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EXPERIMENTAL STUDY OF HORIZONTAL PRESSURE
DISTRIBUTION ON CORRUGATED STEEL SILO WALLS

Purpose. The paper aims: 1) qualitative assessment of the nature of the container corrugated wall deformation
caused by the load from bulk materials. 2) determination of the horizontal pressure redistribution scheme for each
individual corrugation plate and the calculation method that is closer to the real situation. 3) obtaining the quantita-
tive deformation indicators to compare them with the calculated ones produced by means of mathematical model
simulation. Methodology. To achieve this purpose the different types of capacitive structure profiles were investi-
gated and the values of total vertical displacement under load were obtained. The computational experiment used the
design computer system Structure CAD for Windows. In addition, the laboratory experiment was conducted, the
analysis of which is important to confirm the correctness of pre-made computer models. Findings. The conducted
experiment allowed receiving the confirmation of the FEM calculated data, namely qualitatively and quantitatively
the deformation direction and nature completely repeated the design situation in SCAD. The work of corrugated
profile was analysed for different theoretically possible load schemes and different calculation methods. Also the
work contains the recommendations for the real calculation using computer simulation. During a joint study the au-
thors obtained the data that allow for more accurate assessment of the corrugated profile performance under the
pressure from bulk materials. Originality. The conducted research and experimental tests explain and clarify the
ways for possible redistribution of bulk material pressure on each corrugation plate, while there is no such informa-
tion in the existing recommendation literature and regulatory framework concerning the capacitive structure design.
Practical value. The use of the proposed solutions is useful for correct design of containers with corrugated walls
during further calculations and search of new directions for future research.

Keywords: silo; capacitive structure; silo wall; corrugated profile; experimental studies; deformations; computer
simulation

Introduction the USA and Canada and in this decade in Europe
[13].

Metal ventilated silos are deservedly consid-
ered as the most profitable for storage of grain
crops [10]. Prefabricated metal silos have the fol-
lowing advantages: they reduce the capital costs
during installation in two or three times and the
complexity of installation — in four-five times; al-
low mounting silos closer to the place of collection
and use of grain; make it possible to implement
a complete mechanization and automation of the
storage process [13]. Their construction and main-
tenance is cheaper, and the self-warming process
that occurs in the grain can be influenced through
effective aeration, ventilation and thermometry
systems. Abroad, the half of all granaries is metal
silos. Their number is slowly but surely growing in

In Ukraine, the major portion of grain is stored
in state bulk reinforced concrete silos whose
equipment is morally and physically obsolete, that
results in reduced grain quality and throughput ef-
ficiency of elevators. At the same time the silos are
remote from grain manufacturers, while the grain
storage costs are very high and are about 25% of
the stored grain cost.

One of the most important ways to reduce loss-
es and improve product quality is to provide each
household with an own modern grain elevator.
Thus, in the agro developed countries up to 80% of
the crop is kept at its producer. Herewith the stor-
age towers are the most preferred in the world. The
technology of storing grain in the storage towers

equipped with active ventilation is widely used in

Ukraine as well [4].
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The best containers in terms of design and sub-
sequent operation are rigid vertical capacities.
Mostly they consist of two parts: the top one with
vertical walls, designed to accumulate the neces-
sary stored supply of bulk material and the bottom
one with sloping walls designed to discharge the
material by gravity [1]. This type of silo is realized
in two versions of walls: profiled or smooth. Most
overseas silos are manufactured and operated with
corrugated steel wall plates [16]. For optimal stor-
age of bulk materials the best containers are those
with smooth walls in the bottom part and profiled
walls in the top part. This reduces the pressure at
the bottom of the silo and facilitates the discharge
flow due to the smooth wall section at the bottom
part. To the extent that the profiled wall itself is
very durable, it requires less steel, which also
makes this solution economic [15].

Purpose

To design a silo an engineer must determine all
loads that can affect it. These loads include the
whole range, namely, wind, seismic, snow load, as
well as the load on the silo inner surface caused by
pressure from the bulk material that is stored. Nu-
merous Eurocodes and national standards [6, 7]
determine the methods to calculate the latter load
[14]. However, the regular recurrence of silo struc-
ture accidents and damages indicate that the exist-
ing methods of calculation and design of such
structures do not include all the features of their
operation [3]. Still, one of the challenges to creat-
ing reliable and economic structures of this type is
the interaction of bulk material with corrugated
wall elements of the capacitive structure [8]. Un-
fortunately, the enacted DSTU-N B EN 1991-
4:2012 [6] has no information on how to properly
set the horizontal component of the pressure on the
profiled wall. And meanwhile the operating ex-
perience of these structures demonstrates the need
for improved methods of bulk material pressure
determination [2].

To solve this problem the authors created mul-
tiple mathematical models in the program complex
SCAD [11] and investigated the capacity behav-
iour at different ways of transferring the load onto
the corrugated wall elements [8]. However, the
obtained results were multivalued by direction and
character of deformations and required clarifica-
tion.

Thus, it was necessary to formulate and con-
duct more sophisticated experimental research that
will determine fundamentally the nature of corru-
gated wall deformation under the load from bulk
materials and help to understand how the horizon-
tal pressure is distributed on each individual corru-
gated plate [9]. In addition, it was necessary to get
quantitative deformation values to compare them
with the calculated ones obtained during mathe-
matical modelling.

Methodology

The researches in this field were performed by
means of the searching laboratory model experi-
ment because it was not possible to examine the
object itself, given its large size [5]. Therefore, the
model of the studied object was examined.

Preparation and planning of the experiment
contained a lot of tasks, including the following:
previous theoretical analysis and mathematical
modelling of the experiment-predicted situation;
selection of a common form of the experimental
capacity and the material from which it must be
manufactured; accurate selection of parameters to
characterize the bulk materials to be used and the
created experimental capacitive structure; determi-
nation of the total number of these parameters and
their linkage to each other; defining the number of
variables, etc. In addition, the scope of the research
was limited by the dimensions of the used premises
(outdoors had a high probability of influence of the
hard-predictable adverse factors), the scope of
physical work (loading and unloading of capacities
was performed manually), the estimated cost of the
planned research. More details concerning the ex-
periment planning and preparation can be found in
the previous publication of the authors [9].

In the final study, the experimental design was
adopted as symmetrical single-stage capacity of
prismatic type with three flat and one replaceable
corrugated walls.

The material for prismatic capacity was chosen
as follows: for two sides and the bottom — 8§ mm
MDEF sheets, for the third side — glass of the same
thickness. The corrugated wall was made of the
technical paper with 0.27 mm sheet thickness and
220 g/m’ density that is equivalent to 0.815 g/cm’.
The strength factor and Poisson coefficient accord-
ing to A.H. Yahofarov’s thesis [12] were adopted
as 10000 MPa and 0.5, respectively.
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The main parameters that characterized the ex-
perimental bulk material — millet — included the
following of its physical and mechanical character-
istics: grain diameter, bulk density, specific
weight, angle of friction, angle of external friction
and friction coefficient. They were determined ex-
perimentally during the special relevant additional
research and had the following values respectively:

— d, =2.25 mm;

p, =707.33 kg/m’;
y=707.56 kgf/m®;

-V, =24.8";
— 05 =157
- £=0.27.

As the variable design parameters were taken
the corrugation form type and size — crinkle height
and length.

The corrugation profile for the panel was made
in three versions: square profile with smaller plate
oriented to bulk material, square profile with big-
ger plate oriented to bulk material and triangular
profile (or zigzag), which was a simplified version
of the wavy one (see Fig. 1). Herewith the crinkle
length, depending on the profile type and experi-
ment stage, ranged from 22 to 78 mm and the crin-
kle height was researched in two versions: 19 and
25 mm.

To solve the experimentally set task the corru-
gated wall deformations were measured. For this
purpose the construction was equipped with
a watch-type indicator of 0.01 mme-accuracy to
obtain the values of total vertical displacements of
the corrugated panel top point. Also the 1 mm-
scale rule was attached to the grooves along the
entire corrugated wall on both sides, in order to fix
the vertical deformations of each crinkle while the
capacity is filled with bulk materials. Material fill-
ing was carried out at the wall the most remote
from the corrugated panel in order to transmit the
bulk load gradually, by gravity, without bumps.

The experiment was conducted twice. The aim
of the first one was qualitative determination of the
nature and direction of the deformations of various
corrugation types, since the previous mathematical
modelling of experimental situations provided the
results with different directions of vertical dis-
placements and they needed experimental confir-
mation. Loading of capacity took place for the

three above mentioned corrugation types, whose
dimensions (see. Fig. 2) were selected from the
conditions of proportionality of plate sizes to bulk
material fraction and compliance with profile
groove sizes.

L

L

crinkle length b)

crinkle height

Fig. 1. The studied corrugation profile types:
a — square profile with smaller plate oriented to bulk material;
b — square profile with bigger plate oriented to bulk material;
¢ — triangular profile
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Fig. 2. Sizes of some corrugation plates of each section
type for production of capacity corrugated wall

The aim of the second experiment was to obtain
quantitative indicators of displacements for clarify-
ing the scheme of load on each individual corruga-
tion plate as well as selection of a calculation
method to analyse the future mathematical models
in FEM (finite element method).

This version tested only square profiles with
smaller and bigger plates oriented to bulk material.
Theoretically, the model evaluation included con-
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sideration of 7 load charts with different versions
of the pressure distribution on each individual
plate. These charts and sizes for square profile with
smaller plate oriented to bulk material are shown in

Fig. 3.
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Fig. 3. Theoretically probable load charts

The load values for SCAD simulation were de-
termined in accordance with DBN [6] by Jansen
theory with consideration of local pressure rise
coefficient a;, taken in accordance with the re-
quirements of par. 4.11. The calculation was per-
formed using linear and nonlinear methods.

Findings

During computer simulation of the first ex-
periment by non-linear calculation method each
type of profile sections was deformed differently

and quite specifically. Direction of total vertical
displacements of the square profile with smaller
plate oriented to bulk material was downward and
had a value of 4.34 mm, and that of the square pro-
file with bigger plate oriented to bulk material —
upward (coincided with the direction of z-axis in
SCAD model) by 5.79 mm. For triangular profile
the vertical deformation values were significantly
lower and made 1.76 mm downward, but the pro-
file was quite significantly deformed in plane,
which was not observed in the previous two ver-
sions.

The conducted experiment confirmed the data
obtained by FEM calculation, namely — in essence
the direction and character of the deformations
completely repeated the SCAD design situation. In
addition, the quantitative values of vertical defor-
mations of the corrugation plate top reference point
for each section type under full load were very
close to the pre-calculated ones and differed in
value by less than 1 mm.

Photos of full loading of the experimental ca-
pacity to 48 cm height are shown in Fig. 4.

Fig. 4. Experimental capacity
with the square profile with smaller plate oriented
to bulk material under full load

For more accurate monitoring of deformation
nature the samples were taken evenly along the
entire height of the corrugated panel for pre-
defined control points at different levels of capac-
ity load. The results for each type of profile in the
form of charts are presented in Fig. 5.
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Experiment Na1,
Square profile with smaller oriented plate.
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Square profile with bigger oriented plate.
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Experiment No1,
Square profile with bigger oriented plate.
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Fig. 5. Charts of displacement of corrugated panel control points when capacity is loaded with bulk material

The comparative results of computer calcula-
tion for square profiles in design and computing
complex SCAD at different load patterns, which

were analysed during the second experiment, are
given for full load of the capacity in the Table 1.
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Table 1

The calculation results for total vertical displacement of corrugated panels

Values of total vertical deformations at the appropriate load patterns, mm
Profile type Calculation method
1 2 3 4 5 6 7
Linear —28.39 | —-187.57 | -164.94 | —58.53 | —-324.83 | -302.37 | +5.12
-—
Non-linear -10.74 | —24.21 | -22.38 | —-15.86 | —27.93 | 2590 | +14
Linear +39.72 | -147.12 | -123.04 | +56.92 | -346.41 | —341.55 | +32.47
-—
Non-linear +11.02 | -20.23 | -17.81 | +13.58 | —28.41 | —28.52 | +8.76

Note: The sign of deformations indicates their direction with regard to the set z-axis direction in SCAD; “+” —
corrugated panel is deformed upward; “— “ — corrugated panel is deformed downward.

After analysing the figures, the load patterns 2,
3, 5, 6, 7 were immediately rejected as the sign
indicating the deformation direction does not com-
ply with the real operation scheme of corrugated
panel, which was observed during both experi-
ments.

To choose the calculation method and the final
load pattern the results of the left patterns 1 and 4
required the comparison with quantitative indica-
tors obtained after the second experiment. How-
ever, if in case of the first experiment all types of
profiles withstood the full load, then in case of the
second one the last samples which managed to be
taken before destruction of corrugated panels were
at the capacity load levels of 25 and 20 cm for the
square profile with smaller and bigger plates ori-
ented to bulk material respectively. This flow of
experiment occurred because the dimensions of
crinkle length and height in the latter case were
increased by 30%, and therefore the area of
material of the corrugated panel perceiving the
pressure from the bulk material decreased. There-
fore, the need to compare the quantitative deforma-
tion indicators led to another simulated load situa-
tion for appropriate experimental level, as well as
to additional calculations, the results of which are
summarized in the Table 2.

Table 2

Values of total vertical displacements
of corrugated panels under partial load

Values of total vertical
Method of : deformations at the
Profile type ethod of result | 555r0priate load pat-
generation terns, mm
1 4
— Linear
. -12.62 -26.16
calculation
-—
Non-linear 478 | -7.09
- calculation
h=25 )
Experiment -5.25
I Linear
. +8.11 +10.44
calculation
-—
Non-lincar 1225 | +2.49
i calculation
h=20 Experiment +2.45

Note: h — experimental capacity load level, cm.
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It should be noted that almost all destructions
of the square profile panels occurred due to loss of
local stability of separate corrugation flanges at the
bottom and the most loaded part of the panel (the
second or third crinkle), which is shown in Figure
6, while the triangular (zigzag) profile was losing
the crinkle stability almost simultaneously
throughout the height (Fig. 7). The exceptions of
the above information were the cases when the
initial corrugation deformations (workshop faults,
inadequate angle between the plates under their
own weight, etc.) resulted in crinkle jamming in
grooves.

Fig. 6. Panel destruction due to loss of local stability
of bottom plates of the second and the third corrugations

Fig. 7. Panel destruction due to loss of local stability
of corrugation plates throughout the height

Originality and practical value

Since the existing recommendation literature
and regulatory framework concerning the capaci-
tive structure design contain no information about

the features of modelling bulk material pressure on
the corrugated steel elements, the conducted re-
search and experimental tests explain and clarify
the ways for possible redistribution of bulk mate-
rial pressure on each corrugation plate, that is use-
ful for correct design of containers with such walls
during further calculations and search of new di-
rections for future research.

Conclusion

Summarizing all the above, we can make the
following conclusions:

1. The experimental studies resulted in qualita-
tive determination of the corrugated wall deforma-
tion character under the load from bulk materials
and obtaining of quantitative indicators of total
vertical displacements for the three types of corru-
gation section with variable output parameters.

2. Experimental data confirmed the analysis
correctness of pre-made mathematical models, in
addition the numerical results obtained from math-
ematical modelling and laboratory experiments
have very similar values.

3. Also, it is fair to say that when the diameter
of the bulk material is more than ten times smaller
than the size of the smallest corrugation plate, the
load pattern is as close as possible to the hydro-
static one.

4.For further mathematical modelling of ca-
pacitive structures it is recommended to use non-
linear calculation method and the proposed 1 and 4
load patterns, selecting the worst option for real
calculation.

5. The results obtained during the experiment
show promise for further development of scientific
research to discover new research areas.
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EKCIIEPUMEHTAJIBHE JOCJ/IIDKEHHA PO3ITOALTY
I'OPU3OHTAJIBHOI'O TUCKY
HA T'O®POBAHI CTAJIEBI CTIHKHA CHJIOCY

Merta. Y mociimkeHHi moTpiOHO 3poduTtH: 1) sKicHY OiHKY XapakTepy Aedopmartiii roppoBaHOT CTIHKHA €MHOC-
Ti TIpH Oii HABaHTaKEHHS B/l CUITYYHX MaTepiatiB; 2) BU3SHAYUTH CXEMHU NIEPEPO3MOILTy TOPH3OHTAIEHOTO TUCKY Ha
KOXXKHY OKpeMy IUIacTUHY ro)pa Ta MEeTOJM PO3paxyHKYy, IO OJIMK4I J0 JIHCHOI cuTyalii; 3) OTpUMaTH KilnbKicHI
MTOKA3HUKH edopMaliil [ CIiBCTaBICHHS iX 13 pO3paxyHKOBUMH, OTPUMAaHUMH IIPH MOJICTIOBaHHI MaTeMaTHIHO1
Mozem. Meroauka. J[7s TOCATHEHHS IOCTaBICHOI METH OYyJIH JOCITIKEHI Pi3HI TUITH MPOo(diiB EMHICHIX KOHCTPY-
KLil Ta OTpHMaHi 3HAYCHHS BEPTHKAJIBHUX CyMapHUX NepeMillleHb IpH Jii HaBaHTa)keHHs. J{is 004uciIoBanbHOrO
eKCIepUMeHTy OyB BUKOPHUCTaHUH MPOEKTHO-00uncoBaibHui Komiuieke Structure CAD mist Windows. Kpim To-
T0, NPOBEJCHO JIA0OPATOPHHUI EKCIIEPUMEHT, aHalli3 Pe3yJbTaTiB SKOTO BaYKJIMBUH JJIsl MiATBEPXKEHHsS BIPHOCTI
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TPAHCIIOPTHE BY JIBHULITBO

HoTepeIHb0 BUKOHAHUX KOMIT I0TepHUX Mojenell. PesyabTaTn. B po0oTi, BHAC/IIZOK NPOBEJICHOTO EKCIIEPUMEHTY,
OyJio 3HAWEeHO MiATBEpP/KEHHS OTPUMAaHUX IPH PO3PaxyHKy MeTonoMm ckiHueHHUX eneMeHTiB (MCE) nanux,
a caMe — HalpsMOK Ta XapakTep aedopmariiii MOBHICTIO (AKICHO Ta KUIBKICHO) IIOBTOPIOBAB PO3PaxyHKOBY CHTYa-
uito B SCAD. Byno BukoHaHO aHami3 poOOTH ToppoBaHOTO Mpodiss NpH Pi3HUX TEOPETHYHO WMOBIPHUX CXEMax
HaBaHTa)XCHHS Ta PI3HUX METOJaX PO3PaxyHKy. TakoK BHUKJIANeHI peKOMEHIAWil /Ul pealbHOrO PO3paxyHKY 3a
JIOTIOMOTOI0 KOMIT FOTEPHOTO MOJICIOBAHHSA. Y TIPOLEC] CIUTBHOTO AOCIHIIKEHHS aBTOPIB OyJIM OTpHMaHi JaHi, 10
JTO3BOJISIOTH OLIBII TOYHO Ta KOPEKTHO OIIHUTH POOOTY TopoBaHUX MpodiliB MPH Aii THCKY BiJ CHITydYUX MaTepi-
amiB. HaykoBa HoBHM3HA. [IpoBeaeHi NOCTIHKEHHS Ta €KCIIEPUMEHTAIbHI BHIPOOOBYBAHHS IMOSICHIOIOTH Ta yTOY-
HIOIOTH CIIOCOOHM MOKIIMBOTO MEPEPO3IOILTy THCKY CHIIYH4OTO MaTepialy Ha KOXKHI OKpeMi INIaCTHHHU Todpa, Ipo
110 BIICYTHs iHQOpMallisi B HasBHII peKOMEHI0BaHIH JliTepaTypl Ta HOpMAaTUBHIN 0a3i B cdepi MIPOEKTyBaHHS €MHI-
cHux cropya. [IpakTuyHa 3HaYMMicTh. 3aCTOCYBaHHS 3allPONIOHOBAaHUX PillleHb € KOPUCHUM JUIsSi KOPEKTHOTO MO-
JIEITIOBaHHS EMHOCTEH 13 TOppOBaHMMH CTIHKaMU IPH HACTYITHUX PO3paxyHKax Ta MOUIYKY HOBUX HaIpsIMKiB MOJa-
JIBILIOTO JIOCII/PKSHHSI.

Kniouosi cnoea: cunoc; eMHICHa CIOpyZa; CTIHKa CHIIOCY; ropoBaHHMi Npodiib, eKcneprUMEHTaIbHE J0-
cltipKeHHs; nedopMallii; KOMIT FOTEPHE MOJICITIOBAHHS

B. B. KAUYPEHKO"", JI. 0. BAHHUKOB®

"Kag. «CrponrenbHbie KOHCTPYKIK®Y, JIHEIPOIETPOBCKHH HAHOHANBHBIA YHHBEPCHTET JKEIE3HOLOPOKHOTO
TpaHcropra UMeHu akaaemuka B. Jlazapsina, yi. Jlazapsna, 2, uumpo, Ykpauna, 49010, ten. +38 (097) 532 54 46,
ai1. mouta valentina.kachurenko@gmail.com, ORCID 0000-0001-7383-205X

*Kad. «CTpouTe/bHbIe KOHCTPYKLMI», JIHENPOIETPOBCKHIl HALIAOHAIBHBINA YHHBEPCHTET XKEIE3HOAOPOKHOIO
TpaHCIIOpTa UMeHHU akanemuka B. Jlasapsua, yn. Jlazapsna, 2, [launpo, Ykpauna, 49010, Ten. +38 (063) 400 43 07,
a11. moura bdo2013@yandex.ua, ORCID 0000-0002-9019-9679

IKCHEPUMEHTAJIBHOE NCCJIEAOBAHUE PACIIPEJAEJIEHUSA
I'OPU3OHTAJIBHOI'O JABJIEHUSA
HA T'O®PUPOBAHHBIE CTAJIBHBIE CTEHKH CHJIOCA

Heab. B uccnenoBannn HeoOXOIUMO YCTaHOBUTD: 1) KaueCTBEHHYIO OLIEHKY Xapakrepa nedopmaruii roppupo-
BaHHOM CTEHKH €MKOCTH IIPU BO3JCUCTBUU HArPy3KH OT CHIMYYHX MAaTEPHAIOB; 2) ONpPeNeIUuTh CXeMbI Tiepepacnpe-
JIeJIEHNs] TOPU30HTAIBHOTO JIABJIEHHUS HAa KaXIYI0 OTIENbHYIO IUIACTHHY rodpa M METOABI pacyera, 4To OJIMKe
K JICWCTBUTENBHON cHUTyalnu; 3) TOJyYUTh KOJMYECTBEHHBIC IOKa3aTenu Ae(OpMaiidi Uil CONOCTABIEHUS HMX
C pacyeTHBIMH, MOJYYECHHBIMHU IIPH MOJEIMPOBAHUM MaTeMaTHieckoi mMonenu. Meroanka. {1 JOCTHKEHHS I10-
CTaBJICHHOM LIeJIM OBUIN MCCIICIOBAHBI PA3IMYHbIE TUIHI MPOQHIeH eMKOCTHBIX KOHCTPYKLHHA U MOJTy4eHbI 3HaUe-
HUS BEPTUKAIBHBIX CYMMAapHBIX IIEPEMEIICHNH TP BO3ICHCTBUU HATPY3KH. [ BEIYUCIUTENBHOTO KCIIEPIMEHTA
OBLT MCIIONB30BAH MPOEKTHO-BRIYACIUTENBHBIN KoMmIuieke Structure CAD mms Windows. Kpome Toro, mpoBeneHo
ma00paTOPHEIN IKCIIEPUMEHT, aHAIN3 PE3yJIFTATOB KOTOPOTO BAYKEH VIS IOATBEPKACHUS BEPHOCTH MIPEIBAPUTEIb-
HO BBITIOJIHEHHBIX KOMITBIOTEPHBIX Mojeneii. PesyabTaThl. B pabote, B pe3ynpTaTte MpoOBEICHHOTO YKCIIEPHUMEHTA,
OBUIO HaWAEHO MOATBEP)KICHHWE IIONYYEHHBIX IPU pacueTe METOAO0M KOHEeuHBIX 3neMeHToB (MKD) maHHBIX,
a MMEHHO — HampaBlieHHe M XapakTep AehopMalMii MOJIHOCThIO (Ka4eCTBEHHO W KOJHYECTBEHHO) MOBTOPSII
pacuerHyto cutyaruio B SCAD. Bbi BbINOIHEH aHaIM3 paboThl TOPPHUPOBAHHOTO MPOQUIIS MPU Pa3INYHBIX TEOpe-
THUYECKH BO3MOJKHBIX CX€MaxX Harpy3Kd U pa3lIMuHbIX METOAaxX pacuera. Takike W3JI0KEHbl PEKOMEHIAINY ISl pe-
JIBHOTO pacyeTa C MOMOIIbBI0 KOMITBIOTEPHOTO MOJICIMPOBaHMs. B mpoliecce COBMECTHOTO MCCIIEJOBAaHUSI aBTOPOB
ObUTH TIOJTy4YEHBI JaHHbBIE, MO3BOJISIOIINE OOJlee TOYHO M KOPPEKTHO OLIEHUTH paboTy ropupoBaHHBIX Npoduiieit
IIPY BO3/ICHCTBUM JaBJIEHHS OT ChIMy4YHX MarepuanoB. Hayunasi HoBu3Ha. [IpoBeneHHble McCIeI0BaHUs U SKCIIe-
PUMEHTAIBHBIC UCTIBITAHUS OOBACHAIOT U YTOUHSIOT CIIOCOOBI BO3MOXKHOTO TIepepacIpeieICHNs JaBICHHS ChIITyde-
ro Marepuansa Ha KaX[Oble OTAENbHBIC IUIACTHHBI TO(pa, MPO UTO OTCYTCTBYeT HH(GOpMAIMi B HMEIOIICHCS
PEKOMEHZOBAaHHOHN IMTepaType W HOPMATHBHOH 0a3e B 00JacCTH NPOEKTUPOBAHHUS EMKOCTHBIX COOPYKCHHU.
IpakTHyeckasi 3HAYMMOCTb. [IpuMeHeHNe MPEIOKEHHBIX PEIICHIH SBISETCS MOJIE3HBIM JUII KOPPEKTHOTO MO-
JIEIIUPOBAHMSI €MKOCTEH ¢ TOPPHUPOBAHHBIMH CTEHKAMH IMPH MOCIEIYIOMNX pacdeTax W MOWCKa HOBBIX HampaBie-
HUH JajbHEHNIIEro UCCIeI0BaHUS.

Kniouegvie cnosa: cuioc; eMKOCTHOE COOPYIKEHHE; CTEHKa CHJIOCa; TOPPHPOBAHHBINA MPOGHIIb; IKCIEPUMEH-
TaJbHOE HCCIIeI0OBaHME; Ae(hopMaIiii; KOMIIBIOTEPHOE MOICIUPOBAHHE
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