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1. BBEAEHHE 

B Te4eHHe nocne,QHHX ABYX ,qecAT~-tneTH~ s~nonHeHo 6onbwoe 4HC

no 3KCnepHMeHTSJ1bHbiX 1-1 TeOpen14eCKr.1X lr!CCJle,QOSSHHati peaK1.4111H, Bbl-

3biBaeMbiX 4SCn11.4SMH BbiCOKOH 3HepntH. 0,QHI-1M 1-13 3KCnepHMeHTSilbHblX 

nOAXO,QOB B 3THX HCCJle,QOBSHHAX .RBJl.ReTC.R H3MepeHHe BblXO,QS KOHe4-

HbiX npo,qyKTOB peaK~..tl4H • .R,Qpa-npo,QyKTbl, ,qaneKo OTCTOAIJ.IHe no A 

HZ OT MHWeHH, nO.RB!lA~TC.R 8 pe3Y1lbTSTe C!lOmHoH, MHOrocTyneH4a

TOH R,QepHOH peaKL4HH. TeM He MeHee HX H30TOnH4eCKHe H!lH 3Sp.R,QO

Bble paCnpe,Qe!leHHA OTpama~T OCHOBHble 0C06eHHOCTH MeXSHH3MS pe

aKU,l-1111, npOXO,QRlJ.IeH B ,QBa 3Tana - BHYTPI-1A,QepHbli1 KSCKS,Q Yl npOL-'ecc 

l'tCnapeH~-t.R/11, B nocne,QHit1e rO,Qbl TSKVIe H3MepeHiti.R npoBO,QHJllr!Cb np1r1 

\.1CnOJlb30BSHI-11-1 pa3JU1'"1HbiX 6oM6ap,QHpyiOLJJ,HX 4SCTHI.4 B WHPOKOM AHana-

30He 3Hepr~~: OT npOTOHOB C 3HeprHe~ 1-300 136 AO HOHOB aproHa 

C 3HeprHe~ AO 80 136 /eM., HanpHMep, pa60Tbl/2-ll/f. 06bl'-lHO ASH

Hbl€ 0 BbtXOASX npeAeTSBJ1.AIOTC.A B 8\.IIA€ 3ap.AA0BbiX 1-1 MSCCOBbiX pac

npeAeJ1€HH~. ~nR nony'-leHHA aap.AAOBoro pacnpeAeileHH.A HcnonbayeT

C.A npeAnonomeHHe o ero rayccoeoH ¢lopMe. nocKOilbKY 1..1\.lleno peanb-

, HO Ha6J110AS€MbtX H305ap C ASHHbiM MSCCOBbiM 1..11.-tCilOM A MaJ10, AJ1A 

HaXOmA€HH.A napaMeTpOB rayeCHSHS HCnOJ1b3YIOT ASHHbl€ B H€KOTOPOM 

AHana30He A. 3TO Tpe6yeT HeKOTOPbiX A0nOJ1HHT€J1bHbtX npeAnO!lomeH\.11'1 

o aaeHeHMOCTH oT A A!l.A nonHero H3o6apHI..IeCKoro cel..leH~.-t.A a(A) 

1-1 Ha1-16onee eepoflTHoro aap.AAa Zp(A) /eM., HanpHMep,110 • 1 11 I. 
6 pa6oTe111 1 cpaeHV!BaiOTC.A no.ny'-leHHbte TaKHM o6pa30M aap.AAOBbte 

pacnpeA€!1€HH.A Ail.A npOAYKTOB paC~en!l€HH.A M€AH npoTOHaMH /28 136/ 

1-1 HOHSMI.-t aproHa /80 136/. ABTOpbl npHXOA.AT K BbiBOAY, ~..!TO ¢lopMa 

KPHBbiX Hepa3J1V1'-lVIMa, a 1.-t306apH'-l€CKI-1e Cel..leHHR a(A) nponOPL\HOHaJ1b

Hbl no!lHOMY C€'-l€HHIO peSK1..4VIH, TO eeTb npOHCXOAHT TO!lbKO MaCWTa6-

HOe V13MeHeHHe e aap.RAOBbtX H MaccoebtX paenpeAeJ1eHHRX I CKe~J1\.IIHr I. 
8 HSeTO.A~ei1 pa6oTe OnHCbiBSIOTC.A 3KCnep1-1MeHTbl no I-13MepeHHIO 

H30Tonw~..~ecKHX paenpeAeneHH~ A!l.A Rb , In , Cs, soaHHKaiO\l.IHX e pe-

aK~H.Ax rny60KOfO pae~en.neHH.A TSHTS!la npOTOHaMH, A€V!TpOHSMH 1.-t 

a·-l..laeTHL\SMI-1. ~30TOnH'-l€CKI-1€ pacnpeAe!leHH.A nO!lYI..ISIOTe.A 1-13 3Kene

pHM€HT8!lbHO H3MepeHHbiX Bb1XOA08 npfiMO, 6e3 CJ10)1(HOi1 npOL\€AYPb1 

o6pa6oTKH, Heo6xOAHMoH AI1A nepexoAa K aap.AAOBOMy paenpeAene-

HHIO. 8 KS'-l€CTBe npHMepa ynOM.RHeM pa60Tbl/le,l7/, fA€ H3M€pAJ1VIeb 

H30TOnHI..IecKVIe pacnpeAeneH~t~.A Te, I, Xe 116 1, Sb w Sc /17/ npH 

06Jlyl..leHVIt-1 pa3m11..1HbtX MHWeHeV! npOTOHSMI-1 C 3HeprHe~ AO 18 136. 

UenbiO HBCTO.Aw,eH pa6oTbt 6b1I10 Bbt.ACHHTb, KaK sae~t~eHT ¢1opMa 

H30Tonl-1"'1eeKoro pacnpeAeneHH.A npOAYKTOB rny6oKoro pacw,enneHH.A 

OT THna 6oM6apAHPYIOll.\€?1 I..ISCTH!..tbl. 
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2. 3KCnEPHMEHTAnbHAH METO,llHKA 
Ha BHyTpeHH€M ny4Ke Cr.1HXpO$S30TPOHa na6oparop1-11t1 BbiCOKVIX 

3HeprHH OHRH o6ny4anacb raHranoeaA MHWeHb nporoHaMI-1, ,Qe~rpo
HSMI-1 /8 r3B/ r.1Ilr.1 anb¢a-4aCTH~aMr.1 /15,2 r38/. B Ka4eCTBe Mr.1-
W€HJ.1 11CnOilb30BailC.R ny40K TSHTSilOBblX npOB0Jl04€K /,QI-1SM€Tp0M 
50 MKM/ Jll-160 CKPYTKa 1-13 TaHTa!lOBOH $O!lbrr.1 /TOil~ltlHOH 4 MKM/. 
Bee MHWeH~t~ - 1-2 r. M1o1weHb t<pen1-1nacb Ha cneu.HaJlbHbJi:-1 ,Qep}f(a
renb nHeBMSTr.14€CKOrO npo6Hio1KS lt1 nepHO,QH4€CKr.1 ,QOCTSBJl.RilSCb 
8 30HY ny4KS nOCJle KOHU.S neplt10,Qa YCKOP.€HJ.1.R. tlnR nony4eHY1.R 
VIH$Op.MaU,I-H1 0 3SBJ.1CJ.1MOCH1 $OpMb1 lo130TOnlo1'-l€CKOrO pacnpe,Q€Jl€HI-1fl 
OT 3HepnH1 60M6ap,Qit1PYIO!qlo1X I..ISCHII.-' 6bJJ10 npoee,QeHo TaK}f{€ 06Jly4e
HHe Ta npOTOHaMH c 3Heprlo1ei:1 0,66 r3B Ha Clt1HXPOU.r.1KJ10TPOHe na-
6opaTOPJ.1J.1 fiAepHbiX npo6neM O~R~. nocne o6nyl..leHH.A, AI1HBweroc.A 
/5-10/ 1..1 HS CHHXpO$a30TPOHe M 15-20 MMH Ha CHHXpO~HKI10TpOHe, 
MHW€Hb H3BI1eKaJ1aCb 1-13 KaMepbl YCKOPI-1T€11.A 1-1 nOMe~aJ1aCb B 1-10HHbli:1 
I-1CTOI..IHI-1K Macc-cenapaTopa RCHAnn /4epea 40-60 MI-1H/. 

~CnOJ1b30BaJ1HCb ABa eap!-1aHTa HOHHOrO I-1CTOI..IHI-1Ka C noeepxHOCT
H0'1 HOHH3a~He'1. ,ll11.A BbiA€11€HH.A I-130TOnOB HHA1-1fl npHM€H.AI1C.A BOI1b
$paMOBbl'1 I-10HI-13aTOp, paaorpeeaeMbl'1 311€KTPOHH0'1 6oM6apAI-1POBK0'1 
c ABYX KOI1b~eBbiX KaTOAOB AO t:: 2500°C 1121• B 3TOM pemw-1e co aHa
I..II-1Tei1bHOi:1 Bepo.ATHOCTbiO I-10HI-13YIOTC.A BCe 311eMeHTbl C nOT€Hl\HallOM 
I-10HH3a1.1"1H AO ""6, 5 36. 

,ll.n.A nonyl..leHVI.A AaHHbiX o ·BbiXOAe I-130Tonoe IJ.I€110\..IHbiX 311€Mf!HTOB 
Rb "'Cs HaMH npVIMeH.Anc.A APyro'1 eaplllaHT HOHHoro I-1CToi..IHHKa, 
KOTOPbl'1 n03BOI1HI1 BbiA€mHb 3TH 3Jl€M€HTbl Vl3 MHW€HH C BbiCOKO~ 
CTeneHbiO CeJleKTI-1BHOCTH no OTHOWeHHIO K COC€AHHM. 3TO AOCT!-1ra
Jl0Cb nplo1M€H€HHeM YAJU1H€HHOrO TaHTanoeoro VIOHI-13aTopa, KOTOPbl~ 
paaorpeeaJlC.A 311eKTpOHHO~ 6oM6apAHPOBKo'1 C OAHOro KaTOAa, pac
nonomeHHOrO Ha pacCTO.AHI-11-1 /1,5-2,0/ CM OT BbiXOAHOro OTBepCTVI.A 
I-10HVI3aTopa. 6 TaKo'1 reoMeTpHH AOCTI-1ranC.A rpaAHeHT TeMnepaTypbl 
BAOI1b HOHH3aTopa: OT 2000°( B pa'1oHe MI-1W€HVI AO ~1500°( y Bbi
XOAHOrO OTBepCTH.A. 6naroAaP.A HI-13KOMY noTeH1.1Hai1y HOHI-13S~HH 11.\e-
110\..IHbiX 311eM€HTOB 3¢>$eKTHBHOCTb cenapa1.11-11t1 A!l.A HI-1X OKa3biBanacb 
B A€C.ATKI-1 1-1 COTHH paa BbiWe, 4eM AJl.A COC€AHJ.1X 3!leMeHTOB. 

CenapHpoaaHHble ~t~3oTonbl nonaAanl-1 Ha c6opH1-1K, pacnonomeHHbl~ 
a ¢>oKaJlbH0'1 nnocKOCTVI Macc-cenapaTopa. C6opHI-1KOM cnym1-1na 
MarHHTo$oHHa.A neHTa, HaMoTaHHaA Ha cTepmeHb IA11HH0'1 90 CM 
H AHaMeTpOM 1 ,2 CM/ C wa rOM 3 MM. nocne c6opa I-130TOnOB CTep
meHb I-13BJ1eKaJ1C.A 1-13 KaMepbl cenapaTopa, neHTa paaMaTbleanacb, 
TSKI-1M 06pa30M, HenpepbiBHOe pacnpeAeJleHI-1€ aKTI-18HOCHI 0Ka3b1Ba
Jl0Cb pa36HTbiM Ha yyaCTKI-1 nO 3 MM, pa3HeC€HHble Ha 38 MM ,qpyr 
OT APYra. 3To n03BOJl.AeT BeCTI-1 OAH0BpeM€HHOe 1-1 npaKT!-11..1€CKI-1 He-
3aBVICI-1MOe VI3M€P€HI-1€ ~-aKTI-1BHOCTH COCeAHI-1X yl..laCTKOB $OKaJlbHO~ 
nnocKOCTH. PacnpeAe11eH!-1e ~-aKTHBHOCTitl BAO!lb c6opH!-1Ka I-13Me-
P.A!lOCb C nOMOIJ.IbiO 120-KaHaJlbHOrO yCTp0'1CTBa, B KOTOpOM HCnOnb-
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aosan~t~eb eTaHAapTHbte rei:1reposeKV~e C4eT4HKVI C6T-1 11131. L1To6bl 

OTK8IlV16pOB8Tb WK8IlY MaCe H HAeHTH$H~HpOBaTb see nVIKH B Maeeo

BOM eneKTpe, V13Mep~ne~ BpeMeHHOi:1 XOA ~-aKTHBHOeTH VI H8XOAH

IlHCb nepHOAbl nonypaenaAa An~ KamAOro n~t~Ka.npH pae4eTe BbiXOAa 

COOTBeTeTBy~~ero H30Tona Ha OeHOBe HHTeHCHBHOCTH C4eTa B Kam

AOM nHKe HCnOilb30B8IlHCb pae4eTHble 3H84eHHR OTHOCHTeilbHbiX 3$

$eKTVIBHOCTeH perHCTpa~HVI pacnaAa VI30TOnOB H BBOAHilHCb nonpaBKH, 

y4HTb1Ba~~VIe ycnoaHR HaKonneHH~ aKTHBHOCTVI a npo~eece o6ny-

4eHVIR H ee pacnaA AO H848Ila e4eTa. 3$¢eKTHBHOCTb perVICTP84VIH 

pacnaAa 1130Tona a HaweM cny4ae onpeAemteTCR aepoRTHoeTb~ ~ ±_ 

pacnaAa, aepORTHOCTb~ AeTeKTHPOB8HVIR x-ny4eH OT K-aaxsaTa, 

H8IlH4HeM KOHBepCHOHHbiX 3IleKTpOHOB. 8 p8C4eTaX V~enOilb3088IlVICb 

A8HHbte H3 Ta6IlVI4/14/. 0TMeTVIM, 4TO OWJ.o16Ka B BeJlH!..IHHe Bb\XOA8 

onpeAeilReTC~, B OCHOBHOM, He eTaTVICTHKOH C4eTa, a norpeWHOCTR

MH B O~eHKe 3$$eKTVIBHOCTVI VI nonpaBKH H8 pacnaA AnR OTHOCVITeilb

HO KOpOTKOmVIBY~VIX V130TOnOB. 

3. PE3YJlbTATbl 3KCnEPHMEHTOB 

Py6V~AV1i:1. ~aoTonHoe pacnpeAeneHHe AilR py6HAHR, o6paay~~erocr~ 

np~t~ B38HMOAeHCTBHH npoTOHOB /8 r3B/ H a.-l.laCTVI~ /15,2 r3B/, 

noKaaaHo Ha pHc.l.Yme npeABapHTeilbHOe cpaeHeHHe peaynbTaToa 

c pac4eTaMVI ~PMYile PyACTaMa1151noKaaano YAOBileTeOpVITeilbHoe 

cornaeHe. 3To Aano HaM ocHoeaHV~e VlcnonbaoaaTb pac4eTbt no 3ToH 

¢opMyile AIIR aeeAeHHR nonpaBoK Ha 11 KYMYilRTHBHOCTb 11 BbtXOAa Kam

AOro H30TOna AIIR TOre, 4T06bl nepeHTH K He38BHCHMbiM BbiXOASM, 

noKa3aHHbiM Ha pHc.l. 3TVI nonpaaKVI HeaenVIKVI. MaKCVIMaJlbHaR Vl3 

HHX - OKOIIO 25% AilR 83 Rb. 

Y 81 Rb ~MeK>Tc~ ABa ~30Mepa (9/2+ c T112 ~32 M~H ~
 3/2- c 

T 1~ = 4,6 1..1). HaMVI per~t~cTpVIpoeancR TOilbKO AOnromV~ey~VIH VI30Mep 

/OCHOBHOe COCTORHI-1e/. Ho nOCKOJlbKY B036YmAeHHOe COCTORHHe pac

naAaeTCR nyTeM VI.30MePH0fO nepexoAa C aepORTHOCTb~ 97,8% /lSI, Bbt

XOA OCHOBHOfO COCTORHHR RBJlReTCR cyMMOH npaKTH!..IeCKH ~eiiHKOM 

BbiXOAOB 060HX H30Mepos. 

Y 82 Rb TaKme ABa H3oMepa (5- c T 112 ..... 6,2 4 H 1+ c T 112 = 

= 1 ,3 MHH) . 8 3TOM Cilyl.lae TaKme perHCTPHPOBailCR TOilbKO A0J110-

m~ey~VIH H30Mep /B036YmAeHHOe COCTORHVIe/. B~naAeHHe TO!..IKH AIIR 

82 Rb H3 nnaBHO~ 3aBHCHMOCT~ Ha pHc.l, no-BVIAVIMOMY, CBR38HO 

C TeM, 4TO VI30MepHoe OTHOWeHHe paBHO am /a·y =,0,6. 

~HAH~. Ha pHc.2 ·npHBeAeHo- pacnpeAeneHHe HeaaaHcHM~x e~xo

AOa-;3QTonoe HHAVIR, o6paay~Hxc~ npH o6ny4eHHVI Ta npoTOHaMVI, 

,qe~TPOHaMH H a ,-4aCTH48MH. JlnR nepeXOAa OT 3KCnepHMeHT8IlbHO 

Ha6n~AaeM~X B~XOAOB K He38BHCHM~M BBeAeH~ nonpaBKH, MaKCHMaJ1b-

H8A H3 KOTOp~X COCTaBilReT 32% AnR 1111n, 
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Pac. I • Pacrrpe,n;eJieHHe BhiXop;oB 
I B npOH3BOJibHbiX e,n;HHHu;ax/ 
AnR H3oTorros Rb,o6pa3YffimHXCR 
rrpH B3aHMO,lJ;eHCTBHH C TaHTa
JIOM rrpoTOHOB C 3HeprHeH 
8 f3B (0) H a.-tiaCTHIJ; C 
3HepraeH 15' 2 r3B (6.). KpHHaH 
paccqaTaHa no ~opMyne Py,o;cTaMa. 
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Pac.2. M3oTonaqecKoe pacrrpe
p;eneHae ,l:I;JIH HH,D;HH TIPH pac~en
JI€HHH TaHTana rrpOTOHaMH (0), 
p;ei{TpOHaMH (e) C 3HeprHetf 
8 r3B H a.-qacTHIJ;aMH (.6.) C 
3HepraeH 15,2 r3B /rro OCH 
Opp;HHaT - rrpOH3BOJibHbl€ ep;a
HHI.l;bl/. KPHBRH: pacc'1:.1HTaHa no 
$opMyne Py,o;cTaMa. 

Y MHOrHX V130TOnOB t.1H,QJ.1R lt!M€10TCR I-130Mepbl. npl-1 aHam13€ 3KCnePI-1MeHTaJ1bHbiX ,QaHHbiX Ha,qo Y1.11-1TbiBaTb, !.lTO He see t.130Mepbr pen1cT-PYIPYIOTCR npVI HaWeM cnoco6e V13MepeHHH. TaK, B cny~ae 1l3Jn 1-1 115
In pen1CTPY1PY€TCR TOnbKO pacnaA J.130M€POB CO Cn\IIHOM 1/2-, noCKOnbKY OCHOBHOe COCTORH\11€ (9/2+)cTa6J.1IlbHO. 8bJnaAeH\II€ TO~eK AnR 3Htx 3Ha~eHI-1~ MaccoBbiX t.mcen 1-13 nnasHoi1 aaB\IICJ.1MOCTH CBR3aHO, Ha HaW B3rnRA, C T€M, ~TO t.130M€pHbl€ OTHOW€HI-1R AflR 3TY1x H30Tonos pasHbl 0,05+0, 1. AHanorH'-4HaR napa H30Mepoe ecTb y 107Jn, 109Jn t.1111Jn. 0AHaKO 3A€Cb A€T€KTI-1PY€TCR pacnaA OCHoeHbiX COCTORHI-1i1, H 1113M€PR€Mbli1 BbJXOA RBnReTCR CYMMapHbiM no o60HM t.130MepaM, TaK KaK B036y}I{A€HHO€ COCTORHH€ IIICnbiTbiBaeT I-130M€PHbli:f nepexoA co speMeHeM miii3HJ.1 s HecKonbKO MI-IHyT. To4Ka np1-1 A=110 OTBe4aeT CYMMapHOMY BbiXOAY I-130M€pOB ( ]+) 1-1 ( z+),KOTOpbl€ 4€TKO pa3AeJl"K>Tc" ( T 112(7+)~4,9 4, Tu2 (2+) ~ 69 MHH /. 0THoweHHe BbJXOAOB I-130Mepoe Y(7+)JY(2+) = 3+1. 3Ta seni-14HHa r~enReTcA Hl-1>t<Hei1 rpaHI-11.1€~ AnA 1113oMepHoro oTHoweHI-1R a·(7+) I cr(2 +), TaK KaK e H3MepAeMbli:1 BbJXOA 110 In (2 +) AaeT BKJ1aA t.130Ton 110 Sn, KOTo-
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PHc.J. Pacnpe,o;eneHHe swxo,o;os 

/s OTH0CHT€JlbHhlX e,rJ;HHHIJ;dx/ 

H30TOII0B HHAHR npu o6JiytleHHH 

TaHTana IlpOTOHdMH C 3HeprHeti: 

0,66 13B: 0 - ,D;JIH HH3KOCIIH

HOBoro H30Mepa; e - AJIR 

BbiCOKOCIIHHOBOI'O. H30Mepa HJIH 

rronHbiH Bbtxop;. BepxHHH KPHBaH 

nonyt~eHa no $opMyne Py,o;cTaMa, 

HH:lKHHH rrpOBe,D;eHa ITO TO'liKaM, 

y 
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PHc.4. H3oTOIIHttecKoe pacrrpe

~He Is OTHOCHTeJibHhiX e.n;H

HHu;ax/ ,o;na Cs, o6pagyw~erocH 

npa pac~errneHHH TaHTana rrpo

ToHaMH (0), p;ef\TPOHaMH (e) C 

3HeprHetl: 8 f3B H a,-qacTHIJ;aMH 

c 3HeprHe:H: 15,2 l3B (~). 

KpHBaH pacc"'HTaHa no <PopMyne 
Pyp;cTaMa. 

PbtH pacnaAaeTCA I T112 "" 4,1 4/ TOilbKO a Hli13KOCm1HOBbl~ 1<130Mep 

VIHAHFI. no ¢>opMylle PyACTaMa CeYeHit1e o6pa30BaHVIR 110 Sn OTHQ

CVIT€llbHO HeBellVIKO, OHO COCTaenrteT 20% OT C€Y€HVIR o6pa30BaHVIR 

i!O ln. Ho 3Toro AOCTaT04HO, lH06bl OTHOW€HVI€ BbiXOAOB VI30Mepoa 

110 !n(7 +) VI ll0In(2+) B HSWVIX yCllOBM.AX H3MepeHVI.A OKa3allOCb 

B H€CKOllbKO pa3 M€HbWe, Y€M 0'{7+)/a(2+ ). 
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OcHosHoe cocTORHHe 114 In(l+ ) pacna,qaeTc.R c T112 -::::.JL c, 
noaToMy ero HeaaBHCHMoe o6paaosaHHe He AeTeKTHposa~ocb. Pe-rHCTp~-tposanocb Aonro)f{~-tsyw,ee ~-taoMepHoe cocTORHHe ( s-+"). Ero Bbrxo,q 
J.1 noKS3aH HS PYIC. 2 npH A= 114. no Hawei1 OWeHKe, BbiXOA 114In(5+) 
COCTaBJlReT He~e 80% OT nOilHOro B~XOAa YIHAVIR npH 3TOM Mac
COBOM 4J.1C1le. ,llnR lOS In TSK>Ke J.13BeCTHbl ABa J.130Mepa C fiilH3KHMVI 
nep~t~o,qaMI-1 nonypacna,qa, OHYI 6~~YI Hepa3~H4J.1Mbl a HawHx 3KcnepH
MeHTax. 

Ha PYIC. 3 npe,qcTaeneHbt peaynbTaTbt H3MepeHVIR e~xOAOB H30To-
noe In npVI o6ny4eHHJ.1 MHWeH~-t H3 Ta npoToHaMH c 3Hepr~t~ei.1 0,66 r3B. BblXOAbl J.130Mepoe AaHbt OTAeilbHO TaM, rAe 3TO B03MO)f{-
HO, 0TMeTHM, 4TO B BbiXOAe lo130Mepa 110 In(2 + ) MO)f{eT fiblTb 
cyutecTseHHbri1 BKilaA oT pacnaAa 110 Sn. 

UeaH~. HaoTonH4ecKoe pacnpeAe~eH~e 4eaHR noKaaaHo Ha pHc.4. K Co~a~eHH~, JleBoe KpblilO pacnpeAeJleHHR npHXOAVITCR Ha KOPOTKO
)f{HBYW.He H30TOnbl, n03TOMy OHO He 3SXBaTb!BSJl0Cb AaHHbiMYI J.13Mepe
HJ.1RMJ.1. 8 OTilJ.14He OT pyfiHAYIR H YIHAYIR npH nepexo,qe OT 3KcnepJ.1-
MeHTallbHblX B~XOAOB K He3S8J.101Mb1M ,qena!lJ.1Cb 
Kl-1 HS KYMYil.RTJ.18HOCTb AilR J.130TOnOB 127Cs 
nonpaeKa He npeeblwaeT 20%, a 130,132,134 Cs 

3Ha4HTeilbHble nonpa8-
H 129C s . .llnR 125Cs 

RBJlRIOTCR 3Kpa-
HHPOBSHHblMVI, AilR HHX nonpaeKa T04HO pasHa HYiliO, 

4. 06CYI.(/lEHHE 

1-. Ha1-16011ee Ba)f{Hbl~ BbiBOA, KOT0p~i.1 CileAyeT 1-13 npHee,qeHHbiX 
3AeCb 3KCnepHMeHTSilbHblX ASHHbiX,- OTCyTCTBio1e 3Hai..IHTe!1bHOi1 aa
BYICVIMOCTI-1 Bl-1AS I-130TOnH4eCKOrO pacnpe,qeneHJ.1R OT THna 6oM6apAI-1-
PYIOW.ei1 4acn14bt. TaKo~ BbtBOA MO>KHO c,qenaTb, cpaBHHBaR Henocpe,q
cTBeHHO lo13MepeHHbJe BbiXOAbl, He AellaR nepexoAa K He3aBI-1CHMbiM Bbt
XOASM, TO eCTb ero Ha,qe)f{HOCTb He 3aBHCHT OT ,qeTanei.1 np04e,qypb1 
BBe,qeHio1R nonpaeOK Ha KYMYilRTYIBHOCTb. Mbl He BYIAVIM CMell.leHVIR nono~eHHR MaKCHMyMa VI30TonHI..IecKoro pacnpeAelleHJ.1R AllR Rb "' In 
8 npe,qenax +0,5 MaccoeoH eAHHH~bl np111 nepexoAe OT npoToHOB /8 f:>B/ K ;:--4aCT~4aM /15,2 f:>B/. nocKOnbKY <!>oPMa pacnpeAene
HYIR HeH3MeHHS, MeHReTCR TOJlbKO MaCWTafi no OCYI op,qHHST, YMeCT
HO roeopHTb o cKe~nHHre H3oTonl.14ecKoro pacnpe,qeneHHR npo,qyK
roe peaK~HH rny6oKoro pac11.1enneHHR. HeHaMeHHOCTb HaoTonH4ecKo
ro pacnpe,qeneHHR np~-t 3HS4HTeilbHOH eapJ.1S~J.1J.1 Ha4aJlbHbiX yCilOBH~ 
peaK~Hl-1, no-BHAHMOMy, CBHAeTeJlbCTByeT 0 TOM, 4TO nep8bli1 3Tan 
B3aHMO,qei.1CTBHR - RAepHbiH KacKa,q - OKSH4HBaeTCR OAYIHaKOBO KSK 
8 CJ1y4ae npOTOHOB, TaK H 8 CI1Y4ae ,qe~TPOHOB H a: ,-4SCTH4 • npH 
3TOM pacnpeAeneHHR 3HeprHi1 8036y>K,qeHHR, YHOCH'MbiX HS CTSAHH 
HCnapeHHR, OKa3~Ba~TCR npHMepHo 0AHHSK08blMH. 3TOT B~BOA COrila
cyeTCR c aaKn~4eHHeM, CAenaHHbiM a pa6oTe 
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2. Ha pl.1c.1-4 np1.1Be,QeHbl pacc':-11.1TaHHble no ¢lopMyne Py,QCTaMa 

l-13oTonl.1':-lecKMe pacnpe,QeneHHR AllR npo,QyKTOB pac~enneHHR TSHTana 

npoTOHSMl-1. OcTaBVIB AllR cnel-'1.1al1bHOro o6cy>K,QeHl-1R p~r~c. 3, oTMeT.l-1M, 

':-ITO ¢lopMyna Py,QcTaMa O,Ql-1HSK08o xopowa onl-1Cb18aeT ¢opMy lrl3oTo

nH':-IecKoro pacnpe,QeneHiti.A eo 8cex 1.1CCile,Qo8aHHbiX 3AeCb cny':-!aRx 

KSK All.A npOTOH08 1t1 AeHTpoHoB C 3Heprl.1eH 8 r3B, TaK 1-1 All.A a.

':-laCTI-1~ C 3Heprl-1eM 15,2 r3B. 

YMeHbUJeHHe 3HeprHH npOTOHOB AO 0,66 r3B npHBOAHT K 3SMeT

HOMy OTKJlOHeHl-110 $OpMbl 1.130TOnl-1':-leCKOrO pacnpe,QeJ1eHl-1R OT npeA

CKS3bl8aeMOrO ¢lopMynoM Py,QcTaMa /p1.1c.3/. Ha Haw earn.AA, 3TO 

CBfl3aHO C 6onee cy~eCTBeHHbiM, ':-!eM np~-1 60J1bWl-1X 3Heprl-1.AX, BJ11r1R

HH6M npOL-'6CCa ,QeJ16Hl-1.A Ha $OPMI-1POBSHI-1€ cneKTpa MSCC npOAYKTOB, 

yganeHHbiX OT Ml-1weHH. Ce':-!eHHe ,QeneHHfl Ta np~-1 3TOM 3HeprHH 

-14 M6 11 /. CneAYeT Q}Kl-1ASTb, 4TO BbiXOA HH,Qitlfl cpe,QH OCKOJlKOB 6y

A6T TaKoi:i }!(€ no nOPRAKY eem-t':-11.1Hbl, ':-ITO lrl 3S C':-16T P~SKU.I-114 pac

ll.l6nJleHl-1fl. O,qHaKo np~t~ geneHirllll o6pa3YIOTCR 6onee TR>Kellble l-130TOnbl. 

3To npHBOA1-1T K ywHpeHHIO KpHeoM H30TOnl.1':-leCKoro pacnpe,QeneHHR 

B CTOPOHy 6~JlbWio1X 3HS':-16HHM MSCCOBOrO ':-ll-1CJ1S. npl-1 Y86Jll-1~6Hl-11.1 

3HeprHl-1 60M6ap,Ql-1PYIO\LIHX ':-16CTHLJ. Ce':-leHl-16 ,Q6JleHHR MeHReTCR CJla6o, 

a 8biXOA y,QaneHHbiX npOAYKT08 pactL~enneHHR peaKo PacTeT. B pe-

3YnbTaTe na,QaeT OTHOCHTeJlbHbl\:1 8KI1SA AelleHHR 8 H30TOnl-1~eCKOe 

pacnpeAeneHII!e TaKoro 3JleMeHTa, KSK l-1H,QHi1, 1-1 OHO onpeAell.AeTCR, 

r riasHbiM o6pa3oM, peaK~VIRMVI rny6oKoro pactL~enneHVIR. AHanorl-1':-IHOe 

l-13MeHeH¥1e V130TOnH':-16CKOrO pacnpe,QeJl6Hl-1fl npVI CHHm6HHIII 3Heprl-1H 

npoTOH08 nony~eHo 1.1 AI1R Rb. 

3. 8 3SKJ110':-16Hl.1e OCTSHOBHMCR 'Ha nQJlY':-IeHHbiX ASHHbiX no VI30Mep

HbiM OTHOUJeHHRM. ~3 plo1C. 3 81.1,QHO, ':-ITO npVI HCnOI1b308SHl-1l-1 npoTOHOB 

C 3Heprl-1eill 0.,66 r3B Hl-13KOCnl-1HOBblill l-130Mep ( 2+1-1 1 /2-) lt1MeeT 8bi

XOA npHMepHO 8 20 pa3 M6HbWI-1ill, ~eM ero napTHep C 6onee BbiCOKl-1M 

Cnl.1HOM (]+1.1 9/2+ COOTBeTCTBeHHO).npH yeel11.1':-16HHH 3HeprHit1 ny':-!KS 

OTHOWeHHe BbiXOAOB 1.130MepoB 113 ln Ill 11.5 ln OCTaeTCR npaKTM-

':-IeCKI-1 Hel-13M€HHbiM, B TO speMR KSK AI1R llO In OTHOUJeHHe 

Y(7+)/Y(2+) yMeHbUJSeTCR B 5-10 paa. 3TO MO>KHO noHRTb B npeA-

nOJlO}f(eHI-11.1, ':-ITO BKI1SA pacna,Qa 110Sn 8 BbiXOA 110 ln(2 +) cy-

\LieCTBeHHO MeHbWe npH Manoill 3Heprl-1l-1, ':-!eM np1-1 60J1bWOill. ~ei1cTBH

·TeJ1bHO, H30MepHoe OTHOUJeHHe a(7+)/a(2+) /TO 6CTb OTHOWeHHe 

He3SBl-1CiriMbiX ce~eHI-1171 o6pa30BSHit1R H30MepoB/ MOmeT 6b1Tb 60J1bUJe 

TOJlbKO np1o1 nOBbiWeHHOH 3HeprHI-1. 3TO CBfl3aHO C TeM, 4TO COrnac

H0/1/ np1.1 yeeJll-1':-!eHI-11-1 3HeprHl-1 Olill.1AaeTcR poeT cpe,QHero yrnoeoro 

MOMeHTS 8036Y>KAeHHOfO RAPS nocne RAepHoro KSCKSAS, a 3TOMy 

nO CTSH1CTH4eCKOill MOAe111.1/1S/ ,QOJlliiHO OTBe4STb yBeJ11t1':-leHHe QT-

H0Cit1Te1lbHO~ Bepo.ATHOCTI-1 o6pa30BSHI-1fl BbiCOKOCnlo1HOBOrO H30Mepa. 

npeAnOJlOlill-18 He3SBio1CRI1.\ee OT 3Heprlo1H a(7+) /0'(2+) 1o1 O,Qio1HSKOBblill 

OTHOCl-1TeJ1bHbl~ BKI1SA OT pacnaAa 110 Sn, Mbl AOJlliiHbl nony':-ll-1Tb 

6J11<13Kit1e np~-1 60J1bUJOi'i 1.1 MSJ10i:1 3Hepr1-1RX OTHOWeHio1fl BbiXOAOB 
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Y(7+)/Y (2+ ), To, 4TO 3To He TaK,. ca~r~,QeTei1bCTByeT o TOM, 
'-ITO rr·( ll0Sn)/cr-(110Jn) 8 H€CKOJ1bKO pas M€HbW€ npl-1 3Hepra.t~tr 
npOTOHOB 0,66 r38, 4eM npH B~COKHX 3Hepr1<1RX, 

ABTOPbl 6naro,QaPHbl B. n .,ll>Kenenosy' K. ~. IPOMOBy VI H. 1-1. CeMe
H~WKHHY sa HHTepec K pa6oTe ~r~ no,Q,Qep>KKY, B.U.ToHeeay sa nones
Hbre o6cY~AeHYIR, B. B. nonoey sa noMOIJ.Ib a pa6oTe. 
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