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P3 - 11392 

HS HeliTpOHSX 

npHBOQSITCSI p83ynbTSTbl nepBblX H3MepeHHll CD8KTp8 a -'ISCTI!ll 113 
p&SKllBII (D,a), ycpeQ&eHHOrO DO 60libWOMy 'IHCJTy HS'ISnbHblX COCTOSIRRA -
aeATpOHRbiX pe3oaaacos np11 En • 2,0 xaB. nony'leRbi ·cpenaae 3aaqeHH!I 
C8'18HI!A Qn!l a-nepexOQOB B OCHOBHDe B nepBOe B036Y*ll8HROe COCTOSIHBSI 
II peSKllHIIl

4
? Sm(D,a)144Nd. 0TROW8HRe COOTBeTCTBYIOWHX DpHBeQ8HHbiX 

a -WIIpHH OK83Iinocb pSBHblM 0,7 :g~s BMeCTO O*Hl!SeMOll DO CTBTRCTII'
'18CKOA TeOpllll eQI!HIIllbl, qTO DOQTBeplKQSeT ICS'IeCTBeHHblll BblBOQ DOJTyMRKpo
CICODH'I8CKOA TeOpRH. 

Pa6oTa Bblnonaeaa B Jla6opaTopaa aeATpoaaoA ljiH3HKH 01-HIH. 

Coo6m&HR8 06'b8QHH8HHOr'O RHCTIITyT8 R.aepabiX HCCneaosaHRA, .fiy15aa 1978 

Vertebny V.P. et aL P3 - 11392 
The Study of the 

147
Sm(n ,a) 

144 
Nd Reaction on 2 keV 

Neutrons 
First results of the measurements of the spectrum of a -par

ticles from the (n, a) reaction averaged over a large number of 
initial states - ne1.1tron resonances at En • 2.0 keV are given. Mean 
cross sections of alpha-transitions to the ground and first excited 
state In the147Sm(n.a)14~dreaction were obtained. The ratio of the corres
ponding reduced alpha-widths appeared to be equal to 0.7:!:8:~6wh!ch is in 
contradiction with that equal to unity predicted by the statistical 
theory, but confirm.• the qualitative conclusion of the semimicroscopic 
theory, 

The investigation has been performed at the Labomtory 
of Neutron Physics, JINR. 
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BBE,l(EHHE 

Hccne.n,oBauux peaKUBB ~.a) B oT.n,enLHhlX pe3ouau
cax 111 .n,anu paJuocTopouuroro uucl>opMauuro . o CBOHCTBax 
napuuanbHbiX u nonuhlx a -wupuu wupoKoro Kpyra aToM
HhlX x.n,ep. O.n,uaKo orpauuqeuuoe KonuqecTBO BJyqeuuhlx 
.n.n• Ka*.n,oro x.n,pa pe3ouaucoB ue noJBonuno .n,o cux nop 
nony'IHTb y6e.ll,HTCnhHhle OTBCThl Ha p.H.ll, CYIUCCTBCJ!HblX 
BOnpOCOB: B qaCTHOCTB, BBllBIOTCJI llB cpe.ll,HBe no pe30· 
uaucaM JuaqeunR npuBe.n,euuhlx napuuanLHhlX a -wupuu npu 
a-pacna.n,e Ha OCHOBHOe H nepBOC B036Y*ACHHOe COCTOJI· 
uue .n,oqepuero R.n,pa paBHhlMH, KaK yTBCP*AaeT cTaTHCTH
'IecKax TeopH.Il, unu nepBoe 6y.n,eT MeuLwe cornacuo npe.n,
cKaJaHBBM nonyMBKpocKonuqecKoil Teopuu B.r .ConoBLe
Ba121 coxpauReTCB nu nocToxuuoil cpe.n,HBB no peJouaucaM 

. <f' u /1/ a-wnpuua a > C B3MeJ:(eHBeM 3HeprBB HeBTpOHOB B 
.n,pyrBe. 0TBeThl Ha 3TH BOnpOChl MO)KHO nony'IBTb, BC
cne.n,yg peaKUBIO (n. a) na wapoKHX no JueprHH cneKTpax 
HCHTpOHOB, OXBaThlBaiOIUHX nopH.ll,Ka COTHH HllB 6onee pe3o

uaHCOB. 
J.n,eCb ny6nHKYIOTCH nepBble peJynbTaTbl HCCne.n,oBaHHH 

cneKTpOB a -qacTHU HJ peaKU.BB (n. a) ua ny'IKe ueiiT
pouoB CO cpe.n,ueil 3He~rHeH 2 K3B. B Ka'ICCTBe MHWeHH 
6bln Bhl6pau HJOTon 14 Sm. uaa6onee nonuo accne.n,oBau
HhlH ua peJouaucuhlx uei1Tpouax

13
·
41
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METO,l(HKA 

CxeMa 3KcnepaMeuTa H3o6pa)Keua ua puc. 1. IlyqoK 
ueiiTpouoB co cpe.n,ueil Jueprueil 2,0 K3B B c wupuuoil 
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Puc. 1. CxeMa 3KcnepuMeHma. 1 - zopu3oHmaAbHbtii KaHaA 
peaKmopa BBP- M; 2 - 6opHbtii diuAbmp, 3 - onpaaKa cKaH
oueaozo diUAbmpa, 4 - 6uoAozu'lecKa.JI 3at~~uma peaKmopa, 
5 - 3at~~uma 6btHocHoii 'lacmu Sc - diUAbmpa, 6 - Sc -
diuAbmp mOAUIUHoii 96 cM, 7 - Mecmo OAJI MapzaHijeaozo 
diuAbmpa, 8 - UOHU3allUOHHa.JI KaMepa u ee auc) c mopija, 
9 - Aumueaa.JI MuweHb, 10 - caMapueaa.JI MUWeHb. 

cneKTpa Ha fiOJIYBLICOTe 600 3B BLI,IJ,eJIJIJICJI Ha ropH30H

TaJILHOM KaHane peaKTopa BBP-M HJIH AH YCCP c no

MOIULIO 96-caHTHMeTpOBoro CKaH,IJ,HeBoro $HnLTpa /d = 
= 280 z/cM 2 I 151 . <l>unLTp 6Lin JaKnro'leH B cneuuanLHYIO 

CHCTeMy KOJIJIHMaTOpOB, o6ecne'IHBaiOIUYIO $opMHpOBaHHe 

HeiiTpOHHoro ny'IKa ,IJ,HaMeTpoM 10 MM. IIoToK HeiiTpOHOB 

Ha BLIXO,IJ,e COCTaBJIJIJI 5.106 Heiimp./cM 2 c, raMMa-nyqeii -

7 MKp/c, pacxo,IJ,HMOCTL nyqxa He npeBLiwana 2 MM Ha 

paccTo.RHHH 1 M. Co cTopoHLI aKTHBHoii JOHLI /Kauan BLI

BO.D.Bn HeiiTpOHLI Henocpe,IJ,CTBeHHO H3 aKTHBHOH 30HLI peaK

Tapa/ Ha BXO,ll,HOM TOpu,e CKaH,IJ,HeBoro $BJILTpa KpellHJICJI 

TOHKBii 6opuwii $unLTp H3 B4 C c nponycKauueM T= 0,04 

,ll,JIJI HeiiTpOHOB C 3Heprueii 0,025 3B H T = 0,95 ,IJ,JIJI ueiiT

pOHOB c En = 2 K3B. 
KpoMe ocuouuoii 3HepreTH'IecKoii rpynnw fEn= 2 K3B/ 

CKaH,IJ,BeBLIH $HJILTp nponycxan HeKOTOpoe KOJIH'IeCTBO HeiiT

pOHOB C 6onee BLICOKHMH 3HeprHJIMB B ,IJ,Bana30He /8-
500/ K3B. BKna,IJ, 3THX ueiiTpouos onpe,IJ,en.Rnc.R c no-

4 

MOI.ULIO MapraHUeBOrO $HJILTpa TOJIIUHHOH 4,1 z/ CM 
2 , KOTO

pLIB: nonHOCTLIO BLICeHBan HeB:TpOHLI OCHOBHOH rpynnLI H 

Bcero nuwL B 1,5 pa3a ocna6mm 6onee 6LicTpLie HeiiT

poHLI /8-500 I< 3B/. 1iLIJIO fiOKa3aHO, 'ITO BKJia,IJ, 6LICTpLIX 

HeHTpOHOB COCTaBnJleT 24~ no OTHOWeHHIO K HeHTpOHaM 

OCHOBHOH rpynnLI CO cpe,IJ,HeH 3HeprHeH 2 1<3B. 
,UnJI yMeHLWeHHJI $oHa oT HeB:TpOHOB, pacceJIHHLIX Map

raHu,eBLIM $unLTpoM, nocne,IJ,HHH noMexuancJI B cneuHanLHoe 

rHe3,lJ,O 7 jpuc. 1/ B CKaH,lJ,HCBOM $HJILTpe Ha paCCTOJIHHH 

20 CM oT BLIXO,IJ,Horo Topua. KpoMe 3Toro, nyqoK 6Lin 

TIUaTeJILHO CKOJIJIHMHpoBaH C fiOMOIULIO TeKCTOJIHTOBLIX Kon

JIHMaTOpOB, a BLIHOCHaH 'laCTL $HJILTpa 3aiUHIUena napa$H

HOM C 6opHOH KHCJIOTOB. 

)J,nJI cneKTpOMeTpHH a- 'laCTHU HCfiOJih30BaJiaCL UHJIHH,ll,

pH'IeCKaJI HOHH3aU,HOHHaJI KaMepa C ,IJ,HaMeTpOM BHelUHero 

3JICKTpo,IJ,a 175 MM. Ha npoTHBonono>KHLIX KoHuax ,IJ,Ha

MeTpa B.D.OJIL 3neKTpo,D,a pacnonaranucL nonocKH o6pa3UOB 

JIHTHJI H caMapHJI /eM. puc. 1/. CMeHa o6pa3U,OB ocymecT

BnJlnacL noBopoToM KaMepLI Ha 180°.,lJ,ml Ha,IJ,e>KHoro onpe

,IJ,eneHHJI $oHa HCfiOJIL30BaJIHCL H3MepeHHJI KaK C o6pa3-

UOM JIHTHJI, TaK H C 'IHCTOB fiO,ll,JIO>KKOH. KpoMe Toro, $OH 

H3MCPJIJICJI C o6pa3U,OM CaMapHJI H MapraHU,eBLIM $HJILTPOM 

B ny'IKe HeiiTpoHOB, 'ITO no3Bonuno HCKJIIO'IaTL HeHTPOHLI 

C 3HeprHeH 2 1<3B. )l.JIJI 3aiUHTLI KaMepLI OT HeBTPOHOB 

H3 COCe,IJ,HHX ny'IKOB H pacceHHHLIX $HJibTpOM Ha BLIXO,ll,HOM 

Topu,e CKaH,IJ,HeBOrO $HJibTpa 6LIJI YCTaHOBJICH ,IJ;OfiOJIHHTeJIL

HLIB 6opHLIB $HJILTP TaKOB >Ke TOJIIUHHLI, KaK H Ha ero 

BXO,IJ,e, a HOHH3aUHOHHaJI KaMepa OKpy>KanaCL CO BCeX 

CTOpOH Ka,IJ,MHeBLIM 3KpaHOM TOJIIUHHOB 1 MM. IlpH H3Me

peHHH 3$$eKTa c caMapueBLIM o6pa3U,OM C'leT, o6ycnoBneH

HLIB TpHTOHaMH oT peaKUHH 
6 Li (n , a ) T , xapaKTepu3oBan 

$OH pacceJIHHLIX HeBTpOHOB. )l.aHHLie 0 MHWeHHX H HeKOTO

pLie ,IJ,eTaJIH 3KCnepHMeHTa npHBe,IJ,eHLI B ma6A. 1. 
Ta6AU!la 1 

MHweHh 06orawe- TonuuiHa, BpeMH HHTerpanhHhlA cqeT 

Hll:e, % Mr/ CM2 H3 Mepe- a<j:l<j:leKT+ <j:loH 

HHH +dJoH 

LiF 3,65:t_0,10 (2,8:t_0,7).10-230 MHH 4599 
5131 

1512 
2601 Sm20 3 93 0,34±._0,03 140 q 
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147 
Tom.QHHa MHweHH Sm onpe.neJIJinacL no ero ecTecT-

BeHHoii: a -aKTHBHOCTH, a nHTHeBOH - nyTeM B3BeWHBaHH.II. 
IJonO:>KeHHe H3BeCTHLIX nHHHH a - nepeXO,!J.OB B OCHOBHOe 

H nepsoe B036y:>K,!J.eHHOe COCTO.IIHH.II 147Sm (II, a ) 144 Nd 
/Eao = 9,8 M3B, Ea 1 = 9,1 M3B/ OKalanocL B xoRoweM 
cornaCHH C KanH6pOBKOH WKanLI :meprHH no nHHH.IIM 2 4 U H 
288 U 1 E = 4,18 H 4,76 M3B/. Cel.feHHe peaK.QHH 
147 Sm(n, a y44Nd 6LinO H3MepeHO no OTHOWeHHIO K ce-
l.feHHIO 6 Li (n , a ) T , KOTopoe 6Lino nonyqeHo 3KCTpano-
n.R.QHeii: Tennosoro cel.feHH.II, B3.11Toro H3 pa6oTLI 161 no 
3aKOHY 1/v H npHHHManocL paBHLIM 3,3 6 npa En= 2 K3B. 

PE3YJibTATbl 

3KcnepaMeHTanLHLie a- cneKTphl, nonyqeHHLie npa H3-
MepeHH.IIX Ha CaMapHeBOM 06pa3.Qe C MapraH.QeBLIM 4JHnLT
pOM H 6e3 Hero, npHBe,!J.eHLI Ha puc. 2. lJOCKOnLKy HanH
'IHe MapraH.Qesoro 4JanLTpa npaKTHl.feCKH He HCKa:>KaeT none 
pacce.RHHLIX HeHTpOHOB H BCero B nonTopa pa3a MeH.IIeT 
HHTeHCHBHOCTL nyl.fKa HeHTpOHOB C 3HeprHeH 6onee 8 K3B, 
MO:>KHO BH,!J.eTL, 'ITO Ha6niO,!J.aeMLIH 3414leKT o6ycnosneH B 
OCHOBHOM HeHTpOHaMH C 3HeprHeii: 2 K3B. PelynLTaTLI H3-
MepeHHH C MapraH.QeBLIM 4JHnLTpOM npH o6pa60TKe ,!J.aHHLIX 
c~y:>KRnH .nn.11 o.QeHKH !lloHa. HopMHpOBKa no speMeHH ocy
mecTBn.RnacL .D.BYM.II cnoco6aMH. B nepsoM cnyqae onpe
.nen.RnocL OTHOllieHHe nnoi.Qa,!J.eH nHKOB OT a - l.faCTH.Q 
ypaHa-234 /'ITO COCTaBHnO 6,15/, a BO BTOpOM 6panOCL 

OTHOWeHHe 4JoHOBLIX OTC'IeTOB B O.IJ.HHaKOBLIX aMnnHTY.D.HLIX 
OKHax B HHTepsanax 6-8 M3B H 10,4-11,4 M3B. 06a 
cnoco6a .nanD pelynLTaTLI, cosna.naromae B npe.nenax 2~. 
C'l.!KT p a - qacTH.Q H3 peaK.QHH 14 7 Sm ( n . a ) 144 Nd 3a 
BLll.feTOM 4JoHa npHBe,!J.eH Ha puc. 3, 0 COCTOJIHHH 3414leKTa 
H $oHa B HHTepsane OT 90 .IJ.O 120 KaHana /8-10 M3B/ 
MO:>KHO CY.D.HTL no ma6A. J. BLI,!J.eneHHe nHKOB ,!J.nJI a -nepe
XO.IJ.OB B OCHOBHOe H nepsoe B036y:>K,!J.eHHOe COCTOJIHHJI 
/a

0 
H a1 / nposo.nanocL cne.nyroi.QHM o6pa30M. 

6 
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Ta6AUf#a 2 

Anh¢a- Na a Yai y 2. pe3.o6n. 
( MK6) ( OTH.ell.) 

a1 
nepexO/lbJ nJIOlll8Jlh OTH.ell. 

nu:Ka (6e3 Eo= 
= 184 88) 

Ha ocH.cocr. 

(ao ) 1174 70:t..20 1 ,OO:t..O ,17 1 ,O:t..0,6 

Ha 1 B036. 

COCT051HHe (a l) 862 55:t..15 1 ,40:t..O, 15 3::!:..1 

OcranhHbJe 494 30:t..10 

Ta6AUf#a 3 

H 8CT051lll851 p aCC'IH T8HO no 8KCn. Jl8HHbiM PactieT no 

pa6ora H3 peaoHaHcHoA o6nacru 1
4/ KnacrepHoA 

Moaenu 

( 1,7--2,3) K88 ( 1-100) 88 ( 100-200) 88 

}50::!:..40 M6 52:t..24 M6 220::!:..80 M6 230 M6 

lJpH npe,!J.nono:>KeHHH, 'ITO 4JopMa nHHHH a1 H,!J.eHTHl.fHa 
4JopMe nHHHH a 0 , MeTO,!J.OM nocne,!J.OBaTenLHLIX npH6nH:>KeHHH 
6LinH onpe.neneHLI 4JopMa H HHTeHCHBHOCTL nHHHH a 0 H a 1 . 

Pe 3 ynLTa TLI o6pa6oTKH a- cneKTpos npe.ncTasneHLI B ma6A. 2 
H 3. B ma6A. 2 npuBe,!J.eHLI BO BTOpOH KOnOHKe HHTeHCHB
HOCTb nap.QuanbHLIX a -nepeXO,!J.OB jnonHOe KOnHl.feCTBO 
OTCl.feTOB/, 3aTeM nap.QHanbHbie Cel.feHHJI (II, a) - peaK.QHH, 
a TaK:>Ke ycpe.nHeHHLie no pe3oHaHcaM npHBe.D.eHHLie a -wH
puHLI B OTHOCHTenbHLIX e,!J.HHH.Qax, nonyqeHHLle B ,!J.aHHOM 
onLITe. B nocne.nHeii: KonoHKe npe.ncTasneHLI 3Hal.feHuJI 
npuse,neHHbiX a -wupHH, nonyl.feHHLie ycpe.nHeHueM no OT
,!J.enbHLIM pe30HaHCaM /no,!J.p06Hee CM. pa6oTyl 4/ pe30HaHC 

' E 0 = 184 3B H3 paccMoTpeHHJI HcKnrol.feH/. Cne.nyeT OTMe-
THTb, 'ITO OWH6KH onpe,!J.eneHHJI Cel.feHHJI CBJI3aHLI He C Toq-
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Puc. 2. 3KcnepuMeumaA&Hble cneKTIIPbl U3 peaKf.lUU 
147Sm(n ,a)144Nd, noAy'-leUHbJe HQ CKQHOUe80M (/jUAbTIIpe. 

a - 6e3 MQP2QHf.le8020 fPU,1b1?!pa, 6 - C MQp2a1-tijeBbiM fPUAblfl
poM. flyHK111Up - ycpeOHeHIIQJI l<pUOQJI fPOHQ. 

UOCTbiO onpe,Ll,eneHHB HHTeHCHBUOCTH nHHHH, a C TOqHOCTbiO 

onpe,Ll,eneHHB TOni.l(HH MHWeHH j-20f1/o/. ToqHOCTb OTHOCH

TenLHWX HHTeHCHBHOCTeB Onpe,Ll,enBeTCB B OCHOBHOM orpa

HHqeHHWM qucnoM pe30HaHCOB /a0 -nepeXO,Ll, B03MO)KeH C 

40 je3oHaHCOB, TOr,D;a KaK a1 -nepexo,D; - c 80/. Pa3HH.Qa 

By a O B y :l , BbiXO,ll;Bil(aB 3a npe,D;enbl OWH60K, Ka~eCTBeH
HO no,D;TBep)K,ll;aeT BbiBO,ll;W nonyMHKpOCKOnHqecKOH TeOpHH 

B.r .ConoBLeBa o npeo6na,D;aHHH npuBe,D;eHHbiX BepoaTHOCTeB: 

a-pacna,D;a Ha O,ll;HO~OHOHHWe COCTOBHHB 2+no cpaBHeHHIO 

C a -nepeXO,D;aMH B OCHOBHOe COCTOBHHe
121

. 

CpaBueuue nonyqeuuoro HaMH ceqeuua peaK.QHH (n, a) 
c pacqeTaMH, B KOTopwx ucnonL30BanacL xnacTepuas Mo

,D;enL ~ypMaua-Ka,D;Meucxoro 1 7~a TaK)Ke 3KcnepHMeHTanL-

8 
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uwe 3Haqeuus a -wupHHbl, ycpe,D;HeHHble no OT,D;enLHbiM pe-

30HaucaM B HHTepBanax 1-100 3B H 100-200 3B, npe,D;

CTaBJieHbl B 1/IQ6A. 3. 3,D;eCL npHBO,ll;HTCB YTOqHeHHOe no 

cpaBHeHHIO C HaWHMH nepBbiMH pe3yJILTaTaMH/5/ 3HaqeHHe 

ceqeuua npu En= 2 K3B. Owu6xa B 3KcnepHMeHTaJILHOM 

3HaqeHHH o6yCJIOBJieHa B OCHOBHOM Heonpe,D;eJieHHOCTLIO 

TOJII.QHHbl MHWeHH /20f1/o/, a B pacqeTHbiX 3HaqeHHBX, no

nyqeHHbiX no ,D;aHHbiM o6 a -wupuuax pe3ouaucuoB: o6nacTu; 

MaJibiM qHCJIOM pe30HaHCOB, no KOTOpbiM npOH3BO,D;HJIOCb 

ycpe,D;ueuue. Hawu H3Meueuua CBH,D;eTeJILCTBYIOT o ~K

Tya.uuu cpe,D;HHX a-wHpHH C H3MeHeHHeM 3HeprHH B036y)K

,D;eHHB B,D;pa, qTo 6wno BnepBwe OTMeqeuo B pa6oTax1 1 •41 , 

npH 3TOM B 06JiaCTH /1-100/ 3B BeJIHqHHa < r > OKa3aJiaCL 
u a 

cyi.QeCTBeHHO nOHH)KeHHOH. 

3 ~ 5 6 7 3 . g tO tt £,. 
I 

Na 
£,=2K•t. 1!.["=6oo.a 

z"u ,.,S ( ,,.Nd "' ,, .. , I«· 
10st II 

ltt· D 
200 

znu 

'"'7 S"llt~ J .· -t:·. ~· I 100 

• I II 

I l' 
• l i 

• • / 1\ 
I I I 

e I I \ 
' I ' • 

40 60 80 • 100 •rzo N. 
-20" 

Puc. 3. CneKmp a -•wcmuij U3 peaKijUU 147 Sm(n, a) 144Nd 
npu 3Hepzuu HeumpoHoe 2 K3B. CmpeAKaMu yKa3aHbl 3Hep
zuu a - nepexoooe e ocHoeHoe, nepeoe, emopoe u 111. o. 
6036yJICO€HHble COC1/IOJIHUJI KOH€'-111020 JIOpa. 
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TaKHM o6pa3oM, npose,IJ.eHHble HJMepeHHJI noKaJanH 
nepcneKTHBHOCTb HCDOnb30BaHHJI DY'IKOB li!HnbTpOBaHHbiX 
HeHTpOHOB ,IJ.nJI nony'leHHJI HOBOH li!H3B'IeCKOH HHii!OpMaUHH 

o6 a - WHPHHax. 

ABTOpbl 6naro,D.apHbl B.H.CanauKoMy Ja HJroTosneHHe 
MBWeHeH H H3MepeHHe HX TOnUlHH, A.B.Myp3HHy, A.H.KHc
nHUKOMy, O.H.PacKonHHy, B.C.6a6KoBy Ja noMomh npH 

npoBe,IJ.eHHH H3MepeHHH. 
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