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ANALYSIS OF FACTORS AS OF RADON INDEX EXAMPLE OF VITEBSK
REGION

Abstract: The article addresses the issue of natural radioactive gas — radon. It is
shown that increasing the number of factors that determine the presence of radon in the soil,
increases the coefficient of correlation of the proposed measure radon and radon activity
concentration in the buildings of the rural settlements of the Vitebsk region. The resulting
radon indicator can be used to map the territory for radon risk in a large-scale version.
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AHAJIN3 ®AKTOPOB PAJJOHOBOI'O ITIOKA3ATEJISI HA IPUMEPE
BUTEBCKOM OBJIACTH

Annomayun: B cmamve  3ampacugaemcs — npobiema - ecmecmeeHHO20
PAaouoaKmuerHoeo 2asza — paooua. Illokasamo, umo npu ysenuyeHuu uucia Gaxmopos,
onpedensAiowux Hauudue paooHd 6 nouge, NOBbIUAEmCcs KodpduyueHm KopperayuoHHOU
Ces3U  NPedsloANCEHHO20 PAOOHOB8020 NOKA3amensi U O0O0beMHOU AKMUBHOCMU PAOOHA 6
nOMeWeHUsIX 30anUll CelbCKUX HACENeHHbIX NYHKmMo8 Bumebckoi obaacmu. I[lonyuenmwiil
PAOOHO8bIIL NOKA3aMeNb MOJNCeN UCNOIb308AMbCsL OISl KAPMUPOBAHUSL MEPPUMOPUU  NO
PAOOHOBOMY DUCK) 8 KDYNHOMACUMAOHOM 8apuanme.

Knrwouesvie cnosa: paoown, paoonoswiii nokazamenv, Bumebckas obaacme,
Kapmuposanue meppumopuil.

BBenenne. Pamon — paanoakTuBHBIM ra3, oOpasyouuiics B mpolecce
pPaAMOAaKTUBHOIO pacmaja B IIEMOYKE ECTECTBEHHBIX PaJMOHYKIHIOB CEMEICTB ypaHa H
topusi. CornacHo onenke HK/IAP OOH, pagoH u ero maoyepHue MNPOAYKTHI ONPEAEISIOT
npuMepHo 3/4 ro0BOM MHAMBHUIYaJlbHOM 3()PEeKTUBHOM 103bI OOIydEHMs], IMOJIydaeMOi
HAacCeJIEHUEM OT 3€MHBIX MCTOYHMUKOB panuanui [1]. PamoH, SBnssCch KOMIOHEHTOM BO3/yXa,
nmonajgaeT B JIETKME YeJIOBeKa Ipu  JbIXaHWM. BosjgeicTBue  o-M3Iy4eHHs Ha
BBICOKOUYBCTBUTEJIbHBIE KJIETKU JbIXaT€IbHON CUCTEMbI — OJIHA U3 MPUYUH BO3HUKHOBEHUS
paka. [lo omnenkam skcrieproB MKP3 00iydenue HaceneHus 3a cueT pajioHa 00yCIIaBIMBAET
10 20 % oOmiero koiauyecTBa 3a00aeBaHUi pakoM Jierkux [2]. EctecTBeHHBIN U30TOMN pajoHa
222Rn, sBnssch Hambonee JONTOKUBYIIMM (TIepuoj Mmonaypachana 3,82 1Hs), BMECTE C €ro
nouepHuMu Tpoaykramu pacrnanga ([I1P) BHocsT Hamboiiee CYIIECTBEHHBIM BKJIAaJl B
00JTydeHHE YeI0BeKa.
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[IpyHUIMIIMATBEHO HOBBIE MOAXO/ABI K OLIEHKE PaJOHOBOW OMAaCHOCTH U PagUuallMOHHON
3ammre OT pagona u ero JIIIP Obumn mokaszanel B [lyonmukamuu Ne 65 MKP3, 1993 r. [3].
OnHUM U3 OCHOBHBIX TE3MCOB JaHHOHM MyOiMKalMu SBISETCS HEOOXOAMMOCTh BBEACHUE
MOHATHSI U KPUTEPUEB ISl OLICHKH PaJOHOOMACHBIX 30H, YTO SIBJISIETCSI OYEHb Ba)KHBIM B
cllyyasix HEJOCTaTKa PecypcoB JUIsl MPOBEIACHMS IMOJHOMACIITAOHBIX HCCIENOBaHMH, Kak,
HanpuMmep, B benmapycu. M3BeCTHO, YTO OCHOBHBIM HCTOYHHKOM TOCTYIJICHHS pajloHa B
BO3JyX IOMELICHUN sBisieTcs mouBa [4]. YuuTbIBasg 3TO, MOXHO IIPOBECTU KAPTHUPOBAHUE
TEPPUTOPUU MO PAJTOHOBON OMACHOCTH C HCIIOJIB30BAHMEM T'€OJIOTMYECKUX MOKa3aTesei,
OTIpeNIeNAIONMX KOHIIEHTPALlMU pajJoHa, BBIICIUTh Haubojee paJoHOONACHbIE 30HBI U
MPEIIOKUTh HEOOXOAUMBIE IPOTUBOPALOHOBBIE MEPOIPUATHS.

Leabro HacTosmiel pabOTHI ABISUICA aHATU3 U3MEHEHHS KOPPESLMOHHON CBSA3H MPHU
YBEJIMYEHUM KOJIMYECTBA TIIOKa3aTesiel, ONpeAeNsIolnX Halu4yhe paJoHa B IOYBAX U
MOpO/aX, COYETAaHUE KOTOPHIX BBICTYMAET B KAdyeCTBE pPaJOHOBOIO  IOKa3aTels,
YKa3bIBAIOLIETO Ha CTENEHb PaIOHOONACHOCTH TEPPUTOPHUH.

Marepuanbl ¥ MeTOAbl HcCAeAOBaHUil. MarepuanamMu JUisi JaHHOM pabOTHI
ABIISTIUCH Pe3yibTaThl H3MepeHus: o0beMHON akTuBHOCTH (OA) pagoHa B THUIIHMYHBIX
MIOMEUICHUSAX CENIbCKUX HACEJICHHBIX MYHKTOB 15 paiioHoB BureOckoii obmactu. OTH AaHHBIE
OBUIM MOJY4YEeHbl IPU IIUPOKOMACIITAOHBIX 00CIIEI0BAHUSAX, BBIIIOJIHEHHBIX CHEIUAINCTAMU
HUU wmopckoit u mnpombiiieHHo Mmeauuuuel (r. Casxt-IletepOypr) [5]. U3mepenus
MIPOBOJIMJINCH B MOMEIIECHUSX CEIbCKUX OJHOATAXKHBIX 3JaHUM, B KOTOPBIX MOKHO 0XXHJIATh
MakcuMalibHble ypoBHU OA pasioHa, NOCTYNAONIIEr0 B OCHOBHOM U3 IOYBBI.

B uccrnenoBaHusiX HCIONB30BAJCA P KapT: JOUYEPHOOBLUILCKHME KapThl MOIIHOCTU
9KCNO3ULMOHHOM 103bl (MOJ]) Ha Tepputopun benapycu B mnepuon 1969-1985 [6];
reoJIOrM4eckue KapTel benapycu, Ha KOTOpBIX IMOKa3aHO PAaCIOJIOKEHUE MOPOJ U IOYB C
pa3IMYHBIM COJIep’)KaHUEeM ypaHa [6]; AaHHBIE MO MPOHUIAEMOCTHU PA3JIMUYHBIX MOPOJ JIs
panoHa [7]; THUOpOreosoruyeckue KapThl TeppuTopuu bemapycu ¢ riiyOMHamu 3ajieraHus
IIEPBOrO OT MOBEPXHOCTH BOJOHOCHOI'O FOPU30HTA [8].

Pe3yabTaThl ucciaenoBannii u ux oocy:xaenue. Cieayer oTMeTuTh, yTo OA pagona
B NIOMEIICHUSAX XHUJIBIX 3/JaHUHN SIBISAETCS BeCbMa BapuaOeNbHOW BEIMYMHOW U BO MHOT'OM
3aBUCHUT OT KOHCTPYKTHBHBIX OCOOCHHOCTEH M 3alIUTHBIX CBOMCTB 31aHuil. Eciu npuHsTS,
YTO B CEJIbCKUX HACEJIEHHBIX MyHKTaX MPeo0aaloT OJHOATAXKHBIE JEPEBSIHHBIC CTPOCHHS C
MPOCTHIMU (pyHIAMEHTAMH U JACPEBSIHHBIMH IOJAMHU, TO MOXKHO CUHTAaTh, YTO MOCTYILICHUE
paZoHa B IOMEILIEHUE ONpPENEINIEeTCS, B OCHOBHOM, CBOMCTBaAMM MOJCTHJIAIOIIUX HOPOI.
Hcxonss W3 3TOro, MOXKHO MPEIJIOKUTh B KAueCTBE PaJOHOBOIO IIOKA3aTessl BEJIUYUHY,
pPaBHYIO TIPOM3BEICHUIO IOKa3aTelNei, O0YyCIaBIMBAIOIIMX HAJIWYMSA pPajoHa B TOYBAX M
MOpPO/IaxX, B OTHOCUTEIBHBIX EAMHMIIAX: MOIIHOCTH J03bl JOUYEPHOOBLILCKOTO (hoHa, 3amac
ypaHa B TOYBax, MPOHUIIAEMOCTb TIOYB U MOPOJ JJIS paloHa, W TIYOHHY 3ajJleTaHus IepBOro
BOJIOHOCHOTO Topu3oHTa. [Ipn mo0aBieHMH KakIOTO U3 TMEPEUUCICHHBIX TMOKa3aTeleld K
MPEIBIIYIIAM OXHIACTCS yBeIHueHHe Kod(duumeHTa KOppesiuu MEXAy pPaJlOHOBBIM
nokazarenem u OA pajsoHa.

[To matepuanam usmepennit OA pajoHa, IpOBEIEHHBIX B ButeOckoi o0nactu, Obuin
olpezeIieHbl cpeiHepaiionHble 3HaueHus OA paznoHa.

[lepBpIM Ba)kHBIM TIOKa3aTesneM, KOTOpbIM cBsizaH ¢ OA pangona sisercss MOJI.
VY4uThiBas, YTO raMMa-(GpoH Ha MECTHOCTH ONPEJEIIAETCs, B OCHOBHOM, PAAMOHYKIHIAMH 3-X
€CTECTBEHHBIX PaJIMOAKTUBHBIX PSI0B YPAHOB M TOpHUs, a Takxke Kaiusi-40 (MOLIHOCTH O3Bl
OT KOTOPOro MpHHATA IMOCTOSHHON) — Konebanus MOl ompenensercs KOHUEHTpanuen
€CTECTBEHHBIX PaJMOHYKIUAOB B mouBax. Takum obpasom, MDJl MoxkeT omocpeaoBaHHO
yKa3bIBaTh HAa HAJIM4YUE PaJOHA.

st Toro 4To0bI HCKITIOUUTH BIMSIHUE UCKYCCTBEHHBIX PAJMOHYKINIOB, BHINABIINX HA
tepputopun  benapycu mocne aBapum Ha YepHoObuibckoii ADC B HCCIIEIOBaHMIX
HCIIOJIb30BAJIUCh 104epHOOBUTbCKHE KapThl MO/, 3HaUeHHs KOTOPBIX OBLIIM HOPMHUPOBAHBI Ha
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MakCUMallbHYyI0 BeanuuHy — 12 MkP/dac, mpunsryio 3a 1. [lo kaptam OblIM ompeneseHsbl
CPEIHEB3BEIICHHBIC 3HAYEHHMs OTHOCUTEIBHOrO Mmokasaresnss MOJ[ g ucciexyeMblx
paifoHoB Burtebckoit o0nacrteit, mocie 4ero Ol MPOBEICH KOPPESAILMOHHbIN aHaIU3 JaHHBIX
JUISL OTIpENIETICHUS CTENIEHN U XapakKTepa CBsI3u nosyuuBiuxcs 3HaueHnii MO/l u OA panona
B [TIOMEILEHUAX CEIBCKUX 31aHUM.

KoapduumenT nuHeiHON Koppensiiuy, yKa3blBalOUIMi Ha CBA3b CPEIHEB3BELICHHBIX
3HAYCHWH OTHOCUTEIBHOTO TMoKazatens MOJ| nns wuccienyemblx pailoHOB BurteOckoit
obmactu u cpegHepaiionHbix 3HaueHuit OA panona, coctasui r = 0,48. Mimeet Mmecto cpeanss
mo cuie, mpsmas cBsa3p mokazatens MOJl u OA pamoHa. DMmupuyecKkoe 3HAYCHHUE
t-KpUTEpUsL HE NPEBBIIIAET CTATUCTUYECKOE 3HAUEHHUE IIPU ypoBHE 3Hauumoctu p > 0,05 —
KOppeJsIIus SBISETCS HEe JOCTOBEpHOM. TakuM 00pa3oM, MOKa3aHo, YTO MPHU UCIOJIb30BAHUU
TOJIbKO OJTHOTO TTOKAa3aTelisi MOXKHO JaBaTh JHIIb NPUOIM3UTENbHYIO oleHKy OA panoHa B
MOMEIICHUIX 3MaHUI.

Crnenyrommm mnokasarenem, onpenemnsaiomuM OA paznoHa, sBIsSETCS 3amac ypaHa B
nousax u nopogax. [IpuHuMas Bo BHUMaHUE, YTO ypaH SIBISETCS MaTEPUHCKOW MOPOION st
o0pa3oBaHUs paZioHa — KOHIIGHTPALMU ypaHa B MOYBaxX OYIYyT OIpENeNiTh COACpKaHHE
pazioHa U Kak cienctaue ero OA.

Bouto BeIAENIEHO 9 Te0nornuecKux Mopos, CylecTBYIOIUX Ha Tepputopun benapycu,
pasnuyaromuecs Mo ypoBHIO cojepxkaHus ypaHa [9]. OTu maHHble ObLTM HOPMHUPOBAHBI Ha
3HAaUEHUE MAaKCHMAJbHOIO COJAEpXKaHMWs ypaHa B Iopojae (IVIMHA), HOPUHATOE 3a 1 u
OTIpe/ieNieHbl CPEHEB3BEUICHHbIE 3HAYEHHMsI OTHOCHTEIBHOIO IOKa3aTelsl 3amaca ypaHa B
noyBax il Kax10ro u3 paiioHoB. IlomydyeHHblii MaccuB JaHHBIX ObUT 100aBJIEH B KayecTBE
COMHOHTENIS K 3HA4YEHWSIM OTHOCHTENIBHOro mokasarens MO/, u mnposeneH
KOPPEJSIUOHHBIM aHalu3 JaHHBIX JJI ONPEJCNICHUs CTENEHU M XapakTepa CBA3U
MOJIYYMBIIUXCS 3HAYEHUN PaJOHOBOrO IOKa3aTelnsi (COCTOSIIEro W3 CpPeJHEB3BEIICHHBIX
3HAUYECHUM OTHOCHUTENBHBIX Mokazarened MOJ| u 3amaca ypana B mouBax) u OA pagoHa B
MOMEILIEHUSAX CENTbCKUX 3TaHHM.

Koaduument nuHEHHOW KOppelsuud IOJyYeHHOTO PaJOHOBOrO IOKa3aTens u
cpenHepaiionHbix 3HaueHnii OA panona, coctabui r = 0,54. FiMeeT MecTO CpeliHssl MO CUJIe,
npsiMasi CBs3b JaHHOTO Tokasatenss u OA pamona nns paiioHoB Butebckoii oOmactu.
DOMIIMpUYECKOe 3HAa4YeHHE t-KpUTEpUsl NPEBBIINIAET CTATHUCTUYECKOE 3HAUYEHUE TPU YPOBHE
3HaunMocTu p < 0,05 — Koppensaus siBAsSeTCs JOCTOBEPHOM.

HeoOxonuMo Takxke y4uThIBAaTh, YTO IKCXAJSAIUS paJioHa 3aBUCHUT OT NMPOHULIAEMOCTH
MOYBBI, KOTOpask B CBOIO oOdepeab B OOJbIICH CTENeHH 3aBUCHT OT Koddduuumenra
¢bunbpTpanuu pagona B rpyHtax [10]. Ucxoas u3 toro dakra, yTto mepuoi Moiypacrana
pagona 2*’Rn cocTaBiseT okono 3,8 CyTOK, CKOPOCTb €r0 TPOXOKICHHUS depe3 CIOH MOUBBI
(koTopast ompenensercs KodpdurueHToM (UIBTpPAIIMHM) HWMEET Ba)XKHOE 3HAYCHHUE, W
oOycnaBnuBaeT kKoHeuHYI0 OA pajioHa B TOMEIICHUSIX 3/IaHUH.

3naueHus kKodpduimenta QuiabTpauuu ObBUTM HOPMUPOBAHBI HA MaKCHMAIbHYIO
BEJIMYMHY (TecyaHO-TpaBUiHAs CMeCh), MpUHATYIO 3a 1. OmnpeneneHsl CpeHEB3BEIICHHbIE
3HA4YEeHUs OTHOCUTEIBHOIO IMoKa3aTens KodpduuueHTa (UIbTpallud paJoHa B MOYBE IS
Ka)KI0ro U3 paiiloHOB. 3HAUEHHUS MOKa3aTess KodQpPuiueHTa GuibTpauuy OblIu 100aBIEHbI B
KaueCTBE COMHOXKUTEJNS K TIOJTyYEHHOMY MPOU3BEJEHUIO CPEIHEB3BEIIEHHBIX OTHOCUTEIbHBIX
nokazareneit MO/ u 3amaca ypana B mouBax. Ilocie 3Toro mpoBeleH KOppensMOHHBIN
aHaJIN3 JJI ONPEJEIICHNs CTENIEHN U XapaKTepa CBA3YU MOJYyYMBIINXCSA 3HAYEHUH paJlOHOBOTO
nokasaressi (COCTOSILEro W3 CpPEAHEB3BEIICHHBIX 3HAUYEHUH OTHOCUTENIbHBIX IOKazaTenei
MD3/], 3amaca ypaHa B mouBax, kodpdunuenta punptpanun) u OA pajoHa B MOMEMICHUIX
CEJIBCKHX 3/IaHUM.

Koapduuuent nuHelHONW KOppeNslUM, YKa3bIBAIOUIMA Ha CBA3b 3HAYCHUH
MOJIYYEHHOTO PaJIOHOBOTO MOKa3aTelsd U cpelHepalloHHbIX 3HaueHuit OA panoHa, COCTaBUII
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r = 0,66. meer MecTo cpenusisi o cuie, npsMasi CBA3b JaHHOro nokasatens u OA pajnoHa
JUIsL MCClleAyeMbIX paiioHOB Burtebckoil obiactu. DMmnMpuyeckoe 3HauyeHue t-KpuTepus
MPEBBIIIAET CTAaTUCTUYECKOE 3HAY€HHWE NpH ypoBHE 3Hauummoctu p < 0,05 — xoppensuus
SIBJISIETCS] JIOCTOBEPHOI.

Takke, BaXXHbIM (PAKTOPOM, ONPEICISIIOIIUM KOHIIEHTPAlUM pajioHa, SBIAETCS
YPOBEHB 3aJIeraHus NIEPBOr0 OT MOBEPXHOCTH BOJOHOCHOrO ropusoHTa. Ilpu yposne B 1-2 M
OT TIOBEPXHOCTH — MOYBEHHBIN PaJIOH MOYTH MOJIHOCTHIO MOIJIOIIAETCS, a IPU ypOBHE OoJiee
10 M — Bech BbIICIICHHBINA PaJOH OCTAeTCsl B TOUBEHHOM Bo3ayxe [11].

3HaueHus MIyOUHBI 3aJIeTaHus IEPBOTO BOJIOHOCHOTO FOPU30HTA ObUIM HOPMUPOBAHbI
Ha MakcuManbHylo BenumumHy (10 ™M), mnpunatyro 3a 1. Ilocme ompeneneHs
CPE/IHEB3BEIICHHbIE 3HAYEHHUs] OTHOCUTENIBHOTO IIOKA3aTessl YpOBHS 3aJIeTaHUsl IEPBOTrO
BOZIOHOCHOI'O TOPU30HTA ISl KaKAOr0 U3 pailoHOB. 3HAUYEHUs M0KA3aTelsl YPOBHS 3aJeTraHus
MEPBOr0 BOJOHOCHOTO TOPHU30HTAa ObUIM J100aBIE€HBI B KAaueCTBE COMHOXHTEIS K
MIOJIyYYUEHHOMY IIPOM3BEACHUIO CPEIHEB3BEIICHHBIX OTHOCUTENBHBIX MoKaszaTened MO/,
3amaca ypaHa B TouBaX, kodddummenta ¢unabTpanuu. Ilocme s3Toro mpomeneH
KOPPEJISILIUOHHBIA aHAIU3 JUIsl ONPEACICHHS] CTENEHU M XapaKTepa CBSI3U IMOTYYUBIINXCS
3HAUYEHUN paJOHOBOrO TOKazaTess (COCTOAILIErO0 W3 CPEIHEB3BEIICHHBIX 3HA4YE€HUUN
OTHOCHUTEINIbHBIX Moka3aTeneii MOJI, 3anmaca ypana B mouBax, kodd¢uimenta Gpuibrpanuy,
YPOBHS 3aJieraHusl IEPBOTO BOJOHOCHOTO Topu3oHTa) U OA pajioHa B TOMEIIEHUSX CETbCKUX
3naHuil. MToroBelii Tpaduk ITaHHOM KOPPENSIHMOHHON CBS3H, OOpa30BAHHOM YETHIPbMS
KOMITOHEHTaMH PaJIOHOBOTO IMOKa3aTes, MpecTaBlieH Ha (puc. 1).
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PapoHoBbIN NOKa3aTernb, OTH.eA.

Pucynok 1 — 3aBucumocTs cpeqHepaiioHHbIX 3HaYeHuii OA paoHa B NOMEIIECHUSIX OT
pagonosoro nokasarejasa (M - U - F - W),

Koaddurnment nuHEHHON KOppenmsuuH, YKa3blBAIOMIMKA Ha CBS3b 3HAYCHUU
MOJIYYEHHOTO PAIOHOBOTO IOKAa3aTelsl IS MCCIEAYeMBIX pailoHOB BurteOckoii obmactu u
cpenHepaiioHHbIXx 3HaueHud OA pagona, coctaBui r = 0,73. Mmeetr MecTo cuiibHas, npsmast
CBSI3b JaHHOTO TNokazarens 1 OA pajoHa. DMOUPUUECKOE 3HAUCHUE t-KPUTEPHs MPEBHIIIACT
CTaTHCTUYECKOE 3HAu€HUEe Mpu ypoBHE 3Hauumoctu p < 0,05 — xoppensauus sBIseTcCs
JIOCTOBEPHOM.
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3akarodenue. [IpennoxeHHbIA palOHOBBINA MOKAa3aTeNb UMEET JOCTATOUYHO CHUIBHYIO
U JIOCTOBEPHYIO CBsi3b cO 3HaueHusiMu OA pagoHa B TOMEIICHUSX 3JMaHUN. JaHHBIN
MOKa3zaTedb YUYUTHIBACT IWENblii psag  (HakTOpOB U MPUBEIACHHBIE KOPPEISLHUOHHBIE
3aBUCHMOCTH I1OKa3bIBAaIOT, YTO YBEJIMUYEHUE UYHUCIA MOKA3aTeslel, OoNnpeAesionuX Haludue
pagoHa B TMOYBaX M TMOPOAAX, 3HAUUTENHHO TOBBIMIAET KOIPPUIMEHT KOppEsIuu
PaJOHOBOTO TIOKAa3aTelii M CHocoOCTByeT Ooisiee TouyHOM omeHke OA pamona. Takoi
MOKa3aTellb CIYXUT OCHOBOW Mg ompeneieHus paaoHoonacHoctH Tepputopund. C ero
MMOMOIBI0  MOXHO  ONPENENUTh Teorpaduyeckoe IOJOKEHHE  KPUTHUCCKUX  30H
PaJOHOONACHOCTH U COCTaBUTh TEMATHYECKUE KapTbl 3TUX TEPPUTOPUN IO PaJOHOBOMY

PHUCKY.
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