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BHnbrenbMH 3. H 11p. P15 10233 

~1ccnei10B8HHe CTpyKTypbl Mpa BOy MeTOI10M cneKTpOCKOOHH 

ycpei1HeHHhlX pe30H8HCOB 

~13y'laflHCb cneKTpbl y -KB8HTOB H3 peaKUHH llBSr( p, y) B9 y, Bbi3biBae

MOH npoTOHaMH c 3HeprHeii or 2,8 110 3,8 MaB. V13MepeHHbie cneKTpbi ycpei1-

HHnHCb COOTBeTCTBy~WHM 06p830M B YK838HHOM HHTepBane 3HeprHH npOTOHOB. 

nony'leHhl ycpenHeHHhle HHTeHCHB~~CTH nepBH'IHhlX y -nepeXOI10B H8 onpe-

neneHHbie HH3Kone>KawHe ypoBHH Y. H a ocHoBe 3TH X naHHbiX 6biJIH onpene-

neHbi COHHbl H 'leTHOCTH ypOBHeH B o6n8CTH 3Hepf'HH B036y>KileHHH BOflOTb 

110 4173 K38. ilnH ypoBHeii, KB8HT0Bhle XapaKTepHCTHKH KOTOphlX He 6hlflH 

no cHX nop »3BeCTHbi, onpeneneHbi cneny~w»e 3Ha'leHHH J" ( aHeprHH 

B K38): 2687 (9/z+ ), 3139 (5/2+, 7/2-), 3248 (3/2+), 3410 (7/2+), 
3150 (7!2-), 3552 (7!2-), 3846 (712-), 3863 (5/2+), 3993 (3/2-), 
4175 ( 3/2 -). YpoBeHb C 3HeprKeii 2687 K38, paHee Heii3BeCTHbiH, Ha6monanc H 

BnepBHe. 

Coo6meHMe 06betiMH8HH010 MHCTMTyTa HttepHbiX HCCJI8tlOBaHMK 

Ll,y6Ha 1976 

Wilhelmi z. et al. P15 - 10233 
Study of the BOy Nucleus Structure by the Method 
of the Averaged Resonance Spectroscopy 

BB B9 • d. The Sr(p, y ) Y react l.On was stu J.ed for the proton 
energy range of 2.8- 3.8 MeV using the Ge(Li) detector.The 
measurements allowed us to obtain a spectrum of gamma rays 
directly populating the low-excited levels of final nucleus 
averaged in the range of 1.0 MeV. The results point to the 
existence of a correlation between the intensity of high
energy gamma transition and the spin and parity of the 
final states populated in these transitions. From these 
averaged intensities the values of spin and parity of 
a number of levels in B9 Y were determined. 

The investigation has been performed at the Neutron 
Physics Laboratory, JINR. 

Communication of the Joint Institute for Nuclear Research 

Dubna 1976 

<0 J 976 06-.eouHeHHI>IU UHc•u•y• -'OepHI>IX UCCAe006aHUii,lfy6Ha 

1. BBE,l(EHHE 

/l-3/ 
lionnHHrep H ToMac noKa3anH, 'ITO .nn.11 onpe.nene-

HHJI CllHHOB H 'leTHOCTeH HH3KOne~amHX COCTOJIHHH KOHeq

HOrO Jl.IJ.pa B peaK~HJIX (n, y ) ClleKTpOCKOllHJI ycpe.IJ.HeHHbiX 

pe30HaHCOB JIBn.ReTCJI none3Hb1M HHCTpyMeHTOM. EcnH HH

TeHCHBHOCTH, COOTBeTCTBYIDmHe y-nepeXO.IJ.aM C BbiCOKO

B036y)K.IJ.eHHbiX Ha HH3KOne~amHe COCTOJIHHJI KOHe•moro 

.ll.IJ.pa, ycpe.IJ.HHTb no MHOrHM pe30HaHCaM COCTaBHOrO .ll.IJ.pa 

H y.nanHTb HX 3HepreTH'IeCKYID 3aBHCHMOCTb, TO TaKHe 

HHTeHCHBHOCTH He 6Y.IJ.YT 3aBHCeTb OT 3cWleKTOB CTpyK

Typbl .ll.IJ.pa, a TOnbKO OT MynbTHllOnbHOCTH H THna nepe

XO.IJ.a. 

IlonO)KeHHe He H3MeHHTCJI, ecnH BMeCTO HeiiTpOHOB 

HCllOnb30BaTb llpOTOHbl HH3KHX 3HeprHH. If B 3TOM cnyqae 

llpHBe.IJ.eHHble HHTeHCHBHOCTH .IJ.On)I{Hbl 6b1Tb clJyHK~HeH MynL

THllOnbHOCTH H THna nepexo.na, a B npe.nnono~eHHH nepe

XO.IJ.OB THna E 1 /KaK HaH6onee Bepo.IITHbiX/ - TonLKO cnHHa 

H 'leTHOCTH KOHe'IHOrO .11,npa. 

BnepBble 3Ta H.IJ.e.ll 6blna npoBepeHa YM6aprepoM H 

.np/4 / Ha npHMepe peaK~HH 88
Sr(p,y)

89 
Y u

89 
Y(p,y)

90
Zr 

.nn.11 npoTOHOB oT 2,3 .no 3,0 M3B. IlocKonLKY aBTOpbl Ha-

3BaHHOH pa60Tbl npe)K.IJ.e BCero HHTepeCOBanHCb npoBepKOH 

MeTO.IJ.a ClleKTpOCKOllHH ycpe.IJ.HeHHbiX pe30HaHCOB, TO Mbl 

C'IHTanH ~enecoo6pa3HbiM llOBTOpHTb HX H3MepeHHJI, .IJ.n.R 

Toro 'IT06bl nony'IHTb 6onee nonHyro cneKTpocKonH'IecKyro 

HHclJopMa~Hro. B paHee ony6nuKoBaHHOH pa6oTe/S/ Hccne.no

Banocb .ll.IJ.PO 90 Zr, B HacTo.llmeH pa6oTe npHBO.D..IITC.Il HOBble 

3KCnepHMeHTanbHble .D.aHHble 0 CllHHaX H 'leTHOCTJIX ypOBHeH 

.ll.IJ.pa 89y. 
88 

B Ka'leCTBe MHWeHH HcnonL30Banc.R H30Ton Sr. ToT 

clJaKT, 'ITO CllHH H 'leTHOCTb ero OCHOBHOrO COCTOJIHHJI 0+ , 
ynpomaeT o6cy)K.IJ.eHHe HaH.IJ.eHHbiX pe3ynLTaTOB. BenH'IHHa 

Q peaK~HH, B COOTBeTCTBHH C pa60TOH 16/ paBHa 7,067 M3B. 
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IlOCKOJlLKY nopor peaKI.J,HH ( p, n) B 3TOM cnyqae paBeH 

4,401 M3B 16( HeiiTpoHHLIH KaHan AJIJI npoTOHOB c 3Heprueil, 

HCllOJlh3yeMOH B HallleH pa6ore, 3aKphiT H MO)I(HO nonyl.fHTh 

MaKCHMaJILHhiH BLIXOA peaKI.J,HH ( p, y) , nponopl.I,HOHaJILHLIH 

OTHOllleHHIO ....!i.!i._ [' r , 
p+ly 

rAe l , l - npOTOHHaJI H paAHa
p y 

l.I,HOHHaJI lliHPHHLI, COOTBeTCTBeHHO. 

Bee H3BeCTHLie AaHHLie OTHOCHTeJILHO JIApa 
89 y npu

BeAeHLI B ma6A. 1. 3AeCL )l(e, B nepBOH KOJlOHKe, npeACTaB

neHLI 3KCnepHMeHTaJILHLie pe3yJILTaTLI HaCTOJIIl.l,eH pa60TLI. 

B ma6A. 1 He ynoMHHaiOTCJI pe3ynLTaTLI pa6oTLI XuHpHK· 

ceHa u AP· /7 I, nocKonLKY B Heil He onpeAenHnHcL cnHHLI 

u qeTHOCTH ypoBHeil 89 Y. OrMeTHM, KcTaTH, 'ITO HaiiAeH

HLie B 3TOH pa6oTe 3HeprHH ypOBHeH 
89 Y B OCHOBHOM 

COBDaAaiOT C Ha6JI10AaeMLIMH B HalliHX H3MepeHH.!IX. 

2. OIIHCAHHE 3KCIIEPHMEHTA 

2.1. Muwe11u 

88 
MumeHL H3 H30Tona Sr, o6orall.l,eHHoro AO 99, 9o/o, 

H3roraBnHBanacL nyreM pa3JIO)I(eHHJI B BaKyyMe SrCO :J u 

HCnapeHHJI nonyl.feHHOrO TaKHM o6pa30M CTpOHI.J,HJI Ha TOH

KYIO /0,1 MM/ TaHTaJIOBYIO llO,ll,JlO)I(KY. IlepeA H3BJle1.feHHeM 

H3 BaKyyMa MHllleHL llOKpLIBanaCL TOHKHM CJIOeM 30JlOTa 

/1 K3B/ AJIJI npeAOXpaHeHHJI ee OT OKHCJleHHJI H ynyl.fllleHHJI 

rennooTBOAa. TonmuHa MHllleHH onpeAenHnacL no cMe

meHHIO nono)l(eHHJI pe 30HaHca B peaKI.J,HH 
27 Al (p, y) 28Si npu 

3HeprHH npOTOHOB 992 K3B, H3MepeHHOrO CHal.fana AJIJI 

'IHCTO aJIIOMHHHeBOH MHllleHH, a 3aTeM AJIJI HAeHTH'-IHOH 
~ 88 s 

aJIIOMHHHeBOH MHllleHH C HaDLIJleHHhiMH CJlOJIMH r H 

3onora. Tonll.I,HHa cnoH 3onora onpeAenHnacL c noMOil.I,LIO 

Apyroil TaKOH )l(e aniOMHHHeBOH MHllleHH, 3aKphiTOH BO Bpe

MJI ucnapeHHJI ss Sr H oTKPLITOH BO speMH HanLmeHHJI 3onora. 

Tonll.I,HHa MHrneHH, onpeAeneHHaH BLirneonucaHHLIM Me

TO,!J,OM, COCTaBnHna 15±2 K3B AJIJI 3HeprHH OpOTOHOB 

EP= 3 M:JB H BLI6HpanacL c raKHM pacqeroM, 1.fT06LI 

MO)I(HO 6LIJ10 HCOOJlh30BaTL BhiCOKOe 3HepreTH1.feCKOe pa3 • 

perneHHe AeTeKropa H OAHOBpeMeHHO o6ecne1.fHTL perucr-
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pau.n10 pa3yMHoro qucna co6LITHB B cneKTpe y-nyqeii. 

2.2. 3KcnepuMeHm 

H3MepeHHH y -KsaHTOB, nonyqaeMbiX H3 peaKU.HH 
88 Sr( p, y) 89 Y, 6blnH BhlnonneHLI c noMOII.J.LJO Ge(Li) - ,neTeK
Topa 06'bCMOM 37 c.M3 H 3HeprCTHqecKHM pa3pClllCHHeM 
3,1 K3B ,nng <lJoTOHOB C 3HeprHCB 1330 K3B. repMaHHeBbiB 
,neTeKTop pacnonarancH no.n yrnoM 90° no OTHorneHHIO K 
nyqKy npOTOHOB. ~ng YMCHblllCHHH HHTeHCHBHOCTH HH3KO· 
3HepreTnqecKHX y ·KBaHTOB nepe,n ,neTCKTOpOM YCTaHaB· 
nusancH cnoii csuuu.a Tonmuuoii 5,1 z/cM 2 . 

3aBHCHMOCTL 3<ll4leKTHBHOCTH Ge (Li )- ,neTeKTopa OT 
3HeprHHy-KBaHTOB onpe,nenHnacb C nOMOil.J,blO peaKli,HH 
27 Al (p, y) 28si npu 3Hepruu EP = 992 K3B. CneKTP HM
nynLCOB OT ,neTeKTOpa perHCTpHpOBanCH 4096-KaHanbHbiM 
auanH3aTOpOM H 3anHCb1BanCH Ha MarHHTHYJO neHTY 3BM 
E3CM-4. 

liTo6LI npu nocne.nosaTenLHLIX H3MepeHHHX He Bo36y)l(
.nanncb O,nHH H TC )I(C pe30HaHCbl COCTaBHOrO JI,npa, 3HeprHH 
na.na10mnx npoToHoB H3MCHHnacL B npe.nenax 2,8 - 3,8 M3B 
C rnaroM 20 K3B npH TonmHHC MHlllCHH OT 13 ,no 16 K3B. 
TaKIIM cnoco6oM 6blno nonyqeuo 50 oT.nenLHhlX cneKTpos. 
H3MepeHne Ka)l(_noro H3 HHX npo,non)l(anocb oKono 1,5 ttaca, 
a nOnllhlB 3apg,n Ha MHlllCHH 3a O,nHy 3KCn03Hl.J,HIO COOTBCT
CTBOBan npHMCpHO 30 MKA. 

~ng YCTpaHeHHH CHCTCMaTnqecKHX OlllH60K npOH3BO· 
.nunncL .nse He3aBHCHMble cepuu H3MepeHnii: o.nua so speMH 
nOBbllllCHHH 3HeprHH npOTOHOB, a ,npyrag BO BpeMH ee no
HH)I(CHHH. 

3. PE3YJibTATbl H3MEPEHHH 

88 89 
llpu H3Mepeuuu cneKTpa y B peaKU.HH Sr(p, y) Y 

.neTeKTop perucTpuposan 3Hepruu <iJoToHOB oT 0 .no 11 M3B. 
TaKHM o6pa3oM, o.nuospeMenuo H3MepHncH KaK cneKTP 
nepsuqublx raMMa-KBaHTOB, ucnycKaeMhlX npu nepexo.ne 
C BbiCOK03HepreTHqecKHX COCTOHHHB COCTaBHOrO H,npa Ha 
HHK303HepreTHqeCKHC ypoBHH 8 9y, TaK H cneKTp BTOpuq-

6 

HhlX raMMa-nepexo.nos, B03HHKaiOII.J.HX B pe3ynLTaTe pal
pH,nKH HH3KOB036y)l(,nCHHbiX ypOBHeB 89 y. 

Y cpe,nHCHHC H3MepeHHbiX cneKTpOB Y- KBaHTOB npOH3-
so.nunocL .nsyMH cnoco6aMH. 

llepBbiH H3 HHX OCHOBaH Ha npHMOM CYMMHpOBaHHH 
scex 3THX cneKTpos. TaK KaK 3HepruH nepsuqHhlX nepexo
,noB H3MeHHeTCH BMeCTe C H3MeHeHHCM 3HeprHH na,naJOil.J,HX 
npOTOHOB, TO B CYMMapHOM cneKTpe OHH He BbiCTynaJOT 
KaK OT,nenbHhle nHHHH, a HBnHIOTCH TOnbKO qactLJO o6mero 
<iJoHa. Huaqe o6cTOHT .neno co BTopuqnhlMH nepexo,naMH: 
HX 3HeprHH He 3aBHCHT OT 3HeprHH npOTOHOB, H OHH 
ycunusaJOTCH npu rrpHMOM cyMMHposaHHH. 

BTopoii cnoco6 JaKnJOqaeTcH s cyMMHposaHHH nocne
.nosaTenLHhlX cneKTpos co c.nsuroM, KOMneHcnpyiOmHM Ja
BHCHMOCTL 3HeprHH nepBHqHbiX nepexo,nOB OT 3HeprHH 
Bo36y)f{_nennH cocTaBHoro g,npa. TaKHM o6pa3oM, ycuneHHJO 
no.nsepraJOTCH nepsuquble nepexo,nLI, s To speMH KaK 
sTopnqHble crna)f{HBaJOTCH, HBnHHCb TOnbKO qaCTbiO 

<iJoua. 
Eonee no.npo6uoe onucauue npou.e.nyphl o6pa6oTKH 3K

CnepHMCHTanbHbiX pe3ynbTaTOB 
npe,nLI,nymeii pa6oTe 151 . 

MO)f{HO HaBTH B HalllCB 

Bee ynOMHHYThlC onepal.J,HH no o6pa60TKC cneKTpOB 
nposo.nunHCb ua 3BM E3CM -4. llonyqeHHbie ycpe,nHeH
Hhle cneKTpbl raMMa- KBaHTOB, COOTBCTCTBYJOmHe nepsHq
HbiM H BTOpHqHbiM rrepexo,naM, o6pa6aTbiBanHCb npH llOMOil.J,H 
CTaH,napTHOH nporpaMMbl, onpe,nenHJOme.if nonO)I(CHH1I, lllHPHHbl 

u nnoma.nu nuKoB . 
Ha puc. 1 npe,ncTasneH ycpe,nHeHHLIH no 3Hepruu B03-

6y)f{,nCHHH cneKTP nepsuqHLIX raMMa-nepexo.nos H3 peaK
u.uu 88 Sr(p, y) 8 9 Y; ,nnH ycpe,nHeHHH ucnonbJosanocL 50 
H3MepeHHbiX raMMa- cneKTpOB. Ha pUCYHKe nHKH, COOTBeT
CTBYIOII.J.He nocne.nosa TenLHLIM raMMa- nepexo,naM, npoHy
MepoBaHbl B COOTBCTCTBHH C nopH,nKOM pacnonO)I(CHHH ypos· 
Heii, JaceneHHbiX 3THMH nepexo,naMH. CuMsonhl ( ) o6o3-
HaqaJOT nHKH, COOTBCTCTBYJOII.J.HC perHCTpal.J,HH <iJOTOnHKa, 
a ( ) ' H ( ) " - perHCTpal.J,HH C BblnCTOM, COOTBCTCTBCHHO, 
o,nHoro unu ,nsyx auuurunHI.J.HOHHbiX y -KsaHTOB. KaK su.nuo, 
,nnH npuMenHeMoro HaMH o6'beMa ,neTeKTopa uau6onee HH
TCHCHBHble nHHHH COOTBCTCTBYJOT perHCTpai.J.HH y -nyqeB 
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Puc. 1. YcpeOHeHHblU cneKmJS
8 

nep6U'lHblX zaMMa- K6aH
mo6, ucnycKaeMblX 6 peaKI.IUU Sr(p, y'P9 Y. 3Hepzemu
'lecKaJI KQ/IU6p06KQ 4 K:JB/KQHQ/1, k - HOMep KQHQ/IQ. 
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C BhiJieTOM ~BYX KBaHTOB. 0HH H HBHnHCh rrpe~MeTOM 

~anhHeH:weH: o6pa6oTKH. 

Puc. 2 rrpe~cTaBnxeT crreKTP BTOPH'IHhiX raMMa-KBaH

TOB, HCIIYCKaeMhiX B pe3ynhTaTe pa3pH~KH B036y)l(~eHHhiX 
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Puc. 2. CneKmp 6mopu'lHblX zaMMa- K6aHmo6, ucn~cKaeMblX 
6 npo1.1ecce pa3p.ROKU 6036yxoeHHblX cocmo.RHUU 9¥. Kpu-
6QJI KQ/IU6p06KU 4 K:JB/KQHQ/1, k - HOMep KQHQ/IQ. 

COCTOHHHH 89 Y. B 3TOM CIIeKTpe o603Ha'leHhl HaH6onee 

HHTeHCHBHhle nHHHH, COOTBeTCTBYID~He pa3pH~Ke IIOCne

~OBaTenhHhiX COCTOHHHH 8 9 y Ha OCHOBHOe COCTOHHHe. 

0603Ha'leHHJI IIHKOB IIpHHHThl aHanorH'IHhiMH 0603Ha'leHHHM 

puc. 1. 
89 

Ha puc. 3 rrpHBe~eHa cxeMa ypoBHeH: Y, Ha6niD~aeMhiX 
B HacToxmeH: pa6oTe. 3HeprHH ypoBHeH: rrony'leHhl B pe-

3ynhTaTe COrnaCOBaHHH COOTBeTCTBYIO~HX rrepeXO~OB B 

CIIeKTpe rrepBH'IHhiX H BTOpH'IHhiX raMMa-KBaHTOB. 

4. OECY)J(,l(EHHE PE3YJibTATOB 

TeopeTH'IeCKHe BenH'IHHhl ycpe~HeHHhiX ceqeHHH 3a-

ceneHHH ypOBHeH 89 Y rronyqanHCh C IIOMO~hiO cilopMynhl 
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Puc. 3. CxeMa ypoeHeu 
89 Y. 

J/2-

:~; 
-~-

1
5:-'P) 

~ ~ 

- ~ 

-~ _~7/r) 

J/r 

(Jr.) 
1}2~ 

5/2~ 

5/2-

J/'r 

9/2~ 

11r 

Xay3epa-<l>ew6axa. Ycpe.n.HJUI <i>opMyny Iipeii:Ta- BHrHepa, 

OllHChiBaJOI.QYIO ceqeHHe peaKI.J,HH B6JIH3H H30JIHpOBaHHOrO 

pe30HaHca, llO MHOrHM pe30HaHCaM COCTaBHOrO .ll)l.pa B 

npe)l.llOJIO*eHHH CJiyqaHHOCTH 4>a3 H BBO)l..ll COOTBeTCTByJO

Il.J,He K034><t>HI.J,HeHThl llpOHHI.J,aeMOCTH, B COrJiaCHH C pa6ora

MH JleHHa H JlHHa / 8 / H <l>ew6axa1 9 /, MO*HO HallHCaTh 

Bhipa*eHHe .ll.JI.Il ceqeHH.Il a(p,y_) Ha 3aceJieHHe i - ro 
I 

YPOBH.Il B KOHeqHOM .ll)l.pe B pe3yJILTaTe HCllYCKaHH.Il raMMa

KBaHTa H3 COCTaBHOrO .ll)l.pa: 

~2 
a(p,y_)=-"---1 l(2J+l) x 

I 2 (2 I+ 1) TT J 

X 

l+l/2 J+jp (L) 
l l we Te w T 

ip= II-l/2lep= IJ-i 1 piP Y Yj 
----------~----------------

1+1 /2 J+ jp' N (l ~ 
l l w T + l w '·1 

J,=II-I/21 r,=IJ-i,l e eP,iP' k=• Y Yk 
p p p 

/1/ 

r.n.e !\ - .n.nHHa BOJIHLI na.n.aJOI.Qero HYKJIOHa, .n.eneHHa.ll Ha 

2rr ; I - CllHH .ll)l.pa MHWeHH; J - CllHH COCTaBHOrO .ll)l.pa; 

j , , e p - CllHH H op6HTaJihHhiH MOMeHT BO BXO)l.HOM KaHa

JI~; j p' , ep' - CllHH H op6HTaJihHhiH MOMeHT B KOHKypHpyro-

Il.J,eM KaHane, CB.Il3aHHOM c HcnycKaHHeM nporoHoB; Tep. , 
1£ , . , - K03<i><i>HI.J,HeHThl llpOHHI.J,aeMOCTH )l.JI.Il npot8HOB 

p Jp 

BO BXO)l.HOM H BhiXO)l.HOM KaHanax; Tv 
·k 

- 34><i>eKTHBHhiH 

K03<i><i>HI.J,HeHT npOHHI.J,aeMOCTH )l.JI.Il raMMa- KBaHTOB, 3aCeJI.IIIO

I.QHX k- e COCTO.IIHHe B KOHeqHQM .ll)l.pe(k =0, 1,2, ... ,i, ... N); 
9' =1/2(1+(-1/ TTi TT TT {) - Bhlpa*eHHe, llpHHHMaiOI.Qee 3Ha-

qeHHe 1 HJIH 0 H o6ecneqHBaromee coxpaHeHHe qerHocreH; 

TT. TT TT { - 0603Haqa10T qeTHOCTH .ll)l.pa MHWeHH, COCTaB-

Hdro .ll)l.pa H KOHeqHoro .ll)l.pa, COOTBeTCTBeHHOj W (L) -. y 
Bhlpa*eHHe, npHHHMaromee 3HaqeHHe 1 HJIH 0, o6ecneqH-

Baroi.Qee BLmonHeHHe npaBHJI or6opa npH HcnycKaHHH raM-

13 



Ma-KBaHTOB onpeAeneHHoro Tuna H onpeAeneHHOH MynLTH
nonLHOCTH. 

CyMMHpoBaHue no J u rr BeAeTcH no BCeM B03MO)I(-

HLIM CnHHaM H 'leTHOCTJIM COCTaBHOrO HApa, a CYMMHpo

BaHHe no k JIBJIHeTCJI CYMMHpOBaHHeM no BCeM B03MO)I(

HhiM paAHaUHOHHhiM KaHanaM. q'rOfihi yqeCTh TOT liJaKT, 

'ITO nepeXOAhl MOryT JacenJITh He TOllhKO o6naCTh AHCK

peTHhiX ypoBHeii, HO u o6nacTL cnnornHoro cneKTpa, OAHH 

H3 qneHoB B 3HaMeHaTene liJopMynLI Xay3epa-<l>ern6axa /1/ 

npuBeAeH B, liJopMe, aHanorH'IHOH TOH, KOTopyiO AaiOT Toyne 
I 1 0;. 

u 0BeHc · 
N' 

T • l w(L)T +L f w(L)p, (E)T (E)dE. 
y k=1 y y J ' y J y 

N l w(L) 
b.t y 

/2/ 

llepBax qacTL o6oJHa'laeT cyMMHpoBaHue no BCeM AHCK

peTHLIM YPOBHHM KoHe'IHoro HApa BnnoTL AO ypoBHH N' , 

a BTopax - HHTe rpupoBaHue no o6nacTH cnnornHoro cneKT

pa B npeAenax OT ypoBHH N' /BLicrnero H3BeCTHoro AHCK

peTHoro YPOBHH/ AO 3HeprHH B03fiY)I(AeHHJI COCTaBHOro 

HApa. p ,(E) o6o3Ha'laeT nnoTHOCTL HAepHLix ypoBHeii co 

cnHHOM 
1 J' u 3Heprue8 Bo36Y)I(AeHHH E . BLipa)l(eHue AnH 

nnoTHOCTH ypoBHea, KaK u Bee Heo6xoAHMLie AJIJI ee pac

'leTa napaMeTphi, B3JIThl H3 pa60Tbl runL6epTa H KaMe

poHa 111 I. BLI'IucneHue K03~uuueHTOB npoHuu;aeMoCTH AnH 

npoTOHOB c napaMeTpaMH onTH'IecKoro noTeHu;uana li.eKeT-
1 13' TH- rpuHnuca 121 npoBOAHJIOCh no nporpaMMe SCAT1 .',[J,nx 

Bhl'IHCJieHHJI K03~HU:HeHTa npOHHu;aeMOCTH AJIJI y -KBaH

Ta HCnOJih30BaJIOCh npeAnOJIO)I(eHHe AKcena 1141 0 TOM, 'ITO 

nepeXOAhl C 3HeprHeH nopHAKa HeCKOllhKHX Mera3JieKTpOH

BOJihT B03HHKalOT B pe3yJILTaTe TeX )l(e npou;eCCOB, KOTO

phle npHBOAJIT K ruraHTCKOMY AHnOnhHOMY pe30HaHcy. 

B TaKoM cnyqae HMeeT MecTo cneAYIOIUaH liJopMyna AJIH 

T :a·l0-14 xA 813xE 5 
y y /3/ 

BLirneynOMHHYTOe BLifa)l(eHHe 6Lino HCnOnh30BaHO MHO

ruMH aBTopaMH 13- 5•1 - 171 AnH pac'leToB HHTeHCHBHOCTH 

y -nepexOAOB. B 3Tux pa6oTax npHBOAHTCH paJHLie Be

JIH'IHHhl AJIJI noCTOJIHHOH a. B HarneR pa6oTe Haunyqrnee 

COrnacue H3MepeHHhiX H Bhi'IHCneHHhiX HHTeH.CHBHOCTeH 

14 

v ll<J y 
y- nepexoAOB AnH xoporno H3BecTHLIX ypoBHeH nony-

'leHo AllJI KOHcTaHThl a , paBHOH 1. 

Bee BLI'IHcneHHH npoBeAeHLI c noMOIULIO MOAHiiJuu:u

poBaHHOH AJIH peaKUHH paAuau:uoHHoro JaxBaTa npoTOHOB 

nporpaMMLI CINDYI 18~a 3BM CDC-6400. 

5. CPABHEHHE BhJqHCJIEHHhiX H H3MEPEHHhlX 
HHTEHCHBHOCTEH TAMMA- IIEPEX0,40B 

I13MepeHHLie ycpeAHeHHhle HHTeHCHBHOCTH raMMa-KBaH

TOB, ucnycKaeMLIX B peaKUHH 
88

Sr(p,y)
89 Y, cpaBHH

BaJIHCh C pe3yJILTaTaMH TeopeTH'IeCKHX pac'leTOB /eM. 

1110611. 2/ llpH 3TOM 3KcnepHMeHTaJILHLie pe3yJILTaTLI 

HOpMHpOBaHLI Ha H3MeReHHYIO HHTeHCHBHOCTh JaceneHHJI 

OCHOBHOrO COCTOJIHHJI 9 Y. TeopeTH'IecKHe BeJIH'IHHhl I y , 
nocKonLKY OHH nponopuuoHanLHLI a(p, Yi ), 6LinH nony'leHLI 

c noMOIULIO ypaBHeHHH I 1/ u OTHeceHLI K BLI'IHcneHHOH 

HHTeHcHBHOCTH nepeXOAa Ha OCHOBHOe COCTOJIHHe. 
Ko3~uuueHTLI npoHuu:aeMocTH AJIH npoTOHOB 6Lmu BLI

qucneHLI c napaMeTpaMH onTu'lecKoro noTeHuuana lie

KeTTH- rpHHJIHCa. 3TH napaMeTphl XOpOlliO OnHChiBalOT npo

u;ecc B3aHMOAeHcTBHJI npOTOHOB CO cpeAHHMH H TJI>KellhiMH 

HApaMH npH 3HeprHH naAaiOJUHX qacTHU E ~ 10 M3B. 
~ Pv 
JKCTpanonHpyJI 3TH napaMeTphi AO 3HeprHH npOTOHOB, 

HcnonLJyeMLix B HarneM 3KcnepHMeHTe /Ep-3-7-4 M3B/, 
T.e. AO o6nacTH 3HepruH:, B KoTopoH: npouecc nornome

HHH npoToHa HBnHeTcH npoueccoM noA6apLepHLIM, Heo6-

XOAHMO npHHJITh BO BHHMaHHe, 'ITO npH 3TOH npoueAype 

MOryT B03HHKaTL 60llhlliHe OlliH6KH. ll03TOMY nony'leH

Hhle TaKHM o6pa30M K03~HU:HeHThl npOHHUaeMOCTH pac

CMaTpHBanHch KaK HCXOAHhle H 3aTeM nOABepranHCh co

OTBeTCTBYIOIUHM KoppeKUHJIM. llOA06HylO MOAHiiJHKaU,IO 

K03~HU:HeHTOB npoHuu;aeMocTH npoBOAHJIH Knoy3 u liupd 
151 

AJIJI H30TOnOB MOJIH6AeHa. 
llocTOJIHHaJI a B ypaBHeHHH /3/ H K03~HU:HeHT npo

HHU:aeMOCTH AnH npoToHoB s -BonHLI To, l/2 noA-
6upanucL TaKHM o6pa3oM, 'IT06LI AOcTHrHyTL cornacuJI 

Me)I(AY H3MepeHHOH H Bhi'IHCJieHHOH BeJIH'IHHaMH ce'leHHJI 

peaKUHH 88 Sr( p, y
0

) 89Y . TaKoe cornacue 6Lino nony-
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qeuo ~nH a • 1 H ~nx HCXO~HOH BenuqHHbi K03cWJHUHeHTa 

To I/2 · 
'Ko3cW>uuueHTbi npouuuaeMOCTH ~nx npoTouoa d -aonHbi 

T 2 312 H T 2,5/2 no~6upanHCb H3 ycnoaaH: uaunyqwero 
corhacux Me~~Y H3MepeuuoH: a ablqacneuuoH: aenuquuaMH 
OTHOCHTenbHOH HHTeHCHBHOCTH 3aceneHHH XOpOWO H3BeCT
HOrO COCTOHHHJI 1, 744 M3B (5/2-) . .L(ml nonyqeHHJI TaKoro 
cornacux Ko3cW>uuueHTbi T 2,312 a T 2,5; 2 Heo6xo~HMO 
6blno yaenaqaTb a TpH pa3a no cpaaHeHHID c aenaquHoH:, 
nonyqaeMOH H3 pacqeTOB no OnTHqeCKOH MO~enH. 

KpuTepueM npaaunbHOCTH BblqucneHHH Ko3cW>uuueHTOB 
npoHauaeMOCTH ~nJI npoTOHOB tr- H f - aonH TI, I ; 2 , T I ,3/2 
H T 3,5/2 , T3,7/2 cny~una HHTeHCHBHOCTH 3aceneHHH 
ypoaHeu 2,221 M3B (5/2+) u 2,530 M3B(J /21).cooTaeTCTBeH
Ho. ,r:(nJI nonyqeHHJI 3Toro cornacHJI Ha~o 6bmo yaenaqHTb 
Ko31}l4luuueHThi TI,I/2 u TI,312 a ~aa, a T3,512 aT3,7; 2 
B TpH pa3a no cpaBHeHHID C HCXO~HbiMH BenuqaHaMH. 

Pe3ynbTaTbi BbJqucneHHH, KOTOpbie npaae~eHbi a ma6A.2, 
yquTbiBaiDT TOnbKO HHTeHCHBHOCTH nepexo~oa THna El. lb 
pa6oT lionnaurepa u ToMaca/I-3/ cne~yeT, qTo HHTeu
CHBHOCTh nepeXO~OB THna Ml npHMepHO B 10 pa3 MeHbWe, 
qeM HHTeHCHBHOCTb COOTBeTCTBYIDlUHX nepeXO~OB THna El . 
TaK KaK yKa3aHHhle aaTopbi npe~nonaranu nornoiUeHue 
TOilbKO HeHTpOHOB s -aonHbi, TO 3TO qucno HY~HO paccMaT
PHBaTb KaK HH~HIDID OUeHKy. IlOXO~HH pe3ynhTaT nony-

, I9/ 
qHnH Jiac H CMH3ep 1 

. Ilo HX OUeHKaM, ~nJI HHTeHCHBHO-
CTeH nepexo~oa ~una El ,Ml H E2 BhlnonuxeTCJI cooTuo
weuue E1:Ml:E2 .. 1:0,1: 0,01. B TaKOM cnyqae MO~Ho no
naraTb, qTo BbJqucneHHYID HHTeHCHBHOCTb IiepeXO~OB THna 
El MO~Ho cpaBHHBaTb c H3MepeHuoH: HHTeHCHBHOCThiD raM
Ma-KBaHTOB. 

T~ v 89y nHTeHCHBHOCTH 3aceneHHH ypOBHeH BblqHcneHbi 
~nJI pa3nHqHbiX B03MO~HbiX 3HaqeHHH J" . 3uaqeHHJI CnHHOB 
H qeTHOCTeH: Bhl6apanucb H3 ycnoauJI uaunyqwero cornacuJI 
H3MepeHHbiX H BblqucneHHbiX aenuqHH OTHOCHTeilbHbiX HH
TeHCHBHOCTeH raMMa- nepeXO~OB. 

B v v 89y enuqHHhi cnuuoa a qeTHOCTeH ypoaueu c 3Heprug-
MH 1,508; 1,745; 2,225; 2,531; 2,628; 2,887; 3,067; 
3,715 M3!J 6blnH onpe~eneHbi MHOrHMH aaTopaMu/I5,2I-23/KaK 
3/2-, 5/2-, 5/2 +, 7 /2+, 9/2+, 3/2-, 3/2- H 5/2+, COOTBeT-
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CTBeHHO. CpaBHeHHe H3MepeHHbiX H BblqacneHHbiX HHTeH
CHBHOCTeH 3aceneHHH 3THX COCTOJIHHH /CM. ma6A. 2/ o~
H03HaqHO onpe~enHeT HX BenaqHHbl J Tr HMeHHO TaKHMH, 
KaK yKa3aHO BbiWe. 3TOT ~aKT rOBOpHT B nonb3Y npHMe
HeHHJI onucauHoro MeTo~a ~nx onpe~eneHHJI cnuuoa a qeT
HOCTeH: x~epHhiX ypoaueH:. 

Ypoaua 3,248; 3,410; 3,552; 3,863; 3,993 a 4,173 M3B 
Ha6nro~anHCb BO MHOrHX pa6oTaX, HO HX CnHHbi H qeTHO
CTH He 6bmH onpe~eneHhi ~o cax nop. B pe3ynbTaTe Bhmon
HeHHH HaCTOHIUeH pa60Tbl HM npHnHCaHbl cne~yiDIUHe Bena
qaHbl J": 3/2+, 7/2+, 7/2-, 5/2+, 3/2- H 3/T, COOTBeT
CTBeHHO. 

YpoaeHh npa 3HeprHH 2,695 M3B paHee 6hm HeH3Be
cTeH a Ha6nw~eH anepBbie a uacToxiUeH pa6oTe. CnaH a 
qeTHOCTh 3Toro ypoaHx onpe~eneHbi KaK 9/2+. 

Bo3HHKaiDT HeKOTOpbie TPY~HOCTH npu onpe~eneHHH 

aenaqaHbi J" nepaoro ao36y~~eHHoro cocTOJIHHJI 
0,909 M3B. KaK BH~Ho H3 ma6A. 2, 3TOMY ypoBHID Ha~o 
npanacaTb cnaH a qeTHOCTh 7/2+. O~HaKo, cornacHo/ 4

•
2I·22/ 

aenaqaHa J" 3Toro ypoBHJI pasHa 9/2 +. YKa3aHHoe He
cornacae MO~Ho o6'bHCHHTb cne~YIDlUHM o6pa3oM: nepe
xo~bi Tuna El, 3acenJIIDIUHe ypoaeHb co cnHHOM 9/z+ MoryT 

' npOHCXO~HTb 83 COCTOHHHH COCTaBHOrO JI~pa CO CllHHaMH 
7/2-, 9/2-, 11/2-: Bepo.R:THOCTh npo.R:aneHHJI TaKHX BbiCOKo
cnaHOBbiX COCTOJIHHH B COCTaBHOM JI~pe 3HaqHTeilbHO MeHb
we BepOJITHOCTH npOHBneHHH COCTOJIHHH C HH3KOH aenaqa
HOH CnHHa H3- 3a TOrO, qTO BbiCOKOCnHHOBbie COCTOJIHHH 
B03HHKaiDT BCne~CTBHe nornOIUeHHJI npOTOHOB f- HilH h • BOilHbl 
/~nJI paccMaTpuaaeMhiX a HaweM 3KcnepuMeHTe 3HepruH: 
B036y~~eHHH/. Il03TOMY raMMa·nepexO~bl BbiCWHX MynhTH· 
nonhHOCTeH:, HanpaMep E2 , 3acenxiDIUHe ynoMJIHYTbiH ypo
aeHh 9/2+, HCnyCKaeMble 83 HH3KOCnHHOBbiX COCTOJIHHH 
COCTaBHOro HApa, MOryT AaTb cpaBHHTeilbHO 6onbWOH BKilaA 
B HHTeHCHBHOCTb nepeXOAa, XOTJI CHilOBaH ~YHKUHH TaKHX 
nepeXOAOB 3HaqHTenbHO MeHbWe, qeM nepeXOAOB THna 
El. Il03TOMY ace BbiCOKHe 3HaqeHHJI CnHHOB ( ~ 9/2) Hy~
HO paCCMaTpHBaTb He KaK TOqHble, a TOilbKO KaK B03MO~
Hbie. 

liJ- 3a 6onhWOH HHTeHCHBHOCTH 3aceneHHJI ypOBHeH 3,511 
H 4,021 M3B a auoManhHOH nonywupHHhi raMMa-nuuuH:, 
COOTBeTCTBYIDlUHX nepeXOAaM Ha 3TH ypOBHH, npeAnOno-
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~eHO, qTo llpH 3THX 3HeprHRX cy~eCTBYIDT ~y6neThl, He
pa3pellieHHble a uameM 3KcnepuMeHTe. 3To no~Taep~~aiOT 
pe3ynLTaThl, nonyqeHHLie B pa6oTe 123/,r~e oKono 3Hepruu 
3,510 M3B ua6nro~anucL ~sa ypoBHR. Ha ocuoae 3Toii 
HH~OpMaUHH H H3MepeHHH HHTeHCHBHOCTH 3aCeneHHR ~aH
HhiX ypoaueii HM npunucaubl B03MO~HLie aenuqHHhl cnuua, 
a HMeHHO 1/2, 3/2. llOCKOnhKy HeT TaKOH ~e HH~OpMaUHH 
o6 ypoBHRX npu 3Hepruu 4,021 M3B, TO onpe~eneHue ux 

T7 
aenuquH J oKa3anocL ueao3MO~HhiM. 

~ng HecKonLKHX ypoaHeu HMeeTCR Hecornacue Me~~Y 
BenuqHHaMH CllHHa H qeTHOCTH, onpe~eneHHhiMH B HallieM 
3KCllepHMeHTe H HaH~eHHhiMH ~pyrHMH aBTOpaMH. 

11HTeHCHBHOCTL 3aceneHHR ypoaug c 3Heprueii 3,139 M3B 
He no3aonReT o~H03HaqHo npunucaTL eMy 3HaqeHHR J" . 
CnuH u qeTHOCTL 3Toro ypoBHR onpe~eneubl KaK 5/2+unu 
7/2-. liyxaHaH u ~p/21 1uamnu aenuquHy J" ~ng ypoBHR 
c 3Heprueu 3,105 M3B KaK 3/2-, a YM6aprep u ~p./4/ 
KaK 5/2-. PaccquTaHHaR HaMu HHTeHCHBHOCTL nepexo~a 
Ha YPOBHH CO CllHHOM 3/2- 3HaquTenLHO 60nhllie, qeM HH
TeHCHBHOCTb nepexo~a Ha ypoaeHL 3,105 M3B; no3TOMY 
npe~nono~eHHhle a pa6oTel2 1 I 3HaqeHHR cnuHa u qeTHOCTH, 
BepORTHO, HenpaBHnbHbl. liTO KacaeTCR pa60Thl / 4/, TO 
B HeH H3Mepgnacb CYMMapHaR HHTeHCHBHOCTb 3aceneHHR 
ypoaHeu 3,067; 3,105 u 3,139 M3B 6e3 ux pa3pemeuug, 
llpH 3TOM HHTeHCHBHOCTb H3Mepgnacb CO CTaTHCTHqeCKOH 
omu6Ko8 25~. Bcne~cTaue 3Toro npe~nono~eHHhle a pa-
6oTe 

141 
3HaqeHHR cnuHa u qeTHOCTH He~ocTaToqHo o6ocHo

BaHhl. 

3AKJIIO flEHHE 

llpuMeHeHue MeTo~a cneKTpocKonuu ycpe~HeHHhiX pe3o
HaHcoa ~ng uccne~oaaHHR cTpyKTYPhl R~pa 8 9y no3aonuno 
nonyqHTb HOBble CBe~eHHR 06 3HeprHRX, CllHHaX H qeTHO
CTRX ypoaHeu 3Toro g~pa. 

B pa6oTe Ha6n10~euo 23 ypoBHR R~pa 89 Y H onpe~ene
Hhl 3HaqeHHR HX } 17 

• ~ng HeKOTOpbiX H3 HHX 3HaqeHHR 
cnuuoa H qeTHOCTeii onpe~eneHhl anepable, a ~pyrux cny
qagx ouu xopomo cornacyiOTCB. c aenuquuaMH, HaH~eHHbiMH 
~pyrHMH aBTOpaMH. 
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Bee pe3ynLTaThl HacTos.~eu pa6oThl xopomo cornacy
roTcs. C npe,nnono~eHHeM 0 3aBHCHMOCTH CHnOBOH ~YHKUHH 

5 '14' OT E , qTo no,nTaep~.uaeT runoTe3y AKcena' 1
• 

y 

B 3aKnroqeHue aaTopLI Bhlpa~aroT rny6oKyro 6naro
~apHOCTh aKa,UeMHKy I1.M.<l>paHKY 3a llOCTOB.HHhiH HHTepec 
K pa6oTe. Mbl oqeHb npuHaTenhHbl TaK~e n.~3UOB

CKOMY 3a oKa3aHHyro noMO~h Ha nepaoM 3Tane Hameu 

pa60Thl, I1.B.CH30BY 3a none3Hhle ~HCKYCCHH, rpynne 
3KcnnyaTauuu 3r -5 u rpynne onepaTopoa li3CM -4 3a 
o6ecneqeHue 6ecnepe6o8HoH pa6oTLI MalliHH. 
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