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BaKaToB B .11. 11 ap. P7 - 10123 

!13MepeHIIe CITeKTpOB COBITBileHIHI a -'!8CTIIU C XapaKTepiiCTII'!eCKHM 
peHTreHOBCKIIM II raMM8-H3ny'leHIIeM 

Orr11c~BaeTCH MeTOilRKa 113MepeHIIH BHepreTII'!eCKIIX crreKTpoB 
a -'!8CTIIU B COBITBileHIIII C XapaKTepiiCTII'leCKIIM peHTreHOBCKIIM H raMM8-
113ny'!eHHeM Hllep Tp8HCypaHOBblX aneMeHTOB, !13MepeHhl XapaKTepiiCTIIKH 
annapaTyph!, paapa60T8HHOH )lnH 8TIIX ueneil, H ITpiiBOilHTCH HeKOTOpb!e 
peaynbTBThi 113MepeHIIil cneKTpoB, 

Pa6oTa BhmOnHeHa B Jla6opaTop1111 HaepHhiX peaKUHil 0!15!!1. 

OpenpHHT 06beAHHeHHOrO HHCTHTyTa HAepHNX HCC~eAOBaHH~ 

,ll,y6Ha 1976 

Vakatov V.I. et al. P7 - 10123 

Measurement of a -Energy Spectra in Coincidence 
with Characteristic X- and y-Radiation 

:A technique for the measurement of a -energy in 
coincidence with the characteristic X- and y -radiation 
of transuranium nuclei is described. The parameters of the 
experimental arrangement are given together with some 
results of energy spectra measurements. 

The investigation has been performed at the Labo
ratory of Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 

01976 061>edUHeHHf>IU UHC.UIIIYIII JldepHt.IX UCCAed06QHUU ,[(y6Ha 

0JJ.HHM H3 uau6onee JJ.OCToBepHbiX cnoco6oB HJJ.eHTu<bu
Kauuu aToMuoro uoMepa HyKnH.D.OB JIBnJieTCJI H3Mepeuue 
ux xapaKTepucTH'IecKoro peuTreuoBCKoro H3ny'leHHJI. KaK 
noKa3an lieMHC / 1 1

, 3TOT MeTO.D. Mo~uo ycnewuo npuMeHJITL 
)J.nJI H)J.eHTH$HKaUHH a TOMHOrO HOM epa TpaucypaHOBbiX 3ne
MeHTOB, H3MepJIJI COBlla)J.eHHJI Me~.D.Y a·'laCTHUaMH, HCny
ll(eHHblMH MaTepHHCKHMH JI)J.paMH, H xapaKTepHCTH'IeCKHM 
K-peuTreuoBCKHM H3nyqeuueM JJ.O'Iepuux JIJJ.ep. 

XapaKTepucTH'IecKoe peuTreuoBcKoe H3nyqeuue B JJ.O
qepuux JIJJ.pax B03HHKaeT B npouecce nepecTpoiiKH aTOMHOH 
o6ono'IKH, rnaBHblM o6pa30M, nocne npouecca BHyTpeuueii 
KOHBepCHH 3neKTpOHOB. Heo6XO)J.HMbiM ycnOBHeM COBlla)J.e
HHJI a·'laCTHU C xapaKTepHCTH'IeCKHM H3ny'leHHeM JIBnJieT
CJI )J.OCTaTO'IHO CHnbHOe 3aceneuHe B036y~)J.eHHblX ypOBHeH 
JJ.O'Iepuero JIJJ.pa npu a -pacna.IJ.e • .H3BeCTHO, 'ITO nony'leHHLie 
3KcnepuMeHTanLHO 3Ha'leHHJI / 2 ,:l/ 3Hepruu K- cepuu .D.nJI 
3neMeHTOB c Z = 95 .D.O Z= 100 cornacyiOTCJI c TO'IHOCTLIO 
JJ.O 0,04 K3B c TeopeTH'IeCKHMH /1/. Me~.D.Y TeM, 3Hepruu 
K - u3nyqeuuJI coce.IJ.HHX 3neMeHTOB pa3nH'IaiOTCJI ua 3-:-4 K3B, 

'ITO ll03BOnJieT Ha)J.e~HO CY.D.HTb 06 aTOMHOM HOMepe HC
cne)J.yeMoro JIJJ.pa, cpaBHHBaJI 3KcnepHMeuTanLHO nonyqeu-

uoe 3Ha'leuue c 
,l].ononuuTenLHblM 

TeopeTH'IeCKH npe)J.CKa3aHHOH 3HeprHeH. 
KpHTepHeM Ha)J.e~HOCTH H)J.eHTH$HKaUHH 

JIBnJieTCJI OTHOWeHHe HHTeHCHBHOCTeH OT)J.enbHblX nHHHH 
K-cepuu, no3BOnJIIOmee oT.D.enHTh 3TH nuuuu, uanpuMep, OT 
y -nuuuii c 6nH3KHMH K-cepuu 3Ha'leHHJIMH 3Hepruu. 

CKa3aHHOe BbiWe OTHOCHTCJI TaK~e K L-cepHH xapaK
TepHCTH'IeCKOrO peuTreuoBCKoro H3ny'leHHJI. Pa3uuua co
CTOHT nuwL B 6onee cno~uoii CTPYKType L - cepuu u B MeHb
WeM 3HepreTH'IeCKOM C)J.BHre nHHHH COCe)J.HHX 3neMeHTOB, 
'ITO HanaraeT 6onee BblCOKHe Tpe6oBaHHJI OTHOCHTenhHO 
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pa3peiiiaiQIUeH CllOC06HOCTH )l.eTeKTOpOB peHTreHOBCKOrO 
H3Jiy'leHHH. IlpH H3MepeHHH COBlla)l.eHHH BhiXO)l. X -Jiy'leH k i 
Ha O)l.HH a - pacna)l., llpOHCXO)l.HIUHH Ha B036y)l()l.eHHhiH ypo
BeHb )l.O'Iepnero H)l.pa, onpe)l.eJIHeTCH COOTHOIIIeHHeM 

a· k = f f ___ .2.,_ ___ w 
i axa tl i' 

total 
r.n.e F , f - llOJIHbie 3d>dJeKTHBHOCTH perHCTpaU:HH a -'laC-

a x 
THU: H peHTreHOBCKOrO H3Jiy'leHHH, COOTBeTCTBeHHO, a i -

K03dJdJHU:HeHT BHyTpeHHeH KOHBepCHH )l.JIH i - TOH a TOMHOH 
o6ono'IKH H cv. - BhiXO.D. d>niDopecu:enu:nn .n.anno:H o6oJIO'IKH. 

I 

B ma6/l. 1 .D.JIH npnMepa npnBe.n.enhi Ko3d>d>nu:neHThl BnyTpen-
neil KOHBepcHH H Bhixo.n.a penTrenoBcKoro K- H L- H3Jiy'leHHH 
B cnyqae .D.BYX /rnnoTeTH'IeCKHX/ y -nepexo.n.oB.D.JIH Z= 103. 

Ta6/lulja 1 
Ko3d>d>nu:neHThl anyTpenneu Konnepcnn H Bhixo.n.a K - H 
L -penTrenoBCKHX nyqe:lf .D.JIH y -nepexo.n.on 154,1 K:JB /a/ 
H 49 K:JB /6/ B cnyqae Z = 103 

MyJihTH
llOJibHOCTb 

El 

E y 

a/ 
6/ 

aK 

0,158 

aLL 

0,045 
0,784 

E2 a/ 0,0932 3,8 

Ml 

6/ - 733,0 

a/ 
6/ 

14,9 3,56 
95,6 

ak ------- w 
rl + l K 

tot a I 

0,14 

0,017 

0,7 

aLL 
-------- (t) 

u t-1 L 
total 

0,018 
0,22 

0,31 
0,32 

0,086 
0,35 

Reno, 'ITO MeTO.D. conna.n.enHH u -qacTHU: c K-nJnyqenn
eM 3d>d>eKTHBeH JIHIIIh B cnyqae 11- pacna.n.a ne'leTHhiX HJIH 
He'leTHO-He'leTHbiX H)l.ep, r.n.e 06bi'IHO C 60JihlllOH BepOHT
HOCTbiQ 3aCeJIHIQTCH ypOBHH )l.O'Iepnero H)l.pa C 3HeprHeH 
Bhiiiie 3HeprHH CBH3H K - 3JieKTponoB aToMno:H o6ono'IKH. 

4 

0)l.HaKO H B 3TOM CJiy'lae K03dJdJHU:HeHT BhiXO)l.a k K BeJIHK 
JIHIIIh .D.JIH nepexo.n.oB MYJihTHnOJihHOCTH M 1 HJIH 6onee Bhi
COKHX, nanpHMep, M2, E3. B cny'lae u -pacna.n.a .n.edJopMnpo
BaHHhiX 'leTHO- 'leTHhiX H)l.ep TpancypaHOBOH 06JiaCTH nepBbiH 
B036y)l()l.eHHhiH 2 1 -ypoBeHb )l.O'Iepnero H)l.pa, 3aceJIHeMhiH 
06hi'IHO C BepOHTHOCTbiQ - 100/o, HMeeT 3HeprHID HH)I(e 3Hep
rHH CBH3H K - 3JieKTponoB. )J.JIH TaKHX H)l.ep H3Mepenne 
u- L-coBna.n.enn:H - e.n.HHCTBennaH B03MO)I(HOCTh HX n.n.en

THd>HKaU:HH. 
IlpHMenneMaH naMH annapaTypa .D.JIH H3MepeHHH a- X -

coBna.n.enn:H cxeMaTH'IeCKH noKa3aHa na puc. 1. CneKTpo
CKonHH penTrenoBcKoro L- HJIH K- H3Jiy'leHHH ocyiUeCTBJIH
eTCH nnocKonapannenhHhiM .n.eTeKTopoM H3 'IHCToro Gc c 
06'heMOM 2,1 CM;1/nJIOIUa)l.b 3 CM 2rny6HHa 0,7 CM/. Ero 
3dJdJeKTHBHOCTb )l.OCTHraeT 100/o llpH '3HeprHH dJoTOHOB 60 I<:JB 

H llOJIO)f(eHHH HCTO'IHHKa Henocpe)l.CTBeHHO 3a BXO)l.HbiM 
OKHOM H3 Be 3nepreTH'IecKoe pa3peiiienne .n.eTeKTopa co
cTaBnHeT 450 :JB )l.JIH 3HeprHH 60 K:JB. IloBepXHOCTHO-
6apbepHbiH )l.eTeKTOp a -qaCTHU: HaXO)l.HTCH B BaKyyMHOH 
KaMepe, nocTaBnenuou na BepTHKaJihHhiH KpnocTa T Gc - .n.e

TeKTOpa. 
CnrnaJihi c a- H X - .n.eTeKTopoB nocne ycnnenHH .n.o 

Be 10 B H dJopMnpoBaHHH nocTynaiDT na .n.Ba ananoro-u:nd>
poBhiX npeo6pa30BaTeJIH Al..I,II-4096 c Ko3d>d>nu:HeHTOM npe
o6pa3oBaHHH 2 MB/ pa3pJIO ;; H qacToTou cepHH 75 Mr!j. 
B MOMeHT npOXO)I()l.eHHH BXO)l.HbiMH HMIIYJibCaMH CBOero 
MaKCHMaJibHOrO 3Ha'leHHH /na "BepiiiHHe" HMllYJibCa/ Bbl
pa6aTbiBaiQTCH CHrHaJihl )l.JIH CXeMbl COBlla)l.eHHH C pa3pe
IIIeHHeM 150 7250 HC. )J.anee 12-pa3pH)l.HhiH KO)l. C Al..I,Il 
'! -TpaKTa nona.n.aeT Ha 6JIOK U:HdJpoBbiX )l.HCKpHMHHaTOpOB, 
COCTOHIUHH H3 33 "cxeM rpaHHU:" (,. C TIOMOI.llhlO CXeM rpa
HHU: Bbi6HpaeTCH He06XO)l.HMOe 'IHCJIO "OKOH" npOH3BOJibHOH 
IIIHPHHhi, pacnoJIO)I(eHHhiX na mo6oM yqacTKe 3HepreTH'IeCKO
ro ClleKTpa. 4HCJIO OKOH Bbi6HpaeTCH KpaTHbiM U:eJihiM 
CTeneHH .D.BYX /2,4,8,16/, H B )l.aJibHeHIIIeM perHCTpHpyiDTCH 
TOJihKO Te HMllYJibChl OT X - )l.eTeKTOpa, KOTOpbie COBllaJIH 
no BpeMeHH I 150-' 200 11ce K/ c a - 'laCTHU:aMH H cooTBeT
CTBYIDT 3HeprHHM a- 'laCTHU: , nona.n.aiDIUHM B OKHa U:HdJpOBhiX 
)l.HCKpHMHHaTOpOB. Ka)l()l.Oe OKHO HMeeT CBOH HOMep, KOTO
pbiH KO)l.HpyeTCH IIIHdJpaTOpOM H BMeCTe C KO)l.OM X- cneKTpa 

5 



fl- AETEKTDP 

CDIIA 
IOPIIIPOBAIIU Cl11111" 
U •II! 'lllO PI11K:TP ~ 

X- AIETBKTDP 

TRIDAC 

Puc. 1. EAoK- cxe..wa annapa111ypr.1 OAJI pezucmpaf#UU a-X , 
y - coenaOeHuu. 

peracTpapyeTc.H Ha o.I(HOM HJ MHoroKaHanLHLIX I 4096/ pe

racTpaTopoB. B nponecce HacTpoH:KH annapaTypw 6noK yn

pasneHH.H ycTaHOBKOH ll03BOn.HeT Ha6niO.I(aTL a -cneKTp, 

X- cneKTp, TonLKO qacTL a- cneKTpa, nona.I(aiOil\YIO B sw-

6paHHLie OKHa, H HaKOHell, HeCKOnLKO X·cneKTpOB, COOTBeT

CTBYIOil\HX COBITa,I(eHHIO C a -nHHH.IIMH HeCKOnLKHX OKOH 

nacllposoro .I(HCKPHMHHa Topa. 
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l 

\ 
I 

,[I.JUI HCllLITaHH.II annapaTypLI 6LinH H3MepeHLI ClleKTpLI 

u-X , y-H X, y -a - COBlla,I(eHHH OT HCTO'IHHKa, CO.I(ep)l(all\ero 
u 2:19 

Ha ToncToH no,I(nO)I(Ke a- pa.I(HOaKTHBHLie H30TOITLI Pu , 
241 Am, 244 Cm, a TaK)I(e Manyro npaMecL 
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·Puc. 2. CneKmpr.l a-X y - coenaoeHuii om ucmo'lHUKa ua 
239 Pu , 241 Am , 243, 2d Cm. a/ oOUHO'lHbiU cneKIIIP X· u 
y- uaAy'leHUJI, 6/ coenac)eHUJI c E = 5,56-5,78 MaB, e/ 
coenaOeHUJI c E = 5,42-5,54 MaB, z/ coenaOeHUJI c 
E = 5,23-5,40 MaB, c)/ coenaOeHUJI c E = 4,60-5,11 MaB. 

H306paJKeH pe3ynLTaT HJ:MepeHHJI B pelKII:Me 4 X 1024 KaHa

nOB, r,I(e B Ka'ieCTBe OKOH 6WnH BLI6paHW yqacTKH a· ClleKT-
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pa, COOTBeTCTBYIOll.(He 3HeprHHM 5,5675,78 M::JB /6/, 5,42 
75,54 M::JB /a/, 5,23~-5,40 M::JB /r/, 4,6075,11 M::JB /JJ./. 

,lJ;nH cpaaHeHHH B aepxHe:H qacTH pucyHKa npHBOJJ.HTCH OJJ.H· 

HoqHhiH cneKTP y -· H X -nyqe:H. B cneKTpe /6/ oTqeTJIHBO 

BhiJJ.eJIHeTCH K- cepHH peHTreHOBCKHX nyqe:H, B03HHKaiOmaH 

ITOCJie u • pacna)J.a 2 4 3Cm OT BHyTpeHHeH 3JieKTpOHHOH KOH

aepcHH y - nepexo)J.OB a 
239 Pu. CneKTPhi a/ H r I coJJ.ep:>Ka T 

B OCHOBHOM y • nepeXO)J.hl B 237 Np, COBITa)J.aiOll.(He C u • KOM-

241 
noHeHTaMH Am. IlocKOJihKY 3HeprHH HHTeHCHBHhiX y- ne-

pexOJJ.OB B 3TOM cnyqae HH:>Ke 3HeprHH CBH3H K - 3JieKTpoHoB 

Np, TO K - cepHH peHTreHoBcKoro H3JiyqeHHH He Ha6JIIO· 

JJ.aeTcH / L- cepHH B JJ.aHHOM onhiTe nornomaeTcH TOJICTo:H 

ITO)J.JIO:>KKOH HCTOqHHKa/. HaKOHeiJ,, B CITeKTpe JJ./ BH)J.Ha 

K- cepHH ypaHa OT pacna)J.a 239 Pu . 
CeneKTHBHOCTh MeToJJ.a coana)J.eHHH JJ.eMoHcTpHpyeTcH 

HarJIH)J.HO Ha pe3yJihTaTe H3MepeHHH y-u ·COBITa)J.eHHH, H30" 

6pa:>KeHHOM Ha pUC. 3. flpH 3TOM H3MepeHHH B CITeKTpe 

10 .. .,. 
o~><o 58.5 -608(59.5toLll r--5486 
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Puc. 3. CneKmpbl X, 'y- (l - coanaoeHUU. 3Hepzemu'leCKUe 
"oKHa" peHmzeHoacKozo u u- U3Ay'leHu.R yKa3aHbl 6 pucyHKe. 
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500 

y-H peHTreHOBCKOrO H3JiyqeHHH 6biJIH Bb16paHhi, KpOMe 

HHTeHCHBHoro nepexo)J.a 59,5 K::JB, cna6Lie JIHHHH Kf:l2 -Pu 
H y ·JIHHHH 123, 125 H 129,2 K::JB. B cneKTpax COBITa)J.eHHH 

XOpOWO Bhi)J.eJIHIOTCH COOTBeTCTBYIOll.(He a· rpyiTIThl OT pac • 

na)J.a MaTepHHCKOrO H)J.pa. <I>OHOM CJiyqaHHhiX COBITa)J.eHHH, 

KaK BH)J.HO, MO:>KHO n:reHe6peqh. flpHCYTCTBHe BO BCeX 

cneKTpax u ·JIHHHH 
24 Cm CBH3aHO C HaJIHqHeM B OKHaX 

KOMITTOHOBCKOrO pacnpe)J.eJieHHH 6oJiee BhiCOK03HepreTH" 

qecKHX nepexo)J.OB 2:l 9 Pu. 
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