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Abstract:

This paper presents the characteristics of the materials used in footwear
industry, with a particular emphasis on polyurethane materials for making
soles. The role, purpose and design of soles are also discussed, as well
as the requirements this part of the shoe should satisfy.

The manufacturing of polyurethane soles by liquid injection molding
technology (LIM technology) is described, namely its two procedures. In
the first one, the sole is obtained by pouring polyurethane into an open
tool, and the second one is direct injection of polyurethane on the shoe
upper in a closed tool, thus completing the production of finished footwear.
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The results of testing the specimens cut out from three sole samples show
that almost all quality requirements under technical specifications for this
part of the shoe are met. The tested sole samples do not meet the formal
requirements for tensile strength, although the values of this characteristic in
a sample made of a polyurethane-rubber combination and a sample made
of elastomeric material are very close to the set quality requirements.

Key words: polymeric materials, shoe soles, liquid injection molding
technology, quality.

Introduction

Footwear, in one form or another, has been around for a long time. In
ancient times, the simplest way to protect the foot was to use handy
materials such as bark, leaves, grass and vines wrapped around the foot.
The drawings in the caves of Spain originating from more than 15000 years
ago show people with their feet wrapped in animal skin and fur. But since
the time of ancient Rome to the present day, many types of footwear have
survived, indicating that there were much more types of footwear than anyone
could have expected. Therefore, the intensive development of production
technology of footwear continues today, due to technical and technological
solutions in the production of a variety of footwear (Groover, 2001).

In terms of technology, production is the application of physical and
chemical processes in order to change the geometry, properties and/or
appearance given to raw materials to produce parts or products.
Production also includes completing more parts to create the product.

There are different types of materials used in footwear industry. The
main materials used for making footwear are leather, synthetic polymers,
rubber, plastics, textile materials, knitted materials, wood, cork and in
some cases metal materials (http://www.publications.theseus.fi).

Polymers have become the main specialized materials for footwear
industry. Simply put, polymer is a chemical compound composed of small
molecules arranged in a simple structure to form larger molecules, or to the
full definition, this is a chemical compound or a mixture of compounds
obtained by polymerization and consisting essentially of repeating structural
units (http://www.merriam-webster.com).

The importance of polymers in footwear industry is a result of efforts to
use only the highest quality raw materials. This is very important because it
is directly related to human health. This material is almost always in contact
with human skin. Manufacturers of both plastic and elastomeric materials
co-operate with manufacturers of footwear in order to develop new materials
that must meet the requirements of today's shoes (Melo, Cavaco, 2012).
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In short, footwear consists of an upper and a lower part. The footwear
parts are shown in Figure 1. For the production of shoe uppers, leather is
commonly used. Different polymeric materials are used to create lower parts
of shoes - soles.

The lower part usually consists of the sole, the insole and the tread. To
create soles, high-quality leather (vegetable rack) is used, while the
production of insoles applies slightly less quality leather (vegetable part). For
tread soles, different polymeric materials are commonly used. Polymeric
soles should satisfy a number of requirements in order to achieve the best
possible protection of footwear, being the footwear part in direct contact with
the ground on which a person moves.

1 - Setup
2 - Thermal insulation
3 - Polyurethane membranes
4 - Rubber membrane protection
5 - Assembly insole
6 - Polyurethane part of the sole
7 - Tread rubber part of the sole
8 - Felt
9 - Thermoplastic eaves
10 - Boot/shoe face,
genuine leather

SNAW R -

Figure 1 — Components of shoes (boots)
Puc. 1 — CocmasHbie yacmu obysu (bomuHKa)
Cnuka 1 — CacmasHu Oenosu obyhe (yusme)

Soles, which are in contact with the ground, should meet the following

requirements:

— Good adhesion to various substrates (soil, paving, asphalt, etc.)

— Good flexibility during walking,

— Low wear, which ensures a long service life of shoes,

— Good mechanical characteristics, which allow the strength and
flexibility of the sole, depending on the physical and mechanical
properties of the material used (tensile strength, elongation, etc.)

— Resistance to splitting, which may occur in contact with sharp objects
(stones, nails, etc.)
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— Slight, almost insignificant slipping on wet surfaces, ice and other
slippery surfaces,

— Structural solution that enables easy separation from water, mud,
stones, snow and reduce slippage,

— Medium hardness material that provides flexibility and comfort when
walking, with less fatigue,

— Good and easy adhesion to the upper with the highest possible
soleupper adhesion force when using standard adhesives,

— Low weight, and low-density materials,

— Tightness of the sole-upper bond.

Polymeric materials for footwear industry

It is considered that the durability of a material is directly proportional
to its density. This attitude has a lot of exceptions, but it can be accepted
as a simplified rule shown graphically in Figure 2.

12

0.8

0.6

Density

0.4

0.2

Quality

Figure 2 — Simplified quality-density dependence
Puc. 2 — YnpouweHHas 83auM03a8uCcuUMOCMb Ka4eCcmeo-MiiomHOCMb
Cnuka 2 — YnpowheHa 3agucHocm Keanumem-—z2ycmuHa

A compact material of a relative density value of 1 or greater (relative
density is the ratio of material density and water density) practically has no
holes in it and is a "complete" material feature. If we look at, for example,
abrasion resistance — particularly sole abrasion, this material will withstand
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an abrasive contact for a long time because there is no place on the
surface where material abrasion could begin.

A material the density of which is lower than the density of water must
have a cell structure. Cells can be larger or smaller in size, they may be
more or less connected to each other, i.e. materials may have open or
closed cells. Figure 3 shows open cell (magnification 15x) and closed cell
(magnification 35x) expanded materials - materials with a cellular structure
(https://www.linkedin.com).

- .

Figure 3 — Open cell (a) and closed cell (b) expanded materials
Puc. 3— Omkpbimbie s4elku (a) 3akpbimble sHeliku (6) akcnaHOuposaHHO20 Mamepuarna
Cnuka 3 — OmeopeHe henuje (a) u 3ameopeHe hernuje (6) ekcnaHOupaHo2 Mamepujana

The essence of the reduction in density of a material whose relative
density is always greater than 1 is nothing more than making a cellular
structure in which there are many gaseous components. It is important that
there should be a lot of empty space (filled with a gas, regardless of
whether it is air, carbon dioxide, or something else), so that the whole
structure has less mass than water and therefore lower relative density.
For example, if the abrasion resistance of different materials (from
compact materials to materials of lower density) is shown in the form of a
diagram, it will not be a straight line as in the simplified dependency, but
more like a so-called point cloud, as shown in Figure 4.
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Density

Durability

Figure 4 — The so-called cloud quality — density dependence
Puc. 4 — «ObnayHas» 83auMo3ag8uUCUMOCMb Ka4ecmeo-rni0mHocms
Cniuka 4 — T3s. obnak 3agucHocmu Keanumem—eaycmuHa

If the aforementioned procedure is repeated for other features, there
will be a similar graphical dependency. These data are the basis for
assessing the quality of the materials for making shoe soles.

When it comes to compact materials, it is necessary to consider
leather and vulcanized elastomeric materials. Although soles made of
compact leather have their advantages, they also have certain drawbacks
(lack of durability, decreased water resistance, poor insulation, problems
with the design, etc.). Vulcanized elastomer materials have begun to be
used as a material for soles about 50 years ago and represent a major
technological achievement - rubber soles are waterproof and allow the foot
to be warm and dry even in winter months (Mills, 2007).

The entire group of compact polyurethane materials (for example,
thermoplastic polyurethanes) may have the characteristics listed as good
features of the two aforementioned compact materials.

Polyurethanes are an important class of polymers resulting from a
polycondensation reaction between different polyols, isocyanates and
additives, which allows obtaining a wide range of polymers of various
properties and applications.

As for durability, compact polyurethanes have a significant advantage
in relation to compact materials, vulcanized rubber and leather, which is
visible in Figure 5.
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PU solid

PU cellular

EVA

PvC

TP Rubber
Vulcanise rubber

Leather

Figure 5 — Specific durability of materials for shoe soles
Puc. 5 — YdenbHas npoyHocmb Mamepuarnos 0515 nodowe obysu
Cnuka 5 — CneyuguyHa mpajHocm mamepujana 3a fjoHose obyhe

As far as materials of lower density are concerned, cellular, ie.
expanded polyurethanes cover a wide range of density, starting from a
compact high density material (density of about 0.9 g/cm® to 1 g/cm?),
through a common density of 0.6 g/cm® to 0.5 g/cm?® for high-quality soles,
from 0.5 g/cm? to 0.4 g/cm? for thicker and less quality soles for women's
shoes, from 0.4 g/cm?® to 0.3 g/cm? for lower quality soles for home shoes
or slippers, to low density of 0.3 g/cm® to 0.2 g/cm? for insoles of sports
shoes or flexible soles for comfortable footwear.

People often stop wearing particular shoes because they are not
modern any more, but due to polyurethane durability, they still have value
as used goods. Even if thrown away as waste, such footwear may be used
with other solid waste as a fuel source.

Different polymeric materials (plastics, rubber materials, a combination of
elastomeric materials - plastic materials, expanded materials, etc.) are used for
sole production. The main reason to use the mentioned materials is the fulfil-
ment of a large number of requirements; however, costs of both materials and
the production technology must be taken into account.

In practice, the most commonly used elastomer materials are natural
rubber (NR), thermoplastic rubber (TPR), styrenbytadien rubber (SBR) and
bytadienakrylonitrile rubber (NBR).

The most commonly used plastic materials are polyurethane (PUR)
and polyvinyl chloride (PVC), etc.
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Lately, the soles of polyurethane systems, combined rubber-
polyurethane soles, have been used for making sports shoes and boots. In
addition to having the proper physical and mechanical characteristics, the
lower part of the combined material (rubber) provides good adhesion to the
substrate, and the upper part (polyurethane) provides the necessary
strength of the bond with rubber and leather uppers. Often the upper part
of the polyurethane mid-sole is constructively resolved so that, besides
cementing, it is possible to stitch the sole and the upper, thus resulting in a
stronger sole-upper adhesion force and a longer service life. In sports
shoes, weight, design and elasticity are significant, while in protective
footwear the emphasis is on comfort, durability and protection.

Polyurethane systems

Polyurethanes are plastic materials obtained by combining polyol and
isocyanate; the basic chemical process of this system was discovered by
Otto Bayer in 1937 (http://www.polyurethanes.org).

Polyurethanes are prepared by the exothermic reaction between an
alcohol with two or more reactive hydroxyl (-OH) groups per molecule
(diols, triols, polyols) and isocyanates, which typically have two or more
reactive isocyanate groups (-NCO) per molecule (e, diisocyanates,
polyisocyanates). The basic process is the reaction of the polyurethane
system; for example, a diisocyanate with a diol shown in the following
Figure (Bayer, 1947, pp.257-272).

—N—R'—-N—C—O—R2—
NO=C=N—R'—N=C=0 + nHO—R:—OH —» '[ﬁ I e Oil‘
O H H O
n

Figure 6 — The basic reaction of the polyurethane system
Puc. 6 — basosas peakyusi nonuypemaHogol cucmemal
Cniuka 6 — OcHogHa peakyuja rnonuypemaHcKux cucmema

The group obtained by the reaction of these two molecules is known
as the "urethane bond" and represents an important part of the
polyurethane molecule.

For the production of polyurethane shoe soles, the mentioned
principle is used to control systems that comprise two components. One
component is a polyol with terminal hydroxyl groups, and the other is a
multifunctional diisocyanate. If necessary, color is added to the polyol
component (Rosato et al, 2000).

955

Karkali¢, R., et al, Characteristics of polyurethane and elastomer parts for shoe industry produced by liquid injection molding technology, pp.948-967



VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2017, Vol. 65, Issue 4

Polyurethane systems for shoe soles can be based on polyester or
polyether polyol or a polyol. These two systems have specific features; a
choice of a system depends on the end use of shoes with such soles.

Polyester systems are, generally speaking, more reactive due to the
fact that they are solid at room temperature and it is necessary to warm
them up prior to use. Due to the fact that it is necessary to apply a high
temperature in order to maintain polyester polyols in a liquid form, the ma-
nipulation of this component is somewhat difficult. As the system expands,
material is heated and the temperature of the tool is reduced as well as the
curing time. However, soles based on polyester systems are less durable
and are subject to biological influence, ie. the effects of bacteria and fungi.
These features are quite adequate for the footwear market with fast-
changing designs and models (Yutaka et al, 2009, pp.3722-3742).

The largest number of isocyanates to be used for the production of
polyurethanes have two or more isocyanate groups per molecule. The most
commonly used isocyanates are aromatic diisocyanates, methyl benzene
diisocyanate (better known as toluene diisocyanate TDI) and methylene
diphenyl diisocyanate MDI (Urethanes Technology International, 2015).TDI was
developed first, but is now mainly used for the production of flexible foam of low
density for furniture industry (pillows, etc.). A mixture of diisocyanates known as
TDI consists of two isomers (Figure 7):

CHs o
NCO °

NCO

Figure 7 — TDI isomers
Puc. 7 — Nsomepsbi TDI
Cnuka 7 — N3omepu TDI

MDI is something more complex and allows a wider range of
opportunities in polyurethane production in terms of technologies and end
products. A mixture of MDI diisocyanate is commonly used for the
production of rigid expanded materials. MDI includes the following
diisocyanates, shown in Figure 8.
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Figure 8 — A mixture of MDI
Puc. 8 — Cmecb MDI
Cnuka 8 — Cmewa MDI

The characteristics of the polyurethane material used for LIM (Liquid
Injection Molding) technology for making soles are given in Table 1.

Table 1 — Characteristics of the polyurethane material for LIM technology
Tabnuya 1 — Xapakmepucmuku rnonuypemaHogo2o Mamepuarna 055 mexHonoauu LIM
Tabena 1 — Kapakmepucmuke rnionuypemaHckoe mamepujana 3a JINM mexHonoaujy

Characteristics Testing method Value
Density, g/lcm® DIN 53420 0.62
Tensile strength, MPa DIN 53455 10
Tensile elongation, % DIN 53455 420
Tear resistance, kN/m DIN 53515 20
Abrasion(mass loss), mg DIN 53516 30
Hardness, H°Sh A DIN 53505 70
Resistance to folding P-2 on 25°C > 20.000 foldings
Adhesion force of joint PUR DIN 53530 50 + 10
sole-leather, N/cm
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The production of polyurethane soles by liquid
injection molding technology

Soles of polyurethane systems are produced by liquid injection
molding (LIM) technology. It is an industrial production method that forms
raw materials into a variety of products of a wide range of applications.
This process includes weighing, mixing and pouring two liquid plastic
components (http://www.chemtrend.com).

This technology is different from the standard process of reaction
injection molding because it is based more on mechanical agitation than
on forced stirring under pressure. In this way, a large number of parts with
different characteristics can be produced.

Figure 9 shows the scheme of the equipment for liquid injection
molding technology as well as the dependence of the viscosity on shear
rate at characteristic locations of this equipment(http://www.xiameter.com).

1E+04

1603 g\g :

@

©

o

2 1E:02

w

[=]

3 :

£ o - T — .

Pump/Mixer _Injection Unit : _ Runner/Cavity
1E+00 - — ‘ — |
1E-01 1E+00 1E+01 1E+02 1E+03 1E+04

Shear Rate, 1/s
Figure 9 — Scheme of the equipment for injection molding technology

Puc. 9 — Cxema obopydosaHusi Orisi u320moerieHuUst odowisb Memodom JIumbsi ol 0asrieHuem
Cnuka 9 — Lllema onpeme 3a mexHono2ujy UreKyuoHo2 obrukosarba
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A photo of one type of an LIM technology machine is shown in Figure 10.

bl

 tl b o A

Ner

Figure 10 — One of the LIM technology machines
Puc. 10 — MawuHa npumeHsiemas 8 LIM mexHonoauu
Cnuka 10 — JedHa 00 mawuHa 3a JIIM mexHonoaujy

The polyol component and the isocyanate component are mixed in
the appropriate ratio and the resulting mixture is injected into a suitable
tool mounted on an injection press. In these conditions, at the same time,
the finished product is molded and the curing process occurs in the tool of
proper temperature for a certain period of time. The tool is most frequently
made of aluminium and its alloys.

For the production of polyurethane soles by the mentioned
technology, two methods are commonly appled.

In the first method, a homogenised liquid mixture flows into the heated
outdoor tool under low pressure, the tool closes, and after a certain time
period, the tool opens and a sole is removed from the tool. Figure 11
shows the casting of the mixture into the tool, and Figure 12 - the
extraction of the sole from the tool. This procedure produces lightweight
soles which can be used for shoes, boots and sport shoes. Thus obtained
polyurethane soles have better wear resistance than rubber soles and the
possibility of colouring in the mass, so that they can be attached to nearly
all kinds of shoes (http://www.essentialchemicalindustry.org).
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Figure 11 — Casting mixture into the tool Figure 12— Removing the sole from the tool
Puc. 11 — anueka ¢gpopm cmecbio Puc. 12 — UzeneyeHue nodowebl u3 ¢hopmMbi
Cnuka 11— Ynusare cmewe y anam Cnuka 12 — Bafjerse hoHa u3 anama

In Figure 13, soles of different designs are shown. Soles are attached
to uppers by gluing and sometimes also by stitching to obtain higher bond
strength.

Figure 13 — Polyurethane soles obtained by technology
Puc. 13 — lNMonuypemaxosasi nodowsa, uzzomosreHHass memodom LIM
Cnuka 13 — lNonuypemaHcku hoHosu dobujeHu JIMM mexHonoaujom
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The second method is a method of direct injection of a polyurethane
sole onto the shoe upper. Figure 14 shows the basic stages of this process
in the manufacture of boots.

A boot upper placed onto the upper movable mold part slowly
descends to the lower embossing tool (left top). After setting the boot
upper onto the lower mold part (right top), the tool closes completely and
the polyurethane system is injected to form a sole (right bottom).
Depending on the applied PUR system, the size of the sole and the
equipment used, the innjection time is from 15 s to 40 s. The temperature
of the tool and the curing time also depend on the system used and the
size of the polyurethane sole. The tool temperature is usually from 25 °C to
95 °C and the time of cementing the PUR sole with the boot upper in a
compact unit is from 5 minutes to 8 minutes. After this time, the tool is
opened and the boot is removed from the tool in about 10 seconds; the
tool is then ready for the next cycle of this process (left bottom).

PUR soles are manufactured by the described procedures with
equipment that may have dozens of complete tools and a system for
injecting polyurethane system(http://www.medical.saint-gobain.com).

Figure 14 — Four stages of the process of direct polyurethane sole injection
onto the boot upper
Puc. 14 — Yembipe amana rpoyecca npsimMoeo fumps rnosauypemaHogol
rnodowebl Ha 8epx bomuHka
Cnuka 14 — HYemupu ¢baze nocmyrika OupekmHoz ybpu3zasarba
rnonuyepaHckoz foHa Ha eopHuwime Yusme
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Quality requirements for soles

The quality requirements for boot soles with leather uppers in
accordance with relevant technical specifications are listed in Table 2.

Table 2 — Quality requirements for boot soles
Tabnuya 2 — TpebosaHus k kayecmsy nodowebi 0119 06y8U 8bICOKO20 MMOKPOST
Tabena 2 — Baxmesu keasumema FoHoea 3a yuame

Characteristics Testing method dQuallty
emands
Density, g/lcm® SRPS ISO 2781:1997 1.15+0.03
Hardness,H°ShA SRPS ISO 7619-1:2014 655
Abrasion, mm? SRPS ISO 4649:2014 max135
Tensile strength, N/mm? SRPS ISO 37:2004 min12
Tensile elongation, % SRPS ISO 37:2004 min280
Tearing resistance,N/mm SRPS ISOG.S2.735 Min 27

Results and Discussion

In this paper, we tested the characteristics of a sole made of an
elastomeric material (sample 1), a sole made of a combined rubber and
polyurethane material (sample 2) and a sole made of a thermoplastic
elastomer material (sample 3). The test results are given in Table 3.

Table 3 — Results of testing the soles

Tabnuya 3 — Pe3ynbmamai ucrsbimaHuli nodows

Tabena 3 — Pesynmamu ucriumusarba fjoHoga

Characteristics* | Testing method Quality Sample | Sample | Sample
demands 1 2 3
. 3 SRPS ISO
Density, g/cm 27811997 1.15+£0.03 | 1.25 1.13 1.16
o SRPS ISO
Hardness,H °Sh A 7619-1:2014 65+5 70 70 75
. 3 SRPS ISO
Abrasion, mm 4649:2014 max 135 93.8 142 78
Tens;lﬁnitr:ﬁ“gth' 35735050 min12 11 116 | 83
Tensile elongation, SRPS ISO .
% 372004 min280 550 775 450
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Quality Sample | Sample | Sample

Characteristics Testing method demands y 2 3

Tearing resistance, SRPS ISO min27 39.8 33 53.4

N/mm G.S2.735
Resistance
to bending SRPS ISO No cracks No No No
(De Mattia device, 123:2014 cracks | cracks | cracks
130.000 cycles)

* Test specimens for testing the characteristics were clipped off from
the sole samples.
The analysis of the quality requirements and the obtained results of
testing the specimens have shown:
— The lowest wear value (78 mm?®) occurs in sample 3, while sample 2
has the highest one (142 mm?)
— Samples 2 and 3 have almost the same tensile strength (11 N / mm?
and 11.6 N/mm?), while sample 1 has a significantly lower value of
this property (8.3 N/ mm?),
— Sample 2 shows the highest elongation value (775%), and sample 3
the lowest one (450%),
— Splitting resistance, which can be seen as structural strength, is
highest in sample 3 (53.4 N/mm), and lowest in sample 2 (33 N/mm),
— The results of testing resistance to bending, hardness and density
are similar for all three samples of the tested soles.

Conclusion

The characteristics of the materials used in footwear industry are
given, with a particular emphasis on polyurethane materials for making
soles. The characteristics of the components are described as well as the
basic chemical reactions, processing technology and the physical
mechanical characteristics of this system.

The materials that can be used in footwear industry, primarily for the
production of shoe soles, have been presented. Also discussed are the
role, purpose and design of soles, as well as the requirements that this
shoe part should satisfy.The manufacture of polyurethane soles by liquid
injection molding technology (LIM technology) is presented, two of its
procedures in particular:
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— The procedure of casting polyurethane material into the open tool
and obtaining a sole as a component for further production, and

— The procedure of obtaining a sole directly by injecting polyurethane
material onto the leather boot upper, which ends in a finished
product.

The results of testing the specimens cut out from three sole samples
show that almost all quality requirements from the technical specifications
for this part of the shoe have been met.

The tested sole samples do not meet the formal requirements for
tensile strength, although the values of this characteristic in the
polyurethane-rubber sample and the elastomeric sample are very close to
the set quality requirement.

The thermoplastic elastomer sole sample has a considerably smaller
tensile strength and slightly higher hardness relative to the defined quality
requirements for these two properties.
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MOJNIMYPETAHOBBIE 1 ONTACTOMEPHbIE YACTW ONA
NMPON3BOACTBA OBYBW METOOOM MNMPAMOIO NNTbA
non OABJIEHMEM

PadosaH M. Kapkanuy®, MosaH P. Pa/:lynosmqﬁ, Hanu6op B. MosaHoBuY®
@ YuusepcuteT 060poHbI B . Benrpaf, BoeHHas akagemus,
r. benrpag, Pecny6bnvka Cepbus
MuHuctepcTBo 060poHbl Pecnybnukm Cepbus,
BoeHHOo-TexHu4eckun MHCTUTYT, . Benrpaa, Pecnybnuka Cepbua
® BoopyxeHHble curbl Pecny6nvku Cepbus,
OnbITHO-3KCNEPUMEHTaNbHBIN TEXHUYECKUIA LIEHTP,
r. benrpag, Pecnybnuka Cepbus

OBNACTb: xuMmnyeckune TexHonormm
BWO CTATbW: 0630pHas ctaTbs
A3bIK CTATbW: aHrnuickuin

Pe3some:

B QdaHHOU pabome onucaHbl  Xapakmepucmuku — Mamepuarsios,
ucrionib3yemMbix 8  rpou3godcmee  0b6ysu, Mo0YepKHyma  porsib
ronuypemaHosbIX Mamepuasnog 6 u32omossieHuu nodows. Takxke
onucaHbl HazHadvyeHue, byHKUUST U KOHCMPYKUUS nodowebl, 8 mom Hucrie
mpebosaHuUsi K  Kadecmsy — ee  U320MOBJIEHUSI. Onucatbl
rpou3eo0cmeeHHble npouyecchb! ronuypemaHo8bIx rodows,
U320MOoeJieHHbIX MemoOoM MpsiMo20 numbesi o0 OaesneHuem (JIIM
mexHoroausi). B kadecmee unmocmpayuu rpusedeHo onucaHue dsyx
memodos OdaHHOU mexHonoauu. [lepebili mMemod nodpasymesaem
3anueKky nonuypemaHa 8 OMmKpbImyr opMy, a emopol - Xudkoe
gopmuposaHue Ha 3amsHymou 3a2omoeke gepxa obysu. Pe3ynbmamel
aHanusza o0b6pasyos, 83Imbix ¢ mpex eudos nodows, nodmeepousnu
coomeemcmeue  mpebogaHusM K  Kadyecmsy,  npednucaHHbIX
mexHu4eckol crieyugbukayueli no daHHomy eudy obysu. Hecmompsi Ha
mo, 4mo ucribimaHHble 06pa3ubi rnodowe ghopmaribHO He ebidepxKarnu
ucrbimaHusi Ha MpPOYHOCMb, 3HaYeHUsl rapamMempos 06pa3yos u3
KOMOUHUpOBaHHO20 Mamepuana pe3uHa-rnonuypueman U obpasyos u3
3/1aCMoMepPHbIX Mamepuanoe docmamoYHO 6rU3KU K YCmaHo81eHHbIM
mpebo8aHUsIM K Kayecmay.

Kntouesble crioga: nonumepHble Mamepuarbl, nodowsebi 0nsi obysu,
mexHos102us NMPSIMO20 fiumbsi 00 0asfieHUEM, Kayecmeo.
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NMONMMYPETAHCKN N ENACTOMEPHW AENTOBU
3A NMHAOYCTPWUJY OBYRHE AOBNJEHU
TEXHOJTOMMJOM TEYHOTI MBEKLIMOHOT OBJTMKOBAHA

PadosaH M. Kapkanuh?, JosaH P. Pauynosmh6, [anu6op b. JosaHosnh®
@ YHuBepanteT onbpaHe y Beorpaay, BojHa akanemuja,

Beorpag, Penybnuka Cpbuja

MuHuctapcTBo ogbpaHe Penybnuke Cpbuje,

BojHoTexHu4kn nHcTuTyT, Beorpaa, Penybnuka Cpbuja
® Bojcka Cpbuje, TexHuuku onuTHM LeHTap, Beorpaa, Peny6nvka Cp6uja

OBNACT: xemujcke TexHornoruje
BPCTA YJTIAHKA: npernegHun unaHak
JESNK YJTAHKA: eHrnecku

Pe3ume:

Y pady cy HasedeHe KapaKmepucmuKke mMamepujana Koju ce Kopucme y
uHdycmpuju obyhe, ca nocebHUM 0C8pPMOM Ha MofAUypemaHcke
mamepujane 3a uspady hoHoea. PasmompeHa je ynoea, HameHa U
KOHCMpyKuuja hoHoea, Kao U 3axmesu Koje bu osaj 0eo obyhe mpebasio
Oa 3a0080sbU.

OnucaHa je npou3godra MonuypemaHckux HoHoea mexHOoIoaujom
MmeYHo2 UH-eKUYUOHOe obriukosarsa (/IIM mexHornoauja).OnucaHa cy dea
nocmyrnka oee mexHosnoeuje. Y npeom ce fhoH 0Oobuja ynuearem
nonuypemaHa y omeopeHu anam, a y OpyaoM OUPEKMHUM
ybpuszasar-em ronuypemana Ha 20pruuime obyhe y 3ameopeHu anam,
qume ce 3aspliasa uspada komrisiemHe obyhe.

Pesynmamu ucrumusarba erpysema, UCeYeHuUx U3 mpu y3opka foHoea,
yKasyjy Ha UcCnyHeHe CKOPO C8UX 3axmesa Keanumema rpema
MexHUYKOj crieyuchukayuju 3a oeaj 0eo obyhe. VMcnumusaHu y3opuyu
hoHosa hopmarnHo He 3adogosrbasajy 3axmes 3a rnpPeKkudHy uspcmohy,
mada cy spedHocmu o0ee Kapakmepucmuke Ko y3opka ypaheHoz 00
KombuHoBaHO2 Mamepujania  2yma-rioiuypemaH U y30pka 00
enlacmomepHoe Mamepujania epro bnu3y rfocmaesbeHoe 3axmesa
Keanumema.

KrbyuHe peyu: nonumepHu mamepujanu, hoHosu obyhe, mexHonoauja
meyHoe UH-eKUUOoHoe 0br1uKo8aksa, Keanumem.
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