
~9 -9;;-

1'\ 1 8'--

COOfilll8HMR 
Oti118AMH8HHOrO 

MHCTMTYT8 
RABPHbiX 

MCC18AOB8HMI 

AYtiHa 

PlS-89-97 

B.B.KaMamm, A.Kyrnep, 10 .r .Co6oneB, 
A.C.<l>oMHlleB, H.B.EpeMHH1 , C.EaueB2

, A~~, 

M.foeyceK3, K.EnaJKeK3 

3<I><I> EKfl1BHOCTh PEfHCTP AI.llfli -y-KBAHTOB 
C E1 =4-Tl7MJB H HEATPOHOB C EH~6MJB 
CIJHHTHJUUITOP AMH N ai(TI) H B4 Ge3 0 1 2 

1 HI111.R<l> MrY HM. M.B.JioMoHocoaa 
2 11.RI1A3 BAH, CoqmR, HPB 
3 11.R<l> qcAH, r. P)f(e)f(, qccP 

1989 



BBE,UEHHE 

B pa6oTe 11 I y:>Ke HCCJie,lJ;OBaJIHCb OCHOBHhie xapaK.TepHCTHIGI '}'-CIIeKTpO­
MEITpOB, COCTOHlliHX H3 CQHHTHJIJIHTOpa Nal(TJ) </1150x100 MM2 H <l>8Y-49B 
(r.Yconbe CH6HpcKoe), BGO </1 75x25 MM2 H <l>8Y EMI-9856 (Harshow 
Chemical Company). c QeJibiO )(allbHeiiwero H3y'leHHH CBOHCTB r-p;eTeKTopoB 
Ha ocHoBe KpHcTanna Bi4 Ge3 0 1 2 (coKpallleHHo BGO) 6biJm npoaep;eHbi 
aaanorH'IHhie H3MepeHHH )(JIH KoM6HHanHH BGO </1 46x60 MM' H <l>8Y-143 
(r.TypHOB, qcCP) H llOlly'leHO COllOCTaBJieHHe CO CTapbiMH )J;aHHbiMH. 

B pa6oTe npHBep;eHbi 3Ha'leHHH ,q,q,eKTHBHOCTH perHcTpanHH r-KBaHTOB 
c E

1 
= 4.;. 17 M3B, n~ny'leHHhie )(JIH p;aHHbiX ,r-p;eTeKTopoa a pe30HaHCHhiX 

(p, r) -peaKQHHX, H HeHTpOHOB c EH .;;; 6 M3B oT Pu(Be )-HCTO'IHHKa, a TaK>Ke 
aenH'IHHhi (l>.E/E) B 3aBHCHMOCTH OT E

1
. BbiJio ycTaHOBlleHO, 'ITO '~YBCTBH­

TeJI&HOCTb ,lleTeKTOpOB K perHCTpaiJ;HH HeH'rpOHOB CO cpe,lll:leH 3Heprneft 

EH "' 4 M3B cna6o 3aBHCHT OT BelllecTBa CIIHHTHllllHTopa H npHMO nponop­
IIHOHanbHa ero TOJIIliHHe. ,UaHHoe npeHMyllleCTBO BGO -«:pHCTaJIJIOB nepep; 
Nal(Tl) (MeHblllaH qyBCTBHTellbHOCTh K HeiiTpoHaM npH op;HHaKoBoii 3<J:><J:>eK­
THBHOCTH K '}'-KBaHTa.M) HCIIOJib30BaJIOCh/2 ' 3 I npH H3MepeHHH acecTI-cOH 
KOMITOHeHTbl '}'-H3JiytH*IHH B peaKIUIHX C TJDKeJibiMH HOHa.MH B rrpHCYTCTBHH 

HHTeHCHBHOrO HeihpOHHOrO ¢K>Ha. 

H3MEPEHHE qyBCTBHTEJibHOCTH K HEliiTPOHAM 

113BeCTHO 14 I, qTQ II pH rrorra,na.HHH . MOH03HepreTHqeCKHX HeihpOHOB 
c 3HeprHHMH EH > 0,3 M3B B r-p;eTeKTOp (CIIHHTHJIJIHTop + <t>8Y) ero aM­
llliHTYIIHhie cneKTpbl HMeiOT 6hiCTpO Cna)J;aiOlliYIO <J:>opMy H THHYTCR 1(0 
BeJIH'IHH, 3KBHBalleHTHbiX 3HeprHH r-KBaHTOB "' 8 M3B. <t>opMa aMnnHTYII­
HOrO cneKTpa, OTHOpMHpOBa.HHOrO Ha liHCJIO IIOIIB.BIIIHX B .n;eTeKTOp Heihpo­

HOB, Clla6o 3aBHCHT OT HX 3HeprHH npH EH .;;; 10 M3B, H no3TOMY )(JIR onpe­
p;eneHHH 3<J:><J:>eKTHBHOCTH perHCTpanHH HeHTpOHOB MO>KHO HCll0Jib30BaTb 
HCTO'IHHK, HanpHMep Pu(Be ), p;arolliHii HeHTpOHhl B IllHpOKOM 3Hepremqe­
CKOM )J;Halla3(>He. B peaK!IHH 9 Be(a, n)12 C 151 (CM. pHc. 1a), npH 3HeprHH 

· a-'!aCTH!Ihl 5,1 M3B OT 2 
'

9 Pu npHMepHo B 50% cnyqaeB npoHcXOIIHT BbiJieT 
MOH03HepreTH'IecKHX r-KBaHTOB c Er = 4,44 M3B H HeHTpOHOB c 3Hepmeii 
EH .;;; 5,56 M3B, a B p;pyrHX cny'laHx HcnycKaiOTCR HeHTpOHhi c EH .;;; 10 M3B. 
llo3TOMY C llOMOlllhiO OpraHH3anHH ll")'-COBna)J;eHHA H BpeMRnpOJieTHOH 
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Puc. 2. BpeMllnponembte cneKrpbl, cooreer­
CTBYIOUIUe pezucrpaquu "f"KBanroe c E.f 
~ 4 M3B OereKropoM 'T" u Heilrpona wiu 

"{-KBQHTQ c 3HepZWlMU EH ~5.56 M3B u 
£

1
=4,44 M>B iJereKropoM ':A". (o) -

Na!(Tl}¢ 150x100 MM2, (o)- Bi4 Ge3 0 12 

<J>46x60MM2
. 

Puc. I. a) - cxeMa ucnycKaHUR neiirponoe 

u -y-Keanroe U3 Pu(Be)-ucro'lHUKa e peaK­

quu 9 Be( a, n)12 C. 6) - cxe.Ma JKcnepu­

MeHTa no onpeiJeAeHWO 3fjjifjeKTUBHOCTeil 

peZUCTpQijUU HeilrpOHOB U 1·K6QHT08 

or Pu(Be)-ucro'lHUKa Cf4UHTWlllRTOpaMu 
Na!(Tl) u BGO. 

-40 -20 0 20 40 t,HC 

MCTO,IUIKH MO)KHO H3MCpHTb arrnapaTypHbiC CITCKTphi HCCJie.IcyeMbiX ,ll;eTeKTO­

pOB npH pernCTpai.IHll y-KBB.HTOB c E1 = 4,44 M3B HJIH HeihpoHa c EH < 
,;;; 5,56 M3B- B6JIH3H Hei!:TpoHHoro HCTO<nmKa (eM. pHc.l6) HaXOAifJICH 
TpHrrepHbrli ,lleT6KTOp - NaJ(TJ) </> 65x65 MM + <!>3Y-82 (AeT6KTOp "T"), 
3a!llHII1eHHhrli CJIOeM napa<J>HHa TOJIII1HHOH 100 MM H perncrpHpy10111HH 
B OCHOBHOM 'Y-KBaHThi Bhiwe ycraHOBJieHHoro rropora E1' > 4 M3B. M.ccne­
AY6Mhle AeTeKTOpbi- Nal(TI) </> 150xl00 MM2 :!- <1>3Y-49B, BGO <J>75x25 MM~+ 
+ EMI-9856, BGO </> 46x60 MM2 + <1>3Y-143 (AeTeKTOphl "A": Al, A2, A3) 
ITOMel.U8JlHCb Ha paCCTOHHHH L R:::: 1 M OT HCTO'IHHKa C IJ;eJibiO pa3,D;eJieHHH 

HeiiTpOHOB OT 'Y-KBaHTOB no apeMeHH nponeTa. Pa3Hhie THIIhi ¢>oToyrvmo)KH­

TeneH, ecTeCTBe:HHO, He BJIHJUIH Ha 3¢>¢>eKTHBHOCTH perHCTpa.rufii HeihpOHOB 

H 'Y·KBaHTOB ,n;eTeKTOpoB Ai, IIOCKOJlbicy' ,lJ.JI.R HHX BhJCTaBJJHJIHCb O,z:umaKOBbJe 

noporH perHCTpawiH "' 0,3 M3B no lliKarre E1. 
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Puc.J. AMfllluryOHble cneKrpbl r­
cneKT{JOMerpoe npu pezucrpaquu 

HeiirpoHoa c EH .;;;6 M3B: (o) 

Nai(TI)¢150xl00 .MM2, ( o) 

Bi.Ge, 0 12 ¢46x60 MM
2

, 

BpeMRrrponeTHbie crreKTphi, 

COOTBeTCTBYIOlllHe perHcrpa~ 

"'"' 1-KBaHTOB c E1> 4 M3B 
]J;eTeKTOpOM "T" H perHCTpa~ 

0 4 8 12 16 E;,M3B l\HHHeiiTpOHOBHJIH1·KBaHToB 

,ll;eTeKTOpaMH ~' rrpe,ll;CTaBJieHbl Ha pHC.2. lllHpOKOe pacrrpe,ll;eJieHHe B Ilpa.BOH 

tlaCTH crreKTpOB COOTBeTCTByeT perHCTpa.u;HH '}'~KBaHTa B "T"- H aeHTpOHa 

B "A"~]J;eTeKTOpax, tiTO OTBetiaeT IllHpOKOMY pacrrpe,ll;eJieHHIO HeHTpOHOB 

no KHHeTHtiecKHM 3HeprmiM c MaKCHMYMOM a6JIH3H 4 M3B. 0THOCHTeJihHO 

Y3KHH ITHK B Ha'la.JihHOH qacTH speMeHHbiX crreKTpoB COOTBeTCTBYeT perH~ 

CTpau;HH '}'-KBaHTa ,ll;eTeKTOpOM "A" H HeHTpOHa ,ll;eTeKTOpoM "T". ilHK CHJib· 

HO ITO,ll;aBJieH H3-3a HaJIHtiHH rrepeA "T" rrapaQ:mHOBO:H: 3aiiUifThl C 3% COAep:~Ka~ 
HHeM 6opa, CJIOH TOJII.I.UfHOH 100 MM ITO,ll;a.BJIHJI llOTOK HeHTpOHOB rrpHMepHO 

B 1000 pa3. 
fipH orrpe,ll;eJieHHH ClleTHO:H: 3¢l¢>eKTHBHOCTH perHCTpau;HH HeHTpOHOB 

OT Pu(Be)-HcTO<rnHKa aHaJIH3HpoaarrHCh aMnJIHTYI\Hbie cneKTphi (cM.pHc.3), 

COOTBeTCTBYIDI.I.J;He perHCTpa.Il;llli HeHTpOHOB HCCJieAyeMbiMH '}'·AeTeKTOpaMH, 

]J;JIR IllHpOKOrO pacrrpe,ll;eJieHHR B rrpaBO:H: 'laCTH BpeMeHHhiX CrreKTpOB Ha 

pHc.2. Ka)f(.IU,IH aMrrJIHTY,ll.HhiH crreKTp, rrpe,ll;cTaBJIRlOlllHH co6oH 3KCIIOHeHuH~ 

3Jihfiy~ 3aBHCHMOCTb exp( -E/T), HOpMHpOB3JICJI Ha liHCJIO '}'·KBaHTOB, 3ape~ 

rHCTpHpOBa.HHhiX TpHrrepHhiM ,UeTeKTOpOM "T", H Ha TeJieCHhiH yroJI TeeTH~ 

pyeMOrO CUHHTHJIJIRTOpa "A". 0rKJIOHeHHe OT 3KC110HeHUHa.JibHOrO crra.,n;a 

a paiioHe 8 M3B no mKane E1 
illlil Cl\HHTrmrrmopa Nai(Tl) o6'hHCHReTCR 

60JiblllHM ceqeHHeM 3aXBaTa TeiUIOBbiX HefupOHOB B peaKQHH (n, '}') Ha 1 3 O I. 
C'leTHhie 3<l><J:>eKTHBHOCTH perHCTpal\HH HeiiTpOHOB npH EH ,;;; 6 M3B 6hiJIH 

rronytJ:eHbl rrocne rroKa.HaJIDHoro cyMMHpoaa.HWI a.MI1JIIfl'Y.lUihiX crreKTpoa. 

Pe3yJibTaThi rrpe.n;craaneHhi B Ta6n.l. 

THn p;eTeKTOpa 

A1- Nal(Tl) </>150x100 MM2 +<1>3Y-49B 
A2- BGO¢ 75x25 MM2 +EMI-9856 
A3- BGO¢ 46x60 MM 2 +OOY-143 

Ta6rzw4a 1 

CqeTHaR 3<J:><l>eKTHBHocTh 
perHCTp31U!H HeHTpOHOB 

16%/cp 
4%/cp 

12%/cp 
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Puc.4. CneKrpbt pezucrpaijUU MOH0'3Hep2eTu~eCKUX "fMKeanroe CijUHTWl.flJlTOpaMu Nal(TZ) 
u BGO 6 pe30HQHCHOU (p. rry)-peaKuUU Ha 19F- (a). 6 (p, r)-peaKuuu Ha 11 B c 3Hep­

zueunpOTOH06Ep~J.5M3B- (6). 



3<1><1>EKTllBHOCTb PErllCTPAUllll r-KBAHTOB 

,UnH H3MepeHH.R aMnnmy,n;HhiX '}'-cneKTpoB ,D;eTeKTOpaMH Ai TpHrrepahiH 
)l;eT8KTOp "T" 3~HI.IJ;3JICH CJI08M CBHHIT,a TOJIIJ.UIHOfl 100 MM, qTQ o6ecnetiH­
BaJIO ¢>aKTOp nOp;aBneHllii 7-KBaBTOB 5•103 . llopor perMCTpai~IH HeiiTpOHOB 

6Lm "' 100 K3B. CneKTphr TaiOKe aopMMpOBaJIMCL aa •mcno 3anycKoB p;eTeK­
Topa "T" H Ha TeJiecHhifl yron. llOCKOJlblcy HHT8HCHBHOCTb Pu(Be )-HCTOtiHH.Ka 

6Lma M3BecTHa (IH = 5•106 HMn.jc), MO>!<HO 6LmO Onpep;enHTh 3¢>¢>eKTHB­
HOCTL perHCTPai.IHH r-KBaBTOB c E = 4,44 M3B Ami KpHCTaJinOB Nai(TJ) 
M BGO no <!>opMyne eK = S/(0,5·IH), rp;e S- nnOUI'lAL nop; OHKOM, a ¢>aK­
Top 0,5 OTpa:>KaeT CBOifCTBO HCTOliHHKa. B:bmH rronyqeHbl CJI8,IzyiOU:J;I.fe 3Ha­

qeHllii eK: fA!= (38± 2)%, 'AZ = (28± 3)%, eA 3 = (26± 3)%. 
3TH ,D;aHHbie HCITOJib30BaJIHCh B ,IJ;aJibHeiirneM .IVIH yTOliHeHIDI a6cOJIIOT­

HhiX 3cl><f;leKTHBHOCTeH perHCTpa.IUJH '}'-KB3HTOB HCCJie,lJ;yeMbiMH ,ll;eTeKTOpaMH 

npH ll3MepeHlliiX r-cneKTpOB B 6nll3KOH reOMeTpMM B pe30HaBCHhlX (p, 7)­
peaKI..urnx11 1. Ha pHc.4a,6 noKa3a.Hbi cneKTphi r-KBa.HTOB ,IJ;JIH Tpex neTeK­

Topos, H3MepeHHLre B pea~ 19F(p, ar) 16 0 M 11 B (p, r) 12 C, cneKTpLr 
OTHOpMHposaaLr no nHey npH 3HeprHM r-KBaHTOB E

7 
= 4,44 M3B. 

llpH onpep;eneHHH 3aBHCMMOCTH a6COniOTHhlX 3<!>¢>eKTHBHOCTeii pern­

CTp~HH r-KBaHTOB oT 3Hepnrn E1 ~cq_onDSOBaJICH anropHTM H3 pa6oTbi11 1• 

llonyqeaaLre pe3ynLTaTLI o6o6!lleHLI aa pac.5 H B Ta6n.2. B Ta6mme TaK>Ke 
cop;ep"'aTCR qacneHHLre 3Haqea"" (LlE/E) p;mr Tpex r-AeTeKTopos. 

Nai: 
¢150X10Q-o 
¢75X75 -0 

BG0:¢75x25-+ 
¢46 X 60-• 

2 4 6 8 10
1 

E1,M38 
Puc.5. 3¢¢eKrueuocru pezucrpauuu -y-Keanroe tqJUCTil/l/lllMU Nal{Tl}if>l50x100 MM2 

u m.ce,0,2 "'75x25 MM2' ¢46x60 MM2' U3MepeuHb!e 8 Pe30HilHCHblX (p, r)-peaKuWlx; 
oaHHble 0/l.!l Nal(Tl) ¢ 75x 75 MM2 83J!Tbl 0/IJl cpaeHeHWl U3 pa60Tbl 16 1. 
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Ta6nut~a 2 

9aepiWI 9<jl<jleKTHBHOCTb 3HepreTHtJeCKOe 

E
1

,M3B perHCTpal.IHH € K (E1) ,% paapemeHHe l>E/E, % 

A1 A2 A3 A1 A2 A3 

4,44 38 ± 2 28 ± 3 43 ± 2 7,0 ± 0,1 12,6 ± 0,1 9,2 ± 0,1 

6,13 36 ± 3 23 ± 4 38 ± 2 6,6 ± 0,1 11,1 ± 0,1 7,4 ± 0,1 

10,8 30 ± 3 18 ± 5 30 ± 3 5,9 ± 0,2 . 9,6 ± 0,4 5,9 ± 0,3 

17,23 26 ± 4 15 ± 4 21 ± 5 4,7 ± 0,3 6,1 ± 0,3 3,0 ± 0,5 

llpnse,neHHLie pe3yJibTaTbl H3MepeHHH rroK8.3hmaiOT, lfi'O ,nereKTOphi 

aa oCHoBe KpHCT3JIJIOB BGO cpaaHHTeJILHO ae6onLlllHx pa3Mepoa conocra­

BHMbl no 3<jl<jleKTHBHOCTH perHcTp~H 1-KBaHTOB (E1 = 4+ 17 M3B) c 

Nai(Tl)-cUHHTHJIJIHTopoM cyllleCTBeHHO 6orrblilHX paaMepoB. C'leTHbie 3<jl<jleK­

THBHOCTH perHCTpawm HeHrpOHOB CO cpe)'IHeii 3Hepn<eii EH "' 4 M3B OT 

Pu(Be )-HCTO'IHHKa, OTHOpMHpoBaHHhie aa eJJ;HHHI.IY Tenecaorci yrrra, npo­

rropwmHaJILHhi TOJI:w;HHe CJIOR Cll;HHTHJIJIHTOpOB, tJYBCTBHTeJILHOCTb 

K aeiiTpOHaM eJJ;HHHUbi o6oeMa Nai(Tl) H BGO npHMepao OJJ;HHaKOBaR. 

Jil3 3KcrrepHMeHTa.JibHbiX ,lJ.aHHbiX IIO H3YlleHHIO )KeCTKOii: KOMITOHeHTbl 

')'~H3Jiyt~eHHH B H,nepHbiX peaKUHJIX C TIDKeJibiMH HOHaMH /Z ' 3 I CJie,D,yeT, tJTO 

Hcrronb30BaHHe BGO-KpHCTaJIJIOB no3BOJUieT rrOBbiCHTh Kat~ecmo pe3yJib­

TaTOB 3KCIIepHMeHTOB, CBH38HHbiX C H3MepeHHeM MaJibiX Ceqerufi:J o6pa30Ba­

HIDI 1-KBaHTOB (BbiXOJJ; 7-KBaHTOB c E1 > 10 M3B nopHJJ;Ka 10- 4 aa aKT 

o6pa30BaHHR O,n.HOro COCTaBHOrO H,D;pa) B IlpHcyTCTB";H HHTeHCHBHOrO 

HeHTpOHHOrO <PoHa. 
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PyKoimCD nocrymina B H3AaTenLcK:I1H oT.n.en 

16 <jleBparrH 1989 roJJ;a. 


