
;?58'} /t2> 

0 ti b e A M H e H H bl M 
MHCTMTYT 
RAOPHbiX 

MCC18AOB3HMH 
AYfiHa 

/ lpjll~ <f l_ 

P7 -82-302 

10 .U.OraHec.HH, 10.3 .nem-tOH)KKemtq, 3.rep:.nK, 
P.Ka~rraKqHeBa, T.OaBRaT, K.Bopqa, A.B.BeRo3epoB, IO.ll.XapHTOHOB, C.ll.TpeTb.HKOBa, B.r.Cy66oTHH, 
C.M.JlyKh.HHOB, H.B.llpoHHH, A.A.BhiKOB 

3KCOEPMMEHThl llO llOMCKY HllEP lOHe 
8 PEAKUHHX C TH~EJihlMM MOHAMM 

Hanpa8neHO 8 (( nv1CbMa 8 11lKypHan 3KcnepJ-1MeHTanbHO~ 
1-1 TeopeTJ-14eCKO~ QJI-13VIKH 11 » 

1982 



' 

nony4eHt-~e 1-1 H3y4eHt-~e csolkTB HYKilHAOB, paCnOilO>KeHHbiX B6IlH-

3H rpaHHLj HYKilOHHO~ YCT0~4HBOCTH, npeACTaBilReT 60I1bWO~ HHTe

pec. 3TO 06bfiCHReTCfl B03MO>KHOCTbiO HCCJ"JeAOBBHHfl fiAepHO~ MaTe

PI-11-1 B 3KCTpeMailbH~X COCTOfiHHfiX H Ba>KHOCTbiO nony4eHHfl 3KcnepH

MeHTailbHO~ HH¢0pMaljHH Ailfl nposepKH TeX Hill-1 HHbiX MOAeilbHbiX 

npeACTaBileHH~ 0 CTpyKType fiAPB, Ha OCHOBe KOTOP~X AenaeTCfl 

npeACKa3aHHe CBO~CTB fiAep B pa3IlH4HbiX 06IlBCTfiX MBCC. DOilbWO~ 

nporpeco, npOH30WeAWH~ B nOCileAHee BpeMR B 06IlBCTJ.1 ycKOpHTeilb

HO~ TeXHHKH H MeTOAHKI-1 3KCnepHMeHTB, n03BOilHil cy~eCTBeHHO npo

ABHHYTbCfl K rpaHHLjaM HYKilOHHO~ YCT0~4HBOCTH, oco6eHHO B o6na
CTH IlerKHX f1Aep/1-4~0AHHM l-13 HBH60Jlee 3¢¢eKTHBH~X MeTOAOB no

Jly4eHHfl RAeP, YAaneHHbJX OT IlHHHH t3 -cTa6J.1IlbHOCTJ.1, RlfJ.1IlOCb J.1c
nonb30BaHJ.1e peaK4J.1~ c TH>Ken~MJ.1 J.10HaM111 141 . 0AHaKo nony4eHJ.1e 

fiAep B6IlJ.13J.1 rpaHHLjbl HYKilOHHO~ YCT0~4J.1BOCTH CBfl3aHO C 60ilbWHMJ.1 
MeTbAH4eCKHMJ.1 CilOlf<HOCTfiMH, B03HHKBIO~HMH BCileACTBJ.1e MBI10ro ce-
4eHHfl HX 06pa30BaHJ.1fl l10-31-1o-34cM21 J.1 KpaTKOCTJ.1 BpeMeHH J.1X 

>KJ.13HJ.1, AOCT1-1ra10~ero senJ.14J.1Hbl -1 0 -a c. Oco6bJe Tpe6oeaHJ.1R npeAb

RBilfiiOTCR K MeTOAY CJ.1HTe3a TaKHX RAep B CBR3J.1 C He06XOAJ.1MOCTbiO 

HX nony4eHJ.1R c Mano~ 3HeprJ.1e~ eo36Y>KAeHHfl H3-3a cna6o~ CBR3H 
HYKI10HOB B 3THX HApax. 

0AHJ.1M t-~3 npJ.1H4HnJ.1ai1pH~X sonpocos e 3TO~ npo6neMe RBnReTCR 

onpeAeneHJ.1e CTa6J.1I1bHOCTH HYKI1J.1Aa 1 ~e. 3TOT sonpoc y>Ke 6onee 

15 neT J.1CCI1eAyeTcR TeopeTJ.1KaMJ.1 H 3KcnepHMeHTaTopaMJ.1. B pa6oTe 

oa3R H APf5/ 6bJI10 nOKa3aHO, 4TO YCT0~4J.1BOCTb RApa 10He OTHO
CJ.1Tei1bHO pacnaAa 10 He ... 8 He+ 2n cy~ecTBeHHO 3asJ.1CHT OT LjeHT

panbHoro noTeHLjHana B3aHMOAe~CTBJ.1fl ABYX HYKI10HOB C nOI1HbiM CnH

HOM J.1 H30TOnH4eCKHM CnHHOM S=T-1. ¢opMa J.1 Bei1J.14J.1Ha 3TOro no

TeHLjJ.1aJ1a onpeAei1HIOTCR HeT04HO, a ero He6onbwoe J.13MeHeHJ.1e, He 

npoTHBope4a~ee AaHH~M no NN -pacceRHI-110, MO>KeT npJ.1BOAHTb e 

pac4eTe K YCT0~4J.1BOCTJ.1 He TOI1bKO fiAep 10 He, HO J.1 6onee TR>Ke
Il~X J.130Tonoe renll!fl. 

CneAyeT OTMeTJ.1Tb, 4TO see TeopeTH4eCKJ.1e OljeHKJ.1 J.1 3KCTpano

IlflljHJ.1 Ha OCHOBe 3KCnepHMeHTai1bH~X AaHH~X AaiOT pa3I1H4H~e 3Ha4e

HJ.1R Mace RAep B o6naCTJ.1 Aa>Ke nerKJ.1X RAep J.1 COOTBeTCTBeHHO onpe

AeilRIOT HeOAH03Ha4HO rpaHJ.14Y HYKI10HHO~ YCT0~4J.1BOCTJ.1 16-81, 0T

BeT Ha 3TJ.1 BOnpoc~ MO>KeT AaTb TOI1bKO 3KCnept-~MeHT. 

nepB~e 3KCnepHMeHTai1bH~e nOJ.1CKJ.1 RAep 10He, npOBeAeHH~e B 

1966-1967 rr. np1-1 J.1ccneAOBaHHJ.1 Tpo~Horo AeneHJ.1R 262Cf 19 •10 / 

J.1 npOAYKTOB peaKLjJ.1J.1 B3aHMOAe~CTBHfl npOTOHOB C 3HeprHe~ 5,3 r38 
C RApaMH ypaHa/l/, Aai1J.1 IlJ.1Wb sepXHIOIO rpBHJ.14Y o6pa30BBHHR 10He 
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' h 

no OTHOWeHJ.110 K sHe, paeHyJO:;; 1120 s nepeoM cny4ae 111. 1 I 1 00 so 

BTOpOM. B nocneAYIO~HX 3KCnepJ.1MeHTaX nOHCKl-1 RAeP 10He Bei1J.1Cb 

B TPO~HOM Aei1eHJ.1H 
235U !'I 233U TennOBbiMl-1 He~TpOHaMJ.1 /S,11/, 

1121 a TaK>Ke B peaKLjHRX MHOrOHYKI10HHO~ nepeAa4H 232Th( 1 ~, -5p)-+10He . 

8 3TJ.1X 3KCnepJ.1MeHTax 
10

He TBK>Ke He Ha6I1JOAai1Cfl. 

HeABBHo 6biilO npoeeAeHo e~e ABa 3KcnepJ.1MeHTa no noJ.1cKy RAeP 
10

He B peaKLjJ.1RX ¢parMeHTBLjJ.1J.1 RApa-MHWeHJ.1 232 Th Ha ny4Ke 

Ae~TpOHOB C HMnYI1bCOM 4,8 r3Bic 131, a TaK>Ke TpO~HOrO AeileHHfl 

252Cf 
113

( 8 nepBOM CI1y4ae 6~na onRTb YCTaHOBI1eHa IlJ.1Wb BepXHRR 
rpaHHLja Ce4eHJ.1fl o6pa30BaHJ.1fl J.130Tona 10 He - 2 MK6, BO BTOpOM 

CI1Y4Be HB6I1JOABI10Cb HeCKOI1bKO C06bJTJ.1~, COOTBeTCTBYIO~HX no ·3Hep

•rHJ.1 RAPBM 
10 

He, KOTOPble o6pa3yiOTCfl B Ka4eCTBe nerKO~ 4aCTJ.1Ljbl 

s peaKLjJ.1H Tpo~Horo AeneHHR. 0AHaKo ¢aKT o6Hapy>KeHHR RAep 10He 

B 3TOM 3KCnepHMeHTe, no MHeHHIO .caMHX BBTOPOB, HY>KAaeTCfl B AO
nOI1HJ.1TeilbHO~ 3KcnepHMeHTanbHO~ npoeepKe c 6onee cosepweHHo~ 
MeTOAJ.1KO~. 

Ba>KHbiM 3TanoM e peweHHH 3To~ npo6neMbl RBHI1HCb 3Kcne
imMeHTbl no onpeAei1eHHIO MaCCbl HecTa6J.1IlbHOrO RApa 9He 1141• 

B peaKLjHH ABO~Ho~ nepe3apRAKH noA Ae~cTBHeM rr-Me30HOB 
9 Be(rr~ rr+)

9
He Ha OCHOBe J.13MepeHHOro 3HepreTJ.14eCKOrO 

cneKTpa nJ.10HOB 6bii1 Ha~AeH Ae¢eKT MaCCbl RApa 9 He, KOTOpbl~ 
OKa3ancR pasH~M 40,98 M3B, 4TO no4TH Ha 2 M3B HH>Ke 3Ha4eHHR, 

npHBeAeH~OrO paHee B APYrHX pa6oTax1151. 3HeprHR CBR3J.1 He~TpOHa 
s RApe He, onpeAeneHHaR Ha ocHosaHHH pe3ynbTaToe 3THX >Ke 

3KcnepHMeHTOB, XOTR H HBilReTCR OTPH4aTenbHO~ 1-1,31 M3BI, OA

HaKo Ha 1-2,5 M3B npee~waeT 3HeprHJO CBR3H, npeAcKa3~eaeMyJO pa
Hee115~EcnH Tenepb B pac4eTax no ¢opMyne rapBeR-KencoHa 161 

npHHRTb AaHHOe 3Ha4eHHe MaCCbl 
9

He, TO 10He OKa3biBaeTCR CTa-

6J.1I1bH~M no OTHoweHHIO K J.1cnycKaHHIO OAHoro He~TpoHa I B~) - = 
= +0,93 M3BI, HO HeCTa6J.1I1bH~M no OTHOWeHHIO K J.1CnycKaHJ.110 ABYX 

HelhpoHoB I 8(2) = -1 ,66 M3BI 1141 . .[\e¢eKT Maccbl 10 He Ha~AeH 
paBH~M 49,40 M3B

1141
3TJ.1 OLjeHKH, OAHaKO, HMeiOT HeonpeAeileHHOCTb 

He MeHee 1 M3B,H n03TOMy Hei1b3R, B npHHLjHne, J.1CKI1104J.1Tb CTa6Hnb
HOCTb 

10
He J.1 no OTHOWeHHIO pacnaAa Ha SHe+ 2n. 

HacTOR~a~ pa6oTa 6~na npeAnpHHHTa c LjenbJO noHcKos RAep 10 He 

B pa3I1H4Hb1X peaKLjJ.1fiX C TRlf<ei1biMJ.1 J.10HaMH C J.1CnOI1b30BaHJ.1eM Bbi

COK04yBCTBHTei1bHO~ YCTaHOBKH, perHCTpJ.1pyJO~e~ o6pa30BaHJ.1e ner
KHX 4aCTJ.11.1 Bni10Tb AO Ce4eHJ.1~- 5•10-35cM2Icp. .. ' 

nOCTAHOBKA 3KCnEPHMEHTOB 

HaMH HccneAOBancR BbiXOA ecex H3BeCTHbiX t-~30Tonoe He, o6pa3yJO
~HXCR B RAepHbiX ~B3aHMOAe~CTBJ.1fiX yCKcipeHHbiX HOHOB 10 •11 8 J.1 22Ne 

C MHWeHRMH OCT Ti J.1 232Th B 3HepreTJ.14eCKOM AHana30He OT 8 

AO 10 M3BIHYKI10H. 3KcnepHMeHTbl npOBOAJ.1IlJ.1Cb Ha yCKOpHTene Tfi>Ke-

'
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Pnc.2. To ~e, ~To Ha pHc.l, ~ 
WIH peaK~H~ BJT Ti + 22 Ne r 
/178 M3B/. 

Pnc.l. 3HepreTH~eCKHe crreKTpM 

~noB He, H3MepeHHbie B peaK
~HH 232Th 1 + 22Ne /178 M3B/. 
CTpeJIKaMH Ha OCH EJia5 yKasaHbi 
MaKCHMaJibHO B03MO~Hb!e 3HeprHH 
pa3HblX H30TOITOB, paCC~HTaHHbie 

B npegnoJIO~eHHH 0 ADYXT8JibHOM 
MeXaHH3Me peaK~HH/16/. 
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8 36 4 
~~-41 I I I I I I I. II ,j I 

20 40 60 a~ m 120 1ID 1iO 

Ena6(14oBl 

IlbiX 1-!0HOB Y-300 na6opaTOPI-11-1 RAepHbiX peaK4H11 011RI1. ,ll11R l-13y4e
HI-1R 3HepreTI-14eCKI-1X cneKTpOB 1-1 Ce4eHHI1 o6pa30BaHHR 3TI-1X RAep 

nOA yrnaM!-1 0° H 20? 1-!CnOilb30Ba11CR MarHI-1THWI1 cneKTPOMeTp 
MCn-144, e $oKa11bHol1 nnocKOCTI-1 KoToporo pacnonarancR TenecKon 

1-13 AE-E nonynposOAHHKOBbiX AeTeKTopoe I nonHaR 3¢$eKTHBHOCTb 
peri-!CTpai..IHI-1 cneKTpOMeTpa C DAHl-1M TeileCKOnOM, COCTOR~I-!M 1-13 Ae
TeKTOpOB C AHaMeTpOM 17 MM, COCTaBilRila -5·J0- 4 cp. T011~1-1Ha 
MI-!WeHH 80 BCeX OnWTaX 6wna 2,5-7 Mr/CM~TOK ny4KOB HOHOB Ha MM
WeHM paBHRilCR 3-7 MKA. Ha pMc. 1-4 npeACTaeneHbl 3HepreTH4eCKMe 
cneKTpbl M3GTonoe renMR AilR peaK4Ml1 232Th+22Ne1,16/ ecT'I:i+2~8/16~ 
ecT Ti +lOB H 

232
Th +11 B. 113 p~-!CYHKOB BMAHO 4TO HaM6onbwee 

8 ' ' ce4eHMe o6paaoeaHMR M30Tona He MMeeT MecTo e peaK41-11-1 
232

Th + 
11

B /pi-!C. 4/. nyTeM 3KCTpanOilRL.!'I11-1 3KCnepHMeHTailbHbiX AaH
HWX no Ce4eHHRM o6pa30BaHMR M30TOnOB reilMR /pHC.5/ MW HaWilM, 
4TO Ce4eHMe o6pa30BaHHR 

10
He 8 peaK4MH 232 ':fti":;:l1B MaKCMManb-

HO M AOil)I<HO COCTaBilRTb OKOilO 5•10-3 M6/cp. 3Ta peaKI..IMR M 6bl11a 
10 Bbl6paHa HaMM AilR noMcKa RAep He. 
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PHc.3. To ~e, ~To H Ha pnc.l, 
AJIH peaK~HH ecT Ti+ 10B /98 M3B/. 
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PHc.4. To ~e, ~To Ha pHc.l, 

AJIH peaK~HH • 232 Th+ 11B/89 M3B/. 
ITyHKTHpoM H3o5pa~eHa ngegnona
raeMaH «PopMa cneKTpa 1 He • 

' 

PHc. 5. 3aBHCHMOCTb BbiXOAOB re.
JIHeBb!X H30TOTIOB OT Q .PeaKgHH 

tQgg"' (M 1+M2)-(M3 +M4 )) WIH 
peaK~HH C geHTpOHaMH H TipOTOHa
MH/3/ TH~eJib!MH HOHaMH l5.. /12/ • .N ' 
22N8 /16/, lO,llB /HaCTOH~aH 

pa6oTa/. 
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' 
3Hepren14eCKH~ HHTepaan per.HCTpai..IHI-1 .AAep 10He Bbi6Hpanc.A 

TaKHM o6p~30M, 4T06~ nepeKp~BaJlC.A HHTepBaJl 3HeprHH, 3aKn~-
4eHHbl~ Me>KAY 3HeprHe~, COOTBeTCTBy~rqer::i BbiXOAHOMy KYJlOH,OBCKOMy 
6apbepy, ill 3HeprHer::i, COOTBeTCTBY~IqeH KHHeMaTH4eCKOMy npeAeny, 
paCC4HTaHHOMy B npeAnOJlO>KeHHI-1 0 ABYXTeJlbHOM MeXaHH3Me peaK-
1..11-1~16~ 3TH 3Ha4eHH.A COCTaBJl.AJll-1 25 ill 45,5 M38 COOTBeTCTBeHHO. 
nono>KeHHe MaKcHMyMa a 3HepreTH4eCKOM cneKTpe 10He onpeAen.A
nocb 3KCTpanon.AI..IHer::i Ha1-16onee aepo.ATH~x 3HeprHi1 cneKTpoa 3He , 
\Ie , 

6 
He , 8 He, o6pa3oeaHHbiX e 3TOH me peaKLIHH 232 Th+ 11 B. 

MaKCHMaJlbH~r::i B~XOA .AAep O>KHAanc.A np1-1 3HeprHH 40 M3B. 
,l\Jl.A perHCTpai..IHI-1 .AAep 1~e HaMill 6b!Jla HCnOJ1b30BaHa CHCTeMa 

1-13 8 nonynpoBOAHHKOB~x TenecKonoa, pacnono>KeHHa.A a $OKanb
HOH nnocKOCTH MarHHTHoro cneKTpoMeTpa. ,l\HaMeTp AeTeKTopoa co
CTaBn.An 20 MM. TOillqHHbl 6E -AeTeKTOpOB COCTaBJl.AJlH 60-200 MKM, 
a E -AeTeKTopoa - 1 ,5-2 MM. np1-1 Bbr6paHHOM MarHHTHOM none 
CHCTeMa TenecKonoa nepeKp~aana 3HepreTH4eCKHH AHana3oH 
Ail.A 1°He OT 26 AO 31 M38. HcnOJ1b30Banc.A erqe OAHH nony
npOBOAHHKOBbiH TeJleCKOn, nOJlO>KeHHe KOTOporo COOTBeTCTBOBano 
3HeprHH 

1~e 40± 0, 5 M3B. HHcjlopMai..IH.A c nonynpOBOAHHKOBbiX Tene
cKonoa a BHAe 6E,6E' ,E H apeMeHH nponeTa 3anHcbraanacb 
Ha 38M THna CM-3. noA06Ha.A CHCTeMa perHCTPai..IHI-1 n03BOJl.AJ1a npo
BOAHTb ABOHHY~ HAeH~H¢lHKa1..1H~ 3aperHcTpHpoaaHH~x 4aCTH1..1 121( 
npHMeH.A.A cjlyHKI..IHI-1 HAeHTH$HKa1..1HH THna 

( ""' "E' 1,73 1.73 
~1+u 2+E) -(~2+E) =ID1, 

(~2+E)1.73 -El,73=ID2, 

MO>KHO 6biJ10 nOCTPOHTb pacnpeAeneHHe OTHOWeHHH ID2 /ID 1 , cpeA
Hee 3Ha4eHHe KOTOp~X C B~COKOH T04HOCTb~ COBnaAaJlO C i-13BeCTH~M 
OTHOWeHHeM TOJllqHH AeTeKTOpOB /).E2 H !).E 1 • Ha CJleAyiDrqeM 3Ta-
ne o6pa6oTKH AaHHbiX 3TO cpeAHE;e 3Ha'-leHHe ID2/ID 1 c ero 
AHCnepcHeH 3aAaBaJ10Cb KaK KpHTepHH OT6opa HY>KH~X co6~THH. Ta
Ka.A CHCTeMa perHCTpai..IHI-1 OT6opa C06b!THH n03BOJl.AJ1a cyrqeCTBeHHO 
noeb!CHTb HaAe>KHOCTb HAeHTHcj)HKai..IHH. 11Menacb 1-1 AOnonHHTenbHaR 
B03MO>KHOCTb HAeHTH$HKai..IHH no BpeMeHH nponeTa. 

KpoMe Hcnonb3oBaHH.A TenecKonoe H3 nonynpOBOAHHKOB~x AeTeK
Topoa HaMH npHMeH.AJlC.A TaK>Ke APYrOH MeTOA, OCHOBaHH~H Ha 
perHCTpai..IHH TpeKOB nerKHX .AAep • .l\Jl.A 3TOH 1..1e11H B AHana3oHe 3Hep
rHH 

1~e OT 32 AO 39 MsB a cjloKanbHOH nnocKOCTH MarHHTHoro 
cneKTPOMeTpa pacnonaranc.A AH3neKTpH'-IecKHH AeTeKTop .AAepH~x 
'-laCTHL\ THna CR-39 1171 /CR-39- 3To npoMbrwneHHoe Ha3aaHHe 
aMopcj)Horo AeTeKTopa Ha ocHoee aMHI1AHrnHKOJ1bKap6oHaTa/. Ton
lqHHa CilO.A CR-q9 COCTaBJl.AJla 500 MKM, 4TO AOCTaTO'-IHO Aill'l non-
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PHc.7. !).E-E MaTpH~a, nonyqeH-

PHc.6. MHKpo¢oTorpa¢HH TpeKoB 
H3ciT'OnoB 8He I I 5 MKM, dE/dx = 

0,76 M3B cM2 /Mr,E=0,9 M3B/H/ 
H 6 Li /35 MKM, dE/dx 

1,7 M3B cM 2/Mr, E =0,9 M3B/H/ 
rrpH TpaBneHHH ~eTeKTOpa CO CTO
pOHbl oc•raHOBKH ~aCTH~hi. YBenH
~eHHe - 1650X. 

~---------------------------, 

30 
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Lo 
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101- Jr' 

"'Th•11BI89MaBl 
9•20° 

HaH c rroMo~biD TenecKona, pac
nonomeHHoro B o6nacTH 3HeprHH • 
10He 40 M3B, rrpH o6ny~eHHH 

3 ~~· 

Th -MHweHH HOHaMH 118. 0 10 20 30 40 
AE 2 (HOMep KliHana) 

HOrO nornorqeHH.A 
10

He c 3HeprHeH AO 45 M3A, BXOA.Aiqero B AeTeK
TOp nOA yr'noM 41°. ,l\eTeKTop CR-39 no3sOnReT perHcTpHpoaaTb 
Bee '-laCTHI..Ib1 1 BXOA.Aiql1e B $OKaJlbHy~ nnOCKOCTb cneKTpOMeTpa, npaK
TH'-IeCKH C 3$cjleKT11BHOCTb~ 100%. 

OnpeAen.A~rqHM cjlaKTopoM HAeHTH$HKa1..111H cneAOB 4aCTH1..1 a nnacTH-
Kax .ABil.AeTC.A YAeilbHa·.A HOHI13ai..IHH 4aCTI11..1bl dE/dx, KOTOpa.A OAH0-
3Ha4HO CB.A3aHa c AHaMeTpoM TpeKa. 0THoweHHe 3HeprHH n~6~x ABYX 
'-laCTI11..1 COXpaH.AeTC.A nOCTO.AHHbiM Ail.A Ka>KAOH T04KH cjloKaJ1bHO~ nnoc
KOCTI1 MarHHTHOrO cneKTpOMeTpa. B CB.A311 C 3THM MO>KHO nOA06paTb 
TaKy~ TOillqHHY AeTeKTOpa, npH KOTOpOH pa3J1H4He OTHOWeHHH dE/dx 
Ail.A 4aCTI-11..1 H3y4aeMor::i rpynnbl 6yAeT MaKCI1MaJ1bHbiM. npoBeAeHHblr::i 
HaMH pac4eT dE/dx Ail.A pa3HbiX 4aCTHI..I, perHCTpHpyeMbiX B nna-
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cn1Ke CR-39, noKaaan, 4TO Ha rny611He e61111311 KOHI.Ia npo6era 
1

<1ie 
c 3Heprl1e~ 33 M3B dE/dx 6y,qeT pasHa 1 ,5 M3B CM 2fMr. Ha TO~ 
>Ke r11y611He nilaC,T11Ka Ail.R .R,qep 7'Li, 11MeiOlJ.II1X Ha116011ee fi11113KI1e 
K .R,qpaM 1Dtle y,qenbHbre noTep11, dE/dx = 1 ,0 M3B cM 2/Mr. ,[!n.R 
BCeX OCTailbHWX 110HOB 3T~ B~Il11411Ha CI1IlbHO OTI1114aeTC.R OT noTepb 
Ail.R 10He. ,[!Il.R npi1Mepa Ha PI1C.6 noKa3aHa M11KpOcj)OTOrpa$11.R Tpe-. 8 6 ---KOB 113oTonoe He 11 Li, y,qeilbHbre noTepH KOTOpbiX paBHbl 0, 76 
11 1,7 M3B cM 2/Mr cooTBeTcTBeHHO. CI1IlbHOe OTI111411e A11aMeTpoe 
TpeKOB Ail.R 3T11X 1130TOnOB, y,qen~Hble noTepl1 KOTOPbiX npi1MepHO Ta-
K11e >Ke, KaK Ail .A cny4al'l 10 He- 7 Li, nos BOil.ReT CAeilatrb BbiBOA 
0 B03MO>KHOCTI1 HaAe>KHO~ 11,qeHT11$11Ka411M. YKa3aHHWM MeTOAOM MO>KHO 
pen1CTpl1pOBaTb OAHO COfibiTI18 o6pa3oBaHI1.R 1DtJ:e Ha cj)OHe 
106 4aCTI11.1, nona,qaiOlJ.I11X B ,qeTeKTOp. 

05CYlK,[!EHVIE 3kCnEPVIMEHTAJlbHbiX PE3YllbTATOB 

Ha p11c.7 npe,qcTaeneHa ~2 -E MaTp111.1a, nony4eHHaJ'l c noMOlJ.IbiO 
OAHOro--:re:iiecKona, pacnonomeHHoro B o6naCTI1 3Heprl111 10ffe 40 M3B, 
npl1 0611Y48H1111· Th -MHWeH11 iiiOHaMill 11 B. nyHKTillpOM Ha p11CYHKe 
o6oaHa4eHa o6nacTb, r,qe MOmHo 6brno aaperillcTpHpoeaTb R,qpa 10 He. 
.t:ln.R 3TO~ >Ke MaTpilll.lbl 3Hepriii.R 8He cocTaBil.Rila 49,5 M3B, a 4i11CilO 
co6biT11~ - OKOilO 44000. 06111ee KOI1114eCTBo .R,qep 8 He, aaperiiiCTpill
poeaHHbiX B HaWeM 3Kcnepi1M8HTe npH HHTerpailbHOM nOTOKe iiiOHOB 1l B
.;.7,5•1017, COCTaBilJ'lilO -1 ,5•106. 8 TO >Ke BpeM.R Mbl He 06Hapy>Ki111111 
Hill o,qHoro co6b1Tiii.R o6paaoeaHiii.R R,qep 10He. 

nony4eHHa.R TaKiiiM o6paaoM eepxH.R.R rpaHilll.la o6paaoeaHH.R .R,qep 10He B peaKLIHill 232 Th+ 1l B COCTaBil.Rila 5 ·1 0-7 M6/cp. /eM. 
Pi11C.5/. 

BbiXOA 1<1ie OKa3a11C.R HaMHOrO M8HbWe O>KiiiAaeMoro, noily4eHHOrO 
nyTeM 3KCTpanoil.ALIHH ce4eHill~ o6paaoeaHiii.R nerKHX i1130Tonos He 
/pi1C.5/. 3TOT cj)aKT, nO-BiiiAiiiMOMy, CBiiiAeTeilbCTByeT 0 HeCTa6Hilb-
HOCTill R,qep 10 He. O,qHaKo ,qaHHOe yTeep>K,qeHille He .RBil.ReTc.R a6co-
IliOTHbiM. He11b3.R nOilHOCTbiO HCKI110411Tb B03M0}1(HOCTb TOrO, 4TO BCile,q-
CTBI1e cna6o~ YCT0~4HBOCTH .R,qep 10 He Ce4eHille iiiX o6pa30BaHH.R 
CiiiilbHO no,qaBI18HO B CHilY TOrO, 4TO 4aCTb 3Heprillill peaJlHSyeMO~ 
peaKLIHill MOmeT nepe~TH B 3HeprHIO BHyTpeHHero BOS6ym,qeHI1J'l npo,qyK
TOB peaKLIHH. 

HaMH fibiilH npoee,qeHbl MO,qeilbHble 3KCnepi11MeHTbl, B KOTOPbiX HSy4a-
IlHCb ce4eHH.R o6paaoeaHHJ'l cna6ocB.RSaHHbiX .R,qep 11 Li 11 14 Be. 
Ce4eHHe o6pasoeaHH.R 11 Li I B 2n = 0, 17 M3B 1231 I, o6pasyiOlJ.Ieroc.R .-
e peaKLIHill 232 Th +• 11B npH 3HeprHH HOHOB 6opa 89 M3B, COCTaB-
IlJ'lilO 2,8·10-3 M6/cp. VlsMepeHHbl~ HaMH TaKme BbiXOA .R,qep 14 Be 
I B2n = 0,2 M3B/1151• o6paayiOlJ.IiiiXCJ'l B peaKLIHH 232Th+ 15 N npH 
3Hepri11H HOHOB aaoTa 145 M3B, COCTaBil.Ril 4·10-5 M6/cp. TaKHM o6-
pasoM, 3KCnepi11MeHTailbHO iiiSMepeHHble C848HH.R o6pa30BaHiiiJ'l B 3THX 
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peaKLIH.RX HSOTOnOB 11Li ill 
14

Be OKa3a11HCb Ha nop.R,qOK Hi11}1(8 
Ce48Hill~, O>KH,qaeMbiX HS 3KCTpanOil.RLIHH no BbiXO,qaM OCTailbHbiX 1130-
TOnOB IliiiTiii.R H 6epHI111H.R 118•191. 0TciO,qa cne,qyeT, 4TO npe,qcKasa
HH.R ce4eHH~ o6pasoeaHiii.R cna6oceRSaHHbiX .R,qep nyTeM 3KCTpanon.R
LIHH ,qaHHbiX no OCTailbHbiM iiiSOTonaM .RBil.RIOTCJ'l HeHa,qe>KHbiMH. 

,[!Il.R OAHOSHa4HOro OTBeTa Ha BOnpoc 0 CTafiHilbHOCTH J'l,qep 1~e 
.RBil.R8TC.R He06XOAHMbiM iiiX nOilY48HHe B OCHOBHOM COCTO.RHiiiH. C 3TO~ 
LleilbiO, Ha.HaW BSril.RA, Hai1160nee 3cj)cj)eKTHBHO~ MO}I(eT .RBHTbC.R pe
aKLIHJ'l ,qso~Ho~ nepesap.RAKH 14cct 0Be, 10He)14Q. TaKHe peaK
LIHill B nocne,qHee BpeM.R Ha4HHaiOT HCnOilbSOBaTbC.R Ail.R BOSfiy>K,qeHH.R 
raMOB-T811118pOBCKHX peSOHaHC08, H HX Ce4eHille MO>KeT COCTaBilJ'lTb 
1 o-2 M6/ cp1201. 3TH peaKLIHH npH80A.RT K o6paSOBaHHIO KOHe4HbiX npo
AYKTOB B OCH08HOM COCTO.RHHH. npH4eM 8 Cily4ae .R,qepHO~ HecTafiHilb
HOCTill 10He MQ}I(HO 6y,qeT C AOCTaT04HO~ T04HOCTbiO onpe,qeJlHTb ero 
Macey i113 cneKTpa Ki11HeTi114eCKiiiX 3HeprH~ 14Q, HSMepeHHbiX B Sa,qaH
HbiX KHHeMaTH4eCKHX YCilOBiii.RX, H TeM CaMbiM c,qeilaTb OKOH4aTeilbHble 
8WBOAW 0 ero YCT0~4HBOCTill. Heo6xo,qiiiMO, O,qHaKo, saMeTHTb, 4TO 
no,qOfiHbl~ 3KcnepHMeHT CB.RSaH C nony48HilleM ny4Ka 3KSOTH48CKHX 
HOHOB 10Be H n03TOMy Tpe6yeT OC060~ no,qrOTOBKH. 

B saKI1104eHille asTopbl BbrpamaiOT npiiiSHaTeilbHOCTb aKa,qeMHKY 
r. H. ct>nepoey sa nOcTaHOBKY sa,qa4H H 1.18HHble C08eTbl 8 npol.lecce 
ee BbrnonHeHH.R. Mbr 611aro,qapHbl TaK>Ke B.ct>.KywHHPYKY H A.B.PbrXIliOK 
sa noMOlJ.Ib 8 HS roTosneHiiiH nonynp080AHHK08biX ,qeTeKTopoe, 3. A. noK
po8CKO~ Sa nOMOlJ.Ib B o6pa60TKe 3KCnepi1M8HTaJlbHbiX ,qaHHbiX, a TaK
>Ke KonneKTHBY 3KCnnyaTaLIHH LIHKilOJpOHa Y-300 sa o6ecne4eHHe 3cj)
$eKTi118HOA pa60TW YCKOpHTeJl.R. 

1. 

2. 
3. 
4. 

5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

JlVITEPATYPA 

Poskanzer A.M. et al. Phys.Rev.Lett., 1966, 17, p.1271; 
Poskanzer A.M. et al. Phys.Lett., 1968, 278, p.414. 
Bowman J.D. et al. Phys.Rev.Lett., 1973, 31; p.614. 
5esHOrHX r.r. ill AP· nHCbMa B 13Tct>, 1979, 30, ewn.6, c.349. 
Volkov V.V. ln: Proc. lnt.Conf. on Nucl .Phys., Munich, 
1973, vol.2, p.279. 
5asb A.VI. ill AP· 11$, 1969, 9, c.1184. 
Garvey G.T., Kelson I. Phys.Rev.Lett., 1966,16, p.197. 
BHHOrpa,qoB 5.11., HeMHp08CKill n.E. 11$, 1969, 10, c.sos. 
Bopo6be8 A.A. HAP· npenpiiiHT ct>TVI-232, 11., 1969. 
Whetstone S.L., Jr., Thomas T.D. Phys.Rev., 1967, 154, 
p. 1174. 
Cosper S.W. et al. Phys.Rev., 1967, 154, p.1193. 
Vorobiev A.A. et al. Phys.Lett., 1969, 30B, p.332. 
Artukh A. G. et al. Nucl.Phys., 1971, A168, p.321. 
5a~ep P. H ,qp. B c6. 11He~TPOHHa.R $HSHKa 11

, KHe8, 1980, 4.3, 
c.20. 

9 



14. Nann H. In: Atomic Masses and Fundamental Constants. 
(Ed. J.A.Nole~, Jr., Benenson w:), Plenum Press, New 
York and London, 1979, vo1.6, p.51. 

15. Th i bau 1 t C., K 1 ap i sch R. Physo. Rev., 1974, C9, p. 793; 1 
Jelly N.A. et al. Phys.Rev., 1975, C11, p.2049; Wapstra A.H., )' 
Bos K. At.Data Nucl. Data Tables, 1976, 17, p.474. l 

16. Borcea C. et al. JINR, E7-82-46, Dubna, 1982. i 
' ; 17. Cartwright B.C. et al. Nucl.lnstr. and Meth., 1978, 153, • · 

p.457. \~ 
18. Volkov V.V. Nukleonika, 1975, 21, No.1/75, p.53. 
19. Artukh-A.G. et al. JINR, E7-82-98, Dubna, 1974. 
20. Brendel C. et al. In: Proc. 4th lnt.Conf. on Nuclei Far 

from Stability, Helsing~r, Denmark, 1981, p.664. 
21. Goulding F.S., Harvey B.G. Ann.Rev.Nucl.Sci., 1975, 

p. 167. 
22. Drake D.M. et al. Phys.Rev.Lett., 1980, 45, p.1765. 
23. Atomic Data and Nuclear Data Tables, 1977, 19, p. 175. 

I 

10 

PyKonl'!cb. nocTyn1-111a 
26 anpenR 

i no 

B 1-13AaTeJiJ:b.<l-1~ 
1982 roAa. 

OTAeJl 

l' 

.. 

I 
I 

) 
I~ . 
~ ~ I 

: 
n 

~r 
·~ 

!• 

OraHecHH ID.U. H ~p. Pl-82-302 
3.KCIIepHMeHTbl IIO IIOHCKy H~ep l 0He B peaKIJ;HHX 
C TH)!(eJiblMH HOHaMH 

Ilpe~CTaBneHbl 3KCIIepHMeHTanbHble pe3ynbTaTbl H3MepeHHH Bbi
XO~a H30TOIIOB renHH, 06pa3yw~XCH IIpH B3aHMO~ellCTBHH yCKOpeH
HblX HOHOB lO,llB H 22Ne C MHIUeHHMH eCT •Ti H 232Th B 3Hep
reTHqecKOM ~HaiiasoHe oT 8 go 10 M::~B/HyKnoH. HsMepeHHe IIpoBo
~Hnocb C IIOMO~biD MarHHTHOrO CIIeKTpOMeTpa IIOA yrnOM 20°. 
HaH6onbiUHH BbiXO~ H30TOIIOB renHH Ha6nro~aeTcH B peaKu;HH 
232

Ti+ 11B. ~H 3TOH peaKIJ;HH 6bma H3MepeHa BepXHHH rpaHHIJ;a 
06pa30BaHHH H~ep l~e, KOTOpaH COCTaBHna 5 • J 0 - 7 M6/ Cp. Ilony
qeHHbie ~aHHble 06Cy)!(~aiDTC.R: C TOqKH 3peHHH HCIIOnb30BaHHH pasnHq
HblX peaKIJ;HH C T.R:)!(enbiMH HOHaMH ~n.R: OIIpe~eneHHH MaCChi .R:~pa 10He. 

Pa6oTa BhiiiOnHeHa B Jia6opaTopHH H~epHbiX peaKu;Hli O.IDIH. 

npenpHHT 06beAHHeHHOrO HHCTHTYTa RAePH~X HCCfieAOBaHHH. ~y6Ha 1982 

Oganessian Yu.Ts. et al. Pl-82-302 
Search for 10He .Nuclei in Heavy-Ion Reactions 

The experimental yields of helium isotopes from an inter-
action of the accelerated 10 •11B and 22 Ne ions with the 
nat Ti and 232 Th target-nuclei in the energy range from 8 
to 10 MeV/nucleon are presented. The measurements were per
formed by means of a magnetic spectrometer located at an 
angle of 20° with respect to the beam direction. In the 
llB + 232Th collision, the maximum yield of helium isotopes 
was registered. In this reaction the upper limit of the cross
section of helium-10 formation was established to be equal 
to 5· 10-7 mb/sr. On the basis of the results presented here 
the possibilities of using heavy-ion reactions for the deter
mination of the 10He mass are discussed. 
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