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l-13y•reHHe c noMOWbJO Macc-cneKrpoMeTpa nponyKTOB 

peaKUHH cnnstHHH C rrocne,ayJOWHM HCrrapeHneM ner!TpOHOB 

Pa6oTa nOCBRWeHa npo6neMe n:1y'leHHA o6pa30BBHHA COCTBBHblX 

H.J.•::>p B peBKllHHX C TSVK€.11bl~1H HOH8~-HI H HX pacna.Ja. u~ .. '1bi0 pa60Tbt 

5llll'SlnOCb no:I)"'!eHHe 3KCnepH '-'leHTBnbHb!X LIBHI!b!X no ¢y HlUlU A'l BOcs6y;.hLICHIIR 

pcaKunii cnuAHHA c nocneny!Ollli!M HcnapeHHeM ner1Tponoa. !13'-'lepeHrre 
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A Study of Evaporation Residues Using 
a Mass Spectrometer 

P7 - 11661 

The paper deals vith a study of the formation and 
decay of compound nuclei produced by heavy ion reactions. 
~he present investigation has been aimed at obtaining 
experimental data on the excitation functions of fusion 
reactions followed by neutron evaporation. The excitation 
function measurements were carried out in a joint Orsay
Du~na experiment using a French isotope separator 
installed at a heavy ion beam from the Dubna U-300 
cyclotron. Excitation functions have been measured for 
the reactions involving neutron evaporation from the 
rubidium and cesium compound nuclei produced in the 
bonbardment of the 6°:-.a, 59c0 , 70ae, 103 Ro and107 Ag targ-=ts 
;;i th the 11B , tso and 22 Ne ions in a wide range of 
excitation energies. An analysis of the data obtained 
is ::1ade. 

The investigation has been performed at the 
Laj:;orator·r :Jf :luclear Reactions, JL'IR. 

Lommunication of the Joint Institute for Nuclear Research. Dubna 1978 

© IB78 06'bei1HMeHHhlil HHCTHTyT H/lepHbiX Hccneaoaauull Jly6Ha 

BBE,llEHJfE 

B3aHMO)J;eHCTBHe TJDKeJibiX HOHOB C H,npaMH xapaKTepu-
3yeTC.!I 60JibiiiHM pa3HOOfipa3HeM .!l,nepHbiX peaKUHH, npo,nyK
TaMH KOTOpbiX MoryT fibiTb HYKJIH)J;bl C fiOJibiiiHM H3fibiTKOM 
ueiiTpouoa unu npoTouoa. H3yqeuue TaKux .11,nep, y,naneu
HbiX OT llOJIOCbl fiera-cTafiHJibHOCTH, npe,ncTaBJIHeT 3Haqu
TeJibHbiH UHTepec, T.K. llpH H3MeHeHHH COOTHOIIIeHHH Me)l(_ny 
qocJIOM npoTOHOB H HeHTpOHOB B H,npe ero CBOHCTBa CHJibHO 
MeH.!IIOTC.!I. fi03TOMY BeCbMa aKTyaJibHbiM CTaHOBHTCH BO
npoc 0 B03MO)I(HbiX MeTo,nax CHHTe3a H,nep, y,naJieHHbiX OT 

ilOJIOCbl ~-crafiHJibHOCTH. 
O.nuuM H3 34!4JeKTHBHLIX cnoco6oa nonyqeun.!l ueiiTpouo

.nellJuuuTHbiX .!I,nep .!IBJI.!IIOTC.!I .!I,nepHble peaKUHH C TH)I(eJibiMH 
uouaMH, nporeKaiO~He •tepe3 cTa,nuro o6pa3oBaHHH cocTaa
uoro .11,npa. B 3THX peaKUH.!IX o6pa3yeTc.!l, KaK npaauno, 
COCTaBHOe .!I)J;pO, y)l(e HMeiO~ee HeKOTOpbiH He)J;OCTaTOK 
neiiTpouoa no cpaaueuuro c uyi<nu.naMH, Jie)l(all.{HMH a nonoce 
6eTa-cTa6unLHOCTH. KpoMe Toro, a npouecce .neao36y)l(
.neuu.!l cocTaauoro H,npa npoucxo.nuT ucnapeuue neiiTpouoa, 
KOTOpoe npHBO)J;HT I< e~e fiOJibllleMy ofie,nHeHHIO .!I)J;pa HeHT
poHaMH. C pOCTOM HeHTpOHHOrO ,neliJHUHTa B03paCTaeT 
3MHCCH.!I 3ap.!I)I(eHHbiX qacTHU, KOTOpaH orpauuquaaeT B 
KOHeqHOM HTOre B03MO)I(HOCTb IIOJiyqeHHH HeHTpOHO)J;ellJu
UHTHbiX .11,nep. O.nnai<o, KaK noi<a3ano a pa6oTell/, a peaK
UH.!IX C TH)I(eJibiMH HOHaMH B OfiJiaCTH He,neJI.!Ill.\HXCH .!l,nep 
MO)I(HO nonyqaTL c 3aMeTHbiM ceqeuueM CHJILHO neilrpono
.nellJuuHTHble HYKJIH)J;bl, o6pa3yiOIJ..{HeCH H3 COCTaBHOrO H,npa 
_na)l(e nocne ucnapeHHH 10-12 neiiTponoa. 
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XOTB K HaCTOBmeMy BpeMeHH BblllOnHeHO 6onbWOe Konu
'leCTBO pa6oT DO H3y'leHHIO peaK~HH, npoTeKaiO~HX 'lepe3 
CTa,IlHIO o6pa30BaHHB COCTaBHOrO B,Ilpa, 3aKOHOMepHOCTH 
o6pa30BaHHB CHnbHO HeHTpOHO,Ilei)JHUHTHbiX B,Ilep B 3THX 
peaK~I:IBX H3y'leHbi ue.nocTaTO'IHO nonuo. BMecTe c TeM 
pa3BHTHe YCKOpHTenbHOH TeXHHKH lyaenH'IeHHe 3HeprHH 
H HHTeHCHBHOCTH 6oM6ap,nupyiO~HX 'laCTHU, YCKOpeHHe HO
HOB c A ::.40 I Bhl,IlBHHyno ua nepBhiH nnau npo6neMy 
nony'leHHB H H3y'leHHB CBOHCTB HyKnH,IlOB CO 3Ha'IHTenbHbiM 

o6orameuneM npoToHaMH. 
Hau6onee npBMoii nyTh H3y'leHHB .nauuo:H peaK~HH BB

nBeTcB Ha6niO,IleHHe ee KOHe'IHbiX llpO,IlYKTOB, CBB3aHHbiX 
C BbineTOM HeHTpOHOB, npOTOHOB HnH a -qacTH~, 'ITO npu
BO,IlHT K He06XO,IlHMOCTH TO'IHOH H,IleHTHI)JHKa~HH 3THX npo
,IlYKTOB no Z u A. KpoMe 3Toro, KaK npaauno, H3y'laeMhie 
npo,nyKThl, y,naneHHhle oT nonochl 6eTa- cTa6unhHOCTH, HMe
lOT KOpOTKHe BpeMeHa )1{83HH H COllpOBO)I{,IlaiOTCB 6onbWHM 
I)JouoM oT no6o'IHhiX npo,nyKTOB peaKUHH. Ba)I{HbiM ycnoaueM 
npH H3y'leHHH npo,nyKTOB peaK~HH BBnBeTCB TaK)I{e BbiCO
KaB 31)J<lleKTHBHOCTh perHCTpa~HH He3aBHCHMO OT pa,nuo
aKTHBHbiX caoiicTB ux pacna.na. B .nocTaTO'IHOH Mepe aceM 
3THM ycnoBHHM y,noaneTBOpHeT Macc-cneKTpOMeTpH'IeCKaB 
MeTO,IlHKa, pa3pa6oTaHHaB ao <l>paH~HH '2 

1 

u ycnewuo uc
nonh30BaHHaH ,nnH H3y'leHHB npo,nyKTOB peaKUHH llO,Il ,neii
CTBHeM T B)l{enbiX HOHOB Ha llY'IKe UHKnOTpOHa Y- 300 
JUIP OJ.Uil1 131 . 

B uacToHmeii pa6oTe npuao.n;BTCB pe3ynhTaThl H3y'le
HHB peaK~HH nonuoro CnHBHHB C o6pa30BaHHeM COCTaBHhlX 
B,Ilep py6H,IlHB H ~e3HB B COBMeCTHOM 3KCllepHMeHTe ~y6-
Ha-0pC3. 

3KCllEPHMEHTAJibHAJI METO,l{HKA 

Do.npo6uoe onucauue KOHCTPYK~HH u npuu~una .neii
CTBHH Mace- cneKTPOMeTpa, ucnonh30BaHuoro ua ny'IKe 
TH)I{enhiX uouoa, 6hlno .nauo pauee a uaweii pa6oTe 131 

. 

He ocTauaanuaaBCh ua ,neTanBx, npuae.neM nnwh KpaTKoe 
onucauue ocHOBHhiX xapaKTepucTHK Mace- cneKTpoMeTpa 
H cxeMy 3KCnepnMeHTa. 
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CI)JoKycupoaaHHhlH u cKonnHMHpoaaHHhiH ny'IOK ycKo
peHHbiX T jDKenbiX HOHOB qepe 3 TOHKYIO aniOMHHHeByiO pa3-
.nenuTenbHYIO I)Jonhry nona.nan ua MHWeHh Tom~uuo:H 150-
200 MK2/CM~B ,IlaHHhlX OllbiTaX MHWeHh pacnonaranaCb 
nepe,n HCTO'IHHKOM HOHOB Macc-cneKTpOMeTpa, llOCKOnhKY 
cocTaBHhie B,npa npuo6peTanu oT uaneTaiO~ero uoua 6onb
wo:H nMnynbc B uanpaaneuuu ny'IKa I puc. 11. 11cTO'IHHK 

ny'IOK • I 
I 

MHmeHb 

1 1 1 1 1 .1 .. MM 

~ 
HCTO'IHHK 

I I I I I 14 I I / 

ttttff ff 
Q1 0.1 Q1 OJ 0.1 1.7 OJ Q1 

Puc. 1 

2 
MrlcM 

HOHOB npe,IlcTaBnBn C060H TOHKOCTeHHbiH rpaljJHTOBbiH 
~unuu.np I .nnuua - 30 MM, .nnaMeTp - 16 MMI, KOTOpbiH 
HarpeBancB llOCTOBHHbiM 3neKTpH'IeCKHM TOKOM ,IlO TeM
nepaTyphl 1300°-l800°C. HecMoTpB ua 6nu30CTh ropB
qero HCTO'IHHKa B Ka'leCTBe MHWeHH ucnonh30Banucb ae
mecTBa C OTHOCHTenbHO HH3KOH TeMnepaTypoii nnaaneHHB, 
TaK KaK BHeWHBB MHWeHb XOpOWO oxna)I{,Ilanacb BO,IlOH. 
B onhnax ucnonh30Banncb Mnweuu H3 pa3,neneHHbiX u3o
TOllOB 6

2~Cu , 7

3~Ge , l~~Ag, KOTOphle 6hinH npu
roTOBneHhl c noMO~hiO Mace- cenapa Topa "Sidonie" B 
Opc3 H HMenu BhiCOKYIO 'IHCTOTY 19811/ol pa3,IIeneHHB. llpo
,nyKThi B,IIepHhiX peaK~HH, Bbi6HTbie H3 MHWeHH, TOpM03H
nHCh CTODKOH TOHKHX rpai)JHTOBhlX I)Jonhr, pacnonO)I{eHHhlX 
BHYTPH HCTO'IHHKa uouoa I puc. 11. Bue.npeHHhie a TOM hi 
.nui)JI)Jyu.nupoaanu ua rpai)JHTOBhlX nornoTHTenBx, H menoq
Hbie npo,nyKThi HOHH3oaanucb ua noaepxuocTH uarpeToro 
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rpa<lJHTa. JaTeM HOHbl ~~.teJIO'IHbiX 3JieMeHTOB BbiT.ftrHBaJIHCb 
H3 HCTO'IHHKa qepe3 TOHKYIO 1.1.\eJib YCKOpJIIOI.I.\HM noTeHUHa
JIOM H auanu3upoaanucb no Macce. BpeMH BbiHoca 1.1.\enoq
HbiX npo,nyKTOB H3 HCTO'IHHKa ne>KHT B WHpOKOM HHTepaane, 
OT ,l1,0JieH CeKyH,l1,bl ,l1,0 ,neC.HTKOB CeKyH,n. 34KtJeKTHBHOCTb 
HOHH3auuu TaKHX 1.1.\eJIO'IHbiX 3JieMeHTOB, KaK Rb H Cs , 
ua ropJtqeil noaepxuocTH rpa~HTa cocTaBnJtna 2~. Pa3pe
waiOI.I.\a.H cnoco6uocTb Mace- cneKTpoMeTpa M I 1\ M - 500. 
llpH H3MepeHHH HCnOJib30BaJIC.ft UHKJIH'IeCKHH pe)I(HM o6-
nyqeHH.ft - 06Jiy'leHHe MHWeHH npOBO,l1,HJIOCb B Te'leHHe 
1 c qepe 3 Ka)l(,l1,bie 4 c. 3a apeMH o.nuoro UHKna o6nyqeuuJt 
perucTpupoaanucb H 3anucblaanucb a oT .nenLHble no.nrpyn
nbl naM.HTH auanu3aTopa .naa Mace- cneKTpa: cneKTP A 
perucTpupoaancs so speM.H o6nyqeuus, cneKTP 6 - ue
nocpe,ncTseuuo nepe.n uaqanoM cne,nyiD~~.tero UHKJia o6nyqe
HH.ft. Pa3HHUa ,D,BYX cneKTpOB /A-6/ COOTBeTCTByeT OTHO
CHTeJibHbiM He3aBHCHMbiM Bblxo,naM H30TonoB Rb H Cs , 
o6pa3YIOIJ..tHMC.ft 3a apeM.H o6nyqeuus. Pa3JIH'IHble ncToq
HHKH ~OHa H MeTO,l1,bl HX yqeTa H HCKJIIO'IeHH.ft paCCMOTpe
Hbi a pa6oTax 13 ,4/. Heo6xo,nHMO TaK)I(e OTMeTHTb, 'ITO 
npu o6pa6oTKe 3KcnepuMeHTaJILHbiX pe3yJILTaToB Y'IHTLI
aancs ps.n nonpasoK: 

1. llonpaaKH ua pa,nuoaKTHBHbiH pacna.n uccne.nyeMbiX 
H30TOnOB, KOTOpble HaXO,l1,HJIHCb H3 H3BeCTHbiX BpeMeH 
>KH3HH H30TOnOB H KpHBOH ,nutWJy3HH. 06bi'IHO 3Ta nonpaBKa 
cocTasnsna -10~ .nns H30Tona c nepuo,noM nonypacna.na 
-1 c. 

2. llonpaBKa Ha KYMYJI.ftTHBHbiH Bb1XO,l1, npo,nyKTOB, KOTO
pbiH o6ycnaanusancs f3 -pacna,noM Me.nneuuo .nutWJyu.nupyiD-
1.1.\HX npo,nyKTOB, npHBO,l],.ftll\HX K o6pa30BaHHIO 1.1.\eJIO'IHbiX 
3JieMeHTOB. B 3TOM cnyqae 6blno ueo6xo,nuMo y'IHTbiBaTL 
Ce'leHHe o6pa30BaHH.ft H BpeMeHa )I(H3HH MaTepHHCKHX H 
,noqepuux s.nep o.nuoil u TOH >Ke MaCChi, a TaK>Ke npo.non
>KHTeJibHOCTb 3KcnepuMeHTa. llonpasKa ua KYMYJIHTHBHOCTb 
6blna MeHLIIIe tta 20o/o. 

3. HopManu3auus H3Mepeuuil. B onLnax o6bi'IHO cKa
uuposanucb 3 unu 4 Maccbl. ~ns 3TOH uenu ucnonb30BanucL 
Bb1XO,l1,bl, no KpaHHeH Mepe, O,l1,HOH MaCCbl, 0611.\eH ,l1,Jl.ft ,l1,BYX 
nocne.nosa TeJibHbiX H3Mepeuuil. H3Mepeuus nposo.nunucb 
npu .nsyx 3Heprusx 6oM6ap.nupy1011.\HX uouos nonepeMeuuo. 
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TaKHM o6pa3oM ycpe.nusnnch apeMeHHLie aapnauun 34KtJeK
THBHOCTH Mace- cneKTpOMeTpa H HHTCHCHBHOCTH ny'IKa T.ft

)l(eJibiX HOHOB. 
3ueprus ny'IKa uouoa KOHTponuposanacL no paccesu-

HbiM Ha TOHKOH 30JIOTOH ~OJibre HOHaM, perHCTpnpyeMbiM 
nosepxuocTno-6apbepHbiM ,neTeKTopoM Si(Au), Ko
TOpbiH pacnonarancH no.n yrnoM 40°K ny'IKy. CnmKeune 
3HeprHH 6oM6ap,nupyiOll\HX HOHOB OCYI.I.\CCTBJIJIJIOCb llpH no
MOll\H TOHKHX aJIIOMHHHCBbiX ~OJibr. 3uepreTH'IeCKOC pa3-
peiiiCHHC nepBOHa'laJibHOrO ny'IKa HOHOB COCTaBJI.ftJIO -1~. 

3KCflEPHMEHTAJihHhJE PE3YJihTATbl 
H HX OECY)I(I{EHHE 

C nOMOll\biO Mace- cneKTpOMCTpa Ha ny'IKC T.ft)I(CJlbiX 
uouoa uccne.noaancs ps.n peaKUHH c o6pa3oaauneM cocTas-
HbiX s,nep 81 Rb H 125 Cs/cM. ma6A. 1/. 

37 55 

B 3KCnepHMeHTaX, KaK BH,l1,HO H3 Ta6JIHUbl, H3Mep.HJIHCb 
~YHKUHH B036y)l(,l1,eHH.ft peaKUHH C ucnapeuneM ueiTpOHOB 
H 3ap.ft)l(eHHbiX 'laCTHU B WHpOKOH o6naCTH H3MeHeHH.ft 3Hep
rHH B036y)l(,l1,eHH.ft H yrJIOBbiX MOMeHTOB COCTaBHbiX .H,nep. 
3KcnepHMeHTaJibHble pe3yJibTaTbl no H3y'leHHbiM peaKUH.ftM, 
noJiy'leHHble B BH,l1,e ~YHKUHH B036y>K,neHH.ft, npe,ncTaBJieHbl 

a ma6A. 2. 
llOCKOJlbKY Macc-cneKTpOMeTp n03BOJI.fteT H3MepHTb 

TOJibKO OTHOCHTeJibHble Bb1XO,l1,bl HCCJie,nyeMbiX H30TOnOB, 
TO ,l1,Jl.ft onpe,neneHH.ft a6COJIIOTHbiX 3Ha'leHHH Ce'leHHH X n -
peaKUHH 6blnH npose.neubl .nononuuTeJibHble onbiTbl. B 3THX 
onbiTaX TOHKHe MHWeHH ~~Ge , 

5
2;Co o6nyqaJIHCb 

uouaMH 11 B u 22 Ne ua auyTpeuueM ny'IKe UHKJIOTpoua 
Y-300. llpo,nyKTbl peaKUHH co6upanacb B 30JIOTOH no.nno>K
Ke I 3Heprus uouoa 11B a 22 Ne 6blna ua>Ke nopora peaKUHH 
ua 3onoTe/, nocne qero y -aKTHBHOCTb c6opuuKa H3Meps
nacb ua raMMa- cneKTpoMeTpe c uenbiO onpe.neneuas ce
qeuas o6pa:wsauas H30TonoB 79 Rb a 78 Rb B pe3ynL
TaTe ucnapeuus 2-x u 3-x ueiiTpouos H3 cocTasuoro s.npa 

81 Rb. C noMOI.I.\biO H3MepeHHbiX TaKHM o6pa30M ceqeuail 
6biJIH npOHOpMHpOBaHbl ~yHKUHH B036y)I(.LJ:eHH.ft, noJiy'leHHble 
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c llOMOIUbJO Mace- cneKTpoMeTpa. B cnyqae o6pa3oaauug 

cocTaauoro B,!J.pa 125 Cs .uauubJe o6 a6conroTHhlX ceqeuugx 
xn -peaKUHH 6panucb H3 pa6oTbJ 15( Ha puc. 2,3 noKa3aHbl 
3KCnepHMCHTanbHO H3MepeHHble cPYHKUHH B036y:>K,LleHHB ,LlnB 
peaKunii 70 Ge( 11B ,xn) 81 - x Rb , 103Rh( 22 Ne,xn) 125·xcs. 

llonuoe ceqeuue peaKUHH ar npe.ucTaaneuuoe ua 3THX 
a ""rrr2 (A1

/
3 

pucyuKax, paccqnTbJBanocb no clJopMyne + 
r 0 

1l3 2 B 
+ A 2 ) (1- -- ) 

E 

qTo ceqeuue 
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nonuoe ceqeuue peaKuuu, u pe3KO yMeHLrnaeTcH no Mepe 
yoenuqeuuH 3Hepruu oo36Y)I(.D.eHHH. IlpuqeM, cpaoueuue 
'£ 0 (xn) - peaKUHH C HOHaMH 6opa H ueoua, npHBO)l.Hll{HX 

K O.D.HOMY H TOMY )l(e COCTaBHOMY H.D.PY 
81 Rb, noKa3biBaeT 

noqru TO)I()l.ecToeuuoe yMenLweuue ce'leHHH xn - peaKuuii 
c pocroM Juepruu B036y)l()l.eHHH cocraouoro H.D.pa. Ecnu 
y'leCTb, 'ITO KpHTH'IeCKHH yrnoBOH MOMeHT COCTaBnHeT 
e r = 40 H 46 e)l.HHHU 11: COOTBeTCTBeHHO )l.flH HOHOB 

11 
B H 

2 ~ Ne 161 , MO)I(HO ouenHTb oruoweuue ce'leHHH nonuoro 
CflHHHHH K nonHOMY Ce'leHHID peaKUHH npH MaKCHMaflbHOH 
3HeprHH B036y)l()l.eHHH B Ka)l()l.OH peaKUHH. 3TO OTHOWeHHe 

10 

' I 

I 

OCF I OR- ~+-1 )2 (f ~~- (1) COCTaBnHeT 0,83 )l.flH llB H 0,6-
22 . max+l)2 

.D.nH Ne B To )l(e opeMH 3KcnepuMeHTanLHble lilYHKUHH 

B036y)l()l.eHHH UOKa3biBaiOT, 'ITO '£ 0 (xn) < 10-2 , qTO 
or 

06bHCHHeTCH, B OCHOBHOM, BflHHHHeM Ha ceqeHHH XU -
peaKUHH HCnapeHHH 3apH)I(eHHbiX qacTHU. 

H3 auanH3a lilYHKUHH B036y)l()l.eHHH MO>KeT 6biTb TaK)I(e 
nonyqeua uulilopMaUHH o cpe.D.Heii 3Hepruu, npHXO.D.HmeiicH 
Ha O)l.HH HeiiTpoH, KOTOpag onpe)l.enHeTCH KaK 

<E >=.!_[<E*>- E Sn(i)]. 
n X i= 1 

r)l.e < E *> - cpe)l.HHH 3HeprHH B036y)l()l.eHHH, COOTBeTCTByJO
ll{aH MaKCHMYMY lilYHKUHH B036y)l()l.eHHH, a Sn (i) - 3Hep
rHH CBH3H HeHTpoua B H.D.pe C MaCCOH A C N - (i-1 ). 3Ta 
3HeprHH pacnpe.D.enHeTcH Me)I(.D.Y KHHeTuqecKoii Jueprueii 
ueiiTpoua <£n > H 3Heprueii ucnycKaeMbiX raMMa-Koau

TOB <f y > : 

<En >~<tn > ~< f '> 
}' 0 

Ecnu npe)l.nono>KHTb, qTo <t n> ,.2T ( T - TeMnepaTypa 

E* lh H.D.pa, ucnycKaromero ueiiTpou, paouaH ( __.:_) 
a 

AcN 
a=--

8 

napaMeTp nnoTHOCTH ypooueii), MO)I(HO nocquTaTb Juaqe
HHH < t n > u < fy > ,. < E n >- < f n > . 3KcnepuMeHTanbHbie 
JuaqeuuH cpe.D.neii 3Hepruu, npuxo.D.HmeiicH ua O.D.HH ueiiT
pou, u pacqeTuble 3Ha'leHHH cpe.D.neii KHHeTuqecKoii Juep
ruu ucnycKaeMLIX ueiirpouoo u raMMa-KoaHTOB B M3B .D.nH 
H3y'leHHbiX B )l.aHHOH pa6oTe peaKUHH npe)l.CTaoneHbl B 
ma6/l. 2. 

H3 Ta6nHUbi BH.D.HO, 'ITO Juaqeuue <En > B npe.D.enax 
OWH60K 3KCnepHMeHTa He 3aBHCHT OT MaCChi 6oM6ap)l.HpyiO
ll{ero nona. A6conJOTHhle 3Ha'leHHH <En> xopowo no)l(aTCH 
ua cucTeMaTHKy, nonyqeuuyro B.Hoii6epToM u K.AneKcau
.D.epoM 171 u npe)l.cTaoneuuyro ua puc. 4, r.D.e uawu .D.aHHble 
o6oJuaqenLI qepHbiMH Kpy)I(KaMH. qro KacaeTcH 3Hepruu, 
YHOCHMOH Y - H3nyqeuHeM < f y >, TO, KaK BH)l.HO H3 ma6/l. 3, 
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OHB llpBKTHqecKH HC 3BBHCHT OT CTIOC06a o6p830BBHHff CO

CTBBHOro H.D.pa H perynHpHO yMCHblUBCTCH C pOCTOM qucna 

HeiiTpOHOB. fJOJIHBR )f(C 3HeprHfl, YHOCHMBH raMMa-KBBH-

1 BMH, B TipC.LJ.CJIBX OIUH60K JKCTICpHMCHTB .!IBJJRCTCH TIOCTO.!IH

HOH: 

X/( " = 12,0+0,8 M3B.D.JIH 81 Rb, 
)' -

x·~~ " = 12 9+0 9 M"B.nnH 125cs 11 , - ' o..7 • 

Pe3yJihTBTbJ, nonyqeHHbiC no ciJyHKU.H.IlM B036Y*.D.CHHH 

)JJl.!l peaKU.HH 60 Ni(22 Ne,pxn) 81-x Rb, npHBO.D.HIIJ.CH K co

Cl BBHOMY H.D.PY 82 Sr, ornuqaroiiJ.eMyc.!l or 81 Rb TOJibKO ua 

O.LJ.HH llpOTOH, TIOKB3bJB8J{)T, qyo 3cPcPCKTHBHbiC ceqeHHH peaK

U.HH (HI , p x n ) npnMepuo B 10 pa3 6onbrne, qeM peaKU.HH 

(HI,x n). TaKoH )f(C peJyJihTBT 6hiJI nonyqeu B pa6ore 1 81 , 

r.ne HJyqanacb peaKU.HR 160+ 03 Cu .... 79Rb. B 3Toii pa6ore 

TBK*e 6biJIO nonyqeuo, qyo ceqeuuJI peaKU.HH pxn , 2 pxn , 

ax n 6onee BhiCOKHe, qeM ceqeHHH peaKIJ.HH c ucnapeHHCM 

ueiirpouoB. Ha puc. 5 npuBe.neHhi JcPcPCKTHBHbie 3Hepruu 

CBJI3H HCHTpOHB H llpOTOHB B 3BBHCHMOCTH OT MBCCOBOrO 

qucJia H30TOTIOB py6H.D.HH H U.C3HJI. BBH.D.Y TOrO, qyo KOHKy

peHU.HH co cropoHbi ucnapeHHH nporoHoB H HeiirpouoB onpe

.D.CJIJICTCff HX JcPcPCKTHBHbiMH JHCprHHMH CBH3H, TO BH.LJ.HO, 

qyo HCnapeHHC npOTOHOB H3 B036Y)f(.LJ.CHHbiX H.D.CP py6H.D.HH 

6y.ner .D.OMHHHPOBBTh Ha.n ucnapeuueM HeiirpoHoB. llpuqeM, 

16 

I 

I 
I 

MsB 
15 

10 

5 

116 120 124 128 

MsB 
15 

IO 

5 

72 74 76 78 80 82 84 86 

132 A(Cs) 

Puc. 5 

A(Rb) 

17 



KaK llOKa3biBaiOT 3KCllepHMeHTbl 'lO . 3MHCCHH llpOTOHOB 
6onee aepOHTHa, qeM 3MHCCHH HeHTpOHOB y)l(e H3 COCTaBHO
ro H,npa81 Rb c MHHHManbHOH 3HeprueH: ao36y)l(_neHHH. B cny
qae H30TOllOB Ue3HH llOnO)I(eHHe HeCKOnbKO HHOe, TaK KaK 
6onee BbiCOKBH KynOHOBCKHH 6apbep flO OTHOllleHHIO K Bbi
neTy npoTOHOB npuao,nHT K TOMY, 'ITO 34>4leKTHBHaH 3HeprHH 
CBH3H npOTOHOB npeBbilllaeT 3HeprHIO CBH3H HeHTpOHOB 
_na)l(e ,nnH H30TOI10B, y,naneHHblX Ha 15 MaCCOBblX e)J,UHUU 
OT CTa6HnbHOrO. 8 KOHe'IHOM UTOre 3TO IlpOHBnHeTCH 
a TOM, 'ITO ceqeuue xn - peaKuuH: ,nnH uccne.noaaHHbiX 
H30TOI10B Ue3HH na)J,aeT He TaK pe3KO C 3HeprueH B036y)I(

)J,eHHH, KaK B cnyqae py6H,D;HH. 

B 3aKnroqeuue rpynna aaTopoa 6naro.napuT .nupeKUHIO 
OH.HH 3a npe.nocTaaneuue B03MO)I(HOCTH npoae.neuuH .nau
uoro 3KcnepuMeHTa a Ay6ue u lllupoKoe rocTenpuuMCTBO. 
Mbi 6naro.napHbl TaK)I(e aKa)J,eMUKY r .H.<I>JiepOBY 3a 6onb
lliOe BHHMaHHC K )J,aHHOH pa6oTe U UCHHble 3aMe'laHUH B 
npouecce ee BbmonueHHH. Mbi Bbipa)l(aeM rny6oKyto npu-
3HaTenbHOCTb COTPY.JJ.HHKaM Jla6opaTopuu P. Iiepuaca: 
P.<l>ep)l(o, M.)KaKOT3HY H )K.<I>.KenaucKOMY - 3a Texuu
qecKoe o6ecneqeuue 3KcnepuMeHTa; coTPY.JJ.HUKaM rpynnbl 
3Kcnnya Tauuu UHKnoTpoua JI.HP Y- 300 - Ja nonyqeuue 
HHTCHCHBHbiX ny'IKOB TH:>KenbiX HOHOB, a TaK)I(C BCCM COTpy.n
HHKaM pa3nH'IHblX cny:>K6 Jla6opa Topuu P. Iiepuaca u Jla-
6opaTopHH H,nepublx peaKUHH OH.HH, aueclliHM caoH: aKna.n 
a ycnelliHOe npoae.neuue coaMeCTHoro 3KcnepuMeHTa. 
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PyKonuc& nocmynu11a 6 U30ame/l&cKuii omoe11 
13 uroHJI 1978 zooa. 
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