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SIMULATION OF SUBGRADE EMBANKMENT ON WEAK BASE

Purpose. This article provides: the question of the sustainability of the subgrade on a weak base is considered in
the paper. It is proposed to use the method of jet grouting. Investigation of the possibility of a weak base has an ef-
fect on the overall deformation of the subgrade; the identification and optimization of the parameters of subgrade
based on studies using numerical simulation. Methodology. The theoretical studies of the stress-strain state of the
base and subgrade embankment by modeling in the software package LIRA have been conducted to achieve this
goal. Findings. After making the necessary calculations perform building fields of a subsidence, borders cramped
thickness, bed’s coefficients of Pasternak and Winkler. The diagrams construction of vertical stress performs at any
point of load application. Also, using the software system may perform peer review subsidence, rolls railroad tracks
in natural and consolidated basis. Originality. For weak soils is the most appropriate nonlinear model of the base
with the existing areas of both elastic and limit equilibrium, mixed problem of the theory of elasticity and plasticity.
Practical value. By increasing the load on the weak base as a result of the second track construction, adds embank-
ment or increasing axial load when changing the rolling stock process of sedimentation and consolidation may con-
tinue again. Therefore, one of the feasible and promising options for the design and reconstruction of embankments
on weak bases is to strengthen the bases with the help of jet grouting. With the expansion of the railway infrastruc-
ture, increasing speed and weight of the rolling stock is necessary to ensure the stability of the subgrade on weak
bases. LIRA software package allows you to perform all the necessary calculations for the selection of a proper way
of strengthening weak bases.

Keywords: soil cement; stress-deformed state; finite element method; subgrade; weak base

zone of cementation, if they are available;
possibility of squeezing cement at considerable
speeds of groundwater or the presence of cavities
in the soil and the degree of strength solution for
injection.

The jet grouting method includes works on
improving soil quality by energy liquid jet for de-
struction, mixing and replacement of the original
natural soil cement slurry, followed by the forma-
tion of strong soil cement. It is the formation of
cylindrical piles by means of soil’s destruction of
cement’s jets by pressure 200 400 kg/cm?
(20 ... 40 MPa), emerging from monitor’s nozzle
with diameter @ 2 ... 3 mm, attached to the drilling
equipment to further mixing and filling of soil with
cement.

Introduction

The new technologies that allow working on
strengthening soil quality and reliability are ap-
peared in the bundle of knowledge and experience
of native scientists. One of the leading-edge tech-
nologies is jet grouting, which allows implement-
ing various constructions enhancement the soil
base. The paper presents the main parameters of
the numerical analysis of the foundations of the
subgrade base using amplification-based jet tech-
nology.

When choosing a method of strengthening soil
it should be based on its technological and purpose
of application. The soil cementation is a pene-
tration and filling of cavities in the soil by means
of solution for injection under some pressure. In

this regard it is necessary to thoroughly consider Purpose

the following factors: the lack of damage which
inflicted by high pressure building, located near the

The aim of this work is to study the impact of
a weak base on general deformation of subgrade.
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Another goal is to identify and optimize pa-
rameters subgrade through research by numerical
simulation.

Methodology

The theoretical research of the stress-strain
state of the roadbed’s base and embankment by
simulation software LIRA was conducted to reach
this goal. The finite element method is among the
most contemporary and efficient methods for cal-
culating structures of various purposes, which al-
lows combining two tasks of geomechanics prob-
lems: deformation and limit state. The program
complex LIRA is a program of numerical simula-
tion processes which occur in soils during the in-
fluence of different pressures and also allows ex-
ploring the process of deformation and zones de-
velopment of limiting condition of the soil. During
the simulation may be received a complete picture
of the stress-strain state of the investigated area,
and the importance of breaking load, precipitation,
etc.

The follows can be determined by using the
software system:

— subsidence of soil and pile base with
a given load and engineering-geological
conditions;

— limit compressed thickness in accordance
with existing regulations;

— the difference subsidence and rolls of
existing buildings including those which projected;

— coefficients of the bed soil base according
to soil models of Winkler and Pasternak [5,7].

Winkler model is the simplest model that has
gained widespread use. This model is based on the
fact that the draft stamp proportional loading,
deformation and elastic enough after unloading
disappear. The only mechanical parameter is the
coefficient of bed.

Elastic subsidence of surface under the stamp D
under pressure p according Winkler model is
defined as

S=P/C (1)

where C — coefficient of subgrade reaction.

The Pasternak’s model is used for research
deformation of subgrade crest outside of the load
transmitted from the rolling stock.

Elastic subsidence of surface around the stamp
D under pressure p according Pasternak model is
defined as

C,

D et
S= . c \E (2)
D-C+4JCC, +82

where C; — ratio compression, kgs/cm3; C, — offset
coefficient, kgs/cm; » — distance from the center of
stamp to point out of stamp definition subsidence, cm.

Review of recent research sources
and publications

The problem addressed in many publications.
Numerical modeling, particularly in the software
LIRA is described in a lot of works [4, 6]. Payment
schemes of most commonly used pile bases’
models are given in investigation [2]. The problem
solutions of subgrade strengthening are devoted at
the work [3, 9, 7, 10].

Findings

Calculation of the roadbed on the weak basis
based on the solution of the plane problem of elas-
ticity, but the body of the embankment stability
calculations and their slopes are performed by the
classical theory of limit equilibrium. In these
methods is not taken into account that the occur-
rence of plastic zones occurs long before the limit-
ing condition in the body of the embankment and
soils weak base. In these areas accumulate residual
strain that caused vibro dynamic impact load and
excessive moisture soils. In weak bases can be
slow viscous and plastic flow of soil, aimed at
slopes of subgrade, which can cause dangerous
shear and expansion joints and cracks.

Thus, for weak soil the most appropriate is
nonlinear bases model considering of existing ar-
eas as elastic and limit equilibrium that is mixed
problem of elasticity and plasticity.

To obtain reliable results, it is necessary to
follow those recommendations: to determine de-
formation and strength characteristics of soils that
make up the body of embankments and founda-
tions with sufficient accuracy; define the parame-
ters of the rolling load distribution; establish di-
mensions of cross-section given its boundaries
loose soil with a weak base. Payment schemes that
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are used in full to more accurately show the stress-
strain state of the roadbed than the schemes
adapted to the axis of symmetry.

Under the influence of load in a weak base
appears significant horizontal tension because bor-
der calculation scheme (prohibition of horizontal
displacement) should be placed as farthest from the
place application of the load. Also there are pro-
hibited horizontal movement of the left and right
boundaries and vertical movement of the lower
nodes of boundary. Splitting cross-section is per-
formed with increasing density of finite element
mesh in areas where the expected increase of
stresses and displacements values.

The values of loads from rolling stock in the

calculation scheme adopted according to the ex-
perimentally obtained values. The values of verti-
cal deformation in the event of plastic zones in the
soil depend on the nature of the loading. In the ab-
sence of plastic deformation load of rolling stock
may take one step.

When using the finite element method, the
determining soil characteristics and embankment
foundations upon this depends largely on the
stress-strain state of the real subgrade plays an im-
portant role.

In the design scheme of layers of soil are taken
according to the results of geological surveys.

Estimated parameters used in the numerical
simulation should be taken from Table 1.

Table 1

Estimated parameters used in the numerical simulation

Ne Type of element Material The elastic modulus E, Density, Poisson’s ratio
KN/m? KN/m’

1 Rail Metal 2,06x10° 77,085 0,3

2 Sleeper Ferroconcrete 3»,247)(108 24,525 0,2

3 Ballast Ballast Stone 100 000 22 0,2

4 The body of em- Loam 25000 19 0,3

hankments
5 Weak base Saturated loam 5000 19 0,3
6 Soil cement pile @ 750 Soil cement 115 000 17,5 0,3
mm

So to calculate the embankment on the weak
basis is performed on calculation scheme with the
size of the real profile, creating finite-element
mesh, determination of forces and loads. Also
there is performed choose of the design character-
istics of the system «embankment-weak base» and
simulated process system load rolling stock.

Determination of the total subsidence occurs by
layered adding using scheme linear deformation
half-space (Boussinesq’s task).

The achievements limits cramped thickness H.
is controlled of

c,=ko,
by using the coefficient depth of cramped
thickness k, which is defined.

After making the necessary calculations per-
form building fields of a subsidence, borders

cramped thickness, bed’s coefficients of Pasternak
and Winkler. The diagrams construction of vertical
stress performs at any point of load application.

Also, using the software system may perform
peer review subsidence, rolls railroad tracks in
natural and consolidated basis.

Originality and practical value

There was defined the algorithm of forming
design scheme for the calculation of the embank-
ment on the weak basis by finite element method.
The method of the selection strength characteristics
of soils and calculated parameters for using in nu-
merical modeling is offered in the article. The
modeling process of load system by rolling stock
was grounded.

Analysis of the stress-strain state of the system
«weak base-roadbed» allows you to see the basic
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patterns of soil and take the necessary steps for
strengthening of soil-cement elements.

Conclusions

Based on the above, in the condition of the
growth rate of the rolling stock and traffic on
Ukrainian railways, the investigations allow using
software LIRA for the analysis of roadbed opera-
tion of rolling stock in the railway, which is re-
duced on a weak base.

With increasing the load on the weak basis by
building of the second track, adding embankment
or increasing axial load when changing the rolling
process of settling and consolidation can be
continue again. Therefore, one of the viable and
future options design and reconstruction of em-
bankments on weak bases are strengthening the
base by using jet grouting. Covering soil cement
piles allows to provide a short time strengthening
roadbed, the ability to quickly enter areas of track
in operation and small size of subsidence.

LIST OF REFERENCE LINKS

1.  JBH B.2.1-10-2009. 3mina Ne 1. OcHoBu Ta ¢yH-
JaMeHTH criopyA. OCHOBHI MOJIOXKEHHS IPOEKTY-

BanHsd. — Bsexn. 2011-01-07. — KuiB : Min-
perionOyn Ykpainu, 2011. — 161 c.
2. HccnenoBaHue mapaMeTpoB  MOJCPHU3HMPOBAH-

Horo 3emsstHOTO TmomotHa / B. JI. Ilerpenxo,
A. M. M. Anxayp, A. JI. Trotekun, B. B. Ko-
BasieBud // BicH. JIHinpomneTp. Hall. YH-TY 3aJi3H.
TpaHcn. im. akang. B. Jlasapsaa. — [[aimpo-
neTposchbk, 2012. — Bum. 41. — C. 164-169.

3. Jlunuenko, lO. I1. MoaenupoBaHue CBaifHOTO OC-
HOBaHUA 3J1aHUA C MPUMCHEHUEM HWHTCIPaJIbHBIX
anemenToB / 1O. I1. JIunuenko, A. E. lllyct // Ctp-
BO M TEXHOTEHHAas 0E30IMacHOCTh : ¢0. Hayd. Tp. /
HAIIKC. — Cumdepomnons, 2010. — Beim. 33-34. —
C. 176-182.

4.  Jlurosuenko, II. A. UucieHHOEe MOOETMPOBAHUE
B3aMMOJICHCTBHA OYpPOMHBEKIIMOHHOW CBaMl C JIO-
KaJIbHBIM 3aKPEIUICHHEM B IPYHTE M OKpY)Karoliie-
ro ee rpyHToBoro mMaccusa / I1. A. JlutoBuenko //
Crp-BO, MaTepHaloOBeJeHUE, MAlIMHOCTPOCHHE :
0. Hayu. tp. / [IACA. — Inenponerposck, 2013.
— Bpim. 69. — C. 322-327

5. Hossle Bo3moxknoctu cucteMel [ PYHT mis on-
penesieHnsl IapaMeTpoB JKECTKOCTH TPYHTOBOTO
n cBaiiHoro ocHoBaumii / JI. A. Toponeuxnii,
B. II. Makcumenko, JI. B. MexaseneHko,
E. b. Crpenen-Crpenenkuii // Ctp-Bo, MaTepua-
JIOBEJICHNWE, MANIMHOCTpOeHHe : cO. Hayd. Tp. /

10.

11.

12.

13.

14.

[II'ACA. — [uenponerposck, 2013. — Bum. 69. —
C. 155-160.

Iletpenko, B. [I. TlopiBHsAIbHMI aHAi3 METOJIB
yKpimienHs: 3emssiHoro nosiotHa / B. JI. Ilerpen-
ko, . O. Csarko, [. O. Smmonscekuii // Ctp-Bo,
MaTepHalloBeJIeHUe, MAIMHOCTPOSHHE : cO. HayY.
Tp. / IITACA. — JnenporerpoBck, 2013. — Bum.
69. — C. 369-373.

[etpenxko, B. /1. IlopiBHsIbHAI aHAT3 PO3paxyH-
KOBHX MOJEJIeil 3ai3HHYHOTO 3eMIITHOTO IOJIO0T-
na / B. JI. Ilerpenko, M. O. SMmnonabchkuid,
I. O. Cearko // Hayka Ta nporpec TpaHci. BicH.
JuinporeTp. Hall. yH-TY 3aii3H. TpaHci. — 2013. —
Ne 4 (46). — C. 56-62. doi: 10.15802/stp2013-
/16619.

[IpaBuia po3paxyHKIB 3ali3HMYHOI KOJII Ha
MIIHICTb 1 cTidikicTs : III1-0117 : 3aTB. Haka3oM
Vxp3amizaumi Bix 13.12.2004 p. Ne 960-113. —
Kuis : IIIT V3, 2004. — 69 c.

PaspaboTka BapHaHTOB apMHPOBAHUS 3EMILTHOTO
MIOJIOTHA B CJIO’KHBIX HH)KEHEPHO-T€OJIOTHYECKUX
yemosusax / B. JI. Ilerpenxo, B. H. Kocsk,
B. B. KoBanbuyk, A. M. M. Anxayp // Ctp-Bo,
MarepuaioBeieHHe, MalllMHOCTPOeHUe : c0. Hayd.
tp. / IITACA. — duenponerposck, 2011. — Bpim.
61.-C.307-312.

Crpokosa, JI. A. IlpumeHeHre MeTOAa KOHEYHBIX
2JIEMEHTOB B MEXaHUKE TPYHTOB : y4e0. mocooue /
JI. A. CtpoxoBa. — Tomck : M3n-Bo Tomckoro mo-
TUTeXH. YH-Ta, 2010. — 143 c.

TrotekuH, A. JI. CpaBHUTEIBHBIA aHATH3 KOHEY-
HO-3JIEMEHTHBIX Mojelneil cBaiiHoro (pyHmameHTa
OpH  B3aUMOJCHCTBHM C  OCHOBaHHUEM  /
A.JI. Trotbkun, A. B. 'ynak // BicH. {ninponerp.
HAll. YH-TY 3aJli3H. TpaHcm. iM. akan. B. Jlazaps-
Ha. — /[luinponerposck, 2010. — Bum. 32. —
C. 122-126.

Roanes-Lozano, E. The Geometry of Railway
Geometric Overthrow Revisited Using Computer
Algebra Methods / E. Roanes-Lozano // Mathe-
matics in Computer Science. — 2013. — Vol. 7. —
Iss. 4. — P. 473-485. doi: 10.1007/s11786-013-
0164-7.

Simi, H. Building Simulation Tools for
Retrofitting Residential Structures / H. Simi,
Amherst // Energy Engineering. — 2012. — Vol.
109. — Iss. 3. — P. 53-74.

Wang, J. Measures and Mechanism of Reinforce-
ment of Soft Subgrade of High Speed Railway in
Operation / J. Wang, L C. Yang // Applied
Mechanics and Materials. — 2013. — Vol. 353-356.
—P. 866—872. doi:10.4028/www.scientific.net/am-
m.353-356.866.

doi 10.15802/STP2015/49286

© V. D. Petrenko, 1. O. Sviatko, 2015

201



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpascrnopty. BicHuk J[HIIPOETPOBCHKOTO
HaIliOHAJIIBHOTO YHIBEpPCHTETY 3ali3HHYHOTO TpaHcHopty, 2015, Ne 4 (58)

TPAHCIIOPTHE BYJIBHUILITBO

B. JI. IETPEHKO', 11. O. CBSITKO*"

1Ka(l). «ToHHenu, ocCHOBaHHs U (yHIaMEHTB, JIHENPONETPOBCKHIA HAIIMOHAIBHBIN YHUBEPCUTET JKEJIC3HOIOPOKHOTO
TpaHCIIOpTa UMeHH akanemuka B. Jlazapsna, yn. Jlazapsua, 2, [JnenponerpoBck, Yipaunna, 49010, Ten. +38 (050) 708 50 69,
a11. mouTa petrenko1937@mail.ru, ORCID 0000-0002-5902-6155

TKad. « ToHHEH, OCHOBAHHS i (hyHIAMEHTHD), JIHENPOIIETPOBCKHI HAMOHAIBHbIHA YHUBEPCHTET XKEIE3HOT0POKHOTO
TpaHcIOpTa UMeHH akanemuka B.JlazapsiHa, yi. JIazapsiaa, 2, Jlnenponerposck, Ykpanna, 49010, ten. +38 (056) 373 15 79,
311, mouTa i-svjatko@yandex.ua, ORCID 0000-0002-7099-2637

MOJAEJIUPOBAHUE HACBIIIA 3EMJIAHOI'O ITOJIOTHA
HA CJIABOM OCHOBAHMH

Heas. B cratee npegycmarpuBaercs: 1) paccMOTpeHHE BOIpoca 00eCneueHrsl YCTOWIMBOCTH 3eMIITHOTO T10-
JIOTHA Ha CTabOM OCHOBAaHUH C HCIOJH30BaHHEM METOJa CTPYHHOH IEeMEHTaluH; 2) MCCIeJOBaHNE BO3MOKHOCTH
BO3JIEHCTBUS CIa0OT0 OCHOBaHWS Ha o0mue aedopmanmu 3eMIITHOTO MOJIOTHA; 3) BBIABICHUE W ONITHUMU3AIMS T1a-
paMeTpoB 3eMIITHOTO TIOJIOTHA Ha OCHOBE HMCCIEIOBAHMI C MOMOIIBIO YHCICHHOTO MOJENUpOBaHM. MeToauka.
Jns  peanmusanM  yKa3aHHBIX —IleJiel  OBUTM  TIPOBENCHBI TEOPSTUYECCKHE HCCIICJAOBAHHUS — HANPsHKEHHO-
)le(l)Ole/IpOBaHHOFO COCTOSIHUA OCHOBAHUS W HACBIIIKA 3EMJIAHOI'O IMOJIOTHA IIYTEM MOACJIMPOBAHUA B IIPOIrPpaMMHOM
komiuiekce JIMPA. Pesyabrartsel. J{jst pacueTa HACBITU HA C1a00M OCHOBAHUH BBIMTOJHEHO: ()OPMHPOBAHUE PaCUCT-
HOH CXEMBI C pa3MepaMy peajbHOro MPOoQuIIs, CO3aHue KOHEUHO-3JIEMEHTHON CETKH, ONpeeNIeHHEe CHII M Harpy-
30K. Taxke MpOu3BeNleH BBHIOOP PACUETHBIX XapaKTEPHCTHK CHUCTEMBI «HACBIIb-CIa00e OCHOBAHHME)» U CMOJIEIHPO-
BaH IpOLECcC Harpy3KH CHCTEMBI MOJBIKHBIM COCTaBOM. Ilociie oCyIiecTBIeHUs] BceX HEOOXOIMMBIX PACYETOB BhI-
MIOJTHEHO TTOCTPOEHHE IMOJICH 0CaioK, TpaHHIl CKUMaeMoil Tomm, ko3ddurmentos mocrenu [lacrepraka n Bunk-
nepa. OCYIIECTBICHO IMOCTPOCHHUE SIIOP BEPTUKANBHBIX HAMPSKCHUH B JIFOOOW TOYKE MPUIOKEHHS HArpy3KH.
Taroke ¢ TOMOIIBIO TIPOTPAMMHOTO KOMIUIEKCA BEITIOTHEHA KCIIEPTHAS OI[CHKA 0CAT0K, KPEHOB KEIE3HOJOPOKHO-
'O TIOJIOTHA HA €CTECTBEHHOM M YKPEIUIEHHOM ocHOBaHUsIX. HayuHasi HoBu3HA. [[oka3aHo, 4TO AJIs C1aOBIX TPYH-
TOB HamOoJiee IelIeco00pa3HON SBISETCS HEIMHEHHAas MOAETh OCHOBAHUS C yYETOM CYUIECTBYIOIIMX OOJacTei
KaK YIOpyroro, Tak W IpeAebHOTO PAaBHOBECHS, TO €CTh CMEIIAHHAS 3afada TEOPUH YIPYTOCTH W IUIACTHYHOCTH.
IpakTHyeckast 3HAYNMOCTb. [Ipy yBeNIMUEHWH HAarpy3KH Ha ciaboe OCHOBAaHUE B pe3yJIbTaTe CTPOUTEIHCTBA
BTOPOI'O IMYTHU, JOCBIIIKW HACBIIIA WJIN YBCIIMYCHUA 0CeBOU Harpysku npm “UBSMEHCHHHU IMMOABUKHOT'O COCTaBa IpoOLECC
OCClaHus Y KOHCOJMOALNU MOKET NPOAOJIKUTHCS BHOBb. HO3TOMy OAHUM U3 HeﬂeCOO6p33Hle 1 MCPCHEKTUBHBIX
BapHaHTOB MPOCKTUPOBAHMS M PEKOHCTPYKIIUH HACKHIIEH HA CITa0BIX OCHOBAHUSX SIBIICTCS YKPEIUICHHE OCHOBAHHUS
C IOMOIIBIO CTPYHHOM 1leMeHTauuu. [Ipu pacmmpeHnn >Kene3Ho0pOKHOW HH(PPACTPYKTYPbI, YBEJIIMUEHUH CKOPO-
CTeH JBWKEHUS M Beca MOIBIDKHOTO COCTaBa HEOOXOIMMO 00ECTICUYUTh YCTOWIMBOCTh 3EMIITHOTO TIOJIOTHA Ha Clia-
0p1x ocHOBaHUsX. [IporpammHsnii kKoMiuteke JIMPA mo3BosIsieT BBIIOIHATE BCE HEOOXOIUMBIE pacyeThl s oa00-
pa ONTHMANBHOTO croco0a YKPeIIeHHs CIa0bIX OCHOBAHUH.

Kniouesvie crosa: TPyHTOIIEMEHT; HANpsDKEHHO-Ae()OpPMUPYEMOE COCTOSHEE, METOJl KOHEYHBIX 3JIEMEHTOB;
3eMJISTHOE TIOJIOTHO; c1aboe OCHOBaHUE
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MOJAEJIOBAHHSA HACHITY 3EMJISAHOT'O ITOJIOTHA
HA CJIABKIIA OCHOBI

Mera. B crarti nepenbadeHo: 1) po3risig mutaHAS 3a0e3MedeH s CTIHKOCTI 3eMJITHOTO TTOJIOTHA Ha cladKiid oc-
HOBI 3 BUKOPHCTaHHSIM METOXY CTPYMEHEBOI IIEMEHTaIlii; 2) JOCIHiIKEHHS MOMIIMBOCTI BILUTUBY cla0KOi OCHOBH Ha
3araipHi Iedopmarii 3eMIISTHOTO TIOJIOTHA; 3) BHUSIBIICHHSI Ta ONTHMI3allis apaMeTpiB 3¢MIITHOTO TTOJIOTHA HAa OCHOBI
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JIOCITIZPKEHB 3a JIOTIOMOT0I0 YUCEIBHOI0 MojeoBanHs. Meroamka. s peanizanii 3a3HaueHol MeTH OyJin poBe-
JIeHI TEOPETHYHI JIOCHI/PKEHHS HalpyKeHO-1e()OPMOBAHOTO CTaHy OCHOBHM Ta HACHITY 3€MJISIHOTO MOJOTHA HIJISIXOM
MO/JIC/IIOBaHHs y nporpamHomy komriuiekci JIIPA. PesyabTaTn. [l po3paxyHKy HacuIy Ha ClIaOKiii OCHOBI BHKO-
HaHO: ()OPMYBaHHS PO3PAXYHKOBOI CXEMH 3 PO3MipaMH peasbHOTO Mpo(diiaro, CTBOPEHHS CKIHYEHHO-EIEMEHTHOT
CITKH, BU3HAYECHHS CHJI 1 HaBaHTa)XeHb. TaKoX IMPOBEIEHO BUOIp pO3PaxyHKOBUX XapaKTEPUCTHK CUCTEMH «HACHII-
ciabKa OCHOBa» Ta 3MOJYJIbOBAaHO MPOLIEC HABAHTAXKEHHSI CUCTEMH PyXOMHM cKiaaoM. Ilicis 3aiCHEHHS BCiX He-
00XiTHUX pO3paxyHKiB BUKOHAHO MOOYIyBaHHS IOJIIB OCiaHb, MEX CTHCHYTOI TOBILI, KoedimieHTiB mocteni [lac-
TepHaka i Binkiepa. 3ailicHeHO OOYIOBY €IMIOp BEpTHKAIBFHUX HANPYKEHb y OyIb-sAKill TOUIl IPUKIaICHHS HaBa-
HTaXeHHS. Tako 3a JOIOMOTOI0 MPOTPaMHOI0 KOMIUIEKCY BUKOHAHO €KCIIEPTHY OILIHKY OCiJaHb, KPEHIB 3aJli3HU-
YHOTO IOJIOTHA Ha MPUPOJIHIH Ta 3MmilHeHii ocHoBax. HaykoBa HoBu3HA. [11s cniabKuX IPyHTIB HAHOLIBLI TOLIIb-
HOIO € HelliHifiHa MOJENb OCHOBH 3 YpaxXyBaHHSIM ICHYIOUMX 00JacTel fK HpYy>KHOi, TaKk i TpaHMYHOI piBHOBAry,
TOOTO 3MillIaHa 3a1a4a Teopil MPyKHOCTI Ta miactuuHocTi. IlpakTuyHa 3HaunMicTh. [Ipu 30iNbIICHHI HABAaHTa-
KEHHsI Ha CJ1a0Ky OCHOBY B pe3yJibTaTi OyJiBHHUITBA JAPYroi Koiiii, JOCHIAHHS HAacuIly a00 30UIbIIEHHS OCHOBOTO
HaBaHTAXXECHHS P 3MiHI PyXOMOT0 CKJIaJly ITPOLIeC OCiIaHHs 1 KOHCOIAALil MOXKe MTPOIOBKUTUCH 3HOB. ToMy o1-
HUM i3 JIOIUIBHUX W NEpCIEeKTHMBHUX BapiaHTIB NMPOEKTYBaHHS Ta PEKOHCTPYKIIi HAacHIiB Ha CIAOKUX OCHOBAX
€ YKpIIUIEHHsI OCHOBH 32 JOTIOMOTOI0 CTPyMHHHOI ieMeHTauii. [Ipu po3mmpeHHi 3ani3Hn4Hoi iHppacTpyKTypH, 30i-
JBIICHH] IIBUIKOCTEH pyXy Ta Bard PyXOMOTO CKJIaay HEOOXiZHO 3a0e3Me4nTH CTIHKICTh 3eMJISTHOTO IOJIOTHA Ha
cmabkux ocHoBax. [Iporpamanii komruteke JIIPA mo3Bomnsie BUKOHATH BCi HEOOXiTHI pO3paxyHKH UL MiZOOpy Ofl-
TUMAJIHOTO CTIIOCO0Y YKPITUIEHHS cIa0KUX OCHOB.

Kniouosi cnosa: TpyHTOLIEMEHT; HaINpy>KeHO-e)OPMOBaHHUI CTaH; METOJ CKIHUCHHUX €JIEMEHTIB; 3eMJIIHE I10-
JIOTHO; cl1abKa OCHOBa
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