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OBIIAA XAPAKTEPUCTHUKA PABOTbI

AKTyaJIbHOCTh TeMbl. PaboTa mocBsilleHa TOJYyYEHUIO W aHalM3y BEIIECTB,
HCIIONIb3YEMBIX B KAaueCTBE HMCTOYHHMKA JBOWHOTrO Oera-pacmaia, a TakKe marepuaia
HEUTPOHHOW 3alIUTHI MPU MOUCKE YACTHUI] TEMHOM MaTepuu. DTH BEUIECTBA JOJIKHBI
OTJINYAThCA YJIBTPAMaJIbIM  COAEPKAHMEM PAJUOAKTHUBHBIX NPHUMECEH, IOCKOIBbKY
CHIKeHHE (DOHA TPHU MOMCKE PEIKUX MPOIIECCOB SABISETCS KIOYEBBIM (PakTOpOM ycrexa
J3KcnepuMeHTOB. Ilocne OTKpBITMS HEUTPUHHBIX OCUWUIALMM, MOATBEPAMUBIINX
HEHYJIEBYI0 MacCy HEUTPUHO, TOUCK OE3HEHTPUHHON MOABI JBOWHOTO OeTa-pacmaja
(0v2B) mpuobpen ocoOyro akTyalbHOCTH I (PyHAAMEHTAIbHOU (U3UKH, MOCKOIBKY
MO3BOJIIET SKCIEPUMEHTAIBHO ONpEAENUTh MPUPOAY HEHTpUHO (MailopaHOBCKas WM
nupakoBckas). Ecnu Ov2 mMoma pacrajga BO3MOXKHA, TO HEUTPUHO — MaillOpaHOBCKas
YacTuIla, 3TO O3HAyaeT HEHTPUHO TOXIECTBEHHO CBOEH COOCTBEHHOW aHTHYACTHUIIE.
I[Mouck Ov2B w™moasl pacmaza TO3BOJSET JKCIEPUMEHTATbHO OICHUTH T'PAHHUIIBI
«CTaHgapTHOM MOJIETTN», KOTOPAs SBJISIETCS OCHOBOIIOIATaOIIeH B COBPEMEHHON (PU3UKE
U OOBSCHSIET NMOBEICHHE OOJBIIMHCTBA AIEMEHTAPHBIX YaCTHII.

OTHOCHTENIEHO GONbIIAs YHEPrUs PafHoaKTHBHOTO pacnana S2Se (Ezp = 2995 x7B)
JIEJIaeT ero OJJHUM U3 JIYYIIUX KaHIUAaToOB Jtst morcka 0v2[3 MoabI pacmaja, B 4aCTHOCTH,

B MEXIyHapoaHOM HHu3Kko(poHoBoM skcniepumente SuperNEMO (puc.1) [1-2].
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CymmapHas KMHeTU4YecKan sHeprus, MaB

Pucynok 1. Cxema 2f-pacnana ¥2Se (a) [1]. MoaenbHblif SHEpreTHYeCK il CIIEKTP CYMMBI
JBYX 37E€KTpOHOB oknaeMslii B SUperNEMO, tis (100 xr ¥2Se) — 5 ner (6) [2]. Po3oBeIM

¥ JKENITHIM IIBETaMHM nokasal ¢oH ot 2Tl u 21Bi.



B sxcniepumente SuperNEMO-Jlemonctparop (nepssiii Mmoayinb SuperNEMO) [3]
B KayecTBe OOBEKTOB MCCIEAOBAaHUS HCIOJIb3YIOTCS TOHKHE (OJIBIM U3 H30TOIHO-
oboramenHoro °2Se. Jlna ycmexa oskcrepumenTa SuperNEMO [4] Heo6X0muMbl
KMIIOTPAMMOBBIE ~ KOIIMYECTBA M30TONHO-OOOTAlleHHOTo °2Se ¢ ynbTpa HHU3KHM
coJiepsKaHueM paanoakTUBHBIX npuMeceil kamus (*°K), pagus (**°Ra), axtunus (27Ac),
topust (3*2Th) n ypana (***U). Hamuuue 2*>Th (*®T1) u **°Ra (*'*Bi) B ¢onbrax moxer
KPUTHYHO YBeIu4duBaTh (hoH (puc. 1), mo3TOMYy HX copepKaHue JOJIKHO ObITh Ha YPOBHE
MKBK/Kr. M30TOMHO-060TaIeH bl 52Se, Kak I0Ka3add H3MEPEHHS B IPEIBLIYIIEM
skcniepumente NEMO-3 [5], coneprkan paauoakTUBHBIE TPUMECH Ha ypoBHE MBK/KT. DT0
JTUKTYEeT HEOOXOJUMOCTh Pa3BUTHUS HOBBIX U BBICOKO3((PEKTUBHBIX METOJOB HE TOJIHKO
JUIsl OUMCTKH CelleHa, HO U BCEX JTAoB MoNydeHus (QoIbr H30TOMHO-000raleHHOoro S2Se
C YpOBHEM pPaTUOAKTHUBHBIX MPUMECEH TOpHUS U paaus mopsiaka MKBK/KT, a mo apyrum
npuMecsiM (aKTUHUHM, ypaH, Kajluii, TeXHOTCHHBIE PaJMOHYKJIHMJIBI) MO KpaiHed Mepe
ypoBHsI MBK/Kr. DTO Takke moJpa3yMeBaeT OINPEICICHHE COACpXKaHUS TpUMeced Ha
M0/I00HOM YHUKaJIbHOM YPOBHE.

B mexaynaponnom Hu3koponoBoM skcriepumente EDELWEISS [6] no moucky
TEMHON MaTepuH Hanbojee KPUTHYHBIM SIBIISICTCS HEUTPOHHBIN (DOH, BO3HUKAIOUIUNA B
mpoleccax JAeJeHHs W B peaklusx ¢ anbda-yactunamu. B sTtoMm ciyuae HeoOxomum
THIATEIBHBIA 0TOOP MaTepUAIOB C HU3KUM YPOBHEM PaJMOAKTUBHBIX MpPUMECEH mpexe
Bcero U u Th, 4ro Takke npenmnonaraet oTpaboOTKy M pa3BUTHE aHAIUTHYECKUX METOIOB

UX OIpENIeJICHNUs B MOJIUITHIICHE HEHTPOHHOM 3alIUThl HU3KO(OHOBOM YCTaHOBKH.

Iean nuccepranoHHON padoThI:

® [TI0JTy4YE€HHUE BBICOKOAUCIIEPCHOM (POPMBI 3JIEMEHTHOTO CeleHa-82 ¢ HHU3KUM
cojiepskaHneM paanoakTuBHBIX npumeceit °K, 2°Ra, 2’Ac, *’Th u 2*%U (< 0,7 MBk/kr
no 2*Th u **Ra — nyume, yem 8 NEMO-3) 171 HCIONBb30BaHMs €ro B BUAE (OJILT B
HU3K0(POHOBOM 3KcriepuMmenTe SuperNEMO.

e Ompe/eNeHre COAEpKAHUS TIPHPOAHBIX pamuoHykauaoB >2Th u 23U B
HOJMATUIICHE HEUTPOHHOM 3amuThl HU3K0(poHOBO# ycranoBku EDELWEISS.

JUist JOCTHXKEHHS TOCTABICHHON 11e/TH HEOOXOJMMO PEIIUTh CIEAYIOINE 3aJa4u:

1. Pa3paboTaTh METOMMKH TIOTy4eHHs PaJAHOAKTUBHBIX MHIUKaTOpoB *>°Ra, *’Ac n

20U, ocHoBaHHBIE Ha MX XPOMATOrpaUuecKoM BBIIETCHHHM W3 TOPHUEBOH MHIIEHH,
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00JTydeHHOU TIpOTOHaMU ¢ Hepruei okono 300 M»aB, s mocnemyronero mpoBeIeHMS
MOJIETIbHBIX HCCIIE0BAaHUHN IO OUHCTKE CEJICHA.

2. HWcmonw3ys METOJl paAHMOAKTUBHBIX WHAMKATOPOB OMPENCIUTh KOA(DDUIIUSHTHI
pacnpenenenust Th, U, Ra, Ac, psaga TeXHOT€HHBIX PaJMOHYKIMIOB, TAKUX KaK IIE3Hs
(anasor kanwmsi), koOanbTa M peako3emMenbHbIx d1eMeHToB (Y, Ce, Pm, Tm, Yb, Lu) Ha
karrnonute Dowex SOWx8 (200-400 mer) B pacTBopax ceneHuctor kucioTsl (H2SeO3).

3. [IlpoBecTn aHanmM3 XMMHYECKHUX PEAKTUBOB, a TAKKE MOJMAITHICHA HEHTPOHHOM
3amuThl HU3K0o(oHOBO yecranoBku EDELWEISS Ha conep:xanue Topus u ypaHa.

4. Pa3zpabortath crmocod peBepcHOW KaTHOHOOOMEHHOH XpoMaTorpaduuecKoit
OUHCTKU CeJieHa OT NMPUMECHBIX PAJIUOHYKIUAOB MPU UX BHIMBIBAHWU B HampaBiICHUHU,
o0OpaTHOM  JJIIOMPOBaHUIO  Tpoaykra.  OtpaboTrarh  METOIMKH  TOJYYEHHUS
BBICOKOJIUCTIEPCHOM (DOPMBI  AJIEMEHTHOTO CeJieHa, BOCCTaHABIUBAas IOCIEIAHUN C
MIOMOUIbIO JUOKCH/IA CEPBI.

5. TlpoBectu OYMCTKY M KOHAMLHMOHUPOBAHHE (BOCCTAHOBJICHHE, OTIEIIEHUE OT
KUAKOM (a3bl, TOMOTE€HU3alUs, MPOMBIBKA, CyIIKa B BakyyMmMeé M Jp.) H30TOIMHO-
oboramieHHoro **Se B KHIOrPaMMOBBIX KOJHUECTBAX.

6. IlpoBectu aHamu3 oOpa3LOB ceJeHA AJS ONMpPEICNCHHs COEpXKaHUs MTPUMEceH ¢
MOMOIIBI0 ATOMHO-3MHUCCUOHHOW CHEKTPOMETPUU C HHAYKTUBHO-CBS3AHHOW IJIa3MOM
(ADC-UCII) n Macc-CrieKTpOMETPUU C WHIYKTUBHO-CBs3aHHOM Tutazmoit (MC-UCII).
OnpenenuTth ynenbHbIE aKTUBHOCTH 00pa3IoB celieHa Ha HU3KO(OHOBOM JIETEKTOpE U3
cBepxuucToro repmanus [7] u Ha BiPo-3 cnekrpomerpe (CeKTpoMeTp ISl H3MEpEHUs
GeTa-anbda COBIAICHUI NPH PaJMOAKTUBHOM pacrafe npumeceii 2'212Bi u 214212pg

TOHKHX (hombrax [8]).
Hayuynasi HoBU3HA padoOThI:

1. Pa3paboran cnoco0 peBepcHOW KaTHOHOOOMEHHOW Xpomartorpaduueckon
OYHCTKHU CEJICHa OT MPUMECHBIX PAJMOHYKINIOB IPH MX BBHIMBIBAHUU B HAIPABICHHU
00paTHOM AITIOMPOBAHUIO IPOAYKTA.

2. Pazpabotan metox momydeHus (Xpomarorpadus, BOCCTAHOBJICHUE CEICHUCTOM
KHCJIOTHI C TOMOIIBIO AUOKCH/IA CEPBI, LEHTPU(PYTUPOBaHUE, TOMOT€HU3AIHS, IPOMBIBKA
1 BaKyyMHasl CyIIIKa) BBICOKOIMCIIEPCHON (GOPMBI 37IEMEHTHOTO S2Se, 00eceunBaroIIHii

MUHHMH3ALUIO HEMOCPEICTBEHHOTO0 KOHTAKTa CeJICHOCOAep Kamx (a3 ¢ aTMocdepoii u



MOBEPXHOCTSAMH PEAKIIMOHHBIX M TEXHOJOTHYECKUX cocynoB. M3mepenuss Ha BiPo-3
CHEKTpOMeTpe (OJbI, NPUTOTOBIEHHBIX W3 TMOJIYYEHHOIO CeJeHa, IOKa3alu uX
YHUKAJIGHO BHICOKYIO uHMcTOTy mo 22Th (22-150 mkBr/kr) u 2°Ra (< 600 MxBK/kr),
KOTOpasi paHee sl BBICOKOUCIIEPCHOTO 3JIEMEHTHOTO CelieHa He Oblila JOCTUTHYTA.

3. Pa3pabGorana opurumHaibHas METOAMKA BBIJEICHUS [IMPOKOrO CIEKTpa
PaAMOHYKIUIIOB, OOpa3yloIIMUXcs MpH OOJyYEeHUH TOpHUS IMPOTOHAMH, C TOMOIIbIO
aHMOHOOOMEHHON KOJIOHKH co cMosion AG-1x8 (100-200 mern) ¢ MOCIEayIOIMM UX
pasaeneHneM Ha KaTHOHOOOMEHHOM KoJloHKe co cMoiion AG-50%8 (- 400 mer).

4. Buepssle ompeneneHsl kodpdunuentsl pacupenenenus Th, U, Ra, Ac, psana
TEXHOTCHHBIX PAJMOHYKIIMJIOB, TAaKUX Kak 1e3us (aHajor Kamws), KoOambTa U
penkoszemenbHbIX AnmeMeHToB (Y, Ce, Pm, Tm, Yb, Lu) Ha kaTHOHOOOMEHHOH cMOJIE
Dowex 50Wx8 (200-400 memr) B pacTBOpax CEJICHHUCTOW KHCIOTHI B JHara3oHe

KkoHIeHTpanui 0,5-4 MOJb/.
IIpakTHyeckasi 3HAYUMOCTH PaGOThI:

1. Pazpaboran cmoco0 peBEepCHOM KaTHOHOOOMEHHON XpomaTorpaduyecKon
OYHUCTKH CeJieHa OT MPUMECHBIX PAJIUOHYKJIHMIOB MPU MX BBIMBIBAHHM B HAIPABICHHUU
0o0OpaTHOM JJIOUPOBAaHUIO MPOAYKTa. Pa3paboTaHHBIA  CIOCOO  yIOBJIETBOPSIET
TpeOOBaHUSAM HU3KO(OHOBBIX OKCIEPUMEHTOB M MOXET OBITh WCIIOJNB30BaH IS
>} peKTUBHON OUMCTKH M APYrux BemecTs (Hampumep, °Ge, *°Te), ucrnonb3yeMsIx B
NOJOOHBIX SKCIEPUMEHTAX.

2. IIpurotoBneHHble QONBIH U3 OUUIIEHHOTO ¥ KOHAUIMOHUPOBAHHOTO 2,5 Kr ¥2Se
yctaHoBieHbl B SuperNEMO-JlemoncTpaTop muist moucka Ov2B-pacmana.

3. Ionydyennsle cBefeHus mo coaepxanuio >°Th u 28U (10%-10° mxBk/kr) B

o0pa3iax MoJMITHICHA O3BOJIMIN YTOYHUTH MoJienb ¢poHa yctanoBku EDELWEISS-3.

JlocToOBepHOCTH MOJIYYEHHBIX PE3YJIbTaTOB JUCCEPTALMOHHOM paboThl oOecriedeHa
HCIIOJIb30BAHHUCM COBPCMCHHBIX HWHCTPYMCHTAJIbHBIX MCTOJOB aHAJIM3a BCUICCTB,
OCHOBAHHBIX Ha PA3HbIX IMMPUHIMUIIAX, B TOM YHUCIC HHCTPYMCHTAJILHOTO HCﬁTpOHHO-
aktuBarmonHoro aHanmm3a (MHAA), ADC-UCII, MC-UCII, au3kodoHOBOW Tramma-
cektpomerpuu u BiPo-3 cnekrpomeTrpun, a TakKe CTaTUCTHYECKH OOOCHOBAHHOM

BOCIIPOU3BOJUMOCTBIO PE3YJIbTATOB KaK B CJIy4dac I/IBOTOHHO-OGOI‘aH_IGHHOFO 8286, TaK U



IPUPOIHOTO cenieHa. J{1s o0paboTKu pe3yaIbTaTOB MPUMEHSUIN CTaHAApTHBIE MOJAXObI U
METO/IBI.

Anpobéauusi pa6orbl: OCHOBHBIE PE3yNbTaThl pabOTHl ObUIM J1OJIOKEHBI Ha VI
Bceepoccuiickoit  KOH(EpPEHIIMM MOJIOJBIX YYEHBIX, AaCHUpPAaHTOB M CTYJCHTOB C
MEXAyHapoaHbIM  ydactueM  «MengeneeB-2012»  (Cankt-IletepOypr, 2012);
obbenuuéHHon koHdpepennuu: VI EBpaswmiickas xkoHdepenuus «SnaepHas Hayka U ee
npumenenue» u VIII Mexnynaponnas koHdepeHius «CoBpeMEHHBIE MPOOIEMbI
sanepHoil pusuku u saepHble TexHonorumy; (Camapkang, 2012); IX mexayHapoaHOM
KoH(pepeHmmu <«SlnepHas u pamuanuonHas ¢usmka (r. Amnmare, 2013)»; VIII
Bcepoccuiickoii koHpepennu o paguoxumun «Pagnoxumusa-2015» (. XKene3Horopck,
2015); V exxeromHoi KOH(PEPEHIIMH MOJIOIBIX YUEHBIX U CIIEIHATNCTOB «AmyrmTa-2016»
(r. Amymra, 2016); VII Poccuiickoil MOOISKHOM LIKOJIE 1O PAAMOXUMHUH U SICPHBIM
texHojorusam (r. Ozepck, 2016); 47 - nporpaMMHoO-KoHCysIbTaTuBHOM Komutere (ITKK
OUAN) no sgepuort ¢usuke (r. dybma, 2017); VI BcepoccuiickoM cummo3uyme
«Pa3genenne M KOHILIGHTPUPOBAHHUE B AHATUTHUYECKOW XHMHHM U PAJIUOXHUMHUU» C
MeXIyHapoaHbIM yuactueM (r. KpacHonap, 2021 r.).

[To Teme nuccepranmoHHOM paboThI OMyOsMKoBaHO 11 HayuHBIX paboT: 4 cTaThH B
peLeH3UpPYEMBIX Hay4YHBIX >KypHanax, 2 npenpunta OUAN m 5 Te3uca moknagoB B

CcOOpHUKAX HAYYHBIX TPYIOB KOH(DEPEHITUH.

JIn4yHbBIi BKJIaJ aBTOPA COCTOMT B: MIOUCKE M aHAJIM3E JIUTEPATYpPBI 110 TEMATUKE
UCCIICIOBaHMI; TNIAHMPOBAHUU UCCIIE0OBAaHU; IPOBEIEHNH IKCIIEPUMEHTANIBHBIX padoT,
B TOM YHCII€, CO3JIJaHMH M OCHAIEHUH 000PYAOBaHHUEM YMCTOM KOMHATBI;, pa3paboTke, a
TaKXKe peain3alui METOANK OYUCTKH M KOHIUIIMOHUPOBAHUS CEJICHA; YYaCTHH B paboTax
[0 TOJYYEHUIO PAAMOHYKIHJIOB W3 TOPHUEBOW MMILEHHU, a TAKXKE IO ONPEICICHUIO
KO3(QUIMEHTOB paclpeleieHusl pPAaJUOHYKIUIOB Ha KATHOHUTE B PacTBOpax
CEJICHUCTOM KHUCIIOTHI; MPOBEIECHUHM aHAJUTUYECKHX HCCIICAOBAaHUI 0Opa3loB celeHa,
XUMHYECKHX PEAKTUBOB, TIOJMMEPHBIX MAaTepHalioB; OOCYXICHHHM IOJy4YCHHBIX
pe3yabTaTOB; MOATOTOBKE IMyOJIMKALMH MO BBIMOJIHEHHON padoTe.

AHanuTHYecKue UCCIeOBaHUS 00pa3loB XMMHUYECKUX PEAKTUBOB, MOJMMEPHBIX
MaTepUajoB M CEJIEHA BBIIOJHEHbl COBMECTHO ¢ corpyaHukamu WAD AH PV3

(r. Tamkent) u ACUL] UIITM PAH (r. YepnoronoBka). [IpuroroBnenue ¢oisr u3



OYHILEHHOT O u KOHIMLIHOHUPOBAHHOTO M30TOMHO-000TaEHHOTO 82Se,
CIIEKTPOMETPHIECKHE HCCIIeIoOBaHUs 00pa3ioB Ha Hu3ko(oHoBbix HPGe-nerexkrope 1 Ha
BiPo-3 cnekTpomerpe BBIOJHEHBI COBMECTHO C COTPYAHMKaMM psiaa JabopaTopuii

y4acTHUKOB Koutabopamuu SuperNEMO.

CTpykTypa M 00beM AMCCepPTAIMOHHOI padoThl: quccepTaluoHHas paborta
COCTOMT W3 BBEICHMS, YETBIPEX IUIaB, 3aKIIOYEHHUS U CIUCKAa HCIOJb30BaHHOU
mutepatypbl. [lomHbIE 00BEeM nuccepTalid cocTaBisieT 126 cTpaHUI], BKIIOYAs

26 tabnuiel 1 33 pucynka. CECOK JIMTEpaTyphl COMEPXHUT 182 HauMeHOBaHUSI.
OCHOBHOE COAEPKAHUE PABOTbI

Bo BBeeHHUHM OTpakeHBI aKTyaJbHOCTh MCCIIEJOBAHUM, UX HayyHass HOBU3HA U
NpakTU4YecKas 3HaYMMOCTb, C(OPMYIMpPOBaHA IeNib PabOTBl M OYEpUEH Kpyr 3ajad,

KOTOpPBIE HEOOXOAMMO OBLITIO PEIIUTh JUISl JOCTHIKEHUS MTOCTABICHHBIX 1ETICH.

B mepBoii riaBe mpencTaBieH JUTEPATypHBIH 0030p HCTOUYHUKOB ()OHA TIPH
MIPOBEICHUH SACPHO-(QU3NIECKUX HU3KO(POHOBBIX IKCIIEPUMEHTOB, JaH KPaTKH 0030p
skciepumeHTOB  NEMO-3/SuperNEMO u  EDELWEISS. OG6cyxnensr  MeTon
PaZMOAaKTUBHBIX MHIUKATOPOB, OCHOBHBIE MOMEHTHI JIJIsl pa3padOTKHU METOJAUKH OUYUCTKH
celieHa, a TaK)Ke METOJIMKHU BBIACTICHUS PAIHOHYKIUI0B U3 MUIIEHU TOPHS, 00Iy4€HHOTO
nporoHamu. CrenaH KpaTKuil 0030p Mo (PU3NKO-XMMUYECKUM CBOWCTBAM CEJICHA U €Tro
coenquHeHu. PaccMoTpeHbl paboThl MO MeToJaM TIOJMy4YyeHUs U aHalu3a CeJeHa,
UCTOJIB3YEMOr0 B pPa3IMYHBIX OONACTAX HAYKW M TEXHUKH, B TOM 4YHCIE JUIs
HU3KO(OHOBBIX UCCIICAOBAHUIA.

B pesysnbTate u3MepeHus (ojibI H30TOMHO-000raleHHOro $2Se B SKCHepHMEHTE
NEMO-3 [5] 6bl1 yTOuHEH MepHoj MoIypachaja S2Se MO JBYXHEHTPHHHOH Moje
nBoitHOro Gera-pacmaga (2v2B). Iepuon momypacnana *Se mo mozme 2v2B cocTaBui
Tiz = [(9,38 £ 0,17 (crar.) £ 0,58 (cuct.)]x10" net, orciona cobcTBeHHas pacueTHas
yaenbHas AaKTUBHOCTh °°Se cocraBiseT 1,72 MBK/Kr. YuuThBas XapaKTEpPHUCTHKH,
3agBiaeHnbie B SuperNEMO no conepskannto Tl (<2 mxbk/kr) u 2'*Bi (<10 MxBK/kT)
[4], mog0OHBII ypOBEHb KOHIIEHTPAIMK paInOaKTUBHBIX puMeceit (<1 MBbk/kr) aBnseTcs
yapTpamasibiM. [Ipu sTOoM panee m3mepenHoie B NEMO-3 [5] o0pa3ubl M30TOMHO-

oboramenHoro ¥ Se conepxanu paguoaKTHBHEIE IPUMECH Ha ypoBHe MBK/Kr (Tabm. 1).



Bo BTOpOIi ri1aBe onucaHbl METOAMKHU TOJTYYEHUS] PAAUOHYKIUIOB U3 TOPUEBOU
MUIIIEHH, a TAK)KE MCCIIeIOBaHNE COPOIUH Psijia SJIEMEHTOB Ha KATHOHOOOMEHHOH CMOJIe
B PaCTBOPAx CEJICHUCTOW KHUCIOTHI.

Tabauua 1. YaenbHble akTUBHOCTH (MBK/Kr) mpumecedd paanOHYKIHIOB B (poibrax
M30TONMHO-o0oramenHoro S2Se, m3mepenasie B NEMO-3 [5]. * - 0,39 mBr/kr 2Tl

cootsercTyeT 1,08 MBK/kr 2*2Th.

VYaeabHble akTuBHOCTH (MBK/KT) mpumeceit
Oopasen goabru PAANMOHYKJIHI0B
40K ZOSTI* 214Bi 234ml)a

Oo6oraumennsiii Se | 58,7+0,1 | 0,39+0,01 | 1,50 +0,04 17,3+0,1

Hepeovit pazoen nocesuien nonydenuio 22 °Ra, 22Ac u 2°U, a rtaxxe apyrux
PaIuOHYKJIMIOB U3 TOPUEBOW MHUIIIEHU, O0JTydeHHON mpoToHamu ¢ sHeprueit 300 M»B.
[TonydeHHbIE pPaAMOHYKIUABI OBUIM HWCIIOJNB30BaHbBl B KA4YeCTBE WHAMKATOPOB MpU
pa3paboTke METOJUKHA OYUCTKU CelieHa OT JAPYrUX AJIEMEHTOB. MeTonuKa BBIICTICHUS
OCHOBaHa Ha OTJIEJIEHUH CHayaJla IIMPOKOI0 Kpyra paIuoHYyKJINI0B OT Topus (1-i atamn)
Ha aHMOHOOOMEHHOW KOJOHKE, 3amojiHeHHOW cmomnoir AG-1x8 (100-200 memr), B
A30THOKHUCIIOM pacTBope. Ha BTOpOM 3Tare mpoBOAMIN MHOTO3JIEMEHTHOE TPYIIOBOE
xpomarorpaduyeckoe pazzaeneHue 3iaeMeHToB (rpynmna Nb-Ru-Sb-Te, pyOuamii, rpymmna
Ag-Cs-Be, xagmmii, rpynna Bi-Sr-Sn, rpymma Ba-Ra, wnawmii, rpynma Y-Ce-Ac,
IIUPKOHUH U TOpUIi) Ha KOJIOHKE, 3anoiHeHHOH cmoion AG-50%8 (- 400 merm).

[TomydyeHHy!0 TIOCTIE aHUOHUTHOM XpoMaTorpaduu TOPHEBOW MHIICHU (HPAKIIHIO
20pa mcnomp3oBamu ansa monmyudeHns 2°U. Dpakiuio NpPOTaKTHHUS JOOYMINATHM HA
KaTHOHUTHOM KoJIOHKE co cMoioii Dowex S0W X8 (100-200 metr) B CONSTHOKUCIION cpesie
(0,2 Momb/11) ¢ 106aBKOM MIaBHKOBOH KUCIOTH (5x10™ Mons/m). ITocae BBIIEPKKH OT
NPOTAKTUHHUSA OTAETANN paauoHyknua >°U Ha KONOHKE, 3alloJHEHHOH aHMOHHTHOM
KoJIoHKe co cMoiiort AG-1%8 (200-400 memn), B azoTHOKHKCTOM cpene (10 moib/i).

Bo emopom pazdene onuceiBacTcs  AKCIEPUMEHTAIBHOE  OIpeaesieHHe
koo durmentos pacnpenenenus (Kp) 2°Ra, ?Ac, 2*Th, 2°U, ¥'Cs (xumunueckuii
ananor kamus), ®°Co (puc. 3), a taxe *%Y, '¥Ce, "¥Pm, ''"Tm, 'Yb u '"Lu na
katroHooOMmeHor cMone Dowex S50Wx8 (200-400 memr) B pacTBopax CeJIEHUCTOM

kucnotsl (H2SeOs3) B tnanazone konuentpanuii 0,5-4 Mob/1.
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Onpeneneane KOI(PPUIMCHTOB PACHPEICICHUS OCYIIECTBISUIM  CTaTHYECKUM
METOJIOM C MCTIONB30BaHHEM PaJMOAKTHBHBIX HHAMKATOpoB. Pagmonykmnasr Y, 3Ce,
143 167 169 173 o o o

Pm, *'Tm, YD, '""Lu momy4anu u3 TaHTaJIOBOW MUIICHEW, O0OTYYCHHONH TPOTOHAMU

¢ sueprueit 660 MaB. °Co u ¥’Cs umenu xommepueckoe npoucxoxaesue. >*Th Gbin
238 o

MOJIydeH U3 ectecTBeHHOro ypana (“°°U). M3 pucyHka 3 BHJIHO, YTO MaKCHMaJIbHBII
kod(duimeHT pacrnpenenieHus ypaHa oTHocutendbHO HeBbicOK (Kp = 130 mpm
KOHIICHTPAIIUU CEJICHUCTOW KHUCIOTHI 0,5 MOJIB/), HO JOCTAaTOYEH JUIsl OTACICHUS OT
ceneHa. 3HaueHus kodpdunrenton pacnpenenenus Y, Ce, Pm, Tm, Yb u Lu npeBbimator
10*. CucremMa KaTHOHHMT — PAacTBOP CENEHHCTOH KMCIOTHI OKAa3alach CENEKTUBHA JIs

BbIJIEJICHUS TOPUSI U ypaHa.
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25 29 33 37 41 45 49 53 57 61 65 69 73
Homep dpakuum
Pucynok 2. Xpomarorpamma pasaeicHusl paJuOHYKIUAOB Ha KaTHOHUTHOW KOJIOHKE

(mmuHa - 230 MM, guametp - 7 mm, AG-50x8, - 400 memn). O6beM dpakiuu 4 ML

BrimonHeHa oleHKa MeXaHW3Ma B3aUMOIEHCTBHUSA DJIIEMEHTOB C CEJIEHUCTOU
KHCJIOTOM 1O TaHTEHCY YIJIa HakJIoHa 3aBucumocteit IgKp ot morapudma xoHeHTpanum
CEJICHUCTOM KUCIOTHI (TabI. 2), IUIsl CpaBHEHUSI IPUBOJIATCS TAHT€HCHI yTIa HAKJIOHA IS
3aBucumocteil 1gKp — 1gC(HNO3). Koaddunmentsr pacupeneneHuss HOHOB B a30THOM
KHUCTIOTE B3ATHI M3 paboTel [9]. Mcxoast M3 3HaueHUs TAaHTEHCA YIJia HAKJIOHA [E3Us

(6ompmme 1), a Takxe U3 3aBUCUMOCTH coporuu Ra, Ac, u, oco6enHo, U oT KOHIIEHTpaIuu
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ceneHucTor kucaotel (puc. 36) m B mpucyrcreue 0,5 monb/m HNO3; MoxHO caenath
BBIBOJI, YTO HEIMCCOIMUPOBAaHHAS (pOpMa CEICHUCTON KHCIOTHI XOPOIIO COJLBATHPYET
KaTHOHBI B pacTBOpe. Bo3MOXXHO, U aHHWOHHBIE (POPMBI CENEHUCTON KHUCIOTHI MOTYT

O6paBOBBIBaTB KOMIIJICKCBI C KATUOHAMH, B HAIlICM CJIy4dac, OC06€HHO, C YpaHHII HOHOM.

1000000 a 10000 6
100000 - ’ 2
1000
. = -%co
10000 s e -13Cg A
g - 223Ra
o :\_\ﬁﬁ\:\“ i N 100 - A 2y
Vi W e, [} 230 . . 226p.
e — * - U s AC
1004 e o _23TH e + -3y
e e Tl 10 4 .
e ’.—\_, oL \\.
10 . s
~
TS 14 ="
14 Ty .
*
0,1 : . 0,1 T 1
1 10 1 10
Konuentpauus H,Se0;, Mmoan/a Konuenrpauns H,SeO;, moas/n

Pucynox 3. Koodouuuents pacnpenenenus °Co, 3’Cs, ?2°Ra, **Ac, #*°U u #**Th na
KaTHOHOOOMeHHOW cmone Dowex S0Wx8 (200-400 memr) mnpu  pasinU4HBIX
KOHILIEHTPALUAX CEJIEHUCTOH KUCIOTHI B pacTBopax. B cinyudae ***Ra, 2 Ac, 2°U u 2*Th s
pactBopsl nob6ainena HNO; no konnentparnuu 0,01 monbe/n (puc. a). Pucynok 6 - B

pactBopsl no6aBiena HNO; no konnentparuu 0,5 Mob/It.

Tadauna 2. 3HavyeHHWs TaHTEHCa yria HAKJIOHA JIOTapU(PMUYECKON 3aBUCUMOCTH
KO3 PUITMEHTOB pachlpeeieHuss psaa JJIEMEHTOB Ha KaTHOHUTE OT Jiorapudmos
KOHIICHTPALMU KUCIIOT. * - MpUBEICHBI 3HAYEHUsI TAHT'€HCA YIila HakjoHa 1y Ba u La
(ananoru Ra u Ac). [loguepkHyThie 3HaYCHHSI 0003HAYAIOT YTO OJHOMApaMETpUIEeCKas

MOZCIIb HE COBCEM XOPOMIO MOAXOAUT JJIsA OIIMCAHUS 3aBUCUMOCTH.

Ochb adcuce 3HaYeHHs TAHT'eHCA YIJIa HAKJIOHA
Cpena
(aprymenr) Co Cs Ra Ac U Th
H2Se03, IgC(H2Se03) | -1,9 | -1,5 -2,2 -1.0 | -2,5 -14
H2SeO3 + HNO3
1g,/C(H,Se03)| -3,8 | -3,0 -4.,4 2.0 | -5,0 -2.8
(0,01 moab/a)
H2SeOs3 + HNOs
IgC(H2Se03) - - -0,7 -0,9 2.4 -
(0,5 moaw/n)
HNOs [9] IgC(HNO3) -1,5 | -1,0 2% -2,6% | -1,3 -2,8
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B Tperbeii riiaBe onucanbl METOJUKH U PE3YJbTaThl OMpPENEICHUs COJepKaHus

npuMecel B XMMHUUECKHUX PEaKTHUBAX U MOJIMMEPHBIX MaTepuanax.

Ilepeorit pazden MOCBSILEH XUMHUYECKOMY aHaIN3y OMAMCTUIUIMPOBAHHOW BOJBI
(;maboparopHasi), a30THOUW KUCHOTHI (Kommnanusa «Xummen, «OCY 18-4», 'OCT 11125-
84) u uzonpomnuioBoro cnupra (komnanus «KommnoneHt-peaktun», «OCUy, CTII TY
COMP 2-018-06), ucrionb3yeMbIX B MPOLECCE OUUCTKU U KOHAMIIMOHUPOBAHUS CEJIEHA,
Ha cozxepkanue npumeceil K, Th u U. Onpenenenue conepkanus mpuMeceit B oopasiax
OMIMCTIILTMPOBAHHOW BOABI M A30THOM KHUCJIOTHI TpoBoauiu mpu momorm MHAA
(ymapuBanu o 20 11 Boasl ¥ 0,5 71 KUCIOTHI, CyXHe OCTaTKu oOiydanu). Paz0oaBieHHBIH
pacTBOp M30MPOMMUIIOBOTO CIIUPTA MOAKUCISIN 1%-HBIM PacTBOPOM a30THOM KUCIIOTHI U
u3Mmepsiu npu nomomu meronoB ADC-UCII (nmpumecs kanug) u MC-UCII (mpumecu
Topusi ¥ ypaHa) (Tabm. 3). YCTaHOBIEHO, YTO HWKHUU Tpeaen OOHapYyKEHUs I10
COJIEpP’)KaHUIO YINOMSHYTHIX 3JEMEHTOB B BOJE€ M Aa30THOM Kuciore, auOO B
U30MPOIUIIOBOM CIIUPTE, CPABHUM C IIEJICBHIMH YPOBHSMHU COJAEP)KaHUS MpHUMeced B
cenene. Onpenenennsie ypoHu conepxanus K, Th u U no3Bonunu crenats BBIBOA O
BO3MO>XHOCTH HCIIOJIb30BAHMS MCCIEIOBAaHHBIX PEAKTHBOB ISl pa3paOOTKH METOIUKH
OUYMCTKU U KOHJAULIMOHUPOBAHUS CEJICHA.

Tadauuna 3. YnensHble akTuBHOCTH (MKBK/KT) mpumeceii paguonykannos “°K, 2*Th u
238U B 0Opa3uax XMMHYECKHX PEaKTHBOB. MaccoBoe cojepskaHue (I/T), olpeeneHHOe
metonamu UHAA, ADC-UCIT u MC-UCTI, nepeBeaeno B MKBK/KT. (<) - 03Ha4aeT, 4To

yKa3aHbl 3HaueHus npenaena oonapyxkenus (I10). losepurenbHas BeposTHOCTD - 90%.

VYieabHble akTUBHOCTH (MKBK/KI) npuMeceil painOHyKJIUI0B
IMpumecn
HNHAA AIC-UCII m» MC-UCII
PaAUOHYKIHI0B
Bona A3oTHas kuciaora | HM3onponmioBblii ciupT
K 140 £ 6 <2300 37+4
232Th <19 <290 0,3+0,1
238y <21 <310 1,7+0,2

Tak ke cienyer OTMETUTH ABa (pakTopa YMEHBIIAIOIIUX BIMSHUE MpUMeced H3
peaktuBoB. 1) Ilpm xpomarorpaduyeckoit ounctke Ha KaTHoHHTE Dowex S0Wx§
KaTHOHBI TpUMEce MMEIOT BBICOKHE Kod(pduuueHTsl pacnpenenenus. 2) Ilpu

BOCCTAaHOBJICHHUU CCJICHa nus3 pacTBOpa CEJICHUCTOM KHCJIOTHI MNpOUCXOAUT
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JOTIOTHUTEJIbHAS OUYHUCTKA OT BCEX MpHUMEceH, KaK, BIPOUYEM, U IIPU IPOMBIBKE, TaK Kak
BCE MPUHLUIMUATIbHBIC IPUMECH SBJISIOTCS OUYEHb AKTUBHBIMHU METaJJIAMHU.

Bmopoii pazden TOCBALICH OIIGHKE COJAEp)KaHUS TpuMeceid B oOpasmax
MOJIMMEPHBIX MATEPUAIOB HCIIOJIb3YEMOW XUMHUUYECKOHW TIOCYIbI M XpoMaTorpadudecKoi
KOJIOHKH, a TaK)Xe MOJIMATUIICHA, UCTIOJIB30BAaHHOTO B Ka4eCTBE HEHTPOHHOM 3alllUTHI B
yctaHoBke Hu3ko(poHnoBoro skcniepumenta EDELWEISS.

B nepsom noopazoene mpusenensl pe3ynabratel MHAA 0o0pa3iioB moJuMepHBIX
MaTepuaioB XHMHYECKOH TMOCYIbl M HW3TOTOBICHHOW HAMH Xpomarorpaduyeckoi
KOJIOHKH. Ot o6pasupl — [I90K (mommsdupspupkeroH — MaTepuan KOJOHKH),
MOJIMITPONMIICH (MaTepHall XMMHYECKUX CTAaKaHOB, OyThUIEH U IIEHTPU(YKHOTO COCYa)
u nonuterpadTopaTIiieH. B 1iemom, oOHapyKeHHBIM YPOBEHb MNpuMeced (Mopsiaka
MBK/KT) XUMUYEeCKOW TOCYAbl, TNpUEMJIEM TIpPH €€ TMPOMBIBKE H MHOTOKPATHOM
WCIIONIb30BaHUU. Pe3ynbTarhl aHanm3a MPHUBEACHBI B COOTBETCTBYIOIIEM pa3felie

JTUCCEPTAITMOHHON PaOOTHI.

Bo emopom nodpaszoene npusenensl pe3ynbrathl MTHAA 00pa3ioB moaudTuieHa

(tabn. 4) HEHUTPOHHOW 3amUTHI (MOJMMATHICH BBICOKOM TUIOTHOCTH) YCTaHOBKH
EDELWEISS (ocHoBHas BHemHssi 3amuta) W EDELWEISS-3  (momonHuTenpHas
22T
BHYTPEHHSIS 3alUTa BOKPYT Kpuocrata). Kak BuaHo u3 Tabnuuel 4, conepxkanue ~“Th u
28U B o6pasmax JOMOTHUTENIBHON 3aIIMTHI cocTaBuno mopsamka 10%-10° mxBk/kr, Ha

OCHOBAHWH 3THX JIAHHBIX YCOBEPIIIEHCTBOBaHa Moienb (pona ycranoBkn EDELWEISS-3.

Ta6auna 4. YaenpHbie akTUBHOCTH (MKBK/KT) ipuMeced paTuoHYKIHI0B YK 22Th ¢
23U B oOpa3smax NONMATHIEHA, UCHONb3yeMbIX B dkcrepumeHtax EDELWEISS wu
EDELWEISS-3. MaccoBoe coaepxxanune (1/r), ompeneneHHoe Metogom WMHAA,
nepeBeneHo B MKBK/KT. (<) - o3HauaeT, uyTo ykaszansl 3HadeHus [10. [loBeputenbHas

BEpOATHOCTH - 90%.

Ipumecn YaenabHble akTHBHOCTH (MKBK/KI) mpumecei
PAANOHYKJIHI0B PAANOHYKJIHI0B
OcHoOBHAA 3a1IUTA JlonmosiHUTENbHAS 3aIUTA
WK 4900+ 1100 | 3190+ 770 | 29000 + 3500 | 11500 + 1600
232Th 473 £ 12 342+ 7 <216 <41
38y 16500 + 5200 | 10200 £ 1400 | 660+ 310 950 + 490
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YerBeprasg ryaBa  IOCBsIEHAa  pa3pabOTKe  METOAMKM  OYHUCTKH U
KOH/IMIIMOHUPOBAHMS CEJICHA, a TAaKXK€ €ro XUMHKO-aHATUTHUYECKHM HCCIIEIOBaHUSM.
[IpennosxeHHbI HAMU CIIOCO0 OYMCTKU M KOHIMIIMOHUPOBAHUS CEJIeHa OCHOBAH Ha!

- IPUMEHEHUHU crocoba peBepCHON KaTHOHOOOMEHHOM XpoMaTorpapuuecKoil OYHCTKU
celleHa OT MPUMECHBIX PAJUOHYKJIUJOB IIPHU UX BBIMBIBAHUU B HAINIPABJIECHUH OOPATHOM
JIIOMPOBAHUIO IIPOYKTA;

- UCTIOJIb30BAHUH BCETO JIMIIb TPEX XMMUYECKHX PEAKTHBOB: OUIMCTUIIIMPOBAHHAS BOAA,
a30THasl KUCJIOTA U U30IPONIMIIOBBIN CIIUPT BHICOKOM YMCTOTHI;

- MPUMEHEHUH JUOKCUAA cepbl BhICOKOU 4uCcTOTHI (kommnanus «OOO I'panat-E, TOCT

2918-79, uucrota - 99,9%), Kak BOCCTAaHOBHUTEJIS JIJIs1 TTOJTYICHHS DJIEMEHTHOTO CEJIeHa.

Bce sTanbl METOIUKH OYMCTKY M KOHJAUIIMOHUPOBAHUS TTPOBOJIAIIN B CIICIIHAIIBHO
CO3/IaHHOM «YUCTOM KOMHare». MeTroauka COCTOMT M3 IIECTH OCHOBHBIX IMPOLEAYP:
NPUTOTOBJICHHE WCXOJHOTO pacTtBopa ceneHucTo kuciaotel (0,5 Momw/m, 5 1);
xpomarorpaduieckoe paszaeneHue (OYHNCTKa); BOCCTAHOBIICHHE CEJICHHCTOW KHUCITIOTHI C
MOMOIIBIO THOoKcH 1a cephl (SO2); OTaeneHue cejeHa OT KUIKON (a3bl ¢ UCTIOIb30BaHUEM
HeHTpu(yrupoBaHusi, TPOMBIBKA BOIOM ¥ CHUPTOM; TOMOTEHHU3allUs, MPOMBIBKA

CIIUPTOM; BaKyyMHasl CyILKa.

Ilepeotit pazden TOCBSIICH pa3padOTKe METOMUKUA OYHCTKH CeleHa. Meroamka
OCHOBBIBAETCS Ha SKCIIEPUMEHTAIIBHO JTIOKa3aHHOU xoporteit copormu Cs, Co, Ra, Ac, Th

n U Ha KaTHOHUTE B PACTBOPAX CEJICHUCTOW KUCIIOTHI (puc. 3).

Ilepsviii nodpaszoen TOCBSILEH OLEHKE KauecTBa Xpomarorpaduyeckoi OYMCTKU
ceneHa ¢ momombio Moaenu [mrokayda. Jlms pacdera Ghopmbl KpUBOM DITFOMPOBAHHS

(XpomaTorpamMmsbI) UCIIOIB30BAJIN CIIEAYIOIEe YpaBHEHHE:

_N'(Vmax—Vsn)Z
CV:—)JI = Cmax e 2VarVmax (1)

3neck Cy, , Cmax — TEKyIIAsk 1 MaKCHMaIIbHas KOHICHTPALMH BEIIECTBA B HJIF0ATE,
COOTBETCTBEHHO, N — YHCIO TEOPETHUECKHX TapelioK, Vmax — O0OBEM ndiroaTa,
OTBEYAIONTUH MAaKCUMYMY KPUBOMU STIOUPOBAHUSA, Vs — TEKYIIUN 00bEeM AJI10aTa.

B namem cinyyae ouyuCTKa CEIEHUCTOM KUCIOTHI Ha KOJOHKE OT MpUMeceit 0ombIie
COOTBETCTBYET (ppoHTaNIBHOMY crHoco0y xpomatorpaduu. dopmanbHO 00BEM 10

MIPOCKOKA B eIMHUIIaX cBOoOOoHOTO 00beMa (Vo) paBeH Kp npumecu utroc 1 ¢ TOUHOCTHIO
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110 KO3 dUIMeHTa, yYUTHIBAIOIIETO 3aMI0JHEHUE KOJIOHKU cMoJ10il. OHaKO eI1e paHble
B ouuliaeMmble (pakuuu HA4YHET TOCTyNaThb MPUMECh H3-3a  YIIUPEHUS
xpomarorpaduyeckoro nuka. Takoe yIMpeHre MOXKHO OILICHUTh U U3 IepeiHero ppoHTa
KPHUBOH ITIOMPOBAHMSI, PACCUNTAHHOTO 110 MozaenH [ mokayda.

PacueTsr mpoBoauM 1711 00IBIION KOJIOHKH (uHA - 500 MM, tuaMeTp - 28 Mm),
XpoMaTorpaMMBbl MpUBEEHBI B equHuIax Vo. Hanbomnee erko smonpyeMbiM KaTHOHOM
B PacTBOPE CEJICHUCTOW KHUCJIOTHI SBJSETCA ypaH, uMmeronuid B 0,5 MOJb/T pacTBOpe
KUCIIOTHI KO3 puuueHT pacnpeaenenus pasubsiii 130. U3 pucyHka 4a Xxoporio BUIHO, 4TO
st cmoibl Dowex S0Wx8 ¢pakimonnoro cocraa 200400 merm (ass 6051ee KpyMHBIX
CMOJI TAK)K€) paCTBOP CEIICHUCTON KUCIOTHI B 00beMe Topsiika 35V OyieT mpakTHYeCKu

IMMOJIHOCTBIO OYHUIICH OT CJICA0B ypaHa.

19 a
= 75 MKM
0,1

e 150 mrm
0,014 & 500 MM
0,001 +

(=)

=— 75 MKM
e 150 mxm
A— 500 mxm

0,01 4
1E-4 4

0,001 {*

OTHOCHTEJIbHAN KOHUEHTpaUHsA
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T T 1
50 100 150 200 250

o

LJ T 1
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O6bem sm0aTa, V) Odnem dai0ata, V,

Pucynok 4. Xpomartorpammsel smoupoBanust U 0,5 monbe/n pactBopom HoSeOs (a) u
amoupoBanus Th pactBopom 5 moss/m HNOs (0), paccuntannsie mo mojaenu [mrokayda.
Jnuna konoHku - 500 mm, auamerp - 28 MM. O0beM HpOMyCKaeMON uepe3 KOJOHKY
CENCHUCTOM KUCI0ThI cocTaBisut ~ 35Vo = 5 1. Kp(U) = 130, Kp(Th) =20, Vo = 140 M.
Cpenuuii uameTp 3epeH KaTHoOHOOOMeHHOU cMoJtbl Dowex S0WX8 — 75 Mxm, 150 Mkm

u 500 MKM.

W3 pucynka 40 BUHO, UYTO OCHOBHAS YacTh TOpus (Hanbosiee TPYIHO AMIOUPYEMBbIN
KaTHOH B PacTBOPE a30THOM KHCIOTHI) MOXKET OBITh CMBITA C KOJOHKH 3alOJTHEHHOM
Dowex 50Wx8 pactBopom 5 Mons/n HNO3 (43Vo). CMBIBaTh AIEMEHTBI-TPUMECH W3
KOJIOHKU 3] deKkTrBHEE B 00paTHOM HaIpaBJIE€HUH, OCOOCHHO YYUTHIBAsT BO3MOXKHBIC

JIOKaJIbHBIC YIUIOTHEHHUS! CMOJIBI M COPOIIMIO MPUMeceil cTeHKaMH KOJOHKHU. [Ipu sToMm,
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HECMOTpPSl Ha MEPUOJMYECKUN XapaKTep MPOBENEHHUs Mpolecca, KOHEUHBIM MPOIYKT
BCEr/ia AIIIOUPYETCS C «UUCTOM» CTOPOHBI KOJIOHKH.

Bmopoti nodpazden MOCBSIIEH XpoMaTorpaduyeckoit OUUCTKE MPUPOIHOTO CEJICHA
JUIE OTpabOOTKM BCEX ATanoB MeTOAMKH. OYHCTKY celeHa MPOM3BOAMIM IS JIBYX
KOJIOHOK, 3TU pa3fieNieHus] OTIIMYAI0TCS TOJIBKO 00BbeMaMHt MPOITYCKaeMbIX PAaCTBOPOB.

[Tpupoansrtii cenen 100 r (cenen rexanueckuii — mapka CT-1, TOCT 10298-2018)
pactBopsutH B a30THOM Kuciote (Se + 4HNO3; — HxSeOs3 + 4NO»1 + H20), 3atrem pactBop
ynapuBaiu jjocyxa 10 oopazosanus SeOz (H2SeOs; «» SeOz + H20). Ilocne yero ocratok
pacTBOPSIIH B BOJE, MOTy4YeHHBIN 0,5 MOJIB/TT pacTBOpP CECHUCTOM KUCIOTHI TPOMYCKAIH
yepe3 xpomatorpapudeckyro KooKy (amuHa - 500 MM, guametp - 10 MM), 3an10JTHEHHON
cmosioi Dowex 50Wx8 (200-400 memr). ITo oxoHYaHWUW pa3aeieHUs] OYMIIECHHBIN
pactBop H2SeOs ynapuBanu nocyxa (koHeuHslit npoaykt — SeO.). U3mepenue yaenbHoM
AaKTUBHOCTH TpUMeced PaguoOHYKIUAOB B UcXoAHOM Se u oummieHHoM SeO:z (100 r)
npoBonunu Ha HPGe-cnektpomerpe (Bpems m3mepeHuss — 27 CYTOK) B TOA3EMHOM
nabopatopun (LSM, r. Monan, ®pannus). Pe3ynpTaThl W3MepeHWUN TNPUBEICHBI B

Tabimue 5.

Tabauua 5. YaensHble aktuBHOCTH (MKBK/KT) mpumeceii paguonykmugos ‘'K, 2?°Ra,
232Th u 28U B o6pasuax NpUPOIHOTO ceneHa, u3MepenHple Ha HPGe-criekTpomerpe B

LSM. (<) - o3nauaer, uro ykazansl 3HaueHus 110. JloBeputenbHas BeposiTHOCTH - 90%.

VYieabHbie akTUBHOCTH (MKBK/KI) npumecei
IMpumecn PaaAMOHYKJIMIO0B
PaAUOHYK/IHI0B Hcxonnblii 00pasen OunmenHslii 006pasery
cejieHa (Se) cejiena (Se02)
40K (5,9 = 1,1)x10* < 38000
226Ra (1,0 £ 0,1)x10* <5800
232Th (6,2 +1,3)x10° <2600
238y < 48000 <22000

Kaxk BUIHO U3 TaOJUIIBI, COACpKAHKE 226Ra, 232Th u 23U, a rarke “K B oOpa3siax

227 o

cHuzuiock. OmpeneneHue  coaep KaHUS Ac ¢ ToMomp  HU3KO()OHOBOU
Y-CIICKTPOMETPHUH MMEET BBICOKHI IOPOT OOHAPYKEHUS, U3-32 YeT0 €ro COACpPKAHKE B
HCXOJJHOM M OYHIIICHHOM 00pa3siie Se Mbl He onpeaeaui. OTHAaKO, UCXO U3 JaHHBIX 10

H3MepeHHbIM ko3 duiuentam pacupenenenus Ac (6onbure 10%) Ha kaTnonute Dowex
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S0Wx8 B pacTBOpax CEJIEHHUCTOM KHCIOTHI MOXXHO JOCTaTOYHO OOOCHOBaHHO
MPEOJIOKUTD, YTO Hallla METOAMKA IPUMEHUMAa UMEHHO Uit Ac, U er0 KO3 (DUIIUEHTHI
Oynyt Bbiie KOIPPUIMEHTOB OYMCTKHM 1o Ra. Hwuskwii ypoBeHb pagrOaKTHBHBIX
npumeceid (Tabn. 5) B oummenHoM SeO; TmToOKa3zal NPUMEHUMOCTh HAaIIeH
XxpomaTorpauueckoil METOAUKU OYUCTKHU.

XpomaTorpahuyecKyro OUYHUCTKY OONBIIMX KOJIMYECTB pupoaHoro cenera (600 )
MIPOBOJIMJIM HA KOJIOHKE Oosbmiero pasmepa (mmmna - 500 MM, auametp - 28 MMm) Tpu
KOMHATHOU TeMIIepaType Ha yCTAHOBKE, IIOKA3aHHOW HAa PUCYHKE S:

A) Tlopuuro pactBopa cenenucToi kucnotsl (0,5 Monb/i, 5 1) mpomyckanu yepes
KOJIOHKY CO CKOpOCThIO ~ 40 mii/mMuH; b) u 3arem pacTBop azotHo# kucioTsl (0,1 Momb/m,
1 1), amr0aT cCOOMpAK B IMJIACTMACCOBYIO €MKOCTD (cocyn 4 Ha puc. 5);

B) anee komoHKY MpOMBIBaJM B 0OOpaTHOM HampaBieHuH pactBopoM HNO;
(5 momw/7, 6 m); I') u pacTBOpoM a3zotHOM KucnoThl (0,1 Monb/1, 1 1), amr0aT codupanu B

MJIaCTMACCOBYIO €MKOCTh (cocyn 3 Ha puc. 5).

(.

HNO3

12 10 8

11 MpAmoe HaNpaeneHHe /— 9 /_ 7

HMoHoobmeHHaa KonoHKa

i3

- —————————— —

OunueHHana
Hz5e05

PeBepcHan
4acTb
3moaTa

HNO3 HNO3

UJWON §

fpastH veHoxan
wfauow 50
v/auow T°0
wfauow 10

L 2 -« VR VIRV

Pucynok 5. Cxema ycTaHOBKHM PEBEPCHON KaTMOHOOOMEHHOH Xpomartorpaduueckoin

ounctkn H>SeO3 0T mnpuUMECHBIX pPAJUOHYKIUAOB B HAalpaBICHHH OOpaTHOM
3IIOMPOBAHUIO MPOAYKTa. 1-6 - cocyawl ¢ pactBopamu, 7, 9, 11, 13 - TpoliHble KpaHbI

(BenTmim), 8, 12 - mepucraibTudeckue Hacocwl, 10 - HOHOOOMEHHAs KOJIOHKA.

Bmopoit pazoen nocesiiieH pa3padoTKe METOAUKH KOHIUITMOHUPOBAHHMSI CETICHA.
Jns mpurotoBieHUst (GoJIbI HEOOXOAWM 3IIEMEHTHBIM CEJIeH B BHJIE NOPOLIKA

BBICOKOW TMCIIEPCHOCTH CO CPEAHUM PA3MEPOM HaCTHUIL < 5 MKM.
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Ilepsviti noopazden MOCBSIIEH BHIOOPY METOJIMKH KOHIUIIMOHUPOBAHMS CEJICHA.
Jns monmydeHuss 3JEMEHTHOTO CeJ€Ha pacTBOpP OYMIIEHHOW CEJIEHHCTOM KHUCIIOTHI

BOCCTaHABIIMBAJIA JUOKCUIOM cephl (SO»):
H>SeOs + 250, + H,O — Se + 2H2SO4 (2)

[IpoBeneHsl  McciaeOBaHUS ~ BOCCTAHOBIIEHUS — ceJeHa B MPUCYTCTBUU
CTaOMIM3aTOpoB, B 4acTHOCTH mosimBuHMIOBoro cnupta (IIBC) m u3ompomnuioBoro
cnupta. Pe3ynbpTaTsl mokaszanu o0pa3oBaHre YCTOWYMBBIX KOJUIOMAHBIX (hpaKkiuii cenexa,
KOTOpBIE TPYIHO OTIACIHUTH OT XUAKOW (a3bl. JlanpbHeWIne OmbITHl TMOKAa3alH, YTO
NOJIy4YCHHBI B BOAHOM pacTBope 0e3 m00aBiIeHHs CTaOMIN3aTOpOB aMOPQHBIN celeH
Jake TOCTIe CYIIKHM YCHEIIHO MOABEepraeTcs NenTHU3aluu B BOJHO-CIIMPTOBOM PAacTBOpPE
[IBC. [ns yHUGUKAIIMA METOAUKH TEpell BAKyYyMHOW CYIIKOW MPEII0KEHO

TOMOT'CHU3UPOBATH CCJICH B U3OIPOIMUIOBOM CITUPTC.

Bmopoii noopazden mocBsieH OTpabOTKE METOAWKHA KOHIUIIMOHUPOBAHHUS Ha

IIpUMeEpE NPUPOJHOrO CEIeHA. Y CTAaHOBKA ISl BOCCTAHOBJIEHUS IOKa3aHa Ha PUCYHKE 6.

RN e W m—?' :

SO,
Bydep SO; Bydep SO,
Pacteop H,5e0;3

NN

$02-99,9 %

H,0

\ J \, 5 J \ J = y
l MaruutHas mellanka

Pucynok 6. Cxema ycranoBku Jist BocctranoBiieHust HoSeOs 10 371eMEHTHOTrO COCTOSIHUS
C MCIIOJIb30BAaHUEM JHOKCUAA cephl. | - 6amnmon ¢ SOz, 2 - peaykTop, 3 - peryIupyromui

KpaH, 4 - potameTp, 5-8 cocyibl U3 MOJIUIPONUICHA, 9 - MAarHUTHAS MEIIAJIKA.

Ounmennsnii pactBop H2SeOs3 (Bcero 6 m: 5 n ounmieHHsiid pactBop H2SeOs ¢
KoHIeHTpauueit 0,5 mons/n + 1 11 mpombIBHOM pacTtBOop 0,1 MOIB/T @30THOM KHCIIOTHI)
HepeNuBajIi B COCyJ 6 M HACHILAIM Yepe3 MOBEPXHOCTh JHOKCUAOM cepbl. C Ienbio

MOBBIIICHUST WHTCHCHUBHOCTH moriomenus SOz pacTBOp MneEpeMcEUInBaIn MarHUTHOM
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memankoi. Cpemuuii motok SO cocraBmsan 10 n/gac.  IIpomoimKUTETsHOCTH
BOCCTAaHOBJIEHUS COCTABIJIsUIA 7 4acoB. BOCCTaHOBIEHHBIN CENIEH OTIEISUIM OT pacTBOpa
MPY TOMOIIIH ICKAHTALUU U IICHTPUGYTUPOBAHUS i COOMPATH B IEHTPUQYKHBIX COCYIaX
oobsemoM 750 mi. B kaxxaom cocyne HakaruBaiu npumepHo 200 T ceneHa.

Janee ceneH mocienoBaTeNbHO MPOMBIBAJIA, BHAYANE NUCTUIUIMPOBAHHOMW BOAOM
(10-xpaTHO) ¥ HM3OMPOMIIOBEIM CIUPTOM (5-KpaTHO). M3MenpueHue U TOMOTCHHU3ANS
KPYMHBIX YacTUI[ CeJieHa TMPOBOAWIM B H3ONPOMHIOBOM CHUPTE JO TMOJIY4YEeHUS
OJTHOPOAHOM cycrnieH3uu (= 5 MUHYT, ~ 500 00./MuH). BeicymmBanue ceineHa mpoBOIAIH
B BaKyyMHOM InKady, 6€3 Harpesa, B TEYCHHUE CYTOK, IIPH pa3pexeHuu (5 moap).

Anamu3 wucxomHoro (ceneH TexHuyeckwid, Mapka CT-1) u ouumieHHOro
(KOHAMITMOHUPOBAHHOT0) 00PA3IIOB IPUPOTHOTO CeleHa Ha coaeprxkanus npumeceit K, Th
nu U npoBoamwmn ¢ momonipto mMerogoB ADC-MCIT u MC-UCII. M3 ouunieHHOro
aneMeHTHOro cenena (600 r) mpurotaBiuBaiy GOIBTU U IPOBOIWIN U3MEPEHUs (BpeMs

usmepenus — 130 cyrok) Ha BiPo-3 cnektpomerpe (Tabm. 6).

Taéauuna 6. CpasHeHue yaenbHbIX akTupHocTeil (MkBK/kr) mpumeceii “K, 2*6Ra, 2*2Th u
28U B obpasuax mopomka ¥ (GONLI MNPUPOJHOTO CENeHA, M3MEPEHHBIX C MOMOIIBIO
metoa0B ADC-UCII, MC-UCII u BiPo-3 criektpomerpun. MaccoBoe conepxkanue (T/1),
onpeneneanoe Mmerogom ADC-NCII, MC-UCII, nepeBeneno B MKBK/kr. (<) - 03Hauaer,

yTO yka3aHbl 3HaueHus [10. JloBepurenbHas BeposTHOCTD - 90%.

VYaeabHble akTuBHOCTH (MKBK/KT) npuMmeceii
Ipumecn pPagMOHYK/IHI0B
pagnonykanaoB | MUcxoauslil o0pasen OuuieHHbIH 00pa3zen
cejieHa (Se) cejieHa (Se)
ADC-UCII m» MC-UCII BiPo-3
WK 140000 £ 28000 < 62000 -
226Ra - - <870
232Th <33000 <33000 19 -336
38y <110000 <110000 -

W3 pe3ynbTaToB aHanm3a, MPUBEACHHBIX B Taliuie 6 BUAHO, YTO B UCXOJHOM H
OUYMIIEHHOM O0O0pa3lax MPUPOIAHOTO CEJeHa COJEp)KaHHE IMPUMECeH Kalus MEeTOJOM
ADC-UCII oneHuTh BMONHE BO3MOXKHO, OJHAKO JUIst omnpenenenus npumeceidr Th nu U

gyBcTBUTENbHOCT, MeToma MC-UCIT okazanace Hepocrarounoi. HeoOxomumyro
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YyBCTBUTEIBLHOCTh TI0 OMpENeTeHUI0 coiepkanus npumeced Th m Ra Ha ypoBHe ~
MKBK/KI MOXXHO TOJIy4UTH TOJBKO HPHU JIUTEIBHBIX W3MEPEHHUSIX Ha HU3KO(POHOBOM
BiPo-3 cnektpomerpe B ToHKUX (honbrax. Huskuii ypoBeHr mpumeceit (tabm. 5-6) B
[EJIOM TOATBEPAUT 3PPEKTUBHOCTh M TMEPCIEKTUBHOCTh pa3pabOTaHHBIX METOJIUK

OYMCTKHU U KOHAUIIMOHUPOBAHUA CCIICHA.

B mpemvem pazdene rooputcs 06 OUMCTKE M KOHIMIIMOHUpOBaHUH 2,5 kr ¥Se.
[lepBast yacTh HM30TOIHO-OOOTAIIEHHOrO CceleHa B BHAE ABYokucH °2SeO> OblIa
npuobpereHa B AO «[10 Dnekrpoxumudeckuii 3aBoa» (T. 3eneHoropck, Poccust) u
uMenyetcs nanee «J{ybHa». Ero macnopTHslil n3otonuslii cocras: 52Se - 99,88%, "Se -
0,01%, "%Se - 0,01%, ""Se - 0,01%, "8Se - 0,04%, ¥°Se - 0,05%. Bropas uacts *2SeO, 6bina
npuobpereHa y ppanimysckoit komnanun «CHEMGASy, n umenyercs nanee «@panmus».
Ero macrnopTHBIH H30TOMHBIH cocTas: $2Se - 96,1%, ¥'Se - 3,9%.

O4HCTKYy HM30TOMHO-00OTameHHoro $2Se (2,5 Kr MO MeTauly), TPOU3BOMIH
aHAJIOTUYHO TOMY, KaK ObLIa OCYIIECTBICHA OYMCTKA OOJIBIIIOT0 KOJIWYECTBA IPUPOTHOTO
cenieHa (smopoii noopaszoen nepeozo paszodena). KOHIUIIMOHUPOBAHHUE TPOBOIUIH
AHAJIOTHYHO 8MOPOMY NOOpA30ey 6Mmopozo pazdend.

B mporecce OYMCTKM W KOHAWIIMOHUPOBAHHS XWMHUYECKHH BBIXOJ H3O0TOITHO-
oboramennoro *Se cocrasnser 6onee 99%. OcHoBHbIE HOTepu (MeHee 1%) MpoucXoasT
npu UeHTpU(YrUpoBaHWM W TroMoreHm3anuu. llorepu mpu Xpomarorpadudeckom
pasnenenun 200 r ¥Se cormacno ADC-UCIT u MC-UCII o6pasiia peBepcHOH yacTH
9JIf0aTa He3HAYUTEIbHBI U cocTaBisuin 0,1%.

[Ipu anammse ob6pasnos ucxomsoro (*2Se0,) m oummennoro ceneHa (¥2Se) c
nomo1kio Meto10B ADC-UCIT u MC-UCII HaM ynanochk CHU3UTB IIpeesl OOHAPYKEHUs
npumeceit K, Th u U Ha mops1ok B OTHOIIIEHUH 00pa3ioB MpUpoaHoro ceneHa. OaHako,
pe3yabTaThl aHATN3a MMOKA3aJIH, YTO TaKas YyBCTBUTEIBHOCTh TAK)KE HEJOCTATOYHA IS
onpenenenus conepxkanus npumeceit K, Th u U Ha ypoBHe mopsinka MKBK/KT. Y aenbHbIe
AKTUBHOCTHU pafuoakTuBHBIX mpumeceit *°K, 2*2Th u 2*8U B uzoronno-o6oraménnom **Se
coctaBmiiM < 9300 MxBx/kr, < 8100 MKkBbK/kr 11 < 2500 MKBK/KT, COOTBETCTBEHHO.

B OKOHYaHMH OYHCTKH ¥ KOHJAUIMOHUPOBAHHUS, OCHOBHYIO 4aCTh MOTydeHHOro 22Se
ormpasnsiin B JlaGopatopuio ¢usuku uactun 1. AnHcu (LAPP, ®panuwms) s

IPUTOTOBIICHUS U3 HETO TOHKUX (obr (TommuHa ~ 300 MkM, ymmHa ~ 2700 oM, mupuHa

20



~ 13 cM): [y 3TOr0 CMech M3 OYHMIIEHHOTO M KOHAMIMOHHPOBAHHOIO MOPOLIKA S2Se
(«dyona» n «®pannus») u [IBC kies HaHOCHMIM HA TOHKYIO TUICHKY (TIOJMATUIICH
TOMUMHOW 12 MKM) M BbicymmBaid. [IpuroroBneHHBIE (PONBIU HCCIAETOBATN TIOA
3JIEKTPOHHBIM MUKpOcKonoM (puc. 7). Pasmep gactur 32Se B gonbrax coctaBmi ~ 1 MKM.

Ha xoHeuHOM 3Tane, IpUroTOBJICHHBIC U3 OYMIICHHOTO ¥ KOHIUIIMOHUPOBAHHOTO
nopomka 52Se («lyoHa» u «Dpannus») Gonsru u3MepsaH Ha HuskodoHoBOM BiPo-3
criektpomerpe (Bpemsi m3mepeHuss — 130 cyrok). PesynpraThl m3MepeHus ¢oJbr
nokasanu, uto cogepxkanus >>Th (%TI) u ?*Ra (*"*Bi) B dombrax 32Se «Jly6Ha»
cocraBuiu: 22-150 (8-54) mxbk/kr, < 600 (< 600) MKBK/KT, COOTBETCTBEHHO; IS (POIIBT

82Se «@pannuay - < 294 (< 106) MxBk/kr u < 1370 MKBK/KT, COOTBETCTBEHHO.

AT 5 1605060 B9 £ m
SE MAG 14287 5 HG 1500 kY WILE 12,0 mim

Pucynoxk 7. Buz 2 Se ¢onbru mos 31eKTpOHHBIM MUKPOCKOTIOM.

CpaBHEHHE 3TUX PE3YJIbTATOB C Pe3yJIbTaTaAMU U3MEPEHUS YIEIbHBIX aKTUBHOCTEH
npuMeceil B gombrax cenena-82 skcnepumenta NEMO-3 nokazano, 4To HaM yaaioch
cHU3UTH cozepxkanue 2Tl ~ B 50 pa3, a 2!*Bi - 6onee uem B 2,5 pasa (Tabn. 7). ADC-HUCII

nu MC-UCII o6pa31oB mopoiika H30TOMHO-000TaIllleHHOTO 82Se mosBosISIIOT CenaTh
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3aKIIoueHne, 9to yaenabHele aktueHocTH ‘K 1 238U cHusumnck Gosee yeM B 6 pas U B

7 pa3, COOTBETCTBEHHO.

Tadauua 7. CpaBHeHHUE YIEIbHBIX aKTUBHOCTEH (MKBK/KT) mpuMecel paIuoOHYKIUI0B B
donerax w3oTOMHO-00OTamEHHOTO 2Se skcrepuMeHToB NEMO-3  (n3MepeHsl B
ycranoske NEMO-3) u SuperNEMO (u3mepens! Ha BiPo-3 crexrpomerpe). [ “°K u
238U npusenens pesynbratl ADC-UCIT u MC-UCII 06pasios cenena. (<) - 03HaYaer,

yTO yka3aHbl 3HaueHus [10. JloBepurenpHas BepossTHOCTD - 90%.

VYaeabHble akTuBHOCTH (MKBK/KT) npuMeceii
Ipumecn % Kosdpuumnent
PaAHOHYKJIHI0B B (poIbrax °“Se
PAAUOHYKJIUI0B yJay4YlIeHust
NEMO-3 [5] SuperNEMO
40K 58700 + 100 <9300 >6
28y 17300 + 100 <2500 >
232Th (2%T1) 1100 + 28 (400 + 10) 22 - 150 (8 —54) 7-50
226Ra (**Bi) 17300 + 100 (17300 + 100) <600 (< 600) >2,5

Hcxons w3 pe3ynbTaroB TaOnMIbl 7 MOXHO CKa3aTb, YTO MOJyYyeHHas

BBLICOKOJIUCIIEPCHAs  (OpMa  HM30TOMHO-OOOTAIIEHHOTO 3JIEMEHTHOr0 °2Se  MMeeT
YHHUKAJIBbHO HU3KOE COAEpk aHHe PaJluoaKTHUBHBIX MpumMecei. [lomyueHHbIe pe3ynbTaThl

IPEBOCXOIAT YPOBHH YUCTOTHI (oJIbT, m3MepeHHble B NEMO-3.
BbIBO/IbI

1. Pa3paborana MeToauWKa OYKMCTKHM HW30TOIMHO-OOOTAIIEHHOTO cejeHa-82 OoT
PaAMOAKTUBHBIX MPUMECEH U €ro MOCIEAYIOUEro KOHANINOHUPOBaHUs. OCYIIECTBIICHBI
OUMCTKAa M KOHIMIHOHMpoBanue 2,5 kr S2Se. ITomydena BelcOKomucrepcHas Qopma
27IEMEHTHOTO 2 Se ¢ HU3KUM COJIepsKaHHEM PaJHOAKTUBHBIX IPUMECei, pa3sMep YacTHIIbI
ceJieHa B MPUTOTOBIICHHBIX (osbrax coctaBui nopsnaka 1 mxm. M3mepenus nHa BiPo-3
CIEKTPOMETpPE IMOKa3ajlu HHU3KOE COJAEpKaHHME MpHUMeceld PaguoHYKIUAOB B (hosibrax
M30TOIMHO-000TaIIeHHOTo ceneHa. [1o pe3ynbratam U3MEpeHui, cofepKaHue MpUMecei
cocrasuno: 22-150 (8-54) mxBbx/kr ana 2*2Th (*°*T1) u < 600 (< 600) MxBx/kr mus 22Ra
(*'“Bi). W3mepeHns moaydeHHBIX 00pa3IoB H30TOMHO-000TAMEHHOT0 2S¢ ¢ TIOMOMIBIO
ADC-UCII u MC-UCII nokaszanu coxepxanue “°K u 2*8U na yposne < 9300 MxBK/kr n

< 2500 wmKBK/Kr, COOTBETCTBEHHO. YHHKAJIbHBIH YpPOBEHb YHUCTOTHI (OIBr U3
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OUMILIEHHOTO H30TOMHO-000ramEHHOro *2Se MPeBOCXOAUT YPOBEHb YUCTOTHI (POJIBT
npeapiaymero skcrepuMenta NEMO-3 u oTBewaer TpeOOBaHUSIM MEXKIyHAPOIHOTO
Hu3kodoHoBoro skcrepumerTa SuperNEMO-/IemonrcTpaTop.

2. Bnepsble mpeioxkeH cocod OUMCTKH cejleHa OT mpumMeceit paauonykiunos K,
226Ra, 2Y’Ac, Th wm 2®U, ocHOBaHHBII Ha pEBEPCHOH KaTHOHOOOMEHHOI
XpoMmaTorpauu CeJIeHHUCTOW KHUCIOThl C BBIMBIBAaHHMEM IpUMeceld B HalpaBiICHUH
0o0OpaTHOM JJIOMPOBAHUIO MPOJAYKTa. BrepBeie mNpeasiokeHa IOCIe0BaTeNIbHOCTD
METOJI0B OUHCTKH ¥ KOHIUIMOHUPOBAHUS H30TOMHO-000rameHHoro $2Se npu KOMHATHOM
Temmeparype: xpomartorpadusi, BOCCTAHOBIEHHE pPACTBOpPA CEJICHUCTONH KUCIOTHI
JTMOKCHJIOM Cepbl, HIEeHTpU(]pyrupoBaHue, rOMOT€HU3AIIMSL, TPOMBIBKA, BAKYyMHasl CYIILIKa.

3. Paspaborana Metomuka nmomyueHus “>’Ra, 2°Ac, *°U, a Takke mUpokoro kpyra
PaZIMOHYKIMIOB U3 TOPUEBOM MUILEHH, 00IydeHHOU npoToHaMu ¢ 3Heprueii 300 M»aB.
Meroauka BbIJIEJICHUSI OCHOBAaHA Ha OTACIICHUM IIUPOKOIO Kpyra paJdOHYKIUAOB OT
topust (1-if 3Tam) Ha aHWOHUTHOW KOJOHKE co cMoioi AG-1x8 (100-200 memr) B
A30THOKHCIIOM pacTBOpE, C TMOCIEAYIOIIMM XpoMaTorpapuueckuMm pas/ieIeHueM Ha
kaTuoHuTe (2-if 3Tam) co cmomnoit AG-50x8 (- 400 mem). [Tonyuenue 2°U ocnoBano Ha
ero BhlAenenuH 13 ppaxiuu nporaktunus (2°Pa(B)>U).

4. Omnpenenensl ko3 dunuents pacupeneneHus Th, U, Ra, Ac, psia TeXHOTEHHBIX
pamunonykimnoB Cs (ananor kammsi), Co u peakozemenbHbIX anemMeHToB (Y, Ce, Pm, Tm,
Yb, Lu) na karnonure Dowex SO0Wx8 (200-400 mernr) B pacTBOpax CEIEHUCTON KUCIOTHI
B quana3oHe koHneHtpamuii 0,5-4 monw/n. OmnpeneneHa ONTUMaNbHAS KOHIICHTPAIIHS
CEJICHUCTOM KHUCJIOTHI JIJIsl OYMCTKH Ha KatnoHnute — 0,5 moinp/n. [lpennokeH Mexanusm
necopOuMM  M3y4YEHHBIX JJIEMEHTOB C KAaTHOHHUTA IMPH BBICOKUX KOHIEHTPALUSX
CEJICHUCTOM KMCIIOTHI, B OCHOBE KOTOPOI'O JIEKUT B3aUMOJICHCTBUE ITUX AJIEMEHTOB C
HEIMCCOLMUPOBAHHOM (POPMOI1 3TOW KUCIIOTHI.

5. OmnpeneneHo coaepkaHue MpUMeEcei B 00pa3iiax moJrudTUICHA, UCTIOIB3YEMOTO B
KauecTBe HEUTpOoHHOU 3anuThl HU3Ko(oHoBo#H ycranoBkn EDELWEISS ¢ momombio
METO/la MHCTPYMEHTAJIBHOTO HEHUTPOHHO-aKTUBALIMOHHOrO aHanu3a. Conep:kaHue
npumeceil paguonykauaos 2>>Th u 38U B o6pasiax moiusTHIEHa COCTABUIO TOPSIKA
10?-10° MKBK/KT, Ha OCHOBAaHMH YEro yTOYHEHA MOJIEh HEHTPOHHOrO (OHA YCTAHOBKH

EDELWEISS-3.
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