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PEDEPAT

Llenb: PazpaboTka METOIOB M alrTOPUTMOB OLIEHKU HEOIpeie-
JICHHOCTH JI030BBIX MTOPOTOB /IS HEKOTOPBIX JI€TEPMUHUPOBAHHBIX
9(hdeKTOB Ha nMpuMepe XpoHUYecKoi JydeBoii 6ose3Hu (XJIB) y
OrpaHUYEHHOT0 KOHTHHTeHTa PAOOTHUKOB aTOMHOM TPOMBIIILIEH-
HOCTH.

Marepuan u MeTonsl: Ha ocHOBaHUY paHee pa3apabOTaHHBIX Me-
TOJIOB OLIEHKH [T030BBIX MTOPOTOB ISl IETEPMUHUPOBAHHbBIX ddeK-
TOB, (DYHKIIMSI PUCKA KOTOPBIX OMKCHIBAETCS C MIOMOIIIBIO T030BOTO
pacnpenesneHus: BeiiOyna, npeioXeHbl 1Ba METOAa OLIEHKU He-
OTPeNeICeHHOCTH 3TUX MOPOroB. Memod Monme-Kapao ocHOBaH Ha
MMUTALMOHHOM TIO/IX0JIe, KOTOPBII MMO3BOJISIET TeHEPUPOBATh CIIy-
YaiiHyio BeqmunHy D (TIOMIONMIEHHYO 03Y), Pacpene/ieHHYIO 10 3a-
KoHy Beiibyna ¢ 3agaHHBIMU apaMeTpaMu DJ0 u V, no cienyolieii

dopmyre:
D,=D5n[ In(1- R)]
In2 >

rae Re (0;1) — cayyaitHoe i-e 3HaYEHNE PUCKA 1ETEPMUHUPOBAHHO-
ro a¢dexra; Dy, — MeananHas 3¢ deKkTrBHas 103a, V' — mapamerp
dopmMmbl pacnipeneneHus; i = 1,2,..., N — YUCJIO pealu3aluii ciayyai-
HOU BenuuuHbl D. BTopoii moaxox K olieHKe HeonpeaeaeHHOCTH 10-
30BBIX TOPOTOB UIST NETEPMUHUPOBAHHBIX 2(D(HEKTOB OCHOBAH Ha Me-
mode neperoca (pacnpocmpanenus) owuooK. DTO AaHATUTUYECKUN Me-
TOJI, TTO3BOJISIIOIIMII OIEHUTh IMOTPEITHOCTU TaK Ha3bIBAEMBIX KOC-
BEHHBIX U3MEPEHMUIA.

Db deKTBHOCTE 000X METOIOB MPHU OLEHKE HEOTpPeaeIeHHO-
CTU J030BBIX MMOPOTOB MPOAEMOHCTpUpoBaHa Ha mpumepe XJIb y
OrpaHUYEHHOro KOHTUHTeHTa (1 = 205 yesoBeK) pabOTHUKOB aTOM-
HOU MPOMBIIITIEHHOCTH.

Pesyabrater: s HalZeHHOW BEJIWYWHBI TO30BOTO IOpOra
D, ~ 1,45 Ip HeompeneneHHOCTD (B BUAE CpeIHEKBAAPATUYHOTO OT-
KJIOHEHUs ), paccuuTaHHas MetogoM MoHTte-Kapso, cocraBuia
Gp, ~ 0,87 Ip, a MeTon mepeHoca OMMOOK Aall HECKOIBKO OOJbIIOE
3HAYEHNE O p. = 1,05 Ip. Takum o6pa3oM, cpeHee 3HAYEHNE HEOTIPE-
NIeJIEHHOCTHU J030BOTO MOpora (Mo KpUTepuio & D) COCTaBJISIET MIPU-
6u3utesnbHo 60—70 % ot BenuunHbl D,

BuiBonbl: [Ipeanaraembie MeTOIbI BHIYMCICHUI HEOMPEaESICH-
HOCTH 3(D(HEKTUBHBIX TO30BBIX ITOPOTOB UMEIOT 0UEHOUHbLI XapaKmep
U SIBJISIIOTCS TIEPBBIM 1IAarOM B pa3paboTKe 2TOi BaxKHOW MPOOIeMBbI.
ITokaszaHo, 4To pa3paboTaHHbIC METOIBI pacyeTa HeOoIpeaeIEHHOCTH
JO30BBIX MTOPOTOB HE MPOTUBOPEYAT CYLIECTBYIOIIMM MOAXOAAM KO-
JINIECTBEHHOW OLEHKM M PerjiaMeHTAaIluy TTOPOTOB [UIS IEeTEPMUHM-
poBaHHBIX 2(()EKTOB, a JOMOTHSIOT U PACIIUPSIOT AaHHYIO 0071acTh
MaTeMaTUYeCKOTO MOICIMPOBAHUSI B paTUAIllMOHHON MEIUIIMHE.

KiroueBble ciioBa: sghghexmugHblii 00308blii nopoe, pacnpedeneHue
Beiibyana, demepmuruposarble 3ghghekmol, Memoosl OUeHKU Heonpe-
denerHnHocmu 00308bIX NOPO208, XPOHUHECKas AyHesas 601e3Hb

ABSTRACT

Purpose: To develop methods and algorithms for assessment of
dose threshold uncertainty of some deterministic effects, e.g. chronic
radiation sickness (CRS) in limited cohort of nuclear workers.

Material and methods: Based on previously developed methods of
deterministic effect dose threshold assessment, when risk function is
described applying Weibull dose distribution, two methods for
uncertainty assessment of these thresholds are introduced. Monte-Carlo
method is based on simulation approach which allows generating the
random variable D (absorbed dose) distributed according to Weibull law
with preset variables D., and V as follows:

D,=D5n[ In(1- R)] ’

In2
where Re (0;1) is random i" risk value of deterministic effect; D, is a
median effective dose, Vis parameter of distribution shape; i=1,2,...,n
is a number of realizations of random variable D.

The second approach to assessment of dose threshold uncertainty
of deterministic effects is based on error transfer (propagation) method. It
is an analytical method which allows assessing the errors of so-called
indirect measurements. The effectiveness of both methods at assessment
of dose threshold uncertainty is shown by example of CRS in limited
cohort (n =205 individuals) of nuclear workers.

Results: For obtained value of dose threshold D, ~ 1.45 Gy, the
uncertainty (in the form of mean-square deviation) calculated using
Monte-Carlo method, is G ~ 0.87 Gy and the error transfer method
resulted in higher value of G p = 1.05 Gy. Thus, the average value of dose
threshold uncertainty (under G D, criterion) is approximately 60—70 %
of D,value.

Conclusion: Methods proposed for the uncertainty calculation of
effective thresholds of dose have an evaluative nature and they are the
first step to development of such relevant issue. It is shown that
developed methods of assessment of dose threshold uncertainty are
consistent with current approaches of quantitative assessment and
regulation of thresholds of deterministic effects and they enlarge and
expand this area of mathematical modeling in radiation medicine and
biology.
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