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HaaHOB8 c.n .. Uelinex H. P4 - 12204 

HccneaoaaHRe MexaunaMa ueynpyroro pacceHHHH uellrpouoa 
ua uapax npu ManbJX auepruux 

Hccneayercu MexaHH3M ueynpyroro pacceHHHH Hellrpouoa ManbJX auepra 
ua uaoronax Sm. Hay'leuue npoaoaarcu c y'leroM xax npuMoli qacru peax
UHH, T8K H peaKUHH '1Bpe3 COCT8BHOe Hapo. PaCC'IHTbiB810TCH Ce'IBHHH ynpy
roro paCCBHHHH H B036y~aeHBH COCTOHHHli 2+ H 4+. 

Pa6ora Bb!DonHeHa B na6oparopuu reopeTH'IeCKOli lj>H3HKH OH HH. 

OpenpHHT 06"baUHHBHHoro HHCTHTyra HUBPHbiX HCCDBUOB8HHli • .Uy6Ha 1979 

rvanava S.P., TsejpeKT. 
P4 - 12204 

Investigation of the Mechanism of Neutron 
Inelastic Scattering on Nuclei at Small Energies 

The mechanism of neutron inelastic scattering at small energie 
on l'in isotopes is investigated. A direct part reaction, as well 
as the reaction via a compound nucleus are taken into account. 
Cross section of elastic scatt?ring and those of the 2+ and 4 + 
state excitation are calculated. 

The investigation has been performed at the Laboratcry of 
Theoretical Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

BBE,l1EHHE 

l-f3yqeHHe ynpyroro H Heynpyroro pacceHHHH HeiiTpoHOB Ha 

H.D;pax D03BOTIHeT DOnyqHTb HHI!JOpMaUHIO 06 ODTHqecKOM DOTeHUHane 

H.n;epHoro B3aHMo.neiicTBHH, ero I!JopMe, rny6HHe, BenHq&Hax cHno

BMX napaMeTpOB. TI03TOMY TaKHe HCCTie.D;OBaHHH HHTeHCHBHO npo

BO.D;HTCH B pa3HMX na6opaTopHHX. Pa3pa6oTKa a.neKBaTHoro Teope

THqecKoro on&caHHH npouecca pacceHHHH npoBe.n;eHa B HacToHmee 

BpeMH B paMKaX o6o6meHHOH ODTHqeCKOH MO.n;enH H.D;pa. Ha&6onee 

qacTo &cnonbJyiOTCH 11 1 n&6o BH6pauHOHHaH Mo.nenb I .nnH HJyqeHHH 

pacceHHHH HeHTpOHOB Ha ci!Jep&qecKHX H.D;pax/, TIH60 poTaUHOHHaH 

Mo.nenh /.nnH .nei!JopMHpoBaHHMX H.n;ep/. TeopeTHqecKHe Hccne.noBa

HHH ceqeHHH ynpyrHX H HeynpyrHX CTOTIKHOBeHHH HeiiTpOHOB C JI.D;" 

paMH DpOBO.D;HTCH B TeqeHHe .D;TIHTeTibHOrO BpeMeHH, HO .D;O CHX nop 

OHH He DOTepHnH aKTyanbHOCTH, TaK KaK DOHBTieHHe HOBMX 3KCne

pHMeHTaTibHMX .naHHMX /eM., HanpHMep, /3•41 I Tpe6yeT yToqHeH

Horo ODHCaHHH. 0co6eHHO HHTepeCHM B 3TOM CMMCne 3KCDepHM~H

TM no pacceHHHIO qacTHU Ha H.n;pax, Haxo.nHmHxcH B nepexo.n;Hoii 

o6naCTH Me:lK.D;Y ci!JepHqecKHMH H _nei!JopMHpOBaHHMMH. 

,D;aHHaH pa6oTa nocBHmeHa HJyqeHHIO MexaHHJMa npouecca 

Heynpyroro pacceHHHH HeHTpOHOB MaTIMX 3HeprHH Ha H30TODaX 

Sm. 

§1. Hccne.noBaHHe peaKUHH (n, n ') npoBO.D;HTCH B paMKax 

MeTo.na cBIIJaHHMX KaHanoB 11 1 H Mo.nenH XayJepa-cllew6axa 
151

• 

06cy.n;HM cHaqana BKna.n npHMWX npoueccoB B Heynpyroe pac

ceHHHe. 
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IJoTeHU:HaJI Bbi6HpaeTC.II 06bJ'IHbiM o6pa30M: 

V(r, e, ¢) o- (V + iW) _______ -_ ______ _ 

1 + exp[(r-R) aj 

exp[(r-R)/aj •• 2 1 
- 2iW------------ V (a!')>. --

11 + exp f (r-R)i a]l 2 s.o. " ar 

r.u;e R H R HMeiOT BH)J; 
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B cnyqae ctlJepaqecKHX H.u;ep HJIH 
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R = R c 1 + ~ f3 , Y, ( e 'l l 
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exp[(r-R) a/ 

11- exp[(r- ft) ajl 

/1/ 

/2/ 

/3/ 

)J;JIJI .u;etlJopMHpOBaHHbiX .II)J;ep, r.u;e a Afi , {-J AO - COOTBeTCTBYIOIIJ:He 
napaMeTpbi. 

Mbl 6y.u;eM C'IHTaTb HJy'laeMble H.u;pa .u;etlJopMupoaaHHbiMH /xoTH 

H30TOn 
150 

Sm OTHOCHTCJI K nepeXO)J;HbiM/ H B ,u;aJibHeiirueM 
HCIIOJib30BaTb tlJopMyJibl poTaU:BOHHOH MO)J;eJIH. 

)J;aJibHeiiruee ynpomeHae MOlKeT 6b1Tb CBHJaHo c Bbi6opoM 

a.u;aa6aTH'Iecxoro npa6JIHlKeHHH (ACC- adiabatic couple channel 

calculation) . B JTOM cnyqae npe.u;nonaraiOT, 'ITO npou:ecc 

CTOJIKHOBeHHJI H)J;eT ropa3)J;O 6biCTpee, 'leM XapaKTepHOe BHyTpH

JI)J;epHoe .u;BalKeHae. Bbi'IHCJieHBJI )J;JIJI cnyqag ACC Tpe6yiOT cy

mecTBeHHO MeHbWe BpeMeHH Ha 3BM no cpaBHeHHIO C pacqeTaMB 

no NACC (nonadiabatic couple channel calculation). 

Mbl npoBena cpaBHeHae pac'leToB B ACC a NACC, peJyJib-

TaTbl 3TOro cpaBHeHHJI o6cy.u;HM HeCKOJibKO nOJlKe. 

TeopeTaqecxae yrJIOBble pacnpe.u;eJieHHJI a noJIHble ce'leHHJI 

6wna nony'leHw c nowom .. JO nporpaww JUPITER 12/ a ECIS /6! • 

06Cy)J;BM IIOJiy'leHHble pe3yJibTaTbl. 

B pa6oTe /3/ :nccnepaMeHTaJibHO Ha6n10.u;ae:w:oe ceqeuae B03-

'6ylK.u;eHHJI COCTOJIHHJI 4 + 60JibWe aHaJIOrH'IHOH BeJIH'IHHbl )J;JIJI 2-t. 
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(O) e 3Q6UCUMOCIIJU Ollf f3 40; En= 2,47 M3B,(-J 200,27. 

qT06bl 06Cy)J;HTb TaKyiO BOJMOlKHOCTb Mbl npoBeJIH p.II)J; MeTO)J;H'IeC

KHX paC'IeTOB BeJIH'IHH Ce'leHHH a 
2

-1 H a 
4

, B JaBHCHMOCTH 

OT JHa'leHHH {-J 20 H {3 
40 

, IlpH HCCJie)J;OBaHHH JaBHCHMOCTH a 

OT napaMeTpOB OnTH'IeCKOrO noTeHU:HaJia H {3 AO Mbl HCnOJib30BaJIH 

xax ucxo.u;Hble napaMeTpbl pa6oTbl /41, 3~ecnepuMeHTaJibHble .u;aHHble 

BJJITbl HJ Toii lKe pa6oTbl. PeJyJibTaTbl npaae.u;eHbl Ha puc. 1 

H 2. 3TH MeTo.u;aqec~eue pacqeTbl npoae.u;eHbl B paMKax ACC. Bu.u;

HO, 'ITO H3MeHeHHe (3 40 OT 0,02 )];0 0,Q9 MaJIO MeHJieT 4JopMy 

yrJIOBOrO pacnpe,u;eJieHBJI )J;JIJI COCTOJIHHJI 2'. B CJiyqae COCTOJIHB.II 

4+ B3MeHeHBJI cymeCTBeHHbl TOJibKO npH 60JibWHX yrJiaX, O)J;HaKO 

)J;JIJI :HOB 06JiaCTH yrJIOB BalKHbiMB JIBJIJIIOTCJI H .u;pyrae tlJaKTOpbi 
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/eM. HH)I(ej. A6COlliOTHOe 3Ha'leHHe Ce'leHHJI ,nnR 4, - a 
4

, 

He npeBbiWaeT BenH'IHHy a 1 HH llpH KRKOM H3 Bb16paHHbiX fi . 
2 40 

3aMeTHM, 'ITO paBHOBeCHble 3Ha'leHHJI napaMeTpOB .necllopMRUHH 

{3 20 H f3 40 H3BneKRIOTCJI llpH o6pa60TKe ,naHHbiX Heynpyroro 

pacceJIHHJI 'IRCTHU Ha R,npax MeTO,nOM CBJI3RHHLIX KaHanos, ll03TOMY 

TO'IHOCTb nony'leHHJI TRKHX "3KCnepHMeHTanbHb1X" BenH'IHH 3RBHCHT 

oT Hcnonb30BaHHO:ii: cxeMbl pac'leToB. Ce'leHHe ynpyroro pacceRHHR 

B 3RBHCHCMOCTH OT fl 40 npe,nCTaBneHO Ha puc. 3. 
KaK no,nqepKHBanocb BbiWe, senH'IHHbl a(H) npH 6onbWHX 

yrnax O'leHb 'IYBCTBHTenbHbl K Bb16paHHOB CXeMe pac'leTOB. Mbl 
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OA.R ACC u NACC u OA.R pa3HI>IX cxeM ce.Rau. 

t 

I 
1 

npoaeJIB BblqBcJieHBJI ,llJIJI CJiyqaJI yqeTa BBpTyaJILHbiX B036yJK.z:teHBB 

cocToJIHBii: o' -2' -4' -6+ B o' -2+ -4' -6' -8 +a NAcc B Ace 

/r.z:te yqBTbiBaiOTCJI aBTOMaTBqeCKB BCe Ha6mo.z:taeMble COCTOJIHBJI 

OCHOBHOH nOJIOCbl/. Pe3yJILTaTbl npBBe,llCHbl Ha puc. 4, r.z:te ,llJIJI 

pa3Hb1X cxeM CBJI3B npB O.llBHaKOBbiX napaMeTpax onTBqecxoro no

TeHUHana H .z:te(jlopMaUHB cpaBHHBaiOTCJI BCJIBqHHbl a
2 

t H a 
4 

, B 

ACC B NACC. BH.z:tHO, qTo a B a xpaii:He qyacTBBTeJILHbl 
... 2 I 4 t-

K cxeMe CBJ13H H MeTo.z:ty pacqeTa, oco6eHHO npB e ::; 140'. 
HaH6onee 3aMeTHbl H3MeHeHBJI .z:tnJI u 

4
, (e). Bee :no Tpe6yeT 

OCTOpOJKHOCTH B BbiBO.z:tax, KOTOpble .z:teJiaiOT B HCKOTOpbiX pa6oTax, 

cpaBHHBaJI TeopeTHqecKHC B 3KCnepHMCHTaJILHbiC pe3yJILTaTbl ,llJIJI 

6onLwBx yrnoa. EcnB cpaaHHTL TeopeTBqecxHe ceqeHBJI, nonyqeH

Hble C BCnOJIL30BaHBeM HaH60Jiee WHpoKO npBMeHJICMbiX B MBpe 

nporpaMM ECIS /o/ H JlJPlTER NJ, TO puc. 5 .z:teMoH

cTpHpyeT xopowee COOTBeTCTBBe pe3yJILTaTOB, OC06CHHO B 06JiaCTH 

cpe.z:tHHX yrnoa. 

EcnH paccMOTpeTh pacceJIHHe Heii:TpOHOB Ha .z:tpyrBx H30Tonax 

Sm, TO oxa3blaaeTCJI, qTo (jlopMa xpBBbiX yrnoaoro pacnpe.z:tene-

HHJI ,llJIJI pacceJIHBJI Ha COCTOJIHBB 2 1- coana.z:taeT ,llJIJI pa3HbiX Jl,llep 

C XOpoweii: TOqHOCTLIO. llapaMeTpbl OnTBqeCKOrO nOTCHUHaJia ,llJIJI 

pa3HbiX H30TOnOB OTJIBqaJOTCJI TOJILKO Ha nonpaBKB, CBJI3aHHble 

C B30TOnBqecKOH 3aBBCBMOCTLIO, a (:3 20 B {3 40 no.z:t6BpaiOTCJI 

BCXO,IlJI B3 nyqwero COOTBCTCTBBJI C 3KCnepBMCHTOM. Pa3JIBqBJI 

OnJITL HaCTynaiOT B 06JiaCTB 60JILWBX yrJIOB. 

H3MeHeHBJI a aenBqBHe a 
2 

1-

.z:teMOHCTPBPYIOTCJI Ha puc. 6, 
B 3aBBCBMOCTB OT V B W s.o. 
Kax (jlopMa, Tax B a6coniOTHaJI 

BCJIBqBHa ceqeHBJI 3aBBCJIT OT BCJIBqBHbl V n03TOMY B3yqeHBe s.o .• 
a (e) 6e 3 BKJIJOqeHBJI CnBH- op6BTaJILHOrO B3aBMO,IleHCTBBJI He 

MOJKCT npeTCH,IlOBaTL Ha KoppeKTHOCTL. Ha pUC. 6 noKa3aHa 3aBBCB

MOCTL a
2

_, ,llJIJI pa3HbiX 3HaqeHBH W. KaK B3BCCTHO, He06XO,IlBMOCTL 

yMeHLWCHBJI W no CpaBHCHBIO C TeMB 3HaqeHBJIMB, I<OTOpble 6biJIB 

nonyqeHbl no.z:troHxoii no npocToii: onTBqeci<oii Mo.z:teJIB, CBJ13aHa 

C BKJIJOqeHHCM HOBbiX KaHaJIOB B MCTO,Ile CC. KaK B OJKB,IlaJIOCL, 

yMeHLWeHBe W npBBO.z:tBT I< nOJIBJICHBIO CTPYKTypbl a a • BenHqBHa 
2" 

W qyBCTBBTeJILHa K 3HaqeHHJIM 3HeprBB na.z:talOIQero HCHTpOHa. 

Mbl npoaenB pacqeTbl ceqeHBJI ueynpyroro pacceJIHBJI Heii:Tpouoa 

npB E =7 MaB, npBMep a +((;l) npBBe.z:teH Ha puc. 7. PacqeT 
n 2 

npoae.z:teH a ACC, qTo onpaa.z:taHo .z:tJIJI a 
2 

, , nonyqeHo xopowee 

COOTBCTCTBBe C 3KCnepHMCHTaJILHbiMB pe3yJILTaTaMB. 
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2' 

Ba*HOH xapaKTepHCTHKOH H3yqaeMoro npouecca RBnReTcR ce

qea&e B036y:lK,II,eHHR KaK ci>YHKUBR :meprBH HaJieTaiOII(eH qacTBUbl. 

Ha puc. 8 a 9 npuee.neabl 3aBHCHMOCTH a 
2 

~ H a 4 , .nnR cl>aKCHpoeaa

HbiX yrnoe 0=50° /puc. 8/ H (}=80" /puc. 9/. Ha pacyHKax 

noKa3aHbl OT.IJ;eJibHO BKna.n~:o~ oT npRMoro npouecca tD.I.) a KoM-

naya.n-cocTORHHH (c.s.). ,lJ;nR npRMoro npouecca ceqeaae a 
4

, 

&MeeT CTPYKTYPY B o6nacTH 3HeprHH - 6,5 M3B. 3TH pacqeTbl 

6b1JIH npoBe.IJ;eHbl C napaMeTpOM W, MeHJIIOII(HMCR npH H3MeHeHHH 

E B COOTBeTCTBHH C cl>eHOMeHOJIOrHqecKHM DpH6nH*eHHeM W = 
n 

10 

i 
I 
I 

r 
~ 

~ 

I 
I 
I 
I . 

102 

6~. ~ 154Sm(nn'l E = 2,5113B n . 

fl = 0,24 20 
10

1 r ACC 
fl~o= o.o2 

102 

~+ 

10 1 

~.0. =8.5 
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Puc.6. a
2 

f. KaK ~YHKIIUJI Vs.o.u W. 

Vs.0 =8.5 

M/=2.04 

1 
V~0=4.~1 

Y/=4.08 

170 8· 
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t'' P2·0.22 I ft4•0.05 

6{2+) ~ 152 Sm{n·n') E • 7MaB I A I I n 

f - . -

101 ~ 
~ 
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10° 
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1 
"

2 
Sm(n,n '); E = 7,0 M3B. Puc.7. (12! (H) bA.R 

II 

=1,5+0,4 E. ~nJI cpaBHeHHJI TeopeTH"'eCKHX pac"'eToB c 3Kcrrep.u· 

MeHTallbHhiMH ,QaHHhiMH Mhl Bhi"'HCllHllH BKlla,Q B Ce"'eHHe (n, ll ') 

OT CTaTHCTH"'eCKHX IIpOQeCCOB. ~llJI 3TOB QenH IlpHMeHJillaCb rrpor

paMMa LIANA i?/, ocHoBaHHaJI Ha I!JopManHJMe XayJepa·cl>ew· 

6axa 11'>/ C IIOIIpaBKaMH Mon.Qay3pa i8l. ~llJI COCTOJIHHJI 4 ' BKlla,Q 

OT KOMIIayH,I!,· CHCTeMbl CYII.leCTBeHeH ,QllJI BCero ,QHaiia3oHa pac • 

CMaTpHBaeMhiX 3HeprHB. 

B •a6AUfle cpaBHHBaJOTCJI ce"'eHHJI B036y)I(.QeHHJI a + H a 1_ .QllJI 
2 4 

152 Sm c 3ICCIIepBMeHTanLHhiMH 3Ha"'eHHJIMH rrpH En =2,47 M3B. 
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~ -----.::..:... 4 + 

I 
102 '(_ 

cs 4+ 

6z+ 

101 I "--- cs 
.....-,.,.. ---- 2 9 

.....- ~- 2+ 

...____ 

1,47 2,47 ~47 4,47 5,47 6,47 7,47 

En 
Puc.B. a 2 r-u u 4 1 KaK ~YHKflU.R E 11 npu 0 =50''. BKAa(}t.r np.R.wozo 
npoflecca (D.I.) u KOMnayHb· cuc•e.wt.r (c.s.) npusebeHw o•beAt.Ho. 
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14 

1,47 

8= 80° 
DI 2+ 

cs 
2+ 

4+ 

4+ 

2,47 3,47 4,47 5,47 6,47 7,47 En 

Puc.9. To xe, 'IIIO u Ha puc. 8; (} = 80°. 

Ta6.JD.ma 

COCTO.IIHBe a 3Kcnep. 14/ 
"D.!. a tot. ac.s. 

21 600±40 447 217 664 
4' 271±30 98 153 251 

Cpaaaeaue a tnt B a 'JKl'll. · noKaJ.biBaeT, 'ITO npB KoppeKTHOM 
B.bl6ope cxeM.bl pac'feTa B napaMeTpoa Ja.n;aqu nonyqaeTc.ll xopowee 

cooiaeTCTBBe TeopeTB'feCKBX H 3KcnepHMeHTanhH.blxpeJynLTaToa: 

a tot ( 4 
1 

) .;: a 'lKl'll. ( 4 
1 

) , TaKOe COOTHOWeHBe OCTaBn.lleT 803-
MO)I(HOCTb .IJ;ll.ll CyiQeCTBOBaHB.II BHTepl!lepeHII;BOHH.biX npou;eCCOB, O,IJ;Ha

KO BKlla,IJ; HX HeBenBK DO cpaBHeHBJO C BKlla,IJ;OM KaK OT KOMnayH.IJ;

COCTO.IIHB.II, TaK B OT np.IIMOrO npou;ecca. 

ABTOP.bl npBJHaTenhH.bl <II.A.rapeeay Ja o6cy)l(.n;eau.11 B C.A.roH
qapoay Ja noMOIQh B qucneHH.biX pacqeTax. lionLWa.ll qacTb pa6oThl 

6.blna B.blnonaeaa ao apeM.II npe6hlBaHB.II Jl.l.J,eB:neKa a lla6opaTop~t:H 

TeopeTB'fecKoB: I!IHJHKH OHJIH, B Jl.l.J,eB:neK 6naro.n;apea .n;apeKn;BB 

na6opaTOpHH Ja npe,D;OCTaBneHHYJO B03MQ)I(H0CTb npoBe,IJ;eHH.II 3THX 

accne.n;oaaHHB. 
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