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DEVELOPMENT OF A COMPLEX FOR INDIVIDUAL DOSIMETRIC CONTROL

At present, practically all branches of industry, many branches of science use sources of ionizing
radiation (IR). Nuclear power plants, gamma plants of various capacities, flaw detectors, counters and many
other equipment are widely used in the defense complex, medicine, agriculture. However, the most
important sector of the use of IR in Ukraine after the elimination of nuclear combat potential is nuclear
power. The country has five nuclear power plants (NPP) with reactors of two types, which generate about
40% of the country's total electricity.

In this regard, the problems of dosimetry, which today have become an independent scientific and
technical area of nuclear physics, are acquiring ever increasing importance. Dosimetry, in its essence,
solves the problem of linking physical quantities with the expected radiation effects of the use of IR.

When standardizing radiation doses for personnel in accordance with international
recommendations and rules, the issue of reducing the dose costs of personnel, and, first of all, repair costs,
arose sharply, since the main contribution to the collective radiation dose of NPP personnel is made by
maintenance and repair work. At the initial stage, it was possible to reduce the radiation doses mainly due
to the implementation of organizational measures of administrative increase in the requirements for the
guality of preparation and performance of work in the controlled access area. Further reduction of
personnel dose loads can be ensured by introducing ALARA principle into the NPP operation practice. To
do this, it is necessary to create a system for monitoring the radiation situation and personal dosimetry,
which could ensure the identification of areas with increased radioactivity and measure the full set of their
parameters (at least, dose, dose rate, coordinates, time point, personal dosimeter number) in real time.
without the participation of the wearer of a personal dosimeter, that is, within the framework of his normal
life and without his knowledge, if the dose rate does not exceed the maximum permissible level. When this
level is exceeded, the wearer of a personal dosimeter must be warned of the impending danger in order to
take part in actions to overcome it, but not as an intermediary in the process of the above measurements.

On the basis of this concept, a complex of individual dosimetric control is proposed in this work.

Keywords: nuclear power, personnel exposure dose, radiation monitoring, radiation dose rate,
personal dosimeter

Introduction. The main task of dosimetry — identification of sources ionizing radiation (IR)
that pose a threat to the environment and humans — today is solved using a variety of technical
registration tools with varying degrees of efficiency. In addition, the existing variety of terms and
values in this industry requires some clarification in order to convey the reliability of the presented
research results. Nowadays, almost all industries, many branches of science use IR. Nuclear power
plants, gamma plants of various capacities, flaw detectors, counters and many other equipment are
widely used in the defense complex, medicine, agriculture [1-3]. However, the most important sector
of the use of IR in Ukraine after the elimination of nuclear combat potential is nuclear power [4]. The
country has five nuclear power plants (NPP) with reactors of two types, which generate about 40%
of the country's total electricity [5, 6].

In this regard, the problems of dosimetry, which today have become an independent scientific
and technical area of nuclear physics, are acquiring ever-increasing importance. Dosimetry, in its
essence, solves the problem of linking physical quantities with the expected radiation effects of the
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use of IR. The main task of dosimetry — identification of sources radiation, posing a threat to the
environment and humans — today is solved using a variety of technical registration tools with varying
degrees of efficiency. A comparative analysis of such means and methods of their application for
registration and dosimetry is presented in this section [7, 8]. In addition, the existing variety of terms
and values in this industry requires some clarification in order to ensure the reliability of presented
research results.

Formation of the problem. The development of nuclear energy, the spread of nuclear
technologies have put forward new requirements for the control and metrology of ionizing radiation.
The modern level of nuclear instrumentation cannot fully satisfy them. The solution to this problem
can be provided by the development of: methods for choosing the optimal type of semiconductor
materials and controlling their properties to create uncooled detectors; sensors with higher resolution;
electronics with less noise; computer methods and information processing programs with lower
estimated costs; control systems for nuclear materials and the state of NPP protective barriers that
meet the requirements of existing automatic control of radiation safety (CRS).

Analysis of previous studies. The level of development and application of radiation
technologies is largely determined by the state of nuclear instrumentation. In a relatively short period
of time, this industry has gone through several stages of development, and each of them was marked
by the emergence of various devices that register and measure the parameters of ionizing radiation:
gas-discharge counters, scintillators, semiconductor detectors, and others. Their appearance and
further widespread use was provided in the past by works from Crookes, Rutherford, Geiger and
Miiller to the works of A.B. Dmitriev, S.N. Perelman, V.G. Tchaikovsky, and V.G. Baranov, which
are closer to us in time. I., Golbek G.R., Nemirovsky B.V., Yakubovich A.L. and many others. The
basis for the progress of nuclear instrumentation was the simultaneous development of two directions
- nuclear physics research and electronics. However, both directions at that time developed
independently, without proper mutual connection.

The advent of modern semiconductor sensors for the first time linked nuclear instrumentation
and electronics into a single complex — a semiconductor detector. It combines semiconductor primary
converter of ionizing radiation (sensor), secondary converter of information from the sensor
(electronics) and software for processing this information, interconnected in terms of the problem
being solved and parameters. The possibility of the appearance of such a complex is provided in
materials science by the works of VVavilov V.S., Baransky P.1., in applied nuclear physics research by
M.V. Maksimov, O.V. Maslova. and others. In these works, a technique was shown for the selection
of semiconductor materials and a design of sensors was proposed, directions for the creation of
electronics and computer programs for detectors were determined. This ensured the creation and
effective use of semiconductor detectors in dosimetry, radiation control of materials and technological
processes of nuclear power plants.

Main part. In this work, a complex is proposed, which consists of a main unit — an individual
electronic direct-display dosimeter (ID) and an expansion unit — "cassette boxes™ with individual
dosimeters nested in the compartments-cells. The multiplicity of the ID connection in the cassette
holder is 256 ID. The total number of serviced cassettes is limited only by the capacity of the battery
charging module for personal dosimeters (Fig. 1).

The development of modern detecting units designed to monitor the state of protective barriers
by measuring the dose rate of gamma radiation in the air as part of the radiation monitoring systems
of nuclear power plants is an important and urgent task. The detecting units of AKRB-03 system
currently in operation have exhausted their resource (AKRB — radiation safety monitoring equipment)
[9 - 11]. The system itself, developed more than 20 years ago, has not only exhausted its resource,
but is also morally outdated [12, 13]. It is obvious that new detecting units should have higher
metrological and operational parameters. A significant improvement in the metrological and
operational characteristics of detectors, as shown above, can be obtained only through the use of new
materials, in particular, wide-gap semiconductors such as CdZnTe [14].

The functions of the main unit are as follows:

— presentation of the interface to an individual dosimeter;
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— receiving information from an individual dosimeter (personnel number, route, dose, time,
errors, temperature, etc.);

— recording of service information into an individual dosimeter (time, dose limit);

— recharging the battery of personal dosimeter while it is in the cell.

Expansion unit (EU) — "cassette holder" serves as an intermediate link between the control
computer and the individual dosimeter. All records are stored and processed in a computer. EU
presents a computer interface for communication with a dosimeter. The control computer interacts
with EU via RS-232 or RS-485 serial interface.
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Figure 1 — Block diagram of the individual dosimetric control complex

The individual electronic dosimeter is made in accordance with the requirements of the "Unified
requirements for individual dosimetric control ET IDK" and other regulatory documents, since works
on the basis of BDMG-CZT detection unit.

The sensitive element of the dosimeter is made on basis of CdZnTe crystal and is a complete
element of the detector. The dosimeter uses the algorithm for software correction of the “stiffness
course” of the recorded radiation, which was considered earlier.

Functionally, an individual dosimeter consists of the following units (Fig. 2):

— detection (detector, preamplifier, pulse normalizer);

— detector power supply (programmable voltage supply to the detector);

— temperature measurement (dose measurement correction is implemented on DS18B20);

— real time clock (for calculating the dose rate DS1302);

— indications and notifications (indication of time, ambient temperature, dose rate, dose,
thresholds for setting dose load, battery discharge, etc., indicator from NOKIA telephone);

— log memory (to save intermediate dose measurement results on the way of personnel and at
the workplace AT24C512);

— wireless interface (to receive access control labels for certain zones, as well as presence at the
workplace);

— single-wire interface (for data transmission through the main unit to a computer);

— power control (to control battery charging);

— microcontroller (for general organization of operation ATMEGABS device control).

The design of the dosimeter is a standard miniature plastic case from Bopla for hand-held
devices, BOPLA-Arteb 335 series in shockproof dust and moisture resistant design. Its three-
dimensional model is shown in Fig. 3.
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Figure 1 — Block diagram of an individual dosimeter (functions of blocks in text)

For the first time, a complex of individual dosimetric control has been developed. The complex
consists of an individual electronic direct display dosimeter (ID) and an expansion unit (EU) with ID
located in the cells.

The use of such a complex will allow for the first time to create a system for monitoring the
radiation situation and personal dosimetry capable of detecting areas with increased radioactivity,
measuring a full set of their parameters in real time, the radiation dose of ID carrier, etc. and will
ensure the introduction of ALARA principle into the practice of NPP.

Figure 1 — Appearance of an individual dosimeter: D - dose indication;
K - indication of control dose levels

Conclusions. For the first time, a complex of individual dosimetric control has been developed.
The complex consists of an individual electronic direct display dosimeter (ID) and an expansion unit
(EV) with 1D located in the cells.
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The use of such a complex will allow for the first time to create a system for monitoring the
radiation situation and personal dosimetry capable of detecting areas with increased radioactivity,
measuring a full set of their parameters in real time, the radiation dose of ID carrier, etc. and will
ensure the introduction of ALARA principle into the practice of NPP.
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A.T.H., mpod. €Epumenko H.A., Konosanenxo O.I.
PO3POBKA KOMIVIEKCY IHAUBIAYAJBHOI'O JO3UMETPUYHOTI'O KOHTPOJIIO

Y oanun uwac npaxkmuuno eci canysi npomucnoeocmi, 6azamo zany3en HAYKU 3ACHIOCOGYIOMb
oxcepena ionizyrouux eunpominiosans (II). Illupoxko euxopucmogyromovcsa 6 000pOHHOMY KOMNJIEKCI,
MeouyuHni, CinibCbKOMYy 20CR00ApPCMEL A0epHi eHepzemuuHi YCMAHOBKU, 2AMMA-YCHAHOGKU Pi3HOT
nomyscnocmi, oehekmockonu, aiuunvhuku i 6azamo inuwioi anapamypu. QOOHaK HAROIILUL AHCIUCOIO
2anys3to euxopucmanna Il na Ykpaini nicna nixkeioauii 601106020 a0epHo20 nomeHyiany € amomHa
eHepeemuxa. Y kpaini npaytoc n'amo amomnux eaekmpocmanyiit (AEC) 3 peakmopamu 060x munie, aKi
eupoodnaoms 6au3zvko 40% eciei enekmpoenepeii kpainu.



Y 36'a3Ky 3 yum eéce oinvuiozo 3HaueHHA HaAOysalOmMov NPOOIEMU 003UMEmPIl, AKA CbO2OOHI cmana
CAMOCMITTHUM HAYKOBO-MEXHIYHUM HANPAMKOM A0epHol (hizuku. /Jo3umempisn 3a ceocto cymmio eupiuiye
3a60anHA 368'A3Ky (Pi3uuHUX eUUUH 3 OUIKY8aAHUMU padiayiiHumu epekmamu 3acmocysanns I1.

Ilpu nopmysanui 003 onpominenns nepcoHasly 6i0n0GIiOHO 00 MIXDICHAPOOHUX PeKOMeHOauill i npagu
20CMPO ROCMA10 RUMAHHA U000 3HUNCEHHA 00308UX GUMPAM NEPCONAILY, i, 6 NEPULY Yepzy, PEMOHMHO20,
mMaxK AK OCHOBHUII 6HECOK 8 KONeKmusHy 003y onpominennsa nepconainy AEC enocams pobomu 3
mexHiunozo obcnyzoeyeannus i pemonumy. Ha nouamxoeomy emani 3uuicysamu 003u ONPOMIHEHHA
60ae6anocsa, 8 OCHOGHOMY, 3A PAXYHOK GUKOHAHHA OpZAHI3AUINHUX 3AX00i6 AOMIHICHMPAmMUEHO20
ni0GUUIEHHA 6UMO2 00 AKOCHI NIOZ0MOBKU MA NPOGEOeHHA PODOIm 6 30Hi KOHMPOJIb08AH020 OOCHIYNY.
Ilooanvwe 3nudICEHHA 00306UX HABAHMANCEHL NEPCOHAY MOYce Oymu 3ade3neuenHo 3a pPaxyHoK
enposaodicennsn ¢ npakmuxy excnayamauii AEC npunyuny ALARA [3]. /Ina yvozo neoodxione cmeopenusn
makoi cucmemu KOHMPOAIO padiayiitnoi o6CMaHo6Ku ma NepcoHATbHOI 0o3umempii, AKa mozia 0
3abe3neuumu GUAGIEHHA OINAHOK 3 RIOGUUIEHOI0 PAdioaKmMUGHICMIO | euMiploeamu noeHuil Hadip ix
napamempie (AK MiHIMYM, 003y, HOMYNHCHICIb 003U, KOOPOUHAMU, MOMEHM YACY, HOMEP NEPCOHATIbHO20
oo3umempa) 6 peaibHOMy mMacuimadi uacy o6e3 yuacmi HOCIiA NEPCOHAIbLHOZ0 003UMempa, M. e. 8 PAMKAX
11020 HOPMAIBLHOI HCUMMEOIATbHOCMI | 0e3 1020 6i0oMa, AKUL0 NOMYIHCHICDb 003U He nepesUye
2PAHUYHO 0onycmumozo piena. Illpu nepesunienni ybo2o pieHsa HOCI NEPCOHATILHO20 003UMEMPA NOBUHEH
nonepeodcyeamvbca npome, wio oMy 3azpodicy€e Hebeneka, uiod e3amu yuacms 6 0iax no it nodonaunnio,
ane He 8 AKOCHI NOCEPEOHUKA 8 NPOUECE BUULE3A3HAYUEHUX GUMIPIOGANHD.

Ha ocHnoeéi maxoi ronyenuii 6 Oaniii poOOmi 3anPONOHOGAHO KOMMNJIEKC IHOUBIOYATIbHOZ0
003UMEemMPUYHO20 KOHMPOJIIO.

Kniouoei cnosa: amomna enepzemuka, 003a ORPOMIHEHHA NEPCOHATLY, KOHMPOIb padiauiitnoi
00CmMano06Ku, NOMYICHICHb 003U ORPOMIHEHHS, NEPCOHAILHULL 003UMEmp.
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