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1. Indopmaniitai TexHOJIOTII MOZeJII0BaHHSI 3a0pyJHEHHS BOJHUX €KOCUCTEM JJ1s1 KOMITIOTEPHOI HiITPUMKU pillleHb
3 pafianiiiHoi 6e3nexku

2. Information technologies of aquatic ecosystems contamination modeling for the computer support of decisions
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Pedepar:

1. Inceprauiiina po60oTa IpucBsyeHa po3poolii i po3BUTKY iHPOpMaLIiTHUX TEXHOJIOTIH 1711 CUCTEM KOMITIOTEPHOi
NiATPUMKHU pillleHb 3 pajialiliHoi 6e311eKu Ha OCHOBI HOBUX Ta YI,OCKOHAJIEHUX MaTeMaTUUYHUX MOJeJlel [IepeHoCcy
3a0pyAHEHHS Y BOAHUX €KOCUCTEMAX Ta JO30BUX BIUJIMBIB Ha JIIOJMHY Yepe3 Pi3Hi LJISIXU ONIPOMiHEHHS. 3 1ii€lo
meToto KamepHa mogiesib POSEIDON-R 6ys1a BIoCcKOHasieHa [1j1s BUKOPUCTAHHS B CUCTEMaX KOMITIOTEPHO]
MiATPUMKMU pillleHb 3 pajialiiitHoi 6e3neku. 3o0Kpema, po3pobiieHa Moies b TOHHOTO JIAHITIOXKKA )XUBJIEHHS, B SIKil
BIIEpIIE BPAaxOBYEThCS NEPEXif, 3a0pyIHEHHS 3 JOHHUX BifIKJIaJleHb Y MOPCbKi opratismu. HoBa KiHeTUYHO-
aJloMeTprUYHa MOJIeJIb HEOQHOPIHOTO 3aCBOEHHS 3a0pyIHEHHSI OpraHi3MoM pubu, po3pobiieHa B po6OTi, 03BOJIsIE

BpaxOBYyBaTH XiMik0-6i0J10Ti4Hi BJIACTUBOCTI 3a0pyIHIOIOUMX PEUOBMH HAKOIIMYYyBAaTUCS B IEBHUX TKAHMHAX



opranizmy. Y MoJeJli BpaxOBY€ETbCSI 3aJIE5KHICTb IapaMeTPiB, SIKi ONKUCYIOTb OCHOBHI IIPOLIECU METabo0JIi3My prby, Bif
ii Macu B cTemneHi -Y%, 0 y3roAKy€eTbCsl 3 3arajIbHUM 3aKOHOM MacIiTabyBaHHS B 6ioJiorii. Takox oTpuMaHa
3aJIEXKHICTb 3aCBOEHHS i30TOIIB 11€3i10 i CTPOHLIi}0 MOPCbKMMU OpraHizMaMHu BiJl COJIOHOCTi OTOYYI040i BOAU, TOOTO
Bif], KOHLIEHTPaLii KOHKYPYIOUMX i0HIB KaJIilo i Kasbliilo, BinnoBigHo. JlJane BgockoHaneHHs moaesi POSEIDON-R nae
3MOTY 3aCTOCOBYBATH il y BOGHUX 00’€KTax 3 IIMPOKUM /1ialla30HOM COJIOHOCTI, 30KpeMa, B JINMaHax i THpJax pPidok 3
MaiiKe IIPiCHOI0 BOZ0I0, a TAKOX Y MOPSIX 3 BEJIMKUM CTOKOM piukoBoi Bogu. Heob6xinHo 6ys10 31iCHUTY afjanTallilo
BOHA 3aCTOCOBYBAJaCh 11 JOBIOCTPOKOBOIO MOJEJIIOBAHHSA [IEPEHOCY PalioaKTUBHOIO 1e3ito 137Cs B
€BPOIENCHKUX MOPSIX i MOPSIX MiBHIUHO-3axiHOI YacTUHU THUXOro OKeaHy, CyTTEBO 3a0pyJHEHUX B pe3ysbTari
aBapiit Ha YopHoousnbchkiil AEC i AEC ®Oykycima. 17151 KOXXHOI 3 OIMCaHUX 06J1acTell po3paxoBaHi KOHIeHTpallii
pazioHyKIIiga y BOfi, JOHHUX BiIKJIaAEHHAX i MOPCBKUX OpraHi3mMax y3roZKylThCs 3 JaHVMU BiAIOBiIHUX
BUMIPIOBaHb 32 BECH I1€Piof, MOLEJIIOBAHHS. 3 METOIO JETAJIbHOTO BiATBOPEHHS [IEPEHOCY PaZli0aKTUBHOIO
3a0pyJHEHHS B MiBHIYHO-3axifHiN yacTuHi TUX0oro okeaHy MpOTIroM ABOX POKiB miciis aBapii Ha AEC Oykycima-1Ta
B BanTilicbkoMy MOpi IPOTAroMm IT'sITy PoKiB miciis aBapii Ha YAEC 3acTocoByBajsiach TPUBMMIpHA MOJI€JIb
THREETOX. V pe3ysbTaTi OTpMMaHi KapTy 3a0pyIHEHHSI MOPCBKOTO CEPEIOBHUIIA, @ TAKOXK 00JIACTI 3 MiABUILEHUMU
KOHIeHTpanismu 137Cs Ta mgxy A0Oro NOMKUPEHHS B Pi3Hi MOMEHTHU 4acy. [y1g BigTBopeHHs nepenocy 137Cs B
MOPCBKUX opraHizamax Tuxoro okeany micjis aBapii Ha AEC @ykycima-1Ta 1151 IpOrHO3yBaHHS HACJIAKIB MaliOyTHIX
aBapiil y rpuBumipHy mogesns THREETOX 6ysin Brieplie iHTerpoBaHi KOMIIOHEHTH TEXHOJIOTiI MOZJeJII0BaHHS
3a6pyHeHHs BogHUX ekocucteM. KamepHa mozgenb POSEIDON-R 6y:a BkitoueHa B atgpopmy PREDO nst
OLiHKM [103 ONIPOMiHEHHS HACEJIEHHS B PE3YyJIbTATi BUTOKIB PaJliOHYKIIiMIiB, [0 YTBOPIOIOTHCS B YMOBaX HOPMAaJIbHO]
eKciulyaTanii atTomHux o6’exris llIBelii, B MOpchKke cepeposulie. [IpencraBieHe NOPiBHIHHS PO3PaX0OBaHUX
KOHILIeHTpauii pagioakruBHux 60Co Ta 54Mn y BOAi, IOHHUX BiIKIaAEHHSIX i MOPCBKUX OpraHi3aMax 3 Bi[IOBiIHUMU
Bumipamu 17151 AEC Qopcemapk, sika po3mimeHna Ha 6epesi Banrificbkoro Mmopsi. Po3pob6iiena B gaHiii po6oTi
KiHETUYHO-aJIOMETPUYHA MOZEeJIb HEOIHOPiAHOIO HAaKOMUYEHHS 3a0pyIHEHHS B pubi 1a€ Kpalle y3roJKeHHs
PO3paxoOBaHUX KOHLIEHTPALi#1 060X paflioHYKJIiAiB 3 BUMipaMy MOPIBHSHO 3 iHIIMMU MOZEJSIMU IJ1s1 TUIIB pUbY, 10
3HAXOJAThCS HA Pi3HUX PiBHSAX JIAHIJI0XKKA )XUBJIEHHS. [IpUYMHOIO 1IbOTO € BpaxyBaHHS BHECKY Pi3HMX TKaHUH,
OCKiJIbKY HaBiTh HU3bKa KOHIIEHTpALlisl aKTUBHOCTi B M'130Bii1 TKAHWHIi CyTTEBO BIJIMBA€E Ha 3arajlbHUil BMiCT
pazioHykiiza B pubi yepes ii 3HaYHy MacoBYy 4acCTKy. [ po3paxyHKYy 103, OTPMMaHUX HACEJIEHHSIM Bifl
IIPiCHOBOJHUX LUIJISXiB OITpOMiHeHHs, B cucteMy RODOS 6ysa inTerpoBaHa mogesnb FDMA. B Hill IpOBOAUTLCS
OL}iHKa J103 ONIPOMIHEHHS, OTPMMAaHMX HACEJIEHHSIM 32 PaXyHOK BXXMBAHHS IMTHOI BOJIY Ta BHACJINOK CIIOKUBAHHS
IIPOJYKTiB Xap4yBaHHS POCIMHHOTO i TBAPUHHOTO [10XOPKEHHS, 3a0pyJHEHUX Yepe3 NIPiCHOBOLHI MIJISXU.
BxiZHUMU JaHUMU MOZEJIi € KOHLEHTpaLid pafioHyKIiIiB Y BOAI Ha TEPUTOPISIX CiIbCLKOTOCIIOLAPCHKOTO
BUPOOHMULITBA i TEPUTOPISIX IPOKMBAHHS, KA € BUXiIHOIO iHpopMmalieto rinpomonyst cuctemu RODOS. TTapameTpu
MogeJti, sIKi BiTHOCSTbCS 10 Pi3HUX PaflioeKOJIOTiYHUX perioHiB YKpainu, 6yyiu 3i6paHi, orpaliboBaHi i BHeCeHi B
cucremy RODOS, mwo cripusio ii BnpoBaZyKeHHIO B YKpaiHi. B manuit 4yac oninka 103 AJj1s HaCeJIeHHS Bif,
IPiCHOBOJIHUX IJISIXiB OIIPOMiHEHHS B paMKax cucteMyu RODOS 31iliCHIOETbCSI HA aTOMHUX 00'€KTax YKpaiHu i B
YPSIOBUX CTPYKTYpaX, 30KpemMa, Ha PiBHeHCHKiN AEC Ta B LIeHTPi IPOrHO3yBaHHS HACIAKIB pafdialiiHuxX aBapii
Ykpaincbkoro rigpomereoposoriyHoro neHtpy JCHC Ykpainy, o miaTBepaKyeThCs BiiTIOBIIHMMY aKTaMU

BIIPOBA/I>)KEHHS.

2. The thesis focuses on the development and improvement of information technologies for the systems of
computer support of decisions in radiation safety based on the new and upgraded mathematical models for the
contamination transport in aquatic ecosystems and dose effects on humans through different pathways of
irradiation. For this purpose, the box model POSEIDON-R was improved for using in systems for the computer
support of decisions in radiation safety. In particular, the model of the benthic food web has been developed where
the transfer of contamination from bottom sediments to marine organisms is considered for the first time. A new
kinetic-allometric model for non-uniform assimilation of contamination by fish, developed within the thesis, allows
to consider the chemical-biological features of contaminants to accumulate in certain tissues of the organism.
Model parameters describing the main metabolic processes depend on mass of fish to the -% power that is in



agreement with the general scaling law in biology. In addition, the dependence of cesium and strontium uptake
rates by marine organisms on the salinity of surrounding water that means the concentration of competition ions
potassium and calcium, respectively, is obtained. Such improvement of POSEIDON-R model allows it to be used in
water bodies with a wide range of salinity, including estuaries with almost fresh water and seas with large river
water runoff. The customization of POSEIDON-R model to different regions of World Ocean was the necessary
step for its integration in the RODOS system. For this purpose, it was applied for long-term simulation of the
transfer of radioactive cesium 137Cs in the European seas and seas of Northwestern pacific significantly
contaminated in result of the accidents at the Chornobyl and Fukushima nuclear power plants. For every region,
the calculated concentrations of radionuclide in the water, bottom sediments and marine organisms agree with
the corresponding measurements throughout the simulation period. A three-dimensional model THREETOX was
used for detailed reproducing the transfer of radioactive contamination in the Northwestern Pacific over two years
after the Fukushima nuclear accident and in the Baltic Sea during the five years following the Chornobyl accident.
It provides maps for 137Cs concentrations in the marine environment and directions for its propagation at
different times. To reproduce the transport of 137Cs in marine organisms of Pacific Ocean following the Fukushima
nuclear accident and to predict the effects of future accidents, the components of modelling technology for
aquatic ecosystems contamination were integrated for the first time in three-dimensional model THREETOX. The
box model POSEIDON-R was incorporated into the PREDO platform to estimate radiation doses to the public
resulting from the releases of radionuclides in the marine environment during normal operation of nuclear
facilities in Sweden. The calculated concentrations of radioactive 60Co and 54Mn in the water, bottom sediments
and marine organisms are compared with the corresponding measurements for the Forsmark NPP located on the
Baltic Sea coast. The developed kinetic-allometric model for the for non-uniform assimilation of contamination in
fish gives better agreement of the calculated concentrations for both radionuclides with measurements for fish
species at different levels of the food chain compared to other models. This is caused by the contribution of
different tissues, because even a low concentration of activity in muscle tissue significantly affects the total
content of radionuclide in fish due to its large mass fraction. The FDMA model was integrated into the RODOS
system for calculation the doses received by the population from freshwater pathways of irradiation. It provides
the dose assessment due to consumption by people of the drinking water and food products of plant and animal
origin contaminated through freshwater. The input data for the model is the concentration of radionuclides in the
water on agricultural and habitat areas, which is the output information of the RODOS hydro module. Model
parameters related to different radioecological regions of Ukraine were collected from open sources, processed
and integrated into the RODOS system that was contributed to its implementation in Ukraine. Nowadays, the dose
assessment for population from freshwater pathways of irradiation using the RODOS system is carried out at the
nuclear facilities of Ukraine and in governmental structures. In particular, it is in operate at the Rivne NPP and in
the Radiation Accidents Consequences Prediction Center of the Ukrainian Hydrometeorological Center that is
confirmed by the relevant acts of implementation.
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