
B.A.Mopo30B, B .r.KaimHHHKOB, H.B .Mopo30Ba, 
IO.B.HopceeB, H.H.qyp1-1H 

llBYXllETEKTOPHhIH qEThIPEXMEPHhIH 

CUHHTHJIJI:sJUHOHHhIH BPEMEHHOM 

P13-97-179 

I CIIEKTPOMETP TPOMHhIX COBIIAllEHHM 

HanpaeneHO B )l(ypttan «0pH60pbl H TeXHHKa 3KCnepHMeHTa» 
' 



B cneKTpOMe-rpax COBni!AeHHH KpaTHOCTI, COBni!AeHHH onpeAeAfieTCH 

'IHCAOM HCnO.IU,3yeMI,IX AeTeKTopoB. Ho eCTh AJ3a THna cneKTpOMeTpOB 

COBni!AeHHH, KOTOpI,Ie n03BOAflJOT npH HMH'IHH TO.IU,KO AByx AeTeKTopon 

peM.H30Ban. pe:1KHM TpOHHhlX coBni!AeHHH. TaKHe cneKTpOMeTphl 

BKJUO'IaJOT B ce6H OAHH 41t - AeTeKTop, perHCTpHPYJOIQHH aJU,q:>a - , raMMa -

H.IUI 3.11.eKTpOHHOC H3.II.YtJeHHe, H APyrOH cqHHTil/UUlqHOHHl,lH_ H.11.H 

no.11.ynpoBOAffHKOBhlH AeTeKTop (TTilA), BKJUO'IeHHhlH Ha connc1AeHHH c 

nepBhlM. TTOA06Hhle. cneKTpOMeTpI,I COBni!AeHHH MOryT pa3.I\.H'IaThCH no BHAY 

ce.11.eKqHH KaCKaAffbIX nepeXOAOB B 47t - AeTeKTope: no 3HCpl'HH H.11.H no 

npeMeHH. TTpnMepoM cneKTpOMe-rpa nepBoro rnna M0:1KeT C.II.Y:1K"Th 

CqHHTH.11..11.HqHOHHLIH cneKTpOMeTp no.11.Horo nor.11.oIQeHHH C KpHCTa.11..11.0M 

NaJ(Tl) 60.1U,u10ro pa3Mepa c Ko.11.oAqeM H.11.H TTTTA c Ko.11.oAqeM. PeaAH3aqHH 

pe:1KHMa TpeXKpaTHI,IX COBni!ACHHH OCYJ:QeCTBAfleTCH npH BhlAe.11.eHHH B 

3HepreTH'IeCKOM cneKTpe 47t - AeTeKTOpa nHKOB CYMM, COOTBeTCTBYJOIQHX 

MI"HOBeHHI,IM COBni!AeHHHM, H aHaAH3e COOTBeTcTByroIQero 3THM nHKaM 

3HepreTH'IeCKOI"O cneKTpa coBni!AeHHH BO BTOpOM AeTeKTope. 3aTpyAHeHHH, 

KOTOpble MOryT B03HHKaTh npH aHaAH3e TpeXKpaTHLIX COBni!AeHHH Ha 



cneKTpOMeTpe AaHHOro nma, 6yr,yr 0IlpeAe.MITbC51 HeAOCTaTO'IHO BblCOKHM 

3HeprenrqeCKJIM pa3pemeHHeM cri~nonHoro 411: - AeTeKTopa HAH 

neAOCTaTO'IIIO BblCOKon 3<p<pe1cr:mmoCI'LJO perncTPartHH raMMa - AYtien 411:-

IIIJA. 

B AaHJIOH pa6oTe 6bl.ll. pea.11.H3ona11 BTOpon nm AB}'XAeTeKTopnoro 

CIIeKTpOMe-rpa TPOHHLIX COBnaAeHHH - Bb!Ae.11.eHHe KaCKaAfforo H3.II.YtieHHH 

B 4n - AeTeKTOpe no 3aAepJKillllll,IM COBnaAeHHHM. Heo6XOAHMbIM YC.11.0BHeM 

B 3TOM C.11.Ytiae HBJ\.lleTOI Ha.11.ll'Ille cpeAH B036y-JKAeHHblX COCTOHHHH HApa 

H30MepHoro COCTOllllllll llAll KOpOTKOJKHBym;ero OCHOBHoro COCTOHllllll H 

CBH3allllbIX C HllM 3aCe.ll.lllOIIµIX llAll pa3pHJKaIOIItHX ero KaCKaAffblX 

nepeXOAOB (K03<p<pHitHeHT MHOJKecrneHHOCTII npH 3TOM A0.11.JKeH 6b1Th m 

~3). Bb!Ae.11.eHHe BO BpeMeHHOM cneKTpe co6blTHH, COOTBeTcrnyrom;nx 

3aAepJKiUIHHM COBnaAeHHHM, no3BO.ll.lleT ycTaHOBHTh B 3HeprerntieCKOM 

cneKTpe BTOporo AeTeKTOpa raMMa -nepexoALI, coorneTCrnyrom;ne 

TPeXKpaTlll,IM COBnaAeHHHM. B oCHony AaHnoro cneKTPOMeTPa · 6bl.ll. 

no.11.oJKeH aBTOKoppe./1.HilHOHlll,lH OAffOKpHCTa.11.1,lll,lH CitHHTll.ll..ll.llilHOHHblH 

npeMemmn cneKTpoMe-rp c Il.11.aCTHtiecKHM CitHHTll.ll..ll.llTOpoM c K0.11.0AQeM [ 1) 

H CilllHTll./l..llHOHHblH cneKTpoMeTP c KpHCTa.11..11.0M NaJ(Tl). Qe.11.1, AaHHon 

pa6oTLI 3aK.11.IOtIMac1> B OTPa6oTKe MeTOAHKH JIAeHTH<plIK~HH B on - .11.ann -

3KCIIepHMeHTax H30MepHbIX COCTOHHHH B KopoTKOJKHBYIItHX JIAPaX H y

nepeXOAOB, CB.ff3illlllbIX C 3ap,HAKOH H pa3pHAJCOH H30MepoB. 

EAox-cxeMa cneKlilpoMempa 

D.11.0K-cxeMa cneKTPOMe-rpa npHBeAeHa Ha pnc.1. B AaJUioM 

BpeMeHHOM CIIeKTpoMe-rpe C ABYM.ff AeTeKTOpaMH J1Aepnoro H3.II.YtieHHH 

pea.11.H30BaJI peJKHM tieTLipeXMepnux connaAeHHH E 1 - E2-E3-T, rAe E 1 -

Kalla.II. perHCTPartHH y-H3.II.YtieHHH CitHHTll.ll..ll.llitHOllHl,lM AeTeKTOpOM llAll 

IlllA; E2- KaHM pernCTPartllll H3.II.YtieHHH, pa3pHJKamm;ero H30Mepnoe 
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COCTOHHHe; E3 - KaHM pernCTPartHH H3.II.YtieHHH, 3aCe.ll.lllOIItero H30Mepnoe 

COCTOHHHe, H KaHM BpeMem1oro dlla.ll.ll3a -T. B CIIeKTpOMe-rpe 

ncno.ll.h3yIOTCH <poTOYMHOJKHTe.11.H nma - XP2020Q n CitHHTll.ll../lpbI: 

Il.11.aCTHtiecKirii NE104 c BpeMeneM BblCBe'IHBallllll -r= 1,9 HC H 

neopraHHtiecKirii KpHCTa.11..11. NaJ(Tl). 11cno.ll.h3oBa.ll.HCh C.11.eA)'lOIItHe 6.11.oKH 

nanoceKyHAHOH 3.11.eKTPOHHKH: 6blCTPbIH yCH.11.HTe.11.1, (EY) ORTEC FFA-579, 

npeMe1111on <popMHponaTe.11.b (B<I>) - ORTEC CFD - 584, BpeM.HaMil.11.llryAHblH 

npeo6pa3oBaTe.ll.h (BAII) - ORTEC TPHC- 476, .11.HHeHHble cxeMU 

nponycKaHHH n HHTerpnpoBaHHH HaHOCeKYHAffbIX HMny.11.hCOB (.l\.CII) (2). 

TaK KaK tieTblpeXMepHbIH cneK'l'pOMeTP B TOH tiaCTH, KOTOpaH KaCaeTCH 

TPeXMep11oro aHa.11.HJa E2-E3-T, HAeHTHtiell CIIeKTpOMe-rpy, 

paccMOTPeHHOMy B pa6oTe [ 1 J, TO OCTaHOBHMCH T0.11.hKO Ha TOM pa3JlliTllm, 

KOTOpoe 06yC.11.0B.ll.eHo BBeAeHHeM BTOporo cneKTpOMeTPa A./1.H pernCTPartHH 

y-HJ.11.YtieHHH. B OT.11.H'IHe OT o6bltIHI,IX CXel\l 6blCTPO-MeAJ1.eHllbIX 

COBilaAeHHH B KaHMe y- cneKTpOMe-rpa ne npHMeHHeTCH npeMeHHOH 

qiopMHponaTe.11.b H He npoBOAHTC.ff BpeMeHHOH allill\E3 npH IlOMOIIlll 

6blCTPOH cxeMbl COBilaAeHHH npeMeHH nocryll.11.ellllll HMny.11.hCOB OT AByx 

AeTeKTopon, a aMII.IUITYAHblH CHrHM c <I>3Y1 noC.11.e .11.HHeHHoro y= 

(AY) IlOCTYfiaeT na AQTI, K0Top1,1n pa6oTaeT B peJKIIMe .11.lIHeHHhlX nopoT H 

OTKpbIBaeTCH HMny.11.hCaMll OT BAII n TOM C.11.Ytiae, eC.11.H n 41t-AeTeKTOpe 

<I>3Y2 3aperncTPnponano H30Mep11oe COCTOHHHe. TaKHM o6pa3oM, AQTI 

nrpaeT po.11.h CTPo6npyeMon .11.HHeHHon cxeMbl coBnaAeHHH c pa3pema1om;nM 

npeMeHeM, paBHblM MHTe.11.hHOCTH .11.orHtiecKoro CHrIIa./1.a SCA (Single 

Channel Analyser) OT BP.fl. TipeHMym;eCTBo n0Ao611oro noAXOAa 6yAe-r 

paCCMOTPeHO Il03Affee npn illla.ll.ll3e 3KCnepHMeHTMhllhlX pe3y.ll.hTaTOB. 

Cnrna.11. BUSY cn11xpo11H3HponaH no npeMeHH c natIMOM npeo6pa3oBaHHH 

npeMennoro HHTepna.11.a BAII H COOTBeTCTByeT no MllTe./1.hHOCTll 
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BL16paHH0My BpeMeHHOMy AJiaTia30HY BATT. Clli'HM. SCA c Bb!XoAa 

BpeMeHHoro AJI<pcpepeHQHaJI.LHOro AJICKpHMHHaTopa BATT cooTBeTCTByeT 

IlO.ll.e3HOMy co6bITIDO, nonaAaIO:w;eMy B Bb16paHHblH BpeMeHHOH HHTepBM.. 

nYP - npeo6pa3oBaTe.l\.l, ypOBHll .11.0rlI'leCKOro CHrHM.a. 

CucmeMa c6opa gUHHHX u nporpUMMRoe 06ecne'l.e1me 

CHcTeMa c6opa AaHHLIX opraHH30BaHa aHaJI.OrH'IHO CHCTeMe, 

npeACTaB.11.<;HHOH B pa6oTe [1], H BKJllOqaeT B ce6ll qeTblpe npeo6pa30BaTe.ll.H 

aMll/\JITyAa - KOA THna KK007 [3]. Kpe:iiT KAMAK H KOHTPOJ\J\.ep Kpe:iirn 

KK009 [4], KoTOpH:ii coeAHHeH Ka6e.11.eM c IIJ1.aTo:ii TTK009, ycTaHoB.11.eHHo:ii B 

nepCOHaJU,HOM KOMnLIOTepe. 

AQn KK007 HMeeT 4096 KaHM.OB, qacTory reHepaTopa HMnyAhcon 

100 Mrq, HHTerpa.J\LH)'JO He.11.HHeHHOCTI, A.11.H 99% IIIKaJl.bl - 0,05%, 

AJI<p<pepeHQllaJU,Hy-10 He.11.HHeHHOCTI, 1% npH 4096 KaHal\.aX. 

Ter-mepaTYPHall 1IeCTa6llAl,HOCTI, K03<p<plIQHeHTa npeo6pa30BaHHll - 0, 1 

KaHal\.alrpaAyc. Ilpeo6pa3oBaHHe aMll/\JITyAbi B KOA HaqnHaeTcll no 

BIIelIIHeMy CTp06y OT BATT, IlOAaBaeMoMy Ha nee AIJ;Il. Ilo OKOHqaHJIH 

npeo6pa30BaHHll KaJi¼bIH AQTT noAaeT B MarHCTPaJU, cno:ii cnrnM. 3anpoca 

1AM, KOTOpH:ii 6yAeT CHllT noC.11.e cqHTb!BaHHll aMil.11.HTyAI,I. Pa3pllAI,I Rl -

R12 cq1ITaHHoro KOAa COAep:]l<aT aMil.11.HTyAY, a R14, R15 H R16 - quC.11.0 -

IIpH3HaK AIJ;Il, 3aAanaeMoe K.11.aBHilIHblM nepeKJ110qaTe.11.eM Ha 3i!A1Iett 

naHe.11.ll Ka.Ji¼Oro AQTT. YcTaHOB.11.eHbl IIpH3HaKH 1,2,3 H 4. 

KOJ-ITPOJ\J\.ep Kpe:iiTa Bb!Il0.11.HlleT o6MeH 16 - pa3pllAHblMH AaHJ-Ib!Mll 

MeJKAy MOAY.11.HMH KAMAK II KOMnbIOTepoM, no3BO.II.HeT o6pa6oTKy 

CHrHaJI.OB 3anpoca H IlOAaqy Clli'HaJl.a npepHBaHHll B KOMnbIOTep. A,AfI 

opra1m3aq1IH Ha6opa qeTblpeXMepHbIX cneKTPOB nannca1rn nporpaMMa 
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RIS4D, ocnonamrnH Ha npeAI,IAy:w;e:ii nepcHH RIS3D H BblnOAilllIO:w;aH 

cJ1.eAYI01I1He Ae:iicTBHH: 

a) BBOA C KJ\.aBHaTYPbl B peJKHMe AJIM.Ora H Bb!BOA B OTAeAl,}Iblll <paHJI. Ha 

AJICK n11cpopMfil\HH 06 YCAOBHHX H napaMeTPax 3K<,nepHMeHTa; 

6) C'1HTb!Baune qen,Ipex aMil.11.HTyA n npH3HaKOB c npeo6pa3onaTe.11.e:ii noC.11.e 

OAJIOBpeMeHHoro nOHBJ\.eHHll OT HHX< CllrHaJI.OB 1AM; 

B) J:IH<ppOBall peJKeKJ:IHll aMil.11.HTyA, ue YAOB.11.eTBOpllIOIIIHX 3aAaHHbIM 

YCJ\.OBHHM; 

r) 3anncb aMil.11.HTyA IlOC.11.eAOBaTeAhHO BO BJIYTPeHHHH 6ycpep; npn 

3anoAfie1IlilI 6ycpepa AO 64 ·K CJ\.OB Bbln0.11.HlleTCll Bb!BOA Ha AJICK B 

ABOH'1Hblll cpafu, COAepJKa:w;n:ii noC.11.eAOBaTeAI,HO HAy:w;He '1eTblpexMepHL1e 

co6blTHll; BHYTPH Ka)KAoro co6blTilll aMil.11.HTyAb! pa3Jl.llqaIOTCll no nplI3HaKy; 

A) HaKoIIJ\.eHHe co6b!THH B '1eTblpe He3aBHCHMbIX cneKTPa C Bb!BOAOM 

TeKy:w;Hx cneKTPOB Ha 3Kpan B .11.orapmpMH'IeCKOM MaclIITa6e; 

e) BLIBOA na 3Kpau onepaTHBHOH HH<pOpMaQHH O CKOpOCTH na6opa H 

BpeMeHH, OCTaIO:w;eMCll AO KOHQa Ha6opa. 

JK) noC.11.e OKOH'1aHHll ua6opa Ha AJICK BblBOAJITCll noC.11.eA}lllli ABOH'1Hblll 

tpafu C '1eTblpexMepHbIMlI co6blTHllMlI H '1eTblpe cneKTPa C AaHHblMH B 

TeKCTOBOM BHAe, IlporpaMMa RIS4D no3BO.II.HCT Bb16Hpan, qacTOTy 

o6HOBJ\.ellllll 3KpaHa co cneKTPaMH A.11.H COKpa:w;eHHll nOTCpb Aallllb!X BO 

BpeMll HX perHCTPaQHlI. 

IloC.11.e na6opa cneKTPbl MOryT 6bln, npeAcraBJ\.eHbl B rpacpnqecKOM 

BHAe Af06b!Mll nporpaMMaMH BlI3YaJl.ll3aQHH AaHHLIX. 06pa6oTKa 

qeTblpeXMepnbIX co6b!THH BblnOAfllleTcll c noMOIIlblO nporpaMMbl PAW[5]. 

IloArOTOBKa AaHHblX A.11.H PAW ocy:w;ecTB.11.HeTCll cneqnilAhno nanncau110:ii 

nporpaMMOH R2V4D, K0Topa5! co6npaeT B TeKy:w;e:ii AJipeKTopmI nee 

ABOH'Illble tpaHJl.bl c qeTLJpCXMepHI,!MH co6LITHllMll, npoBcpHeT no 
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npH3HaKaM npaBllAbHOCTI, CAeAOBaHIDI C06l,ITHH H CAOB BHyrpH co6I,ITHH, a 

3aTeM C03AaeT TeKCTOBI,IH cpaiiA c AaHHI,IMH, npuroAHI,IH AMI npeACTaBAeHHH 

B BHAe NTUPLE. 

3xcnepuMeHml1AbHhle pe3y,u,mamhl 

MeTOAH'IeCKHe HCCAeAOBaHHH npoBOAW\.lICb HaMH Ha PaAHOaKTHBHl,lX 

HCTO'lHHKax 
169vb, 225 

Ac H 
232Tb. QeJU. HCCAeAOBaHHH 3aK/UO'laAaCb B 

AeMOHCTPan;HH B03MOJKHOCTH HAeHTHq>HKan;un ll30MepHI,IX COCTOHHHH B 

MJIHHI,IX PdAHOaKTHBHI,IX n;eno'lKax lI B ycTaHOBJ\.eHHll npeAe.11.a 

3cpcpeKTHBHOCTH perHCTPan;un KaCKdAHOro y-n3.11.yqeHHH B COBildAeHHHX C 

3aAepJKaHHI,IM 

PdAHOaKTHBIII,IX 

ll3.11.Y'JeHHeM. 

n;eno'leK H 

Ha pnc.2-4 npeACTaB.11.eHI,I cxeMI,I 

COOTBeTCTBYJOIQHe cxeMI,I pacnaAa 

PdAHOaKTHBHI,IX HAep, AMI KOTOpI,IX 61,IJI.H onpeAe.11.eHI,I BpeMeHa JKH3Hll 

OCHOBHbIX lIJ\.H ll30MepHI,IX COCTOHHHH - pnc.5. 

231"h. l13MepeHne 3aAepJKaHHI,IX coBnaAeHHH B PaAHOaKTHBHOH n;eno'lKe 

232Tb npoBOAHJ\.OCb B reoMeTPHH 41t. 11CTO'lHHK npnroTaB.11.HBaACH 

C.11.eAyroIQHM o6pa3oM: BOAHI,IH pacrnop a30THOKHCJ\.Oro TOpHH HaHOCHJ\.CH Ha 

noBepXHOCTI, Il.l\.aCTH'leCKoro CQHHTHJ\.J\.HTOpa 010x6 MM n BI,ICyrnHBaACH, 

3aTeM CQHHTHJ\.J\.HTOp CKJ\.eHBaACH C aHaAOrll"'IHI,IM CQHHTHJ\.J\.HTOpOM npn 

IlOMOIQll CTHpo.11.a. El,l.1\.0 HaHeceHo B nepec'leTe Ha MeTa.1\..1\. OK0.1\.0 10 Mr 

TOpHH. Cn;HHTHJ\.J\.HTop IlOA06Horo pa3Mepa B OCHOBHOM pernCTPHpyeT 

TOJ\.bKO a- lI 13- -qaCTHQI,I lI 3.1\.eKTPOHbI BHyrpeHHeH KOHBepcHH (3BK). 

Ilopor AHCKpHMHHaTopa B<Dl BI,I6HpaACH TaKHM o6pa30M, 'lT06I,I He 

npoHCXOAHJ\.O perHCTPaQHH IlOCAeHMny.11.bcOB q>OTOYMHOJKHTe.11.H (6]. /1/,5J. 

Aa1rnoro lICTO'lHHKa n BI,I6paHHOM nopore AHCKpHMHHan;HH B<l>l 

lIHTeHClIBIIOCTI, 3aperHCTPHPOBaHHbIX co6I,ITHH B 47t - AeTeKTOpe COCTaB.11.HJ\.a 

N=950 1/c. IlepnoA no.11.ypacnaAa 3aperHCTPHponaHHoro BpeMeHHoro 

pacnpeAC.11.eHHH OKa3aACH paBHI,IM T112=298(3) HC, 'ITO cooTBeTCTByeT 
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AaJIHl,lM AMI nepttoAa no.11.ypacnaAa OCHOBHOro COCTOHHIDI 212Po. 3TOT Bl,IB0A 

noATBepJKAalOT TaKJKe 3apernCTPHpOBaHm.te :mepreTH'!ecrrne cneKTPI,I 

COBildAeHHH B 47t - CQHHTHJ\.J\.HTOpe - pnc.6. KpHBaH 1 COOTBeTCTByeT 

OAHHO'lHOMY cneKTPY Bce:u PdAHOaKTHBHOH n;eno'IKH, Ha1JHHaroIQettcH c Th. 

KpHBaH 2 cooTBeTcrnyeT cneKTPY 3apHAKH ocHoBHoro coCTOHHHH 212Po 13-

- qacTHn;aMH c rpaHH'IHOH :meprne:u E =2200 K3B. 3TO CaMaH BbICOKaH 

3HeprnH 13- - 'IaCTHQ Bo Bce:u PdAHOaKTHBHOH n;eno1JKe ~- CpaBHeHne 

KpHBI,IX 1 lI 2 CBHAeTeJU.CTByeT O . KoppeKTH0CTH 3TOH HHTepnpeTan;HH. 

212
Po npeTepneBae~ a-pacn11A, no3TOMY cneKTP 311AepJKaHHoro H3AyqeHIDI 

- KpHBaH 3 - o6pI,IBaeTCH. 60.11.ee . pe3KO. OTCyTCTBne nHKa a - J\.HHHH 

MOJKHO 061,HCHHTI,. Ka'JeCTBOM lICTO'IHHKa. O'JeBlWIO, B HeM npoHCXOAHT 

caMonor.11.oIQeHne a-qacTHQ. Ha pnc.7 npeACTaBAem.t OAHHO'IHI,IH y

cneKTP ncen · pa,ll,lloaKTHBHoH n;enoqm ~ · - ' KpHBaH 1- n y- cneKTP 

(a-l3-y)- COBildAeHHH - KpHBaH 2. B Cll;HHTHJ\.J\.HQ~OHHOM y-AeTeKTOpe 

ncno.l\.b30BaACH KpHCTa.1\..1\. Nal(Tl) pa3MepoM 040x50 MM, KoTOpbIH OTCTOHA 

OT Il.l\.aCTJi'IeCKOrO CQHHTHAIUITOpa Ha 15 MM. 3TOT )Ke y-#?TeKTOp lI 

HOA06HaH · reoMeTPIDI H3MepeHHH ncnoJ\.b30Ba.l\.HCb · H · 13 APYrHX OIIbITax. B 

COOTBeTCTBllll co cxeMOH paCnaAa 
212

Bi B COBildAeHHHX AOJUKHbI 

Ha6.ll.lOAdThCH y-.11.yqn C 3Heprne:u 121 (IllIK B paiioHe Nk=300); 898' (nnK' B 

paiioHe Nk=400) n 1612 (nnK n paiioHe Nk=700) K3B. Cor~CHO ~xeMe 

pacnaAa 212Bi HHTeiICHBHOCTb nepeXOAd Er=727 -K3B COCTaBAHeT 6% Ha 

pacndA, E7= 1612 K3B-1,2% .. Ha pacndA, HO, Y'JHTI,IBilll. TO, 'ITO Ml,l 

lICCAeAyeM . He MOHOH30TOil, a. n;enO'IKY, COCTOHIQYJO> ll3 11 a- lI 13- ...:., 

PdAHOaKTHBHbIX H3oronon, AOAH oi-c'IeToB, brnoCHIQHXCH · K pacnaAY ·
212

Bi 

➔212Po, no KpaHHeH Mepe, Ha nopHAOK Mem,Iiie, nb3TOMY ··B CAyqae 

HCCAeAOBaHIDI MOHOH30Tona npn TaKoH JKe aKTHBHOCTH HCTO'IHHKa · H 

BpeMeHH · irn6opa cTaTHCTHKH Mbl. Ha6.ll.lOAilAfl 6bl y-nepexoAU c 
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mrreHCHBHOCTLlO ..0,6% Ha paCDc!A npH 3Hepl'IIH E,."" 700 K3B H ..0,12% Ha 

paCDc!A npH 3Hepl"HH By =1600 K3B. B npoBeAeHHOM 3KCnepHMeHTe IlO./UlOe 

'IHCJI.O OTC'leTOB B nmce COBiliJAeHlm C Ey=727 K3B COCTaBHJl.0 

N(727) = 1021, a B JIHKe By= 1612 K3B - N(1612) = 43 3a 6 11acoB Ha6opa 

craTHCTHKH, ECAH 3clA<lTLCI noporoM perm:-rpa.I.tHH no.11.e3HLIX co6I,ITHH B 

q>oronmce, paBIWM 100 OTC'IJeTaM, TO 3q>q>eKTHBHOCTL CileKTJ)OMeTpa 

COBilc!AeHlm B pernC"lpa.I.tHH KaCl@AHLIX y-.11.yqeii MOHOH30TOna npH AaHHOH 

nocrano~e 3KcnepHMeHTa B nepBoM CJ1.yqae coCTaBHT 0,06% Ha pacnc!A, a 

BO BTOpoM CJl.}"lae - 0,3%. 

1"Th . .. PaCJic!A. IMvb, npH KOTOpOM B036YJKAaIDTOI H30Mep11L1e 

COCToHIIHHMH C T112=53 IIC (anepnm H30MepHoro COCTOSIHIDI E=379 K3B) H 

c T 112=661 nc (E=316 K3B); HHTepeceH H3-3a B03MOJKHOCTH oqemrn 

3ipq>eKTHBHOCTH perHC"lpaJ.tHH B COBUiJAeHIDIX HH3K03HepreTH1IeCKoro y-

H3./I. }"leJIHR. Perncry~ 3BK ocyweCTBAfl./l.acL. ll./1.aCTH'IJeCKHM 

~poM pa3MepaMH 025x25 MM B reOMeTpHH 21t. Ha. pHc.8 

DpHBE?AeHU: OAHHO'IJHUH CJieKTJ) KpHBaR 1, CDeKTJ) COBnc!AeHHH 

H3./l.}"lemrli, 3aCe./l.HIO~ H30MepHoe COCTOSIHHe - 2 H cneKTJ) COBDc!AeHHH 

pa3p.!JAKH H30MepHoro COCTOHHIDI - 3, H3MepeHHble Ha AeTeKTOpe C 

ll./1.aCTH'IJeCKHM CJlHHTHMHTOPOM. TaK KaK 3HepreTH1IeCKaR Ka.11.H6poBKa no 

ClleKTJ)aM 2 H 3 6Ll.ll.a OAHJiaKOBOH, TO BHAHO, 'ITO H30MepHL1e COCTOSIHIDI 

3apIDKaroTOI 60.11.ee MID"KHMH y-.11.yqaMH no cpaBHeHHIO c y-.11.yqaMH, 

COOTBeTCTBytOiqHM HX pa3p.ffA}Ce. TaKan KapTHIIa COOTBeTCTBYeT CXCMe 

pacnc!Aa 
I6!\'b 

COBildAeHlm 

puc.3. 11Irrepeceu y-cneKTJ) KaCKc!AHLIX (y-e-e)

pHc.9. KpHBaa 1 cooTBeTCTBYeT OAHJI01IHOMy y-cneKTJ)y 

I6!\'b, a KpHBaR 2 - CDeKTJ)y COBilc!ACHlm KaCKdAJILIX y-.11.yqeii C H30MepoM. 

TaK KaK Ka'IJeCTBeHHO o6a ClleKTJ)a DOA06HLI, TO 3TO 03Ila'IJaeT, 'ITO 

DpaKTH'IeCKH Bee KaCKi!AIILle r-.11.yqH, B03HHKaJO~He npH paCDc!AC 
16!\rb, 

8 

CBSl3dllLI H./1.H C 3apHAJCOH, H./1.H C pa3p.ffAKOH H30MepHLIX CbCTOSIHHH 
169Tm. A 

3TO 3Ha'IHT, 'ITO npn HCC./1.eAOBdHHH HeH3BeCTIU.IX PdAJIOdKTHBHLIX SIAep 

11a6.II.IOACJJHe y-.11.yqeii B. cneK1-pe COBDaAeJJHH ·c H30MepoM n63BO./I.SleT 

OTIICCTH HX K KOHKpeTIIOMY HAPY, npn 3TOM OTilc!AdeT 11eo6XOAHMOCTL" B 

HACIITHtiJHKaQHH · 3THX y-.11.yqeii no nepHOAY no.11.ypacnaAa MaTepHHCKOJ"O. 

HApa. y-.11.yqH C 3Heprneii 307 K3B n cneKTJ)e COBilc!ACHHH npaKTH'leCKH ·He 

Ha6.II.IOAdJOTCSI, TdK KaK nopor BpeMeHHOJ"O q>OpMHpOBaTC./1.S! 6~.11.'">30 K3B, H 

/ 
n :>TOM C./1.}"ldC 1-poiiHLie connaAeHHH (L,M(63) H.11.H K,L,~(93)- Ey(307)-

M,N(8)) oTCYTCTBYJOT, a connc1AeHHH (L,M(63)- K,L,M(93) - Er(307)] cH.11.LHo 

0C.11.a6.II.CHLI BC.11.eACTBHe Ma.II.OH HHTCHCHBHOCTH 3.11.eKTJ)OHOB' BHYTJ)eHHeii 

KOJIBepcHH L,M(63). 11 BTOpoe HHTepecuoe o6CTOS!Te./l.LCTBO CBSl3aHO c TeM, 

'ITO OTIIOCHTe./1.LHdSI · 3q>q>eKTHBHOCTL pernc1-paQHH .. COBDaAellHH HH3KO -

311epreTH'ICCKOJ"O H3.ll.}"lel!HSI, 11anp11Mep KX - .11.yqeii, lie OT./1.H'laeTCSI OT 

3cpcpeKTHBIIOCTH HX perHCTJ)dQHH n OAHJIO'IHOM cneK1-pe. B o6LI'IHOM 

peJKHMe oroopa 6LIC"lp0 -MeMeHJILIX TJ)OHHLIX COBDaAeHHH A.II.SI 

AOCTHJKCJIHSI 3TOJ"O pe3y.ll.LTaTa Heo6xoAHMO 6L1.11.o 6LI YBC.11.H'IHTL 

pa3pewa10~ee cxeMLI coBnc!AeHHH H noHH3HTL nopor pernC"lpaQHH 

npeMemIoro q>opMHponaTC./1.S! n y- Kdlla.11.e, 'ITO npHBC.11.0 6LI K YBC.11.H'leHHJO 

BK.11.dAa wyMOBLIX HMny.11.LCOB <1>3Y n cywecTBeHHOMY YBC.11.H'ICJIHJO ypoBHSI 

C./1.}"ldHJILIX COBilc!ACHHH. ·.11cno./l.L3ona11He AQn B y-Kaua.11.e n peJKHMC 

./1.HJICHHLIX BOpOT Il03BO./I.SICT pernc1-pHpoBaTL T0./1.LKO TO y-H3.ll.}"ICIJUe, 

KOTOpoe IlOilc!AdeT BO npeMeJIHoe OKHO, HHHQHHpOBdllHOC pacnc!AOM 

H3oMepa. 

225Ac. Pernc1-paqna HJ.11.yqeum1 oT paAHoaKTHBuoii qeno'IKH, 

lld'IHJlaJO~eiicn C 
225 

Ac, npOH3BOAHJ\.aCL n reoMeTJ)HH 21t ua Il.11.dCTH'ICCKO!\I 

CQHIITH.I\AflTOpe c pa3MepaMH 020x 15 MM. Ha6.II.IOACIIIIOC npeMCJIIIOC 

pacnpeAC.11.CJIHC C T 1/2 = 3, 70 MKC Il03BO./I.II.ll.0 OTIICCTH ero K pacndAY 
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OCHOBHoro COCTOfl'.HHfl'. 
21

3I>o. Ha pHc.10 npHBeAt!H:tJ: OAffJloqHIJH cneK1'p 

p/lAHOaKTHBHoii qenoqKH 
225

Ac-KpHBall l H cneKTP 3aAepJKaum,1x 

coBnaAeHHii - 2, KoropLIH npeACTilBNleT co6oft a:-cneKTp, B03HHKaJOU(HH 

. "13 B -
npH pacnaAe - Po. AaHHOM CAyqae HCfiOAI.30BMCfl'. TOHKHH HCToqnHK, 

uaneceHHLIH Ha aJUOMHHHesyro <po..u.ry. Ha pHc.11 AaH OAHHoqn1,1ii y-

cneKTP HCTOqHHKa 225Ac H y-cneKTp (a -j3-y) - COBilaAeHHH. B 

COOTBeTCTBHH co CXeMOH pacnaAa 
213Bi Mid Ha6,\KJAifeM nepeXOA C 3Hepnmii: 

'\, 

440 K3B, HAY'~ Ha OCHOBHOe COCTOfl'.HHe 213Po -KpHBaH 2. C yqeTOM 

aKTIIBHOCTH HCTOqHHKa, MHHLl Pi1AlfOaKTKBHOH qeno'lKH, 3HaqenHfl'. 
/ 

HHTeHCHBHOCTH B % Ha paCildA H3yqaeMoro KaCKa,11.a, Bpeuenn H3MepeHHfl'. 

n ycTaHOBAeHHOM HaMH panee nopore HAeHTH<pHKai:pru nepeXOAa a 100 

noJ1.e3HLIX co61,1THii, . onpeA=eu, ~o nopor pemC1'pai:um: H3AyqeHHfl'. c Ey 

= 440 K3B cocTaB./UleT 11/15[ AaHHLlX yCAoBHH nauepenHii 0,02% na pacnaA. 

3ClJCA.lO'leRue 

CoaAaJI AB}'XAeTeKTOpHLIH qe1UpeXMepH1,1H (El - E2-E3-T) -

cqHHTHJI../UlqHOHIILIH apeMeHHoii cneKTpOMe1'p 1'p0ffi1Ll:X:: COBilaAeHHH, 

KOTOpl,IH paanHBaeT AaAee MeTOAffKY IlOHCKa H H3MepeHIDI HaHO - H 

MHKpoCeKYHAJILIX H30MepoB B KOpOTKOJKHByll(HX .ffApax. Ocimauoe ero 

Ha3uaqeune - HCilOJlL30BaJIHe B oH-AaHH atccnepUMeuTaX Ha nyqKax 

3apHJKeHHLIX HJI.H HeH1'paALHLIX tJaCTHq, a TaIOKe npH aHaJI.H3e npOAYKTOB 

peaKqHH Ae.lUIU(HXCH .ffAep •. <l>aKTHtJeCKH pa3BHTa MeTOAHKa MetJeHIJX .ffAep 

npH HaJI.HqHH B HHX HAH naoMepnoro noa6YJKJ!.eHHoro, HJI.H 

KOpOTKOJKHByll(ero OCHOBHoro COCTO.ffHHfl'., TaK KaK B cneKTpax COBilaAeHHH 

BCKpLmaeTC.ff BC.ff CHCTeMa KaCKaAHIJX y-nepeXOAOB, aapIDKaIOiqHX HJI.H 

pa3p.HJKaJOU(HX · H30Mepuoe HJI.H KOpOTKOJKHByll(ee OCHOBHOe COCTOHIIHe 

.sJApa. IIpH HCCJl.eAOBaHHH TaKHX .sJAep OTilaAaeT HeOOXOAHMOCTL B 

lICilO.l\l,30BaHHH Mace - cenaparopa C Ce/1.eKTHBHLIM BI,IAeJI.CJIH0M 

10 

onpeAeAeJIHOro 311.eMeHTa. PacCM01'peHHLIH cne:KTpOMe1'p Il03BOAfleT 

HCCJl.eAOBaTI, 3a cqe-r 6011.ee BLICOKOH 3<p<peKTHBHOCTH peraC1'paqHH 

coanaAeHHH p/lAHOaKTHBHLie .sJApa, o6pa3yIOiqHeCH B .ffAepHLIX p~. 

HAyll(HX c MiiJU,IMH ceqeHH.ffMH. 3<p<peKTHBHOCTh IlOHCKa HaHOCeK}'IWII,IX H 

MHKpOCeKYUAHIJX H30MepoB HarAflAJIO npoAeMOHC1'pHpOBaHa Ha npHMepe 

aua11.Haa AJlliHHLIX p/lAHOaKTHBHLIX qenoqeK, HatJHHaIOiqHXC.ff • ZJ.S Ac (8 

PiIAHOaKTHBHLIX H30TOilOB) H 23'To (11 PiIAHOaKTHBHLIX H3TOilOB). 

OtJeBHAffO, 'ITO HaH60JU.Illalf 3<pq>e:icnmu:oCTTh pentC1'paqHH COBilaAeHHH 

6yAeT pea11.H30BaHa npH HCCJI.CAOBaHHH .sJAep, nperepnesaro:rqnx f3 - BAH 

a. -pacnaA-· Ilpn K - aaxsaTe 3Ta aq,q,eKTHBHOCTh 6yAeT onpeAeASITLCSI 

K03<p<pnqHeHTaMH BHYTPeHHeii KOHBepcm1 nepexoAOB, CBJl31JBaIOIItBX 

naoMepuoe cocrmurne, H aqiqie:icnmHOCThlO pemC1'paqHH peHTreHoBCKoro 

H3Jl.}"leHH.ff IlJl.aCTHtJeCKHM cqHHTH/\MITOpOM. K uecoMHeHHLIM AOCl'OHHCTBaM 

MeTOAa CJl.eAyeT OTHeCTH B03MOJKHOCTh HCilO.l\l,30BaHlffl Al.lil B peJKHMe 

C1'p06HpyeMLIX JI.HH0HIILIX BopoT, 'ITO o6ecnetJHBaeT BLICOKyIO 

aqiq>eKTHBHOCTL pemC1'paqHH HH3Ko:mepreTHtJeCKoro y-H3A}"leHH.ff B 

cneKTJ)ax 1'pOHIILIX coBnaAenHii. 61,111.a npoAeMOHC1'pHpOBaHa TillOKe 

Bl,JCOKaH 3q>q>eKTHBHOCTh pemC1'paqHH KaCKdAffOro - H3Jl.}"leHH.ff, 

CBH3amioro C H30MepIIL1M COCTOHHHeM, no 3aAepJKaHHUM COBilaAeHH.HM

ABTopLI npn:'!11aTeJ1.I,J11,1 B.6.EpyAaHHJIY 3a nocroJIHHoe COAeHCTBHe B 

IlpOBOAffMIJX HCCJl.eAOBaHHfl'.X. 

AairnaH pa6oTa BIJilOJI.HeHa npH q>HHaucoao:ii: noMepJKKe P<l><!>H 

(rpaHT N295-02-05686a). 
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•. Jlsyiul~TeKTOplihITT 'leTh!pexMepHhIH CUHHTlillmlllHOH~blH apeMeHHOH 
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'· cneKTpOMeTp ,TpOHHhIX cosna,aeHHH' 
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Pl3-9?-l79 

, _: :) ," ,:'\' ' I. :1- I I/ l ·.\, - ,; '· -,'. _., ; .~ \ I . • .. I,,-__ .. '. < ,,< : ;' ' ). ";',.,·,I '. :,__ ,._·.;? '•, • ',. 
·' na OCHOBe aBT~Koppen.llUttOllHOfO O)lHOKpHCTanI,H?ro CUHHH,fRR.IIUHOHH_Oro Bpe:-

. : Me1rnoro ~ c11eKT[)OMeTp_a 'C03)laH; .[lB)'X)lCTeKTOpHhiii l!eThlpexMCJ)HhlH . cneKT~OMe-rp' 
' •. ) ._.. ·( . : i · ', '..'.. . \ •, , , , \ ' • ' ' ' ' , 

0
,, ·• "; , " \ ; ; ,-- , ~/ ' 

:rpoHHhlX COBna,ne1mH )ln.11 noHCKa-H3OMepHhlX COCTO.IIHHH H KaCKll,/lHhlX ~MMa7nepe-
• , • • , • ' 1 , • ' ,-1 , , , • '-~ , •'' I "1 • , , , : • , , , l, ~- • 

XO)lOB, CB.113aUHhIX C HHMH; B HaJiO-c H MHKpoceKyH)lHOM '· )lHana3OHe Bl KOpOTKO~ 
. . i . ' ,\ . \ I f ·~' " : ' , '," ' ',,. '·,".' , ' •. ! ''\ ',, . I ,. • • ' '. ·,,. I • i' 

, )l(HsymHx .11)lpax •. PenicTpaui1.11• tieTh!pexMepn1,1x· com1a,ae1iHw E~~E2-:--E3-'jT ocy.:. 
.mecrnji.11eT~~.·n3B!V1~ ·;IJpoBe!:(eiI~!, ~3MepeH~.II n,epH~,!lO,B 'nonyp~cmma-K~p~o~KO- + 

)KisymHx OCHOBHhIX COCTO~HHiLs_ 212B i H J2 13Bi,'a1 Ta~e•iijo~eptthlX ~OCTO~HHH 

~pH pacna,ae 16~Yb B )lHana'mne 0,3 +c,3,7 ivtic; H3yqett1,1 3nepreTH'lecKu~'cne'KTPh' 
'. / -\ I ! I I '_ • \ ,., - > ' • \ •- I ,, \ ,' ' ,' ', 0 - ' ' , .//~' \ ' I ' ' 

Tpoi1u1,1x c. o. B_na,aeHHH. " ' · · - ·.. · · · 1
• · · , -..... ~- \ I 

;,\ ' ' 
"•' "' • <?, i : ' .' . ' ' ~. 1' - ' • f .•,,. ', :/ ',I_• ', _, ;;._, ', •. , '~• f_ I ' , '.~- ,._ 

, Pa6oTa ~1,1r10nneirn B Jia6,opaTop1;rn ~Jlep1i~1~ irpo6JieM 91-UIH. , . 
• , • ' •, , <. • , " , , f /' - o ~' I , •, • '•, '' •, 

, ' I 

__,Mor6i6y1~.A-' et al. ;, .' , · . , :> • .. · · ~. : , ', 
Four-.Dimention~l Triple,Coin'cfde_nce_.ScintillaJio~Tiµie 
Spectrome_ter with Two Detectors. :- I' I 

-.· ·,, .;., _,_. .. . ': ..... :r ... ' .. ···:· .··:.: -· ... ·, .~ f.".., :· -· . , .: ·. , .. ,-·, ,_,.. 
· ,, .· Afour-dimentional ·triple coincidence scintillation1time spectronieter,;with ·two' 

• detectors: was~ developed for. the·• search.of isomeri~ 1states·· aJd y:iays 'coindded 
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, ' ·, • ' • '' •' • •' < .I •· •' ,' ( • ,' • ,., . ' : . \ ' ' ' .. / ' ' 
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