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Abstract

The work scientifically substantiates the use of an effective technology for increasing the wear resistance
of cylindrical parts, using the example of protective sleeves of cantilever pumps, due to electromechanical surface
hardening. A review of research was carried out and it was established that the achievement of the highest values
of microhardness of the surface layer at a depth of up to 1.2 mm is possible during electromechanical processing
of protective sleeves of cantilever pumps. The application of various modes and schemes of electromechanical
surface hardening (EMSH) is accompanied by a change in structure and, as a result, an increase in the hardness of
the surface layer of the bushings. The actual contact area of the tool roller with the processed surface and the depth
of the temperature-deformation effect depend on the physical and mechanical properties of the materials and the
pressing force. The formation of a temperature gradient in the hardened zone at a depth of up to 1.2 mm from the
surface has been proven. Metallographic analysis of the surfaces of the sleeves treated by EMSH shows the
formation of a white layer with reduced etchability and increased hardness in the hardening zones. The results of
the X-ray structural analysis confirmed the formation of the martensite phase in the hardening zone. The
microhardness of the hardened steel zone increased by 2.6...3.6 times compared to the initial values at a depth of
up to 1 mm from the surface, depending on the materials. In the case of their overlap, the alternation of a fully
hardened zone, a partially hardened zone, and a self-relief zone is observed. At the same time, the microhardness
of steels along the surface depends on the hardening scheme.

Wear tests under friction conditions of parts of cantilever pumps paired with stuffing boxes showed that
the wear resistance of protective sleeves after EMSH increased by 3.1 times for 45 steel, 1.9 times for U8 steel,
2.5 times for SHKH15 steel, for cast iron by 1.9 times compared to the initial values. The use of U8 steel samples
after EMSH, instead of serial bushings made of steel 45, allows to increase the wear resistance of parts by 6.1
times, which allows us to recommend U8 steel for use in the manufacture of protective bushings for console pumps.
On the basis of the research, recommendations are given for the application of EMSH for the formation of a surface
layer with increased wear resistance of protective sleeves during their production and during repair of console
pumps in workshops or service centers of agribusiness companies.
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Introduction

In most cases, the structural characteristics and properties of the surface layer of parts have a decisive
influence on the ability of materials to break. The failure of metals and alloys usually originates from the surface.
The reasons for the violation of integrity can be: low quality of production of protective bushings of cantilever
pumps, unreasonable choice of materials for their manufacture, ineffective technologies for their strengthening
(34...40 HRC), not taking into account operating conditions and types of friction with packing stuffing. Increasing
the hardness of the surface is one of the main measures to increase the durability by increasing the wear resistance
of the surface layers of materials. Existing methods of strengthening and increasing surface hardness are associated
with the use of methods of surface plastic deformation, thermal, chemical-thermal, laser, magnetic-pulse,
thermomechanical and combined methods of increasing durability [1]. Today, the technology of processing
surfaces with concentrated flows of electric energy is one of the most popular methods of reducing the
manufacturing cost, strengthening and improving the quality of parts.
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Electromechanical processing (EMP) provides: increase in hardness of steel surfaces up to 70 HRC (steels
KhVG, U10...13A); hardening of low-carbon steels (steel 20) up to 42 HRC, cast iron up to 75 HRC; replacement
of chemical and thermal treatment (cementation, nitrocementation...); increasing the limit of endurance by
30...80%; increase in wear resistance by 3...12 times; lack of oxidation and decarburization of the surface layer;
lack of grooving of the product; reduction of production cost by 2.. 4 times; hardening in air and without the use
of coolants, environmental cleanliness and safety; technological simplicity of processing methods.

The specifics of the work of experimental and repair organizations that produce artificial products or parts
in small batches do not allow them to maintain workshops and sites with equipment and qualified specialists
capable of ensuring the quality of manufacturing machine parts only at the level of industrial enterprises. However,
even machine-building enterprises do not guarantee the necessary quality of performance of executive surfaces
for a wide range of parts, primarily in terms of hardness, roughness, structure and texture of metal fibers on one
part, in various combinations, there may be seats for rolling and sliding bearings, slots and keyways, toothed
profiles, holes, threads and grooves. Since the operating conditions and load schemes of the listed surfaces are not
the same, their optimal performance cannot be ensured only by means of thermal or chemical thermal treatment
[2]. Electromechanical surface hardening is one of the methods of processing products with concentrated energy
flows, forming high quality indicators of the surface layer of steel and cast iron parts.

A feature of electromechanical surface hardening (EMSH) is the combination of surface plastic
deformation and thermomechanical hardening in a single technological scheme for processing workpieces and the
possibility of forming gradient hardened layers of metal with a finely dispersed structure on the surface. This
makes it possible to significantly increase the wear resistance of cylindrical parts, including protective sleeves of
console pumps.

Literature review

EMP refers to modern science-intensive technologies of impact by concentrated flows of energy on the
surface of machine parts. EMP processes successfully compete with such classic technologies as: surface plastic
deformation (SPD), heat treatment (HT) and thermomechanical treatment (TMT). By changing the technological
modes of EMP (current density J, processing speed and pressure of the processing tool on the surface of the part)
on the machine tool, it is possible to perform operations with hot SPD, surface TMT and surface maintenance.

The technology of EMP was developed at the Ulyanovsk Agricultural Institute. The founder of the EMP
method is B.M. Askinazi. He investigated heat generation in the surface layer, the method of calculating the depth
of the hardened layer, the peculiarities of thermomechanical processes in the surface layer; the nature and structure
of the surface layer, the roughness and accuracy of the finished surface; internal stresses of the surface layer during
EMP; the effect of EMP strengthening on the fatigue strength, wear resistance and corrosion resistance of parts;
conducted research on the technology of restoration of parts with additional metal and without additional metal
by electromechanical method; studied the processes of turning parts with a thread [3].

The activities of V.P. Bagmutova, I.N. Zakharova and their colleagues outlined the technological and
physical foundations of EMP. The classification of EMP processes according to technological and energy criteria
is given. Technological equipment and schemes of contact interactions of the electrode-tool with the surface of
the part during EMP, calculation of optimal structural and technological processing parameters have been
developed. The conditions of formation of surface layers of structural steels are described, their physical and
mechanical properties and stress-strain state are determined [4]. Thermal processes and properties of the surface
layer of steels are presented: strength, fatigue strength, wear resistance, corrosion and heat resistance after
electromechanical processing. The influence of the structure and properties of the surface layer on the fatigue
strength of hardened steels strengthened by combined electromechanical processing was studied [5]. In works [6,
7], the processes of strengthening of the surface layer of titanium alloys during EMP and strengthening by
combined electromechanical processing are investigated.

Activities of V.V. Safronov developed, theoretically indicated and experimentally implemented an
effective technological method of increasing the durability of cylinder-type steel parts by electromechanical
processing. The nature of the influence of technological factors of EMP cylinders on the accuracy of processing,
surface quality and heat distribution in the surface layer has been established. The dependence of the thickness of
the hardened layer on the initial structure of the processed metal is theoretically justified and experimentally
confirmed. An explanation of the increase in corrosion resistance of the surface layer after EMP is given on the
basis of the electrode potential studies.

S.K. Fedorov investigated the peculiarities of work and the main defects of threaded joint parts under
different operating conditions, substantiated and investigated the principles of electromechanical restoration of
parts with external metric threads, developed a design and technological method of increasing the durability of
remanufactured threaded parts connections Proposed a method of restoring the profile of the thread at the time of
the initiation of defects due to the plastic redistribution of the material of the parts. Introduced EMP to improve
the operational properties of parts [8].

In the work of N.G. Dudkina, the main regularities of the formation of the surface structure during
electromechanical processing and the influence of the given structure of the white layer on the change in
mechanical properties, kinetics of deformation and destruction of steel 45 under load were revealed; the nature of
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pressures during EMP is revealed, as a complex parameter of contact stresses from mechanical pressure on the
tool and thermoelastic stresses arising during heating of the local microvolume. The regularities of changes in the
physicomechanical properties and kinetics of microplastic deformations of steel 45 due to the structural
inhomogeneity of the strengthened surface during EMP were established, and the regularities of changes in the
cyclic strength of steel 45 due to different surface topography after EMP were determined. The properties of the
surface layer were studied when EMP was combined with other methods [9].

In work [10], an improved EMP method is given in relation to the strengthening of the previously obtained
profile of the metric thread and fundamentally new methods of restoring the defective screw surface are developed
due to the plastic thermodynamic redistribution of the metal of the distorted areas, squeezing the material from
the base and moving it in the desired direction with the simultaneous formation of a cavity and side surfaces. The
conditions for the formation of the profile of thread turns with a hardened surface and a viscous core have been
determined. The sophisticated possibility of electromechanical restoration of the worn thread profile. The
dependence of the pressure in the contact zone on the geometrical parameters of the tool and on the physical and
mechanical properties of the metal was established [11].

In the work of G.D. Fedotov, approximate analytical equations for the distribution of temperature fields in
the tool from a constantly operating normal-circular heat source in the part, when the heat source moves along a
helical line, were obtained. The possibility of using tungsten-free tool materials with low thermal activity during
EMP is shown in order to increase the efficiency of EMP operations due to a greater strengthening effect on the
surface layers of the processed parts with equal heat release in the contact zone of the tool with the part; the use
of hard alloys with high electrical resistance makes it possible to achieve an even strengthening effect with lower
energy costs and obtaining compressive residual stresses in the surface layers of the processed parts. A.V.
Morozov investigated the improvement of the operational properties of thin-walled steel bushings by
electromechanical mandrel (EMM). He proposed mathematical models of the EMM process, which allows
studying the influence of EMM modes on the depth and structure of the strengthened layer, roughness, wear
resistance of the inner surfaces of the bushings [12]. Selected EMM modes that allow obtaining a high-quality
connection with tension along the outer diameter of a thin-walled steel sleeve with simultaneous surface hardening
and a reduction in the roughness of the treated hole. Edigarov V.R. improved the processing method with
preliminary application of antifriction material on the surface of the part followed by electromechanical processing
(AFEMP). AFEMP of the surfaces of steel parts of tribosystems with preliminary application of a thin anti-friction
layer made of various solid lubricants to the surface of the processed parts, which allows to change the structure
of the surface layer, increase its wear resistance and operational characteristics, especially anti-friction due to the
reduction of the friction moment of the tribopair samples. In A.V. Pavlov developed a method and technological
equipment for electromechanical strengthening of shafts using three-phase current. He studied the influence of
processing parameters when using three-phase current on the depth and hardness of the hardened layer, the wear
resistance of the surface after EMP. Based on the analysis of the methods of manufacturing and restoration of
threaded joint parts, in [13] a method of finishing and strengthening electromechanical processing of parts with
an external metric thread to increase the fatigue life of threaded joints is proposed. The optimal values of current
density, force in the contact zone and processing speed and their influence on the depth of hardening were
determined. V. A. Petrushenko developed a method for calculating EMP modes for the production of various
standard sizes of metric threads; calculated the contact temperature to ensure the specified depth of hardening;
established the relationship between the temperature in the contact zone of the tool and the workpiece with
technological modes of EMP and geometric parameters of the tool. S.M. Parshev studied the technological
hardening by pulse electromechanical processing (PEP). The effect of PEP on the wear resistance of medium-
carbon structural steels under conditions of abrasive wear and limit friction, the issue of accuracy during
electromechanical processing, the stability of the cutting edges of blade tools when strengthened by the PEP
method was studied.

In [14], he developed a method of improving the operational properties of threading parts of lifting
mechanisms based on electromechanical processing. At the same time, mathematical models were obtained that
establish the relationship between the technological modes of electromechanical processing and the depth of the
hardened layer for screws made of 35, 45, 18KHT steels. It was established that the maximum hardness is achieved
at a depth of 0.05...0.15 mm from the surface, and an increase in the carbon content in steel leads to an increase
in the depth of the hardened layer.

Purpose

The purpose of the research is to increase the durability of console pumps by increasing the wear resistance
of the executive surfaces of protective sleeves by electromechanical surface hardening.

Research methodology
Samples for bench tests were made of steel 40G, 40X, 45, U8, SHKH15 and cast iron SCH35 of the

following sizes: outer diameter 25 mm; hole diameter 15 mm; height 20 mm. The roughness of the surfaces of the
studied samples before EMSH corresponded to Ra3.2 um according to DSTU 2789.
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EMSH of the samples was performed on a lathe and screw-cutting machine with the modes: hardening
speed 1.2 m/min; the current in the secondary circuit is 1600 A; secondary circuit voltage 3; force of adjustment
of the tool 400 N; tool feed 2.5 mm/rev.

For carrying out wear tests, a stand was developed and manufactured, which allows simulating the operating
conditions, the load pattern and the nature of the wear of the protective bushings.

The wear of the samples was determined by weighing on analytical balances AND GH-252 before and after
the tests with a maximum weighing mass of 250 g with an accuracy of 0.00001 m. Before weighing, the samples
were wiped with acetone, blown with air and dried in a muffle furnace at a temperature of 60 °C.

Research results

The formation of the structure of the strengthened zone of the surface layer during EMSH is a set of
processes associated with the simultaneous influence of heating, plastic deformation and high cooling rate. This
effect is accompanied by plastic deformation by grinding the grain and increasing the density of dislocations, and
by hardening by changing the structure of the material.

The study of the microstructure of the samples after EMSH was performed on an metallographic
microscope. The results of studies of the microstructure of steel and cast iron samples indicate the formation of a
white layer with increased hardness and reduced corrosion in the hardening zones, even with large increases [15].
Depending on the original structure and modes of strengthening, the thickness of this zone can be different.

Studies of the structure of the surface layer after EMSH have shown that the structure of the white layer,
observed in an optical microscope, looks like a continuous, uniform light field. This is due to the fact that with
EMSH the process occurs instantly, phase transformations are combined with plastic deformations.

The specific properties of the white layer are explained by the occurrence in it of a special structureless
martensite [16], which is characterized by a large dispersion of the structure, significant concentration
heterogeneity and significant distortions of the crystal structure. In addition, the reason for reduced etchability and
high hardness is changes in the electronic structure and chemical bonds of individual elements as a result of action
in the processing zone of extreme temperatures and pressures. The white layer formed on the surface of the metal
under the action of concentrated energy flows inherits both the heterogeneity of the composition and properties of
austenite, which originates, generally speaking, under abnormal conditions, and the close to critical fineness of its
structure.

The kinetics of austenite formation in pre-eutectoid steel during heating is characterized by certain features
associated with the presence of structurally free ferrite in it. With high-speed heating of pre-eutectoid steel under
EMSH conditions, independent transformation of structurally free ferrite into carbon-free iron becomes possible,
i.e. e. without interaction between it and carburized austenite. With an increase in the heating rate, the dissolution
of excess ferrite into austenite is gradually "suppressed”, as a result of which most of the ferrite is overheated to
higher temperatures, at which thermodynamic prerequisites are created for its diffusion-free transformation into
austenite, typical for pure iron (at temperatures above 905°C), the subsequent (upon cooling) formation of low-
carbon martensite in such areas. In addition, in the transition zone there is an area of incomplete hardening, as a
result, when such an area is heated, the process of austenite formation does not proceed completely, and when it
cools, an inhomogeneous structure is formed in it (Fig. 1). As the white layer is removed from the fragment, the
temperature in the zone of thermal influence decreases, which leads to the formation of transitional structures.
Their presence in the surface layer improves the surface quality of the protective sleeve.

After EMSH, the microhardness of the surface layer of steels increased by 2.6...3.6 times compared to the
initial values. This hardness is much higher than the initial one and is 700...940 HV depending on the brand of
material. The microhardness of cast iron SCH35 after EMSH is high (943 HV), but the depth of hardening is not
great (0.2...0.3 mm).

For example, for U8 steel, the increase in microhardness at a depth of 0.05 mm from the surface was 3.6
times. Gradient layers with increased values of microhardness are observed at a depth of up to 1 mm under these
regimes.
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With removal from the surface, the microhardness decreases to the initial values. The transition zone has a
microhardness lower than that of the white layer zone. This is explained by the presence of very high local heating
temperatures at a high cooling rate, but insufficient for hardening these volumes.

The undulating change in microhardness values is associated with the specifics of electromechanical
processing. If necessary, by choosing the appropriate processing parameters, you can possibly minimize this
effect.

Reheating the previous track when the next one is applied leads to the release of previously formed
martensite. An area of repeated hardening with heating close to the maximum temperature of heating for
hardening, upon cooling, martensite, which has high microhardness, forms again in this area [17].

Analysis of the phase composition of steel was performed on a DRON-4-07 X-ray phase diffractometer in
the following modes: Shooting step, gr. 0.050; tube mode BSV-27(Co) 20 mA, 35 kV; beta - filter - Fe; shooting
method: according to Bragg - Brentano - w/2t; combined t=3000 s, V=4.0 g/min.

In the Table 1 and Fig. 2 presents the results of wear of the surfaces of the studied samples before and after
EMSH.

Table 1
The results of wear measurements of samples before and after strengthening
s | Wear, ¢

ample type 45 us SHKH15 SCH35

Initial 0,04199 0,01308 0,01696 0,02295

EMSH 0,01371 0,0068 0,0081 0,01222
0,045
0,04
0,035
0,03
0,025
0,02
0,015
0,01
0,005
0

45 us SHKH15 SCH35

Wear, g
M Initial EMSH

Fig. 2. Results of wear tests

The results of the research showed that in the conditions of contact between the protective sleeve and the
oil seal in the friction zone of the abrasive during 30 min of tests, the wear resistance of the surface layer of steel
45, U8, SHKH15 and cast iron SCH35 after EMSH increased for steel 45 by 3.1 times, for steel U8 - by 1.9 times,
SHKH15 steel - 2.5 times, cast iron - 1.9 times compared to the initial values. At the same time, the use of U8
steel samples after EMSH, instead of serial bushings made of 45 steel, allows to increase the wear resistance.
details by 6.1 times.

Conclusions

1. An overview of modern methods of strengthening, their advantages and disadvantages allows
recommending the technology of electromechanical processing and, in particular, electromechanical surface
hardening, as one of the effective ways to increase the wear resistance of protective sleeves of cantilever pumps.
The development of a mathematical model allows you to determine the temperature field in the contact zone, to
get a visual picture of the change in the depth of hardening depending on the processing modes, with the possibility
of its application to other materials.

It was established that the achievement of the highest values of microhardness of the surface layer at a
depth of up to 1.2 mm is possible during electromechanical processing of the protective sleeves of cantilever
pumps. The use of different modes and schemes of EMSH is accompanied by a change in the structure and, as a
result, an increase in the hardness of the surface layer of the bushings.

2. The actual contact area of the tool roller with the treated surface and the depth of the temperature-
deformation effect depend on the physical and mechanical properties of the materials and the pressing force. The
calculation of the temperature field at the EMSH was carried out. The formation of a temperature gradient in the
hardened zone at a depth of up to 1.2 mm from the surface has been proven.
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3. Metallographic analysis of the surfaces of the sleeves treated by EMSH indicates the formation of a white
layer with reduced corrosion and increased hardness in the hardening zones. The results of the X-ray structural
analysis confirmed the formation of the martensite phase in the hardening zone. The microhardness of the hardened
steel zone increased by 2.6...3.6 times compared to the initial values at a depth of up to 1 mm from the surface,
depending on the materials. In the case of their overlap, the alternation of a fully hardened zone, a partially
hardened zone, and a self-relief zone is observed. At the same time, the microhardness of steels along the surface
depends on the hardening scheme.

4. Wear tests under friction conditions of parts of cantilever steam pumps with gland packing showed that
the wear resistance of the protective bushings after EMSH increased by 3.1 times for steel 45, for steel U8 by 1.9
times, for steel SHKH15 by 2.5 times, for cast iron by 1.9 times compared to the initial values.

5. The use of U8 steel samples after EMSH, instead of serial bushings made of steel 45, allows to increase
the wear resistance of parts by 6.1 times, which makes it possible to recommend U8 steel for use in the manufacture
of protective bushings for console pumps.
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Mapuenko J.JI., MarBeeBa K.C. [locmikeHHS 3HOCOCTIMKOCTI IWIIHAPUYHUX  JeTajieu
CJIEKTPOMEXAHIYHUM MMOBEPXHEBUM 3arapTyBaHHIM

Y poboTi HAyKOBO OOIPYHTOBAaHO 3aCTOCYBaHHA €(PEeKTHBHOI TEXHOJIOTIi MiIBHINEHHS 3HOCOCTIHKOCTI
ITIHAPUYHUX JeTajei, Ha MPHUKIAAl 3aXUCHUX BTYJIOK KOHCOJIFHUX HACOCIB, 38 paXyHOK €JEKTPOMEXaHITHOTO
MIOBEPXHEBOT0 3arapTyBaHHs. [IpoBeeHO OIS 1OCHIPKEHb 1 BCTAHOBIICHO, 1110 JOCSITHEHHSI HalO1JIbIII BUCOKUX
3Ha4YeHb MIKPOTBEP/IOCTI MOBEPXHEBOT'0 IIapy Ha TIMOMHI 10 1,2 MM MOKIIMBO TPH eJIEKTPOMEeXaHiuHii 00poOii
3aXMCHHUX BTYJOK KOHCOJBHHX HAcoCiB. 3acTOCYBaHHS pI3HHX pPEKHMIB Ta CXEM EJIEKTPOMEXaHIYHOTro
noBepxHeBoro 3arapryBanHs (EMII3) cympoBOMKYETbCS 3MIHOIO CTPYKTYPH i, B pe3yNbTaTi, IiJBHIICHHAM
TBEPAOCTI IOBEPXHEBOro Iapy BTyJOK. (PakTW4yHAa IUIOM[A KOHTAKTYy I1HCTPYMEHTAJIBHOI'O pOJHKa 3
00po0IIOBaHOIO MOBEPXHEIO 1 TIMOMHA TeMIeparypHo-AedopmaniiiHol il 3anexarh Bif (i3nKo-MeXaHIYHHX
BJIACTHBOCTEH MarepialliB Ta 3yCHIIA NPHTHCKaHHS. JlOBENEHO YTBOPEHHS TEMIIEPAaTypHOTO TIpajieHTa Y
3MilHeHi# 30H1 Ha rauOuHI 10 1,2 MM Big moBepxHi. MeTanorpadidaunii aHaji3 TOBEpXOHb BTYJIOK, 00POOIICHIX
EMII3 cBiguuth mpo hopMyBaHHS B 30HAX 3arapTyBaHHs 0i70T0 mapy 3i 3HIKEHOIO TPABUMICTIO 1 ITiABUIIICHOIO
TBEPIICTIO. Pe3ynpTaTé pEeHTTeHOCTPYKTYPHOTO aHaNi3y MiATBEpIIIN YTBOPCHHSA (a3sd MapTEHCHTY B 30HI
3MinHeHHS. MIKpOTBEpIiCTh 3MIIHEHOi 30HW cTaneld 30iumpmmmacs B 2,6...3,6 pa3u MOPIBHAHO 3 BUXITHUMH
3HAYCHHSAMH TpU TAHOWHI 10 1 MM Bix MOBEpXHI B 3aJIe)KHOCTI BiJ MaTepiamiB. Y BHUHAIKY IX MEPEeKPHUTTS
CIIOCTEPIraloThCs YepryBaHHs MOBHOI 3arapTOBaHOI 30HH, YaCTKOBOI 3arapTOBaHOI 30HU 1 30HH CaMOBIAIYCTKH.
[Tpu npOMy MIKpOTBEPAICTh CTaJIEH B3AOBXK MOBEPXHI 3aJIEKUTh BiJl CXeMHU 3MILHEHHSI.

BunpoOyBaHHsI Ha 3HOIIYBaHHS B YMOBaxX TEpPTs JeTajell KOHCOJbHUX HACOCIB y Mapi 3 CaJbHUKOBOIO
HaOMBKOIO MOKAa3aJIH, 1110 3HOCOCTIHKICTh 3aXUCHUX BTYJNOK miciss EMII3 30inbmmnacs ans crani 45 B 3,1 pasmy,
quist craii Y8 B 1,9 pasu, st crani HIX15 y 2,5 pasu, aist yaByHy B 1,9 pa3u HOpiBHSHO 3 BUXITHUMH 3HAYSHHSIMH.
Buxopucranns 3pa3kiB 3i cram Y8 micis EMII3, 3aMicTs cepiifHEX BTYIOK i3 cTami 45, nO3BOJISE TiABHIIATH
3HOCOCTIHKICTb eTaneid y 6,1 pasis, 0 JO3BOJISIE PEKOMEHAYBATH JI0 BIIPOBAKCHHS CTAb Y 8 IPH BUTOTOBIICHH
3aXHCHUX BTYJIOK KOHCOJIbHUX HacociB. Ha OCHOBI poBeIeHHs OCIIIXKEHb JaHI PEKOMEHIallii [0 3aCTOCYBaHHIO
EMII3 mi1s1 yTBOPEHHS MOBEPXHEBOTO IIAPY 3 MiBHUIICHOI 3HOCOCTIMKICTIO 3aXUCHUX BTYJIOK IIPH BUTOTOBJICHHI
iX Ha BUpOOHUIITBI Ta MPH PEMOHTI KOHCOJIEHUX HACOCIB B MalCTepHsIX a00 cepBicHHUX meHTpax kommaHii AITK.
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