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OEiijAfl XAP AKTEPHCTMKA PAEOThl 

AKTyaJihHOCTh TCMhI 

HacTo.s.i:m;rur pa6oTa nocB.s.i:m;eHa H3yqeHHIO xapaKTepHcTHK crroHTaHHoro 

,n;eJieHH.H .sI,IJ;ep, Jie)Kam;Hx B 3K30THqecKOH o6JiaCTH KOpOTKO)KHBym;Hx 

HeiiYpoHo-,n;eqrn:u;HTHbIX H30TOITOB c Z 2: 100. CorJiacHo coBpeMeHHbIM 

npe,n;cTaBJieHH.HM, HMeHHO CITOHTaHHOe ,n;erreHHe orrpe,n;err.s.i:eT rpaHHD;bI 

IlepHo,n;HqecKoii CHCTeMbI 3JieMeHTOB ,[.(.M. MeH,n;eJieeBa ,n;JI.H T.H)KeJibIX .H,D;ep. 

,I(o HacTo.s.i:m;ero BpeMeHH ,IJ;JI.H 6oJibIIIeii qacTH H3BeCTHbIX CITOHTaHHO

,n;eJI.Hm;HXC.H .H,D;ep H3 o6JiaCTH H30TOI10B c z 2: 100 6bIJIH 3KcrrepHMeHTaJibHO 

H3MepeHbI rrapn;HaJibHbie nepHO,IJ;bI rro.rrypacna,IJ;a, ,IJ;OCTaToqHo TO"llHO 

H3MepeHbI ITOJIHbie KHHeTHqecKHe 3HeprHH OCKOJIKOB H, ,IJ;JI.H HeCKOllbKHX 

H30TOITOB, ITOCTpOeHbI MaCCOBbie H 3HepreTHqecKHe pacnpe,n;eJieHH.H OCKOJIKOB 

[1 ]. 0,n;HaKO H3MepeHH.H Ta.KOH Ba)KHOH xapaKTepHCTHKH KaK cpe,n;Hee G:HCJIO 

MfHOBeHHbIX HeHTpOHOB CITOHTaHHOro ,n;eJieHH.H, 6bIJIH rrpoBe,n;eHbI TOJibKO ,IJ;JI.H 

,IJ;OJifO)KHBym;Hx H30TOI10B H3 o6rracTH KIOpH.H H KarrmpopHH.H, ,IJ;JI.H H30TOrra 

252No H ,IJ;JI.H HeCKOJibKHX ,IJ;OJifO)KHBym;Hx HeiiTpOHO-H36bITOqHbIX H30TOI10B 

Q?epMHH H MeH,n;eJieeBHH. Bee 3TH H30TOITbI HMeroT rrepHO.IJ:bI rronypacrra,IJ;a, 

II03BOJI.HIOID;He H3yqaTb HX xapaKTepHCTHKH B «oqmaHH»-3KCI1epHMeHTax HJIH c 

HCIIOJib30BaHHeM MexaHHqecKHx CHCTeM TpaHCIIOpTa H,n;ep OT,n;aqH (.510). 

CJie,n;yeT OTMeTHTb, qTo H3yqeHHe MHO)KeCTBeHHOCTH MrHoBeHHbIX 

HeHYpOHOB CITOHTaHHOfO ,n;erreHHH HMeeT 6oJibIIIOe 3HaqeHHe KaK c 

TeopeTHqecKOH, TaK H c MeTO,n;HqecKOH ToqeK 3peHHH. ,I(JIH TeopHH ,n;eJieHHH 

.s.i:,n;ep Ba)KHO, qTo HcrrycKaeMOe B rrpon;ecce ,n;eJieHHH KOJIHqecTBO HeiiTpOHOB 

Herrocpe,n;CTBeHHO 3aBHCHT OT CTeneHH B036J)l(,IJ;eHHH OCKOJIKOB ,n;eJieHHH H, 

TaKHM o6pa30M, HrpaeT Ba:>Irnyro pOJib B BOCCTaHOBJieHHH 3HepreTHqecKoro 

6arraHca peaKD;HH. c ,n;pyroii CTOpOHbI, cpe,n;Hee qHCJIO HeHYpOHOB Ha O,IJ;EH aKT 

CITOHTaHHOro ,n;eJieHHH HBJIHeTCH YHHKaJibHOH xapaKTepHCTHKOH .s.i:,n;pa. 
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lfayqeHHe 3aBHCHMOCTH 3TOro qJ1cJia OT aTOMHoro HOMepa .H,n:pa MOJKeT B 

3HaqHTeJibHOH CTeneHH o6JierqHTb H,n:eHTHcpHKau;mo CBepXT.HJKeJiblX .H,n:ep, 

nonyqaeMbIX KaK B «ocpcpJiaHH»-3KcnepHMeHTax, r,n:e o6pa3IJ;hI, co,n:epJKarr:i;He 

HCKOME>Ie .H,n:pa, noMem;aIOTC.H BHYTPh He:HrpoHHoro ,n:eTeKTopa, TaK H B 

«OHJlaHH»-3KCnepHMeHTax Ha nyqKax TSIJKeJibIX HOHOB. 

UeJibIO pa6oThl .HBIDIJIOCh npoBe,n;eHHe 3KcnepHMeHTOB no CHHTe3y 

KOpOTKOJKHByrn;Hx HeHTpOHO-,n;eqnn:i;HTHhIX H30TOnOB cpepMH.H H H06emrn, a 

TaK JKe H3yqeHHe CBOHCTB HX pa,n;HOaKTHBHOro pacna,n:a c HCnOJih30BaHHeM 

HOBOH KOM6HHHpOBaHHOH ,n:eTeKTHpyrom:e:H CHCTeMhl. 

B peaKIJ;H.HX c T.HJKeJihIMH HOHaMH (48Ca, 40Ar) 6bIJIH CHHTe3HpOBaHhl 

KOpOTKOJKHByrn;lle HeHTpOHO-,n:ecpHIJ;HTHhie H30TOnhI 252No (T1;2 = 2.3 c), 244Fm 

(T 112 = 3 MC) H 246Fm (T 112 = 1.1 c ), onpe,n:eJieHbI nepHO):(bI HX nonypacna,n:a, 

noJIHbie KHHenrqecKHe 3HeprHH (TKE, total kinetic energy) OCKOJIKOB 

cnoHTaHHOrO ,n:eJieHHSI H Bepo.HTHOCTH pacna,n:a qepe3 cnOHTaHHOe ,n:eneHHe 

(bsp, branching ratio). IloJiyqeHHbie pe3yJihTaTbI cpaBHHBaJIHCb c paHee 

ony6nHKOBaHHbIMH. 

Ha OCHOBe ,n:aHHbIX, nonyqeHHblX c HCnOJib30BaHHeM HOBOH, 

CHCTeMbl, COCTO.Hlll;eH H3 MHorocrpmrnBoro 

noJiynpoBO):(HHKOBOro ,n:eTeKTOpa HeHTpOHHOro ,n:eTeKTOpa, 

BOCCTaHaBJIHBaJIHCb pacrrpe,n:eJieHHX no MHOJKeCTBeHHOCTXM HeHTpOHOB 

crroHTaHHoro .z:i;eneHHX nepeqHcJieHHhIX H30TonoB. BhlqHcnxnHcb cpe,n:HHe 

qJ1cJia HeHrpOHOB Ha O):(HO cnoHTaHHOe ,n:eneHHe 252No, 244Fm H 246Fm. 

Ha 3amuTy BLIHOCHTCH cJie}lyromue pe3yJibTaTbI: 

Pa3pa6oTaHa H rro,n;roToBneHa K «OHJiaHH»-3KcrrepHMeHTaM Ha rryqKax 

TSI)KeJiblX HOHOB ,n;eTeKTHpyio:rr:i;asr CHCTeMa, pacrroJIOJKeHHaH B cpOKaJihHOH 

rrm?CKOCTH cenapaTopa BAC:HJIBCA. CHcTeMa BKJI10qaeT B ce6.H KpeMHHeBbIH 
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MHOrOCTpHnOBbIH .n:eTeKTOp .sr.n:ep OT.D:atIH (.51:0) H HeH'TpOHHbIH .n:eTeKTOp Ha 

6a3e 54-x c11eTtIHKOB c 3He. MeTO.D:HKa, pearrH3yeMa.sr rrpH noMom;H .n:aHHOH 

.n:eTeKTHpyIDme:H CHCTeMhI, 3aKJII011aeTC.sI B CJJe.n:yIDmeM: .sr.n:pa OT.D:atIH, 

CHHTe3HpyeMbie Ha nyqKax T.SI)l(eJibIX HOHOB B peaK:u;H.srx nOJIHOro CJIH.SIHH.sI, 

npH IIOMOIIJ;H cenapaTopa OT.D:eJI.SIIOTC.sI OT HOHOB rrepBHtIHOro ny-qKa H 

npo.n:yKTOB rro60tIHbIX .sr.n:epHbIX peaKIJ;HH, a 3aTeM HMnJiaHTHpyIDTC.SI B 

<l>oKaJJbHbIH IIOilynpoBO.D:HHKOBbIH .n:eTeKTOp, r.n:e H npOHCXO.D:HT cnoHTaHHOe 

.n:erreHHe. B xo.n:e 3KcnepHMeHTa H3Mep.sreTc.si norrHa.sr KHHeTHtiecKruc 3HeprH.si 

OCKOJ1KOB, nepHO.D: norrypacrra.n:a, KpOMe Toro, C:HTHaJJbl OCKOJ1KOB .n:eJJeHH.sI 

3anycKaIOT cxeMy onpoca Heii:'rpOHHbIX CtieTqHKOB, pacnoJJO)l(eHHbIX BOKpyr 

BaKyyMHOH KaMepbI <l>oKaJihHOro .n:eTeKTOpa, l{TO n03BOJ1.sieT .D:OCTOBepHO 

H3Mep.srTh KOJ1HtieCTBO HeH'TpOHOB, conpOBO)l(.D:aIOII(HX Ka)l(.D:bIH aKT .n:eJJeHJrn. 

- Ha cenapaTope BACHJIMCA npoBe.n:eHa cepH.sr 3KcnepHMeHTOB Ha rryqKax 

T.sI)l(eJlbIX HOH OB ( 48Ca, 40 Ar), B KOTOpbIX CHHTe3HpOBaHbl HeHT})OHO

.n:e<Pmi;HTHbie H30TOIIhl 252No, 244Fm H 246Fm. M3Mep.srJJHCb H cpaBHHBaJIHCb c 

cym;eCTByIDIIJ;HMH JlHTepa'cypHbIMH .n:aHHbIMH TaKHe xapaKTepHCTHKH 

cnoHTaHHoro .n:eJJeHHH KaK nepHO.D:bI noJJYpacna.n:a, TKE ocKOJJKOB .n:eJJeHH.sr H 

bsF· 

- B xo.n:e o6pa6oTKH pe3yJihTaTOB 3KcnepHMeHTOB, BOCCTaHaBJlHBaJJHCb 

pacnpe.n:eJJeHH.sI MrHOBeHHhIX HeH'TpOHOB cnoHTaHHOro .n:eJJeHHH no 

MHO)l(eCTBeHHOCT.sIM. ,[(mI H30TOnOB 244'246Fm BrrepBbie 61>1J1H nonyqeHbl 

3HalleHH.sI cpe.n:Hero tIHCJia HeHTPOHOB Ha O.D:HH aKT cnoHTaHHoro .n:eJJeHH.sI - 17. 

,[(n.sr 252No pacnpe.n:eJJeHHe HeHTPOHOB no MHO)l(eCTBeHHOCT.sIM cpaBHHBaJIHCb c 

paHee IIOilJlleHHbIMH pe3yJ11>TaTaMH [2,3] 

- npe.n:cTaBileH aHaJIH3 .n:aHHbIX B paMKaX cymecTByIDIIJ;HX CHCTeMaTHK H 

TeopeTHlleCKHX onHCaHHH rrpo:u;ecca CIIOHTaHHOro .n:eJJeHH.sI. 
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Oceose1>1e pe3yJI1>TaTLI n eayqeaH HOBH3Ha 

1. B <PoKaJihHOH IIJIOCKOCTH cerrapaTopa BACI1JIBCA co3,n;aHa 

KOM6HHHpOBaHHa.sI ,ri;eTeKTMpyiorn;a.s.1 CHCTeMa, BKmoqarom;a.s.1 B ce6.s.1 

MHOI'OCTPHIIOBbIH .n;eTeKTOp .s.l):(ep OT,n;aqH (5£0) H HeHTPOHHbIH ,n;eTeKTOp Ha 

6a3e 54-x cqeTqHKOB c 3He. II0.n;o6Ha.s.1 cxeMa .n;m1 M3MepeHH.sI 

MHO)KeCTBeHHOCTH HeHTPOHOB CIIOHTaHHoro ,n;eJieHH.sI T.sI)KeJibIX .s.1.n;ep 

rrpHMeHeHa BIIepBbie. YHHKaJibHOCTb CHCTeMbl 3aKmoqaeTC.sI B B03MO)KHOCTH 

M3MepeHMH HeH'rpOHHbIX xapaKTepHCTHK ,n;eJieHHH KOpOTKO)KHBYIUMX (T 1/2 < 

le) H,n;ep, rronyqaeMbIX Herrocpe,ri;CTBeHHO B «OHJiaHH»-3KcrrepHMeHTax Ha 

rryqKax TH)KeJibIX HOHOB. 

2. BrrepBbie rronyqeHbI 3HaqeHH.sI cpe.n;Hero qHcJia HeHTPOHOB crroHTaHHoro 

,ri;eJieHHH ):(JI.sI H30TOIIOB 244Fm (v = 3.3 n/SF), 246Fm (v = 3.6 n/SF). 

3. YToqffeHbI .n;aHHhle no HeHTPOHHOH MHO)KeCTBeHHOCTH H30Torra 252No (v 

= 4.06 n/SF), B xo.n;e 3KCrrepHMeHTa 6bIJIO 3aperHCTpHpOBaHO OKOJIO 2000 

co6bITHH CIIOHTaHHoro ,ri;eJieHHH 3TOro H30TOIIa, qTo 6onee qeM B 10 pa3 

rrpeBhimaeT pe3yJII>TaTI>I rrpomJII>IX 3KcrrepHMeHTOB. 

IlpaKTnqecKa.H 3eaqnMOCT1> pa6oTLI 

BIDKHOCTb H3yqeHlUI rrpouecca CIIOHTaHHOro ,n;eJieHH.sI BblpIDKaeTC.sI B 

TOM, qTo HMeHHO OHO orrpe,n;eJI.sieT rpaHHUbI T.sI)KeJIOH o6nacnr IIepHO):(MqecKOH 

CMCTeMbl3JieMeHTOB. 

,[(aJibHe:H:mee pa3BHTMe MeTO):(HKH II03BOJIHT ):(OCTHqb rrpHeMJieMoro 

ypoBH.sI H):(eHTMqmKaUMM CIIOHTaHHO .n;eJI.sim;HXC.sI CBepXT.sI)KeJibIX .s.1.n;ep ITO 

cpe.n;HeMy qHCJIY HeHTpOHOB v. 
KpoMe Toro, <l>M3HKa .n;eneHM.sI cocTaBJI.sieT HayqHyio ocHoBy .s.1.n;epHo:H: 

3HepreTHKH, II03TOMY MCCJie,[(OBaHH.sI B 3TOH o6JiaCTH B acrreKTax, CB.sI3aHHbIX c 
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xapaKTepHCTHKaMH HeHTPOHHOfO H3JiyqeHH.sI, rrpe~cTaBJI.sIIDT 

Herrocpe~CTBeHHbIM HHTepec c rrpaKTHtieCKOM TOtIKH 3peHH.sI. 

Anpo6agu11 pa60T1>1 

OcHOBH:Oie pe3yn:oTaT:o1 pa6oTbI 6:ourn: rrpe~cTaBJieHbI Ha cne~yrom:Hx 

HaytIH:OIX MeporrpnHTH.SIX: 

K01-trpepeHZfUU u ceMUHapbz (ycmHble doKJladbz): 

1. The Fifth International Conference on Exotic Nuclei and Atomic Masses 

(ENAM'08) (Ryn, Poland, September 7 - 13, 2008) 

2. 4th International Workshop on Nuclear Fission and Fission-Product 

Spectroscopy (Cadarache, France, May 13- 16, 2009) 

3. Nordic Conference on Nuclear Physics 2011 (Royal Institute of 

Technology, Stockholm, Sweden, June 13-17, 2011) 

4. 8-.a Me)J{,ZJyHapo~Ha.a KOHcpepem1m1 J.I,l(EPHAJI M PA,ll;MAII;MOHHAJI 

<PM3MKA (AJIMaThI, Pecrry6nHKa Ka3axcTaH, 20-23 ceHT.s16p.s1, 2011) 

5. 61-.sI Me)J{~yttapo~Ha.SI KOHcpepeHI!HH no rrpo6JieMaM .sI~epHOH 

crreKTPOCKOIIHH H CTPYKTYPe aTOMHoro .s1~pa «J.l,l(P0-2011» (BHl1113<P, 

r.CapoB, PocCH.SI, 10 - 14 OKT.sI6pa, 2011) 

6. BLTP/JINR - KLFTP/CAS Joint Workshop on nuclear physics (Dubna, 

Russia, August 2-6, 2012) 

7. SAIP2012 Annual Conference (Pretoria, South Africa, 9 -13 July, 2012) 

8. The International Symposium on Exotic Nuclei (EXON 2012) 

(BJia~HBOCTOK, PoccH.s1, 1 - 6 OKT.a6p.a, 2012) 

K01-trpepeHZfUU u ceMuHapbl (cmeHdoebze doKJladbz): 

1. The International Symposium on Exotic Nuclei (EXON2006) (XaHT:OI-

MaHCHHCK, PoccH.sI, 17-22 HIDJI.SI, 2006) 
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2. The Fifth International Conference on Exotic Nuclei and Atomic Masses 

(ENAM'08) (Ryn, Poland, September 7 - 13, 2008) 

3. The International Symposium on Exotic Nuclei (EXON 2009) (CoqH, 

PoccH.sr, 28 ceHn.16p.sr- 2 OKT.sr6p.s1, 2009) 

4. 4th International Workshop on Nuclear Fission and Fission-Product 

Spectroscopy (Cadarache, France, May 13- 16, 2009) 

5. Symposium on Nuclear Physics (Birla Institute of Technology & 

Science, Pilani, India, December 20-24, 2010) 

6. International Conference on Nuclear Data for Science and Technology 

(ND-2010) (Jeju Island, Korea April 26-30, 2010) 

7. International Conference on the Chemistry and Physics of the 

Transactinide Elements (TAN-2011) (CoqH, PoccH.sr, 5 -11ceHT.sr6p.sr,2011) 

CTpyKTypa JtnccepTaguu 

,Il;HccepTa~H.H COCTOHT H3 BBe,n:eHHH, II.HTH rnaB, CIIHCKa JIHTepaTYPhI H 

npHJIO)KeHH.H. 

Bo BBe,n;euuu paccMaTpHBaeTc.sr HayqHa.si npo6neMa, ,n:aeTc.sr 

o6ocHoBaHHe aKTYaJihHOCTH H 3a,n;aq Hccne,n:oBaHHH. CcpopMynHpoBaHa ~enh 

pa60TbI H KpaTKO H3JIO)KeH MaTepHan ,n:HccepT~HH. 

B nepsoii rJiaBe KpaTKO mrn:caHo coBpeMeHHoe npe,n:cTaBneHHe o ponH 

CIIOHTaHHOro ,n:erreHH.H B npo6neMe CTa6HJibHOCTH T.H)KeJibIX .sr,n:ep, npHBO,l(.HTC.H 

CHCTeMaTHKH 3KCIIepHMeHTaJibHO H3MepeHHbIX H pacqeTHbIX xapaKTepHCTHK 

CIIOHTaHHoro ,n:erreHH.H. 

B KaneJibHOH MO,n:enH KOHKypeH~H.H CHJI IIOBepXHOCTHOro HaT.H)KeHHH, 

y,n:ep)KHBaIDm;Hx .sr,n:po OT pacna,n:a, H KYJIOHOBCKHX CHJI orranKHBaHHH 

onpe,n:eJIHeTC.sI napaMeTpOM ,n:eJIHMOCTH, KOTOpbIH nponop~HOHaJieH Z2/A. C 
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yBem1qeHHeM rrapaMeTpa ,n;eJIHMOCTH CTa6HJihHOCTh aTOMHOro si,n;pa 

OTHOCHTeJI:oHo ,n;eneHH51 6hIC'IpO rra,n;aeT. CTa6HJIH3Hpyro:r.u;ee ,n;eiicTBHe 

o6onoqeqtt:OIX 3<}l<}leKTOB, rrpo51BIDIIO:r.u;eec51 B YBeJIHqeHHH BpeMeH )KH3HH 51,n;ep 

no OTHOIDeHHIO K CIIOHTaHHOMY ,n;eJieHHIO c rrpH6JIHJKeHHeM K «MarHqecKHM 

qHCJiaM» HJKJIOHOB, IIO,IJ;TBep)K,n;aeTC51 3KcrrepHMeHTaJihHOM CHCTeMaTHKOM 

rrepHO,IJ;OB rrorrypacrra,n;a CIIOHTaHHO ,n;eJI51IIl;HXC51 H30TOIIOB (pHc. 1 ), a TaK)Ke 

3KcrrepHMeHTaJihHT:>IMH ,n;aHHhIMH no CHHTe3y 51,n;ep c Z> 107. B:o1,n;eneHHe 

3HeprHH Ha 1 aKT ,n;eJieHH51 T51)KeJioro 51,n;pa cocTaBmceT rrpHMepHo 200 M3B. 

HaH6orr:omrur qacTh 3HeprHH ,n;erreHH51 (,n;o 90%) JHOCHTC51 B BH,n;e 

KHHeTHqecKOH 3HeprHH OCKOJIKOB. 

4111cno He~rpoHOB N 

PucyHoK 1 - cucTeMaTHKa nepuo~oB rro.aypacna~oB cnoHTaHHO ~enH~HXCR qeTHO

qeTHLIX TpaucypaHOBLIX R)J;ep )J;OilOHHCHHaH 3KCnepHMCHTanbHLIMH )J;aHHLIMH, 

no.ay'leHHLIMH B 3KcnepHMeHTax no CHHTe1y CT3. 

IloJIHaJ.I KHHeTHqecKa51 3Heprirn: OCKOJIKOB (TKE) orrpe,n;eJ151eTC51 HX 

KYJIOHOBCKHM ycKopeHHeM H, crre,n;oBaTeJI:oHo, 3Ta 1:1acT:o rrporropu;HoHarr:oHa 

BeJIHqHHe Z 2/A1/ 3 ,n;en51:r.u;eroc51 51,n;pa. 06pa:r.u;aIOT Ha ce651 BHHMaHHe 
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HeiiTpoHO-H36hIToqHhie 5.1,r:t;pa H3 o6rracTH <}?epMH5.l-,n;y6HH5.I. BerrHqHHhI cpe,n;HHX 

TKE ,n;IDI 3THX 5.1,n;ep 3HaqHTerrhHO npeBhiillaIOT BerrHIJHHhI TKE coce,n;HHX 5.1,r:t;ep. 

TaKoe OTKITOHeHHe OT nrraBHOH 3aBHCHMOCTH o6n5.ICH5.leTc5.I npo5.1BrreHHeM 

o6orroIJeqHhIX 3<}_l<}_leKToB: 5.1,r:t;paM c 3ap5.1,n;aMH Z ::: 100 H MaccaMH A ;:::: 260 

3HepreTHqecKH BbifO,[(HO pa3,n;emrThC5.I Ha ,[(Ba «OJ10Boo6pa3HbIX» OCKOJ1Ka c z 
::: 50 H N::: 82. B 3TOM crry-qae pearrH3yeTc5.I MaKCHMaIThHa5.I BeITH"t{HHa TKE npH 

MHHHMaITbHOH 3HeprHH B036y)K,n;eHH5.I OCKOJ1KOB. OcHOBHbIM THnOM ,n;erreHH5.I 

5.IBJ15.leTC5.I ,n;erreHHe Ha 2 OCKOJ1Ka, npH 3TOM HaH6orree xapaKTepHOH 

oco6eHHOCTbID cnoHTaHHOfO ,r:i:erreHH5.I H ,r:i:erreHH5.I crra6o B036y)K,r:t;eHHbIX 

«,r:i:o<}?epMHeBbIX» 5.1,r:t;ep 5.IBJUieTC5.I aCHMMeTpH5.1 pacnpe,r:i:erreHH5.I OCKOJ1KOB no 

Macce. CTPYKTypa MaccoBoro pacnpe,r:i:erreHH5.I ocKOJIKOB cnoHTaHHoro ,r:i:eneHH5.I 

H ,r:i:eneHH5.I cna6o B036y)K,r:t;eHHhIX 5.1,r:t;ep TaK)Ke onpe,r:i:eJUieTc5.I o6orroqe"tJHbIMH 

3<}_l<}_leKTaMH B <}?opMHpyrom;Hxc5.1 ocKorrKax. HaH6onee cHrrhHhIM OKa3hIBaeTc5.I 

BJIH5.IHHe 3aMKHYThIX npoTOHHOH Z = 50 H HeiiTPOHHOH N = 82 o6onoqeK. IlpH 

3TOM O,[(HH OCKOJIOK - T5.l)KeJ1bIH - <}?opMHpyeTC5.I Bcer,r:i:a B o6JiaCTH «OJ10Ba>>, a 

BTOpoii: - nermii: - 5.IBJI5.leTC5.I ,r:i:onOJ1H5.IIDIIl;HM K HeMy. IlpH yBeJIHqeHHH 3ap5.1,r:t;a 

,r:i:eAAm;eroc5.I 5.1,r:t;pa ,r:i:o Z ;:::: 100, a MacchI ,n;o A ::: 260 MaccbI T5.l)KeJioro A8 H 

rrerKoro Ai., ocKOJIKOB c6JIH)KaJOTC5.I (cTaHOB5.ITC5.I paBHhIMH). 3To npHBO,r:t;HT K 

H3MeHeHH5.IM CTPYKTJPhI MaccoBoro pacnpe,r:i:eneHH5.I ocKOJIKOB: B 

pacnpe,r:i:erreHH5.IX no MaccaM MoryT npo5.1BJI5.IThC5.I ,r:i:Be MO,r:t;hI ,r:i:eneHH5.I, JIH6o 

pacnpe,r:i:erreHHe MO)KeT CTaTh ((qJICTO» CHMMeTPH"t{HbIM. IlpH ,[(aJlhHe:HmeM 

yBeJIHIJeHHH MaCCbI ,r:t;eJI5.lrn;eroc5.I 5.1,r:t;pa MaCCOBOe pacnpe,r:i:eJieHHe OCKOJIKOB 

,r:i:eJieHH5.I on5.1Tb CTaHOBHTC5.I aCHMMeTPH1IHbIM. 

0,r:t;HHM H3 Ba)KHeiimHX, oco6eHHO c npaKTHIJeCKOH ToqKH 3peHH5.I, 

5.IBJUieTC5.I npo:u;ecc HcnycKaHH5.I HeHTPOHOB npH ,r:i:eneHHH 5.1,r:t;ep. MMeHHO 3TOT 

npo:u;ecc no3BOJ15.leT pearrH3oBaTb rrpH onpe,r:i:eneHHhIX ycnoBH5.IX :u;enHyro 

5.1,r:i:epHyro peaKu;Hro. Eonee 99% (a, B03MO)KHO, H 100%) HeiiTpOHOB 

HcrrycKaJOTC5.I ycKopHBIDHMHC5.I ocKOJIKaMH ,r:i:eneHH5.I. B MOMeHT o6pa3oBaHH5.I 
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OCKOJIKH, KaK rrpaBHJIO, CHJI:bHO .n;e<i>opMHpOBaHbl, H H36bITOK IIOTeHQHaJI:bHOM 

3HeprHH .n;e<i>opMau;HH rrepexo,n;HT B 3HeprHIO B036)')K,n;eHHH OCKOJIKOB. 3To 

B036y)K,n;eHHe CHHMaeTCH "HcrrapeHHeM" HeiiTpOHOB H H3.rrytieHHeM y-KBaHTOB. 

KonHqecTBo HeiiTPOHOB, HcrrycKaeMhIX B o,n;HOM aKTe .n;eneHHH (v) -

BemiqHHa, pacrrpe,n;eJieHHilll OKOJIO cpe,n;Hero 3HaqeHHH 2 + 4 HeMTPOHa Ha 

o,n;Ho ,n;eJIHmeecH H,n;po. ,lJ;JIH Bcex H,n;ep c Z B o6nacTH Th + Cf cpe,n;Hee qHcno 

HeMTPOHOB, HcrrycKaeM:blX KIDK.n;bIM OCKOJIKOM pacTeT c Maccoii, KaK ,IJ;JI.H 

nerKoro, TaK H ,IJ;JIH T.H)KeJioro OCKOJIKa. HaHMeH:bmee q:H:CJIO HeMTPOHOB 

HcrrycKaeTCH TH)KeJibIMH OCKOJIKaMH c MaccaMH, 6JIH3KHMH K Macce ,n:Ba)K,n:bl 

MarHqecKoro H,n:pa (Z=SO, A=132). ,lJ;nH H3BeCTHhIX ,n:eJIHm;HxcH H,n:ep OT U .n;o 

Md Ha6n10.n;aeTC.H CHJI:bHa.51 KOppeJI.HI1;H.H Me)K,n:y cpe,n;HHM qHCJIOM HeiiTPOHOB 

Ha aKT ,n:eJieHHH v H cyMMapHoii KHHeTHqecKoii 3HeprHeii OCKOJIKOB. BeJIHqHHa 

v yBeJIHqHBaeTCH c pocTOM z ,n:eJI.HmerocH H,n:pa H MeHHeTCH rrpHMepHO OT 2 

,n:JIH U ,n:o 4 B c.rryqae Fm. 

CymecTBYJOT HeCKOJibKO Mo,n;eneii orrHcI>maromHx 3aKOHOMepHOCTH 

HcrrycKaHHH HeiiTpOHOB .n;eneHHH TPaHcaKTHHH,IJ;HbIX H,n:ep rrpH HH3KHX 

3HeprHHX B036)')K,n:eHHH. HarrpHMep, B ycoBepmeHCTBOBaHHoii Mo,n:enH TOqKH 

pa3pbma [4], BbIXO,n: HeHTPOHOB orrpe,n;eJIHeTCH rryTeM BbiqHcJieHHH 3HeprHH 

B036y>K,n:eHHH OCKOJIKOB H3 3HepreTHqecKoro 6anaHca ,n:eJieHHH B ToqKe 

pa3p:bma. 

Bo BTOpoii: rJiaBe KpaTKO OIIHChIBaeTCH KHHeMaTHqecKHii cerrapaTop 

BACHJIHCA [5] H ,n:eTeKTHpyromaH cHcTeMa, HCIIOJih30BaHHbie B ,n:aHHoii 

pa6oTe. 

CerrapaTop BACHJIBCA, pacrroJio)KeHHI>IH Ha 3-M OTBo,n;e :u;HKJIOTPOHa 

Y-400 (JUIP), 6onee 20 neT HCIIOJib30BaJIC.H ,n:n.H H3yqeHH.H HeiiTPOHHO

.n:e<l>H:a;HTHbIX HYKJIH,n:oB, o6pa3yrom;HXCH B peaK:u;HHX rronHoro CJIH.HHHH c 

TH)KeJibIMH HOHaMH Ha aKTHHH.D:HbIX H TpaHCaKTHHH.D:HhIX MHIIIeH.HX. 
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y CTaHOBKa COCTOHT H3 CHCTeMhl ,n;HarHOCTHKH 11yqKa, MHIIIeHHOfO Y3Jia c 

Bpa:rn;a10ru;eiic.SI MHIIIeHbIO, CHCTeMhl ce11apa:u;HH .SI,n;ep OT,n;aqH (510) H 

,n;eTeKTHPYIO:rn:eii CHCTeMbl, pac110J10)l(eHHOH B <l>oKaJihHOH llJIOCKOCTH 

ce11apaTopa. CHCTeMa ce11apa:u;HH, OT,IJ;eJ1.SIIOI.IJ;a.SI HCKOMbie 11p0,I1;YKTbl peaK:u;HH 

llOJIHOfO CJIH.SIHH.SI OT HOHOB 11yqKa H <):>oHOBbIX 11pO,I1;YKTOB, COCTOHT H3 ,n;Byx 

'TpHllJieTOB KBa,r(pyrroJibHbIX MarHHTHblX JIHH3 H Tpex BbICOKOBOJ1bTHbIX (,n;o 

20KB/cM) ,n;e<):>JieKTOpOB. IlepBblH 'TpHllJieT KBa,r(py110JibHblX JIHH3 Q:>opMHpyeT 

KBa3H11apanJieJ1bHblH 11yqoK 510 Ha BXO,IJ;e B 11epBblH BbICOKOBOJibTHblH 

,n;e<):>JieKTOp. ,[J;eqmeKTOpbI 11pOH3BO,ll;.SIT pa3,n;eJieHHe 'TpaeKTOpHii 510 OT HOHOB 

11yqKa H 11pO,I1;YKTOB rro6oqHbIX peaK:u;Hii 110 3J1eK'TpHqecKOH )l(eCTKOCTH (E/q). 

BTopoii 'fPHllJieT KBa,n;pyrronhHhIX JIHH3 <PoKycMpyeT HCKOMI>Ie 11po,n;yKTbI 

.SI,n;epHbIX peaK:u;HH ,IJ;JI.SI HX ,IJ;OCTaBKH B <):>oKaJibHYIO llJIOCKOCTb cerrapaTopa, 

OT,IJ;eJieHHYIO OT 3aJia ycKOpHTeJI.SI 6eTOHHOH CTeHOH (ToJI:rn;HHa 2 M), qTo 

3HaqHTeJ1bHO CHH)l(aeT <l>oHOBYIO Harpy3KY Ha ,n;eTeKTHPYIOI.IJ;YIO CHCTeMy. 

,[J;eTeKTHPYIOI.IJ;a.SI CHCTeMa, paCllOJIO)l(eHHa.SI B <):>oKaJibHOH IIJIOCKOCTH 

ce11apaTopa BACHJIBCA, cocTOHT H3 ,n;Byx (cTapT-cT011) BpeM.SI-11poneTHbIX 

,n;eTeKTOpOB H c6opKH MHOfOC'TpHllOBbIX 1103HD;HOHHO-qyBCTBHTeJibHblX 

KpeMHHeBbIX rronyrrpOBO,ll;HHKOBbIX ,n;eTeKTOpOB. ,[J;eTeKTOp HeiiTpOHOB, 

CMOHTHpOBaHHblH BOKpyr BaKyyMHOH KaMepbI IIII)::(-c6opKH, OllHCbIBaeTC.SI B 

TpeTheii rnaBe. 

TpeThB r JiaBa IIOCB.SI:rn;eHa OllHCaHHIO MeTO,ll;HK HCCJie,n;oBaHH.SI 3MHCCHH 

HeH'TpOHOB ,n;eJieHH.SI, IIpHBO,ll;.SITC.SI cpaBHeHH.SI pa3JIH1IHhIX THllOB HeiiTpOHHbIX 

,n;eTeKTOpOB, ,n;aHhl xapaKTepHCTHKH C03,IJ;aHHhIX paHee H cy:rn:ecTBYJOI.IJ;HX 

,n;eTeKTHPYIOI.IJ;HX CHCTeM, a TaK)l(e 110,n;po6Ho OllHCaH 11po:u;ecc C03,ll;allH.SI H 

110,ll;fOTOBKH K pa6oTe B «OH-JiaHH» 3KCIIepHMeHTax HeiiTpOHHOfO ,n;eTeKTOpa 

Ha 6a3e 3He cqeTqHKOB B <l>oKaJibHoii 11nocKOCTH ce11apaTopa BACHJIBCA. 
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BBH,n;y Toro, qTo HeHTpOH HBJUieTCH HeHTpaJibHOH qaCTHu;e:H:, OH He 

MO)l{eT 6bITb Henocpe,n;cTBeHHO 3aperHCTIJHpoBaH 06b1qHbIMH ,n;eTeKTOpaMH, B 

KOTOpbIX HCIIOJib3yeTCH HBJieHHe HOHH3aD;HH, II03TOMY ,n;eTeKTHpoBaHHe 

HeHlpOHOB npOH3BO,Z1;HTCH He Henocpe,n;CTBeHHO, a npH IIOMOID;H .si,n;epHbIX 

peaKD;HH, B pe3yJibTaTe KOTOpbIX IIOHBAAIOTC.sl BTOpHqHbie 3ap.si)l{eHHbie 

qacTHD;bI. Ha116orree nrnpoKo ,n;rrH perHcTpau;nH HeHTIJOHOB cnoHTaHHoro 

,n;erreHHH npHMeHHIOTC.sI Cll;HHTHJIJI.sIIl;HOHHbie HJIH ra30HaIIOJIHeHHbie 

,n;eTeKTOpbI. Cu;HHTHJIAAD;HOHHbie ,n;eTeKTOpbI npe,n;cTasrreHbI CHCTeMaMH Ha 

6a3e )l{H,lJ;KHX cu;HHTHJIAATopoB ( c ,n;o6asrreHHeM 155'157 Gd), KpHCTaJIJIOB 

CTHJib6eHa, opraHHqecKHX cu;HHTHJIAATopoB (Saint Gobain BC-501A, BC-509, 

BC-523), JIHTHeBbIX HJIH 6opHbIX cTeKon, JIIOMHHocpopoB (ZnS(Ag)+ 6Li). ~ 

H3rOTOBJieHHH ra30HarroJIHeHHbIX cqeTqHKOB, KaK npaBHJIO, npHMeH.sIIOT CMeCH 

ra30B c 3He HJIH coe,n;HHeHHHMH 10B ( 10BF3-cqeTqHKH, nponopu;HOHaJibHbie 

cqeTqHK:H co CTeHKaMH IlOKpbITbIMH 10B). 

He:H:TpOHHbIH ,n;eTeKTOp, OIIHCbIBaeMbIH B ,n;HccepTau;HH, COCTOHT H3 

cqeTqHKOB Ha 6a3e 3He. PerHCTpau;H.si He:H:TpoHoB B TaKHX cqeTqHKax 

ocyID;eCTBJI.sieTC.sI no npo.n:YKTaM peaKD;HH 3He + n ~ 3H + p + 780 K3B ( O'th = 
5320 6apH). Ka)l{,l];bIH cqeTqlfK IIOMeID;eH B 3aMe,n;JIHTeJib H3 KaIIpOJIOHa HJIH 

oprcTeKna, H3-3a qero 3HepreTHqecm:H: nopor peaKD;HH npaKTHqecKH 

oTcyTcTByeT. Ka)l{,n;bIH HeHTIJOH perHCTPHpyeTcH TOJibKO o,n;HH pa3, qTo 

HCKJIIOqaeT 3cpcpeKT "cross talk". TaK )Ke, ,n;nH cqeTqHKOB Ha 6a3e 3He 

xapaKTepHa MaJiaH qyBCTBHTeJibHOCTb K y-KBaHTaM, conpOBO)l{,l];a:EOID;HM 

npou;ecc crroHTaHHoro .n;erreHHH. 

IlpH noMom;H nporpaMMbI MCNP 6bmo paccqHTaHO HeCKOJibKO 

KOHcpHrypau;HH 6y,n;ym;ero ,n:eTeKTopa. I-fa coo6pa)l{eHHH OIITHMH3aD;HH 

CTOHMOCTH .n;eTeKTopa 6bIJIO peIIIeHO HCIIOJib30BaTb cqeTqHK:H c ,n;aBJieHHeM 

3He 4 aTMOccpepbI, B OTJIHqlfe OT npe,n;hI,n;ym;Hx ,n;eTeKTOpOB, KOTOpbie 

HanonH.sIJIHCb 3He rro.n; ,n;asneHHeM CBbime 7 aTMoccpep. PacqeT rroKa3arr, qTo 
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o6:r.u;rui 3<l><l>eKTHBHOCTb perHC'Tpa:U:HH e,n;HHHlJHbIX HeH'TpOHOB CHH3HTCH Bcero 

Ha 5-6%, rrpH CHH)KeHHH CTOHMOCTH II01ITH B ,n;Ba pa3a. K~bIH C1IeT1IHK, 

IIOMe:r.u;eHHbIH B IIIeCTHrpaHHbIH MO,ll;YJib H3 3aMe,n;JIHTeJIH, rrpe,n;cTaBJIHeT co6oii 

Tpy6Ky H3 Hep)KaBeIO:r.u;eii CTaJIH .n;HaMeTpOM 30MM H ,ll;JIHHOH 500MM, c 

rrpe.n;ycHJIHTeJieM Ha KOH:a;e. Mo,n;yJIH co C1IeT1IHKaMH B TPH KOaKCHaJibHbIX 

CJIOH OKPY)KaIOT BaKyyMHYJO KaMepy <)?oKaJibHOro rm,n;. ,[(JIH YBeJIHlJeHHH 

3<l><l>eKTHBHOCTH perHCTpa:a;HH HeH'TpOHOB BOKpyr c6opKH H3 C1IeT1IHKOB c 

3aMe.n;JIHTeJieM pa3Me:r.u;eHbl IIJIHTbI H3 oprcTeKJia TOJIIIl;HHOH 5 CM, KOTOpbie 

CJI~aT ,ll;JIH O'Tpa)KeHHH BbIJieTeBIIIHX H3 c6opKH HeHTpOHOB. c :a;eJiblO 3aIIl;HTbl 

OT <l>oHOBbIX HeH'TpOHOB BCH .n;eTeKTHpyIOIIl;ruI CHCTeMa ,ll;OIIOJIHHTeJibHO 

OKp~eHa IIJIHTaMH H3 6opHpOBaHHOro IIOJIH3THJieHa TOJIIIl;HHOH 5 CM. TaKHe 

)Ke IIJIHTbI ycTaHOBJieHbI H co cTopoHhI 3aJia Y-400 ,n;JIH ,n;orroJIHHTeJihHoii 

3a:r.u;HTbI. C1IeT <l>oHOBbIX HeiiTpOHOB rrpH pa6oTe :U:HKJIOTpoHa (HHTeHCHBHOCTb 

IIYlJKa 48Ca Ha MHIIIeHH ~ 0.5 pµA) COCTaBJIHeT BeJIHlJHHY ~ 100 

HeiiTpoHoB/ceK. KoH<l>nrypa:a;HH <l>oKaJibHoro IIOJIYIIpOBO,ll;HHKOBoro ,n;eTeKTopa 

OIITHMH3HpOBaHa ,ll;JIH pa3Me:r.u;eHHH B BaKyyMHOH KaMepe MaJIOro ,n;HaMeTpa 

(120 CM). 3TO Il03BOJIHeT pa3MeCTHTb HeiiTpOHHbie C1IeT1IHKH MaKCHMaJibHO 

6JIH3KO K Iill,[( 1ITO 6bI 3axBaTbIBaTb MaKCHMaJibHOe KOJIHlJeCTBO HeHTpOHOB, 

HCIIYCKaeMbIX OCKOJIKaMH ,n;eJieHHH HMITJiaHTHpOBaHHbIX B Iill,[( H,n;ep. 

CxeMaTHlJeCKOe H306pa)KeHHe rm,n; BHYTPH c6opKH Heii'TpOHHOro ,n;eTeKTOpa 

rrpe.n;cTaBJieHO Ha pHC. 2. IlpH3HaKOM npoHcme.n;mero ,n;eJieHHH ClJHTaJIOCb 

IIOHBJieHHe HMITYJibCa OT <l>oKaJibHOfO ,n;eTeKTOpa, COOTBeTCTBOBaBmero 

3HeproBhI,n;eJieHHIO > 40 M3B. CHrHaJibI c 6b1cTpbIX Bblxo.n;oB 

CIIeK'TpOMe'TpHlJeCKHX YCHJIHTeJieH <)_JoKaJibHOrO Iill,[( 3anyCKaIOT CXeMy 

orrpoca HeHTpOHHbIX ClJeTlJHKOB ( «OKHO» Ha 128 MKC ), paCIIOJIO)KeHHbIX 

BOKpyr BaKYYMHOH KaMepbl c6opKH IIOJIYIIpOBO,ll;HHKOBbIX ,n;eTeKTOpOB, 1ITO 

II03BOJIHeT ,ll;OCTOBepHO H3MepHTb KOJIHlJeCTBO HeiiTpOHOB corrpOBO)K,ll;alOIIl;HX 

Ka)K,lJ;hiii aKT ,n;eJieHHH. Pa3pemeHHe BpeMeHHoro c1JeT1IHKa ,n;JIH orrpoca 
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,n:eTeKTOpOB HeH'rpOHOB COCTaBIDieT 1 MKCeK. Bee co6bITH.H OT HeHTpOHHbIX 

cqeTqJIKOB rrocrre o:u;mppoBKH 3aIIHChIBaIOTC.H B c}:>a:Hrr Ha )KeCTKOM ,n:HcKe IIK. 

,[J;IDI rrpoBepKH COBMeCTHOH pa60TbI IIOJiyrrpoBO)J;HHKOBhIX ,n:eTeKTOpOB H 

HeHTPOHHOH c6opKH, a TaK)Ke )J;JI.H H3MepeHH.H 3c}:>c}:>eKTHBHOCTH perHCTpan;HH 

HeHTPOHOB B ycJIOBH.HX, MaKCHMaJibHO rrpH6JimI<eHHbIX K 3KCIIepHMeHTY Ha 

rryqKe T.H)KeJiblX HOHOB, Ha MHHHMaJibHOM pacCTO.HHHH OT qyBCTBHTeJihHOH 

o6nacTH c}:>oKaJibHoro rronyrrpoBo,n:HHKOBoro ,n:eTeKTopa rroMeIII;arracb paMKa c 

aJIIOMHHHeBOH c}:>orrhro:H, Ha KOTopyro 6bmo HaHeceHo He6onhmoe KOJIHqecTBO 

CIIOHTaHHO-,n:eIDIIII;eroc.H H30TOIIa 248Cm. 11HTeHCHBHOCTb 3TOro HCToqHHKa 

cocTaBIDIJia 2-3 aKTa crroHTaHHoro ,n:erreHH.H B ceKytt,n:y. Cpe,n:Hee qHcrro 

HeHTPOHOB Ha aKT .n:erreHH.H 248Cm rrpHHHMaJIOCb paBHbIM v = 3.14 [6]. 

3c}:>c}:>eKTHBHOCTb perHCTPaII;HH e,n:HHHqHbIX HeHTPOHOB, H3MepeHHa.H rrpH 

IIOMOIII;H HCTOqffHKa 248Cm, COCTaBIDIJia OT 36% .n:o 40%. 

PucyHOK 2 - KOM6HHHpOBaHHaH ,ll;eTeKTHpyrom;aH CHCTeMa B cf>oKaJILHOH DJIOCKOCTH 

cenapaTopa BACIIJIHCA. 
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lI3MepeHHOe cpe,n;Hee BpeMH )KH3HH HeHTpOHOB B o6neMe ,n;eTeKTopa 

COCTaBIDIJIO 22,9 ± 0,3 MKC, HaH6011ee BepOHTHOe BpeMH 3IDrnaTa HeHTpOHa 

lI3MepeHHOe H BOCCTaHOBJieHHOe pacnpe,n;eJieHHH no 

MHO)J(eCTBeHHOCTHM HeHrpOHOB cnOHTaIIHOro ,n;eJieHHH 248Crn npe,n;cTaBJieHbI 

Ha p11c. 3. Pacnpe,n;erreHHe, BoccTaHOBJieHHoe c npHMeHeHHeM MeTo,n;a 

cTaTHCTHqecKoli peryIDipH3au;HH (CTPEf) [7], xoporno corrracyeTcH c paHee 

ony6JIHKOBaHHbIMH pacqeraMH MHO)J(eCTBeHHOCTH HeHrpOHOB cnOHTaIIHOro 

,n;eJieHHH H30TOIIa 248Cm [8]. 
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4Vlcno HeliiTpOHOB 

Pu:cyHOK 3 - pacnpe,ZJ;eJieHHe no MHO:IKeCTBeHHOCTHM HeiiTpOHOB CIIOHTaHHOro ,ZJ;eJieHHH 

248Cm: 1- H3Mepeuuoe, 2 - soccTaHOBJieuuoe npu noMom;u: MeTo,ZJ;a CTPEr [7], 3 -

onyoJim~osauHoe pauee [8] 

B qeTBepTon rJiaBe orrHcaHbI 3KcrrepHMeHTbI no H3yqeHHIO 

MHO)J(eCTBeHHOCTH MfHOBeHHbIX HeHTpOHOB cnoHTaHHOfO ,n;eJieHHH, 

rrpHBO,ll;HTCH ,n;aHHbie no 3MHCCHH HeHrpOHOB ,ll;JIH H30TOnOB 252No, 244Fm H 

246Frn, a TaK )Ke pe3yJibTaTbI H3MepeHHH Ba)J(HeHIIIHX xapaKTepHCTHK 

cnoHTaIIHoro ,n;erreHHH 3THX H30TonoB: rrepHo,n;oB noeypacrra,n;a, TKE H bsF· 
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IlepBhIH 3KCIIepHMeHT Ha cerrapaTope c Mo,n:epHH3HpOBaHHOH 

,n:eTeKTHpyK>III;eH CHCTeMOH rrpoBO.II:HJIC.H B OKT.si:6pe 2008 ro,n:a. BrrepBhie 

H3Mep.si:JIHCh BhIXO,[(hI HeHTPOHOB CIIOHTaHHoro .n:eneHH.sI .si:,n:pa 246Fm, 

rronyqaeMoro B peaKTI;HH IIOJ1Horo CJ1H.HHH.H HOHOB 40 Ar c .si:,n:paMH MHIIIeHH 

208Pb. PaHee ,n:n.H :noro H30Torra 6hmH H3MepeHbI rrepMo,n: rronypacrra,n:a, 

IIOJIHaJ.l KHHeT:HqecKa.H 3HeprH.sI (TKE) H BepO.HTHOCTh pacrra.n;a CIIOHTaHHbIM 

.n:eneHMeM (bsF). B xo,n:e 10-,n:HeBHoro 3KcrrepMMeHTa ,n:JI.sI 246Fm 6hrno 

3aperMCTPHPOBaHO 108 co6bITHH CIIOHTaHHOro ,n:eneHH.sI H OKOJIO 1000 a

pacrra,n:oB. l13MepeHHhIH rrepMo,n: rronypacrra,n.a cocTaBHJ1 BenMqHHY 1.3±0.2 

ceKYH.II:hI. Bepo.si:THOCTh pacrra,n:a rrocpe,n:CTBOM crroHTaHHoro ,n:eneHH.sI 

COCTaBHJia bsp = (5 ± 3)%. 3TH BeJ1H"tJHHbI xopomo corJiaCyK>TC.sI c paHee 

orry6nHKOBaHHhIMH 3HaqeHH.sIMH [9]. ,[(AA H3MepeHHoro pacrrpe,n:eneHHH 

HeHTPOHOB, rrpH IIOMOIII;H MeTo,n:a CTaTHCT:HqeCKOH peryAApH3aIJ;HH [7], 

rrpOBO,Z1;HJ1aCb rrpou;e,n:ypa BOCCTaHOBJ1eHH.sI peanbHOH MHO)R'.eCTBeHHOCTH 

HeHTPOHOB c yqeTOM BeJ1:HqHHhI 3cpcpeKTHBHOCTH HeHTPOHHOro ,n:eTeKTOpa (B 

3TOM 3KcrrepMMeHTe oHa cocTaBnHna E = 3 6 ± 1 % ). Cpe,n:Hee q:Hcno HeHTPOHOB 

246 -
Ha O.II:HH aKT CIIOHTaHHOfO .n:eneHHH H,n:pa Fm COCTaBHJ10 BeJ1HqHHY v = 3.6 ± 

0.5. 

B HIOJ1e 2010 ro,n:a 6brn rrpoBe,n:eH 3KCrrep:HMeHT, B KOTOpOM H3Mep.Hnacb 

MHO)R'.eCTBeHHOCTh HeHTpOHOB CIIOHTaHHOro .n:eneHH.sI H30TOIIa 252No. PaHee 

y)R'.e rrpoBO,Z1;HJ1HCh 3KCIIepHMeHThl [2,3], Ha:u;eneHHbie Ha H3yqeHHe 

MHO)R'.eCTBeHHOCTH HeHTPOHOB CIIOHTaHHoro .n:eneHHH 3TOro H30TOrra, HO 

CTaTHCTHKa 6bIJ1a He,n:ocTaTOqHa ,Z1;J1.H TOqHoro BOCCTaHOBJieHH.sI 

pacrrpe,n:eneHHH. B OIIHChIBaeMOM 3KCIIepHMeHTe H,n:pa 252No CHHTe3HpOBaJ1H B 

peaKQHH 48Ca + 206Pb = 2n + 252No. CeqeHMe 3TOH peaKQHH cocTaBnHeT oKono 

200 Ha:Ho6apH B MaKCHMyMe c]?yHKTI;HH B036~,n:eHH.sI. C MHIIIeHhlO 

.., l .7x1017 48Ca. B rrpOB3aHMO,n:eHCTBOBaJ10 HOHOB pe3yJ1hTaTe 6hIJIO 

3aperHCTPHPOBaHO OKOJ10 2000 aKTOB CIIOHTaHHOro ,n:eneHHH 252No. 3To 
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no3BOJIHJIO HaM c BbICOKOH TOqHOCThlO H3MepHTb pacnpe,n:eJieHH.H He:H:TpOHOB 

no MHO)KeCTBeHHOCTHM H npoTeCTHpOBaTh pa6oTy BCeH ,n:eTeKTHpyrome:H: 

CHCTeMbl. BeJrnqHHa cpe,n:Hero qHcJia HeiiTpOHOB Ha o,n:HH aKT cnOHTaHHoro 

,n:eJieHH.SI 252No cocTaBHJia 17 = 4.06 ± 0.12. 3To 3HaqeHHe xopomo corJiacyeTc.SI 

c noeyqeHHbIMH paHee pe3yJioTaTaMH v = 4.43 ± 0.45 [2] H v = 4.15 ± 0.30 [3]. 

YqHThIBa.SI .n;ocTaToqHo BhICOK)'IO cTaTHCTHKY co6oITHH cnoHTaHHoro 

,n:eJieHHH 252No, no~eHHoe B 3KcnepHMeHTe 3HaqeHHe TKE 252No 6omo 

HCnOJib30BaHO .ZJ;JIH KaJrn6poBKH TPaKTa OCKOJIKOB cpOKaJihHOro 

nOJIYnpOBO,n:HHKOBOro ;:i:eTeKTOpa. 

CJie,n:)'IOm;HM 6om 3KcnepHMeHT no H3yqeHHID CBOHCTB 244Fm, 

noeyqaeMoro B 2n KaHaJie peaKQHH CJIHHHH.SI 40 Ar + 206Pb. CeqeHHe peaKQHH 

o6pa30BaHHH H,n:pa OT,[(aqH COCTaBJIHeT OKOJIO 3 HaHo6apH. 3KcnepHMeHT 

npo.n;OJI)KaJICH 7 cyTOK (l.6x1018 HOHOB 40Ar Ha MHIIIeHH). 3a 3TO BpeM.SI 61>IJIH 

3aperHCTPHPOBaHbI 212 co6bITHH, KOTOpbie OTHOCHTCH K cnoHTaHHOMY 

.n;eJieHH:EO 244Fm. IIepHo.n; noJIYpacna,n:a .n;AA 3Toro H,n:pa cocTaBHJI T 112 = 
(3.47±0.26) MC (B pa6oTe [10] T112 = 3.12±0.08). Cpe.n;Hee qHcJio HeHTPOHOB Ha 

244p -O.ZJ;HH aKT cnOHTaHHOro .n;eJieHH.SI m H3MepHJIOCb BnepBbie H COCTaBHJIO v = 
3.3 ± 0.3. KpoMe Toro, .n;AA .a.n;pa 244Fm 6oma o:u;eHeHa noJIHa.SI KHHeTHqecKa.SI 

3HeprHH ocKOJIKOB. 3HalfeHHe TKE paccq:M:ThIBaJioch CJIO)KeHHeM aMnJIHTY.ZJ;hI 

CHrHaJIOB B cpOKaJibHOM H 60KOBbIX ,n:eTeKTopax c yqeTOM KaJIH6poBoqHblX 

.n;aHHhIX, noJiyqeHHhIX npH H3MepeHHHX 252No. IIocJie KoppeKTHpoBKH Ha 

qHcJIO BbIJieTeBIIIHX HeHTPOHOB, 3Ta BeJrnqHHa COCTaBHJia npH6JIH3HTeJibHO 

198 ± 15 M3B. BoilfHCJieHHoe 3HaqeHHe xoporno cornacyeTcH c paHee 

ony6JIHKOBaHHhIMH ,n;aHHhIMH [11]. B pe3yJioTaTe noHcKa .51:0-a KoppeIDI:u;H:H: 

He 61>IJIO 3aperHCTPHPOBaHO HH O,D;HOro co61>ITH.SI, KOTOpoe MO)KHO OTHeCTH K a

pacna,n:y 244Fm, TaKHM o6pa30M Harn 3KcnepHMeHT no,n;TBep)K,r:t;aeT qTo 

BepO.HTHOCTb pacna.n:a cnOHTaHHblM ,n;eJieHHeM bsp .ZJ;JIH 3TOro H30Tona 6JIH3Ka K 

100% (B pa6oTe [10] bsp::::; 99.7 %). 
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B nHTOH rJiaBe rronyqeHHOie pe3yJihTaTbI cpaBHHBaIOTC.SI c pacqeTaMH, 

c,n;eJiaHHbIMH B paMKax MO,n;eJIH TOqKH pa3pbIBa [4], rrpHBO,lJ;HTC.SI CHCTeMaTHKa 

cpe,n;Hero qlfcJia HeHTpOHOB Ha O,lJ;HO CIIOHTaHHOe ,n;eneHHe (v) H OIIHCbIBaeTC.SI 

pOJib H3MepeHH:bIX BeJIHqHH B BOCCTaHOBJieHHH 3HepreTHqecKoro 6anaHca 

rrpou;ecca ,n;eneHH.SI. 

5,0 
... 4,8 "' ,J:J 

;> 
4,6 g 4,4 

ct! 4,2 :c 
Cll 4,0 
0 :c 3,8 
0 
Q. 3,6 I-

>S 3,4 Q) 
:c 3,2 0 
5 3,0 
:s; 

2,8 :r 
Q) 2,6 Q) 
:c 2,4 
~ 
Q. 2,2 
(.) 

2,0 
1,8 

236 240 244 248 252 256 260 

A, a.e.M. 

PucyuoK 4 - cucTeMaTHKa cpe.z.uero qncJia ueii:Tpouos cnouTaHHoro .z.eJiemu1 (v). 

PoM6aMH OTMeqeuLI pe3yJILTaTLI, onucaHHLie B .z.auuoii pa6oTe. IlepesepnyTLie 

TpeyroJILHHKH 0603ua11aroT pelyJILTaTLI pauee nony11euu1>1e .z.m1 252No [2,3]. 

HMeIDiu;Hec.s.c 3KcrrepHMeHTaJibHhie ,n;aHH1>1e o BeJIHqHHe v, rronyqeHH1>1e 

,n;JI.SI crroHTaHHoro ,n;eJieHH.SI H30TOIIOB Cm, Cf , Fm H No, ,n;orrorrH.SIIOT 

CHCTeMaTHKY v B p.SI,n;e HHTepeCHhIX TO"l!eK (pHc. 4). HaH6onee HHTepecHOI 

,n;aHHbie IIO H30TOIIaM cpepMH.SI, c yqeTOM orry6JIHKOBaHHhIX paHee ,n;aHHbIX [1], 

y,n;aeTc.s.c rrpocne,n;HTb yMeHbIIIeHHe v B 3aBHCHMOCTH OT A rrpH A > 254, 

KOTopoe rrpHxo,n;HT Ha cMeHy 3aMeTHOMY YBeJIHqeHHIO v c pocTOM A ,n;rr~ .s.c,n;ep 

c A = 244-254. 3KcrrepHMeHTaJihHbie 3HaqeHH.SI )];JI.SI 244Fm (3.3 ± 0.3) H ,n;JI.SI 
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246Fm (3.55 ± 0.5) OKa3bIBaIOTC.H ITpHMepHO TaKHMH, KaKHMH H MO)KHQ 6bIJIO 

Q)KH,n;aTb Ha OCHOBe 3KCTpaITOJI.HIJ;HH HMeBIDHXC.H paHee ,n;aHHbIX. 3To 03HaqaeT, 

qTo B Tex acITeKTax, KOTOpI>Ie oITpe,n;eIDIIOT BeJmqHHY cpe,n;Heii 3HeprHH 

B036y)K,n;eHH.H OCKOJIKOB, CIIOHTaHHOe ,n;eJieHHe HeH:TpOHO-,n;e<i>H:u;HTHbIX 

H30TOIIOB <l:>epMH.H aHaJIOrHqHQ CKOpee ,n;eJieHHIO .H,n;ep H3 Tpa,n;HIJ;HOHHOH 

o6nacTH Cm - Cf He)KeJIH ,n;eneHHIO HeiiTPOHO-H36blToqHbIX H30TOITOB <l:>epMH.H, 

B KOTOpOM HaqHHaeT rrpeo6Jia,n;aTb CHMMeTpH"IIHa.H MO,n;a B pacITpe,n;eJieHHH 

OCKOJIKOB ITO MaccaM. B TO )Ke BpeM.H, 3HaqHTeJibHbIH HHTepec ,IJ;JI.H H3ytieHH.H 

rrpe,n;cTaBJI.HIOT H30TOITbl H06eJIH.H. Ilony-qeHHOe 3HaqeHHe v = 4.06 ± 0.12 )J;JI.H 

252No, xopomo BIIHCbIBaeTC.H B CHCTeMaTHKy. 3To .H,n;po Haxo,n;HTC.H Ha rpaHH:u;e 

rrepexo,n;a OT aCCHMe'I'pHqHoro K ,n;ByxMO,lJ;aJibHOMY ,n;eJieHHIO, o,n;HaKO, on;eHHTb 

CTeITeHb BJIH.HHH.H ,n;ByxMO)J;aJibHOCTH Ha KOJIHqeCTBO HeiiTpOHOB ,n;eJieHH.H 

MO)KHO JIHillb ITOCJie 3KCIIepHMeHTOB ITO H3yqeHHIO CBOHCTB CITOHTaHHoro 

,n;eJieHH.H coce,n;HHX H30TOIIOB H06eJIHJI. 

3KcITepHMeHTaJibHbie 3HaqeHHJI v' ITOnyqeHHbie B pa6oTe, cpaBHHBaJIHCb 

c pacqeTHbIMH 3HaqeHH.HMH, BhlqHcJieHHbIMH c HCITOJib30BaHHeM 

ycoBepmeHCTBOBaHHoii Mo,n;eJIH ToqKH pa3phrna [ 4]. KaK BH,n;Ho H3 Ta6n.1, 

COOTBeTCTBHe pacqeTOB H 3KCIIepHMeHTaJihHbIX ,lJ;aHHbIX Haxo,n;HTC.H Ha 

BbICOKOM ypoBHe. 

Ta6nn.u;a 1 

PacWieTH1>1e n 3KcnepnMeHTaJ11>Ho H3MepeHHble 3HaWJ:eHnH cpe;:i;Hero WIHCJia Heii:rpoHoB 

CilOHTaHHOro ;::t;eJieHHH H IlOJIHOH KHHCTHWICCKOH 3Heprnu OCKOJIKOB. 

Pacttemnoe lf3Mepe1111oe 
Pacttemnoe 

Ro po 311atte11ue TKE 
31-latteHue v 31-latteHue v 

(MeV) 
"~"No 4.1 4.06±0.12* 201 
" .... Fm 3.5 3.3±0.3* 196 
" .. °Fm 3.6 3.6±0.5* 196 
"4~Cm 3.1 3.13±0.01 183 
":i"Cf 3.6 3.77±0.01 186 

* -pe3yJibTaThI, IIOJI)"leHHbie B xo.n:e IIO,D;rOTOBKH ,D;HccepTaIUIOHHOif pa60TbI. 

** - rrpHBOMTCH cKoppeKTHpOBaHHhie 3Ha1:IeHHH TKE .n:o Bhmern HeHTPOHOB. 
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H3Mep. 311al/,e11ue 
TKE (Me VJ** 

202.4±1.2 
198±15* 

199±4 
182 

184.1±1.3 



B 3aEJiro-.ennu rrepeqMcrreHhI ocHOBHbie pe3yrrhTaT1>1, rronyqeHHbie B 

.IJ:HCCepTal.(HOHHOH pa6oTe: 

1. B Q:>oKarrbHOH rrrrocKOCTH cerrapaTopa BACHJIHCA co3.ri;aHa 

KOM6HHHpOBaHHaJI ,n;eTeKTHp)'lOII(aJI CHCTeMa, BKmoqa:EOII(asI B ce611: 

KpeMHHeBhIH MHOrOCTpHIIOBbIH .n;eTeKTOp 11:.n;ep OT.n;aqH (..HO) H HeH1])0HHbIH 

.n;eTeKTOp Ha 6a3e 54-x CTieTT{HKOB c 3He. 

2. Ha cerrapaTope BACHJIHCA B peaKI.(H.HX rrorrHoro CJIHHHH.H Ha rryqKax 

TIDKeJibIX HOHOB ( 48Ca, 40Ar), 6bIJIH CHHTe3HpOBaHbl H30TOIIhl 252No, 244Fm H 

246Fm. l13Mep.HJIHCb H cpaBHHBaJIHCb c cym:eCTB)'lOII(HMH .n;aHHbIMH TaKHe 

xapa:KTepHCTHKH crroHTaHHoro .n;eneHH.H KaK rrepHO.IJ:bI rronypacrra.n;a, TKE 

OCKOJIKOB .n;eJieHH5:1 H bsF· 

3. ,[(AA rrepeqHCJieHHbIX H30TOIIOB BOCCTaHaBJIHBaJIHCb pacrrpe.n;eneHH.H 

MrHOBeHHbIX HeH1])0HOB CIIOHTaHHOro .n;eJieHH.H no MHO)l(eCTBeHHOCT.HM. ,[(JI1£ 

H30TOIIOB 244'246Fm BrrepBbie 6bIJIH rrorryqeHbl 3HaqeHH1£ cpe.n;Hero "CJHCJia 

HeH1])0HOB Ha O.IJ:HH aKT CIIOHTaHHOro .n;eneHH.H, v. 
4. Pacrrpe.n;erreHHe IIO MHO)l(eCTBeHHOCTHM HeH1])0HOB CIIOHTaHHOro .n;eneHH.H 

252No cpaBHHBaJIOCb c paHee rrorryqeHHbIMH pe3yJibTaTaMH. 

B npuJio~euuu, crre.n;yiom:HM rrocne cnncEa JIHTeparypLI, rrpHBO.IJ:.HTC.H 

pe3yJibTaTbI pacqeToB B rrporpaMMe MCNP .n;AA pa3HbIX KOHQ:>Hrypau;Hii 

HeH1])0HHOro .n;eTeKTOpa. 
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