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STUDY OF THE EFFECT OF SOIL CEMENT ELEMENTS WHEN
STABILIZING ROADBED MODEL IN LABORATORY CONDITIONS

Purpose. Experimental studies allow determining the stress-strain state or bearing capacity of the tested soil
body. A preliminary study of the results of model testing and experimental research allows us to find the optimal
solutions and to justify the parameters of the chosen technology. The purpose of this work is to determine the effect
of soil cement elements when stabilizing the roadbed on a weak subgrade using the soil tests in laboratory condi-
tions. Methodology. During the development of measures for the reconstruction and consolidation of soil bodies,
their strength is tested using many methods. In all cases, we take into account the physical and mechanical charac-
teristics of soils obtained as a result of research, as well as the existing regulatory documents. We performed the
experimental studies by model testing in laboratory conditions. The model testing was based on the corresponding
relationships between geometric sizes, mechanical properties of materials, loads and other factors on which the
stress-strain state depends. During testing, the model was loaded gradually. We maintained each load level up to
conditional stabilization of the soil deformation. We took the readings from measuring devices at each stage of load-
ing after achievement of stabilization of soil mass deformations. We fixed the readings in the test journal.
Findings. During stabilization with soil cement piles there is an improvement in mechanical properties, which leads
to a decrease in deformations by 2...3.5 times. Each test is accompanied with graphs of relative deformations-stress
dependence, as well as deformation curves and compression curves. According to the results of experimental stu-
dies, it can be seen that when testing a model with cement piles, compared with a model without soil cement piles,
the relative deformations of the samples taken prior to the experiment and after the experiment almost coincide, in-
dicating a decrease in deformability under load. Originality. We proved that this stabilization type positively affects
the stress-strain state of the soil body, by increasing its physical and mechanical characteristics. The obtained results
allow for rational design of subgrade stabilization work with the help of modern technologies. Practical value. The
in-depth analysis of the results of experimental studies opens up possibilities for theoretical synthesis and develop-
ment of theoretical foundations, which will allow in the future avoiding, in the similar cases, the experimental veri-
fication of the stabilization type given for the relative type of soil. It is confirmed that this method of stabilization
used can be applied in real conditions.

Keywords: roadbed; soil cement elements; trough study; soil tests

to identify the parameters that determine the de-
velopment of deformations in subgrade soil.
Modern production requires the ability of spe-
cialists to independently put and solve various fun-
damentally new technical problems, which cannot

Introduction

Knowledge of the mechanical properties of
soils is equally important for both the roadbed and
the calculation of the rolling stock-embankment

interaction.

It is clear that the mechanical properties of any
soil, in different operation conditions, should vary
significantly.

When calculating the interaction of subgrade
soil with the track superstructure, the urgent task is

be done without mastering the basics of scientific
research. Based on common research methods, we
get the answer to the question where to start the
study, how to treat facts, how to generalize them,
which way to go from the facts to conclusions.
When researchers have enough factual material,
then as a means of solving this technical problem,
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they use hypothesis — evidence-based assumptions
put forward to explain any process which after
checking may be true or false.

In the process of learning, experimental re-
search is a necessary step in obtaining empirical
knowledge.

Experiment is the most important part of scien-
tific research. Its basis is a scientifically advanced
experience with precisely calculated and controlled
conditions.

The main purpose of the experiment is to iden-
tify the properties of the objects under study, to test
the validity of the hypotheses, and on this basis to
study widely and deeply the topic of scientific re-
search [1, 8].

The development of modern computing sys-
tems and applications allow receiving answers to
almost all questions pertaining to predict the be-
haviour and characteristics of stress-strain state of
soil. However, there are problems when this is not
enough, for example, there are no theoretically
substantiated solutions, or the tasks themselves are
rather complicated.

Experimental studies allow us to determine the
stress-strain state or bearing capacity of the tested
subgrade [2, 3, 4].

Most of the experimental studies should be per-
formed on large-scale models, and only in special
cases one should perform natural experiments. Pre-
liminary study of the results of model testing and
experimental research allows us to find the optimal
solutions and to substantiate the parameters of the
chosen technology in industrial conditions.

Purpose

Experimental studies of the roadbed construc-
tion, which is reinforced by ground-cement piles,
are carried out to solve the following issues:

— analysis of the results of numerical and full-
scale model testing with the purpose of obtaining
the methodology of calculations at the design
stage;

— definition of dependencies of soil body pro-
perties on the parameters of roadbed stabilization.

Methodology

Experiment is called a set of researches, which
are united by one purpose, one system of restrictions
in space and time.

The study is the realization on the object of cer-
tain conditions and rules. As a result of the experi-
ment, an event occurs, the appearance of which is
fixed by some parameter, which, as a rule, has
a numerical definition and characterizes the result to
a large extent.

The experiment is the most important part of
scientific research. This is one of the main ways to
gain new scientific knowledge. More than 2/3 of all
labour resources of science are spent on experi-
ments. The base of the experimental study is an ex-
periment, which is a scientifically established expe-
rience or observation of a phenomenon in clearly
defined conditions that allow it to be monitored,
manipulated, reproduced every time when these
conditions are repeated. The experiment differs
from the usual, every day, passive observation by
the active influence of the researcher on the phe-
nomenon under study.

The main purpose of the experiment is testing
the theoretical positions (confirmation of the work-
ing hypothesis), as well as a broader and more pro-
found study of the topic of scientific research.

The experiment should be carried out as soon as
possible with minimum costs at the highest quality
of the results.

During the development of measures for the re-
construction and stabilization of soil bodies, their
strength is tested using many methods. In all cases,
we take into account the physical and mechanical
characteristics of soils obtained as a result of re-
search, as well as the existing regulatory documents.

The experiment method corresponds to the mo-
dern level of science, takes into account the experi-
ence gained earlier. The proposed method includes
the justification of the research design, instrumental
support, etc. [9].

Model testing is a method of studying any phe-
nomenon by comparison with another phenomenon
similar thereto, that is, the reproduction of the pro-
perties of an object on a specially reproduced ana-
logue-model. There are mathematical model testing,
physical model testing, model testing on mechanical
models.

In this paper, simulation is an experimental solu-
tion to a problem and occupies an intermediate posi-
tion between analytical calculations and field stu-
dies.

The model testing was carried out on the basis of
the corresponding relationships between geometric
sizes, mechanical properties of materials, loads and
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other factors on which the stress-strain state depends
[2,7].

The design of the model allows providing the
requirements of all normative documents regulating
soil tests in laboratory conditions.

The model scale is chosen in such a way that the
geometric dimensions, material characteristics, load,
and other model parameters are interconnected by a
system of equations that is a condition of similarity.

The preparatory phase included making up an
experiment program, in particular the selection of
independent and dependent variables, the analysis of
the ways to achieve the testing integrity, the identi-
fication of the optimal sequence of experimental
actions, the development of methods for fixing and
analysing the results, preparing the necessary
equipment, giving guidance to the test subjects, and
forming a sample.

In accordance with the study tasks, the work
program provided for soil tests in conjunction with
ground-cement elements.

During the study the following procedure was
performed:

1 — Arrangement of a constructive solution for
soil body stabilization

2 — Assembly of load and measuring systems

3 — Test

4 — Disassembly of measuring and loading sys-
tems

5 — Removal of the soil body and examination
of the soil cement elements.

The initial stage of experimental research is the
construction of a control model. For this purpose,
we used the laboratory trough of the DNURT labo-
ratory, filled with soil in accordance with the road-
bed transverse profile. Laboratory trough is a capa-
city of 0.65x0.25x0.12m, which eliminates the sub-
grade deformations, and, accordingly, their effect on
the results of the study.

General construction of the trough with measu-
ring devices is shown in Fig. 1.

During testing, the model was loaded gradually.
The maximum load was 16 kg. The value of
maximum pressure was calculated at R65 rails and
25t load per axle.

Each load level was maintained up to conditio-
nal stabilization of soil deformation. We took the
readings from measuring devices at each stage of
loading after achievement of stabilization of soil
body deformations. We fixed the readings in the test
journal. Upon reaching the maximum load, we un-

loaded the tested model fixing the readings of the
measuring devices.

Fig. 1. Model of soil bank in trough
with measuring devices.
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Fig. 2. Roadbed model before the test

The journal was filled in neatly, without any cor-
rections. Simultaneously with measurements, we
conducted pre-processing of the results and their
analysis. This analysis allows controlling the pro-
cess under study, adjusting the experiment, impro-
ving the technique, and increasing the efficiency of
the experiment.

Findings

We carried out the model testing in laboratory
conditions using a standard trough filled with soil
in accordance with the roadbed transverse profile.
Laboratory  trough is a  capacity of
0.65x0.25x0.12m, which eliminates the subgrade
deformations, and, accordingly, their effect on the
results of the study [6, 11].
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It should be noted that the soil properties cor-
respond to complicated engineering and geological
conditions, and the soil itself (loam) for laboratory
experiments was sampled on the problem areas of
the railway [5, 10].

After performing the control calculation of an
unshaped roadbed, we obtained the maximum de-
formations of 5...8 mm.

The maximum relative deformations are
0.24...0.372 mm for the non-stabilized body, and
0.125...0.2 mm for the stabilized body (Fig. 3).
Accordingly, when reinforced with soil cement
piles there is an improvement in mechanical prop-
erties, which leads to a decrease in deformations
by 2...3.5 times. Moreover, we can say that the
residual deformations have at least half of the de-
formations of crushed stone bed (Fig. 4).

It should be noted that after the test all the piles
remained in the initial state, no cracks, chips and
other damages were detected (Fig. 5).

After each stage of the tests, we performed la-
boratory testing of soil samples before and after
loading.

Each test is accompanied with graphs of rela-
tive deformations-stress dependence, as well as
deformation curves and compression curves.

Graph of dependence of relative strains on stress
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Fig. 3. Graph of dependence of relative
strains on stress

S

T

Fig. 4. Soil sample after the test

Fig. 5. Appearance of the soil cement elements
in the bank body after the test

According to the results of experimental stud-
ies, it can be seen that when testing a model with
cement piles, compared with a model without soil
cement piles, the relative deformations of the sam-
ples taken prior to the experiment and after the ex-
periment almost coincide, indicating a decrease in
deformability under load.

The conducted experiments showed the in-
crease in soil deformation as a result of the place-
ment of soil cement elements, due to the soil con-
solidation. It can be assumed that the total defor-
mation module of the entire body, taking into ac-
count stabilizing soil cement elements, will be
much higher.

Originality and practical value

The paper considers the possibility of stabili-
zing the roadbed on a weak subgrade using the soil
cement piles. We proved that this stabilization type
positively affects the stress-strain state of the soil
body, by increasing its physical and mechanical
characteristics.

The in-depth analysis of the results of experi-
mental studies opens up possibilities for theoretical
synthesis and development of theoretical founda-
tions, which will allow in the future avoiding, in
the similar cases, the experimental verification of
the stabilization type given for the relative type of
soil.

The implemented stabilization of the roadbed
with the soil cement elements will contribute to
improving the track strength and state.

The obtained results allow for rational design
of subgrade stabilization work with the help of
modern technologies.
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Conclusions into operation of the track section and small values
of subsidence.

Soil cement elements that are widely used
abroad, as well as in the construction of industrial
and civilian facilities, can be applied for rein-
forcement of transport constructions, namely,
when stabilizing both the roadbed and weak sub-
grade.

The use of model testing allows us to detect the
stress-strain state of a soil body with any geometric
and physical-mechanical characteristics.

The presented method of experimental research
allows estimating objectively the real influence of
soil cement elements on the soil body of the weak
subgrade roadbed.

Thus, it is confirmed that this method of stabi-
lization used can be applied in real conditions.

The experience of designing and operating the
track structure has shown that over time it is neces-
sary to take certain measures to improve the soil
body characteristics to allow further normal opera-
tion of the roadbed.

When increasing the load on the weak subgrade
as a result of the construction of the other track,
back filling or increased axial load when changing
the rolling stock, the process of settling and con-
solidation can continue again. Therefore, one of
the most expedient and perspective variants of de-
signing and reconstruction of embankments on
weak subgrade is the subgrade stabilization using
string cementation. The arrangement of soil ce-
ment piles allows providing short terms for road-
bed stabilization, the possibility of quick putting
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JOCJIIKEHHA BIIVIMBY 'PYHTOLLEMEHTHHUX
EJEMEHTIB ITPU YKPIIIVIEHHI MOJIEJII 3BEMJISAHOI'O
IHOJOTHA B IABOPATOPHUX YMOBAX

Mera. ExcriepuMeHTaIbHI JOCIIKEHHS T03BOJISIIOTh BU3HAYUTH HAIIPYKEHO-IeGOopMOBaHU CTaH abo Hecyuy
3[aTHICTh IPYHTOBOT'O MacuBy, IO po3risiaaeThes. [lonepene BUBYEHHS pe3yibTaTiB MOJEIIOBAHHS i eKCcrieprMe-
HTaJBHUX JOCIIKEHb JI03BOJISE MiIIOpaTH ONTUMaJbHI PIllIeHHs Ta OOIPYHTYBaTH NapaMeTpu 00paHoi TeXHOJIOTII.
Meroto 1aHoi poOOTH € BU3HAUCHHS BIUIMBY IPYHTOLIGMEHTHHX €JIEMEHTIB YKPIIJICHHS 3eMJISTHOTO TI0JIOTHA HA Clia-
OKiif OCHOBI 32 OITIOMOTOI0 BHIIPOOYBaHHS IPYHTIB Y MabopaTopHux ymoBax. Meroauka. Ilin yac po3poOku 3axo-
IIiB IMIOA0 PEKOHCTPYKINi Ta YKPIIICHHS IPYHTOBHX MAacCHBIB BHKOHYETHCS IEpEBipKa iX MIITHOCTI 3a JOIOMOTOIO
0araTboX MeTOHiB. B yciX BHIaakax 0 yBaru NpUiMaroTh (i3HKO-MEXaHIUHI XapaKTepUCTHKH IPYHTIB, OTPHMaHi
B pe3yJbTaTi HOCIiIKEHb, a TAKOXK [IiF0Yl HOPMaTHBHI TOKYMEHTH. EXCiepUMeHTaIbHI AOCIIIKEHHSI BHKOHYBAJIICh
IUITXOM MOJCTIOBAHHS B JIA0OPATOPHUX yMOBaX. MoJEIOBaHHS 3IIMCHIOBAJIOCh HA OCHOBI BIIIMOBIMHUX CIIiBBIiI-
HOIIEHb MK TEOMETPUYHUMH PO3MipaMy, MEXaHIYHUMH BIACTHBOCTSAMH MaTepialliB, HABAHTR)KEHHAMH Ta 1HIINMH
(axkTopamu, BiJl SKHUX 3aJ€KHUTh HanpykeHo-nedopmoBanuii crad. [Ipu nmpoBeneHHI BUIIPOOyBaHb HaBaHTAXKECHHS
MOJIeII 3/1HCHIOBATIOCH MOCTYMOBO. KOXKHY CTYIiHb HAaBAaHTAXXCHHS BUTPUMYBAJIM IO YMOBHOI cTadimizariii gedop-
Mauii IpyHTY. 3HATTS BUIIIKIB 13 BUMIPIOBaJbHUX MPUCTPOIB Ha KOXKHOMY CTYIEHI HaBaHTa)KCHHS BUKOHYBAJIOCh
Ticyst JOCsiITHeHHs crabimizanii nedopmarniii rpyHToBoro Macupy. MikcyBaHHsI BiZUTIKIB 13 00J1alHAHHS Bi[3HAYAIIOCH
y XKypHaii BunpoOyBaHb. Pe3yabraTu. [Ipy yKkpinieHHi IpYHTOLIEMEHTHHUMH MAJISIMH MOJIENi 3€MJISIHOTO TI0JIOTHA
BiJIOYBA€ETHCS MOKPAIIECHHS MEXaHIYHUX BIACTUBOCTEH, 110 MPU3BOANTE 0 3MEHIICHHS aedopmariiid y 2...3,5 pasu.
Js koxxHOTO BUTIPpOoOYBaHHS MOOYAOBaHI rpadikd 3aIeKHOCTI BiTHOCHUX AedopMarliif BiJ] HAPYKEHH, a TaKOX
rpadiku qedopmariii Ta KOMIIpeciiiHi KpuBi. 3a pe3yibTaTaMi eKCIIEPUMEHTAIBHUX TOCIIIPKEHh MOXKHA IMO0AYHTH,
110 TIpH BUITPOOYBAaHHI MOJIEINI 3 BJIAIMITYBAaHHSAM IPYHTOLIEMEHTHHX T1ajb, TOPIBHSHO 3 MOJEIIIIO O3 BIIAIITyBaHHA
IPYHTOIICMEHTHHX TaJlb, BigHOCHI aedopmarii 3pas3kiB, mo Oymu BigiOpaHi M0 EKCIEPUMEHTY Ta TicCIs
eKCIEPUMEHTY, MaibDKke 30IiraroThCs, MmO CBIAYUTH NP0 3MCHIICHHS Ie(pOPMATUBHOCTI IIiJl HAaBaHTa)KCHHSM.
HaykxoBa HoBu3Ha. J[0BeJeHO, IO JaHUW TN YKPIIUIEHHS TO3UTHBHO BIUIMBAE HA HaNpyXeHo-IedopMoBaHMi
CTaH IPYHTOBOTO MAacHBY LIUISXOM ITJBHIIEHHS HOTo (i3MKO-MeXaHIuHMX XapakTtepucTuk. OTpuMaHi pe3ynbTaTiu
JIO3BOJISIIOTH PallioHaJIbHO MPOEKTYBaTH POOOTH 3 YKPIMJICHHS I'PYHTOBOI OCHOBH 3a JOIIOMOTOI0 CY4acHHX TEXHO-
norid. [IpakTuyna 3HaunMicThb. loriaubneHuit aHami3 pe3yiabTaTiB €KCIEPUMEHTAIBHUX JOCTIKEHb BiJIKDHBAE
MOXIJIMBOCTI JUISI TEOPETUYHOIO y3arajlbHEHHsI Ta PO3POOKH TEOPETHYHUX OCHOB, IO JO3BOJUTH y TOAANIBIIOMY
YHUKHYTH B aHaJIOTIYHUX BUIaJKaX €KCHEPUMEHTAIBHOI NEePEeBIPKH MPUBEIEHOTO B POOOTI BUY YKPIIUICHHS JUIs
JTaHOTO BHAY IpyHTY. IlinTBEpKEHO, 110 BUKOPUCTAHUH METOJl YKPIIUIEHHS MOKe OyTH 3aCTOCOBaHUI y pealbHUX
YMOBax.

Kniouosi crosa: 3emisHe MOJIOTHO; I'PYHTOLIEMEHTHI €JIEMEHTH; JIOTKOBI JOCIIKEHHS; BUIIPOOYBaHHS IPYHTIB
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NCCIEAOBAHUE BJIUAHUA I'PYHTOUEMEHTHBIX OJIEMEHTOB
ITPH YKPEIVIEHUHU MOJEJIN 3BEMJISAHOTI'O ITOJIOTHA
B IABOPATOPHBIX YCJIOBUAX

Henb. DxcniepuMeHTaIbHbIE HCCISIOBAHUS MO3BOJIIOT ONPENCIUTh HANPsHKEHHO-Ie(OPMUPOBAHHOE COCTOS-
HHE WU HECYIyI0 CIIOCOOHOCTh paccMaTpUBAaeMOr0 IPYHTOBOTO MaccuBa. [IpenBapuTensHoe H3ydeHUE pe3ylibTa-
TOB MOACJIMPOBAHUA U SKCIICPUMEHTAJIbHBIX I/ICCHC}IOB&HHI?I IIO3BOJISACT HO[[O6paTI) ONTUMAJIBHBIC PCIICHUA U O6OC-
HOBaTh MapaMeTphbl BEIOpaHHOM TexHOJOTHH. Llenplo qaHHOW paboThI SIBJISETCS ONpENESICHUE BIMSIHUS TPYHTOLe-
MEHTHBIX 3JIEMECHTOB YKPEIUICHUS 3¢MJISIHOTO IOJIOTHA Ha CTa0OM OCHOBAaHWH C MOMOIIBIO HCIBITAaHUS T'PYHTOB
B J1a00paTOpHEIX ycnoBusax. Meroauka. [Ipu pa3paboTke MEpONPHUATHI MO PEKOHCTPYKIMU U YKPEIUICHHIO ITPYH-
TOBBIX MAaCCHBOB BBITIOJHSCTCS IPOBEPKA MIPOYHOCTH C MMOMOIIBI0 MHOTHX METOJIOB. Bo Beex cirydasix Bo BHUMaHUE
NPUHUMAIOT (PU3NKO-MEXaHHUYECKUE XapaKTePHCTUKH TPYHTOB, TIOJYYCHHBIC B PE3yJIbTAaTe HCCICIOBAHMIM, a TaKXKe
JEHUCTBYIOIINE HOPMAaTUBHBIC JOKYMEHTBL. DKCIICPUMEHTAIBHBIC UCCIICIOBAHMUS BBIIOIHSINCH ITyTEM MOJEINPOBa-
HUS B J1aDOPaTOPHBIX YCIOBHAX. MOJEIHPOBaHHE OCYLIECTBISUIOCh HA OCHOBE COOTBETCTBYIOLIMX COOTHOIICHHUI
MEXy F€OMETPUUECKIMHU pa3MepaMH, MEXaHUUECKHMMH CBOMCTBAMHU MaTE€PHAJIOB, HArPY3KaMHU U IPYTUMH (akTo-
paMu, OT KOTOPBIX 3aBHCHT HaNpsDKEHHO-IeopMHUpOBaHHOE cocTosiHMe. [Ipy MpoBeAeHNH WCTBITaHUI HArpy3Kd
MOJIETIH OCYILECTBISLIMCH MOCTENeHHO. Kax1ylo cTeneHp Harpy3Ky BBIIEPKUBAIIM 10 YCIOBHOW CTaOMIIM3aluy Jie-
¢dopmanuu rpyHTa. CHATHE OTCYETOB C M3MEPUTEIBHBIX YCTPOWCTB Ha KaXKIOH CTYNEHH HArpy3Kd BBIMOJIHSIIOCH
Hocie JOCTIDKeHHS CTabuIu3aiuu AedopManuii rpyHToBoro Maccusa. GUKCHpoBaHHE OTCUETOB IO 00OPYIOBaHUIO
O0TMEYaJIOCh B XypHalle ucnblTaHuil. Pe3yjabrarsl. [Ipu yKperieHun rpyHTOLIEMEHTHBIMY CBasIMU MOJENH 3E€MJIsI-
HOTO IIOJIOTHA MPOUCXOAUT YIyYIICHHE MEXaHWYECKHX CBOWCTB, YTO MPUBOAUT K YMEHBIICHHUIO Ae(hopMarui
B 2..3,5 pasa. /i1 KaXAOro HCIBITAHUS IOCTPOCHBI IpadMKH 3aBHCUMOCTH OTHOCHTENBHBIX AedopMmanuil oT
HalpsDKeHUs, a Takke rpaduku gehopManuii 1 KOMIPECCHOHHbBIE KpUBbIe. 13 aHanmmu3a pe3ysibTaToB SKCIEPHMEH-
TalbHBIX MCCICAOBAHUN MOXKHO 3aKJIFOYMTh, YTO MPU UCIBITAHHU MOJIEIIH C YCTPOWCTBOM I'PYHTOLIEMEHTHBIX CBai,
[0 CPaBHEHHIO ¢ MOJEJIBI0 0e3 yCTPOiCTBAa IPYHTOLIEMEHTHBIX CBail, OTHOCHTEJbHBIE Ae(OpMaLlii IPYHTOB ObLIH
MCHBIIC. Haquaﬂ HOBH3HA. IIOKaSaHO, 4qTOo ﬂaHHLIﬁ TUIT YKPCIUICHUA TOJIOKHUTEIIbHO BJIUMACT HA HAINPAXKCHHO-
neopMUPOBaHHOE COCTOSIHHE IPYHTOBOTO MACCHBa, a TAKXKe Ha ero (pu3nko-MexaHW4eckue xapakrepucTiku. [To-
JIYYCHHBIC PE3YJIbTAThl MO3BOJIAIOT pallUOHAIIBHO IMPOCKTUPOBATH pa6OTI)I IO YKPCIUICHUIO TPYHTOBOI'O OCHOBAaHUA
C MOMOIUIBI0 COBPEMEHHBIX TeXHOJIOruil. IIpakTuyeckasi 3HAYMMOCTD. YTIYOJICHHBIN aHAIN3 Pe3yJIbTaTOB JKCIIe-
PUMEHTAJIBHBIX HUCCIICIOBAHHH OTKPBIBACT BO3MOXHOCTH JAJISI TEOPETUYECKOTO 0000IIeHNs U pa3paboTKu TeOpeTH-
YEeCKHX OCHOB, MTO3BOJIMT B JaJIbHEHIIeM 30eXKaTh B aHAIOTHYHBIX CIIydasX SKCIEPUMEHTAIbHOM MPOBEPKH NPHUBeE-
JCHHOro B paboTe BWJAA YKpEIUICHHs JUI1 JaHHOTO BHAa rpyHTa. [IOATBEp)KIEHO, YTO HMCHOJIB30BAaHHBIA METOX
YKPEIUICHHS! MOXKET ObITh MPUMEHEH B PeajbHbIX YCIOBHSX.

Knrwouesvle cnosa: 3eMIITHOE TOJOTHO; TPYHTOLEMEHTHBIC 3JIEMEHTHI; JIOTKOBBIC HCCICIOBAHHS, WCIBITAHHS

TPYHTOB
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