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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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INTERNAL CORROSION PROPAGATION
IN CURVED SECTIONS OF STEEL PIPES

Abstract. In the world, the protection of metals from corrosion is one of the urgent problems requiring an
integrated approach to their solution. The main task of research in this area is to reduce the economic losses due to
corrosion of pipelines, equipment, machinery, structures, machine parts, etc., to increase the reliability of equipment
that comes into contact with aggressive media and to preserve the metal stock. Every year around the world there is
an increase in the production of metals and the requirements for the conditions of their operation are becoming
higher. This is due to the fact that more and more metallic equipment works in aggressive environments. Therefore,
the issues of protecting metal equipment from corrosion become more relevant. It is impossible to completely pre-
vent corrosion in metals, but you can find ways to slow down the development of corrosion. For this it is necessary
to explore the development of corrosion in metal structures. This article discusses the development of corrosive pro-
cesses in various parts of the steel pipeline. Studies on the development of corrosion have shown that the develop-
ment of corrosion on curved sections of steel pipes for various purposes occurs more intensively than on straight
sections.

Keywords: corrosion; steel pipes; Lorentz force; internal corrosion.

Introduction. In the history of construction and maintenance of steel pipes, there are accidents and
failures due to corrosion damages [1-11]. The problem of corrosion is very urgent and is one of the main
factors that cause major catastrophes and accidents on pipelines in various industries.

The main type of corrosion of pipes, which leads to damages, is internal corrosion. Corrosion pre-
vention in steel pipes used in various industrial facilities is in application of insulating coatings both inside
the pipes and outside. At that, attention is not paid to the corrosion propagation behavior in the curved
sections of steel pipes.

Review. The main internal corrosion studies were carried out in oil and gas and chemical industries,
where the transportable medium rapidly leads to the internal corrosion [9-12]. Also, these studies are well
developed in the studies of water and heat supply systems [13]. A lot of research has been carried out to
this day and being carried out at the moment on the corrosion propagation in these industries, but these
results cannot be generalized and used in hydraulic engineering structures due to the difference in the
transportable media properties.

In [14] the author studies irrigation pressure pipe systems’ life aging by means of forecasting the
corrosion propagation danger of metal pipes transporting waste waters. In the work the emphasis is made
on waste waters. It does not consider effect of corrosion propagation on the constructional metal pipe
features.

The work [15] considers operation conditions of “Astrakhan-Mangyshlak” main internal surface
conduit and properties of corrosion formation on it. The corrosion propagates due to water composition,
temperature fluctuations and changes along the conduit length. The work does not consider effect of
corrosion propagation on the constructional metal pipe features.
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The work [16] notes that after long-term operation, localized corrosion damages occur on the oil and
gas pipe pitches due to the transportable medium composition and movement influence, which can lead to
the pipe rupture.

The works [17-19] present results of experiments on the study of corrosion in the internal cavity of
pipes, where the transportable medium flow regime and composition affect the pipe corrosion.

As the review of sources in this direction has shown, investigations of internal corrosion in hydraulic
engineering structure pipes have not been adequately conducted, and there are practically no works on the
study of the corrosion propagation on the curved sections of steel pipes.

Proposals and differences in methodology. Our investigations [16-20] showed that corrosion
propagation occurs more intensively on the curved sections of steel pipes for various purposes than on the
straight sections.

We have proposed corrosion propagation mechanism in steel structure elements in aqueous medium
taking into account their ferromagnetic properties [18-20]. These studies showed that on the straight
sections, ions of the transportable medium attracting by the Lorentz force to the walls of cracks start
chemical process of steel elements’ corrosion. Existing cracks on the outside are covered with oxide film
forming iron hydroxides. Cracks filled with corrosion products on the straight sections are less susceptible
to mechanical influences on the transportable medium. Therefore, here the corrosion propagation velocity
is less than in the curved sections of steel pipes.

In the curved sections of steel pipes, a centrifugal force acts on moving particles (gases, mechanical
impurities, water or other liquids) having a certain mass [21]. In the curved sections the corrosion
propagation velocity depends on the liquid motion velocity, on the number of ions, and also on the

centrifugal force effect equal to:
2
m-v
F= ; e)
R

where m — particle mass; v — particle motion velocity; R — radius of deformation.

These particles, acting mechanically, open cracks of steel pipes closed by the primary corrosion
products and contribute to the further intensive corrosion propagation in them.

In the straight sections the corrosion propagation velocity depends only on the liquid flow velocity
2

and on the number of ions, as —>0,at R=0.
In the curved sections, where the turning angle equal to 90°, the corrosion propagation velocity

depends on the liquid flow velocity, on the number of ions, as well as on the kinematic energy action, as

2
m-vy

— max,at R — 0. In this situation, the corrosion propagates several times more than in other

curved sections, as the liquid motion before the angle changes and the number of ions increases. If
previously on the straight sections, ions on the wetted perimeter of the pipe could act on the corrosion
propagation velocity, then at turns to 90°, ions on the cross sectional area of the liquid can affect the
corrosion propagation velocity.

To test the proposed mechanism for the corrosion propagation, we have conducted experiments to
measure thickness of the steel pipes walls on the curved sections. The purpose of the experiment is to
determine the turning angles, which have the greatest influence on the corrosion propagation velocity.

To this end, we have developed an apparatus for determining metal corrosion on the curved sections
in steel pipes (figure 1). The apparatus consists of a pump welded at various angles of pipes ¥32x3.0 in
diameter, a filter, an air valve and supports. The apparatus developed by us, where the liquid is circulated
by the pump, has sections of steel pipes: straight, curved and with turn by 90°.

The experiment was conducted for one year. As is known, river water, fresh water have very weak
ions, therefore, in order to obtain comparatively fast results in the role of a corrosive fluid, we took the salt
solution, generally accepted in such experiments (NaCl 3.5%) [9, 23].

It should be noted that in similar works [12, 22], the salt solution (NaCl 3.5%) is used to study the
corrosion propagation.
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Figurel — The distance from the rotation axis to the center of gravity of the current r and peripheral R section

In the work [23], the salt solution (NaCl 3.5%) is also used for the experiment, but the work deals
with the corrosion propagation in welded joints of pipes.

The thickness of the steel pipes walls was measured by ultrasonic thickness gage UT-301 according
to GOST 28702-90. The converter is of 5B12/2-5.0 MHz type. The main material of the pipe with
¥32x3.0 diameter is (Steel 10, GOST 1050-88). When measuring, the “echo” principle is used, i.e. the
searcher and receiver are combined in one tester. The activated ultrasonic signals reach the internal pipe
surface and are reflected by the receiver, knowing the propagation velocity and the time of passage of
ultrasound on the metal, we have determined the wall thickness.

The layout of the measurement points in the apparatus is shown in figure 2. The apparatus is made of
a 32 mm pipe, its wall thickness is 3mm, two angles of 90°, one angle is 135°, one angle is 120°, the sharp
angle is 35°. The length of the upper pipe is 120 cm, the height is 35 cm, the lower length of the pipe is 36 cm,
the angle from this segment is 135°. The apparatus consists of five pipe sections. Its perimeter is 296 cm.

Bl

A=
column

(L

Figure 2 — The layout of the measurement points in the apparatus

Results and discussion. The apparatus was switched on in May 2017. There is a pump in the middle
of the upper part that distills the salt solution. The pump is switched on via the time relay, it works
continuously for 1 hour, stops for 20 minutes. The thickness of the pipe wall at 17 points was measured
after 3 months (table 1), 8 months (table 2) and 1 year (table 3). The thickness of the pipe wall was
measured in the laboratory of ultrasonic testing (Testing laboratory of PKF FAN LLP, Taraz,
Accreditation certificate N° KZ.1.08.1791).
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Table 1 — The results of measuring the thickness of the steel pipes walls subjected to internal corrosion

(August, 2017)

N Measurement value Mean value | Thickness of the wall Initial thickness of Retiremen | Notice
(mm) of three taking into account the wall and diameter t size
measuremen | measurement errors of measured elements (mm)
ts (mm) (mm) (mm)
1 3.0 29 3.0 3.0 2.9 032x3.0 6=153 pipe
2 3.1 3.0 3.1 3.1 3.0 032x3.0 6=1.53 -/ -
3 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -1 -
4 3.0 3.1 3.0 3.0 2.9 032x3.0 6=1.53 -1/ -
4A 29 2.8 29 29 2.8 032x3.0 8=1.53 -1 -
5 2.9 2.8 2.9 2.9 2.8 032x3.0 6=1.53 -/ -
6 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -1 -
7 3.1 3.0 3.1 3.1 3.0 032x3.0 6=1.53 -1/ -
8 2.7 2.7 2.7 2.7 2.6 032x3.0 6=153 -1/ -
9 2.7 2.8 2.7 2.7 2.6 032x3.0 6=1.53 -/ -
10 2.9 2.8 2.9 2.9 2.9 032x3.0 6=1.53 -1 -
11 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -/ -
12 3.1 3.0 3.1 3.1 3.0 032x3.0 6=153 -1/ -
13 2.7 2.7 2.7 2.7 2.6 032x3.0 6=1.53 -/ -
13A 2.7 2.7 2.7 2.7 2.6 032x3.0 6=153 -/ -
14 2.9 2.8 2.9 2.9 2.8 032x3.0 6=1.53 -/ -
14A 29 2.8 29 29 2.8 032x3.0 8=1.53 -1/ -
Table 2 — The results of measuring the thickness of the steel pipes walls subjected to internal corrosion
(February, 2018)
N Measurement value Mean value | Thickness of the wall Initial thickness of Retiremen | Notice
(mm) of three taking into account the wall and diameter t size
measuremen | measurement errors of measured elements (mm)
ts (mm) (mm) (mm)
1 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 pipe
2 3.0 29 3.0 3.0 2.9 032x3.0 6=153 -1/ -
3 2.9 2.8 2.9 2.9 2.8 032x3.0 6=1.53 -/ -
4 2.9 2.9 2.9 2.9 2.8 032x3.0 6=1.53 -1 -
4A 2.2 2.3 2.2 2.2 2.1 032x3.0 8=153 -/ -
5 24 2.3 2.3 2.3 22 032x3.0 6=153 -1/ -
6 2.9 3.0 2.9 2.9 2.8 032x3.0 6=1.53 -/ -
7 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -1 -
8 2.4 2.3 2.4 2.4 2.3 032x3.0 6=1091 -1/ -
9 2.7 2.8 2.7 2.7 2.6 032x3.0 6=191 -1/ -
10 2.8 29 2.8 2.8 2.7 032x3.0 6=191 -/ -
11 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1091 -1 -
12 3.0 2.9 3.0 3.0 2.9 032x3.0 6=1.53 -/ -
13 2.7 2.6 2.7 2.7 2.6 032x3.0 6=153 -1/ -
13A 2.4 2.5 2.5 2.5 2.4 032x3.0 6=153 -/ -
14 24 2.5 2.4 24 2.3 032x3.0 6=1.53 -1 -
14A 2.3 2.3 2.4 2.3 2.2 032x3.0 6=1.53 -/ -
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Table 3 — The results of measuring the thickness of the steel pipes walls subjected to internal corrosion

(May, 2018)
N Measurement value Mean value | Thickness of the wall Initial thickness of Retiremen | Notice
(mm) of three taking into account the wall and diameter t size
measuremen | measurement errors of measured elements (mm)
ts (mm) (mm) (mm)

1 2.9 2.8 2.9 2.9 2.8 ”¥32x3.0 6=1.53 pipe
2 2.9 2.9 2.8 2.9 2.8 ?32x3.0 3=153 -/ -
3 2.9 2.8 2.9 2.9 2.8 ?32x3.0 6=1.53 -/ -
4 2.9 2.8 2.9 2.9 2.8 ?32x3.0 6=1.53 -/ -
4A 2.2 2.1 2.1 2.1 2.0 ”¥32x3.0 6=1.53 -/ -
5 2.1 2.2 2.2 2.2 2.1 ?32x3.0 3=153 -/ -
6 2.6 2.7 2.7 2.7 2.6 ?32x3.0 3=153 -/ -
7 2.9 2.8 2.9 2.9 2.8 ?32x3.0 6=1.53 -/ -
8 2.4 2.3 2.3 2.3 2.2 ?32x3.0 6=1091 -/ -
9 2.7 2.8 2.7 2.7 2.6 032x3.0 6=191 -/ -
10 2.7 2.7 2.6 2.7 2.6 032x3.0 6=1.91 -/ -
11 2.8 2.7 2.7 2.7 2.6 ?32x3.0 6=1091 -/ -
12 2.9 2.8 2.9 2.9 2.8 ?32x3.0 6=1.53 -/ -
13 2.8 2.7 2.7 2.7 2.6 ?32x3.0 6=1.53 -/ -
13A 2.4 2.5 2.4 2.4 2.3 ”¥32x3.0 0=1.53 -/ -
14 2.9 2.8 2.9 2.9 2.8 ?32x3.0 6=1.53 -/ -
14A 2.2 2.2 2.3 2.2 2.1 ?32x3.0 6=1.53 -/ -

Analysis of tables 1-3 shows that at the points of measurement — N°. 4A, 8, 13A, 14A, where the
turning angles are sharp or equal to 90°, the wall thickness has significantly decreased. This shows that on
the curved sections of steel pipes, corrosion propagates more strongly than on the straight sections, which
in turn confirms the corrosion propagation mechanism proposed by us.

Corrosion inside steel pipes begins, as we established earlier [21, 22], in the damaged areas. These
areas with defects, non-uniformities, dislocations and cracks in steel structures, damage the ferromagnetic
properties of steel. They, in turn, damage the domain structure of steel, and between the domains Cl- ions
are attracted to the south poles, and Na+ ions are attracted to the north poles, and thus corrosion begins,
i.e. chemical process.

The pipe thickness in the first section decreased by 0.1 mm at the first measurement and the corrosion

propagation velocity was equal to = 0.4mm / year. The corrosion propagation velocity in the se-

cond measurement was equal to zero. The corrosion propagation velocity in the third measurement was

equal to =0.3mm / year. The average corrosion propagation velocity in the steel pipes with the

. . 0.2 . . .
straight section was equal to T = 0.2mm / year . After mathematical processing of thickness measure-

ment results, we determined the corrosion propagation velocities in the steel pipes of the experimental
apparatus on its straight sections, which are shown in figure 3.

At first straight sections of the steel pipes, the corrosion first developed actively, and then its
propagation velocity slowed down. Then after a certain time, the corrosion propagation resumed. The
resulting phenomenon is explained by the fact that when the ions passed through the cracks of domains
after the first measurement, products of chemical reaction — micelles (chemical corrosion product) [23]
formed and filled the cracks of domains, thereby reducing the corrosion propagation velocity.

The average corrosion propagation velocity on the curved sections of the steel pipes of hydraulic
engineering structures (figure 4) equal to 0.375 mm/year.

— 217 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

thickness, mm
3.2
31 E
3
% 28 2.9 —
""--...__---_--"'"-l-___
28 —] —— :: oY 28 —_
""—-..__
28 T~ 5 5
28 78 3
2.7 a
26 JE—
25 —1F
2.4 . 1 4]
2.3
2.2
21
0 1 2 3 4 5 & 7 B8 2 10 11 12 t, month

Figure 3 — Dependence of the pipe wall thickness on the residence time in the corrosive medium on the straight sections.
The numbers correspond to the measurement points on the experimental apparatus
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Figure 4 — Dependence of the pipe wall thickness on the residence time in the corrosive medium on the curved sections.
The numbers correspond to the measurement points on the experimental apparatus

The obtained value in comparison with the straight section of the steel pipes increased by 80.5%. This
phenomenon is explained by the fact that when turning the steel pipes, the liquid under the action of
centrifugal forces hits the walls and wash out the micelles, and therefore the physical process does not
stop, affecting the corrosion propagation velocity.

The average corrosion propagation velocity at the turns of the steel pipes of hydraulic engineering
structures equal to 90° and is shown in figure 5 and equal to 0.833 mm/year.

The obtained value in comparison with the square section of the steel pipes increased by 416.5%.
This phenomenon is explained by the fact that when turning by 90° the liquid completely breaks its
structure, and the number of ions in the liquid increases in proportion to the ratio of the cylinder volume to
its perimeter.

Thus, we obtained results showing that location of the steel pipes of hydraulic engineering structures
affects the corrosion propagation velocity inside the pipes. This phenomenon was not taken into account
when designing the steel pipes of hydraulic engineering structures, and reliability of the steel pipes
depends on their location in space. In practice, elements of metal structures are designed to be equal in
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Figure 5 — Dependence of the pipe wall thickness on the residence time in the corrosive medium on the square sections.
The numbers correspond to the measurement points on the experimental apparatus

strength, while elements of metal structures of hydraulic engineering structures should be designed to have
the same reliability and ensure trouble-free operation.
Calculation of tubular metal structures of hydraulic engineering structures is carried out according to
the well-known formula of Laplace [24]:
o, 0,
—L+ 2 =prt, @)
nooon
where o, - meridian stress; o, - circular stress; r; - meridian radius; », - radius of curvature in the circular

direction; p - pressure inside the pipe; ¢ - thickness of the pipe walls.
The second component stress acting along the meridian direction is also determined for the pipes by
the formula [24]:

4
o, ==, 3)
Y
The pipes are in a plane stressed state, and the strength is tested by the following formula [24]:
\/0'12—(710'2+c722 SRyﬁ, 4
Va

where R, - design strength of the steel, established by the yield point; Y, - service factor; ), - reliability

factor.

The calculation made by this formula does not ensure trouble-free operation of the pipes of hydraulic
engineering structures, since it does not take into account the corrosion propagation inside the pipe [25].

Conclusions. The results of the above studies carried out by us in laboratories of M.Kh. Dulati Taraz
State University showed that the pipes can lose their performance due to the corrosion. Pipes having
turning angles, especially when they turn at the angle of 90°, may lose their trouble-free operation earlier
than the pipe sections having straight sections.

To eliminate this phenomenon, it is necessary to take measures ensuring equal reliability of all
sections of tubular steel structures of hydraulic engineering structures, thus ensuring their trouble-free
operation.

In our opinion, the following measures should be taken:

- thicken pipes at the turning points;

- periodically paint pipes at the turning points;

- use in the turning points of pipes, steel of corrosion-resistant properties grades;

- continue to study the corrosion propagation on the curved sections of the steel pipes.
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C. Opbmﬁaenl, E. AMaﬂﬁaeBl, b. AJmMGaeBl, b. Mananﬁaenl, C. Bemeponal, B. MbIKTBIGEKOB>

' M. X. lynatu ateiaaars: Tapas memnekeTTik yaupepcuterti, Tapas, Kasakcran,
* ABHALIUSITBIK MOTOP KyphUtbichl OpTasiblk MHCTUTYThI, Mockey, Peceit

BOJIAT K¥BbIPJIAP/JbIH BYPBIJIIBICTAPBIHJIAFbBI
IIIKT TOTBIT'Y IBIH JAMY EPEKIIEJIKTEPI

AnHotanusi. JlyHuexy3iHIe Meramiagap/ibl TOTTaHyAaH KOpray KeIIeHII MIeHIMIepai Tanan eTeTiH ©3eKTi
Macenenep iy 0ipi. OChI canagarsl 3epTTEYJIEPAiH 0acThl MaKCaThl METaJLT KYOBIPIapBIHBIH, Ka0ABIKTAPIBIH, KYPhI-
JBIMIIAPABIH MallliHa OeJIIeKTepiHIH KoHEe T.0. MeXaHM3MJEPHAiH TOTTHIFY CajIapblHAH KeJIeTiH KOHOMHKAJIBIK
HIBIFBIHAAP/IBI TOMEH/IETY, arpecCUBTI OpPTaa KYMBIC )KACAHThIH KOHABIPFBUIAP/ABIH CEHIMALIITIH apTThIpy MKOHE
METaJUT KOPBIH cakTay OoJbIn TaObutazpl. JKBUT caifblH OYKI olleMie MeTaliap eHAIpIiCiHiH ecyi OaliKkamansl sKoHE
OJIap/IbIH )KYMBIC iCTEyiHe TananTap )orapiayna. by ke Meranablk skaOabIKTap IblH arpecCUBTI OpTaIapia KYMBIC
skacayblHAa. COHIBIKTaH MeTaul >KaOABIKTapIbsl KOPPO3MWsJaH KOpray Macesesiepl ©3eKTi OOJIBI TaObUIAIbI.
Merasnnap/aslH TOTTaHYBIHA XKOJ OepMey MYMKIH eMec, Oipak KOPpPO3USHBIH JaMybIH O9CEHIETY KOJIapblH Tadyra
Oonanel. O YIIiH MeTall KOHCTPYKUMSUIAPBIHIAFbl KOPPO3USHBIH JTaMybIH 3epTTey KaxeT. by makanamga Gomat
KYOBIpIBIH TYpii OemiKTepiHmeri KOppO3WsUIBIK MPOLECTepHiH AaMybl KapacThIpbUIaabl. KopposWsSHBIH IaMybl
TypaJbl 3epTTeyiep TYpJi MaKcaTTarsl 0oaT KyObIpiIapablH KUCHIK O6JiKTepiHAeri KOPPO3USHBIH Ty3y OelikTepine
KaparaH/a KapKbIH/IbI ©CYiH KepCeTesi.

Tyiiin ce3nep: ToTTany, 6onat KyObip, JlopeHI Ky, iIIKi TOTTaHy.

C. Opsinbaes', E. Aman6aes’, B. Aiuméaes', 5. Manan6aes', C. Berieposa', B. MBIKTbIOEKOB’

lTapaSCKI/lﬁ rocyaapcTBeHHbli yHuUBepcuteT uM. M. X. [lynatu, Tapas, Kazaxcran,
2IleHTpaan1,1ix’1 WHCTUTYT aBUALIMOHHOI'O MOTOpocTpoeHusi, Mockaa, Poccust

OCOBEHHOCTH PA3BUTHSA BHYTPEHHEM KOPPO3UH
HA YI'JIAX ITIOBOPOTOB B CTAJIBHBIX TPYBAX

AHHoTanus. B Mupe 3amura MeTauioB OT KOPPO3HMHU SBJISCTCS OJHOW M3 aKTyaJIbHBIX IPOOiIeM, TPeOyIoLHX
KOMIIJIEKCHOT'O MIOAX0/1a 110 UX penreHuto. OCHOBHAA 3a/1a4a UCCIEN0BaHUM B 9TOH cepe — 3TO yMEHbIIEHHE SKOHO-
MHUYECKHX TMOTEPh B pe3yJbTaTe KOPPO3UU TPYyOOIPOBOAOB, 0OOPYNOBaHMS, MEXaHH3MOB, KOHCTPYKILIUH, JeTaiel
MallMH ¥ T.A., IOBBIIIEHHE HaJEHKHOCTH 000PyOBaHUS, KOTOPOE CONPUKACACTCS C arpeCcCUBHOI Cpenoil u coxpaH-
HOCTh MeTaiumieckoro ¢onga. C KaxIpIM IOOM BO BCEM MHUpPE HAOIIONAECTCS POCT MPOU3BOJICTBA METALIOB, U
TpeOOBaHUS K YCIOBUSIM HMX IKCIUTyaTalluy CTAHOBSTCS BBIIIC. DTO CBSI3aHO C TE€M, YTO BCe OOJIbIIE METAIUINYECKOE
obopysoBaHue pabOTaeT B YCIOBUSX arpeccMBHBIX cpel. 1103ToMy BONPOCHI 3alIMTHI METAIMYECKOTO 000pyI0-
BaHUS OT KOPPO3UH CTaHOBATCS Oojiee aKTyaJbHBIMH. [1OJHOCTBIO MPENOTBPATHTH KOPPO3HOHHBIC NPOLECCHI B
MeTaJulaX HEBO3MOXKHO, HO MOXKHO HAWTH CIIOCOOBI 3aMEICHUsI pa3BUTHS KOPPO3uH. i 5TOro Halo MCCIenoBaTh
IYTH Pa3BUTHs KOPPO3HMH B METAUIMYECKUX KOHCTPYKIMSAX. B naHHO# cTaThe paccMarpuBaeTcsi pa3BHTHE KOPPO-
3MHHBIX MPOLECCOB HA Pa3IMYHBIX y4YacTKaX CTAIBHOrO TpyOorpoBona. MccnenoBaHus 3a pa3BHTHEM KOPPO3UH
NOKa3aJIM, YTO Ha KPUBOJIMHEIHBIX y4acTKaX CTaJbHBIX TPYO Pa3iIMYHOrO Ha3HAYCHHS Pa3BUTHE KOPPO3HH IPOHC-
XoxuT 0oJiee HHTEHCUBHEE, YEM Ha MPSMOJIMHEHHBIX Y4acTKax.

KoaioueBbie ci10Ba: Kopposusi, cTanbHble TpyObl, cuia JIopeHia, BHyTpeHH:sI KOPPO3HsL.
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