOUIMXCS METALUTMYECKUX IMOBEPXHOCTEH. DTO BO3JCHCTBUE MO3BOJISET BBHITOIHO
WU3MEHUTH paboune XapaKTEPUCTHKH YCTPOUCTBA.

O PeKTUBHOCTh XHMHKATOB JJII PEMOHTa W pECcTaBpallii B OCHOBHOM 3aBUCUT OT
MPOU3BOJIUTENS, OTBETCTBEHHOIO 3a WX co3naHue. Ilpu BeIOOpe coctaBa s 00pabOTKH
TPYIIUXCS JAeTalieil 000opyaoBaHKs HEOOXOJMMa BCECTOPOHHSS IKOHOMHYECKAs OICHKA. JTa
OLICHKAa JIOJDKHA BKIIHOYATh HECKOJBKO (PaKTOPOB, TAKUX KaK CTOMMOCTh COCTaBa, 3aTpaThl Ha
00paboTKy U BpeMsi, HEOOXOAUMOE JIJIsl BO3MEIIICHUS 3aTpart.

KiarueBble cjioBa: yCcTpOHCTBa Tra30BO3MYIIHOTO OXJIAXKJICHUS, IMOAIIMITHUKYA, HAJIC)KHOCTD,
3HEProd(hPeKTUBHOCTD, YHEPTOCOCPEIKEHIE, PEMOHTHO-BOCCTAHOBUTEILHBINA COCTAB.
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XULASO

Baxilan moqalodo miixtolif nov yiiklorin tosiri altinda igloyon qazma qurgusu modelinin riyazi
todqiqi aparilmisdir. Aparilan ¢coxsayl todqiqatlar gostordi ki, sistem tarazliq ndqtesine malikdir,
yuxart vo asagl disklor sabit bucaq siiroti ilo firlanmaqla xarakterizo olunur. Qurgunun bu
voziyyati onun arzuolunan soraitdo islomosini tomin edir. Buna baxmayaraq, yerin dorin
qatlarinda miihitden va stixurun kegiriciliyinin doyigsmasindon asili olaraq qrunt sular1 vo stixurun
geyri-bircinsliliyi sistemds arzuolunmaz gizli ragsi harokotlarin (titromalarin) yaranmasina sobab
olur. Ragsi harakatlor periodik doyismokls sistemds tarazliq voziyyasti yarada bilmir.

Moqgalado qazma qurgusunun idaroetms sisteminda, sistemin dayaniqli asimptotik funksiyasinin
tomin edilmasi ligiin agag1 disks tosir edon siirtlinmo momentinin zararli tosirlorini nazors almadan
sistemin sabit islomasini tomin edon qazma qurgusunun idaraetms sistemlorinin layiholondirilmasi
tictin ilkin sortlor verilmisdir.

Bu moagalods hom ds 6ziligaldiran qazma qurgularinin zsif qrunt sularinda méhkamliyinin tomin
edilmosi masalolorino baxilir. Bu qurgularin hom 6zlori, hom do otraf miihito tosir riski
Oyronilmisdir. Bunlar1 nozars alaraq qurgularda vo otraf miihitds risklori azaltmaq tigiin todbirlor
toklif olunmusdur. Hal-hazirda enerji resurslarinin tomin edilmosi diinya 6lkolorinin garsisinda
duran ¢ox sayli problemlordon biridir. Bu problemlor yalniz karbohidrogen ehtiyatlari ilo zongin
olan dovlatlorin deyil, hom do 6z yataqlarin1 islodon Glkolors aiddir. Son onilliklords doniz
selfinds karbohidrogen ehtiyatlarinin monimsonilmosina baxmayaraq, bels hasilat quruya nisbaton
5-8 dofo baha basa golir. Hal-hazirda donizdon neft vo qaz hasilati diinya karbohidrogen
ehtiyatlarinin 35-40%-ni toskil edir. Donizdo neft vo qaz hasilati materikds ¢ixarilan yataglardan
xeyli daracads forglenir. O, ¢atin aradan qaldirila bilon goxsayli xiisusiyystlora vo problemlora
malikdir. Karbohidrogen ehtiyatlarinin axtarist vo c¢ixarilmas: deniz yataqlarinda xiisusi
qurgulardan, doniz platformalarindan istifado etmoklos yerino yetirilir.

Acar sozlor. qazma qurgusu, riyazi model, asimptotik dayaniqliq, firlanma, disk, siixur,rogsi
harakatlor.

Giris

Qazma qurgularindan neft vo qaz hasilati sonayesindo genis istifads olunur. Neft vo qaz
sonayesindo neftin vo qazin istehsalinda texnoloji proseslorin dayanmasinin asas sobablorindon
biri do gqazma avadanligimin siradan ¢ixmasidir. Aparilan todqiqat islori gosterir ki,qazma
qurgusunun tomiri  kiilli miqdarda xorc tolob edir. Aparilan elmi arasdirmalar gostorir
ki,qozalarin vo xorclonon masraflorin saynin azaldilmasi, neft-qaz sonayesinin somaraliliyinin
artirilmasi, qozalar1 yaradan soboblorin zoruri todqiq olunmasini tolob edir. Todqiq olunan gazma
qurgusu (sok. 1): galdirict sistemdon (1), qgazma rotoru stolundan (2), miiharrikdon (3), qazma
komoarindan (4), uzadicidan (5) vo kamar basligindan (6) ibaratdir.
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Qazma komorino asagidaki elementlor daxildir: gazma borusu, uzadict vo komar basligi. Qazma
qurgusu quyunun sarbast ucunda qazma basligi olan kosici elementlori yaradir. Qazma komarinin
firlanma horoksti momenti transmissiya yolu ilo qazma rotoru masasina baglanan miihorrik
torofindon Otiirtiliir. Qazma zamami gazma komori borusu rogsi horokotlorin basg vermo
xiisusiyyotindon asilt olaraq rogsi horaketlora(vibrasiyalara), burulmadan yaranan titrayislors,
oxboyu titrayislora vo enina istiqgamotdo yaranan titroyislora moruz galir.

1 L
I

.

S a

3

e

=

. /i

?1..—!"_' .

Sakil 1: Qazma qurgusu: 1 — galdirict sistem, 2 — qazma rotorunun masasi, 3 —miiharrik, 4 -
qazma komaori, 5 - uzadici, 6 — qazma bashgi.

Baxilan maqale qazma borusunun burulma zamani1 moruz qaldig: titroyislordon bohs edir. Bu név
titromoalor qazma qurgusu l¢iin oan tohlikkeli vo dagidict hesab olunur. Burulmadan yaranan
titromolor tokco qazma borusunun deyil, ham do biitiin qazma qurgusunun dagilmasina sobob olur.
Bu ciir hallar 6z ndvbasindo gazma qurgusunun borpasinda xeyli doracado xarclorin yaranmasina
va texnoloji prosesin kifayst qoador uzun miiddoet dayanmasina sabab olur. MDB Glkslinds bu
mosalolori arasdiran todqiqat¢r alimlor [1,2,3,4] vo xarici [5] alimlor gqazma qurgularinda
titroyislorlo bagli problemlari dyronmis va bu sahads 6z fikirlorini bildirmisdir. Qazma qurgusu ilo
bagl tortib olunan modellor haqqinda da kifayst qodor molumat verilmisdir [5,6]. Qazma
qurgusunun qisa sokildo riyazi modeli hagqinda moalumatlar daha ¢ox [6]-da verilmisdir. Bu
modelin torkibino sabit coroyanla igloyon miihorrik vo qurgunu horokoto gotiron miirokkob
konstruksiyali elementlor daxildir. Bu elementlor baxilan miihorriklordo  olave xorclorin
yaranmasina vo ona gostorilon xidmotdo miioyyon c¢otinliklor yaradir.Faza rotorlu asinxron
miiharriklorde yuxarida qeyd olunan neqativ hallara rast gelinmadiyinden,qazma qurgularinda bu
mihorriklordon daha ¢ox istifado olunur[1]. Dayison yiik altinda isloyon fazali rotorlu asinxron
muharrikli gazma qurgusunun modelino baxmagq talobi yaranir.Asinxron miiharrikin asas hissosi -
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stator vo firlanan rotordur. Uc fazali asinxron miihorrikin statoru tokmo isulu ilo
hazirlanmis,goargivayas preslonmis maqnit tellordon ibaratdir. Statorun ti¢ fazali zolag: Giclin magnit
tellorinin daxili sothindo kegiricilori yerlosdirmokdon &trii pazlar agilir. Ug fazali asinxron
miiharrikin rotoru silindro oturdulmus valdan ibarst olub,uclar1 ii¢ kontaktli halqaya birlosdirilmis
ti¢ fazali bir ulduzla birlasdirilir va silindrin valina oturdulur vo halqalar 6z aralarinda vo valdan
elektriklo  izolyasiya  olunur  (sok.2). Rotorlu  asinxron  miihorrik  fazali
dolabdan(1),valdan(2),kontakt halgalardan(3), fir¢alardan(4), tonzimloyici reostatlardan(5),qazma
bashigindan(6) ibarotdir. Fazali rotorlu asinxron miihorrik daha yaxsi isodiismo(sigrayis) vo
tonzimlonmo xiisusiyyotlorino malik olsalarda,lakin ~ rotorlu fazali asinxron miihorrikin
cokisi,Ol¢iilori vo qiymati qisa qapanmali asinxron miiharriklors nisbaton daha yaxs1 olur [3].

Sakil 2: Fazali rotorlu asinxron miihorrikin sxemi (1 — faza dolabi, 2 — val, 3 —kontak halgalar1, 4
— firgalar, 5 — tonzimlayici reostatlar, 6 — qazma baslig1)

Masalonin qoyulusu
Qazma qurgusunun yuxari v agagi disklorinin firlanma rejimini toyin edon diferensial tonliklorin
cixarilisi [1]:

Jy @y= -Ko(@y -0 )-b( @y -¢2) - Try(@y)+Kkmu; (5)
Jo@a=Ko(Py-¢2) +b(@y-9s) - Tra(@s); (6)
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burada @y vo @s— yuxari vo asagi disklorin bucaq yerdoyismaloridir, Jy vo Ja — yuxart vo asagi
disklorin atalot momentloridir; b — siirtiinmo amsalidir, ke, Km — miisbat amsallardir.
Try(@ ), T ta()—yuxar1 vo asagi garxlara tasir edon siirtiinmo vaxtlaridir.

Miiharrikin dinamikasini nozors almaqdan 6trii gazma qurgusu iigiin yazilan models (2) asinxron
miiharriklorin isini miisyyon edon dinamika tonliklorini (1) alave etmak tolob olunur:

3y0y= Koy ~02) — bley-p:) +nMS B i cosE - gy - 5T, (7)
Li;= -Riz —nMS(pycos(py(g - @y); (8)
Liz= - Riz -"MS@ycosgy(: - gy - 2); 9)
Lis= -Ris -MS@ycosy(: - gy - =); (10)
Jopa= Ko(@y - ¢2)+0(y - 92) - Tra(pa); (11)

[5] diisturuna osason qazma qurgusunun asagi diskino tosir edon siirtlinmo momentinin modeli
asagidaki kimi ifado oluna bilor[6,7]:

burada, ©+9:20,Tr.(0+@:)e{ Tea(w+¢.)sign(w+9.), (12)
burada, ®+¢,=0,[ -To,To]
wQg dsa
Tcu(®+(Pu)—_(Tpa+(Tw Tpa)e' @sa +h;lw + @ql), (13)
burada, T, Tss, Tps,®ss,0s4 Vo b,- miisbot omsallardir.
Daoyigonlori daxil edok:
Oy=-Qy, 00 =-Qu, P=Py-Ps, - (14)
2(k—-1)m
X= Eﬁzk 1 ig Sln( — Py — 3 ), (15)
2(k-1)
y—'gﬁzk 1 ik COS( — Py~ “) (16)
Z=i1-ia+is (17)
(4)-modelindo [1]-i asagidaki kimi ifado edok:
X= -CX+Y oy, (18)
y= -Cy-®y-X®y, (19)
o (20)
=0 -@y, (21)
_ky b a
@y= 7~ @+ (07 -oy)+ Y, (22)
y ¥ y
k
0y= =120 - 7 (0r -oy)+ - T(o ~ 02) (23)
_3msB)?2 R
burada, a= O (24)
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Qazma qurgusu modelinin dayaniqligini tohlil edorkon analitik hesabat tisullardan (5) istifado
etmok mogsadouygun hesab olunmur. Buna sobob asagi diska tosir edon siirtlinmo momentinin
geyri-xatti funksiyasi hesabina modelin boylik 6l¢iido alinmasi oslave miirokkablogsmalara sabab
olur. Ona gora do asag1 disks diison doyison yiikiin tosirindon yaranan titromalari toyin etmokdon
otrii (5) sistemi ligilin kompiiter todqiqatlarini aparmaq kifayot edir. Qazma texnikasinin
metodikas1 asagidaki kimidir: qazma borularmi firlanma horokotino gotirmokdon o6trii qgazma
rotorunun masasina borkidilmis miihorrik iso salinir. Elastiki qazma borulart quyuda bork
stixurlarla qarsilasana qodor biiklliir. Bu zaman sistem bos rejimds olur. Asagi disko tosir edon
stirtiinmo momentinin(Ts,) minimal tasiri bos rejimlo xarakterizo olunur [8,9].

(5) sistemi tligiin kompiiter todgigatini asagi disko tosir edon siirtinmo momentinin ¢ox kigik
giymotlori iiclin (T¢=0,002) gazma qurgusunun dayaniqli voziyystino baxaq: Sistemin
parametrlorini asagidaki kimi qobul edok: ® = 8, J,=0,4765, J, = 0,035, k =0,075,a=2,1,b =
0,01, Ts, = 0,26, Tp,=0,05, ws, =2,2, 8s,=1,5 , b,=0,009

Sakil 3: Ty= 0,2 yiik altinda qazma sisteminin dayaniqli voziyyatini tomin edon faza goriiniisii

Whys Wy radis i
1.5

Wa

0.5

Sakil 4: To = 0,2 yiikiiniin tosiri altinda wy vo ®, bucaq stiratlorinin ke¢id marhalalorinin grafiki.
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Sakil 5: To = 0,2 yiikiin tosiri altinda bucaq yerdayismasinin (¢) Kegid grafiki.
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Sakil 6: Qazma qurgusunun asagi disking tasir edon siirtlinms momentini toyin edon qrafik

Kompiiterlo aparilan todgiqatlarin naticolori gostordi ki, sistemds tarazliq néqtosi méveuddur. Bu
noqtads sabit bucaq yerdoyismosinin qiymati( ¢ =const) ¢arxin yuxari vo asagi disklorinin hor
ikisinin eyni vaxtda firlanmasi ilo xarakterizo olunur (sok. 3,4,5, 6). Belo hallar biitovliikds
gOturilmiis gazma qurgusunun normal islomasi ti¢iin arzuolunandir.Lakin ¢ox vaxt siixurun geyri-
bircinsliyi, xiisusilo do quyunun daha bork silixurlardan ibarat olan tobagolorindo qgazma zamani
kec¢id vo miihitdo bas veron doyisikliklor sistemds arzuolunmaz gizli titrayislorin bas vermosina
sabab olur. Bu zaman titroyislorin bas vermo oblasti 6ziindo tarazliq voziyystini saxlamur.
[1,10,11,12].

Asag1 disks (4) xeyli deracads gizli titromalarin tosirini (To = 0,7) nazars alaraq (5) sistem tonliyi
ticiin kompiiter todqiqatin1 aparagq.




ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

Sakil 7: Gizli titromolorin tosiri altinda qazma sisteminin faza goriiniisii.

Wy redis

ir t.san
50

Sakil 8: Gizli titromalarin tasiri altinda bucaq siiratlorinin (®y vo ®,) kegicilik proseslori

tp,rad

ol 1| "
Z’“ 4‘\ | b i ‘ | \4\
?/ \/

Sakil 9: Gizli titrayiglorin tosiri altinda bucaq yerdoyismosinin(p) bir fazadan digor fazaya kegid
prosesi

|f . tsan

Neft vo qaz sonayesindo fasilolorin yaranmasiin baslica soboblori gazma borusunun gizli
titroyislorin tosirinden qirilmasidir($akil 7).Bu istiqgamatds ¢oxlu sayda tadqiqatlarin aparilmasina
baxmayaraq,qazma borularinin qirilmasiin qarsisin1 almaq holo do aktual bir problem kimi agiq
galmaqdadir[1-6]. Hal-hazirda aparilan todqiqatlarda gizli titroyislorin tosiri naticesindo qazma
qurgusunun siradan ¢ixmasinin garsisint almagdan 6trii sistema xarici miigavimati vo ya reostati
daxil etmokls, rotorlu fazali asinxron elektrik miiharrikinin dayaniqligini tomin etmokdon otrii
miioyyon tokliflor irali siirtiliir[ 1,3] (s0k.8).

Lakin, sintez zaman1 bag veran pozgunluqlarin xarakterini vo qazma qurgusunun(4) asag1 diskino
tosir edon siirtiinmo momentinin funksiyast nazoro alindigindan bu yanasmalar1 natico etibarilo
idareetma alqoritminin mohdud tatbiq dairasing aid etmak olar.

Masalonin halli iisullar
Fazali rotorlu asinxron miihorrikin is dinamikasi asagidaki diferensial tonliklor sistemi vasitosilo
mioyyen edilir [6,7]:
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Jo=nMSX_, ik cos(— - —z{k_ﬂ}) -M ; 1)
Lii+Ri;= -nMS(pcos(% -9); (2
Li+Ri,= - nMS@cos(% - — %ﬂ) ; 3)
Li3+Ri3:-nMS<pcos(§ - — %ﬂ) ; (4)

burada n- sargilarin sayidir, MS- rotordan ke¢on maqnit selidir,[] — rotorun firlanma bucagidir, ik
— k-c1 sargidaki coroyandir, R — rotor sargisindaki timumi miiqavimotdir, L —rotor sargisinin
induktvliyidir, J — rotorun stalot momentidir, Ms — miigavimat qiivvo momentidir.
Faza rotoru (1) ilo asinxron miiharrikin is prinsipini miioyyan edon riyazi modelin tortibatinda
istifads olunan forziyyalor [1]:

1. Poladdan hazirlanmis stator vo rotorun maqnit kegiriciliyi sonsuzluga borabardir.

2. Burulganl corayan, histerizo va itkilor nazare alinmaya bilor.

3. Magqnit sahasinin rotorun ¢evrasi boyunca barabor paylandigi giiman edilir.

4. Statorun sargisi giiclii sinusoidal gorginlik monbayina qosulur.
Asinxron miitharrikli goza qurgusunun modelini quraq. Qazma qurgusunun modeli polad ¢ubugla
birlosdirilon iki disk kimi toqdim edilmisdir. Hor iki disk 6z oxlarina nisbaton firlana bilir.Yuxari
disk rotor fazali asinxron miihorriklo horokoto gotirilir,asag1 disk iso miixtolif torkibli siixurlarin
qazilmasinda yaranan siirtlinmo qiivvolorinin modelini yaratmaqdan 6trii oyloc mexanizmi ilo
birlosdirilmisdir (sok.9, 10).

Miherrik
= =
T
[ ]
P Yuxar disk
P, Asagi disk

i

Siirttinmas momenti

Sakil 10: Qazma qurgusunun sado modeli.

Naticod
Aparilan todqiqatlarin osas mogsadi qazma qurgusunun miihorrikde bas veron qlisurlari
tonzimlomok, asagi disko (4) tosir edon istonilon rogsi horokotlorin tosirlori nozora almadan
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idareetmo alqoritmini yerino yetiro bilon asimptotik dayaniqli funksional sistemin isinin tomin
edilmasi liclin gazma qurgusunun miihorrikinds bas veron nasazliglar1 tonzimlomokdir.

Bayannamolor
Olyazma bagqa heg bir jurnala vo ya konfransa toqdim edilmayib.

Tohsil Mahdudiyyatlori
Tadgigatin naticalarinag tasir gostars bilocok mohdudiyyatlor mévcud deyil.

Tasokkurlar

Miisllif bu todqiqatda istirak edon, 6z doyarli fikirlorini va tacriibalorini boliison qayg1 gostoron
is¢ilora vo yasli insanlara togokkiiriinii bildirir. Onlarin omokdashigi vo aciqlig1 todgiqat
naticalarinin dorinliyine vo zonginliyine shomiyyatli doracods komok etmisdir.
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MATEMATHYECKOE HCCJIEAOBAHUE BYPOBBIX YCTAHOBOK
oA BO3AEMCTBHUEM ITEPEMEHHBIX HAT'PY30K

Amup Mycradaes!, Macyma Axmenosa?

Nonent, kadenpa “Mexannka” Asepbaiimxanckuii ['ocynapcteennpii YaupepcuteT Hedtu 1 IIpOMBIIIICHHOCTH.
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2Maructp, kadeapa “Mexanuka”, Azepbaiimxanckuii [ocynapcreennbiii Yausepcuter Hedtu u
IMpomsinutersocty. E-mail: ehmedovamesumel23@gmail.com

PE3IOME

B paccmarpuBaemoii cTaThe MPOBEICHO MAaTEMaTHYECKOE HCCIeIOBaHUE MOJENu OypoBOM
YCTaHOBKH, paboTaromieil moja BO3JCHCTBHEM pa3iMYHBIX BUIOB HArpy3oK. MHOro4ucieHHbIC
MIPOBE/ICHHBIC MCCIICAOBAHMS TOKa3ajHl, YTO CHUCTEMa MMEET TOYKY PAaBHOBECHS, IS KOTOPOU
XapaKkTepHO BpallleHHe BEPXHEro W HUKHETO JTMCKOB C MOCTOSIHHOW YTJIOBO#M CKOpocThio. Takoe
COCTOSIHME arperara oOecneyrMBaeT ero paboTy B JKeTaeMbIX YCJIOBHSX. TeM He MeHee, B
rITyOOKHMX CIIOSIX 3€MJIM TPYHTOBBIE BOJbI U HEOJHOPOJHOCTH MOPOABI B 3aBUCUMOCTH OT CPeJIbl U
M3MEHEHHs MPOHHIIAEMOCTH TIOPOJABI MPHUBOISAT K BO3HWKHOBEHHIO HEXKEIATENBHBIX CKPBITHIX
Kosie0aTeNbHbIX JABWKEHUH B cucteme. KonebaTenbHble ABMKEHHSI HE MOTYT CO3/1aTh COCTOSIHHME
pPaBHOBECHSI B CHCTEME M3-3 HX MEPHUOAMYECKIX N3MEHEHUH.

B crartbe naHbl mpeaBapUTENbHBIE YCIOBHS MPOEKTHUPOBAHUS CHCTEM YIpaBieHUs OypoBOi
YCTaHOBKOM, 00€CIeunBaloluX CTaOUIbHYI0 paboTy CUCTEMBI 0€3 yuera BpeIHOTO BO3JIEHCTBUS
MOMEHTa TpEHUs, ICHCTBYIOIIEr0 HAa HIXKHMUH JUCK, HAa CHUCTEMYy YIpaBieHus OypoBoi
YCTaHOBKOM, AJi1 00ecredeHns CTaOMIbHOM aCHMIITOTUYECKON (YHKIIMH CUCTEMBI.

B nanHOIi cTaThe TakXke paccMaTpUBAOTCS BONMPOCHI 00ecreueH s TepMETUYHOCTH CaMOXOIHBIX
OypOBBIX YCTAaHOBOK IPH CIIA0BIX TPYHTOBBIX BOAAX. BBUTM M3y4eHBI PUCKH KaK CaMHUX ITHX
YCTaHOBOK, TaK M BO3JEHCTBMS Ha OKpY’Kalollylo cpeny. Mimes 3To B BUIy, ObUIM NPEIOKEHBI
MEphI TI0 CHIDKCHHIO PHCKOB Ha OOBEKTaxX M B OKpYyXKawIien cpere. B Hactosmee Bpems
o0ecriedeHrne YHEPropecypcoB SIBIAETCS OJHOW M3 MHOTOYMCIIEHHBIX MPOOJIeM, CTOALINX IMepes
CTpaHaMH MwHpa. OTH TPOOIEMBbI KacalOTCs HE TOJBKO TOCYIapCTB, OOraThiX 3amacaMu
YIJIEBOOPOIOB, HO U CTpaH, pa3pabaThIBalONIMX COOCTBEHHBIE MecTOpokaeHus. HecMoTps Ha
OCBOCHHE B IOCIEIHUE ECSITHICTHS 3alacoB YTJIEBOJOPOJOB HAa MOPCKOM MIeTbde, Taxas
n00bIYa 00xoauTCs B 5-8 pa3 Aopoxke, yeM Ha cyuie. B Hacrosiee Bpems 100b14a HehTH U rasa
u3 Mopst coctaBiseT 35-40% MHUPOBBIX 3amacoB yIJIeBOIOPO0B. J[oObrua HEGTH U raza Ha Mope
3HAYUTEIBHO OTIMYAeTCs OT 100buM Ha Marepuke. OH UMEET MHOXKECTBO (YHKUUH U MpolIiem,
KOTOpBIE TPYIHO TpeoaoneTs. [Iouck m m00bIYa 3amacoB YIiIeBOIOPOIOB OCYIIECTBISICTCS Ha
MOPCKHUX MECTOPOXKJICHHUSX C MOMOILBIO CHEIMATIbHBIX YCTAHOBOK, MOPCKHUX IIaT(OpM.



mailto:ehmedovamesume123@gmail.com

ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

KiroueBble cioBa: OypoBas yYCTaHOBKa, MaTeMaTH4YecKas MOJCNb, ACUMITOTHYCCKAs
YCTOWYMBOCTD, BpallleHUE, TUCK, TOpO/Ia, KosebaTenbHas ABMKCHHUS.

MATHEMATICAL STUDY OF DRILLING RIGS UNDER THE
INFLUENCE OF VARIABLE LOADS

Amir Mustafayev !, Masuma Akhmedova 2

Ist Department, Department of Mechanics, Azerbaijan State University of Petroleum and Industry.
Email: mustafaev-1959@mail.ru

2nd Master's degree, Department of Mechanics, Azerbaijan State University of Petroleum and Industry.
Email: ehmedovamesumel23@gmail.com

ABSTRACT

The article discusses the mathematical modeling of drilling rigs operating under various loads and
conditions. Numerous studies have shown that the system is stable at the equilibrium point, with
the upper and lower disks characterized by constant angular velocity. However, the presence of
sediment waters and variations in permeability in deep layers of the earth lead to undesirable
oscillatory movements (vibrations) in the system. These oscillations, periodically changing,
prevent the system from maintaining equilibrium.

The article also addresses the design of control systems for drilling rigs to ensure stable operation
without considering the detrimental effects of frictional moments acting on the lower disk.
Furthermore, it examines the issue of ensuring the stability of self-floating drilling rigs in weak
sediment waters, evaluating both their own risks and the risks posed to the surrounding
environment, and proposing measures to mitigate these risks.

Finally, the article highlights the significant challenge of energy resource provision for countries
worldwide. Offshore oil and gas production plays a vital role in this regard, representing a
substantial source for countries. Despite difficulties in exploration and extraction, offshore
production contributes significantly to global hydrocarbon reserves.

Keywords: drilling ring, mathematical model, asymptotic stability, launch, projection, disk,
sediment, oscillatory movements, vibrations.
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XULASO

Moévcud is, miixtalif totbiglorde somaralili vo davamliligini artirmaq ii¢iin qasnaqlarin dizaynina,
material secimino mexaniki xassolorino diqqget yetirorok, onlarin maddi vo mexaniki
xuisusiyyatlorini aragdirir. Nozoari tohlil vo eksperimental giymatlondirmonin birlogsmaosi vasitasilo
biz miixtolif materiallarin (metallar vo polimerlor daxil olmaqla) vo istehsal proseslorinin aginma
miiqavimati, dartilma giicii vo istismar miiddoti kimi qasnagin performans gostoriciloring tosirini
aragdiririq. Qabaqcil simulyasiya alatlori vo eksperimental qurgular, o climlodon dartilma sinagi
vo aginma tohlili, miixtolif yiiklomo soraitinde gasnaqlarin mexaniki davranisini vo nasazliq
rejimlorini qiymoatlondirmok {igiin istifado olunur. Naticolorimiz gostorir ki, material se¢imi
gasnagin mexaniki performansimna shomiyyatli dorocodo tosir edir, kompozit materiallar ¢oki
azaltma vo mexaniki méhkomlik arasinda perspektivli tarazliq toklif edir. Sothi tomizloms iisullar
Qasnaq sistemlorinin asinma miiqavimatini artirmaq Ug¢lin mithiim ohomiyyot kosb edir.
Masingayirma sahosindo golocok todqiqat vo tokmillosdirmo soylorini istigamotlondirmayi
hadofloyon xiisusi sonaye totbiglorindo gasnaglar iigiin material se¢imi vo dizayn optimallagsdirma
strategiyalari ilo bagl tovsiyalor vurgulanir.

Mexanik sistemlorin somaraliliyi v etibarlilifinin osas shomiyyat kasb etdiyi bir dovrdo, todqigat
qasnaqlarin maddi vo mexaniki xiisusiyyatlorini aragdirir vo onlarin dizayninda vo totbiqindo
ohomiyyatli iroliloyiglora sobab ola bilocok anlayislart 1izo ¢ixarmaq moqgsodi dasiyir. Nozori
cargivalori ciddi empirik sinaqlarla birlogdirorak, todqiqat miixtalif materiallarin, o climlodon
qabaqcil metallar, mithondis polimerlori vo yeni kompozit materiallar daxil olmaqgla, Qasnaq
sistemlori {i¢iin vacib olan performans gostericilorino neco tosir etdiyini diqqetle qiymatlondirir.
Qasnaqlarin mexaniki biitovliyliniin vo funksionalliginin formalagmasinda ononovi tékmodon
tutmus milasir asqarlarin istehsalina qodor istehsal texnologiyalarinin roluna xiisusi diqqot
yetirilir.

Acar sozlar: Qasnaqglar, material se¢cimi, mexaniki xassalor, asinma miigavimati, dartilma giicti,
kompozit materiallar,

Giris

Qasnaglar istehsaldan tikintiyo godor saysiz-hesabsiz sonaye sahalorinds vo hotta aerokosmik
mihondislik kimi yiksak dagiglikli tatbiglords istifado olunan asas mexaniki komponentlardir.
Sado, lakin ¢ox yonlu alotlor gucin 6tirilmasinds, qivvanin istigamatinin doyisdirilmosinds vo
yiikiin qaldirilmasini asanlasdirmaqda miihiim rol oynayir. Onlarin har yerds olmasina va goriinon
sadoaliyino baxmayaraq, gasnaglar uclin dizayn vo material se¢imi onlarin somoaraliliyina,
davamliligina vo totbiq xisusiyyatlorino ohamiyystli doracods tesir gostorir. Sanayelor daha
yuksak samaralilik va etibarliliq taloblorine dogru inkisaf etdikco, qasnaqlarin maddi vo mexaniki
Xususiyyatlorini basa diismok ¢ox vacibdir.
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Materialgiinasliq vo istehsal texnologiyalarinda son nailiyyatlor mexaniki komponentlorin
performansini artirmagq tiglin yeni imkanlar agmisdir. Kompozit materiallar, asqarlarin istehsali vo
sathin tomizlonmasi texnologiyalari artan dartilma giicii, asinma miiqavimati Vo azaldilmis ¢oki do
daxil olmagla Ustin mexaniki xassalora malik qasnaqlarin inkisafi ti¢iin perspektivli perspektivior
toklif edir. Materiallarin vo texnologiyalarin qasnagin dizaynina inteqrasiyasi ohomiyyatli
problemlor yaradir ki, bu da tasirin hartorafli tohlilini tolob edir. Tadgigatin motivi mixtalif
sonaye totbiglori Gglin Qasnaqg sistemlorinin optimallasdiriimasina kritik ehtiyacdan irali galir,
onlarin istismar miiddatini, samaraliliyini vo ¢atin ekoloji soraito uygunlasma qabiliyyatini
artirmaq moqQsadi dasiyir. Qasnaqlarin genis istifadosine baxmayaraq, mixtslif materiallarin vo
istehsal proseslorinin onlarin mexaniki xassalorine vo naticads tatbiginin effektivliyino necs tosir
etmosinin sistematik tahlili ilo bagl adabiyyatda bosluq mévcuddur[1,s.49].

Mogals, muxtolif materiallarin vo istehsal tisullarinin qasnaqlarin mexaniki x{isusiyyatloring
tosirini aragdirmaq yolu il bu boslugu aradan qaldirmaq mogsadi dasiyir. Xiisusils, 0, mixtalif
materiallardan, o cumloadan, polimerlordon vo kompozitlordon hazirlanmis mixtslif proseslor
vasitosilo istehsal edilon gasnaglarin asinma miiqavimatinin, dartilma vo Umumi dayanigliginin
giymatlondirilmasina yOnolmisdir. ~ Todgigat bu xususiyystlori artirmaq tgiin sothi mualico
tisullarinin potensialini arasdirir. Nozari tohlil vo eksperimental aragsdirmanin birlosmasi vasitoasilo
bu tadqgigat qasnagin performansini miioyyan edon material vo mexaniki xususiyyatlorin hartorafli
basa diistilmasini tomin etmoys ¢alisir. Tapintilarin daha somorali, etibarli vo davamli Qasnaq
sistemlorinin dizaynina vo inkisafina tohfo veron materiallarin vo istehsal iisullarinin segilmasi
uciin dayorli fikirlor tagdim edacayi gozlonilir.

Qrafik 1. Qasnaq Performans Gostoricilorinin Materiallara Gora Tahlili.
= Asinma Migavimati

mmm Dartilma Gucl
=l stismar Middati

80

[)]
o

S
o

Performans (%)

201

Metal Polimer

Monba: https://pmo.az/az/news/resurslarin-idare-edilmesi-komandanizin-izlemeli-esas-
performans-gostericileri.

Qrafik 1-do, miixtalif materiallarin (Metal vo Polimer) qasnaq performans gostaricilori izorindoki
tosirini ifado edir. Asinma miigqavimoti, dartilma gilicii vo istismar miiddati kimi gostaricilor
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osasinda material se¢iminin shomiyyatini vo miixtolif materiallarin bu gostericilor {izarindoki
tosirlorini gostorir. Metallarin aginma miigavimati vo dartilma giiciindo yliksok performans toqdim
etdiyi, Polimerlorin iso daha agagi doyorloro malik oldugu, lakin bazi totbiglordo daha yiingiil vo
daha az maliyyatli alternativ toqgdim edo bilocoyi qeyd edilir. Bu analiz, gasnaglarin dizayni vo
material se¢imi prosesinds miithiim bir molumat moanbayi olaraq xidmat edir[2,5.87].

Gostorilon problemlor vo imkanlar isiginda aragdirmamiz material miihondisliyinin an gabaqcil
sahasino vo onun mexaniki dizaynda totbiqine qoder uzanir. Qabaqcil polimerlor vo metal-
matrisli kompozitlor kimi yiiksok mohsuldar materiallarin yaranmasi ononovi Qasnaq
sistemlorinds inqgilab etmok potensialina malikdir. Materiallar tokco tokmillogdirilmis mexaniki
xassolori vad etmir, hom do makara sistemlorini yiiksok siiratli amosliyyatlar, ekstremal otraf miihit
soraiti vo ciddi ¢oki mohdudiyyatlori kimi xiisusi omoliyyat tolablorine uygunlagsdirmaq imkanini
togdim edir.

Innovativ istehsal proseslarinin rolunu giymotlondirmok olmaz. ®Olava istehsal (3D ¢ap) kimi
texnikalar miirokkob hondosolorin yaradilmasina vo onanavi istehsal tisullari ilo ovvallor slgatmaz
olan yeni material birlogsmolarinin inteqrasiyasina imkan verir. Carx dizaynini optimallasdirmaq
iclin yeni imkanlar agir, nainki daha yilingiil vo daha giiclii, hom do enerji Gtiiriilmasindo daha
somarali, aginmaya vo yorgunluga davamli olan kasnaklarin istehsalina imkan verir. ©nonavi
materiallardan vo istehsal iisullarindan bu qabaqcil alternativlors kegid asan deyil. Material
xassolori, Qasnaq dizayni vo omoliyyat miihiti arasindaki qarsiliglt olagonin dorindon basa
diistilmoasini tolob edir. Masalon, milkommal dartilma giliclng lakin zsif asinma miiqavimatino
malik materialin secilmasi soth tomasi va siirtiinmonin istiinliik toskil etdiyi totbiglords vaxtindan
ovval ugursuzluga sobob ola bilor. Eynils, yiingilil qasnaq dizaynlarinin yaradilmasinda oslavo
istehsalin faydalar1 materialin tutarlilig1 va struktur biitovliiyii ilo bagli potensial problemlors qarsi
balanslagdirilmalidir[3,s.57].

Cadval 1: Qasnaglarda Material vo Tomizloma Tasiri.

Material Mexaniki Performansa Tasir | Coki Azaltma Potensiali | Sothi Tomizloma 9homiyyati
Novi (%) (%) (%)
Metal 75 20 60
Polimer 50 40 70
Kompozit 85 80 90

Mbanba: https://media3.bsh-group.com/Documents/21770514 _ Cleaning_and_Care_products_
catalogue_AZ.pdf

Cadval 1-do, miixtolif material novlorinin (Metal, Polimer, vo Kompozit) gasnaglarin mexaniki
performansina tosirini, ¢oki azaltma potensialini vo sothi tomizloma {isullarinin shomiyyatini
gostorir. Kompozit materiallar, yiiksok mexaniki mohkomlik vo ¢oki azaltma potensiali ilo on
perspektivli segim kimi qabul edilir, hamginin sothi tomizloms iisullarinin shomiyyati bu material
ticilin on yiiksokdir[4,s.31].
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Miirokkabliklori holl etmok {igiin todqiqatimiz yalniz miixtolif materiallarin vo istehsal
proseslorinin fordi tohfolorini deyil, hom do onlarin gasnagin performansina sinerji tosirini
aragdiraraq vahid bir yanagma qabul edir. Hom hesablama simulyasiyalari, ham do eksperimental
yoxlamalar torofindon dostoklonon mexaniki stress paylamalarinin, asinma mexanizmlorinin vo
ugursuzluq rejimlorinin otrafli tohlilini ohato edir. Xiisusi totbiq ehtiyaclarina uygunlasdirilmis
gasnaglar optimal dizayn vo material se¢imi liglin bir sira tolimatlar hazirlamagi hadofloyirik.

Qrafik 2. Qasnaq sistemlarinin performansini artirmaq ti¢tin miixtalif strategiyalari.

100

Performansa Tasir (%)

Monba: https://www.ssu-conferenceproceedings.edu.az/pdf/magistr2021_3 3.pdf

Qrafik 2-do gasnaq sistemlorinin performansini artirmaq {igiin miixtolif strategiyalarin (material
secimi, dizayn optimallagdirmasi, yiizey isloma, vo qat1 maddolorls giiclondirma) shamiyyastini vo
bu strategiyalarin performansa tosirini ifado edir. Qrafikdon goriindiiyli kimi, gati maddslarlo
giiclondirmo strategiyasit 90% ilo on yiiksok tosiro malikdir, bunu material se¢imi vo dizayn
optimallagdirmasi izloyir. Masingayirma sahosindo golacak tadqiqat vo tokmillosdirma soylorini
istigamoatlondirmok iiglin 6nomli molumatlar togdim edir vo xilisusi sonaye totbiglori ii¢lin
qasnaqlarin material se¢imi vo dizayninin optimallagdirilmasi ilo bagl tdvsiyslorin shomiyyatini
vurgulayir[5,s.89].

Todgiqat mexaniki sistemlorin etibarliligini vo someroliliyini artirmaga ¢alisan artan biliklor
toplusuna tohfo vermoklo masinqayirma, materialsiinasliq vo istehsal texnologiyasinin
kasigmosinds yerlosir. Hortorafli tohlilimiz vasitasilo biz miiasir sonayenin inkisaf edon toloblorino
cavab veron daha mohkom vo somarali mexaniki sistemlorin islonib hazirlanmasini asanlagdiraraq,
qasnaq dizayninda golocok innovasiyalart molumatlandiracaq praktiki anlayislar toqdim etmoyo
calisiriq. Material vo istehsal prosesinin kosfiyyatinin innovativ aspektlorini toforriiatlandiraraq
todqgiqatin ohato dairasini daha da genislondirir[6,s.44].

Cadvel 2-do, miixtalif material ndvlorinin vo istehsal texnologiyalarinin qasnaq sistemlorinin
performansina neco tosir etdiyini gostorir. Miiasir asqarlar 95% ilo performansa on yiiksok tosiri
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gostoron texnologiya olaraq geyd edilmisdir, bunu yeni kompozit materiallar izloyir. Ononavi
tokmo iso 70% ilo on asag1 performansa tosiri olan materialdir. Molumatlar, qasnaq sistemlorinin
dizayninda vo totbigindo ohomiyyotli iroliloyisloro sobob ola bilocok anlayislarin  iizo
¢ixarilmasinda miihiim rol oynayir[7,s.67].

Cadval 2: Qasnaq Sistemlori {i¢iin Materiallarin Performans Tosir.

# Material Novi Performansa Tosiri (%)
1 Qabagqcil Metallar 85
2 Miihandis Polimerlari 80
3 Yeni Kompozit Materiallar 90
4 Ononavi Tokma 70
5 Miiasir Asqarlar 95

Manba: https://www.belge.com/az/belgelendirme/sistem/en-15085-demiryolu-araclari-ve-
bilesenleri-yonetim-sistemi/

Material se¢imi vo istehsal proseslorinin incoliklorine nozor saldigda molum olur ki, gasnaq
sistemlorinin optimallasdirilmasi sads material doyisdirilmasini va ya texnoloji tokmillogdirmalori
istoloyir. Qasnaq totbiglorino xas olan omoliyyat soraitindo mexaniki qiivvolor vo material
davranis1 arasinda dinamik garsiliqli slagonin niiansh basa diigiilmosini tolob edir. Qasnaqlarin
haddindon artiq yiiklors, dayison temperaturlara vo korroziyaya moruz qalan miihitloro moruz
qaldig1r sektorlarda, mosalon, doniz mihandisliyi, aerokosmik vo agir masinlarda xiisusilo
vacibdir[8,5.56].

Arasdirmanin aktualligi mithondis dizaynlarinda davamliliq vo enerji somaraliliyino dair mévcud
tendensiyalarla daha da giiclondirilir. Qasnaqlar 6tiirmo sistemlorinin torkib hissasi olmagqla
mexaniki sistemlorin {imumi enerji sorfiyyatina vo somaraliliyino ohomiyyatli tosir gostorir.
Qabaqcil materiallar vo istehsal sullar1 vasitesilo kasnaklarin performans xiisusiyyotlorini
yaxsilagdirmagqla, daha enerjiyo gqonast edon va ekoloji cohatdon tomiz miithandislik hallorine tohfo
vermak potensiali var. Karbon izlorini azaltmaq va texnoloji iraliloyislorin davamliligini artirmaq
iiclin global saylors uygundur.

Tadqiqatda multidissiplinar yanagsmanin qabulu miirokkab problemlorin halli i¢lin miixtolif elmi
vo miihandislik sahslorinin yaxinlagsmasini vurgulayir. Masingayirma, materialsiinasliq vo soth
miihandisliyi prinsiplorini birlesdirarak, bu todqiqat tokco Qasnaq sistemlorini optimallagdirmaga
deyil, hom do mexaniki komponentlorin dizayni vo performansimin artirilmasinin daha genis
sahasing tohfo vermoyo calisir[9,s.34].

Todgigat mogsadlorimiz asagidaki aspektlori sistematik sokildo arasdirmaq iigiin qurulmusdur:

e Material tahlili: Qasnaq totbiqlori ii¢lin giiciin, davamliligin vo ¢okinin on yaxs1 birlogsmosini
toklif edon materiallar1 miioyyon etmok vo xarakterizo etmak.

o Istehsal prosesinin giymotlondirilmasi: ©nonovi vo olavo istehsal daxil olmagla miixtolif
istehsal tisullarinin qasnaqlarin struktur biitovlilyline vo performansina tasirini qiymotlondirmak.

e Sothi Tomizloma Tadgqiqatlari: Qasnaq sistemlorinin aginma miigavimatini vo Omriinii
ohomiyyatli doracods yaxsilagdira bilon soth miihondisliyi tisullarin1 aragdirmagq.
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e Performans Testi: Nozori tohlillori vo material xarakteristikalarini tosdigqlomok moagsadi ilo
hom eksperimental quragsdirmalar, hom do hesablama simulyasiyalarindan istifado edorok Qasnaq
sistemlarinin hartorafli qiymatlondirilmasini aparmaqg.

Mogsadlori hall etmoklo biz tokco Qasnaq sisteminin optimallagdirilmast anlayisint inkigaf
etdirmoyi deyil, hom do daha somarali, etibarli vo golocok miihondislik problemlori {i¢iin uygun
olan mexaniki komponentlorin dizaynt vo inkisafi {i¢lin ¢orgivo tomin  etmoyi
hodofloyirik[10,s.45].

Natica

Tadqiqat, miixtalif materiallarin va istehsal proseslorinin onlarin performansina, davamliligina vo
totbigino uygunluguna neco tosir etdiyino diqqget yetirmoklo, gasnaqlarin maddi vo mexaniki
xiisusiyyatlorinin hortorofli todqiqino baslamisdir. Nozori tohlili empirik sinaqlarla birlogdiron
ciddi metodologiya vasitosilo biz tokor sistemlorinin optimallagdirilmasi iiclin gabaqcil
materiallarin vo miiasir istehsal texnikalarinin malik oldugu ohomiyyatli potensiala isiq saldiq.
Todqiqatlarimiz gostorir ki, kompozit materiallar miistosna giic-goki nisboti vo uygunlagma
gabiliyyati sayasindo miixtolif omaliyyat soraitlorinds yliksok mexaniki performans vo davamliliq
tolob edon gasnaq totbiglori tigiin istiin se¢imlor kimi segilir. Todqigat daha da miirokkob
hondasalora vo uygunlasdirilmis material xiisusiyyotlorine malik qasnaqlarin dizayn1 vo
istehsalinin tomin edilmasinds slave istehsalinin osas rolunu vurgulayir, snonavi istehsal tisullar
asanligla olds edo bilmoz.

Sothin tomizlonmasi tisullarinin todqiqi onlarin makaralarin asinma miigavimotini artirmaqda
effektivliyini vurguladi, belslikls, onlarin istismar miiddatini uzatdi vo texniki xidmat toloblorini
azald1. Irolilayislor, birlikde, noinki daha somarali va etibarli, hom do hoyat dévrii orzindo daha
davamli vo gonastcil olan Qasnaq sistemlorinin inkisafi ligiin perspektivli yollar toklif edir.
Qasnagin dizayninda va totbiginds bu materiallarin v texnologiyalarin iistiinliiklorini tam sokildo
dork etmok {liclin soyahot c¢otinliklorsiz deyil. Todqigat, bu materiallarin real diinya soraitindo
uzunmiiddatli performansina, genigmiqyasl istehsal proseslorinin optimallasdirilmasina vo
gasnaglarin performansin1 doqiq giymotlondirmok vo miigayiso etmok liciin standartlagdirilmis
sinaq protokollarinin hazirlanmasina dair olava todqigatlara ehtiyac oldugunu miioyyon edir.

Cari mohdudiyyatlori aradan gqaldirmaga vo Qasnaq vo daha genis mexaniki sistem dizayninda
gabagcil materiallarin vo istehsal texnikalarinin tam potensialinin agilmasina yonalmis golocok
todqiqatlar tiglin tomol qoyur. Sonayelor daha tolobkar omaliyyat toloblori vo davamliliq
mogsadlorine dogru tokamiil etmoays davam etdikco, bu arasdirmanin naticolori bu inkisaf edon
tendensiyalara uygun golon yeni nasil makara sistemlorinin inkisafina rohborlik etmoys hazirlagir.

Bayannamolar
Olyazma basqa heg bir jurnala vo ya konfransa togdim edilmayib.

Tohsil Mahdudiyyatlori
Toadgigatin naticalarinag tasir gostora bilocok mohdudiyyatlor movcud deyil.

Tasokkurlar
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Miisllif bu todqiqatda istirak edon, 6z doyarli fikirlorini vo tocriibolorini boliison qaygi gostoron
is¢iloro vo yash insanlara tosokkiiriinii bildirir. Onlarin omokdashigr vo acighigi todqigat
naticalarinin darinliyine va zonginliyina ohomiyyatli derocade kdmok etmigdir.
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PE3IOME

B stoit pabote mccaenyroTcs mMaTepuanbl U MEXaHHMUECKHME CBOWCTBA IIKHMBOB, YAETSS ocoloe
BHHUMaHUE X KOHCTPYKIMH, BBIOOPY MaTepHUajoB U MEXaHUYECKUM CBOWCTBAM JJIsS MOBBILICHUS
uxX 3((EeKTUBHOCTH M JOJITOBEYHOCTH B pa3IMUHBIX oOyacTsax npuMmeHeHus. IlocpencTBom
COUYETaHHs TEOPETHYECKOr0 AaHAJIN3a M SKCIEPHUMEHTAIBHOW OIIEHKH MBI MCCIIEIyEM BIIHMSHUE
Pa3NUYHBIX MaTepUANIOB (BKJIIOYAs METAUIBI U MOJUMEPHI) U MPOU3BOJCTBEHHBIX MPOIECCOB HA
pabourie mapaMeTpbl IIKHMBOB, TaKWe KaK H3HOCOCTOMKOCTh, MPOYHOCTh HA pa3pbhlB U CPOK




ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

cinyx0bl.  IlepesoBbie MHCTPYMEHTHI MOJEIMPOBAHUS W HKCIEPUMEHTAIBHOE 000pYyJOBaHHE,
BKJIIOYAsl MWCIBITAHWS Ha PACTSHKEHUE W aHAIM3 H3HOCA, HCIOJB3YIOTCA JUISl  OLICHKH
MEXAHUYECKOT0 MOBEJACHUS U PEKUMOB pa3pyllIEHUs IIKUBOB B Pa3IMUYHBIX YCIOBHSX HArpy3Ku.
Hamm pe3ynbTaThl IOKa3bIBalOT, YTO BHIOOp MaTepuana CyLUIECTBEHHO BIMAET HA MEXaHUYECKUE
XapaKTePUCTHKH IIKWBA, NMPH 3TOM KOMIIO3UTHBIE MaTEpUaNbl MPEAIaraloT MHOTOOOCIIAOIINN
OanaHc MeX/1y CHHKEHHEM Beca U MEXaHWYECKOH MPOYHOCThI0. MeTobl OUMCTKH OBEPXHOCTH
BaXXHBI JUISI MOBBILIEHUS] M3HOCOCTOMKOCTU IIKMBHBIX cucTeM. (OCBeElIEHbl pPEKOMEHIAMU I10
BbIOOpY MaTepualioB U CTPATETHsM ONTHUMM3AaLUM KOHCTPYKLMHU IIKMBOB JUI KOHKPETHBIX
IPOMBIIIJICHHBIX ~ [PUMEHEHWH, IpU3BaHHbIE CIYXUTb PYKOBOACTBOM i OyAyIIHMX
UCCIIEIOBaHM U pa3pabOTOK B MALTMHOCTPOCHUH.

B snoxy, koraa 3¢p¢GeKTUBHOCTh M HAJAEKHOCTh MEXAaHUYECKHX CHCTEM MMEIOT IEPBOCTEIEHHOE
3HA4YCHME, UCCIIECIOBAaHMUS N3Y4Yal0T MaTeprabl U MEXaHUYECKHE CBOKMCTBA IIKMBOB U HAIIPaBJICHBI
Ha OOHapy)XeHuEe HJeH, KOTOpble MOTYT MPUBECTH K 3HAYUTEIbHOMY IpPOrpeccy B HX
IPOEKTUPOBAHUM M  TPUMEHEHUH. Couerass TEOPETUYECKHUE OCHOBBI CO CTPOTHMHU
SMIIMPUYECKUMH HCIHBITAHUSAMH, MCCIENOBAHUE TINATEIbHO OLICHUBAET, KaK pa3jIM4YHbIC
MaTepuaibl BIMAIOT Ha pabouMe napaMeTpbl, Ba)KHbIE JJs CHUCTEM IIKMBOB, BKJIIOYAs
COBpPEMEHHbIE METaJUIbl, CIIel[albHble TIOJIMMEPhl U HOBbIE KOMIIO3UTHBIE MaTepuaibl. Ocoboe
BHUMAaHHUE YJEJICHO pOJIM TEXHOJOIMH NPOU3BOACTBA — OT TPAJAULMOHHOIO JUThA [0
COBPEMEHHOI'0 aJTUTUBHOTO IPOM3BOJCTBA — B (POPMUPOBAHUM MEXAHUUECKOW LIETOCTHOCTH U
(YHKIMOHAJIBbHOCTU IIKUBOB.

KiroueBble cjI0Ba: IIKUBBL, BbIOOp MaTepuaja, MEXaHMYECKHE CBOMCTBA, M3HOCOCTOMKOCTb,
IIpees IPOYHOCTH, KOMIIO3ULIMOHHBIE MATEPUAJIBL.

MATERIAL AND MECHANICAL CHARACTERISTICS OF THE PULLEY

Nazim Ibrahimov?, Ismail Ganizade?

!Professor, “Material science and processing technologies”, Azerbaijan State Oil and Industry University, Azerbaijan.
E-mail: nazim.ibragimov.2015@mail.ru

2Master’s student, “Material science and processing technologies”, Azerbaijan State Oil and Industry University,
Azerbaijan. E-mail: ismayil.genizade@gmail.com

ABSTRACT

This work examines the material and mechanical properties of pulleys, focusing on their design,
material selection, and mechanical properties to improve their efficiency and durability in a
variety of applications. Through a combination of theoretical analysis and experimental
evaluation, we investigate the effect of various materials (including metals and polymers) and
manufacturing processes on pulley performance parameters such as wear resistance, tensile
strength and service life. Advanced simulation tools and experimental facilities, including tensile
testing and wear analysis, are used to evaluate the mechanical behavior and failure modes of
pulleys under various loading conditions. Our results show that the choice of material
significantly affects the mechanical performance of the pulley, with composite materials offering
a promising balance between weight reduction and mechanical strength. Surface cleaning
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methods are important to increase the wear resistance of pulley systems. Recommendations on
material selection and design optimization strategies for pulleys in specific industrial applications
are highlighted, aiming to guide future research and development efforts in mechanical
engineering.

In an era where the efficiency and reliability of mechanical systems are of paramount importance,
research examines the material and mechanical properties of pulleys and aims to uncover insights
that could lead to significant advances in their design and application. By combining theoretical
frameworks with rigorous empirical testing, the study carefully evaluates how different materials
affect performance parameters important to pulley systems, including advanced metals,
engineered polymers, and novel composite materials. Particular attention is paid to the role of
manufacturing technologies, from traditional casting to modern additive manufacturing, in
shaping the mechanical integrity and functionality of pulleys.

Keywords: pulleys, material selection, mechanical properties, wear resistance, tensile strength,
composite materials.
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AZINMAS-BF-80 AQREQATININ SUROTLOR QUTULARININ OSAS
PARAMETRLORI VO SXEMLORININ ANALIZi
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XULASO

Mogqalodo MAZ-537 markali avtomobilin sassisi lizorindo qurasdirilan BF-80 aqreqatinin asas
diiylinlori analiz edilmisdir. Hor bir diiyliniin funksiyast vo is prinsipi gostorilmisdir. Bu
diiytinlordon biri olan avtomobilin siiratlor qutusunun is soraiti nozors alinmaqla tohlili vo analizi
apartlmisdir. Osason ikistiratli, tigsiiratli vo dOrdsiiratli iki valli, elementar siirotlor qutularinin
sxemlori tohlil edilorak, asas gostaricilori miioyyon edilmisdir. Daha sonra iki va tigsiiratli alava
silindrik vo konik otiirmalori olan siiratlor qiitularinin da analizi aparilmisdir. MAZ-537 markali
avtomobilin sassisi lizorindo qurasdirilal qaldirma vo endirmo aqreqatlarinin normal iginin
tonzimlonmasi tisullart gostorilmisdir.

Agar sozlar: konik 6tiirmo, firlanma tezliyi, sassi, rassional, dizayn, firlangic, nasos-kompressor

Problemin aktualhg.

BF-80 kompleks avadanligi sement korpiilorin genislondirilmoasi vo eloco do tutucu vo kasici
alatlorin hazirhigr islorinin goriilmasi, nasos kompressor vo qazima borular1 vasitasilo endirma-
qaldirma amoliyyatlari, maye mohlulunun quyuya vurulmasi, quyularin menimsonilmasi vo tomiri
tclin nozordo tutulmusdur. Qurguda MPP-80 tipli gobuledici soyyar korpiilor nozordo
tutulmugdur. Nogletmo zamam korpiilor bloklarla tochiz olunmus tokerli qosqudan, alotlori
dasiyan arabadan vo gargivalordon ibarot olur. Bliklar miivafiq bablayicilarla 6z aralarinda sort
baglanir. Korpiilords istifado olunanda, yoni onlar is¢i voziyyatino gotirilondo tokarlor baglanir.
Bu zaman korpiilor dayaqlar vasitesilo yera barkidilir. Korpiilorin sag vo sol toraflorinds iso
borular {i¢iin altliqlar nazordos tutulur. BF-80 aqreqatinin quragdirildigi avtomobilin siiret qutulari
ilismo 1ilo horokot edon vo birlogdirici muftalar1 olan reduktorlar qrupuna aiddir. Bu siirot
qutularim ikivalli vo g¢oxvalli olmagqla iki qrupa bolmok olar. Hor iki qrupa daxil olan siirat
qutulart asagidaki timumi toloblori tomin etmalidir:

- asta gedisli valin firlanma siirstinin verilmis sirasini,

kicik gabaritlori (endaza 6l¢iilorini),

yiiksok f.i.o-n1,

- 1daratetmonin sadsliyini,

- asan qurasdirmani vo tonzimlomani.

Coxvalli vo vallar1 paralel yerlogson siiratlor qutusunun araliq vallarinin firlanma tezliklorinin
tonzimlonmasi bir ne¢o miixtalif usullarla aparila bilor. Lakin hom istismar vo ham dos konstruktiv
cohotdon tonzimlonmis biitlin siralar eyni qiymot almaya bilor. Yuxaridak: toloblorin 6donilmaosi
Ucln siirat qutularinin normal va tohliikasiz iginin tomin olunmasi aktualligini qoruyur.

Tadqgiqatin maqgsadi.
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BF-80 agreqatinin qurasdirildigi avtomobilin is soraiti nozors alinmagqla siiratlor qutularinin asas

parametrlorinin vo sxemlorinin analizi.

BF-80 aqreqat1 dordoxlu MAZ-537 markali avtomobilin sassisi tizorinde qurasdirilir. Aqreqgatin

osas diiyiinlori asagidakilardir:

o MAZ-8926 tipli, ikioxlu qosquya qurasdirilmis BNP-15Qr (BHII-15T"p) markali nasos bloku;

e UPA-80 (YIIA-80) tipli 6ziiyeriyon qaldirict qurgu;

¢ is¢ci meydangasi vo alot arabasi ilo tochiz olunmus, tokorli MPP-80 (MIIII-80) soyyar gobul
korpiilori;

e Firlangic vo nasos-kompressor, hamginin qazima borulari ils islomak {i¢ilin alot dosti;

e R200xI25 (P200x125) markali gazimz rotoru.

Ogor astagedisli valin firlanma tezliyi itigedisli valin firlanma tezliyindon yiiksok deyilsa vo

diizdisliblok Otlirmalorinin minimal Otiirma adadi 1-dir, o zaman blok Otiirmalarinin maksimal

Otiirma adadini 4 qiymatilo mohdudlasdirmaq lazimdir. Ogor astagedisli valin firlanma tezliyi

itigedisli valin firlanma tezliyindon yiiksokdirss vo u < 1-dir, o zaman itigedisli 6tiirmalorin totbiqi

maqgsadauygundur.

Blok c¢arxlarin diglorinin sayisi ti¢lin olavo edilmis sortlor:

Blok ¢arxlarin diglorinin minimal say1 22-24 olmalidir.

Cevravi siirat yiiksok oldugu toqdirds dislorin sayisi boyiik se¢ilmalidir.

Bu sortlor asasinda blok ¢arxlarin diglarinin sayisini asagidaki kimi se¢a bilarik:

z.
:1 = U; (90 ..110 = Zz = 50 ...60) ;Zz = const
i

Dislorin say1 miioyyonlosondon sonra onun xatast +10(¢ — 1)% -don yuxari olmayan firlanma

tezliyini tomin etmolidir.
Adoton blokun biitlin disli ¢arxlarmin (aparan vo aparilan) eni eyni olur vo asagidaki sortdon
tapilir:

b=y -dy
burada d; - blokun Kigik disli ¢arxinin baglangic ¢evrasinin diametri;
Yuq — blok ¢arxi Ugln tacin disinin en omsalidir:
6..8

Z1

Ypa =

Ikivallr siirotlor qutulari. Ikivalli siiratlor qutulart vasitosilo iki, (¢ vo dord siiroti &tiirmok
mimkindir. Sokil 2.1-do  ikisliratli, iki wvalli elementar siirotlor qutularinin sxemlari
gOstorilmigdir.
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Sokil 2.1: ikisiiratli, iki valli elementar siiratlor qutusunun sxemlori.

Ikivalli siiratlor qutusunun birinci vali horoketi xaricdon adigma géra onun garxi aparict adlanir.
Aparici vasitesilo harokat aparan valdan (1) aparilan vala (l1) otiiriir. Noticods aparilan val iki
miixtolif firlanma tezliklorinds igloyir.

Belo siirotlor qutularmin vallar1 {izerinde aparict vo aparilan disli carxlarin yerlogdirilmosi
miixtolif ola bilor. Masolon sokil 2.1b vo sokil 2.1c-ds bu ¢arxlarin vallar {izerinds yerlogsmasinin
miixtalif variantlari toqdim edilmisdir.

Bu tip siirotlor qutularinin layiholondirilmasi zamani onlarin qgabarit 6l¢iilorinin miimkiin qodor
kicik olmas1 tomin olunmalidir. Hesablama zamani osason asagidaki qabarit 6l¢iilor toyin edilir:

1. Oxlar1 bir-birina nisboton iifiiqi miistovidos olan vallarin yerlogmaini;

2. Oxlart bir-birina nisbaton vertikal miistovids olan vallarin yerlosmaini;

3. Qutunun enini vo hiindiirliiytlini.

e o>
-
I pr—
A
I "=
—_—— X
X =
4 !b' y)
- b - —b——.—"b’! —.2-1.
95
ol ) '
I / § r
i E X 3 — —=1» X X
I r_' - II — ¢ ;
- == =
<o <eew h
2 [b| b b] 2b b2 -_b;’-:?u;’-}bdb.i.
) 11b 7_9b |
*“—'c ~ —_——

Sokil 2.2: Ug siiratli ikivall siiratlor qutusunun sxemlori
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Aparan vo aparilan ¢arxlarin eyni vallar {izorinds yerlogmoasi qutunun uzunlugunu bdyiidiir. Ona
goro do ikisiiratli, iki valli elementar siirotlor qutusunun layiholondirilmasindo dlgiilor elo
tonzimlonmolidir ki, hom normal gabaritlik, hom do 6tiimlonin normal isi tomin olunsun.
Ug siiratli ikivall1 elementar siiratlor qutusunun sxemlori sokil 2.2-do toqdim edilmisdir.
Sokil 2.2a-da gostorilon {i¢ siiratli ikivalli siirotlor qutusu aparan val (I) iizorindo qurasdirilmig
horokotli blokdan vo dislorinin say1 z;, zz Ve zs olan ig¢ disli ¢arxdan ibaratdir. Bu disli

carxlarla ciitliik toskil edon vo dislorinin say1 z;, z; ve Zg olan disli ¢arxlar iso aparilan (II)

val iizorindo borkidilmisdir. Hor bir ilismoya uygun olaraq aparilan val {i¢ miixtolif firlanma
stiratine malikdir. Vallarinin uzunluq 6l¢iilorine gora an rassional konstruksiya sokil 2.2a va sokil
2.2d —da verilon variantlardadir.

Dord stiratli, iki vali siirat qutularinin sxemlori asagidaki sokilds verilmisdir.

Horokat “1/ Zo» %/, " Zs/ zg VO Z7/ zg ilismolori vasitosilo aparan valdan (I) aparilan vala

(IT) otiirtilir vo bununla da aparilan val dord firlanma tezliyino malik olur. Nozordon kegirdiyimiz
avtomobilin siirstlor qutusu iiglin on miinasib vo yigcam konstruksiya sokil 2.3a-da toqdim
edilmisdir. Bu variantda siiratlor qutusunun tam uzunlugu 8b 6lgiistinii togkil etmoyindon asili

olmayaraq burada 2 adad idaraetma dostoyi nozords tutulur.
@ = 1,41 qiymotino uygin olaraq dord stlirotli elementar siirotlor qutusunun totbiqi

mohdudlasmisdir. Bu onunla izah edilir Ki, blokun pillslari tigiin minimal 6tiirms adadi i, = 1,
maksimal 6tiirmo odadi is9 Umar = 4 —diir. Otiirma odadinin 1 ... 4 araligindaki qiymotlori blok
otiirmalori {iglin nozords tutulan limiti agsmir. Bu deyilonlori nazors alsaq ¢ = 1,41 olduqda

otirmoalor qutusunu ardicil yerlogsmis iki odod iki siiratli elementar qutularla ovoz etmok
mogsadouygun sayilir.

Ugvalli siiratlor qutulari: Oksor hallarda ikivalli elementar siirat qutular1 astagedisli valin nozordo
tutulmus firlanma siiratlorini tomin eds bilmir. Bels soraitds iki va ya ii¢ siiratli stirat qutular ti¢lin
olave olaraq silindrik va ya konik disli 6tlirmonin totbiqi zoruridir. Konik disli 6tiirmenin totbiqi
tez vo astagedisli vallarin miivafiq aparan vo ya aparilan vallarinin istiqgamati ilo alagoli ola bilor.
2.4 vo 2.5 sokillorindoki konstruksiyalarda olave totbiq edilon, harokati paralel vallar arasinda
Oturon silindrik vo harokati kosison vallar arasinda otliron konik otiirmali stirstlor qutularinin
miivafiq sxemlori, onlarin kombinasiyalari isa 2.6 sokilindo gostorilmisdir.

Bu silindrik vo konik otlirmalorin dislorinin profili diiz vo ya ¢ap ola bilor. Copdisli silindrik
otiirmalarin dig xattinin meyl bucagi f = 15... 25° gobul edilorss onlarin normal iginin tomini

uzun miiddatli olar. Sokil 2.4b-da toklif edilon siiratlor qutusunun sxem li¢lin aparan vo aparilan
carxlarin morkozlori arasindaki mosafolor eyni Olglido olmalidir, yoni a; = a; sorti

odonilmolidir. Beloliklo, 2.z = const vo m = const olanda biitiin Stiirmalor 23/’ z, ilismasi

iizrs toyin edilondir.
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Sokil 2.3: Dord siiratli iki vali elementar qutunun sxemi: a, d — siiratlor qutusunun yigcam varianti
(@) va birgadoar, boyuk uzunluglu (d) qutunun varianti; b, ¢ —boylk uzunluglu qutularin varianti,
lakin bir dostoklo qosulanin tomin edilmasila.

Z1 g
I g =" = g z AL}z
T 125 T a - =
I = ~—t+= a: - —a:
" + 22 pa— S I—I =
b ] [ = L m
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Sokil 2.5: Iki vo iigsiiratli horokoti paralel v kosison vallar arsinda 6tiiron alava konik &tiirmali
tigvalll 6tiirmaler qutularinin kinematik sxemlori.

ny-n;
il

b

Sakil 2.6: Olava silindrik vo konik 6tiirmalari olan {i¢ vo dordvalli 6tiirmalar qutularinin
kinematik sxemlori.

Notica: BF-80 agreqatinin qurasdirildigi avtomobilin siiratlor qutularinin osas parametrlori vo
sxemlorinin analizi movzusuna hosr edilmis mogalodo siirotlor qutularinin miixtolif variantiari
analiz edilmisdir. Noticodo, dordsiiratli elementar siiratlor qutusunun totbiginin ¢ = 1,41

qiymatilo mohdudlasdirilmast askar edilmisdir. Homg¢inin, toyin edilmisdir ki, blokun pillslori
liclin minimal 6tirmo adodi Uy, = 1, maksimal Gtiirmo ododi iso  Umar = 4 olarsa, blokun

otiirmolorinin isi gonaotboxs olacag. Belaliklo ¢ = 1,41 oldugda belo qutunu iki ardicil
yerlosmis iki siiratli (li¢ vali qutunu) elementar qutularla avoz etmok mogsadouygun sayilir.

Bayannamalar
Olyazma bagqa heg bir jurnala vo ya konfransa togdim edilmayib.
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GEARBOXES OF A CAR WHERE THE BF-80 UNIT IS INSTALLED
ANALYSIS OF BASIC PARAMETERS AND SCHEMES

Sevda Aliyeval, Behmen Aliyev?

1Associate professor, "Mechanics" department, Azerbaijan State Oil and Industry University, candidate of technical
sciences, Azerbaijan. E-mail: sevda.aliyeva.66@bk.ru

2'Mechanics" department, Azerbaijan State Oil and Industry University, Master's student. E-mail:
bahmanaliyev13@gmail.com

ABSTRACT

The article analyzes the main components of the BF-80 unit installed on the chassis of the MAZ-
537 car. The functions and operating principle of each node are shown. One such component, a
vehicle's gearbox, was analyzed and evaluated based on operating conditions. Basically, the
schemes of two-speed, three-speed and four-speed twin-shaft, elemental high-speed boxes were
analyzed and their main indicators were determined. Later, two- and three-speed gearboxes with
additional spur and bevel gears were also analyzed. Methods for adjusting the normal operation of
lifting and lowering units installed on the chassis of a MAZ-537 vehicle are shown.

Keywords: bevel gear, rotation speed, chassis, rational, design, rotary, pump-compressor.
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KOPOBKUM ABTOMOBUJIA, HA KOTOPBIX YCTAHOBJIEH
AIIITAPAT BF-80 AHAJIN3 OCHOBHBIX TAPAMETPOB U CXEM

Cepaa Anmenal, Baxman Asiues?

ouenr, kadpenpa “Mexanuka”, Azepbaiixanckuii I'ocyrapcreennsiii Yuupepcuter Hedtu u I[TpoMbInuieHHOCTH,
KaH/U/IaT TEXHUYECKNX HayK, A3zepOaimKan

E-mail: sevda.aliyeva.66@bk.ru

Maructpant.kadpeapa  “Mexanuka”’,  AsepOaiijkanckuii  [ocymapcrBeHHblii  Vhusepcuter Hedmn u
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PE3IOME

B crathe mpoananmm3upoBaHbl OCHOBHBIE y3ibl arperara b®d-80, ycTaHOBIEHHOTr0 Ha IIaccu
aBToMoOmiIs MA3-537. [loka3zanbl GyHKIMH M OPUHLUI pabOThl Kakaoro ysna. OAuH U3 TaKux
KOMITOHEHTOB, KOpPOOKa Iepenad aBTOMOOMIIS, ObII MpPOAaHAIM3HPOBAH M OLEHEH Ha OCHOBE
YCIOBUI JKCIUTyaTallMk. B OCHOBHOM OBUTH NpPOAHAIM3UPOBAHBI CXEMBI JIBYXCKOPOCTHBIX,
TPEXCKOPOCTHBIX M YETHIPEXCKOPOCTHBIX JIBYXBaJIbHBIX, 3JIEMEHTHBIX OBICTPOXOIHBIX KOPOOOK H
OTIpeJieNIeHbl UX OCHOBHBIE mMOKazarenu. Ilo3mHee ObUTM TpOaHATM3UPOBAHBI TAKXKE IBYX- U
TPEXCKOPOCTHBIE KOPOOKHM Tepenady ¢ JONOJHUTEIbHBIMH MPSIMO3YOBIMH M KOHHYECKHMH
mectepHsaMU. [lokazaHel CcrOCOOBI PEryJMpPOBKH HOPMAIBHOW pabOTHl arperaroB MOJbEMa MU
OITyCKaHMs, YCTAaHOBJIEHHBIX Ha I1accu aBToMooust MA3-537.

KnioueBble c10Ba: KOHMYECKas Ieperada, CKOPOCTh BpAICHUs, IIACCH, palMOHAIbHAs,
KOHCTPYKIIHS, POTOPHBIHA, HACOC-KOMIIPECCOP.
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PREDICTING THE FLARE TEMPERATURE OF BINARY FUEL
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ABSTRACT

A method for calculating the flash point from the results of simulating liquid—solid equilibrium at
constant pressure using the Gibbs equation is discussed. A model is used to predict the flash point
of the mixture based on the modified Le Chatelier equation, the Antoine equation and a model for
estimating the activity coefficient.

The flammability hazard of liquids is primarily characterized by their flash point. The flash point
is defined as the temperature at which a liquid evaporates and forms a flammable mixture with air.
To measure the flash point, closed and open type devices are used. In closed-type devices, the
state of equilibrium between the liquid and vapor components of the mixture is studied. Open type
devices take into account the interaction of a mixture of flammable liquids with the atmosphere.
The flash point of a mixture is a critical property, but experimental data for many mixtures are
lacking and obtaining such data is expensive and time-consuming. Therefore, the development of
mathematical models for analyzing the state of the environment under conditions of increasing
risk of emergency situations is an important scientific and practical task. This paper examines the
possibility of predicting the flash point in closed-type devices, i.e. the influence of atmospheric
conditions is not taken into account in this approximation. Several models for predicting the flash
point for mixtures of various types have been proposed previously.

Keywords: binary mixtures, flash point, boiling point, activity coefficients, solvation coefficient,
association coefficient.

Introduction.

Safety in the production and storage of flammable liquids is one of the most important tasks, since
dangerous situations often occur, such as explosions at gas stations, accidents during the
transportation of flammable substances, etc. When assessing the fire hazard of liquids with a
melting point of less than 50°C, a number of indicators of fire and explosion hazard are used:
flammability group, flash point, ignition temperature, auto-ignition temperature, lower and upper
concentration limits of flame propagation, ability to explode and burn when interacting with
water, atmospheric oxygen and others substances, etc. These parameters are interconnected. For
example, the flash point is linearly related to the boiling point: tp = a + bty, which depends on the
ambient pressure. In this regard, the task of assessing the influence of pressure and temperature on
the thermodynamic characteristics of mixtures of liquids is relevant. It is especially important to
study the behavior at various temperatures, pressure, concentration, thermophysical parameters of
the environment, etc. of such flammable liquid mixtures as fuel mixtures, brake fluids, antifreezes
used for cooling internal combustion engines, coolants in heating and air conditioning systems.
Along with this, it is necessary to solve the problem of heat transfer, which is divided into
external or internal depending on the characteristics of the heat source and the shape of the heat
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accumulator. Thus, predicting the flash point is only part of the problem of studying fire and
explosion safety conditions

Models developed for ideal solutions [4—6] are unsuitable for nonideal mixtures, which are most
common. The imperfection of solutions is due to the interaction of molecules. The influence of
liquid phase non-ideality on activity coefficients is taken into account by constructing appropriate
thermodynamic models, which can be divided into two categories: models using experimental
data and so-called a priori predictive models. To model the properties of a solution, it is necessary
to be able to calculate the activity coefficients of the components of the mixture in the liquid
phase.

Methodological part.

Thermodynamic models NRTL, Wilson and UNIQUAC are often used, but in these models the
binary interaction parameters are calculated from experimental data. Therefore, these models are
not predictive. The UNIFAC model [12] is predictive, since it does not require experimental data
to calculate the parameters of binary interaction. To assess the interaction, group contribution
parameters are used [10, 13]. The general model for predicting the flash point of a mixture is
known [1] and improved by Liu et al. [2] based on the modified Le Chatelier equation (1),
Antoine equation (2) and a model for estimating activity coefficients [3]:

DB/ =1 ()

logP; = A— B, /(T + (;), (2),

where x; is the mole fraction of the i-th component in the liquid; vi is the activity coefficient of the
component; P;i is the saturated vapor pressure of the i-th component of the mixture at a given
temperature; Pi, O is the vapor pressure of pure combustible component i at its flash point,
respectively.

The Le Chatelier equation L = 1/3;; p; /L; is used to determine the explosion limit of a vapor

mixture and is a formula for calculating the harmonic mean value, where L is the ignition limit of
the mixture; L — flammability limits of individual components; pi is the contribution of individual
components to the studied property of the liquid mixture. In particular, the equation allows us to
determine the average pressure Py, at which a flare can occur, i.e. at Li = P’;,. Under the condition

of phase equilibrium of liquid and vapor, the partial pressure of the vapor of a component of a
nonideal liquid has the form pi = XiyiPi. The activity coefficient is introduced as a characteristic of
the imperfection of the mixture. If the activity coefficient is equal to one, this means that the
interactions between different or the same molecules are identical and the mixture is in an ideal
state; if the activity coefficient is different from unity, the mixture is in a non-ideal state. In the
case of an ideal solution, yi = 1, the partial pressure of a component is proportional to its fraction
in the solution pi = xiyiPi, which is the formulation of Raoult's law. The Antoine equation is an
approximate representation of the Clausius - Clapeyron equation for the equilibrium of the liquid
and vapor phases and makes it possible to move from pressure to the temperature characterizing
the flash point, and to find the dependence of the flash point on the composition. To calculate the
flash point on the basis of equilibrium models, the activity coefficients of the components vy; are
determined for a given solution composition, then the vapor pressure of the mixture components
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point Ty, for the mixture is found by solving Antoine's equation (2) and equation (1) together.
Substituting the pressure P;i from the Antoine equation into the Le Chatelier equation makes it
possible to calculate the flash point for the entire range of solution compositions, i.e. dependence
T(x). The main problem is to determine the activity coefficients of the components of a non-ideal
mixture. This problem can be solved if mathematical modeling methods are used.

is found using the Antoine equation at the flash point of the pure components. The flash

Thermodynamic models of phase equilibrium of solutions.

From models of activity coefficients of the liquid phase, two types can be distinguished: 1)
models used for non-polar systems, for example, mixtures of hydrocarbons, isomers, and
homologues, which include regular solution theory (RST) and Flory-Huggins models; 2) models
used for non-polar and polar systems. These models are commonly used to predict liquid phase
activity coefficients and include the Van Laar equation, Wilson equation, NRTL, UNIQUAC
equation, UNIFAC equation, etc.

Vidal et al. [13] combined the flash point prediction of Liu et al. [2] with the model UNIFAC to
predict the minimum for highly nonideal solutions. Gmeling and Rasmussen calculated the flash
point of binary systems using the UNIFAC model to estimate activity coefficients [10, 14]. At the
minimum flash point of the mixture, the flash point may drop by several degrees, increasing the
risk of explosion, which is often accompanied by a positive deviation of the liquid—vapor
equilibrium from Raoult’s law [9, 13, 15]. The maximum on the flash point behavior curve is
associated with a negative deviation from Raoult’s law, which leads to a decrease in the risk of
explosion [16].

In the original UNIFAC model [12], the logarithm of the activity coefficient consists of the
combinatorial and residual parts. To improve the performance of the original UNIFAC model
predicting liquid—vapor equilibrium (VLE), liquid—liquid equilibrium (LLE) and excess
enthalpies, several versions of the model were proposed [17—20].

The main disadvantage of the UNIFAC model and its versions is the need to create a database of
group parameters of pure components and interaction parameters. The group contributions of
these parameters are systematically improved by the UNIFAC consortium [21]. In [22], the flash
point of mixtures is predicted (Liaw and Chiu flash point prediction model [3]); to calculate the
behavior of the activity coefficients of the liquid phase, UNIFAC type models are used, which do
not require experimental data to find the parameters of the binary system. In Fig. Figure 1
presents experimental data [22], as well as the results of calculating the activity coefficients and
flash point temperature for the systems ethanol - butanol-1, ethanol - acetone. Various versions of
the UNIFAC model and the NRTL model were used for the ideal ethanol - butanol-1 system (Fig.
1, a) and the ethanol - acetone system with a positive deviation from ideality (Fig. 1, b). The
phase behavior of mixtures becomes more complex if there is a large difference in their physical
properties, types of polarity, or critical properties. As can be seen in Fig. 1, there is a significant
scatter in the results of calculations of activity coefficients and flash point for different models.
One form of the equation relating various parameters of a system to internal energy can be written
as

Tt
dU = TdS — PdV + E wdN,  (3)
i=1
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where U =f(S,V, N1, No,...,Ny) is the internal energy of the phase as a function of entropy, volume
and number of moles of components forming the phase; u =i (8U/6Ni )sv N, j# chemical potential
of the i-th component; T = (0U/8S\vn,j« — temperature; P = (6U/0V) S,N j#i — pressure.

This paper discusses a method for calculating the flash point based on the results of simulating
liquid—solid equilibrium at constant pressure. The relationship between the activity coefficients vyi
and the excess Gibbs free energy GE:

RTY xilny =i GE.

Equation (3) can be written in another form using the Gibbs energy GE (P, T, X1, X2,.., Xn) as the
characteristic function:

dGE=—SdT + VAP + Y Mi=1pi dXi.

The equation can also be written as

=SdT + VdT — Y "i=axi dpi =0,

where the transition is made from the number of moles of components to their molar fractions xi.
The difference between the equations of state of a binary system for the real and ideal equilibrium
phases can be represented as [23]

—(HE/RT?) dT + (VE/RT) dP = Y%i=1 xi dIn i,

where yi is the activity coefficient of the component, i = 1, 2; HE — enthalpy of mixing; VE —
excess volume; P — solution pressure; T — absolute temperature; R is the universal gas constant.
The Gibbs equation is used to represent phase equilibrium over a wide range of temperatures and
pressures, and to calculate thermal and volumetric properties.

a b

) \
7 3v
\ ethanol
\\

1,08 p~ acetone _ #;
} <

0 0,4 0,8 X1 0 0,4 0,8 X1
ethanol + butanol-1 ethanol + acetone
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Figure 1: Comparison of activity coefficients and the predicted flash point with experimental data
[22] for an ideal solution ethanol - butanol-1 (a) and a solution with a positive deviation from

ideality ethanol - acetone (b): " " - experimental data, " - " - original UNIFAC; “----” — UNIFAC
DORTMUND; « — - — :» — UNIFAC Linghby; “———"— version of UNIFAC Bastos and others;
“——.—="—NRTL; “— --” — ideal solution

Thus, equation (4) allows us to find the activity coefficients of the components if the enthalpy of
mixing and excess volume are known. If the formation of associates of molecules of pure
components occurs, then the effective molar mass of the component in the solution can be
calculated using the formula M’ 2iMi, where M; is the molar mass of the component before mixing,
Ji are correction factors. The average ratio of the number of molecules in associates of pure
components 1 = 11/4> characterizes the stable structure of the solution. The difference between the
coefficient 1 and unity indicates the presence of a deviation from ideality in the binary system and
the need to move to effective mole fractions to obtain thermodynamically consistent models.
In [24 — 27], a method for modeling phase equilibrium diagrams of liquid—solid and liquid—vapor
in real solutions and the possibility of predicting the flash point of a binary liquid mixture is
considered.
In most real solutions, the components interact, leading to the formation of molecular compounds
of the AB type. The solvation coefficient A = 11/1> shows the ratio of the number of molecules A
to the number of molecules B in the resulting molecular compound. Molecules of components A
and B can also form clusters consisting of molecules of the same type. The ratio of the number of
molecules of component A to the number of molecules of component B united into associates will
be characterized by the association coefficient k = ki/kz. The association coefficient ki shows how
many molecules of component A in the liquid phase have combined into a cluster of type AA,
similarly, the association coefficient ko shows how many molecules of component B in the liquid
phase have combined into a cluster of type BB. Minimizing the excess Gibbs energy with respect
to the solvation parameter 4 leads to an equation that models the liquid—solid phase equilibrium
diagram at P = const:

T(z1) = [H1E21 + HzE(l - 21)]/[(H1E/T10) 1+ (HzE/Tzo)(l —21) —

—R(zeInz1+ (1 — z1) In(1 - z1))], (5)

where T is the liquidus temperature; Hif — enthalpy and Ti® — melting temperature of the
component forming the one-component phase, i = 1, 2; z1 = x1/(X1 + AX2), Z2 = X1/(X1/A + x2) are the
effective mole fractions of the components of the binary mixture.

The PCEAS (Phase Chart Eutectic and Azeotropic Systems) model proposed by the authors of
this work [28] is based on minimizing the excess Gibbs energy using the solvation parameter 4,
which characterizes the ratio of the number of molecules A to the number of molecules B in a
molecular compound. Equation (5) allows us to find the dependence of the temperature of the
mixture on the composition at constant pressure. The PCEAS program makes it possible to
calculate the liquid-solid equilibrium, as well as the liquid-vapor equilibrium at constant pressure
or at constant temperature. The input data is the temperature Ti and the enthalpy of phase
transitions Hi® of pure components. The program allows you to determine the average values of
the solvation coefficient A, as well as the association coefficient k, and calculate activity
coefficients.
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Phase equilibria liquid - solid and liquid - vapor in binary systems, as well as the dependence of
the flash point on the composition of the solution were calculated at atmospheric pressure.

Results and discussion.

Fig. 2 presents the results of calculating the flash point temperature using the PCEAS model for
the ideal ethanol - butanol-1 system (Fig. 2, a) and the ethanol - acetone system with a positive
deviation from ideality (Fig. 2, b).

01 03 0.3 0,7 09 0,1 03 05 0,7 09

X1, mol X1, mol

Figure 2: Dependence of the flash point temperature on the composition of the solution according
to the PCEAS model: a — for the ethanol — butanol-1 system; b — for the ethanol — acetone system.

In Fig. Table 3 shows the results of calculating activity coefficients using the PCEAS model for
the systems ethanol - butanol-1 and ethanol - acetone at normal atmospheric pressure. To predict
the flash point of mixtures close to ideal, it is sufficient to use the activity coefficients of the
liquid phase obtained from the results of modeling the liquid—solid equilibrium. The work [22]
presents modeling results and experimental curves of the dependence of the flash point on the
composition for systems with the formation of an extremum of the flash point. It is noted that
existing thermodynamic models do not accurately describe such systems. The reason for this is
insufficient attention to the processes of solvation and association in the liquid and vapor phases,
as well as the consistency of thermodynamic data.
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X1, mol. X1, mol.

Figure 3: Calculation of activity coefficients at P = 101.4 kPa using the PCEAS model for
solutions: a — ethanol — butanol-1: cr. 1 — activity coefficient (ethanol), cr. 2 — activity coefficient
(butanol-1); b — ethanol — acetone with a positive deviation from ideality, line 1 — activity
coefficient (ethanol), line 2 — activity coefficient (acetone)

In Figure 4, 5 show the calculation results and experimental data for systems with the formation
of a minimum flash point [22].

1
40

i
20 40 ethanal
20 octane J
0 0
-

T C

30

ethanol + butanol-1 octane + ethanol

Figure 4: Comparison of activity coefficients and predicted flash point with experimental data [3]
for solutions with the formation of a minimum flash point octane - butanol-1 (a) and octane -

ethanol (b): " " - experimental data, " - " - original UNIFAC; "----"— UNIFAC DORTMUND; «—
- — m» — UNIFAC Linghby; “— — —” — version of UM0Stane -5t and others; “— — - —” —
NRTL; “—-  ucw SOlUtion
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a b
ethanol + butanol-2 octane + ethanol

Figure 5: Comparison of activity coefficients and predicted flash point with experimental data
[22] for solutions with the formation of a minimum flash point octane - butanol-2 (a) and octane -

isopropanol (b): " " - experimental data, " - " - original UNIFAC; “----” — UNIFAC
DORTMUND; « — - — :» — UNIFAC Linghby; “———"—version of UNIFAC Bastos and
others; “———"—NRTL; “— --” — ideal solution

In Fig. 6. The results of calculating the boiling point and flash point temperature using the PCEAS
model for an octane - butanol-1 solution with the formation of flash point extrema are presented.
In Fig. 7 — results of calculating the boiling point and flash point using the PCEAS model for the
octane-ethanol system at normal atmospheric pressure.

In Fig. 8 — results of calculating the boiling point and flash point using the PCEAS model for the
octane - butanol -2 system at normal atmospheric pressure.

In Fig. 9 — results of calculating the boiling point and flash point using the PCEAS model for the
octane - isopropanol system at normal atmospheric pressure.

Conclusion.

A method for predicting the dependence of the flash point of binary flammable liquid mixtures on
the composition of the solution is presented. The method is based on the use of mixture pressure
data obtained using mathematical modeling of phase equilibrium under isobaric conditions.
Predicting the flash point of a binary mixture requires data on the enthalpy and melting point,
enthalpy and boiling point, and flash point of the pure components.
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Figure 6: Calculation of the boiling point and flash point temperature using the PCEAS model for
a solution of octane-butanol-1 with the formation of flash point extrema:
a —boiling point - calculation; b — flash point temperature — calculation
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Figure 7: Calculation of the boiling point and flash point temperature using the PCEAS model for
an octane-ethanol solution with the formation of flash point extrema:
a — boiling point - calculation; b — flash point temperature — calculation
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Figure 8: Calculation of the boiling point and flash point temperature using the PCEAS model for
a solution of octane - butanol-2 with the formation of flash point extremes:
a - boiling point - calculation; b — flash point temperature — calculation
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Figure 9: Calculation of the boiling point and flash point temperature using the PCEAS model for
an octane - isopropanol solution with the formation of a minimum flash point:
a - boiling point - calculation; b — flash point temperature — calculation
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XULASO

Mayelorin alovlanma tohliikasi ilk névbads onlarin alovlanma temperaturu ilo xarakterizo olunur.
Alisma noqtesi, mayenin buxarlandigi vo hava ilo yanmaya moruz olan bir garisiq meydana
gotirdiyi temperatur olaraq toyin olunur. Alisma temperaturunu 6lgmok ticiin gapali vo agiq tipli
cihazlardan istifado olunur. Qapali tipli cihazlarda qarisigin maye vo buxar komponentlori
arasindaki tarazliq voziyyati Oyranilir. Aciq tipli cihazlar yanici mayelorin atmosferlo qarisiginin
qarsiligh tesirini nozors alir. Qarisigin flag noqtosi kritik bir xiisusiyystdir, lakin bir ¢ox qarisiq
iclin eksperimental malumatlar yoxdur vo bu ciir molumatlarin alinmasi bahali vo vaxt aparir.
Buna goro fovgolado hallarin artan riski soraitindo otraf miihitin vaziyyatini tohlil etmok ii¢lin
riyazi modellorin hazirlanmasi vacib bir elmi vo praktik vozifadir. Bu sonad gapali tipli cihazlarda
flasin prognozlasdirilmasimin miimkiinlilyiinii nozordon kegirir, yoni.bu yaxinlasmada atmosfer
soraitinin tasiri nozors almmir. Ovvallor miixtolif név qarisiglarin  flag  temperaturunu
prognozlagdirmagq iigiin bir ne¢o model toklif edilmigdir.

Acar sézlor: binar qarisiglar, alisma ndqtosi, qaynama ndqtosi, aktivlik omsallari, solvasiya
omsali, birlosmo omsali.

IHPOI'HO3UPOBAHUME TEMIIEPATYPbI BCIIBIIIKH
BUHAPHOI'O TOIVIMBA

Hatur A66acos’, ®atuma Txadapian?

Mouent, xadenpa “TIpombiienHble MammHb, AsepOaiijpkanckuii [ocymapcTeennblil YHusepcuter Hedru u
Ipomeinutennocty, Azepbaitmkan E-mail: natig.abbasov@asoiu.edu.az

Maructp, Hedremexanuueckuii (akynpTeT, AsepOaiilxaHCKuii TrocyJapCTBEHHBbIH yHHUBepcuTeT HedTH U
NpoMbIIUIeHHOCTH, A3epOaitkan. E-mail: fjafarl@inbox.ru

PE3IOME

OnacHOCTh BOCIUIAMEHEHUS KUAKOCTEN B MEPBYIO0 OUEPE]b XapaKTEPU3YETCsl UX TEMIEPATypOil
BCIIBILIKK. TemmepaTypa BCIBIIIKKA ONpPENEseTcs Kak TeMIlepaTypa, IpH KOTOPOM KHIKOCTh
ucrapsiercs M 00pa3yeT JerKOBOCIUIAMEHSIOIIYIOCS CMech € BO3AyXoM. Jlias u3MepeHus
TEMIEPATYPbI BCIIBIIIKU UCIIOIB3YIOTCS TPUOOPHI 3aKPHITOTO U OTKPBITOrO TUMa. B ycTpoiicTBax
3aKpHITOTO THUMA U3y4YaeTcs COCTOSHUE pPABHOBECHS MEXIy JKUIKAM M TapooOpa3HbIM
KOMIIOHEHTaMH CMECH. YCTpPOWCTBAa OTKPBITOIO THIA YYHUTHIBAIOT B3aMMOJEHCTBHE CMECH
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JIETKOBOCIUTAMEHSIOIIMXCS )KUIKOCTeH ¢ atMochepoit. TemnepaTypa BCHBIIIKH CMECH SBISETCS
KPUTHUYECKHM CBOMCTBOM, HO HKCIIEPUMEHTAJIbHBIC JAHHBIE [UIsI MHOTHX CMECEH OTCYTCTBYIOT, a
MIOJIyYEHHUE TaKUX JaHHBIX SIBJISIETCA JOPOrOCTOSIIIUM M TpyAoeMKuM. IlosTomy paspaboTka
MaTEMaTUYECKUX MOJEIEH I aHaluu3a COCTOSHUS OKpPYXKarolled Ccpenbl B yCIOBHUAX
BO3PACTAIOIIEr0 PUCKA BO3HUKHOBEHUS YPE3BBIYAMHBIX CUTYyalUH SIBJISETCS BaXKHOW HAYYHOM U
IpakTU4YecKol 3ajnadedl. B naHHON paboTe paccMaTpuBaeTcsi BO3MOXKHOCTb IPOTHO3UPOBAHHUS
TeMIIepaTypbl BCIBIIIKK B YCTPONCTBAX 3aKPHITOTO THIA, T.€. BIMSIHUE aTMOC(HEPHBIX YCIOBUH B
TOM HpPUOJIMKEHUU HE YdMThIBaeTcs. PaHee ObUIO NPEIJIOKEHO HECKOJIBKO Mojeneill amis
IIPOrHO3MPOBAHUS TEMIIEPATYPhI BCIBIIIKA CMECEH PAa3JINYHBIX THUIIOB.

KiroueBble cioBa: OuHapHble CMeCH, TEMIEparypa BCIBIILIKM, TEMIEpaTypa KHUIIEHMUS,
KO2(DPUITMEHTHI aKTUBHOCTH, KOA(P(UIIMEHT CObBaTAllUU, KOI(DPHUITUEHT acCOIMAIIIH.
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DISLi CARX OTURMOLORINDD YEYILMONIN iINKiSAF
MORHOLOLORINI TOYIN EDON ALQORITM
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XULASO

Miirokkab funksiyalari yerino yetiron bdyiik qlivve, giico vo slirato malik olan miiasir masinlarin
miihorriklori ils icraedici orqanlarini birlogdiron 6tiirmo mexanizmloring ¢ox sort tolablor qoyulur.
Otiirmo mexanizmlorinin osas funksiyalarina horokotin &tiiriilmoesi vo ya horokatin bir ndévden
basqa nove cevrilmasi, siiratin doyismasi vo tonzimlonmasi, masinin icraedici orqanlarina diigon
giic balansinin diizgiin paylanmasi, masinin iso salinmasi, sondiiriilmasi vo reversiv (geriys dogru)
harokotetms imkanlarinin olmasi daxildir. Bu funksiyalar1 doqiq yerino yetiron masinlar fasilalors
yol vermadon, tolob olunan miiddoto mohsuldarligi artirmaga imkan verir. Otiirma
mexanizmlarinin andazs 6l¢iilori yigcam olmali, hom do bu mexanizmlorin istismar zamani tam
tohliikasizliyi tomin olunmalidir.

Bozi hallarda aqressiv vo ¢irklonmis miihitds, yiiksok vo sifir doracodon asagi temperaturlarda
isloyon Otlirmo mexanizmloring, onlarin etibarli igini tomin edon digoar tolablor do qoyula bilar.
Gostorilon toloblorin  yerino yetirilmosi miirokkob bir masoalodir. Belo masalalorin  halli,
layihogidon miiasir masinlar vo onlarin konstruksiya materiallari, masin hissolori vo onlarin
muasir texniki  vasitolordon istifado etmoklo mohkomliyo hesabat iisullari, magmn hissolorinin
hazirlanma texnologiyalarinin masinin uzundmirliilityline vo gonastls istifado olunmasina tasiri
va s. malumatlar haqqinda yaxs1 biliklors malik olmasini tolob edir.

Bu toloblor eyni zamanda istismar¢inin da qarsisina qoyulur. Istismar¢t masmim imkanlarini
diizgiin giymatlondirmoakls, onu uzun miiddatas istismar etmok imkanina malikdir.

Otiirmo mexanizmlori vo onlarin mohkomliys hesabat iisullari mexanizmin toyinatindan, is
rejimindon va igladiyi soraitdon asili olaraq segilir.

Layihosi nozorde tutulan oOtliirmo mexanizmino tosir edon qilivvalorin tosir miiddotindon vo
xarakterindon, miihitin aqressivliyindon vo ¢irklonmosindon, is¢i temperaturun doyigsmoasindon
asili olarag mexanizmin elementlorino aparilan hesabat {sullarinda materialin qorxulu
kosiklorinde yaranan gorginliklorin buraxilabilon gorginlikdon az olmasi, emal olunan sathin
cilalanmasu, siirtgii yaglarinin novii va digor faktorlar nozors alinmalidir.

Verilmis 6tlirma nisbotindo horokatin bir valdan digor vala fasilosiz 6tiirlilmoasi osason disli ¢arx
mexanizmlari ils yerina yetirilir.

Otiirmo mexanizmlori arasinda etibarli isino vo doqigliyino gdro masinqayirmada vo
cithazqayirmada disli carx mexanizmlorins genis yer verilir.

Mogalada evolvent disli ¢arxlarda dayaniqligin prognozlasdirilmasi {izro totbiq edilon avtonom
sistemlordon, habelo yeyilma zamani yasti evolvent profilli dislorin borpasindan va
mohkomlondirilmasindon bohs edilmisdi. Multiplikativ yeyilma meyarlarina asaslanan tohlil
algoritmi toklif olunmus, oldo edilon naticolor dislilorin  etibarhiligini vo  davamliligini
qiymatlondirmays va yeyilmanin inkisafini proqnozlasdirmaga imkan verir.

Acar sozlar: evolvent disli carx otiiriicti, profil, dayaniqliq, yeyilma, etibarliliq.
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Giris

Miiasir kosmik vo sualti obyektlordo elektromexaniki disli mexanizmlordon istifado edilir.
Uzunmiiddatli istismar zamani (10.000 saatdan ¢ox miiddotdo) disli mexanizmlords dislor todricon
yeyilir ki, bu da son naticodo dislorin profillorinin formasinin, dlgiilorinin doyismasine vo dislor
arasinda arabosluglarinin yaranmasina sobob olur. Noticodo miihorlikin faydali is omsali,
kinematik doqiqliyi vo burulmda sortliyi azalir, dinamik yiiklor vo sos-kiiy artir.

Molumdur ki, yeyilmo mexanizmi miirokkob bir prosesdir. Carxin dislorinin toxunma saholori
abraziv yapisqanli kimyovi oksidlogdirici vo digor nOv yeyilmoloro moruz qalir. Hal-hazirda,
dislorin yeyilmosi ilo bagli bas veron proseslorin miirokkobliyi vo proseso tosir edon amillorin
miixtolifliyi sobabindon disli ¢arxlarin uzundémiirliilityiiniin doqiq hesablamasi {i¢iin analitik tisul
mdovcud deyil [1-9].

Tadqiqat isinin asas mogsadi disin evolvent profillorinin yeyilmasi naticosindo miistovi ilismali
disli ¢arxlarin hondasasinin tokmillosdirilmasini tohlil edib, onun alqoritmini hazirlamaqdir. Belo
hallar disli ¢arx Otlirmasinds dislorin yeyilmosinin inkisaf morhalosindo bas veron doyisikliklor
prognazlasdirmaqdan 6trii asagidaki osas xiisusiyyetlori nozors almaqla toqdim edils bilor:

1) handossi (dislorin profillorinin formasi, tohliikali en kosik sahasinin voziyyati vo dl¢iilori, qlitb
xottinin mdvqeyi, ayriliyi);

2) kinematik (siirlismo siirati, xiisusi siirlismo vo Otiirmo nisbati) vo giic (tozyiq bucagi, kontakt
gorginliklori, normal yeyilmo);

Tadgiqat islorinin yerina yetirilmasinds baza materiali kimi [2-5]-don istifado edilmisdir.

Mbosalanin qoyulusu.

Yeyilmodo gobul edilmis forziyyslor vo yeyilmo meyarlarinin prognozlagdirilmasi. Nozori vo
tocriibi tadqiqatlar zamani disli carx, malta, yumruqlu vo digor mexanizmlords kinematik ciitlordo
yeyilmo iimumi halda hondssi, kinematik vo qiivve amillorindon, bandlorin materiallarinin fiziki-
mexaniki xassalorindon, temperaturdan, toxunan sathlarin is¢i sahalorinin vaziyyati, bir va ya ¢oX
qosaliligdan vo miihitdon, ylikloma risklorinin sayindan v digor amillordon asilidir.

Bu faktorlarin geydiyyatini bir todqiqat isindo aparmaq olverisli deyil.

Bir o godor do shomiyyat kasb etmoyon amillori istisna etmoklo, todqiqati sadslogdirmok {iglin
asagidaki forziyyolor gobul edilmisdir:

1. Kigik ¢arx miitloq bark cismdir, o yeyilmays vo deformasiyaya moruz qalmur;

2. Boylik ¢arx siirtiinmoyo moruz qalir;

3. Yeyilmo zamani diglorin iist soth tobagalorinde temperaturlar vo ¢arxin materialinin torkibi ¢ox
az doyisir;

4. Yeyilma quru siirtiinma goraitindo bag verir;

5. Dislarin yeyilmayo moruz qalmayan profillori verilmis parametrlor kimi qobul olunur.

Qobul olunmus forziyyelors gore miixtalif tadqiqatgilar torafinde aparilan ¢oxsayli todqiqatlarda
yeyilma kriteriyalarini iki xarakterik qrupa ayirmaga imkan verir: multiplikativ vo additiv.
Multiplikativ yeyilmo kriteriyast xiisusi kriteriyalarin vurma omoliyyatina osaslanir. Borabor
soraitlordo multiplikativ kriteriya kontakt gorginliklorindon (@) vo siirlismo siiratindon (vy2)

asilidir [6]:

ay =5 (o v, @)
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burada 8 — iist sothin dagilmasina sarf olunan siirtiinma qiivvalarinin isinin bir hissesidir; f —
stirtiinmoa amsalidir; 6,- disin dagilan hissasinin uzunlugudur;oz- materialin méhkomlik hoddidir.
T—A,; galinliginda olan tobaqonin dagilma vaxtdir; A,; - dagilan gatin galinligidir, burada ( j =1,

2 disli garxlarin sayidir).
Hers diisturuna goro kontakt gorginliklori agagidaki kimi toyin olunur;

o=C wo (@ —wo )ttty , (2)
Yy Vo !
M,E;5 0.5
C= 0418( ) =const 3)

burada, v kontakt ndqtesinin nisbi siirotidir; w;- j carxinin bucaq siiratidir; a,,-ilisma bucagidir;

M2— aparilan ¢arxin oxunun miigavimat momentidir; E12 — ¢arxlarin materiallarinin gotirilmis
elastiklik moduludur; b — ani kontakt xattinin uzunlugudur.
B.f,8, ve,op sabit komiyyatlorini sabit adadlor kimi qobul etsok, onda burada:

Ayj=CVI - T, (4)
C1=—PE C=const; (5)
Srog
. (vl—m)z. (6)
- Vyliz ’
V= —a;w; sina +a —wj-) p +a; cosa (7

— j carxinin markazi radiusudur; r,[] —iligma xottindoki tomas noqtasinin qiitb koordinatlaridir.
Bozi digli ¢arx ilismosinds kontakt gorginliklori ilo xtisusi siiriigmalor (7;) arasindaki
asililiglardan istifads olunur:

Ayj=Cyoh,, Co=const (8)
N.I. Kolginin taklif etdiyi normal yeyilmani miioyyon edon diistur asagidaki kimi ifads olunur:

As; =q17\m1?12kp Cs, Cs=const %)
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burada I, m, n, p ¢oki amsallaridir, 1 + m + n + p = 1; q — xiisusi tozyiqdir; k;, —goatirilmis
oyrilikdir.

Multiplikativ kriteriyalarin [1-3] catismayan cohati xiisusi noqtalords (ilismo qiitbiindo) ona daxil
olan hor hansi bir xiisusi meyar sifira ¢evrildikdo yeyilmonin geydiyyatini aparmaqda ¢atinlik
yaradir.

Additiv yeyilmo kriteriyalari: Yeyilmo prosesini daha adekvat tosvir etmokdon otrii xiisusi ¢oki
omsallari (k) ilo toyin olunan (ayri-ayr1) kriteriyalarin comindon istifads etmak maslohat goriiliir.
Additiv Kkriteriyalardan istifads etmokls yeyilon qatin qalinligr asagidaki kimi tapalir:

Ai
A4J— w1+—w2+ ] w3+—LG Wy; (10)
v 20T

4
imgwy =1,

burada ¢°, vy, ,?\J‘-j M3 5 - normallasdirict amillordir. My s kontakt sahasinds yellonmo momentidir.

Qeyd etmok lazimdir ki, (9) vo (10) kiteriyalarindan istifado edorkon ¢oki omsallarinin
secilmosindo problemlor yaranir. Bu omsallarin segilmosi digli 6tiirmodo xiisusi soraitdo, ya
tocriibi tadqiqatlar1 aparmaqda, ya da todqiqatci torafindon sldo olunan hipotetik tadgiqatlarla hall
edils bilor.

Problemi holl etmokdon 6trii yeyilon sathlori miioyyon edon metodika vo Otlirmo nisboti doyison
miistovi kinematik ciitlii disli ¢arxin analitik modelindan istifads edirik.

Yeyilmonin inkisaf marhalslorini tohlil eden alqoritm (yeyilma zamani nisanlanmanin tokamiiliinii
tohlil edon alqoritm).

Yeyilmo zamani ilisma xattinin vo 6tiirma nisbatinin tayini.

Ovvalca ilisma teoreminin tors mosalasini holl edok. Bunun {i¢iin disli ¢arxin verilmis profillori
Ucun ilismo xottini, Otiirmo nisbatini vo digor ohomiyyatli xarakteristik xiisusiyyotlori
mioyyonlosdiririk.

0; x;j (uj) yj (uj) koordinat sisteminds ilkin profillorin parametirik funksiyalarinm toyin edirik. Kigik
carx (1), O1 oxu atrafinda ¢@;bucagi qodor dondiikds onun profillorinin koordinat oxlari tizorindoki

proyeksiyalar1 asagidaki kimi ifads olunur:
%1 (uy, @1)=ay(uqg)cos @y +r (uy) sinfa () — @l=x4(u;)cos @1 - 1 (uy)sin @,

V1(uy, @1)=—a;(uy)sin @y —r (uy) cos[a(u,) — @]=x; (w;) sin @1 +y;(us)cos g, (11)
Aparilan ¢arx Oz 0xu atrafinda @, bucagi qodor dondiikds, onun profillarinin koordinat oxlar1
Uzoarindaki proyeksiyalari iso agsagidaki kimi ifads olunur:

X5 (Us, @©5)=a5(15)cos @r+r(u;) sinfa (1) — @,]=[x5 (1) — al cos @, - y»(u;)sing,+a ;
V3 (a4 )=—a5(u;)sin @, — r (u3) coslalu,) — @5]= [x2(uy) — al sing; +y4(uy)cos@,; (12)

burada, a = O1 02 - X oxu boyunca markozlor aras1 masafadir.
Dislorin tomas noqtasinds profillorin toxunmasinda har iki profilin normal: var.
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Nx=dy/0u, Ny=-dx/0y diisturlarindan vo hondasi diferensial iisullarindan istifads etmokla, verilmis

profilo n normal vektorunun proyeksiyalarini1 hesablayaq:
@1 bucagi qodor donan profillar {igiin yazariq:

n,x-zwcoswﬁ—sm(pj, (13)

ayj

) axj njy
Njyy=—" SinQj-— cosQj; ki=—=;
V=30 O auj Gi; K="

jx
burada, kj bucaq amsalidir.

Beloliklo, profillor ¢; bucagi qader dondiikds tomas ndqtosini toyin etmok li¢lin tig mochullu
geyri-xatti tonliklor sistemini aliriq (x4 Uz, @2)

xy(uy, 01) =537 (uz, @2);

Viluy, @1) =2 (uz, ¢2) ; (14)
ki(uy, @) = ka(uz, @2)

Xj (u;), yj (u;) profil funksiyalarini bilarak, sistemi adadi tsulla hall edib,
x(@)=%;(u 0;)  va ylon=i(u;, @r) (15)

kontakt ndqtosinin koordinatlarini toyin edirik.

Bu kontakt noqgtalori o, x, y sistemindo horokatsiz banddir.
Sabit halganin O1xy sistemindo mdvqeyini toyin edirik.
Bunun ii¢ilin ilisma xattinin qiitb koordinatlarin1 hesablayaq:

r(o)=y [x(p1) —ale)] + y(¢,)? (16)
rctg(_ X{{p?(_{pa:}{{pl})

(16) tonliyindan normalla markazlor arast masafonin kasismosinds y = kix by XP koordinatin
alinq:

oln)= — 2= — () - T2 1)
(17)-dan carxin radiuslar tigiin asagidaki disturu olds eds bilarik:
a1 (1)=xp(P1); az(p1)=a — xp(1) (18)
Otlrma nisbatinin funksiyasin asagldakl kimi ifados edirik:
112((P1) — 1 (19)

Cxplpy)

Doénmiis koordinat oxlarina nozoran profillor vo yeyllmanin Olgiilori ilismo xattinin vo iligmo
nisbatinin koordinatlarini va 6tiirma nisbatinin funksiyasini toyin edib, aparilan ¢arxin (2) disinin
yeyilma miqdarin1 hesablayiriq.

Forz edok ki, yeyilmo normal boyunca Mj tomas ndqtosindo bas verir.

Mj ndqtesindan qiitb ndqtasine qader olan masafs Ajj qader doyisir [1-4].
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Aparilan ¢arxin profilinin donmiis koordinat oxlarina proyeksiyalarini asagidaki nisbotdon toyin
edirik:
X;=(X —a) cos@; + ¥ sing; +a ; (20)
¥2=- (X —a) sing, +¥ cosg,
burada, X ,¥ ilisma xottindo kontakt nqtasinin doyisdirilmis koordinatlaridir.
X=a; +(r-A)sina= x-Asina; (21)
¥=-(r-A)cosa=y+Acosa
(11)-1 (10)-da yerins yazsaq, onda aparilan ¢arxin yeyilmis profillorinin donmiis koordinat oxlari
iizorindo proyeksiyalarini asagidaki diisturlarla toyin edirik:
X (uz) =x3(u3z) - Asin(o — @2); (22)
V2 (uz)=y2 (u3) +Acos(o—¢2)
Yeyilmo hoddini [1-4] kriteriyalarina uygun olaraq miioyyon edirik.
[lismo xottinda yeyilmanin inkisaf marhololorinin tahlili iigiin alqoritmini tayini :
Yeyilmo zamani aparilan ¢arxin disinin profili nazori cohatdon dorhal formasini itirir vo har bir
ylikloma dovriindon sonra bu voziyyot doyismoyo davam edir. Bu zaman ilismo xotti, ilismo
bucagi, bucaq morkozi, morkozi radiuslar, ilismo xottindoki kontakt ndqtosinin baslangic vo son
vaziyyatlorindo, kigik ¢arxin dénmo bucagina uygun golon dislorin profillorindo vo onlarin
baslangic ([11,0) vo son ([11,2) gqiymatlorinds bag verir. Bu doyisikliklor disli ¢arxlara shomiyyatli
doracada tosir gostorir.
Yeyilma ilo iglomo miiddsti arasindaki slagoni miioyyan edok.
Islomo miiddati iki yolla miioyyan edila bilar:
1) harokatin ¢evrilma doaqiqliyinin funksional kriteriyasina gors - 6tlirma nisbatinin buraxilabilon
maksimal doyismasini toyin etmoklo:
[8i1,2]= 11,20 [i1,2(Np)], (23)
burada i1,2(0) baslangic 6tiirma nisbatidir.
2) disin tohliikali kosikds standart soraitde ayilmo mohkomliyindon.
Aparilan carxin disinin zirve cevrasinin kontakt ndqtesinin baglangic profiline totbiq olunan
normal yiikiin (Q) ayilmo mohkomliyino hesabat sxeminds disin simmetriya oxu ilo T va Q
qiivvalarinin zirve ¢evrasinds kasigmosindo C ndqtosini qeyd edok.
Onda:
T=My/ra2-const (24)

burada ra»=0>C/ dislorin zirva gevrasinin radiusudur.
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Sakil 1: Oyilma deformasiyasina moruz qalan disin sxematik goriiniisii.

Sokildon goriindiiyli kimi ndvbati yeyilms tsiklinindon sonra (N=1, 2, ..., Np,) tohliikoli en kosik
sahosi (dalgali xott ilo gostorilir) disin hiindiirliiyli istigamatinds baslangic voziyystdon yeni
vaziyyata qadar hn va Sn-So - An moasafasi qodar yerini doyisir.

hn-ni toyin etmok tigiin standart soraitds disin ayilmaya gora mohkamlik sortindan istifads edirik:

Gi(N)= M2 (Soh_—in)s[ci], (25)

braz

burada [gi] buraxilabilon oyilmo gorginliyidir; An iso So istigamatindo (25) yeyilmonin
proyeksiyasidir.

Hor bir N-ci yiiklomo tsikli tigiin (N<Np) vo hn < ho ¢oxsayli diskret noqtolorini toyin edirik.

(25) diisturundan istifado edorak disin tohliikali en kasik saholorini (N) hesablayiriq:

i (N)=0imax (N) (26)

Biitiin omaliyyatlar1t N=1, 2, ..., Np U¢iin tokrarlayib, (Np) —nin resursunu asagidaki kimi toyin
edirik.

Disin yeyilma istigamotinds inkisafina tosir edon amillorin analiz masalalorinin halli alqoritmini
asagidaki kimi ifados edok:

Timax (Np)= [Ui] (27)

1) ilisma nazariyyasinda tors masaloni hall edirik.

(5)-dan xj (uj), yj (uj) verilmis ilkin sortlora (funksiyalara) asason biitiin ¢1 ilisma xotlorinin x(¢
1), Y(@1)-ni, (17)-don qiitb koordinatlarini xp (¢ 1) toyin edirik.

(18) — don morkozi radiuslart (a1(@1), @ 2 (@1))-ni vo bucaq siiratini (@2 (¢1))-ni, (19)-dan iso
6tlirma nisbotini (i12 (¢1)) toyin edirik.

2) (16)-dan ilisma xatti ti¢iin (r(¢1), o( ¢1)) koordinatlarini tapiriq;

3) (1-4) disturlarindan istifads edorak, aparilan ¢arxin disinin profilinin yeyilmasini hesablayiriq;
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4) (22)-don disin yeyilon profilinin koordinatlarint hesablayiriq;

5) N<Np uc¢ln (19)-dan 6tiirmonin har bir tsikli tigiin maksimal yerdoyismoni miioyyan edirik.

6) (23) diisturundan istifado edorok, Gtiirmo nisbotinin buraxilabilon kriteriya iizro Otlirmo
resursunu tapiriq;

7) (25-27) diisturlarindan istifade edoraok, moéhkomliys gors 6tiirma resursunu tayin edirik.

8) otiirmodo horokotin doyismosi prosesindo mdhkomliyo goro belo bir qonato golirik ki,
yeyilmonin artim funksiyasi ovvoalki vo sonraki tsikllordo §A= (N) — A(N — 1) — & barabar olur.

Ogor Ad < 0olarsa, onda proses zamana uygun olaraq sabitlogir vo minimal entropiyaya uygun
goldiyindan [7], proses dayaniqlidir. Ogor A= 0 olarsa, onda proses dayaniqsizdir.

[lismonin biitiin tsikllorinda 1-8-do gdstorilon sartlora amal edirik. Nozors alaq ki, toklif olunan
alqoritm ilkin sortlors (ilkin ilismo noviine va s.) miinasibatds invariantdir.

Natico

1. Aparilan todqiqatlarda oldo edilon noticolor evolvent disli carxlarda dislorin profillorini
qiymatlondirmok va proqnozlasdirmagq ti¢tin istifads edilo bilor.

2. Toklif olunan algoritmdon istifade etmoklo, todqiq olunan disli ¢arxlarin hondssi, kinematik vo
giic xarakteristikalar1 dislarin yeyilmo prosesinds bas veran doyisikliklori miioyyon etmoyo imkan
VErir.

Bayannamalar
Olyazma bagqa heg bir jurnala vo ya konfransa toqdim edilmayib.

Tahsil Mahdudiyyatlori
Toadgigatin naticalaring tasir gostara bilocok mahdudiyyastlor mévcud deyil.

Tasokkurlar

Miisllif bu todqiqatda istirak edon, 6z doyorli fikirlorini vo tocriibolorini boliison qaygi gostoron
is¢iloro vo yash insanlara togokkiiriinii bildirir. Onlarin omokdashgir vo acighigi todqigat
naticalarinin dorinliyine va zonginliyina ohomiyyatli derocade kdmok etmisgdir.
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AN ALGORITHM THAT DETERMINES THE STAGES OF DEVELOPMENT OF
WEAR IN GEARS
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ABSTRACT

Performing complex functions places stringent requirements on transmission mechanisms that
combine the executive organs of modern machines, endowed with great power, force, and speed.
Transmission mechanisms, which integrate the executive organs of these machines with powerful
engines, face demanding tasks.

The primary functions of transmission mechanisms include the transmission of motion or the
conversion of motion from one type to another, the control and regulation of speed changes, the
proper distribution of power balance to the machine's executive organs, the initiation and
cessation of machine operation, and the provision of reversible (backward) movement
capabilities. Machines that precisely fulfill these functions allow for increased productivity
without interruptions, enhancing efficiency within the required timeframe. The foundational
dimensions of transmission mechanisms must be comprehensive, and safety must be ensured
during their utilization.

In some instances, additional requirements may be imposed on transmission mechanisms
operating in aggressive and contaminated environments, or those functioning at temperatures both
above and below zero degrees.

Meeting these requirements is a complex issue. The resolution of such issues necessitates a
thorough understanding of contemporary machines and their construction materials, machine
components, and the utilization of modern technical tools. Additionally, proficiency in robust
reporting methods, the impact of machine component preparation technologies on the longevity
and economical use of the machine, and other relevant information is essential.
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These requirements also pose challenges for the operator. By accurately assessing the capabilities
of the machine, the operator can exploit its potential for extended periods.

The selection of transmission mechanisms and their robust reporting methods depends on the
purpose, operating mode, and working conditions of the mechanism. Factors such as the duration
and nature of the forces affecting the intended transmission mechanism, the aggressiveness and
contamination of the environment, and fluctuations in operating temperatures must be considered.
Key factors, such as the type of involute gear transmission, profile shape, continuity, tooth wear,
and reliability, play a crucial role in the seamless transmission of motion from one gear to another
in the given transmission ratio.

Reliable operation and precision are emphasized in the use of involute gear transmissions in
machine and device transmissions. The article discussed autonomous systems applied to predict
durability in involute gear transmissions and addressed the restoration and strengthening of worn
involute gears.

Proposing an analysis algorithm based on multiplicative wear measures, the obtained results can
be utilized to evaluate the reliability and continuity of gears, as well as to predict their
performance.

Keywords: involute gear transmission, profile shape, continuity, tooth wear, reliability.

AJITOPUTM, ONIPEJIEJAIOIINNA 3TAIIBI PA3BUTHUS MTPOEJAHUS B 3YBUYATBIX
IHEPEJJAYAX

Amup Mycradaes!, DibMup AxmMeaxaHos?

Nonent, kadenpa “Mexannka” Asepbaimkanckuii I'ocynapcteennsii Yuusepcuter Herr 1 IIpOMBIIUIEHHOCTH,
E-mail: mustafaev-1959@mail.ru

2Maructp, kadeapa “Mexanuxa” Asepbaiinxanckuii ocyapcrsennsiit Yuusepcurer Hedyru u IIpoMblILIeHHOCTH,
E-mail: ehmetxanovelmir@gmail.com

PE3IOME

BrInonHeHUe CIOKHBIX (YHKIUH TPEIbSBISET JKECTKHE TPEOOBaHHS K TPaHCMHCCHOHHBIM
MEXaHu3MaM, COUCTALUINM B ce6e HUCITIOJITHUTCIIbHBIC OpFaHBI COBpeMeHHBIX MallluH, HAACJIICHHBIX
OOJIBIIION MOIIHOCTBIO, YCHJIMEM M CKOPOCThIO BpameHus. [lepeq TpaHCMHUCCHOHHBIMU
MEXaHUu3MaMu, 06T)CJII/IH5[IOHII/IMI/I HNUCITIOJITHUTCIIBHBIC OpFaHI)I 9TUX MalllMH C MOIIHBIMU
JIBUTaTEIISIMHU, CTOSIT CJI0KHBIE 3a1a4H.

OCHOBHBIG QJYHKHI/II/I TpaHCMI/ICCI/IOHHBIX MCXAaHU3MOB BKJIIOYAKOT B ce6e nepenaqy ABHUXXCHUS UJIIN
npeoOpa3oBaHue JBWKCHHS U3 OJHOTO TUIA B JPYTOM, KOHTPOJIb U PETYJIMPOBAHUE M3MCHECHUMN
CKOpPOCTH, HaJyIeXallee pachpeaeicHre OalaHca MOIIMHOCTH MEXKIY HCIIOJHUTEIbHBIMU
OpraHamMH MaIlIMHbI, HAYaJo M MpEKpalieHHe pabdOThl MAIMHBI W OOECIeYeHUEe OOpPaTHOTO
HepeMeH_[eHI/Iﬂ BO3MOXXHOCTHU. MaHII/IHI)I, KOTOpBIe TOYHO BBIIIOJHAKT O5TH (bYHKHI/II/I, ITO3BOJIAOT
MOBBICUTD MPOU3BOJUTEIBHOCTD 0€3 MepephIBOB, MOBbIIIAs 3()(HEKTUBHOCTh B TpeOyeMbIe CPOKH.
OCHOBHBIG XapaKTepI/ICTI/IKI/I HepeHaTOqHBIX MEXaHU3MOB JOJI’)KHBI 6I)ITB BCCO6’I)GMJ'IIOHH/IMI/I, nu
MIPU UX UCTIOJIB30BaHUM JIOJDKHA OBITH 00ecrieueHa 6e30MacHOCTb.
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B HekoTOpepIX chyyasx K TepeJaTOYHbIM MEXaHU3MaM, paboTalolIMM B arpecCHBHBIX U
3arpsi3HEHHBIX Cpellax, WK K TeM, KOTOpble (PYyHKIHOHUPYIOT MPH TEMIEpaTypax Kak BhIIIE, TaK
U HIDKE HYJIS TPAJyCOB, MOTYT IPEIbSIBISITHCS TOTIOTHUTEIbHBIC TPEOOBAHHMS.

BrinonHeHne 3Tux TpeOOBaHUM SBISIETCS CIIOXKHOW 3adadeid. Pemenne Takux BOmpocoB TpeOyeT
IyOOKOTO TIOHMMAaHHUS COBPEMEHHBIX MAIIMH M WX KOHCTPYKIIMOHHBIX MaTepUaNIOB,
KOMIIOHEHTOB MAaIllMH M HCIOJIb30BaHUS COBPEMEHHBIX TEXHHYECKHX cpeAcTB. Kpome Toro,
BAKHO BJIAJICTh HAJCKHBIMA METOJIaMHU OTUYETHOCTH, 3HATh BIIUSIHUE TEXHOJOTHM MOATOTOBKHU
KOMIIOHEHTOB MAIllMHbI Ha JOJTOBEYHOCTh M SKOHOMHYHOE HCIIOJIb30BAHHWE MAIIMHBI, a TaKkKe
JIPYTYIO0 COOTBETCTBYIOIIYIO HH(DOPMALIUIO.

Otu TpeOOoBaHMs TAKXKE CO3/JAI0T MPOOJIEMBI JKCIUTyaTatopa. TOYHO OICHHBAasi BO3MOXHOCTHU
MAIIMHBI, ONIEPATOP MOKET UCIIOIB30BaTh €€ MOTEHIINA B TeUEHUE ATUTEIILHOTO BPEMEHHU.
BriOop mnepenaTouHbIX MEXaHM3MOB W WX HAJACKHBIX METOJIOB OTYETHOCTH 3aBUCUT OT
Ha3Ha4YeHUs, pexkrMa paboThl U YCIOBUN SKCIUTyaTallMu MexaHu3ma. HeoOXoaumo y4HTHIBATh
Takue (HaKTOphl, KaK MPOJOJDKHTEIBLHOCTh W XapakTep BO3JCHCTBUI Ha MPeAIoaracMbli
MEXaHU3M Iepe/iayl, arpeCCUBHOCTh U 3arpsi3HEHUE OKPY’KaIOIIEH cpenbl, a Takke KoyieOaHHs
paboumnx Temmneparyp.

KitoueBbie akTopbl, Takue Kak TUI 3BOJLBEHTHOW 3yOuaTod mepemauu, ¢opma mpoduis,
HETPEPBIBHOCTh, M3HOC 3yOBEB M HAIECKHOCTh, WIPAIOT PEHIAIONIYI0 pOJb B OecrepeOoitHOi
nepegave JBUKSHUSI OT OJJHOU Mepeavyu K Ipyroi mpH 3alaHHOM MepPeIaTOuHOM OTHOILICHUH.
[Ipu wCroNbp30BaHUK SBOJIBBEHTHBIX 3yOYaThIX TEpeaad B TPAHCMHCCHSX MAIlMH U YCTPOWCTB
ocoboe 3Ha4YeHHE MPHUAACTCS HAJEKHOCTH M TOYHOCTH. B cTaThe 00CyXkHaanch aBTOHOMHBIE
CHUCTEMBbI, TMPUMEHSIEMbIC [JI1 TPOTHO3WPOBAHUS JOJTOBEUYHOCTH HBOJIBBEHTHBIX 3y04aThIX
nepefady, M PacCMATPUBAINUCH BOIMPOCHI BOCCTAHOBJIEHUS W YNPOYHEHUS W3HOIIECHHBIX
HBOJIbBEHTHBIX 3y0OUaThIX KOJIEC.

[IpensioxkeH anropuT™M aHallv3a, OCHOBAaHHBIM HA MYJBTUIUIMKATUBHBIX IOKa3aTeNsiX H3HOCA,
MOJIyYEHHBIE PE3YIbTaThl MOTYT OBITh HCTIOJIB30BAaHbBI JUIsl OLICHKU HAJCKHOCTH U HEMPEPHIBHOCTH
3y04aThIX KOJec, a TaKKe IS IPOTHO3UPOBAHUS UX IKCILTYaTAllMOHHBIX XapaKTePUCTHK.
KuioueBble cji0Ba: 5BOJIBLBEHTHAs 3y0OuaTas nepenava, opma npodusi, HEMPEePbIBHOCTh, U3HOC
3yObeB, HA/IEKHOCTb.
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ABSTRACT

Various technological processes are applied in the field of modern oil refining. Each of the
processes in turn is implemented by many technological schemes and methods. These
technological processes form the basis of many simple processes in oil refining and chemical
production. In this way, learning processes are facilitated.

They process oil and its products using various processes. This article describes the process of
refining of the diesel fraction in a circulating medium comprising hydrogen gas at high pressure
and temperature, to remove organosulfur compounds.

Keywords: diesel fuel, hydraulic treating, filter, energy efficiency, energy saving

Introduction.

Now, the oil refining industry has many unresolved problems associated with the introduction of
more stringent requirements to obtain environmentally friendly high-class motor
fuels. Requirements for gasoline, kerosene and diesel fuel are changing relatively quickly in other
countries, thereby forcing them to invest in the construction of new plants and in the
modernization of existing ones.

In the world, cars with a diesel engine did not have much success on the market: according to the
Autostat agency, in general, diesel accounts for only 5-5.5% of the market, and 7-8% of foreign
cars. The weak popularity among motorists was due to the fact that there was no high-quality
diesel fuel at gas stations for a long time. And in 2017, the number of cars with a diesel engine on
world roads was half that — 29.9%. The growth in popularity is explained by the fact that new
models of cars running on a diesel engine appeared on sale, which could be purchased for a
relatively small amount and in the future they could be serviced without problems. The fuel
consumption of a diesel engine is 20-25% less than that of gasoline engines with the same
characteristics and power of the car.

Two standards for diesel fuel have been adopted by law. Of the two standards, the latter is
identical to the requirements in European countries (EN 590). An increase in the production of
high-quality fuel can be achieved by attracting secondary distillates as raw materials. In addition,
it is planned to reduce the presence of aromatic hydrocarbons and increase the cetane number not
lower than 51 (Euro 5). The production of such fuel is impossible without the addition of cetane-
increasing additives. In winter, depressant additives are added.

Understanding the hydraulic treating process. Hydraulic desulfurization is the process of
refining raw materials on the active surface of a catalyst, in a hydrogen-containing gas (HCG)
environment. In contrast to hydrocracking, the process takes place under milder
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conditions. Hydrocracking is carried out at a temperature of T = 330-450°C and a pressure of P =
5-30 MPa. Various raw materials obtained as a result of primary distillation of oil and secondary
thermal catalytic processes are subjected to the process.

The Kinetics of the process is significantly influenced by a number of factors: temperature,
pressure, partial pressure of hydrogen, contact time of the raw material with the catalyst in the
reaction zone, catalyst activity. Some of these parameters cannot be controlled by the process
plant operator. The process is primarily controlled by changing the temperature in the reaction
zone.

During hydraulic desulfurization, organosulfur and partially oxygen- and nitrogen-containing
compounds are separated. The decomposition products are then saturated with hydrogen to form
simple compounds such as hydrogen sulfide, water, ammonia, and saturated and aromatic
hydrocarbons.

Chemistry of the diesel fuel hydraulic treating process.

There are four main groups of chemical reactions in the process:

— conversion of organosulfur compounds into appropriate hydrocarbons and hydrogen sulfide;

— conversion of organic nitrogen compounds into appropriate hydrocarbons and ammonia;

— conversion of oxygen-containing organic compounds into appropriate hydrocarbons and water;
— saturation of olefins, hydrogenation of aromatics;

During the combustion of sulfur dioxide diesel fuel, sulfur oxidizes to form SO, which in turn is
a primary sulfur compound and is emitted with the exhaust gasses. Combustion products in
contact with water form sulfuric and sulfurous acids, which cause corrosion of the metal. In
addition, due to the sulfur content, the wear of the engine running on diesel fuel increases, and the
service life of the engine oil is shortened. Depending on the structure, sulfur compounds are
converted into paraffin or aromatic compounds with the release of hydrogen sulfide:

The rate of hydraulic desulfurization reactions depends on the structure of the substance.
Nitrogenous compounds in raw materials are presented in the form of amines, pyrroles, pyridines
and quinolin. Nitrogen removal in hydraulic treating is much more difficult than sulfur removal.
Oxygen in organic compounds, such as phenols, high molecular weight alcohols, is removed by
hydrogenation of the oxygen-containing bond to form water and the corresponding hydrocarbon.
In addition to the reactions described above, olefin saturation reactions are likely. Olefins are
hydrogenated into the corresponding paraffins or naphthenes.

Catalysts for hydrogenation processes and their mechanism of action. The development and
production of effective catalysts for oil refining processes are among the primary tasks of modern
science and chemical technology. In most of the world's and Russian enterprises, the most
common catalysts are aluminum-cobalt molybdenum (ACM), aluminum-molybdenum (AM) and
mixed aluminum-cobalt-molybdenum (ACM) catalysts. In the processes of deep hydrogenation of
compounds containing nitrogen, as well as aromatic compounds, paraffins and oil fractions,
aluminum cobalt tungsten catalysts (ACT or ACM) are used.

ACT and ACM hydraulic treating catalysts contain 2-4% by weight. cobalt or nickel 9-15% by
weight. My0O3 on active alumina. Before the start of the process, the catalyst is activated

(sulfurized) in a stream of hydrogen and hydrogen sulfide, converted from oxide to sulfide form,
and the catalytic activity of the catalyst significantly increases.
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The activity of ACT and ACM catalysts depends both on the totaI content of hydrogenating
components (Co+ Mgor N;+M,) and on the ratio of g— + M, and + M,. For most brands of

foreign hydrotreating catalysts, the total content of hydrotreatlng components is 16-21% by
weight, and the ratio of % + Myranges from 0.17 to 0.28. In domestic ACM catalysts, For ACT
i}

and ACM, these figures are 16 and 0.52, respectively. At the oil refinery, adiesel fuel
hydrotreating unit with a total capacity of 3 million tons per year, the ALBEMARLE KF 770
catalyst is used and diesel fuel with a residual sulfur content of 10 ppm (0.001%) is obtained.
After that, the purified diesel fuel enters the commodity fleet, where additives of various types are
added.

Characteristics of Raw Materials and Products. The depth of purification of distillates from
sulfur and other compounds depends on the type of hydrocarbon feedstock, process temperature,
partial pressure of hydrogen, WASH circulation multiplicity, volumetric rate of feedstock supply
to the reaction zone.

Straight-run fractions are subjected to the process: diesel fuel, jet fuel, gasoline, vacuum gas oils,
as well as secondary products: pyrolysis resin, light cooking gas oils and catalytic cracking
gasoline.

The degree of sulfur removal decreases with the heaviness of the raw material, since most of it is
in the liquid phase, and accordingly, the viscosity increases and the solubility of hydrogen
decreases. Thus, the rate of diffusion of hydrogen through a thin film of liquid onto the active
surface of the catalyst is reduced. Catalysts have heat-resistant carriers with high mechanical
strength, since aromatic hydrocarbons densely adsorbed on the surface of the catalyst, Resins,
naphthenes, reduce the activity of the catalyst and, consequently, the degree of purification from
sulfur compounds.

Main process reactor. The main equipment of the process is a diesel fuel hydraulic treating
reactor. The reactor is a vertical cylindrical vessel with ball heads. It is characterized by a smaller
ratio of the height of the apparatus to the diameter, filling the catalyst in two layers. Cold WASH
(quench) is fed between the two layers to maintain a uniform temperature in the reactor. Porcelain
balls prevent the catalyst from moving and trap corrosion products.

The raw material is supplied through a fitting located at the top of the reactor and is evenly
distributed over the entire cross-section of the equipment. In order to clean the raw material from
mechanical impurities, mesh baskets immersed in the upper layer of the catalyst are used. In the
upper part of the catalyst, demetallization and denitrogenation take place. Metals clog the pores of
the catalyst, nitrogen poisons the active sites. In the lower layer, organosulfur compounds are
removed from reactions.

A perforated drum is installed in the lower part of the reactor, two layers of mesh are stretched
over it to prevent the catalyst with reaction products from being carried away. A distribution tray
is installed in the upper part of the reactor to avoid the “impact" of the product vapors.

Upon completion of the hydrogenation process, the duration of which is determined by the degree
of decrease in catalyst activity, one of the units of the unit is transferred to catalyst
regeneration. Catalyst regeneration is carried out by burning coke at a temperature of up to 550°C,
deposited on the surface of the catalyst. Along with coke, a small amount of high-molecular
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compounds rich in hydrogen is retained on the surface of the catalyst. When the gas-air mixture is
supplied, flashes occur with a temperature rise of up to 600°C. In this regard, there is a partial
destruction of the active surface of the catalyst. To prevent outbreaks, the extraction of these high-
molecular compounds with distillate petroleum products is used.

Conclusion.

The use of the refining process can significantly improve the quality of petroleum products. The
sulfur content in the fuel is reduced, which has a beneficial effect on the ecology of the
environment. The number of nitrogenous compounds, organometallic compounds, which
negatively affect the operation of the engine, is reduced. With the use of a more active catalyst,
positive quality and environmental ratings are achieved. It is necessary to develop more efficient
catalysts, modernize reactors and increase their number. All these positive results allow diesel fuel
to be in demand on the market.
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XULASO

Miiasir neft emali sahasindo miixtalif texnoloji proseslor totbiq olunur. Proseslorin har biri 6z
novbosinds bir ¢ox texnoloji sxem va iisullarla hoyata kegirilir. Bu texnoloji proseslor neft emal
vo kimya istehsalinda bir ¢ox sado proseslorin asasini togkil edir. Bu yolla istehsalat proseslori
asanlasdirilir.

Onlar nefti vo onun mohsullarint miixtalif proseslordon istifado edorok emal edirlor. Bu moaqalodo
yliksok tozyiq vo temperaturda hidrogen qazindan ibarot dovriyyo miihitinde kiikiird {izvi
birlogmolari ¢ixarmaq ti¢iin dizel fraksiyasinin emali prosesi tasvir olunur.

Acgar sozlar: dizel yanacagi, hidravliki tomizloma, filtr, enerji somaraliliyi, enerjiys qonaat.

MOJAEJIUMPOBAHUE U OIITUMU3AIUA ITPOLECCA
I'mAPOOYNCTKHU JU3EJIBHOI'O TOIIJIMBA
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PE3IOME

B cdepe coBpemeHHO HedTenepepaObOTKH NPUMEHSIOTCS pPAa3JIMYHbIE TEXHOJOTHYECKHE
nporiecchl. Kaykaplii M3 MpoIeccoB B CBOIO OUYEPEb PEATH3YETCSI MHOKECTBOM TEXHOJIOTHYECKIX
CXE€M U CIO0COO0B. DTH TEXHOJIOTMYECKHUE IPOLECCHl COCTABISAIOT OCHOBY MHOTHX MPOCTBIX
MPOIIECCOB HePTenepepadbOTKU U XUMHUYECKOTO MPOM3BOJACTBA. Takum 00pa3om, obOserdaercs
porecc NpOU3BOJICTBA.

Hedtes u mponyktel ee mnepepaOoTku mnepepadaThIBAOT pa3ju4HbIMU criocoOamu. B cratbe
ONKCaH Tpolecc NepepadOTKU [U3eNbHOM (pakuuu B 0OOpOTHOM cpene, coaepxaiieit
ra3oo0pa3HbIlii BOJOpPOX, TPHU BBHICOKOM JaBICEHUH U TEMIIEpaType C LENbI0 yJIaleHUsS
CepaopraHNYecKuX COECUHEHUH.

KiroueBble  cjoBa:  Au3enbHOE  TOIUIMBO,  THUApaBiIMYecKas  OYHCTKAa,  (UIBTD,
9HEeprodPPeKTUBHOCTb, IHEPrOCcOEpeKEHNUE.
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XULASO

Oksor masin vo mexanizmlarin hissalori istismar dovriinde eyni zamanda korroziya miihitinin vo
tsiklik gorginliklorin tosirino moruz galir. Baxilan sortlorlo dagilmanin bas vermasinin asas sabobi
metallarin tsiklik méhkomliyinin azalmasidir. Belo dagilma kdvrok xarakter dasiyir vo korroziya
yorgunlugu adlanir. Korroziya yorgunluguna, homin korroziya miihitina tosirindon metallarin
dagilmasi prosesi kimi, hom do doyison gorginliklorin kdmayi ilo tsiklik mghkomliyin azalmasi
kimi do baxila biler.

Korroziya miihiti ya elektrokimyavi vo ya kimyavi koroziyani yaratmis olur. Praktik olaraq
metallara on ¢ox elektrokimyovi korroziyani yaradan miihit tasir edir.

Acgar sozlar: pillali yiiklomo, zodolonmo, tocriibs, yorgunluq oyrilari, korroziya

Giris.

Korroziya masin hissalorinin dagilmasmin  on tohliikoli ndvlorinden biridir. Korroziya
sobobindon har il istehsal edilon metallarin toxminan 10%-i itirilmis olur.

Texnikada istifado edilon yiikqaldirict kranlar miixtolif iqlim soraitindo isloyir. Yiikqaldirict
kranlar yiiksok riitubatlilik, boylik temperatur vo atmosferin ¢irkliliyi goraitindo istismar edilir.
Riitubaetliliyin, giinos siialarinin, kiiloyin vo temperaturun vo s. amillorin tosiri noticosindo masin
hissalorinin méhkomliyinin azalmasina vo siradan ¢ixmasi bas vermis olur.

Xiisusila bir sira magin hissalori (¢onlor, yiv va qaynaq birlogsmalori) giiclii korroziyaya moruz
qalir. Korroziyanin tosiri noticesindo bilavasito yorgunluq mdhkomliyi asagi diismiis olur.
Masalon St3 markali polad veraglorin yorgunluq méhkomliyi 30—40% azalir.

Mexaniki yiiklorin vo korroziya miihitinin birlikde tosiri masin hissalorinin uzunémiirliiliytinii
xeyli azaltmig olur. Bunun osas sobobi kimi korroziya miihitindo yorgunluq catlarin yayilma
sliratinin artmasi qabul edilir [1].

Korroziya miihitinin yorgunluga tasiri korroziyanin xarakteri va siiratilo six baglidir. Korroziya—
yorgunluq dagilmasi prosesi bir sira morhoalslordon ibarotdir.

1-ci morhals, korroziya yorgunluq dagilmasi marholasidir ki, o, tsiklik gorginliklorin birgs tosiri
vo elektrokimyovi proseslords bag verir. Novboti morholodo ¢atlarin inkisafi onlarin uclarinda
bas veron tsiklik praktiki deformasiyalarla izah edilir.

Tacriibalar vasitasilo siibut edilmisdir ki, miihitin tasiri altinda masin hissalarinin sothindo oksid
pardasi amala golir vo 0, masin hissasini miihitin aqressivliyinden qoruyur.

Korroziya miihitinin metallarin korroziya yorgunlugun tosir mexanizmi ¢ox miirokkabdir.
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Korroziya yorgunlugu metallarin duz, galovi, tursu, su hotta riitubstli hava miihitlorinds bas verir.
Korroziya yorgunlugu liciin xarakterik hal metal vo xalitolordo hoqiqi yorgunluqg moéhkomliyi
haddinin olmamasidir. Basqa sozlo, yiikloma tsikllor saymin artmasi ilo dagilma gorginliyi
ganunauygun olaraq azalir (sok. 1).

~Z
N
Sakil 1: Polad niimunalorin havada (1) vo korroziya miihitinds (2) doziimliiliik ayrilari.

Metallarin korroziya yorgunluq moéhkomliyi xarakteristikalar1 ii¢lin sorti korroziya-yorgunluq
mohkomliyi hoddindon istifads edilir. Yoni tsiklik gorginliklorin maksimal qiymatlori masin
hissalorinin nazards tutulan son yiikloms tsikllor say1 vaxti dagilma yaratmar.

Korroziya yorgunlugunun ikinci olamati statik va tsiklik yliklomalordo mexaniki xarakteristikalar
arasinda korrelyasiyanin olmamasidir.

Korroziya yorgunlugunda poladlarin gorginlik konsentrasiyasina hassasligi azalmis olur. Basqa
s0zlo, boylik Olciilii masin hissolori kigik  hissolora nisboton yliksok korroziya—yorgunluq
mohkamliyine malik olur.

Masin hissolorinin en kasiklari artdiqca onlarin déziimliilityli havada azalir.

Hal-hazirda metallarin korroziya—yorgunluq dagilmasi mexanizmini izah edon bir sira hipotezlor
movcuddur. Bu hipotezlor igorisindo on genis yayilam1 elektrokimyavi vo adsorbsiya-
elektrokimyavi hipotezlor hesab edilir. Elektrokimyovi hipotez ilk dofo olaraq Evans torofindon
iroli siirismisdiir [2].

Bu hipotezin asasini tsiklik gorginliklorin metala tasiri naticosinds onun dorinliklorindo gorginlik
konsentrasiyasinin toplanmasi nazordo tutulur.

Yuxaridakit hipotezo goro anod proseslori, gorginlik konsentrasiyast olan saholor {zro
mohdudlasdirilmis olur. Belo saholor sothi submikrocgatlar (dislokasiya veo vakansiyalarin
toplanmasi), mikrozadoalar (korroziya monbayi, ¢apiq va s.) va korroziya ¢atlari ola bilar.

Masin hissolorinin dagilmasinin xarakter vo intensivliyi xeyli dorocads onun toxundugu miihitin
xassosindon asilidir. Ona gora do korroziya prosesini miioyyon etmok ii¢clin miihitin xarakterini
bilmak lazimdir. Xarakterino goro ohato olunan miihit atmosfer, qaz, maye vo yeralt1 miihitloro
boliintir. Oksar kran hissalari iigiin atmosfer korroziyasi daha xarakterikdir.

Atmosfer korroziyasi dedikde, metallarin atmosfer havasi altinda todricon dagilma prosesi basa
diigiiliir. Eyni zamanda atmosfer havasinda mdvcud olan boark hissociklorin, riitubatliliyin vo
qazlarin korroziyaya tosiri nazords tutulur. Atmosfer korroziyasinda metalin sothinin dagilma
prosesi elektrokimyovi xarakter dasiyir. Dagilmanin intensivliyi, atmosfer havasinin torkibindon
noviindon vo onda istirak edon qatisiglarin konsentrasiyasindan asilidir. Qatisiglarin bork
hissaciklori su kondensatinda holl olaraq, giiclii elektrolit omolo gotirir. Bu da elektrokimyovi
prosesi aktivlosdirir [4,5].
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Korroziya dagilmasiin intensivliyi, eyni zamanda otrafdaki havanin temperaturundan asilidir.
Monfi temperaturlardan miisbot temperaturlara ke¢iddo masin hissasinin sothinds riitubatliliyin
kondensasiyasi naticosindo korroziya aktivliyi artir. Havanin temperaturunun sonraki artmasi, bir
gayda olaraq nisbi riitubatliliyi azaltmagla korroziyani tormozlamis olur.

Sothin riitubetlilik doracasindon asili olaraq, atmosfer korroziyasi quru, riitubotli vo islanmis
novlors boliiniir (sok.2).

Quru atmosfer korroziyasi qalnligi 10°m—don az olan riitubatli molekul tobagoesinin altinda bas
VErir.

Quru korroziyada metal ilo miihit arasinda qarsiliqli kimyovi tosir bas verir. Oksigenin tosiri ilo
metal sothi oksidlosir vo rongi tutqunlasmis olur.

Quru atmosfer korroziyasinda metal sothinds ilk 2—3 saat orzinds dayaniqli oksid pardasi yaranir.
Poladdan olan hissolordo oksid perdesinin qalinligi (3-4)-10°m catir. Quru atmosfer

korroziyasi proseslorin zaif intensivliyinde masin hissolorinin uzunomiirliililyiine tosir etmir.
Atmosfer korroziyasi riitubatli pardenin qalmlig1 10®m altinda bas verirsa vo havann riitubatliyi
98% o qodor olarsa, belo korroziya riitubatli atmosfer korroziyasi adlanir. Rrriitubatli atmosfer
korroziyasinda masin hissolorinin materiali ilo miihit arasinda olago elektrokimyovi xarakter
dasiyir.

Sathlorin korroziya dagilmasmin intensivliyi riitubat pardesinin qalinlig1 artdigca boytlimiis olur.
Havanin nisbi riitubatliyi kritik hadds (50-70)% c¢atdiqda, hissolorin sothindo biitov riitubatli
pardolor amoalo goalir. Bu pardslorin minimal qalinligi hk gabul edilir (sok.2).

I rea—

hy h
Sakil 2: Atmosfer korroziyas: zamani metal sathin Vo dagilma siiratinin namlik pardesinin h
qalinlig1 arasinda qrafiki asililiq: I-quru; ll-riitubatli; Il—yas.

Yas atmosfer korroziyasi zamani su damcilarinin birbasa metal sothino diismasi noticasindo
galinligr 10°m—don gox olan riitubatlilik pardosi yaranmis olur. Bu zaman havanm riitubetliliyi
98%—don artiq gobul edilir. Metallarin yas atmosfer korroziyasi zamani dagilma mexanizmi
tomiz elektrokimyavi xarakter dasiyir. Metal sothinin dagilma intensivliyi yas korroziya zamani
ritubstli korroziyaya nisboton asagidir. Bu, elektrolit mohlulunun zoiflonmosi vo bunun
naticosindo miihitin korroziya aktivliyinin azalmasi ils izah edilir.

Real soraitdo masinlarin istismarini1 geyd olunan korroziyanin novlari il sarhad qoymaq olmaz.
Ciinki riitubetlilik temperatura vo miihitin aqressivliyi genis hiidudlarda doyisir. ©lds olunan
naticolora gora [3] atmosfer havasinin metalin tsiklik moéhkomliyinin 5-10% asag1 diisdiiyti
tosdiglonir. Polad 45 markali niimunslorin vakuum vo atmosfer havasinda aparilan tacriibslorin
noticalori sok.3-do gostorilmisdir.
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Sokil 3: Polad 3 markali niimunalorin yorgunluga tocriibolorinin naticasi: 1-vakuum soraitindo; 2—
atmosfer havasinda.

Niimunolorin tsiklik mohkomliyinin asagi diismosi havanin riitubotinin metala korrroziya
tosirindon bas verdiyi izah olunur. Manfi tosir, hom catlarin amoalogalms periodu dévriinds, hom
doa yorgunluq catlarinin inkisafi dovriindo geyd olunur.

Notica:

Atmosfer havasinin korroziya yorgunluguna tosirini dyranan tacriibalordon alinan naticolor siibut
edir ki, metallarin tsiklik méhkoamliyi havanin aqressivliyi doracasindon asilidir. Korroziyaya daha
cox oksigen elementi tosir etmis olur. Oksigenin tasiri ikili ola biler. O, eyni zamanda korroziya —
yorgunluq c¢atlarinin inkisafina komok edir, digor torofdon iso oksigensaxlayan miidafio
pardolorini omolo gotirir. Oksigenin artiqligt pordolorin dagilmasini longitmis olur. Tsiklik
mohkomliyin miitloq qiymatinin itirilmosi metallarin tobiotindon asilidir. Metalin korroziyaya
davamlilig1 az olarsa, onun tsiklik méhkomliyinin itirilmasi bdyiik olar.
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Olyazma basqa heg bir jurnala vo ya konfransa togdim edilmoyib.
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PE3IOME

bonpuioe KOJIMYECTBO KOHCTPYKLHMM, MAallMH KM MEXaHU3MOB B IIPOLECCE OKCIUTyaTaluu
IIOJIBEPIaeTCsl BO3JCHCTBUIO KOPPO3MOHHOW Cpelbl M LMKJIWYECKUX HaNpspKeHWH. [J1aBHBIM
IIPOSIBJICHUEM PA3PYLUEHUSI B PACCMATPUBAEMBIX YCIOBHUSAX SIBJISETCS YMEHBIICHUS LUKINYECKOU
IIPOYHOCTH METAIUIOB. PaspylieHuss MMeeT XpyNKHMH XapakTep M Ha3bIBACTCS KOPPO3UOHHOU
yCTaNOCThI0. KOPpPO3MOHHYIO YCTAJIOCTh MOYKHO XapaKTEpPH30BaTb KaK IIPOLIECC pPa3PyLICHUs
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JNEKTPOXUMHUYECKYIO KOPPO3HUIO.
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A large number of structures, machines and mechanisms during operation are exposed to a
corrosive environment and cyclic stresses. The main manifestation of destruction under the
conditions under consideration is a decrease in the cyclic strength of metals. The destruction is
brittle in nature and is called corrosion fatigue. Corrosion fatigue can be characterized as a
process of destruction of metals that occurs under the simultaneous action of a corrosive
environment and cyclic stresses and leads to a significant decrease in cyclic strength.

A corrosive environment can cause either electrochemical or chemical corrosion. In practice,
metals are more often exposed to environments that cause predominantly electrochemical
corrosion.

Keywords: step loading, hypotheses, experiment, fatigue curves, corrosion.
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XULASO

Mogqalado yiiksok tezlikli elektrik cororyaninin totbiqi ilo detallarin mdhkomliyinin artirilmasi
mosolosi  bugiinkii giinlin on prioritet vo aktual moasalalorindon  biri  olmusdur ki,
hissolorin  yeyilmoyo-davamliliginin  tominati, ilkin olaraq onlarda nisbaton iqtisadi baximdan
somoarali  dsullarla  oldo olunan  materiallarin  totbiqgi  ilo  hoyata  kecirilir ki,
bu da moasalonin konstruktiv hollinds 6z oksini tapir. Belo ki, disli ¢arx sothlorinin gorgin
vaziyyatlari ilo olagadar olaraq, sath tobagasinda totbiq olunan materiala yiiksok toloblor qoyulur
ki, bu halda masin mexanizmlorinin asas Gtiiriicli hissalorindon biri da disli carxlar ciitliiytidiir,
bu ciitliiyiin islomosi yoni kinematik horokati agir vo gorgin is soraiti yaradir, bu disli ¢arx
clitliiylinlin is¢i sathlorinin tez yeyilmosing, yeyilmo intensivliyinin artmasina is¢i zona da yani
tomas zonasinda tempraturun artmasina vo bunun naticosindo tomas sothlorindo mexaniki
gorginliyin yaranmasina sobob olur. Eyni zamanda yaranmis gorginlik naticasinde disli ¢arxlarin
is¢i sothlorinin yeyilma intensivliyinin artmasi diglorin ovulmasina vo nahayat yiiksok kinematik
horokat naticesindo qirilmasina gotirib ¢ixarir. Yaranmis bu is¢i sothlordo gorginliyin aradan
qaldirilmasi, disli carx ciitlilyiiniin kinematik harokatini keyfiyyatini yaxsilagdirmagq ti¢lin ytiksak
tezlikli elektrik corayanini totbiq etmakla, disli ¢arx ciitliiyiiniin tomas sathlori méhkomlondirmoya
ehtiyac duyulur. Bu ndqteyi nozordon yiiksok tezlikli coroyandan istifado etmoklo sothlor termiki
emala ugradilir ki, bu da disli ¢arx ciitlorinin is¢i sathlorindo soth tobagosinin fiziki-mexaniki
xUisusiyyatlorinin miisbot doyismosing eyni zamanda sothdo bas vers bilocok c¢atlarin,ovuntularin,
quintilarin yaranmasinin qarsisini almagla ssthin davamliligint vo méhkamliyinin artirilmasina
gotirib ¢ixarmaqla masin mexanizmlorinin ayr1 ayri1 hissalorinin uzundmdiirliiliiylinii artirir vo
stiratlor qutusunun keyfiyyat gostariciloring birbasa tasir edir.

Acar sozlor: Yiiksok tezlikli corayan, disli carx ciitliiyli, yeyilmo intensivliyi, davamliligin
artirilmasi, termiki emal.

Giris.

Miiasir dovriimiiziin oan ¢ox yayilmis problemlordon biri do disli c¢arxlarda bas veran
nasazliglardir. Disli carxlarin siradan ¢ixmasma sobab olaraq dislorin sinmas1 yaxut da
miioyyon sobablor iiziindon onlarin islok sothlorinin dagilmasi gostorilir.[1]

Abraziv hissaciklorin dinamikasina, dislorin ara boslugunda abrazivin deformasiyadan
sonraki prosesina baxilir. Bu halda hom aparan, hom aparilan c¢arxlarin sathlorindo
abrazivin horokoti miirokkob bir proses olur. [2].

Iki disin arasinda qalan abrazivin miixtolif tosirlorlo deformasiyaya ugramasi, hissociklorin
handasi 6lgiilorine tosir etmaklo ¢ox hallarda dagilaraq xirda hissociklora bdliinmasi ils bitir.
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Bu boliinon hissociklor dislorin  sothlorino 6z tosirini  gdstorarok siirtinma vo yeyilmo
proseslorinin yaranmasina sabab olur. [3].

Yiiksok tezlikli coroyan qurgusu ilo induksiya, induktorlardan axaraq onlar arasinda yerlosdirilon
metalin sothindo maqgnit sahosinin tosirindon amoalo golon, soth {izro qisagapanmis induksiya
carayani hesabina bas verir. Dayigon corayan induktordan kegorak dayison maqnit sahasi yaradir,
belo ki, burada da Faradeyin ikinci ganununa gors detalin sathino doyison maqgnit sahoasi tosir
edon zaman, orada induksiya corayani yaradir. [4] (Sok 1).

Sokil 1: Yiiksok tezlikli corayan ilo disli ¢arxin mohkomliyinin artirilmasi prosesi.

Isin mogsadi

Stiratlor qutusu disli ¢arxlariin diglorinin intensiv yeyilmo ilo siradan ¢ixmasiin garsisini
almaq mogsadilo dislorin mdhkomliyini ve borkliyini artirmaq texnologiyasindan  istifade
etmoklo YTC (Yiiksok tezlikli corayan) ilo texnoloji rejimlor ticlin hesabat aparilmigdir.
Disli ¢arxin materiali polad 40, polad 45, polad 40X-dir. Disli ¢arxlarda dislor i zamani ona
totbiq edilon vo dofalorlo tokrarlanan yiiklorin tosiri naticosindo materiallarin yorulmasi vo
sinmast bas verir. Bu kimi problemlori aradan qaldirmaq mogsadi ilo YTC ilo sothin
mohkamliyinin vo davamliliginin artirilmast texnologiyasindan genis spektrdo istifado edilir.
YTC-ilo diglorin md&hkomliyini artirmaq iigiin, texnoloji rejimi toyin etmoklo hesablama
aparmaq garsiya qoyulmus osas mogsoddir.

Nazari tatqiqat

Yiiksok tezlikli coroyanla sothlordo mohkomlondirilmo prosesi, dayison elektrik corayani
vasitosilo induktorda doyison maqnit sahosi ilo yaranmasi ilo bas verir. Doyison maqnit
sahasi  detalin sathindon, elektrik sahasinin qiivvasine kecgorok yiiksok tezlikli coroyan
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yaradir. Detalin sothlorindon kegon YTC ani voziyyotdo onu yiliksok tempraturaya qodor
qizdirir (600 — 800 °C). Bu halda ayrilan istilik migdart molum diisturla hesablanir:[2]

— J2.
Q =1 R 0 tﬂ,
| — coroyan siddoti,
Ry — qatlarda elektrik miigavimati,
R,=%2
07 s

P — xiisusi elektrik miigavimoti, 0 = 1,2-107* Om-sm,
5 — mohkomlondirilon ssthin galinligi,

tn — qizma miiddati, saniyalorlo.

Ayrilan istilik miqdarmi bilorok soth qatinda yaranan qizma tempraturu toyin olunur:

p_¢
cC-vy

C — materialin xtsusi istilik miqdari, € =0,55 C/q-K,
Y — polad materialin sixhigi, ¥ = 7,8 q/sm?

Bu diisturlarla asagidaki hesablamalar aparilmagqla (Sak 2, 3) qrafiki asihiliq verilmisdir.

1,2-10%
1) Q= 10002-T 20=6 kC, 0,=9 kC, 0;=12 kC, Q,=15 kC,
Q-=18000 C
6000
2) T,= ————=1354 °C, T,=2034 °C, Ty =2709 °C, T, = 3386 °C,
) I 0,55-7,8 2 3 4
T: = 4064 °C
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Sokil 2: Tempraturun (T) istilik miqdarindan(Q) asililiq qrafiki verilmisdir.

Q,C
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4000

3500 /
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0 2000 4000 6000 8000 10000 12000 14000 I’ kA

Sakil 3: Istilik migdariin(Q) caroyan siddotindon(I) asililiq qrafiki verilmisdir.

Tatqigatin tahlili vo alinan naticalor

Aparilmig totqiqatin noticolori gostormisdir ki, yiiksok tezlikli coroyanla disli ¢arxlarin is
zamani 1$¢i sothlorinin yeyilmo intensivliyinin qarsisinin alinmasi, yiiksak tezlikli corayanin
sotho totbiqi zamani tempraturun istilik miqdarindan, istilik miqdarinin corayan siddotindon
asilihq grafiki (Sok 2), (Sok 3) mohkomliyin artirilmasi ilo hor bir disin mdhkomliyini toyin
etmok olar. YTC ilo diglorin méhkomliyini 1,5 —2,5 dofo artirmaq miimkiindiir.

Notica
Aparilmig totqiqatlardan bels naticoya golinmisdir ki, yiiksok tezlikli corayanla disli ¢arxlarin isgi
sothlorinin yeyilms intensivliyinin qarsisinin alinmasi, yeyilma intensivliyinin azaldilmasindan vo
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disli carxlarin materialindan eyni zamanda totbiq olunmus emal tisulundan ¢ox asilidir. Beloliklo
YTC ilo sothlorin méhkomliyini 1,5 -2 dofoyadok artirilir.

Bayannamolor
Olyazma bagqa heg bir jurnala vo ya konfransa toqdim edilmayib.

Tohsil Mahdudiyyatlori
Tadgigatin naticalarinag tasir gostars bilocok mohdudiyyatlor mévcud deyil.

Tasokkurlar

Miisllif bu todqiqatda istirak edon, 6z doyarli fikirlorini vo tocriibolorini boliison qaygi gostoran
is¢iloro vo yasl insanlara togokkiirinii bildirir. Onlarin omokdashgi vo acigligr todqigat
naticalarinin dorinliyine vo zonginliyine shomiyyatli doracods komok etmisdir.
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RESEARCH ON THE INCREASING THE STRENGTH OF GEARBOX
GEARS WITH HIGH-FREQUENCY CURRENT
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ABSTRACT

In the article, the issue of increasing the strength of details by applying high-frequency electric
current has become one of the most important and urgent issues of today, ensuring the corrosion
resistance of parts is initially implemented by applying materials obtained in relatively
economically efficient ways, which is a constructive solution to the issue. is reflected. So, due to
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the stress conditions of gear wheel surfaces, high requirements are placed on the material applied
in the surface layer, in this case, one of the main transmission parts of machine mechanisms is a
pair of gear wheels, the operation of this pair, i.e., its kinematic movement, creates hard and
stressful working conditions, this gear the working surfaces of the wheel pair are quickly worn
away, the wear intensity increases, and the temperature in the working zone, i.e., the contact zone,
increases, and as a result, mechanical stress occurs on the contact surfaces. At the same time, as a
result of the generated tension, the increase in the intensity of wear of the working surfaces of the
gears leads to grinding of the teeth and finally to their breakage as a result of high kinematic
movement. It is necessary to strengthen the contact surfaces of the gear pair by applying high-
frequency electric current to eliminate the tension on these working surfaces, to improve the
quality of the kinematic movement of the gear pair. From this point of view, the surfaces are
thermally treated using high-frequency current, which leads to a positive change in the physical-
mechanical properties of the surface layer on the working surfaces of the gear pairs, at the same
time, preventing the appearance of cracks, scratches, and scraps that may occur on the surface,
and increasing the durability and strength of the surface. increases the longevity of individual
parts of machine mechanisms and directly affects the quality indicators of the gearbox.
Keywords: High-frequency current, gear pair, wear intensity, increasing durability, thermal
treatment.

UCCJIEJOBAHUE YCJOBUM NOBBIIIEHUS IPOYHOCTHU
3YBYATBIX KOJIEC C TIPUMEHEHUEM TOKA BBICOKOM YACTOTBI

Hazum U6parnmos?, Payd Mamensn?

MIpodeccop, «MarepuanoBeicHie M TEXHOJOTHMH IepepaboTkm», Asepbaiimkanckmii [ 'oCyqapcTBEHHBIN
VYuusepcurer Hedru u [IpomsinnienHoctu, Azepoaiimkan. E-mail: nazim.ibragimov.2015@mail.ru

2Maructp, «MaTepuanoBeeHIe 1 TEXHOIOIUH HepepaboTkuy, Asepbaiimxanckuii [ocyqapcTBeHHbIH Y HUBEPCUTET
Hedru u [pomsitnienHoctu, Azepoaiimkan. E-mail: memmedliraufl122 @gmail.com

PE3IOME

B crarbe BOIpocC MOBBIIEHUS NPOYHOCTH JETAJIEH IyTEM NPUMEHEHUS 3JIEKTPUYECKOrO TOKa
BBICOKOHM 9acTOTHI CTall OIHHUM U3 Hanboliee BaXKHBIX U AKTYAJIbHBIX BOIIPOCOB COBPEMCHHOCTH,
obecriedyeHne KOPPO3MOHHOM CTOMKOCTH JieTajeldl MepBOHAYAJIbHO pealu3yercs 3a CueT
NPUMEHEHHUST MaTepualioB, IOJIYYEHHBIX CpPaBHHUTEIBHO JKOHOMHUYECKH 3((HEKTUBHBIMU
croco0aMu. , 4TO SIBJIIETCS KOHCTPYKTUBHBIM pelIeHHeM Borpoca. Tak, nh3-3a HalpspKeHHOTO
COCTOSIHMSI TTOBEPXHOCTEH 3yOuaThIX KOJeC K MaTepuaiy, HaHOCUMOMY B IOBEPXHOCTHOM CIIOE,
NPEIbSBISAIOTCS BBICOKME TpeOOBaHMs, MPH 3TOM OJHON M3 OCHOBHBIX IEpENAaTOYHBIX YacTeil
MEXaHM3MOB MalllMH fBISETCA Mapa 3yOyaTblx Kosiec, paboTa 3TOM mapel , T. €. e€e
KMHEMaTHYeCKOe JIBIDKEHHUE, CO3[aeT TsDKeNble W HaNpsHKEHHbIE YCIOBHUS pPabOThl, B 3TOU
nepenaye paboyrie TMOBEPXHOCTH KOJECHOW mapbl OBICTPO M3HAIIMBAIOTCS, YBEIMYUBAETCS
MHTEHCUBHOCTh U3HAILIMBAHMS, IOBHIIIAETCS TEMIIepaTypa B paboyeil 30He, T. €. 30He KOHTaKTa, U
B pE3YJIbTATC HAa KOHTAKTHBIX IMOBECPXHOCTAX BO3HHUKAOT MCXAaHUYCCKUC HAIIPSKCHUA. B 10 Xxe
BpeMs B pe3yJbTaTe CO3/1aBaeMbIX HANPSHKEHUH yBETMUYEHHE MHTEHCHBHOCTU H3HOCA PabOYMX
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MOBEPXHOCTEN IIECTEPEH MPUBOAUT K CTAYMBAHUIO 3yObEB U B KOHEYHOM UTOT€ K UX MOJOMKE B
pe3yJibTaTe BBICOKOIO KHHEMAaTHYeCKOro mnepemenieHus. HeoOXoaumMo yKpenuTh KOHTaKTHBIC
MOBEPXHOCTH 3y04aTOil mapbl MyTeM MPUMEHEHHS JEKTPHUYECKOTO TOKA BBHICOKOW YacTOTHI ISt
YCTpAaHEHUS HANpPSHKEHUH Ha OTUX pabouyux MOBEPXHOCTAX, YIyUYlICHHs KauecTBa
KMHEMAaTHYEeCKOTO JIBIDKEHUsSI 3yOuaroil mapbl. C 3TOW TOYKH 3peHHs] TepMHUYecKas o0paboTka
MIOBEPXHOCTEN OCYIIECTBIISIETCS TOKOM BBICOKOM YaCTOThI, YTO MPUBOJUT K IOJIOKUTEIBHOMY
U3MEHEHUIO (DM3MKO-MEXaHHMUYECKUX CBOMCTB IMOBEPXHOCTHOIO CJIOSi HA PabOYMX MOBEPXHOCTSIX
3yOuaThIX Map, OJHOBPEMEHHO IpeJOTBpallasi IMOsBICHHE YCTpaHEHUE TPELIWH, LapanuH u
CKOJIOB, KOTOpPbIE MOTYT BO3HUKHYTh Ha IOBEPXHOCTH, a TAK)KE IOBBIIICHHE JOJTOBEYHOCTH U
MIPOYHOCTH MOBEPXHOCTH, YBEIMUYUBACT J0JITOBEUHOCTh OTACIIbHBIX JeTallell MEXaHU3MOB MallluH
Y HETMOCPEICTBEHHO BIIMSET Ha KaUeCTBEHHBIE [TOKa3aTeIl KOPOOKH mepeaay.

KiroueBbie cjoBa: Tok BBICOKOW YacTOTHI, 3yOdaras Tapa, WHTCHCUBHOCTh W3HAIIWBAHUS,
MOBBILICHHUE TOJITOBEYHOCTH, TepMUYecKas 00padoTKa.
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LAYIN QUYUDIBI ZONASINA TOSIR USULLARININ
SOMOROLILIYININ QiYMOTLONDIRILMOSI

Malik Abdul.layevl, Samira Mansurova®, Sobuhi Qurbanh®, Konan Babayev*,
Mohommoad Ismayilov®

12Dosent. “Neft-qaz miihondisliyi” kafedrasi, Azerbaycan Dovlot Neft vo Senaye Universiteti, Azorbaycan,
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XULASO

Moqalado quyudibi zonasina tosir iisullari vo somarsliliyin qiymatlondirilmasi ilo slagsli
masalolora baxilir. Boyiik hocmdos modon molumatlarinin tohlili géstormisdir ki, islonmasinin son
morholosinda olan neft yataglari liclin somarali islonmalorin osas ndvlori bunlardir: holledicilorin
vurulmasi, tursu torkibli mikroemulsiyalarin vo tursularla islonmolor vo kdpiik sistemlorinin
totbiqi. Maqalads, geoloji vo texniki todbirlorin somaraliliying on ¢ox tosir edon amillori miioyyon
etmok ti¢iin tisul toklif olunur. Bu yanagma, bir torofdon, tosir liclin quyular1 diizgiin segmayo,
digor torofdon, onlarin sonraki istifadosi imkanlarini miioyyon etmok {iglin hoyata kegirilon
tadbirlorin samarsliliyini giymatlondirmays imkan verir.

Acar sozlar: yataq, hasilat, quyudibi zonasi, halledicilor, kopiik sistemlori.

Giris

Islonmonin somaroliliyinin artirilmasi problemi, yeni yataqlarin kosfi, eloco do uzun miiddot
islonmads olan yataqlarda neft vo qaz hasilatinin sabitlogdirilmaesi ilo slagodardir.

Uzun miiddot islonmodo olan yataglarda neft hasilatinin sabitlosmosino, neft hasilatinin
artirllmasina imkan veron daha miitoroqqi tisullarin istehsalata totbiqi ilo nail olmaq olar.
Quyudibi zonanin islonmasinin miixtalif tosir tisullarinin bir qismi, miitaraqqi tosir tisullaridir. Bu
iisullarin rasional istifadesi, neftvermo omsalini oshomiyyatli derocados artirmaga imkan verir.
Metodoloji hisso

Son illerds, geyri-nyuton sistemlorls laymn quyudibi zonasina tosir lisullarinin genis totbiqi bas
vermokdadir.

Quyudibi zonanin iglonmoasinin somaraliliyine tosir edon osas amillori miioyyon etmok ¢ox
vacibdir. Ciinki, bu amillorin miioyyon edilmasi, tosir tiglin secilon quyunun diizgiin
miioyyanlogdirilmosi vo totbiq olunan isin somaroliliyini qiymstlondirmoys, bu ciir tasirlorin
sonraki istifads hacmini miioyyon etmayo imkan verir.

Molum oldugu kimi, todqiq olunan yataglarda layin neftvermo omsalinin (kn,) artirilmasinin asas
iisullarindan biri, layin quyudibi zonasina miixtalif reagentlorlo tosirdir [1, 2].

Tatbiq olunan tesir tisulunun somaraliliyini hom tobii goraitlo, ham do texnoloji proseslos alagali bir
cox amillorlo, bu vo ya digor todbirlorin hoyata kegirilmasi ii¢lin quyularin diizglin secilmasi,
islonmadon sonra quyularin monimsanilmasi vo s. ilo alagoli avvalcodon miioyyon edilir. Qeyd
etmok lazimdir ki, ¢oxsaylt miixtalif amillor avvalcadon miioyyen edilir. Qeyd etmak lazimdir ki,
emal {isullarinin somaraliliyine biitlin amillarin eyni vaxtda miixtalif birlogmalorinin com tasirinin
nozara alinmasi, kifayat qador ¢atinliklor yaradir.
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Bununla olagadar olaraq, indiki morhalodo masolonin Oyronilmosi, osas amillorin tosirinin
xUslisiyyatlorini miioyyan etmok vo islonmo iisullarinin somoraliliyine tasirini dyronmok daha ¢ox
mogsadouygundur.

Layin quyudibi zonasinin tomizlonmasi {ligiin totbiq edilon iisullarin naticolorinin tohlili gdstordi
ki, qaliq neftin sixigdirilmast moagsadils, quyudibi zonasinin tomizlonmasinin asas novlori,
asagidakilardir: kopiiylin - vurulmasi, quyudibi zonanin tomizlonmosi iiglin tursu torkibli
mikroemulsiyalardan istifads, quyudibi zonanin holledicilorlo (neft, kerosin, kondensat vo S.)
tomizlonmaosi, quyudibin qaynar neftin qizdirilmasi, polimer mohlullarinin istifadasi va s. [4, 5, 6].
Qeyd etmok lazimdir ki, bu tisullarin somoraliliyi asason neft hasilatinin artmasi ilo miioyyon
edilir ki, bu artimlar orta hesabla asagidaki kimidir: holledicilorin totbiqi ilo sutkada 2,0 t-a qodor,
kopliylin vurulmasi ils, sutkada 1,5 t/giin-o godor, polimer mohlullarinin vurulmasi ilo iso,
toxminon 1,0 t/glino qodordir [5].

Quyularin tomirlorarast miiddsti do artir ki, bu da baxilan saholords totbiq olunan iisullarin
perspektivindon xabar verir.

Quyudibi zonasina tosirin samaraliliyi, asason quyularin diizgiin se¢ilmasindon, quyunun yiiksok
keyfiyyastlo hazirlanmasindan, aparilan prosesin texnologiyasindan asilidir.

Bununla bels, oksor hallarda quyularin quyudibi zonasinin tomizlonmasi ii¢lin goriilon todbirlorin
somaraliliyi, diger qonsu quyularin debitinoe diqqgst yetirmadon yalnizproses aparilan quyularin
debitlori ilo giymatlondirilir. Bundan slavo, proses aparilacaq quyular da debit (neft) osasinda
secilir ki, bu da bir ¢cox hallarda prosesin samarasizliyina gatirib ¢ixarir.

Bununla bels, oksor hallarda goriilon todbirlorin somaersliliyi iiclin quyudibi zonaya tosirinden
sonra yalniz quyunun hasilati qiymatlondirilir, diger qonsu quyularin hasilatina digqet yetirilmir.
Bundan slavo, quyular hom do hasilat (neft) asasinda segilir ki, bu da bir ¢cox hallarda prosesin
somorasizliying gatirib ¢ixarir.

Buna gors do asagida, layin quyudibi zonasinin emali prosesing tosir edon asas amillori miioyyan
etmok liciin goriilon tadbirlorin somaraliliyinin qiymatlondirilmasi metodologiyasim toklif edirik
ki, bu da emal aparilmasi iigiin quyularin se¢ilmasini tokmillogdirmoys imkan verir.

Gortilon  tadbirlorin  somaraliliyini  giymatlondirmak {i¢iin, quyularin geoloji vo istismar
xiisusiyyatlori toplanmisdir ki, bunlar 2-4 codvallarinds verilir.

Birinci codvalds, quyudibi zonasina kopiiklorlo tosir edildiyi «I» yatagmin quyulari haqqinda
molumatlar gostarilir.

Cadval 3 vo 4-do «II» va «III» yataqlarindaki quyularda quyudibi zonasina halledicilorlo tosir
edilon quyularin geoloji-madon molumatlar1 gostorilir.

Usullarin somarililiyina tosir edon amillorin tosir, molumatlarin statistik tohlilindo korrelyasiya
tohlili vasitasilo qiymatlondirilmisdir [1]. Qobul edilmisdir ki, imumiyyatls, quyudibi zonasinin
tosirinin somoarsliliyine agsagidaki amillor tasir edo bilor:

Lay dorinliyi (H), perforasiya edilmis sahonin qalinlig1 (hper), neftin 6zIUluyl (nn), neftin xdsusi
¢okisi (yn), mohsulda gatranin faizi, vurulmus halledicinin hacmi (Vh), halledicinin xiisusi ¢akisi
(yn), reagentlorin vurulma tozyiqi (Pwr), tosirdon sonra quyularin monimsomas vaxti (t),
mohsuldaki suyun faizi (b), emaldan sonra quyularin is rejimi, nasosun plunjerinin gedis uzunlugu
(S), yirgalama say1 (n), nasosun diametri (d), is¢i agentinin xiisusi ¢okisi vo i soraitini
xarakterizo edon digor molumatlar.

Tasirdon avval vo sonra axin siiratlorinin nisbati ilo yuxarida gostorilon amillor arasinda ciit
korrelyasiya qiymatlori hesablanmisdir [8, 9, 10].
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Cadval 1:«I» yataginin quyularinin geoloji-modon moalumatlari.

<

(o]

o - =

S 3 = (2

g £ £ |2

oY —~ = ‘o = bt g

) g A RZ] = = 3 RZ) |5)

@ g = A £ e s | 5

= g | E = E iy E g = 2 g

> g | = = = 3 5 82 3

2 > c | £ = S |22 Et | 2| 28|z | =0 S|

& ~ o o O o~ ™

o S - z S | 2£| 28 |25 |88 | =% m ZE | BE
h833 | 35 | 2320 | 46,7 | 269|113 |0,795 |55 |2 50 | 1,06 235 | 30,75
1086 | 15 | 2390 | 47,7 | 268|114 |0,788 |65 |3 55 | 1,03 375 | 36,9
806 | 17 | 2400 | 481 |266]| 1,14 |0798 |60 |2 57 | 0,89 250 | 36
234 |28 | 2370 | 474 |268]| 113 |0,797 |55 |6 62 |11 350 |35
1192 | 22 | 2290 | 47,5 |26,7| 112 |0,796 |50 |4 67 |09 275 | 30
773 |34 | 2300 | 476 |263]| 112 |0,795 |45 |2 55 | 1,01 325 |30
1211 |8 | 2311 |47,6 |26,7| 112 |0,79 |50 |2 67 | 0,01 250 | 32
1089 |8 | 2251 |47,6 |269|112 |0,795 |50 |2 55 | 1,03 415 | 28,9
1015 | 17 | 2386 | 47,5 |26,7| 113 | 0,79 |55 |2 67 | 1,0 450 | 34,8
857 |15 | 2411 | 47,7 | 268|114 |0798 |60 |2 55 | 1,06 250 | 38,75

Ciit korrelyasiya qiymatlori asagidaki diisturla hesablanmisdi:

_ Z(Xi _i)(ai _a)
Ji(xi R e -@)

burada Xi -amillordon birinin qiymotloridir vo X -amilin orta qiymotidir.

Bu amillorin doyismo molumatlar1 vo omsallarinin ciit korrelyasiya ilo tapilmis qiymaotlori codval
1-4-do verilir.

Ayri-ayr1 amillorin tosirinin ohomiyyati, debitlo bu amil arasindaki qosa korrelyasiyanin qiymati
ilo qiymatlondirilmisdir. Ciitlii korrelyasiyanin miitloq qiymeti, onun yekun (son) qiymatinin
95%-i1 soviyyasine uygun golon haddon artiq olduqda, amillorin tosiri ohomiyyatli hesab
edilmisdir. ©sas amillorin naticolorinin tohlillorine gore, quyudibi zonani halledicilorlo emal
edorkon debitlorin nisbatino chomiyyatli tosir gdstoron osas amillor bunlardir:

- I yataq tlizro (II horizont) — mohsulda qatranin faizi, holledicinin xiisusi ¢okisi vo tosirdon sonra
quyunun monimsomso vaxti.

- Il yataq iizrs - neftin xiisusi ¢okisi, halledicinin xiisusi ¢okisi, vurma tazyiqi.

-1II yataq tizra quyudibi zonan1 kopiiklarlo emal edorkan, asas tosir edon amil gatranin %-dir.

ny
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Cadval 2: QDZ-nin kdpiiklorle emal edildiyi yataq lizro geoloji-madon moalumatlari.

a Pper H MNn % Yh Yn Puur Ttam %s Rm Vh
gotra u
n
o 1,0000
hiper - 1,000
0,0856 | O
H - - 1,0000
0,0575 | 0,215
2
Thn 0,1188 | - -0,1854 | 1,000
0,405 0
3
% 0,3247 | 0,172 | -0,3526 | 0,296 | 1,000
gotra 1 2 0
n
Yh 0,1282 | 0,049 | -0,1701 | 0,303 | 0,237 | 1,000
1 0 0 0
Yn 0,2214 | - -0,4412 | 0,600 | 0,536 | 0,201 | 1,0000
0,077 5 4 7
1
Puur - 0,156 | 0,0569 | - 0,070 | - -0,4212 1,0000
0,0132 | 2 0,150 | 6 0,032
0 8
Tram - - -0,0292 | 0,092 | - - 0,2740 -0,4522 1,000
0,0078 | 0,224 0 0,130 | 0,034 0
6 2 4
%su - - -0,3177 | 0,576 | 0,684 | - 0,6452 0,0876 - 1,0
0,0065 | 0,055 1 2 0,039 0,041 | 000
9 6 8
Rm 0,0981 | - 0,0907 | 0,124 | 0,164 | 0,603 | 0,0834 0,0844 0,063 | - 1,0
0,277 7 2 8 7 0,0 | 000
I 271
Vh - 0,144 | 0,3301 | - - 0,189 | 0,7066 0,1922 - - 01 |10
0,0805 | O 0,528 | 0,688 | 5 0,069 | 0,8 | 342 | 000
6 9 3 794

Miixtolif kombinasiyalarda gotiiriilmiis biitiin amillorin cominin quyu mohsuldarligina tosiri do
Oyronilmisdir. Bir qrup amilin birgs tosirinin qiymotlondirilmosi korrelyasiya amsalinin (KO)
giymotinin hesablanmasi yolu ils apartlmisdir [11, 12].

On boyiik korrelyasiya nisbotino malik olan amillorin kombinasiyasi se¢ilmisdir. Sonra nozordon
kegirilon qrupdan bozilorini olavo edib digor amillori ¢ixarmaqla korrelyasiya olagosinin
giymotindoki dayisikliklor miioyyon edilmisdir [13, 16]. ©gor bu prosedur onun noazoragarpacaq
doracodo artmasina sobab olubsa, bu doyisiklik miisbot gobul edilib. Beloliklo, biitiin miimkiin
kombinasiyadan korrelyasiya nisbatinin on bdyiik qiymati olan1 se¢ilmisdir.

Cadval 3: QDZ-ys halledicilarls tosir edildiyi “II” yataq iizro geoloji vo madon malumatlari.
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o H hper MNn Yn % Vi Yh Pvur Ttam %su S d
gotran

1,0000

0,1576 |1,0000

0,2340 |0,1403 1,0000

0,0047 |0,5575 0,1413|1,0000

0,2235 - 10,2766 |-0,1841 | 1,0000
0,3186)

-0,0235 - 1-0,1176|0,2509 | 0,1772 | 1,0000
0,1818

-0,0219 - 10,2696 |0,1314 | 0,1740 | 0,2918 | 1,0000
0,0012

0,3668 |0,4911/-0,0174|0,0521 [-0,0471]| 0,0344 |0,0271 | 1,0000

0,1606 |0,2706 0,3881 |-0,1479 | 0,1960 |-0,1281| 0,3023 | 0,3030 | 10000

-0,4843 |0,0982-0,5336 |-0,0345 | 0,3470 | 0,2506 |-0,2691| 0,0662 |-0,3603| 10000

-0,0886 |0,0970 0,2231 {0,2587 |-0,2596|-0,0413| 0,2769 |-0,1071| 0,1328 | 0,1038|1,0000

0,0022 - |-0,1852|0,2815 | 0,1551 | 0,3870 | 0,1027 |-0,3544| 0,2810 - 10,0969 | 1,0000
0,1979 0,1628

0,1284 - |-0,1102-0,3097 | 0,1818 |-0,3622(-0,0837 |-0,1258(-0,1958 - 10,0313 |-0,0386| 10000
0,2154 0,1961

-0,4740 - |-0,1406-0,0736 | 0,1831 |-0,0171| 0,1417 |-0,2114(-0,0357| 0,2934}-0,2934 |-0,0681|-0,0618 |1,0000,
0,2463

Cadval 4: QDZ-y» holledicilorls tasir edildiyi “l1” yataq Uzra geoloji vo madon malumatlari.

a H hper Mn Yn % cmon | Vi Yh Pyur Tiam %s Rm

1,0000

0,3350 | 1,0000

-0,5174(-0,5939| 1,0000

-0,2426(-0,3093| 0,5610 | 1,0000

-0,4448(-0,5427| 0,9305 | 0,0143 | 1,0000

-0,1835| 0,1434 | 0,1070 | -0,1476 |-0,0038| 1,0000

0,1503 | 0,6430 | -0,3914 | -0,2195 |-0,3642| 0,1413 | 1,0000

-0,5456| 0,3292 | 0,7967 | 0,4066 |0,7317 ] 0,1181 | 0,3717 |1,0000

0,3276 | 0,2846 | -0,4253 | 0,0449 |-0,2346| 0,0174 | 0,1447 |-0,3382| 1,0000

0,2913]-0,3118| 0,6123 | 0,5564 |0,6623| 0,0328 | 0,1546 |0,3449| 0,0975 | 1,0000

0,1870|0,4345| 0,0111 | -0,2103 |-0,0489| 0,0649 | -0,1985 | 0,2011 | -0,0644 | -0,2795 | 1,0000

-0,1112(-0,2687| 0,0663 | -0,0368 | 0,0434 | -0,1937 | 0,3331 |0,2218 | -0,2088 | 0,1208 | - 1,0000
0,2537

Noticodo todqiq olunan parametro on ohomiyyotli tosir gostoron amillorin korrelyasiya matrisi
almmusdir [14, 15, 17].
Miioyyon edilmis amillor kombinasiyasi {i¢iin korrelyasiya alagosinin 6l¢iisii:
- Il yataq tizro - 0,78
-II yataq ticiin iso 0,83. Onlardan hor hansi birinin istisna edilmosi NO-nun 0l¢lisii ohomiyyatli
dorocods azalmasina sabob olur.

Naticalar.
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- Quyularin quyubi zonanin halledicilarls tasirinin somaraliliyina, mahsulda gatranin faizi, neftin
tasirdon avval xususi ¢akisi, neftin 6zIlllyl va halledicinin xususi ¢akisi kimi amillar shamiyyatli
daracads tasir gostarir.

- Bu amillorin miioyyon edilmosi, bir torofdon quyudibi zonasina tosirine asaslanaraq iisullarin
apartlmasi {igiin quyularin diizgilin secilmasing, digor torafdon iso aparilan lisulun somorsliliyinin
giymotlondirilmasine imkan verir.

Bayannamolor
Olyazma basqa heg bir jurnala vo ya konfransa togdim edilmayib.

Tohsil Mahdudiyyatlori
Tadgigatin naticalarinag tasir gostara bilocok mohdudiyyatlor movcud deyil.

Tasokkurlar

Miisllif bu todqiqatda istirak edon, 6z doyarli fikirlorini vo tocriibolorini boliison qaygi gostoran
is¢iloro vo yasli insanlara togokkiirinii bildirir. Onlarin omokdashgi vo acigligr todqigat
naticalarinin dorinliyine vo zonginliyine shomiyyatli doracods komok etmisdir.
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Ksanan Ba6aes?,

PE3IOME

B cratbe paccMOTpeHBI BONPOCHI, CBSI3aHHBIE C METOJIaMU BO3JEHCTBUS Ha MpHU3a00HHYIO 30HY
CKBXMH M OLEHKOH »(PQPeKTUBHOCTH. AHaIM3 OOJBIIOr0 00BbeMa MPOMBICIOBBIX JaHHBIX
MOKa3aj, 4TO OCHOBHBIMU BHJaMHU 3((EKTUBHBIX 00paOOTOK HEPTSIHBIX MECTOPOXKIECHUN Ha
MO3/HEH cTaauu pa3pabOTKU SBIAIOTCA: 3aKauyka pPacTBOPHUTENEH, KHCIOTOCOAEpIKaIlne
MUKpPOAOMYJIbCUM W KUCJIOTHBIE 00pabOTKH, a Takke NpHUMEHEHUE MEeHHbIX cUcTeM. B craThe
NIPEJUIOKEH METOJ olpesiesieHusl (PakTopoB, Hanbosee BIUAIOMNX Ha 3PPEKTUBHOCTD Ie0I0ro-
TeXHUYECKUX Meponpustrii. Takoi moaxoa MO3BOJISIET, C OJHON CTOPOHBI, MPABHJIBHO BHIOPATh
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CKBRXHMHBI i BO3JEHCTBUSA, a C JAPYrod CTOPOHBI, OUEHHUTH 3()(PEKTHBHOCTH MPOBOAUMBIX
MEPOTNPHATHI JUTS ONPEIeIICHUs] BO3MOXKHOCTEH MX JajbHEHIIEro NCIIOIb30BaHUS.
KiroueBble cjioBa: miacT, 100b4a, Mpu3aboiiHast 30Ha, paCTBOPUTEIH, IEHHBIE CUCTEMBI.
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ABSTRACT

The article discusses issues related to methods of influencing the bottomhole zone of wells and
assessing efficiency. Analysis of a large volume of field data has shown that the main types of
effective treatments for oil fields at a late stage of development are: solvent injection, acid-
containing microemulsions and acid treatments, as well as the use of foam systems. The article
proposes a method for determining the factors that most influence the effectiveness of geological
and technical measures. This approach allows, on the one hand, to correctly select wells for
impact, and on the other hand, to evaluate the effectiveness of the measures taken to determine the
possibilities of their further use.
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ABSTRACT

The research assesses the impact of oil contamination on soil humus substances. Laboratory
experiments with varying concentrations of petroleum products on different soil types revealed
that even small amounts of oil lead to significant degradation of humus substances, altering their
structure and reducing their content. These changes may disrupt soil properties, diminishing
fertility, structure, and water retention capacity, and reducing microbial activity. Understanding
this influence is crucial for developing strategies to rehabilitate polluted soils and sustain
ecosystems.

Keywords: Humus, acidity, oil contamination, phytotesting, carbon content, oil mineralization,
soil toxicity

When studying the content of humic substances in soils affected by organogenic pollutants (in our
case, oil), a rather rare situation arises where the conventional expression of analysis results in
relative figures (as a percentage of total organic carbon) becomes incorrect. [1]

At the same time, the analysis of the obtained results indicates that in oil-contaminated soil, there
is an undeniable increase in the absolute content of humic substances extracted both directly by
alkali and by a strongly alkaline solution of sodium pyrophosphate. The increase in the content of
humic substances occurs to a small extent, usually constituting 0.08-0.10% of the soil mass.
Moreover, the growth of humic acids (HA) typically occurs more actively than fulvic acids (FA).
As a result, the Student criterion for HA is usually higher than for the extracts as a whole.
According to [2], the process of increasing the content of humic acids in soil is satisfactorily
described by a logistic function:

Ciotal, HA—Lgmgﬁ + Crmax 1)
1-exp(Tp,
Where Cmin and Cmax represent the minimum and maximum content of Cotar OF in Cha in both used
extracts - in the sodium pyrophosphate extract at pH 12 or in the alkaline extract; Do is the dose of
oil at which the carbon content equals C = (Cmin + Cmax)/2 (inflection point); D is the dose of oil
at which C doubles within the range up to the inflection point.
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Table 1: Parameters of Equation 1 characterizing the increase in the content of various fractions
of humic acids in the soil when polluted with different doses of oil.

1 M Nay4P,07- extraction 1 M NaOH- extraction
Parameter

Ctotal CHA Ctotal CHA
Chin 0,98 0,30+0,03 0,78 0,3
Crax 1,08+0,01 0,44+0,01 0,93+0,01 0,43+0,01
Do 0,67+0,53 1,7+0,6 1,1+0,7 0,6+0,3
Ds 0,52+0,43 0,78+0,51 0,83+0,65 1,0+0,8

A significant error in defining the values of Do and D (50-80%) does not allow for a definitive
conclusion regarding the difference in the interaction process of various fractions of humic acids
with petroleum hydrocarbons, depending on the doses of oil introduced into the soil.

Based on the tabulated data, it can be argued that the increase in the number of humic acids is
accompanied by a reduction in the aromaticity of the molecules. The most likely cause of these
processes is the direct chemical interaction of petroleum hydrocarbons with humic substances and
the incorporation of petroleum hydrocarbons or their fragments into the structure of humic acid
molecules [3].

During oil contamination, the quantitative increase in the content of humic substances is
accompanied by a change in their nature. To confirm this assumption, research related to
determining the toxicity of oil-contaminated soils using biotesting methods is necessary. To assess
the potential toxicity of soil solutions that might enter various water bodies (streams, rivers, lakes,
etc.) due to subsurface flow, bioassays were conducted on one of the key representatives of
aquatic organisms - the water flea Daphnia magna Straus. Daphnia (representatives of lower
crustaceans) are mandatory test organisms in all test systems.

The determination of soil toxicity to Daphnia was performed in acute experiments by bio-assaying
aqueous extracts. The exposure duration was 96 hours, repeated four times. The soil-to-water ratio
for obtaining agueous extracts was 1:5. Biologically purified water was used as a diluent for
cultivating Daphnia. After settling, the supernatant liquid was collected from the mixture. Final
water purification from suspended matter was done by centrifugation of the supernatant at 5000
rpm for 10 minutes.

Short-term bioassays (96 hours) of aqueous extracts from soils allow the determination of their
acute toxic effects on Daphnia in terms of their survival. The indicator of survival is the average
number of organisms surviving in the tested sludge samples within a specified time. The criterion
for acute toxicity is the mortality of 50 percent or more of the Daphnia within a period of less than
96 hours in the tested samples compared to the control. [4]

The toxicity criteria are as follows:

« VVery strong toxicity (hyper-toxicity) - death of Daphnia occurs within 24-48 hours and reaches
50% or more;

« Acute toxicity - similar conditions but within 72-96 hours;
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« Moderate toxicity - death of 30-50% within 96 hours;

» Weak toxicity - death within 20-30% within 96 hours;

« Non-toxic solution - death of less than 20% of Daphnia.

It was found that even the smallest dose (0.7 L/m?2) during a fresh oil spill proved to be weakly
toxic to Daphnia, as it caused a significant mortality of 21% of individuals within 96 hours. The
aqueous extract from soil contaminated with 1.4 L/m2 of oil exhibited moderate toxicity, causing
the death of 42% of individuals. All other oil doses resulted in acute toxicity of soil extracts.
Thus, during fresh spills, only the smallest dose (0.7 L/m?) is relatively safe for Daphnia.
According to chemical analyses [5], in soil contaminated with 4.0 L/m?2 of oil, the content of
petroleum products decreased almost by 1.5 times - from 1.43% to 1.08%. Secondly, the
qualitative composition of petroleum products changed due to decomposition processes. The
results obtained from determining the group and individual composition of petroleum
hydrocarbons in the soil indicate the decomposition or loss of the most toxic fractions - normal
low molecular weight alkanes, isoprenaline, and other compounds. The remaining heavier and
biochemically inert, stable fractions are much less toxic to living organisms.

Thirdly, under the conditions of a flushing water regime characteristic of our bioclimatic zone, the
vast majority of water-soluble fractions of oil were undoubtedly removed by flushing downward
flows of soil solutions within two vegetation seasons beyond, if not the entire soil profile, then
certainly beyond the upper 20-centimeter layer. By the end of our observations, soil containing
1.08% of petroleum products became safe for Daphnia.

Bioassaying the sandy podzolic soil with Daphnia revealed that oil contamination of this soil
leads to a much higher level of toxicity in soil solutions compared to the contamination of sod-
podzolic soil. It was established [5] that aqueous extracts from the sandy podzolic soil, initially
non-toxic to aquatic organisms, dramatically change their properties when contaminated with oil.
The minimum dose of 0.6 L/m2 induces weak toxicity (significant mortality of 25% of Daphnia
within 96 hours), a dose of 1.2 L/m? results in the death of 65% of Daphnia, and the two last doses
are acutely toxic, causing 100% mortality of the organisms.

The aqueous extract from the soil with the minimum oil dose (equivalent to 0.48% petroleum
products) became completely non-toxic to Daphnia. At a dose of 1.2 L/m? (0.88% petroleum
products), the soil exhibited weak toxicity, causing the death of 26% of Daphnia. At a dose of 3.5
L/m2, soil toxicity decreased to a moderate level, and only at the maximum dose of oil
contamination (3.85% petroleum products) did the toxicity remain acute (with more than 50%
mortality of organisms).

Subsequently, criteria for phytotoxicity of oil-contaminated soils were determined. The method
used was to determine the seed germination rate while placed in the soil in Petri dishes. The 10
cm diameter Petri dishes contained the researched soil in a moist condition, and oat seeds (20
pieces) were sown. The experiment was repeated four times. After 4-5 days, when coleoptiles
appeared. Considering the number of germinated seeds, biometric measurements were conducted
for root length and coleoptile length of the seedlings. The degree of soil phytotoxicity was
evaluated based on the reduction in root and coleoptile lengths and the decrease in seed
germination. It was found that during a fresh oil spill, the first two doses (1.4 L/m?) were non-
toxic to plants. The last two doses (4.0 and 10.0 L/m?) led to moderate soil toxicity, resulting in a
reduction in root length by 33% and 45%, respectively. [6]




ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

At the beginning of the growing season, soil with the maximum oil dose retained weak toxicity.
This manifested as a suppression of roots and coleoptiles by 18-22%. However, after some time,
this experimental variant became non-toxic to plants. This was because all deviations from the
control clean soil were not significant. Therefore, during a fresh oil spill, the soil exhibits a
moderate degree of phytotoxicity starting from the 4.0 L/m? oil dose. Over two seasons, the
phytotoxicity completely disappears, even in the case of contamination with 10.0 L/m2 of oil. The
results of phytotesting are consistent with the rate of vegetation recovery on oil-contaminated
sites. [7]

In comparison to sandy soil, podzolic soil showed much less resistance to oil contamination in
terms of phytotoxicity. As seen from the data presented in Table 8.25, only the minimum dose of
0.6 L/m2 did not cause seed suppression, i.e., it did not exhibit phytotoxicity. All subsequent doses
of oil contamination led to significant suppression not only of biometric parameters of seed
germination (root and coleoptile length decreased by 55-85% compared to the control) but also
resulted in a significant decrease in their germination by 28-47%. However, by the end of the
growing season, soil phytotoxicity noticeably decreased: soil contaminated with 1.2 L/m2 of oil
became completely non-toxic, while the two last maximum doses, despite causing a sharp (around
50%) decrease in root and coleoptile length of seedlings, did not suppress seed germination.

The minimum dose of 0.6 L/m2 did not cause seed suppression, i.e., it did not exhibit
phytotoxicity. All subsequent doses of oil contamination led to significant suppression not only of
biometric parameters of seed germination but also resulted in a decrease in their germination by
28-47% compared to control data of 55-85%. By the end of the growing season, soil phytotoxicity
notably decreased. Soil contaminated with 1.2 L/m? of oil became completely non-toxic. The two
last maximum doses did not suppress seed germination.The extremely slow recovery of oil-
contaminated vegetation, especially from high doses of oil, can be attributed to extremely
unfavorable hydro-physical conditions. The interaction of oil hydrocarbons with humic acids can
be seen as one of the assimilatory mechanisms that reduce the toxic effect of oil and contribute to
soil self-purification.

Studying changes in the content and composition of humic substances during soil oil pollution
and their role in assimilation processes leads to the following conclusions. Soil oil contamination
at various doses, affecting almost all aspects of soil biocenosis functioning, significantly
influences the content and composition of organic matter in the soil. The carbon content
significantly increases even with a minimal amount of oil (0.7-0.6 L/m?). This substantial
difference persists from the moment of soil contamination.

It has been established that the increase in carbon content in soils due to oil application exceeds
the content of petroleum products determined analytically. Thus, a certain amount of
transformation products of oil, not analytically identified as petroleum products, is formed in the
soil during oil contamination. The activity of oil mineralization processes in the soil depends on
the level of oil pollution. The most active reduction in petroleum product content occurs at high
pollution levels. Oil contamination leads to an increase in the content of humic acids extracted
from soil by polar solvents: alkaline, saline, and acidic extraction methods. At low oil doses, this
increase is observed as a trend, while at higher doses (8.5-10.0 L/m? depending on the soil), it
becomes significant and statistically reliable. The quantity of newly formed humic acids
significantly differs depending on the soil type. In loamy sod-podzolic soil, it averages around
0.10-0.15% of the soil mass or 10-20% of the initial carbon content in the extract. In sandy soil,
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the increase in humic acid content is even more pronounced — reaching 0.3-0.4% of the soil mass
at the maximum oil dose, which constitutes 64-95% of the content from clean soil, depending on
the extraction method.

The more active incorporation of oil hydrocarbons into humic acid molecules in sandy soil
compared to sod-podzolic soil is presumably related to the higher content of aliphatic structures in
the humus composition of sandy soil. These structures contain more reactive centers like C=C.
The increase in humic acid content occurs disproportionately to the doses of applied oil. The
absolute amount of oil hydrocarbons capable of interacting and being included in the structure of
humic acids is relatively small and determined by the potential capacity of soil humic acids to
accommodate hydrocarbons.
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PE3IOME

HccnenoBanue oueHuBaeT 3pGeKT HeTAHBIX 3arpsA3HEHUN Ha T'yMYCOBBIE BELECTBA IOYBBI.
JlaGopaTopHbIE SKCIIEPHUMEHTHI C Pa3HBIMU KOHICHTPALUSAMH HEPTETPOAYKTOB Ha PA3IUUHBIX
TUIAX MO0YB IOKa3ald, YTO JaXe HEeOOJbIINE KOJIMYECTBA HEPTH HPUBOJIAT K CYILECTBEHHOMY
YXYALIEHUIO TYMYCOBBIX BELIECTB, U3MEHSSI MX CTPYKTypy M YMEHbIIAs COJAEp)KaHHE. OTU
W3MEHEHUs MOTYT HapylIWThb IIOYBEHHbBIE CBOWMCTBA, IOHMXKAas IIOJOPOAUE, CTPYKTypy H
CIIOCOOHOCTh y/Ep:KMBaTh BJAry, a TaKKe€ CHM)Kas aKTUBHOCTb MMKpOOpraHusmosB. [loHumanue
9TOrO BIIMSHUS BaXHO JJIs pa3paOOTKH CTpaTeruii BOCCTAHOBJICHUS 3arpsi3HEHHBIX IOYB U
MO/ /IEpKAHUS IKOCUCTEMBI.

KiroueBble coBa: TymMyc, KHCIOTHOCTb, HeTe3arpsa3HeHue, (PUTOTeCTUPOBAaHUE, COZIEp KaHUE
yIaeposaa, MuHepanu3anus HeTH, TOKCHYHOCTh TOYBBI

TOPRAGIN NEFTLO TOMIZLONMOSININ HUMUS MADDOLORININ
TORKIBINO TOSIRI
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XULASO

Arasdirma torpaq glimiis maddoslorino neft kirlonmosinin tesirini qiymatlondirir. Forqli torpaq
novlari lizorinds miixtolif neft mohsullarinin konsentrasiyalari ilo aparilan laboratoriya tacriibalori
gOstardi ki, hotta neftin kicik miqdarlar1 donizdoki giimiis maddaslarini ciddi sokilds zarare ugrada
bilor, onlarin strukturunu doyisdirorok vo mozmununu azaldaraq. Bu doyisikliklor torpaq
xtisusiyyatlorini pozara bilor, masalon, mohsuldarligi, strukturu, su tutma qabiliyyastini azaldaraq
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vo mikrobioloji fealiyyati azaltaraq. Bu tosirin anlagilmasi kirlonmis torpaqlarin barpa edilmasi vo
ekosistemlorin qorunmasi iigiin strategiyalarin hazirlanmasinda ohomiyyatlidir.

Acar sozlar: Humus, asidlik, neft tonozziilii, fitotestloma, karbon mozmunu, neft mineralizasiyast,
torpaqin toksikliyi.
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IDARD OLUNAN ROTOR SISTEMLORI (iRS) TEXNOLOGIYALARININ
TOTBIQ PERSPEKTIVLORI
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XULASO

Neft sonayesinin prosesindo ononovi istehsalat {isullar1 {i¢lin ol¢atmaz olan agir
karbohidrogenlorin istismarinda miiasir texnoloji hoallorin totbigina ehtiyac yaranir. Bu
texnologiyalardan biri maili vo {ifiiqi quyularin qazilmasidir ki, bu da gazma prosesindo yeni
problemlarin yaranmasina sabob olur.

Bildiyimiz kimi maili vo iifiiqi qazimada, quyu lilesi oyrilik bucagimin doyisdirilmasi, quyu
lilosinin siixur hissaciklorindon tomizlonmosinin yaxsilasdirilmasi, alotin tutulma risklorinin
azaldilmasi, maili vo {ifliqi qazima zamani miiqavimotin aradan qaldirilmast vo s. osas
problemlordondir. Miiasir qazimada bu texnoloji problemlorin aradan qaldirilmasi {ig¢iin osas
yollardan biri - idaro olunan rotor sistemlorinden (IRS) istifadedir. Hal-hazirda maili vo iifiiqi
qazimada on genis istifado olunan dsullardan biri quyudibi miiharriklo gqazimadir. Lakin bu
texnologiyadan maili vo {ifiiqi qazima iiciin istifado edarkon, istonilon oyrilik bucaginin doqiqlikle
oldo olunmamasi, qazima siiratinin asag1 olmasi, alotin tutulma riski vo s. kimi bir sira
catismazliglar yaranir. Bu onunla slagadardir ki, quyunun iifiiqi hissalorini qazarken miigavimot
qiivvolori artib elo qiymotlora ¢ata bilor ki, bu zaman baltaya verilon oxboyu yiikk qazima
komarinin quyu liilesinin divarinda siirtiinmadon ilismasini aradan gqaldirmagq ti¢lin kifayot etmir
ki, bu da quyunun qazilmasi prosesini xeyli ¢otinlogdirir.

Qazima prosesindo quyudibi miihorriko alternativ miiasir, 1990-c1 illorin sonlarinda yaradilmis
idars olunan rotor sistemlori (IRS) texnologiyasidir. IRS-in on miihiim xiisusiyyati vo buna uygun
olaraq osas iistiinliiyli ondan ibaratdir ki, bu texnologiya biitiin qazima alatinin fasilosiz firlanmasi
ilo yanasi, istigamotli gqazma prosesini tam doqiqliklo tomin edir, bununla da quyunun
tomizlonmosi soraitini vo keyfiyyeotini yaxsilasdirir, borularin yapismasinin vo spiral sokildo
biikiilmesinin qarsisin1 alir vo qazma siiratinin optimallasdirilmasini, vaxta vo xorclore qonaot
etmok {iciin lazim yiikiin baltaya Stiiriilmosini tomin edir. Bundan olave, IRS qazma miiharriklori
ilo miigayisodo burulma vo yan yiiklorin, homginin siiriismo hadisolorini azaldir. Lakin IRS-in
effektiv totbiqi ticlin layiho morhslasinds bir sira texniki vo texnoloji aspektlora digqgat yetirmak
lazim galir.

Acar sozlar: maili va tifiiqi quyular, irs texnologiyasi, idara bloku, hibridli irs, vintli quyudibi miiharrik.

Giris: Maili vo iifiiqi quyularin qazilmasi masalolori miixtalif 6lkolorin todqiqatgilart torafindon
Oyraonilir vo bununla oslagadar miixtalif ndv qazima avadanliqlar istifads olunur. Hazirda maili-
istigamatli quyularin tikintisinin miasir tendensiyalarindan biri iifiiqi quyularin vo saquli
istigamotdon bdyiik inhirafli quyularin qazilmasidir. Ufiigi quyularin gazilmasi neft vo qaz
hasilatinin  intensivlogdirilmosinin  perspektivli  iisullarindan  biridir. Moqalodo  IRS
texnologiyasiin istiinliiklori vo gatismazliglari, onun modifikasiyalari, tosnifati verilir, homginin
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idaro olunan rotor sistemlorinin vo an ¢ox istifado edilon qazma miiharrikinlorinin is forqlori do
miizakirs edilir.

IR S-in iistiinliiklori:

- Mexaniki qazma siirotinin artmasi vo miivafiq olaraq quyunun gazilmasi miiddotinin azalmasi.
-Quyunun tomizlonmosinin yaxsilagdirilmasi, endirmo vo qaldirma omoliyyatlarindan ovval
yuyulma vaxtinin azaldilmast;

- Dinamik tozyiq artimlarinin azalmasi, siixurlarin hidravlik qirilma ehtimalinin azalmast;

- Quyu liilosinin keyfiyystinin minimal mikro oyriliklo yaxsilasdirilmasi, gazma baltasinin kosici
sothinin daimi monitoringi noticosindo spiral istehsalinin olmamasi, bu da gazmanin
miivoffoqiyyatlo tamamlanmaga imkan verir;

IRS-in catismazliqlart:

- Yiiksok giymat

- Vibrasiya yiiklorina qarsi hassasliq;

- Giiclii vo etibarli nasoslardan istifads ehtiyact;

Hal-hazirda idars olunan rotor sistemlori torafindon baltanin qazma prosesinds istigamatini idars
etmok ti¢iin li¢ forqli sistemdon istifada olunur: push-the bit; point-the bit vo hibrid tipli IRS.
Idaro olunan rotor sistem - quyu liilesinin saquldan ¢ox bdyiik inhirafli maili istiqamotlonmis,
iifliqi vo coxliiloli quyularin doqiq qazilmasi vo geyri-ononavi ehtiyata malik miirokkob laylarin
acilmasi, homg¢inin ¢otin geoloji soraitdo kontinental selflordo qazima iiglin nozords tutulmus
qazma avadanhigidir.

Idaro olunan rotor sistemi asagidaki elementlordon ibaratdir (sok.1):

* ¢evik birlogsmolor,

* stabillogdirici iinsiir,

* idaraetmo bloku,

« inhirafetdirici blok.

h_“_ . — —
> ——

inhirafetdirici idaraetma
blok bloku Elastiki
birlasma

Stabillasdirici

Sakil 1: Idaro olunan rotor sisteminin elementlori

* Baltanin quyu divarina sixilmasi ("push-the-bit") - (sok.2) idars olunan rotor sistemin
istadiyiniz istigamato istiqgamatlondirilmasi idara olunan rotor sistemin xiisusi geri ¢okilo bilon
basmagqlarin (qanadlar1) quyu divarina sixilmasi ilo hayata kecirilir;
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Bu tip sistem firlanmayan osas blokdan, qazma prosesino nazarat blokundan vo qazma zamani
O0lcmo (MWD) telesistem modulundan ibarotdir. Osas bélmoya naviqasiya sensorlari, paylayici
klapan vo bolod¢i ganadlart daxildir. Qazma {i¢iin idaroetmo bloku prosess quyu kompiiteri vo
turbin generatoru vo ya litium batareyalar1 daxildir. Qazma zamani quyu kompiiteri ona
yiiklonmis layiho molumatlarini MWD modulundan galon giymatlorlo yoxlayir. Bu név IRS-do 3
odod gazima mohlul ilo horokoto gotirilon irali ¢okilon basmaqli, vo balta yaximliginda
inhirafetdirici yan giicii yaratmaq {i¢iin yaxinliginda inhirafetdirici blok istifads olunur . Siixura
yan tozyiq yaratmaq lclin firlanan gdvdodon siyirtmoli basmaq dinamiki ¢ixir vo bu 06z
ndvbosindo qazima istigamatinin doyismosina sobab olur

Siyirtmali basmagq

Basmaq quyunun yuxari
divarmna sixildigda,balta
S asag divar istigamoatinda
ldara bloku Inhirafbloku  inhiraf edir

— Siyirtmali basmaq.
Balta

Sabitlasdirici

Sakil 2. Baltanin quyu divarina sixilmasi ("push-the-bit")

* baltanin istigamoatlondirilmoasi (“point-the-bit”) — (sok.3) alotin oxunu quyunun cari oxundan
inhiraf etdirmok vo qazma istigamatini doyismok {i¢iin daxili ayilmodon istifado olunur; belo bir
sistemdo oyilmo ndqtasi agirlasdirilmis gazima borusunun igarisindo qazima baltasinin iistiindo
yerlosir; Idara olunan balta istigamatii quyunun dibina nisboton qazma aloti oxunun bucagimni
dayisdirarok quyunun trayektoriyasini doyisir.

Aloti idars edon va diizgiin balta oriyentasiyasini saxlamaq {i¢iin eksentrik daxili valin voziyyatini
avtomatik diizoldon kompiiter torafindon daima nozarot edilir.

Baltanin istigamotini doyisdirmok ti¢lin daxili qolun firlanmasi litium batareyasi vo ya bir turbin
generatoru ilo tochiz edilmis ultra yiiksok firlanma ani olan bir DC miiharriki torofindon hoyata
kegirilir.

Ilk RSS texnologiyas1 Baker Huge sirkati torafindon 1996-c1 ilds yaradilmis “AutoTrak Baker
Hughes INTEQ”’modeli olmusdur. Daha sonra 1998-ci ildo Schlumberger “PowerDrive “ modeli
sektora daxil olmusdur. Belo ki har iki sistemin do islomo mexanizmi “Push the bit” dir.
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Idaraetmoa sisteminin Inhirafetdirici valm
Generator datciklori donms otiiriciisi

Generatorun Sistem rotorla Miiharrik Val Sarnir
turbini firladihir

Sakil 3. Baltanin istigamatlondirilmasi (“point-the-bit”)
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2000-ci illordan artiq Halliburton “GeoPilot” IRS modelids (sok.4) istifads olunmaga baslamisdir.
Bu sistemin isloma mexanizmi digarlorindon forqli olaraq “Point the bit” dir.

Stabillogdirici

Asag dayaq

Sakil 4: GeoPilot

Hibridli RS- (Power Drive Archer) (sok.5) bucagin yiiksok siiratlo artmasii tomin edon idaro
olunan rotor sistmi sahasinds son nailiyatlorden biri, 6ziinds baltanin istigamatlondirma va baltani
inhiraf etdirmo sistemlorinin xarakteristikalarini birlosdiran hibridli sistemdir. Bu hibridli sistem
0zlinds siirmoli bagmaq vo inhirafi idars edon val yerlosdirir; quyuda, daxili miihitdesn qorumaq
Uclin batin bu detallar AQB-nun daxilinds yerlosdirilir. Bu sistem fozada quyu mdvqeyinin
bucaqlarin1 avtomatik saxlamaga imkan verir. Sistem torofinden oyriliyin intensivliyi quyunun
406,4 ilo 660,4 mm arasinda doyiso bilon diametrindon asili olaraq 0,1 - 0,3 doraco/m togkil edir.
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Bilmanin ayilmasini tamin eda 4 daxili siirma

Inhiraf seksiyas1 *
n '

Universal dayaq
noqtasi

Tanzimlayici halga
(0,6°,0,80,0,99,1°
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Sakil 5: Hibridli idars olunan rotor sistemi (Power Drive Archer)
Asagidaki cadvaldo idars olunan sistemlorin miiqayisasi verilmisdir.
IRS-lorinin miiqayisasi.

Cadval 1: IRS-larinin miigayisasi.

Okcmnyarannonn | «PowerDrive» | «AutoTrak | «Revolution» | «Suresteer | «Wellguide | «<DART»
13 (6 KOMITAaHUH » KOMITAaHUH » » RSS KOMIaHUH
XapaKTePUCTUKU «Schlumberger | xommanuu | «Weatherford | kommanun | Kommanuu | « AHAEpPreHK

» «Baker » «APS «Gyrodata» | »

Hughes» technology
»

Juamerp cTBOIA, 393-711 215,9-250 | 146-470 152,4/171 | 393-711 149,2-171,5
MM
Tun 6ypoBoro PBO/PYO PBO/PYO | PBO/PYO PBO/PYO | PBO/PYO PBO/PYO
pacTBopa
MaxkcuMasbHas 150/190 150 149 150 150 150
pabouas
Temmeparypa, °C
MakcumansHoe 137/206 137,9 137,9 137,9 138 137
JIABJIEHHE Ha
3a00e, MIla
MakcumanbHas 3 3 5-10 6,5 3-12,5 3
MPOCTPAHCTBEHHAS
HMHTEHCUBHOCTD,
°/30 m
MaxkcumanbHast 220 400 300 200 250 220
CKOpPOCTB
BpalleHus, 00/MHUH
MakcumanbHbIi 24400 21000 27115-86770 | 15000 12202- -
KPY TSI MOMEHT 57862
Ha qonote, H*m
MaxkcumainbHast 22600 - 11340-40823 | - - -
Harpy3Ka Ha
JIOJIOTO, KT
Juamna3on 19-126 19-126 22-113 68— 272,5 68 -2725 | 18,9-25
pacxona, i/c
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\ Max DLS | 18 | 12 | 10 | 16 | 10 \ 12 \

IRS-in effektivliyi asagidaki hallarla miioyyon edilir:

« slamlarin ¢ixarilmasi yaxsilasdirilir, ¢iinki IRS daralmis quyu liilesi intervallari yaratmur;

* qazima siirati artir, ¢linki slamlarin effektiv ¢ixarilmasi onun ¢ékmaosinin qarsisini alir, bu da
siixurlarin dagidilmasi prosesino miisbot tosir gostorir;

* gazma siirati vo iifliqi quyu liilesinin uzunlugu biitiin komorin firlanmasi ilo slagodar olaraq
komoarlo quyu divari arasinda siirtiinma qiivvesini azaltmagqla artirilir;

Schlumberger sirkatinin molumatlarina osaslanaraq IRS ilo VQM arasindaki miiqayiso asagida
verilir.Schlumbergerin ~ geologiya vo  yataqlarin  islonmosi  sObosinin  miitoxassislori
Verxnechonskoye eft, qaz vo kondensat yatagi liclin asagidaki molumatlar toqdim edirlor: dord
quyuda IRS-don istifado etmoklo qazimanin orta mexaniki siiroti 16 m/saat (rekord — 21,85
m/saat) togkil etmisdir ki, bu da quyudibi miiharriklordon (VQM) istifado zamani ilo miiqayisodo
iki dofa yliksokdir. Bu, iifiiqi hissalorin gazma dovriinii {i¢ giin - 3,62 giino qador azaltmaga imkan
verdi. Basqa sozlo, IRS-don istifado etmoklo 100 m gazma iiciin iki dofa az - 1,39 giin ovozina
0,65 giin talob olunur.

Ufiigi hissonin effektiv uzunluguna goldikda, burada IRS-in iistiinliiyii do geyd olunur, IRS-don
istifado quyunun daha somorsli qazilmasina va layin oan mohsuldar zonalarina yerlosdirilmosino
imkan verdi. Eyni zamanda tifiiqi hissonin effektiv uzunlugu 70%-2 godar artib, VQM-la qazilan
quyularda isa bu gostarici comi 30%-dir. Noticodo quyularin hasilati iki dofs artdi - sutkada 200-
250 tona godor

Notica.

Beloliklo, biz idaro olunan rotror sistemlorin texnologiyasini, onun tosnifatint vo
modifikasiyalari1 nazordon kecirdik. Diinyada bu texnologiyanin istismari ilo bagl toqdim
olunan molumatlara osaslanaraq, maili istigamatli quyularin vo quyularin iifiiqi hissslorinin
qazilmas: li¢iin genis istifads edildiyi gqoanastina golo bilorik.

Idars olunan rotor sistemlorin praktiki totbiginin tohlilinin naticolorino géro qazma miihorriklori
ilo miiqayisads onlarin neft vo gaz quyularimin tikintisi ii¢iin totbiqinin agsagidaki miisbat cohotlori
miioyyon edilmisdir:

* Qazima komorinin endirimasinin sonradan asanlasdirilmasi ilo qazilam quyunun keyfiyystinin
yaxsilagdirilmast;

* Qazma vaxtinin azaldilmasi;

squyunun debitini artirmaga imkan veron layda quyu liilosinin yerlosdirilmasinin
yaxsilasdirilmast;

* Saquli istigamatdon boylik inhirafli quyularin gazilmasi vo uzun {ifiiqi intervallarin qurulmasi
imkani.

Nozoro alsaq ki, golocok iigiin yan liilo quyularin say1 artacaq, ominliklo deyo bilorik ki, IRS
texnologiyalariin inkisafi vo totbiqi do genisloyacokdir.

Bayannamalar
Olyazma basqa heg bir jurnala vo ya konfransa togdim edilmoyib.

Tahsil Mahdudiyyatlori
Toadgigatin naticalarine tasir gostara bilocok mohdudiyyatlor mévcud deyil.
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Tasokkurlar

Miisllif bu todqigatda istirak edon, 6z doyarli fikirlorini vo tocriibalorini boliison qaygi gostoron
iscilora vo yasl insanlara togokkiiriinii bildirir. Onlarin amokdasligi vo acigligi tadqiqat
naticalarinin dorinliyine vo zanginliyine ohamiyyatli deracods komok etmisdir.
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MNEPCIIEKTUBBI NMPUMEHEHUSI TEXHOJIOTMH YIIPABJISEMBIX
POTOPHBIX CUCTEM(PYC)
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PE3IOME

B mpouecce HedTSHONH NPOMBIIUIEHHOCTH BO3HUKAET HEOOXOAMMOCTh  NPUMEHEHUS
COBPEMEHHBIX TEXHOJOTUYECKHX PpEIIEHUH B OJKCIUTyaTallMd TSDKENIbIX — YIJIEBOAOPOJIOB,
HEJIOCTYITHBIX IS TPAIUIIMOHHBIX METOJIOB MPOu3BoicTBAa. O/THA U3 DTUX TEXHOJIOTHH - OypeHue
HAKJIOHHBIX M TOPU30HTAIBHBIX CKB)XHMH, YTO MPHUBOJUT K BO3ZHUKHOBEHHIO HOBBIX MPOOJIeM B
nporiecce OypeHus.

Kak wu3BecTHO, 3TO OCHOBHBIE TPOOIEMBI TPH OOOBIUE JKUIbS M TOPU30HTA, B TOM YHCIE
W3MEHEHUE yTiia Pa3joKECHHUs] CKBAKWUHBI, YIYYIICHUE OYHCTKA CKBaXXWHBI OT BOJOPOIHBIX
YacTHI], CHUKEHUE PUCKOB 3aTMEHHUSI MHCTPYMEHTA, YCTPAHEHUE CONPOTUBIICHUS IPU HAKJIOHHOU
U TOPU3OHTAIBHOM 100bYe u Ap. OJHUM U3 OCHOBHBIX CIOCOOOB YCTpaHEHHUS ITHX
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TEXHOJIOTUYECKUX MpPOOJeM B COBPEMEHHOM OYpeHHMH SBISETCS HWCIOIB30BAHUE POTOPHBIX
ynpasisieMblx cucreM (PYC). B nacrosiee Bpemss ogHMM H3 HauOoJiee paclpoCTpaHEHHbIX
METOJ0B HAKIIOHHOTO U TOPU3OHTAIBHOTIO OypeHHs siBisieTcs OypeHHe 3a00WHBIM JIBUTATEJIEM.
OnHako npu UCIOJIB30BaHUU JAHHOM TEXHOJOTMHM JUIsl HAKIIOHHOI'O U TOPU30HTAIbHOIO OypeHus
HEBO3MOXHO TOYHO JIOCTUYb XKEJIAEMOT'0 YIJia KPUBH3HBI, HU3Kasi CKOPOCTh OypeHHsl, CYIECTBYET
PHUCK 3alleTUICHUSI MHCTPYMEHTA U T. JI. BOZHUKAET PsJl HELOCTATKOB. JTO CBA3aHO C TEM, YTO IIPH
OypeHUU TOPH3OHTAIBHBIX YAacTE€H CKBaKMHBI CHJIBI CONPOTHBIICHHS MOTYT YBEIHMYUBATHCS U
JOCTUraTh TaKUX 3HAYEHUM, 4YTO IPUAABAEMOM TOIOPY OCEBOM HAarpy3KHM OKa3bIBA€TCs
HE/0CTaTOYHO Il YCTPAHEHUs (PUKLUOHHOIO NpHJIMIAaHUA OypOBOM JIEHTHI K CTEHE. CTBOJA
CKBa)XMHBI, YTO 3HAUYUTEIHHO YCIOKHSIET MpoLecc OypeHHs CKBaXKUH.

AnbTepHaTUBOM 3200 HOMY JABUTraTeNIO B Ipolecce OypeHus sIBJISETCS COBPEMEHHAasi TEXHOJIOTUs
ynpasisieMbix poTtopHbix cucteM (IRS), paspaborannas B xonme 1990-x romos. Baxneiimeit
oco0enHocThi0 PC 1, COOTBETCTBEHHO, OCHOBHBIM IPEUMYIIECTBOM SIBJISETCS TO, YTO JAHHAsS
TEXHOJIOTUSI O0ECeunBaeT IMOJHYI0 TOYHOCTbh HAKJIOHHO-HANpPaBJIECHHOIO OYypeHHsl Hapsay C
HENpepbIBHBIM BpAIlEHHEM BCEro OypOBOrO MHCTPYMEHTa, TEM CaMbIM YJIydlllas YCJIOBUS U
Ka4ecTBO OYMCTKM CKB@XWHBI, TPENOTBpallas INPUXBAT M CcHUpaiseoOpa3oBaHue TpyO. U
obecrieyrBaeT ONTUMM3ALMIO CKOPOCTH OypeHus, nepegadyy HeoOXOAMMOM Harpys3kd Ha TOIOP
JUI SKOHOMMHU BpeMeHH U 3atpaT. Kpome toro, IRS cHmkaer kpyTdiiue u nonepeyHble Harpys3Ku,
a TaKkKe SBJIECHUS CKOJBXEHHUS II0 CpaBHEHUIO C OypoBbIMH jBurareasiMu. OpHako ams
s dextuBHoro npumenenuss MPC HeoOXoaumMo Ha CcTaauu MpOeKTa o0paTUTh BHUMAHUE HA P
TEXHUYECKHUX U TEXHOJIOTHYECKUX aCIIEKTOB.

KuroueBble cioBa: HakioHHbIE M TOPU30OHTaIbHBIE CKBa)KHMHBI, TexHoJorus PYC, YcrpoiicTBo
ynpasienus, [ ubpunnas PYC, BuntoBoii 3a00iiHblii ABUraTenbh

PROSPECTS FOR THE USE OF CONTROLLED ROTOR SYSTEMS
(RCS) TECHNOLOGIES

Mohammad Shirinov!, Zahra Azizova?®
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ABSTRACT

In the process of the oil industry, it becomes necessary to use modern technological solutions in
the operation of heavy hydrocarbons that are not available for traditional production methods.
One of these technologies is the drilling of domestic and horizontal wells, which leads to new
problems during the drilling process.

As you know, these are the main problems in the production of housing and the horizon, including
changing the angle of decomposition of the well, improving the cleaning of the well from
hydrogen particles, reducing the risks of overshadowing the tool, eliminating resistance during
domestic and horizontal production, etc. One of the main ways to eliminate these technological
problems in modern drilling is the use of controlled rotary systems (RCS). Currently, one of the
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most widely used methods in inclined and horizontal drilling is drilling with a downhole motor.
However, when using this technology for inclined and horizontal drilling, the desired angle of
curvature cannot be achieved accurately, the drilling speed is low, the risk of the tool catching,
etc. a number of shortcomings arise. This is due to the fact that when drilling the horizontal parts
of the well, the resistance forces can increase and reach such values that the axial load given to the
ax is not enough to remove the frictional sticking of the drilling belt on the wall of the well barrel,
which greatly complicates the well drilling process.

An alternative to the downhole motor in the drilling process is modern guided rotor systems (IRS)
technology, developed in the late 1990s. The most important feature of IRS and, accordingly, the
main advantage is that this technology provides full precision directional drilling, along with
continuous rotation of the entire drilling tool, thereby improving the conditions and quality of well
cleaning, preventing pipe sticking and spiraling. receives and ensures the optimization of the
drilling speed, the transfer of the necessary load to the ax to save time and costs. In addition, IRS
reduces torsional and lateral loads, as well as sliding phenomena compared to drilling motors.
However, for the effective application of IRS, it is necessary to pay attention to a number of
technical and technological aspects at the project stage.

Keywords: inclined and horizontal wells, control device, rcs elements, hybrid rcs, downhole
motor.
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RHEOLOGICAL FEATURES OF LIQUID IN MICROCRACKED
CHANNELS WITH THE “MICROCRACK-LIQUID”
EFFECT DISPLAYED

Maleyka Mammadova?, Elshan Aliev?

Professor, Azerbaijan State University of Qil and Industry, Baku. E-mail: mamedova-1944@mail.ru
2Laboratory director ten, docent, "Geotechnological problems of oil, gas and chemistry" ETI.
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ABSTRACT

Based on experimental and theoretical studies in plane-radial and plane-parallel microcracks, a
previously unknown pattern called “microcrack-liquid” effect was established for the first time,
that when viscous liquids move in a microcrack at h<hcr, anomalous properties appear, and when
anomalous liquids move, rheological parameters increase, at h>hcr these effects disappear.

It was revealed that the reason for the manifestation of anomalous properties of Newtonian liquids
and the enhancement of the rheological properties of non-Newtonian systems when they move in
microcapillary cracks is the new microcrack effect of the “microcrack-liquid” system.

The established critical values of crack opening for the studied viscous oils are 160 um at a
temperature of 303 K

The results of experimental studies of the movement of viscous oil in a plane-parallel microcrack
are summarized and the crack openings and rheological parameters of Newtonian fluids are
determined. For Newtonian fluids flowing in a plane-parallel crack at a temperature of 303 K,

empirical dimensionless relations for the dependences were obtained 7, /7, = f(h/h.),

e, =T(hih).
The dependence graph 7, /7, = f(h/h ) u g [, = f(h/h)consists of two straight

Omax

lines, the first straight line is characteristic of the opening value with the sizeO<h/h <1

where all the liquids have changed their mechanical behavior. At the same time, viscous liquids
became abnormal in their properties. The second straight line is typical for crack opening values
with dimensions, while viscous fluids restore their mechanical behavior, i.e. the second straight
line is not a continuation of the first straight line, since these straight lines characterize different
behavior of the liquid.

To implement the process of developing fractured deposits, it is recommended to take into
account the identified microcrack effect in the “microcrack-liquid” system.

Changes in the mechanical properties of liquids when moving in channels whose dimensions are
h<hkp and their restoration when moving in channels whose dimensions are h>hkp represent the
“microcrack-liquid” effect. h>hkp. This is achieved by using strong physical fields. Consequently,
to activate moving and quiescent liquids in microcracks, it is necessary that the channel sizes
change from the state h<hkp to the state h>hkp.

Keywords: microcrack opening, non-Newtonian fluids, ultimate shear stress, structural viscosity,

microcrack-liquid effect.
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Introduction.

For the first time, based on experimental and theoretical studies in plane-radial and plane-parallel
microcracks, a previously unknown pattern called “microcrack-liquid” has been established, the
effect that when viscous fluids move in a crack at h<hc, anomalous properties appear, and when
anomalous fluids move, rheological parameters increase, at h>ner these effects disappear [3-6,
etc.].

According to the microfracture-liquid effect, 70% of the geological reserve is in microfracture
channels and low-permeability porous media. Therefore, to attract the influx of this oil to the
bottom of the wells, it is necessary to develop an event that will bring the field from the h<her
state to the h>hc state and ensure an increase in production. The found “microcrack - liquid”
effect will be considered in oil production practice to increase the oil recovery factor when
displacing oil from fractured formations.

Works [1, 2, etc.] are devoted to studying the features of the movement of a viscous fluid in
cracks. However, the manifestation of anomalous hydrodynamic behavior of liquids in a
microcrack has not yet been sufficiently studied. There are different opinions about the
manifestation of anomalous hydrodynamic behavior of liquids when moving in a microcrack.

A review of scientific publications obtained based on experimental and theoretical work by
domestic and foreign research indicates discrepancies about the reasons for the manifestation of
anomalous properties of Newtonian liquids and the enhancement of the rheological properties of
non-Newtonian systems when they move in microcapillary cracks. For this reason, the “liquid-
fracture” effect found in our research is not considered in oil production practice when extracting
oil from such formations [3-6, etc.]. This effect determines the consideration of the noted
phenomena when making decisions on regulating the operating modes of production facilities in
order to enhance the flow of fluid from the formation into the well.

Based on the results of experimental studies of water, viscous and non-Newtonian oils in
microcracks, a new effect was identified, the critical opening of a microcrack hcr, the so-called
“microcrack-liquid” effect, without which it is impossible to carry out technological calculations
for various processes in industry, medicine, etc. [3- 6, etc.].

For rational development of oil fields with fractured reservoirs, information about the rheological
parameters of the moving fluid is necessary. Based on this, an attempt was made to generalize the
results of experiments on studying the movement of Newtonian fluids in microcrack channels, as
it was shown that under conditions of a noticeable manifestation of the “microcrack-liquid” effect,
the structural and mechanical properties of the liquid depend on the opening of the cracks.

The purpose of the work is to study the “microcrack-liquid” effect during the movement of liquids
in cracks with micron openings and to generalize the experimental results for determining the
opening of cracks and the rheological parameters of viscous liquids.

Below are the results of determining the crack opening and rheological parameters of Newtonian
fluids when moving in plane-parallel cracks with micron opening. A generalization has been
made of the results of experimental studies of the movement of viscous liquids in plane-parallel
plane-radial microcracks [3-6].

Experimental results, their processing and generalization.
Experimental studies were carried out on a setup with plane-parallel cracks with different
openings h [3-6].
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This article presents the results of determining the critical crack opening and rheological
parameters of Newtonian fluids when they move in a plane-parallel crack. A generalization has
been made of the results of experimental studies of the movement of viscous oil in a plane-
parallel microcrack [6].

It has been established that when a viscous one-parameter fluid moves in channels with an
opening less than critical h<hcr, the viscous fluid behaves as anomalous, i.e. becomes two-
parameter, and when moving in channels h>hcr, the liquid becomes one-parameter. For
anomalous liquids in channels h<hcr, the rheological parameters of the liquid are enhanced, and in
channels h>hcr they remain unchanged. The scientific significance is as follows: a new unknown
direction has been established in the field of mechanics—the mechanics of liquid, gas and plasma
in channels with micron openings.

The constructed dependences of the average velocity gradient (][] on the average tangential shear
stress [1[] for various values of crack opening during the movement of viscous oils in plane-
parallel microcracks showed that when viscous oils move in a plane-parallel microcrack, non-
Newtonian properties appear, which weaken as the crack opening increases.

In Fig. 1 and 2, respectively, show the dependences [10h of the ultimate shear stress and [1h of
structural viscosity on the opening value. As can be seen from these figures, when viscous oil
moves in a plane-parallel fracture, with increasing opening, the ultimate shear stress and structural
viscosity of the oil decrease to a certain value of the crack opening.

When viscous oils with a viscosity of 103 and 117 Pa s, respectively, move in a plane-parallel
crack with an opening value of 160 um at a temperature of 303 K, the ultimate shear stress is zero,
and the viscosity remains constant [6]

A generalization has been made of the results of experimental studies of the movement of viscous
liquids in a plane-parallel microcrack [6].

Figures 3 and 4 show the results of changes in the dimensionless quantities Ton/Tomax and

Un/ e depending on the ratio of crack opening to the critical value — h/h. at a temperature of

303 K. As can be seen from these figures, the graphical dependences are a straight line.
The following dependencies were obtained for these straight lines at (0 = h/h,, = 1):

2on/ Tinax = -2,1485h/her + 2,0617 1)
pillpier = -1,1986h/her + 2,1907 )

-dependence of the ratio of the ultimate shear stress to the maximum value (Tgz/Tgmax) ON the
ratio of the opening to the critical value (h/h_,.);

-dependence of the ratio of structural viscosity to the critical value (K;,/U.;-) on the ratio of
opening to the critical value (4 /h.,.).
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Figure 1: Dependence of 7y, on h during the movement of viscous oil in plane-parallel cracks at
T =303 K: In the first well (curve 1) and in the second well (curve 2)
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Figure 2: Dependence of t; 0N h during the movement of viscous oil in plane-parallel cracks at
T=303 K: In the first well (curve 1) and in the second well (curve 2)
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Figure 3: Dependence of ton/Tomax 0N h/her during the movement of viscous oil in plane-parallel
cracks at T = 303 K: In the first well (curve 1) and in the second well (curve 2)
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Figure 4: Dependence of pn/per 0n h/her during the movement of viscous oil in plane-parallel
cracks at T = 303 K: In the first well (curve 1) and in the second well (curve 2)

From graphs 3 and 4 it is clear that the dependence ton/Tocr=f(/her) and pn/per=f(h/her) consists of
two straight lines, the first straight line is characteristic of the opening value with size 0<h/h<1
where all fluids have changed their mechanical behavior.

At the same time, viscous liquids acquired anomalous properties. The second straight line is
typical for crack opening values with dimensions h/h¢>1, while viscous fluids restore their
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mechanical behavior, i.e. the second straight line is not a continuation of the first straight line,
since these straight lines characterize different behavior of the liquid.
Thus, for a wide class of viscous fluids, mathematical models of a plane-radial fracture at
temperatures of 306 K have been obtained, which can be used to determine the parameters of
fractured formations, as well as the rheophysical parameters of fluids.

Conclusions

Based on experimental studies and theoretical generalizations of the results on the movement of
various fluids in crack channels, “the fundamentals of fluid mechanics in ultra-low-permeability
media and micro-crack channels have been developed”:

1. When viscous oil moves in a crack with an opening h-hcr, non-Newtonian properties appear in
the “microcrack-liquid” system, and when h>h¢r the indicated microcrack effects are absent.

2. The resulting microcrack effect for a homogeneous liquid, cleared of air or gas, acts as an
additional resistance and can, during the flow of two and three-phase liquids in microcrack
systems, further enhance the Jamin effect.

3. The established critical values of crack opening for viscous oils are 160 microns at a
temperature of 303 K.

4. For the first time, it was experimentally revealed that the reason for the manifestation of
anomalous properties of viscous liquids, in particular water, and the enhancement of these
properties for anomalous liquids in cracks is a new microcrack effect of the “microcrack-liquid”
system.

5. For Newtonian fluids flowing in a plane-parallel crack at a temperature of 303 K, empirical
dimensionless relations were obtained for the dependences ton/Tomax, tn/per=f(h/Ner),.

In the hydrodynamics of fluids, to eliminate the influence of the degree of crack opening, i.e. In
order to achieve the “crack-liquid” effect, it is advisable to influence the “microcrack-liquid”
system with powerful ultrasonic, hydrodynamic, acoustic and other waves, which requires the
manufacture of special installations.
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PE3IOME

BriepBele Ha  OCHOBE  DKCHEPHMEHTAJIBHBIX W TEOPETHUYECKUX  HCCIICOBAHHSIX B
TJIOCKOpaIMaibHON U IIOCKOMAapalIeIbHONH MUKPOTPEIIMHAX, YCTAHOBJICHA HEU3BECTHAS paHHEe
3aKOHOMEPHOCTh ¢ Ha3BaHUEM «MUKPOTPEIIHHA-KUIKOCTEY 3PPEKT, 4TO MPU JABHKECHUU BI3KHX
xuakocteir B Mikrorpenmuue npu h<hg, mposiBASIOTCS aHOMAaJIbHBIE CBOMCTBA, a MPU JABHIKCHUH
AHOMAJIBHBIX KHUKOCTEH YCHJIMBAIOTCS pPEOJOrMYecKue mapameTpsl, npu h>h., ykazanHbie
3¢ (HeKTh NCUe3aroT.

BBUTO BBISIBIIEHO, UTO MPUYHMHBI MPOSBICHUS aHOMAJTBHBIX CBOMCTB HHIOTOHOBCKHX JKHUIKOCTCH U
YCHJIEHUS PEOJIOTMUECKUX CBOWCTB HEHBIOTOHOBCKMX CHCTEM TMIPH JIBIDKEHUM HX B
MUKPOKANWLUIAPHBIX ~ TPEIIUHAX  SBISETCS HOBBIM MHUKPOTPEHIMHHBIH A()(EeKT crucTemMsl
«MHKPOTPEIIUHA-KUKOCTHY.

YcTaHOBIICHHBIC KPUTHICCKUE 3HAYCHHS PACKPBITOCTH TPEIIMHBI COCTABIISACT IS MCCIICTYEMBIX
Bs3KOKUX Hedreil 160 mxMm nipu Temneparype 303 K
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OO0O0OIIeHBI Pe3yNbTAaThl AKCICPUMEHTAIBHBIX WCCICAOBAHUN JIBIDKCHUS BS3KUX HEPTH B
IJIOCKONApAJUIEIbHOM MHUKPOTPEUIMHE U ONPENENIEHbl PACKPBITOCTU TPEIIMH U PEOJOTHUYECKHX
[1apaMETPOB HBIOTOHOBCKUX KUAKOCTEH. JlJIsi HBIOTOHOBCKUX MKUJKOCTEM IIpU TEUCHUH B
IJIOCKOMapajiieabHoM  TpemuHe 1pu  Temreparype 303K  moaydeHsl  SMOMPUYECKHE

6espasmepHble oTHOMIEeHUs s 3aBucnmocredt 7, /7, = f(h/h ), g [ =f(h/h).

=f(h/h,) n p/p,=FT(h/h)) cocrour us meyx

Omax

I'padux 3aBucumocreit 7, / Toko

IPAMBIX, IIEpBas NpsAMas XapakTepHa Ui 3Ha4eHus packpeITocTu ¢ pasmepom 0 < h/ hkp <1 rne

BCE JKMJIKOCTH M3MEHWIH CBOE MEXaHW4ecKoe noseneHue. lIpm 3ToM BsA3KHE KMIKOCTH CTalu
aHOMaJIbHBIMM CBONMCTBA. BTOpas mpsmas xapakTepHa i 3HAYEHUU PACKPBITOCTH TPELIMHBI C
pasmepamu h/ hkp >1, mpu 3TOM BSI3KME XHUAKOCTH BOCCTAHABIMBAIOT CBOE MEXaHHYECKOE

HOBEJICHUE, T.. BTOpas IpsiMas HE SBISIETCS NPOJOJDKEHHEM MEepBOI NMpsMOM, Tak Kak 3TH
IpsIMbIE XapaKTEPU3YIOT Pa3HOE MOBEJCHHUE KUIKOCTH.

Jlis ocymiecTBieHuUsl Ipolecca pa3padOTKU TPELMHOBATBIX MECTOPOKICHUH PEKOMEHIYeTCs
YUYECTh BBISBICHHBIH MUKPOTPEIINHHBIN () (PEKT B crcTeMEe «MUKPOTPEIINHA-KUKOCTH.
M3MeHeHne MEeXaHMUYECKMX CBOMCTB MKHUJIKOCTEH MpHU JIBHKEHHWU B KaHalax, pa3Mepbl KOTOPBIX
h<hkp 1 X BOCCTAaHOBJICHHE TPH JBIKCHUU B KaHAJIaX, pa3Mepbl KOTOpbIXx h>hyp mpeacraBisioT
co00ii 3PDHEeKT «MUKPOTPEIIHMHA-KHIKOCTE». h>hy. DTO moctHraercs ImyTeM HCIOIb30BAHUS
CHIIBHBIX (pr3mueckux monerd. CrieoBaTeNbHO, A aKTUBU3ALWHU JIBMKYIIUXCS U TTOKOSIIIUXCS
AKHUJIKOCTEH B MUKpPOTpEIIMHAX HEOOXOJUMbI pa3Mepbl KaHAIOB U3 COCTOSIHUM /</kp IPUBECTU K
cocTosiHuo h>hyp,

Ki1roueBble ¢j10Ba: pacKpbITOCTb MUKPOTPELIMHBI, HEHbIOTOHOBCKHE XKHUJIKOCTH, IIPEAEIbHOE
HaNpsDKEHUE CIIBUra, CTPYKTYpHAs BA3KOCTh, 3P PEKT "MUKPOTPEUIMHA-KUAKOCTD" .

MiKROCATLI KANALLARDA MAYENIN REOLOJI
XUSUSIYYOTLORINO “MIKROCAT-MAYE” EFFEKTININ TOSIRi

Mboleyka Mamadova?, Elson Oliev?
1Professor, Azorbaycan Dovlat Neft vo Sonaye Universiteti. E-mail: mamedova-1944@mail.ru
2(Neftin, Qazin Geotexnoloji Problemlori vo Kimya» ETI. E-mail: elsan67@mail.ru

XULASO

Ilk dofo olaraq, miistovi-radial vo miistovi-paralel mikrogatlarda eksperimental vo nozori
todgigatlara osasinda, “mikrogat-maye” effekti adlanan ovvallor molum olmayan ganunauygunluq
miloyyon edilmisdir ki, 6zIii mayelor mikrogatda h<hy~-do horokot etdikdo, anomal xassolor
yaranir vo anomal mayelor harokot etdikds iso reoloji parametrlori giiclonir, h/hw>1 oldugda bu
tosirlor yox olur.

Molum olmusdur ki, Nyuton mayelorinin anomal xassalorinin tozahiirii vo qeyri-Nyuton
sistemlorinin mikrogatlarda harokot etdikds reoloji xiisusiyystlorinin artmasina sobab yeni
“mikrocat-maye” effektidir.
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Tadqiq edilon 6z1ii neftlor {igiin ¢atlarin aralanma doracosinin miioyyan edilmis kritik qiymati 303
K temperaturda 160 mikrondur.

Eksperimentlorlo miixtolif 6zliliklii mayelor iiclin ¢atin aralanma doracasinin kritik giymati h
miioyyon edilmisdir. Kritik 6l¢iilordon hyr Kigik 6lglll catlarda 6zIu neft anomal mayeys gevrilir.
Demoli, “mikrogat-maye” effekti catli miihitdo mayenin horokatino slave miigavimot yaradir.
Onda bu mihitds tozyiq asag1 salinsa kritik ¢atlardan kigik ¢atli miihitdo maye ilkin tozyiqi 6ziindo
saxlamaqla horokotsiz qalar, “durgun” zona yaranar, kritik c¢atlardan boylik ¢atli miihitdoki
mayelor horokoto baslayar.

Ozlii neftin miistovi-paralel mikrogatda horoketinin eksperimental todgiqatlarinin noticalorinin
iimumilogdirilmasi aparilmigdir. Nyuton mayelori {iciin miistovi-radial c¢atlarda horokoti zamani

303K temperaturdaempirik Olclistiz nisbi asililiglar  alinmigdir; Ton | Tomee = T(N/ hkp) ’

H, /lLle = f(h/hkp)

won! o=F(h/hir) vo pn/pkr =f(h/hir) grafiki asliliglart iki diiz xotdon ibaratdir, birinci diiz xatt ¢atin
O<h/hi<1 0lgiilari iigiin xarakterik olub, burada biitiin mayelor 6z mexaniki xassolorini doyisir.
Bu halda biitiin 6zlii mayelor anomal xassoyo malik olur, anomal mayelor iso geyri-Nyuton
xassosini giiclondirir. Tkinci diiz xott catin aralanma doracasinin &lgiisiiniin h/hki>1 qiymeti {isiin
xarakterik olub, bu halda biitiin 6zIii vo anomal mayelor 6z mexaniki xassalorini barpa edir, yoni
ikinc1 diiz xatt birincinin davami olmayaraq, mayelorin miixtalif xassalorini xarakterizs edir.
Mikrocatli neft yataglarin islonmaosi prosesini hoyata kegirmak {i¢lin "mikroc¢at-maye" sisteminda
miioyyon edilmis “mikrogat-maye” effektini nozors almaq tovsiys olunur.

Mayelorin gatin aralanma deracasinin h<hy qgiymotlorindo horokstindo mexaniki xassolorinin
doyismoasi, #>hkr oldugda iso onun barpa olmasini tomin edon “mikrogat-maye” effektidir. Bu
natico osas verir ki, laydaki “qaliq neft”i monimsomok {igiin yataqlarin islonmosi vo quyularin
istismart liclin elo texnologiyalar yaradilmalidir ki, bu texnologiyalarin totbiqi noticosindo

laylardaki vo quyularin drenaz zonalarindaki h<h, veziyystindo olan neftlori h>h,
voziyyatina gotirilo bilsin. Bu, giiclii fiziki sahalordon istifads edorok olds edilir.

Acar sozlor: catin aralanma doracosi, geyri-Nyuton mayelori, baslangic toxunan gorginliyi,
struktur 6zliluk, “mikrocrack-maye” effekti.

Publication history

Article received: 18.01.2024

Avrticle accepted: 08.02.2024

Acrticle published online: 25.02.2024
DOI: 10.36962/ETM19012024-154

e

1 162




ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

SIXILMA DEFORMASIYASINA MORUZ QALAN BOYUK ELASTIKLI
TERMOELASTIK TORKIBLI INTERMETAL ORINTILI
MONOKRISTALLARDA YUKSOK TEMPERATURLARIN YARANMA
XUSUSIYYOTLORI

Omir Mustafayev!, Murad 9lizads?

'Dosent, “Mexanika” kafedrasi, Azorbaycan Dévlot Neft vo Sonaye Universiteti. E-mail: mustafaev-1959@mail.ru
2Magistr, “Mexanika” kafedrasi, Azorbaycan Dovlat Neft vo Senaye Universiteti.

E-mail: muradalizade901@gmail.com

XULASO

Baxilan moaqalads yiiksak temperaturlu boyiik elastikli sixilma temperaturuna moruz qalan Ni-Fe-
Ga monokristalli  martensitin axma (LM) hoddinin temperaturdan asililiginin naticalori
verilmisdir. ©lds olunan naticalor gostorir ki martensit ¢evirmalori yiik altinda axma haddi L1
olan martensitin temperaturu axma hoddi 14M olan martensitin temperaturuna nisboton 1.7 dofs
az olur.

Bu mogqalads homginin Ni-Fe-Ga monokristallarda yiiksok elastikli intervalin artma istigomatindo
sixilma zamam kritik gorginliklo temperaturun, deformasiyanin borkimo omsali vo martensitin
(L1,0) axma haddinin boylimasi miioyysn olunmusdur.

Tadgiqatlarin noticalori gostarir ki, L21-(10M/14M)-L10 termoelastikli intermetal orintili Ni-Fe-
Ga monokristaldan ibarot olan martensit g¢evrilmalorindon yiiksok temperaturlara davamli
miiharriklords istifads oluna bilor.

Yiiksok temperaturlarda (645 °C vo daha boyiik) intermetallarda daha ¢ox elastikliyin yaranmasi
miisahido olunur. Buna sabob intertmetallarin torkibindo méhkom austinitin yaranmasidir.
Tadqgiqatlarin noticalori gostorir monokristallarin (Ni-Fe-Ga) dartilmasi temperaturlarin 557+746
°C intervallarina tosadiif olunur vo bu zaman deformasiya 8%-0 yaxin olur. Boyiik elastikli
martensito ¢evrilmoalor biitiin intervallarda yiikiin tosir altinda Mg=1024 °C temperatura qodor
austenitin plastiki axma gorginliyino qador davam edir.

Acar sozlor:  martensit, intermetal, monokristal, kritik gorginliyi, termoelastik, austenit,
temperatur.

Giris.

Todqiqatlar zamani monokristallarda (Ni-Fe-Ga) dartilma sixilma deformasiyalari arasinda bdyiik
elastikli intermetal orintilorde martensito kec¢idds kritik gorginliklorin yaranma soviyyasinds
assinmetriyanin amolo golmasi miioyyan olunmusdur.

Martensito ¢evrilmolordo boyiik elastikli materiallarda temperaturun genislonma intervali -454°C-
don cox olur bu intervalda (557-dan 737°C -o qoder) doyisir. ©gor martensito gevrilmolords
temperatur hoddi T>374 C-do ¢ox olarsa, onda monokristallarin dartilma deformasiyas1 sixilma
deformasiyasina nisboton 2 dofo ¢ox olur.

Aparilan todqigatlarin noticolori gostorir ki, boylik elastikli termoelastik torkibli intermetal
aorintilorin yliksok temperaturlarda dartilmaya, asagi temperaturlarda iso sixilmaya islonmosinin
osas sobabi tadgiqatlarda bu vaxta qodor aydinlagdirilmamisdir. Yoni, sixilma deformasiyasina
qarst daha yaxs1 isloyon axma haddi L2,1 olan austenitdon daha az istifads olunmusdur.
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Boyuk elastikli Ni-Fe-Ga kristall torkibli termoelastik intermetallarda temperaturun artmasini va
genislonmasini miioyyon edon kriteriyani toyin etmokdon o6trii, yalmiz yiiksok temperaturlarin vo
sixict gorginliklorin  martensito ¢evrilmo fazalarinin méhkomliyindon (T>My) asililigint deyil,
hom do martensit fazalarinin austenitdon (Af-don) martensito (Mg-y9) godor olan temperatur
intervalinda tadqiq olunmasi tolabi yaranir.

Bu ciir yanagma adoton boyiik yiik altinda martensitin torkibinin méhkomliyinin artmasina vo
martensitdo gorginlikli plastiki axma hoaddinin bas vermasina sobob olur. Ogor martensitin axma
haddi (o01) termoplastik torkibli intermetal orintilorin yiik altinda sixilma gorginliyino yaxin
olarsa, onda oks istiqgamatda ylikiin azalmas1 martensit Kristallarinin yaranmasini ¢atinlogirdirir.
Aparilan ¢oxsayli todqiqatlar zamani martensit c¢evrilmoalorindo monokristallarin (Ni-Fe-Ga)
sixilma deformasiyas: zamani temperaturlarin martensitin yaranma fazasinda plastik sixilmanin
gorginliklordon asililig1 da todqiq edilmomisdir.

Mbosalanin qoyulusu.
Sixilma deformasiyasina moruz qalan termoelastik torkibli intermetal orintili monokristallarda
yiiksok temperaturlarin yaranma xiisusiyyatlorinin todqiqi.

Masalonin halli iisullari.

Aparilan todqgiqatin osas maoqgsadi sixilma deformasiyasinda yiiksok temperaturlarda boyiik
elastikli termoplastik torkibli intermetal orintilorin martensito ¢evrilmo intervalinin martensitin
axma haddino uygun golmasino vo martensit monokristallarinda (Ni-Fe-Ga) kritik gorginliklorin
omoala golma soviyyasina baxilmasidir [1,3].

Bir fazali voziyyotdo monokristallar alave termiki emal olunmadan todqiq olunmusdur. Belo
monokristallarin strukturu yiiksok temperaturlar fazasinda L1 strukturuna malikdir [2,4].

Toadqiq olunan niimiinalorin 6lgiilori duzbucagl paralelipiped (3x3x6) formasinda olmusdur.
Tadqiqatlar zaman1 monokristallarin sixilmasi yiikiin tosiri ilo miisayiot olunmusdur. Todqiqatlar
zaman1 "gorginlik-deformasiya” oyrisi ylik vo yilikdon azad olunma vaxti sabit temperaturlarda
(T=569 C -897 C temperatur intervalinda) alimmisdir.

Tocriibi todgiqatlar zamani1 mikrokristallarin (Ni-Fe-Ga) soyumasi (qizmasi) yalniz bir moarholods
gorarlagsmis rejimdes tadqiq olunmusdur. Todqiqatlar zaman1 miioyyon olunmusdur ki, temperatur
artdiqca martensitin kristal qurulusunda todricon doyisikliklor bas verir. 556-603 'C temperaturlar
intervali arasinda L,1-14M martensitin yiikiin tosiri altinda kristal qurulusunda doyisikliklor bas
vermis baslangic temperaturlarda Ms=558 C, sonda iso M=542 C olmus, oks istigamotda iso
austenitin kristal qurulusunda doyisikliklor bas vermis, baslangicda temperaturlar As=552 C,
sonda iso Ar=558 C olmusdur.

Todqiqatlar zamani temperaturlar artdigca, martensitin kristallik qurulusunda bas veran struktur
doyismosi  (556-603 C intervalinda) yiik artdigca, monokristallarmn strukturu martensitin Ly 1-
14M formasina gevirilir.

Sokil 1-do gorginliyin nisbi deformasiyadan asililiq grafiki verilmisdir (6=f(€)), Izotermik soraitdo
yiiklonma va yiikdon azad olunma vaxti martensitin yiikiin tosiri altinda kritik gorginliklordon (ckr)
asililig1 miioyyan olunmusdur (sokil 2 (a, b)).

Temperaturun artmasi ilo kritik gorginliyin artmasi (o) Klapeyron-Klanzius tonliyino asason
xotti qanun iizrs dayisir.
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Sakil 1: (a,b). Monokristallaarin sixilmasi zamani1 yaranan gorginlikli voziyystin nisbi
deformasiyadan asililigin1 gostoron grafik.

O_MPa

A oMm ® cm AGMPa
= oMM A
ACM
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G, Am a1 A
30F 4
L A
20 r
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> ] ] L ] S .
T.C 10 > T, C
a) b)

Sokil 2: Yiiksok temperaturlarda boytik elastikli monokristallarin (Ni-Fe-Ga) sixilmasi zamani
kritik gorginliklorin temperaturlardan martensitin axma hoddindon (ok™) vo austenitin axma
haddindon 60,1(A) vo mexaniki histerizodon (Ac) asiligini gostoran grafik

To-kimyavi tarazliq fazasindaki temperaturlart Ni-Fe-Ga monokristalarinin dartilmasi zamani
termoelastik torkibli intermetal orintilordo yiiksok temperaturlarin yaranmasi iki morholodo bas
verir. ok=f(T)-do yiiksok gorginlikli temperaturlarda oi-omsalinin qiymoti au=dox/dT=1.7 MPa/
'C, asag gorginlikli temperaturlarda iso oz=dok/dT=0.5 MPa/ C olur.
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(1) tonliyina asason d=dok/dT-nin qiymati martensito ¢evrilmods deformasiyanin (€te) qiymati ilo
tors miitonasibdir. Martensito c¢evrilmolorin birinci morholosindo nisbi dartilma deformasiyasi
(€4=6.4 % L21-14M), ¢evrilmenin ikinci morhalasindoki nisbi dartilma deformasiyasina (€4+=13.5
L2,1-L1,0) nisbaton daha az olur. Oks istigamotds yiikiin tosiri altinda sixilma deformasiyasi zamani
termoelastik torkibli intermetal arintilors a amsali (a=2.1 Mpa/ C) tasir etmir. Buna sobab Ei-
giymatinin martensito ¢evrilmolordo 14M vo Lio-1n struktur qurlusuna bu omsalin eyni doracoda
tosir gdstormasidir [5,6].

Ni-Fe-Ga monokristallariin oks yiikiin tosiri altinda sixilmasi zamani martensitin yaranmasina
tosir edon temperatur artiminin mexaniki histerizodon qrafiki asililigi (Ao=f(z)) mioyyon
olunmusdur. 14M orintili martensitin 566 C -603 C intervalinda temperaturlarin histerizodon
asililig1 cox az olur (bu asililiq togribon Ac=20 MPa-dir) (sokil 2). 633 'C -736 C arasinda
temperaturlar intervalinda yiik altinda austenitin L21-don L1o -0 kecidindos histerizo daha genis
viisat alir (Ac=40 MPa) vo onun temperaturlardan asililig1 ¢ox zosif olur [4,7,8].

Gorginliyin artmasi ilo temperaturlarin artmasit martensitin ikili strukturuna vo mexaniki
histerizaya tesir etmadiyinden (T<603 'C vo T>633 C, 603-633 C —do) histerizonin artmasi
martensito ¢evrilmods strukturunun L1, godor doyigsmasine sabab ola bilir.

o=f(£) qarfiki asililiq oyrisinds yiikiin tosiri altinda 4 morhals qeyds alinmisdir (Sokil 1(a,b)).
Birinci morhalo austenitin elastiki deformasiyasi, ikinci morholo yiikiin tosiri altinda termoelastik
torkibli intermetalla, {iglinci morhalo martensitin elastiki deformasiyaya, dordincii moarhalo iso
martensitin plastiki deformasiyaya ugramasti ils baglhdir.

Qrafikdon goriindityli kimi temperatur artdiqca kritik gorginlik artmagi baslayir. Qrafikin 1-Ci
morhalasinds kritik gorginliyin (okr) artmasi avvalco termoelastik torkibli intermetallarda yiikiin
tosiri altinda gorginliyin artmasina, 2-ci marhalasinds oks deformasiyasiyinin azalmasina, 3-cii vo
4-cii morhalalarinds 1so martensitin axma haddinin azalmasina sabab olur.

Oks istigamotde yaranma sixilma deformasiyasinin giymatinin temperaturlarin 546 C -736 C
intervalinda doyismosi (6.2 % qodor azalmasi) martensitin strukurunun doyismosindon asili
olmayib, martensito ¢evrilmoalordo Lip vo 14M-in martensito cevrilmo strukturlarinin nazori
cohoatdon eyni doracads azalmasi ilo (62.5 %) 1zah olunur [4,7].

Deformasiyanin azalmasina sobob o=f(€) asililigindan goriindiiyii kimi austenitin elastiklik
modulunun (Ea) somoroliyinin martensitin elastiklik modulunun somoraloliyindon (Em) Xeyli
asag1 olmasi vo austenitin elastiklik modulunun az olmasina sabob iso martensit ¢evrilmolorinin
yukiin tosiri altinda austenitin struktur qofasini doyisorok martensitin  parametirlorino
yaxinlagmasidir.

Ti Ni arintilorinda[10] vo Ni-Fe-G1-Co kristallarmin [11] oks istigamotdoki deformasiyasi (Erez)
yalniz austenitin martensito ¢evrilmosi ilo bagli olmayib, austenitin elastiklik modulu (Ea) ilo
martensitin (Ewm) elastiklik modullar1 arasindaki somaraliliyin forqli olmasi ilo baghdir:

Erev = Err [— - —] |Gkr| (2)

burada, okr-kritik gorginlikdir.

Ni-Fe-Ga kristallarinda sixilma zamani austenitin elastiklik modulu, martensitin elastiklik
modulundan az olur (Ea<Ewm) (sokill).(2) beraberliyindoki ikinci toplanan monfi isarali olur.
Temperatur artdiqca kritik gorginliyin (okr) soviyyssi ilo ikinci toplananin qiymeti do artir,
deformasiya yarandiqda isa bu qiymat oksino azalir. Sokil 2-do temperaturlarin martensitin axma
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haddindon (co.1(wv)) vo kritik gorginliyin (ok) mMmartensito ¢evrilmolordon (prosesin avvolindon
sonuna qoador) asililigini gostoran grafik qurulusdur.

M14 torkibli martensit yiiksok sixliga malik oldugundan, o bu torkibli intermetallarda siirlismanin
artmasiin qarsisint alir. Ona goro do M14 monokristalli martensitin axma hoaddi ¢ox olur,
60.1m)=1430 MPa.

Martensitin strukturu 14M-don Lig-a qodor doyisdikds ani olaraq garginliklor azalir, martensitin
axma hoddi 633 'C temperaturlarda axma hoddi 830 MPa-ya godor azalir.

T>632 'C temperaturlarin artmasi ilo martensitin L1o ¢evrilmosindo, T=736 C-do martensitin
axma hoddi 775 MPa-ya qodor azalir. Eyni zamanda martensit g¢evrilmolorindo gorginliyin
qiymatinin (okr-okr(f) vo temperaturlarin artmasi deformasiyanin méhkomlondirilme amsalinin
®=do|d€-in 2*10? MPa-dan (T=568 C -do), 21*10> MPa-ya (T=736 C) qoder artmasina sobob
olur.

Kritik gorginliyin artimi, martensits ¢evrilmonin kritik yiikiin tesiri altinda (okr), 6=do|d€
omsalinin artmasina, 736 'C temperaturlarda gorginliyin giymati ok(f)=700 MPa ¢atir, martensitin
axma haddinin qiymating yaxin olur (co.10vy=775 MPa) (sokil 2).

Beloliklo, Ts2=736 C temperaturlarda boyiik elastikliyin yaranmasma osas sobob martensit
cevrilmosinds deformasiyanin qiymetinin yiiklonmado vo yiikdon azad olunmada oks torsfo
yonalmosidir.

736 C<T<816 C temperatur intervallarinda Nj-Fe-Ga monokristallarinin sixilmasinda Lz,1-L10-nin
martensit ¢evrilmolorinds a omsalinin a=dok/|dT=2.1MPa| C omsalinin qiymeotinda temperaturla
yanas1 kritik gorginlikdo artir.

Bu zaman temperaturlar T<Tsgz olur. Temperaturlarin 736 C < T < 816 C intervalinda kritik
gorginliyin okr(my>co.1(m) qiymatindo martensit ¢evrilmolorinds mikroplastik deformasiya yaranir
vo Lio-martensitino ¢evrilmo qorarlagsmis rejimo kegir, proses stabillosir. Yiikdon azad olunmada
deformasiyanin miioyyon hissasi oks istigamot do yonalir.

Martensit cevrilmolorindo temperaturlar  Mg=823 'C yaxinhsdiqda yiikdon azadolmada
deformasiya prosesin oksina tarafa yonolmis olur (sokill , 816 C- oyrisi).

T~823 'C eyni zamanda martensito cevrilmolordo austenitlo martensit arasinda plastiki
deformasiya bas verir. Belo ¢evrilmolor adston materiallarin bir fazadan digor fazaya ke¢maosi
prosesindo bag versa do, lakin plastik deformasiya zamani kegidlorin say1 artir.

Onu da geyd etmok lazimdir ki, 816 'C-do tsiklik yiikiin tosiri altinda materialin sortlosmaosi
martensitin méhkomlonmosing tosir edir.Yoni 816 'C temperaturlarindan avval deformasiyanin
oks torafo yonolmasi bas verir (sokill) (816 C, 3-cii oyri ).

Beloliklo, Ni-Fe-Ga kristallarinda  elastiki  genislonma  temperaturlarin =~ ATse=Tsg2-Tse1
intervallarinda bas verir.

Natica.

1. o=do/d€ amsalinin qiymati martensitin torkibinin méhkomlondirilmasing tesir edon temperatur
intervalinda austenitin vo martensitin kristal qgofeslorinin torkibini vo her iki ¢evrilmeni
temperaturlarin tosiri ilo méhkomlondirilmasini miioyyon etmoyo imkan verir. o=do/d€ omsali
olavo omsal olmaqgla boylik elastikliys malik olan intermetallarda temperaturlarin artma
intervallarinda istifado edilmoklo yanasi digor monokristallarin, o cimlodon do Nj-Fe-Ga torkibli
monokristallarin dartilma deformasiyasinda da istifads oluna bilar.
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2. Sixilma deformasiyasina moruz qalan boylik elastikliys malik olan termoelastik torkibli
intermetal orintilorin yliksok temperatur intervallarinda austenitin torkibinin yliksok méhkomliyo
malik olmast vo o =dok/dT omsalinin kigik qiymotlor almast daha magsodouygun hesab edilir.
Buna sabab boyiik yiikiin tosiri altinda martensito ¢evrilmolords 6o.1¢w)-in artimi istigamatinds vo
boylik elastikli sixilma deformasiyalarina moruz galan intermetal orintilorin monokristallarinda
cevrilmoalords austenito vo martensitin méhkomliyins tasir edon deformasiya omsalinin (®=do/d€)
sifira yaxinlagmasidi

Bayannamolar
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ABSTRACT

In the article under consideration, the results of the temperature dependence of the flow rate (LM)
of Ni-Fe-Ga monocrystalline martensite subjected to high-temperature large-elastic compression
temperature are given. The results obtained show that martensite transformations under load the
temperature of martensite with a flow rate of L1 is 14M temperature of martensite with a flow
rate of 1.7 times.

This article also defined the growth of temperature, deformation,hardening coefficient and flow
rate of martensite (L1,0) with critical stress during compression at high elastic interval in Ni-Fe-Ga
monocrystals.

The results of the studies show that martensite transformations consisting of an intermetal alloy
Ni-Fe-Ga monocrystal with thermoelastic L2,1 - (10M/14M) - L1 can be used in engines resistant
to high temperatures.

At high temperatures (645 °C and greater), the formation of greater elasticity in intermetals is
observed. The reason for this is the formation of solid Austinite in the composition of
intertemetals.

The results of the research show that the tensile strength of monocrystals (Ni-Fe-Ga) coincides
with the temperature intervals of 557+746 °C, at which the deformation is close to 8%.
Transformations into martensite with large elasticity continue at all intervals under the influence
of the load to a temperature of My¢=1024 °C to the plastic flow voltage of austenite.

Keywords: martensite, intermetal, monocrystalline, critical voltage, thermoelastic, austenite,
temperature.
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MHTEPMETAUIMYECKHUX CIIIABOB KPYITHODJACTHYHOT' O
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PE3IOME

B paccmaTpuBaeMoil cTaTtbe NMPEACTaBICHBI PE3YJIBTATHI TEMIIEPATYPHOU 3aBUCUMOCTH IIpeeia
tekyuectd (LM)  moHOkpucTasmmdyeckoro  mapreHcuta Ni-Fe-GA, mojaBepraromerocs
BBICOKOTEMIIEPATYPHBIM  TeMIleparypaMm  yIpyroro cxatus. llomydeHHBIE — pe3yibTaThl
MOKA3bIBAIOT,YTO TNPU MAPTEHCUTHBIX MPEBpAIICHUSIX TeMIlepaTypa MapTeHCHUTa C IpeleioM
Tekyuectd L1, o moa Harpy3kod B 1,7 paza Huke, yeM TeMmIiepaTypa MapTeHCUTa C MPEIeIoM
TeKydecTu 14m.

B nmaHHO#W cTaThe TaKKe OMpeNeNeHbl Temmeparypa, KodhduIueHT aedopMaImOHHOTO
YOPOYHEHHUST M YyBEIWYeHHe Tmpenena TekydecTd MapreHcuta (Li, o ) npu KpUTHYECKOM
HANpSOKCHWH, TPU CXKATUHM B HANpaBICHUH YBEIMYEHHsI BBICOKOIIACTHYHOTO HMHTEpBaja B
MoHokpucTaiax Ni-Fe-Ga.

PesynbraTel HMccienoBaHWN MOKAa3bIBAIOT, YTO MApPTEHCHTHBIC IPEBpAILEHUS, COCTOSIIUE U3
MoHokpuctamia Ni-Fe-GA u3 uHTepMeTamnin4eckoro crjiaBa ¢ TepMoynpyroctbio Lo 1 - (10Mm /
14m) - L1, 0, MOTYT OBITh HCIIOJIB30BaHbI B ABUTATENSIX, YCTOMUMBBIX K BBICOKUM TEMIIEpaTypam.
[Tpu BeIcOKMX TeMmmeparypax (645 © C u Bbie) Habm0gaeTCsl 00pa3zoBaHue OOJIbIIEH YIPYTOCTH
B MHTepMeTauuAax. [IpuanHON 3TOro sBiIsSeTCsS 00pa3oOBaHHE TBEPIOTO ayCTEHUTAa B COCTaBE
MHTEPMETAIIIOB.

Pe3ynbraThl HCClieIOBaHUN TOKa3bIBAIOT, YTO pacTsokeHne MoHokpuctamioB (Ni-Fe-Ga)
MIPUXOAUTCS Ha UHTEpBabl Temmnepatyp 557+746 °C, u nedhopmanus B 310 BpeMs O6mau3ka k §%.
[IpeBpameHust B MapTEHCUT OOJNBIIONW YHPYroCTH MPOTEKAIOT BO BCEX MHTEpBalax IMOJ
JEeMCTBUEM Harpy3ku 110 TeMieparypbl Mg=1024 °C npu miacTu4eckoM HanpsyKEHUU ayCTEHUTA.
KiroueBoe ¢Jj10BO: MapTEHCUT, HWHTEPMETAI, MOHOKPHCTAII, KPHUTUYECKOE HaIpsDKEHHE,
TEPMOYIIPYTUi, ayCTEHUT, TEMIIepaTypa.

Publication history

Article received: 18.01.2024

Acrticle accepted: 07.02.2024

Acrticle published online: 25.02.2024
DOI: 10.36962/ETM19012024-163

e

I 170




ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

WELL TO INCREASE SLUDGE OIL PRODUCTION ABOUT THE
APPLICATION OF WAVE TECHNOLOGY THROUGH THE SYSTEM
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ABSTRACT

The article talks about the results of the work on increasing the oil yield of the formations by
applying the shock wave technology. It is noted that when applying the shock wave method to the
layer:
first - the expansion of the feeding contour of the wells as a result of the increase in permeability
of the collector in the bed,
the second - due to the decrease in the viscosity of the oil, its filtration will improve.

It is recommended to improve the equipment used to get higher results from the application of the
method.

Keywords: shock-wave, elastic wave, seismoacoustic, vibration, perforation, rheological

property.

The actuality of the subject.

During the development of the field, it is possible to absorb only a part of the oil reserve, and the
rest (40-60%) remains in the formation without extraction. In this regard, hydraulic fracturing or
enhanced liquid extraction is used to ensure productive production of the layer. At the same time,
in order to increase the oil yield, expensive and technologically limited methods are used.
Therefore, in contrast to the above, recently, wave technology is preferred, which is related to
increasing oil yield of formations by physical methods.

Analysis of literature review.

There are many data on the application of the wave vibration method from the ground surface or
to a well [1,2,3,4,5].

With the loss of energy in the formation from the surface source, the high degree of extinction of
the mountain rocks is 70%. When the source is located at the depth of the productive layer in the
well, the effect is more intense. In this case, seimoacoustic energy enters the productive layer
directly. In rock, seismic wave attenuation increases with increasing frequency, so low-frequency
propagation affects the oil reservoir over a greater distance than a high-frequency source of the
same power. The applied low-frequency vibration and its extinction in the productive layer can
cover a large area of the oil layer. The coverage of the effect also increases with the wave nature
of the layer.

One advantage of using the well method is that it does not require constant supervision of the
equipment during its use.

There are three types of application of wave technology to the well:

1. The technology of using the pressure drop caused by the compression of liquid in the
compression chamber.
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With this system, the liquid phase of the formation is affected. Examples of such systems are the
installation of the Russian company "Nefteotdacha” [6] and the installations of the United States
"Applied Seisnik Deseardi" [7]. In these systems, the working fluid is compressed in a special
chamber or pump-compressor pipes. The injection of the working fluid into the production line
creates a shock hydraulic wave, which reaches the perforation interval and creates a seismic wave
in the productive layer.

2. The technology of using the pressure drop caused by the formation of an empty volume and its
subsequent opening.

In order to implement this technology, a device developed by AO "Tatneft" and applied using
stratum pump rods is used [8].

3. Well using mechanical variable pressure with free water line

bottom impact technology.

The technology of impact on the solid matrix of the layer was carried out by OOO HII® «Hexnpa
ECTEPH» [9]. The effect of the technology is to increase the strength of the rocks in the
productive formation by reducing the weight of the underground column.

Developed by the institute of the Russian EA Siberian branch, there is a wave pressure device
applied to the layer [10,11]. The formation of an elastic wave in the device is due to the creation
of an empty volume in the chamber. Due to the closure of the chamber, the internal volume is
filled with liquid under pressure. At this time, the generated wave is directed to the liquid column
in the well.

This process has two main directions:

- when the liquid filling the chamber passes, the extraction of oil through hydrowave technology
is possible both due to the intensification of oil seepage from wells with small production, and due
to the generation of strong seismic pressure in the surrounding wells with a cyclic frequency.

- these impulses with a wave-like feature in the productive layer spread widely, affect the
physico-chemical and geomechanical forces in the layer, increase the phase permeability of the
collector for oil, improve the coverage of the compressing agent in the layer, prevent
hydrodynamic effects on the development of the field (cyclic compression, changing the direction
of the seepage flow) prevents it from happening.

Oil, like all structured media, has a thixotropic property, so when it is shaken, its viscosity
decreases due to the collapse of its structure. This situation can be used to increase the oil yield of
the formations with high probability.

Thus, when a certain number of wells, including shock wells, are operated with a strong wave
shock:

first - the expansion of the feeding contour of the wells as a result of the increase in permeability
of the collector in the bed,

the second - due to the decrease in the viscosity of the oil, its filtration will improve.

Such an effect will not only increase the flow rate of the wells, but also increase the oil yield of
the field.

Boosting the flow of oil wells by means of shock waves is highly effective and can be proposed
for a wide range of industrial applications. The main attention should be focused on the sharp
increase of its oil production coefficient.

The development of this field can be an alternative to expensive technologies such as hydraulic
fracturing and drilling of horizontal wells.
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As a result of theoretical and experimental studies, the practical importance of using the shock
wave method has been proven:

1. There is a literature review about the physical meaning, method and applied devices of Laya
shock-wave technology,

1. The effect of shock wave technology on reservoir oil yield was studied.

When explaining the physical mechanism of the method, various types of the method are
mentioned, for example, vibrating, acoustic, seismoacoustic, vibrating-acoustic, etc., in the
articles given in the literature about increasing oil yield by applying elastic waves to the oil layer
[10-15].

At present, in order to increase the oil yield of the layers, various types of wave method have been
applied by the researchers. The frequency of the generated wave field is divided into two groups:
low-frequency methods (up to 1kHz) and high-frequency (higher than 1kHz) methods [13].

The theory of propagation of elastic waves, their propagation in areas of porous media with
absorption properties, and the results of the experimental study of the method show that the
coverage radius of the low-frequency wave method is measured in hundreds and thousands of
meters, while during high-frequency impact, the layer is affected only in a small area around the
well [15].

Physical basis of the application of the Laya wave method.

Studying the process, focusing on the effect of the absolute elastic field of the wave on the main
factors - the reduction of the final oil yield coefficient, when the formation is properly affected by
the wave

must be done:

- the formation of capillary and adhesion forces that affect the filtration of oil through the micro-
inhomogeneous porous medium,

- the formation of stagnant zones in the incomplete development system of the bed,

- that the productive layer has a micro-heterogeneous structure and a multi-layered system.

Most modern oil recovery methods overcome some of the barriers that affect oil filtration. Failure
to apply the methods on time, as well as failure to take into account the movement of hydrocarbon
liquids by gravity and capillary forces, affects technical and economic indicators.

For the first time, elastic forces were used to increase oil yield, and oil production increased as a
result of an earthquake that occurred near the field. For example, as a result of the earthquake that
occurred in the area near the Old Grozny field, the daily oil production increased by 45%, and
then returned to its previous state.

The same incident happened in the American state of California. Seismic activity

As a result, daily production increased by 100% in Reyndcli field, whose pressure decreased and
continued for a long time.

Works [6,7,8] show that low-frequency vibration increases the relaxation process in a
mechanically stressed elastic medium. This causes unnecessary events in the field around the
well, a natural leveling condition in the main part of the formation - dispersion of the elastic
reserve along the formation occurs.

The high-amplitude pulsation of the fluid saturating the porous medium leads to an increase in
absolute permeability due to the formation of old and newly created microcracks [9].
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The authors [10] experimentally noted that the rheological properties of some non-Newtonian oils
change due to wave action, so that the viscosity decreases by 20-30%, intensive vibration 8-100
kW/m 20 Hz - 4.5 MHz, after 5-6 exposures, when stored the previous viscosity is restored.
Capillary and adhesion forces are dependent on surface tension and to them is affected by the
elastic wave field. In [11], it was mentioned that the value of surface tension decreased by 3 times
as a result of the wave effect during the study of surface tension.

The author [12], who studied the effect of the wave effect on the capillary forces, shows that the
water level in the capillary decreases as a result of the wave effect. It is noted that the wave effect
increases the rate of oil extraction in a porous medium as a result of capillary absorption.
E.M.Simkin [ 16 ] shows that the wave beam affects the oil gasification mechanism. Separation of
oil and gas occurs due to high-frequency elastic wave action.

The result

Two reasons for obtaining a positive effect as a result of the application of the wave method can
be indicated. First, the method to store the happenings must be repeated continuously, because
when stored, the system relaxes and returns to its previous state. This includes improvement of the
rheological properties of the fluid, reduction of surface tension, changes in the properties of
seepage in pores, movement of droplets with small permeability, as well as the gasification
process and the formation of a second gas cap.

To the second group - the distribution of the stress state of the productive layer, unchanged
cracking, cleaning of the porous area from contamination, acceleration of the capillary absorption
process.

One of the positive effects obtained as a result of the application of the wave method is the
reduction of dilution of the obtained product.

Thus, the analysis of the results of the conducted research related to the wave method

shows that positive effects have been obtained in the direction of increasing the oil yield of the
formation and it is possible to have higher results by improving the used devices.
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NPUMEHEHHME CKBA’XKMHHOM YJIAPHO-BOJITHOBO
TEXHOJIOI'MA J1 YBEJIMYEHUA HEOTEOTIAYU IIJVIACTOB

Asep I'acbiMabtl, Dabman Ajnnes?

TnagHbIi HayYHBIH COTPYIHMK, I.T.H., <[ €0TEXHONOrMUECKHE NPOOIEMBI HEQ)TH, Ta3a U XUMUW

E-mail: gasimli36@mail.ru
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B cratbe npuBoautcs 0030p pabOT, MOCBSILEHHBIX YBEIMYEHUIO He(TEOTHaud IUIaCTOB C
MIPUMEHEHUEM YJAapHO-BOJHOBBIX METOJOB BO3JeUcTBUSA. (OTMEUaeTcsi, 4TO MNPUMEHEHHEM
YAapHO-BOJHOBOT'O METO/A B IJIACTHI:

MEePBOE — C YBEIMYCHUEM MPOHUIIAEMOCTH KOJUIEKTOPOB IIACTA YBEJIUYUTCS KOHTYPHI MUTAHUS
CKBa)KMH; BTOPO€ — YMEHBIICHHE BSI3KOCTU HE(PTU MPUBENECTHh K YIYUYHICHUIO (QUIBTPALMOHHON
CIIOCOOHOCTH KOJUIEKTOPOB.

Jia mnonydenue emie OoJiee TMOJOXKUTENBHBIX PE3ylbTaTOB OT NpPUMEHEHUs HeOX0auMo
YCOBEPILEHCTBOBATh UMEIOLIUXCS YCTAHOBOK.

KiroueBble cjoBa: yIapHO-BOJIHOBAs, YIPYroBas BOJIHA, CEHCMOAKyCTUKa, BHOparms,
nepdopaiiusi, peoaorusi.

LAYIN NEFTVERIMINI ARTIRMAQ MOQSODILO QUYU
SISTEMi VASITOSILO DALGA TEXNOLOGIYASININ TODBIQI
HAQQINDA

Azor Qasimlil, Elson Oliyev?
Bas elmi isci, t.e.d., “Neftin, qazin geotexnoloji problemlori vo kimya” ETi, E-mail: gasimli3é@mail.ru
2 Direktor muavini, t.e.n.,dosent, “Neftin, gazin geotexnoloji problemlori va kimya” ETI, E-mail:elsan67@mail.ru

XULASO

Mogqalodo zorbali dalga texnologiyasinin totbiqi ilo laylarin neftveriminin artirilmasina aid
aparilmis islorin noticolorindon bohs edilir. Qeyd edilir ki, zorboli dalga iisulunu laya totbiq
etdikda:

birinci - yataqda kollektorun kegiriciliyinin yiiksolmosi noticosindo quyularin qidalanma
konturunun genislonmasi,

ikinci - neftin 6zliiliiyiiniin azalmasi hesabina onun siiziilmasinin yaxsilagsmasi bas veracokdir.
Usulun tatbigindon daha yiiksok notico almagq iiciin istifado edilon qurgularin tokmilosdirilmasi
tovsiyos olunur.

Acar sozlor: zorboli-dalga, elastik dalga, seysmoakustik, titroyis, perforasiya, reoloji xassa.
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TOIVIMBHBIE J3JIEMEHTBI U INEPCIHEKTUB UX INPUMEHEHUWS B
KAYECTBE AJIBTEPHATUBHOI'O UCTOYHUKA 3JEKTPOSHEPI'UU

Cauna Mycasu!, Jlana Anuena®

!JTa6opanr, kadenpa «MexaHukay, AsepbaiiakaHcKuil rOCyJapCTBEHHbIN YHUBEPCUTET HE(TH H IPOMBIIIEHHOCTD.
E-mail: saidamusavi@mail.ru

2JlaGopant, kaeapa «IIpOMBINIICHHBIE MAIIWHBD, A3epOall/PKaHCKUI rOCY/apCTBEHHBIH YHUBEPCUTET He(TH M
npombiuienHocTh. E-mail: lalealiyeval@bk.ru

PE3IOME

Jns BO3MOMKHOCTEH TEPCIEKTHBHOTO IPUMEHEHHS COBPEMEHHBIX JIIEKTPOIHEPTeTHYECKUX
CHCTEM B Pa3IMYHBIX OTPACIIAX MPOMBIIIJICHHOCTH, BKIIOYas U HE()TETa30BYIO, MPEIbIBISIOTCS
psan  TpeboBaHuil. OTH TpeOOBaHUS YCTAaHABIMBAIOTCS JUIsL TOBBILIEHUS B OCHOBHOM
NOTPEOUTENBCKOTO KayeCcTBA IPHUMEHSEMBIX CHUCTEM. B KOHEYHOM HTOre NpUMEHEHHE B
OTAEIBHOCTH WJIM B IIEJIOM TpPeOOBAaHUIl ONMpPEIEISI0T B OCHOBHOM CTEIEHb WX JOCTYIHOCTb,
MHOTO (PyHKIIMOHAJIBHOCTh (CIIOCOOHOCTh PEUICHUs pPa3IMYHBIX 110 Ha3HAYCHHWIO 3a7a4),
JOSUTBHOCTh K OKpY’Karolled cpene (OmpenenseT B3auMOICHUCTBHE C OKpY’KAloIeH cpenoi),
COOTBETCTBHE YCJOBUSM MECTHOCTH (YHKIMOHMPOBaHUS (Tomorpaduveckue IOKa3aTenn
MECTHOCTH), BH[ U HalIu4ue 00BEMOB MOTPEOISEMOro TOIUIMBA (MCIOIb30BAaHUE PA3IMYHBIX MO
IPOMCXOXKACHUIO TOIUIMB). BBI3BaHO 3TO TeM, YTO ypOBEHb MOTPEOJICHHSI IHEPropecypcoB B
MHpE M COOTBETCTBEHHO M OTPHIIATEILHO-BPEIHOTO BIHMSHUE pEaM3yeMbIX Ul ITOH IIeH
IPOU3BOACTBEHHBIX IIPOIECCOB HA OKPYXKAIOLIYIO CPEey CTPEMUTEIBHO PacTeT.

TexHOJIOrMM TNPOU3BOACTBA AJIEKTPOIHEPIHMU C TMPHUMEHEHHEM TBEPJAOOKCHUIHBIX TOIUIMBHBIX
DIIEMEHTOB OTBEYAIOT BCEM BBINIETIEPEUNCICHHBIM TPeOOBaHMUAM, T.€. MOTYT HCIIOJIB30BaTh
pa3InYHbIe TOIUIMBHBIE PECYpChbl, BIMSHUE HA OKPYXKAIOUIYI0 Cpely CBEIEHO K MUHUMYMY,
NPOCKTHPYIOTCS C yYETOM KOMMEpPYECKOH NpPUBICKATEIHbHOCTH, a TaKXe IIUPOKUH CIEKTp
NPaKTUYECKOr0 MPUMEHEHHS U CIIOCOOHBI paboTaTh KakK JJIsl MPOM3BOJICTBA DJIEKTPOIHEPTUH, TaK
¥ XUMHYECKOTO MTPOU3BOJICTBA.

B Hacrosmeil paboTe mpeacTaBlIeHbl METOAOJIOTHS TMPOEKTUPOBAHMS BBICOKOTEMIIEPATYpPHBIX
TBEPIOOKCHIHBIX TOTUTMBHBIX AJIEMEHTOB TUIOCKOTO CIIOMCTOTO MaKPOKOMIIO3UTHOTO MCIIOJTHEHUS
JUIS IOBBIIIEHUS UX MOKa3aTeneil paboToCcrocoOHOCTH U KayecTBa.

KiawueBble  cjIoBa:  TBEPJAOOKCHIHBIE  TOIUIMBHBIE  DJIEMEHTBHI,  MaKPOKOMIIO3HTHI,
AIIEKTPOIHEPTUsl, XUMUUECKUUI HCTOYHHK TOKA.

AKTYaJIbHOCTDH TEMBbI.

TonnuBHBIE 37EMEHTHI SIBISIFOTCS XOPOIIO M3BECTHBIMM XMMHUYECKMMHU HCTOYHMKaMu Toka. Ha
ATUX YCTAaHOBKAax B DJIEKTPUUECTBO MPEBPALLAETCS MPSMBIM IIPEBPALEHUEM SHEPTHUS Pa3IMUHBIX
ToruiuB. Ha 3THX ycTaHOBKaxX MPOUCXOJIUT HEMOCPEICTBEHHOE BbIpabaThIBaHUE 3JIEKTPOIHEPIHU
B pe3yJibTaTe BHICOKOA(P(HEKTUBHOIO XOJIOJHOTO FOpeHUs. TOMIMBHBIE JIEMEHTHI TOJI0KHUTEIBHO
OTIMYAIOT OT JIPYIMX MCTOYHHKOB SHEPrUU HIDKENPUBOJIMMBIE KauecTBa. Y CTpOHCTBa
(YHKIMOHUPYET 10 UCTOILEHHS TOIMJIMBA M OKUCIUTENS B COOTBETCTBYIOIIMX cuUcTeMax. M3-3a
MOCTOSTHCTBA XMMHMYECKOTO COCTaBa JEKTPOJIUTA B Mpolecce GYHKIMOHUPOBAHUS TOITUBHBIE
anemeHThl (T nepesapsiake He TOUICKHUT.
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Hwxke nmpuBoautcss oOpasen; HU3 HECIIOCOOHON M YCTOWYMBOHM cHCTeMBbl, ocHOBaHHOH Ha I1O-
SOFCs (DR-SOFCs), koropas mpeaHasHadyeHa Ui IPOM3BOJACTBA JIICKTPOIHEPTHU TPEX
YPOBHEH, & UMEHHO:

1—(portable power) Majioli MOIITHOCTH;

2 — (transportation power) pacrpeaensieMoil MOIITHOCTH;

3—(stationary power) cramuoHapHO CET€BOI MOIIHOCTH (cM.puc.1)

SUN
POWER 6 WIND
GENERATOR
€— HYDRO
BIOMASS
POWER
BIOMASS H,0 H,0+ CO, PORTABLE POWER

2 2

REACTOR lL
‘ | DIRECT AND
BIOFUELS REVERSIBLE

SOLID OXIDE

FUEL CELL

TRANSPORTATION
POWER

STATIONARY
POWER

CHEMICAL
PRODUCTION

HYDROGEN
STORAGE

G ) 2

OTHER USES OTHER USES

Pucynok 1: Xuznecnioco6nas [IO-TOTE (DR-SOFC) cucrema

KoncrpykTuBHbie ocodenHoctu TI. CymiecTBYIOT pa3inyHble TUIBI TOIUIMBHBIX 3JIEMEHTOB.
KnaccnuupyroTcst TOIUIMBHBIE 3JIEMEHTHI 110 YPOBHIO TEMIIEpaTypHOro ¢akTopa ¥ OBIBAIOT
HU3KOTeMIlepaTtypHsble (A) 1 BbicokoTeMnepaTtypHslie (b) kinaccos.

HuskoremmnepaTtyphbie (A) TOIUIUBHBIE 3JIeMEHTHI T B CBOIO Ouepe/ib UMEIOT HUKETTPUBOIUMBIC
MoauUKaIIH:

-c menounbM (alkaline) smekrpomurom — AFC, xoTtopbie MMEOT ypoBeHb TemmepaTypsl — 80-
200°C, motpebnsroT B kauectse TornmBa (fuel)-Hz, B KauecTBe okcmmanTa (oxidant)-Oy/(Bo3ayx-
air), agpexruBHOCTE cocTarisiet (*LHV)-50-60%;

-¢ nonumepHbIM (polymer) anextponutoM-PEFC (DMFC, HT-PEFC), koTopble HMEIOT YPOBEHb
temneparypsl -80-100°C, motpebnsioT B kadecTse Tommmba (flue)-Hz, B kadecTBe OKCHIaHTA
(oxidant)-O2/(Bo3ayx-air), addextuBHOCTH coctaBiset (¥*LHV)-40-45%);

-c ocdopuo-kucnorasiM (phosph. asid) snexrponurom (PAFC), kotopsie MMEHOT YpOBEHB
temneparypsl —200°C, notpebnsior B kauectBe TommmBa (flue)-Hz, B KkauecTBe OKCHIaHTa
(oxidant)-O2/(Bo3ayx-air), addexktuBHOCTh cocTtaBisiet (*LHV)-40-45%);

BricokoTtemmneparyphsie (B) TOIIMBHBIE 2JIEMEHTHI TOApa3AeaI0TCs Ha:

e
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- ¢ tBepaookcuaHbIM (SOFC) 31eKTpOoIUTOM U3 CepaMHUYECKUX MaTepUaioB, KOTOPhIE MMEIOT
ypoBenp Temmeparypsl -700-1000°C, motpe6nsior B kadectse tommmsa (fuel)-H2/CO/CHa, B
KadectBe okcuaanta (oxidant)-Oz/(Bo3myx-air), addextuBHocTh coctariser (*LHV)-50-55%, B
toM uncie wisi LT-SOFC-500-650°C, Ho/CO/CHg, 50-55%, COOTBETCTBEHHO;

—c npobnenabM kapOoHaTHBIM (MCFC) 31ekTponuToM U3 apo0JIeHHOro KapOoHaTa, KOTOphIC
UMEIOT ypoBeHb Temmeparypsl -650°C, morpebmsror B kauecte TormBa  (fluel)-
(H2)/CO/CO2/CHs, B kadectBe okcumanta (oxidant)-Oz / (Bosmyx-air), 3pQeKTHBHOCTH
cocrasisier (*LHV)-50-55%.

Hano ormeruts, uro c¢ rubpunueimu TOTE-I'T (SOFC-GT) cucremamu 3Ha4MTEIHHO
noBsIaercs 3G (HEKTHBHOCTL YHEPTOYCTAHOBOK (cM. Tabmuia 1)

202 10 3INSSI (90) 6T INNTOA

Taoauuna 1: [Noeienue 3 dexkruBoctu ¢ cucremamu TOTE-I'T (SOFC-GT).

[Moxa3aTens/KommmoHOBKa [Ipocras [ubpuaHas Recycle
DddexruBHOCTS, (%) 44.8 61.1 71.1
Morsocts* TOTD, (kw) 3709 3709 4099
Morunocts* I'T, (kw) 0 976 1447
[lone3Hass MOIIHOCTh (389 kw) (100 kw) (288kw)
[Tose3Hast MOIIIHOCTh YCTAaHOBKH 3320 kw 4585 kw 5258kw
JTaBneane B TOTE 1.3 aTm. 4.6 atm 4.6 atm

Huxe npuBoautcst koncTpyktuBHoe ucnonnenue rudpugHod TOTE-I'T (SOFC-GT) ycraHoBku
(cm. puc.2):

Pucynok 2: KoHCTpyKTUBHOE HCTIOJIHEHHE THOPUIHON YCTaHOBKU

XapaktepubiMu ocooennocTsiMu TuOpugHoit TOTE/I'T (SOFC/GT) ompeneneHHON MOITHOCTH
SIBJISTFOTCSI:

Ki1roueBbIMH KOMIIOHEHTAMY U 0COOCHHOCTAMM CUCTEMBI SABIIAIOTCS:
KommoneHTsr:
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- QHOJIHO TOJJIEP>KUBAEMBIN IUICHAPHBIN TOIJIMBHBIN 3JIEMEHT;

—Tra3zoBas TypOuHa,

—I1apoOBOii MpeIBapUTENbHBIN TPeoOpa3oBaTeb.

OcobGenHocru:

—HCIIOJIB3YETCSl IPUPOIHBIN ra3 ¢ AaBjaeHueM 4.6 aTM;

—BHYTpEHHee MpeoOpa3oBaHuUE.

ITokazarenau cucTeMbl HUXKECIEAYOINUE:

—BbIX0J AekTpo3Hepruu: 5.2 MW (u3 storo 4 MW no TOTE);

-3¢ dexruBHOCTS cucTeMsbl: 71%

B npunnune xapakrepabiMu ocoOeHHOCTSIME SOFC TEXHONOTHUH SIBIISIOTCS HUKECIEIyIOIIne
CBOMCTBA:

'MOKOCTh  KOHCTPYKTMBHOTO  HCIIOJIHEHUS, Pa3JInYHbIC
MIPUBJIEKATENbHBIE ONIEPAIMOHHBIC XaPAKTEPUCTUKHU, BKITIOYAS:
CTIIOCOOHOCTH paboTaTh Ha Pa3IMYHBIX TOIUINBAX;

BHYTpEHHee MpeodpazoBaHue/IPSIMOE HCTIOIb30BAHUE UITU MPSMOE OKUCITICHHE

[[upoxwuii ciekTp pa3mMepoB IHEPTETUYECKON CHUCTEMBI:

ot Maieix (ot 10 W o 500 W) no 6ompmux (ot 100 kw 10 MEHOro MW-HBIX) MOITHOCTEIH;
ITpousBoncTBO Boopona u cunrasza (Ha+CO)

Ouenp xapaktepHbiM i1 SOFC TeXHONOTHIA SBISETCS 3aBUCUMOCTD YPPEKTHBHOCTH CHCTEMBI
OT onepanuoHHoro nasineHus. Ilpumep nonoGHO#M 3aBucumoctu mig 25 MW rulpugHoi
SOFC/GT cuctembl IpUBOIUTCS HA PHC.4,

MOKa3aHHOM HIKE:

Takum oOpa3oMm omnepanroHHbIE (DAaKTOpbI TeMIlepaTypa U JaBJICHUE SIBISETCS NPUYMHAMHU U
ornpenensaoT aedopmanrionHoe noseaeHue kak otaenbHbIX SOFC, Ttak u ux crakos. ITostomy
myuenne HJIC wu pa3paboTka pemarmmx MOpaBWiI I TPOCKTUPOBAHUS C BBICOKUMHU
nokaszaTelqsiMiM  pabOTOCIOCOOHOCTM M KauecTBa  SIBIAIOTCA  aKTyaJbHOW  HaydHO-
MPOU3BOACTBEHHOM 3a1a4eH.

TomnuBHBIE 3JIEMEHTHl MPHUMEHSIOTCS CTAllMOHApHO JJisi  OBITOBOrO MOTpeOsieHus, s
KOMOMHHPOBAHHOTO TEIUIOBOM M 3JEKTPUUECKON SHEPruu B MPOMBIIIEHHOM U KOMMEPUYECKOM
MacmTalax, JUisl MpOM3BOJCTBA DJIEKTPOIHEPruu U Oe3nepedoitHoro sHepro cHabxkeHus. OHU
MOTYT OBITh TAaK)K€ IMOPTATUBHBIE U MEPEHOCHBIMU. B 3aBHCHUMOCTH OT HCIIOIHEHUSI OHU MOTYT
MMETb pa3JInYHbIe MOITHOCTHBIE TTOKa3aTeNnu (cM. Tabi.2):

BapHaHTbI IIPOU3BOACTBA u

Tab6samuna 2: CpolicTBa pasnnyHsix TO.

Market Application Power Size Status
Soldier Power 20-100W Demonstration
Portable -
Battery Charger 500 W Demonstration
Automobile and Truck APU 10-50 kW Demonstration
Transportation Aircraft APU Up to 500 kW Concept
Residential 1-5 kw Prototype
Stationary CHP and DG 100 kW-1MW Demonstration and concept

e
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Base Load ‘ 100-500 MW ‘ Concept

CyH_[eCTBYIOT PAa3IMYHBIC CTPATCTMU PA3BUTUA TOIUIMBHBIX 3JICMCHTOB. COBpeMeHHLIMI/I
mporpamMmamMu pasBUTHUS TOIIJIMBHBIX 3JICMECHTOB SABJISAIOTCA

IPOTPaMMBI, CBSI3aHHBIC CO CIIENU(UICCKUM IPUMEHEHUEM;
IPOTPAMMBI, CBSI3aHHBIC C IPUMEHEHUEM Pa3JINYHBIX BUIOB TOILINBA;
POTPaMMBI, TPEOYIOIIHE TPUMEHEHHS TEXHOJIOTHH CIIEIIHATLHOTO
npeoOpa3oBaHMsl TOILIUB.

CymectByeT Oomnbiioe pazHooOpa3ue TBEPAOOKCHIHBIX TOIUNUBHBIX 31eMeHTOB (SOFC)
TEXHOJIOTHH C pa3IMYHON IEKTpUIeCKOr 2 (HEKTUBHOCTHIO, TPUBOAMMOE Ha puUC.3:
OddekTUBHOCTP W TEHEpHpyeMas MOIIHOCTh TBEPAOOKCHUIHBIX TOIUTMBHBIX JJICMECHTOB B
COUYETAaHUHM C PAa3JIUYHBIMH JIIEKTPOTEHEPUPYIOIIUMU YCTPOHUCTBAMU (THOPHAHBIE) MOXKET
HN3MCHATBHCA B HIMPOKOM AMWAITa30HC U ITPUBOJUTCA Ha pI/IC4

e N

Electrical Efficiency (%) (LHV)

1 10 100 1,000 10,000 100,000 1,000,000

Generator Capacity (kW)

\ Source: Siemens & <m)

Pucynok 3: DOdQexTuBHOCTP U MPOU3BOJCTBEHHBIE MOIMHOCTH it paznuyHbix SOFC
TEXHOJIOTHIA.

Efficiency (LHV), %

30

20 4

10

0.1 1 10 100 1000
Power Output, MW

Pucynok 4: SOFC B coueTannu ¢ pa3IMuHbIMU JIEKTPOTCHEPUPYIONTUMH YCTPONCTBAMU

e
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D¢ (hekTUBHOCT,  TOIUIMBHBIX JJIEMEHTOB CYIIECTBEHHO 3aBUCHUT OT BHJAA TOIUIMBA,
UCIOJIb3YEMOr0 B TOIUIMBHOM CHUCTEME MJis pa3iUYHbIX HMX KOH(puUrypamuii, TpeOoBaHUS K
KOTOpPOMY IIPUBOAUTCS B Tabmuie 3:

Ta6auna 3: TpeboBanusi, mpeIbIBIsEMbIC K TOTUIMBAM TOILTUBHBIX YJIEMEHTOB.

Type CO CO, N> H,S Cl Particles
1 2 3 4 5 6 7

PEFC 10ppm Tol. Tol. 0 <0.05 ppm 0

PAFC <2% Tol. <2% <50 ppm <1 ppm Immag/m?
MCFC Tol. Tol. Tol. <0.1 ppm <1 ppm <1 |im
SOFC Tol. Tol. Tol. <lppm <lppm <1 mg/ m3

Hmxe IMPUBOAATCA HACTOAIICC U 6y11y1]_[€€ NEPCICKTHUBLI PAa3BUTUA TOIUIMBHBIX 3JICMCHTOB!

Today and Tomorrow

Targets for Success:

Simple SOFC designs
planar and tubular
Simple stack architectures

| Operating temperatures 600 to 800°C |

Fuel flexible systems with internal reforming
Cost-effective systems

Stationary generators
Stationary cogenerators (heat and/or cold)

Portable generators
Mobile applications, e.g. APUs or range extenders

Pucynok 5: [lepcriekTUBHOE pa3BUTHE TOIUIMBHBIX 3JIEMEHTOB

OCHOBHBIMU HaIpaBJICHUAMHW KOMMEpLHUaINU3aluU TOIINIMBHBIX 3JICMCHTOB SABJIACTCA CHHUIKCHUC
HUX CTOMMOCTHU M IIOBBIIICHUC HAAC)KHOCTHU C Tpe6yeMLIMI/I MPONU3BOACTBCHHBIMHA IMOKA3aTCIISAIMU,
YTO TECHO CBA3aHO C ITIOBBINICHUEM UX l'IOTpe6I/ITeJ'II>CKOFO KadecCTBa.

Ha puc.6 3aBHCHMOCTh CTOMMOCTH YCTAaHOBOK TOIUIMBHBIX 3JIEMEHTOB OT HUX pa3MEpoB Ha
npumepe 25MW-noit rubpuanoit TOTE/I'T (SOFC/GT- 25MW):

e
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Key Drivers to Enable
Commercialization

COST OPERATION

COMPETITIVE PRODUCT RELIABLE OPERATION WITH
COsT DESIRED PERFORMANCE

CHARACTERISTICS

202 10 3INSSI (90) 6T INNTOA

Pucynok 6: Hanpasnenue kommeprmanmmsarnmu TOTE
OnepanroHHbIe BO3MOKHOCTH TOTUIMBHBIX 3JIEMEHTOB MPUBEICHBI B Ta01.4.

Taﬁ.lmua 4. OHepaHI/IOHHOG CTOMMOCTHBIC BO3MOKHOCTHU TOIIJIMBHBIX 3JICMCHTOB.

stationary -CHP for single housing (1-5 kW)  |APU for cars (5-10 kW)
operation time 40.000 hours 5.000 hours
degradation < 1% in 1000 hours < 10% in 1000 hours
cycling > 50 (thermal) 250 (thermal)
250 (red-ox)
start up 4-5 hours < 10 minutes
cost $ 100/KW for stack $ 50/kW for stack

Crpyktypa dhopmupoBanus croumoctu 5 KW-Hoii cuctemsl mpuBoauTcs Ha puc.7. Kak BugHO u3
CTPYKTYpPbl OCHOBHYIO JIOJIIO B (DOPMUPOBAHUU CTOMMOCTH CHUCTEMBI 3aHUMAET CTOMMOCTh UX
MaTepuaibHoro ucnonnenus (50.5 %)
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Equipment (18.7%)

Labor (12.1%) '

Materials (50.5%)
Pucynok 7: Ctpykrypa popmupoBanusi croumoct SKW-Holi crcTemMbl

Utilities (17.8%)

Land & Building (0.9%)

Taxum O6p330M, MOKHO CACJIAaTh CIACAYIOIHNE 3aKJIFOUCHUC.

-TonnuBHBIE 3JIEMEHTHI SIBISIOTCS XOpomo HM3BCCTHBIMU XHUMHUUYCCKUMHU HCTOYHHUKAMH TOKa H
MOTYT OBITH MCITOJIb30BaHbI B KAUSCTBE AJIbTCPHATUBHOI'O UCTOYHUKA DOHCPTHH.

-TonnuBHBIE BIIEMEHTHI INPpUMCHAKOTCA CTAlMOHApPpHO  IJIA OBITOBOTr'O HOTpe6J'IeHI/I$I, JUI
KOM6I/IHI/IpOBaHHOFO TCILIOBOM B BHGKTquGCKOfI OHEPIvU B IPOMBIIIJICHHOM 1 KOMMEPUYCCKOM

Hexapaunu
Pykonuce He Obla mpeacTaBieHa B KaKOH-TH00 Jpyroi KypHall WK Ha KOHPEPEHIIHIO.

Orpa}mqe}mﬂ HCCJIeJ0BAHUA
Ol"p&HH‘I@HHﬁ, KOTOPBIC MOTJIN OBl ITOBJIMATH Ha PE3YIbTAaThl UCCIICOOBAHUA, HET.

MoarBepxkaeHue

ABTOp xo0Ten Obl BBIPa3uTh OJIAroAapHOCTb PAOOTHHKAM CIYKOBbl TMOAMEPKKH U TOKUIBIM
JIIOJIIM, KOTOPBIE TPHUHSIN Y4acTHE B 9TOM HCCJICOBAHUH, TIOJICIUBIINCE CBOMMH OSCIICHHBIMU
3HAHUSAMH M OMNBITOM. MX COTPyJHHMYECTBO U OTKPHITOCTh B 3HAUYUTEIHHOW CTEMEHU
CIIOCOOCTBOBAJHM TIIyOMHE M OOTaTCTBY PE3yJIbTATOB MCCIICIOBAHUMN.
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YANACAQ ELEMENTLORI VO ONLARIN ALTERNATIV ENERJI
MONBOYI KiMI ISTIFADOSININ PERSPEKTIVLORI

Saido Musavil, Lals Oliyeva?

1Azarbaycan Dévlat Neft vo Sonaye Universitetinin “Mexanika” kafedrasi laborant1. E-mail: saidamusavi@mail.ru
2Azarbaycan Dovlot Neft vo Sonaye Universitetinin “Sonaye masinlar1” kafedrasinin laboranti.

E-mail: lalealiyeval@bk.ru

XULASO

Miiasir elektrik enerjisi sistemlorinin neft vo qaz da daxil olmaqla miixtslif saholords perspektivli
totbiqi imkanlar1 iglin bir sira toloblor qoyulur. Bu toloblor asason istifado olunan sistemlarin
istehlak keyfiyyaotini artirmaq {iclin miioyyon edilir. Noticods, ayri-ayriliqda vo ya limumiyyatlo
taloblarin totbigi osason onlarin derocesini miisyyanlagdirir algatanliq, ¢ox funksionalliq (magsadi
ilo miixtolif vozifalori holl etmok bacari8i), otraf miihito sadaqst (otraf miihitlo garsiligl olageni
mioyyonlosdirir), i§ yerinin sortlorine uygunluq (erazinin topoqrafik gostaricilori), istehlak olunan
yanacagin novii vo moveudlugu (miixtolif mongali yanacaqlarin istifadasi). Bunun sababi diinyada
enerji istehlak soviyyasinin vo buna goro do bu mogsadlo hoyata kegirilon istehsal proseslorinin
otraf miithito monfi vo zaroarli tosirinin siiratlo artmasidir.

Qat1 oksid yanacaq hiiceyralorindon istifads edorok elektrik enerjisi istehsali texnologiyalari
yuxarida gosterilon biitiin talablore cavab verir, yoni miixtolif yanacaq ehtiyatlarindan istifads edo
bilor, otraf miihito tosiri minimuma endirilir, kommersiya calbediciliyi nozors alinmagla dizayn
edilir vo genis totbiq olunur vo hom elektrik enerjisi istehsali, hom do kimyavi istehsal tigiin isloyo
bilir.

Bu osar, performans vo keyfiyyot gdstoricilorini artirmaq tliglin yiliksok temperaturlu qati oksid
yanacaq hiiceyralorinin dizayn metodologiyasini toqdim edir.

Acar sozlor: qat1 oksid yanacaq hiiceyrolori, makrokompozitlar, elektrik enerjisi, kimyavi corayan
monbayi.

FUEL CELLS AND THE PROSPECTS OF THEIR APPLICATION AS AN
ALTERNATIVE SOURCE OF ELECTRICITY

Saida Mousavi!, Lala Alieva?

!Laboratory assistant, Department of Mechanics, Azerbaijan State University of Oil and Industry.

E-mail: saidamusavi@mail.ru

2|_aboratory assistant, Department of Industrial Machines, Azerbaijan State University of Oil and Industry.
E-mail: lalealiyeval@bk.ru
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There are several requirements for the prospective application of modern electric power systems
in various industries, including oil and gas. These requirements are established to improve the
consumer quality of the systems used. Ultimately, the application of requirements individually or
mainly determines the degree of their accessibility, their functionality (the ability to solve tasks of
various purposes), loyalty to the environment (determines interaction with the environment),
compliance with the conditions of the functioning area (topographic indicators of the area), the
type and availability of fuel consumed (the use of various software the origin of fuels). This is
since the level of energy consumption in the world and, accordingly, the negative and harmful
impact of production processes implemented for this

purpose on the environment is growing rapidly. Power generation technologies using solid oxide
fuel cells meet all the above requirements, i.e. they can use various fuel resources, the
environmental impact is minimized, they are designed considering commercial attractiveness, as
well as a wide range of practical applications and can work both for electricity generation and
chemical production. This paper presents a methodology for designing high-temperature solid
oxide fuel cells of a flat layered macrocomposite design to improve their performance and quality.
Keywords: solid oxide fuel cells, macrocomposites, electric power, chemical current source.
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MHOBBIIIEHUE PABOTOCITIOCOBHOCTH YCTBEBOI'O
OBOPYJOBAHUA LITAHI'OBOI'O HACOCA

Hypaan Hypmammenos
Maructpanr, Hedpremexannueckuii ¢axymsrer, AzepOaitmxanckuii ['ocymapctBennbsiii YHuBepcureT Hedtn n
[pomemmrenHoctr, Azepbaiimkan. E-mail: nurmamedov642@gmail.com

PE3IOME

Ha ceronnsiumHuil 1eHb aKTyaJbHBIMH SIBJISIIOTCS MCCIIEAOBAHUS, HAIPABICHHbIE HA YJIYYIIECHUE
paboTOCIIOCOOHOCTH yCThEBOIrO O0OpYIOBaHMS IITAHTOBBIX HACOCOB B CBA3M C pacTyllel
3HAUMMOCTBIO HMX MCIIOJNb30BaHUS Ul SKCIUTyaTaluu ckBaxkuH. OJHAKo, Hapagy C HX
3¢ (EeKTUBHOCTHIO, BO3HUKAET HEOOXOAMMOCTb IOBBIIIEHUS HAJIEKHOCTH U CPOKa CIIy>KOBbI
YCTHEBOTO IITOKA U CaIbHUKA.

B nanHoit paboTe paccMOTpeHbI OCHOBHBIE ITPOOJIEMBbI, BO3HUKAIOIIUE B YCTHEBOM 000PYJOBAaHUHU
IITAaHTOBBIX HACOCOB, KOTOPBIC HCHOJB3YIOTCSA JUISI TePMETU3ALUHN YCThsl HE(TSHBIX CKBAXKHH,
HOJBECKHM TpyOONpOBOAOB B CKBA)KMHAX, a TaKkKe JJI1  BBINOJIHEHUS  PA3IUYHBIX
TEXHOJOTMYECKHX,  HCCIENOBATEIbCKUX W PEMOHTHBIX  omepauuil.  AHanusupyercs
3¢ ¢deKTUBHOCTh pabOThl y37a YIUIOTHEHUS Mapbl YCTbEBOTO IUTOKA - YCTHEBOI'O CAJbHHKA.
Hapymienne repMeTHYHOCTH 5TOM Taphl BElET K HETaTHBHBIM IMOCIEICTBUSM, TaKHUM Kak
3arpsi3HEHUE OKpYXKarollel cpesibl U 0TKa3 ycTaHOBKH. MI3HOC 000py/J0BaHUS TaKKe YCUIMBAETCS
aOpa3uBHBIM BO3JCHCTBHEM IeCKa B 0ObIBaeMOi He(TH, arpecCUBHON Cpelod W KOppO3HEH.
ITporneccrl cTapeHust ¥ U3HOCA YCTHEBBIX CAJIbHUKOB MPUBOAT K MOTEPE FEPMETUYHOCTH U PUCKY
3arpsi3HEHUsl OKpy»Xatoliei cpenapl. VMccnenoBanue moauyepkuBaeT BaXKHOCTh TOUHOCTH MOHTa)Ka
U cOOpKM OOOpYIOBaHUS Ul TNPENOTBPAIIEHUS OJHOCTOPOHHEro u3Hoca. Pabora BbIABISAET
TaKk)ke HEOOXOAMMOCTh BBIOOpAa MaTE€pHAIOB C YCTOMYMBOCTHIO K abpa3sMBaM M BO3JIEHCTBHUIO
HeQTSIHbIX cpel. Takue acmeKTbl MrpaloT KIIOYEBYIO pojib B oOecredeHuu 3¢PQGEKTUBHOW U
HaJIeKHOU paboTHl ycTheBOro odopynoanus CIIHY.

KiroueBble €j10Ba: IITaHTOBBIA CKBaXMHHBIM HAacoc, yCTheBOE 00OPYAOBaHUE, IITOK, CAIbHUK,
U3HOC, OTKa3.

Beenenue

B MupoBoif mpakTHKe SKCIUTyaTalldd CKB&KWH M3BECTHO, 4YTO OJHUM U3 Hauboiee
pacrpocTpaHEeHHBIX METOJOB JTOOBIYM HEPTH SBISETCS NMPUMEHEHHE CKBOKWHHBIX IITAHTOBBIX
HacocHbIX ycTaHoBOK (CIIHY). HIupokoe nx npuMeHeHne 00yCIOBIEHO BHICOKOI HAJIe)KHOCTBIO
KOHCTPYKLHUH, YJOOCTBOM 0OCITY>KUBAaHUS U PEMOHTA B YCIOBUSAX SKCIUTyaTallUH.

HecmoTpss Ha BBICOKYIO AI(PQPEKTUBHOCTh HPUMEHSEMBIX INTAHIOBBIX HACOCHBIX YCTAHOBOK,
CYLIECTBYIOT OIpeAeNeHHbIE TOTPEOHOCTH, CBSA3aHHBIE C HEOOXOIMMOCTBIO YBEJIUYEHUS
HAJIeKHOCTH M CPOKa CIIy>KObl YCTheBOr0 00opynoBaHus. Tak, HapylleHHe TePMETUYHOCTH Maphl
YCTBhEBOH MITOK - YCThEBOW CaIbHHUK HE TOJBKO MPUBOIUT K OTKa3y B paboTe yCTaHOBKH, HO, a
TaKKe BbI3bIBAET 3arpsi3HEHNE U YBEIWYEHNE KOHLIEHTPAIMH Ia30B B OKpY’KaloOIIel cpee.
ObecnieueHne BHICOKON HAJEKHOCTH y3J1a YIUIOTHEHUS Maphl CTAHOBUTCSI OCOOCHHO BaXKHBIM NPU
OKCIUTyaTallil CKBAXHH, TJe J00bIYa CONMpOBOXKIaeTcs HaimuuueMm cepoBojopona (Hz2S) u
yrinekucinoro raza (COz), a Takke XapaKTepU3yeTCs CHIBHBIM COJIEp)KaHHUEM BOJIBI B
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U3BJICKaeMON He()TH, MPUCYTCTBUEM B HEM 3HAYMTEIHHOIO KOJMUYECTBA MECKA U pa3HOOOPa3HBIX
coneil. Ha yBenuuenue creneHu u3Hoca 000py10BaHMs, BKIIFOYasi KOMIIOHEHTHI YCThEBOIO IITOK-
YCTbEBOH CaJbHHK, 3HAUUTEIHHO BIHSIECT HAIUYHE B TOOBIBAEMOW JKUAKOCTH OO0JIBIIOrO 00BbeMa
arpecCUBHBIX U a0Opa3UBHBIX BEILIECTB.

B nomonnenue x 3ToMy ycioBHUsl ()yHKIMOHHPOBAHUS YCTHEBOTO O00OPYAOBAHHS YCYTYOISIOTCS
M3-32 BO3MOXKHBIX OTKJIOHEHMH THpU cOOpKe M MOHTa)KE CTaHKa-KadajKH, a TaKkKe yCThEBOIO
canpHUKa. B uTOre BCe yHMOMSIHYTHIE (DAKTOPBI BBI3BIBAIOT MPEXKICBPEMEHHBIE OTKa3bl B paboTe
CUCTEMBI U 3arpA3HEHUE OKPYIKAIOIIEH Cpebl.

OcHoBHast yacTh

CkBaxxunHble 1mTaHrossle Hacochl (CHIHY) mmpoko uHCHonb3yroTcs HOpU  SKCIUTyaTalluu
HEPTSIHBIX MECTOPOXKICHUH, 4TO 0OYCIIOBIIEHO MX BBICOKOW MPOW3BOAUTEIBHOCTBIO, TPOCTOTOM
peMoHTa 1 o0city)kuBaHus. Bmecte ¢ 3TUM, Hapsay ¢ UX BBICOKOH 3(PEKTUBHOCTbHIO, CYLIECTBYET
HEOOXOIMMOCTh B YBEIHMUEHHH CPOKa CITY>KOBI M HAaJIS)KHOCTH Mapbl YCTbEBOH IITOK - YCTHEBOU
canpHUK. HapylieHue repMeTHYHOCTH AaHHOW Mapbl MPUBOJUT K HETAaTUBHOMY BO3ACHUCTBUIO Ha
OKpYKaIOIIyI0 Cpeay H MpeACTaBIseT co0oil OTKa3 YCTaHOBKU. boiblioe 3HaueHHWE HMeeT
obecrieyeHre BBHICOKOI Ha/IeKHOCTH y3J1a YIUIOTHEHHs Iaphl, TaK Kak B JOObIBAEMOI MPOAYKLIUU
COZIepPIKATCSI TOKCUYHBIC Ta3bl, U, KPOME TOTO, IPUCYTCTBYET 3HAYUTEIBHOE COACPKaHUE BOIBI B
U3BJIEKaeMON He(TH, OONBLIOrO KOJUYECTB IMECKa M pa3HooOpasHbIx cosiedl. Ilox aelicTBuem
BBICOKOTO JIaBJICHUSI MOTYT BO3HHUKHYTH YTEUKH B y3JIaX yYCTHEBOTO OOOpPYHOBaHHS, TAKUX Kak
COEJMHEHUS U YIUIOTHEHMs. DTO CO3/aeT MOTCHLUMAIbHbIM PUCK 3arps3HEHUs OKpPYKarolIei
Cpeabl ¥ IPUBOAMT K CHIDKEHHIO 3()()EeKTUBHOCTH pabOTHI YCTAHOBKH.

[TpucyTcTBUE B KUAKOCTH, JOOBIBAEMON M3 CKBA)XXMHBI, OOJIBIIOrO KOJIWYECTBAa aOpasuUBHBIX U
KOPPO3HOHHO-aKTHBHBIX BEIIECTB YBEIMYMBAET HW3HOC o0OopynoBanus. Kopposws ycTheBOTO
000pyI0BaHUSI BO3HUKAET IOJ| BO3EWCTBUEM arpecCUBHBIX KOMIIOHEHTOB, IPUCYTCTBYIOIIUX B
noObpIBaeMbIX KuAKOCTsX. Hampumep, Hammume cepoBogopona (H2S) wmoxker BbI3BaTh
XMUMUYECKYI0 KOPPO3HI0 METAUIMYECKUX TIOBEPXHOCTeH. OTOT mpouecc MNPUBOJUT K
MIOCTETIEHHOMY  pa3pylIEHUI0 MaTepuana M COKpAlllEHUI0 CpOKa CIyXObl YCThEBOTO
000pyI0BaHUA.

OpnHoit u3 mpobieM, ¢ KOTOpOW CTaJIKUBAETCA yCThEBOE OOOPYIOBAHHME IITAHTOBBIX HACOCOB,
SBIISIETCA HAJIMYME BBICOKOTO COJIEpXKaHMA Necka B JoObIBaeMoil HepTH (0ObeM mecka, KOTOpBIH
M3BJIEKAETCA C KUIKOCTHIO M3 CKBAXXWH, MHOTJIA MOXKeT nocturarh 10% u Oonee.). DTOT MeCcoK,
NEePEMEIINBAsICh C KUIKOCTbIO, MOXKET BbI3BaTh a0pa3HBHbBIE U3HOCHI B YCTHEBOM 000PYOBAaHUM.
B mporecce moapeMa necuaHble YaCTHIIBI CTAJIKUBAIOTCS C MMOBEPXHOCTSIMH YCTHEBOTO IITOKA U
CaJIbHUKA, MPUBOJIS K UX MOCTENIEHHOMY M3HOCY. DTH aOpa3uBHbBIE BO3/AEUCTBHS MOTYT IIPHUBECTH
K (OpMHpPOBAaHUIO IApAIlMH, CKOJIOB M Jaxe aedopMaluyd METATMYECKUX AeTajeil yCTheBOTO
obopynosanusi. Kpome Toro, npu Haauuuu OOJbIINX 00BEMOB MECKa B JOOBIBAEMOM JKUAKOCTH,
BO3MOYKHO 00pa3oBaHWE OTJIOXKEHHUH, YTO CYIIECTBEHHO YBEIUYMBACT PHUCK 3aCOPEHUS U
caikenust 3¢pdexruBHoctd padbotsl CIHIHY. Kpome Toro, BO3HHKAlOIIME OTKJIOHEHUS IpHU
cOOpKe M MOHTa)X€ CTaHKa-KadaJKH U yCThEBOTO CATbHUKA YXYAIIAIOT YCIOBHUS AKCIUTyaTalluu
yCTheBOrO  O0OpyZoBaHUs. Bce  BblllemepeyncieHHOE B HMTOre€  CIIOCOOCTBYET K
MPEXIEBPEMEHHBIM OTKa3aM OOOpY/JOBaHHS M HEraTUBHOMY BO3JICHCTBHIO Ha OKPYKAIOUIYIO

cpeny.
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Jns Toro 4roObl COEIUMHHUTH KOJIOHHY INTAaHT C TOJIOBKOW OajlaHCHpa CTaHKa-KadalKH,
UCTIONIB3YeTCsl YCTheBOW mMmTOK. Kpome 3TOro, mrok B MHape C YCTbEBBIM YIJIOTHEHHUEM
UCTIONB3YETCSl Ul TepMETH3allMi yCThsl CKBaXHMHBL. Ha (QyHKIMOHMpOBaHHME Mapbl YCTHEBOMH
IITOK - YIUIOTHEHHE IOMUMO BHEIIHUX CHJI, BO3JCHCTBYIOMINX HA YCTHEBOM IITOK M MPUBOISIINX
€ro K OTKJIOHEHHIO OT OCH CKBA)XHMHBI, TAK)KE OKAa3bIBACT BIMSIHUE OJIHOCTOPOHHEE MPHKATHE K
yIJIOTHEHUI0. MTOorom s3TOoro sBiseTcs TO, YTO Y37 MOXKET NOTEpSATh T€PMETHYHOCTH B
pe3yJsbTaTe OJHOCTOPOHHETO H3HOCA YCTHEBOTO CAJIbHUKA U IITOKA.

B GonpmmMHCTBE cilydaeB M3HOC YCTHEBBIX LITOKOB MPOMCXOAWUT MO TOMY JK€ MPHUHILUILY, YTO U
JIpYTUX Tap TPEHUs, KOTOpble PadOTalOT IPU BO3BPATHO IMOCTYMATEIbHOM IBHXKCHUH, HO B
yCIOBHAX a0pa3WBHOM mpocioiiku. M3-3a conmepkaHuss aOpasUBHBIX YaCTHI[ B MPOIYKIHH
CKB&)XMH ¥ BO3MOXKHOCTH MX ITOCTYIUICHHS M3BHE NMPOUCXOIUT M3HAIINBAHHUE YCTHEBBIX IITOKOB,
KOTOpOE COIpPOBOKAAETCS (HOPMUPOBAHHEM MPOAOIBHBIX PHUCOK M LApanuH Ha UX paboueit
HIOBEPXHOCTH.

XapakTep U3HAIIUBAHUS TaK)Ke B ONPEICIIEHHONW Mepe 3aBUCHT OT HAJIMYHS CPEJIbl, COIepIKaIIeh
HepTh waM BOJOHE(TSHBIE KOMIIOHEHTHL. I[lOBEpXHOCTH YCTHEBOTO INTOKA, KOTOPHIC
pacIosokKeHbl B Hadasle M KOHIE XO/a IITOKA MOJIBEPraloTcsi Hanbojee CUIbHOMY aOpa3suBHOMY
u3Hocy. Ha pabodeli MOBEpXHOCTH INTOKA, B OOJACTAX KOHTAKTa C YIUIOTHEHHEM, H3-3a
abpa3uBHOTO M3HOCA (POPMUPYIOTCS TOUCUYHBIC YUACTKU BBIKPAIIUBAHUS, TTTyOOKHE TPOIOTHHBIC
[apanuHbl, U3HOC 110 JUAMETPy ¢ 00pa30BaHUEM KOJBIIEBBIX BHIPAOOTOK U 3aUPOB, a TAKKE IO
BCEH JJIMHE X0/1a IITOKa HAOII01aeTCsl 3HAYUTENIBHBIN U3HOC U KOPPO3HOHHOE pa3pyIlICHHUE.

Ha xapakTep M3HaIMBaHUS ¥ MPOJODKUTEIBHOCTh SKCILUTyaTallud YCTHEBBIX IITOKOB OKa3bIBACT
0osbIIOE BIMSHME TOYHOCTh MOHTaKa M COOpKM OOOpYyAOBaHHS YCTbS CKBaXWH. Tak Ipu
HECOOCHOCTH YCTBEBBIX IITOKOB OTHOCHUTEJIBHO OCH IITAHTOBOM KOJOHHBI YacTO MPOUCXOAUT
OJTHOCTOPOHHEE M3HAIINBAHNE I TOKOB.

[TpyyrHaMu OTKa30B YCTHEBOTO CAJIbHUKA SIBISIOTCS B OCHOBHOM MEXaHUYECKUH H3HOC U
CTapC€HueC ™Marcpuaja €ro KOMIIOHCHTOB, TaKHMX KaK YIUIOTHHUTCIBbHBIC MAHXCTHEI U
HanpaBJoIMe. YPOBEHb UX U3HOCA HAIIPSMYIO 3aBUCUT OT CTENIECHH MMECYaHOCTH CKBa)KUH.
XapaKTepHI)IM AJId UCIIOJIB3YEMBIX YCTHEBBIX CAJIbHUKOB SABJISACTCA CIOCOOHOCTD 3aACPIKHUBATDH
abpa3uBHBIE YACTHULIbl, KOTOPBIE TONAAAIOT MO YIJIOTHUTEIbHBIE MAH)KEThI, B TEUEHUE KAXKIA0TO
JlBOfIHOFO X0Ja YCThBCBOI'O MITOKA. TBeane YaCTHULIbl TII€CKa, IMPOHMUKad B ITOBCPXHOCTH
AJIACTUYHBIX MAH)KET, BHI3bIBAIOT BHICOKOMHTEHCUBHBIIN a0pa3uBHBIN N3HOC MPU JBHXKEHUH IITOKA
BO BpeMs ero padoThl.

Hapsiny ¢ 3TUM Bo37elicTBUE arpecCMBHOM Cpejbl, JaBlICHHs, OKpY)KaloLled Temreparypsl U
JIO6I>IBaCMOI\/JI MNpOAYKIOHU BBI3BIBACT MPOUECC CTApPCHUA 3JIACTHYHBIX KOMIIOHCHTOB YCTHLCBOI'O
CaJlbHUKA. OTOT IMpOLEcC BBI3BIBAET HEOOpAaTUMbIE HM3MEHEHUS HMX CBOMCTB B pe3yJbTare
XUMHYECKHX peakuui. [IpoyHOCTh ymMeHpIIAeTCs, a XpYyNKOCTh M NMPOHUIAEMOCTh MaTepHalia
YIUIOTHEHHUH yBeJIMYMBalOTCsA. B nTore, BeiaencTBUE cTapeHus], yCHIMBAETCS MPOLECC U3HOCA, YTO
B KOHCYHOM CUYCTEC IMPUBOAUT K NIOTEPC TrCPMCTUIHOCTH YCTHEBOI'O CaJIbHUKA.

B HekoTOpBIX cilydasix, KOI/la CBOEBPEMEHHO HE YCTpaHsSETCS HapylleHHE T'epMETHUYHOCTH, W
CTpysl OTKauMBAaE€MOH >KUJIKOCTH C aOpa3sMBHBIMM YaCTHUIIAMU MPOHUKAET Yepe3 0O0pa3oBaBIIUECS
HEIJIOTHOCTH, BO3HMKAET 3HAYMTEIBbHOE JIOKAJIBbHOE YIIIyOJIeHHE MPOAOJIBHBIX PHUCOK, a TaKkKe
pa3pymraeTcs MOBEPXHOCTh YCTHEBOTO INTOKA M3-3a THAPOIPO3HMOHHO-aOpa3MBHOTO H3HOCA M
BBI3BIBAET BHE3AIHBINA OTKA3.
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OTKJIOHEHHE YCTHEBOI'O IITOKA OT COOCHOCTU CO CKBAXUHOW sIBJIAETCA €UI€ OJHOW NPUYMHON
OTKa3a CaJIbHUKOB. DTO MPHUBOAMUT K MHTEHCHUBHOMY H3HOCY HUXHEW YacTH yCThEBOI'O ILTOKA,
MakeTa YIUIOTHEHHUS YCTHEBOIO CAJIbHUKAa W BEPXHEH 4YacTH HACOCHO-KOMIIPECCOPHOM TpYyOBI
(HKT).

Jlnst u30exaHus ITUX MOCIEeICTBUI, HEO0X0IMMO 00ECIIEYNTh MAaKCUMAIIbHYIO COOCHOCTb TOUYKH
IoJIBECa IITAHT C OChIO CKBaXHHBI. Oco00e BHUMaHUE cielyeT YIeIuTh BEIOOpY Marepuaia Ajs
YIUIOTHEHUS YCTHEBBIX CAILHUKOB, KOTOPHIE TOJDKHBI OBITh BBICOKOYCTOMUYMBBIMU K H3HOCY, K
BO3JCHCTBUI0 HEPTAHBIX CpEel U CIIOCOOHBI COXPAaHITh CBOM XAPAKTEPUCTUKH IPU HU3KHUX
TeMIepaTypax.

VY4uThiBas yKazaHHbIE KOHCTPYKTHBHBIE OCOOCHHOCTH W YCIIOBHS 3KCIUTyaTallMU CKBaXHWHHBIX
mraHroBelx HacocoB (CIIHY), TpeGyercst pelieHue psaa 3ajad 1o OOECIEUEHUIO HAJISKHOM
paboTHI YCTHEBOTO 000PYAOBAHMUSL.

BoiBoabI:

1. Hecmotps Ha a3 dextuBHocTs CIIHY, cymecTByeT moTpeOHOCTh B YBEIMUYEHUU HAJIEKHOCTU
Y TIPOJOJKUATEITHFHOCTH CITYKOBI YCTHEBOTO 000PYIOBAHHUS.

2. bonbiioe coaep:KaHUE arpecCHUBHBIX BELIECTB B JKUIKOCTH CYLIECTBEHHO BIIMSET Ha W3HOC
000pyI0BaHUHI.

3. TouHOCTh COOpPKM M MOHTa)Ka OKa3bIBACT 3HAUMTEIHHOE BIMSHUE HA XapaKTep M3HAIINBAHUS
YCTHEBBIX IITOKOB M CAIILHUKOB, U UX CPOKOB CITY>KOBI, 0COOCHHO TIPH HAJIMYUU HECOOCHOCTHU C
OCBIO IITAHTOBOI KOJIOHHBI.

4. Bpicokoe coaep)kaHue Iecka B J0ObIBacMOW HEPTH MPHBOIUT K aOpa3MBHOMY HW3HOCY
YCTHEBOTO  OOOpYJIOBaHMS, cO3/aBasg pPHUCK 0Opa3oBaHUS OTJIOXKEHUH H  YXYIIICHUS
s dexruBroctu padotsl CIIHY.

Hexmapauuu
Pykonuce He Obla mpeacTaBieHa B KaKOH-TH00 Jpyroi KypHall WK Ha KOHPEPEHIIHUIO.

Orpalmqe}mﬂ HCCJIeJ0BAHUA
Ol"p&HH‘IGHHﬁ, KOTOPBIC MOTJIN OBl ITOBJIMATH Ha PE3YIbTAThI UCCIICAOBAHUA, HCT.

MonrBepxkaeHue

ABTOp x0Ten Obl BBIPa3uTh OIAroAapHOCTb PAOOTHHKAM CIYKOBbl MOAMEPKKH U TOKUIBIM
JOJIIM, KOTOPBIE TIPUHSIN YYacTHE B 3TOM HCCIICAOBAHUM, TIOJICITHBIINCH CBOUMH OECIIEHHBIMH
3HAHUSAMHU M ONBITOM. MX COTPYyJHHMYECTBO U OTKPHITOCTh B 3HAUYUTEIHHOW CTEMEHU
CIIOCOOCTBOBAJIM TIIyOMHE M OOTaTCTBY PE3yIbTATOB MCCIICIOBAHUMN.
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416 s.

e

1 190




ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

2. Babayev S.G., Gabibov 1A, Melikov R.KH. Osnovy teorii nadezhnosti
neftepromyslovogo oborudovaniya. // Baku; izd. AGUNP, -2015, - 400s.

3. Babayev S.G., Gabibov I.A. Problemy kachestva, nadezhnosti i tekhnologichnosti
neftegazopromyslovogo oborudovaniya. Baku, Izdatel'skiy dom AGUNP, 2022.- 327.

INCREASING THE PERFORMANCE OF ROD PUMP WELLHEAD
EQUIPMENT

Nurmammadov Nurlan
Master's degree, Faculty of Petroleum Mechanics, Azerbaijan State University of Petroleum an Industry, Azerbaijan.
E-mail: nurmamedov642@gmail.com

202 10 3INSSI (90) 6T INNTOA

ABSTRACT

Today, research aimed at improving the performance of wellhead equipment of sucker rod pumps
is relevant due to the growing importance of their use for the operation of wells. However, along
with their efficiency, there is a need to improve the reliability and service life of the wellhead rod
and gland.

This article discusses the main problems that arise in the wellhead equipment of sucker rod
pumps, which are used to seal the mouth of oil wells, suspend pipelines in wells, and also to
perform various technological, research and repair operations. The efficiency of the seal unit of
the wellhead rod - wellhead gland pair is analyzed. Violation of the tightness of this pair leads to
negative consequences, such as environmental pollution and installation failure. Equipment wear
is also enhanced by the abrasive effect of sand in the produced oil, aggressive environment and
corrosion. The aging and wear processes of wellhead seals lead to loss of tightness and the risk of
environmental pollution. The study highlights the importance of precision installation and
assembly of equipment to prevent unilateral wear. The work also reveals the need to select
materials that are resistant to abrasives and oil environments. Such aspects play a key role in
ensuring efficient and reliable operation of the wellhead equipment of the Rod Pumping System.
Keywords: sucker rod pump, wellhead equipment, rod, stuffing box, wear, failure.

STANQLI NASOSUN QUYUAGZI AVADANLIGININ iSGORMO
QABILiYYOTININ YUKSOLDILMOSI

Nurmammadov Nurlan
Magistrant, Neft-Mexanika fakiiltasi, Azarbaycan Dévlat Neft vo Senaye Universiteti, Azarbaycan.
E-mail: nurmamedov642@gmail.com
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Bugiin stanqli nasoslarin quyuagzi avadanliinin isgérma gabiliyyetin yiiksoldilmosine yonolmis
todqgiqatlar onlarin quyularin istismari ti¢lin istifadesinin shomiyyatinin artmasi ilo alagodardir.
Bununla bela, onlarin samaraliliyi ilo yanasi, quyu agzinin stok vo kiplondiricisinin istismar
miidotinin artirilmasi vacib mosalolordir.

Bu isdo neft quyularinin quyagzi avadanliginin méhkomlondirilmosi, dayaniqligin artirtlmast kimi
aktual problemlor 6z hallini tapmisdir. Quyuagzi stok vo kiplondirma diiyiiniiniin somoraliliyinin
tohlili verilmisdir. Todqiqat birtorofli agmmmanin qarsisini almaq {igiin avadanliglarin daqiq
qurasdirilmast vo yigilmasinin vacibliyi vurgulanmir. Is hom do asindirict maddalora vo neft
mihitino davamli materiallarin sec¢ilmasi zoruratini ortaya qoyur. Bu kimi cohatlor stangli nasosun
quyuagzi avadanliginin somarali vo etibarli istismarinin tomin edilmosindo asas rol oynayir.

Acar sozlar: stangli nasos, quyuagzi avadanligy, stok, kiplondirici, aginma, nasazliq.
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Title of the Paper (14 point, Bold, Times New Roman)

First Author’s Name!, Second Author’s Name? , Third Author’s Name?,
Affiliation (Department, Faculty/College, Institution/University)

2 3Affiliation of other authors, if different (Department, Faculty/College, Institution/University)
Corresponding author’s email:

(Affiliation1,2,3 Times New Roman, 10)

Acrticle Type: Refer to the section policy of journal for acceptable article types.

ABSTRACT

(Times New Roman, 12)

The manuscript should contain an abstract within 300 words. The manuscript should have a self-
contained, citation-free abstract and state briefly the purpose of the research, methodology, key
results and major conclusions. Abstract should be in a single paragraph with running sentences.
Do not use any subheading or point list within the abstract. Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords: Authors are advised to writes 3-5 keywords related to the article, separated by
comma. These keywords will be used for indexing purpose.

Introduction (Times New Roman, 12)

Mostly Papers starts with introduction. It contains the brief idea of work, requirement for this
research work, problem statement, and Authors contribution towards their research. Sufficient
recent reference citation [1] from last 2 years should be included for showing the existing
challenges and importance of current work. This section should be succinct, with no subheadings
unless unavoidable [2, 3]. State the objectives of the work and provide an adequate background
related to your work, avoiding a detailed literature survey or a summary of the results.

Research Methodology (Times New Roman, 12)

This part should contain sufficient detail to reproduce reported data. It can be divided into
subsections if several methods are described. Methods already published should be indicated by a
reference [4], only relevant modifications should be described. Methodology should be written
concisely in detail by maintaining continuity of the texts.

Theory and Calculation (Times New Roman, 12)

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents
a practical development from a theoretical basis. Do not add extensive basic definitions or well-
known theories, instead highlight theoretical background and its specific usages in view of your
work only.

Mathematical Expressions and Symbols (Times New Roman, 12)
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Mathematical expressions and symbols should be inserted using equation tool of Microsoft word.
References may be added for used equations to support its authenticity, e.g. this result has been
analysed using Fourier series [5].

f(xj:ﬂu—i_z,,:- a, cns—+b sin — ) (1)

Results and Discussion (Times New Roman, 12)
This section may each be divided by subheadings or may be combined. A combined Results and
Discussion section is often appropriate. This should explore the significance of the results of the
work, don’t repeat them. Avoid extensive citations and discussion of published literature only,
instead discuss recent literature for comparing your work to highlight novelty of the work in view
of recent development and challenges in the field.

Preparation of Figures and Tables (Times New Roman, 12)

Authors are supposed to embed all figures and tables at appropriate place within manuscript.
Figures and tables should neither be submitted in separate files nor add at the end of manuscript.
Figures and Tables should be numbered properly with descriptive title. Each Figure/Table must be
explained within the text by referring to corresponding figure/table number. Any unexplained or
unnumbered Figure/Table may cause rejection of the paper without being reviewed.

Formatting Tables (Times New Roman, 12)

Table should be prepare using table tool within the Microsoft word and cited consecutively in the
text. Every table must have a descriptive title and if numerical measurements are given, the units
should be included in the column heading. Formatting requirement has been summarized in the
Table 1.

Table 1: Summary of formatting requirement for submitting paper in this journal.
(Times New Roman, 12)

Layout Size Margin (Normal) | Header Footer
Single column A4 (827" X | Top=1” Do not add So not add
11.69”) Bottom=1" anything in the | anything in the
Left=1” header footer
Right=1"
Font Avrticle Title Headings Subheadings Reference list | Text
Times New Times New Times New Times New Garamond, 11
Roman, 16 pt, | Roman, 11 pt, Roman, 10 pt, Roman, 8 pt, pt, Justified
Bold, centred | Bold, Left aligned | Bold, Left Justified
aligned
Line Spacing 1.15 1.15 1.15 1.15 1.15
Page number We will
format and
assign page
numbers
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Figure 1: Logo of the AIJR Publisher (Times New Roman, 12)

Formatting Figures (Times New Roman, 12)

All figures should be cited in the paper in a consecutive order, author may be asked to provide
separate files of the figure. Figures should be used in bitmap formats (TIFF, GIF, JPEG, etc.) with
300 dpi resolution at least unless the resolution is intentionally set to a lower level for scientific
reasons. If a bitmap image has labels, the image and labels should be embedded in separate layer.
Figure 1 shows the logo of AIJR Publisher.

Conclusions (Times New Roman, 12)

Each manuscript should contain a conclusion section within 250-450 words which may contain
the major outcome of the work, highlighting its importance, limitation, relevance, application and
recommendation. Conclusion should be written in continuous manner with running sentences
which normally includes main outcome of the research work, its application, limitation and
recommendation. Do not use any subheading, citation, references to other part of the manuscript,
or point list within the conclusion.
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Provide all possible limitation faced in the study which might significantly affect research
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author list.

Funding source (Times New Roman, 12)

e

1 200

= |




ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

Provide funding source, supporting grants with grant number. The name of funding agencies
should be written in full, if no funding source exist, write, none.
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If the work involves the use of human/animal subjects, each manuscript should contain the
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Ethical Approval (Times New Roman, 12)

Provide ethical approval authority name with the reference number. If ethical approval is not
required, provide an ethical exemption letter of not required. The author should send scan copy (in
pdf) of the ethical approval/exemption letter obtained from IRB/ethical committee or institutional
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Informed Consent (Times New Roman, 12)
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Author(s) are responsible for ensuring that the information in each reference is complete and
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