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Jlucepraiiito MpUCBSYEHO PO3POOIIl BUCOKOCPEKTUBHUX YNCETbHUX MOJIENIEH, 1110
JAI0Th MOXJIMBICTH IIBUIKO JIOCHIIKYBaTH €(EKTUBHICTb POOOTH JPEHANKHOI
CUCTEMH 200 OKPEMHMX E€JIEMEHTIB L1€1 CUCTEMH Ha €Tarll ii MPOEKTYBAaHHS.

Y mepmomy po3aiji auceprariii MpoBEAEHO aHaji3 HAyKOBHX ITyOJiKarlil,
MPUCBAYEHUX MIATOIUIEHHS TepUTOpid. JlaHWi aHami3 MOKa3ye CBITOBY TEHJIECHLIIO
1010 30UTBIIEHHS KITBKOCTI TEPUTOPIiH, 0 MOTPAIUISIOTH B 30HY MATOIUICHHS. Tomy
BUHHMKA€ KOMIUIEKC BKIIMBHX 3aJlay MO OpraHi3anli 3aco0iB 3aXUCTy TEPUTOPIA BiA
MIATOIUIEHHS U1l PI3HUX TIAPOJOriYHUX yMoB. [IpoBeneHo aHami3 NpUYWH, IO
OpU3BOJATh J10 MIATOIUIEHHS TeputTopiid. [IpoBeneHo aHaMITUYHUM OIS
JITepaTypHUX JKEpes, SIKUiM TMoKas3aB, 10 ICHYIOTh PI3HI METOJW 3HWKEHHS PIBHS
MiJ36MHUX BOJI HAa MIiATOIUICHUX TEPHUTOPISIX, OJHUM 3 HAHOLIbIIT e(DEKTUBHUX €
npeHaxx. Ha erami mnpoekTyBaHHS BHOIp TOrO 4YM IHIIOTO METONY APEHYBAHHS
BU3HAYAETHCS NUIAXOM IMOMNEPEIHbOIO OLIHIOBAaHHA €(EKTUBHOCTI ManiOyTHBOI
CUCTEMH JIpEHa)XXy METOJOM MAaTeMaTUYHOr0 MOJENIOBaHHsI. BUKOHaHO aHami3
CydyaCHMX METOJIB MPOTHO3YBaHHS JWHAMIKHU MiJ3€MHUX BOJ, SKUH IOKa3aB, IIO
BUKOPUCTaHHS (DI3UYHOTO EKCIIEPUMEHTY IS PIIICHHS 3a/ad4, 110 BUHUKAIOThH MPU
MIPOEKTYBaHHI CUCTEM JPCHAXY, Ma€ YnMajio 0OMexxeHb. [{e moB’sa3aH0 31 3HAUHUMH
BUTpAaTaMU 4acy Ha TIOCTAaHOBKY €KCIIEPUMEHTY Ta BUCOKUMU (PIHAHCOBHUM BUTpPATaAMHU.
@i3uuHui eKCIepUMEHT, B 3HAYHIM Mipi, CHOPSIMOBAaHWUN HA BU3HAYCHHS PI3HHUX
TAPOJIOTTYHUX HapaMeTpIB, 110 J1ajll BAKOPUCTOBYIOTHCS B TEOPETUUHHUX PO3paXyHKaX
Opy NPOEKTYBAHHI CUCTEM JpeHaxky. Ha OCHOBI BUBYEHHS JITEpaTypHUX HaHUX
BUSIBJICHO, 1[0 CYYaCHUM HAIMPSMOM JTOCITIPKEHHS TMHAMIKY M I36MHUX BOJI, TIPOIIECIB
reomirpailii € BAKOPUCTaHHS YUCETLHUX MOJIeNei. Ajie Hapa3i ICHY€E MeBHUN aediuT

MPUKIATHIX YUCETHHUX MOJEIICH, 1110 JT03BOJISIOTh KOMIUIEKCHO BHPINTYBATH 3ajadi
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JUHAMIKM MIJ3€MHUX BOJ Ta TEIJIOMAaCONEPEHOCY IMpPH MPOEKTYBAHHI CHUCTEM
npeHaxy. BukoprucranHs KOMepIiHHUX TPOrpaMHUX KOMIUIEKCIB (HAPUKIIa, TaKeTy
«MODFLOW») mnotpebye Bucokoi kBamidikamii KOpuUCTyBada Ta 3HAYHHUX
€KOHOMIYHHMX BHUTpAT 4Yepe3 iX BHCOKY BapTICTh;, KPIM IIbOT0, MOTpiOHA JieTajlbHA
BXiZHa 1H(OpMAaLis IS MPOBEAEHHS OOYMCIIOBAJIHLHOIO EKCIEPHUMEHTY, L0 HE €
3aBXKJU JOCTYIHOIO, OCOOMMBO HA IMOYATKYy MPOEKTHUX pOOIT, Ta OTPUMAHHA SKOI
noTpeOye dYacy Ta 3HAUYHMX KOINTIB. AHaII3 JITEpPaTypHUX JDKEpENT MO JaHii
npo0sieMaTuIll BUSBUB HEOOXITHICTh Y CTBOPEHH1 HAIIMHUX Ta EKOHOMIYHUX METO/IIB
YUCEIBHOTO JOCIIHKEHHS TUHAMIKH IT1I36MHUX BOJI Ta MPOIIECIB TEIJIOMACOIIEPEHOCY
B HUX.

VY apyromy po3aiji nucepraiiii po3risiHyTO MO0yA0BY MaTeMaTUYHUX MO
JUIsL pO3B’sA3aHHS CKJIQJAHMX, OaraToakTOpHUX 3a/lad MO OI[HII e(pEeKTUBHOCTI
BUKOPHUCTAHHS CHCTEM JJIs 3HID)KCHHS PIBHSA TPYHTOBUX BOJA Ha MIATOIJICHUX
TEPUTOPIsX. 3aIPONOHOBAHO MaTEMaTU4YHI MOJIEI JJIi KOMIUIEKCHOTO PO3B’sI3aHHS
3a/1aul «JIpeHax MiA3eMHUX BOJA + poOOTa MPOHHUKHOTO Oap’epy». 3amporoHOBAHO
MaTeMaTU4H1 MOJIEl ISl KOMIUIEKCHOTO PO3B’SI3aHHS 3a/1adl «JIMHAMIKa MiI3eMHUX
BOJ + po0OTa yCTaTKyBaHHS IO 3aMOPOKYBAHHIO MiJI3EMHOTO MOTOKY». JlaHuii Kiac
3a/1ad € MiATOTOBYMM €TaloM Tepe]] BUKOPUCTAHHSM JPEHAXy IMA3€MHUX BOJ Ha
OKpeMmii AUIsHIN. PO3rIsiHyTI MaTeMaTH4H1 MoJieil 0a3yoTbes Ha GyHAAMEHTAIbHUX
3aKOHaX MEXaHIKM CYLLIBHOTO CEPElIOBUINA — 3aKOHI 30€peXKEeHHST Mach Ta 3aKOHI
30epekeHHs eHeprii. PO3risiHyTI MaTeMaTU4YH1 MOJIE JOMYCKAIOTh JIUIIE YUCETbHE
po3B’si3aHHs. ToMy HEOOXITHUM € PO3poOKa e€PEeKTUBHUX YHCEIbHUX MOJEICH s
MpaKTUYHOI peanizaiii Oararo@akTopHUX Mojeleld AMHAMIKK IMiI3eMHUX BOJ Ta
TerioMacornepeHocy. s aHamizy AMHAMIKKA TIA3€MHHUX BOJ HpU POOOTI APEHAKY
3aIIPOIIOHOBAHO BHKOPHUCTAHHS JBOX MOJIEIICH TIAPOJWHAMIKH B 3aJICKHOCTI Bif
HAsIBHOCTI IMOYATKOBHUX JaHuX. [Ipu HegocTaTHIN KUIBKOCTI HAAIMHUX MOYaTKOBHUX
JAHUX 3alpONOHOBAaHO BHUKOPHUCTOBYBAaTH MOJICIb IOTEHIIAILHOTO pyXy. I[lpm
JIOCTAaTHIM KUTBKOCTI MOYATKOBUX JAHUX MPOMOHYETHCS BUKOPUCTOBYBATH ILIAHOBY
MozeNb PiabTpallii IpyHTOBHUX BOJ. 3alpONIOHOBAH1 MaTeMAaTUYHI MO/JIEJI1 BITHOCATHCS

10 kiacy «operational modelsy, TO6TO Moenei, 1110 103BOIAIOTH TPOBOAUTH HAYKOBE
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TOCHIDKeHHST  OaraToakTOPHUX  MPOIECIB  JAWMHAMIKM TPYHTOBUX BOJA  Ta
TEMJIOMACONEPEHOCY 3 METOI  OOIpyHTYBaHHS 1HXKEHEPHUX  pIIIeHb, IO
MIPUKAMAIOTHCS.

B TpeTrbomy po3aiii nucepTaliii po3risiHyTo N00yA0BY YUHCETBbHUX MOJEIEH IS
PO3B’sI3aHHS 33/1a4l T1APOAUHAMIKH IPYHTOBHUX BOJ IIPH POOOTI IPEHAKHOT CUCTEMH.
PosrnsnyTo moby 0By 4MCeNbHUX MOJENEH TEIJIOMAacoepeHoCy i pillleHHs 3a7a4
reomirpaitii. J{jis 4rcenbHOro po3B’si3aHHs MOJIEIIOI0UMX PIBHSIHB 3aCTOCOBAHO SIBHI
pizHuILeBi cxemu. Lle 1ae 3Mory 3A1iCHUTH TPOCTY MPOTPaMHy peati3alliio pi3HUIEBUX
MOJICIOIOYMX PIBHSAHb. BUKOHAaHO mporpamMHy peasi3aiiio po3po0iIeHUX YHCETbHUX
mojeneid. CTBOpeHl KOJU SIBISAIOTH COOOI0 IHCTPYMEHT PO3B'SI3aHHS CKJIQJIHHX
O0araro(akTOpHUX 3a/1ad 3 OLIHKU €(PEKTUBHOCTI POOOTH APEHAKHUX CHCTEM Ta iX
eseMeHTiB. B po3aiini HaBeneHO pe3ysibTaty Bepudikailii po3po0aeHuX MojaeNeH, ki
MIITBEP/KYIOTh 1XHIO aJiekBaTHICTh. [loOyaoBaH1 yuceNnbHI MOJENI J1al0Th 3MOTY
3aMIHUTH CKIJIAJHI JIaDOpaTOpHI Ta HATYpHI EKCHEPUMEHTH, CKOPOTUTH 4Yac Ha
OTPMMAaHHS HAyKOBO OOIPYHTOBAaHUX JaHUX I0J0 €(PEKTUBHOCTI 3aCTOCYBaHHS
JIPEHAXHUX CUCTEM.

B u4erBepromy po3aini aucepraiiii po3riasHYTO TPAKTUYHE BUKOPUCTAHHS
o0y I0BaHUX YMCEJIbHUX MOJIeNiel Ha MPUKIaAl pO3B’sI3aHHS KOMIUIEKCY 3aj1ad, 110
BUHUKAIOTh MPU PO3POOLI MPOEKTIB JPEHAXY JJIs NIATOIUIEHUX TEPUTOPISX.
[IpeacTasieni B po3aiii pe3yabTaTH JAal0Th 3MOTY 3pOOUTH BUCHOBOK, ITI0 PO3pOOJICHI
YyuCceNbHI MOJeNl PiIbTpallii, reoMirpanii, TermIonepeHocy 1atTh 3MOTY BpaXxOBYBaTU
HU3KY BOKIUBUX (D13UIHUX (PaKTOPIB, 110 BIUTMBAIOTH HA MTPOIIEC TUHAMIKY ITiI3€MHUX
BOJI, TIPU IILOMY JJIsI IX 3aCTOCYBaHHS MOTPiOHA CTaHapTHA Te0JIOTTYHA 1H(POpMAITis.

KuarwouoBi cjioBa: npeHax, mija3eMHl BOJIU, AUHAMIKA T136MHUX BOJ, PIBHSHHS
dinpTparii, 3a0pyTHEHHS MIA3EMHUX BOJI, 3a0pYIHIOIOYl PEYOBUHH, T1IPOTEOJIOTIs,
TipOreosioriyHl  yMOBU, CBEPIJIOBUHA, MaTEMaTUYHI MOJIEJI, YHUCEJbHI MOJEII,

3aXHUCHI CIIOPYIH, TEMIIOMACOIEPEHOC.
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The dissertation is dedicated to the development of highly efficient numerical
models that enable to carry out quick investigation of the effectiveness of a drainage
system or its elements at the design stage.

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. This is due to the significant time required to
set up the experiment and the high financial costs. Physical experiments are largely
aimed at determining various hydrological parameters, which are then used in
theoretical calculations when designing drainage systems. 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
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level of user qualification and significant economic costs due to their high price. In
addition, detailed input information (which obtaining requires time and significant
funds) is needed to conduct a computational experiment, that is not always available,
especially at the beginning of design work. 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». This class of problems is a
preparatory stage before using groundwater drainage in a specific area. 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. If there is
insufficient reliable initial data, using a potential flow model is suggested. If there is
sufficient initial data, it is proposed to use a planned groundwater filtration model. The
proposed mathematical models belong to the class of «operational models», i.e. models
that 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
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solving geomigration problems is considered. Explicit difference schemes are used for
numerical integration of modeling equations. This allows for simple software
implementation of difference 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, while their application requires
standard geological information.

Keywords: drainage, groundwater, groundwater dynamics, filtration equations,
groundwater pollution, harmful substances, hydrogeology, hydrogeological conditions,
well, mathematical model, numerical models, protective structures, heat and mass

transfer.



