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Introduction.

It is known that the cooling and the lubrication of the engine parts are the main functions of the
motor oil and must be implemented in the entire range of engine operating modes. To meet these
requirements, the engine oil must have certain properties or quality [1]. However, in some cases, the cooling
and lubricating functions of the oil may be impaired. Such cases include the use of inappropriate quality oil,
abnormal operating conditions, as well as the entry of various foreign substances into the oil (Fig. 1).

As a result, the engine can receive various kind of damage due to the lubrication failure of the
rubbing parts. In practice, this may be the reason for the owner's complaints on the quality of the
maintenance work, earlier performed by the technical service organization, or even on the quality of the
vehicle produced by the manufacturer and sold by the dealer. The dispute between these parties can
subsequently become the subject of an auto-technical expertise on the vehicle engine that will carry out a
study of its technical condition in order to determine the fault cause [2].

Analysis of recent research and publications.

The main problems with engine oiling in operation is often associated with improper oil additives for
the engine or their degradation (oil aging). For example, motor oil may be lacking in the required amount of
some additives that are necessary for the reliable engine operation, including extreme pressure agents,
antioxidant, detergent, anti-corrosion, antiwear, friction modifiers, dispersants, etc. [3, 4]. Moreover, in a
number of cases it is found that all the necessary additives were present in original oil, but they were
depleted (degraded) as a result of oil aging [5, 6].

Another problem with the quality of motor oil is often revealed during an expert study of the engine
fault causes [2]. So, there are difficulties in correctly determining the symptoms of breaking of the oil
working properties. If the symptoms are determined non-correctly or non-completely, it will be difficult to
confirm in study that oil is the cause of such fault.
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Figure 1 — General effects of various factors on the engine oil properties in operation [2]

It is known that in the oil aging process there is a change in the concentration, structure and
efficiency of oil additives due to decomposition, interaction with fuel combustion products, oil oxidation,
filter elements and parts [7]. For example, the base number decrease (concentration of detergents) in
operation is accompanied by the accumulation of acidic products in oil, which can cause corrosive wear of
the parts. Particularly dangerous is the entry of light fuel fractions into oil; they have low oxidation stability
[8]. When contaminated with fuel, motor oil oxidizes much faster, since the organic acids and deposits
formed during oxidation further deteriorate the oil quality [9]. As a result, it is possible the oil viscosity
reduce with its properties deterioration. But more often, on the contrary, there is an intensification of the
processes of sludge and slag deposition in the engine up to the strong oil thickening and the sediment
formation [1].

Usually, the state of motor oil degraded for one reason or another is described by the terms «slagy»
(soft deposits) and «varnish» (hard or varnish deposits) [10]. However, this division is conditional, since the
real picture of motor oil conditions is much broader [2, 11]. Moreover, one of the main factors of
catastrophically rapid oil aging is the use of inappropriate fuel [2, 8, 9].

The term «inappropriate» in this context does not mean individual impurities, for example, of diesel
fuel (its content in gasoline leads mainly to octane decrease and combustion problems, including knocking),
but a certain gasoline chemical composition. It is the deviation in the fuel composition that can cause the
rapid oil aging and the deposit formation on the walls [12].

The effect of fuel on motor oil is obviously due to the lack of a complete sealing of the cylinder
volume by the piston rings. Unvaporized fuel settles on the cylinder walls where it mixes with oil and can be
dropped off into the oil pan by the piston rings. In addition, not only droplets and fuel vapors, but also the
breakthrough of the products of combustion through the piston rings into the crankcase can have a chemical
effect to oil and cause a change in its properties [13].

As practice shows, such changes in motor oil are found and described in many sources [1, 2, 5, 8]. At
one time, the cause of these changes caused the various controversies, but in recent years, evidence has been
obtained that the cause of the changes can be the effect of gasoline, which has specific properties [2, 14].
Accordingly, when studying the cause of an engine fault, the main question becomes the cause for the
acquisition of such properties by gasoline. However, the lack of sources of such gasoline in some local
markets makes such cases rare and the available data incomplete. This feature, on the whole, makes it
difficult to study and describe this phenomenon in detail.

The goal of the work is to develop a method that can be used for the tasks of auto-technical
expertise and can help clarify the types and symptoms of various effects on motor oil, as well as determine
the causes for the changes in its properties when the engine is running.

To achieve this goal, it is necessary to analyze the various factors that affect the engine in vehicle
operation, including the basic regularities of their action on the fuel used.
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Main material presentation.

Motor oil can change its properties as a result of the following four main operational causes,
including [1, 2]:

1) faults of the engine systems, as ventilation, cooling, fuel supply, as a result of which the foreign
substances, including fuel and operating fluids, enter oil and affect its properties,

2) abnormal modes and conditions in the car operation that could affect the oil properties,

3) non-standard additives in to oil, for example, in order to improve some engine characteristics,

4) incorrect choice of oil, it does not correspond to the engine requirements and the specifications of
the car manufacturer, as a result oil properties deteriorate rapidly.

Indeed, accelerated aging of normal quality oil often appears under the faults of engine systems
effect. Such systems and their faults include:

1) engine ventilation system, when a large amount of water condensation forms in the engine during
operation,

2) cooling system, if coolant gets into the oil,

3) fuel system, when a large amount of fuel enters oil and causes its dilution.

In addition, various foreign substances can enter oil and lead to its rapid aging if the fuel properties
do not meet the requirements of standards and regulations [16]. Most of these faults can be determined by
diagnostic testing, with the exception of the analysis of the properties of fuel and oil, carried out in
specialized chemical laboratories [17].

The use of special modes and conditions in the car operation can effect on oil and its rapid aging.
Such conditions often include long service intervals when they do not correspond to the engine operating
conditions and / or the properties of using oil, short starting periods without complete engine warm-up,
especially in the cold season, as well as long-term idling [2, 6].

The main symptoms of the use of such modes and car overrun are often associated with the loss of
detergent properties by oil, which directly leads to increased carbon formation in the engine internal cavities
(Fig. 2). Such changes include the formation of significant deposits with special properties on the inner
surfaces of the engine walls — greasy, loose, with large particles and sediment into motor oil [18]. In some
cases, the piston rings are blocked / coked in the piston grooves [2]. Practice shows that these processes are
not always the symptoms of natural aging of normal quality oil or the use of oil of inappropriate quality.

Figure 2 — Typical examples of changes in the properties of motor oil in the form
of solid high-temperature (a) and greasy low-temperature deposits (b)

Influence of the fuel composition and properties on the oil aging process.

It is known that in the gasoline production, one of the main tasks is to ensure the required octane
number (RON). It is possible to produce gasoline with a high octane number in two ways: a complex
technological one, which causes a high cost of the resulting product, and a simpler and cheaper one, when
the special additives (antiknock agents) input into cheap gasoline. Thus, one of the currently widespread
methods of increasing the gasoline octane number is based on the addition of methyl tert-butyl ether
(MTBE). In addition, isopentane, isooctane, neohexane, benzene, toluene, acetone, ethyl alcohol, etc. are
also used as antiknock agents [5].
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In past years, the addition of ferrocene (containing iron compounds) active components to fuel was
widely used to increase the octane number of gasoline [2, 5]. At present, the use of ferrocenes does not
comply with international environmental standards; therefore such additives are not used in high-quality fuel
[19]. However, in addition to ferrocenes, there can be more serious changes in gasoline [2], which directly
cause accelerated oil aging (Fig. 3):

1. Gasoline contains impurities — waste of petrochemical production, added to reduce the cost of
fuel.

So, in the production of synthetic rubbers, by-products are formed, which contain a lot of unsaturated
hydrocarbons. Such substances can be added to gasoline to increase the octane number. During the fuel
combustion, especially at the high compression ratio typical of modern engines, a high temperature is
reached in the combustion chamber, which causes the formation of nitrogen oxides. In the presence of
unsaturated hydrocarbons, nitrogen oxides form nitroesters.

Figure 3 — Typical examples of changes in the properties of motor oil when exposed to low-quality fuel:
sediment formation (a) and its transformation into a rubbery mass (b)

These are non-volatile compounds, which easily settle on the cylinder walls and are removed into the
engine crankcase pan by oil scraper rings. At temperatures of about 100°C typical for oil in the crankcase
pan, nitroesters decompose to form acids. Further, the acids quickly react with alkaline oil additives, and
then form soap and cause quick oil thicken until it turns into rubbery sediment with a complete loss of
fluidity [14].

2. Gasoline contains unsaturated hydrocarbons, which are intermediate products of the gasoline
production process itself.

It is known, the finished products of any chemical factory are strictly controlled. However, the
control of semi-finished products can be weaker. Rejects in individual batches of the product are possible;
the losses during intermediate operations associated with spillage or evaporation of components may not be
completely excluded too. The octane number of the intermediate is high, but it can contain significant
amounts of unsaturated hydrocarbons. If they enter in gasoline, the process in the engine follows the same
chain as in the case of waste above — nitroesters-acids-soap [2, 14].

3. Gasoline contains some substances in excess of the permissible amounts.

For example, low-octane grade gasoline can be converted to high-octane grade by adding alcohol as
an inexpensive antiknock agent. At the same time, the share of ethyl alcohol can easily be increased to 20%,
though the current standards and regulations restrict the content of this component of 5-10%. The chemical
action between the products with motor oil leads to partial oxidation of ethanol (products of incomplete
combustion of gasoline with a high ethanol content). As a result, a viscous (thickening) additive precipitates
in oil.

This case is especially typical for the modern engines with low-viscosity (energy conserving) oils
with a viscosity of SAE 5W20 or 0W20, which is achieved by a significant increase in the content of the
thickening additive.

In fact, this triggers the process of rapid oil aging. This process does not stop even with the
subsequent refueling of the car with high-quality fuel — to stop the oil aging, as a rule, is possible only by
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means of its early replacement. As a result, when the car runs several thousand, and sometimes hundreds of
kilometers, the layer of deposits increases very fast, simultaneously the oil level in crankcase pan falls down
too much. It leads to a breakdown in oil supply due to its insufficient level in the crankcase, although the oil
did not leave the engine.

Common to all of these ways of changing the gasoline properties is that they are poorly recognized
using standard analysis methods that are usually used in fuel quality control. So, the main characteristics of
gasoline, most of which are physical parameters (octane number, volatility, etc.), remain within acceptable
values.

Method of investigating the faults associated with oil quality, when providing auto-technical
expertise.

There is a number of methods that make it possible to diagnose oil properties changing during
operation [20, 21]. However, the methods use for cars of the mass sector, especially for operative detecting
deviations, is actually impossible both due to the high cost of equipment and due to absence of all needed
functions in the car on-board diagnostics systems. As a result, when conducting research within the
framework of an auto-technical expertise, a change in motor oil properties is recorded only at the final stage
of operation, just after failure. Then it is difficult to determine all the causal relationships between the failure
and the oil properties, that does not allow to detect exactly and immediately whether the change in the oil
properties could cause the fault.

By itself, a deviation in the oil properties is not at all necessarily the cause of the engine fault — it is
equally important to find a correspondence between the damage on the parts and the deviations in the oil
properties that caused them. First of all, the symptoms of changes in oil properties should be divided
according to the nature of the effect on the engine into general and local. So, general simptoms of changes in
oil properties can be designated the volumetric changes, for example, the appearance of a sediment in the
volume of oil, a significant increase in viscosity up to loss of fluidity, as well as strong carbon formation and
deposits on the walls [2, 5, 9].

Usually, such change in properties leads to decrease in the oil supply to individual or even to all
friction pairs, at some or all engine operating modes, that depends on the degree of change in properties and
the rate of such change. The resulting increase in viscosity (thickening) of oil prevents normal lubrication
and cooling of the bearings, and the formation of sediment in the oil volume can partially or completely close
the oil pump strainer. This will cause a breakage of lubrication for all bearings, regardless of engine
operating mode, temperature and other parameters.

In addition to general changes in properties, local problems are also possible. They conditionally
include the deterioration of certain oil properties, for example, detergents. The symptom of this process
appears in view of local deposits are formed on certain surfaces. An example is the formation of significant
deposits on the piston ring sealing zone, which is accompanied by blocking of the grooves in the oil scraper
rings, and in severe cases, all the piston rings in the piston grooves (Fig. 4). Such picture is more often
observed when using oil that is not intended for the operating conditions of the engine and is not designed for
high loads and temperatures [2].

a b
Figure 4 — Blocking of the grooves in the oil scraper rings (a) and the
entire piston sealing zone (b) due to the use of oil that is not suitable for the engine.
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Obviously, at the preliminary stage of expert examination of a faulty engine, it is not always possible
to determine, that the fault is due to the oil properties. In this case, it is advisable to take samples of oil and
fuel, and save them. If in the process of subsequent engine disassembly, a suspicion of a connection between
the oil properties and engine damage is confirmed, their research will be necessary.

On the other hand, you should separate the cause of the fault and its consequences. In many cases, a
change in the oil properties is caused by the degradation of its additives. For example, the degradation of
thickening additives usually results in sludge formation as described above. At the same time, strong carbon
formation can be associated with the loss of properties of other additives, including detergents and
antioxidants.

Features of expert study in the presence of symptoms of oil exposure to fuel.

For gasoline engines, one of the main factors of oil degradation can be fuel [17], if it contains the
strongest substances, including the already mentioned unsaturated hydrocarbons and alcohols. When even
small quantities of them enter the crankcase pan through the piston rings, such substances can cause rapid
changes in oil.

Based on this, in some of the most difficult cases, it may be necessary not only to determine the fuel
and oil properties for comparison with data of regulatory documents on the main physical and chemical
parameters. In addition, it is necessary to study the chemical composition using spectral analysis methods —
to accurately determine the additives that make up the oil, as well as foreign substances and contaminants
[17]. All these data are used further to study the causes for the change in oil properties (if found) and its
effect on the operation of engine units and parts.

When it is required to determine the cause why oil has lost its main properties and has turned into a
rubbery mass, the chemical research occurs the serious difficulty for specialized laboratories. The main
reason for the difficulty follows from the fact that conventional research of fuel and oil quality by standard
methods has limited applicability. So, it prevents for answering the question: whether there is a causal
relationship between the properties of fuel and changes in oil properties. In many practical cases, such
research provide nothing. For example, fuel was filled too long ago and was used up just as long ago. In such
case there will be no traces of foreign substances in the fuel sample.

It is clear that if there are no signs of the effect of fuel with abnormal properties on the engine, or
they cannot be found, it is useless to conduct oil research. The results simply have nothing to apply, and they
do not say anything. This is especially true of some attempts to determine the cause of engine fault only by
analyzing the properties of fuel and oil. In fact, when the cause of the changes in motor oil properties is not
obvious, further attempts to detail the study only increase the uncertainty. In this situation it seems
appropriate to use logical methods.

Results of the logical analysis of fuel to oil exposure.

It is known that when any factor affects the technical condition of the engine, the cause-and-effect
relationships of emerging faults can be structured and presented as a logical graph [22]. In this case, it
becomes possible to practically use some available data when determining the causes of engine faults.

So, when fuel effects on motor oil, it is possible to use the already known results of logical analysis
of internal combustion engine damage. If a lubrication failure is considered [15], a part of the graph with the
specifying signs (Fig. 5a) can be selected for further research.

For practical use in the tasks of auto-technical expertise, it is necessary to expand and detail that part
of the general graph of this type of damage, which describes the effect of fuel with changed properties. To
this purpose, it is first advisable to identify all types of effects on motor oil, after that to find out which of
them are due to fuel. As severe changes in oil properties usually lead to engine failure (and this is often
observed in practice [2]), therefore the causal relationships between various factors and motor oil properties
can be represented as the following logical graph (Fig. 5b).

This graph, as well as the logical circuit of specifying features (Fig. 5a), gives only a general picture
of the logical circuit, since it takes into account the main events, but does not indicate their main symptoms.
In addition, only some of the events indicated in Fig. 5b are associated with fuel exposure. Therefore it is
necessary to consider in more detail the causes and symptoms of fuel with altered properties effect on motor
oil and engine failure.

Consider the data that were obtained in various expert studies over a long period [2] and associated
with changes in motor oil properties. When analyzing this data, the main attention should be paid to the
sources of the appearance of gasoline with altered properties. This can help to determine the event underlies
the entire chain of this type of fault mechanism. Analysis of the fuel market and known cases of motor oil
exposure to fuel leads to a variety of possible causes of entry of foreign substances in gasoline. Among them,
the following can affect the rapid oil aging:
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Figure 5 — Description of the failure event when abnormal changing the motor oil properties using a logical
graph: a) the symptoms of oiling failure when oil exposure to fuel (logical analysis is performed in the
direction from bottom to top [15], logical circuit marked by red), b) a simplified logic graph for describing
an engine failure event as a result of a general change in motor oil properties in operation

1) non-market regulation of pricing in the fuel market, which is typical for some countries, especially
during crisis periods in the economics,

2) presence of chemical plants in considering area,

3) weak control over the participants of the fuel market by the state regulator,

4) insufficient control of environmental services over disposal and utilization of industrial waste.

Without going into a detailed description of each of these causes, the following can be noted. The
modified fuel does not necessarily affect the motor oil. For the effect to become noticeable, certain
conditions or some secondary concomitant factors are necessary. They allow and / or enhance motor oil
exposure to fuel. In particular, it may be some design factors, which include the following:

1) fuel type: failures due to oil exposure to the changed fuel are noted only for gasoline engines,

2) compression ratio: the engines with a low compression ratio are less sensitive to fuel
characteristics,

3) the year of manufacture of the car: the effect is similar to the compression ratio, since the engines
of previous years, as a rule, had a low compression ratio,

4) gasoline octane number: it also depends on the design of the engine and its compression ratio,

5) the initial oil viscosity is one of the most important parameters, it is given in the car operation
manual and can be considered as a constructional parameter.

In addition to constructional ones, there are also accompanying operational factors that enhance of
motor oil exposure to modified fuel and the engine as a whole, and this action depends on the vehicle driver:

1) average vehicle speed: this extremely important operational parameter determines the operating
interval in hours between services and oil life by the engine operating time in motor vehicle hours,

2) service mileage interval: the parameter refers to constructional parameters, because it is set by the
car operating manual, but under some conditions it can be changed in one direction or another by the driver,
that in fact makes it operational parameter.

It should be also noted there is another group of operational factors that depend on the driver
conditionally. This includes, for example, the number of oil refineries, fuel storage bases and gas stations in
the region of operation. Usually, in general, the more there are, the less the probability the modified fuel will
get into the fuel tank of a particular car when refueling it.

Despite the generally understandable nature of causal relationships, it is not yet possible to obtain the
reliable quantitative estimates of all the factors above. The main difficulty is that there is no unambiguous
correspondence between the causes for the appearance of gasoline with altered properties and the results of
motor oil exposure to it. Also the above processes are random in nature. As a result, attempts to give any
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mathematical description of the problem, as it is usually done, in order to estimate the probability of this type
of fault, are difficult and do not lead to any equations that are useful for practical application.

In such conditions, it is advisable to apply the structuring of the fault mechanisms based on logical-
probabilistic methods, including the fault tree analysis (FTA) method. This makes it possible to use the
logical graphs which have already been built for other types of engine faults [15]. Then, taking into account
the structural composition of causes, symptoms and operating factors above, it is possible to obtain a fairly
simple logical graph for the engine failure in case of motor oil exposure to altered fuel (Fig. 6).
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Figure 6 — An example of a description of the causal relationship between the appearance
of fuel with altered properties and the engine failure using a logical graph

The algorithm for determining the failure cause means analyzing along the graph in the direction
from the engine failure event. In this case, the graph takes into account the entire mechanism of the damage
occurrence and development, starting from the base events that initiate the failure and actually determine the
failure causes. This makes it possible to use the logical method in expert practice for a preliminary selection
the research direction and further clarification the failure causes. At the same time, the graph includes and
takes into account practically all known types of motor oil exposure to fuel. With a sufficiently high rate of
logical graph details, this helps to avoid gross errors in determining the engine failure cause.

Conclusion

Out of the known faults that occur in the automotive engine operation due to changes in the motor oil
properties, the most serious in terms of consequences induced are those caused by gasoline if it has
deviations from normal composition and contains various abnormal substances, including unsaturated
hydrocarbons and alcohols. The strongest effect of these substances on motor oil properties is observed in
modern engines with high compression ratio, when they are operated on low-viscosity oils at low speeds at
extended service intervals. This effect is of general nature and can cause rapid degradation of oil additives,

309



sludge formation and engine failure due to poor bearing lubrication. At the same time, the analysis of the fuel
and oil properties in specialized chemical laboratories does not always allow us to accurately determine the
cause-and-effect relationship between the engine damage and the changes in the fuel and oil properties. That
is why there is a reason to believe that the logical methods may be promising for the practical determination
of this type of fault causes when conducting an expert study of engine technical condition.
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ABSTRACT

Sarayev A.V., Khrulev A.E. Failure mechanisms caused by motor oil degradation and their study as
part of expertise of technical condition of gasoline car engines. Visnyk of National Transport University.
Series «Technical sciences». Scientific and Technical Collection. — Kyiv. National Transport University,
2021. —Issue 1 (48).

The article considers the main symptoms and causes of accelerated motor oil aging in the gasoline
engine operation. This process is revealed when conducting auto-technical expertise and is caused by motor
oil being exposed to various constructive and operational factors.

The object of the study is the automotive internal combustion engine affected by fuel and motor oil
that have abnormal properties.

The goal of the work is to develop a method that can be used for the tasks of auto-technical expertise
and can help clarify the types and symptoms of various effects on motor oil, as well as determine the causes
for the changes in its properties when the engine is running.

The research method is experimental-theoretical and includes the analysis of a large amount of data
that were obtained during auto-technical expert research and demonstrated how various factors affect motor
oil properties. To solve the problem, an algorithm for logical analysis has been developed that determine the
nature of motor oil exposure to fuel. It describes the causal relationships between the failure event and the
underlying events that initiate the change in oil properties. A logical graph is obtained for the analysis of
causal relationships and determination of the failure cause due to lack of bearing lubrication that occurs as a
result of oil exposure to fuel, which includes the formation of deposits, sediment, changes in oil viscosity.

The practical application of the method is most expedient in the tasks of auto-technical expertise of
engine faults. The obtained results help avoid gross errors in determining the cause of the formation of
sediment in oil and/or deposits on the walls.

Based on large factual material, it has been determined that the processes of oil exposure to fuel are
random. However, attempts to obtain a mathematical description of the problem in order of assess the
probability of this type of failure are complex and do not lead to any useful equations for practical
application. In such conditions, the use of the developed logical algorithm becomes the most expedient,
especially when determining the causes of engine failures, when they are caused by the use of abnormal fuel.

KEYWORDS: INTERNAL COMBUSTION ENGINE, FUEL, OIL, DEGRADATION, FAILURE.

PE®EPAT

Capaes O.B. Mexani3Mu BUHUKHEHHS HECTIPABHOCTEH, BUKJIMKAHUX CTapiHHSIM MOTOPHOTO MacTHIIA,
i iX JocCHiKeHHS B 3aBIAHHAX EKCIEPTH3W TEXHIYHOTO CTaHy OEH3WHOBHX J[ABHUTYHIB aBTOMOOLTIB
/ O.B. Capae, O.E. Xpynes // Bicuuk HanionansHoro TpancmopTHoro yHiBepcutery. Cepis «TexHiuHi
Haykm». HaykoBo-Texniunmii 30ipauk. — K.: HTVY, 2021. — Bum. 1 (48).

VY cTarTi po3rsHYTI OCHOBHI O3HAKU Ta MPUYMHH MPUCKOPEHOTO CTapiHHSI MOTOPHOTO MAaCTHa B
eKcIutyaTaiii OCH3MHOBUX JIBUTYHIB, IO BHSBISIOTHCSA NP MPOBEACHHI aBTOTEXHIYHOI CKCIEPTHU3U Ta
BHUKJIMKAIOTHCSI KOMIUIEKCHOIO JTi€0 Pi3HUX KOHCTPYKTHBHUX 1 €KCINTyaTaitHIX (DaKTOpiB.
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OO0'eKT MOCIIHKEHHS — ABUTYH BHYTPINTHLOTO 3TOPSHHS IMPH BIUIMBI MaJMBa 1 MOTOPHOTO MAacTHIIA,
10 MAIOTh HEIITATHI BIACTHBOCTI.

Mera pobotu — po3pobka MeTomy, SIKHH MOXKE 3aCTOCOBYBATHICS ISl 3aBlIaHb aBTOTEXHIUYHOI
eKCIIEPTH3HU  JO3BOJISIE YTOYHIOBATH BHAM Ta O3HAKM PI3HMX BIUIMBIB HA MOTOPHE MACTHIIO, a TaKOX
BH3HAUYaTH MPUYMHU 3MiHU HOTO BIIACTUBOCTEH B €KCILTyaTallii ABUTYHIB.

MeTo TOCIiPKEHHS — EKCIIEPUMEHTAIbHO-TCOPETHYHUH, BKITIOUAE aHANI3 BEJIMKOI KIJIbKOCTI JaHUX,
OTPUMAaHHX TIPHU TMPOBEICHHI aBTOTEXHIYHUX EKCIEPTHUX IOCTiIKEeHb, MPO BIUIUB PI3HUX YWHHUKIB Ha
BIIACTHBOCTI MOTOpHOro MacTwia. /s po3B's3aHHS mpoOjeMHu po3po0JICHO aJTOPUTM JIOTIYHOTO aHANi3y
XapakTepy BIUIMBY MajMBa HA MAaCTUIIO, IO ONMUCY€E MPUIMHHO-HACITIIKOBI 3B'I3KM MIX IOJIEI0 BIJIMOBHU Ta
0a3MCHUMH TIOMISIMH, IO 1HIMIFOIOTh 3MiHY BIACTUBOCTEH MacThia. OTpUMaHO JIOTIYHUH Tpad A aHATI3Y
MPUYUHHO-HACIIAKOBUX 3B'SI3KIB 1 BH3HAUCHHS MPUYUHU BiJJMOBH Yepe3 TOPYIICHHS 3MAaIlCHHS
MINIMITHUKIB BHACTIIOK BIUIMBY MaJMBa HA MAcTHJIO, B TOMY YHCJI IPU yYTBOPEHHI BIIKJIAJCHb, OCAIY,
3MiHy B'SI3KOCTI MacTHIIA.

[IpakTryHe 3acTOCyBaHHS METOAY HAHOUIBIN JOIILHO B 33Ja4aX aBTOTEXHIYHOI EKCIIePTH3U
HecripaBHocTed JIB3. OrpumaHi pe3yibTaTH JO3BOJIAIOTh YHHUKHYTH TIpyOMX TOMUJIOK Y BH3HAueHHI
TIPUIMHK YTBOPEHHS OCaAy y MacTHIII a0o0 BiIKIIaIeHb Ha CTiHKAX.

Ha mincraBi Benwkoro (akTUYHOTO MaTepialy BCTAHOBJICHO, IO NPOICCH BIUIMBY MalWBa Ha
MOTOPHE MACTHJIO MalOTh BHUIIAJKOBHM XapaKTep, OJHAK CHOPOOM JaTh SKHIWCh MaTeMaTHYHUI OIHUC
po0IeMu, 3 METOIO OIliIHUTH WMOBIPHICTh TOSBH HECIIPABHOCTI JAHOTO BUIY, YCKJIATHEHI W HE MMPU3BOIATH
JI0O OTpUMAaHHS OyAb-SKHX 3aJCKHOCTEH, KOPUCHHX I MPAaKTHYHOTO 3aCTOCYBaHHSA. B Takux yMmoBax
BUKOPHUCTAHHS pO3POOJIEHOTO JIOTIYHOTO allTOPUTMY CTa€ HAWOUIBII JOLITBHUM, OCOOIUBO, TIPH BU3HAUCHHI
IpUYUH HecripaBHOcTel /B3, BUKIIMKaHWX BUKOPUCTAHHSAM HEIITATHOTO ITaJTiBa.

KJIFOYOBI CJIOBA: JIBUT'YH BHYTPIIHLOI'O 3TOPAHHSA, [MAJIMBO, MACTWJIO,
JETPAJTALIIS, BIIMOBA.

PE®EPAT

CapaeB A.B. MexaHn3Mbl BO33HHKHOBEHHSI HEHCIIPaBHOCTEH, BBI3BAHHBIX CTapEHHEM MOTOPHOTO
Maciia, ¥ WX HCCIEeIOBaHME B 3a/layaX JKCIEPTH3bl TEXHUYECKOTO COCTOSIHHS OCH3WHOBBIX IBUTATENEH
asTomobOuneit / A.D. Xpynes, A.B. Capaes // BectHuk HanmoHaapHOTO TPaHCIOPTHOTO YHHBEPCUTETA.
Cepus «Texnuueckue Haykm». Hayuno-rexanueckuii coopuuk. — K.: HTY, 2021. — Beim. 1 (48).

B cratbe paccMOTpeHBl OCHOBHBIE MIPU3HAKU U IPUYUHBI YCKOPEHHOTI'O CTApEHUsSI MOTOPHOrO Macia
B 3KCIUTyaTaluu OCH3WHOBBIX JIBUTATENICH, BBISIBISIEMOTO MPU MPOBEICHUH aBTOTEXHUYECKON IKCIIEPTU3HI U
BBI3BAHHOI'0 KOMIUICKCHBIM JICHCTBHEM Pa3InYHBIX KOHCTPYKTHUBHBIX U OKCIUTYaTallMOHHBIX (DaKTOPOB.

OOBeKkT  wmcclnemoBaHUS — JBHTaTeNlb BHYTPEHHETO CTOpaHUS TPU BO3JIEHCTBUM TOILTUBA H
MOTOPHOT'O MacJia, UMEIOIUX HEIITaTHhIE CBOMNCTBA.

Lenp paboTel — pa3paboTka MeTona, MPUMEHUMOTO Uil 3a/ad aBTOTEXHHYECKOW JIKCIEPTHU3BI U
MO3BOJISIFOLIEr0 YTOUYHATh BUABI U MPU3HAKM PA3IUYHBIX BO3JCUCTBUM Ha MOTOPHOE MAacio, a TaKke
OTIPEIEISITh MPUINHBI U3MEHEHHS €r0 CBOMCTB B AKCIUTyaTalluu ABUTATEICH.

Meton wWccnemoBaHHA — OKCIEPUMEHTABHO-TEOPETHUECKUH, BKIIIOYAET aHamu3 OOJBIIOTO
KOJIMYECTBA JAHHBIX, IMOJIYYEHHBIX NPU MNPOBEICHUM AaBTOTEXHUUYECKUX OSKCHEPTHBIX HCCIEIOBAHHUM, O
BIUSHUM Pa3IMYHBIX ()aKTOPOB HA CBOHCTBAa MOTOpPHOrO Macia. Jlns perieHus mpoOiieMbl pa3paboTaH
AITOPUTM JIOTUYECKOTO aHAJIM3a XapakTepa BO3JECUCTBUS TOILIMBA HAa MACJO, ONHUCHIBAIOIIUN MPUYUHHO-
CJIEJICTBEHHBIE CBSI3M MEXIY COOBITHEM OTKa3a W 0a3UCHBIMU COOBITHSIMH, WHHUIIMAPYIOIUMH W3MEHEHHUE
cBoiicTB Mmacina. [lonyden norudyeckuii rpad s aHamM3a MPUUIUHHO-CIICICTBCHHBIX CBSA3CH U ONpECeIICHUS
NPUYMHBl 0TKAa3a U3-32 HAPYILICHHs] CMa3KU MOJIIUIIHUKOB BCJIEICTBUE BO3IECUCTBHS TOILIMBA HA Maclio, B
TOM YHCIIEe, IPH 00pa30BaHUH OTIIOKEHHUH, 0CaIka, NI3MEHEHUH BSI3KOCTH Maca.

[IpakTuueckoe mnpUMEHEHHE MeToAa Haumbonee MenecooOpa3HO B 3aJavyax aBTOTEXHHYECKOH
skcriepTu3bl HewmcnpaBHocTed JIBC. IlomydueHHBIE pe3ysbTaThl MO3BOJSIOT M30€XaTh T'PYyOBIX OMHOOK B
OTIpe/IeTICHHH TPUYMHBI 00pa30BaHuUs 0CaJKa B Macje W/ OTIOKEHUH Ha CTEHKAX.

Ha ocHoBanum 6ompIIoro (akTH4eCKOro MaTepualia yCTaHOBIIEHO, YTO MPOIECCHl BO3IEHCTBUS
TOINTMBA HAa MOTOPHOE MAacjiO HOCST CIy4YalHBIH XapakTep, OJHAKO TIIONBITKA [aTh KaKoe-JIM0o
MaTeMaTHYeCKOe OIMMCaHKe MPOOJIEMBI C IETIbI0 OIICHUTh BEPOSTHOCTH MOSBICHHUS HEMCIIPABHOCTH JAHHOTO
BUJa, 3aTPyAHEHB! U HE MPUBOJAT K TOIYUEHHUIO KaKUX-THO0 3aBUCHMOCTEH, MOJIE3HBIX I MPAKTHIECKOTO
MIpUMEHEHUs. B TakWx yCIOBUSAX HCIOJB30BaHHE pPa3paOOTaHHOTO JIOTMYECKOTO ajrOpuTMa CTAaHOBHTCS
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HanOoJree Ienecoo0pa3HbIM, OCOOCHHO, TIPH OMpeAciiecHnH NpuduH HeucnpaBHocTed JIBC, BBI3BaHHBIX
HCTOJIb30BaHUEM HEIITATHOTO TOTJIMBA.

KJIFOYEBBIE CJIOBA: IBUI'ATEJIb BHYTPEHHEI'O CI'OPAHUKS, TOIJIMBO, MACIJIO,
JETPAOALINSA, OTKAS3.
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