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B cratbe npencraeneHa o63opHas MHGOpMaLMS NO pesyrkTatam npoBen&H-
HbIX paHee, U NMPOBOAMMBIX B HACTOsILLIEE BPEMS UCCIELOBAHUN, NOCBSLLUEHHBIX aK-
TyanbHol nNpobrneme TONMMBHO-3HEPrETUYECKOro KOMMIeKca — paguaLMoHHO-3Koso-
rnyeckasi 6€30nacHOCTb Yrms 1 NPOAYKTOB ero cxuraHns. O6beKkToM nccrnenoBaHni
SIBMSIETCS pafAvaunoHHO-3Korormyeckoe kavyectso bypbix yrnen 3abankanes. MNpes-
MET uccrnenoBaHusi — MectopoxaeHus bypbix yrnern 3abankanes. Lenb paboTbl —
oLleHKa paauaLMOHHO-3KOMOMMYECKOr0 COCTOSIHUS BYpOyYrofibHbIX MeCTOPOXAEHUI
B3abainkanbsa. 3agayen uccnenoBaHUn ABNSETCS NOMyYeHne AOCTOBEPHON MHdopMa-
LMK o codepxaHum u pacnpegenedun EPH B yrnsix u npogyktax ux cxuraHus. Me-
TOAbl MCCrEeAOBaHMSA: NoneBoe-raMma-onpoboBaHne ¢ NPYUMEHEHNEM COBPEMEHHbIX
pagnometpuydeckux npnbopos [IKC-96; obpaboTka nabopaTtopHbix Npob ¢ Mcnonb3o-
BaHMeM ramma-crniektpomerpa «[lporpeccy; kamepanbHble paboTsl. MNpencTaBneHsb
[OaHHble 0 KOHLEHTpaLMSIX pafnOHYKNAOB B YIMISX U NPOAYKTaX UX CxXUraHust (3ona u
winak) yronbHeix 6acceriHoB CLUA 1 Poccun no cogepkaHuio ypaHa 1 Topust B Yrmsix 1
npoayKkTax WX CXuraHumst yronbHblXx 6accenHoB Poccuun. B pesynsrate npoBegéHHbIX
nccnegoBaHuii MpPoaHanu3MpoBaHbl paavauMOHHbIE XapaKTEPUCTUKM OypbiX yrien
YpTtyiickoro, XapaHopckoro, TataypoBckoro n OknHO-Kno4eckoro MecTopOXaAEHWUNA.
[aHa npenBapuTenbHas OLEHKa 9Komornyeckor 6e3onacHOCTU MEeCTOPOXAEHWN
KOxHOo-ApryHckoro BypoyronbHoro 6acceriHa. NpeacraBneHa cxema ramma-onpobo-
BaHMS Ha y4yacTKe Bblxofa MnracTa yrns nof HaHocbl Ha KyTMHCKOM MecTopoxae-
Hun. MokasaH cxemaTnyeckuii nnaH MorpaHMYHOro MecTopoxaeHus Gyporo yrns ¢
ceTblo ramma-onpoboBaHus B macwitabe 1:100 000. YcTaHOBREHO, YTO codepkaHue
pagnoHyknuaos (U-238, Ra -226, Th-232, K-40) B yrnax 3abarkanbsa 1 npogykrax nx
CXUraHNs HaxXo4WTCS B LUMPOKUX Mpefenax, YTo CBUAETENbCTBYET O BbICOKOM YpOB-
He paguaumoHHoln onacHocTu. MNnaHupyemasi pabota B nepcrneKkTuBe — NOCTPOEHME
KapTbl Ka4ecTBa MECTOPOXAEHUI NO paanaLMOHHO-TUTMEHNYECKUM NOKa3aTensm, Ko-
TOpasi UCMOosb3yeTCs NPU NPUHATUM TEXHOMOMMYECKUX PeLLEHNIA OTPaBOTKM YronbHbIX
nnacToB.

BnazodapHocmb: Cmambs nodzomoesreHa rnpu ghuHaHcosol noddepkke Pocculickoeo Hay4yHoeo ¢hoHOa 8 pamkax
8bIMO/IHEHUST 2paHma Ha rposedeHue yHOameHmMarbHbIX Hay4YHbIX Uccriedos8aHull U MOUCKOBbIX Hay4YHbIX Uccrie-
dosaHuli «OueHka paduauyUuoHHO-3KOM02UYECKO20 Kadecmea yenel mecmopoxOeHull 3abalikarbcko2o Kpas ons
paspabomku chyHOameHmarbHbIX OCHO8 3KOII02UYECKU U pecypcocbepeaaroujux mexHomoauli ux 0ceoeHusi» (coana-
weHue Homep 22-27-20057, 2022-2023 zz.).
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The article presents an overview of the results of earlier and currently ongoing
studies on the actual problem of the fuel and energy complex — radiation and envi-
ronmental safety of coal and its combustion products. The object of the research is
the radiation-ecological quality of brown coals of Transbaikalia. The subject of the
research is the brown coal deposits of Transbaikalia. The purpose of the work is to
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jective of the research is to obtain reliable information about the content and distribu-
tion of H in coals and their combustion products. Research methods are the following:
field-gamma-testing with the use of modern radiometric devices DKS-96; processing of
laboratory samples using the gamma spectrometer “Progress”; desk work. Data on the
concentrations of radionuclides in coals and their combustion products (ash and slag)
of coal basins in the USA and Russia are presented. Data on the content of uranium
and thorium in coals and ashes of coal from coal basins in Russia are presented. As a
result of the conducted research, the radiation characteristics of brown coals of the Ur-
tuy, Kharanor, Tataurovsky and Okino-Klyuchesky deposits are analyzed. A preliminary
assessment of the environmental safety of the deposits of the Yuzhno-Argun brown
coal basin is given. The scheme of gamma-testing at the site of the coal seam outlet for
sediment at the Kutinsky deposit is presented. A schematic plan of a Boundary lignite
deposit with a gamma-sampling network on a scale of 1:100,000 is shown. It has been
found that the content of radionuclides (U-238, Ra-226, Th-232, K-40) in the coals of
Transbaikalia and their combustion products is in wide ranges, which indicates a high
level of radiation hazard. The planned work in the future is to build a map of the quality
of deposits according to radiation and hygienic indicators, which can be used in making
technological decisions for mining coal seams.
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BeedeHue. B HacTosilLiee BpeMsi Ka4eCTBO
yrnen onpenensieTcs He TOMbKO MokasaTensamm
NX TEXHOMOrM4YeCKon NpUBeKaTenbHOCTU, HO 1
cofepXaHmem B HMX ONacHbIX 1 NOTEHUManbHO
onacHblX anemeHToB. B nocnegHuwe gecatune-
TUS B CTpaHax A3maTcko-TUXO0KeaHCKOro pervo-
Ha YXeCTOYMIINCb HOPMbl COOEPXKaHUSA B yrorb-
HOWM npoayKkuum doTopa, pTyTU, MbllbsKa, Xrnopa
n doccopa, a Takke HOpMaTUBbI COAEPKaHMUS
B OoTXodax (Kumakux, TBEpAbIX M ra3oobpasHbIx)
TSOKENbIX METANOB, TOKCUYHbIX BELLECTB, B TOM
yncne paguMoHyknuaos [4; 5].

B npoueccax gobblun, oborawieHus v ne-
pepaboTkn onacHble U NoTeHUManbHO OnacHble
aneMeHTbl MOryT nepepacnpegensiteCa U KOH-
LEeHTPUPOBaTbLCS, Kak B MpodyKumu, Tak n B 06-
pasyoLLmXca TBEPOBIX, XKUOKUX U ra3000pasHbIX
oTXoaax.

OTxogbl gobblun, oboralleHus 1 nepepa-
BGOTKM yrnenm npu CKNagMpoBaHUM SBMASIOTCS
NCTOYHMKOM MOCTYMNMNEHUS B OKPY>KatoLLyto cpe-
[y OMacHbIX 3IeMEeHTOB, YTO OKasblBaeT Hera-
TMBHOE BIUSIHWE Ha OKPYXaloLLyto cpeay.

AKkmyanbHOoCmMb meMbl UCCIIe008aHUSI.
ToNMNMBHYIO 3HEPreTuKy Ha yrne aKornoru OTHO-
CAT K uncny Hanbonee KpynHbIX UCTOYHMKOB 3a-
rpPSI3HEHUS OKpyXatoLlen cpedbl paauoHyknuaa-
MW, OOHaKO CEePbE3HbIX LLAroB Nno OrpaHnyYeHuto
BbibpocoB EPH ¢ npogyktamu cxuraHus yrnen
He npegnpuHumaetca [15]. CogepxaHue ecTe-
CTBEHHbIX PaAMOHYKN1AO0B B O6bIBAEMOM yrie
He KOHTPOMMPYeTCS, N YN C NOBbILLEHHbIM CO-
aepxaHnem EPH noctynatoT k notpebutento,
YTO MPUBOAMT K AOMOMHUTENBbHOW Harpyske Ha

OKpYXatloLLyto cpedy 3a CY4ET BbIbpocoB U3 Tpy6
pagmoakTBHbBIX asposonen n obpasoBaHus
30Mbl C MOBBILWEHHbIM COoAepXaHneM pagnoak-
TUBHbIX anemMeHToB [7; 9; 14].

TpeboBaHust noTpebuTenen K KavyecTBy
yrrnen, B TOM 4Yucne n mx akonormyeckom bes-
OMNacHOCTW, B YCMOBUSX HAacCbILWEHUs pPbiHKa
NMOCTOSIHHO PacTyT M BeCbMa pPas3HOOBpasHbl,
noaTomy cosfaHue 3PPEKTUBHBIX CUCTEM KOH-
TPOMns Ha MHOrMX yrrneaoObiBaloLMX npeanpu-
ATUSX CUYATAETCSt OOHWM W3 [MaBHbIX Hanpas-
neHun paboT. YnpaBreHwe KayecTBOM Yrren
SBMSETCS HEOTbEMIIEMOV YacTbio pa3paboTku
mMecTopoxaeHusi. B npouecce coBepLUeHCTBO-
BaHWS roOpHOro NPOM3BOACTBA, HAps4y CO CTaH-
AapTHbIMWU MEeToAaMW KOHTPOMS W ynpaBrneHnus
KayeCTBOM Yrren BO3HMKaeT HeobxooumocTb
NPYMEHEHNS COBPEMEHHbLIX METOAOB, KOTOPbIE
AOMKHbI obecneynBaTb 3KCMPECCHOCTb, AoCTa-
TOYHYIO MpeacTaBUTENbHOCTb aHanM3npyemoro
o6bema, BO3MOXHOCTb UCNOMb30BaHMS Ha pas-
NWYHBIX dTanax TEeXHONOrM4yeckoro npouecca u
obecneumBaroLLyto  3Korormyeckyto  6esonac-
HOCTb OKpYyXatoLlen cpeapl.

OaHMM 13 BO3MOXHbIX pPEeLUeHuI 3TOro BO-
npoca sBndeTca paspabotka 9PdEKTUBHON
CUCTEMbI yNpaBrieHUs Ka4yeCTBOM YrINnewn, B TOM
yucrne n pagmaumoHHsim [3; 7]. Paspabotka agh-
HPEKTUBHON TEXHONOTMM A00bLIYM BypbIX yrnen u
ynpaBsrieHnsi NX Ka4ecTBOM C Y4E€TOM Hambonee
MOSHOTO MCMONb30BaHUSA MONE3HOro UcKomnae-
MOTO, 3@ CYET COKpaLLEeHUs NOTEPb N CHMKEHWS
HeraTMBHOIO BIIMSIHUS Ha OKPY>KatoLlylo cpeny
pPagvoHYKNNA0B, CoaepXaluxcs B 9TUX Yrnsax —
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3TO aKkTyarnbHas Hay4YHO-TEXHMYeckas npobre-
mMa [6; 7]. OHa obosHadyeHa denepanbHOW Le-
neBovi NporpaMmmon «AaepHas 1 paguaumoHHas
BesonacHocTb Poccumny, pasgen 3.7, n. 2, 6-9 un
«3QHepreTnyeckon ctparternen Poccun Ha nepu-
og fo 2030 r.», pasgen VI, n. 5.

[ns onpegeneHusi peanbHOro 3JKonornye-
cKoro yuiepba v nnaHMpoBaHUsi NPUPOLOOXPaH-
HbIX MEepPONpPUATUIA, HamNpPaBrEHHbIX HA CHWXe-
HVe HeraTMBHOIO BNMSAHMSA A00bIYM U NPOAYKTOB
CXUraHus yrnemn Ha OoKpy>KatoLLyto cpeay, LOMxK-
Ha MCNonb30BaTbCsl 4OCTOBEPHAs MHOpMaLms
0 cofepXaHuu 1 pacnpeneneHnmn onacHbIx ane-
MEHTOB, B T. 4. 1 EPH B yrnsx v npogykTtax mx
CXUraHus.

O6bekmom uccriedoeaHus SIBNSETCA pa-
OVaUMOHHO-3KOMNOrM4yeckoe KadyectBo  Oypbix
yrnen 3abarikanbs.

lMpedmem uccnedogaHus1 — MECTOPOXAE-
HWs1 Bypbix yrnen 3abankanbs.

Lenb pabombl — oOLeHKa pagnalMoHHO-
3KONOrMYECKOro COCTOSIHUS BYpOoyronbHbIX Me-
ctopoxaeHun 3abankanbs.

3adayel uccnedoeaHull ABNAETCS MONy-
YeHvne OOCTOBEPHOM MHOpMaumMmM O coaepxa-
HUM 1 pacnpegenedmn EPH B yrnsax u npogyk-
Tax UX CXXUraHus.

[Mony4yeHHble AaHHble MOryT BbiTb MCMNOSb-
30BaHbl yXe Ha CTaguv NPOEKTUPOBaHWS pas-
paboTkn MeCTOPOXAEHUSI C MWCMONb30BaHMEM
uMpoBbIX NHPOPMALIMOHHBIX CUCTEM U Mped-
ycMaTpuBaTb MEPOMNPUATUSA MO CHUXEHWUIO He-
raTVBHOIO BIWSIHWS HA OKPYXaloLLyto cpeay pa-
OVOHYKNMAOB, COOEPXALLMXCSA B ITUX YIMsAX, He
CHWXasi NOMNHOTY X n3eneveHns ns Hegp [1-3].

MemodbI uccnedosaHusi: noneBoe-ram-
Ma-ornpoboBaHWe C MPUMEHEHVWEM COBpPEMEH-
HbIX paguomeTpudeckux npubopos [OKC-96;
obpaboTka nabopaTopHbix NPo6 C Ucnonb3oBa-
HYem ramma-cnekTpomeTpa «[llporpeccy; kame-
panbHble paboTbl.

PaspabomaHHocmb npobrembl uccrie-
doeaHull. B nocnegHue rogbl B pamkax pan-
ToB POPUN n PH® aBTOpamu ctatby npoBoanT-
CS1 KOMMNJIEKCHOE paavaLMOHHO-3KOMNormyeckoe
nccnepoBaHue HKOxHO-ApryHckoro Gypoyronb-
Horo 6acceriHa.

HayuHo-uccnepgosatensckne paboTtbl  Ha
nnowaau KOxHo-ApryHckoro 6acceiHa Hanpas-
NeHHble Ha pelleHne npobnembl CHUXEHUS
[030BOV Harpysky Ha OKpy»atoLLyo cpeay npu
oTpaboTke MeCTOpPOXAEHUNA, UMEKOLWNX YK C

NOBbILLEHHbIM COAEepPXXaHNeM eCTeCTBEHHbIX pa-
AVOHYKNNAOB.

FOXXHO-ApPryHCKUA  YIMEHOCHbIN  panoH  —
OOWH 13 KpynHenwnx B 3abankanbCKoM Kpae:
no pesynsratam oueHkn 1968 r. ero yronbHble
pecypcbl onpegerneHsl B 2000 mMrH T; B nepcnek-
TMBE Ha nx 6asze MoXeT ObITb CO34aH MOLLHbIN
yrnegobbiBaloLWLMin  LEHTp, obecneymBaroLLmm
TONSIMBHO-3HEPreTUYECKUM  CbIPbEM  MPOMBbILLI-
neHHocTb KOro-BocTtoyHoro 3abankanbsa v npu-
neratoLmx panoHos Kutas.

Kpome aTOro, nepcnekTMBHOCTb OCBOE-
HUSA panoHa onpegensetcs [Nporpammon pas-
BUTUSA YroNbHOW MpPOMbIWIeHHOCTN Poccum
Ha nepuog o 2030 r., B KOTOPOW rOBOPUTCA:
«0na coxpaHeHus KOHKYPEeHTOCMOCOBHOCTH
POCCUNCKOM YrOfbHON NPOAYKLMN HA BHELLUHUX
pblHKax npegcTaBnseTca LenecoobpasHbim
ocBavBaTb B BoctoyHon Cubupu n Ha Janb-
Hem BocToke HOBble MECTOPOXAEHWUSA Yrrew,
NONb3YIOLWNXCH CMPOCOM Ha BHELHUX PbIH-
Kax. PacnonoxeHue TakMx MeCTOPOXOEHWN
BO6NM3N rpaHuy, NO3BOMUT CYLLECTBEHHO CHW-
3UTb TPAHCMOPTHbIE 3aTpaThbl MO CPABHEHMIO C
npeanpuATUAMNU, PacnonoXeHHbIMU B LIEHTpe
TEPPUTOPUM CTPAHBIY».

OueHka paduayuoHHO-3Kono2u4eckol bes-
onacHocmu uckornaembix yerneli Ha ocHoge 06-
30pa. Yronb Bcerga cogepxut EPH ypaHoBoro
N aKTUHOypaHoBOro psaoB: 28U v npoaykThbl
ero pacnaga - 23U, ?%Ra, ?22Rn, 2'°Pb, 2'°Po un
T. 4.; 2%U v npoaykThl ero pacnaga - 2"Rnwu
T. 4.; TopueBoro psaa 2*2Th u npoaykTbl pacna-
aa 2°Rn, 2" Po. YpaH saBnsieTca Hanbornee nay-
YeHHbIM U3 EPH B yrmax. OctanbHble pagnoHy-
KNuabl n3yyeHbl cnabo 1 TONbKO Ha OTAEeNbHbIX
YrONbHbIX MECTOPOXOEHMUSAX.

Mo gaHHbIM A. 3. KOgoBuya, knapkoBoe co-
aepxaHne U: B Bypbix yrnsax — 2,7 £ 0,3 r/1; B
KameHHbIx yrnsx 1,9 + 0,1 r/1. Cogepxanue Th:
ansa oypbix yrnen — 3,8 + 0,2 r/T; KAMEHHbIX —
3,1+0,1r/T.

Takum obpasom, Bypble yrnun oboraweHsl U
1 Th 6onbLue, Yem KaMeHHbIe Yrmu.

YoensHasa aktuBHocTb EPH B yrnsx pas-
NNYHBIX MECTOPOXAEHUA MOXET OTNMYaTbCH B
10-100 pas n 6onee [10; 11].

[aHHble O KOHUEeHTpauusax paguoHyKnu-
AOB B YIMSX U NPOAyKTax UX CxuraHusa (3ona
1 wnak) yronbHblx 6accenHos CLUA un Poccuu,
COOTBETCTBEHHO, NPeAcTaBneHbl Ha puc. 1 n B
Tabnuue [8].

BecmHuk 3ably. 2023. T. 29, Ne 2.

Hayku o 3emne u okpyxarowel cpede
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Puc. 1. KoHueHTpaumm pagnoHyKNnaoB B YINAX U NPOAYKTaX CKUraHus yrien (Lnak)
yronbHbIx 6accenHoB CLUA, Bk/kr / Fig.1. Radionuclide concentrations in coals
and coal combustion products (slag) of coal basins in the USA, Bqg/kg

CopepxaHue ypaHa U TOpusl B YIIAX U NPOAYKTaX MX CKUFaHUSI YronbHbIX 6acceiiHoB Poccum (Mo gaHHbIM
uccnepgoBaHui C. U. Ap6y3oBa, J1. . PuxsaHosa u ap.) / The content of uranium and thorium in coals and
products of their combustion in coal basins of Russia (according to the research data of S. I. Arbuzoy,

L. P. Rikhvanov, etc.)

CodepxxaHue anemeHmoe, 2/m / Content of elements, g/t
YeonbHbili 6acceliH / Coal basin Yeone / Coal 3ona/ Ash
YpaH / Uranus | Toputi / Thorium | ¥YpaH / Uranus | Topul / Thorium

MoamockoBHbIN / near Moscow 6,8 8,1

Meyopckuin / Pechorsky 2,7 55

Ooneukun / Donetsky 1,8 2,8

Tanmblpckun / Taimyrsky 2,1 3,8 9,2 16,3
TyHrycckui / Tunguska 2,7 3,3 19,0 32,25
Kancko-AumnHckuin / Kansko-Achinsky 3,2 1,0 32,7 10,2
lopnosckuit / Gorlovsky 1,0 1,9 14,3 27,1
KyaHeukuii / Kuznetsky 2,1 2,2 12,1 12,7
MwuHycuHckuin / Minusinsky 21 2,8 141 18,4
Ynyr-Xemckuii / Ulug-Khemsky 1,2 1,2 12,9 12,9
WpkyTckun / Irkutsky 2,7 4.1 18,5 28,5

|_|pl/l OLEeHKe onacHbIX 3rieMeHTOB B YIM4X,
BMeLWarnLWmnXx U BCKPbILWHBLIX nMopoaax, oTxoaax
nepepaboTkn, HeobXOOUMO Y4uTbIBaTb MOTEH-
UnanbHyt0 BO3MOXHOCTb UX SMUCCUN B OKpPYXKa-
touyto cpepy [7; 9].

HOpMaTVIBHO-MeTO,D,VIl-IeCKoe obecneyeHune
pa60T Nno onpegerneHno onacHbIX U MNOTeHUn-
allbHO ONnacHbIX 311IEMEHTOB B YIMAX, B TOM 4YUC-
ne gns uenen aKkcnopTa YronbHOW MPOAyKUuH,
AOOIMKHO OCHOBbIBATbCA Ha WCNONb30BaHUA

COBPEMEHHbBIX MHCTPYMEHTamnbHbIX METOAOB,
MO3BOSSOWMNX MPOBOAUTL, KaK BbICOKOTOYHbIE
M3MEepEeHUs], TakK U IKCMPEecc AMarHoCTUKY B YC-
NoBUSIX OecTByoWUX npeanpustuin. CooTBeT-
CTBylOLLME CTaHAapTbl HA MeToAbl OnpeaeneHus
OMacHbIX 31IEMEHTOB AOIKHbI ObiTb rapMOHK30-
BaHbl C MEXAyHapoAHbIMU CTaHAapTaMu.

B HacTosilee Bpemsi MpakTU4Yecku OTCyT-
CTBYIOT HOpMaTMBHO-MeToaMYeckoe obecneye-
HVe, perramMeHTUpylolee OLeHKY OMacHbIX WU
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NnoTeHUManbHO OMacHbIX 3NIEMEHTOB B YrNsAX U
oTxoAax [obblun 1 nepepaboTku yrnen.

OpHow 13 akTyanbHbIX Npobnem sBnseTcs
paspaboTtka knaccudukaumm yrnewn, BMeLLato-
LLIMX M BCKPbILLHBLIX MOPOS, OTX040B oboralleHus
N nepepaboTkn NO COAEPXKaHW B HWUX onac-
HbIX M MOTEHLManNbLHO onacHbIX coeanHeHuin. B
1999 r. b. b. YebateHko n E. I1. Mawictok [10; 11]
npeanoXeHa MeToAMKa OLEHKW yrnen no Be-
nMYnHE «noTeHumana 3KOMOrnYeckom onacHo-
ctn» (). OgHMM 13 BbIAENEHHbIX NOKa3aTenen
asnsetcs 1 (EPH) — coctaensiowas, obycnos-
neHHas NpUCYTCTBMEM B TOMSIMBE E€CTECTBEH-
HbIX PAQVOHYKIMAOB, B YCNOBHbIX €AMHMLAX Ha
TOHHY YCMOBHOrO Tonnumea. [JaHHble pekomeHaa-
LN aBTOPOB BbI3bIBAOT ONPeAEnEHHbIN UHTE-
pec, HO O4HOBPEMEHHO BO3HUKAET U P BOMPO-
COB, KOTOpble TpPebyloT AeTanbHOro U3yyYyeHns u
Hay4HOro o6ocHoBaHus.

B Poccuiickon degepauum oTCyTCTBYET Ha-
OéXHasa MHpopmaumsa 0 cogepXaHum OnacHbIX
noTeHumnarnbHO OnacHbIX AIEMEHTOB, UX pacnpe-
OeneHnn 1 HakonmneHnn B Yrisx, BMELLatoLWmx 1
BCKpPbILUHBIX MOpoAax, oTxogax oboralieHns wm
nepepabotku [7; 10; 11].

YkasaHHble nNpobnembl He MO3BONSAOT MNna-
HMPOBATb Ka4yeCcTBO 4OOLIBAEMOro Chipbs, OLe-
HMBaTb pearbHble 3KONOrM4Yeckne n 3KOHOMU-
yeckue yuepbbl OT 3arpsi3HEHUsT OKpyXKatoLLen
cpenbl n paspabatbiBaTh NPEBEHTUBHbIE MEPO-
nNpusaTUA No e€ 3aluTe.

Pewenne npobrnem  pagmoakTMBHOCTU
yrnen TpebyeT UeHTpanM3oBaHHOINO Moaxoaa
N CcO34aHMs COOTBETCTBYHOLLEN HOPMAaTUBHON
6a3bl. Mexay Tem, HOpMbl pagnauMoHHoOn Ges-
onacHoctu (HPB-99/2009) B Poccuun orpaHunyin-
BalOT TOSbKO NMPUMEHEHME LLIMAaKoB B CTPOUTENb-
HbIX Lenax. Yronb no paguauvoHHOMY MpU3HaKy
He HopMupyeTcs.

Tomckumn  uccnegosatensmm B 1999 r.
npeanoXxeHa pefakumsi HOPM pafvaLMOHHOW
BesonacHoctn (HPB) ons yrnen, cxuraembix B
OTOMUTENbHBLIX KOTEMbHbIX M ObITOBBIX MNevax,
paccunTbiBaTb YyOENbHYH aKTUBHOCTb €ecTe-
CTBEHHbIX pagvoOHYKN1A0B no hopmyne

A, +21A, <180 BT,

Ra (1)
rae A, WA, — yaenbHas akTUBHOCTb paaus —
226 n Topus — 228, HaXOASLWMNXCS B PaBHOBECUU
C YJleHaMn ypaHOBOrO U TOPMEBONO CEMEWCTB,
COOTBETCTBEHHO.

Mpn paspaboTke HOBbIX HOPM paguaLu-
OHHOM ©e30MacHOCTN AaHHble peKoMeHOauun
He ObInKn y4yTeHbl. [Ina pelueHns Bornpoca Hop-
MUPOBaHWS YITIEN, copepXalmx ecTeCTBEH-

Hble pagVoHyKNMabl, HEOBX0AMM cneumanbHbIN
KOMMMEKT C uccregoBaHui, KOTOPbIN OOMKeH
copepxaTtb: W3y4yeHue pagnoakTUBHLIX are-
MEHTOB B YrOfbHbIX MfacTtax B €CTeCTBEHHOM
3aneraHuu, BKNOYalLWee MPOrHO3 MOBbILEH-
HbIX COAEpXaHWN PagvoaKkTUBHbBIX 3MNEMEHTOB
NoO MeCTOPOXAEHUAM; AeTanbHoe uccnegosa-
HVe BblOEMNeHHbIX MECTOPOXAEHUA Ha NpeameT
pagnoaKkTUBHOCTU yrrewn; pa3paboTky cucTembl
0oTpaboTkn 1 ynpaeneHns NOTOKOM Yrnew ¢ no-
BbILLUEHHbIM COAEPKaHNEM PaAMOaKTUBHbBIX 3ne-
MEHTOB; KOHTPOSb PagVUOaKTUBHbIX 3MEMEHTOB
B OTXOAaXx YrofbHbIX 3NEKTPOCTaHUMn (3ona u
LUrak); MOHUTOPWUHI OKpyXarowen cpenbl npu
oTpaboTke 1 NCNoNb30BaHUK YIIen ¢ NOBbILEH-
HbiM cogepxaHnem EPH; paspabotky Hopma-
TUBHbIX JOKYMEHTOB, PerfnameHTUpyLwmnx aToT
npouecc, pa3paboTKy TEXHOMOrMYeCKUX OCHOB
akonormnyeckn 6esonacHoro n pecypcocbepera-
lOLLIEro OCBOEHUSA TakUX MeCTopoXaeHun [2; 12;
13; 18].

3abaiikanbe aBNSeTCA OOHWMM U3 CTapeu-
Wwmnx yrrnegobbiBalowmx permoHos Poccun, roe
yronb — OCHOBHOE 3HepreTnyeckoe cbipbé. B
Kpae gobbiBaeTca okono 12 MmH T yrmns B rog.
OO6LwmIn pecypcHbIn 3anac yrnem cocTtaBnsaeT
6onee 7 mnpa T. Ha tepputopun 3abarikanbs
n3BecTHO 48 mectopoxaeHun n 18 nposBneHnn
yrns [3; 7].

B cTpykType mobGblum yrmsa B pernoHe oc-
HOBHas Aons NpUXoanTcs Ha Bypble yrim, OKono
80 %. Haubonee wupokoe pacnpocTpaHeHue
Ha TeppuTopun 3abankanbsd MNONyYunm HU3KO
MeTamMopun3oBaHHbIe Yrmu, NPeACTaBreHHble
BypbiMu yrnamn TexHonorndeckux rpynn 16-3b.

Yronb €BNAETCA OCHOBHbIM WNCTOYHWUKOM
NpoOn3BOACTBa JHEPrUN B pervoHe, anbTepHa-
TUBHbIX UCTOYHWKOB HET.

Kpome aToro, 3abankanbe — 3TO KPYnHbIN
ypaHo400bIBaOLLMX PEMNOH, FAe CTONKHYMUCH C
npobnemor NCNonb30BaHMS ypaHcogepXaLmnx
yrnen.

Ha Tepputopum pernmoHa C [OCTaTOYHOM
CTeneHbl OeTanbHOCTU M3ydeHa paguoakTuBe-
HOCTb yrnewn YpTyWnckoro, XapaHopckoro, TaTa-
ypoBckoro n OknHo-Kntoyeckoro BypoyronbHbIv
MeCTopOXaeHun (puc. 2).

WccnepoBaHna  npoBOAunUCL OBYMS Me-
Togamu: nornesble paboTbl U nabopaTtopHble
ncecnenosaHus. McernedosgaHue npob yerns 6 na-
bopamopHbIX ycrnosusix ¢ nNpUMeHeHUeM 2a-
Mma-criekmpomempa. ViccnegosaHue npob yrns
B nabopaTopHbIX YCNOBUAX OCYLLECTBAAMOCH
C npuMeHeHneM ramma-crnektpometpa «[1po-
rpeccy.
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|

Yronb| 30M1a | WAAK Yroab| 30Ma | WAAK Yroab| 30/1a | WANAK YroNb| 30713 | WAAK | Yro/ib| 3012 | Waak

OkuHo-Kntoyecsckoe TaTaypoBckoe XapaHopckoe YpTyiickoe KyTuHckoe
U-238 | 47 43 | 32 | 48 | 42 36 58 | 53 46 18 | 62 | 66 @ 27 | 71 | 65
Ra-226 1,7 35 21 13 2 28 | 25 | 355 43 | 64 | 25 8,8
Th-232| 1,2 24 | 18 7116 | 12 | 11 | 28 | 13 | 14 | 2.2 3,8
K-40 6,6 55 69 13 |21 13 10 | 13 | 70 80 | 14 10
W U-238 ®Ra-226 ®Th-232 mK-40

Puc. 2. CopepxaHvne pagvoHYyKNNO0B B YIMSX U NPOAYKTax CxuraHus yrnen 3abavikanbs /
Fig. 2. The content of radionuclides in coals and coal combustion products of Transbaikalia

lNoneebie pabombl 2amma-oripobosaHusi
C MNPUMEHEHUEeM COBPEMEHHbIX PpaduomMempu-
yeckux rnpubopos. PesynbraTbl UCCeOoBaHWM
npencTaBrneHbl Ha NPUMepe BbINOMHEHUS paboT
Ha nnowagn HOXHO-ApryHckoro ©ypoyronbHo-
ro 6acceriHa, KOTOpble NPOBOAWMMCH B paMKax
[paHTa PH® Ne 22-27-00293 B 2022 1. 1 npo-
OOIMKalTCs B HAacTosLLEE BPEMS.

VronbHbli naact
BBIXOJI HA MOBCPXHOCTH

Ha Tepputopun yrneHocHoOro parvoHa pas-
BeJaHbl Tpu MecTopoxaeHus Byporo yrns: Ky-
TuHckoe, lMorpaHnyHoe u lNpuosepHoe c npo-
MbILLIEHHBIMW 3anacamMun U HECKOJBbKO Yrienpo-
ABMEHUN C HE3HAYMTENbHBIMM 3anacamu.

[MoneBble paboTbl: oTOOp Npob 1 ramma —
onpoboBaHne C MPUMEHEHMEM COBPEMEHHbIX
paguomeTpuyeckux npudopos [AKC-96 (puc. 3).

Caxka, yriMCcThIC apre/uinThi,
TIOPOAHKIC TIPOCITOHKH
7

Puc. 3. Cxema ramma-onpoboBaHusi (6opo3foBbIi 1 TOYEYHBIN cnocobbl oTbopa Npob) Ha yvacTke Bbixoda
nracra yrns nog HaHocbl Ha KyTtuHckom mectopoxaeHum / Fig. 3. The scheme of gamma-testing (furrow
and point sampling methods) at the coal seam outlet site for sediments at the Kuta deposit
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OnpepgeneHve pagnaunoHHbIX NapameTpoB
B npobax yrns ocyLweCTBNANoCh C UMONb30BaHN-
eM cregylLmx cepTUULIMPOBAHHBIX METOANK:
— 0oT60p NP06. YronbHbIN NNacT (WwWrabenb);
— MPUrOTOBMEHME CYETHBIX 06pa3LoB. [1poba;
— BbINONHeHne namepeHnin. CYETHbIN 06-
paseu;
— NPeAcTaBneHne pesynsTaTtoB N3MepeHni;
— 0bpaboTka pe3ynsTatoB U3MEPEHUN.
PaHee nogoOHble nccnegoBaHus Ha gaH-
HOW TeppuTopun He npoBoaunuce. Metoauka

YCNOBHBIE OBOSHAYEHHS =

4

L,

“._ | 30Ha MOBLILIEHHON .~
“[amma-aktnBHoctn™ < i

ramma-onpobosaHus (FO) yrnen B ecTecTBeH-
HOM 3aneraHuu v B WITabensax ¢ NpMMeHeHnem
NMEepPeHOCHbIX paanoMeTpudeckux npubopos
paspaboTaHa 1 ycnewHo npowrna anpobaunto
npyv npoBedeHUn WUCCNeaoBaHUn aBTopamu
CTaTbW COBMECTHO C APYrMMW Korreramu-yyé-
HbIMW Ha YPTYMWCKOM OBypOyrorisHOM MeCTOpO-
xaeHuu [3; 7].

Cxematuyeckui nnad [lorpaHuyHoro me-
CTOPOXAEeHUSA Byporo yris ¢ CeTbio raMmma-onpo-
6oBaHus NpeAcTaBneH Ha puc. 4.

Npanoxese 2

Mpodunn
Famma-onpoboBaHua

&

Puc. 4. Cxematunyeckuit nnaH NorpaHnyHOro MectopoxaeHunst byporo yrns ¢ ceTblo raMma — onpoboBaHus.
MacwwTab 1: 100 000 (B 1 cm. — 1 kM) / Fig. 4. Schematic plan of the Pogranichnoye brown coal deposit with
a network of gamma sampling. Scale 1: 100,000 (in 1 cm — 1 km)

Bbigo0bl. PagunaunoHHo-akonormyeckas
©e3onacHOCTb nckonaemblix yrnen 3abarikanbs —
aKTyanbHasi aKkorornyeckas npobnemMa pervoHa,
SBMSIOLLErOCH OOHWM U3 OCHOBHbIX PETMOHOB MO
[o0blye NpPMPOOHOro ypaHa, YTo CTaHOBUTCS OC-
HOBHOW NpuynHon HakonneHus EPH B yrnsx.

[aHa obwas oueHka pagnaumoHHO-3KO-
nornyeckon ©6e30MacHOCTN UCKOMAeMbIX Yrren
3abawikanbs. [NpoaHannavpoBaHbl paguaunoH-
Hble XapakTepuUCTUKM BypbiX yrren YpTyncKoro,
XapaHopckoro, Tataypockoro n OkuHo-Kntoue-
CKOro mectopoxaeHuii. JaHa npegsaputensHas
OLeHKa 3Korormyeckom 6e30macHOCTU MeCTO-
poxgeHun HOXHO-ApPryHcKoro OypoyronbHOro

Cnucok numepamypbi

baccenHa. [MpepctaBneHbl CXembl NPOBEOEH-
Horo ramma-onpo6osaHust KytuHckoro u MNorpa-
HUYHOTO MECTOPOXOEHUN. YCTAHOBIEHO, YTO
copepxaHve pagunoHyknugos (U-238, Ra -226,
Th-232, K-40) B yrnsx 3abavikanbsa 1 npoaykTax
MX CXUraHUs HaxoOouTCAa B LUMPOKUX npeaenax,
YTO CBUOETENbCTBYET O BbICOKOM YPOBHE paau-
aLUMOHHOW OMAaCHOCTMU.

MnaHnpyemas paboTta B nepcnekTuee — no-
CTPOEHMe KapTbl Ka4yecTBa MECTOPOXAEHMI MO
paavaunoHHO-TUTMEHNYECKUM NoKa3aTensm, Ko-
Topas UMeeT NPaKTUYECKOEe 3HAYEHME N MOXET
NCNonNb30BaTbCA MPU MPUHATMM TEXHOMOrmye-
CKMX peLleHnin oTpaboTKM YrofibHbIX MacToB.
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