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BBeµ;eHHe 

AmoMnHnii oco6oi'i 'IHCTOThl (AQq) wnpoKo ncno111,0yeTC.R B npouosoµ;

CTBC nonynpoBOp;HHKOBOII TCXHIIKH. Tpe60BaHH.R Ha coµ;ep,KaIIHC MHKponpu

MCCCll B ncnonboyeMOM µ;n.R 0THX n;enei'1 AQq BhICOKH. HanpHMep, µ;11.R AQq 

MapKH A999 HX cyMMapHOC coµ;ep,KaHHC HC p;Oll,KHO npeBhIWaTb 0.001 %. Ha

p;C,KHhlll KOTpOllb Ka'ICCTBa AQq Ba,KCH KaK Ha CTa)J;HH OTllap;KH TCXIiOllOrUH 

npmmsoµ;cTBa, TaK n n npon;ecce npmmnoµ;cTBa. KocseHHhle MCTOp;hl onpe

p;elleHH.R cyMMapnoro KOlIII'ICCTBa npHMCCCll B uacTO.!III:(CC BpCM.R HC y)J;OBJle

TBOp.RIOT noTpe6uTeneii. MM na:amo ouaTb 0llCMCUTHhIII cocTan MHKponpn

Mecei'i (20-35 01ICMCHTOB) H HX KOUI:(CHTpal:(HH ua yponue 10-4-10-7 BCCOBhIX 

npon;eHTOB. 

McnonbOy.lI HCHTpOHHO-aKTUBal:(HOHHhlll auamm (HAA), MO:>KHO onpeµ;e-

11.IITb KOlIH'ICCTBCHHhlll COCTaB MHKponpHMeceii HCKOTOphIX 0JICMCHTOB B 0TOM 

UHTepnane KOHI:(CHTpan;ui'1, a p;n.lI p.lIµ;a 01ICMCHTOB u npu 6011cc HUOKUX KOH-

1:(CHTpan;H.IIX, Ilpn ucnonbOOBaium HAA 1:onn;euTpan;un npnMecei'1 onpep;ell.R

IOTC.II p;ll.lI ncero o6'beMa o6paon;a, 'ICM OCJ1a611.RCTC.II BJIH.IIHIIC Ha KOHC'IUhlll 

proyllbTaT BOOMO:ll(HhIX nonepXHOCTHhIX oarp.S:OHCHUII o6paon;on. 

MeToµ;H1ca HAA 

A11anno AQq ua peaKTope MBP-2 ocllO)KHHCTC.II TCM, 'ITO KpoMe Te

nnoBhIX H peooHaHCHhIX HCHTpOHOB B cneKTpe npncyTCTBYCT OHa'IHTCllbHa.lI 

KOMnoueHTa 6blcTphlx HCIITpoHon. 06paoy10II:(IIHC.1I B Al27 (n,a)-peaKI:(UH 

N a24 c nepnoµ;oM nonypacnaµ;a paBHhIM 15 'IacaM cooµ;aeT cyII:(ecTBeHHhIH 

KOMnTOHOBCKIIH <I>oH, 'ITO HC noOBOJI.IICT BCCTH aHalIIm no xopoTKO)lmByII:(HM 

HOOTOnaM II CHH,KaeT 'IYBCTBHTCllbHOCTb 8.IIalIHOa IIO UOOTOnaM, aKTHBH

pyIOII:(IIMC.II Ha TennoBhIX u prooHaHCHhIX HCHTpoHax H HMCIOII:(HM nepnoµ;hl 

nonypacnaµ;a OT 3 µ;o 7 cyTOK. C µ;pyroi'i CTOpOHhl, HalIH'IHC n cneKTpe 6bl

CTpbIX HCHTpOHOB nOOBOll.lICT p;OBOllbHO 'IaCTO ycnCWHO H)J;CHTmpnn;nponaTb 

H onpep;CllHTb KOHI:(CHTpan;uu 01ICMCHTOB, pap;HOHYKllH)J;hl KOTOpbIX IIMCIOT 

6onbwue nepnop;hl nonypanaµ;a u aKTHBHpy10TC.II oa C'IeT peaKn;uu Ha 6hl

CTphIX Hd1Tp0Hax: (n,p), (n,o:), (n,n'). B 'IaCTHOcTn, B aToii pa6oTe no 

peaKn;un Ni58(n,p)Co58 onpep;ell.RJICH Ba,KHhIH aneMCHT Ni. ThKHM o6paooM, 

llalIH'IHC s cneKTpC peaKTopa 6hlcTphIX HCHTpOHOB npHBOp;HT KaK. x HCraTH

BHhIM, TaK H K nooUTHBHhIM nocneµ;cTBH.IIM. C OTHM npnxop;HTC.II MHpHTbC.II. 

Ilocne pacnaµ;a N a24 <f>ou, CHU,KaIOII:(HH 'IYBCTBHTCllbHOCTb auanuoa no 

µ;onro:a,:unyII:(HM HYKllHp;aM, onpeµ;en.s:eTCH n ocuoBHOM Sc46, KOTOphIH c uo-

6hITKOM aKTHBHpYCTC.II TCnllOBblMH HCllTpOHaMH u HMCCT 60llbWOH nepuoµ; 

nonypacnaµ;a - 84 p;HH. Yny'IWHTb ycnonH.R µ;nH aHanuoa µ;pyrnx 011eMCHTOB 

npn HalIH'IHH TaKoro HCTO'IHHKa H06bITO'IHOro <f>oua MOJKHO, CCJIH HCKlllO

'IHTb Im cnCKTpa HCHTpOHOB TCnllOBhIC HCIITpOHhl. II HCIIOllbOOBaTb )];11.R 8.K

THBal:(llll o6paon;oB Aoq prooHaHCllhIC H 6blcTphle HCHTpOUhl. B 0TOM cny

'Iae cI>oH OT Sc46 MO)I{HO nop;aBHTb B N pao, rµ;e N =1+( <To,Sc'Pth/ Io,sc<l>ep,)~20. 



3µ;ec:& Uo u Io - ce'leHue RXTIIBB.QHU ua TeilJIOBhIX ueii:TpOHax u proOHaHCH:bIH 

lIHTerpan, t/>th II "'•pi - BeJIII'llllll,I IlOTOKOB TenJIOB:bIX II prooHaHCHhIX ueii:Tpo

HOB. 

IlooToMy o6paoQhl aJIIOMIIHWl 06JIY'1MllC:& B 06JIY'1RTeJI:&HOM xaaane HBP-

2, 13KpauupoBaHHOM raµ;OJIIIHIIeM OT TCilJIOBhIX ueiiTpOHOB. HcnoJI:&OOBaH:iie 

raµ;oJilIHIIeBOro 13Kpaaa IlOOBOJIJ[CT µ;onoJIHIITeJI:&HO no cpaBHCHIIIO C xaµ;Mu

eB:bIM 13KpaHOM ClllIDHT:b npeµ;eJI:bI o6Hapy:lKeHIIJ{ no HeKOTOp:bIM l3JieMeHTaM. 

0To CB.lr.JaHO c TeM, 'ITO Gd B OTJIU'llle OT Cd a<f><f>eKTIIBHO nornomaeT proo

HRCHI,,Ie ueii:TpOH:bI C l3HeprWIMU,60JI:&WUMII 0.55 3B. 0aepreTU'leCKaJI OaBU

ClIMOCT:b ;D;JIJ[ cneKTpa proOHaHCHhIX ueiiTpOHOB npu 13KpaHHpOBaHIIII -o6ny

'laTeJI:&HOro xaaana Gd OTJIH'laeTcK OT 06:bI'IHoro BHµ;a 1/ £Ha H UMeeT Buµ; 

(1/ EHa)exp(-2.37 / ./E). 0To nOOBOJIJ[eT OHa'IHTen:&HO CHIIOIIT:& aKTIIBB.QHIO 

l3JICMCHTOB c MM:bIMII OTHOWCHWlMII Io/uo 6ro cymecTBeHHoro CHII:lKCHIIJ{ 

aKTIIBa.IllIII MH~rux 0JICMCHTOB C 6oJI:&WHMH OTHOWCHUJlMII Io/uo II 0<f><f>eK

TlIBH:bIMll l3HeprlIJ{MlI proouaacoB, ne:iKamuMu B:biwe IO 3B, rµ;e nornomeuue 

prooHaHCHI,,IX HenTpOHOB raµ;omrnueM OHa'IUTCJI:&HO MCH:&We. 

1ITo6:bI o6ecne'IHT:b BI,,ICOKJIO 'IJBCTBHTeJI:&HOCT:b aaanuoa, o6pa3Q:bI 06-

JIY'IMIIC:b µ;onro, oxono 10 cyToK, raMMa-cneKTpoMeTplIJ{ xa:iKµ;oro o6paoQa 

;D;lllIJiac:& OT 2 µ;o 10 'laCOB. B Ka'leCTBe OTHOCHTeJI:&HOro cTauµ;apTa (0Tanoua) 

lICUOJI:&OOBaJICJ[ CTaHµ;apT MAI' A Ta - SDM BeCOM 0.2 rpaMMa, coµ;ep:iKamun 

ua6op lIIJ 35 0JieMeHTOB C lIOBeCTH:bIMII KOHQeHTpa.QlI.IIMII, 

Beca aJIIOMUHIIeBI,,IX o6paoQOB (18 WTYK), HOrOTOBJieHH:bIX B Buµ;e QH

Jll,IH;D;pOB ;D;liaMeTpOM 17 II ToJimlIHOII 3 MM, 6:bIJIII paBH:bI 3 rpaMMaM, ,Il;JIJ[ 

KOHTpOJIJ[ oa coµ;ep:lKaHIICM npuMeceii B 'IIICTOII ooue aJIIOMHHHeBoro CJIIITKa 

;D;JIIIHOH 700 MM, nony'leHHOro MeToµ;oM OOHHOII nJiaBKII, 17 o6paoQOB 6:bIJIH 

B:bipe3aHI,,I lIIJ paoJIU'IH:bIX Y'IRCTKOB 'IHCTOII OOH:bI CJIIITKa {roTOBaJI npoµ;yx

QIIJ{) c waroM 50 u 100 MM. Oµ;uu o6paoeQ {AL9) 6:bIJI B:bipe'oaa lIIJ oaBeµ;oMo 

rpKOHOH OOH:bI CJIHTKa (uo oaroTOBKII µ;Jrn nJiaBKII) H lICnOJI:&OOBaJICJ[ ;D;JIJ[ no

lIY'ICHIIJ{ OQCHOK CTeneHII O'IIICTKII MIOMIIHIIJI no pa3HI,,IM XlIMII'leCKHM 0Jie

MeHTaM B npoQecce OOHHOII IlJIRBKII. 

Ilepeµ; o6ny'leHueM o6paoQ:bI npoTpaBnHBanuc:& 40 MHHYT B "Qapcxon 

BO;D;Ke", COCTaBJieHHOH lIIJ KIICJIOT oco6on 'IHCTOT:bI, II OaBOpa'llIBaJIIIC:& B MIO

MIIHIIeByIO <f>on:&ry. Ilpu 0T.OM cTpaBJIHBMCK noBepxuocTH:bIII cnoii: oxono 50 

MlIKpOH. ,Il;JIJ[ O'IHCTKII OT BOOHUKaromux npu 06JIY'1eH1IlI noBepXHOCTH:bIX oa

rpKOHeHUII UOCJie o6ny'leHIIJ{ o6pa3Ql,,I npoTpaBlllIBMHC:b B "Qapcxoii: Boµ;xe" 

nOBTOpHO. 

HoMepeHIIJI npOBO;D;llJIIIC:b Ha Ge(Li)-µ;eTeKTOpe C pa60'IIIM 06':beMOM 50 

CM3, C 0HepreTU'leCKIIM paopeweaueM OKOJIO 3 K3B no JIUHHU 1332.4 x0B 

Co60
• Ilpu lIOMepeuuu a<f><f>eKTUBHOCTU µ;eTeKTOpa ucnOJI:&OOBMIIC:b CTaH

µ;apTHI,,Ie raMMa-ucTo'IHIIKu - OCI'H u npuroTOBJieHH:bie B PXJI JIHII 1mo

TOil:bI Ba133 u Eu 152• laMMa-cneKTp:bI o6pa6aT:bIBMIIC:& ua IBM-PC no npo-

rpaMMaM ACTIV u CUL · 
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Ta61mua 1. Ko11ue11Tpamm :rneMeHTOB B AO'-! (ppm) 

ALl AL2 AL3 AL4 AL5 AL6 AL7 AL8 AL9 

Sc 9,9E-2 8.7E-2 8.3E-2 7.2E-2 9.0E-2 8.8E-2 9.lE-2 9.4E-2 7.6E-2 
7.4· 7.4 6.9 7.3 7.1 7.4 7.4 7.4 7.4 

Cr 2.0E-1 l.8E-l l.7E-l l.6E-l l.5E-l l.6E-l l.6E-l l.5E-l <l.0-1 
13.7 12.6 13.0 12.7 17.0 12.6 12.7 14.2 

Fe 1.8E-O <1.7-1 6.8E-1 6.5E-1 2.5E-O 1.7E-O 1.lE-0 2.5E-O 1.lE+l 
18.0 20.0 16.0 18.0 18.1 18.0 17.6 17.0 

Co 5.7E-3 2.5E-3 2.0E-3 2.lE-3 1.4E-3 2.9E-3 5.lE-3 6.3E-3 8.7E-3 
14.8 18.0 16.6 16.6 • 15.8 15.3 15.5 15.5 17.3 

Ni <l.6-3 <2.4-3 2.2E-3 <1.4-3 <2.1-3 <2.8-3 <3.0-3 7.5E-3 6.6E-2 
40.3 14.0 8.1 

Zn 6.4E-2 <6.4-3 <4.0-3 3.8E-2 3.4E-3 4.2E-2 3.9E-2 5.4E-3 8.3E-1 
26.0 9.4 95.0 31.4 30.2 70.0 7.2 

Rb <1.4-3 <1.0-3 <1.5-3 <1.3-3 <2.3-3 <l.9-3 <1.6-3 <2.4-3 <6.1-3 

Mo 2.4E-2 2.7E-2 1.9E-2 2.3E-2 2.lE-2 2.lE-2 l.5E-2 1.9E-2 5.8E-2 
18.0 18.6 19.0 18.o 19.6 21.0 22.8 22.5 18.6 

Ag 3.0E-3 5.3E-4 <4.0-4 1.0E-3 <3.o-4·4.6E-3 <2.8-4 3.2E-3 1.4E-2 
47.7 75.0 40.8 22.4 47.0 20.0 

Sn <6.0-3 9.0E-3 7.lE-3 1.lE-2 <5.3-3 1.9E-2 <5.0-3 <4.5-3 6.5E-2 
48.4 33.0 37.5 40.0 42.7 

Sb 4.0E-4 3.0E-4 2.2E-4 2.5E-4 2.0E-4 2.6E-4 3.2E-4 4.4E-4 1.7E-3 
17.0 18.0 18.6 20.5 18.0 17.4 18.0 41.5 16.8 

Cs <6.0-5 <8.0-5 <1.3-4 <1.5-4 <9.0-5 <1.1-4 <1.2-4 <l.4-4 1.2E-1 
22.7 

La <1.6-2 <1.1-2 <1.0-2 <1.3-2 <1.2-2 <l.3-2 <1.5-2 <1.7-2 2.5E-1 
25.0 

Ce <2.4-3 <2.1-3 <3.1-3 <3.8-3 5.9E-3 5.SE-3 <2.0-3 <2.5-3 
20.9 24.1 

Nd <2.8-2 <2.2-2 <1.6-2 <2.3-2 <1.5-2 <2.4-2 <2.6-2 <3.0-2 

1.30-0 
8.5 

3.7E-1 
17.0 

Sm <2.3-4 <2.1-4 <1.9-4 <2.5-4 1.6E-4 <2.0-4 <2.2-4 9.7E-5 3.4E-2 
36.8 70.6 15.8 

Eu <4 .. 5-4 <3. 6-4 <2. 3-4 1. 5E-4 <3. 0-4 <3. 6-4 <4. 8-4 
45.4 

Gd <1.2-3 <2.1-3 <1.9-3 <2.5-3 <1.6~3 <l.3-3 <1.8-3 

1.2E-4 <7.1-4 
53.7 

1.7E-3 <6.6-2 
46.5 

Tb 5.3E-5 <4.0-5 9.7E-5 3.0E-4 9.5E-5 4.8E-5 9.2E~5 1.6E-4 5:4E-3 
15.1 19.7 11.0 21.0 22.2 15.8 18.0 15.8 

Lu 6.6E-5 3.lE-5 4.2E-5 1.2E-4 6.7E-5 6.0E-5 8.7E-5 1.lE-4 4.2E-1 
61.8 54.0 40.0 21.~ 26.0 31.1 44.2 24.0 16.0 

Hf 9.7E-4 1.lE-3 1.3E-3 1.lE-3 8.5E-4 7.6E-4 1.lE-3 8.7E-4 1.lE-2 
10.6 18.2 17.5 18.2 20.0 18.0 20.0 21.0 20.2 

Ta <4.4-5 5.4E-4 3.3E-4 4.6E-4 <2.6-5 <3.3-5 <4.0-5 <5.0-5 <2.7-4 
28.0 31.0 25.8 

Y <2.0-2 6.lE-2 1.7E~2 <3.0-2 <2.5-2 <3.6-2 <2.7-2 <3.0-2 <8.1-2 
22.0 51.0 

Au <2.8-5 <3.2-5 1.4E-5 <2.1-5 <2.5-5 <3.0-5 <1.9-5 <2.8-5 <1.7-4 
40.5 

Th <5.8-5 <4.0-5 <6.3-5 <7.5-5 7.9E-4 2.lE-4 <6.7-5 <6.0-5 
15.8 19.4 

u <5.6-4 <7.2-4 <8.9-4 <1.1-3 <6.8-4 <5.4-4 <8.1-4 <8.6-4 

3 

1. 5E-1 
12.4 

1.lE-2 
16.1 



Ta6mma 1 (npo.l{oJJJKemm l 

AL10 AL11 AL12 AL13 AL14 AL15 AL16 AL17 AL18 

Sc 8.0E-2 8.2E-2 8.3E-2 7.7E-2 7.8E-2 7.9E-2 8.0E-2 8.5E-2 7.6E-2 
7.6 7.3 7.8 7.5 7.~ 7.4 7.4 7.1 7.0 

Cr 3.8E-2 4.7E-2 4.4E-2 3.0E-2 4.2E-2 1.4E-1 1.6E-1 1.6E-1 1.2E-1 
19.4 17.0 17.2 19.7 21.0, 16.4 16.4 16.~ 16.4 

Fe <2.0-i 6.5E-1 5.8E-1 <2.6-1 1.3E-0 <1.4-1 <1.0-1 <1.3-1 <2.3-1 
44.0 23.4 17.6 

Co 8.0E-4.1.7E-3 1.3E-3 4.3E-3 2.7E-3 3.3E-4 1.6E-3 8.6E-4 8.8E-3 
30.0 16.0 15.5 15.8 16.3 34.4 16.8 30.0 15.8 

NI <2.7~3 <2.3-3 5.0E-3 <1.9-3 <2.9-3 <1.8-3 <1.6-3 <1.5-3 <2.5-3 
31.8 

Zn 2.6E-1 <6.0-3 1.7E-1 1.2E-2 <7.2-3 <8.1-3 3.8E-1 1.0E-0 l.0E-1 
21.6 15.0 31.8 20.0 16.1 20.0 

Rb 3.7E-3 <1.3-3 <1.0-3 
40.0 

<1.6-3 <2.1~3 <1.5-3 <9.0-4 <1.1-3 <1.8-3 

Ho <3.4-3 <3.5-3 

Ag <2.8-4 3.0E-3 
56.0 

Sn <8.0-3 8.6E-3 
40.0 

<2.8-3 <3.0-3 <4.2-3 ~.0E-2 1.9E-2 1.5E-2 9.2E-3 
19.5 21.0 18.0 36.0 

<4.3-4 2.6E-4 <3.5-4 <4.0-4 9.0E-3 <2.0-4 <2.5-4 
48.4 20.5 

<6.0-3 <4.2-3 <5.0-3 <7.0~3 <5.8-3 <6.7..:3 <8.3-3 

Sb <4.0-5 1.4E-4 2.lE-4 2.2E-4 
23.4 21.0 19.2 

Cs <1.6-4 <1.3-4 <9.0-5 <1.0-4 

1.6E-4 <5.5-5 1.6E-4 8.0E-5 3.lE-4 
74.0 21.2 65.0 20.5 

<1.7-4 <1.5-4 <1.1-4 <7.0-5 <1.2-4 

La <8.0-3 <1.0-2 <1.4-2 <1.5-2 <1.3-2 <9.0-3 <1.0-2 <7.0-3 <1.5-2 

Ce <3.0-3 <2.7-3 <2.0-3 <2.6-3 <3.1-3 <1.8-3 <1.9-3 <2.4-3 <2.7-3 

Nd <2.0-2 <1.0-2 <1.4-2 <1.6-2 <1.1-2 <2.2-2 <1.5-2 <1.4-2 <2.6-2 

Sm <1.6-4 <2.0-4 <2.5-4 <1.9-4 2.4E-4 <2.0-4 <1.4-4 <2.1-4 l.6E-4 
20.5 22.6 

Eu <3.0-4 <1.9-4 <2.4-4 <3.1-4 <2.2-4 <3.0-4 <1.8-4 <1.4-4 <3.0-4 

Gd <1.6-3 <2.0-3 <1.7-3 <1.2-3 <2.1-3 <2.4-3 3.lE-3 <1.9-3 <1.4-3 
. 25.0 

Tb 3. 0E-4 <3. 5-5 5. 7E-5 5. 0E-5 1. 9E-4 <3. 0-5 1. lE-4 4. 8E-5 L lE-4 
20.5 30.8 22.0 17.5 19.4 28.0 17.7 

Lu <3.0-5 1.9E-5 2.5E-5 3.9E-5 9.9E-5 l.3E-4 6.7E-5 5.6E-5 1.4E-4 
89.0 56.0 34.0 20.0 21.5 34.0 30.0 28.0 

Hf 1. 6E-3 1. 4E-3 1. 3E-3 1. 0E-3 8. 5E-4 1. lE-.3 1. 0E-3 8. 6E-4 6. 0E-4 
19.0 17.1 17.5 20.0 20.5 18.0 17.5 18.0 24.0 

Ta 1.lE-4 <2.1-5 4.7E-5 <3.1-5 <2.5-5 <3.0-5 <2.8-5 <2.0-5 <3.8-5 
42.0 30.1 

W <2.5-2 <1.8-2 <3.2-2 2.lE-1 <1.5-2 
30.3 

Au 9.7E-6 8.0E-6 <2.8-5 <1.9-5 <2.0-5 
57.5 60.7 . 

l.lE-1 <2.6-2 7.0E-2 <4.0-2 
57.5 43.6 

<1. 0-5 <1. 5-5 <3. 0-5 <2. 2-5 

Th <5.0-5 <4.1-5 <6.3-5 <4.8-5 <5.·9-5 <4.0-5 <7.2-5 <5.5..:5 <7.7-5 

U. <8.0-4 <5.6-4 <7.4-4 <1.0-3 <1.3-3 <7.3-4.~6.8-4 <9:0-4.<8.l-4 

4 

~ 

I 

l 

Ta6JJHD;a 2. liHTepaam,1 ICOHD;eHTpau;HH H COOTBeTCTBYIOniHe HM 
rpynm,1 aJJeMeHT~B e o6paou;ax AO"'I · 

lIHTepBa.JI KOH~eHTp~(B ppb) Ipynua 8JieMeHTOB 
10-2-10-1 Au Lu 
10-1-1 C& Tb Eu Sm Sb Ta Th U 
1.0- 10 Hf Gd Co Ag Rb Ni Ce 

10 - 100 Sn La Mo Nd WSc 

> 100 Cr Zn Fe 

Ta6nau;a 3. HuTepaam,1 oua'leHHH cTeneHH 0'IHCTICH AO"'I 
H C00TBeTCTBYIOmHe HM rpynn1,1 1meMeHT0B 

CTeneHb O'IHCTKH Ipynna 8JieMeHTOB 
103-104 Cs Lu 
102-103 Ce Sm Th 
101-102 Hf Ni U Au Nd La Gd Tb 
1 - 10 Sc Cr Ta W Rb Co Mo Ag Zn Eu Sn Sb Fe 
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Ta6mma 4. Ycpe.nHeirnble K0Hue1npamm 3JieMeHTOB (ppb), mnepaaJiu 

KOHUeHTparurn (ppb) H 3Ha'leHHH CTeneHH O'lHCTKH Aoq no 3JieMeHTall 

HyKJIH.ll Cpe,llHHH liHTepBaJI HIJTepaaJI CTeneHh I /Cf E 
0 0 pe3,3itx!J. 

KOHUeHTp. KOHUeHTp. KOHUeHTp. O'lHCTKH 

Sc46 84 72-100 · 55-70 <><1 0.55 5130 

Cr51 120 30-200 55-190 <><1 0.53 7530 

Fe59 1300 580-2500 · 1500-4000 8.4 1. 3 637 

Co60 3.0 0.33-6.3 4-12 3 2.02 136 

Ni 4.9 2.2-7.5 - 13.5 (n,p) 

Zn65 180 3.4-1000 <(90-450) 4.6 · 1. 96 2560 

Rb86 3.7 3.7 - 1. 7 14.8 839 

Mo99 19 9.2-27 1-15 3 53.1 241 

Ag110m 3.1 0.26-9 1-2 4.4 17.7 6.08 

Sn117m 11 7-19 - 6 49.0 128 

Sb124 0.25 0.08-0.5 1-16 7 28.8 74.2 

Cs134 <0.1 <0.1 - 1030 18.5 9.27 

La140 <12 <12 3-45 20.5 1. 32 76 

Ce141 5.9 5.9 2-10 214 0.84 7200 

Nd147 <20 <20 10-70 19 2.0 874 

Sm153 0.14 0.06-0.2 0.1-0.2 238 14.4 8.53 

Eu152 0.14 0.1-0.15 <(0.5-1) 5.1 0.6 5.8 

Gd.153 2.4 1. 7-3. 1 0.1-0.8 27.5 2.73 48.2 

Tb160 0.12. 0.05-0.3 0.3-0.2 45 17.9 18. 1 

Lu177 0.07 0.02-0.1 - 5830 0.57 16.1 

Hf181 1.0 0. 76-1. 6 1-7 10.7 2.52 115 

Ta182 0.3 0.05-0.5 7-11 <><1 33.0 10.4 

W187 73 17-110 - "'1 13. 7 20.5 

Au198 0.01 0.01-0.02 0.006-0.03 15.5 15.7 5.65 

Th232➔ 0.5 0.2-0.8 0.1-1 306 12.0 54.4 

Pa233 
U238➔ <0.75 <0.75 0.1-0.5 14.9 102 16.9 

Np239 

IlOHCHeHHH K Ta6JIHUe. B nepBOM CTOJI6ue npHae.neuu H30TOnbl, no 

KOTOpblM ocymecTBJIHJICH auaJIH3. Bo BTOpOM CTOJI6ue .naHbl ycpe.nHeHHble 
KOHUeHTpaUHH HJIH npe.neJibl o6HapyJKeHHH 3JieMeHTOB (He HYKJIH,llOB). B 

TpeTheM H 'leTaepTOM CTOJI6uax .naHbl HHTepBaJibl KOHUeHTpaUHH 3JieMeHTOB 
,llJIH 3TOH pa60Tbl H ,llJIH cpaBHeHHH pe3yJihTaTbl pa60Tbl./l/. B rneCTOM H 

ce)lhMOM cToJI6uax npHBe,lleHbl OTIIOWeHHH pe3oHaHCHblX HHTerpaJIOB K 

ce'leHHHM aKTHBaUHH Ha TenJIOBblX HeHTpoHaX H 3itx!JeKTHBHYe 3HeprHH 

pe3oHaHCOB (B3B) ,llJIH yKa3aHHblX H30TOnOB. 
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O15cy)l(AeHHe peoym,TaT0B 

B Ta6mu~e 1 npeµ;cTrumeHhl proyllbTaT'bl auamroa - xouu;euTparum ene

MCHTOB B · 18 o6pam:~ax. Kouu;euTp~IIII ;t!iaHbl B ;tliCC.S:TII'IHOM npe;o;cTrumemm B 

C;t!iIIHIIIJ;ax ppm. B Ta6m1u;e npIIBC;t!iCHbl 3Ha'lCHll.S: xax peallbH.blX IIDMepeHHhIX 

XOHIJ;CHTp~llll, Ta:K II npe;o;enoB o6uapyJKCHll1l µ;na 01ICMCHTOB, o6uapyJKeu

HblX B rpaDHon: 3oue cm1Txa (o6paaeu; AL9) II ue o6uapyEeHHhIX B 'IllCTon: 

3oue' cnm:.xa. Ilpe;o;ell.bl o6uapyJKeuna nony'leHhl ua ocuoBC xpIITepna 3/'fi; 
II ;tliaH.bl B Ta61IIIIJ;C Ta:K)KC B ;tliCCKTII'IHOM npeµ;cTrumeHim, HO 6ro 6yxBbl E. 
Ilo;o; 3HR'lCHll1lMII XOHIJ;CHTp~ B Ta6nnu;e npIIBC;tliCH.bl BX OTHOCIITCllbH.blC 

norpewuocTII B npou;euTax. 

B Ta6nnu;e 2 0TII ;tliaHHble npeµ;cTaBlICHbl B 06061.1.{CHHOM BIIµ;e: 01ICMCHTbl 

B rpynnax pacnonoJKeHhl B nop.e:;o;xe pocTa nx xouu;euTp~ri (xoHu;euTpa

IJ;IIII ycpeµ;H.S:IDICb no BCCM o6paau;aM 113 'lHCTOH OOH.bl ClIIITxa) B npe;o;enax 

yxaaauuoro HHTepBana ~OHIJ;eHTp~Hii • .IJ;n.e: peanbHblX XOHIJ;CHTp~ri CIIM

BOllbl ;tliaHbl 06.bl'lHblM 1.1.{pHq>TOM, ;tlill.S: npe;o;enoB o6HapyJKeHna - xypcHBOM. 

Kax BH;tliHO II::3 Ta61IHIJ;bl 2, Xa'lCCTBO llCClIC;tliOBaBweroc.e: alIIOMllHll1l xopowee 

(xoHu;eHTp~IIll npnMecen: Manbl). 

CTeneHb O'lllCTXH AO'CJ onpe;o;en.e:eTc.e: xax OTHOWeHne xoHIJ;CHTp~nII 

01ICMCHTR B rp.e:3HOH 30HC CIDITXa X ero XOHIJ;CHTp~llll B 'llICTOH 30HC CllllTXa. 

B Ta6nuu;e 3 npe;t!iCTaBlICHbl llHTepBanbl 3Ha'lCHlllI ;o;n.e: CTeneHU O'lllCTXII II 

,cOOTBCTCTBYIOl.l.{llC IIM rpynnbl 01ICMCHTOB, pacnonoJKCHHblX B nop.e:;o;xe pocTa 

CTeneHII O'llICTXll. Kax Bll;tliHO 113 Ta6IDIIJ;bI1nO p.e:;o;y 01ICMCHTOB CTCnCHb O'lll

CTXll BblCOKa (10-100, 100-1000 II Bblwe). Ho ;o;na HCXOTOpbIX 01ICMCHTOB OHa 

HCBClIHXa (1-10), nOOTOMY npHMCCll 0THX 01ICMCHTOB MoryT 6bITb OCHOBHbIMH 

3arp.e:3HHTCJIJIMH roTOBOH npo;o;yxu;m1, ecnn no xaxnM-lIH6o npH'llIHaM IIX 

XOHIJ;CHTp~HH B HCXO;tliHOM Cbipbe oKaJKyTC.lI BbIWC ;o;onycTIIMbIX. 

B oaxn10'leHne OTMeTHM, 'ITO peaKTop I:IBP-2 npe;o;ocTaBnaeT xopowne 

BOOMOJKHOCTH µ;na ncnollbOOBaHIUI o6ny'laTellbHbIX xauanoB c IJ;CllbIO IIDy

'lCHII.S: MaTepIIanOB BblCOKOII 'lHCTOTbl, noCXOJibXY Bblc.oxue nnOTHOCTII Bcex .. 

XOMnOHCHT cnexTpa HCHTpOHOB noOBOll.lIIOT npOBO;tliIITb auan1m Ta:KIIX 06-

paDIJ;OB C BblCOXOII 'lYBCTBHTCllbHOCTbIO, , 0 'ICM MO,KHO CY;tlilITb no proym,

TRTaM, npHBC;tliCHHblM B Ta6nnu;e 4. B Hen: npeµ;cTaBneHbl ycpe;o;ueuuble ;o;na 

xaJKµ;oro 01ICMCHTa no BCCM o6paau;aM lID 'lUCTOII OOHbl ClIHTKa XOHIJ;CHTpa

IJ;IIH, npeµ;enbl 06uapyJKeu1rn, llHTCpBanbI XOHIJ;CHTp~llll µ;na 01ICMCHTOB II 

OHR'lCHH.S: BCIDI'lIIHbl CTeneun O'llICTKH no 01ICMCHTaM. 

JlHTepaTypa 

1. IO.I:I.Ben.e:KoB, B.M.HaaapoB H AP· "I:IcnonbOoBauHe proouaucHblX 

uen:TpoHoB ;o;n.e: auan1ma anIOMHHH.e: oco6011 'lllCTOTbI", npenpIIHT OJUUI 
18-88-204, .IJ;y6ua,1988. 

PyKOITHCb noCTynnna B H3,[laTCJJbCKHii OT,l:ICJl 

24 tto116p11 I 994 ro,1:1a. 
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