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1. Introduction

Providing the assigned level of roughness of the surfaces
of parts at machining is an important direction of machine
engineering. Surface roughness has an essential effect on the
performance properties of parts. Given this, it becomes clear
why significant attention is paid to studying the microrelief
of the surface of samples both theoretically and practical-
ly. Among the theoretical directions in the studies of the
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surface microrelief state, of special interest are the series of
articles that deal with the application of sufficiently new,
nontrivial mathematical methods for analysis of the surface
relief state [1-7]. They include papers on the application of
fractal representations to the description of the self-similar
states, which are formed either naturally, for example, due to
the reflection by the surface of crystallographic properties of
the volume of material of the base layer [8, 9], or due to the
periodic action on the surface of machnining tool [10, 11].




Attempts at describing by simple mathematical expressions
of complex geometric shapes, which are observed experi-
mentally at the surface of the samples, prove to be futile, as
a rule. At the same time, disregarding the influence of other
emerging forms of symmetry, namely fractal, on the forma-
tion of ultimate operational properties of the parts’ surface at
the precision level of their studies is not justified.

The nontrivial methods of investigating the state of
microrelief of the machine parts surface should also include
those methods that use as their basis the theory of power
series and representations of the fractal structure of samples’
surface. Thus, we think it expedient to approach description
of the surface microrelief based on the use of fractional di-
mensions. This may make it possible to subsequently estab-
lish interrelation with the fractional exponents in the power
dependences for calculating the cutting modes in empirical
formulas.

The previously mentioned allows us to assert that the
use of fractal analysis and fractal geometry for describing the
parameters of samples’ surfaces after their machining by the
cutting tools is relevant. Results of such study can be useful
both in re-assessing the existing theoretical provisions and
in practical sense in describing the observed surface reliefs.
The existence of quantitative information of this kind will
subsequently make it possible to optimize conditions for the
machining of parts and to provide for the required level of
parameters of surface microrelief. That is why present work
should be considered as further development and practical
application of approaches and results [1-7].

2. Literature review and problem statement

In the theory of cutting of materials, empirical mathematical
expressions are widely used, obtained based on the processing
of experimental results, which include fractional indicators in
exponential functions. The latter, in its essence, reflects the
emergence of fractal properties in the interacting technologi-
cal machining system machine-device-tool-part. This situation
stimulates attempts at employing fractal representations to de-
scribe the processes that take place at blade cutting of metals.

Some of the pioneer articles on the use of fractal analy-
sis (FA), namely its multifractal generalization, in the metals
science are considered to be studies [12, 13], in which FA was
used for the quantitative description of the surface of metal
destruction. This approach made it possible to calculate pa-
rameters of the fractal surface condition of metallic fracture.
The latter, in its essence, indicated the realization of the
so-called multifractal (MF) parametrization of the selected
surface. Data obtained in this way allowd finding the inter-
relations between them and mechanical properties of sam-
ples. At the same time, MF-parametrization was performed
relative only to the analysis of two-dimensional images of
the structure surface and did not take into consideration the
entire spatial picture of the relief. In this case, the real relief
of surface was modeled by a series of zeros and unities. In
the case when the relief, observed on the images, exceeded
the assigned level, the input FA variable was assigned with
a logical unity, otherwise its magnitude was taken equal to a
logical zero. This simplified modeling of geometry of the real
surface resulted in fractal parameters of the system that were
difficult to interpret physically. The aforesaid, in the first
place, relates to the magnitudes of Hausdorff dimension (or
the Renyi numbers Dy for multifractal analysis), which, when

describing the area of a non-planar surface, rough at the
micro level, occurred smaller than 2. We shall note that the
area of a developed, non-planar surface must be of the mag-
nitude exceeding two, according to the general geometric
considerations.

At the same time, the approach, developed in [14—16],
was applied for obtaining data on the fractal and even on
the multifractal parameters for the surface reliefs, formed by
different methods. Thus, in paper [14], mathematical provi-
sion for the multifractal analysis from [12, 13] was applied
to the calculation of multifractal parameters that describe
condition of the surface of aluminum alloys, treated by the
electrohydroimpulse method. It is only natural that the ob-
tained interrelations between the surface’s fractal parameters
and conditions for machining are useful data when selecting
conditions for the execution of a technological process.

Article [15] addresses the estimation of parameters of
structure and the totality of mechanical properties of struc-
tural and instrumental materials by the quantitative multi-
fractal characteristics. It also operates by the mathematical
apparatus [12, 13]. However, the original assumption accepted
in [12, 13] on the possibility to model a surface relief by
logical zeros and unities appears to be insufficiently accurate.
The low accuracy of input information for the subsequent
calculations within the framework of fractal analysis is re-
flected by low authenticity of the output fractal parameters
of the system. The latter complicates further use of the ob-
tained parameters both in the theoretical description of relief
and when conducting a comparative analysis of the state of
surface quality after machining under different technological
conditions. We shall note that a similar approach with the
introduction into examinations of threshold magnitudes to
describe the surface relief has been used until now [17].

In a generalizing article [16], fractal analysis was applied
to describe the surface condition of machine parts after the
electrophysical and electrochemical methods of treatment.
The interrelations between the fractal parameters of surface
and the conditions for its obtaining, received in this case,
are quite sufficient and informative for the orientation in se-
lecting the regimes for obtaining a surface with the assigned
parameters of relief. At the same time, fractal analysis was ap-
plied to calculate the Hausdorff dimensions of length of the
lines, drawn through the points of surface relief of the sample.
The informativeness of obtained data on such a selected pa-
rameter of the system is beyond a doubt. However, its direct
application in the subsequent calculations and modeling of
the processes that occur when obtaining the surfaces with the
assigned relief is difficult because this parameter is practical-
ly not employed in the analysis.

Furthermore, during thorough analysis of the scientific
sources we did not discover sufficiently fundamental scien-
tific articles, devoted to the application of fractal analysis
for examining the impact of cutting modes on the microrelief
parameters of machined surfaces. Therefore, the questions
specified have not been sufficiently explored up to now and
are thus of significant interest.

Such a situation stimulates conducting additional studies,
at least, in the following directions. An improvement in the
authenticity of results of fractal analysis implies the fulfillment
of further theoretical, computational developments in the
preparation of initial data for the implementation of methods
of fractal analysis. In turn, an improvement in the authenticity
of calculation data will lead to the possibility of their use in
practical recommendations for selecting the cutting modes, as



well as in the future, when creating systems of adaptive control
over the machining process of the non-contact type.

3. The aim and tasks of the study

The aim of present studies is to obtain quantitative data
on the structure of surface microrelief of machine parts and
its description by the methods of fractal analysis depending
on the machining conditions for face milling.

To achieve the set aim, the following tasks had to be solved:

— the search for conditions of obtaining the photographic
images of machine parts surface with the assigned resolution;

— the adaptation of methods of fractal analysis to the
calculations of fractal parameters of the surface after face
milling.

4. Materials and methods of research

4. 1. Realization of fractal analysis

A principal moment in the application of FA to the de-
scription of surface condition of a plate after face milling is
the selection of a particular physical parameter that most
fully characterizes it and is subject to fractal parametriza-
tion. Among possible geometric parameters of spatial shapes,
which form at the surface of a plate, we chose a surface area,
since finding it matches the purpose in the prediction of
many parameters of technological process. Specifically, this
parameter of the system formed the base set of measure in the
implementation of FA in the present work.

The realization of FA method was carried out in accor-
dance with the procedure standard for it [1, 2, 12, 13]. Input
information for FA of the plate surface area was received from
microphotographs. In this case, the surface area of real sam-
ples was calculated by the interpolation method based on the
data about chromaticity of different pixels in a photographic
image. In this case, coordinates of the points of surface relief,
information about which is contained in each pixel of the
photograph, were used to calculate the surface area between
adjacent pixels in accordance with the method of triangu-
lation. The appropriate software was developed, tested and
applied in [8, 9] for the realization of multifractal parametri-
zation of the surface area of semiconductor film structures.
In the present work, to describe the surface condition of
samples, we used fractal analysis, not the MF as in [8, 9].
This was achieved by the simplification of developed soft-
ware, assuming the magnifying number ¢ in a MF analysis
constant and equal to unity. It is necessary to note that the
software from [8, 9] in the description of fractal properties of
the surface area yields the same quantitative magnitudes as
the known computational package «Gwyddion» [18].

A generation of measure of each space cell was carried
out by splitting the measure of space that covers the base set
into N cells. As the measure of cell v;, we adopted a relative
magnitude of the surface area, which was included into a
given cell of partition:

vi=Si/S, (1)

where S; is the area of the small, selected «elementary» area;
N

S= ZSi is the area of the entire analyzed surface, found by

i=1
the data of its spatial image.

A calculation of fractal dimensions for the specified pa-
rameter of the system was performed by the rough partition
method by a standard procedure [8,9, 11, 12]. In this case, for
a cell of the assigned size, a statistical sum was formed:

Z(K)zZvi, (2)

where Iy is the standardized current length of the cube edge,
utilized at the current step in the rough partition method.

A change in the scales of cells in the calculations (en-
larging the dimension of cubes) was conducted by depen-
dence li+1=I-2 (k=1, 2,3, ..).

In case there is a fractal symmetry in the analyzed phy-
sical system, then dependence InZ(q,lx) on Inly is the totality
of points, which are grouped along the straight line. A calcu-
lation of the parameters of linear regression between the indi-
cated parameters of the system was performed by the method
of least squares. All the operations indicated were carried out
by numerical methods.

4. 2. Samples and peculiarities of obtaining the images
of a surface

Samples for present research were obtained during face
milling at the machine of model 6R12. As a cutting tool, we used
a face milling cutter with diameter 40 mm with mechanical
fastening of four pentahedral plates made of hard alloy (T15K6
and VK8 coated by titanium nitride). The machined samples
were the plates of thickness 20 mm (50x300 mm) made of
steel 35 and alloy D16T. Materials selected for research are
widespread and frequently used in machine building; which is
why they were used to prove effectiveness of the FA applica-
tion to describe a condition of the machined surface.

We chose as a constant parameter when obtaining the
examined surfaces the cutter rotation frequency — 125 r/min.
In this case, the magnitude of cutting speed was 130 m/min.
The feed of workpiece S served as the varied parameter for
the surface machining process.

Digital camera Sunny P5v04a Raspberry Pi Model B+
(5 MP) for capturing the images of the surface was mounted
directly on the microscope XS-2610 MICROmed. Image
taking of the surface was conducted under reflected light. The
uniformity of illumination of the sample surface was ensured
by using a set of the light-emitting diodes, which were evenly
arranged on the annular holder around the sample. Such a de-
sign of illuminator provided for a minimum volume of possible
shadow formation from the relief peaks and distortion in the
true picture of the surface. The conditions for obtaining an
image of the surface relief were selected so that the entire spread
of the surface relief was captured in the focus of a photograph
and so that each part was photographed at the same magnifi-
cation in the microscope. The measures indicated allowed us
to reduce to a minimum possible distortion in the color shades
when obtaining a photographic image of the surface (Fig. 1, 2).
The latter, in turn, made it possible to compare fractal para-
meters for the surfaces, formed under different cutting modes.

5. Results of examining the fractal structure of a surface

Fig. 1, 2 show original photographs of the surface micro-
structure of samples made of steel 35 and alloy D16T, ob-
tained for the different magnitudes of S feed. Images of such
particular type were processed by FA methods using the



specified software for the purpose of quantitative description
of the surface relief and search for the interrelations between
parameters of surface condition and the conditions under
which it was obtained.
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Fig. 1. Microphotographs of the surface of plates made of
steel 35 after face milling (n=125r/min, t=1 mm) at different
values of S feed: a — 25 mm /min; 6 — 50 mm /min;
¢— 100 mm/min; d — 200 mm/min; e — 400 mm /min
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Fig. 2. Microphotographs of the surface of plates made of
alloy D16T after face milling (n=125r/min, t=1 mm) at
different values of S feed: @ — 25 mm /min; b6 — 50 mm /min;
¢— 100 mm/min; d — 200 mm/min; e — 400 mm /min

Distinct observation on the photographic images of the
machined surface (especially at significant magnitudes of
the feed in Fig. 1, 2) of bands (traces) from the cutter tooth
passage allowed us to find for the photographing conditions
a linear scale for the coordinate axes that lie in the area of mill-
ing surface. A known formula that connects the distance be-
tween bands and conditions of the work of face milling cutter
was used during this procedure: 1=S /(4-n), where n is the
cutter rotation frequency (r/min) while factor «4» considers
the existence of four cutting blades on the face-milling cutter
used during work. The linear scales obtained in this way are
denoted on the sides of squares in the images of Fig. 1, 2.

Photographic images of the surface, obtained in the work,
contain information about the surface relief of the workpieces.
A typical form of these data is represented in Fig. 3, 4.
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Fig. 3. Typical form of the surface profile of plate after face
milling (machined material — steel 35, S=400 mm /min,

t=1mm, n=125r/min)
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Fig. 4. Typical form of the surface profile of plate after
face milling (machined material — steel 35, S=25 mm /min,

t=1mm, n=125r/min)

An analysis of the surface profile will make it possible to
subsequently substantiate approach to the realization of frac-
tal analysis for the surface area of such a complex, self-similar
structure.

6. Discussion of the results of examining the fractal
structure of a surface

Before discussing the results obtained, it is necessary to
point to the features of the relief of the received surfaces.

Fig. 3 vividly shows that at high values of the feed,
a relief of the surface is a superposition of at least two os-
cillating processes. One of them is related to the strictly
periodic motions of cutting edges of the cutter and manifests
itself in the rectangular pulse fluctuations of surface relief.
This picture of cutting is superimposed with stochastic fluc-
tuations, caused by oscillations of both the process of cutting
itself and natural fluctuations of the interconnected techno-
logical machining system. It is natural that under different
conditions of cutting, the influence of each of the indicated
predominating factors on shaping the resulting surface relief
proves to be different. Actually, if at high magnitudes in the
feed of S, flat microsegments at the surface profile manifest
themselves sufficiently vividly (Fig. 3), then at small feeds
these sections practically cannot be isolated because they
appear to be depressed by the intensive natural oscillations
of the technological system (Fig. 4).

It directly follows from the represented observation that
there is the following approach to studying such a complex
periodic structure. Thus, if the volume of the space is exposed
to analysis, where, mainly, the rapidly changing and suffi-
ciently high-frequency natural oscillations of the technologi-
cal system are manifested, then the results of running a frac-
tal analysis must be connected precisely to the description
of this self-similar, periodic process. In the situation when
calculated areas include a sufficient number of flat sections,
connected to the passage (trace) of tool cutting edges, and
they are sufficiently large, then the result of analysis should
be linked to the periodic nature of the very process of cutting.

Therefore, a focus in the performed fractal analysis of the
surface parameters was shifted towards a separate study of
patterns that govern a change in the Hausdorff dimensions
for a surface of small size and the size, which includes the
entire complex of traces from the passage of cutter tooth.

It is also necessary to indicate that the consequence of
changing a statistical basis of fractal analysis at any of the
approaches indicated is the need to employ a significant
volume of experimental data on the condition of surface area.
This is required for the successful realization of the method
of least squares when searching for Hausdorff dimension, that
is, the basic unknown parameter of the system. In practice,
this indicates the existence of the smallest possible size of the
surface area under investigation. Otherwise, it is not possible
to consider the application of statistical methods of analysis
substantiated due to the absence of the required set of initial
data. These considerations set the limitations on a minimum
quantity of pixels, which must remain when creating an
image of minimal size. In present work, it was assumed that
such a minimal size corresponds to the quantity of pixels at
the level of 200 per each side of the square of the processed
image. At this selection, an amount of initial data for subse-
quent calculation of the areas of those microscopic sections,
which approximate the entire area of surface relief, appears



to be fully sufficient for the stable realization of statistical
component of the fractal analysis [2, 8, 9, 12].

The minimum linear size of a surface image for the ex-
periments in this work contains about 200 pixels, which
corresponds to the size of real surface of about 1 mm. Thus,
the expressed considerations make it possible to assert that
the Hausdorff dimensions, calculated for the images of sur-
faces should be related to the oscillating processes in the
technological system. At the same time, estimated values
of Hausdorff dimensions, found at processing images with
a significant quantity of traces of the cutter tooth passage,
that is, about 6...7 mm (1500 pixels), should, in the first place,
be related to the description of conditions for the very me-
thod of surface machining.

The approach described above allowed us to carry out
calculations of the Hausdorff dimensions for the images of
surface, which are shown in Fig. 1,2. The main results of
applying the software for fractal analysis to these images are
shown in Fig. 5-7. Thus, Fig. 5 shows, as an example, the
dependences of statistical totals Z(l) on the reduced length
of the edge of cell in the rough partition method, which were
obtained during the computation of images in Fig. 1.

InZ(L)
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Fig. 5. Dependence of statistical total Z(ly) for the relief
surface area on the normalized length of the edge of cube Iy
in the rough partition method at calculating the Hausdorff
number for the surfaces shown in Fig. 1, ¢ (),

Fig. 1, d(+), and Fig. 1, e (o)

It follows from Fig. 5 that the experimental data are dis-
tinctly grouped along the straight lines. A typical value of
correlation coefficients in the method of least squares in the im-
plementation of the rough partition method, as a rule, exceeded
0.93, changing, naturally, from one sample to the next one.
Sufficiently high values of correlation coefficients allow us to
argue about the presence of self-similar structures in the surface
relief and, obviously, the existence of fractal symmetry for the
elemental areas at the surfaces obtained as a result of milling.

Fig. 6 shows data on the Hausdorff dimensions of the
samples’ surface area dependent on the linear size of the
side of the image square, used in the analysis, for the case of
different magnitudes in the cutter feeds when machining the
steel 35 and alloy D16T. Lines were drawn by the method of
least squares with the use of third power polynomials. It is
obvious that the application of polynomials of higher power
would provide for a substantial improvement in accuracy in
the description of experimental data. However, an increase
in the powers of the approximating polynomials could lead
to the occurrence of oscillations in the required polynomial
functions, characteristic of the polynomials of high power.
Specifically, these considerations limited the power of the
employed polynomials only by third power.

Fig. 6. Dependence of the Hausdorff dimensions of the
surface area on the linear size of side of the square of the
analyzed image at different values of feeds for the
machined materials: a — steel 35, b — alloy D16T (t=1 mm,
n=125r/min): 1 — S=25 mm/min; 2 — S=50 mm /min;
3 —S=100 mm/min; 4 — S=220 mm/min;
5—S8=400 mm/min

It follows from Fig. 6 that there is an essential depen-
dence of the Hausdorff dimension for the area of surface relief
on the surface area, along which a fractal averaging takes
place. In this case, the tendencies in the compared depen-
dences for the materials, which differ considerably in their
physical-mechanical characteristics, prove to be similar. This
situation is not unexpected. Actually, according to the con-
siderations expressed earlier, a change in the size of analyzed
surfaces will unavoidably be reflected in the magnitude of
contribution from each of the above-discussed periodic pro-
cesses into an overall magnitude of the Hausdorff dimension.

Fig. 6 also shows the analyzed dependences in the Haus-
dorff dimensions for the surfaces, which were obtained at dif-
ferent magnitudes of the feed of workpiece S. It was generally
expected that an increase in the magnitude of feed had to lead
to the shift of the examined curves towards the increase in
dimensionality of the surface area. Actually, an increase in the
magnitude of feed of a workpiece unavoidably stimulates an
energy increase, added to the technological system at cutting.
The latter must find its reflection in shaping the rougher, more
developed surface, which will specifically affect an increase
in the Hausdorff dimension. However, calculations revealed
that this simplified understanding is not always applicable.
It follows from Fig. 6 that the discussed dependences take
place in parallel to each other not in all the sections of surface,
but sometimes they even intersect. Such a motion may be
related to the competitive influence of at least two oscillating
processes, which were discussed earlier, and whose contribu-
tion into an overall magnitude of fractal dimensionality for
the area depending on the magnitude of feed can be different.

The overall tendency in the considered dependence some-
how does not cover data on the Hausdorff dimensions for the
magnitude of S feed at 400 mm/min. This change in dimen-
sionality at large feed can be treated as a consequence of the
emergence at the surface of a new periodic structure, when
sufficiently high-frequency oscillations of the technological



system are distinctly modulated by the low-frequency, rectan-
gular fluctuations, created by the milling cutter teeth passage.

Data of Fig. 6 allowed us to obtain dependences of the
Hausdorff dimensions on the magnitude of feed for diffe-
rent dimensions of the analyzed area both for steel and alloy
D16T. These results are shown in Fig. 7. Straight lines in
Fig. 7 are drawn by the method of least squares, applied for
the appropriate set of experimental results.
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Fig. 7. Dependence of the Hausdorff dimension of the surface
area on the magnitude of workpiece feed for different values
of length of the side of the square of the analyzed image L:
1,2—L=6 mm; 3,4 — L=1.5 mm (machined material:

1, 3 — steel 35; 2, 4 — alloy D16T)

A consideration stated above is confirmed by data on the
surface microrelief in Fig. 4 where the rectangular strictly
periodic oscillations of relief are distinctly visible, created by
the passage of milling cutter tooth. At the same time, at low
magnitude of feed, such bands are lost in a general picture
of the oscillations, related to the fluctuations of the entire
technological system (Fig. 4).

It directly follows from the previously mentioned that it
is important to select the dimensions of space, which will be
processed in accordance with the methods of fractal analysis.
Actually, if the methods of fractal analysis are applied to the
region of space, in which the rapidly changing natural fluctua-
tions of technological system are observed, then the output pa-
rameters of such analysis should be linked to such a self-similar
process. At the same time, if the dimensions of the region being
investigated include an entire set of periodic traces from the
passage of tool teeth, then such fractal parameters of the sys-

tem, first of all, should be related to a periodic progress of the
process of shaping the surface by face milling. It is only natural
that for the intermediate sizes of the investigated surface re-
gions, the fractal parameters of relief will reflect the impact of
each of the factors indicated to a considerable degree.

It follows from Fig. 7 that with an increase in the feed, the
dimensionalities of surface areas for both materials grow. This
corresponds to a common, and known in practice, tendency
to provide for the rougher, non-planar surfaces at the more
rigid, energy consuming conditions of cutting, which include
the machining mode at large feed. At the same time, genera-
lizing data in Fig. 7 illustrate the presence of a different mag-
nitude in the «sensitivity» of fractal parameters of relief to
a change in the magnitude of feed for different materials. This
assertion is a consequence of the different magnitudes in the
slopes of the indicated straight lines. In this case, according to
the data obtained, for a less strong material, D16T, roughness
of the surface relief grows less intensively with an increase in
feed than that for steel. This tendency is in good agreement
with known provisions in material processing [19].

7. Conclusions

1. Based on the optical system of microscope XS-2610
MICROmed, we created an installation and defined its
parameters for efficient operation to obtain photographic
images of the articles’ surface with resolution at the level of
0.05 mm. Photographs of the surface of plates made of steel 35
and alloy D16T were taken after their face milling at variable
feed values from 25 mm/min to 400 mm/min.

2. A fractal analysis is adapted for computing the Haus-
dorff dimension for the surface area of the plates’ microrelief
after face milling and it is used to analyze the fractal pa-
rameters of surface at dimensions of the averaged space of
1x1 mm? and 5x5 mm? We obtained dependences on the
magnitudes of fractal parameters for the surface area with
the rate of feed for workpieces made of steel 35 and alloy
D16T. It is shown that an increase in feed from 25 mm/min
to 400 mm/min leads to an increase in the values of Haus-
dorff dimensions for the surface relief area at dimensions of
its analyzed surface 5x5 mm? from 2.55 to 2.68, and with
dimensions 1x1 mm? — from 2.43 to 2.51.
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Pozensanymo paxmopu, wo eénauearomv HA eK0N02IUHY
Oesnexy excnayamauii najgpmonpoeodis. Posze’azana 3aoa-
ua M00ea06ants erexmpoximiunoi Koposii mpyéonpoeoody
6 mpiwuni i3048UiliH020 noKpumms npu 0ii azpecuenozo no
gioHoOWenHI0 00 Memany mpy6onposoody enexmpoimuinozo
cepedosuwa, Kompa 3600UMvbCsi 00 BUHAMECHHA CMAUIOHAD -
HO020 eNleKmpuUH020 NONA, W0 GUHUKAE NPU POOOMI 2a1bBAHO-
napu. Ilepesazoto 0anoi mooei € MONCAUBICMb NPOLHO3YBAH-
HS PO36UMKY KOPO3ii CMAJi 3a 4ACOM, W0 € BANCIUBUM NPU
BU3HAUEHNI 3AUMK08020 PeCYPCY MpYOONPo6ody

Knatouoei caoea: cmanesuii napmonpogio, enexmpo-
XiMiuHa KOpO3ii, 2ab6aHiMHULl elemenm, Mo0eb Kopo3sii,
weuoxicmos Kopo3sii, exoyoziuna desnexa

[, ]

Paccmompenvt paxmopol, eausioujue Ha IK0J102UMECKYIO
6ezonacnocms sxcnayamavuu negpmenposodos. Pewena 3ada-
4a MOOeUPOBANHUA INEKMPOXUMUHECKOU KOPPO3uU mpy6o-
nposoda 6 mpeujune U3ONAYUOHHOZ0 NOKPLIMUSL NPU 6030el-
CMBUU AZPECCUBHOT NO OMHOUWEHUIO K MEMAILTY mMPpY6onpoeoda
ANeKmpoaumueckoi cpedvl, KOMopas c600umcs x onpedeJie-
HUIO CIMAUUOHAPHOZ0 ITIEKMPUUECKO20 NOJISl, B0ZHUKAIOW,E20
npu padome 2anveanonapot. Ilpeumymecmeom dannoii mooenu
A6J1EMCSL B03MONHCHOCID NPOZHOIUPOBAHUS PA3BUMUS KOPPO-
3UU CMATU CO BPEMEHEM, YMO SABALEMC BANCHLIM NPU Onpede-
JIeHUU 0CMAamo1H020 pecypca mpyoonposooa

Knouesvte cnosa: cmanvhoii Hepmonposood, 3nexmpo-
XUMUMECKAST KOPPO3USL, 2ATNb8AHUMECKUN ITIeMeHm, M00eb

Koppo3uu, CKOpocmb KOppOo3Uuu, 3K0JjioeudecKas oezonacrnocmo
| =,

1. Introduction

UDC (504.05 +504.06) 622.692.4
DOI: 10.15587/1729-4061.2017.96425

MODELING OF

THE CORROSION
PROCESS IN STEEL
OIL PIPELINES IN
ORDER TO IMPROVE
ENVIRONMENTAL
SAFETY

O. Stepova

PhD, Associate Professor*
E-mail: alenastepovaja@yandex.ru
I. Paraschienko

PhD*

E-mail: irina_10_76@mail.ru
*Department of Applied Ecology
and Environmental Sciences
Poltava National Technical

Yuri Kondratyk University
Pershotravnevyi ave., 24,
Poltava, Ukraine, 36011

pipelines and gas pipelines whose average operation period

exceeds 30 years while the first built oil pipelines have been

Ukraine as a whole and Poltava region in particular
has a well-developed network of oil pipelines, oil-product

in operation for more than 48 years [1, 2]. Prolonged inter-
action between pipe metal and the environment leads to the




