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1. MaTematruyHe Moze0BaHHS QibTPaLiiHUX IIPOLIECIB B IPYHTOBUX CEPENOBUIIAX 3 YPaXyBaHHSIM BILIUBY

€JIEMEHTIB iH)KEHEPHUX CIIOPY,

2. Mathematical modeling of filtration processes in soil environments taking into account the influence of elements
of engineering structures

Pedepar:

1. lucepTariis nmpucBsYeHa po3poobili HOBUX MAaTEMAaTUYHUX Mofe el GibTpaliitHuX IPOIeCiB B TOPUCTUX
CepeloBUIIAX 32 HAsIBHOCTI €JIEMEHTIB iH)KEHEPHUX CIIOPY/, 3 YpaxyBaHHSM BIJINBY TEXHOT€HHUX (PaKTOPIB.
BrockoHaneHo iCHyI0Ui MaTeMaTUYHi Mogeli 3a7a4 (inbTpalii, yiibHEHHS IOBHICTIO HACUYEHUX IIOPUCTUX
cepenosull, ix QinbTpaLifiHOro pyrHHYBaHHS, TEIJIOCOJIeTIEPEHECEHHS Ha BUTIAJIOK HAsIBHOCTI €JIEeMEeHTIB
iHXXeHepHUX CIIOPY], B [IOPUCTUX cepefoBuIax. MoaudikoBaHO KiHeMaTUYHY 'PaHUYHY YMOBY Ha JelpeciiiHii
[IOBEPXHi I'PYHTOBOTO MAaCUBY 3 YpaXyBaHHSIM 3MiHHOI IOPUCTOCTI Ta BIJIMBY (Pi3MKO-XiMiUHUX (PaKTOPIB.
Po3po6seH0 mifxXiz 10 YMCEeNIbHOTO PO3B’3aHHS BiANIOBITHUX HEJIIHIMHUX KPaloOBUX 3a/1ay4 [JIs1 CUCTEM

IvdepeHLiabHUX PiBHSHD B 00J1aCTSIX 3 BKIIOUEHHSIMU. BiflllOBiAHO 10 po3p06sI€HOro Miixoqy aAanToBaHO NaKeT



FreeFem++ nj1s1 3HaxoKeHHS HAGIMPKEHUX PO3B'SI3KiB BiATIOBITHNX HEJMiHIHHNUX KpallOBUX 33/1a4 METOL0M
CKiHYEHHUX €JIEMEeHTIB B 00J1aCTSIX 3 pyXOMUMU MeKaM{, BUKOPUCTaHO MOKJIUBOCTI nakety FreeFem++ 1o
posIapa’sesieHHI0 00YMCIeHb 1J1s1 SMEHIIEHHS 3aTPaT MallMHHOTO Yacy Ha pPO3B’a3aHHS CPOPMOBAHUX KPaloOBUX
3agad. Po3pobsieHo anropuTmu, CTBOPEHO BifIIOBiIHI TPOrpaMHi peasnisallii po3po6sieHMX aaroOpUTMiB Ta
[IPOBENIEHO Cepii YNCTIOBUX EKCIIEPUMEHTIB WOA0 AOCIIIPKEHH BIUIMBY €JIEMEHTIB iH)KEHEPHUX CIIOPY], Ha
dinpTpaliliHi npouecyu B IOPUCTUX CEPENOBUILAX. BUSBIIEHO, 1110 HAsIBHICTD JaHUX €JIeMEeHTIB (0c0obJIMBO, iX
IIOIIKO/KEHb) CYTTEBO BILJIMBAE HA Nepeoir PpinbTpaliliHUX MPOLECiB B IUX CEPenoBUILAX. TakoXX AOCIIIKEHO
BIIJIUB 3MiHHOi TOPUCTOCTI Ta CyQO3iliHO-KOJIbMaTaliiiHUX Mpoleci Ha npouecu QinbTpalii B 6ionsnato-QinbTpi Ta
iX BIJIMB Ha ioro (6io11aTo) IPOrHO3HY NIPOLYKTUBHICTb. B po60Ti TaK0OX 3aIIPOIIOHOBAHO PO3TJISLIATH 30CepeiKeHi

m1s1xy PinbTpalii B IPYyHTOBMX MacUBaXx SIK y3arajbHEHHS €J1eMEHTIB iHKeHEPHUX CIIOPY/I.

2. The dissertation is devoted to the development of new mathematical models of filtration processes in porous
media under the conditions of elements of engineering structures presence, taking into account the influence of
technogenic factors. Existing mathematical models of filtration problems, consolidation of completely saturated
porous environments, their filtration destruction, heat and salt transfer in the case of elements of engineering
structures presence in porous environments have been improved. The kinematic boundary condition on the
mobile depression surface of the soil massif has been modified, taking into account the variable porosity and the
influence of physico-chemical factors. An approach to the numerical solution of the corresponding nonlinear
boundary value problems for systems of differential equations in domains with inclusions is developed. According
to the developed approach, the FreeFem++ package has been used to find approximate solutions of the
corresponding nonlinear boundary value problems using the finite element method in the domains with moving
boundaries, using the features of the FreeFem++ package for the parallelization of computations to reduce the
machine time to solve the boundary value problems. The algorithms were developed, corresponding software
implementations of the developed algorithms were created, and a series of numerical experiments were
conducted in relation to the study of the influence of elements of engineering structures on filtration processes in
porous environments. It was revealed that the presence of these elements of engineering structures (especially
their damage) significantly influence the filtration processes in these environments. Also, the influence of variable
porosity and suffusion, and colmatage processes on the processes of filtration in a bioplato filter and their
influence on its (bioplato) predictive productivity is studied. The study also offers to consider the concentrated
ways of filtration in soil massifs as a generalization of elements of engineering structures. The results of
dissertational work have been used during the development of the design documentation for reconstruction of the
water supply network in Ozhenyn village in Ostroh region of Rivne oblast by “BTS-ENGINEERING” state
enterprise, “BIOTEKHSOIUZ” LLC; during development of the reconstruction project documentation for the
sewage system on the manufacturing site of “Mankovychi” distillery, Mankovychi village, Stolin region, Brest oblast,
Republic of Belarus. Results obtained in the dissertational work have been introduced into the educational process
in development of courses “Mathematical and computer modelling of natural and anthropogenic systems”,
“Projection-mesh and mesh-free methods of mathematical physics” for the students of National University of
Water and Environmental Engineering of Ministry for Education and Science of Ukraine in specialty 113 “Applied
mathematics”. Four authors' rights registration certificates have been obtained.
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