
6-1-3 I 

i.rtl'l- * '0 
P6 - 8962 

, 

~-~-Bon:~auos, J1 .Bo6op)KMJI , A .B .~eMbHHOB, 
B.A.Kapuayxos, O.K .He$e~beB, R.A .lleTpos 

J 

• 

J1CCRE~OBAHJ1E PACllA~A J13RYqATEREH 

3AllA3~bJBAIOIUJ1X llPOTOHOB 121
Ba,

119
oa, 

116 
Cs 

187 



P6 - 8962 

,n; .,n; .Bor ~aHOB, H .8o6op:>KMJI, A. 8 .,lJ;eMMIHOB, 
B.A.Kapuayxos, O.K.He~e~bes, R.A.lleTpos 

HCCRE,li;OBAHHE PACllA~A H3RYqATEREA 

3AllA3,ll;biBAIOIUHX llPOTOHOB 121Ba,119Ba, 116 Cs 

Hanpa&lleHo B HCIJ 

c~.>:,.,_ ;;u:~\:::.;Hw<i. tAncit~rF I 
!!1'!6""1~: . .'!~ t~~,::1::n:Jr::ar:nil 

biri\SJH\'jUTEKA 



1. Bee~eHue 

3MBCCBJI 3ana3,1Uo1BalOIQJIX npOTOHOB JIBJIJieTCJI BeC:&Ma 
pacnpocTpaHeHHWM npo:QeCCOM ~JI B30TOUOB CO 3Ha'IBTeJI:&• 
HWM ueiiTpouuwM ,llei)B:QBTOM. Hccne,llosauae 3Toro npo:Qecca 
c ycnexoM acnoJI:&3yeTcJI ~JI B3BJielfeHBJI BHWOPMa:QBB o 
CBOHCTBaX JI,Ilep, y,llaJieHHWX OT JIBHBB 6eTa·cTa6BJibHOCTB 
/eM., uanpBMep, o63opw/1,2/ /. H3Mepeuae no3BTpou­
npoTouuwx cosna,lleuai no3BOJIJieT onpe,lleJIBTb 3HeprBIO 
,a+-p-pacna,lla Q0 -BP, r,lle Q0 - 3HeprBJI3JieKTpouuoro 3axsa­
Ta MaTepHHCKOrO B30TOna, 1\ - 3HeprHJI CBJI3B npoTOHa 
B .llO'IepueM JI,Ilpe/3•4/. 3Ta seJIB'IBHa npJIMO CBJI3alla c pa3-
HOCTbiO Mace HalfaRbHOrO B KOHe'IHOro B30TOUOB B U03TOMY 
MO~eT 6WTb' BCUOJib30BaHa ,llJIJI nposepKB cymeCTBYJOIQBX 
Teopai aTOMHWX Mace. Auana3 crna~euuoil)opMw cneKTPOB 
npOTOHOB ,llaeT CBe,lleHBJI 0 CBJIOBOH l)yHK:QBB 6eTa·pacna­
,lla /5,6/. H3 paccMoTpeHBJI l)moKTya:QHi BHTeHCBBHOCTB B 
npoTouuwx cneKTpax MoryT 6WTb nonyqeuw cBe,lleHHJI o 
UJIOTHOCTB COCTOJIHHH B ,llBana30He 3HeprBi B036y)l(,lleHBJI 
3- 9 M:JB. 

B uacTOJII:Qei pa6oTe npuse,lleHw pe3yJIJ.TaTw B3Mepeuai 
no3BTpou-npoTOHHWX cosna,lleHBi ~JI 116 Cs , 119 Ba , 
121 Ba. llepswe ,llauu~o~e o6 B30Tone ll6Cs nonyqeuw s/7/ • 
H3oTonw 6apBJI snepswe ua6mo.llanBCb B pa6oTax /S,9/. H3 
B3MepeHBH U03BTPOH • npOTOHHWX COBUa,lleHBH onpe,lleJieHW 
3HalfeHBJI Qo -Bp ~JI 3TBx npoTouuwx B3ylfaTenei. llony­
qeuuwe seJIB'IBHW 3aTeM acnOJib30BaJIBCb npa auana3e crna­
~euuoi l)opMW npOTOHHWX cneKTpOB C UOMOI:QbiO CTaTBCTB· 
qecKoi MO,IleJIB npo:Qecca. 
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2. 3KcnepuMeH•tJAr.Ha.R Me•oouKa 

. 
3ICcnepBMeHTW npOBO,QBJIHCio Ha BWBe.QeHHOM BylfiCe ~HK-

JIOTpOHa TJI:>KeJIWX HOI~~B Y- 300 Jla6opa TOpBB JI.z:tepHWX peax­
llBB OHJlH. HoHaMB S +S fEmax= 190 M3B/ o6ny11anac:t. 
MeTaJIJIBifecxaJI MBmeH:t. B3 o6ora~eHHoro /90lfo/ 92 Mo ron­
uvmoii: - 2 MZ/cM 2. Hccne.z:tyeMwe B3oronw non11faJIBC:t. 
B pe3yn:t.rare cne.z:tYJOUUIX peaiC~Bii : 92 Mo~2 S,3p5n) 16 Cs ; 
92 Mo(32 S ,2p3n) ll9 Ba , 92 Mo(32 S, 2 pn )121 Ba. MBWeH:t. 

pacnonaranac:t. B Henocpe.QCTBeHHOB 6JIH30CTH OT HOHHOrO 
BCTOifHBICa Macc-cenaparopa 1i3MC-2, C BOMO~IoiOICOTOporo 
HenpepwBHO oc~ecTBJIJIJIOC:t. pa3.z:teneHBe B3oronos. Hcnon:t.-
30BaJICJI BWCOICOTeMneparypHWB HCTOifHHK C BOBepXHOCTHOB 
HOHB3a~BeB. Bo BHyTpeHHIOIO BOJIOCTio BCTOifHBICa B30TOBW 
nona,QaJIH 11epe3 TOHICYJO TaHTaJIOBYJ04JOn:t.ry 3a ClfeT BMBYJI:t.· 
ca, nepe.z:taHHoro 6oM6ap.z:tspyro~e8 qacrs~ei. ,D;eran:t.Ho 
Macc-cenaparop :63MC-2 onHcaH B pa6oref' 101. B4Joxan:t.Hoi 
nnocxocrH cenaparopa pacnonaranoc:t. npBeMHoe ycrpoa­
crso c .z:terexropaMH. AKTBBHOCT:t., npHHa,ltJie:>Ka~aJI B3o6apy 
c sw6paHHWM 3HalfeHBeM Maccosoro lfHcna, co6Hpanac:t. Ha 
AHCxe-ICoJIJieKrope /5 MKM, Al I H nepBO.QBifecxH noMe­
~anac:t. Me)l(,lty S i (Au) - ,QeTeiCTOpOM npOTOHOB H C~HHTHJIJIJI• 
llBOHHWM 6era- ClfeTifBKOM /nnaCTHIC TOJIUUIHOB 1 MM/. Ma­
JiaJI TOJIUUIHa C~BHTBJIJIJITOpa o6ecnelfHBaJia HH31CYIO lfYBCTBH­
TeJI:t.HOCTio ClfeTifHICa ICy -4JoHy H CTaH.z:tapTH3a~BIOHMDYJIIoCOB 
DO aMDJIHTy,Qe BCJie,QCTBHe CJia6oi 3aBBCHMOCTH y.QeJI:t.HWX 
3HeprODOTep:t. 3JieiCTpOHOB OT 3HeprBH. 34l4JexTHBHOCTio ~­
Tpaxra, B3MepeHHa.ll C DOMO~IoiO HCTOifHHICa ThC ', COCTaB­
JIJIJia 42±2lfo. CBrHanw c 6era- H npoTOHHoro .z:terexropos 
nocne ycsneHH.II nocrynanH Ha .z:tH4l4JepeH~Han:t.Hwe .z:tHcxpH­
MBHaropw C BpeMeHHOB OTMeTICOB DO.IIBJieHB.II BMDYJI:t.Ca. 
,lJ;JI.II OT6opa HCTBHHWX B CJiylfaBHWX COBDa,QeHHB HCDOJib30-
BaJiaC:t. ICOM6HHa~H.II BpeMJI-aMDJIHTY.QHOrO ICOHBepTopa H 
.QBYX 06W'IHWX .z:tH4l4JepeH~HaJibHWX ,QHCICpHMHHaTOpOB. IlOJIHOe 
pa3pemaiO~ee BpeM.II B 31CCDepHMeHTaX COCTaBJI.IIJIO 0,3 MKC, 

'ITO o6ecne'IHBaJIO 100lfr,-HyiO perHCTpa~HIO HCTHHHblX COB­
Da,QeHHB. ,D;n.11 CHH:>KeHH.II 4JoHa 3JiexrpoHHaJI annaparypa 
6noKHposanacL Ha speMJI npoxo:>K.z:teHH.II ny'IKa. CneKTpoMeT­
pH'IeCKHB CHrHaJI C npOTOHHOrO TpaKTa DOCTynan Ha 10-
pa3p.ll,ltHblB aMDJIHTY.QHblB KO,ltHpOBIJUIIC, ICO,lt C ICOTOporo, ,QO­
DOJIHeHHblB .QByxpa3p.II.QHblM KO,QOM DpH3HaKa C06b1TH.II, JIB-
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JIJIJIC.II .a.z:tpecoM .z:tJI.II 3anBcB "+1" B naM.IITB aHaJIB3aropa 
AH-4096. Ko.z:t npB3HaiCa co6wrs.11 swpa6arwBa.JIC.II Ha cne­
llBaJI:t.HOM 3JieKTpOHHOM YCTpOBCTBe, Ha BXO,lthl KOTOporo 
BOCTynaJIB BMBYJIJ.CW C ,QBCKPBMBHa TOPOB BCTBHHWX B CJIY­
lfaiHWX COBBa,QeHBii, a TaK:>Ke JIOrBifeCKBB BMBYJIJ.C B3 npo­
roBHoro rpaKra. TaKBM o6pa30M, B 3KcnepBMeHre senac:t. 
O,QBOBpeMeHHa.ll 3aUBCio Tpex BpOTOHHWX CUeiCTpOB: 6e3 
COBUa.QeHHii, B BCTBHHWX B CJIYifaBHWX COBUa.QeHB.IIX C no-
3BTpOHaMB. 

3. Pe3y/lr..a•r.r u ux oocyxoeHue 

+ 
a/ 3 He p r H .11 ~ - p - p a c n a .z:t a 

Ha puc. 1 B 2 npe.z:tcrasneHwnporoHHwe cneKrpw B cos­
na.z:teHHH c no3BTpoHaMB N~+p (E P) H 6e3 cosna.z:teHHi .z:tJI.II 

Np Bo 119 

101 

10° 3 
2 5 Ep< MeV) 

ll9 
Puc. 1. CneK•pw 3ana3or.real0fi#UX npo•oHoe Ba e coena-
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oeHuu C no3u•poHaMU U f5e3 coenaoeHUU. 
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Puc. 2. CneKilpbJ aanaaobaearo111ux npolloHoe o;u Cs e 
coenaoeHuu c noau•poHaMu u 6ea coenaoeHuu. 

H30TODOBII 6 Cs H II'i3a.XopOWO BH,li;HO, 'ITO BKJUO'IeHHe COB· 

Da,ll;eHHH DpHBO,li;HT K CMJir'leHHIO CDeKTpa. 3TO BLI3BaHO TeM, 

'ITO yBeHH'IeHHIO 3HeprHH 3ana3,li;LIBaiO~X DpOTOHOB COOT· 

BeTCTByeT yMeHbWeHHe nap~HaJibHOH 3HeprHH {3+ -nepeXO,ll;a. 

flpH 3TOM B03pacTaeT OTHOCHTeJibHaJI BepOJITHOCTb 3JieKT· 

POHHOrO 3aXBaTa, He ,ll;aJO~ero BKJia,ll;a B CDeKTp COBDa,ll;eHHH. 

0THOWeHHe HHTerpaJibHLIX HHTeHCHBHOCTeH B CDeKTpax npo­

TOHOB, H3MepeHHLIX B COBDa,ll;eHHJIX C D03HTpOHaMH H 6e3 

COBDa,ll;eHHH, DOCJie y'leTa 3~eKTHBHOCTH {3 ·TpaKTa paBHO 

BeJIH'IHHe R , pauHo:ii OTHOCHTeJibHO:ii uepoJITHOCTH 3MHCCHH 

no3HTfOHa nepe,ll; acnycKaHHeM 3ana3,li;LIBaro~ero npoToHa. 

,ll;JIJI I 
6 cs , I 9 Ba a I 2 I Ba ueJIH'IHHLI 'R cocTaBJIJIJOT co­

OTBeTcTBeHHO /35,0±2,7/~, /29,0±1,7/~ H /4,0±0,8/~. 
0THOWeHHe HHTeHCHBHOCTH 3aDa3,li;LIBaiO~X DpOTOHOB, 

HCDYCKaeMLIX DOCJie D03HTPOHHOrO pacna,ll;a, K DOJIHOH HH­

TeHCHBHOCTH npoToHoB c 3HeprHe:ii EP MO>KeT 6b1Tb npe,ll;­

cTauneHo B BH,ll;e 

6 

R(E.)=I af(E )ll+W (Q)IW{3+(Q)l:-
1 

p f p f 
/1/ 

r,ll;e a f (E P) - ,li;OJIJI npoTOHOB c 3Heprae:ii EP, cooTBeT-

CTByJO~aJI pacna,ll;y B KOHe'IHOe COCTOJIHHe BHy'laTOrO JI,ll;pa 

c 3Heprae:ii uo36Y>K)J;eHHJI E f ; W f I W {3+ - OTHoweHHe ue­

pOJITHOCTeii 3JieKTpOHHOrO 3aXBaTa H D03HTpOHHOrO pacna­

,ll;a. H3BeCTHO, 'ITO ,li;JIJI pa3peweHHLIX nepeXO,li;OB wf I w f3+ He 

3aBHCHT OT JI,ll;epHLIX MaTpH'IHLIX 3JieMeHTOB H DpH,ll;aHHOM 

Z onpe,ll;eJIJieTcJI TOJibKo 3Heprae:ii nepexo,ll;a - Q=Qo -BP­

- & -EPA~ 1 .J!,nJI onpe,ll;eneHHJI Qo- B P 3KcnepHMeHTaJibHoe 

3Ha'leHHe R cpaBHHBaJIOCb c pac'leTHLIM, KOTopoe nony­

'lanocb ycpe,li;HeHHeM R (E P) no npoTOHHOMY cneKTPY. llpH 

OTCYTCTBHH pacna,li;O~ Ha B036y>K,ll;eHHble COCTOJIHHJI BHyqa­

TOrO JI,ll;pa ueHH'IHHa R JIBJIJieTcJI TOJibKO c)yHKIUieii Q 0 - B P , 

H 3Ha'leHHe DOCJie)];He~MO>KeT 6b1Tb Ha:ii:AeHO C TO'IHOCTbiO 

He XY>Ke ±100 K3JJ~ 1. B CJiy'laJIX, KOr,ll;a pacna,li;OM Ha 

B036Y>K)J;eHHble COCTOJIHHJI HeJib3JI npeHe6pe'lb, TO'IHOCTb 

onpe,ll;eJieHHJI (Q O -B P.) H3 {3 +-p - COBDa,ll;eHHH HeCKOJibKO CHH­

>KaeTCJI H3- 3a He06XO,li;HMOCTH HCDOJib30BaHHJI TeopeTH· 

'leCKHX 3Ha'leHHH K03c)c)H~HeHTOB or . Pac'leTLI ar(Ep) npo­

BO,li;HJIHCb Ha OCHOBe CTaTHCTH'IeCKOH MO,ll;eJIH H~DYCKaHHJI 
3ana3,!1;LIBaiO~X npOTOHOB /1,2 •5 • 6/ , 3Ha'leHHJI 3HeprHH 

H CDHHOB KOHe'IHLIX COCTOJIHHH 6paHHCb H3 pa6oT /II' 
12

/ * , 
BeHH'IHHLI wf IW {3+ - H3 pa60TLI / 13/. Ha fgUC. 3,4 npaue-

,ll;eHLI 3aBHCHMOCTH R oT (Q0 -B ) ,li;JIJI 
1 9

• 
121 

Ba, pac-

6 
p v 

C'IHTaHHLie ,li;JIJI HaH OJiee BepOJITHLIX 3Ha'leHHH CDHHa Ha· 

'laJibHoro JI,ll;pa. H3 pacyHKa cne,ll;yeT, 'ITO Heonpe,ll;eJieH­

HOCTb, CBJI3aHHaJI CO CDHHOM, npHBO,li;HT K,li;ODOJIHHTeJibHOH 

Heo,li;H03Ha'IHOCTH B ueHH'IHHe Q 0 - BP, nony'laeuo:ii H3 cpau­

HeHHJI c 3KcnepHMeHTOM. O,!J;HaKo 3Ta HeO,li;H03Ha'IHOCTb 

118 + 
+ * llepBLie uo36YJk,ll;eHHLie cocTOJIHHJI Xe:2 /0,33 M3B/, 

4 /0,82 M3B/, 6+/1,48 M3B/; nepuLie B036y>KAeHHLie c~-111 
CTOJIHHJI120Xe: 2+/0,32 M3B/,11~0,79 M3B/, 6+/1,40 M3Br. · 
)J;nJI 115 1 TaK >Ke, KaK H B , npe,li;DonaraeTCJI c~ecT­
BOBaHHe CJie,ll;yJO~X COCTOJIHHH, 3aCeJIJieMLIX DpH HCDYCKa­
HHH npoToHa: 5/2+/0,0 M3B/, lj2+/0,12 M3B/, 7/2+ 

/0,16 M3B/, 3/2+ /0,22 M3B/, 3/2 /0,31 M3B/. 
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He CJlllliJICOM BeJIHKa I 150 K 3B/. B •a6.11. 1 npHBOAJITeJI pe-
3YJIJ.THf~mHe AaHHWe no BeJIH'IHHaM q, -B p AJIJI H30· 
Tonos 

1 
Ba , ll 9 Ba , II 6cs, nonyqeHHwe H3 cpasHeHHJI 

3KcnepHMeHTaJIJ.Horo R c pac'leTou. flpH oneHKe OWH60K 
nonaranoc:a., 'ITO B03MO)I(JIWe 3Ha'leHHJI cnHHa AJIJIII 9,I2I Ba 
COCTaBJIJIIOT 3/2 ± , 5/2 ±, a AJIJI 116 Cs - OT 0 ± AO 3 ± . 

Ta6Auija 
-

H3oTon /M3B/ 
3KCU. 15 16 17 18 19 

Cs 6,4±0,3 6,6 6,8 7,6 7,5 7,8 
liB Cs 4,7±0,3 4,7 4,8 5,4 4,96 5,78 
ll9Ba 6,35±0,20 6,1 6,5 6,9 6,8 7,18 
I2Jsa 4,7±0,2 4,2 4,4 4,75 4,6 5,35 

R%1 119Ba 

4DL 3~:5;2-
5f2. 

I ~~~ 

30 

20 

10 I I "''''"'"'"' I I 
6,0 Q0 - Bp 6,5 MeV 

Puc. 3. O.Hocu•eAbHaR 6epoR•Hoc•b 3Muccuu no3u•poHa 
Ha oc)uH aK• ucnycKaHUR 3ana3c)ba6al0rqezo npo•oHa 6 tPYHK­
f4UU Q0 - BP c)ARll9 Ba • lloKa3aHw pac'leJIHWe K_fU6ble c)AR 
3HO'IeHUU cnuHa ll 9Ba, pa6Hb1X 3/2+, 5/2-, 5/2. 

8 

I 

'R% 
f21 

81 Ba. 

6 

~ 

2 

4,5 Q0 - 8p 5.0 MeV 
Puc. 4. O•Hocu•eAbHaR 6epoR•Hoc•b 3MUccuu no3u•poHa 
Ha oc)uH aK• ucnycKaHUR 3ana3c)w6al0rqezo npo•oHa 6 tPYHK­
I#UU Qo -B p c)"'ffii21Ba .llOK030HW pac'leiiHWe KpU6ble c)AR 
3Ha'leHuu cnuHa Ba,pa6HbiX 3/2+u 5/2 +. 

Bee 3TH H30TOUW OTHOCJITeJI. K HOBOB 06JiaeTH Aecl>opMHpo­
BaHHWX JIAep e 50< Z ,N < 82 . YKa3aHHwe B03MO)I(HWe 3Ha'le­

HHJI enHHOB CJieAYIOT H3 exeMW ypOBHe:ii e y'leTOM Jf~on~;e­
AeJieHHOCTH B napaMeTpax pae'leTJI!..('eM., HanpHMep; ' 1 I;. 
0DIH6Ka B 3Ha'leHHH Q0 -BP AJIJI Cs yseJIH'IeHa AonoJIHa­
TeJI:&Ho Ha 150 K3B B CBJI3H e HeonpeAeJieHHOCTJ.IO B exeMe 
ypOBHeii: KOHe'IHOrO JIApa. ,nnJI UOJIHOTW B Ta6JIHne npHBeAeHa 
seJIH'IHHa Q0 - B P AJIJIII8cs, B3JITaJI H3 pa6oTw /I2/. 

CpasHeHHe pe3yJI:a.TaToB c npeAeKa3aHHJIMH pa3JIH'IHwx 
MaeeOBWX 4lop11.t:yJI /lS-l 9/ UOKa3WBaeT, 'ITO TaK )Ke, KaK 

H B paiioHe Te, 6onee peaJIHeTH'IHWMH oKa3WBaiOTeJI wac eo­
BWe 41opMyJIW rapBH·KeJI:a.eoHa H 3eJIJ.Aeea/IS,l 6/. 
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6/ AHa JI H 3 410 p M hi n p 0 T 0 H H hi X C n e IC T p 0 B 

Ilonyqeuuhle 3Ha'leHH.II Q o- BP 6hiJIH' ucnoJIJ.30BaHhl npH 
aHaJIH3e c)opMhl npOTOHHhiX cneKTpOB no CTaTHCTH1JeCICOB 

/5,6/ 
MO~eJIH HCnycKaHHJI 3ana3~hiBaiOUUIX npOTOHOB · 3Ta 
MO~eJib onepHpyeT C ycpe~eHHhiMH BepO.IITHOCTJIMH ICaiC 
~.II {3+-nepexo~a B npOTOHHO-HeCTa6HJibHhle COCTOJIHHJI. 
TalC H ~.II pacna~a 3THX COCTOJIHHB. B paMICaX 3TO:ii MO~eJIH 

cneKTp 3ana3~hiBaiOUUIX npOTOHOB 3anHChiBaeTCJI CJie~YIOUUIM 

o6pa3oM: 

if 
rp ~N(Ep)_ ! g (I,Ii) f(Z,q, -E)S/37 • 

~Ep i,f 
/2/ 

r~e g(I,I i) - CTaTHCTH'IeCICHB BeCOBOB WaKTOp ~.II {3 +-ne­

pexo~a .ll~pa CO CnHHOM I B COCTO.IIHHe CO CnHHOM I i ; 

f ( Z, Q 
0
-E) - HHTerpaJIJ.Ha.ll 41YHICD;HJI fl>epMH, Y'IHThiBaiOJD;a.ll 

ICaK n03HTpOHHhiB pacna~, TalC H 3JieKTpOHHhiB JaXBaT/13/; 

S - cunoBa.ll 41YHKD;H.II 13+ -nepexo~a. paBHa.ll noJIHoii npHBe­

~eHHOB BepO.IITHOCTH nepexo~a B e~HHH'IHhiB HHTepBaJI 3Hep­
rHH B036~~eHHJI ~O'Iepuero .ll~pa; rif - cpe~JIJI npOTOH­

Ha.ll UIHpHHa ~.II pacna~a H3 COCTOJBHJ,I CO CnHHOM I i B 
ICOHe'IHOe COCTOJIHHe CO CnHHOM If; r 

1
=r i +! r if - non-

y f p 

ua.11 UIHPHHa, onpe~en.11eMa.11 pa~HaD;Houuo:ii H cyMMapuo:ii 

npOTOHHOB WHpHHaMH. Ilpe~OJiaraeTCJI, 'ITO HHTepBaJI yc­

pe~HeHHJI ~Ep CYID;eCTBeuuo 6on~ome, 1JeM cpe~uee paccTo-

.IIHHe Mexc.,ny ypOBHJIMH. /6/ 
,lJ.JIJI g (I, I i ) HCnOJib30BaJIOCb Bhlp8.)1(eHHe g=(21 i + 1)/3(2I+l). 

,lJ.JIJI 3HeprHH B036~~eHHJI E cnpaBe~BO COOTHOWeHHe 

E = B +E f +Ep~ I A- MaccoBoe 'IHCJio ucxo~uoro 
.ll~pa/. IlpoTOHHhle UIHPHHhl pacc'IHThiBaJIHcb no H3BeCTHoii 

41opMyJie OnTH'IeCICOB MO~eJIH C HCnOJib30BaHHeM IC034141H­

D;HeHTOB TpaucMHCCHH H3 pa6oThl
1201 

H nnoTHOCTH ypoBue:ii 
H3 pa6oThl/21 ( Pa~uau;HOHHhle UIHPHHhl uaxo~HJIHCb no nony-

3MnHpH'IecKoii 41opMyne HJ 122/. 
B Ka'leCTBe nepsoro npH6JIH>KeHH.II ucnoJIJ.JOBaJIOCb npe~­

nono>Keuue 0 nOCTOJIHCTBe CHJIOBOB 4!YHICD;HH /3~-nepexo~a 
B npe~enax Juepru:ii B036y>K~eHH.II, npuxo~.IIUUIXC.II ua npo­
TOHHhiB cneKTp. 3TO COOTBeTCTByeT COBpeMeHHhiM Teope-

10 

J 

I 
~ 

TH'IeCKHM npe~cTaBJieHH.IIM /eM., uanpHMep/23/ /, cornacuo 
KOTOphiM ~.II pa3pemeuuoro 13+ -pacna~a .11~ep c N> Z ua 

06JiaCTb peaJibHhiX nepeXO~OB npHXO~TCJI "XBOCT" rHraHT­
CKOrO raMOB-TeJIJiepOBCICOrO pe3oHaHCa, r~e CHJIOBaJI 41YHK­

D;HJI cna6o MeH.IIeTc.ll. O~aKo ua 3TOT nnaBuw:ii xo~ MoryT 
HaiCJia~hiBaTbCJI JIOICaJibHhle pe30HaHChl, CBJI3aHHhle C npo­
CThiMH ICOH4!HrypaD;HJIMH, XOpOWO 3aCeJI.IIeMhiMH B /3-1;, nepe-

119Ba 

)!z-
2 

S ~ Lt ~0 t/flh-1, 
t t'-~, 

z "'- • .._~,..,_.~ 
........_.............. + + ' 

%+ 

2,0 • 3,0 4.0 5.0 EptvleV 
Puc. 5. Cpa6HeHue cneK•pa 3ana30bi6QIOUIUX npo11lOH06 
118 Ba c pac"'emoM no c•a•uc•u..,ecKoil MooeAu 6 npeono­

AoJKeHuu: I= 3/2+, 5/2+u 5/2-. B HUJICHeil "'ac•u pucyHKa 
nOKQ3QHO OJIHOUleHUe 3KCnepuMeHJJQAbHOZO cneK11lpa K pac­
"'e11lHOMY OAJI cnuHa 5/2+. 3HepZUJI C6JI3U np011lOHQ 6 oo­
"'epHeM .Rope 63JI11la pa6Hoill,63 M3B/I6/. 
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xo~e. AaaiiB3, KOTopw:ii ~aeTcJI B 3TOM pa3~ene, 6wn 

npe~DpRHJIT ~JI TOrO, 'IT06W DOJIY'IRTio RH4»opMa.QRIO 0 

{3 ·CRJIOBOH ri»YHK~B ~JI 121 Ba , ll 9 Ba', ll 6 Cs.3TR R30TODW 

RCDWTWBaiOT pa3pemeHHWH raMOB·TeJIJiepOBCKRB (3+-nepe­

XO~. TaKoe 3aKJIIO'IeHBe cne~yeT R3 oueaoK cpe~Rx 3Ha'le­

HR:ii CRJIOBO:ii ri»YH~B S,B= rrn-• , C,lleJiaHHWX B npe,llDo­

JIOX<eHRR DOCTOJIHCTBa S f3 DpB 3BeprRJIX B036y)l(,ll~~,, 
DpeBwmaiO~X OTCe'IK[J• CBJI3aHHYJO CO CDapRBaHReM • 

BeiiB'IRHW S {3 ~.II 1 1 
Ba • 

119 
Ba , 116 Cs cooTBeTcTseaao 

pasaw 2.Io- 5; 4.to-5 R 2.to-5 M3B- 1c-}B 3TBx ouea­

Kax BCDOJIIo30BaJIRCio 3KCDepBMeHTaJIIoHWe DepRO,Ilhl DOJiy­

pacDa,lla R pac'leTHwe 3Ba'leBRJI Q 0 I 
161 . 

Ha puc. Snpose,lleHo cpasaeaRe cneKTpa npoTOHOB ~JI 
119

Ba C paCC'IBTaHHWM DO CTaTRCTB'IeCKOH MO,IleJIR B Dpe,ll­

DOJIOX<eHRB DOCTOJIHCTBa S {3 ,llJIJI CJie,llYJOUUIX 3Ha'leHRi: 

CDBHOB: 312 +, 512+, 512 -. 3aeprRJI CBJI3R DpOTOHa B 119 Cs 

B3JITa pasaoii 1,63 M3BI 16! 0TMeTRM, 'ITO pac'leT Ka'lecT­

seaao BOCDpOR3BO,IlBT rpocc-cTpyKTypy DpOTOHHOrO CDeKT­

pa~ O~aKO KOIIB'IeCTBeHHOe COrJiaCRe OTCyTCTByeT. ~JIJI 

3HeprR:ii E p< 3,0 M3B BHTeHCRBHOCTio B DPOTOHHOM CDeKTpe 

npeswmaeT pac'leTBYIO npa scex B03MO)I(HWX 3Ha'leHRJIX 

CDBHa 
119 

Ba. B BR)I(HeH 'laCTB puc. 5 DpRBe,lleHO OTHOWeHRe 

BHTeHCBBHOCTe:ii 3KCDepRMeHTaJI&HOrO R paC'IeTHOrO ~~JI 

cnRaa 512 -t/ cneKTpos. O.llHaKo pacxo)l(,lleHRe pac'leTa R 

3KCDepBMeBTa npaKTR'IeCKB JIRKBR~pyeTCJI, eCJIR Dpe,llDO· 

JIO)I(HTio., 'ITO 3HeprBJI CBJI3B DpOTOHa B ll9Cs Ha 10.5 -
-0,11 M3B uea&me, 'leM ,llaeTcJI B /16/. 

Ha puc. 6 npe,llcTasneao cpasaeaRe 3KcnepRMeHTan&ao­

ro npoTOHHoro cneKTpa ~.11 121 Ba c pac'leTHWM B npe,llDono­

X<eHRRI 'ITO CDRH Jl,llpa paseH 3l2~a S8 =const.BeJIR'IBHaBP 

~JI 12 
Cs B3JITa paBHoii 2,3 M3Bilozs HR)I(He:ii 'laCTR pR­

cyaKa ,llaHO OTHOWeHRe RHTeHCBBHOCTe:ii 3TRX .llBYX CDeKT· 

pos. TaK X<e, KaK R B npe,llW.IlYIQeM cny'lae, 3KcnepRuea­

Tan&aw:ii CDeKTp C,llBRHYT B 06JiaCTio 6oJiee HR3KRX 3HeprR:ii 

no cpasaeBRIO c TeopeTB'IeCKRM. Pa3aornacRe 3Kcnepa­

MeHTa R pac'leTa 6onee ,llpauaTB'IeCKoe, 'leu B cny'lae 

119 Ba. Oao npaKTB'IeCKR ae ueaJieTCJI npR sap&aposaHRR 

CDRHa BCXO,IlHOrO JI,Ilpa, ero HeJI&3JI YCTpaHRTio yMeH&me­

HReM B pa3yMawx npe,llenax seJIR'IRHW B • 

B cny'lae 116 Cs cTenea& pa3HornacR~ pac'leTa, B npe,ll-

nonoX<eHHR S B = const , C 3KCnepRMeHTOM DpRMepHO TaKaJI 

12 

t 

Np 

600 T + t t 
+ t 

121 Ba 
500 

+ 
400 

3001 + 
+ 

200 

100~ + + 

s 10 ~+ )., .. , %+ 
1 \ 

51 \ ,, 
......... 

2,0 3,0 4,0 E MeV p 
Puc. 6. CpaeHeHue cneKIIpa 3ana30bJearo~ux npo•oHoe OA.R 
121 Ba c pac~e•oM e npec)noAoxeHuu: I= 3j2+u 3Hepzu.R 
ce.R3U npoaoHa el21 Cs paeHa 2,3 M3BI16/B HUJICHeu ~ac•u 
pUCYHKQ nOKQ3QHO OIIHOIU€HU€ 3KCnepUM€HIIQAbHOZO U pac­
~€1/IHOZO cneKitpoe. 

X<e, KaK a ,llJIJI I 19 Ba. Ha puc. 7 ,llaHo cpasaeHHe 3Kcnepa­

MeHTaJI&Horo B pac'leTHoro cneKTpos 116 Cs B npe,llnonoX<e­

HBB, 'ITO CDBH pa~eH 3 +, a 3HeprBJI CBJI3B npOTOHa B ,llO'Iep­

HeM JI,Ilpe - 3,93 M3B /16/. 
,I1;JIJI 06'1oJICHeHHJI npOTBBOpe'IBJI Me)l(,lly paC'IeTOM B 3K­

cnepBMeHTOM npe.li;CTaBJIJieTCJI pa3yMHLlM ,llODYCTBTio, 'ITO 

npe~DOJIOX<eHHe 0 DOCTOJIHCTBe CHJIOBOH ri»YHKl.J,HB ,8-nepexo.na 

JIBJIJieTCJI HeKoppeKTHLlM. Pa3Hornacae Me)l(,lly pac'leToM 
121 B 

B 3KcnepaMeHTOM I oco6eHHO 3Ha'IBTeJI&Hoe .li;JIJI a I 

13 



Np 

4J) 

300 

200 t 

tOO 

t 
t 

t t 
t+ 

+tt 

tt6Cs 

.... 
3+ 

s 111 ~-H 
TTt r-f-._., 

20 ..... ,~ 

' ........ ~- .... -LO • • 

2D 3D L(l 5.0 E p MeV 
Puc. 7. Cpa6HeHue cnen1pa 3ana3or.a6aiOIIIUX npolloHo6 OAJI 
II6cs c pac11e•oM 6 npeonoAoJKeHuu: I= 3 =t u 3HepzuJC 
C6.113U npolloHa 6 ll6 Xe pa6Ha 3,93 M3B /16/B HUJKHeil 
'laCIIU pucyHKa OaHo OIIHOUleHue 3KcnepuMeHIIaAr.Hozo u 
pac'leiiHozo cneKIIP06. 

MO~eT OWTh CBR3aHO C TeM, qTo CHnosag ~YHK~HR 6eTa· 

pacna,11,a HMeeT nOK&nhHWB pe30HaHC npH 3HeprHH B036y~­

,ll,eHHR OKono 5,0 M3B. IIpHqeu ~opua H nono~eHHe pe3o­

HaHca npHMepHO OTBeqaiOT KpHBWM, npHBe,ll,eHHWM B H~­

Hei qacTH puc. 5-7. AHanorHqHwii BWBO.II. ,11,enancs H paHee 

H3 &HanH3a cneKTpos 3ana3.11.WBAIOIQHX npoTOHOB 109 Te/24( 
II

5xe, 117xel6/. B cnyqae 
109 Te noKanhHWii pe3oHaHc 

14 
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B f3 -cHnosoii ~YH~HH npossnsncs oco6eHHO qeTKO. ,ll;ns 

3THX R,ll,ep pe30HaHCW CBR3WBanHCh C nepeXO,II,OM npOTOHa 

H3 3aMKHYTOB OOOnO~H g9; 2 B HeiiTpOH B COCTORHHH g 7 ; 2 , B 

pe3ynhTaTe qero o6pa3oswsanoch TpexKBa3HqacTHqHoe co­

CTORHHe, "pa3MWTOe" 3a cqeT OCTaToqHoro B3aHMO,II,eBCTBHR 

no peanhHWM COCTORHHRM R,ll,pa. 

lieTa·pacna.11.119 Ba H l21Ba paccqxTwsancs B pa6oTe
1261 

B MHKpoCKOnll'leCKOB MO,II,enH C yqeTOM ,ll,e~OpMa~HH, cnapH· 

BaHHR H CHn THna raMosa-Tennepa. PacCMOTpeHO 6onhWOe 

qucno nepeXO,II,OB B OCTOBe, B pe3ynhTaTe KOTOpWX B03HH· 

KaiOT KOnneKTHBH3HpOBaHHWe TpeXKBa3HqaCTHqHWe COCTOR· 

H!IR. 0COOO BW,II,enRIOTCR ,II,Ba COCTORHHR C 3HeprHeii B paiioHe 

5,0 M3B, rnaBHWe KOMnOHeHTW KOTOpWX CBR3aHW C nepe­

XO,II,aMH Me~y COCTORHHRMH, HMeiOIQHMH O,II,HHaKOBWe aCHMn· 

TOTHqecKHe KBaHTOBWe qHcna: (p )9/2+[404)--> (n) 7/2+[404) H 

(p)7/2+[413] -->(n)5/2+[413].flepeXO,II,W B 3TH COCTORHHR HMeiOT 

fgft, OnH3KHe K 4,0. HueHHO 3TH nepexo,11,w npHBO.II.RT 

K nOJIBneHHIO pe 30HaHCOB B CHnOBOB ~YHK~HH OeTa • pacna,11,a. 

TaKas HHTepnpeT~HR npe,ll,cTaBnseTcs HaH6onee seposT­

Hoii, XOTR Henh3R HCKniOqHTh, qTO OTKnOHeHHe cneKTpa, 

paccqHTaHHOrO no CTaTHCTHqeCKOB MO,II,enH, OT 3KCnepH· 

MeHTanhHOrO MO:>KeT OWTh CBR3aHO C aHOManHeii B npHBe • 

,ll,eHHOB npOTOHHOB WHpHHe, nOCKOnhKY 3TO OTKnOHeHHe 

HaOniO,II,aeTCR B oonaCTH, r,D;e fp <fy · 

ABTOPW 6naro,D;apHW r .H.ct>nepoBy 3a no,IUJ;ep~y pa6o­

TW. AsTopw npH3HaTenhHW TaK~e B.r .Cy66oTHHY H 

ll.fi.qenHOKOBY 3a nOMO~ B ooecneqeHHH 3neKTpOHHKOB, 

A.Kynuesy H ,n.CanaMoBy 3a oocy:>K,D;eHHR, rpynne 3Kcnnya­

Ta~H ~KnoTpoHa 3a o6ecneqeHHe o6nyqeHHii. 
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