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MeTopn o6pabotku cnekrpa npu namepexun gerekropom Nal(Tl)
MarbiX YpoBHEN yaenbHoi akTuBHocTh 37Cs B npucytcTBUM
NPUPOAHBLIX PaAVOHYKINA0B
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IIpu usmepenuu manvix yposreii cooepucanus '*’Cs 6 npobax nousvl Ha cCHeKmpoMempax ¢ 0emeKmopom
Nal(Tl) udenmupurayua nuxa "Ba (662 k2B eamma-aunus smoeo 0o4epHe20 pAOUOHYKAUOA)
3ampyoHsAemcs 3a cuem GAUSHUS NPUPOOHBIX PAOUOHYKAUOO8, NUKU KOMOPbIX NOnadarom 6 obaacmo
peaucmpayuu " Ba. s udenmugukayuu u oyenku naowadu noo nukom > Ba neobxooumo snamo 6xaao
6 0aHHYI0 001acmv (HOHOBOU COCMABAAIOWEH U 0OMOeAbHbLI 6KAA0 KaXCO020 NPUPOOH020 PAOUOHYKAUOA.
Ilpu ucnonvsosanuu OanHo20 NOOX00a MOYHOCMb OUeHKU naouiadu gomonuxa *"Ba 3aeucum om
MO4HOCMU, ¢ KOMOPOU 6y0ym onpeodeneHvl YposHU NPUpOOHbIX paduoHyKaudos. B cmamve npednroxncen
Memod 00pabomKu CneKkmpa, OCHOBAHHbIL HA y4eme UHOUBUOYANbHbIX NAPAMEMpPO8 CHeKmpOMempa
u bonee MoYHOM onpedeseHuu Y0eabHbiX aKmMueHoOCmell NpUpooHbIX paouoHykaudos. Memood exawouaem
MOO0eAuposanue y4acmKos CneKkmpa Kancoo2o NpupooHo20 paduoHykauda e obaacmu nuxa 7 Ba
U BbIMUMAHUE MOOCAUPYEMBIX YHACMKOS U (POHOB020 CHEKMPA U3 CYMMAPHO20 cnekmpa nod nukom " Ba.
Hcnonvzosanue dannoeo nooxoda nozeonsem uzmepsams ¢ demexmopom Nal(Tl) pazmepom 63x63 ydeavrbie
axmuenocmu Cs 6 eecomempuu Mapunennu o6semom 1 4 na yposue 0,7—1 Br/ke ¢ neonpedenenHocmoto

30—50% npu epemenu uzmepenuii 6 u.

KiroueBble cnoBa: eamma-cnexkmpomempus,
PAOUOHYKAUOBL, 2PACYUPOBKA CNEKMPOMempa.

BeepgeHue

3apava n3mepeHuss mManblx YpoBHel cogepxanusa *’Cs
B 00bekTax OKpyXatoLlein cpefbl BO3HUKAET Mpu U3y4eHUN
PaaronornyecKnx XxapakTepucTnk TEPPUTOPUIA, He NOABEPT -
LUNXCS aBapUNHOMY PaMOaKTMBHOMY 3arpsi3HEHMIO, HO CO-
LepXalumx AaHHbIA PagnoHyKuA, 3a CYeT rnobanbHbIX Bbl-
nageHuii Npu NCNbITaHUAX SAEPHOr0 OpyXums B atMocdepe.
Takoro pofa 3agava BO3HUKAET, HAaNpUMep, Npu onpeaene-
HUW HaNM4uMsl AOMOSIHUTENBHOMO PAAMOAKTUBHOMO 3arpsisHe-
Hus '¥7Cs B6M3M MECT NPOBELEHNS MUPHbBIX SAEPHBIX B3PbI-
BoB [1, 2]. B nocnenHem cnydyae Heo6x0AMMO CpaBHMBaATb
YPOBHM O@HHOr0 PafMoHyKnuaa B npobax, MonayyeHHbIX Ha
KOHTPOJIbHOM W1 uccnenyemon tepputopun. Metogpl ram-
Ma-CrnekTpoOMEeTpur C UCMNONb30BAHNEM AETEKTOPOB Ha OC-
Hose Nal(Tl) Hawnm Wmnpokoe NpUMeHeHe Npu N3MepeHnmn
PaAnoHYKNNAOB B Npobax okpyxatoLeli cpepl B CUITY BbICO-
KON apPEeKTUBHOCTM PErMCTPALUM raMMa-N3NY4EHNA N HN3-
KOl CTOMMOCTM, OQHAKO AEeTEKTOPbl AaHHOro T1na obnapaioT
HU3KMM SHEPreTUYECKMM paspeLLeHnemM, NPUBOASALLNM K He-
06X0OMMOCTM MpUBAEKATb METOAbl MaTeMaTUyeckon 06-
paboTku crnekTpoB [3-6]. Pa3BuTne u coBepLLeHCTBOBaHME

dekomno3uuyus cnekmpa,

yesuii-137, npupoduvie

MeTo0B 06paboTKM CMEKTPOB, MOYYEHHbIX C AeTeKTopamMm
Nal(Tl), npoponxaeTcs 4O HACTOSALLErO BPEMEHWN, HECMOTPS
Ha nosieneHue MNMNA-cnektpomeTpos [7-16], a npakTuyeckas
peannsaums MetTonoB 06paboTkn BOMJIOLLAETCS B KOMMEp-
YeCKMX KOMMbIOTEPHbIX nporpammax [3-6]. Tunoson 3ana-
yeir B obnactn ramma-crnektpomeTpum Ha ocHoe Nal(Tl)
ABNSIETCS AEeKOMMO3MUMS ramMmma-crnektpa C LUesfblo KOJv-
YECTBEHHOrO OMNpenefieHns CoAepXaHusi PaaVvOoHYKINAO0B
B Npobe. YNpOLLEHHbIN BapuaHT 3TOM 3afayn — onpenene-
HME aKTUBHOCTU OTAENbHbIX PAAMOHYKINAO0B A1 3aBeAOMO
M3BECTHOIO PAAMOHYKINMOHOrO COCTaBa, B YAaCTHOCTW, AN
npo6 no4Bbl — ONPeAENEHNE COAEPXKAHUS MPUPOLHBIX Paau-
OHyKANI0B 1 '¥'Cs.

CyLlecTBYIOT pasfnyHble anropuTtMbl  AEKOMMO3NLUN
ramma-cnekTpoB [8, 10, 11, 12, 14]. OKOHHbIN MeToA, He-
CMOTPS Ha MPOCTOTY, AaeT OONbLUME MOrPELUHOCTM OLLEHOK
Oaxe npy CPaBHUTENIbHO OJIUTENIbHbIX W3MEPEHUsX, MO-
CKOJbKY K OLLINBKe CTaTUCTUKM Habopa Y1cna MMMynbCOB NOZ,
doTonMKamMn MOMHOro MornolweHns nobaenseTcs owwmnbka,
CBSI3aHHasl C y4eTOM B3aUMHbIX BK1a0B: 2*2Th B okHa “°K u
226Ra, ?°Ra, 2°°Th n “°K B okHO '*’Cs. Bonee HagexXHble OLeHKN
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[aeT aHann3 nofHoro cnektpa [14], 0aHako Npu MasbIX YPOB-
HAX coaepxaHus '¥’Cs B npobe AaHHbI MEeTo, He NO3BoNsAeT
C NPUEMJIEMOI TOYHOCTbIO OLIEHNBATL €r0 aKTUBHOCTb.

Llenb uccnepoBaHua — paspabotka mMeToankm obpa-
60TKM cnekTpa, noaydyeHHoro ¢ getektopom Nal(Tl), no3so-
naouwen natb 6051ee TOYHYIO OLIEeHKY Manbix ypoBHel '¥7Cs
B Npobax Mo4Bbl C MCMOb30BaHMEM METOAa aHann3a BCcero
cnekTpa.

Marepuanbi u meTogbl

[na paspaboTku anroputmMa npoBefeHa cepus rpagym-
POBOYHLIX M3MepeHuin '¥7Cs, 2?°Ra, 2*2Th n “°K ¢ 13BeCcTHOM
yaenbHol akTMBHOCTbIO (YA). CyeTHble 00pasubl OaHHbIX
PaAMOHYKNINMAOB TFOTOBMIM HA OCHOBE KBApLEBOro necka
n nomMelanu B cocyapl «MapuHennu», Ucnosib3yemole B ka-
4ecTBe OOHOM M3 CTaHAAPTHbIX EMKOCTEN 0N U3MeEpPEHUs
npo6. CueTHble 0b6pasLibl 2°Ra 1 232Th repMeTUYHO 3aKpblBa-
JIN 1 BbIAEPXMBaNW 2 HEAENV C LiENbIO NPefoTBPALLEHNS Bbl-
X0[a pajoHa 1 TopoHa 1 06ecnevyeHns paBHOBECUS loYHEP-
HUX PagVoHYKNMAOB. M3mMepeHus CnekTpoB BbIMOMHEHbI Ha
cnektpomeTpe ¢ getektopoM Nal(Tl) pasamepom 63x63 MM,
NMOMELLEHHOM B CBMHLIOBYIO 3awimTy. MIamepeHune cnekTpa
¢ oHoBOro o6pasua KBapLEeBoro rnecka annnock 24 4 ¢ Lesbio
nonyyeHus 6onee rnaakori GopMbl BCEX Yy4aCTKOB CMeKTpa,
NCMNONb3yEMbIX AN AEKOMMO3ULUUN CMEKTPOB MPUPOLHbIX
pPaanoHYKNnAoB. IamepeHus cueTHbIX 06pa3LoB 2*°Ra, 2%2Th
n “°K nnunockb 6 4, 4To Takke obecneymBano Gonee BbICO-
KYIO I1aKOCTb CMEeKTPOB. VIaMepeHus rpayMpoBOYHbIX 06-
pasuoB '¥’Cs BbINOMHAAM AJi8 onpefeneHns addekTMBHOCTA
perncTpauumn aHHOro paauoHykiMaa no nuky nosiHoro no-
rMOLEHUNS, TO eCTb KO3PDULIMEHTA CBA3N MEXAY aKTUBHO-
CTblO JAHHOrO PaAMOHYKIMAA Y CKOPOCTbIO CYETa MMMYNIbCOB
B OKHe oA, nMkoM *"™Ba. IHTEHCMBHOCTb cyeTa B KaHanax
CMNEKTPOB NPUBOLAWAN K UMM/C Ha 1 BK akTUBHOCTW rpagympo-
BOYHOro obpasua. Vicnonbayemble Ansi NOCAEAYIOWEro Npu-
MEHEeHUsi rpadyMpoBOYHbIe cnekTpbl 22°Ra, 2%2Th n 4°K 6binu
Nosly4eHbl MyTEM BbIYUTAHMS W3 annapaTypHbIX CMEKTPOB
9KCMNEPUMEHTANIbHO ONPeLEeNIeHHOro cnekTpa GoHa.

BbINONHEHHbIE N3MEPEHUNS MO3BOANIM CO34aTh OUOIMO-
TeKy CNeKTPOB, HEOBXOAMMbIX A5 AaSIbHEWLLIEro Ux npume-
HEeHVs NPy U3MepeHn Npod NoYBbl HA AAHHOM OEeTEeKTOpe.
MonyyeHHble CcnekTpbl aeKBaTHbI CNEKTPOMETPUYECKMM Xa-
pakTepuUCTMKaM KOHKPETHOrO AeTekTopa 1 GOHOBbLIM Xapak-
TEPUCTMKaM NMOMELLEHNMS, B KOTOPOM PacrofioXeH CNnekTpo-
MeTp (puc. 1).

Anroput™m 06paboTkn CnekTpoB NPo6 MOYBbLI, MOYyHYEH-
HbIX NPY N3MEPEHUN Ha AAHHOM [EeTEKTOPE, BKIOYAET cre-
ayoume waru:

— BbIAENEHNE y4acTka crnekTpa, 06yCNOBIEHHOMO TOJIbKO
NPUPOIHBIMU PaAMOHYKIMAAMU, CoaepXalimmmucs B npobe,
1 HGOHOBOW COCTaBNAOLLEN;

—noabop METOAOM HAMMEHBLLIMX KBAAPATOB BECOBLIX KO-
9dOULMEHTOB K BMBMOTEYHBLIM crniekTpaMm 22°Ra, 232Th n 4K,
npu KOTOPbIX HabMOAAETCH MUHMMANIbHOE pPacXOXAeHue
MEX[Y MCXOOHBLIM CNEKTPOM M CyMMapPHbLIM CMEKTPOM, NOJy-
YEHHbIM Ha OCHOBE pacyeTa BECOBbIX KOIDPULMEHTOB;

— Ha OCHOBE MOJIYYEHHbIX BECOBbLIX KO3DPULNEHTOB
NPON3BOANTCSH TEOPETUYECKMIA pacyeT y4aCTKOB Chek-
TpoB ??°Ra, 2%2Th n “°K nog nukom ¥"™Ba 1 pacyeT nnouia-
on nbepectana, dopmupyemMoro GOHOM M MPUPOLHBIMU
pasMoHYKINLAMMU.
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Puc. 1. ®opma 6ubnmoTtedHbix cnektpos '*’Cs, 26Ra, 232Th n 4K,
NONyYeHHbIX Ha cnekTpomeTpe ¢ kpuctanaom Nal(Tl) 63x63 mm
[Fig. 1. The shape of the library spectra of '¥’Cs, ??Ra, 2*2Th and “°K
with activity of 1 Bq measured on the spectrometer with a 63x63 mm
Nal(TI) crystal]

PacyeT nnowaam nuka *™Ba 1 oueHka akTMBHOCTU U1 YA
137Cs cBOASITCS HA 3akOYMTENIbHOM 3Tane pacyeTa K Bbl-
YMCNEHUIO Pa3HMLbI Mnowaael hakTM4ecKoro n pacieTHoOro
cnekTpa.

PacyeT BecoBbIx KO3QOULMEHTOB NPUPOLHLIX PALMOHY-
KNIMA0B C MYHUMM3aUMEN METOLOM HaVMEHbLUMX KBaApPaTOB
pasHOCTM MexX/y pacHeTHbIM CyMMapHbIM CNEeKTPOM 1 dak-
TUYECKMM CNEeKTPOM BbINosHsANCS cpeacTeamu Matlab R2020
nocpeacTsomM ¢yHkumm «fminsearch».

MosicHeHuns u rpaduyeckas unnlocTpauus metoaa

TunuyHas ¢dopma cnektpa '*’Cs BbICOKOW MHTEHCUBHO-
CTU1, B KOTOPOM HaJIM4ne NPUPOAHbIX PAAMOHYKIIMAO0B B CHET-
HOM 00pasLe He OKa3blBAET CYLLECTBEHHOrO BAUSHUSA Ha
nnowanb nuka '¥™Ba (3Heprus ramma-kBaHToB 661,6 kaB),
nokasaHa Ha pucyHke 2. Kak BUAHO M3 pUCYHKa 2, Npu Bbl-
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Puc. 2. MNpumep TunmyHo popmbl cnekTpa '*’Cs, nony4eHHoro
¢ petektopom Nal(Tl), npu koTopom dopma neepectana He

OKa3blBaeT CyLeCTBEHHOI0 BIINAHUSA Ha 0LIJVI6Ky pacyeTa rowaan

nuka '¥’Cs. LLikana cnpaea — CKOPOCTb cHeTa AJisi MMKOB Masoi

MHTEHCUBHOCTU

[Fig. 2. An example of typical shape of the '*’Cs spectrum measured
with the Nal(Tl) detector, in which the shape of the pedestal does not
significantly affect the error in calculating the area of the '*’Cs peak.
(The scale on the right is the count rate for low-intensity peaks)]
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COKOW MHTEHCMBHOCTY cyeTa '*’Cs dopma nbegecTana (Tpa-
neuevaanbHas UM MHoM GopMbl), BbIMUTAEMOrO NpK onpe-
neneHvy niowaam nuka '*™Ba, Mano BAMSIET HA BENNYMHY
OaHHOW Nnowaan.

Mpy HeBbICOKOI MHTEHCUBHOCTU cueTa '*’Cs B aHepre-
Tuyeckylo obnactb nuka '*"™Ba nonagaloT UMNynbCbl GOHO-
BOIO U3JTy4YEHUS, MMMYNIbCbl KOMMNTOHOBCKOrO paccesiHns ot
NPUPOIHbLIX PaAVOHYKIMAOB U MUKW MOJSIHOrO MOMOLLEHMS
214Bj 1 208T| — poYepHUX paamoHyknMaoB 2?Ra 1 22Th (puc. 3).
Mnowanb Nbegectana npu 3ToM MoxeT ObiTb ConocTaBuma
unu gaxe 6onblue nnowaamn nuka '™Ba. YnpolleHHoe npes-
ctaBneHne dopmMbl Nbeaectana B Gopme Tpaneuum MoxeT
NMPUBECTM K CYLLECTBEHHOW OLWIMOKE pacyeTa nnowaamn nika
18mBa, MOCKOMbKY MCTUHHAs GopmMa CyMMapHOro crekTpa
OT BCEex MonagarmlLMx B AaHHYI0 3HepreTuyeckyto obnactb
pacCesiHHbIX U3Ny4eHNiA 1 MUKOB MOJIHOrO MOMOWEHUS!, UC-
kntoyas '*"™Ba, cnoxHee (puc. 4). PacueT nbegectana B okHe
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Puc. 3. PasnoxeHve n3amepeHHoro crnektpa (MyHKTMpHas MHUS) Ha
COCTaBHbI€ 4YaCTW C OLLeHKOI BK1a[I0B NPUPOAHBIX PAAVOHYKINIOB C
MCMob30BaHMEM METOAA aHanM3a BCero cnekrpa
[Fig. 3. Decomposition of the measured spectrum (dotted line) into
its constituent parts with the assessment of the contributions of
natural radionuclides using the whole spectrum analysis method]
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Puc. 4. innioctpauus pacyeTa niowaau nuka '*mBa (xentas
06nacTb) Ha OCHOBE OLIEHKM BECOBbIX KO3PPULMEHTOB BK1aAa
NPMPOAHBIX PAAVOHYKIMAOB B CYMMAapPHbI CNEeKTP METOA0M ero
[,eKOMMNO3MLMN 1 NOCNEYIOLLEN OLLEHKON NaoLLaam nbegectana
[Fig. 4. lllustration of the calculation of the '*’"Ba peak area
(yellow area) based on assessment of the weight coefficients of
natural radionuclides contribution to the total spectrum by the
decomposition method and subsequent assessment of the pedestal
area]

nuka '*’"Ba Ha OCHOBE BK/1a[0B OTAE/IbHbIX PaANOHYKINO0B
n doHa B AaHHyl0 obnactb TpebyeT TOYHOIN OLLEHKN aKTUB-
HOCTU coaepxallmxcs B npobe NpupoaHbIX PaanoHyKINO0B.
MocKONbKY OKOHHbI METOA, aHanM3a ConpsikxeH ¢ 60bLINMN
owmbkamu onpeneneHms nnowaanm dotonnkos 2?°Ra u %2Th,
CBSI3@aHHBIMW C WX HU3KOW WHTEHCUBHOCTbIO M B3aWUMHbIM
nepekpecTHbIM BKNaA0M, NpeasiaraeMblii METOL OCHOBaH Ha
aHanM3e NosIHOro cnekTpa 3a npegenamu goTonuka *mBa.
JaHHbli1 Noaxon, No3BONAET BKOYNTL B PaCHET CYLLECTBEH-
HO GOoJblLee YACO MMMYbCOB, YTO MPUBOAUT K YMEHbLLIE-
HUIO oWKOKM pacyeTa akTUBHOCTU MPUPOLHbLIX PadMOHY-
KNMaoB 1 6osiee TOYHONM OLEeHKe MioWaamn neegecrtana nog
nunkom ¥mBa,

MpuMep pPasnoxXeHus cnekTpa ¢ UCMoNb30BaHMEM [aH-
HOro Nnoaxoaa nokasaH Ha pUcyHke 3.

Mony4yeHHbIe ONMMUCaHHbLIM BbilLie CNOCOOOM BECOBbIE KO-
addULMEHTbl BKNaga NpUPOOHbIX PAAVOHYKIWMAOB B CyM-
MapHbIV CAEKTP NO3BONAIOT paccumTate GOpMy 1 nnoLwianb
nbegecTana nog nukom *"mBa, a Takxe nnoilaab GoTonvka
13"mMBa nyTemM BblYMTAHMS PACHETHOrO NbedecTana us noJsiHo-
ro cnekTpa (CMm. puc. 4).

PacueTbl MHTEHCUBHOCTU CYeTa PaguoHYKINAOB
1 owm6oK n3MepeHuin

B3anMHoe HanoxeHue crnekTpos 2%Ra, 2%°Th, “°K n ¥’Cs
('¥"™Ba) npmMBOAUT K HEOOXOAMMOCTU Y4MTbIBaTb BECb HABOP
HeonpeaeneHHOCTeN OLEHKN aKTUBHOCTU Uan YA oTaeNbHO-
ro pagvoHyKInaa, No3ToMy OT BbiGopa NMoNoXeHWs (rpaHuLL)
OKHa, B npegenax KoToporo pacnofioxeH nvk '*"mMBa, 3aBucut
CTeneHb BAWUSHUS OCTallbHbIX PAAMOHYKNNAOB. Jns nony-
yeHust 6051ee BbIrOAHOrO COOTHOLLEHUSS MEXAY YMC/IOM pe-
rMCTPUPYEMbIX MMMNYNIbCoB *"MBa 1 BKNaaoM B CyMMapHbIi
CYET OCTasIbHbIX PaAVMOHYKIMAOB MOJIOXEHME OKHa BbIGpaHO
TakMMm o0b6pa3omM, 4Tobbl Npasas BeTBb doTonuka '*™Ba ue-
NIMKOM nonagana B flaHHOe OKHO, a NIeBasi rpaHuLLa OKHa Bbl-
OpaHa Tak, 4ToObl HOTOMUKM BbICOKOW MHTEHCMBHOCTY 2'Bi
(moyepHero paavoHyknmaa 2?°Ra) u 2%8T| (movepHero paamo-
Hyknuaa 2%2Th) BHOCWMAM MO BO3MOXHOCTU MEHbBLUWIA BKa[,
B CyMMAapHBIA CHET B KaHanax, B KOTOPbIX HAXOAUTCS JieBas
BeTBb '*'MBa, xapakTepu3yoLLasacs HEBbLICOKOW MHTEHCUBHO-
CTblO cyeTa (CM. puc. 3). OnbITHbIM NYyTEM YCTAHOB/IEHO, YTO
oNTUManbHbIM SBASIETCS OKHO, OrpaHnyYeHHoe kaHanamu 200
n 240 (600-720 k3B), Npn KOTOPbLIX 4OCTUrAETCS BbIFOAHOE
COOTHOLLEHNE MHTEHCUBHOCTEN 1 MUHUMasIbHas oLnbka.

Kak nokasaHo BblLIE, MHTEHCUBHOCTb CYETA, a TakXe aK-
TMBHOCTb W yaenbHasa akTuBHOCTb “°K, 2%Ra, 2%2Th paccunTbl-
BaloTCs NyTeM nogbopa onTMMasibHOro COYETaHWS BECOBbIX
KO3DDUUMEHTOB, C y4eTOM (OHOBOrO CrnekTpa nony4mTb
MUHVMMaJIbHbIE Pa3NMuns Mexay pacyeTHbiIM (Ha OCHOBeE
3TaJIOHHBIX CMEKTPOB) 1 M3MEPEHHbIM CMeKTPoOM 3a npepe-
namu potonuka '¥™Ba. 911 xe K03ahOULMEHTbI MOTYT ObITb
NMPVYIMEHEHbI 1 NPW pacyeTe NbeaecTana B OKHe PeErncrpaumm
87mMBa, TO €CTb paccymTaTh YMCI0 UMMYNbCOB “°K, 2%Ra, 2°2Th,
nonagarwLLMx B JaHHOE OKHO:

240 SPKLS
Ng = Kg - Z -

t
200 P
240

Npa = Kpa* § SPRa,Cs/tsp ’
200
240

Z SPTh_Cs/tspl
200

Npp = Krp, -
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roe
SPy ¢y SPra cs M SPy, o, — 3TanoHubie cnektpbl “K, #°Ra
1 22Th B okHe perncTtpaumm '*’Cs COOTBETCTBEHHO;

Ko Kg, 1 K, — paccunTaHHble 3Ha4eHusi BECOBbIX KO-
9dOULUMEHTOB ans 3TalloHHbIX cnekTpoB “°K, 22°Ra n 2%2Th
COOTBETCTBEHHO;

N, N, 1 N, — nHTeHCMBHOCTb cdeTa “K, ?*Ra n 232Th
B OkHe ¥'Cs;

t,, — NPOLLOMIXNTENLHOCTb N3MEPEHUIA CHETHOrO 0GpasLa.
MHTeHcrBHOCTL cyeTa 'Cs — N__ B OKHE MOXEeT ObITb

onpepeseHa creayiowym 06pasom:

240 Sp 240 Sp
Nes =Z Smp_(NK+ Ngq + Npp, + Z_bkg) = (2)

t t
200 °™MP z00 kg

Nsmp - (NK + NRa + NTh + kag)

Cs

roe

SP,, v SP,, -
COOTBETCTBEHHO;

tmp VI 1,y — BPEMSI UBMEDPEHUIA CHETHOTO O6pasLia 1 poHa
COOTBETCTBEHHO.

Owwubka onpeneneHnss MHTEHCUBHOCTU cyeTa '¥'Cs ons
95% noBEpPUTENBHONO MHTEPBANa MOXET OblTb paccumTaHa

C NOMOLLbIO cneayouero COoTHoLWeHNsA:

CrnekTpbl cyeTHoro oGpasua v ¢doHa

Nes + Ng +NRa +NTh _l_kag

tsmp tsmp tb kg

Nes

tsmp tsmp

Eres =2~ (3)

OwmnbKNn M3MEPEeHUn 1 pacyeTa WHTEHCUMBHOCTU “OK|
226Ra 1 2%2Th 3aBUCAT TOJILKO OT B3AVMHOI0 BANSAHUSA JaHHbIX
PagVoOHYKIMAOB M (BOHA WU PACCUMTLIBAIOTCS CheayloLmm
obpasom:

NK + NRa + NTh +kag
tsmp tsmp tsmp tbkg
ETK = 2 " )
N
Ng , Nea  Npw |, Npig
tsmp + tsmp + tsmp + tbkg ; (4)
ET'Ra = 2 . N ]
Ra
Nk o Nea | Nrn Npkg
tsmp tsmp tsmp tbkg
ETTh = 2 . N .
T

Bepudimkauua meroaa n anropurma pacuera

Ons Bepudukauun npegiaraemoro MeToda OLEHKN Ma-
JIbIX YPOBHE aKTMBHOCTU B CHETHOM 00pa3Lie BbibpaHa npoda
MoYBbI, B KOTOPOW yaeNbHas akTUBHOCTb MO pe3yfbTatam n3-
MepeHuii B reometpumn «MapuHennn» coctaensana 0,35 bk/kr.
NamepeHns nposoaunuck B TedeHne 6 4. Owmnbka nsmepe-
HuiA cocTtasmna 91,3%. Mpouenypa Bepudukauumn Bkaoyana
nocTeneHHyio 406aBky K AaHHOW NoyBe HeBGOJbLLNX HABECOK
3TaNIOHHOW Ccbinyyeit cmecn '¥’Cs Ha OCHOBE KBapLLEBOro ne-
cKa, NO3BONSAOLMX YBENMYUTb YAESbHYIO akTUBHOCTb MOYBbI
Ha 0,5 unn 1 Bk/kr. Kaxablil pa3 nocne BHeCeHUst 106aBOYHOM
aKTMBHOCTM Npoba noyBbl M3mepsnack B TedeHme 3 4. Takum
06pa3oM Obi NoNyYeH P U3MepUTesibHbIX 06pa3L0B NOYBbI

¢ ygenbHbiMu aktmBHocTamun 0,35; 1, 35; 1, 85; 2,35; 2,85;
3,85; 4,85 1 5,85 bk/kr. PeaynbtaThl CONOCTaBNEHNS YPOBHEN
yOenbHOW aKTUBHOCTM B CHETHbIX 0Opasuax v pesynbraToB
M3MepeHU 1 pacyeTa yOesibHOM akTUBHOCTW npepnarae-
MbIM METOOOM NPEACTABNEHbI HA PUCYHKE 5.

7 y =0,9756x

100,0
R?=0,9825
90,0

@

~

. Jlesaz ocs e
: [Lefraxis] <1 .~ 60,0
&R

e e ——— 50,0

Owwubka usmepenni, %
Measurement error, %

N

Pesynerar uamepeHuit u pacyera (YA), Br/kr
Result of (SA) measurements and calculation, Bq/kg
P
1

Tlpasas ocs 200

Tt a——) [Rightaxis]

y = 36,268x0717
R?=0,9648

0 1 2 3 4 5 6 7
YaenbHan aktTuBHOCTb (YA) cyeTHoro obpasua, Br/kr
Specific activity (SA) of the counting sample, Bqlkg |

Puc. 5. Pe3ynbTtaThl CONOCTaBNEHNS U3BECTHBIX YPOBHEN YAENBHON
akTMBHOCTM '¥’Cs B cueTHbIX o6pasLax (ocb X) ¢ pedynbratamu,
NoJslyYEHHbIMW Ha OCHOBE M3MepeHnit (ock Y). Ocb cneea —
pes3ynbTaTt USMEPEHUN yaenbHOM akTuBHOCTU. OCb cnpasa —
NorpeLLHoOCTb n3MmepenHnin (p=0,95)

[Fig. 5. Results of comparing the known specific activity of '*’Cs
in counting samples (axis X) with the results obtained on the
basis of measurements (axisY). The axis to the left is the result of
measurements and calculation of specific activity. The axis to the
right is the measurement error (p=0.95)]

M3 prcyHka 5 BMaHO BNOJIHE YAOBNETBOPUTENBHOE COrna-
cve Mexzly akTMBHOCTbIO CHETHbIX 06Pa3LI0B 1 pesyssTaTamu
M3MEPEHNI N pacyeTa yOeNbHOM akTMBHOCTWU npepgnarae-
MbIM MeTogom (R?=0.98). N3 pucyHka 5 Takxe crnemnyert, 4To
npeanaraemMblii MeTo, AeKOMMO3uLMM CnekTpa Mo3BoJiSeT
n3mepsTb ¢ owmnbkoii 50% yaenbHylo akTMBHOCTL '¥7Cs B no-
yBe ¢ netektopom Nal(Tl) ¢ pasamepom kpuctanna 63x63 Mm
B reomeTpun «MapuHennu» obbemomMm 1 1 1 BpeMeHu name-
peHui 6 4 Ha yposHe 0,7 Bk/Kr npy LOBEPUTENBHOM BEPOSAT-
HoCTU 95%, a Npu 3HAYEHUSIX yAe/IbHOW akTUBHOCTU 3 BK/Kr
(MUHMManbHO-AETEKTMPYEMAsn yaeNibHas akTMBHOCTb 60Mb-
LLUMHCTBA CXOHbIX MO XapakTepucTukam CrnekTpoMeTpoB [3—
6]) HeonpeneneHHOCTb n3mMepeHnin coctasnsaeT 20%.

Cnenyet oTMeTUTb, 4TO 3HadeHne MIA '¥’Cs nonyyeHo B
HaCTOSALLEM NCCNESOBAHUN NPY 3HAYEHNSX YOENBHON aKTUB-
HocTm 4K — 200 Bk/kr; ?%°Ra — 5 Bk/kr v 2%2Th - 6 Bk/kr (dop-
myna 5).

Nk | Nra | Nrn

N,
MDAg =33 [2 ( +ﬂ> - KN, (5)

smp tsmp tsmp tbkg

lne N,=0,22; N,,=0,13; N;h=0,14; kag=0,57 — CKOPOCTb
cyeTa B OkHe Le3us 3a cyeT K, 2%°Ra, 2*2Th 1 ¢poHa COOTBET-
CTBEHHO, MMM/C;

TSmp = 21479 - Bpemsi u3amepeHunin cieTHoro obpasua, c;

Tbkg = 85136 — Bpemsi namepeHuii GoHoBoro obpasua, c;

Kyes = 27,72 - adpdekTrBHOCTL pernctpaumn '¥Cs B reo-
MeTpun MapuHennu, bk Ha umn/c.

Mpy 6onee BLICOKMX 3HAYEHUSX YAENbHOW aKkTUBHOCTU
npupoaHbix pagnoHyknnpos MIA ¥Cs Bo3pacTaeT. PacyeTsl
no ¢opmyne (5) NokasbiBatoT, YTO AECATUKPATHOE YBENMYE-
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HWe yaenbHOM aKTMBHOCTM OTAESbHbIX PaAVNOHYKINOO0B MNO-
BblwaeT MOA B 1,7-2 pa3sa, a 10-kpatHoe yBenuyeHve YA
BCEX MPUPOAHbIX PaANOHYKIMAOB NnoBbilaeT MAA B 2,8 pa3a.

3akoveHne

PaspabotaH metoa un anroputm 00paboTku CcnekTpa,
MOJIYYEHHOIO Ha CUMHTWISLMOHHOM CMEeKTPOMETPE C Kpu-
ctannom Nal(Tl), no3sBonsoLLMin N3MePsITb akTUBHOCTb '*'Cs
B npobax nouysbl (¢ conepxarvem K meree 200 Bk/kr, 2*°Ra
1 222Th — meHee 10 Bk/kr) B reomeTpun MapuHeniv 06eMom
1 nHa yposHe 0,7 Bk/kr ¢ HeonpeaeneHHoCTbo He 6onee 50%
B 95% noBepuTeNbHOM UHTepBase. MeTon 0CHOBaH Ha co3fa-
HUM BMBNNOTEKN rPasynPOBOYHbLIX 06pasLoB ¥7Cs, 2°Ra, 22Th
n 4K, a Takxe crnekTpa GpoHa 1 Ha MOJENIMPOBaAHUM Ha KX OC-
HOBE PaCYeTHOro crnekTpa, 6,13Koro K UBMEPEHHOMY CMEKTPY
B OManasoHe 3Hepruii 3a npegenamum nuka '*™Ba. MNpouecc
CO3[aHnsi MOAENBLHOIO CMeKTpa BKIIIOYAET PacyeT BECOBbIX
KO9pOULUMEHTOB BKJIaAa NPUPOAHbLIX PAANOHYKIMAOB B CyM-
MapHbIA CMEKTP, MOSYYEHHbIN HA OCHOBE U3MEPEHUI, U NX UC-
nosb30BaHve Afis pacyeTa GopMbl 1 Naowaay MoAenbHOro
cnekTpa nog nukom '™Ba. Tem cambiM NOBbILLAETCA TOYHOCTb
onpeneneHns niowaan nvuka '¥™Ba 1 CHUXeHWe MUHUMASb-
HO-OEeTEeKTUPYEMOI aKTUBHOCTY Npu namepeHun npob *'Cs B
MPUCYTCTBUM NPUPOAHBIX PAANOHYKIMAOB. Npy oecaTukpaT-
HOM YBENNYEHUN YAESIbHON aKTUBHOCTY NMPUPOAHbLIX PAANOHY-
knupos MIA ¥"Cs BospacTaeT oo 1,98 bk/«r.

CBepfieHnsa 0 NMYHOM BKJlafe aBTOpPOB B paborty
Hapj ctaTtben

Penun B.C.paspaboTan anroput™m n nporpammy obpa-
60TKM cnekTpa.

CepnHes K.A. npoBen rpagyvpoBKy CNEKTPOMETpa, yya-
CTBOBas B CO3AaHNM BUOANOTEKM rPaLyNPOBOYHbIX CMEKTPOB
1 BbINOMHWA BEPUPUKALMOHHBbIE N3MEPEHUS.
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PenuH Buktop CrtenaHoBuY - [0OKTOP Oronormyeckux Hayk, 3aBepylowwimii nabopatopuert akonorun CaHkT-
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Spectrum processing method for measuring low levels of specific activity of '3’Cs
with a Nal(TI) detector in the presence of natural radionuclides

Viktor S. Repin, Konstantin A. Sednev

Saint-Petersburg Research Institute of Radiation Hygiene after Professor P.V. Ramzaev, Federal Service for Surveillance
on Consumer Rights Protection and Human Well-Being, Saint-Petersburg, Russia

When measuring low levels of ’Cs in soil samples using spectrometers with a Nal(Tl) detector, identifi-
cation of the *’" Ba peak (the 662 keV gamma line of the daughter radionuclide) is difficult due to the influ-
ence of natural radionuclides, the peaks of which fall within the " Ba detection region. To identify and esti-
mate the area under the peak of """ Ba, it is necessary to know the contribution of the background component
fo this area and the contribution of each natural radionuclide. When using such approach, the accuracy of
estimating the " Ba photopeak area depends on the accuracy with which the levels of natural radionuclides
are determined. The article proposes a method of spectrum decomposition based on the taking into account
individual parameters of the spectrometer and a more accurate determination of specific activities of natural
radionuclides. The method involves the modeling the spectral regions for each natural radionuclide in the
area of P Ba peak and subtracting the simulated regions and the background spectrum from the total spec-
trum under the peak of *’"Ba. The use of this approach allows to measure with a 63x63 Nal(TI) detector the
specific activity of Cs at a level of 0.7— 1 Bq/kg with an uncertainty of 30-50% in the Marinelly geometry
with a volume of 1 liter and with the measurement time of 6 hours.

Key words: gamma spectrometry, spectrum decomposition, cesium-137, natural radionuclides, spec-

trometer calibration.
Personal contribution of authors Acknowledgements
Repin V.S. developed the algorithm and spectra Authors would like to thank K.V. Varfolomeeva (St-
processing program. Petersburg Institute of Radiation Hygiene) for the help with

Sednev K.A. calibrated the spectrometer, participated in  the list of references.

the development of calibration spectra library and performed . .
verification measurements. Conflict of interests

Authors declare no conflict of interest.

Victor S. Repin
Saint-Petersburg Research Institute of Radiation Hygiene after Professor P.V. Ramzaev
Address for correspondence: Mira Str., 8, Saint-Petersburg, 197101, Russia. E-mail: V.Repin@mail.ru

Pagnauvonnas rurvesa  Tom 15 Ne 4, 2022 147



Radiation measurements

Sources of finance

The study was performed within the framework of

Rospotrebnadzor scientific-research program for 2021-2025
“Scientific justification of the national system of provision of
sanitary-epidemiologic well-being, health risk management
and Russian population quality of life improvement”, Direction
7. Scientific Justification of Russian population to minimize
health risks. Part 7.2. Scientific justification of radiation safety
system in the Russian Federation.

References

1.

Khramtsov EV, Repin VS, Biblin AM, Varfolomeeva KV,
Ivanov SA. Radiation-hygienic characteristic of the pro-
tected zones of peaceful nuclear explosions in the
Arkhangelsk region. Radiatsionnaya Gygiena = Radiation
Hygiene. 2021;14(1):111-123. (In Russian) https://doi.
org/10.21514/1998-426X-2021-14-1-111-123.

Ramzaev VP, Medvedev AYu, Repin VS, Timofeeva MA,
Khramtsov EV. Radiation monitoring the industrial nuclear
explosion sites and evaluation of the doses to critical groups
of population. Radiatsionnaya Gygiena = Radiation Hygiene.
2010;3(1):33-39. (In Russian)

Official site of SPE “Doza”. Characteristics of the device
“Progress-gamma”: description. URL: https://www.doza.ru/
catalog/spectrometers/3/. (Accessed 30 August 2022) (In
Russian).

Official site of STC «RADEK>». Characteristics of the MKGB-
01 device: description URL: https://www.radek.ru/prod-
uct/Spektrometry---radiometry-gamma---beta--i-alfa-
izlucheniya/23/. (Accessed 30 August 2022) (In Russian).

Official site of STC «AMPLITUDA». Characteristics of the
MULTIRAD-gamma device: description. URL: https://am-
plituda.ru/ catalog/radiatsionnyy- kontrol/oborudovanie-
radiatsionnogo-kontrolya-2/spektrometry-i-radiometry/.
(Accessed 30 August 2022). (In Russian).

Review of domestic radiometric and spectrometric systems
that can be used for accounting and control of nuclear mate-
rials URL: http://vniia.ru/rgamo/literat/obzor/doc/obzorrus.
pdf (Accessed 09 October 2022). (In Russian).

He J-F, Yang Y-Z, Qu J-H, et al. An inversion decomposition
method for better energy resolution of Nal (TI) scintillation
detectors based on a Gaussian response matrix. Journal of
Nuclear Science and Technology. 2016;27: 2-10.

10.

11.

12.

13.

14.

15.

16.

Alizadeh D, Ashrafi S. New hybrid metaheuristic algorithm
for scintillator gamma ray spectrum analysis. Nuclear in-
struments and methods in physics research. Section A:
Accelerators, spectrometers, detectors and associated
equipment. 2019;A(915): 1-9.

Arefeva DV, Firsanov VB, Kuruch DD, Bryukhov RE, Tarita
VA. Graduation of the scintillation spectrometer of gamma
radiation using the method of mathematical modeling.
Radiatsionnaya Gygiena = Radiation Hygiene. 2020;13(4):
93-100. DOI: 10.21514/1998-426X-2020-13-4-93-100 (In
Russian).

Hendriks PHGM, Limburg J, de Meijer RJ. Full-spectrum
analysis of natural g-ray spectra. Journal of Environmental
Radioactivity. 2001;53: 365-380.

Alamaniotis M, Jevremovic T. Hybrid fuzzy-genetic approach
integrating peak identification and spectrum fitting for com-
plex gamma-ray spectra analysis. IEEE Transactions on
Nuclear Science. 2015;62(3): 1262-1277. DOI:10.1109/
tns.2015.2432098.

Burr T, Hamada M. Radio-isotope identification algorithms for
Nal spectra. Algorithms. 2009;2: 339-360. DOI: 10.3390/
a2010383.

Liu B,Yang H, Lv H, et al. Adeconvolution method for scintilla-
tor gamma-ray spectrum analysis based on convex optimiza-
tion. Nuclear Instruments and Methods in Physics Research.
2020;A(957): 1-6.

Shahabinejad H, Vosoughi N. SGSD: A novel sequential gam-
ma-ray spectrum deconvolution algorithm. Annals of Nuclear
Energy. 2019;132: 369-380.

Drovnikov VV, Egorov MV, et al. Na Spectra Analysis System
— SAS Na M3 for processing complex Nal scintillation spec-
tra. Report at the XVII International Seminar “Spectrometric
Analysis. Equipment and data processing on a PC. November
15 - 19, 2010 FGOU “GCIPK” Obninsk. URL: http://www.
radiation.ru/publications/SAS_Na_M3_software_for _com-
plex_Nal_gammaspectra.pdf (Accessed 07 November
2022). (In Russian).

Sednev KA, Nekrasov VA, Repin VS. Universal calibration of a
scintillation spectrometer with a Nal(Tl) detector when meas-
uring 137Cs activity in counting samples of arbitrary density
and volume. Radiatsionnaya Gygiena = Radiation Hygiene.
2021;14(4): 96-102. DOI: 10.21514/1998-426X-2021-14-4-
96-102 (In Russian).

Received: 15 October, 2022

For correspondence: Viktor S. Repin — Doctor of Biological Sciences, Head of Ecology Laboratory of Saint-Petersburg

Research Institute of Radiation Hygiene after Professor P.V. Ramzaev, Federal Service for Surveillance on Consumer Rights
Protection and Human Well-Being (Mira Str., 8, Saint-Petersburg, 197101, Russia; E-mail: V.Repin@mail.ru)

Konstantin A. Sednev - Acting Junior Researcher, Saint-Petersburg Research Institute of Radiation Hygiene after Professor

P.V. Ramzaev, Federal Service for Surveillance on Consumer Rights Protection and Human Well-Being, Saint-Petersburg, Russia

For citation: Repin V.S., Sednev K.A. Spectrum processing method for measuring low levels of specific activity of

137Cs with a Nal(Tl) detector in the presence of natural radionuclides. Radiatsionnaya Gygiena = Radiation Hygiene.
2022.Vol. 15, No. 4, P. 142-148. (In Russian). DOI: 10.21514/1998-426X-2022-15-4-142-148

148

Vol. 15 Ne 4, 2022 RabpiATION HYGIENE



