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Ky3He40B B.S. ~ AP· P13 - 12810 

YcTaHOBKa f3- Y- coenaAeH~H, C03AaHHaR Ha 6a3e 
6ea>Kene3Horo 6eTa-cneKTpoMeTpa c TOpOHAanbHbiM 
:~a rHHT HbiM non eM 

On~cbreaeTcR ycTaHoeKa {3-y -coenaAeHHH, C03AaHHaR Ha 
5a3e ceeTOCHnbHoro 6e3>Kene3Horo 6eTa-cneKTpoMeTpa c TopoH
AanbHbiM MarH~THbiM noneM ~ cneKTPOMeTpoM c Ge(Li) -AeTeKTO
:JOM ~n~ co C4~HT~IlilR4J.'IOHHbiM AeTeKTopoM-$OTOyMHo>K~TeneM 

c KPHCTannaM~ NaJ(Tl) n~6o C4~HT~nnRTopoM NE104. AaHa 
3noK-cxeMa ycTaHoBK~ ~ ee pa6o4~e xapaKTep~cTHKH. np~ no
r -10111~ 3TOH ycTaHOBK~ MO>KHO ~3y4aT b cneKTpbl MrHOBeHHbiX ~ 3a
~ep>KaHHbiX coenaAeH~i1 y -ny4eR ~ epeMeHHbiX pacnpeAeneHHH, 
xapaKTepH3YIOIIIHX BpeMR >K~3H~ B036Y>KAeHHbiX COCTORH~H A04epHHX 
:C:AeP :car< npH pacnaAe AOnro>K~BYili~X, TaK H KOpOTKO>K~BYili~X 
HYKil~AOB. 

Pa6oTa BbmonHeHa B Jla6opaTop~~ RAePHbiX npo6neM 011RI1. 

ilpenpRRT 061>0ilHHeHHOrO r:HCTHTyTa swepHbiX RCCne.aOB8HHlt. Lly6HS 1979 

Kuznetsov V.V. et al. 

{3 - y -Coincidence 
3ase of Iron-Free 
Toroidal Magnetic 

P13 - 12810 

Set-Up Constructed on the 
Beta-Spectrometer with 
Field 

{3- y -coincidence set-up constructed on the base 
of iron-free beta-spectrometer with toroidal magnetic 
fi e ld and a spec t rometer with Ge(Li) detector or with scin
t il l ation detector-photomultiplier with NaJ(Tl) crystals I 
or NE104 scintilla t or is described. A block-diagram of t he 
set~up and i ts operating characteristics are given. It 
could be used for studying spectra of incident and delayed 
coincidences of y ~rays and time d i stributions being cha
rac t eristic of lifetime of excited states of daughter 
nuclei both at the decay of longlived and shortl ived nuc
li des . 

The invest i gations has been performed at the 
Laboratory of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

BBEAEHHE 

AnR aHan~aa cxeM pacnaAa RAeP e 6onbW~HCTBe cny4aee 
~cnonb3YIOTCR cneKTPOCKOn~4eCK~e MeTOAbl y-y, e-y , {3+ -y, e-- e 
~ a-y-coenaAeH~H. Ponb coenaAeH~H np~ onpeAeneH~~ AOCToeep
HOCT~ nocTpoeH~R cxeM pacnaAa noeblwaeTcR oco6eHHO e Tex 
cny4aRx, KOrAa 4~cno nepexoAOB, B03H~Ka~~x np~ 6eTa-pac-
naAe RAeP, een~Ko. 

C pa3B~T~eM MeTOA~K ~3MepeH~H 3Hepr~i1 ~ ~HTeHC~BHOCTeH 
Y -ny4eH ~ KOHBepC~OHHbiX 3neKTpOHOB np~ nOMOill~ nonynpOBOAH~
KOBbiX AeTeKTOpOB /nnA/, noRBneH~eM MHOroKaHanbHbiX aHan~aa
TOPOB ~ ~cnOnb30BaH~eM 3neKTPOHHO-Bbi4~Cn~TenbHbiX MaW~H 
/38M/ CTano B03MO>KHbiM C03AaH~e C~CTeM MHoroMepHbiX coenaAeH~H. 

UeHHOCTb 3Kcnep~MeHTOB no coenaAeH~RM noBbrwaeTCR np~ ~x 
KOn~4eCTBeHHOH o6pa60TKe. np~ ~3MepeH~~ cneKTpOB y-y -coe
naAeH~H c ~cnonb30BaH~eM ABYX Ge(Li) -AeTeKTopoe TaKaR o6-
pa6oTKa 3aTPYAHeHa ~3-aa cno>KHOCT~ npae~nbHoro y4eTa eKnaAa 
OT $OHa nOA $OTOn~KaM~, oco6eHHO B cny4ae ManbiX no ~HTeH
C~BHOCT~ Y -ny4eH, KOrAa BKnaA $OHa /KoMnTOHOBCKOrO pacnpe
AeneH~R noA H~M~ OT 6onee >KeCTKoro y -~any4eH~R/ een~K. 
Apyr~M~ HeAOCTaTKaM~ MeTOAa y-y -coenaAeH~H RBnRIOTCR ManaR 
3$$eKT~BHOCTb per~CTPa4~~ coenaAeH~H, a TaK>Ke cno>KHOCTb 
~ HeB03MO>KHOCTb B HeKOTOpbiX cny4aRX ~3MepeH~H coenaAeH~H 
C H~3K03HepreT~4HbiM~ ~ C~nbHOKOHBepT~pyeMbiM~ nepeXOAaM~. 
KpoMe Toro, np~ ~ccneAOBaH~~ pacnaAa RAeP c ~HTeHC~BHbiM 
f3+-~any4eH~eM 3Ha4~TenbHO yeen~4~BaiOTCR $OHOBble coenaAeH~R, 
o6ycnoeneHHble aHH~r~nR4~0HHbiM ~3ny4eH~eM. B nocneAHeM cny-
4ae AflR npoBeAeH~R 3KCnep~MeHTOB no y-y -coenaAeH~RM AeTeK
TOPbl c Konn~MaTopaM~ pacnonaraiOT noA yrnoM 90° OTHOC~Tenb
HO APYr APYra, 4TO Ha nopRAOK yMeHbwaeT 3$$eKTHBHOCTb per~cT
pa4~~ coenaAeH~H H3-3a yxyAWeH~R reoMeTp~4eCK~X ycnoe~R no 
cpaeHeHHIO c pacnono>KeHHeM AeTeKTopoe 6e3 Konn~MaTopoe ~ noA 
yrnoM 180°. 

3T~ HeAOCTaTK~ MO>KHO npeOAOneTb np~ ~CnOflb30BaH~~ B OAHOM 
~3 KaHanoe ycTaHoBK~ AflR coenaAeH~H ceeToc~nbHbiX 6eTa-cneKT
poMeTpoe. 3T~M AOCT~raeTCR 3Ha4~TeflbHO 6onbWaR 3$$eKTHBHOCTb 
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cosnaAeH~~ Y -ny4e~ I~HOrAa s 100 ~ 6onee pa3l, oco6eHHO 
s cny4aRx cosnaAeH~~ Y -ny4e~ c 3neKTpoHaM~ c~nbHOKOHBep
T~pyeMbiX nepexoAOB I Ee < 100 K3BI, no cpasHeH~IO c ycTaHos
KaM~ y-y cosnaAeH~~ c ~cnonb3oBaH~eM ABYX Ge(Li) -AeTeKTo
pos, 4TO 04eHb Ba~HO npH ~CCneAOBaH~RX KOpOTKO~~By~~X ~30-
TOnOB. 

C APyro~ CTOpOHbl, OTHOC~TenbHaR npOCTOTa nony4eH~R ~ o6-
pa60TK~ cneKTPOB e-y -cosnaAeH~~. HeCMOTPR Ha OAHOMepHOCTb 
~3MepeH~~, B HeKOTOPbiX cny4aRX BblrOAHO OTn~4aeT 3TOT MeTOA 
OT MeTOAa MHoroMepHbiX y-y -cosnaAeH~~. 

B HacTOR~e~ pa6oTe onHcblsaeTcR ycTaHosKa AnR ~ccneAosa
H~R e-y -cosnaAeH~~, C03AaHHaR Ha 6a3e 6e3~ene3Horo 6eTa
cneKTpoMeTpa c Topo~AanbHbiM MarH~THbiM noneM 1 11 ~ cneKTpo
MeTpa c Ge(Li) -AeTeKTopoM ~n~ cneKTPOMeTpa co c~~HT~nnR
~HOHHbiM~ AeTeKTopaM~ - n~6o NaJ(Tl), n~6o NE104 c <!l<>To
YMHo~~TenRM~. lnpeABap~TMbHYIO ny6n~Ka~~IO C KpaTK~M on~ca
H~eM co3AaHHo~ ycTaHOBK~ e-y -cosnaAeH~~ cM. s 12·31 I. 

2. 3KCnEPHMEHTAnbHA~ YCTAHOBKA 

Co3AaHHaR HaM~ ycTaHosKa npeAHa3Ha4eHa AnR ~ccneAOBaH~R 
CXeM pacnaAa ~ ~3MepeH~~ BpeMeH m~3H~ B036ymAeHHbiX COCTOR-
H~~ RAep. I 

6onbWaR ceeToc~na 6eTa-cneKTpoMeTpa 11 T- 10+20% np~ oT
HOC~TenbHO xopowe~ pa3pewa~e~ cnoco6HOCT~ Mip/Hpx0,5+1 ,2% 
o6ecne4~saeT BbiCOKyiO 3$$eKT~BHOCTb per~cTpa~~~ cosnaAeHH~ 
3neKTPOHOB BHyTpeHHe~ KOHBepc~~ nepeXOAOB C y-~3ny4eH~eM 
~ccneAyeMbiX RAep. 

Ha p~c. 1 np~seAeHa 6noK-cxeMa 3Kcnep~MeHTanbHO~ ycTa
HOBK~. ~eTeKT~pyJO~aR C~CTeMa fieTa-cneKTpOMeTpa COCTO~T ~3 
c~~HT~nnRTopa T~na NElOO lnonyc$epa A~aMeTpoM 14 MM 
~nH 3 MMI, KOH~4eCKOro CBeTOBOAa ~3 opraHH4eCKOrO CTeKna 
H $OTOYMHom~TenR EMJ- 9524 S ~n~ cseToBoAa s B~Ae nonyc$epbl 
~ $OTOYMHom~TenR EMJ-6097F. $oTOYMHom~Tenb EMJ-95248 
~MeeT 6onee H~3KH~ TeMHOBO~ TOK, OAHaKO np~ per~CTpa~~~ 
3neKTPOHOB B 06naCT~ ManbiX 3Hepr~~ HafiniOAaiOTCR CaTenn~THble 
~MnynbCbl 14 1 , 4TO npl1soA~T np~ H~3KOM nopore A~CKP~M~Ha~~~ 
~MnynbCOB K OW~6Ke B onpeAeneH~~ ~HTeHC~BHOCTe~ 3neKTpOHOB 
BHyTpeHHe~ KOHBepCH~ nepeXOAOB. 

Ha p~c. 2 noKa3aHa KPHBaR 3$$eKT~BHOCT~ per~cTpa~~~ 
3neKTPOHOB c~~HT~nnR~~OHHbiM AeTeKTopoM I$3Y EMJ-95248 
np~ v x1000 B co c~~HT~nnRTOPOM B B~Ae nonyc$epbl A~aMeTpOM 
14 MMI fieTa-cneKTPOMeTpa. np~ ~CnOnb30BaH~~ C~~HT~nnRTOpa 
B B~Ae nonyc$epbl A~aMeTpOM 14 MM 3$$eKT~BHOCTb per~CTpa~~J.1 
3neKTPOHOB np~ E e < 10 K3B 6blna y,sen~4eHa 6onee 4eM s 10 pa3, 

4 

k JIIM 

P1-1c. 1. 6noK-cxeMa 3Kcnepi-1MeHTanbHOC1 ycTaHoBKI-1 f3 Y -cosna 
AeHI-1~. 06o3Ha4eH~R: BH - 6noK~ BbiCOKOBOnbTHoro HanpRmeHHR, 
$3Y - $OT03neKTpOHHble yMHOmi-1Ten~, nY - npeAYC~n~Tenb, JlY -
n~He~Hbl~ yc~nHTenb, ~~- A~$$epeH~~anbHbl~ A~CKPI-1M~HaTop, 
6Y- 6blcTpble yc1-1n1-1Ten1-1, Y$- yHI-1BepcanbHble $opM!-1posaTenl-1, 
$ - $OpMHPOBaTenb AnR BpeMeHHO~ npi-1BR3KI-1 K I-1MnynbcaM C 
Ge(Li) -AeTeKTopa, ~ AA. - A1-1CKpi-1MI-1HaTop An1-1TenbHOCTI-1 ~M

nynbcos, P - pa3seTB~Tenb ~Mnynbcos, OB - OAHOB~6paTop, 
CC - cxeMa cosnaAeH~C1, MCC - MeAneHHaR cxeMa cosnaAeH~C1, 
T-A - npeo6pa3oBaTenb speMR-aMnn~TYAa, 3 - n~H~~ 3aAepmK~, 
rHH - reHepaTOp HaHOCeKYHAHbiX ~MnynbCOB AnR nony4eH~R 

penepHbiX cseTOBbiX ~Mnynbcos, 6C - 6noK CTa6~n~3a~~~ K03$
~~~eHTa yc~neH~R c~~HT~nnR~HOHHoro TpaKTa, KP - noAKnJ04e
HI-1e Y~ K pa3BeTB~TenJO P. 
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PHc. 2. KpHBaR 3¢<l>eKTHBHOCTH 
POM 6eTa-cneKTPOMeTpa -
/nonyc¢epa AHaMeTpoM 14 

perHcTpa4HH 3JleKTPOHOB AeTeKTo
nnacTH4eCKHM C41-1HTH1111RTopoM NE104 
MM/ H ¢3Y EMJ9524S np1-1 V <{J'jy ~ 1 000 8. 

paapeweHHe npH 3TOM YXYAWeHO B - 2 paaa no cpaBHeHH~ C HC
nOJlb30BaHHeM C41-1HTI-111JlRTOpa B BHAe nonyc¢epbl AHaMeTpOM 3 MM. 
npH npoBeAeHHH 3KCnepHMeHTOB THn AeTeKTOpa Bb16HpaJlCR B 3a
BHCI-1MOCTI-1 OT nOCTaBJleHHbiX 3aAa4, nocTpOeHHe KPHBbiX 3¢¢eK
THBHOCTeJ:1 per1-1cTpa41-11-1 3JleKTPOHOB OCy~eCTBJlRJlOCb np1-1 H3Mepe
HI-1H 318K 

169
Yb

1281
1-1 . 17 1 Lu / 29 / no MeTOAY, OnHcaHHOMy B pa-

6oTe 11• 

AnR perHCTPa41-1H y -H3Jly4eHI-1R I-1CnOJlb3yeTCR KOaKCI-1aJlbHbiJ:1 
Ge(Li) -AeTeKTOp C ABYMR OTKPbiTbiMI-1 KOH4aMI-1 06aeMOM 35 CM~ 
nOAKJ1~4eHHbli:1 K cneKTPOMeTpH4eCKOMy TpaKTy "SAIP" -aapRA0-
4YBCTBI-1TeJlbHOMy npeAYCHJlHTeJl~ /hY/ 1-1 Jli-1HeJ:1HoMy HMnyJlbCHOMy 
YCI-1111-1Tell~ /JlY/. 

AnR HCCJleAOBaHHR 
1-1 f3+-y -cosnaAeHI-11:1, 

6 

BpeMeH >KI-13HI-1 B036Y>KAeHHbiX YPOBHeH RAep 
B Ka4eCTBe AeTeKTopa AJlR perHCTPa4HH 

Y -H3Jly4eHHR HcnonbayeTcR C41-1HTI-11111R41-10HHbli:1 AeTeKTop, co
CTOR~I-11:1 B 3aBI-1CI-1MOCTI-1 OT 3KCnepHMeHTaJlbHOJ:1 3aAa41-1 1-13 
C41-1HTI-11111RTOPa THna NE104 ~ 25x25 MM 1-1111-1 NaJ (Tl) j<! 40x40 MM 
1-1 ¢oToyMHO>KHTenR THna XP1020. 

npeAYCMOTpeHa B03MO>KHOCTb nOAKJ1~4eHI-1R CHCTeM~ CTa6HJll-13a-
41-11-1 yCHJleHHR B C41-1HTI-11111R41-10HHOM cneKTPOMeTpl-14eCKOM TpaKTe 151 

AJ1R YCTpaHeHHR 11 nJlaBaHHR 11 YCTaHOBJleHHOrO 3HepreTH4eCKOrO 
110KHa" y -cneKTpa np1-1 H3MeHR~~ei:1cR aarpyaKe TpaKTa, o6ycnos
neHHOi:1, B OCHOBHOM, cnaAOM aKTHBHOCTI-1 HCCJleAyeMbiX KOpOTKO
>KI-1BY~I-1X paAHOaKTHBH~x RAep. 8 ycTaHOBKe Hcnonb3oBaHa cTaH
AaPTHaR 6~cTpo-MeAJ1eHHaR cxeMa cosnaAeHI-11:1, 8o speMeHHOM 
KaHane C41-1HTI-1JlllR41-10HHbiX TpaKTOB npHMeHeH pa6oTa~~I-1J:1 B pe>KHMe 
CJ1eAR~ero nopora yHHBepcanbH~i:1 ¢opMHposaTellb /Y<I>/ 16 1

. 8o 
speMeHHOM TpaKTe Ge(Li) -AeTeKTopa noAK11~4eHbl 6btCTp~i:1 ycH
JlHTellb /oY/, ¢opMI-1pOBaTeJlb BpeMeHHOJ:1 npi-1BR3KI-1 /¢/ 1-1 AI-1CK
PI-1MI-1HaTOP AJ1HTeJlbHOCTI-1 /AnJI. 117 1

. Paapewa~ee speMR 6btCTpoi:1 
cxeMbl cosnaAeHI-11:1 /CC/ .s~61-1paeTCR np1-1 noMO~I-1 cxeMbl oT6opa 
none3HbiX co6~THI:1, BKJ1~4a~~el:1 B ce6R 6noKH 6biCTpol:1 3JleKTpo
HHKI-1 - OAHOB1-16paTOP /08/, cxeMy COBnaAeHHA /CC/, Ka6eJlbH~e 
JlHHI-11-1 aaAeP>KKI-1 /3/, paaseTBHTellb /P/. AnR KOHTPOllR Bbt6paH
Horo speMeHHoro OKHa cxe~ cosnaAeHI-11:1 HcnonbayeTcR speMR
aMnnHTYAH~i:1 npeo6paaosaTeJlb( T->A ). 

8~6op 3HepreTH4ecKoro "oKHa" y .-cn7K7pa ocy~ecTBJlReTcR 
AH<I>¢epeH4HaJlbH~M AHCKPHMHHaTopoM /AA/ 8. onoKI-1 6~cTpol:1 HaHo-

~ 19 1 6 Jl 6 CeKyHAHOI-1 3JleKTPOHI-1KI-1 paapa OTaH~ B a opaTOPI-11-1 RAePH~X 

npo6neM OHRH. 
AnR HaKOnJleHHR cneKTPOB HCCJleAyeM~X RAeP I-1CnOJlb3yeTCR 

MHoroKaHanbH~i:1 aMnJlHTYAH~i:1 aHamtaaTop ICA-70 seHrepcKoro 
npoH3BOACTBa. 8~BOA HH¢opMa4HI-1 npoH3BOAHTCR Ha ne4aTb /UnY/, 
Ha nep¢opaTop, nnoTTep 1-1111-1 4epea HHTep¢el:1c Ha 38M "MHHCK-2". 
HMeeTCR B03MO>KHOCTb OAHOBpeMeHHOJ:1 per1-1CTpa41-11-1 B ABYX 4aCTRX 
naMRTI-1 3Toro aHaJlH3aTopa OAHOMepHoro cneKTpa y -ny4ei:1 1-1 
cneKTpa ey-cosnaAeHI-11:1. 0THOCI-1TeJlbH~e I-1HTeHCI-1BHOCTI-1 cneKTpOB 
y - 1-1 e - y -cosnaAeHI-11:1 onpeAellRJlHCb np1-1 o6pa6oTKe no npo
rpaMMe "KaToK" 1101 Ha 38M "MHHcK-2 11

• 8peMeHH~e cneKTP~ cobna
AeHI-11:1 o6pa6aT~BaJlHCb no nporpaMMe "LIFTIM" 111 1 Ha 38M 
CDC-6500.Ha p1-1c. 3 npHBeAeH~ KPHB~e speMeHHoro paapeweHHR 
2r0 112 H 2r0 11 10 AllR pa3JlH4H~X THnOB AeTeKTOPOB perHCTPa41-1H 
Y -H3Jly4eHHR B 3aBHCHMOCTH OT 1/v'E';"' B 06JlaCTH 3HeprHJ:1 

3neKTPOHOB E e- 25-:- 250 K38 H E ~ 100 K38, nony4eHHble npH 
H3MepeHHH C HCT04HHKOM 6°Co. 3AeCb >Ke npHBeAeHa 3aBHCH
MOCTb CABHra 4eHTPOB TR>KeCTH ~T BpeMeHHbiX KpHB~X OT c / v 
I c - cKopocTb cseTa, v - cKopocTb 3JleKTPOHOB/. Ha6n~AaeMaR 
JlHHeJ:1HaR 3aBHCHMOCTb yKa3~BaeT Ha TO, 4TO CABHrH 4eHTPOB 
TR>KeCTH BpeMeHH~X KpHB~X o6yCJ10BJleH~ TOJlbKO BpeMeHeM nponeTa 
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P~c. 2. Kp~BaR 3¢¢eKT~BHOCT~ 
POM 6eTa-cneKTPOMeTpa -
/nonyc¢epa A~aMeTpoM 14 

per~cTpa4~~ 3neKTPOHOB AeTeKTo
nnacT~4ecK~M C4~HT~1111RTopoM NE104 
MM/ ~ <1>3Y EMJ9524S npt-1 V <[>'jy z 1 000 8. 

paapeweH~e np~ 3TOM YXYAWeHo B - 2 paaa no cpasHeH~~ c ~c
nonb30BaH~eM C4~HTI-11111RTOpa B 81-lAe nonyc¢epbl At-1aMeTpOM 3 MM. 
np~ npoBeAeH~~ 3KCnep~MeHTOB T~n AeTeKTOpa Bb16~pa11CR 8 aa
B~C~MOCT!-1 OT nOCTaBJleHHbiX 3aAa4, nocTpOeHt-le KPI-1Bb1X 3¢¢eK
TI-18HOCTeA pert-1cTpa41-11-1 31leKTPOHOB OCy~eCTB11R110Cb np~-1 t-13Mepe
Ht-11-1 ~8K 169

Yb 
128 1~ . 1

7
l Lu 129 1 no MeTOAY, Ont-lcaHHOMy B pa-

6oTe 11• 

AnR pert-1CTPa4t-11-1 y -t-131ly4eHt-1R t-1Cn01lb3yeTCR KOaKCI-lallbHbiA 
Ge(Li) -AeTeKTOp C ABYMR OTKPbiTbiMt-1 KOH4aMt-1 06"beMOM 35 CM~ 
nOAK11~4eHHbiA K cneKTPOMeTpt-14eCKOMy TpaKTy "SAIP" -aapRA0-
4YBCTBHTe1lbHOMy npeAYCH11HTe11~ /hY/ 1-1 11HHeAHoMy HMnynbCHOMy 
YCHilHTen~ /JlY/. 

AnR HCCileAOBaHHR 
1-1 f3 + -y - cosnaAeHHH, 

6 

BpeMeH >K~3HH B036Y>KAeHHbiX YP08HeH RAep 
B Ka4eCTBe AeTeKTopa AllR perHCTPa4HH 

Y -~31ly4eH~R ~Cn01lb3yeTCR C4~HT~1111R4~0HH~A AeTeKTOp, co
CTOR~~~ B 3aB~C~MOCT~ OT 3KCnep~MeHTa1lbHOA 3aAa4~ ~3 
C4~HT~1111RTopa T~na NE104 ~25x25 MM ~n~ NaJ(Tl)j<!40x40 MM 
~ ¢oToyMHO>K~TenR T~na XP1020. 

npeAYCMOTpeHa B03MO>KHOCTb nOAK11~4eH~R C~CTeM~ CTa6~n~aa-

4~~ yc~neH~R B C4~HT~1111R4~0HHOM cneKTPOMeTp~4eCKOM TpaKTe 15 1 

AnR ycTpaHeH~R "nnasaH~R" ycTaHoBneHHoro 3HepreT~4ecKoro 
110KHa" y -cneKTpa np~ ~3MeHR~~e~cR aarpyaKe TpaKTa, o6ycnos
neHHOA, B OCHOBHOM, cnaAOM aKT~BHOCT~ ~CCileAyeM~X KOpOTKO
>K~By~~X paA~OaKT~BH~x RAep. 8 ycTaHOBKe ~cnonb3oBaHa cTaH
AaPTHaR 6~cTpo-MeAneHHaR cxeMa cosnaAeH~~. 8o speMeHHOM 
KaHane C4~HT~1111R4~0HHbiX TpaKTOB np~MeHeH pa6oTa~~~A B pe>K~Me 
cneAR~ero nopora yH~BepcanbH~A ¢opM~posaTenb /Y<I>/ 16 1

. 8o 
speMeHHOM TpaKTe Ge(Li) -AeTeKTopa noAK11~4eHbt 6btCTp~A yc~

n~Tenb /oY/, ¢opM~poBaTe1lb BpeMeHHOA np~BR3K~ /¢/ ~ A~CK
p~M~HaTOP An~TenbHOCT~ /AnJI. 117 1

. Paapewa~ee speMR 6btCTpoA 
cxeMbt cosnaAeH~~ ICC/ .s~6~paeTCR np~ noMe~~ cxeMbt oT6opa 
none3HbiX C06~T~A, BK11~4a~~eA B ce6R 6nOK~ 6btCTpO~ 31leKTpO
H~K~ - OAHOB~6paTOP /08/, cxeMy COBnaAeH~R /CC/, Ka6e1lbH~e 
n~H~~ aaAeP>KK~ /3/, paaseTB~Tenb /P/. AnR KOHTP011R Bbt6paH
Horo speMeHHoro OKHa cxe~ cosnaAeH~A ~cnonbayeTcR speMR
aMnn~TYAH~~ npeo6paaosaTenb( T->A ). 

8~6op 3HepreT~4ecKoro "oKHa" y -cneKTpa ocy~ecTBnReTCR 
A~<l>¢epeH4~anbH~M A~CKp~M~HaTopoM /AA/18( onoK~ 6~cTpoA HaHo-

~ 19 1 6 Jl 6 CeKyHAHO~ 31leKTpOH~K~ paapa OTaH~ B a opaTOp~~ RAePH~X 
npo6neM OHRH. 

AnR HaKonneH~R cneKTpos ~ccneAyeM~x RAeP ~cnonbayeTcR 
MHoroKaHallbH~A aMnn~TYAH~A aHan~aaTop ICA-70 seHrepcKoro 
npo~aBOACTBa. 8~BOA ~H¢opMa4~~ npo~3BOA~TCR Ha ne4aTb /UnY/, 
Ha nep¢opaTop, nnoTTep ~n~ 4epea ~HTep¢eAc Ha 38M "M~HcK-2". 
HMeeTCR B03MO>KHOCTb OAHOBpeMeHHOA per~cTpa4~~ B ABYX 4aCTRX 
naMRT~ 3Toro aHan~aaTopa OAHOMepHoro cneKTpa y -ny4eA ~ 

cneKTpa ey-cosnaAeH~A. 0THOC~Te1lbH~e ~HTeHC~BHOCT~ cneKTpOB 
y- ~ e -y-cosnaAeH~~ onpeAe11R1l~Cb np~ o6pa6oTKe no npo
rpaMMe "KaToK" 1 101 Ha 38M "M~HcK-2 11 • 8peMeHH~e cneKTP~ cobna
AeH~A o6pa6aT~Ban~cb no nporpaMMe "LIFTIM" 111 1 Ha 38M 
CDC-6500.Ha p~c. 3 np~BeAeH~ Kp~s~e speMeHHoro paapeweH~R 
2r0 112 ~ 2r0 11 10 A11R paan~4H~x T~nos AeTeKTopos per~cTpa4~~ 
Y -~31ly4eH~R B 3aB~C~MOCT~ OT 1/v'E;"' B o6naCTI-1 3Hepr~A 
3neKTpOHOB E e- 25.;. 250 K38 ~ E ~ 100 K38, nony4eHHble np~ 
~3MepeH~~ C ~CT04H~KOM 6°Co. 3AeCb >Ke np~BeAeHa 3aB~C~
MOCTb CAB~ra 4eHTPOB TR>KeCT~ ~T BpeMeHHbiX Kp~B~X OT c / v 
I c - cKopocTb cseTa, v - cKopocTb 3neKTPOHOB/. Ha6n~AaeMaR 
ll~HeAHaR 3aB~C~MOCTb yKa3~8aeT Ha TO, 4TO CA8~r~ 4eHTPOB 
TR>KeCT~ 8peMeHH~X Kp~B~X o6ycnOB1leH~ TOilbKO 8peMeHeM nponeTa 
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1-1 3aBHCHMOCTb CABHra ~eHTPOB T.RmeCTH 6T apeMeHH~X KpHB~X 

OT c / v AJl.R pa3JlH4H~X AeTeKTOpOB perHCTpa~HH y -H311Y4eHHR, 
Hcnonb3ye~x a ycTaHOBKe I c - cKopocTb caeTa, v - cKopoCTb 
perHCTPHpye~X 3JleKTPOHOB B e -KaHane/. 

3JleKTPOHOB B cneKTPOMeTpe. C APYrOH CTOpOH~, 11HHeHH~e 3aaH-
CHMOCTH 2r0 112 (1/ .;'E;) 11 6T(c/ V) H11JliOCTpHpyiOT onTHMaJl bHYIO 
HaCTPOHKY 6JlOKOB B_DeMeHHOH npHB.R3KH. 

3. OliPAiiOTKA 11 AHAJ1113 CnEKTPOB MfHOBEHHbiX 
11 3A.QEPlKAHHblX e -y -COBnA.QEHI1~ 

CneKTP~ y -ny4ei:1 1-1 e-y -coenaAeHHH npH HCCJleAOBaHHH Kam
AOro H30TOna 113Mep.RJlHCb B OAHHaKOB~X YCJlOBHRX - np11 OA11Ha
KOBOM reoMeTpl14eCKOM pacnonomeHHH Ge(Li) -AeTeKTOpa OTHO
CHTeJlbHO paAHOaKTHBHoro HCT04HI1Ka C 11 TeM me ~11bTpOM. B Ka-

8 

4eCTBe $H11bTpOB, B 3aBHCHMOCTH OT nOCTaHOBKH 3aAa4H, HCn011b-
30Ba11HCb 111-160 0,5 MMCd + 0,5 MM Cu /B OCHOBHOM, AJl.R nor110llje
HHR peHTreHoBcKoro H311y4eHHR/, 111-160 1,5 MM Pb + 0,5 MM Cd + 
+ 0,5 MM Cu /AJ1R nor11oll1eHHR MRrKoro y -H311y4eHHR/. MaKcH
ManbHble 3arpy3KH no e -KaHa11y cocTaB11R11H He 6o11ee 
15000 HMn/c, no y -KaHa11y - ::;; 10000 HMn/c . 

noc11e o6pa60TKH cneKTpOB HaMH paCC4HTbiBa11HCb COOTHOWeHHR 

s ey I S Y A11R $OTOnHKOB COOTBeTCTBYIOUjHX y -11y4eH Is ey -
nnolljaAb $oTonHKa y -ny4ei:1 a cneKTpe e - y -coanaAeHHH, S -
B OAHH04HOM Y -cneKTpe npH onpeAe11eHHOH 3HeprHH E y /. 3To 
n03BOJl.R110 HaM CAeJlaTb BbiBOA KaK 0 $aKTe Ha61110AeHHR COBnaAe
HHH COOTBeTCTByiOUjHX KOHBepCHOHHbiX 311eKTPOHOB Y -nepeXOAOB, 
pa3p.RmaiOUjHX TO 1-1111-1 11HOe B036ymAeHHOe COCTORHI1e, C y -11y4aMI1, 
TaK 11 o BK11aAe cny4ai:1HbiX coenaAeHI1i:1, a TaKme no11y4HTb 
3KCnepHMeHTa11bHble 3Ha4eHI1R CXeMHbiX K03$$H~HeHTOB a 3 KCU. 
Cny4aHH~e COBnaAeHI1R o6b14HO COCTaB11R1111 He 6o11ee 2% OT HC

THHHbiX. CxeMHble K03$$H~I1eHTbl a 3KCn. paCC411TbiBa11HCb 113 OTHO
WeHHH (Sey I Sy -S ~y ! Sy cJiy'J . )- a3Kcn . no11y4eHH~e 3Ha4eHHR cxeM-
HbiX K03$$11~11eHTOB a 3Kcn noc11e nocTpoeHI-1R aaplo1aHTa cxeMbl 
pacnaAa cpaBHio1Ba111-1Cb co cxeMHbiMI-1 K03$$1-1~11eHTaMio1 "a", pacc411-
TaHHbiMI-1 1-13 3Ha4eHI1H nOJlHbiX 11HTeHCI1BHOCTeH y -nepeXOAOB, 
onpeAe11eHH~x np1-1 AeTa11bHOM lo1CC11eAOBaHio111 OAI-1H04HbiX cneKTpoa 
Y -11y4eH 1-1 KOHBepCI10HH~X 311eKTPOHOB AaHHOro 1130TOna. no

CK011bKY CXeMHble K03$$H~I1eHTbl B PRAe C11y4aea A11R COBnaAeHio1H 
c y -11y4aMI1, pa3p.Rmai0Uji-1MI1 11emallj1o1e BbiWe ypoaHI1, lo1MeiOT 6111o13-
Kio1e 3Ha4eHI1R, TO HaMH npOBOAI-1111o1Cb AOn011Hio1Te11bHble e-y -coa

naAeHio1R C APYrHMI-1 nepeXOAaMH Bn110Tb AO 3Hepri-1H E 8 =350 K3B. 
3To no3B011R110 .HaAemHo onpeAe1111Tb pacno11omeH1o1e OTAe11bHbiX 

Y -nepexoAOB a cxeMe pacnaAa. KaK BI-1AHO 1-13 npeAb1AYll1ero, np11 
o6pa6oTKe 3Kcnepi1MeHTa11bHbiX AaHH~x no e y -coanaAeHio1RM He 
&1110 He06XOAI-1MOCTH 11Cn011b30BaHio1R Kpi1BOH 3$$eKTio1BHOCTio1 pe-
ri1CTpa~lo11o1 y -11y4ei:1 Ge(Li) -AeTeKTopoM, 4TO no3B011ReT 11c-
Kili041-1T b AOn011HI1Te11 bHble norpewHoCTI1 I a c11y4ae ee onpeAe11eHHR/ 
npH aHa111-13e coanaAeHHH. 3Tio1M MeTOAOM e-y-coenaAeHI-1H npoae
AeH aHa111-13t.ffeM pacnaAa RAeP 

171 Lu 1 1 ;1169Lu1 13 ~ 151Tb 114f 
149act 115/ , Gd 1 161 , 147 Eu 1 17,f a TaKme KOPOTKOmi-1Bylljlo1X RAeP 
165 / 18 / 155 / 19/ 149 / 20/ 

Lu 1 T 112 .. 11,8 MHH/, Er /T112 - 5,5 Mlo1H/, Dy 
153 121 / 

fT112~ 4,6 MI-1H/ 1-1 Ho /T1; 2 = 9,3 Mlo1H/ HAP· 
B Ka4eCTBe npi1Mepa Ha p1o1c. 4 noKa3aHbl cneKTP Y -11y4ei:1 

1-1 cneKTp~ coenaAeHI1H y -11y4eH C KOHBepC1i10HHbiMH 311eKTPOHaMio1 
L121,2 1-1 K197,3 np1o1 pacnaAe 147 Eu. 
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P1-1c. 4. CneKTPbl y - ny4ei1 1-1 cosnaAeHI-1 1':1 y - ny4ei1 c 3Jle KTfoHaMH 

BHYTPeHHei1 KOHs e pcHH L121 ,2 1-1 K197,3 np~-1 pa c naAe 14 Eu. 

4. HCCJlEAOBAHHE BPEMEH lKH3HH B036YlKAEHHbiX 
COCTO.RHHtl .RAEP 

npl-1 noM~I-1 C03AaHHOH YCTaHOBKI-1 HCCJleAOBaJlHCb H30MepHble 
COCTORHHR RAep , B 3TOM CJ1y4ae HCnOJ1b30BaJ1HCb, KaK npaBI-1110, 

c~HHTHJ1J1R~HOHHble AeTeKTOpbl: 111-16o NaJ(Tl) , n1-16o nnacTH4eCKHi1 
c~HHTHJ1JlRTOP NE104 AJ1R perHCTpa~HH y -H3J1y4eHHR, np~-1 3TOM 
6J10KH BpeMeHHOH npHBR3KH K HMnyJ1bCaM C nnA, OTMe4eHHble 

nyHKTHpOM Ha PHC. 1, 3aMeHRJ1HCb 6JlOKaMH, noKa3aHHbiMH BBepxy 
3TOro pHCYHKa. 
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P1-1c. 5. KpHsaR speMeHH ~H3HH ypoBHR c ~Hepr1-1ei1 189,4 K3B 
161 Er, nony4eHHaR np~-1 H3MepeHHH speMeHHbiX L45-y -cosnaAeHHi:i • 
BHH3y noKa3aH y4acTOK cneKTpa 3BK 161 Tm. 
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161vb-J61rm-'61Er ~ r61yb 

cmopm: NaJ(Tl).f60x5MM 
E- 16i"m • 

to4b- /\ § 1(2)-t(1)•6ouow 

i IE,> 30KaBl 
cmon: CT2 
K78,21161Yb)+L27,91161rml 

Jl 

~ I I I KOWQ~Iot 
:n 
c: 
~ 

~If~ {-L27~ >"·~ 
r,/2=73t3wc 178.2 112wc i ~-' ~-~ lA~ 73wc 

144 

59 
0 3,2~ac 

11 HC/I<OHOA Er ~ I I I I I ·-··· flO 10 110 !10 100 110 KAHAAbl 

P~c. 6. Kp~eaR epeMeH~ ~~3H~ eo36Y~AeHH~x ypoeHeR c 3Hep-
v B 161E 8 161 r~e~ 19 K3B r ~ 7 ,2 K3B Tm, nony4eHHaR np~ ~3-

MepeH~~ epeMeHHbiX (K78 ,2 161 Yb + L27,9 161 Tm) - y - coenaAeH~i1. 
Beepxy cnpaea- y4aCTOK 3BK ~3o6ap~ A-161. 

AHaJ1~3 epeMeHH~x xapaKTep~cT~K ycTaHOBK~ /p~c. 3/ noKa-
3~eaeT, 4TO CMe~eH~e ueHTpoe TR~ecT~ epeMeHH~x penepoe 
B 3aB~C~MOCT~ OT 3Hepr~H 3JleKTpOHOB nponopu~oHaJlbHO BeJ1~4~

He c / v. BpeMeHHOe pa3peweH~e ycTaHOBK~ c ~cnoJlb30BaH~eM 
Ge(Li) -AeTeKTopa /cu~HT~IlilRU~OHH~x AeTeKTopoe/ np~ 3Hep
r~Rx 3JleKTPOHOB E e~ 25"'"250 K3B ~~HRIOTCR B npeAeJlaX 2ro ~ 
= (12 .;. 7). 10-9 C ((2 ro"' (7.;. 4) ·10 C). 04eB~AHO, 4TO OC
HOBHOH BKJlaA B orpaH~4eH~e BpeMeHHOfO pa3peWeH~R ycTaHOBK~ 
BHOC~T TpaeKTOpH~H pa36poc 3JleKTPOHOB B 6eTa-cneKTpOMeTpe. 

Ha p1-1c. 5-7 AJlR ~JlJliOCTpau~~ np~ eeAeH~ KP~ Bble ~3MepeH~R 
epeMeH ~~3H~ B036Y~AeHHbiX COCTORH~H RAep. 

06pa6oTKa ~3MepeHH~x epeMeHH~x pacnpeAeJleH~R npoBOA~nacb 
no CK!lOHY Kp~eoR np~ noMo~~ 3BM CDC-6500 no nporpaMMe 
"LIFTIM" 1 111. Pe3yJlbTaTbl ~3MepeH~R nep~OAOB nonypacnaAa 
DKa3aHH~x B036Y~AeHH~x cocTORH~H RAeP 161Tm , 16 1 Er , 
59 Er 1221 , pasH~e Tv2 /78,2 K3B/ = 112/5/ • 10-9 c ~ T 112 
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P~c. 7. Kp~saR epeMeH~ ~~3H~ ypoBHR c 3Hepr~eR 182,6 K3B 
159 Er, nony4eHHaR np~ ~3MepeH~~ speMeHH~x (K84+L38)- y -
coenaAeH~R. 

/189,4 K38/ = 75/3/·10-9 c ~ T u 2f182,6 K3B/ = 340/20/·l(f-9c, 
COOTBeTCTBeHHOj YT04HRIOT ~ cornacyiOTCR C 6onee paHH~M~ ~3-
MepeH~RM~ 1 23 - 2 I • 

On~caHHaR ycTaHOBKa no3B011ReT pewaTb w~poK~R Kpyr 3a
Aa4, CBR3aHH~X C nOJly4eH~eM CXeM pacnaAa RAep ~ ~3MepeH~eM 
BpeMeH ~~3H~ B036Y~AeHHbiX COCTORH~H RAep C T112 > 10-9 C. 
YcTaHOBKa s Te4eH~e ABYX neT 3KcnnyaT~pyeTCR s Hay4Ho-
3Kcnep~MeHTaJlbHOM OTAene RAepHo.:i cneKTpocKon~~ ~ paA~ox~M~~ 
na6opaTop~H RAePH~X npo6neM O~R~. 
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