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BU3HAUYEHHSI EMIIIPUYHUX TAPAMETPIB MOJIEJIEN TVIMBUHHOI'O PO3IOALTY 103U
JJIS1 BUTTAZIKIB, KOJIM CIIEKTP ITYYKA EJIEKTPOHIB HE KOHTPOJIIOETHCSL

Bimomi HamiBeMmipW9Hi MOJAENTI MalOTh 3MOTY pPO3paxyBaTH TIMOWHHI PO3MOMITH JO3W 332 HASBHOCTI JETaIbHOI
iH(pOopMaIIii PO CTIEKTpP MyYKa eIESKTPOHIB Ta 3AJIEKHOCTI eMITIpHYHUX MMapaMeTpiB MO BiJ €Heprii i KyTa maJiHHI
my4Jka Ha 00’exT onpomiHeHHS. OQHAK y TEXHOJOTIYHUX IIEHTPax y IpoIeci pamiamiiHoi cTepuimi3amii CIeKTp MydKa
€JIEKTPOHIB, K MPABIJIO, HE KOHTPOIIOETHCA. Y Wil poOOTi MOCTaBIEHO W PO3B’S3aHO 3aAady PO3POOKU IMPOIEILypH
BUKOPHUCTaHHSA HASBHUX HAITIBEMITIPHYHHUX MOJENEH UIA pO3paxyHKy TIITMOMHHHX PO3MOIiTIB 03U y BUMANKY, KOIH
CIIEKTp IMy4Ka eJIEKTPOHIB HE KOHTPOJIOETHCSI.

OnwucaHo npolenypy BU3HAUCHHS EMITIPUYHUX MapaMeTpiB MOJIENi Ha OCHOBI BUOOPY OJIHOTO PEXKHMMY OIPOMiHEH-
Hs 3 Ha0Opy 3HAYCHb €HEPTid eNEKTPOHIB Ta KYyTiB MAaiHHS MyYKa eJIeKTPOHIB Ha Iap, SKi Jal0Th CyTTEBUN BHECOK Y
PO3paxyHOK TJMOMHHOTO po3mojiry ao3u. [IpoBezeHO OLIHKY JAiana3oHy €Heprili eJeKTPOHIB y CHEKTpi Ha OCHOBI
arnpoKCUMAIll CIIEKTpa TPUKYTHUM DPO3IOJAUIOM 3 MapaMeTpamH, IO BiANOBINAIOTh CTAaHJAPTHUM XapaKTEPUCTHKAM
TIMOMHHOTO PO3MOALTY 03U eNeKTpoHiB. [IpoBeneHo OIiHKN MOXMOOK BU3HAYCHHS EMITIPUYHAX MapaMeTpiB MOJEIi 3
BUKOPHCTaHHAM HA0Opy peXKMMIB OTPOMIHEHHS B Jialla30Hi €Hepriil edekTpoHiB Bix 5 mo 10 MeB Ta KyTiB mamiHHS
IMy4YKa eJIeKTPpoHiB Ha mmrap Bix 0 go 60°.

oxubxy monmeni SEM2U Bu3HaueHO Ha OCHOBI BiIXWJICHb IependadeHb ITi€l MOAETi BiJ pe3yibTaTiB YHCIOBUX
eKCIIEPUMEHTIB, OTPUMAHUX MOJICNIOBAHHAM TIIHOMHHUX KPHBHX N03H B mapi meromom MonTte-Kapimo. st omiHok
MMOXUOOK BUKOPHUCTOBYIOTHCS CTAHAAPTHI XapaKTEPUCTHUKH MIPOIECY padiaiifHOl CTeprITi3aliil: 3Ha4eHHs ONTUMAIIBHIX
TOBLIMH IIAPY, TOKa3HUKU OJHOPITHOCTI I03H Ta KOe(illieHTH BUKOPHCTAHHS €HEpTii myuKa.

OnwncaHo METOJl BUKOPUCTAHHS HAIIBEMITIPUYHUX MOJIENIEH AJIsl BUMAKY, KOJIM CHEKTP €JIEKTPOHIB HE KOHTPOJIIO-
eTbcsi. Meton mossirae B 00poO1Ii BUMIpIOBaHb, BAKOHAHUX 3 BUKOPUCTAHHIM JJO3UMETPUYHOTO KJIMHA, JUISl OTPUMAaHHS
3aJIXHOCTI JI03M BiJl INIMOWHM TPH HOPMAJILHOMY IaIiHHI MyYKa eJIeKTPOHIB Ha 00 €KT ornpoMiHeHHs (0a30Ba 3aiex-
HICTB Mojieneil) Ta BHOOPI OHOTO PEXUMY ONPOMIHEHHS /sl BU3HAYCHHS eMITIpHYHUX MapaMeTpiB mojeneid. [Ipose-
JICHO TIOPIBHSHHS TJIMOMHHUX KPUBUX JIO3U B HaIiBHECKIHUCHHOMY CEpPE/IOBHIIII, PO3PaXOBaHUX ONKCAHUM METOJIOM, 3
pe3yibTaTaMi MOJICIIIOBAaHHS TTIMOMHHUX KPUBUX 11031 MeTosioM MonTte-Kapio. st X MOpiBHSIHE BUKOPHCTOBY€ETh-
Csl TIyYOK €JIEKTPOHIB i3 IUPOKHUM CIIEKTpOM Spectrum_§ IpH pi3HUX KyTax MaJAiHHA ITy4yKa Ha cepenouiue. [Iposene-
HO OLHKY IMOXHOKH pO3paxyHKiB MNIMOMHHNUX KPUBUX JIO3M JUIS IYYKiB €JIEKTPOHIB 31 criekTpoMm Spectrum 8§ 3rimHo 3
XapaKTePUCTHKAMHU TMPOIIECY ABOCTOPOHHBOTO OMPOMIHEHHS, CTAaHAAPTHUMH IPH IPOBEICHHI pamialliiiHol cTepmiiza-
mii. OniHKy MOXMOKHM TMpPOBENEHO 3a BEMMYMHOIO BIAXWIECHHS mependadeHs HamiBemmipmaaoi momemi SEM2U Big
Pe3yJIbTATIB YHCIOBUX EKCIEPUMEHTIB, OTPHMAHUX MOJIEIIOBAHHAM TIIMOMHHHX KPHBUX JO3H B Iapax ONTUMAIBHOT
TOBIIMHHA MeT010M MonTe-Kapio.

[MTokazaHo, 110 nmpoleaypa BU3HAUCHHS eMIIPHYHHUX MapaMeTpiB MOJIEeNi Ha OCHOBI BUOOPY OJIHOTO PEXUMY OIpPO-
MIiHEHHS J]a€ 3MOTY JIOCTaTHBO KOPEKTHO NMPOBOJUTH po3paxyHku B Mojeni SEM2U s myukiB eJIeKTpOHIB i3 IUpO-
KUM crieKTpoM. OOroBOpPIOIOTHCS MOXKIMBOCTI 3aITPOIIOHOBAHOTO METOAY BHUKOPHMCTAHHS HaIiBEMIIPHYHHMX Mozeen
JUISl pPO3PaxXyHKIB MNIMOMHHUX KPUBHX JI03M MPU BUOOP1 ONTUMAaIbHUX PEKHMMIB ONTPOMIHEHHS B pajialiiiHiid cTepuiiza-
i1 y BUINAJIKy, KOJH CIIEKTP HE KOHTPOJIFOETHCH.

Kniouosi cnosa: no3uMeTpist €NEKTPOHHOTO ITy4YKa, CTEpHIIi3allis, JBOCTOPOHHE OIPOMIHEHHS, KpUBa TIIMOWHHOT
71031, BUOIp ONTUMAIBHUX PEKUMIB, HAIlIBEMITIpUYHa MOJIeIb, MeTo, MonTe-Kapro.
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DETERMINATION OF EMPIRICAL PARAMETERS OF DEPTH-DOSE DISTRIBUTION MODELS FOR
CASES WITHOUT ANY CONTROL OF THE ELECTRON BEAM SPECTRUM

Two preconditions are crucial for the calculation of depth-dose distributions in existing semi-empirical models. An
available detailed information regarding the electron beam spectrum is one precondition. And the dependence of the
model’s empirical parameters on the energy and incidence angle of the beam on the irradiated object is the other
precondition. However, in industrial applications, the electron beam spectrum is typically not controlled during the
radiation sterilization process. The present paper addresses and solves the problem of developing a procedure for using
existing semi-empirical models to calculate depth-dose distributions if the electron beam spectrum is not controlled.
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The procedure for determining the empirical parameters of the model is suggested. It is based on the selection of a
single irradiation mode from a set of values for electron energies and electron beam incidence angles on the layer that
make a significant contribution to the depth-dose distribution. An estimation of the electron energy range in the
spectrum is carried out based on an approximation of the spectrum by a triangular distribution with parameters
corresponding to standard characteristics of the electron depth-dose distribution. The errors in determining the empirical
parameters of the model are evaluated using a set of irradiation modes in the electron energy range from 5 to 10 MeV
and electron beam incidence angles on the layer from 0° to 60°.

The error of the SEM2U model is determined based on the deviations of the model’s predictions from the results of
numerical experiments obtained by simulating depth-dose curves in the layer using the Monte Carlo method. Standard
characteristics of the radiation sterilization process are used to estimate errors: values of optimal layer thicknesses, dose
uniformity indices, and beam energy utilization coefficients.

The method for using semi-empirical models is described for the cases without any control of the electron spectrum.
The method consists of processing measurements taken using a dosimetric wedge to obtain the depth-dose curve under
normal incidence of the electron beam on the irradiated object (the baseline curve for the models) and selecting a single
irradiation mode to determine the empirical parameters of the models. The depth-dose curves in a semi-infinite medium,
calculated using the described method, are compared with the results of simulating depth-dose curves using the Monte
Carlo method. For these comparisons, an electron beam with a broad Spectrum_8 spectrum is used at various beam
incidence angles on the medium. The error of the calculations of depth-dose curves for electron beams with the
Spectrum_8 spectrum is evaluated according to the characteristics of the two-sided irradiation process, which is
standard in radiation sterilization. The error is estimated based on the deviation of the predictions of the semi-empirical
SEM2U model from the results of numerical experiments obtained by simulating depth-dose curves in the layers of
optimal thickness using the Monte Carlo method.

It is shown that the procedure for determining the empirical parameters of the model, based on the selection of a
single irradiation mode, provides sufficient accuracy for the calculations in the SEM2U model for electron beams with a
broad spectrum. The possibilities of the proposed method for using semi-empirical models to calculate depth-dose
curves when selecting optimal irradiation modes in radiation sterilization in cases without any control of the spectrum
are discussed.

Keywords: electron beam dosimetry, sterilization, two-side irradiation, depth-dose curve, selection of optimal
modes, semi-empirical model, Monte Carlo method.
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