Hay‘lele cCTaTbun

DOI: 10.21514/1998-426X-2018-11-4-39-50
Y/IK: 614.876:621.039.58(477.4)

Analysis of the long-term dynamics of external doses
of the population after the Chernobyl accident

Vladislav Yu. Golikov
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for Surveillance on Consumer Rights Protection and Human Well-Being, Saint-Petersburg, Russia

The paper presents an analysis of the dynamics of individual doses of external exposure among the population living
Jfor almost 20 years in the territories affected by the radioactive contamination due to the Chernobyl NPP accident.
The dynamics of the average effective dose of the external exposure of the inhabitants in the period of 5 to 20 years
afier the Chernobyl fallout is well described by processes that consider the radioactive decay of cesium radionuclides
and their natural migration. The distribution of individual doses of external exposure among residents, normalized
to the average dose in the settlement corresponds to a logarithmically normal law with the time-stable parameters:
the geometric mean ~ 0.9 and geometric standard deviation ~ 1.5, which allows, in particular, predicting the dose
Jor the critical group of population or for a representative person. Comparison of the mean effective doses of external
exposure of the settlement residents estimated based on the results of two different measurement technologies (using
TLD-method and measurements of dose rates in air in various settlement locations) indicated their good agreement
forthe 17years period after the fallout. For two settlements, where measurements were performed in 2003, the relative
differences in mean effective doses did not exceed 12%. It allows using the previously developed model of external
exposure for dose estimation to the population residing on the territories contaminated after the Chernobyl accident.
Key words: Chernobyl accident, external exposure of people, effective dose, gamma-radiation dose rate,
thermoluminescent dosemeters.

AHanus AoNrocpo4HOil AUHAMUKK [03 BHELUHero 06sy4YeHns
HaceneHus nocne YepHo6binbeKoil aBapum

B.IO. I'osmmkos

Cankr-IleTepOyprckuii HaydHO-UCCAEA0BATEIbCKIUI MHCTUTYT pagruallMOHHON TUTMEHBI UMEeHU Mpodeccopa
I1.B. Pam3aeBa, @enepaibHas ciyx0a 1o Haa30py B cepe 3aluThl IIpaB NOTpeOUTe il 1 GJIaronoIydnst
yenoBeka, CaHkTt-IlerepOypr, Poccus

B pabome npedcmaesnen anaiu3 OuHaMuKu UHOUBUAYANbHBIX 003 BHEUIHE20 00NYHeHUs HACeAeHUsl, Npo-
acusarowe2o 6 mewerue nouwmu 20 aem Ha meppumopusix, N00BepeUUXcs paduOAKmMUGHOMY 3a2PA3HEHUIO 6 pe-
synbmame Yeprobviavckoii asapuu. Tlokazaro, ymo uHamuka cpeoHux 3Ha4eHull 3gexkmueroli 003l GHell-
Heeo 00/yMeHus Jcumeneil 6 3mMom nepuoo epemer Nocae 4ePHOObIILCKUX BbINAOCHUI XOPOULO ONUCHIBAemCsl
npoueccamu, Y4Umul8arUUMU paouoaKmusHblil pacnad U ecrmecmeeHHy0 MUuepayuio paduoHyKAu008 yesus.
Pacnpedenenue unousudyanshoix 003 eHeuHe20 00AyHeHUs: ICumenell HACeACHHbIX NYHKMOB, HOPMUPOBAHHOE
Ha cpeOHee 3HaYeHue 003bl 8 HACENCHHbIX NYHKMAX, COOMEemcmayem A02apu@dmu1eck HOpMAnbHOMY 3aKOHY
€ YCMOUMUBLIMU 80 BDEMEHU NAPAMEMPAMU. 2e0MempU4eckum cpednum snavenuem ~ 0,9 u eeomempueckum
cmandapmusiM omKAOHeHUueM ~ 1,5, umo nozeonsem, @ 4HacmHOCM, NPOCHOZUPOBANb 3HAYEHUe 003bl Y KPU-
MUYeCKOl epynnbl HaceaeHust Ul 04s penpe3eHmamueHoeo uHougudyyma (a representative person). Cpasnetue
3HaYeHUll cpeOHUX IPheKmusHbiX 003 8HeUIHe20 001YHeHUs Y Jcumeneil HACeNeHHbIX NYHKMOB, OUEHEHHbIX HA
OCHOBGHUU Pe3YAbManos 08yX PA3UHHbIX Memo006 usmeperull (UHOUBUOYANbHBIX 003 C UCHOAb306AHUEM MEp-
MOMOMUHECUEHMHBIX 003UMEMPOB U U3MEPeHUL MOUWHOCHEL] 003 8 8030YXe 8 PA3AUUHBIX NOKAUUSIX HACENCHHbIX
NYHKMO08), NOKA34a.0 ux xopouiee coenacue uepes 17.1em nocae aéapuu. B 08yx nacenennvix nynkmax, ede npo-
600unucsy usmeperus 6 2003 ., omHocumenvHwle paznu4us SHa4eHUi CpeOHUX 3PheKmusHbIX 003 He npeablulanu
12%. Pmo nozsonsiem u  danvHeiluem UcCnoNb306ams paHee paspadomanHyto Mooens eHelHe20 00y eHuUs 015
OUEHKU 003y HACeACHUS, NPOJICUBAIOULE20 HA MEPPUMOPUSX, 3A2PA3HEHHbIX 8CAe0CMEUe YePHOObLIBCKOL asapull.

KiroueBble ciioBa: uepHobObLabcKas asapus, 6Heulnee 00ayHeHUe HaceaeHUs, IhGeKmusHas 003a, Mouj-
HOCMb 003bl 2aMMA-U3AYHEHUS, MePMONOMUHECYEHMHbIe 003UMEMPb.
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Introduction

For the first time systematic studies of the doses of
external exposure of the population as a result of large-scale
releases of radioactive materials into the environment were
performed after the Chernobyl accident on the territories of
the former Soviet Union, later the Russian Federation, Ukraine
and Belarus. Most of the measurements were performed in
the 1986-1993 period and the main results were published
during the first 10 years after the accident [1-5].

Two approaches and the two corresponding sets of
measurement results were used for the assessment of the
effective dose from external exposure to the population living
on the territories contaminated after the Chernobyl accident:

the gamma dose rates in air in different location of the
anthropogenic environment;

individual doses to representatives of different population
groups measured by thermoluminescent dosimetry technique
(TLD-method).

In the first case, the evaluation of the effective dose for
any period of time was performed using a dosimetric model of
external exposure of the population living in a contaminated
area [6]. Such model relates the source term information,
radionuclide concentrations in the environment, or gamma
dose rates in air to the doses of people and in addition to
the intensity of external radiation fields (measured values of
gamma dose rates in the environment) also includes specific
parameters that are not directly related to the radiation
accident, but which largely determine the accumulation of
the dose over a long period of time. First of all, they include
characteristics of the behavior of various social and age
population groups in the contaminated area (occupancy
times), protective properties of residential and industrial
premises.

The individual dose measurement allows accurately
considering all factors that influence a dose of external
exposure to the residents of contaminated areas, due to
the fact that the dosimeter is being worn on the surface of
the human body during the whole period of measurement.
The sample of adult residents in the settlement, as a rule,
included the representatives of three population groups living
in different types of houses (one-story wooden or one-story
brick houses and multi-story houses): mainly working indoors
(group 1 — employees, sellers, teachers, etc.) mainly working
outdoors (group 2 — agricultural workers) and pensioners.

As a rule, the number of people in the sample was not
less than 30-50 which made it possible to reliably estimate
the parameters of the individual dose distribution of external
radiation among the residents of settlement. A sufficiently
long period of dosimeters wearing (usually within a month)
excludes the influence of the differences in the behavior
regimes of people in separate days (weekends and work days,
rainy and sunny days, etc.) on the results of measurements.

Nevertheless, when performing the individual dose
measurements, a number of subjective and objective
difficulties may arise, that affects the reliability or inaccuracy
of the obtained results:

In the violation of the instructions not all residents
constantly wear the individual dosimeter and some residents
deliberately distorted the results of the measurements by
placing dosimeters in places with an abnormally high dose
rate (for example, under watercourses).

BeepeHve

BrepBble cuctemaTuyeckme NccnefoBaHns 003 BHELLHErO
065y4eHNs HAaCeNneHns B peadynbraTe KPYnHOMACLUTaOHbIX Bbi-
6POCOB PaAMOaKTUBHLIX BELLECTB B OKPYXXatOLLYy0 cpey Obiin
BbINOJSIHEHbI Nocne YepHOObINLCKOM aBapun Ha TEPPUTOPUSX
6biBLero CoeeTckoro Coto3a (no3xe Poccuiickoii depepaumm,
YkpaunHbl n Benapycu). BonbLUMHCTBO M3MEPEHWiA ObIo BbINOS-
HeHo B nepwuog, 1986-1993 rr., n OCHOBHbIE Pe3ynbTaThl OblIn
ony6rKoBaHbI B TeueHre nepsbix 10 neT nocne asapum [1-5].

[ns oueHkn abPeKTUBHOM [103bl BHELLHETO 006/1y4eHNs Ha-
CeneHusl, MPOXKMBAIOLLEr0 Ha TEPPUTOPUISIX, 3arPSI3HEHHbIX MO-
cne aBapum Ha YASC, ncnonb3oBanu ABa Noaxona v COOTBET-
CTBYIOLLME UM Pa3/INyHble HABOPbI Pe3yNLTATOB M3MEPEHMIA:

— MOLLUHOCTEN 0,03 raMmMa-n3nyyYeHns B BO3Oyxe B OTAESb-
HbIX JIOKALUMSX @HTPOMOreHHOM Cpebl;

— MHAMBUAYANbHbIX 03 BHELLIHErO N3y4eHns y NpeacTa-
BUTENEN PasnnyHbIX FPYMnn HaceneHus, noay4eHHbIX MeTo-
[0OM TepPMOIIOMUHECLLEHTHOM (TJ1) go3umeTpun.

B nepBom cnyyae oueHKy BennYnHbl 9GDEKTUBHON A03bI
3a KaKkon-n1Mbo NPOMEXYTOK BPEMEHV MPOBOAMUIN C UCMOSb-
30BaHVeM [L03VMMETPUYeCcKon MoLenv GopMMpoBaHUS 403bl
BHELLHEro 06J1y4eHNs HACENEHMS, NPOXMBAIOLLLEr0 Ha 3arps3-
HeHHoON TeppuTopun [6]. OTa MoAenb, NOMUMO WMHTEHCUB-
HOCTM MOJiei BHELLUHEro U3flydeHnst (M3MepPEeHHble 3HaYeHns
MOLLIHOCTEN [,03 BHELLUHErO MU3Ny4eHUs B OKpyXatoLlel cpe-
[€), BKIIIOYaeT Takke cneumduyeckre napameTpbl, MPsMo He
CBA3aHHble C paavaunoHHON aBapuen, HO B 3HAYUTENLHOWN
CTeneHn ONpeaensiowme HakonieHe 0o3bl 32 AIUTENbHbIN
NPOMEXYTOK BpeMeHun. B nepsyio ovepedb K HUM OTHOCHAT
XapaKkTepuCTMKN NOBEOEHUS Pa3NYHbIX COLMAlbHbIX 1 BO3-
PaCTHbIX FPYNN HACENEHNS Ha 3arpPsIBHEHHON TEPPUTOPUN, 3a-
LLITHbIE CBOMCTBA XWUJIbIX U MPOV3BOACTBEHHbBIX MOMELLIEHNIA.

N3mepeHne vHamMBuayansbHbIX 403 NO3BONSET Hanbonee
TOYHO YYecCTb BCe (akTopbl, BAMSIOWME HA HOPMUPOBaHME
[03bl BHELLHEr0 00Ny4EHUS1 Y XUTENEN 3arpsi3HEHHbIX Tep-
puTtopuii, T.K. TJI-OO3MMETP B TeYeHMe BCero nepuoga na-
MEPEHUIA HOCUTCS Ha NMOBEPXHOCTU Tena Yenoseka. Boibopka
B3pocCsbIxX xutenenn B HIN Bkovana npeacraBuUTeNen Tpex
rpynn HaceneHus, NPOXMUBAIOLLMX B AOMAX Pas3fiNyYHOro Tmna
(OAHO3TAXHBIX AEPEBAHHBIX MW KAMEHHbIX AOMax, MHOM03-
TaXHbIX loMax): paboTatoLLmMX NPENMYLLECTBEHHO BHYTPY MO-
MeLLeHun (rpynna 1 — cnyxauime, NpoaasLbl, yYUTENS U T. 1.),
paboTalLmx NPeMMyLLLECTBEHHO BHE MOMELLIEHWI (rpynna 2 —
CEeJIbCKOX0O35IMCTBEHHbIE PabOTHUKM) U MeHcrMoHepoB. Kak
npaBuno, KONMYecTBo xuTenein HIN B BbIGOpKE COCTABNSNO HE
MeHee 30-50 yenosek, 4TO NO3BOAANO AOCTOBEPHO OLIEHUTb
napameTpbl pacnpeaeneHvst MHOMBUAYanbHOW [03bl BHELL-
Hero nanyyeHns. J1octatoyHO ANUTENbHBIA NEPUOL, HOLLEHUS
[O31UMETPOB (Kak MpaBuio, B TeYeHMe MecsLa) UCKIoHar
BNUSIHAE HA Pe3ynbTaTbl U3MEPEHUI Pasnnynii B pexmnmax
noBefeHVst NI0AEN B OTAENbHbIE AHW (BbIXOOHbIE U paboyve
OHW, LOXOSIMBBIE U COSNIHEYHbIE OHV U T.N.). TeM He MeHee, npu
NPOBEAEHNN N3MEPEHNI NHANBUAYASIbHBIX [03 BHELLHErO 13-
JIYHEHUS Y XUTeNel 3arpa3HEHHbIX TEPPUTOPUIA BOSHUKAN PSS,
CYOBbEKTUBHBIX M 0ObEKTUBHBIX TPYAHOCTEN, BAMSIBLUMX Ha [10-
CTOBEPHOCTb WSV MOrPELUHOCTb NONYYaEMBbIX PE3Y/LTATOB:

— B HapyLUEeHMe VHCTPYKLUMIA, He BCE XMUTeNn NOCTOSHHO
HOCUV MHOMBUAYaNbHbIE LO3MMETPbI, 8 HEKOTOPbIE XUTENN
YMBILLMEHHO MUCKaXanu pesynbTaThl M3MEPEHUIA, NoMeLlas
0O3MMETPbl B MeCTa C aHOMasbHO BbICOKOW MOLLHOCTbIO
[03bl (HanpumMep, NoA BOAOCTOKN);
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It is difficult to perform their reliable separation when
the value of the Chernobyl dose component is comparable
to the dose of natural radiation. Hence the individual dose
measurements were performed in those settlements where
the average surface activity of the long-lived '*Cs in the soil
was not less than 555 kBg m.

The results of the doses analysis to the inhabitants in the
most contaminated Bryansk region of the Russian Federation in
1989-1994 were published in [7] and showed good agreement
between the estimates of the effective doses due to external
exposure which were performed according to both approaches
(the difference in the mean doses of settlement residents did
not exceed 1.5 times with a confidence level of 95%).

Later in 2003 (17 years after the accident and 10 years
after the end of the main series of measurements in 1993)
within the international Project RER/9/074 under the auspices
of the IAEA, new field studies of the radiation situation in
two villages of Bryansk region — Smyalch and Veprin were
performed. In the course of these studies, in particular,
gamma-radiation dose rates in the different locations of
the settlements and individual doses at residents using TL
dosimeters were measured. It was the last successful event
for measuring individual doses for residents of contaminated
areas by TL dosimetry. Later, none of the attempts to
repeat the measurements of individual doses at residents
of contaminated areas was successful because of their
reluctance to participate in measurements.

The objectives of this paper were:

Analysis of the long-term dynamics of the distribution
characteristics of the effective dose due to external exposure
among the residents of rural settlements after a large-scale
release of radioactive materials into the environment assessed
by the method of the individual dose measurements.

Comparison of average effective dose values due to
external exposure of inhabitants in the remote period after the
Chernobyl accident (17 years later), obtained by the method
of the TLD measurements of individual doses and on the basis
of measurements of dose rates.

The paper is mainly based on the materials of long-term
dosimetric studies in the two rural settlements (Smyalch and
Veprin) of Bryansk Region of the Russian Federation.

Materials and methods

Within the framework of the international project RER/9/074
selective radiological surveys in settlements Veprin and Smyalch
(the surface '¥"Cs activity in soil on the settlements territory were
866 kBg m2 and 646 kBg m as of 26.04.86) in the Bryansk
region were performed by experts of the St. Petersburg Research
Institute of Radiation Hygiene in July 2003.

Measurements of individual external doses in the settle-
ment residents were performed with the use of the TLD tech-
nique with LiF-detectors (DTG-4 LiEMg,Ti; monocrystals of 5
mm in diameter and 1 mm in thickness). Each individual do-
simeter with a wall thickness from tissue-equivalent plastics
of 1 g-cm contained two detectors. The detectors were cali-
brated in the field of the reference '*’Cs source at the Institute
of Metrology in St. Petersburg. The basic relative error of the
measurement did not exceed + 15% per detector with a con-
fidence level of 95%. The detection limit defined as the small-
est value of dose that can be detected at a specified (95%)
confidence level was determined to be 20 uGy.

— MNPV 3HAYEHUWN YEPHOOLINLCKOrO KOMMOHEHTa [03bl,
CPaBHMMOM C 4,030 NPUPOAHOr0 U3NyYeHUs], TPYAHO BbINON-
HUTb MX OOCTOBEPHOE pasfeneHne, Nos3ToMy, Kak npasuso,
n3mepeHua nposoamnu B Tex HIN, roe cpefHAs NOBEPXHOCT-
Hasi akTMBHOCTb [ONrOXMBYLLEro paauoHyknmaa *’Cs B no-
yBe cocTansina He meHee 555 Kbk M2,

Pe3ynbrathl aHanusa [03 BHeLHero obnyyYeHns Hacene-
Hus B 1989-1994 rr., npoxumBatoLLero B Hanbonee 3arpsi3HeH-
HbIX palioHax BbpsiHckoii o6nactn Pd, Gbinv ony6amMKoBaHsbl
B [7] n nokasanu xopoLuee corfiacne OUeHOK 3PHEKTUBHBIX
[03, BbIMOJIHEHHBIX COMMacHo 060MM noaxoaam (pacxoxae-
HMe 3Ha4YeHnn cpeaHnx fo3 y xutener HIM He npesbiwano 1,5
pa3s ¢ 4OBEPUTENBHOM BEPOATHOCTLIO 95%).

Moaxe, B 2003 T. (T.e. 4epe3 17 neT nocne aBapum 1 4epes
10 neT nocne okoH4aHusa B 1993 . OCHOBHOW cepun namepe-
HWUIA) B pamkax MexayHapogHoro npoekta RER/9/074 nop
armpgoin MATATO 6binv npoBeAeHbl HOBbIE MOJIEBbIE UCCIe-
[0BaHUS pagnaLoHHO 06CTaHOBKM B ABYX cenax bpsiHckoi
o6nacTtu (Cmsanby 1 BenpuHo). B xofe aTux nccnenoBaHuii, B
4aCTHOCTW, NPOBOAUNCH N3MEPEHNS MOLLLHOCTEN [03 ram-
Ma-n3ny4eHnst B pa3nnyHbix nokauusax HIM v nnanesuayanb-
HbIX 103 Y XuTtesnei ¢ noMoLubto TJ1-no3numeTpoB. 3To Obina
nocnegHsaa yaayHas KOMMAaHWS MO U3MEPEHUI0 MHOMBUAY-
anbHbIX 03 Y XUTeNen 3arpsa3HeHHbIX TEPPUTOPUIA METOAOM
TN-po3umeTpun. MNo3xe HU 0fHa U3 NOMNbITOK MOBTOPUTb N3-
MEepPEeHUST MHOMBUAYANbHbLIX [03 Y XUTENE He yBeH4Yanacb
YCMNEXOM 13-3a UX HEXENaHNS y4acTBOBATb B U3MEPEHUSIX.

LlenaMmun HacTosen cTaTby ABNANINCD:

— NPOBeLeHNe aHann3a goIroCPOYHON AMHAMUKN Xapak-
TEPUCTUK pacnpeneneHns ap@eKTMBHOM [A03bl BHELLHEro
0065y4eHNs y X1TenNel nocne KpynHoMmacLuTabHoro Beibpoca
pPaanOaKTMBHbIX BELLECTB B OKPYXXAIOLLYIO CPeLy;

— CpaBHEHWEe CpefHMX 3HayYeHun 3hhEKTUBHOM O03bl
BHELLUHEro o06y4yeHunst y XuTenei B OTAANIEHHbIV Neprog, Bpe-
MeHu nocne aBapun Ha YASC (4epes3 17 net), Nony4eHHbIX
METOA0M U3MEPEHUI MHAMBUAYANbHBLIX 0,03 U HA OCHOBE 13-
MePEHNI MOLLLHOCTEN 0,03 B OKPYXaloLLLEen cpese.

Matepwuansl, NnpeacTaBneHHble B paboTe, B OCHOBHOM OC-
HOBaHbl Ha pe3ynbTaTax AOJITOBPEMEHHbLIX U3MEPEHUIA, Bbl-
NoMHeHHbIX B cenax Cmanby 1 BenprHo BpsiHckoi obnactu
Poccuiickoin depepaumn.

Ma‘repmanbl n metToabl

B pamkax mexayHapogHoro npoekta RER/9/074 paaunono-
rnyeckmne oobcnenoBarusa B HM BenpuHo n Cmsansy BpsiHckom
o6nacTn (3HavyeHne MOBEPXHOCTHOW aKTUBHOCTU PafMOHY-
knvaa *’Cs B noyse Ha Tepputopun atux HIM coctaBnsno 866
KBk M2 1 646 KBk M2 Ha 26.04.86 I.) Obinn NpoBeaeHbI CreLu-
anuctamu CaHkT-lMetepbyprckoro HAW pagnaumoHHom rurn-
eHbl B ntone 2003 r. IamepeHusi MHAMBUAYaNbHbIX 403 BHELL-
HEero n3ny4yeHns NPOBOANANCHL C MOMOLLBIO TJT-0eTEKTOPOB 13
¢Topuctoro nutua (ATrM-4; LIEMg,Ti; MOHOKpUCTamibl 5 MM
anamMeTpoM 1 1 MM TONLLMHON). Kaxkapl HOMBMAYyanbHbIN 00-
3MMETP C TONLUMHOW CTEHOK U3 TKAHESKBMBANIEHTHONM MNacT-
mMaccel 1 r-cM? cofepxan asa aetektopa. JeTekTopbl Kanvo-
poBanu B none o6pasLoBoro uctoyHuka '’Cs Bo BHUUM
um. O.M. MeHnpeneeBa B . CaHkT-lNetepbypre. OCHOBHas
OTHOCUTENbHAs Owmbka M3MepeHus He npeBbiwana £15%
npv OOBEPUTENBHOWN BEPOATHOCTM 95%. MuHumMansHasa nosa
ramma-usnyyeHusi, peructpupyemas ¢ LOBEPUTENBHON BEPO-
ATHOCTbIO 95%, cocTaBnsina 20 mkIp.
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100 dosimeters were distributed in Veprin and 108 dosim-
eters — in Smyalch. 12 background dosimeters were used to
monitor the background dose accumulated by the working
dosimeters during the time since the distribution to the mo-
ment of their readout. The dosimeters were collected exactly
in one month. 88 dosimeters were collected in Veprin (12 were
lost), in Smyalch — 98 dosimeters (10 were lost).

The dose accumulated by each dosimeter during the
month D, - was calculated using the equation 1:

= 0.5-(¢, +9,) , MGy (1)
K

where 0.5(q,*q,) is the average value of readings of two
detectors located in one dosemeter, nC; K is the calibration
factor, nC uGy'. When assessing individual doses in each
settlement resident, the value of the background dose deter-
mined with the results of measurements of the 12 background
dosemeters was subtracted from the value calculated with
formula (1).

To assess the individual dose in residents, we used the
dosemeters readings D. , if they satisfied the following
conditions:

for Veprin: 50 mSv < D, , < 260 mSy,(2)

for Smyalch: 25 mSv < D, , < 180 mSv

The lower value of the recorded individual dose corre-
sponded to its monthly value at permanent staying of a per-
son indoors (at home). The upper value corresponded to its
monthly value if a person stayed 75% of time on a virgin plot
of soil, and 25% of time — at home. The corresponding nu-
meric values of monthly doses were assessed on the basis of
the data of measurements of dose rates indoors and above
virgin soils in each of the surveyed settlement. The measured
values of D,  were transferred to the effective doses with the
use of the transfer factor 0.9 Sv Gy' established on the basis
of phantom measurements [8].

Gammaradiation dose rate was determined in typical loca-
tions within and outside the settlements. Firstly were surveyed
areas of individual plots: residential building (wooden or brick
house), kitchen-garden, yard, and adjacent part of the street.
Besides that, in the settlement we chose and surveyed “virgin
plots” which were open areas with grass cover, not ploughed
after 1986. We also surveyed public buildings (the club, the
shop, the health cabinet, and the post-office). Outside the
settlement, we performed measurements in nearest forests
and on pastures (meadows). Preliminary, we determined that
these objects belong to the area of the given settlement and
are used by local residents for pasturing cattle, hay harvest-
ing, gathering mushrooms and berries, and for recreation.

Measurement of the gamma radiation dose rate was per-
formed at the height of 1 m above the ground (1 m above the
floor surface in premises) with the EL-1119 gamma doseme-
ter (produced by ATOMTEKH, Belarus) allowing measuring
dose rates and gamma radiation dose with the energy in the
range of 0.025-3 MeV at the dose rate from 50 nGy h-' to 1 Gy
h-'. The basic relative error of the measurement is + 20%. The
time of measurement was chosen in each location in such a
way that the relative statistical error of the average dose rate
value was not greater than 10%.

To assess the contribution of the dosemeter background in
its readings and the response to the space radiation, preliminar-
ily were performed special measurements above the surface of
big water objects (deep lakes) at the distance from the shore not

ind’

B HIM BenpuHo 6bino BblgaHo 100 gosumeTtpos, B HI
Cwmsnby — 108. nst KOHTPONst GpOHOBOW A03bl, HAKOMIEHHOW
paboyvMu 0o3vMMeTpaMy 3a BPeMs, MPOLIeALee C MOMEH-
Ta UX OTXKMra 0 MOMEHTA MX BbICBEYMBAHUS, UCMOJb30BaN
12 oHoBbIX 1031MMeTPOB. CHOP AO3UMETPOB NPON3BOAMICS
POBHO Yepe3 Mecsl, nocse Bolaaun. Becero B BenpuHo 6bino
cobpaHo 88 pmosmmeTpoB (12 yTpayeHo), B Cmanbye — 98
(10 yTpayeHo).

HakonneHHas kaxabiM [O31METpoM 3a mecsiu, fosa D,
paccuuTbiBasiachk no dopmyre:

uno

_ 0,5(% +q2) , MK3B (1)
K

roe: 0,5(q, + g,) - cpeaHee 3HadYeHne rnokasaHuin OBYX
[ETEeKTOPOB, Pa3MeLLEHHbIX B 0AHOM o3umeTpe, HKn; K — ka-
NIMOPOBOYHBIN kKO3 PULUMeHT, HKn Mk3B'. Mpun oueHke nHax-
BuAyaslbHbIX 03 Kaxaooro xutens HIM, o6ycnosneHHo pagmo-
AKTVBHBLIMU BbINAOEHWSMU, U3 pacCHUTaHHoM no dopmyne (1)
[03bl BblYMTANOCh CpeaHee 3HadeHne GoHOBOM A03bl, Onpeae-
JIEHHOE MO pe3ynbTatam namepeHunin 12 GoHOBbIX O3MMETPOB.

MNokazaHna LO3MMeTPOB DMWJ MCNONL30BaNU OJ19 OLEHKN
VMHOMBUAYANbHOW 003bl XUTENEN, €CNN OHN YAOBNETBOPSIN
cnenyoLwmM yCroBUSIM:

Aas HIM Benpuro: 50 M3 <D, < 260 MK3B,(2)

ona HIM Cmanby: 25 mk3B < Dwl <180 mMk3B.

HwxHee 3HayeHne [03bl COOTBETCTBOBAIO €€ MECSYHOMY
3HAYEHMIO NP NMOCTOSIHHOM MPEObLIBaHUM YENOBEKA B MOMeELLEe-
HUM (KoM 3aaHnn). BepxHee 3HaveHne COOTBETCTBOBASIO ee
MECSIHHOMY 3HAYEHMIO MPY TAKOM PEXUME MOBEAEHNS HENOBEKA,
Korga oH 75% BpeMeHM HaxoaMTCs Ha LEIMHHOM Y4aCTKe MOYBbI
n 25% BpemMeHn — B XWom nomelleHnn. CooTBeTCTByOLME
YMCNEHHbIE 3HAYEHUSI MECSYHBIX 103 OblM OLIEHEHbI HA OCHO-
BaHUM [A@HHbIX U3MEPEHUIA MOLLHOCTEN 03 B MOMELLEHUSX U
Ha[, LIeIMHHLIMU Y4aCTKamMM B KxXAOM ob6cnenoBaHHOM HI. Mpu
nepexofie OT N3MEPEHHbIX 3HaueHni D, K 3HaueHnio adex-
TUBHOW 403bl CMoNb30Banv koaddurumeHt 0,9 38 Mp™', yctaHOB-
JIEHHBIV C MOMOLLIbIO GAHTOMHbIX U3MepeHNiA [8].

M3mepeHns MOLLHOCTV [03bl raMMa-n3nydeHnst B BO3Oyxe
BbIMOJIHANINCh B TUMYHBIX JIOKALWSIX BHYTPY 1 BHe HI. Bo-nepabiX,
obcnenoBann apeasibl MHAMBUAYAbHLIX MOABOPUINA: @) XXMIoe
30aHVIE (AEPEBSHHBIN UM KaMEHHBIN 1I0M), 6) oropog, B) ABOP, 1)
npuneraioLLmii y4actok ynmusl. Kpome Toro, BHyTpy HIN BoIGUpa-
JIMCb 1 0BCNEAOBANMCH «LENMHHbIE YHaCTKW», NPeACTaBNsBLIME
COBO0M OTKPLITYIO TEPPUTOPMIO, MMEIOLLYIO TPaBsSIHOE MOKPbITUE
1 He noageprasLuytocs oopadoTtke nocne 1986 r. O6cneaoBaHb
Obln 1 0BLLECTBEHHBIE 3AaHUS (KITyD, MaraavH, MearnyHKT, foyTa).
3a npepenamu HIM namepeHmns G BbINOHEHbI B GiM3nexaLLmx
flecax 1 Ha nactouwax (nyrax). MpenpaputenbHO Oblo YCTaHOB-
JIEHO, 4TO 3TV 06bLEKTHLI MPUHAANEXaT K apeasy aaHHoro HIM v nc-
MONb3YIOTCSH MECTHBIMU XUTENAMM [151 BbiNaca CKOTa, 3ar0TOBKM
ceHa, coopa rprboB, Arofi, 1 OTapIXa.

MN3mepeHre MOLLHOCTU 003bl raMMa-U3ny4eHnst NpPoBo-
O Ha BbICOTE 1 M OT NOBEPXHOCTM 3eMin (1 M OT noBepx-
HOCTM NoJia B MOMELLEHNSX) C MOMOLLBIO JO3MMETpa ramma-
nanydenuns EL-1119 (npoussopctBo dupmbl «ATOMTEX>,
Benapychk). Mprnbopbl 4aHHOrO Knacca No3BONAOT U3MEPSTh
MOLLHOCTb KepMbl B Bo3ayxe (HIp yac™') ramMma-usny4yeHus
C 9Hepruen B avanadoHe 0,025-3 M3aB npwu 3HaveHusax ot
50 Hlp yac™ go 1 Mp yac™'. Bpemsa namepeHns B Kaxagon To4-
Ke BbIOUpanoch Takum 06pa3om, 4ToObl OTHOCKTENbHAS CTa-
TUCTUYECKAs MOrPELUHOCTb CPEeOHEro 3HAYEHUS MOLLHOCTM
n03bl He npeBbiwana 10%.
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less than 100 m. The equivalent of the own background and the
response to the cosmic radiation in this type of devices is 10-20
nGy h-'. To assess the Chernobyl component of the gamma ra-
diation dose rate, we subtracted this value and the value of the
terrigenic radiation contribution (20 — 50 nGy h™" in different lo-
cation of settlement in Bryansk region [7, 9]) from the value of
its readings. Thus, the presented results correspond to the dose
rate of the Chernobyl component of gamma radiation.

The value of the monthly external effective dose to rep-
resentatives of the i-th population group on the basis of the
measurement of dose rates in different locations of a settle-
ment E was calculated using the equation 3:

E =107-720-K"-> (D, =D,) p; usv(3)

where KiE is conversioh/coefficient from air dose on the
height of 1 m to the effective dose (for the adult population
was taken equal to 0.75 Sv Gy [4, 6]);

p,is occupancy factor determining the proportion of time
during which representatives of the i-th population group are
in the j-th location of the settlement [4, 6] (see. Table 1);

D/, (nGy h") — the measured value of the total dose rate in
the air at the height of 1 m in location j;

D/.o (nGy h") is the value of the dose rate due to the
background response of the device and contributions to its
readings of cosmic and terrigenic radiation in the j-th location.

720 is the number of hours in a month;

10 is the transfer factor from nGy to uGy.

Results

Results of measurements of gamma dose rates at typical
locations in villages Veprin and Smyalch are summarized in
Tables 2 and 3.

Considering the gamma dose rates at typical locations
of the settlements and lifestyle (occupancy factors) of the
inhabitants the monthly (July) average effective dose of
external exposure are:

Ons oueHkn Bknaga B NOKa3aHWs [O3MMETPa  ero
CcoBCTBEHHOIO POHA M OTKJIMKA HA KOCMUYECKOE U3Ny4YeHne
npeaBapuTENbHO MPOBOAMUCH CreumasnbHble U3MEPEHNUs
Ha[, MOBEPXHOCTbIO BOAHbLIX OOLEKTOB (rmybokue o03epa)
Ha pacctosiHim oT Gepera He meHee 100 M. OkBMBaAnNEHT
COBCTBEHHOro hoHa 1 OTK/MKA HA KOCMUYECKOE U3NyHeHNEe
aToro Tuna npubopoB coctaensetr 10-20 HIp vac'. Ons
OLeHKM YePHOObIIbCKOr0 KOMMOHEHTA MOLLLHOCTY A03bl ram-
Ma-n3ayyeHnst aTa BeInYnMHa BMECTe C BKNaAOM TeppPUreH-
Horo nanyveHus (20-50 HIp Yac™' B BpsaHcko obnactu [7, 9])
BbIYMTANACH N3 €0 NOKA3aHWIN.

3HayeHne MecsyHo 3dDdEKTUBHOM [O03bl BHELLUHErO
06nyy4eHnss y npeacTtaBuTeNient i-il rpynnbl HaceneHus Ha
6a3e pe3yNbLTaToB N3MEPEHNIA MOLLHOCTEN 03 B Pa3/INYHbIX
nokaumax HIM E, paccumtbiBanacb C  WCMoAb30BaAHWEM
BbIPQXEHMS:

E =107-720-K"->(D,—D,)- p, 383

£ J

roe K ; —KoahdurUMeHT nepexoma oT A03bl B BO3AYXE Ha

BblCcOTe 1 M K 9 PeKTMBHOM A03e (A9 B3POCI0Oro HaceneHns
npuHumMancs pasHbim 0,75 3 I'p™' [4, 6]);

P, - dakTop NoBeAeHWs, NPeaCcTaBNaoLWMA COOOo A0N0
BPEMEHN, B TEYEHME KOTOPOro NPeacTaBUTENM i-i rpynnbl
HaceneHusi HaxoasTcs B j-ii nokaumm HIM [4, 6] (Tabn. 1);

D], (HMp yac™') — n3amepeHHoe 3Ha4YeHe CyMMapHOI MOLLL-
HOCTM [03bl B BO3ZYXE Ha BbICOTE 1 M B loKauuun j;

D, (Hp yac'') — 3HaYeHVe MOLLIHOCTY [03bl, 0OYCNOB/EH-
Hoe GOHOBBLIM OTKJIMKOM Nprbopa 1 BKJIailaMu B €ro NokasaHust
KOCMUYECKOro 1 TEPPUIEHHOI O U3TYHEHWNIA B |- JTOKALUN.

720 - KONMYECTBO YaCOB B MECSILIE;

10°% — koadPuumeHT nepeoma HIPp B MKIp.

Pe3ynbTratbl n o6cyxaeHne

Pesynbtatbl M3MEPEHU  MOLLHOCTEM [03 ramma-
N3y4eHnst B BO3AyXe B TUMUYHbIX nokauusix HIM BenpuHo n
Cwmsnby NnpeacTasneHbl B Tabnmuax 2 n 3 COOTBETCTBEHHO.

Table 1
Occupancy factors in summer season for different rural population groups
[Tabnmua 1
3HauyeHus ¢pakTopa NoBeAeHUs B IETHUI CEe30H ANA Pa3HbIX FPYMN CeNIbCKOro HaceneHus]
Location Group 1 Group 2 Pensioners
[Tun nokaupn] [Fpynna 1] [Fpynna 2] [MeHcroHepsl]
Living area
[Xwnnas 30Ha]
Inside houses 0.42 0.42 0.56
[B nomeweHnm]
Outside houses 0.28 0.20 0.40
[BHe nomeLlueHns]
Work area
[Pabouas 30Ha]
Building 0.23 0.08 0.00
[BnaHne]
Work yard 0.04 0.07 0.00
[Pabounit oBop]
Plough field 0.01 0.18 0.00
[MaxoTa]
Virgin land 0.00 0.03 0.00
[UenuHal
30Ha oTabIxa
Forest, meadow 0.02 0.02 0.04
[JTec, nyr]
Pagnauvornas rurvesa  Tom 11 Ne 4, 2018 43



Research articles

Table 2
Results of measurements of gamma dose rate at typical locations in the village Veprin in July 2003
[Tabnvya 2
Pe3ynbTaTthl U3MepeHUii MOLLIHOCTEN [,03 raMMa-u3ny4yeHus B BO3AyXe B TUNMUYHbIX nokauusax HIM BenpuHo B uione 2003 r.]

Gamma dose rate, nGy h*'

Type of location Number of [MOLLHOCTb [03bI FraMMa-uanyyeHus, HIp 4]
[Tun nokauwu] measurements
[Yucno namepeHnii] Mean St. dev.
[CpenHee] [CT. oTKN.]
One-story wooden house 20 71 15
[OBHO3TaXHBIV AEePEBSAHHbIN AOM]
One-story brick house B B B
[OaHO3TaXHbI KAMEHHbI AOM]
Public buildings 3 19 8
[O6LwecTBEHHbIE 30aHMA]
Kitchen garden + garden 24 353 54
[Oropoga, can]
Work yard
[Pabounii ngop] 48 235 81
Street
[Ynnual 24 114 36
Plough field 3 245 52
[MawnHa]
Virgin land inside of village
[Lenrna sHyTpU HI] 22 479 113
Virgin land outside of village
[LlenvHa BHe HIM] 30 543 186
Forest
[Mec] 31 628 82
Table 3

Results of measurements of gamma dose rate at typical locations in the village Smyalch in July 2003
[Tabavua 3
Pe3ynbraTbl U3BMepeHuil MOLLHOCTEN A,03 raMMa-u3siy4eHus B Bo3ayxe B TUnu4Hbix nokauuax HM Cmsanby B uione 2003 r.]

Gamma dose rate, nGy h*'

Type of location mglausnl:rt?eenzg:ns [MOLLHOCTb [103bl raMMa-u3y4eHust, Hp u'']
[Tun nokauyuv] [Yucno uamepenmin] Mean St. dev.
[CpenHee] [CT. oTKN.]
One-story wooden house
[OnHO3TaXHbIN AEPEBAHHBIN [OM] 26 49 9
One-story brick house
[OnHO3TaXHbI KAMEHHbIV flOM] 19 35 12
Public buildings
[O6wecTBEHHbIE 30aHMA] 8 24 8
Kitchen garden + garden 41 240 44
[Oropog, can]
Work yard
[Pabouuii ngop] 81 165 30
Street
[Ynuua] 35 102 28
P'[‘l’_l“fmh:;e]'d 11 227 29
Virgin land inside of village
[LlenvHa BHyTpM HIM] 34 819 61
Virgin land outside of village
[UenunHa BHe HI] 12 382 56
'Eﬁrees]t 17 496 64
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-79,98and 110 uSvmo' forindoor group, outdoor group
and pensioners of village Veprin living in wooden houses,
respectively;

- 56, 74 and 75 uSv mo-' for indoor group, outdoor group
and pensioners of village Smyalch living in wooden houses,
respectively;

—-54,71and 71 uSv mo' for indoor group, outdoor group
and pensioners of village Smyalch living in brick houses,
respectively.

Table 4 presents the results of the measurements of
individual external doses of Veprin and Smyalch villages
residents performed during the studies in July 2003.

Figure 1 presents the results of an estimate of the average
monthly effective dose of external exposure at residents of
Veprin and Smyalch villages performed after the Chernobyl
accident during 1991-2003 based on the method of the
individual dose measurements (TLD — measurements). The
same figure shows the independent data of individual doses
measurements in the village Veprin performed by Swedish
colleaguesin 1991-1998 [10], and for comparison, the results
of 2003 estimates based on measurements of dose rates in air
according to the relation (3).

The dynamics of the decrease in the average value of the
dose due to external exposure of the inhabitants of both vil-
lages is mainly explained by the decay of the mixture of '**Cs
+ ¥7Cs radionuclides and their migration (redistribution) in the
environment (anthropogenic and natural).

Taking this into account, as well as the fact that the
measurements of individual doses of the inhabitants in
these villages began 5 years after the fallout when the rapid
migration processes either ended or had little effect on the
dose of external exposure, the dependence of the average
effective dose for residents E, on time after the fallout t was

In2 In2 In2

E  =a,-(1,49-exp( 2.06 1)+ exp( 20 1)) -exp( 0 1) (4)

were: 2,06 y n 30 y are half-lives of ¥*Cs n '"Cs,
correspondingly;

the coefficient 1.49 considers the difference in the
contributions of gamma radiation of '**Cs and '¥’Cs
radionuclides to the value of the effective dose in an adult and
the ratio of their activities in Chernobyl fallout;

50 years is half-life of a long-term component decrease
in two exponential expression approximating the dynamics of

Mcnonb3ys 3Ha4YeHNs N3MEPEHHbIX MOLLIHOCTEN [03 ram-
Ma-n3aydeHnss B BO3Jyxe B pasnunyHbIx nokaumsx HI (cm.
Tabn. 2 n 3) n 3HaveHnss GakTOPOB MNOBEAEHMSA HACENEHUS B
NIETHUI Nepuoa, BpeMeHN 13 Tabnumubl 1, COrMacHO COOTHO-
weHumio (3), 6binn paccumTaHbl 3HaYeHUs 3PPEKTUBHON Me-
CSIYHOW (MIONb) 0O3bl Y CNEAYIOLLMX FPYMN HACENeHUs:

—-79,98 1 110 mk3B mec™ gna rpynnel 1, rpynnbl 2 1 Nex-
CHoHepoB cena BenpuHo, NpoxmBaloLLyx B AePEeBSHHbIX Of-
HO3TAXHbIX JOMAxX, COOTBETCTBEHHO);

- 56, 74 n 75 mx3B Mec™' ans rpynnsl 1, rpynrbl 2 1 Nex-
cnoHepoB cena CMsbY, NPOXUBAIOLLMX B AEPEBSHHBIX OAHO-
3TaXHbIX loMax, COOTBETCTBEHHO, 1 54, 71 n 71 mk3B mec™!
Anarpynnel 1, Fpynnbl 2 1 NEHCMOHEPOB TOrO Xe Cena, NPoXu-
BalOLLIMX B KAMEHHbIX OJHO3TaXHbIX JlOMaX, COOTBETCTBEHHO.

B Tabnuue 4 npencTtaBneHbl pe3ynbTaTel 00paboTKy AaH-
HbIX MU3MEPEHUI UHAMBUAYANbHBLIX 03 BHELLIHErO 061y4YeHns
y xutenen cen BenpmHo 1 CmsinbY, BbIMOAHEHHBIX B XO4E UC-
cneposaHuii B vione 2003 1.

Ha pucyHke 1 npuBeneHbl pesynbtaTbl OLEHKU Cpen-
Hell MecsiyHOM 3DdEKTUBHOM [03bl BHELIHEro 00s1y4YeHns
y xutenen cen BenpnHo u CMsfbY, BbINOMHEHHbIE MOCHE
YepHoObinbckoli aBapun B TedeHre 1991-2003 rr. Ha OCHO-
BE N3MEPEeHnin nHansmnayansHbix 8o3 (TJ14-usmepernin). Ha
39TOM X€E PUCYHKE NpeacTaBieHbl HE3aBUCKMbIE JaHHbIE U3-
MepeHU NHANBUAYASIbHBIX [03 BHELLHEr0o U3NYHEHNs Y XN-
Tene cena BenpuHo, BbINOIHEHHbIE LLBEACKUMW KOSINEraMum
B 1991-1998 rr. [10], n Ans cpaBHEHNS — Pe3yNbTaThl OLEHOK
2003 r., BbIMNOMHEHHbIE HA OCHOBE NU3MEPEHWUI MOLLHOCTEN
003 B BO34yXe, COMAacHO COOTHOLLIEHMIO (3).

JnHamyika yMeHbLUEHNS CpedHero 3Ha4YeHns 003bl BHELL-
Hero obnyveHust y xuTenelt obomx cen, B OCHOBHOM, 0ObsiC-
HAETCS pacnafoM CMecu paavoHyknnaos '¥*Cs + ¥7Cs u ux
Murpaumen (nepepacnpeseneHvemM) B OKpYXalollen cpene
(aHTPOMOreHHOM 1 NPUPOAHON). YunTbiBas 37O, a Takke TOT
daKT, YTO M3MEPEHV MHOMBUAYANbHbIX A03 Y XUTENen 3Tux
cen Havyanmcb Yepes 5 neT nocrne BbinafeHuin, koraa GeicTpbie
npoLLecchl MUrpaLm nMbo 3aKOHYUMCh, NGO Yxe Mano BIu-
SN HA 03y BHELUHEro M3Jy4eHUs, 3aBUCUMOCTb CPedHero
3HaueHUs 3P PEKTUBHON A03bI Y kuTenein E, 0T BpeMeHu noce
BbINAneHWi t annpOKCUMUDOBANN CNEOVIOLLM BbIDAXEHNEM:
E, =a (1,49 exp(—ln—z-t) + exp(—ln—2~t)) : exp(—ﬂﬂ 4)

2,06 30 50

roe 2,06 rona v 30 net — nepuogbl nonypacnaaa '**Csun *Cs;

Table 4

Results of the measurements of individual external doses of Veprin and Smyalch villages residents in July 2003 (Chernobyl
component)

[Tabnvua 4

Pe3ynbTathl U3MepeHUnii MHAMBUAYaJbHbIX 4,03 BHELUHEro 06n1y4eHus y xuTeneii cen BenpuHo u Cmsanby B nione 2003 r.
(4epHOGbIILCKMUIT KOMMOHEHT)]

Village Number of measurements Mean, uSv mo™' Std. dev., uSvmo!
[HI] [KonnyecTtBo n3mepeHuii] [CpenHee 3HayveHne, Mk3B Mec™] [CTaHpapTHOE OTKNOHEHME, MK3B Mec™]
Veprin N _ o
[Berputo] 64 (100) 113 (51 - 244) 49
Smyalch * _ -
[Cymsinby] 73(108) 72 (26 - 180) 36

* number of the dosimeters handed out in village are indicated in parentheses; ** the minimum and maximum values of the doses passed

through the filtration are indicated in parentheses (see relations (2)).

[* — B ckobBkax yka3aHO KONMYECTBO BblAaHHbIX B HIM 1031MeTpoB; ** — B ckobKax ykazaHO MUHUMaIbHOE U MakCUMarnbHOE 3Ha4YeHNs 03,

npoweawnx GunsTpaLmio (CM. COoTHoLweHNs (2))].
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o0 Independent data [Hesapucumble nanHbIe
’ Veprin of Swedish measurements TIBEICKHX H3MEPEHHH
250 e in 1991 - 1998 B1991- 1998

Effective dose, pSv mo?!
Odexrupnas noza, Mk3s Mec™

10 12 14 16 18 20

Time after the accident, years
[Bpens mocie aBapmi, romsi]

Fig.1. Dynamics of the monthly effective dose of external exposure at residents of Veprin and Smyalch settlements on the basis of individual
dose measurements by TLD-method: black squares (1), (3), (5), (12) are the results of Russian measurements in Veprin; black triangles are
the results of Russian measurements in Smyalch; white square is the result of effective dose estimate on the base of dose rate measurements
in Veprin and white triangle is the result of effective dose estimate on the base of dose rate measurements in Smyalch.

[Puc. 1. AnHamuka mecsiyHon 3pdeKTUBHO [03bl BHELUHErO 06/1y4eHUs XuTenein cen BenpuHo n Cmsiby Ha OCHOBaHMM AAHHbIX
N3MEPEHWI MHAMBUAYanbHbIX 403 MeToaoM TJ1[: yepHble KBagpaTbl — Pe3ybTaTbl POCCUINCKUX M3MEPEHWIA B C. BENpUHO; YepHbie
TPEYroNbHUKM — PE3YNbTaThl POCCUIACKUX U3MEPEHUA B ¢. CMsanby; 6enbiil kBaapaT — pe3ynbtaT oLeHkM 3bdeKTUBHON [,03bl HA OCHOBE
MN3MePEHWIA MOLLHOCTE 103 B C. BenpuHo v 6enblii TpeyrofbHUK — aHanornyHas oueHka adpdekTMBHON 103kl B ¢. CMssbY]

gamma dose rate over virgin soil after the Chernobyl fallout
due to natural migration of cesium [4];

a, — parameter estimated by the nonlinear regression
method, a,=192 uSv mo' n a,=135 uSv mo' for settlements
Veprin and Smyalch, correspondingly.

We note the following main features of the results
presented in Fig. 1:

Dynamics of average effective dose values of residents
due to external exposure during a period of 5 to 20 years
after Chernobyl fallout is well described by the approximating
expression (4), taking into account radioactive decay and
natural migration of cesium radionuclides. Further decrease
of the effective dose of external exposure will be due to the
trivial law of '*’Cs radioactive decay and its possible further
penetration into the soil.

The average effective dose of residents due to external
exposure in both settlements in 2003 calculated on the basis
of dose rates measurements in air are in good agreement
with the results of TLD measurements of individual doses
(relative differences of -1% and -12% for Smyalch and Veprin,
respectively).

The distribution of individual doses of residents in each
settlement was approximated by a logarithmically normal law.
In both villages, this possibility was statistically justified by the
criterion 2. These distributions are presented in Figures 2 and
3 together with the distribution of external individual doses
among the inhabitants of these settlements in 1993.

Previously performed analysis of the external dose distri-
bution among residents based on more than 5,000 measure-
ments of individual doses in 55 settlements of Bryansk region
(1987-1993) showed that when normalized the individual
dose to the average dose in the settlement (standardized dis-
tribution) it can be approximated logarithmically normal law
with sufficiently stable parameters [6]. Thus the average value

KoapPuumeHT 1,49 yumTbiBaeT pasnmume BKIaO0B ram-
Ma-un3nyyeHns pagmoHyknuaooB '**Cs n '¥’Cs B 3Ha4eHue ad-
GbEKTUBHOM 003bl Y B3POC/IOrO YenoBeka M COOTHOLLIEHME NX
AKTVMBHOCTEN B 4HePHOObBIILCKNX BbIMAAEHUSX;

50 net — NnonynepuoL yMeHbLUIEHNS OJIMHHOW KOMMOHEH-
Tbl B [ABYX3KCMOHEHUMANBbHOW anmnpoKCUMaLMn AMHAMUKN
MOLLHOCTM [03bl BHELUHEro U3Ny4yeHns Hapg, LEeSMHHON no-
4YBOW 13-3a eCTECTBEHHOM Murpaumn uesus [4];

a, — napametp, OUEHEHHbI MEeTOAO0M HesIMHeRHoW pe-
rpeccun, a,=192 mk38 mec™ 1 a,;=135 mk38 mec™ anga HM
BenpuHo n CMsibY COOTBETCTBEHHO.

OTMEeTMM cnefyloume OCHOBHbIE OCOOEHHOCTU Pe3yib-
TaToB, NPEACTaBNEHHbIX HA PUCYHKe 1.

OnHamuka cpegHux 3HadeHun 3PPeKTUBHOM  O03bl
BHELLHEro U3Ny4yeHns y xuTenein B nepuopn spemenn 5-20
NeT nocne 4epHoObINIbCKUX BbIMaAEHMIn XOPOLIO OMMChIBa-
€TCS annpoKCUMUPYIOLLMM BbipaXeHneMm (4), y4nTbiBatoLLMM
paanoakTUBHbIV pacnag, 1 eCTECTBEHHYIO MUPaLIMIO Paamo-
HYKNMOoB Le3us. JanbHenwee ymeHblieHne 3ahdeKTUBHOM
[003bl BHELLHEr0 M3y4eHnst 6yaeT CBA3aHO C TPUBMASIbHBIM
3aKOHOM PafMoaKkTMBHOrO pacnaga paauoHyknuaa ¥’Cs u
BO3MOXHOr0 JaSIbHENLLEro ero 3arnybieHuns B NOYBY.

3HaveHnsi cpefHein ahdEeKTUBHON [03bl BHELLHErO 0061y-
yeHus xuteneli B o6ounx HM B8 2003 1., paccymTaHHble Ha OCHOBE
N3MepEHNI MOLLHOCTEN 03 B BO3AYXE, XOPOLLO COrnacyoTcs
¢ pesynsratamu TJ1[-n3amepeHunii (0THOCUTENbHbIE pa3nnyus
-1% 1 -12% pns HM Cmsney n BenprHo COOTBETCTBEHHO).

Pacnpenenenns wHAMBMAYasbHbIX 03 BHELUHErO 00-
JlydeHus xuTenen B kaxgom HIT annpokcnmuposanu nora-
pudmMMYeckn HopmanbHbIM 3aKOHOM. B 06oux cenax Takas
BO3MOXHOCTb Oblfia CTaTUCTUHECKM 0OOCHOBaHA C MOMOLLbIO
KpuTepus x2. 3T pacnpeneneHns npeacTaBfieHbl Ha PUCYH-
Kax 2 n 3 COBMECTHO C pacnpeneneHnsaMn NHANBUAYaNbHbIX
0,03 BHELUHero obnyyeHus y xutenet atux HM B8 1993 r.
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Fig.2. Distribution of individual external doses among the residents of Smyalch settlement in 1993 and 2003
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Fig. 3. Distribution of individual external doses among the residents of Veprin settlement in 1993 and 2003
[Puc. 3. PacnpeneneHve nHavMBMayanbHbIX 03 BHELHEro 06aydeHns xutenei cena BenpuHo B 1993 1 2003 rr]

of the geometric standard deviation of a standardized log-
normal distribution in the 1987-1993 series of measurements
(99 values) was 1.51 £0.15 (std. err.).

Parameters of standardized log-normal distributions
of individual doses of external exposure among residents
of Veprin and Smyalch villages in 2003 were estimated.
The obtained results are presented in Table 5 which also
gives similar values for the so-called “reference” log-
normal distribution for individual doses of external exposure
established in the 1987-1993 series of measurements. From
a comparison of the presented data it can be seen that the
parameters of the standardized log-normal distribution have
practically not changed in the past 10 years.

PaHee npoBeaeHHbI aHanM3 pacnpeneneHns fo3bl BHeLL-
Hero obsy4eHus y Xutenein Ha ocHose 6onee 4em 5 Thicsy 13-
MepeHuin nHaneBuayaneHbix 003 B 55 HIN BpsaHckol obnactu
(1987-1993 rr.) nokasan, 4TO NPV HOPMUPOBAHNM A03 HA CPEA-
Hee 3HadeHue po3bl B HIM (CTaHgapTu3oBaHHOE pacnpenene-
HVE) ero MOXHO anmnpoKCMMMPOBATb JIOrapudMUIECKn Hop-
MaJslbHbIM 3aKOHOM C AOCTATO4YHO YCTOMYMBLIMI NapamMeTpamm
[6]. Tak, cpenHee 3Ha4YeHMe reoOMeTPUYECcKOro CTaHaAapPTHOro
OTKJIOHEHMS1 CTaHAAPTU30BAHHOI O JI0rapudMUYECKN HOPMaASTb-
HOro pacnpegeneHust B cepum namepenmin 1987-1993 rr. (99
3HayeHwit) coctasmno 1,51 £ 0,15 (cT. owmbka cpesHero).

Bbliv  oueHeHbl MapamMeTpbl CTaHAAPTM30BaHHbLIX J10-
rapdMmnyYeckn HopMasbHbIX pacnpeneneHnii UHaMBuAOYy-
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Table 5

Parameters of standardized (normalized on the mean dose in the village) log-normal distributions of individual doses among
inhabitants of villages Smyalch and Veprin

[Tabnvua 5

MapameTpbl cTaHAAPTM30BAHHOIO (HOPMUPOBAHHOIO Ha cpeaHiolo Ao03y B HIM) norapudmMmmyeckn HopmanbHOro pacnpepeneHus
VHAMBUAYaJbHbIX 403 cpeau xuTtenei cen BenpuHo n Cmsanby]

Parameters of standardized log-normal distributions
[MapameTpbl cTaHAAPTU30BAHHOMO NOrapudMmUYecKkn HopManbHOro pacnpeneneHus]

Geometric mean
[feomeTpuyeckoe cpeaHee]

Geometric st. dev.
[feomeTpuyeckoe cTaHgapTHOE OTKII.]

Reference distribution
[PedepeHTHOE pacnpeneneHune]
(1987-1993)

Veprin
(July 2003)
[Mionb 2003 1]

Smyalch
(July 2003)
[Mionb 2003 1]

0.90

0.92

0.89

1.51

1.50

1.62

This allows estimating the dose in the critical population group
defined as the average dose in 10% of the settlement residents
who have the highest individual doses compared to the rest of the
residents, based on the value of the average population dose in
the settlement [11]. According to the parameters of the log-normal
distribution presented above, almost the entire (99.9%) range of the
“individual dose/average dose in settlement” ratio ( K 1‘;”") is limited
by afactor of 3.2. The average value of K ,‘;’“’ fora group of residents
with the K value higher than the value of 90% quantile for the
individual dose distribution is 1.85. If the proposed ICRP concept
of a representative person is used [12] then it is necessary to use
95% quantile of the individual dose distribution for the limitation of
the population exposure. For the exposure situation considered
here it corresponds to the K I“)*“’ value equal to 1.75, which is only
slightly different from the value estimated above (1.85) according to
the approach adopted in Russia [11].

Conclusion

An analysis of the dynamics of individual doses of external
exposure among the population living for almost 20 years in
the territories affected to radioactive contamination as a result
of the Chernobyl accident showed the following:

Dynamics of average effective dose of the external exposure
of inhabitants during a period of 5 to 20 years after Chernobyl
fallout is well described by processes that take into account
radioactive decay of '**Cs + '*’Cs radionuclides and their natural
migration with long component of half-life equal of a 50-years.

The distribution of individual doses of external exposure
among residents, normalized to the average dose in the
settlement corresponds to a logarithmically normal law with
time-stable parameters (geometric mean and geometric
standard deviation), which allows, in particular, to predict the
dose of the critical group of population or for a representative
person according to the new concept of ICRP [11].

Comparison of the mean effective dose of external exposure
at settlement residents estimated on the basis of the results of
two different measurement technologies (using TLD-method
and measurements of dose rates in air in various settlement
locations) showed their good agreement 17 years after the
fallout. In two settlements, where measurements were made in
2003, the relative differences in mean effective doses did not

aNlbHbIX 03 BHELWHero obayvyeHus xuTtenen cen BenprHo n
Cwmsanby B 2003 r. MonyyeHHble pe3ynbTatbl NPeaCTaBEeHbI
B Tabnuue 5, roe Takke NpUBeAeHbl aHANIOrMYHbIE 3HAYEHNS
ONS Tak Ha3blBaemMoro “pedepeHTHOro” norapndmMmyecku
HOPManbHOro 3aKOHa pacnpeeneHns NHANBUAYanbHbIX 003
BHeLLHero ob6sy4eHusl, yCTaHOB/IEHHbIE B Cepun namepeHuii
1987-1993 rr. VI3 cpaBHEeHWUst NPUBEAEHHbIX AaHHbIX BUAHO,
4YTO NapamMeTpbl CTaHAAPTU30BAHHOI O JIOrapudMMYeckim Hop-
MasIbHOrO pacnpeneneHns NPakTUHeckn He N3MEHUIUCH 3a
npoweawne 10 net. 3T0 NO3BONSET, 3HAA 3HAYEHME CpeaHeln
003bl B HIM, oueHNTb 003y B KPUTUYECKOW Fpynmne HaceneHus,
onpegensemMyto kak cpegHaa nosay 10% xutenen HI, nme-
IOLLMX HanMbosbLUME MO CPABHEHWUIO C OCTaNbHLIMU XUTENS-
MU MHOMBMAYaNbHblEe 003kl 06nydeHus [11]. Mpu yka3aHHbIX
BbILLIE MAapamMeTpax 1orapnudmMmnyeckn HopMabLHOro pacnpe-
neneHunsi, npaktmyeckn eecb (99,9%) amanasoH 3HAYEHWUI
oTHoweHnsa MuamemnayansHas 0o3a/CpegHas gosa B HIM” (
Kg”‘)) orpaHunyeH cBepxy 3HadveHnem 3,2. MNpu aTom cpeaHee
3HaueHne K’ Ins rpynnbl XxuTenei, y KoTopoii K i npe-
BbilwaeT 90% kBaHTU/b B pacnpeneneHnn nHamBuayansHom
no3bl, paBHo 1,85. Ecnu e 1Mcnosib3oBaTbh NPeasioXeHHyo
MKP3 koHLenumio penpe3eHTaTMBHOro nHameuayyma [12],
TO AJ191 OrpaHnyeHnst 06y4eHns HaceneHns Heo6XoAMMO 1c-
nosib3oBaTh 95% KBaHTWUIb B pacnpeaeneHn nHanBnayanb-
HOWM [03bl. B paccmaTpuBaemMor Hamu CUTyaumm BHELLHETO
0061y4eHNst eMy COOTBETCTBYET 3HAYEHME K,‘;“a, paBHoe 1,75,
YTO HE3HAYUTENIbHO OT/IMYAETCS OT 3HAYEeHUS Kg’*", OLEeHeH-
HOrO BbILLE COrMacHoO Noaxoay, npuHaTtomy B Poccun [11].

3akn4eHue

AHanM3 oMHaMMKN MHAVBUAYASbHbIX 03 BHELUHEro 06s1y-
YeHWs HaCeneHns, NPOXMBAIOLLEro B TedeHne noytn 20 net Ha
TEPPUTOPUSIX, MOABEPILUNXCS PAANOAKTUBHOMY 3arPA3HEHUNIO
B peaynbraTte YepHOoObIIbCKOM aBapun, nokasan cneaytoLlee:

1. OuHamuka cpegHux 3HaveHun 3ddEKTUBHOM O03bl
BHeLlHero obny4yeHus xutenei HIM B nepros sBpemenn 5-20
JIET NOCNe YePHOObILCKMX BbIMAAEHWA XOPOLLO ONMUCHLIBAET-
€S NPOL,ECCamMU, YYUTbIBAOLMMUN PAAMOAKTUBHbIN pacnaz v
€CTECTBEHHYIO MUrPaLMIo PaAVOHYKIMAOB Le3nsa ¢ nonyne-
PUOLOM YMEHbLUEHUS OJIMHHOW KOMMNOHEHTLI 50 neT.
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exceed 12%. This allows in the future use the model of external
exposure [12] to estimate the doses to the population living on
the territories contaminated after the Chernobyl accident.
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MOHOT PA®US
IIpuponHble HCTOYHUKHN HOHU3UPYIOIIETO U3IYyUYeHHS: 10351 00TydeH s,
paauanuoHHbIe PUCKH, MPOPUIAKTHYECKHE MEPOTIPUSITUS
noo pedaxyuei akademuxa PAH I'T. Onuwenxo u npogeccopa A.FO. I[lonoeoti

M.K. PomaHosuy, W.M. Ctamar,
T.A. Kopmarosckasi, [1.B. KoHoHeHko

NMPUPOAHBLIE NCTOYHUKN
UOHU3UPYIOLLLEITO U3JTYHEHUSA:

A03bl OBJIYMEHUA, PAOBUALUNOHHBIE PUCKWU,
NPODUJIAKTUMECKUE MEPOMPUATUS

Ion peza

B 2018 r. nog armpoin CaHkT-MeTepOyprckoro Hay4Ho-1c-
CNefoBaTebCkoro MHCTUTYTA PaanauMOHHON TUIMEHbl UM.
npodeccopa N.B. Pam3aesa, PenepanbHoli cnyx0Obl No Haa-
30py B cdepe 3awmnThl NpaB notpebuteneit n Gnaronony4ns
yenoseka n Poccuiickon Akagemuu Hayk, nog penakumen
akagemuka PAH IT. Onmwenko n npodeccopa A.1O. MNonosoi
ony6nvkoBaHa MoHorpaodus «[pupoaHble UCTOYHMKN NOHU-
3VPYIOLLEr0 M3MYy4YeHns: [03bl 00y4YeHus, pagnaLyoHHbIe
puckun, npodunakTmyeckme MeponpuaTUs», MOCBSLLEHHas
namsaTy OOHOr0 M3 aBTOPOB, — BEAYLLErO crneumanmcTa B 06-
NacTy NPUPOJHOro 00aydYeHus, [okTopa OGMONormyeckux
Hayk VMBaHa MaBnosuya Ctamata (1950-2017). B moHorpa-
dun, Hapaay ¢ o6LMMY CBELEHMSIMU O NPUPOAHBLIX UCTOYHU-
Kax NOHU3NPYIOLEro M3nyyeHus, astopbl U.K. PomaHoBWY,
W.N. Cramat], TA. Kopmarosckas, [.B. KoHoHeHko u ap.
0AI0T  XapakTepUCTUKY CUCTEMbI HOPMATUBHO-MPABOBOrO
perynupoBaHua B Poccuiickoii depepaumn, npencrtaens-

vka PAH T.I. OHuwieHko
A.1O. Monosoii

0T OaHHbIE 0 J03ax NPUPOAHOro 06/ly4eHNs HaceneHus Kak
B LLeSIOM MO CTpaHe, Tak M OTAESIbHO MO KaXaoMy CyObekTy
P®. B moHorpadum onucaHbl NOAXOAbl U OLEHEHbI PUCKU
ONs HaceneHus npy 06ny4eHn NPUPOAHBIMU UCTOYHUKAMN,
npenjioXeHbl pekoMeHOaauMm no CHMXKEHUO [o3 obnydye-
HUS HaceneHusl. [Jo3bl 06ny4eHns HaceneHus Poccuiickoi
denepaunn oT NPUPOLHLIX UCTOYHUKOB M3NYHEHUS 3HAYM-
TefbHO MPEeBbIWAOT A03bl 06/ly4eHNsT OT TEXHOTEeHHbIX UC-
TOYHUKOB U OT MPUMEHEHUS UCTOYHMKOB MOHWU3UNPYIOLLErO
M3NYy4EeHUs N PaanN0aKTMBHbIX BELLECTB B MeULVHE, NO3TO-
My n3dydeHve nytei obnyvyeHns, mep nPounakTukm 1 CHU-
XeHUs1 403 NPUPOAHOr0 06NyHEHUS ABNAETCS KpaHe BaxHOM
3agadven. ABTOpbI HAOETCS, YTO MaTepmabl, NPeaCcTaBIeH-
Hble B fJaHHOW MOHOorpadun, 6yayT NosiedHsbl creumanmcTam,
paboTalolmm B 061aCTN paamaLnoHHON MMrMeHsl U paama-
LIMOHHOW 6€30MacHOCTN, U BHECYT CBOW BK/AM, B CHUXEHUE
[030BOW Harpy3ku Ha HaceneHue Poccuiickoin ®enepaunn.
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