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C(l)epa yIIpaBJIiHHﬂ: [Ipe3ugis HanionanpHoi akagemii Hayk YKpaiHu
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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTuyHHUX pyOpHK: 37.01.85

Tema gucepranii:

1. InopmauiitHi TexHOJIOTii 06POOKU MPOCTOPOBO PO3NOIIEHNUX JAHUX IJ1s1 IPOTHO3Y CTOKY BOJY Ta pafialliltHMX
3a0pygHEHb 3 PiUKOBUX BOZ0360PiB

2. Information technologies of processing of spatially distributed data for river runoff forecasting and wash-off
radioactive pollutants

Pedepar:

1. Y po60Ti po3B's13aHO HAaYKOBO-TIPUKJIAAHY 337,24y CTBOPEHHS iHPOpMaLiliHMX TEXHOJIOTi 06pOOKU TPOCTOPOBO
PO3MNOiNIeHNX JAHUX [1JIs1 IPOTHO3Y CTOKY BOJM Ta pafialiliHuX 3a0pyQHEHb 3 PiUKOBUX BOJ0300PiB HA OCHOBI
MeToJiB reoiHdopMaLiliHUX cucTeM Ta o0y 0B iHOPMaLiiHO MOJIEJII0I0Y0i CUCTEMU, sIKA 6a3yeThCsl HAa KacKasi
B3a€MO3aJIeXKHUX MOJiesiel BifnoBigHMX Qi3nyHUX MpolieciB. BockoHaneHo MeToau 06po6Ky MPOCTOPOBUX JAHUX
L7151 BAKOPUCTaHHS PO3INOLiINIEHNMU MOZESIMU. PO3p06sieHO iH(pOpMaLIIIHO MOZEIOIUY CUCTEMY, KA peaisye
($i3yHO O6IPYHTOBAHY PO3INOLiNIEHy MOJIE/Ib PO3PAXyHKy CTOKY 3 Bofo360piB TOPKAPI-IMMS. Cucrema
3aCTOCOBaHa JJ1s1 PO3paxyHKy 6€3I1epEPBHOr0 CTOKY BOJI0300PiB YKpaiHChKux Kaprnar Ta BepudikoBaHa 3a JaHUMU
TiIpOJIOTiYHUX CIIOCTEPEXKeHb. [I71s1 SMEHbIIEHHS Yacy 06unCIeHb MOJiesli po3po6JIeHO NapasneabHUi arTOpUTM Ha
OCHOBI IIPOCTOPOBOI IeKOMITI03U1lii BOA0360py. Ha 6a3i o6uncioBanbHoi cTpykTypu mogeni TOPKAPI-IMMS
PO3p06JI€HO PO3NOisIeHy MOJesib 3MUBY pafialiliHux 3a6pynHeHs 3 Bojo360piB RETRACE-T. Ha ocHOBI



KoedilieHTHOTO MigXoay po3po6ieHO MOZEb 3MUBY PafioHYKIiNiB 3 Bojo360piB RETRACE-R, ska 6yna
iHTerpoBaHa 3 MOJEJIIIO PO3MOBCIOIKEHHS PalliOHYKIIiMiB y piukoBux cuctemax RIVTOX y rifiposioriyHoOMy MOyl
€spomnericokoi CIIIIP 3 pearyBanHs Ha pagiauiiiHi aBapii JRODOS. Mopnesb HajamToBaHa s Bogo3oopy p. Ctup y
pamMkax BrpoBagkeHHs cuctemu JRODOS i periony PiBHeHcbKoi AEC y KpusoBomy 1eHTpi JJepsKiHcnekuii
SJIEPHOTO PETyJII0BaHHS YKpaiHU.

2. Thesis solved problem of the development of information technologies of processing of spatially distributed data
for rivers runoff prediction and wash-off radioactive pollutants from watersheds. Thesis is based on GIS methods
and the development of the cascade of interrelated mathematical models of corresponding physical processes. It
was shown that usage of distributed models which utilize spatially distributed data would greatly improve
predictive performance of river runoff forecast. We developed the river runoff forecast system which is comprised
of the processing module of a spatially distributed data (GIS preprocessor) and fully distributed rainfall-runoff
model TOPKAPI-IMMS. Model TOPKAPI-IMMS is extended version of TOPKAPI model which is based on
combining kinematic wave approach and the topography of the watershed. The latter is described by a Digital
Elevation Model (DEM), which subdivides the application domain by means of a grid of squared cells. The
integration in space of the non-linear kinematic wave equations results in three non-linear reservoir equations -
drainage in the soil, overland flow on saturated or impervious soils and channel flow. In order to better represent
the runoff processes modules of evapotranspiration and infiltration were added. Evapotranspiration is described
by Penman-Monteith equation and infiltration is based on Green-Ampt infiltration model which was adapted to
computational structure of TOPKAPI model. TOPKAPI-IMMS was used to calculate the continuous flow of flood
dangerous rivers of Transcarpathia, namely modeling of flood of 1998 for Uzh river watershed. The results have
been verified with hydrological observations and evaluated using Nash-Sutcliffe coefficicent. Parallelized algorithm
of runoff calcualtion was developed for TOPKAPI-IMMS model. Algorithm is based on spatial decomposition of
watershed on independent subwatersheds and allows to perform calculations on high performance computing
systems with distributed memory. It was developed two models of watershed radionuclides washoff - RETRACE-T
and RETRACE-R. First is based on the computational structure of TOPKAPI-IMMS model and describes processes
of exchanges in system "water - surface depositions”. Second one uses simplified approach which is based on the
two main assumptions: (a) the rate of the radionuclide wash off formed by each elementary grid cell of the
watershed is linearly depends on the precipitation rate and the density of the fallout in this cell through the "wash-
off" coefficient which is specific for particular radionuclide; (b) Cell washoff is transported without time delay to
the nearest river channel cell, i.e. to the grid element of the hydrodynamic river model. It was compared washoff
quantities of 137Cs and 90Sr caclulated by both models for the test fallout. RETRACE-R was integrated with the
hydrodynamic model of radionuclides propagation in river systems RIVTOX in European DSS for emergency
management after nuclear or radiological accidents JRODOS. Models chain was configured for Styr river basin in
the framework of JRODOS implementation for Rivne nuclear power plant region in Crisis Center of the State
Agency for Nuclear Regulation of Ukraine.
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