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Abstract

Radiation plays a very important role in the life of humans. Measurements in radiation technologies and radiation
processes are very important. Usually measurements in radiation technologies are made with dosimeters of various types:
solid state dosimeters, liquid dosimeters and gasecous dosimeters. Dose measurements are based on different principles:
temperature increase, collection of electric charge, development of gases, accumulation of free radicals, trapping of electron
in the matrix, color change, change of solution conductivity, radiation chemical oxidation, radiation chemical reduction. To
measure absorbed doses the dosimetry system should be used which consists of dosimeters, measurement instrumentation,

the calibration curve, reference standards and procedure for the system’s use.
Computer processing power has increased rapidly and significantly over the past decades. Modern computers with
proper software and mathematical methods allow to simulate very complicated processes, for example passage of ionizing

radiation through the matter.

Article shows that GEANT4 can be used for numerical simulations to determine the absorbed doses, dose rates, and
other values inside irradiated objects under radiation. The relative uncertainty is up to 11.8%. Simulation of radiation
processing of complex objects can be performed with good accuracy. In order to use numerical simulations to measure

radiation, metrological support should be developed.
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1. Introduction

Radiation technologies are widely used in different
aspects of human beings: energy production, medicine,
agriculture, health care, ecology, cultural heritage pre-
servation and consolidation and many others. Radiation
technologies demand a lot of measurements of different
values: absorbed dose, dose rate, kinetic energy, current
inside and etc. And many of these values should be mea-
sured inside of the irradiated objects. In many cases it is
impossible to measure these values (for example, in radia-
tion shielding, in human body, in cultural heritage and
others cases). To solve this issue numerical simulation of
the passage of particles through matter using Monte Carlo
method can be used. A lot of simulations were made for
different areas of radiation technologies usage:

* radiation shielding [1-3];

 radiotherapy [4—6];

« assessment of radiation damage to the electro-
nics of satellites [7—9];

e cosmic rays [10—12];

© HHILI «Incturyt MerpoJorii», 2021

+ cultural heritage artefacts treatment [13];
+ Dbiological damage studies [14—16];
* dosimetry [17—19].

2. Monte Carlo software toolkits

At present time there are a lot of software toolkits
for numerical simulation of the passage of ionizing radia-
tion through the matter: FLUKA [20], GEANT4 [21],
MCNPX [22], MARSI15 [23], PHITS [24].

The main demands to them such as follows:

* Possibility to input complex geometrical objects,
preferably made by CAD software (CATIA, Autodesk Auto-
CAD, 3D Max, Maya, Archicad, FreeCAD and etc.).

« Utilization of high-level programming language.

* Have a multithreading mode to speed up calcu-
lations.

* Have a good support.

All revised packages have almost the same possi-
bilities. Most popular are MNCPX and GEANT4. Both
packages allow to use CAD files (through the STEP stan-
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Fig. 1. Irradiation chamber and maze: 1 — radiation source; 2 — tote
boxes; 3 — treated objects; 4 — walls

dard), have multithreading mode. The main difference
between these both packages is supported language. And
only one of them, GEANT4, supports C++, the mo-
dern programming language. So, Monte Carlo radiation
transport code GEANT4 was chosen for use.

Software toolkit means that the user have to con-
struct stand-alone application to use the toolkit. To use
GEANT4 the following aspects should be defined:

* the geometry of the system;

* the materials involved;

» the fundamental particles of interest;

» the physical processes of interest;

* the generation of primary events;

» the response of sensitive detector components.

The geometry of the system. The geometry of the
system (location, dimensions, shape) includes

e irradiation chamber and maze and its compo-
nents;

* part of the conveyor system (if exists);

+ irradiated object(s);

» sources of radiation.

GEANT4 provides a very rich library of basic geo-
metrical shapes, often referred to as primitives, plus the
ability to define compound geometries via Boolean ope-

Fig. 2. Example of treated object imported into simulation

rations such as union, subtraction, and intersection.
It is therefore capable of supporting extremely com-
plex physical geometries composed of simple primitives.
In spite of that historical objects are more complex and it
is difficult to create them programmatically from simple
primitives. The easiest way to import complicated geo-
metrical objects is via CADMesh — a direct CAD' model
import interface for GEANT4 leveraging built-in rea-
ders [6]. This interface can read .stl, .ply, .obj files.

Examples of imported CAD objects into simulation
are shown in Fig. 1 and 2.

3. Results and discussion

As a result code on the base of GEANT4 soft-
ware toolkit was developed. The comparison between
measured and simulated results were conducted for
absorbed dose in the air and in the materials. In [13]
wood samples of two types (soft and hard) were irradi-
ated by X rays received from electron beam accelerator
(1 kW, 5 MeV). The absorbed doses were measured and
numerical simulation of this process was performed.
The result of measured and simulated comparison is
given (See Table 1). The reached accuracy of simula-
tion is between 1.5% and 11.8%.

Table 1

Comparison between measured and calculated values of absorbed doses

Irradiation parameters
f,=120 Hz, =1 Hz f,=40 Hz, £=0.5 Hz f,=20 Hz, f=1 Hz
Depth of the
measure- Absorbed dose, Gy
ments (mm) Measured| Simulated lefe(;:nce, Measured | Simulated lefeo;:nce, Measured | Simulated lefe(;:nce,
Spruce
35 9.05 8.34 7.8 3.66 3.23 11.7 1.66 1.47 11.5
65 8.95 8.71 2.7 3.29 3.03 7.9 1.62 1.51 6.8
100 7.21 7.81 8.3 2.81 3.11 10.7 1.39 1.33 4.3
230 5.83 6.07 4.1 2.16 2.36 9.3 1.06 1.04 1.8
Oak
35 9.16 9.58 4.6 3.29 3.24 1.5 1.62 1.70 4.9
65 8.58 8.0 6.8 3.15 3.22 2.2 1.58 1.66 5.1
100 7.57 7.8 3.0 2.75 2.64 2.9 1.39 1.54 10.8
230 4.39 4.6 4.8 1.61 1.8 11.8 0.82 0.89 8.5

! CAD — Computer-aided design is the use of computers to aid in the creation, modification, analysis, or optimization of a design.
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4. Conclusion tural heritage. The uncertainties are up to 11.8% [13].

For determination of absorbed doses, dose rates The simulation of the radiation treatment of compli-
and other quantities inside irradiated objects under cated cultural objects can be performed with good ac-
radiation treatment, GEANT4 can be used for nu- curacy. To use numerical simulation for prediction of
merical simulation. The final simulation results are radiation measurements metrological base should be
sufficiently precise for the careful treatment of cul- developed.
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AHoTamis

Paniauis Bimirpae ayxe BaxKJIMBY pOJib Y KMTTi JIOAWHU. 3a3BUYail BUMipIOBaHHS B pafialliiHUX TEXHOJOTISIX MPOBO-
JISITCS 3 BUKOPUCTAHHSIM JTIO3UMETPIiB Pi3HOIO TUITY: TBEPAOTUIBHUX, PIIMHHUX Ta Ta30BUX. BuMipioBaHHS 103U 0a3yeTbCs
Ha pi3HUX TMPUHUMUMAX: MiIBUIIEHHS TeMmIlepaTypu, 30ip €JIeKTPUYHOIO 3apsily, PO3BUTOK Ta3iB, HAKOMMWYEHHS BUIbHUX
panuKaliB, 3aXOIUIEHHSI €JIeKTpOHAa B MaTpulli, 3MiHa KOJbOpPY, 3MiHa MPOBIAHOCTI PO3YMHY, XiMiUHE OKUCJIEHHS, XiMiuHe
BimHOBJEHHS. IS BUMIpIOBaHHS MOTIMHEHUX [103 CJIil. BUKOPUCTOBYBATH CUCTEMY JO3UMETPil, SIKa CKJIAA€ThCs 3 J03U-
METPiB, BUMIPIOBaJIbHUX TPUJIAIiB, KaJiOpyBaJbHOI KPUBOI, €TAJIOHHUX CTaHAAPTIB Ta MPOLEAYPU BUKOPUCTAHHS CUCTEMU.

3a OCTaHHI JECATUIITTS 00UMCIIIOBAJIbHA MOTYKHICTh KOMIT' 0TE€pa MIBUAKO 3pocTasia. CyyacHi KOMITIOTEPU 3 HAJIEXKHUM
MporpaMHUM 3a0e3MeYeHHsSIM Ta MaTeMaTUYHUMU METOIaMU J03BOJISIIOTh MOJEIIOBATH IyKe CKJIAAHI MPOLIeCH, HAMPUKJIIaI,
MPOXOMIKCHHS i0HI3yI0UOTO BUITPOMIHIOBAHHS 4epe3 PEUOBHUHY.

YV craTTi mokasaHo, 110 YMCEIbHE MOJCIIOBAHHS MOXE OYyTM BUKOPUCTAHO SIK ajlbTepHATHMBAa iHCTPYMEHTAJbHUM BU-
MIpIOBaHHSIM Yy pafialliiHUX TeXHOoJIOoTisAX. YucelbHe MOJENIOBAaHHSI MOXe OYTM 3aCTOCOBAHO TaM, Jie HE MOXe OyTu BU-
KOPUCTaHO TpaAulliiiHi METOAM BUMIpIOBaHb: [UIS PO3PAXyHKY paliallifHOro 3axXucTy, MOTJMHEHUX A03 Y PaaioJiorii, mpu
paniaiiiHiit oOpoOLi My3eMHMX €KCITOHATIB Ta iH.

Jlng BU3HAYEHHST MOTJIMHEHUX 03, TTOTYKHOCTI JO3M Ta iHIIMX BEJIMYMH YCEpeIUHi ONpPOMiHEHMX 00’€KTIB, IO Tepe-
oysatoTh i BunpomMiHioBaHHsIM, GEANT4 MoxHa BUKOPHUCTOBYBATH ISl YMCEIHLHOTO MOJETIOBaHHS. BimHOoCHA HeBM3Ha-
YEeHiCTh CTaHOBUTHL 10 11,8%. MoneaioBaHHS TTPOMEHEBOI OOPOOKHU CKJIAIHUX O0’€KTIB MOXe OyTM BUKOHAHO 3 XOPOIIOIO
TOYHICTIO. [IJI1 BUKOPUCTAHHS YKMCEJIHLHOIO MOJIEIIOBAHHS 3 METOI0 BMMIpIOBaHb paiiallii cjil po3poOUTH METPOJIOTIuHE
3a0€3MeYeHHSI.

KiouoBi cioBa: pajiailiiiHi TexHoJIOril; panialliiiHi BUMipioBaHHS; KoMIT'IoTepHe MonentoBaHHd; GEANTA4.
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AHHOTAIMSA

W3MepeHust B paqdallOHHBIX TEXHOJIOIMSAX OYeHb BaXKHbI. OOBIYHO OHU IIPOBOMSTCS C MCIIOJIb30BAaHUEM I03MMETPOB
pasHoro tuna. amepeHue 1036l OCHOBBIBACTCS Ha pa3IMYHbIX TIPUHLIMIIAX: TTOBBIIIEHNE TEMIIEPATYpPhl, COOp 3JIEKTPUIECKOTO
3apsiga, oOpa3oBaHUE ra30B, HAKOIJICHUE CBOOOMHBIX PaauKaloB, 3aXBaT 3JEKTPOHA B MaTpUIle, U3MEHEHHE 1IBeTa, U3MEHE -
HHE TIPOBOIVMMOCTH pacTBOpPa, XMMHMUECKOE OKMCIICHUE, XUMUYECKOe BOCCTAaHOBJICHME. 111 M3MEpeHUs TTOTJIOIIEHHBIX 103
CJIeyeT MCITOJIb30BaTh CUCTEMY HO3MMETPUH, KOTOPasi COCTOUT U3 J03MMETPOB, U3MEPUTEIbHBIX IPUOOPOB, KaTMOPOBOUHBIX
KPUBBIX, 3TAJIOHHBIX CTAaHOAPTOB W IPOLICAYPHI MCIIOJIb30BaHUS CUCTEMBI.

3a MmocjenHue OeCSITWIETUsT BBIYMCIMTEIbHASI MOIIHOCTb KOMITIbloTepa Bbipocia. CoBpeMeHHbIe KOMIIBIOTEPHI C
JIOJDKHBIM IIPOTPAMMHBIM OOECIIEYeHMEM M MATEMATHMYECKMMK METOJAMU ITO3BOJISIIOT MOIEIMPOBATh OYEHb CJIOXKHBIA IIPO-
1iecc, HampuMep, MPOXOXIECHMEe MOHU3MPYIOIIETO M3IyJYeHMs Yepe3 BeIleCTBO.

B crarbe mmoka3aHO, YTO YMCAEHHOE MOAEIMPOBAHME MOXKET ObITh MCIIOIb30BAHO KaK aJbTePHATHBA WHCTPYMEHTAIBHBIM
U3MEPEHUSIM B paIMallMOHHBIX TeXHOJOTMsX. I onpenesieHusT MOMIOIIEHHBIX 103, MOIIHOCTH J03bl M IPYIMX BEJMYMH
BHYTPHU 00JIy4aeMbIX O00BeKTOB IporpaMMHbIil KoMmiuiekc GEANT4 MoxeT ObITh MCIIOJb30BaH IS YMCACHHOIO MOMIE/IH-
poBaHust. OTHOCUTEIbHAS TTOIPEITHOCTh TAKUX BBIYMCIICHWI He TpeBbiinaer 11,8%.

KmoueBbie cjioBa: pagualilMOHHbIC TEXHOJOIMHA,; paluallMOHHLIC N3MEPCHUA; KOMIIBIOTCPHOE MOACIMPOBAHUE, GEANT4.
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