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nonyMHKpOCKOnH4eCKOe onHcaHHe M2- H M3-nepeXOAOB 
B Ae$opMHPOBaHH~X HApax 

B paMKax RPA B 154Sm H 166 Er paCC4HTaHbl CHnOBble $yHK
~HH npHBeAeHHO~ aepoHTHOCTH M2- H M3 -nepeXOAOB Af1H wH
poKo~ o6naCTH 3HeprHH B036ymAeHHH HApa. ~CCneAOBaHa CTpyK
Typa OAH0¢0HOHH~X CnHH-AHnOnbHbiX H CnHH-KBaApynOnbHbiX 
COCTOHHH~, Ha KOTOpble HnH Ha poTa~HOHHble nonOCbl KOTOpbiX 
HAYT M2- H M3 -nepeXOAbl. noKa3aHo' 4TO B o6naCTH OT 5 
AO 12 M3B B03MOmHo cy~ecTB~BaHHe rHraHTCKoro M2-pesoHaHca. 

Pa6oTa BblnOnHeHa B na6opaTOpHH TeopeTH4eCKO~ 
$H3HKH 0~~~~. 
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A Semim icroscopic Description of M1 and M2 
Transitions in Deformed Nuclei 

Within the RPA strength functions of a reduced proba

bility of M2 and M3 transitions are calculated in 154Sm and 

166
Er for a wide region of nuclear excitation energy. The 

structure of one-phonon spin-dipole and spin-quadrupole 
states is investigated, to which or to whose rotational 
bands M2 and M3 transitions go. It is shown that in the 
region from 5 up to 12 MeV the existence of a giant M2-re
sonance is possible. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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8 nocneAHee BpeMH 6onbWO~ HHTepec Bb13b1Ba~T MarHHTHble 
rHraHTCKHe pesoHaHcbl /MrP/. EcnH AnH AHnonbHoro MrP yme 
HMeeTCH AOCTaT04HO MHOrO KaK 3KCnepHMeHTanbHbiX, TaK H Teo
peTH4eCKHX pa6oT, TO H3y4eHHe MrP c >.. > 1 HaXOAHTCH 
e~e B Ha4anbHO~ CTaAHH. 3KcnepHMeHTanbHble yKa3aHHH 0 cy
~eCTBOBaHHH MrP C/.. > 1 noKa HMe~TCH TOnbKO AnH He6onbWOro 
4Hcna c$epH4eCKHX HAeP /eM., HanpHMep, /1·5/ I. AnH Ae$op
MHPOBaHHbiX HAep 3KCnepHMeHT no MrP C /.. > 1 OTCYTCTByeT BOBCe. 

8 CBH3H C 3THM TeM 6onee HHTepeCHbiM npeACTaBnHeTCH Teope
TH4eCKH o~eHHTb B03MOmHOCTb cy~eCTBOBaHHH MrP c 1..>1 a Ae
¢opMHpoaaHHbiX HApax. C 3TO~ ~enb~ B HaCTOH~e~ pa6oTe npoao
AHTCH HccneAOBaHHe CHnOBO~ $YHK~HH npHBeAeHHO~ BepOHTHOCTH 
M2- H M3 -nepeXOAOB H3 OCHOBHOrO COCTOHHHH HAPa Ha co
CTOHHHH C 177 = 2- H 3 + Af1H WHpOKOrO HHTepaana 3HeprHH B03-
6ymAeHHH. KpoMe Taro, paCCMaTpHBaeTCH CTpyKTypa OAHO$OHOHHbiX 
CnHH-AHnOnbHbiX H CnHH-KBaApynOnbHbiX COCTOHHH~, Ha KOTOpble 
HnH Ha poTa~HOHHble nonocbl KOTOPbiX HAYT M2- H M3 -nepeXOAbl. 
TaKHe HccneAOBaHHH nOMHMO acero npo4ero TaKme noKa3biBa~T, 
B KaKO~ CTeneHH HaAO Y4HTbiBaTb cnHH-AHnOnbHble 1-1 cnHH-KBaA
pynonbHble OAHO$OHOHHble COCTOHHHH B aHrapMOHH4eCKHX pac4eTaX. 

Bb14HcneHHH npoBOAHnHcb B paMKax nonyMHKpocKonH4ecKo~ Mo
AenH /6, 7 / B RPA. OcHOBHble $opMynbl, Hcnonb30BaHHble a Bbi4Hc
neHHHX, HMe~TCH B /6/, raMHnbTOHHaH MOAenH COCTOHT H3 cpeAHero 
nonH B ¢opMe noTeH~Hana CaKCOHa-ByAca, cnapHBaTenbHoro 
B3aHMOAe~CTBHH H OCTaT04HbiX CnHH-MynbTHnOnbH~X CHn. 8 pac-
4eTaX AnH .M2 -nepeXOAOB HCnOnb30BanHCb CnHH-AHnOnbHble OCTa
T04Hble CHnbl, a AnH M3-nepeXOAOB - cnHH-KBaApynonbH~e. napa
MeTpbl noTeH~Hana CaKCOHa-ByAca 6panHCb H3 !91. KoHCTaHTbl 
cnapHBaTenbHOrO B3aHMOAe~CTBHH nOA6HpanHCb no napHbiM 3Hep
rHHM. 0AH04aCTH4Hble ypoBHH 6panHcb H3 o6ono4eK c rnaBHbiM 
KBaHTOBbiM 4HcnoM N = 2 79 AnH He~TPOHOB H c N = 179 AnH npoTo
HOB B HHTepaane 3HeprH~ OT -36 AD +40 M38. 8 pac4eTaX AnH 
166Er, HanpHMep, HCnOnb30Banoc b 104 He~TpOHHbiX H 1 32 npo
TOHHbiX ypOBHH, a TaKme -5300 CnHH-AHnOnbHbiX H -7300 CnHH-
KBaApynonbHbiX MaTpH4HbiX 3neMeHTOB. 

fJSH Bbi4HCneHHH H30CKanHpHO~ H H30BeKTOpHO~ KOHCTaHT 
H K; OCTaT04HbiX CnHH-MynbTHnOnbHbiX CHn HCnOnb30Bam1Cb 

(A.) 
K 0 
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A8a 8apHaHTa ¢opMyn: 

K (.\) = K (.\) 

0 1 

411 . 44 
/1/ Ma B. ¢M -(2.\-2) , 

A<r 2.\- 2 > 

(.\) (.\) 411 • 28 
K = K = - -----------

0 1 ~A<rA-1 > 2 
MaB.¢M -(lM-2) 121 

¢opMyna /1/ C T04HOCTb~ AO 4HCneHHOro K03¢¢H~HeHTa C08naAaeT 
C 8blpa>KeHHeM AHA CnHH-MynbTHnOnbHbiX KOHCTaHT, C nOMOiilb~ 

KOTOporo 8 /10/ np080AHnHCb paC4eTbl M.\-nepeXOAa Anl'l 208Pb. 
B 111•121 H3 pac4eT08 AHnonbHbiX MarHHTHbiX MOMeHT08 AnA He4eT
HbiX RAep 6blnO Hai1AeHO, 4TO 8 cpeAHeM AnR peAK03eMen bHOi1 
o6nacTH K b1) = K p) = 411 ·0,25, C nOMOlllb~ 3Toi1 o~eHKH npH A= 166 
/cepeAHHa peAK03eMenbHOi1 o6naCTH/ 6bln 8bi4HCneH 4HCneHHbli1 
K03¢¢H~HeHT 8 /1/. 

¢opMyna /2/ 83RTa H3 pa6oTbl /13/ , rAe OHa Hcnonb308anacb 
AnR pac4eTa M2-pe30HaHC08 8 c¢epH4eCKHX RApax 8 paMKax 
MOAenHt1>,7,14/, B 3Toi1 ¢opMyne 4HcneHHbli1 K03¢¢H~HeHT noAo6paH 
no H38eCTHbiM H3 3KCnepHMeHTa xapaKTepHCTHKaM AHnOnbHOrO 
MrP 8 c¢epH4eCKHx RApax. 

B coOT8eTCT8HH c / 11,12/ pac4eTbl np080AHnHCb c 8aKyyMHbiMH 
3Ha4eHHRMH CnHH080ro H opfiHTanbHOrO rHpOMarHHTHbiX OTHOWeHHi1. 

CHno8aR ¢YHK~HR npH8eAeHHOi1 8epORTHOCTH M>.-nepeXOAO~ 
H3 OCH08HOrO COCTORHHR RApa Ha 8036Y>KAeHHble C l 11 K = _\(-1) !1 

HMeeT 8HA: 

b(M.\11,w)= l B(M.\,0+0 -+w, . )p(w-w, . ). 
i "/1 1 "/1 I 

3AeCb B(M.\, o+o ... w A!li ) - npH8eAeHHaR 8epORTHOCTb M.\ -nepe
XOAa; WA!li - 3HeprHR OAH0¢0HOHHOrO COCTORHHR, Ha KOTOpOe 
HnH Ha POTa~HOHHYIO nonocy KOTOporo HAeT M.\ -nepeXOA; i -
HOMep KOpHR CeKynRpHOrO ypa8HeHHR; 

p(w - w .\ . ) = _ _1_ --------~----------- • 
11 1 211 (w - w A!li )2 + (M2)2 

napaMeTp ycpeAHeHHR ~ 83RT pa8Hb1M 0,8 M3B, 4TO MHOro MeHbWe 
3HepreTH4eCKHX HHTep8ano8 noKanH3a~HH paccMaTpH8aeMbiX 
CTPYKTyp. 

CHno8aR ~YHK~HR, cyMMapHaR no K,HMeeT 8HA: 
.\ 

b(M.\,w)= l b(M.\11, w). 
!1=0 

PaccMOTPHM pe3ynbTaTbl pac4eT08. DHH npeACTa8neHbl Ha 
PHC. 1 H ~ H 8 Ta6nH~e, Ha pHCYHKaX Ha npHMepe 166Er H 154 Sm 
AnR pa3Hb1X 3Ha4eHHi1 KOHCTaHT OCTaT04HOro 83aHMOAei1CT8HR 
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PHc. 1. CHn08ble ¢YHK~HH h(M2, w) 8 166Er AnR pa3HbiX K H cyM
MapHble no K. Pac4eTbl npo8eAeHbl npH K~) = K )_2b 0 /nyHKTHpHaR 
KpH8aR/ H npH 3Ha4eHHRX KOHCTaHT, nony4eHHbiX no ¢opMynaM 
/1/ /cnnOWHaR KpH8aR/ H /2/ /WTpHx-nyHKTHpHaR KpH8aR/, 
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PHc. 2. CyMMapHble no K CHilOBble <!JYHK4HH b(M2.w) H b(M3.w) 
s 166 Er 1-1 154Sm. Pacl..leTbl npoBeAeHbl npH K b2) = K )_2)= K ~>= K )_3)=0 
/nyHKTHpHaR KpHBaR/ H npH 3Ha4eHHRX KOHCTaHT, nOJly4eHHbiX 
no <!JOpMyJlaM /1/ /CnllOWHaR KpHBaR/ H /2/ /WTpHx-nyHKTHpHaR 
KpHBaR/. 
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Ta6111-14a 

BKilaAbl S(%) cocTORHHH c.\= 2 1-1 3 B MOAellbHOe EWSR 
B 166Er AilR pa3HbiX 3HepreTH4eCKHX HHTepsaJlOB ll.w /M3B/ 
npH 3Ha4eHHRX KOHCTaHT OCTaT04HOrO B3aHMOAeHCTBHR, paBHbiX 
HYil~, a TaKme nolly'-leHHbiX no <!JopMyJlaM /2/ 1-1 /1/ 

K(,\) = K (A) s 
0 1 

A 
0-5 5-10 10-15 15-25 25-35 0-35 M3B · <!JM·(2A-2) 

0 4 39 26 28 2 99 

2 -0.76. 10-1 2 20 25 49 3 99 

-0.13 1 15 19 58 7 100 

0 2 13 37 42 6 100 

3 -0,22·10 
-2 

1 2 11 70 15 99 

-0,41 · 10-2 0 1 5 53 38 97 

H306pameHbl xapaKTepHble CHJlOBble <!JYHK4HH npHBeAeHHOH sepORTHO
CTH M2- H M3 -nepeXOAOB 1-13 OCHOBHOro COCTORHHR 0+0 Ha co
CTORHHR C $HKCHPOBaHHOH npoeK4HeH K H CHJlOBble <!JyHK4HH, 
cyMMapHble no K. B Ta6111-14e TaKme AilR pa3HbiX 3Ha4eHHH KOHCTaHT 
K b2) , Kf2) H K b3), K f3) npHBeAeHbl BKJlaAbl CnHH-AHnOilbHbiX 
H CnHH-KBaApynOJlbHbiX COCTORHHH B MOAellbHOe 3HepreTH4eCKH 
B3BeWeHHOe npaBHilO CYMM (EWSR)/S / AilR pa3HbiX 3HepreTH4eCKHX 
HHTepBaJlOB. 

Ha pHc. 1 H 2 BHAHO, '-ITO s OAH04aCTH4HOM npH6JlHmeHHH 
CHJlOBble <!JYHK4HH- b(M2, w) H b(M3, w) HMe~T MaKCHMYMbl COOT-
BeTCTBeHHO npH 3HeprHRX 7,5 - 8,5 M3B H 13 - 16 . M3B. 3To 
nOHRTHO, TaK KaK 2• nepeXOAbl B OCHOBHOM RBJlR~TCR nepeXOAaMH 
B coceAH~~ o6oJl04KY c 3HeprHeH hw = 41-113 M3B I - 7, 5 M3B 
AJlR 166 Er 1-1 154 Sm I, a 3 +- nepeXOAbl - B OCHOBHOM nepexoAa-
MH 4epea o60J104KY c 3HeprHeH 2bw "' 82- 113 M3B /-15 M3B AilR 
166Er H 154 Sm I. 0cTaT04HOe saaHMOAeikTBHe BbtTallKHBaeT 
4aCTb M2- H M3 -cHJlbl ssepx no 3HeprHH, B peayJlbTaTe 1..1ero 
3Ta CHJla pacnpeAellReTcR no WHPOKOH o611acTH AO 25 M3B AilR 
M2 -nepeXOAOB H AO 30-35 M3B AilR M3 -nepexoAOB. 

Ha pHc. 1r 1-1 26 noKaaaHo, '-ITO AilR M2-nepeXOAOB B HHTep
saJle OT 5 AO 12 M3B pacno11omeHa AOCTaT04HO xopowo BbiAelleHHaR 
o6JlaCTb nOBbiWeHHOH KOJlJleKTHBHOCTH, HMe~l!laR MeCTO npH BCeX 
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Tpex Hafiopax SHa4eH~H KOHCTaHT OCTaT04HOrO BSa~MOAeHCTB~R. 
HHTepecHo, 4TO e pa6oTe/13~ac4eT~, npoeeAeHH~e e aHrapMOH~-
4eCKOM np~6n~meH~~ AnR c~ep~4eCK~x RAep, TaKme yKasan~ Ha 
KOH4eHTpa4~~ c~nbl M2-nepeXOAOB B ~HTepeane OT 6 AO 10 M3B. 
Ha p~c. 1 ~ 2 B~AHO, 4TO sa ~cKn~4eH~eM yKasaHHOH o6nacT~ 
B b(M2,w) B-c~nOBbiX ~YHK4~RX b(M2,w) ~ b(M3, w) HenbSR 
6onee BbiAen~Tb KaK~e-n~6o CTpyKTyp~, nOAOfiH~e r~raHTCK~M 

pesoHaHcaM. MomHo roeop~Tb TOnbKO o pacnpeAeneH~~ M2- ~ 

M3 -c~n~ no w~poKoMy ~HTepeany 3Hepr~~. AaHHble BbiBOA~ oc
Ta~TCR B C~ne ~ np~ K~)= K ba) = 0, T. e. np~ BKn~4eH~~ (np) -
BSa~MOAeHCTB~R. 

np~ SHa4eH~RX K~) ~ K v·..). nony4eHH~X no ~OpMyne /1 I' 6blnO 
npoeeAeHO ~ccneAOBaH~e CTPYKTYPW OTAenbH~X cn~H-A~nOnbHWX 
~ cn~H-KBaApynonbH~X OAHO~OHOHHbiX COCTORH~H AnR paSH~X 

3HepreT~4eCK~x o6nacTeH. Pac4eTbl AnR 154 Sm ~ 166 Er noKa
san~, 4TO AnR o6e~X MynbT~nonbHOCTeH H~SKOnema~~e COCTORH~R 
C 3Hepr~eH AO 5 M3B RBnR~TCR ~aKT~4eCK~ ABYXKBaS~4aCT~4H~M~ 
c B(M2) max< 0,5spu ~ B(M3) max < 5spu • . 0THOC~TenbHO 6onbw~e SHa-
4eH~R B(M3) nony4a~TCR SAeCb sa C4eT c~nbHbiX OAH04aCT~4H~x 

MaTp~4HbiX · 3neMeHTOB. Pac4eT~ AnR A= 2 TaKme noKasan~, 4TO 
np~ 3Hepr~Rx OT 7 AO 12 M3B, T.e. e o6nacT~ BOSMOmHoro M2-
pesoHaHca, AOM~H~py~T 15-30 COCTORH~H C 1 spu < B(M2) < 10 spu, 
KOTOPble ~c4epnb1Ba~T 6onee 90% MOAenbHoro EWSR AnR AaHHOH 
o6naCT~. BKnaA MaKC~ManbHOH ABYXKBaS~4aCT~4HOH KOMnOHeHTbl 
B 3T~X COCTORH~RX He npeewwaeT 60%, HO TOnbKO B HeMHOr~X 
~S H~X onycKaeTCR H~me 50%. np~ fionee B~COK~X 3Hep r~ RX 
BOS6ymAeH~R TaKme MOmHO B~Aen~Tb 10-30 COCTORH~H C 
1 spu < B(M2) < 10 spu, ~c4epnb1Ba~~~x AO 80% MOAen bHOro EWSR 

AnR o6nacT~ OT 12 AO 25 M3B . 3T~ COCTORH~R RBnR~TCR C~nbHO 
KonneKT~B~s~poeaHH~M~. OH~ o6pasoeaH~ ~s 6onbworo 4~cna 
ABYXKBaS~4aCT~4HWX KOMnOHeHT, np~4eM BKnaA B HOPM~pOBKy 
COCTORH~R MaKC~ManbHOH ~S H~X He npeB~WaeT 30-50 %. Hccne
AOBaH~e OKTynonbHWX COC TORH~H nOKasano, 4TO np~ 3Hepr~RX 
6onee 5 M3B OCHOBHOH BKnaA B MOAenbHOe EWSR /70-90%/ 
BHOCRT KOJJneKT~BHble COCTORH~R C 1 spu < B(M3) < 10 spu. TaK~X 
COCTORH~H ~MeeTCR He MeHee 50. 

BKnaA B MOAenbHOe EWSR B 166Er AnR paSHbiX npoeK4~H 
COCTaBnReT 18, 38, 44% COOTBeTCTBeHHO AnR I"K = 2-0, 2-1, 
2-i ~ 14 , 29 , 30 , 27% AnR 117 K =3 +0, 3+1, 3~, 3+J. AnR 
APYr~x RAeP pac4eTbl Aa~T aHanor~4Hble pesynbTaTbl. 

B saKn~4eH~e pes~M~pyeM nony4eHH~e pesynbTaTbl: 1/ B Ae
~opM~poeaHHbiX RApax np~ A= 2 B ~HTepeane OT 5 AO 12 M3B 
~MeeTCR AOCTaT04HO XOpOWO BWAeneHHaR rpynna n~KOB, KOTOpy~ 

MOmHO paCCMaTp~BaTb KaK r~raHTCK~H M2 -peSOHaHc; 2/ B cny4ae 
A=3 CTPYKTyp,nOAOfiH~X r~raHTCKOMY peSOHaHCy,He 06HapymeHO. 
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