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1. Inceprauiiina po60Ta IPUCBIYEHA BUPIIEHHIO BAXJIMBOI HAYKOBO-TIPUKJIAAHOI TPO6IEMH, 110 MOJISITAE Y
PO3BUHEHHIO IIIXOMiB i METOIIB MAaTEMAaTUYHOIO MOJIEJIIOBAHHS IIPOLIECIB MACOIIEPEHECEHHS B CKJIQHUX i
CKJIaJIeHUX TijlaX, 110 CYMPOBOIKYIOThCS IIpoLiecaMu copoLii-mecop6iiii, kKackagHUM po3nanom abo XiMiYyHUMU
PeaKllisiMK, 3a eKCIIEPUMEHTAJIbHUX JAaHuX Ha rpanul Tina. ChopMyIbOBaHO OCHOBHI CIIiBBiIHOLIEHHS
MaTeMaTUYHOI MOJieJli TepMOoMexaHoreTepoAnPy3ii 3a KaCKaAHOTo po3nany JUPYHIYIOUUX PEYOBUH Y
0araTOKOMIIOHEHTHOMY CEpeIOBUIL 3 [IaCTKaMM; IIPOBeieHa akcioMaTr3awis 6a30BUX M0JI0KEHb KOHTUHYAJIbHO-
TEPMOAVHAMIYHOTO MOJIEJIBHOTO OIUCY MPOLIECIB [IEPEHECEHHS. 3a YMOBAMU JIOKAJILHOI TEPMOJIMHAMIYHO]
piBHOBaru Mik CTaHaM|u OTPUMAHO YaCTKOBI MaTeMaTUYHi MOZeJli MacOllEpeHECEHHS 3 €(PEKTUBHUMU
XapaKTePUCTUKAMU, SIKi BpDAaXOBYIOTb KACKAQ[IHMI PO3MaJ] Mirpyl04Mx YaCTUHOK Ta OCOOIMBOCTI MiKpOCTPYKTYpH

Tina. Ha ocHOBi po3BuHeHNX Mozesel cpopmMyIbOBaHO HOBi TOCTAHOBKY KPaloOBUX 33/lay KACKaIHOTO TUITY, KOJIU



KOHIIEHTPAllisl YACTUHOK Ha IIEBHOMY KPOLli Po3Nay € IXepesoM Macu po3NnagHoi peuOBUHU HA HACTYIIHOMY KPOL,
sKa Texx sudyHnye, copoyeThcs, AecopoyeTbes i po3nagaeTses. [[o6yoBaHO MaTeMaTHU4Hi MOZIesi KOHBEKTUBHO]
Irysaii 3a0pyiHEHHS y TpUlIapoBoMy (PibTpi BOgU Ta MOZesli MEXaHIYHOIO OYHUIIEHHS Ta XiMiYHOT'O ITOM SIKLIIEHHS
BOJIM B yMOBaX HEBM3HAYEHOCTI 3acUNTHUX QinbTpiB BoAU. PO3p06I€HO CUCTEMHUN MifXif 1,0 MaTEMAaTUYHOTO
OIUCY MPOLIECIB IEPEHECEHHS B CKJIAIHUX i CKJIAZIEHNX CUCTEMAX 3a HAsIBHOCTI €KCIIEPUMEHTAJIbHUX JAHUX HA
OJIHii1 3 rpaHULIb Tija, SIKUI TPYHTYETHCS] HA CUHTE3] KJIACUYHOTO MifX04y MaTeMaTUYHOIO MOJeJIIOBaHHS 3B'13aHUX
IpolLeciB pi3HOi (PisMYHOI NPUPOIY B HEOJHOPIAHUX CEPENOBUILAX IJ1s1 JOOPE CTPYKTYPOBAaHOI YAaCTUHU CUCTEMH Ta
HEKJIACUYHOTI'0 CTAaTUCTUYHOTO IiAX0AY 1O MOZEJIIOBAHHS HEBIIOMOI FPAHUYHOI YMOBU Ha OCHOBI
€KCIIEPUMEHTAJIbHUX aHUX. PO3BUHEHO METO]] YUCEJILHOTO iIHTETPYBaHHS NTOJIBIHUX iHTErpasiB 3i 3MiHHMMU
BEPXHIMU ME>XXaMHU i 3MiHHOIO 00J1aCTIO iHTeIpyBaHHS Ha OCHOBI 3aCTOCYBaHHS Ky0aTyp y BHYTPIillIHil o6JacTi i
3[1i¥ICHEHHS TPUAHTYJISILIITHOTO PO30OUTTS B3LOBX 3MiHHOI MeXi. 31iiCHEHO TPOEKTYBAHHS APXiTEKTyPU Ta
PO3p06JI€HO IPOrPaMHi KOMILJIEKCH J1J1S1 KiJIbKiCHOTO JOCJIiZPKEHHS IIOIMPEHHS JOMIIIKOBUX PEYOBUH B Tijlax 3
MIKPOCTPYKTYPOIO, 1J0 MOJEJIOITh 3aXMCHIi Iapy TEXHIYHUX KOHCTPYKIiH, CXOBUII arpECUBHUX JOMIMIOK,
IIPOMMUCJIOBI PiNbTPH, TOILLO.

2. The thesis is devoted to solving the important scientific and applied problem, which consists in the development
of approaches and methods for mathematical modeling of mass transfer processes in complex and composite
bodies accompanied by sorption-desorption processes, cascade decay or chemical reactions, under experimental
data at the body boundary. The original nonlinear relationships of the mathematical model of
thermomechanoheterodiffusion in a medium with traps accompaning the cascade decay of impurity particles were
constructed in the axiomatized form. The full model consists of the balance equations of the mass of the
components and the body as a whole, momentum, potential, kinetic, internal and total energy, entropy, and
equations of state and kinetic relations. A variant of linearization of the equations of state and kinetic relations was
proposed and the key system of equations for thermomechanoheterodiffusion in a multicomponent body was
constructed taking into account the cascade decay of impurity particles in the case of choosing the temperature,
body density, the vector of displacement of the points of the mass centers continuum and the concentration of
impurity components, including those formed as a result of decay, as the solving functions. Partial variants of the
mathematical model of heterodiffusion in a medium with traps under the cascade decay of migrating substances
were obtained under conditions of thermodynamic equilibrium with respect to the processes of intertransition of
particles between different states. On the basis of the obtained partial model variants, the processes of mass
transfer of impurities in media with microstructure under the cascade decay of impurity components were
investigated. For the specific scheme of decay, the coupled cascade-type initial-boundary value problems were
formulated for the models of diffusion in a medium with effective characteristics, non-interacting flows, and
diffusion in a medium with traps, when the concentration of particles at a certain decay step is the source of the
mass of decaying matter at the next step, which also diffuses, sorbs, desorbs, and decays. The solutions of the
cascade-type initial-boundary value problems for these mathematical models were constructed by an iterative
procedure using Green's functions. The processes of mass transfer of impurities by two ways, taking into account
the mutual transitions of particles between states and the cascade decay of impurity components were
investigated. The concentrations and mass fluxes of migrating components were found and quantitatively studied,
as well as the amount of the corresponding substances that passed through a unit area of a certain surface, for
example, through the lower boundary of the layer, was determined. Based on the general mathematical model of
thermomechanoheterodiffusion of migrating decaying substances in a medium with traps, the corresponding
cascade-type initial-boundary value problems were formulated and solutions for the concentrations of decaying
impurities at each stage of decay on the fast and slow migration ways, in traps, and for total concentrations were
constructed by the analytical-iterative method using Green's functions. The matrix Green's function of the
problem of heterodiffusion in a medium with traps was defined and its main regularities were established. Based
on the obtained formulas, the Geterpas software package was developed for simulation of mass transfer processes
in a body with traps under the cascade decay of impurities. Two approaches to the mathematical modeling of
transport processes in complex and composite, including porous, bodies were developed. The systematic approach



to the mathematical description of transfer processes in multiphase systems with meso- or microstructure in the
presence of experimental data at one of the body boundaries was developed. This approach was applied to the
mathematical description of processes in three-layered water filters. The method of numerical double integration
with variable upper limits was developed and a new algorithm was constructed for solving a nonlinear functional
equation on an interval of unknown length. The mathematical model based on the balance mass equation for the
system components to quantitatively describe the processes of mass transfer of pollution particles with an
aqueous solution through a backfill water filter, taking into consideration the water softening by a chemical
reaction was constructed. The components of the thermodynamic system are the interacting discrete sets of
material particles that form the basis of the body (filter skeleton), the aqueous solution, and the impurity particles
that are sorbed, in two distinct states in the aqueous solution and sorbed on the filter skeleton, a compound of one
of the main cations, a reagent, particles of insoluble substance formed as a result of a chemical reaction, and gas
molecules that instantly evaporate.
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BnacHe IlpizBume Im'st Ilo-6aTbKOBI lerpuk Muxaiino PomaHoBUY
TOJIOBH pajgu

ByiacHe Ilpi3Bumie Im's ITo-6aTbKOBI ITerpux Muxaiino Pomanosnd
rOJIOBYIOYOrO Ha 3acCimaHHi

BignmoBimasbHUI 3a IIi,I;I‘OTOBKy 3aropopHa Haranisg BonogumupisHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




