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Abstract. Brake pads are a critical element of any machine, as they directly affect the safety of its use.
Accordingly, the quality of brake pads, their resistance, and durability are key aspects that must be
considered when developing braking systems for mobile agricultural machinery. The purpose of this
study was to review scientific sources related to the study of the tribological properties of brake pads,
their operating modes, and friction materials included in brake linings. The main parameters affecting
the efficiency of brake pads were analysed and the main criteria for selecting materials for brake pads
of mobile agricultural machinery were defined, namely, wear resistance, temperature resistance, and
corrosion resistance.Accordingly, the materials used in the production of brake pads for such equipment
must be capable of operating under any conditions, have high thermal conductivity, help reduce the
wear rate, have a stable friction coefficient, and be environmentally friendly. The study focused on an
overview of the types and design of brake pads, their systematisation by various features (by purpose;
by design features; by friction material composition; by the presence of wear sensors) and composition
(semi-metallic, non-asbestos organic, and ceramic). The study described modern components of friction
materials for brake linings and found that they are usually composites formed by hot pressing coarse
powders, which include many different components: a binder (thermosetting phenolic resins, often
with rubber added), structural materials (metal, carbon, glass, and/or Kevlar fibres), fillers (mica and
vermiculite), and friction additives (graphite and various metal sulphides). The study also assessed the
main characteristics of friction material components used in the manufacture of brake linings. The
findings of this study can provide researchers and scientists with useful information on the types and
design of brake pads and the main materials used in the manufacture of brake linings and be useful for
further practical development of braking mechanisms
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Introduction
The braking system is a critical mechanism that
ensures the safety of people and goods. It works
through friction between the disc and the pad,
which slows the vehicle down. The brake pads
grip the disc, reducing its rotation and deceler-
ating the vehicle. The behaviour of the friction
elements is determined by the active surfaces of
the pad and disc and the third bodies between
them. This complex tribosystem has not yet been
fully explored and studied. The correct type and
material for brake pads therefore directly affects
braking performance and reduces maintenance
costs. It is also important to consider the environ-
mental friendliness of materials and use modern
solutions to improve the safety and environmen-
tal friendliness of mobile agricultural machinery.

Brake pads, their operating modes, and the
materials they are made of continue to attract
considerable research attention due to their en-
vironmental impact and performance. O.l. Naz-
arov et al. (2023) investigated the frictional prop-
erties of brake materials under different braking
conditions, focusing on how these conditions af-
fect the performance of brake pads. M.G. Faga et
al. (2019) found that the service life of braking
mechanisms directly depends on braking condi-
tions and is the inverse of the wear of friction sur-
faces. L. Wei et al. (2019) confirmed that the ma-
terials used to make pads are a key factor in wear.

D. Carlevaris et al. (2023) proposed the use
of rice husk as a component of friction materi-
als, while S. Venkatesh & K. Murugapoopathira-
ja (2019) and W. Li et al. (2021) investigated the
potential of rice husk ash and barite-calcite as
inert filler. Their findings showed that the use of
these natural ingredients not only does not im-
pair the performance of brake pads but contrib-
utes to improved wear resistance and reduced
friction material emissions.

Composite materials, as noted by F. Khan et
al. (2024), play a key role in improving the dura-
bility of brake linings due to their ability to with-
stand high loads and ensure stable performance
even under extreme conditions. The use of such
materials reduces the risk of damage and wear

to brake components, making the system more
reliable and durable. This is especially important
for heavy vehicles and vehicles operated at high
speeds and requiring frequent braking. The high
strength of the composites also reduces the need
for frequent brake pad replacements, which helps
to reduce maintenance costs and improve overall
vehicle efficiency.

On the other hand, S. Mulani et al. (2022) em-
phasised that the use of composite materials can
considerably reduce the weight of a car, which im-
proves its handling and dynamic characteristics.
Reducing vehicle weight helps to save fuel, which
is an essential factor in reducing carbon dioxide
emissions and increasing the environmental sus-
tainability of road transport. The lighter brake
pads also reduce the load on the suspension and
braking system, which improves the overall sta-
bility of the vehicle on the road and provides a
more comfortable driving experience.

S. Manoharan et al. (2019) further showed
that the morphology of potassium titanate used
in composite materials considerably affects the
performance of braking systems. This component
contributes to the formation of contact plateaus
and transfer films on rubbing surfaces, which re-
sults in high frictional stability and wear resist-
ance. According to the findings, potassium titan-
ate in the form of chips demonstrates improved
characteristics compared to other materials,
which allows increasing the reliability of brake
systems, reducing wear, and ensuring stable fric-
tion properties even under high loads. Thus, the
introduction of new materials and technologies
in the production of brake systems opens new
opportunities to improve the efficiency and envi-
ronmental safety of vehicles.

P. Ghosh et al. (2020) investigated the effect
of the concentration of fibre components (ara-
mid/lapinus) on friction composites. Their find-
ings confirmed that changing the composition
of the composite affects properties such as the
coefficient of friction and thermal conductivity.
S. Jeganmohan et al. (2020) studied the ther-
mal properties of materials, including thermal
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decomposition, while V.V. Kumar & S.S. Kuma-
ran (2019) found that composites with lower fi-
bre content have a lower wear rate, but higher
fibre content increases thermal conductivity.

Therewith, the available information is usu-
ally scattered, and methodological issues are still
understudied, namely definitions, systematisation,
and classification of types, designs, and materials
of brake pads. The purpose of this study was to
review, systematise, and classify the types and de-
sign of brake pads and analyse modern materials
used in the manufacture of brake linings.

The study employed systematic and qual-
imetric approaches, which involve the use of
analysis and synthesis, formalisation, tabular and
graphical interpretation of the results and con-
tribute to the integrity of the study, with the iden-
tification of various characteristic features.

Zagurskiy

Material Requirements for Disc Brake Pads
During braking, the force acting on the pad at-
tracts it to the disc, forming a so-called tribolog-
ical contact between them (Aulin et al., 2024).
Tribological contact is the interaction between
surfaces that are in relative motion to each other.
The term combines the aspects of friction, wear,
and lubrication studied in tribology, which are
characterised by certain tribological properties
that determine the behaviour of materials or
joints in friction. The main tribological properties
are presented in Table 1. These qualities are key
when selecting materials for mechanisms and
joints subject to friction to ensure their durabil-
ity and efficiency. And, as shown in Figure 1, as a
result of friction in the braking system of mobile
agricultural machinery, kinetic energy is dissipat-
ed and converted into heat.

Table 1. Basic tribological properties and their characteristics

Properties

Characteristics

coefficient of friction

determines the sliding resistance between two surfaces

wear resistance

determines the ability of the material to resist mechanical wear

anti-friction property

determines the possibility of reducing friction between moving parts

score resistance

determines the ability of surfaces to resist scoring on contact

lubricating property

indicates the ability of a material or lubricant to reduce friction and wear

temperature resistance

determines the ability to maintain tribological properties

at hot or cold temperatures

corrosion resistance

ability to resist corrosion in friction conditions

Source: compiled by the author of this study based on W. Li et al. (2022)

Brake
pads

,F

Back
plates

Rotor
(disk brake)

Figure 1. Friction force between brake pads
and brake disc surface

Note: F - friction force
Source: A.P. Irawan et al. (2022)

The power dissipation equation proposed by
R.Dante (2015) is a basic expression for any type
of brake, as it introduces the concept of an exter-
nal force, which is a source of counteracting the
motion, into the underlying concept:

e = w(R)Fy, (1)
where W, is the dissipated work; t is time; w()?) is
the proportionality coefficient; X is a set of varia-
bles affecting the proportionality coefficient; v is
velocity; F is the friction force created between
two opposing surfaces.
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The heat energy generated by power dissipa-

tion is transferred to the components in contact.

Excessive thermal load can cause vibration (disc
thickness changes), surface cracking, and severe
wear of the contact surfaces (Fig. 2).

Figure 2. Brake pad failure caused

by excessive heat load
Note: a — wear, b — change in disc thickness, ¢ -
surface cracking
Source: A.P. Irawan et al. (2022)

This reduces the thickness of the friction
material of the pad. Reaching the limit value, the
pad must be replaced. The friction material is
the very obstacle that, when the brakes are ap-
plied, allows the vehicle to decelerate and stop
in time. To avoid such defects, the material used
in the production of brake pads must meet the
following criteria:

J be operable in various operating situations
(e.g., high temperature, pressure, velocity);

J have high thermal conductivity;

J help reduce the rate of wear;

J have a stable coefficient of friction;

J be environmentally sustainable.

Therefore, for the braking mechanism to
function efficiently and for the pads themselves
to be durable, the quality of their manufacture be-
comes a vital aspect to consider when selecting
the right combination of materials.

Main Types and Designs
of Disc Brake Pads
When considering the classification of brake pads,
it can be noted that they are divided into several
main types, depending on the design features and
material of manufacture:

For its intended purpose:

J for ordinary road vehicles - designed for
moderate use in urban and intercity conditions;

J for high-speed vehicles - designed for
higher velocities and frequent braking;

J for trucks and buses - designed for heavy
loads and intensive use;

J for racing cars — optimised for maximum
performance under extreme braking conditions.

For design features:

J single-layer - consisting of a single layer of
friction material;

J multilayer - have several layers of friction
material to increase strength and efficiency;

J with additional layers — have additional
layers of friction material to reduce vibrations
and noise.

According to the composition of the friction ma-
terial:

J semi-metallic;

J NAO - non-asbestos organic;

J ceramic.

The composition and main characteristics of
brake pads by type are presented in Table 2.

Table 2. Composition and main characteristics of brake pads by type

Name Composition

Advantages Disadvantages

The composite of this friction
material consists
of 30-70% metal (copper
or steel) and graphite. This
composite is complemented
by other inorganic materials
and binders

Semi-metallic

J high thermal conductivity,
which allows for efficient heat
dissipation during braking;

J long service life;

J wide temperature range;

J good performance at hot
temperatures.

J noisier;

J higher levels of
brake disc wear;

J less environmentally
friendly and generate
more black dust.
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Table 2. Continued

Name Composition Advantages Disadvantages
The friction linings are made .
. - J less noise and softer L
from a mixture of organic o J shorter service life
fi braking; .
ibres such as glass fibre, than metal pads;
NAO . J less wear on the brake .
(non-asbestos Kevlar, aramid, carbon discs: J less effective at hot
) fibre, and high-temperature ! . temperatures;
organic) ; . J more environmentally
resins. The metal content in . . Jused for small
. o friendly as they do not contain
their composition does not passenger cars
o asbestos.
exceed 20%.
The friction layer of this type  J long service life; J more expensive to
consists of ceramic fibres J stable performance even at  produce and usually
Ceramic bonded with special resins, hot temperatures; have a higher price;

sometimes with a small
amount of non-ferrous metals

J reduce the amount of brake
dust.

J low initial coefficient
of friction.

Source: compiled by the author of this study based on V.I. Mohyla & M.H. Aldokimov (2018), A. Sinha et al. (2020)

In terms of the availability of wear sensors:

J without wear sensors and without me-
chanical wear detectors;

J with mechanical wear detectors;

J with wear sensors: with pre-installed sen-
sors, with seats for mounting existing sensors,
with integrated sensors.

Each type of brake pad has its advantages
and disadvantages, and the choice depends on
the concrete operating conditions and perfor-
mance requirements. A closer look at the con-
struction of brake pads reveals that they usually
comprise several layers (Fig. 3).

Steel frame
Full metal mesh

Thermal lining

_ Friction material

Figure 3. Brake pad layers
Source: developed by the author of this study

Adhesive - designed to hold the friction ma-
terial to the other layers of the brake pad. This
is ensured by a sub-layer placed between the
friction material and the back plate. The main

function of the sub-layer is to reduce vibrations
caused by the contact of friction materials with
the disc. Rear plate - designed to maintain the
necessary rigidity in the brake pad to allow it to
continue to move along the calliper guide. Some
brake pads use special interference pads to min-
imise the amount of unnecessary noise during
braking. Friction material is the main layer on the
brake pads that comes into direct contact with
the brake disc during braking. Friction material
comprises various components, each of which
is designed for specific applications (Arman et
al.,2018; Ige et al.,2019; Kumar & Selvaraj, 2019).
The combination of these components can vary
depending on the performance requirements and
the purpose of the material (Rogovskii, 2021).
Such materials are widely used in various indus-
tries, and therefore their composition is adapted
to concrete operating conditions. This approach
allows achieving optimum performance that en-
sures the reliability and durability of products in
various environments.

Main Components
of Brake Lining Friction Materials
Brake lining materials are usually composites cre-
ated by hot pressing coarse powders, which also
contain many (usually 10-20) different compo-
nents. The components of friction materials are as
follows: Binders— designed to create a thermally
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stable matrix (holding all other components to-
gether). Typically, they consist of thermosetting
phenolic resins, often with the addition of rubber
to improve the damping friction properties; Struc-
tural materials - provide mechanical strength of
the pad. For these purposes, metal, mineral, and
ceramic fibres, glass, and/or Kevlar fibres, and
rarely various carbon fibres are used; Fillers - de-
signed to reduce the cost and improve the pro-
cessability of the lining. Various minerals such
as mica and vermiculite are often used as fillers;
Friction additives - help to ensure stable friction

properties of the pad and control the wear rate of
the friction pair (disc and pad). They contain solid
lubricants (graphite and various metal sulphides)
that help to stabilise the coefficient of friction, es-
pecially at hot temperatures. Abrasive particles —
designed to create a more reliable friction surface
by removing iron oxides and other unwanted sur-
face films from the brake disc. The latter are usu-
ally made of aluminium oxide and silicon, which
increase both the coefficient of friction and disc
wear. The main components of the brake lining
friction materials are described in Table 3.

Table 3. Composition and characteristics of the main components

of brake lining friction materials

Components Materials Characteristics
Steel J used to increase strength and thermal conductivity,
J promotes rapid dissipation of heat generated during braking.
J increases thermal conductivity and wear resistance,
Metal particles Copper J improves braking performance at hot temperatures,
J its use is decreasing due to environmental restrictions.
Brass and J used to reduce pad weight and increase corrosion resistance,
aluminium J improve heat transfer and resistance to deformation during heating.
Cellulose J provides good adhesion and reduces the weight of the material.

Natural rubber

J added to improve flexibility and reduce braking noise,

Organic and rubber J contribute to increased wear resistance and durability at cold
materials compounds temperatures.
Kevlar and other  J used to increase strength and heat resistance,
synthetic fibres  J provide high resistance to abrasive wear.
J increases the wear resistance and heat resistance of the material,
. Silicon carbide  J known for its ability to operate at hot temperatures without losing
Ceramic efficienc
’ Y.
particles — - - .
Aluminium J increases wear resistance and helps dissipate heat,
oxide J helps to reduce braking noise.
. . J used as a binder to hold all the components together,
Phenolic resins : :
Resi J high heat resistance and strength.
esins
Epoxy resins J used to provide additional strength and chemical resistance,
poxy J improve the adhesion between different components of the material.
. J reduces friction and wear,
Graphite . . )
J helps to avoid squeaks and noises when braking.
Fillers and J increases thermal conductivity and wear resistance,
. Copper powder . - -
modifiers J improves overall friction characteristics.
Metal sulphides J used to reduce friction and increase wear resistance,
J reduce the possibility of jamming the pads.
Anti-friction Anti-friction J reduce wear and friction between the brake disc and brake pad,
additives additives J improve the overall efficiency and durability of the braking system.

Source: compiled by the author of this study based on D. Chan & G.W. Stachowiak (2004), R. Dante (2015),
G. Gautier di Confiengo & M.G. Faga (2022)
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The main purpose of using composite mate-
rials in brake linings is to achieve the optimum
combination of strength, wear resistance, thermal

Zagurskiy

conductivity, noise absorption, and other characteris-
tics that are important for effective braking. Their ad-
vantages and disadvantages are presented in Table 4.

Table 4. Advantages and disadvantages of using composite materials in brake linings

Advantages

Disadvantages

Stable performance regardless of operating conditions

Higher cost

Less aggressive on brake discs, reducing wear

Greater sensitivity to operating conditions

Higher environmental friendliness compared to asbestos pads
which reduces the impact on the environment and human health

" Need for special storage conditions

More effective braking compared to conventional materials

Source: compiled by the author of this study based on R. Dante (2015)

Notably, current research on the components
of friction materials for brake linings is large-
ly concerned with two areas: 1) ceramic-based
materials, which use high-purity inorganic com-
pounds and ultrafine synthetic substances as
raw materials, which have a high melting point
and can maintain good chemical stability at hot
temperatures (Li et al., 2021), which allows for
stable friction coefficient, good heat resistance,
long service life, comfortable braking, no braking
noise, etc. Such pads have an exact chemical com-
position, precision production technology, and ex-
cellent structure; 2) ceramic-based materials that
use natural fibres that are not harmful to human
health. Biomass from agricultural activities is a
trendy material to produce brake pads because it
is commercially acceptable and environmentally
friendly. Banana peels, palm waste, aramid fibres,
flax fibres (Arman et al., 2018), cashew shells, co-
conut shells (Irawan et al., 2022), rice straw, and
rice husks (Carlevaris et al., 2023) all contain ag-
ricultural waste that can be used as reinforcing
material in polymer composites. Natural fibres
have many advantages over synthetic fibres due
to their low density, abundance, low cost, recycla-
bility, biodegradability, renewability, and relative-
ly high strength and rigidity.

Earlier studies, presented by A.A. Kash-
kanov et al. (2010), mainly focused on the inter-
action of the brake disc and pad, with special at-
tention to the formation of a tribofilm on the disc

surface. This study has identified critical aspects
of the braking process but has hardly addressed
the characteristics of the brake pad surface itself.
Other researchers noted this shortcoming, spe-
cifically, M. Eriksson & S. Jacobson (2000). They
stressed that the surface of the pad is still rel-
atively unexplored, noting the need for a deeper
investigation of this element of the tribosystem.

Subsequent research, such as the study by
P. Balaji et al. (2024), aims to expand the knowl-
edge of the brake disc and pad tribosystem, in-
cluding a detailed analysis of the pad surface.
V. Jankauskas & D. Kairitnas (2021) also con-
firmed the significance of this aspect, focusing on
the characteristics of the pad surface and its ma-
terials. M. Kchaou et al. (2013) indicated that pad
surface properties play a crucial role in ensuring
stable braking. Additionally, the materials used to
make the pad substantially affect its performance,
as discussed in T.Singh et al. (2016).

UV. Saindane et al. (2020) discussed the
prospects for the use of new friction materials
for brake pads, focusing on improving their wear
resistance, stability of friction characteristics, and
environmental safety. Scientists propose the use
of alternative materials that can replace conven-
tional metal or asbestos components, which are
still widely used but have a series of disadvan-
tages, including negative impacts on health and
the environment. According to their research, new
composite materials, which can include organic
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and inorganic components, such as fibres, nano-
particles, ceramics, help to improve braking effi-
ciency and reduce wear, as well as reduce emis-
sions of harmful particles during operation.

Interms of environmental impact,A.P.Irawan et
al. (2022) raised the issue of the environmental
impacts of brake pad wear. N.M. Kharytonova &
V.0. Khrutba (2021) developed a classification of
micro-pollutants contained in waters near motor-
ways, where a considerable proportion of pollu-
tion comprises polymeric components from brake
pads. This highlights the significance of investigat-
ing the environmental impact of brake materials.

Special attention is paid to improving brake
pad materials. D. Aleksendri¢ & P. Carlone (2015)
propose innovative solutions for the design and
manufacture of composite materials that can
improve the efficiency and reliability of braking
systems. According to K.L. Sundarkrishnaa (2015),
composite materials not only improve the perfor-
mance of brake pads, but also reduce brake dust
and noise during braking, which is a compelling
argument in favour of their use.

Another area of research is the impact of
nanomaterials. K.H. Cho et al. (2008) investigat-
ed how nanoparticles of various materials can
improve the performance of brake pads. The re-
searchers highlighted the potential of nanopar-
ticles in composite materials to improve their
friction properties. M. Baklouti et al. (2015) ana-
lysed the effect of various ingredients in friction
material compositions, which also contributed to
the efficiency of the braking process.

Thus, research in this area is expanding the
understanding of the mechanisms of interaction
between brake discs and pads, specifically their
surface characteristics and the impact of the latest
materials, which opens opportunities for improv-
ing the design and efficiency of braking systems.

Using agricultural waste in brake linings can
reduce environmental pollution and health risks.
However, the use of agricultural waste or natural
fibre in the manufacture of brake linings consid-
erably affects the wear rate, friction coefficient,
and durability.

Conclusions

A critical review of scientific sources related to
the study of the tribological properties of brake
pads, their operating modes, friction materials
that make up brake linings and emissions of
harmful particles into the environment during
braking showed certain methodological gaps in
this area of research, namely, a lack of definitions,
systematisation of information, and a lack of clas-
sification of types, designs of pads and materials
for the manufacture of brake linings.

To overcome the identified shortcomings, the
study systematised and classified the types and
design of brake pads and analysed the key char-
acteristics of the main materials used in the man-
ufacture of brake linings for mobile agricultural
machinery. It was found that the main criteria for
selecting materials for brake pads are wear resist-
ance,temperature resistance,and corrosion resist-
ance. Accordingly, the materials used to produce
brake pads must be able to perform under dif-
ferent conditions, have high thermal conductivity,
help reduce the wear rate, have a stable coeffi-
cient of friction, and be environmentally friendly.

In this study, all brake pads were divided into
four types depending on the requirements of par-
ticular brakes and vehicles: by purpose; by design
features; by friction material composition; and by
wear sensors. Each type of brake pad has its ad-
vantages and disadvantages, and the choice de-
pends on the concrete operating conditions and
performance requirements. By composition, brake
pads are classified into semi-metallic, non-asbes-
tos organic, and ceramic

As for modern components of friction mate-
rials for brake linings, they were divided into six
main groups: metal particles (steel, copper, brass);
organic materials (cellulose, natural rubber, rub-
ber compounds, Kevlar, and other synthetic fi-
bres); ceramic particles (silicon carbide, alumini-
um oxide); resins (phenolic and epoxy); and fillers.

Further research will be related to the de-
velopment, testing, and application of new com-
ponents of brake lining friction materials and,
accordingly, the expansion of the classification
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TexHi4yHuM ornag OCHOBHUX TUMIB, KOHCTPYKLiM Ta MaTepianis
rafibMiBHUX KOJIOA0K MO6iNbHOI CiNnbCbKOrocnoAapCcbKol TEXHIKU

AHppiit 3arypcbkuin

AcnipaHT
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AHoTauif. [anbMiBHI KOMOLKM € KPUTUYHO BAXK/IMBUM e€NeMeHTOM Oy[ib-SIKOi TEXHiKM, OCKiNIbKU BOHM
6e3nocepefHbO BMAMBAKOTL Ha 6e3neky ii BUKOPUCTaHHA. BionoBiAHO SKiCTb ranbMiBHUX KONOLOK,
iX CTiMKiCTb Ta [OBrOBIYHICTb € KNOYOBMMM acnekTaMu sKi 060BI3KOBO NOTPiGHO BpaxoByBaTW Npw
po3pobLi ranbMiBHUX CUCTEM MOBINBbHOT CiNbCbKOrOCNOAAPCbKOi TEXHIKM. MeTot poboTu Byno 34iMCHUTH
OMNAA HAyKOBMX [Kepen MNOoBM3aHMX 3 AOCNIIKEHHSMU TPUOONOriYHMX BNACTMBOCTEM TaNbMiBHUX
KONOAOK, PEXMMIB iX QYHKLIOHYBaHHA Ta QPUKLIMHMX MaTepianis, SKi BXOAATb A0 CKAALY rasbMiBHUX
Haknanok. lNpoaHanizoBaHO OCHOBHI MapaMeTpw, WO BNAMBAKOTb HA eEKTUBHICTb raIbMiBHUX KONOLOK
Ta BW3HAYEHO TONIOBHI KpuTepii wono BuGOpy MaTepianis AN ranbMiBHMX KONOAOK MOBiNbHOI
CiNbCbKOrOCNOAAPCbKOI TEXHIKM, @ CaMe: 3HOCOCTINKICTb, TeMNepaTypHa CTIMKICTb Ta KOPO3iiHa CTIMKICTb.
BiznoBigHO MaTepianu LLO 3aCTOCOBYHOTHCS NMPU BUPOOHULTBI rasibMiBHUX KOMOAOK A/ TaKOi TEXHIKM
MatloTb BYTM npaues3fatHuM 3a Byab SKMX YMOB, MaTW BMUCOKY TEMMOMPOBIAHICTb, CIPUATU 3HMKEHHIO
LUBMAKOCTI 3HOCY, MaTK CTabiNbHUI KoedilieHT TepTa Ta 6yTM eKonoriyHo CTiikuMm. OCHOBHY yBary B
LOCNIAKEHHI NPUAINEHO OTNSAY TUMIB Ta KOHCTPYKLIT rafbMiBHUMX KOMOZOK, iX CUCTEMATU3aL,ii 33 pi3HUMKU
03HaKaMM (33 MPU3HAYEHHSIM; 33 KOHCTPYKTMBHUMM 0COBNMBOCTAMMU; 3a CKNAAOM PpUKLIiAHOrO MaTepiany;
33 HAsIBHICTIO AATYMKiB 3HOCY) Ta CKNafoM (HaniBMmeTaneBi, opraHiuyHo-6e3ac6ecToBi Ta KepamiyHi).
[poBeaeHO OnMMC CYYaCHUX KOMMOHEHTIB (GPUKLIAHMX MaTepianiB ranbMiBHUX HAKNA[OK Yy SAKOMY
BM3HAYeHO, L0 BOHM 3a3BMYail SBASIOTb COOOK KOMMO3UTUBM YTBOPEHI LWISXOM rapsyoro npecyBaHHs
rpyoux MopoLLKiB, WO BK/OYAOTL 6AraTto pisHUX KOMMOHEHTIB: CMOMYYHY PEYOBUHY (TEPMOPEAKTUBHI
deHOoNbHI CMONK, YacTo 3 AOAABAHHAM KayuyKy), KOHCTPYKLiMHI MaTepianu (MeTanesi, Byrneuesi, CKNsHi
Ta/abo KeBnapoBi BONOKHA), HAMOBHIOBAYI (CNOAA Ta BEPMIKYNIT), GpuKLiiHi fobaBku (rpadiT Ta pisHi
cynbdian mMetanis). Takox B po60Ti A4aHO OLiHKY OCHOBHMM XapakTepUCTUKAM KOMMOHEHTIB MPUKLLIMHMX
MaTepianis, LLO 3aCTOCOBYHOTbCS NPU BUFOTOB/EHI raflbMiBHUX HakKNafok. Pe3ynbTaTv Lboro LOCNiAXeHHS
MOXYTb HaAaTM AOCNIAHMKAM | BYEHUM KOPMUCHY iHOpMaLio WoA0 TUNIB Ta KOHCTPYKLIT ranbMiBHUX
KONOAOK Ta OCHOBHMX MaTepianis, WO 3aCTOCOBYIOTLCA NPU BUIOTOBNAEHI FanbMiBHMX HaKNagok i 6ytu
KOPUCHUMM ANS NOAANbLINX MPAKTUYHUX pO3POOOK rasbMiBHUX MEXaHi3MiB

KniouoBi cnoBa: ranbMiBHa CUCTEMA; KOMMO3UTHI MaTepianu; TepTs; TPMBONOriYHi BNaCTMBOCTI; bPUKLiiHI
MaTepianu
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