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Abstract

The analysis of antifriction polymer compositions on the basis of polyamide, epoxy, phenol-formaldehyde,
furan resins, and also on the basis of fluoroplastic with various fillers working in friction knots is made. The
influence of fillers on the mechanisms of friction is little studied, so when creating antifriction compositions
capable of working in conditions of lubrication in water, the following tasks were set: to justify the number and
type of fillers; to investigate the influence of fillers on the process of wear of material and counterbody;
determine the optimal composition of the antifriction composition that provides minimal wear of the coating and
the counterbody. The object of study were: compositions based on phenol-formaldehyde resin and fluoroplastic,
modified with antifriction fillers; details of submersible pumps. The basis of the study was the study of
tribotechnical and technological properties of polymer compositions. Based on the analysis of literature data, the
target fillers for the creation of antifriction compositions for radial plain bearings and thrust bearings of
submersible pumps are selected, their number and composition are substantiated. The criterion for optimization
was the mass wear of the polymer coating and the counterbody. The optimal composition of the antifriction
composition for radial plain bearings, which contains: a mixture of colloidal graphite Cl and carbon fabric
"TGN-2M"; molybdenum disulfide DM-1; powder polyamide 12 APN-B; crushed prepreg comprising a
fiberglass filler impregnated with a modified phenol-formaldehyde resin P2M. For thrust bearings, the optimal
composition of the fluoroplastic composition is determined, which includes: fluoroplastic F4; molybdenum
disulfide; carbon fabric; powdered copper. The physical and mechanical properties of the optimal composition
are presented. Technological equipment has been developed for the restoration and manufacture of plain
bearings and submersible pump bearings. Molds are made for industrial implementation.

Key words: plain bearings, thrust bearings, submersible pump, antifriction fillers, fluoroplastic, phenol-
formaldehyde resin, mold

Introduction and problem statement

The use of antifriction compositions used in the restoration of parts, allows in many cases to increase the
service life of machines and reduce repair costs. This is due to the relatively low coefficient of friction of
polymeric materials containing various antifriction fillers. When creating new composite materials, the selection
of the most effective types of fillers is of paramount importance. However, it is known that, depending on the
operating conditions, the same fillers, or a combination thereof, affect the intensity of wear of friction pairs.
Currently, there is no scientifically based theory for the choice of composition and amount of fillers when
creating compositions for specific operating conditions. The influence of fillers on the mechanisms of friction is
little studied. Therefore, when creating antifriction compositions capable of working in conditions of lubrication
in water, the following tasks were set:

a) justify the number and type of fillers;

b) to investigate the influence of fillers on the process of wear of material and counterbody;

c) determine the optimal composition of the antifriction composition that provides minimal wear of the
coating and the counterbody.
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Analysis of antifriction materials

Coatings based on polyamide resins, such as polycaproamide PKA, caprolon B, polyamides P-68, AK-7,
P-12L, ATM-2, aromatic polyamide (phenylene), FM-50, etc. are used to restore parts of agricultural machinery.
[1]. Where the requirements for mechanical couplings are higher in terms of mechanical strength, rigidity, wear
resistance at high temperatures, glass-filled polyamide with a fiber content of up to 30 ... 45% is used. According
to BD Voronkova [2] glass-filled polyamides P-6VS, P-6VSU with a fiber content of up to 30% are used in
friction units at high loads. But along with the advantages of polyamide bearings and coatings have a number of
disadvantages, which include: low thermal conductivity; high shrinkage, etc. Under normal atmospheric
conditions, polyamide bearings contain up to 3.5% moisture, which leads to a change in their size. With each
percentage of absorbed moisture, the linear dimensions change by 0.15 ... 0.27%. This is a significant
disadvantage of polyamides, as during operation the dimensions of the bearings must be stable. Carbon-graphite
and carbon-plastic are used in various friction joints antifriction materials: AMC-1; AMC-3; AF-3T, graphite
plastic DEZ; AG-1500-C0.5; antiglimite (ATM); ATM-1G; DFG-2 and others, which are based on epoxy-
silicon-organic, phenol-formaldehyde and furan resins [3,4]. These materials are used in friction units, where the
specific loads do not exceed 2.5 MPa. The increase in loads leads to an increase in the coefficient of friction and
a decrease in wear resistance. Antifriction materials based on epoxy resins have become widespread in repair
production. On the basis of epoxy resin ED-5 antifriction Epoxy-based antifriction material was developed -
"epoxylite" plasticized with debutyl phthalate and filled with graphite, bronze chips, etc. On the basis of epoxy
resin ED-6, an antifriction material "maslyanite” was developed, which contains MK-8 lubricant as a modifier
and aluminum powder as a filler [5,6]. Insufficiently high mechanical properties, low operating temperatures,
high coefficient of friction constrain the widespread introduction of epoxy compositions. Under conditions of
limited lubrication, high wear resistance was shown by textolites based on resol phenol-formaldehyde resin.
From antifriction textolites working in friction units are known: PTK-C; PTG-1 [7], the main advantages of
which are stable operation under conditions of high compressive loads. Such requirements are met by
compositions based on thermosetting phenol-formaldehyde resins, which can be used in Supervisor Ruzhilo ZV,
Ph.D., Associate Professor (NULES), Kyiv. The production of coatings for the restoration and manufacture of
bearingsECV. This polymer antifriction composition contains: as a binder - crushed prepreg, which consists of
bakelite varnish and fiberglass in a ratio of 1. 1.6; molybdenum disulfide; a mixture of colloidal graphite and
carbon fabric in a ratio of 1: 1 and powdered polyamide [8]. Compositions based on fluoroplastic (PTFE) have
higher wear resistance. In its pure form, fluoroplastics as antifriction materials should not be used due to
insufficient wear resistance, cold flow, low thermal conductivity and high coefficient of linear expansion.
Composites are widely used for plain bearings, piston pumps: ®4K20; FN-202; FCN-7 (14); AFGM-5 (10);
®40M30; ®40C15M1,5; ®40B20; FKM-80VS; graphite plastic KV, 7V-2A; flubon-10 (15, 20) and others.
[3,9,10]. PTFE compositions with glass fillers (filler content from 5 to 40%) are produced in a wide range of
branded products from the United States, Western Europe and Japan. The composition of the filler (fiber,
dispersed particles) is not always specified by firms. Most often, glass fiber (SV) with a fiber length of 10 + 15
um is used for compounding PTFE. The firm "Du Pont" uses ground JI (type E) with a diameter of 13 um, a
length of 800 um, the firm "Hoechst" - with a diameter of 10 um, a length of 50-100 um [11]. Glass-filled PTFE
is used for the manufacture of bearings, gaskets, non-lubricating compressor rings, valve seats, insulation for
work in the chemical industry, electrical engineering and mechanical engineering. These parts can be operated at
temperatures from -267 to + 260 ° C, in liquid oxygen and sulfuric acid. They have advantages over unfilled
PTFE: increased thermal conductivity; durability; dimensional stability and reduced cold flow. Known
compositions of PTFE with metals, oxides and salts of metals, alloys, synthetic ceramics. The most common are
PTFE compositions with bronze, as well as with a mixture of bronze, graphite and molybdenum disulfide. Firms
use spherical and irregular dendritic bronze (particle size less than 60 um). The ratio of copper to tin in this
bronze is 9: 1 [9]. PTFE filled with bronze is characterized by the highest wear resistance during dry friction. At
high-speed friction for better heat dissipation, it is advisable to add to the composition of graphite or carbon
fiber. Fluoroplastic compositions can be effectively used when applying coolant to the friction zone. For
example, the coefficient of friction without lubrication on steel X18H9T at a sliding speed of 1 m / s for such
compositions as ®40M30, @40 is 0.6 ... 0.66, when lubricated with water it decreases to 0.036 ... 0.06 [6]. For
thrust pump bearings, it is advisable to use compositions based on fluoroplastic with the following fillers: carbon
fabric; molybdenum disulfide; powdered copper [12]. Porous compositions based on fluoroplastic increase
elasticity, dampen vibrations, provide lubrication to the friction zone (due to "pockets") [13,14]. Submersible
pumps operate in conditions of high vibration, especially at start-up. Therefore, in these pumps it is advisable to
use double-layer damping bearings, which are covered with a layer of polyurethane in outer diameter [15].

Research methodology
The object of study were: compositions based on phenol-formaldehyde resin and fluoroplastic, modified

with antifriction fillers [8,12]; details of submersible pumps, including deep groove ball bearings and thrust
bearings. The basis of the study was the study of tribotechnical and technological properties of polymer
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compositions. The study was performed on an experimental setup (fig. 1), created on the basis of a hydraulic
press PSU-250.The PSU-250 press belongs to type of hydraulic with a torsion silt gauge.

Fig. 1. Hydraulic press PSU-250: Technical

characteristics of the press: the maximum admissible Fig.2. Mill MPR-2 :Technical characteristics:
loading at compression - 250 ts .; number of measuring Productivity, samples / hour - 10; Grinding time of one
ranges 2; limits of measurement of ranges: the first 25... sample, min-3; Mass of samples, Mr -100; Voltage, at
100ts.; 50...250 ts.; the largest stroke of the piston 380; Power, kW - 0.6; Speed, rpm -7000

is 50 mm; speed of movement of the working piston -0...
20 mm / min .; the greatest distance between basic plates
is 800 mm; the size of the base plate is 440 x 440 mm.

For mixing and grinding of components used mill MPR-2 (fig. 2) is designed for grinding dry materials
with a moisture content of not more than 14% with particles of 40 mm in the largest size. Sintering of blanks
from fluoroplastic compositions was performed at a temperature of 380 °C + 5°C in the furnace SSHO-3.2 (fig.
3). Temperature regulation from 20 °C to 380 °C was carried out by changing the power output through an
autotransformer, and the voltage and power of the thermoelectric installation were measured by the device NK-
50, which included an ammeter, voltmeter and wattmeter.

Fig.3 Electric furnace SSHO-3, Technical
characteristics: Voltage, at 220; Power, kW- 6; Nominal Fig.4 Friction machine SMC-2
temperature, °C - 380

Laboratory studies to determine the intensity of wear and the coefficient of friction were performed on a
friction machine SMC-2 (fig. 4), and to determine the moment of friction used a special strain gauge [16]. The
design of the device (fig. 5) provides the ability to determine the moment of friction directly from the movement
of the pad, which is fixed on a digital strain gauge IDC-1. The wear resistance of the test compositions was
determined according to the "pad-shaft" scheme. The experiments were performed at a sliding speed of 4.0m /s
and a load of 1.5 MPa (lubrication with water). The coating was applied to the inner surface of the sleeve with a
diameter of 40 mm, a length of 10 mm, a coating thickness of 1 mm. Sectors with a cross-sectional area of 2 cm2
were cut from the bushings (fig. 6). To determine the wear resistance as a counterbody used samples made of
steel 40X13, brake-treated to a hardness of HRC 42 ... 45.
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The magnitude of the operation of the samples was determined by weighing to the nearest 0.1 mg on a
laboratory scale of the second class of the model VLR-200 for 10 hours of continuous operation.

Fig. 5. General view of the strain gauge device for
determining the moment of friction: 1- counter body; 2— Fig.6 Sketches of samples for research
shaft; 3 - pad; wear resistance; 4— polymer coating; 5 -
rolling bearing; 6 - cargo; 7 - carriage; 6, 9 - adjustable
screws; 10 - the lever; 11 — power meter;12 - strain
gauges; 13— deformation meter; 14.15 —strings

Presentation of research materials

At the first stage of research, the optimal composition of the composition for radial plain bearings of
electric submersible pumps based on phenol-formaldehyde resin was determined.

The second determined the optimal composition of the polymer composition for the thrust bearings of the
electric motor of submersible pumps based on fluoroplastic.

The parameters of optimization were mass wear.

Optimization of the composition of the polymer composition based on phenol-formaldehyde resin
for radial plain bearings of the electric pump.

Preparation of antifriction compositions for plain bearings includes the following operations:

-grinding of high-strength fiberglass polymer AG-4V (GOST 20437-75) and sifting it through sieves with
different hole sizes. After sieving, the composition of the polymer fraction was: up to 50 um - not more than
10%; up to 150 microns - no more than 15%; up to 400 microns - no more than 55%; up to 500 microns - no
more than 20%;

-mixing the prescription amount of crushed prepreg, a mixture of colloidal graphite and carbon fabric,
molybdenum disulfide and polyamide powder for 10 minutes;

-coating of compositions by compression pressing in modes: pressing pressure 60 MPa; mold temperature
165 ° C; exposure time under pressure - 0.8 min / mm thick.

As antifriction fillers are taken: molybdenum disulfide DM-1; a mixture of colloidal graphite C-1 and
carbon fabric TGN-2M and powdered polyamide 12 APN-B [8 ].

When creating an antifriction composition, we selected the levels of variation of fillers (table 1).

Table 1
Levels of variation of factors
The value of the factor Code value of levels
-1 0 +1
X;- a mixture of graphite C-1 and carbon fabric TGN- 0 8 16
2M (1: 1)

X,- molybdenum disulfide DM-1 0 2 4
X;.. powder polyamide 12 APN-B 0 7 14




Problems of Tribology 37

The criterion for optimization was the mass wear of the polymer coating (Y1) and the counterbody (Y2).
When optimizing the composition of the composition varied the content of a mixture of colloidal graphite and
carbon fabric (X1), molybdenum disulfide (X2), powdered polyamide (X3) with a constant content of crushed
prepreg, including a mixture of fiberglass and modified phenol-formaldehyde resin P2M. To obtain a
mathematical model of the optimum zone, a second-order plan (Box-Benkin) was used, consisting of 15
experiments (table 2) and including three points, which are fixed at zero.

Table 2
Planning matrix and results of experiments to determine the wear of the polymer coating and
counterbody.
Ne experience X1 Xz X3 \Z 2
1 16 4 7 3,0 1,9
2 16 0 7 3,3 3,2
3 0 4 7 4,6 2,4
4 0 0 7 5,3 3,8
5 16 2 14 2,9 2,6
6 16 2 0 3,2 3,3
7 0 2 14 4,2 2,8
8 0 2 0 5,1 4,2
9 8 4 14 1,9 1,8
10 8 4 0 2,4 3,0
11 8 0 14 3,0 2,2
12 8 0 0 3,8 4,0
13 8 2 7 2,3 2,0
14 8 2 7 1,8 2,2
15 8 2 7 2,1 1,7
As aresult of calculation of coefficients of the equations received initial model of the following kind:
v, =2,06-085X, —-0,44X, —0,31X, +153X7 + "
+0,53X7 +0,23X7 +0,1X,, + 015X, +0,075.X,,
v, =2,03-0,275X, —0,51X, —0,73X, +0,705.X 2 + "

+0,08X7 +0,60X7+0,025X,, +0,175X,, +0,15X .

Regression analysis of the model allowed to select significant coefficients from the initial model and
reject insignificant ones, as well as to check the adequacy of the model.

As a result of mathematical processing of experimental researches the mathematical models which
adequately describe influence of structure of fillers on wear of a covering and a counterbody are received.

V,=2,06-0,85X, —0,44X, —0,31X, +153X? +0,53X? 3)
V, =2,03-0,28X, —0,51X, —0,73X, +0,7.X? + 0,6 X2 @)

Analysis of regression coefficients proves that a mixture of colloidal graphite and carbon fabric,
molybdenum disulfide and polyamide powder reduces the wear of both the polymer coating and the counterbody
(coefficients at X1, X2, X3 are negative). Colloidal graphite has a stronger effect on reducing the wear of the
polymer coating (-0.85X1) and has little effect on the wear of the counterbody. Powdered polyamide, on the
contrary, has a stronger effect on reducing the wear of the counterbody (-0.73X3) and has little effect on the
wear of the polymer coating. This is probably due to the fact that polyamide in comparison with graphite has a
lower mechanical strength and hardness. The effect of the same molybdenum disulfide (X2) on the wear of the
polymer coating and the counterbody is approximately equivalent (-0.44X2; -0.51X2).

The obtained dependences Y1 (X1, X2, X3) and Y2 (X1, X2, X3) were optimized for minimal wear of
the friction surfaces. The dependences Y1 and Y2 are arranged in such a way that to study the extreme properties
the problem is reduced to the study of the functions of two variables. This follows from the fact that for both Y1
and Y2 quadratic forms can be distinguished only for two variables, for the third variable both functions
decrease linearly.

Define the line of extrema Y1:

Vs -1,53(X, —0,278)=0 )

1
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Wy s 0,53(X, —0,415)=0 6)
2

oYy _ -0,31 7

0X,

X1=0.278, X2 = 0.415, X3 is arbitrary. Since the quadratic shape of X1 and X2 is positive, along the line Y1
(X3) = 1.85-0.31X3 is a sliding down minimum.
Similarly, we study Y2:

oV,

=—0,28+14X,=0 ()
0X,
3)3;2 =-0,51 9)
2
Vs =—0,73+12X,=0 (10)
0X,

X1=0.2, X3 =0.608, X2 is arbitrary. Y2 (X2) = 1,782-0,51X2.

The optimal value of X1 for the minimum wear of the coating (Y1) and counterbody (Y?2) is 0.278 and
0.200, which corresponds to 10.25% and 9.65% of the mixture of graphite and fiber, ie the final conclusions on
the results of research should be made at stabilization X1 = 0, 25 = 10% mixture of graphite and fiber.
Substituting the value of X1 = 0.25 in equations (3 and 4) we obtain:

V,=194-0,44X, -0,31LX, —O,53X22 (11)
V,=2,0-0,51X, -0,73X, +0,6 X7 (12)
According to equations (11 and 12), the surfaces of equal response of the wear process of the polymer
coating and the counterbody are constructed (fig. 7).
X,

X, =025 (10% epogourme)

L >

2,b

~~28

() - X
1) ) #17) ?

Fig. 7. Geometric image of the surface of the equal response of the wear process of the polymer coating and the
counterbody

The shaded surface, limited by the isolines obtained in the calculation for the wear of the polymer
coating and the counterweight equal to 1.6 mg, is optimal for determining the composition of antifriction fillers.
However, previous studies have shown that when the increase in the composition of the content of powdered
polyamide more than 10% leads to increased adhesion of the polymer coating to the mold surface.

To obtain a quality coating, it is necessary to cool the mold, which significantly affects the productivity of
the molding process. Therefore, the optimum zone should be moved to the point of intersection of the isolines
obtained for wear of 1.6 mg. At this point, the content of powdered polyamide 12 APN-B is 9%, and
molybdenum disulfide DM-1 - 3%.

Since in the studied compositions the content of crushed prepreg, including fiberglass filler, was
unchanged (83%), in terms of 100% by weight of the composition, the optimal content of antifriction fillers will
be: a mixture of colloidal graphite and carbon fiber - 9.5%; molybdenum disulfide - 2.9%; powdered polyamide -
8.6%; crushed prepreg comprising a fiberglass filler impregnated with a modified phenol-formaldehyde resin
P2M - the rest.

To restore the radial plain bearings thermosetting antifriction compositions used a universal mold (fig. 8)
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Fig.8 Scheme of a universal mold for restoring the inner diameter of plain bearings: a) thermosetting compositions;
b) compositions based on fluoroplastic; c) coating the outer diameter with polyurethane (9). 1. sleeve, 2 - matrix, 3 -
sign, 4 - matrix heater, 5 - primer composition, 6 - milliammeter, 7 - thermocouple, 8 - heater, 9 - outer sleeve made of
stainless steel (polyurethane), 10 - punch.

Restored bearings are shown in figure 9.

Fig.9 Restoration of the inner diameter of the radial Fig.10. Five-seat mold for the restoration of plain
bearing slip bearings

For the industrial restoration of plain bearings made a five-seater mold (fig. 10). Development of
compositions based on fluoroplastic F4 for thrust bearings. For antifriction polymer composition based on
fluoroplastic F4 were taken the following components: polytetrafluoroethylene GOST 10007-78; carbon fabric
TGN-2M (pre-shredded); powder copper PMS-1; molybdenum disulfide DM-1 [12 ]. A standard second-order
rotatable plan was used for the study. The composition of the antifriction composition for thrust bearings was
optimized by estimating the wear intensity and friction coefficient. After excluding insignificant coefficients, the
following polynomial dependences of wear intensity | and friction coefficient f on three factors were obtained:
the composition of molybdenum disulfide (X); carbon fabric (Y); powdered copper (Z). The dependence of wear
intensity (J x 10-10) has the form:

1=0,5234—0,0208X + 0,3315Z + 0,1984X? +
+0,2053V% + 1,1128Z% — 0,0075XY + 0,03YZ - 0,075 X Z (13)

The dependence of the coefficient of friction has the form

f=0,0314 — 0,0005X + 0,0025Y + 0,01322Z + 0,0072X> +
+0,0089Y2 + 0,0465Z% — 0,002XY — 0,001YZ — 0,0015ZX (14)

Testing of the statistical hypothesis, made by Fisher's test, showed the adequacy of the regression model
on the response function at a significance level of o = 0.05.Analysis of equations (13, 14) and the results of
research revealed that the optimal composition, wt. h. Fluoroplastic F4 — 100. Molybdenum disulfide - 3.7... 3.9.
Carbon fabric - 7.5... 9.4. Powder copper PMS-1 - 140... 160. With the optimal composition of the composition,
the coefficient of friction is equal to 0.032, the wear intensity of 0.52 - 10-10 (fig. 11, 12).
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Fig. 11 - Graphical interpretation of the mathematical model of wear intensity (a) and two-dimensional section of the
function f (Xi, Yi, Zi) at Zk = 0.
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Fig. 12. Graphical interpretation of the mathematical model of the coéffituhit Yf¥ictiBn (a) and twadimensional
section (b) of the function f (X1, Y1, Z1) at Zk = 0 3

Figure 13 shows the thrust bearings of electric submersible pumps.

Fig.13. Billets for the thrust of the electric motor of the pump.
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Technical characteristics of the optimal composition for thrust bearings are presented in table 3.

Table 3
Characteristics of antifriction material

Properties of the composition Parameters
Density, kg / m3 3600-3700
Thermal conductivity, W / mK 0,80-1,02
Coefficient of friction 0,02-0,09
Operating temperature, 0C Bix -60 10 +250
Maximum specific load, MPa Big 1108

Conclusions

1. Based on the analysis of the literature data, the target fillers are selected to create antifriction
compositions for radial plain bearings and thrust bearings for submersible pumps.

2. The obtained regression equations that adequately describe the process of wear of the polymer coating
and the counterbody. It was found that a mixture of colloidal graphite Cl and carbon fabric helps to reduce wear

polymer coating, and powder polyamide 12 APN-B has a stronger effect on reducing the wear of the
counterbody. The effect of molybdenum disulfide on the wear of the coating and the counterbody is equivalent.

3. The obtained equations, which allowed to graphically represent the surface of the equal response of the
wear process of the polymer composition for plain bearings of electric submersible pumps, which determined the
optimum zone of antifriction fillers:

a) a mixture of colloidal graphite Cl and carbon fabric THN-2M 9.5%

b) molybdenum disulfide DM-1 2.9%

c) powder polyamide 12 APN-B 8.6%

d) crushed prepreg comprising a fiberglass filler,

impregnated with modified phenol-formaldehyde resin P2M the rest.
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Ocrtanenko P.M. JlocmijpkeHHS TpHOOTEXHIYHUX BIACTUBOCTEH AHTH(QPUKIIHHUX TMONIMEPHHUX
KOMITO3MIIi I

3pobneHnii aHaii3 aHTUQPUKIIKHUX TOJMIMEPHUX KOMIIO3UIH HAa OCHOBI IIOJIiaMiTHHX, ENOKCHIHHX,
(emonpopmanpaeriTHuX, QypaHOBHX CMOJ, a TAaKOXK HAa OCHOBI (PTOpPOILIACTY 3 Pi3HHMH HAIOBHIOBaYaMHU, SIKi
MIPaIIOIOTh B BYy3JaxX TepTs. BIUIMB HamoBHIOBAaWiB Ha MEXaHI3MH TEPTS Majo BHBYEHI, TOMY NpPH CTBOPEHHI
QHTU(QPUKIIHHAX KOMIIO3UIIH, 3JaTHIX NpaIfoBaTH B YMOBaxX 3MalleHHs Yy BOAI, OYJIM IOCTaBJIEHI HACTYITHI
3a1adi: OOIpyHTYBaTW KiNBKICTH 1 THIl HAIlOBHIOBAYiB; JOCIIAWTH BIUIMB HAIIOBHIOBAadYiB Ha MPOLEC 3HOCY
MaTepiady 1 KOHTPTIa; BH3HAUYMTH ONTHMAIBHMH CKiIa] aHTHUQPUKLIHHOI KoMIo3wuii, mo 3abe3mnedye
MiHIMaJIbHUH 3HOC MTOKPUTTS 1 KOHTPTIJIA.

OO0'exToM noOCIiKeHHsT OyJIM: KOMITO3MIIT Ha OCHOBI QeHondopMaibieriiHoi cMonu i ¢roporuiacra,
Mo u(ikoBaHi aHTU(PPHUKLIIHHIMYI HATIOBHIOBAYaMU; JIETalli 3aTrIHOIOBAILHUX HACOCIB.

OCHOBOIO JTOCTIPKEHHS! OyJI0 BUBYEHHS TPUOOTEXHIYHMX 1 TEXHOJIOTIYHUX BJIACTHBOCTEH IMONIMEPHHUX
KOMITO3HIIi .

Ha mizacraBi ananmi3y sitepaTypHHX JaHUX 0OpaHi LiIbOBI HAIIOBHIOBAYI JJIsl CTBOPEHHS aHTU(QPUKI HHUX
KOMITO3MIIIM I patiafibHUX MiJIIUITHUKIB KOB3aHHS Ta MiJI SITHUKIB €JIeKTPO3ariuOIIOBAIEHIX HACOCIB,
0OTpYHTOBAHO TXHIO KUIBKICTB 1 ckilaj. Kpurepiem ontumiszanii Ciry)kuiau MacoBHI 3HOC MOJTIMEPHOTO TIOKPUTTSI
1 KOHTpTUIa. Br3HaueHO onTMMaibHMH CKIal aHTU(PPUKIIHHOI KOMIO3MIII IS pagialibHUX ITiANIMITHUKIB
KOB3aHHS, SKHH MicTHTh: cyMim konoinHoro rpagity Cl ta Byrneueoi tkannHu «TI'H-2My»; aucynbdin
Moni6aeny JIM-1; mopomkoBuii momiamin 12 AITH-B; nmonpiOHeHuid npernper, 10 BKIJIIOYAE CKIOBOJIOKHHCTHH
HATIOBHIOBAY, MPOCOYCHUI Mon(ikoBaHOIO (heHOI(OopMaTbIeriqHOW0 cMOIo P2M.

Jns miOnSTHUKIB BHU3HAYEHO ONTHUMAJbHUK cKnaj QroporacroBoi KOMIMO3MLIi, SKHH BKITIOYAE:
¢roporutact ®4; aucynbdin MomibGueHy; BYIJIELEBY TKaHWHY ; TOpOMIKOBY Minb. IlpencraBieHi ¢i3uko-
MeXaHiYHi BIACTUBOCTI ONTHMAJIbHOI KOMIIO3UII].

Po3po0iieH0 TEXHONOrIYHY OCHACTKY JUIS BiJHOBJICHHS 1 BUIOTOBJICHHS WiAIIMIIHUKIB KOB3aHHS 1
AN ITHAKIB ~ €JIEKTPO3ariuOIIOBAIBHAX  HAacociB. Burororneni mpechopmMu , i MPOMHCIOBOrO
BIPOBAJKEHHS .

KawuoBi cioBa: MiIMMOHUKA KOB3aHHS, IiAN ITHUKH, 3arjvOIOBaJbHUNA HACOC, aHTH(PPHUKIIHHI
HaroBHIOBa4i, roporuiact, GheHondopmanbaeriaga cMoa, mpechopma.



