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Abstract

Introduction. A progressive method for manufacturing building products from polymer composite materials based on
reactive oligomers is the pultrusion method, which allows the production of thin-walled products with an arbitrary profile
shape, including sheet piles. The scientific and technical literature contains insufficient information on the creep of glass-
filled sheet piles with a polyurethane matrix under different levels and durations of bending loads, which complicates the
prediction of the durability of these products. Objective is to establish the dependence of the creep modulus of domestic
glass-filled sheet piles with a polyurethane matrix on the magnitude and duration of bending load along and across the
pultrusion direction. Methods: the creep of glass-filled polyurethane sheet piles was studied using a lever-type test bench
developed by the authors. Results: the influence of stress level (0.2-0.95 6, ) and duration of bending load on the
deflection magnitude and creep modulus (GOST 57714-2017) of glass-filled polymer sheet piles with a polyurethane
matrix along and across the pultrusion direction was studied. It was shown that no failure of the polyurethane composite
sheet pile of grade ShK-200UM occurs within 10,000 hours at stress levels of 0.2 and 0.5 6Gbend. Failure of 50 % of the
composite sheet pile samples with a polyurethane matrix at a stress level of 0.7 6Gbend occurs after 2,638 and 9,434
hours when tested across and along the pultrusion direction, respectively. By extrapolating the experimental “stress-strain”

dependencies, the creep of polyurethane composite sheet piles for a period of up to 50 years was predicted.

Keywords: polyurethane sheet pile; pultrusion; deformation; deflection; creep modulus; stress level.

Introduction

One of the progressive methods for manufacturing
building products from polymer composite materials
(PCM) is the pultrusion method, based on producing
composite profile products by pulling reinforcing
glass, basalt, or carbon fibers impregnated with
a binder based on reactive oligomers (polyester
and epoxy oligomers or polyurethanes) through
a heated forming die. This method allows the
production of building products with stable strength
properties both along the length of the product
and across their cross-section. The pultrusion
method is used to produce thin-walled products
with arbitrary profile shapes (rods, pipes, angles,
plates, channels, boxes, etc.). The pultrusion
method is widely used for the production of both
composite reinforcement (Stelanova et al., 2013;
Seleznev et al., 2020; Seleznev et al., 2022) and
composite sheet piles (Gritsenko and Nesterov
2015; Kokareva et al., 2015; Nemolochnov, 2019;
Donetsky et al., 2017).

In the production of polymer composite sheet piles
(PCSP), polyurethanes are preferred as the polymer

matrix due to their high strength characteristics, wear
resistance, chemical resistance, and good adhesion
to fillers, while glass fiber is most often used as the
fibrousfiller. Compared to metal sheet piles, they have
high strength and load-bearing capacity, resistance
to various aggressive environments and bacteria, low
weight, relatively low cost, and are environmentally
friendly (Shanmugam, 2004; Levachev et al., 2019;
Nemolochnov et al., 2019; Kornev et al., 2025).
Some of the first domestic building products made
from polymer composites using the pultrusion
method were glass-filled polyurethane sheet piles
of grades ShK-150UM and ShK-200UM, which have
high performance characteristics (Nemolochnoyv,
2019; Donetsky et al., 2017; Nemolochnov et al.,
2019; Kornev et al., 2025). A wide range of sheet pile
profiles allows selecting sheet piles for any soil and
structural requirements. Sheet pile walls are most
often used (Gritsenko and Nesterov, 2015; Kokareva
et al., 2015; Nemolochnov, 2019; Nemolochnov and
Levachev, 2016; Levachev et al., 2018):

— for strengthening coastlines, canals, and
protecting water bodies;
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— in the construction of port (berths, breakwaters,
docks) and hydraulic engineering (dams, locks)
structures, collectors, tunnels, and otherunderground
structures;

— for constructing anti-filtration curtains on
construction sites and protecting building foundations
and bases, strengthening and enclosing excavation
pits, trenches, slopes, and inclines;

— in the construction of water collectors and
treatment facilities, urban improvement, and the
creation of artificial reservoirs;

— for organizing sludge storage and storage
facilities for chemically active substances.

Significant disadvantages of polymer composite
sheet piles include:

— anisotropic properties of the sheet pile material
depending on the direction of the applied load
(longitudinal or transverse) and the type of load
(tension or compression). This applies to both the
strength and deformation characteristics of PCSP;

— brittle nature;

— low creep modulus and, consequently, low
sheet pile stiffness leading to high deformability of
structures;

— a more complex process of driving the sheet
pile into the ground compared to metal sheet piles.

The main physical and mechanical characteristics
of polymer sheet piles have been examined in
considerable detail by domestic (Kokareva et al.,
2015; Donetsky et al., 2017; Nemolochnov et al.,
2019; Kornev et al., 2025) and foreign (Shanmugam,
2004; Levachev et al., 2019; Giroux and Shayo,
2003; Shao and Shanmugam, 2004; Ferdous et
al., 2018) researchers. However, these publications
contain practically no data on the actual load-bearing
capacity of domestically produced PCMs and data
on the creep of composite sheet piles under different
levels and durations of bending loads. This limits
the use of composite sheet piles in the construction
industry and, in particular, in hydraulic engineering
construction. Therefore, the aim of this work was
to establish the dependence of the creep modulus
of polyurethane glass-filled sheet piles on the
magnitude and duration of bending load along and
across the pultrusion direction.

Subject, Tasks and Methods

The objects of study were glass-filled PCSPs
with a polyurethane matrix of grades ShK-150UM
and ShK-200UM, the layout of individual elements
of which is shown in Figs. 1 and 2. Samples of glass-
filled polyurethane sheet piles obtained by pultrusion
were provided by the company “Umatex”. The
main dimensions and operational characteristics
of a single element of the studied sheet piles with
a polyurethane matrix are given below:

ShK-150UM / ShK-200UM:

Section width, mm — 600 / 400;

Section height, mm — 145/ 200;

50

Section thickness, mm — 6/ 8;

Cross-sectional area of the pile, cm*>— 61.6 / 58.6;

Permissible bending moment, kNm/m — 98 / 225;

Section modulus, cm3*m — 429 / 937;

Tensile breaking stress, MPa:

along the pultrusion direction — 770/ 770;

across the pultrusion direction — 150 / 150;

Tensile modulus of elasticity, GPa:

along the pultrusion direction — 33.4 / 33.4;

across the pultrusion direction — 14.1/ 14.1.

The creep of the polyurethane composite sheet
pile of grade ShK-150UM was studied at stress
levels from 0.21 to 0.95 6,_, and a bending load
duration of up to 3000 hours, and for the sheet pile of
grade ShK-200UM — at stress levels of 0.2, 0.5, and
0.7 6,,,, and a load duration of up to 10,000 hours.
The creep of glass-filled polyurethane sheet piles
was determined using a lever-type test bench under
three-point bending (Fig. 3) in accordance with the
requirements of GOST R 57714-2017. Samples
for creep testing of glass-filled polyurethane sheet
piles along and across the pultrusion direction were
obtained in accordance with the requirements of
GOST R 56810-2015. For each given stress level,
12 PCM samples were tested.

The method for determining the creep of composite
sheet piles is based on studying the deflections
of PCSP samples measuring 120x12x7 mm as a
function of the duration of a constant bending load
at a given temperature and ambient humidity. The
distance between supports was 100 mm. To measure
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Fig. 1. Cross-section of an individual element of a composite
sheet pile of channel profile, grade ShK-150UM

Fig. 2. Layout of an individual element of a composite glass-filled
sheet pile with a polyurethane matrix, grade ShK-200UM
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Fig. 3. Lever-type test bench for studying the creep of composite sheet piles

the deflections of the composite sheet pile, 1C-50
dial indicators with a division value of 0.01 mm were
used. Tests of glass-filled composite sheet piles with
a polyurethane matrix were conducted on samples
cut along and across the pultrusion direction of the
sheet pile. Deflections of the composite sheet piles
were measured at 1, 6, 12, and 30 minutes, and 1,
2, 5, 20, 50, 100, 200, 500, 700, 1000, 2000, 3000,
5000, and 10,000 hours after load application. The

bending stress (6,  ,, MPa) was calculated using

where D — sample deflection at a given test time,
mm.

The bending creep modulus of the composite
sheet pile (E,, MPa) for a bending load duration of ¢
hours was calculated using Formula 3:

E, (1) =2bend (3)
r
The experimental results were processed

using statistical methods in accordance with the
recommendations of GOST R 50779.22—-2005 (ISO

Formula 1: 2602:1980).
- _ 3FL 1) Research Results and Discussion
bend = 127 The results of determining the relative strains
where: of the extreme fibers and the creep modulus of the

L — distance between support centers, mm;

b — sample width, mm;

d — sample thickness, mm.

The relative strain of the extreme fibers of the
composite sheet pile sample during bending (r, %)
as a function of load duration (f) was calculated
using Formula 2:

r=@1oo, 2)
L

glass-filled polyurethane sheet pile of grade ShK-
150UM along and across the pultrusion direction
at bending stress levels from 0.21 to 0.95 6,
are given in Tables 1 and 2, and the isochronous
graphical dependencies are shown in Figs. 4 and 5.
Using interpolation methods, the bending stresses
in the sheet pile along and across the pultrusion
direction were calculated as a function of a relative
strain of the extreme fibers equal to 1 % under

Table 1. Bending creep of polyurethane sheet pile grade ShK-150UM along the pultrusion direction

Relative Time (hours)
stress level 0.1 1 10 100 1000 3000
at bending,
% r% |E,MPa| r,% |E,MPa| r,% |E,MPa| r,% |E,MPa| r,% |E,MPa| r,% |E, MPa

0.21 0.68 | 26881 | 0.69 | 26270 | 0.71 | 25687 | 0.73 | 24857 | 0.77 | 23832 | 0.79 | 23334
0.28 0.91 | 27468 | 0.93 | 27006 | 0.95 | 26344 | 0.98 | 25506 | 1.02 | 24439 | 1.04 | 24161
0.41 122 | 29717 | 1.27 | 28554 | 1.30 | 28049 | 1.34 | 27163 | 1.41 | 25901 | 1.44 | 25218
0.57 164 | 30732 | 1.69 | 29894 | 1.72 | 28884 | 1.81 | 27867 | 1.91 | 26465 | 1.98 | 25516
0.65 1.63 | 34958 | 1.64 | 34710 | 1.65 | 34307 | 1.69 | 33601 | 1.76 | 32346 | 1.80 | 31588
0.76 241 | 27876 | 2.48 | 27131 | 253 | 26571 | 2.62 | 25640 | 2.74 | 24511 | 2.77 | 24251
0.85 3.21 | 23187 | 3.29 | 22640 - - - - - - - -
0.95 2.97 | 28130 - - - - - - - - - -

Note: Maximum bending stress along the pultrusion direction is taken as 880 MPaj; ris relative strain of extreme fibers during bending;
E(t) is bending creep modulus at time t.
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Table 2. Bending creep of polyurethane sheet pile grade ShK-150UM across the pultrusion direction

Relative Time (hours)
stress level at 0.1 1 10 100 1000 3000

bending,% | r % |E,MPa| r,% |E,MPa| r,% |E,MPa| r,% |E,MPa| r,% |E,MPa| r,% | E, MPa
0.22 0.35 | 24060 | 0.37 | 23275 | 0.37 | 22097 | 0.42 | 20201 | 0.46 | 18620 | 0.47 | 17998
0.35 0.64 | 21777 | 0.66 | 20864 | 0.70 | 19916 | 0.73 | 18936 | 0.77 | 17868 | 0.79 | 17455
0.46 0.84 | 21461 | 0.87 | 20775 | 0.92 | 19746 | 0.98 | 18495 | 1.06 | 17072 | 1.09 | 16615
0.59 1.05 | 22012 | 1.07 | 21603 | 1.09 | 20869 | 1.15 | 20038 | 1.21 | 19115 | 1.23 | 18806
0.65 1.28 | 19864 | 1.34 | 18977 | 1.37 | 18222 | 1.46 | 17422 | 1.54 | 16519 | 1.57 | 16207
0.82 245 | 13034 | - - - - - - - - - -
0.93 259 | 13996 | - - - - - - - - - -

Note: Maximum bending stress across the pultrusion direction is taken as 390 MPa; r is relative strain of extreme fibers during
bending; E(f) is bending creep modulus at time ¢.
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the pultrusion direction under different durations of bending load
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a bending load for 1000 hours. These stresses along
and across the pultrusion direction of the glass-filled
polyurethane sheet pile of grade ShK-150UM are
244 and 172 MPa, respectively.

The creep of glass-filled polyurethane sheet piles
was studied in more detail using the example of
the grade ShK-200UM sheet pile. The deflections,
limiting strains of the extreme fibers, and creep
modulus of the glass-filled composite sheet pile with
a polyurethane matrix of grade ShK-200UM along
and across the pultrusion direction as a function of
bending load duration at stress levels of 0.2, 0.5, and
0.7 6,,,, are given in Tables 3 and 4 and Figs. 6-8.
The stress levels during PCSP testing corresponded
to bending stresses of 176, 440, and 616 MPa along,
and 78, 195, and 273 MPa across the pultrusion
direction of the sheet pile.

Based on the experimental data presented in
Tables 3 and 4, dependencies of the relative strains
of the extreme fibers (Fig. 7) and the bending creep
modulus (Fig. 8) of the glass-filled polyurethane
sheet pile along and across the pultrusion direction
at stress levels 0of 0.2, 0.5, and 0.7 6, __, were plotted
in logarithmic coordinates. The dependencies of the

relative strains of the extreme fibers during bending
of the polyurethane sheet pile on the duration of the
bending load can be represented as third-degree
polynomials:
- along the pultrusion direction:
e atstresslevel 0.26,_

y =0.0007x® + 0.0004x2 + 0.0088x — 0.1427;
e atstresslevel 0.56,_

y =0.0007x® + 0.0004x2 + 0.0058x + 0.2077;
e atstresslevel 0.7 6,_

y =0.0011x® + 0.0012x2 + 0.0027x + 0.3257;

— across the pultrusion direction:
e atstresslevel 0.26,_

y =0.0004x® + 0.0015x + 0.0183x — 0.38;
e atstresslevel 0.56,_

y =0.0008x* + 0.0007x2 + 0.0093x + 0.0354;
e atstresslevel 0.7 6,_

y = 0.0004x® + 0.0031x2 + 0.0146x + 0.1844,
where y is the logarithm of the strains of the extreme
fibers of the polyurethane sheet pile;

x is the logarithm of the duration of the bending
load.

The dependence of the creep modulus of the
glass-filled composite sheet pile with a polyurethane
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Table 3. Deflection magnitudes, strains, and creep modulus of glass-filled sheet pile

with polyurethane matrix at stress levels of 0.2 and 0.5 6

bend

. Along the pultrusion direction Across the pultrusion direction
Load duration ¢, = 2
e Deflection, Strain. % Creep Deflection, Strain. % Creep
mm ’ modulus, MPa mm ’ modulus, MPa
0.02 1.73 0.69 25555 0.96 0.39 19829
3.99 155 28629 2.49 1.03 19035
0.1 1.76 0.71 25036 0.97 0.40 19494
4.06 1.58 28158 2.56 1.06 18556
0.2 1.77 0.71 24902 0.98 0.41 19325
4.13 1.61 27549 2.59 1.07 18352
05 1.79 0.72 24680 1.00 0.41 19012
4.15 1.62 27415 261 1.08 18190
1.0 1.80 0.72 24518 1.01 0.42 18827
4.17 1.62 27302 2.64 1.09 17977
2 1.82 0.73 24302 1.02 0.42 18581
4.19 1.63 27151 2.66 1.10 17844
5 1.83 0.73 24113 1.04 0.43 18245
423 1.65 26921 271 1.12 17507
20 1.86 0.75 23754 1.08 0.45 17600
4.28 1.67 26619 2.75 1.14 17268
100 1.91 0.77 23133 1.13 0.47 16813
436 1.70 26105 2.83 1.17 16818
200 1.94 0.78 22837 1.16 0.48 16421
442 1.72 25791 2.88 1.19 16545
500 1.96 0.79 22512 1.19 0.49 16007
4.49 1.75 25396 2.94 121 16187
700 1.98 0.80 22282 1.20 0.50 15763
451 1.76 25276 2.96 1.22 16068
1000 2.00 0.80 22099 1.22 0.50 15544
4.54 1.77 25132 2.98 123 15959
2000 2.08 0.83 21368 125 0.52 15168
4.64 1.81 24566 3.03 1.25 15684
5000 2.12 0.85 20926 1.29 0.53 14667
4.80 1.87 23806 3.15 1.30 15105
10000 2.20 0.88 20104 1.34 0.55 14160
5.08 1.98 22543 3.40 1.40 13992

Note — The numerator shows the values of deflection, strain, and creep modulus of the PCS (polymer composite sheet) at a stress

level of 0.2 6, ,, and the denominator shows the values at a stress level of 0.5 6, ,
Table 4. Deflection magnitudes, strains, and creep modulus of glass-filled sheet pile
with polyurethane matrix at stress level 0.7 6, _ |
Load Along the pultrusion direction Across the pultrusion direction
du;zt‘:: 6 Deflection, mm Strain, % mo dﬁ:ﬁ:,pMPa Deflection, mm Strain, % mo dﬁ:ﬁ:,pMPa

0.02 5.43 2.03 30567 3.62 1.45 18992
0.1 5.53 2.06 30025 3.67 1.47 18727
0.2 5.63 2.10 29484 3.75 1.50 18333
0.5 5.68 2.12 29228 3.83 1.53 17979
1.0 5.72 2.13 29029 3.85 1.54 17861
2 5.74 214 28924 3.88 1.56 17718
5 5.77 2.15 28776 3.94 1.58 17411
20 5.87 2.19 28294 4.08 1.63 16818
100 6.02 2.24 27629 4.22 1.69 16214
200 6.10 2.27 27262 4.31 1.73 15920
500 6.17 2.30 26935 4.42 1.77 15519
700 6.33 2.36 26314 4.49 1.80 15285
1000 6.40 2.38 26074 4.55 1.82 15053
2000 6.34 2.36 26196 4.86 1.95 14087
5000 6.95 2.59 23821 5.06 2.02 13528
10000 7.25 2.71 22895 5.14 2.07 13213
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matrix on the duration of the bending load can be e atstresslevel 0.7 6,_
represented by the following equations: z=4.2518 — 0.0004x® — 0.0031x2 — 0.0146x;
- along the pultrusion direction: Rz =0.9929,
e atstresslevel 0.26,_ where z is the logarithm of the creep modulus of the
z=4.3881 - 0.0007x® — 0.0004x2 — 0.0088x; composite sheet pile;
R2 = 0.9951; x is the logarithm of the duration of the bending
e atstresslevel 0.56,_ load.
z =4.4358 — 0.0007x® — 0.0004x> — 0.0058x; The dependence of the bending stresses of the
R2z =0.9915; polyurethane sheet pile grade ShK-200UM along and
e atstress level 0.7 6,_ across the pultrusion direction on the relative strains
z=4.4639 — 0.0011x® — 0.0012x* — 0.0027x; of the extreme fibers is shown in Fig. 9. From Fig. 9,
R? = 0.975; it follows that at stress levels of 0.2 and 0.5 6,_,,
— across the pultrusion direction: failure of the glass-filled polyurethane sheet pile
e atstresslevel 0.26,_ along and across the pultrusion direction does not
z=4.272-0.0004x® - 0.0015x2 - 0.0183x; occur during testing for 10,000 hours. At the same
R2 =0.9977; time, at a stress level of 0.7 6,_, failure of 50 %
e atstresslevel 0.56,_ of the studied sheet pile samples occurs after 2,638
z =4.2546 — 0.0008x® — 0.0007x2 — 0.0093x; and 9,434 hours when tested across and along the
R? = 0.9864; pultrusion direction, respectively, and failure of the first
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sheet pile samples occurs after 1,702 and 200 hours,
respectively. In accordance with the requirements
of GOST R 57714-2017, the stresses at a relative
strain of the extreme fibers during bending equal
to 1 % under a bending load for 1,000 hours were
calculated. The calculated stress values along and
across the pultrusion direction are 253 and 153 MPa,
respectively, which corresponds to 30 % and 40 % of
the bending strength of the composite sheet pile. It
should be noted that for the polyurethane sheet pile
of grade ShK-200UM, the stress under bending loads
along the pultrusion direction is 3.7 % higher, and the
stress across the pultrusion direction is 12.4 % lower
than for the PCSP of grade ShK-150UM.

It should be noted that approximating the
dependencies of the relative strains of the extreme
fibers and the creep modulus of the glass-filled
composite sheet pile with a polyurethane matrix by
linear functions is only possible in the steady-state
creep region:

56

;3,3 — at stress level 0.2 6

ess level 0.5 6,

bend

— atastresslevel of 0.2 6__ — up to 5,631 hours;

— atastress level of 0.5 6, ,— up to 2,615 hours;

— atastress level of 0.7 6, , — up to 604 hours.

A sufficiently accurate approximation of these
values is achieved using third-degree polynomials.
Extrapolating the obtained values to a period of
up to 50 years (438,000 hours), additional “stress-
strain” isochrones were constructed for 100,000
hours and 438,000 hours (Fig. 9, curves 7 and 8).
The limiting strain under long-term loading was
taken as the strain values of the extreme fibers
that do not lead to failure, determined as the lower
bound of the one-sided confidence interval with a
probability of 0.95 according to GOST 50779.22—
2005. The stresses leading to failure of the studied
glass-filled sheet pile material with a polyurethane
matrix under a load duration of 50 years, calculated
from the isochronous curves based on extrapolation
data, are 465 and 189 MPa for the longitudinal
and transverse pultrusion directions, respectively,

bend
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Stress-strain isochrones for specimens along the pultrusion direction
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Fig. 9. Dependencies of the bending stress of the glass-filled composite sheet pile with polyurethane matrix
along (a) and across (b) the pultrusion direction on the relative strain of the extreme fibers at: 1-10 min; 2—1 hour;
3-10 hours; 4-100 hours; 5-1,000 hours; 6-10,000 hours; 7—100,000 hours; 8—438,000 hours

which corresponds to 53 % and 49 % of the bending
strength of the composite sheet pile.

Conclusions

As a result of the performed experimental studies,
the influence of the stress level and duration of the
bending load on the creep parameters of glass-filled
composite sheet piles with a polyurethane matrix along
and across the pultrusion direction was established.
It was calculated that the stresses in the studied glass-
filled PCSPs under a bending load for 1000 hours and
a relative strain of the extreme fibers equal to 1 %
are, along and across the pultrusion direction for
sheet piles of grades ShK-150UM and ShK-200UM,
244 MPa, 172 MPa, and 253 MPa, respectively. These
stresses in the glass-filled polyurethane sheet pile of
grade ShK-200UM across and along the pultrusion

direction occur at 30 % and 40 % of the bending
strength of the PCSP, respectively. It was shown
that failure of the polyurethane sheet pile of grade
ShK-200UM does not occur within 10,000 hours
at stress levels of 0.2 and 0.5 6, _,. Failure of this
sheet pile at a stress level of 0.7 6, , occurs after
2,538 and 9,434 hours when tested across and along
the pultrusion direction, respectively, during PCSP
production. By extrapolating the experimental “stress-
strain” dependencies, the stress leading to failure of
ShK-200UM under a bending load duration of 50 years
was calculated: for the longitudinal and transverse
pultrusion directions, the breaking stresses are
465 and 189 MPa, respectively, which corresponds
to 53 % and 49 % of the bending strength of the
composite sheet pile.
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AHHoOTauus

BBeaeHume. [NporpeccrBHLEIM METOAOM MPOM3BOACTBA CTPOUTENBHBLIX N3AENNIA U3 NONMUMEPHbBIX KOMMO3UTHBIX MaTepuanos
Ha OCHOBE peakUMOHHOCMNOCOOHbIX ONIMIOMEPOB ABMAETCS METOA MyNTPY3un, NO3BONSIOLLMIA NPON3BOANTL TOHKOCTEHHbIE
usgenus ¢ npoduneMm npousBOrbHOW hOpMbl, B TOM 4YMCME LUMYHTOBble CBau. B Hay4HO-TEXHMYECKOW nuTepartype
He[0CTaTOYHO CBEAEHUI O MON3Y4YEeCTM CTEKINOHAMOMHEHHbIX LLMYHTOB C NONUypeTaHOBOM MaTpuLel Npy pasnnyHOM ypoBHE
1 MPOAOIMKUTENBHOCTY BO3AENCTBUSA U3rnbatoLLmMX Harpy3oK, YTO 3aTpyAHSET NPOrHO3MPOBaHWE A0NTOBEYHOCTM YKa3aHHbIX
nsnenvin. Llenb nccnegoBaHus: yCTaHOBMNEHNE 3aBUCHMOCTU MOAYINS NON3Y4eCTN OTEHECTBEHHbBIX CTEKIOHAMOMHEHHbIX
LUNYHTOB C MONMYPETAHOBOW MaTpULIEN OT BENUYUHBI 1 MPOAOIIKUTENBHbIA BO3OENCTBUS U3rnbatoLLen Harpyskv BOOMb U
nonepek HanpaeneHus nynTpy3uvi. MeToabl: Non3dy4yecTb CTEKNOHAMNONMHEHHbLIX NMONMMYPETaHOBbLIX LUMYHTOB MCCnesoBanm
C NMOMOLLbI UCMbITAaTENBLHOIO CTEHAA PbIYaXHOro Tuna, pa3paboTaHHOro aBTopamu. Pe3ynbraTtbl: M3y4YeHO BhMsSiHME
ypoBHS HanpsbxeHun (0,2—0,95 6mr) N NPOAOIMKUTENBHOCTL BO3AENCTBUSI U3rnbatoLLen Harpy3kM Ha BenuuuHy npornba
n mogynb nonsyyectn (FOCT 57714—2017) cTeKNOHANOMHEHHbIX MOMMMEPHbIX LUMYHTOB C MOMNMYPETAHOBOW MaTpuLeit
BLOSb W MOMNEpeK HanpasneHus nynTpyauun. lNokasaHo, YTo pa3pyLUeHUsi NONMypPEeTaHOBOr0 KOMMO3UTHOIO LLUMYHTa MapKu
LLK-200YM B Te4eHune 10000 yacos npu yposHe HanpsbkeHnin 0,21 0,5 6, He Habniopaetca. Paspylwetie 50 % obpasuos
KOMMO3MTHOTO LUMYHTA C NOMNMypeTaHoBOM MaTpuLer npu yposHe HanpsixkeHuid 0,7 6, nponcxoanTt yepes 2638 1 9434 vaca
npu MCMbITaHUM COOTBETCTBEHHO MOMEPEeK U BAOMb HampaBneHus MynTpy3Mu U3roTOBMEHUS LUMNYHTa. JKCTpanonsaumei
3KCMepUMEHTarbHbIX 3aBMCUMMOCTEN «HanpsbkeHue—aedopmaumsa» CrporHo3vpoBaHa Mon3yyYecTb MONnypeTaHoBbIX
KOMMO3UTHbIX LUMYHTOB Ha nepwog Ao 50 ner.

KnioueBble crnoBa: MONWypeTaHOBLIA LUMYHT; NynTpy3us; AedopMauusi; nporub; moaynb MNon3yvyecTu; YPOBEHb
HanpsHKEHWN.

59



