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ABSTRACT

According to the cluster model of glassy polymers, in the amorphous state they are natural
nanocomposites of two components of a loosely packed matrix and nanoclusters immersed in it,
respectively playing the role of a matrix and filler in a natural composite. In this interpretation of
the polymer, an important role is played by the dimensional effect of nanoclusters, identical to the
specified effect of a nanofiller in an artificial nanocomposite, namely, a decrease in the size of
both nanoclusters and dispersed particles leads to a sharp increase in the degree of amplification
(modulus of elasticity) of the nanocomposite.

In this paper, using parallel and sequential microcomposite models, upper and lower fractal
estimates for the elastic modulus of the matrix are obtained and the synergistic effect of
strengthening the elastic modulus of the nanocomposite as a whole as a superposition of the
amplification effects from inorganic filler and from nanoclusters playing the role of filler of the
loosely packed matrix is quantified.

The object of research in this work is a packer - a device designed to disconnect two zones of the
borehole and isolate the internal space of the production column from the impact of the borehole
environment. The tightness of the packages is achieved thanks to sealing elements (SE), for the
manufacture of which a composite with the composition is used: a mixture of synthetic butadiene
nitrile and hydrogenated butadiene nitrile rubber (BNC + HBNC), vulcanizer, stabilizer,
technological additives and copper nanoparticles.

For the class of polymers under consideration, a rule has been developed for choosing the most
preferred model from the above two micromechanical models at a given temperature.

Keywords: oilfield equipment, synergetic effect, cluster model, natural nanocomposite,
interfacial region, inter-component adhesion, loosely packed matrix.

Relevance

Oilfield equipment (OFE) is operated under severe conditions characterized by significant
dynamic loads, the intensity of abrasive wear and corrosion of the material in aggressive operating
environments. These circumstances lead to a sharp drop in the resource of the OFE, an increase in
the number of repairs and downtime, a decrease in the repair period and, consequently, to an
increase in the cost of production.

Currently, a number of technical, technological and materials science solutions are being used to
increase the resource of OFEs, among which nanotechnology and the use of composite materials
occupy a special place. Polymer-inorganic composites are widely used in various fields of
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technology due to the combination of polymer properties and functional filler, which makes it
possible to obtain materials with adjustable characteristics depending on the ratio of components,
the size of filler particles and synthesis conditions.

The object of research in this work is a packer - a device designed to disconnect two zones of the
borehole and isolate the internal space of the production column from the impact of the borehole
environment. The tightness of the packers is achieved thanks to sealing elements (SE), for the
manufacture of which a composite with a composition is used: a mixture of synthetic butadiene
nitrile and hydrogenated butadiene nitrile rubber (BNC + HBNC), vulcanizer, stabilizer,
technological additives and copper nanoparticles. the object of the study is an in-field pipeline.
The aim of the work is to study the mechanism of formation of clusters and a loosely packed
matrix in a natural nanocomposite.

The aim of the work is to study the mechanism of formation of clusters and loose—packed matrix
in a natural nanocomposite.

The results of the study and their discussion

The polymer under study is considered as a natural nanocomposite; a cluster model was used to
describe the structural features of its amorphous state. The physical foundations of the cluster
model of glassy polymers in an amorphous state are described in [1]. Now almost all researchers
recognize the existence of a local order (clusters) in the amorphous phase of a glassy polymer.
Currently, the main problem is the exact structural identification of local border regions and the
creation on this basis of a quantitative concept represented by a cluster model.

According to this model, a mesh polymer consists of two components — a loosely packed matrix
and nanoclusters, the latter playing the role of a nanofiller, and a loosely packed matrix — the role
of a matrix of a natural nanocomposite. In [2], based on fractal estimates of the surface of
nanoclusters, the dependence of the volume fraction of the loosely packed matrix on the
temperature of the composite was found. It is shown that the dimensional effect of nanoclusters is
identical to the corresponding effect of dispersed filler in artificial polymer nanocomposites,
namely: a decrease in the number of statistical segments in one cluster and the radius of clusters
increases the degree of amplification (modulus of elasticity) of the natural nanocomposite [3].
Using a fractal model of interfacial interactions in [4], estimates of the threshold values of the
volume fractions of nanoclusters of an epoxy polymer matrix and metallic filler nanoparticles
were obtained, during the transition through which the process of mechanical stress transfer from
the polymer matrix to the filler weakens.

One of the main tasks solved when introducing fillers into polymer matrices is to increase the
rigidity of polymer nanocomposites, which is characterized by the magnitude of the elastic
modulus (see, for example, [5,6]). In the case of treating the polymer as a natural nanocomposite,
the dimensional effect of nanoclusters, identical to the specified effect of dispersed nanofillers in
polymer nanocomposites, plays an important role: a decrease in the size of both nanoclusters and
dispersed particles leads to a sharp increase in the degree of amplification (modulus of elasticity)
of the nanocomposite [7]. In this connection, the question arises: how does the variation in the
size of the nanocluster and its fractal size quantitatively affect the magnitude of the elastic
modulus of the nanocomposite.
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This paper is devoted to solving this problem. To describe the behavior of the elastic modulus
E, natural nanocomposites, two of the simplest microcomposite models were used — parallel and

sequential — giving an upper and lower estimate of this parameter [8].
The value of the elastic modulus of the matrix E,, in the parallel model is defined as

Ey=Exn @un+ Ep._\q.(]- — Qyn) (1)

and for the sequential model

Ey nE;
E KA ~pP.M. 2
M E!{ﬂ[l (pE{J'I:H-Ep M. "Prn ( )

where @, is the volume fraction of the cluster in the matrix; Ey, and E,,, are the elastic modulus

of the cluster and the loosely packed matrix, respectively.

Based on the upper and lower estimates, a double synergistic effect of strengthening the elastic
modulus of a nanocomposite was identified and quantified as a superposition of the amplification
effects from an inorganic filler and from nanoclusters playing the role of a filler of a loosely
packed matrix.

Within the framework of the cluster model, the structure of the amorphous state of polymers
represents regions of local order (clusters) that are immersed in a loosely packed matrix consisting
of free chains in terminology [9]. In general, an increase in the proportion of loosely packed
regions leads to increased molecular mobility.

From a synergetic point of view, during the formation of nanostructures in natural
nanocomposites, the relative proportion of ¢, clusters in the amorphous state of a mesh polymer

is a structure parameter in the strict physical sense of the word.
With comparable values of the elastic modulus of the cluster, Ey,, and the loosely packed matrix,

Ep.., for a glassy mesh polymer, the transfer of applied stress is realized through both structural

components of the polymer (loosely packed matrix and nanoclusters), i.e. in this case the parallel
microcomposite model indicated above is applicable. For the unpeeled polymer (E,, > E,,,) at

E,, — 0) only sequential voltage transfer through nanoclusters and "pass-through” circuits

connecting them is possible, i.e. a sequential model is applicable.
Considering together the equation

By .
=1+11- ¢ 3
DML
with the Kerner equation
Gy _ (Pp.M'Gp.M.+{ja;a.r-1.+(PHJ1j'Gﬂn (4)
Gp .. {j1+a]J.l\'I.'(pE{J‘l)'GD.H.+a1J.M."p1J.M.'GHJ1'

where Gy and G,, — modules of matrix shift and loosely packed matrix; @pu =1— @xu;
Aps. =2 (4= 5vpy ) /(7= 5v,u), Vpu — the Poisson's ratio of a loosely packed matrix,
determined from the equations

d2™ =(d - D(1 +vpu), (5)
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d}{ = dﬁ“(l — @un) + d;:‘l © Py (6)

taking into account equality d2* = (d — 1)(1 + vp,_ﬂ) (d;! and v, — fractal dimension and
Poisson’s ratio of the polymer matrix) and the fact that the value of the fractal dimension dz” due

to the packing of clusters, it is assumed to be equal to the maximum dimension of real solids
d}i" = 2,95 [10]) we get at the test temperature T

G (T) = C(T) - Gp._\q. (7)),
d-[;,[\{, d?—lﬂl
¢y (T) = [d—? (1 + Tpm. -~ quJI) - qﬂp.n.]/(“p.:«-:. + @xn — Ty " Pra E) (8)

From where we find E, ,, (T) = C5(T) - EZ**(T), C,(T) = 1/(1+ 11y, ), (8)

%]

En(T) = Co(T) -EZ(T),  C3(T) = C4(T) - Co(T) jf—f )

Test temperature range Ap= [TH¥*, T*°#] it is divided into two subintervals ﬂ{l} [(T=,T!) and

AP = (T2, T*]. According to the cluster model [1,11], at a temperature of T, ~ T, — 50K,

unstable nanoclusters that hold the loosely packed matrix in a glassy state occur, as a result of
which this structural component is uncovered in the temperature range T, + T, .

According to the parallel model (1) for Te.ﬁ.g,l} we get
Ex(T) = Co(T) - EF(T), ColT) = C3(TM@yer + C(TI(A — @), (10)

2
from where for the standard deviation RSS™3* =% ﬂu.( x 2(T) —E_EIKC(T)) finding an

estimate
RSSmaPAT — ETE‘,_\_;l:u[Ca;(T) — 1], (11)

According to the following model (2) for TeA'” we obtain
Ey P(T) = Cs(T) - EZ*(T),
Cs(T) = C(T) - CG3(TC3(TI(A — @un) + C2(T) @yl (12)
from where we find

RSS™ = 3 wlCs(T) — 112 (13)

The dependence of ¢y, on the test temperature T is determined by the ratio [12]
@y ~ 0,038(T, — T)%>°

whereTy is the glass transition temperature of the polymer.
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From the values of values (11) and (12), it can be concluded that if RSS™P" < RSS™" then for

the glassy state of the polymer (i.e. at Te.ﬁ.gnl}), the parallel model (1) is most preferable, otherwise
it is most preferable sequential model (2).

Conclusion

Based on the study of the variation in the size and fractal dimension of nanoclusters, a quantitative
effect of strengthening the elastic modulus of the nanocomposite was obtained. A glassy polymer
in an amorphous state is, within the framework of the cluster model concept, a natural
nanocomposite in which a loosely packed matrix plays the role of a matrix, and a nanocluster
plays the role of a filler. At a fixed temperature, the choice of the best alternative from two
micromechanical models (parallel and sequential) is determined by estimating the standard
deviation of the calculated value of the elastic modulus of the matrix with experimental data.
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PE3IOME

CornacHo KIIACTEpHOH MOJETH CTEKIO00pa3HBIX MOJIMMEPOB, B aMOP(OHOM COCTOSIHUM OHHU
HPEICTaBIAIOT CO00H ecTeCTBEHHbIE HAHOKOMITO3HUTHI U3 JIByX KOMIIOHEHTOB PBIXJIOYIaKOBAHHOM
MaTpHIIBl ¥ TIOTPY’KEHHBIX B HEE HAHOKJIACTEPOB, UTPAIOIIMX COOTBETCTBEHHO POJIb MATPHUIIBI U
HAlOJIHUTENIE B €CTECTBEHHOM KOMIO3uTe. B 1aHHON TpakTOBKe MoOJMMEpa BaKHYIO PpOJIb
npuoOperaeTr pasMepHblii 3(Q(EeKT HaHOKIACTEpOB, HWJACHTHYHBIM yKazaHHOMY 3(hdexTy
HaHOHAIMOJHUTENSI B HCKYCCTBEHHOM HAHOKOMIIO3UTE, & MMEHHO, YMEHbBIIEHHE pa3MepoB M
HAHOKJIACTEPOB W JHMCIIEPCHBIX YACTHI] MPUBOIAT K PE3KOMY IMOBBIINICHUIO CTETICHW YCHIICHHS
(MOzyJIsl yIIPYTOCTH) HAHOKOMITO3UTA.

B  mnacrosmelr  pabore ¢ WCHOJIB30BAaHMEM  MMApaUIebHOW W TIOCIEIOBATEIBHOM
MHUKPOKOMITO3UTHBIX MOJIEJIEH MOJIy4YeHbl BEPXHSIS U HIKHSASA (PpaKkTalbHbIe OLEHKHU JUIS MOJYJIS
YIPYTrOCTH MAaTPULBI U KOJIMYECTBEHHO OLIEHEH CUHEPreTHYeCKUil dPQEKT yCHUICHUS MOIYIIS
YIPYTroCTH HAHOKIO3MTA B LIEJIOM KakK Cyneprno3uius 3(p(eKToB ycuineHus oT HEOPraHU4eCcKoro
HAITOJTHUTEIIS U OT HAHOKJIACTEPOB, UTPAIOIIUX POJIb HATIOJTHUTEINS PHIXJIOYITAKOBAHHON MaTPHIIBI.
OOBeKTOM UCCIIeIOBAaHMS B TJAHHOM pabOTHI ABIISAETCS MaKep - yCTPOUCTBO, MPeAHAa3HAYEHHOE IS
pa3o0IIeHus] BYX 30H CTBOJIA CKBRXHHBI W HM30JSIMA  BHYTPEHHETO MPOCTPAHCTBA
HKCIUTyaTallMOHHONW KOJIOHHBI OT BO3ACUCTBHUSI CKBOXUHHOW Cpelbl. | epMETHYHOCTh MaKepoB
JOCTUTAeTCs Oyarojapsi YIUIOTHUTENBHBIX dJeMeHTOB (YD), Ui W3TOTOBIEHHS] KOTOPBIX
UCTIOJIB3YIOTCS KOMIIO3UT C COCTAaBOM: CMECh CHHTETHYECKOTO OyTaJUCHHUTPUIBHOTO U
TUAPOTeHU3NpoBaHHOrO  OyTagueHHuTpuibHoro kayuyka (BHK+I'BHK), Bynkanuzarop,
CTa0MIIN3aTOp, TEXHOJIIOTHYECKHE 100aBKU M HAHOYACTULIBI ME/IH.

Hns paccmaTpuBaeMoOro Kiacca TOJMMEPOB pa3padOTaHO TMPaBWIO BbIOOpa Haumbosee
OPENOYTUTEILHOW MOJENU M3 YKa3aHHBIX BBIIIE JBYX MHUKPOMEXaHHYECKHX Mojeied mnpu
3aJlaHHOM TEeMIIepaType.

KiroueBbie ciioBa: HehTenmpoMbICIOBOE 000pyI0BaHHE, CHHEPreTHUecKuil 3 deKT, KIacTepHas
MO/JIeNIb, €CTECTBEHHBI HAHOKOMIIO3UT, MeK(pa3zHas o0jacTb, MEKKOMIOHEHTHAs aJresus,
PBIXJIOyIaKOBaHHAsI MaTPULIA.
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ABSTRACT

The article is devoted to the study of the causes of failures of fountain fittings in the process of
operation, the measures taken to eliminate failures, increase efficiency and increase the overhaul
period. In order to improve the efficiency of the fountain fittings, the works that can be performed
during major and current repairs are investigated. The main purpose of this article is to increase
the reliability of the design of the fountain fittings.

This article explores the causes of failure that may occur in wellhead christmas trees, their causes
and solutions. The general design of x-mas trees is shown. Basically, christmas tree fittings are
cross-shaped, three-necked and, depending on the design, for a working pressure of 21, 35, 70,
105, 140 MPa.

x-mas trees perform the main and most important work, such as hanging tubing, shutting off the
wellhead, providing the necessary pressure on the wellhead, and regulating oil production. As is
known, during the operation of oil and gas wells, along with the main product, clay, sand and
abrasive particles are removed from the well. Among these impacts, christmas trees are exposed
to the corrosive attack of sand flowing with oil, gas and water during operation. It is the cross and
the connecting elements of the x-mas tree - closing valves, the cross, the christmas tree, a pair of
gates - saddles, the sealing elements that are most susceptible to eating (wear). Due to the fact that
these processes occur under high pressure, a number of important requirements are imposed on
the design of x-mas trees. Improving the design of x-mas trees, which is wellhead equipment, is
always one of the most important tasks in operation. In order to improve the efficiency of x-mas
trees, the works that can be performed during major and current repairs have been studied. The
main purpose of this article is to study the improvement of the reliability indicators of the x-mas
tree design, increase the overhaul period.

Keywords: Christmas tree, stem, valve, globe valve,packing element, shut-off valve, disc -
saddle pair.

Introduction

Christmas tree is used in the process of operating oil and gas wells for the purpose of ensuring
the condition of the wellhead. Christmas tree construction is mainly used in oil exploration and
production in surface and underwater oil and gas wells. Surface christmas tree are used to
prevent sudden fountains in onshore oil and gas wells and to close the wellhead. The underwater
christmas tree has a more complex construction and is used in the operation of oil and gas wells
at a certain depth of water.

The operating conditions of oil, gas and gas condensate wells require that those wells be
hermetically sealed (sealed), the spaces behind the pipes are isolated (captured), the oil or gas
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product is directed to collection points, and the well can be fully closed under pressure if
necessary. These requirements are fulfilled by the belt head and the chirtmas tree(with the
manifold) installed above the fountain well.

In this research work, failures that may occur in the underground christmas tree, their causes and
elimination methods were investigated. The general construction of the christmas tree is shown
in Figure 1. Generally, according to the structure, the cross is three-sided and the working
pressures are 21,35,70,105,140 MPa of the christmas tree is shown in Figure 1.

Pressure Gauge

/ T-Cap
Primary
Wing Valve

Swab Valve

Kill Wing Valve

Lower Master Valve

Figure 1: The principle scheme of the Christmas tree

Relevance: As we mentioned, the christmas tree performs the main and most responsible work,
such as hanging service pipes, closing the wellhead, providing the required pressure at the
wellhead, and regulating oil production. Since these processes take place under high pressure,
several important requirements have been placed on the construction of the christmas tree .
Improving the construction of christmas tree , which is a wellhead equipment, is always one of the
most important problems in production. Generally, according to the structure, the cross is three-
sided and the working pressures are 21,35,70,105,140 MPa [1]. in addition, the fittings are
threaded or flanged. Recently, mainly flange fittings are made. These fittings are more reliable at
high pressure. Christmas tree are one of the most pressurized equipment in oil and gas production.
For this reason, during the production of the equipment, all cast parts are collected after hydraulic
testing at a pressure 1.5 times higher than the working pressure at the factory and generally
retested. Nevertheless, the fittings sent for installation from the mine workshop must be
hydraulically tested again. A maximum torque wrench is used to tighten the flanges. When it is
closed by hand, the cross must be pressed gradually in sequence. All parts of the christmas tree
are made of quality steel depending on their pressure. Between the flanges, an annular
intermediate layer made of mild steel with an oval cross-section is placed. If defects of hollow
parts are detected during the test, they can be welded with the appropriate electrode only once if
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they are in accordance with the technical condition. if it still misses on the retry, it is thrown out
completely. The ends of the fittings must be closed with metal caps for transportation. As it can be
seen, the equipment is the most important equipment used in the operation of oil and gas wells,
which is subjected to the most pressure and requires high precision in its processing. The failure
of individual nodes on the christmas tree at high pressure always results in financial damage to
enterprises. it also slows down the work process. Increasing the reliability quality of the pressure-
sensitive parts of the christmas tree and extending the interval between repairs has always been
one of the most important issues [2].

Figure 2: Simple construction of the Christmas tree

Objective

As we know, in the operation of oil and gas wells, along with the main product, clay, sand and
abrasive particles are removed from the well. Among these effects, the christmas tree is exposed
to the corrosive effect of sand flowing together with oil, gas and water during operation. The triad
and connective structures of the christmas tree are the most subject to wear. Often eaten valves are
replaced directly above the well. The christmas tree as a whole should be regularly inspected
("revision™), even if it has not been observed malfunctions in the work process or has worked
reliably. In this article, a flange joint christmas tree designed for a pressure of 70 Mpa is
investigated. Inspection and repair of the christmas tree is carried out in the workshop, for which
it is necessary to disassemble it and separate it into separate nodes and parts. Dismantling a
flanged christmas not difficult, as the bolts attached to the flanges are easy to unscrew. And they
cut the bolts whose grooves are crushed. But dismantling the threaded armature creates great
difficulties. In this case, the opening of the grooves is obtained either by hand, with two chain
wrenches, or by fastening and opening the zinc cable of the winch (repair winch) to the slotted
wrench. They do not put the christmas tree on the base, but bolt the flange of the cover to the
flange of the valve support. The support is connected to the coupling of the pipes from the cross,
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which are seated with the support so that the upper flange of the cross is 0.7 m above the well
floor. The hole in the upper flange opens up so that various sizes of fittings can be attached. The
side exit of the cross serves to hold the repaired valve. The dismantled fountain christmas tree is
washed and its individual parts are looked at. If there are cracks in the parts, such parts are cut out
("brakovka™). The trickiest part of repairing a fountain faucet is its valves. First, the valves are
checked for easy opening and closing. Then the cover is dismantled, the flywheel is removed
together with the shaft (spindle) and the connecting part (wedge, plates, valve or plug), the
condition of the sealing surfaces is checked [3].

Failures that can occur in the most responsible nodes of the christmas tree and their elimination
methods are listed below [4].

A) Possible problem in plug faucets and their elimination methods

1) Problem - Leakage of the working agent from the thread connection of the clamping bolt and
the spindle [5].

Reason - Lack of lubricant, failure of the mold, high pressure destroys the mold,

Solution - Open the clamping bolt, add oil to the tap and close the clamping bolt, if the corrosion
rate of the clamps exceeds the norm, the clamps should be replaced.

2) Problem - Leakage of the working agent through the valve of the adjusting screw

The reason - the chip is eaten, insufficiently compressed, some loosening due to the effect of
unevenly distributed forces during the work process. Eating graphite

The solution option is to change the rubber and graphite of packing, or re-surface the graphite on
a high-precision CNC machine with a rubber press and put it in place.

3) Problem - Leakage of the working agent through the seal between the cap and the body

Cause — The cover is loosely clamped. The faucet does not open and close. The material has not
been selected yet [6].

Solution option - Add conditioning oil to the faucet and tighten the cap, perform a power report of
the faucet and reengineer the product nodes.

4) Problem - The valve plug is difficult to close or does not close at all

Reason - Riveting of the plug in the body.improper selection of the lubricant, no need to fully
open and close the faucet during operation, eating the plug,

Solution - Using a tightening bolt, the plug should be dislodged, if the problem does not go away,
the faucet should be disassembled and lubricated. It should be replaced if it has already been eaten
to the limit of traffic jam.

B) Possible faults in straight-flow valves and their elimination methods

1) Problem - Leakage from spindle or stock valve [7].

Reason — packing (cuff) was eaten. There is no lubricate in packing. Spindle or stock neck is
damaged. The material report was not made correctly. Cracks have formed in the graphite.

The solution- option is to change packing . Must hit the pie. If there are cracks in the collar, it
must be thoroughly repaired.

2) Problem - During the process of opening and closing the shutter, the torque on the regulator
wheel increases sharply.

Reason - Spindle support pad is broken. The T-shaped crack is broken. There is no oil in the body
of the pillow. Freezing of hydrate in the trunk.
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Solution - The valve needs to be replaced. Oil should be injected. The body should be heated with
hot water or steam, and the pads should be changed. In general, operating pressure should be
considered as a safety factor when selecting cushions [8].

\ “ﬁ*ﬁ“}///@

Switch
indicator

indicator
ring

Switch
indicator

Figure 3: Schematic of the connector.

3) Problem — Valve latch is rusted (adjustment wheel does not rotate)

Reason - The working surfaces of the cheeks of the shutter are dirty. Falling of water or
condensate into the internal volume of the body and their freezing.

Solution - Wash the valve in stationary conditions. The valve should be heated, drained and
oiled.

4) Problem: The valve does not open and close completely [9].

Reason: The presence of sand or solution in the body, molding of the valve due to long-term
operation in the same conditions, reduction of the lubricant,

Solution: The valve should be washed and filled with oil under stationary conditions

Possible malfunctions in straight-flow valve and their elimination methods. The quality of the rub
is checked by the "coloring" test. Defects of the slide are determined by measurement and restored
by the method of "surfacing”, then mechanical processing is carried out so that the part can get the
original size and the necessary surface cleanliness. In this way, the connecting structures and the
body are repaired.

Molding surfaces are cleaned by rubbing before harvesting. When there is a lot of corrosion in the
connecting structures, they are replaced with a new one. The spindle is checked for straightness
and suitability of the threads. The groove must be full, clean and not crushed. if the tip of the
upper square is turned, then it must be cut again. Restoration of the valve grooves is performed in
the above manner. Thus restored and replaced with new parts and nodes are realigned and
assembled opposite to disassembly. The assembled coolant is checked with a hydraulic hand press
according to the technical condition to the test pressure. The christmas tree is assembled on the
stand used for dismantling. The grooves should be lubricated with "graphite” lubricant before
closing. Also, special attention should be paid to the assembly of sealing rings and packing.
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Figure 4: The principle scheme of the valve

Tightening of bolt connections must be performed according to the rules specified in the technical
condition. The barrel of the christmas tree is checked with a template 2 m long according to the
diameter. After the assembly of the christmas tree, the tightness of all its joints is checked to the
test pressure (the pressure is pressed).

Stem

Gland flange
Packing
Bonnet
Stud nut
Bonnet Gasket
Wedge

Figure 5: General structure and main details of the valve

Result

As a result of the conducted scientific research, it can be noted that the most responsible loading
part of the christmas tree was valves and faucets. The most common problems found in valves
are chipping, loosening due to pressure, warping and breakage. Solutions to these problems were
proposed. Also, to increase the time between major repairs, attention should be paid to the
following nuances.
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In oil and gas operations, the crane is often in the same state: open or closed, during the
interrepair period. If these valves do not release liquid or gas, then a "visual" inspection of the
assembly is sufficient, and it is enough to replace the packing with a new one. If the sealing
surfaces are corroded, they should be polished. If the depth of the dent is 0.1 mm, it is enough to
remove it by rubbing, and then it is necessary to clean with a medium and thin "paste” (powdered
lubricant).
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FONTAN ARMATURUNUN 9SAS ELEMENTLORININ SIRADAN
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XULASO

Mogqalodo is prosesi zamani fontan armaturunda bas veron imtinalarin soboblori arasdirilmus,
todqiqi, imtinalarin aradan qaldirilmasi, is qabiliyyatinin yaxsilasdirilmast vo tomirlor arasi
miiddatin artirilmasi {igiin goriilon todbirlor todqiq edilmisdir. Fontan neft, qaz vo qazkondensat
quyularinin istismar soraiti tolob edir ki, homin  quyular hermetiklogdirilsin (kiplondirilsin),
boruarxasi fozalar izolo edilsin (tutulsun), neft vo ya gaz mohsulu yigim montogalorine
istigamatlondirilsin, ham¢inin lazim galdikds tozyiq altinda quyu tam baglansin. Bu talablori
fontan quyusunun {istiindo quragdirilan komeor bashigi vo fontan armaturu (manifoldla birlikda)
yering yetirir.

Bu mogqgalods quyuagzi fontan armaturunda bas vero bilocok imtinalar, onlarin sababi vo aradan
galdirilma yollar1 aragdirilmisdir. Fontan armaturunun imiimi konstruksiyasi gostorilmisdir.
Umiimiyyotlo, fontan armaturlari qurulusuna goro xagvari, iighogazli vo isci tozyiglori
21,35,70,105, 140 MPa olurlar.

Fontan armaturu istismar borularinin asilmasi, quyu agzinin baglanmasi, quyu agzinda tolob
olunan kipliyi tomin etmok vo neft hasilatinin tonzimlonmasi kimi asas vo on mosul i goriir.
Bildiyimiz kimi, neft-qaz quyularinin istismarinda quyudan osas mohsulla barabaor gil, qum va
abraziv hissociklor do xaric olunur. Butun bu tasirlordon fontan armaturu istismar prosesindo neft,
qaz ve su ilo birgs axan qumun yeyici tosirine maruz qalir. ©On ¢ox yeyilmoys (aginmaya) moruz
galan yolkanin tighogazi vo baglayici quruluslaridir. Bu proseslor yuksok tozyiq altinda bas
verdiyine gors fontan armaturunun konstruksiyasina bir ne¢o dnamli talablor qoyulmusdur. Quyu
agzi avadanliq olan fontan armaturunun konsturksiyasin1 tokmillogdirilmosi hor zaman
istehsalatda on Onomli problemlordon biridir. Fontan armaturunun is qabiliyystinin
yaxsilagdirilmas1 moagsadilo asasli vo cari tomirdo goriilo bilocok islor aragdirilmisdir. Bu elmi isdo
on osas moagsad fontan armaturunun konsturuksiyasinin etibarliliq gOstaricilerini yaxsilagdirmaq,
osasli tomirlor arasi vaxti artirmaqdir.

Acar sozlar: Fontan armaturu, spindel, siyirtmo, kipkoac,baglayici ventil, siirgii — yohor ciitliyii.
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PE3IOME

CraTpsi TOCBSIILIEHA WCCIIEAOBAHUIO MPHYUH BO3HUKHOBEHHS OTKAa30B apMaTypbl (oHTaHa B
nporecce padoThl, IPUHATHIM MEpaM IO YCTPAHEHUIO OTKA30B, MOBBIIIEHUIO PA0OTOCIIOCOOHOCTH
U YBEJIIMYCHUIO MEKPEMOHTHOTO Tiepuosa. C 1eibio MOBBIIEHUST pab0TOCTIOCOOHOCTH apMaTyphl
¢doHTaHa Hccae10BaHbl pabOThl, KOTOPbIE MOT'YT OBITh BBIMOJIHEHBI IPH KaMTAIbHOM M TEKYIIEM
peMoHTe.OCHOBHOM 1I€NbI0 JAaHHOM CTaThbU SIBJSIETCS IOBBILIEHHE IOKa3aTeleld HaleKHOCTU
KOHCTPYKILIMU apMaTypbl OHTaHA.

B naHHOW cTaThe HCCIAENYIOTCS HPUYMHBI OTKa3a, KOTOPbIE MOTYT BO3HHMKAThb B YCTBEBBIX
(doHTaHHOM apmaType, MX MNPUUMHBI U MyTH YycTpaHeHus. [lokazaHa oOIIas KOHCTPYKLUS
¢oHTaHHOH apMaTypbl. B ocHOBHOM (hoHTaHHast apMaTypa ObIBa€T KPECTOBOW, TPEXTOPJIOBOIl U B
3aBHCHMOCTH OT KOHCTPYKIIUH Ha pabouee gasnenue 21, 35, 70, 105, 140 MIla.

@doHTaHHas apMaTypa BBINOJIHAIOT OCHOBHYIO M HamOoOJee OTBETCTBEHHYIO paloTy, TaKyl Kak
MOJIBECKAa HACOCHO-KOMIIPECCOPHBIX TpyO, MEpeKphITHE YCTbs, obecreueHue HeoOXOIUMOro
JaBJIEHUS Ha YCThe, peryiaupoBaHue no0bun Hedtu. Kak wu3BecTHO, mHpu SKCIIyaTanuu
HE(TSAHBIX U T'a30BbIX CKBAXXHH Hapsy ¢ OCHOBHBIM MPOIYKTOM U3 CKBAXXHHBI YJANSIOTCS TJIMHA,
necok W abpasuBHbIe yacTulbl. Cpeau 3TUX BO3JAeHCTBUIN (DOHTAHHAs apMarypa IMOJBEpraercs
KOPpPO3MOHHOMY BO3JIEHCTBHIO TE€CKa, CTEKAIoLIero ¢ HedThio, Ta30M U BOJOH B Hpoliecce
SKCIUTyaTaluu. VIMEHHO KpEecTOBHHAa U COEIUHUTENIbHBIE 3JIEMEHTHl (DOHTAHHOM apMaTrypbl —
3aKpBIBAIOIME BEHTWIN, KPECTOBHHA, (DOHTAHHAs €JIKa, Mapa Imubep —ceasia, YIUIOTHUTEIbHbIE
3JIeMEHThl HauOoJiee MOJBEP>KEHBbl MOENaHuIo (M3HOCY). B cBsi3u ¢ TeM, YTO 3TH MPOLECCHI
MIPOUCXOJIAT MO/ BBHICOKUM JaBlIEHHMEM, K KOHCTPYKLUUHU (DOHTAHHOW apMaTypbl IpeabsBIsSeTCS
psaa  BaxkHbBIX TpeOoBaHuil. CoBepIIEHCTBOBAaHME KOHCTPYKIMHM (DOHTAHHOM apMaTyphl,
SBIISIOIIENCS YCTBEBBIM OOOpYJOBAaHHEM, BCErja SBISETCS OJHOW M3 BaXHEHIIMX 33134 B
skcruTyatauu. C 1enbio MOBBIIIEHHUST pab0TOCIOCOOHOCTH (POHTAHHOW apMaTyphl UCCIIEI0OBAHBI
palboThl, KOTOphIE MOKHO INPOU3BOAMTH MPH KAMHUTAIBHOM M TeKylleM peMoHTe. OCHOBHOM
LeNbl0 JAaHHOW CTaThbU SIBJISIETCS MCCIEAOBaHUE YIydllleHHE [IOKa3zaTeled HaJleXHOCTU
KOHCTPYKIMHU (POHTAHHOI apMaTyphl, yBeJIHUEHHE MEXPEMOHTHOTO IIEPHOAA.

KuroueBble cioBa: @oHTaHHAas apMmarypa, IINUHAETb, 33JIBUXKKA, YILIOTHUTEb, 3aKPhIBAIOIINN
BEHTHJIb, 3aII0pHas apMaTypa, napa muodep-ceaso.
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ABSTRACT

The article provides a distinctive analysis of swelling packers used in different countries,
considers the classification of packers. The principles of functioning of both mechanical packers
and hydraulic packers, as well as swelling packers, are briefly considered, and their difference in
functioning, opening time and holding time relative to swelling packers is also described. The
advantages of swelling packers over other packages are presented. The superiority and key
aspects of sealing elements of specifically swelling packers relative to mechanical and hydraulic
packers are described, since some rubber materials included in the sealing element have the ability
to self-repair sealing properties. The stages of development, properties of elastomers, which are
used in the sealing elements of the packer, are given. Protective anti-extrusion rings are described,
which protects the sealing units and elements from the indentation of the elastomer. The
description of the varieties of swelling packers, the process of swelling, the advantages and
disadvantages of swelling packers is given. The damage to the rubber of the sealing assembly of
the swelling packer after testing in the well was analyzed. The elastomer of the sealing unit has
been tested using various methods. The method of infrared spectroscopy revealed the approximate
type of material and a change in the structure. Changes in the physicomechanical values of the
rubber seal before and after thermo-oxidative aging are determined. The strength of the rubber
polymer part of the packer from the effects of aggressive media was determined.

Keywords: swelling packer, sealing unit, elastomer element, damage, mechanical packer,
destruction, hydraulic packer, pressure, temperature.

Introduction

One of the most effective ways to isolate reservoir zones and prevent overflows is the method of
packing wells with various packer designs.

Packer (packer — English sealer) is a device designed to separate individual zones of the wellbore
and isolate the internal space of the production column from the impact of the borehole
environment. Packers are lowered into a well with casing strings and installed at the desired
interval.

According to the installation method, packers are divided into mechanical, hydromechanical and
hydraulic. The mechanical packer expands when it is not affected by the axial load - the mass of
the tubing (tubing). The sealing rubber of the hydraulic packer expands when liquid is fed into it.
Mechanical packers are relatively simple in design, but at the present time the weight of the pipe
column is no longer enough to seal and isolate the zones. In this connection, hydraulic packers are
used more, but they are complex in design and are able to withstand large differential pressures,
I.e. pressure drops.
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Figure 1: General view of swelling packers

At the present time, the use of swelling packers is widely used (Figure 1). In these packers, the
sealing element made of a special elastomer increases in volume by coming into contact with
certain liquids — water, water-based solutions, oil, hydrocarbon-based solutions, or drilling mud.
Due to the swelling of the elastomer, the annular space in the cased and unsettled boreholes is
clogged, thereby ensuring the sealing of individual parts of the borehole.

Elastomer is a highly elastic elastic material that stretches to a size exceeding its original length
and the ability to return to its initial size when no load is applied.

Various rubbers and rubbers are typical elastomers.

welling Packe

Swells in oil and
water

Swells in oil Swells in water

elling occurs faster a
higher temperatures
and lower

elling occurs faster a he swelling rate is set
higher temperatures r various liquids (bot
and in lighter for hydrocarbon and

hydrocarbons ater-based solutions)

mineralization

Figure 2: Classification of swelling packers
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Packers swelling in water. Such packers have a sealing element that swells by reacting with

water and water-based solutions (figure 3). At high temperatures and weak mineralization, the
volume of the water-swelling elastomer increases more intensively.

Figure 3: Packers swelling in water

Packers swelling in oil. Such packers have an elastomer that swells upon contact with
hydrocarbon-based rastovors, i.e. oil, hydrocarbon-based drilling fluids (figure 4). With lighter
hydrocarbons and higher temperatures, this packer increases in size better.

Figure 4: Packers swelling in oil

Hybrid Packers

In hybrid packages, the sealing element swells, reacting with both water, water-based solutions,
and oil, hydrocarbon-based solutions and hydrocarbon-based drilling fluids (Figure 5). A hybrid
packer is used if the type of borehole fluid is unknown. In this case, the swelling rate is set for
both hydrocarbon-based and water-based solutions. The sealing element of a hybrid packer can
consist of either a whole piece of rubber or in the form of separate sections. In swelling packers,
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as a rule, the swelling rate is regulated by the choice of elastomer and the use of various kinds of
coatings.

Figure 5: Hybrid packer in the well

Advantages of swelling packers

The advantage of swelling packers is that there are no moving parts in their design, which avoids
a special operation. The sealing element in the swelling packages has the ability to independently
repair and seal properties. Also, the advantage of such packers is that their use provides reliable
and irreversible isolation of layers.

The experimental part

The purpose of the study is to analyze the damage and wear of the rubber seal of the swelling
packer and search for methods for their early detection.

The well has a depth of 1300 m. From the mouth to a depth of 1060m of the well of a cased
production column with an outer diameter of 168 mm. Below the well to the bottom has an open
trunk with a diameter of 148 mm. The first landing of the packer was in the depth range from
1200 to 1250 m, when the tubing was installed between the partners with a length of 54 m and a
diameter of 73 mm. Check the landing of the packer or by pumping oil at a pressure of up to 40
atmospheres through the tubing. The face temperature is 120°C.

The analysis by infrared spectroscopy was performed on a Thermo Scientific Nicolet
spectrometer with a single reflection and a ZnSe crystal. The analysis for comparison was carried
out using the built-in Thermo Scientific database. Shore A hardness of the rubber-polymer part
was determined according to GOST. The density of the rubber part according to GOST was
determined by the hydrostatic method. Determination of resistance to thermo-oxidative aging was
carried out after holding the samples at 120 ° C for 24 hours according to the values of hardness
and rebound elasticity before and after aging. In the figure 6 is a — before the test and b — after
the test (damaged).

The rubber of the packer (figure 6) consists of a multilayer material. The exact composition is not
known. The inner layer with a thickness of 5 mm is made of general-purpose rubber based on
butadiene-nitrile rubber. The middle layer is made of several polymer fiber fabrics based on
acrylamide. The outer layer is made of very dense rubber with a thickness of 3 mm. The damaged
sample (figure 6-b) of the packer has no defined shape. When exposed to an oil-acid emulsion, the
damaged sample has an oily odor characteristic of hydrocarbons. With a small contact, it is easily
destroyed. A study of the density of the samples of the rubber part of the packer showed that the
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outer sample has a density of 1.27 g/cm3, and the inner one has a density of 1.26 g/cm3. It is most
likely that the outer and inner layers are made of rubber of the same composition.

a b

Figure 6: Photos of packer rubber samples.

20

Figure 7: Infrared spectra of rubber part samples

The following absorption bands are observed on infrared spectroscopy (figure 7): in the region of
3500-3000 cm™, corresponding to fluctuations of free OH groups; in the region of 3000-2700 cm"
1 corresponding to the hydrocarbon part; in the region of 1800-1400 cm, corresponding to the
presence of multiple bonds; in the region of 1200-1000 cm™, corresponding to the inorganic part.
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Figure 8: Infrared spectra of rubber part samples after comparative analysis using the Thermo
Scientific database

The infrared spectra of the samples were also processed in the Thermo Scientific electronic
database. Figure 8 shows the infrared spectra of substances similar in structure. Their ratio was
established with a 91 % coincidence rate (Table 1).

Table 1: The results of a comparative analysis of the database Thermo Scientific IR spectrum of
the initial sample of the rubber part (outer layer)

Components with a comparable Ratio of components by spectrum, % Coincidence, %
spectrum
Polyamide resin 32,87
Acacia powder 41,68 91,37
Polyethylene. High density 25,45

The hardness study (Table 2) shows that after thermo-oxidative aging at 120 ° C, the hardness
value increases. The samples were rigid, lost their elasticity, although they retained their shape.

Table 2: Values of hardness and elasticity of rebound samples of the intact rubber polymer part of
the packer before and after exposure at 120 ° C for 24 hours

Indicators Shore A hardness, conl.unit. Rebound elasticity, %
Outer layer Inner layer Outer layer Inner layer
Before aging 80 73 30 42
After aging 91 81 22 14
Aging coefficient 11 8 0,73 0,33
Conclusions

When hydraulic and mechanical packers are working, the load is distributed unevenly, which
means that the strength of the packer is negatively affected. In swelling packers, the load is
distributed evenly over the entire length of the swelling. While the length of the elastomer, i.e. the
swelling sealing element is the main factor for the contact area, the longer the elastomer. The
more pressure drops the swelling packer can perceive. One of the important factors in the work of
partners is the duration of the packer itself. Hydraulic mechanical packers are activated
immediately after the layout is lowered. The swelling packer acts gradually thereby providing
long-term insulation of the Layers and protects the column from damage.

The damage to the rubber-polymer part of the packer obtained during the test was studied and an
assumption was made about the possible causes of damage to the swelling packer. A combination
of several factors could lead to damage to the packer during testing in the well:

- high temperature at the landing site of the packer, which could lead to deterioration of
operational characteristics;

- a sharp pressure drop when pumping liquid into the packer through a column of tubing;

- high hygroscopicity of the rubber part of the packer, which could cause changes in the structure.
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Samples of the rubber part of the packer before and after damage were studied by infrared
spectroscopy. In the infrared spectrum of the damaged sample, an absorption band corresponding
to the presence of free OH groups is observed. Infrared spectra of samples are analyzed in the
built-in database. Substances with near infrared spectra have been determined. The influence of
temperature on the physical and mechanical properties of the rubber part of the packer is studied.
The change in hardness and elasticity of rebound after thermal aging was established. To prevent
premature wear of the packer, it is recommended:

- include in the composition of the rubber part a reinforcing layer capable of withstanding a
pressure drop, for example, a metal mesh

- more carefully select the operating conditions in the well, taking into account temperature, water
and oil saturation, rock relief.
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AHHOTAIUA

B craTbe npuBOANTCS pa3NUUUTENFHBIA aHAIN3 HA0YXaIOIUX MMaKepPOB, UCIOIb3yEMbIE B Pa3HBIX
CTpaHax, paccMaTpuBaeTcs Kiaccuukanus nakepoB. Bxparie paccMaTpuBaeTcs HMPUHLUIIBI

ETM
EQUIPMENT TECHNOLOGIES MATERIALS |




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

:T M ISSN: 2663-8770, E-ISSN: 2733-2055
VOLUME 13 ISSUE 01 2023
REFERRED & REVIEWED JOURNAL

(YHKIMOHMPOBAHUSI KaK MEXaHMYECKHMX TMaKepoB M THAPABIMYECKUX MAKEpPOB, TaK U
HaOyXalolMX IaKepOB, a TAK)KE OMMCHIBACTCS HX OTIAMYHEC B (PYHKIHOHHPOBAHHH, BPEMEHHU
PacKpbITUM M BPEMEHH BBIICPKKA OTHOCHUTEIBHO HaOyxaromux mnakepoB. IIpeacraBisercs
[PEUMYIIECTBa HAOYXAIOMMX IMaKepOB IMepel APYruMH makepaMu. ONHUCaHO IMPEBOCXOJCTBO U
KJIFOUCBBIC ACIICKThI yHJIOTHI/ITeJILHBIX DJICMCHTOB, KOHerTHO HanyaIOH_[I/IX HaKepOB
OTHOCHJIBHO MEXaHHYECKHX M THAPABIMYCCKHX IAKEPOB, T.K. HEKOTOpBIE MaTepHalbl PE3UH
BXOISIINXCSA B  COCTaB  YIUIOTHUTEIBHOTO  JJIEMEHTa  00JaJaeT  CIOCOOHOCTBIO K
CaMOBOCCTaHOBJICHHUIO T€PMETU3HPYIOMIMX CBOUCTB. [IpuBOAMTCS 3Tambl pa3pabOTKH, CBOMCTBA
AJIACTOMEPOB, KOTOPBIA HCIOJIB3YIOTCS YIUIOTHUTEIBLHOIO 3JIeMeHTax makepa. OmmchiBaeTcs
3allIUTHBIC aHTI/IE)KCpr3I/IOHHI)IC KOJb1a, KOTOpa?I HpeIIOXpaHﬁCT YHJIOTHI/ITGJ'H)HBIG y3JH)I nu
3JIEMEHTHI BJaBIMBaHUE dactoMepa. Jlaéres onucaHue pasHOBHIHOCTEH HAOyXalOIIUX MMaKepoB,
nporiecc HaOyxaHHs, NPEUMYINECTBA HEIOCTATKA HAOYyXamoIUX [aKepoB. AHAIM3UPOBAHO
MOBPEXICHHE PE3UHBI YIUIOTHUTEIBHOTO y3J1a, HaOyXaroIlero makepa BIIOCISACTBUH HCIBITAHUI
B ckBakrHe. C TOMOIIBIO Pa3IUYHBIX METOJIOB HCIIBITAHA 3JaCTOMEP YIUIOTHUTEIBHOIO y37a.
MetonoM HHGPAKpACHON CIEKTPOCKONWH BBISBIECH NPHOIM3UTEIBHBIM THII Marepuaga u
U3MEHEHHE B CTpyKType. OmnpenenéH W3MEHEHHUS (PU3UKOMEXaHUYCCKUX BEIHYUH PE3UHBI
YIUIOTHUTENS JIO M T[OCIe TEPMOOKUCIUTEIbHOrOo crapeHus. OmnpenenéH  MpoYyHOCTh
PE3UHOIOIMMEPHOM YacTH MaKkepa OT BO3JACHCTBHUS arpPECCUBHBIX CPE/.

KaioueBbie ciioBa: HaOyXaroluii akep, yIIOTHUTEIbHBINA y3€1, SJIEMEHT 3JIaCTOMEPA,
MIOBPEXKICHNE, MEXaHUYECKHI MTaKep, pa3pylLIeHUE, THAPaBIMYECKUI NTaKep, JABJICHHUE,
TeMIepaTypa.

SISON PAKERLORIN KONSTRUKSIYASININ ANALIZI VO
KIPLONDIRMO DUYUNUNUN KORLANMASININ TODQIQATI

Lals Haciyeval, Nicat Mirzozada?

Dosent, texnika elmlor namizadi, “Seonaye masinlar1” kafedrasi, Azorbaycan Dévlot Neft vo Sonaye Universiteti,
Azorbaycan. E-mail: lala.hactyeva51@mail.ru

2Qaz turbin va buxar turbin qurgular operatoru, Azarenerji ASC, magistrant, Azarbaycan Dovlat Neft va Sonaye
Universiteti, Azarbaycan. E-mail: nijat.mirzazada@outlook.com

XULASO

Mogalodo muxtalif 6lkalords istifado olunan siskin paketlorin forgli tohlili verilir, paketlarin
tosnifati aragdirilir. Hom mexaniki pakerlorin, hom do hidravlik pakerlorin, eloco do sison
pakerlorin isloma prinsiplori qisaca nozordon kegirilir vo onlarin islomasindoki forqg, sison
paketlora nisbaton agilma vo saxlanma middsti tosvir olunur. Sison pakerlarin digor pakerlara
nisbaton Gstunluklari tagqdim olunur. Kiplondirmo elementini toskil edon bazi rezin materiallar
sizdirmazliq xiisusiyyatlorini 6z-0ziino boarpa etmok gabiliyystino malik oldugundan, mexaniki vo
hidravlik paketlorlo migayisado xlsusi olaraq sison pakerlorin sizdirmazliq elementlarinin
Ustlinliyl vo osas cohatlori tosvir edilmisdir. inkisaf marholalori, pakerin sizdirmazliq elementlori
torafindon istifado olunan elastomerlorin xususiyyatlori verilmisdir. Qoruyucu anti-ekstruziya
halgalar1 tosvir edilmisdir, hansilar ki, sixlasdirici elementlori qoruyur va onun gqaligini
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gabartmaga sorait yaradir. Homg¢inin sigon pakerlorin nvlarinin tosviri, sismo prosesi, Gsttnliklori
Vo catismazliglar1 gostorilmisdir. Daha sonra quyuda simmaqdan kegirilmis sismo gablasdiricinin
sizdirmazliq qurgusunun rezin zodolonmoasi tohlil edilmisdir. Miixtalif Gsullardan istifads edoarok,
sizdirmazliq qurgusunun elastomeri siaqdan kegirilir. Infraqirmiz1 spektroskopiya ilo materialin
toxmini nOvl vo qurulusdaki dayisiklik askar edilmisdir. Termo-oksidlagdirici yaslanmadan avval
vo sonra mohir kaugukunun fiziki mexaniki doyorlorindoki doyisikliklor mioyyon edilmisdir.
Pakerin rezin polimer hissasinin aqressiv muhitin tasirindon glici misyyon edilmisdir.

Acar sozlar: sison pakerlor, paker rezini, sixlasdirici diiyiin, elastomer elementi, zodslonms,
mexaniki paker, dagilma, hidravlik paker, tozyiq, temperatur.
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ABSTRACT

In recent years, the oil and gas and other industries have been increasingly used turbo-gas
compressors (TGC). Prospects for use of TGC at compression stations (CS) is associated with
their large motor resource, energy consumption and autonomy that do not require additional
energy supply.

The present paper is devoted to the creation of booster compressor stations with high reliability to
ensure uninterrupted operation that meets high standards. In this connection, the collection of
associated low-pressure petroleum gas for compressing and transporting it to the shore was the
most urgent task in the acute shortage of natural gas. The performed analysis of the literature
published showed that a significant number of works were devoted to the problem of ensuring a
high level of reliability of compressor units. At the same time, there are no statistical data on
failures necessary for deep analysis, the reasons causing certain equipment failures have not been
sufficiently studied.

This does not allow to provide the necessary level of reliability when upgrading the existing and
designing new compressor units.

It also requires the solution of a number of other problems related to ensuring reliability at the
stages of design and manufacture of units. When developing and creating a new generation of
TGC at the design stage it is necessary to carry out appropriate calculations to ensure the future
safe operation of CS. To carry out these calculations, it is necessary to develop new scientific
approaches and mathematical models on the basis of which it is possible to obtain more reliable
results about the behavior of TGC in future operation.

Similar calculations should be carried out for both existing and operating TGC in order to assess
their suitability for work and to predict the life of the main working elements of TGC and CS in
general.

Keywords: reliability, boost compressor stations (BCS), gas turbines, compressor units, operating
time, failure.

The problem of providing the national economy of the republic with natural gas is one of the most
important and urgent, requiring a scientifically based approach. Of particular importance are the
tasks of rational consumption, reduction of losses, increase in efficiency and reliability of
operation of equipment for compressing associated petroleum gas.
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The State Program for the Development of the Fuel and Energy Complex in Azerbaijan, adopted
in February 2005, became the most important initiative of the gas sector and defined goals and
objectives for 2005-2015. One of the main problems of the gas industry in Azerbaijan is to find
ways to improve the efficiency of gas production, processing and pipeline transport systems,
taking into account the specifics of operating gas supply systems in difficult conditions.

“Solar” company is the world's leading manufacturer of industrial gas turbines with a capacity of
1-14.5 MW, centrifugal compressors for the transportation of natural and associated gas, as well
as gas turbine driven compressor and generator sets and driven gas turbine units.

Compressor units include a gas turbine, one or more gas compressors installed in series, a
microprocessor control system and all necessary auxiliary equipment.” Solar” company designs
and manufactures its own gas turbines, gas compressors and turbine units in accordance with 1SO
9001 certified quality management systems.

Gas turbines are manufactured to strict industry standards and are extensively tested using state-
of-the-art facilities. Currently, Solar's activities are certified in accordance with the requirements
of Det Norske Veritas (DNV) in accordance with the International Organization for
Standardization (1SO) 9000 quality system standards (Fig. 1).

Solar gas compressors are used primarily for field compression, which leads to efficient
performance, high reliability, durability, ease of maintenance, as well as special requirements for
equipment design (Fig. 2) [1].

Figure 1: Typical gas turbine from “Solar”

1- inlet guide vane; 2- drive flange; 3- five-stage low pressure compressor; 4- bypass air collector;
5- fourteen-stage high pressure compressor; 6- combustion chamber; 7- two-stage high pressure
turbine; 8- five-stage low pressure turbine; 9- pipeline for supplying fuel to the injectors; 10-
auxiliary gearbox.
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Figure 2:

Typical gas compressor of "Solar" company

1- bearing and seal assembly on the suction side; 2- connecting sleeve or balancing sleeve;

3- inlet flange (hole); 4- inlet guide vane; 5- suction channel; 6- stator assembly;

7- impeller; 8- housing; 9- discharge channel; 10- bearing and seal assembly on the pressure
side; 11- unloading piston; 12- discharge flange (hole); 13- stator; 14- diffuser channel.

One of the main principles underlying the design of compressors is the interchangeability of all
aerodynamic components within the overall frame dimensions [2]. At the same time, the main
elements, such as the drive mechanism, coupling, bearings, seals, length and rotor supports are
identical, and all parameters, such as temperature and pressure levels, are kept within the given
design.

Thanks to this, the “configuration” of compressors can be easily changed to restore or improve
performance and output-input ratio (OIR) when operating conditions may change significantly.
“Solar” company currently manufactures 11 Turbo Gas Compressor (TGC) models to meet a wide
range of oil and gas applications and power requirements. Typical applications:

 Gathering gas at a well or collection point to a gas treatment station or booster compressor
station.

* Increasing pressure from the well to a collection point, gas treatment station or booster
compressor station.

« Storage/extraction for injection or extraction of gas in the gas storage by compressors for
operation in series/parallel mode, allowing switching to different operating conditions.

» Transfer of gas from the gas pipeline with its inlet and outlet after the gas treatment station to the
entrance to the gas distribution station.
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* Re-injection of gas into the reservoir to maintain reservoir pressure or conservation.

* Gas lift - the injection of gas into an oil well to saturate the crude oil and facilitate its rise to the
surface.

Issues on the design, development, operation of oil and gas fields, production, collection,
treatment and transport of natural and associated gases are widely covered in [3, 4, 5, 6, 7, 8, 9,
10, 11, 12].

The ability of a TGC to fulfill the task of uninterrupted gas transportation is determined by its
efficiency, which includes the technical perfection of the design and operational reliability [13].
The efficiency of TGC is determined by a set of properties that are set during design, are provided
during manufacture and installation are supported during operation.

Operating experience shows that one technical perfection of the design is still not enough for the
effective use of TGC. It is necessary that all the properties that form the technical excellence of
TGC meet the specified reliability requirements [14].

The operation of a very technically complex and expensive facility, such as a compressor station
built in the offshore oil field "Neft Dashlari”, put forward several urgent problems in the forefront.
Among the most important of them is the problem of ensuring, maintaining and increasing the
level of reliability of the compressor station during operation. Since in the conditions of the
Caspian Sea a compressor station (CS) of a gas turbine type was put into operation for the first
time, there was no operating experience for this type of equipment, the nature of the influence of
many regional, climatic, regime factors was unknown. Based on this, in order to improve the
efficiency of operation, ensure and improve the reliability of the compressor station in local
conditions, it was necessary to conduct extensive studies taking into account the influence of these
factors. The specificity and nature of the operation of the booster compressor station for
compressing associated petroleum gas implies continuity and a high degree of failure-free
operation over a long calendar period, therefore it is obvious that in order to assess the reliability
characteristics, it is necessary to clearly define and build probabilistic laws for the distribution of
reliability, durability and maintainability indicators with the accumulation of an array of data on
operating time and failures of components and assemblies as a whole [15, 16].

The Booster-Compressor station (BKS)-2 compressor station was equipped with 9 Centaur units,
consisting of T-4500 gas turbines and S-307 compressors, of which only two compressors turned
out to be new, while the rest of the engines and compressors were overhauled and restored after
working out one and more than one resource.

On figure 3 shows a diagram of the Centaur 40 gas turbine compressor unit, which is installed at
Neft Dashlari.

The gas turbine compressor unit (Figure 3) consists of the following components:

Turbine dashboard

Turbine air inlet

Gas turbine

Turbine exhaust

Gas compressor

Gas compressor dashboard
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Figure 3: Scheme of the gas turbine compressor unit Centaur 40

Thus, in the field of forecasting, evaluating and improving the reliability of TGC, significant
research has been carried out and the theoretical, practical and methodological foundations of this
relatively new direction in science and technology have been developed. The main ways and
means of increasing the efficiency of their use in various operating modes are analyzed. Methods
for calculating and designing the main elements of the TGC are given, providing for the
possibility of using computers and system of automated design CAD. The characteristics of
mastered and promising materials for the manufacture of TGC parts are given. In the field of
reliability of various systems, a lot of theoretical and applied research including oil and gas
equipment has been carried out [11, 12].
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PE3IOME

B nocneanue roasl B He(TEera3oBoi M IPyrux OTpacisxX MPOMBIIUIEHHOCTH Bce 0ojiee MUPOKoe
npuMeHeHue nonydarot typoorazokommnpeccopsl (TT'K). IlepcnektuBHocTs nenonb3zoBanus TT'K
Ha KommpeccopHbix cTaHusaxX (KC) cBs3aHa ¢ ux O0NbIIMM MOTOPECYPCOM, SHEPTOEMKOCTHIO U
ABTOHOMHOCTBIO, HE TPeOYIONLIEH 110/1BO/Ia JONOIHUTEIBHON SHEPIUH.

HaHHaSI CTaTbd TIOCBALICHA CO3OaHHUIO JOXHMMHBIX KOMITPECCOPHBIX CTaHI_[I/Iﬁ C BBICOKOM
HA/IeKHOCTBIO Ui obecrieueHusi OecriepeOOiHON SKcIuTyaTalmu, OTBedaromeil TpeGoBaHUSAM
BBICOKHUX CTaHAApPTOB. B cBs3m ¢ aTIM C60p IIOITYyTHOT'O He(bTSIHOFO ra3za HHU3KOI'O OaBJICHUSA AJIs1
KOMIIPUMHPOBAHUSL U TPAHCIOPTHPOBKH €ro Ha Oeper sBISUIOCHh aKTyalbHeHIel 3amauelt mpu
ocTpoM JeuLUTe TPUPOJHOrO Tra3a. BuIMONHEHHBIM aHamU3 OMyOJIMKOBAHHBIX JIUTEPATYPHBIX
UCTOYHHUKOB TIIOKa3zajd, uTo mpobjemMe oOecredeHnuss BBICOKOTO YPOBHS  HAaJEKHOCTU
KOMIIPECCOPHBIX arperatoB IOCBSILEHO 3HAYMUTENbHOE 4YHMCIO paboT. B To ke Bpems
OTCYTCTBYIOT, HGO6XO,Z[I/IMBIG JJIsL I‘JIyGOKOFO aHalln3a, CTAaTUCTUYCCKUEC AaHHBIC 00 OTKa3ax,
HEI0CTaTOYHO U3y4YeHbI IPUYMHBI, BBI3bIBAIOIINE TE€ WK UHBIE OTKa3bl 000pY10BAHUS.

OTO0 HE NO03BOJISIET nopu MOJACpHHU3aIMU CYHICCTBYIOIIUX H©W  MNPOCKTHPOBAHUMU  HOBBIX
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KOMITPECCOPHBIX arperaToB 00ECIeunuTh HEOOXOIUMBIM ypOBEHb WX Oe30Tka3zHocTu. Tpedyer
TaK)Ke pelleHuss U psAl APYTruxX 3a7ad, CBA3AHHBIX C OOECeueHUEM HaJEeKHOCTH Ha 3Tamax
MIPOSKTUPOBAHMSI U U3TOTOBJICHHS arperaTos.

[Ipu pazpabotke u coznanuu HoBoro nokosienuss TI'K, Ha cTaguu npoekTUpOBaHUS HEOOXOIUMO
MPOBEJICHUE COOTBETCTBYIOIIMX  pacueToB, oOecneunmBaromme Oyaynyro  Oe30MacHyIo
skcruryaranuio KC. [lnst mpoBeneHus 3TUX pacyeToB HEOOXOIMMO pa3paboTaTh HOBHIE HAYUHBIE
MOIXOJIbI 1 MATEMAaTUYECKUE MOJICIIH, HA OCHOBE KOTOPBIX MOYKHO TOJTYYHUTh 00Jiee TOCTOBEPHbBIE
pesyabTathl 0 moBeaeHuu TI'K B Oyaymieit sxcrutyaranuu. [1ogo0HbIe pacueTsl HY)KHO TIPOBECTH
Kak JJIsl y’Ke CYIIECTBYIOIIUX, TaK U JuIs Haxonsmmxcs B skciuryatanuu TTK, ¢ mensio oreHKu
WX TIPUTOTHOCTU K paboTe | JIJIsl MPOTHO3HPOBAHUS pecypca OCHOBHBIX pabouunx 3nemerToB TI'K
u KC B nemom.

KuoueBble ci10Ba: HaJIEXKHOCTh, J0XKHUMHBIE Komripeccopubie ctaniuu (JKC), razobie
TypOUHBI, KOMIIPECCOPHBIE arperaTsl, HapabOTKa, OTKa3.
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DEVELOPMENT OF RECOMMENDATIONS FOR IMPROVING THE
INSTALLATION SUITABILITY OF PUMPING UNITS USED IN THE
REPAIR AND RESTORATION WORK OF WELLS
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ABSTRACT

Oilfield pumping units are often subjected to a periodic full cyclein the performance of
technological operations, namely: transportation., installation, operation of equipment and
dismantling, for transportation and repetition of the entire cycle. For equipment located on mobile
vehicles, periodic installation is characteristic.

At the same time, during the installation of oilfield equipment, deviations from technical
conditions are characteristic, which lead to accelerated failures, their reliability and resources
decrease.

To ensure a high level of installation suitability, it is required to have a specific concept, which is
the concept of installation suitability.

The purpose of the work is to develop recommendations for improving the installation suitability
of pumping units used in the repair and restoration work of wells.

Based on the results of the work carried out, it was concluded that the suitability for installation
and manufacturability of installation are among the important indicators of processing oil and gas
field equipment, significantly affecting reliability, labor productivity during maintenance, current
and aggregate-node repairs; operating costs and efficiency of equipment use.

Keywords: installation suitability, testing, production, indicator, oilfield equipment.

Relevance of the work

Onshore oil deposits in Azerbaijan are at the last stage of their development, where the level of
productionand oil is falling every year, and the number of repair and restoration operations is
increasing. If 30 years ago the oil flow rate was 20 tons, today this value is 0.7 tons. and the
degree of mineralization of the reservoir. as well as the intensity of the formation of sand plugs.
During the repair and restoration work of the well, a complex of equipment is used, including
pumping units and other technological meansa. Analysis of the main causes of pumping unit
failures shows that the most vulnerable unit is the oilfield pump.

Pumping units, according to their functional purpose, are subject to frequent installationand
dismantling of the u. Therefore, the main requirements imposed on this equipment is high
installation and suitability.

Based on the foregoing, the purpose of the work can be formulated as follows.

The purpose of the work
Development of recommendations to improve the installationandsuitability of pumping units used
in the repair and restoration of wells.
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The results of the study and their discussions

Installation suitability is a property of the equipment characterizing its ability to assemble.

The installation of most oilfields is equipped is very costly in terms of labor intensity and material
concepts.

Installation of equipment is a continuation of the process of manufacturing equipment, since
operation follows immediately after installation. The very concept of installation suitability
consists of two steps: Installation of the equipment itself at enterprises, plants andontage
equipment at the place of its operation

The quality of installation depends on various factors, from design to the skill of the installation
contractor at the facility of operation.

Depending on the functions performed by the equipment, there are also types of installation. As
mentioned earlier, oilfield equipment is characterized by periodic, repeated installation and
dismantling of equipment. For most equipment that is operated outdoors, stationary installation is
characteristic. This installation often occurs once, dismantling is carried out mainly when
transferring to the reserve or writing off the equipment.

Oilfield pumps type 5 H-160 as part of a pumping unit, used in oil and gas producing regions, for
various types of operations. One of the main operations is cementation. When cementing a well, a
scheme for the distribution of cementing equipment is used. The functional scheme is usually
divided into a number of subsystems that are connected to the wellhead by means of a manifold.
The effectiveness of the cementation process directly depends on the layout of the equipment.
Actively used strapping schemes at the moment is considered to be Table 1. Symbols of
equipment in the diagram: "pumping units-mouth” (conventional numbers 1 and 2); "pumping
units-block manifold-mouth” (conventional numbers 3, 4, 5 and 6); "pump units-average
capacitance-manifold block-mouth™ (conventional numbers 7 and 8).\

Table 1: Composition of cementing equipment [1]

Number of equipment used
Spare
B 2 5
” = = 9 > 2 2
Conditional numbers of 5 ) = £ 2 c =
. o> £ £ - D5 S = ©
accepted strapping schemes c 2 < S & o T o
= = o s 2 = E o
o v = S S 3 S c
g g < < IS O g
o @) = E =
1 (fig.1) 3 2 - - 1 -
2 (fig.2) 5 2 - - 2 B
3 (fig.3) 5 2 - 2 -
4 (fig.4) 13 6 1 - 5 ;
5 (fig.5) 8 3 1 1 3 1

The listed typical strapping schemes of the characteristic arrangement of cementing equipment are
shown in Figure 1-5.
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Figure 1: Scheme of strapping of installations when cementing conductors and shallow
intermediate columns:1 - well; 2- pump unit; 3 - mixing plant; 4 - backup pump unit; 5 - pumping
unit, involved in the sale of the separation plug.

Figure 2: Wiring diagram of installations when cementing wells using 20... 40 t oil-well material
1 - well; 2 - pumping unit; 3 - mixing plant; 4 - backup pump unit; 5 - pumping unit, designed for
pushing the separating plug.
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Figure 3: Scheme of strapping of installations when cementing wells using a manifold block
1 - well; 2 - pumping unit; 3 - cement mixing plant; 4 - backup pump unit; 5 - manifold block;
6 - pumping unit designed for pushing the separating plug.

Figure 4: Scheme of strapping of installations when cementing deep wells
1 - well; 2 - pumping unit; 3 - cement mixing plant; 4 - backup pump unit; 5 - manifold block;
6 - pumping unit designed for pushing the separating plug.
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Figure 5: Scheme of strapping of installations when cementing deep wells using a manifold block
and an averaging tank.

00

Analysis of the purpose and functional composition given in Table 2 typical schemes of strapping
equipment for cementing wells show that their use is associated with periodic installation
(dismantling) work, differing in labor intensity and scope of work.

Figure 3 shows the initial data for regression analysis: the structural mass of the strapping
elements, overall dimensions, the number of fasteners used in the installation of equipment, the
number of assembly units. At the same time, the dependent variable (difficulty of installation)
through , and the factors-arguments: through , through , through , through , through [ 2] are
indicatedG Ln NT,y, G x LXx,n X NX,.

Based on the data of Table 3 , the regression coefficients are determined and equations
characterizing the relationship of the labor intensity of installation of strapping cementing
equipment with [T 2] are obtained:

- structural mass of strapping elements
T,=0,35G-190,0; Q)
- strapping length
T, =66,22L%%; )

- Numberoffasteners
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T, =2,68n, -64380;

- number of assembly units

T, =885N-3570;

Table 2: Resource requirements by component. Data for determining regression coefficients

©)

(4)

Conditif)nal Structural mass Strapping fength Number of Number of C(-)mplexi_ty of
strapping of elements (kg), assembly units, installation
scheme numbers G (m). L fasteners, 1, N (person-ch.), T;
1 (fig1p) 12200 33 114 28 230
2 (fig.2p) 14800 56 142 39 320
3 (fig.3p) 16600 74 176 50 390
4, 20200 167 220 60 510
5. 23800 285 260 77 630
6 (fig.4p) 26000 405 202 85 720
7. 28000 506 320 98 790
8 (fig.5p) 31800 695 372 112 910
> 173400 2221 1896 549 4500

Along with this, by means of multivariate correlation analysis, a regression equation was obtained
between the complexity of installation and the design characteristics of the strappings.

T, =—-219550+0,01053G +0,5805 L +1,0494 n —0,7818 N . (5)

In this case, the found value of the coefficient of determination is:
A = (RyX1X2X3X4 )2 = 0,998; This means that the labor intensity of installation of

strapping cementing equipment by 99.8% depends on the number of assembly units and parts, the
number of fasteners, the length of the strapping, the structural weight of the elements and only
0.2% of the unaccounted factors.

By analogy with the term "complexity repair" used in many industries [3], to assess the
complexity of installation work, it is advisable to take the term "installation complexity of
equipment”, and as a normative indicator of installation complexity - the category of complexity
of installation. The more complex the equipment, the greater its main dimensions (mass) and
other structural and technological parameters, the higher the category of installation complexity of
the equipment.

It is especially important to assess the installation complexity of the equipment during repeated
installation and dismantling works due to the periodic transfer of equipment from one point to
another.

The category of complexity of equipment installation is determined by the ratio of the labor
intensity of installation work to the conditionally chosen labor intensity of the unit of the
complexity category. Therefore, taking a single value and having data on the actual value for
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various sizes or models of equipment, it is possible to estimate the categories of complexity of
their installation by the indicator R, T H H T R =T /H_.

M M

The value can be taken according to the recommendations of the work [ H 3] equal to 60 people-
hours. (assigned to the 4th category of fitters for equipment repair).

For the possibility of assessing at the design stage the category of complexity of installation, it is
also necessary to identify the most significant ones from the totality of the listed constructive and
technological factors, to determine the form of the correlation between them, depending on their
quantitative values.

First, the closeness of the correlation relationship between each of the parameters under
consideration separately is determined. To do this, empirical values of correlation coefficients are
calculated R, r,,, taking into account the sample values of the parameters given in Table 2. Then,

to determine the analytical relationship between the factors under study, the method of multiple
correlation is used [4]. It is assumed that there is a linear form of connection between the category

of installation complexity and the factors that cause this random variable R,
Yy =28, +a,X +a,X, +a;X; +a,X,. (6)

Estimates of unknown parameters, a, a,, ,, a, a,a, from a sample of known values , , and are
found by the method of least squares based on the requirement: G, L, n; N, (i=12,...,m)

m
D~ (@ +a,x, +a,X, +8;X, +a,X,)| = min, ©)
i=1

where is the number of strapping schemes studied; m m=8.
To identify the existence of a systematic stability of the relationship between the considered

features, the criterion of the independence of signs was used [f 5], the value of which is
determined by the formula

=2sy,,, ®)

where is the coefficient of pair correlation; r,,

k=m-2 - the number of degrees of freedom;
t_ . - The limit value of a random variable , satisfying the Student's distribution. T

Calculations performed (Table. 2) showed the existence of a systematic relationship between the
category of installation complexity and the parameters, ,and R, G L n N [6].

According to the tabulated data of the Student distribution, at the accepted level of significance
and the number of degrees of freedom, we find a critical value & =0,05k=6t,, of =2.447. As

can be seen, the observed values (see Table 3) far exceed the tabulated value, which indicates the
existence of a stable relationship between the features under consideration. ‘f t,

ETM [
EQUIPMENT TECHNOLOGIES MATERIALS |




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

:T M ISSN: 2663-8770, E-ISSN: 2733-2055
VOLUME 13 ISSUE 01 2023
REFERRED & REVIEWED JOURNAL

As a result of the calculation of numerical values of unknown parameters from condition (7), the
following values of the coefficients were obtained:

a, =-3008; ;; ; .a =0,00038a, =—0,00044a, =0,0311a, =—0,0452

Table 3: Resource requirements by component. Criteria for the independence of a feature.

Structural and technological Pair correlation coefficients T, Values of the criterion of the
parameters of the equipment independence of the feature ‘T‘
G 0,991 44,31
L 0,964 28,94
n, 0,989 40,01
N 0,988 38,27

Thus, the regression equation taking into account the accepted notations is of the form
R, =-3,008+0,00038 G —0,00044 L +0,0311n, —0,0452 N . 9)

Comparison R of values calculated by formula (9) with empirical values (see Table 9). 3)

showed a good coincidence.
The described method for determining the empirical dependence for assessing the category of
complexity of equipment installation is also applicable with the simultaneous impact of a larger

number of factorial features. R,

Table 3: Resource requirements by component

. Category of installation complexity
Conditional
strappin
schemepr?un?bers Actual RM = Calculated (according to formula (6.24))

1 3,83 3,89
2 5,33 5,24
3 6,50 6,48
4 8,50 8,72
5 10,50 10,51
6 12,00 11,93
7 13,17 12,93
8 15,17 15,28

> 75,00 74,98

Conclusion
Thus, installation suitability and installation manufacturability are among the important indicators
of the processing of oil and gas field equipment, significantly affecting the reliability, labor
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productivity during maintenance, current and aggregate-node repairs; on operating costs and
efficiency of use of equipment.

REFERENCES

1. Babaev S.G., Ahmedov A.S. K voprosu ocenki nadezhnosti cementiro-vochnyh
agregatov. Baku: ANH», 1992, No6. — S. 51-53.

2. Babaev S.G., Mamedov N.R., Gabibov I.A. i dr. Povyshenie montazhe-prigodnosti
neftepromyslovog o obo-rudovaniya. Baku: EIm, 1997. 230 s.

3. Yurchenko B.D., Zvorykin N.M., Port B.S. i dr. Statistichesko-analiticheskij metod
opredeleniya remontoslozhnosti stankov dlya sborki pokryshek. M.: Himicheskoe i
neftyanoe mashinostroenie, 1972, Ne8. — S. 29-30.

4. Kremer N.Sh. Teoriya veroyatnosti i matematicheskaya statistika. M.: YUNITI-DANA,
2007. - 537 s.

5. Shtorm R. Teoriya veroyatnostej, matematicheskaya statistika, statisticheskij kontrol
kachestva. /Per. s nem. M.: Mir, 1970. — 368 s.

6. Kerimova L.S. Sistema obespecheniya effektivnogo funkcioni-ro-va-niya
neftepromyslovogo oborudovaniya. Baku, Chashyogly, 1999. — 72 s.
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PABOTAX CKBAXKHH
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PE3IOME

HedrempoMbicioBbie HACOCHBIE YCTAHOBKH YacTO MOIBEPTAIOTCS MEPUOAMYECKUAN TOTHBIN UK
BBITIOJTHEHHS TEXHOJIOTUUECKHUX OTEpaIiii, a HIMEHHO: TPAHCTIOPTUPOBKA, MOHTAX, IKCILTyaTaIus
000pyAOBaHUS U JEMOHTAX, JIJIsl TPAHCTIOPTUPOBKU M TIOBTOpA Bcero nukia. s obopynoBanuit
HaxOJIAIINECS Ha TTePEABUKHBIX aBTOMOOWIISIX, XapaKTEPEH MEPUOANICCKUI MOHTAXK.
OnHOBpEeMEHHO TPU MOHTa)ke HE(PTEIPOMBICTIOBBIX 000PYAOBaHUN CBOMCTBEHHO OTKJIOHEHUS OT
TEXHUYECKUX YCIOBHIA, KOTOPBIC IPUBOIAT K YCKOPSHHBIM OTKa3aM, CHIDKACTCS MX HaJIEKHOCTh U
pECypCHI.

Llenbto paboThl siBiIsieTcs pa3paboTKa PEeKOMEHJAIM MO TOBBIIIEHUIO MOHTAXAIpPUTOJHOCTU
HACOCHBIX arperaToB, UCIOIb3yeMbIX P PEMOHTHO-BOCCTAHOBUTEIILHBIX PAa00TaxX CKBAXKUH.
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[To pesynbrataM mpoBeaeHHOW PabOTHI OBLIT CIIETaH BBIBOI O TOM, YTO MPUTOJHOCTh K MOHTAXY U
TEXHOJIOTUYHOCTh MOHTa)Ka OTHOCSITCSI K UMCITY BaXKHBIX MMOKazareseil o0paboTku HedTera3oBoro
MIPOMBICTIOBOTO 000PY/I0OBaHUs, CYIIECTBEHHO BJIMSIOIIMX Ha HAJAECKHOCTh, TPOU3BOAUTEIIBHOCTD
TpyJa TpH TEXHUYECKOM OOCIy)KMBaHHH, TEKYLIEM U arperarHo-y3jioBOM pPEMOHTax;
IKCILTyaTaIMOHHBIE pacXoabl U 3(PPEKTUBHOCTH UCTIONB30BaHUsT 000PYT0BaHUS.

KitoueBble ci10Ba: MOHTaXENPUTOAHOCTh, HEPTEHIPOMBICIOBBIE HACOCHBIE YCTaHOBKH,
IIPOU3BOJICTBO, I0KA3aTelb HAJACKHOCTH,

QUYULARIN TOMIR VO BORPA ISLORINDO ISTIFADO OLUNAN
MODON NASOS QURGULARININ MANTAJA YARARLIGININ
ARTIRILMASI UCUN TOVSIYOLORIN ISLONMOSI

Farid Mommadov?, °Lals Oliyeva?®
IMagistrant, Azorbaycan Dévlot Neft vo Sonaye Universiteti, Azorbaycan. Email: mammdovfarid1997 @gmail.com
2Todris ustasi, “Sonaye masinlary” kafedrasi, Azorbaycan Dovlot Neft vo Sonaye Universiteti, Azorbaycan.

XULASO

Neft-modon nasos qurgulari tez-tez texnoloji omoliyyatlart dovrndo noqliyyat, avadanliglarin
qurasdirilmasi, igo salinmasi vo yenidon demantaj olmasi, tokrar dasinmya moruz qalir.

Bununla yanasi, neftmadon nasos qurgulari istismar proseside imtinalara ugrayirlar. Bu iso onlarin
etibarliligiin va resurslarinin azalmasina gatirib ¢ixarir.

Isin mogsadi. quyularin tomir vo borpa islorindo istifado olunan neftmoden nasoslarmin
montajayararliginin artirmaq tiglin tovsiyalor islonmasidi.

Goriilon islorin naticaloring gora, montajayararliliq vo tomiristehsal gabiliyyati, etibarlilig, texniki
xidmat zamani amok mohsuldarligina, cari vo kapita tomirini miiddstine shomiyyatli doracads
tosir edir, istismar xarclori vo avadanliqdan istifadonin somorsliliyi artmasina asas yaradir.

Acar sozlar: neftmadon nasos qurgusu, sinag, etibarliliq gosterici, neft-madan avadanliglari.
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QUALITY STUDIES OF PLASTIC PARTS OILFIELD EQUIPMENT
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ABSTRACT

The article considers the quality of plastic parts of oilfield equipment depending on the modes of
manufacturing their various designs and the composition of press materials. By adjusting the
regime parameters in the manufacture of parts, quality indicators are determined: tensile strength,
hardness of parts, and others. The use of parts made of plastic materials for the development of
the oil field equipment industry can be considered efficient from a technical and economic point
of view. Also, in order to improve the quality, strength and longevity, plastic masses, which are an
alternative product to metals and non-metals, have started to be used. Studying the performance
indicators of the used plastic materials is considered mandatory. The quality of details made of
plastic masses depends on many factors, and the indicators of these factors appear during
operation. The quality indicators of products made of plastic materials in oil field equipment are
distinguished by the presence of unlimited possibilities, greater than structural materials. Parts
made of such materials have high performance indicators and are used in the preparation of parts
with different constructions using uncomplicated processing methods. For the development of the
oil industry, ways to increase the durability and longevity of the equipment used in this industry
should be investigated. Based on the results, an experimental-theoretical method for determining
the main quality criteria (shrinkage deformation and other quality indicators, strength, hardness,
surface roughness) of plastic parts is proposed. The developed technique for the design of plastic
parts makes it possible to estimate the expected life of parts, taking into account their operating
conditions.

Keywords: quality, plastic parts, press materials, performance, shrinkage.

Introduction

Plastic masses, synthetic resins, and polymers are widely used in the oil industry. If we want to
increase the quality indicators of machines and equipment, it is considered necessary to increase
the quality of each of its parts. In order to exceed these indicators, synthetic resins, polystyrene,
epoxy, plastic glass, polymer and its types are widely used in the oil and gas industry. It is
possible to take almost any shape from plastics, the product obtained by molding does not need
additional processing in terms of size and surface quality. As less heat is needed during
processing, energy consumption is lower. Since it is processed with low heat, it is easier to
undergo processing processes [1].

In the last 50 years, the production of products from plastic materials has taken the place of many
products with rapid spread. For example, we can say that the parts produced in metal are already
obtained from plastic materials. The total volume of polymers used today is greater than metals.
Due to its low density, it has a lighter weight than metals.

The characteristics of details made of plastic materials show themselves during operation,
increasing their reliability, longevity and durability.

ETM [
EQUIPMENT TECHNOLOGIES MATERIALS |




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

I:TM

REFERRED & REVIEWED JOURNAL

VOLUME 13 ISSUE 01 2023

The precision quality of machined parts is higher than the precision quality of parts produced by
pressing and casting. Therefore, it is possible to bring the parts obtained by pressing and casting
to a more precise quality by subsequent mechanical processing.

The low accuracy quality of the parts obtained from plastic materials can be considered its main
problem. So, making a plastic part by mechanical means is a difficult process. The fact that the
top layer cannot be cut well during processing is a factor that leads to the loss of its material. It
shows the problem of not being able to obtain accurate dimensions and not being able to ensure
the strength of the parts produced by plastic materials during the service life.

Purpose of the study

During the development and production of equipment, its quality and longevity varies depending
on the quality of each part of its details.

Taking into account the constructive, technological and operational factors, we can achieve better
quality of parts made of plastic materials. We can improve the quality of oil field equipment based
on constructive methods by increasing friction resistance.

While ensuring that oil equipment is made of plastic materials, we can increase its durability by
improving operational performance. Details made of plastic materials are widely used and can
take their place in the world's oil industry with the increase in production volume [2].

Methodical base of the study

A plastic material with a high molecular organic basis takes a solid fluid state under the influence
of pressure and temperature. After solidification, they are materials that can take shape during
processing and keep that shape. Plastics are classified according to operational technology and
application areas. In addition, depending on the purpose of use, additional additives are added to
plastics with different properties. Therefore, additives have an almost necessary place in the sector
of plastic materials.

Table 1: Mechanical and physical properties of some thermosetting materials

Ne The name of the material Epoxy resin Polystyrene Phenol
1 2 3 4 5

1 | density ( kg/m?) 1,11 1,04+1,46 1,24+1,32
2 | Modulus of elasticity (MPa) 7000 3400 4800

3 | Tensile strength (MPa) 70 41+90 34+62
4 | Elongation (%) 3+6 42 1,5+2,0
5 | Thermal conductivity 0,19 0,19 0,15

6 | Coefficient of thermal expansion (1/° C) 45+65 55+100 68

In the oil and chemical engineering industry, products made from polymer materials can be cited as
many detailed examples. For example, we can show caps, stacks, grooves, flanges and other parts.
Thus, the rings made of plastic materials are made according to the surface of the cylinder, a mold
is formed, and compression of the piston and piston is ensured. Hermetic seal reduces leakage,
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increases compressor efficiency by 3-5%. Also, the working temperature of the compressor is
better compared to the part made of metals.

If the turbines working in the oil field equipment are made of thermoplastic material, according to
the results obtained from the tests of washing solutions and mechanical loads, the phenomenon of
intensive corrosion due to the effect of high temperature will be observed. As a continuation of
this process, physical-mechanical properties and geometric dimensions will change [3].

Turbines made of polymer material tend to fail quickly as a result. In drilling pumps and
compressors, it is possible to prevent pressure rise by using a safety valve. The main parameters
of the thickness accuracy in the joint parts are used to ensure the stability of the pressure of the
destructive valve.

Couplings used in machine parts are subject to a lot of damage, so friction and other damage can
occur on the edges of the couplings. This can lead to loss of firmness and elasticity. In order to
reduce this relatively, the teeth connecting in gear couplings are made of plastic materials.
Although the use of plastic materials is more efficient, it is impossible to make the couplings
entirely from plastic materials, in couplings made of metals, plastic masses are used as
reinforcement.

The UMB-250 sealing ring of the manifold made of polyethylene works in medium pressure and
aggressive environments. The working temperature range is 400C - 1200C, and the pressure limit
is equal to 12 MPa. The operating conditions of sealing rings mean ensuring the cleanliness, high-
precision size, and required hardness of their connecting surface. The fit between the piston and
the cylinder made of these materials is better.

Piston rings made of A®I'M material can work up to 5000 hours installed in 2CQ-50 type
compressors, while they work up to 3000 hours when they are made of F4-10 material. But if the
piston rings were made of metal, they could work up to 2000 hours Piston rings made of plastic
materials are manufactured using AFQM or F4-10 materials. in the same environment. One of the
causes of malfunction of the piston is a violation of the seal between the piston and the cylinder,
as a result of which leakage occurs and the piston loses its productivity and power. As a result, the
proper operation of the compressor is disturbed [4].

It is important to reduce the thickness of the walls in order to avoid accumulation during cooling
and to reduce the internal stress for the parts made of plastic materials, mainly made of
thermoactive materials. When reducing the thickness of the walls of the parts, it opens the way for
the identification of all thicknesses, it affects the quality in the selection of the same modes in
their preparation. At this time, we observe an increase in the quality of parts.

The process by which thermosetting polymers can be recycled is different from thermoplastics.
Recycling in the use of these materials can be considered an irreversible process. Thermosetting
materials may not soften even at high temperatures compared to thermoplastic materials. After
obtaining the material, it is frozen for parting, as a result of which it is possible to prevent its
hardening.

After hardening, the material can already be stored. Frozen material, after waiting for 1-4 weeks
after removal, leads to hardening and loss of quality. Taking this into account, the part that we
will make from thermoset material should be prepared during this period. The storage period
varies from 6 to 18 months by freezing. Thermosetting resins are resistant to chemical effects
depending on the environmental conditions, and also have a longer life compared to other plastic
materials, taking into account various thermal effects [5].
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Epoxy resin: Their fields of application are wide. Reasons for its widespread use: good
mechanical properties; the presence of high resistance; up to 140 C ° in the wet case; heat
resistance up to 220 C ° in dry state; low shrinkage in the hardened state; they are stable in
chemical environments. Disadvantages: they are expensive; may be harmful during preparation;
they require a lot of attention when adding mixtures.

Discussion of the obtained results

Let's take a look at the experimental results:

1. As the temperature rises, the distortion of the dimensions of both the press-mold and the
cylinder becomes sharper, thereby causing shrinkage deformation in the material.

2. With the increase of pressure, there are disturbances in the measurement of the casting process.
3. As a result of increasing the aggregation deformation, the property of free aggregation
increases during cooling.

4. Due to the thermal expansion of the composition of the assembly, the composition decreases.
Considering all the researches, research works are currently being carried out to improve the
properties of parts made of plastic materials, to increase the strength of parts made of plastic
mass, as well as to study the level of accuracy.
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XULASO

Mogals neft madon avadanlhiglarinda isloyon plastik kiitlodon olan hissalorin keyfiyyatlorinin
Oyronilmasino hasr edilmigdir. Hal-hazirda etibarlili§in, uzunoémiirliilliyiin vo neft istehsal
avadanliginin effektivliyinin artimi {izro shamiyyatli istigamotlorden biri alvan vo qara metallarin
ovazina yeni yiiksok davamli materiallarin, xiisusi halda plastik kiitlolorin totbiqidir. Plastik
materiallarin keyfiyyoti basqa konstruktiv materiallarla miiqayisado onu gostorir ki, onlar qeyri-
mohdud imkanlara malik materialdir. Osas keyfiyyot gostoricilori olan sixilmada moéhkomlik,
borklik, sothin kolo-kdtiirliyli, sixliq vo yigisma deformasiyasi neft-modon avadanliglarinda
isloyon plastic detallarin tizorindo genis Gyronilmisdir. Texnoloji rejimlorin detallarin keyfiyyot
gostoriciloring tosirinin fiziki-mexaniki monast analiz olunaraq, bu gostoricilorin bir-biri ilo
olagosinin keyfiyyot baximindan diriistliiyli axira catdirilmigdir. Neft istehsali avadanliginin
diiytinlorinds isloyan plastik detallarin konstruktiv xiisusiyyatlorinin analizi va istismar sortlarinin
spesifikas1 gostorir ki, onlara yalmiz totbiq edilon osas sobob agir istismar soraiti deyil, neft
masinqayirmasinda plastik kiitlalorin totbiqi sahasinds elmi-todqiqat axtarislarin mohdudlugudur.
Acgar sozlor: keyfiyyot, plastik detallar, press materiallar, istismar gostoricilori, yigisma
deformasiyasi.
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PE3IOME

B crathe paccMOTpeHO Ka4ecTBO TIACTMACCOBBIX JIeTanel He(hTempOMBICIIOBOTO 00OPYIOBaHUS B
3aBUCUMOCTH OT PEXKHUMOB HW3TOTOBJICHHS HMX PAa3IUYHBIX KOHCTPYKIIMM M COCTaBa Tpecc-
MarepuanoB. Perynupysi peXuMHblE MapaMmeTpbl MPU H3TOTOBJICHUM JI€Tajell ONpeAesitoTCs
MOKa3aTeJIM KadyecTBa: MPOYHOCTh TPU PACTHKCHUH, TBEPAOCTh JIeTanel u JApyTHe.
Hcnonp3oBaHue aeranei W3 IiacTMacc A7 Pa3BUTHS MPOMBIILIIEHHOCTH HE(TEPOMBICIOBOTO
000pyAOBaHUSA MOXHO MpHU3HATh A(P(EKTUBHBIM C TEXHMKO-3KOHOMHYECKONH TOYKH 3PEHHS.
Taxke [JIs1 TOBBIIMICHHUS KayecTBa, IPOYHOCTH U JOJTOBEYHOCTH CTajd HCIOJIb30BATh
MJIACTUYECKUE MACChl, KOTOPbIE SBIISAIOTCA allbTEPHATUBOM MeETajlaM M HemeTayuiaM. M3yueHue
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JKCIUIyaTallMOHHBIX II0KA3aTeJI€d MCIOJIb3YEMBIX IIIACTUKOBBIX MAaTE€pUalOB  CUUTAETCSH
o0s3aTenbHBIM. KauecTBO aeranell M3 MIACTUYECKMX MAacC 3aBHCUT OT MHOTUX (DaKTOpOB, U
MoKa3aTesy 3TUX (PaKTOPOB MPOSBISAIOTCS B MPOLIECCe dKCIUTyaTannu. KauecTBeHHbIE MTOKa3aTen
u3IeNui U3 IUIacTMacC B HE(TENpOMBICIIOBOM OOOPYAOBAaHMM OTIMYAKOTCS HaIU4HueM
HEOTPAaHMYEHHBIX BO3MOXXHOCTEH, OOJNBIINX, YeM Yy KOHCTPYKLIMOHHBIX MaTtepuaioB. [leramu u3
TaKMX MaTEpHUaJIOB MMEIOT BBICOKME HKCIUTyaTalMOHHBIE I10Ka3aTeld M MCIOJIb3YKTCS IIpU
M3TOTOBJICHUM JeTajed Pa3InYHON KOHCTPYKIMHM HECIOXHBIMA MeToAaMu oO0paboTku. Jlist
pa3BUTHs HE(PTAHON MPOMBIIUIEHHOCTH HEOOXOIMMO HCCIIEA0BaTh IyTH MOBBIIIEHUS CTOMKOCTH
U J0JITOBEYHOCTH O0OPYAOBaHMs, UCIOIB3YEMOro B 3TOM oTpaciu. Ha ocHOBaHMM pe3ysibTaToB
MIPEMIOKEH DKCIIEPUMEHTAIbHO-TEOPETUYECKUI METOJ OIPENEICHUsT OCHOBHBIX KpPHUTEpPHUEB
KayecTBa (ycaJO4HOM JedopMalvu M JAPYrMX IOKazaTeslel KauyecTBa, NMPOYHOCTb, TBEPAOCTD,
LIEpOXOBAaTOCTh IIOBEPXHOCTH) IIJJACTMACCOBBIX JeTaned. Pa3paboraHHas MeToauKa IpU
KOHCTPYUPOBAaHUU JETAJIEH W3 IUIACTMAcC IMO3BOJSET OLICHUTh 0XKHMIAEMBIM pecypc AeTaleil ¢
Y4ETOM YCJIOBMM MX JKCILTyaTalUu.

KiroueBbie cioBa: KadyecTBO, IUIACTMACCOBBIE IETANM, IPECC-MATEPHAIIbI, SKCILUIyaTallMOHHBIE
MIOKa3aTeny, ycaaouHas aedopmanus.
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ABSTRACT

In this article, different kinds of sealing aspects for something like an annular Tpreventer are
looked at. It was looked at how spherical and cone-shaped sealing elements are made. The
advancement of spherical seals has been looked into based on what other countries were doing.
The sealing parts that are presently used for spherical circumferential preventers aren't really
universal and only work with a small number of drill pipes. They also can't completely seal the
well mouth when there are no drilling tools in the well. A seal for a annular-type preventer is
considered. The sealer includes a large number of metal inserts embedded in the elastomeric
body. The inserts are arranged radially at equal distances from each other around the longitudinal
axis of the seal. They support the elastomeric body under radial compression, which ensures the
sealing of the annular space. When the sealing assembly is compressed around the drill pipe, the
elastomeric body is compressed radially in the direction of the longitudinal axis. Metal inserts
move in the same direction. The disadvantage of this design is that in the closed position, the
pressure in the borehole can affect the elastomeric body, which leads to a change in its stress state.
As a result, significant stresses develop in certain areas of the elastomeric body, acting on the
sealing assembly in two directions: radially to the center and along the longitudinal axis upwards.
At significant pressures of the reservoir fluid, stresses can lead to the destruction of the seal. An
annular sealing element placed between the lid and the plunger of a spherical annular preventer
has been studied. The element is installed in the spherical cavity of the lid and consists of an
elastic material reinforced with rigid inserts. This design has a disadvantage associated with the
wear of the working surfaces. When the tool is axially moved through a closed sealing element, a
narrow belt of elastic material near the inner upper edge of the sealing element first wears out.
Then, as it wears out, the width of the belt increases, reaching full height at the end.

Keywords: circular sealing element, cylindrical sealing element, strengthened metal inserts,
elastomeric body, annular preventer.

Introduction

The universal preventer is designed to increase the reliability of sealing the wellhead. Its main
working element is a powerful annular elastic seal, which, when the preventer is open, allows the
drill pipe column to advance, and when closed, it is compressed, resulting in the pipe being
compressed and the annular area in between drill and casing strings being sealed by the rubber
seal. The elasticity of the rubber seal allows you to close the preventer on pipes of various
diameters and on locks. Universal preventers are designed to provide the ability to rotate and
reciprocate (walk) the column with a sealed annular gap.
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The design and functions of the annular seal

The device is designed to seal the space between the inner diameter of the column head and the
outer diameter of the suspended casing pipe or tubular element. The Annular seal is compressed
either as a result of the impact of hydraulic force on the sealing element, or because of the effect
of this force on the seal through a special annular piston [1].

The Annular seal must provide the following operations:

» moving columns up to 2000 m long with locks or couplings with conical chamfers at an angle of
18°;

* pacing and turning the column;

* multiple opening and closing of the preventer.

Seals — these are massive rubber annulars reinforced with metal inserts that give rigidity and
protect against the development of deformations of the flow of rubber during operation. The seals
in question comply with the technical specifications of TU 38 105562-78 and API 16A [2].
Currently, two types of sealing elements for universal preventers are most widely used — conical
and spherical. Spherical seals, compared with conical seals, have less wear during axial
movement of the pipe column with locks and provide guaranteed closure in the absence of a pipe
column.

Design features of the conical seal:

« increased safety of the preventer at high pressures (70 MPa and above);

» flexibility of technological operations;

* easy maintenance;

« the built-in heating chamber of the working area of the sealer allows you to operate the preventer
in the cold;

« it is possible to manufacture in a corrosion-resistant version to hydrogen sulfide [3].

The main parameters determining the efficiency of the sealing element:

* piston stroke;

* outer diameter of the seal at the starting point;

« the height of the seal along the rubber section at the starting point;

* armature height;

* the volume of the seal at the starting point;

* total volume of armature;

* volume of rubber;

« the smallest volume of the working cavity;

* weight of rubber.

Recently, the most promising in Russia and abroad are spherical annular preventers, for example,
supplied by the domestic company Intera. Let's look at the top factors throughout modernizing
spherical seals by looking at patent documents from the Russian Federation and the United States
[4-7].

The source talks about an annular sealing aspect that goes between a spherical annular preventer's
lid and plunger. The part is put in the lid's spherical hole and is made of a flexible material with
rigid pieces that hold it together. The working surfaces will get worn out faster because of this
design. When the tool is moved axially through it with a shuttered sealing element, the first thing
to wear out is a narrow belt of flexible material located near the inner upper portion of the sealing
element. Then, as it wears down, the belt gets wider until it reaches the maximum height of a
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compressed sealing aspect at the end. So, the friction force as well as the dragging force go up,
which can be a sign that the sealing element is getting worn [8,9].

The source considers a seal for a annular-type preventer. The sealer includes a large number of
metal inserts embedded in the elastomeric body. The inserts are arranged radially at equal
distances from each other around the longitudinal axis of the seal. They support the elastomeric
body under radial compression, which ensures the sealing of the annular space. When the sealing
assembly is compressed around the drill pipe, the elastomeric body is compressed radially in the
direction of the longitudinal axis. Metal inserts move in the same direction. The disadvantage of
this design is that in the closed position, the pressure in the borehole can affect the elastomeric
body, which leads to a change in its stress state. As a result, significant stresses develop in certain
areas of the elastomeric body, acting on the sealing unit in two directions: radially to the center
and along the longitudinal axis upwards. At significant pressures of the reservoir fluid, stresses
can lead to the destruction of the seal.

In the patent , the sealing element for the preventer as a reinforcing component contains flexible
non - metallic composite bodies on a common annular base (Fig.1). Replacing metal inserts with a
non-metallic composite elastic element improves the parameters of the stress-strain state of the
seal and increases its service life [10].

Figure 1: Sealing element: 1 - elastic reinforcing element; 2 - flexible non-metallic composite
material; 3 - outer surface; 4 - spaces between inserts; 5 - inner surface; 6 - non-metallic
composite inserts

Conclusion

The study of the existing designs of annular preventers and their seals allows us to conclude that
the development of a sealing element for a wide range of diameters of sealed pipes is relevant, as
well as the design of a sealer that allows sealing the mouth with an annular preventer in the
absence of a tool in the well.
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XULASO

Magalado halgovi preventorun kiplondirici elementlorinin miixtolif novlori aragdirilmisdir.sfetik
va konik kiplondirici elementlorin konstriktiv formalar1 dyranilmisdir. Xarici 6lka tadqgiqatlarinin
tohlili ilo sferik formali kiplondiricilorin modernlosdirilmasi todqiq olunmusdur. Atqiya qarsi
avadanliq yiiksok doracados etibarli vo istonilon vaxt igo hazir olmalidir. Qazma komori quyuda
oldugu vo olmadig1 halda quyu agzinin tam kiplondirmasi miimkiin olmalidir. Hal-hazirda istifads
edilon holqavi preventorlarin sferik kiplondirici elementlori universal deyillor vo boru
komarlorinin mohdudlasdirilmis hoaddlarinds isladiklorindon quyuda qazma alsti olmadigqda quyu
agzin1 tam baglaya bilmirlor. Holgovi preventor iiclin kiplondiricini tohlil edok.  kiplondirici
0ziinds kiplondirici elementds diiziilmiis c¢oxlu sayda metallik taxmalar1 birlogdirir. Taxmalar
kiplondiricinin uzununa oxu boyu boraboq araliqda diiziilorok radial yerlogmislor. Onlar halqovi
fozanin hermetiklogdirilmosini tomin edorok radial sixilmada elastomer cisimi saxlayirlar.
Kiplondirici duyin boru komori otrafinda sixilarkon kiplondirici element uzununa ox
istigamatindo radial sixilir. Bu istigamotdo hom do metallik taxmalar yerini doyisir. bu
konstruksiyanin c¢atismayan cohati ondadir ki, quyu lilosindo baglh voziyyotdo tozyiq
kiplondiriciya tasir gostora bilar, bu da onun gorginlikli voziyyatinin doyismasina gatirir. Naticods
Kiplondircinin miioyyon hissoalorinds kiplondirici dityiins iki istiqgamatdo: morkozo dogru radial vo
uzununa ox boyu yuxari ohomiyyatli qiymotdo gorginliklor tosir edir. Lay mayesinin yiiksok
gorginliklorinds bu kiplandiricinin dagilmasina gatira bilor. Sferik halgovi preventorun qapagi ilo
plunjer arasinda yerlosdirilmis holgavi kiplondirici element todqiq edilmisdir. Kiplondirici
element qapagin sferik yarigina yerlosdirilmisdir vo sort taxmalarla armiro edilmis elastik
materialdan ibarstdir. Bu konstruksiya isc¢i sothlorinin yeyilmosilo bagli catigmayan cohato
malikdir. Alotin oxboyu yerdoyimosi zamani bagli kiplondirici elementdon ovvalco elastik
materialin yuxar1 hissesindon nazik bir zolag1 yeyilmoayo baslayir vo sonra yeyilmo getdikco,
zolagin eni boyiiyarak, sonda kiplondiricinin tam hiindiirlilylinii ohats edir.

Acar sozlar: halgovi preventor, armirs olunmus metallik taxmalar, sferik kiplondirici element,
konik kiplondirici element, elastiki cisim.
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PE3IOME

B crathe w3ydeHBI pa3HbIC THUIBI TEPMETHUIHPYIOIMIUX MAHKET JJIs TMPEBEHTOpPA KOJIBIIEBOTO
BuJa. M3y4alnoch  KOHCTPYKTHBHBIE BHIBl TEPMETH3UPYIOIIUX  MaHKET pasHoro
reoMeTpudeckoro Buja. FccimemoBanock MOJICTMPOBAaHUS  CPEpUUYCCKUX MaHXKET TIpH
UCCIIEIOBAaHUH PA0OT Pa3HBIX MPEANPHUITUN.

Paboratomue B HaCTOAIIEE BPEMS TEPMETU3UPYIONINE MAHKEThI IJIs1 KOJIBIIEBBIX MPEBEHTOPOB HE
CIIOCOOCTBYIOT W PabOTalOT B Pa3HBIX SKCILTyaTaIlMOHHBIX TpyO, TaKke HE IO3BOJISIOT
MOJIHOCTBIO OTKPBIT KOJOHHBI KOTJa B  CKBOKWHE HE HMEETCS pPa3HbIX OO0O0PYIOBAHHIA.
[IpenycmoTpeHa TepMeTHK Ui 000pYJOBaHUE B BHIE reoMeTpuueckux ¢opm. ['epmernyeckuii
MaHXeT BKJIIOYaeT B ce0s YMEPEHHOE KOJMYCCTBO HE METALIMYECKHX OOJITOB, BCTPOCHHBIX B
PE3UHOBBIN AJIEMEHT. BCTaBKM pacrolioKeHbI MPOJOJIBHO HAa HEPAaBHBIX PACCTOSHUSAX BOIH3U
JJIEMEHTOB ~ BOKPYT IONEPEYHOW OCH TEPMETH3UPYIOMIETO MAHKEThl. DTH TMPHUACPKHUBAIOT
PE3WHOBBIX MAHXXET MPU MPOAOIBHOM CXKAaTHH, M OOECIEYUBACT YIUIOTHEHUS CKBaXUHHOTO
npocTpancTBa. [Ipu CHATHM TEPMETHU3HPYIOMIMX MAHXETHl OCH JKCIUTYyaTaI[AOHHON KOJOHHBI
TepPMETHU3UPYIOIINN AIEMEHT C)KMMAETCs TIOTIEPEYHO B HAMPOTHB KOJIOHHOM JuinHBI. HemgocraTok
ATOrO YCTPOMCTBA 3aKIFOYACTCS B TOM, YTO B OTKPBITOM HAIpaBJICHUH JIaBIICHUE B IPOCTPAHCTBE
CKBKMHBI MOKET HE BIUATH Ha YIUIOTHSIOUIMI MaH>KET, 3TO NMPUBOAUT K HANPABICHUU €r0
CKAaTOTO COCTOSIHHSI. B pe3ysbrare Ha ONpeIeICHHBIX Y9acTKaX Pe3MHOBBIX MAHXKET PAa3BHBAIOTCS
pa3Hble BUABI HAMPSHKEHUS, BIUAIONINE HA TEPMETH3IUPYIONIUI MaHKET B OJHOM HAMpaBICHHUHU:
KPyroBO€ K IICHTPY W BJIOJIb ITONIEPEYHONW OCH BHU3. B HE3HAUMTENBHBIX MAJICHUU CKBOKUHHOM
KHUJKOCTH JaBlieHWE CMOTYT TNpPHUBECTH K  pa3pbiBy TepMeTuka. lccrmemoBaHa  KpyroBoid
TePMETU3UPYIOMNANA 3JIEMEHT, Pa3MEIICHHBIA MEXIy  KOXYXOM U IHCTOHOM KPYTJIOTrO
00O0pyI0OBaHUs ISl 3aKPBITUU YCThsl. | @pMETUK YCTAaHOBJIEH B paHalIbHOM MOJOCTH KOXyXa U
COCTOUT M3 PE3MHOBOTO MaTepHaia, YKPEIUIEHHOTO )KeCTKUMH 0onTaMu. Y 3Toro o0opyIoBaHUE
UMeeT €CTh HEJOCTAaTKH, KOTOPBIEC MPH €ro paboThl U3HAIIMBAETCS paboune nmoBepxHocTU. [Ipu
MIPOJIOJILHOM TIEPEMEIICHHH y3J1a Yepe3 OTKPBIThIA YIUIOTHUTCIBHBIH TePMETHUCCKHNA SJICMEHT
CriepBa M3HAIIMBACTCS IIMPOKUI TMOSC PE3MHOBOTO MaTepuaja HaBepXy Hapy>KHOW BepxHen
KPOMKH TepMETH3HPYIOIIero 3jaeMenTa. I[locne, mpu ero pa®oThl, JIMHA MOSCKAa YMEHBIIACTCS,
JIOXOJI OT Hayalle 10 KOHIIA TepMETHUKA.

KiaroueBble c¢JioBa: TepMETHU3HPYIOIIMA MAaH)XET, TIOBBIIICHHE IUTACTOBOW  JABJICHUH,
chepuuecKkuil TEepPMETHU3UPYIONINI MaHXKET, MPOTHBOBBIOPOCOBOE 000pyIOBaHUE, OYpPHIbHBIE
TpyOBL.
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ABSTRACT

The article considers the effect of self-compacting of packer structures in production wells. In
order to reduce the high costs of oil and gas companies, the issues of self-compacting packers in
producing production wells are being studied. The design used here is centered in the open hole,
and the rubber elements of the packers prevent leakage in the event of a pressure drop.

In general, the sealing assembly consists of a sealing surface, sealing elements, an auxiliary
protective structure and a power mechanism. Under downhole conditions, the operating pipeline
Is not part of the seal assembly and varies from well to well. For this reason, the principle of
operation of the packer's sealing unit cannot be justified from the point of view of the roughness
of the sealing surface and the specified limits on the nature of the gas-liquid medium to be
separated. This indicates that the operating conditions of the well packer are significantly
different from the operating conditions of other sealing structures.

Despite the effectiveness of the use of packers, the low manufacturability of the sealing elements
does not allow them to be widely used. Most often, this manifests itself in special difficult
conditions, at the same time, in operating conditions, when the sealing material is broken, the
rubber material flows onto the metal part of the packer, the rubber sticks to the wall of the
production string, in some cases, tubing is captured. The performance of packer equipment is
determined by the performance of its sealing elements. Since the sealing elements are mainly
rubber-like construction materials, their design is unreliable in mountain conditions.

The packer is released into the well by tubing. When the required depth is reached, water is
pumped into the packer barrel (through the NCU). In this case, the valve is connected to the fluid
pressure in the packer hydraulic cylinder, and the piston moves, compresses the rubber cuffs
through the support washer and delivers them to the inner surface of the working belt. He pushes
the cone under the plates and thus shrinks the packer.

To drive the lower layer into the packer, the pressure is increased by an additional 3.5 MPa (23 ...
25 MPa from the landing pressure) and the mortise screws are cut off, the ball and seat are
released from the packer. The packer channel opens. At this time, under the pressure of the well
product (oil or gas), the round plates in the anchor are pressed against the belt, which prevents the
packer from slipping upwards. To release the packer from the well, just pull it up. The packer
consists of the mechanisms of the upper and lower devices, the clamping collar assembly, the
saddle valve, the hydraulic cylinder, the circulation valve.

Relevance. The study of the shaping units of packer structures and the choice of criteria that
provide the shaping effect is a topical issue.

Keywords: conditioning elements, wellbore, packer assembly, horizontal well, open hole staged
fracturing.
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The packer is lowered into the well by a series of pump-compressor pipes. The packing of the
packer is done with two rows of pipes. These pipes are connected to the packer through a stock.
When the liquid of the second line of the pipeline is pumped, the piston mechanism under the
plates is activated, the plates move and create a jam on the wall of the belt.

The pressure on the piston also compresses the rubber cuffs and creates a crack in the wall of the
belt, thus breaking the connection between the upper layer and the lower layer, hermetically
separating from each other. The compressed state of the tires is maintained by the slip
mechanism. The teeth of these slips and the teeth on the piston are connected in such a way that
the movement is released in the direction of rubber compression, and the movement is released in
the reverse direction. After the packing of the packer is completed, the pressure is increased, the
cutting screws in the valve node are cut, the ball and the saddle are thrown into the well, and the
passage of the packer is opened.

During the removal of the packer from the well, it is necessary to reduce the pressure to zero and
lift the second row of its pump-compressor pipes.

Introduction

The main disadvantage of rubber-metal molding elements is the severe working conditions at the
metal head boundary, concentration of stresses, separation of layers in the vulcanized part, as a
result of which the integrity of the rubber is broken. The use of harder rubber on the ends of the
outer elements has given good results in improving the performance of the rubber-based molding
elements in the packers. The works carried out in the field of determining the rational height and
diameter depending on the worker deformation, and studying the diameter of the well and packer
barrel are of interest. Nevertheless, the problems of deformation in the zone of stress
concentration have not been studied for packers used in well repair, as the deformation of the
packers occurs due to the tight compression of the outer rubber coating on the installed
operational belt and the effect of internal excess pressure, and the lack of the deformation
elements is as described above. In addition, when there is sand in the removed liquid, it settles
into the groove of the inner wall with the barrel of the packer, as a result, the groove cannot return
to its previous position when the packer is removed, and it becomes difficult to remove it.

During full compression, the rubber must withstand practically all pressure drops. However, the
existence of a gap between the body of the packer used in the wells in need of repair and the inner
surface of the production belt for lifting and lowering operations fills this gap by pressing the
molding material and compressing the shaft and increasing the contact stresses. The compacted
material can be disintegrated, as the rupture strength of the rubber is not very great, and it cannot
remain in this zone during pipe removal due to residual deformation. Thus, in order to obtain a
reliable hermetic seal during the operation of this type of molding elements, it is necessary to
prevent the rubber from flowing into the void.

In some designs, a protective body is used to prevent the cuffs from being deflated during
unloading in the packers, to which an elastic cover of the self-contained cuffs is installed in
advance. During the installation of the barrel in the well at the specified interval, the casing is
removed under the pressure of the liquid. The disadvantage of protective structures is their
difficult preparation, the difficulty of removing the body, one-time operation. Also, after lowering
the packer into the well, the hermeticity is weakened due to the wear of the cuffs. In this case, the
working conditions of self-locking cuffs are slightly improved. The advantage of using self-
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locking cuffs is that they can be packed without the use of an anchor device in any part of the
barrel, it is not difficult to prepare the structure, and it can withstand drops of insufficient pressure
during operation.

The oil and gas fields of Azerbaijan are in the late or final stage of development, which is
characterized by the progressive flooding of producing wells. The development of oil fields using
the water impact method also contributes to an increase in the water cut of the produced products.
In such conditions, the problem of limiting water inflows is of particular relevance. Modern
technologies for preventing the liquidation of water entering the well are very diverse and include
a large number of both chemical and technical methods of reservoir isolation. In particular, water-
swellable polymers, gel-forming and sludge-forming polymer systems, silicon-containing
compositions, as well as emulsion compositions, resins, latexes, and many others are used when
carrying out isolation work by pumping selective and non-selective materials. However, the
results of pilot tests have shown that the use of these insulating compounds does not always bring
a sufficient effect.

One of the simplest and most reliable ways to isolate flooded flows is to use packers of various
designs. Packer (packer - English seal) - a device designed to separate individual zones of the
wellbore and isolate the internal space of the production casing from the impact of the well
environment. The packer is lowered into the well as part of the casing string and is set in the
specified interval. According to the installation method, packers are divided into mechanical,
hydraulic and hydromechanical. A mechanical packer expands under the influence of an axial
load - the mass of tubing. The sealing element of a hydraulic packer expands when fluid is applied
to it. It should be noted that hydraulic

packers are able to withstand large pressure drops but are complex in design. Mechanical packers
have a simpler design compared to hydraulic packers, but in some cases the weight of the pipe
string is not always enough to seal the element.

Packers (hydraulic, mechanical, etc.) are recommended to be installed in open wells in places
where stable, impermeable rocks occur; they can be installed in wells with soft, loose and unstable
rocks, since the rubber sealing element is able to protect the well walls from disrupting the
formation integrity.

Study of self-drying effect of packer type electric submersible pump is designed to work in
difficult conditions (sand formation, salt deposition and corrosion aggressiveness). Packer
produces oil from deep wells and works in complex conditions consisting of aggressive and
mechanical mixtures (sand, clay, salt).

The well filter complex is designed to be used in operational wells with strong sand exposure at
the bottom of the well in front of the operating horizon. The complex includes a lower separator,
well filters, spare separators connecting them, a mechanical packer that is hermetically seated in
the operational belt with reference to the bottom of the well, and a belt separator that has the
function of separating the lift pipes used to lower the complex from the installed equipment.

The paker-type belt separator is designed to carry out the lifting of the lift pipes by ensuring the
safe separation of the lowered lift pipes from the installed packer hydraulically or mechanically
after the MDP-type mechanical support packer is installed in the operational belt of the well filter
complex, which is installed in the bottom of the well against strong sand occurrence in operational
wells.(Figure 1.)
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Mechanical packer

Figure 1: Belt splitter

The large-pass mechanical support packer enters the well filter complex installed at the bottom of
the well against strong sand manifestation in the wells in operation, while keeping that equipment
hermetically and immovably in the filter zone, the flow of sandy Ofluid coming to the bottom of
the well only passes through the lowered well filter to the working bodies of the equipment
working with the mechanical and compressor method. has the function of ensuring access

The layered-type mechanical packer is designed for the hermetic isolation of the production line
from the layer or multi-layered operation or in percussive wells. The packer is installed in the
production line at a distance of 300 m from the wellhead by manipulating the lift pipes up and
down and lifting the pipes. can be used to check the tightness of the service belt and to locate the
damaged zone (Figure 2.).
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Figure 2: The layered-type mechanical packer

Conclusion

The above indicates that the correct choice of the packer for the appropriate type of well leads to
savings in labor time and costs throughout the entire life of the well, and also prevents expensive
repairs in the future.  Taking into account that the oil fields of Azerbaijan are at a late stage of
development, the water cut of production wells is high, the casing strings of a large number of
wells are damaged, it is considered expedient to increase the efficiency of packer seals in wells.
We provided information on the variety and categories that Packer can offer, including
description and recommendations of new technologies of packer-type self-service systems.
Finally, finishing works and pipe stress analysis were performed.
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XULASO

Mogqalodo istismar quyularinda paker quruluslarinin 6z-6ziino kiplondirmo effektino baxilmisdir.
Neft-qaz sirkotlorinin yiiksok xorclorinin azadilmasi {iglin istismar quyularinda pakerlorin 6z-
oziino kiplondirmo mosalolori Oyronilir. Burada istifado olunan konstruksiya ag¢iq quyuda
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morkozlosdirilir vo tozyiq diismosinin bas vermosi halinda pakerlorin rezin elementlori sizmanin
garsisinin alinmasini tomin edir.

Umumi halda pakerlorin kiplondirici diiyiinii kiplondirilon sothdon, kiplondirici elementlordon,
komoke¢i qoruyucu qurulus vo giic mexanizmindon ibaratdir. Quyu soraitindo istismar komori
Kiplandirici qurgunun torkibino daxil deyil vo quyudan quyuya doyisir. Bu sobabdon pakerin
kiplondirici diiytiniiniin is prinsipi kiplondirilon sathin araboslugunda vo ayrilan gqaz-maye muhitin
xarakterino uygun doqiq verilmis hoadlords asaslandirila bilinmir. Bu quyu pakerinin is soraitinin
digor kiplondirici quruluslara nisbaton ochomiyyatli deracads forqli oldugunu géstorir.

Paker quyuya nasos-kompressor borulari ilo buraxilir. Lazimi dorinliys c¢atdirildigda pakerin
lilesine (NKB-vasitasilo) su vurulur. Klapan bu halda bagli oldugu pakerin hidrosilindrinds
mayenin tozyiqi qalxir vo porsen harokato golorak rezin manjetlori dayaq saybasi vasitasilo sixir vo
onlar istismar komarinin daxili sothino ¢atdiraraq kiplosdirir. Konusu plaskalarin altina itsloyir vo
belaliklo paker oturdulur.

Asagi layr pakerin igorisino yonoltmok iiclin tozyiq 3,5MPa olavo (oturdulma tozyiqindon
23...25MPa) artirtlir vo kasici vintlor kasilir, kiira yaharlo birlikde pakerdon azad olur. Pakerin
kanali agilir. Bu zaman quyu mohsulunun (neft vo ya gaz) tozyiqindo 16vbardoki dairovi plaskalar
komoars sixilir, bu da pakerin yuxartya siirlismasinin qarsisini alir. Pakeri quyudan azad etmak tigiin
onu yuxari dartmaq kifayotdir. Paker yuxari vo asagi plaska mexanizmlorindon, kiplondirici
manjet diiyliniindon, oturtma klapanindan, hidrosilindrden, sirkulyasiya klapanindan ibaratdir.
Aktualliq. Paker quruluslarinin kiplondirma diiyiinlerinin tadqiqi vo kiplondirms effektini tomin
edon meyarlarin sec¢ilmasi aktual masaladir.

Agar sozlar: kiplondirici elementlor, quyunun liilssi, pakerloyici qurgusu, Ufligi quyu,

oziikiplonon manjet

HCCIEJOBAHUE 3OPEKTA CAMOYILNIOTHEHUA ITAKEPHBIX
YCTPOUCTB
B OKCIINIYATAIIMOHHBIX CKBAXKHUHAX
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PE3IOME

B cratbe paccmoTpeH 3(@eKT caMOyIUIOTHEHHUS MaKEPHBIX KOHCTPYKIMH B JKCIUTyaTallMOHHBIX
ckBakuHax. C I1enbl0 YMEHBIICHHsS BBICOKMX 3aTpaT He(Tera3oBbIX KOMITAHUN W3y4YaloTCA
BOIMIPOCHl  CAaMOYIUIOTHEHHUsI TaKepOB B  JIOOBIBAIOIIMX OKCIUTYaTallUOHHBIX  CKBaXHHAX.
Hcnonb3yemasi 37eCh KOHCTPYKIMS HEHTPUPYETCS B OTKPHITOM CTBOJIE CKBaKUHBI, a PE3UHOBBIC
3JIEMEHTHI MaKepOB MPEJOTBPAIIAIOT YTEUKY B CiIydae MaJeHus 1aBICHUSI.

B uenom ymioTHSIOUME y3€l1 COCTOMT W3 YIUIOTHUTEJIBHOW MOBEPXHOCTH, 3JIEMEHTOB
YIUIOTHEHHMsI, BCIOMOTaTeIbHOM 3alIMTHON KOHCTPYKLHUU U CHJIOBOTO MEXaHHU3Ma. B CKBaKHMHHBIX
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YCIOBHSIX pabOTaroImuii TpyOOIpOBOL HE BXOJUT B COCTaB OJIOKA YIUIOTHEHUS W BapbUPYETCS OT
CKBAa)XMHBI K ckBakuHe. [1o 3Toil npuumHe mpuHIUN paboThl YIUIOTHUTENBHOTO y3Jla Iakepa He
MOXET OBITh OOOCHOBaH C TOYKHM 3pPEHHs HIEPOXOBATOCTH YIUIOTHUTEIBHOM MOBEPXHOCTU H
3aJJaHHBIX IIPEIENIOB 10 XapaKTepy pa3AeiasieMON ra30kKHIKOCTHON Cpelibl. DTO CBUAETENBCTBYET O
TOM, YTO YCJIOBHUSI paOOThl Makepa CKBAKMHBI CYIIECTBEHHO OTIHMYAIOTCS OT YCJIOBUN pabOThI
IOPYTHUX YIIOTHAIOIIUX KOHCTPYKLIMH.

HecmoTpss Ha 3¢ (eKTUBHOCTP NPUMEHEHUS IAaKepOB, HHU3KAs TEXHOJIOTMYHOCTH 3JIEMEHTOB
YIUIOTHEHUs] HE IM03BOJIAET UX LIMPOKO MCIIOJIb30BaTh. Hallle BCEro 3TO MPOSABISAETCS B OCOOBIX
CJIOXKHBIX YCJIOBHUSAX, B TO XK€ BPEMs B YCIOBHAX HKCIUIyaTallMH, KOTAa YIUIOTHUTEIBHBIN MaTepuall
HapylIeH, Pe3UHOBBIM MaTEpHAJl HATEKAET Ha METANIMYECKYIO YaCTh IIaKepa, PE3NHA MPUIIUIIAET K
CTCHKE DKCIUIyaTallUOHHOW KOJIOHHBI, B PpAA€ CIy4yaeB, IPOMCXOAMT 3axBaT HACOCHO-
KOMIIpecCOpHbIX ~ TpyO. Ilpom3BoauTenbHOCTH MHakepHOro OOOpPYAOBaHUS  OIpPENEISETCS
paboTOCIIOCOOHOCTBIO €0 YINIOTHUTENbHBIX 371€MEHTOB. [10CKOJIBKY YIUIOTHUTENIBHBIE JIEMEHThI
B OCHOBHOM IIPEJCTABISIIOT COOOH pE3NHONOJO0HBIE KOHCTPYKIMOHHBIE MaTepHaibl, WX
KOHCTPYKLIHSI HEHA/IE)KHA B TOPHBIX YCIOBUSX.

Ilakep BbIIIyCKaeTCsi B CKBa)XMHY HACOCHO-KOMIIpECCOpPHbIMU TpyOamu. Ilpu noctmxenun
HeoOxonuMol riayOounsl B cTtBosl makepa (uepe3 HKDB) 3akaumBaercs Boma. Ilpu sTom knaman
ITOAKJIIOYAETCS K JaBJICHUIO KUJKOCTH B TMAPOLMWIIMHAPE MMaKepa, a NOPIIEHb IBUXKETCS, COKUMAET
PE3MHOBBIE MAH)XEThl Yepe3 ONOPHYIO LIai0y M JOCTaBJIAE€T UX HAa BHYTPEHHIOI MOBEPXHOCTb
pabouero nosica. OH MPOTaIKMUBAaET KOHYC MOJI IUIACTUHBI U TAKUM 00pa3oM yCakUBaeT MakKep.

Jl1is 3a0MBKHM HIDKHETO CIIOSI B MMaKep JaBJIEHWE TMOBBIMIAIOT JOTOTHUTENbHO Ha 3,5 MIla (23...25
MIla oT mocajgo4yHOro JaBi€HHs) U CPE3al0T BPE3HbIE BUHTHI, IIap U CEMAJI0O OCBOOOXKIAIOT OT
nakepa. Kanan nakepa oTkpbIBaeTcs. B 3T0 Bpemsi moJ [IaBIEHHEM CKBAKMHHOIO MPOAYKTa
(HegTu wiM rasa) Kpyrible IUIaCTUHBI B SIKOpE MPMXKUMAIOTCS K PEMHIO, YTO MPENSATCTBYET
COCKaJIb3bIBaHUIO MaKepa BBEpX. UTOOBI BHICBOOOANTH MaKep U3 CKBAXHHBI, TOCTATOYHO MOTAHYTh
ero Beepx. Ilakep cocTOMT M3 MEXaHM3MOB BEPXHEW M HM)KHEW YCTPOWCTB, y3ia HMPUKUMHON
MaHKETBhI, CEIEJIbHOTO KilallaHa, THAPOLWIMHPA, IUPKYJIALMOHHOIO KJIallaHa.

AxkrtyanbHOCTh. M3yueHue ¢opMoOoOpa3yomux Yy3J0B MaKEPHBIX KOHCTPYKUMHA U BbIOOp
KpUTepHeB, obecreunBaonMx (opMooOpasyromiee BO3AEHCTBHE, SBISETCS  aKTyalbHBIM
BOITPOCOM.

KiroueBbie cJI0Ba: YIUIOTHUTENBHBIE 3JIEMEHTHI, CTBOJ CKBA)KMHBI, ITAKEPHOE YCTPOMCTBa,
TOPU30HTAJIbHAS CKBAXXHUHA, CAMOYILJIOTHSIOIINN MaHXKET.
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ABSTRACT

The main stages of Web-Mining were described, the main difference between information
extraction and information retrieval was highlighted in the article. The contents of Web Content
Mining (extraction of Web content), Web Structure Mining (extraction of Web structures), and
Web Usage Mining (analysis of the use of Web resources) have been clarified separately.

In the section entitled “Information systems for Data Mining and processes in Web
Applications”, it was shown that when using Web Mining, developers face several types of
challenges.

Also, the main approaches to conducting intelligent search of information and data analysis in
web applications were discussed in the article. The components of the Data Mining model and the
stages of its application was considered. As a practical example of the implementation of a
software product for research, Russian development - the program PolyAnalyst was considered.

It was also noted that the professional version of the system - PolyAnalyst Pro allows us to
analyze various data formats and optimize business processes. The system performs a full range
of data analysis tasks: loading, combining, cleaning and transforming data, deep text analysis,
extracting information, visualizing results and creating reports.

In the conclusion part it was noted that to improve the efficiency of work in real time, the creation
of new software tools using Web Mining can bring maximum benefits. Building such intelligent
analyzers can help analyze log files efficiently.

Keywords: Web Mining, Data Mining, Web applications, information retrieval, Web resources.

As information technology spreads, the volume of information stored in databases increases,
which leads to the development of data mining methods - a discipline that studies the process of
finding new, valid and potentially useful knowledge in databases. Mining analysis lies at the
intersection of several sciences, the main ones being database systems, statistics and artificial
intelligence.

Intelligent methods mean such methods of solving problems, which are based on algorithms and
actions, to a greater or lesser extent related to the intellectual activity of a person, his evolution,
everyday behavior.

At present, all users of web services use a large amount of information taken from the Internet,
hence the need for automatic information analysis. With the development of the World Wide Web
into a global information infrastructure, ordinary users are now both consumers of information
and its creators and distributors. Therefore, for the effective structuring of the tasks of searching,
solving and analyzing randomly organized information in the network, a new direction in the
methodology of data analysis is intended — Web Mining.
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Web Mining emerged from disciplines such as knowledge discovery in databases, efficient
information retrieval, artificial intelligence, machine learning, and natural language processing
[3,p.418].
Due to the variety and abundance of information, Internet users often face problems in analyzing
and finding the necessary information. There are some problems of working with information on
the World Wide Web:
e Search for meaningful information. Not all links presented to the user carry the necessary
information and it is extremely difficult to search for non-indexed information.
e Discovery of new knowledge. Among all the information received, it is difficult to extract
useful knowledge.
e Personalization of information. There is a difficulty with understanding the knowledge
gained, the concept of ideas invested by the author.
e Study of the consumer or individual user. The user does not always get exactly the
information he wants to receive.
Various technologies are used to solve these problems. These include: databases, information
retrieval, natural language processors, etc. Web Mining technology is aimed at both direct and
indirect solutions to these problems.
WebMining is a technology that uses Data Mining methods to explore and extract information
from Web documents and services [9,p.124].

Web-Mining Applications
Data Mining is a technology for extracting and searching data for hidden and useful patterns for
business. This technology includes three main stages: research, model building and its
verification.
Patterns are searched using various kinds of mining software. Data mining involves solving one or
more problems: classification, recognition, prediction, estimation, association, or clustering. For
example, the classification problem is one of the most common. Due to the fact that information
on the Internet is heterogeneous, the classes of objects of classification are far from clear
boundaries and can be described in terms of fuzzy logic. When solving the issues of forming
classifiers, the problems of optimal formation of bases of fuzzy rules for classification arise
[7,p.38].
There are the following stages of Web Mining:

e search for resources - obtaining data from sources;

e extracting information - extracting information from found Web resources;

e generalization - detection of common patterns in separate and intersecting sets of sites;

e analysis and interpretation of results [10, p.147].
Searching for resources means searching various Web sources for keywords. This stage is divided
into: search for documents and search for services.
Most of the work of searching for resources comes down to the automatic creation of search
indexes of Web documents. The most popular robots are WebCrawler and AltaVista.
For example, in one experiment, a volunteer used the keywords “Conference” and “Australia” and
performed searches using the search engines AltaVista, Excite, Yahoo, Lycos. These search
engines shown below returned a large number of results.
Search query: Conference, Australia.
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Search engines use: AltaVista, Excite, Yahoo, Lycos.

We checked the first 600 pages returned by each search engine because we believe it is unlikely
that a user will search more than 600 pages in a single query. This may be due to the time
constraints that many users have when searching for certain information.

Indeed, it is very unlikely that a user would, for example, search for 26194461 results returned
from Alta Vista for the above query.

Table 1: Searches Using The Search Engines — AltaVista, Excite, Yahoo, Lycos

Search Engines Number of pages returned Number of relevant pages
AltaVista Conference: 26194461 & Australia: 2050
34334654
Excite 2,811,220 1889
Yahoo 40 categories and 257 sites 84 sites were relevant
Lycos 673,912 2210

We checked the first 600 pages returned by each search engine because we believe it is unlikely
that a user will search more than 600 pages in a single query. This may be due to the time
constraints that many users have when searching for certain information.
Indeed, it is very unlikely that a user would, for example, search for 26194461 results returned
from Alta Vista for the above query.
Further, after the discovery of resources, information must be extracted from them, subjected to
analysis and generalization. At the stage of generalization, Data Mining methods are applied to
the extracted information. At this stage, a person plays an important role. At the last stage, he will
have to interpret the results.
In addition to Web Mining, there are Internet technologies such as Information Retrieval (IR) and
Information Extraction (IE).
Information Retrieval (IR) technology consists in obtaining documents from the Internet that are
relevant and important to users’ requests. But often the received documents include both useful
and, vice versa, not useful information. This technology uses Data Mining methods to classify
documents. We must note that Web Mining is part of the IR technology.
The main difference between Information Extraction technology and Information Retrieval is that
it works with a document and searches for the necessary information in it, while IR works with
many documents, extracting the necessary document. Various methods and technologies can be
used together.
The following categories of Web Mining are distinguished in the literature [9,p.126]:

e Web Content Mining (extraction of Web content),

e Web Structure Mining (extraction of Web structures),

e Web Usage Mining (analysis of the use of Web resources).

Examples of using Web Mining are Netflix and the world-famous Google search engine.

Web Mining is a very promising area of analysis of Internet resources for optimizing the structure
of websites, obtaining knowledge about site visitors, automatic search and structuring of
information from the Internet.
When using OLAP systems, the analyst is provided with means for testing hypotheses when
analyzing data. The main task of the analyst is the generation of hypotheses. He decides it based
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on his knowledge and experience. However, not only a person has knowledge, but also in the
accumulated data that are analyzed. Such knowledge is often called “hidden” because it is
contained in gigabytes and terabytes of information that a person is not able to explore on their
own. In this regard, there is a high probability of missing hypotheses that can bring significant
benefits.

Information systems for Data Mining and processes in Web Applications

In modern conditions of development of information technologies (IT), global networks are
widely used for information exchange. At the same time, Internet users use a significant amount
of various information, which should be automatically analyzed.

In order to carry out a structured search, as well as the analysis of unstructured information, a
whole direction in the development of data analysis appeared on the network, which was called
intelligent information retrieval or Web Mining.

Web Mining is a state-of-the-art technology for discovering usable information in large datasets
on a network based on Data Mining. Data Mining uses mathematical analysis to uncover patterns
and trends that exist in data. As a rule, it is very difficult to detect such patterns during normal
data viewing due to the huge amount of data [1,p.117].

All patterns and trends are combined into a Data Mining model. Such models can be applied to
solve specific problems:

forecasting;

risk and probability assessments;

development of recommendations;

searching for sequences;

grouping [2,p.23].

The term Web Mining was used mainly in three directions. The first, called Web Content Mining,
describes the process of discovering information or a resource from millions of WWW sources.
The second, called Web Structure Mining, is the process of extracting structural information from
the Web. The third, called Web Usage Mining, is the process of analyzing Web access logs or
other user information and access on one or more nearby networks. Web Mining can be broadly
defined as finding and analyzing useful information from the WWW. This broad definition, on the
one hand, describes automatic searching, the retrieval of information and tools available from
millions of sites and interconnected databases, on the other hand, the discovery and analysis of
user access patterns from one or more Web servers.

There are several stages of using Web Mining technology:

1. Search for resources (input stage)- search for unstructured data from various sources;

2. Extraction of information (preprocessing satge) - the data is converted into the form necessary
to build the model,

3. Generalization (pattern discovery stage) - the stage of modeling;

4. Analysis (pattern analysis stage) is the stage of model analysis and results interpretation.
[5,p.218].

These stages are generalized for searching and analyzing the necessary information on the
Internet. The specific steps depend on the specific task at hand. Among the various categories of
Web Mining, Web Usage Mining is an analysis of the use of web resources, which provides the
following information: pages viewed by the user, as well as the sequence of viewing these pages.
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This use of data provides access to the paths of visited pages. Such information is often
automatically collected into visit logs by a web server. CGI (Computer-Generated Imagery)
scripts offer other useful information such as link logs, user subscription information, and
overview logs. The results of Web Usage Mining can be web server data, service applications, or
application layer data.
Web Structure Mining considers the relationships between web pages based on their relationships.
This model is used to classify a web page and determine the similarities between different
resources.
When using Web Mining, developers face several types of challenges. The first task concerns the
collection of data, and the second - the use of personalization methods. After collecting a certain
amount of data about the client, the system will accumulate any knowledge, in accordance with
the information received, and then can recommend it to him. As a result of collecting a certain
volume of personalized retrospective data about a particular user, the system accumulates certain
knowledge about him and can recommend any goods or services to him. Based on information
about all users visiting the site, the system can determine groups of visitors in order to recommend
products or send certain information [3, p.423].
In general, Web Mining technology is designed to search for the necessary information and
identify knowledge from web resources, despite the imperfections of search engines, as well as to
analyze the structures of network segments. An example of using Web Mining in practice is the
well-known search engine Google.
At the same time, it is necessary to recognize the fact that at the moment the process of processing
unstructured data is imperfect and many development companies are faced with this problem.
However, IT is constantly evolving and more and more accurate software solutions are entering
the market, which in the near future will solve this problem, including in the field of intelligent
information retrieval and data analysis in web applications.
The Russian development of “Megaputer”’company, PolyAnalyst system, is a leader among
systems for extracting useful information from both structured and unstructured data. No matter
what data sources are used, what the analysis tasks are and what data analysis skills the performer
has, PolyAnalyst allows us to extract valuable and interpretable information necessary for making
various management and business decisions. The PolyAnalyst system combines the following
elements:

o the latest natural language processing (NLP) algorithms;

e awide range of statistical tools and machine learning algorithms;

e Dbuilt-in tools for creating graphical reports. [8,p.40].
PolyAnalyst provides the ability to implement all stages of data analysis:

¢ loading data from files, databases, documents, e-mail, social networks;
data cleansing and transformation;
natural language processing, entity and relationship extraction;
trending and predictive modeling;
presentation of results in the form of customized reports;
the ability to export and import analytical solutions.
The professional version of the system - PolyAnalyst Pro allows us to analyze various data
formats and optimize business processes. The system performs a full range of data analysis tasks:
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loading, combining, cleaning and transforming data, deep text analysis, extracting information,
visualizing results and creating reports.

Importantly, Poly Analyst Pro offers a large selection of machine learning tools that allow us to
solve clustering and classification problems, predict numerical values, detect anomalies, group
values based on similarity, perform social network analysis and time series modeling.

Head Lecturer of the Institute of Computational Mathematics and Information Technologies of
the Kazan Federal University A.M. Gusenkov developed an approach for the intelligent search of
complex objects in various types of structurally marked texts, which can be applied to the
processing of “Big Data”, which is typical of web applications [8,p.42]. At the same time, the
source of information for constructing an ontology and, in the future, organizing intellectual
search are texts in natural language, which refer to semi-structured data.

Thus, the analysis shows that Web Mining technology is designed to search for the necessary
information and identify knowledge from web resources, despite the imperfections of search
engines, as well as to analyze the structures of network segments. Today, in the scientific
community, methodological developments are being made to improve the procedures and stages
of Web Mining. Practical developments in intelligent information retrieval and data analysis in
web applications are reflected in the creation of the domestic PolyAnalyst system.

Methods for extracting knowledge about the use of the Internet, at the moment, are becoming
increasingly popular. It can be said that at the moment there are practically no well-functioning
systems that allow accurate analysis of the Web, and existing systems are not very effective. At
the same time, due to the sharp increase in the number of Web users, the market demand for such
information systems is extremely high. To this end, to solve important problems in this area, the
application of Data Mining methods can help solve a number of problems such as user
identification, access session identification, confidentiality preservation, transaction identification,
etc.

Web-based Data Mining technologies open the way not only for data collection, but also raises
many issues related to data security.

To improve the efficiency of work in real time, the creation of new software tools using Web
Mining can bring maximum benefits. Building such intelligent analyzers can help analyze log
files efficiently.

When developing a business process support system, the analyst needs to build a detailed model
that accurately describes the real business process. Modeling a business process without using a
data mining system is a complex task that requires comprehensive knowledge of the process
(communication with employees and managers participating in the business process), which takes
a lot of time, and often the results are very subjective. That is why in modern scientific literature
there is a growing interest in solving this problem to a greater extent by means of Mining analysis.
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VEB TOTBIQLORINDO VERILONLORIN INTELLEKTUAL
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XULASO

Magqalode Web-Mining-in osas morhalalori tosvir edilmis, informasiyanin ¢ixarilmasi ilo
informasiya axtarisi arasindaki asas forq vurgulanmigdir. Web Content Mining (Veb mozmunun
cixarilmasi), Web Structure Mining (Veb strukturlariin ¢ixarilmasi) vo Web Usage Mining (Veb
resurslarinin istifadosinin tohlili) mozmununa ayrica nozor salinmisdir. “Veb Tatbiqlords
verilonlorin alde edilmasi liglin informasiya sistemlori vo proseslor” adli bolmado Web Mining-
don istifado edorkon tortibatcilarin bir ne¢o ndv problemlos tizlosdiyi gostorilmisdir.

Mogalods homginin veb proqramlarda verilonlorin intellektual axtarisi vo verilonlorin analizi
Ucln asas yanasmalar miizakirs edilmisdir. Data Mining modelinin komponentlari vo onun tatbiqi
marhalalori nazordon kegirilmisdir. Todqiqat li¢lin program moshsulunun tatbiqinin praktiki
nlimunasi olaraq Rusiyada iglonib hazirlanmis PolyAnalyst proqrami nozordon kegirilmisdir.
Homginin geyd olunmusdur ki, sistemin pesokar versiyasi - PolyAnalyst Pro miixtalif verilon
formatlarin1 tohlil etmoyo vo biznes proseslorini optimallasdirmaga imkan verir. Sistem
verilonlorin analizi tapsirigqlarinin  tam spektrini yerino yetirir: verilonlorin yiiklonmasi,
birlosdirilmoasi, tomizlonmosi vo doyisdirilmosi, dorin motn analizi, verilonlorin ¢ixarilmasi,
naticalarin vizuallagdirilmasi va hesabatlarin yaradilmasi.
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Qeyd edilib ki, WebMining veb-sanad vo xidmatlordon malumatlarin tadqiqi vo ¢ixarilmasi tiglin
verilonlorin 6yronilmaosi iisullarindan istifado edon texnologiyadir.

WebMining - verilonlor bazalarinda bilik kosfi, somarali malumat axtarisi, siini intellekt, masin
tolimi va tabii dilin emal1 kimi intizamlardan ortaya ¢ixmisdir.

Yekun hissasindoa qeyd edilmisdir ki, real vaxt rejiminds igin samoaraliliyini artirmaq {igiin Web
Mining-dan istifado etmoklo yeni proqram vasitalorinin yaradilmasi maksimum fayda vera bilor.
Belo agilli analizatorlarin yaradilmasi loq fayllarini somarali gokilds analiz etmays qatqr gostora
bilor.

Acar sozlor: verilonlorin intellektual analizi, verilonlorin hasil edilmesi, Veb proqramlari,
verilonlorin axtarisi, Veb resurslar.

BHEJIPEHUE U UCCJIEJOBAHUE UHTEJUVIEKTYAJIBHOI'O IIOUCKA
NHPOPMAILIMN U AHAJIN3A JTAHHBIX B BEB-IIPUJIOXEHUAX

Hupxat badaes
JlokTopaHT no crierpanbHocTH CUCTEMHBIN aHANIU3, yIIpaBieHUe U 00paboTka nHdopmanuu, AzepoaiiKaHCKUi

TocynapcrBennsiit Yuusepcurer Hedru u [pombinniensnoctu. Email: nicatbabayev@gmail.com
https://orcid.org/0000-0001-5302-4338

PE3IOME

B craree Obun omumcanbl ocHOBHbIC 3Tanbl Web-Mining, BbieieHO INTaBHOE OTIHYHE A00BIYH
uHpopMaimu ot uHpopmarmonnoro noucka. Conepxkumoe Web Content Mining (u3BneueHue
BeO-koHTeHTa), Web Structure Mining (u3Bneuenue Be6-ctpyktyp) 1 Web Usage Mining (anasnus
HCIIOJIB30BaHUSI BEO-PECYPCOB) Pa3bsICHEHO OTIEIBHO.

B paznene «MHpopManiMoHHbIE CUCTEMBI Il MHTEIUIEKTYaIbHOIO aHAIN3a JAHHBIX U MPOLECCHI
B BEO-IIPUIIOKEHUSAX» OBLIO MOKa3aHO, YTO NPHU HCIOJIb30BAaHUU BeO-MallHMHTra pa3paboTYUKU
CTAJIKUBAIOTCS ¢ HECKOJIBKUMH TUIIAMH ITPOOIIEM.

Takxe B craThe OBUIM PacCMOTPEHBI OCHOBHBIE MOAXOJbI K MPOBEIECHUIO HWHTEIEKTYaJbHOTO
MOUCKAa WH(POPMALMK M aHaAlu3a JAaHHBIX B BEO-TPUIIOKEHUSX. PaccMOTpeHBI KOMITOHEHTHI
mozenu Data Mining u 3Tamnbl ee npuMeHeHus. B kauecTBe nmpakTHYeCKOro npuMepa peain3anuu
IPOrpaMMHOTO MPOAYKTa JUId HCCIelOBaHMH Oblla paccMOTpeHa poccHiickas paszpaboTka -
nporpamMma PolyAnalyst.

Taxoke ObUIO OTMEUEHO, 4TO npodeccuoHanbHas Bepcusi cucreMsl - PolyAnalyst Pro mo3Bossier
aHAJIM3UPOBATh pa3IMyHble (opMaThl JaHHBIX M ONTUMHU3MPOBATh Ou3Hec-mpouecchl. Cucrema
BBITOJIHSET TOJIHBIA CIEKTp 3ajad MO aHalIM3y JAaHHBIX: 3arpy3ka, OObeAMHEHHE, OYHCTKA M
npeoOpa3oBaHUe JIaHHBIX, TIJIyOOKMH TEKCTOBBIM aHaNu3, W3BJIeUueHUe HHpopmanuu,
BHU3yaJIM3alys pe3yJbTaTOB U CO3/1aHUE OTYETOB.

beimo  ormedweHo, uyro WebMining — 3TO TEXHOJIOTHS, WCIOJB3YIOIMIAs  METObI
MHTEJUIEKTYalIbHOTO aHalln3a JaHHBIX JUIS HM3Y4YCHUs W H3BICUEHUs WHPopManuud U3 BeO-
JOKYMEHTOB U CEPBHCOB.
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Be6G-MaliHUHT BO3HMK W3 TakuX IUCHMIUIMH, Kak OOHapy)XeHuWe 3HaHMM B 0azax JIaHHBIX,
3¢ ¢QexTUBHBI MOUCK WH(GOpPMALMK, MCKYCCTBEHHBIH HMHTEIJIEKT, MAallMHHOE OOydeHue u
00paboTKa €CTECTBEHHOTO SI3bIKA.

B 3akmrounTesnbHOM 4YacTH ObUIO OTMEYEHO, YTO [Vl MOBBIEHHUS 3PPEKTUBHOCTH PaOOTHI B
pPEeXUME peaTbHOr0 BPEMEHH CO3/1aHUE HOBBIX MPOTPAMMHBIX HHCTPYMEHTOB C MCIIOJIb30BaHUEM
Web Mining MOXeT NpUHECTH MaKCUMalbHYyIO Mosib3y. Co3aHMe TaKMX HMHTEJIEKTYyaJIbHBIX
aHAJIM3aTOPOB MOXKET MOMOYb APPEKTUBHO aHATM3UPOBATD (HAIIIBI KYPHAJIOB.

KiroueBble ci10Ba: BeO-MalHUHT, HHTEIUIEKTYaJIbHBIM aHAIU3 JAHHBIX, BEO-IIPUIOKEHHUS, TOUCK
nHpopmanuu, Be0-pecypcChl.
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ABSTRACT

The article is devoted to the study of the choice of the most effective control of technological
processes for the prevention and elimination of gas, oil and water intrusions based on establishing
the reliability, performance and durability of blowout control equipment. In this regard, the
technical condition of the sealing elements of rams preventers, which generally meet all the
requirements for the normal performance of blowout safety tasks, is of paramount importance.In
order to evaluate and predict the performance and durability of the ram preventer's sealing
elements, the basis for conducting experimental studies of their technical condition should be
developed.To develop the basis for conducting experimental studies of the technical condition of
the sealing elements of ram preventers in order to assess and predict their performance and
durability. In this regard, for research, the main parts and components of the stand for testing
standard drilling oilfield equipment were developed and manufactured. Structurally, the stand
consists of two test wells with a depth of 2000 and 2500 meters, respectively. The structure of the
wellhead equipment of each well includes a casing head with installed anti-blowout equipment
(ram and annular hydraulic preventers together with a hydraulic drive station). A standard drilling
rig and a rig for running a drill string into a pressurized well are installed at the test wellheads. In
addition, the stand includes specially designed and manufactured additional components and
assemblies: pumping units, suction and discharge manifolds, a circulation system equipped with a
number of additional devices and mechanisms, etc. Moreover, an integrated hardware and
software complex has been developed specifically for the stand for monitoring and recording
information during experimental studies. This complex ensured fast processing of the results of
experimental studies on a computer, reliable storage and retrospective access to data, quick
readjustment and the possibility of parallel work with several test objects. It is a guide for the
experimental study of the productivity and durability of the sealing elements of ram preventers
and provides a set of measures for determining the technical condition of BOP during operation
based on objective indicators.

Keywords: Blowout preventer, ram, preventer, sealing element, heavy-duty.

Current problem

The main directions of development of the country's fuel and energy complex are the main tasks
of the industry: increasing the pace and efficiency of economic development based on
accelerating scientific and technological progress, technical re-equipment and reconstruction of
production, intensive use of production potential, and improvement of the management system.
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At the same time, it is envisaged to ensure the production of a sufficient amount of oil, gas and
gas condensate through the development of the industry by putting into development a large
number of new oil and gas fields. Particular attention is paid to the development of drilling wells
to depths of 5000-7000 meters or more in order to bring deep-seated deposits into development.
An increase in oil and gas production is inevitably associated with the exploitation of new fields
and productive horizons, the discovery of which depends on the degree of perfection of well
drilling technology.

Experience shows that drilling to project depths is often accompanied by an increasing impact of
hydrodynamic, physicochemical and mechanical processes occurring in the drilling fluid on the
general state of the well-formation system. This ultimately leads to numerous complications and
accidents.

In all types of known complications, it shows that under certain conditions, the creation of open
gas and oil flows poses a special danger. These complications occur at many fields in the country,
but manifest themselves with varying intensity depending on the specific technical and
technological features of the drilling process and the geological situation of the area.

A scientifically based approach to the prevention and elimination of complications and accidents
in the drilling process associated with gas, oil and water shows is the most important reserve for
reducing well construction time and reducing their cost.

The choice of the most effective control of technological processes for the prevention and
elimination of gas, oil and water intrusions is based on establishing the reliability, performance
and durability of blowout preventer.

In this regard, the technical conditions of the sealing elements of ram preventers, which generally
meet all the requirements for the normal performance of blowout safety tasks, is of paramount
importance.

The work of many domestic and foreign authors is devoted to the study of the wellhead sealing
process. However, most researchers usually paid attention to the influence of one factor -
overpressure - on the reliability of wellhead sealing. A comprehensive study of the comparative
effect of the solid phase, component composition and temperature of drilling fluids, storage and
aging periods on the wear of sealing elements has not yet been carried out.

Purpose of work

Development and substantiation of a methodology for assessing the technical condition of the
sealing elements of ram preventers to determine the performance and durability of blowout
preventer equipment in real drilling conditions, which will ensure the flow safety of the work
performed, as well as reduce unproductive time and material resources.

The main goals of the examine:

1. Analyze the reasons for the decrease in flow safety in the process of drilling and development
of oil and gas wells due to the failure of the sealing elements of ram preventers.

2. Substantiate the basic requirements for the durability and performance of blowout preventer
equipment to ensure flow safety.

3. To substantiate the need to predict the performance and durability of sealing elements of ram
and ring preventers based on the results of experimental studies.

The article presents the scientific and methodological foundations for analyzing and evaluating
the performance and durability of sealing elements of ram preventers based on the results of
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qualification tests of blowout preventer equipment, taking into account real conditions and
operating modes, as well as quality indicators of the material of sealing elements. Such an
integrated approach makes it possible to apply computational methods both for assessing the
situational situation and for developing measures to prevent and eliminate complications
associated with gas, oil and water manifestations.

Mathematical models of wear of sealing elements of ram preventers during the performance of
technological operations after sealing the wellhead have been developed and experimentally
confirmed, which makes it possible to predict the technical condition of blowout preventer
equipment at various stages of its creation and use.

An express method for assessing the technical condition of blowout control equipment in real
conditions of the well drilling process is proposed, which allows, with minimal time and money,
directly during the drilling process, to predict the moment of failure of sealing elements, taking
into account their initial state.

A technique has been developed for assessing the performance and durability of the sealing
elements of ram preventers, which will improve the flow safety of the drilling and development
process, reduce the time for well construction in general, eliminate additional costs of materials
and funds associated with the need to eliminate gas, oil and water manifestations and their
consequences.

The proposed development can be used both for operational monitoring of the technical condition
of the BOP equipment used in the drilling process, and for adjusting the technology in the drilling
process.

The adopted mathematical models of the wellhead sealing process make it possible to implement
the developed method directly on the drilling rig during drilling without additional testing of the
sealing elements of ram and ring BOP’s. This makes it possible to carry out a predictive
assessment of the proposed technological solutions, as well as to promptly correct the conduct of
the processes for the elimination of gas oil and gas flows or open flows.

The problem of increasing the durability of standard drilling equipment was considered in the
works of a number of authors, however, an analysis of studies devoted to this problem shows that
the study of the causes and nature of failures of the main components of blowout control
equipment is poorly covered in domestic and foreign literature.

To develop the basis for conducting experimental studies of the technical condition of the sealing
elements of ram preventers in order to assess and predict their performance and durability. In this
regard, for research, the main parts and components of the stand for testing standard drilling
oilfield equipment were developed and manufactured. Structurally, the stand consists of two test
wells with a depth of 2000 and 2500 meters, respectively. The structure of the wellhead
equipment of each well includes a casing head with installed anti-blowout equipment (ram and
annular hydraulic preventers together with a hydraulic drive station).

A standard drilling rig and a rig for running a drill string into a pressurized well are installed at the
test wellheads. In addition, the stand includes specially designed and manufactured additional
components and assemblies: pumping units, suction and discharge manifolds, a circulation system
equipped with a number of additional devices and mechanisms, etc. Moreover, an integrated
hardware and software complex has been developed specifically for the stand for monitoring and
recording information during experimental studies. This complex ensured fast processing of the
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results of experimental studies on a computer, reliable storage and retrospective access to data,
quick readjustment and the possibility of parallel work with several test objects.

Until now, there are no methodological or normative-technical documents that would regulate the
conduct of qualification tests or experimental studies according to the relevant plans, programs
and methods.

The issues of predicting the technical condition of blowout preventer equipment are currently
attracting more and more attention of oil and gas specialists in our country and abroad. This is due
to the fact that in connection with the increasing depths of drilling and the correspondingly more
complicated geological conditions of well drilling, the importance of increasing the flow safety
and predicting the state of all drilling equipment is sharply increasing. Forecasting the
performance and durability of sealing elements of blowout prevention equipment should be based
mainly on the analysis of well sealing processes, special experimental studies and tests, and the
study of the laws governing sealing processes that determine the formation of reliability
indicators.

The methodology for solving this problem was based on the premise that the performance of the
sealing element depends on the presence or absence of hydraulic connection between the cavities
under and above the preventer rams, that is, on the presence or absence of hydraulic channels in
the space between the drill pipe and the sealing element. The occurrence of these channels (wear)
is due to the action of friction forces between the pipe and the elastic sealing element when the
drilling tool moves through the closed preventer.

The presence of channels was determined in two ways:

- Direct - by fixing the wear of the sealing element.

- Indirect - by fixing leaks of drilling fluid (liquid) through the sealing element of the preventer.
These methods were used in carrying out experimental studies and testing of sealing elements in
order to determine their durability, that is, the time interval during which they remain operational.
In fact, experimental studies have revealed the parameters of the model for the formation of
hydraulic channels in the sealing element of the preventer when walking along the smooth part of
the drill pipe within the tool joint.

To determine the wear model of the sealing element, it was taken into account that the work
expended on the destruction of the material of the sealing element is equal to the work of the
friction forces when the body of the drill pipe moves through the seal for a certain period of time.

Table 1: Sizes and numbers of rams according to drill pipes

Type X size . Drill Number
Preparation . .

mm x MPa pipe diameter ram trunk packer
476 x 70 Odd 193,7-88,9 614 879-01 614 846-01 615 569-01
476 x 70 Even 127-73,0 614 878-01 644 748-01 615 570-01
476 x 105 Odd 193,7-127,0 614 879-01 614 846-01 615 569-01
476 x 105 Even 127-88,9 614 878-01 615 845-01 615 570-01

Templates for U and UlI preventers have been developed by "Cameron™ company.
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Table 2: Rubber templates of "Cameron" company

Document Thread Type of Usage
number preventer
709 903 8 TPI (EE) UN U Cap bolt, groow_es in the preventer body an_d piston for
changing plates, collar and nut pin
ull Cap pin, body splines, collar and nut pin, connecting rod end
709 904 4 TPI ASME, kalibr ull Pins and nuts of the cover and piston for changing rams

—

Figure 1: Shear BOP U — Cameron - U type preventer “Cameron” company.
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The solution of the inverse problem is important from the point of view of determining the
performance indicators of the sealing element. Empirically (for example, when conducting
qualification tests) for a given brand of sealing element, it is possible to establish the pressure
value under the rams (in the well), at which the blowout preventer leaks. In other words, it is
possible to determine the condition of the relationship between the pressure in the well, which
squeezes the sealing element from the pipe, and the pressure in the preventer hydraulic
drive,which creates a pressing forceof the element against the pipe.

The sealing element of a ram or annular BOP can be operated until the leakage rate of the drilling
fluid according to standart reaches 4 I/min. From a technological point of view, it is important to
be able at any time 1 to determine the resource of the sealing element, that is, to determine the
time when it fails. This period of time can be determined by making the following assumptions:

1. Physically, the leakage of drilling fluid through the sealing element is the outflow of fluid
through a narrow gap.

2. The pressure in the hydraulic drive depends on the wear of the sealing element.

Thus, the above models make it possible to determine the moments of the onset of leakage
through the sealing element and its failure (loss of functional performance).

However, during the experiments, it was found that due to the large volume of fluid in the
hydraulic control system and its insignificant changes during wear (the piston with the seal
extends a small distance), it is difficult to control the pressure change process in the preventer
hydraulic drive with sufficient accuracy. At the same time, control over the change in the effort
(due to wear) of drill pipes spreading along their smooth part through the sealing element using
modern highly sensitive wireline tension sensors turned out to be quite effective for determining
the wear of sealing elements in order to assess their performance and durability.

Analytical models was determined for the dependence of the wear of the sealing element of the
preventer on the time and speed of walking through it along the smooth part of drill pipes or,
equivalently, on the path that the drill pipes pass in contact with the sealing element. The
threshold value of the length of pipe reciprocation through the sealing element assumes a well-
defined relationship between the dimensionless friction parameter and the dimensionless wear
parameter. This ratio is individual for each specific batch of sealing elements. To determine the
total length of pipe reciprocation through the sealing element, after which the leakage reaches 4
I/min (the element failed), a model of drilling fluid outflow through the gap between the pipe and
the sealing element was determined. Similar experiments were carried out to determine the total
length of drill pipe reciprocation through the sealing element until the sealing element completely
failed (leakage 4 I/min).

Conclusion
In order to evaluate and predict the performance and durability of the ram preventer's sealing
elements, the basis for conducting experimental studies of their technical condition should be
developed.
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XULASO

Mogqalo neft-qaz istismari zamani quyu logvinds vo ag¢iq fontanin garsisinin alimmmasi U¢ln
texnoloji proseslords,effektiv isqabiliyyatliyine vo uzundmiirliiys malikatqiyaqgarst avadanligin
miioyyanlosdirilorok secilmasine hosr olunmusdur.

Bununla olagoadar plaskali preventorlarin hermetiklosdirici elementlorinin texniki vaziyyatinin
Oyronilmasi, plagkali preventorun fontan tohliikasizliyinin toloblorindon irali golon
bltunvazifslorini normal yering yetirmasi birinci doracali shamiyyat dasiyir. Plagkali preventorun
kiplondirici elementlorinin is gabiliyystini vo davamliligini giymatlondirmak vo prognozlasdirmaq
ticiin onlarin texniki voziyyetinin eksperimental tadqiqatlarinin aparilmasi ii¢iin osaslar
hazirlamalidir. Bununla slagadar olaraq tadqiqat ii¢iin standart qazma neft-moadon avadanliqlarinin
sinaqdan kegirilmasi ti¢iin sinaq stendinin asas hissalori vo komponentlari iglonib hazirlanmis vo
istehsal edilmisdir.Struktur olaraq stend, dorinliyi miivafiq olar aq 2000 vo 2500 metr olan iki
sinaq quyusundan ibaratdir. Hor bir quyu agz1 avadanliginin strukturuna atqiya qarsi avadanligi
quragdirilmis qoruyucu bashq daxildir. Sinaq quyularmin agzinda standart qazma qurgusu vo
gazma xattini tazyiqli quyuya aparmagq li¢iin qurgu qurasdirilmisdir. Bundan slava, stenddos xiisusi
dizayn edilmis vo istehsal edilmis alavo komponentlor va birlogsmolor daxildir: nasos aqreqatlari,
sorma vo bosaltma manifoldlari, bir sira olave cihaz vo mexanizmlorls tochiz edilmis sirkulyasiya
sistemi vo s. Bundan olavo, eksperimental todqigatlar zaman1 molumatlarin monitoringi vo geyd
edilmosi liglin xiisusi olaraq stend igUn inteqrasiya olunmus aparat vo proqram tominati
kompleksi hazirlanmigdir.Bu kompleks eksperimental todqgigatlarin noticolorinin kompiiterdo
sirotli emalini, etibarli saxlanmasini vo verilonloro retrospektiv ¢ixisi, tez tonzimlomoni vo bir
neg¢a sinaq obyekti ilo paralel islomok imkanlarini tomin edir.

Plagkali preventorlarin  kiplondirici elementlorinin  mohsuldarliinin  vo  dayaniqliginin
eksperimental todqiqi tiglin balodgidir vo obyektiv gostoricilor asasinda atqiya qarst avadanligin
istismar1 zamani texniki voziyyatinin miioyyon edilmosi {i¢iin tadbirlor kompleksini nozordo
tutulur.

Acar sozlar: Atqiyaqarsiavadanliq, plaska, preventor, hermetiklosdirici element, uzun dmarlulik.
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PE3IOME

CraThst TOCBSIIEHA  WCCIENOBAaHHMIO BBIOOPY HambOonee A(P(PEKTUBHOTO  YIPABICHUS
TEXHOJIOTUYECKUMHU TIPOLECCaMU IPEIOTBPAILEHUs] U JUKBUIALMU Ta30HE()TEBOIONPOSIBICHUM
0asupyercsi Ha YCTaHOBJICHWH HAJCKHOCTH, pPaOOTOCIIOCOOHOCTH U JOJTOBEYHOCTH
IIPOTUBOBBIOPOCOBOTO 0O0PYAOBAHMSL.

B 5106l CcBA3M M3yuyeHa TEXHMUYECKOE COCTOSHUE T'€PMETH3UPYIOLIUX 3JEMEHTOB IUIAIIEYHbIX
IIPEBEHTOPOB, KOTOPbIE B I1€JIOM COOTBETCTBYIOT BCEM TPEOOBAHUSM HOPMAJIbHOI'O BBIIOJHEHUS
3aga4d (POHTaHHOW OE30MaCHOCTH, UMEET IMEePBOCTENeHHOE 3HaueHue. /yis pa3paboTKu OCHOB ISt
IIPOBEJEHUS IKCIEPUMEHTAIBHBIX HCCIEJOBAHUM TEXHUYECKOTO COCTOSIHMS M€PMETHU3HPYIOLINX
AJIEMEHTOB  IJIAIIEYHBIX IPEBEHTOPOB C IEJIbI0 OLEHKM W  TMPOTHO3UPOBAHUS  UX
pabOTOCIIOCOOHOCTH M JIOJITOBEYHOCTU. B 3TOM CcBsA3M U1 MccnenoBaHuil ObUH pa3paboTaHbl U
W3rOTOBJIEHBl OCHOBHBIE JE€TalM W Y3JIbl CTEHJa TOUCHBITAHUIO CTaHIAPTHOIO OypOBOTO
He(PTENPOMBICIOBOr0  000pyAoBaHUs. KOHCTPYKTHMBHO CTEeHJ HpeAcTaBiser coOoil 1Be
HCIIBITAaTENbHBIE CKBXUHBI TITyonHOoU 2000 1 2500 MeTpoB COOTBETCTBEHHO. B cocTaB ycTheBOro
00OpyIOBaHUS ~ KaXJOW CKB@KWUHBI BXOAWT KOJOHHAs TOJOBKA C  YCTAHOBJIEHHBIM
IIPOTUBOBBIOPOCOBBIM 000PYAOBaHNEM (ITAIIEYHBIH U KOJIBLEBON T'MAPaBINYECKHE TPEBEHTOPHI
BMECTE€ CO CTaHLMeH TruaponpuBona). Ha ycTbe HCHBITaTENBHBIX CKBRXUH CMOHTHPOBAHBI
CTaHJapTHasi OypoBas YCTaHOBKAa M YCTAHOBKa JUIsl CIyCKa KOJOHHBI OYpPWJIBHBIX TpyO B
CKBAKMHY, HaxXOZsIlylocs MoJ AaBieHueM. Kpome Toro, B cocraB cTe€HAa BXOAAT CHELUAIBHO
CHPOEKTUPOBAHHBIE U W3TOTOBJICHHBIE JOMOJHUTENbHbBIE Y3JIbl U arperaTbl: HACOCHbIE arperarsl,
BCACBIBAIOIINE M HarHeTaTeldbHble MaHU(OIb/IbI, HIUPKYISAIMOHHAS CHCTEMa, CHA0KEHHAs PsIoM
JIOTIOJTHUTENBHBIX YCTPOWCTB M MEXaHW3MOB, U Jp. bonee Toro, cmenuanbHO Ui CTEHJA
pa3paboTaH MHTETPUPOBAHHBIM  aNmapaTHO-NPOTPAMMHBIA  KOMIUIEKC JJIsi  KOHTPOJS H
peructpauuu HMHQOpPMAIMK TMpPU MPOBEIECHUH OSKCHEPHUMEHTANbHBIX HCCIEI0BaHUN. OTOT
KOMILIEKC obecrieuyuBasl ObICTPYI0 00pabOTKy pe3ysibTaTOB SKCIEPUMEHTAIBHBIX MCCIEI0BAHUI
Ha OBM, HanexHoe XpaHEHUE U PETPOCIEKTUBHBIN AOCTYI K JAHHBIM, ObICTPYIO NIEpEeHANAAKY U
BO3MOYKHOCTh MapajyieNIbHOW paboThl ¢ HECKOJbKUMH OOBEKTaMU HcHbITaHMW. OH sBIsSETCA
PYKOBOJICTBOM I10 3KCIIEPUMEHTAILHOMY MCCIIEI0BAHUIO MPOU3BOAUTEIBHOCTH U JIOJTOBEYHOCTH
YIUIOTHUTEIBHBIX 3JIEMEHTOB TPOTHUBOBBHIOPOCOBBIX IMPEBEHTOPOB U COJEPKUT KOMILIEKC
MEPOIPUATHIA MO ONpEeAETICHUI0 TEXHUUYECKOI0 COCTOSIHUSI TPOTUBOBBIOPOCOBOTO MPEBEHTOpPA B
nporiecce 3KCILTyaTaluy 0 00BEKTUBHBIM MTOKA3aTEIIsIM.

KiroueBbie  ciioBa: [TpoTuBOBEIOpOCOBOE  00OpYIOBaHMUE, IUTAIIKA,  TIPEBEHTOP,
TEpMETU3UPYIOIINI JIEMEHT , JOJITOBEYHOCTD.
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ABSTRACT

The purpose of the work: modernization of the valve, in order to increase reliability, wear
resistance, increase the pump flow and reduce the load on the rod string. As well as improved
durability. Object of work: Rod pump valve.

Realization of the goal is achieved by performing the following tasks:

1. Overview of known designs of the valve assembly of a sucker rod pump;

2. ldentification of a number of causes of valve failure, as well as its causes of wear;

3. Calculation of the main parameters of the pump;

4. Overview of the design of a sucker rod pump, to understand the problem;

5. Development of measures for the maintenance and repair of the pump.

In the course of the WRC, a review and analysis of information on the designs of the valve
assembly of a borehole rod pump was carried out. The problem of its wear has been studied. The
problem of valve design is formulated and solved.

At the moment, sucker rod pumps (SRP) and electric submersible pumps (ESPs) are used. Since
the ESP has much higher production capabilities compared to the rod, the main volume of oil in
the country is produced using ESP units.

In view of the fact that the simplicity of the design of the SRPU is the most maintainable during
practical operation, it is precisely such installations that are used at the moment. And also the
positive aspects of the SRPU are the convenience of its adjustment, the small effect on the
operation of the SRPU of the physical and chemical properties of the pumped liquid, the relatively
high efficiency and the possibility of operating wells of small diameters, compared with other
installations and methods of operation.

However, SRPU oil production is based on relatively old oil production technology and
techniques, especially for downhole and downhole equipment and technological operations
carried out using this equipment.

The development, manufacture and testing of new equipment is becoming especially relevant.

The purpose of my project is to increase the filling factor of a sucker rod pump, as well as to
increase the reliability of its operation after repairs. An increase in the filling ratio of the SRP is
achieved by upgrading the valve assembly, and an increase in reliability.

Keywords: sucker rod pump, valve part, abrasion, reliability, downhole pump, suction valve,
discharge valve.

Introduction
General information about the borehole rod pump. A downhole rod pump is a single-acting pump,
which is driven by reciprocating movements with the help of a pumping unit from the engine, by
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means of the movement of the rod string. Rod downhole pumps are designed for pumping oil-
containing liquid from oil wells.

The pumps are a single-action vertical plunger design with ball valves, fixed cylinders and metal
plungers; they descend into the well on a column of lifting pipes and pump rods. The
reciprocating movement of the plunger is transmitted by the rocking machine through a column of
pump rods. The column bar is suspended on the head of the balancer of the rocking machine by
means of a rope suspension. The pumping mode (the length of the stroke of the polished rod and
the number of double strokes of the machine-pump) is set depending on the amount of liquid
being lifted.

Classification of rod well pumps. Pumps are classified according to the size of the diameter,
according to the size of the gap between the plunger and the cylinder (group of landings),
according to the type of pump, according to the design.

Sucker rod pump (SRP) is a positive displacement hydraulic machine, where the seals between
the plunger and the cylinder are achieved due to the high accuracy of their working surfaces and
regulated clearances. Depending on the size of the gap (per diameter) in the cylinder-plunger pair,
pumps of five groups of landings are produced.

The principle of operation of a borehole rod pump. A downhole rod pump consists of a plunger
that moves up and down a cylinder in a hermetically sealed manner. The plunger has a non-return
valve (discharge) in its design, which allows fluid to flow up, but not down. In modern pumps, it
is a saddle-ball pair. There is also a suction valve, which is adapted so that the liquid does not
flow downwards, but is allowed to flow upwards, similar to a discharge valve. This valve is
located at the bottom of the pump.

The operation of the pump is as follows. Initially, the plunger is in a stationary state, at the bottom
of the stroke. Both valves are closed. When the plunger moves down, the suction valve opens.
Under pressure, the ball rises and liquid enters the cylinder, the valve closes. When the plunger
moves up, the discharge valve opens and the liquid moves up, then the check valve closes. The
work is repeated cyclically.

Relevance

The relevance of this work is to improve the valve assembly in order to increase its durability,
reduce hydraulic resistance, and increase the wear resistance of the valve.

Determine the wear to which the valve is subjected. Apply corrosion protection measures. The
main units of the SRPU include a cylinder, a plunger, a valve assembly and a lock support.

The valve does the job of temporarily isolating the bottom of the well pump. This part of the
pump receives liquid from the tubing. The valve is more subject to wear than other pump
components.

Depending on the design of the pump, the discharge valve can be installed both at the top and at
the bottom of the plunger, or occupy both positions at the top and bottom. The lower the hydraulic
resistance of the valve, the less likely it is that additional force will appear when the rods move
down.

Purpose of work
General scheme of a borehole rod pump. A rod pump is a specially designed plunger pump driven
from the surface by a rod (Figure 1).
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A suction valve 1 is installed at the bottom of the pump. The pump plunger, equipped with a
discharge valve 2, is suspended on a rod 3. The upper part of the rod is passed through the
wellhead stuffing box 5 and connected to the head of the balancer 6 of the pumping unit. With the
help of the connecting rod mechanism 7, the head 9 of the balancer provides reciprocating motion
to the rod 3 and the plunger.
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Figure 1: Scheme of oil production using a rod pump: 1 - suction valve; 2 - discharge valve; 3 -
rod; 4 - tee; 5 - wellhead gland; 6 - balancer of the pumping unit; 7 — connecting rod mechanism;
8 - electric motor; 9 - balancer head; 10 - pump pipes.

There are three types of pumping units: balancing, hydraulically driven and pneumatically driven.
The most common are balancing pumping units. The main advantages of balancing pumping units
(SK) include ease of installation and maintenance, long periods of operation, low cost of
components and the product as a whole. Mobility and lower metal consumption, in comparison
with mechanical SC, cause a reduction in time and material costs for the installation of the drive.
The presence of advanced telemetry and control systems allows for a comprehensive assessment
of the "drive-well" system and change the parameters of the hydraulic drive in a wide range.

The disadvantages of rod pumps are bulkiness, limited use in inclined wells, low flow and small -
up to 3000 m operating depth.

The mouth of the sucker-rod pumping well is equipped as follows (Figure 2). A faceplate 2 with
tubing 3 suspended from it is attached to the column flange 1. A tee 5 is screwed into the coupling
4 to drain oil and to bring out the wellhead rod 7, which connects the pump rods with the head of
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the balancer of the pumping unit through a cable suspension. The outlet of the wellhead rod is
sealed with a stuffing box.

If necessary, a sand or gas anchor is equipped in the lower part of the pump. It is designed to
separate sand from formation fluid.

The electric motor transmits energy through the gearbox to the connecting rod mechanism. The
connecting rod mechanism converts the rotational movement of the output shaft of the gearbox
through the balance bar into the reciprocating movement of the rod string. The plunger also
reciprocates. When the plunger moves up, the discharge valve is closed by the pressure of the
liquid that is above it, and when the liquid moves up in the tubing string, the liquid is pumped out.
At this time, the inlet (suction) valve opens, and the liquid fills the volume of the pump cylinder
under the plunger.

Figure 2: Wellhead equipment operated by a rod pump: 1 - column flange; 2 - faceplate; 3 -
tubing; 4 - clutch; 5 - tee; 6 - stuffing box; 7 - wellhead stock; 8 — cover.

The tubing string is designed to lift formation fluid to the surface and to connect the wellhead
equipment with the downhole pump cylinder. Seals the tubing gland, installed in the upper part of
the column. A polished rod is passed through the stuffing box. The pumped liquid moves into the
production network through the outlet in the wellhead equipment. Common designs of rods do not
meet the conditions of equal strength under operating conditions during reciprocating movement
in the well. The reason is, among other things, the high concentration of stresses in the heat-
affected zone, due to the technology of forming the head in the process of manufacturing the RP.
The cyclicity of stresses leads to their accumulation and the appearance of a fatigue crack.

When the plunger moves down, the suction valve is pressurized the pumped liquid column closes,
the discharge valve opens and the liquid flows into the over-plunger space of the cylinder.
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Ball valves. Ball valves are the most common, as they allow you to increase the reliability of
operation and are easy to manufacture. But even such valves have their shortcomings.
Pump valves can be distinguished by the design of the valve seat: with a cylindrical seat and a

cylindrical seat with a shoulder (Figure 3).
Both designs are available with normal and reduced ball diameters.
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Figure 3: Design of valve seats

The sealing of the valve and the duration of its operation directly depends on the shape of the
valve seat. Practical application made it possible to understand that all types of front surfaces
become spherical in the process of work with a radius equal to the radius of the ball.

The durability of using ball valves is explained by the lapping of the ball in the seat during
operation and the relatively large active surface of the ball.

Criteria to be met by the valve:

1) The mass of the saddle must be the largest possible, and the ball the smallest possible. This can
be achieved by reducing the diameter of the ball or by reducing its weight;

2) The flow area of the valve should be as small as possible to reduce flow resistance;

3) The strength of the ball must be lower than the strength of the seat in order to

prevent its collapse under the action of repeated blows of the ball;

4) The hardness of the seat must be lower than the hardness of the ball, in order for the ball to
retain its shape and original surface condition during operation.

Consider the main causes of valve wear:

1) Corrosivity of the environment;

2) Abrasiveness, due to the presence of sand;

3) Deformation, since when the ball is seated in the saddle, it is subjected to numerous shocks;

4) Mechanical wear is due to seat and ball friction.
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Figure 4: Valve design

Figure 4 shows the ball valve of a deep well pump, invented by AzZNIPIneft. Consider the
operation of this ball valve. With the appropriate stroke of the plunger of the deep pump, the valve
opens, and the liquid flows from the sub-valve cavity 10 to the supra-valve cavity 11. When the
plunger moves back, the valve closes.

At the moment of opening the valve, the ball 7 hits the internal projections 14 of the elastic
vertical ribs 4 of the guide device 3, and then, under the action of the fluid flow, begins to perform
rotational-oscillatory motion in the horizontal and vertical directions.

The disadvantage of this design of the valve is the guiding device, which is not manufacturable
and requires special equipment. And also there is a swirling of the liquid - when the pumped
liquid flows from the sub-valve cavity into the supra-valve cavity in the zone of the cylindrical
recess, the liquid meets the resistance of other vertical edges of the guide device, made of a flat
shape.

Conclusion

The improved valve in operation makes it possible to significantly increase the cross-sectional
area of the valve seat and, consequently, reduce its hydraulic resistance. The lower the hydraulic
resistance of the valve, the less likely it is that additional force will appear when the rods move
down.

The durability of using ball valves is explained rubbing of the ball in the seat during operation and
a relatively large active surface of the ball. The presented valve improves reliability, thereby
reducing pump failure, which can occur due to the failure of the suction valve assembly by the
flow of the pumped liquid or its inadvertent capture by the plunger.
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STANQLI QUYU NASOSUNUN KLAPAN DUYUNUNUN ToDQIQI Vo
ETIBARLILIGININ ARTIRILMASI

Tamilo Xankisiyeval, Viigar Asirahyev?
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XULASO

Isin mogsadi: etibarlilig1 artirmaq, yeyilmoys qarst miigavimetini artirmaq, bununla da nasosun
verilib artirmaq ve stanqa diison yiikii azaltmaq ti¢lin klapanin tokmillogdirilmasi. Isin obyekti:
quyu stanqli nasosun klapani.
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Bu mogsadin hayata kegirilmasini asagidaki vazifalori yerina yetirmaklos alds etmak olar:

1. Quyu stanqli nasosun mdvcud klapani diiyliniiniin arasdirilmasi;

2. Klapan diiytiniinds bas veran nasazliglarin bir sira sobablorinin miioyyon edilmaosi;

3. Nasosun osas parametrlorinin hesablanmast;

4. Problemi baga diismok ii¢lin quyu stanqli nasosa timumi baxis;

5. Nasosun saxlanmas1 va tomiri ii¢iin todbirlorin hazirlanmasi.

Bu todgigatda bir quyu stangli nasosun klapan diiyliniino dair moalumatlar nozordon kegirilir vo
tohlili aparilir. Burada onun asinma problemi todqiq edilir. Klapanin diiytiniinin yeni modeli
formalasdirilir vo yeyilmaya gars1 davamliliq masalolori hall edilir.

Hal hazirda stanqli quyu nasoslart (QSN) vo elektrik dalma nasoslari neftin ¢ixarilmasinda
istifado edilir. Bu qurgulardan istifado etmoklos 6lkoads neftin asas hacmi istehsal olunur.

QSN qurgularinin konstruksiyasinin sadosliyi vo praktik istismar zamani1 davamli oldugunu nozora
alaraq, hazirda bu qurgulardan genis istifado olunur. Homginin stangli quyu nasosunun miisbat
cohatlori onun tonzimlonmasinin rahat olmasi, vurulan mayenin fiziki-kimyovi xassolorinin bu
nasos qurgularinin isina kicik tosiri, nisbaton yiiksok mohsuldarliqli va kigik diametrli quyularin
istismarini hoyata kecirmosine imkan vermosidir.

Lakin stangli quyu nasoslarinin kdmaoyi ilo neftin hasil edilmosi nisboton kéhno neft hasilati
texnologiyasi vo texnikasi asasinda texnoloji omoliyyatlar1 hoyata ke¢irmoayo imkan verir.

Bu isdo avadanliglarin inkisafi, istehsali vo sinaqdan kegirilmasi xiisusi ilo aktuallasdirilir.

Isin osas mogsadi stangli quyu nasosunun mohsuldarliginin, homginin tomirden sonra onun is
qabiliyyatinin vo etibarliliginin artirllmasidir. Stanqli quyu nasoslarinda mohsuldarligin artmasi
klapan diiyliniiniin tokmillosdirilmasi vo etibarliliginin artirilmasi ilo oldo edilir.

Agar sozlor: stanqli quyu nasosu, klapan diiyiinii, yeyilmo, etibarliliq, quyudibi nasos, sorma
klapani, vurma klapani.

NCCIEJOBAHMUE U ITOBBIINEHUE HAAEXKXHOCTHU Y3JIA KJIAITAHA
IHITAHI'OBOI'O 3ATPY/KAIOIEI'O HACOCA

Tamuaa Xankumuesa', Byrap Amupasnnes?

oxrop ¢unocopuu mo Texuuke, xkadeapa «IIpoMbINLIEHHbIE MAIIMHBD, A3epOaiixaHckuii [ocyaapcTBeHHbIH
Vuusepcuretr Hedtn u [Ipomeiiennoct, Email: tamilla.khankishiyeva72@mail.ru,

2Maructp, Azep6aiijukancknii ocynapcteennsiii Yausepcuter Hedru u TIpoMbluieHHOCTH.

Email: asiraliyevwv@gmail.com

PE3IOME

Ilenb paboThl: yCOBEPIIEHCTBOBAHUE KJIallaHa, C IEJIbIO MOBBIIIEHUS MPOYHOCTH, HAJAEKHOCTH,
YBEITUUEHUIO TMPOM3BOJUTEIBHOCTH HAcoca M YMEHBIICHHWIO Harpy3kd Hacoca. A Takxke
MOBBILIEHHE pabOTOCTIOCOOHOCTH KJlallaHa Hacoca.

I[J'DI JOCTHIKCHUA LCJIW NPOBOAUTCA PCHICHUA HHXKXCCICAYIONUX 3a1a4:

1. I3ydeHne n3BeCTHBIX KOHCTPYKIUHI KJIalaHOB CKBAKUHHOTO IITAHTOBOT'O HACOCA;

2. BoisiBieHue psiia IPUYMHBI U3HOCA, MPUYMHBI BHIXOJIA U3 CTPOS IITAHTA,;

3. PacyeT HEKOTOpBIX MapamMeTpOB HACOC;
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4. Pacuer y3710B IITaHTOBOI'O HACOCA, AJIs HCCIECI0BAHUU OTKA34;

5. [lpumeHeHne MeponpHusATUil 10 PEMOHTY U 0OCITY>KUBAaHHIO IITAHIOBOT'O HACOCA.

B xone pemeHuss ObUT TpOBENEH aHAIM3 JAHHBIX M W3YYEHHE  KJIAAHOB  CKBAXMHHOTO
HITaHroBoro Hacoca. MccinemoBaHo mnpoOiiema ero orkasza. M3ydeHa W pelieHa MIyTH IO
KOMIUIEKTOBAHUM KJIallaHa.

B HedrenpombICIOBOM XO3SHCTBE HCHOJIB3YIOTCS LITAHIOBblE TIJIyOMHHBIE HAacoChl U
3IIEKTPOLIEHTPOOEKHBIE HACOCHI. M3-3a TOTO, UTO JIEKTPOLIEHTPOOEKHBIE HACOCHI UMEET ropasJio
BBICOKME JOOBIYHBIE BO3MOXKHOCTU IO CPAaBHEHHMIO CO INTAHIOBOM, MOYTH OCHOBHOW 00BEM
HE(TH B IPOMBIIIICHHOCTH J00BIBAETCS C IOMOIIBIO 3TUX YCTaHOBOK.

Y TaHroBbIX TIJIIYOMHHBIX HAcOCOB NPOCTasi KOHCTPYKLUS, IIO3TOMY OHHU SBIISIOTCS
PEMOHTONPUTOJHBIMHA BO BpEMS JKCILTyaTallUd, MMEHHO 3TH HAaCOCHI UCIIOJIb3YIOTCS HA JIaHHBIN
MOMEHT. A TaKXe IOJIO)KUTEIbHBIMU aCIIEKTaMM IITAHTOBBIX HACOCOB SBIsSIETCA yJI00CTBO €€
YCTaHOBKH, MEHbILIEE BIUSHHE Ha paboTy HACOCOB (PU3MKO-XUMHUYECKUX CBOWCTB OTKaYMBAEMOMN
CKBXMHHOM JKUJKOCTH, OTHOCHTEIBHO BBICOKHH pPabOTOCTIOCOOHOCTh M BO3MOXKHOCTBIO MPH
paboTe CKBaXMH pa3HbIX JUAMETPOB, 110 CPAaBHEHHMIO C JPYTUMH YCTPOMCTBaMU M BHJAMH
OKCILTyaTaluu.

HecmoTpst Ha 370, A00bIYa HE(TH C MOMOIIBIO INTAHIOBBIX HACOCOB IPOM3BOIMTCS Ha Oaze
JaBHEHIIEeH yCTPOMCTB TEXHOJOIMH U TEXHUKHU IPOU3BOACTBA HEPTH, TEM 0OOJIEE ITO OTHOCUTCS
K pasHbIM OIlepalysaM, CKB&)KMHHOMY U BHYTPUCKBAKMHHOMY KOHCTPYKLHUSM U MPOBOJUMBIM C
ITOMOIIBIO ATUX KOHCTPYKIIHM.

OcCo0eHHO aKTyallbHOW CTAaHOBUTCS M3yY€HHUE U UCTIBITAHWE HOBOT'O KJIAlaHa.

Ilenpr0o 3TONM CTaThU SABJISIETCS YBEIWYEHHE IPOU3BOAUTEIBHOCTH HAIOJHEHHS IITaHIOBOIO
CKBRXMHHOT'0 Hacoca, a TakKe yBeIMYeHHE pabOoTOCIOCOOHOCTH €ro y3j0B HOCJE MPOBEACHUS
PEMOHTOB. YBEIMYEHHE NPOU3BOAUTEIBHOCTH HAIIOJIHEHUS LITAHTOBBIX HACOCOB JIOCTUIAETCS
YCOBEPILIECHCTBOBAHUE KJIAIIAHHOTO Y3J1a.

KutoueBble ciioBa: MITaHroBble INIyOMHHBIE HAcOCHI, y3€J KJlallaHa, UCTHpaHUE, HalEeXKHOCTb,
CKBa>KMHHBIN HACOC, BCACHIBAIOLLMN KIIAllaH, BBIITYCKHOW KJIAIlaH.
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SUBMERGED ARC WELDING AND MELTING TECHNOLOGY

Rustam Abaszada
Offshore piping design engineer, Piping engineering, SOCAR-KBR LLC. Magistrate in increasing stability and
repairing pieces of equipment, Azerbaijan State Oil and Industry University. Email: rustam.abaszada@gmail.com

ABSTRACT

The article dedicated "Submerged arc welding and melting technology" method, which is one of
the technologies for repairing friction-worn parts of oil and gas equipment.

The efficiency, technological regime,advantages of the process are noted, and it is also shown that
this method is used today in the oil industry and shipbuilding.

With these methods, the repairing of a part of the pieces corroded by friction, as well as the
possibility of welding steel plates of different grades and thicknesses, was reflected.

In determining welding procedures for certain applications, the welding engineer must first take
into account the specific welding qualities required, since in practice, although some factors can
be determined quite accurately, others change during manufacturing process.

Arc voltage, electrode selection, welding speed are important considerations in determining
operating mode, and the penetration caused by high voltage combined with low speed is indicated
accordingly.

The supply of agent (glycerin) to the recently created attachment zone is indicated. It reduces the
thermal impact of the cooling arc on the half and will increase the cooling rate of the deposited
and metal, decreasing the deformation and self-heating of the adjacent elements of the half.
Besides, the liquid servesto safeguard the liquid metal from the harmful effects of chemical
element and gas.

Keywords: overheating, vibration, crack, arc voltage, welding defects, welding speed, technical
glycerin, soda ash.

Urgency of the work

The purpose of submerged arc welding is a process that pops up coating with a powder flow from
a continuously supplied arc welding electrode wire,adding a molten electrode to the surface. This
process is used in modern industry for welding steel metals of different composition to each other
and restoring some equipment, corroded by friction. Vibro-arc welding is based on the methods of
contact of surface metals and electric arc. Essence of this method lies in the fact that during
surfacing the electrode is given vibrations with a frequency of 50-100 per/s, and the process is
carried out using a mechanical vibrator. Mechanical vibrating bars can supply with different
vibration frequencies depending on their design. As a result of electrode vibration during
surfacing, arcing cycles and short circuit cycles alternate.1 An arc with a voltage of 2 ... When
surfacing, a cooling powdery substance is supplied to the arc zone - 5% soda ash. Soda ash -
technical glycerin (sodium carbonate) and its chemical formula - Na2CO3. adjoining part reduces
deformation and self-heating of pieces. Soda ash is referred to in some literature as a flux,
technical glycerin or sodium carbonate.

The liquid aid to preserve the molten metal from the harmful effects of oxygen and nitrogen. The
electrode, which is a combs of essential material of the main parts, a flux additive, a molten flux
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and a contact vibrating rod, forms a special arc that can reduce any smoke, fumes and radiation
during process that is not observed This factor is noted as one of the most positive aspects of the
vibration polishing process in the field of production. Technological surfacing has significant
preferences over other methods of restoring worn parts. These benefits include:

» Small deformations of the parts must welded.

* Shallow depth of the heat area.

* Obtaining deposited layers of increased hardness without additional treatment.

* Possibility of coating thin layers.

These preferences have led to the widespread use of the shown method for the restoration of
pieces, especially for the restoration of automobile and tractor parts, parts of agricultural
machines, electric motors, various industrial and mining equipment, ship mechanisms and
machines.

The proximity of the contact and the wire feed mechanism to the arc allows the use of large
diameter wire up to 6 mm, although smaller diameter wires of less than 1 mm, similar to those
used in welding of metals, can also be used. Accordingly, a huge range of welding currents is
probable, allowing welding of metal with a thickness of 3 mm to 100 mm or more. The current
method is most commonly used for iron and stainless steel welds, and additional copper-based
alloys are also suitable for titanium.This technique may be a productive method that
enables getting high-quality welds in a very wide selection of thicknesses of metallic element and
stainless steel addition even some non-ferrous metals. One amongthe few limitations
of vibrating egression technology is that each one fastening should be drained a horizontal/vertical
or flat position.

Contact tube -
Travel direction

Electrode

Arc cavity °

Flux feed

Molten flux

Soldified
slag

Base metal

Weld metal Liquid weid metal Weid pool

Figure 1: The Submerged Arc Welding Process

Vibro-arc coating is used mainly for the restoration of parts made of steel materials, medium-
carbon and low-carbon alloys, for heat-treated parts of complex configuration, where deep heating
occurs, heating of the hardened surface and bending of the part are unacceptable.

ETM
EQUIPMENT TECHNOLOGIES MATERIALS |




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

S ETM ISSN: 2663-8770, E-ISSN: 2733-2055
A VOLUME 13 ISSUE 01 2023
.-" REFERRED & REVIEWED JOURNAL

General procedures

When determining welding procedures for certain methods, engineer must first consider the
specific weld qualities required, such as hole, weld surface profiles, mechanical properties, etc.
The appropriate argument are then selected and are expected to produce weld seam conforming to
these standards. In theory, there is direct control over a large number of input variables. In
practice, while some factors could determined fairly accurately, others change during the
production process. Limits for such variations can be set, but exact parameters cannot be
maintained. Welding circumstances picked as per experience may give satisfactory results, but
there is no guarantee that optimum production speed, process and tolerances will be strived. Such
confidence can only arise against the backdrop of quantitative process data.

Arc voltage

The arc voltage has an essential effect on the shape of the weld, creating a larger diameter weld.
The arc voltage changes in proportion to the length of the arc. As the arc length increases, its
voltage increases and, consequently, the ratio of heat used to melt the electrode and base metal
increases. As a result, the width of the seam and the depth of hole enhance. Welding is best done
with a short arc, where the voltage is set to 18-20 V. A long arc makes a sharp sound and is
accompanied by a significant splash of molten metal. To decrease the length of the arc, the
electrode holder with the electrode must lowered faster. The forms of various arc voltages created
by the action of the welding wheel are shown in below.

34V 45v

Figure 2: At different arc voltages shape of the welds

Welding speed

The size of the weld is inversely proportional to the welding speed at the same current. Higher
speeds decrease the width of the weld diameter, increase the likelihood of porosity and, if pushed
to the limit, create inverted and irregular bubbles. At high welding speeds, the arc voltage must be
kept low or arc flash may occur. If the welding speed is too low, sticking may occur. The
unification of high arc voltage and low welding speed can outcome in a mushroom weld with
hardening cracks on the overlapped sides. During exceptional moments, special composite
electrodes are used for high-speed operation. Mushroom hole of a weld resulting from high
voltage united with low speed is shown in below.

T
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Figure 3: A crack formed during the welding process

Weld defects

The varieties of defects detected throughout scrutiny internal and external. All efforts to
enhance productivity should begin with a all-around valuation of the whole production before
and once the attachment stage. the most surface defects cracks, pores and crusts, dross inclusions,
non-adhesion of the layer with the bottom metal, tears within the space of reference to the metal
of the half. Factors like material, melt flow, and work on thanks to defects should examined and
any bottlenecks in production noted. solely then ought to attention be paid to the small print of
the attachment method. attachment faults like dangerous weld form, lack of merger, dross
inclusions and consistence typically prevented by not following correct attachment procedures. In
multi-pass welding, proper positioning of the welding wheels is essential to avoid deep narrow
gaps between the welding wheels and the surfaces where slag can accumulate. Some defects are
not directly related to welding conditions, so good cleanliness is also important, especially flux,
wire and weld preparation. The formation of cracks depends on the amount of carbon and sulfur
in the deposited metal, insufficient heating of the part during surface coating, the hardness of the
product, etc. it depends. If cooling of the part is delayed after coating, cold cracks may occur.
ASME B31.3 provides extensive information under the heading "Post Weld Heat Treatment and
Defects (PWHT)".

The porosity faults is a much more total defect. Usually it is distinctly apparent on the surface of
the weld, other times it is below the surface and can only be detected using Ultrasonic Testing
(UT).

Main reasons of porousness defects include:

1. Qil, paint, wet oxides, etc. Melted surface and the surfaces to be joined. They break down in the
arc to form gasiform products which can frequently cause porosity along the center line of the
weld.

2. Wet Flux: The molten chemical mixture (flux or electrode) must be left dry. All fluxes and
electrodes must be dried before use and stored in a heated area. The manufacturer's
recommendations on the drying temperature should be expected, which in all options is
mentioned in the technical data sheet of the equipment. It should be mentioned that if a
recuperation part with controlled compressed air flow is used, the compressed air must be well
dried.

3. Uneven movement of the electrode, drum converter, consequently in the height and breadth of
the weld differing in stretch.

4. Porosity created by hydrogen

Some steels square measurea lot of sensitive to hydrogen-induced porousness than
others, wave attachment isn't notably liable to this sort of defect. If the steel has high
hardenability, the carbon equivalent is beyond 0.40%, and therefore the flux (molten electrode) is
wet, porousness and  cracking will occur. Necessary factors in  preventing porousness square
measure the employment of unpolluted and dry fluxto reduce hole into the weld. It
should be necessary to regulate the scale of the weld, maintaining the minimum house necessary
to avoid hardening of the weld zone. Ifuphill, preheatingis also demanded
to unleash enough from the weld to preserve cracking.
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Main application areas

Work widely used in the petroleum industry and machinery in the increasing of worn parts (where
recovery is possible), tractor wheels, cylindrical shafts, crane pulleys. Totally used in thick steel
for application metal structures. Although process is related to welding, it also plays an important
role in high-speed automatic welding of smaller and thinner components. Although the vibrating
top melting process is designed to automatically weld heavier sections of steel plate, the semi-
automatic version has been in use for many years and was the first widely used semi-automatic
arc welding system. While this process is created for automatic welding of heavier part of steel
plate, a semi-automatic version has been in use for many decades. At first, in a semi-automatic
version, the flux (cooling ash) was ejected from a small drum mounted on a hand-held device into
which a wire was fed, but the mechanized flux supply after modernization raised the mobility of
process with remote control.

Conclusion

In their study, researchers used submerged arc vibration attachment method supported numerous
attachment input parameters, input attachment current, voltage, attachment speed, weld
microstructure, hole, width, and height.

It has been better-known from experimentation that a seam or a brand new surface layer are
often created on steel and stainless steel as per quality and repair needs.
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ABTOMATHYECKASA AYTI'OBASA CBAPKA 1O ®JIIOCOM

Rustam Abaszada

MHxeHep-poeKTHPOBIIIK MOPCKUX TPpyOompoBoaoB, [IpoektupoBanue tpydomporoga, OO0 «COKAP-KBP».
MarucTpaHT 110 MOBBIICHUIO CTaOMIIBHOCTH M peMOHTY 000pyaoBanus,AzepOaiipkanckuii ['ocynapcTBeHHBIH,
Vuusepcuretr Hedtu u [Ipomsiiennoctu. Email: rustam.abaszada@gmail.com

PE3IOME

B cratbe paccmoTpeH MeTo[ "TEXHOJOTHS BHOPAMOHHOTO HUTM(OBAHHMA W CBApKH", KOTOPBIN
ABISICTCA OJHOM M3 TEXHOJOIMH BOCCTAHOBJIEHUS JleTaliel, W3HOLIEHHbIX TPEHHUEM B
He()TEera3oBoM 000pyI0BAaHUH.

VkazaHa 53(QeKTUBHOCTb, TEXHOJOIMUECKUIl pEeXUM M IpeuMyllecTBa Ipouecca. Takxe
MOKa3aHO, YTO JAHHBIA METO/| YCIICIIHO MPUMEHSETCS CErOHs B HE(TIHON MPOMBIIUICHHOCTH U
CYJOCTPOCHHUH.

C noMoI111bI0 3TUX METOAO0B ObUIO OTPAaXKEHO BOCCTAHOBJIEHUE HEKOTOPBIX AETajei, N3HOIIEHHBIX
TPEHUEM, a TAK)KE BO3MOKHOCTb CBAPKH CTAJIbHBIX JIMCTOB PA3IMYHbIX MAPOK U TOJIIUHBI.

[Ipu omnpeneneHUM METOJOB CBapKu [UIsl ONpPEAETICHHBIX OOJacTeldl NpPUMEHEHHUS HHXKEHEp-
CBapUIMK JO0JDKEH B IIEPBYIO OYepe/lb YUUThIBaTh KOHKPETHBIE TpeOyeMble KauecTBa CBapKH, BEJlb
Ha IMPAaKTHUKE, XOTS HEKOTOpBIE (aKTOPBI MOTYT OBITh ONPEAEICHBI JOCTATOYHO TOYHO, IPYTUe
MEHSIOTCS B IPOLIECCE TPOU3BOJICTBA.

bbulo OTME4eHO, YTO HampsKeHHE IYTH, BBIOOP 3JEKTPOJa M CKOPOCTh CBApKH SIBIISIFOTCS
BaXHBIMU YCJIOBHSIMH IIPH OIIPENEICHUH TEXHOJIOIMYECKOTo pexuma. COOTBETCTBEHHO, YKa3aHO
IPOIUIABJIIEHUE CBAapOYHOIO IIBA, BBI3BAHHOE BBICOKMM HANpPSKEHHUEM B COUYETAHUU C HU3KOU
CKOPOCTBIO.

[ToxazaHa mojiaya oxJax/aarouei >KUIKOCTH (TEXHUYECKUH TTIMIEPUH) BO BHOBb CO3JJaHHYIO 30HY
cBapku. OHa CHIJKAeT TEIUIOBOE BO3JEHCTBHE IyT'M Ha JETalb M YBEIWYUBAET CKOPOCTh
OXJIAKJEHHUSI HAIUIaBJICHHOIO W OCHOBHOTO METajula, TEM CaMbIM YyMEHbIIas AedopMaluio U
caMopa3orpeB IpUIerarommx 4dacteil geranu. Kpome TOro, >KMOKOCTb CIIyXKUT AJIs 3aIMUTHI
pacIIaBIEHHOIO MeTajlla OT BPEJHOIO BO3IEHCTBHS KMCIOPOA U a30Ta.

KaoueBble cioBa: nuidoBanue, BUOpalus, TpelluHa, HANpsDKEHUE JyTd, Ae(eKTbl CBapKH,
CKOPOCTh CBapKH, TEXHUUECKUN TTIMIEPHH, KaJbIMHUPOBAHHAS COAa.

TITROMO USULU iLO USTORITMO VO QAYNAQ TEXNOLOGIYASI

Riistom Abaszadd

Doniz Boru kemarlarinin Layihslondirilmasi Mithandisi, Boru Komaerinin Layihalondirilmesi, SOCAR-KBR MMC.
Avadanliglarin méhlomliyinin artirilmasi vo tomiri {izro Magistr, Azorbaycan Dovlst Neft vo Sonaye Universiteti.
Email: rustam.abaszada@gmail.com

XULASO

Moaqalodo neft vo gaz avadanliglarinda siirtlinmodon yeyilon detallarin barpa texnologiyalarindan
olan “Titroma ila listoritma” iisulu nozardon kegirilib.
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Prosesin somoralillyi,texnoloji rejimi va iistiinliiklori geyd olunub.Hamginin cari metodun bugin
neft sonayesindo vo gomi tikintisinds ugurlu totbiq olundugu gostorilmisdir.

Bu metodlarla siirtlinmodon yeyilon detallarin bazilorinin barpasi,homginin miixtolif markali vo
galinligh polad 16vhalorin gaynaginin miimkiinliiyii 6z oksini tapmisdir.

Miiayyen tatbiglor iiclin qaynaq prosedurlarini tayin edarken, gaynaq miihandisi ilk ndvbada tolob
olunan xususi gaynaq keyfiyyatlorini nozora almalidir.Ciinki tocriibads, bazi amillar kifayat qodor
dogiq miioyyan edils bilso do, digarlori istehsal zamani doyisir.

Texnoloji rejimin toyini zamani qovs gorginliyi,elekrod se¢imi vo gaynaq siirotinin vacib
sortlordon oldugu geyd olunub.Uygun olaraq asagi siirot ilo birloson yiiksok gorginliyin amolo
gotirdiyi qaynaq niifuzu gostorilmisdir.

Yeni salinmis gaynaq zonasina soyuducu maye verilmosi (texniki qliserin) geyd olunub.
Soyuducu qovsiin hissayas istilik tosirini azaldir vo ¢okdiiriilmiis vo asas metalin soyutma siiratini
artirir, bununla da hissonin qonsu otraflarinin deformasiyasini vo 6ziinii istilosdirilmasini azaldir.
Bundan slava, maye orimis metali oksigen va azotun zararli tasirlorindon qorumaga xidmat edir.
Acar sozlor: tstoritmo, titromo, ¢at, qévs gorginliyi, qaynaq qiisurlari, gaynaq siirati, texniki
gliserin, soda kald.
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ABSTRACT

The article is devoted to the development of technology for obtaining organic-mineral fertilizers
and chemical meliorants on the basis of solid waste (SW). The presented article mainly describes
the physico-chemical basis of decomposition of solid waste with solutions of different
percentages of sulfuric acid, which is the first stage of the study. The purpose of the research is to
study the physico-chemical basis of decomposition of solid waste depending on the concentration
of sulfuric acid solution, its initial temperature, time and intensity of mixing during the
development of technology for obtaining organic-mineral fertilizers and ameliorative substances.
During the study, the concentration of sulfuric acid solution from 5% to 70, decomposition
dynamics of samples within 36-80 minutes, It was studied under mixing conditions at an intensity
of 40 per/min to 180 per/min. It was established that each factor has a great influence on the
percentage of decomposition of solid household waste, therefore, the optimal parameters for each
factor were determined and clarified as a result of experimental experiments.

As a result of the conducted research, it was determined that solid waste from the point of view of
the richness of macro-and microelements contained in it is a fully usable raw material for fertilizer
production, it has been observed that the extraction of food-repellent elements from the
composition of solid household waste with 10-20% sulfuric acid solution is appropriate and in this
case, along with the decomposition, the process of neutralization of microorganisms in it takes
place. 40-60°C optimum temperature of technological process for transition of moisture-repellent
elements into solution, it has been proved that the concentration of acid solution is between 10-
20% and the mixing intensity is 60-140 per/min., in the end, it is recommended to enrich the
composition of the obtained fertilizer with nutritive substances after the completion of the
technological process in order to improve the quality of the composition of the obtained liquid
fertilizer.

As a result of the conducted studies, it was found that during the decomposition of solid waste in
the presence of weak acid solutions, about 80-85% of the nutrient elements contained in it can be
extracted and used in fertilizer production.

Key words: fertilizer, solid waste, sulfuric acid, ameliorant, salinity, salinization.

Introduction
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Over the past thirty years, the rapid development of the Republic, mainly the development of
industry and agriculture, has been sharply noticeable. This development gave an impetus to the
growth of the population and, in turn, the development of construction sites. It is known that the
growth of the population puts the issues of improving their food supply and living conditions at
the forefront and makes them relevant. The main waste generated as a result of this development
is solid household waste generated in large quantities in the territory of the Republic [1-5,8]. As a
result of recent studies, it has been established that the SW contains most of the nutrients
necessary for the normal development and growth of agricultural crops. As a result of the analysis
of the chemical composition and the data obtained, it was concluded that it is a valuable raw
material [6,7,9]. The use of it as a raw material in the production of organic-mineral fertilizers
will solve the problem of food security of the population of the Republic set by the state, and also
have a very positive impact on the solution of environmental problems of the territory of the
Republic, which is one of the most important and relevant issues in terms of [10].

The purpose of the research

The study of the physico-chemical basis of decomposition of solid waste depending on the
concentration of sulfuric acid solution, its initial temperature and time during the development of
technology for obtaining organic-mineral fertilizers and ameliorative substances.

The current state of the problem. After the collapse of the Soviet Union, “Sumgait superphosphate
plant”, the only fertilizer plant in the Republic, ceased its activity. The reason for this was the lack
of raw materials for the production of fertilizer in the territory of the Republic and its import from
abroad. Since it was not economically viable, it was not convenient to bring apatite from the
territory of Russia, which is the main raw material for obtaining fertilizer. For this reason, since
1990, all types of fertilizers required for agriculture have been imported into the Republic from
abroad, which leads to an increase in the cost of manufactured products. The opening of a
carbamide plant in Sumgayit a few years ago partially contributed to the solution of this problem.
Currently, macrogubres such as phosphorus, potassium and many microgubres are imported to the
Republic from foreign countries, and a large amount of currency is spent on this.

The purchase of organic-mineral fertilizers based on the decomposition of solid waste proposed
by us can drastically reduce this dependence on foreign countries. As can be seen from the
composition of the newly obtained fertilizer, it not only ensures the normal development of plants,
but also prevents the salinization process in the soil and increases its fertility. It is economically
very profitable, since it is mainly produced on the basis of waste.

Analyze and discuss

At the first stage of scientific research on obtaining organic-mineral fertilizers and ameliorative
substances, the basics of Physico-Chemical bases of decomposition of solid waste with sulfuric
acid solution were studied.

At this stage, the dynamics of the decomposition of the SHW acid solution depending on its
viscosity and the kinetics of the decomposition process were studied. During the studies, the
concentration of sulfuric acid solution was taken at the limits of 10; 15 and 20%, and in
accordance with these concentrations, the amount of SHW decomposition was determined. As can
be seen from Figure 1, the maximum amount of decomposition of solid household waste was
achieved by applying a 20% sulfuric acid solution. Thus, with the introduction of 10% sulfuric
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acid, only 35-36% of solid waste was decomposed. As a result of increasing the concentration of
the solution to 15%, it was possible to increase the amount of decomposition in percentage terms
to 50-52%. The best indicator was obtained with 20% sulfuric acid solution. At the same time,
about 65% of solid waste was broken down.

In the second stage of the study, the kinetics of the decomposition process with the participation
of SHW sulfuric acid was investigated. During the experiments carried out in this direction, the
initial temperature of the acid solution, its norm, mixing intensity and mixing time were adopted
in different limits.
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The norm of sulfuric acid is 70 m.f. 100 according to the SHW

Figure 1: Dependence of the decomposition ability of sulfuric acid in the decomposition of solid
household waste on its viscosity.

1- 10% of H2S04, 2 —15% of H2S04, 3 — 20 % of H,SO..

As can be seen from the analysis data, the decomposition of SHW varies within a fairly large
interval depending on the change in the concentration of sulfuric acid. This can be seen as a good
case from the point of view of solid waste disposal. However, when the concentration of sulfuric
acid solution varies between 5-10%, the moisture content in the obtained mass becomes much
higher. The high moisture content can be regarded as a positive result, so that the natural mineral
compounds added to this mixture do not need additional acid to break down ( Table 1, Figure 2).

Table 1: Kinetics of the decomposition process of solid waste depending on the concentration of
sulfuric acid . (Acid starting temperature 40°C, norm 70 m.f., 100 m.f. solid household waste;
mixer intensity 120 period/min)
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H,S0, Time, minutes
tfa‘;?;f”% 4 6 8 10 12 14 16 18 20
5 6 9 11 13 15 18 24 26 31
10 9 11 13 14 16 19 25 28 33
20 12 15 17 20 21 23 32 34 38
30 16 24 27 29 29 31 36 41 44
40 20 27 31 34 34 36 38 44 49
50 23 30 35 37 39 40 44 48 53
60 27 33 38 40 43 45 47 52 54
70 24 29 33 37 39 42 44 49 54

When the SHW analyzes the amount of decomposition depending on the initial temperature, it is
clear that increasing the temperature above 60°C does not have as much effect on the amount of
decomposition in percentage terms. On the other hand, we recommend that the temperature of the
process be kept within 60-65°C, as it is not economically viable to increase the temperature. Thus,
the amount of SHW decomposition in 65°C varies between 44-56% depending on the
concentration of the solution, which can be considered a very good indicator (Table 2, Figure 3).
In addition, it is not recommended to increase the temperature in terms of corrosion of the
apparatus and evaporation of acid, polluting the environment. Thus, in the process of
decomposition of solid household waste, it is necessary to accept the optimal value of the starting
temperature of 60°C.

60
50
40
30
20

10

Decomposition of solid waste, %

e 5% i 10%-li 20%-li 40%-li===60 %-li
Concentration of sulfuric acid

Figure 2: Dependence of the decomposition ability of sulfuric acid in the decomposition of solid
household waste on its viscosity.
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Table 2: Decomposition of solid household waste depending on the concentration of the solution
in different norms of sulfuric acid (Starting temperature of solution of sulfuric acid 40°C, norm

70 m.f., 100 m.f. SHW; mixing intensity 120 peroid/min, mixing intensity 30 min.)

H,SO4 Time, minutes
concen-tration,
% 36 60 64 68 72 76 80
5 12 14 18 24 30 36 44
10 16 24 26 36 44 48 55
20 23 33 41 47 51 53 60
30 25 35 42 51 55 57 65
40 31 41 46 54 60 64 68
50 34 46 52 60 66 68 72
60 39 49 56 65 73 75 78
70 43 54 57 66 74 76 78

The mixing intensity of the mixer is of great importance during the experiment, which is usually

carried out with acid solutions.

Taking into account that it is known that mixing is the main factor in the processes of dissolution
and crystallization, it has been studied simultaneously with the influence of the concentration of
sulfuric acid solution on the decomposition of waste at different values of the mixing intensity
during the decomposition of SHW sulfuric acid.

Decomposition of solid waste, %

90
80
70
60
50
40
30
20
10

—5 %-li

Concentration of sulfuric acid

10 %-li 20 %-li

40 %-li =60 %-li

Figure 3: Dependence of the decomposition capacity of sulfuric acid on its viscosity in the
decomposition of solid household waste.
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The intensity of the mixer during the experiment is 40-180 per/min., which was between 5 and
70% by the consistency of the solution. The results obtained from the experiment are presented in
Table 3.

40; 80; 120; 140; 160 and 180 per/min. of the mixing intensity at the indicated concentrations of
the acid solution. The SHW decomposition ranged between 15-82% (Figure 4).

Analysis of the obtained data allows us to adjust the mixing intensity of 40-140 per/min. accept
between. The SHW decomposition from such mixing intensity varies between 15-73% in different
solids.

As a result of the research and analysis of the results obtained from the experience of studying the
concentration of the acid solution, the mixing time and the effect of decomposition of solid waste
in the presence of sulfuric acid, the following conclusions were reached:

Table 3: Decomposition of solid waste at different mixing intensities, depending on the
concentration of sulfuric acid. (Norm of sulfuric acid 70 m.f., SHW 100 m.f., starting temperature
40°C)

H,SO,4 concen- Time, minutes
tration, % 40 80 120 140 160 180
5 15 16 26 32 38 42
10 18 26 30 36 42 48
20 27 33 37 41 48 53
30 31 37 41 45 53 58
40 43 45 48 51 58 62
50 48 52 60 64 66 71
60 55 59 67 71 74 77
70 57 61 70 73 77 82
The result

1. From the point of view of the richness of macro-and microelements contained in it, the SHW is
a fully usable raw material for fertilizer production.

2. It is advisable to use 10-20% sulfuric acid solution to extract food-repellent elements from the
SHW. At this time, it is neutralized in harmful microorganisms contained in it.

3. Optimal temperature of technological process for transfer of nutrient elements to solution 40-
60°C, the concentration of the acid solution is 10-20%, mixing intensity is 60-140 per/min.

4. In order to improve the quality of the composition of the obtained liquid fertilizer, it is
recommended to enrich the obtained fertilizer with substances containing nutritive elements at the
end of the process.
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Figure 4: Dependence of the decomposition ability of sulfuric acid in the decomposition of solid
household waste on its viscosity.
1- 5% of H2SOy4, 2 —10% of H2SO04, 3 — 20 % of H2S04, 4-40 % of H2SO4, 5-60 % of H2SO..
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XULASO

Moqalo bork moigat tullantis1 (BMT) osasinda iizvi-mineral giibro vo kimyovi meliorantlarin
alinmasi texnologiyasinin iglonilmasina hasr olunmusdur. Togdim olunan magalods asas etibarilo
todqigatin ilk morholosi olan bork moisat tullantisinin sulfat tursusunun miixtolif faizli mohlullari
ilo par¢alanmasiin fiziki-kimyavi asaslar1 sorh olunmusdur. Tadgiqatin magsadi tizvi-mineral
giibro vo meliorativ maddolorin alinmasi texnologiyasinin islonilmasi zamani bork moisot
tullantilarinin sulfat tursusu mohlulunun gatiligindan, onun baslangic temperaturundan, zamandan
va qarigdirilma intensivliyindon asili olaraq pargalanmasinin fiziki-kimyovi osaslarinin tadqiqidir.
Todgigat zamani sulfat tursusu mohlulunun qatihgimi 5%-don 70 %-o qgodor niimunalorin
parcalanma dinamikasi 36-80 doqige arzindo, 40 dovr/dogiqadon 180 dovr/daqige intensivliyindo
qarigdirma soraitindo todqiq olunmusdur. Hor bir amilin bork moisot tullantisinin pargalanma
faizina boyiik tosiri oldugu miisyyon edilmis, bu sobabdon har bir amil {izro optimal parametrlor
eksperimental tocriibalor noticasindo miioyyan olunmus va daqiglosdirilmisdir.

Aparilan todqiqatlarin yekunu olaraq, torkibindo olan makro vo mikroelementlorin zonginliyi
noqteyi nozorindon bork moisot tullantisinin giibro istehsali {i¢lin tam yararli xammal olmasi
mioyyanlogdirilmis, bork moigot tullantistnin torkibindon qidaverici elementlorin ekstraksiya
olunmasinin 10-20 %-li sulfat tursusu mohlulu ilo hayata kegirilmasinin magsads uygun olmasi vo
bu zaman pargalanma ilo yanast onun torkibindoki mikroorqanizmlorin zororsizlosdirilmasi
prosesinin getdiyi miisahido olunmusdur. Bundan elavo qidaverici elementlorin mohlula kegmaosi
tictin texnoloji prosesin optimal temperaturunun 40-60°C, tursu mohlulunun gatiligmin 10-20%
arasinda qarigdirma intensivliyinin 60-140 d6vr/deq olmasi siibuta yetirilmisdir, sonda alinmig
maye gilibronin torkibinin keyfiyyatinin yaxsilagdirilmas: {igiin texnoloji proses basa ¢atdiqdan
sonra alinmig giibronin torkibinin qidaverici maddslorlo zonginlosdirilmasi tovsiyo olunur.
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Aparilmig todqiqatlar naticesindo miioyyon olunmusdur ki, zoif tursu mohlullarinin istiraki ilo
bork moigot tullantisinin pargalanmasi zamani torkibinds olan qidaverici elementlorin toxminon
80-85 %-ni ¢ixararaq giibro istehsalinda istifado etmok olar.

Acar sozlar: giibro, bork tullantilar, sulfat tursusu, meliorant, soranlagma, soranlasma.
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PE3IOME

CraThsi mocBsilleHa pa3pabOTKEe TEXHOJOTUHU TOJYYEHHUS OpPraHO-MHUHEPAIbHBIX YIOOpeHU u
XUMHYECKHX MEJIMOPAHTOB Ha OCHOBE TBepAbIX ObITOBbIX 0TX0110B (TBO). B mpencraBienHoi
CTaTb€ M3JIOKEHBl (PU3MKO-XMMUYECKHE OCHOBBI DPA3JIOKEHHsI TBEPIBIX OBITOBBIX OTXOJIOB C
pa3IMYHBIMU MPOIIEHTHBIMU PAaCcCTBOPAMHU CEPHOH KHCIOTHI, YTO B OCHOBHOM SIBIISIETCSI TIEPBBIM
sTanoM wuccienoBanus. Llenbio MccaenoBaHus SABISETCS U3yueHHE (PU3MKO-XUMHUYECKUX OCHOB
paznoxenuss ThO npu pazpaboTke TEXHOJIOTUU MOJYUYEHUS OpraHO-MUHEPAIBHBIX yI0OpeHUH U
MEJIMOPATUBHBIX CPEJICTB B 3aBUCHUMOCTHU OT TYCTOTHI PacTBOpa CEPHON KHUCIIOTHI, €r0 HaYaJIbHOU
TEMIIepaTypbl, BpeMEHU ¥ HHTCHCUBHOCTH TIEPEMEIITBAHMS.

B xone uccnenoBanus nzydanach JMHaAMUKa Pa3oKeHHst 00pa3loB MPH KOHIEHTPAIMK pacTBOpa
cepHoit kucnoTsl oT 5% 110 70% B Teuenue 36-80 MUH, IPU UHTEHCUBHOCTH MEPEMEIINBAHUS OT
40 06/mMuH 110 180 06/MHH. Y CTaHOBIIEHO, UTO Kbl (DAKTOp OKa3bIBaeT OOJIBIIOE BIUSHUE Ha
NpOIeHT pa3iokeHus: ThO, MOATOMYy ONTUMAalbHBIE MapaMeTphl MO KaXIOMY (GakTopy ObLTH
OTIpeieNIeHbl U YTOUHEHBI B Pe3yJIbTaTe IKCIIEPHUMEHTAIBHBIX SKCIIEPUMEHTOB.

[Io wToram mnpoBeNEHHBIX HCCIEIOBAaHUN YCTAaHOBJIEHO, 4YTO C TOYKM 3peHus Oorarcraa
COJIepXKALIMXCS B HEM MaKpO-U MHKpPODJIEMEHTOB TBEpJble OBITOBBIE OTXOMABI SBISIOTCS
MOJIHOCTBIO MPUTOHBIM CHIPHEM JIJISl IPOU3BOCTBA YAOOPEHUH, ObUIO 3aMEUEHO, YTO IKCTPAKIUs
NUTATENbHBIX 3JeMeHTOB u3 coctaBa ThO mnenecoobpasno ocymectBiasath 10-20 %-HbiM
pPacTBOPOM CEpPHOM KMCIIOTBI, IPU 3TOM HapsAy C Pas3sioKEHHEM MJIET Mpolecc HeWTpaluzaluu
COJepXKalIMXCs B HEM MHUKpPOOpraHm3MoB. Kpome Toro, moka3aHo, 4YTO ONTHUMalIbHAs
TeMIeparypa TEXHOJOTHYECKOro Ipolecca Iepexofa MNUTATEeIbHBIX JIEMEHTOB B PACTBOP
cocrapysier 40-60°C, unTeHCHBHOCTH NepeMemuBanus B peaenax 10-20% TBepaocTH pacTBopa
KucnoThl-60-140 HUKIOB/MUH, B KOHIIE JUIs YJTyUIIEHUS Ka4eCTBa COCTaBa MOJIYYEHHOTO KHUIAKOIO
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yI0OpeHHs TOClIe 3aBepIICHUS TEXHOJIOTHYECKOTO Mpolecca PEeKOMEHAYeTcs oOoraiieHue
cocTaa moiaydeHHoro yaoopenus nurxsad UlrirfifrarensapiMu BerectBaMu.

B pesynbraTe NpOBENEHHBIX WCCIEAOBAHUN YCTAHOBJICHO, YTO MPU PA3IOKECHUU TBEPBIX
OBITOBBIX OTXOJOB B IMPHCYTCTBUU CIIA0OKUCIIBIX PACTBOPOB HMX MOXHO HCIIOJNB30BaTh B
MIPOM3BOJICTBE ynoOpenuit, ynamsst okono 80-85% conepkammxcs B HHUX HUTATEIBHBIX
AJIEMEHTOB.

KiroueBble cioBa: ynoOpeHue, TBEpIble OTXOABI, CEpHas KHUCIOTa, MEIUOPAHT, 3aCOJICHHE,
3aCOJICHHE.
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ABSTRACT

Gas lifts are versatile, dependable lifting systems that provide numerous options. This article
discusses typical problems with gas lift valves used in geotechnical applications. What could
result in such operational and well-related flaws. A closed system powered by high pressure
gas is a gas lift system. Gas lifts are frequently adaptable, dependable lift systems with a
variety of manufacturing options. For all operations, adding gas from an outside source lowers
the fluid pressure level, which forces more fluid to be kept in conditions with high water
retention. Excellent product quality, changeable gas lift complex, and lift depth. Where
possible, involuntary injection gas tensions and volumes are extremely rare and can support
various synthetic buoyancy types. By lowering the fluid's pressure stages with the use of an
extraterrestrial gas penthouse, more fluid may be stored in the Force as the descent goes on. As
you alter the parameters, consider how other elements alter. The behavior of gas lift valves is
predicted using a variety of techniques. These techniques additionally consider additional
factors. The Thornhill-Craver equation is the formula most frequently used to forecast the
performance of throttle valves. The interpretation of gas lift taps is overestimated by the
Thornhill-Craver equation, particularly for big ports, according to Gerberding and Acuna. Gas
lifts are not appropriate for combined liquids, supersaturated Neptune, or thick, abrasive
paintings. , which focuses on how to increase the performance of weak gas lift taps,
highlighting the necessity of their complicated design, does not function well for grabbing old
wells or extending inflow lines with external internal compasses.

Keywords: Gas liquid Ratio (GLR), Fluid, Pressure, Gas Lift Valves (GLVSs), Injection Gas,
Bottom Hole Pressures (BHPs)., Continuous Flow, Intermittent Flow.

Introduction

The reservoir's energy will eventually run out, making it impossible to continue raising
formation water to the surface. Because not every oil well has enough low-hole pressure (BOP)
to lift fluids to the surface, some oil wells do not naturally begin producing fluids right away
after startup. Using a lighter fluid as a carrier fluid to stimulate the formation fluid is one
method of assisting the well's flow. In this scenario, the total density of the liquid will drop,
increasing the reservoir's lifting capability.

The artificial lift method that most nearly mirrors the natural flow process is gas lift. This can
be viewed as extending the process of natural flow. In an inherently attractive flow, the tension
in the liquid cue is lessened as the liquid goes overhead toward the face, causing the gas to
expand and move quickly overhead. The transmission of nearly uncontaminated liquids to the
face is supported by a conforming gas. If this rush isn't strong enough, though, liquid might fall
through joints close to the surface. To lift water, this device is frequently employed. To lower
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the liquid's degree of tension, high pressure gas is injected into the liquid throughout this
process. In other words, the viscosity of the liquid is decreased by introducing additional gas to
raise the gas-liquid ratio. This procedure is seen as extending the stage of natural movement. A
schematic of a typical gas lift system is shown in Figure 1. It is universal, more precise than
other produced lifting techniques, and efficient for a variety of liquid materials.

Dehydration

Gas to Sale

Gas Oil Separator

To Pipe Line
Ofl Storage
Production Manifold
TBG/CSG | o=
Pressure | L
o Recorder
“"‘ed‘o“ —
Injection Gas Manifold
(Metering & Control)
Ve ———

Figure 1: Typical Gas Lift System.

Let is see how many types there are. There are two different kinds of gas lift techniques:
intermittent inflow and continuous inflow. In order to remove structural fluids, these gas lift
techniques condition high pressure raw gas from a surface. Periodic gas inflow is a multiple-
standard gas lifting technique of diligence and is actually comparable to raw inflow. At the
tallest cliff, count the rate and get caught in the product pipe. As a result, the base pressure is
decreased along with the liquid-liquid viscosity and liquid pressure of the combined liquid. The
efficiency arrow becomes better as the well pressure drops.
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Objective

The liquid is lifted to the surface by injecting enough gas pressure into the tube at the
connection at the bottom of the liquid column to complete the intermittent gas lift procedure.
By pumping high pressure gas into the well, intermittent flow is the incredibly unusual reverse
flow of fluid through the casing. Numerous inferences can be made from this. The primary
distinction between constant and irregular flow is clear. A basic criterion for high pressure gas
is irregular incoming gas lift because it has an advantage over continuous incoming gas lift.
This technique cannot create big amounts in other scripts compared to continuously flowing
gas lifts since gas is delivered intermittently over time.

High pressure gas bases, altitude commands, clandestine operations, divergence, feeder pipes,
storage apparatus, QMNs, and compressors are all used in gas lift technology. The efficient
movement of each of these components is crucial to the gas lift system's effectiveness. To
make sure you always have the appropriate amount of gas charged, do a hands-on procedure.
The wall package must be used for gas intake. Gas lift faucets are a component of cutting-edge
well gas injection techniques. The Bright Gas Lift Tap has evolved over time due to its
significance.

Advantages of Gas L.ift

Given that the pressure and amount of the injected gas required is open, gas lifting techniques
are flexible in terms of product rate and lifting depth range, and they are rarely paired with
other unnatural lifting types. It is one of the most adaptable lifting types thanks to design
optimization for a fluid lift. When an industrially produced lift is sought, his GLV sand
products and wells are effective advocates for gas lifts due to their great dispersion and high
quality.

Gas Lift Limitations

The use of lift gas may be constrained by greater drilling distances on land and fewer available
places for compressor platforms offshore. Due to the difficulty in locating a central power
source, gas lifts are rarely used for single well installations and are not appropriate for long
distance wells. For viscous crudes, supersaturated brines, or emulsified liquids, gaslift is not an
option. Additionally, outdated containment wells and lengthy flow lines with narrow inner
diameters do not accommodate gas lift systems well (IDs). Gas lifting procedures, according to
Fleshmanand Lekic and Osuji, are restricted by fluid characteristics such ACP, scaling, the
presence of paraffins, and corrosion.

Testing and Modeling

The behavior of gas valves is predicted using a variety of techniques. The most popular
equation for forecasting restriction valve performance is the Thornhill-Craver restriction
equation. Utilizing data on positive throughput adjustments, this method was created. The gas
valve is regarded as an orifice when calculating gas flow using the Thornhill-Craver equation.
Other studies determined the gas flow rate by treating the gas valve as a convergent-divergent
nozzle. The Thornhill-Craver equation, according to Neiberding and Acuna, overstates the
effectiveness of gas lift valves, particularly at large apertures.
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For the purpose of analyzing the behavior of gusseted gas valves, Decker has developed a
model. He used these two parameters to solve the solution for the force balance after
researching the effects of thermodynamic and mechanical factors on pressure distribution.

The effects of gas compression on gas valves were not taken into account in the Thornhill-
Craver equation. Additionally, the valve is not taken into account in this formula as a variable
orifice. Winkler and Camp looked at how altering the flow field affected things. In order to
account for gases' changing surface areas and compressibility, they updated the Thornhill-
Craver equation (1).

K 2  K+1
155.5 XCgxXAgXPy ngﬂx{rk’—r K}

ans“ JZCT

(1)

Q gas= flow rate of gas ; Mscf/D

C 4= discharge factor

A = Effective reception area for offices., sq inches

P, = upflow pressure, psi

P, = downflow pressure, psi

g= gravity accelerating, of 32.2 feet per square second.
K = Cpl/Cv specific temperature ratio

r =P, /Py>r0

ro = (2/K + 1)F/ (&1

Z= cause for compromise.

G = concentration of the gas (air=1)

T'= outlet temperature, R

By taking into account the bellows load factor and the impact of actuation force on the linear
motion of the stem, Winkler and Camp investigated the effectiveness of several valves. They
discovered that the impact of these elements resulted in fuzzy basic mathematical models for
predicting gas lift valves. In order to acquire the valve relief coefficient (Cd), which can be
used to determine the precise gas lift valve flow rate, we have also added a reference valve.
Research into gas lift devices has started at the University of Tulsa's Artificial Lift Program
(TUSLP). To calculate gas flow through a gas valve, an orifice and gas flow model was
created. Figure 2 illustrates the flow performances that researchers developed for orifices,
channels, and flow controllers.
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Figure 2: Different flow modes.

Bigilabigi has created a range of valve testing tools and methods. Test with continuous flow
rate in a steady state (DETT). In order to simulate the nitrogen valve, spring his valve flow
performance, and forecast the valve performance, he created a statistical model based on the
testing results. All test results have been invalidated due to a bug in the static test bench.
Nieberding fixed mistakes on the static test bench and, using test data, created a statistical
model of his flow adjustments and orifices. He distinguished between the accelerator and the
opening ratio using the opening pressure of his rack. He discovered that the valve would
behave like a hole if the pressure in the injector was greater than the pressure in the rack's
aperture. However, the valve behaves as a throttle valve if the injection pressure is higher than
the valve's closing pressure and lower than the test rig's beginning pressure. In order to test the
test technique, methane was also employed as the injecting gas rather than air. He also
established a correlation to predict gas transformations.

PioaX(Piod—Ppa) (1)
TyXZyXSg

Qgas 1240.3 X A, X Cg X Y X Af\/

@ gas= flow rate of gas.Mscf/D
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Cd = discharge factor

A,= Port region., in’

P;, 4= pressure used to inject gas upstream, psig

P, q= pressure used to inject gas downstream, psig
Ar = 4, ff,/ Ap

Y = factor for gas expansion

Sg: specific gravity of gas.

Z= cause for compromise.

(G = concentration of the gas (air=1)

T'=outlet temperature.,

The Result

1. Gas lifts are often adaptable artificial buoyancy devices that are trustworthy and able to handle
a variety of production possibilities. Numerous factors, including variations in the type of fluids
produced, wellbore productivity index, and wellbore and bottom pressure, might affect the design
of a gas lift system. The gas injection pressure will alter as these parameters do.

2. Surface compression and valve installation are needed for gas lift systems to lift downhole
gas. Gas lift systems are typically a gentle approach to increase productivity. In other words, even
shoddy gas lifts can function better. Gaslift can increase fluid performance, but doing so
necessitates a more intricate design for each component of the system.
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PE3IOME

[a3mupT — 510 TMOKAs M HaAAEKHAs MOJBbEMHAs CHUCTEMa, KOTOpas MOXET MNpPeAOCTaBHTh
HIMPOKUH CHEKTp BO3MOXKHOCTEH. B crarbe paccMoTpeHbl 00IIMe HEAOCTaTKU Ta3nudTHOro
KJlanaHa, MpeJHa3HAY€HHOTO Ul MCIIOJNb30BaHMUSI B I'EOJOrO-TEXHUYECKUX MEPOIPUSITHSIX.
YeM MOTYT OBITH BBI3BAHBI TAKHE HEJAOCTATKU B CKBAXMHAX WUIIU B MPOIECCE IKCILTyaTallUu.
["a3nmudTHBIE CHCTEMBI MPEACTABIAIOT COOOH 3aKpBITHIE CHCTEMBI, padOTaIOIIMe Ha ra3e IMoJ
BBICOKHMM JlaBieHueM. Kak npaBuiio, ra3oBblil TudT npeactabiser co0oil THOKYIO U HAISKHYIO
HNOJBEMHYIO CHUCTEMY, KOTOpasi MOKET HCIOJIb30BATh LIMPOKHH CIIEKTP MPOU3BOJCTBEHHBIX
BO3MOKHOCTEH. BO Bcem mpoliecce UCHob3yeTcsl mojaya ra3a U3 BHEIIHEr0 MCTOYHMKA IS
CHIDKEHHS TPaJIMeHTa NABJICHUS XUIKOCTH JJsI pabOThI, YTOOBI MOKHO OBUIO YJEepKHBATh
0O0JIbIIIe KUAKOCTH U3 IJIacTa MpH 0oJiee BHICOKUX YPOBHSAX yaepkaHus BoAbl. C TOYKU 3peHUs
JMANa30HOB IPOU3BOJUTENBHOCTH M TIIyOMHBI NOAbeMa raziudTHas CUCTEMa SBIISETCA
THOKOM U peIKO MOXKET OBITh COTTIACOBaHA C APYTMMH METOJIaMU MEXaHU3WPOBAHHOMN JT00BIYH,
KOrJia JIOCTYNHBI HEOO0XOoauMoe mAaBieHHe W o0beM 3akaumBaeMmoro rasza. Bech mporiecc
UCIIONIB3YEeT TMOJayy ra3a M3 BHEIIHEr0 HCTOYHUKA /Ui CHWKEHUS TpaJMeHTa JaBIICHUS
dmouna, 49ToObl Oonblne QUIFOMIAa MOTJIO XPaHUThCI B IulacTe ¢ 0Oojee  BBICOKOM
nenpeccueii.PaccmarpuBaercsi, Kak HM3MEHSIOTCA Jpyrue (akTopbl TMpU H3MEHEHUU
napaMerpoB. /[l TpOrHO3MpPOBaHUS MOBEACHUS Ta3lIu(THOTO KiamaHa MCHOIb3YIOTCS
paznuyHble METOJbl. B 3THX MeToAax YYUTBHIBAIOTCS M APYrHe NapameTpbl. YpaBHEHUE
Topuxumna-KpeBepa sBnsercss Haubonee YacTO HCNOJIb3YEMBIM  YpPaBHEHHMEM  JUIS
MIPOTHO3UPOBaHUS PabOTHI JpoccenbHOM 3acimoHku. HeitbepauHr m AKyHa MOKa3aid, 4TO
ypaBHeHue Topuxuiuia-KpeBepa 3aBbllIaeT HPOU3BOJUTENBHOCTh Ta3MU(THHIX KJIAMAHOB,
0c0o0eHHO I IOPTOB OouiblIero pasmepa. ['a3nudT He MOIXOAUT AJS BA3KOM chipoil HedTH,
MEPECHIIIEHHOT0 paccoyia WIH 3MYJIbCHOHHOM >kunkoctd. Kpome Toro, raznudTHas cuctema
HE MOAXOAMT JJIsl CTAPBIX YIEPKUBAIOIINX CKBAXUH WM JIJIMHHBIX BHIKUIHBIX JIMHUNA C MaJIbIM
BHYTPEHHUM JnaMeTpoM. B nenoMm, kak raznudrHas cucteMa sIBISIeTCS METOJIOM MOBBIICHUS
MIPOU3BOUTEIILHOCTH, UM JAPYTUMHU CIOBaMH, KaK YIYUYIIUTh paboOTy claObIX razmu(THBIX
KJIalIaHOB, @ KPOME TOT0, TOAYEPKUBAETCS BAXKHOCTH €€ CII0KHOW KOHCTPYKIIHH.

Kuarouesbie ciaoBa: [Nazmudrapie kinanansl (I'K); 3aboiinsie maBnenusi(31); CooTHomieHue
ra3a u xuaxkoctu (CIK); HenpepbIBHBIN NOTOK; IPEepPBIBUCTHIN MOTOK; XKuakocts; laBienue;
WHXeKTOpHBIN ra3
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QAZ-LIiFT KLAPANININ iSININ TODQIQi
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XULASO

Qaz lifti genis imkanlarini tomin edo bilon ¢evik vo etibarli sokildo qaldirma sistemidir.
Moqalado geoloji — texniki foaliyyetlords istifado iigiin nozords tutulmus qazlift klapaninin
imumi catigmazliglara baxilir. Bu kimi ¢atigmazliqlar1 quyularda vo ya istismar prosesindo
nalor yarada bilor. Qaz lift sistemlori yiliksok tozyiqli qazla isloyon qapali bir sistemdir. Bir
qayda olaraq qaz lifti genis istehsal imkanlarini istifado eds bilon ¢evik vo etibarli qaldirma
sistemidir. Butlin proses Xarici manbadon qaz olavo olaraq islomok ili¢iin maye tozyiqinin
gradiyentini azaltmaq {igiin istifado olunur ki, daha yiiksok saviyyads su tutma zamani laydan
daha cox maye saxlanilsin. Istehsal siirati diapazonlar1 va qaldirma dorinliyi baximindan qazlift
sistemi g¢evikdir vo lazimi enjeksiyon qazi, tozyiqi vo hacmi mévcud olduqda nadir hallarda
digor siini qaldirma tsullart ilo uygunlasdirila bilor. Biitlin proses, xarici manbadon qaz slava
olaraq maye tozyiq qradiyentini azaltmaq ti¢lin istifado olunur ki, daha yiiksok bir enmao ilo
rezervuardan daha ¢ox maye saxlanilsin. Bundan olave parametrlor doyisdirilon zaman digor
amillor neco doyisilir onlara baxilir. Qaz lift klapanin davranisini prognozlasdirmaq {igiin
miixtalif iisullardan istifads olunur. Bu tisullar vaxti diger parametrlorade baxilir. Thornhill-
Craver tonliyi gaz klapaninin performansini prognozlasdirmaq iiclin oan cox istifado edilon
tonlikdir. Neiberding vo Acuna toqdim etdi ki, Thornhill-Craver tonliyi qaz lift klapanlarin
performansini, xiisuson daha bdyiik port dlgiilori liciin haddinden artiq naticoni qiymatlondirir.
Qaz lifti 6zIi xam neft, hoddindon artiq doymus duzlu su vo ya emulsiya mayesi liglin yaxs1
deyil. Bundan slavo, qazlift sistemi kohno tutma quyular1 va ya kigik daxili diametrli uzun axin
xatlori iigiin yaxst islomir. Umumiyyatls, qaz lift sistemi mohsuldarlig1 artirmaq iigiin neco bir
Usuldur, vo ya basqa sozlo, zoif qaz lift klapanlarinin performansi neco artirilir vo olavo olaraq
onun miirokkab dizayninin 6nami vurgulanir.

Acar sozlor: Qaz lift Klapanm1 (QLK); Alt Cuxur Tozyiqlor (ACT); qaz-maye nisbati (QMN);
Davamli axin; Fasiloli axin; maye; tozyiq; Enjeksiyon qazi.
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ABSTRACT

The article considered the issue of cleaning big data before uploading it to storage. At this time,
the errors made and the methods of eliminating these errors have been clarified.

The technology of creating a big data storage and analysis system is reviewed, as well as solutions
for the implementation of the first stages of the Data Science process: data acquisition, cleaning
and loading are described. The results of the research allow us to move towards the realization of
future steps in the field of big data processing.

It was noted that Data cleansing is an essential step in working with big data, as any analysis
based on inaccurate data can lead to erroneous results.

Also, it was noted that cleaning and consolidation of data can also be performed when the data is
loaded into a distributed file system.

The methods of uploading data to the storage system have been tested. An assembly from
Hortonworks was used as the implementation. The easiest way to upload is to use the web
interface of the Ambari system or to use HDFS commands to upload to HDFS Hadoop from the
local system.

It has been shown that the ETL process should be considered more broadly than just importing
data from receivers, minimal transformations and loading procedures into the warehouse. Data
cleaning should become a mandatory stage of work, because the cost of storage is determined not
only by the amount of data, but also by the quality of the information collected.

Keywords: Big Data, Data Cleaning, Storage System, ETL process, Loading methods.

Real data is often messy - contains various kinds of errors - and unstructured, so it must be
processed before use. The data may contain errors, have duplicate entries, be in the wrong format,
or be inconsistent. The process of solving these types of problems is called data cleansing. Data
cleaning is also called processing, kneading, reshaping or data processing. Data merging, in which
data from multiple sources is combined, is often considered data cleansing.

Data cleansing is an essential step in working with big data, as any analysis based on inaccurate
data can lead to erroneous results. Thus, it is necessary to make sure that the data we work with is
qualitative data. Data quality includes: [1,p.78]

o Validity: the requirement to ensure the correct form or structure of data;
o Accuracy: the values in the data are truly representative of the data set;
o Completeness: no missing elements;

o Consistency: changes in the data are synchronized;

o Uniformity: the same units of measure are used.

It should be noted that cleaning and consolidation of data can also be performed when the data is
loaded into a distributed file system.
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When creating data warehouses, insufficient attention is still paid to cleaning the information that
enters it. Apparently, it is believed that the larger the storage size, the better. This is a surefire way
to turn a data warehouse into a garbage dump.

The data needs to be cleared. After all, information is heterogeneous and almost always collected
from many sources. It is the presence of various data collection points that makes the cleaning
process so complex and relevant.

Mistakes are always made, and it is impossible to completely get rid of them. Perhaps sometimes
it makes sense to put up with them, rather than spend resources on fixes. But, in general, you need
to strive by any means to reduce the number of errors to an acceptable level. The methods used
for analysis already sin with inaccuracies, so why aggravate the situation?

In addition, it is necessary to take into account the psychological aspect of the problem. If the
analyst or decision maker is unsure of the numbers he is getting from the data warehouse, he will
rely on information from other sources. This seriously reduces the value of the storage.

Error types

We will not cover simple errors such as type mismatches, differences in input formats and
encodings. Cases where information comes from several sources, where different conventions are
adopted to denote the same fact.

A typical example of such a mistake is the designation of a person’s gender. Somewhere it is
designated as M/F, somewhere as 1/0, somewhere as True/False. These kinds of errors are dealt
with by specifying rules for recoding and type casting, so they are relatively easy to solve. We are
interested in more complex problems that cannot be solved by elementary methods.

There are many types of complex errors. In addition to universal ones, there are errors that are
specific only to a particular subject area or task. But let’s consider those that do not depend on the
task: [1,p.82]

o Inconsistency of information (Contradiction);
o Gaps in data;

. Abnormal values;

o Noise;

. Data entry errors.

To solve each of these problems, there are proven methods. Of course, errors can be corrected
manually, but with large amounts of data, this becomes problematic. Therefore, we will consider
options for solving these problems in automatic mode with minimal human participation.

Inconsistency of information (Contradiction)

First we need to decide what exactly is considered a contradiction. Oddly enough, this is not a
trivial task. For example, a pension card in different countries must be changed if the last name,
first name, patronymic and gender change. It turns out that there is no contradiction in the fact that
a person was born a woman and retired a man.

After we decide what to consider a contradiction, and find such entries, there are several options
for action:

If several conflicting entries are found, delete them all, or leave one of the options selected
according to some simple rule. For example, the most recent entry. The method is trivial, and
therefore easy to implement. Sometimes this is enough. [3,p.112]
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Correct inconsistent data based on statistics. For example, you can calculate the probability of
occurrence of each of the inconsistent values and choose the most likely one. Most often, this
method gives more correct results.

Gaps in the data

This problem is the scourge of many data stores. Most forecasting methods are based on the
assumption that the data comes in a uniform constant stream. In practice, this rarely happens.
Therefore, one of the most popular areas of application of data warehouses - forecasting - i
implemented poorly or with significant limitations. To combat this phenomenon, you can use the
following methods:

Approximation

If there is no data at any point, we take its neighborhood and calculate the value at this point using
known formulas, adding the corresponding record to the storage. This works well for ordered
data. For example, information about daily product sales. [3,p.115]

Determination of the most plausible value

For this, not the neighborhood of the point is taken, but all the data. This method is used for
unordered information, i.e. cases when we are not able to determine what is the neighborhood of
the point under study.

Abnormal values

Quite often, events occur or data come across that are very out of the picture. For example, the
price of a product is 10 times higher than the average. It is best to correct such values. The fact is
that the analysis algorithms know nothing about the nature of the processes. Therefore, any
anomaly will be perceived as a completely normal value. Because of this, the model is greatly
distorted, because random failure or success will be considered a pattern.

There is a method of dealing with this problem - robust estimates. These methods are resistant to
strong perturbations. An example would be a median filter. [5,p.127]

We evaluate the available data, and for anything that is out of range, we apply one of the
following actions:

Abnormal values are removed;

Anomalous data are replaced by the nearest boundary values.

Noise

Almost always in the analysis we encounter noise. Most often, the noise does not carry useful
information, but only makes it difficult to clearly see the picture. There are several ways to deal
with this phenomenon:

Spectral analysis

With it, we can cut off the high-frequency components of the data, i.e., these are frequent and
slight fluctuations around the main signal. Moreover, by changing the width of the spectrum, you
can choose what kind of noise we want to remove. [7,p.234]
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Autoregressive methods

This fairly common method is actively used in the analysis of time series. It comes down to
finding a function that describes the process as a signal plus noise. Actually, the noise can then be
removed and the main signal left.

Data entry errors

This is a topic for a separate discussion, because the number of types of such errors is too great,
for example, typos, deliberate distortion of data, inconsistencies in formats, and this is not
counting errors related to the peculiarities of the data entry application. [7,p.236]

To deal with most of them, there are proven methods. Some things are obvious, for example,
before entering data into the repository, you can check the formats. Some are more sophisticated.
For example, you can correct typographical errors based on various kinds of thesauri. But, in any
case, it is necessary to clear and from such errors.

Extract, Transform and Load (ETL)

Extract, Transform and Load (ETL) is a data conveyer used to collect data from various sources.
It then transforms the data according to the business rules and loads it into the target data store.
The transformation process in the ETL conveyer is performed in a special subsystem.
Intermediate tables are often used to temporarily store data while it is being converted and before
it is loaded to the destination.

Figure 1: Extract, Transform and Load (ETL)

Typically, various operations (such as filtering, sorting, aggregating, merging, cleaning,
deduplicating, and data validation) are applied in the data transformation process.

Often the three ETL steps are done in parallel to save time. For example, when extracting data,
the transformation process may already be processing the received data and preparing it for
loading, and the loading process may start processing the prepared data without waiting for the
extraction to complete.

The Extract, Load, and Transform (ELT) conveyer differs from ETL only in the transformation
execution environment. In the ETL conveyer, the transformation takes place in the target data
store. In this case, instead of a special subsystem, processing facilities of the target data store are
used to transform the data. This simplifies the architecture by removing the conversion engine
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from the conveyer. Another benefit of this approach is that scaling the target data store also
improves the performance of the ETL conveyer. However, the ELT only works properly if the
target system has sufficient performance to effectively transform the data. [9,p.132]

Extract Load Transform

I .
I .
I .
I I .
Data source 1

Data source 2

Figure 2: Extract, Transform and Load (ETL) Conveyer

Typically, the ELT conveyer is used to process large amounts of data. For example, you can
extract all raw data into flat files to scale-out storage (such as Hadoop Distributed File System,
Azure Blob Storage, or Azure Data Lake Store Gen2, or a combination of both). You can then use
technologies such as Spark, Hive, or PolyBase to query the source data. The key feature of ELT is
that the data store used to perform the transformation is the same store where the data is
ultimately consumed. This data store reads data directly from scale-out storage instead of loading
it into its own secure storage. This approach skips the copy step (found in ETL) which can often
be time consuming when processing large datasets.

Typically, the target storage is a data warehouse using a Hadoop cluster (using Hive or Spark) or
dedicated SQL pools in Azure Synapse Analytics. Most often, the schema is overlaid on flat file
data at query time and stored as tables, allowing you to query the data in the same way as any
other table in the data warehouse. They are called external tables because the data is not in storage
managed by the data warehouse itself, but in an external, scale-out storage such as Azure Data
Lake Store or Azure Blob Storage. [9,p.136]

The data store only manages the data schema and applies it when it is read. For example, a
Hadoop cluster using Hive describes a Hive table where the data source is the actual path to a set
of files in HDFS. In Azure Synapse, PolyBase can achieve the same result by creating a table with
data stored outside of the database itself. Once the source data is loaded, the data in the external
tables can be processed using the data warehouse capabilities. In big data scenarios, this means
that the data warehouse must support massively parallel processing (MPP), where data is broken
into smaller chunks and the processing of those chunks is distributed across multiple nodes in
parallel. [9,p.136]

The last step in the ELT conveyer is usually the transformation of the original data into a final
format that is more efficient for the types of queries that need to be supported. For example, the
data may be partitioned. In addition, ELT can use optimized storage formats (such as Parquet) that
store row data as columns and provide optimized indexing.
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Data flow and Control flow

In the context of data pipelines, the flow of control ensures that a set of tasks are processed in the
correct order. For this, queuing is used. You can think of these constraints as connectors in the
workflow diagram shown below. Each task has a result (success, failure, or completion). All
subsequent tasks start processing data only when the previous task has completed with one of
these results.

Flows of control execute data flows as a task. As part of the data flow task, data is retrieved from
the source, transformed, and loaded into the data warehouse. The output of one Data Flow Task
can be used as input to the next Data Flow Task, and these flows can run concurrently. Unlike
control flows, you cannot add constraints between tasks in a data flow. However, you can add a
data viewer to observe the data as it is processed by each task. [10,p.28]

Container

Data flow
| m——

Control flow
Figure 3: Data Flow And Control Flow
Loading data into a Big data storage and analysis system

Loading data into a distributed file system or a NoSQL database can also be done in various ways,
for example: [6, p.113]

o using utilities such as hdfs, hdfs shell;

o using the GUI interface of the big data storage and analysis system, such as
Ambari;

o using specially designed applications;

o using Yarn, Spark.

The study explored the first two ways to load data.
Loading data using the hdfs command is similar to working with files in a Unix class operating
system. Creating a download directory in hdfs is done with the command: [6, p.118]

hdfs dfs - mkdir /usr/ data (1)
which creates the data directory inside the usr directory on the distributed file system.
Copying the data.csv file from the local host to the Hadoop distributed file system is done by the
command:

hdfs dfs - put data.csv /usr/ data (2
In addition, the following hdfs commands can be used:
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Is - read the contents of a directory;

rm - delete a file;

du -h - display the file size;

cmod - change access attributes;

cat - read the contents of a file;

mv - move a file to a new location.

Uploading a file to a big data storage and analysis system using the hdfs utility: [6, p.120]
[maria_dev@sandbox-hdp ~]$ hdfs dfs -mkdir data
[maria_dev@sandbox-hdp ~]$ hdfs dfs -Is

Found 1 items

drwxr-xr-x - maria_dev hdfs 0 2019-06-13 06:35 data
[maria_dev@sandbox-hdp ~]$ hdfs dfs -put **/home/user/data-20181205-
structure-20181205.csv'" data

The second way to load data is to use the web interface of the Ambari system to build the
Hortonworks big data storage and analysis system. After logging in, it is possible to navigate
through HDFS and select the desired directory to upload the file.

After downloading the file, you can change the access rights to files and directories.

Data cleaning evaluation

In order to compare the influence of data filling on prediction, we eliminate different proportions
of data and perform neural network on the remaining data after data filling with 3 different
methods:

. Interpolation;
o Regression;
o Clustering.

We tested 3 methods in two data missing scenarios: missing at random and continuous missing.
Two evaluation indices are applied: TIC of prediction and accuracy of filled data compared with
real data. The results are summarized in Table 1 and Table 2.

Table 1: Evaluation of Data Cleaning (Missing at Random, TIC=6.32% when no data missing)

Missing | No filling Interpolation Regression Clustering
Rate
TIC Accuracy TIC Accuracy TIC Accuracy TIC

10% 7.61% 90.29% 6.79% 95.09% 7.47% 94.03% 6.92%
20% 9.91% 86.25% 7.02% 94.64%  7.56% 92.84% 7.22%
30% 12.23% 85.88% 7.24% 94.24%  7.90% 92.67% 7.56%
40% 13.09% 84.25% 7.30% 93.77% 8.43% 92.55% 7.62%
50% 16.58% 79.06% 7.76% 92.99% 8.72% 91.59% 7.97%

Table 2: Evaluation of Data Cleaning (Continuous Missing, TIC=6.32% when no data missing)
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Missing No filling Interpolation Regression Clustering
Rate
TIC Accuracy TIC Accuracy TIC Accuracy TIC

10% 9.11% 85.19% 7.31% 95.76% 7.31% 93.86%  7.30%
20% 11.82% 83.02% 7.44% 93.60% 7.66% 92.71%  7.44%
30% 13.73% 81.20% 9.38% 93.98% 8.51% 92.31%  7.63%
40% 16.65% 79.83% 10.36% 92.63% 9.22% 91.45%  8.31%
50% 19.93% 75.78% 12.33% 94.32% 9.63% 89.60%  8.97%

Table 3: Data Filling Evaluation (Missing at Random)

Filling Method | Average Accuracy of Data Filling TIC Improvement after Data Filling
Interpolation 66.96% 12.28%
Regression 82.66% 23.15%
Cluster 79.77% 23.88%

In this case, if we compare the accuracy of filled data, the accuracy of regression is the highest.
However, using the data filled with clustering method, the prediction is more accurate, as is
summarized in Table 3. Therefore in this case, the in-sample evaluation method does not agree
with the prediction result, while the latter one is the real target of big data application.

Dirty data is a very big problem. In fact, they can nullify all efforts to fill the data warehouse. At
the same time, it should be borne in mind that we are not talking about a one-time cleaning, but
about constant work in this direction. As the saying goes, “it’s not clean where they don’t litter,
but where they clean it”. The ideal option is to implement special procedures in the ETL process
to ensure that the data is cleaned before it is loaded into the warehouse.

Data changed during the cleaning process should be flagged to take this aspect into account in
subsequent analysis. Otherwise, there is a risk of relying on them as real information, which can
lead to incorrect outcomes.

The solutions described above are not the only ones. There are quite a few other processing
methods that can help improve the quality of data, ranging from expert systems to neural
networks. At the same time, it should be taken into account that cleaning methods can be strongly
tied to the subject area. For example, what for some is noise for others is very valuable
information.

In view of the foregoing, the ETL process should be considered more broadly, and not only as
procedures for importing data from receivers, minimal transformations, and loading into storage.
Data cleaning should become a mandatory stage of work, because the value of the storage is
determined not only, and not so much by the amount of data, but by the quality of the information
collected.
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OUYHNCTKA JAHHBIX ITEPE]] 3AT'PY3KOM B XPAHUJIHUIIE

JuabBuH Ixadapos

JokropaHT no crierpansHocTH CHCTEMHBIN aHaln3, yrpaBieHue u 00paboTka nHdopmannu, AzepoaiKaHCKui
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PE3IOME

B crathe paccMOTpeH BOMIPOC OYMCTKH OOJIBIIUX JAHHBIX MEpe]] UX 3arpy3kod B xpanunuiie. Ha
}IaHHBIfI MOMCHT BBISICHCHBI )IOHYHICHHBIG OIHI/I6KI/I 1 METOObI YCTpaHeHI/ISI 3THUX OIHI/I6OK.
PaccMoTpena TEXHOJOTHS CO3JaHMsI CUCTEMBbl XpaHEHHUS M aHalu3a OOJIBIINX JaHHBIX, a TaKKe
OTMCAHBI PEUICHUS I pealli3alliy MEePBBIX dTarnoB mporecca Data Science: cOopa, OYHCTKH U
3arpy3KH JAHHBIX. Pe?)y.HbTaTBI HUCCICOOBAHUA ITO3BOJIAKOT ABUTATHCA K peanmauml GYI[YH_[I/IX
1aroB B 00J1acTi 00pabOTKK OOJIBIINX JTaHHBIX.
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Bbuto 0OTMEYEHO, YTO OYMCTKA JaHHBIX SIBISETCS BaXKHBIM 3TalloM B paboTe ¢ OONbIIMMU
JAHHBIMM, TaK Kak JIIOOOM aHajau3, OCHOBAaHHBI Ha HETOYHBIX JAHHBIX, MOXET IPHUBECTH K
OIMOOYHBIM PE3yJIbTATaM.

Taxoke ObUIO OTMEYEHO, YTO OYMCTKA M KOHCOJHUAALUS JQHHBIX MOTYT BBIINOJHATBHCS U IPU
3arpy3Ke JaHHBIX B paclpeesieHHYI0 (DailIoByIO CUCTEMY.

IIpy co3pmaHMM XpaHWIUIL JAaHHBIX O CHUX IOP HENOCTATOYHO BHMMAHHSA YJIENAETCA OYUCTKE
nocrymnarouiei B Hero nHpopmanuu. Bunumo, cuutaercs, 4To 4eM OoJIblIe pa3Mep XpaHWIUIIA,
TeM Jiyuile. OTO BEpHBIN CIOcO0 MPEeBPATUTh XPaHWINIIE JAHHBIX B CBAJIKY Mycopa.

JlaHHBIE HYKHO OYMCTUTh. Benp umHpOpManus pa3sHOpPOAHA M IOYTH Bcerjga coOupaercs M3
MHOXKECTBa MCTOYHMKOB. VIMEHHO HanWuue pa3lu4yHbIX TOYEK cOOpa JaHHBIX AeNaeT IMpoIece
OUYHUCTKHU TaKUM CJIO’KHBIM U aKTyaJIbHBIM.

OnpoOoBaHbI METONBI 3arpy3Kd JaHHBIX B CHCTEMY XpaHeHHs. B KadecTBe peain3anuu
ucnosib3oBanack coopka or Hortonworks. Camblii mpocToil crnoco6 3arpy3ku — HCIOJIb30BaTh
BeO-uHTepdeiic cucrembl Ambari wim ucnoisp3oBats komanael HDFS mnst 3arpysku B HDFS
Hadoop u3 nokaabHOM CHCTEMBI.

ITokazano, uro mpouecc ETL cimenyer paccMarpuBarh IIMpe, Y€M MPOCTO MMIIOPT JAHHBIX W3
IIPUEMHUKOB, MUHHUMAaJIbHbIE IPeoOpa3oBaHUs U MPOLEAYPHl 3arpy3ku B XpaHuiuime. Ouucrka
JaHHBIX JIOJDKHA CTaTh 00s3aTEIBHBIM ATAlOM pabOThl, BEb CTOMMOCTDh XPAHEHUS ONPEIENIeTCS
HE TOJIbKO 00bEMOM JAaHHBIX, HO U Ka4eCTBOM COOpaHHOM HH(pOpMAaLIUK.

KuioueBble cioBa: Oonblve JaHHBIC, JAHHBIX OYHCTKH, cuctema Xxpanenus, ETL-mporecc,
METO/]IbI 3arpy3KH.
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XULASO

Mogqalodo boyiik verilonlorin yaddasa yiiklomozdon ovval tomizlonmosi maosalosi nozordon
kegirilib. Bu zaman yol verilmis sohvlor vo bu sohvlorin aradan qaldirilmasi {isullar
aydinlagdirilib.

Boyiik verilonlorin saxlanmasi vo tohlili sisteminin yaradilmasi texnologiyast nazordon kegirilib,
homg¢inin Data Science prosesinin ilk morhalalorinin hoyata kegirilmasi {i¢iin hallor: verilonlorin
toplanmasi, tomizlonmoasi vo ylKlonmoasi tosvir edilib. Todqigatin noticolori bizo boyiik
verilonlorin emali sahasinda golacok addimlarin reallasmasina dogru iralilomays imkan verir.
Qeyd edilib ki, verilonlorin tomizlonmasi boyiik verilonlorls islomok ii¢lin vacib addimdir, ¢linki
geyri-daqiq verilonlors asaslanan istonilon tohlil sohv naticalara gatirib ¢ixara bilar.

Homginin geyd olunub ki, verilonlorin tomizlonmasi vo konsolidasiyasi verilonlor paylanmig fayl
sistemina yiiklondikdo do hoyata kegirilo bilor.
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Verilon anbarlar1 yaradilarkon ona daxil olan verilonlorin tomizlonmasina holo do kifayat qodor
diqget yetirilmir. Goriindiiyi kimi, saxlama Olgilisii no godor boyiikk olsa, bir o godor yaxsi
olduguna inanilir. Bu, verilon anbarin1 zibil qutusuna ¢evirmayin etibarli yoludur.

Molumatlar1 tomizlomok lazimdir. Ax1, molumat heterojendir vo demok olar ki, homisa bir ¢ox
monbolordon toplanir. Tomizloma prosesini bu gqodor miirokkab vo aktual edon miixtolif malumat
toplama montogolorinin olmasidir.

Verilonlorin  saxlama sistemino yiiklonmosi metodlar1 sinaqdan kegirilib. Totbiq kimi
Hortonworks qovsagi istifado edilib. Yiklomonin on asan yolu Ambari sisteminin veb
interfeysindon istifado etmok vo ya yerli sistemdon HDFS Hadoop-a yiliklomok iigiin HDFS
omrlorindon istifads etmokdir.

Gostorilmisdir ki, ETL prosesi yalniz qgabuledicilordon verilonlorin idxali, minimal
transformasiyalar vo anbara yiiklomo prosedurlarindan daha genis sokildo nazordon kegirilmalidir.
Verilonlorin tomizlonmasi isin macburi morhalasing ¢evrilmolidir, ¢linki saxlama doyori yalniz
verilonlarin miqdari ilo deyil, ham do toplanan verilanlorin keyfiyyati ilo miioyyan edilir.

Acar sozlor: boylik verilonlar, verilonlorin tomizlonmasi, saxlama sistemi, ETL prosesi, yiiklomo
metodlart.
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ABSTRACT

The main technologies of preparation, transportation of oil and processing of various petroleum raw
materials are considered from the point of view of ways of their improvement, energy saving,
efficiency improvement due to the preparation of raw materials, optimization of flow heat recovery
schemes, improvement of hardware design, etc.

Today, the issue of improving the environmental and economic components in the petrochemical
industry is acute. In oil fields, special attention should be paid to improving the efficiency of oil
treatment.

It is necessary to maximize the use of available reserves, to reduce the losses of petroleum products
that may occur during the extraction, processing and transportation of oil.

Statistics show that up to 9% of the total mass of petroleum products is lost per year during delivery
to the consumer, pumping of the substance and processing of crude oil.

The substance is reduced as a result of evaporation, while not only the mass is lost, but also
important components of the substance, which are raw materials for petrochemical industries.
During fuel processing, losses of light hydrocarbons are observed, they occur during various kinds
of discharge operations, as well as during permanent storage of oil in one position. To optimize the
processes of the oil refining industry, it is necessary to ensure less loss of substance in operation.
Increasing the efficiency of the use of oil in the process of its processing is necessary, as this will
allow selecting the best oil products.

Efficiency can be improved by replacing old equipment with new ones or by overhauling old
installations. However, at the moment, the replacement of equipment at all enterprises is simply
impossible due to the lack of working capital.

Keywords: modernization, energy carriers, heat exchange, recovery, energy efficiency,
technologies, reactors, furnaces, heat exchangers

Introduction

Before being processed, oil already in the field must go through the stages of preparation —
dehydration and desalination, as well as stabilization (removal of the main part of the associated
gas). After that, stable oil is transported to the refinery with a minimum amount of water and salts.
When processing oil at a refinery, the stage of raw material preparation plays an essential role in
any technological process, which can be carried out in various ways. First of all, it is
hydrotreating, precise regulation of the fractional composition, and for heavy raw materials —
deasphalting, adsorption cleaning, etc. Various measures of external influence on crude oil are
also important, which allows influencing the balance of forces of intermolecular physical
interactions in oil dispersed systems.
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According to the International Energy Agency, global energy demand will increase by 30% by
2040 [1, 2], and therefore the problem of energy conservation is of particular importance. Many
refineries aim to reduce the cost of the product by reducing energy costs. The main saving
potential (90%) lies in the technological processes themselves, especially in the heat recovery
scheme. In general, modernization aimed at improving energy efficiency and energy conservation
should begin with the reactor system, separation system and heat exchange system. Proper design
of the heat recovery system can significantly reduce the load on furnaces, steam heaters, as well
as water and air refrigerators. Due to this, the reduction in energy consumption can be 10-20%
(and in some cases up to 40-50%) of the initial energy consumption [3].

Along with energy saving, the correct design of heat exchangers (furnaces, condensers,
refrigerators, reboilers, etc.), as well as reactors, scrubbers and other devices, modernization of
technological installations in general, aimed at increasing production efficiency, can improve the
environmental performance of refineries.

Energy savings on technological installations can be achieved, first of all, by such basic methods:
— optimization of the heat exchange system;

— involvement in the recovery of the maximum number of main technological and auxiliary flows;
— using highly efficient heat exchange devices.

Various measures are being taken in this direction at all major refineries. In relation to the heating
furnace, which is the “heart” of almost any technological installation, to the associated equipment,
to heat exchangers and other devices and units, it is necessary to reduce heat losses.

Table 1. Values of losses from various types of equipment at an oil refinery

Equipment Heat loss capacity, t.t./year
Exposed pipe sections 1.3
Gate valve 3.0
Flange and pipe 1.2
Heat exchanger cover 2.9
Open parts of the heat exchanger 8.0
Pump 3.0
Bake 994.0

The values of losses from various types of equipment at an oil refinery are given in Table 1 [4].
As can be seen from the above data, the tubular furnace is characterized by the greatest losses
(first of all, these are losses from the walls — 49% of the total factory heat loss).

The combination of technological installations allows to reduce the total energy losses. It should
be noted here that domestic developments in the field of creating basic projects of new generation
combined units for oil refining. In addition, it is extremely necessary to search for design
solutions to increase the efficiency and energy saving of already operating installations, as well as
to take measures to reduce costs both during oil production and transportation. All this taken
together is designed to significantly increase the energy efficiency of the modern oil industry.

Production and delivery of oil to refineries
Oil production in the world in 2019 amounted to 89.9 million barrels per day. At the same time, as
on a global scale, there is a tendency to weigh down oils, increase the content of resinous-
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asphaltene substances (SAV), sulfur, nitrogen, metals. In any case, high-molecular hydrocarbons
and non-hydrocarbon compounds contained in oil make it difficult, complicate and increase the
cost of oil production, transportation and refining. Asphalt-resinous-paraffin deposits (ASPS)
cause special difficulties at the first stage of oil production, namely during extraction, as well as
transportation, storage [5, 6]. The formation of asphaltene deposits can occur both in the reservoir
and in pumping and compressor pipes, pipelines and reservoirs. Precipitation of asphaltenes is
very undesirable from the technological and economic side, because there is a need to perform
work on the prevention and removal of deposits, which causes an increase in the costs of the
process of extraction, transportation, storage of oil.

Asphaltene supramolecular structures significantly affect the paraffinization of wells, because, on
the one hand, they do not allow paraffin-naphthenes to crystallize and fall out of the stream, and
on the other hand, they themselves are initiators of paraffinization, forming large associates,
which then coagulate and fall out on the surface of pipes [7-10].

The accumulation of ASF in the flow part of oilfield equipment and on the inner surface of pipes
leads to a decrease in system performance, a decrease in the inter-repair period of wells and the
efficiency of pumping units. From a chemical point of view, ASPs are a complex mixture
consisting of paraffins (20-70 wt. %), resinous-asphaltene substances, or SAV (20-40 wt. %),
silica gel resins, oils, water and mechanical impurities [11].

There are also oil dispersed systems belonging to the class of colloids in which the surfactants are
dispersed in a maltene medium.

It is obvious that the physicochemical and technological properties of oils are largely due to the
physical intermolecular interactions in the ‘“asphaltenes-resins” and “maltenes—resins—
asphaltenes™ systems. The structure of resins and asphaltenes is usually considered as structures
that are parallel naphthenic-aromatic layers connected to each other due to the formation of
complexes with charge transfer. At the same time, there is some overestimation of the degree of
ordering of asphaltenes, since they are considered as ideal crystals, although the quasi-crystalline
part is a small fraction of the asphaltene substance (does not exceed 3-4 wt. %) [12].

Within one oil-producing region and even a separate field, the component composition of the ASF
varies widely. Knowledge of the composition of ASPs is of practical importance for determining
the optimal methods of combating them, in particular, for the selection of chemical reagents. This
choice is often made based on the type of ASF. Extraction, chromatographic, thermal, spectral,
electrochemical, etc. are used to study the composition and structure of deposits, as well as the
composition of oils. methods of analysis [13-18].

The methods of preventing deposits of asphalt-resinous substances and solid paraffins are as
follows: inhibition with the help of chemical reagents, improvement of compounding technology,
wave and electromagnetic effects, use of heating cable lines, creation of anti—adhesive coatings on
the inner surface of technological equipment, etc. [19-26].

A number of methods have been developed for cleaning deposits, namely, starting scrapers,
washing with hot heat carriers, washing with hydrocarbon solvents, microwave and ultrasonic
treatment, spot heating. It is clear that all this requires energy expenditure. Therefore, it is
necessary to predict deposits during the extraction, transportation and processing of oil,
examining the physico-chemical properties, the content of paraffins and surfactants, the dissolving
ability of the dispersion medium, etc.
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The content and structure of resinous-asphaltene substances has a significant impact on
subsequent methods of oil preparation, primary and secondary processing, as well as on the
quality of petroleum products. Some ways to increase efficiency and energy saving at oil refining
plants at fuel profile refineries are discussed below. Therefore, the technologies of purification
and production of oils are not considered in this review.

Oil refining technologies at modern refineries

In 2018, the global refining capacity reached 100 million barrels per day (5 billion tons per year).
Two-thirds of the increase in oil refining volumes was provided by the Asia-Pacific region
(China, India, Vietnam). The volume of annual oil refining in Russia in the last few years has
been at the level of 280-290 million tons [27, 28].

In terms of oil refining, Russia ranks third in the world (after the USA and China). However, in
terms of complexity (Nelson factor index), Russian refineries are inferior to developed countries
[28].

The efficiency of the refinery depends on many factors. Its decrease may be caused by the
instability of the operation of individual units of installations, malfunctions in the operation of
separation devices, level fluctuations, foaming in apparatuses and foam transfer, hydraulic losses,
incorrect readings of instruments, problems with the quality of steam and other reagents, damage
to furnace pipes and heat exchangers, leaks, cavitation and damage to seals in pumps, etc. [29-31].
The most energy-intensive refinery facilities are technological installations.

The ways of increasing efficiency and energy saving at the main technological installations of
modern fuel profile refineries are discussed below. The reforming process and HFCs are not
included in this list, because the following review is planned for them.

Dehydration and desalination of oil

In the economy of oil transportation, dehydration and desalination of oil plays a huge role, as well
as its stabilization already in the field. However, the refinery has to remove the remaining water
and chlorides dissolved in it to reduce the cost of water evaporation and vapor condensation
during the operation of direct oil distillation units. In addition, with insufficient desalination of oil,
corrosion of the equipment is possible due to the hydrolysis of salts with the formation of acid. It
should be emphasized that the ingress of metals into the raw materials of catalytic processes can
cause poisoning of catalysts. In addition, the remaining salts, falling into heavy residues, increase
the ash content of such petroleum products as boiler and ship fuel and petroleum coke [32].

Oil with a water content of approximately 1 wt is delivered to the refinery. %, salts 50-100 mg / I,
which is achieved even in the field. The depth of desalination of oil at the factory electric
desalting plant (FEDP) affects the residual salt content not only in oil, but also in fractions and,
especially, in distillation residues.

For effective demulsification, the supply of a demulsifier to the oil is important. The consumption
of the demulsifier depends on the resistance to delamination of the resulting water—oil emulsion
and ranges from 2 to 15 g/t of oil. The stability of the emulsion is determined by the presence of
natural stabilizers (emulsifiers) in oil — resinous asphaltene substances, refractory paraffins, as
well as solid particles of sand, clay. These emulsifiers form a reinforcing layer around the water
globule. Other things being equal, not only the consumption of the demulsifier depends on the
degree of removal of solid particles during field oil treatment, but also the parameters of the oil
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demulsification regime are improved [33]. Thus, the processing of water-oil emulsion in the field
increases the efficiency of dewatering at the FEDP, where a combination of several factors
affecting the system is used, which ensures effective separation of water and salts from oil.
Complete separation of water has a positive effect on energy saving already during the subsequent
direct distillation of oil, reducing the cost of evaporation of water and subsequent condensation of
vapors [34].

Distillation and rectification

The primary oil distillation unit must ensure the specified selections and the quality of the target
fractions. The preparation of raw materials by various influences, the improvement of heat
exchange schemes, the use of modern contact devices reduces (and sometimes eliminates) the
overlap of fractions, allows you to more fully and clearly select the appropriate shoulder straps for
subsequent processes.

An analysis of the operation of vacuum columns both at domestic refineries and in foreign
practice shows that deepening the vacuum to a residual pressure of 5-25 mm Hg is possible only
with dry distillation (dry tower operate). At the same time, the flow rate of the circulating liquid to
reduce the temperature of the top of the column is reduced by 2.5 times [35, 36].

The technological design of the oil fractionation process without the use of water vapor in the
distillation sections of atmospheric and vacuum columns, in steam columns and ejectors provides
the following main advantages:

— the water content of petroleum products is sharply reduced,

— reduces the load on the vacuum-creating equipment, which allows you to maintain a deep
vacuum;

— reduces corrosion of equipment;

— reduces the consumption of recycled water and electricity, as well as the required surface of the
capacitors.

In addition, it becomes possible to increase the performance of the installation.

As a rule, the FEDP is part of an installation combined with an atmospheric vacuum tube (AVT).
The products obtained during distillation are mainly raw materials for subsequent refining
processes of light fractions, as well as deep processing of heavy vacuum fractions and the residue
of distillation. Often, column apparatuses of AVT installations do not work with full load, and the
selections of light and vacuum fractions are carried out with a fuzzy selection of adjacent fractions
during distillation, i.e. with a large overlap of fractions [37, 38].

For a more complete extraction of each narrow shoulder strap, it is necessary to correctly select
the technological parameters of the rectification process mode. At the same time, sometimes some
reconstruction of existing equipment is also required.

An important condition for increasing the selection of distillate fractions during distillation is the
optimal mixing of oils to ensure their compatibility. Such compatibility (kinetic stability, stability
of the mixture) is also important for reducing energy costs already at the stage of oil pumping [19,
22]. During distillation, the factor of optimal mixing of oils also plays a very significant role [39-
45].

The influence of external fields and the use of various additives can also increase the efficiency of
distillate selection during oil distillation due to the redistribution of hydrocarbons between
coexisting phases [50].
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It is possible to compare energy efficiency estimates based on the principles of pinch analysis.
Pinch analysis is a methodology for minimizing the energy consumption of processes by
calculating the required minimum energy consumption and achieving it through optimizing the
heat recovery of the system, energy supply methods [51].

With the help of pinch analysis, the energy efficiency potential at one of the AVT installations
was determined, a project of optimal energy-resource-efficient reconstruction of the installation
with subsequent engineering modeling was developed [52, 53].

Catalytic cracking fluid (CCF)

Catalytic processes are the basis of today's oil refining technologies that ensure the production of
modern fuels and raw materials for petrochemicals. The tasks of optimizing the operation of
existing installations are very relevant, their successful solution is possible only on the basis of the
use of modern tools and methods of mathematical modeling [54-56].

An important place in the schemes of a modern refinery is occupied by catalytic cracking in the
fluidized bed of an aluminosilicate catalyst — catalytic cracking fluid (CCF, or FCC) - one of the
main processes aimed at deepening oil refining. Among destructive processes, catalytic cracking
occupies a leading place in the world in terms of capacity. Its specific weight is about 20% of the
world's primary oil refining capacity [57]. Due to its adaptability to changes in the composition of
raw materials and product nomenclature, as well as high profitability due to the difference in the
cost of raw materials and the price of the products obtained, CCF is often the central process of
the refinery.

The main market levers contributing to the development of a new generation of catalytic cracking
technology [57, p. 267]:

— oil weighting (more than 50% of new installations in the world are designed for processing
heavy types of raw materials;

— increase in demand for diesel fuel and decrease in gasoline;

— growing demand for petrochemical raw materials;

— reduction of emissions of oxides of SOy, NOx and dust.

The main directions of development of catalytic cracking:

— preparation of raw materials (hydrotreating, adsorption-contact cleaning, de—asphalting, etc.),
which is especially important in connection with the weighting of raw materials; - improvement
of catalytic systems;

— improving the designs of the reactor-regenerator unit (raw material input unit, the use of double
risers taking into account the processing of heavy raw materials, the use of end equipment — riser,
known as a vortex separation system, optimization of the geometric dimensions of cyclone
separators, etc.) [58, 59].

KBR is currently developing the technology of catalytic cracking of residual raw materials
(RFCC) [50, 58-60]. In the case of the use of heavy raw materials (atmospheric distillation
residues or a mixture of vacuum residues and gas oils), its pre-purification is of particular
importance. KBR company offers the use of a double diameter regenerator. The presence of an
expanded part reduces the loss of the catalyst, minimizing its entrainment into cyclones. In
addition, it is proposed to regenerate the catalyst with a lack of oxygen with equipping the
installation with a CO afterburning boiler, which is done, firstly, to reduce harmful emissions, and
secondly, in this case it becomes possible to use the thermal energy of flue gases. In order to
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stabilize the operation of all equipment, the amount of raw materials supplied to the installation
and the temperature at the outlet of the raw materials from the furnace are kept constant,
regulating the fuel consumption in the furnace, and also improving the design of the nozzle for
spraying raw materials and steam [61].

As a result of hydrotreating of raw materials by catalytic cracking and other methods of
preparation, improvement of raw material injectors dispersing raw materials in the input unit, the
use of new catalysts and various additives to them, modification of the reactor-regenerator unit,
cyclone separators, optimization of the parameters of the technological regime, it is possible to
increase the efficiency of the process. In addition to hydrotreating, other methods of activating
raw materials are recommended to increase the efficiency of the process — the introduction of
activating additives, wave action, etc. [62-66].

In recent years, CCF has increasingly become a dual-use process: the first is the production of a
high—octane component of gasoline, the second is the production of propylene and butylenes —
raw materials for petrochemicals. In the second case, cracking is carried out in a more rigid mode
(the temperature in the reactor is increased to 550-570 ° C, structural changes are made to the
equipment). All this increases the yield of propylene from 5-6 wt. % under normal cracking mode
up to 20-21 wt. % — on propylene mode. This process is referred to as DCC (Deep catalytic
cracking).

While pyrolysis is mainly aimed at producing ethylene, DC is suitable for the production of
propylene and butylenes as the most popular on the market [67].

The production of light olefins, as well as the alkylation of isobutane with olefins in a block with
the production of MTBE (methyl tert-butyl ether) and catalytic cracking is becoming increasingly
important as a technological complex of a modern refinery.

At the same time, the petrochemical variant of catalytic cracking (DCC) is not the main variant of
CCF today, both in the processing of vacuum gas oil and in the processing of residues, because
the quality and quantity of gasoline of catalytic cracking is reduced. Therefore, its distribution in
factories around the world is limited, and not a single installation has been built in Russia.

Alkylation

It is known that the most important component of commercial gasoline is alkylate, which
surpasses most high-octane components in its properties. Debutanized alkylate has an octane
number according to the research method 92-96, according to the motor method — 90-94.

The need to include the process of alkylation of isobutane with olefins in the scheme of a modern
oil refinery is dictated by stricter requirements for the operational and environmental properties of
commercial gasoline, namely, the content of olefins, aromatic hydrocarbons, as well as saturated
vapor pressure [68-70].

The choice of alkylation technology is important for refineries. At the same time, many factors are
taken into account, including capital and total operating costs, alkylate quality, production
flexibility, reagent availability, product yield, maintenance issues, safety, etc. [71].

In recent years, solid acid alkylation technology has been actively developed abroad, which is
safer than liquid acid technology (especially on hydrofluoric acid). This promising direction of
using solid acid catalysts, due to its specific properties (compliance with environmental
requirements and lack of corrosion activity), is an alternative to traditional industrial liquid acid
catalysts [72-74].
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Solid acid alkylation technology provides low capital and operating costs, high isobutane: olefins
ratio, lower temperature, short contact time, flexibility in raw materials, ease of operation.
According to the Program of Innovative Development of PJISC Gazpromneft until 2025, Gazprom
Neft specialists together with scientists of the A.V. Topchiev Institute of Petrochemical Synthesis
(INHS RAS) are developing a unique technology of solid acid alkylation using a safe zeolite-
based catalyst at the company’s Moscow plant. Within the framework of the project, a catalyst has
already been created with an active working time of about a day sufficient for the organization of
the production process. Now the new catalysts are undergoing pilot tests at a facility with a
capacity of 300 tons of alkylate per year.

In addition, a new ISOALKY technology (Honeywell-UOP) is being developed — ion-liquid
alkylation using a patented ion-liquid catalyst [75]. The developed catalyst has an acidity an order
of magnitude higher than HF or H2SO4, and is also safer.

Visbreaking

Despite the fact that the production of heating oil is constantly decreasing (including in our
country), visbreaking retains its importance as a relatively inexpensive thermal process taking
place in fairly mild conditions, aimed at reducing the viscosity and pour point of vacuum residues
and reducing the consumption of distillate diluents (primarily diesel fraction) to ensure the desired
viscosity residual fuel.

Using visbreaking, it is possible to reduce the production of heavy petroleum fuels (heating oil)
by 20-35%, and the need for distillate diluents by 20-30% [71, p. 135]. In addition, the process
allows the residues to be processed into distillates, in particular into vacuum gas oil — the raw
material of cracking. A specific task must be solved before the visbreaking installation is included
in the refinery scheme, so that the economic benefit from the implementation of this inclusion is
maximized.

At the same time, the visbreaking process has a limited future, since if there are coking and
hydrocracking residues at refineries, it is more economically feasible to process vacuum residues
on them.

There are two varieties of the process: 1) furnace, conducted in the coil of the furnace, which is
both a heater and a reactor; 2) with a remote reaction chamber (cooking section). In both
technologies, the products (after rapid cooling-quenching to stop the reaction) are sent to the
separation column.

The second type of visbreaking has advantages over the furnace, because cracking proceeds at a
lower temperature at the outlet of the furnace, then goes and ends in an unheated chamber (soking
section) due to the heat accumulated in the furnace. This ensures lower fuel and electricity
consumption, higher controllability of the process, due to the possibility of regulating two
variables — the pressure in the cooking chamber and the temperature in the furnace [71, 76].

The visbreaking process with small investments allows, albeit slightly, but to increase the depth of
oil refining, although its main goal is to obtain furnace fuel of a given viscosity.

The most well-known technologies are Shell, Lummus, UOP, Foster Wheeler. The Russian
refineries also use the technology of the State Unitary Enterprise ‘“Neftekhimpererabotka”, which
is distinguished by the use of a special device inside the reaction chamber that provides an ideal
displacement mode [77].
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Delayed coking

The main contribution to the increase in oil conversion is made by the processes of processing
heavy residual raw materials, the main of which is coking. This process is currently being given
great importance all over the world, both because of the need to dispose of heavy residues to
obtain the maximum amount of distillates and subsequent production of motor fuels, and in order
to obtain coke of a predetermined quality for use in various industries. To this day, coking
remains an economically successful technology for processing oil residues. The process is flexible
enough to be integrated into a variety of technological schemes.

In recent years, the global capacity of coking plants has grown to 600 million tons/year [76].
China ranks first in terms of sales of petroleum coke. Other major producers of petroleum coke
are the USA, Venezuela, India, Brazil and Canada. Sales of petroleum coke in the world amount
to 180 million tons per year [78]. In countries with advanced oil refining, coking capacities are
balanced with catalytic cracking and hydrocracking capacities, which ensures almost self-
sufficient oil refining and allows significant savings in crude oil.

In Russia, for many years, the total volume of raw materials of coke plants was kept at the level of
6-6.5 million tons per year, in 2018 this figure increased to 13 million tons [78]. However, the
needs of domestic metallurgy (in particular, the aluminum industry) and other industries in coke
are constantly growing. For this reason, it is planned to increase the production of coke (especially
anode and electrode).

Low-grade petroleum cokes are widely used as fuel in the world. Powdered petroleum coke is
used as a fuel, in particular, in the cement industry. In recent years, coke has been burned more
and more actively abroad in boilers with a circulating fluidized bed for the production of thermal
energy, however, fuel coke is not used in Russia, which slows down the development of the
coking process in the country.

It is known that those refineries that have coking plants in their composition are characterized by
oil refining depth values of more than 90%, which exceeds the national average of 82-83% [79].
In the process of coking, heavy raw materials with a high content of sulfur and metals can be
processed, for which the technology of continuous coking is suitable, especially the option with
gasification of low-quality pulverized coke [80]. To obtain lump coke as a target product with
predetermined properties, raw materials must be selected or specially prepared and processed
using delayed coking technology [50, 80, 81].

The most important devices of any technological installation are tubular furnaces and heat
exchangers. At the same time, the coking of heating equipment pipes is a big problem, especially
when processing heavy raw materials. It is known that the basis of coking raw materials is tar, to
which residues or heavy fractions of destructive origin available at this particular refinery can be
added. By such dilution of raw materials, it is possible to ensure its uniformity and stability of the
furnace by reducing coking, as well as to reduce the content of sulfur and metals in coke and
improve its structure. Thus, along with the task of suppressing coke deposits, there is also the task
of controlling the processes of coke formation of a certain structure and quality [81].

The colloidal state of the raw material plays an important role in the smooth operation of the
furnace. In order to give it uniformity and resistance to the deposition of asphaltenes in the
stationary phase, followed by their transformation into coke and, accordingly, coking of the
furnace pipes, it is necessary to regulate the kinetic stability of the raw materials in advance,
which allows prolonging the operation of the furnace, avoiding an emergency stop. Thus, the time
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of continuous operation of the furnace and, accordingly, the installation as a whole increases. In
addition, to reduce coke deposits in the furnace pipes, it is necessary to increase the speed of
passage of secondary raw materials through the coil, thereby reducing the thickness of the coke
layer in the pipes. According to the MagiCrot company from the CTC-EURO group of
companies, increasing the thickness of the coke layer from 1/16 to 1/2 inch increases additional
energy consumption by 50-60%. The method of cleaning pipes from deposits is important. The
most perfect is the hydro-mechanical cleaning (de-coxification) practiced by MAGICROT. This
method allows the flows in the furnace to return the design throughput, prolongs the service life of
the pipes, reduces the cost of steam and water, reduces the downtime of the furnace, which gives
significant cost savings [82].

Gasification of solid oil residues

The problem of processing heavy oil raw materials is becoming more and more urgent due to the
weighting of the extracted oils and the increase in the production of various oil residues at
refineries. At the same time, the need for residual fuels is reduced. All this requires efficient
processing of heavy residual raw materials, which makes it possible to increase the depth of oil
conversion into more valuable products [83, 84].

Gasification of solid oil residues can completely eliminate or significantly reduce their
production. The gasification technology makes it possible to process refinery residues of any type,
including petroleum coke (flexi-cooking process is known) [50, 80]. At the same time, it becomes
possible to obtain valuable products, electricity, steam, hydrogen and various chemical raw
materials at a low level of environmental harmful emissions.

Methanol and hydrogen can be produced from the synthesis gas obtained by gasification, or it can
be processed into synthetic fuel through the Fischer-Tropsch process [58].

It is known that in economically developed countries, hydrocracking processes, characterized by
high flexibility in obtaining a wide range of high-quality products, play a leading role in solving
the problem of processing residual petroleum raw materials into commercial petroleum products.
However, this process is expensive, requiring the use of a catalyst, preparation of raw materials,
and high hydrogen consumption. Only hydrocracking in the suspended phase (old technology) has
no restrictions on such indicators as the content of metals and SAV, and the depth of
transformation of raw materials reaches 90-95% [85, 86]. Of all the old technologies developed
abroad, the ENI process has been implemented in industry (the installation was put into operation
in 2012). In Russia, a similar process developed by the INHS RAS allows processing atmospheric
and vacuum residues of heavy high-viscosity oils and natural bitumen with a nanoscale catalyst to
obtain refined light oil. The process was tested on a large pilot plant built in Iran [87, 88].
Currently, in the world (USA, Western Europe, Japan), several dozen installations for the steam-
oxygen gasification of solid oil residues are operated, the purpose of which is the production of
hydrogen for hydrogenation processes or process gas (CO + H>) to produce cheap methanol — raw
materials for the synthesis of the high-octane component of gasoline. The only waste of the
process is granular slag with a high content of vanadium and nickel.

The largest suppliers of gasification technologies in the modern market are: Chevron Texaco
(USA), Global Energy E-Gas (USA), Shell (USA, Netherlands), Lurgi (Germany), British
Gas/Lurgi (Germany), Prenflo/Uhde (Germany), Noell/GSP (Germany), HT Winkler (HTW)
RWE, Rheinbraun/Uhde (Germany), KRW (USA) [89]. In Russia, original work is also being
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out in the field of gasification of residual raw materials, but no installations have been
the refinery and there are no plans in the future [90].

In conclusion, it can be stated that the processes of oil extraction, transportation, preparation and
refining are constantly being improved. This concerns the preparation of oil both in the field and
at refineries, as well as the transportation of oil, the preparation of raw materials and the
improvement of the technology of various processes — direct distillation, secondary processing of
oil fractions and residues, gasification of heavy raw materials and petroleum coke. In addition, the
design of the main components and devices of factory installations is constantly being improved

and the

heat recovery scheme of technological flows is being optimized. All this makes it possible

to increase the efficiency of oil preparation and refining processes.

REFERENCES

1.

The main trends in the development of the world oil market until 2030 // Oil and gas
magazine InfoTEK. 2017. No. 1. p. 25.

2. Fedorov B. A.// Neftegaz. ROO. 2019. Ne 10. C. 99.

3. Meshalkin V.P. Resource-energy-efficient methods of energy supply and minimization of
waste from oil refining industries. Fundamentals of theory and the best practical results. M.,
Genoa: Chemistry, 2010. 393 p.

4. Kanishchev M.V., Meshalkin V.P., Ulyev L.M. // Territory of neftegaz. 2019. No. 7-8. p.
80.

5. Ivanova L.V., Burov E.A., Koshelev V.N. // Electronic scientific journal “Oil and gas
business”. USNSU, 2011. No. 1. p. 268. ISSN 1813-503X.

6. Meiicon T.I'. // ®usngeckoe o6o3penue, 2003. Ne 67. C. 1.

7. https://www.ncbi.nlm.nih.gov/pubmed/12786121

8. Akbardze K., Khamami A., Warrant A., Chan D., etc. // Oil and gas Review. 2007. No. 7. p.
28.

9. ArpaBana M., fppanron X.V. // Uua. aarn. Yem. OtB. 2001. Ne 40. C. 64.

10. Yakubov M.R., Borisov D.N., Yakubova S.G., Abilova G.R., Milordov D.V. /I QOil
Province. 2016. No. 2(6). p. 80. Scientific Electronic Library LIBRARY.RU

11. Loskutova Yu.V., Prokhorova L.V., Yudina N.V. // Chemistry and technology of fuels and
oils. 2011. No. 5. p. 21.

12. Persiyantsev  M.N. Oil production in complicated conditions. M.: LLC “Nedra-
Businesscenter”, 2000, 653 p.

13. Mansoori Ali. G. // Socar Proceedings. HUITU “Hedreras”, 2010. Ne 4. C. 12. ISSN 2218-
6867.

14. Filatov V.M. Dis... Candidate of Technical Sciences: 02.00.13. M., Gubkin Russian State
University, 2010. 117 p.

15. NIR Spectroscopy. A Guide to Near-Infrared Spectroscopic Analysis of Industrial
Manufacturing Processes. Switzerland: Metronm AG, Herisau, 2013.

[ ETM
| 138 | EQUIPMENT TECHNOLOGIES MATERIALS




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

ISSN: 2663-8770, E-ISSN: 2733-2055 :T M
VOLUME 13 ISSUE 01 2023
REFERERED & REVIEWED JOURMAL

NEFTIN HAZIRLANMASI VO EMALI PROSESLORININ
SOMOROLILIYININ ARTIRILMASI

Natiq Abbasov!, Ramin Agayev?

Assistent, “Neft-qaz avadanlhigl” kafedrasi, Azorbaycan Dovlot Neft vo Sonaye Universiteti, Texnika elmlor
namizadi, Azorbaycan. Email: natig.abbasov@asoiu.edu.az

2Magistr, “Neft-qaz avadanlhigr” kafedrasi, Azorbaycan Dévlat Neft vo Sonaye Universiteti, Azorbaycan.
Email: raminaghayevf@gmail.com

XULASO

Miixtolif neft xammalinin hazirlanmasi, dasinmasi vo emalinin osas texnologiyalari onlarin
tokmillosdirilmasi yollari, enerjiys gonast, xammalin hazirlanmasi ilo somoraliliyin artirilmasi, axin
istiliyinin borpasi sxemlorinin optimallagdirilmasi, avadanliglarin dizayninin tokmillogdirilmasi va s.
baximindan nazardon kegirilir.

Bu giin neft-kimya sonayesindo ekoloji vo iqtisadi komponentlorin yaxsilasdirilmast mosolosi
koskindir. Neft yataqlarinda neftin tomizlonmasinin somaorsliliyinin artirilmasina xiisusi diqqst
yetirilmolidir.

Movcud ehtiyatlardan maksimum istifado etmok, neft hasilati, emali vo daginmasi zamani yarana
bilocok neft mohsullarinin itkisini azaltmaq lazimdir.

Statistika gostarir ki, istehlakglya gatdlrllma maddanin vurulmast vo xam neftin emali zaman1 ilda
Madds buxarlanma naticesinds barpa olunur, yalniz kutle itirilmir, hom do neft-kimya sonayesi
ictin xammal olan maddaonin vacib komponentlari.

Yanacaq emali zamani ylingiil karbohidrogenlorin itkisi miisahido olunur, miixtalif ndv drenaj
omoliyyatlar1 zamani, homg¢inin neftin bir voziyyotds daimi saxlanmasi1 zamani bas verir. Neft emali
sonayesi proseslorini optimallagdirmaq liclin amoliyyat zamani1 daha az maddos itkisi tomin etmok
lazimdir.

Yagin emal prosesinds istifadosinin somoroliliyinin artirtlmasit zoruridir, ¢iinki bu, on yaxsi neft
mohsullarinin se¢ilmasino imkan veracokdir.

Somaralilik kéhna avadanliglarin yenisi ilo avoz edilmasi vo ya kohna qurgularin asaslh tomiri ilo
artirila bilor. Ancaq hazirda biitiin miiassisalords avadanliqlarin dayisdirilmasi dévriyys kapitalinin
olmamast saboabindon sadoco miimkiin deyil.

Acar sozlor: miiasirlosmo, enerji dasiyicilar, istilik miibadilosi, rekuperasiya, enerji somaraliliyi,
texnologiyalar, reaktorlar, sobalar, istilik miibadilosi aparatlari.
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PE3IOME

PaccMoTpeHBl OCHOBHBIE TEXHOJIOTMM MOJTOTOBKH, TPAHCHOPTHPOBKH HEePTH W mepepaboTKu
Pa3IUYHOrO HE(PTIHOTO CHIPhS C TOUKU 3pEHHs yTeH UX COBEPILIEHCTBOBAHUS, SHEProcOepeKeHUs,
NOBBIIEHUS () (HEKTUBHOCTH 3a CUET MOATOTOBKH CHIPBS, ONITUMHU3AIMH CXEM PEKyIlepanuy Teria
[IOTOKA, COBEPIIEHCTBOBAHUS KOHCTPYKLIMK 000pYyIOBaHUA U T.1.

CeroHsi OCTpO CTOMT BOIPOC YJIYUIIEHHS] 3KOJOTMYECKOW U IKOHOMHYECKOM COCTaBISIOLIUX B
He(PTEXUMHUECKON MPOMBIIIIEHHOCTH. Ha HEPTIHBIX MECTOPOXKICHUIX 0c000€ BHUMAHUE CIIEAYET
YACISTH MOBBIIEHUIO 3()(HEKTUBHOCTH OYHCTKU HEPTH.

Heo6x011uMo MakcHMalIbHO MCIIOIb30BaTh HMEIOIINECS 3a1achl, CHU3UTh OTEpU HEPTENPOAYKTOB,
KOTOPBIE MOTYT BO3HUKHYTH IIPH J100bIUe, mepepaboTKe U TPaHCTIOPTUPOBKE HEPTH.

CraTtucTuKa MOKa3bIBaeT, 4To 10 9% oT oOmel maccel HePTEMpPOAYKTOB TepseTcs B TOA IpU
JIOCTAaBKE MOTPEOUTEI0, IePEKayKe BEIIECTBA U MepepaboTKe ChIpO HEPTH.

BemecTBo BoccTaHaBIMBAETCA B PE3YJIbTATE UCTIAPEHUS, IIPU ITOM TEPSIETCA HE TOJIBKO Macca, HO U
Ba)KHbIE€ KOMIIOHEHTBI BEIIECTBA, KOTOPBIE SIBIISIOTCS CHIPbEM JUIsl HEPTEXUMHUUYECKON MPOMBIII-
JIEHHOCTH.

[Ipu nepepaboTke TomuMBa HAOMIOJAIOTCS MOTEPU JIETKUX YIIIEBOJOPOAOB, OHU MPOUCXOIAT MpPH
Pa3IMYHOrO poja OINepalusX CJIMBa, a TaKKe IPU IOCTOSHHOM XpaHEHWH HePTH B OJHOM
MOJIOKEHUU. YTOOBI ONTHMHU3MPOBATH Mpolecchl HedTenepepadaTbiBaolel MTPOMBIIIIEHHOCTH,
HE00X0IMMO 00eCIeYnTh MEHbIINE MOTEPH BEIECTBA B MPOIIECCE IKCILTyaTalUH.

[ToBbienne 3(PEeKTUBHOCTH HCMOJIB30BAaHUS Macja B IpOLiecce ero nepepadoTKu HeoOX0IuMo,
TaK KaK 3TO MO3BOJMUT OTOMPATh JTydIIue He(YTEIPOTyKTHI.

D¢ PexkTUBHOCTh MOXKET OBITH MOBBIIIEHA MYTEM 3aMEHbI CTaporo OO0OpYy/OBaHUS HAa HOBOE WU
IIyTEM KalUTAJIBHOTO PEMOHTA CTapblX YCTaHOBOK. (OJHAaKO Ha JaHHBII MOMEHT 3aMEHa
000py/10BaHUs HAa BCEX MPEIIPUITHIX IPOCTO HEBO3MOKHA U3-3a HEXBATKU OOOPOTHBIX CPEJ/ICTB.
KiroueBble ciioBa: MoJepHU3aIMs, SHEPrOHOCHTENH, TEIUIOOOMEH, peKymepauus, SHeprosd-
(EeKTUBHOCTh, TEXHOJIOTHH, PEAKTOPBbI, 1€YH, TEIUIO0OMEHHBIE araparsl.
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ABSTRACT

The theories and concepts of strength considered above are based on the model of a body either as
a homogeneous structureless medium, or as a material having a structure, but uniform throughout
its volume. Rocks are obviously not such bodies. They are composed of mineral grains of
different properties, contain macrodefects in the form of pores and various inclusions, as well as
objects of various aggregate states (gases, liquids). Under these conditions, deterministic theories
of strength turn out to be clearly untenable.

In particular, the use of the classical theory of Griffith cracks is complicated by the following
circumstance. Since the rock is an aggregate of mineral grains, a microcrack developing inside the
grain inevitably reaches its boundary and, consequently, the radius r of the crack mouth increases
abruptly. Therefore, for the transition of a crack to another grain and its further development, a
stress greater than that follows from Griffith's theory is required. Thus, there is some "barrier"
stress, at which only the development of a crack in a real rock is possible. In addition, the
development of cracks in the rock occurs mainly along the contact of mineral grains, i.e., along
the cementing material, often of a clay composition. For such a material, the theory of brittle
fracture is applicable.

The destruction of the rock (from the standpoint of any theory of strength) is determined by the
stresses acting in it. But due to the heterogeneous structure of the rocks, the local stress
concentration centers are randomly distributed in its volume. Therefore, the strength and
destruction of rocks must be considered from a statistical standpoint. This approach is justified for
most other materials used by humans. The idea of the statistical nature of strength was first put
forward in scientific terms by A.P. Aleksandrov and N.S. Zhurkov in 1933.

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

Introduction

The reviewed article is devoted to the analysis of theories of strength and criteria for the
destruction of solids in relation to the specifics of rocks as inhomogeneous heterogeneous
formations with a crystalline structure. The destruction of solids is such a complex and ambiguous
process that to date there is no unified and workable theory of strength. However, this problem is
so relevant for various fields of human activity that a purposeful scientific search has been
conducted in this direction for hundreds of years. There are thousands of publications on this
subject.
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Formulation of the Problem. From the standpoint of the statistical concept, strength is not a
material constant. Therefore, it is proposed to evaluate not the threshold value of stress, but the
probability of body failure at a given load value. Thus, W. Weibull [14] proposed to estimate the
probability of fracture of a body under uniaxial tension by the following expression:

P(o) =1—exp[-V(o - 0,)"0g"]. 1)

where g, is a dimensionless quantity depending on the volume of the body being destroyed; o, is
an experimental constant having the dimension of stress; g is the threshold stress level, below

which the failure probability is zero; m is a constant characterizing the density of cracks.
Numerous studies carried out in this direction have made it possible to obtain equations for the
probability of failure for other types of stress and in a complex stress state. Common to all the
proposed equations is the consideration of the degree of rock fracturing using the probabilistic
laws of crack distribution.

With regard to rocks, V.N. Mosinets [10] proposed to evaluate the destructive stresses as follows:

[6] = 6,- CVKA (2)

where g, is the strength of a homogeneous defect-free rock; C empirical coefficient (material

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

The coefficient k is proposed to be estimated by the ratio of the energy of deformation of the
fractured rock A to the energy of deformation of an ideally homogeneous rock A, in the form:

k=22 -1] ()

ala,

In the simplest case, we can take A=S §/2E, A = o [2E then equation (3) is transformed to the

form:
=a, [1 -C ng (4)

The Griffith failure criterion can be written as:

Jp'\.’T=K, (5)

K= ==, ©

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

Provided that the number of cracks in the rock is large and they are distributed independently and
randomly, the crack size distribution density can be described by the Cauchy equation [5]:
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F(l)=exp [— (ﬁ)_a} (7)

where U and a are distribution parameters.
Then the probability of destruction of the rock can be determined by the equation:

o —

P(og)=1—exp {— (K—) a}, (8)

ol

Thus, having established the law of distribution of cracks in the rock, it is possible to predict the
probability of its destruction at a given stress a.

The most important advantage of the statistical approach is the ability to describe and quantify the
influence of the scale factor on the strength of rocks. A large number of studies have been devoted
to this issue [2, 1, 5, 3]. The main conclusions from these studies are as follows. The average
(modal) strength value depends on the volume of the body being destroyed. This dependence is
clearly non-linear, since the scale effect manifests itself to the greatest extent in small-sized
samples. The effect is universal.

According to Griffith's theory, the strength of a body is inversely proportional to the square root

of the size of a critical crack am(ljz,ﬁr)i, i.e., the longer the crack length, the lower the strength

of the body. In accordance with equation (1.43), the larger the crack, the less likely it is to appear
in the rock. If we denote the relative crack length I,,,./V = €, then the probability function will be

written as P(I) =f(C,V). This means that the larger the body volume Vv, the higher the

probability of a critical crack appearing there.

Thus, the most fruitful is the assessment of the scale effect from a statistical point of view, which
in this aspect is reduced to the statistics of extreme values. Its main provisions can be summarized
as follows.

1. For any material in a given stress state, there is a certain function of the probability of its
destruction.

2. Any material by volume consists of m primary elements, the law of strength distribution of
which is known.

3. The material is considered destroyed when at least one primary element from the whole set is
destroyed.

Then, in order to assess the scale effect, it is necessary to establish the law of strength distribution
(probability density) for a specific rock lithotype and evaluate the statistics of its extreme
(minimum) values.

Probability theory [4] proves that if a measured quantity is influenced by many independent
random factors, then such a quantity has a Gaussian distribution (normal distribution):

f) = =exp [— (;%)2] (9)

where X is the arithmetic mean (as an estimate of the true value of the measured quantity a); S
is the standard deviation.
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Indeed, experimental studies [7] and literature data [12] indicate a normal distribution of rock
strength values. In this case, the integral function of the probability of destruction of a given
sample with volume V; at stresses o no more than X is determined by the equation:

fa—yx)

F(x) = ﬂ%fj e~zdt (10)

Where .t=(y—a)/s

The probability that a sample of a given size will not fail under stress ¢ will be 1 — F(g); and for a
sample with a volume that is m times larger, it is [1 — F(g)]m. Then the probability of destruction
of the sample with a volume m times greater than the initial V, will be:

P(o) =1-[1-F(a)]" (11)

According to the theory of statistics of extreme values, the function P(c) as m— o will tend to
the asymptotic Gumbel distribution:
G(y)=1—exp [%], (12)

where p is the position parameter; o is the scale parameter.
The parameters of the equation depending on the scale m are determined by the formulas:

pu(m) = 7 + v, (m); (13)
g(m) = Sd(m) (14)

For sufficiently large m (m> 50- 100), the coefficients of these equations can be calculated
using asymptotic formulas:

Inlnm +In4m

v, (m) = —y2Inm e (15)
d(m) = - (16)

For small m, i.e., when estimating the scale effect for small volumes of rocks, the asymptotic
approximation can give a significant error. In this case, it is necessary to find the exact solution of
the Gumbel equation (12) using the formulas:

v, (m) = [ ¢{1 — [1 - F (™)t (17)

v, (m) = [77 2([1 - Fy (1™}, (18)

e
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d(m) = v, (m) — vi(m) . (19)

where F,(y) is the normalized Gaussian function (for @ = 0 an S=1).

The scale effect estimation procedure is as follows. According to the results of the laboratory
determination of the strength of samples with small volume V;, the statistical hypothesis is tested
about the normal distribution of experimental data with the parameters: arithmetic mean x, and
standard deviation (standard) S,. If the hypothesis is not refuted, according to formulas (17)-(19),
depending on the required scale m, new values of strength x,, = n,(m) and standard deviation
S, = s(m) are determined.

However, the disadvantage of such a model is that the normal distribution is not limited from
below, i.e., with a large variation in single definitions, negative strength values may appear. In
addition, for a number of rocks (for example, with a non-uniform distribution of defects in a
sample), it is possible that the distribution of experimental strength data is different from normal.
In these cases, the Weibull distribution seems to be the most acceptable, which is limited in the
region of minimum values and, for certain values of its parameters, is also capable of describing
the normal distribution of data.

Formula (10) can be reduced to a Weibull equation of the form [5]:

F(o) =

t-exs|-(558 ]], o0)

T,

0,

where f is the scale factor parameter having the dimension of stress; x is the minimum strength
value; K is the coefficient of homogeneity of the rock.

This cumulative Weibull distribution function is defined by three parameters: g, u, and K. From a
formal mathematical standpoint, it is unsolvable. To find the parameters of a function, it is
proposed in [5] to use a system of three equations expressing the equality of the distribution
skewness, arithmetic mean, and standard deviation to their mathematical expectations. The
solutions of these equations using the gamma function are tabulated and given in the form of
tables. The selection of the parameters of the Weibull equation is also possible by the method of
successive approximations using the required number of iterations.

However, it seems more preferable to estimate the parameters ¢ and K by analyzing the structural
features of a real rock. Thus, the parameter u represents the lower limit of strength, which
(depending on the type of problem being solved) can be defined as an asymptote of the graph of
strength reduction with an increase in the size of the rock or according to the characteristics of the
block structure of the rock mass. The homogeneity coefficient K directly depends on the degree of
rock fracturing, which can be measured in the experiment. So, according to [5], for homogeneous
metals it changes from 10 to 25: for rocks K =1 — 4.

In the same work, for a direct calculation of the rock strength of a given volume V, the following
equation is proposed:

Oy = Opin T £ y (21)

1
VK
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where g, = p + ﬁ(—InP)ﬁ is considered as the minimum statistically probable strength value at
the accepted significance level P.

The considered methods for estimating the scale effect, based on the statistical concept of
strength, are based on the difference in the structure of rocks of different volumes in their initial
state (before the experiment). However, already during the loading of the rock, its structure
changes; the fracture process may include ductile and brittle stages, and the characteristics of this
process may also depend on the scale [11, 13]. Thus, it can be assumed that the scale effect has a
dual nature.

Considering the scale effect mechanism from the standpoint of the kinetic concept of strength,
B.N Tsai [13] points to the dependence of the parameter ¥ = gV; in the durability equation on

the scale of destruction. The overstress coefficient of interatomic bonds q depends on the length [,

formed during the destruction of microcracks. It is assumed that cracks in large-volume samples
can reach large sizes. The fluctuation volume V is related to the dimensions of the plastic zone at

the crack tip, which change during the transition from the ductile to the brittle stage of fracture
and the duration of the process, which, in turn, also depends on the volume of the body. Finally, in
large volume samples, the probability of the appearance of large thermal energy fluctuations
increases. Apparently, these effects take place, but their a priori quantitative assessment is
practically impossible. Recognizing this, the author of [13] proposes an estimate of the scale
effect in the form, i = (D,/D,)** where D are the linear dimensions of the sample. However,

this estimate does not take into account the statistics of defects in the rock at all and can hardly be
used for different rocks. Therefore, the factor of changes in rock fracturing during their loading
requires additional studies that will allow us to quantify these effects.

Thus, in [11], when considering the scale effect from the point of view of thermal fluctuations, it
is assumed that the structural coefficient y depends on the total number of cracks N in the body
being destroyed. With a normal distribution of defects

Yax =¥ + BV2InN — B n(4min) (22)

2vInN

where £ is the standard deviation of the crack distribution.
Hence it follows that with an increase in the number of cracks N in the body, the value of ¥,

increases and, consequently, the threshold of destructive stresses decreases. Therefore, the larger
the destruction volume, the higher the value of N and the lower the strength of the body.

One of the promising directions for assessing the scale effect is the energy approach. Thus, in [6],
based on the consideration of fracture as a two-stage process, the following equation is proposed:

o2l = AAE = const, (23)

where L is the size of the body destroyed by the stress o ; 4 is the specific work of crack growth.

The latter indicator takes into account both the work of elastic and plastic deformations during
crack growth.

Conclusion
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The theories and concepts of strength considered above are based on the model of a body either as
a homogeneous structureless medium, or as a material having a structure, but uniform throughout
its volume. Rocks are obviously not such bodies. They are composed of mineral grains of
different properties, contain macrodefects in the form of pores and various inclusions, as well as
objects of various aggregate states (gases, liquids). Under these conditions, deterministic theories
of strength turn out to be clearly untenable.

In particular, the use of the classical theory of Griffith cracks is complicated by the following
circumstance. Since the rock is an aggregate of mineral grains, a microcrack developing inside the
grain inevitably reaches its boundary and, consequently, the radius r of the crack mouth increases
abruptly.

The destruction of the rock (from the standpoint of any theory of strength) is determined by the
stresses acting in it. But due to the heterogeneous structure of the rocks, the local stress
concentration centers are randomly distributed in its volume. Numerous studies carried out in this
direction have made it possible to obtain equations for the probability of failure for other types of
stress and in a complex stress state. Common to all the proposed equations is the consideration of
the degree of rock fracturing using the probabilistic laws of crack distribution.

REFERENCES

1. Beron A.l,, Chirkov S.E. Investigation of the strength of rocks under conditions of triaxial
non-uniform compression. A. A. Skochinsky, 1969. - p. 33-38.

2. Baron L.I. Mining technology rock science. Subject and methods of research.—
M.:Nauka,1977.-324 p.

3. Gmurman V. E. Probability theory and mathematical statistics.- M.: Higher School, 1972.-
368 p.

4. Gmurman V. E. Probability theory and mathematical statistics. - M .: Higher School,
1972.- 368 p.

5. Glushko V.T, Borisenko VG Engineering-geological features of iron ore deposits. - M.:
Nedra, 1978. 254 p.

6. IrvinJ., Paris P. Fundamentals of the theory of crack growth and fracture //Destruction. T.
3. Engineering foundations and the impact of the external environment. -M.: Mir, 1976. -
p.17-66.

7. Latyshev O. G. Destruction of rocks. — M.: Teplotechnik, 2007. - 672 p.

8. Mirsalimov V.M., Gasanov F.F. Solution of the elastic-plastic problem for a fractured
massif weakened by a circular hole. News of TulGU. Earth Sciences. 2022. Issue. 1. p.
332-345.

9. Mirsalimov V.M., Kalantarly N.M. Solution of an elastic-plastic problem for a massif
weakened by a circular working under the action of tectonic and gravitational forces.
News of TulGU. Earth Sciences. 2022. Issue. 1. p. 207- 216.

10. Mosinets V.N. Energy and correlation connections of the process of destruction of rocks
by explosion.- Frunze: Ed. AN Kirg. SSR, 1963. - 233 p.

11. Petrov V. A,, Slavitsky A. V. Thermal fluctuation nature of the size effect of strength //
Reports of the Academy of Sciences of the USSR. 1975. - T. 224, No. 4. - p. 806-809.

12. Rzhevsky V. V., Novik G. Ya. Fundamentals of rock physics: textbook. - M.: Kn. house

ETM [
EQUIPMENT TECHNOLOGIES MATERIALS |




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

:T M ISSN: 2663-8770, E-ISSN: 2733-2055
VOLUME 13 ISSUE 01 2023
REFERRED & REVIEWED JOURNAL

"LIBERCOM", 2010. - 360 p.
13. Tsai B. N. Thermal activation nature of the strength of rocks. - Karaganda: Publishing
House of KSTU, 2007. - 204 p.
14. Weibull W. A statistical theory of strength of materials // Ind. Vetenskamps Akad, 1939,
Handl. - Ne 151. - 45 p.

CTATUCTHUYECKAS IPUPOJIA IPOYHOCTH U MACIIITABHBIN
IOPEKT B 'OPHBIX ITOPOJAX

Pagann Mextuen?, T'onbiajn Araesa’

ouent Asep6aiikaHCKOro rocyIapCTBEHHOTO YHHBEPCHTETA HEYTH M MPOMBILLIEHHOCTH. MccienoBaTenbekuii
MHCTHUTYT, “T'eoTexHoNOrNUEcKHe poOsieMbl HedTH, ra3a 1 xumun”’, Kananaat ¢pusnko-mMareMaTHuecKuxX HaykK,
Asepbaiimkan. Email: rafail60mehtiyev@mail.ru

Ipenonasatens, Azepbaiiukanckuii locynapcreennsiit Yuusepcuter Heru u ITpombiiiennocty, Azepbaiimkan.
HccnenoBatenbekuit HHCTUTYT, «['eoTexHONOTHYECKHE TPOOIEMBl HE(TH, Ta3a U XUMHNY.

Email: gulshad.gasimova@mail.ru

PE3IOME

B ocHOBe paccMOTpEHHBIX BBINIE TEOPHH W MPEICTABICHUNA O MPOYHOCTU JIKUT MOJENb Tena
00 KaK OJHOPOIHOM OECCTPYKTYPHOU cpeibl, MO0 Kak MaTepualia, HMEIOIIEro CTPYKTypy, HO
OJTHOPOJIHYIO 10 BceMy 00beMy. KaMHU, 0ueBHIHO, HE ABISAIOTCA TaKUMH TenaMu. OHH CIIOKEHBI
MUHEpAIbHBIMU 3€PHAMHU Pa3HBIX CBOMCTB, COJAEPkKAT MaKpOoAe(EKTH B BUAE TOP U Pa3IUIHBIX
BKIJIFOUEHUH, a Takke OOBEKThI Pa3IMYHOIO arperaTHOro COCTOSIHHS (Tasbl, ®KUAKOCTH). B aTux
YCIIOBHSIX IETEPMUHHUCTCKHAE TEOPUHU IIPOYHOCTH OKA3bIBAIOTCS SBHO HECOCTOSATEIbHBIMH.

B uwactHOCTH, WHCHONB30BaHHWE KiacCHYeckod Teopuu TpeuwH ['puddurta 3aTpyaHeHO
ClIeqyIomUM 00cTosATeNbcTBOM. IlockonabKy TOposna MpencTaBiIsieT Cco0OW COBOKYIHOCTh
MUHEPAIBHBIX 3epeH, MUKPOTPEINHA, PA3BUBAOIIASCS BHYTPH 3€pHA, HEU30EKHO JTOCTHTAET €ro
IpaHULbl U, CIEJAOBATEIbHO, PATUYC YCThsl TPEIIMHBI I pe3ko yBenuuuBaercs. llostomy mms
nepexoAa TPEIIMHbl B JIPYyroe 3epHO U JalbHEHIIEro ee pa3BUTUS TpeOyeTcs HamlpsyKeHHe
Oompiiee, yeM 3TO ciuenyeT u3 Teopuu [puddura. Takum 00pa3om, BO3ZHHUKAET HEKOTOPOE
«bapbepHOE» HAIMpsOKEHHE, TPU KOTOPOM BO3MOXKHO TOJBKO Pa3BUTHE TPEUIMHBI B peallbHOMN
nopoae. Kpome Toro, pasButue TpeUIMH B MOPOJE€ MPOMCXOAUT B OCHOBHOM IO KOHTAKTY
MUHEPAIBHBIX 3€PEH, T. €. M0 BSDKYIIEMY MaTepually, 4acTo TIIMHHCTOTO cocTaBa. s Takoro
MaTepuala MPUMEHNMa TeOPHS XPYIIKOTO Pa3pyIIeHHs.

Paspymienne ropHO moponbl (C TOYKH 3peHUs 000 TEOpHUH TMPOYHOCTH) OIPENesIsIeTcs
JEWCTBYIOIIMMU B HEW HampspkeHusaMu. Ho u3-3a HEOIMHOPOAHOTO CTPOEHHS TOPHBIX MOPOJT
JIOKQJIbHBIE TEHTPHl KOHIICHTPAIMU HANpSsOKEHUN pacrpeieneHbl B €€ 00beMe XaoTHYHO.
[looToMy mpoOYHOCT, U pa3pylieHWe TOPHBIX TOpPOJ HEOOXOAMMO paccMaTpuBaTh CO
CTaTUCTUYECKOM TOUKH 3peHHs. Takoii moaxoa onpapiaH A OONBITMHCTBA APYTUX MATEPHAIIOB,
UCIOJIb3YEMBIX 4elloBeKoM. [IpencraBienne o cTaTUCTHUUYECKOM MpUpOJIe MTPOYHOCTU BIIEPBBIE B
Hay4yHOM I1aHe 6bu10 BeIABUHYTO A.I1. Anexcanapossim u H.C. XKXypkos B 1933 roxy.
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DAG SUXURLARINDA MOHKOMLIYIN VO MiQYAS TOSIRININ
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XULASO

Nozordon kegirilon mohkomlik nozariyyalori vo konsepsiyalart cismin ya homojen struktursuz
miihit kimi, ya da strukturu olan, lakin biitliin hocmindo bircins olan material kimi modelino
asaslanir. Dag suxurlari agiq-aydin belo cisimlor deyil. Onlar miixtolif xassalora malik mineral
donolordon ibarotdir, masamoalor vo miixtalif daxilolmalar soklindo makroqiisurlari, homginin
miixtolif mocmu vaziyystlordo olan obyektlori (qazlar, mayelor) ehtiva edir. Bu sortlor altinda,
deterministik méhkomlik nozariyyslori agiq-aydin etibarsiz olur.

Xiisusila, Griffith catlarinin klassik nazariyyasinin istifadasi asagidaki voziyystla ¢atinlogir. Stixur
mineral donslorin macmusu oldugundan, denonin daxilinde amals golon mikrogat qagilmaz olaraq
onun hiidudlarina catir vo naticods ¢at agzinin r radiusu kaskin sokilds artir. Buna gora do, ¢atin
basqa donslore kegmasi vo onun sonraki inkisafi {i¢iin Qriffitin nozariyyasindon irali golon daha
bdyiik bir gorginlik talob olunur. Belsliklos, bazi "manes" gorginliyi var ki, bu zaman yalniz haqiqi
dag suxurlarinda catin inkisafi miimkiindiir. Bundan olavo, qayadaki catlarin inkisafi osason
mineral donolorin tomasi boyunca, yani sementlomo materiali boyunca, tez-tez gil torkibli
birlogmolor boyunca bas verir. Belo bir material {igiin kovrok dagilma noazariyyasi totbiq olunur.
Stixurun dagilmast (hor hansi bir méhkomlik nazariyyasi ndqteyi-nozorindon) ona tosir edon
gorginliklorlo miioyyon edilir. Lakin siixurlarin heterojen qurulusu ilo olagadar olaraq, yerli
gorginlik konsentrasiyasi morkozlori onun hocmindo tosadiifi olaraq paylanir. Buna goro do,
stixurlarin mohkamliyi vo dagilmasi statistik baximdan nozors alinmalidir. Bu yanagma insanlar
torofindon istifado edilon oksor digor materiallar iigiin osaslandirilmigdir. Méhkomliyin statistik
mabhiyyaoti ideyas1 ilk dofs elmi dildo A.P.Aleksandrov vo N.S. Jurkov 1933-cii ilds istifads edib.
Acar sozlor: dag suxur mohkomliyi, sabit material, miqyas effekti, siixurlar, dagilma ehtimali,
cat, mohkomlik nozoriyyasi, mikrogat, mineral, tocriiba sabiti, qiisurlarin sixligi, yerdoyismo,
sixilma.

ETM
EQUIPMENT TECHNOLOGIES MATERIALS |




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

:T M ISSN: 2663-8770, E-ISSN: 2733-2055
VOLUME 13 ISSUE 01 2023
REFERRED & REVIEWED JOURNAL DOI: 10.36962/ETM13012023-150
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ABSTRACT

It has been known for more than 100 years that carbon dioxide absorbs photons in the ultraviolet
and infrared ranges of radiation, creating a greenhouse effect. However, so far no one has
answered the question: what is a photon?

It is known that a photon has corpuscular and wave properties, has a certain pressure. An
interesting experiment was carried out when a photon was dissected using Wilson chamber and it
left traces of the opposite sign. The correct conclusion was made that one trace in the Wilson
chamber was left by an electron, and the other - by a positron.

There were other experiments, for example: birefringence of light in quartz crystals, Icelandic
spar, etc., but there were no correct conclusions made about what a photon is.

A photon is an electric dipole, consisting of an electron and a positron charges, without a spin
charge-conjugate formation, which has a dipole magnetic field.

Carbon dioxide, absorbing photons with a mass of 18.2-10! kg, being structured in the core, turns
into triatomic oxygen, that is, into stratospheric ozone.

A photon absorbs only a carbon atom that has an excess of spins. Photons absorbed by carbon
dioxide (electric dipoles) having a magnetic field interact with the magnetic force lines of the
dipole magnetic field of the Earth, and as a result of such interaction, triatomic oxygen-ozone
moves into the stratosphere. Stratospheric ozone is not explosive in all aggregate states and at
high pressures. In the atmosphere, it enters into a nuclear interaction with neutrons emanating
from the sources of future earthquakes, forming water. So, naturally, the ozone layer of the Earth
is depleted, replenishing the hydrosphere.

Irradiation of CO. and production of stratospheric ozone is a solution to the problem of climate
warming. Stratospheric ozone can be widely used in the defense industry. An airship filled with
stratospheric ozone will be much more efficient than airships filled with hydrogen or helium.

The production of stratospheric ozone from carbon dioxide is a fundamental discovery in the field
of photonuclear physics.

Key words: electric dipole, photon, carbon dioxide, stratospheric ozone, photonuclear reaction.

Introduction
It is known that carbon dioxide absorbs photons and creates a greenhouse effect, which has a
destructive effect on climate change processes. It is known about photons that in the phenomena
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of interference, diffraction, and polarization they exhibit wave properties, and, for example, in the
photoelectric effect, black body radiation, spectra of atoms and molecules, etc., they exhibit
corpuscular properties.

According to classical concepts, a wave and a particle are mutually exclusive physical models and
cannot represent the same object. An electric dipole, consisting of an electron charge and a
positron charge and having a mass of 18.2-103! kg is such a physical model with wave and
corpuscular properties [1].

Task setting. Utilization of carbon dioxide and obtaining stratospheric ozone.

Task solving method. We obtain stratospheric ozone by exposing carbon dioxide to ultraviolet
radiation in the vacuum range.

Task solution. Carbon dioxide, absorbing photons of a certain range, that is, electric dipoles with
a mass of 18.2-1031 kg, gradually turns into ozone. Absorption takes place in the carbon nucleus.
The photonuclear reaction of converting carbon dioxide into stratospheric ozone looks like this:

CO,— Y 50, + p

From the foregoing, it can be seen that the absorption of photons leads to the reaction of
displacement of a proton from the carbon nucleus, and instead of the displacement of a proton, the
nucleus will continue to absorb photons.

Thus, the carbon nucleus absorbs electric dipoles with a mass equal to 5 (five) protons. It is
known that the proton is 1836 times larger than the mass of the electron, which means that it is
1836:2 = 918 times larger than the electric dipole. Taking into account the displaced proton we
find that carbon absorbs, 5x918 = 4590 electric dipoles (photons), no more and no less.

We have not found an explanation for the stratospheric ozone mass defect in any scientific
publication. If stratospheric ozone was formed from an oxygen molecule as a result of a
photochemical reaction, then why is the diatomic oxygen that we breathe located in the surface
layer, and the triatomic oxygen - in the stratosphere?

This phenomenon is explained as follows: a large number of photons absorbed by carbon dioxide
- electric dipoles - leads to their interaction with the magnetic force lines of the Earth's dipole,
magnetic field and it moves the formed ozone into the stratosphere. What happens to the absorbed
photons in the nucleus requires a special study. It can be only assumed that they turn into mesons.
Thus, from carbon dioxide, as a result of a photonuclear reaction, stratospheric ozone is formed.
Ozone, obtained by known technologies from oxygen, as a result of a photochemical reaction, a
barrier discharge, electrolysis or exposure to a high-frequency electric field, decomposes again
into oxygen. In addition, it is explosive at concentrations above 15%.

However, ozone, obtained from carbon dioxide, as a result of a photonuclear reaction, is
extremely stable and explosion-proof in any state of aggregation. Therefore, stratospheric ozone
can be widely used in industry. But if it is simply released into the atmosphere, then to a certain
extent it is possible to positively influence the ecology of the environment [2].

Currently, there is an intensive study of the planet Mars. But we propose to continue the study of
the planet Venus. In the atmosphere of Venus, according to the data of flights of interplanetary
space stations of the Venera (USSR) and Mariner (USA) series, carbon dioxide reaches 97 % at
an atmospheric pressure of 100 atm. At present, as a result of the absorption of photons of the
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vacuum range coming from the Sun, the atmospheric pressure on the planet Venus is decreasing
due to the formation of stratospheric ozone.

This research result will make it possible to predict the appearance of an atmosphere similar to the
Earth's, in about 150 - 200 Earth years. And approximately in 2000 years a biosphere will appear
on the planet Venus. By this time period, the biosphere on planet Earth will cease existence.

The proposed method can utilize almost all greenhouse gases included in the list of the Kyoto
Protocol.

We carried out 8 experiments with a low-efficiency source of vacuum ultraviolet, with a mercury
lamp PRK-4-1-0.2 brand. The analyzes were carried out on an LKhM-80 chromatograph [3].
Subsequently, it was decided to conduct an independent examination, under the supervision of a
commission formed of prominent scientists and specialists. This was accomplished at the
Research Institute "Geotechnological Problems of Oil, Gas and Chemistry” under the
chairmanship of Professor A. L. Shabanov.

Results and suggestions

The results of the analysis before and after irradiation showed that the CO, content decreased
from the initial 98.5 % to 1.5 - 2.5 %. Using a chromatograph with a plasma ionization detector, it
was possible to show that the gas obtained as a result of a photonuclear reaction burns. The
analysis on this chromatograph was carried out two months after irradiation, which made it
possible to conclude that the resulting product is non-explosive and stable over time (Figure 1).
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Figure 1: Results of the analysis of the ozone content by a chromatograph with a plasma
ionization detector.
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A modern source of vacuum ultraviolet, for example, made in Japan, will allow to get a result
within a few hours.

Conclusions

The obtaining of stratospheric ozone from carbon dioxide is a fundamental discovery in the field
of photonuclear physics, the application of which, to a certain extent, will make it possible to
positively influence the processes of climate change on Earth.
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XULASO

100 ilden atriq malumdur ki, karbon qazi ultrabandvsayi vo infraqirmizi diapazondaki fotonlar
udaraq, istixana effekti yaradir. Lakin indiys qader he¢ kim torafindon foton nadir sualina cavab
verilmayib.

Molumdur ki, foton korpuskulyar va dalga xassolori ilo yanas1 miisyyon tozyiqe do malikdir. Belo
bir maraqli eksperiment aparilmigdir; Vilson kamerasinin komayi ilo fotonu parcalamisdilar vo o
oks isaroli iz buraxmigdir. Bu zaman Vilson kamerasinda izin birinin elektron, digorinin iso
pozitron oldugu kimi diizgiin natico ¢ixarmislar.

ETM
EQUIPMENT TECHNOLOGIES MATERIALS |




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

:T M ISSN: 2663-8770, E-ISSN: 2733-2055
VOLUME 13 ISSUE 01 2023
REFERRED & REVIEWED JOURNAL

Basqa eksperimentlor do aparilmigdir; mosolon, island spati vo kvars kristallarda isiq siiasinin
ikigat sinmasi va s., lakin fotonun na oldugu haqqda diizgiin natico ¢ixarmamisdilar.

Bizim fikirimizco foton elektronun vo pozitronun yiikiinden ibarat elektrik dipolu olub dipol
maqnit sahasina malik, spinsiz yiikqosulu bir materiyadir.

Karbon qazi kiitlosi 18,2-103! kq olan fotonlar1 udaraq vo miivads strukturlasaraq ii¢ atomlu
oksigen, yoni stratosfer ozonuna gevirilir.

Fotonu yalniz spin artig1 olan karbon atomu udur. Maqgnit sahasine malik olan, karbon qazi
torofindon udulan fotonlar (elektrik dipollar1) Yerin maqnit sahasi dipollarinin maqnit giic xatlori
ilo qarsiligh tosiri naticosindo {ligatomlu oksigen-ozon stratosfers yerini doyisir. Biitliin aqreqat
hallarinda stratosfer ozonunun partlamaq qorxusu, hotta yiiksok tozyiglordo belo, yoxdur. O
atmosferds, golocok zolzolo ocaqlarindan ¢ixan neytronlarla niivo qarsiligh tesira girarok, su
omolo gotirir. Beloaliklos tobii ki, Yerin ozon tabaqasi hidrosferani dolduraraq zaiflayir.

CO2-nin stialandirilmasi vo stratosfer ozonun alinmasi klimatin istilonmasi probleminin halli
olmagla yanas1 o miidafio sferasinda genis istifado oluna bilar. Stratosfer ozonu ilo doldurulan
drijabl hidrogen yaxud heliumla doldurulmus drijabldan daha effektli olacaq.

Karbon gazindan stratosfer ozonunun alinmasi fotoniivs fizikasi sahasinds fundamental kogfdir.
Acar sozlar: elektrik dipolu, foton, karbon qazi, stratosfer ozonu, fotoniivo reaksiyasi.
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PE3IOME

bonee 100 ner u3BecTHO, YTO YIJIEKHUCIHBIM ra3 moriomaer (OTOHBI B YJIbTPaQHOJIETOBOM H
MH(PAaKpaCHOM JMana3oHaxX W3Jy4YeHHs, CO3/1aBas NMapHUKOBBIA >(dext. OaHako, 10 CHUX TOp
HUKTO HE OTBETHJI Ha BOMPOC: YTO Takoe (hOTOH?

W3BecTHO, 4TO (POTOH 00JIaAAaeT KOPIYCKYJISPHBIMA M BOJHOBBIMH CBOWCTBaMH, 00JajaeT
OHpeHeHéHHBIM JaBJICHHUEM. bt HpOBe)IéH HHTepeCHBIﬁ OKCIICPUMECHT, KOoraga C IIOMOIIbIO
KaMepbl BuiibcoHa pacuieHnIn GOTOH U OH OCTAaBUJI CJIE/bl MPOTUBOIOJIOKHOIO 3Haka. Chenanu
MPaBWIbHBIN BBIBOJ, YTO OJIMH CJIe]l B KaMepe BuiibcoHa ocTaBuMII AJIEKTPOH, a APYTOii- MO3UTPOH.
belmu ¥ apyrue SKCIEpUMEHTBI, HAllpUMeEpP: IBOMHOE JIy4elpPEIOMIICHHE CBETa B KpUCTaLIAX
KBaplIia, UCIAHJCKOrO 1IaTa U JIp., HO MPaBUWIbHBIX BBIBOJAOB O TOM, YTO TaKO€ ()OTOH, HUKTO HE
crenain.
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@OTOH, ITO AIEKTPUUYECKUM IUNOJb, COCTOSIIMM M3 3apsiaa JIEKTPOHA U 3apsja MO3UTPOHA,
0e3CIMHOBOE, 3aPsII0BOCOIPSHKEHHOE 00pa3oBaHue, UMEIOIee AUMOIbLHOE MarHUTHOE T0JIE.
Vrilekucnelil ra3, noriomas GoToHsl, nMeromue Maccy 18,2-10° kr, crpykTypupyscek B supe,
IpeBpalaeTcs B TPEXaTOMHBIM KUCIOPO, TO €CTh B CTPaTOC(EepHBIN 030H.

@DOTOH TMOTIJOWAET TOJBKO aToM Yriiepoja, UMerouil u30bITOk cnuHOB. [lornoménnbie
YIJIACKUCIBIM Ta30M (OTOHBI (JEKTPUYECKHE JAWUNONH) OO0Jajaromye MAarHUTHBIM —IIOJIEM,
B3aMMOJICHCTBYIOT C MAarHUTHO-CUJIOBBIMH JIMHUSMU JUIOJBHOTO MAarHUTHOTO MOJS 3eMJIH, U B
pe3ysibTaTe€ TaKOro B3aUMOJCHCTBUS  TPEXATOMHBIM  KHUCIOPOA-O30H IIEpeMeIlaeTcs B
ctparocdepy. CTpaTocdepHbIii 030H HE B3PBIBOOIIACEH BO BCEX arperaTHBIX COCTOSHUSIX U TPHU
BBICOKMX JaBlIeHHsX. B armocdepe oH BCTymaeTr B sIepHOE B3aMMOJCHCTBHE C HEUTPOHAMH,
UCXOMSAIIMMUA W3 O4YaroB OyAylIMX 3emieTpsceHuil, oOpa3ys Boay. Tak, €CTECTBEHHO,
HCTOIIACTCSI 030HOBBIN CJION 3eMJIH, MTOTIONHSS THIPOCchEpy.

O6nyuenne CO2 u mnodyyeHHE CTpaTOchepHOr0 O30HA SIBISETCA pEHICHHEM MPOOIeMbl
MOTETICHHS KJIIMMAaTa CTPaTOC(EepHBIA 030H MOXKET OBITh MIMPOKO MPUMEHEH B 00OPOHHOH cdepe.
Jupuxkabnb, 3amoyHEHHBIA cTpatochepHblii 030HOM OyAeT 3HAYUTeNbHO HS(PQEeKTUBHEE
JUpUKadiiell ¢ BOJOPOIOM WU T€ITUEM.

[Tomyuyenue crpaTochepHOro 030HA U3 YIVIEKUCIOrO Trasza sBisercs (yHAaMEeHTaIbHBIM
OTKPBITHEM B 0071acTH POTOAAEPHON (HUHKH.

KitoueBble cji0Ba: SIEKTPUYECKUN AUINONb, (OTOH, YIIIEKUCTBIA Ta3, CTpaToChEpHBbI 030H,
doTosiiepHas peakius.
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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?®,
IAffiliation (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)

Article 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].
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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.
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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 (8277 X Top=1" Do not add So not add
11.697) Bottom=1" anything in the | anything in the
Left=1" header footer
Right=1”
Font Article 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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(Times New Roman, 10)

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.

Declarations (Times New Roman, 12)

Study Limitations (Times New Roman, 12)
Provide all possible limitation faced in the study which might significantly affect research
outcome, If not applicable write, none.

Acknowledgements (Times New Roman, 12)

All acknowledgments (if any) should be included in a separate section before the references and
may include list of peoples who contributed to the work in the manuscript but not listed in the
author list.

Funding source (Times New Roman, 12)
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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.

Competing Interests (Times New Roman, 12)
Declare any potential conflict of interest exist in this publication.

Human and Animal Related Study (Times New Roman, 12)
If the work involves the use of human/animal subjects, each manuscript should contain the
following subheadings under the declarations section-

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
head.

Informed Consent (Times New Roman, 12)
Write a statement of informed consent taken from the participants to publish this research work.
The editor may ask to upload scan copy if required.

References (Times New Roman, 12)

Author(s) are responsible for ensuring that the information in each reference is complete and
accurate. Do not use grey literature (unauthentic website, news portal, social media,
Wikipedia etc) as reference, only scholarly literature (Journal, online books, proceedings,
patents, authentic websites with permanent archival policy) are acceptable references.
Author should include sufficient recent (last 2 years) references in the article. All references must
be numbered consecutively and citations of references in the text should be identified using
numbers in square brackets (e.g., “as explained by AIJR [1]”; “as discussed in many reports [2]-
[6]”). All references should be cited within the text correctly; do not add only list of references
without citation within the text. All cited references should be listed after declarations section in
the following style-

1. W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XxX,
Abbrev. Month, year. https://doi.org/10.21467/ajgr

2. Bahishti, “Peer Review; Critical Process of a Scholarly Publication”, J. Mod. Mater., vol.
2,n0. 1, pp. 1.1-1.2, Oct. 2016. https://doi.org/10.21467/jmm.2.1.1.1-1.2
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4, W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XxX,

Abbrev. Month, year. Access online on 20 March 2018 at https://www.aijr.in/journal-
list/advanced-journal-graduate-research/

5. W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XXX,
Abbrev. Month, year. Access online on 5 March 2018 at https://www.aijr.in/about/publication-
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6. M. Ahmad, “Importance of Modeling and Simulation of Materials in Research”, J. Mod.
Sim. Mater., vol. 1, no. 1, pp. 1-2, Jan. 2018. DOI: https://doi.org/10.21467/jmsm.1.1.1-2

Main features of citation style are given as-

The author name format is, "first name (Initial), middle name (Initial) and last name™. This differs
from other styles where author's last name is first.

. The title of an article (or chapter, conference paper, patent, etc.) is in quotation marks.
. The title of the book or journal is in italics.
. Online link of the original paper. If any reference is not available online, it should be

modified with available online reference

Ha3zBanue crarbu (14 myHKTOB, moay:kupHblid mpudt, Times New Roman)

Hms nepsoro asropal, Umsi BToporo asTopa’, Ums Tperbero asropa’, .......

(Times New Roman, 12)

Mpunagnexsocts (xkadenpa, haxyabTeT/KomIeK, HHCTHTYT/yHHBEPCUTET)

23A¢¢unmanus Opyrux  aBTOPOB, eclM  oTamuaercs  (kadempa,  (aKyIbTEeT/KOIIEIK,
WUHCTUTYT/yHUBEPCUTET)

Email: orBeTcTBeHHOTO aBTOpA:

(Times New Roman, 10)

Tun crarbu: MHQOpMaLIUIO 0 JOMYCTUMBIX THIAX CTATeH CM. B IOJUTHKE pa3zesa KypHaja.

AHHOTAILUS (Times New Roman, 12)

Pykonuch nomkHa conepkarb aHHoTanuio B npenenax 300 cio. Pykonmuch AoimkHA HUMETh
CaMOJIOCTaTOYHBIA pedepar O0€3 NIUTHPOBAHMS W KPaTKO U3JIaraTh I1eJb HCCIEIOBaHUS,
METOJIOJIOTHIO0, OCHOBHBIE PE3yJbTaThl U OCHOBHBIC BBIBOJbI. AHHOTAIUS JIOJDKHA OBITh B OJTHOM
ab3are c mpemIokeHusMH. He HMCmonp3ylTe MOA3aroJoBKM HJIM CIUCOK TOYEK B aHHOTAIIWH.
Kpome Ttoro, cienyer uzberaThb HECTaHIAPTHBIX MU HEOOBIYHBIX COKpAIEHUH, HO, €CIIU OHU
HEO0OXOAMMBI, OHU JOJKHBI OBITH ONIPECIICHBI IIPH UX MTEPBOM YIIOMHUHAHUH B caMoM pedepare.
KitoueBbie cioBa: ABTOpaM pEKOMEHAYETCS YKa3blBaTh 3-5 KIIOUEBBIX CJIOB, OTHOCAIIUXCS K
CTaThe, Yepe3 3aITyI0. DTH KITFOYEBBIE CJI0OBA OYIyT UCIIOIb30BATHCS IS 1IeJIeH WHICKCAIIUH.

Magqalanin adi (14 punkt, Qalin, Times New Roman)

Birinci Miiallifin Adit, ikinci Miisllifin Adi2, Ugiincii Miiallifin Adi®, (Times New Roman, 12)
! Afiliasiya (Departament, Fakiilto/Kollec, Miiossiso/Universitet)

2 3pgor forqlidirss, digor miiolliflorin  monsubiyyati (Departament, Fakiilta/Kollec,
Miiassiso/Universitet)

Cavabdeh miiollifin Email:

(Times New Roman, 10)
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Moaqals ndvii: Magbul moqals névloari tigiin jurnalin b6lmo siyasatino baxin.
XULAS®O (Times New Roman, 12)

Olyazmada 300 sézdon ibarst abstrakt olmalidir. Olyazma 6z mozmunlu, sitatsiz bir referat
olmalidir vo todgigatin moagsadini, metodologiyasini, asas naticalorini vo asas alinmis naticalari
qisa sokildos ifads etmolidir. Xiilaso davam edon climlslorlo bir paraqrafda olmalidir. Xiilasads heg
bir alt basliq vo ya noqtolor siyahisindan istifado etmoyin. Bundan olavo, geyri-standart vo ya
geyri-adi abbreviaturalardan gacmaq lazimdir, onlara ehtiyac olduqda, onlar xiilasado qeyd
edilmaklo yerlari toyin olunmalidir.

Acar sozlar: Miiollifloro moaqgaloys aid 3-5 agar so6zii vergiillo ayiraraq yazmalar1 tovsiys olunur.
Bu agar sozlor indekslosdirmo mogsadils istifads olunacagq.

Complete Detail of Each Author
Provide complete detail of each author in the following format as well as add each author with
complete detail during online submission (step 3) in the same order as appears in the manuscript.

First Author’s Full Name: (Times New Roman, 12)

Highest Qualification:

Department:

Post/Rank (If a student, provide course name and course year):
Affiliation (College/University/Institute) with postal address:
Email:

ORCID:

Mobile:

Second Author’s Full Name: (Times New Roman, 12)
Highest Qualification:

Department:

Post/Rank (If a student, provide course name and course year):
Affiliation (College/University/Institute) with postal address:
Email:

ORCID:

Mobile:

Third Author’s Full Name: (Times New Roman, 12)

Highest Qualification:

Department:

Post/Rank (If a student, provide course name and course year):
Affiliation (College/University/Institute) with postal address:
Email:

ORCID:

Mobile:
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