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Purpose. The paper is devoted to justification of rational parameters of the protective structure for the existing
buildings located on the loess soils and subjected to the influence of vibrodynamic loads from the surface source,
which allows reducing the tilt of the structure and the settlement of the foundation.

Methodology. The methods of numerical modelling of geotechnical processes for estimating the parameters of the
stress-strain state of the “soil-structure” system are applied.

Findings. It is established that the protection of the building foundation located on the loess soil from the surface
dynamic load is provided by an anti-vibration barrier (protective shield) made of a material with the deformation
modulus £ > 15 000 MPa. It is proved that the foundation deformations decrease nonlinearly with an increase in the
barrier depth from 15 to 25 m, and at a barrier depth of A = 20 m there is a maximum reduction of the foundation
settlement and tilt of the building. It is shown that from the viewpoint of manufacturability and cost efficiency, the
most rational is a protective barrier made of soil-cement piles created by the jet-grouting technology.

Originality. A new numerical model of the “soil-structure” geotechnical system was developed to evaluate the
parameters of the stress-strain state of the loess soil, underlying the buildings and structures. A distinctive feature of
the model is the use of values of the strength parameters of loess soils obtained during long-term dynamic tests under
laboratory conditions. The regularities of the change in the stress-strain state of the “soil-structure” geotechnical
system under the influence of long dynamic loads from the surface source for various parameters of the vibration
shield are investigated.

Practical value. The developed numerical model makes it possible to evaluate the impact of dynamic loads from
surface sources on objects located on loess soils. The obtained parameters of protective screens can be used for protec-

tion of objects located on loess soils in the area of dynamic loads from technological equipment and transport.
Keywords: loess soil, dynamic loads, vibration, acceleration, shear resistance, protective shield

Introduction. Ensuring the reliable and safe opera-
tion of various buildings and structures has always been
of primary importance. Recently, in the design, con-
struction and operation of facilities, more and more at-
tention has been paid to the issues of their technical pro-
tection against dynamic impacts.

Almost all elastic bodies — buildings and struc-
tures, bridges, foundations, ground massifs, which
transmit mechanical waves over considerable distan-
ces — are subjected to dynamic (in particular, vibra-
tional) loads. Dynamic impacts arise because of work
of technological or construction equipment, railway
transport, public transport, blasting operations, con-
struction and operation of underground transport fa-
cilities, and others.

Mechanical oscillation (vibration) reduces the
strength, stability and durability of objects and struc-
tures, worsens the sanitary and hygienic conditions of
people staying inside buildings, and disrupts the opera-
tion of devices and automatic systems.

Vibration can cause compaction and disturbance of
the soil structure, which in turn leads to a change in the
water conductivity and moisture content of the rocks. As
a result, the resistance of the entire massif to external
influences is reduced, deformation (landslide) processes
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are activated, and the bearing capacity of the foundation
soil within the zone of dynamic influence decreases.

Statement of the problem. To improve human life
safety and protect objects from the impact of dynamic
loads, a number of methods and technologies are used
that can be divided into the following groups:

- structural protection of foundations and object ele-
ments from the dynamic influences;

- location of objects outside the dynamic impact
zone;

- application of protective barriers (screens) between
the source of dynamic loads and the protected object.

Constructive protection of objects is reasonable if
the dynamic load from equipment (pump, compressor,
and others) or from a moving vehicle is directly trans-
ferred to the bearing elements, leading to their rapid de-
terioration and provoking the destruction of the entire
building or structure. The traditional way to prevent the
negative impact of vibration is to increase the rigidity of
the structure due to increase in the size of the founda-
tion, cross-section of columns, beams and other ele-
ments. This allows increasing the structure load, but, as
a result, the cost of the structure is significantly in-
creased.

The second way to protect objects — their location
behind the zone of dynamic influences — can be applied
if there are free territories around the objects that do not
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involve subsequent development. However, for the al-
ready built-up and limited area, this method is not ac-
ceptable. In addition, the magnitude of dynamic loads
from various sources (road and rail transport, blasting,
technological and construction equipment) tends to in-
crease. The degree of influence of technogenic factors
on the geological environment over the last 30 years has
increased by almost an order of magnitude.

Thus, a more relevant direction at present is the de-
velopment of engineering methods for protecting vari-
ous objects from dynamic loads (the third group).

Analysis of the recent research and publications. The
most common and effective methods used to protect
objects from various dynamic (vibration, shock) loads
are wave barriers (screens). They can be non-filled or
filled with low-modulus materials (rubber, clay, slag)
trenches, as well as a number of solid piles, metal piles,
or monolithic concrete walls, and others. At the same
time, trenches with low-modulus materials are consid-
ered more effective.

As for the effective depth of wave barriers (protective
trenches), the authors of the known papers have dis-
agreements. For example, in [1] barriers of insignificant
depth are offered in the form of a trench with a width of
0.5...1.0 m and a depth of 3...5 m filled with granular
material (crushed stone, gravel) or material with a sub-
stantially different density (slag, agloporite). Similar pa-
rameters of protective trenches are given in [2]. To pro-
tect buildings from tram vibration, the author [3] offers
a vibration barrier with a depth equal to the depth of
freezing of the ground and a width of 0.25...0.3 m.

The experience of applying vibration protection from
nearby metro lines is given in [4]. Regarding the param-
eters of protective trench, it is indicated that to reduce
the oscillations effectively, its depth should be approxi-
mately equal to the length of the Rayleigh wave (8...
20 m), and the internal filling of the trench should have
a significant heterogeneity. To do this, the trench must
be empty or filled with low-modulus material.

The authors of [5] explain the reason for the low ef-
ficiency of wave barriers by the large wavelength from
the source of oscillations with insufficient dimensions of
the barriers. Therefore, the wave diffracts at the bottom
and walls of the trench without significant loss of the en-
ergy. In order to weak the transmitted vibration, the bar-
rier must be sufficiently deep, correspond to the dimen-
sions along the perimeter and block the direct visibility
of the object from the source.

In addition to the data of practical experience and
recommendations, there are also results of studies of en-
gineering parameters of wave barriers obtained with us-
ing effective methods.

It should be noted, that the solution of various engi-
neering problems taking into account a large number of
influencing factors by analytical methods is very diffi-
cult, and sometimes impossible. At the present stage,
the justification of the parameters of engineering struc-
tures in complex geological conditions, taking into ac-
count several influencing factors, is the most effective
with the use of modern software based on various nu-
merical methods.
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It is efficient to use the finite element method (FEM)
to find the solution of the interaction of the “soil-struc-
ture” geotechnical system under dynamic loads. A num-
ber of studies performed show that the results obtained
using the FEM have a good representation and sufficient
accuracy for engineering tasks.

Thus, in [6], the slope stability estimation by the fi-
nite element method was performed, taking into ac-
count a number of influencing factors for the inhomo-
geneous soil massif. This made it possible to choose the
engineering parameters for the protection of the investi-
gated site. A similar approach was adopted by the au-
thors [7] in modelling the stability of a rock slope under
controlled failure.

In [8], the investigation results of the earth surface
settlement caused by the construction of a transport
tunnel in the urban area are presented. To protect the
Sagrada Familia cathedral, located in the zone of tunnel
influence, it was planned to construct a wall of bored
piles. On the basis of the three-dimensional model, the
influence of the protective wall located between the tun-
nel and the cathedral on the nature and magnitude of
the earth’s surface settlement was studied. However, this
work does not take into account the dynamic compo-
nent of a nearby transport tunnel.

In [9], the protection of the foundation against dy-
namic effects with the use of trench barriers is consid-
ered. The research was carried out using the FLAC soft-
ware. The source of the dynamic impact was the vertical
shock load P = 1.0 MN. As a barrier, two options are
considered — a concrete wall and an unfilled trench. A
homogeneous soil mass was simulated. However, the
authors did not consider the influence of the material
properties of the barrier on its efficiency as a protective
structure.

It should also be noted, that a more important pa-
rameter in assessing the building setting is its tilt, i.e. the
difference in the settlement of the foundation external
points, which is not taken into account in the above
studies.

Objective of the article. The purpose of the study is to
justify the rational parameters of the protective structure
for the existing building located on the loess soil and
subjected to the influence of dynamic loads from the
surface source, which allows reducing the tilt and settle-
ment of the structure.

Presentation of the main research and explanation of
scientific results. The choice of rational parameters of
protective structures should be geomechanically justi-
fied and take into account the material of structures,
their dimensions, and also the properties of the rock on
which the protected object is located. For the study, it is
advisable to use modern software that allow taking into
account geometric and geotechnical parameters with
the engineering accuracy of the results.

For carrying out numerical studies, the software
FLAC 2D was used. This software uses the finite differ-
ence method in calculations.

Dynamic analysis is based on the example of a building
constructed on the subsiding ground exposed to dynamic
loads from moving vehicles or process equipment (Fig. 1).
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Fig. 1. The calculation scheme for solving the problem of
the in fluence of dynamic loads on a building

The “loess soil — structure” system on several hori-
zontal layers of subsidence ground in the zone of a dy-
namic load was simulated. The physical and mechanical
properties of soils were assumed to be typical for the
conditions of Dnipro city, according to the data of soil
investigation (Table 1). A compacted soil layer was in-
troduced under the foundation of the structure.

The most important elements, which are included in
the calculation scheme (Fig. 1) are as follows:

1. The source of the dynamic load is the railroad. Ac-
cording to [10], the greatest impact on the level of vibra-
tion from moving vehicles will occur for the axis load of
the train and the speed of its movement. Harmonic os-
cillation from the axis is transferred to the rail, sleepers
and then into the ground.

For rail transport, the axial load can vary significantly
from a few tons and several tens of tons for a freight train.
In the present studies, the axial load is 240 kN, which is
uniformly distributed over the sleeper width of 3 m. In
this case, the load is applied to grid points (0.5 x 0.5 m)
and the load will be 34 kN per point, respectively.

The dynamic coefficient will depend on the speed of
the train, and according to [11], it will be 1.0 for the

Table 1
Physical and mechanical properties of the soil layers
o . =]
o § mh % 0‘\ ‘-05 _ ?0 Eﬁ
Soil *? ME s % < : 5 < [5) g é— 8
12 g B A e > 7" = D = s
layers S & é 5 5 s 5 25| &
o 82 | S 5| E
a £ Q E|FE
No. 1 2000 |35-10°| 0.3 | 18-10* 35 10
No. 2 1800 20-10°| 0.3 | 5-10° 16 2
No. 3 1770.0 | 20-10°| 0.3 | 5-10° 26 28
No. 4 3100.0 | 42-10° | 0.1 - — 35
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movement of the railway transport within the industrial
site.

2. The object of dynamic effects is a high building
(tower-type headgear) on a slab foundation. The calcu-
lation for dynamic effects was performed taking into ac-
count the inertia forces.

3. The base of the building foundation. Taking into
account the soil compaction, the design scheme in-
cludes the layer of compacted soil (soil layer No.l,
Fig. 1), the thickness of which is assumed to be equal to
the depth of the highly compressible soil. The interac-
tion of the soil and the structure was realized with the
help of an interface element available in the FLAC 2D,
which allows introducing additional parameters — the
stiffness of soil and the Mohr-Coulomb failure criterion
to prevent a slip along the base of the foundation.

4. A soil medium of the dynamic load propagation is
represented by loess loam (layers No. 2 and 3) and bed
rock (layer No. 4).

Strength characteristics of loess soils were taken ac-
cording to the results of previous studies for static [12]
and dynamic [13] tests within the given values of the ac-
celerations a = 0...4.3g m/s? and humidity o = 11...22 %
and correspond to:

- cohesion at long-term shear test

¢, = e 199-0012:a-905 0,
- angle of internal friction during short-term dynam-
ic shear test

— ,0.1-0.009 a-7.735 " ©.
Podin = € “

- angle of internal friction during long-term dynamic
shear test

Pondin = 6_1'28 -0.017-a-3.762 - o

The results of numerical calculation show that the
behaviour of the “soil-structure” system varies depend-
ing on the static and dynamic conditions. Uneven defor-
mations, horizontal displacements and tilt of structure
can occur after application of dynamic loads (Fig. 2).

To protect the object from deformations, a protec-
tive barrier is provided on the way of propagation of vi-
brations from the dynamic load.

In order to exclude the deformation of the structure
during the construction work of the protective barrier, it
is placed at the distance of L = 10 m to the protected
object. This distance is outside the deformation zone
due to the weight of the structure and also allows the
necessary technological equipment to be placed for the
construction. The width of the barrier is taken 5=0.5 m.

The effective deformation modulus £ and the depth
H of the barrier (Fig. 3) were studied. As fillers for a
trench, materials with a deformation modulus from 5 to
50 000 MPa were considered (Table 2).

The protective barrier, depending on the material
used, can absorb the energy of seismic waves in the
ground or reflect it, changing their direction, creating a
safe zone for the protected structure. Using the numeri-
cal simulation, the behaviour of the barrier can be
checked with the velocity or displacement vectors after
application of the dynamic load (Fig. 4).
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Fig. 2. The displacement vectors from the building’s own
weight (a) and under dynamic load (b)

Fig. 3. Calculation scheme to justify the parameters of the
protective barrier

The results of the investigations for various parame-
ters of the protective screen are shown in Fig. 5. The ef-
ficiency was assessed by the magnitude of the maximum
deformation, tilt and the values of acceleration at the
foundation of the structure.

Due to the analysis of the results, the most effective
material for protecting a building from dynamic impacts
is a soil-cement mixture with the deformation modulus
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Fig. 4. The direction of the velocity vector of the soil par-
ticles at interacting with the protective barrier

FE > 15 000 MPa. The optimal depth of the protective
barrier is equal to 20 m.

The results of the studies to determine the most ef-
fective depth of the barrier are shown in Fig. 6.

According to the results of numerical studies, the use
of low-modulus materials such as rubber or expanded
clay as protective barrier leads to an increase in defor-
mation of the soil at the base of the structure. Therefore,
their use to protect objects from dynamic effects in sub-
sidence loess soils is not recommended. The final choice
of the protective barrier requires an analysis of their
technological and economic indicators.

To create a protective screen with the required defor-
mation characteristics, the technology “slurry wall” or
jet grouting technology can be used.

The use of high-modulus materials (monolithic
concrete, reinforced concrete with a deformation mod-
ulus £ > 30 000 MPa) implies the use of the “slurry
wall” technology.

“Slurry wall” is one of the most progressive and uni-
versal technologies to build the enclosing and support-
ing structures, anti-filtration or vibration-proof screens
in the soil.

The “slurry wall” method can be used close to existing
facilities, the volume of excavation is very small, and there
isno need for pumping water and backfilling. After trench-
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Fig. 5. The values of the maximum deformations (a), the
Jfoundation tilt (b) and the maximum acceleration at

the base of the structure (c) for various materials of
the protective barrier:

1 — rubber crumb; 2 — keramzit, 3 — soil-cement mix-
ture 1; 4 — soil-cement mixture 2; 5 — concrete
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ing, they can be filled with monolithic concrete, reinforced
concrete, prefabricated reinforced concrete elements.

The development of trenches with a width of 0.4...
1.1 m is performed by drilling units, drilling milling ma-
chines, bucket machines or excavators to a depth of 50 m
or more.

The main disadvantage of the “slurry wall” is a com-
plex technology, which requires the use of expensive
machines and mechanisms. When creating a trench, the
surface is exposed by the entire length and depth of the
protective screen. In urban areas with a branched utility
system, this is very difficult. The re-laying of the utilities
considerably complicates the work, increases the dura-
tion and cost of construction. High work labour input
and technological complexity determine the high cost of
construction of the “slurry wall”.

Creation of a screen with a deformation module £ =
=15 000...25 000 MPa is possible with the use of a jet-
grouting technology.

The jet-grouting technology consists in using the en-
ergy of a high-pressure jet of cement mortar for destruc-
tion and one-time mixing of soil with cement mortar in
the “mix-in-place” mode. After the solidification of the
solution around the well, soil-concrete structures are
formed in the form of a cylinder with high strength, de-
formation and anti-filtration characteristics with a di-
ameter of 600 to 2000 mm. The depth of soil-cement
piles is determined by the capabilities of the drilling
equipment and can be 50 m or more.

The shape of the piles can also vary, depending on
the design of the monitor, through which the solution is

0.3
=)
“ 0.1
=
g“ 0
é ~01 10 15 20 25 3
S 02 e .
[a)]
-0.3
-0.4
Depth, m
= = point Nol point Ne2
a
4
g
v
=35
=
8
: \
E 3
i)
|5
A
2.5
10 15 20 25 30
Depth, m
b

Fig. 6. The efficiency of the protective barrier with depth:

a — deformation of the extreme points of the building; b —
Jfoundation tilt

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 3



GEOTECHNICAL AND MINING MECHANICAL ENGINEERING, MACHINE BUILDING

supplied, and the appropriate manipulation with it. For
example, when rotating and slowly lifting the monitor, a
pile of cylindrical cross-section is formed. When lifting
without turning, the piles are blade-like. The main ad-
vantages of the technology include high performance,
simplicity, economy and ability to work in urban condi-
tions. The strength of the soil-cement material is easily
regulated by the quantity and grade of cement supplied
to the soil mass. At the same time, this technology
makes it possible to obtain a low-modulus ground-ce-
ment mixture. For this purpose, additives which reduce
the density and deformation properties of the mixture —
surface-active or foaming reagents, gas-forming agents
and polystyrene pellets — can be added to the composi-
tion.

Another advantage of jet-grouting technology, in
comparison with the “slurry wall” is that soil-cement
piles can be constructed without opening the surface. In
some parts, the barrier does not have to be brought to
the surface level without disturbing the upper layer of
soil. For example, where power cables, pipelines, and
others are laid. Thus, the problem of existence of an un-
derground network of utility system when creating pro-
tective barriers can be resolved.

The cost of creating barriers with jet-grouting tech-
nology, according to a number of manufacturers in
terms of the volume of the finished soil-cement con-
struction of the protective screen is 5...6 times cheaper
than the cost of “slurry wall”.

Thus, from the viewpoint of manufacturability and
the cost of work, a protective barrier made of soil-ce-
ment piles, created by the jet-grouting technology with-
out rotating the monitor is the most effective.

Conclusions and recommendations for further re-
search. The developed numerical model makes it possi-
ble to evaluate the effect of dynamic loads from surface
sources on objects located on loess soils. Numerical
studies have shown that the use of low-modulus materi-
als such as rubber or expanded clay as the protective bar-
rier does not reduce deformations. Therefore, their use
to protect objects located on subsidence loess soils from
dynamic influences is not recommended.

The most effective for this purpose is a protective
screen with a depth of at least 15 m with a deformation
modulus of at least 15 000 MPa, and soil-cement piles
constructed using jet-grouting technology may have the
necessary engineering properties.

The obtained parameters of the protective barrier
can be used for saving the objects located on loess soils
in the area of dynamic loads from technological equip-
ment and transport in the dense urban and industrial
areas.

References.

1. Balkin, B. M., 2013. Elements of the transport impact
on buildings and structures. Their protection against
traffic noise and vibration. Vestnik SGASU. Town Plan-
ning and Architecture, 3(11), pp. 44—45.

2. Designing protection against traffic noise and vibra-
tions of residential and public buildings. 1999 [online].
Available at: <https://znaytovar.ru/gost/2/Posobie k

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N° 3

MGSN_20497 Proektiro2.html> [Accessed 11 June
2017].

3. Sedykh, A.A., 2009. Protection of buildings from vi-
bration. Omsk scientific bulletin, 1(84), pp. 11—14. Avail-
able at: <https://cyberleninka.ru/article/v/zaschita-
zdaniy-ot-vibratsii> [Accessed 26 July 2017].

4. Volkov, A.V., Kalashnikova, N.K., Kurnavin, S.A.
and Veretin, . A., 2005. Vibration protection of build-
ings located near metro lines. Building materials, 9,
pp. 1-3. Available at: <http://www.mukhin.ru/
stroysovet/funds/35.html> [Accessed 11 June 2017].

5. Golovko, S.I., Golovko, A.S., Gorlach, S.N.,
Kraymer, Y.G. and Ulyanov, V.Y., 2015. Investigation
of the dynamic characteristics of buildings in the far
field of the source of oscillations. Academic journal. In-
dustrial Machine Building, Civil Engineering, 1(43),
pp. 202—-207.

6. Sdvizhkova, Ye.A., Kovrov, A.S. and Kiriiak, K. K.,
2014. Geomechanical assessment of landslide slope sta-
bility by finite element method. Naukovyi Visnyk Nat-
sionalnoho Hirnychoho Universytetu, 2, pp. 86—92.

7. Sdvyzhkova, O.0O., Shashenko, O.M. and Kov-
rov, O.8S., 2010. Modelling of the rock slope stability at
the controlled failure. In: Rock Mechanics in Civil and
Environmental Engineering — Proceedings of the Europe-
an Rock Mechanics Symposium — Switzerland: European
Rock Mechanics Symposium, Lausanne: EUROCK,
pp. 581—584. Available at: <https://www.onepetro.org/
conference-paper/ISRM-EUROCK-2010- 133> [Ac-
cessed 26 July 2017].

8. Karasev, M. A., 2011. Forecast of the sedimentation
of the earth’s surface caused by the construction of an
underground high-speed railway in the sector Sants-La
Sagrera (Barcelona). News of the Higher Institutions.
Mining Journal, 6, pp. 74—79. Available at: <https://li-
brary.ru/item.asp?id=17026209> [Accessed 26 July
2017].

9. Orekhov, V. V. and Negahdar, H., 2013. Efficiency of
Trench Barriers Used to Protect Structures from Dy-
namic Loads and Study of the Stress — Strain State of
Soils Based on Strain Hardening and Elastic Models.
Vestnik MGSU, 3, pp. 105—113.

10. Nejati, H.R., Ahmadi, M. and Hashemolhossei-
ni, H., 2012. Numerical analysis of ground surface vi-
bration induced by underground train movement.
Tunnelling and Underground Space Technology, 29,
pp. 1-9.

11. Bratov, V., Petrov, Y., Semenov, B. and Darienko, I.,
2015. Modelling the high-speed train induced dynamic
response of railway embankment. Material Physics and
Mechanics, 22, pp. 69—77.

12. Solodyankin, O. V., Kovrov, O.S. and Ruban, N. M.,
2015. Investigation of physical and mechanical pro-
perties of subsiding soils at the Yevpatoriyskaya ravine
located in the city of Dnepropetrovsk. Naukovyi Vis-
nyk  Natsionalnoho Hirnychoho Universytetu, 1,
pp. 15-20.

13. Solodyankin, A. V. and Shepel, N. N., 2015. Investi-
gation of the strength properties of loess soils under the
action of vibrodynamic loads. Modern resource-saving
technologies of mining production, 2(16), pp. 32—41.

85




GEOTECHNICAL AND MINING MECHANICAL ENGINEERING, MACHINE BUILDING

OxopoHa 00’€eKTiB Bif Aii TpUBaIMX
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Meta. OOrpyHTYBaHHS palliOHAJbHUX MTapaMeTpiB
OXOPOHHOI KOHCTPYKIIii iCHyt04oi OyAiBii, po3Taiio-
BaHOI Ha JIECOBOMY I'DYHTI, Bill TOBEPXHEBOTO IXKepeia
BiOpOIMHAMIYHUX HAaBAaHTaXXEHb, 1110 JO3BOJISIE 3HU3U-
TU KPEH CIOPYIN Ta 0CaaKu (hyHIAMEHTY.

Meroauka. 3acTtocoBaHi METOIM YUCEJIHBHOTO MO-
JIEJIIOBAHHST TEOMEXaHIYHUX TPOLIECIB JJIS1 OLIIHKY Ta-
paMeTpiB HampyXeHOo-ae(pOopMOBaHOTO CTaHY CUCTEMU
,,CIIOpya — IPYHTOBUI MacuB®.

PesynbraTu. BctaHoBneHo, 1110 3axuct hyHIaMEHTY
OyaiBi, po3TallioBaHOI Ha JIECOBOMY I'DYHTI, Bifl BIUTMBY
TOBEPXHEBOTO [IXKepesia TUHAMIYHOTO HaBaHTaKEHHSI
3a0e3MevYyeEThCSl  BUKOPUCTAHHSIM  BiOPO3aXMCHOTO
eKpaHy 3 MmaTepialy 3 MoayieM aedopmauii E >
> 15000 MTIla. JoBeneHo, mo aecdopmalrii pyHIaMeHTY
3HIKYIOThCSI HEMiHIAHO mpu 30UIbIIEHHI TIMOUHU
eKkpaHy Bim 15 mo 25 M, a ipu TImouHI ekpany H =20 M
BiOyBa€eThCSI MaKCUMAaJIbHE 3HIDKEHHS ocaaku (pyHIa-
MEHTY 1 KpeHy criopyau. [TokazaHo, 1110, 3 To3uLLii TeX-
HOJIOTIYHOCTI Ta BApTOCTi BUKOHAHHS pOOIT, HAHOLIbIIT
palioHaJbHUM i €KOHOMIYHO e(heKTUBHUM € 3aXUCHUI
€KpaH i3 TPYHTOILIEMEHTHUX T1aJjib, 1110 CTBOPIOIOTHCS 32
CTPYMEHEBOIO TEXHOJIOTI€I0 3aKPIIJIEHHS TPYHTIB.

Haykosa HoBusHa. Po3pobjieHa HOBa yucenbHa MO-
JIeJTb TEOTEXHIYHOI CUCTEMH ,,CTIOPYIa — HEOTHOPITHUI
IPYHTOBUI MacuB® IJisl OLIHKM MapaMeTpiB HampyxXe-
HO-1e(hOPMOBAHOTO CTaHY MacWBY JIECOBOTO TPYHTY,
1110 € OCHOBOIO Ccriopyau. BinMiHHOIO OCOOJIUBICTIO MO-
JIeJli € BUKOPUCTAHHS 3HAuY€Hb MapaMeTpiB Mil[HOCTI
JIECOBUX TPYHTIB, OTPUMAHUX TIPU TPUBAIMX TUHAMIU-
HUX BUMPOOYBAaHHSX y JIabopaTOpHUX yMoBax. Bcra-
HOBJIEHI 3aKOHOMipHOCTI 3MiHM HaTpyKeHO-1e(OopMO-
BaHOTO CTaHY reOTeXHIYHOI CUCTEMHU ,,CIIOpyJa — HEO-
JHOPiTHUI TPYHTOBUI MacuB® MpU BIUIMBI MOBEpPXHE-
BOTO JIKepesia TPMBAINX IMHAMIYHUX HABAHTaKEHb JIJIsT
Pi3HUX MTapaMeTpiB BiOPO3aXMCHOTO EKPaHY.

IIpakTuuna 3HauumicTs. Po3pobieHa yucenbHa Mo-
JIeTb TO3BOJISIE TIPOBOIUTH OLIIHKY BIUIMBY ITWMHAMIiU-
HUX HaBaHTaXEHb BiI ITIOBEpXHEBMX [DKepesl Ha
00’€KTH, pO3TAIIOBaHi Ha JIECOBUX IpyHTax. OTpUMaHi
mapaMeTpy 3aXUCHUX eKPaHiB MOXYTb OYTU BUKOPYC-
TaHi IPY OXOPOHi 00’€KTIB, pO3TAllIOBAHUX Ha JIECOBUX
IPYHTaX, y 30Hi Jil IMHAMiYHMX HaBaHTaXEHb BiJl T€X-
HOJIOTIYHOTO 00JIafHAHHS I TPAHCIIOPTY.

KmouoBi caoBa: ecosuii rpynm, ounamiuni Haaw-
mabsicenHs, 8ibpayis, 8ibponpucKopeHHs, Onip Ha 3cys,
Xapakmepucmuky MiyHOCmi, 3axXUcHUll eKkpaH
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Heab. OO0CHOBaHME pPALMOHATIBHBIX MAPAMETPOB
OXpPaHHOUW KOHCTPYKIIUM CYIIECTBYIOIIIETO COOPYXKe-
HUSI, PACTIONIOXKEHHOTO Ha JIECCOBOM OCHOBAHUM U TTOM-
BEpPKEHHOTO BO3ICUCTBUIO BHOPONMHAMMYECKUX Ha-
I'PY30K OT MOBEPXHOCTHOTO UCTOYHMKA, ITO3BOJISIIOIICH
CHU3UTH KPEH COOPYKEHUS U 0caaKu (hyHIaMEHTA.

Metomuka. [IpriMeHeHbI METObI YMCACHHOIO MOJIe-
JIMPOBaHMSI T€OMEXaHUUECKUX MPOLECCOB MJIsI OLIEHKU
ImapaMeTPOB HaIPsEKEHHO-Ie(POPMHUPOBAHHOTO COCTO-
STHUSI CICTEMBI ,,COOPY:KEHNE — TPYHTOBEIIT MacCUB®.

PesyabTaTbl. YcTaHOBJIEHO, 4YTO 3aliuTa (@yHIa-
MEHTa 3[aHUsI, PACTIOJIOXKEHHOTO Ha JIECCOBOM OCHO-
BaHWUM, OT BO3ICHCTBUSI ITOBEPXHOCTHOTO MCTOYHUWKA
IUHAMHWYECKON Harpy3Ku OOeCIeumBacTCs yCTPOIi-
CTBOM BHOPO3aIIMTHOTO 9KpaHa U3 MaTepraa C MOIY-
nem necdopmaunu E > 15 000 MITa. JlokazaHo, 4To Je-
dopManmm pyHImaMeHTa HEJIMHEIHO CHIKAIOTCS TIPU
YBEJIMYEHUM TIIyOMHBI 9KpaHa oT 15 1o 25 M, a nipu
ryouHe skpaHa H =20 M TpoUCXOAUT MaKCUMaabHOE
CHIUKEHME ocaliokK hyHAaMeHTa U KpeHa 3naHus. [lo-
Ka3aHo, YTO, C TMTO3ULINIA TEXHOJIOTUIYHOCTH U CTOUMO-
CTHU BBITIOJTHEHUS paboT, HamboJiee pallOHAIbHBIM 1
SKOHOMIYECKN 3(P(PEKTUBHBIM SBIISICTCS 3aIlNTHBINA
SKpaH U3 TPYHTOLIEMEHTHBIX CBail, CO3IaBacMBIX ITO
CTPYMHOI TEXHOJIOTUHU 3aKPETUICHUS TPYHTOB.

Hayuynasa nosusna. PazpabotaHa HOBasi YMCJIeHHas
MOJIENIb TeOTEXHMIECKOM CUCTEMBI ,,COOPYKEeHIE — He-
OTHOPOIHBII TPYHTOBBII MAaCCUB® TSI OLIEHKM Tapa-
METPOB HaIPSLKEHHO-Ie(hOPMUPOBAHHOTO COCTOSTHUS
MaccHBa JIECCOBOTO TPYHTA, SIBJISIIOIIETroCsl OCHOBAHMU-
eM coopyxkeHus1. OTIIMYUTEIbHONH 0COOEHHOCTBIO MO-
NI SIBJISIETCSl MCTOJIb30BaHUE 3HAYEHUI MPOYHOCT-
HBIX TTAPAMETPOB JIECCOBBIX TPYHTOB, MTOJYYEHHBIX TTPU
IJTATETbHBIX TUHAMWYECKUX MCITBITAaHMUSIX B JJabopa-
TOPHBIX YCJIOBUSAX. YCTaHOBJICHBI 3aKOHOMEPHOCTHU
W3MEHEHUST HAIIPSKEHHO-Ae(OPMUPOBAHHOTO COCTO-
STHUST TeOTEXHUYECKOM CHUCTEMBI ,,COOPYXKEeHUEe — He-
OIHOPOIHBIA TPYHTOBEIIT MacCUB“ TIPU BO3ICHCTBUU
ITATETbHBIX TMTHAMMYECKIX HAarPy30K OT TTIOBEPXHOCT-
HOTO MCTOYHMKA UISI pa3IUYHBIX TTapaMeTPOB BUOPO-
3aIIMTHOTO PKpaHa.

IIpakTHyeckas 3HaumMocTb. Pa3zpaboraHHass yuc-
JIEHHasi MOZIeJIb ITO3BOJISIET IIPOBOIUTH OLIEHKY BO3eH -
CTBMSI AMHAMUYECKUX HATPY30K OT TOBEPXHOCTHBIX MC-
TOYHUKOB Ha OOBEKTHI, PACITOJIOKEHHBIE Ha JIECCOBOM
ocHoBaHuM. [lojlydeHHBIE TIapaMeTphbl 3allUTHBIX
SKPaHOB MOTYT OBITh MUCITOJIb30BaHbI TIPU OXpaHe 00b-
€KTOB, pAaCIOJIOXEHHBIX Ha OOBOTHEHHOM JIECCOBOM
OCHOBaHUM, B 30HE IEHUCTBUS TMHAMINIECKIX HATPY30K
OT TEXHOJOTUICCKOTO 000PYI0OBaHMS 1 TPAHCIIOPTA.

KimoueBble ciioBa: seccosulii epynm, JuHamuueckue
HaepysKku, eubpayus, eudPoyCcKopeHue, CONpomusaeHue
cosuey, 3auUmHbLil IKPaH

Pekxomendosano do nybaikauii dokm. mexH. HayK
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