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3amHTa J:J,HccepTal.(HH C0CT0HTCH "ol !J " e,,Uaf; 2009 r. B /( S 
1-IaC0B Ha 3aCeJ:J,aHHH J:J.HCcepTal.(H0HH0f0 C0BeTa ,[{ 720.001.06 npH 

Jla6opaTOpHH HeHrpOHHOH <pH3HKH HM. M.M. <l>paHKa H Jla6opaTOpH11 · 

HJ:J,epHblX peaKI.(HH HM. LH. <l>JiepOBa O6'be,AHHeHHOf0 HHCTHryTa HJ:J,epHblX 

HCCJieJ:J,OBaHHH (r. ,[{y6Ha, MocKOBCKaH o6JiaCTb). 

C ,gHccepTaQHeii M0)KH0 03HaK0MHThCH B HTE O6'beJ:J,HHeHHoro HHCTHryTa 

HJ:J,epHblX HCCJieJ:J,oBaHHH. 

ABTOpe<pepaT pa3ocnaH "d S-" a,t,1 f;-4,t .,f 2009 r. 
7 

YtJeHhIH ceKpeTapb J:J,HCCepral.(H0HH0f0 C0BeTa 

KaHJ:J,HJ:J,aT <pH3HKO-MaTeMaTHtJeCKHX HayK A.r. TToneKo 

OEII..\Afl XAPAKTEPMCTMKA PAEOTbI 

AKTVaJILHOCTL TeMLI: TTpeJ:J,CTaBJieHHaH pa6orn nocBHmetta mytJeHHIO 

CBOHCTB H30T0il0B JiertJaHIIIHX 3JieMeHT0B - OT B0J:J.0P0J:J.a J:1,0 yrnepoJ:J,a -

CHJibH0 o6orameHHbIX HeiirpoHaMH H HaX0J:I.Hll.\HXCH HenocpeJ:J,CTBeHH0 

B6JIH3H rpaHHI.(bl HeHrpOHHOH CTa6HJibHOCTH. MccJieJ:J,OBaHHe 3K30TH'IeCKHX 

HJ:J,epHbIX CHCTeM C 60JiblllHM C00TH0IIIeHHeM NIZ Ha nporn)KeHHH MH0rHX 

JleT npeJ:J,CTaBJIHeT 0J:J,H0 H3 0CH0BHblX HanpaBJieHHH HJ:J,epHOH Q)H3HKH. 

Pa3BHTHe TeXHHKH noJiytJeHHH HHTeHCHBHbIX nytJK0B H0H0B H 

3KCnepHMeHTaJibHbie HCCJieJ:J,0BaHHH, npoBeJ:J,eHHbie Ha nytJKax TH)KeJihlX 

H0H0B, npHBeJIH K o6Hapy)KeHHIO H0BblX CBH3aHHbIX ( CTa6HJibHbIX K 

HcnycKaHHIO HYKJIOHa!OB) HJ:J,ep c 6oJibllIHM H36hITKOM HeHrpOHOB. B 

o6nacTH nertJaHIIIHX 3JieMeHToB 6bma TaK)Ke HCCJieJ:J,0BaHa crpyKTYPa pHJ:J.a 

HJ:J,ep, pacn0JI0)KeHHbIX 3a rpaHHI.(eH HeiirpoHH0H CTa6HJibHOCTH (neutron 
drip line). l1Hrepec K nerKHM HJ:J.paM CHJibH0 B03poc nocne Toro KaK B 

HeK0T0pbIX H3 HHX 6bIJIH o6ttapy)KeHbl He06hilJHbie CBOHCTBa, paHee He 

np0HBJIHIOll.\HeCH B HJ:J,pax, Hax0Mll.\HXCH B6JIH3H JIHHHH CTa6HJibHOCTH 

(HeHrpOHHOe H npoT0HH0e rano, H0Bbie o6JiaCTH J:J,e<pOpMal.(HH, H0Bble TH0bl 

pacnaJ:J,a, H3MeHeHHH B nocJieJ:J,0BaTeJibH0CTH 3an0JIHeHHH HJ:J,epHblX 

o6oJiotJeK, OCJia6JieHHe HJIH J:J,a)Ke HCtJe3H0BeHHe H3BeCTHbIX H noHBJieHHe 

H0BblX 3aMKHYTbIX o6oJIOtJeK, H J:J,p.). 

OCHOBHOH HHTepec K HCCJieJ:J,0BaHHIO nerKHX HeiirpoHOH36hITOlfHblX 

HJ:J,ep CBH3aH C B03M0)KH0CTblO 3KCnepHMeHTaJibH0ro onpeJ:J,eJieHHH rpaHHI.(bl 

CTa6HJibHOCTH HJ:J,ep no 0TH0IIIeHHIO K 3MHCCHH HeHrpOHOB. 3To 

HenocpeJ:J,CTBeHH0 CBH3aH0 C 3KCnepHMeHTaJibHblM H3MepeHHeM MaCCbl 

3K30THtJeCKHX HJ:J,ep C 3KcrpeMaJibHbIMH 3HatJeHHHMH NIZ, lJT0 HBJIHeTCH 

0CH0BHbIM MeT0J:J,0M onpeJ:J,eJieHHH 3HeprHH CBH3H BaJieHTHblX HeHrpOHOB B 

HJ:J.pax. ITocTaHOBKa onhITOB no HcCJie,goBaHHIO CTPYKTYPhI H CBOHCTB 

3K30THtJeCKHX HJ:J,ep He06XOJ:J,HMa, npe)KJ:l,e Bcero, MH onpeJ:J,eJieHHH HX Mace, 

TaK KRK pactJeTHbie 3HatJeHHH Mace HJ:J,ep, noJiyqeHHbie B pa3JIHlJHblX 

TeopeTHlfeCKHX M0J:J,eJIHX, 0TJIHlJaIOTCH HH0rJ:J,a B npeJ:J,eJiax HeCK0JibKHX 

M3B. 3ttatJeHHe MaCCbI Mpa HcnoJib3YeTCH TaK)Ke npH onpeJ:J.eJieHHH 

3HeprHH Bcex npoQeccoB B K0T0phIX ytJaCTByeT HCCJieJ:J,yeMoe HJ:J,po. 

CxeMbl ypOBHeH JierKHX HJ:J,ep (3J:J,eCh H J:J,aJiee paccMarpHBRIOTCH HJ:J,pa 

C 6oJibllIHM H36bITKOM HeHrpOHOB) J:J,aIOT npeJ:J,CTaBJieHHe 06 HX CTPYKTYPe, 

,[{o HeJ:J,aBHero BpeMeHH 3Ta HHq>OpMal.(HH MH JiefKHX HJ:J,ep, J:J,a)Ke He CHJibH0 

YJ:J.aJieHHhIX OT JIHHHH cra6HJihHOCTH, 6bma ,goCTaTOllH0 CKYJ:J.HOH. CaM cpaKT 

cymecTB0BRHHH B036y)KJ:l.eHHbIX COCTOHHHH B HeKOT0pbIX H3 HHX Boo6me He 

6bIJI ycTaH0BJieH. HanpHMep, MH HJ:J,epHO-CTa6HJibHbIX H30TOD0B 
8
He, 

11Li, 

06'1,eWffieHH:blli HHCTHTYT 

~epmrx nccne,n;oBaHRH 
Bl1Bnl10TEI<A 



14
Be, 

15
B H HAepHo-HecTa6HJibHhIX - 1°He 10Li 13Be 16B HH..t-.opMal(HH o 

' ' ' ' 'f' 
murnqmf B036y)KJJ.eHHbIX C0CTOHHHH, o6Hap}')KeHHblX B 0ObITax, HBJIHeTCH B 
60JiblllHHCTBe C0BepIIIeHH0 HOBOH. OTMeTHM, ~o 3KCnepHMeHTaJibHbie 

AaHHbie 06 ypoBHHX HAep 003B0JIHeT onpeAeJIHTb nocJieA0BaTeJibH0CTb 
3an0JIHeHHH HAepHbIX o6onoqeK, HaJIHqHe K0JIJieKTHBHblX B036y)KJJ.eHHH 
(HanpHMep, MHrKOH AHDOJibHOH MOAbI), THO pacnaAa HT.A., H TeM caMhIM 
npoBepHTb npHMeHHM0CTb TOH HJIH HHOH TeopeTHqecKOH M0AeJIH MH 
npeACKa3aHHH CBOHCTB 6onee TH)l(eJibIX HAep. 

AKTYaJibHOCTb ynoMHH)'TbIX BbIIIIe HCCJieAOBaHHH D0ATBep)KJJ.aeT 
6oJibIIIOe K0JIHqecTB0 Me)l(AyHap0AHhlX KOH!pepeHI.(HH, D0CBHll(eHHbIX 
HCKmoqHTeJibH0 3K30THqecKHM HApaM, H I.(eJihlH PHA o63opoB no CBOHCTBaM 
nerKHX HAep, YAaJieHHblX OT JIHHHH CTa6HJihHOCTH. B HaCT0Hll(ee BpeMH 
3KCnepHMeHTaJibHhle HCCJieA0BaHHH nerqaifIIIHX HAep BeAYTCH B 
na6opaTOpHHX MHornx CTPaH: B GANIL (<l>paHI.(HH), RIKEN (JlnoHHH), 
NSCL-MSU (Cll.IA), GSI tt HMI (repMaHHH), CERN-ISOLDE 

(lllBettl(apHH) H AP- lllttpOKM nporpaMMa HCCJieAOBaHHH B 3T0M 
HanpaBJieHHH npoB0AHTCH TaK)l(e B JUIP, OlUH1. 

Ocuoeuaa ueJib pa60Tb1 3aKmoqanac1, B cmrre3e H myqeHHH cBoifcrn 

TH)l(eJiblX H30TOO0B B0A0P0Aa, reJIHH, JIHTHH, 6epIDIJIHH, 6opa H yrnepoAa, 
pacnoJI0)l(eHHbIX B6JIH3H rpaHHI.(bl HeHTPOHHOH CTa6HJibHOCTH. 

Hayquaa uoenJua pa60Tb1: 

IlonyqeHbl H0Bhie AaHHhie MH H30T0D0B reJIHH C MaCC0BbIM qncJI0M 

~ 7. HaiiAeHhl H0Bble cocT0HHHH B HApax 
7
He, 

8
He H 

9
He. BnepBhie 

npoBeAeHo npel(H3H0HH0e H3MepeHHe MaCCbl H o6Hapy)l(eHbl 
B036y)KJJ.eHHbie C0CT0HHHH B 10He. 

BnepBbie Ha6JIIOAeHO B036y)KJJ.eHHOe C0CT0HHHe B HApe 14Be H 

H3MepettbI cneKTpbI ypoBHett HAep 10Li, 11Li H 
13

Be. 
' 16 

BnepBbie mMepeH m61,rroK Macchi B. BnepB1,1e o6ttapy*eHhI 
B036y)KJJ.eHHbie C0CT0HHHH B 15B H 16B. . 

CxeMhI ypoBHett H30TonoB 6opa 
13

B n 
14

B, n H3oTonoB yrnepoAa 
15

C, 
16C H 17C A0D0JIHeHhl H0BblMH AaHHbIMH. 

IlpaKTnqecKaH ueuuocTb pa6oTbl 3aKJ110qaeTCH B cneAyIOll(eM: 

• Eonee T0qHo onpeAeJietta Macca HApa 
10

He H 3HeprHH OTAeJieHHH ABYX 
. HettTPOHOB. BnepBbie mMepeHa Macca HApa l 6B H 3Heprmt 0TAeJieHHH · 
0AHoro HettTPOHa. IlonyqeHHhie pe3yn1,TaThI BBeAeHbI B rn6nttl(hI Mace 

2 

HAep [Cl]. IloATBep)KJJ.eHhI pattee nonyqeHHhie 3HaqeHHH Macc1,1 HAep 
4HH 6H. 

• Httq>opMal(HH o HApax 10Li H 13Be, nonyqeHHM B AaHHOH pa6oTe, 
M0)l(eT 61,1Tb ncnoJih30Batta MH TeopeTHqecKHX onHcaHHH CTPYKTYPhl 

HAep 11Li H 
14

Be. 
• 3KcnepHMeHTaJibHbie pe3yJibTaTbI, nonyqeHHhie AJIH TIDKeJihIX H30T0OOB 

yrnepoAa, Moryr 61,rr1, none3HhIMH 'npH myqeHHH CTPYKTYPhI HAep npn 

nepexoAe c p-o6onoqKH Ha sd-o6onoqKy. 
• IlonyqeHHM 3KcnepHMeHTaJibHM HH!pOpMal(HH Heo6XOAHMa ,lJ,J1H 

npoBepKH npttMeHHM0CTH TOH HJIH HHOH TeOpeTnqecKOH M0AeJIH HJIH 
AJIH yTOqHeHHH HCD0J1h3yeMblX napaMeTP0B. 3To BeAeT K 6onee 
HaAe)l(H0MY npeACKa3aHHIO CBOHCTB ell(e HemBeCTHblX 3K30THqeCKHX 

HAep. XapaKTepHCTHKH ypoBHeH HCCJie,1J,yeMhIX HAep 003B0JIHIOT 
onpeAeJIHTb nocneA0BaTeJihH0CTb 3aD0JIHeHHH HAepHblX o6onoqeK, MX 

™" pacnaAa H AP-
• ,lJ;aHHbie 0 CBOHCTBax HAep nerqaifIIIHX 3JieMeHT0B C npeAeJibHbIM 

m6bITKOM HelfTPOH0B Moryr 6hITb HCO0Jib30BaHhI B Apyrnx o6nacrnx 
4JH3HKH, HanpHMep B 0OHCaHHH npoueccOB ttyKJie0CHHTe3a, C0CTaBa 

HettTPOHHhIX 3Be3A H AP· 

Ha 381UHTV BblH0CHTCH CJiellVIOIUHe 0CH0BHbie D0JI0,KeHHH: 

I. l13MepeHHH Mace HAep 
4
H, 

6
H, 

10
He H 

16
B. 

2. CneKTP0CK0nttqecKHe ttccneA0BaHHH HeHTPOHom61,rroqH1,1x H30TonoB 

nerqaHWHX 3JieMeHTOB C I ~ z ~ 6: 
a) H0Bhie HAepH1,1e ypoBHH B moronax 

7
He, 

8
He, 

9
He, 

10
He; 

6) H0Bbie HAepHbie ypoBHH B CBH3aHHbIX Mpax 
11

Li H 
14

Be; 
B) H0Bhie .RAepHbie ypoBHH B HeCB.Sl3aHHblX .SIApax 

10
Li H 

13
Be; 

r) H0Bhie .S1AepH1,1e ypoBHH B moronax 
13

B, 
14

B, 
15

B H 
16

B; 
A) HOBhie .RAepHbie ypoBHH B H30TOOax 

15
C, 

16
C H 

17
C. 

Anpo6aUHH pa60Tbl: MaTepHaJibI AHCCepTal(HH ony6JIHKOBaHbl B 
pOCCHHCKHX tt Me)l(AyHapoAHhIX )K)'pHanax - J!AepHM <DH3HKa, 3llAJI, 
Nuclear Physics A, Zeitschrift fuer Physik, Physics Letters B, II Nuovo 
Cimento, Nuclear Instruments and Methods in Physics Research A, Progress 
in Particle and Nuclear Physics, European Physical Journal A, Physical 
Review C, Journal of Physics G, a TaK)l(e B npenpttmax Ol1JIH. Ilo TeMe 

AHCCepTal(HH C0HCKaTeJieM ony6JIHKOBaHbl TP" o63opa B 3llAJI. 
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Pe3yJibTan,1 AOK.lla.z\bIBanHcb Ha ceMHHapax . JUIP (OHRH) H 
11HCTH1Yfa HM. raHa-MattTHep (r. EepnHH, repMaHm1), a rnIOKe Ha 
Me)l(J()'HapOAHbIX COBelll,aHH.llX H KOH(RepeHQH.llX: Ha Me)l(J()'HapOAHblX 
llIKonax-ceMHHapax no q>H3HKe T.ll)I(eJibIX 'HoHOB (,[(y6Ha, J 993, 1997, 2002 

rr.), Ha CoBelll,aHHH no MYJibTHHeHTpOHHblM CHCTeMaM (,[(y6Ha, 1989 r.), Ha 

Me)l(,ll)'HapOAHblX KOHcpepeHQH.llX no 3K30TH1leCKUM .llApaM (<l>opoc-I991 H 
EXON-2002), Ha I5-oti H I6-oti Me)l(J()'HapOAHbIX KOHcpepeHQH.llX 
0TAeneHH.ll no .llAepHOH q>H3HKe E<l>O - "RAepHa.ll AHHaMHKa npH HH3KHX 
3Heprm1x" LEND-95 (r. Camcr TieTep6ypr, 1995 r.) u "CTpyKTypa .llAep 
npu 3KcTpeManbHbIX ycnonu.11x" SNEC-98 (TiaAy.11, 1998 r.), Ha 

Me)l(J()'HapOAHOH KOHcpepeHQHH no q>H3HKe HeCTa6HnbHblX .llAep (BbeTHaM, 

2002 r.), Ha Me)l(J()'HapOAHOH KOHcpepeHQHH no .llApO-.llAepHblM 
CTOJIKHOBeHH.llM NN2003 (MoCKBa, 2003 r.), Ha Me)I(,I],yHapOAHOH 

KOHcpepeHQHH NUST AR (Attrnu.11, 2005), Ha ConemaHHH "RAeptta.11 cpH3HKa 
H o6mecTno" (r. TinoBAHB, Eonrapu.11, 2007 r.) u Ap. 

CTpyKTypa u 061,eIU 11uccepTaguu: ,[(uccepTaQH.ll cocTOHT H3 BBeAeHmI, 

BOCbMH man " 3aKJII01leHH.ll. OHa COAep)l{HT 183 CTpaHHQbl " BKJII01IaeT 73 
pucyHKa, 29 Ta6JIHQ u 6u6nuorpacpu11eCKHH cnucoK JIHTeparypbI H3 336 
CCbinOK c 366 HaHMeHOBaHH.llMH. 

CO,l(EP)KAH11E PAEOTbI 

B Bee~euuu cpopMynupyeTc.11 QeJJb npeACTannettttoro QHKJia pa6oT u 
aK'I)'anbHOCTb 3THX HCCJieAOBaHHH, KpaTKO H3JIO)l{eHo COAep)l{aHue 

AHCCepTaQHH H npuBeAeHbl OCHOBHble pe3yJihTaTbl. bOJTbllIHHCTBO 3THX 
pe3yJTbTaTOB 6bIJTH noJTy1leHbl BnepBbie. 

B Ilepeoii rJiaBe paccMOTpeHbl 3KcnepuMeHTMbHbie B03MO)l{HOCTH 
CHHTe3a H H3y1leHH.ll CBOHCTB .llAep C 6oJTbllIHM H36bITKOM HeihpOHOB. 
PaCCMOTpeHbf pa3JTH11Hbfe peaKQHH CHHTe3a .llAep, o6JTaAaIOlll,HX 6oJTbllIHM 

H36bITKOM HettTpOHOB: peaKQHH cpparMeHTaQHH, rny6oKO Heynpyrux 

nepeAa11, C 3MHCCHeH JTerKux 3ap.ll)l{eHHbIX 11aCTHQ, 3ap.llAOBo-o6MeHHbie 
peaKQHH, peaKQHH nepeAa11u HeCKOJibKHX HyKIIOHOB. O6ocHOBaH BbI6op 

MeTOAa HeAOCTaIOlll,HX Mace, ucnoJTb3yeMoro B HaCTO.lllll,eH pa6oTe. 

,[(eJTaeTC.ll BblBOA, 11TO Hau6oJTee 3cpq>eKTHBHbfMH AJI.ll H3MepeHH.ll Mace " 
cneKTpoCKonuu 3K30TH1leCKHX nerKHX .llAep .llBJl.lllOTC.ll peaKQHH, B KOTOpblX 
3HepreTH1leCKHH cneKTp HCCJieAyeMoro HApa onpeAeJI.lleTC.ll H3 BeJIH11HHbl Q 
peaKQHH, npHBOMlll,eH K o6pa30BaHHIO AByx .llAep B BblXOAHOM KaHane. 
TIOA06HblH nOAXOA .llBJIHeTC.ll OCHOBHbfM B cnyqae my11eHH.ll .llAep HJIH 

4 

.llAepHblX COCTO.llHHH, KOTOpbie HeCTa6HnbHbl no OTHOllleHHIO K HcnycKaHHIO 
HyKJIOHOB. ,[(aHHblH MeTOA HCnOJib30BaJIC.ll B HaCTO.lllll,eH pa6oTe. 

Bo BTopoii rJiaee onucaHa nocTaHOBKa 31<:cnepuMeHTOB 

BblnOJIHeHHblX Ha QHKJIOTpOHax Y300 u Y400 Jia6opaTOpHH .llAepHblX 
peaKQHH 011}111 C ny11KOM HOHOB 

11
B, a TaIOKe Ha ycKopuTeJibHOM 

KOMnneKce Jia6opaTOpHH ISL (paHee VICKSI) B HHcTHryre HM. "raHa

MattTHep" (HMI) B EepnHHe Ha nyiIKax HOHOB 
12

•
13

·
14

C, 
14

•
15N u 

16
0. 

IlpeACTaBJieHbl cxeMbf onbITOB C HCnOJib30BaHHeM MarHHTHbIX 

cneKTpOMeTpOB MCTI-144 (n ,[(y6He) H Q3D (n EepnuHe). OnucaHbI 

MeTOAbf o6pa60TKH H aHaJIH3a AaHHblX. HcrrOJib3yeMa.ll MeTOAHKa 
n03B0JT.llJia Ha,I\e)l{HO H,I\eHTHq>HQHpOBaTb myqaeMbie .llApa, o6pa3YIOUJ.HeC.ll 

C MaJibIM ce11eHHeM (.I\O HeCKOJlbKHX H6/cp) Ha cpoHe 60JiblllOro KOJIH11ecTBa 

no6011HbIX npOJ:\YKTOB pea~HH. 

rJiaea TpeTbH CO,I\ep)l{HT pe3yJTbTaTbl 3KCnepHMeHTOB, OTHOC.lllll,HXC.ll 

HenocpeACTBeHHO K CBOHCTBaM · T.ll)l{eJibIX H30TOnOB BO.I\OPOAa 
4

'
5

'
6
H, 

nony11eHHbIX B peaKQH.llX C HOHaMH 11B Ha MHllleHH H3 
9
Be npu 3HeprHH 88 

M3B. 3HepreTH1leCKHe cneKTpbl conp.ll)l{eHHbIX .llAep -
16

'
14

0 nOKa3aHbl Ha 

puc. I. B cneKTpe Mep 160 Ha6JIIO,I\eHbf ABa nHKa, cooTBeTCTBYIOUJ.He 

pe3oHaHcaM B Mpe 4H. HmKoJie*amee cocTO.llHHe YKa3bIBaeT Ha To, 11To 

ocHOBHOe cocTO.llHHe 4H He CB.ll3aHo Ha 3.5 ± 0.5 M3B. 113 aHanma cneKTpa 
140 6bma onpeAeJieHa Macca 6H. TIHKY, pacnoJIO)KeHHOMY npu 3Hepruu 

E(140) ::::l 53 M3B COOTBeTCTBYeT COCTO.llHHe H,I\epHO-HeCTa6HJibHOro .llApa 
6H, OTCTOHUJ.ee Ha 2.6 ± 0.5 M3B OT nopora pa3nana 

6H ➔ 3H + n + n + n. 

ER ,M3B Puc. 1. 3HepreTH'teCKHe 
30 25 20 15 10 5 0 cneI<:TpbI .si.nep 

16
0 (a) 11 

14
0 I • I ' ., ., 

I 9Be(116 ,16o}4H (6), nonyqeHHble a peaKUH.stX 

9Be(11B, 16,l4o)4·6H. YKll3aHbl 

103 noporu pa3sana .si,nep 
4
H 11 

6
H 

m Ha 
3H+n u 

3H+n+n+n, 

i C00TBeTCTBeHH0. 
':I' 3H+n u 
t 102 

ID l a) CilJIOUIHa.st JIHHH.st - cyMMa 
0 

l20 5 BKJia,noB BhlX0)I.HhIX KaHaJI0B: 
:s: s,o l6O+3H+n, 16

O+
2
H+n+n ll ':I' 

101 
0 16O+H+n+n+n. Pa3tt11ua 5 0 ,. 

Me)K.ny 3KCnepHMeHTIUihHhlM 

10°t 1 , , ~4: 1 , :•, , 1 :a, , , ~, , , , 1 , , , ,I\. , , , , I 
cneI<:Tp0M ll CTIJIOlllH0H 

JIHHHett Il0Kll3aHa Ha BCTaBKe 
55 60 65 70 75 80 B pucyH0K. 

3HepntH 111(), M3B 
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6) 
9Be(11 B, 14o)6H 

m I 

11 
g15 
i 6) 

~ Tiymmip COOTBeTcTByeT CD 

~ 10 
3H+n+n+n 

$a30BOMY npoc1-paHCTBY 5 
0 'laCTHU,: 

14O+3H+n+n+n. 
fi 5 ! CnJIOWHaR KpHBaR - $a30BOe :s; 
::r npoc1-paHCTBO 1-pex-'laCTHU. 

140 + sH + n. 
52 54 56 58 

3HepntR 140, M3B 

OrMeTHM, IJT0 :no 3HaIJeHHe Il0)].TBep)KJ:{aeT pe3yJihTaT paHee noJiyIJeHHblH 

.n.pyrnMH aBTopaMH. B peaKIU111
9
Be{°B,

15
O) moTOn 

5
H He Ha6mo.n.ancSI. 

qeTeepTaH rJiaea nocBsm1,eHa H3yIJeHHIO CTPYKTYPhl T.ll)KeJihIX 

H30T0il0B reJIHSI " co.n.ep)KHT H0ByIO HHcflopMau.mo 06 H30T0nax reJIHSI C 

MaccoBhIM IJHCJI0M A ~ 7. I-fa HHX, moTOn 
8
He (N/Z = 3) - caMhIH 

HeHTPOHOH36hITOIJHbIH CTa6HJihHhIH no 0THOIIIeHHIO K ttcnycKaHHIO 

HeHTPOHOB moTon, Kor.n.a-Jitt6o Ha6JIIO.D.aBIIIHHCSI B 3KcnepttMeHre. ITottcK 

.n.pyroro IJeTH0-IJeTHoro SI,l],epHO-CTa6HJihHOrO H30Tona '
0
He npe.n.npHHH

MaJICSI B TeIJeHHe MH0rHX JieT. 

J,faOTOil 
7
He HCCJie,l],0BaJICSI B TPeX 3KCnepHMeHTax C HCil0Jih30BaHHeM 

peaKU.HH no.n.xBaTa .n.Byx npoT0H0B c SI.lJ.pa MHIIIeHH 
9
Be(

15N,17
F)7He npH 

pa3JIHL!HbIX 3HeprnSIX nyIJKa 60M6ap.n.11py10I.QHX H0H0B. Ha p11c. 2 

npe.n.cTaBJieHhl cneKTPhI 3HeprHH B036y)KJ:{eHHSI 
7
He npH 3HeprnSIX H0H0B 

15N 240 H 318.5 M3B. Btt,lJ,HO, IJT0 c 6oJihlIIOH HHTeHCHBH0CThIO 3aceJISieTCSI 

pe30HaHC 
7
He C xapaKTepHCTHKaMH, cornacyIOI.QHMHCSI C H3BeCTHbIMH JIHTe

parypHhlMH .n.aHHhIMH. B o6JiaCTH 3Heprn11 B036y)KJ:{eHHH E* ~ 3.0 M3B 6hIJI 

o6ttapy)KeH IlHK, KOTOpblH HHTepnpeTHp0BaJICSI KaK C0CT0SIHHe a Sl,l),pe 

oT.n.aIIH 
7
He. JlyLIIIIee onttcaHHe Bcero cneKTPa SI,lJ,ep 

17
F M0)KeT 6b1Th 

,l],0CTHrHyT0, ecJIH BBeCTH B paCCMOTPeHHe eI.Qe 0,l],HH ypoBeHh, npH E* ~ 5.8 

M3B. I1HTeHCHBHOCTh Ha6JIIO,lJ,eHHhlX IlHK0B, C00TBeTCTBYIOI.QHX 

B036y)KJ:{eHHhIM C0CT0SIHHSIM 
7
He HeBeJIHKa, TaK KaK B HCil0Jlb3yeMOH 

peaKU.HH 0HH M0ryT 3aCeJISIThCSI JIHIIIh BO BTOpHL!HhlX npou.eccax. TeM. He 

Mettee, noJiyLieHHhie ,lJ,aHHhJe y6e.n.HTeJihHO CBH,lJ,eTeJihCTBYIOT O HaJIHlJHH 

nepBoro B036y)KJ:{eHHoro cocTOSIHHSI 
7
He nptt E* ~ 3.0 M3B. 3ToT 

pe3yJihTaT, a TaK)Ke .n.pyroe cocT0SIHtte, nptt E* ~ 5.8 M3B, 6hIJitt no3)Ke 

Il0,lJ,TBep)KJ:{eHhl .n.pyrHMH 3KCnepHMeHTaJihHhlMH pa6oTaMH. 

6 

500 

400 

,l!!300 
C 
::, 
0 

"200 

100 

9Be(15N,17F)7He 240MeV 

20 15 10 5 
E,c(7He) [MeV] 

in 
O! 
N 

n 

2so-1 ·•,_ 9Be(15N~1F)7He 

200. -~ 318.5MeV 

~''°f\: ~ c:, 

0 17:' ft_ .,; 

"100 ,,. ___ ~ 
, e 

~ SOL~~ 
0 . 

15 

Puc. 2. CneKlphI 17F H3 peaKQHH (
I5N, 17F) c pe3oHaHcaMH B conpmKeHHOM 11,D,pe 

7He. TIOKa3aHbl fJ>oHOBbie cneiqpbl OT pacnaJJ,a BbICOKOB036y)K'.,lJ,eHHOfO 11,D,pa 
I8

F* H 

OT KaHana peaKQHH 
17F + 3n + a. 

,[(o npoBe,l],eHHSI HaCT0SII.QHX HCCJie)].OBaHttH 6hIJI H3BecTeH JIHIIIh 0,l],HH 

CTaTHCTHL!eCKH ,l],OCTOBepHhlU pe3yJihTa'f )].JISI B036y)KJ:{eHHOrO C0CT0SIHHSI 

SI,lJ,pa 8He. Ha pttc. 3 npe.n.cTaBJieHhI .n.aHHhie, noJiyLieHHb1e ,lJ,JIH 

B036y)KJ:{eHHhIX ypoBHeii 
8
He B peaKU.Htt 3axBaTa .lJ.BYX npoT0H0B 

' 0Be{'2C,14O)8He npu 3Hepru11 357 M3B. B 3TOH peaKu.111-1 c 6oJihlllttM 

ceLieH11eM 3aceJIS1eTCS1 0CH0BH0e C0CT0SIHl1e. ITp11 aHaJIIBe noJiyLieHHhlX 

cneKTP0B HCil0Jlh30BaJIHCh H3BeCTHhie napaM~hl nepBoro 2+ 

Bo36y)KJ:{eHHoro cocT0HHHSI npH 3.6 M3B. HecMOTPH Ha cJI0)KH0CTh 

3KCnepttMeHTaJihH0ro cneKTPa, aHaJIJ{3 .n.aHHhIX, npoBe)].eHHblH B pa3HbIX 

yrnoBhlX .n.nana30HaX, Il03B0JIHJI BhlSIBl1Th TP" H0BhlX B036y)KJ:{eHHhIX 

ypoBHH B 8He npH E* = 4.54, 6.03 " 7. 16 M3B. CpaBHeHHe noJiyLieHHbIX 

,l],aHHblX C pe3yJihTaTaMH .n.pyrHx 3KCnep11MeHT0B H C TeopeTHIJeCKHMH 

pacLieTaMtt .n.aeT ocH0BaHHSI noJiaraTh, LIT0 ypoBeHh npH E* ~ 3.6 M3B 

SIBJ1SleTCSI caMhIM Hl13KHM. 3To C0CT0SIHHe M0)KeT pacna.n.aThCSI 

npeHMyI.QecTBeHH0 11cnycKaHHeM ,lJ,Byx HeUTPOHOB (
6
He + 2n). ,[(.Im 

ypoBHeii, JI_e)Kal.QHX Bhtllle nopora pa3BaJia 
8
He ➔ 4

He + 4n, Hatt6oJiee 

Bep0SITeH KaHaJI C BhlJieT0M KJiacTepa, C0CT0SII.Qero H3 LieTbtpex HeHTpOHOB 

(TeTpaHeHTPOHa). O.n.HaKo, noKa HeT Hl1 TeopeT11L1eCKl1X HH 

3KCnepHMeHTaJibHhlX ,lJ,aHHblX, CBl1,l),eTeJihCTByIOI.QHX B Il0Jlh3Y o6pa3oBaHHSI 

4n-KJiacTepa; onpe.n.eJieHH0, 3T0T 3K30Tl1LieCKl1H B11.D. pacna.n.a TPe6yeT 

,lJ,aJihtteii1IIero myLiett11si. 

B 1981 r., B peaKu.1111 ,lJ,BOHHOH nepe3apSI.lJ.Kl1 
9
Be(1t-,1t)9He, 6hum 

H3Mepetta Macca si.n.pa 
9
He 11 Il0Ka3aHo, L!T0 3TO si.n.po 6oJiee CTa6HJihHO, LieM 

CLil1TaJI0Ch paHee [C2]. B HaCTOSII.Qeu pa6oTe 
9
He myLiaJICH B peaKU.HH 

7 



50 
~ 

I 0.0o<8L< +2.3ol 

~i 
Puc.3. 

40 i:: ID M s:t 0 3HepreTWJecKtte cneKTPhI H,npa 8 ": 0 Ill ID 0 
He E, "- ID ..f M 0 8He, nonyqeHHhie B peaKUtttt tor [MeV] 

~ 
10Be{12C, 140) nptt :mepnm 357 

820 f'i M3B B UHTepsanax yrnos: 

10 -- ~ .... -- ' ' - ......, .. , ... ,... - ' 
(a) 0° < 0na6 < 2.3°; o t- ---i-~,1•..afd:11:tltiilifl[lllil\. , 1 , 1hl!Hi'B. );..-J 

10 20 30 40 so 60 70 
25 

r.hnn""'I 

0.0°<8L<+0.75 
(6) 0° < 0na6 < 0.75°. 

20 i;: ,n (') s:t oi 

t 1 
Ha pucyHKax IlOKa:JaH BKna,n OT 0 Ill ID Oi 

ID sic.; ci i r:eaKUlfH Ha npttMecnx 160 (I) 11 i 15 [ 
[MeV] 

~ ~ 
2C (2). 3aunpttXOBaHHhie IllfKlf 

u 10 {\ (nonyqeHHhie nocne Bb1qeTa 
qJOHa) COOTBeTCTBYIOT ypOBHHM 

s HII nYt1rHf.1u Jll4/ ,,J2l\\l I U-lllll!l/ll>\ll'n .:J 
8He: lfX 3Heprnll (B M3B) 
yKa:JaHhI Ha IIIKane E*. 

0 I - --··---·1; .---..dM:ifMHWJ:mUfm:ttJ:II~ll~llilil.:t11 I I 1 :;jlit;W fl \ii ~~-;e;] CnnoII1HaH KpltBaH - cyMMa 
10 20 30 40 50 60 7o IllfKOB, (I) If (2). r.hnnnAI 

30•- 9Be(14c,14o)9He 

337 MeV 
4.6°-6.4° 25 

10 

5 
160*-> 140+2n 

ClO 
a, 
M 

0c,= -34.58(10)MeV 
M.E.=40.94(1 O)MeV 

C') 
c:, II) 

c,; --: .-

ui 
ci, 

I I s I c • e f or::r'Cb ✓'1WJ y IQI IQ I Jl LHffl 
O 10.0 0 Ex [MeV] 

Puc. 4. CneKTP 3Hepnm 
B036y)I(_nettttH H,npa 9He, 
nonyqeHHhlH B peaKl(lfH 
9Be(1 4C, 14O)9He npll 3Heprnll 
nyqKa 337 M3B. YKa:JaHhI 
OCHOBHOe COCTOHHlfe g.s. If 

3Heprnll B036y)I(_neHIIH, a 
TaK)I(e nopor lfcnycKaHlfH 
o,nHoro HeHlpOHa Sn If q>OH OT 
pacna,na 160*. 

9
Be(1

4
C,

14
0)9He npu 3Hepmu nyqKa uoHoB 14C 337 M3B. PeJyJihTaT 

npeACTaBJieH Ha puc. 4. OnpeAeJieHHaR HaMu Macca 9He OKaJanach paBHOH 
ME. = 40.94(10) M3B, a 3HepmR OT){eJieHm1 nocne){Hero HeiiTpoHa B 9He 

Sn = -1.27(10) M3B. B o6nacTu KOHTHHyyMa, CBR3aHHoro c pacna){OM 

8 

BhICOKOB036y)KJJ.eHHOro HApa 
16
0*' K0TOpoe o6pa3yeTC}I Ha nepB0M 3Tane 

peaKQHH, Ha6JIIO){aJIOCh ell.I,e KaK MHHHMYM qeThtpe nuKa nptt :meprnnx 

B036y)KJJ.eHHR 1.15, 3.03, 3.98 M3B u ~7.9 M3B. 
IToucK csepxTR)KeJioro H30Tona renuR IOHe uMeeT noqTu 40-neTHIOIO 

HCTopuIO. 11HTepec K 3TOMY RAPY CHJihHO B03poc nocne pa6oThI K Cema 

no 
9
He [C2], m KoTopott cJie){OBaJIO npeAnoJio)KeHue o noBhIUJeHHOH cs113u 

coce){Hero RApa - 10He. ITonhITKH 'o6Hapy)KHTh IOHe, cTa6unhHoro K 

ucnycKaHHIO HeHTPOHa, 6hIJIH npeAnpHHRThI HaMu B 1982 r. B JUIP 011.HH 
B peaKQHH 

232Th + "B (89 M3B) [C3]. ohma nonyqeHa JIHUJh sepxttnsi 

rpaHuu.a ceqeHuR ero o6pa3oBaHHR Ha yposHe ~5· 10-34 cM2/cp. CTOJih 

HH3Koe ceqem1e (no cpaBHemno c ceqeHHRMH o6pa3oBaHHR 6onee nerKHX 

H30TOTTOB remrn) CBH){eTeJihCTBOBaJIO O HeCTa6HJihHOCTH RApa. 

ITocTaHOBKa nocJieJlYIOll.I,HX AByx 3KCnepuMeHTOB npeATTOJiarana 

HecTa6HJihHOCTh RApa IOHe. Pe3oHaHc, coOTBeTCTBYIOll.I,HH, KaK 
npe){noJiaranoch, B036y)KJJ,eHHIO OCHOBHOfO C0CTORHHR R){pa IOHe 6bIJI 

Ha6JIIO){eH npaKTHqeCKH O){HOBpeMeHHO B pa60Te KopUJeHUHHUKOBa U Op. 

[C4] u B HaUJHX 3KcnepuMeHTax. Mbl uccneAOBanu RApo 10He s peaKQHH 
ABOHHOH nepe3apRAKH l0Be{14C,140)10He ·npu 3Hepruu nyqKa HOHOB 14C 

334.4 M3B. Ha pnc. 5 npeACTaBJieHhI cneKTPhI, mMepeHHhie B ABYX pa3Hhtx 
yrnoBhIX AHanaJoHax. B HarneM 3KcnepuMeHTe Macca 10He 6hma H3Mepetta 

c 6onee BhICOKOH ToqHoCThIO, ME.= 48.81(7) M3B, H onpeAeJieHa :meprnsi 

OTAeJieHHR AByx HettTPOHOB paBHOH S2n = -1.07(7) M3B, a TaK)Ke snepBbte 
tta6JIIO){eHhl B036y)KJJ.eHHhie COCTORHHH npu E* = 3.24 H 6.80 M3B. 

ITonyqeHHhie 3HaqeHHR M.E. u S2nBOUJJIH B cucTeMaTHKY Mace siAep [Cl]. 

0 

10He 
0 st- 0 - -- 0 

0 

c3-> c2+> co+> 
11. 7•<a~ <3.o• 1 

20 40 60 
Channels 

50, 
10He 

40t- Ex ~ 0 
0 

[MeYJ co 0 
I I 

30 
. . 12.7•<e,<3.s•I 

20 

10 

0 

Puc. 5. CneKTPhI peaKl(Hlf ( 14C, 140) c MHllleHhIO 10BeO B yrnoBbIX ,nuarnnottax, 
yKa:JaHHbIX Ha plICYHKe, nocne Bh1qem qJOHa OT peaKl(HH Ha npltMeCHX 160 H 12C B 
MHllleHH. TToKa:JaHa IIIKana no 3Heprntt B036y)I(,neHHH E*. 
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IIonyqeHHble B 3KCnepnMeHTe 3HaqeHHH 3Heprnu B036y)K,l{eHHblX 

COCTOHHHH 
10

He BMecTe C onpe,[{eJieHHblMH MH HHX cnnttaMH H qeTHOCTHMH 

MOryT CJIY)l(HTb OCHOBaHHeM MH HeKOTOpbIX BblBO,[{OB no nOBO.[{y 

o6onoqeqttou cTpyKTypbI 
10

He, H Ha.[{e)l(HOCTH npe.[{CKaJattnu o6onoqeqttou 

MO,[{eJIH B6JIH3H rpaHHl..l ttyKJIOHHOH CTa6HJibHOCTH. Ha OCHOBaHHH 

cpaBHHTeJibHO HH3Koro 3HaqeHHH 3HeprHH B036y)KJ{eHHH 2+ -COCTOHHHH 

MO)l(HO 6bIJIO npe.[{nOJIO)l(HTb, qTO 3aMKHyTa» o6onoqKa He no»BJIHeTCH npn 

qncne HeHTpOHOB N = 8. 
B Ta6JIHQe 1 npe.[{CTaBJieHbl OCHOBHble pe3yJibTaTbI no H30TonaM 

renHH, nonyqettHbie B ttacTO»II{eii pa6oTe. Mttorne H3 nepeqncneHHbIX 

B036y)KJ{eHHbIX COCTOHHHH H30TOnOB 
7
•
8
•
9

•
10

He 6bIJIH Ha6JIIO,[{eHbl HaMH 

BnepBbie. 0HH yqreHbl n BKJIIOqeHbl B HOBbIX Ta6JIHQax COCTOHHHH H.[{ep 

[C5,C6]. 

TaOJIHQa 1. Pe3yJibTaTbl H3MepeHHH ypoaeeii HJ0T0il0B reJIIDI, nonyqeHHbIX B 
YKaJaHHbIX peaKQIDIX npH paJJIHqHbIX 3HeprID!X nyqKa 6oM6ap.nupyIOIIIHX H0H0B E. 
CTOJI6QL1: E* - 3HeprID1 B036yJK,neHID! (M3B), ER - pe3oeaecmur 3HeprID! (M3B), 

I' - IIIHpttHa pe30HaHC0B (M3B), f - B03M0JKHbie 3HaqeHID! CilHHa H qeTH0CTH 
ypoBeeii:. 

PeaKQHH E E* ER r .I' 
9Be(15N, 17F)7 He 240 0.00 0.44 0.14(2) 31T 

2.95(10) 3.39(10) 1.9(2) (1/T, SIT) 
5.8(32 6.2(32 3-5 

318.5 2.9-3.0 3.34-3.44 1.8(3) (1/T, SIT) 
5.8(3) 6.2(3) 3-5 

wBe(12C, 14O/He 357 0 
3.6 0.5 2+ 

4.54(15) 0.70(25) 
6.03(10) 0.15(15) (21 
7.16(4) 0.10(10) (T) 

9Be{14C, 14O)9He 337 0.00 1.27(10) 0.10(6) 1/T 
1.15(10) 3.42 0.7(2) (31T) 
3.03(10) 4.30 0.6(3) (512+) 
3.98(12) 5.25 (512+) 

~7.9 9.17 
10Be{14C, 14O)10He 334.4 0.00 1.07(7) 0.3(2) (0+) 

3.24(20) 4.31(20) 1.0(3) (2+) 
6.80(7) 7.87(6) 0.6(3) (31 

10 

r IOL• IIL· JiaBa DHTaH IlOCBHII{eHa cneKTPOCKOilHH H,ll.ep I H I. 

~aHHble O CTpyKType H,[J.~a 
10Li 6bIJIH nonyqeHbl HaMH B peaKQHHX 

nepe,[{aqH HyKJIOHOB: 
10

Be(1
2
C, I N)10Li, 9

Be(1
3
C, 

12N)10Li, 13C(14
C,17F)

10Li H 
9
Be(1

5N, 14
0)

10Li. CneKTPbI M» nepBon H BTopou peaKQHH noKaJaHbI Ha 

pHC. 6. Bb16op pa3JlHqHbIX peaKQHH 6bIJI o6ycnoBJieH TeM, qro OHH c pa3HOH 

BepoHTHOCTblO 3aceJIHIOT pa3JlHqHbie ypoBHH. HH3KOJie)l(all{He COCTOHHHH 
10Li MO)l(HO O)l(H,[J.aTb a BH,[J.e .[{Byx ey6neTOB (1 + I 2+) n (2- / 1-) H3 

KomJmryf;aQHH [nlp3/2®vlpl/2] H [nlp3/2®v2sl/2]. B peaKU,HH 
10

Be(
12

C, 
2N)1°Li ttan6onee aepo»THO 3aceneHne cocTo»HHH co cnHHoM H 

qeTHOCTblO f = J\ r, 3+, 4- H T.,[{., B TO BpeMH KaK B peaKQHH 
9
Be(

13
C, 

12N)10Li B03MO)l(HO 3aceneHne ypoatteii c .r = 2+, 1- HT . .[{. 

J,fa H3MepeHHblX cneKTPOB CJle,[{yeT, 'ITO Han6onee HH3KHH pe3oHaHC 
10Li OTCTOHT OT nopora p~BaJia 

10Li ➔ 9Li + n Ha 0.24 M38. 

CooTBeTcTBeHHO Q = -38.00 M3B. Tor,[{a Macca 
10Li paBH»eTCH M.E. = 

33.264 M3B. IlpHHHMaH 3TOT pe30HaHC 3a OCHOBHOe COCTOHHHe, eMy 6b1Jl0 

«se(ttc,r:;..i)'°IJ, ELlb•357.0MeV 
200 r , • • • I 1 11 ' II J 

;g~ 
'"..----, ...;..;. 

160" I0.0E..=,_0.75° 
0.4• 

J/J 
C 

5120 
(.) 

100 
E 
is 80 

":~~ JHJ i 
10 5 Q -5 

. ER(10[.i)[MeV] 
-10 

CSe(1'1C,"'}11l[J, Et,i, =336.4MeV 

i-:~ ~!~E.l"tOIMeVJ 
1()-q"N~ 

80 

ho ::, 

~ 3.o• 
:! I 

0 
U4Q 

20 

0 
80 

60 
.f!l 
" <340 

20 

0 
10 5 0 -5 
ER(llt.i)[MeV] 

Puc. 6. CneKTPhl 12N .nm1 paJHbIX yrnoa H3Mepemrn KaK <j)yHKUH» peJoHaHcHoii 
3Heprnn ER B ».npe IOLi: H3 peaKLt.Im 10Be(12C, 12N)10Li npu 3Heprnu ny'IKa 357 M3B 
.nn» .nayx HHTepBaJIOB yrnoB. KpHBa» 1 - cyMMa BKJia.D.0B OT peaKUHH Ha npHMeC»X 
a MHIIIeHH n OT pacna.na 13N* (KpHBaH 2); tt 

HJ peaKUHH 9Be(13C, 12N)1°Li npu 3Heprnu nyqKa 336.4 M3B. lJepe3 1 o6o3Ha'IeH 
BKJia,n peaKUHH Ha npHMeC»X B MHIIIeHH, 2 " 3 - BKJia,nbl OT pacna.na 13N* H 

14N*. 
Co6bITHH cooTBeTCTBYIOIIIHe ypOBHHM 

10Li BhIHeCeHbl Ha OCb ER a BH.ne 
3aIIITPHXOBaHHbIX OJIKOB. S0 - nopor pa3BaJia 

10Li ➔ 9Li + n. 
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np,mttcaHo 3HalJCHHe f = 1+ m [nlp3/2®vlpl/2]-KOHCfmrypaQHH. 
Cne.n,yIO~HH pe3oHaHc HaxO,AHTCH nptt 0.54 M3B, OH 6htn 

HHTepnpeTttpoBaH KaK COCTOHHHe 2+ H3 .Ay6neTa (1 + / 2+). B pe3ynbTaTe 

Haumx H3MepeHUH 61,mo U,ACHTH<pHQUpOBaHo 9 pattee HCH3BCCTHblX 

ypoBHeH B H,Ape 
10Li (Ta6nnQa 2). Ilpn HX HACHTHcj>nKaQHH Mbl 

PYKOBO,ACTBOBanncb ceneKTUBHOCTblO Bb16paHHbIX peaKQHH J,f HCKOTOpOH 

attanorneu c 3aceneHneM ypoBHeH H,Aep 12B n 16N, nonytJaeMhIX B peaKQHH 
(12C,12N). 

,[{Ba pe3oHattca npn ER= 2.35(10) M3B c I'= 1.2(4) M3B n ER= 
2.85(7) M3B C r = 0.3(2) M3B, OTHCCCHHblC HaMH K H30TOny 10Li, 
nepeKpbIBaIOT nopor pacna,Aa Ha [9Li*(2.69 M3B) + n]. Ilo sceu 

BepOHTHOCTH OHH COOTBCTCTBYfOT CBH3H BaneHTHOfO HCHTpOHa 10Li C HAPOM 

Kopa 
9
Li, KOr,Aa nocne,AHee HaXO,AHTCH B B036)')K,ZJ.CHHOM COCTOHHHH C E* = 

2.69 M3B. 

Ta6nnu.a 2. 3KcnepHMCHTil.TlbHbie .U,aHHbie, nOJI)"ICHHbIC MR H.U,pa 10Li a peaKQIIHX 
IOBe(12c, 12N)10Li H 9Be('3c, 12N)10Li. 

Pea1eunsr ER,M3B I',M3B &eHTH!HK3UHSI 
9Be{13C, 12N)10Li 0.24±0.04 0.10±0.7 g.s.,pl/2, 1+ 
10Be{12C, 12N)1°Li 0.53±0.06 0.35±0.08 pl/2, 2+ 

1.40±0.08 0.20±0.07 d5/2, (T + 11 
2.35±0.10 1.2±0.4 p3/2, (]+, 3+) 
2.85±0.07 0.3±0.2 (]-, 2+) 

4.19±0.10 0.12±0.08 
4.64±0.10 0.2±0.1 cr,2+) 

5.7±0.1 0.2±0.1 
(9.0L _ 

BhIBOA o TOM, 'ITO cocTOHHHH 10Li npH 3Heprn.six 0.24 n 0.53 M3B 

MOryT HHTepnpeTnpoBaTbCH KaK UMCIO~He p-KOHcj>nrypaQUIO 61,m Il03,AHee 
no,nrnep)K)].eH B pa6oTax .npyrnx asTopoB. 

TT ~ ]IL• 6 ,-,.o HatJana npOBO.QUMblX HaMH nccne,noBaHUU J bin U3BCCTCH 
nHWb O.QHH B036)')K,ZJ.CHHblH ypoBCHb 3TOro .si,npa npn E* = 1-I .2 M3B. 

,[{ml noncKa ,npymx B036)')K,ZJ.eHHbIX COCTOHHHH 11 Li Mbl 
ncnonb30Bann peaKQUH nepe,natJn 10Be{14C,13N)11Li U 14C(14C,17F)11Li nptt 

3Hepmtt nyqKa oKono 24 M3B/ A. IlonytJeHHhie B 3THX peaKQHHX cneKTPbl 
.si,nep 

13N n 
17F noKroaHbI Ha pnc. 7. B peaKQHH no,nxBaTa TPCX npoTOHOB 

14
C(

14
C,

17F}11Li OCHOBHOe COCTOHHUe 11Li 3acenHCTCH C Han6onbWCH 
BepOHTHOCTblO. B 3TUX 3KCnepHMCHTaX BnepBbie o6Hap)')KCHbl COCTOHHHH 

12 

60 
10ae(14C, 1JN)11 Li, Elo1>=334.4 MeV 

'l N. 
,,u N IX> 4. 1 "<0L <5.9° ., 

:: ; ; ! c ~ E. [MeV] :, 
0 u 

20 

10 

0 
~• 11 • 11. 

IX) 

o E. "L" ,, 
4. 1°<0L <5.9° "' ci [MeV] 1 

I I 
O>-
cici -t " 0 

<D ..; ci 138 
I I I 

,sot --~la __ 
N 0 
..; ci t7N 

10or 111.r, I I I I 

501- t' . • Ill\ A (6) 

0 
20 40 60 80 100 120 

Channels 

14c(14C, t7F)1tL~ Ea_.b= 335.9 MeV 
I I I I I l I 

1.O°<0Lab <3.5° 
11Li 
g.s. su 

~ Ii g.s . .. 

10 

Puc. 7. a) CneKTp 13N B peaK1.um 1°Be(14C;3N)11Li npu 334.4 M3B noCJie Bblttem 
H3 nOJIHOro cneKTpa (6) BKJia.u,a OT <t>oHOBbIX peaKUHH. 
s) CneKTp 17F s peaKQHH 14C(14C, 17F) 11Li npu 335.9 M3B. 
YKaJaHbI 3Ha11eHHH 3Hepmu ypostteit 11Li, a mIOKe 3Hepmu coCTOHHHit H.u,ep 13B H 
17N (6) H 13B H 9Li (s), o6p33YJOIIU{XC.11 B peaKQH.11X Ha npHMec.11x B MHWCH.11X. 

13 



npH E* ~ 2.48, 4.86, 6.22 H ( c MeHbllleH BepOHTHOCTblO) 11.0 M3B. B 

o6naCTH paHee H3BeCTHorn ypoBHH c E* ,,., 1.2 M3B B cneKTJ)e peaKQHH 
14C(1 4C,17F)11Li Ha6JJIO}J.aeTCH HeK0Topoe K0JJH'leCTB0 C06bITHH, 0}J.HaK0 

MaJJM CTilTHCTHKa He no3B0JJHeT C}J.eJJaTb " OKOH'laTeJJbHblH BblB0JJ.. 

Heo6XO}J.HMO 0TMeTHTb, 'ITO BnepBbie Ha6JJIO}J.aeMbie HaMH C0CT0HHHH 6bIJJH 

B0Cnp0H3Be}J.eHbl TilIOKe B 0ITbITax JJ.pyrHX aBT0p0B. 

illeCTaH rnaea ITQCBHIIJ,eHa 3KcnepHMeHTaM no YT0•rneHHIO MaCCbl 
13Be H no noHCKy B036y)KJJ.eHHbIX • cocroHHHH a H30Tonax 

13
Be H 

14
Be. 

JII06oii pac11eT CTpYKTYJ>hI HJJ.pa 
14

Be TPe6yeT T0'IH0ro 3HaHHH CTPYKTYPbI 
H}J.pa 13Be • .L(o HallIHX 3KcnepHMeHT0B Macca H30Tona 

13
Be 6bIJJa H3BeCTHa C 

T0'IH0CTblO 0.5 M3B - OH C'IHTaJJCH HeCTa6HJJbHblM no 0TH0llleHHIO K 

pacnaJJ.Y 13Be ➔ 12Be + n Ha 1.9 ± 0.5 M3B. · 
Eonee T0'IH0e H3MepeHHe cneKTJ)a 

13
Be 6hIJJO nposeJJ.eHo ttaMH B 

peaKQHH 13C(14C,140)13Be npH 3HeprnH nyqKa 337 M3B. CneKTJ) 3tteprnH 

B036y)KJJ.eHHH 51}].pa 13Be, H3MepeHHblH B yrn0B0M }J.HanaJ0He 3.3° - 6.7° 
npeJJ.CTaBJJeH Ha pHc. 8. 

9 

8 

1/) 7 
'E gs 
0 

5 

4 

3 

2 

13q14c, 140 )1388 
33 7 MeV 0o--37.02(5)MeV 

3,3" - 6. 7" M.E. -.:,5; 1 6(5.)MeV 

16Q•-> 14 Q+2n 

at·,,, ~l ,/I\Jl.ll\1'11Rlil,Hls e ,a, ,n,, 
10.0 0 Ex [MeV] 

Puc. 8. CneKTJ) :meprmt 
B036yiK.n,eHHH H.n,pa 13Be B 
peaKUHlf 13C(14C,14O)

13
Be 

npH 3HeprHH nyqKa 337 
M3B, mMepeHHbIH B yrno
BOM ,!J,lfaila30He 3.3° - 6.7°. 

. CnnournaH KpHBaH - BKJia.n, 
OT pacna.n,a BbICOKO
B036yiK.n,eHHOrO H,!1,pa 

16
0*. 

CllMBOJIOM S0 o603HaqeH 
nopor pa3Bana (12Be + n). 

IlepsoMy nHKy pacnoJJ0)KeHH0MY cneBa OT nopora pa3BaJJa 
13

Be ➔ 
12 ' Be + n C00TBeTCTBYeT H36bITOK MaCCbl M.E. = 35.16(5) M3B, T.e. 3T0T 

pe30HaHC 0TCT0HT OT nopora Ha 2.01(5) M3B. Ero llIHpHHa C0CTaBJJHeT 

0.3(2) M3B. EcJJH 3T0 coCTOHHHe HBJJHeTCH oCH0BHbIM, TO 
13

Be HeCBH3aH no 

0TH0llleHHIO K HCnycKaHHIO O}J.H0rO He.ffTPOHa Ha 2.01 M3B. ):(Ba JJ.pyrnx 

pe30Hattca Hax0JJ.HTCH Ha 3.12(7) M3B .H Ha 6.5(2) M3B Bbtllle nepBoro. M.x 

WHpHHbl COOTBeTCTBeHHoI'= 0.4(2) H 0.9(3) M3B. . 

14 

> 150 

~ 
0 

~ 
§ 100 
8 

50 

~ 
.,.:: 

C> , .... 
c,i 

SI" 

"": "' SI" C! 
Ill 

14c(118 ,12N)1398 
190 MeV 

4.6deg 

Puc. 9. CneKTJ) 3Hepnm B036yxmeum1 R}lpa 13Be B peaKIJ,HH 14C(11B,12N)13Be npH 
3HepmH nyqKa 190 M3B. rHCTOrpaMMa - 3KCnepllMeHTallbHblH cneKTJ), CilJIOWHaJI 
KplfBaH - CYMMa BKJia.n,oB OT 3x-11aCTnquoro npou.ecca 12N+12Be+n n 

nocne,u.oBaTeJibHOro pacna.n,a B036ym.u.euuoro R.n.pa 13N*➔12N+n, nyHKTHp - 4x
qacTHlfttoe <)>a30B0e npoCTJ)aHCTBO 12N+11Be+n+n, TOlfKH - cyMMa Bcex KOMilOHeHT 
paJJioiKeHHH cneKTJ)a. 

Ha gHc. 9 noKaJaH cneKTJ) 3HeprnH Bo36y)KJJ.ettHR HJJ.pa 
13

Be s 

peaKQHH 
1 c(11 B, 

12N) 13
Be npH 3HeprnH nyqKa 190 M3B, H3MepeHHbIH noJJ. 

yrnoM 4.6° K HanpaBJJeHHIO ny11Ka H0H0B. 3}].eCb nepBblH pe3oHaHc 

ua6JJIO}J.aeTCH HH)Ke, 'leM B npeJJ.blJJ.YIIJ,eH peaKQHH. EMy C0(!TBeTCTBYeT 

Macca M.E. = 33.95(9) M3B. 3-roT pe30HaHc 6bm HJJ.eHTH<pHQHposatt KaK 

0CH0BHoe cocTonHue 
13

Be c 3Heprneii pacna}J.a 0.80(9) M3B. B cneKTJ)e 

Ha6JJIO}J.aJJOCb eIIJ,e HeCK0JJbK0 0HK0B, KOT0pbie HHTepnpeTHPYIOTCH KaK 

B036y)KJJ.eHHbie C0CT05IHH51 B 
13

Be C 3HeprunMH 1.22(10), 2.10(16), 4.14(12), 
5.09(14) H 7.0(2) M3B. 

Ha6JJIOJJ.aeMbIH B HallIHX onbtTilX ypoBeHb npH ~2 M3B Bbillle nopora 

pa3BaJJa 
13

Be ➔ 12
Be + n 06Hap~eH BO scex JJ.pyrux msecTHbJX 

3KcnepHMeHTaX. B npeJJ.enax norpellIHOCTeii H3MepeHHH, n0J)Ke 6blJJH 

00}].TBep)KJJ.eHbl TaIOKe pe30HaHCbl, 0TCT05IIIJ,He no 3HeprHH Ha}]. noporoM 

npuMepH0 Ha 3 M3B H 5 M3B. CmyaQHH c ypoBHJIMH, pacnoJJ0)KettHbIMH B 

o6nacTH 3Hepruii ttH)Ke 2 M3B, He0JJ.H03Ha11Ha. B JJ.Byx 6onee n03JJ.HHX 

3KcnepHMeHTax pe3oHaHCbI npH 0KOJJO 0.7 M3B 6bIJJH npHHHTbI 3a 

0CH0BH0e C0CT05IHHe (3TO cornacyeTcn C HallleH pa6orou), JJ.pyrue aBT0pbl 
npeJJ.00JJaraIOT, 'IT0 0CH0BH0e C0CT0HHHe JJe)KHT HH)Ke 200 K3B. PactfeTbl 

NJn llIHpHHbI u 3HepruH pe3oHaHca npH ~2 M3B, a TaIOKe cpaBHHTeJJbHbIH 

aHaJJH3 C 51}].p0M 11Be 003B0JIHJJH HaM npHnHcaTb eMy COHWlfeTHOCTb 

15 



+ II 
f = 5/2 . Ilo aHaJiornu c Be, cocTO.IIHHIO 0.8 M3B MO)KHO 6b1JJ0 6b1 
npunucaTh cnuH J = 1/2, HO Tor.n;a sonpoc o lfeTHocTH :noro ypoBH.11 

+ ocTaBaJic.11 OTKPHTbIM. Pe3oHaHc npu ~5 M3B B03MO)KHO nocTPoeH Ha 2 -
B036y)K.IJ:eHHOM cocTO.IIHHH Kopa 12Be u TaK*e .11BJJJ1eTcsi 5/2+-yposHeM. 

He pa3BHBaJI 3TOT aH3JlH3 6onee .IJ:eT3JlbHO (3TO c,n:eJJaHO B 
.n;ucceptaQHH) MO)KHO npH,n:TH K 3aKJJIOlJeHHJO O TOM, lJTO noKa H3 BCett 
COBOKynHOCTH ,n:aHHbIX TPY.D:HO c,n:eJiaTb onpe,n:eJJeHHhie BblBO.IJ:bl o. 
xapaKTepHCTHKaX, KaK OCHOBHOro, TaK H B036y)K.IJ:eHHbIX COCTOJIHHH 13Be. 
011eBH.D:HO, 3TO .11.n;po .IJ:OJI)KHO .11B,HTbCJI npe,n:MeTOM .D:aJJbHettlllHX ,n:eTaJJbHbIX 
0ccne.n;osaHHtt, oco6eHHO aK1)'3JlbHhIX npH H3YIJeHHH CTPYKlYPhl coce,n:Hero 
H30Tona..:... 14Be. . 

3KcnepHMeHT3JlbHbie 0ccne.n;osaHH.11 CTPYKlYPbl .11.n;pa 14Be secbMa 
orpaHHIJeHbI. ,ll;o npose,n:eHH.11 Harnero 3KcnepHMeHTa He 6hmo ,n:aHHhIX o . 

14 . 
B036y)K.IJ:eHHblX COCTOJIHHH B .3TOM .11.D:pe. 51.n;po -Be HCCJie,n:OB3Jl0Cb HaMH B 
peaKQHH 14C(14C,140)14Be npH 3HeprnH HOHOB 14C 335.9 M3B ·(pHc.· 10) . 
OcHOBHOe COCTOJIHHe 14Be B 3TOH peaKQHH He Ha6JJIO.D:aJJOCb. KpoMe JJHHHH 
Ha np0Mec.11x 12C H 160 B MHIIIeHH, B cneKTPe pernCTPHpyeMoro .11.n;pa 140 
6bIJI Ha6nio,n:eH Y3KHH nHK, KOTOPOMY cooTBeTCTBOB3Jl H36hITOK Macchi 
ME. = 41.47(6) M3B. 3ToT nHK 6bm HHTepripeTHposaH KaK Hosoe 
so36y)K.IJ:eHHoe cocrn.11HHe 14Be. C YlfeTOM rnro, IJTO ME.(1 4Be) = 39.88(11) 
M3B [C7], 3HeprH.11 · B036y)K.IJ:eHH.11 ypoBH.11 OKa3aJJaCb paBHOH · 

14C(14C,140)14Be 
Elab = 335.9 MeV 

41.47 (2+) 

I 

1.0° < 0Lab<3.5° 

12ee 
fTT7 
4.56 MeV 

2.10 MeV 

Puc. 10. CneK1J> :meprnu B036y,Ki:i;emra 14Be u3 peaKu,nn i4C(14C,140)14Be npn 
:meprnn nyt1Ka 335.9 MJB B ymoBOM i:i;uana3oHe I .0° < 0na6 < 3.5°. YKa3aHbt 
BKJiaJJ;bI OT npnMeceii 12C H 160, a TaIOKe OT pacnaii;a BbICOKOB036yx<i:i;eHHOro 160*. 

16 

1 
l 

if 
) 

) 

E* = 1.59(13) M3B, T.e. OH HecTa6HJieH no OTHOIIIeHHIO K pacna.n:y 14Be* ➔ 
12Be + 2n Ha 0.25(6) M3B (c y11eToM HOBblX Ta6JIHU Mace c 2003 r. [Cl], r.n;e 
npHH.IITO 3HaIJeHHe ME.(1 4Be) = 39.95(13) M3B, JHeprn.11 B036y)K.IJ:eHm1 
E* = 1.52 M3B). lllHpHHa ypOBH.11 COCTaBJIJleT r :s; 100 K3B. 

Ilo aH3JlOrHH C nepBblM B036y)K.IJ:eHHbIM 2+-ypoBHeM 1.77 M38 B 16C 
(Z = 6, N = 10), Hosoe coCTO.IIHHe B .11.n;pe 14Be npH E* = 1.59 M3B HMeeT 
cnHH H lfeTHOCTb 2+ C KOHcfmrypau0eH

0

(d5/2)2. I1o.n;o6Ha.ll H,n:eHTmfmKaum1 
,n:aHHoro ypoBH.11 OCHOBbIBaeTC.11 TaK*e Ha paclfeTaX .n:pyrHX aBTOpOB, r.n;e 

MH nepsoro B036y)K.IJ:eHHoro ypoBHH 6Lmo nony11eHo f = 2+ H · 

npe,n:cKa.3aHo 3HaIJeHHe E* Ri 1.80-2.0 M3B, B xoporneM cornacuu c HarnuM 
3KCnepuMeHTOM. . 

B 3aKJJ1011eHue, 06ne,n:nHH.11 pe3ynhTaThI Harnux H3MepeHu·ii c 
3KCnepuMeHT3JlbHbIMH .D:aHHbIMH 6onee fl03.IJ:HHX pa6oT npe)VlaraIOTCH 
cxeMbI ypoBHeH H30TonoB 13Be u 14Be (pHc. 11 ), OTCIJHTaHHhie OT 
OCHOBHOro COCTOHHHH H,n:pa 12Be. . 

E,M3B E* .r ER .r E* .r 
14.6 _{6+) 

15.5 ............... 

10.7 I'+) 
•• 10 ........... • 11.6 ........ 

9.3 • 10.8, •••••• 
8.51 

[!.~6.[e9.31 7.4 12 .. , 7·8 
6.4 Jo=, • 7 ............ 

5.7 ,•13·, 5.89_ 

2+ U~lE> 

• 4.1 ......... 
3.14 1 ··:1.w···--.. 0. 

2 99 112" 

2.01 wt 
18 1/2? 

+ < .;. 1.59 2"112 
1
0.0 o _ .. :,:L ... 111,.. ________ Be+2n

1
_
34 

12Be 13ee 
!:!!........! 

14Be 

Puc. 11. CxeMLI ypoBHeii 12Be, 13Be n 14Be orneceHLI K 12Be(g.s.). E* = :meprnn 
B036y)K,11;eun.11 (MJB) 12Be n 14Be; ER = JHeprnn pe3ouaucoB 13Be (M3B). 
TiyHKTHpbl - noporn )MHCCHH OJJ;HOfO H JJ;Byx HeiiTpOHOB, H 8He+6He. 1.JepHble 
JJHHHH: TOHKHe - AaHHbie H3 JIHTeparyphl; )KHpHble - BnepBbie o6uapyx<eHHbie 
HaMH pe3oHaHchi (0.8, 2.01, 2.90, 5.04 H 1.59 MJB - 6LIJIH IlOJ)Ke no.QTBep~i:i;eHbI B 
.Qpyrnx pa6omx), TOIJKU:....: i:i;auuhie Apymx aBTOJ)OB. 

06$e,D;HHeHHiilll' HHCTHTJT 

~epm1x Hccne,n;oBamrti 
BMBnvroTw.u 11 



B ce.QbMOH rJiaBe npHBOJJ)ITCB nonyqeHHbie HaMH HOBbie ge3yJibTaTbl 

.wui Macchi g_npa 
16

B H ,nng Bo36y)KJJ.eHHhIX coCTOBHHH 
13

B, 
14

8, 
5
8 H 

16
8. K 

Haqany HaUIHX H3MepeHHH ,naHHbie O CTJ)yKTYJ)e TB)KeJiblX (A ~ 14) 

H30TOTIOB 6opa 6hUJH BeCbMa orpaHfftreHI,f. 

,lvig TIOJiy'leHHB 
13

8 Mbl HCTI0Jib30BaJIH 'leTbipe peaKU,HH: 
160{14C, 17f), 

12q 14C,13N), 12C(13C,12N) H 
12C(15N,14O). 8 YKa3aHHbIX peaKU,Hgx KOHe'IHble 

COCTOBHHjJ B g_npe 
13

8 3aCeJIBIOTCB C pa3HOH BepoBTHOCTblO. 

8 peaKu,HH no,nxaaTa TPex npoToHoB 
160(14C, 17F) Ha1-16onee 

HHTeHCHBHO npOHCXOAHT 3aceJieHHe OCHOBHOro COCTOBHHjJ 
13

8. 8 cneKTPe 

Mbl Ha6mo,nanH Bcero eme ABa TIHKa, COOTBeTCTBYIOmHe :meprHjJM 

B036y)KJJ.eHHB 4.83 M3B H 6.90 MJB, OHH npHMepHo B 2-3 pa3a MeHee 

HHTeHCHBHbie, qeM OCHOBHOe COCTOBHHe (pHC. 12). 

Ill 
+' 
C 
:i 
0 
u 

25 

20 

15 

20 

16Q(14C,17F)139 g.s . 

.334MeV 

2.5° 

10 

0 
O! 
IO 

Ex (MeV] 
0 

Puc. 12. 
CneKTJ) :meprnii so36y:lKJJ.CHU'1 
138 B peaKUHH 

16
O(

14
C, 

17
F)

13
8 

npH 3HeprHH ny11Ka 334.4 M38 H 

yrne 0,.85 = 2.5° (yrnosoii JaXBaT 

1.0° - 4.3°). KpHBM - BKJJaJJ. OT 

pacna)l.a BbICOKOB036y)KJJ.CHHOrO 

'1.ll.pa isF* ➔ i,F + n. 

8 OCTaJibHblX peaKQHBX B g_npe 
13

8 3aceJIBeTCjJ MHOro B036y)KAeHHblX 

coCTognHH. TeM He MeHee, ypoBHH npH ::::: 4.8 M38 H 6.9 M38, KOTOpb1e 

6bIJIH xopomo BHAHbl B npe,nhl.nymeii peaKU,HH, 3,necb npOSIBJISIIOTCSI O'leHb 

cna6o. OcHOBHoe coCTOBHHe TaIOKe cna6o 3aceJIS1eTCS1. 8 Ka'leCTBe npHMepa 

Ha f:HC. 13 TIOKa3aHbl cneKTPbI 3HeprHH B036y)KAeHHSI 
13

8 B peaKU,HH 
12C( 5N,140)13B BO BCeM H3MepBeMOM ymoBOM ,nHanaJOHe (a) H B ymoBhlX 

HHTepaanax 2.0°-3.4° (6) H 3.4°-5.4° (B). <l>oH B 3TOH peaKQHH o6ycnoBJieH 

pacna,noM B036y)KJJ.eHHoro 
150*, 06pa3osannoro BMeCTe c 

12
8 Ha nepsou 

18 

140 

120 

100 

2f80 
X 

~60 

40 

20 

100 
) 6) ~-3.4' 

0 

80 

g60 

~ 
rn40 

20 

80 l B) 3.4--S.4" 

60 

~40 
.a 

IXI 

20 

0 
20 15 10 5 

E*, MaB ' 

Puc. 13. CneKTJ)bl. :mepruu 036~)1.CHU'1 
13

8, U3MepeHHbIC B pa3.11UlfHblX yrnOBblX 

JJ.HanaJoHax a peaKUUH 12C( 5N;4O)138 npu 3Hepruu nyqKa 240.1 M3B. 

PacnpeJJ.enemie OT pacna)l.a 
15
0* noKaJauo cnnonrnoii nmpoKoii KpHBOii. 

OcTaBJIJHCC'1 Ha)I. 3TUM pacnpe)l.eJICHUCM nuKU COOTBCTCTBYIOT COCTOSIHUllM B 
13

8. 

CTaAHH B3aHM~,neuCTBHB B p~aKQHH 
12C(15N,150)12

B H pacna,na10merocg Ha 

nery (B OCHOBHOM HMeeTCB BKJiaA OT 0.95-MJB B036y)KAeHHOfO COCTOSIHHB 
12

B). l13MeHeHHe BbICOTbl TIHKOB C H3MeHeHHeM ymosoro HHTepaana 

TIOKa3bIBaeT, 1ITO COOTBeTCTByiomHe COCTOBHHB xapaKTepH3ylOTCB pa3HbIMH 

ymoBbIMH pacnpe,neJieHHBMH, 'ITO TI03BOJIBeT HX pa3,neJIHTb H 6onee TO'IHO 
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onpe,neJIHTb ux 3Heprmo. B pe3yJibTilTe aHan:H3a 3Toro 3KcnepuMeHTa 

snepsb1e 6bmH o6Hap)')KeHbI 'leTbipe HOBbIX yposmI s 
13

B npu 3Heprm1x 

so36y:>K.z:teHm1 E* =11.61, 12.23, 13.65 H 14.39 MJB; see OHH Bbillle nopora 

pacna,na 11epe3 ucnycKaHHe .nsyx Heirrpottos (8.248 M3B). CeJieKTHBHOCTb 

HCnOJib3YCMbIX peaKl.UfH npu noJiy11eHHH .11.npa 
13

B II03BOJIHJia HaM snepBble 

onpe,neJIHTh cnHH " 'leTHOCTb MHOrHX H3 ua6mo,neHHblX COCTO.HHHH. 

B nureparype .z:tJI.H .11,npa 
14

B 6bIJIH H3BeCTHbI ypoBHH JIHIIIb .no E* ::::: . 
4.3 M3B. DbIJia ua6mo,neHa TalOKC (6e3 H,z:tCHTH<l>HKal.UfH OT,z:tCJlbHblX nHKOB) 

llIHpoKa.H CTPYKTYPa s o6JiaCTH 6.7 M3B. 

~aHHble O BbICOKOB036)')K.neHHblX COCTO.HHH.HX B .H,npe 
14

B Mb( 

nony11HJIH s peaKUHH 
12C(14

C,
12N)14

B npu JHeprnu 334.4 MJB s 

H3Mep.HCMOM yrnoBOM .nuana3oHe I. l O < Bna6 < 4.5°. I1ony11eHHbIH 

JHepreTu11ecKHH crreKTP nOKa3aH Ha puc. 14. MexaHH3M peaKUHH 
12

C{1
4
C, 

12N)14
B 6narorrpH.llTCTByeT rrepe,na11e 60JibllIOro yrnosoro MOMeHTa, 

B CB.H3H C 11eM He Ha6mo,n8.IOTC.ll HH3KOJie:>K3lllHe COCTO.HHH.ll ( <2 M3B), B 

KOTOpblX y11acTByeT 2s l/2 He'leTHbIH HCffTPOH. O,nHaKO rrpH E* > 4 M3B Mbl 

o6Hap)')KHJIH HCCKOJlbKO Y3KHX IIHKOB, a TIUOKe IIIHpOKYJO CTPYKTYPY s 

paHOHe 6 M3B KOTOpa.H, B03MO:>KHO, COCTOHT H3 HCCKOJlbKHX nHKOB. 

3HeprHH H,nCHTH<f>HUHpoBaHHblX HaMH COCTO.HHHH 
14

B IIOKa3aHbl Ha puc. 14 . . 
( cnpasa) s cpasHCHHH c ,nauHbIMH .npyrnx asropos. . , I 14

s aa 40~' •..• ~.;. ;,~("C,"N)':B '" ~ ,.,._ 
2 ci ~ '-••<eu,«-5 m• ~ .,._ 
C - • ~ 
,30 I I :, • •-Ii~ 
o m • ~ • . u . ~ .- ,.. ~ • 

'I 1111 II I I ill (0 ~ 4.31(1 ) ~ 
2oe t ~-

4 " '-. ·- I 1 2.97 

1ot- 2 
1
~ 2--2

3
_ · ·' · 1.2a1+ 

, •u,un1 LI In "' ..;. • 

11
2.

321
, ~~~_

11
z- t2U 

.,.am e n • • • 1 -::-=::ip.97 """' , ,::,o, Y '"'-"" o.7 • 2 Kawa 

O" 15 lO E" [MeV] I • 5 Q O pafSon, 

Puc. 14. CneKTJ> 3Heprnu ao36yxmeuuJI JI.II.pa 14B u3 peaK~uu 12C(14
C,12N)

14
B npu 

3Heprnu 334.4 M38. IloKa3aH BKJia.D: pacna.n;oa JI.11.ep 14N*➔ 12N+2n H 13N*➔ 
12N+n, o6pa30BaHHblX B peaK~H 12C+14C (JI.l].pa OT.l].aqe 128 H 13B 06pa30BaHbl B 
OCHOBHOM COCTOJIHHH). YKa3aHbI 3HeprnH H.l].CHTHlfm~oaaHHbIX COCTOHHHH B 
M38. Cnpaaa - cpaaueuue HaWHX 3KCnepHMCHTIIJibHblX .11.aHHblX C pe3yJibTaTaMH 
.11.pyrnx pa6oT (nepBbIC 3 KOJIOHKH); D03)KC .11.pyrnMH aaropaMH 6b1Jl 00.l].TBep)K.l].CH 
ypoaeub 1.28 M3B, a TaK)Ke o6uapy)KeHo coCTOJIHHe npu E* = 0.655 M3B. 
Sn(0.97 M3B) - nopor HcnycKaHHH 0.1].HOro HCHTpOHa H3 JI.II.pa 14B. 
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15 

10 
.!!l 
C 
::, 

8 
5 

14N'-12N+2n 

-CC("C. ~)tis 
337.3 MeV 
,4.,c.•~.,c.• 

~ ~2n .... 
.... C? 

Pnc. 15. 
CneICTp 3Heprntt ao36y)K-
.11.eHHJ1 H.ll.pa 15B H3 
peaK~H 13C(14C, 12N)15B 
npu 3Heprutt 337.3 MeB. 
KpttaaH - BKJia.ll. OT 
pacna.n;a BbICOKOB036y)K
.ll.eHHOro ».ll.pa 14N* c 
HCnycKaHtteM .11.Byx 

If ~ ~ Ill '{ '~ ,. J l I HeHTpOHOB. Sn H S2n -
0 I , ' • ' ' ' ¾ ' 

1 
' ' 

9 
' noportt 3MHCCHH 0.11.Horo H 25 20 

.ll.Byx HeHTpOHOB. 

I10HCK 8036)')1(.neHHbIX COCTO.HHHH 
15

B (paHee 3KCner,nMeHTaJibHbIX 

cse,nem1u O TaKHX He 6bIJIO) Mbl rrpoBeJIH B peaKQHH 13C(1 C,
12N)15B npH 

3HeprnH nyqKa 337.3 M3B. CneKTP 
12N, H3MepeHHbIH s yrnosoM ,nnanaJoHe 

4.4° < 0na6 < 6.4°, IIOKa38H Ha pHC. 15. KpoMe OCHOBHOro COCTO.HHH.H, C 

MaJiblM BblXO,z:tOM, HO rrpaKTH'leCKH 6e3 <f>oHa, Mb] ua6mo,nan:H HeCKOJlbKO 

Y3KHX nHKOB, KOTOpbie COOTBeTCTBYIOT paHee HeH3BeCTHblM COCTORHH.HM 
15

B 

npn E* = 3.48, 4.91, 6.01, 7.64, 9.50 H 10.27 M3B. Mb1 ue Ha6n10,nan:H HH 

o,nHoro yposH.H HH:>Ke ~ 3 .5 M3B. 

3KcnepHMeHT3JlbHO onpe~eJieHo, 'ITO H30TOn 
16

B HeCTa6HJieH no 

OTHOIIIeHmo K pacna,ny 
16

B ➔ 15
B + n. Pac'leTbI :meprnu oT,neneHHH 

HeHTPOHa sapbHpYJOT OT -0.164 .no -1.0 M3B. 

Macca 
16

B 6bma srrepsb1e H3MepeHa HaMH s peaKU.HH 14C(14C, 12N)16B 

npu 3Heprnu nyqKa 336 M3B. CneKTP 3Heprnu so36Y)K.neHH.H 16B s 3Tou 

peaKUHH OKa3aJIC.ll .nocTaTO'IHO CJIO:>KHbIM. B o6JiaCTH O)KH,naeMoro 

OCHOBHOro COCTO.HHH.H Ha6JIIO,z:taJIC.ll 3Ha11HTeJlbHblH BKJia,z:t peaKU.HH 
12

C(
14

C,
12N)14

B Ha npHMeCH H30TOIIa 
12

C (~25%) B MHllleHH H3 14C. Ha 

ocHose npe.ncTaBJieHHbIX BbIIIIe ,naHHbIX o CTPYKTYPe .H,npa 
14

B 6hma 

npose,neHa TO'IHa.H Kan:n6posKa .nn.11 aHan:ma cneKTPa .H~pa 16B, 

nOKa3aHHOro Ha pHC. 16 (sepXHHH rpa<f>HK). Me:>K,ny .z:tBYM.H ypOBH.HMH 
14

B C 

3Heprn.HMH 8.03 M3B H l 0.15 M3B Hau,neH IIHK, cooTBeTCTBYIO~HH 

Han6oJiee HH3KO pacnOJIO:>KeHHOMy no 3HeprHH COCTOHHHIO R,z:tpa 16B. Ero 

MeCTOIIOJIO:>KeHHe COOTBeTCTByeT 3Ha11eHHIO Q-peaKUHH paBHhIM -48.38(6) 
MJB, 'ITO MR Macchi 

16
B ,naeT M.E. = 37.08(6) M3B (3TO 3Ha'leHHe sse,neHo 

s Ta6JIHUbI Mace [Cl]). I-fa 3TOro cne.nyeT, 'ITO .H,npo 
16B Hecrn6HJihHO no 

OTHOIIIeHHfO K ucnycKaHHIO HeHTPOHa scero Ha 40 K3B. 0TMeTHM, 'ITO 

OIIIH6Ka B onpe,neJieHHH 3Ha11eHH.ll Q BbIIIIe 3TOro 3Ha'leHH.H. Mbl npHIIHCaJIH 
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2 
C 
::, 
0 u 

14C(14C, 12N)lfl9 

Elob=336 MeV, 2.O°<0Lob<5.O° 

0
0
=-48.38(6) MeV 

1fl9 Sn=-O.O4MeV 
6.06 2.36 o.o 

'° 

o'· ', :?:::ha. <.:::,;• ✓ .,.,rs, >1.111 

15 1 0 5 E"('SB) 0 (MeV} 

2 
C 
~ 
0 
u 

14C(14C,12N)189 

10 

ol 1:1--:: 'ii ul :'I >- w: ''IF=',;,, 

5 E"('"B) O [MeV) 

Puc. 16. 
a) CneKTJ) 3Heprnil 

• 6 168 BO3 y,K,nemrn H,npa , 
nonyqeHHOfO B peaKUHH 
14C(14C, 12N)16B npH 3HeprnH 
nyq1<a 336 M3B. KpHBhIMH 
mo6pa,KeHbl q>OH OT peaKUHH Ha 

npttMeCH 12C H BKnaA OT 
pacna.na BhICOKOB036y)l(,neHHOfO 

11,npa 
13N*. 

3ttepnm ao36y,K,neHHH 11,nep 
168 

lI 14B nOKa3aHhl Ha pttcyttKe. 

6) 
CneKTJ) 3Heprnil B036y,K,neHHH 

n.npa 16B (a yaenw11eHHOM 
Macuna6e) nocne abI11ern 

BKna.na OT peaKQHH Ha npHMeCH 
12c. 

'.HOT OUK OCHOBHOMY COCTOHHHIO 
16

8. ,lvIH uJHpHHhl pe30HaHca MO)l(HO 

Onpe,ll.eJlHTb TOJlbKO BepXHIOIO rpaHmzy I'< 100 K38. 

B HarueM 3KcnepuMeHTe 6hmH Ha6mo,ll.eHhI eI.Ue ,ll.Ba pe3oHaHca 
16

8 

npH E* = 2.36(7) M38 H, c HeCKOJlhKO MeHhllieH TOLJHOCThIO, npu 6.06(8) 

M38. Ha pttc. 16 (Hl-f)l(HHH rpaqmK) "feAcTaBJ1eH cneKTP cocToHHHH 
16

8 

IlOCJle BhI4eTa BKJla,ll.a peaKUHH 
12c('4c,1 N)14

B. 

CornacHo 060J104e4HOH MO,l].eJ1u, nocJ1e,l].HHH He4eTHhIH npoToH H 

IlOCJle,l].HHH He4eTHhlH HeiiTpoH B H,ll.pe 
16

B 3aHHMaIOT COOTBeTCTBeHHO 

1p3/2- H ld5/2-op6ttThI u cnapHBaIOTCH Bf = r, T, T u 4-_ J,lcnOJ1h3YH 
V 16 148 

PHA apryMettTOB u npe;:i.noJ1o)l(eHuu o xapaKTepe cneKTPOB H,ll.ep 8 H , 
16B 

MhI onpe.u.eJ1HJ1H AJlH Hau60J1ee HH3Koro pe3oHaHca B H,ll.pe 

3Ha4eHHe f = 4-_ 

BOCbMaH rJiaua IlOCBHI.UeHa cneKTPOCKOilHH TH)l(eJlbIX H30T0Il0B 

yrnepo,ll.a 
15

C, 16C H 17C. B H,ll.pe 
15

C paHee 6bIJ1H H3BeCTHhl ypoBHH J1Hlllh AO 

:rneprnH B036y)l(,ll.eHHH E* = 11.8 M3B, a B H,ll.pax 
16

C H 
17

C - COCTOHHHH C 

E* $; 6.1 M38 u AO 3.8 M3B, cooTBeTCTBeHHO. 

22 

,lvIH myqeHml CTP)'KTYPhI H30TOil0B 
15

C, 
16

C H 
17

C Mhl HCilOJ1h30BaJ1H 

peaKQHIO cphma TPex tteiiTpoHOB c 60M6apAupy101IIero uoHa ('
2
C,

9
C) Ha 

MHllieHHX H3 
12

C, 
13

C H 
14

C, COOTBeTCTBeHHO. Ha pHC. 17 npe,ll.CTaBJleHbl 

cneKrphl 3Heprntt B036y)l(,ll.eHUH H30TOUOB 
14

C, 
15

C H 
16

C. 3tteprnu ypoBHeH 

H HeKOTOphie B03MO)J(Hhie 3Ha4eHHH CUHHa H 4eTHOCTH UOKa3aHbl pH,ll.OM C 

IlHKaMH. B CileKTPax 
15

C H 
16

C He npOHBJlHIOTCH IlHKH, COOTBeTCTBYIOIIIHe 

OCHOBHhIM COCTOHHHHM. 3To o6'bHCHHeTC51 BhICOKOH 3Heprueii "Y4Ka HOHOB 

(15-20 M38/A) npu KOTopoii 3aceJ1eHHe COCTOHHHH C S-KOMilOHeHTOH B 

peaKU,HHX nepe,ll.a4H MaJJO BepoHTHO. 

B cneKTPe H.U.pa 
15

C Bhirne 3Hepmu ~ 12 M3B (puc. 17, cpeAHHii 

rpa<pHK) Mhl Ha6J1IO)J.aJ1H IlHKH npu 3HeprHHx (ycpe,ll.HeHHhlX no TpeM 

onhITaM) E* = 12.64, 13.1, 13.8, 14.57 u 16.0 M3B, a TaK)l(e ,ll.Ba 60J1ee 

llIHpOKHX pacnpe,ll.eJleHHH npu 3HepmHX 17.8 u 19.0 M3B. YpoBHH c 

TaKHMH 3HeprnHMH y 51,ll.pa. 
15

C He 6hIJ1H H3BeCTHhI. 1-beHTH<pHKaU,HH 

COCTOHHHH B 51,ll.pe 
15

C 6hma noJ1y4eHa C npHBJ1e4eHHeM ,ll.aHHhJX 0 

CTPYKTYPe H,ll.pa 
14

C: .u.06aBJ1eHue HeHTPOHa Ha ocHOBHoe cocTo.srnue, HJ1H Ha 

(1p-lh)- H (2p-2h)-KOH<purypau,uu Mpa 
14

C, npHBO,ll.HT K B03HHKHOBeHHIO B 

HApe 
15

C cocTOHHHH Tuna (Ip-Oh) u (2p-lh)·- oHu Ha puc. 17 coeAHHeHhI 

nyHKTHpHOH " CilJ10llIHhlMH JIHHHHMH. Hau60J1ee HHTeHCHBHh)H IlHK B 

cneKrpe 
15

C COOTBeTCTByeT COCTOHHHIO C E* = 6.84 M38. 3To COCTOHHHe H 

COCTOHHHe npu E* = 7.39 M3B COCTaBJlHIOT .u.y6J1eT c KOH<pttrypau,ueii 2p

l h (ABe t.JaCTHU,hl - 0)].Ha AblpKa). BH)J.HO TaK)l(e, 4TO yposeHh npu E* = 6.84 

M3B 3aceJ1HeTCH C HaH60J1bllieii BepOHTHOCTblO. 3To 03Ha4aeT, 4TO OH 

HMeeT Bhmrnyryio KOH<purypaU,HIO ( CUHHhl yqacTByIOJ..UHX t.JaCTHU, ,ll.aIOT 

MaKCHMaJlhHhlH yrnoBOH MOMeHT). 1-'.lcxo.u.H H3 3TOro H Y4HThIBaJI 

H3MepeHHOe OTHOIIIeHHe HHTeHCHBHOCTeii UHKOB, Mhl O,ll.H03Ha4HO 

onpe.u.eJ1HJ1H MH COCTOHHHH C E* = 6.84 M3B CilHHl4eTHOCTh .r = 9/T. 

CocTOHHHe .u.y6neTa npu E* = 7.39 M3B npHHHMaeT 3Ha4eHue f = 7 IT. 
B H,ll.pe 

16
C, 06pa3yJ01IIerOCH B peaKQHH 

13
C('

2
C,9C)

16
C, npu noca,ll.Ke 

scex Tpex HeHTPOHOB Ha (sd)-060J104KY HApa MttllieHH 
13

C npoHBJ1HIOTCH 

ypoBHH c KOH<purypaQHeii 3p-lh. CneKrp 3Hepmii HApa 
16

C (puc. 17, 
V ,1-,• ) V 16c 

HH)l(HHH rpa't'HK co.u.ep)l(HT MHOro UHKOB, HO H3 H3BeCTHhIX ypoBHeH B 

3TOH peaKU,HH 3aCeJ1eHhl Bcero JIHIIIh ,ll.Ba ypoBHH C 3HeprHHMH E* = 1.77 H 

4.14 M3B. 14 paHee HeH3BeCTHhlX COCTOHHHH 16C, Jle)l(aJ..UHX Bhlllle ~ 7 .5 

M3B BUJlOTh AO eHepn1u Bo36y)l(,ll.eHIDI 17.4 M38, tta6J1IOAeHhI HaMu s 3TOM 
V 16c 3KcnepuMeHTe BnepBhie. AHaJ1H3 ,ll.aHHhIX O xapaKTepHCTHKax ypoBHeH B 

BHAe HeHTPOHHhIX 4aCTH4HO-AhipOLJHhIX CTPYKTYP 6hm npoBe,ll.eH Ha ocHoBe 

y)l(e H3BeCTHhlX ,l].aHHbIX AJlH H,ll.ep 14C H 15C. KaK UOKa3aHO Ha pHC. 17 
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Puc. 17. CneKIJ)bl 3Hepndt B036y)l(,11.eHIDI ,i:,11.ep 
14

C, 
15

C " 
16

C. BepTHKa.JlbHbIMH 

JIHHHHMH (cnJIOIUHbie H nyHKTHpmui:) YKll3aHa "po,11.0CJIOBHaH" 3THX ,i:,11.ep. TTyHKTHp 

o603HaqaeT HOpMHpOBaHHbIH q>OH OT npHMeCH 
12

C B MHllleHH 
13

C; 
190 - Q)OH OT 

npHMeCH 160. lliupOKHe pacnpe,11.eJieHHH - BKJia,11. TPex-qaCTHqHblX KaHanOB 

peaKLl,HH, Kor.u.a pemcTPHPYIOTCH TOJibKO 
140 HJIH 

9
C. 3uepmu ypoaueu u 

HeKOTOphie BO3MO)l(Hble 3HaqeHHH cnuua H qeTHOCTH npttBe,11.eHbl pH,11.OM C nuKaMH. 

24 

nocJ1e.nosareJ1bttrui: nepe.na'la Heihpottos Ha 3TH npoMe)K)'TO'IHhie R.npa 

npHBO}J.HT K COCTORHHRM B 
16

C, THna (2p-Oh) H (3p-Ih). AHaJ1H3 

xapaKTepHCTHK yposHeii 
14

C, a TaK*e cxeMhl ypOBHeH 
180 H 190, n03BOJ1HJ1H 

npe}J.JlO)KHTh B03MO)KHbie 3Ha'leHHR CTTHHa H 'leTHOCTH COCTORHHH 16C 

BnJlOTb .no 3Heprnii B036y)K}J.eHHJI 13.12 M3B. 

HaMtt 6b!J1 npose.nett TaK*e 3,KCnepHMeHT MR TTOHCKa BhlCOKO 

J1e)Ka1Qttx so36y)K}J.eHHhIX cocToRHttii s R.npe 
17

C. CneKTp 3Heprnii 

B036y)K)J.eHml 
17

C, H3MepeHHhlH B peaKL{HH 
14

C(1
2
C,9C)

17
C noKa3aH Ha pttc. 

I 8 nocJ1e BhitJeTa BKJla}J.OB OT scex QJOHOBhIX npm~eccos. B pe3yJ1hTaTe 

TTOJlHOro aHaJIH3a cneKTpa 6b!J1H Ha6mo.neHbl 11 paHee HeH3BeCTHhIX 

B036y)K}J.eHHhlX COCTORHHH R}J.pa 
17

C (see OHH BbllIIe nopora ttcnycKaHHH 

o.nttoro HeHTPOHa), BTTJlOTh .no E* = 16.3 M3B. 

B peaKL{HH 
I4

C{1
2
C,9C)

17
C R}J.pO-MHllleHb 

14
C HMeeT 3aMKH)'T)'IO lp

HeHTPOHHylO 060J10'IKY- ITo3TOMY npH nepe.na'le Tpex HeHTPOHOB, OCHOBHoe 

COCTORHHe H 60J1hll1HHCTBO HH3KQJ1e)Ka1QHX ypOBHeH 
17 

C HMelOT (2s I d)3 
-

KOHQ)Hrypal{HH. ITpH 3TOM nepe.na'la Ha Id5/2-op6HTy 60J1ee sepORTHa H 

Hatt60J1hlllHH BbIXO}J. }J.OJl)KHa HMeTb KOHQ)~rypal{HR (I d512)3. Ha pttc. l 8 
BH}J.HO, lJTO OCHOBHOe COCTORHHe npaKTH'leCKH He 3acem1eTCJ1 (TaM 

Ha6mo.na10TCH scero HeCKOJlhKO co6bITHH). B TO )Ke speMR xopolllO BH}J.eH 

H3BeCTHhlH nepBblH B036y)K)J.eHHbIH yposeHh npH ~0.3 M3B. 3ToT q>aKT 

YKa3hIBaeT Ha ttHTeHCHBHoe 3aceJ1eHHe ld5/2-op6ttThI. ITo3TOMY paHee 

npHnHcaHHoe eMy .npyrnMtt asrnpaMtt 3Ha'leHtte .r = 5/2+ snoJ1He 

onpas.naHO. C HaH60Jlbllleii sepoHTHOCThlO 3aceJ1ReTCJI COCTORHtte nptt 

14c(12c,9cjt 
60-j EL= 231.3 MeV 

0L= 3.0°- 7.0° 
Q = -46.93 MeV 
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Pttc. 18. CneKIJ) 3Hef,rnH 

ao36y)K,11.euttH ,i:,11.pa 
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C B 

peaKQHH l4C(l2C,9C)l7c 

nptt 3Heprnu 231.3 M3B. 

lllupoKoe pacnpe.nenetttte 

CJieBa COOTBeTCTByeT TPeX

qacn1qHOMy Bb!XO,11.HOMY 

Kauany 
9
C+n+

16
C*. 

qHCJia pH,11.OM C 3allITPHXO

BaHHbIMH IlHKaMH (ypoBHH 

,i:,11.pa 
17

C) coorneTCTBYIOT 

ttx 3HeprHHM E* (M3B). 



E* = 3 .10 M3B: 3TOMY cocT051HHIO cooTBeTCTBYeT BhICTpOeHHa51 Tpex
HeiiTpOHHM KOHqmrypaU,H51 (1d5!2)3 H Mb! npHnHCbIBaeM eMy cnHH H 
qeTHOCTb .r = 9/2+. Jle)Kall.\He 6onee Bb!CdKO no 3HepmH ypoBHH B 51.LJ.pe 17C 
CTp051TC51 Ha HeHTpOHHblX qacTHqHO-.LJ.bipoqHblX B036y)K.LJ.eHH51X 14C (OT£* > 
6 M3B), a TaK*e Ha npOTOHHbIX B036y)K.LJ.eHH51X (OT E* > 7 M3B). 

B 3aKJIIO'ICHHH nO.LJ.blTO)KeHhl pe3yJ1bTaTbl .LJ.HCcepTaIJ,HH no 
myqeHHIO nerKHX 51.LJ.ep C 1 ~ z ~ 6 C 60J1blllHM H36bITKOM HeHTpOHOB. 

OCHOBHbIE PE3YJibTATbl ,D;HCCEPTAI..U1.H 

1. B o6naCTH nerqaiiUIHX 3JleMeHTOB C 1 ~ z ~ 6 npoBe.LJ.eHhl 
cneKTpOCKOnHqeCKHe HCCJ1e.LJ.OBaHH51 51.LJ.ep C 60J1blllHM H36bITKOM HeHTpOHOB 
H nOKa3aHa nepcneKTHBHOCTb peaKIJ,HH nepe.LJ.aqH HeCKOJlbKHX HYKJlOHOB 
.ll.J151 myqeHH51 51.LJ.ep B6J1H3H HJlH 3a rpaHHIJ,eii HeHTpOHHOH CTa6HJ1bHOCTH. 

2. TTpoBe.LJ.eHhI 3KcnepHMeHThI no myqeHHIO CTJJYKTYPhI rn)KeJlhJX 
H30TOnOB BO.LJ.OPO.LJ.a C Maccoii 4-6. 3aperHCTpHpOBaHO COCT051HHe 6H C 
pe30HaHCHOH 3Hepmeii ER = 2.6(5) M3B; nO.LJ.TBep)K.LJ.eHO, qTQ 3TO 51.LJ.pO 
CHJlbHee CB513aHO, qeM npe.LJ.CKa3b!BaJ10Cb TeOpHeii. Ha6J1IO.LJ.eHbl .LJ.Ba 
pe3oHaHCHbIX COCT051HH51 B 51.LJ.pe 4H. B BbI6paHHOH peaKIJ,HH 5H He 
Ha6JTIO.LJ.aJ1C51 .LJ.~e B BH.LJ.e pe30HaHca. 

3. TTonyqeHa HOBa51 HH~OpMaIJ,H51 0 51.LJ.epHOH CTpyKrype H30TOITOB 
reJ1H51 C MaCCOBblM 'IHCJlOM ;?: 7. O6ttapy)KeHbl HOBhie B036y)K.LJ.eHHble 
COCT051HH51 B SI,n;pax 7He H 8He. TTO.LJ.TBep)K.LJ.eHbl .LJ.aHHhie O CTpyKrype 
H30Tona 9He, H TaK*e o6Hapy)KeHhl HOBbie COCT051HH51. C Bb!COKOH 
TOqHOCTblO onpe.LJ.eJleHa Macca CBepxrn)KeJloro 51.LJ.pa 10He: 3TOT HYKJlH.ll. He 
CB513aH no OTHOUieHHIO K 3MHCCHH .LJ.Byx HeHTpOHOB Ha 1.07(7) M3B. B 51.LJ.pe 
10He BnepBbie o6Hapy)KeHbl B036y)K.LJ.eHHbie COCT051HH51. 

4. H3MepeHbl cneKTpbl 3Hepmii B036y)K.LJ.eHH51 51.D.efi 10Li H 
11Li. 

Ha6J1IO.LJ.eHbl HOBhie COCT051HH51: 9 - B 51.LJ.pe 10Li, H 3 - B 51.LJ.pe I Li. 
5. H3MepeH cneKTp ypoBHeii 51.LJ.pa 13Be; o6Hapy)KeHbI paHee 

HeH3BeCTHbie COCT051HH51. BnepBbJe Ha6J1IO.LJ.eH B036y)K.LJ.eHHblH ypoBeHb B 
51.LJ.pe 14Be. 

6. TTpoBe.LJ.eHhl cneKTpOCKOnH'leCKHe HCCJ1e.LJ.OBaHH51 T51)KeJ1blX 
H30TonoB 6opa 13

•
14

•
15

•
16B. BapHaIJ,H51 Mace B3aHMO.LJ.eiicTBYIOll.\HX 51.LJ.ep 

13 148 n03BOJ1HJ1a o6Hapy)KHTb HOBbie ypOBHH B 51.LJ.pe B. B COCe.LJ.HeM 51.LJ.pe 
TaK*e 6hIJ1H H.LJ.eHTH~HU,HpOBaHbl HOBhie B036y)K.LJ.eHHbJe COCT051HH51. B 51.LJ.pe 
15B BnepBbJe Ha6J1IO.LJ.eHhl B036y)K.LJ.eHHbie COCT051HH51. BnepBbie 6bIJ1a 
onpe.LJ.eJleHa Macca 16B (3TOT HYKJlH.ll. HeCTa6HJ1eH OTHOCHTeJlbHO 3MHCCHH 
HeHTpOHa Bcero Ha 40 K3B) H o6Hapy)KeHbl B036y)K.LJ.eHHbie COCT051HH51. 
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7. )];n51 myqeHH51 CTJJYKTYPbI HeHTpOHOH36bITO'IHbIX H30TOITOB 15C, 
16

C H 
17

C HCITOJ1b30BaJlaCb peaKIJ,H51 nepe.LJ.a'IH 3-x HeHTpOHOB C 
6oM6ap.LJ.HpyIOll.\ero HOHa 

12
C 51.LJ.py MHllleHH (H30TOnbI 12C, 13C H 14C). 8 

51.LJ.pe 
15

C 6hlJ10 o6Hapy)KeHo 7 HOBbIX COCT051HHH BITJ10Tb .ll.0 E* = 19 M38, B 
51.LJ.pe 

16
C - 14 cocTo51HHii, OT nocne.LJ.Hero H3BeCTHoro ypoBH51 6.1 M3B .LJ.O 

3HepmH 17.4 M3B, H B 51.LJ.pe 
17

C - 11 paHee HemBeCTHbIX B036y)K.LJ.eHHblX 
cocT051HHH BhIUie nopora 11cnycKaHIDI O.LJ.Horo HeiiTpoHa, BnnoTh .ll.O E* = 
16.3 M3B. ,D;n51 MHOrHX H3 HHX npe.ll.JlO)KeHbl 3Ha'leHH51 cnHHa H 'leTHOCTH. 
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