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Technological progress gives rise to the continuous expansion of the class of structural materials and the im-
provement of their properties. The appearance of new materials is due to the natural desire to increase the efficiency of
the structures under development. One of the most striking manifestations of progress in the development of materials,
structures and technology is associated with the development and application of composite materials. Composites have
a number of obvious advantages over other materials, in particular over metals. Such advantages are high specific
strength and rigidity, high corrosion resistance, good ability to withstand alternating loads and others. It should be
noted another, perhaps the most important feature of composites - is the ability to change the properties of the material
in accordance with the purpose of the structure and the nature of its load during operation.

Under the influence of loads on the structure, its strength is estimated by the ultimate state of the materials of
the structural elements. When a boundary state arises in a material, its transition to another mechanical state —
elastic, plastic, or fracture state — occurs. This article aims to determine the optimal criterion for the strength of
composite material that takes into account different values of ultimate stresses not only in different directions of the
coordinate axes, but also to stretch and compress and further calculate the maximum allowable load for single-
layer unidirectional composite material

During the research the main properties of composite materials, methods of manufacturing parts from compos-
ite material, their main properties and methods of destruction were considered. The characteristics of the strength
criteria of composite materials are given, the most suitable for calculating the maximum value of the allowable load
for a single-layer unidirectional composite material is determined. The proposed approach to the optimal design of
elements of single-layer composite structures may be of interest to developers of numerous and analytical methods
for solving problems of optimal design of more complex structures.

Keywords: composite materials; polymer composite materials; prepregs, polymer composite materials’ forma-
tion,; single-layer unidirectional composite material.

Introduction. Formulation of the problem phase (fibrous material) and the other is a filler in
Every day there are new and more stringent re- Figure 1 [3].
quirements for modern products and their characteris-
tics, which necessitates the use of different types of : === HanoBHigEas
materials in industry. Composite materials (CM) are a H:-i- G
good alternative, because even at the stage of product - e
development it is possible to provide the necessary T __”,//////W///Zj e

physical and mechanical characteristics of future
products. Increasingly, the ratio of composite material
to total weight is used, for example in the latest air-
craft. Up to 53 % of modern aircraft are composite [1].
The body of some new machines is made of 90 % of
this type of material, and for the space industry, it
plays an important role in that it provides weight re-
duction without losing the physical and mechanical
properties of the structure [2].

Composite materials are made by bonding two or
more interconnected components, one of which is a

Fig. 1. Imitation of layering of composite material

Thus, the creation of composite materials is to
combine similar or different components to obtain a
material with new predetermined properties and char-
acteristics different from the properties and character-
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istics of the input components. Most of the properties
of the obtained CM are higher than the properties of
the input components. With the advent of such materi-
als, it became possible to selectively select the proper-
ties of composites required for the needs of each spe-
cific application [4].

Analysis of recent research and publications

When designing new engineering objects, as
structural, it is mainly composite materials that are
used, due to the possibility of purposeful change of
their physical characteristics during creation, by con-
trolling the structural parameters of the composition
[5]. The latter usually include the shape and size of the
particles of the dispersed phase, the distance between
them, the orientation and distribution of the dispersed
phase by the volume of the dispersion medium. The
possibility of changing the physical characteristics of
the material is realized by setting and solving optimi-
zation problems, where the optimality criteria are the
required characteristics, and the optimization parame-
ters are the structural parameters of the composite
model.

Ukrainian and foreign scientists have made a
significant contribution to the development of meth-
ods for finding effective characteristics in the prob-
lems of optimal design of composite materials on the
basis of numerical modeling of relevant physical proc-
esses [6] Torquato S., Roberts A., Shevchenko V.,
Yavorsky N., Zinoviev P., Smerdov A., Vasiliev V.,
Ostoja-Starzewski M., Narusberg V., Teters G.,
Hashin Z., Lubin G., Christinsen R., Zarichnyak Y.,

Farmaga 1., Maistrenko A., Gerega A., Virovy V.,
Cherkashina A., Klovanych S., Szab6 B., Babuska I.,
Zienkiewicz O.

The purpose of the study described in this study
article is to analyze the strength criteria of composite
materials and determine the most suitable for calculat-
ing the maximum value of the allowable load for a
single-layer unidirectional composite material.

Analysis of the properties of composite mate-
rials

The composite material is heterogeneous. Ad-
vantages of heterogeneous polymeric materials in
comparison with homogeneous polymers:

* increased rigidity, strength, dimensional stability;

* increased destructive resistance and impact
strength;

e increased heat resistance;

* reduced gas and vapor permeability;

* adjustable electrical properties;

* reduced cost.

Wide variation of material properties can be
achieved only by changing the morphology and
strength of adhesion between the phases. For uniform
transmission of external influence through the matrix
and its distribution on all particles of the filler requires
a strong adhesion at the boundary of the matrix - the
filler, which is achieved through adsorption or chemi-
cal interaction [7].

Forms of destruction of fibrous material in dif-
ferent types of destruction are presented in Figure 2.

Fig. 2. Forms of destruction of fibrous material during stretching (a) and compression (b) of fibers; when stretching

(c), compression (d) and shear of the matrix (d)

The simplest method of manufacturing parts
from a composite material is contact molding in open
forms. This method is used for large light-duty parts
of complex configuration: box casings of mechanisms,
tanks, housings, etc.

Contact molding of products in open forms is
carried out mainly by two methods - manual laying
and spraying.

Methods of forming composite materials using
an elastic diaphragm include: vacuum forming, injec-
tion molding and autoclaving.

Strength characteristics of composite materials
Parts made of composite materials are formed by
superimposing sheets of material of different weaving
and directing the fibers at different angles, to ensure
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the optimal allowable load in different directions from
the application of load force.

To determine the total allowable load, you need to
consider the angle of the fibers, the fiber material, its
shape, filler, etc. For a single-layer sheet of material,
various methods are used to determine the maximum
force required to break this layer during stretching.

The properties of polymer composite materials
(PCM) depend on the choice of source components
and their ratio, the interaction between them, the
method and technological conditions of manufacturing
the product (pressure, temperature, time), additional
processing of the product and a number of other fac-
tors [8].

Determinant in the creation of PCM is the inter-
action and interaction of components at the fiber-
matrix boundary (connector). The higher the required
properties of the created PCM design purpose, the
more complex set of requirements must be maintained
when choosing the input components.

Thus, the creation of composite materials is to
combine similar or different components to obtain a
material with new predetermined properties and char-
acteristics different from the properties and character-
istics of the input components. Most of the properties
of the obtained CM are higher than the properties of
the input components. With the advent of such materi-
als, it became possible to selectively select the proper-
ties of composites required for the needs of each spe-
cific application.

Strength criteria for composite materials

Under the influence of loads on the structure, its
strength is estimated by the ultimate state of the mate-
rials of the structural elements. When a boundary state
arises in a material, its transition to another mechani-
cal state — elastic, plastic, or fracture state — occurs.
To analyze the strength of the structure requires:

- know the ultimate stresses (or deformations) for a
given structure material (determined experimen-
tally);

- use strength criteria to assess the resistance of ma-
terials under load.

When studying composite materials, it is neces-
sary to take into account the different resistance of
layered and fibrous materials of compression and
tension, which is determined by the properties of the
binder and the reinforcing phase.

Therefore, to study the strength of structures
made of composite materials, it is necessary to apply
strength criteria that take into account different values
of ultimate stresses not only in different directions of
the coordinate axes, but also in tension and compres-
sion [9].

Strength criteria based on the ultimate
stresses of the monolayer

Estimation of the strength of the composite layer
of the material is based on experimental studies of its
tensile, compressive and shear characteristics. In the

General case, the stress-strain state of the layers and
the laying of the composite material is estimated. To
study the ultimate strength, strength criteria based on
the maximum stresses of the monolayer are mostly
used [10].

The Tsai-Hill (Hill-Mises) strength criterion is a
quadratic criterion based on the fourth (energy) theory
of strength and based on stress, which can be used to
identify fracture, but it is impossible to distinguish the
forms of fracture. This criterion can be applied in most
cases to composite shells, and it is best to apply it to
laminated materials when the tensile and compressive
forces are equal. The main disadvantage of the crite-
rion is the inability to determine the cause of the de-
struction of the monolayer: there was a destruction of
the matrix or fiber. This may be an obstacle in the
subsequent assessment of the strength of the compos-
ite package, as the destruction of the matrix of a single
monolayer, the strength of the package may not be
exhausted [11].

Hoffman's strength test is an extended version of
the Tsai-Hill test and takes into account the properties
of tensile or compressive in one criterion. This crite-
rion is based on the sum of linear and quadratic stress
invariants.

The Tsai-Wu strength criterion is a modification
of the Hoffman criterion and the phenomenological
material theory of fracture, which is widely used for
anisotropic composite materials having different ten-
sile and compressive strengths. The disadvantage of
this criterion is that it, like the Tsai Hill criterion, does
not predict various forms of destruction, including the
destruction of fibers and matrices. The criterion is best
applied when the tensile and compressive forces are
not equal. The criteria for the maximum stresses of
Tsai-Hill, Hoffman and Tsai-Wu do not carry infor-
mation about what happened in the monolayer - the
matrix or fiber collapsed. The destruction of the ma-
trix of a single monolayer does not always lead to the
depletion of its load-bearing capacity, and the material
package may continue to carry an increasing load.
Therefore, the criteria in which the strength reserves
of both the matrix and the fiber are analyzed sepa-
rately, such as the Hashin or Pak criteria, are becom-
ing more widespread.

Hashin's strength criterion identifies four differ-
ent ways of breaking the composite material: fibers -
in tension or compression; matrix - when stretching or
compressing. The equations according to the Hashin
test take into account the interlayer tangential stresses,
so it is necessary to determine the additional compo-
nents of the tensile stress tensor, which complicates
the calculation and requires additional testing of sam-
ples [12].

The Pak strength criterion identifies fiber frac-
ture and interfiber fracture in a one-sided composite
material. The criterion describes two different forms
of fiber destruction. The first is tensile fracture, the
second is torsional compression fracture. The equa-
tions of the Pak criterion take into account the forma-
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tion of cracks in the matrix. This criterion looks the
same as the criterion of maximum stresses. The differ-
ence between them is that the elastic characteristics of
the matrix can be nonlinear and the deformation crite-
ria make it possible to take into account this factor to
some extent [12].

Tsai-Wu criterion

The Tsai-Wu test is used to determine the margin
of safety of composite orthotropic materials [13].

The criterion takes into account the total defor-
mation energy (deformation energy and expansion
energy) to predict fractures.

For the stress state of the 2D (two-dimensional)
plane (63=0,713=0,t23=0) Tsai-Wu destruction
criterion is expressed as follows:

2 2
Fo, + F,0, +2F1,6,0, + F,0, + F,,0, +
2
+F1, + Fet, =1,

Coefficients F, in orthotropic criteria, Tsai-Wu

y
fractures are related to the strength parameters of the
layered material and are determined experimentally.
They are calculated as follows:

11 11
F=|—-—1|, F=|—-—],
1 (Xf ij ’ (XZ Xf]

1 1 1
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Where, X/ is the tensile strength of the layered
material along the direction of the fibers;
X is the tensile strength of the layered material
when stretched across the direction of the fibers;
X! is the tensile strength of the layered material
when stretched across the direction of the fibers;
XY is the strength limit of the layered material when
compressed across the direction of the fibers;
X/, is positive shear strength of the layered material;

X[, is negative tensile strength of the layered mate-

rial.
The stress state of the layered material is de-
scribed by the following components:
o, is the tension of the layered material along the
direction of the fibers;
o, is the tension of the layered material across the
direction of the fibers;
T,, is shear stress of the layered material.

Bicnuk KII1. Cepia IIPH/IA/[OBY/]YBAHHA,

Example of calculating the maximum
allowable load by the Tsai-Wu method

As a result of the review and analysis of the ex-
isting methods of calculating the maximum value of
the allowable load for a single-layer unidirectional
composite material, it was found that the most suitable
for determination is the Tsai-Wu method.

Consider an example of calculating the maxi-
mum value of the allowable load for a composite layer
of graphite, if §>0, o =25, o, = =35 i Ty =4S .
The main values of stresses for this layer are taken
from the table.

g, 0.2500 0.7500 0.8660 || 2S

g, |=| 0.7500 0.2500 -0.8660 || —35 |=
T, -0.4330 0.4330 -0.5000 || 4S

0.1714*10'
=|-0.2714*10" |S .
—-0.4165*10"

Next, the coefficients for the Tsai-Wu formula are
calculated

P S S
" 1500000°  1500000° ’
1 1 1 -8
H,= —- ~=2.093%10" Pa,
40000° 246000
H,=0Pa
1 -19
H, = - - =4.4444007" Pa ,
(1500[110 )(1500 10 )
1

=1.016207"° Pa,

e (4000°) (256 00°)

Hy = ;2 =2.1626007Pa ,

(68010°)

H,, =~0.5[ (44444110 )(1.0162 [110‘”’)]y2 =

=-3.36000"Pa.
Substituting the value into the formula we obtain:

(0)(1.7145) +(2.093007) (-2.7145 ) +
+(0)(-4.1655) +(4.444007° ) (1.7145)" +
+(1.0162007°)(-2.7145)" +(2.1626 107 x

x(4.1655)" +2(-3.360007")(1.7145) (-2.7148) <1

or S§ <22.39Pa .

Therefore, the maximum allowable load for this
plate is calculated by the method Tsai-Wu is
22,34 MPa.
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Conclusions

The range of application of composite materials
is very wide: from ornaments and decorative architec-
tural panels to high-quality bearing designs of a diffi-
cult form. In terms of physical and mechanical charac-
teristics, parts made of composite materials are com-
petitive, but their manufacture is still expensive, and
performance needs to be improved and researched.

The classification of composite materials was
analyzed, their description was given, and their char-
acteristics were analyzed. The types of manufacturing
parts based on composite materials, the main advan-
tages and disadvantages of these types and their dif-
ferences are analyzed. Also, the strength characteris-
tics of composite materials were given, the strength
criteria for this type of material were considered.
Methods for determining the maximum value of mate-
rial stress, including the criterion of maximum
stresses, Hill's criterion, Hashin's criterion, Tsai-Wu
criterion, are considered for analysis. Their strengths
and weaknesses are given, the corresponding formulas
for calculation are given.

After analyzing various strength criteria for a
single-layer material, the Tsai-Wu method was deter-
mined to be the most optimal for calculating the
maximum allowable load value for a single-layer
unidirectional composite material and, accordingly, an
example of calculating a composite material for an
allowable load was given.

In the future, further research is planned to de-
rive the mathematical dependences of the stress of the
composite material on the angles of laying layers in it,
as well as on the basis of the proposed mathematical
models software development to determine the maxi-
mum allowable stress on the product.
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AHAJII3 KPUTEPIEB MILITHOCTI ITPU ITPOEKTYBAHHI BHUPOBIB 3 KOMITO3UTHUX

MATEPIAJIIB

TexHiuHUH TpoTpec MOPopKye Oe3rnmepepBHE POIMUPEHHS KJIacy KOHCTPYKIIIHHUX MaTepialliB i BAOCKOHAICHHS iX
BracTuBocTel. [TosiBa HOBUX MaTepialliB 00yMOBJICHA MPUPOJHUM TPATHEHHSM ITiIBUIUTH €(PEKTUBHICTH KOHCTPY-
KLiH, 110 po3pobisiroTeest. OnnH 3 HAOLIBII SICKPAaBUX TPOSBIB MPOrpecy B PO3BUTKY MarepialliB, KOHCTPYKIIH 1
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TEXHOJIOTi1 TOB'sI3aHUH 3 po3pOOKOIO 1 3aCTOCYBaHHSAM KOMITO3UTHHX MaTepialiB. KoMIo3uTn MaroTh psij O4eBHII-
HHX ITIepeBar nepej IHIIMMH MaTepiajlaMH, 30KpeMa repe MetanaMy. TakuMH IepeBaraMy € BUCOKA ITUTOMa Mill-
HICTB 1 XKOPCTKICTh, BUCOKA KOPO3iiiHa CTilKiCTh, XOpOIIa 3aTHICTh BUTPUMYBATH 3HAKO3MIHHI HaBaHTaXEHHS Ta
ixmri. ConiJy 3a3HAYHTH e OJHY, MOKJIMBO, HAHTOJIOBHIITY OCOOIMBICTE KOMITIO3UTIB — II€ 3IaTHICTB J0 CIPSIMOBAaHOL
3MIHHM BJIACTUBOCTEH MaTepiaiy BIANOBIJHO J0 NPU3HAYECHHS KOHCTPYKLII 1 Xapakrepy Il HaBaHTa)XEHHS ITiJ 4ac
eKCILTyaTalii.

[Ipy BnMBI HaBaHTa)KeHb Ha KOHCTPYKILIIO 11 MIIHICTH OIIHIOETHCS 32 TPAaHUYHMM CTAHOM MaTepiajiB €IEeMEHTIB
KoHCTpyKuii. Koy B Marepiani BUHUKae I'paHMYHHUI CTaH, TO BiOYBaeThCsl HOTo mepexil B IHIIMHA MeXaHIYHHUH
CTaH — MPYKHIH, MIACTHYHUHN a0 cTaH pylHHyBaHHs. J[aHa cTAaTTs HampaBlieHa HA BU3HAYCHHS ONTHMAILHOTO KpH-
TEpito0 MIIHOCTI KOMITO3UTHOTO MaTepiany, IO BPaxOBYE Pi3HY BEJIMYMHY TPAHWUYHUX HANPYKEHb HE TINBKU 3a
PI3HUMH HampsMKaMH OCe KOOPIHMHAT, a i Ha PO3TATYBAHHSA i CTHCHEHHS Ta MOJAJBIIOr0 OOYMCIEHHS MaKCHMa-
JBHOTO 3HaYEHHS JOIYCTUMOrO HaBaHTAXKEHHS VIS OJHOIIAPOBOTO OJHOHANPABICHOI0 KOMIIO3UTHOTO MaTepiaiy.
Ilim wac mocmimpkeHHs OyJO PO3TISHYTO OCHOBHI BIACTHBOCTI KOMIIO3UTHHX MaTepialliB, METOJW BUTOTOBIICHHS
JieTaiell i3 KOMIIO3UTHOTO MaTepiany, pO3TJITHYTO OCHOBHI 1X BIACTHBOCTI Ta METOU pyiHyBaHHA. HaBemeHo xapa-
KTEPUCTUKY KPUTEPiiB MIIIHOCTI KOMIO3UTHUX MaTepiajiB, BU3HAYCHO HAHOLIBII MPUAATHUN JJIs1 OOYKMCIIEHHS MaK-
CHUMAJILHOTO 3HA4Y€HHsI JOIYCTUMOI'O HaBaHTa)KCHHS JUIS OJHOLIAPOBOTO OJHOHAIPABIICHOTO KOMIIO3UTHOTO MaTe-
piany. 3anponoOHOBaHUH MiIXiJ] 10 ONTUMAJIBHOTO MPOEKTYBAHHS EJIEMEHTIB OJHOLIAPOBUX KOMIIO3UTHUX KOHCTPY-
KIil MOXE CTaHOBUTH IHTEpEC [UIsi PO3POOHUKIB YMCENbHUX 1 aHAJITHYHUX METOIB BUPILICHHS 3aBAaHb ONTHMA-
JIBHOTO TIPOEKTYBaHHS OLIBII CKJIAQJAHUX CTPYKTYP.

Kniouogi cnosa: KOMIIO3UTHI MaTepiaiy; MOJIMEPHUA KOMIIO3UTHUI MaTepiall; mpenperd; GopMyBaHHS ToOJiMep-
HOTO KOMITO3UTHOTO MaTepiany; OJHOIMAPOBHIA OTHOHAPABICHUH KOMITO3UTHUH MaTepia.

DA. 33pBa, YH. Crenpmax

“}Kemyecmﬁ mexHoao2uyeckuti ynueepcumem, Keuiys, [lonvuia
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mym umenu Heopsa Cuxopckozo», Kuee, Ykpauna

AHAJIN3 KPUTEPUMEB IIPOYHOCTU IIPU IIPOEKTUPOBAHMM W3JIEJMN W3
KOMIIO3UTHBIX MATEPHUAJIOB

TexHIMUECKUI Tporpecc MOpOXKAaeT HEeNpephIBHOE PACIIMPEHHE Kilacca KOHCTPYKIMOHHBIX MaTepHaliOB M COBEp-
IIICHCTBOBAaHUS WX CBOWCTB. [losiBIeHNE HOBBIX MaTepHajoB 00YCIOBICHO €CTECTBEHHBIM CTPEMJICHHEM ITOBBICUTH
3¢ dexTUBHOCTL pa3pabaThiBaeMbIX KOHCTPpYKIHHA. OHO M3 CaMbIX SPKHUX MPOSBICHWHA Mporpecca B Pa3BUTHH Ma-
TEPHANOB, KOHCTPYKIUH W TEXHOJIOTHUH CBS3AaHO C Pa3pabOTKON M MPUMEHEHHEM KOMIIO3UTHBIX MarepuaioB. Kom-
MO3UTHI UMCIOT PsiJi OUYCBUIHBIX MPEUMYIIECTB Tepe] IPYTHMU MaTepUaiaMy, B YaCTHOCTHU Tmepe] MeTauiamu. Ta-
KUMU MPEUMYILIECCTBAMH SBJISIFOTCS BBICOKAs YJCIbHAsI IPOYHOCTh U JKECTKOCTh, BEICOKAsl KOPPO3HOHHAS CTOMKOCTb,
XOpOIIIasi CIOCOOHOCTh BBIICPKUBATH 3HAKOIICPEMCHHBIC HATPY3KH U JIpyrue. CienyerT OTMETHTh €lIe OJHY, BO3-
MOJKHO, CaMyI0 TJIABHYIO OCOOCHHOCTh KOMIIO3HTOB — CITOCOOHOCTh K HAIPaBICHHOMY U3MCHEHHUIO CBOMCTB MaTe-
pHalia B COOTBETCTBHH C Ha3HAUCHHEM KOHCTPYKIMH M XapaKTepa e¢ Harpy3Kd BO BpeMs dKcIutyaTtauuu. [Ipu Bo3-
JICCTBUU HArpy30K Ha KOHCTPYKIIMIO €€ MPOYHOCTH OLICHUBACTCS IO IMPEACIEHOMY COCTOSHHIO MAaTEPHAIOB JJie-
MEHTOB KOHCTpYKuuu. Korma B MaTepuaine BO3HHKAET MPENEIEHOE COCTOSHIE, TO IPOUCXOANT €ro Mepexol B Apy-
roe MEXaHHYECKOe COCTOSHUE — YIPYToe, IUIACTHYECKOE WM COCTOSHUE pa3pyIIeHus. J[aHbl MOAXOs! ompeere-
HUS ONTUMAIIBHOTO KPUTEPHS MPOYHOCTH KOMIIO3UTHOTO MaTEpHala, YIUTHIBAIOUIETO PA3HYI0 BEIHUNHY HpEIeihb-
HBIX HaNpsDKEHUH HE TOJNBKO 10 Pa3HBIM HAINPaBICHUSM OCEH KOOPIAMHAT, HO M Ha PACTSHKCHHE U CXKATHE U TTOCTe-
IYIOIIETO BBIYUCICHHUS MAaKCUMAJIBHOTO 3HAYCHHS AOMYCTHMOM HArpy3KH U OJHOCIONHOTO OJXHOHAIIPABICHHOTO
KOMIIO3UTHOTO MaTepuaia. B xozme mccienoBaHusl OBUIH pacCMOTPEHBI OCHOBHBIE CBOMCTBAa KOMITO3HUTHBIX MaTe-
pHAJIOB, METOIBI M3TOTOBJICHUS NETaleii M3 KOMIIO3MTHOI'O MaTepHualia, PacCMOTPCHBI OCHOBHBIC MX CBONCTBA U
METOBI pa3pylicHus. [IpuBeneHa XapaKTEPUCTHKA KPUTCPUCB MPOYHOCTH KOMIIO3UTHBIX MAaTEPHAIOB, OIPEACICH
HanOoJiee MOAXOISAIIUI /I BBIYMCICHUN MaKCHMaJbHOTO 3HAUCHHS JOIMYCTUMOW HATPY3KH IS OJHOCIOWHOTO
OJTHOHATIPABJICHHOI'O0 KOMITO3UTHOTO MaTepuaina. [IpeyiosKkeHHbIH MOX0/1 K ONTHMATBHOMY MPOCKTUPOBAHUIO 3Jic-
MEHTOB OJIHOCJIOMHBIX KOMITO3UTHBIX KOHCTPYKIIMHA MOXKET MPECTABISITh HHTEPEC I pPa3pabOTYMKOB YHCICHHBIX
W aHAJTUTUYECKUX METOOB PEUICHHUS 33/1a4 ONTHMAIBHOTO IPOSKTHPOBAHUS 00JIee CI0KHBIX CTPYKTYP.

KiroueBble ¢ji0Ba: KOMIO3UTHBIE MAaTEPHAIbI; TIOJIMMEPHBIH KOMITO3UTHBIM MaTepHall; Mpenperd; GopMHPOBaHUE
MOJIMMEPHOT'0 KOMIIO3UTHOT'O MaTepurasa; OJHOCIOMHBIA OHOHANPABICHHBI KOMIIO3UTHBIN MaTepual.
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