
Dti'bBAMHBHHbiM 
MHCTMTYT 
RABPHbiX 

MCCnBADB3HMM 

AYtiHa 

Jt71 /J'Z 
P6-82-405 

U.BbiJIOB, lll.BpnaHccoH, B.B .Bpy.uaHHH, P .BaJieH, 
K.H.rpoMoB, A.MapnHos, A.MHHKosa, 
B.n.OcnneHKo, B.H.OoKposcKHH, B.r.qyMHH 

0 B03MOlHOCTH HCCRE~OBAHHH 
~BOHHOrO BE3HEHTPHHHOrO BETA-PACOA~A 
C·OOMOWbiD OORYOPOBO~HHKOB~X 

BETA-COEKTPOMETPOB 

HanpasneHo B >KypHan "nHcbMa B )1(3T<I>" 

1{/f~i-& 

1982 



B CBR3J.1 c J.1HTeHCJ.1BHbiM pa3BJ.1TI-1eM Teop~-1!1, npeAcKa3biBaiOIIIJ.1X 
HecoxpaHeHJ.1e nenToHHoro 1-1 6apJ.10HHoro 3aPRAOB, s nocneAHee 
speMR Ha6niOAaeTCR 3Ha4J.1TenbHbli1 poeT 1-'tHTepeca K J.1CcneAOBaHJ.110 
ABOI1Horo 6e3Hei1TpJ.1HHoro 6eTa-pacnaAa (2~0v): 

+ (A,Z) _. (A,Z + 2)+ 2e- , 

KOrAa 3aKOH coxpaHeHI-1fl nenTOHHoro 3aPRAa /3Cn3/ He co6n10AaeT­
Cfl. TaK1-1e 3Kcnepi-1MeHTbl MoryT AaTb yHJ.1KanbHYIO I-1H4>opMa~J.110 He 
TOnbKO 0 3Cn3, HO J.1 0 CBOHCTBaX HeHTpi-1HO /eM. 0630pbl/1-3/ J.1 
4J.1TJ.1pyeMyiO TaM ni-1TepaTypy/. 

BbiBOAbl Teop~-11-1, CYllleCTBeHHble AnR 3Kcnep!-1MeHTanbHoro no1-1cKa 
npo~ecca 2~0v-pacnaAa, cBOARTCR K cneAyiOllleMy: 

a/ B cny4ae MaKCJ.1ManbHOrO HapyweHHfl 3Cfi3 (ij=l) BepORTHOCTb 
2~0v-pacnaAa npeBbiWaeT Ha HeCKOnbKO nopRAKOB BepORTHOCTH 2~2v 
pacnaAa, LITO HenocpeACTBeHHO CBR3aHO C COOTBeTCTBYIOIIIJ.1MJ.1 senH-
41-'tHaMH $a30BbiX o6oeMOB I ot~eHKa napaMeTpa HecoxpaHeHHR nenToH­
Horo 3apRAa Ha OCHOBe COBpeMeHHbiX AaHHbiX COCTaBnfleT ij;!;,l0-4141/; 

6/ CyMMapH0-3HepreTH4eCKJ.1e cneKTpbl 3neKTpOHOB OfiOJ.1X BapJ.1aH­
TOB pacnaAa c1-1nbHO pa3nH4aiOTCR MelKAY co6oi1: s cny4ae 2 ~ov -
lJd(...lldJ..\d <...lltK 1 p TltsJu-tt:: 1 L.H A..,L.I\.J.It:: • MbtM Yl \.. • u .... nvc 1 DiU ~v ~i-i~iJIY,rt 

OTAa4J.1 RAPa MaKCHMYM pacnpeAeneHJ.1R COOTBeTCTByeT pa3HOCTJ.1 Mace 
Q 2~ ; B cny1.1ae 2 ~ 2v -pacna,qa cneKTP RBnReTCR HenpepbiBHbiM c 
MaKCI-1MYMOM s o6nacTH E0 /2; 

B/ noBeAeHHe OAH03neKTpOHHbiX cneKTpOB B 2~ov -pacnaAe 3a­
BJ.1CJ.1T OT BenH4HHbl five J.1 OT sen1-1~J.1Hbl npOAOilbHOH nonRpJ.13al.IHJ.1 
HeihpHHO. 

fnaBHOH 1..1e11b~ COBpeMeHHbiX 3KCnepJ.1MeHTOB RBnReTCR npRMoe 
Ha6niOAeHJ.1e npo4ecca. Y4HTb1BaR Kpai1He Manyc sepoRTHOCTb 2~­

pacnaAa~ MOlKHO Bb1AenJ.1Tb ABa HanpasneHHR noHCKa: 
a/ HCnOJ1b30BaHHe AeTeKTHPYIOIIIJ.1X CHCTeM C 6onbWJ.1MH nosepx­

HOCTRMH J.1CCneAYeMoro SellleCTBa /HanpHMep, Cl.IHHTHI111Rl.IHOHHble 
cneKTpOMeTpbl C pa6o4eH nosepXHOCTbiO AO 3000 CM 2 /5/, CTpHMep­
HaR KaMepa16~KaMepa BHnbcoHa 171 /. fnaBHbiM HeAOCTaTKOM AaHHoro 
HanpasneHHR nOHCKa RBI1ReTCR HJ.13KOe 3HepreTH4eCKOe pa3peweHHe 
/-20 7501/, 4TO He6naronpHRTHO Ail A noHCKa 2 ~Ov -pacnaAa; 

6/ J.1CnOJ1b30BaHJ.1e AeTeKTI-1PYIOIIIJ.1X CHCTeM, y KOTOpbiX BellleCTBO 
4YBCTBJ.1TenbHOrO OfibeMa COAeplKJ.1T 3Ha4J.1TenbHble KOH4eHTpal.IHH J.1C­
CI1eAyeMOrO HyKI1HAa. noAOfiHbiM MeTOAOM, HanpHMep C nOMOlllbiO 
Ge(Li) -AeTeKTOpOB, fibln IKCileAOBaH 2jl 01 , -pacnaA 76 Ge H nony4eH 
ny~WHH pe3ynbTaT: Tl/2( 700e) ~ 5•1Q21neTIS~ rnaBHbiM HeAOCTaTKOM 
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AaHHOrO nOAXOAa RBnReTCR B03MO~HOCTb HCCneAOBaHHR nHWb orpaHH-
4eHHOrO Ha6opa HyKnHAOB, KOTOp~e K TOMy ~e xapaKTepH3Y~TCR 
cpaBHHTenbHO HH3KHM 3HeproB~AeneHHeM - Q 2~ 2,6 M3B, 4TO co-
3AaeT CnO~H~e npo6neM~ H3-3a ecTeCTBeHHOrO paAHtiKTHBHOrO ~OHa. 
HanOMHHM, 4TO OCHOBH~MH HCT04HHKaMH ~OHa RBnR~TCR 4~ H npo­
AYKT~ pacnaAa 226Ra H 232 Th, npH4eM HaH6onee HHTeHCHBH~M 
e~coK03HepreTH4ecKHM raMMa-nepeXOAOM RBnReTCR 2,614 M3B208T11~1 

B 3TO~ pa6oTe M~ XOTenH 6~ o6paTHTb BHHMaHHe Ha OAHH noA­
XOA, KOTOp~~ CHHTe3HOYeT B ce6e rnaBH~e npeHMy~eCTBa paCCMOT­
peHH~X B~We MeTOAOB. 

nyCTb MHWeHb C HCCneAyeM~M HyKnHAOM pa3Me~aeTCR Me~AY ABY­
MR nnocKHMH nonynpoBOAHHKOBbiMH 6eTa-cneKTPOMeTpaMH H3 HP-Ge 
c 6onbwo~ nno~aAb~ noeepxHoCTH H aMnnHTYAHOMY aHanHay c AUn 
noAne~aT nHWb coenaAa~~He B npeAenax paapewa~~ero epeMeHH CHc-
TeM~ HMnynbC~. nocne COOTBeTCTBy~HX rpaAYHPOBOK CyMMapHo-
3HepreTH4eCKH~ cneKTp nerKo nony4HTb c noMO~b~ 3BM. PaayMeeT-
CR, B annapaTypHOM, nOrH4eCKHM H nporpaMMHOM nnaHe nOA06HaR 
CTpyKTypHaR CXeMa nOAne~HT BCeB03MO~HbiM MOAH~HKai.IHRM /o6 OA-
HO~ 6yAeT CKa3aHO HH~e/, HO C T04KH 3peHHR nOHCKa 2f30v -pac-
naAa rnaBH~MH xapaKTepHCTHKaMH TaKOrO 3KCnepHMeHTa RBnR~TCR: 

a/ e~coKoe 3HepreTH4ecKoe paapeweHHe /-0,1+0,5%/; 
6/ B03MO*HOCTb npHMeHeHHR pa3nH4H~X MeTOAOB naCCHBHO~ H aK­

THBHO~ 3a~HT~; 

B/ B03MO*HOCTb HCCneAOBaHHR pa3nH4H~X HyKnHAOB C Q 2 f3 > 
>2,6 M3B, 4TO cy~ecTBeHHO KaK c T04KH apeHHR ecTeCTBeHHoro 
pa~HOaKTHBHOrO ~Ha, TaK H C TUYKH 3P~HH~ ~~PU~IHU~IH llpU~~~~d 

/T1 ;~-Q~B· rAen~ 7 /; 
r/ B03MO~HOCTb paCWHpeHHR pa604e~ noBepXHOCTH cneKTpOMeTpa 

C nOMO~b~ AOCTaT04HO npOCT~X annapaTypH~X H nporpaMMH~X CpeACTB -
Ha AaHHOM 3Tane M~ nnaHHpyeM H3rOTOBHTb cneKTpOMeTp cS-400 CM 2-
16 nap, AeTeKTOpOB /25 CM2X 0,4 CM/HP-Ge C CYMMapH~M pa604HM 
06"beMOM 320 CM 3; 

AI B03MO~HOCTb npoBeAeHHR 3HepreTH4eCKO~ rpaAYHPOBKH c no­
MO~b~ raMMa-nepeXOAOB eCTeCTBeHHOrO paAHOaKTHBHOrO ~OHa,a TaK­
~e C npHMeHeHHeM Cnei.IHanbH~X paAHOaKTHBH~X HCT04HHKOB /HanpH­
Mep, 66Co I. 

., 
J 

npeHMy~eCTBa npeAnO~eHHOrO nOAXOAa 04eBHAHee BCero B~RB­
nR~TCR AnR HyKnHAOB C 6onbWO~ 3HeprHe~ pacnaAa / 48Ca, 82Se , 
96zr , tooMo , ttscd, 150 Nd I. 01.1eHHM eoaMO*HOCTH 3KcnepHMeHTa 
Ha npHMepe 48Ca /Q 2{3 "'4271~4 K3B/. OrpaHH4eHHe Ha AOCTH~HMOe 
B 3KCnepHMeHTe paapeWeHHe, TO eCTb OTHOWeHHe 3~eKT/~H ,eo- }' 
3HHKaeT HB OCHOBHOM H3-3a nOTepb 3HeprHH 3neKTp~HOB B Be~eCTBe . 
MHWeHH. a OCHOBaHHH npoBeAeHHWX HaMH H3MepeHHH C 3neKTpOHaMH 
BHyTpeHHe~ KOHBepCHH H3 pacnaAa 207Bi /Ee"'480 K3B, 975 K3B H 
1680 K3B/ MO*HO CAenaTb B~BOA, 4TO AnR Q 2f3- 4 M3B YAaeTCR A0-
6HTbCR paapeweHHR -20 K3B npH TOn~HHe MHWeHH -50 Mr/cM2. TorAa 
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Puc.). MoAenHpoeaHHe cyMMapHo-3HepreTH~ecKoro cneKTpa 
~poHoB I AE - 3HepreTH~ecKoe pagpeweHHe, K3B; 

<I> - cyMMapHbU1 ct>oH, HMn.K3B- 2 ~ -t I 2{3 Ov -pacnaAa: 
,4R- AQ_... _,?A- ?A,.. 

d./ v a .... ·- 11, u 1 u~ .... 1.3t • 

npH S-400 C,; Bee MHWeHH COCTaBHT 20 r, TO eCTb 2,6·1023 RAep. 
EcnH npHHRTb 3~~eKTHBHOCTb cneKTpoMeTpa pasHa~ 50%, To AnR 
o~HAaeMoro/21 H3 TeopiAH 3Ha4eHHR T1'f2 -3,8·10 20 neT /no peao­
HaHcHOMY MexaHH3MY; no ABYX4aCTH4HOMY - T f/2 - 1 , 7 ·1 0 20 neT I 
AOn~Ho 6b1Tb aaperHcTpHpoeaHo 237 pacn. /roA. EcnH npHHRTb Ol.leH­
Ky161, TO AnR Tt0Y2 <:. 2· 10 21 neT AOn~HO 6~Tb aaperHCTpHpoBaHO 
45 pacn./rOA. MoAenHpOBaHH~e Ha 3BM CYMMapH0-3HepreTH4eCKHe 
cneKTp~ npeACTnBneH~ Ha pHC. la. AHanorH4HOe HCCneAOBaHHe apy­
rHX HyKnHAOB noaeonReT npaeHnbHO nnaHHpoeaTb cyMMapHy~ nno~aAb 
cneKTpOMeTpa H TOn~HHY MHWeHH. 

oonee AeTanbH~~ aHanH3 3KcnepHMeHTa e~xOAHT aa paMKH Ha­
CTOR~e~ pa60T~. none3HO, OAHaKO, o6paTHTb BHHMaHHe Ha B03MO*­
HOCTb aHanH3a AaHH~X ~OHOB~X H3MepeHH~. KaK OTMe4anOCb B~We, 

o6~H~ 06"beMHP-GeAeTeKTOpOB COCTaBnReT-320 CM 3 /1,7 Kr/, TO 
eCTb Ha AOn~ 76Ge npHXOAHTCR 133 r. 3TO npHMepHO B 4,7 pa3a 
6onbwe, 4eM HcnonbaoeaHo e18< EcnH npH6aeHTb C~Aa B03MO~HOCTb 
nOHMeHeHHR TeXHHKH aHTHCOBnaAeHH~ H TeM CaM~M 3Ha4HTenbHOrO 
CHH~eHHR 3~~eKTa MHOrOKpaTHOrO KOMnTOHOBCKOrO pacceRHHR B~COKO-
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3HepreT~4ecK~x y-ny4e~. ecTecTBeHHO om~AaTb ny4wero OTHowe­
H~A 3¢¢eKT/¢oH AnA no~cKa 2~ov -pacnaAa 76 Ge. MoAen~poeaH~e 
TaKoro 3Kcnep~MeHTa Ha 3BM AnA pa3H~x 3Ha4eH~~ ¢aHa noKa3aHo 
Ha p~c. 16. 

PeanbH~e nepcneKT~e~ ysen~4eH~A 4YBCTB~TenbHOCT~ MeToAa 
CBA3aH~ c yeen~4eH~eM 4~cna AeTeKTopoe ~3 HP-Ge. c B03Mom­
HOCTb~ KOOPA~HaTHOrO aHan~3a ~MnynbCOB OT nna, a TaKme C no­
~CKOM 6e3A~cnepc~oHHbiX ¢oKyc~pyiOIJI~X c~cTeM AnA c6opa 3neKTpo­
HOB H3 TOHKHX /10 Mr/cM 2 / HCT04H~KOB C 6onbWO~ nnOIJiaAbiO noeepx­
HOCTH. 
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BbLIIOB u. H ,I:IP . P6-82-405 
0 B03MO~HOCTH HCCne,I:IOBaHHH ,I:IBOHHOrO 6e3HeHTpHHHOro 
6eTa-pacna,~:~a c noMOU\biD nonynpoeo,~:~HHKOBb~ 6eTa-cneKTpoMeTpoe 

PacCMoTpeHa B03MO~HOCTb peanH3a~HH 3KcnepHMeHTa no noHCKY 
,I:IBOHHoro 6e3HeHTPHHHoro (2~ov> 6eTa-pacnaga c noMOIJibiD nonynpo­
BOAHHKOBb~ 6eTa-cneKTpOMeTpOB. fnaBHWMH AOCTOHHCTBaMH TaKoro 
nO,I:IXOAa HBnHIDTCH BbJCOKOe 3HepreTHtJ:eCKOe pa3pemeHHe /-0,5%/, 
HH3KHH ~OH H B03MO~HOCTb HCCne,I:IOBaHHH pa3nHtJ:H~ HYKnHAOB. 
Ha npHMepe cneKTpoMeTpa H3 16 nap geTeKTOpOB /25 CM 2x0,4 CM/ 
H3 HP-Ge npoaHanH3HposaHbi B03MO~HOCTH 3KCnepHMeHTa no noHCKY 
2~0v-pacnaga 48 Ca. YKa3aHbi nyTH ysenHtJ:eHHH tJ:yBCTBHTenbHOCTH 
MeToga. 

Pa6oTa BbinOnHeHa B na6opaTOpHH HgepHb~ npo6neM OJ.UIH. 

Vyiov Is. ec ai. ~6-~2-4uS 

On a Possibility to Investigate Double Neutrinoless 
Beta-Decay Using Semiconductor Beta-Spectrometers 

The possibility to perform an experiment on the search 
for the neutrinoless double beta-decay (2~ 0 ) by means of semi­
detector beta-spectrometers is considered. The main advantages 
of this approach are high energetic resolution (- 0. 5%), low 
background and the possibility of investigating various 
nuclides. The feasibility of the search for 2f3ov decay of 48ca 
with 16 duplex detectors (HP-Ge, 25 em 2xo.4 em) is discussed. 
The perspectives for increasing the method sensitivities are 
pointed out. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR . 

Preprint of the Joint Institute for Nuclear Research. Oubna 1982 

Tiepeso,~:~ O.C.BHHorpa,~:~osoA. 


