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NccnepoBaHue BO3MOXHOCTEl feTeKTopa Ha OCHOBe KpucTanna 6pomuga
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Pasun K.A., Bapdonomeena K.B., CenneB K.A., Pemun B.C., 3enennona C.A.

Cankr-IletepOyprckuii HayYHO-MCC/Ie0BATENbCKMIT MHCTUTYT paIuallMOHHON TMIMeHbl UMEHM Tpodeccopa

I1.B. PamzaeBa, QenepanbHas ciy:kba 1Mo Han3opy B cdepe 3allUThI IIpaB IoTpeouTeneit
n Gnarononyuus yenoseka, CaHkr-IletepOypr, Poccus

B xo0e npogedenusi aKcneOuUUOHHbIX PAOUAUUOHHO-CUSUCHUYECKUX UCCAe008aHUL MeppUmopull 4acmo
B03HUKAem He0OX00UMOCMb OUEHKU YOeAbHOU aKMUBHOCMU DAOUOHYKAUOO8 6 Nouee Ha enyOuHax Ooiee
20 cm, 4mo conpsaxNceHo ¢ ONpe0eséHHbIMU MemoOUHeCKUMU U MeXHUYecKumy mpyoHOCMAMU npu omoope
npo6. Lleavto nacmosyeeo uccredo8anus 164510co nposedeHue cepuu epadyupogo4HbIX UMepeHUll U OUeHKa
603MOJICHOCMEU KOANUMUPOBAHHORO CUUHMUNNSYUOHHORO OemeKmopa 04s KOAUHeCIBEeHH020 ONpedeneHus:
yoeavhoii axmusnocmu '3 Cs ¢ epynme na pazauunoix 2ayounax 6 ckeaxcunax in situ. Mamepuanot u memoob:
g eamma-cnexkmpomempa MKCII-01 «PAIIK» ¢ kpucmansom LaBrs(Ce) 6bina nposedena komniekcHas
2padyuposka, GKANHANUAA UCCAe008aAHUE 0CeB0l UYECMBUMENbHOCU U dhdexmusHocmu pecucmpayuu
paduonykauda "’Cs Kak om moueuroeo ucmouHUKa, maK u om 006eMHO20 UCOMHUKA NOYEbL C U36ECHIHOLL
aKmueHoOCMbl0. Dmo no3eoauno onpedeaums ONMUMANbHbIE NAPAMEmpPbl U3MePeHUll, 8KAIOYAs PACCMOAHUS
Meducdy  KOAAUMAMOpamu, U epacyupogoyHvie Kodpuuuenmov. 041 MOYHO0 OnpedeieHuss Y0eabHou
AKMUBHOCMU HA DA3AUYHLIX PACCMOSHUAX U C PA3HLIM 00semom obpasya. Pesyasbmamul uccaedosanusn u
obcyxcoenue: B Oannoli cmamve HpeOcmagaeHvl pe3yabmamol 2padyuposku  O0emeKmopa Ha 0CHOBe
kpucmanaa LaBrs(Ce) pazmepom & 30 x 30 mm, npednasnauenno2o oas uamepeHus: UHMEHCUBHOCU eaMMa-
uznywenus ’Cs ¢ ckeancunax na eayounax 0o 1 m. IIpoedénnbie 2padyuposounsie usmepenus noKasail,
umo KoHCMpYKuus Oemekmopa no3gonsem uzmepsamo yleavhvie axmuenocmu 3’Cs om 200 bBr/ke
6 ckeancunax ouamempom 90 mm ¢ s¢pexmusnocmoio peeucmpauuu nuxa ’Cs oxoao 0,1 % u epemenem
usmepernuss 30 mun. Jemexmop obecneuugaem HadexucHoe O0OHApydceHue CA0EE NOYGbl ¢ YOeAbHOU
AKMUBHOCMbIO  Bble MUHUMAALHO 3HAYUMOU y0eabHoU akmueHocmu. 3akaiouenue: Koaaumamopel,
obecneuusarowue docmyn eamma-uznyuenus K omipwuimoi uacmu Kpucmania LaBrs(Ce), noseoasiom
pe2yauposams MoAuUHy Ucciedyemoeo cos no4esl (WupuHy 0030pa eopu3onma) @ npoyecce usmepenus. lpu
paccmosnuy  mexcdy koarumamopamu 1,5 cm Odemekmop nozeonsem usyuamv 20pu30HMbl  Y0eAbHOU

AKMUBHOCMU NO48bl C UAOM 5 CM, npu yeeauveHuu paccmosHus 00 2 cm — ¢ waeom 10 cm.

KioueBbie cioBa: noasegas eamma-chekmpomempusi, pPAOUOHYKAUOHOe 3acps3HeHle, MeXHOeHHble
paduonykaudst, 3’Cs, yoeavras axmuenocmo, nousa, epadyuposka cneKmpomempad.

Beepenve

[MoneBas cnekTpomMeTpusi, Kak OAMH U3 METOO0B M3y4e-
HUS PAANOHYKINMAHOIO COCTaBa BbINAAEHUA N 3arpsa3HeHns
MOYBbI, LLIMPOKO UCMONb3YyeTCcs Npu NPoBeaeHNN paamnosori-
yeckux nccneposaHmin [1-6]. B 4acTHOCTW, AaHHbIA METoA,
Hallen npumMeHeHne npu obcnenoBaHNn TEPPUTOPUI B Me-
CTax NPOBeAEeHNSt MUPHbIX SOEPHbIX B3PbIBOB [7, 8] Ha Teppu-
TOopUSAX, NOABEPrLUMXCSH aBapuUiMHOMY paauoakTUBHOMY 3a-
rpsisHeHuio [9].

Hapsigy ¢ noneBoii cnekTpoMeTpuei, A1 TOYHOM Konmde-
CTBEHHOW XapakTepUCTUKN PaaMOaKTUBHOMO 3arpsi3HEHUS! Cy-
LLEeCTBYEeT MeTof 0T6opa Npob NoyBbl, MO3BONAOLLMIA B nabopa-
TOPHbIX YCNIOBUSIX ONPEAENnsTs coaepXaHne B noyse anbda-,
6eTa- U ramma-uanyyaowmx pagmonyknmagos [10]. Cnegyer,
O[1HaKO, OTMETUTb, YTO OTOOP NPOO NOYBbLI, NPY BCEX €O [OCTO-
VIHCTBAXx, COMPSXEH C TPYAHOCTAMK Ha riybuHax 6onee 20 cwm,
No3aTOMY UMEETCS LieNbIli Kilacc NprubopoB 1 METOAOB NpoBeae-
HUSI CMEKTPOMETPUYECKMX UCCNenoBaHui B ckBakmHax [11].

Hanbonbluee pacnpocTpaHeHre gaHHbIe METOAbI HALLIIM B Freo-
nioropassefke C LienbIo Nomcka ypaHOBbIX MECTOPOXAEHNN [12,
13], npu onpeneneHn UeNoCTHOCTU CKBaXMH (raMma-ToSILLM-
HomeTpus) [14, 15], NnnOTHOCTHOM ramma-kapoTtaxe [16, 171],
HENTPOHHOM U HEMTPOHHO-aKTMBAUMOHHOM kapoTaxe [18]. Bce
nepeyYncneHHbIe KapoTaxHble METOAbl HanpaBfieHbl Ha MONCK
NMPUPOAHbLIX UCKOMaeMbIX.

My6nnkaumm No MeToaam UCCNeaoBaHNsa COOEMKaHNSA TeX-
HOMEHHbIX PaAMOHYKIMAOB B CKBaXXMHAX BCTPEYAIOTCH PELKO,
NOCKO/bKYy B OOMBLUMHCTBE Cily4aeB TEXHOrEHHblE pPaamo-
HYKIMAbI, KaK NPaBuiio, PacrnofioXeHbl B BEPXHUX FOPU3OHTax
noyBbl B cnoe o 20 cm. B nutepaTtype npuBoamuTcs cnyydar npu-
MEHeHUst MeTofa FYBIHHOrO 30HAMPOBaHUS ' Cs Ha TEPPUTO-
pun, NpueraroLwwen K Mecty NpoBeaeHNs MUPHOrO SOEPHONO
B3pbiBa [nobyc-1 (MBaHoBCKasi 061aCTb), MPOBEAEHHOMO C BHE-
LUTATHLIM aBapUiiHbIM BbIGPOCOM PaAMOHYKIMAOB Ha NMOBEPX-
HOCTb. B npouecce 06ycTpoincTBa NHXEHEPHbIX 6apbepoB 3Ha-
4ynTENbHas YaCTb aBAPUNHO-3arPS3HEHHON MOYBbI Oblna norpe-
6eHa B TOJICTOM C/OE rPyHTa, NO3TOMY AJ11 pafMaLMOHHO-TUM-
E€HMYECKOWN OLEHKM MOTEHLMAIbHOM OMaCcHOCTU BaXKHO Obifo,
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PaanauunoHHbie namepeHus

BO-MEPBbIX, ONPenesTb HaM4Me TEXHOMEeHHbIX PaAMOHYKIN-
00B Ha rnybuHax 6onee 20 cMm [7], a BO-BTOPbIX, OLEHUTb HAN-
4Me MOYBbI C YPOBHAMM 3arps3HEHNst ' CS Ha YPOBHE U BbilLie
MUHUMaJIbHO-3HAUYMMOW yaenbHon aktueHocT (M3YA) B cooT-
BETCTBUM C kpuTepusimn HPB-99,/2009 '.

B aTOM rccnenoBaHum Gbli UCMOML30BaH AETEKTOP Ha OC-
HoBe kpucTasina LaBry(Ce) ¢ paamepom kpuctanna @ 30 x 30 mm,
pPa3MeLLEHHbIN B LUTaHre asnHon 73,5 cm. CnekTpoMeTp 1 Npo-
rpammHoe obecrneyeHne K Hemy Oblfl M3roTOBJIEH MO 3akasy
®OBYH HUNPT nm. M.B. Pam3aeBa B pamkax BbINOSHEHVS paboT
no koHTpakTty ¢ ®MBA Ne 81.005.14.2 ot 17 deBpans 2014 r.
no nporpamme «ObecneyveHne SaepHoOn 1N pagnaumoHHon 6e3-
onacHocTu Ha 2008 rog, v Ha nepvioa, oo 2015 roga». Mpeneapu-
TeNbHble KAYECTBEHHblEe Pe3yNbTaTbl UUTUPYEMbIX PaboT noka-
31, Y4TO OJ19 TOYHOM OUEHKM YAENbHOW aKTMBHOCTM MOYBbI
Ha pasHbiX rybuHax HeobXoOMMO Y4uUTbIBaTb OVAMETP CKBa-
>KWHbI, PACCTOSIHNE MeXAay KONMMaTopamu, BAVSIHUE Ha Pesyrib-
TaT M3MEPEHUA aKTUBHOCTU B CNIOSIX MOYBbI, PACTIONOXEHHbIX
BbILLIE U HUXKE n3MepsieMoro. Takim 06pasoMm, 4151 KOPPEKTHOro
NPaKTN4eCcKoro NPUMeHeHNst AaHHOro Nprbopa TpebyeTcs npo-
BeAEeH1e rpaayMpoBOYHbIX U3MEPEHWIA.

Llenb uccnepoBaHusa — NpoBeaeHVe rpaaypoBOYHbIX 13-
MEPEHNIN CKBaXKMHHOIO raMmMa-AeTeKkTopa Ha OCHOBE KpucTauina
LaBry(Ce) 0515 oueHKU yaenbHOM akTUBHOCTN Cs Ha Pa3NNYHbIX
rnyouHax.

Marepuam.l n metoabl

papynpoBka Oblia BbINOSHEHA OJ19 raMMa-CrieKTpoMeTpa
mapkn MKCIM-01 «PALSK> (Poccurst), OCHaLLIEHHOMO AETEKTOPOM C
kpuctannom LaBrs(Ce) (puic. 1). Obpaseu, aetektopa Obli U3roToB-
neH B HayuHo-TexHuyeckoM ueHTpe «PALSK» no 3akaszy PBYH
HUWPI ym. M.B. Pam3aesa g1 nabopatopun 9Koormm 1 ocHa-
LLieH MOOUIBHBIM NMPOrpaMMHbLIM oBecriedeHrem ASpectrum.

Bbibop aetekTopa Ha ocHoBe kpuctanna LaBry(Ce) ceasaH
C TEM, YTO JaHHbI TUN JeTekTopa MMeeT 6osiee BbICOKOE paspe-
LeHve ans d)OTOI‘IMKamCS Mo cpaBHeHMIO ¢ kKpucTasnnom Nal(Tl),
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4TO, B CBOIO O4epe/b, MO3BOMSIET JIEMKO OTAEMTL MK ' Cs oT nnt-
KOB MPUPOHbIX PAAVOHYKIAOB, B YacTHOCTH, **Bi n **TI.

OueHka 1 BblMUTaHne co6CTBEHHOrO (hoHa AEeTeKTopa Ha 0C-
HoBe kpucTasnna LaBrs(Ce) BbinonHeHa NnocpeacTBoM U3MepeHuii
cyeTa AeTekTopa B TONCTOCTEHHOM (15 €M) CTasibHOM 3aLumTe.

Mporpamma rpagyvpoBku BkoYana, Npexae BCero, onpe-
[eneHve TOYHOro MECTOMOJIOXKEHUS LIEHTPa KpucTannia s rno-
cnepnyiouleli 6onee TOYHOW YCTAHOBKM KONIJIMMATOPOB OETEK-
TOpa OTHOCUTENBHO AAHHOrO LIeHTpa. Ha BTopom aTane uccne-
[oBanacb 3aBMCMMOCTb CKOPOCTU cYeTa AeTekTopa OT MecTo-
MOSIOXKEHNS TOYEYHOrO NUCTOYHMKA, PACMOSIOXKEHHOIrO Ha pas-
JINYHbBIX PACCTOSIHMSAX OT OCY AETEKTOPA MPW Pa3/INYHbIX PaCcCTO-
SHUSX MeXAy KonnMMaTtopamu. Ha TpeTbem aTane nccnenosa-
Nack 3aBUCUMOCTL 3hdEKTYBHOCTU perucTpaumm ' Cs B croe
MoYBbl C MU3BECTHOM YAENbHOW aKTMBHOCTBIO B 3aBUCMMOCTU
OT AvaMeTpa OKPYXXaoLLLEro AeTeKTop cnosi. BeinonHeHwe nep-
BbIX ABYX 3a[a4 MNO3BOJSNO BbIACHUTb, KAk PACCTOSIHNE MEXay
KONMMaTopamMu BAVSIET HA TENECHbI yron 063opa aeTekTopa,
TO €CTb 9DDEKTUBHYIO TONLLIMHY M3MEPSEMOTO CJ1051 NMOYBbI.

LleHTp KpricTanna onpenenssncs ¢ NOMOLLbIO TOYEYHOMO UC-
Tounuka 'Cs 13 HaBopa 0Bpa3LIOBbIX CMEKTPOMETPUHECKIX
ramma-mctoyHnkoB (OCIN) ¢ aktmeHOCTBIO 0kono 40 kbk. To-
YeYHbIi CTOYHMK NMOMELLANICA B CBMHLOBBIA LMAMHAP, Gnaro-
[aps 4emy CO34aBasICs HANPaBIEHHbIN NMYYOK U3NTy4EeHNS B CTO-
poHy AeTekTopa. 411 oTcHeTa CMELLEeHMs BOOMb OCU AeTekTopa
MCMONb30Ba/IaCb JIMHENKA, Havano KOTOPOM COBMELLASIOCH
C KOHLOM LUTaHM AvamMeTpoM 4 cM. MNepemeLLeHne ToHeYHOro
MCTOYHMKA BbINOSHSANOCH C Wwarom 0,5 cMm.

MccnepoBaHve 0OCEBOW  4YyBCTBUTENBHOCTM  OETEKTOPA,
CpeaHsst 4aCTb KOTOPOro pacrnonaranacb Mexay LavHapuye-
CKMMW CBUHLIOBBIMY KOJIMMATOPaMN C BHYTPEHHUM AMamMeT-
POM 4 CM 1 HapyXHbIM AMaMETPOM 8 CM, MPOBOAMIOCH TaKKe
C MOMOLLIO TOYEYHOTO MCTOYHMKA, MEepPeMELLaemMoro Ha pas-
JINYHBIX PACCTOSAHMSX BOONb OCU WTaHrm (puc. 1). Lar cmewe-
HWSI UICTOYHVKA BAOJIb OCY COCTaBAsN 1 cM, a NepneHanKyNsipHO
ocu — 5 cM (HayanbHOE PacCTOSIHME TOYEYHOIO MCTOYHMKA OT
OCV AeTeKTopa COCTaBASIO MPUMEPHO 5 CM.

ESEESEESIEERAELAEN

B)
[B]

Puc. 1. CxemaTtnyeckoe n3obpaxeHue LTaHr M CKBaXKMHHOIo ramma-crnektpometpa MKCI-01 «PALSK» (A) u cxema uccnenosaHus
YyBCTBUTESILHOCTY KOSUTMMMPOBAHHOIO IETEKTOPA HA OCHOBE KprcTasia LaBrs(Ce) K 3ny4eHmio Ha pasnmyHbiX PaCCTOSIHUSX
TO4YEYHOr O NcTouHMKa ''Cs (B)

[Fig. 1. Schematic representation of the borehole gamma-spectrometer rod MKSP-01 “RADEK” (A) and the scheme for the study of
the sensitivity of the collimated LaBr;(Ce) detector to radiation from a ¥Cs point source at various distances (B)]

"HopMbl paavaLmoHHoit 6esonacHocTy (HPB-99/2009): CaHuTapHble npasuna 1 Hopmatuebl CaHlMuH 2.6.1.2523 09. YTBepxaeHb! NocTaHoBe-
Hnem MNaBHOro rocyaapcTBEHHOro caHMTapHoro Bpada Poccuiickoii @eaepauym ot 07.07.2009 No 47 (3aperncTprpoBaHo B MUHUCTEPCTBE CTULLMN
Poccuiickoii ®epepaupm 14.08.2009, pernctpaumonHblin No 14534). [Norms of radiation safety (NRB-99/2009). Sanitary rules and norms SanPiN
2.6.1.2523-09. Approved by the resolution of the Chief state sanitary doctor of the Russian Federation of 07.07.2009 No. 47 (registered with the Ministry
of Justice of the Russian Federation on 14.08.2009, registration No. 14534). (In Russ.)].
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Radiation measurements

ViccnenoBaHue YyBCTBUTENBHOCTM AeTekTopa k ' Cs B 06b-

E€MHOM UCTO4YHMKE NoYBbI BbicoToM 10 cM (puc. 2) NpoBOAMIOCH
nocpeacTBOM pasmeLLieHNst AeTeKTopa C KOIMMaTopamu B ce-
peavHe nycTor UMAMHOPUYECKOW Meperopoakm OMamMeTpoMm
9 cMm, 3a npegenamm KOTOPOW Pacrnonaraincb Ha PACCTOSHNUAX

MEXAy CTeHKaMu 5 CM Tpu AOMOSHUTENbHbIE MEePEropoaKu,
Mexay KOTOpbIMM HAChIMasiCs CNOW MOYBbI LLUMPUHOM 5 CM, Bbi-
cotoi 10 cm n yaensHo akTuBHOCTHIO 6 540 *+ 460 Bk/kr. Pe-
3ynbTaThl raMMa-CreKTPOMETPUM JaHHOM MOYBbLI, 0TOOPaHHOM
Ha 3arpsi3HEHHO TeppUTOPUN, NPeacTaB/eHbl B Tabnumue 1.

Mecto PacCIoJIOKEHHA JETCKTOpa

[Detector location]

Croii 5 cm
[Layer 5 cm]

Ciroii 10 cm
[Layer 10 cm]

Croii 15 cm

[Layer 15 cm]

Puc. 2. Cxema MCCenoBaHyis YyBCTBUTENBHOCTM KOMMMMUPOBAHHOMO AETEKTOPa K 0GLEMHOMY UCTOYHIKY " CS
[Fig. 2. Scheme of the study of the collimated detector sensitivity to a volumetric source of “'Cs]

Tabma 1
PesynbTaTbl raMMa-crieKTpoMeTprn Npoobl NOYBbI, UCMOJIb3YEMOI A1 FPafyMPOBKU CKBaXKMHHOIO leTeKTopa
[Table 1
Results of gamma spectrometry of the soil sample used for calibration of the borehole detector]
YnenbHas akTMBHOCTb, BK/Kr
Bpems namepenus, ¢ O6bem, Mn Macca, r [Activity concentration, Bg/kg]
[Time measurement, s] [Volume, mi] [Mass, g]
“ICs “K *Ra “Th
1784 1000 796 6540 +460 520 +55 347 42+5

M3mepeHuns apPeKTUBHOCTM permcTpaumm — COOTHOLLE-
HWSI CKOPOCTM CHeTa W yAenbHOM akTuBHocTH *'Cs — B 3aBU-
CUMOCTM OT pajmyca OKpYXaloLero Cinos no4vsbl NpoBOAM-
NI0Cb NyTEM NOCNEA0BATENBHOMO 3aM0/IHEHMS MPOCTPaHCTBA
MeXay UMAnNHAPaMKW, 4TO MO3BOJSNI0 onpeaenntb addek-
TUBHBI pagnyc cosi, nocse KoToporo ad@eKTUBHOCTb Mano
3aBUCUT OT €ro YBENNYEHNS.

CkopocTb cyeTa "*'Cs ("*""Ba) onst BCex BbIMOAHEHHbIX 13-
MepeHnn onpegensanace no niowaan GoTonuka ¢ aHepruen
662 k3B (3a Bbl4eTOM Miowaan neegecrtana).

Cratuctuyeckass obpaboTka pes3ynbTaToB M3MEepeHui
nrpaduyeckme MNOCTPOEHUS BbIMOJHANINCL CPELCTBAMM
MS Excel.

Pe3ynbraTtbl n 06cyxaeHve

PesynbTaTbl n3mepeHuii, BbIMOIHEHHbIX C Liefiblo onpeae-
NeHns TOYHOro MecCTOnoNIoXeHUna cepeauHbl Kpuctanna

no MakCUMyMy KPMBOM 3aBUCUMOCTM CKOPOCTWU cyeTa
TCs(""Ba) nof pOTONMKOM OT NOSOXKEHWSI HANPABAEHHOIO
VMCTOYHMKA U3JTYYEHUs, MEPEMELLAEMOro napajiesibHO OCu
neTekTopa, NpeacTaBsieHbl B Tabnvue 2.

M3 npencrtaBneHHbIX B Tabnuue 2 pesynbTaToB BUAHO,
4yTO cepeamHa kpuctanna LaBrs(Ce) HaxoauTcs Ha OTMETKe
7,5 CM OT KOHLA WTaHr1, YTo NO3BOJISET NPOBOAUTbL TOUHYIO
YCTaHOBKY KOMIMMaTopoB. [aHHas oTmeTka B AasibHenwmnx
MCCNenoBaHUSX MPUHMMANach 3a HYJIEBYIO TOYKY OTCYETA.

MccnepoBaHua 4yBCTBUTENBHOCTU  KOSIMMUPOBAHHOMO
[eTekTopa K U3fly4eHnio TO4e4YHOro NCToYHmKa (puc. 1) npo-
BOOVNNCH ANS LWMPUHBI HEKOSTMMUPOBAHHOW YacTu OeTek-
Topa 2 1 1,5 cM. VICTOYHWMK Le3nsa nepemeLLancs BAOAb OCK
OT LLeHTPaNbHOM YacTun kpucTanna k nepudepun. PedynbtaTbl
N3MepeHnin NpeacTaBfeHbl B Tabnunue 3 1 Ha pUcyHkax 3 n 4
COOTBETCTBEHHO.
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Tabswil
CKOpOCTb cHeTa AeTEKTOpPa NPU Pa3/IMYHbIX NOJIOXKEHUSIX TOYEYHOIO0 MCTOYHUKA BAOJIb OCU LUTAHIM AIETEKTOPA uas
[Table 2
Count rate of the detector as a function of the axial position of a point source along the detector rod]
PaccTosiHme No ocu OT KOHLIA LUTaHM, CM CKOpESATI_T /ZHETa’ PaccTosiHme No ocu OT KOHLIA LUTaHr, CM CKOpSfATI_IIJ /gueTa,
[Axial distance from the end of the rod, cm] [Countrate, cps] [Axial distance from the end of the rod, cm] [Countrate, cps]
0-9cm[cm] 9,5-18 cm[cm]

0 1,30£0,04 9,5 14,7+0,3
0,5 1,40 £0,04 10 11,2+£0,3
1 1,20+£0,04 10,5 7,10£0,21
1,5 1,30+ 0,05 11 3,60+0,14
2 1,2+£0,10 11,5 1,90+0,10
2,5 1,4+0,11 12 1,00+0,10
3 2,00+0,11 12,5 1,00+0,10
3,5 2,40+0,12 13 1,20£0,10
4 3,00+0,14 13,5 1,30+0,05
4,5 4,80+0,18 14 1,30+0,05
5 6,90+0,21 14,5 1,30+0,04
55 11,4+0,27 15 1,50+0,04
6 14,8+0,32 15,5 1,40 +0,05
6,5 17,6+0,3 16 1,50+£0,05
7 20,1+0,4 16,5 1,5+0,1
7,5 19,8+0,4 17 1,4+0,1
8 19,7+0,4 17,5 1,40+0,05
8,5 18,8+0,4 18 1,30+£0,05
9 17,3+0,3 -

Tabmya 3
CKOpOCTb CYeTa KOJUTMMUPOBAHHOIO AETEKTOPA BA0J1b €r0 OCU NPU N3MEHEeHUU LUMPUHbI HEKOJUTMMUPOBAHHOM YacTun
NPU Pa3JIMYHbIX MOJIOXKEHUSIX TOYEYHOr0 UCTOYHMKA (LUMPUHA HEKOJUTMMUPOBaHHOW YacTu b,=2 cm,
LUMPUHA HEKOJINTMMUPOBaHHOM YacTtu b,=1,5 cm)
[Table 3
The count rate of the collimated detector along its axis with change in the width of the non-collimated part at different
positions of a point source (the width of the non-collimated part b, is 2 cm, width of the non-collimated partb,is 1.5 cm)]

PaccTosiHme OT kpas konnmmaTopa (MepneHavKynspHO Ocn)

PaccrosHme*, [Distance from the edge of the collimator (perpendicular to the axis)]
[Distz\r:ce* b, b, o b. b b. b, b,
cm] ’ 2cm[em] 2cm[em] 7cmem] 7cm[em] 12cm[cm] 12cm[cm]  17cm[cm] 17cm[cm]

nmn/c [cps]

-8 0,63+0,03 2,44£0,07 445+0,14 1,39+0,08 5,72+0,20 1,91£0,07 4,33+0,01 1,90+0,05
-7 1,07 +£0,05 1,76+0,07 7,69+0,17 2,08£0,07 7,09+0,20 2,68+0,10 4,90+0,21 2,41+0,07
-6 1,80+0,11 1,63+0,06 12,3+0,4 2,85+0,09 8,03+0,20 3,55+0,08 4,90+0,23 2,76+0,07
-5 4,50+0,20 2,73+0,08 16,7+0,4 453+0,13 8,62+0,20 4,85+0,20 4,89+0,26 3,23+0,07
-4 15,6+0,7 5,24+0,12 19,7+0,5 755+0,25 9,71+0,30 5,83+0,13 5,04+0,18 3,65+0,12
-3 66,2+1,6 9,71+0,30 22,6+0,5 122+04 9,84+0,30 7,18+0,20 5,54+0,20 4,06+0,10
-2 93,4+1,50 20,7+0,4 242+0,4 17,2+0,5 10,2+0,3 7,92£0,20 547+0,23 4,69+0,12
-1 112,0+£1,7 71,515 24,6%0,6 21,4£0,4 10,4+0,3 8,89+0,3 5,63%0,25 4,69+0,11
0 114+£2,0 91,6+1,3 253%£0,5 23,1£0,6 10,0£0,3 9,68£0,20 5,56+0,20 5,04%0,11
1 96,4+1,3 87,3%£1,2 24,+0,3 23,3+0,7 10,2+0,3 9,750,188 5,52+0,16 5,15+0,14
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OkoHYarme TabsmiLpl 3
PaccrosiHve oT kpasi konnmmMaTopa (nepneHamKynspHO 0cu)
PaccrosHme*, [Distance from the edge of the collimator (perpendicular to the axis)]
[Dist(\;a'\r,l\ce* b, b, b, b. b; b, b, b,
cm] ’ 2cm[em] 2cm [cm] 7cm[cm] 7cm[cm] 12cm[cm]  12cm[cm]  17cm[cm] 17cm[cm]
mmn/c [cps]
2 819+14 20,7+£0,5 23,1+£0,6 20,8+0,3 9,91+0,20 9,64+0,20 548+0,18 5,19+0,14
3 415+1,0 12,2+0,2 21,4+0,4 153+0,3 9,63%+0,30 8,54+0,25 5,18+0,16 4,92+0,14
4 7,46 +0,30 5,37+0,16 19,6 +0,5 10,8+0,2 9,24+0,30 7,27+0,22 5,06+0,17 4,33+0,18
5 1,73+0,10 2,45+0,08 15,7+£0,5 6,14+0,15 8,88+0,23 591+0,17 5,25+0,15 4,02+0,14
6 0,57 £0,05 1,07 0,03 11,1£0,4 3,71£0,11 8,05+0,23 5,22+0,20 4,72+0,16 3,46+0,14
7 0,29+0,03 0,54+0,03 7,22+0,25 2,36+0,08 7,20x0,17 4,00+0,15 4,64+0,16 2,97+0,12
8 0,18 +0,02 0,50 £0,02 4,2+0,2 1,28+0,05 6,01+0,12 2,81+0,09 4,37+0,17 2,66+0,10
* PaccTosiHne OT LiEeHTpa KpucTasna Bosb ocu, cM [* Radial distance from the center of the crystal along the axis, cm]
120 2
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Puc. 3. 3aB1CMMOCTbL CKOPOCTU CYETA KOSUTUMUPOBAHHOIO (LUMPUHA 2 CM) OeTEKTOPa OT PACCTOSIHMS

TOYEYHOr0 MCTOYHMKA OT OCU U LIEHTpa kpuctanna - (by)

[Fig. 3. Dependence of the count rate of the collimated (width 2 cm) detector on the distance
of a point source from the axis and the center of the crystal - (b,)]

CkopocTb cyeTa, MMn/c
[counting speed/cps]
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Puc.4. 3aB1CMMOCTb CKOPOCTU CHETA KOSTMMMPOBAHHOTO (LumMpuHa 1,5 cM) oeTekTopa OT pacCTOSHUS

TOYEYHOMO UCTOYHIIKA OT OCW 1 LIEHTPa KpucTasna - (0,)

[Fig. 4. Dependence of the count rate of a collimated (width 1.5 cm) detector on the distance
of a point source from the axis and the center of the crystal - (b,)]
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M3 conocTtaBneHns pesynbTtatoB M3MEPEHW, npeacTas-
NEHHbIX Ha pUCyHKax 3 1 4, BUOHO, YTO MNP LUMPUHE HEKONTUMMU-
POBaHHOW YacTn KpucTanna aetekropa 1,5 CM TenecHbi yron
OTKPBITOM YaCTU AETEKTOPa OXBATbIBAET C MaKCUMasIbHOW ad-
bEKTUBHOCTBIO 5-TW CaHTUMETPOBYIO 30HY 0630pa NMPY MUHU-
MaJIbHOM yAa/ieHUN TO4EYHOrO0 MUCTOYHMKA OT OCU AeTekTopa,
TOrAa Kak npu LWWUPUHE HEKONIMMUPOBAHHOM 4acTn 2 CM LUn-
puvHa 30HbI 0630pa yBenuumeaetcst Ao 10 cM, Ho addexTnB-
HOCTb perncrpaun UMnybCOB CTAHOBUTCS BblILLE.

OueHka 9 PEKTUBHOCTI PErNCTPALIN KONIMMUPOBAHHOIO
JeTekTopa B 06bEMHOM UCTOYHVIKe "' CS TOMLLMHOM 5 CM MPoBo-
Aunacb Anst paanycoB 3acbInkn, COOTBETCTBYOLMX cnosm 5, 10
n 15 cm (puc. 2). na kaxxaoro BapraHTa 3acbInky NPoBOANINCH
TpoekpaTHble 3mMepeHus. Pe3ynbtaTtel UISMEpeHnii NpeacTas-
neHbl B Tabnuue 4.

M3 TabnuLipl 4 BUOHO, YTO MPUPOCT CKOPOCTM cHeTa /1S ama-
MeTpa OKpYXKatoLLIero ¢nos noysbl 15 cm coctasnsget okono 10 %
OT CKOPOCTY cHeTa Af1s Cnosi TonwmHor 10Cm, T. €. Npu - yaenbHOM
aKTMBHOCTW No4Bbl 6540 BK/Kr ckopocTb cHeTa 5,2 nmn/c 6nmska
K MakCuUmManbHOM. SDhEKTUBHOCTb perncTpaLmm, paccimTaHHas
MO COOTHOLLIEHMIO MoLwaay mvka *’'Cs 1 yaenbHON akTUBHOCTY,
coctaensiet 0,0008 (nvn/c)/(Bk/kr).

PacyeT MUHUManbHO AETEKTUPYEMON YAENbHOM aKTUBHOCTYU
(MAYA) BbINOAHEH C YY4ETOM MoLaan nbegectana rnog nukom
Le3vsi, 0OyCNOBNEHHOMO KOMMTOHOBCKVMM PaccesiHeM ramma-
N3Ny4YeHVst MPUPOIHBIX PAOVOHYKIMAOB C SHEPTMsSIMU BbiLLe 660
k3aB. Pe3ynbrarel raMMa-CnekTpOMETPUN MOYBbI, MPEACTaBEH-
Hble B Tabnnue 1, NokasblBalOT HAIMHYME B CMEKTPE NMPUPOAHBIX
PaavIoHYKNNAOB, KOTOPbIE AAI0T AOMONHUTESNBbHbIN BK1aa, K GOHO-
BOVi COCTaBNsIOLLEN o, koM ' Cs (puc. 5).

Tabmiya 4
PeaynbTaTtbl U3MepeHuii CKOPOCTU cHeTa
KOJTMMUPOBaHHOIO AETEKTOPA B 3aBUCUMOCTH
OT AMamMeTpa 06BLEMHOro McTouHNKa '*'Cs,
OKpYXXaloLLero AeTeKTop, uMn/c
[Table 4
Results of measurements of the count rate
of the collimated detector as a function
of the layer diameter of a volumetric *'Cs source
surrounding the detector, cps]

MSM(;\:c;zeng Cnoii5cm Cnoii 10 cm Cnoit15¢cm
[Measure-ment [Layer5 [Layer [Layer
cm] 10cm] 15cm]
No.]
! 3,26+0,09 526+0,10  5140,10
2 2,77+0,08 4,08+0,10 4,97+0,10
3 2,77+0,08 4,40%0,10 5,52+0,10
CpenHee apnd-
MeTr4Yeckoe
(Ct. oTK1.) 2,93(0,28)  4,58(0,61) 5,21 (0,28)
[Mean
(Std.Dev.)]

041

1 Cs-137

03F

025

W

CkopocTs cyeta, umir/c [Count Rate, cps]

N il |

0.05 N Vi
|Pb-214

0
100 150 200 250 300

, Mpegectan mox mixom *’Cs
/" [Pedestal under the peak 3’Cs]
/

Ac-228

K-40 —

350 400 450 500 550 600

Howmep kanana [Channel Number]

Puc. 5. lamma-cnekTp c/ios no4Bbl AuaMeTpoM 15 CM, Nony4eHHbI C ETEKTOPOM Ha OCHOBE KpucTasina LaBrs(Ce)
B rEOMETPUM N3MEPEHIA, MOKA3aHHOM HA PUCYHKE 2
[Fig. 5. Gamma-spectrum of the 15 cm diameter soil layer obtained with LaBr3(Ce) detector
in the measurement geometry shown in Figure 2]

[na pacyeta MAYA vicnonb3oBaHa cnenytoLlas popmyna:

2-AS

tH3M
———— , Bbk/kr
- /

MJYA = 4,65 -

roe AS — nnowaap nbegecTana, uMri/c;

ty3m — BPEMS UBMEPEHUI, C;

£ — KO3ODULMEHT, ONpenenstowmi COOTHOLLEHNE MeXay
ckopocThio cueta 'Cs ('"Ba) M ymenbHOM aKTUBHOCTLIO,
(vmn/c)/(Bk/kr).
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Pe3ynbrathl pacyeTa nokasblBalOT, YTO Mowaab nbene-
ctana pasHa 0,00048 vmn/c, noaTomy npu KoadbbuLMEHTE &,
pasHom 0,0008, n Bpemern namepennin 1800 ¢, MZAYA cocTas-
naet 179 bk/kr. OkpyrneHHoe 3HadeHne coctasnsieT 200 br/kr.

3aknoveHue

Peaynbtathbl rpagyvpoBKM OETEKTOPA HA OCHOBE KprcTana
LaBr;(Ce) paamepom @ 30 x 30 MM nokasanu, 4TO KOHCTPYKLMS
[aHHOMO AETeKTopa Mpu PacCTOSHUM MEXAy KOMIMMaTopamm
1,5CM MO3BONSIET M3MepsTh YAeNbHble aKTUBHOCTU °'Cs
ot 200 BK/Kr B CKBaXKMHAX AMaMeTpoM 9 CM Npu BpeMeH n3me-
peHuii 30 MUH.

Konnnmatopel, o6ecneynsatoLime JOCTYN U3NyHeHUst K OT-
KpbITOW YacTn kpuctanna LaBr;(Ce), No3BoNsIOT perynnmposaTtb
LWMPUHY 00630pa ropr30HTa MOYBbI. [pU PaCCTOSHUN MeXay
konnumartopamu 1,5 cM OeTekTop MO3BOSSIET U3ydaTb ropu-
30HTbI YAENIbHOM aKTMBHOCTM MOYBbI C LLIAroM 5 CM, a npu pac-
CTOSIHUM 2 cM — ¢ warom 10 cm.

CeepieHUs O IMYHOM BKJIaZie aBTOPOB
B pa6oTty Hap cTaTbeil

Pa3uH K.A. nposen rpagyvpoBOYHbIE U3MEPEHNST CKBXKMH-
HOro ramma-feTekTopa, NPoBes CTaTUCTUHECKYID 00paboTKy
[aHHbIX, MOAroTOBW TabNLbI Y PUCYHKM.

Bapdonomeesa K.B. npoBena novck n aHanms nutepatypHbIX
[aHHbIX, OTPEOAKTUPOBASIA MPOMEXYTOUHbIN BAPUAHT PYKOMUCH.

CenHes K.A. npoBen NOMCK 1 aHanuM3 NMTepaTypHbIX OaH-
HbIX, OTPEAAKTUPOBAST MPOMEXYTOUYHbIN BAPUAHT PYKOMUCK.

PenuvH B.C. aBnsieTcs 0oTBETCTBEHHbIM UcronHuTenem HAP,
paspaboTan AnsaiH uccnenoBaHuns, ONPeaens ey n 3aiaqn,
Hanvcan 4epHOBUK PYKOMMCK 1 MPEACTaBU OKOHYATESbHbIV Ba-
pUaHT pykonucu st nyonnkaumm B XypHar.

3eneHuosa C.A. npoBena MOUCK M aHaIM3 NUTEPATYPHbIX
[aHHbIX, OTPEAAKTUPOBASIA MPOMEXYTOYHbIN BAPUAHT PYKOMUCHU.

BnarogapHocTu

ABTOPbI BbIPAXAKOT VCKPEHHIO 6/1aroaapHOCTb PELIEH3EH-
Tam 3a VX LieHHbIE, KOHCTPYKTUBHbIE 3aMedaHns 1 NosiesHble
NPEIOKEHVS, KOTOPbIE CrOCOOCTBOBAIM YIYYLLEHWNIO Kaye-
CTBa JaHHOW paboThl.

Wndopmaums o koHdnmkre nHrepecos

ABTOPbI 3a9BASIOT 00 OTCYTCTBUMN KOHMNKTA UHTEPECOB.

CeepneHus 06 ncrouHuke chuHaHcupoBaHus

CraTba NoaroTosfieHa B paMkax BbINOSHEHWS OTPaCcieBomn
HWP «CoBepLueHCTBOBaHME 1 pa3BUTME METOAOB MOHUTOPUHIA
0OBEKTOB OKPY>KAIOLLIE Cpefbl B paioHax MPOBEAEHNS MUPHBIX
A0epHbIX B3PbIBOB. PafnaumOHHO-rUrMeHnYeckast xapakrepu-
CTUKA UCTOYHMKOB MUTLEBOMO BOLOCHABGXKEHNISI».
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Study of the capabilities of a detector based on a lanthanium bromide crystal
for assessing '“Cs activity concentration in deep soil layers

Kirill A. Razin, Kseniya V. Varfolomeeva, Konstantin A. Sednev, Viktor S. Repin, Svetlana A. Zelentsova

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

During expeditionary radiation-hygienic studies of territories, there is often a need to assess activity
concentration of radionuclides in soil at depths greater than 20 cm. This is associated with certain
methodological and technical difficulties in sampling. The aim of this study was to carry out a series of
calibration measurements and evaluate the capabilities of a collimated scintillation detector for determining
B7Cs activity concentration in soil at different depths in boreholes in situ. Materials and Methods:
A comprehensive calibration was carried out for the MKSP-01 RADEK gamma spectrometer with a LaBr;(Ce)
crystal, including a study of the axial sensitivity and detection efficiency for the "’ Cs radionuclide from both
a point source and a volumetric soil source with known activity. This made it possible to determine the optimal
measurement parameters, including the distances between collimators and calibration coefficients for accurate
determination of activity concentration at different distances and with different sample volumes. Results and
Discussion: This article presents the results of calibration of the detector based on a LaBrs(Ce) crystal
measuring @30x30 mm, designed to measure the intensity of '*’Cs gamma radiation in boreholes at depths of
up to 1 m. The calibration measurements showed that the detector design allows measuring activity
concentration of "’ Cs from 200 Bq/kg in boreholes with a diameter of 90 mm, with the "’ Cs peak detection
efficiency of about 0.1% and a measurement time of 30 min. The detector ensures reliable detection of soil
layers with "’Cs activity above the minimum significant activity concentration. Conclusion: Collimators
providing access of gamma radiation to the open part of the LaBrs(Ce) crystal allow adjusting the thickness
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Radiation measurements

of the studied soil layer (horizon view width) during the measurement process. With a distance between the
collimators of 1.5 cm, the detector allows studying the activity concentration horizons with a step of 5 cm,

with an increase in the distance to 2 cm — 10 cm.

Key words: field gamma spectrometry, radionuclide contamination, technogenic radionuclides, '¥Cs,

activity concentration, soil, spectrometer calibration.

Authors' personal contribution

Razin K.A. conducted the calibration measurements of the
well gamma detector, performed statistical data processing, and
prepared tables and figures.

Varfolomeeva K.V. conducted the literature search and anal-
ysis, and edited the intermediate draft of the manuscript.

Sednev K.A. conducted the literature search and analysis,
and edited the intermediate draft of the manuscript.

Repin V.S. is the principal investigator of the research pro-
ject, developed the study design, defined the objectives and
tasks, wrote the manuscript draft, and submitted the final version
of the manuscript for journal publication.

Zelentsova S.A. conducted the literature search and analysis,
and edited the intermediate draft of the manuscript.

Acknowledgments

The authors sincerely express their gratitude to the reviewers
for their valuable, constructive comments and helpful sugges-
tions, which contributed to the improvement of this work.

Conflict of interests
The authors have no conflicts of interest to disclose.

Sources of funding

This article was prepared as part of the sectoral research
project “Improvement and Development of Environmental
Monitoring Methods in Areas of Peaceful Nuclear Explosions.
Radiation-Hygienic Characterization of Drinking Water Supply
Sources”.

References

1. Verutin MG, Kobruseva ON. Nuclear and geophysical
research methods: laboratory and field radiometric methods:
a practical guide. Gomel: Gomel State University named after
F. Skorina; 2021. 44 p. (In Russian).

2. Review of domestic radiometric and spectrometric systems
that can be used for accounting and control of nuclear
materials. Available from: https://vniia.ru/rgamo/literat/obzo
r/doc/obzorrus.pdf [Accessed: 30 Jun 2025]. (In Russian).

3. Ivanov MM, Ivanova NN. Express analysis of the vertical
distribution of '“Cs in soil to assess the rate of erosion and
accumulation processes in the zone of intense radioactive
contamination. Soi/ science = Pochvovedenie. 2023.4: 510-
520. (In Russian). DOI: 10.31857/S0032180X22601104.

4. Pak DYu, Pak YuN, Esendosova AN, Smagulova AB. On the
possibility of spectrometric gamma logging in solving problems
of oil and gas field geophysics. Mezhdunarodnyy zhurnal
prikladnykh i fundamentalnykh issledovaniy. Tekhnicheskie nauki
= International Journal of Applied and Fundamental Research.
Technical Sciences. 2016.4: 1069-1072. (In Russian).

5. Ivanov MM, Komissarova OL, Koshovsky TS, Tsyplenkov AS.
Application of field gamma-ray spectrometry and dosimetry to
study sedimentation in the floodplain of the small plain river in the
zone of radioactive contamination. Vestnik Moskovskogo
universiteta. Seriya 5. Geografiya = Bulletin of the Moscow
University. Series 5. Geography. 2021.1: 120-127. (In Russian).

6. Pak DY, Pak YuN, Tabaeva AYu. Prospects of geophysical
research of wells based on spectrometric gamma logging.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Trudy universiteta = Proceedings of the University.
2022.86(1): 81-89. (In Russian).

Khramtsov E. Radiation situation on the territory of the
peaceful nuclear explosion «Globus-1» before performing the
rehabilitation works. Radliatsionnaya Gygiena = Radlation
Hygiene. 2019.12(2): 81-88. DOI:10.21514/1998-426x-
2019-12-2-81-88. (In Russian).

Tsvetnova OB, Alexandrov MN, Shcheglov Al. Modern
radioecological situation on the territory of the Globus -1
facility. Vestnik Moskovskogo universiteta. Seriya 17.
Pochvovedenie = Bulletin of the Moscow University. Series
17. Soil science. 2013;2: 11-16. (In Russian).

Varfolomeeva K.V., Sednev K.A., Biblin A.M., Ivanov S.A.,
Zelentsova S.A., RepinV.S., Georgieva A.G. Radiation-hygienic
characteristics and sanitary condition of the territories of the
Globus-3 and the Quartz-2 peaceful nuclear explosions in the
Komi Republic. Radiatsionnaya Gygiena = Radiation Hygiene.
2025;18(1):100-111. DOI:10.21514/1998-426X-2025-18-1-
100-111. (In Russian).

Kazachyonok NN, “Patterns of Formation of Technogenic
Biogeochemical Provinces of Radioactive Isotopes.” Doctoral
Dissertation in Geoecology (Earth Sciences). St. Petersburg;
2018. 313 p. (In Russian).

Educational and Methodological Manual on Radioactive,
Acoustic, and Thermal Methods for Well Investigation /
Federal Agency for Education, State Educational Institution of
Higher Professional Education, Ufa State Petroleum
Technological University. Ufa; 2009. 101 p. (In Russian).

Yazikov VG, Legavko AV. Features of Conducting Geophysical
Surveys in Wells during the Study and Development of
Infiltration (Hydrogenic) Uranium Deposits. Tomsk: TPU
Publishing House; 2012. 12 p. (In Russian).

Barreto PM. Recent Advances in Uranium Deposit
Exploration. /AEA Bulletin. 23(2): 18-24.

Geikhman MG, Kolesnichenko VP, Klimov VV et al. New
Technical Means, Technologies, and Methodologies for
Geological and Geophysical Monitoring of the Technical
Condition of Gas and Gas-Condensate Well Casings,
Including Wells with Abnormally High Formation Pressures
and Temperatures. Krasnodar: Prosveshchenie-Yug; 2011.
265 p. (In Russian).

Semenov VN. Monitoring of Oil and Gas Reservoir Development
Using Field Geophysical Methods: Monograph / VN. Semenov;
Ministry of Science and Higher Education of the Russian
Federation, Tyumen State University. Tyumen: Tyumen State
University Publishing House; 2020. 224 p. (In Russian).

Akinshin AV, Kantemirov YuD. Practical Guide to Interpreting
Well Geophysical Surveys: Monograph. LLC “Tyumen Oil
Scientific Center”; 2021. 122 p. (In Russian).

Utkin VI. Selective Gamma-Gamma Logging in Coal
Deposits. Nauka, Moscow; 1975. 127 p. (In Russian).
Urmanov EG. Neutron Logging of QOil and Gas Wells: Its
Modifications, Processing, and Interpretation of Results:
Educational and Methodological Manual. Moscow, Vologda:
Infra-Engineering; 2023. 80 p. (In Russian).

Received: July 15, 2025

128

Vol. 18 Ne 3, 2025 RaADIATION HYGIENE



PaanauunoHHbie namepeHus

Kirill A. Razin — Acting Junior Research Fellow of the Ecology Laboratory, Saint Petersburg Research Institute of Radiation Hygiene
named after Professor P.V. Ramzaev, Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing,
Saint Petersburg, Russia

Kseniya V. Varfolomeeva — Research Fellow of the Ecology Laboratory, Saint Petersburg Research Institute of Radiation Hygiene
named after Professor P.V. Ramzaev, Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing,
Saint Petersburg, Russia

ORCID: 0009-0008-3483-806X

Konstantin A. Sednev - Junior Research Fellow of the Ecology Laboratory, Saint Petersburg Research Institute of Radiation
Hygiene named after Professor P.V. Ramzaev, Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing,
Saint Petersburg, Russia

ORCID: 0009-0006-7906-1106

For correspondence: Viktor S. Repin — Doctor of Biological Sciences, Chief Research Fellow, Head of the Ecology Laboratory,
Saint Petersburg Research Institute of Radiation Hygiene named after Professor P.V. Ramzaev, Federal Service for Surveillance
on Consumer Rights Protection and Human Wellbeing (8, Mira Str., Saint Petersburg, 197101, Russia; E-mail: V.Repin@mail.ru)

ORCID: 0009-0005-9897-0930

Svetlana A. Zelentsova — Research Fellow of the Ecology Laboratory, Saint Petersburg Research Institute of Radiation Hygiene
named after Professor P.V. Ramzaev, Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing,
Saint Petersburg, Russia

ORCID: 0009-0005-2244-0028

For citation: Razin K.A., Varfolomeeva K.V., Sednev K.A., Repin V.S., Zelentsova S.A. Study of the capabilities of
adetector based on a lanthanium bromide crystal for assessing '“Cs activity concentration in deep soil layers.
Radiatsionnaya Gygiena = Radiation Hygiene. 2025.Vol. 18, No. 3. P. 120-129. (In Russian) DOI: 10.21514/1998-426X-
2025-18-3-120-129

PAOVALIMOHHAA TrVEHA Tom 18 Ne 3, 2025 129


https://orcid.org/0009-0008-3483-806X
https://orcid.org/0009-0006-7906-1106
https://orcid.org/0009-0005-9897-0930
https://orcid.org/0009-0005-2244-0028

