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2.5 INFLUENCE OF ELECTROMAGNETIC TREATMENT OF FUELS AND OILS
ON THE FORMATION OF WEAR RESISTANCE OF FRICTION PAIRS

Igor Trofymov, Mykhailo Svyryd, Olena Matveyeva, Oleksandr Sydorenko

The studies referred to in the article relate to the engineering industry. In connection with
the sharp rise in the cost of natural resources, increasing the performance properties of lubricants
(L) becomes an urgent scientific and technical problem. Therefore, the issue of improving the
operating properties of working fluids, in particular, by performance of electromagnetic field
(EMF) or magnetic field (MF), is one of the components when considering priority areas to ensure
the reliability of motor equipment and friction units.

Modern technic is equipped with complex hydraulic systems that perform important
functions in the control of aircraft and ground equipment. The reliability of the fuel and hydraulic
units largely depends on the performance of precision friction pairs. As a result of increased wear,
destruction and jamming of friction pairs, failures of hydraulic units arise, and it becomes
necessary to replace worn parts systematically. The most common defects include the jamming of
plunger, plate and spool pairs, the destruction of rolling bearings, wear of the grommets of
plungers, etc. The specificity of these friction pairs requires a critical approach in the matter of
using to them the existing concepts of the relative influence of lubricants, the mechanical properties
of materials, the roughness of the mating surfaces, the speed of their relative movement.

The purpose of the work is to increase the reliability of fuel systems parts by eliminating the
causes of unit failures, analyzing the structural, technological and operational factors that determine
their performance, and developing measures on this basis to ensure trouble-free friction pairs. In
continuation of the research, the purpose of the work was also to study the change in the energy
state of M10G2k oil under the influence of MF by passing a white light beam through it and
determining the energy aspects of the interaction of oil with MF, which will allow adjusting the
wear rate of friction surfaces, treated in MF media.

The most important condition for the implementation of reliability, embedded in the design
of fuel-hydraulic units, is to improve the performance properties of operating fluids. Today, the
requirements for the modes and operation properties of the fuels and lubricants determine the need
to increase their anti-wear properties and search for new directions and methods for this.

In this work the electrophysical treatment is proposed to improve the operating properties of
fuels, which occurs when they are passed through an electromagnetic or magnetic field.

Analysis of the literature [1-3] shows the interest of the authors in experimental and
theoretical development of improving the antiwear properties of precision friction pairs and studies
of the influence of the electromagnetic field on the state and property of working fluids.

One of the ways to extend the service life and restore tribo-triggers is tribomodification of
friction surfaces due to the formation of metal-containing films, through the use of lubricants that
are under the action of a magnetic field.

As it is known, lubricants, treated with MF possess high antifriction and wear-resistant
properties [1], therefore they are used for lubricating magnetic bearings, gears, etc.

Nowadays, considerable attention is paid to research on the modification of motor oil by
treating it with physical fields, the results of which are shown in the works of many scientists,
namely, [.A. Portnoy, E.M. Lisikova, N. A. Pivovarova, E.S. Wenzel, L.I. Pogodaeva, S.V.
Putintseva et al. [4-6].

In [7], it was shown that one of the ways to improve the operative properties of fuels is their
electrophysical processing, which occurs when the working fluid is passed through a magnetic field
while simultaneously applying a high-frequency electromagnetic field with a frequency equal to the
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proton precession frequency in a given magnetic field. The authors found that the electrophysical
treatment of diesel fuel reduces the hourly and specific fuel consumption by 2 ... 4 % at all
crankshaft rotational speeds, while the greatest effect was observed at idle (hourly fuel
consumption decreased by 8 ... 12 %).

A number of researchers [8, 9] proved that when treating a fuel with an electric field, its
drops, in addition to the molecular forces that determine their strength, also have aerodynamic and
electric forces directed in the opposite direction. Reducing the surface tension of the droplet leads
to a thinner dispersion of the liquid, improving combustion and, as a consequence, reducing the
toxicity of exhaust gases.

The authors of [10] conducted research on the effects of the electromagnetic field on
aviation fuel in order to extend the service life of rolling bearings on the fuel flow meter sensors.
The authors established the effect of electromagnetic treatment on the antiwear properties of
hydrocarbon interfaces. In their opinion, one of the features of chemical conjugations in organic
compounds is the spatial orientation, in which the molecule acquires a certain geometric structure,
the chemical bonds in it are covalent in nature and are relatively easily polarized. The shift of
electrons in molecules, caused by the mutual influence on atoms, actively influences the
physicochemical properties of hydrocarbons.

The quantum mechanics says that the greater the frequency of the light flux, or its change
from red to violet, the greater its energy [11]. Therefore, a change in the color of a substance is an
energy indicator in the formation of the internal state of hydrocarbon SS, which can be changed by
the external influence of a magnetic field.

To understand the experiments conducted by us and described below, it is necessary to
select something from the theory of magnetism: a magnet is a permanent source of photons; a
photon is a movable discrete transverse electromagnetic disturbance, which consists of an electric
quantum and a magnetic flux quantum and represents an excited state of the field. A photon that
moves forms partial electromagnetic waves, which, according to Huygens' principle, due to
interference, are not emitted, but move together with the photon as a single entity, representing a
package of partial waves as a train. If we add two such quanta, we get a quantum of double energy
(E = h.2), which is usually called a photon. The more quanta in a photon, the more powerful it is,
since a photon consists of a larger number of minimal portions of energy. Although the photons
have no mass, they have different energies. If we see a red ray of light, this means that the photons
of which it is composed have energy at the level of 1.68—1.98 eV.

Planck's quantum hypothesis was that for elementary particles, any energy is absorbed or
released only in discrete portions. These portions consist of an integer number of quanta with an
energy proportional to the frequency v with a proportionality coefficient determined by the
formula: E=h-v=hw, where: h is the Planck constant. Thus, a change in the color of light is the
change in photon energy.

The color of the oil when light passes through it in the MP changes in the direction of an
increase in frequency (in color from yellow to green), the frequency increases from 510 THz to 600
THz, which means that the photon energy that passes through the oil increases and thereby
increases its activation.

In the presence of MF, the quantum part, which has a spin magnetic moment, receives
additional energy AF=—{i B proportional to its magnetic moment (i (Zeeman effect). Acquired

energy leads to the removal of atomic states by the magnetic quantum number m; and the splitting
of atomic lines. However, the authors of [11] experimentally confirmed that the quanta of the
electromagnetic radiation flux have a field structure, that is, they consist of electric and magnetic
fluxes and, accordingly, all laws of electrodynamics apply to them. According to electrodynamics,
in an electromagnetic wave, the energy of an electric flux is always equal to the energy of a
magnetic flux. Under the conditions of physicochemical interactions of lubricants with a metal
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surface under friction, besides adding chemicals to the lubricants, physical methods are known for
its processing with sound and ultrasonic waves, irradiation with light of different wavelengths, etc.

The study of the influence of magnetic fields on liquid environment was carried out by the
authors of [12], who determined the influence of external magnetic fields on the transfer processes
in ferrosuspensions. The researchers argue that such a powerful influence is explained by the
structure formation in a fluid-dynamic system as a result of the dipole-dipole interaction of
ferromagnetic particles and the orientation of the structure elements along the MP force lines. At
the same time, the geometry and magnitude of the magnetic field, the concentration and size of
particles, their magnetic properties and other factors affect the transfer processes. The rheological
properties of ferrosuspension, namely plasticity and effective viscosity (magnetorheological effect),
are most intensively changed. Also, in [12], the results of studies of the magnetorheological effect
are summarized — a sharp change in mechanical properties (viscosity, plasticity, elasticity) under
the action of a magnetic field. It is shown that the electrical and magnetic permeability of liquids
varies considerably.

The method of treating fuel and lubricants with an electric field has been improved, which
makes it possible to increase the antiwear properties of fuels and oils several times [13, 14].

In this regard, the question of the influence of electrophysical treatment of fuels on the
formation of wear resistance of friction pairs of fuel systems remains open.

In order to determine the influence of the magnetic field on the physicochemical and
operational properties of hydrocarbon fuels, a method for treating fuel [14] and a filter activator
fuel [15] were developed, the essence of which is that due to the influence of electromagnetic field
pulses generated around coils wires of high voltage during the passage of high-voltage pulses of
electric current from a source of high voltage pulses through it, frequency pulsed electromagnetic
processing of fuel is carried out, as a result of which the fuel is activated, in particular, the
physicochemical properties of the fuel are improved.

Processing (activation) of fuel by electromagnetic field pulse lines causes an improvement
in fuel performance such as pumpability, evaporation, flammability, flammability, as well as an
improvement in fuel energy characteristics such as volatility, a decrease in flammability
temperature, and an increase in combustion stability.

Electromagnetic pulses provide fragmentation, changes in the structure and configuration of
fuel molecules, weakening the bonds between them, reducing their surface tension. In addition,
some fuel molecules are charged for a sufficient period of time, as a result of which they more
actively combine with the oxidizing agent — oxygen. This contributes to a more optimal mixing of
the air-fuel mixture in the combustion chamber and, as a consequence, an increase in the
completeness of combustion.

It was found that the fuels subjected to this electromagnetic treatment were characterized by
a decrease in viscosity and density, and for 12 hours after the treatment, an increase in the acidity
index was observed.

«TC-1» jet fuel was selected as a working fluid, which has low anti-wear and rheological
properties and provides friction at the nodes. Also, the gasoline A-92, which acts as fuel for cars,
trucks and special vehicles, was amenable to electrophysical processing. The tests were carried out

using the finger-plane friction scheme; material of samples IIIX15 — photographic glasslg =0.30;
0.630 m/s, P =5 N. The sample finger size: diameter — 4 mm, length — 25 mm. Sample No. 1 and
No. 3 worked in the base (not processed) environment of aviation fuel «TC-1» and gasoline A-92,
respectively. Sample No. 2 and No. 4 worked in the environment of aviation fuel «TC-1» and,
respectively, gasoline A-92, treated with fields for 1 hour at a voltage of U = 32,000 V and field
strength E = 4. 106 V/m Sample No. 5 worked in the environment of gasoline A-92, treated with
EMF, after 24 hours of the relaxation period. The mass of prototypes was measured on an
analytical balance of increased accuracy "ADV-200 2KI".
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Given these changes in the physicochemical properties of fuels, it would be legitimate to
assume that similar changes in the anti-wear properties of the treated fuels are possible, which are
an important performance indicator. In this regard, to study the effect of electrophysical treatment
of fuels and low-viscosity liquids on the change in antiwear properties and friction coefficient, a
complex was used to study the tribological characteristics of fuels and lubricants, developed by the
authors [16]. The technical conditions of the complex make it possible to take photographic images
and video footage of surface transformations in a dynamic mode.

The results of the experiments are given in Table. 1. From Table 1 it can be seen that under
the same experimental conditions and with the same distance traveled (in the medium of jet fuel —
12 km, in gasoline — 3 km) for sample No. 1, the amount of wear after mass was 0.0013 g, for
sample No. 2 — 0.0003 g, the difference was —0.001 grams. For sample number 2, the difference
over the mass of 0.001 g was only after 22 km of the distance traveled. For sample No. 3, the
amount of wear after mass was 0.0032 g, for sample No. 4, 0.0012 g, the difference was 0.002
grams. For sample number 5, the difference was — 0.0025 grams.

Table 1
The results of experiments conducted on the complex to study the tribological characteristics of fuels and
lubricants
Sample . . L9 Load, P, N
Number/Environment Mass, m, g Distance, S, km | Friction velocity, V', m/s
Sample Ne 1 2,1478 0
/ «TC-1» 2,1465 12
2,1539 0 0,630 5
Sample Ne 2
/ «TC-1» gpp 2,1536 12
2,1529 22
o 2,1575 0
Sample Ne 3 0.330 5
/ A-92 2,1543 3
Sample Ne 4 2,1543 0
! A-92pp 2,1531 3
0,330 5
SampleNe 5 2,1545 0
! A-92gmikp, 2,1520 3

The results of studies of the friction coefficients of the tribocouples are shown in Fig. 1-2.
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Fig. 1. Dependence of the friction coefficient of steel SHKh15 on the electric field strength at sliding speed =
0.6 m/s in «TC-1» jet fuel
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Fig. 2. Dependence of the friction coefficient of steel SHKh15 on the sliding speed at a specific load P =
5 kg/em?*: I — in the «TC-1» jet fuel in the delivery condition; 2 — in the aviation fuel processed by the EMF
for 1 hour at a voltage of U = 32000 B and field strength £ = 4.10° V/m

It has been established that with an increase in the electric field strength, the coefficient of
sliding friction decreases (Fig. 1). This can be explained by an increase in the mobility of parts of
molecules, caused by the fragmentation of sedentary large molecules of lubricating media using an
electromagnetic field.

A reduction in the friction coefficient of steel SHKh15 with an increase in the sliding speed
was established. The friction coefficient during lubrication of the contact with jet fuel «TC-1»,
treated with an electromagnetic field is 1.3 times less in comparison with the coefficient of friction
obtained in «TC-1» in the delivery condition (Fig. 2). The decrease in the friction coefficient can be
explained by a decrease in the magnitude of the surface tension of the fuel during its processing by
the EMF, which has also been established experimentally.

Optical comparison of the friction surfaces of the samples shows (Fig. 3) that in the case of
their operating time at = 0.63 m/s and the same friction paths in the «TC-1» jet fuel treated with an
electric field, oxidation films begin to form much later and in comparison with 1000 m of the
traversed path of oxidative films is almost not found.

Investigating the surface of samples produced at 3=0.3 nv/s, after 1000 m of friction, the
subsequent formation and accumulation of oxidative films was detected, after 12000 m of friction —
films that occupy a sufficiently large area of friction are clearly visible. But for samples developed
in «TC-1» treated with an electromagnetic field after 12000 m of friction, a sharp decrease in the
number of secondary structures and a decrease in their area on the friction surface were found. This
gives the right to argue about their destruction and removal of friction from the surface at the
specified distance traveled. A similar picture was observed in micrographs of the surface of

samples produced at - 1.2 m/s after 12000 m of the traversed friction path, and in the case of
accumulation in the «TC-1» basic fuel, oxide films look clearly formed and have clear limits for the
transition from the secondary structure to the main structure metal. At the same time, for samples
developed in the aviation fuel processed by EMF — more subtle and elastic.

Comparing the friction surfaces of the samples (Fig. 4) developed in gasoline treated with
EMEF at a constant speed = 0.330 m/s and load P = 5 N, it was found that oxidizing films are thinner
and more elastic, which fully explains obtaining a lower wear value at the same traversed friction
path. On both surfaces, the secondary structures directed behind the movement of friction and at the
stage of formation look the same.

After 3000 m of the path, the films of the sample produced in the EMF-treated gasoline
become significantly larger with the length and width, and they also have destroyed areas that
alternate with the sections of the films themselves (in comparison with the films of the sample
obtained in the base gasoline).

Sample treated in gasoline with an EMF after 24 hours after treatment showed that the films
looked completely formed and oriented behind the direction of movement, and the friction surface
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itself is very similar to the friction surface of the sample worked out in the base gasoline with the
same path traveled.

Operation time of the samples in the base Operation time of samples in the aviation fuel
aviation fuel «TC-1» processed by the electromagnetic field «TC-1»gyp

Sample surface through 1000 m friction path Sample surface through 1000 m friction path
'8‘ =0,63 m/s,P=5N

Sample surface through 1000 m friction path Sample surface through 1000 m friction path

Sample surface through 12000 m friction path Sample surface through 12000 m friction path
8 =0,8m/s, P=5N

Sample surface through 1000 m friction path Sample surface through 1000 m friction path
8 =12m/s,P=5N

Fig. 3. Micrographs of steel samples IIIX15 surfaces; X150
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Operation time of the samples in the base Operation time of samples in the fuel processed by
fuel A-92 the electromagnetic field A-92py;

Sample surface through 1000 m friction path Sample surface through 1000 m friction path

Sample surface through 3000 m friction path

Sample surface through 3000 m friction path (Operation time of the samples in the gasoline after 24 hours
of relaxation)

8‘ =0,330 m/s,P=5N
Fig. 4. Micrographs of steel samples IIIX15surfaces; x150

To determine the change in the energy parameters of oil in MF, we designed a device for
assessing the energy-information state of liquid carbon materials (Fig. 5.), which consists of: a
computer for capturing the image of changes in liquid carbon materials /; light sources 2; lens for
processing light 3; permanent magnets 4, which create a magnetic field for processing liquid SS;
dielectric glass capacitance 5, which is located between the magnetic field and the test material;
microscope "MPD-1U11" 6; “Quick Cam Express” cameras 7.

The dielectric glass container 5 is placed between two permanent magnets 4. Then it is filled
with liquid carbon material and placed on the optical axis of the microscope 6. Then, using a light
source 2 and an objective for processing light 3, they pass a beam of white light through the liquid
material under study field. Its induction value is 0.3 TL.

Next, using the camera 7, the image of energy-information changes in liquid carbon
materials is processed and recorded, which can be seen on the computer monitor /. Accordingly, all
the necessary experimental results were recorded and stored on electronic device.

Thus, the change in the energy state of the oil depending on the change in its color under the
action of a magnetic field was studied, namely, the orange color is characterized by the light energy
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1.98 eV, green — 2.48 eV.The essence of the presented technique is to change the frequency of
white light, that is, the light that passes through the layer of oil that is in the MF. Each color has its
own energy component (see Table. 2).

Fig. 5. A device for assessing the energy-information state of liquid carbon materials in a magnetic field: / —a
computer for fixing the image of energy-information changes in liquid carbon materials; 2 — light source; 3 —
lens for processing light; 4 — permanent magnets; 5 — dielectric glass capacitance; 6 — microscope "MPD-
1U11"; 7 —“Quick Cam Express” camera

Table 2
Energy parameters of light
Color Wavelength range, nm Frequency range, THz Photon energy range, eV
Green 500-565 600-530 2,19-2,48
Yellow 565-590 530-510 2,10-2,19
Orange 590-625 510480 1,98-2,10

The presented methodology for studying changes in the energy state of liquids is
characterized by the possibility of monitoring changes in the energy-information state of liquid
carbon materials in MF.

The conditions for changing the energy state of the medium are explained by the physical
properties of the influence of the magnetic field on the magnets, which are in the composition of
the oil and changes in their orientation in space (Fig. 6).

On the basis of the experiment, a beam of white light, which is characterized by a frequency
range (400 ... 790 THz) and a photon energy (15.81 ... 17.39 eV) passes through the layer of the test
oil. In the case of passing a beam of light through the oil without the action of the MP (Fig. 2a)
after scanning, we obtain the energy of orange color, which has a value (1.98 ... 2.1 eV) and a
frequency range (480 ... 510 THz). This color meets the conditions of the oil, which is located
between the poles of the magnet (Fig. 7.)
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Fig. 6. The physical content of the experiment: (a) the study of the energy state of the oil M10G2k
by passing a beam of white light through it; (o) study of the influence of MP on the energy state of
the oil M10G2k by passing a beam of white light through it

In Fig. 7 shows the results of studies of the change in the energy state of motor mineral oil
M10G2k in MF. The influence of MF on the change of the state of the environment was
determined by the change in color to the lumen. Green color characterizes oil at the poles of a
magnet that corresponds to energy (2.19 ... 2.48 eV) with the highest energy content. That is, in this
position, the oil holds the auxiliary energy of the MF.

The energy component affects the placement of oil dipoles and we believe that they are
located along the MF lines, that is, perpendicular to the surface of the magnet. The transition zone,
which is located between the poles of the magnet, has an orange color of lower energy (1.98 ...
2.1 eV). Thus, the oil that is located between the poles has the same energy; in our case, we
designated it as the initial one (No.0). The transition zones from the initial to the traits (Fig. 7.) N/S
No.2 S/N or No.2 (to green) are characteristic of mixed shades of blue-violet and green, which
indicates a change in the arrangement of the conglomerates of the environment (Fig. 7.) N/S No.1
S/N or No.1. In addition, each condensation has its own energy component, their chaotic location
characterizes the preparation for changing the state of the oil, this can be expressed:

79 1510
W 400 =W a0 T Wi,

When studying the influence of MF on the energy state of the oil M10G2k by passing a
beam of white light through it (Fig. 6b), in addition to the energy of white light, the energy of MF
(Wwr) also affects the oil, and after translucent we get energy of green color, which has a value
(2.19 ... 2.48) eV and a frequency range (530 ... 600) THz, plus the energy of the losses.
Mathematically, it will look like this:

W 400 T Wi =W 530 + W4,
Thus, the energy of the MP, which acts on the oil, is determined from the previous two
formulas, as:
Wi + W%+ W= Wig + W%
Here: Wyr= W0 - W2'%50=(2,19...2,48) - (1,98...2,1) = (0,21...0,38) eV.

Therefore, under the action of MF magnetic induction of 0.3 T on oil M10G2k, the amount
of energy with which the MF acts on oil is (0.21 ... 0.38) eV.
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Fig. 7. The results of studies of the change in the energy state of mineral oil M10G2k, which is under the
action of a permanent magnet MF with intensity B = 0.3 Tl, by passing a beam of white light through it

To determine the percentage contribution of MF energy to oil, the energy of orange color,
without the action of MF (1.98 ... 2.1) eV, is taken as 100 %. Under the action of MF, the green
color (2.19 ... 2.48) eV for x %. We get the following proportion:

(1,98..2,1) —100 %
(2,19...2,48) - x %

After calculations, we obtain that the percentage contribution of MF energy to oil is 11 %-—
11.8 %.

The change in the energy state of the system is reflected in the tribological parameters of the
friction pair. Tribological studies were carried out according to the finger-plane scheme following
the procedure described in [17]. The normal load was 1 kg per Hertz contact, the speed was
0.1 m/s. Friction pair: HIX15 steel — LS59-1 alloy. Wearing of steel (regardless of the direction of
the MF) is characterized by initial wear, but when the energy component changes, the processes of
repairing the friction surface of steel LIIX15 take place. The results of the experiment are shown in
Fig. 8.
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Fig. 8. Dependence of the level of wear on the value of the photon energy of light in oil

Thus, the dependence of the level of wear on the amount of energy of the oil shows that with
an increase in the energy state of the oil, the wear of the material during friction decreases and goes
into repair conditions. It has been established that the influence of MF on the antiwear properties of
the oil is extremely positive, namely: the level of energy of the oil increases, the level of wear
during friction decreases and other operational parameters do not deteriorate.

Consequently, the obtained results confirm the relevance of using the MF effect on the
working environment during friction.

As a result of the experimental studies found that:

—treatment of aviation fuel «TC-1» and gasoline A-92 by EMF leads to an improvement in
their antiwear properties;

—at the same values of sliding speeds and the traveled distance, the mass wearing of
samples in the «TC-1» accumulated in the EMF-produced aviation fuel «TC-1» is 3.5 times less
than that accumulated in the basic aviation fuel. For samples worked out in EMF-treated gasoline
A-92, 2.5 times less than those worked out in base gasoline;

—it was established that the friction coefficient during lubrication of contact with jet fuel
«TC-1», treated with an electromagnetic field is 1.3 times less compared to the friction coefficient
obtained in «TC-1» in the delivery condition;

—a general view of the friction surfaces shows that the accumulated tribological films on
friction surfaces, which worked in the EMF-treated «TC-1» fuel and A-92 gasoline, are more
uniform and dense, compared with similar parameters of the samples working in the same media in
the delivery condition;

—the energy aspects of the interaction of the oil with the MF, namely the amount of energy
with which the MF acts on the oil is (0.21 ... 0.38) eV or 11 %—11.8 %;

—during the course of research, it has been established that with an increase in the photon
energy, the level of wear decreases, and this makes it possible to adjust the wear rate of friction
surfaces in the media of processed MFs;

—it is established that the higher the frequency, the greater the activation energy of the oil,
respectively, increases the reliability of the interaction of the oil with the friction surface, which in
turn is also activated at the points of actual contact.
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BIIJIUB EJIEKTPOMATHITHOI'O OUYNIIEHHSI ITAJIUB TA OJIUB HA ®OPMYBAHHSI
3HOCOCTIMKOCTI ®PUKIIAHUX ITAP

VY craTTi npoaHaTi30BaHO BIUIMB E€JIEKTPOMArHiTHOI OOpOOKM manuB i oidMB Ha (OPMYyBaHHS
3HOCOCTIHKOCTI Tap TepTs, IOJAHO pe3yNbTaTH AEIKHX HOCIIDKEHb y il ramys3i. OCHOBHOIO METOIO
JOCIIJDKEHHST OyJIO TONIIIIEHHS eKCIUTyaTaIlifHIX BJIACTHBOCTEH MalMB eleKTpo(di3ndHOI0 00poOKoIo, sKa
BinOyBaacsi Ipy IX HPOIYIIEHHI Yepe3 eNeKTPOMArHiTHe Iojie, aHalli3 BIUIMBY MarHiTHOTO HOJIST Ha 3MiHY
CHEPreTUYHOI0 CTaHy 3MallyBaIbHUX CEpefoBHII. Y poOOTI BHKOPHCTAHO KOMIUIEKC IS BHMBUYCHHS
TPHOOJIOTIYHUX  XAPAKTEPUCTHK MNAIMBHO-MACTHIBHHAX MAaTepiaiiB, SKAH [a€ MOXIHUBICTb POOUTH
¢dororpadiuHi 3HIMKH 1 BiIe03HOMKY TOBEpXOHb ¥ AWHaMiuHOMY pexxumi. [IpeacrapieHa MeToauKa oOpoOKu
aJIUB €IEKTPOMArHITHUM IOJIEM J03BOJISIE JOCATTH HMOKPAIICHHS X IPOTU3HOCHUX BIACTHBOCTEH, 3HIKCHHS
KoeQilieHTa TepTs, OTPUMaHHS OiNbII PIBHOMIPHUX 1 IMUIBPHUX OKHCHHX IUTIBOK HA ITIOBEPXHAX TEPTS.
Pesynbrati OCHIDKEHHS MOXYTh OyTH 3acTOCOBaHI B Tailly3l MAamIMHOOYAYBaHHS JUIS ITiJBHINCHHS
HaIIHOCTI JieTayiedl MaJMBHUX CHCTEM, BOHM MOXYTh OYTH BHKOPHCTaHi €KCIepTaMu 3 TPHOOJIOTii,
xiMoToJorii, GaxiBIsiMu y cdepi ekcruTyaramii MaIMBHUX 1 3MallyBaJbHHX CHCTEM Ha3eMHOI M aBiawiifHOi
TexHikd. [IporHo3u m010 pO3BUTKY 00'€KTa BUBUCHHS — MPOIOBKEHHS JOCIIIKEHD 3 BIUTUBY CHIJIOBHX IIOJIiB
Ha TPOTHU3HOCHI BJIACTHBOCTI MaTbHO-MACTHIIPHHX MaTepialiB, a TaKOXX MOIIMBICTh KOHTPOJIOBATH
Ta PEryJIOBaTH €IEKTPOMArHITHUMH IOJSIMH TTapaMeTPH 3HOILYBAHHS.

KiouoBi cioBa:HamilHICTE, enekTpodismyHa 0oOpoOKa, eNeKTpOMAarHiTHE IoJie, MaiuBO, (HOTOH,
3HOCOCTIHKICTB, IPOTH3HOCHI BIACTUBOCTI, KOG(ILI€HT TEPTs, IIOBEPXHS TEPTs, BTOPHHHI CTPYKTYpPH.
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BJUSAHUE SJIEKTPOMATHUTHOM OYUCTKHU TOILIMB U MACEJI HA ®OPMUPOBAHUE
H3HOCOCTOMKOCTHU ®PUKIAOHHBIE IIAP

B naHoil crarbe NMpOaHAIM3UPOBAHOBIHMSHHUE AIEKTPOMATHUTHOI OOpaOOTKM TOIUIMB W Maced Ha
(opMHpOBaHHE M3HOCOCTOMKOCTH TIap TPEHUS,IPEACTABICHO pe3yJbTaThl HEKOTOPBIX M3  HAIIUX
uccienoBaHuil B 3Tol obOmactu. OCHOBHOH IIEJBI0 HMCCIENOBAHUS OBUIO YIYYIIEHWs AKCIUTyaTal[HOHHBIX
CBOMCTB TOIUIMB 3JIEKTPO(GH3UIECKOl 00pabOTKO, KOoTOpas IMpPOMCXOAWMNIA NPH HX IPOIYCKAaHHH depe3
JIEKTPOMArHUTHOE I10JIe, QaHAJIM3 BIIMSHUS BO3/ICHCTBHS MAarHUTHOTO INOJISI HA M3MEHEHHE YHEPreTHYECKOro
COCTOSTHHSI CMAa3bIBAIOIIMX CpeA. B paboTe HCIONB30BaH KOMIUIEKC JUI HM3YYCHHs TPHOOIOTHYECKHX
XapaKTePHUCTHK TOPIOYe-CMa30YHBIX MaTEePUaJIOB, KOTOPBIH MO3BOJSET Jenarh (Gororpadhuyeckue CHUMKU H
BUJICO CHEMKY IIOBEpXHOCTEil B AMHAMHYECKOM pexume. [IperncraBieHHas MeTOauKa O0OpabOTKH TOILIMB
9NIEKTPOMATHUTHBIM TIOJIEM TO3BOJISIET JOCTHYBYJYYIICHHE WX HPOTHBOM3HOCHBIX CBOWCTB, CHI)KCHUS
ko3 duLMeHTa TpeHus, Moiy4YeHne Oojiee PaBHOMEPHBIX M IUIOTHBIX OKHCHBIX IUIEHOK Ha MOBEPXHOCTAX
TpeHus. Pe3ynbTaThl MCCIeOBaHUI MOTYT OBITh NMPUMEHEHBI B OTPACIMMAIINHOCTPOCHHS VISl TOBBIIICHUS
HaI&KHOCTH JeTalled TOIUIMBHBIX CHCTEM, OHM MOTYT OBITh HCIIOJB30BaHBIIKCIEPTAMU TPHOOIOTaMH,
XMMMOTOJIOTaMH, a TaKXKe CIeHaIUCTaMU B OOJIACTH DKCIUTyaTallMH TOIUIMBHBIX M CMa3bIBAIOIIUX CHCTEM
Ha3eMHOH M aBHAIlMOHHOM TeXHUKU. [IpOrHO3BI TO pa3BUTHIO OOBEKTa H3Y4YEHHS— IPOJIODKCHHE
UCCIICOBaHMII 10 BIMSHUIO CHJIOBBIX II0J€fl Ha TPOTHBOM3HOCHBIE CBOWMCTBA TOPIOYE-CMA30YHBIX
MaTepuajoB, a TaKKEBO3MOXKHOCTh KOHTPOJUPOBATH M PETYJIHPOBATh 3JIEKTPOMAHUTHBIMH IIOJSIMH
napameTpbl H3HALINBAHHUS.

KuroueBble ci10Ba: Hai&KHOCTD, NIEKTpodu3nyeckas 00paboTKa, HIEKTPOMAarHUTHOE I10JIe, TOILIHBO,
(GOTOH, HM3HOCOCTOMKOCTh, MPOTHBOM3HOCHBIE CBOWCTBA, KO3(GHIUEHT TPEHUs, MOBEPXHOCTh TPEHHS,
BTOPHYHBIE CTPYKTYPBL

ABSTRACT
Igor Trofymov, Mykhailo Svyryd, Olena Matveyeva, Oleksandr Sydorenko
National Aviation University, troffi@ukr.net, svirid_mn@ukr.net
INFLUENCE OF ELECTROMAGNETIC TREATMENT OF FUELS AND OILS
ON THE FORMATION OF WEAR RESISTANCE OF FRICTION PAIRS
This article discusses the effect of electromagnetic processing of fuels and oils on the formation
of wear resistance of friction pairs and presents the results of some of our research in this area. The main goal
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of the research was to improve the performance properties of fuels by electrophysical treatment, which
occurred when they were passed through an electromagnetic field and to study the effect of the influence of
a magnetic field on the change in the energy state of lubricants. In the work, a complex was used to study the
tribological characteristics of fuels and lubricants, which allows you to take photographs and video images
of surfaces in a dynamic mode. The presented method of treating fuels with an electromagnetic field makes it
possible to acheivean improvement in their anti-wear properties, a decrease in the friction coefficient, and
a more uniform and dense oxide films on the friction surfaces. The research results can be applied in the field
of mechanical engineering to increase the reliability of parts of fuel systems, they can be applied by experts by
tribologists, chemotmologists, as well as experts in the field of operation of fuel and lubricating systems of
ground and aviation equipment. Predictive assumptions on the development of the object of study — the
continuation of research on the effect of force fields on the antiwear properties of fuels and lubricants, as well
as the ability to control and regulate wear parameters by electromagnetic fields.

Key words: reliability, electrophysical treatment, electromagnetic field, fuel, photon, wear resistance,
antiwear properties, coefficient of friction, surface of friction, secondary structures.
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