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EoraTHH 8.11., fpHrOpbeB E.JI., no}KKHH O.B. 1·8131 

KHHeMaTHqecKHe xapaKTepHCTHKH H30TOfiOB BOAOpOAa H renHH 

H3 peaKUHH p + 9 Be npH 660 MaB 

MeTonoM dE 1 d x x E H3MepeHhi KHHeMaTHqecKHe xapaKTepHCTHKH 

H30TOfiOB BOAOPOAa H renHH, o6p~3YIOlllHXCH npH B38HMOAelicTBHH npOTOHOB 

c aHeprHeli 660 MaB c HAp8MH Be. nonyqeHbl a6coniOTHbie AH!jJQlepeHUH8nb-

Hble ceqeHHH o6pa30B8HHH YK838HHbiX npOAYKTOB fiCA yrnoM (} = 90°., 
aHepreTHqeCKHe H yrnoshre pacnpeAeneHHH H30Tonos 3,4 He . na6. 

Co06UleHMe 061.e.QMHeHHOrO MHCTMTyTa JmepHhiX MCCJie.QOBaHMI 

,lcy6ua, 197 4 

---- r 
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r 
IlpH B3aHMO,D;eHCTBHH HyKnOHOB BLICOKOH 3HeprHH C ner

KHMH JI,D;paMH, KaK noKaJLIBaiOT peJynLTaTLI 3KCnepHMeH
TanLHLIX a TeopeTaqecKax pa6oT, 34xtleKTLI, o6ycnouneHHLie 
BHYTPHJI,D;epHLIMH KOppenJII{IIJIMH HyKnOHOB, HrpaiOT 3Haqa
TenLHYIO ponL. Oco6eHHo oTqeTnauo 3TO npoJIBnJieTcJI a pe
aKI{IIJIX KBaJHynpyroro BLI6HBaHHJI qacTH:U, H3 auanaJa 
KOTOpLIX npH onpe,D;eneHHLIX ,D;Ony~eHHJIX MO~HO nonyqHTL 
npaae,D;eHHLie wapauLI MHorouyKnouuLix acconaanaii a nerKax 
JI,D;pax. 

B MHoroqacTaquLJx JI,D;epuLix peaK:UHJIX, xapaKTepHLIX 
,D;nJI BLICOKoii 3Hepraa na,D;aJOIUHX qacTH:U, 34xtleKTLI acconaa
poaaHHJI TaK~e .D;On~HLI HMeTL onpe.D;enJIJOII{ee Jaaqeuae, 
O,D;HaKo B 3TOM cnyqae npJIMoe HJBneqeuae aucllopManaa 
o CTPYKType JI,D;ep canLHO JaTpy,D;ueuo. Ilo3TOMY J,D;eCL 
&MeeT CMLicn peweuae o6paTuoii Ja,D;aqa, KOr,D;a uenaqauLI, 
xapaKTepaJyiOII{He acconaapouauae uyKnouoa B JI,D;pe, aao
.D;JITCJI B TeopaJO cl>euo~euonoraqecKH a JaTeM onpe,D;enJIIOTCJI 
H3 cpaBHeHHJI pacqeTOB C 3KCnepaMeHTanLHLIMH ,D;aHHLIMH, 
no,D;o6uo TOMY, KaK, uanpaMep, H3 onLITOB no pacceJIHHIO 
onpe.D;enJIJOTCJI cllopMcilaKTOPLI JI,D;ep. B 3TOM cnyqae, ecTecT
aeuuo, Tpe6yJOTCJI oqeuL ToquLJe 3KcnepaMeHTanLHLie ,D;au
HLie no nenoMy pJI.D;Y xapaKTepHCTHK npo.D;yKTOB MHoro
qacTaquLJx peaKnaii. He,D;ocTaToquocTL 3KcnepaMeHTanLuoii 
HHcilopMal{IIH B HaCTOJIII{ee BpeMJI npHBO,D;HT K 6onLWOH He
ODpe,D;eneHHOCTH BLIBO,D;OB 0 CTpyKType nerKHX JI,D;ep, KOTOpLie 
.D;enaroTCJI, uanpaMep, ua ocuoae MO,D;enapouauaJI no MeTo.D;y 
MouTe- Kapno KacKa,D;HLIX nponeccou B JI,D;pax. Ilo3TOMY 
nonyqeHHe ,D;ononHHTenLHoii 6onee Toquoii aucllopManaa o 
JI,D;epHLIX peaKl{IIJIX npH BLICOKHX 3HeprHJIX OCTaeTCJI ,D;O CHX 
nop ua~uoii Ja,D;aqeii. 
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nonyqeuu~ ueKoTopwx xapaKTepHCTHK BTopuquwx qacTH~, 
o6pa3yiOII(uxc~ npu B3aHMo~eiicTBHH npoTOHOB 660 M3B 
C ~~paMH 9 Be B YCllOBH~X HX TOqHOH H~eHTH4JHKa~HH. 

MeTo~HKa 3KcnepHMe,Ta 6wna no~o6ua MeTO~HKe, uc
nonJ.3oBanuoB: B pa6oTel1 • ToJIUU~na MHWeHH H3 Be jquc
TOTa 99,99/ COCTaBn~na 2,38 MZ/CM 2 .TOJIUUIHa nepBoro 
~eTeKTopa dE I d X B TenecKone 6wna paBna 40 MKM. 

Puc. 1 unmocTpupyeT nonyqeuuoe H 3KcuepuMeHTe pa3pe
weHHe qacTH~ no Z H M H OTHOCHTellbHWe ceqeHH~ HX o6pa-
30BaHH~ B cne~yiOII(Hx 3HepreTuqecKHX ~uana3Qnax: IH-
3711 M3B; 2H- 5714 M3B; 3H- 6 7 17 M3B; 3He·77 
733 M3B; 4 He- 8 7 33 M3B; 6 ·Li H 7 Li- 167 36 M3B. 

flo~ yrnOM BWlleTa qacTH~ () na6:= 90 ° 6WnH H3MepeHW 
a6comoTnwe ~u4>4Jepe~uanJ.uwe ceqeuu~ ( d a 1 d!J) o6pa-
30BaHH~ pa3UHquwx BTOpHquWX qacTH~ B yKa3aHHWX 3Hep
reTuqecKHX ~uana3ouax. HR*e B Ta6nu~e npuBe~euw no
nyqeuuwe 3uaqeHH~ d aId n ; npHBe~euuwe OWH6KH ~Bn~
IDTC~ CTaTHCTHqeCKHMH /a6COniDTHWe OWH6KH COCTaBn~IDT 
Benuquuy oKono 1 O'fo/. 

fipH H3MepeHHH ~H4>4Jepe~HallbHWX 3HepreTuqeCKHX 
cneKTpOB pa3UHquWX H30TOUOB BO~OpO~a H renu~ BW~BHllC~ 
p~~ xapaKTepHWX KaqeCTBeHHWX OC06eHHOCTeH KHHeMaTH· 
qeCKHX xapaKTepHCTHK BTOpHquwx qacTH~ B HJyqaeMOH 
peaK~H. 

Ha puc. 2 npHBe~euw ~H4Kt>epeu~uanJ.uwe 3HepreTuqe
CKHe cneKTpw (d 

2 
a ldEdn) H3oTonoB 2H, 3H ,31-Je. u 4 He, 

HCn~eHHWX no~ yrnoM () na6. = 90° ·Ha 3TOM pHCYHKe BH~HO 
no~o6ue cneKTpoB ~Byx H3o6apuwx npo~yKTOB 3H u 3 He u 
OTHOCHTellbHOe H3MeHeHHe ")l(eCTKOCTH" cneKTpOB 2 H , 3H; 
3 He H 4He .Auanoruquwii xapa,Tep cneKTpoB 3THX H30TonoB 
OTMeqanc~ pauee B pa6oTel1 , B KOTopoB: H3yqanacL peaK
~H~ p +l2C • 

llpu yMenJ.weuuu yrna ucnycKauu~ qacTH~ ~u4Kt>epeu· 
~HallbHWe 3HepreTHqeCKHe cneKTpW CTaHOB~TC~ nOCTeneHHO 
6onee )l(e CTKHMH, o~uaKo 3TO H3Meueuue B npe~enax yrnoB 
() na6.5 60° neJuaquTenJ.uo, qTo cne~yeT H3 puc. 3 H 4, 
r~e npuBe~euw ~u4>4Jepe~anJ.uwe 3HepreTuqecKHe cneKTpw 
3
He H 

4 
He ~n~ paJnuquwx yrnoB B na6opaTopuoB: cucTeMe. 

4 
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XapaKTep U3MeHeHHJI eneKTpos 3He u 4 He e yMeHbWeHHeM 
yrna 8 na6. O,IUIHaKOB. 

Henonb3YJI TO o6eTOJITenLeTBO, qTo lilYHKUHJI d 2 a/dEdO 
ena6o 3aBUeHT OT yrna ·8na6., MO:>KHO nonbiTaTbeJI BOe
eTaHOBUTb nonHble eneKTPbl d 2a IdE d 0 H30Tonos 3 Heu 4He 

B peaKI{HJIX p. + 9 Be no~ yrnoM e na6.= 5,5 °. Ha puc. 5 
noKa3aHbl eOOTBeTeTBYIOII{He eneKTpbl, eoeTaBneHHble H3 
BbleOK03HepreTHqeeKHX yqaeTKOB 3HepreTH~CXHX paenpe
~eneHHH, H3MepeHHbiX B pa6oTe/2/ , H HH3f<03HepreTHqeeKHX 
yqaeTKOB, nonyqeHHbiX B ~aHHoii pa6oTe. KaK ene~yeT H3 
pueyHKa, BH3yanbHO o6a yqaeTKa ~OeTaToqHo XOpOWO eooT
BeTeTBYIOT ~pyr ~pyry H 3TO eOOTBeTeTBHe MO:>KeT TOnbKO 
ynyqwHTLeJI, eenH yqeeTb yMeHLWeHHe eeqeHHJI da/d 0 B 
o6naeTH ManLIX yrnos I puc. 6/. llonyqeHHble TaKHM o6pa30M 
nonHble ~uclxllepeHI{HanbHble eneKTpbl 3 He H 4He nepeeeKa
JOTeJI: B TO BpeMJI KaK OTHOWeHHe eeqeHHH o6pa30BaHHJI 
4 He K 3 He 6onbwe e~HHHUbl B o6naeTH 3Hepruii MeHee 
40-50 M3B, 3TO OTHOWeHHe B6nH3H rpaHHI{bl KBa3Hynpyro
ro Bbi6HBaHHJI eoeTaBnJieT BenHquHy nopJI~Ka 0,1. 

Yrnosble paenpe~eneHuJI H30Tonos· 3 He H 4He B peaK-
9 

l{UJIX p + Be HMeiOT MaKeUMYMbi B o6naeTH yrnoB ena6.= 
= 50-70 °. Ha puc. 6 nonyqeHHble ~aHHble noKa3aHbl BMeeTe 
e U3MepeHHbiMU paHee 3aB'e'MOeTJIMH da/d{l ~nJI 3Heu 

4 Hes peaKI{HJIX P +I~ I -B nenoM xapaKTep 4JyHKUHH 
d a ( e ) I d 0 ~nJI 3 He H 4 He B o6eux peaKI{HJIX O~H u TOT :>Ke. 
Mo:>KHo nHWL OTMeTHTb 6onee pe3Koe na~eHHe eeqeHHii 
d aId 0 npB Manblx yrnax u HeKoTopoe nepeMell{eHHe MaK
eHMyMa yrnosoro paenpe~eneHUJI 4 He B eTopoHy 6onLwux 
yrnos ~nJI peaKUHU p + 9Be . 

KaK OTMeqanoeb B pa6oTe /I/ • Hanuque MaKeuMyMa 
B yrnoBbiX paenpe~eneHuJix U3oTona 4 He s peaKI{uu p + 12c 
Henoepe~eTBeHHO eBJI3aHO e KBa3UeB060~HbiM B3aUMO~eiieT
BUeM na~aiOII{eii u KaeKa~HbiX qaeTun e a-KnaeTepaMu 
B JI~pe. AHanoruquoe 3aKnJOqeHue enpase~nuso u ~nJI peaK
nuu p + 9 Be .B 3TOM enyqae OTHoweHue eeqeHHii o6pa3o
saHHJI 4 He B peaKUUJIX p + 12C u p + 9 Be B o6naeTu 
MaKeUMyMa lilYHKI{HU d a( e) I dO MoryT npu6nH:>KeHHO xa
paKTepu30BaTb OTHOWeHUe 3clxlleKTUBHbiX queen a ·Knae
TepoB B JI~pax 12 C U 9 Bea .3TO OTHOWeHUe ~uclxllepeHI{UanbHbiX 
eeqeHuii B o6naeTu yrnos 50-70° ~nJII2c u 9BeeoeTaBnJieT 
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Puc. 5. ,l(u(J¢epeHf1UQAbHble 3Hepzemu'lecKue cneKmpbl 3 •4 He 
e peaKf#UJIX p + 9 Be npu E P =660 M3B 0.11.!1 e na6 . = 30° u 5,5°. 

B epe~eM Benuquuy 1,76, qTo OKa3biBaeTeJI 6nU3KUM K 
TeopeTuqreKOMif. OTHOWeHUIO 34l4J~lUBHbiX queen a ·Knae
TepOB B \: U Be, paBHOM 1,72 .HHTepeeHO OTMeTUjb, 
qTo OTHoweHHe eeqeHHii d a 1 d 0 ~nJI 3 He U3 12C H Be 
OKa3biBaeTeJI 6nU3KUM K TOH :>Ke BenuquHe - OHO eoeTaBnJieT 
1,8. 

JinU3KUe BenuquHbl OTHOWeHHii nonyqaJOTeJI U U3 pa6o
Tbl /4/ . B 3Toii pa6oTe asTopbl H3 onbiTOB no KBa3uynpyroMy 
Bbi6~BaHHI03He H 4He U3 JI~ep 9 Be u I2c no~ yrnoM ena6~ 
= 5,5 npHBO~JIT BepXHIOIO rpaHHUY 3HaqeHHH 34l4JeKTUBHbiX 

II 



:~ 
+ + + 

+ 

m ~He ~ ~ 

~l!s 
9 

• • • • 
... • 

~0<6 • t 
-o ~ t t t He • + 

~ ~ 3He + t 
2 ~ 3HP 

• • • • • 
• • 

~ 

0 P + 12c 

• p + 9Be 

+ + 
~ 

I 

30 bO 90 ~20 

QJial; .. ~pa~. 
450 

3 4 Puc. 6. YzAoar.Je pacnpeoeAeHUJI uaomonoa ' He a peaKfiUJIX 
p + 9 Be u p + I2C npu EP= 660 M3B. YKaaaHbl cmamuc
mut~ecKue owu6Ku. 

qacen KnacTepoo 3Hea 4 He o yKaJaHHbiX .R.IJ.pax. ,D;n.R 4He3TO 

n( 12C) 3 
OTHOWeHHe . Be )~3,3 ; a )].ll.R He- ::;_ 2,3 . linH30CTb 

oTaoweaaii 34MtleKTHBHbiX qacen KnacTepoo 3 He a 4 He B .R.IJ.pax 
9 Be a 1 '<:, nonyqeaawx B pa3HbiX onwTax a B paJawx o6nacT .RX 
3Hepraii perHCTpHpyeMbiX 'laCTHU, rOBOpHT, DO-BH)].HMOMy, 
0 npaBHllbHOCTH OCHOBHbiX DOllO>KeHHH, ne>KaUUIX B OCHOBe 
paCCMOTpeHH.R B3aHMO)].eHCTBH.R 'laCTHU BbiCOKOH 3HeprHH 
C nerKHMH .R)].paMH. 

12 

I 

I 
r 
I 

! 
' ! 

~80 

,.. 

Bblpa>KaiOT CBOIO DpH3HaTenbHOCTb 'lneay-Kop
peCDOH)].eHTY AH CCCP B.II.,D;>Kenenooy Ja npe.IJ.OCTaoneHHYJO 
B03MO>KHOCTb DpOH3BeCTH 3KCDepHMeHT Ha CHHXPOUHKno
TpoHe Jla6opaTopaa .R.IJ.epawx npo6neM OHJIH, npoclJeccopy 
H.A.llepclJanooy 3a DOCTO.RHHbiH HHTepec H BHHMaaae K pa-
6oTe, KaH.IJ.H.D.aTy clJaJaKo-MaTeMaTH'IecKax aayK B.B.Au
.D.eii'IHKOBY, npaHJIBWeMy yqacTae o o6cy>K)J.eaaa 3KcnepaMeH
Ta, a M.JI.Me.D.Be.D.eooii Ja HJroTooneaae nonynpoBO.IJ.HHKo-

-- ------

BbiX )].eTeKTOpOB. 

Jlumepamypa 

1. B.H.EozamuH, B.Jl.Tpuzopr.ea, O.B.JloJICKUH. Coo6~qeHue 
OHHH, 1- 7653, ,l{y6Ha, 1973. 

2. B.H.KoMapoa, T.E.Kocapea, B.C.Kyat.MUH, A.T.MoAo
KaHoa, r.II.PewemHUK06, O.B.Caat~eHKO, 3. Tew. Ilpe
npUHIII OHHH, P1-7784, ,l{y6Ha, 1974. 

3. B.B . .baAaraoa, A.H . .boJipKuHa, H.Pommep. Nuci.Phys., 
59' 4 J 7 (7964). 

4. B.H.KoMapoa, r.B.Kocapea, O.B.Caat~eHKO. IlpenpUHI/I 
OH.HH, P1-4373, ,l{y6Ha, 1969. 

PyKODHCb DOCTynana B H3)].aTellbCKHH OT)].en 
22 aron.R 197 4 ro.IJ.a. 

13 


