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~lccJIe,noBaHIDI peaznaa (n, h Ir) ,nam :mIQloPMamno o CTpYRType anpa 
MameHH R MexaHHsMe RnepHHX pe8KUKK. Orrpe,neJIeHHe ce~eHHH H8 OllHTe ,H 
HX BH~CJIeHHH B paMRaX TeopeTR~eCKHX Mo,neJIeif Tpe6YIDT .3H8HRff SHeprHH 
H RBaHTOBHX XapaRTepHCTHR YPOBHeH g,npa-MHilleHH. Ha OCHOBaHHH HSMepeHHHX 
ce~eHHn rryTeM COrrOCT8BJIeHHH HX c peSYJIbTaTaMH pac~eTOB B03MO~0 orrpe
,neJIHTb CImH1:l anepasx YPOBHeH. IIpRMeHH~CTb CTaTHCTR~eclwí1: Mo,neJIH ,n;a
eT BOSMO~HOCTb BHHBHTb Bce ypOB~H c MOMeHTaMM, ROTopüe OTJIH~aIDTCR Ha 
(O - 5)Fl OT MOMeHTa OcHOBHoro COCTORHHR, VI c 3HeprneR Bos6y~eHHH 

,no 1,5'- 2,0 MsB. B peaKUKH (n,~r) 6HJIH rrpOBepeHH, YTo~eHH R ,norrOJIHe~ 
HH CxeMH Bos6y~eHHHX YPOBHeH MHOrHX ~ep. MCrrOJIDSOBaJIHCb RaRHCTO~
HHKH MOHoxpOMaTH~eCKHX HeHTpOHOB, T8R H rryqKH 6üCTpHX HeRTpOHOB peaK
Topa. 

CrreRrpH r -RBaHTOB B peaKI.UiHX (n, ll.'r)Ha nyxxe HeHTpoHOB pe8RTO
pa 6UJIH Hsy~eHH c HCrrOJIbSOBaHHeM MHilleHeH 060rameHHHX qeTHO -~eTHHMH 

HSOTOrraMH sp6HR 164,' 166, 168, I?0Er /1,2/. pHAH RCCJIe,nOBaHH Bos6YM

,neHHHe YPOBHH STHX ~ep. B /2,3/ ,n;aHH CBe,n;eHKH o crreRTpax YPoBHeH HSY
'lIeHHHX anep, 

Ha OCHOBaHKH HMeromHXCR ,n;aHHHX 06 SHeprHHX, HHTeHCHBHOCTRX H MYJIb
THrrOJIbHOCTRX r -nepexonos H nocrpoesnux CHCTeM YPO~HeH KaJK,IJ;oro HS 
R.IJ;ep eUJIH onpeneaens SaCeJI.R:eMOCTH yponneã r?:, =. r- r ~. -f I~ux' rne 
[ I ~ .- rrOJIHaJI HHTeHClrnHOCTb acex paapasamtax yponeas I y--rrepe

XO,nOB, a t I~~l{~ - rrOJIHaR HHTeHcHBRoCTb acex H3MepeHHHX rrpHXO,1tfIlItHX 
na ,n;auHHlt ypOBeHD R y- - nepexonon. 

M3MepeIDIR ~eTHpex 'lIeTHO-~eTHHX H30TorrOB sp6HR rrpOBe,n;eHH B /I/B 
O.IJ;HHaKOBHX YCJIOBHHX. ~ HSBeCTHH MaCCH ~OH H3 MHilleHeH H co,n;ep
X8HHe B HeH H30TorrOB ap6HR, rrosTOMY 3aCeJI.R:eMOCTH, a SHaqaT H ce~e
HHR, orrpe,n;eJIeHH B O.IJ;HHX H Tex ~e OTHOCHTeJIDHHX e~ax. B rrpHBe,n;eH
HHX HHEe Ta6~ax HOpMHpoBRa ce~eHHH rrpOBe,n;eHa rryTeM cpaBHeHRR c pac
C~TaHHHMH SHa~eHHRMH~ rroJIY~eHRR JIY~ero COrJIaCHH ~ac~eTa R 8KC
rrepRMeHTa.n;JIR I 68Er• 3KcrrepRMeHTaJIbHHe ce~eHID!.n;JIR 164, I 66, I70Er 
rroJIY~eHH B Tex ~e e~HKUax H c TO~ ~e HqPMHPOBKOH, 'lITO H ~ I68Er• 
~ HSOTorrOB ap6HR 6UJIH paRee rrpOBe,n;eHH pac~eTH rro CTaTHCTH~eCROH 

MO~eJIH Xaysepa-@em6axa-Mo~ayepa, ,R3 pesYXDTaToB ROTOpHX CJIe,n;OBaJIO 
rrpeBHllie~e sRcrrepnMeHTaJIDHHX ce~eHHR Ha,IJ; paC~eTHHMH ~ ypoBHeH c 
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60~billHMM MOMeHTaMH /4/. Tpe60B~ocb npoBecTM 60~ee ~eT~bHHe BH~C
~eHHR c y~eToM BKna~a B ce~eHER MexaHH3Ma nPffMRx pea~ Ha ~e~pMM
pOBaHHHx R,I!J)ax. B pane pa60T /5-7/ nOKa3aHO, xro B.7llt.lnille sroro MexaHH3
Ma OKa311B~OCb cymecTBeHHllM rrpM SHepI'IDi HeifTpoHoB E11 > I - 2 MsB. 

~eTHo-~eTHHe H30TOIIll I64-I7°Er C~TaIDTCR ~e~pMHpOBaHHHMH R~aMH 
c aKCHa~HOH ~e~opMaI~ei1:, HO HMeeTCR ~ Pi60T, KOToplle YKa3HBaIDT Ha 
rrpOJTI3JleHHe aHrapMOHH3Ma B r -BH6parnmx 8-97 H na B03MOJKHOCTb cy
meCTBOBaHHR CTaTHCTR~eCKOH HeaKC~~HOH ~~opr~ /10,11/ B HeKOTO
pHX H30Tonax 3p6HR. 

B npoBe~eHHllx pac~eTax ce~e~ npHMHx HeyrrpYrHX rrpoueccoB onpe
~e~Cb Ha OCHOBe MOne~ aKCH~Horo pOTaTopa ~ Bcex ~eTHpex '30
TonOB sp6HR H Mo~e~ HeaKCH~Horo pOTaTopa naB~OBa H WH~rrrroBa 12/ 
,nJIR: 168,17°Er • 

BHqK~eHHH ce~eH~ Heyrrpyroro pacceHHMR liei1:TpoHoB rrpOBO~Cb 

M8TOnOM CBR3aHHHX KaH~OB co CXeMaMM CBR3R 0-2-4-6-8 ,nJIR: MOne~ C~ 
MeTpRqaOrO pOTaTopa R 0-2-2-4-6 ~ Mo~e~ HeaKCHanDHOrO pOTaTopa. 
Ilapaxerpa KBa.n:pyno~HoH P..t. li rexoanexanoasnoã ne<í>opMaIJ;llli ~'I B3RTH 
Ma MMeIDmHXCR ~aHHllX /13/~ B ~~ae aKCH~HOH ~e<í>opMaUHH HCnOJIb30Ba
HO pa3JIOJKeHHe 

R(()) Lf) =- Ro ( 1 -+ ~ 2_ ~o + ~ 4 YLfo ) ? 

B'CJIY~e HeaRCH~bHOH ~eçpopMa.I.Um npHHHTO pa3JIO:'KeHHe no cçpepHlIeCKHM 
rapMOHHKaM .B ~opMe: 

R(9) Cf) ::::. Ro [1 +0<'-.0 '>ia -+ cJ,-,,- (~.z- + ~-:v) +cJ40 ~o 

-+ d 4L (~.t -+ ~-1-) + o!..'1'1 ('X;ij -f X:-4' ) . 

. 1 

Ilapaae'rpa cI.~o H dJ..' CBR3aHH c #:0 H S- ( J - napaxe'rp HeaK
CH~bHOCTH) 

-
ct:10 =- ~~ W6 d ) d,,-~::: vr ~,;t ~ nr 

reKca.n:eKanO~bHHe napaMeTpll B3RTll B BHne /8/: 

d4 o z, ~ (S c06~ o- + 1) , 

d =- ~ fí5 $7'n ~Y
41 6 Jv o 

. _I =. b 1/35 S1'n~ y
..LX li 4 . 6':L o . 

2 

~ Bll~CJIeHRff HCrrOJIb30B~aCb rrporpa~~ ECIS - 79 /14/, 
anp06HpOBaHHaH YJKe B /7,15/. 

OnTHqeCRHH rrOTe~aJI Bll6HPaJICR 06H~aM 06pa30M: 
-V( e) v - d 1r ) ,Cf:= - 1+ €/rf [ r - I( v' ] + Yi. ~d a w ar: -1-+-e~t<'-0-[-r. _-:R.~w'-]-:;:

CL" f Q..."", - tl- ~ -'> i d -1 
+ \[~.o -Mfi~<: (ô e)r -d..r 1 + P/T:.D['=--=-~~ J . 

. - --, o 
ITapaMeTpH OrrTHqeCROrO nOTeHUHaJIa 6RnH 

a.~ 

B3RTH na OCHOBe CHCTeMaTH-
Im Ee-qeTTR-I'pHHJmCa /16/. 
\[ -=- 5G.3 - O. 31. E 

Wd = 13 - 0.25 E 

v: .= r 2 M""B .fi 
-~ 

~'O t). ./) 

~ 24 NA- c M ') ~ ) iR. v ::: 1.11-<p..4 ) Qv~O. 15rp.l{. 

11 ~-2 M~ B }i))Rw = 1. Zb 1J-ú ) Q IV ::: O. Sg~J.c 
,

Rs'. a ;:: 1.14>-4 
) 

Q:so.:o o.+S4>...u. 

B pac~eTax r~6HHa MHHMoro nOTeHUHa~a 6una YMeHbrneHa ~a O,75vvd. 
PaCqeTH Heyrr7!~x CetIeHHn'COCTaBHoro ~a rrpQBe~eHH no rrporpaMMe 

ABARE X 7 , B KOTOpOit B qx,PMYJIll ~i3ra4em6axa BKJIlO~eHH 
COBpeMeHHHe nonpaaxa TeopIDI .R,D;epHHX peaKI.J;1:tH ··8 • ITocJIe HaXO~eHHR 
HHTerpa~HHx ce~eHHH Heynpyroro paCCeRHHH Ha pa3JIMqflHX B036y~eHHHX 

COCTORHHHX ~eTapex H30TorrOB ap6RR 6HJIO BHrro~eHO HHTerpHpoBaHHe no 
3HepreTHqeCKoMy crre~Tpy HeMTpoHoB peaKTopa. B Ta6~ax I - 4 rrpRBe~eHH 

pe3Y~bTaTH pac~eToB ce~e~ B036y~eHHR ypoBHeH nO~OCH OCHOBoro coc
TOHHID! c K lT = 0+ R r -BH6pamroHHoit nOJIOCH c KiI = 2+ co CITHHaMH 
J ~ B,1lJIJI scex H30TorrOB Sp6RR. BeJIH'tll!HH 6"K~ ~aIDT ce~eHIDI pacce

RRIDr xepea ItOMIT8YH,n-R,IIJ>O, 6'I'lf' - cexeaaa rrfrMHX peaRInlit, 0 3 -SKC
rrepHMeHTa~HHe CetIeHIDI • .llmI H30TorrOB 168,17 Er ce~ermJi rrpRMIlX pe
aRUIDt BlflmCJIeHH no MO~eJIH CHMMeTpH'tlliOrO poraropa (MCP) li no Mo~e~ 

aCRMMeTpHqaOrO poraropa (MAP). M3 Ta6~ BH,IUIO, qTO Q VI.f MaJIO no 
cpasaeaan c 6K~. JJ.mI COCTOj{HH~ 2+ ~OJIH 6;"p COCTaBJIR:eT ne 60JIee 
20% OT <S:.S\ ' ,1lJIJI cocromraã c 60JThDIHMH CIIHHaMM 3Ta ~OJIH eae MeHllme. 

ECJIH cpaaaara npm.me cesenaa, BH~~eHHHe no MCP H MAP, MOmIO 
38MeTHTb, qTO cymecTBeHHoH pa3HHUH Me~ 3TRMH SHa~eHHRMH HeT. IloJI
HHe cesenas oxaaxsaorca ae OqeH:D qy'BCTBH'reJIbH1:lMH R ç -~~PMaI.nm. 

B Ta~ax I - 4 ~aHO OTHomeHHe aRcrrepHMeRTa~HHx 3Ha~eHHi R 
paCtIeTHIlM R. =õ~ / 6;- • .1JJJ;I acex 06cYJit,1J;aeMhIx cocroanaã R. HaXO.IniT
C.R: B npeneaax 0,6 c Q. < 2. IlPRtmHH OTKnOnemm R.. OT I MoryT 3aRJIlO

~'1 • ~T:DCfI B norpeuraocrax 6.j H ~ • 3RcnepHMeHT~HHe 3HaqeHIDI Õ::3. 
3aBHCRT KaK OT BH6paHHoro HOpMHpoBOqaOrO MHOXHTeJIR, TaK H OT B03MO~0
ro HerrO~Horo (R3-sa cymecTBYIDmKX 3KCnepKMeHTaJIbHHX y~OBHH) .y~eTa npR~ 
XO~X Ha YPOBeH:D nepeXO~OB. 

~ 
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Ta6J.mna 3 
Ta6JmIla I Pacxera lLJIH 168 Er 

Pac~eTH llXff I64Er 

Q (M3&)TIT" r K.. Ottf.(AJ) ()l!~ (JIF)-K Q(M 7 B) Õnp(llE) ~~ (.u$) 0JlCt".t.uõ) ~ ~cnu~. ~ 
2+ MCP MAP (.Ub)0,091 112,4 726,7 560,0
 
4+ 0,299 19,5 170.6 190,0 1,0
 ]
 

2+ 0,079 119,6 102,7 ' 714,2 1900,06+ 0,614 1,2 20,2 46,0 2,1 
2+ 4+ 0,,264 20,5 22.1 167,0 380,0 2..00,860 - 156,6 272,0 1,7 
3+ 6+ 0,549 8,2, 2.3 16,5 32,0 1,30,946 - 107,8 154,0 1,4 

2+ 0,821 - 10,8 175,0 156.0 0,98+ 1,024 0,05 3-,1 8.8 2,8 
3+ 0.895 - 104,0 124,0 1,24+ 1,058 - 51,2 98,0 1,9 

5~ 1,197 27,1 60,0 2,2 8+ 0,928 0,2 - 2,2 4,0 1,7-
6+ 4+ 0,994 - - 46,5 74,0 1,61,358 - 11,7 12,6 1,1 

1,117 23,0 40,0 1,7.r: 1,555 - 5,5 7,0 1.3 
5+ - 
6+ 1,263 - - 7,1 11,0 1.6 
rr 1,.433 - - 4,2 5,4 1,3 
8+ 1,624 - - 1,5 1,0 0,6 
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ITpH BbI'tlliCJIeHIDIX DT HrpaIDT pOJTh orpanaxeaaa ROJIJIeICTHBH01;{ MO i ~. 

~eJIK. B paC~eTaX Ce~eHHH paCCeHHHH qepeS ROMITaYH~ ~O ~? OrrTH~eC~ !f 
Q J

RHn rrOTeHqHaJI C~TaJICH C~epH~eCRRM, RaR H R08~eHTH rrpOHKUaeMOCTH. l! 
r·ITPH HeOÓXOnHMOCTH TOqHHX OueHOR CJIenyeT ÓOJIee ROppeRTHO Y~THBaTn RaR 

~PMY JI.ItPa, TaR H aHrapMOHHtffiOCTn t -ROJIeóaRlrlt, O~HaRO HMeIOlItHeCH 
8RCnepHMeHTa.JI!>HHe naanse , rrO-BH,IJ,HMOM;y, ae OÓJI~alOT )lOCTaTO~HO.ti TOtIltOC
TnID ~ OueHRH 8TRX a~eKTOB. 
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fpHropbeB E.TI. H AP. P4-86-756 
MexaHH3M Heynpyroro pacceflHHfl HeHTpoHoB 
na aao ronax 164.166,168,170Er 

TIpoBeAeH paCqeT Heynpyroro pacceflHHH HeHTpoHoB Ha H30TO
nax 164.166.168.170 Er c ytleTOM KaK npHMbIX npoueccoa , TaK H 
npoueccoa xepea COCTaBl"Oe HApo. Pa cue-rsr npoaona r ca na OCHOBe 
MOAeneH aKCH8nbHOrO H HeaKCH8nbHOrO pOTaTopa. TIonYlIeHO corna
CHe c 3KcnepHMeHTanbHbWH CeqeIWHMH, ogHaKo gITH nonHoro nOHH
MaHHH BnHHHHH 3!P!peKTOB aHrapMOHHqHOCTH neoõxonm-rsi õonee TOlI
asre axcnepusrea-ranr-nsre H3MepeHHfl. 

Pa60Ta BbmonHeHa B na6opaTopHH TeOpeTHqeCKOH ~H3HKH ORRE. 

Ilpenpaar Oõsenaaeuaoro HHCTHTYTa anepastx accnenoaaaaã, Ilyõaa 1986 

TIepeBog O.C.BHHOrpagoBoH 

Grigoríev E.P. et a1. P4-86-756
 
On Mechanism of Ine1astic Neutron
 
Scattering on 164.166, 168.170Er Isotopes
 

Cross sections of ine1astic neutron scatte~ing on nuc1eus
 
168 Er are ca1cu1ated by taking into account both direct and
 

compound nuc1eus processes.The ca1cu1ations are givenby axial 
and nonaxia1 rotator. ,It is shown that the theoretica1 cross 
sections are in accordance with the experimental data, but 
for correct understanding of anharmonisity it is necessary 
to have more precise measurement. 

The investigation has been perfor~ed at the Laboratory
 
of Theoretica1 Physics, JINR.
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