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1. Boraenko B. O. MaTeMaTuyHe Ta KOMITIOTEpPHE MOMEJIOBAHHS TiIpOreoMirpaiiiiHux MpoleciB 3 HEKJIaCUYHOIO
IVHaMIKOIO Ha OCHOBI BUCOKOIIPOYKTUBHUX OOUMCIIIOBAJIbHUX alropyuTMiB. — KBasidikaliifina HaykoBa nparts Ha
npaBax pykonucy. JlucepTanist Ha 306yTTsI HAyKOBOTO CTYIIEeHs HOKTOpa i3uko-MaTeMaTUIHUX HAYK 3a
crienianpHicTio 01.05.02 "MaTeMaTtnyHe MOZEIOBaHHS Ta oouncoBanbHi Mmetoau” (11 - MaTemartuka ta
CTaTUCTUKA). — [HCTUTYT KibepHeTukHU iMeHi B. M. I'mymkosa HAH Vkpainu, Kuis, 2024. luceprauiiiHa po6oTta
IIPUCBSIYEHA PO3BUTKY 3aC00iB MaTEMATUYHOTO MOEJIIOBAHHS aHOMAJIbHUX TiiporeomirpauiiHyux npoleciB Ha
OCHOBIi Tp060BO-IV(epeHLiaTbHOTO HiTX0Ay Ta MiABUIIEHHIO 00YNCIIIOBATIbHOI € PeKTUBHOCTI IIPH iX

KOMITIOTEPHOMY MOZeJIIOBaHHI. ¥ po6oTi Briepie nobynoBaHi Jpo6oBo-nudepeHLiaabHi MaTeMaTUYHi Moziesi Ta



37iliICHEHO MOJIEJIIOBaHHS cepii HeJIOKaJIbHUX MIPOLIeCiB KOHBEKTUBHOI udya3ii Ta dinbTpaniiinoi KoHcomipaii.
CTOCOBHO PO3pO6JIEHUX MOJIeJIel, T00YOBAHO KJIAC BUCOKONPOAYKTUBHUX aJITOPUTMIB PO3B’I3aHHS 109aTKOBO-
KpaloBux 3a7ia4. Y poOOTi TaKOK PO3IJISAAI0OThCS MUTaHHS ineHTudiKalii mapaMeTpiB po3po6aeHUX Mofesel.
KOMIIJIEKCHO 3aCTOCOBYIOUM HA MPAKTULi OTPUMaHI Pe3yJIbTaTy BUPILIEHi 3a1a4i MOJEIIOBaHHS
BOJIOTOIIEPEHECEHHS 1PV 3POLIEHHI JOIYBAaHHAM B CKJIaJHUX TiAPOre0sIOriYHMX YMOBAX. Y MEePLUIOMY PO3Iisi
HaBeJleHO JesKi BilOMOCTi IIPO Cy4yaCHUI CTaH PO3BUTKY arlapary Apo60oBOro iHTerpo-nudepeH1iloBaHHs, a TaKoX
BiZJITOBIZHMX MaTEMAaTUYHMX MOJEJIEN MirpaliiiHuX IIpoLeciB. Y ApyroMy po3aiyi HaBeeHi pe3yJbTaTh
MaTeMaTU4YHOrO MOJEIOBAHHS [TPOLIECiB KOHBEKTUBHOI A1 (y3ii y ABOBUMIPHOMY HAaO/IVDKEH] HA OCHOBI MOZENEN,
110 MIiCTSTb [OXiZHI POOOBOro MOPSIKY 32 YACOBOIO 3MiHHOIO. Y TPEThOMY PO3iJli HABOISATLCS pPe3yJIbTaTH
MaTeMaTU4YHOI'O MOZEJIOBaHHS IIpolieciB QinbTpalifiHOi KOHCOIiaLil 'PYHTIB Y OIHOBUMiIpHOMY HaOJIMKE€HHI Ha
OCHOBI Ip0o60BO-IU(epeHLiaNbHUX Mogesieil. YeTBepTUI po3/il IPUCBSYEHO MATEMAaTUYHOMY MOJIE/II0BAHHIO
HEJIOKQJIbHMX KOHBEKTUBHO-AU(Y3iIHUX IPOLIECiB IPY BPaxyBaHHi SIBUIL MAaCOOOMiHY MK YaCTMHKaMU y
MOOibHINM Ta HeMOOIBHIN (as3ax 3rifHO 3 Pi3HMMHU 3aKOHAMU KiHETMKM MacOOOMiHY. Y II'SITOMY pO3aisi
PO3IJISAAI0THCS ONTUMI30BaHi 00YMCIIIOBAIbHI CXEMH, 30KPEMA NIapajlesibHi aJIrOPUTMHU, 17151 OHO- Ta
6araTOBMMIipHUX 337,24 MOZEJIIOBAHHS F€OMIrpaliHuX NPoLeCiB, o MicTITh noxinni Kanyro-I'epacumosa Ta
Kanyto-®abpiwio. 3anrporoHOBaHO cepilo rapasnesbHUX ajJrOPUTMIB 17151 CUCTEM 3 PO3IOAiJIEHO0 IIaM'SITTIO [JIs1
JIOKaJIbHO-OJJHOBUMIiPHUX CX€M PO3LIEIJIEHHS Y IKUX OyB BUKOPUCTAHM YEPBOHO-YOPHUI IBOBUMIpHHIA
6JI0KOBUI PO3MNOALT AaHUX. PO3p06eHO napasesibHi alropuTMu A rpadiuaux npouecopis (GPU) y Bunaaky
mogereii 3 noxigHumu Kanyro-T'epacrmoBa $IK 32 4aCOBOIO, TaK i 32 IPOCTOPOBUMHU 3MiHHUMHU. [I7151 36i/IbII€HHS
MIBUAKOZil 06YMCII0BAJIBHUX CXEM MOJIEJIIOBAaHHS MTPOIIECIiB TEIJI0- Ta MacollepeHeCeHHsI Ha OCHOBI Moiesieit 3
noxigHoto Kanyro-I'epacuMoBa 3anponoHoBaHa Nnpouenypa ii HabInKeHHs 3 337JaHOI0 TOYHICTIO HA OCHOBI
PO3KJIaZieHHA Y PAIY Ta METOIVKY PO3[isIeHHS 3MIHHUX Ta BiJOBiHI apajiesbHi aJIfOPUTMU. Y MIOCTOMY PO3Lii
00YNCIIIOBAJIbHY CXEMY, 110 6a3yeThCs HA PO3KJIAZIaHHi Y P SApa iHTerpajibHOTO ONePaTopa, pO3po6IeHO OIS
Ipo60BO-IMdEPEHIiabHUX PiBHSHB, 10 MICTATh O-TIOXigHy KamyTo. [17151 [OoCSATHEHHS J,0JJaTKOBOTO NIPUCKOPEHHS
IIPOBEIEHHS 004YMCIIEHD, OyJla 3anIponoHoBaHa cepig GPU-anroputmis. JIjis1 BUNagKy TPMBUMIPHOI MOJei
aHoMaJlbHOI nudysii 3 o-noxinHrnmu KamyTo 3a IpoCcTOpOBUMU 3MiHHUMU TaKOX I0OYJOBaHi Ta JOCJiIKEHi
napa’seJsibHi aJlfOPUTMHU JJ1s1 CUCTEM 3 PO3IIOLiNIeHOI0 NaM aTTIo. [I71s1 TpuBUMIpHOro piBHSHHS IUdy3ii 3 0-MOXiTHUMU
KanyTo sk 32 yacoM, Tak i 3a IPOCTOPOBUMU 3MIHHUMMU JTOCJIiI>KEHO TOYHICTb Ta IBUIKO{I0 HESIBHUX CKiHYEHHO-
PI3HMIIEBMX CXEM Ta CXE€M PO3LIEIJIEHHS [IPY IX 3aCTOCYBAaHHI Pa30M 3 aJITOPUTMAaMU, HAlIPABJIEHMMU Ha
MigBUIIEHHS IBUIKOii TPOBEIeHHs 004YrcieHb. Ha OCHOBiI OTpMMaHUX OI[iHOK TOYHOCTI Ta MBUIKOIii
IIpeJCTaBJI€HO aJITOPUTM aBTOMaTUYHOIO BUOOPY ONTUMAJIbHOI 064YMCI0BaIbHOI cxemu. [Tinxiz, po3kianeHHs y
PSAIM 3 NOAANBIINM PO3[iJIEHHSIM 3MiHHUX OYyB 3aCTOCOBAHUI TaKOX J1s1 IOOYA0BYU CXEMU OOUKCIIEHHS 3HAY€Hb
noxigHoi Atanrana-baneany. CboMuii po3is IPUCBIYEHO aITOPUTMaM PO3B'I3aHH 3adaui ineHTudikanii
napaMeTpiB Apo6oBo-audepeHLiabHIX PiBHIHb. Po3risnaeTbcs y3arajibHeHe PiBHSIHHS BOJIOTONIEPEHECEHHS Y
TepMiHax HaIlopiB, sIke MiCTUTb O-NOXigHI KaryTo 3a 4acoBOo Ta IPOCTOPOBOIO 3MIHHUMMU. 1151 pO3B'I3aHHS 3a4a4i
3HAXO[’KE€HHS 3HaY€Hb YHCJIOBUX MTAPAMETPiB MOJEJI MPOIOHYIOTCS AJITOPUTM METOLYy POIO YACTUHOK Ta
F€HEeTUYHOTO IPOrpaMyBaHHs. Y BOCBMOMY PO3[1ijli HABOJSTHCS Pe3yIbTaTh AP060BO-AU(epeHLiaTbHOro
MOJIeJIIOBaHHSI BOJIOTOIIEPEHECEHHSI [IpY PO3B’s13aHHi 33/1a4, 1110 BUHMKAIOTh Y 3€MJIEPOOCTBI [1pY yIIpaBJIiHHI

3POIIEHHSIM.

2. Bohaienko V. O. Mathematical and computer modeling of hydrogeomigration processes with non-classical
dynamics based on high-performance computational algorithms. - Qualifying scientific work under the rights of a
manuscript. The dissertation for obtaining the scientific degree of Doctor of Physical and Mathematical Sciences
by specialty 01.05.02 "Mathematical modeling and computational methods" (11 - Mathematics and statistics). - V.M.
Glushkov Institute of Cybernetics of National Academy of Sciences of Ukraine, Kyiv, 2024. The dissertation is
devoted to the development of mathematical modeling tools for anomalous hydrogeomigration processes based on
the fractional-differential approach and to the increase of computational efficiency in computer modeling. In the
work, fractional-differential mathematical models were built and simulations of a series of non-local processes of
convective diffusion and filtration-consolidation were carried out for the first time. For the developed models a



class of high-performance algorithms for solving initial-boundary problems has been built. The dissertation also
considers parameter identification problems for the developed models. By comprehensively applying the obtained
results in practice, the problems of modeling moisture transport under sprinkler irrigation in complex
hydrogeological conditions are solved. In the first chapter, information on the current state of development of the
apparatus of fractional integro-differentiation and the corresponding mathematical models of migration processes
is given. In the second chapter we present the results of mathematical modeling of convective diffusion processes
in a two-dimensional setting based on the models with time-fractional derivatives. The third chapter presents the
results of mathematical modeling of soil filtration-consolidation processes in one-dimensional setting based on
fractional-differential models. The fourth chapter is dedicated to the mathematical modeling of non-local
convective diffusion processes taking into account the phenomenon of mass transfer between particles in mobile
and immobile phases according to different laws of mass transfer kinetics. In the fifth chapter we consider
optimized computational schemes, in particular parallel algorithms, for one- and multidimensional problems of
modeling geomigration processes, containing the Caputo-Gerasimov and Caputo-Fabrizio derivatives. A series of
parallel algorithms for distributed memory systems is proposed for locally one-dimensional splitting schemes in
which red-black 2D block distribution of data is used. Parallel algorithms for graphic processors (GPUs) have been
developed for the models with Caputo-Gerasimov derivatives for both the time and spatial variables. To increase
the speed of computational schemes for modeling heat and mass transfer processes based on the models with the
Caputo-Gerasimov derivative for the time variable, a procedure for its approximation with a given accuracy based
on expansion into series and variable separation techniques along with corresponding parallel algorithms are
proposed. In the sixth chapter, a computational scheme based on the expansion into series of integral operators’
kernels is developed for fractional-differential equations containing the o-Caputo derivative. In order to achieve
additional acceleration of computations, we propose a series of GPU-algorithms. For the case of the three-
dimensional model of anomalous diffusion with the o-Caputo derivatives for the spatial variables, parallel algorithms
for distributed memory systems are also constructed and studied. For the three-dimensional diffusion equation
with the o-Caputo derivatives for both the time and spatial variables, the accuracy and speed of implicit finite-
difference schemes and splitting schemes when applied together with the algorithms aimed at increasing the
speed of computations were studied. Based on the obtained accuracy and speed estimates, an algorithm for
automatic selection of the optimal computational scheme is presented. The approach of the expansion into series
with subsequent separation of variables is also used to construct a scheme for calculating the values of the
Atangana-Baleanu derivative. The seventh chapter is devoted to the algorithms for solving parameters
identification problems for fractional-differential equations. We consider the generalized moisture transport
equation stated in terms of pressure that contains the n-Caputo derivatives for the time and space variables. To
solve the problem of finding the values of model’s numerical parameters the particle swarm optimization and
genetic programming algorithm. The eighth chapter presents the results of fractional-differential modeling of
moisture transport when solving problems that arise in agriculture during irrigation management.
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HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILisL: MmeTozy, Teopii, rinoresn

CorniasibHO-eKOHOMIYHA CIPSIMOBAHICTb: NOJINIIEHHS CTaHy HABKOJIMIIHLOTO CEPEIOBUIIA



OxopoHHi gokymeHTH Ha OIIIB:

BnpoBaakeHHS pe3yJIbTaTiB AHCePTanii: [IiaHyeTbes 10 BIPOBaIKEHHS

3B's130K 3 HAYKOBUMH TeMaMH: 01190002276, 0114U002093, 01170000471, 0118U005230, 0120U103580,
01220200449

VI. BizoMocCTi Ipo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTIiB
OdiuiiiHi OTIOHEHTH
Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. ITeTpuk Muxainno Pomanosuy

2. Mykhaylo R. Petryk

KBasidikanis: 1.¢p.-m.1., mpodecop, 01.05.02
ImenTudikarop ORCID ID: 0000-0001-6612-7213
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: TepHOMiNbCHKMI HAI[iOHAILHUI TEXHIYHUI YHIBEPCUTET iMEHi

IBaHa [lymos

Kopg 3a €IPIIOY: 05408102

Micue3HaxoaKeHHS: ByJL. PychbKa, 6yg. 56, TepHomninb, TepHominbcbKuii p-H., 46001, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Jopomenko AHatouin FOxumoBnuy

2. Anatoliy Y. Doroshenko

KBasigikanis: n.¢.-m.u., npodecop, 01.05.03
ImentTudikarop ORCID ID: 0000-0002-8435-1451
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHmil yHiBepcuTeT Ykpainu "KuiBchKuit

noJliTexXHiYHMiA iHCTUTYT iMeHi Irops Cikopcekoro”
Kog, 3a €IPTIIOY: 02070921
Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxasHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Iuax IBaH IBaHOBUY

2. Ivan L. Dyyak

KBasidikanis: n. ¢.-m. 1., npodecop, 01.05.02

Imentudikarop ORCID ID: 0000-0001-5841-2604

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0CO00H: JIbBiBCHKMIl HalliOHATbHMIL yHiBEpCUTET iMeHi IBaHa PpaHka
Kopg 3a €IPIIOY: 02070987

Micqesﬂaxon)KeHHﬂ: ByJI. VHiBepcureTchka, 6ya. 1, JIpBiB, 79000, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

PeuenzeHTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Ilonos Onekcanap Bomogumuposuy

2. Oleksandr V. Popov

KBasigikamis: n. ¢.-m. 1., cTapmuii HaykoBuiA CriiBpo6iTHUK, 01.05.02
InenTudikarop ORCID ID: 0000-0002-1217-2534

HoparkoBa indopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: IHCTUTYT KibepHETHKY iMeHi B. M. Tymkosa HajionanbHoi

akageMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417176

Micuesnaxo,rm(eHHﬂ: npocnekT Akanemika ['mymkoBa, 6yx. 40, Kuis, 03187, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akaziemis HayK Ykpainu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:

1. Crewok Ilerpo IBanHOBMY

2. Petro I. Stetsyuk

KBasidikamis: n. ¢.-m. H., cTapumii HayKoBuii CriiBpo6iTHYK, 01.05.01

InenTudikarop ORCID ID: 0000-0003-4036-2543



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: IHcTUTyT KibepHeTukM imMeHi B. M. T'mymkosa HarjioHanbHoi

akagemii HayK YKpainu

Kopg 3a €IPIIOY: 05417176

MicueSHaxo,T.pKeHHﬂ: npocnekT Akanemika ['nymkoBa, 6yn. 40, Kuis, 03187, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHSIZ HaujonanbHa akageMig HayK YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. TynbunHCbKUM Bagyum I'puroposuy

2. Vadim H. Tulchinsky

KBastidikanisi: 1. ¢.-m. 1., crapmmii HaykoBuii criiBpo6itHUK, 01.05.03
ImenTudikarop ORCID ID: 0000-0002-0280-223X

JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: IHcTUTYT KibepHeTHkM imMeHi B. M. I'mymkosa HarjioHasbHoi

akagemii HayK YKpainu

Kopg 3a €IPIIOY: 05417176

Micuesnaxo,r.perHﬂ: npocnekT Akanemika ['nymkosa, 6yn. 40, Kuis, 03187, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi

BaacHe IlpizBuime Im's [10-6aTbKOBI Cepriexko Isan BacunboBuy
rOJIOBH pajgu

Bnacwue IpizBume Im's [1o-6aTbKOBI Ximiy Onexcansip MuKkonaiosuy
roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Tepnenpkuit IMurpo OnekcanapoBuy

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




