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Annotation. At present, the main part of the total reserves of oil fields in Kazakhstan is
conducted using rod well pump installations. In the experience of using rod well pumping units, there is a
problem of failure of the rod string in the form of breakage and rupture, given that medium-high water
production in well production significantly increases corrosion processes and applied loads.

Metal corrosion occurs in almost all cases where metal comes into contact with a corrosive
environment, in particular with mineralized water, and the metal, depending on the degree and nature of
the loading, is subject to fatigue failure, leading to deformation or destruction of structural products (rods,
platforms, pipelines, etc.). When operating sucker rod pumping units, especially when the water cut of
well production is more than 80%, the rod column is subject to the combined effect of corrosion
processes and increased alternating loads, which leads to corrosion fatigue of the metal.

This article discusses methods for analyzing and optimizing the method of oil production using
sucker rod pumping units. Methods used to prevent corrosion of metal structures under the influence of
mineralized water are shown.

Keywords: rod well pump installations, oil production, pumping units, corrosion processes, rod
string, metal structures.

Introduction. Under conditions of water pressure, the formation of high-water oil in
wells is an inevitable process during the exploitation of oil fields. For oil fields with high
viscosity, the life of a waterless well will be shorter. At the stage of water exploitation, a huge
amount of water is extracted from wells and fields along with oil, which is the stage of
development of high-viscosity oil fields. From the moment water appears in the wells, the main
difficulties in their work begin. Wells stop flowing, water falls to the bottom, well productivity
changes, paraffin and salt deposits increase, equipment corrosion and a number of other
conditions complicate the operation of wells.

Oil and gas exploration and development are differentfrom similar work on the ground
with high cost and complexity. The complex of technical equipment for the development of oil
and gas fields consists of the followinga large number of unique and expensive hydraulic types
and typesstructures, drilling and oilfield equipment, communication systems, navigation and
environmental protection. High rates of oil production by waterflooding in oil fields and the
geological and geophysical features of the structure of productive formations lead to intense and
rapid watering of the produced wells long before the potential level of oil production is reached.

The main reasons for water flooding of production wells are:

- violation of the tightness of the production string;

- the flow of water through the leaky annular space from above or underlying aquifers;

- pulling up the cone of plantar water;

- supply of circuit or injection water;

- water flow through cracks;

- technogenic factors.

Leakage of threaded joints, corrosion, electrical burns, mechanical damage to pipelines
during repair work, and other disruptions in well support above the productive perforation
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interval can lead to premature oil flooding due to production line leaks, exposure to
groundwater-bearing formation (Figure 1).

If water enters the well, firstly, energy costs are raised to remove extraneous water from
the well. Secondly, this water penetrates into the productive formation, impairs the flow of oil
from the productive formation, and reduces the phase permeability of oil.

That's why limit the ingress of water into wells, it is necessary to start with providing
support and high-quality isolation of productive formations during the construction of wells.
When the quality of formation isolation is low, the sealing of the cement casing in the annulus is
broken, water flows through the casing from above or below the aquifers between the
perforations [1].

Materials and methods of research. The rod unit is designed to lift formation fluid from
the well to the surface. With their help, about 60% of the country's oil is produced.

-\ \\\\l‘ " O\ il B (Il
\ el ) : e e ;v", e | B 4 §
Water\ j\ . gz‘?’?’{%‘, Wfkﬁ-’& Water-, )
| L ) R
e || S = et | s | S
(j /:, § o 2’5-?)3% :‘.{j‘%j&} 2{
cmettil | | esmisiianssardl]  [RRRs #3 E o
J ey -
Oil é § <\ Water] [558 1 :;: '
- e ! ater AT 1 BN o e
Pt S KR R tins IR { N ! {
sa] s NN\ N IRSNIRN \ | B N

Figure 1 — Well wetting due to damage to the production coating

The design of the device consists of two parts. It consists of a rod pump with an
underground pump valve and a discharge valve at the upper end of the plunger piston, a pump
stem and a pipe. Also, underground elements may include gas and sand anchors, bodies.

Currently, a rod installation is usually used in wells with an average suspension depth of
1000...1500 m with a flow rate of 30-50 m® of liquid per day. In shallow wells, the installation
provides liquid supply up to 200 m®day. In some cases, slurry pumping can be used at depths of
up to 3000 m [2].

The development of production for the use of deep wells is developing due to the
constant improvement of the strength characteristics of pump rods and pipes, increasing the
accuracy and wear resistance of the surfaces of plungers and pump cylinders, updating its valves,
and increasing lifting force, power, as well as improving the surface drive (oscillating machine)
and kinematics. The main difficulties that arise during the work are: high gas content in the
product, sand impurities in the product, presence of paraffin and corrosion. Intensive work was
carried out on the production and equipping of borehole pumps with special mechanisms that
ensure correct operation. One of the weakest elements of the unit's design is the rod column,
which provides the return movement from the pump drive to the plunger pair. It was found that
35-40% of the causes of failure of the unit are related to the pump rod column. Analyzing the
causes of defects, we found out that the main cause of failure is the breaking and destruction of
columns. It can be shown the operation of a chain of sucker rods in curved wells under
conditions of increased variable loads under the influence of bending moments.

Fatigue failure of rods begins with the formation of microcracks above steel. In addition,
the destruction of the rod is accelerated by alternating loads, an active aggressive environment
and the presence of stress concentrators. Therefore, the influence of loads on the rods in this case
plays an important role.

Load types:



1. Low-cycle loading occurs at maximum stresses exceeding the yield strength of the
material and resulting from plastic deformation of the volume of the material. The number of
lower cycles (0.5-1 mm or more in length) according to the group crack, the amount of plastic
deformation of the material and its ability to resist fracture. An example of a low-cycle failure is
the failure of a wire due to bending and kinking [3].

2. High cyclicity is observed at stresses significantly lower than the permeability limit
(omax< 0.6,T and below). In this case, in the macrovolume, the material of the product is
elastically deformed (its properties are very accurately described by Hooke’s law ¢ = E-¢, Figure
2).
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Figure 2 — Hooke Law

During elastic deformation, significant local plastic deformation occurs, called
microplasticity. Repeating it several times brought of microscopic cracks. Their gradual
development and melting leads to weakening of the material, and then to sudden fragility of the
product in the danger zone. The duration of the high-cycle fatigue period for steel structural
materials exceeds 10°-10° cycles, for composite materials - more than 10° cycles (table 1). In
addition, screw breakage involved tightening torque of the screws when lowering the rods into
the well. For rods with diameters of 16, 19, 22 and 25 mm, the optimal torque is 0.3; 0.5,
respectively 0.7 and 1.05 kH*m. As shown above, the main reasons for failure of rods are fatigue
failure (Figure 3).

.S

Figure 3 — Destruction of a sucker rod pump
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The downstream part of the pump rod parts, made of carbon and low alloy steel, is
subject to corrosion in high water oil production conditions. However, the main reason for the
decrease in strength of this type of pump is corrosion-fatigue damage and abrasive fracture of
ball valve joints.

Table 1 — Bar chain chart

Amount of water, % 0-11 11-31 31-51 51-71 71-91

Well volume 3 2 3 14 28
Bar machine hours, x10°

5,31 2,40 0,76 0,72 0,67

Oil contains hydrogen sulfide. At the stage of oil production, hydrogen sulfide occurs
mainly in the accompanying gas. These corrosive disorders - replace rod pumps 8-9 times a year,
and their valves 16-17 times a year. It is possible to prevent the destruction of oil equipment in
contact with H,S, and to extend the service life of oil equipment, by performing complex works.
The main thing is to make oil equipment from materials resistant to hydrogen sulfide. It is
necessary to pay attention to such materials from a technological point of view, and then from an
economic point of view, and in the other direction - to obtain insulating substances and anti-
corrosion substances that can increase the average working time of the working equipment
(Figure 4).

Failure of underground
equipment

3% 3
Breakage of rods
16% 5 s

Geological and technical
20% service

oo Lack of produced fluid

= Non-operation of the
pump-compressor unit

Figure 4 — Reasons for frequent malfunctions

In addition, in the event of the onset of corrosion, the normalization of sulfate, that is, the
fight against bacteria and suppression of their growth, is the best thing this set of works.

Based on the experiments, in order to study in detail the difficult of electro - chemical
corrosion of metals, the factors contributing to this corrosion were analyzed and similar works
were analyzed using rod pump units. As a similar example, the electrochemical corrosion of
offshore platforms and ships due to exposure to seawater saturated with chlorine ions has been
compared to the mineralized water of a rod string operating in the wellhead region and contact
with formation water [4]. Corrosion is very difficult to combat when working in the construction
and marine industries. The most well-known type of corrosion is also the easiest to detect and
prevent. Cases where general corrosion leads to catastrophic consequences, although rare, do
occur. For this reason, general corrosion is often considered cosmetic rather than a serious
problem. General corrosion spreads over the metal surface relatively evenly. When calculating
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pressure ratings, it is necessary to take into account the gradual decrease in the wall thickness of
the component (Figure 5).

10%

Nature of destruction, based on this feature, the following types of corrosion are
distinguished:

- Solid — uniform or uneven. Affects evenly the entire surface of a metal product or
structur;

- Local. Specific areas of the surface are affected;

- Pitting corrosion (spotting). Lesions - isolated, deep or through;

- Intercrystalline. Failure areas are located along grain boundaries.

The main types of corrosion are divided into two types:

Gas corrosion occurs in aggressive gas and steam environments in the absence of
condensed moisture on the surface of a metal product or metal structure. It can cause complete
destruction of iron and alloys based on it. A protective film is formed on the surface of
aluminum and aluminum alloys in gas environments, protecting them from corrosion. Examples
of gases that cause chemical corrosion processes: oxygen, sulfur dioxide, hydrogen sulfide.
Liquid corrosion occurs when a metal surface comes into contact with liquid non-electrolytes -
oil and petroleum products [5,6]. In the presence of even a small amount of water, this chemical
process easily turns into an electrochemical one (Figure 6). Protective packaging (coating) types.

To protect structural supports operating in a wet humid place from corrosion, it should be
possible to apply protective paints and varnishes to the wet surface. Polypropylene, industrial oil,
modified polyethylene and bitumen-based elements were used to protect this area from
corrosion. Lacquer paint is used on the basis of styrene and oil-polymer rectification residue.
Enamels of different colors were made in the form of given varnish. To improve the cathodic
polarization of steel, it was also possible to increase the area of the cathodic current distribution,
using zinc-rich paints as a primer in wet water and underwater. To protect steel from corrosion
and other harmful substances, metal zinc and aluminum coatings applied to steel in various ways
have been developed [7].

You can protect metal products by taking timely measures to protect the metal surface
from unwanted contacts with the environment. This greatly contributes to extending the service
life of structures.

At the moment, a large number of different methods have been developed to protect
metals from oxidation. Industrial, building metal structures, vehicles are protected using

Average operating time:of a red chain
before breaking, x10°

50% 70% 90%

Figure 5 — Average working time in oil production
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industrial methods. This is costly and quite difficult. In everyday life, methods are used that are
simpler in technology and more affordable.
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Figure 6 — Types of protective coatings

Corrosion resistance largely depends on the nature of the metal, the ambient temperature,
and its type. Well equipment according to the degree of wear and tear:

1. The average working time of cores and columns does not exceed 20 percent of the total
volume of the well circuit. This category includes corroded wells with less useful life of
equipment subject to depreciation. The time of failure in these wells is less than 1 mm per year.

2. During the average annual replacement of the core and columns, no more than 20-50%
of the entire length of the well-column, the failure time is about 1.0-1.25 mm/year.

3. It is provided by wells with permanent damage, the average annual replaceability of
core and column is more than 50%. The time of destruction processes in these wells is 2-3 mm
per year.

If we take experiments to determine the rate of corrosion, during the inspection of the
condition of the pipes, the drilling rig was raised to replace the bit, and it was shown what the
level of the drilling fluid in the well had dropped by 70-100 m. Determining the failure time of
the steel in the drilling fluid was by maximum immersion in the solution and isolating the upper
part of the atmospheric oxygen. Because the samples immersed in the drilling fluid were
removed periodically about every 15 minutes and hung above the vessel to saturate the casing of
the drilling fluid with oxygen. Experience has shown that the failure time of steel samples
constantly immersed in drilling fluid is 0.014 g/m>*h, and the failure time of steel samples
periodically removed from the solution is 0.040 g/m®*h. So, during periodic oxygen enrichment
of steel surface wetted with drilling fluid, the time of failure increased by 3 times [8]. Conducted
inspections showed that the drilling fluid level decreased in the annular space between the
technical and protective casing, and the electrochemical operation of the damage on the
surfaceof the pipes was caused by oxygen. The corrosion rate formula [9]:

_112% (P —Py)
N S=t
where P, is the mass of the plate before testing, g; P is the mass of the plate after testing, g; S — plate

area, cm?; t - experiment time, hour. It consists in determining the mass loss of the metal samples under
study per unit time.

External factors of electrochemical breakdown include speed of movement of aggressive
medium, temperature, polarization with external wire, pressure and others. Pitting consists of the
formation of small lesions or spots on the surface of the material. Corrosion can be detected by
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careful visual inspection, but it can spread deeper before a hole appears in the pipe wall. Pits are
more common in environments with high chlorides at high temperatures.

When the protective oxide layer (or passive oxide layer) on the surface is broken, the
metal tends to lose electrons [9]. This leads to the following: the iron in the metal goes into a
solution with a more anodic low point, and also oxidizes with the formation of iron oxide or rust.
The concentration of ferric chloride solution at one point may increase as the excavation
deepens. These changes lead to rapid deepening of the point, perforation of the tube walls and
the formation of leakage.

In a liquid or gas system, there are spaces between supports or clamps and pipes, between
adjacent pipes, and under layers of dirt and sediment that can accumulate on surfaces. Cracks in
pipeline structures are almost impossible to avoid, and narrow cracks pose the greatest risk of
corrosion.

Like pitting, crevice corrosion occurs when the passivated oxide layer that protects the
metal is damaged. As a result of this violation, small point lesions appear. Actual corrosion
grows and deepens until it spreads throughout the crack.

In some places, holes may appear in the walls of the tubes. Crevice corrosion occurs at
significantly lower temperatures than pitting corrosion [10, 11].

The danger of stress corrosion cracking is that it can cause component failure at stress
levels below the yield strength of the alloy. Austenitic stainless steels are prone to stress
corrosion cracking in the presence of chloride ions. The ions interact with the material at the top
of the crack, where the tensile stresses are highest, creating favorable conditions for crack
growth. This phenomenon can be difficult to detect and the final extinction can occur suddenly.

Corrosion rate

0 100 200 300 0 500

Time/hour.
1) + 90,75 mg/l; 3) = 196.6 mg/l;
2) —a— 30325 mg/l; 4) — — — purified water;

Figure 7 — Corrosion rate

The main purpose of metal coating is to protect the surface of the material from corrosion
and increase the durability of the final product. There are various methods for obtaining metal
coating; In this article, we have discussed important approaches. Selecting the appropriate
coating process depends on the type of material, required characteristics, economics, analysis
and many other factors [12]. Therefore, this process may be difficult for you. When a galvanic
couple is formed, the low-potential zinc coating acts across the anode and protects the base metal
from damage such as corrosion.

The following types of sucker rod pumps can be improved:
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1. Constructive. They consist of protecting the metal surface with the help of non-thin-
layer coatings - panels, rubber gaskets, barriers. These methods have few advantages: they are
difficult and sometimes impossible to implement, materials for structural protection are
expensive and take up a lot of space after installation. They are used infrequently and only in
places where they are hidden from view.

2. Passive. A thin-layer coating is applied to the metal product, which performs purely
barrier characteristics, that is, the protection process consists of preventing contact of the metal
with the external environment. For a passive method of protection, non-metallic coatings are
used - primers, varnishes, paints, enamels. After drying, they form a durable and hard film that
has good adhesion to the base.

The advantages of the passive method: low price and convenient application of coatings,
a wide range of compositions of different colors and characteristics, creation of a reliable barrier
between the metal and the environment. Disadvantages: low resistance to mechanical damage,
the need to periodically update the barrier layer.

3. Active. The most common way to create active protection for a steel surface is
galvanizing (hot, thermal diffusion, galvanic, cold). The first three technologies are feasible only
in production conditions. Hot-dip galvanizing is most often used. Rolled steel sheets are
galvanized on continuous lines. The advantages of this process: the ability to obtain a zinc layer
of sufficient thickness, high automation and productivity of the process [13].

Conclusion. In the processstudying the work of electrochemical breakdown of metals in
detail and analyzing the factors contributing to these breakdowns, we conducted an analysis of
works similar to the use of column pump installations. During the calculation improvements in
offshore production, several models for improving oil well equipment have been identified.
Among them we can mention special austenitic stainless steels and chromium-nickel steels.
During storage of equipment, an analysis of electrochemical protection and specially designed
packaging was carried out.

It has been determined that work to improve sucker rod pumps will be masking with hot
spraying, as well as by using metal and non-metallic casings. The use of a metallic coating
increases the surface hardness of the pump rod and improves its adaptation to the environment,
while the non-metallic coating increases corrosion resistance at a low specific gravity. In general,
when developing any oil equipment, firstly, advisableits efficiency from both sides, and
secondly, to extend the service life of working equipment, it is should to take materials and anti-
corrosion equipment not individually, but in an integrated manner.
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JKOF APBI CYJIbl MYHAW YHFBIMACBIHJIAFBI IITAHT AJIBIK YHFBIMAJIBI COPAII
KOHABIPFBICBIH KETIJIAIPY

Tanxapbikos I1.A., TEXHUKA FUTBIMAAPBIHBIH KAaHIUAATHL, JOLECHT
Koxarenaun X.K., Maructpast

Kopxoim Ama amvinoagel Kvizviiopoa yrusepcumemi, Koisviniopoa K., Kazaxkcman

Annarna. Kazipri yakeitta Kasakcranaarbl MyHall KeH OPBIHAPbIHBIH KaJlbl KOPBIHBIH HET13T1
Oemiri WrepyqiH COHFBI CATBICBIHJAFBl INTAHTAJbl YHFbIMaNbl copanm KoHAsIpreiiapeiH (LY CK)
naifjanady apkpuiel OKkyprizigeni. llltaHranel yHFbIMadbl copall  KOHIBIPFBUIAPBIH —NalaaiaHy
TOXIpUOECiH e, YHFBIMATAPIbl OHIIPYACTI OpTallla->KOFaphl CyJIbl MYHAH OHJIIPY, KOPPO3Us MPOLECTepi
MEH 9Ccep eTeTiH KYKTeMeJep/Ai aWTapiIbIKTali apTThIPAaThIHBIH €CKEpPCEK, ChIHY JKOHE Y3UIy TYpiHZeri
ImITaHra Ti30eriHiH iCTeH MIBIFYBI Maceseci OYTiHTi KYHi Jie ©3eKTi €KeHIH KOPCEeTTi.

MerTanaelH TOTTaHyBI iC XY31HAE METal TOTTaHy OPTACBIMEH, aTal alTKaHAa MUHepalJaHFaH
CyMeH jKaHacaThlH OaplIbIK Karjainapaa 0oiaasl, OyJl peTTe METalll JKYKTEY J9pexeci MEH CHIaThiHA
Kapail KOHCTPYKUWSJIBIK OyibIMmapablH (moraHranap, Ioiatrgopmanap, KyOblpiaap koHEe T.0.)
nedopmManusicblHa HeMece Oy3bUTybIHA OKEJIiM, TO3BII KHpayFa YIIbIpaTaIbl.

Tanransl YHFRIMAIBI copan KOHJBIPFBUIAPBIH NaijanaHy Ke3iHje, ocipece YHFbIMa OHIMiHIH
cyel 80%-maH korapbl OonFaHzia, IITaHTa Ti30eri KOPPO3WSUIBLIK MpoIecTepAiH OipikkeH ocepiHe
YIIBIpaibl XKOHE METAJAbIH KOPPO3HUSJIBIK LIapIIayblHA SKENiI, aybICTanbl )KyKTeMenepli apTThIpabl.
byn makanmaga copan KOHIBIPFBIIAPBIH TalJallaHa OTBHIPBIN, MYHall OHIIpY SJiCiHE Taljiay JKacajFaH
’KOHE OHTAMIAHJIBIPY 9MiCTEpl KapacThIpbUIFaH. MeTaul KOHCTPYKIUSUIAPbIHBIH MUHEpAJIaHFaH CYIbIH
9cepiHeH KOpPO3UsFa YIIbIpayblH OOJIIBIpMAay YIIiH KOJIAAHBUIATHIH 9/IiCTEP KOPCETIIreH.

Tipex ce3aep: yHFeIMa, MyHall KEH OPHBI, cOpaln KOHABIPFbUIAphI, KOPPO3Us MPOLECTEpi, ITaHra
Ti30eri, MeTaJljl KOHCTPYKIIUSIIAPHI.
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COBEPHIEHCTBOBAHME HITAHI'OBOI'O CKBA’JKHHHOI'O HACOCA JJUISI 1OBbIYA
OBBOJHEHHOU HE®THU U3 I''IYBOKUX CKBAKUH

Tanxapukos I1.A., kKaHAUIAT TEXHUYECKUX HAYK, TOLCHT
EpxanoBa A.T., MarucTp TeXHU4ECKUX HAYK
Ko:xkarenaun X K., Mmaructpant

Koizvinopounckuil ynusepcumem um.Kopkeim Ama, 2. Kvizvinopoa, Kazaxcman

AnHoTtanus. Ha naHHBII MOMEHT OCHOBHAs 4acTh OOIIMX 3alacOB CKBa)KMHHBIX HE(TIHBIX
MecTopoxaeHuil Kazaxcrana orpabarhiBacTCs ¢ UCIOIB30BAHUEM ITAHTOBBIA CKBAaYKMHHBIM HACOCHBIN
obopynoBanuii. B ompITe MCHOIB30BAaHMM HACOCHBIX arperaToB IOKa3aHO, YTO MpoOyieMa BBIXOAA W3
CTpOs IITAaHTOBOW IICH B BHUJIC OOphIBA M Pa3phbiBa aKTyaJlbHA U B HACTOSIIEE BPEMSs, YUUTHIBAS, YTO
Jo0bIUa CpEHE-BHICOKOBOJHOM He()TH TPU IKCIUTyaTalldd CKBaXXUH CYIIECTBEHHO YBEIUYHBACT
KOPPO3UOHHBIE TIPOIECCHI U MTPIIIOKEHHBIE HAarPy3KH.

Koppo3ust MeTamma mpoucXoAuT MPaKTHYECKH BO BCEX CIyYasX, TJ€ METaul KOHTaKTHUPYeT C
KOPPO3UOHHOM CPEJIOi, B YACTHOCTH ¢ MUHEPAIM30BAHHOMW BOJOH, IMTPH STOM METa/UI B 3aBUCUMOCTH OT
CTENICHH W XapakTepa HarpyXKeHHs IIO[BEpPraeTcs yCTaJOCTHOMY pa3pylIeHUIO, NPUBOASIIIEMY K
nedopMaruy OO0 pa3pymIeHUI0 KOHCTPYKIIMOHHBIX M3JENUi (IITaHTH, TUIATGOPMBI, TPYOOIIPOBOABI U
T.4.). llpm bSKcmiyaTalMu INTAaHTOBBIX TIYOMHHBIX HACOCHBIX YCTaHOBOK, OCOOEHHO Korua
00BOJHCHHOCTh TPOMYKIMM CKBaXUH Oosbine 80%, KOJOHHA INTAHT IOABEPraeTCs COBOKYITHOMY
JIEHCTBUIO KOPPO3MOHHBIX TPOIECCOB M TOBBIIIEHHBIX 3HAKOTIEPEMEHHBIX HArpy30K, 4TO TPUBOIUT K
KOPPO3UOHHOW YCTaJIOCTH MeTajlia. B maHHOM cTaThe paccMOTPEHbI METOABI aHaju3a U ONTUMU3ALUU
criocoba moObuu Hedtu ¢ wmcmonb3oBaHueM IIICHY. [loka3aHbl METOJBI, NPUMEHSECMbIC IS
MPEIOTBPAIICHUS KOPPO3HH METAITMYECKAX KOHCTPYKITUH 1O/ BO3IEHCTBIEM MUHEPAIN30BAHHOMN BOIBI.

KaioueBble cjioBa: CKBaXHHBI, He(PTIHOE MECTOPOXKICHHWE, HACOCHBIE YCTaHOBKH,
KOPPO3UOHHBIC MIPOIECCHI, CTEPIKHEBAS 11T, METAJUIOKOHCTPYKIIHH.
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MPHTMH 532.613.5 https://doi.org/10.52081/tst.2024.v02.i6.034
OCHOBHBIE KOHIIENIIIMA MOJIEJTUPOBAHUS MEK®A3HOM KOHBEKIIUU

MypatoB A.C., TOKTOp TEXHHYECKUX HayK, Ipodeccop,
asm_59@mail.ru, https://orcid.org/0000-0001-7912-7212

FOoicno-Kazaxcmanckuil ucciedosamenvckuii yHugepcumem um. M.Ayszoea, 2. lllvimkenm, Kazaxcman

AHHoTamusa. B crarhe W3IOKEHBI KIIFOUEBHIC COBPEMCHHBIC KOHICMIIMA MOJACITUPOBAHUS
Mex(ha3HOW KOHBEKIIMH, BBI3BAaHHOW SIBICHHSAMH Mapanronn win benapaa. JlaHHas mpooOirema
Ype3BBEIYAHO BaKHA C TOYKH 3PEHHUS IOMCKA DHEProcOeperarImx CrocoO00B WHTECHCHU(MUKAINH
MPOIECCOB TEIIOMAccOOOMEHa B MPOMBIIUICHHBIX YCTPOHCTBaX. B cTaThe KpaTKO OMUCAaH MEXaHU3M
CIIOHTAaHHOW MeX(}a3HON KOHBEKIIMH, a TakKe IpeIIoKeH WHHOBAIMOHHBIM TMOAX0A K pa3paboTke
MaTeMaTHYeCKOW MOJETH 3TOTO SBICHHSA. B pe3ynpTare MONydeHO COOTHOIIEHHE IJIs pacdera ducia
Hyccenpra ¢ ydueroM Mex(dasHONH KOHBEKIIUH, a TaKkKe KOI(PQDHUIIMEHTa YCKOPEHHS MacCOIEpeHOCa,
00yCJIOBIEHHOTO J3THUM siBIeHHEM. B pabore paccmaTpuBaeTcsi akTyajbHash MpoOjieMa TIOMCKa
SHEProcOEeperammux MEeTOI0OB HHTCHCU(HUKAIMU TIPOIECCOB TEIDIO- M MacColepeHoca, HMEroInas
0O0JIBIIIOE 3HAYCHUE JJIS Pa3IUYHBIX OTPACCi MPOMBIIUICHHOCTH. [Ipe/iokeH NHHOBAIIMOHHBIN TTOAXO/T
K MOJICIIUPOBAHUIO0 MeXK(a3HOW KOHBEKIIMH, OCHOBAHHBIM Ha MCIIOJIb30BAHUU XaPAKTEPHBIX Pa3MEpPOB
MUPKYJSIHOHHBIX sueek. [lomydeHHpie cooTHOMEHUs s pacdeTa uncia Hyccembra u xoaddummenrta
YCKOpEHUS] MacCOIepeHoca MOTYT OBITh WCIOJNB30BaHbI I ONTHMH3AINH KOHCTPYKIUA W PEKHMOB
paboThl IPOMBIILICHHBIX YCTPOUCTB, I/Ie IPOUCXOIUT Mex(a3Has KOHBEKIMs. B pabore ucmoyb3yores
METOJIBI THAPOJAMHAMHUKY, TEOPUU MAacCOIepeHOca U MaTeMaTHIeCKOTO MOAETUpoBaHus. B pesymprarte
WCCIICIOBAHUS TIONYYCHbI HOBBIE COOTHOIIEHWs sl pacuera yucina HyccembTa u Koadduimenrta
YCKOPEHUSI MacCOIEePEHOCa, KOTOPHIC YUUTHIBAIOT BIUSHUE MEXK(Pa3HOM KOHBEKIIUY.

KaroueBbie caoBa: »ddekr Mapanronn, koHBekius benapma, MexdasHble —sBICHUS,
TETIOMACCOTIEPEHOC, CITOHTAHHAs KOHBEKITUS, CBEPXKPUTUYHOCTH, KOI((MUIIMEHT YCKOPEHHUs TIepeHoca,
KOHBEKTHUBHbIE AUECUKHU.

BBenenue. SfIBneHue Mex@azHOW KOHBEKIIMM JIABHO TMPUBJIEKAET BHUMaHUE
uccienoBaTesei, T.K. OTKPhIBaeT MyTH CYIIECTBEHHOM MHTEHCHU(HMKAIMK MPOLECCOB TEMJIO- U
MaccorepeHoca 0e3  OONbpIIMX  JONOJHUTENBHBIX  JHEpPreTHdYeckux  3arpar. Taxas
UHTCHCU(UKAIMS BO3MOXKHA IPU BO3HUKHOBEHMM CIIOHTAHHOM MeX(a3HOH KOHBEKIMH.
CnonTtanHast Mexga3zHas KOHBEKLIMS MOKET BO3HHMKAaThb W pPa3BUBAThCS BOJIM3U CBOOOAHOM
NOBEPXHOCTH pa3jiena >KUAKOW M Ta30BOM, JMOO JBYX HECMELIMBAIOMIMXCS JKUAKUX (a3,
BCJIE/ICTBUE TIOBEPXHOCTHOW MexX(a3HOW HecTaOUIbHOCTH. [Tpuuunoili  MexdazHoI
HECTaOMJIBHOCTH MOJKET, B CBOIO OY€pe/lb, CTaTh 3aBUCUMOCTh K03(p(HIlMeHTa TOBEPXHOCTHOTO
HATSDKEHUST OT TEMIIepaTypbl U KOHILIEHTPALMM, YTO MPUBOJUT K TpaJueHTaM MOBEPXHOCTHOTO
HaTsDKEHHs Ha CBOOOTHOM MOBEPXHOCTH pasziesia CIUIOIHBIX (a3.

I'pagnieHTHl MOBEPXHOCTHOTO HAMpPSDKEHUS CO3AAIOT KacaTelbHble HANpsDKEHUS Ha
mexxdazHoil moBepxHocTu. KacarenbHble HanpspKeHUS CTUMYJIMPYIOT pa3BUTHE Mex(a3HOi
HEYCTOMYMBOCTH, MPUBOJALIEH K BO3MYILEHUIO CBOOOAHON MOBEPXHOCTH, B PE3YJIbTAaTe YEro B
ONMU3KUX K 3TOM MOBEPXHOCTU OOJIACTSX B TIYOMHE CIIOEB CIUIOIIHOM Cpelbl BO3HUKAIOT
KOHBEKTHUBHBIE TUPOAUHAMUYECKUE CTPYKTYPHI.

[losiBneHne W JanpHeiliee pa3BUTHE MOAOOHBIX CTPYKTYpP BeIET K HHTCHCUBHOMY
OOHOBJIEHHIO MeX(a3HOW MOBEPXHOCTH M, KaK CIEACTBHE, K BO3PAaCTaHUI0 HWHTEHCHUBHOCTHU
Mex(}a3HOTO MepeHoca MpU COXPAHSIOUIMXCS 3HAYSHUAX CpeIHEeH ABIKYLIEH CHIIbI mpoliecca
TEIIO- M MaccooOMEHa W CpelHed BeIMYMHBI YIEIbHONH MeX(a3HOW MOBEPXHOCTH. ITO
SIBJICHHE TIOJYYMJIO Ha3BaHUE CIIOHTAaHHON MeX(pa3HOW KOHBEKIIHH.

OHO compoBOXIAeTCsl TOSIBICHUEM HPYINIUI, KOHBEKTHUBHBIX SU€EK, IMOBEPXHOCTHBIX
BOJIH, T.€. SIBHOM HECTaOMJIBLHOCTBIO MOBEPXHOCTH pa3zzeia (a3. IHTeHCHBHOE mepeMernBanue
B IIPUNOBEPXHOCTHBIX CJIOSIX CIUIOMIHBIX (a3 U SABISETCA OCHOBHBIM (pu3nueckum (akTopoMm
MHTEHCU(UKAIIMH TPOIIECCOB MEPEHOCca TeI1a U MacCHhI.
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[TpuHIMNHATBEHON OCOOEHHOCTBIO MaccoNepeiad B YCIOBUSX CIHOHTaHHON Mexda3Hoi
KOHBEKIIMU SIBJIIETCS 3aBHUCHUMOCTh KOA(P(UIIMEHTa MaccolepeHoca OT ABMXKYIIEH CHUIIbL. Ty
3aBHCUMOCTh MOXXHO Y4Y€CTb, HCIOJB3YS KpUTEpUU Mex(pa3HOW HECTaOMIBHOCTH B
MOJIYSMIIUPUYECKUX MOJIEISIX MAacco- U TEIUIONEPEeHOCa B YCIOBHUSX CIHOHTAHHOM Mexda3HOI
KoHBekIwH [ 1-3].

B3aumnoe BiusHue nud@y3roHHBIX MOTOKOB TEIJa U MACChl C YU€TOM BBIHYXICHHOMN
KOHBEKI[MM OINHKCBHIBACTCS B IIOJHOM BHJE Ha OCHOBE NPUHIMIIOB HEPABHOBECHOM
TEPMOJNHAMUKHU. Opnako, TOJNHOE OMNKMCAHWE NPHUBOJUT K TMOSBICHUIO MHOXECTBA
KOHTPOJIbHBIX ~ MApaMEeTpOB, TEOPETUYECKOE OIpENeIIeHHE KOTOPBIX  CTAJIKUBACTCA C
MPUHLIHITHAATIBHBIMU (PU3UKO-TEOPETUUECKUMH U MAaTEMAaTUYECKUMU TPYAHOCTSIMHU.

[TosTOMy C WHXXEHEpHOW TOYKM 3pEHHsSI ONTHMAJIbHBIM MOXHO CYHMTATh MOIXOM,
OCHOBaHHBIM Ha CO3JaHUM YIPOILIEHHBIX MAaTEMaTHYECKUX MOJeNieil C MOCISAYIOUINM HUX
aHAJTM30M, KOMIIBIOTEPHBIM 3KCIIEPUMEHTOM M pa3pabOTKON KpUTEPUAIbHBIX 3aBUCHMOCTEH,
MOJIEKALTUX MOCIEAYIONIEH IKCIEPUMEHTATbHON KOPPEKILIUU.

CrioHTaHHYI0 MeK(a3HYI0 KOHBEKIIMS BO3HHKAECT B BUJIE COBOKYITHOCTH KOHBEKTHBHBIX
sigeeK BOJIM3H MMOBEPXHOCTH paszzeia a3 (pucyHok 1).

<

< l A -
< Y ot

Pl/lcyHOK 1- Cxema HMUPKYJIANUOHHBIX AY€CK IIPU CIIOHTAHHOM Mem¢a3noﬁ KOHBCKIIMH

Wcnonb3ys ypaBHeHMI OanaHca KacaTelIbHBIX HANpsSOKEHUM Ha MeX(pa3HOW MoBepX-
HOCTH U NEPEHOCHMOTr0 Yepe3 Hee BEIIeCTBa, MOJydaeM KaueCTBEHHYIO (hOpMyily, CBS3BIBAIO-

uyto  quddy3noHHsIA MOTOK J | Yepe3 equHHILY TOBEPXHOCTH KOHBEKTHBHOM SMEHKH U XapaK-
TEPHYIO CKOPOCTH IUPKYJIAINN KUIKOCTH B s4eiike V , [4-6].

OCHOBHBIM BKJIJJOM M HOBH3HOH MNPEJICTABICHHON 371€Ch CTaThbU SBISIOTCS Kak
WHHOBAIIMOHHBIN TOJXO0/ K MOJCIUPOBAHUIO CIIOHTAHHOM MeX(pa3HOW KOHBEKIIMH, BBI3BAHHON
sbdekrom MapaHroH, TaKk M HOBBIE YOPABISIONIME COOTHOIIEHUS JJs pacuera
cootBercTByromux yucen lllepsyna u Hyccenbra.

Onucanue wmoaenu. HauOonee ¢dusmueckn aJeKBaTHBIM IapamMeTpoOM, BEIMYMHA
KOTOPOTO YyBCTBUTEIbHA K PA3BHBAIOIICHCSA CIIOHTAHHOW MeX(a3HOW KOHBEKIUH, SIBIISETCS
yucno IllepByna [4]. DTOoT KpuTepuil MOAOOUS OMUCHIBAET COOTHOIICHHE WHTECHCHBHOCTEH
nepeHoca Tersa U Macchl, 00yCIIOBICHHBIX KOHBEKINH U 1 y3noHHBIM TIEpeHocoM [ 5, 6].

HJ'ISI XapaKTEpHOTO BPEMCHH HIUPKYILIIHNHN XHAKOCTH B sYeiKe C XapaKTEPHBIM pa3MEPOM l
ojiy4aeM OLICHKY

Ty ~—. 1)
VS
MoxHO IMOKa3aTb, 4TO 3TO BPEM UMCCT TOT K€ MMOPAAOK BCIIMYUHBI, UTO U XapaKTCPHOC

BpeMsl THAPOJMHAMUYECKOTO OTKIIMKa [7,8]:
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Hama runore3a 3akirodaeTcss B TOM, YTO IIepemajl KOHIICHTPAIMM Ha TIIYOWHE
nudy3HOHHOTO TOrPAaHWYHOTO CIIOS B KOHIEHTPALMOHHOM sueiike A C B mepBoM mpuo-

JIMKEHUM TIPOIIOPLIUMOHANIEH IBIDKYIIEN CHIIE IIPOLIECCa MAacCconepenoca 110 riayboune ¢assl Ac.
A,c=DAc, 2

rIe

c
Ac=c,——=. A3)
m

rne, b - smmupuueckuii mapamerp [9]; C,y» C,,- KOHLEHTPAM{ NEPEHOCUMOI0 BELIECTBA B ITyOMHAX

¢da3; M - koHCTaHTa MeX(a30BOro paBHOBECHSI.

Cootnomenue (2), cogmepxkamee mnapamerp b<<l, ONHUCBIBAET MEXaHU3MOM
BO3HUKHOBEHHUS LHPKYJISALHOHHBIX s4YeeK Mpu Mexda3HOH HEyCTOMYMBOCTH, a Takxke
HEUJIeaTbHOCTh MPOIecca OOHOBIECHUS TIOBEPXHOCTH.

OU3NYECKUil CMBICI 3TOTO SBJICHHS B TOM, YTO OOOTallleHHas >KUJIKOCTh, MOJABOJUMAs K
HEHTPAIBHOW 00JacTH SYCHKU U3 TIIYyOMHBI (ha3bl, CMEIIMBACTCS C OOCAHEHHOW >KHIKOCTHIO,
yXoAsimed ¢ mnepudepud U 3aTeM YacTHMYHO BO3BpalIalolIelics K MOBEPXHOCTH 3a CUeT
HUAPKYIISIUH.

Ha ocnoBe sTux mpenmnonoxxeHuit u mMetooB padotsl [10,11] momydaeM cremyrouryro
(opmymy s moToKa BemecTBa B MPKYJIAUMOHHOM stueiike J  :

Joz—b a—GSc%(Ac)z. (4)
H,+ 1, [ Oc

o o 0 0
[Tostomy Kod(GHIMEHT MaccomepeHoca M ogHoi sueiikn K, = — momydaercs
Ac

MPONOPLUMOHAIBHBIM JBUXKYILEH CHJIE:

K" =K" Ac, (5)

conv

rac i KOB(I)(I)I/II_[I/IGHTa MacCommepeHoCca B YCIOBHUAX CHOHTAHHOM MC)K(baSHOﬁ
KOHBCKIHWH MOKHO IMOJTYYUTh:

. b’loc/odSc
Kconv = ) (6)
My + K,

®opmyna (6) MOKET MCIIONB30BaThHCS ISl pacdeTa MaccolepeHoca 4epe3 MOBEPXHOCTh
KOHTakTa (a3, Korja HHTEHCUBHOCTh MeX(a3HOW KOHBEKIIMH TaKOBa, YTO MOBEPXHOCTH 3aHATA
OUPKYIANUOHHBIMHU STUeKaMU.

OTO mpenmnonaraeT WHTCHCHUBHYIO CIHOHTaHHYIO MeX(pa3Hyl0 KOHBEKIHIO, KOrJa
OBUKYIIash CHJIa T[Ipollecca MacCOlEepeHOca CYIIECTBEHHO TMPEBOCXOJUT KPUTHUYECKYIO
JBIKYILYIO cuily. IIponiecc HauMHaeTcs CIIOHTaHHO IIPU TPaJUEHTaxX, COOTBETCTBYIOLIUX IIOTEpe
YCTOMYMBOCTH CJIOSI M HaUaay 00pa30BaHUsI KOHBEKTUBHBIX CTPYKTYD [12]:
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Ac>> Ac, . ()

OpHako, B peallbHOCTH TOJBKO HEKOTOpash J0Js € MOBEPXHOCTH 3aHATA suyeikamu. JTa
JI0JIsl 3aBUCUT OT CTENEHHM OTKJIOHEHHUS MABMOKYILEH CHJIBI OT KPUTHUYECKOro 3HAYCHMs, MpU
KOTOPOM BO3HUKAET CIIOHTaHHAsI MeX(a3Hasi KOHBEKIHS.

BBenem Mepy HaIKpUTUYHOCTH 110 hopMmyJie:

Ac—Ac, <<Ac,,. (8)

C yderoM 3TOro mpu HEOONBLIONW HATKPUTUYHOCTH IOJIy4aeM CleAyromme (GpopMyisl
JUIsL TIOJHOIO TMOTOKA BEIECTBA 4Yepe3 eAuHUIy MexpasHoi nosepxHoctd J W s
COOTBETCTBYIOIIETO KOA(PPHUIIUEHTA MACOTICPEHOCA:

J=KpAc+K,, Ac(Ac—Ac,, ), 9)

conv

K,=K,+K, (Ac—Ac,), (10)

0
conv

B Bloo/ 8C‘SC_%
Moty

(11)

2 o o
rne, B=>b"f - smnmpuueckuii mapamerp, OTpaKaroONIMii BIMAHHE BHEITHHX THIPOJMHAMHYECKHX
YCJIOBHH.

Ipu ycnosun Ac < Ac, mnomydaem:
J=K, Ac. (12)
PesyabTaTbl U o0cy:xkaenne. VCrnonb3yeM OIEHKY CTENEHH HAIKPUTHYHOCTH B BHUIE
IPONOPIHMOHAILHOM PA3HHUIIE MEXKTY TEKYIIMM U KPUTUYECKUM YUCIaMi MapaHroHu.

Torma, B kpurepuanbHoM Bujae ¢ momornbto yucen IllepByma u Mapanronn [13],
MOJTyYUM:

Sh, + BSc” (Ma - Ma,,), ecmu Ma > Ma,,
Sh,, ecnu Ma < Ma,,

Sh = (13)

Orcroa MOKHO paccuuTaTh KO3()(OHUIMEHT YCKOPEHUs MaccolepeHoca MNP yCIOBHU

Ma > Ma_, [14]:

oSt »
Sh,
Q=1+BSh*(Ma - Ma,). (15)

[Tonydyennble (GOpMysabl XOpOILIO COTJAcylOTCSd C HM3BECTHBIMH SMIUPHUYECKUMU
3aBucuMocTsamH [1].

AHaOrM4YHBIM 00pa30M OMHUCHIBACTCSA TEIUIONEPEHOC MPHU BO3ZHUKHOBEHMU CHOHTaHHOMN
TEPMOKAIUIUISIPHON I4€€YHOU KOHBEKIIMHN:
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J, =K, AT+ K" .on AT(AT — AT,)), (16)

K, =K, +K"wn(AT - AT,), (17)

T
conv

_ B,|oo/oT] pr 2
oHH,

(18)

[Tepexons k unciy HyccenbTa u TeMiieparypHomy uncity Mapanrounu [15], monyuum

Ny = | Ny + B, Pr_%(MaT — Ma,,), ecnu Ma, > Ma,,, (19)

Nu,, ecmu Ma, < Ma

Tcr

Jlst koappuienTa ycKopeHus TemIoNepeHoca MoIyJaeM:

Q, - (20)
Nu,
Q, =1+ B, Pr *(Ma, — Ma,,). (21)

BenuuuHBI BXOISMIIMX B IMOJYYCHHBIC (OPMYIBI MMAPAMETPOB JOJKHBI ONPEACIATHCS
OMIOUPUYECKU NSl KaXJI0M KOHKPETHOM CHCTEMBl C HW3BECTHOM (OpPMOM MOBEPXHOCTH H
TUIPOIMHAMUYCCKIMHE YCIIOBUSIMHU.

BeiBoasl. B pabore mpoBeneH aHalM3  OCHOBHBIX  (U3MUeCKUX  (DaKTOPOB,
CIIOCOOCTBYIONTUX Pa3BUTHIO MEX(a3HOH HECTAOWIBHOCTH W TOSIBICHHIO MPUTIOBEPXHOCTHBIX
KOHBEKTUBHBIX CTPYKTYp, OOYCIOBIIEHHBIX TpaJMEHTaMU TeMIepaTypbl W KOHIICHTPAIUH
pEareHTOB B TIPUIIOBEPXHOCTHBIX O0NACTAX CIUIOMHBIX (a3. [IpemtokeHbl yIpoIeHHbIC
MaTeMaTHYeCKUe MOJIEIH JIUIsl CO3/IaHUSI MH)KEHEPHBIX PACUETHBIX METOTHK.

[TokaszaHo, 4TO, yUUTHIBas XapaKTepPHBIC pa3Mephl MUPKYISIIIHOHHBIX SUEEK M BBIpa)kas
yepe3 OTH mapaMeTpbl KOIPQPHUIMEHT YCKOPEHHsI MacCOolepeHoca, MOXKHO MPUHTH K
KOMIIAaKTHBIM KPHTEPHAILHBEIM ypaBHEHHSM it pacueta uucen lllepByma m Hyccenbra,
OMKCHIBAIOIUX HMHTEHCUBHOCTh TEIUIOMACCOMEPEHOCa, C YYE€TOM BIUSHUS CIIOHTaHHOM
Mex(}a3HOW KOHBEKIIHH.
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DA3AAPAJIBIK KOHBEKIUAJIBIK MOAEJBAEYAIH HEI'I3I'T TYKbIPBIMJIAMAJIAPBI
MypatoB A.C., TeXHHKA FRUIBIMIAPBIHBIH JJOKTOPHI, podeccop
M.9ye306 amvinoazer Oymycmix Kazaxcman 3epmmey ynusepcumemi, Lllvivkenm k., Kasaxcman

AnHoTanus. Makanana Mapanronn Hemece beHapa KyObUIbICTapbIHAaH TybIHAAFaH (pazaapaibiK
KOHBEKLMSHBl MOJENBACYIiH HEri3ri 3aMaHayd TYKbIpbIMIamaiapel KepcerireH. bym macene
OHEPKACIITIK KYPBUIFbIIAPAAFsl JKbUTYy ajMacy IMpoIecTepiH KYIIEHTYiH 3HEprus yHeMJey oIiCTepiH
i37Iey TYPFBICBIHAH ©T€ MaHbI3/Ibl. Makanaja CTUXUSUIBIK (azaapaiblk KOHBEKIUS MEXaHW3Mi KbICKaIla
CHUIIaTTaJIFaH, COHBIMEH KaTap OChbl KYOBUIBICTBIH MaTeMaTUKAJIbIK MOAETIH )KacayFa HHHOBALMSJIBIK TOCLT
ycoiHbuFaH. Hotmkecinae (azaapanblk KOHBEKUMSHBI, COHAAN-aK OCBhl KYOBUIBICKA OalIaHBICTBI Macca
TacChIMAIIBIHBIH YIey KOd((UIMEHTIH eckepe OThIpbl, HyccenbT caHBIH ecenTey YIIiH apakaTblHAC
anpiHABl. JKyMbicTa op Typial cananap YUIH YJIKEH MaHbI3bl Oap >KbUIy >KOHE Macca TachIMajaay
MIPOIECTEPiH KAPKBIHAATYIBIH YHEPTUS YHEMIEY SMICTepiH i37eyAiH ©3eKTi Maceleci KapacThIpbUIab.
AWHanBIM KacylmalapblHBIH TOH OJIIeMJepiH TaialaHyFa Heri3liesreH (azaapaiblK KOHBEKIIHSHBI
MOJIeNIbIeyTe WHHOBAIMSIIBIK TOCUT YCHIHBULABL. HyccenbT caHbl MEH Macca TachbIMAIBIHBIH YIIEY
k03(ppULIMEHTIH ecenTey YILUiH allbIHFaH KaTblHACTapAbl (a3aapaiblk KOHBEKIHS KYPETiH OHEPKICINTIK
KYPBUIFBUIAPBIH, JH3aiHbl MEH JKYMBIC PEKUMJIEPIH OHTAWIAHABIPY YIIH Malijananyra OoJajbl.
JKymbicta THApomMHAMUKA, Macca Oepy TEOpHsCHl KOHE MaTeMAaTHKAJBIK MOJIENBACY oJicTepi
KOJIaHbIaAbl. 3epTTey HoTHXeciHAe (azaapaiblK KOHBEKLMSIHBIH 9CcepiH eckepeTiH HyccenbT cansl MeH
Macca TaChIMAJIbIHBIH Yy KO3((QHUIMEHTIH eCenTey YIIiH jKaHa KaTbIHACTAP aJIbIH]IBI.

Tipek ce3aep: Mapanronu 3¢ dekrici, beHapn KOHBEKIUACH, (azaapaiblK KYOBIIBICTap, YKBUTY
’KOHE Macca anMacy, CTUXUSUIBIK KOHBEKIIUS, CYNepPKPHTUKANBIK, TACKIMAN/IAY YIeyiHiH Kod(duimeHti,
KOHBEKTHBTIK YAIIBIKTAP.
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BASIC CONCEPTS FOR MODELING INTERFACIAL CONVECTION
Muratov A.S., doctor of technical sciences, professor
M. Auezov South Kazakhstan Research University, Shymkent, Kazakhstan

Annotation. The article outlines the key modern concepts of modeling interphase convection
caused by Marangoni or Benard phenomena. This problem is extremely important from the point of view
of finding energy-saving ways to intensify heat and mass transfer processes in industrial devices. The
article briefly describes the mechanism of spontaneous interphase convection, and also offers an
innovative approach to the development of a mathematical model of this phenomenon. As a result, a ratio
was obtained for calculating the Nusselt number, taking into account interphase convection, as well as the
acceleration coefficient of mass transfer due to this phenomenon. The paper considers the actual problem
of searching for energy-saving methods of intensification of heat and mass transfer processes, which is of
great importance for various industries. An innovative approach to modeling interphase convection based
on the use of characteristic sizes of circulation cells is proposed. The obtained ratios for calculating the
Nusselt number and the acceleration coefficient of mass transfer can be used to optimize the design and
operating modes of industrial devices where interphase convection occurs. The work uses methods of
hydrodynamics, mass transfer theory and mathematical modeling. As a result of the study, new relations
were obtained for calculating the Nusselt number and the acceleration coefficient of mass transfer, which
take into account the influence of interphase convection.

Keywords: Marangoni effect, Benard convection, interfacial phenomena, heat and mass transfer,
spontaneous convection, super-criticality, transfer acceleration coefficient, convective cells.
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DETERMINATION OF THE DEGREE OF INFLUENCE OF HYDRODYNAMIC
PRESSURE DROP AND CAPILLARY PRESSURE ON THE DEPTH OF THE ZONE OF
PENETRATION OF FILTRATE OF WASHING FLUID INTO THE FORMATION

Borozdin S.O., Department Assistant,
borozdin.s@gubkin.ru, https://orcid.org/0009-0006-1156-2051

Russian State University of Oil and Gas named after 1.M. Gubkin (NRU), Moscow, Russian Federation

Annotation. When mud filtrate is introduced into the formation, its rate of advancement is
determined by hydrodynamic and capillary forces. Hydrodynamic forces act at a distance between points
of different pressures. Unlike hydrodynamic forces, capillary pressure acts locally, at the interface. In
some cases, when hydrodynamic filtration in the formation is not carried out, the entry of washing fluid is
due to capillary penetration. The ratio of forces depends on changes in pressure, water supply, interfacial
tension, radius of porous channels and a number of other factors. The calculation method proposed in the
article allows to determine the values of the radius of the pore channels and the distance from the well at
which the equality of hydrodynamic and capillary forces will be observed. A plot of the dependence of
the hydrodynamic force difference and capillary pressure equation on the radius of the porosity channels
determined by the distance of the radius from the well is described.

Keywords: capillary forces, hydrodynamic forces, pore radius, mud filtrate invasion zone,
capillary and hydrodynamic pressure balance.

It is especially important to have actual values of interfacial tension when studying
physical and chemical processes, which take place at initial formation opening in the process of
formation of drilling mud filtrate penetration zone. In low-permeable gas-saturated reservoirs,
the rate of capillary permeation in some cases is commensurate with the rate of penetration of
drilling mud filtrate into the formation during hydrodynamic filtration [1].

It is known that the rate of advancement of impregnation front depends on capillary
pressure, the value of which in turn is determined by interfacial tension [2].

Most often the penetration of drilling mud filtrate into the formation is investigated
under the influence of wellbore repression. In this case, it is difficult to assess the degree of
influence of physical and chemical processes in the formation of the mud permeation zone. Some
researchers have studied the penetration of mud filtrate into the formation during underbalanced
or underbalanced drilling [3], recording a decrease in contamination of the productive formation
by mud filtrate and noting the role of the water phase, penetrating under capillary forces into the
bottomhole zone of the formation. With the help of geophysical measurements of resistivity in
bottomhole formation zone at certain intervals can be measured the intensity of capillary
permeation at borehole equilibrium and underbalanced in real conditions. In [4] method of
capillary permeation intensity determination is given. The accuracy of the measurements
obtained is comparable with the logging data. Low-permeable formations are much more
sensitive to the effects of physico-chemical influences that cause formation damage, and as a
result, the depth of the damaged zone due to capillary impregnation can be significant and often
exceeds the depth of perforation holes [5].

Thus, it is necessary to evaluate and, if necessary, regulate the capillary impregnation of

the productive reservoir by the drilling fluid filtrate in order to control the process of
formation of the perforated zone. For this purpose, certain surfactants are used that can be used
to regulate the capillary activity of drilling fluid filtrates. The capillary pressure, which
determines the rate of capillary permeation, depends on the radius of the pore channels, the
wetting angle and the interfacial tension.

The scientific and technical literature identifies the main factors whose influence on the

interfacial tension between hydrocarbons and formation water in productive formations
can be summarised as follows:
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1. Temperature: an increase in temperature leads to a decrease in interfacial tension.

2. Pressure: Increasing pressure also reduces interfacial tension.

3. Gas dissolved in oil and water: the more gas dissolved in oil at pressure above boiling

point, the less interfacial tension; the more dissolved gas at pressure below boiling point,
the more interfacial tension.

4. Viscosity: a reduction in the differences in viscosity between oil and water leads to a

reduction in interfacial tension.

5. Density: a reduction in the differences in density between oil and water usually results

in a reduction in interfacial tension; a reduction in density usually also means a reduction
in viscosity; thus the relationship between density and interfacial tension may be similar to that

between the latter and viscosity.

6. Surfactants: The magnitude of the interfacial tension depends on the activity of the

surfactant under real thermodynamic conditions.

Thus, in order to control the rate of capillary permeation it is necessary to select
surfactants for real reservoir conditions, taking into account the influence of thermal and
pressure conditions on the value of interfacial tension.

Drilling fluid filtration leads to the formation of a penetration zone, which is often
divided into two zones: the replacement zone (transition zone), where two-phase filtration of
formation fluid and drilling fluid filtrate takes place, and the flushed zone, where the
displacement process has already been completed. The flushed zone is understood as a part of
the formation characterised by unchanging water-oil-gas saturation of rocks during filtration of
mud into the formation (from this point of view, the flushed zone can be observed only in
reservoirs with high filtration-capacitance properties). The penetration zone is considered to be
the part of the reservoir where changes in fluid saturation occurred due to the penetration of
solution filtrate under the action of hydrodynamic and capillary forces [1].

Capillary forces have a special influence on the formation of the penetration zone [2-4].
In spite of the numerous studies, to date, no final conclusions have been formed about the
relationship between capillary and hydrodynamic forces at different stages of penetration zone
formation.

A characteristic feature of displacement of formation fluids by filtrate is that, strictly
speaking, displacement occurs under different regimes in an area whose dimensions are
commensurate with the size of the well radius. Capillary forces influence the character of phase
distribution in the pore space, and the ratio of capillary and external hydrodynamic forces
determines the conditions of displacement of formation fluids and, accordingly, the values of
their residual saturation [5]. It is considered that the formation of the penetration zone occurs
under capillary-pressure and so-called "automodelling" modes of displacement and the nature of
phase distribution is determined by the action of both capillary and hydrodynamic forces.
Hydrodynamic forces characterise the pressure distribution in the system "well - clay crust -
colmatisation zone - penetration zone - reservoir”. They initially control the displacement in the
penetration zone. In the process of growth and compaction of the clay crust, formation of the
colmatisation zone and increasing the size of the penetration zone, the hydrodynamic pressure
gradient decreases. This leads to an increase in the influence of capillary forces on phase
distribution during filtration [1].

Gravitational forces can also have a certain effect on the process, creating an additional
pressure drop due to the difference in phase densities in the elementary microvolume of
downhole zones. At small hydrodynamic pressure gradients the phase distribution in the process
of displacement is completely controlled by capillary forces and the displacement modes are
purely capillary. The wetting phase is introduced into the pores under the action of capillary
pressure. Thus, the capillary displacement mode is manifested, as a rule, only at the end of
formation of the penetration zone and is characteristic mainly for the period of its dissolution [6].
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Methodology and example of calculation

When drilling fluid filtrate is introduced into the formation, the rate of its advancement is
determined by hydrodynamic and capillary forces, as well as by other physical and chemical
processes. The ratio of forces depends on pressure drop, wettability, interfacial tension, radius of
pore channels and a number of other factors.

The peculiarity of determining the degree of influence of hydrodynamic and capillary
forces is that the pressure drop acts at a much greater distance compared to the capillary
pressure, which acts at the interface. The following is a calculation methodology, which results
in determining the values of the pore channel radius and distance from the well, at which the
equality of hydrodynamic and capillary forces will be observed. That is, at the values of
distances from the well and pore diameters less than the calculated ones, hydrodynamic forces
will prevail in the pores, and at larger distances and for smaller pores - capillary forces.

Capillary pressure is calculated by the formula [7-10]:

2y
B =—cos 6 1)

where, y — is interfacial tension, N/m;
r — radius of pore channels, m;
6 — marginal wetting angle, deg.
The equation for calculating the edge wetting angle in the presence of data on
spontaneous capillary impregnation has the following form [8]:

x2 2
cosf =
T }.r.t ' (2)

In the absence of laboratory measurements, the pore radius is calculated using the
empirical formula [9]:
r=1571-10"¢-(2£) |=X 3)
2¢ @
where, ¢ — porosity, darcy; k — permeability, mkm?.

The initial data for the calculation are given in Table 1. The calculation was carried out
for sandstone samples of the Tula horizon obtained during drilling of boreholes in the
Enapaevskoye and Zhukovskoye licence areas.

Table 1 - Initial data

Ne Parameter Unit Significance
of measurement

1 Ipterfacial tension vy at the boundary «washing liquid N/m 0,073
filtrate — gas»

2 | Reduced well radius, r, m 0,3

3 | Power circuit radius, r; m 20

4 | Pressure drop, P, — P, MPa 2,48

5 | Porosity, ¢ % 20

6 | Permeability, k mD 210

7 Timet, du_ring which the capillary impregnation front seconds 95
travels a distance of 0.03m

8 | Dynamic viscosity of the fluid 6, # mPa's 0,03

9 | Sample length, x M 0,03

At given values of porosity and permeability, the following values of the cosine of the
wetting edge angle and average pore radius are obtained:

25




cosf = 0,208; r = 1,25, MM - 103,

Under these conditions, the capillary pressure P,=0.561MPa.
To calculate the pressure drop, we will use the equation of pressure distribution in the

reservoir [3]: - .
_ Km™ fcr
P=F+- m n- @

e
L c

where: P, — pressure in the well;
Psc — pressure in the supply circuit;
rnw — reduced radius of the well;
r. — radius of the supply circuit;
R — distance from the well.
Let's express the pressure drop AP:

Fin—F R
AP = - In =
In— r(_':'
e

Determine at what distance from the well the pressure drop AP equals the capillary
pressure. Express the distance R:
APl nE
— Tc
R =1.- ePenPc (5)

At capillary pressure P.=0.563MPa, the distance from the well R=0.78m with ry,=0.3m
and rc=20m.

As the radius of pore channels increases, the capillary pressure decreases. Consequently,
as the radius of pore channels changes, the distance from the well where the hydrodynamic
differential and capillary pressures are equal will change [11-12]:

0.300
0.250
0.200

g
> 0.150
=4

0.100
0.050

0.000
0.00008 0,00058 0.00108 0,00158 0.,00208 0,00258
r, mm

Figure 1 - Dependence of distance R on the radius of pore

Figure 1 shows the dependence of the distance R from the well on the radius of pore
channels for which the equality of hydrodynamic differential and capillary pressure will be
observed. Figure 1 shows that with distance from the well, the radius of capillaries, in which the
above balance will be observed, increases. Consequently, as the distance from the well increases,
the proportion of pores in which the movement of phases occurs under the action of capillary
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pressure increases. The calculations given in this article allow us to estimate the degree of
influence of capillary and hydrodynamic forces on the depth of penetration of filtrate of washing
fluid at the initial opening of the formation [13-15].

Conclusions:

1. The study of the kinetics of physico-chemical processes occurring during the initial
opening of productive formations is an urgent task.

2. A large number of theoretical models indicate the complexity and multifactoriality of
these processes.

3. A large number of experimental studies indicate the high interest of the scientific
community in determining the role of physico-chemical processes in the displacement of
hydrocarbons from the reservoir.

4. In most studies, capillary impregnation is considered as one of the mechanisms for
increasing oil recovery, and not as a factor reducing the permeability of the bottom-hole zone
during drilling.

The ranges of gas permeability and water saturation have been determined, at which
spontaneous capillary impregnation can have the most significant effect on the formation of a
zone of penetration of drilling mud filtrate into the formation.
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TUAPOJJUHAMMKAJIBIK KbICbIM AMBIPMACHI MEH KATTMJLIAPJIBIK KbICHBIMHBIH
KABATTA KYY CYUBIKTbIF'bl ®UJIBTPATBIHBIH EHY AUMATBI TEPEHJII'THE 9CEP
ETY JOPEKECIH AHBIKTAY

Bopozaun C.0., kadeapa accucTeHTi
UM. I'voxun amovinoazer PMY (¥3Y), Mackey k., Peceii @edepayuscol

Anparna. KabGatka Oyprbulay epiTiHAICIHIH (QUIBTpAThl CHTI3UITEHAEC OHBIH iIrepijey
KBUIAM/IBIFBI TUAPOTMHAMHUKAIIBIK JKOHE KANMJUIAPIBIK KYIITEPMEH aHbIKTadalbl. [ UApOTUHAMUKAIIBIK
KYIITEP OPTYPJi KhICHIM HYKTENEpi apachlHIarbl KalIBIKTBIKTa dpekerTecei. MYHIaFbl KamrUISPIIbIK
KBICBIMHBIH TUAPOJIVHAMHUKAIBIK KYIITEPACH aibIpMaIlIbUTBIFEI, Oip HYKTene, nHTepdelicTe opeKeT eTe/li.
Keii skarmaiima KkabaTTa THIPOAMHAMUKAIBIK CY3UIy OpBIHIAIMaraH Ke3/le, JKYY CYHBIKTBIFBI
KaWUIIPIIBIK CIHIIPY TypiHae eHemi. KymrepmiH apakaThlHAcChl KBICHIMHBIH ©3TEpyiHE, CYJIaHYBIHA,
(dazaapaiblk KepilyiHe, KEeyeK KaHaJIapblHbIH paadyChiHa JkKoHE Oacka ga Oipkarap ¢akropsapra
OaiinaHbICTHI OOJIABbI.
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Makanmana YCBHIHBUIFAH €CENTey OJiCi KEYeKTi apHajaplblH pPaguyCHIHBIH MOHICPIH KOHE
TUAPOANHAMUKAIBIK JKOHE KaMWUIAPIBIK KYINTEpIAiH TeHmiri OaWKaiaTelH YHFBIMara JeHiHTi
KAIIBIKTBIKTBI aHBIKTayFa MYMKIHJIK Oepeni. ['uapomHaMuKaIbIK KYIITEP albpMachl MEH KAWL PIIbIK
KBICBIM TEHJIIT CaKTaJIAThIH YHFbIMAJIaH PaJNyC alllIaKThIFbl OOWBIHIIIA aHBIKTAJIFAH KEYEK apHaJlapbIHBIH
paanychiHA TOYEN I Tpaduri CypeTTerex.

Tipek ce3aep: KamWUIAPIBIK KYIITEp, THIPOJAWHAMHKAJIBIK KYIITEP, KEYeKTi KaHaIIap.IbIH
paauychl, OYpFbUIAy CYWBIKTBIFBI (DUIIBTPATHIHBIH Ka0aTKa €Hy alMarbl, KalWULIPIBIK KOHE
THJIPOMHAMHKAJIBIK KbICBIMIAP/IBIH TCHIePIiMi.

OIIPEAEJIEHUE CTENNIEHU BJIMAHUA T'NIPOAUHAMUNYECKOI'O IEPEITAJTA
JABJEHUA N KAIIMJLISIPHOT O IABJTIEHUS HA TIYBUHY 30HBI IPOHUKHOBEHUW A
OUJIBTPATA IMTPOMBIBOYHOMU KUJKOCTU B IIVIACT

Bopo3aun C.0., accucteHT Kadenps
PI'Y ne¢pmu u eaza (HUY) umenu U.M. I'yoxuna, e. Mocksea, Poccutickas @edepayus

Annoramus. [Ipu npoHWKHOBEHWH QMIBTpaTa OYpOBOTO pacTBOpa B IDIACT CKOPOCTH €ro
MIPOJIBIKEHUS OTPECISICTCS] THAPOIUHAMUYCCKUMU M KaNWUIIPHBIME CUjiIaMH. [maponnHaMudecKue
CWJIBI OOYCJIOBJICHBI IEperajoM JaBJICHUS MEXKAY JdaBlicHHMEM Ha 3a0o¢ W B miacte. B oriauuue oT
TUAPOIMHAMIYECKHX CHJI, KaMJUIIPHOE JaBJICHWE JEWCTBYET JOKAlbHO, HAa TpaHWIe pazgena ¢a3. B
HEKOTOPBIX Cly4asX, KOTJa THUIApOJAMHAMUYecKas (QuibTpalus B IUIaCTE HE OCYIISCTBIIACTCS,
MOCTYIJICHUE TPOMBIBOYHOM >KUJIKOCTH TPOUCXOAUT 3a CUET KaMWUISIPHOTO IIPOHUKHOBCHUS.
CooTHOIIIEHHE CHJT 3aBUCUT OT M3MEHEHUs JAaBJICHUS, MOAadd BOJBI, MEX(a3HOTO HATSHKCHHSA, paguyca
MTOPUCTHIX KAHAJIOB U PSAJa IPYTUX (HaKTOPOB.

[IpennoxkeHHast B CTaThe METOJIMKA pacueTa MO3BOJISIET ONPEICTUTh 3HAUCHUSI PaInyca MOPOBBIX
KaHAJIOB U PACCTOSIHUS OT CKBKUHBI, TIPYU KOTOPBIX OYJET COOI0NaThCS PABEHCTBO THAPOMHAMUYCCKUX
W KaNWUBIPHBIX CHJI JUISL 3aJIaHHBIX CKBOXWHHBIX ycioBuid. OmmcaH rpadvk 3aBUCUMOCTH Pa3HOCTH
THAPOJAMHAMHYCCKIX CHUJI U yPaBHEHHS KaMWULIPHOTO NABJIEHWUS OT paJnyca KaHAJIOB IMOPHUCTOCTH,
OTIPEIETISIEMOTO PACCTOSTHUEM PaInyca OT CKBaYKHUHEI.

KuaroueBrble cji0oBa: KamUISPHOE JIaBJICHNE, TIepena/l JaBIeHUs, paIiyc TOPOBBIX KaHAJIOB, 30Ha
MPOHUKHOBEHHsT (UIbTpaTa MTPOMBIBOYHON JKUAKOCTH B IUIACT, OallaHC KaNWUIIPHOTO U
TUJPOJIMHAMUYECKOTO JIaBICHUMH.
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Annotation. Realization of high-tech designs in gas and oil industry contributes to more efficient
functioning of production. Development of quality minerals is not a scientific and technical progress, but
a stable level indicator based on the general economic aspect.Therefore, the introduction of high quality
updated technologies and additions to production functioning systems always leads to a greater need for
their use.

To maximize energy efficiency in gas and oil production, it is recommended to use high-quality
autonomous power sources. The sets of optimization possibilities on algorithms of systems of distribution
of power loads of electric transformer substations taking into account large productivity of producing
wells at oil fields are developed. Recommendations on quality utilization, developed on the basis of long
algorithms, allow to increase step-by-step nominal level of power loads at pumping units operation. It is
proved that to maximize energy efficiency enterprises need to use their own high-quality autonomous
power sources.

The article considers the efficiency and cost-effective possibilities of production energy-
consuming and quality functioning equipment in the oil&gas industry. In addition, taking into account the
benefits on the basis of the study was carried out a large-scale analysis of data on the characteristics of
relative efficiency and reliability to the technical condition of gas turbine and gas piston power plants.

Keywords: energy costs, gas turbine power plant, small power plant, alternative electricity, small
unit capacity.

Introduction. The efficiency of oil&gas production is determined by the degree of
productivity and costs for the production of products. They are based on several factors: research
costs, material costs, structural formation, repair work, labor resources, environmental and
energy costs, which are more priority. Also, these factors vary in relation to the following
characteristics: the area of location of the oil field, methods and stages of development, the
technical condition of production equipment, etc. some factors related to the properties of the
deposit are objective and unchangeable by natural and climatic conditions. Other factors depend
on the technologies used and are aimed at using the most advanced production approaches.

Materials and methods. The country has a number of advantages in the production
characteristics of oil&gas fields in terms of operational and production equipment and their
reliability indicators, as well as in terms of energy resources. Therefore, it is more important for
oil enterprises to effectively implement the stage of application of the developed methods. One
of the most pressing problems of the economy is the low level of quality of energy consumption.
The country has 2-3 times more energy consumption per unit of production compared to the
industrialized countries of the West [9]. In the new economic conditions of the transition to
market-oriented relations, the level of decline, the lack of the ability to use a centralized stock
system to replenish working Resources and the need to replace productive power sources, the
formation of a traditional centralized energy supply of variable production sources pose these
problems. Traditional centralized energy systems are not based on efficiency in fuel economy
and in the general case. It can be said that this situation is due to the following reasons: the
impact of the energy supply centralization system on industrial economy and in the process of
using the level of efficiency of energy sources in comparison with heating boilers is reduced by
the lowest indicator [1]. Heat losses during further transportation of hot water under the second
fuel effect component of combined heat and power generation were lower than the calculated
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indicator. These costs reach 20-25%. The energy security of the oil&gas industry is of great
importance. The possibilities of new technologies in the industry are huge.

Another aspect in this issue is the reliability of energy supply to consumer sources [2].
The decrease in the reliability of energy supply of production facilities of fields can be attributed
to the divergence of power supply foci and a number of significant losses that lead to emergency
failures. For example, the main oil&gas production zones located in the south of the Republic are
covered with electricity by the power transmission line (transmission line) with an average
distance of more than 300-500km, where a disconnection occurs annually due to an average of 4-
6 emergency failures [3]. Recently, the construction of decentralized mixed sources of the
country's power system has been frequently observed. The advantages of installing such
electrical installations are many. The main ones are construction works carried out in a short
period of time, increasing the reliability of power supply to consumers, reducing the inertia of
energy heat regulation and costs in power grids. However, there are disadvantages associated
with the complex system of installing the units, as well as the need to address environmental
concerns and the problems of sending excess electricity to the general grid [5]. Regarding the
listed reasons, oil&gas-producing enterprises intend to generate electricity on their own territory.
In addition to a significant reduction in costs due to the production of electricity at oil&gas fields
and the utilization of associated gas coming out with underground products, the assembly of gas
turbine sources of electric and thermal energy will reduce the construction of overhead power
lines, electrical substations, high-pressure gas pipelines and the construction of compressor
stations[8]. Today, the drives of generators for decentralized small CHP are gas piston (Figure 1)
and turbine engines [6].

1. Generator

2. Mover

3. Rack-frame

Figure 1 — Gazporshen power station

In terms of global production, the products of Aviadvigatel JSC (Perm) and Rybinsk
Motors JSC (Yaroslavl), which produce gas turbine small power plants with capacity from 2.5 to
110 MW, are in demand in the Russian Federation. The approximate cost (excluding VAT) of a
gas turbine power plant (GTP) of the minimum configuration (for power generation only) is
US$1,200,000. The cost of electricity produced in the data of the manufacturing enterprise is
1.20...1.25 tenge/kWh, and the cost of heat generated is 40...50 tenge/Gcal [4]. In recent years,
autonomous power plants with a gas piston drive have been making serious competition with the
GTPP. The advantages here include high efficiency in accordance with a large working resource
and low parametric requirements in the characteristics of the gas used in the fuel boiler. The
small unit power (up to 1-2MW) of the gazporshen ES is the main disadvantage. At the moment,
sectional (several dozen) implementations with general computer control are used. At the same
time, Mini-Es have high dynamic indicators, effective in terms of several times the accelerated
output power [7].
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«additional gross profity» and «payback period».

Results and discussion. Table 1 presents several types of ES according to the criteria of

Table 1 — Comparative characteristics of some industrial small ES

. . 1-comp. N, W,
Ne Elegtrlc Manuf_acturlng Type| S Resource repair | Power | product | T, years
station firm s, H. o
W million.t
1| GTU-6P Perm GT | 0,30 | 120000 | 40000 | 6500 | 1651 9.1
2 | URAL-6000 Perm GT | 0,28 | 140000 | 35000 | 2750 | 71.1 6.4
3 | TCG2020 Saint- GP | 022 | 50000 | 25000 | 250 3.9 42
V16K Petersburg
4 | Waukesha Stamford | GP | 020 | 180000 | 33000 | 1250 71,3 43
LX7500 ’ ’ '
5 | 290GSP Detroit GP | 019 | 45000 | 25000 | 250 4.6 2.9

According to the first criterion, a powerful power plant is the most suitable, but with a
payback period equal to 6-10 years (Line # 1 of Table 1). The next optimal criterion is a low —
power gas-piston power plant-0.1-1.1 MW (line No. 5 of Table 1). A relatively reliable 2MW
gas piston imported power plant with two criteria (resources 250,000..350,000 hours) is an
acceptable Es of medium power (line # 4 of Table 1). According to this indicator, the small ES
market is currently developing on a large scale, and providing enterprises with reliable energy is
considered the tasks of reconstruction. The state of their regional location depends on the choice
of optimal types of powerful power plants [10]. Their regional location depends on the selection
of optimal types of power plants.

GP GT

1050

900
750

600

450
300

Cost, $/ kKW

150
1 2 3 4 5 6 7 8

Unit power of the unit, MW

Figure 2 — specific cost of Piston and turbine units: GPH — gas piston unit; GTZ-gas turbine unit

It should be noted here that the cost of equipment and the cost of the station are not the
same, especially when supplying high-pressure gas (necessary for gas turbines). Since fuel
consumption and ancillary costs are relevant to the operation of power plants, they are directly
related to the operating profit and payback period of the plant [11]. The specific fuel
consumption per KWh produced at a gas station and under any load mode of the ES will be
minimal (Figure 3, 4). Piston power plants have an efficiency of 35-45%, while gas turbine
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plants have an efficiency of 25-34%. The operating costs of a piston power plant are relatively
low compared to a gas turbine power plant [14]. There are no significant changes in the
operating costs of GPPs, which means that there are few requirements for financial and labor
resources during major repairs. Table 2 shows in comparison other important issues of operation
of gas piston and gas turbine engines. In the comparative recommendations of turbine and piston
engines based on the use of industrial enterprises with a separate production area, a qualified
specialist for the operation of the station, the possibility of high-pressure gas supply, it is
advantageous to install gas turbine stations with high electrical loads(more than 8-10 MW).
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Figure 3 — Fuel consumption in Piston and turbine installations own loss
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Figure 4 — Operating costs of an ES with a capacity of 5 MW
Small gas piston engines are used in production at the widest range of enterprises, in
particular: service and prospective economic complexes as the main units of power and heat

supply. There are no significant changes in the operating costs of GPES, which means that there
are few requirements for financial and labor resources during major repairs.
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Table 2 — Indications for the use of gas piston and gas turbine engines

Indications

Gas piston drive (GPH)

Gas turbine drive (GTZ)

Working hours

Unlimited, provided that the rules of Use and service are followed

Serviceability

- ability to carry out repairs in the work
area and perform in less time

- repair work is carried out in
special places;
- transportation,
centralization, etc.requires
time and financial costs

Conservation indicator

- does not lose properties if maintained;
- ability to be transported by any type of
transport

- does not lose properties if
maintained:;
- transportation by rail is not
required

Efficiency indicator

- there is no difference in efficiency
from full (100%)load(50%) to partial
load

- efficiency decreases
sharply at partial loads

Specific fuel consumption at full
(100%) and partial (50%) load

- 9.3-11.6 MJ/kWh.;
-0.264-0.329 M3/kWh.

-13.2-17.7 MJ/kWh;
-0.375-0.503 M3 / kWh

Recovery time when the voltage
drop and load are reduced by half
(50%)

- 22%;
-8 ¢

- 40%;
-38 ¢

Variable load effect

-less than half (50%)load, more work is
not required;
-with a small unit power of the unit, the
overall efficiency of the ES and the
reliability of the energy supply are high

- work at partial loads (less
than 50%) has no effect on
the normal state of the
turbine;

- when the unit power of the
unit is high, the termination
will result in a loss of 30-
50% of the power of the unit

Placement in the building The
minimum working pressure of the
inlet gas is 12 bar., requires a high

pressure gas or compression
compressor as well as a turbine
start-up assembly

- requires a large area space, as it has a
large weight according to the unit of
power;

- gas compression does not require a
compressor, the working pressure of the
inlet gas is 0.1-0.35 bar.

- with an ES capacity of 5
MW, the benefit of a small
area does not matter;

- the minimum operating
pressure of the inlet gas is 12
bar, high pressure gas or
compression compressor and
turbine starting equipment
are required

Service life

- every 1000 hours. after the working
period, it is necessary to stop and
change the oil;

- every 72,000 hours. later, repair work
will be carried out in the installed area

- every 2000 hours. it is
necessary to stop later
(according to Solar data);

- every 60,000 hours. after
major repairs, special repairs

are made at the site

Table 2 shows in comparison other important issues of operation of gas piston and gas
turbine engines. In the comparative recommendations of turbine and piston engines based on the
use of industrial enterprises with a separate production area, a qualified specialist for the
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operation of the station, the possibility of high-pressure gas supply, it is advantageous to install
gas turbine stations with high electrical loads (more than 8-10 MW).

The base of small gas piston engines is used at enterprises of the widest range of
production, in particular: in the service sector, etc. in promising economic complexes as the main
source of electricity and heat. Today, the leading supplier of piston small power units is the
company «World machinery», which is the official dealer of the Caterpillar Corporation
(Caterpillar, USA). The high reliability of Caterpillar equipment is known all over the world and
is based on extensive experience in the production of these units and a single manufacturer of
almost all assemblies (engine, generator, control systems, etc.). This ensures a unique sequence
of operation of energy systems and guarantees the reliability of the nodes of the supplied
equipment [12].

The firm «World machinery» produces piston engine generators in the gas system at
power intervals from 10 kW to 6.1 MW and carries out installation, commissioning and periodic
maintenance of power plants in a guaranteed agreement [13]. The same is true in terms of
reducing the energy costs required for oil&gas production. Consumers are also obliged to assign
optimal energy supply opportunities for the oil&gas field. Also, issues of electricity should be
resolved taking into account the nature of the regional location of the consumer and power
sources. Optimization capabilities are carried out in a separate order for each field. The initial
data for calculating losses are formed into a system of scale maps of the entire energy-consuming
facility (wells, pumping stations for water supply, etc.), the dimensions of the power assigned to
them, and the specified fields. To obtain data on the location of energy-intensive objects, it is
recommended to use a software package that allows designing spatial surfaces and levels of their
location (isoclines). As part of the solutions to the tasks set, the horizontal coordinates are the
coordinates of energy consumption (production and injection wells) for local areas, and the
vertical ones — electricity consumption.

In the practice of performing the calculation, for the initial data, data on the coordinates
of the cluster of wells in the area of the local Kumkol oil&gas field and the current loads of the
transformer in the cluster obtained on the basis of the manufacturing enterprise in this region
were used [14]. In the practice of placing small power plants, the total costs for power grids are
reduced by 1.9 times compared to current power plants. Therefore, on the basis of such
experimental indicators, the use of several small power plants is a rational solution.

Conclusion. Based on the analysis of the current state of increasing the reliability and
effective resources of energy equipment used in the oil&gas industry, the following conclusions
can be determined: 1.from the criteria for assessing the working conditions before the failure of
electrical equipment, the ability of some Station Units to operate in a mode of increasing their
own energy costs was determined. Differences in the volume of energy costs during oil
production by individual field zones were limited to the possibility of 3-5 times; 2. a
methodology for using optimized load distribution algorithms for transformer substations in the
oil&gas field is proposed, taking into account changes in actual productivity in the well cluster.
The proposed algorithms are provided in accordance with the strength and expended power of
the equipment of pumping units of the transformer substation with the possibility of increasing
the degree of their load to the nominal level; 3. in the oil&gas industry, it is recommended to use
independent sources of electricity on the basis of compliance with energy safety. The priority is
the use of a powerful gas piston autonomous power unit system on the principle of «strength —
cost of energy reliability»; 4. the Article considered concepts for improving the energy efficiency
of the oil&gas industry. In order to maintain energy safety during Operation, enterprises are
provided with the use of individual independent electric power sources. However, at present, the
technical and economic characteristics of the choice of a small ES type based on the principle of
«cost of electricity — capital costs — payback period — durability» have been analyzed and shown.
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MYHAW-TA3 CAJTACBI KOCHIOPBIHJAPBIH SHEPTUSIMEH KABJBIKTAY
TUIMALITTH XKXETIJIAIPY S AICTEPI

Tanxapbikos I1.A., TexHHKa FRUTBIMAAPBIHBIH KAHIUAATHI, JOLEHT
Myxrapos C.P., maructpant

Kopxvim Ama amvinoasel Kvizvinopoa ynusepcumemi, Koizoiiopoa K., Kazaxcman

Anaarna. MyHall jkoHEe Ta3 OHEpPKICINTEPIiHJEr TEXHUKANBIK KYPBUIBIMIAPIBI iCKEe achipy
JEeHrei eHIIpICTIH THIMII KYMBIC >kacayblHa bIKnan erexdi. [laimanel kazOanmapapl Urepy FbUIBIMH-
TEXHUKAIBIK MOCEJI€ €MeC, >Kajllbl 3KOHOMHUKANBIK TYPFbIFa HETI3ZelreH TYpakTbl kepcerkim. Con
ceOenTi OHAIPICTIK XKyHenepae >XaHAPTBUIFAH TEXHOJOTHSJIAP MEH TOJNBIKTHIPYJIAp CHTi3y OJapbl
naiganaHy Ke3iH/e opAalbiM KaKETTUIIKTEPre aJIbIll KEeJIe/Ii.

MyHali JKoHE Tra3 eHIPICIH JKy3ere achlpyla SHEPreTHKANBIK THIMIUTIKTI KETUIAIpYAE 3JIEKTp
SHEPIUACHIHBIH JIepOeC Ke3IepiH KOJJAHBICKA CHIN3y YCBhIHBUIaApl. MyHal KeHIIITEpIHACTI OHAIPY
YHFBIMAJIAPbl OHIMJIUIITIHIH MAPTTapblH OaramMIan, KCIIMIIUTIKKE HEeT13/eIreH AIIEKTP TpaHCHOPMATOPIIBIK
KOCAJIKbl CTAHLMSIAPABIH SHEPIUsUIBIK JKYKTEMENIEpIH TapaTyAbl alropuTMmaepi OOHbIHIIA OHTAMIaHABIPY
MYMKIHAIKTEpI 93ipyieHAl. ANropuTMaepre Heri3aenin 93ipJeHreH YChHBIMAAP TPaHC(HOPMAaTOPIIBIK KOCAIKBI
CTAHLUSIHBIH COPAIThl KOHJBIPFbUIAP KYMBICBIHIAFbl SHEPTHSUIBIK JKYKTEMENEpAiH HOMUHAIABI JEHIeHiH
apTTRIpyFa MYMKIHIIK Oepei. OHmipiCTiH SHePreTHKAIBIK KAyITICI3MriH apTTRIPY YIIIH KOCITOpBIHAap aepoec
SHEprusl Ke3/IepiH Naiaanany IbIH KaKETTLTIr KOPCEeTUITeH.
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Makaiiaza MyHai-ra3 OHAIpiC OPHBIHBIH JHEPTHs TYTHIHY KaOIBIKTAPBIHBIH THIMIUIIT JKOHE
SKOHOMHUKAJIBIK MYMKIHIIKTEepl KapacTelppluiraH. COHBIMEH Karap, 3epTTey HeTi3iHAe ra3 TypOHWHAJBI
JKOHE Tra3 TOPIICH[I 3JIEKTP CTaHIMUIAPBIHBIH CABICTHIPMATBl CEHIMIIUTIK CHUITaTTaMallapbl JKOHE
TEXHHUKAJIBIK KYWi OOWBIHIIIA MOJIIMETTEPre TalAay JKYPri3isiii.

Tipek ce3gep: 5SHEPreTHKANBIK IIBIFBIHIAP, Ta3TypOMHANBIK OSJCKTP CTAHIUS, [IAFbIH
AIIEKTPCTAHINSA, OaJaMalTbl AJIEKTP SHEPTUSCH, IIAaFBIH OipITiK KyaTsl.

METOJbI COBEPIHIEHCTBOBAHHU S SOPPEKTUBHOCTH SHEPTOCHABKEHUSI
HNPEANNPUATUU HE®TEI'A30BOU OTPACJIN

Tanxkapukos II.A., kKaHIUIAT TEXHUYECKUX HAYK, JIOLEHT
Myxrapos C.P., maructpant

Keizviiopounckuil ynusepcumem umenu Kopxoim Ama, e. Kvizvinopoa, Kazaxcman

AnHoTanus. Peamuzanus BBICOKO TEXHOJIOTMYHBIX KOHCTPYKIMA B Ta30BOH H HedTsHOU
MPOMBIIIUIGHHOCTA ~ CIIOCOOCTBYeT Oonee 3¢ ¢deKTHBHOMY (PYHKIMOHHPOBAHHWIO TPOM3BOJCTBA.
Pa3paboTka KadecTBEHHBIX IIOJIE3HBIX MCKOMAEMBIX — 3TO HE HAyYHO-TEXHMYECKHH mporpecc, a
CTaOMIILHBIHN MMOKa3aTeb YPOBHS, OCHOBaHHBIN Ha 00IEM SKOHOMHYECKOM actiekTe. [loaTomy BHenpeHue
BBICOKO  Ka4EeCTBCHHBIX  OOHOBJIEHHBIX  TEXHOJIOTMHM  [IONMOJHEHHH B  NPOU3BOACTBEHHBIX
(YHKIMOHUPOBAHUIO CHCTEMax BCETAa MPHUBOAUT K OOJbIIEH HEOOXOOMMOCTH MX HCIOJIb30BaHMA. [l
MaKCHUMAaJIbHOTO IOBBIIICHHS YHEpPreTHYeckoi 3()(EKTUBHOCTH NPU OCYHIECTBICHUHM JOOBIYM Taza U
HEPTH PEKOMEHAYETCsI UCTIONIb30BATh KAUeCTBEHHbIC aBTOHOMHBIE HCTOYHUKHU 3JIEKTPOIHEPTHH.

Pa3pabGoTanbl MHOKECTBA BO3MOXKHOCTH ONTHMHU3ALUK 110 aJTOPUTMaM CHUCTEM pacIpeleseHHs
SHEPreTHUECKUX HArpy30K OJIEeKTPO  TpaHCHOpMATOPHBIX MOJACTAHIUA €  y4eTOM  OOJBIIUX
MIPOU3BOJUTENBHOCTH JOOBIBAIOIINX CKBaXMH HA HEPTSIHBIX MECTOPOXKICHHUAX. PexoMeHIaluH 1o
Ka4eCTBEHHOMY HCIIOJIb3BaHUIO, pa3pad0TaHHbIE HA OCHOBEIJIMHHBIX aJITOPUTMOB, TIO3BOJISIIOT TIOBBICUTD
MOLIAaroBbIi HOMHUHAJIBHBIM yPOBEHb SHEPreTHUECKHMX HArpy30K Npu paboTe HACOCHBIX YCTAHOBOK.
JlokazaHo, 4TO A MaKCHMAJBHOTO TIOBBIIICHUS JHEPreTndeckoil 3((eKTHBHOCTH mNpennpusTHIM
HE00XOIMMO HCIIOJIb30BaTh COOCTBEHHBIE KAUE€CTBEHHBIE aBTOHOMHBIE HCTOUHUKH 3JIEKTPOIHEPTUH.

B cratee paccmoTpeHsl 3(PPEKTUBHOCTH W SKOHOMHYECKH BBITOJHBIE BO3MOXHOCTU
MPOM3BOJICTBEHHOTO YHEPrO — MOTPEOIISIONIET0 W KAYEeCTBEHHO (PYHKIMOHUPYIOMIETO 00OPYAOBaHHS B
HedTe Tra3oBoll orpaciu. Kpome TOoro, yuuThiBas BBITOJYy Ha OCHOBE HCCIIEJOBAaHHS ObUI MpOBElEH
MacIITaOHBIN aHaM3 JaHHBIX MO XapaKTEPUCTHKAM OTHOCHTEIBbHOW 3(PQEKTUBHOCTH U HAAEKHOCTU K
TEXHUYECKOMY COCTOSIHUIO Ia30TyPOMHHBIX U TA30IOPIIHEBBIX SIEKTPOCTAHIHH.

KiroueBble cJI0Ba: »JHEpPreTHUECKUe 3aTpaThl, Ia30TypOMHHAs IEKTPOCTAHLMS, Majas
3JIEKTPOCTAHIINSA, aJIbTEPHATUBHAS 3JICKTPOSHEPIUsl, Majasl eAMHNYHAsI MOLTHOCTb.
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FORMATION OF THE BOTTOM BOTH ZONE OF THE WELL
Podgornov V.M., doctor of technical sciences, Professor
Russian State University of Oil and Gas named after .M. Gubkin, Moscow, Russian Federation

Annotation. One of the important factors in oil fields is the technology of formation of the
bottomhole zone. This process can improve well operation efficiency and improve well completion. High
permeability of bottomhole zones of productive formations, low well productivity. In practice, the
decrease in formation permeability at the bottom of the well is largely due to the effects that cause the
interaction of filter fluids that occur during major repairs.

The purpose of the study is to identify the features of the interaction of process fluids and rocks
based on the integrated use of modern laboratory studies of field data, and also to study the features of the
formation of bottomhole zones of productive formations during the operation of production wells in
fields.

An analysis of scientific publications based on the study of articles showed that one of the main
problems of existing methods for assessing the condition of well bottoms is their diversity in the physical
sense and the impossibility of identifying the predominant factors that form them.

Keywords: bottomhole zone of a well, bottomhole formation zone, hydrodynamic studies,
drilling fluids, filtration channels.

The wellbore in the productive part of the section and the reservoir areas bordering the
wellbore constitute the bottomhole zone (BHZ). The concept of the bottom-hole section of a
wellbore includes a set of data on the elements of wellbore support against the pay zone.

A reservoir is considered stable or strong if it retains its structure at working
underbalances during well development and operation, is not destroyed by rock pressure and is
not eroded by filtration flows.

An unstable reservoir is a weakly cemented reservoir whose solid phase is carried by
formation fluids from the reservoir into the well.

Based on the granulometric analysis of the reservoir rocks, the homogeneity coefficient
of the fractional composition (Figure 1) and the average size of fractions are determined.
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Figure 1 — Example of granulometric analysis of a rock
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Rocks are distinguished:

- fine-grained with the size of sand particles within — 0,10-0,25 mm;

- medium-grained — 0.25-0.50 mm;

- large-grained — 0,5-1 mm.

At the initial stages of formation of the zone of penetration into the bottomhole formation
(drilling, cementing and cementing, secondary penetration, formation treatment and flow
inducing), the volume of displaced fluids in the bottomhole formation (mobile phase), which
moves to one or the opposite side depending on the direction of differential pressure is
determined:

- the reservoir properties and structure of the pay zone;

- the magnitude and nature of repression or depression;

- composition and properties of formation and injected fluids;

- viscosity ratio of formation fluids and injected filtrate;

- the magnitude, direction and duration of the resulting forces of physical and chemical
processes occurring in the penetration zone.

When drilling fluid filtrate enters the bottom-hole (at drilling penetration) and is
subsequently displaced back by formation fluid (at induced inflow), there is a redistribution of
water-oil-gas saturation and the ratio of mobile and immobile (at pressure gradients realised in
formation conditions) phases.

The volume of non-displaceable fluids (residual phase) in the BHZ includes:

- firmly bound layers and films;

- trapped fluids in dead-end channels and pores;

- fluids, which are held by surface and physical-chemical forces at acting pressure drops.

These phases include "loosely bound™ water in diffusion (hydrate) layers and sorption
layers of hydrocarbons and slow-moving inorganic formations and asphalt-resin deposits.
According to 1.G. Markhasin, the thickness of "non-displaced” films in the reservoir at a gradient
of 0.5 MPa/m can reach 1 pm, and at lower gradients up to 2-3 mkm.

The complexity of the problem of well bottomhole zone formation and treatment is
caused by:

- a complex of negative natural factors and mining and geological conditions;

- diversity and mutual overlapping of processes in the bottomhole formation zone;

- instability of bottomhole formation zone condition at all stages of well construction and
operation.

The necessary hydrodynamic connection between the formation and the wellbore is
created by secondary penetration (perforation) and development (treatment of the formation and
inducing flow). The efficiency of perforation depends on the technique and technology of the
operation, which depends on the following factors:

- conditions of work (composition of perforation fluid, pressure in the bottomhole
formation zone during perforation, etc.);

- length-diameter ratios of perforation channels (deep-penetrating with relatively small
holes or large holes but at a shallower depth);

- distances between perforations or perforation density;

- phasing angle.

The density of perforation should ensure maximum possible hydrodynamic improvement
of the well with simultaneous preservation of casing integrity and tightness of cement stone
outside the perforation (Table 1).

The effectiveness of inducing influx is facilitated by:

- preliminary acid, acoustic or vibration treatment to de-harden the structures in the
penetration zones;

- cleaning of bottomhole formation zone by methods based on physicochemical, thermal
and capillary processes.
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The greatest effect of penetration zone deformation is given by the combination of
processes when influencing the bottomhole formation zone (e.g., combining physicochemical
and oscillatory processes). Excitation effect during flow induction depending on the
characteristic of bottomhole blockage.

Table 1 — Rock characteristics of formations to be perforated

Category of breeds Permeabzlllty, Den§|ty of perforation _
mcm depression repression
Cna0oynyoTHEHHbIE [IECYaHo- >0.1 6 12
AJICBPOJIMTOBBIC IOPOJbI € I'TMHUCTBIM <0’1 10-12 12-18

OEMCHTOM

VIJIOTHEHHBIE TIECYaHO-
aJICBPOJIUTOBBIC MTOPOJIBI C KBAPLIEBHIM >0,01 18-20 12-20
¥ KapOOHATHO-TJIMHUCTBIM [IEMEHTOM

KapbonaTHble, apruiiiuTsl ¥ JpyTrye

IIOPOABbI, B KOTOPBIX OTCYTCTBYVECT <01001 18_20 20_24
POJEL p YICTBY >0,01 10-12 18-20
Tpel_lII/IHOBaTOCTI:
CI/IJ’IBHO yrIJ'IOTHeHHI)IC IICCYaHUKH,
aJ'IeBpo.TII/ITLI, HU3BCCTHSKH, I[OJ'IOMPITLIi <0’01 12 18-24
MeEpreJjiv U Ipyrue mopoabl C pa3BUTON
TPCIMMHOBATOCTHHO

The formation of the bottomhole zone of wells is accompanied by many processes that
are diverse in nature. The influence of these processes is reflected in the state of the wellbore
zone (Table-2).

All listed in table 1 impacts to one degree or another affect the productive reservoir. The
ability to control impacts on the reservoir depends on the natural state of the reservoir (real
mining and geological conditions) and on the technological methods used (completion
technology, type and composition of well fluids, duration of operations, etc.).

Under the influence of the above processes, the following occurs:

1. Outside the penetration zone in the near-wellbore space due to changes in thermobaric
conditions:

- change in the viscosity of formation fluids according to downhole conditions;

- release of gas from oil or condensation of new formations.

2. In the zone of penetration of drilling fluid filtrates:

- saturation of the reservoir with drilling fluid filtrates;

- swelling of hydrating minerals;

- change in the wettability of the surface of the filter channels;

- chemical interaction of introduced phases with formation fluids and rock.

- adsorption of substances from formation and introduced fluids;

- condensation of neoplasms.

3. In the zone of solid phase movement:

- partial or complete clogging of the rock;

- suffusion or blockage of the near-wall sections of the rock with the mobile solid phase
of the reservoir;

- adhesion of the solid phase of solutions on the surface of the filter channels.

4. In the volume of absorbed portions of drilling fluid:

- structure formation and coagulation;

- formation of an internal filter cake on the permeable walls of channels and cracks.
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Table 2 — Systematization of impacts during well completion that affect the near-wellbore zone of

the reservoir

Process
(driving force)

Type of impact in the bottomhole formation
zone

Result of exposure

Physical (mechanical
stress)

Skeletal deformity

Skeletal disintegration

High effective stresses in the rock

Formation of rock fracture
products

Thermobaric
(temperature and
pressure gradient)

Gassing when gas saturation

pressure is reached

Phase formation at change of thermobaric state

Condensation of heavy
hydrocarbons

Chemical (chemical
potential)

Dissolution of rock on the
borehole walls

Chemical interaction of downhole fluids

Precipitate formation from
exchange reactions

Destruction of polymers and
organic reagents

Hydraulic (static,
dynamic and pulsating
modes)

Filtration of the liquid phase into the collector

Redistribution of phase
saturation in the bottomhole
formation zone

Filtration of the solid phase into the collector

Surface and internal ringing of

the collector

Emulsion formation

Mixing of gaseous and liquid phases in dynamic
and cyclic mode

Formation of gas dispersions

Electro-chemical
(EMF value)

Action of electric potential

Change in diffusion-
adsorption activity

Physicochemical
(activity at the phase
contact)

Rock dispersion

Increase in the volume of
dispersed phase in the pore
space

Chemical and thermodynamic interaction of
formation and injected phases

Changes in the composition

and volume of bound water

on the surface of pores and
cracks

Swelling of reservoir minerals

Reduction of pore space
volume

Absorption and adhesion of reagents and
surfactants

Formation of films on the
surface of pores and cracks

Capillary processes at contact of well solutions
with reservoirs

Capillary penetration of
wetting phase in bottomhole
formation zones

Diffusion flows between the wellbore and the
formation

Equalisation of water phase
salinity in the well and
reservoir

Osmotic flows between the trunk and the reservoir

Equalisation of
mineralisation in the well
and reservoir in the presence
of a semi-permeable baffle
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5. In the zone where high effective stresses occur:

- formation and deformation of cracks;

- destruction of the rock skeleton.

The complexity of controlling processes in the near-wellbore formation zone is
determined by:

- features of mining and geological conditions (abnormal pressures, composition of
formation fluids and gases, high viscosity of hydrocarbons, low permeability and other
difficulties);

- diversity, differences in kinetics and overlapping processes in the near-wellbore zone of
the formation;

- the dependence of each of the processes on many factors simultaneously (reservoir
properties of rocks, thermobaric conditions, intensity of physical and chemical phenomena,
composition and properties of saturating phases, etc.);

- limited range of possibilities for controlling processes in the well and, especially, in the
near-well space, including the near-wellbore zone, of the reservoir.

When developing technology for forming the bottom-hole zone of a well (the bottom-
hole zone of wells), predicting significant factors influencing the productive reservoir is one of
the important tasks, because makes it possible to optimize the completion stage to obtain high
well performance.

In the process of designing well completion technologies, the following are developed:

- methods and modes of drilling penetration, securing and development of productive
reservoir;

- types and compositions of well fluids (during drilling, cementing, perforation and
induction) and their parameters;

- hydraulic opening program and permissible range of equivalent circulation density
values;

- systems for circulation and purification of solution from sludge of formation fluids and
gas;

- measures to prevent and eliminate possible complications.

The most important factor influencing the bottomhole zone of the formation is the
duration during which the processes are realized, because a number of processes in the formation
are of a fading nature (filtration, colmatation, capillary impregnation), and other processes are
realized as the intra-formation situation changes (deformation, pressure changes in porous-
fractured reservoirs, suffusion).

When forming the bottomhole zone of wells, numerous operations are carried out related
to changes in pressure in the wellbore (working out the wellbore, changing flushing modes,
lowering and raising tools, etc.). This creates a variety of filtration conditions (hydrostatic,
hydrodynamic, hydraulic pulse), which ultimately affects the state of the zone of penetration of
solid, liquid and gaseous phases into the bottomhole zone of the formation.

The processes of filtration into the formation are characterized by gradual attenuation due
to the formation of a filtration cake and a colmatation zone, which depend, in addition to the
filtration mode and the structure of the permeable space of the rock, on the dispersity and surface
activity of the solid phase of well solutions.

The depth of penetration of some organic reagents into the pore space of the reservoir is
proportional to the depth of penetration of the filtrate. The volume of displaced fluids in the near-
wellbore zone of the formation (mobile phase), which moves in one direction or the other,
depending on the direction of action of the pressure drop, can be increased by reducing the
volume of non-displaced or inactive fluids (residual phase).

The residual phase depends on: the strength of hydration and sorption films; specific
surface area; size and configuration of channels and pores, their number and size distribution; on
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the surface properties and lithological composition of rocks. In low-permeability reservoirs, the
volume of the residual phase is much larger due to the more significant participation of physico-
chemical processes in the formation of the penetration zone into the near-wellbore zone of the
formation.

To achieve the required level of well completion quality, which represents a set of
properties (functionality, manufacturability, environmental and technical reliability, durability,
resource intensity, cost-effectiveness), it is guided by a certain level of requirements and
restrictions on the technical condition of the well and its bottom-hole zone.

The complexity of controlling processes in the near-wellbore zone of a formation is
determined by their diversity, overlap, differences in kinetics and limited capabilities for
controlling processes.

As a result of penetration by drilling, negative consequences for productive deposits may
include:

- redistribution of phases saturating the bottomhole zone, formation of emulsions;

- change in the size and volume of filter channels within the penetration zone
(redistribution of pore sizes);

- changes in the pore structure and fracture structure of the reservoir due to destruction
and deformation of the reservoir;

- reduced mobility of formation fluids both in the penetration zone and beyond the
penetration zone due to changes in thermobaric conditions;

- filling of perforation channels and cracks with low-moving volumes of flushing
solution.

During the process of opening, fastening, cementing and perforation, it is necessary to
monitor and, if necessary, adjust:

- the process of formation of the bottomhole formation zone: composition and properties
of drilling and grouting fluids; quality of adhesion of cement stone to rock and column; ionic
composition of filtrates; surface tension at the interface; condition of the column and cement
stone after perforation; perforation pressure; composition and properties of perforation fluids,
etc.);

- direct interaction with the bottomhole formation zone: duration of operations;
hydrostatic and hydrodynamic repression on the formation; height of rise of cement mortar
behind the column; influx of formation fluids into the well; solution filtration; perforation
density; location and configuration of perforations, etc.

Based on the results of hydrodynamic studies (productivity ratio, productivity, radius of
the penetration zone; permeability in the penetration zone; skin effect in the penetration zone,
etc.), the effectiveness of the well completion technology used is assessed.
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YHFBIMAHBIH TYII MAHbI AMUMAFBIH KAJIBIIITACTBIPY
Hoaropuor B.M., TeXHHKa FHUIBIMJIAPBIHBIH JOKTOPBI, TIPOdeccop
UM. I'yokun ameinoazer PMY (¥3Y), Mackey kanacwi, Peceti @edepayusicol

AHHOTAanMs. MyHall KeH OpBIHJAPBIHJA YHFBIMAaHbIH TYI MaHbl alMaFrblH KaJIbIITACTBIPY
TEXHOJIOTHSICHI MaHBI3/IbI (PaKkTOpIapAbIH Oipi OombIN TadbUIaAEL. Byl poliecc YHFIMaHbI Mai1aaany IbiH
JKOFApFhl THIMAUNITIH KaJBIITACTHIPHIT, YHFBIMAHBI asKTay Ke3€HIH OHTalIaHJbIpyFa MYMKIHIIK
TYIbIPajbl. ¥ HFbIMaHBIH OHIM/II Ka0aTTapbIHBIH TYI MaHbl allMaKTapbIHbIH JKOFAPbl OTKI3TIIITITT YHFBIMA
OHIMILIITIH TeMeHJeTeml. ToxipuOe Ky3iHIe YHFBIMAHBIH TYI MaHbl aliMarblHJA KOJUIEKTOP
OTKI3TIMITITIHIH TeMeHJAeyl Kem JKarjaija YHFbIMalapAbl KOHJeY Ke3iHAe IaliJalaHblIaThiH
CYMBIKTBIKTAp CY3TIiCiHIH ©3apa ic-KUMBUIBIH CYHEeMeNIEHTIH 9cepIIepMEH HeTi3/IeireH.

3epTTey MakcaThl KOCIMIIUIIK AepeKTep i Ka3ipri 3aMaHfbl 3epPTXaHAIBIK 3epTTeyJIepAl KemeH I
naijasaHy HETi3iHJe TEXHOJOTHSUIBIK CYMBIKTBIKTAp MEH Tay XKBIHBICTAPBIHBIH ©3apa 1C-KMMBLIBIHBIH
epeKLIeNiKTepiH aHbIKTay. Makana KeH OpbhIHAApAarbl eHIIpy YHFbIMajapblH MaiiianaHy NpoLeciHge
OHIM/II KabaTTapAbIH TYI MaHbl alMaKTapbIHBIH KAJIBIITACY EPEKIICIIKTEPIH 3epAeeyre apHalFaH.

Makana 3epTTeyi Heri3iHIeri FhUIBIMH JKapHsUIaHBIMIApP/bl Tallay YHFBIMAHBIH TYI MaHbI
aliMaKTapbIHBIHH JKal-KYHiH Oaranay YIIiH KOJAAHBICTaFbl 9MICTEPIiH HEri3ri MacenenepiniH Oipi OHbIH
(U3MKAIBIK MaFbIHAIA OPTYPIILIIT] )KOHE OHBI KaJIBIITACTHIPATHIH OachiM (akTopiaapAbH 0eiHyi MYMKIH
0OJIMaNTHIH/ILIFBIH KOPCETTI.

Tipex ce3mep: yHFpIMa Tyn MaHbBl aiiMarbl, KabaT MaHBl alMarbl, THIPOJWHAMUKAIBIK
3epTTeyiep, OyprelIay epiTiHaici, Cy3ri apHanaphl.
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®OPMHUPOBAHME ITPU3ABOMHOM 30HbI CKBAKWHBI
Moaropuos B.M., 10KTOp TEXHUYECKHUX HAYK, IPOdeccop
PI'Y ne¢pmu u eaza (HUY) umenu U.M. I'yoxuna, e. Mocksa, Poccutickaa @edepayus

Annoranusi. OJHUM H3 BaXXHBIX (PAKTOPOB HE(PTAHBIX MECTOPOKACHUH SBISETCS TEXHOJOTHS
(opMupoBaHUS MPU3a00HHON 30HBI. DTOT MPOIECC TO3BOJIHUT CHOPMUPOBATH BHICOKYIO 3(h(hEeKTHBHOCTD
SKCIUTyaTallny CKBKMHBI M ONTHMH3HPOBATH 3TAIl 3aKaHYMBAHUS CKBAKUHBIL. BBICOKast MpOHUIIaeMOCTh
Npr3a00NHBIX 30H MPOAYKTUBHBIX TUIACTOB CHIKAET MPOAYKTHBHOCTh CKBAKHMH. Ha mpakTuke CHIKEHUE
MPOHHULAEMOCTH IIJ1acTa Ha 3a00€ CKBa)KUHBI BO MHOTOM OOYCIIOBIICHO 3 eKTaMH, CONPOBOKIAIOIIUMH
B3aMMOJICHCTBHE (QHIBTPYIONINX KUIAKOCTEH, UCIIOIBb3YEMBIX IIPU KAITUTAIEHOM PEMOHTE.

Lenp uccnenoBanusi — BRIABICHHE OCOOCHHOCTEH B3aMMOJCHCTBUS TEXHOIOTHUECKUX (IIIOUIOB
Y TOPHBIX TIOPOJI HA OCHOBE KOMILIEKCHOTO HCIOJIb30BaHMsl COBPEMEHHBIX JIAOOPATOPHBIX MUCCIEIOBAHUMI
IPOMBICIIOBBIX JIaHHBIX, @ TaKXKe SIBISIETCS M3ydeHHE O0COOEHHOCTEeH (hOpMHpOBaHUS NMPH3a0O0MHBIX 30H
NPOIYKTHBHBIX TUIACTOB B IIPOIIECCE IKCILTyaTalluy JOOBIBAIOINX CKBAKUH HA MECTOPOXKICHUSIX.

AHanM3 Hay4YHBIX IyOJUKAIMi Ha OCHOBE M3YyUYCHUsS CTATCH MOKa3ajl, 4TO OJHOW M3 OCHOBHBIX
npo0JIeM CYHIECTBYIOIINX METOJIOB OIIEHKH COCTOSIHHS 3a00€B CKBaKHH SIBISIETCS HX MHOTOOOpasue B
(hU3UIECKOM CMBICIIE U HEBO3MOXXHOCTH BBISBIICHUS MPEOOIaTaroOMHX (PaKkTOPOB, UX (hOPMUPYIOLIHX.

KawueBbie caoBa: mpu3a0oiiHas 30Ha  CKBaXHHBL, mpu3alboiiHas 30Ha  IUIACTA,
TUAPOANHAMHWYCCKUEC UCCIICIOBAHUs, 6ypOBI)IC PacTBOPEI, (I)I/IJ'IBTpaHI/IOHHI)IC KaHaJbI.
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KoJ/kaztanapasl paciMiey :KeHiHIe aBTOpPJIapFa apHAJFaH HYCKAYJIbIK

«TexHuKa FBUIBIMIAPBI KOHE TEXHOJIOTHSIIAPY» KYPHAIbIHIA MaKaja jKapusiay YIIiH JailbiH
FBUTBIMU JKYMBICTBI aBrop(i1ap) Vestnik.korkyt.kz caitreinmarsr Omnaiin Makana kibepy »kyieci
apKbUIBI, apHaiibl HYCKAYJIBIKTHI Naiiaananben xioepyre 6onaapl. Makaima Windows 10 omepatusti
xyiecingeri Word ¢opmarsinna Times New Roman mpudringe xa3purysl Kaxer (Ocbl Tajanrta
JKa3bUIMaraH MaKajia aBTOMATTHI Typie KaOburmanOaias1). YKapusuiaHeIM — TiIepi Ka3akiia, OpbIcIa,
arpUTIIBIHINA. Makasa KYpPbUIBIMBI MEH O€3CHIIIpLTYi:

1. Makana kesnemi 6-12 Oer apamnbiFblHAa OONYBI THiC (aHHOTAUWSIAp MEH dJeOHeTTep
Ti3IMIH KocrmaraHaa 6 6eTTeH TeMeH 00JIMaybl THIC).

— Makananabsl Kypy cxemachl (06eti — A4, xitanThlK Oarmap, Typajiay — eHi Ooiibiamma. Con
JKaK, YCTIHIl JKOHE TOMEHI1 >KaKTapbhlHIAFbl allbIK >kKuekrepi — 2,5 cM, oH »xarbiHma — 2,0 cm.
Ipudt: Tan Times New Roman, emmemi — 12) (Windows 10 omepatuBti xyitecinmeri Word
dbopmaThIHA);

- XFTAP wunnekci — Gipinmi karap sxorapbiia, con skakra (http://grnti.ru); on »xakra —
XKypHabIH doi uHAeKcl (mpedukc xkoHe cypdUKC) — perakiusia oepiiaeni;

- MakaJja aTaybl — OPTachlHA KAJIBIH OH €KiHIII KapilIeH;

- aBTOP(JIApIBIH)IBIH AaThI-KOHIEPiHIH OipiHII Kapmi MeH Teri — optara 1l-kapirm,
(aBTOp;Map caHbl 5 alaMHaH apThIK OOJIMAaYHI THIC);

- yiibIM, KaJia, eNIiH TOJIBIK aTaybl — OpTara, KypcuB — 11-kapim;

- Amnmarna. Tyn nmycka tutiHme (150-200 ce3; Makana KYpbUIBIMBIH CaKTaidl OTBIPBII),
enmiemi (kerib) — 11-kapim;

- Tipek ce31ep — Ka3ak, opsic, arbullIbH TinAepiHae (3-5 ces/ce3 Tipkectepi), emmemi -
(xermp) 11-kapirm;

- Herisri motin (apanslk uHTEepBasn — 1, «aszat xom» - 1,25 cm, 12-kapinm) KypbUIbIMBI
TeMeHeriiel 0oaibl:

2. Kipicme: TakpIpbINTBIH TaHAATYbIH HETI3[ey; TaHJAJIFaH TaKbIPBINTHIH, MOCEJCHIH
©3EKTLJIIT1, 00BEKTICI, TOHI, MaKCaThl, MIHJICTI, 9JiCi, TOCUI, TY)KBIPBHIMBI KOHE MaFbIHACHIH aHBIKTAY

3. 3eprTey MaTrepuajiapbl MeH JicTepi: Marepuangap MEH IKYMBIC OapbIChl
CHUIaTTaMaChIHAH, COHAM-aK NaiJalaHbUTFaH dAiCTEP/IiH TOJBIK CUMIATTAMAChIHAH TYPYHI THIC.

4. Kecrenep, cyperrep alThUIFAHHAH KEeWiH OPHAJIACTBIPBUIYBl KEpPEeK. Op HIUTIOCTPALMSIMEH
xasy(emmremi (kerip) — 11) 6omysr kepek. CypeTTep aHbIK, Ta3a, CKaHEepJICHOETeH 0OyhI KepeK.

Makxkana moTiHiHIe cinremenep 6ap Gopmynanap FaHa HeMipieHeni. MaTiHae cinTemenep Tik
*Kakmana kepceriieni. Cinremenep MOTIHIAE KaTaH Typlie HOMIpIIEHYI Kepek.

5. HoTmskesep/Tankpliay: 3epTTey HOTHXKEIIEPIH TaJ1ay XKOHE TAIKbUIAY KEITIpLUIeIl.

6. KOpbITBIHABI/KOPBITHIHABLIAP: OChI KE3CHIETI JKYMBICTBI KOPBITBIHIBLIAY; aBTOP
aNTKaH YCHIHBUIFaH TY)KbIPBIMHBIH aKHKATBIH pacTay. JKYMBICTBI KapiKbUIBIK KOJI/Iay Typalibl aKmapar
KopbitbiHaeiman  keitin  tyceni. Opaebuerrep Tisimi (emmemi (kernp) — 11, maiimanaHbuiFan
onebuerTep canbl — 15-TeH keM OonmMmaybl KaxeT). OaedueTTep Ti3iMiHAe KUPWILIHLIAAA YCHIHBUTFaH
JKYMbICTap OOJIFaH JKaFjaiga oneOuerTep Ti3IMIH €Ki HYCKaJa YChIHY KakeT: OlpiHmiici —
TYNHYCKaja, EKIHIIICI — pOMaHu3aluusiaaHfraH andaButneH (TpaHcauTepanus). Makananarbl
Joiiekce3 Ti3IMiHAE TeK peleH3usulaHFaH onebuer ko3nepi, DOI muzaekci 6ap omebuertep O0Iybl
tric. PomaHm3anusananran oxeOuerTep TiziMmi  http:/www.translit.ru caiTel apKbUTBI paciMIenyi
KEpeK.

7. ABTopnap Typayibl MoiMeTTep: (aBTOPABIH(JIAPBIH) aThI-KOHI, YHBIMHBIH TOJBIK aTaysbl,
KaJachl, eJii, OalmanpIC nepeKTepi: TenedoHsl, 3J1.10IITa, OpCUI HoMepi) 3 Tize.

Kenren makana tananka cail paciMienreH karjaaiia faHa AHTUIUIarHaT OaraapiiaMachblHaH
otkizinemi. Tymuyckanbirbl 80% - nmaH JKOFapbl KepceTKimTe OoJiFaH Makajia PemakiusHbIH
KapaybiHa xioepiieni. An 80% - gaH TeMeH OoJFaH MaKasla aBTOPJbIH TOJBIKTBIPYBIHA KiOepiieni.
A, ekiHIII peT OTKI3IITeH JKaFaaiaa THICTI KepCeTKill OomMaca KapusulaHbiMFa KaObU11aHOaN bl
PenienszentTepiiH OH MiKIpIHEH COH MakaJa KypHajFa KaObUIJaHbII, aBTOPFa TOJIEM Kacay KeHIHJe
xabapiama >xiOepinesi. ABTOp TOJEMaKbIHBIH TYOIPTETiH PENaKIUSHBIH AJICKTPOHIBI MOYTACHIHA
xi0epyre miaaetti (Technique_Journal@korkyt.kz)
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PykoBoacTBO i1l aBTOPOB M0 0(pOPMIICHHIO PYKOIUCEH

I'oToBas HayuHas pabota s myOnuKauu B )xypHasle « TexHudeckre HayKu U TeXHOJIOTUID)
MOJKET OBITh MOJaHa aBTOPOM (aBTOpaMH) uepe3 CHCTEMYy OHJIAH MOJayu cTaTeid Ha caiite
vestnik.korkyt.kz, wucrnone3ys crneuuanbubie HHCTpYKiMH. CTaThst MOJDKHA OBITH HAIMKMCAHA B
dopmare Word B Windows 10 mpudrom Times New Roman (crates, He HamuMcaHHas B
COOTBETCTBHUHM C J3THM TpeOoBaHWeM, He OyaeT NpHHATAa aBTOMATHYECKH). SI3bIK MyOiauKarmi
Ka3axCKUW, pyccKuil, anruiickuii. CTpyKTYypa u 0(popMJieHUE CTATHHU:

1. O6beM ctaThk B mpeaenax oT 6 1o 12 crpanwuil (He MeHee 6 CTPaHUII, 3a UCKIFOUYCHUEM
AQHHOTALIMH U CIHCKA JTUTEPATYPHI).

- Cxema mocTpoeHusi cTaThM (CTpaHulia — A 4, KHW)KHAsE OpPUEHTAIIHS, TIOJIS C JICBOM, BEpXHEH
U HUOKHEH cTOpoH — 2,5 M, ¢ mapBoit — 2,0 mm. Hlpudt: Tun — Times New Roman, pa3mep (kerip) -
12) (B ¢popmare Word B oneparmonnoii cucteme Windows 10):

- wuugekc MPHTU - mepBas crpoka cBepxy ciesa (http:/grnti.ru); unmekc DOI
(mpemocTaBisieTcs pelakumen JKypHaia);

- Ha3BaHUE CTaThbU — NPOMUCHBIMU OyKBaMHM IO LIEHTPY MOIYKUPHBIM HIpUGTOM, pazmep-12;

- UHUIMAJIBI ¥ (aMUIHIO aBTOPa(OB) — MO LEHTPY MOIYKUPHBIM MIPUPTOM, pazmep (Kerib) —
11 (ampec »1.MOYTHI aBTOPOB, HOMEP OPCHJ, KOJIMYECTBO ABTOPOB HE MJOJDKHO MPEBBIIATH 5
4YeJI0BEK);

- MOJTHOE HAUMEHOBAaHHUE OPTaHU3aIMU, TOPOJ, CTpaHa — 10 IEHTPY, KypcuB, pasmep - 11.

- AnHoTanus Ha s3eike opuruHaia (150-200 cioB; coxpaHss CTpyKTYpy cTaThh) pazmep-11.

- KiiroueBble ci10Ba (Ha Ka3aXCKOM, PYCCKOM, aHTJIMICKOM OT 5 710 8 CIIOB/CIIOBOCOYETAaHUH)
pa3mep (kerup) - 11.

- OcHoBHOM TekcT (12 mpudTt, MEKCTPOUHBIN MHTEPBAI - 1, OTCTYIl «KpacHOM CTPOKU» -
1,25 cm), cTpykTypa:

2. Beaenenme: o6ocHOBaHME BbIOOpAa TEMbI; AaKTYaJbHOCTh TEMbl WJIH MPOOJIEMBI,
orpeneneHre 00bEeKTa, IpeMeTa, IelNeil, 3a1a4, METOA0B, MMOAX00B, TUTIOTE3bl U 3HAYCHHS PAOOTHI.

3. MaTepuaibl U MeTOAbI MCCJIEAOBAHNS. IOJDKHBI COCTOSITh U3 ONMHMCAHUS MAaTEPHUATIOB U
X071a pabOTBI, @ TAKXKE MOTHOTO OMHCAHUS HCIIOIb30BAHHBIX METO/IOB.

4. B cratbe HYMEpYIOTCS TOJBKO T€ (OPMYINbI, HA KOTOpBIE €CTh CCHUIKM B TeKcre. B
CCBUIKAxX B TEKCTE YKa3bIBACTCS B KBAaIPATHBIX CKOOKaX.

5. pe3yJbTaThl/00Cy:KAeHNe: IPUBOJUTCS aHAINU3 U 00CYXJICHHE MOJy4YEeHHbBIX PE3yIbTaTOB
UCCIICIOBaHMUS.

6. 3ak/I0YeHHe/BBIBOABI: 0000IICHNE W TIOJBEACHHE UTOTOB paOOTHI HAa JaHHOM JTarie;
HOJTBEP>KICHHE UCTUHHOCTH BBIJIBUTAEMOTO YTBEPKAECHUS, BEICKA3aHHOTO aBTOPOM.

Crmcok nureparypsl (pazmep (kerib) — 11, KOMMYECTBO HCHOIB3YEeMOW JIMTEpATyphl HE
menee 15). [Ipy Hamuumu B CIHMCKE JIUTEpaTyphl padOT, MPEACTABICHHBIX HAa KHUPHIUIMILE, CIHCOK
JUTEPATyphl JAOJDKEH OBITh MPEICTAaBICH B JIByX BapUaHTaxX: MEPBBI - B OpUTMHAJE, BTOPOW - B
JaTUHU3UPOBaHHOM andaBute (TpaHciaurepanus). COHUCOK CCBUIOK B CTaThe JOJDKEH COJEpPXKATb
TOJIBKO PpELEH3UpYeMble JIUTEpaTypHble MCTOYHMKM, auTeparypy ¢ unaekcom DOI. Choucok
JATUHU3UPOBAHHOM JIUTEPATYpPhI 1OJKEH ObITh OATOTOBIIEH uepe3 caiT http://www.translit.ru.

7. Csenenus 06 aBropax: (momxHbl copepxatb @O aBTopa (0B), MOJHOE HAMMEHOBAHUE
OpraHu3alyy, TOpoj, CTpaHa, KOHTAKTHBIE NaHHBIE: TenedoH, J.IOoYTa, HOMEp Opcua) Ha 3-X
S3BIKAX.

8. Crarps momkHa obnamate He MeHee 80% YyHHKaIbHOCTHM TeKcTa Juid myOnukanuii. B
cllyyae €clii OpHTMHaIbHOCTH cTaThu Hike 80%, pabora Oynmer BO3BpalleHa aBTOpY IS
UCIpaBJIeHUE U KOppeKTHpoBKH. Ilocie BTOpHYHOI NpOBEpKH CTaThsi HAOMpaeT HEO0OXOAUMOIO
MoKa3aTelss B aHTUIUIArMaT, HAIpaBJIsETCs HA PAaCCMOTPEHHME pelakIMOHHON Kosuieruu. CtaThs, HE
OTBEYAOL[Aasi COOTBETCTBYIOIUM TPEOOBaHUSAM, OPUTMHAIBHOCTh KOTOPBIM, IPOBEpEHa ABaX/bl, K
ny6nukanuy He npuHuMaercs. Ilocie monoXKUTeIbHOrO OT3bIBA PELEH3EHTOB, CTAaThsl IPUHUMAETCS
JUIsl myOJNMKalMu B KypHaJl M aBTOPY HaIpaBisieTcs yBeAoMJeHHEe o0 omiate. ABTOp 00s3aH
OTIIPABUTh KBUTAHIIUIO 00 orare Ha JJIEKTPOHHYIO MOUTy penaKium.

(Technique_Journal@korkyt.kz).
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Manual for authors of manuscripts

Ready scientific work for publication in the journal «Technical sciences and technologies»
can be submitted by the author (authors) through the system of online submission of articles on the
site vestnik.korkyt.kz, using special instructions. The article should be written in Word format in
Windows 10 in Times New Roman font (an article not written in accordance with this requirement
will not be accepted automatically). Language of publications Kazakh, Russian, English.

Structure and design of the article:

1. The size of the article ranges from 6 to 12 pages at least 6 pages, excluding annotations
and bibliography).

- description of the scheme of the article (page - A 4, book orientation, indents are calculated
with respect to the left top and bottom sides page margins — 2.5 m, with right - 2.0 m, Standard font:
type - Times New Roman, size (font) - 12) (Word format on Windows 10 operating system):

- the ISTIR index is the first line at the top left (http://grnti.ru).

- DOl index (provided by the editorial office);

- title of article — with capital letters, alignment on the center in bold, size (font) 12.

- initials and last name of author(s) - alignment on the center in bold, size (font) — 11, (e-mail
address of the authors, orsid number, the number of authors should not exceed 5 people);

- the full name of the organization, city, country, alignment on the center, italic, size (font) -
11.

- Annotation in the original language (150-200 words; retaining the structure of the article)
size (font) - 11.

- Keywords (in Kazakh, Russian, English from 5 to 8 words/phrases) size (font) - 11.

- Main text (12 font, line spacing - 1, indentation of red line#- 1.25 cm)

- Structure:

2. Introduction: rationale for the selection of the topic; relevance of the topic or problem;
definition of the object, subject, objectives, tasks, methods, approaches, hypotheses and meanings of
the work.

3. Research materials and methods: should consist of a description of the materials and the
progress of work, as well as a full description of the methods used.

4. In the article, only those formulas that are referenced in the text are numbered. References
in the text are indicated in square brackets.

5. Results/discussion: an analysis and discussion of the results of the study is given.

6. Conclusion/conclusions: summarizing and summarizing the work at this stage;
confirmation of the truth of the assertion put forward by the author.

List of references (size (point size) - 11, the number of used literature is at least 15). If there
are works presented in Cyrillic in the list of references, the list of references should be presented in
two versions: the first - in the original, the second - in the Latinized alphabet (transliteration). The list
of references in the article should contain only peer-reviewed literary sources, literature with a DOI
index. The list of romanized literature should be prepared through the site http://www.translit.ru.

7. Information about the authors: (should contain the full name of the author (s), full name of
the organization, city, country, contact details: telephone, e-mail, orsid number) in 3 languages.

8. The article must have at least 80% uniqueness of the text for publication. If the originality of
the article is below 80%, the work will be returned to the author for correction and correction. After a
secondary check, the article gains the required indicator in anti-plagiarism, and is sent for
consideration by the editorial board. An article that does not meet the relevant requirements, the
originality of which is double-checked, is not accepted for publication. After a positive feedback
from the reviewers, the article is accepted for publication in the journal and the author is sent a
notification of payment. The author is obliged to send a payment receipt to the editorial office by e-
mail (Technique_Journal@korkyt.kz)
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YHFBIMAChIHJAArbl IITAHTAJIBIK YHEFBIMAJIbI COpall KOHALIPFBICHIH )KeTiJII[ipy

MypatoB A.C., ®azaapaiblK KOHBEKIUSIIBIK MOJIEIBACYAIH HET13T1 TYXKbIpbIMIamMaaphbl
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AHBIKTAY
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Ioaropuos B.M. ®opmupoBanue npu3adoitHOI 30HbI CKBaXKHHbI

CONTENT

Tanzharikov P.A., Erzhanova A.T., Kozhageldin H.K Improving the rod well pump for
production of watered oil from deep wells

Muratov A.S., Basic concepts for modeling interfacial convection
Borozdin S.O., Determination of the degree of influence of hydrodynamic pressure drop
and capillary pressure on the depth of the zone of penetration of filtrate of washing fluid

into the formation

Tanzharikov P.A., Mukhtarov S.R., Methods of improving the efficiency of energy
supply to oil and gas enterprises

Podgornov V.M. Formation of the bottom both zone of the well
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OnybnukosanHvle cmamvl He OMpajicaiom mouKy 3peHus peoakyuu. Asemop necem
0MEemcmeeHHOCMb 34 cooepiicanue cmamvu. Pykonucu peoaxmupylomcs u asmopam He
6o3epawaiomcs. Mamepuanvl, onybnukoeanHvlie 6 JicypHane «lexmuueckue Hayku U
MEXHONI02UUY, HEe MO2YIM 80CHPOU3EE0eHbl 63 CCHLIKU.
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