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1. Po6oTa mpucBsiueHa po3po6i1ii TEXHOJIOTI NMapaeabHUX 00YNCIIEHD | MOMIEIOI0YMX CUCTEM JJIs OL[iHKU HACTiAKIB
TE€XHOTE€HHUX BIUIMBIB, y TOMY YMCJIi BilCbKOBUX [Iili, HA PiuKU Ta MpubepexHi 30HM MOpiB. Po3po6seHo riopuaHy
TEXHOJIOTIIO ITapaiesIbHUX 004YrcieHb 115l KomirioTepHux cucteM i3 CPU i GPU. Bona noenHye napasesnisaliiio Ha
OCHOBI IIpO1IEeCiB, EKOMIIO3uLLil0 06J1acTi, halo-cTpykTypu Ta 06MiH faHuMU 32 for1oMoro MPI 3 10TOKOBOIO

napasesisatiero Ha ocHoBi nupekTuB OpenACC. Ha 6a3i uiei Texnosorii ctBopeHo cuctremy COASTOX-PRL



napa’sesbHUX MaTeMaTudHux mogesnein. HWAVE - mogesns JiHilHOI TpaHCchOopMallil XBUJIb HA IPSIMOKYTHUX

004K CIIOBAIBHUX CiTKax (Zexomno3uis, halo-ctpykrypu, MPI-nipouecu). ShipSim - mopnesnps nBoBUMipHOI
rizporHaMiK1 MiJIKOi BOIM Ha IIPSIMOKYTHHUX CiTKax, aalTOBaHa sl IPOrHO3YBaHHS KOpabeabHUX XBUJIb Ta
po3paxyHKy HaBaHTaxeHb (aupekTuBr OpenACC). COASTOX-HD-SED-RN - Mozesnb 1BOBUMIPHOI riIpoguHaMiKy,
IIEPEHECEHHS] HAaHOCIB i IMHaMIKu 3a0pyAHIOI0YMX PEYOBMH Ha HECTPYKTYPOBAHUX CiTKaX (I€KOMIIO3MILisl HA OCHOBI
noainy rpadis, MPI-tunu nanux nys halo-crpykryp, OpenACC). UucesnbHy cxeMy pPiBHSIHb IIEPEHOCY Y MOAei
COASTOX-HD-SED-RN BnockoHasneHo 111 00po6KuU pi3KuX rpafieHTiB KoHeHTpaii. Iligxin Ha ocHoBi MPI Takox
aJlanToOBaHO M1 larpaHkeBoi Mmogeni SPH2d msxom peanisatii npouenypu Mirpaiii 4aCTUHOK MK Mifo61acTIMU.
Po3pobeHi ¢pynkiioHansHi cxemu mogesen 1yt CPU-cuctem ta GPU Ta cTBOpeHi mporpaMHi MOyl MOBOIO
Fortran. Ha ocHoBi ¢aiinoBux iHTepdericis Ta bash /batch-ckpurmnris moayi iHTerpoBaHi B eguHy iHdpopMalliiHO-
MOJEJII0I0Yy cucTeMy. PeasizoBaHi OAATKOBI IPOrpamMu Ta CKPUIITU IS IONePeSHbOI 06POOKYU BXiHUX JAHUX,
IIOCTOOPOOKY pe3yJbTaTiB Ta NpecTaBaeHHs iHTepakTuBHUX ['1C-Be6kapT. Po3pobieni crnenndikanii qs
interpauii mopyniB COASTOX-PRL y Java-cucreMu migTpUMKY NpUNHATTA pimeHs: JRODOS - g pearyBaHH4 Ha
pagianiini aBapii, HYDROS - 1151 nonepepkeHHs Ta IOM'SKIIEeHHs HACliJKiB ToBeHeil. CTBOpeHi iHpopMaliiiHi
CHUCTEMU TapajiesIbHUX 00YMCIIeHb IJ1s1 JOCJiIPKEHHS MipoAHaMiKi piuokK Ta IpUOEepesKHUX 30H, a TAKOXK OLiHKU
TEXHOT€HHOTO0 Ta BiliCbKOBOT0 BIIMBY. [[pOrHO30BaHO JOLIOBI IaBOAKM B 6aceiiHax pidok [Ipyt i Ciper, a Takox
BHCOKIi Boflo1issist Ha pivni JJHinpo B Kuesi. CTBOpeHO KapTu noBeHel pi3Hoi 3a6e3neyeHocTi. O1iHeHO HACiTKU
pyvinyBaHHs 'EC JIHiINpoBCBHKOro Kackady Ta 3MOJIeJ1IbOBAHO cleHapii npopuBy Kosapiscbkoi gam6u, KniBcbKoi,
Kaxoscbkoi Ta IHinposcbkoi ['EC. [l1g peanbHux npopusiB Ko3apiBcbkoi gam6u Ta Kaxosebkoi I'EC pesysibratu
IiATBEPAKEHO CYIyTHUKOBUMU 3HIMKamu. Kani6pyBanHs mogesi Kaxosebkoi I'EC 3a BUMipIOBaHHSMU Ha
TriZpornocTsx [10Ka3ajo, o POPUB CTABCS Yepe3 MBUKE YTBOPEHHS [104aTKOBOIO IIPOPUBY, SIKUH 3TOAOM
36isbIIyBaBCS Yepe3 po3mus I'pyHTiB. CTBopeHi ['IC-marepianu 1711 Be6KapT, IPU3HAYEHUX 171 BAKOPUCTAHHS
Ilep>kaBHMMU yCTaHOBaMU. MOJIe/II0BaHHS TiAPOJIOrivHOro pexxumy Kisniricskoi nenbtu JlyHao nokasaso, o
3arlaHOBaHa PEKOHCTPYKIisl IIIMO0KOBOAHOTO cyiHOBOro JlyHaii-HopHe MOpe MaTMMe He3HayHuM BIIJIMB Ha PiBHI
BOJM Ta PO3MOJiJ BUTPAT y PyKaBax JejbTu. Po3pobseHo BepudpikoBaHy CUCTEMY MOJeoBaHH LyHami 2011 poky
Ha y36epesxoksx npedextyp Misri ta ykycima. Po3po6sieHo crieKTpanbHy BepCiio rapajesibHOTO XBUIbOBOIO
monysnsa HWAVE-S, skuit pa3om 3 Bigkpurtoro mogeinto SWASH BUKOpUCTaHO IJ151 AOCTiIPKEHHS IPOHUKHEHHS
XBWIb Y TIOPTOBi aKBaTOpii Ta BU3HAUYE€HHS pe3oHaHCiB. Monens SWASH pazom i3 SPH2d BukopucraHo njis
IIPOTHO3YBAaHHS HAKaTy XBWJIb Ta OLIIHKY XBUJIbOBUX HAaBaHTaKEHb Ha Geperosi cnopyau. Ha ocHOBI momyis
ShipSim cTBopeHno cuctemy GPU-o6uncienp KopabesbHUX XBUJIb y piulli San Jacinto Ta paiioHi TepmiHany
Barbours Cut (CIIA) Ta o1iHKM HaBaHTaXXeHb Ha [IPUILIBAPTOBAaHI CygHa. B pamkax BUpillIeHHS] KOMIJIEKCHUX 33124
IOCJiIKEeHO BIUIMB KJIIMaTUYHUX 3MiH Ha epo3ito y36epeicksa YopHoro mopst (M. €Bnaropis). ITokasaHo, 1m0 B XXI
CTOJIITTi pO3MOLia 30H €po3ii Ta aKyMyJIALil 3a/IUIIUTECS CTAbiIbHUM, a 3MiHM iHTEHCUBHOCTI CeIMMeHTallii
nepebyBaTHMYTh B MeXKaX HEBU3HAUYEHOCTI CLieHapiiB KliMaTUYHUX 3MiH. PO3p00JIeHO cucTeMy IIPOrHO3yBaHHS
IVHaMiKU pafioHyKiiniB y KniBcbkoMy BOJOCXOBUIILI 3 YpaXyBaHHIM HaJXOKE€HHS 3a0pyIHEHHS 3 PiuoK [Ipum'sate
Ta JIHINpo, B3aeMogii 3 JOHHUMU BiIKJIaJaMU Ta IIOBEPXHEBOTO OCaJKeHHs. KanibpyBaHHs 3a JaHUMU
KoHUeHTpauii Sr-90 mif yac BecHsIHOTO nMaBoKy 1999 p. mpomeMoHCTpyBaso 3HauHy 6ydepHy 30aTHICTD
BOJOCXOBHIIA, 10 3MEHIIIY€ MIKOBi KOHLEHTPALlii Ta PU3UK NOTJIMHAHHA PaliOHYKIIiIiB HACEJIEHHSM, sIKE€ [IPOXKUBAE
HIDKYe 3a Teuieto. [[porHo3yBaHHs NOMMPEHHS OPraHiyHoro 3abpygHeHHs B piuli JHinpo B Mexxax Kuesa
(mepenecenoro piukamu Ceiim i JlecHa B cepriHi 2024 poky) r1okasano epekTuBHicTb Bogockuis KuiBebkoi I'EC niis
3MEHIIEHHs KOHLEHTpaLlill 3a0pyAHIOI0YMX PEYOBUH i IPUCKOPEHHS iX BUHOCY 3a MexXi MicTa. [lapanesnizanis
IIPUCKOpUJIA PO3PaXyHKU y AecaTku pasis (Ha GPU y nonaz 100) i no3sosuiia NifBUIIATY eTasi3alio Ta
OIIePaTHBHICTb MPOrHO3yBaHHS HABITh HA IEPCOHAJIbHMX KOMITIOTEPAX 3 BUCOKONPOAYKTUBHUMU IpadiyHUMU

KapTaMU.

2. The work focuses on developing parallel computing technologies and modeling systems to assess the
consequences of technogenic impacts, including military actions, on rivers and coastal zones. A hybrid parallel
computing technology for CPU- and GPU-based systems was developed, combining process-level parallelization,
domain decomposition, halo structures, MPI data exchanges, and thread-level parallelization using OpenACC



directives. Using this technology, the COASTOX-PRL system of parallel mathematical models was created. HWAVE
simulates linear wave transformation on rectangular grids (decomposition, halo structures, MPI processes).
ShipSim models 2D shallow-water hydrodynamics on rectangular grids, adapted for ship-wave prediction and load
calculation (OpenACC). COASTOX-HD-SED-RN models 2D hydrodynamics, sediment transport, and contaminant
dynamics on unstructured grids (graph-based decomposition, MPI-types for halo, OpenACC). The transport
scheme was improved to handle sharp concentration gradients. MPI-based procedures were also adapted for the
Lagrangian SPH2d model with particle migration between subdomains. Functional schemes for CPU and GPU
systems were developed, and program modules were implemented in Fortran. Using file interfaces and bash /batch
scripts, the modules were integrated into a single system. Additional programs handled input preprocessing, result
postprocessing, and interactive GIS web maps. Specifications were developed to integrate the COASTOX-PRL
modules into Java decision-support systems: JRODOS for radiological emergencies and HYDROS for flood
prevention and mitigation. Parallel computing systems were applied to study river and coastal hydrodynamics and
assess technogenic and military impacts. Floods were predicted in the Prut and Siret basins and high water levels
on the Dnipro River in Kyiv; flood maps of various probabilities were generated. Scenarios of dam failures,
including Kozarovychi Dam, Kyiv, Kakhovka, and Dnipro HPPs, were simulated. For actual failures of the
Kozarovychi dam and the Kakhovka HPP, the results were confirmed by satellite imagery. Model calibration for the
Kakhovka HPP using hydropost data indicated the breach resulted from rapid initial failure, later enlarged by soil
erosion. GIS materials for web maps were created for governmental use. Modeling of the Kiliya Delta (Danube)
showed planned reconstruction of the Danube - Black Sea Deep Water Navigation Route would have a negligible
impact on water levels and flow distribution. A verified tsunami modeling system was developed for the 2011 event
in the Miyagi and Fukushima prefectures. A spectral version of HWAVE-S, together with the open-source SWASH
model, was used to study wave penetration in ports and identify resonances. SWASH and SPH2d predicted wave
run-up and coastal structure loads. Using ShipSim, a GPU system modeled ship waves in the San Jacinto River and
the Barbours Cut Terminal (USA) and assessed moored vessel loads. The impact of climate change on the Black Sea
coast erosion (Yevpatoria) was studied, showing that the erosion and accumulation zones remain stable, with
sedimentation intensity changes within climate uncertainty. A system for radionuclide dynamics in the Kyiv
Reservoir was developed, considering contamination from the Pripyat and Dnipro rivers, sediment interaction, and
surface deposition. Calibration using Sr-90 data during the 1999 spring flood showed the reservoir’s buffering
capacity reduced peak concentrations and risk to downstream populations. Forecasts of organic pollution in the
Dnipro River within Kyiv (from Seym and Desna, August 2024) demonstrated the effectiveness of Kyiv HPP water
releases in reducing concentrations and accelerating pollutant removal. The parallelization accelerated
calculations by tens of times (over 100 on GPU), enabling higher detail and operational forecasting even on
personal computers with high-performance graphics cards.
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