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OnaocjloHoHHbie 1 + -COCTOSIHHSI B ccjlepe'!ecxex Slllpax 
P4 - 11081 

flpellCTaBneHbl pe3yllbT8Tbl paC'!i!TOB 1+ -COCTOSIHHli B WHpOKOli 

(56 ~A< 150) o6naCTB 'li!THD-'Ii!THb!X ccjlepH'IeCKHX Slllep B HHTepBane SHepreli 
aoa6y}({neHHSI 0-40 MaB. flony'!eHo ynoaneraopHrenbHoe onRcaaee reraarcxo
ro Ml-peaoaaaca B STHX Slllpax. 06aapy}({eHhi rpynnbi COCTOSIHHli c B(Ml)f ~.111~ 
npe SHeprHSIX B036y}({lleHBSI 12-18, 23-26, 33-37 MsB. nony'!eHHbie peaynb-
T8Thl CpBBHHBBIOTCSI C 3KCnepHMeHT8llbHblMB llBHHblMB, 

p a6ora BhinOnHeHa B na6opa TOPHH TeopeTH'!ecxoli cjlH3HKH OH HH. 

CooC511le••e oth.eu•euoro ••cT•TYT& aaep11wx •cc•eao ... •l. JJ;yChra 1977 

Vdovin A.l., Stoyanov C., Judin I.P. P4 - 11081 
Single Phonon t+ States in Spherical Nuclei 

The results of calculation of 1 + -states with excitation energies 
up to 40 MeV In even-even spherical nuclei from the region 
56S:A< 150 are presented, A satisfactory description of the giant 
Ml -resonance in these nuclei 1s obtained. The groups of states 
with B(Ml)=O.lp \ are observed at the excitation energies 12-18, 
23-26, 33-37 MeV. The results are compared with the experiment. 

The Investigation has been performed at ll,e l-aboratory 
of Tt teoretical Physics, JINR. 
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B HaCTO.IIll.{ee BpeMJI Be;:J;yTCJI HHTeHCHBHble 3KCnepu

MeHTaJILHble H TeopeTH'IeCKHe HCCJieJ];OBaHHJI rHraHTCKHX 

MyJILTHDOJILHLIX pe3ouaucos. Cpe;:J;H 6oJILworo KOJIH'IeCTBa 

3KCnepHMeHTaJILHLIX ;:J;aHHLIX 0 HOBLIX THllaX 3THX BLICOKOJie

)l(all{HX KOJIJieKTHBHLIX COCTOJIHHH/ 1 •2 / llOJIBHJIHCL 6oJiee 

J];eTaJILHLie H Ha;:J;e)I(Hble ;:J;aHHble 0 MarHHTHOM J];HllOJILHOM 

pe3ouauce. B ;:J;ononueuHe K xopowo H3y'leuuoMy Ml -pe3o

uaucy B ;:J;Ba)I(J];LI MarH'IeCKOM .II;:J;pe 208Pb OTKpLITLI KOJIJieK

THBHLie 1 
1 

COCTOJIHHJI B H30TOllaX Ni /3/, JIO.IIBHJIHCL Y,KCJ-3aHHJI 

ua cymecTsosauHe Ml-pe3ouauca s 90zr1 21 u 140ce I 41 • 

C TeopeTH\fecKou TO'IKH 3peHHJI cTpyKTypa Ml -pe3o

uauca OTHOCHTeJILHO npocTa H J];OBOJILHO llO;:J;p06HO HCCJie

J];OBaHa s pa3JIH'IHLIX no;:J;xo;:J;ax. B nerKHX .II;:J;pax Ml-pe3ouauc 

H3y\faJICJI B paMKaX 060JIO'IC'IHOH MOJ];eJIH /5/, B TJI)I(CJILIX 

H cpe;:J;HHX JI;:J;pax uau6onee no;:J;po6uLie HCCJie;:J;osauus npo

Be;:J;eHLI B TeOpHH KOHe'IHLIX cilepMH-CHCTeM 1iop30BLIM H Ka

MepJ];)I(HeBLIM /6,8/. p JIJ]; aBTOpOB npH H3y\feHHH CBOHCTB 

t+-B036y)I(J];eHHH HCllOJIL30BaJI npOCTLie cenapa6eJILHLie 
I I 

CllHH-CllHHOBLie OCTaTO'IHLIC CHJILI 1 g,10;, HCllOJIL30BaJIHCb 

TaK)I(e OCTaTO'IHLie CHJILI C rayCCOBOH pa;:J;HaJILHOH 3aBHCH-
' I 

MOCTLIO' 11;, 3aMeTHM,. 'ITO npaKTH\feCKH BO BCeX pa6oTaX 

l3a HCKJIIO'IeHHeM / 12 I CTPYKTypa 1 1 
- cocTosuuu paccqu

TLIBanacL B lp-lh IHJIH O;:J;HocllououuoMI npu6JIH)I(eHHH. Kpo

Me TOrO, HCCJieJ];OBaJiaCL 06JiaCTb 3HeprHH B036y)I(;:J;eHHJI, 

orpauuqeuua.11 3Heprueu Ml -pe3ouauca IT .e. MeHLwe 10-:
:-12 M3BI. B To )l(e apeMJI pacqeTbl IllneTa H ;:J;p.h3/ s 

208ptJ DO TeOpHH KOHe'lHbiX cltepMH- CHCTCM llOKa3biBlUOT, 

'ITo np11 ;:J;oaonLHO BbiCOKBX 3HeprBJIX B036y~eHH.II I- 20-'
-:-25 M3BI CHOBa DOJIBJIJIIOTCJI ICOJIJICKTHBHLie 1 + COCTOJIHHJI. 
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Mbl npe.D;npHHHnH HCCne,D;OBaHHe. 1 +- COCTOJIHHH B c$e
puqecKHX H.D;pax C npOCTblMH ~cr' -cunaMH, COCpe.D;OTOqHB 
CBOe BHHMaHHe Ha pacnpe,D;eneHHH CHnbl M1-nepeXO.D;OB npH 
BbiCOKHX 3HeprHJIX B036y)K,D;eHHJI. 

PacqeTbl 3Hepru:H H cTpyKTYPLI 1 +cocToJIHHH npose.D;eHbl 
HaMH B paMKax npu6nH)KeHHJI cnyqa:Huo:H $a3bl. Mo.D;enLHblH 
raMHnLTOHHau BKJIIOqan cpe,11;uee none .D;nH npoTouos H ue:HT
pouos, CnapHBaTenLHOe B3aHMO.D;eHCTBHe H H30CKanHpHble 
H H30BeKTOpHble ~~ -cHnbl: 

~--. .-..)-+ 

V = (K 
0 

+ K l T 
1 

T 
2 

) a 
1 

a 
2 

. /1/ 

Ypasueuue .D;nH 3Hepru:H w i 1 +- cocTOJIHHH nerKo nonyqHTL 
~ I 14 I C nOMOII.{biO BapHai.J,HOHHOH npOI.J,e,D;ypbl' · , OHO BblrnJI,D;HT 

cne.D;ylOII.{HM o6pa30M: 

r.D;e 

i i i i 
(K + K )(X + X ) - 4 K K 1 X X = 1 ' 

o 1 n p o np 

xi -~n,p[ajj'u-:-.,]2 
n,p- .:.. -- JJ • f .. , 

jj, - --- _JJ_. 
f2 -w2 
jj , i 

/2/ 

Hu.D;eKcbl (n, p) y JHaKa cyMMHposauuJI oJuaqaJOT, qTo o,D;uo
qacTHqHble HH.D;eKCbl j ,j' npo6eraiOT 3HaqeHHJI, COOTBeTCT
BYIOII.{He TOnLKO O.D;HOMY cneKTpy - n'H60 Heii:TpOHHOMY, nH6o 
np~TOHHOMy. a jj, - npHB~.D;eHHblH O.D;HoqacTHqHblH MaTpHq-
HblH MOMeHT onepaTopa a ; u:-:-,~u.v.•-u.• v. /u. v.-

Jl J J J J J ' J 
Ko3$$uuueuTbl npeo6paJosauuJI .boroJII06osa/ ,f jj' - 3HeprBJI 
.D;BYXKBaJuqacTuquoro 1 + -yposuJI. Tax KaK Mbl paccqHTLI
sanu npuse,D;eHHble sepoJITHOCTH M1 - nepexo.D;os 0 + _. 1 + , 
BblnHweM cooTBeTCTBYIOll.I,He 4JopMynLI. OnepaTop Mf' 8

-.nepe
xo.D;a B3HT HaMH B BH.D;e: 

.. 1\ 
el'l 3 _. ... m (M1) = -- • \ - • (g . s + g e . n. 
2Mc 477 s 

/3/ 

06oJuaqus e,ro npHBe.D;eHHble o.D;uoqacTaquLie MaTpuquLie 
3neMeHTbl Fjj' , nonyquM cne.D;yiOII.{He Bblpa)KeHHJI ,11;n.11 B(M1)t 
s .npu6nH)KeHHH cnyqa:Huo:H $aJbl: 

4 

p 

r.D;e 

n (-)j+j~A 
B(M1)t =l~ -= 

jj' y'2·~~ 

* ~ P (-)j+j~A 
jj y'2·~ i p 

K -K 1 Xi 
o n 

- 2 , 2A + 1 -~! * F 
M ·a.·' ·( uJ·J·') • f jj Signl------:;:-;-1 i 
··' JJ -+ K 0 X 
JJ 1- --- p 

2 2 2A+1 f .. , -w i 
JJ 

M - 2 
F j j' •a j j' · ( u j j , ) • < j j , l 2 

(.2,-(1)2 
JJ I 

K -K. · 
_o __ lxl 

/4/ 

'!J i 
n,p 

= yi + y i 
2A+1 n 2 

·l----l, 
n,p p,n 

1
_ Ko+K1x i 

2A +1 p 

Y i = _j_x i I . 
n • P rhd n • P C•> = (d i 

llepeB:.D;eM K o6cy)K.D;eHHIO qacneHHblX Juaqeuu:H napaMeT
pos. Cpe,11;uee none onHCblBanocL noTeuuuanoM By.D;ca-CaK
coua, napaMeTpbl KOTOpOrO BLI6paHLI Ha OCHOBaHHH pa60T/ 15/ 
/CM. TaK)Ke /G, 7/ /. 3ueprHH O.D;HoqacTHqHLIX COCTOJIHHH H 
o.D;uoqacTuquLie MaTpaquLie 3neMeHTLI paccqHTLIBanHCL no 
nporpaMMe /20/. Mbi yqHTLIBanu B pacqeTax see o.D;uoqacTuq
Hble COCTOJIHHJI OT ,D;Ha JIMLI ,11;0 3HeprHH --15-:- 20 M3B 
B KBa3HHenpepLIBHOM cneKTpe. 0.D;HaKO qaCTL KBa3HCTai.J,HO
HapHLIX COCTOJIHHH /co cpaBHHTenLHO 6onLWOH WHpHHOH/ 
nponyll.l,eua, qTo .D;OJI)KHO cKaJaTLCJI ua peJynLTaTax pacqe
TOB npu 3HeprHHX > 25 M3B, oco6euuo B H.D;pax c A < 100 
I eM. TaK)Ke o6cy)K.D;~-HHe 3Toro sonpoca B pa6oTe 11 7/;. 3ua
qeHHJI KOppenJII.J,HOHHLIX $yHKI.I,HH H XHMHqecKHX noTeHI.J,HanOB, 
ueo6xo.D;HMLie ,11;n.11 pacqeTa K03<l><l>HuHeHTOB u -:-., H 3Hepru:H 
< · · • • B3JITLI H3 pa6oTLI I 18/. JJ 

JJ 
BeCLMa Cyll.l,eCTBeHHLIM JIBnJieTC.II BLI6op KOHCTaHT 

.D;anLHO.D;eHCTBYIOll.I,HX CHn K 
0

, K 1 H rHpOMarHHTHLIX $aKTOpOB 
g8 H gp.Cyll.l,eCTByeT MHOrO OI.J,eHOK ,D;n.ll BenBqHH K 0 B K/IJ-ll/. 

Hx a6coJIIOTHLie JuaqeuHJI JaBBCJIT ,Kouequo, OT KOHKpeTuoro 

5 



B8,LJ;a pa,LJ;8anLHOH 3aB8C8MOCT8 ,LJ;anLHO,LJ;eHCTBYIOlll8X C8n, 

OT BLI6paHHOrO O,LJ;HOlfaCT8lfHOrO 6a38Ca 8 ,11;pyr8X np8BXO,LJ;JI

lllHX 06CTOJITenLCTB. Il03TOMy a6COniOTHYIO Ben8"18HY KOH

CTaHT MLI no,LJ;68pan8, 8CXO.D:11 83 npaa8nLHoro on8caH811 

3Kcnep8MeHTanLHoB: 3Hepr88 Ml-pe3oHaHca, np8 :JTOM npe,11;

nonaranOCL, KaK 3TO cne,LJ;yeT 83 KalfeCTBeHHLIX OUeHOK, -1 
'ITO " 1-- A • Ka3anocL 6LI, 'ITO B npoTuaononmKHOCTL a6co-

niOTHOH Ben81.fBHe K 1 BenB"'BHa OTHOWeHBJI (j=K j K 
1 

,LJ;OIDKHa 

cna6o 3aaaceTL oT BLiwenepeqacneHHLIX <}JaKTopoa. 0.D:HaKo 

8 ,11;n11 Hee acnonL3YIOTCJI pa3nB"'HLie npe,LJ;nono)l(eHBJI /9-11/, 
Hau6onee pacnpocTpaHeHHLIM 83 KOTOPLIX 11Bn11eTCJI qcc 1 , 
'ITO COOTBeTCTByeT OTCYTCTB810 ,LJ;anLHO,LJ;eHCTBYIOU{8X np

CBn /g, 10/. )J;n11 BLIJICHeH8JI BODpoca 0 TOM, HaCKOnLKO cy

ll{e CTBeHHLIM ,LJ;nJI OflHCaHBJI CBOHCTB 1 + - COCTOJIHBH JIBnJI

eTCJI BLI60p q , MLI paCC"'BTanu ClleKTp O,LI;HO<}JOHOHHLIX 

1 +- B036y)I(,LJ;eHBH B 
124Te ,11;n11 Tpex 3HalfeHBH q = 0; 0,5; 1 

I puc. 1/. 113 pacyHKa BB.D:HO, 'ITO B3MeHeHue q npBBO.D:HT 

n8WL K He OlfeHL 3HalfBTenLHOMy nepepacnpe,LJ;eneHBIO CBnLI 

Ml - nepeXO,LI;OB Me)I(,LJ;y COCTOJIHBJIMB, o6pa3yl0ll{8MB Ml - pe-

30HaHC. Ha 6onee BLICOKO ne)l(all{BX COCTOJIH8JIX 83MeHeH8e 

q npaKT81.feCK8 He CKa3LIBaeTCJI. Il03TOMY MLI orpaH8"1Hn8CL 

B ,LJ;anLHeHW8X pacqerax npocTeilw8M aapuaHTOM q =0 

/T .e. lf8CTo 830BeKTOPHLIM mr - B3a8MO,LJ;e:HcTB8eM/. Pacqe

TLI BO BCeX 11,11;pax 6Lin8 BLIDOnHeHLI B npe,LJ;DOnO)I(eH88 

q =0 K 1 ~· -477· ~ M3B. 

0CHOBLIBaJICL Ha Ha86onee Ha,LJ;e)I(HO H3MepeHHLIX Be

POJITHOCTJIX Ml-nepexo,LJ;oB ,11;n11 pe3oHaHca B 58Ni 8 2D8Ph. 

MLI BLI6pan8 g 8 /g 8 free =0,8 B g p =0, g ~ =1 /nocne,LJ;H8e 

BenHlfHHLI, KaK H3BeCTHO, npaKTHlfeCKH He BnHJIIOT Ha B(Ml)/. 

BLI6paHHLie 3HalfeHHJI g s u f, p <}JaKTopoa 6nu)l(e acero K 

ucnonL3yeMLIM B pa6oTe /7/- HcnonL30BaHue BaKYYMHLIX 

3HalfeHu:H g 8 
1 

L npHBO.D:BT K 3aBLIWeHHLIM 3HalfeHHJIM B(Ml). 

B pa6ore '10.' gs, gs free =0,61, O,LJ;HaKo 3,LJ;eCL B oneparop 

Ml-nepexo,LJ;a 6Lin ,11;o6aaneH nonHpH3aUHOHHLIHlfneH .r 2 (rrY)i 
C BLIWenpuBe,LJ;eHHbiMH 3HalfeHHHMH napaMeTpOB 6binH 

paCC'fHTaHbl :JHeprHH 1, -cOCIOHHHH, llpHBe,LJ;eHHLie BepOJIT-

HOCTH B(M1, 0 
1

g-, s. , 1 , ) H <}JyHKUHJI 

(!) (I) 

I 

f(,,) - ~ c• ·B<ML 0 
. 

1 ) 
i = 1 

6 

.. 

*' 

8(11f)(Ji: 

6 

4 

2 ~ 

~-__L____l,L- -~ j_ 

fJ(MI JI,Jl} 

6 

* 
21 

L _..._ 

8(1'11)1,1': 

6 

*· 

z. 
i L IU L • I 

10 

.. ' 

_,U' 

•• 1 

Io oO 

..._, ... J 

X, 
X,o l 

..Ll .J. _ail 

12"Te 

X,=- ~8 ·41( 

J J 

x, =-!}·Inc 

,.-___!_- _._ 

iliL 1\ ":_IV 3& 

w,/13[, ....__..,_____ 

28 
X.= X,= • fi'+~ 

u I .t l 
w,I'IJ6 

l WI £t-

20 .!0 1,0 

Puc. 1. 3aeuc·uMOC111b noAoJKeHuJI u pacnpeoeAeHUJI cuAbr 

Ml- nepexoooe OAJI COC1/IOJIHUU ZUZUHIJIC KOZO Ml-pe30HUHCQ 
0111 eeAU'lUHbr OIIHOIIIeHUJI q = "

0 
I K 

1 
• 
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~~ 3HaqHTenLHoro qHcna c~epHqecxHx ~Aep H3 o6nacTH 
60;S A;; 140 H ~Apa 208Pb. IlpH 3TOM HCCfleAOBanc~ HHTepaan 
3HeprHii B036Y)I(AeHH~ 0-:-35-40 M3B. HaH6onee xapaxTep
HLie peJynLTaTLI npuBeAeHLI Ha puc. 2 R B 111a6A. 1 /JAecL 
)l(e npHBeAeHLI H 3KcnepHMeHTanLHLie AaHHLie 11-5/;. 

Ta6.1Ilmll I. 

Teope~ecKHe pesy~bTaTH H aKcnepHMeHT~bHHe ~aHHHe ~ cocToRHBI 

B o~acTH MI - pesoHaHca 

JW>o 

5Br,i 

60xi 

90zr 

--
120sn 

140ce 

20Bpb 

3KcnepHMeHT TeopM 

W.: MsB B(ll1) JLt "-h MaB B(ll1) Jt! Bklia.n B fmax 

6,6 
10,6 

12,1 

9 

8,3 

2,79 
5,67 

2,7 

8,7!0,3 35,5!17,8 

7,06 
8,0 

16,8 
11 • 1 

3,94 
6,78 

10,1 
18,1 

3,83 
6,96 

10,1 
17,B 

3,53 
8,56 

10,1 
10,9 

4,12 
7,70 
9,56 

10,5 

4,45 
7,04 
8,76 

12,2 

6,39 
8,17 

14,3 

0,054 o.~ 
0,25 1,~ 

11,0 94,5~ 
0,085 1,J.' 

0,11 0,4~ 
0,48 2,~ 

10,4 92,~ 
0,18 2,~ 

0,27 1,~ 
6,2 58,~ 
0,3 3,4~ 
2,3 28,~ 

0,52 1,1% 
6,3 31.~ 
0,034 o.~ 
7,3 48,6% 

0,51 1,5% 
0,15 0,7% 

12,0 69,4% 
1 • 1 9,~ 

0,012 0,03% 
22,0 74,3% 
0,14 o.~ 

Cocro.RHH.R,OTnHqaJO~Hec~ HaH6onee cunLHLIMH Ml- nepe
XOAaMH I B(Ml) -2-:-10 11J /, no~an~JOTC.R npH 3HeprH~x Bo3-
6y)I(AeHH~ 7-11 M3B ft1l -pe3oHaHc/. Kax y)l(e yxaJLIBanocL, 
3KcnepuMeHranLHO H3MepeHHLie xapaxrepHCTHKH Ml-peJo
HaHca CflY)I(HflH Afl~ HaC OpHeHTHpOM llpH BLI6ope napaMeTpOB 
K 0 , ~-.: 1 , gs H gr.PeJynLTaTLI pacqeroa noJaon~JOT yraep)I(
Aa TL, qro C llOMO~LIO llpOCTLIX aa - CHfl MO)I(HO B nepBOM 
llpH6flH)I(eHHH OOHCaTb DOflO)I(eHHe H HHTerpanLHYIO BenHqHHy 

8 

\J 
1 

' I 

1.0 t 8(Mt>t.)l: 

I 

0.8~ l·k 5sNi 
0.6 

Olt 

0.2 

W,/136 

1.0[ 8(HIH,p: 

0.8 
120Sn 

06~ 

04l l I I I I'm 'm 
I 

o.zf 
i 

L __L________I I I • m I, • Ill I I 1 11,~~/136 

1.218(Mili,J': 

10 

08_ . I 

'10 140Ce 
06 

04 

oz 

..(} 

Puc. 2. BepoJUIIHOC111U nepexoooe B(~~l) OA.R ooHo(JoHOHHbrx 
!+ COC1110.RHUU e 58 Ni, UWSn u 140Ce. 
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B(Ml) ,IJ.JUI Ml-pe3oHaHca, ucnonL3YB O.IJ.HH H Te )l(e 3Hal.feHH.II 

napaMeTpoB ,IJ.n.R pa3HLIX .R.IJ.ep. 

Pacnpe,IJ.eneHue Bepo.RTHocTeH nepexo.IJ.OB Me)I(.IJ.Y ypoB

HBMH, o6pa3YIOlUHMH Ml-pe30HaHC, B O,IJ.HO$OHOHHOM npu-

6nH)f(eHHH He OllHCLIBaeTCJI. JaMeTHee BCero 3TO B .II,IJ.pax 

f> 8Ni H 208Pb, r,IJ.e BMeCTO .IJ.BYX COCTO.IIHHB C B(Ml) O,IJ.HOro 

nop.R,IJ.Ka Mhl nonyl.faeM npu Tex )l(e 3HeprHBX ,IJ.Ba O.IJ.Ho

$oHOHHhiX 1 t COCTOJIHHJI, HH)f(aHwee H3 KOTOphiX HMeeT 

Kpauue ManyiO BepO.IITHOCTh Ml ·B036y)I(,IJ.eHHJI, a BTOpoe 

HMeeT B(Ml), npu6nH3HTenLHO paBHYIO cyMMe 3KcnepuMeH

TanLHhiX Bepo.RTHOCTeii o6oux ypoBHeH. BKnJOl.feHHe H30CKa

n.RpHhiX ou - CHn He llpHBO,IJ.HT K yny'llUeHHIO COrnaCH.II C 

3KcnepHMeHTOM. He ucKniOl.feHo, '-ITO ,IJ.nJI npaBHnLHoro onu

caHHJI Ml -nepexo,IJ.oB cne,IJ.yeT yqecTL BnHJIHHe cnuH-KBa.IJ.py-
' q 

nonLHhiX cun /eM. 1· /. 0,IJ.HaKo, KaK noKa3hiBaiOT pacl.feThl 

,IJ.pyrHX aBTOpOB / 7 ' ll;, B npufinH)f(eHHH XaOTHl.feCKHX $a3 

HCllOnb30BaHHe fionee peanHCTHl.feCKHX 34><l>eKTHBHhiX B3aH

MO,IJ.eHCTBHH He npHBO,IJ.HT K Kap,IJ.HHanLHOMY ynyqweHHIO 

pe3ynLTaTOB. E.IJ.HHCTBeHHO y,IJ.al.fHhiH B 3TOM OTHOWeHHH 

pacl.feT BhlnonHeH ,IJ.n.R JI,IJ.pa 208plJ KaK pa3 c mr ·B3aHMo

,IJ.eHcTBHeM I 101, HO c BKnJOl.feHueM B ~il -on epa TOP .IJ.ononuu

TenLHoro non.!lpH3aUHOHHoro cnaraeMoro. Ilo- BH.IJ.HMOMy, 

paCl.feTbl B O,IJ.HO$OHOHHOM npufinH)I(eHHH He MoryT H npe

TeH,IJ.OBaTL Ha OllHCaHHe CTOnh TOHKHX 34><l>eKTOB, T .K. 3,IJ.eCL 

cymecTBCHHO BnHJIHHe CMCWHBaHHJI C 6onee CnO)I(HhiMH 

KOH$HrypaUHJIMH. 

06muu xapaKTep Hawux pe3ynLTaToB .IJ.n» Ml-pe3oHaHca 

cornacyeTcJI c nonyl.feHHhiMH pauee MHOrHMH ,IJ.pyrHMH as

TopaMu. 0,IJ.HO$OHOHHble COCTOJIHHJI C 6onLWHMH npHBe,IJ.eHHhf· 

MH BepOJITHOCTJIMH B036y)I(,IJ.eHHJI H3 OCHOBHOrO COCTOJIHHJI 

npe,IJ.cTaBnJIIOT co6ou cynepno3HUHJO.IJ.BYX·Tpex .IJ.BYXKBa3u

qacTH1.fHhiX KOMllOHeHT, BKna,IJ. O,IJ.HOH H3 KOTOphiX npeBhiWaeT 

50'1o. 1 + $OHOHhl OKa3b1BaiOTCJI npaKTHl.feCKH TaMM- ,IJ.aHKOB

cKuMu(¢<<0). ABYXKBa3Hl.facTH'-IHhle cocTOJIHHJI, BXO.IJ.JilUHe 

B 3TH $OHOHhl, o6pa30BaHbl KBa3Hl.faCTHUaMH Ha ypOBHJIX 

CllHH·opfiHTanLHhiX ,IJ.y6neTOB, npuqeM ypOBHB HaXO,IJ.JITCJI 

DO pa3Hble CTOpOHhl OT XHMBl.feCKOrO llOTeHUHana. IlpHMepbl 

CTPYKTYPLI 1 +- ypoBHeH npase,IJ.eHhl B 111a6A. 2 I JI.IJ.PO 
124 Te I 

u 111a6A. 3 I JI,IJ.po 208 Pb I. 
Ilepeu,IJ.eM K auanB3Y 6onee BhiCOKO ne)l(alUBx o,IJ.Ho

$oHOHHhiX 1+ COCTOJIHHH. JionLWBHCTBO BX OTnHl.faeTCJI BeCL-
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Ta6JJHI.Ia 2. 

1+- COCTO.fllilffi C B(ll1) > 0,01}<~ B 
124Te 

wi 
MaB 

4,3 

5,2 

7,3 

9,7 

10,1 

14,6 

15,4 

16,3 

17,9 

1 B, 1 

22,2 

22,9 

23,7 

26,5 

B{JI1) 

JL! 
0,35 

0,13 

4,9 

3,4 

4,4 

0,22 

0,07 

0,06 

0,02 

0,06 

0,04 

0,08 

0,14 

0,22 

CTpyKTypa COCTORH~ 

N 2d5/2- 2d3/2 
z 1g9/2- 1g7/2 

z 2d5/2- 2d3/2 

N 1h11 /2-1h9/2 
z 1g9/2- 1g7/2 

N 1h11/2-1h9/2 
If 1g9/2 -1g7/2 
z 1g9/2- 1g7/2 

If 1g9/2- 1g7/2 
N 1h11/2-1h9/2 
z 1g9/2- 1g7/2 

4 1h11/2-1h9/2 

N 2p1 /2- 3p3/2 

N H'5/2- 2!7/2 

z 2p1/2- 3p3/2 

z 1!5/2- 2f7/2 

N 1d5/2- 2d3/2 

Ji 1f7/2- 2f5/2 

z 1d5/2- 2d3/2 

z 1f7/2- 2f5/2 

98,.3% 
1 '1% 

99% 

9,3% 
89% 

63.~ 

31.~ 

4,6% 

67 ,B.' 
27,3% 

4,5% 

100 % 
_ .. _ 

_ .. _ 

-"-

-"-
-"-

-"-

-"-

-"-

BRJ13J( B 

fmax 

1,0% 

0,5% 

24,7% 

22,6% 

30,7% 

2,2% 

0,7% 

0,7% 

0,3% 

0,8% 

0,6% 

1,3% 

2,3% 

4,1% 

Ma Manon senHl.fHHOH B(Ml), o,IJ.HaKo npu 3Hepru»x -· 12: 

18 M:1B, 22-:26 M:1B B 32 735 M:JB B JI,IJ.pax c A · 100 

llOJIBnJIIOTCJI COCTOJIHHJI C B(Ml)- 0,05c-0,l 111-.•KoHel..fHO, 

:no ropa3,IJ.O MCHLWC, l.feM ,IJ.nJI COCTOJIHHH Ml -pe30HaHCa, 

HO perynHpHOCTh llOJIBneHHJI TaKHX COCTOJIHHH, HX 3aMeTHhiH 
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Ta6Jnma 3. 

1+- COCTO.Fiffi'IJI C B(ll1) > 0,01f~ B 20Bpb 

WL B(ll1) BK1Ia.n B 

I&B )4~ CTpyx-rypa COCTOJllilrlt fiii&X 

6,4 0,012 • 111)/2 - 1111/2 5~ 
z 1h11/2 - 1h9/2 4~ O,OJ.' 

8,2 22,0 • 1113/2 - 1111/2 4~ 74.~ 
z 1h11/2 - 1b9/2 55~ 

14,) 0,14 • 1~/2 - 2h11/2 1~ o,BJ 

14,4 0,04 • 2d)/2 - 345/2 -"- o,~ 

15,3 0,05 • 1g7/2 - 2S9/2 -"- o,~ 

15,5 0,02 z 2d)/2 - )d5/2 
_ .. _ 

0,1~ 

15,7 0,11 z 1g7/2 - 2S9/2 -"- o,~ 

15,8 0,0) z 1f5/2 - 2f7/2 -"- o,~ 

18,7 0,10 z 2p)/2 - )p1/2 -"- o,~ 

20,) 0,06 z 2~/2 - )d)/2 
_ .. _ 

o.~ 

21,9 0,28 • 1'9/2 - 2S7/2 -"- 2,~ 

22,5 0,56 z 1f7/2 - 2f5/2 
_ .. _ 

5.~ 

25,6 0,81 z 1'9/2 - 2g7/2 
_ .. _ 

8,6~ 

BKna,IJ. B cPYHKllBIO f(cu) npBBneKaJOT K HBM BHBMaHBe. BnepBble 
Ha Cyll.leCTBOBaHBe 3TBX JPOBHeH B 208 Pb o6paTHnB BHB· 
MaHae aBTOpbl pa6oTbl I 13 • 

IlOCKOnLKY Haw O,IJ.HoqacTBqHbJH 6a3BC He,IJ.OCTaToqeH 
.IJ.nB Ha,IJ.e:>KHoro aHana3a o6nacTB 3Heprui B036y:>K,neHBJI 
:;:_30 M3B, Mbl COCpe,IJ.OTOqBM CBOe BHBMaHBe Ha nepBbiX 

.IJ.BYX o6nacTBX, r.ne noJIBnJIJOTCJI ypoBHB c B(Ml) - 0,1 11~· 
Cpa3y yKa:>KeM, qTo cTpyKTypa acex 3TBX cocTOJIHBH ,IJ.Byx
KBa3aqacTaqHaJI I CM. 111a6A. 2,31. 3To 3HaqaT, qTo aenaquHa 
B(Ml) 3aBBCBT TOnLKO OT .IJ.BYX cPaKTOpOB: BenaqBHbl O,IJ.HO • 

12 
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j 

~ 

qacTHqHoro Ma TpBqHoro 3neMeHTa Ml -on epa Topa F ~ . H 
J 1 J 2 

aenuqaHLI u~ . , r.ne j 1,j 
2

- KBaHTOBLie qucna ypoBHe·a,· Ha 
J tJ 2 

KOTOpLix pacnono:>KeHLI o6pa3yioll.lue cPOHOH KBa3uqacTBI.lLI. 
0.IJ.HOcPOHOHHLie cocToJIHBJI npa 3HepraJix 12-:-ls M3B o6pa3o

BaHLI KBa3HqacTBI.laMB Ha YPOBHJIX IN ' e ' e - 1h ; N + 1' e ' 
e I Y2 I, T.e. Haa6onee 6nB3KO ,IJ.pyr K ,IJ.pyry pacnono:>KeH· 
HLIMB cocTOBHBJIMB cnaH·op6aTanLHLIX .ny6neToB c AN =1. 
CocToJIHBJI npa 3HepruJix ·· 22 -'-26 M 3B o6pa3oBaHLI ax cnaH
op6BTanLHLIMB napTHepaMB, T .e. YPOBHJIMB IN' e ' e + 1h ; 
N t-l' e ' e ·- Y2 I. TaK KaK KBa3aqacTBI.lbl, COCTaBnJIJOll.lBe 
cPOHOH, HaXO,IJ.JITCJI Ha ypOBHJIX, ,IJ.aneKO OTCTOJill.lBX OT XBMB· 
qecKoro noTeHuaana A a npa 3TOM HaXO.IJ.Jill.lBXCJI no pa3HLie 
OT Hero CTOpOHLI, JlnJI HBX U J. j :: 1 , B B(Ml) onpe,IJ.enJieTCJI 
TonLKo aenaqHHoi F. M. ,Ilo Toii: kt npaqaHe nono:>KeHae 3TBX 

J 1J 2 
ypOBHeH He 3aBBCBT OT . A, T. e. OT qacna npOTOHOB BnH 
HeHTpOHOB B JI,IJ.pe, a onpe,IJ.enJieTCJI TOnLKO pa3HOCTLIO O,IJ.HO • 
qacTBqHLIX 3Heprai YPOBHei IN' e ' e - Y2 I B IN + l ' e ' 
e + Y2 1 anu IN, e, e + Y21 a IN+l, e, e- Y21. OTcJO.na 
BX npH6nB3BTenLHO O,IJ.BHaKOBaJI 3HeprBJI B pa3HLIX JI,IJ.pax. 
0TCYTCTBBe BTOporo MaKCBMyMa B pacnpe,IJ.eneHBB B(Ml) 
122 726 M3BI B JI,IJ.pax C A< 100 CBJI3aHO C OTCYTCTBBeM 
a Hawax O,IJ.HoqacTaqaLix cxeMax ,IJ.nB 3THx JI,IJ.ep pJI,IJ.a co
CTOJIHBH IHanpaMep, 2f ?/2 , 2f 5;

2 
, 3p 3;..2_/· 

CocTOJIHBJI npH 3Hepraa 32-:-35 M3B, TaK cKa3aTL, 
aHanorHqHLJ "pe3oHaHcy" npa 12-:-18 M3B, HO c AN =2. 

113 rpacPHKOB cPYHKllBB f(w), npBBe,IJ.eHHLIX Ha puc. 3, 
BH,IJ.HO, qTo B JI,IJ.pax C A >100 BLICOKOne:>Kall.lBe 1 +- ypOBHH 
HrpaiOT 3aMeTHYJO ponL, no Mepe yaenaqeHHJI A cPYHKI.lBJI 
f(cu) ,IJ.OCTBraeT HaCLill.leHBJI npB BCe 6onLWBX B 6onLWBX 
3HeprBJIX B036y:>K,IJ.eHBJI. IlpH 3TOM BKna.n M1-pe3oHaHca 
B f max = f ( c,J = 40 M3B) na.naeT c pocTOM A. Ilo Mepe 
yaenaqeHBJI Maccoaoro qHcna cneKTP BbiCOKone:>Kall.lBX 1+ -
ypOBHei C OTHOCBTenLHO 6onLWBMB B(Ml) o6orall.laeTCJI . 
TaK, B 208 Ph noJIBnJIJOTCJI 1+ - cocTOJIHBJI c B(Ml)- 111 ~ , 

BKna,IJ. KOTOpLix B f max cocTaBnJieT - 2-"·90/o I 111a6A. 31. ,Pe-
3ynLTaTLI, nonyqeHHLie a y:>Ke ynoMBHaaweicJI pa6oTe/ 13/, 
anonHe aHanoraqHbl HawaM. 

HapB.IJ.Y c BblweonacaHHLIMB, TaK cKa3aTL, "cTa6anL
HLIMH" rpynnaMB ypOBHei·., Ha6nJO,IJ.aiOTCJI ypOBHB "MBrpapyiO~ 
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ll.Uie", T. e. ypOBHH, MeHHIOI.QHe CBOe nOJIO)KeHHe npH H3Me
HeHHH nOJIO)KeHHH XHMHqeCKOrO nOTeHIJ;HaJia /Mbi ce}iqac 
roeopnM o6 ypoBHHX onHTL-TaKH c B(Ml).. 0,1,:.t~ /. 
3TH COCTOHHHH o6pa30BaHbl KBa3HqaCTHIJ;aMH Ha ypOBHHX 
Cpe,D;Hero nOJIH, KOTOpble HaXO.D;HTCH no O.D;Hy CTOpOHy OT A • 
Ha HX npHMepe HpKO npOHBJIHeTCH BJIHHHHe napHbiX KOppe
JIHIJ;HH CBepxnpOBO.D;HI.Qero THna Ha CBOHCTBa BbiCOKOJie)KaJ.IJ;HX 
cocroHHHH. Bo3LMeM a xaqecree npnMepa nporonuoe .~~;eyx
KBa3HqacTHqHoe COCTOHHHe (lh 1!/2, lh

9
/ 

2
)t+•B H.D;P_?-X C A -90 

ouo HMeer 3HeprHro 31 M3B, 3Hepruu ypoeueu lh n'
2

, 

lh 9, 2 MHoro 6onLwe A P H no3TOMY u;h , lh ~o. B pe-
lL 2' 9/2 

3YJILTa re, necMoTpH na JaMernyJO eennqHny F ~~ ., lh . 

11·2 9/2 
B(l\11) .D;JIH 3TOro COCTOHHHH MaJia, H OHO HHqeM He Bbi.D;eJIH-
eTCH Ha 4JoHe .D;pyrHX. B 124Te 3TO COCTOHHHe HaXO.D;HTCH npH 
3HeprHH .15 M3B H HMeer B(Ml) - 0,2 11. ~. B H.D;pax c 
A --140 ono onycxaercH y)Ke .~~;o 3Hepruu 11 M3B, a B(Ml) .o;o
CTHraer 0,4- 0,5 11J, If, HaKOHeu;, B 208Pb COCTOHHHH lh

11 
•
2
H 

lhg , 2 OKa3biBaiOTCH y)Ke no pa3Hble CTOpOHbl OT XHMHqe
cxoro noreuu;nana, u~h lh .::: 1. 3,IJ,ecL .~~;eyxxeaJHqac-

ll/2. 9/2 
z 

THqnoe COCTOHHHe (lh 1!/2 lhg/2 ) 1+ HBJIHeTCH O.D;HHM H3 CO-
craBJIHIOJ.IJ;Hx Ml -peJonauca. 0TMeTHM, qro B H3oronax 
Ni H Sn COCTOHHHe (lh ll/z,lh 9 ~ 2 )f+ He npOHBJIJieTCH, T.K. 
B J:_Hx H.D;pax npOTOHHaH KOppeJIHIJ;HOHHaH 4JYHKIJ;HH C p =0 
H 11 =0 

hll/2' h 9· 2 . 

K TaKoro )Ke po.~~;a COCTOHHHHM OTHOCHTCJI 1 f- YPOBHH 
Tax na3biBaeMoii cnexrpocxonuqecxoii o6nacru 3Hepruu 
BoJ6y)K,D;eHHR, r.e. c 3HeprHRMH 4-:-5 M3B /HH)Ke Ml-peJo
nauca/. Hx cyi.Qecreoeanue TaK)Ke CBH3aHo HMenuo c cy
I.QecTaoeanHeM napnLix xoppeJIHIJ;HH ceepxrexyqero THna 
/B 208 Pb TaKHX COCIOJIHHH HeT/. 

lfTaK, B cnexrpe Ml B036y)K)J,eHHH TH)KeJILIX R.D;ep npu 
BLICOKHX 3HeprHHX HafiJIJO.D;aJOTCJI rpynnbl COCTOHHHH, OTJIH
qaiOI.QHeCH 3aMeTHoii BeJIHqHnoii Ml - nepexo.~~;oe. B 3TOM 

OTHOWeHHH CHTyaiJ;HH 3)J,eCL BnOJIHe aHaJIOrHqHa CHTyau;HH 
c E2 - H HH3K03HepreruqecKHM E3 -peJonaucaNH. 0JJ.HaKo 
"BLICOKOJie)Kai.QHe Ml-pe30HaH<:LI" He RBJIHJOTCH KOJIJieKTHB
HbiMH COCTOHHHHMH, a npe.D;CTaBJIHJOT co6oii rpynnLI .D;BYX-
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KBa3H'iaCTH'iHhiX ypOBHeH C OTHOCHTenhHO 6onhWBMB BepOJIT" 
HOCTJIMH Ml-nepexo,u.oB. KpoMe Toro, OHH MHoro cna6ee 
HaCTOJI~ero Ml-pe3oHaHca. 

B 3aKniO'ieHHe Mhl XOTHM Bhlpa3HTh npH3HaTenhHOCTh 
B.r .ConOBheBy 3a llOCTOJIHHOe BHHMaHHe K HaCTOJI~eii: pa-
6oTe, B.B.BopoHoBy - 3a none3Hhle o6CY*.U.eHHJI H 3aMe
'iaHHJI. 
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