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Pedepar:

1. locnimKeHHs] TPUCBIYE€HO MOJEIOBAHHIO IIPOLECY IEPEHOCY BOJIOTU y IOPUCTOMY CEPELOBUIL i3 3aHYPEHUMU
TOYKOBMMMU [KEPEJIaMU Ta MOLIYKY ONTUMAIbHOIO 3HAY€HHS MTOTYKHOCTI IKepeJ 1151 3a1aH0i 6a’KaHOi BOJIOTOCTi.
[Tpob6nema Qinbrpaliii y MOPUCTOMY CEpPEIOBUII 3aJIMIIAETHCS aKTYaIbHOIO i CbOT'OJIHI Yepe3 BeJIMKY KiJIbKiCThb
CYIIyTHIX IIPOLIECIB Ta NapaMeTPiB, Ki CYyTTEBO MiABUILYIOTS ii CKIagHiCTh. BinbmicTh HasBHUX POGIT IPUCBSYEHA
MOJIEJIIOBAHHIO ITPOLECY 3 YACTKOBUM YPaxXyBaHHIM (i3sMYHHUX, XiMiYHUX 200 Te0JIOTiYHNUX 0COOINBOCTEN
nopucroro cepenosuna. Ontumisais n1s piBHIHHS Pivapaca-KioTta mociifpkeHa 4acTKOBO Ta 3a3BUYall noTpedye
IOJATKOBUX NPUIYLIEHb IJ1s1 CIpolieHHs. Po3B'13aHHS 33a4i ONTUMaJIbHOTO PO3NOiNY BOJIOTY Y IOPUCTOMY
CepeoBHUIIi JO3BOJUTb OTPUMATHU HOBI PE3yJIbTaTH TAKOX JJIs1 CXOXKUX 00JIaCTel HayKu — IEPEHOCY COJel Mif, Jyac
¢inbTpalii, po3noBCIOAKEHHS 3a0pyJHEHHS Ta Psfi iHIKX Tpo6JieM, ie HasBHUI IOPUCTUI MaTepian y
KOHCTpPyKLii. MeToro nuceprauiiinoi po6otu €: 1) [IobynoBa Moesli IepeHoCy Macu y IOPUCTOMY CEepelOBHIL 3



TOYKOBMMM [IKEPeJIaMU 3a IOIIOMOTro0 Moau@dikoBaHoro nepersopenHs Kipxroda. 2) JloBeneHHsI KOPEKTHOCTI
[IOCTaHOBKY 3anadi. 3) [Io6yn0Ba airopuTMy ONTUMAJIBHOTO KEPYBAHHSI [IEPEHOCOM MAacH 3 TOYKOBUMU IpKepesiamMu
Ta I0BE/IEHHS iCHYBaHHS Ta €JUHOCTI ONITUMAJIbHOTO KepyBaHHs1. 4) [IpoBejeHHs 06YMCII0BAJIbHUX €KCIIEPUMEHTIB
Ta JOCJiIPKEHHS BJIACTUBOCTEN aJITOPUTMY 00UnCyIeHHsI. O60'€KTOM JOCIiIKEHHS € MAaTEMAaTUYHA MOJEJIb
BOJIOTONIEPEHECEHHS BOAM 3 LIYKAHMM 3HAUYEHHSIM IIOTY>XHOCTI IKepeJ. [IpeiMeToM IOCIiI>)KEeHHS € y3araJbHeHi
PO3B’3KY KBa3iiHiiHOro nudepeHIiabHOro PiBHSIHHS 3 YaCTUHHUMU MOXIZHUMU i CUHTYJISPHUMU [IPaBUMU
YaCTMHAaMHU, iX BJIACTHUBOCTI, @ TAKOX PO3B'sI3KM 00€PHEHOI 3aaui ifeHTudiKalii IOTY>XHOCTiI TOUKOBUX IPKEPEJI
3BOJIOKEHHS IIOPUCTOTO CEPENOBUILA, IIPELCTAaBIEHOI piBHAHHAM Pivapaca-Kiora. MeTonyKa JOCTIiIKEHHS:
METOAM TEOPii y3arajbHEHOr0 ONTUMAIbHOTO KEPYBAaHHS JIIHINHMMU PO3IOiEHNMU CUCTEMAMU, METOIVKA
aIrpiopHUX OLiHOK Y HEraTUBHUX HOpMax, BapiallilfiHi MeTOAM pO3B'sI3yBaHHs OOEPHEHUX 3a7ay, arnapar
MaTeMaTU4HOrOo i PyHKUiOHAIBHOrO aHaslidy. CoyaTKy 3a AONoMOrolo nigcranosku Kipxroga ta 3amiHy 3MiHHUX
BUKOHAHO MepeXis 10 6€3p03MipHOro PiBHSHHS 3 JIiHIMHAM OnepaTopoM. JIj1s1 OZHOBUMIPHOTO Ta ABOBUMiPHOTO
PiBHSIHB 3acTOCOBaHO MoAudikoBaHy mHifcTaHOBKY Kipxroda 3 ypaxyBaHHsIM Koe@illieHTiB BOLOIIPOHUKHOCTI
B3/I0OBX BiZITOBITHMUX KOOPAUHAT Ta MAaCHITAOHUMU MHOKHUKAMU BifITIOBiTHO A0 JIiHINHUX PO3MipiB 06J1acTi Ta
4aCOBOTO MPOMIXKKY. [IJ11 OTPMMAHOTO PiBHSIHHS BBEIEHO KPUTEPill ONTUMAIBHOCTI — pO3IO/in 6€3p0o3MipHOro
aHaJIory BOJIOTM Ma€ BifloBifaTu (0yTy MakCHMasIbHO OJIM3bKUM [10) 3a71aHOi PYHKIii B OCTaHHil MOMEHT 4acy abo
IIPOTSITOM BCbhOTO IIpolecy. BinnosigHo, uncesbHUI KPUTEPiNl ONTUMAIbHOCTI [IpeiCTaBlIeHO (PYHKLiOHATIOM
SKOCTI, IK1 MiHIMi3yeTbCs. [y1s caMOIlepeBipKU MOKHA B34BILU OLHE IKEPEJIO 3BOJIOKEHHS Ta 3HANTHU
ONTUMAaJIbHE 3HAYEHHSI BOJIOTOCTI, NPUPIBHBIIYM (QYHKIiOHAM A0 HyJs. [1icss 1boro nopiBHATH OTPUMAaHUN
PEe3yJIbTaT 3 pe3yJIbTaTOM BUKOHAHHS METOAY, IPEACTABIEHOr0 y nucepTalii. loBeIeHO KOPEKTHICTb TOCTaHOBKHU
3a/iaui oNTHMMI3alli, icHyBaHHS Ta €IMHICTD ii po3B’s13Ky. JJaji BUKOHYETbCSl PO3OUTTS Ha Mif3afadi BilloBiAHO 10
BapianiiHoro metony. [lepie piBHSIHHS BPaxOBYy€ [IOTOYHE HAOJIVKEHHSI ONITUMAJIBHOI IOTYKHOCTI IpKEpeJ Ta
MOJIeJII0€ PO3II0/Iiy 6€3PO3MIPHOr0 aHaIory BOJIOTH No3HavyeHoro TeTa. JIpyrum eTanom BapiallilHOro MeTOAY €
11o6y10Ba CIPSDKEHOTO PiBHSAHHS, [IPaBa YaCTUHA SKOT'0 BPaxOBYy€e PiZHUIII0 MiXK OTPUMaHUMU ITIOKa3HUKAMU Ta
6axaHOI0 QyHKLi€e0. TPeTill eTan METOLy NOJISIra€e Y 3HaXOpKEHHI HOBOTO HaOJIMXEHHS ONTUMAJIbHOI OTY>KHOCTI
BPaxOBYIOYM OTPUMAaHi y JBOX MONEPEAHIX PO3B'I3KM MPSIMOI Ta CIIPSDKEHOI 3a/1a4i Y TOUKAX, Jie 3a7jaHo O6akaHy
dyHKLj0. [l7151 Tepuux ABOX eTalliB BUKOHYETHCSI IPOCTOPOBO-4acoBa JYCKpeTH3allis, 004rCIeHO TOXUOKY B
3aJIEXKHOCTI Bifi BUOOPY KpOKY. HoBe HabM>KeHHs1 ONITUMAJIbHOI IIOTY>KHOCTI B 3aJIEXKHOCTI Bifi BUOOpY iTepaliliHoro
METOAY OTPUMAHO KiJIbKOMa LJIIXaMU, IIOPIBHAHO KiJIbKIiCTb iTe€palliil Ta JOCATHYTY TOYHICTD [AJ151 KOXKHOTO 3
POBIVISIHYTUX Ninxonis. 151 po3s’s3anns BignoBinuux CJIAP BukopucTtaHo iTepauiiiHi MmeTonu. B 3ayesxHOCTI Bif,
YMOB Ha Me>Xi 00J1acTi OTpUMaHO Ta po3B’si3aHo Kisbka CJIAP, pe3ysibTaT po3nofiny 6e3po3mipHoi BOJIOroCTi
IIpeJCTaBJIeHO Yy BUIJIsiLi rpadikiB 3pizy yepes mxepeso. JogaTkoBo 0yJ10 3allpONIOHOBAHO MPUMIBUANIEHHS METOLY
3aCTOCYBaBLIM METO], IPOOHOTr0 KPOKY IIPU 00YMCIIeHHI HACTYITHOTO HabJIMXEeHHS MOTY>KHOCTI. Takox
CKOHCTPY0BaHO METOJ, 1110 3aJIe>KUTh Bifl BEIMYMHY MAaKCUMAaJIbHOT'O ab0 CepeHbOro BiIXUIEHHS Bifl LiJIbOBOi
(YHKIII — KPOK 3MIiHIOETbHCSI KOXKHY iTepallilo IOCTYIIOBO 3MEHIIYIOYMCh IIPU HAOIVDKEHH] O ONITUMAJIBHOTO
3Ha4YEHHS. X04a METO[] 3aBEPIIMBCS IiCJIs1 MEHIIO] KiJIbKOCTI iTepawill Ta ZOCST NOTPiOHOI TOYHOCTI, IPOTE HE M1JIS

Oy[b-5KOi JOBKMHYU II0YATKOBOTO KPOKY (MaCIITaOHMI MHOKHUK) BiH € 30DKHUM.

2. The research is devoted to modelling of humidity transport in porous medium, with inserted point sources, and
to search of optimal source power for a defined desired humidity function. Filtration problem in porous medium is
still topical today due to a large amount of related processes and parameters, which seriously improve its
difficulty. Most of works are devoted to modelling the process particularly taking into account physical, chemical,
or geological features of the porous medium. Optimization for Richards-Klute equation is particularly explored and
usually requires additional assumptions for simplification. Solution of the optimal water distribution problem in
porous medium would also lead to new results in alike fields of science - salt transfer during filtration, pollution
spread and several other problems where porous medium is involved as a part. The aim of dissertation work is: 1)
Construction of mathematical model describing mass transfer in porous medium with point sources using
modified Kirchhoff transformation. 2) Proof of correctness for the stated problem. 3) Construction of optimal
control algorithm for mass transfer with point sources and proof of existence and uniqueness of optimal control. 4)



Conducting computational experiments and studying the properties of the computational algorithm. The object of
the research is mathematical model of water transport with requested humidity values. The subject is generalized
solutions of quasilinear differential equation with partial derivatives and singularity at the right-hand side of
equation, their properties, and also solutions of the opposite problem - identification of point water source power
humidifying the porous medium, represented by Richards-Klute equation. Research methods: methods of the
theory of generalized optimal control of linear distributed systems, methods of a priori estimates in negative
norms, variational methods for solving inverse problems, apparatus of mathematical and functional analysis.
Firstly, the transition to dimensionless equation is done with help of Kirchhoff transformation and substituting
variables. For one-dimensional and two-dimensional equations, the transformation with respect to the coefficients
of water permeability along the corresponding coordinates and the correlation with the coefficients of other
dimensions are taken into account. For the three-dimensional case the transformation is classical. As we consider
a limited area with known initial and boundary conditions, scaling is introduced proportional to linear sizes of the
area, period of time and possible source power. As a result, the initial nonlinear equation is transformed into linear
dimensionless analogue for further calculations. For the received equation the optimization criterion is introduced
- the distribution of dimensionless analogue of humidity should be as near the desired function as possible at the
last moment or during all process. Accordingly, the numerical optimization criterion is represented by the quality
functional, which should be minimized. To check the result, one may take one source of humidification and find
the optimal point source value by taking the functional equal to zero and solving this equation. After that the result
is compared with the one received by the general method, represented in the dissertation. Theorems on
correctness of the stated optimization problem, existence and uniqueness of its solution are proven.
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