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TEXHIKA TA METOJAU EKCIIEPUMEHTY

I'. B. Jlantes, JI. C. llipnay, T. 1. luBak

Ykpaincokuii ciopomemeoponoeiunuil incmumym HAH ma JICHC Ykpainu, Kuig

BU3HAYEHHSA AKTUBHOCTI *Sr Y BOJI IJISIXOM IPAMOTI'O BUMIPIOBAHHA
PIAJMHHO-CIHUHTUWJIAOIMHUM JIITYNJIBHUKOM

VY nociipkeHHI Ha MPUKIIazl mpod BoH, palioakTUBHO 3a0pynHeHoi B pe3ynbTati aBapii Ha YAEC, nponemMoHcTpo-
BaHO MOXJIMBICTh IPAMHUX BUMipIoBaHb 'S piguHHO-cUMHTHNIALIHEMM criekTpoMeTpoM Triathler mo peectpartii uepen-
KOBCBHKOTO CBIYEHHSI Ta BHIIPOMIHIOBaHHS 3pa3Ka y CHMHTHIILIHHOMY KokTelmi. [IpeacTaBieHo Takox OJUH i3 CIIOCo-
0iB ypaxyBaHHs e(eKTy raciHHs Ta MeTOJ ypaxyBaHHs IIPHCYTHOCTi y mpo6i ¥7Cs. Pe3ynbTaTu HOKa3alM XOPOIIMii
30ir 3 TaHWUMH, OTPIMAHUMH 32 KIIACHYHOI0 METOIUKOI0 PaIioXiMiyHOTO aHami3y. Haikparii moKa3HUKH SKOCTI PeecT-
pariii moka3aB Metox BuMiptoBaHHs Triathler 3pa3kiB y CHUHTHIAIIHINA CyMITIi.

Kniouoei cnoea: metos Bu3HauaHHs “°Sr, pifMHHA CLHMHTUIALISA, PaliOaKTUBHE 3a0pyIHEHHS.

Beryn

%Sy _ onuH i3 HANMOMMPEHIINX TPOLYKTIB PO3-
najy, BUIMYIIEHUH B aTMoc(epy 3 MOYaTKy SIepHUX
BunpoOyBanb 1945 p. VYHACHIIOK IJOBrOTPHBAIHX
(hizmaHOTO Ta 0i0JOTIYHOTO TEPiOiB HAIIBPO3MATy
izoromy (28,6 i 49,3 pokiB BiAmOBiAHO) #OTO BBa-
’KAIOTh O/THUM 13 TOJIOBHHX BKJIQ[HHUKIB Y TIOBHY KO-
JIEKTUBHY J03Y BiJl IITYYHHUX JDKEPENT padiallii.

[ToTeHmiliHa MmKOAa WHOTO NPOAYKTY PpO3MaLy
CIpUYMHEHa HOT0 XiIMIYHOK MOAIOHICTIO O Kallb-
uito. ITics HagXOmKeHHs B IpyHT *°Sr MoXe moTpa-
IIUTH B JIIOJICEKUI OpPraHi3M, IEpeBakHO B KiCTKH,
yepes 1Ky Ta Boxy. Kpim Toro, yHacmimok cBoix ¢i-
3UKO-XiMIYHHMX BJIAaCTUBOCTEH °Sr BHILISETHCS Ce-
pen HImUX pamioHYKIiAIB MiIBUIIEHO MOOIThHIC-
TIO, 1110 CTIPHSIE HOTO MBHIKOMY PO3IIOBCIOKEHHIO.

TakuM 49uHOM, °Sr — OJMH i3 HAHBAKIMBILINX
MPOJYKTIB PO3YEIUICHHSA, BMICT SKOTO HEOOXiITHO
BH3HAYaTH B MEXaX CTPYKTYPH MOHITOPHHTY Pajio-
AKTUBHOCTI JOBKULISA. BiamosimHo 1m0 JepkaBHHX
ririeHiYHUX HOPMAaTHBIB [1] 3HAUCHHS JOMYCTHMHUX
piBuiB BMicTy St y nuTHiit Bozi cTaHOBHTE 2 BK/I1.

BumMiproBanHs TamMMa-BUIIPOMIHIOIOUHMX —pafio-
HYKJTi/iB, Takux sk “3'Cs, He CHpHYMHAIOTH CyTTe-
BHX CKJIAJHOIIIB TPU HEOOXiTHOCTI TPOBEIACHHS
MacoBHX BH3HaueHb. Aje “°Sr, K i Horo modipHiit
MPOIYKT VY, aBsI0TE COBOO YHCTI Oera-BUIPOMI-
HIoBaui (MakcuMmaibHi eneprii 0,54 Ta 2,27 MeB
BianoBiaHO). Ha BigMiHy BiJg raMma-pamgioHyKIiIiB y
TnepeBakHiil GiNbIIOCTi BUMAAKIB BH3HAYEHHS ST
MOJKJIMBE JIMIIE 3 BUKOPHUCTAHHSIM JOCHUThH PO3Taiy-
KEHUX CXEeM PagioXiMiuYHHUX MpPOLEAYp, Y Pe3ynbTaTi
YOro aHaji3 CcTa€ JOCUTH TPUBAJIMM i BHMarae cyT-
TEBUX JOJATKOBUX BUTPAT HA PEakTHBHU, MaTepiai,
o0JIagHaHHs TOLIO.

be3 cymHiBY, HaWmpoCTilIMM METOAOM BH3Ha-
yeHHs OyIb-AKOTO paioHyKIiaa, y ToMmy uucii *°Sr,
€ MpsMe BUMIpIOBaHHA. | B IesSKMX BUHATKOBUX BH-
MaJIKax Take BUMIPIOBAaHHS MOXIIUBE 3aBISKH Iepe-

BaraM 3acTOCYBaHHS METOMIB PiAMHHO-CITHHTH-
nsmiaoi (PC) ciekTpomerpii.

BumipioBauns *Sr
110 YepeHKOBCLKOMY BUNIPOMiHIOBaHHIO Y

MOXIUBICTh  0€3MMOCEPEeTHFOTO  BHUMIiPIOBAHHS
aKTHBHOCTI “°SI BHHHKA€ 33 PaxyHOK TOTO, IO Tillb-
KH JOCUTHh 0OMEXeHa KiTbKICTh PalioHYKIiIIB, PO3-
MOBCIO/DKCHUX Y JIOBKULII, CIPOMOXXHA BHOCUTH
CYTTEBHU BKJIAJ Y YEPEHKOBCHKE BUIPOMIHIOBAHHS
(cBiueHHS:).

YepeHKOBChKE CBIUCHHS BUPOOJIETHCS, KOJH Ya-
CTHHKU 3 BHCOKOIO CHEPTIEI0 PYXaIOThCS B MPO30-
pPOMY CEpEeIOBHINI 3i MIBUAKICTIO, IO IEPEBUIIYE
MBUIKICTh CBiTNIA. EMICis 4epeHKOBCHKOTO CBIiTJa
TOJJOBHUM UYHMHOM 3aJICKUTh BiJ eHeprii Oeta-
YACTHHKH T4 BiJl 3aJOMIIIOIOYOTO IHJICKCY Cepeio-
BUIIA, B AKOMY OeTa-4yaCTHHKH pyxaroThcs. Boma —
OJlHE 3 HAaWKpalUX MPOCTUX CEPEOBHUII, IO MOKa-
3YIOTh BiTHOCHO XOpPOITy e¢(peKTHBHICTh. BHCOKOe-
HepreTHuHi Gera-pajmionykmian, Taki sk °°Sr, Y,
K, Rh ta ¥Pr, cripoMoxHi BHPOOGIATH uYepeH-
KOBCHKE BUIIPOMiHIOBAHHSI.

EdexTuBHICT, BUMIDIOBaHHS  YEPEHKOBCHKOTO
CBIYEHHS Yy BOJI 3aJISKUTH BiJ| JIOJII YaCTWHOK, €HEp-
Tisl SKUX TIEPEBUIIYE €HepreTUYHuil mopir 256 keB.
Hanpuknan, epextuBHicTh peectpamii PC anamizaro-
pa TRI-CARB moneni 1550 (Canberra Packard) mms
15 M1 BoHUX 3paskiB cTaHOBHIA, %0: 0y - 50, ¥K -
28, 89sr - 27, ¥Sr - 2,5, ¥'Cs - 3,5, ®Co - 5,4, 1**Cs -
2,4 [2]. Takum unHOM, SKIO y Boi kpim St (+°Y)
npucyTHili mme **'Cs y HeBemmKiil KilbKocTi, Horo
BHECOK y YEPEHKOBChKE BHIIPOMIHIOBaHHS Oyie He-
CYTTEBUM 1 HUIM MOYKHA 3HEXTYBaTH.

Ipsime BumiproBanns °Sr + Y
Y PiAKOMY CUMHTHJSATOPI

Y BHNamKy pamioakTHBHUX 3a0pyIHEHb BiX
SIepHUX BUMpoOyBaHb abo aBapiit Ha AEC pagio-
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AKTUBHI OMAJIM MICTATH NEKUTbKAa COTCHb PI3HOMAHIT-
HUX pagioHyKmigiB. [IpoTe OLIBIIICTD i3 HUX MaE Mi-
3epHY KOHIIEHTpaLil0 ado MIBUAKO PO3MagaeThCs.
[lounHaroun 3 MOMEHTY BUKUAY Ta BIIPOJOBXK AEKi-
JIBKOX JECATUPIY MICNI HBOTO, PaJiOeKoIOoTidHa 00-
CTaHOBKAa BHM3HAYAEThCS JIIEI0 JTOBTOXKHBYYHX 130TO-
MiB, FOJOBHUMH 9HMHOM °Sr ta **'Cs.

IIpuknagom Takoi cuTyallii € KapTHHA pamioak-
THUBHOTO 3a0py/JHEHHS, IO CKJIAnacsa Ha TeTepilHind
yac Ha TEPUTOPIAX, MOCTPAKITAIMX y pe3yibTaTi
aBapii Ha YAEC y 1986 p. Y 3pa3zkax mpupomHoi
BOJIM, BOJOWMMUIII, IO PO3TAIIOBaHI HA IIill TEPHUTO-
pii, BHecox *°Sr ta *'Cs B 3aranbHy GeTa-aKTHBHICTE
3a3BHYail Ha JBa TOPAOKH IEPEBHIIYE CyMapHHUIH
BHECOK YCIX OCTaHHIX OeTa-BHIPOMIHIOBadiB. Y Ta-
KMX BHIAJKaxX, KpiM BH3HAUeHHs ST 32 4epeHKOB-
CbKUM BHUIIPOMiHIOBaHHSIM, BHUMIPIOBAaHHA BMICTY
905y + %Y Moske GyTH TakoXk 3AifiCHEHE B cepeno-
BHIII PIAKOTO CHMHTWIATOpa. Ha BimMiHy Bim de-
PEHKOBCBKOTO CBi4eHHS €(eKTUBHOCTI peecTparii
GeTa-BunpominioBanHs “°Sr ta ¥'Cs 3paskiB y cuuH-
TUISIIHHOMY KOKTEHIi OMU3bKi 32 CBOIMH 3HaYeH-
HSIMH, TOMY 32 IUX yYMOB BHUHHMKAa€ HEOOXIJHICTbH
ypaxyBaHHS MOAKIIMBOTO BHecky *'Cs.

Y maHoMy AOCHIJDKEHHI Ha TPUKIAAi BOAH, pa-
JIOAKTUBHO 3a0pyJHEHOI B pe3yJsibTaTi aBapii Ha
YAEC, npoeMOHCTPOBaHO METOIM NPSMOTO BHUMi-
proBanHs BMicTy “°Sr i3 3acToCcyBaHHAM MOpPTAaTHB-
Horo PC cnekxTpomerpa fK HUITXOM peecTparii de-
PEHKOBCBKOTO CBIYEHHS, TaK 1 HUISIXOM peecTparii
BHIIPOMIHIOBaHHS 3pa3ka B CEPENOBHINI PiAKOTO
CIHMHTHIISATOpA. [Ipy IbOMY BpaxoByBalu €(eKT ra-
cinns npo6u Ta mpucyTHicTs *'Cs.

Marepiaau, peakTUBM Ta MeTOAU BUMIPIOBAHHS

YV poboti BUKOpUCTOBYBaTH po3umH “°Sr + Y 3
BIJIOMOI0O THUTOMOIO akTHBHICTIO 4,5 BK/T, po3umH
187Cs 3 aktuBHicTIO 147 BK/T, CHMHTHIALIAHANA KOK-
teiie Ultima Gold AB (Perkin Elmer, CIIIA) Ta
nominpomniieHosi Biamu Ha 20 mu (Eppendorf, Hi-
MCUYYHHA).

Buwmipioanns °Sr+ Y y cuunTHIAniiHOMY
KOKTEIII Ta 32 YEPCHKOBCHKMM BUIIPOMIHIOBAHHSIM
MPOBOAMIHN 3 BHKOpUCTaHHsAM 425-004 monmeni PC
miuuneHUKa-cnekTpoMeTpa Triathler (Hidex Oy,
Oinnsgumis). s 3HWKEHHS piBHA (QOHY JHYHMIBHUK
MIOMICTHJIM B JIOJIATKOBHI CBUHIICBUI 3aXUCHUH OY-
TUHOYOK. BUMiproBaHHS TPOBOIMIM Ha MITII *H y
norapudpMigHOMy MacmTabi eneprii. TpuBamicTh
KokHOTO BuMiproBanHs 36000 c.

KonTpobHi BUMiproBaHHS OeTa-aKTUBHOCTI Ipe-
rmapaTy OKCHJAY iTpif0o, OTPHMAHOTO i3 3aCTOCyBaH-
HSAM TPaIUIIHHOIO pagioXiMiuHOro aHaiizy (Triapo-
okHcHa MeTtoauka) [3], mpoBoawiaM Oera-pamio-
metrpoM (PYB-0111, Pocis).

AKTHBHICTE TaMMa-BHIIPOMIHIOBadiB, 30KpeMa

178

B¥7Cs, BuMipsanM ramMMa-paioMeTpoM Ha OCHOBI
HPGe (High-Purity Germanium) merekropa GWL-
100210 (Coaxial Well Photon Detector System).

HinroryBanus 3pa3kiB 10 BUMipIOBaHHS

JocnimkyBanu 3pa3ku IpupoaHoi Boau 03. [u-
OoKe, 110 po3TallOBaHe Ha HAMOIbII 3a0pynHEeHil
IIISHIT JTiBOOEpekHOI 3armaBu p. [Ipum’ aTh Ha Bing-
CTaHl JEKIJIbKOX KIJOMETPIB BiJi aBapidHOro OJIOKa
YAEC. Ha Bomo30opax o3epa Ta B MyJlaXx JHa, Ha-
BiTh uepe3 20 poKiB Iicis aBapiifHOTO BHKHUAY, 30e-
periach 3Ha4YHa KUTBKICTh MaJUBHUX YacTOK, BHKH-
HYTUX 13 3pyHHOBaHOTO peakTopa. PyiiHyBaHHS Ta
BIJIyTOBYBaHHS pAaTiOHYKIIIIB 13 IHX YacTOK €
OCHOBHHUM JIXKEPEJIOM BHCOKOTO PiBHS 3a0pyAHEHHS
Bozoiimu St (mopsiaky 100 + 200 Bx/n). Iatencus-
HIiCTh 3a0pYJHEHHS BOAU BIPOJOBX OCTAHHIX POKiB
TYT HE TUIBKH HE 3MEHIIMIAcA, a 30epirae TeHICH-
1iro 70 migBuIeHHs [4].

[IpoOy Bomu 30epirany 3aKOHCEPBOBAHOIO BiAMO-
BimHo 10 JICTY ISO 5667-3-2001. Ilepen Bumipro-
BaHHSAM BOJAY BiA(QUIBTPyBaIM Uepe3 ManepoBU
(inbTp «cuHA cTpiukay. 3 METOKO OIIHKHM YacTKu Sr
Ha 3aBUCIIMX YaCTKaxX YEPEHKOBCHKE BHUIIPOMIHIOBAH-
HSI BUMIPIOBAIN TaKOX 6e3 PuTsTpyBaHHS MPoOH.

Jlns sumiprosarss *°Sr + Y 3a yepeHKoBCHKUM
CBiYeHHSIM OYJIO MiArOTOBIICHO 3Pa3KH: 3pa30K IpH-
ponHoi Bogu (0e3 ¢inbrpyBanHs) macoro 20 r; 3pa-
30K (iapTpoBaHOi Boau Macoio 20 r; poHOBUIT 3pa-
30k; 10 19r aucrunsoBaHol Bogu momanud lr
0,05 mone/m HNO3; xonTponpauii 3pazok (K3): mo
19 r gucTribOBaHOI BOAW AOAAIH 1 I IMIAKKUCIEHOTO
posuuHy 3 aktuBHicTIO 4,5 Bk (°Sr + *°Y).

Jlns BumiproBanns *°Sr + *°Y y cepemosuui piz-
KOTO CLUUHTHJIATOPA 3pa3Kd TOTYBaJId TAKUM YHMHOM.
npo0y TpuponHOi Boau Macow 20T BHIAPHIH
JO CyXOro 3ajuIlKy, PpO3UYMHMIM B 3 MI
0,5 mons/mn HNO3 ta 3mimanu 3 17 MII COUMHTHIIA-
MIHHOTO  KOKTEiIo;  3pa3ok  ¢oHy: 3 M
0,5 moabs/1 HNO3 3mimanu 3 17 M KOKTEHIIO, KOH-
tponbruit 3pazok Sr (K3sr): 10 1 r po3uuHy 3 ak-
tuBHicTIO 4,5 Bk (QOSI’ + 90Y) momamd 2 M
0,5 mone/m HNO3 ta 3mimanu 3 17 M1 KOKTEWIIo;
KoHTponbHHit 3pazok ='Cs (K3cs): 10 0,05 r po3un-
Hy 3 akTHBHicTIO 6,8 Bk (137CS) nomanu 2,95 mun
0,5 monw/n HNOjz ta 3mimanu 3 17 M1 KOKTEHIO.

@DOHOBI Ta KOHTPOJIBHI 3pa3Ku OYyJI0 BHKOPHCTA-
HO JUIsi BHW3HAYaHHS e(EeKTHBHOCTI peecTparii
Triathler gy K0)KHOTO 3 PO3TNSTHYTUX BUMAMKIB Ta
BpaxyBaHHs e(peKTy raciHHs.

BumiproBaHHsi Ta 004UC/II0BAHHSA Pe3y/bTATIB

BumiproBaHHs raMMa-aKTHBHOCTI TOKa3aJlid Hasi-
BHICTB y Mpo0i QiTbTpOBaHOI BOAU €TUHOTO JKEPE-
Na TaMMa-BHIIPOMiHIOBaHHS — ~'Cs. Vloro akTus-
HicTh Oyna 3,6 + 0,2 Bx/.


http://en.wikipedia.org/wiki/Eppendorf

BU3HAUYEHHS AKTUBHOCTI ®Sr Y BOI

Po3paxyHKH aKTUBHOCTI IPOBOIWIMCS TaKuUM
YHHOM.

EdextuBHicTh E)9 BAMIPIOBaHHS NpUIANy y Bil-
COTKax mms KoxHoro 3 pamionykminis (*Sr aGo
3'Cs) y mamomy miamasoHi eHepreTHUHHX KaHAJiB
o0uncIoBaH 32 HOPMYIIO

(nmpm, - n¢)

K30

100, 1)

Ie Ng — MBUAKICTE Ji90n (OHOBOTO 3paska, iMIL/cC;
N,; — mBHAKIiCTs Aiubu K3 maHoro pamioHykmifa,

po

imiL/c; Ay - aktuBHIicTh K3 maHoro pagionyxmina,
o

bx/3pa3oxk.
st koxHOT cepii 3paskiB (BoAHI 3pa3ku abo CIU-
HTWIALIHHI KOKTEii) MpOBOIMBCA OKpeMuil BHOIp
TPaHUIIb ialla30Hy eHepreTHIHIX KaHaTiB (BiKHA) 11O
MaKCUMaJIbHOMY 3HAYEHHIO MMOKa3HHWKa SIKOCTI BUMi-
proBanns npwiagom FOM (anri., the figure of merit)
%Sy, axuit 06UMCITIOIOTE 32 (HOPMYJIOI0
2
FOM = =&, @)
[/

ne N, =n,-60— mBuakicts niubu pouy B manomy

Jliana3oHi EHEPreTHYHUX KaHATIB, IMII./XB.

OCKillbKM O4YiKyBaHA AKTHBHICTH “°SI y mpo6i
3HAYHO TIEPEBUIIyBaja OTPUMAHE 3HAYCHHS BMICTY
137Cs, nmpucyTHICTH OCTAaHHBOTO y BHIIAJKYy YEpEH-
KOBCHKOTO BHIIPOMIHIOBAHHS 3 BHIICHABEICHUX
[IPUYUH HE BPaXOBYBaJIacCh.

3HayeHHs mBUAKOCTi miubm Sr-ng (imm./c) i
BINOBITHO akTUBHICTH Agr (BK/1T) OyJ10 06YHCIIEHO SIK

ns,, =Nn-— nd) - an ] (3)
ng, -100

= 4

AN (4)

Jie N — IMOBHA IIBH/KICTH JIYO0HU BiJ] BCIX pajioOHyKIi-
IiB y NaHOMY Jdiama30Hi EHEepPreTHIHUX KaHaiB,
iMm./c; V — 00’eM BOJHOIO 3pas3ka, Ji; Ncs — HIBUJ-
kicTe miubu *'Cs (111 4epeHKOBCHKOTO BHIIPOMi-
HIOBaHHA Ncs = 0), immm./c, mo Oyina obuncieHa 3a
hopmymoro

E
Mg, = ——=2——, 5
“ A.-V-100 ©)

Acs — axtuBHicTh *'CS, OTpEMaHa 3a pe3yabTaTaMu
BHUMIpIOBaHb TaMMa-BUIIPOMIHIOBaHHS, bK/II.

Jlyis OIIHKK SIKOCTI BUMIPIOBAHHS, OKPIM IOKa3-
Huka FOM, BU3HaYanM TakoXX 3HAYCHHS TaK 3BaHOI
MEXI JIeTeKTOBAaHOI aKTHUBHOCTI BHUMIpPIOBaHHS
(MA). BoHO 3a1eXHuTh TOJIOBHUM YHHOM BiJl TPH-

BaJIOCTI BUMIpIOBaHH:, (OHY Ta €PEKTUBHOCTI pe-
ecTpanii JYMIBHUKA, 110 BUKOPHCTOBYETHCS. 3Ha-
yernns MJIA, Bx/mpoOy, oOuucmoBanu 3a ¢Gopmy-
JI010, peKOMeHA0BaHO0 s Bian Ha 20 mu, 6e3 ra-
ciang crangaptoM DIN 25482 4. 1 (Himeuunna),

n
100-(k; , +ki ) [2"

m
AM,ZZA E (6)
y HaOmmwkeHHi Ki, + Kip = 2; ne Kiq — KBaHTHIB
CTaHJAPTHOTO HOPMAIILHOTO PO3MOALTY Uil HOMHU-
70K 1-ro THIy; K15 — KBAHTHJIb CTaHAAPTHOTO HOP-
MaJIBHOTO PO3MOAUTY AJSl HOMHIIOK 2-TO THITY; tm —
TpPUBANICTh BUMipIOBaHHs, tn = 36000 c.

Ha puc.1 i 2 mnpoaeMOHCTpPOBaHO CIEKTPH,
CIPUYMHEHI BUIPOMIHIOBAaHHSM PalioOHYKJIiAiB, 10
MICTATBCSL Y 3pa3kax, MiATOTOBaHMX BHILIEHABE[e-
HUM crocoOoM. Ha KOXHOMY 3 PHCYHKIB TOJaHO
CHEKTpH 3pa3KiB HpuUponHOi Boau o03. [nmuboke, a
Takox cnektpu K3 ta 3paskiB ¢ony. nsg nopiBHsAH-
HS Ha puc. 1 HaBeleHO TaKOX CIIEKTP 3pa3ka BOIH,
KUl He OYB MOTNepeIHbO BiA(IIBTPOBAHHIA.

Paxynoxk, imm. 3a 36000 c

400 +
200 +
0 t t t {
100 200 300 400 Kanamu
Puc. 1. ChoexTpu dYepeHKOBCHKOTO BHIIPOMiHIOBAHHS

BOAHUX 3pa3kiB 03. [mmboke (1 — mo QimpTpyBaHHS i
2 — micnst GinbTpyBaHHs), a TakoK Gony 1 K3s;.

PaxyHok, imm. 3a 36000 ¢

400 -

200 4 4

0 T T =
400 600 800

Kanam

Puc. 2. Bera-cnektpu 3pa3kiB Bomu 03. [mmboke B PC
cymimni (BUMIpsiHI 0e3nmOCepeqHbO Iics MPUTOTYBaHHS
(1), gepes Tpu (2) Ta yepe3 W’ ATH MICAIB ITICIS TPUTOTY-
BanHs (3)), a Takox ony i K3s;.
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BumMiproBaHHS 3pa3KiB y CUMHTWIALIAHIA cyminTi
OyJI0 IPOBEZICHO TPHUYI B Pi3HUHN Yac MicCIs PUTOTY-
BaHHs (AuB. puc. 2). Y Takuii croci6 0ys10 BUKOHAHO
TIepPEBIPKY HASIBHOCTI i CTaOITLHOCTI CTaHy PiBHOBA-
ru mixk 2°Sr i 20Y”,

Ha puc. 2 MOXKHa IOMITUTH AESKUH 3CYB CIEKT-
piB TpUpPOTHOI BOAM B 00JacTh HHU3BKHX EHEpTii
mopiBHAHO 31 criekTpoM K3sr. Taxuit egext mir 6ytu
CIPUYMHEHUN TPUCYTHICTIO y mpoOi Oyab-SKoro
TUTTY (XIMIYHOTO, KOJIBOPOBOTO, ONTHYHOTO) TaCiHHS
(amri., Quench).

Jnst BpaxyBaHHS 1IbOTO SIBUILA HAMH OYJIO 3aCTO-
COBAaHO METOJI KOPEKIii Ha TaCiHHS 1O BiIHOIICHHIO
enepreruuHux BikoH CR (auru., Chanel Ratio Meth-
od). IIpu eoMy OyiI0 3pOOJIEHO MPHUITYINEHHS, IO
OCKIBKH 3a morepeanimMu nanuMu °Sr + ©Y pigir-
paroTh IOMIHYIOUY POJIb y PafioaKTUBHOMY 3a0py -
HEHHI TOCIiKyBaHOI MpoOU, caMe BOHH MAlOTh I'0-
JIOBHUM YMHOM BH3HAYaTH [€OMETPHYHI MMOKa3HUKH
CIIEKTpA.

Bigmorigno 1o metoay CR Oyno nposeneHo ce-
pif0 BUMIPIOBaHb 3pa3kiB ()OHYy Ta KOHTPOJBHHX
3paskiB K3gr 1 K3¢s 3 cumynsiiero miBUIICHHS 1H-
TEHCHBHOCTI T'aciHHs, sSIKe€ Ha JIYMIbHUKY Thriatler
MOJKHa OTPHUMATH IUISXOM IOCTYIIOBOTO BIIKPYYY-
BaHHsI KPUIIIEYKH BUMIPIOBAIBHOI KaMepH, 10 TpU-
3BOJIUTH JIO YacTKOBOI BTpPATW BUIPOMIHIOBAaHHSI.
Taxum unHOM OoTpuMainy Habip criekTpi Gory, K3s
i K3cs 3 pizHoto Miporo racinns (puc. 3 Ta 4).

PaxyHnok, imm. 3a 36000 ¢
o Bikno 2

0017 7\ Biwol

200 -

434 1537

0

400 600 800 Kanam

Puc. 3. Cnexrpu K3g: 0 — 3 miHiManpaIM Ta 6 — 3 Mak-
CHUMaJIbHUM piBHEM TaciHHSM. YCTaHOBJIEHHS BIKOH IS
Bukopucranus CR metony.

[MapameTp, 10 PO3PaXOBYEThCSA AK BiTHOIICHHS
IIBUAKOCTI JIiYOW y BiKHI 2, ie raciHHS MiHIMaJbHE,
JI0 MIBUAKOCTI Ji40H y BiKkHI 1, /ie raciHHS MakcHUMa-
JbHE (OuB. puc. 3), HA3UBAETHCS TAPAMETPOM TaciH-
s %Sr (QPsy).

* JlaTu BUMIpIOBaHb IiCIS JBOTHKHEBOIO TEPMiHY,
JIOCTaTHBOT'O JUIsi BCTAHOBJICHHsS CTaHy PpIBHOBaru Mix
9Sr i %Y, o6upanuck JOBLILHO.
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Puc. 4. Pyx criektpiB K3¢s 3 pocToM racins Bix
0 (miriMampHOTO) 10 6 (MAKCHMATBEHOTO) PiBHIB.

Hani 6yno noOyaoBaHO Tak 3BaHy KPHBY KOpEK-
1ii raciHHs: (QYHKINIO 3aJeXKHOCTI MafiHHs Esr BiX
pocty QPsy, a Takox QyHKUIT 3aJeKHOCTI Ny Ta Ecs
Big QPs (puc. 5 - 7).

ESr ’%
o
60
<
20 T
1 2 QPsr
Puc. 5. Kpupa kopekuii racinns *°Sr.
N g, IMIL/C
o
04 -
0,2 | | |
1 15 2 QPsr

Puc. 6. 3anexuicts pony Big QPs;.

s nociimKyBaHol IpoOU 3 HEBIIOMUM PiBHEM
racioisi BuU3Ha4yMInd 3HadeHHs QPg, 3HaWIUIM Bif-
TOBizHe 3HAaueHHs (BoHy, edexruBHOCTI niubn *'Cs
ta “°Sr. ITo nux moxasnukax 3a popmymnamu (3) - (5)
obunciuny akTuBHiCTh °Sr. PesynpTaTw momaHo B
Tabm. 1.

VY 1abn. 2 3BeAcHO iH(OpPMAILiIO 00 Pe3yJIbTa-
TiB BU3HayaHHS Sf, a TAKOX pe3yJIbTATH OGUMC-
JIeHb TOKA3HUKIB SKOCTI BUMIipIOBaHHS, OTPUMAaHHUX
yciMa 3aCTOCOBAaHMMHU METOJIAMH.



BU3HAUYEHHS AKTUBHOCTI ®Sr Y BOI

Ec., %
L)
g4 ¢
<o
40 -
0 : : .
1 15 2 QPs,

Puc. 7. Kpusa 3anexxnocti Ecs Big QPs;.

3rifHO 3 OTPUMAaHWMH pe3yIbTaTaMH SK BHMi-
pIOBaHHS 3pa3ka y CIMHTWILINHIA cymimmi, Tak i
BUMIpPIOBaHHS 38 YEPEHKOBCHKUM CBIYCHHSIM IIOKa-
3] XOPOIIHHA 30ir i3 pe3yJabTaTOM KJIACHYHOI Tif-
POOKHCHOT METOAMKH pajioximiuHoro anaimisy [3].
[Mpn npomy 3acTOCyBaHHS CUMHTWISALIHHHX CyMi-
el fano 3MOry OTPUMATH HaWKpalll MOKa3HUKH
SIKOCT1 BUMIPIOBAHHS TIPHITATY.

VY Bumaaky 3actocyBanHs PC cywimei moBTOpHI
BUMIpIOBaHHSA “°SI TIOKA3alM 3HAYEHHS AKTHBHOCTI
Ha 8 % OuTbIIEe CTAPTOBUX, IO MOTJIO OYTH CHPHUYH-
HEeHe MOpPYLIEHHSAM CTaHy piBHOBaru mix “°Sr ta Y
Ha [MOYaTKy BUMipIOBaHb.

Tabnuya 1. Pe3yJbTaTH 00YHCIEHHS JAaHUX TPHOX BUMipIOBaHb 3pa3Ka y CHMHTHISATOPI

' Ne Nsry BiKHAX, iMIL./C QP Esr, Ecs, n, ’ Ng, ‘ Ncs, Asr ,
BUMIpIOBaHHA | 434 - 1000 | 537 - 1000 % iMIL./C bx/n
1 3,679 3,022 1,22 87,09 | 86,93 | 3,679 | 0,490 0,063 89,7

2 3,944 3,258 1,21 87,64 | 87,42 | 3,944 | 0,492 0,063 96,6

3 3,900 3,193 1,22 86,74 | 86,62 | 3,900 | 0,489 0,062 96,6

Tabnuys 2. Pe3yabTaTH, OTPUMAaHI KIacHYHOI0 MeToanKoIo [3] (1),

a Tako:k BUMipoBaHHsaM Triathler: 3pa3kiB y cuunTuiasiuiiiaiii cymimi (2) Ta yepeHkoBcbKoro cBivenns (3)

Meron Ne, iMIL./C E % FOM Amza, I[lanaapH AxtuBHicTb Sr, Br/n
BH3HAYCHHS Bx/mpody KaHaJiB
1 0,02 12 151 0,010! - 96,8
2 0,49 87 275 0,012 434 - 1000 96,6(89,7%)
3 0,78 26 14 0,051 136 - 1000 95,9(112,2%)

! Jlna 6era-pamiomerpa PYB-0111 3nauenns MJIA, Bx/npo6y, o64ucImm 3a popMyIor0

ML

n
100-1,6 ft—"’
A _ m_ .

E

ne tn = 36000 c. Cnix 3ayBakuTH, IO JJI METOAUKH [3] 3a3BU4Yall 3aCTOCOBYEThCS TpUBaNicTh BuMiproBanHs 1000 ¢
yHaCIIiI0K HeOOXiTHOCTI BpaxyBaHHs po3najy BuMiptoBansHoro npenapary Y. Tomi Ay = 0,06 Bx/npo0y.
2Y Jy’Kax HAaBEIEHO 3HAYEHHS MEPUIOTO BUMIPIOBAHHS, BAKOHAHOTO OE3M0CEPEHBO IS MArOTYBaHHS 3pa3Ka.
3V nmyskax HaBeleHO 3HAYEHHs, OTPUMAaHE s poOu, o He Oyna BindiibTpoBaHa. TakuM YMHOM, BHECOK “°SI Ha
3aBUCIINX YaCTKaX CTaHOBUB 15 % BiJ cyMapHOi aKTHBHOCTI.

BucHoBxku

HocnimkeHHs  IEMOHCTPYE  IMEPCHEKTHBHICTD
BIpoBapKeHHsT MeroniB PC  cmekrpomerpil st
NpsAMHX BHUMipioBaHb BMicTy “°Sr y Bomi aBapiiiHo
3a0pyaHeHux BogoiM. [Ipu nboMy HaBiTh 3a YMOBHU
HAasSBHOCTI Yy Tpo0i edeKTy raciHHs Ta MPUCYTHOCTI
1¥7Cs onmepaTMBHUX pe3yIbTaTiB 3aI0BIIBHOI SKOCTI
MOJKHA JIOCATTH TIPU 3aCTOCYBaHHI JOCHTH MPOCTUX
PC cnekrpomerpiB knacy Triathler, skum He mpura-
MaHHI HU3bKWH (OH 1 BUCOKA CTAOUITBHICTD.

He mimmaroun cyMHIBY KOPHCHICTP 1 TIepeBaru 3a-
TIPOMOHOBAHOTO METOAy BM3HAYAHHA CSI,  CIij
maM’ATaTH Mpo TeBHI 0OMEXEHHS TPH HOTo 3acToCy-
BaHHI. 30KpeMa, y BHITI4AKy BHMipIOBaHb “°SI 3a ue-
PEHKOBCHKMM CBiUEHHSM JOYipHEOro Y mpoba He

Ma€ MICTUTH PaJiOHYKJIiiB, CHPOMOXHHUX BHECTH
CYTTEBHIA BKIIAJl y YUSPCHKOBCHKE CBIUCHHS. Y BHIIA]I-
Ky 3acrocyBanns PC cymimeii BHecox Sr ta ©*'Cs B
3arajibHy OeTa-aKTHBHICTh Ma€ OyTH CYTTEBO OiJIbIIe
BHECKY BCiX OCTaHHIX OeTa-BHIIPOMiHIOBAUiB.

Crin TakoX 3ayBaXKWTH, IO PamiOXiMidHI METO-
JWMKY BU3HA4aHHA ST JJ03BOJIAIOTH y Pi3HHIL croci6
KOHIICHTPYBAaTH PATIOHYKII 13 JIOCUTh BEJIHMKHX
00’emiB Boau (110 20 1), TAKUM YHHOM CYTTEBO TIOK-
pallyo4y MOKa3HUKKM YyTJIMBOCTI BU3HAYCHHS. Toi
sk st PC mMetonis (0e3 monepeIHboro KOHIEHTPY-
BaHHS) BUMIPIOBAaHUI 3pa30K TOTYETHCS 3 alNiKBOTH
MaTepHHCHKOI Tpodn 00’eMoM 20 MJI, IO 0OMEXKYE
MJIA Bu3HauaHHS °Sr B MepEepPaxyHKy Ha MUTOMY
aKkTUBHICTH (32 tym = 36000 c) no 0,6 bx/a mis BuMi-
proBanb y PC cymimi 1 2,5 Bx/n 11 BuUMiproBaHb
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4epPEeHKOBCHKOTO BHIPOMiHIOBAHHS. Ba€ Ha CTaH piBHOBaru Mix “°Sr ta °Y. Ane npu

Ham ekcrepuMeHTaIbHHI I0CBiA IOKasye, mo 1bOMY CJIiJ ypaxoByBaTH HeOE3NEKy MiBUIIECHHS
it PC MeTOZy TakoX MPHUITYCTHME KOHIGHTPYBAaH-  iHTEHCHBHOCTI e)eKTy raciHHs JI0 3aHaiTO BHCOKO-
Hl, 30KpeMa TIOMipHE yIaploBaHH:, SKe Majo BILIH- O PiBHL.
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Yrpaunckuii cudopomemeoponocuueckuti uncmumym HAH u I'CHC Yrpaunvt, Kues

ONPEJEJIEHME *Sr B BOAE IYTEM NPSAIMOT'O U3MEPEHMS
KNIKOCTHO-CHUHTUIJIAIIUMOHHBIM CHETYHKOM

B uccnenoBanum Ha mpumepe npod BOJbI, PaJAMOAaKTHBHO 3arps3HEHHON B pesysibTare aBapun Ha YADC, mpoje-
MOHCTPUPOBaHa BO3MOKHOCTh TPAMBIX U3MepeHni *ST jKMIKOCTHO-CIIMHTHILIAIMORHBIM CrieKTpoMeTpoM Triathler mo
PETrUCTpalii YePEHKOBCKOTO CBEUEHUS U M3JIyYEHUs B CIMHTHWULILMOHHOM KokTeine. IlpencraBieH Takxke OAMH U3
croco6oB yueTa >(()eKTa TauleHus ¥ METOJL yU4eTa IPHCYTCTBHS B pode *3'Cs. Pe3ybTaThl IOKa3aim XOpOLIEe COBIa-
JIeHHEe C JaHHBIMH, MOJIyYE€HHBIMH MO KIACCUYECKOM METOAMKE PaJUOXMMUYECKOro aHanu3a. Hammydmue nokasarenn
Ka4yecTBa PErucTpanyy 1mokasai Meto u3Mepenus Triathler ¢ ncmonp3oBaHreM CHMHTHILIAIIMOHHOTO KOKTEHIIS.

Kntoueevie croea: Meto] onpenenenns Sr, suaKoCTHAs CIMHTHILIALNSA, PAIHOAKTHBHOE 3aTPS3HEHHE.
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Ukrainian Hydrometeorological Institute, National Academy of Sciences
and State Emergency Service of Ukraine, Kyiv

DETERMINATION OF “Sr IN WATER BY DIRECT MEASUREMENT
USING LIQUID SCINTILLATION COUNTER

Results of research showing the possibility of direct measurements of *°Sr on liquid scintillation spectrometer using
registration of the Cherenkov luminescence and radiation in scintillation cocktail on a series of water samples, collected
on territory with radioactive contamination after the Chernobyl accident, are shown. Solution for quench correction and
accounting on presence within the sample of ¥’Cs are also demonstrated. Results have shown good correspondence to
that received by classical radiochemical analysis. The best performance in term of quality of registration was shown by
the method of measurement with using scintillation cocktail.

Keywords: method of ®Sr determination, liquid scintillation, radioactive pollution.
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