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1. IHpopmalliiiHi TeXHOJIOTii MOZEIIOBAaHHS 3a0pyJHEHHS BOJHUX €KOCUCTEM [J151 KOMITIOTEPHOI HiITPUMKU pillleHb
3 pagianiiiHoi 6e3neku

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

1. Incepranjiiina po60Ta IpUCBIYEHA PO3po0Li i po3BUTKY iHPOPMALIITHUX TEXHOJIOTIH 1711 CUCTEM KOMITIOTEPHOI
NiATPUMKHU pillleHb 3 pajialiliHoi 6€3M1eKM Ha OCHOBI HOBUX Ta YO,OCKOHAJIEHNX MaTEMAaTUYHUX MOJEJIeN [IEPEHOCY
3a0pyIHEHHS Y BOOHUX €KOCUCTEMax Ta [030BUX BIUIMBIB Ha JIIOAMUHY Yepe3 pi3Hi MK OIPOMiHEHHS. 3 Lii€lo
MeToto kKamepHa mogesib POSEIDON-R 6ysa BIocKoHasieHa Jij1si BUKOPUCTAHHS B CUCTEMaX KOMITIOTEPHO]

NiATPUMKHU pillleHb 3 pafianiiiHoi 6e3nexku. 30KkpeMa, po3pobyieHa MOJeJlb JOHHOTO JIaHII0>KKA KUBJIEHHS], B SIKi



BIIEPILE BPAaXOBYETHCS MePeXil] 3a0pyJHEHHS 3 IOHHUX BilJKJIaIeHb Y MOPCBKi opraHiamu. HoBa KiHeTUYHO-
aJIoMeTprYHa MOJIeJlb HEOTHOPITHOTO 3aCBOEHHS 3a0pyIHEHHS OpraHi3MoM puby, po3pobiieHa B poOOTi, 03BOJIsIE
BpaxoBYyBaTH XiMiK0-6i0JI0Ti4Hi BJIACTMBOCTI 3a0pyJHIOIOUMX PEUOBMH HAKOMMYYyBAaTUCS B IEBHUX TKAHMHAX
opratizmy. Y MojeJli BpaxOBY€TbCSI 3aJIE5KHICTb IapaMeTPiB, SIKi ONKUCYIOTb OCHOBHI IIPOLIECU METaboJIi3My puby, Bif
ii Macu B cTemneHi -Y%, 0 y3roAKy€eThCs 3 3arajIbHUM 3aKOHOM MacIiTabyBaHHS B 6iosiorii. Tako oTpumMaHa
3aJIEXKHICTb 3aCBOEHHS i30TOIIB 11€3i10 i CTPOHLIi}0 MOPCbKMMU OpraHizMaMu BiJ COJIOHOCTI OTOYY04Y0i BOAU, TOOTO
Bif], KOHLIEHTPaLil KOHKYPYIOUMX i0HIB KaJIilo i KaJbliilo, BinnoBigHo. JJane BgockoHaneHHs moaesi POSEIDON-R nae
3MOTY 3aCTOCOBYBATH il y BOZHUX 00’€KTax 3 IIMPOKUM /1ialla30HOM COJIOHOCTI, 30KpemMa, B JINMaHax i TUpJaxX pPidok 3
Malike MPICHOIO BOJ010, @ TAKOXK Y MOPSIX 3 BEJIMKUM CTOKOM PiukoBoi Boau. Heo6xinHo 6yJ10 34iiiICHUTH afanTaliiio
BOHA 3aCTOCOBYBAJACh 11 JOBIOCTPOKOBOI'O MOJEJIIOBAHHS [IEPEHOCY PallioaKTUBHOIO Le3ito 137Cs B
€BPOIEICbKUX MOPSIX i MOPSIX MiBHIYHO-3axigHOI yacTuHU TUXOro OKeaHy, CyTTEBO 3a0pyJHEHUX B PE3yJIbTaTi
aBapiit Ha YopHoounbcbkiilt AEC i AEC ®Oykycima. [y KOXXHOI 3 OIIMCaHUX 00J1acTell po3paxoBaHi KOHIeHTpallii
pazioHyKIIiga y BOZi, JOHHUX BiIKJIAZEHHSIX i MOPCBKUX OpraHi3max y3roZKylOTbCs 3 JaHVMMU BiAIIOBiIHUX
BMMIipIOBaHb 32 BECb [1€PioJ, MOJEIOBAHHS. 3 METOIO JETaJIbHOTO BiITBOPEHHS IEPEHOCY PaZi0OaKTUBHOTO
3a0pyIHEHHS B MiBHIYHO-3axifHIN yacTuHi THXOro okeaHy MPOTIroM ABOX POKiB miciis aBapii Ha AEC ®Oykycima-1Ta
B BanTilicbkomy MOpi IpOTAroMm IT'sITy pokiB miciis aBapii Ha YAEC 3acTocoByBajsiach TPUBMMIpHA MOJIeJIb
THREETOX. V pe3ysbTaTi OTpMMaHi KapTy 3a0pyIHEHHS] MOPCBKOTO CEPEIOBHUINA, @ TAKOXK 00JIACTI 3 NiABUILEHUMU
KoHUeHTpauismu 137Cs Ta WXy MOTo MOIKUPEHHS B Pi3HI MOMEHTH 4acy. [js BinTBopeHHs nepenocy 137Cs B
MOPCBKUX oprasismax Tuxoro okeany micss aBapii Ha AEC Qykycima-1Ta 119 IpOrHO3yBaHHS HACIiIKiB MalOyTHIX
asapiil y rpuBumipny mogesns THREETOX 6ysiu Blieplie iHTerpoBaHi KOMIIOHEHTH TEXHOJIOTiI MOJeJII0BaHHS
3a6pyiHeHHs BoAHUX ekocucTeM. KamepHa mozgenb POSEIDON-R 6y:a BkitoueHa B atdopmy PREDO ns
OLiHKU [103 ONIPOMiHEHHS HACEJIEHHS B PE3yJIbTaTi BUTOKIB PaJliOHYKIIiMIiB, IO YTBOPIOIOTHCS B YMOBAaX HOPMAJIbHO]
ekcrulyaTanii atTomHux o6’exrtis llIBelii, B Mopchke cepenosutie. [IpencraBieHe NOPiBHIHHS PO3PaXx0BaHUX
KOHILeHTpauiil pagioakTuBHUX 60Co Ta 54Mn y BOJli, JOHHUX BiIKJIaZeHHSIX | MOPCbKUX OpraHi3amMax 3 BiJlIOBiTHUMU
Bumipamu 17151 AEC Qopcmapk, sika po3milieHa Ha 6epesi banTilickkoro mops. Po3po6siena B 1aHiil po6oTi
KiHETUYHO-aJIOMETPUYHA MOJeJIb HEOIHOPiAHOT'O HAaKOMWYeHHs 3a0pyJHEHHS B pubi 1ae Kpalle y3roJKeHHs
PO3paxoBaHUX KOHLIEHTPALliil 060X paflioHYKJIiiB 3 BUMipaMy MOPIBHSHO 3 iHIIMMU MOZEJSIMU JJ1s1 TUIIIB pubY, 10
3HAxXOJAThCS Ha Pi3HUX PiBHAX JIAHIJIOKKA )XUBJIEHHS. [IpUYMHOIO 1IbOTO € BpaxyBaHHS BHECKY Pi3HMX TKaHUH,
OCKiJIbKY HaBiTh HU3bKa KOHIEHTPALisl aKTUBHOCTI B M'130Bii1 TKAHWHI CyTTEBO BIJIMBA€E HA 3arajlbHA BMiCT
pazioHykiiza B pubi yepes ii 3HauHy MacoBYy YacCTKy. [y po3paxyHKYy 103, OTPMMaHUX HACEeJIEHHSIM Bif
IIPiCHOBOJHUX LIJISXiB OTpOMiHeHHS, B cucteMy RODOS 6yia intTerposaHa mogenb FDMA. B Hill IpoBOAUTBCS
OLliHKa 103 OIIPOMiHEHHS1, OTPMMAHNX HACEJIEHHSM 32 PAaXYHOK BXXMBAHHS [IMTHOI BOAM Ta BHACJILOK CIIOKMBAaHHS
IIPOJYKTiB Xap4yBaHHS POCIMHHOTO i TBAPUHHOTO [10XOPKEHHS, 3a0pyJHEHUX Yyepe3 IIPiCHOBOLHI MIJISIXU.
BxiZHUMU JaHUMU MOZEJIi € KOHLEHTpAaLis pafioHyKIiJiB Y BOZAi HA TEPUTOPISIX CiIbCBKOTOCIIOLAPCHKOTO
BMPOOHULITBA i TEPUTOPISIX IPOKMBAHHS, SIKA € BUXiTHOIO iH(popmMaliero rinpomonyns cuctemu RODOS. TTapamerpu
MogeJI, SIKi BifHOCSIThCS 40 Pi3HUX paZioeKoJIoriYHMX perioHiB YKpainu, 6ysu 3ibpaHi, onpanpoBaHi i BHeceHi B
cucremy RODOS, mo cripuso ii BnpoBaJyKeHHIO B YKpaiHi. B manuit 4ac o1iHKa 103 1J1s1 HaCeJIeHHS Bif,
[IPiCHOBOJHUX LUIJISXiB OITPOMiHEHHS B pamKax cucremy RODOS 31ifiCHIOETbCSI HA aTOMHUX 00’€KTax YKpaiHu i B
YPALOBUX CTPYKTYpax, 30KpemMa, Ha PiBHeHChKi AEC Ta B LIeHTpi IPOrHO3yBaHHA HACIIAKIB pagialiiHuX aBapin
Ykpaincbkoro rigpomereoposoriyHoro neHtpy JCHC YkpaiHy, o niaTBepIKy€eThCs BiATIOBITHMMY 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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