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3ay4yeHHs 3CYBHHUX 1 3CYBOHEOE3IEUHUX TEPUTOPIN B TOCTOIAPCHKY MiSIbHICTD
Ta ix 3a0y/10Ba MOB’s13aHa 31 CKJIAJHOIO IHKEHEPHOIO 33/1a4€l0, 1110 Ma€ OyTH BHUpIIICHA
Ha eTaml po3pOoOKH MPOEKTHUX pillleHb MaiOyTHIX OyziBeldbHHX 00’€kTiB. Bona
MoJjIsira€ B HEOOX1JHOCTI MPOBEICHHS OIIIHKK CTIMKOCTI I'PYHTOBOI'O MAacHBY, IO
IUTAHYEThCSI BUKOPUCTOBYBATH B SIKOCTI OCHOBHM [UIsi OyniBeNlb 1 CIOpPYH, apkKe
BUHUKHEHHSI a00 aKTHBI3allisl 3CYBHHUX IMPOIECIB MOKE MAaTH HETaTUBHI HACIIJIKU HE
JWIIe B €KOHOMIYHOMY IIJIaHi, a TAKOX HECTH OE3MOCEPEeNHIO 3arpo3y AJIS JKUTTS i
3m0poB’st mrofed. Po3poOieHa 3Ha4YHA KUIBKICTH PI3HOMAHITHUX METOJIB  JIS
BUDIIICHHS O3HAYEHOI 3a/adi, BUKOPHUCTAHHS SIKHX 3YMOBIIOETHCS TIEPEBAKHO
HEOOX1IHOI0 TOYHICTIO OTPUMAHUX PE3yJIbTATIB PO3pPaXyHKIB Ta OOMEXKEHHSMHU 1
HEJIOJIIKaMH TUX YU THITUX METO1B. [Ipu IbOMYy CTBOpPEHHS HOBHUX ITiIXO1B 1 METO/IIB,
K1 6 6a3yBajKCs HAa Cy4aCHUX YUCEIbHUX METOAaX, 3 METOIO HIBEJIIOBAHHS HEIOMIKIB
THIITUX METOIIB 3AJIUIIAETHCS aKTYaTbHOIO TPOOIEMOIO.

[Ipu bOMyY Ha JaHUM Yac OJHUM 13 HAMOUIBII PO3MOBCIOIKEHHUX 1 YHIBEpCATbHUX
YHCENIbHUX METOMIB PO3PaxyHKIB 3aJady 3 MEXaHIYHOI I1HXKeHepli 3arajioM 1 B
GyaiBenbHil ramysi 30kpema, SBISEThCS MeTox ckinuennux enementis (MCE). Horo
3HAaYHE PO3MOBCIOKCHHSI TIOB SI3aHE 3 MOYKJIMBICTIO PO3B’SA3KY Pi3HUX BHIIB 3a7a4, y
TOMY YHCIi: MPOCTOPOBUX, 3 ypaxyBaHHAM pPI3HHX THUIIB HEIIHIMHOCTI, TUX IO
3aJIeKaTh BiJl Yacy, MEXaHIKU PYWHYBaHHs, CTIMKOCTI, TEIJIONPOBIHOCTI, TOB3YYOCTI
ta Oarathox iHImMUX. [ligBummty edextuBHicTh MCE MOXIHMBO 3a J0MOMOTOIO
BBEJICHHS JI0IATKOBHX T1IIOTE3, K1 MEBHOIO MipPOIO 3BYXKYIOTh KOJIO 3a/1a4, TP LLOMY
JIO3BOJISIIOYM 3HAYHOIO MIpOI0 3MEHIIUTH TPHUBAIICTh PO3PAXyHKOBOTO IMPOIIECY.

OmHUM 3 TaKUX METO/IB SBISCTHCI HANlBAHAIITUYHUN METOJ CKIHUEHHUX E€JIEMEHTIB



(HMCE). Po3surok HMCE noB’si3anuii 3 TAKUMU BUJIATHUMHU HAYKOBLSIMU siK: B.A.
baxenos, O. 3enxeBuu, O.C. Caxapos, O.I. TI'ymap, FO.M. IlleBuenko, M.M.
[ITarmonrHiKoB Ta 1HIIMMHU.

VY mpexacTaBieHiil poOOTI MPOMOHYEThCS HOBUW MIJXiJ JO PO3B’SI3aHHS 3a1a4
CTIMKOCTI OCHOB OyiBelIb 1 CIOPYJI Ha 3CYBOHEOE3MEUHHUX TEPUTOPIAX, KU
N03BOJINTH BUKOpHUcTOBYBath TniepeBard MCE 1mpu BU3HAUEHHI HaIpy>KEHO-
ne(hOpMOBAHOTO CTaHy CXUJTY, B TOMY YHCIII 3 MOXJHBICTIO 3acTocyBanHss HMCE st
3MEHIICHHS OOYHUCIIOBAJBbHUX BUTpaT MpU PO3B’sA3aHHI NPOCTOPOBHUX 3ajad,
KOMOIHYIOUYH 1[I METOJU 3 aIrOPUTMaMH, CTBOPEHUMH Ha OCHOBI Teopii rpadiB aiis
MPOBEICHHS OI[IHKM CTIMKOCTI TPYHTOBOTO MACHBY, JAl0YM 3MOTY TPU IOMY
BUpPINIYBAaTH Takl 3ajadl sK: BHU3HAYCHHS KoeillleHTa CTIHKOCTI, mnoOyaoBa
MOTEHITIITHOT MOBEPXH1 KOB3aHHS, TOOYI0BA €IMIOPH 3CYBHOTO THCKY.

B nepiomy po3mini HaBeaeHO OIS TEOpii 1 METOAIB JOCIIIKEHHS CTIMKOCTI
OCHOB OyjiBeNlb 1 CHOpPYJ Ha 3CYBOHEOE3MEYHMX TEPUTOPIAX, a came: ICHYHYl
kiacudikaiii 3CyBHUX MPOLIECIB, MOTEHIIIHI MPUPOIHI 1 TEXHOT€HHI (PAKTOPH BILIUBY,
METO/IM OLIHKH CTIAKOCTI Ta IX 0COOJIUBOCTI.

CxiamHa mpupoja 3CyBIB CIIOHYKajga JO CTBOPEHHS IIUPOKOTO KoJja
pPI3HOMAHITHUX KJjacudikaiiii, B SKUX OCHOBHMUMH KPHUTEPISIMU TOAUTY SIBISIOTHCS
Takl O3HAaKM $K: MMOMHA 3axOIUICHHS, CTYIIHb AKTHUBHOCTi, MacuTa® MposBY,
MIBUJKICTH PYXY Ta ME€XaHi3M 3MIIICHHS 3CYBHUX Mac, CTpyKTypa Ta iHuIi. [Ipu upomy
OJIHMMHM 3 HaOLIbII KOPUCHUX MPHU PO3B’A3aHHI TAKOTO KJlacy 3ajad € MoJijil came 3a
MEXaHI3MOM 3MIIEHHS! TPYHTOBUX Mac, L0 MIATBEPIKYETHCS PO3MOBCIOIKEHHSIM
JaHUX KiIacuQikaliid B HAyKOBiH JiTeparTypi.

BpaxoByroun BiacyTHICTh yHI(pikOBaHOI Kinacu@ikallii 3CyBiB, IO MOSICHIOETHCS
3HaYHUM PI3HOMAHITTSIM OCOOJMBOCTEH CXWIIB, BAXJIMBUM € BUJIUICHHS 1 aHai3
KJIFOUOBUX YMHHUKIB, 110 MOXYThb BIUIMBATU HA CTIMKICTh KOHKPETHOTO CXWIY, SIKI
000B’SI3KOBO MalOTh BPaxXOBYBAaTHCS MPH OIIHIN iX cTikocTi. B poboTti BuaineH1
OCHOBHI IIPHUPOJIHI Ta TEXHOTEHHI YMHUKHU, K1 JOJATKOBO PO3MOJIICHI HAa MIATPYNH

BIJIMOBIHO JI0 iX MEPIIOYEPrOBOrO BILIMBY HA CXUJI.



PosrnsiHyTi HaWOILIBIT PO3MOBCIO/KEHI METOIM OIIHKK CTIMKOCTI CXWIIB,
BU/IIJICHI OCHOBHI iX TepeBaru 1 HeIOJIKU. 3HaYHA yBara OyJjia MpuiijeHa METOIaM
I'PAaHUYHOI PIBHOBAru Ta METOMY 3HMKEHHS MIITHOCTI Yepe3 IMIMPOKE BUKOPHUCTAHHS
JaHUX METOMIB B CHEIali30BaHUX PO3PAaXyHKOBUX KOMIUIEKCaX, LI0 MAarOTh
(byHKITIOHAT J1s MPOBEICHHS OI[IHKM CTIMKOCTI CXUJIIB 1 YKOCIB.

Ha ocHOBI npoBeIeHOr0 aHai3y ICHYFOUMX METO/I1B, IX IIepeBar 1 He[0J1iK1B, OYJ10
OPUMHATO PIIICHHS MPO CTBOPEHHS HOBOTO KOMIUIEKCHOTO MiAXOMy, IIO MOETHYE
3aCTOCYBaHHS METOAY CKIHUCHHHMX €JIEMEHTIB Ta TMIAX0AW Teopiii rpadiB mms
CTBOPEHHSI IHCTPYMEHTapil0 PO3B’S3aHHS 3a/ad CTIHKOCTI CXWIIB Ta HAaBEIEHO
OCHOBHI MOro MOJOXKEHHS. 3aJydeHHA METOJy CKIHYEHHHX EJIEMEHTIB J103BOJISIE
BUKOPHUCTOBYBATH Cy4acH1 IPYHTOB1 MOJIEJ, 1110 A€ 3MOTY OUIBIII TOYHO MOJIETIOBATH
BJIACTUBY IPYHTaM HENIHIHHY MOBEIHKY IiJl J1€I0 HABAHTAKEHb.

B nmpyromy po3niii OCHOBHa yBara MPHUAUISETHCS CTBOPEHHIO YMOB ISt
3anmyueHHss HMCE 10 po3B’si3ky 03Hau€HOT0 Kiacy 3ajad, 0 JO3BOJIUTH ITiIBUIITUTH
e(pEKTUBHICTh YHCEIHLHOTO PO3B 53Ky MPOCTOPOBUX HENIHIMHUX 3aJay CTIMKOCTI
OCHOB OYy/liBeJb 1 CHOpPYA Ha 3CBOHEOE3MEUYHUX TEPUTOPIAX. PO3TIsSHYTO OCHOBHI
MaTeMaTH4HI1 CIT1B1IHOIIEHHS MPY>KHO-IJIACTUYHOI AUTATAHCIMHOT MO IPYHTOBOTO
cepenoBuina. [[ist SMEeHIIIEHHS TPYJIO0EMKOCTI pO3B’ 13Ky MPOTIOHYETHCSI BUKOPUCTAHHS
MOMEHTHOT cxemu ckiHdueHHoro enementa (MCCE), ska m03BOJsi€e yHHKHYTH
inTerpyBanas mno miomuHi CE, 30epiraioud mpu 1pOMY BHCOKY €(GEKTHBHICTDH
auckperm3arii  o0’ekta. s MopentoBaHHS HEOMHOPIMHOT CTPYKTYpH CXHITY
po3po0IieHi cremianbHi IpyHTOB1 HeonHopiaai npusMmarnani CE HMCE 3 noBitbHIME
TPaHUYHUMH YMOBAMM Ha iX TOPLSAX, B SKHX MEPEMILICHHS y HAMpsIMKy TBIPHOL
AIPOKCUMYIOTBCSI PO3KIIaIaHHSAM 32 CUCTEMOIO KOOPIMHATHUX (PYHKIIH TOJiHOMaMU
Jlarpamxa 1 Mixumina. J{ns mepeBipku e(EeKTHBHOCTI 3alpONOHOBAHMX IIIAXO/IB
PO3TIISTHYTO PSIT TECTOBUX MPUKIIAIIB.

Y TpeTboMy pO3AiNi BUCBITICHO PO3POOJICHUWH alTOPUTM PO3B’SI3aHHS 3aaad
CTIKOCTI OCHOB OyAiBenb 1 cmopyd Ha 0a3i Teopii rpadis, B IKOMY BigoOpakeH1
OCHOBHI KpOKH JUIi peajizaiii 3amporoHOBAHOTO KOMIUIEKCHOTO —MiIXOMTY.

BI/IKOpI/ICTaHHﬂ JaHOI O HiI[XOI[y IMOYMHAETBCA 3  BHU3HAYCHHA  HAIIPY>XKCHO-



nedopmoBaHoro ctany cxuiy 3a mornomoroto MCE, BUXITHUMU JaHUMU JJISL SIKOTO
SABIIAIOTHCSL PE3YNbTATH 1HKEHEPHO-TEOJOTIYHUX BHINYKYBaHb. B mopanbiiomy
BUKOPHUCTOBYIOTHCS TIJIXOAM Ta aJrOPUTMM Teopii TrpadiB A BUPINICHHS 3a7a4
CTIKOCTI TPYHTOBOTO MacuBy cxuiy. Jns 1poro, 0a3ylodynch Ha CKIHYEHHO-
€JIEMEHTHIN MoJieni, OyIyeThCs 3BaKeHHM rpad, Bara pedep sIKOro BU3HAYA€ThCS Ha
OCHOBI OTpHMaHUX pe3ynbTaTiB ominku HJIC cxumy. BukopucToByroun anroputMu
MOIIYKY HAaWKOPOTIIOTO HUISAXY JAJS 3BaKEHUX IpadiB, CTa€ MOMKIMBOIO JIOKAJi3allis
MOTEHIIIHOT MMOBEPXHI KOB3aHHSI, BIAMOBIAHO 0 AKOT MOYKHA BU3HAYUTU KOS(DIIIEHT
CTIMKOCTI Ta OOy AyBaTH €IMIOpY 3CyBHOTO THCKY. OTpuMaHi pe3ybTaTH Jal0Th 3MOTY
HE JIMILIE OI[IHUTH CTIMKICTh CXWUIY, ajie 1 OTpUMATH JaHi, HEOOXiTHI JUId pOo3pOOKU
3aXO0JliB 1H)KEHEPHOTO 3aXHCTy Ta MPOEKTYBAaHHSA YTPUMYIOUUX CHOPYH. Takox
PO3TASHYTO MOXIIMBICTh BHUPIIIEHHA NOPOCTOPOBUX 3aJad 3a JOMOMOIOIO
3aMpoIOHOBAHOTO MiAXOdY.

BuxopucToBytoun po3poOJaeHUI Miaxia po3B’s3aHO Psi TECTOBUX MPHUKIAIB,
IpU pO3B’S3KY AKUX OLIHIOBAJIACh 301KHICTh OTPUMAHUX PE3YyJIbTaTIB y MOPIBHSAHHI 3
IHITUMHA METOJAaMHU OIIIHKM CTIMKOCTI CXWIiB. TakoX IOCHTIAKyBaBCsl BIUIUB Ha
pe3yapTaTH B 3aJeKHOCTI BiJ 3MIHM HACTYyIHUX UWHHUKIB: pO3MIpY Ta THUILY
CKIHYEHHUX €JIEMEHTIB, TC€OMETPUYHHUX IapaMeTpiB CXWIy, (PI3UKO-MeXaHIYHUX
XapaKTEePUCTUK IPYHTIB.

B detrBepTOoMy po3miai po3B’si3aHO MPUKIIAIHI 33/1a4l 3 OIIHKU CTIHKOCTI CXUITIB,
a came: mpoaHamizoBaHo HJIC cxuiiB, MpoBENEHO OIIHKY CTIHKOCTI 3a PsaOM
NOTEHUIWHUX TTOBEPXOHb KOB3aHHS MPH PI3HUX MMOCTAHOBKAX 3a/ay (B IPUPOTHOTO
CTaHy 0 HaMOLIbII HECTIPUSTIIMBUX YMOB), MOOY0OBAHO €MIOPY 3CYBHOTO TUCKY AJIS
BU3HAUCHHS HABaHTA)XCHb HA YTPUMYIOUl CIOPYAH, 3alpOTOHOBAHO 3aXOaU
1H)KEHEpHOT0 3aXUCTY, MpOaHaIiz0BaHo BIUMB 1ux 3axo/iB Ha HIC cxmny. Otpumani
PE3yNIbTaTH MATBEPAIN MOKIIMBICTh BAKOPUCTAHHS 3aIIPONIOHOBAHOTO IMiIXOy TIPH
BUPIIICHH] CKJIAHUX MPUKIATHUX 3a7a4 3 OIIHKU CTIKKOCTI OCHOB Oy/IiBeJIb 1 CIOPY/T
Ha TEPUTOPIAX 3 MOTEHIIHHIM PO3BUTKOM 3CYBHHUX IMPOLIECIB TA 3CYBHUX TEPUTOPISIX.

B pesynbTari mpoBeaeHUX MOCHIIKEHb 3alpPOINOHOBAHO HOBUN KOMILIEKCHUH

MiIX1A IS BUPIMICHHS] 3a/ad OI[IHKH CTIHKOCTI OCHOB OymiBenb 1 CHOpPyd Ha



3CYBOHEOE3MEeUHNX TEPUTOPIsIX Ha 0a3l MeTola CKIHYCHHHX €JEeMEHTIB Ta 3
BUKOPHCTAHHSAM QJITOPUTMIB Ta MiAX0iB Teopii rpadiB. Po3B’a3aHHS MPOCTOPOBUX
HENMWHUX 3a7a4 MPOMOHYEThCS BUKOHYBAaTH 3 3ajydeHHSIM HamiBaHATITHYHOTO
METOJy CKIHUEHHUX €JEeMEHTIB. JlJi1 MOJeII0BaHHsI HEOJHOPITHOI CTPYKTYpU CXUITY
MIPOTIOHYETHCSI  3aCTOCOBYBATH  PO3POOJIEHI CIeliajdbHl HEOJHOPIAHI IPYHTOBI
npusmatuyHi CE HMCE. Po3po6s1eHo HOBY epeKTUBHY METOAUKY 1 aTOPUTMHU JJIS 11
peastizailii, KIIOYOBOI OCOOJMBICTIO SKHX SBIISIETHCS MOXKIIUBICTH BHKOPHUCTAHHS
CKIHYEHHO-EJIEMEHTHOI MOJieNll TIpu MoOyAoBi rpady, M0 3HAYHO CIPOILYyE OOMIH
iH(popMaLi€r0 MK Hero 1 modygoBanuM rpadom. [IpoBeneno anamiz 301KHOCTI Ta
JIOCTOBIPHOCTI OTPUMAHUX PE3YJIbTATIB Y NOPIBHAHHI 3 1HIIMMH METO/IaMU Ha OCHOBI
3HAQYHOI KUIBKOCTI TECTOBUX 3aaad. OTpuUMaHO pe3yJbTaTH OLIHKA CTIMKOCTI
peaibHUX 00’€KTIB 3 BUKOPUCTAHHSIM 3alPOMOHOBAHOTO MIAXOAY, IO AAJ0 3MOTY
MIOPIBHATH 1X HE JIMIIE 3 iHIIMMH METOJIaMHU, aJie 1 3 HATYPHUMH CIIOCTEPEKEHHSIMH 32
PO3BUTKOM 3CYBHHUX Jedopmalriii.

Ki1o4oBi cjioBa: 3cyBu, 3CyBHI 1 3cyBOHEOE3MEUH1 TEPUTOPIi, OCHOBA, TOBEPXHS
KOB3aHHS, KOE(QIIIEHT CTIMKOCTI, CTIMKICTh CXHIIYy, YHCJIOBE MOJICIIIOBAHHS, METO]]
ckinuenaux eneMeHTiB (MCE), namiBaHamiTHYHUN METOJ CKIHUCHHHUX €JIEMEHTIB
(HMCE), w™omenTtHa cxema ckiHdeHHoro enemeHta (MCCE), HanpyxeHo-

nedopMoBaHuil cTaH, HETIHIMHUN PO3pPaxyHOK, MOJICITFOBAHHS CXUIIIB, TeOpis rpadis.



SUMMARY

Pavlenko V. M. Solving the spatial nonlinear problem of stability of the bases of
buildings and structures in landslide-prone areas. — Qualifying scientific work on
manuscript rights.

Dissertation for the degree of Doctor of Philosophy in specialty 131 "Applied
Mechanics". — Kyiv National University of Civil Engineering and Architecture,
Ministry of Education and Science of Ukraine, Kyiv, 2025.

The involvement of landslide and landslide-prone areas in economic activity and
their development is associated with a complex engineering problem that must be
solved at the stage of developing design solutions for future construction projects. It
consists of the need to assess the stability of the soil massif that is planned to be used
as a base for buildings and structures because the occurrence or intensification of
landslide processes can have negative consequences not only in economic terms, but
also pose a direct threat to human life and health. A significant number of various
methods have been developed to solve the specified problem, the use of which is
mainly due to the required accuracy of the obtained calculation results and the
limitations and shortcomings of certain methods. At the same time, the development
of new approaches and methods that would be based on modern numerical methods to
eliminate the shortcomings of other methods remains an insistent problem.

At the same time, one of the most widespread and universal numerical methods
for calculating problems in mechanical engineering in general and in the construction
industry in particular is the finite element method (FEM). Its significant spread is
associated with the possibility of solving various types of problems including: spatial,
various types of nonlinearity, depend on time, fracture mechanics, stability, thermal
conductivity, creep and many others. It is possible to increase the efficiency of FEM
by introducing additional hypotheses that to some extent narrow the range of problems,
while allowing to significantly reduce the duration of the calculation process. One of
these methods is the semi-analytical finite element method (SAFEM). The

development of SAFEM is associated with such prominent scientists as: V.A.



Bazhenov, O. Zenkevych, O.S. Sakharov, O.I. Gulyar, Yu.M. Shevchenko, M.M.
Shaposhnikov and others.

The presented work proposes a new approach to solving the stability problems of
the bases of buildings and structures in landslide-prone areas, which will allow using
the advantages of FEM in determining the stress-strain state of the slope, including the
possibility of using SAFEM to reduce computational costs when solving spatial
problems, combining these methods with algorithms developed based on graph theory
for assessing the stability of the soil massif, while allowing solving such problems as:
determining the stability coefficient, indicate location a potential slip surface,
constructing a shear pressure diagram.

The first chapter provides an overview of the theory and methods of studying the
stability of the bases of buildings and structures in landslide-prone areas, namely:
existing classifications of landslide processes, potential natural and technogenic factors
of influence, and methods for assessing stability and their features.

The complex nature of landslides has prompted the development of a wide range
of various classifications, in which the main criteria for division are such features as:
depth of capture, degree of activity, scale of manifestation, speed of movement and
mechanism of displacement of landslide masses, structure, and others. At the same
time, one of the most useful in solving this class of problems is the division according
to the mechanism of displacement of soil masses, which is confirmed by the
distribution of these classifications in the scientific literature.

Given the lack of a unified classification of landslides, which is explained by the
significant diversity of slope features, it is important to identify and analyze key factors
that can affect the stability of a particular slope, which must be taken into account when
assessing their stability. The paper highlights the main natural and technogenic factors,
which are further divided into subgroups according to their primary impact on the
slope.

The most common methods for assessing slope stability are considered, and their
main advantages and disadvantages are highlighted. Considerable attention was paid

to the methods of limit equilibrium and the method of strength reduction due to the



widespread use of these methods in specialized computational complexes that have
functionality for assessing the stability of slopes.

Based on the analysis of existing methods, their advantages and disadvantages, it
was decided to develop a new comprehensive approach that combines the application
of the finite element method and graph theory approaches to create a toolkit for solving
slope stability problems, and its main provisions are given. The use of the finite element
method allows the use of modern soil models, which allows for more accurate
modelling of the nonlinear behaviour inherent in soils under the action of loads.

In the second chapter, the main attention is paid to creating conditions for
involving SAFEM in the solution of the specified class of problems, which will allow
to increase efficiency of the numerical solution of spatial nonlinear problems of
stability of bases of buildings and structures in landslide-prone areas. The main
mathematical relations of the elastic-plastic dilatancy model of the soil environment
are considered. To reduce the complexity of the solution, the use of a moment scheme
of the finite element (MSFE) is proposed, which allows to avoid integration over the
FE plane, while maintaining high efficiency of object discretization. To model the
inhomogeneous structure of the slope, special soil inhomogeneous prismatic FE
SAFEM with arbitrary boundary conditions at their ends have been developed, in
which the displacements in the direction of the generator are approximated by
expansion in the system of coordinate functions by Lagrange and Michlin polynomials.
To verify the efficiency of the proposed approaches, several test examples are
considered.

The third chapter highlights the developed algorithm for solving problems of
stability of bases of buildings and structures based on graph theory, which reflects the
main steps for implementing the proposed comprehensive approach. The use of this
approach begins with determining the stress-strain state (SSS) of the slope using the
FEM, the initial data for which are the results of engineering and geological surveys.
Further, graph theory approaches and algorithms are used to solve problems of stability
of the soil mass of the slope. For this, based on the finite element model, a weighted

graph is constructed, the weight of the edges of which is determined based on the



obtained results of assessing the slope's SSS. Using algorithms for finding the shortest
path for weighted graphs, it becomes possible to localize the potential sliding surface,
according to which the stability coefficient can be determined and a shear pressure
diagram can be constructed. The results obtained make it possible not only to assess
the stability of the slope, but also to obtain the data necessary for developing
engineering protection measures and designing retaining structures. The possibility of
solving spatial problems using the proposed approach was also considered.

Using the developed approach, a number of test cases were solved, during the
solution of which the convergence of the obtained results was assessed in comparison
with other methods of assessing slope stability. The influence on the results depending
on the change in the following factors was also studied: the size and type of finite
elements, the geometric parameters of the slope, the physical and mechanical
characteristics of the soils.

In the fourth chapter, applied problems on assessing slope stability were solved,
namely: the slope stability was analyzed, the stability was assessed for several potential
sliding surfaces under different problem statements (from the natural state to the most
unfavourable conditions), a shear pressure diagram was constructed to determine the
loads on the retaining structures, engineering protection measures were proposed, and
the influence of these measures on the slope stability was analyzed. The results
obtained confirmed the possibility of using the proposed approach in solving complex
applied problems of assessing the stability of the bases of buildings and structures in
areas with potential development of landslide processes and landslide areas.

As a result of the conducted research, a new comprehensive approach was
proposed for solving problems of assessing the stability of building and structure
foundations in landslide-prone areas based on the finite element method and using
algorithms and approaches of graph theory. It is proposed to solve spatial nonlinear
problems using the semi-analytical finite element method. For modelling the
inhomogeneous structure of the slope, it is proposed to use the developed special
inhomogeneous soil prismatic FE SAFEM. A new effective methodology and

algorithms for its implementation have been developed, the key feature of which is the



possibility of using a finite element model when constructing a graph, which
significantly simplifies the exchange of information between it and the constructed
graph. An analysis of the convergence and reliability of the obtained results in
comparison with other methods was carried out based on a significant number of test
problems. The results of assessing the stability of real objects using the proposed
approach were obtained, which made it possible to compare them not only with other
methods but also with field observations of the development of shear deformations.
Keywords: landslides, landslide and landslide-prone areas, bases, sliding surface,
stability coefficient, slope stability, numerical modelling, finite element method
(FEM), semi-analytical finite element method (SAFEM), moment scheme of the finite
element (MSFE), stress-strain state, nonlinear calculation, slope modelling, graph

theory.
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2. Comnoneut IL.I., Ilerpenxo E.FO., IlaBmenko B.M. IloctanoBka 3amaui
MOJICITIOBAHHS 3CYBHUX IMPOIIECIB B IJIACTUYHUX IpyHTaX. Onip mamepianie i meopis
cnopyo. 2023. Bun. 110. C. 47-62. https://doi.org/10.32347/2410-2547.2023.110.47-
62 (Budanms inoexcyemscs 8 MidCHApOOHill Haykomempuuril 6asi Web of Science).

Ocobucmuii  8HecOK asmopa: MeKCmoea YACMUHA HpPO  MONCIUBICHID
BUKOPUCMAHHS MemMO0) CKIHUeHHUX eJleMeHmi6 0 UPIUIeHHs. NOCMABIeHOol 3a0ayi 3
MOJACTUBICMIO BUKOPUCTNAHHS KOMNIEKCHUX MOOeell.

3. Conopeii 1.1, [Terpenxo E.1O., ITaBnenko B.M. Oco6JMBOCTI METOIIB OI[IHKH
CTIAKOCTI 3CyBHUX Ta 3CYBOHEOE3MEUHUX CXWIIB. Onip mamepianie i meopis cnopyo.
2023. Bum. 111. C. 25-38. https://doi.org/10.32347/2410-2547.2023.111.25-38
(Budanus indexcyemocs 6 MidcHapoOHill Haykomempuuril 6azi Web of Science).

Ocobucmuil 8Hecox asmopa: oQpopMmieHHs epagiunux mamepianis, nposeoeHi
PO3PAxXyHKU mMecmosux 3a0ay, MmeKcmoea YacmuHa Npo NOPIGHAHHA pe3ylbmamis
PO3PAxyHKI8, OMPUMAHUX 3 OONOMO20I0 PIZHUX MEMOOI8.

4. Comnopne#t L.1., TlaBnenko B.M. Bukopucranns teopii rpadiB Asis OLIHKH

CTIMKOCTI 3CYBHHUX 1 3CYBOHEOE3NEUHUX CXWIIB. Onip mamepianie i meopisi cnopyo.



2024. Bum. 112. C. 19-27. https://doi.org/10.32347/2410-2547.2024.112.19-27
(Buoamnns inoekcyemuvcsi @ MidCHapoOHill Haykomempuuniu 6azi Web of Science).

Ocobucmuii 6Hecox asmopa: oQopMieHHs 2pagiuHux mamepianis, mexcmosa
yacmuHa npo 3acmocy8anHs meopii epagie y 3aoauax cmivkocmi 6yoigenv i cnopyo
Ha 3CY80HEOe3NeyHux mepumopiax WwiisIXoM nNepemeopenHs Mooeni Memooy
CKIHYEHHUX eleMeHmi8 8 epad.

5. Conopeii 1I., [NaBmenko B.M., Kyniko O.I1. OauH 13 miaxomiB 10 OIIHKH
CTIMKOCTI IPYHTOBOT'O MaCUBY Y paMKaX CITKOBUX METOMIB. Onip mamepianie i meopis
cnopyo. 2024. Bun. 113. C. 29-36. https://doi.org/10.32347/2410-2547.2024.113.29-
36 (Budanms inoexcyemscs 8 MidCHApOOHiU Haykomempuunil 6azi Web of Science).

Ocobucmuii 6Hecox asmopa: oQopMieHHs 2pagiuHux mamepianis, mexcmosa
yacmuHa, wo MICMUms 3aNPONOHOBAHUL ANICOPUMM PO38 A3KY 3a0ay 3 OYIHKU
CMIUKOCMI IPYHMOBUX MACUBIB 3 ONUCOM OCHOBHUX U020 emanis.

0) cmammi y HAYKOBUX BUOAHHSAX, BKAIOYEHUX 00 NepeiiKy HAYKOBUX (haxosux
suoansv Ykpainu kamezopii «by:

6. [TaBnenko B.M. [loegnanHs YuceNbHUX METOIB 3 MiAX00M Ha OCHOBI TeOpii
rpadiB MpH OIIHII CTIHKOCTI CXWIIB. ¥Ynpasninusa pozsumrxom ckiaouux cucmem. Kuis,
2025. Ne61. C. 202 — 209. https://doi.org/10.32347/2412-9933.2025.61.202-209

HayxkoBgi npaui, siki 3acBiquyoTh anpodaunirw MmarepiajiB qucepraumii

7. ITaBnenko B. M., Conopeit 1. I. Anani3 knacudikariiii 1 npuuuH BUHUKHEHHS
3CYBHHUX MPOILIECIB Ta METOMAIB PO3paxyHKy cXuiiB. Modern research in world science:
matepianu X MixHap. Hayk.-mipakT. koH(. JIbBiB: SPC “Sci-conf.com.ua”, 2022. C.
446-450.

Ocobucmuii 6necoxk asmopa: auauniz Memooié pO3PAXYHKIE, 0QOopMieHHs
BUCHOBKIS.

8. Cononeii 1., [TaBnenko B. Oco0auBOCTI MOJEIIOBaHHS 3CYBHHX IPOIIECIB Y
MaJiO3B’SI3HUX TUIACTUYHMX TIPyHTax. [lpobremu 6yodisenvnoco ma mpaHcHOpmMHO20
Komniekcig: 30. MatepianiB MikHap. HayK.-TexH. on-line koH}. KponmuBHULIBKHIA:

I[MHTY, 2023. C.145-147.



Ocobucmuii 6HecoK agmopa: NPOAHANI308AHO 63AEMO38 SA30K pe3ylbmamia
PO3DAXYHKIB, OMPUMAHUX 3d OONOMO20I0 IHMEeSPANbHUX MemoOdis, 8i0 NPULHANUX
MamemMamuyHux mooeel.

9. Conopneit 1.1, IlaBnenko B.M. OwiHka CTIMKOCTI IPYHTOBOTO MAacHBY 3
BUKOPHUCTAHHSAM CITKOBHX METOMIB. AKmyanvHi npobaemu po3paxyHKie 0yOieeibHUX
KOHCMPYKYill: HAYKOBO-TEXHIYHUN cuMIIo3iyMm, Te3u nomnosigeit. Kuis: SCAD SOFT,
2024. C. 16-22.

Ocobucmuii enecok asmopa. opopmienus epagiunux mamepianie, nPoGeoeHi
PO3DAXYHKU MeCmosux 3aday, mMeKCmoed 4YAacCmuHd, HNOPIGHAHHS pe3)bmamis,
OMPUMAHUX 3ANPONOHOBAHUM NIOXO00M, 3 De3YIbMamamu, OMPUMAHUMY THUUMU
Memooamu.

10. ITaBnenko B. M., Cononeii 1. I. Bukopuctanss HamiBaHaJITHUHOTO METOAY
CKIHYEHHUX €JIEMEHTIB B 3aJiauax Jae(opMyBaHHS IPyHTOBUX OCHOB. Global trends in
science and education: matepianu Il MixHap. Hayk.-tipakT. kKoH(]. KuiB: SPC “Sci-
conf.com.ua”, 2025. C. 239-245.

Ocobucmuii 6Hecok asmopa: mexkcmosa YacmuHa 3 ONUCOM HANIBAHATIMUYHO2O

Memooy CKIHUEeHHUX eleMeHMIB.



