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The basic requirement for this work was the need for a simple, reliable, and cheap method of
using an accumulative chamber to measure radon flux density. A high sampling frequency is needed
because the final goal is to acquire radon field data in a continuous, informative time series. At the
monitoring stations, the accumulative chamber as well as radon pore activity measurement devices
used in the soil and air will enable us to improve the accuracy of the predictive estimate. In addition,
it will help in the specification and determination of the radon transport model parameters in the
ground atmosphere and geological medium. The simulation of radon and its decay products’ dynam-
ics inside the accumulative chamber was the main goal of this research work.

The radon and its decay products’ dynamics inside an accumulative chamber with a constant
radon flux of 10 mBqm™s™! from the soil surface at a volume of 3,14 liters, a height of 0,1 m, and an
accumulative time of 1 hour selected based on optimal conditions were determined. The volumetric
activity dynamics of *?Rn and ?'*Po at different radon flux densities (5-20 mBqm™s™) were also
determined. Furthermore, the changes in the ratio of the decay product activity to the radon activity
over time were calculated, as well as the ionizing radiation yield dynamics per radionuclide nuclear
decay. The change in ionizing particles and gamma rays produced in 5 minutes was calculated, and
the dynamics of the ion production rate were studied using different types of radon radiation as well
as gamma radiation from soil radionuclides. The accounting of thorium and its decay products was
also calculated.

Figure 1 shows the radon and its daughter nuclides’ dynamics with a constant radon flux of 10
mBgms! in an accumulative chamber. The result showed that at a constant radon flux of 10 mBqm"
%571 the radon activity in the accumulative chamber reached 350 Bqm™, and the volumetric activities
of *?Rn and *'*Po increased linearly over time and can be written as: A, ,(t)=ar+b . The

coefficients “a” and “b” for ?*’Rn and *'8Po were similar to integers as the radon flux was changed
for the function of linear approximation, as shown in figure 2. This shows that they are determined
by intensity value K.

Figure 3 represents the changing ratio of the decay product activity to radon activity over time.
From the graph, it can be seen that in an hour, the activity of 2'*Po reached 90 %, 2*Pb reached 40%
and, “Bi and !*Po both reached 20 %. Furthermore, the beta and gamma radiation yields were ap-
proximately two times less than the alpha particle, so the alpha particle of radon and its daughter
nuclides are primarily used for radon flux density measurements, as shown in figure 4. Figure 5 shows
that when the gamma rays and ionizing particles produced in 5 minutes were changed, the flux of the
alpha particles registered by a detector was twice that of the gamma radiation and beta particles under
the same conditions. The curves of the combined radiation of the beta and gamma and the alpha
particles, on the other hand, overlapped in the accumulative period of 90 minutes.

Figure 6 represents the rate at which various radon radiation types and the amount of gamma
radiation emitted by soil radiation. The beta and gamma radiation contributed no more than
10— 12 ion-pairs cm™ to the total ions produced in the accumulative chamber. After 15 min the alpha
radiation-induced ion production was higher than the background value produced by the soil radio-
nuclides.
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radionuclides ofthe soil produces ion

The dynamics of the volumetric activity ofthoron and its daughter nuclides in the accumulative
chamber are shown in figure 7. Figure 8, depicts the regularities in the dynamics of the yield of the
ionizing radiation at the decay of radionuclides accumulating inside the chamber as well as the dy-
namics of the rate by which this radiation produces ions. From fig. 7, it is evident that the accumula-
tive curves for 222Rn and 20Rn showed a significant difference due to the difference between the half-
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lives ofthe parent and their daughter radionuclides. Both 216Po and thoron have similar accumulative
curves. After the chamber is shut, they reach saturation in 6-7 min, and remain nearly constant for
the duration of the accumulation period. The activity of thorium decay products and 212Pb accumu-
lates insignificantly, about 6 % of thorium activity because of their long half-life. These specific
differences in the regularities of thorium and radon accumulation inside the chamber can be accu-
rately used for flux density measurements. The alpha-particles yield dynamics in figyre 8 are caused
by 220Rn, 216Po, 212Bi and 212Po nuclei accumulating inside the accumulative chamber. Gamma-rays
and beta radiation yields are caused by Vb, ~“\Bi and ~°~T1 nuclei accumulating.
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Fig. 7 Radionuclides volumetric activity dynamics  Fig. 8 Dynamics ofthe rate by which various types
inside the accumulative chamber ofradon, thoron, and their decay products
produces ion

The presented works were performed to determine the use of the obtained regularities in the
selection and design of a method and device to measure, from the surface of the ground, the flux
density of radon. The results showed that because there is only one variable quantity, the soil radon
entry K-intensity into the chamber, they have a qualitative character but are effective for quantitative
estimation. Furthermore, they are generally beneficial to the measurement-counting regime and can
serve as a useful guide for the development of new methods. In addition, the following conclusions
can be made for the calculation ofthe dynamics for radon and its daughter product; for the registration
of alpha-radiation: Tn and its daughters’ contribution to a detector signal is approximately 80 % if 30
minutes counting and in 60 % if 60 minutes counting. For registration of P-particles and/or y-rays the contri-
bution, of Tn and its daughters in a detector signal is approximately 25 % if 30 minutes counting and in
15 % if 60 minutes counting. For registration ofthe number ofions, the contribution of Tn and its daughters
in a detector signal is approximately 95 % in the first 10 minutes counting.

Supervisor: Doctor of Technical Sciences V.S. Yakovleva, Professor School of Nuclear Technology
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NCCNEJOBAHWE MPOLIECCOB TEPMWNYECKOW KOHBEPCUW
CMECEBBIX TBEPAbIX TOIMNAMB C NMOJTYHEHWMEM MOJIE3HbIX
NMPOAYKTOB

A K. bepukb6onosl, A.l. Muctokoal C.A. AHKOBCKMNI2
TOMCKUIA NONUTEXHUYECKNIN YHUBEPCUTET,
MW 3, rpynna 56M111 goueHt HOLU N.H. ByTakoBa2

AHHOTauuA

MpuBeaeHbl pe3ynbTaTbl 3KCMEPUMEHTaNlbHbIX MCCNef0BaHNI MPOLLECCOB TEPMUYECKO KOH-
BEpPCUN CMeCeBbIX TBEPAbIX TOMNNUB C Y4EeTOM U3MEHEHUSA UX BlIarocofeprkaHus ¢ rnojyvyeHmem Tpex
MONEe3HbIX MPOAYKTOB: YINePOL, XXUAKUEe YrneBoLOPOabl, CUHTe3-ra3. NpnumeHeHa MeToAMKa NPUro-
TOBNEHMSA TONNNBHbIX CMecel, Topdia C 4PEeBECHbIMW OTX04aMW MYTEM UX CMELLUEHUA 418 TepMuue-
CKOro pas/iodKeHus ¢ nocnegytowmum noayyeHmeM nojesHbiX NPOAyKTOB. IKCMNEPUMEHTbI MPOBOAU-
ancb nNpu Temnepatype 560+2 °C Ha aKcnepumeHTanbHOM cTeHge. INonyyvyeHbl CMHTE3-ras, TBepAbIi
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