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SCIENTIFIC EVIDENCE FOR WALLS FASTENING TECHNOLOGIES
OF WORKING TRENCH BY THE SPECIAL METHOD «SLURRY WALL»
FOR SHALLOW SUBWAYS’ STATIONS

Purpose. It’s necessary to carry out justification of fastening technology and the choice of the optimal variant,
creating dependency diagrams of moving for idealized cases by means of automated methods of calculations.
Methodology. To achieve this goal, the finite element solid models, which reflect the design of the working trench
for the shallow subways’ stations, with four ways to fix the “slurry wall”, as well as a calculation and analysis of the
stress-strain state of structures and fixtures calculated using the complex with using the finite element method
(FEM) is built in the software package SCAD. Findings. The analysis of the stress-strain state and movements of
various fundamental systems of soil nailing and comparing the results by displaying the calculations results of main
and equivalent stresses, using the built-in postprocessors in software package SCAD. Namely, were identified ex-
treme tensions arising in the wall and strut rail. It is built the tables and the resulting graph of behavior of the struc-
tural fastening condition; the parameters change of the surrounding array on the base of the research. It is possible to
analyze and compare the operation of different constructions of slopes fastening of working trench by means of their
help. Originality. In solving this problem have been analyzed and studied the behavior of the structure fastening the
«slurry wall», and its stress-strain state, the location and the fastening areas that need further elaboration, study and
introduction of measures to strengthen the construction of fences and auxiliary fixing elements, presented with metal
strut rail. Practical value. In the era of highly advanced building technologies in the construction of underground
facilities with using the special method of “slurry wall” the question arises about the quick selection of optimal pa-
rameters, elements and methods of securing its walls from excessive strain and avoidance of displacement to the
calculation of possible combinations of permanent loads from soil in the construction of the working trench.

Key words: “slurry wall”; strut rail fastening; stress-strain state
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Introduction

Owing to the dynamic growth of the population
in the cities and a tendency of the perspective trans-
port infrastructure solution with using of under-
ground space, there is a task in the solution of a num-
ber of questions, belonging to area of underground
construction. The building of the underground facili-
ties, which is being built by the open method, re-
quires a detailed design and protection from exces-
sive strain of fastening construction, and daily surface
around the working trench. The progressive method
of fixing of the working trench slopes is the special
method of a construction “slurry wall”.

This method of the construction of working
trench has several disadvantages, namely: the
emergence of excessive deformations and dis-
placements in the system of wall-array local occur-
rence of extreme stress [2].

The question is to strengthen the design on the
finite element model, which is a prototype of the
working trench of the shallow subway’s station us-
ing the additional fastening by means of strut rail.

Purpose

Numerical justify fixing technology and selec-
tion of optimal variant, creating graphs comparing
of fastening for idealized cases and finding meth-
ods to prevent undue strain and stress in the wall.

Methodology

It is build the finite element models that reflect
the working trench for the shallow subway’s sta-
tion, with four ways of fastening “slurry wall” for
achieve this task, and also the calculation and
analysis of the stress-strain state structures and fas-
tening elements by means of FEM complex calcu-
lation is conducted.

Findings

The analysis of the stress-strain state and move-
ment of various fundamental soil nailing system and
comparing of the given results. It is built the tables
and resulting graphs behavior and state of construc-
tion fasteners, change its settings and parameters
surrounding the array on the basis of researches.

Originality and practical value

In solving task in hand was analyzed and inves-
tigated the behavior of fixing construction and its

stress-strain state, found the space and plots of fix-
ing construction which require further elaboration,
investigation and resolution measures to strengthen
the construction and consolidation items.

During the construction of underground facili-
ties with using a special method “slurry wall” the
question that has to be answered is in a fast selec-
tion of optimal parameters, elements and ways to
consolidate its walls from excessive strain, stabi-
lize the soil mass around working trench, minimiz-
ing the value of its deformation and prevent land-
slides with the expectation gravity load in the con-
struction of working trench.

Developments of finite element model for calcu-
lation the dimensional mountings of “slurry wall”.

For calculation the stress-strain state of the fix-
ing construction of the working trench by means of
strut rail is used finite-element model which is a
section of working trench of length 7 m. The
square size of the finite element is taken 0.5 m.

As it is considered the part of the construction,
which has the extensive sizes, it is necessary to
impose the relocation ban of the appropriate sides:
the relocation prohibition along the global axes X,
Y, Z, for a basis, and in X, Y directions, on ex-
treme edges, that lying in the YoZ and XoZ planes
accordingly [4].

For strut rail fixing two options are selected:

1. Alternative mounting by means of help of
one row strut rail, as shown in Fig. 1, and in the
form of a pipe with a diameter of 1 000 mm and
thick wall of 10 mm;

2. Option fixing with two rows of strut rail, as it
is shown in Fig. 1b, in the form of pipes with a di-
ameter of 1 000 mm and a wall thickness of 10 mm;

Strut rail in the submitted models are repre-
sented as finite element of square section. For
faithful calculation results by means of VC SCAD,
it is given elastic modulus, principal moment of
inertia section area of pipe and composite unit
weight in accordance with section [8, 13].

It is developed models and calculation of a ho-
mogeneous soil mass for a more detailed analysis and
idealized stress-strain state of fixing construction [6,
7]. It allowed reflecting the real action of one given
type of the soil on construction of a barrier.

The calculation was conducted with using para-
meters that numerically reflect the properties of the
material and ground mounting sections and values
through their elastic modules, the proportion of mate-
rials and Poisson’s ratio for each type of rigidity [3, 5].
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Fig. 1. The finite element model with additional

fastening “slurry wall” by means of:
a — one row of strut rail; b — two rows of strut rail
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Fig. 2. The rigidities scheme of the finite element
model during fixing the walls attaching
of the working trenches:
a — by means of the one row of strut rails;
b — by means of the two rows of strut rails

The soils surrounding the array presented in a
variety of similar species, such as sandy, loam,
clay and sand.

The diagram (Fig. 2, a, b) shows the placement
of designated models of rigidity, which correspond
to the actual placement of fixing construction in
the working trench with one and two rows of strut
rails, respectively.

These numerical characteristics of the soil and
the materials fastening elements are summarized in
the Table 1.

Table 1

Numerical parameters of the material models

Name of the Elasticity Relgtive Poisson’s
element moi}ﬁ)l;s E, d%l\?}:KgY’ ratio p
Soils
Sandy loam 15 20.00 0.3
Loam 25 20.00 0.3
Clay 30 20.00 0.3
Sand 75 20.00 0.3
Fastenings
Ferroconcrete | 32.5-10° 24.50 0.2
Strut rails 210-10° 77.00 0.3

For further calculation of construction for
strength, that carried on concrete that is used to
crack the maximum normal stresses arising in the
“slurry wall” along the global Z-axis [10, 14].

The obtaining of normal stresses allows consid-
ering multi-axial stress in elements of model and
more precisely to clarify behavior of construction
in case of interaction it with the environmental ar-
ray executions and caused by its loadings [6].

It is the initial data for calculating finite-
element models of attachment.

The calculation for working trench, slopes con-
solidation of which are presented in the form of
“slurry wall” attached to one and two tiers of strut
rails. Each of these models is the section of work-
ing trench length of 7 m [11].

For comparing four finite-element models of a
special method of working trench slopes fixing by
means of “slurry wall” without any additional fix-
ing with the help of strut rails are constructed. The
rigidness is appropriated to these models, the simi-
larly provided in Table 1, except strut rail fixing.
This model allows to compare system behavior of
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fixing-array and to define points the application of
points of additional coupling in the form of strut
rails. The following number 0-1, 0-2, 0-3, and 0-4
for environmental arrays in the form of sandy
loam, loam, clay and sand respectively is assigned
to these models.

It is analyses the stress-strain state of working
trench mounting with the help of “slurry wall”
without additional fasteners.

The software package SCAD Office 11.5 was
used to calculate the construction of stress-strain
state. The scheme of the distribution of normal
stresses along the Z-axis, available in wall and it is
visible section of their maximum values, and these
values are extreme at 10 m from the top “slurry
wall” are given on Fig. 3. Data retrieved of tensile
stresses in concrete allow picking up reinforcement
for the given construction.

Fig. 3. The scheme of the voltages in the “slurry wall”
without the additional fastening.

By means of results it is revealed the trouble
spots which need the additional fixing and gains
for introduction into service. The maximum ex-
panding and compression stresses which arose in
construction when using the environmental array in
the form of sandy loam, loam, clay and sand are
defined. These data allow calculating fixing con-
struction reinforcements.

In the analysis of horizontal relocation it was
revealed that the maximum relocation of “slurry
wall”, are watched at the level of top of a retaining
wall. All these data are provided in table 2.

Table 2
Stress and displacement models without additional
fastening
Tension NZ, .
No. Soil KN/em? Displace-
model ment, cm
—+ —
Loam
0-1 0.61 0.41 24.10
sandy
0-2 Clay 054 | 038 16.00
loam
0-3 Clay 0.53 0.38 14.42
0-4 Sand 0.31 0.26 6.75

During the study the calculation of the finite-
element models mount slopes of the working trench
with using a special method “slurry wall” without
any additional mounting was conducted. The result-
ing diagrams clearly reflect the processes in the sur-
rounding array and the “slurry wall” [10, 14].

Considering the data provided in Table 2 it is
possible to draw a conclusion that “slurry wall” has
the considerable margin of safety, but this system
doesn’t satisfy a boundary condition of horizontal
relocation of the wall top in case of model with
loam makes the maximum value of 24,10 cm. So
it is necessary to enter additional systems of fixing
in the form of executions of the same kind at the
level of 1, 5 m from wall top. It will allow com-
pensating relocation, arisen in system without ad-
ditional fixing [10].

It is analysis of the stress-strain state of working
trench mounting with “slurry wall” with additional
support in the form of the one row of strut rails.

In models that have been developed and calcu-
lated using the finite element method with the in-
troduction of a number of strut rail clearly dis-
played behavior change “slurry wall”. These
changes consist in reducing the horizontal move-
ment of the wall with the array of local and extra
stress at the site of attachment to the strut rail fence
[12, 15].

The diagram (Fig. 4) shows movement isofield
of fastening systems along the X-axis of the global
maximum values of displacement and stress: for
walls — at the bottom of the working trench and
third of the height of the wall from the bottom of
the working trench, respectively; and contiguity
strut rail at the “slurry wall”. The results are sum-
marized in Table 3.
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Fig. 4. The scheme of movements along the global
X-axis

According to the attained results it is shown
that the design has significant reserves of strength
for the first group of limiting states. However, it
does not satisfy the condition of horizontal dis-
placement (second boundary condition) in different
types of soils.

The largest equivalent stress and horizontal dis-
placement observed in the variant with the sur-
rounding array, which is presented in a sandy loam
and smallest values of these parameters are ob-
served in the array, in the form of sand.

Table 3

The stresses and displacement in models with
additional fixing with one row of strut rails

Tension NZ, )
No. Soil kN/cm? Displace-
model ment, cm
+ _
Loam
1-1 056 | 0.39 24.03
sandy
1-2 Clay 1 049 | 036 16.53
loam
1-3 Clay 047 | 035 15.06
-4 | Sand | 026 | 0.24 7.22

By means of results it is revealed trouble spots
which need additionally fixing and gains for intro-
duction into service. The maximum expanding and
compression stresses which arose in construction

when using an environmental array in the form of
sandy loam, loam, clay and sand are defined.
These data allow calculating the fixing construc-
tion of reinforcements.

It can be concluded that the introduction of ad-
ditional spacer model led to reduction of stress in
concrete construction “slurry wall” and reduce the
horizontal displacement at the top of the working
trench. However, at the bottom of the pit horizontal
displacement values increased significantly as a
result of “slurry wall” “rotation” around the strut
rail. In this case it is advisable to introduce an ad-
ditional row of strut rail vertically, to reduce the
expression of this phenomenon.

It is analysis of the stress-strain state of work-
ing trench mounting with “slurry wall” with addi-
tional support in the form of two rows of strut rails.

In the above models for analysis and compari-
son have been introduced additional second tier of
strut rails. This event allowed significantly reduces
the horizontal displacement system mounting and
reduce its domestic efforts [14, 16]. The results of
models calculation with the help of finite element
method are shown in Table 4.

Table 4

Stress and displacement models with additional
fastening with two rows of strut rails

Tension NZ, .
No. Soil KN/em? Displace-
model ment, cm
—+ —
2 | beam bogo4 | gs4 20.90
sandy
22 | G 07 | g4 13.26
loam
2-3 Clay 0.27 0.38 11.60
2-4 Sand 0.19 0.23 5.66

These results show that the introduction of the
additional second row of strut rails allowed reduc-
ing the horizontal displacements up to 25% com-
pared to the variants of working trench mounting
slopes with using the optional mounting as one row
of strut rail. However, there were local extreme
tensions at the site of attachment of the second
strut rail row. Following to this, efforts for
strengthening the places of strut rail attaching point
enter the additional reinforcement.
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Conclusions

By results of these conducted researches the
analysis of change of the intense deformed status
of construction of slopes fixing is made. The solu-
tion of these tasks was shown that it didn’t lead to
introduction of one vertical row of strut rails to
significant improvement of indexes and led to the
origin of additional tension and extreme relocation
at the level of excavation bottom. It shows that
with big depths of working trenches it is necessary
to enter additional vertical rows of strut rails in the
course of carrying out the soil development for
shallow subways’ stations and other underground
engineering constructions [1].

According to the movements it is built the de-
pendency diagrams of elastic modulus and hori-
zontal displacements wall-soil system for each case
of working trench fixing. The diagrams are built
for extreme values of displacements at the excava-
tion bottom (except option without additional fas-
teners) and shown in Fig. 5. The data of relocation
for a graphics of fixing option of the working
trench without strut rails are used for the level of
working trench top [16].

This diagram shows efficiency of additional fix-
ing introduction of two vertical rows of strut rails
and the changing of deformations value with change
of elastic modulus of an environmental array.

The graphs of functions are represented as
power function and performance with reliability
approximation equal to about 1, which is confirm-
ing the existence of power dependence of the elas-
ticity modulus and movement in the system [9].

According to the given results of calculations it
is possible to make the following conclusions.

The method of introducing of the additional
rows of strut rails in the fastening construction has
been achieved the reduction of the horizontal dis-
placement at the excavation bottom. And to reduce
the value of the main stress concrete construction
“slurry wall”, which is allowing arguing about the
effectiveness of using this method in any geologi-
cal conditions, presented by soils with unstable
grounds [7].

30
+ Without strut rails
25 With one row of strut rails
E 44
=)
£ A With two rows of strut rails
~
w20
- a—  Power dependence
= (without strut rails)
o)
2 15 = . = Power dependence
o (with one row of strut rails)
=
% = == Power dependence
g 10 (with two rows of strut rails)
=
E - y =206.22x°07°
< R*=0.9988
= s
y = 185.31x70-7
R?=0.9977
0 y = 181.43x70-806
0 20 40 60 80 R?=0.9987

The elastic modulus of the soil, MPa

Fig. 5. The dependence graph of the horizontal displacements of the array from the elasticity modulus
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HAYYHOE OBOCHOBAHUE TEXHOJIOT'UH KPEILJIEHUSA CTEH
KOTJIOBAHOB CIIEHUAJIbHBIM CIOCOBOM «CTEHA B I'PYHTE»
JJISA CTAHIOUU METPOITIOJIMTEHOB MEJIKOI'O 3AJTIOKEHUSA

Heas. B padore mpoBeneHo 000CHOBaHNE MPUMEHEHUS TEXHOJIOTHI KPEIICHNST H BBIOOP ONTUMAJIbHOTO BapH-
aHTa, Co3JaHusl rpadrKoB 3aBUCUMOCTEH MepeMEIICHHS TS HIeaTu3UPOBAHHBIX CIIy4aeB MPU IMOMOIM aBTOMAaTH-
3UPOBAHHBIX METOAOB pacueToB. Metoauka. [ HOCTHKEHHS IMOCTABICHHOW IIENM B NMPOTPAMMHOM KOMILIEKCE
SCAD mocTpoeHb! KOHEUHO-3JIEMEHTHBIE 00BEMHBIE MOJENH, KOTOPhIE 0TOOPaXar0T KOHCTPYKIMIO KOTIIOBAaHA IS
CTaHIMH METPOIIOJIMTEHOB MEJIKOTO 3aJI0KEHUS, C YEThIPhMsI CIIOCO0aMH 3aKpEIJICHUS] «CTEHBI B TPyHTe». Taroke
NIPOM3BEJICH pacyeT U aHaJIN3 HaNpPsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSI KOHCTPYKIMH U JIEMEHTOB KpEIIeHUs
C TOMOIIBI0 PACYETHOTO0 KOMILIEKCa ¢ MCIIOJIb30BaHUEM MeToja KOoHeuHbIX 3neMeHToB (MKD). Pesyabstatsl. [Ipu
MIOMOIIM OTOOpaXEHUs Pe3ybTaTOB PACUETOB IVIABHBIX M AKBUBAJICHTHBIX HAINPSDKEHUH, MCIONB3YsI BCTPOCHHBIE
MOCTIIPOLIECCOpPHI B IporpaMmMHoM Komiuiekce SCAD, npoBeneH aHaiIM3 HapsHKEHHO-eOPMUPOBAHHOTO COCTOS-
HUS ¥ TIEPEMEIICHNHN Pa3ITNYHBIX IPUHIUITHATEHBIX CHCTEM KPEIUICHHEe-TPYHT U CpaBHEHHE TTOJMYYCHHBIX Pe3yJbTa-
TOB. A IMEHHO, OBUIH OTIpeNeNIeHbl SKCTPEeMaNbHbIC HANPSKSHHS, BO3HUKIINE B CTEHE W paccTpenax. Ha ocHoBe
HCCIICIOBAaHHUN TTOCTPOCHBI TAOIHUIIH U Pe3yNbTUPYIOIINE Tpa(UKA TOBECHUS COCTOSHUS KOHCTPYKIIUH KPEIUICHUS,
W3MEHEHHs IapaMeTpoOB OKpy’Karomero maccuBa. C MX ITOMOIIBI0 MOXKHO aHAJM3MPOBATh M CPAaBHUBATH paboTy
Pa3HBIX KOHCTPYKIUH yYKpEeIUIeHHsI 0TKOCOB KoTiIoBaHOB. HayuHasi HoBu3HA. [Ipu pemenny qaHHOI 3amaqu OBLIO
MIPOAHATIM3UPOBAHO M HCCIEIOBAHO MOBEACHHE KOHCTPYKIUH KPEIUIEHUS «CTCHBI B TPYHTE» W €€ HaIpsDKCHHO-
nedopmMupoBaHHOTO cocTOstHUS. OnpenesieHbl MecTa M YYacTKH KOHCTPYKLMI KpeIruleHHs, KOTOPbIE HYXIATCs
B JlaJIbHEHILEeH JeTajlbHOW pa3paboTke, M3Y4YEHHMHM M BBEJCHUM MEPONPHATHH JUIS YKPEIUICHHS KOHCTPYKLIHH
OrpaXXJCHNU W BCIIOMOTraTCJIbHBIX OJJICMCHTOB 3aKpCIJICHHUA, IMPCACTABJICHBIX MCETAIMYCCKUMU pacCTpEiaMu.
IIpakTHyeckast 3Ha4MMOCTh. B 3110XYy BBICOKONIPOrPECCUBHBIX TEXHOJIOTHI CTPOUTENBCTBA IIPU COOPYKEHUU MOJ-
3eMHBIX 00BEKTOB C HCIIOJIL30BAHUEM CIIEIHAIBHOTO CIOCO0a «CTEHA B TPYHTE» BO3HUKAET BONPOC OBICTPOTO MOA-
0opa ONTHMAIFHBIX APaMETPOB IEMEHTOB U CIIOCOOOB YKpEIUIeHHUs €€ CTeH OT Ype3MepHBIX Jedopmannii. Taxke
cTabMIM3anuy TPYHTOBOTO MAaCCHBAa BOKPYT KOTJIOBaHA, MUHIMH3HPOBAB 3HAYCHUS €ro aedopMannud 1 U30eTaHus
CIBHTOB C PacueTOM BO3MOIKHBIX KOMOWHANINI IIOCTOSHHBIX HATPY30K OT TPYHTOB IPH COOPYKEHUH KOTIOBaHA.

Kniouegvie cnosa: «cTeHa B IPYHTE»; PacCTPEIbHOE KPEIUICHNE; HAPSHKEHHO-Ie(DOPMUPOBAHHOE COCTOSIHUE
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HAYKOBE OBI'PYHTYBAHHS TEXHOJIOI'TH KPIIIJIEHHS CTIH
KOT/JIOBAHIB CIIEHIAJIbBHUM CIIOCOBOM «CTIHA B I'PYHTI»
JJISA CTAHOIN METPOIIOJITEHY MUUIKOI'O 3AKJIA/IEHHSA

Meta. B po6oTi mpoBeieHO OOIpyHTYBaHHS 3aCTOCYBAaHHS TEXHOJIOTIH KpiIUIeHHS Ta BUOIp ONTHMAaIbHOTO Ba-
piaHTy, cTBOpeHHs rpadikiB miadopy KpIIIeHHs s i7eani30BaHuX BHIIQJIKIB 32 JIOMOMOTOI0 Cy4aCHUX aBTOMAaTH-
30BaHUX METO/IB Po3paxyHKy. MeToauka. JJ1s1 TOCATHEHHS OCTAaBJIEHOI 3a7adi B mporpaMHoMy kKomrmiekci SCAD
1o0yI0BaHO CKIHYEHHO-EJIEMEHTHI 00’ €MHI MOJiei, sIKi BiJOOpakaroTh KOHCTPYKIIIIO KOTJIOBaHY JUIsi CTaHLIl MeT-
PONOJIITEHY MIJIKOTO 3aKJIaJeHHs, 3 JBOMa PI3HUMH CIIOCOOAMHM 3aKpIiIUICHHSI «CTIHM B IPYHTI». Takox mpoBeneHo
PO3paxyHOK Ta aHaJi3 HaNPyXEeHO-Ie(hOPMOBAHOTO CTaHY KOHCTPYKIIH Ta €JICMEHTIB KPIIICHHS 3a JOIIOMOI'OIO
PO3PaxyHKOBOTO KOMIUIEKCY 3 BUKOPHCTaHHSIM MeToay ckinueHHHX eneMeHTiB (MCE). PesyabTaTn. 3a nomomo-
TOI0 BiZIOOpa)XeHHsI pe3yJIbTaTiB PO3PAaXyHKIB IOJIOBHUX Ta €KBIBAJICHTHUX HAIPYy>KeHb, BAKOPUCTOBYIOUH BOY/I0OBa-
Hi mocTrnponecopy B nporpamMHomy komiuiekci SCAD, mpoBeneHo aHajli3 HamnpyXeHo-Ae()OPMOBAHOIO CTaHy Ta
MepeMIIIeHb Pi3HUX MPUHIMIIOBIX CHCTEM KPIIUICHHS-TPYHT i MIOPiBHAHHS OTPUMaHHUX pe3yibTaTiB. A came, OyIo
BHU3HAYCHO EKCTpEeMallbHI HANpyKEHHs, SKi BUHHUKIM B CTiHI Ta po3cTpimax. Ha ocHOBI mocmimkeHs moOymoBaHi
TaOIUII Ta pe3yNbTyoUi Tpadiki MOBEIIHKN Ta CTaHy KOHCTPYKIII KPIiIJICHHS, 3MiHA HOTO ITapaMeTpiB Ta ImapaMe-
TPiB OTOYYIOUOTO MAaCHBY. 3a iX JOMOMOTOI0 MOXHA aHATi3yBaTH Ta IMOPIBHIOBAaTH poOOTYy Pi3HUX KOHCTPYKIIH 3a-
KpituteHHs BiakociB koTioBaHiB. HaykoBa HoBu3Ha. [Ipu BupimeHHi naHoi 3ama4i Oyio mpoaHai3oBaHO Ta TOCTi-
JUKEHO TOBENIHKY KOHCTPYKIIi KPIMJICHHA «CTiHM B IPYyHTI» Ta il HampykeHo-AedopMoBaHOTO cTaHy. Bussieni
MICIIS Ta JUISHKA KOHCTPYKINH KPIIJICHHS, SIKi MOTPEOYIOTh MOAAIBIIOT AETAIBHOT PO3POOKH, TOCIIIKCHHS Ta BU-
pillIEHHs 3aXO0/iB 13 YKPIIUIEHHS! KOHCTPYKIIii OrOPOJPKEHHS Ta A0JATKOBUX €JIEMEHTIB 3aKpIIICHHS, SIKI Pe/ICTaB-
neHi MetayieBUMHU po3ctpinamu. IlpakTnyna 3HaunMMicThb. B enoxy BHCOKOPO3BMHEHHX TEXHOJIOTIH OyaiBHUIITBA
IIPY CIIOPY/PKEHH] Mi3€MHUX 00’ €KTIB i3 BUKOPUCTAHHSM CIIEL[IaIBHOIO CIIOCO0Y «CTiHa B IPYHTI» NOCTAE MUTaHHS
MIBHKOTO MiA0OPY ONTHMAalbHUX MapaMeTpiB eJeMEHTIB Ta CHOCO0IB ISl 3aKpiIUICHHS HOTO CTiH BiJ HaJMIpHHUX
nedpopmaniid. Takoxk crabimizalii IpyHTOBOTO MacHBY HABKOJIO KOTJIOBAaHY, MiHIMi3yBaBIIH 3HA4YeHHS Horo medop-
MaIliif Ta 3amo0iraHHIO 3CYBiB, 3 PO3PaXyHKOM MOKJIMBHX KOMOIHAIIIi MOCTIHOTO HAaBaHTaXXCHHS BiJ IPYHTIB MPH
CHOPY/KEHHI KOTJIOBaHY CTaHIIiI.

Kniouosi crosa: «cTiHa B IpyHTI»; pO3CTPLIbHE KPIIUICHHS; HAPYXKeHO-1e()OPMOBaHUI CTaH
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