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OIIEHKA BO3MOKHOCTEN PACUETA 03 OBJIYUEHU
HACEJIEHUA 3A CUET Sr-90 HA OCHOBE
PAINOIKOJIOTTYECKOI1 MO/IEJIN
(HA IIPUMEPE TOMEJIbCKOI OBJACTI)

YO «benopycckui 2ocyoapcmeenivitl MeOUUUHCKUN YHUBEPCUmMmem >

Ilenvio nacmosuyezo uccaedo6anus s6uUi0CH usyUeHUEe NPUMEHUMOCINU Paouos3Ko0.102uUecKoll Mo-
deau pacuema 003 00ayueHUs HACEIEHUs, 6 KOMOPOU 6 KAUECTNBEe UCXOOHLIY OAHHBLY ObLAU 6351MbL
dannwvle naow,adnol axmuenocmu no Sr-90 6 omoanennvie npomexymru epemenu. C yuemom 3mozo,
npouseedenvl pacuemol CYMMAaApHvLy 200068bLx IPPexmuenvix 003 3d cuem eHewnezo U 6HYMpPenHezo
00y uenus HACeAeHUS, d MAKKE PUCKOS PA3BUMUS OHKOI02uuecKux 3a6oaesanui na 2015 u 2025 2000L.
Pacuemovr npouseedenvt na ocnose usmepenull no8epXHocmuol akmuernocmu meppumopuu Iomenn-
ckoul obaacmu no cocmosnuio na 1.01.1994 u 1.01.2015 2z.. Pacuem dannvix no 991 naceréunomy
nynxmy lomenvckoll obracmu no3eonusr nodobpams 1neodxo0umbvle napamempv. MOOe UPOSANUS
003 U ouenKu puckos nocaedcmeuil 06ayuenus naceienus. Iokazano, wmo modeauposanie no36o-
Jsiem 00CMmAamouno mouHo nPozHOIUPOBAMY 003bl U PUCKU 00ayuenus nacesenus. Boiseaena 6vi-
cokas cmenensv Co8NAdeHUs: Pe3yibmamos paciema 003 U PUCK08 OHKOJ0ZUYECKUX 3A00.1e6anull
npu UCNONb308AHUU OAHHBLY O 3AZPAZHEHUU MEPPUMOPUL 8 PASIUUHBLE PEMEHHbIE NePUODbL.

Kawuegvie croea: onxonozuneckulh puck, eHewnee u suympennee obiyuenue, npozpammnoe
Mmodenuposanue, paduoaxmueHuLUCMPOHUNI, paduodIK0I02ULeCKdsl MOOelb.

A. V. Sosnouvsky, A. R. Avetisov, A. N. Stojarov

EVALUATING THE POSSIBILITY

OF SR-90 POPULATION RADIATION DOSES

CALCULATION BASED ON THE RADIOECOLOGICAL MODEL
(THE CASE OF GOMEL REGION)

The objective of this research is to study the applicability of the radioecological public radiation
doses calculation model, in which raw data is represented by Sr-90 areal activity data from different
time periods..From this perspective, total annual effective doses from external and internal irradiation
aswell as cancer risks are calculated for the years 2015—2025. The calculations are based on the surface
activity measurements in Gomel region as of 01.01.1994 and 01.01.2015. The calculation of data
for 991 settlements of Gomel region made it possible to select the necessary parameters for simula-
tion of doses and risks of the effects resulting from radiation exposure of the population. It is shown
that simulation enables to predict public radiation doses and risks with sufficient accuracy. The doses
and risks simulation based on the area’s contamination data in different periods reveals a high con-
sistency of results.

Keywords: cancer risk, external and internal irradiation, computer simulation, Strontium-90,
radioecological model.
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Bonpocm 6e30MacHOCTM UCMOSIb30BaHUS YEI0BEYECTBOM
MUPHOrO aTomMa OCTaloTCA aKTyaflbHbIMW MO CEN [eHb.
M ¢ KaxablM rofloM MX 3Ha4YMMOCTb TOSIbKO Bo3pacTaeT. CobbITHs
nocneaHnx AecATUNeTU NoKasbiBatloT, YTO OAHON U3 aKTyallbHbIX
Tem pajuaLnoHHOM 6€30NacHOCTU ABNISETCH pacyeT v OLeHKa 03
06ny4eHus, a TaKKe Ha MX OCHOBE PUCKOB ANA 340POBbS Hacene-
HWS, NPOXMBAIOWEr0 Ha 3arpPsA3HEHHbIX PAAUOHYKANAAMU TEPPHU-
Topuax. B aTOM CBA3K M3y4eHUe HOBbIX BO3MOXHOCTEN B 061acT1
onepaTtMBHOIO U3MEPEHUSA U NPOrHO3a A030BbIX HAarpy30K Ha Ha-
ceneHne NpeacTaBfseT 3HAYUTENbHbIN UHTEPEC.

Llenbto HacTosALWwero uccneaoBaHus SBASETCH OLEeHKa BO3MOXK-
HOCTeR pacyeTa v MPOrHO3MPOBaHKUS 103 061yHEHMS 1 PUCKOB Pa3BU-
TMSi OHKONOrMYeCcKnx 3aboneBaHunit 3a cyeT Sr-90 ¢ UCnonb30BaHUEM
paAno3aKON0OrMYeCKUin Moaenu Ha npumepe fomenbcKon o6nacTu.

[aHHble NOBEPXHOCTHOM aKTUBHOCTH 991 HAaceNEHHOro NyHKTa
fomenbckoi o6nactn Pecnybnukun Benapycb no Sr-90 no cocrtosi-
Huio Ha 01.01.2015 roga v Ha 01.01.1994 roga 66111 NpeaocTas-
neHbl 'Y «Pecny6anMKaHCKUI LLEHTP MO rMAPOMETEOPOONMU, KOHT-
PO PaAMOAKTUBHOIO 3arpsi3HEHUS U MOHUTOPMHIY OKpY»KatoLlen
cpeabl» MUHUCTEPCTBA MPUPOAHBIX PECYPCOB M OXPaHbl OKpYyKa-
owen cpeabl Pecnybnukn benapycb. PacyeT rogoBbix abdeKTmB-
HbIX 403 3@ CYET BHELWHEro U BHyTPEHHero o6ay4yeHns (M3B/roa)
M PUCKOB Pa3BUTHUS OHKONOrMYECKMX 3a60/IEBAHNUI OCYLLECTBNSNINCH
Ha OCHOBaHMWW 3KONOrMYECKOW MOAENM C y4eTOM nepexona paauo-
HYK/M0B B CUCTEMAX NOYBa—PaACTEHUS, PACTEHUSA—KUBOTHbIE, XKN-
BOTHble—4e/1I0BEK € nomoLLbto nporpammbl RESRAD Onsite 7.2 (CLUA).
[103bl BHYTPEHHEr0 06/1y4eHNs paccymTbiBanuChb 3a cHeT notpeod-
JIEHUSI OCHOBHbIX NMPOAYKTOB NMUTaHWUS (MAICHas, OBOLLHAsA U MOJOY-
Has NpoayKuus). Ans pacyeToB MCNONb30BanUCh cneaylolime na-
paMeTpbl: Nollab CeNbCKOro HaceNeHHoro nyHkTa 0,15 Km?, no-
ceslka ropofckoro Tuna — 2 Km? ropoaa — 15 KM?% MNOTHOCTb
noysbl — 1,35 r/cm3; Mmacca noTpebnsieMbix oBollein — 163 Kr/rog;
Macca noTpebaseMblX MONOYHbIX MPOAYKTOB — 260 Kr/rof; Macca
notpe6asemMoro mMsaca — 91 Kr/rog; rnybuHa 3aneraHns HyK1MaoB —
0,2 M 1 1,5 M. KapTupoBaHue JaHHbIX NPOBOANIOCH C MOMOLLbIO
nporpammbl Surfer 13 nponssoacTea KomnaHvun Golden Software
(CLUA). Ctatuctnyeckas o6paboTKa AaHHbIX nMpoBoAufiachb C MNo-
MOLLbIO MporpaMmHoro naketa Statsoft Statistica v.10.

C nomolpblo nporpammel ResRad 6bin npon3BeéH pacyéT 03
BHELIHEro v BHyTpeHHero o6sy4eHus no Sr-90 ans xutenen 991 Ha-
CENEHHOro NyHKTa MoMenbcKoi o6nacTv NPU yKal3aHHbIX Bbllle Na-
pameTpax nporpaMmmbl U rybuHe 3aneraHns Hyknuaa, aHanormy-
Hoe cpeaHum rnybuHam 3aneranus Cs-137, pasHoe 0,2 m. PacyeT
103 Ha 2015 rof 6bin caenaH Kak No AaHHbIM 3arpA3HeHUs Teppu-
TopuuK No coctosiHMto Ha 01.01.2015, TaK 1 No.AaHHbIM 3arps3He-
HUS TeppuTopun no cocTtosiHuio Ha 01.01.1994 roa. 3TOT noaxon
GblN NPUMEHEH C LieNblo BEPUPUKALUM NPOTrHOBHBIX AaHHbIX, KOTO-
pble PaccyYMUTLIBAKTCS C MOMOLLbIO YNTOMSHYTOM Bbile NporpamMmbl
Ha OCHOBaHWM JaHHbIX 3a pa3nnyHble TPOMEKYTKN BpEMEHM.

Mpwv 3TOM 6bII0 3aMeY€EHO, YTO pacHETHbIEe 3HAa4YEeHNUs 403 06y-
YEeHWA MOIM OTINYaTbCS B HECKOMIbKO pa3. 3To 03Hayano, 4To 66110
Heo6x0AMMO HalTW Te NapaMeTPbl MOAEAUPOBAHMS, KOTOPbIE MOT-
NN afleKBaTHO OTparkaTb peanbHbli npouecc GopMUpoBaHMA 403
obny4eHuns. B utore 6bin HaWgeH mapameTp, CBA3aHHbIR ¢ rnyou-
HoWM 3aneranus Sr-90. U3 auTepaTypHbIX UCTOYHUMKOB M3BECTHO, YTO
Sr-90 MoXeT o6HapyX1BaTbes B NoyBax Ha rnybuHe 6onee 1 met-
pa [2]. C y4yeToM 3TOr0 6b1710 NpOU3BEAEH NOA60P NapameTpa riy-
6uHbI 3anerannsa Sr-90 Taknum o6pasom, YToGbl pe3ybTaThbl Bbl4KC-
JIeHU? He 3aBUCEeNN CyLLLeCTBEHHLIM 06pa30M OT BpeMeHU onpeje-
fleHNs NOBEPXHOCTHOM aKTUBHOCTU. PacyeTbl 6binn NPpon3BeaeHb!
ans rmyowH 3aneraHna 1 m, 1,5mu 2 m.

Kak BMAHO M3 pUCYHKa 1, NPy UCNONb30BaHWW 3HAYEHUS TNy-
6uHbI 3aneranua 1,5 MeTpa BeMUnHbI 103 06/1y4eHUs, pacCymUTaH-
Hble N0 AaHHbIM 3arps3HeHnsa TepputTopmn 3a 1994 1 2015 roabl
npakTUyecku coBnajgatoT. OcTanbHble MapameTpbl Nporpammebl,
BK/lOYas NULLEBOW paLMOH U Apyrue nepemMeHHble, 3Ha4YnTeIbHO
MEHblLLE BIUSSIM HA KOHEYHbI pe3ynbTaTt. Ha 0CHOBaHWM BbIlLEN3-
NIOXXEHHOro 6blN0 peweHo AN AanbHEeNWnx pacyEToB napameTp
rny6uHbl 3aneraHuns Sr-90 NpUHATbL paBHbIM 1,5 M.

Ha cnepytoulem atane 6bina npoBefeHa ctatuctTuyeckas 06-
paboTKa pe3ynbTaToB Bbl4MCAEHUIN FOA0BbIX 3PDEKTUBHBIX 403 06-
nyydenus (FM34). Tect Konmoroposa-CMupHoBa B 060MX ciyqasx no-
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PucyHoK 1. BennymHa coBnageHus 1o3bl 06Jy4eHU sy pacCHMTaHHON

Nno AaHHbIM 3arpa3HeHus Tepputopum 3a 1994 1 2015 rogbl B 3aBU-
CMMOCTHM OT UCMONb3yeMOoro napameTpa rnybuHbl 3aneraHns Sr-90

K-S d=,17151, p<,01 ; Lilliefors p<,01
— Expected Normal
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PucyHoK 2. Teet Konmoroposa-CMrpHOBa Ha HOpmasibHOCTb pacrnpe-
AeneHus 3HavyeHun '3/, o6nyveHunsa HaceneHma flomenbCKom o61acTu
no Sr-90 (M3B/roa), pacCYUTaHHOM MO AaHHbIM 3arpsa3HEeHUs Teppu-
TOpuK No coctosiHuio Ha 01.01.2015

Kasaf, 4To pacnpegeneHve He SBAAN0Cb HopMmanbHbiM (d = 0,17;
p < 0,01). Moao6HbIN pesdynbTaT 06bACHUM HEpaBHOMEPHbLIM Xa-
paKTEPOM 3arps3HEHUS TEPPUTOPUM U 3HAYUTENbHBIM Npeobnaja-
HUEM HaceNleHHbIX MYHKTOB C HU3KUM YPOBHEM 3arpsa3HeHuns Tep-
PUTOPUKU. DTO XOPOLIO 3aMETHO Ha rpaduKe, oTpaxatLlem Benu-
YUHbI rOA0BON 3IDDEKTUBHONM [03bl 06/1ly4EHMA HaceneHus (puc. 2).

[anee 6bln NPUMEHEH NapHbIf t-kpuTepuin CTblogeHTa, KOTo-
pbll NOKa3an OTCYTCTBME CTaTUCTUHECKMN 3HAYUMbIX OTAIMYUIA MEXKAY
3Ha4YeHMUAMU roaoBbIX IGPEKTUBHbIX 403 06/yHeHns Ha 2015 rog,
paccynTaHHOM No AaHHbIM MOBEPXHOCTHOM aKTUBHOCTH NO COCTOS-
HUto Ha 1.01.1994 1 1.01.2015 rogbl (t = —0,33; p = 0,735). Bos-
MOYHOCTb UCMOMIb30BaHUS JaHHOTO KPUTEPUS Ha GONbLLIMX BbIGOP-
Kax C HeHopMalibHbIM pacrpeaeneHnem onpeaenseTca Tak Hasbl-
BaeMoW LileHTpa bHOW NpeaenbHov TeopemMoi (3), KoTopas AonycKaeT
MCNoNb30BaHWe NapaMeTPUYECKUX TECTOB MPU YCIOBUM HaNUuns
60/bLUNX BBIGBOPOK CO CXOAHBIMU ANUCNEPCUAMMU.

[na noaTBEPKAEHWS BbICOKOW COrNacoBaHHOCTH pe3ynbTaToB
pacyeToB A030BbIX HArpy30K Mo AaHHbIM U3MEPEHWU NOBEPXHOCT-
HOM akTUBHOCTK Sr-90 3a 1994 1 2015 roabl 6611 NpoBeAeH aHa-
M3 no metody bnenpa-AnbtmaHa. [JaHHbIM aHanu3 WMpPOKO npume-
HeTCH ANS CPaBHUTENbHOM OLEHKM [ABYX HE3ABUCUMbIX METOJ0B
M3MepeHUit Kakoro-nnbo napameTtpa, Hanpumep, ANs CpaBHEHUS
KaKoro-nM6o HoBOro MeToga 1abopaTtopHOro UCcnefoBaHus ¢ «30-
NOTbIM cTaHAapToM». Pe3dynbTaTthl NpMBEAEHbI B TaGNMLE U HA pU-
CyHKe 2. Kak BWAHO 13 rpaduka, UMeeTcs BbICOKas cornacoBaH-

Tabnnya. AHanu3 bneHga-AnbTMaHa OLLEHKMU COr1acOBaHHOCTU
pacyetoB '3/]] B Mm3B/rog Ha 2015 roa no faHHbIM
3arps3HeHusa Tepputopum no Sr-90 3a 1994 n 2015 roasbl

N CpeaHee | CtaHpapTHoe OTKNOHeHWe | CTaHgapTHas owubKa
cMelleHne CMeLLEeHNst cMeLLleHns
991 | -0,0005 0,00813 0,000258
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PucyHok 3. Anarpamma bneHaa-AnsTmaHa cornacoBaHHOCTU pacye-
T0B '3/1 Ha 2015 roa No AaHHbLIM 3arpsi3HeHUs TeppmuTopum no Sr-90
321994 1 2015 rogbl. Mo ocv abcumcc OTNOXKEHbI CPeAHNE 3HAYEHNS
nonapHbIX 3HAYEHWI, N0 OCK OPAMHAT — PA3HOCTb NOMAPHbLIX 3HAYEHUI

HOCTb MeXAay pesynbtatamu pacyetoB ' No AaHHbIM 3arpsisHe-
HUS TeppuTopmmn 3a 1994 1 2015 roabl.

Kak BMAHO U3 AnarpaMmbl U Tabnuubl, CMeLLEeHWE 3HAYEHUM
cpeaHux BennyuH M3/l HeBenunko u coctasnseT amwb 0,0005 m3B/roga,
4YTO rOBOPUT 06 OTCYTCTBUU CUCTEMATUHECKOIO PACXOXAEHUS B pe-
3ynbTaTax A03MMETPUW, NMPOBEAEHHON MO [AaHHbIM 3arpsa3HeHus
TEPPUTOPUM B pasHble Mepuoabl, HO MO OAHOM MaTtemaTU4eCKon
mMoaenun. Cxoxas cuTyaumsa HabntojaeTcsa ¢ BeNMynHaMu ctaHaapT-
HOro OTK/JIOHEHUS U CTAHAAPTHOM OLUNGKMK.

[ns elwe 6onee Harng4HOro OTPaXKEHMUa NONYYEHHbIX pe3ynb-
TaToOB HaMu 6bl/1I0 NPOBEAEHO KAapPTUPOBaHWUE MOJNYYEHHbIX pe3ynbTa-
TOB W UX AaNibHENLLEee BU3yaNbHOE CONMOCTaBNEHNE C LIeNbiO OLIEH-
KW pasnuyui B MeTOAMKax OLEHKMU [03 06/1y4YeHUs Ha HaceneHue.
Pesynbtatbl KapTMPOBaAHUS MONYYEHHbIX AAHHbLIX AEMOHCTPUPYIOT
Nno4YTV NOSIHOE CoBMNaAeHMe pe3ynbTaTtoB BbluncneHus '3 (M3B/roa)
Ha 2015 1 2025 roabl NO AaHHbIM 3arpA3HEeHUs TEPPUTOPKUM MO CO-
cTosHMIo Ha 1.01.1994 1 1.01.2015 roabl (pUCyHKK 4, B). AHano-
rMyHasa KapTvHa HabnoaaeTcs ANs pacyeToB PUCKOB OHKONOIrMYe-
CKOM 3a60/1eBaeMOCTU (PUCYHKK 5, 7).

Ha cnepyowem atane npoBefeH CpaBHUTENbHbIM aHann3 Kom-
NOHEHTOB A03 065y4YeHns 3a cyeT Sr-90. MoaenMpoBaHue 3TOro na-

Ha 2015 ron
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3 Vi ron08oit
3a cuet Sr-90 Ans xuTeneit FoMensekoi 06NacTi No AaHHLIM
3arpA3HeHIA TeppuTopuy 3a 1994 ron

o
Teppuropwn Ha 01.01.2015
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PucyHok 4. MporHo3' cymmapHon '3[ o6nydveHunsa Ha 2015 roj
3a CYET Sr-90 ana utenen fomenbcKon 061acTi NO AaHHbIM 3a-
rpPA3HEeHns TeppuTopumn 3a 1994 1 2015 rr.

TPOrHO3 NOXMIHEHHBIX OHKONOMHECKHX PUCKOB 0BNYdeHNs Ha 2015 ron

3acier Sr-90 4R xuTeneit FomensCkoii 0BRACTH N0 AaHHS!
3arpAsKenus TeppuTopuM 3a 1994 roq

IpOrHO3 NOXHIHEHHSIX OHKONOTIECKAX PUCKOB OBnyveHs Ha 2015 ron
38 cver S1-90 4ns xuTened [OMENsCROR OBTACTH N0 AaHHbM
3arpAGHeHNA TeppHTOpH a 01.01.2015

PucyHOK 5. TIpOrHO3 NOXW3HEHHbLIX OHKONOMMYECKUX PUCKOB 06J1Y-
yeHus Ha 2015 roa 3a c4ET Sr-90 ang xutenen flomenbcKkon o6nacTm
Nno AaHHbIM 3arpsa3HeHns TeppuTopun 3a 1994 1 2015 rr.
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U i i i wa2025r00 p——
3a CueT Sr-90 A XHTEnelt [OMENsCKO OBACTH 110 AGHHbIM JATPSIHEHNS
TeppuTopuk Ha 01.01.2015

A Q0361 0BNyveHMR Ha 2025 r0L

3a cueT Sr-90 4nA XuTenei [oMensCKoli 0GNaCTH NO AaHHsIM
3aTPRIHEHHA TPPHTOHM 3a 1994 o)

PucyHok 6. MporHo3 cymmapHon M3/} obnyyenus Ha 2025 rog 3a
CYET Sr-90 ans xutenen fromenbCcKon 061acTy NO AaHHbIM 3arpa3He-
HUS TeppuTopuK 3a 1994 n 2015 rT.

y

IporHo3 2025 ron
3a cyer Sr-90 AnA ¥ATenei OMeNLCKoi 0GNACTH N0 AGHHBIM
3arpASHeNws TeppuTopuk Ha 01.01.2015

TIDOTHO3 NOXAIHEHHBIX OHKONOTHIECKIK PHCKOB OByveHws Ha 2025 ron
32 cHer S-90 AR XuTeneA FOMENLCKOR 0GNACTH N0 NaHHEIM
3aTpRIHENHR TEPPHTOPHM Ha 1994 ron

PrcyHOK 7. [porHo3 nomu3HeHHbIX OHKOJIOTMYECKUX PUCKOB 06/y4e-
Hus Ha 2025 ropg 3a c4éTt Sr-90 ana xutenen fomenbcKkon obnactu
Mo JaHHbIM 3arpa3HeHna TeppuTopun 3a 1994 n 2015 rr.

it 101080/ u Ha 2015 roa
33 c4et Sr-90 Ans xuTeneit FoMensCxoi 0GNACTH N0 AAHHBIM 3APAIHEHUS
TeppuTopun Ha 01.01.2015

'y a 2015 rog
110 AaHHLIM 3arpASHENNS
5

o " .
38 cve Sr-90 AnA xuTenei FOMeNbCKo o6nacTM
TeppTOpHM Ha 01:01.201

PucyHok 8. PacyeT cymmapHou N3/ n 4o3bl BHYTPEHHEro 061y4eHuns
3a cYéT Sr-90 ana utenen fomenbCKoW 061acTU MO JaHHbIM 3a-
rpsi3HeHus Tepputopumn 3a 2015 .

pameTpa ¢ nomollbio NporpammMbl Resrad nokasano, 4To cymmap-
Has fo3a 061y4eHus 6onee, Yem Ha 99 % onpeaenseTcs BHyTPEHHUM
065y4eHMEM. B CTPYKTYpe BHYTPEHHETO 06Y4YEeHNUS MHIranSLMOHHbIM
KOMMOHEHTOM MOXHO npeHebpeyb, a B 06/1y4eHUM 3a CHET NPOAYK-
TOB NWUTaHUa Npeobnajaet pacTuTenbHas KoMnoHeHTa (58 %), Bknaa
MSICHOM NpoAyKuuu coctaBnaet 34 %, MONOYHbIX MPOAYKTOB — 8 %.
YynTbiBas He3Ha4YWUTENbHbIV BKNAL BHELWHEro 061y4YeHns pesyib-
TaTbl KapTMpPOBaHUs cymmapHon MS/1 u [O3bl BHYTPEHHero obnyye-
HUS BU3yaslbHO HEOTIMYUMBI (puUC. 8).

TakuM 06pa3om, KOMMbOTEPHOE MoAeNMpoBaHue Ao3 obnyye-
HUS Y PUCKOB PaA3BUTUS OHKONOTUYECKNX 3a60/1eBaHNIM HaceneHns
no Sr-90 ¢ nomolybto Resrad Onsite npy MCNONb30BaHUK AaHHbIX 3a-
rPA3HEHUS TEPPUTOPUM Ha LOCTATOYHO yAaneHHOM ApYr OT Apyra ne-
puoae Bpemenn (1994 n 2015 roabl) aeT CXoXKMe pedynbraTbl. Mcnonb-
30BaHWe PeKOMeHA0BaHHbIX NapaMeTPOB HAaCTPOMKM NporpaMmel
Nno3BONAET Aenatb JOCTaTOYHO yBEPEHHbIE OTAANIEHHbIE NPOrHO3bI.
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