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Mmepex baiteca

2. Modeling and forecasting of radionuclide transfer from soil into plants using dynamic Bayesian network

Pedepar:

1. Incepraruist Ha 3000YTTSI HAYKOBOT'O CTYIIEHs KaHJWaTa TEXHIYHUX HayK 3a creujanbHicTio 05.13.23 - cucremu Ta
3aco0y ITY4YHOrO iHTeseKTy. - HalioHasnpHU TeXHIYHUH yHiBepcuTeT YKpainu "KuiBcbKuil noliTexHiYHNN
inctutyt", Kuis, 2015 p. JlocifKeHHs] CIPSIMOBAaHEe HA OLIiHIOBaHHSI Ta IPOTHO3YBaHHS KoeillieHTa nepenadi
PaZiOHYKIIiNIB 3 I'PYHTY Y CiIbCbKOTOCIIOIaPChKi POCIMHYU Ha OCHOBI (aKTUYHUX AAHUX, 3i6paHMX HA TEPUTOPISX,
YP2KeHUX BHACioK YopHOOUIbChKOI KaTacTpodu. Mogesns po3pobsieHa y popmi guHaMmivyHoOi Mepesxi baiieca, mo
€ €JIEMEHTOM HOBU3HU, OCKIiJIbKA BUKOPHUCTAHHS LIbOTO anapary [jisl PafioeKoJIoriYHOro MOZEJIIOBaHHS paHille He
BUKOHYBaJIOCH. 3a1a4a, 10 PO3B'A3yE€ThCA, Ma€ BUCOKUI IIPIOPUTET, OCKIJIbKY BHYTPIIIHE 3apa’keHHS JII0LCHKOTO

OPraHi3My B OCHOBHOMY 3YMOBJIEHE HagBHICTIO 3aPaXEHUX POCJIMH Ha HMKHBOMY PiBHI JIaHLIIOTa )KUBJIEHHS, a



MaTeMaTU4He MOJEJII0OBaHHS LIbOTO MPOLECY B 1iiloMy He nomupeHe. [IpoananizoBaHo (pakTopy, 10 BIJIMBAIOTh HA
KoedilieHT nepenayi pafioHyKJIiZiB, i BUSIBIEHO 3aKOHOMIPHOCTI 3MiHM PiBHS Ilepeadi 3aJ1e5KHO Bifl BOJIOTOCTI,
KUCJIOTHOCTI, CKJIaZly I'PYHTY, [JINOMHY 3aJIIraHHs KOpeHeBoi cuctemy, BMicTy K +1 2Ca +. [IpuHIMN JOCTiIKeHHS
IVHaMiKU Ja€ MOXUJIMBICTD BiIC/IIKOBYBaTU 3MiHM y 3a0pyHEHHI POCJIMH NPOTAroM 80 MiCSLiB 3 YaCOBUM KPOKOM,
piBHMM 1 Micauto. [11s1 popMyBaHHS iMOBIPHICHOTO BUCHOBKY BUKOPUCTAHO aJIFOPUTM 3B'SI3aHUX JAEPEB, OCKIJIIbKU
MepesKa CKJIaJaeThCsl 3 IUCKPETHUX i 6e3nepepBHUX By3JliB. OTpUMaHi pe3ysibTaTy JEMOHCTPYIOTh BUCOKY TOYHICTb
BiZITOBiHO /10 3aTrajIbHONPUNHATUX CTATUCTUYHUX KPUTEPIiB SIKOCTIi: CEpeIHbOKBATIpaTUYHE BiIXUJIEHHS He
IepeBUlIye , CepeiHe abCOMIOTHE BiXUIIEHHS He epeBuiye 5,5 % Ha ycix BUMipax, Jucnepcis 6;113bKa 1o Hy i,
1110 CBiOUUTH NIPO OOLIBHICT BUKOPUCTAHHS JUHAMIYHOI Mepexi balleca 11 po3B's3aHHS JAHOTO 3aBIAHHS.
TakoXX po3riIsgHyTa MOXKJIMBICTb 3aCTOCYBaHHS BKa3aHOTO MiIXOAY O PO3B'sI3aHHA 3a7ja4 TAKOTO KJIaCy B LIJIOMY.
Mogesnb gae MOXKIMBICTL CTBOPIOBATY AOBrOCTPOKOBI CLIEHAPIl 1711 BUBHAYEHHS MOKJIMNBUX LIJISXIB PO3BUTKY
CiZIbCBKOTO roCNoAapCTBa Ha TEPUTOPISIX, MOCTPAXKAAINX BHACIILOK YOpHOOMIIBCHKOI KaTaCTpOdH, a TAKOXK
aHaJIOTYHUX TEXHOTEHHUX KaTacTpod. KiouoBi cyioBa: paZiioakTuBHE 3apak€HHS [PYHTY, MaTeMaTUyHe

MOJeJII0OBaHHS, AMHAMiYHa Mepexxa baiieca, iMOBIpHiICHMI BUCHOBOK.

2. The study is aimed at estimating and forecasting the transfer coefficient of radionuclide from soil to agricultural
plants based on the real data collected in the areas affected by the Chornobyl disaster. The model was developed
in the form of a dynamic Bayesian network, which is an element of novelty, since the use of this tool for radio-
ecological modeling was not previously carried out. Also the Bayesian networks exhibit the following advantages:
the possibility for using of discrete and continuous variables in the frames of the same model; the model
dimensionality can be very high (hundreds of variables); today there exists highly developed alternative techniques
for model structure construction and for inference performing; usually the models reflect actual causal
relationships. Besides, statistical data model can include expert estimates for variables values, parameter
restrictions etc. Today adaptive approaches are very popular in application to model building because of their high
flexibility to possible changes in data and modeled system dynamics. To construct the model in the form of DBN
we proposed special adaptive computation scheme that supposes the use of two optimization criteria directed
towards maximization of total probability for the network constructed. Thus, the scheme allows performing
structural and parametric adaptation with new data that is coming from the measurement system. The best model
of the candidates estimated is selected on the final step of its application. The problem considered in this study is
of a high priority, since the human body internal exposure is mainly caused by the presence of contaminated
plants on the lower level of the food chain, and mathematical modeling of the processes is still not common in
general. The factors affecting the radionuclide transfer coefficient were analyzed, and the dependencies for
transfer level change were identified, depending on the humidity, acidity, soil type, depth of the root system, the
content of K + and 2Ca +. The dynamic approach hired allows tracking the changes of plant contamination within
the period over 80 months with a time step equal to 1 month. The junction tree algorithm was used for inference as
the network consists both of continuous and discrete nodes. The results obtained demonstrate high accuracy in
accordance with general criteria: the standard deviation does not exceed the value of about , mean absolute
percentage error does not exceed 5,5% for all measurements, the error variance is close to zero, that justifies the
use of dynamic Bayesian networks a good alternative to solve this problem. Also the possibility of this approach
usage while solving problems of the same class in general was considered. The model allows creating long-term
scenarios to identify the possible way to agriculture development over the areas affected by the Chornobyl
disaster and similar anthropogenic disasters. On the basis of data processing techniques, models constructed and
the set of criteria used we developed decision support system allowing to substantially decrease the time required
for constructing the best possible model and to generate alternative decisions. Further extension of functionality
of the system developed is easily possible by using new techniques of intellectual data analysis and data-mining
approach together with modern statistical data processing techniques. Keywords: radionuclide contamination of
soil, mathematical modeling, dynamic Bayesian network, probabilistic inference.
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