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Annotation. When developing fields with water pumping, one of the conditions that
complicate development is the deposition of solid deposits in wells, pumps, prefabricated and
harvesting plants. During oil production and well operation, methods of combating subsidence of
asphaltene, resin and paraffin in the well have been studied, indicating factors that negatively affect
installations and equipment. Methods of combating them and ways to improve the reliability of
aggregates, when salts enter the well and methods of combating them, pipeline protection measures
have been studied. The paper considers methods of influencing the reservoir in order to increase oil
production and options for its implementation using various technologies. Of these, the method of
water-gas exposure using a pumping-ejector system was chosen as the most universal and reliable
method.As a result of the calculations, the technologies necessary for the pumping and ejector system
of water and gas impact on the reservoir in order to increase oil recovery and utilization of associated
petroleum gas are presented.

Keywords: borehole, sediments, pumping and compressor pipes,water and gas pumping,
pumping and ejector system.

Introduction. Most of the deposits in the Republic of Kazakhstan are developed by
mechanical mining methods, characterized by great depth, a high gas factor, paraffin
precipitation, sand in the produced product, and a number of other complex factors. These
conditions are taken into account during field development, defining the difficulties
encountered in the operation of production and injection wells. The causes of the various
complex factors in production well operation are listed below:

* properties and composition of formation fluids (high mineralization of formation
water promotes the formation of salt deposits, a high content of heavy oil fractions leads to
asphaltene-resin-paraffin deposits) (ASPAP) formation;

*properties of the productive layer (if the reservoir is poorly cemented and represented
by friable rocks, the probability of mechanical mixtures increases);

* thermobaric characteristics of the deposits (thermobaric conditions of extraction
affect the formation of ASHPC and salt deposits;

*well productivity (high well flow rates, due to increased filtration rate, cause
disruption of the reservoir);

*characteristics of the operating mode of the well and the equipment used (The flow
rate, discharge, and flow characteristics vary depending on the well's operating mode and the
equipment used, which can lead to the disruption of the reservoir formation and,
consequently, the formation of mechanical mixtures).

The frequency and intensity of these complex factors vary at different deposits and are
related to the aforementioned issues. Based on their solubility properties, sediments can be
classified as soluble and insoluble (Figure 1).
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One of the main problems in mechanized oil production is the formation of various
deposits in pump components, pump-compressor tubing (PCT), and other components.
Insoluble mechanical impurities are substances that do not dissolve in gasoline and whose
particle size does not exceed 100 pm. Mechanical impurities mainly consist of sand, clay, fine
iron particles, mineral salts, corrosion products, and other substances.
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Figure 1 — Main types of deposits

Soluble deposits include ACP and salts. The internal surfaces of oilfield equipment are
affected by the heavy components of the precipitated oil. Salt deposits in the Kumkol fields
are primarily represented by calcium carbonate and barium sulfate. Several main prerequisites
that hinder the oil production process during well operation can be distinguished:

. Frequent repairs during continuous operation;

. Low equipment efficiency;

. High water cut in the produced oil;

. Decrease in formation pressure;

. Lack of high-performance, efficient, and reliable pumps;

. Low profitability of continuous-operation production;

. Complex operating conditions, which include the following issues:

a) deposition of salts on the pump's working parts;

b) deposition of paraffinic and asphalt-resinous components of the oil;

c) clogging of the pump's working parts with mechanical impurities. Also, a number of
geological criteria can be distinguished: The presence of a productive formation at great
depth, a poorly cemented, friable rock matrix, low permeability and heterogeneity of the
reservoir, high mineralization of the formation water, and others.

Research materials and methods. Most of the current methods for operating under
low reservoir pressure are inefficient and often lead to shortened intervals between overhauls
or even loss of mine production. For example, using rod-type well pumps (RWP) to produce
oil from low-rate wells does not allow for sufficient deepening, and their maximum
performance does not match the wells' flow rates. Such problems also arise when using low-
rate wells with electric centrifugal pump installations, as this is constantly accompanied by
supply interruptions and frequent shutdowns, which leads to significant losses. The use of
electric centrifugal pumps (ECP), which always operate in an optimal mode, allows for the
resolution of the aforementioned issues, as well as a telemetry unit for wells where well
performance monitoring is carried out. (TMU) installation, enabling faster and higher-quality
deployment without risk, while also allowing for the minimization of formation pressure and
the increase of depression.

During well operation, this promotes additional flow of the fluid. Thus, in the pulsed
mode where the driving and depression pulses alternate, the downhole zone is effectively
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treated. To eliminate these consequences, low-frequency discharge methods are employed in
the operating mode, sludge traps are installed, and scale-deposition inhibitors are used. Wells
are periodically acidized and washed, but this does not yield the desired results.

Therefore, to address the current situation, the following solution options were
considered:

1. Application of downhole rod pumps (DROPs);

2. Application of screw-type deep-well pump systems;

3. Switching to low-performance EOTS analogs from other manufacturers.

Not all of these operations yield the correct results, because the use of submersible and
screw pumps is limited by the pump's draft depth, Additionally, using ROVs requires the
creation of deep depressions, which forces subsea equipment to be deployed to depths below
2500 m, making the use of domestic ROV installations impossible. Switching to other
manufacturers' EOTS analogs is also not a solution, as the problem is related to the similarity
in the design of this type of SUU and, consequently, the similarity of the problems
encountered when utilizing low-yield reservoirs. Figure 2 shows the dynamics of the well
inventory at the field. It can also be seen in the figure that the growth rate of the inventory
share is higher than the growth of the drilled wells.
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Figure 2 — Dynamics of the well inventory of the Kumkol field

The late stages of oil field development are characterized by a high level of water
production, which necessitates measures to increase well flow rates in order to maintain oil
production levels. As the well's flow rate increases, the release of mechanical impurities from
poorly cemented formations increases due to the formation of micro-cracks, which leads to an
increase in the velocity of filtration in the walls of channels and fissures and the destruction of
the reservoir skeleton. The nature of the particles in the pumping equipment is varied.

According to the accepted classification, the presence of mechanical mixtures in wells
is due to several reasons:

* introduction of mechanical mixtures into the near-wellbore zone of the formation
during current and capital repairs of wells (C&R), fracturing (F), as well as during the drilling
process;

* Injection of unqualified completion fluids (dirty solutions) into the well;

* Geological causes: productive formations composed of weak, fracture-prone rocks
during development, resulting in sand production from the well. Among the main sources of
mechanical contaminants entering the suction unit, four main groups can be distinguished
according to their nature of origin.

The reservoir, production well, downhole equipment, as well as the process fluids
injected into the reservoir (Figure 3) [1-3]. Based on the conditions for the formation of
mechanical mixtures, three main groups of causes for reservoir damage and sand formation
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can be distinguished: geological, technical, and technological. They are shown in the diagram
in Figure 4.

The following geological causes of reservoir impairment can be distinguished: the
reservoir's formation depth; reservoir pressure; the nature of the produced fluid and its phase
state; the degree of cementation of the reservoir, its permeability; injection of formation water
into the deposit and dissolving the cementing material; characteristics of the formation sand
(angularity, clay content), and a number of other factors.
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Figure 3 — Main causes of reservoir damage

Technological causes are related to the following properties: wellbore yield, formation
drawdown, sand loads, etc. Technical reasons include factors such as: wellbore design,
formation spacing, perforation string openness, etc.
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Figure 4 — Causes of failure of electric centrifugal pump installations

The remaining failures are mainly due to the quality of EOTS manufacturing and
operation, specifically cable damage, mismatch between EOTS parameters and well or
formation parameters, and a number of other causes. The presented statistics allow us to
conclude that the most pressing issue in mechanized oil production is the prevention and
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control of deposits of salts, asphaltenes and paraffins, as well as mechanical inclusions.
Mechanical impurities are one of the main causes of failure in deep pump equipment.

For most oil fields in the Kumkol field, pump equipment failure due to the effects of
mechanical contaminants is 35-50% accounts for mechanical contamination failures, and in
some cases this share can reach 80%; the share of defects due to corrosion is 20-25%, and for
salt deposits it is 15-20%. For example, According to data from the Kumkol field, equipment
failures due to blockages from mechanical impurities account for 33%. Mechanical impurities
significantly affect the performance of EOTS. Large particles accumulate inside the pump,
causing it to clog, while smaller ones generate vibration and lead to abrasive wear of the
pump equipment, as sand is a highly abrasive agent [4-6] .

Additionally, leaks in threaded connections, especially in wetted wells, can occur,
causing the threads to “corrode” with mechanical contaminants, which leads to the formation
of a fluid leak path, resulting in reduced delivery. In recent decades, due to the deterioration
of reservoir structure, there has been an intensive development of research in oil production
from small and medium-flow wells, as well as in the field of oil production under complex
conditions. The existing methods for combating challenges in complex conditions are diverse
and numerous, but no single method can address all the main challenging factors; a
combination of methods is required.

In this regard, over the past two decades a trend has emerged in search of a
comprehensive solution that enables addressing multiple challenges. This approach not only
solves technological issues but also reduces the economic costs of dealing with complex
factors.

1. During the course of the work, a literature review of regulatory documents and
scientific and technical literature was conducted. Various methods for increasing the oil-
producing efficiency of the formations were considered.

The water-gas injection method was selected as the most suitable and relevant for solving the
tasks set forth as a result of evaluating the efficiency, application criteria, and utilization
potential of associated petroleum gas.

2. As a result of analyzing methods for implementing water-gas treatment, the use of
pump-ejector systems was chosen because they are technically and economically reliable and
efficient.

3. For the calculations, a technological scheme for implementing the water-gas impact

was selected, using a pump-ejector system with the minimum number of process equipment
and moving parts, which in turn allows for increased equipment reliability and a reduction in
its acquisition cost and operating expenses for repair and maintenance.
For many years, the oil production sector has remained an important link in the entire fuel and
energy complex in Kazakhstan and in many other oil-producing countries. A steady increase
in global demand for the production of such a valuable resource is being observed. It is
estimated that there are 244.6 billion tons of proven oil reserves worldwide. Alongside the
development of conventional reserves, the share of those involved in exploiting fields whose
development is complicated by certain factors is growing. There is an urgent need to develop
new technologies, as well as to increase the reliability and effectiveness of the application of
existing methods of influencing oil fields in order to increase oil production [7-8].

A relevant and interesting solution is to implement the water-gas interaction (WGI)
using a pump-ejector system (PES) composed of a pump and an ejector. Pump-ejector
systems can generate a fine-dispersed water-gas mixture that is injected into the formation
through producer wells. The success of implementing the proposed solution depends on the
following factors: * geometric parameters of the ejector (length of the mixing chamber, nozzle
parameters, distance from the nozzle to the entrance of the mixing chamber); * operating
parameters of the system (developing pressure, pressure upstream of the nozzle) -
composition of the water-gas mixture phases (mineralization of the working fluid, gas
composition, presence of base).
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It is worth noting the potential for using associated petroleum gas (APG), since
according to official Global Gas Flaring data for 2018-2020, a significant volume is flared in
Kazakhstan. The resistance of the water-gas mixture to external factors, i.e., the mixture's
degree of resistance to external influences, is one of the main factors affecting the efficiency
of the water-gas injection technology. The water-gas injection allows for a greater flow of oil
because it promotes increased layer coverage in both the area and thickness of the water-gas
mixture. This is due to the good permeability of the mixture compared to the water's
permeability in the same rock sample.

To enhance treatment efficiency, it is recommended to conduct filtration tests on
granular models to determine the dependence of the gas-injection coefficient on the pore-
water mixture under layered conditions. The known methods for increasing the reservoir's oil
recovery factor using a driving agent are divided into several types: There is also a
classification by the stages of field exploitation. In reality, a single stimulation method is very
rarely used, and several methods are typically applied simultaneously—a combined
stimulation. This allows for a further increase in the effectiveness of each method [9-10].

For each specific case, the characteristics of the oil and gas reservoir are compared
with the application limits of the reservoir's oil production enhancement methods to select the
most suitable method for increasing oil production, i.e., a screening is conducted. The main
factors in selecting the most effective method for increasing oil production are the depth of
the reservoir and the viscosity of the oil; however, there are many other parameters that must
be considered at this stage of the work, such as water saturation, gas factor, temperature, and
reservoir pressure, etc. etc. The implementation of modern methods to increase the oil-
producing efficiency of reservoirs is a complex and expensive process compared to traditional
working methods.

Results discussion. New technologies are complex chemical and physical processes
and transformations that occur in the bulk and on the surface. According to the action of the
gas agent, the water—gas effect is divided into several types [11]. It is possible to use “dry” or
enriched hydrocarbon gas containing a large amount of hydrocarbon solvents. Using air as an
agent carries the risk of exothermic oxidation reactions between the hydrocarbons in the oil
and the oxygen in the air. In this case, the air does not serve as a working agent but rather as a
means to achieve the required displacement. Depending on temperature, pressure, and the
fluids in the formation, there are several different variants of the oil displacement process.
Smokewood gases are used when a thermal effect on oil production is not desired. When
using the thermogas method, internal combustion in the formation is initiated at high regional
temperatures.

When using water—gas injection technology, the injection methods are divided into
several types of formation injection [12]: In the sequential injection method, gas is injected
for an extended period, followed by water injection into the formation. Sequential injection
means injecting the agents into the formation separately, with the volume of the formation's
edges not exceeding 15% of the initial volume. In joint injection, gas and water enter the
formation simultaneously to form a mixture. The advantages of the water-gas stimulation
technology for enhancing the reservoir's oil recovery factor are considered [13-14]:

* It can be applied immediately to individual producing wells or across the entire field;

* The technology allows it to be used in existing fields as part of the reservoir pressure
maintenance system;

* It allows for the reduction of water breakthrough in production wells;

* Increased oil recovery. This is achieved through the presence of water in the gas-
liquid mixture, which allows for an increase in the productive formation's sweep efficiency
and raises the oil displacement efficiency from the porous medium;

* Allows for the effective resolution of the issue of associated gas utilization in oil
production;

It is also worth noting the disadvantages of this technology:
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* It requires high capital expenditures for the construction of a gas pipeline to provide
the necessary volume for the water-gas injection system;

* The gas for this technology must be at a high pressure;

* A sufficient gas source is required for effective operation.
The well design becomes more complex due to the need for greater sealing of the production
and pump-compressor tubing columns, and the use of a packer device is also required. The
challenges of implementing the water-gas injection technology include the calculation and
selection of the process equipment for pumps and compressors, as well as regulating its
continuous operation and establishing the required parameters of the technological process.

The basic technological scheme for water-gas injection into the formation is shown in Figure
5[15].
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Figure 5 — Schematic of the water-gas injection into the formation using a pump-injector system

Figure 6 shows the basic schematic for displacing oil from a productive formation by
applying water-gas injection technology.

1 — Drive well; 2 — Production well; 3 — Water-gas zone; 4 — Gas; 5 — Water-gas zone; 6 — Gas; 7 —
Mixing zone; 8 — Oil stem; 9 — Initial state reservoir.
Figure 6 — Schematic of water-gas displacement of oil
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The accuracy of the selected method of influence on the reservoir determines the
efficiency of this field's development. The choice of the displacement method itself is
determined by several conditions, including: the geological and physical conditions of the oil
field, its composition, structure, and other factors, including the properties and characteristics

of the fluids. The method is selected based on this data, which satisfies the screening criteria.
For the effect of water and gas, the criteria shown in Table 1 are also included.

Table 1 — Criteria for the use of water and gas

Parameters Units of measurement Application criteria
Depth m 1000-1800
IFormation pressure mPa 15-18 or more
IFormation thickness m 2-20
Porosity % 10-35
Permeability mkm ? 0.02-0.8
[Formation temperature o >50
Oil viscosity mPa-s 1-10

The ambiguity of the application criteria is explained by the limited research on some
of the processes that occur when using this method. The most common explanation for the
mechanisms observed when acting on the layer with gaseous water is a model derived from
experimental results, in the work of scientists Yu. M. Ostrovsky and E. I. Liskevich, where
large channels are hydrophobic, while small channels are, conversely, hydrophilic. This
model was proven and confirmed by foreign scientists through experiments conducted on
transparent models of a porous medium. Visual data showing the effect of gas and water on
large and small pores was obtained.

In the experimental model, hydrodynamic processes are examined from the flow
perspective; therefore, using this method to calculate the effectiveness of reservoir stimulation
requires determining the properties of the medium, as well as the properties of the oil and gas
that govern the fluid flow regime. Let us evaluate the results of studies on the dependence of
the oil displacement coefficient on water—gas injection into the formation under various
operating modes of the process equipment: In the studies, the displacement oil was first gas-
displaced, then water-displaced, and vice versa — water-displaced, then gas-displaced; when
water and gas are injected simultaneously; when the working fluids are injected alternately;
and over various durations of such injection cycles.

Data obtained from the conducted studies show a strong impact of the product layer's
porous medium on the oil recovery efficiency of the waterflooding process and on increasing
the oil-drive coefficient. In terms of capital and operating costs, pump-jet installations offer
significant advantages over compressor and booster units thanks to their low-cost, reliable
equipment. From the above, it is concluded that this technology has the potential for wide
implementation and problem-solving during the water-gas method development of fields, due
to its use of available and quality equipment to influence the productive formation. The
disadvantages include the need to create a high pressure of the gas-liquid mixture. This
requires appropriate technological equipment and the availability of water and gas.

To analyze and address the issues of using pump-jet systems for water-gas injection
into a formation, one must first consider what a jet apparatus is. It is divided into two types:
the ejector and the injector. An ejector is a flow device designed to draw in liquid or gas. An
injector, by contrast, enables pumping. The operation is based on energy exchange and the
interaction of fluid streams in the device. The schematic of the flow device is shown in Figure
7. The device's operation begins when a high-pressure stream of liquid enters the nozzle inlet,
where the pressure decreases while the velocity, conversely, increases. Then the flow enters
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the mixing chamber, which is already filled with a propellant whose velocity and pressure
have been significantly reduced.
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Figure 7 — Schematic of the flow device's operation

After passing through the nozzle, the flow breaks up and the media mix with each
other. At this point, the kinetic energy of the working agent is converted into the pressure of
the mixture. Then the mixture passes through the apparatus's expanding section—the
diffuser—where the pressure increases and the velocity decreases. Furthermore, it is
necessary to understand the reasons for the limited scope of using jet apparatus to increase
and maintain the pressure of a liquid or gas compared to conventional pump and compressor
units. This is primarily due to the following issues:

* the efficiency of flow devices is significantly lower compared to volumetric and
dynamically acting machines—by approximately 30-40%, although the upper limit has not
yet been precisely determined;

* the insufficient study of the operation of these devices in variable modes;

* inadequate research into issues of regulating the operation of flow devices.

Despite the drawbacks mainly due to the limited research on the devices, they have a
number of practical advantages, for example:

* Low equipment cost;

* Short payback periods; To perform the calculations, the process schematic shown in
Figure 8 was selected.
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1-water from the single-stage pump station, 2-low-pressure gas line from the DNS, 3-first-stage
compression ejector, 4-separator, 5, 8 — multistage pumps, 6 — condensate return line, 7 — second-stage
compression ejector, 9 — water line to injection wells.

Figure 8 — Process diagram of the water-gas injection pump-ejector system
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Data for the calculation are presented in Table 2: Calculation of the hydrostatic pressure in the
well:

Pguide = Pwater* g * H well €))
Pguidze = 1007 — 9,81 - 1339 = 13,23 MPa
Calculation of water velocity:
Vwater = Q /S = Quwater* 4/t°T * dpqu )
V=978 x4/86400 x 3,14 x 0,1142=1.11 m/s
Reynolds number calculation:
Re = Vwater * dpqu * Pwater / 1t 3)
Re=1,11-0,114-1007/1-10° = 12740
The obtained value Re > 2320 corresponds to the turbulent regime. Calculation of the region

boundaries:
Lower boundary = 10 dpqu /A = 10-114/0,1 = 11400 4)
Upper boundary = 500 dpqu /A = 500-114/0,1 = 570000 (%)

Table 2 — Initial Data

Name Symbol Value
Gas volume fraction in the mixture under the layer a 30%
condition
Density of water at standard conditions P water 1007 kg/m?
Gas density at standard conditions pgas 1,228 kg/m*
Pressure at the gas injection wellhead during injection | Pcag 12 MPa
Injected water volume Q yater 978 m3/day
Well depth Hwell 1339 m
Internal diameter of the wellbore dwellbore 114 mm
Gas flow rate under standard conditions Qgas 35000 m*/day
Gas pressure at intake Pintake 0,4 MPa

Calculation of the hydraulic resistance coefficient for Region 2 of the turbulent regime:

21=0,11-(68/Re+A/ dpqu)®>* (6)

L=0,11 x(68/12740 + A/ 114) %%=0.021

Calculation of friction pressure losses:

hfriction:)h'(Q/dpqu)'Vz /2g (7)

Aiiction = 0.021-(1339/0,114)-(1.112/2-9,81) = 15.71 m

Calculation of the pressure loss due to friction:

Ptiiction= Pwater” & hfriction (8)

Pfiiction = 1007-9,81-15,71=1,55-105 Pa
Calculation of total wellbore pressure:

PKeHjar = Pgid + Priction + Psage (9)

Prenjar = (132,3 + 1,55 + 120) x 10°=25,38 x 10°Pa
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Conclusions. The work examines methods of reservoir stimulation and their
implementation through various technologies to increase oil production. Among them, the
water-gas injection method using a pump-jet system was chosen as the most versatile and
reliable method. Based on the calculations performed, the necessary process equipment for
the water-gas injection system was selected to increase the reservoir's oil production and to
utilize the associated natural gas.

The liquid flow is 978 m? per day, and under standard conditions the gas flow is
35,000 m? per day. The pressure at the wellhead is 14.31 MPa. The total power consumed by
the pumps is 531.6 kW. The calculated budget for the scientific and technical research, taking
into account the purchase of technological equipment, is 104923308 tenge. As shown by the
technical-economic evaluation, the additional oil production using the pump-jet system
amounts to 1460 tons per year. The calculation shows that the net profit from selling the
additional oil produced amounts to 389,318,785.30 tenge.
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KYPEJI KAFTANJIAPJIAFbI KEH KABATTAPBIHBIH MYHAM BEPTTHITITTH
APTTBIPY MAKCATBIHIA COPAITHBI — 2KEKTOPJIbI KOHABIPFBIJIAP/IbI
KOJIAHY

Tankapbikos I1.0.!, TeXHUKA FRUIBIMAAPBIHBIH KaHIUIATEL, JOLEHT
Aouabaaes H.A.!, Texauka FBUIBIMIAPBIHBIH KaHIU AT
Annynraposa A.K.%, PhD, nouent
Backan6aesa JI.2K.%, PhD, nouenr

'Kopxoim Ama amvinoazv Kvizvinopoa ynueepcumemi, Koisviiopoa ., Kazaxcman
’Xanviapanwix 6iniv 6epy xopnopayuscul (KazBECKA kamnycwl), Anmamet 5., Kazaxcman
3Salbayev University, Anmamul x,, Kazaxcman

Anaatna. KeH opblHIapelH Cy aiinay apKpUIBI WT'epreH Ke3Jle, UTepyje KUBIHAATATATHIH
JKaraalaapablH OipiHe YHFbIMajap/a, cCopanTapa, XXKHHAY *KOHE JaiblHAay KOHABIPFbUIAPBIHAA KaTThI
HmIeTiHANepiHiH Tycyi Oonbin Talbimagsl. MyHail eHAIpy MeH YHFBIMaHBl MaijajiaHy Ke3iHJe,
KOHJBIPFBIIAp MEH >KaObIKTapFa Kepi acep eTeTiH (hakTopjap MEH OjapMeH Kypecy djicTeMelepi
’KOHE arperarrap CEHIMJIUIITIH apTThIPY KOJIJaphl KENTIipireH ¥ HFbIMaJIaFbl achalbTeH, MANbIp )KoHEe
napaduHHIH IIeryiHe Kapchl Kypecy Iiapajiapbl, YHFbIMara TY3IapblH TYCYl jKOHE OoJIapMeH Kypecy
omicrepi, kababIKTapMeH KyObIpiapAbl TOTHIFYJaH KOpray mapanapbl 3eprreiti. JKymbicTa MyHai
OHIIPYIl apTTBIPY MaKcaThiHIAa KaOaTKa ocep €Ty oMicTepi JKOHE OHbI SPTYPJl TEXHOJOTHSIAPMEH
JKY3€ere achlpy HycKajlapbl KapacTelpbutrad. OnapablH illiHeH eH oMOe0an >koHe CeHIMl 9JIic peTiHae
COPANTHI-3>KEKTOPIBIK JKYHEHI KOJAaHa OTBIPBIN, Cy-ra3abl acep ery ofici tanmanasl. JKyprizinreH
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ecenTeyep HOTMKECIH I KaOaTThIH MYHal OepyiH apTThIPY XKOHE 1JIeCIie MYHal ra3blH KOJIETe JKapaTy
MakcaThlHJa KabaTKa Cy-ra3 dCepiHiH COPAITHI-2KEKTOPIBIK KyHeci YITH KaKETTI TEXHOJIOTHIIap
KEJTipUIreH.

Tipex ce3agep: yHFbIMa, IIOTiHALIEP,COPANTHI-KOMIIPECCOPNIBI KYObIpnap, cy-ra3 aiinmay,
COPAITHI-2KEKTOPJIBIK XKYie, MyHail OepTrilliTiK, TeXHOJIOTHSI, KOJUICKTOP.

NPUMEHEHHUE HACOCHO-9KEKTOPHBIX YCTAHOBOK ITPU NIOBBIHNTEHUN
HE®TEOTIAAYM IVIACTOB B CJIOKHBIX YCJIIOBUAX

Tankapukos I.A.!, KanauIaT TEXHUYECKUX HAYK, TOLEHT
Aduabaaes H.A.!, kaHauIaT TEXHUYECKUX HayK
Auaaynraposa A.K.2, PhD, nouent
Backan6aesa JI.2K.%, PhD, nouenr

'Koisvinopounckuii ynusepcumem umenu Kopxoim Ama, 2. Koisvinopoa, Kasaxcman
’Meaicoynapoonas obpazosamenvuas xopnopayus (kamnyc Kazl’ACA), Anmamul, Kazaxcman
3Satbayev University, Anmamul, Kazaxcman

Aunnotauus. [Ipu pazpaboTke MeCTOPOXKICHHH C MEpEKauyKoil BOABI OJHUM W3 YCIIOBHI,
3aTPYAHSIONINX Pa3paldOTKy, SBISETCS OTIOXKCHHE TBEPABIX OTJIOXKCHHUH B CKBaXKHHAX, HACOCAX,
COOpPHBIX M 3arOTOBHUTENIBHBIX yCTaHOBKax. [Ipu noObrde He(TH M IKCIUTyaTallMi CKBAKUH U3y4YCHbI
MeTOnsl  OOpBOBI C TIpocenaHueM acdanbTeHa, CMOIBI W TapaduHa B CKBaXHWHE C yKa3zaHHUEM
(aKTOpOB, HETaTUBHO BIMAIOUIMX HAa YCTaHOBKH M oOopynoBaHue. V3yueHBl METOIUKH OOpPHOBI C
HUMHU U IIyTeH MOBBIICHUS HAJAEKHOCTU arperaToB NpPH IOCTYIJICHUH COJiEH B CKBaXXHHY U METOMBI
00pBOBI ¢ HUMH, MEpHI 3allIUTHl TPYOONPOBOIOB. B paboTe paccMOTpeHBI METOIBI BO3ACHCTBUS Ha
TUTACT C LENBI0 YBEIMUYSHUS JOOBIUM He()TH M BapUAHTHI €€ Pean3aluy 10 Pa3inIHbIM TEXHOJIOTHSM.
W3 HUX B KauecTBe HamOoliee YHHBEPCAJIHHOTO M HAJEKHOTO METOAa ObUT BHIOpaH METOH BOJHO-
ra3oBOro BO3ACHCTBUSL € HCHOJB30BAHHEM HACOCHO-3’KEKTOPHOM cuctembl.B  pesynbrare
MIPOBEJICHHBIX PAacueTOB MPHUBE/ICHB TEXHOJIOTHH, HEOOXOAMMBIC JJIsl HACOCHO-3KEKTOPHOW CHCTEMBI
BOJIHO-Ta30BOT'0 BO3JICHCTBUS Ha TUIACT C IIETIBIO MOBBIIMICHUS HE(PTEOTHAYM TUIacTa M YTHIM3ALUU
MOITyTHOTO He(pTSHOTO rasa.

KiroueBble cj10Ba: CKBaKHHA,0TJIOKEHHsI, HACOCHO-KOMIIPECCOPHBIE TPYOBI, BOIOra3oBas
nepeKayka, HaCOCHO-KEKTOpHas cucTeMa, HepTeoTiaua, TEXHOJIOTUsl, KOJUIEKTOP.
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