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llpHCYTCTBHe a.KTHHH~OB B 3KOCHCTCMax TipC.UCTaBJUleT rnrumy10 OTI3CHOCTh ,ll.JlSI 

3.ZI.OpOBbSI qenoBeKa BCJJe.ZI.CTBHC HX BblCOKO:H: pa,nHOTOKClitiHOCTH H 60JJhlllHX nepHO.O,OB 

nonypacfraua. :7niM o6oRCHHeTCR ro BHHMrume, xoropoe y.n.eJUleTC»: ux onpe.n:eneHHlO B 

o6oeKTax OKPYlKaJOIIleii cpe.nhr [1-4]. 
06bltiHO .ZJ.]UI 3Ha.JIH33 rpaHcypaHOBblX 3JieMeHTOB HCTIOJlb3YlOTCSI pa3JJHliHhie 

BapHaHTbl HeiiTpOHH0-3KTHB3UHOHHOfO 3HaJIH33, aJib<Pa- H MaCC-CTieKTpOMetpHlleCKHe 

MeTO.Uhl. Tipe.ne.."lhi o6Hapy>KeHPI.SI 
237

Np H 
232Th COOTBeTCTBeHHO COCT8BJIJHOT 

(r): 3,8·10"12 li 10·7 - np!i a-cneKTpOMerpM!i, 5·10"13 li 10"10 r- np!i HeiirpoHHO

aKTHBaunoHHOM 3HaJIH3e, 5·1 o·l3 H 2·1 0'12 
- B CJJytiae M3CC-CTICKTpOMetpHH [5-9). 

· DpHpO,UHbJe H30TOTibJ ypaua MO>KHO onpe.UeJUITh C IIOMOUlMO aJJb$3-

cneKTpOMerpHH, npH 3TOM npe.nenb! o6Hapyl!<eHH• 238U - 6·1 o·' r, 23'u - I o·• r [I 0]. c 
ITOMOlllblO M3CC-CTICKTp0MCTpHH MO>KHO onpe}leJIRTb 

234
· 

235
• 

238U B KOnH"'·IeCTBC HC 

MeHee 5·10"10 r [II]. 
HacroSUIJ.asi pa6ora nocss:~meua pa3pa6orKe Mero.na onpe.ueneHH.Sl ropHSI H 

uenryHH.SI nyreM perHcrpauHH ocKOJJKOB BhiHym.neuuoro ~eneHIDI g;1,ep c 

HCTIOJlb30B3HHCM peaKU}Ui <PQTO,neneHHSI H TipHMeHeHHlO 3TOf0 MeTO.U3 llpH 

onpe.ueneHHH CCTeCTBCHHbiX H HCKYCCTBCHHblX 3KTHHH.UQB B npnpO.llHOii BOlle. 

3KcnepHMCHT3JlbH3R 1.J3CTb 

PeaKTif8bl H lf30TOnbl. I1cTIOJJb3yeMbiC B pa6ore KOHUCHTpHpOB3HHbiC 

KHCTIOThi (HN03, HCI, CH3COOH) MapKH "'Ula" npe.nBapHTenbHO o•mmaqH 

neperoHKOH B annaparype, H3roronnenHoH H3 recpnoua. Pa36asneuue KHCJIOT 

npOBO.UHJIH 6HxtHCTH'JIJJH.poBaHHOI1 so.n.o:H:. Hcxo,aHbJe paCTBOpbi 
231'h (6-1 o-4 r/MJJ), 

UcCT. (10'6 r/Mn) H. 
237

Np (10'6 r/Mn) rorosnmi pacTsopeHHeM TO'lJHbiX HaBeCOK HX 

330THOKHCJlbiX coneH B 0,5 M HN03- nony'IeHHbie pacrsopbl xpaHHJIH B re<Pnouoso:H: 

nocy.ne. 

B KatieCTBC OTMeT'lJHKOB HCTIOJlb30BaJUI H30TOTibl 
234Th, 237U, 235

Np H 
236Pu. 

234Th H3BJJCK3.JIH H3 paCTBOpa ypaHHJI~HHTp3T3 a,ncop6UHCi1 H3 6yM3>KHOM <PHJJbTpC C 

nocne.ny!Omeii .necop6UHeii HCI [12]. Jii30Ton 235Np 6bm nonyqeH Ha ycKoprnene 

Y-200 npH o6nyqeHHli 23'u (99.993 %)-MHmeHH .neiiToHaMH c oHepmcii- 18 MoB no 

peaKUHH- 235U(d, 2n)235Np (13], 236Pu- B peaKUHH 237Np(y, n)'36"'Np~236Pu (14], a 
237U - B peaKUHH 

238U(y, n)
237U H3 l\OMTI3KTHOM yCKOpHrene 3JICK!p0HOB -

MHKporpoHe MT-25 (15]. 
llpHrOTOBJieHHe 3TaJIOHHbiX o6pa3uos. 3TaJIOHHble o6p33Ubt 

231-h, UeCT. H 

2"7 
" Np roTOBHJIH Henocpe~crseHuo nepe.u. 3KCTiepRMeHTOM. )J.IDI Jroro HCXOll.Hbie 

pacTBop•r pa36aBJIJ!TIH 0,5 M HN03 .no KOHUeHrpauHii OT 10"9 1\0 10"
12 

rhm. 

AnHKBOTbt nonytieHHblX pacTBopos (4 napanne..'IbHhie npo6bl) KarrHJJJJ.R:poM HaHOCH.'lH 
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Ha pa60'I)'IO DOBepXHOCTb (2 X 2 CM) TBep.UOTenbHOrO ,UeTeKTOpa (TT.I(). B 
KaT.JecTBe Koroporo HCIIOJIL30BaJIH nonuMepHyro nneHKY LEXAN TOJilUHHoH 

175 MK.\f, H HcnapanH no.u pryruoH nru.moit. Jl.a.JJee pa6oqyro nosepxuoCTb ]lereKropa 
33KpbiBaJIH nonuMepuo:H. nneHKoH LEXAN, KOropas~ TaK)Ke cnyifmna B Kat.Iecrse TT)l 
TaxHM o6pa30M, aHaJIH3HpyeMLIH o6pa.Jen Haxo.rumca Me)l(!ly .n.nyMa aereKropaMH, 
"LITO, KaK 6biJIO IIOKa3a.HO B npe.unapHTCJibHhiX 3KCnepHMCHTax, 06eCJIClJHBaJIO 

3¢¢eKTifBHOCTb perHC1'p3UHH COfihiTHii ¢0TO,llCJICHH51 x.zxep, paBH)'lO 75%. 
AH3JJOrH1.J.HO roroBHJIH c6opKH .uereKTopos c aHaJIH3HpyeMhiMH npo6aMH, a raKJKe c 
runt:KBOTaMH HCIIOJJh3yeMIJX B pa6ore peaKTHBOB. C6opKH ,Llerexropos c 

aH3JIH3HpyeMbiM BClllCCTBOM IIOMCJllaJIH B UHJIHH.UpHT.JCCKHH: .:rep)KaTeJlh. liTO 

o6eCDClJHBaJIO HX O,llHH3KOBOe DOJJOJKeHHe OTHOCHTCJihHO UCH1'PaJihHOfi OCH f3MMa

TIY'llK3. ~.TlSI KOHT'pOJIJI pacnpe.neneHH.ll DOTOKa raMM8-KB3HTOB DO o6pa3UaM npH 

06JiytJeHHH HCTIO.Tib30BaJIH Me,llHble MOHHTOpbl ..UHaMeTpOM 8 MM. 

06nyqeuue o6pa3uOB. C6opKy H3 I 0-15 o6prouoB o6ny'lann ra\IM3-KBOHTaMu 
KOMTiaKTHOro ycKopHrenH 3.TieKTpOHOB - MHKpOTpOHa MT-25 npH cpe.n.HeM 

TOKe 3.TieKrpOHOB- 15 MKA H MaKCHMa.TJhHOH 3HeprHH J.TieKrpoHoB- 24,5 MJB. BpeMjl 

o6nyl.JeHH.ll 6bl.TIO Bbi6paHO Ha OCHOB3HHH npe,nsapHTe.TibHbJX 3KCnepHMeHTOB no 

palU.faUHOHHO:H: CTOHKOCTH M3TepHa.TI3 ll,eTeKTOpa H COCT3B.TI.ll~10 4 ll3C3. flo OKOHl.J3HHH 

o6ny'-:leHH.ll o6pa3Uhi "oxna)KJla.riH" s ret:JeHHe 12 l.facos, H3MepanH 

aKTHBHOCTh Cu-MOHHropon H paCClJ.HThiBaJIH noroK y-KBaHTOB no o6pa3uaM c6opKH. 

Tpasneune TT){ • .D:ereKropbi npoMhiBaJIH H20.u11cr. H n Tel.JeHHe 1-1.5 Yacos 

sr:.r.a:epJKHBaliH B 6 M NaOH npa t = (60±2) °C. 3areM .uereKTopr:.r npoM&IBa11H so.uoi1: H 

BbiCYlllHB3.11H. ,L{aHHbie YCJIOBH.ll o6ecnelJ.HBaJIH DO.Tiyl.JeHHe rpeKOB ,!J)IHHOM 20-25 MKM 

H .UH3MerpOM 5-6 MKM. DnOTHOCTb rpeKOB TIOJlCllHTbiB3JUi Ha OTITH'l.JeCKOM 

MHKpOCKOne npu yBenu'leHHH (I 00-300)X. 
llp06hl BOil,bJ. flpo6bi BO.Ubi -OT6Hp3.TIH H3 pa31IHliHbiX HCTOl.fHHKOB, 

paCTIO.TIOJKeHHbiX B OKpCClHOCDJX r. ,L{y6Hbl (MOCKOBCKaJJ 06::13CTb). ,L{Jljj 

npe.uorspameHHH cop6UJm Hccne.uyeMbtX HYKJIH.llOB Ha creHKax cocy.aon npo6hi 

DO)lKHcnanH HN03kouu .no pH 1-2 H Q:m:.TJbTpOBaJIH t:Jepe3 Tpe'KOBbie MeM6paHhi c 

.UHaMeTpOM _nop 5 MKM iuJH OT.Ue.TieHH.ll HepaCTBOpHMhJX l.f3CTHU. 3aTeM npOBO)lHJlM 

pa.UHOXHMHt:JeCKOe BbUI,eJieHHe 3KTHHHJ{OB. 

Bhi.ne.1'Jeuue aKnnnm.os. CxeMa BhiJle.lJeHH.ll aKTHHH.UOB H3 npo6 npMpo.aHhJX 

BO..!I ..uaHa Ha pH c. 1. B o6lj33Ubi o6'beMOM or 0,8 n .uo I ,5 .ll .no6aB.'UIJ1H 

HYKnHl!bl 234Th (100 EK), 2 U (100 EK), 236Pu (0,2 EK) H 235Np (2 EK). 
Pacrsopr:.r nrtareJibHO rrepeMenmsanH H BbUI.epiKHBaJJH npH KOMHaTHOH 

TeMneparype B Tel.feHHe 3 CYTOK ,!J)ISI JlOCTH)l(eHHSI H30TOITHOrO paBHOBeCHSI. )J.aJiee 

B pacTBopht .no6aBJISIJIH FeCI3 (KOHIWHrpaUH51 Fe+
3
-HOHOB s pacrsopax cocrasm1.r1a 

0,03 MriMn) u npn pH~9 npoBo)lunn oca)!(.lleHue Fe(OH)J. OcanoK 
or¢mnbTpOBhiBaJIH, npoMLIBaJIH 1% pacrsopoM N~OH, noc.'le tJero pacrsop.!IJIH s 

20 Mn 7,5 M HNO,. K nony'ICHHOMY paCTBopy il06aan•nu no 0,2 r N,H,·HCI an• 
BOCCTaHOBneHHR Np(V) .uo Np(IV) H NaN02 .un• cTa6unu3aunu Pu(l V). 3aTeM paCTBOp 
nponycKaJIH lJepe3 HOH006MenHy!O KO.TIOHKY C 3HHOHHTOM Dowex-Ix8 (B 

HHTP3THOH <jJOpMe, 100-200 Melli, 0 6 MM H h ~ 70 MM) CO CKOpOCThiO 
I MmMHH. U (VI) u 6onoiiiHHCTBO npnMeceii .uecop6upoBanu 20 M,1 7,5 M HNO,. 

2 

HNO""'"" 
1

• pH ~ 1-'2 --> 06pa>eu <- '·"U (I 00 5k). '·"Pu (0.2 5k) 
[Fe'"]. 0.03 MriMn __. (sana. 0.8- 1.5 n) <- '"Np (2 5k). "'Th (I 00 5k) 

NH40H!~<.JIIU.) JlO pH= 9 ---+ JJ. . 
Oca)K.D.eHHe 

OpoMhlBKa I% NH40H ---? Fe(OHh ----? C6poc 
~ 

7.5 M HN0_,(20 Mn) --> I PacTaopeHHe I 
~ 

CTa6HnH3aUHR 
Pu(!V). Np(IV) 

+---- 0.2r NaNO~ 
<-- 0.2r N,H,·HCI 

~ 

Dowex-1 x8. I 00-200Mew ~HHoH. o6MeH I H1-np. ¢opMa. 70 x 6 MM 

<D7.5 M HNO, (20 Mn) --> 
<l> 9 M HCI (15 Mn) --> --> 0 Th .J YnapHs.-sn.co.'lH 

()) 0.1 M NH,I + 9 M HCI (20 Mn) --> --> 0 Pu 

®9 M HCI (10Mn) -> --> 0 C6poc 

®2M HCI(20 Mn) --> --> 0Np 

~ 

I YnapHsaHHe- sn.co.ri-H I ~ I 0 U. Am+Cm. Np. P3. Fe I 
~ 

PacTeopeHHe s 2 Mn 
0.1 M KBrO_, + 7.5 M HNO., 

~ 
3KCTp3KUHOHH3ll XpOMaTorpa(VIill 

TB3KC( I 0% TOc!JO) 30 X 2 MM 

.J .YnapHB.-BJl.COJlH 

0, I M KBr03 + 7.5 M HNO_, (2 Mn) ---> -----t I Am. Cm - onpe.!teneHHe I 

0.25 M HN03 + 3% H,O, (2 Mn) -> -----t Np ---+ ] YnapHBaHHe-sn.cO.rm I 

10% NH4HCO~ (6 Kanenh) ~ 

~ 
I UHaTT)1(175MKM) I 

~ 
I y-cneKTpoMeTpHst ! . ./U (90%) J 
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Bhl,llE.~EHliE TOPllil Bhl,llEJIEHliE nJJYTOHll~ 

I e Th. PacTBopeHHe B 2 Mn 7,5 MllNO;J 
l) 

I e Pu. PacTBopeHHe B 2 Mn ·7,5 M HNO, I 
l) 

AHHOH.06MeH, Dowex-lx8, 100-200 Mew, I CTa6HnH3aUH-, Pu-(IV). 0,1 r NaNO, I 
l) HHTp3TH.¢0pM, J 0 X 2 MM 1 

I AHHOH. o6MeH, Dowex-1 x8, I 00-200 Mew, 

C6poc <-- HHTpaTH3R <flop~!3, J 0 X 2 MM 

Cne..J.bl U <(-- ~ 2 MJI 7,5 M HNO) 

<-- 6 Kan. 9 M HCI 2 MJI 7,5 M HNO ... --7 

6 Kane.'lb 0, I M NH~I + 9 M HCI -t 
lr --,T;:-h "Ha=--"'TT"'.ll"("l'7"5 ,c:,K:-:M:-;-)--,1 

l) 

-7 C6poc 

--T Cne,lhl U 

l) 

r y-cneKTpO~leTpHR l.> Th (90%)-] I Pu Ha TT,ll (175 MKM) J 
l) 

I o:-cneKrpoMerpH.si 2'16 P-U (86%) I 

Bhl,llEJJEHliE HEnTYHVJI 

I PacraopeHHe-1 MJ1 CH_,COOH(KOJiu J I 
l) 

I YnapHBaHHe-BJJ. com1 I 
l) 

I PacTBopeHH< a 6 Kan. 4 M CH3COOH I 
l) 

AHHOH. o6MeH, Dowex-1 x8, 1 00-200 MCW 
auerarHa.s~ ¢op'-1a, I 0 x 2 MM 1 

4 Kanmt 4 M CH3COOH ---+ 

l) 

I Np Ha TT,ll (175MKM) I 
l) 

I y-cneKTpOM<TPH' "'Np (75%) I 

Pnc. I. Pa.aHOXHMJil·leCKM cxeMa Bhi.UeJieHJ:tH Th, U, Np H Pu. 

4 
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Top"il B ""lle Th (IV) omo"posan" 15 Mn 9 M HCI. 3aTeM qepe3 KOnOHKY 
nponycKan" 20 Mn 9 M HCI + 0,1 M NH.I M• omo"posaH>'" nnyTOH"" B B"lle 
Pu(Ill) " I 0 Mn 9M HCI M• npOMbiBKH KonoHK". Np (IV) omoHposanH pacTBopoM 
2M HCI (20 Mn). 

)l.m1. JI.aJibHeHrneH o~HCTKH ypaHOB)'lO $pa.KUMIO ynapMsanu ll.O sna)taiLD: C~neH, 
H ocTaToK pacTsop•nw B 2 Mn 7,5 M HNO, + 0,1 M KBrO, npH HarpesaH""· Pac~sop 
OXJI3)K}laJllf H TipOO)'CKa'lH ~epe3 KOJIOHK)' (0 2 MM H h = 30 MM) C TBep.ULIM 

3KCTpareHTOM (TB3KC), co.ueplKaJI.(HM 10% TO<IlO. KonoHKY npOMbiBanH 2 Mn 
7.5 M HN03 + 0, I M KBrOJ H npoBO)lHnH )lecop6umo HemyHH• (2 Mn 0,25 M HNO, 
+ 3% H20 2) H U (VI) (6 Kann•MH 10% NH.HCO,). B cnyqae ypaHa )lecop6aT 
Henocpe.ucrseHHO H3 KOJIOHKH HaHoCunu Ha .usa IT,[(. pacrsop ucnap.S~nu u 

onpe.uen.s~nH pa.n.uoxuMu~ecKuH BLixo.u ypaHa no 
237

U. 
TopHeByJO <jlpaKUHIO (15 Mn 9 M HCI) ynap,manH .uocyxa, ocTaToK pacTBop•nH 

s 2 MJI 7,5 M HN03 u ynapusaJIH .uoCyxa. Onepauuro nosrop.s~nH .us~Jl.LI .IUI.SI nonHero 

y.uarteHH.SI Cl-MoHos. ITonylJeHHLIH pacrsop nponycKaJUi ~epe3 HOH006MeHH)'IO 

MHKpOKOnOHKY C Dowex-Jx8 (HHTpaTHM <jlopMa, 100-200 Melli, 0 2 MM H h = 10 MM). 
Cne.uosLJe KOJIHl.Jecrsa ypaHa BLIMLIBanM 2 MJI 7,5 M HN03. TopHH 3JIIOHposanH H3 
KO.ilOHKH Henocpe.ucrseHHO Ha nosepxHocrL TT.U 6 Kann.SIMH ( o6ll1.HM o6neMOM oKono 

I 00 MKn) 9 M HCI. 
ITnyTOHHeByJO <jlpaKUH!O (20 Mn 0, I M NH41 + 9 M HCI) ynapHBanH )locyxa, 

ocraroK pacrsop.SinH s 2 MJI 7,5 M HN03. OnepaUHIO nosrop.s~nH .usiDI<ii.LI JVHI nonHoro 

y11anemu1 Cl-HoHos. ITonyqeHHLiii pacrsop nponycKaJIH: qepe3 HOHoo6MeHH)'lO 

MHKpOKOnOHKY C Dowex-Jx8 (HHTpaTHM <jJOpMa, 100-200 MeW, 0 2 MM H h = 10 MM). 
Cne.uosLie KO.ilHl.Jecrsa ypaHa BbL\ibiBaJIH 2 MJI 7 ,S M HN03. ITnyroHHH 3JIIOHposrum H3 

KOJIOHKH: Henocpe.ncrseHHO na nosepxHoCTb TT.[{ 6 Kann.s~MH ( o6lllH:M o6neMOM oKono 

100 MKn) pacTBopa 0,1 M NH,J + 9 M HCI. 
)J.se HenT)'HHeBbie $paKUHH: o61:.eJJ.HH.SIJIH H ynapHBaJIH .uocyxa. OcraroK 

nepeBO.UH:JUI s auerarHyiO <PopMy pacrsopeHHeM · s 1 :r-.m CH3COOH c nocne.uyiOlUHM 

ynapHB8HHeM. nonylJeHHbiM OCa,llOK paCTBOp.SIJIH B 6 KaiiJI.SIX 4 M CH3COOH 

H: npOTI)'CKaJIH qepe3 8HHOHfJ006MeHH)'lO MHKpOKOJIOHK)' (Dowex-lx8 8 aueraTHOJ.i 

<jlopMe, ]00-200 Melli, 0 2 MM" h = 10 MM). l1pH 3TOM cne.UOBble KORHqeCTBa ypaHa 
OCT8B8.11H:Cb Ha CMOJie, B TO speM.SI K8K Np He COp6Hp0BaJJCji H BLIMbiBaJJC.S 4 KaTimiMH 

4 M CH,COOH Ha TT,L{. 

Pe3y~'lbTaTbi H o6cyiKJl,emte 

ITo peJynLraraM 12 o6ny~eHuii 6LmH nocrpoeHLI 38BHCHMOC_TH KOJIHl.Jecrsa 

rpeKOB Ha O)J;HOM H3 )J;ereKropos or COAep)KaHH.SI onpe,u,en5.1eMoro H3orona. 

3aBHCHMOCTH JVI.SI 232Th H 237Np npe.n.crasneHbl Ha pHC.2. 
MmKHO su.uerL, qro npe.ncrasneHHLie 3aBHCHMOCTH 5.1BJUJIOTC5.l JIHHeiiHLIMH so 

seeM H:ccne.uosaHHOM HHrepsane KOHUeH-rpauHM. B cnyqae 
237

Np 33BHCHMOCTb 
paCOOJIO)KeHa BbiWe "<JeM ,nmi 232Th, \ITO H CJie,llOBaJIO Q)KliJl8Th H3 COOTHOWeHH5.1: 

3HalJeHHii cel.JeHHH peaKUHH c~>oro.neneHH.SI 237
Np H 

232Th (2,4 .IUI5.1: ~oro HOB c 3Heprueij 

23-24 MoB). 
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,lVui Y"tJeT3 cJ!oua B Ka)K)lOii cep1Hi 3KcnepHMeHTOB npOBO,llHJIH o6nytieHHe 
"lliCThlX ,lleTeKTOpOB, a B .llBYX cepHSIX H ,lleTeKTOpOB C HaHeCeHHhlMH 3nHKBOTaMH 

HCTIOJih3yeMbiX B pa6oTe pe3KTHBOB. Bo BCeX CJIY'-IaJIX cJ!oH He npeBhlW3Jl 0-1 
TJ>eKa/CM2, 'liTO, no- BIUIHMOMy, MO)l{eT 6hiTh o6yCJIOBJieHO .necJ!eKTaMH CTpyKTyphl 
TIOJIHMepa, . a T310Ke TpeKaMH OT ,neneHHSI .a,nep 3KTHHHJlOB, co,nep)l{alUHXCSI B 

sell.leCTBe .nereKTOpa. 

~ JO' r. r·· ·. I 8. ... 1 ..... ;._,. I J~l 
,_ 
g }Ql 
g 
• = ~ 10 
:2 

I t0·14 
CoJlep*aHHe HYKJJJ.Ula, r 

Pnc.2. 3aBHCHMDCTb '-IHCJia TJ>eKOB OT co.nep)l{auusr
232

Th H 
237

Np. 

H.cxo)l}l H3 JlaHHhiX pHc.2 H 3Hai.JeHHH. cpoua npe.nenhi o6uapy1KeHHSI 
232

Th H 
237Np 6biJIH paCC'tJHTaHbl paBHhiMH 1·10"13 

r H 3·10"14 
r, COOTBeTCTBeHHO. 

ilony'-leHHble pe3yJILTaTLI n03BOn5HOT QU,eHHTh npe.nenhl o6uapy1KeHHSI"H pH.ll3 
npyi'HX p3!l.HOHYKJIH.Zl0B, Jl]ISI KOTOpblX H3BeCTHhl 3H3'-IeHHH Cei.JCHHH. peaKUHH. 

¢oTo.nenenHH. Pe3yJibT3Thi ou.euoK npell,cTasneHhi B Ta6nHue 1. 

Ta6nuua 1. CeqeHH~ peaKUHH <J?oTO)leneHHH crr[16, 17, 18] H npe!leJJbi o6HapylKeHHH 
pauHOHYKJlH.llOB C HCTIOJlh30B3HHeM (y, f)-peaKUHH 

HyK-OH)l CeyeHHe peaKUHH (y, t), flpe)len o6uapymeHHH, 

M6 ·1014 r 

"'Th 48-52 10 
mu 270 2 
23su 135 3 
23su 115-168 5 

237Np 134-210 3 
239pu 350 1,5 
242pu 0,7 700 
241Am 165 5 

MeTOJl 6biJI HCTIOJib30B3H .D.JISI onpe.ueneHHSI H30Tonos 
232

Th , U, 
237

Np " 
238

Pu s 
npHpO,Il.HhlX so.uax. xm~iH'-IeCKHii BbiXO.U Th, u. Np H Pu 6biJI paseu 90%, 90%, 75% 

6 
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H 86%. COOTBeTCTBeHHO. 

Pe3yJ1H3Tbi auruuna 
2nTh. U. 237

Np H Pu a BO.J~ pa3JHi'-IHhiX ucTO'"IHHKOB .J8Hbl 
B Ta6,1HUC 2. 

r2 'lJ7 .,.s Ta6nuua 2. Co.llep)l{aHHe "' Th. U. ~- Np H ~-' PuB BO..'le pa3JIH'-IHhiX ~CTO'-IHHKOB 

J1CTOI.JHHK BOllbl 'Th u - Np --'opU 

·1 010r/Mn· -1 010
r/Mn ·1 01(>rhtJ1 ·1 017

rfr...t:J 

CHer 0.02±0.01 0.37±0.02 <1 <3 
P. Bonra 0.18±0.02 4.9±0.02 <1 <3 
Tlpy 11 2,6±0.2 45.8±0.2 2.6±0.5 <3 
Kononeu 2.3±0.2 38.7±0.2 1.6±0.8 <3 

· 3aK.rno'ieHue 

Pa3pa6orau BbiCOKottyecreHTeo~lbBbiH ~tero.a onpe.aeneHHSI aKTUHH..1HbiX 
"3.'1CMCHTOB. OCHOB3HHbiH H8 peniCTpaUHii C06biTHH <J>OTO.Je,lCHHH H.!lep C fiOMOlUbK) 
TBep.aorenbHblX TpeKOBblX .nereKTOpDB. 

MeTO..l no3BOJH!CT pa6oTaTb c Ma1biMH KOo1H'"IeCTBa~m o.Ha'UHllpyc\JOJ\) 
sewecrsa. ttTo o6nerttaer npoBe.ileHHe XHMHttecKHX onepaunH. no pa3.JCJJCHHIO H 
BhlJlCJ1eHH10 3JICMCHTOB, HCC;1e.UOB8Tb I10BC}leHHC ")JlCMeHTOB B 0Kpy:lf\810Weii cpe.J.e H 
6HOJJOrHttCCKHX 06beKT3X H8 6oneee HM3KOM npe.!l.CJlC 06Hap)'1KCHHSI. 06CCJlC'"IHB8C1' 
B03MQ)KHOCTb BhlfiOJIHeHHH npSIMOrO aHaJJH38 o6pa:3UOB Ha CO;lep)K<1HHe 06ut~rO 
KO.rmttecTBa 3neMeHTOB, .aeJJSilUHXCH noll .ileHcTBHeM ra~iMa-KBallTOB. H;lli U 11 Th. npu 
co.uep:IKaHHH Pu H Np < 10' 11 

r/n. HJIH ronbKO U npH conepmaHBH Th ua J.Ba HOp51.1K<l 
MeHbWe. l!eM ypaHa. 

Pa3BHTHC MeTO)l8 CB5138HO C HCCJ1CllOB8HHeM TBep.UOTe.TJbHblX TpCKOBbiX 
;1eTeKropos ua ocuose 11pymx no.rmMepos (c co.aep)KmmeM yp<1H<1 < 10· 1

-1 r/r). 
KOTOpbJe npeaocxo.uHnH 6bi LEXAN no pa;mauHOHHOH croiiKOCTil. 3ro ll03BO:lll.::Jo 6bl 
11CTIOJ1b30B8Tb 6oJiee HHTeHCHBHbiH cj>OTOHHbJH. TIOTOK liJIH )'BCJIII'"IIlTb Bpt:'\1}{ 
o6.nytteHJHI H COOTBCTCTBCHHO nOJI)'l.JHTL npe.n.enhl 06Hapy:IKCHIUJ <1KTIIIIH.10B H<l 
110p51.UOK BeJIHl.JMHhJ MeHbWe. tteM 6b!JIH llOJl)'l.JCHbl B H8CTO.llWCJ1 pa6oTe. 
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Tomoia"es C.IO. H .up. Pl2-98-24 
Onpe.ne.neHHe ecrecrseHHbiX H HCK)'CCTBeHHLIX aKTHHH.D.OB 

B o6pa:max npHpO.UHOH BO.llbl C npHMeHeHHeM peaKUHH ¢oro,o.eneHJUI 

Pa3pa6oTaH Mero.n onpe.neneHHSI ynbTpaManbtX co.nep)f(aHJ.iit: aKTHHH.nOB 

C HCTIOnb30BaHHeM peaKUHH <PoroneneHHSI ( y,f) H pernc1'pauHtH OCKOnKOB .lleJleHHSI 

Slll,ep TBepnorenbHbiMH .nereKTOpaMH. npe,nnO)f(eHa CXeMa pa.D.HOXHMHI.IeCKOI'O Bbl,ne

neHHSI H ananHJa ropnsr, ypaHa, Henr)'HHSI H nnyroHHS B npHpC.l1HbTX so.nax. Hc
TOI.IHHKOM raMMa-KBaHTOB T0pM03HOT'O H3n)"-leHHSI CJI)')t'Hn KOMTI3KTHb1H yCKOpMre.nb 

aneKTpOHOB- MHKpOTpOH MT-25. 

Pa6oTa Bbtnonueua B Jla6opaTOpHH JUtepHbtX peaKUHii HM.f.H.<l>neposa OM5lM. 

Openpmn 06'be.rmHeuuoro HHcnrryfa S~.nepHbOt HCCJTe.nosaHHH. ,lly6Ha, 1998 

nepeson asropos 

Tohnachyov S. Yu. et al. Pl2-98-24 
Determination of Natural and Artifical Actinides 
in Samples of Natural Water Using Reaction of Photofission 

The method of determination of the ultra small contens of actinides using 
the photofission ( y,f) reaction and registration of fission fragments by solid state 
track detectors has been developed. The radiochemical scheme of thorium, uranium, 
neptunium and plutonium isolation and analysis in natural waters is offered. 
The compact electron accelerator - microtron MT-25 was by the source 
of the bremsstrahlung. 

The investigation has been performed at the Flerov Laboratory of Nuclear 
Reactions, JINR. 

Prcprint of the Joint ln!>litutc for Nuclear Re~carch. Dubna. 1998 


