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ITPOBJIEMU PAOIAIIINTHOI BE3ITEKA HACEJTEHHS, SIKE
3A3HAE OITPOMIHEHHA BIJA ITPUPOJTHUX JI2KEPEJI
(ormsig JiTeparypn)

MpoBeAeHO aHani3 HayKoBOT NiTepaTypu 3 METOIO y3araNbHEHHSA faHWUX 6araTopiYHUX AOCNiAXKEHb ONPOMiHEHHS Hace-
NIEHHS MPUPOAHUMU AXKEpenaMu i0Hi3y4oro BUNPOMiHIOBaHHA. 3 METOK OLiHKW Cy4yacHOro cTaHy npobnemu 3abes-
nevyeHHs pafiauiinHoOro 3aXMCTy HaceNeHHa YKpaiHu Bif NpUPOAHMX AXepen BUNPOMiHIOBaHHSA NpoaHanizoBaHO Hay-
KOBi MiAxoAu i npuHUMNK Teopii NpoTUpaaialifnHoro 3aXUCTy Ha NPUKNALi peKOMeHAaUi NPoBiAHMX MiXHAPOAHMUX
opraHizauiit Ta BiTYM3HAHOT cneundiku 0bMexeHHA ONPOMiHEHHS Bif NPUPOAHUX Axepen. BUCBiTAeHO 0CHOBHI icTo-
PUYHi eTanu BBeAEHHs HaLiOHaNbHUX HOPMATUBIB 3 0OMEXEHHA OMPOMIHEHHSA NIOfEN 33 PaxyHOK OKPeMUX Npupoa-
HUX [)Kepen BUNpoMiHioBaHHA. HaBefeHO pe3ynbTatv BoChifKeHb 3aKOPAOHHUX 1 BITYM3HAHMX YYEHUX WOJ0 NPUpPoS-
HOT pafiioaKTUBHOCTI 00'eKTiB AOBKINNA i cepefoBULLA KUTTELIANBHOCTI NOANHU.

3a paHumu Haykosoro komitety OOH 3 pii atomHoi pagiauii (HKOAP OOH), cepeaHbocBiToBa piuHa eeKkTUBHA Ao-
33 ONPOMiHEHHSA HA QYWY HACENEHHA Bif NPUPOLHUX BXKEpPen CKNagae 2,4 M3B, WO CTAHOBUTL 46 % CyMapHOT A3 on-
pOMiHeHHs ntoanHu. B YkpaiHi fo3a Big npMpogHuUX mKepen onpoMiHeHHs cTaHoBUTb 3,5 M3B - pik™, Wo BM3HaYae 60 %
CYyMapHOT 1031 ONPOMiHEHHSA HaceNeHHs.

3a ganumm HKOAP OOH, cepenHboCBiTOBA piyHa [03a ONPOMiHEHHS NIOAMHM Bif YCiX YUHHUKIB cKnafae 5,2 M3B - pik™.
Mpu ubOMY NPUPOSHA KOMMOHEHTA 3 YPaxyBaHHAM TeXHOFEHHO-NiLCUNEHOTO (OHY BHOCUTbL B CyMapHY A03Y
4,2 M3B - piKk’’, @ B Hill OCHOBHOIO CKNafoBO € pafoH-222 — 1,5 m3B - pik™. B YkpaiHi cymapHa [03a ONpoMiHeHHS
HaceneHHs Tpoxu b6inbla i cknagae 5,9 M3B - pik?, a BHECOK NPUPOLHOT CKNAA0BOT 3 ypaxyBaHHAM TEXHOr€HHO-NiACK-
neHoro oHy 3HaYHo BULWKIA i gocsrae 5,1 m3B - pik™. YacTka pagoHy-222 B Hiit cknagace 2,4 m3B - pik™.

MpugineHa yBara nepeouiHLi BeAMYMHY pafiallitHUX pU3NKiB, 00YMOBNEHUX PafOHOM, O MOCAYXKNUIO0 OCHOBOK AN
BAOCKOHAIEHHSA NiaXo[iB, CNpAMOBAHUX Ha 3abe3neyeHHs pagoHobe3nekn ans HaceneHHs. PagoH € HailbinblWw BU3Ha-
YaNbHUM pafialitHUM (aKTOPOM [N HACENEHHS, WO NOTpebye PeTeNnbHOro Perytooyoro KOHTPOIo 3a AONOMOro
LEPXaBHUX MPOrpam.

KniouoBi cnoBa: npupofHa pagioakTUBHICTb, ONPOMiHEHHS HACENEHHSA 33 PaxyHOK NPUPOLHUX AXepen BUMPOMiHi0-
BaHH#, pajiaLiitHa 6e3neka HaceneHHs, pafoHOBa nNpobnema.
Tpobnemn pagiaviviHoi meguuwtmy 1a pagiodionorii. 2018. Bun. 23. C. 49-60. doi: 10.33145/2304-8336-2018-23-49-60.

PJ Kyuak Amta BanepiiBHa, e-mail: alla758@ukr.net
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THE MODERN STATE OF PROBLEM OF PROVIDING RADIO
PROTECTION OF UKRAINE'S POPULATION FROM NATURAL
RELEASE SOURCES (review of literature)

The article focuses on a scientific literature review connected with data summarizing of long-term studies of popu-
lation exposure to natural ionizing radiation sources. In order to assess the current state of the problem of ensur-
ing radiation protection of the population of Ukraine from natural sources of radiation, the author analyzes the sci-
entific approaches and principles of the theory of anti-radiation protection by examining the recommendations of
leading international organizations and the domestic specifics of limiting irradiation from natural sources.
Moreover, it highlights the main historical stages of the introduction of national requlations for limiting population
exposure to certain natural radiation sources. Besides, the author presents research results of foreign and national
scientists towards the natural radioactivity of environmental compartments and area of human habitation.

According to the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), an average
annual effective radiation dose per capita from natural sources is 2.4 mSv that is 46 % of the total dose of human
exposure. In Ukraine, a dose from natural radiation sources is 3.5 mSv per year that determines 60 % of the total
dose of human exposure.

Reported by UNSCEAR an average annual dose of human exposure to all factors is 5.2 mSv, while the natural com-
ponent with the technogenic enhanced background contributes 4.2 mSv per year to the total dose where there is
radon-222 — 1.5 mSv per year. In Ukraine, the total dose of population exposure is rather more and is 5.9 mSv per
year, while the natural component ratio with the technogenic enhanced background is notably higher and up to 5.1

mSv per year. Part of radon-222 is 2.4 mSv per year in it.

Attention is paid to the reassessment of the magnitude of radiation risks caused by radon, which served as the
basis for improving approaches aimed at ensuring radon safety for the population. Radon is the most determining
radiation factor for the population that requires careful regulatory control by government programs.

Key words: natural radioactivity, population exposure to natural radiation sources, radiation safety of the popula-

tion, radon problem.

Problems of radiation medicine and radiobiology. 2018,;23:49-60. doi: 10.33145/2304-8336-2018-23-49-60.

OCTaHHiMI/I pOKaMM B LIEHTPi MOCTiHO1 yBaru Hace-
JIEHHSI 1 HAyKOBOi TI'POMAaACbKOCTi 3HAXOAUThCS
npobJjieMa paaiallii Ta 11 BIUIMBY Ha OpraHi3M JoauHu. B
3HAYHi# Mipi 11e MOB’A3aHO0 3 HaliBaXK40l0 B iCTOPii aTOM-
HOI MPOMUCJIOBOCTI Ta €HEPreTUKM aBapiero Ha YopHo-
ounbebkiit AEC, BHACIiIOK IKOi BUHUKJIIO CTiliKe JOB-
roTpuBaje paaioakKTUBHE 3a0pyIHEHHS palioOHYKIigaMu
11e3i10, CTPOHIIIIO i TUIYyTOHiIO TePUTOPIii, MOBITPS, TIPHU-
POIHUX BOJA, POCIMHHOTO i TBapuHHOro cBiTy [1]. B
TOM ke 4yac, He 3alepeuyylouM BIUIMBY aBapiiHUX BU-
KUJIIiB Ha palioaKTUBHICTh HABKOJMIIHLOTO CEpPenoBU-
1l1a CJIiJ 3a3HAYMTH, 110 B HAIl YaC OCHOBHUM UMHHU-
KOM OIPOMiHEHHSI HaceleHHS € He YopHoOWJIbChbKa
aBapis, a IpUPOJHA PAAiOaKTUBHICTb, SIKa CYIIPOBOJIKYE
JIIONMHY Ha MPOTA3i BChOTO XKUTTS.

Meta poboTu — aHaJjli3 HAayKOBUX ITiAXOMIiB i MPUH-
LIUMIB Teopii MPOTUpadialliitHOro 3aXUCTy Ha MPUKIaMdi
peKxoMeHaaliil MpOoBiAHMX MiXXHAPOAHUX OpraHizauii
Ta BiTYM3HAHOI crienndiky 0OMeKeHHS OIMPOMiHEHHS

In recent years, at the focus of the constant attention
of the population and the scientific community is
the problem of radiation and its impact on the
human body. To a large extent this is due to the worst
nuclear accident and power industry accident at the
Chornobyl Nuclear Power Plant, which resulted in
sustained long-term radioactive contamination of
territories, air, natural waters, flora and fauna by
radioactive cesium, strontium and plutonium [1]. At
the same time, without denying the impact of emer-
gency emissions on the radioactivity of the environ-
ment, it should be noted that in our time the main
factor of exposure to the population is not the
Chornobyl accident, but the natural radioactivity
that accompanies the person throughout his life.
The objective of the work is to analyze scientific
approaches and principles of the theory of radiation
protection on the example of the recommendations
of leading international organizations and the do-
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BiJ MPUPOIHUX AKEPe 3 METOIO OLIIHKM Cy4acHOTIO CTa-
Hy npoOJieMu 3a0e3MeYeHHs paaialliiiHOTO 3aXUCTy Ha-
CceJieHHs YKpaiHu BiJ NIPUPOIHUX IKepes BUIIPOMiHIO-
BaHHSI.

PeanbHe ycBiIOMIJIEHHSI HAyKOBOIO TPOMAaJCHKIiCTIO
HeoOXiTHOCTI HaUMUIBHIIIOrO aHaJli3y piBHiB NPUPO/I-
HOTO OIPOMIHEHHS HaCeJIeHHS IMPUMIILIIO JUIIE 3 BBE-
JEeHHSM Yy TIpaKTUKY paliallifHOro 3axuCTy MOHSTTS
e(eKTUBHOI J03U SK MIpM OILIHKU HECTPUSTIMBUX
HacJiaKiB onpoMiHeHHs1. BBeaeHHsT 1boro hyHaaMeH-
TaJbHOIO MOHSITTS CydyaCHOI padialliiHOI Tiri€eHu B
KiHIIi MUHYJIOTO CTOJIITTS MPU3BEJIO 10 TOTO, 110 BCi BU-
IU BUIIPOMIiHIOBAHHSI CTaJIM PO3IJISAATUCS 3a CBOIM
BILUIMBOM B €AMHOMY KOHTEKCTi, He3aJIeXKHO Bif 1X I10-
xoakeHHs1. Lle BUKIMKaJo pi3Ke 3poCTaHHS iHTepecy 10
JOCTiIXeHb TPUPOAHOI pPamioaKTMBHOCTI OO0’€KTiB
JOBKIJIJISA i cepeaoBuIla KUTTEAISUIBHOCTI JItoAei, po3-
TOpTaHHS MacIITa0HMUX HALliOHAJIBHUX IIPOrpaM 3 BUB-
YeHHS$ pPiBHIB IIPUPOJHOTO OINPOMiHEHHSI HaceJeHHS B
pisHux kpaiHax. [IpakTWyHO OJZHOYACHO 3 BUXOIOM
[Ty6mikanii 39 MKP3 (1984 p.) [2] B pi3HuX KpaiHax
CTaJIM BBOAUTHUCS HALliOHAJIbHi HOPMAaTUBU 3 OOMEKEH-
HSI OIIPOMiIHEHHSI HAaCeJICHHS 3a PaXyHOK OKPEeMUX IpH-
POIHMX JTXKepes BUITPOMiHIOBaHHS.

B VYkpaini B 1987 poui daxiBui HJII 3aranbHoi i Komy-
HaJibHOI ririeHu iM. O.M. Map3eeBa 3a yyacTio axiBliiB
Jleninrpaacbkoro HJ/II pagiauiiiHol ririeHU NigroTyBajiu
METOIMYHI pekoMeHnaalii [3], OCHOBHUM pe3yJbTaTOM
BUKOPHCTAHHS IKUX Y IIPAKTULli OYJI0 BUSIBIICHHS B YK-
paiHi Kap’epiB 3 BUAOOYTKY IIEOCHIO 3 IiJABUIICHUM
BMIiCTOM MPUPOAHUX PAZIOHYKIIIAIB 1 MPpU3YNUHEHHS 1X
BUKOPMCTaHHSI ISl OymiBHUIITBA KUTJIOBUX Ta IPO-
Manachkux Oyniesnb (OpiikoBcbkoro IlonaTaBchkoi 00-
Jacti, TokiBcbkoro, ITocrenHsiHcbKOro, Map’iHCBKOTrO,
Yerp-KaM’gHucekoro JIHinmponeTpoBchkoi obsacTi i be-
pe3iBcbKoro 2KuToMupchKoi 001acTi).

3a BiacyrHocTi B CPCP HOopMaTHBiB BMiCTy palloHy B
MOBiTpi MpuUMillleHb, B YKpaiHi y 1989 poui 0yno po3-
moyaTo poOOTH 11040 CTBOPEHHSI BUMIipIOBaIbHO1 0a3u
(BKJIIOUAlOUM eTajoH pagoHoBoi aTMmocdepu). Ilapa-
JIeIbHO OyJIv MpOBeIeHi Mmeplii AeKiJibka COTeHb BUMi-
proBaHb [4]. Y 1990 pouii y BiAnmoBiZHOCTi 3 peKOMeH1a-
HissMmu Bcecor3HOro HaykKoBOTO LIEHTPY pajialliiiHol
Mmeauunaun AMH CPCP B YkpaiHi OyB BCcTaHOBJIEHU I
KOPCTKUU piBeHb KOHTpoJto (B TepMiHax HPBY-97 —
piBeHb aiit) pagony — 100 bx - M7, [IpakTnuHoO 11 TIEp-
1WA TirieHiYHUIA HOpMATUB pagoHy Ha TepuTopii YK-
paiHy, BCTAHOBJIEHUII Ha OCHOBI pe3yJbTaTiB BIACHUX
BuMiproBaHb. B 1991 poui B YkpaiHi BumaroTbcs pec-
nyoikaHcbKi OymiBenbHi HOopMmu (PBH-365-91), saxi
BCTAaHOBMJIU JOIYCTUMI piBHi padialiiHMX mapameTpiB

mestic specificity of the restriction of radiation from
natural sources in order to assess the current state of
the problem of radiation protection of Ukraine’s
population from natural sources of radiation.

The real awareness of the scientific community
about the need for the most thorough analysis of the
levels of natural radiation of the population came
only with the introduction of the concept of effective
dose in the practice of radiation protection as a meas-
ure of evaluation of the adverse effects of radiation.
The introduction of this fundamental notion of mod-
ern radiation hygiene at the end of the last century
has led to the fact that all types of radiation began to
be considered for their influence in a single context,
regardless of their origin. This caused a sharp increase
in interest to the research of natural radioactivity of
environmental objects and the environment of
human life, the deployment of large-scale national
programs of study the levels of natural radiation
exposure in different countries. Almost simultane-
ously with the 39 ICRP Publications (1984) [2], the
national standards were introduced in various coun-
tries to limit exposure to the population at the
expense of certain natural sources of radiation.

In Ukraine in 1987, specialists of the SRI of
General and Communal Hygiene name O.M. Mar-
seev, with the participation of specialists from the Le-
ningrad SRI of Radiation Hygiene, prepared metho-
dological recommendations [3], the main result of
which use in practice was the detecting quarries with
the production of gravel with high content of natural
radionuclides in Ukraine and suspending their use
for the builsing of residential and public buildings
(Orlikovsky of Poltava region, Tokyvskiy, Postep-
nyansky, Mariinsky, Ust-Kamenskogo of Dnipro-
petrovsk region and Berezivsky of Zhytomyr region).

In the absence in the USSR of radon standards in
the air of the premises, in 1989, in Ukraine, was
begun work of the creation of a measuring base
(including the Radon atmosphere standard). In par-
allel, the first few hundred measurements were car-
ried out [4]. In 1990, in accordance with the recom-
mendations of the All-Union Research Center for
Radiation Medicine of the USSR Academy of
Medical Sciences, a strict level of control (in terms
of NRBU-97 — level of action) of radon was set at
100 Bq - m™ in Ukraine. This is practically the first
hygienic norm of radon in Ukraine, which was
established on the basis of the results of its own
measurements. In 1991, Republican construction
norms (RBN-365-91) which established acceptable
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B OYHiBHMITBI i BU3HAYWJIM TMOPSIIOK MPOBEAECHHS iX
KoHTpoto [5]. B mopanbuiomy YKpaiHa caMOCTiliHO
Bejda HOPMYBaHHS padialliiHMX IapaMeTpiB B Liid
cdepi, HaMOINBII BAarTOMUI HaLliOHAJABHUI TOKYMEHT —
HPBY-97 [6].

3a nanumu 3BiTY HaykoBoro KowmiteTy 3 il aToMHOL
paniatii Opranizanii O6’ennanux Hariit (HKJIAP OOH)
[7], po3paxoBaHUMU IJIsSI CepedHiX 3HauYeHb TMapaMeTpiB
JKepesT i0HI3yI04oro BUMIPOMiHIOBaHHS, piyHa e(heKTUB-
Ha JI03a ONTPOMiHEHHS HACEJIEHHS, SIKE MIPOXMBAE B paiio-
Hax 3 HOMipHUM KJIIMaTOM, Bif IpUPOJHUX JKepesl CKla-
nae 2,4 M3B (Oiabiie sk 60 % ckiagae pamoH).

3a manumu HKJIAP OOH, BiTYM3HSHUX i 3apyOiKHUX
HayKOBLIiB Y CyMapHili 1031 ONpPOMiHEHHSI HaceJIeHHS
MPOBiIHY POJIb Billirpa€e npupoaHa KomroHeHTa (tad:i. 1).

levels of radiation parameters in construction and
determined the order of their control were issued in
Ukraine[5]. Subsequently, Ukraine self-regulated
the radiation parameters in this area, the most
important national document — NRBU-97 [6].
According to the report of the United Nations
Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) [7], calculated for the
average values of ionizing radiation sources param-
eters, the annual effective dose of radiation from
natural sources of the population living in temper-
ate climates is 2.4 mSv (more than 60 % is radon).
According to UNSCEAR data of domestic and
foreign scientists in the total dose of the population
a major role play the natural component (Table 1).

Ta6nuusa 1

EpekTuBHi f031 onpoMiHeHHA HaceneHHA, 06yMoBNeHi Axkepenamu ioHi3ylouoro BunpominioBaHHA (M3B-pik™?)
Table 1

Effective radiation dose of the population, caused by sources ionizing radiation (mSv-year™)

bxepena onpoMiHeHHs HKAAP [7] CLLUA [8] YkpaiHa [9]
Sources of irradiation UNSCEAR USA Ukraine
MpuvpogHi mxepena / natural sources:: 24 3.1 35

- 30BHiLLUHE ONMpOMiHeHHst / external irradiation 0,9 0,5 1,1

- BHYTPILLUHE OMPOMiHEHHs (B T. 4. padoH) / internal irradiation (including radon) 1,5 2,6 2,4
TexHoreHHo-nigcunexnin npupopHnii GoH / technogenically-reinforced natural background 1,8 1,9 1,6
MepnuuHe onpomiHeHHs / medical exposure 0,4 3,0 0,5
MpodeciiHe onpomiHeHHs / occupational exposure 0,6 - 0,3
Bcboro / total 5,2 6,2 59

CepenHpo3BakeHa cyMapHa e(peKTHMBHA J03a OIl-
pOMiHEHHS HaceJieHHs YKpaiHu, oOyMOBJIeHa TTPUPOJI-
HUMU JKepeiamMu, ckiamae 3,5 M3B - pik’', mpuuomy
iICTOTHA YacTKa L€l 103U (POPMYETHCS 32 paXyHOK paao-
Hy-222 B noBiTpi npumiiieHs — 2,4 M38B - pik™' [9].

be3ymMoBHO, Halibinbllla yacTKa OMPOMIHEHHS Hace-
JIEHHS TIpUINafa€e Ha MPpUPOIHUIA padiauiitnuii pon [10],
SIKUI (POPMYETHCS ABOMA KOMITOHEHTAMM — KOCMIYHUM
BUIIPOMIiHIOBAHHSIM 1 BUIIPOMIiHIOBAHHSIM MNPUPOIHUX
pamioOHYKJIiIiB, pO3CiITHUX Yy 3eMHill KOopi, TI'PYHTIi,
MOBIiTPi, BOAI Ta iHIIMX 00’€KTax AoBKiIsA. KpiM Toro,
CIOIY BiIHOCSTD i TEXHOJOTIYHO 3MiHEHMIA padialiiiHuiA
(OH aHTPOMOTEHHOTO MOXOIKEHHS, IKUI (POPMYETHCS
B pe3ynabTati AisibHOCTI moguHu. [TpuumHoio minBu-
IIEHHSI Takoro (oHy €, HanpukJian, OymiBeJbHI Ma-
Tepiaay, BUKUAN TEIJIOBUX €JIEKTPOCTaHIIiil, BUKOPHUC-
TaHHSI IPUPOAHOIO razy B MOOYTi, BAKOPUCTAHHSI Aesl-
KUX MiHepaabHUX 100puB Toio [11].

ITpuponHi pamioHyKJigu B OyHiBeJbHUX MaTepianax
CTBOPIOIOTb 103y 30BHIlIHBOTO i BHYTPIillIHBOTO OII-
poMiHeHHs aoaeid. [Tpu uboMy g03a 30BHILIHBOTO OIl-

The weighted average effective dose of irradiation
of the population of Ukraine, caused by natural sour-
ces, is 3.5 mSyv - year', with a significant proportion
of this dose being formed at the expense of radon-222
in the air of the premises — 2.4 mSv - year' [9].

Naturally, the largest part of exposure of the pop-
ulation comes from the natural radiation back-
ground [10], which is formed by two components —
cosmic radiation and radiation of natural radionu-
clides scattered in the earth’s crust, soil, air, water
and other objects of the environment. In addition,
here is also the technologically altered radiation
background of anthropogenic origin, which is
formed as a result of human activity. The reason of
increase of this background is, for example, build-
ing materials, emissions from thermal power sta-
tions, the use of natural gas in everyday life, the use
of certain mineral fertilizers, etc. [11].

Natural radionuclides in building materials cre-
ate a dose of external and internal radiation of
people. In this case, the dose of external irradia-
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POMiHEHHS iCTOTHO 3aJIeXKUTh BiJl KOHLIEHTpallii raMMa-
BUITPOMIHIOBAYiB, 110 BXOOSTh IO CiMEHCTB pafiio-226
(**Ra), Topiro-232 (*?Th), a rakox Kariro-40 (*K), mpu-
CYTHIX y OyImiBeJbHUX MaTepianax i KOHCTPYKIIiSIX XXUT-
JIOBUX Ta I'poMajachKux OyaiBenb [12]. BHyTpimiHe ori-
POMiHEHHS JTIOAWHU OOYMOBJIEHE TIEPII 32 BCE BMiCTOM
pazito-226 B OropomKyBaHUX KOHCTPYKIISIX SKUTJIOBUX
npuMillleHb (CTiHU, MiAJora, CTess), 110 € JIXKEepeJaoM
pazioaKTUBHOIO ra3y pagoHy-222 Ta HOro KOpoTKOiCHY-
IOYUX MPOAYKTIB PO3MAay.

HaitmeHmy nuToMy akKTUBHICTh Ma€ JepeBUHA (HIKYE
1 bk - kr'). Bucoky nmuTomMy akTMBHICTh MalOTh I'PaHITH,
Tybu, memsa (200—400 bk - k'), amoMocHTiKaTHA 1IeT-
Jla, JOMEHHU 111aK, 30JbHUIA NI, AKTUBHICTh OETOHY
3aJIe3KHO BiJl BUXiTHUX KOMITOHEHTIB (ITiCKY i IIEMEHTY),
K npaBujio, B 30—50 pa3iB Giiblla, Hixk aKTUBHICTb JIe-
peBUHU. Y 3B’S3Ky 3 LMM piBHi ramma-(oHy B Je-
pPEB’STHUX, LIETJITHUX Ta MaHeJbHUX CIIOPYIax pi3Hii cTa-
Hossate 0,10—-0,12; 0,13—0,25; 0,12—0,35 mxIp - roa”’,
BigmosinHo [8].

3a pe3yabraTaMM BHMIipIOBaHb IMPoO MiHEpalbHOI
OyaiBeJIbHOI CUPOBMHU BCTAHOBJIEHO, IO BMICT MpU-
POIHUX PamioOHYKIiAiB y cupoBuHi 12 % kap’epiB Ykpa-
iHu nepeBuiye piBeHb 370 bk - Kr' (HOpMaTUBHY BeJu-
YUHY), III0 HE A€ MOXJIMBOCTI BUKOPUCTAHHS i1 B KUT-
JIOBOMY OyIiBHULITBi. BU3HaueHo, 1110 cepeAHbO3BaXXeHA
3a CTPYKTYPOIO KUTI0BOTO (hoHAY e(PEeKTUBHA 103a OII-
POMiHEHHS HAaCeJCHHS Bill IPUPOTHUX PAdiOHYKIIiTiB y
OyniBeIbHUX MaTepiaiax ctraHoBuTh 0,23 M3B - pik’', a
MaKCUMaJIbHi 3HAYE€HHS 103 OMIPOMIHEHHS MOCITal0Th
1 M3B - pik™' [13, 14].

VY 1abn. 2 npuBeneHi pe3yabTaTy JOCTiIKEeHb BMICTY
MPUPOIHUX PATiOHYKIIiMiB Y OyAiBEIbHUX MaTepiansax
VYkpaiuu [14].

Ta6nuusa 2

tion significantly depends on the concentration of
gamma emitters belonging to the families of radi-
um-226 (**Ra), thorium-232 (*?Th), and potassi-
um-40 (“K) present in building materials and
structures of residential and public buildings [12].
The internal radiation of man is primarily due to
the content of radium-226 in enclosed construc-
tions of residential premises (walls, floor, ceiling),
which is the source of radon-222 radioactive gas
and its short-lived decay products.
The least specific activity have wood (less than
1 Bq - kg"). High specific activity have granites,
tuffs, pumice (200—400 Bq - kg'), aluminosilicate
brick, blast furnace slag, ash dust. The activity of
concrete, depending on the initial components
(sand and cement), is usually 30—50 times greater
than the activity of wood. In this regard, the levels
of gamma background in wooden, brick and panel
buildings are not the same and are 0,10—0,12;
0.13—0.25; 0.12—0.35 uGy - h'', respectively [8].
According to the results of the measurements-1
samples of mineral construction materials, it was
found that the content of natural radionuclides in
the raw materials of 12 % of Ukrainian quarries
exceeds the level of 370 Bq - kg!' (normative value),
which prevents its use in housing construction. It is
determined that the average weighted by structure of
the housing stock an effective dose of radiation from
the population of natural radionuclides in building
materials is 0.23 mSyv - year', and the maximum va-
lues of irradiation doses reach 1 mSyv - year' [13, 14].
In Table 2 the results of studies on the content of
natural radionuclides in Ukrainian building mate-
rials are presented [14].

BmicT npupoaHux pagioHyknigie y 6yaisenbHux marepianax Ykpainu

Table 2

The content of natural radionuclides in building materials of Ukraine

Bup, matepiany

MuToMa aKTMBHICTb, BK-Kr™
Specific activity, Bq-kg™

EdeKkTnBHa NUTOMA aKTUBHICTb, BK-Kkr'

Type of material

Effective specific activity, Bq-kg™

226Ra 232Th 40K
LLle6iHb / cubes 36,6 79,3 971 223
I'paniTHWiA BifciB / granite discharge 43,0 118,2 171 297,3
I'pagiii kepamauToBuit / keramzite gravel 37,0 28,0 658 130
BertoH / concrete 25,0 36,0 380 106
BanHo / lime 58,0 44,0 139 127
Llerna / Brick 44,0 51,0 704 17
nuHa / clay 41,0 78,0 574 204
Micok / sand 12,0 33,0 165 68
Kaxenb kepamiynuin / ceramic tile 89,0 102 680 280
B cepenHboMy / in average 49,0 53,0 496 162
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B Toii xe yac, ciif 3a3Ha4YMTH, IO PsIfi PErioHIB YK-
palHM MaloTh BEJMKi pOAOBHILA HEPYAHUX MaTepiasiB,
pO3TalllOBaHUX B 30HiI YKpPalHChKOTO KPUCTaJiYHOI'O
MTa, $Ki MICTATh BHUCOKHUI BMIiCT MPUPOIHUX
pagioHYKJIiiB, 110 BUMAara€ MOCTiiiHOro pafialiiiHOTO
KoHTpoo [15].

3aexXXHO BiJ T€OJOTIYHUX i TiIpPOTEOJIOTUIHNX YMOB
y pi3HUX paitoHax 3emJli CTBOPIOIOTHCS YMOBU s
¢opMyBaHHS LIMPOKOTO CIEKTPY (POHOBUX KOHLEHT-
pauiii pagony. PazoM 3 paifoHaMM 3i 3HUXKEHUMU (PO-
HOBUMM KOHIIEHTpalliIMM pagoHy Yy BOIaxX € Tepu-
TOpii 3 AyXXe BUCOKUM, «yparaHHUM» BMiCTOM pajo-
Hy. Taki teputopii BusBieHi B bpaswuiii, Inzaii, Ka-
Hani. BimoMi gxepesia 3 BACOKMMU KOHLIEHTPaLisIMU
pagony B Ipani. [linBumenumMn (¢oOHOBUMU KOHIIEHT-
palisiMu paJoHY XapaKTepu3yITbCs CKaHAWHABCHKIi
Kpainu [16].

B VkpaiHi cepenHbO3BaXKeHa BeJIMUMHA KOHILIEHTpallil
pamoHy B IiI3eMHUX BOJAX [IJIS1 PEriOHIB, pO3TalllOBaHUX
B 30Hi YKpaiHCHKOTO KPHUCTAIIYHOIrO IIWTAa AOPiBHIOE
261 Bk - 1!, ng paiioHiB, 110 PO3TAlllOBaHi M03a LIUM
macusBoM — 37 bk - 1! [17, 18].

OnHi€l0 3 aKTyaJdbHUX 3araJlbHOCBITOBUX ITpoOJIeM
MpOTUPAdialliifHOTO 3aXMCTy HACEJIEeHHS € OIPOMiHEH-
HsI palOHOM i MPOAYKTaMU MOTO po3many y OyauHKax
[9, 19—-22]. PagoH — 1ie iHepTHMIA ra3, IKUIA € MPOAYK-
TOM pO3Maay panio-226, 110 B CBOIO YEPIy YTBOPIOETh-
¢ B pe3yabTari posmnany ypany-238. Ilepion HamiBpo3-
naay pagoHy ckiagae 3,8 nHs. PagoH He Mae cMaky i 3a-
naxy, BaxXuuii 3a moBiTpsl. Pe3ynabraTé OOCHiIIXEHD
[23—25], gaxi mpoBomunuck y Kanami, kpainax IliBHiu-
Hoi €Bponu, ABctpii, AHrmii, Itanii, CIHA goBenu, 1o
B OLIBLIOCTI OYIWHKIB MEPIIOI0 3 TOJOBHUX MPUYUH
MBULLEHOTO BMICTY PaJlOHy € BUCOKA €KCXasllid pa-
JIOHY 3 IPYHTY [26] i npyroio — OyaiBebHiI MaTepianu 3
MiZBUILIEHUM BMICTOM pafilo-226, 3 SKUX MoOymIoBaHi
oyaunku [27, 28].

OO6yeMHa aKTMBHICTb PagOHY B IMOMEILIKAHHIX IS
Pi3HMX KpalH pO3Pi3HSETHCSI Yepe3 BiAMIHHOCTI B reo-
JIoTii, KJimaTi, OymiBelbHMX MaTepiajaX, TEXHOJIOTil
OymiBHUIITBA, KpiM TOTr0 MalOTh 3HAYE€HHS KOHCTPYK-
TMBHi 0COOJIMBOCTI OyaiBeab. BcTaHOBIEHO, 1110 Ha Tep-
LIMX TToBepXax OyaiBesib Y IPUMIlLIEHHSIX 0€3 BeHTUJISILIi1
KOHILIEHTpAllisl paloHy B JeKiJibKa pa3iB Oilbllia, HixkK Ha
BEpXHiX moBepxax [28].

3a nanumu 3Bity HKJIAP OOH, BuCOKi piBHi 30BHillI-
HBOIO OINpOMiHeHHs B OyaumHkax (95—115 ulp - pix!)
BUsBIeHO B YropmuHi, Kurai, An6anii, IToptyra-
nii, ABctpii, IIBewnii, Icnmanii, Ipani. Husbki piBHi
(< 40 ulp - pix') BusBieno B Hosiit 3enanmii, Icnanmii,
CILIA [7].

At the same time, it should be noted that a num-
ber of regions of Ukraine have large deposits of
nonmetallic materials located in the zone of the
Ukrainian crystalline shield, which contain high
levels of natural radionuclides, which requires
constant radiation control [15].

Depending on the geological and hydrogeological
conditions in different parts of the Earth, conditions
for the formation of a wide spectrum of background
concentrations of radon are created. Together with
areas with reduced background concentrations of
radon in the waters, there are territories with very
high, «hurricane» radon content. Such areas are
found in Brazil, India, Canada. Known sources
with high concentrations of radon in Iran. Scan-
dinavian countries are characterized by increased
background concentrations of radon [16].

In Ukraine, the average weighted concentration
of radon in underground waters for regions located
in the zone of the Ukrainian crystalline shield is
261 Bq - 1!, for the areas located outside this array —
37 Bq-I''[17, 18].

One of the actual global problems of radiation
protection of the population is irradiation with
radon and products of its collapse in buildings [9,
19—22]. Radon is an inert gas, which is a decay
product of radium-226, which in turn is formed as
a result of the decay of uranium-238. The half-life
of radon is 3.8 days. Radon has no taste and no
smell, heavier than air. The results of research
[23—25] conducted in Canada, Italy, the Nordic
countries, Austria, England, and the United States
have shown that in most homes, the first major
cause of high radon content is the high excretion
of radon from the soil [26] and the second — build-
ing materials with a high content of radium-226,
of which houses were built [27, 28].

The voluminous activity of radon in dwellings for
different countries differs because of differences in
geology, climate, building materials, construction
technology, in addition, the design features of
buildings are significant. It was established that on
the first floors of buildings in rooms without venti-
lation, the concentration of radon is several times
higher than on the upper floors [28].

According to the UNSCEAR report, high levels
of external exposure in homes (95—115 nGy - y')
were detected in Hungary, China, Albania, Portu-
gal, Austria, Sweden, Spain, and Iran. Low levels
(< 40 nGy - y') were detected in New Zealand,
Iceland, USA [7].
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B YkpaiHi mocnimxeHHs piBHIB BMICTy padoHy B
MOBITPi MpUMillleHb OyJx po3mnouarti e B 1989 poui.
B 1Y «IactutyT rpomancekoro 310poB’s iM. O. M. Map-
3eeBa HAMH VYkpainn» cTBopeHa METOIMYHA i METPO-
JioriyHa 06a3a BUMipioBaHb pafgoHy. Ha 6a3i «pagoHoBoi
atMocdepu», sika Oyna aTecToBaHa sIK poOOYMI eTa-
JIoH, OyJ1a po3po0JieHa i peajli3oBaHa Ha MPaAKTULIl CUC-
TeMa rapaHTiii 9KocTi BUMipiB pagoHy. EheKTUBHICTb
JaHoi cucTeMM OyJja TiATBepJKeHa IpoleaypaMu
3BipeHHs 3i [IIBeachbKrM areHTCTBOM paialliiiHoi 6e3-
nekn (M. CrokronpM) i HamioHasbHUM iHCTUTYyTOM
panianiitHoro 3axucty Anonii (M. Yi6a) [29]. Ilapa-
JieabHO OyJ1a po3po0bJieHa HopMaTUBHaA 0a3a, sika ooMe-
>KWJla BIUIMB IIBOTO YMHHMKA HA 3J0POB’S HaCEJIeHHS i
BU3HAUYMJIA BUMOI'Y A0 CUCTEMM KOHTPOJIIO LIbOTO IXKe-
pena.

VY Tabin. 3 npuBeneHi cepenHbOPiuHI e(heKTUBHI 103U
IS pi3HUX perioHiB Ykpainu rpu 80 % 4daci mepeOyBaH-
HsI B IIPUMIlLIEHHSIX.

In Ukraine, the study of levels of radon content in
the air was started in 1989. Methodical and metro-
logical base of measurements of radon was estab-
lished in the O. M. Marseev «Institute of Public
Health» of the National Academy of Sciences of
Ukraine. On the basis of the «radon atmosphere»,
which was certified as a working standard, a system of
guarantees of the quality of radon measurements was
developed and implemented in practice. The effec-
tiveness of this system was confirmed by the proce-
dures of the Swedish Radiation Safety Agency
(Stockholm) and the National Institute for Radia-
tion Protection in Japan (Chiba) [29]. In parallel, a
regulatory framework was developed that limited the
impact of this factor on public health and defined the
requirements for the control system of this source.

In the Table 3 shows the average annual effective
dose for different regions of Ukraine if you are 80 %
of the time in the room.

Ta6nuuysa 3

CepeaHbopiuHi edpekTUBHI fo3m Big papoHy npu 80% yaci nepebyBaHHA B NpuMilleHHi AnA pi3Hux perioHis
YKpaiHu

Table 3

Average annual effective doses of radon at 80 % of the time of stay indoors for different regions of Ukraine
0O6nactb Dosa, m38 Hacenenus, MmnH yon. O6Gnactb [os3a, M38 HaceneHHs, MJH Yon.
Oblast Dose, mSv  People, million people Oblast Dose, mSv People, million people
BiHHuubKa / Vinnytsia 48 1,85 JlbBiBCbKA / Lviv 2,2 2,74

BonuHcbka / Volyn 2,2 1,07 Mukonaiscbka / Mykolaiv 2,2 1,32
[ninponetposcbka / Dnipropetrovsk 3,1 3,77 Opecbka / Odesa 48 2,55

[oneupka / Donetsk 48 5,06 Montascbka / Poltava 2,2 1,71
Xutomupcska / Zhytomyr 2,2 1,46 PiBHeHcbka / Rivne 3,1 1,19
3akapnartcbka / Zakarpattia 2,2 1,29 Cymcbka / Sumy 2,2 1,37
3anopiabka / Zaporizhzhia 52 2,04 TepHoninscbka / Ternopil 3,1 1,17
IaHo-PpaHkiscbka / lvano-Frankivsk 2,2 1,46 Xapkiscbka / Kharkiv 2,2 3,02

KwiiBcbka / Kyiv 2,2 4,49 XepcoHcbka / Kherson 52 1,25
Kipoorpaacbka / Kirovograd 4,8 1,2 XmenbHuupka / Khmelnytskyi 2,2 1,49

Kpumcbka AP ] ] 2,2 2,95 Yepkacbka / Cherkasy 5,2 1,48
Autonomous Republic of Crimea YepHisewbka / Chernivisi 2.2 0,94

JlyraHcbka / Luhansk 2,2 2,71 YepHiriecbka / Chernihiv 3,9 1,32

B pesynbraTi mpoBeaeHUX TOCTiAKEeHb OyJI0 BCTAHOB-
JIEHO, 1110 CepeHbO3BaXeHa 3a CTPYKTYPOIO XKUTJIOBO-
ro ¢oHay n03a ONMPOMiHEHHSI HaceJeHHs YKpaiHu 3a
PaxyHOK paJoHy B HOBITPi MPUMillleHb OL[IHIOETHCS BeE-
nuunHolo 2,4 M3B Ha pik. [IpoTte, BapiabenbHICTh ce-
penHbO3BaXKEHUX e(EKTUBHUX 103 Ha PiBHI OKpeMUX
perioHiB KpaiHu JOCUTbh 3HaYHA i cKyIaaa€ Big 2—3 pasiB
Ha piBHI oKpeMuX obJiacTeil 10 MOopsiAKY Ha piBHi pa-
iioHiB [9].

Y cepennboMy B KpaiHi piBeHb 100 bx-m~? (pamia-
LITHO-Tiri€HIYHUI perjiaMeHT) repeBuiieHo y 19 % Bu-
mankis, a 200 Bk - Mm® —y 5,7 % Bunanxis [9].

As a result of the conducted research it was found
that the average weighted by structure of the housing
stock dose of radiation of the population of Ukraine
at the expense of radon in the air of the premises is
estimated at 2.4 mSv per year. However, the variabi-
lity of weighted average effective doses at the level of
individual regions of the country is quite significant
and ranges from 2 to 3 times at the level of individual
regions to the order of the district level [9].

On average, in the country, the level of 100 Bq - m?
(radiation and hygiene regulations) was exceeded in
19 % of cases, and 200 Bq - m™ —in 5.7 % of cases [9].
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MeToan4yHi OCHOBU OOMEXXEHHS OITPOMiHEHHS JIIOAU -
HU 3a paxyHOK pagoHy B Pi3HUX KpaiHax cX0Xi i 6arato
B YOMY CIIiBHaJalTh 3 PeKOMEHAALIsIMA MiXKHAPOAHUX
opratisalliii, aje KiJibKicHe 3Ha4YeHHSI HOpMaTUBiB, POJIb
Jep>KaBHUX CTPYKTYP Y BUPIlIEHHI 1Ii€l TpoOJieMu icTOT-
HO BiJIpi3HSIIOTHCSI.

B ocraHHi poku pagoHoBa IpobjieMa HaOyJia 11e Oijib-
moro 3HaueHHs. Tak, B 2007 p. BUiillLIa y CBIiT HOBa «pa-
JoHoBa» Ilyomikauiss 103 MKP3 [30], mo 3amiHuia
IMy6nikauito 60 MKP3 «PagiauiiiHuii 3aXucT», peKo-
MeHJalii sIKOi JieXaTh B OCHOBI HalliOHAJIbLHUX HOpMa-
TUBIiB yCiX KpaiH, B TOMY YHCIi i YKpaiHu.

ITy6nikaris 103 MKP3 pekomeHnye piBHi giit mist EPOA
panoHy-222 B XHATI0BUX npumimieHHsx — 600 Bk - M~ ta
1500 Bk - M — Ha pobounx micirax. Kpim toro, ITyoikaris
103 MKP3 36inbmmna B 1,8 pa3a pamialiiiHi pu3nKu Jist
HaceJIeHHS JUISl CUTYallii OpOMiHEHHST palOHOM.

Po3BUTOK i€ pHOI €HePreTUKHu, MoB’I3aHUX 3 HEIO
HOBUX TeXHOJIOTiH, a TakoxX aBapisg Ha YAEC mipu3-
BeJM 10 30iiblIeHHS panialifiHoro ¢ony. Ha Tepu-
Topii YKpaiHu y popMyBaHHIi padialiiHoro ¢goHy 3a
pPaxXyHOK TEXHOTEHHO-MiACUJICHUX [Xepea OepyThb
y4acTh IMiANpUEMCTBA HA(PTOBOI, Ta30BOI, BYTIIBHOIL
MPOMUCIOBOCTI i TemnoBoi eHepreTuku. I[lpm ix
eKcnJayaTalii BimOyBaeThCd IMOMITHUN Tepepo3-
noAil NpUPOAHHUX PadiOHYKIiAiB (ypaHy, TOpilo,
MIPOAYKTIB ix posnany i “K) B mpupogHOMy cepeno-
Bumii [31, 32].

B YkpaiHi Bigxonu 3 MigBUILEHUM BMiCTOM MTPUPOTHUX
PagioHYKIIiiB ChOTOAHI HE KOHTpOI0I0Thes. Lle BigHO-
CHUTBCS He JIWIIIE 10 BUpOOHUIITBA pocdaTis, aje i 10 T1e-
pepOOKM 3aTi3HOI pyau, 3011 TETUIOBUX €JICKTPOCTAHIIIHA.
BonHouac B iHgycTpiaabHOMY OyIiBHUIITBI, 16 BUKOPUC-
TOBYIOTbCSl BiIXOAW iHILMX MiAMPUEMCTB, 3AiMCHIOETHCS
KOHTPOJIb TiTbK! KiHIIEBO1 MPOayKii [33].

3a manuMu HaykoBoro komitety OOH 3 nii atoMHOi
paniallii, cepeIHbOCBITOBa piyHAa J03a OIPOMiHEHHS
JIIOIVHM BiJl YCiX YMHHUKIB ckiiagae 5,2 M3B - pik!' [34].
[Tpu 1boMy mpupoIHA KOMIIOHEHTA 3 YpaxXyBaHHSIM TeX-
HOTeHHO-ITiICUJIeHOTO (DOHY BHOCUTH B CYMapHy 03y
4,2 M3B - pik’!, a B Hilf OCHOBHOIO CKJIaJOBOIO € PaJOH-
222 — 1,5M3B - pik’.

B VYkpaiHi cymapHa 103a onpoMiHEHHS HaceJeHHs
Tpoxu Oinbiua i ckiamae 5,9 M3B - pik' [35], a BHe-
COK TIPUPOJHOI CKJIaAOBOi 3 ypaXyBaHHSIM TEXHO-
FeHHO-TiACUIeHOoro (GoHy 3HAYHO BHUILE i JOCSTae
5,1 M3B - pik’'. HacTka pagoHy-222 B Hiii cKJlagae
2,4 M3B - pik.

YV 2009 poui MixHapoaHa KoMicisl 3 pagioJoriyHoOro
daxucty (MKP3) onybGiaikyBana 3asiBy mo paaoHy, B
SIKiii HalliOHAJIbHUM PEryalol4uM OpraHaM peKOMEH-

The methodological framework for limiting human
radiation at the expense of radon in different coun-
tries is similar and largely in line with the recom-
mendations of international organizations, but the
quantitative significance of norms, the role of state
structures in solving this problem vary significantly.

Radon problem has become even more important
in recent years. Thus, in 2007, a new «radon» ICRP
Publication 103 [30] was issued, which replaced the
ICRP Publication 60 «Radiation Protection», rec-
ommendations of which are the basis of the national
standards of all countries, including Ukraine.

ICRP publication 103 recommends the action
levels for EROA radon-222 as 600 Bq - m™ in resi-
dential areas and 1500 Bq - m in a workplace. The
radiation risks to population from radon irradia-
tion were increased by 1.8 times there too.

The development of nuclear power engineering,
the associated new technologies, and the Chernobyl
accident have led to an increase in radiation back-
ground. On the territory of Ukraine, in the forma-
tion of the radiation background at the expense of
technogenically-strengthened sources involved
enterprises of the oil, gas, coal industry and thermal
energy. During their operation, there is a noticeable
redistribution of natural radionuclides (uranium,
thorium, products of their decomposition and
potassium-40) in the natural environment [31, 32].

In Ukraine, waste with high levels of natural
radionuclides is not monitored today. This applies
not only to the production of phosphates, but also
to the processing of iron ore, ashes of thermal
power plants. At the same time, in industrial con-
struction, where waste from other enterprises is
used, only final products are monitored [33].

According to the UNSCEAR, the average
annual dose of human radiation from all factors is
5.2 mSv - year™' [34]. In this case, the natural com-
ponent, taking into account the technogenical-
ly-enhanced background, makes a total dose of
4.2 mSv - year', and the main component is
radon-222 — 1.5 mSyv - year.

In Ukraine, the total radiation dose of the popula-
tion is slightly higher and is 5.9 mSv - year [35], and
the contribution of the natural component, taking
into account the technogenically-strengthened back-
ground, is much higher and reaches 5.1 mSv - year.
The share of radon-222 in it is 2.4 mSv - year™.

In 2009, the International Commission on
Radiological Protection (ICRP) issued a radon
application, in which the national regulatory
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JOBAHO TMOCWJIWTHU B JABa pa3u HOpMaTHUBU 3 00’ €MHOIL
akTuBHOCTI (OA) pamioakTMBHOTO razy B XuTiaax. Y
2010 poui MKP3 o6yma Bumymena IlyOmikamis 115
«Pu3MK BUHMKHEHHS paky JIeTeHb MPU ONPOMiHEHHI
paJloOHOM i TIpOAYKTaMu HOro posmamy» [36], B sKiit
npoBeJieHa IepeolliHKa ITOKa3HUKIB HOMiHaJbHOTO
PU3MKY 3aXBOPIOBAHOCTI Ha pakK JIereHb IIPU OI-
poMmiHeHHi pagoHoM. ¥ 2011 po1i, Briepiie B IpaKTUIL
MpoTUpadialliiiHOTO 3aXKUCTy, B MixXHapoaHi cTaHaap-
™1 panianiiiHoi 6e3neku (BSS) MATATE 6yio Bnpo-
BaJIXKEHO BUMOTU A0 OOMEXXEHHSI OIPOMiHEHHSI paao-
HoM [37].

V2014 p. B [1y6mikarii 126 MKP3 «Panmionoriuynmii 3a-
XUCT BiI onmpoMiHeHHST paJoHOM» [38] Oyia BUKITajgeHa
cydyacHa METO0JIOrisI perytoBaHHSI pagoHOBOI IIpobJie-
MU, B OCHOBY SIKOi MOKJIaIeHO MPUHLMIT ONTHUMIi3allil B
YIIpaBJIiHHI paIOHOBUM PU3UKOM.

IMTpuitHarTa HoBux pekoMeHmauiin MKP3 matume
HaCIiAKOM 3MiHY MiXKHapOJIHOI, a MOTIM i HalliOHAJIbHO1
HopMaTuBHOI 6a3u [39] y naHiii cdepi.

BUCHOBKU

1. 3 MeTOI0 y3araJlbHeHHS JaHWX IIOAO0 PiBHIB OIMPOMi-
HEHHsI HaceJICHHSI 3a paXyHOK MPUPOIHMX JKEePeJ BUII-
POMiHIOBaHHS MTPOBEJAEHO aHaJi3 3aKOPIOHHOI i BITUM3-
HSIHOI HayKOBOI JIiTepaTypu.

2. 3a mannmu HKIAP OOH cepemHbocBiTOBa piuHa
eeKTUBHA A03a OMPOMiHEHHST Ha AYIIY HACEJIeHHS Bif
OPUPOAHUX JIxXepes ckiaagae 2,4 M3B, 110 CTAHOBUTH
46 % cymapHOI 1031 onpoMiHeHHs moguHu. B Ykpaini
J103a Bif IPUPOJHUX IXKepesl ONPOMiHEHHSI CTAaHOBUTH
3,5 M3B - pik’', mo Bu3Ha4yae 60 % cymapHOi 103U OI-
POMiHEHHS HaceJIeHHsI.

3. 3a manumu HKJIAP OOH cepeaHbocBiTOBa piuHa
J103a OIMPOMiIHEHHS JIIOAUHU BijJl yCiX YNHHUKIB CKJIaJa€e
5,2M3B - pik’'. [1py IbOMY IIpUPOIHA KOMITOHEHTA 3 ypa-
XyBaHHSIM TEXHOT€HHO-ITIICWJIEHOTO (POHY BHOCHUTH B
cymapHy 103y 4,2 M3B - pik’!, a B Hilf OCHOBHOIO CKJIaI0-
BOIO € pajgoH-222 — 1,5 M3B - pik™.

4. B YkpaiHi cymapHa J03a ONpPOMiHEHHSI HaceJleHHS
ckiamae 5,9 M3B - pik’!, a BHECOK MPUPOIHOI CKIaI0BOL
3 ypaxyBaHHSIM TeXHOTE€HHO-IIiICUIEHOTO (POHY IOCS-
rae 5,1 M38B - pik’'. YacTtka pamoHy-222 B Hiil cKiagae
2,4 M3B - pix’'. PanoH € HaliGiIbII BUSHAYAIBHUM pajia-
HiAHUM (DaKTOPOM [IJIs1 HACeJIEHHSI, 1110 ITOoTpedy€e 0co0-
JIMBO1 yBaru i peTejibHOTO Peryilol04yoro KOHTPOJIIO 3a
JIIOITOMOTOI0 IeP>KaBHUX IIPOTrPaM.

IlepcnekTHBY NOAAJIBIIMX HAYKOBUX JOCTIIKEHb
ITpoananizyBaTu pamioeKOJOrIYHUIA CTaH CepeaoBUILA
KUTTETISITBHOCTI HAaceJIeHHs 3aItopi3bKoi 001acTi, BU3-

authorities were recommended to double the norms
for volume activity (OA) of radioactive gas in
homes. In 2010, the ICRP issued Publication 115
«The risk of developing lung cancer when irradiated
with radon and products of its disintegration» [36],
in which a reassessment of the indicators of the
nominal risk of lung cancer incidence when irradi-
ated with radon was performed. In 2011, for the first
time in the practice of radiation protection, IAEA
requirements for limiting radon exposure were
introduced into the International Radiation Safety
Standards (IWA) [37].

In 2014, the ICRP publication 126 «Radiolo-
gical radiation protection by radon» outlined a
modern methodology for regulating the radon
problem, which is based on the principle of opti-
mization in the management of radon risk.

Adoption of the new ICRP recommendations
will result in a change in the international, and then
national, regulatory framework [39] in this area.

CONCLUSIONS

1. In order to generalize data on the levels of radia-
tion exposure of the population at the expense of nat-
ural sources of radiation, an analysis of foreign and
domestic scientific literature has been carried out.

2. According to the UNSCEAR, the average annu-
al effective dose of radiation for each person from
natural sources is 2.4 mSy, which is 46 % of the total
dose of human exposure. In Ukraine, the dose from
natural sources of exposure is 3.5 mSv - year!',
which determines 60 % of the total dose of radia-
tion exposure.

3. According to UNSCEAR, the average annual dose
of human radiation from all factors is 5.2 mSv - year™'.
In this case, the natural component, taking into
account the technogenically-enhanced background,
makes a total dose of 4.2 mSyv - year', and the main
component is radon-222 — 1.5 mSv - year'.

4. In Ukraine, the total radiation dose of population is
5.9 mSv - year'!, and the contribution of the natural
component, taking into account the technogenically-
strengthened background reaches 5.1 mSv - year.
The share of radon-222 in it is 2.4 mSv - year'. Radon
is the most important radiation factor for the popula-
tion, which needs special attention and thorough
regulatory control through state programs.

Prospects for further research
To analyze the radioecological state of the living envi-
ronment of the population of Zaporozhye region, to
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HaYUTH OCHOBHI JKepesa padioaKTUBHOIO 3a0pyIHEH-
HsI TEPUTOPIi, PiBHi i CTPYKTYpY 103 OMPOMiHEHHS Hace-
JIEHHSI 32 paxXyHOK IIPUPOJHOI pajiallii Ta OLiHUTU J030-
Be HaBaHTaXXEHHS Ha HACEJICHHS.
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determine the main sources of radioactive contami-
nation of the territory, the level and structure of radi-
ation dose of the population due to natural radiation
and to estimate the dose load on the population.
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