
0r:f-~3~ 
P?-97-232 

.[l . .[l.Eor,naHOB, A.B .EpeMHH, A.II.Ka6atJeHKO, 
IO.A.My3hltJKa, A.r.IIorreKo, E.H.IIycTbiJibHHK, H.Poxaq, , 
P.H.CaraR,naK, r.M.Tep-AKOIIMIH, B.H.qerrurnH 

. 
CEqEH~ OEPA30BAH~ 

HCIIAPHTEJihHhiX IIPO.UYKTOB 

113 KOMI1AYH.U-.5I.UEP 210
•
212 Ra*, IIQJiyqAEMhiX 

B PEAKU~X 35Cl+ 175 Lu M 
31P+ 1

:
1 Ta 

HanpasneHo s JKypHan «.SI.nepHaa <IJuJuKa» 



~· ~ 

> 

-~ ~'('-

" 

Bor,I\aHoB A.A. Vl ,u.p 
o6pasoBaHVI.H vxc

enbHNX npo,IJ.YKTOB··· 
-232. 

. '~ 
-...... -

~· 

' ~ 

--__ __, 

·:..~< .· 

- ~ 

.:. 

:--..·~· 

--:;. .. · 
_,,.·--

• f: ----··-. - ... -

BBe.L{eH:rie 

B H:arneil. npe,li;LI~ru;eil. pa6oTe [1]6LIJIH H3MepenLI cpymuum B036yH<.Ziemm .zvm xn-, 

pxn- n axn-Kananon pacna.l(a :KoMnayH.l( H.l(ep 216
•
218

•
220 Ra B o6nacnr 3Heprnil. n(l3-

6y}!{)J;ennH ol- 40 .!(~ 160 ·M3B. lb cpaniienHH 3RcnepnMenTam.nLix .l(ammx'c pe-

3YJihTaTaMH paC'IeTOB 6LIJIO ycTaHOBJieHo, 'ITO ~B HCCJie.l(OBaHHOM .l(Hana:Jone 3Heprltii: 

s036y}!{)J;emiH cel.renHH o6pa30BaHHH ncnapnTeJibHLIX~ npo.l(yRTOB (BnJIOTh .l(O ncnape

HHH 14 ~eil.TpOHOB) B peaRIJ;HHX 22N e + 194•196•
198Pt XOpOill~ OIIHCLIBiUOTC:H B paMKax 

CTaH.l(apTHOH CTaTHCTH'IeCROH MO.l(eJIH HCnapeHnH~c Y'IeTOM OfiOJIO'Ie'IHLIX acpcpeRTOB B 

rrapaMerpe llJIOTHOCTH yponneil. u 6api>epax .l(eJieHHH [2,3]. B pacqerax ncrro.nJ,3oBaJICH 

cpHKCHpOBaHIILIH Hafiop MO.l(eJlhHblX napaMeTpOB, ROTOpLIH He MeHHJICH C yneJIHqenneM 

3HeprHH fioMfiap.l(Hpyrom;HX ~ IIOHOB H. pOCTOM CTeneHH Heil.TpOHHOro .n;ecpHI{HTa ROHe'I

HLIX H.l(ep-npo.n;yKTOB. 

Bo3MOJKHOCTh o.l(llonpeMeHnoro orrncann'H ceqennil. o6pa3oBaHIIH nynnn.n;on ~ B xn-, 

pxn-, axn- KaHanax peaRI{HH npn cpn:RcnpoBaHHOM na6ope MO.l(eJlhHLIX napaMerpon Ro

clienno CBH.zieTeJlhCTBYeT~O .l(OCTaTO'IHO CJiafioM BJIHHHHH ney'IHTLIBaeMLIX, CTil.H.n;apTHOH 

CTaTHCTH'IeCKOH MO.l(eJiblO cpaRTOpOB Ha Bemt'I.iiHLI ceqennil. B MaKCHMyMaX BLIXO.l(OB 

rrpn 3HeprnHX 6o:M6ap.l(HpyiOm;n:x nonon BIIJIOTh .n;o 3Heprnil. 10 M3B/nynnon. 0MaKO 

TaHoe 3aKJIIO'Ienne He HBJIHeTCH B HacroHru;ee npeMH o6ru;enpiiHHTbiM .. C'InTaerrn, 'ITO 

BJIHHHIIe .l(li.HaMH'IeCRHX 3cpcpeRTOB Ha COOTHOilleHHe pa3JJ::Ji'IHhlX nmpiiH pacna.n;a .l(Q

CTaTO'IHO BeJIHKO, RpOMe TOrO KaJKeTCH HeTpHBHaJlhHLIM !1 CJiafioe BJIHHHHe RaHaJIOB 

npe.l(pannosecrroro pacna.n;a rra BeJIH'Inrry n: 3HepreTnqecH.oe nonoJKenne MaKCHMyMo:s 

ncnapnTeJibHLIX cpynRI{HH :s036y}!{)J;eHIIH npR BLICORHX 3Heprnmc :s036y}!{)J;eHHH. Ilepsan 

qacTb :sorrpoca 6LIJia .n;eTaJlhHO npoanaJIH3Hposana :s pa6oTe [1]; H 6LIJIO IIOKa3aHO, 'ITO 
~ . 

B cnyl.rae cyru;ecT:sennoro 'npe:sLirnenHH neil.Tponnoil. ~ rnRpRHLI · na.l( .l(eJIHTeJlhnofi, · ~Ta-

THCTR'IeCRaH Mo.n;eJlh xoporiro onncLI:saeT .npol{ecc .l(eBo36ylli.l(eHHH ROMnayn.l( H.n;pa npn 

npaBRJihHOM :sLI6ope napaMeTpo:s; 

Bonpoc o BJIHHHRII npe.n;pasnosecnLix RaHano:s pacna.n;a ne CTOJih oqe:sR.n;en H3-3a 

c,'l;enannLix ne.n;asno B pa6oTe [ 4] :sLI:so.n;o:s . o BKJia.n;e: npe.n;pa:sno:secnLix. npol{ecco:s B 

·ceqenHH o6pa3osanHH ncnapRTeJibHhlx npo.l(yRTOB B peaRI{Iln 20Ne +208Pb rrpn 3Hep

riiHx 6oM6ap.l(HpyiOni,Rx nonon 8,6 , 11,4 n: 14;,9 M3B/nyRnon. Ha ocnose anaJIH3a 

Ce'JeHRH. o6pa30:BaHHH' HCllapRTeJlhHLIX .. llpO.l(yKTOB ·n: HX HMITYJlhCOB OT.l(a'IH. fiLIJIO ITO- . 

Ka3aHo, .'ITO .l(JIH npaBHJThHOro OmiCaHHH BeJIH'IHH ceqenHH npn 3HeprHHX fioMfiap.lJ;I'!:

pyiOIIJ;HX n:o~os 11,4 n: 14,9 M3B/nyRJioHneo6x~.l(HMO n:cnoJlh:ionaTI> npe.l(lloJioJKeHHH 

0 npe.l(paBHOBeCHOM llCITapeHHH 2 li 4-6 'IaCTHI{, COOTBeTCTBeHHO, XOTH llpH 3Hepr~H 
8,6 M3B/nynnon BRJia.l( npe.n;pannonecHLIX ripcii{eccoB on'a:!anrn nc~e3a10ru;e ya.nl,rn. 

Bo3MOlKHO,: 'ITO TaKOtt pe3RH:i!: nepeXO.l( onpe.l(eJIHeTCH B OCHOBHOM npe.n;paBHOBeCHLIM 

BLIJiero~ 3ap~enHhiX qacTn:I{, a npn:'aneprm ~ 10 M:Jn/nyRJion sepoHTHOCTh npe

.n;pa~~osecnoro BLIJieTa nporona ne npenblillaeT 50%. IIpo.n;oJIJKenn:e 3RcnepnMenTon, 

Ha'IaTbiX,·B pa60Te [1], H .l(eTWHoe· li3Mepenn:e cpyHRI{Hit B036y}!{)J;eHHH .l(JIH n:cnapn:

TeJlh~hlX npoeyn~on B pea~nHx 22Ne + 194•196•
198Pt rrpn: :3IIepnmx 6o:M6ap.n;rrpyiOII{liX 

liOHOB ~1QM3B/HYRJIOH MOrJIO fihl CTaTb XOporneit 6a3oit .l(JIH ROJIII'IeCTBeHHoro aHaJIH3a 

BRJICi.l(a B Ce'IeHHH necTaTHCTH.qeCRHX npoi{eCCOB IIpH 3HeprnHX B03fiy}!{)J;eHliH, fiOJlhillHX 

160 M3B. 'o.l(ll~O )I;JIH 3TOrO neo6xoiuiMo npe,rolapnTeJlhHO nony'IHTb ~annLie 0 ce-

8htJ:ii!:i::l~d ~~l:Jr~' 
wte)IJWX IICCJieltrulill~ , 
· ~ 6HSnHOTEK~ · . 
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lJCHIIJIX o6pa30BaHIIJI nanfionee Hei!:TpOHO.l{e<lJIID;liTHLIX .ll30TOIIO~, ~6p;(3yiOIIJ;liXCJI. npn: 

3THX 3HepriiJIX B03fiylR.l{eHIIJI, B peaKD;liJIX C liCnapeHHCM 5c 7 lJaCTIID;, T.e. B o6JiaCTll 

3HeprHfi B03fiylR.l{eHIIJI, r.n;eupon;ecc IIpe.n;paBHOBCCHOro HCIIapeHIIJI ITOJIHOCThiO HCKJIIO-

tJeH. KpoMe Toro, TaKne aKcnep:IIMeHTM npe.n;cTaBimiOT n ca!lwC:ronTeJihHhiH nnTepec, 

TaR KaK pe'lh n.n;ero ce'l~HHJIX o6pa3oBaHHJI .n;eJIJiru;nxcJI nyKnn.n;oB, 6nn3KHX K nnnnn· 

npoTOHHOH HCCTafiHJibHOCTH JI.l{ep. . . . , _ . 
Tio3ToMy naMH :8 peaRD;liJ!X 31 P + 171Ta n 35Cl + 175Lu 6unn H3Mepeuu ·ce'lennn 

o6pa30BaHHJI .HCIIapHTCJibllhlX IIpO.I{JKTOB B ofi~aCT_I!. 3Heprnfi BO:lfiyH{.l{CHliJI HOM~ayu.n; 
JI.n;ep oT .50 .n;o 90 NhB .. K nacToJiru;eMy BpeMenn nonytJeuu nepBue pe3JllhTaTu, uoTo-

pue ·n o6cym.n;aiOTCJI B rracToJiru;ett pa6oTe. . .~,' ·. 
. . . . . . u 

8KCIIepRMeHTaJILHaJI MeTO,li;HKa ll pe3yJii.TaTbi. H3MepeHHH 

9ucnepHMeHTM npoBO,ll;HJIHCh na BMBe,L\enrroM nytJue n;ll:KJIOTpona Y-400 JUIP 

OI1.HI1. I1cnonh30BaJIHCb ny'IHH nonoB 31 P c 9Heprnei!: 168 M3B n 35 Cl c 3HeprnJIMH 

217 n 239. M9B. ,UJIJI yMeHblliCHHJI 9Heprn:ii tJacTnn; nytJna npriMeHJIJIHCh pacnoJIOH\eH

rrue nepe,Li ·MHrneHbiO aniOMHHHeBue, THTanoBue n rpa<lJHTOBhie nornoTnTeJin. l13Mepe

uae 3HeprHH fioMfiap.n;HpyiOIIJ;HX HOHOB IIpOBO.l{llliO~b IIOliJIIpOBO,l{!IHHOB.biM ,l{CTeKTOpOM, 

perncTpnpoBaBlliHM Honu, paccennnue na yron 30° B Beru;ecTBe MHiiienn. To'lHOCTb 

H3MepeHHJI 3Heprllll fioMfiap.n;npyiOIIJ;HX . HOHOB COCTaBJIJIJia B .n;aHHLIX{-3RCIIepHMCHTaX 

±2,5 M3B. 
MarueHb H3 .TaHTaJia 6una ll3roTOBJiena MeTO,L\OM. BaKyyMnoro nanunennn 11 nMena 

TOJIIIJ;llHY (200±50) ~Rr/cM2 . Marnenb 113 JIIOTen;an 6una u3roToilllena MeTo.n;oM 9JieK

TpopacnunenHJI H aMen a TOJIIIJ;HHY ( 500± 150) MHr / cM2. B RatJecTBe no.n;nomeu B o6oax 

CliY'laJIX HCIIOJib30BaJiaCb aJIIOMHHllCBaJI <lJom,ra TOJIIIJ;llHO_H 6 MHRpOH. 

,UJIJI OT.l{eJieHIIJI npO.L\YRTOB peaKD;llH llOJIHOrO CJIIIHllllJI OT 'laCTHD; ITY'lKaH npo.n;yR" 

TOB peaun;:uii. nepe.n;a'l :ucnolii>30BaJICJI 3JieRTpocTaTn'leCRlli!: C@apaTop BACI1JII1CA 

II cTan.n;ap'rnaJI .l{JIJI HllHeMaTH'leCRllX cenapaTopoB MeTo.n;nRa H3Mepen:u.il:. B TpexRac

ua.n;noii. 3JICRTpOCTaTH'lCCHOll. CHCTeMe npoHCXO.l{llJIO pa3.l{CJICHHe npO.l{yKTO~ peaHD;Hit 

nonrroro CJIHHHHH, rrpo.I{JKT~B peaun;a.il: nepe.n;a'l H rrytJRa 6oM:6ap.n;:upy10ru;Hx rionoB no . 

3JieHTpn'lecRoii: mecTROCTH. B <lJoRamnott rrnocuocTn cerr~pinopa npo.n;yRTM peai{IJ;Hit 

IIOJIHOro CJIHJIHHJI IIOIIa,l{aJIH B .l{CTCKTHpyiOIIJ;llfi MO.l{yllb, COCTOJIIIJ;HH ll3 .D:BYX illllpOKOaii~ 

rrepTypnhlX BpeMJIIIpOlleTHLIX ,l{CTCKTOpOB C BpeMeHHLIM pa3perueHHCM 0~5 HC H BOCb

MHCTp!IIIOBOro KpeMIIllCBOro .l{CTCHTOpa C 3HepreTll'lCCKHM p~perueHUCM ~20 K9B .l{JIJI 

o-tJacnrn c 9HeprnJIMll Me,Hhille 12 M3B: .9neKTponnaJI ann~paTypa .n;eTeKT:upyiOru;ero 

MO,l{JJIR ofiecnelJUBaJia 3aiiiiCb BCeX co6MTIIR, CBJI3aHHLIX C HpHXO.l{OM B .l{CTCKTOp JI.l{ep 

. OT.l{alJH (ER) ll IIOCJIC.l{y!Olll;ll~ o-pacrra.l{OB C <lJllRCi!-Il,lleii. •BpeMCHII KaHt.l{O~O C~fihlTllJI 
C MllKpoceHyH,L\HOit TO'lHOCTbiO. ilocne.l{yiOIIJ;HH BpeMnaMUJIIITY.L\HLIH KoppeJIJID;m:iunutt 

anaJIH3 BCero MaCCUBa 3aperHCTp1IpOBaHHLIX . COfihlTHH II03BOJIJIJI BhlJIBlm'fh._ reneTU'le

CRH CBJI3aHHhle neiiO'lHH o-pacna.n;oB,.ll.l{CHTH<lJHD:HpOBaTb ~epBll~Hhlll ~yimH,l{ no'ero 

,D;o'lepnHir rrpo.I{JHTaM u onpe,D;eJIJI~h ~ro rrepno;n' nonypacna,D;a. ,UeTaJihno xapaKTepll.~ 
CTllKII. cenapaTopa, .n;erenTnpyiOru;ero MO.I{JJIJI II 3JICHTponno:tt annapaTypu onncaHM B 

pa6oTax [5-7]. 
,Urui onpe.n;eneHHH 3<lJ<lJ;KTHBHOCTll CenapaTOpa HCIIOJib30BaJIHCb KaJIHfipoBOiiHMC 

peaRnllll 3lp +169Tm H 35Cl + 165Ho, npiiBO.l{IIIIJ;lle K o6pa30BaHHIO HOMnayn,zi, ·~.n;pa 
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200Po, ll 3KCIIepHMCHTaJILHhle ,D;aHHhle 0 BCJIH'lllHax CelJCHllfi. o6pa30BaHUH HCnapH

TCJihHLIX IIpO.D:YHTOB ,D;JIJI 3TOrO imMnayH,L\ H,D;pa [8]. 9aeprHH B036ylR.l{eHUH ROMIIaY.HJi 
. . -. 

JI,D;ep BhllJHCJIJIJIII.Cb C llCIIOJib30BaHIICM 3KCIICpHMCHTaJILHhiX 3HalJCHHR Mace HJRJIH,L\OB 

[9]. 3nalJeHHJI o-BHJI~J{ 6pannch H3. pa6oT [10-13],-a .D:JIJI neHOTOpLIX HYKJIH.D:OB 6LIJIH 

oripe,D;enenhl nerrocpe.n;cTBenno H3 ,L\aHHLIX ,L\JIJI o 1-o2 i<oppeJIJin;Hi!:, nony'Iennhlx B rrpo

Be,D;euuux aKcrrepnMenTax (eM. Ta6JIHey 1). 

Ta6nnn;a 1. BennqnuLI :Snnoit. ·MJI o~pacnli.na 
. 

Hyunn.D: Ea • .. BHJIHa ua o-pacna.l{, % ~ 
MaB ,D;anuaJI pa60Ta ,Lipyrne pa6oTLI· •' 

203mRn 6.549 80(10) . 75{10) ' (10) 
t9s9At 6.856 ; :.76{21) 
198m At 6.755 76(21) . . ·~ 

2ooAt 6.464 . 49{4) . 57{6) [11] 
201 At . 6.344 59{3). 71{6) .. . ' [9] 

. 2o3At 6.088 22{3) 31{4); ·[9]' 
t9sp0 6.180 59{3) ._, .57(2)' ' .. (12] 

Buno TaKme aRcrrepnMenTaJILHO IIO.L\TBeplR.l{eH~ BMCHMall:~me B pa6oTe [12] npeJJ;

nonomen:ue 0 paBeHCTBC 3HeprHi!: ,L\JIJI o-p~CIIa,L\OB H3 COC~OJIHHit3+ H w- H,D;pa 202Fr. 

B crreKTpe o 1-o2 uoppeJIJin;nit ,L\JIJI pa~na.l{a 202Fr - 19~At 6uJIH o6nap)hKenu HoppeJIJI

n;nn o-nepexo,L\a c aneprneit Ea= 7,24 MaB ( pacna,L\ 202m,gFr ) RaK c o-nepexo.n;oM 

c aueprn:eit Eo= '6,755 MaB, Tau. n ;c o-rrepexo.n;oM caueprH~it E 01 :;=' 6,856 MaB

'o-pacna,n;MJII3 COCTO~Hllii 3+ II w- Jr.npa 198At COOTBC;I'CTBCHHO, ;B Roppe.nRn;imHHOM 

BpeMCHHOM HHTepBaJie 0-15 CeRyH,L\ 6hlJIO 3aperncTpllpOBaHO' 12 ROppeJIJID;HR riepBoro 

Tn:na ri 7 BToporo,' rrpn n(muoM lJHCJie 3aperricTpnpoB!UIHhlX o-p~cna.n;o~ .HJipa 202m,gFr 

paBHOM 50. Tiony'Ienuoe OTHotneune MeH{.l{J:lJn:cnaMn R~ppeJIJI~nit nepBoro n BTOporo 

Tn:rra· xoporuo coBrra,L\aeT c. ,L\anuu;,m pa6oThl [14] •. llp~,L\IIOJiaraJI, 'ITO .n;alinoe oTJi:orue

nn:e onpe.n;eJIJieTCJI celJeHIIJIMII. o6pa3oniuinJI OCHOBHOro H H30Mepuoro' COCTOJIHllR 202Fr 

- B n:,ccne,L\OBannux p7aKD;HJIX, H3 nony~epmix . .dammx ~om~o c.n;enaTb on;~HKY Bellli'illHLI · 

o-BHJIOR ,L\JIJI. cocToJ!Iiuii 3+ ri,lO- Ji,D;pa 1: 8At- _0,76{21 )%. ·· · 

BeJilllJIIHhl ce~eu~it, nony:qeuiiue H3, 3KCIIepnMeHTanhHO H3MepeHHLIX BLIXO,L\OB, npn:

BC,L\CHLI B Ta6nnn;e · 2. ·cTaTliic~nlJ:~cl<a.H TolJiiocTb H3Mepeanit BLixo.n;o~ .LIM o-i:-.n;eJibuux 

HYKJIH.l{OB COCTaBJIJIJia B ',L\aHHLIX 3KCIIep~MCHTax ±5% rrpH CelJ~HHII 06J>a3~BaHHJI uy

RJIJI,D;a paBHOM o.n;noMy MHKpo6ap:Hy .. :no:noMy p;nii 6omrnmicTBa· npnB~,Liennux -B Ta-

6nn~ax BeJIHlJHH CelJe_Iini!: ornn6Ka' n:3MepeH:UH onpe,LiCJIJleTCJITOlJHOCTLIO H3MepeHUH 3<lJ

<PeHTHBHOCTll cenapan;im {±15%), Tomrum M:nriiemitt {±20%) n HHTerpanr.uoro noTORa 

-uonoa, nporue.l{lllnx. 'Iepe3 i.mrneub (±5%). Cy'IeTOM B03MOmH~x 'cncTeMaTnlJecuHx -

OlliJifiOR B II3MepeHHJIX Mhl ClJ:IITaeM, 'ITO llOJI!IaJI OlliH6Ra B OIIpe,LieJieimH a6COJllO~IThiX 
BClllllJHH celJeHHR B HaiDIIX OIIMTax CO~aBJIJIJia·±40%. TolJHOCTb onpe,LieneiiHJI OTHO-

.. CliTClii>HhlX BCJIHlJIIH CelJeHJIR B ,l{Ba-Tpll pa3a JIY'IlliC. 
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Ta6JIHI.{a 2. BeJIH'lHHhl ceqennfi·.llJIR xn-, pxn~, 2pxn~, 
axn-, apxn- n 2axn-peaRn:ni!:, . 

3sCl+rrsLu = 21oRa 

Ect M3B· 176 183 190 200 217 
E* 

' 
M3B 62 .• 69 74 82 96 

HyiUlli.ll .KaHaJI ' Bellil:'l.ll:Hhl' ceqenn.ii, MR6 ' 
205Ra; · 5n· . 0,3 0,15 .0,02 
202Fr p7n 0,19 
203Fr p6n 0,15 0,72 0,27 
204Fr p5n. 1,5 4,4 . 7,6 4,9 0,65 
2osFr p4n 18,5 13,6 5,1 1,4 
200R.n ·a,6n 2,1 
201Rn a,5n 12 23 '20 510 
202Rn . a,4n 55 46 19 56 

_2p6n 9 16 
203Rn a,3n 36 12 

2p5n· I ·3 · 10. 13 
204Rn. 2p4n 1 5 ··10: 17 . 6 
,.,,,At ·a,p6n .. 

5 46 
2ooAt :a,p5n .. . . 'c,! 

'42 88 ' - ~-
... 

2~1At . ··a,p4n· . > ~ -''32". 90. 114 27. 
· t96p

0
·. 2a,6n •63 .. 

t97p0 2a,5n 38 .. 110 
t98p0 2a,4n 8 31 62 
t99p0 2a,3n . 32 40 34 532 . 

a,2p5n• <32 84 

3tp+171Ta = :.~_r~Ra .. 
Ep . M3B 148 150 152 154 159 
E* .. , M3B 54,8 56,5 58,2 59,9 63,7 

Hymm.ll . .KaHaJi BeJI.Il:'l.ll:Hhl ceqennfi, MR6 
208Ra 4n .. 43 25 15 9 
207Ra, Sn 30 41 37 . 30 12 
208Fr p3n 54 44 29 22 . 7 • 

201,200Fr p(4-5)n 78 110 i14 129 134 
• 202Rn a,4n 100 185 226 291 335 

-·-- -
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11o-1y'lelllii.Ie •a pealil.{IUI 35,Cl ·+. 175 Lu··~aHIII.l·e·'o se;mqunax CC'ICHUU ,llJIR Kana
.10li neso36J<K,llemin ~ ncrrapenHeM 6 u'7 HeilTpoiws B'Tafi.;muy 2.'ne Bli.liO'ICHhl. 8TO 
CB,n:Jauo c Te~r, 'ITO ·ceqenun xn-pealimiilo'leHb 6hicTpo'.}:lleHblllaiO·Tcn c ·);Be.1H'ICHilell 
I{eiiTponnoro JJ.ec.j:J~IUnTa · !i(me'!I~oro nyrGu(ua. B • on1ichlsaelmx oriLI;ax .. ~irc.~~ 3ape" 
rnCTpuposannLrx ci-pacrra,llos · iiyK;rnJJ.a 204 Ra Iie.rrpeaLinia;ro• 10 ·~15 co6Lnnii a liJlie~ 
pennn~ c ~ocToiinriou 3nepruen 6mr6apJJ.npy!Omirx iwn6s:: Ilo;no~ry 1iJ 'rro.iJyqeiJ~w( 
,llaiiHLIX ll6lKiiO C,lleJiaTb· TOJibllO on:em~y cpe,llll:efi 's'enH'lHHLr ceqei~iin o6pa3oriaimn. a)·
!{;rl!,lla 20'1 Ra B pailoire Mantmtyl\!a BLI~O.aa- (!"25' n6),. a·TaroKe.lli!.Th.BepxmoiO rpaniruy 
;mn ce<renun n6pa3osamm 203Ra ·-·{s;5·n6), .,. · '·· 

06cym~eHll:e. 3RcrrepHMeHTaJILH.LI:X p:~Hri:hlx 
· H. pe3yJI:bTa:ri.I pac~~Ta _, · 

~apaKTep 3aBIICl!MOCTH ceqennfi o6pa3oaa'm~n ll:~irapnTeJILHLIX nyi{irn.non OT Mac~ 
COBOfO 'lllCJia KOHC'lHOrO ·npO.llJI<Ta XOpOIIIO Bll,llCH H3 ,llaHHbiX, rrpe!(CTaB;reHHLIX H<t 
pncyime 1. Ha:3TOM pncyime·npnile,lleno cpasnenne 3Kcnepnlr~nTaJILno ll3li~penHbiX. 
CC'lCHllfi o6pa3miaHUJI B MaKCI!MJ.MaX c.j:JyHHUHU BOJ6JlK,llCHIIH ,llJIJI O.llllliX II TCX ffie ll30-' 
TOITOB pa,lli!R rrpu .llBYX crroco6ax IIX IIOJIJ'lCHllJr. B rrepBpM cnyqae ll~liOJib30BaJIHCb . 
paJmiqHLie KOM6miiuiuu MilllleHL. c nan~Tawru~~ qacTnua u c.j:Jm{cnporiamlhlil KaHa~ pe- · 
aKUHII c ncnapennei<.i TOJILno·5-6 nefiTpOHOB, TO eCTb naqamuan 3Heprnn B036y<K~elin~ 
J. · BCeX. o6pa3JIOIU.Il:XCJI HOMli'a_JH.ll R,llep 6LIJia lipll6JIH3llTCJibHO O,llHHaKO~Oll !1· COCTa.' 
BJIRJia 60 -70 1\hB: Bo iiTopoM cnyqae' ,llnn rronyqeHnn H30Torroa Ra ilcrroJIL30~~iraci. 
o,llna peann:un - 22 Ne + 198Pt.. 8ueprnn 6o.M6ap,llnpyroriurx uoHos: ·rrocTerrenno yBe;ru
qnsanacL; U 'll!CJIO .ll:Cliap.ll:Bl!IHXCR nefiTpOHOB.B03pacTaJIO OT 6 no 14 C JllCHbl!ICHUC~I 

" ·~ ~ < • ' • 

.Maccosoro:qucna non~qnoro HYHJI.Il:.lla.-
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• Pnc.l. 8KcrrepnMeHTaJILHLie u pac'!eTnLie se-.. 
JIH'IUHLI : ceqenu.ii o6pa3osannn · neiiTpono.ae
c.j:Jnn:uTIILIX uJoTonos Ra B Hana;rax c·Hcnape
mieM 5-6 nefiTponoBu H peamum 22Ne + 198Pt 
(• ). Bo BTopoM (;Jiyqae 'Incno ucnapnBllli!Xcn 
-neil:Tponos MenneTcJl OT. 6 JJ.O 14. ·. · Pac'leTLI 
BL!IIOJIHCHhl IIpH 3Ha'!eHHJIX OCHOBilbiX _MO,llCJlb· 
IILIX rrapaMeTpax paBULIX: . O.j I a., =;= .1.00;. c = 

· 0.63; D = 18.5M3B. Jlnn I<ananoB c ncrra
penueM 5~6 nefiTpOHOB CC'ICIIIIJI 113llepeHLI B, 
peann:unx: ( +. ) . 22Ne + 194:196,19Spt, 

. . (.A) _ 4o Ar + m:.1r-tyb; (Y) _ 31 p + 1nTa; 
204-206 2oa 210 212 214 216 ·_ce) _ 3sCI+ nsLu 
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.[{anHh!e o BeJIH'In:Hax ceqenn:fi B3f1Thl n:~ pa6oTh! [1], nacToJimefi pa6oTh! n: pa6om 

[15], B KOTOpofi JI,mi. liOJiyqeHil:JI IlefiTp,OHO,llecjni:llll:THh!X uJ.oTOlJOB pa.nrifi l!CliOJ!b30Ba

JIIl:Cb peaKun:u 40 Ar +171•174Yb. BeJin:'IHHhl ceqenn:tt; H3Mepemihle a peai<rin:Jix c i:to-· 

na1.m Ar; CI n P, OTnopMnpoBaHh! na· .ziimny BOJIHhl ao aio.nnoM Ka~~Jie :nJIH' pe~Imim 
c rionaMH 22Ne. 3aMeTHM, 'ITOil:lMeH~Hn:e ~Kcrrepn:Me~TaJI~Hh!X BeJin:qun ceqeJmil rrpn 

rrepeHOIJMil:pOBKe He rrpeBh!lllaJio <PaKTOp 2,0 : 113 pn,cyima CJie.nyei, <iTo ce<ienn:e 

o6pa30i!aHil:Jl IiefiTpOHOJI.e<Pnn:uTilhiX ~30TOITOB .Ra B ropa3,ll0 6pJI&ruefi CTerrenn: orrpe.ne

JIJieTCJIHX M:accoBh!M qn:cJioM, '<ieM naqaJibHofi 3neprn:efi !lo36y}!{J1.eH:im KOMmtyn.n; 'JI.npa. 

Panee B pa6oT~ [1], na rrpHMep_eCOBMeCTHOro uccJieao~anlm pacrriwi ~pex K~MrrayH.ll 
JIJI.ep 216,218•22°Ra HaM:n: 6uJio rroKa~~~o, 'ITO y~eJin:'IeHn:"e · qucJia n:cnapiiwiu~xCJI nefi-

, • ---- - - ' - - .J- .- .• -- - .. ' - - . -
TpOHOB Ha 2 IIpUBOJI,Il:~ K yMeHbllleHHIO Ce'IeHHJI ofipa30BaHHJI. JIJI,pa-npo.nyKTa C <PnK-

cn:poBaHHh!M 3Haqenn:eM Mac~oaoroqucJia acero Ha~ <PaKTop (2±0,2),-a io apeMJI KaK 

yMen&ruenn:e na .nae eJI.HHHIJ;hl Maccoaoro 'IHCJia HYKJIHJI.a rrpn:ao.nn:T K yMeH&ruenn:IO ero 

ceqeHHJI o6pa3oBaHHJI na <PaKTop OT 2 .no 100. CpaBHHTeJ!bHO cJia6aJI 3aan:cn:MOCTh ce

qenufi ofipa30BaHHJI JI,eJIJIIl\H2'iCJI Ii:yKJIIl:JI,OB OT 3HeprHH B03fiyJRJI,eHHJI CBHJI,eTeJibCTByeT 

o TOM)'. 'ITO JI,eJin:TeJI&HaJI MOJI.a pacrra.na KoMrrayHJI. JIJI.pa rrpn: 3Heprn:Jix B036ym.nenn:JI 

·- ;:::_40M3B HBJIJieTCJI 6oJiee Me,n;Jiennofi, '!eM n:crrapn:TeJI&HaJI, n: II03TOMY naqn:naeT 3<!>

<PeKTHBHO KOHKypnpoBaTb C IIOCJie.zinefi _TOJibKO IIpll: 3HeprHJIX B036yJR,lleHHJI KOMIIayHJI. 

IIJI.pa 6oJiee HH3Hn:x, 'IeM 40 M3B [1]. K anaJiorn:qnoMy Bh!BO.llY rrpuBO.llJIT ~ pe3yJI&TaTh! 

n:ccm!.noaann:fi, rrpoaeJI,ennh!e- naMn: pail:ee JI.JIJI nefiTponoJI.e<Pn:un:Tn~x H30Torroa Po [8] 
ll: Tpanc<PepMHeBh!X 3JieMeHTOB [16,17]. 

Jln:Hil:JIMU Ha pn:c.l IIOKa3aHh! pe3yJI&TaTh! pacqeTOB, BhiiiOJIHeHHh!X C IIOMOil\biO MO

JI.H<i>HU:HpOBaHHOH rrporpaMMhl ALICE-MP [2], B_ RoTopofi ~Jill orrn:cann:·JI rrpon;ecca 

JI,eB036yJRJI,eHHJI. o6pa30BarueroCJI HOMrrayn,n; JIJI,pa- UCIIOJ!b3YeTCH CTaHJI,apTHh!H BapHaHT-

- CTaTHCTH'IeCKofi MO,lleJin: c yqeTOM :iiJIHRHil:JI o6onoqe'IHh!X 3<l><!>eKTOB Ha -napaMeTp IIJIOT- : 

_nocTn ypoanefi n: 6ap&ep JI,eirenn:JI. Bh!6op ~mcirennhlx 3naqenn:jl: Mo.neJI&nhix rrapaM.e

Tpoa pacqeTa rro.npo6no orrn:can B pa6oTe [1],- a TaHJRe B H:arun:x 6oJiee' pan nux pa6o:rax. 

-Ilo3TOMY B JI,annofi ny6Jin:Kan;n:n: Mhl C'IHTaeM lieo6xo.nnMhi.M TC?JibRO oiMeTn:T&, 'ITO ace 

pacqeTHhle aeJIH'IHHhl ceqenn:fi, rrpn:ae.n;eHHh!e na pn:c.1, uoJiyqenh! rrpn: HCIIOJ!h3?Bann:n: 

o.n;noro- n: mro me <Pn:Hcn:poaannoro na6opa MOJI.eJI&Hh!X rrapaMeTpoa, JIBAAIOJllerocJI 

orrTn:MaJI&Hhl-M .nmi orrn:cann:JI ceqenn:fi o6pa3oaann:Ji ircrrapn:TeJI&Hh!X rrpo.nyHTO~ B pe~ 
· aKn;HJix• 22Ne + 194•196•198Pt [1] : acn:M:monitiecKHe napaM:eTphl ~JIOTHOcTn: ypoaliefi 

B HefiTpOHHOM ~ .QeJIHTeJibHOM KaHa-JiaX C'IHTanHch paBHh!MH,i'iJ/i'iv=l,O ; CB060)l.Rhlfi 

Ho3<P<Pn:nn:enT rrpn: JRHJI.KOKarr~JI&Rofi qacTn: 6ap&ep'a ,n;eJieHHJI 6h!JI paaen C=0,63. I-b 
CpaBHeHHJI 3Hcrrepn:MeHTairhHh!X H pac'IeTHh!X ·.ziaHHh!X CJie.nyeT, _'ITO ll:CIIOJ!h30BaHHhlll 

B hporpaMMe MeTO,ll pacqeTa C TO'IIHlCTbiO Jio <Painopa JI,Ba BOCIIpOH3BOJI.HT BeJIH'IHHhl 

ceqennfi o6pa3oa~nn:JI nefiTpono.de<Pnninnhlx n3oToiroa Ra c MaccoBh!Mn: iJn:cJiaMU a JI.H- · 

arra3one 206$A$214 Ka~ a peaHIJ;IIJIX c !pn:licn:poaannofi 3Heprn:efi B~36y}!{JI,emi:JI HOM

nayn.n JI,n;ep' ~65 l'vhB ( cmmni~aJI HpHBaJ!), TaR H B cJiy'Iaen:x o6pa3oBanim n:3 :oJI.Horo 

HOMrrayn.n JI,llpa :'-220Ra, rrpii n3MeHeHIIH ero i:lnepnm B036ylli.n;eHIIJI OT 60 JI.O 160 M3B 

( uynKTn:{maJI Hpn:BaJI). C y-..i:er~M foro;· 'ITo Ji IIccJieJI,oaannoM. JI.Ranaaone Macc~~hlx 
'IliCeJI_ BeJIH:,IIIHhl ce~en~fi yMeHhili~IOTCJI na HHTb

0 
rropJIJI.HOB BeJIII'IIIHhl; noJiy'IeHHOe 

corml.cne pac'IeTa H · 3KcrrepRMenTa npe.n;cTaBJIJieTCJI .n;ocTai()qn() y6e.QHTeJI&Hh!M a pry-

-' 
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.MeHTOM B UOJ!b3Y crrpaBeJI,JIHBOCTH YTBep}!{JI,eHHit, 'ITO craHJI,apTHOil: CTaTIICTH'IeCROil: 
~-. :. _. ·. ' -, ._· ,- /. :- '- .-- .. - ,. _" .. ·._ •,· ~-· ... ~ .. ,,, • .c-,•f '.,. .• : 

MO,lleJIH .BHOJIHe JI.OCTaTO'IHO JI,JIJI npaBHJ!bHOfO KOJ!Il:'leCTBeHHOro OllHcaHHJI rrpon;ecca 

.zie8~36yiKJI,ei~JI HoMnayHJI. JI.zl:ep arrmm P.o 3HeprHil: Bo36ylRJI,e~IDI ~160 M~B H q~o 
BHJ!aJI, npe.n;p~BHOBeCHh!X. npoi£ec~~B ~e BJ!Im'er ~ymec~BeHHO na _ ceqeHIDI_ o6p~o~aHHJI 
HCrrapB.i-eJib~UX npo.nyKTOB B MaKC~MyMe~x Jiw{o.n;a BllJioTL JI.O <JHepr~A.:IianeTa~m~ro' 
~oilci'_io M~)lfnyWion: - · · · · · .- ·. · . ·' · · ,-, .· · .- .. · · .. · - . 

-Coma~H~ Me~ SKcnepriMeHTaJ!bHLIMH H P!lC'IeTHLIMH ce'IeHIDIMH HeC~OJ!bRO yxy.n;- ' 

rnaerc~ .n;~ Iiaa6~m!e nefiTponoJI.e<PRn~~~Lix n3oTono~ -~·205Ra; o6pa3yromB:xen a 

--peaKn;Ha. 35cl +175Lu. Ka~ BH~o _H3 pRc.I;3HcnepRM~~.faJ!bm> H~MepeH:n_b1e_aeJIIi~Hiihl · 

ceqenRtt .o6pa3oBaiDIJI H3oTOuoa Ra B 3roM_ cJiy:q:ae a (4-6} ·PM Mea&rne pac'IeTHhlx. 

.[{JIJI. ~X IIp~n:~.HOIU OII~ca~ll:Jl ~eoGxo'.zimm yMeHbniHTb BenWmHy TIO.QrOHO'IHOI'O ll~
pa~eTp~ C JI.O 3Ha'I.eHHJI ~0.55, ~To H,CI, H~ B3rJIJIJI. Bh!XOJI.IIT 3a upeJI.eJ!bi .n;onyCTHMoro 

paCXO}!{JI,eHIDI MeJRJI.Y 3HCITepiiMeHTOM H pac~eTOM,_ C JI,pyroil: ,CTOpOHLI ·JI.JIJI. KaHaJIOB 

C . HCITapeiiHeM 3apJIJReHHh!X 'IacTJin;, IIpll:BOJI.IIIl\IIX. R _o6pa30BaHHIO B 9TPil: JRe ·peaR

IJ;IIII MeHee nefiTpono.n;e<PRU:HTHh!X HYHJIHJI.OB, cymecTBennoro pacxolRJI.eHIDI pac'IeTH~x 
H sHci!epHMeHTaJihHh!X ce'Ieima ne · na6JIIOJI.aeTCJI. Ha pHc.2a,6,-B _ Jlll:HIDIMH noHa3aHh! : 

pacqeTHhle _ <i>YHKIJ;HH B036y}!{J1.eHIDI JI.JIJI pxn-, QXTI- ll apxn- RaRaJIOB ,QeB036y}!{JI,eHHJI 

B peaHIJ;HH 35Cl +175Lu, noJiy'IeHHh!e npR 3Ha'IeHHH H03<l><PRn:IIeHTa C, paaaoM 0,63. 

To'IKaMH noKa3aRhl pe3yJ!bTaThl H3Mepean:fi •. I-b cpaaReHIIJI CJie.nyer, 'ITO pe3yJI&TaThl 

pacqeTa II sRcn~pHMenTa nerrJioxo comacyiOTCJI MeJR.llY. co6ott. Pa3liH'IHJI 3HcrrepHMeH

TaJI&HhiX H pac~eTRh!X ceqenn:fi ne rrpeBh!II!aiOT·<Pa~rop JI,Ba a ae BLIXOJI.IIT 3a rrpe,n;eJihl 

TO'IHOCTH H3Mepeniiil: ce'IeHIIil: B:. 3Hepriiil: Bo36yJRJieniDI. , _ .. 

·x 2 

'() 101 
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E,M3B 

-Pll-~.2a,6,B. 9RcnepiiMeHTaJibHhl'e H. pac~eTHhl~ BeJIU'IHHhl Ce'IeHIDi o6pa30Banii 

ne_il:TpO!JOJI.e<PRn:H!HhiXH3C>TOIIoB (a)- Fr, (6}--Rn H (a}~ At B peaHIJ;Hll 35Cl +1: 5Lu 

' Ka'Ie~TBeHHO ~JIOJRil:BiliY~~ 'ciiTyaiJ;RIO MOJRH~ o6'bJICITHTb .n:~cTaTO'IHO npocTO. B 

o6JiaCTH • YJ!bTpanei1TpOHO~e$HnRTHh!X. H30TOITOB . Ce'IeHIDI . ax o6'pa30Banrut• Ra•mnaiOT 

yMeH&IliaTbCJI. O'IeHb 6h!CTpO - npR6~3II;eJ!bHO Ra OJI.RH nopJIJI,OR B(!JIJI'IIIH~ IIpll II~ Me~. , 
neHIIll. MaCCOBOro 'liiCJia Ha e,QHHHIJ;y. · IJ03ToMY 'IYBCTBHTeJn.nocr& 3HCIIepRMeHTaJI&-· 

Rhlx JI,anHhlx R ~JI.eJianHLIM a Mo,n;eJIII pac-qera ynpomeniDIM 6mer·ao3pacraT&. OJI.HaRo . 

.ziJIJI 6oJiee o6cioJITeJibHor~ an~3a 3THX. aonpoc~B uony'IeHHh!X · JI.~Hh!x noRa· ne.no- -

'CTaTO'I.HO. 
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~ Heo6xo,QIIM.bl~·ttaim'I.ie rioc~JILHo' HCltTpcmo,hecpiiUHTHLI~ ~;np~~ ;,roli~rio 6Lrno 6LI rro

nyqi:!Tb·.ripH 'Iicn~nL.30BaHUli 6onee CII!>1M~Tpnl1Iiw{ peai{Ullfl, Tal{ Ha:lidnae:.IbiX pea'rdiiril 

.. , xono,QHOfO". CJIIIHHHK' .. 0-UHaKO. rrpil HCllOJib30BaHIIII' 3Toro H.1ac~a peaRiuin. BO~HIJHaeT 
· q)a'Kmp Jtorroiiiil'iTemiioil ileorri:>e.zi~nemiocni, <:BR3arm1iu c adMoiiriiLbi • ~o6aaoqim:.r 

. . .. ,, ~.. .. ·. . . . . . ... . . . . . . . . 

· 3arr.petoM: Hii cnnRmre no cpaaHemno t acm.rMeTpii<iH.biMII 'pearurrim.m; · B c.'ienyroll!e:.r 
rraparpacpe rrpenrr{mHRTa rrorr_.hlTRa npoaHaJin3npoaaTL <~TOT aoripoc:.•:;··.·· · ;. · 
(, ••• ~ .... ,: ' ... ·,, < • .11·- •.• •• .. ' .J ·• ·:. _:~. ~- •. - . -.: • ' - f-. 

: ·.<J>aRTOphl :mnpeTa ,[(JIJI peaRII;li.H "XOJIO,[(HO_r0'~. CJIHJIHHJI .B 
oGJiaCTH IieliTpOHO,[(e<)>Hn;HTHhlx ROMiiay:H)::{ 1r.it;e'p·:oi Po . .tio Th 

• • • • • • - • • • • •• • > ' •••• , ' • • ' ~ • • • ' 

.· B narueii 6onee paHHefi pa6oTe [7] 6LIJIO ITOI{a3aHo,· 'll'O.o.QnoapeMenrroe IICII0.1L3oaa-
. d . . 

.'nHe 3RCIIepHMCHTaJILH.biX J{aHH.biX 0 Ce'leHHRX o6pa3QBaHHR HJHmi,Qa B peaRuiiRX ." ropn-

. qero" ll. "XOJIO,QHOro'~. CJillRHliR II03BOJIHeT IIOJrJ'1liTh 6onee• !{OppeRTIIJIO, a B OTJtcJihll.biX 

CJIJ'1aHX rrpal{Tll'1CCRII MO,QeJibHOHC3aBHCliMYIO OUe1IRY JlCJill'lllH cpaRTOpDB. 3arrpeTa .Q-1,1! 
peaRunil: "xoJIO.QHox:o'? CJIIIRHIIR n nx II3MeHeHnR.· c pocTpM. <~Hepriin. Bo36ymnenii.fi. · B 

peaRUHRX: ~5Cl +175Lu= 210Ra* n a •peaRunn 100Mo · +110Pd =210~a\ nccnenoaaH
noit a:.pa6oTe [18], ·ocnoanofi alinan a rronnoe .ce11enne o6pa3oaanHR· ncrrapnTeJihHhlX 

,rrpo,Qyrnori naroT,KanaJI.bi c llcrrapeHneM 3apJIJReHH.biX 11acrnu, a o6cyJRna'aiiieecn a rrpe

.w;rnyll!eM rraparpacpe cTaTLn, xopoiiiee comac:ue ::~Rcrrep:uMeHTaJILHbiX .n pacqeTH.biX ae

.JIII'1IIR. ce'1ennil: II03BOJIHCT liCIIOJib30BaTb ,QaHR.ble ,QJIH 3TIIX RaRaJIOB )1..1JI orrpeJJ;CJICHllJ'l 

aepOHTHOCTli ·cJIHRllllR ( .JIJili · cpaRTOpOB 3arrpeTa). 
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Pnc.3. 8RcrrepnMeHTaJILH.hle n pac'1eTHLie ae~ 

JIII'1HR.hl rroJIR.biX ce11ennii .QJIII pxn- RaHaJIOB 

,QCB036yJR,QeHIIJI B peaRUIIJIX 35Cl +1751u. II 
too M 0 +no Pd 

Ha pnc.3. rrpnaeneHbi 3RcrrepnMenTaJILRhie · n 
. paC'1CTH.ble BeJIH'1llH.bi cyMr..iapH.biX Ce'1eHnfi 

.QJIH pxn~Rananoa 'neao36yJRneHIIJI a <~TH.X nayx 

peaRI~:umc. B peaRUIIII 35 Cl +175Lu ::~Rcrrepn
MeHTaJILH.hle II pac'1eTH.hle naHHbie rrpocyMMII~ 

poaan.hl .QJIH RaHanoa c x2::4, a peaRunn 100Mo 

+110Pd ·- .QJIH RaHaJioa c x:s;4. Orpai!II'le-
• Hl!Jl ,QJIH '1liCJia l!CIIapiiBIIlliXCJI HefiTpOROB o6y• 

CJIOBJICH.bl HMeiOII!liMliCR B HaiiieM pacrropRJRe-

10_1 I , ·.1 i I , ; , I , ; , ·, : 1:. ·I HII~ :mcrrep:uMeHa.1.L-Hb;l\m. naHH.hlMn .•. · .LJ:orron- · 
20 . 30 . 40 SQ 6.0 70 80 90 I 00 HIITCJibHO CJie,QyeT OTMeTIITh, '1TO. B o6eHX pe

I* > 

E ,M3B 
aHUliJIX rrpn ::~uepriiHX ao36ymnemm. · 60 -
70 M3B cyMMapnoe ce'1CHIIe·pxn-RanaJIOB na: 

... . .· . 80% orrpeneJIHeTcJI peauuncii p4n. 3aMeTnM 
TaiUKe, '1TO rrp:u ::~neprrin ai:>36JJR.QeH1Ill ~65 M::~B ;l,ni peaRUIIH 100Mo +110Pd cyMMap

Hoe <~Rcrrep.MeHTamnoe ce11e~~e a~rxo.QnT na ~IJiaTo, ~ oTHomeime <~RcrrepiiMer!TaJILH.biX 
CC'1eRIIfi 3Tl!X JlBYX peanunil: paBHO OTHOIIICHIIIO reoMCTpll'1CCRIIX cpaRTOpOB .peaRiinil, 

.. 

.T.e. AijA~=2.9. Ilo3TOMJ B 3roHT0'1RC OTH,OpM:upyeM, cpaRTop 3arrpeTa.H,a eiumney. 

Benn'1HH.hl aepoJITHOCTR CJIHRRHJI .QJIH peaRunn 1()0Mo +n°Pd; pacc'1RTaHHLie KaR oT

norueH~H 3RCIIepnMeHT~JibH~X· II TeOpeT~'1~CRliX ce~ena'tt ,Q~ pxn~RaHan~~. IIORa3aH.bi 

~a pnc.4a TO'IKaMU. linH:u~fi wi. TOM JRe p~cyHRe rroR~ima ;aaircn.Moc!b aep~HTHo~n 
CJIIIRHIIR OT 3Heprnn B036yHUieHHR ROMrrayHJJ: _.irnpa;. rroiiy'1eHRaR B pa6oTe [18]. RaK 
Bll,QHO ll3 pHCYIIHa_,pe3JJibTaT.bi XOpornci .COBIIanai.<iT~ . 
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Pnc.4a,6. 3aancRMocTL aepo.llTiiocTII cnnRHnR o.f 3Heprnl! ao36yJR.QennR JJ:JIJI 

'1eTl.rpex.pe~~u1r~: io~A{~+H)o Mo, 100Jl1o.+110 Pd, ~~4~nf96 Zr: n 40Ar~P80Hf, 

Ha 'pnc.46 rrpHBe.QeH() cpaBHeHne 3aanc'nMocT~it aep()RTnoc~n. C.I!HRHH.fl oT ::~aeprl!n. 
·ao36y>Meiin~ .QJIH Tpex' xopomo naa~cTH~x peaRnntt "xo~olm·o~~" c~H:.B:a~.H; · rrpB:rioM~ 
II!RX ·R o6pa3oaaanro RoMrraya~·JIJJ:epa ~6iiacTH oT Po JJ,~ Th (eM. Ta6n~ny 3). M~rronL-

, 30BaHR.ble nami.hle BlJITLI H3 pa6oT [18,19] . .LJ:Jffi yJJ:oficTBa BH3yaJihHoro i:paBHCHHJI cpopM 

Rplll3.biX, RpH;aJI,QJIH BepOHTR~cin CJrliRHH~, I!OJIY'1CRHaR ,l{JIII peaRUHH loOMo +110Pd, 

cMeiUeHa aa 5 M3B no ricn aaeprntt ao36y>MeH1Ill a cTopo~y MeHLrunx 3~eprntt. Ha 

pncynRe TaRJRenpnB~dea~ 3aBHC~MOCTh sepoJITRocTH CJIHRHHJI B6mii3H RJHOHOBCRoro 

6apLepa JJ:JIH o6.hl'1Hritt peaRnHn "ropJit!ero" cnnRHnR 40Ar+180Hf = 220Th [15]. M3 
pRcyHRa cn~.QYer,. ttro · ,nJIR acex paccMaTpnaaeM.biX peanuntt "xononnoro" · cJIHJimiH, · 

cpopMa 3aancnMoc;n aepo~TH~cTn cnHHHIIH.oT ::~aeprnn Bo36y~eHHH6mi:3Ra HJIH .QaJRe 

o,QIIHaRoaa. Bonee Taro, ·.QaJRe rrOJioJReHne RpHBLIX na IHRane · 3aeprna ao36y>MeHHJI 
npaRTH'1eCRH O,ZUIO H roJRe. 
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Pea«unn · · · KoMrrayH.n · 8Hepntn ao36ym.neiinn, MaB 
,-_ . _,._ ...... ., 

n.npo BB~ ... E (0.1u) E'- BBa;; 
100Mo +too Mo 200Pcr . 38.5· 40.5· . +2 
1ooM 0 +uo Pd 210Ra 35.5 45.0 +9.5 
_1~4Sn +96 Zr . 22oTh 27 41.5 +14.5 
40 Ar +1so Hf 22oTh 44· 40.5 -3.5 

,llJIJI. pea«unn Mo + Mo no.iloJReHne 6apbepa Bacca H ToqHn na Rpnaott, a noTo

poil: Bepo~THOCTb CJIR1IHH1I paBHa 0.1, COBIIa.ziaiOT. IIIcXOM H3 3TOro MOJRHO roaopHTb 
0 cymeCTBOBam:{n JlBYX pa:iJIHqHJJX yqacTROB Ha RpHBOl!: Bep01ITHOCTH CJillRIIH1I:' 30Hbl 
"rro.n;6apbCpHO~O;,._~~H1IHll1I _;_ IIpH Bepo~THOCTH CJill1IHH1I, ~CHbillCH 0,1 H 30Hbl 3aMe
JlJICHHOro: poeT~ B. ';na.n6apb'epHoil:" o6nacTn ..:. np11 BeponTHOCTH CJIH1IHH1I, 6omiiieii 
0,1. ,llnn' ROJIHqeCTBCHHOil: C~CIICHH "3aMe]lJICHHOCTH" B~pOJI~HOCTll CJill1!Hll1I B "Ha]l-
6apbepnott" ofiJiaCTll 3Heprufi'·_MOJRHO ;'BOCIIOJib30BaTbCJ! BCJillqllHOil: 3HepreTUqecnoro. 

nHTepBaJia, B noTopoM Bepon~HOCTb C!IH1IHHJI yBeJIHquBaeTcJI oT 0,1 .no 0,5. III3 pn-
cyH«a Bn.nno, qTo 3TOT HHTepBaii cocTil.BnHCT 11 - 13 MaB. · 

Xopoiiiee coBna.neHue <PopM: RpHBhlX .il.nJI ilcex Tpex pea«uuil: .nocTaTo-.iiro HeoJRn
.nanHo., T'al{ RaK HpHBO]lHT l{ 3aRJIIoqei!ll!O,; qTO OTHOCHTCJibHblil: BHJl <l>YHRUHH Bepo
J!THOCTH CJill1IHllJ! ( a fioJiee l{(JppeRTH<J. <PaRTOpOB 3arrpeTa Ha ceqeHUC o6pa30BaHH1I 
ncnapnTeirhHbi'X npo.nj~~O-B ~~ .. RqMnayir.n .fr.ziep r npaRT~qecRH He 3aB~CHT OT. BeJinqnH 

pa3HOCTH aHepruil: Boi36yJRp;emm, cooTBCTcTBYIOIIIHX- 6ap!'epy Bacca H aHepruH, rrpn 
ROTopoil: BepoHTHOCTj; cmiJIHllJI paBHa 0,1. ,llJIJI npnBe]leHHiiX ~a pHc.46 peaRUHii 3Ta 

BeJmqnHa MeHJICTCJI i:JT 2 .no 14,5 MaB (eM. Ta6JIHUY 3). 3aMeTHMTai<JR~, qTQ .l(JIJI 
BblqucJI~Hn'JI lienil.•iulr · cMe~eiiili Rpnai,rx · ~1H~<:inenMio ·6api;epa• Bac~a 6oJiee iielie- . 
coo6pa3HO HC;OJib30BaT·b 3IIaq~HHe. ;H~prutt: B036y~):(enil.H, 'rrpil l{OTOphlX llepoJitH<)CTb 

CJillJ!HllJ! paBHa 0,1 (BMeCTO ofiblquo HCIIOJib3YCMOro 3HaqeHHJ! 0,5), TaR RaK 3TO II0-
3BOJIJICT YM~Hhiri~Tb' oriru6Ry. B oni>e.neJI~Hllll 'Benn~JjHbl' ~M~me~HJ! .zio. ±1 ,5 MaB l. npn 
OIIIU6Ke B onpe.neJieuim BeJinqu!m·c~_ireHHH_ c.ITH:.ri!mn B rraci.rin;eHHH, paimott ±1,5. . . 

B npiluunrie, "i<aK CJieeyeT U3 jmcyiii{a' '46 ri: Ta6JIHUhl 3, MOH{!IO roB~pUTb 0 cym'e~ 
CTBOii?-nnn · .nfiyx 'pa3imiJuhix.RoMnoiieirioa· r! <i>aHTope JarrpeTa · Ha · CJIHJim1e~ rrepBoi'o 

- B 'o6JiacTn ceqeui:!l!: oT 0,1 oT Hadhlmeriim .zio 1~ O.nniia:KOBoro ·.nmi 'Bcex ':fpex pear{-' 
rt:utt~ i1 aToporo - ·cBJI3aiirioro co ·c.nanJR~oif~pnioi!: lia« Iie;roro'oTuoc:uT~JI~Ho ·6apbepa 
Bacca 'Ha aeJiifqnHy oT 2· .no 14,5' MaB n pa3Jinq~oro· .nllii pa3ir~x peaml,ritt. Ha~1 
rrpe.ncTaBJIJieTcJI, qioo6~~PYJR~HHhre :laliriH:oMepnocTR . .nocTaTOqH~- qeTlio Bhlpameli:i.r ii 
3acnymniiiu<>T .Qam;Iienniero paccM:6TpeiinJI, X.~ii, « coJRaJIE!Hnio;·qncJio uccJie.zioaauiihlX: · 
pea«u:utt u lre'dqci'ut''·Be.Iiimo:''<'': ;ci· i:~: · ·. · . .. : ·-: . : ':·' · ; · · · · ·· • · ··:.·> 

B JaRJiffiq~~:u! -~~i:;-phl c~iiai<i.f. cao~M rrpHJITHhlM .noJiroM rr~6Jiaro.n~pH,Tb ~~~<Pe;-· 
c;:opa IO.U.Orauecmia 3a nocTOJIHHhltt I;IHTepec B: rro.n.nepJRRY HacToJimeil: pa6oTbl. 
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