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Pedepar:

1. MeTor mucepraniiHOi po60TH € po3p0o6Ka pO3PaxyHKOBUX METOLIB 11711 HAYKOBOTO OOI PYHTYBaHHS TEXHIUHNX
3aX0/1iB, LII0 ITPOBOISATHCS [IJIs1 BHWDKEHHSI PiBHS IPYHTOBUX BOJI, Ha MiJTOIVIEHUX TEPUTOPIxX. O6'€KT AOCIIIPKEHHS —
IVHaMiKa Mifj3eMHUX BOJ, Ta IPOLIECH TEIJIOMACONEPEHOCY B HUX. [IpeIMET NOCiIKEHHS — METOAM PO3PAXYHKY
IVHAMIKHY Ii3eMHUX BOJ, 3 YpaxyBaHHS IIPOLECIB TEIJIOMACOIIEPEHOCY /ISl HAyKOBOTO OOIPYHTYBaHHS TEXHIYHUX
3aXO0JiB, IO PEai3yl0ThCS IPY TPOEKTYBAHHI CUCTEMU JIPEHAXKY. Y MEPIIOMY PO3[iJli AUucepTallii IpoBeNeHO aHaJli3
HAyKOBUX Iy6JIiKalill, IPUCBIYEHUX MigTOIJIEHHS TEPUTOPIN. JJaHMi1 aHasli3 T0Ka3ye CBITOBY TEHJEHIIIO 00
30iJIbII€HHS KiJILKOCTi TEPUTOPIH, 1110 NOTPAIJISIOTh B 30HY MiATOIIEHHS. TOMY BUHMKA€E KOMIIEKC BXKJIMBUX 33/1a4
110 opraHi3aii 3aco6iB 3aXMCTy TEPUTOPIN Bif MiATOIIEHHS 171 Pi3HUX rifpoJIOriYHMX YMOB. [IpoBesieHo aHai3
IIPUAYYH, 10 NIPU3BOISATH 10 MiATOIVIEHHS TEPUTOPIN. [IpoBeeHO aHAITUYHUH OIJIA], JITEPATYPHUX JIDKEPETT, IKUN
[TI0Ka3aB, 10 iCHYIOTb Pi3HI METOIM 3HUKEHHS PiBHA MiJ3€MHUX BOJ, Ha MiATOIUIEHUX TEPUTOPISIX, ONHUM 3
Halo6inbm epeKTUBHUX € ApeHax. Ha etani mpoeKkTyBaHHS BUGip TOTO YU iHIIOrO METOly APEHYBAHHS BU3HAYAETHCS

IIJISIXOM I[IOTIEPEIHBbOTO OLiHIOBaHHS e(eKTUBHOCTI MalibyTHBOI CCTEMH APEHAXY METOJIOM MaTeMAaTUYHOTO



MOJEJIIOBAaHHS. BUKOHAHO aHasi3 Cy4YaCHUX METO/IB [IPOrHO3YBAHHS IUHAMIKY MiN3€MHUX BOI, SIKMM [10KA3aB, 110
BHUKOPHUCTaHHS Qi3NYHOTO eKCIIepUMEHTY [JIsl pilleHHs 33724, 110 BUHUKAIOTb [IPY IIPOEKTYBAHHI CUCTEM JPEHAXY,
Mae yuMaso ooMexxeHb. Ha OCHOBI BUBUEHHS JliTepaTypHUX JAHUX BUSBIIEHO, 1[0 CyYaCHUM HaIPSIMOM
JOCJIIPKEHHS JUHAMIKY MiJ3€MHUX BOJ,, IPOLIECIB reoMirpallii € BAKOPHUCTaHHSI YMCEJIBHUX MOZeel. Ajie Hapasi
icHye neBHUH AedilUT IPUKIAGHUX YNCETbHUX MOJIEIeH, 0 L03BOJISIIOTh KOMIIJIEKCHO BUpIIIyBaTy 3aayi
IVWHAMIKY [MiJ3€MHUX BOJ, Ta TEIIJIOMACOIIEPEHOCY NIPU NPOEKTYBaHHI CUCTEM APEHAXY. BUKOprCTaHHS
KOMEPLIMHUX NPOrpaMHMX KOMILIEKCiB (Hanpukiag, nakety «MODFLOW») noTpebye BUCOKOi KBasidikarii
KOPHMCTYyBaua Ta 3HaYHUX €KOHOMIYHMX BUTpPAT Yepes ix BUCOKY BapTiCTh; KPiM L1bOTO, IOTPibHA AeTalbHa BXiHA
indopmais 115 IpoBefeHHs 00YUCII0BATIBHOIO €KCIIEPUMEHTY, IO HE € 3aBXIU JOCTYIIHOI0, OCOOINBO Ha
IIOYaTKy [IPOEKTHUX POOIT, Ta OTPUMAHHS 5KOi IOTpebye Yacy Ta 3HAYHUX KOIITIB. AHAJI3 JliTepaTypHUX JIyKepeJ 110
IaHill TpobJyieMaTulli BUSIBUB HEOOXiIHICTb Yy CTBOPEHHI HAJiHMX Ta EKOHOMIYHUX METOiB YMCEJIbHOTO
DOCIIIKEHHS IUHAMIKM MiI3€MHUX BOJ, Ta IIPOLECIB TEMJIOMACOIIEPEHOCY B HUX. Y APYrOMY pO3Aii gucepTranii
POBIJISIHYTO [T0OYI0BY MaTeMaTUYHUX MOZeJiell 1151 pO3B'si3aHHsI CKIaJHUX, 6araTopakTOPHUX 3a7jayd 10 OLLiHIL
€(EeKTUBHOCTI BUKOPUCTAHHS CUCTEM [1J151 3BHVMKEHHS PiBHS I'PYHTOBUX BOJ, HA MiATONJIEHUX TEPUTOPISIX.
3anpornoHOBaHO MaTeMaTUYHi MOJIei /1711 KOMIJIEKCHOTO PO3B'sI3aHHS 337a4i «IpeHax Mi3eMHUX Boj, + poboTa
IIPOHUKHOTO 6ap’epy». 3alIpOIIOHOBAHO MaTeMaTUYHi MOJIeJi 1J1s1 KOMIJIEKCHOTO PO3B'sI3aHHS 337a4i «A1HaMiKa
niI3eMHUX BOJ, + poOOTa yCTAaTKYBaHHSI 110 3aMOPO>KYBaHHIO IiI3EMHOT0 IIOTOKY». PO3riIsiHyTi MaTeMaTUyHi MogeJi
6a3yloTbCsl Ha (PyHIAMEHTAIbHUX 3aKOHAX MEXAHIKM CYLiJIbBHOTO CEPEJOBUILA — 3aKOHI 36€peKEeHHS Macu Ta 3aKOHi
36epe>KeHHs1 eHeprii. Po3risiHyTi MaTeMaTHU4Hi MOJeJIi JOIyCKalOTh JIAlIe YUCeJbHE PO3B'si3aHHA. ToMy HEOOXiTHUM
€ po3pobKa epeKTUBHUX YNCEJIbHUX MOJesIel NIl MPaKTUYHOi peasizallii 6araTodakToOpHUX MOJiesiel JuHaMiKy
IiI3eMHUX BOJ, Ta TeIJIoMacoliepeHocy. [l ananisy AnHaMiKy Hi3eMHUX BOJ, IpYU POOOTI ApeHaxy
3aMPONOHOBAHO BUKOPUCTAHHS JBOX MOJeJIeH TifpOoAMHAMIKM B 3aJIE>KHOCTI Bifj HAIBHOCTI IOYAaTKOBUX JAHUX:
MOJeJIb IIOTEHIiaJIbHOTO PyXY; IIJIAaHOBA MoAesb (pinbTpalii r(pyHTOBUX BOJ,. 3alIpOIIOHOBaHI MaTeMaTUYHi Mofei
BiJHOCSITBCS [0 Kilacy «operational models», To6To Mofeiel, o J03BOJISIOTh IPOBOAUTH HAYKOBE LOCIiIKEHHS
6araToakTOPHUX POLECIB JUHAMIKY IPYHTOBUX BOJ], Ta TEIJIOMACONIEPEHOCY 3 METOI0 OOIPYHTYBAHHS
iH>)KeHepHUX pillleHb, o NpUiMaloThes. B TpeTbomy po3fini nuceprallii po3risiHyTo OOYA0BY YMCEIbHUX MOJeeN
L7151 PO3B'sI3aHHS 3a7a4i TiipoMHaMiKy I'PYHTOBUX BOJ, IIPU POOOTI JpeHakHOi cucTeMu. PO3IIsiHyTO 1106y IOBY
YUCEeJIbHUX MOJeJIell TeIJIOMacolepeHocy [j1s pillleHH 3a1a4 reomirpauii. [y 4MCcesIbHOTO PO3B'SI3aHHS
MOJIEJIIOI0YMX PiBHSHb 3aCTOCOBAHO $IBHI pi3HMLIEBi cxeMU. BUKOHaHO MporpaMHy peaisalilo po3po0JIeHNX
qucesibHUX Mogesieil. CTBOpeHi Koy SBJISIIOTh COO0I0 iIHCTPYMEHT PO3B'I3aHHS CKIaIHUX 6araTodakTOpHUX 33134 3
OIIiHKM e(PEeKTHUBHOCTI poOOTH APEHAKHUX CUCTEM Ta iX eleMeHTIB. B po3nisni HaBe#eHo pe3ybTaTh Bepudikariii
PO3p06JIEHUX MOJeJIeH, SIKi MiATBEPIKYIOTh iXHIO afleKBaTHICThb. [106y0BaHi YMCebHI MOJei Aal0Th 3MOTY
3aMiHMATY CKJIQ[IHi JaGOPaTOPHi Ta HaTypHi €KCIEPUMEHTU, CKOPOTUTH 4ac Ha OTPUMAHHS HAyKOBO OOI'PYHTOBAHUX
IAHUX 010 e(pEeKTUBHOCTI 3aCTOCYBaHHS JPEHAKHUX CUCTEeM. B ueTBepToMy po3zisi AucepTalii po3rysiHyTo
[IpaKTUYHE BUKOPUCTaHHS [100yI0BAaHMX YMCEJIBHUX MOJeJIell Ha IPUKJIaZi pO3B’s13aHHS KOMILJIEKCY 33724, 10
BUHUKAIOTb ITPU PO3POOLIi IPOEKTIB IpeHaXy AJIs MiATOIJIEHUX TepuTopisx. [IpencTraBieni B po3zisi pesyabTaTti
IAI0Th 3MOTY 3pOOUTY BUCHOBOK, 110 PO3p006JIeHi yncesnbHi Mogeri ginbrpatiii, reomirpatiii, TenaionepeHocy JaloTh

3MOTY BPaxOBYBaTH HU3KY BOKJIMBUX Pi3nyHUX (PaKTOPiB, 110 BIVIMBAIOTh HA ITPOLIEC AUHAMIKY MiI3€MHUX BOJ,

2. The aim of this dissertation is to develop computational methods for the scientific justification of technical
measures taken to lower the groundwater level in flooded areas. The object of the study is the dynamics of
groundwater and heat and mass transfer processes within it. The subject of the study is methods for calculating
groundwater dynamics, taking into account heat and mass transfer processes, to provide a scientific basis for
technical measures implemented during the design of drainage systems. The first chapter of the dissertation
analyses scientific publications dedicated to flooding. This analysis shows a global trend toward an increase in the
number of areas affected by flooding. This raises a number of important issues regarding the organization of flood
protection measures for different hydrological conditions. An analysis of the causes of flooding is conducted. An
analytical review of the literature shows that there are various methods for lowering the groundwater level in
flooded areas, one of the most effective among them is drainage. At the design stage, the choice of a particular



drainage method is determined by a preliminary assessment of the effectiveness of the future drainage system
using mathematical modeling. An analysis of modern methods for predicting groundwater dynamics was
performed, which showed that the use of physical experiments to solve problems arising in the design of drainage
systems has many limitations. Based on a review of the literature, it has been found that the current trend in
research on groundwater dynamics and geomigration processes is the use of numerical models. However, there is
currently a shortage of applied numerical models that allow for a comprehensive solution to the problems of
groundwater dynamics and heat and mass transfer in the design of drainage systems. The use of commercial
software packages (e.g., MODFLOW) requires a high level of user qualification and significant economic costs due
to their high price. Based on a study of the literature, there is a need to develop effective and economical methods
for numerical study of groundwater dynamics and heat and mass transfer processes in them. The second chapter
of the dissertation considers the development of mathematical models for solving complex, multifactorial
problems of evaluating the effectiveness of systems for lowering the groundwater level in flooded areas.
Mathematical models are proposed for the comprehensive solution of the problem of «groundwater drainage +
permeable barrier operation». Mathematical models are proposed for the comprehensive solution of the problem
of «groundwater dynamics + operation of equipment for freezing underground flow». The mathematical models
considered are based on the fundamental laws of continuum mechanics - the law of conservation of mass and the
law of conservation of energy. The mathematical models considered allow only numerical solutions. Therefore, it is
necessary to develop effective numerical models for the practical implementation of multifactorial models of
groundwater dynamics and heat and mass transfer. To analyze groundwater dynamics during drainage operation,
it is proposed to use two hydrodynamic models depending on the availability of initial data: a potential flow model,
a planned groundwater filtration model. The proposed mathematical models allow scientific research of
multifactorial processes of groundwater dynamics and heat and mass transfer to be carried out in order to justify
the engineering decisions that are made. The third chapter of the dissertation considers the development of
numerical models for solving the problem of groundwater hydrodynamics during the operation of a drainage
system. The development of numerical models of heat and mass transfer for solving geomigration problems is
considered. Explicit difference schemes are used for numerical integration of modeling equations. The developed
numerical models have been implemented in software. The codes created are a tool for solving complex
multifactorial problems of assessing the efficiency of drainage systems and their elements. The section presents
the results of verification of the developed models, which confirm their adequacy. The developed numerical
models make it possible to replace complex laboratory and field experiments and reduce the time required to
obtain scientifically sound data on the effectiveness of drainage systems. The fourth section of the dissertation
considers the practical use of the developed numerical models using the example of solving a set of problems that
arise when developing drainage projects for flooded areas. The results presented in the chapter allow to conclude
that the developed numerical models of filtration, geomigration, and heat transfer make it possible to take into
account a number of important physical factors that influence the dynamics of groundwater.
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InenTudikarop ROR: He zacrocosyerscs

VIII. 3ak/1104Hi BiZOMOCTI

Biacue IpizBume Im's I[1o-6aThKOBI TioTbKin Osexcift Jleoninosud
TOJIOBH pajgu

Biiacue IlpisBume Im's ITo-6aTbKOBI TroTbkin Osexciii Jleoninosud
TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBimasbHHH 3a Hi,qI‘OTOBKy KosayunHa Banepisa BayecnasiBHa
00JIIKOBHX JOKYMEHTIB

PCGCTpaTop FOpuenko TersiHa AHaToJiiBHA

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




