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WCCNEAOBAHUE MEXAHU3MOB MOCTYTUIEHUA PALLOHA B 30AHUA
1 QQPEKTUBHOCTHU SALLUTHBIX MEPOMPUATUN

B coepemeHHOM xunbe (0cO66HHO HOGOM) NpUCYMCMeyem WuUpoKuii criekmp epedHbix, a nodvac — U oracHbIX
¢ghakmopoe pusuveckol u xumuveckold npupodel. Ho HauGonewyio yzpo3y 300poseio Yenosexa, 6@3ycrioeHo, Hecem
uoHU3Upylowee usnyverue (M), MNpobnema cHuXxeHUA 003bl 0BMyYeHUS! HaceneHus ucmoYyHukamu M akmyanesHa
no npu4yuHe omcymemeus besonacHeix yposHel paduayuu (6ecriopozoebiil xapakmep delicmeus).

Gonbwyo vyacme 2odoeoli do3sl paduoakmueHozo obnyveHus (om 70 do 95%) HaceneHue Poccuiickol
Dedepayuu nonmyyaem 6 Xunbix U cnyxeGHbIX noMeuwjeHusx om padoHa u ez20 0oyepHux npodykmoe pacnada.
YpoeHu padoHa e NOMeWeHUsX UCMLIMbLIGaIOM Cepbe3Hble 6PEeMEHHbIe (CYMOYHble U Ce30HHBIe) U
NpoCMpaHcmeeHHble eapuayuu, Ymo 3ampyoHsem onpedeneHue cpedHezodoeoli akeusaneHmMHol pasHosecHoU
obbemMHol akmusHocmu — HOPMUpPYeMo20 fokasamens codepxaHus padoHa e eo3dyxe rnomeweHud. B mo xe
epems, Haubonswan aggekmusHocms NpomueopadoHosbIX Meponpuamull docmuzaemcs 8 moM criyvae, koeda
OHU peanusyiomea MaKcuMasnnsHo 6/IU3KO K UCMOYHUKaM nocmynneHus padoHa e noMeuweHus.. B cmamee nokasaHo
pasnuyue MexaHu3Moe MoCmyrnneHuss padoHa € MOMEWEHUS HUXHUX U sepxHux smaxeli adanull, npouseedeHa
oyeHka aghgheKmueHOCMU 3aWUMHBIX Meponpuamull 0ns nomeweHull ¢ 8bICOKUMU yPOSHAMU padoHa.

Knrovyeenle crioea: akonozsuyeckas 6e30M1acHOCMb, Xusblie U obuecmseeHHsle noMeweHus, padoH, doyepHue
npodykme! pacnada, o3a, 3auumHbie MepPONPUAMUS.

Xwusep Gonbmreit gacTH HaceneHus PP HBIX YpOBHeH pamuanuy (6ecnoporoBeli Xa-
HEpa3phIBHO CBf3aHA C TOPOJOM, IpHYEM paKTep AcHCTBHA).
ypOaHU3HPOBaHHbIE TEPPHTOPHH  CyIIe- CoBpeMeHHEIMH HCCIICJOBAaHHAMHE [4 —
CTBEHHO YCHUIMIIH B3aMMOICHCTBHE 9eJIOBE- 8] ycraHOBIIEHO, YTO OCHOBHas J03a 00my-
Ka ¢ npupoaHoi cpenoit [1]. Cormacro [2], uenna HaceneHus (ot 70 mo 95%) dopmupy-
or 18 no 50% npuvmn 3abomeBanmit 00y- ~  €Tcqd B 3aKpPHITHIX IOMEINEHHSAX 32 CYET pa-
CJIOBJICHB! Ka9E€CTBOM OKpYXKalome# Cpejsl. JOHA W €ro JOYEpHHX MPOAYKTOB pacraja
A TIOCKOJIBKY COBPEMEHHEBIM Y€JI0BEK B IO (JIIP). bnaropoaHslii ra3 pafgoH (OCHOBHOH
oxojo 7000 9acoB MPOBOAKT B MOMEINEHHSIX m3oTonm — “’Rn) mpakTHYecKH Ge3omaceH
(5000 B xmmex m eme 2000 — B cmyxe6- A7 4enoBeka, oH popmupyer He Gonee 2%
HBEIX), TO Ka4deCTBY BHYTPEHHEH Cpesl Jl036I BHyTpeHHero obmydenms. Ho pacma-
HOJKHO YNENATECS HEe MEHbIIee BHHMAaHHE, Zasch B BO3[yXe IOMEIICHHH, OH oOpasyer
9E€M COCTOSIHHIO T'OPOJCKAX TEPPHTOPHIL. HOHH3HPOBaHHEIC KopoTkoxwuBymue IIIP,
Tem Gonee, uYTO yNayYIneHHe KMIMINHBIX KOTOpBIE SBJIAIOTCS THOKEIBIMH METaUIaMH.
YCIIOBH# BEJIET K MOBHIIEHAIO Gl1arococro- Otu JIIP amcopbupyioTcs Ha MEIKOIMC-
SIHMS HACEJIEHHS, a 3TO — MpeIIOoChUIKa CO- MEPCHOH MNBUTM H a3po30/IX KOMHATHOI'O
LHATBHON U 3KOHOMHYECKOM CTaOHIIEHOCTH BO3[yXa, NONAJAlOT B JIETKHE NPH AbIXaHUH
rocynapctsa [3]. H II0 OpHYHHE MAJIoro IepHoja noaypacna-

B coBpemenHOM xmibe (0co6eHHO HO- Jla HE YCIEBAIOT BEIBECTHCh H3 HMX, HCIIEBI-
BOM) IPUCYTCTBYET IMMPOKHH CIIEKTP Bpea- THIBad TaM Ienodky ambda- um Oera-
HBIX, @ OYac — M ONacHEIX ¢dakxTopoB du- pacnanos. Iloaromy fo3a obiydeHus B mo-
3UYCCKOH M XuMudeckod mpupoxsl. Ho MCINECHHAX HE B IOCJIECIHIO O9Yepeb Oompe-
HauOONBIIYIO Yrpo3y 3J0POBHIO YEJIOBEKA, AENAeTCs YACTOTOH BO3AyXa BHYTPEHHEH
6e3yCnoBHO, HECET HOHU3UPYIOIEE H3Tyde- Cpensbl.
mue (MH). IIpobnema cHmxeHms 10381 06- Hopmuposanue o6IydeHHs HacelICHHS
TydeHHs HaceleHHs Hcrounwkamm MU ak- panonoM B PO ocymecTsisercs 1o cpenHe-

TyanbHa IO IPHYHMHE OTCYTCTBHA Oezomac- TOZOBOM 3KBHBAICHTHOM PaBHOBECHON 00B-
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eMHOH akTHBHOCTH (OPOA), BelmumHa KoTo-
poil He nomkHa mpessmars 200 B ms
9KCIUTyaTHpyeMBbIX 3nanuit u 100 Bx/M® — pia
MPOEKTHPYeMBbIX (coriacHo Hopmam pamma-
muoHHOH GesomacHoct HPB-99/2009). ITo
CYTH, IaHHbIC BEIHYMHBI SBISIOTCA Ipe-
ACITBHO NOMYCTHMBIMH YPOBHAMH pajOHa B
NIOMCIIEHUAX, YTO YyKe caMo mo cebe mpo-
THBOPEYHUT OECIOpOroBO#l KOHIENIHH Heii-
CTBHA paJHaLUH.

Jna ypoBHel pamoHa B KANBIX ImOMe-
IICHUAX XapaKTEPHEI 3HAYHTENBHEIE CYTOY-
HEIC M CE30HHBIE BapHAIlMH, 9TO 3aTPyIHSET
KOPPCKTHOE OIIPEACICHHE CpPEeXHEeroJ0Boi
BenmuuHEl OPOA. ITostoMy, ¢ memsio om-
THMH3AIHMK 3aI0UTHL OT O0JIyYeHus B 3[aHH-
SIX, PAAOM YYEHBIX IpeUIaracTcs HCIOIb30-

BaTh CPEIHEroJ0Bok pedepeHTHEIN YPOBEHD

(PY) B emuHHMmIax o6BEeMHON aKTHBHOCTH
(OA) panora B 200 Bx/m> (80 — 100 Bx/n® B
exununax OPOA) [9, 10].

OTnensHBIM acmekTOM sBJISETCA IIPO-
GiieMa BO3/IeHCTBHS paJoHa Ha JETCKHN op-
TaHU3M, IIOCKOJIbKY J03a OOJIy4eHHs CyIme-
CTBEHHO 3aBHCHT OT Bo3pacTa. OTHOCHTENh-
HBI PHCK Da3BUTHS paKa JIETKOTO B Pe3yJIb-
Tare o6myaenns JTIP panona y aereit go 10
JI€T BBIIIE, 9€M y B3pocisix [11].

I'naBHo# 3ajmagedt paamanMoHHOrO MoO-
HHTOPUHTA 3[aHUN H COOPYXEHHH SBIASTCH
ONIpeJIeNICHHE [OMUHMPYIOMEro MEXaHu3Ma
H OCHOBHOTO HCTOYHMKA IOCTYIUICHHS pa-
AoHa.  PanoHO3amMTHBEIE — MEpONPHATHS
HaubGosee 3 PEeKTHBHEI B TOM CITydae, KOrAa
OHHM DPEAM3YIOTCA MaKCHMAaIBbHO OIH3KO K
OCHOBHOMY HCTOYHHKY IIOCTYIUIEHHS, a
3HAHUC NOMUHHDYIOMEro MeXaHH3Ma II03-
BOJII€T ONPEJEIHMTE CPETHETONOBYIO BEIIH-
uuHy DPOA ¢ mocrarodroil TOYHOCTBIO.

B pamkax pansanuoHHOro MOHHTOpHH-
ra 3acTpo¥km ropopaa Jlyramcka GBUTO BEI-
MOJIHCHO mopsaxa 2500 u3sMmepeHuit, U3 HUX
Gonee monoBuHEI — B HoMmemenusx Jlyras-
CKOr0 TOCYAapCTBEHHOIO YHHBEPCHTETA
umenn Tapaca IlleByenxo m AomKOMBHBIX
o0pasoBareNbHEIX  yupexaeHEsx (JIOY)
Haubonee pamoHoomacHoro Kamermo6posn-
CKOTro paitoHa ropoja.

Usmepenns OPOA pamoHa npoBOjH-
JIHCh METOHOM (HIBTPOB IPH [IOMOIIM pa-
maomerpa JIIIP pamoma «ATJIEI-1Mby,
npubopHas uor;;emnocn KOTOpPOTO COCTaB-
mana £ 5 bx/m”. JiA McclenoBaHus IUHA-
MHKH B pazimoMeTpe ObLI pealn30BaH airo-
PHUTM OUKIMYECKHX H3MEPEHUH Oe3 3aMeHEI
¢bunsTpa, MO3BONABIMIA pPEryIHMpOBATh Ie-
PHOOMYHOCTh H3MEPEHHH U 00BeM IpoKaYH-

Cpoagiareom b g 18 1) (BAEMOTO  BO3IYXa, H3Y4YaTh MEXaHHW3MBI IIO-

CTYIUICHHs PafoOHa B IIOMEINECHHS,

PesyneTaTel HCClemOBaHHM MOKa3ald,
9YTO OCHOBHBIM HMCTOYHHKOM IIOCTYILUIEHUS
PajioHa B MOMEIIEHHUS HIDKHETO 3TaXKa ABJIsi-
€TCs Mo4YBa IOJ 3JaHHeM, a Ha BEPXHHX
9TaXaxX — BBIIEJICHHE PafOHa H3 CTPOUTEIb-
HBIX MaTepHaioB. Bricokue akTHBHOCTH pa-
JI0Ha PErHCTPUPOBAIHCH U Ha BEpXHHX 3Ta-
XKax 3[aHu#, YTO CBHIETENLCTBYET O BOBIIE-
YEeHHH pajioHa B OBMXKEHHE BO3IYIIHBIX I10-
TOKOB BHYTPH 3[IaHHS.

IIpu nccnenoBanuu CyTOYHOM JMHAMH-
KM IIOCTYIJICHHS pajloHa Ha HIDKHHX 3Ta)Kax
3/IaHAi Yalne BCETo HaOIOAaICs OQUH Mak-
CHMYM B IIPOH3BOJIBHOE BPEMs CYTOK, H3Me-
HeHHs OPOA He KOppenHpoBaid ¢ H3MEHeE-
HHAMH pPa3sHOCTH TEMIepaTyp BHYTPH H
CHapy>XH noMemeHnsA. Ha ocHOBaHHH 3TOro
MOXHO CJIeJIaTh BBIBOJ O 3aJIIOBOM IOCTYII-
JICHAH DaJIOHa B IIOMEMIEHUS HIDKHErO 3Ta-
ka. B To e Bpemi, 1A moMemeHn# BEpX-
HHX 9Taxe# mmen mecto Bexox JPOA pa-
JI0Ha Ha HaCBHIOIEHHE B TEYCHHE IBYX-TpeX
YacoB IIOCJIC Hadaja U3MEPECHHHA M [ajlb-
Helie He3HAYUTENbHBIC KoebaHus ypos-
HEH OKOJIO NAaHHOI'O 3HAYEHHS, YTO MOXKET
CBHIETCIILCTBOBATE O auddy3noOHHOM Me-
XaHH3ME IOCTYIUICHHAS.

Ha Bemraury ypoBHeil pajioHa onpese-
JICHHOE BJIMSHHE OKa3BIBACT CTEIEHb repMe-
THYHOCTH OOOJIOYKH 3[aHWI — IIOMEICHHS
HYDKHHX 3TaX€H ¢ OKOHHBIMH OrpakACHHs-
MH B BHJIC CTEKIIONIaKeTa HMEITH YPOBHH pa-
noHa Ha 10 — 15 Br/M> BemmE. O6paboTka
PE3yJIbTAaTOB H3MEPEHHH II0 BCEM ILMKJIAM
HM3MEPCHHUH JNana CHeAyIOmHUE pe3yibTaThl:
cpemueronopas DPOA pamona B momermme-
HHSX YHHEBEpCHTeTa — 553 + 3,8 Br/M;
MOIMHOCTE JO3BI I'aMMa-H3IMyd4eHHs CTpOH-
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matepuanoB — 0,102 + 0,002 mx3p/4. I10
COOTBETCTBYET T'OZOBBIM J03aM OOMydeHHS
1,32 m38 ot HAIIP pamona u 0,20 M3B or
raMMa-u3JIy9eHds] E€CTECTBEeHHBIX pajHo-
HYKJIUJIOB, COAEPIKAIHUXCA B CTPOHTEIBHBIX
Marepuanax.

Bpewms npeGpBaHus B MOMEIEHAAX YHH~
BepCUTETA MPUHAMATOCE paBHbM 2000 wrogz,

IIpY TIEPEXOIE OT SKCIIO3UIMH K J03e obmyde-

HHS pPaJOHOM HCIIONB30BAICA KOHBEPCHOH-
HBI MHOX#HTENS 11,9 H3B/(BK“I/M3), KOCBEH-
HO NPHUBEICHHBIA B CTaHAapTe O€30MacCHOCTH
«3ammra HaceNeHUA OT IPUPOJHBIX HCTOTHH-
KOB H3JTydenus B 31anmsx» (DS421) [12].

Wamepernss OPOA, BBINOJIHEHHBIE B
HAOY Kamennobpoackoro paiioHa, MOKa3aln
BEICOKHE YPOBHH paJioHa B TpeX M3 HHX
(Tabm.).

Pesynsrars! pampannoraoro MoraTopuara JJOY

3POA, | M lwow, | MOMlys, | ['omosax
HON aapee Br/M> MK3B/4 MK3B/4 | mo3a, M3B
JAOV «Scma-camuk Ne 57», yn. Pyns, 91 220,7 0,115 0,125 5,53
«derckuit cag Ne 10», yi. Pyns, 73, a 165,7 0,105 0,125 4,20
A0V «Slcma-camuk KOMOMHHPOBAHHOTO THIA
6,09
Ne 55, yi. 21-ro Miona, 54 444, 8,110 Ui ’
AYY «cnu-cagux Ne 97», yn. Aprema, 100 27,0 0,115 0.125 0,92

IIpu pacdgere romoBoH HO3BI BpeMA
npeOpIBaHUA AeTel B IMOMEINCHHH IIPHHH-
Manock 2000 w/rox u eme 400 w/rox — mpe-
6uiBaHue Ha Tepputopuu JJOV.

HccnepoBanne 3P HEKTHBHOCTH MPOTH-
BOPaJOHOBBIX MEpOIPHATHA IPOH3BOIH-
JIOCH B YacTHOM >KHJIbE, YPOBHH pajloHa B
KOTOPOM COOTBETCTBYIOT cpemamM mo Ka-
MeHHOOpoACKOMYy padoHy. OOBeKT Hccite-
JOBaHUS MPECTABILUIT ABYX3TaXKHOE 30aHHUE,
(byHnaMeHT — GeTOHHAsA OTMOCTKA Ha mebe-
HOYHOM OCHOBaHMHM, cpexaue DPOA mpen-
craByieHsI Ha puc. 1. IloBenmennas pagoHo-
onacHocTe Kamenrno6poackoro paiioHa, 1mo-
BUIUMOMY, OOBICHAETCS BHICOKOM Tpemu-
HOBATOCTBIO (POPMHPYIOMIEro MOACTHIANO-
HIy:O TOBEPXHOCTh MEPreiil U MPHUCYTCTBH-
€M cpasy IByX pa3ioMoB CeBepOmOHEKOro
HaIBUTA.

OnmaumM u3 HauGonee 3G HeKTUBHEIX Me-
TOJIOB IIPOTHBOPAJOHOBOM 3AINUTHI SBJIAET-
¢ BeHTHANMA. Cornmacuo [13], ans obec-
neyeHus 6e30IacHOro YpoBHs pajoHa B IO-
MEIIEHHUAX NOCTATOYHO 00eCedHuTh KPaTHO-
cTBIO BO3AYX006MeHa 0,5 uac™. Mccnenona-
HHE 3(G(EKTUBHOCTH €CTECTBEHHOH BEHTH-

JSIMA TIPOU3BOAMIOCE CleAyIomuM obpa-
30M: HEMOCPEACTBEHHO IIOCJIE H3MEpEeHHs
akTuBHOCTH pamoHa (DPOA, = 392 Br/n,
thox = 21°C) oCymecTBIIIOCH NPOBETPHBA-
HHE XWIOr0 NOMEIIEHHs Ha NpoTskeHAn 30
MHH IIpH TEMIIEpaType Hapy»KHOIO BO3yXa
teos = 2,6°C. B panpHeHmeM H3MEpEeHHS
OPOA panoHa BEITOMHSUTHCE C HHTEPBATIOM
B OJWH dYac, AWHAMHKa €¢ B IOMEIICHHH
npeAcTaBiIeHa Ha puc. 2.

[IpoBeneHHBIE HCCIENOBaHUA I103BO-
JISIOT CHAENaTh CIEAYIOIAE BBIBOJIBI:

1. OCHOBHEIM HMCTOYHHKOM IIOCTYILIE-
HAS pajJoHa B YaCTHOE JXHWIbE SBIACTCA
moyBa IOA 3JaHHEM, Ha BEPXHHX JTaXxax
MHOTOSTXKHBIX 3[aHWM IpeoOiagaer 5Ma-
HHPOBaHHE PaJIOHA M3 CTPOUTENLHEIX MaTe-
pHAJIOB.

2. Uccnenoparue B JII'Y mmenn Tapaca
ITlesuenko nmoxazamm, aro 87% romosoii xo-
3BI, MOTy9aeMON CTYJSHTaMH H COTPYIHH-
KaMH B IOMEIICHHUAX, (POpPMHUpPYET pamoH H
ero JIIP, ocransHOE IPpUXOAUTCA HAa raMMa-
H3Iy9CHHE MaTEpHANIOB  OrpaxIarolux

KOHCTPYKIIHHA.
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Puc. 1. CpegHue yposHu papoHa B o6bekTe uccnenosanHns
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Puc. 2. K ouenke acpdektusHocTy €CTEeCTBEHHOI BeHTUNALUuM

3. UsMeHenWe axTmBHOCTH panoHa B
BO3MyXe NOMEINECHH HOCHT CIIOXHEIN arme-
PHOIMYECKHHA XapakTep, Majo coriacyro-
IIHHCS C I3MEHEHHEM PasHOCTH TeMIIEpaTyp
BO3NyXa CHapy>XH U BHYTPH IIOMEICHHS.

4. IIpoBetpuBanme sBsteTCY A0CTaToY-
HO JDOEKTHBHBIM MeTomoM CHEKeHHs
OPOA panona B Bo3ayxe momemenwit. IIpu
[POJIOJDKUTENBFHOCTH NIPOBETPHBAHAS B 30
MHH HCTPEBBIIICHHE HALMOHAILHOIO KOH-
TPOIBHOTO ypoBHS OBUIO o6ecredeHo Ha
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11,5 wacos, a g BOCCTaHOBIICHHS TeMIIe-
PaTypHOro pexuma B IOMENICHHH 1norpe6o-
BaJIOChk MeHee 45 MHH,
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INVESTIGATION OF THE RADON TRANSPORT MECHANISMS IN BUILDINGS
AND THE EFFECTIVENESS OF PROTECTIVE MEASURES

At r_'nodem housing (especially new) there is a wide range harmful, and sometimes - and dangerous factors of
thg physical and chemical nature. But the greatest health hazard of the person is bom, certainly, by the ionizing ra-
diation (IR). The problem of decrease in a dose of radiation of the population sources of Al is actual on an absence

reason of safe radiation levels (nonthreshold nature of action).
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Most of the radiation annual doses (70 — 95%) the Russian Federation population receives in public spaces and
dwellings from radon and it progeny. Indoor radon levels has the serious temporal (diumal and seasonal) and spatial
varniations. As result, is the difficult determination of the annual average equivalent equilibrium radon concentration —
the main characteristic of the radon content in the indoor air. At the same time, the highest efficiency of radon safety
measures is achieved if they are implemented nearest to the sources of radon in the premises. The article shows the
difference of the radon transport mechanisms in the lower and upper floors apartments, evaluated the effectiveness

of protective measures for buildings with high radon levels.

Key words: environmental safety, dwellings and public spaces, radon, progeny, dose, safety measures.
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