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Tensile tests were performed to obtain the quasi-static mechanical properties of the ara-
mid fabrics (Twaron®, RUSLAN®-SVM). The elastic modulus of filaments, pulled out from
the fabrics was measured with compact testing machine INSTRON 5942. Filaments pull-out
tests were carried out to compare the frictional forces in different aramid fabrics. Eight various
types of ballistic panels with the thermoplastic matrix based on polyethylene were fabricated
and two types ballistic panels based on UHMPE (Dyneema®).

Extensive ballistic tests have been carried out on various ballistic panels using 6.35 mm
steel ball. Special powder gun stand for acceleration of projectiles with terminal velocity up
to 900 m/s was developed The ballistic performance was assessed in terms V50 threshold
as well as post V50 limit.

After the test, the comparison was produced of effectiveness between all of materials
used in this work. Laminates based on UHMPE fibers are much better than others in respect
to the values of on indicators of V50 (about 10 %) and of the absorbed energy (about 25 %)
under high-velocity impact conditions. But their energy absorption capability can sharply
drop down when projectile's velocity exceeds the ballistic limit. When selecting reinforcing
aramid fabric for ballistic application, it is important to consider not only the mechanical
properties of the fibers and the type of fabric construction, but also the material should have
good results on all parameters of ballistic efficiency such as filaments width, etc. Best aramid
fabric composite was SVM S125 with twill construction and LDPE films.

Keywords: high-velocity impact, fragment protective structure, UHMPE, aramid fabric,
thermoplastic matrix.

Introduction

Protective structures on the basis of durable composite materials are widely used for protecting
manpower and vehicles against fire arms bullets and explosives fragmentations [1]. Typically they have
low surface density, high ballistic efficiency, and can be used as main element of protective structure,
or as support material for metallic or ceramic face armor layer.

Most commonly used for manufacturing ballistic composites are aramid fibers (RUSLAN®-SVM,
Kevlar®, Twaron®”, Rusar”, Teksar"™), ultra-high molecular polyethylene fibers (UHMPE), such as Dy-
neema”, Spectra”, glass and carbon fibers [2-6]. Composite materials, based on PBO (Zylon™), basalt
and organic fibers, are less common, as later are relatively less strong [7], and PBO fibers have a ten-
dency to aging, that can lead to sharp decreasing of ballistic features [5].

Composites with low resin content (less than 20 % per weight) are also very attractive for using in
armor structures. Different thermoplastics with high flexibility are usually used as matrix for such com-
posites.

Using of such materials has some advantages:

¢ low adhesion between matrix and fibers allows later to face maximum deformations and elongate
in the impact point [8];

e additional energy dissipation mechanisms, related to stratifying and cracking [9, 10];

e fibers, not contacting directly with the projectile, are loaded [9-11];

e decreasing blunt trauma if to compare with soft armor [9, 12];

e sufficient bending stiffness for using as support.

72 Bulletin of the South Ural State University. Ser. Mechanical Engineering Industry.
2016, vol. 16, no. 1, pp. 72-81



CanoxHukoe C.b., )Kuxapee M.B., Kydpsieyee O.A. BkcnepumMeHmanbHasi oyeHKa yo0apHol npoYyHocmu
csioucmbiX KOMMIO3UMOS...

Protective structures ballistic effectiveness is determined by several parameters. Ballistic limit
(Vs0) — one of the main parameters, determined as speed of the striker, leading to material penetrating
with 50 % possibility [13]. Fragmentations simulating devices of different shapes and weights are used
during testing protective structures [13, 14]. There is a special standard in Russian Federation, regulating
armor structures testing [15]. According to this, standard tests should implement steel spherical ball
6.35 mm in diameter with weight of 1.05 g, manufactured of ShKh15 steel.

Composites on the basis of aramid and UHMPE fibers assure high ballistic effectiveness [5, 16].
UHMPE fibers based composites behavior under ballistic loads was widely studied in theory and expe-
rimentally [17-21].

There are several works, dedicated to ballistic composites with thermoplastics matrix (polypropy-
lene, polyvinilbutyral, and vinilester), based on aramid fiber [9, 22, 23]. There is no information in lite-
rature sources on ballistic features of the polyethylene matrix composites. Low pressure polyethylene
(HDPE) is a cheap, easy melting material, binding aramid fibers with each other, which has appropriate
viscosity, not allowing full filaments saturation. That is why HDPE is used as light and thin binding
agent for aramid layers.

This work includes analysis of laminated composites on the basis of aramid fabrics with HDPE
matrix. Pressed panels have passed ballistic tests with a striker, presented by fragmentation simulating
device according to GOST R 50744-95. In order to compare ballistic efficiency parameters same tests
were performed for panels, based on UHMPE fibers. In order to determine ballistic limit, experiments
data were processed using Lambert-Jonas empirical-formula dependence. All manufactured laminated
panels have got similar surface density (4.2 + 0.2 kg/m?). Aramid fibers mechanical properties under
quasistatic load are also presented in this work.

1. Materials and methods

Fig. 1 presents a photo of the surface of aramid
fabrics, used in this work.

1.1. Fibers mechanical properties study

As composite materials properties depend, first
of all, on the fibers' properties, elastic and strength
filaments' characteristics were determined on com-
pact testing machine INSTRON 5942 during fila-
ments static elongation tests.

In order to exclude machine rigidity influence
on determined elastic modulus, we used maximal
possible filament length of 450 mm. Elastic modulus
was measured during unloading from stress, equal
to ~50 % of destructing (initial filament condition
after pulling out of fabric is characterized by crimp).

In order to test filaments strength we used
special clamps INSTRON SG-1, where filaments
were rolled on drums 51 mm in diameter, and fi-
laments ends were clamped in microgrips. Friction . . ® e
on drums allowed unloading clamping area and Fig-1. Fabrics structure: A ~ Twaron  Microflex;

B — Twaron™ 613; B — CBM 56334; I' — Twaron™ 709;
obtain destruction in operating range. O - CBM S-110; E — CBM P-110; XX — CBM A-145;

Table 1 includes results of testing separate fila- 3-CBM S-125
ments (series of 10 filaments along basis and
woof) from all investigated woven fabrics. Where E, G, &, — elastic modulus, breaking strength, and
breaking deformation. Material density was assumed equal to 1.44 g/cm’.

These data allow evaluating fibers quality and, subsequently, armor materials, manufactured of them:
elastic moduli vary very slightly, in the range of 1-2 % (maximum of 5% for Twaron® 613). Twaron®
also has slight variation of strength properties — not more than 8 %. Same time CBM strength properties
demonstrate variation coefficients of 13 % (along basis direction). CBM 56334 fibers have highest
strength — about 3.5 GPa. Russian aramid filaments CBM are generally more durable than foreign fila-
ments, so sound speed in them is about 20 % higher. This gives advantages under impact loading.

BecTtHuk OYplY. Cepus «MawmnHocTpoeHue». 73
2016.T. 16, Ne 1. C. 72-81



KOHTpOﬂb n ncnbiTaHns

Table 1
Aramid filaments mechanical properties
Filaments from fabric sec‘c(ij(;(is:rea Average | E Vari.ation Average oy, Variation Average

nm? > | E, GPa | coefficient, % MPa coefficient oy, % &y, %
CBM A 145 basis 0.021 129 0.45 2 980 2.9 2.31
CBM A 145 woof 0.021 131 0.55 3350 3.8 2.55
CBM P 110 basis 0.021 132 0.76 2 700 11.0 1.96
CBM P 110 woof 0.021 124 0.93 3510 2.6 2.81
CBM S 125 basis 0.021 133 0.47 3080 10.0 2.31
CBM S 125 woof 0.021 133 0.83 3460 9.4 2.61
CBM S110 basis 0.021 132 0.80 2 590 22.6 1.95
CBM S110 woof 0.021 132 0.70 3490 5.5 2.65
CBM 56334 basis 0.021 136 0.91 3420 3.9 2.52
CBM 56334 woof 0.021 136 0.70 3 600 2.3 2.65
Twaron® Microflex basis 0.038 103 421 1470 4.2 1.43
Twaron® Microflex woof 0.038 103 5.11 1675 5.9 1.63
Twaron” 613 basis 0.039 90 0.19 2 560 7.7 2.84
Twaron® 613 woof 0.039 96 3.70 2 840 2.7 2.97
Twaron® 709 basis 0.063 100 0.19 2 570 5.1 2.57
Twaron” 709 woof 0.063 99 3.70 2 640 3.3 2.68

Fig. 2. Filament pulling out diagram for Twaron® 613 fabric

1.2. Pulling fibers out of the ballistic materials

It is known that friction between filaments has major effect on efficiency energy absorption by mul-
tilayer fabric protective structures under high speed impact [8]. Experiments on filaments pulling out
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Table 2
Results of fibers pulling out tests
. Woof/basis

Fabric type F.H
CBM A145 0.4/0.3
CBM P110 4.5/1.7
CBM S125 1.3/1.1
CBM S110 0.85/0.65
CBM 56334 0.29/0.45
Twaron® Microflex 13.5/5.05
Twaron” 613 2.25/1.15
Twaron” 709 1.8/1.6

were performed for comparing friction forces
between filaments in different aramid fabrics.
Testing machine INSTRON 5942 with pneu-
matic rubber-covered grip INSTRON 2712-019
is used for tests performing. This grip clamps
one central fiber of the 50 x 50 mm specimen.
Four specimens for each ballistic material
were tested (two along basis direction and two
along woof direction). Typical results of testing
by pulling fibers out for Twaron® 613 material
are presented on Fig.2. For this material
maximum pulling out force is equal to 2.25 N
for basis and 1.15 N for woof.

Averaged maximum friction forces values
for different materials are indicated in Table 2.
Measurements demonstrate that in all mate-
rials, except CBM 56334, friction force along
woof is higher than along basis. Twaron” Micro-
flex has highest friction forces in both direc-
tions. Lowest friction forces were obtained for
materials CBM 56334 and CBM A145. Both
materials have sateen construction.

1.3. Manufacturing

pressed ballistic panels

When performing this work we've used
ballistic panels 85 x 85 mm with surface density

of about 4 kg/m*, manufactured of aramid fabrics and ballistic polyethylene. Intermediate layers are pre-
sented by thermoplastic films — low density polyethylene (HDPE) — with initial thickness of 40 um, that
were placed between aramid fabric layers. Panels of ballistic polyethylene HB2 and HB80 were pressed
without additional intermediate layers. Table 3 presents data on used materials.
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Table 3
Data on used materials
. Layer Panel
Fabric type Surface deznsny, thick}llless, Number thickness, Construction type
g/cm of layers
mm mm
Twaron” Microflex 218 0.275 17 3.63 Linen
Twaron” 709 195 0.255 17 3.50 Linen
Twaron® 613 137 0.175 23 3.49 Linen
CBM 56334 145 0.190 23 4.36 Satin
CBM A-145 145 0.220 22 421 Satin
CBM P-110 110 0.170 27 3.72 Linen
CBM S-110 110 0.160 27 4.03 Twill
CBM S-125 125 0.170 25 4.12 Twill
Four unidirectional UHMPE
Dyneema® HB2 257 0.320 16 443 g‘/g%rfo}ggefngli‘i tlli‘yiﬁfni’sgl
lastic matrix
Four unidirectional UHMPE
Dyncema® HBS8O 145 0.235 30 470 | fibers layers with laying them
0/90/0/90 and with thermop-
lastic matrix

Set of aramid filaments was heated in an oven up to 145 + 5 °C during 2 hours up to reaching uni-
form temperature distribution over the set height. Temperature monitoring was performed with a ther-
mocouple, installed in the middle part of the set. Sets from ballistic polyethylene were heated up to tem-
perature of 120 £ 5 °C during 2 hours. When pressing pressure has reached 100 + 10 bar, exposure time
was equal to 10 minutes, set was cooled down to 60 °C, after which the set was disassembled and cooled
down under air.

This has resulted in manufacturing 10 different variants of ballistic panels, 6 specimens for each
type.

2. Ballistic tests

Ballistic tests were performed according to GOST R 50744-95 by spherical striker 6.35 mm in dia-
meter (1.05 g) of tempered ball bearing steel. We've used SUSU ballistic test bench, Fig. 3 [24].

Fig. 3. General view of the ballistic test bench

Fig. 4 demonstrates photos of composite panels after ballistic tests. Panels deflection and delami-
nating area increase as ball speed decreases. Left part of Figure 4 shows panel deflection in the impact
spot (1.85 mm). Right part of the Figure shows deflection of 6.44 mm. Initial speeds and ball speed after
penetration are presented in Table 4.
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Fig. 4. Photos of samples from CBM S110 material after penetration

Table 4
Initial/final striker speeds
Specimens numbers 1 2 3 4 5 6
Twaron® 613 444/0 490/206 589/446 636/504 725/602 785/702
Twaron® Microflex 455/0 489/223 591/456 700/632 725/645 865/806
Twaron® 709 401/0 497/265 578/396 713/522 768/694 776/698
CBM 56334 442/0 498/113 559/321 600/376 770/660 865/756
CBM A145 525/0 603/338 671/462 785/670 850/763 855/773
CBM S110 430/0 566/362 587/372 673/563 760/692 852/803
CBM S125 508/0 570/309 608/438 649/500 758/655 837/746
CBM PI110 503/0 543/306 648/524 720/639 774/688 874/822
Dyneema® HB2 457/0 526/0 571/0 619/391 811/680 865/732
Dyneema® HBS80 595/0 608/0 690/418 771/558 800/639 888/715

3. Ballistic tests results

During damage of composite panels we've noticed fibers rupture, filaments major separation and
pulling out. Separation was observed in all panels without exclusions (on the basis of aramid filaments
and UHMPE). Low binding between matrix and fibers allowed pulling out filaments, directly contacting

the striker (Fig. 5).

Fig. 5. Fibers pulling out of the composite panel
on the basis of CBM 56334

Experiment data on impact with a fragmentation
simulating device were processed using classical
Lambert-Jonas dependence [25]

, _[oirvi<v,
SR VR (A A0 L A

where A, Vso, and m — are parameters, determined
from condition of calculated residual penetration
speeds best corresponding with experimental data
(least squares technique). Vso — speed, at each 50 % of
strikers penetrate through the material. This para-
meter, as well, as surface density, is used when de-
signing protection system, as well, as when com-
paring different armor structures. ¥, and V; — residual
and initial striker speeds accordingly. This depen-
dence should be used with care, as parameters, de-

termined from it, will depend from material and geometry. Nevertheless, it helps analyzing behavior of
different materials under ballistic load from the energy balance point of view. Lambert dependency
parameters values and composite panels surface density are presented in Table 5.
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Lambert dependency parameters values and composite panels surface densit-;able °
Fabric type Vso, m/s A m Surface density, kg/cm2
Dyneema” HBS0 656 0.87 4.401 435
Dyneema” HB2 604 0.861 6.322 4.11
CBM S125 555 0.933 4.168 4.09
CBM A145 525 1.162 1.941 4.04
CBM P110 511 1.003 3.089 4.01
CBM S110 505 1.082 2.471 4.01
Twaron® 613 476 0.954 3.004 4.04
CBM 56334 490 1.023 2.25 4.23
Twaron® 709 450 1.066 2.185 3.98
Twaron” Microflex 473 0.994 3.027 4.37

3.1. Ballistic effectiveness

Table 6 includes summary on ballistic properties of homogeneous and hybrid composite panels,
faced high speed impact load. Two values: A = Vso/p and ¥ = (mp‘(V5o)2) / 2p (where m, = 1.05 g —
weight of the striker, p — panel surface density) were used for comparing ballistic effectiveness of dif-
ferent composites.

Value Y indicates maximum panel absorbed energy.

Table 6
Composite panels ballistic parameters comparison
. Average Construction A/Amax) % W/ pax) X .
Fabric type o, MPa F,H type A (><1 00 0}) b d ( <100 %2 Rating
Dyneema® HB8O - _ | Unidirectionally | -, 5, 100|519 100 1
oriented fibers
Dyneema® HB2 - _ | Unidirectionally | 1y 07197 1466 | 90 2
oriented fibers
CBM S125 3270 1.2 Twill 137 91 39.5 76 3
CBM Al45 3160 0.35 Satin 130 86 35.8 69 4
CBM P110 3100 3.1 Linen 128 85 342 66 4
CBM S110 3040 0.75 Twill 126 83 334 64 5
Twaron” 613 2700 1.7 Linen 118 78 294 57 6
CBM 56334 3510 0.37 Satin 116 77 29.8 57 7
Twaron” 709 2600 1.7 Linen 113 75 26.7 51 8
Twaron” Microflex 1570 9.25 Linen 108 72 26.9 52 9

3.2. Mechanisms, effecting the ballistic effectiveness

3.2.1. Materials

Above indicated results demonstrate that Dyneema® HBS80 has the highest ballistic parameters
among all tested composites. This is because this material has high quantity of unidirectionally oriented
layers (120 in our case) of high strength UHMPE fibers. Fibers strength and elastic modulus can reach
2.8 GPa and 200 GPa accordingly [21]. This composite material absorbs 10 % more energy than Dy-
neema” HB2 and 50 % more energy than Twaron® 709 based composite. Best aramid fabric CBM S125
based composite absorbs approximately 25 % less energy than Dyneema® HBS80. It should be noted that
energy absorbing by UHMPE dramatically decreases when projectile speed exceeds the ballistic limit,
see Fig. 6.

This can also be seen for composites on the aramid fabrics basis with linen and twill construction,
see Fig. 7.

Dyneema®™ composite is twice more expensive than aramid fabrics based composites, therefore
using aramid fabrics is more effective when there are no raised demands on protective structures
weight.
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Fig. 6. Ballistic curve and absorbed energy — impact energy
for composite sets Dyneema® and CBM 56334
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Fig. 7. Ballistic curve and absorbed energy — impact energy
for composite sets CBM A145 and CBM S125

3.2.2. Fibers parameters and fabric construction

Aramid fabrics based composites ballistic parameters depend on several factors, related to material
features, on fabric construction, fiber thickness, interfibers friction force, etc. It is not possible to choose
one main factor. It can be clearly seen when analyzing penetration results for aramid fabrics bases com-
posite panels.

As we've indicated above, aramid fabric CBM S125 based multilayer material has the best ballistic
parameters among all tested aramid composites. This fabric is characterized with not the best fibers
strength, not the highest friction force in fibers pulling out tests, has middle fibers crimping structure
(twill construction). But this material is one of the best per each of these parameters, which determines
its ballistic effectiveness. Other fabrics have low values of one or several criteria.

For example, CBM A145 has high fibers strength and minimal fiber bending (satin construction),
but has “loose” structure. If the projectile is relatively small, than it breaks only a few central fibers,
moving the rest apart not breaking them. Loose fibers construction also leads to low fibers pulling out
resistance, so, energy, absorbed by interfiber friction, is lower if to compare with twill or linen con-
struction.

Aramid fabrics P110 and S110 based composites ballistic effectiveness is approximately the same.
First material has construction with high crimping degree (linen construction), increasing stress from
filaments bending. Second aramid fabric S110 resistance to fibers pulling out is lower if to compare
with S125. Beside this, these fabrics have lower fibers strength than CBM S125 and A145.

CBM 56336 fabric filaments have maximum strength and elastic modulus among all. It should be
noted, that CBM 56334 and CBM A145 constructions are the same (eight-harness satin), so it was
expected, that ballistic limit for panels from CBM 56334 would be higher than for A145. But tests have
demonstrated that it is not the case. We have interpreted these results as due to loose construction —
CBM 56334 filaments are located approximately 25 % wider than filaments of A145. As the result, lower
fibers quantity directly contacted with the striker.
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All Twaron® fabrics have linen construction. Due to high filaments strength and their small diame-
ter Twaron®™ 613 based composites have higher ballistic effectiveness than other Twaron® based panels.
It should be noted that not depending from low fibers strength (1.5 times lower than for Twaron® 709
filaments), due to extremely dense fabric structure and due to maximum fibers pulling out resistance,
Twaron” Microflex has ballistic effectiveness nearly equal to Twaron” 709 and only 10% lower than
Twaron” 613 has. Nevertheless, in case of panel penetration and fibers destruction, panel absorbed ener-
gy dramatically decreases for Twaron® Microflex, see Fig. 8.
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Fig. 8. Ballistic curve and absorbed energy — impact energy for composite sets
from Twaron® 613 and Twaron® Microflex

Conclusion

This work deals with researching of ballistic effectiveness of thermoplastics on the basis of aramid
fabrics (CBM and Twaron™) and ultra-high molecular polyethylene (UHMPE).

UHMPE based composites have demonstrated best values of ballistics limit and absorbed energy if
to compare with other materials. But their energy absorption capability dramatically drops down when
projectile's velocity exceeds the ballistic limit. When selecting reinforcing aramid fabric for ballistic
application, it is important to consider not only the mechanical properties of the fibers and the type of
fabric construction, but also all parameters of ballistic efficiency such as filaments width, etc.

This article can form good basis for working out detail optimal model of protective structure (indi-
cated in this work), taking into account all ballistic parameters.
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3KCMEPUMEHTAJIIbHAA OLIEHKA YOAPHON NMPOYHOCTHU 5
CNOUCTbIX KOMMNMO3UTOB C TEPMOIMJNACTU4YHOU MATPULIEUN

C.B. CanoxHukos, M.B. XKuxapees, O.A. KyOpsieuee
HOxHo-Ypanbckuli eocydapcmeeHHbIl yHUgepcumem, 2. YensbuHck

[IpoBeIEHBI CTATHYECKHE HCIBITAHNS HATEH apaMuaHbIX TKaHedl (Twaron®™, PYCJIAH®-
CBM) Ha pacTspkeHHe A7l OTpeieNieHHs] UX YIPYTUX U MPOYHOCTHBIX XapaKTePUCTHK Ha Ma-
norabaputHoi ucneitatensHod MamuHe INSTRON 5942. DxcnepuMeHTHI [0 BBITATHBAHUIO
HHUTEH OBUIM MPOBENICHBI ISl CPABHEHHUSI CUJI TPEHUSI MEXY HUTSAMU B Pa3lIMuHbIX apamuil-
HBIX TKaHSX. BBUIM M3roTOBIICHBI BOCEMb Pa3IMYHBIX BApUAHTOB OAJUIMCTUYECKUX MaHeseH ¢
TEpMOIUIACTUYHON MaTpHLEH Ha OCHOBE MOJIHMATWIICHA U J[BA BU/A OAJUTHMCTHUECKHUX TTaHeNeH
HA OCHOBE CBEPXBBICOKOMOJIEKYIIAPHOro nomuaTiiena (CBMITD mapku Dyneema”).

OO0mupHEIe OaUTUCTUYECKUE HCIBITAHMUS OBUIA TPOBEICHB HA M3TOTOBIICHHBIX OajuId-
CTUYECKMX MaHENsIX, MCIIOJIB30BAJICS CTAIBHON MapHK auameTpoM 6,35 mm. [l pasrona
mapuka 10 ckopoctreir 900 m/c OpIT HcmoNb30BaH OammmcTideckuit crean FOYpl'Y. bammm-
CTUYECKHE XapaKTCPUCTUKH OBUTH OLIEHEHBI C TOYKU 3PCHUS INPEACIbHON XapaKTEPUCTHKU
MaTepuana — 0aJUIMCTUIECKOTo Tpeena Vso.

ITocne wmcnbITannii ObUTO MPOU3BENEHO CpaBHEeHHE A((HEKTHBHOCTH BCEX MaTepHasoB,
UCCIICIOBAaHHBIX B MaHHOH pabore. Kommnosutsl, ocHoBanHble Ha CBMIID BOsIOKHAX, OKa3a-
JIUCh JIyYIIMMH U3 BCEX PACCMOTPEHHBIX MaTepUaIOB MO 3HAYEHHIO OAJIMCTHYECKOTO Ipe-
nena (npesbiienne Ha 10 % 1o cpaBHEHUIO ¢ OJKAWIIMM KOHKYPEHTOM) M 110 3HAYEHHIO
rorJioieHHoi sHeprun (okosio 25 %). Ho mpu mpeBblnIeHnH OaIMCTHYECKOTO Ipejerna
CIOCOOHOCTH K moruionieHuto sHeprun y CBMIID pesko cHmxkaercsi. [Ipu BeiOope apamui-
HOW TKaHW JyIsl OaTIMCTHYECKUX NMPWIOKEHNH BaKHO YYUTHIBATH HE TOJIBKO MEXaHUYECKHE
CBOMCTBa BOJIOKOH M THII HIEPETJIETEHNUS, HO U BCE MapaMeTpsl OamcTrdeckoi 3¢dexTus-
HOCTH Takue, Kak MupuHa HUTEH u 1p. JIydmnM GauIMCTHYECKHM MaTepralloM Ha OCHOBE
apamMuIHbIX TKaHei ctamr CBM S125 ¢ capykeBbIM meperuieTeHueM U TUIEHKAMH U3 TTOJUATH-
JIEHa HA3KOTO JaBJICHUS.

Knrouesvie cnosa: svicoxockopocmuoii yoap, sawumuas cmpykmypa, CBMIID, apamuo-
Has MKAHb, MePMONIACIMUYHAS MAMPUYQ.
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