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Mpobnema oTpMMaHHA ekonoriyHo 6e3neyvHnx maTtepianie 0cobnmMBO BaXknvMBa Npu BUKOPUCTaHHI
BiOoxoAiB, AKi KOHLEHTPYIOTb B cobi npupogHi pagioHyknian (MPH), ski ctaHoBnATL Hebesneky Ans 340-
POB'A NOAMHM | HABKONULLIHBOTO cepeaoBuLla. [lo noaibHmx koHueHTpaTopie MNMPH BigHocATbCS Bioxoan
ByrneBmaobyBHOi i TennoeHepreTnyHoi ranysi. MeTtoo po6oTn Gyno BU3HAYEHHSA pagioHYKNigHOro
cknagy dopakuin Bigxonis ByrneBnaobyTKy i nanvBHMX 30510LWMAKIB i iX BigNOBiAHICTL HOpMaM pagiauii-
HOi Ge3nekn YKpaiHu i MbkKHapoAHMM pafionoriyHMMK NokasHuKamK. Y cknagi nanvMBHUX 30510LUSIAKIB i
BigBarnbHUX nopia ByrneeuaobyTky BuseneHi NMPH: 22°Ra, 232Th Ta “°K. BmicT pagioHyknigis Bapitoe 3a
dpakuigmu Bioxoais. OCHOBHUI BHECOK Yy BENNYNHY €(DEKTUBHOI MUTOMOI akTUBHOCTI Ceq, BigXxoAiB BHO-
caTb ?%°Ra Ta 2%2Th. HanbinbLunii po3kua NUTOMUX aKTUBHOCTEN 3a ppakLisMU NanmMBHUX 30MOLLNAaKIB i
ropinux nopig ByrneenaobyTKy xapakTepHuii ans 22°Ra. Bci gocnigykeHi Bigxoam BigHocaTbes Ao | knacy
pagiauinHoi Hebeaneku (Ceoq < 370 Bk/Kr) | MOXYTb BUKOPUCTOBYBaTUCS B ByAiBHALTBI 663 06MexeHb.
3rigHoO 3 MiXKHapoAHUMW PaAioNnoriYHUMMN NOKA3HUKaMW NEePEBULLEHO 3HAYEHHS IHAEKCY BUKOPUCTaHHS
AKTUBHOCTI NPaKTUYHO AN BCIX JOCMiMXKEHUX Biaxoais. FlaMma-BMNPOMIHIOBaHHS ropinoi nopoan waxtu
«OnbxoBaTcbka» (ppakuis <0,63 MM) nepeBuLLYE PEKOMEHOO0BaHI MeXi 3a BENUYMHOK IHAEKCY BHYTPI-
WHbOT Hebe3neku i raMma-iHaekcy. BenmumHu eksiBaneHTHoi akTuBHOCTI 2?°Ra i anbga-iHaekcy cBig-
YyaTb, WO AOCAIOKEHI 30M0LLUNakK i BiaBanbHi NOpOAM HEe CTaHOBMSATb Hebe3neku niaBuLLIEHOT eMaHauii
pafoHy i AOYIpHIX NPOAYKTiB MOro posnagy y nosiTpsa npuMieHHs. KoHueHTpauis pagoHy, Wo Hagxo-
OUTb Y NOBITPSA NpuMilleHHs!, He nepesuwye 200 Bk/m3. MOTyXHICTb NOFMUHEHOT 403U HA BiAKPUTOMY
NOBITPI 4118 AOCNIIKEHMX BiAXOAIB i piuHa epeKTMBHA eKBiBaNeHTHa 403a BULLE CEPEAHbOCBITOBUX 3HA-
yeHb, BignoBiaHo: 58 HIp/roa. Ta 0,07 m3B, ane HWx4e 3Ha4YeHHs1, pekomeHgoBaHoro MAATE ans Ha-
ceneHHs, 1 M38/pik. HaanvwKoBuii OBIYHWIA KAHLIEPOTEHHNIN PU3UK BULLIE CEPeOHbOCBITOBOrO 3HAYEHHS
0,29-10738, ane Hmxye mexi 0,05, BctaHosneHoi MKP3.

KnrouoBi cnoBa: padioHyknidu, nanusHi wnaku, 8ioxodu gyanesudobymky, echekmugHa rnumoma
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akmueHicmb, Knac padiauiliHol Hebeaneku, iHOekcu padiauiiHoi Hebesneku, 0o3u padiauil

BeTtyn. YTunisauis npoMmucnoBux BigxoAis, LLO
MaloTb PECYPCHY LiHHICTb, MOXe NpuBHECTU 3abpy-
OHEHHs1 B ogepXyBaHWU NPoayKT i HEraTUBHO BMKW-
BaTW Ha opraHiam pobiTHUKIB, Wo BepyTb yyacTb B
TexHonoriyHomy npoueci. lMpobnema oTpMMaHHS
ekonoriyHo 6esnevyHnx maTepianis ocobnneBo Bax-
nMBa Npu BUKOPUCTAHHI BiAXOAIB, SKi KOHLLEHTPYIOTb
B cobi npupogHi pagioHyknign (IMPH), aki ctaHos-
natb Hebesneky Anst 34OPOoB'A NMIOAUHN | HABKOMMULL-
HbOro cepegoBuwia. [1o NogibHUX KOHUEHTpaTopiB
MPH BigHOCATBLCA Bigxoau BYrneBuaoOyBHOI i Ten-
noeHepreTUYHOI ranyasi.

BusHauyeHHA npob6nemn. PapgioekonoriyHuii
MOHITOPUHI CUPOBUHU | NPOMUCHOBUX BiAXOAIB aKTy-
anbHWn Ha cyyacHoMy eTani. BuaBneHHs YMHHUKIB,
o BusHa4vatoTb BMicT MNPH (238U, 226Ra, 232Th i 40K)
B CMPOBWHI, iX MOBEAIHKY B MPOLECi TEXHOMOTIYHOI
nepepobku, 4O3BOMUTbL NPOrHO3yBaTH iX BMICT B KiH-
LeBoOMy MaTtepiani, BHECTU KOPEKTUBW | YHUKHYTU [10-
OATKOBOrO OMPOMIHEHHS1 HaceneHHs. HeobxigHui
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cucTtemMaTUYHUIN pagionoriYHU MOHITOPUHT BYTiNN4 i
NpoAyKTiB Noro 3ropsHHs. 3rigHo gaHux HKOAP [1]
cepegHi nutomi aktusHocTi MPH y Byrinni cknaga-
toTb, BK/kr: 238U — 37, 226Ra — 35, 232Th — 30, 4K —
400. BigHocHo Bucokum BmicT MPH 3acdikcoBaHo Ha
aeskux ByrineHUXx pogosuwax CLA, Kurtat, Pocii
Ta Cepbii [2]. Y HirepincbkoMy Byrinni cepeaHi nu-
TOMi aKTUBHOCTI cknanu, Bk/kr: 226Ra — 8,2, 232Th —
7, YK — 27,4 npu cepepHix 3HAYEHHNX eKBiBaneHT-
HOI akTMBHOCTI pagito Raeq 20,26 Brk/kr Ta iHOekcis
30BHIiLWHBLOT HeGe3neku lex 0,05, BHYTPILWHBLOI HeDOEe3-
neku lin 0,08 i ramma-ingekcy 0,14 [3]. ABTopamu 3
Kutato [4] BM3HA4YeHO cepedHi NUTOMiI aKTUBHOCTI
238, 22Th, 2%6Ra, 219Pb, 21°Po i 49K, Bk/kr: 46,6; 87,
38,8; 42,6; 23,8 i 540 ana Byrinng; 85,8; 139; 72;
122; 78,5 i 758 ons nettodoi 3onu; 93,2; 144; 76,3;
636; 386 i 747 ana TBepAnX YaCTUHOK ANMOBUX ra-
3iB. [1PH y ByrinbHi TOBLLi NOB'A3aHi sIK 3 HEOpraHi-
YHUMU (TIIMHUCTI, Pi3Hi 0CagoBi Nnopoau), Tak i 3 op-
raHivyHMMU pevyoBnHamu. Th 3B'A3yeTbCA 3 LUPKOHOM
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ZrSiOa4. Ha nigcTaBi aHanisy posnoginy npyupoaHoro
ramma-BunPOMIHIOBaHHSA BYTiNNA i NOKpiBeNbHUX NO-
pia 7 ByrinbHMX waxTt Kutato po3pobneHo npuHumn
po3ni3HaBaHHSA BYTiNbHUX PO3pi3iB 3 BUKOPUCTAHHAM
MeToAy NPMPOOHOro raMmma-B1MNPOMIHIOBaHHS [5].

LlikaBi pe3ynbTatv BMBYEHHS pPadiOaKTUBHOCTI
Biaxopie ByrneBuaobyTky [6-8]. PapgioakTuBHICTb
BigBanbHMX nopia waxt [JoHbacy nepesuwye ¢o-
HOBI 3Ha4yeHHs, BapiloBaHHA IHTEHCUBHOCTI ramma-
BUMPOMIHIOBaHHA Ha BigBanax 11-25 mkP/rog. Y
cnabomeTamopisoBaHNXx Mnopogax TUMOBUX ANS
HoHbGacy npucyTHi isoTonu 4°K Ta 226Ra [8]. Buayea-
€ma BITPOM Nun 3 NOBEPXHi BiaBarniB MoXe MiCTUTK
MPH, ski iHranauinHo noTpannsoTb B OpraHiaM sto-
OVHW | BUPOBNSAOTL BHYTPILLHE ONPOMIHEHHS. Bumi-
psHi cepedHi nutomi aktmeHocTi [MPH B nuny Tepu-
koHiB lMiBaeHHOT Adppukm piBHi, Br/kr: ??°Ra — 53,6,
238 — 15,2, 232Th — 6,6, 40K — 278,5 [9]. Y BigBanax
HaBKONO BYrifibHOro po3pizy MaiiraHra niBHi4HO-CXi-
OHol Hirepii cepeaHi NUTOMI aKTMBHOCTI CKnanwm,
Br/kr: 226Ra — 11,90, 232Th — 17,7, “°K — 70,4 [10].
Mpn Taknx BennuyMHax akTUBHOCTI Bigxoau He oby-
MOBJIIOIOTb PaLiONOriYHOro PU3NKY i MOXYTb YTUNI3Y-
BaTUCH B iHLLMX rany3ax. 3a BenuymMHam iHAeKciB pa-
JiauinHoi, 30BHILLHBbOI, BHYTPILWWHBbOI HEGEe3nekn i no-
TYXXHOCTi MOrMMHEHOI A03n 0o6rpyHTOoBaHa npwuaart-
HICTb TipCbKUX nopig i BigknageHb BYriflbHUX LLAXT
Cinesii B akocTi 6yaiBenbHux maTepianis [11]. Hebe-
3rneka emMaHauii pagoHy BUHMKAE MPU 3HAaYEHHAX KO-
egiuieHTa koHUeHTpyBaHHS MNMPH 2-10 B NopiBHAHHI
3 Byrinnam [12]. BigcyTHiCTb HOpMaTUBHUX OOKYMe-
HTIB NPM3BOAMTL 40 3HAYHUX TPYAHOLLB MNP OpraHi-
3avuii cuctem koHTponto BmicTy MNMPH y Byrinni. Bnpo-
BaXXEHHS CcUCTeM pafiauilHOro KOHTPOM BYrinms
Ha cTagii po3pobku poOoBMLL JO3BONMUTL MiHIMI3Y-
BaTu noTpannsaHHa MNMPH B nanusHui umkn [13].

[Mpw 3ropsiHHi OpraHiYHOi YacTUHW KaM'AHOro BY-
rinns NMPH KOHUEHTPYIOTLCA B MPOAYKTaX 3ropsiHHA
— Biaxopax TEC: 3onax, wnakax, neTiodin 301, Lo
BUKMAAETbCA B aTMocdepy. AKTyarnbHO CTBOPEHHS
e(EeKTMBHOI CUCTEMMU KOHTPOMI HAKOCTI BYrinnsa 3
ypaxyBaHHSM pagiauifiHo-ririeHiYHoro dakropa i 3a-
De3neveHHs 3aXUCTy HaBKOMWLIHLOIO cepefoBuLLa
i 300opoB'a HaceneHHs [14]. MakcumarnbHa KOHLEHT-
pauis INPH peecTpyeTbcs Ans NETIOHOI 301U, aKTUB-
HicTb NMPH ypaHoBoro psay B neTiodin 3oni 1442-
12641 bk/kr no 3piBHAHHIO 3 Byrinnsm 813-2609
Br/kr [15]. Y rpyHTi nobnuady TEC, Ha skun ocigae
neTtoya 3ona, BusBneHi MPH 226Ra, 232Th, 40K, 235U,
238 n 137Cs [16]. PagioHyknigHuiA cknag sonowuna-
KiB KOpPEeroe 3 iX XiMiYHMM CKIlagom, TOMy HeobXigHO
BM3HAYEHHSI €JIEMEHTHOrO i MiHepanbHOro cknagy
Biaxoaie TennoeHepretukn [17]. Hanbinbw imoBip-
HUM MexaHi3MoM Hakonu4veHHs MNPH e reTepoBane-
HTHe i3oMOopHEe 3aMillleHHs1 B CTPYKTypax MiHepa-
niB WNakiB, LLL0 3HAaXOAATLCS B KpUCTanNiuHOMY i amo-
pdHoMy cTaHi [18].

MeToto po6oTu Byno BU3HaYeHHs pagioHyknia-
HOro cknagy dopakuin BigxoAis ByrnesngobyTky i na-
NUBHKX 30M10LLNAKIB Ta iX BigNOBIAHICTL HOpMaM pa-
AiauinHoi 6e3nekn YkpaiHn Ta MiXXHapoaHUM pagio-
NOriYHMMUM NoKa3HUKaMMU.

MeToauka gocnigxeHHA. [amma-cnekTpoMeT-
PUYHWIA aHani3 WNnaky BUMKOHaAHWUW 3a AOMNOMOroko
CUMHTMRSILINHOrO ramma-cnektpomeTpa CEIN-001
«AKI-C» 3 nOxXmbkow BUMIPIOBAHHSA aKTUBHOCTI
<25 %. Obpobka pesynbTaTiB BUMIpIOBaHb MPOBO-
Avnacb 3a JOMOMOroK NporpamMHoro 3abesneyeHHs
Akwin. PesynbTatu ramma-cnekTpoMeTpU4HOro
aHanisy HaBefeHi B Tabnuu,i 1.

BidnosidHicmb 8idx00die 8yaneeudobysHoi i me-
rnroeHep2emuyHoI 2any3i Hopmam padiaujtiHoi 6e3-
neku YkpaiHu. Kputepiem pagiauinHoi Hebesnekm by-
AiBENbHUX, TEXHIYHNX MaTepianiB, NOGIYHNX NPOAyK-
TiB i Biaxoaie BupobHuuTBa 3rigHo HPB Ykpainu [19]
€ edhekTvBHa NUTOMa akTUBHICTb [MPH — C¢y, , SIKY BU-
3Ha4alTb K 3BAXEHY CYyMYy NMUTOMUX aKTUBHOCTEW
pagito-226 (Cg,), TOpito-232 (Cry,) Ta kanito-40 (Cy) 3a
dopmysoto:

Cep = Cra + 1,31Cqy, + 0,085C, Bi/xr,

ge: 1,34 ta 0,09 — BignoBigHO 3BaXeHi koeilieHTH
ana Topito-232 Ta kanito-40 no BigHOLWEHHI A0 pa-
nito-226.

3a BenuunHow Cy, < 370 Bk/kr (Tabn. 1) BCi
JocnigXeHi Bigxoam BigHOCATLCA A0 NEPLUOro Knacy
pagiauinHoi Hebe3nekn i MOXyTb BUKOPWUCTOBYBa-
TncA B OyAiBHMUTBI 663 0OMEXEHb.

AkmuesHicmb 0QocnidxeHuUx 3pa3skig. PafioHyk-
nigHWI cknag gocnigpkeHnx 3paskiB Mae aesiki ocob-
nunBocTi. [1py BUropsaHHI OpraHiku i ByrnncTnx 4yactu-
HOK BigbyBaeTbCs KOHUEeHTpyBaHHS [PH B 3anuLuky
HeopraHi4yHoi YacTuHu. Lle BigHOCUTLCA OO nanue-
HMX 30MOLUMaKiB i ropinux nopig ByrnesngobyTky.

lManueHi 3o1ownaku. BenninHmn epekTnBHOI Nu-
TOMOI aKTMBHOCTI AOCHIMKEHNX ppaKLi 30M0LLIaKiB
NPaKTUYHO He BIAPI3HATLCA Mk coboto. Brnmabki
3HayeHHs Bknagis okpemux MPH B Cq, (Tabn. 1). Be-
mynHa Cey, JocnimkeHnx 30MoLnakoBuxX Bigxoais
nepesulye cepegHio (e, [ANa nanueHKX LINaKis
(194 Br/kr) Ta 3on (204 Bk/kr) no CHJ [20], ogHak Hu-
)K4a Big, aHanoriyHoi BenuynHu anga sonownacis Mpu-
aHinposcbkoi MPEC (366 bBk/kr) Ta KpuBopisbkoi
MPEC (352 Bk/kr) [21]. QocnigxeHi 3onu i wnakn ma-
t0Tb NiABULLEHY C.y B MOPIBHSAHHI i3 cCEpeaHiM 3HaueH-
HAM Ans OygiBenbHUX matepianis no YkpaiHi (106
Br/kr) Ta CHL (93 Bk/kr), ogHak fgianasoH ii Bapiauil
3HaAYHO BYXX4e, HiX ansa OyamaTtepianis [20].

®pakuii 3onownakis Cnos'sHebkol TEC moxHa
oxapakTepusyBaTu 3a BMicToM okpemux MNPH. Y no-
PSAKY 3MEHLLEHHS BigHoWweHHS (%) MakcMarnbHOro
pO3KMay NMUTOMMUX akTuBHocTen okpemux NPH no
dpakuism 3onownaky Big C; cepenHboi Npobu, pa-
OIOHYKNiAW  MOXHa  posTawysaTu B psa:
226Rg> 40K >232Th.
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lMopodu eyanesudobymky. Posnogin MNPH 3a
06CArom TEPMKOHY MOXe 3anexaTtu Big psgy dakto-
piB. OgHMM 3 OCHOBHWX € BWITYrOBYBaHHsSI BOAOH,
sike BM3HA4YaeTbCA PO30I0 BITPIB MiCLEBOCTI. Takum
YnHoM, posnoain NMPH B noBepxHeBOMY Luapi Byri-
NbHOT NOPOAN Mae€ BiOPI3HATUCA B 3anexHOCTi Big
cTopoHu cBiTy. Noganbwa wmirpauis MNMPH Ha rnu-
OVHY BM3HAYaETLCA PO3YMHHICTIO CMOMYK, WO YTBO-
PHOIOTBCS, aHIOHHMM CKNaaoM BYrinbHOT nopoau, pH,
OKWCHO-BIAHOBIIOBANbHMMWN BNACTUBOCTAMMU Ta iH-
LwmMn cpakTopamu.

lopini nopodu syznesudobymky waxmu «Orib-
xoeamcbKkay. Ppakuis >20 MM € Hanbinbw pagia-
uiiHo-ymctoro. ®pakuia <0,63 MM xapakTepusy-
ETbCHA MaKCHMaSIbHUM 3HAYEHHSIM (o4 . 3POCTAHHS
Cep 4aCTMHOK NOPOAU 3 PO3MIpOM <2,5 MM Ta 0Cco6-
nueo <0,63 MM nos's3aHe 3 NiABULLEHHSM NMUTOMOI
aKkTuBHOCTI ??°Ra (Tabn. 1). BMBYEHHA aKTUBHOCTI
oKpeMux pakuin ropinoi ByrinbHOI NOPOAX LUAXTH
«OnbxoBaTcbKka» BU3HAYa€E psg 3MEHLUEHHsT BigHO-
WweHHs1 (%) MakcumanbHOro po3kMay NUTOMUX akTu-
BHocTewn [MPH no dpakuisam 3onownaky Big C; cepe-
OHbOI Npobu: 226Ra > 232Th > 40K,

Hezopini nopodu eyanesudobymky marTb B
CBOEMY CKrafi OpraHiyHy CkrnagoBy, 3BiACW MeHLue
BenuuuHn C; okpemux MNMPH Ta C.4 . BHecok MNPH B
CyMapHy akTuBHICTb (C.,) 3paskis pisHuii. Mopoaa
TepuKoHy WaxTtun «lMaBnorpagcbkay, onsa Akoi 3ape-
€CTpOBaHi MakcumanbHi Bknaam 225Ra ta 232Th B cy-
MapHy aKTMBHICTb, € HanbinbLw HebGe3ne4yHo 3 No-
31U emaHaLin isoTonis 222Rn Ta 22°Rn. 3Bigcu Bu-
HWKae HeoOXiOHICTb pagiauiiHOro MOHITOPUHIY Te-
PWKOHIB, LLO NONepemKye ix po3pobky.

BidnosioHicmb 8i0x00die 8yaneeudobyeHoi i me-
rroeHepaemuyHoi 2any3si MixkHapoOHUM padionoeaiy-
HUM roKasHuUKam. YvMcneHHi KpuTepii ouiHKM pagio-
NOriYHOro HaBaHTaXXEHHA Ha HacerneHHs Big BNANBY
pagiauii B pi3HUX KOMMOHEHTaxX HAaBKOMMULLHBOIO Ce-
pefoBuLLa npeacTaBneHi B nitepatypi [22-27].

IHdekcu padiayjtiHoi Hebesneku. EksisarneHmHa
akmueHicmb padito Ra,,; BUKOPUCTOBYETLCA ONIA CY-
MapHoro obniky Hebeaneku, NoB'A3aHOI 3 OKPEMUMM
MPH npwu ix HeogHOpigHOMY pO3MNoAiNi B HABKONULL-
HbOMY CepeaoBULLi. Ra,, BUPAXaeTbCs AK 3BaXeHa
cyma akTuBHocTer 226Ra, 232Th Ta “°K B Bk/kr, BUXO-
Asiun 3 npunyweHHs, wo 370 Bk/kr 226Ra, 259 Bk/kr
232Th Ta 4810 Bk/kr 4K xapaKkTepuayrTbCcs 0aHaKo-
BOIO MOTY>KHICTIO 03N raMMa-BUNPOMiHIOBaHHS [23]:

Ra.q = Cgq + 1,43Crp, + 0,077Cx, BK/KT.

BenuunmHa Ra., He nNOBMHHA nepesuLlyBaTK
370 Bk/kr [24].

IHOekc 308HiwHbLOI Hebe3neku I, ouiHoe Hebe-
3MneKy 3a paxyHOK 30BHILIHLOrO OMNPOMIHEHHSA Big
226Ra, 232Th Ta 49K B gocnigkeHux 3paskax [25]:

. _Cra O G
370 259 4810
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Tabnuusa 1. Pe3ynbtaTn raMma-CnekTpoMeTpuy-
HOro aHanisy BigxoAiB ByrnesnaobyTKy i nanvmBHMX
30noLunakis

C;, bx/kr (BHECOK

®pakuis, | Cep B CyMapHYy aKTUBHICTb, %)

MM Br/kr a0 I 226R4 | 232Th

3onownak Crnos'aHckkoi TEC, JoHelbka o6n.

CepeaHs
npoba 259 | 785 (82,2) | 101 (10,6) | 69,5 (7,3)

10-20 | 264 |792(82,0) | 100 (10,4) | 73,5 (7.6)

5-10 269 | 807 (82,0) | 104 (10,6) | 72,9 (7.4)

<5 237 | 745 (83,0) | 83,4 (9,3) | 68,6 (7,6)

Bonownak Ecxapiscbkoi TPEC-2, XapkiBcbka 0611.

3ona 238 | 686 (81,1) | 95,0 (11,2)| 64,4 (7.,6)

Sonownak | 244 |732(81,9) [97,8 (10,9)|64,0 (7,2)

Lnak 236 | 750(83,1) | 89,5(9,9) | 62,8 (7,0)

Bonownak 3miiBebkoi MPEC, Xapkiscbka 0611.

3onownak | 254 | 761(81,9) [ 101 (10,9) | 67,3 (7,2)

Mopoam ByrnesuaobyBaHHs opina nopoga waxTu
«OnbxoBaTcbkay, [loHeLbKa obn.

Cﬁggg:" 251 (18%?% 73,7(6.2) | 67,7 (5,7)
>20 | 240 | 968 (87.7) | 67,4 (6,1) | 68,9 (6,2)
10-20 | 257 (%3%)) 77,2 (6,6) | 71,8 (6,2)
5-10 | 258 (}3?% 69,4 (5.5) | 71,7 (5.7)
25-5 | 264 ég’g) 74,5 (5.8) | 71,7 (5,6)
1,25-25 | 278 (}317?% 84,1 (6.6) | 76.4 (6.0)
0,63-1,25 | 270 (}3%?% 84,4 (6.9) | 72,3 (5.9)

<0,63 | 305 |912(82,0) | 111 (10,0) | 89,3 (8,0)

opina nopopa waxtu im. YentockiHuis, [JoHeLbka obrn.

Cepennst | 555 | 610 (80,0) | 92,1 (12,0)| 61,6 (8,0)
npoba
Heropina nopoaa waxtn «XMenbHuLpkay, JlyraHcbka oon.
CepeaHs
npoBa 172 | 815(90,1) | 45,9 (5,1) | 43,7 (4,8)
Heropina nopopaa waxtu iMm. CBepanosa, JlyraHcbka obn.
CepeaHs
npoba 121 | 470 (86,8) | 40,8 (7,5) | 30,6 (5,7)
Heropina nopoaa waxtu im. PpyH3ae, JlyraHcbka obn.
CepeaHs
npo6a 176 |839(90,2) | 46,1 (5,0) | 44,8 (4,8)
Heropina nopoaa waxtu «BoasiHcbkay, [JoHelbka o61.
CepegHs
npoBa 193 | 640 (84,3) | 56,8 (7,5) | 62,7 (8,2)
Heropina nopoga waxtu «benuubka», [JoHeubka 065.
CepeaHs
npoba 210 | 746 (85,4) | 68,6 (7,8) | 59,2 (6,8)

Heropina nopoga waxtn
«MaBnorpagckka», JHinponeTpoBCcbka 0611.

CepegHs 66,6
npo6a 184 | 171 (53,4) [82,3 (25,7) (20.8)
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IHOekc eHympiwHbOI Hebesneku I, OUiHIE
pPU3VK ANS opraHiB guxaHHs Big BHYTPILUHLOrO
BMMAMBY pagoHy Ta MOro KOPOTKOXMUBYYMX AOMIPHIiX
npoaykris [25]:

_Cra  Cm | Gk
~ 185 ' 259 4810

lamma-iHOeKc I, pO3paxoBytoTh 3a PIBHAHHAM [25]:

_Cra, Cmn, Gk
Y 300 200 3000

I,, BUKOPUCTOBYIOTb ANA ideHTMdikauil maTepia-
nie, sIKi NpeacTaBnsalTb iHTepec B OyAiBHMLTBI. [ns
mMaTepianis, BUKOPUCTOBYBAHMX Y BENUKMX obcsrax,
Hanpuknad, ans 6eToHy I, < 1, wo Bignosiaae pid-
Hin ePeKTVBHIN [03i MeHLWin abo pisHin 1 M3B. I, <
0,5 Bignosigae Ao pivHOI epeKTUBHOI A03i MEeHLUIN
abo pieHin 0,3 m3B [25].

Anbghba-iHOekc I, OUiHI0E eMaHalilo pagoHy 3
maTepianis [25]:

Iin

— CRa
200°

Mpu akTmBHOCTi 2?Ra B Martepiani Buwe
200 Bk/kr, KOHUEHTpaUis pagoHy, WO HaaxoauTb B
NoBITPS NPUMILLEHHS, MOXe ByTun piBHoto 200 Br/m3.
I, <1 Bignoeigae akTMBHOCTI 226Ra, WO He BuLlE
200 Bk/kr.

IHOekc sukopucmaHHsa akmusHocmi AUI BU3Ha-
Yae NOTYXHICTb A03M B MOBITPI NP Pi3HUX KOMBiHa-
Lisix 226Ra, 232Th T1a 4°K B NnpoMuUCrnoBuUX Bigxoaax.
IHOEKC po3paxoBYETLCA Ha OCHOBI MUTOMWUX aKTUB-
HocTter MNPH Ci i gppobHux Bknagie MNMPH f; B cymapHy
NOTYXXHICTb 403M ramMa-BUMNPOMIHIOBaHHSA B MOBITPI
3a cniBeigHowWweHHAM [10]:

CRa 'fU +CTh 'fTh +CK'fK

50 50 500 °
Opo6Hi Bknaam fy, frn W fx B CymapHy MOTyX-
HICTb [03W raMma-BUMNPOMIHIOBAHHSA Yy MNOBITPI Big
226Ra, 232Th Ta “°K cknagatoTb 0,462, 0,604 1 0,041;
cepefHi nuTomi akTnBHOCTI 4°K, 232Th Ta 2?°Ra y rpy-

HTax cknagatTb, bk/kr: 500, 50 Tta 50 [24].
3rigHo pekomeHpauism HKOAP [23] BennuuHa
Loy, lin, 1y, I 1 AUI He NOBUHHa nepeBuLLlyBaTH oau-
HUUi, B JaHOMY BUMaZKy MaTtepiany MOXYTb BUKOPU-
cToByBaTUCcs B OyaiBHMUTBI ©e3 pagionorivyHoi 3a-
rpo3n HaceneHHw. Pe3dynbTatv po3paxyHKiB iHOekK-
ciB papiauinHoi Hebe3nekn HaBedeHi B Tabnuui 2.
BenuunHa  Ra,, BCIX 3paskiB  He nepesuLlyE
370 bk/kr, Wo BignoBigae BennYuHi 003U 30BHiLL-
HbOro onpoMiHeHHs1 1,5 m3B/pik [24]. IHOEKC 30BHiL-
HbOi Hebe3nekun Bcix 3pa3kiB I, < 1. lHOeKkc BHyTpi-
WHbOI Hebe3nekn Onst ABOX 3paskiB, sIKi 3a3Hanu

Ia

AUl =

TEPMiYHOI 0OPOBKN HE3HAYHO NEPEBULLYE OANHULIIO
(BnaineHo B Tabn. 2). Ffamma-iHaekc I, < 1 ans spa-
3KiB 3a BUHATKOM dopakLii <0,63 mm ropinoi nopoam
waxtn «OnbxoBaTcbka». Anbda-iHaekc I, < 1 gns
BCiX 3pa3kiB, LLIO BiANoBigae akTMBHOCTI 226Ra He ne-
peBuwye 200 Bk/kr. 3HayHe nNepeBULLEHHS] BUSIB-
NeHo Ans iHOeKCy BUMKOPUCTaHHA akTuBHOCTI AUI
NPakTUYHO ANs AOCHiMKeHUX nopig i 3onownakis.
Ina dopakuii <0,63 Mm ropinoi nopoan waxtn «Onb-
xoBaTcbka» AUI > 2.

Josu padiayii. lNomyxHicmb roanuHeHoi A03u
Ha 8idkpumomy rnosimpi D 3a paxyHOK ramma-Bu-
npomiHtoBaHHs NMPH HaBkonuwHbOro cepenosuila
po3paxoByeTbCA 3a hopmyroto [26]:

D = 0,462Cpy + 0,604Cyp, + 0,0417Cy, uTp/rop,.

KoediuieHTn nepepaxyHky 0,462, 0,604 Ta
0,0417 Bk/kr BignoBigHo ansa 226Ra, 232Th Tta 4°K, BuU-
3HaveHi HKOAP OOH [26], BUkOpUCTOBYHOTbCA ANs
OuiHkM Dp Ha 1 M Hapg piBHEM 3emni B pesynbTarTi
ramma-BUNpPoOMiHIOBaHHs 226Ra, 2%2Th Ta 4°K, wo Mmi-
CTATbCA Y I'PYHTI.

PiuHa egpekmueHa eksisaneHmHa 0o3a AEDE
BM3HAYaE pU3NK BNAMBY HA MOAMHY NOTYXXHOCTI Nor-
nuHeHoi go3n. KoediuieHTn nepepaxyHky: 0,70 3s/'p
nepeTBoptoe Dy B e(peKTnBHY A03Y; KoedilieHT nepe-
OyBaHHs1 Ha BigkpuToMy noBiTpi 0,2 [23]. AEDE npu ne-
pebyBaHHi Ha MOBITPI OLIHIOTE 32 OPMYIIOLD:

AEDE = 1,21-1073 D, M38/pik.

BennumHn D, pocnigkeHux BigxoaiB BUPOOHMLU-
TBa BULLE CEepedHbOCBITOBOrO 3HadeHHs1 58 HIp/roa.,
HaBegeHoro B [26]. AHanoriyHo BenuunHa AEDE pgns
BinbLIOCTi 3pa3kiB BiAXodiB BuULLE CepedHbOCBITOBOI
eeKT1BHOI [03K1, OTPMMaHOI Ha BiOKPUTOMY MpPOC-
Topi, 0,07 m3B [23]. OgHak po3paxoBaHi BENMYUHK
AEDE MeHLUi pivyHOI eheKTMBHOI 403K, pekoMeHa0Ba-
Hoi MAATE pna HaceneHHs, 1 m3B/pik [28].

Hadnuwkosuti dogidyHUl KaHUepO2eHHUU pU3UK
ELCR npu OnNpoOMiHEHHI pO3paxoBYyETLCA Ha OCHOBI
BENWMYUHN AEDE 3a piBHAHHAM [27]:

ELCR = AEDE - DL - RF,

ae: DL — TpuBanictb xntta 70 pokiB; RF — dpakTop
pu3nky, wo popisHioe 0,05 1/3B onst CTOXaCTUYHUX
edekTiB B Oyab-saki nonynsuii [27].

BenvuuHu ELCR ons geaknx 3paskiB gocnigpke-
HUX BiOXOA4iB BULLE CepPeAHbOCBITOBOIO 3HAYEHHS
0,29-1072 [23], ane Hux4e mexi 0,05, BcTaHOBMEHOI
MixxHapoaHOK KOMiCiEld 3 pagiauiiHoro 3axucTty
[27]. Taknm YMHOM, NMOBIPHICTb BUHUKHEHHS paKy y
HaCeneHHs B LiNoMy 4epe3 BUKOPUCTaHHS OOCHi-
DXKeHux Bigxodie ByrneBmaobyTKy i TennoeHepre-
TUKM HE3HAYHa.
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Tabnuusa 2. lHgekcu pagiauinHol Hebesnekn, Ao3n pagiauii i KaHUepPOoreHHUI pU3nK
Bigxoais ByrneBnaobyBHOI | TeNNoeHepreTUYHoI ranysi

IHoeken pagiauiHoi Hebesnekn
=370 [osan
. < 1n-3
dpakuis, mm EX/Kr (1) ELCR - 10
Ragg, AEDE, D,
BK/Kr lex lin Ly L AUl m3s/pik | HIp/roa.
3onownak Crnoe'saHcbkoi TEC, [JoHewlbka obr.

Cﬁsgé‘:" 260,83 | 0,70 | 0,98 | 095 | 051 | 1,84 | 015 121,4 0,53
10-20 266,09 0,72 0,99 0,96 0,50 1,88 0,15 123,6 0,53
5-10 270,4 0,56 1,01 0,98 0,52 191 0,15 125,7 0,53

<5 238,86 | 065 | 0,87 | 0,87 | 0,42 | 1,66 0,13 111,0 0,46
3onownak Ecxapiecbkoi TPEC-2, XapkiBcbka 061.
3ona 239,91 0,65 0,90 0,87 0,48 1,71 0,13 1114 0,46
3onownak 245,68 0,66 0,93 0,89 0,49 1,74 0,14 1144 0,49
Lnak 237,05 0,64 0,88 0,86 0,45 1,65 0,13 110,6 0,46
3onownak 3miiscbkoi MPEC, XapkiBcbka 065.
Sonownak | 25584 ] 069 [ 096 | 093 | 051 | 181 | 014 | 1190 | 049
Mopoau ByrneBnaoGyBaHHs
opina nopoga waxtn «OnbxoBaTtcbkay, [JoHeLbka 0bn.

Cﬁggé‘:" 251,36 | 0,68 | 0,88 | 0,93 | 037 | 158 | 0,14 118,7 0,49
> 20 240,46 0,65 0,83 0,89 0,34 1,53 0,14 113,1 0,49
10-20 257,64 0,70 0,90 0,95 0,39 1,66 0,15 121,2 0,53
5-10 257,40 0,70 0,88 0,96 0,35 1,60 0,15 121,7 0,53
2,5-5 264,04 0,71 0,91 0,98 0,37 1,65 0,15 124.,8 0,53

1,25-2,5 278,82 0,75 0,98 1,00 0,42 1,79 0,16 131,3 0,56

0,63-1,25 269,78 0,73 0,96 0,88 0,42 1,74 0,15 127,3 0,53
<0,63 308,92 0,83 1,13 1,12 0,56 2,18 0,17 143,2 0,60

lopina nopoaa waxtu iMm. YentockiHuie, [JoHeLbka ob1.

Cepeara | 5716 | 061 | 086 | 082 | 046 | 1,65 | 0,13 105,2 0,46
npoba

Heropina nopoga waxtn «XmenbHuubKkay, JlyraHcbka oor.
Cepeans | 17115 | 046 | 059 | 064 | 023 | 1,02 0,10 81,6 0,35
npoba
Heropina nopoga waxtu im. CBepanosa, JlyraHceka o6n.
CepegHsi
120,75 0,33 0,44 0,45 0,20 0,79 0,07 56,9 0,25
npoba
Heropina nopoga waxtu im. ®pyH3e, JlyraHcbka oon.

Cepeanst | 17477 | 047 | 060 | 066 | 023 | 1,04 | o011 88,3 0,39

npoba
Heropina nopoga waxtn «BogsaHcbkay, [JoHeubka o61.

Cepearst | 19574 | 053 | 068 | 072 | 028 | 133 | o011 90,8 0,39

npoba
Heropina nopoga waxtn «benuubkay, [loHeubka ob1.

Cepeans | 51070 | 057 | 075 | 0,77 | 0,34 | 1,41 0,12 98,6 0,42

npoba
Heropina nopoaa waxtn «lMaenorpagcbka», [HinponeTpoBcbka obn.

Cepeara | 19071 | 052 | 074 | 066 | 041 | 158 | 010 85,4 0,35

npoba
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BucHoBkwu.

BusBneHo NpucyTHICTb Y Biaxoaax Byrnenobys-
Hoi | TennoeHepreTnyHoi ranysi MPH: 226Ra, 232Th |
40K Ta BapitoBaHHS iX aKTMBHOCTI 3@ rpaHyIoMeTpu-
YHUMK ppakuiamu. OCHOBHUA BHECOK B BEMUYUHY
Ceq BHOCATb papioHyknian 22°Ra Ta 232Th. Hanbinb-
WA pO3Kna NUTOMUX aKTUBHOCTEN 3a bpakuismm
nanuBHMX 30MN0LLNAaKIB i ropinux nopig Byrnesngoby-
TKY XapakTepHui ans 22Ra. 3rigHo Benn4mnHi Cey BCI
pocnigxeHi Bigxoam ByrnesmaobyBaHHS | TennoeHe-
preTukmn BigHOCATLCA A0 | knacy pagiauinHoi Hebes-
nekn (Cey, < 370 BK/KT) Ta MOXYTb BUKOPUCTOBYBA-
TnCS B ByaiBHMUTBI 63 0OMeXeHb.

YTOYHEHH 0COBNUBOCTEN ramma-BUMPOMIHIO-
BaHHS BiAXOAIB Npy po3paxyHKy iHOEKCiB pagiauiv-
HOi Hebe3nekn nokasano, WO ramma-BUMPOMIHIO-
BaHHSA ropinoi nopoan waxtn «OnbxoBaTCbkay
(dbpakuia <0,63 MM) nepeBULLlYE pPEKOMEHOOBaHI
MeXi i MOXe MpMBECTU A0 OMNPOMIHEHHS edeKTUB-
Hoto go3oto Ginblwe 1 m3B/pik. BusiBneHo nepesu-
LLEHHS IHOEKCY BUKOPUCTAHHSA aKTMBHOCTI MpakTu-
YHO Ans gocnimkeHux nopig i 3onownakie. 3rigHo
BENWYMHI eKBiBaneHTHOI akTMBHOCTI 226Ra i anbda-
iHOEeKCy AOCniMKeHi 30MoLwnaku Ta BigBanbHi Mo-
poau He CTaHOBNATL Hebe3nekn NigBULLLEHOT eMaHa-
Lii pagoHy i AOMipHIX NpoAyKTiB MOro posnagy B no-
BITPS NpUMiLeHHs. [oTyXXHICTb NOrNNHEHOT 403K Ha
BiOKPUTOMY MOBITPI ANA AoCnigXeHnx Bioxoais i pi-
YHa edeKTUBHA €eKBiBarieHTHa Jo3a Bulle cepefn-
HbOCBITOBMX 3Ha4yeHb, BignoBigHo: 58 HIp/rog. Ta
0,07 mM3B, ane Hwk4ye 3HaA4YEeHHS, pEKOMEeHO0BaHOro
MAIATE ansa HaceneHHs, 1 m3B/pik. Hagnuwkosuni
OOBIYHUIN KaHLEePOreHHUNn pusnk Hmxkde mexi 0,05,
BcTaHosneHoro MKP3.
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AHHoOTauunA
PaAI/IaLl,MOHHbIe cBOMCTBa oTXoA40B npoun3BoacTtBa

E.B. Xo6oToBa, U.B. NpanBopoHckasn, H.I'. FoH4apoBa, I".A. JlsweHko

Mpobnema nonyyeHust akonornyeckn 6e3onacHbix MaTepnanoB 0COGEHHO BaXKHa NPW UCMOb30BaHUK OT-
X0[0B, KOTOPbIE KOHLLEHTPUPYIOT B cebe npupoaHble pagnoHyknuabl (MPH), npeactaensatowmx onacHoCTb Ans
300pOBbs YeroBeka 1 okpyxatowen cpedbl. K nogobHbiM koHUeHTpaTopos [MPH oTHocATcsa oTxoAab! yrneno-
ObiBatoLen 1 TennosHepretTudeckon otpacnu. Llenbto paboTtel 6bIn0 onpeneneHne pagunoHyKNUAHOrMoO Co-
cTaBa (hpakuum oTxoaoB yrneobbium 1 TOMMMBHBIX 3010LUITAKOB M X COOTBETCTBME HOPMaM paguaLoHHON
BesonacHoCTN YKpauHbl U MeXayHapoOHbIM paguonorMdeckum nokasatensiM. B coctaBe TONMUBHBIX 30-
foLNakoB 1 oTBasbHbIX Nopog, yrnenobbiun obHapyxeHsbl MNMPH: 226Ra, 232Th n 40K. CogepxaHue paguo-
HYKNUOoB BapbupyeT no dgpakumsam otxogos. OCHOBHOW BKNaa B BENUYUHY 3P(EKTUBHOM yAENbHOW aKTuB-
HOCTN C.4 OTXOAO0B BHOCAT 226Ra 1 232Th. HanGonblumnin pa3bpoc yaesribHbIX akTUBHOCTEW Mo hpakumsm
TONNMBHBLIX 30STOLLNAKOB U ropenbix nopog yrnenobbium xapaktepeH ans 226Ra. Bce nccnepoBaHHble oOT-
XOAbl OTHOCATCA K | Knaccy paguauroHHon onacHocTU (Ce < 370 BK/KT) M MOTYT UCMONL30BATLCSA B CTPOU-
TenbcTBe 6e3 orpaHmyeHnin. CornacHo MexayHapoaHbIM PaanoNorMyeckumM nokasaTensam nNpeBbILIEH 3Have-
HWe MHOeKca NCMNOMb30BaHWUS akTUBHOCTU NPaKTUYECKW Aris BCEX UccneaoBaHHbIX 0TXoao0B. [amma-uanyye-
Hue ropenoi nopodbl WaxTtbl «OnbxoBaTckasa» (hpakums <0,63 MM) NpeBbILLaeT pekoMeHayeMble npeaensi
no BenuuuHe MHAEKCa BHYTPEHHeW OnacHOCTUM M raMmma-uHaekca. BenuumHbl aKBMBanNeHTHOW akTUBHOCTMU
226Ra n anba-nHaeKkca cBUAETENbCTBYIOT, YTO UCCNefoBaHHbIE 30M0LUNaky U OTBanbHbIE NOPOAbI HE Npea-
CTaBnsOT ONACHOCTU MOBbILLEHHOW aMaHauMM pajoHa 1 JoYepHUX NPOAYKTOB ero pacrnaja B BO3gyx nome-
weHus. KoHueHTpauusi pagoHa, NocTynatoLLero B BO3gyx nomMelleHus, He npesbiwaeT 200 Bk/m3. MowHocTb
MOrmOLLEHHON A03bl HAa OTKPLITOM BO34yXe ANnS UCCNegoBaHHbIX OTXOA0B U rogoBas ahdekTnBHas aKBMBa-
NeHTHas [o3a Bbile CpeAHEMUPOBbLIX 3Ha4YeHu, cooTBeTcTBeHHO: 58 HI'P / yac. 1 0,07 m3B, HO Hke 3Have-
Hus, pekomeHgoBaHHoro MAITATO gns Hacenenus, 1 M3B / rog. MI30bITOUHOE NOXUIHEHHbIN KaHLIEPOreHHbIN
pYCK BbilLle cpegHeMmnpoBoro 3HadeHmns 0,29.10-3, Ho Hwke npegena 0,05, yctaHoBneHHon MKP3.

KnroueBble cnoBa: paduoHyKknudbl, monmnueHble winaku, omxolbi yenedobbiyu, schpekmusHas yoerb-
Hasi akmueHOCMb, Krnacc paduayuoHHOU ornacHocmu, UHOeKChkI paduauuoHHOU ornacHocmu, 003kl paduauuu
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Abstract
Radiation properties of industrial waste

E.B. Khobotova, I.V. Hraivoronska, N.G. Honcharova, G.A. Lyashenko

The problem of obtaining environmentally safe materials is especially important when using waste prod-
ucts that concentrate in themselves natural radionuclides (NR), which pose a danger to human health and the
environment. Similar concentrators of NR include waste from the coal mining and power engineering indus-
tries. The aim of the work was to determine the radionuclide composition of fractions of coal mining waste and
fuel ash-slag and their compliance with the radiation safety standards of Ukraine and international radiological
indicators. NR: 2?6Ra, 232Th, and “°K were found in the composition of fuel ash-slags and slag from coal mining.
The content of radionuclides varies by fraction of the waste. The main contribution to the value of the effective
specific activity C,, of waste is made by 22Ra and 232Th. The largest variation in specific activities by fractions
of fuel ash-slags and dump rock of coal mining is characteristic of 226Ra. All investigated wastes belong to the
I class of radiation hazard (C.; < 370 Bg/kg) and can be used in construction without restrictions. According to
international radiological indicators, the value of the activity utilization index is exceeded for almost all of the
investigated wastes. The gamma radiation of the burnt dump rocks of the Olkhovatskaya mine (fraction
<0.63 mm) exceeds the recommended limits in terms of the value of the internal hazard index and gamma
index. The values of radium equivalent activity Raeq and the alpha index indicate that the investigated ash-slag
and dump rock do not pose a danger of increased emanation of radon and daughter products of its decay into
the room air. The concentration of radon entering the room air does not exceed 200 Bg/m?2. The air-absorbed
dose rate for the investigated wastes and the annual effective dose equivalent are higher than the world aver-
age, respectively: 58 nGy/h and 0.07 mSyv, but lower than the value recommended by the IAEA for the popu-
lation, 1 mSv/y. The excess lifetime cancer risk is higher than the world average value of 0.29-:10-3, but below
the 0.05 limit established by the ICRP.

Keywords: radionuclides, fuel slags, coal mining waste, effective specific activity, class of radiation haz-
ard, radiation hazard indices, radiation doses
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