
~r aett.t. 
OB'bE.Z:.HHEHHYA HHCTHTYT H,nEPHYX HCCJIE.Z:.OBAHHA 

EBCEEB 

8JiaAHMHp CepreeBHtl 

15 - 12109 

3KCTIEPHMEHTA]bHOEHCC]E~OBAHHE 

KO]]EKTHBHbIX HB]EHHH 8 PEAK1.U1H 

H~EPHOro nor ]OIUEHHH 

OTPHUA TE]bHbIX MIOOHOB 

Cneu;HaJihHOCTb 01 .04 .16 - q>H3HKa aTOMHoro »Apa 

H 3JieMeHTapHbIX qacTHQ 

ABTOpe~epaT AHCCepTallHH Ha COHCK8HH0 yqeuoa 

CTeneHH AOKTOpa ~H3HKO-M8T0M8THqeCKHX H8YK 

.Qy6Ha 1978 



Pa6oTa BWIO~HeHa B na6opaTOpHH M8PHhlX npo6~eM 

06ae,11,HHeHHoro HHCTHTYTa M8PHblX HCMeAOBaHHH. 

Oq>Hl\HMbH!ie OIInOHeHTH: 

tUieH-Koppecno~eHT AH CCCP. B.M.no6ames 

AO~op q>HSHKO-MaTeMaTHtleCKIDC HayK B.M.C~opoa 

AOKTOp q>H3HKO-MaTeMaTHtleCKHX HayK ~-~-3ape~HH. 

Be~ee HaytmO-HCMeAOBaTe~bCKOe ylijlelli,Il;eHHe: 

llilcTHTYT TeopeTHtleCKOH H 3KCnepHMeHTaJibHOH q>H3HKH, MOCXBa 

ABTOpeqiepaT p8.30MaH " ti 1979 roAa. 

3aJllHTa ,11,HCCepTaI.µ1:H COCTOHTCH " "----- 1979 roAa 
B __ ~acoB Ha aaceAa.HHH cne~MH3HpoaaHHoro CoseTa 

~047.0I.03 npH na6opaTopHH MepHhlX npo6new 06»e,D,HHeH

Horo HHCTHTyTa MePHHX HCMeAOBa.HHH, r. ,lzy6Ha. 

C ,11,HCCepTaI.µ1:eH MOlltHO 03HaKOMHTbCH B 6H6nHOTeKe 

06ae,D,HHeHHoro HHCTHTJTa.MepHHX HCMeAOBaHHH. 

Y~eHHH ce:iq>eTapb cnel\HMH3HpOBaHHoro 
CoBeTa K~aT q>H3HKO-MaTeMaTHtleCKIDC 

HayK 

D.A.BaTycos. 
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To o6CTOHTenbCTBO,~O a Mpe sneMeHTapHM pe~ norno~e
HHH MllOHa ./'.,,., .. ,,~,, npOHCX0,11,HT Ha AB~eMCH npoTOHe ,CHJibHO 
B3aHMOAeHCTBYJ)~eM (KaK H o6p8.3YJl~HCH He8TpOH) c OCTaJibHIDIH HyK
nOHaMH MPa,npHB0,11,HT K_B03HHKHOBeHHll qe~oro p~ npoqeccos,He 
onpeAeMeM!iX cnel\Hq>HROH Ma6oro B3aHMOAeHCTBHH Ha CB060'AffOM npo
TOHe H o6p8.3YIJ~X a CBOeH COBOKyIIHOCTH TO,~O Tenepb H8.3HBaeTCH 
q>H3HKOH MepHoro MXl-3axBaTa. 

llcc~eAOBaHHe pea.KqHH MepHoro nor~~eHHH MllOHOB DpOlllJ[O B 
CBOeM paaBHTHH_HeCKOnbKO 3TaIIOB. 

Ha~MOM noc~e'Affero H caworo CYJileCTBeHHoro 3Tana HayqeHHJl 
MepHoro MJJ-3axBaTa,Ha Ham B3rnM,c~e,izyeT C~HTaTb 1963 rOA,XOr
~a 6una B~BHHyTa rHnoTeaa peaoHaHCHoro MepHoro norno~eHHH 
MB)OHOB*,ocHOBaHHM Ha npeACTaBneHHH 06 o6paaOBaHHH Ha npowe:r.y
TOtffiOM 3Tane npOCTliX KO~eKTHBH!iX BliCOKOB036ylli,Il;eHHWX COCTOHHHH. 
0Ha He TO~bKO ycTpaHHJia OCHOBHOe pacxoir,n;eHHe Me'1GJ!Y TeopHeA H 
3KcnepHMeHTOM no nOJIHOH BepoHTHOCTH Mll-3axBaTa,HO H npeACRaaaJia 
npHHqffnHMbHO HOB!ie MepH!ie HBneHHH B Mll-3axBaTe HBO MHOrHX 
APYrHx MepHhlX pea.KqHnx. 

HacTOmqM ,D,HccepTaI.µ1:R HanHCaHa Ha MaTepHWie pa60T,nOCTaB
~eHHHX no HHHL\HaTHBe H noA pyROBOACTBOM aBTOpa C q~D 3RcnepH
MeHTMbHOH npoaepRH npeACKB.38.HHH H cneACTBHH MOAeJIH pe30HaHCHO
ro MepHOrO norno~eHHR MDOHOB H Aa.JibHe8:mero ee p8.3BK't'HR. 3Rcne
pHMeHTH BWIOJIHeH!i Ha trnCTOM MllOHHOM IzyliRe CHlfXPO~KJIOTpOHa .Ila6o
paTOpHH.MepHHX npo6~eM OIDIB H ~Ke raMMa-KBaHTOB 6eTaTpOHa 
HIDffi~ MrY. 

MaTepHMH ,D,HccepTaqHH AOM~BMHCb Ha III (I969r. ,CIIIA) ,IY 
(I97Ir. ,CCCP) H Y (I973r. ,IIIBel\HH) Melli,Il;yHapO'AHJiX KOHq>epeffl\HRX 

*B.B.BMamos HAP· ~oMa,n; Ha Y.BcecomaHoA Me~syaoscKoA KOH
qiepeffl\HH no TeopHH s~eMeHTapHhlX ~acTHq,Y~opoA (1963). 
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no @[sue· BHCOlUilX 3Reprd l!I. CTpj'RType smpa, Me!C,ltyHap0,ItRO:lt ROH{pe
pemnm no q,oTORJJ;ep.HHM perutUMM :a me n!)l'IMeHelll!m4 {1973 r. ,CilIA), 

. Llex,1tyBap0.14HOI ROH{pepemnm no CTpj'RType RJJ:I)a (1973·r •• ~PI'), Ha 
ceccl!BX OT;tteJ1elll!I.JI Jlll;epHo:lt ipnal!I.R:a AH CCCP. · 

llaTep.l!a.Jlll ,ll;i!lccepTamt.l! ony6mmo:aa.HH B pae10m./1 +12/. 
,1IJ!ccep-r8Il'IUI cocTOl!T as Bre~elll!H, mec'l'l!I. rJI.aB, 3rutJJDtlefil'Ui H 

Blmo.noB. 
B n e p BO I r Jl a Be pacCMOTPeR 4)0?,laJI.l!SM Teop:im 

yRJ1Bepcam..aoro q,e:r:r,meBC:s:oro Baamao~elcTBWJ B nplLllOJJtemm :a: Jllt8P
BOIIIY Jm-SSXl!aTy l! npRBO,ll;i!ITCJI cxe111a pacqeTa paaJlllqma a@leRTOB B 
a'l'OI pe8JC:tllll. 06cyz.nae'l'cJI cocTomme ~eJl B BOnpoce 06 axcnepIDAe.a
mm.HOM l!I.CCJle~o:eamm 3HepreT:aqecma: cne:s:TpOB HelTPOHOB, MHOllt8CT
BeBBOCTJI Rcnycxamur selTpOHOB, BHJleTa aapsmeHHHX: t:racTmt, yrJ10BO
ro pacnpe~AeBKJI Hel1'!)0HOB Hl!I.SRHX n BHCORHX anepI'Jitll :a cnoco6H 
'1'8opeT.1!1reCXoro OnRCaH.l!JI aTZX aqxpeRTOB B neplilo~ ~o noJIBJ1emur Teo
PJIJI peaoBaHcHoro norJ1o~eBW1 MllOHOB ~-

~OpMa]!f,BHM noBO,nOM ~ BBe~eIIHJI HOBHX TeopeT:at:recRJilX npe,n
c'l'aBllemd B (Pl!Sl!I.Re .R;JtepHoro MD-SSXBaTa 6HJ10 c~ecTBeHHoe pacxoz
~BJle Mex,lty axcnepm.«eHTam.Ho :aaMepellllliMil aHaqeBBBMJ! noJ1Hol Bepo
.!I'l'BOCD Jlll;epnoro MD-SB.XBa.Ta :a :ex TeopeTl!l.t:reclUD4a aHaqeBllBMl!I., no
.icy,reBB!illlll Ba OCHOBe o6~enpRBJrroro a@)eRTlilBBOro raJmJlb'l'OHHaHa 
BSamao,ztelcTmUt B pa1max MO~eu odoJloqex c :acnom.aoBalilleM RJJ;eP
Horo nore~m paaJlllt:IROI q,oI14H. 

Ye as pact:reTa no odoJ1ot:ret:IRol Mo,neJlll cne~oBaJ10, qTo np:a 
JJ.Jt8PBOM JO>-SaxBaTe H!lll60J1ee l!I.RTeHcl'!BBHe nepexo~ rpyIIII.l!pyil'l'CJI 
no a.aeprn :aos6yz,Iteli.l!JI npoMegyTot:IRoro H,lij)a, T.e. B cne:s:Tpe BOa-
6yz,IteBKJI xa:ir'6a noJIBJiaDTCJI "peaoHaHca". 0.14H8Ro l'l!IloTeaa peao
.eaBCBOI'O Boa6~emur Jlll;ep nPJI. .MJ>-SaxBaTe BIIepBHe 6aJI.a cq,op,iyn
pcmma B pa6oore B.B.Ewlamom B .)O)~ CorJiaCHO arol rm10Teae,.npo
•e&J'f'O'iBOa JlltP0 (A, Z .;..1), o6pasY11JteeCJI nocJle norJ10~elil!I.JI MllOBa 
B,1ijJCa-D1118Br,I) (A~ ii!. ) , l'l l'!cnyCltalWI HelTpl!I.RO, OC'l'a8TCJI B 0.14HOM 
BS ;ll,uJll'ODllYll!l!X ROJUreRTl'!BBHX COCTOmml, sm~OJI l'!SOTOn.l!t:fe
CXJIIIJI amut01'8IO! cocTomml l'J!I'aBTCRoro ~om,soro peaoHaHca smpa
-M.l!llleB {A, B ) .. 

JtitepBHe peaxlllllll q,oTonorJ1o~e.H111JI H MD-SBXBB.'l'a 9B OTJmtIHe,Hanpa-
. , 

■ep, OT peaiunm ~ 11,lt ),xapaxTep:aaymcn Mam.Ml'! a.saqeHl!!lMll nepe,nas-

JEi3.B.liaJlamos u ~p. loKJia.it ua Y BcecoDaHoA uexsyaoscxoa xou
cpepeHitHH no reOPJIH ane.ueurapuHX 11acu1!l, Yxropo~ (1963). 
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HOro nMny JU,Ca; Il03TOMy 3Jl8RTpOMarHl'lTHOe l'l cnadoe B3ffi1MO,net!cTJme 
MOllUIO pacCMaTpl!I.BSTb B Ra'leCTBe BOSMy~eHRJI, IlPRBOJVI!Jtero R odpaao
BaH.l!D npoCTIIX BXO,IUIUX COCTOJUmff. 

OdpaaOBSHHe BXO.IUillX COCTORHHff B padoTax B.B.BaJI.amOBa H ,np.• 
paccMOTpeHo B 'ISCTR'IH0-,!1.HpO'IHOM npe,ncTaMeHl!l.l!I.. li cnyqae MD-SaXBa
Ta odpaaynTcR TOliRO cocTosHWI 1p1h ~ EcJIB yqecTb CHJlbHoe B3UHMo
,neffcTBlle M8l!tJzy qacT:auei1 R ,!1.HpROff, TO 3TO npuBO.D;HT R HC'l83HOBeHHIO 
nePBH'IHOff napl:l 1 p1h li BOSHHRHOBeHHD HOBOil napa 1 rf 1h' . II pH sToM 
RJJ:8PHM CRCTeMa nepenO.Il,HTCR E .npyroff RaHaJl, CllJlbHO 1l38HMO,nelfoTBy
~a C nepBllM. Trurnil npouecc B CB08M paaBHTRR npRBO.Il,HT R B03HllK
HOB8lilW KorepeHTHoro, ROJlJleKTHBHOro KBa3llCTSUHO~pHoro COCTORIIHR 
B nprn:.eBtyTO'IHOM smpe {A,Z -1). 

PasJIB'll!l.8 Mellt,ey RJJ;8pHW,1·MD-3aJCBaTOM ll JI,ItepHHM g)OTOilOI'JlOllleH.lleM 
npOJIBJIJI8TCR JlRIII!, B TOM, 'lTO B Ka)UtOM cnyqae npoHCXO.Il,HT npemAymecT
B8HHOe BOa6y)UteHHe paaJLq'IHII~ TruIOB ROJlJ18RTllBHIIX ,nBlll!t8Hllfi JI,Itepaoro 
B8l!l8CTBS. 

Cornacno HOBOff MO,neJIB,na BTOPOM 3Tane npouecca KOJU18KTHBH!Ie 
cocTOHHH!i pacna,nru:iTcR {no RpaflHeft Mepe B nern:ax R cpe.IUmX JI.ItPSX) 
C ncnycKaHH8M RB88l!I.MOHOXpOMaTH'l8CRHX He:ltTpOHOB; aHeprM Kaiit.noro 
1'13 TSRl'lX HeftTpOHOB paBHB. pasHOCTl!I. anepraft KOJlJl8RTHBHDrO COCTORHl!I.R 
npoMeEyTO'IHOro smpa {A,Z-1) R OCHOBHoro RJIB O,nHOro l!l.8 BOS6y)UteH
HIIX CBH38HHIIX l!I.Jlll KB83RCBR$aHliliX COCTORHd ROH8'lHOro R.npa {A-1, 
J!-1), odpaay~erocH nocne :acnycKaHHrr HeftTpoHa. Ilp:a aTOM BOSill!I(a
eT xaprutTepHHA JlRHeft'laTHff aHepreT:aqecKHff cneKTP HeATpOHOB, He 
npe.ncKaa1IBSeM1Iff .HRRaRoff .npyroft Mo,neliD RJJ;epHoro MD-saxooTa, C no
MO!llI>D HOBOro no.v;xo,na mepB1,1e y,nanoc~ npHBecTR TeopeTH'lecx:ae aHa
qeHRJI IlOJlHOfl BepORTHOCTR RJJ;epaoro MD-38XBSTa B COOTBeTCTBHe C 
aRcnepmaeHTaJll,HJ:ZMH. 

BO BT Op O A r Jl a Be OilllCall cneKTpc.&eTp H81TpOHOB 
R MeTOARRa nonyqeHRJI OOeRTpOB HelTpOHOB BS annapaTypm.tx cneRT-
po/Y. . .. 

Bcne,ncTmie Toro, qTo nepme :a Hru1.60J1ee oy~ecT:eeHHHe npe,ncxa
aaHRJI R CJ18~CTBM TeOpHH peaOHaHCHoro RJJ;8pHoro MD-SSXBSTa OTHOCR
JlllCb K HeATpOHSM, B K8'180TB8 OCHOBHoro MeTOM RCCJle,no:eaHRH. STOfl 
peruuum ,nJ1JI npOBePRll HOBWC TeopeTl'l'l8CKRX npe,ncTaBJlelil!I.I dHJlO Bil-

• Phys.Lett. ~,168 {1964); P2-3258,l(y6Ha (1967), 
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6paJio RsMepeIDie napaMeTpoB rJiaBHoro RaHana pea1t~R smepHoro MD

saxooTa·- RaHaJm c acnycRaimeM HeltTpoHoB. · 
Y'U!THBaJI OU.D;aeM1dt xapaKTep 'aHepreTH'leCROro cneRTpa R Jiuxo.na 

HelTPOHOB, MOlltHO cwop.1y;mpoBaTL OCHOBH!le Tpe60BIUU!JJ K HeHTpOHHOMY 
,ll;eTeKropy.On ,ll;Onxen oOna,ll;aTL aucoKoa aiW>eKTHBHOCTLD perHCTpailHH 
H8HTp0HOB,BUCOKHM 3HepreTHQ8CKHM pa3pemeHHeM,6UTL B COCTORHHH Ha
,1!;8XHO Bll,!{8JIRTL H8ffTpOHU Ha ~OH8 ,ll;pyrHX 3apR!t8HHUX HJIH HeffTPMLHUX 
Q8CTHU,0648,ll;aTL ,ll;OCTaTOQHO XOpOWHll BP8M8HHUM paspeweHH8M.Kpoye· Toro, 
annapa-rypa H8ltTpOHHOro ,1!;8T8KTOpa ,ll;On:&Ha 6UTL OTHOCHT8JILHO npOCTOlt, 
Ho Ha.D;ellHol·R cTa6HJI1>HoA B Te11eHRe .1t11Hiem,Horo BpeMeHB :asMepeBd, 
a npone.nypa nony-«telil!Ji SHepreTHt{8CROro cneRTpa HelTPOHOB HS anna
parypnoro C08KTpa - .l(OC?aTOQHO pa3pa60TaHHOR . H 0,l(H03H8Q~ 
Hal. 3THM YCJIOBHRM Jly'lllle BCero Y.ItOBJ18TBO,PJI8'1' ,It8T8KTOP H81'1',POHOB 

-Ha OCHOBe opraHH11ecRHX CIUIHTHJlJlJITOpoB··o perHCTp~el Hel'l'pOHOB no 
npO'l'OHaM ~T.Ita'IH. _ .• . _ 

ltJIJI RsMepelilUl·aHepreTR'leoKwc cneRTPOB a yrJloBoro pacnpe.1teJle~ 
HBJi HeATpOHOB RS peaKnHH smepHoro MD-38XBaTa HaMH HCllOJll,SOBaHH . 
oneRipOMeTpu Ha OCHOBe MOHOR,PROTWlJlOB OTHJU,deHa HJlH llH,ltRO.I'O OnHH
THJ1JlJITOp.!l NE-213 .ItHBMeTpOM 30 MM R BUOO'l'ol 20 MM, a '1'8R!t8 OTBIL

deBa .ItHSMeTpOM a BUCOTOA 70 MM O JBS,It8Jl8HB8M H8IT,POHOB Ji .I'BMMa
KBaJi'l'OB no WOI»J8 OnHHTRJlJlJinHOHHOro mmy m,oa •. JlJlJI per•oT,PaltlUl 
OnaHTHJlJIJ!UHI acnOJ1LSOBa1EfJ1' ~31-56 A'IP II m-52 des CB8TOBO,Ita. B 
rJJaB8 ll llO.It,POdHo onacaH"1· ·oneKTpOMeTp Ha 0CHOB8 OTHJU,d8Ha .ItHBM8T-

.POM 30 11i1 B TOJlllUIHOI 20 MM. . 

lfsMepJieMUI annapa.TypHUI cneup npoTOHOB OT,!tS'IH 'l'paHC(lJOIIIHPO
BaJlCJI B SHepreTH'l8CKHI cneKTP npOTOHOB 0'1',ll;S'lH.C Y'l8TOM H8JIHHelHO
ro COOTHOmeHHH'Me!t.ny BMllll'l'Y.ItOI CnaHTHJlJlJ!nHH H 9HeprJiel npOTOHa 
OT.itatJH. 

MeTO.ItHRa noJ1y11eHHJI aHepreraqecRoro cnexrpa HelrpoHoB, a TBR
!te ,POJU, paSJlH'IHUX nonpaBOR.fiOJJ;POdHO oOCYz,IlaDTCR BO BTOpoa rJlaBe 
,11,2ccepr~R. 

aHepreTl1'18CRHlt cneRTP 118llTpOHOB onpe.I(eJJRJlCJI C nOMOlllI>Bl 
npone.nypu ,11,21MepeHunpomHRJI co crJla!tl1B8.HlieM sHepreTRtJecRoro cneRT
pa npoToHOB OT.I(a'lR (crJlalltRBlllijl.e BBO,ll,2TCJI•• .ItJ1JI YMelll,mellllJI pacRa'lRH 

• T.Kozlowski, Nucleonika, XIII, 999 (1968) 

•• D. D.Slavinskas et al. 1 Nucl. Instr. and Meth., il, 341 (1966) 
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pemeHHJI).IlpaRTli'l8CRl1 OHa COCTORT B onpe,I(eJleHRR npOR3BO.I(HOil ,I(JJR 
Ka.,noro RHTepoona aHepreTRqecRoro cneRTpa npoTOHOB or,naqn nyreM 
npoBe,neHHJI napa6oJlU qepe3 2p' +1 TotJeK (p' =1,2, •• )•. 

nJJR ROMilJleRCHOil npoBepRR IlpHMeHRMOCTR MeTO.I(a )J.11qq,epeHlUlpOB8.
HRJI 6UJ1R onpe,nene!W cneuTpH HeilTpOHOB RS peaRnnil d ( t ,n,} oC. , 
n-+P -n. + r ( Ha npoToHax BL/ H} .R cneRTP HettTpOHOB liS (Po-Be}. 

OnRcamrnn BO BTOpon rnaBe HeiiTpO!!HHll cneKTPOMeTp Ha OCHOBe 
MOHOKpRcTaJlJla CTliJlL6eHa )Uiill.leTpOM 30 MM l1 TOJlllUl.HOll 20 MM 06Jla,I(a

eT CJle.I(ylllU™R OCHOBHUMR napru.1eTpaMa: 
3fqleRT0BHOCTb perRCTpanna HeilTpOHOB MeHJieTCfl OTE = 23% npR 

E,., =2 MaB .no &=6% np11 E~ :::15 MaB (,nJJR HyJleBoro nopora peracTpar_om 
npoTOHOB or,naqa}. 3HepreTaqecKoe pa3pemeHRe .I(JJR HeilTpoHoB 3aB1tcRT 
or cnocoda .I(mfqiepeHn!ipomHRJI npoToHHoro cneKTpa a paBHO ,nJJR 
cneKrpoa, npaBe,ll;eHHHX ·a 12 , 31, npru.1epuo ~En. = 0,65 MaB,.D;JlJI 
E"' =2,0 MaB R A E~ = 1, 1 MsB ,nJlJI E ... =15 MsB. 

3aBltCHMOCTL aMllJIBTYJUl Cn!iHTR~ OT yrJUl na,I(e!lIDI Hei!TpOHOB 
OTHOCRTeJlLHO 0Cl1 RPRCTaJlJla ue npeBHmaeT 3% npa RSMeHeHRR yrlla na
,I(eHRJI OTO ,no 90°. 

nonrOBpeMe!lHM CTa6RJlLHOCTb ± 1%; a6COJllOTHaJI TO'lHOCTb onpe.I(e
JleHRR aaeprirn HeilTPOHOB ±5%. 

B T p e TL en r ~ a Be onRcaau aKcnepru.1eHTu no on
pe,neneHHBl psma napaMeTP.OB OCHOBHOrO KaHaJUl peruu.uia MBl-33XBaTa B 
nerRRX a cpe,nHRX smpax72,31. 

PacnonoxeHne annapaTyp1,1 npR nsMeperurn sHepreTRqecRruc cneKT
poB HellTpOHOB R3 peaRIUIB MD-SaxBaTa B 160, 32· s 11 4Dca!2,3/ IlORa
saHO Ha pRc.1 

Puc .1. ♦' ' , l , , , > r) ) ) ) 71"-.: 

PacnonozeHHe annaparypu Ha Me- · 
30HHOM ny11Re npa U3Mepernm 
cneRTPOB HeilTpO!iOB RS peaRn!il1 ~Out 
Mn-saxoora B ner1uix 11 cpe,n11ruc ---.. 

f 

1/ 

JI.D;Pax. ~ 

~ ·~ '~''"' 
• C.Lanczos, Appl.Analysis, Prentice Hall, Inc., p.)21 (1956) 
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M!OORH npoxo.naT qepea MOHRTOpRHe .C'18T'lllIU'I ,1 n 2 (100x100x10 
MM3), T01)M03.fITCJI B rpaq>llTODOM norJ10Til.Te11e u, npoXOWI C'l8T'lliK 3 
(80x80x2 MM3), OCTaHaBJlllBa!OTCJI B MIJ.IJJ8lili; OCT8HOBKll BH,It8Jl.JIIOTCJI C 
noMouu,10 cqeT'!UKa aaTnconna.nennfl 4 BHCOTot! 120 MM no c qeTy 1234. 

Mnmelill ll3 .nncTUJlJlllpOBallHOff BO,nH B TOIIROM KOHTeflnepe ll3 neno
nOJlllCTnpona, nnaBneHOlt cepu ll M8T8JlJlll'!8CIWro Ka}ll,Ill'!JI nM81ll1 nno

ma.ItL 100x100 Ml~2 ll TOJlmllllY B HanpaBJ181Ulll Het!TpOHHOrO cneKTpOM~Tpa, 
COOTBBTCTB8HHO, 2,4 ll 4 r/cM2 • aTn Mll:IJJ81UI pacnoJ1aramrn1, TSR, !{Ill( 

yKa3aHO 11a p110.1. B K8'18CTB8 .neTeKTOpa neflTPOHOB npnMeH.fIJlCJI KP.11-
CTaJlJl CTUJll,6ena ,nuaMeTpOM 30 MM n TOJlmllHOf! 2U MM c ~OTOyMHOlltllTe
Jl8M 56 AVP. 

AnnapaTypmrn cneKTPU npoTOl!OB oT,naqu paa6nBSJlllcl> aa aaepreT.11-
qecRIJ.e nHTep:sairu qepea 0,25 MaB (.11Jlll na naTepBaJll:J qepea 0,125 MaB 
B ,nuanaaone 45,25 MaB .nirn cepu). · Ha pnc. 2, 3 .n 4 np1rne.ne
HH cyMMapHHe (no BC8M ceaHcaM) aaepreTM8CKll8 cneKTPH npOTOHOB OT
,naqn aa BH'l8TOM ~Olla ,nJIJI Kncnopo.na, cepH ll KMbUllH. 

, 
Ip 

Puc.2. a11epreTn'!emmil 
cneHTP npoTOHOD OT,naqn 
,nJIJI peanu1m Mro-aaxnaTa 
B 160, . 
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Pnc .3. 311epreT0qec1mn cnenTp npoTo
IIOll OTM'lll .nrur peamum MI0-38XDHTR 
B 32S. 

.Itnn peaKunn ;t-saxro.Ta B cepe nponano,nHM onpe,neJ1RJ1ac1, no HR

TH TO'!HaM no ncerA .nnanaaone anepr.0.fl; ,nJlSI ocTaJibHUX JI,nep D .nnanaao
ne ~ 5,25 lfaB npOll3BO,nI!a.fI onpe,neJIJIJlaCL 110 TP€M TO'IRaM, a .nM>5,25 
!fall - 110 nsrTll, 
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Pnc.4. aaepreTnqecKnfl cneKTP npo
ToaoB OT,na'IH ,nJlJI P88l(Ill'!H MD-3a
x:saTa B 40ca. 

IlonyqeHHHe TBRHM o6paaC14 anep
reTnqecRne cneRTPH 11ef1Tpo110B npn-
Be,neHH Ha pnc.5+7. Hs aTnx pncyn
ROB CJle.IzyeT, '!TO H8 Bcex Cll8RTpax 
npoJIBJIJD)'l'O.fl neo,nnopo,nnocTH, H.MeD-
m.11e X8PaRTep OT,neJU,HHX JlllHHI HJlll 

E6 
§5 
t 
"• t 
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Pnc.5. aaepreTn'!ecKnfl cneRTp 
HeilTpOHOB ll3 peanUHU MI0-3a-
XBaTa B 160. . 
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Pnc.6. anepreTn'lecRHI cneRTp 
HeffTpOHOB ll3 peaRU.lill MD-38-
XBaTa B 32 $ 

6onee mnpoRnx nonoc Ha qione HenpePfiBHOro cneKTpa (cepa n RaJlLitd). 
Ilepe~ H3MepeHHE!M a6COJlllTHOrO BHXm HeilTpOHOB ·aa O,nllll aRT MD-

38XBaTa B KHCJlopo.ne, cepe ll R8JlLUl'U'I 41 H3MepeHa a6COJl.mHa.fI aqxpeR
THBHOCTL perHCTpa!.UU!. HeATpOHOB Ha MOHOXPOM8TH'l8CRHX HeffTPOHaX C 
aHeprnea E =3, 1 MaB, nonyqellHHX B pe8l<Ill'lll d ( d, n, )3He-. 

Ilo11yqeH11oe SH8'18HHe aqq>eKTHBHOCTll HaXO,nllTC.fI B xopomeM cor.na
C.llB C BH'lllCJleHHHM B npe,nno~OE8HJU1 06 0,nHORpaTHOM pacce.flllllll Hefl-
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Pnc.7. 3HepreTaqecxnil. 
cneKTP HeiTPOHOB H3 peaR- · 
IlRH MD-saxBaTa B 40ca. 

TpoHa B NE-213. IloaToMy B ,nam,Hel!
meM H ~JIJI .npyrax aHeprat! He8TPOHOB 
dpanHCL paccqnTarume Tal(m! cnoco6oM 
sHaqeHRR: aqqieKTHBHOCTH. 

Cpe,nrum aqqieKTHBHOCTL E perncT
PaIUlH HeilTPOHOB B sa,naHHoM HHTepBa
ne aneprnl! EP 6una paccqaTa.Ha npa 
HCilOJll>SO~H cneKTPOB HeffTPOHOB 
HS pa6oTi131 R .Il;aHHHX no saBHCliMO
CTH ceqeHHJI ynpyroro pacceRHHJI Hett-

. TPOHOB Ha npOTOHaX B CTHJU,6ene OT 
aHepr.r,rn Hel!TpoHoB n nopora peracT~ 
pallRH. no nsBeCTHOMy aHepreTaqecxo
My cneKTPY Hel!TPOHOef31 onpe,neJIJIJl
CR OTHOCHTeJll>HHJ! Bee K~oro aHep
reTaqecxoro HHTepBana (lllHPHHott 0,5 
MaB) n BuqacJ1J111ocL snaiJemeE. 3a
TeM TeM.ze .neTeKTOPOM B ycnOBHHX 
xopomett reOMeTpRH, KOTOPM nosBOJIJl

eT c .nocTaTOqHoil ToqHoCTLJO {OROJlO 3%)· BHqHcnHTL TenecHHtt yron .ne
TeRTOpa OTHOCHT8Jll>HO MHmeHH, no HeCKOJll>Ky qacoB Ha Kallt,Il;OM aJleMeH- · 
Te HSMepRJlOCL qHCJlO npOTOHOB OT,naq1-1 H npH HCnOJILSOBa.HHH .. E Ollpe
.iteMJlOCL qncno HeffTPOHOB, ·nona.nanlllHX B HeffTpoHHHJ! cqeTqHK. 

B TPeTLeil rnaBe no.npodHO pacCMOTpeHH pesym,TaTH HSMepeHHR 
a6COJll)'l'HOro BHXO.Il;a HeffTPOHOB H3 peaI<IlRH MD-3axBaTa B 160, 32 .t H 
40ca., H8Jl60JlLWHt! HHTepec JtJIJI cparuleIOOI C TeOpHeJ! (Ii T~Op,,;0,68) 
npe.n;cTaBJ!JleT peayJlLTaT .ltJlJI 

160: W aKcn. =0, 53±0;07 B HHTepBane · 
3Hepr1rn HeitTPOHOB 4E=2,5+7,5 MaB.· 

jM HHTepnpeTrunm JJ;aHHHX no aHepreT:e.qecKHM cneKTpaM Het!TpOHOB 
B 2S .H 40ca (cM • .n;am,me) H806XO.n;HMO onpe.n;enHTL B8POHTHOCTL Wan. 
BHJleTa .n;Byx HettTpOHOB B pesym,TaTe M:a>-3axBaTa·B BT~ H.npax: B 
TpeTLett rnaBe no.npoOHo onncaHH TaRHe sxcnep.weHT✓5 •~ BHnOJlHeH
HHe aKTH~OHHHM MeTo.n;oM nyTeM perHCTPanHH aKTOB ~acn~ pa,nao
aRTHBHHX HJJ;ep 3op H 38K, 06paaylll1HXCR B peaRUHHX 3 {J (Jt, 1'2,u30p 
a 40ca(Jf, ~ 2 ti. 138K. IlpeHMy111ecTBO .n;aHHoro MeTo.n;a COCTOHT B TOM, 
qTo BeJmqnHa "'1211,onpe,neJ!JleTcR .n;M Bcero cnexTpa neffTPOHOB neaa
BHcm.io OT me anepr.r,rn • .I(M 32" H 40ca nonyqeHH anaqeHHR . 
\ltli,.= (3,2 ~ 0,5)% n W2n= (2,3 ± 0,5)%, cooTBeTCTBeHHo. 
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O,nHHM as rnaBHHX nonolKeHHJ! Teopnn peaoHaHcHoro JI.n;epnoro no
r110111eHHR MJOOHOB HBM6TCR yTBepllt,neHne, qTO KOJlJleKTHEHb!e KBa3llCB.fI-
3aHH!:le cocTOHHH.fI npoMelltyToqHoro JI.n;pa (A, Z-1), BOa6yF.{,11;ae1wro B 
peaxnaa MI0-3axBaTa,.n;OJL'KHH noBTOpRTL C yqeTOM RYJlOHOBCKOro C,ll,Blira 
cneRTp COCTOHHHt! rnraHTCKOrO rnOJlLHOrO peaonanca.B gT.(p8-Mlllli6Hll 
(A,~). Ero M~HO npoBepnTL/6 ' HCil01lL3YR Hamn .n;anmrn no cneKT
PBM Het!Tpono:a'2~3/, .n;annue no cneKTpaM qJOTOHeiiTpOHOB H .n;aHHHe P.fI-
.n;a TeopeTnqecxnx pa6oT. . 

C H9.ll!HMH aKcnepHM6HTaJlLHHMl1 ,ll,aHHillAH no 160 (cM.pHc. 5 ) HaH
JIYt!WH!l o6paaoM cornacyeTcir cneKTP, paccqHTaHHHii• Ha ocHOBe om1-
caHH.fI K~3HCBR3aHHHX COCTORHHt! no MO,ll,eJlli ro11L.n;xa6epa-Tel1Jlepa C 
yqeTOM CilllH-113 ocnHHOBHX COCTORHliH • II OJIO!KeHHe Tpex OCHOBHHX KBa3H
CM3afilll:lX cocTORHHil 16N nonyqeno nyTeM C,ll,Bara nu 2,5 MaB cocTo.fI
HHt! rnraHTCKOro ,nnnOJlLHOro pesoHaHca B 160. IlpHB6,ll,eHHHe B pa6oTe• 
aHaqeHHR aneprnn 3THX COCTORHHff, paBHHe 20,0 ,2-); 22,0 (1-) H 
24,5 MaB (r), a TUR/Ke B!JqHcJleHHHe B** 3HatieHHR 20,7 (2A), 21,8 
(1-y), 24;0 (1-A) H 24,9 co-A) MaB, xopomo COBila,I(aIOT c T6Mll 
(20,2; 22,2 H 24,2 MaB), KOTOpble nonyqaIOTCR R3 3Kcnepill.leHTOB no 
cneKTPaM qioToHetlrpoHoB•••, no ceqeHHJO !])0Torior110111eHHR, peaxrmt! 
15N (p, ¥;>16o RJlH Heynpyroro paccemum aneRTpoHoB••••. EcM sa
.n;aT.L aHeprnro OCHOB!iHX Jlldlllm B Het!TpOHHOM cneRTpe (E,.,= 2,9; 4,6 
ll 6,6 MaB)B COOTB8TCTBRH C peaym,TaTBM11 pa60TH•, TO nonyqenH!:lft 
HaMR cneRTP MOJKHO C noMOUIL:JO MeTo,na HaHM6H!,lill1X I<Ba,ll,paTOB pa3JlOUTI, 
Ha OT.I1;6Jll>Hble JlHHHH. 

YqnTHBafl 3Haqelme a6cOJlJOTHOro BHKO,ll,' HeilTPOHOB JJ;JIJI 3TOH 
sHepreTnqecKotl o6nacTn, paBHoe 0,53±0,06 4/, MOlltHO onpe~eJlHTL 
( cM. Ta611.1) aHaqeHHR BepomHocTn Wn. ncnycKaHHJI Het!TpoHOB .n;Jl.fI KalK
.nott ll3 BllllleyKaaaHHHK JlHHH8 B cneRTpe Het!TPOHOB • .I(JIJI 6onee nonno
ro onncaHHR aRcnepHMeHTaJlLHoro cneKTpa cne.n;yeT ~o6aBHTL cna6yro 
JllU!lW C 3Heprnea E,i;= 5,5 MaB. 3TOH Jll!HHH MOllteT COOTBeTCTBOBaTL, 
HanpHMep, nepexo~ c aaeprnea 5,3 MsB na KBa.Itpynom,Horo cocToRHHR' 
2:(E=23,5 MaB) ,mpa : 6N • B o.n;Ho ns cocTOJIHHt! 1/2: ,5/~.fI,ll,Pa 15N. 
• , R.Raphael et al.,Phys.Lett., 24B, 15 (1967) ~. - --

v.v.Balaahov, G.Ya.Korenman.,Nucl.Phys. B1, 158 (1967) ... -. v.v.verbinski, J.c.courtney, N.P.73, 398 (1965) .... . -
F.Beck.Proc.rrr rnt.conf.on High Energy Phys.and Nucl. 
Struct. Plenum Preas, N-Y-L., p.40 (1970) 
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Ta6muJa 1 
Pesym,TaT pasno~eHruI aHepreTH'lecRoro cneRTpa He~TPOHOB 

ns peam:urn MIO-saxnaTa B 160 Ha oT,nem,mrn Jl.0Hllli. 

E,. ' MaB \vft. ( BRcnep.) r ,MaB( aRcnep. ). r .MaB ( aruiap. )/1/ 

2,9 0,23±0,06+ 1,3±0,3 0,6 + 0,70 
4,6 0,12.:t0,03 0,5±0,15 0,65+0,75 
5,5 0,06±0,02 0, 7±0,2 0,90± 1,05 
6,6 0,12±0,03 1,1.:t0,2 0,90± 1,05 
+. ,_, 

yt1acTOR c ~> 2,25 MaB, a ,nIDI Bcea Jllllilm wi,.=0,27±0,07; · 
:f. 2=20 npn •mcne cTeneHeff 00060,nu, paBHOM 14. 

Hannyqmee onncaHne cneRTpa HeffTpoHOB (c yqeTOM norpemHocTeff 
B onpe,neJleHIDl Eh. , COCTaBJ1JII0~1/ ± 5%) B Rl!CJlOPO.ne no.nyqaeTCSI, 
ecJlH KYJlOHOBCRHff c,nBnr Mew RBaBHCT/iin!OHapHHMH COCTOSIHRRMH smep 
16N H '.60 npHHSITL paBHHM A= 2, 7 MaB, a nonollteHHe ypoBHeR B 160 
BBJITL HB axcnepRMeHTa•. Ilonyt1eHHoe sHaqeHHe A B npe.nenax norpem
HOCTH aKcnepHMeHTa C±0,25 MaB) coBna,naeT c oneHKoff-A =2,5 MaB ... 
Ilo.nyqeHHM TaRHM o6pasOM cxeMa nepexo,noB npe,ncTaBneHa Ha pnc.8. 

,-
wl 

ti 

,sN 

~ 
>: 

.!!I~ .., 

Q_g_ 
160 

ZH o·A 
240 1-A 

2,8 ,·v 
207 z·A 

B 3TOfl cxeMe JlRHHSI C aHeP
rHeff Eh.= 3,1±0,15 MaB COOT
B8TCTByeT Jllllllm C En,= 2, 9 
MaB B pa6oTe••. 

3Ba'l8HH8 ~=0,27±0, 07 
,nJlSI llI!Hl!H c ~=2,9 MaB (CM. 
Ta6n.1) He npoTaBopeqaT·a6-
coJlDTHHM 3HaqeHHSIM BePOJITHO
CTH IVr HcnycRaHM r-xBaH
TOB Ha aRT MD-38JCBaTa (Er= 
=6,322 MaB) npH nepexo.ne Ha 
COCTOSIHl!SI 3/2 smpa 15N 
<~=0,25±0,023) ••• ii C Yr= 
=0,20±0,05)••••, 'ITO MOllt8T 

CJlyDlTL no,nTBepg,neHB.eM npa-Pnc.8. CxeMa nepexo,110B ,nJlSI perut-
nRH 160 ( IL- K"' ) 16 N BHJll>HOCTH cXeMH 1)8All8Jla, npe.n-. .r' - • JlOllteHHOff B pa6oTe••. 

• R.Raphael et al.,Phys.Lett., 24B, 15 (1967) 
•• v.v.verbinski, J.c.courtney, O. 73, 398 (1965) 
••• s.Kaplan et al.,Phys.Rev.Lett., 22095 (1969) 
.... 1.r .By.nSimoB a .np.,1a~. fil!, 1211 T1'970). 
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3HepreTaqecRHe cneRTPH HeffTpOHOB OT j-l-saxBaTa B 32,S a 40ca 
HM8JJT BH.n, OTJ1.0'1Hllff OT Toro, ROTOPHff no.nyqeH ,!(JUI KRCJIOpo,I(a. 
B o60RX cneRTpax Ha6Jll),naJOTCSI oco6eHHOCTR Tana OT,neJll,HHX JlHHHff RJlH 
mapoRHX nonoc Ha no.nno1KRe HB uenpepHBHoro cnexTpa. 

EcJlli o6cyg,naTL llORa -mum, npnpo.ny HeO,nHOpO,IUlOCTeff B cneRTpe 
HeffTPOHOB OT Mn-saxBaTa B 32$ a yqecTL, 'ITO BepoSITHOCT!, BHJleTa 
,I!Byx HeffTpOHOB Maiu/4/, TO MOlltHO IlOiltlT8TLCJi HHTepnpeTHPOBaTL "JlH
HeffqaTyD" qacTL cnexTpa nyreM cpaBHeHruI c ,naHHw.1.0 no woTonornome
HHD• H HcnycRaHHD qlOTOHeffTpOHOB .. • EcJlH C'IHTaTL, 'ITO np.0 .l'--38XBa
T8 B 32$ nponcxo~T BOs6yllt,neHHe COCTOSIHHff smpa 32P, IlOBTOPHIO!JU1X 
aHepreTH'l8CKHff cneRTP COCTOSIHHff smpa 32s ' HO c.nmmyTHX Ha A = 
5,3 MaB OTHOCHT6JlI,HO-IlOC11~,nHHX, TO MOJKHO IlOJlY'IHT!, 3HaqeHruI aHepr:im. 
HeRTpOHOB B cneRTpe OT J,1,,-aaxBaTa. 

OneHKH KyJlOHOBCROro C,nBnra Melll'..ny COCTOSIHll.fiMH 32P n 32$ npa
BOMT K naqipe 5,1 MaB, qTo 6JlH31(0 R 5,3 MaB, HCilOJll>SyeMott ,nM H8JI

Jiyqwero. cornaco:eaHIDJ aa6.nxmaeMoro cnexTpa HeffTpoHOB OT j{~saxoo
Ta B 32.S co cneKTPOM COCTO.llllltl\ rH!'a.HTCKOro ,nRllOJll,HOro pesOHaHca 
B 32s • 

••• YqeT B TeopeTnqecxoR pa6oTe paa6poca cocTommff aaqa}l!,Horo H 
ROHeqHoro smpa Hapsmy C aippeKTOM KOliplll'ypanHOHHoro pacmenJleHHSI. 
KOJIJleKTHBHHX COCTOSIHaft 32P npHBO,nJIT B KOH8'1HOM C'leTe R TOMY, qTO 
paccqHTaHHliff aHepreT:eqecx:eff cneRTP HeffTpoHOB OT MD-Ba.JSBaTa B 32S 
COBlla,naeT no qio,PMe c TeM, qTO nonyqeHO B axcnepHMeHTef 3.{ Ilpn TaROM 
OilHCa.HIDl. HaxO,nHT CBOe o6~SICH8HHe lllll.POKHff MaRCHMyM B o6JlaCTH 9-12 
MaB. 3TOT M8RCHMYM CBSIBaH c pacna,nOM BllCOROSHepreTHqecRoff BeTBl!. 
rHraHTCKoro pesOHa.HCa (o6ycJlOBJ18HHOff BOs6yg,neHHeM HyKJlOHa RB r.ny-
6oKOff 1P-OOOJlO'IRH) Ha ypoBHH Toft ge npnpo,nu ,noqepHero smpa 31P. 

Tax RaR BO Bcex H,IU)aX c sanoJUlJJeMHMH 1 p H 2s - no.zto60JlO'IR8MH 
Rax- cm.1a BeTm. pesoHaHca, Tax H ,nupoqHaSI KOMnoHeHTa B ,noqeB~eM sm
pe HaXOMTCSI npH6Jl.03HT8JII,HO Ha TOM ge MecTe, qTO H B smpe P, TO 
HaJ1Rq.0e mapoxoro M8RCHMYMa B cnexTpe HeffTpoHOB B o6nacTH aHeprHH 
9-12 MaB )tOJIXHO HOCHT!, 061IU!:ff xapaxTep ,nM 3TOff rpynnH ,mep. neffcT
BHtem,Ho, TaKoa mapoxaff MaRCHMYM Ha6~aeTCSI :e B cneRTpe HeffTPOHOB 
OT MD-saxBara B 40ca. 
• B.c.non6HJIKHH H .np., ~.8,1080 (1968). 
•• B.K.ropSI'leB .0 .np., ~,2,1168 (1968). 
••• yu.r.Bely et al.,Nucl.Phys. A204, 357 (1973); B.B.BaJiamoB, 
r.H.Kopemra.tt,P.A.8paMJ1tJtH,"IlorJIOilleHlre M830HOB aTOMHHMH ~paMH", 
M., AToMHs~aT (1978) 
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CocTaB11e.1rne cxeMH nepexo.noB ,nJl.fI c11yqru:r MJ0--3aXBaTa B Kam,
wm cTaJlo B03MOlKHl:lM Ha OCHOBe. KOMn11ei<ea 3KcnepHMeHTOB, BllilOnHeH
Hl1X HaMll/3/ n no311te B UEPH*, r,ne TaKJKe Ha6Jll0,na11ach nnHeilqaTM 
CTPYKTypa B cneKTpe.HefiTpoHoB. 

llpn c.nBnre A= 6,6 MaB cneKTP BHCOKOBoaoy11t,neHhHX cocTO.!l-
Hnil 41Ji< nepeXO)l.l1.T B cneKTP COCTOJI.lrni! 40ca, onpe,ne11eHHHH Ha 
OCHOBaillm padoT••. 

B 3aKJll()qefflie TpeTMH rnaBH 06cy11t.naeTC.fI BOnpoc O TOM, KaKM 
llHqJOIJMawrn O ecTeCTBeHHOil lllRPJrne KOJlJleKTllBHHX COCTO.fI.lrnll MOJKeT 
6h!Th ho11yqeHa ll3 .naHHHX no 3HepreTnqecKHM cneKTpa.M HefiTpOHOB. 
lls Hamnx .ri,aHHHx/2,3/ cJleAYeT, 'iTo.ecTecTBeHHM mRpllHa caMoil ys-
Kol:f nnHnn· He npemnaaeT 0,5 MsB, a ns ,naHHmc pa6om• - He 
npem1maeT 0,3 MaB. 3T.ll. npe,neJll>HHe sHaqe.1rn.fI He npoT1rnopeqaT oc
HOBHHM no110JKeHH.fIM TeOpRll pe30HaBCHoro .fI,nepHoro nor11ome.1rn.fI . . ' . ~ '~ 

MJOOHOB. 

B q e TB e ·PTO fi r Jl a Be OilHCaHH 3KcnepHMeHTH 
no llCCJle,no:saHRJO MeXa.lrn3Ma pacna.na KOJlJleKTllBHblX COCTO.fIHlrn B'T.fI-
11tenHX .fI,Ilpax. 

OcHOBHHM no110JKe.1rneM TeopRR pesoHaHcHoro .fI,IlepHoro nor11ome
BH.fI MJOOBOB .fIBJl.fieTC.fI YTBep11tAe.lrne O TOM, 'iTO COCTO.fI.lrn.fI npoMe11tyToq
Boro .fI,Ilpa .fIBnmoTc.fI npocTHMn, TRna 1p1h. . Bonpoc o TOM, MoryT nH. 
3TH COCTO.fI.lrn.fI ll3MeBHTh CBOIO npllpOAY .no_pacnaAa, CKaJKeM, TpaHc
Cf>Opr.mpOBaThC.fI B ·COCTO.fIHli.fI COCTaBHOro JIAPa, B pe30HaHCHOH TeOplili 

J[-saxmTa He Hsy-qa11c.fI. IlpeAU011ara11och, qTo B 11ernHx JIAPax 
KOJ1JleKTRBHH0 COCTO.fIHH.fI .non11tHH--B OCHOBHOM pacna.naThC.fI, He MeH.fI.fI 
cooen npnpOAhl. • 

To 06CTO.fITeJll>CTBO, qTO B c11yqae MJ0--3axBaTa B 32:, li 40c/2 ,3/ 
nnHeil'iaTHil cneKTJ) Ha6~aJlc.fI Ha nOAJlOlKKe H3 cnnoJDHoro cneKTpa, a 
npli'MJ0--3aXBaTe B 208Pb"3/ cneKTP HeilTpOHOB HMeeT rnaAI{Htt BH.n, Aa-
110 IlOBOA nonaraTb/3/, qTo no Mepe yBeJlliqe.lrn.fI MaCChl,.fIApa pacTeT ll 
B0PO.fITHOCTh TpaHcqJOPMawrn nepBliqHHX COCTOH.lrnll B COCTO.fIHH.fI COCTaB
Horo . .fIAPa.,UeilcTBHTeJll>H0,·3Haqe.1rne "TeMnepaTypH" T KOHe'iHOrO J!Apa. 

• ti. Jahnke et al., Helv. Phys.Acta, 45, 49 (1972) 

•• E.C.,Uo11611.J1KnH n .np., ru>,~,1080(1968); E.ll.ropJiqeB H .np., 
flll,2, 1168 (1968); 
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(noc11e ncnycKaHn.fI nepBoro Hei!Tpona), KOTopoe 6H110 no11yqeHo npn 
o6pa60TKe 3HpreTH'ieCKOro cneKTpa He»TPOHOB 11.3 peaKwm MJ0--3axBa~ 
Ta B 208Pb/3 , COOTBeTCTByeT TOMy, qTo CJleAOBaJlO 6h! OlKH,naTh Ha 
OCHOBe CTaTRCTH'i0CKOH TeopRH. 

.UM peme.lrn.fI BOnpoca O TOM, HaCKOJll>KO 06m11M .fIBJLqeTC.fI BhlBOA, 
CAeJlaHHHi! nlllllb Ha OCBOBaHRH .naHHHX; no11yqeBH11X B peaKr.urn MJ0-3a
XBaTa B CBRHUe, MH nocTaBRJlH cneURam,1me sKcnepHMeHThl no TmaTeJlb
HOMy li3Mepemm C IlOMOUU,JO OAHOil li TOH lK6 M6TO,nliKli cneKTPOB HefiTpo
HOB li3 peaKURil MJ0-3axBaTa H ~OTonor11omeHll.fI B T.fIJKeJlhlX 3JleMeHTaX 
B6Jlll.3li ,l{BalK,!U,I MaJ'H'ieCKOro .fIAPa. CBHHUa. 

llMeHHO B 3TOil o6nacTn npoliCXOAllT pesKoe H3MeHeHRe BeJlliqHHH 
napru,,eTpa IlJlOTHOCTR .fI,IlepHHX YPOBH6il KOHeqHoro .fI,npa Cl AJl.fI peaK
URil, 3aB6AOMO HAYIIIRX -qepe3 o6pasoBaHRe COCTaBHOro smpa. J:13 BR,na 
cneKTpa Hei!TpOHOB MOJKHO, 3HM cpe,nll!OJO 3HeprllJO B036yr.ui,enrur npoMe
EYTOqHoro JIAPa Q , BHqncm1Th napaMeTp a R cpaB.lrnTh ero c TeM, 
qTo oJKn,naeTcJI no·cTaTRCTRqecKofi Teopllll. 

Pacno110JKe.1rne annapaTypH Ha nyqKe npli ll3Mepe.lrnR sHepreTRqe
CKHX cneKTPOB HeilTPOHOB OT MJ0--3axBaTa BI, P~H Th. 6HJ10 TaKHM 11te, 
mm R ,nirn 11erK11x 11 cpe,n1111x JI,nep. 

IlonyqeHHHe H8Mll sHepreTRqecKRe cneKTPhl HeilTPOHOB ll3 peaKURH 
MD-3axBaTa B TJii!t6JlHX 31leMeHTax noKa3aHH Ha pnc.9, 10, 11. )!JI.fl 06-
JiaCTR cneKTpa C Eh.~ 4 ,8 MsB IlOJly'ieHH CJleAy!OUUie 3HaqeHR.fI TeMne
paTypH: Tr= 1,28±0,05 MsB2 TPb = 1,15±0,20 MsB a TT~=1,46±0,06. 
BKJlaA HeilTPOHOB .ne11eHR.fI 23 Th; MJOOHaMll 6HJ1 npeHe6pe11tHMO MaJl, T.K. 
B6pOJITHOCTh A6Jl6HRJI 'fh. MJOOHBMR OKOJIO 2%•. 

3Ha'ieHRe TPI,, nonyqeHHoe HBMR, naxo,nRTC.fI B xopomeM cor11a
c11.:11 c no11~jeHHHf.\R~aK ~o, TaK n noc11e npoBe,neHR.fI Ha.mruc sKcnepn
MeHTo/3, (cM/61). 

Ha pnc.12 cpaBHRBaJOTCJI 3Haqett:11.fI napaMeTpa IlJlOTIIOCTll .fI,nepHh!X 
ypoBHeli, no11y-qeHHHe nyTeM 06pa60TK11 .naHHmc _,il--saxmTa no cTaTR
cTn'lec1<ott Mo,nenH c TeopeT,rnecKH B1,1qnc11eHHHMll no sToil JKe Mo,neJlll.• •·, 
HO ,nJll! uenoro psma JIAepHHx nponeccoB, saBeAoMo ero onnc1,1BaeM11X 
l sKcnepHMeHTaJll>HHe Aaf!HH8 rpynnnpy!OTC.fI MelK,Izy ABYM.fI KPliBHMn li He 
IlOKa3aHH Ha pRc.12). Ilpa TaROM npe~cTaBJleHRR 3KCnepHMeHTaJll>Hl1X 

• r.E.EeJlOBRUKRli li .np., !3'NI, 38, 404 _(1960). 
•• J.R.Huizenga, t.o.uoretto, LBL-662 {1972); D.W.Lang, N.P. 

~. 434 (1961) 
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Puc.9. 3HepreT,rqecRnil 
cneRTP HeilTpOHOD ll3 
pea.mum r,110-srurnaTa B 
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Puc.10. 3HepreTuqecKnfi 
cneKTP HefiTPOHOB R3 
peruuum M10-saxna.Ta B Pb. 
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Pnc.11. 3HepreTuqecKni1 
cneKTP HenTpOHOB ll3 pe
a.RI.Um MXl - 38XB8.T8. B 
232Th 

30,,-------,--.----.------,-------r--~~ 
/ Q,M5t,•1 / 

20 

·10 

.h/,' 

so 1lO ,so 2lll 250 

Puc.12. 
3a.DHCllMOCTI, napaMeTpa nJlOTHOCTll .II,IJ;epHIDC 
YPOBHeiJ a, OT A ( f - .IJ;8.HHl:le paCiOTl:l D. E. Hagge 
UCRL-'10516(1963), l - .namme paCioTu/?/, 
J -pa.CioTa u~ Jahnke et a,lt - <}Pe.nHee us 
npe.n1,1.nymei1 pac5oTu u pa.6oTi/31J; KpnB1,1e -
pe3yJ1I,TaTl:l pacqeTOB no cTaTHCTUqecKoil Te
op1rn ( n.w.Lang,Nucl.Phys. .~,434(1961)); 
:mcnepnMeHT2.Jll,lll,le .n;aHHhle, nonyqeHHhle ll3 
peam.1,ufi CUJlI,HOB38.llMO.IJ;eficTBy10mmc qacTllU, 
pacnonaraIOTC.II MeJK.IJ;y CI1JlOIIIHOi1 R nyHKTllp
HOil JlllHMMR. / f- CM. puc. I4/ 

pe3yJ1I,T8.TOB BR.IJ;HO, qTo liMeeTC.II HeCOOTBeT
CTBlle MelK,ey .IJ;aHHblMll no .II,ll;epHOMy MJ0-38XB8.
Ty ll npe.ncKasa.HaJlMH CT8.TRCTllqecKOfi Teo
pmt. 

HecMOTP.II Ha H8.Jlllqne HeKOTOpwc yKasa
Hlll! 1!8 CMOyIO 38B1!CllMOCTl> a. R T OT A .IJ;Jl.SI 
pea.KUUH q10TonorJ10il.leHH.fI, KOJlllqecTBeHHl:lX 
.naHHl:lX .IJ;Jl.fI napaMeTpOB a. ll T B OOJlaCTR 
A=208 MH B Jll1Tepa.Type He HamJIB. Ilo:nOMy 
HaMR 61,1no npone.ne110 :accne.n0Ba.H11e cneKT
pon (fOTOHefiTPOIIOB C nOMOilll>!O TOH JKe anna
pa.Typu, Ha KOTOpon R3Mep.fIJlllCI, cnEKTPhl He*
TPOHOB ll3 MI0-38.XBa.Ta B T.fI~eJlllX 8JleMeHTax. 

.vlsMepeHR.fI npoBO.IJ;RJlllCl, Ha c5eTaTPOHe 
lilli1fl<l> IM'Y C M8.KCRM8.J1I,HOI1 8Heprnen raMMa-....JI 
KB8.HTOB E, = 31 1.18B. B KaqecTBe ,neTeK-
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TOpa HefiTpOHOB ucnOJlI,30B8.JlC.fI ~R,nKHV. CUllHTllJlJl.fITOP TRna.NE-213 
( D CTeKJl.fIHHOM KOHTefinepe .IUiaMeTpOM 30 MM, TOJllll!UlOH 20 MM) C (['OTO
yMHOJKllTeJleM AYP-56. 

CneRTPl:l q;oToHeilTpoHOB 113 Ta, Pb , Bi u Th npc~cTa.BJlEHH Ha 
puc.13. 
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Ha puc .14 nonyqeHHHe llaMII sna
qeHHR napaMeTpa nnoTHOCTll R,nep
Hl,IX yponueil cpanmrnaroTc.fI c Teo
peTnqecRRMll KPl1BL!Mll • 
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·plsl !Th 

tso · · 200 A 250 

Pnc.13. 3nepreTnqecm'l8 cneKTPhl 
¢oTOHeilTpOHO/B/. 

Pnc .14. 3aBllCllMOCTl, napaMeTpa 
"a" OT A us ,na.Himx no cneKTPaM 
rpOTOH8V.TPOHOB. KpnBHe Te JKe, qTo 
11 na puc.-f2 , ! - ,naHHl:le paOOThl 
181, o - snaqeHRe, no11Yqennoe 
HaMR H8 OCHOBe .IJ;UHHIIX paOOTHtt. 

IIonyqeHHl:le HaMR 31Jaqemm napa.MeTpa nJlOTHOCTll YPOBHeil "a" ,nJl.fI 
pea.KUllfi MJO-saxnaTa n woTonornomennR noKasuBa.IOT, qTo ,nJl.SI aTnx pea.K
unV. B nepBOM npuOJIB~eHRR BOOOllle OTCYTCTByeT 3aBRCRMOCTI, OT A. Ec
Jlll cqnTaTI> Ha.Jlllqne 06111eil JlllHeilnoil 38llliCl-lMOCTR "a" OT A c MIIHRMy

MOM B oonacTn CBRHU8. npR3H8.KOM, CBR,IJ;eTeJlI,CTBYIO!llliM 00 oc5pa30B8.Hllll 
u pacna.ne cocTanaoro .II,ll;pa, TO no woPMe nonyqennoV. Har.in sa.BllcliMo-

* F.T.Kuchnir et al.,Phys.Rev. ill, 1236 (1967) 
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CT.11 II a" OT A { C ytieTOM Ollll:!C>OK B "a") MOlKHO qiopMaJU,HO oueH.11TI, Bepx
Hllli npe,n;en ,n;JUI BKna,n;a npouecca c o6pasoBaH.11eM cocTaLHoro mu>a B 
peam.urnx R,n;epHoro MJo-saxBaTa .11 !l)OTonornollleHM, np.11MepHo pamu>lM 
10% OT IlOJlHOli BepORTHOCTli 3T.11X peaKl.UlH. C11e,n;OBaTeJ11,HO, KOJ1JleRT.11B
H!le COCTO.f1IIM npOMeJKyTO'lHOro .f1,n;pa B OCHOBHOM {Ha 90%) CyllleCTEeH
HO He liSMeHmoT cBoefi np11po,n;u ,n;o pacna,n;a ,n;allte B caMmc T.flJKeJlIDC im
pax. 

OTcyTCTBlie OCl!llero pOCTa "a" C yBeJll1'1eH.11eM A R MRHRMyMa 'PYHK
l.UlR a = f {A) ,n;M peaKURH MI0-3aXBaTa 15 <!JoTonor JlOllleHlUI 03Ha'laeT, 'ITO 
JlllC>O COCT0.f1Il.11.f1 KOHe'lHOro R,n;pa, y'lacTBYIDlll.l1e B qJOpMRpOBa!lllli cneRTpa 
HefiTPOIIOB .113 3TillC peaKunfi, CY!lleCTBeHHO MeHee no,n;BepllteHl,I BJlll.f1HIDO 

I 
OClOJlO'le'lH!1X sqiqieRTOB, 'leM, Hallp.11Mep, B cny'lae peaKUR.11 (11,ft ) , Jill-

Clo IlJlOTHOCTl, 3TllX COCTORHRfi CTOJll, Mana, 'ITO TepReT CMl1CJ1 CaM CTa
TRCTR'leCKllfi no,n;xo,n; K OilRC!lllm:l 3HepreTR'leCKHX cneKTPOB HefiTpOHOB 
.113 peaKl.Ulfi M10-saxBaTa li qioTonornollleH.11.fI. 

OcHOBHOe OTJIB'llle Mellt,n;y pesoHaHCHOfi Mo,n;eJloIO R,n;epHoro MJO-Sa:x:Ba
Ta li qJOTOBOsClym,n;eH.11.fI ll npe,n;cTaBJleH.11.HMR CTaT.11CT.11'leCKOfi Teop.11n B BO
npoce O cfJOPMliPOBaH.11.11 HefiTpOHHOro cneKTpa MOJKHO CqJOJlMYJll!POBaTI, c11e
.JU'!Olll.11M oClpasoM. Ilo CTaT.11CT.11'leCKOH Teop.11.11 OCHOBHOH BRJ!a,n; ,n;aroT_nep~
XO,n;H B oClJlaCTl, BllCOKO paCTIOJ!OllteHHHX CBH3aHHhOC ll KBa3.11CBH3a.HHHX o,n;
HOqaCTU'lHl,IX COCTO.f1Hllfi KOHe'lHOrO R,n;pa, xapaKTepasyeMyID CTOJll, BHCO
KOfi IlJlOTHOCTI,ID COCTO.f1HRH (DC 107, MsB-1), 'ITO nepexo,n;u,nepeRp11ro
.f1CI, ,<pOpMUpy10T MaKC.IIMYM T.H • .MaKCBeJlJlOBCROro cneRT~. Ilo peSOHaHC
HOfi MO,n;eJlll ,n;OMRH.11PYIOOlllM cnocoCloM p:1cna,n;a ,n;Jl.f1 Rallt,n;oro KOJlJleKTRBHO
ro 'laCTR'lHO-.n:HPO'lHOro COCTO.f1Hll.f1 RBJUieTC.f1 nepexo,n; B COOTBeTCTBYIO
lllRe (B npe,n;enax O.n;HOfi oClOJlO'lRll) ,n;11pO'lHHe COCT0.f1HR.f1 KOHe'lHOro R,n;pa. 

KB.K IlOKas11BaIDT pacqeT11* ',n;JIH peaK~llll MIO-SaXBaTa B 32 ~ OCHOBHOfi 
BKJla,n; B ¢opMRPOBaHRe HefiTpOHHOro cneKTpa ,n;a!OT nepexo,n;u B HR3KOJle
~~e COCTO.f1HR.f1, r,n;e IlJlOTHOCTl, COCTORHRM Ha MHOro nop.f!,n;ROB Memme,. 
qeM 00Jlll3R 3Heprllli CB.f13li HefiTPOHa. 

Hallll:! sKcnep.11MeHTaJ11,H1,1e ,n;aHHHe no saBRCRMOCT,1 naPaMeTpa nnoT
HocTR ypOBHefi OT MaccOBOro 'lRCJla ,n;JUI peaKI.{llH MJO-saxBaTa R qJOTOilO
rnollleH.11.11 no,n;TBepJK,n;aIOT cnpaBe,n;Jll!BOCTl, RapTRHl,I qiopMRPOBaHM HefiTPOH
Horo cneKTpa, npe,n;noJKeHHyro pesoHaHCHOfi Teop.11efi ,n;JUI nerKRX R cpe,n;
RIDC R,n;ep, ,n;aJ!te ,n;JIR CaMHX T.fllleJlIDC R,n;ep. 

* Yu.I.Bely et al.,N.P.A204, 357 (1973);B.B.BaJiamoB,r.H.KopeHM8.H, 
P .A.8paMJ!t!IH, "Ilor;ro14em1e Me3CHOB aTOMHh!MH impaM;i" ,M.AToMHs,n;aT(I978) 
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HaH.Clonee oy111ecTBeHH11e pesyJ11,TaT11, .11Me10llllle caMoe npm.we oT
HomeHlle K MexaHRSMY qio_r;t.mporomm cneKTPOB :I,OTOHei1TpOHOB .113 TJI
llteJ!HX JI,n;ep, 611J111 IlOJ1Y'l6Hl1 Il03llt8 B paCloTe*, r,n;a B YCJlOBliRX BllCO
KOro !3HepreTn'leCKOro paspemeH.11.fI li3MepeHl1 cneKTPll rlJOTOHeiiTpOHOB 
ns 208Pb .11 TOHKaJI·cTpyKTypa cetie~H qioTonornome~JI npa MaKCR
MaJU,HOil 3Hepr.11n TOpM03HOro cneRTpa OT 8,8 ,n;o 12,5 MsB. 

rnaBHl1M, Ha Ham BSrJ!R,n;, pesyJU,TaToM· 3TOil _paClOTH, He oTMetieH-
1111M CaM.11MR aBTOpaMR, JIBJ1JI8TC.f1 )];8MOHcTpaun.f1 Toro, 'ITO cneRTP rpo
TOHetiTpOHOB npR MaJlllX sHeprRJIX B03ClyJK,n;eHR.f1 { S)l;ec1, 3TO- nyqme Bll)l;
HO) COCTOllT TOJU,KO .113 oT,n;eJU,HllX JlRHllil Clea saMeTHoro BKJla.n;a nano
ro-JlRClO nnaBHOro cneRTpa. Ilp.11 3HeprRJilC BOsClyJK,!18HliJI Q ~ 2-13 MsB 

I 
cneRTPll HetiTpOHOB .113 peaKI.{llR {n. ,n. ) ** RMeIDT JIBHO Bh!Pa1Kel!H11H 
MaRCBeJlJlOBCKllti xapaKTep c TeMnepaTypofi T et O, 8 MsB, 'ITO COOTBeT
OTByeT, RaK yllte 611110 OTMeqeHo, IlJIOTHOCTll ypoBHeti (llJl.11 IlJlOTHOCTR max 
n.epexo~B) B 0611acTtt MaKCllMyMa 0.cnapttTem,11oro cneRTpa {E"' =T) 
J :! 10 MaB-1 • ,UJIH cneKTpa cj_JOTOHeilTpOHOD * llJlOTHOCTI> ne
pexo,n;OB B oClnacTR OlKli,ll;aeMoro Manc11MyMa ncnap.11rem,Horo cneRTpa_
Bcero Jrn:illl, 10+12 MaB-1• npll_'leM ,!IOKasaHo* , 'ITO 3TH JlRH.111-1 COOT
BeTCTBYIOT nepexo,naM B OOHOBHOe ll HecKOJU,RO nepBllX BOSClyr.r,n;aeMh!X 

COCTO.f1Hati KOH8'1HOrO JI,n;pa 
207p~. 

TaKllM oClpasoM J?eSY.J11,TaT11 paClOTH* IlOJlHOCTl,JO no,n;TBep;.,,naJOT 
BHBo.n;u HamHX paCloT'J,B7 oTHoc.11TeJ11,HO Manora BKJla)l;a npouecca,Be
.JU'll1Sro K oClpasoBaHRJO cocraBHoro JI.n;pa B peaKURJIX r.110-saxBaTa ,tt 
qioTonornomemrn BO BCex .a:qpax, BKJl!O'lM caMHe TR:ite1111e. 

B n JI To fi r 11 a Be .11sno:'KeH11 pesyJU,TaTH ttaMepeHM 

yr110Boro pacnpe,n;enenrur HetiTpoHOB HllSKllX .11 cpe,n;Hllx 3HeprRti, tts 
peru<Ull.11 M10-saxBaTa B 32S R 40ca19/, npe,n;np.11MT11e )l;JIR npoBepRR 
npe~cKaSaHllti pesoHaHCHOti MO)l;eJlR. Hei-iTpOHll perttcTp.11poBaJIBOl, B 
KPROTa1111e' CTllJll>CleHa ,n;RaMeTpOM ll TOJ!lllRHOll no 70 MM, coe,n;RH81-1HOM 
C ~SY-52 Clea CBeTOBO)l;a. ~HTepron .113MepeHl1il CJle:Izy!Olllllti: 2-17 MsB 

,n;M Ca ll 2
1
5-IO MsB ,n;JIH _S • 

• N.K.Sherman et al.,P.R.L. 35, 1215 (1975) 
••. K.Taukuda et al. 1N.Po 1!:!,, 369 {1966) 
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Millllelll. li3 nnaBneHoff S n MeTaJlJllltJecRoro Ca HMeJll paaMepu 
· 10x10 CM2 li TOJll!lliHy COOTB8TCTB8HHO 16 li 10 r/cM2 B Ha11pa.BJ18.lmli 

RpncTanna cTUJJ.I,6eHa. 
YrJlOBOe pacnpe.nenem,_e HeHTPOHOB H3MepHJlOCL M8T0,1J,OM npeuec

CHH cnnHa MDOHa D nonepetJHOM MarIIRTHOM none. 
Ha plic, 15 n 16 np.1rne,n.eHa aaEHCllMOCTL naMepHeMoro Roa®im~eH

Ta acl'!W.1eTp.11..ll BP OT aHepnrn npoTOHOB oT,n.aq.11. .n.M pea1uurn 1.rn-aaxna
Ta COOTBeTCTBCHHO B Ca li $ • 

"'Br -:;+-J 
~:~ 

Pnc.15. 3aB.ll.CRMOCTL ll3MepHeMoro 
R03q¢.ll.Ull8HTa acHMMeTplill BP OT 
Ep .n.rui: peaKURR MD-3aJCDaTa D '40ca. 

., ' -Bp "S 

4' 

0,1 l 4 6 I 10 {p{Mrll) 

Pllc.16. 3aB.ll.CRMOCTL BP OT Ep 
,1J,M peaK[l.ll..ll. MD-3aJCBaTa B 32 S , 

illllPliHa HHTepBana aHepr:aff EP ,n.JIJI . Ca paBHa I MaB B o6Jia~TH Ep= 
2-13 MaB, 2 MaB n 3 MaB .n.M ,n.Byic nocne,n.HlllC TotteR_ c Ep•l'.3,0 MaD H 
I4, 75 Msll • ' ,UJUI S lllHPl!Ha HHTepna.na BO BCeM ,n.nanasoHe 
Ep=I,5 MaB.Cpe,n.HeBaBemeHHOe (c y'leTOM annapaTypHoro cneKTpa npoTo
HOB OT,ll.B.'l.ll.) 3HaqeHne B8Jl.ll.'lHHH BP ,ll.JlH BCero ,n.nanasoHa paBHO B = 
= +(0,0073±0,0024) ,1!.JlH Ca H B, = +(0,0019±0,0032) ,n.JIJI S. 

C ytJeTOM BeJllitJHHH OCTaTOtJHOll nOJlHPR3aunH p_.·, ROTOpaH li3Me
PHJlaCL no aneRTpOHaM pacna.na (B ycnoBIDDC perncTpauHH raMMa~nnRa 
B cneRTpe r-ti -pas.neneHRH li HaIDl.'!RH 6HCTPHX COB!la,n.eimff RMilyJJ.I,
COB HeffTPOHHoro ,n.eTeRTOpa li CtJ8TtJruta 5 4), nonyqaJOTCH cne.nyDlllll8 
SHa'!elillH ROBqq)RUll8HTa acHMMeTpHR B, npnBe,ne.lllll,le R 100% nOJlHPRSa
Ullll}'--M830HOB: B/Ij.=+(0,035±0,011) .n.rui: Can B/P,=+(0,015±0,025) 
,n.M ~. 3TH BeJlll'lRH!l MOJKHO Henocpe,n.cTBeHHO cpaB.IIBTt c MHHHMR 
pa6oT* ,n.M -S, nocROJJ.I,Ry·BRna,n.OM HeffTPOHOB otJeHL BHCORIDC 
aHeprnff B nameM cnyqae li ,n.M yRasaHHh!X pa6oT MOJKHO npeHe6peqL. 

A.Astbury et al. P.R.L., _;a, 476 (1959); preprint (1962); 
v.Telegdi.Proc.of the 1960 Annual Int.conf.on High Energy Phys. 
at Rocheeter,p.713(1960) 
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Pesym,TaTH .naHHoro 8RcnepRMeHTa Ha cy~eCTBeHHO 6onee BHCOROM 
ypoBHe CTaTRCTR'l8CROff TOtJHOCTli He nO,n.TBepllt,ttaDT BHBO,n.a pa.6oT* 0 Ha-
6JID,n.eHHn sHatJRTeJILHOff OTpnuaTeJJ.I,HOff acRMMeTpim B BHJleTe HeffTpOHOB 
npn Mn-saxBaTe B 32:L , . · . . 

IlonytJeHH!le HaMn·peayJILT8TH He·npOTRBopetJaT peaOHaHCHOll MO,ne
JIR SI,D;epHoro MD-S8XB8Ta, nOCROJILRY Olla npe,n.cKaSHBaeT** HyJieBOe sHa
qeHRe ROBqq)RUll8HTa acRMMeTpRR npn ycpe,n.HeHB.H no 60JJ.I,WOMy RHTepBaJiy 
aHepr.im HeffTpOHOB (nJIR npoToHOB oT,n.aqn). MMeeTcH yRasaHHeJ,Ha cy
~ecTBOBa.lme q,nyRTYB.Uliff B 3H8'18IillRROaq,q,HUli0HTa acHMMeTpRR 91_,n.Jlll 
,ll.JIH Ga: B RHTepBaJie 345 MaB Ha6JID,n.aeTCH o6JiaCTL acHMMeTpRR no
JIOlltRTeJJ.I,HOrO 3HaKa. lIOJiy'1:18HH1,18 HaMR pesyJILTaTH He npOTHBOPetJaT 
,naHHHM pa6oT•••, IlOCKOJU,Ry_nocJie,n.IIRe OTHOCHTCH R HeffTpOHaM BHCO
RRX aHeprliff. 

.. ill e C T a H . r JI a B a .nnccepTaUHR co,n.epuT onncaHRe SKC
nepRMeHT~~o, ~ 1/ no RSMepemm BepOHTHOCTH ,neJieHHH nJiyTOHJIB-239 
M!lOHaMR, 

TaR RaK aHeprnn 2P-1s nepexo.na MD-MesoHa B 239P&e.6oJILme nopo
ra ,neneHWI n aHepra• cB!lSR nocne,n.Hero HeffTpoHa, TO npn 6espa.n.naUH
oHHOM nepexo,n.e BOSMOllBI,I CJI8.nyDIU!e . npoueccH: I} HCnyCRBHJle f
RBaHTOlJ • 2) BHileT HeffTpoHa R 3) .neneIDie. 3TH npouecca, nponcxo,n.H-

llllle B TeqeHHe oqem, ROPOTROro BpeMeHH no. cpaBHeHliD C BpeMeHeM us
HR MD-M830Ha R He conpOBOllt,n.8JlllHeCH ero rn6eJILD, HaSHB8.DT MI'HOB8H
HHMR, a npoQeccH, ROTOpHe CJie,n.yDT nocJie 38XB8Ta MD-M830Ha SI,D;pOM, 
HaSHBB.DT sa,n.eplltaHHHLIR,HJIH MD-38XB8TaMR. 

EcJIH B pesyJU,TaTe 6ea.PS,ItHaunoHHoro nepexo~a nponsomno acnycRa
HHe HeffTpOHa HJIH rBMMa-RBaHTa, TO MD-M8SOH saxBaTHBaeTCH COOTB8TCT
BeHHO H,lij)OM 238Pu. RJIH 239p"' , a ecJIH nponsomno .n.eneHl!e, MesoH JIH-
60 ocTaeTCH Ha o,n.HOM HS OCROJIROB, JIR60 nponcxo,n.nT· pe3MHCCHH, T.e. 
Meson CTaHOBRTCH CB060,n.HHM, BHOBL aaxBaTHBaeTCH H,lij)OM 239P(,t, ,H Kap
THHa nOBTOPfl8TCH, 
• A.Aetbury et al.,P.RoL;3, 476 (1959); preprint (1962); v.Telegdi, 

Pree.of the 1960 Annual-Int.conf.on High Energy Phys.at Rochester 
p.713 (1960) 

•• v.v.Balashov et al-,!'roc.III Int.Conf.on Hi~h Energy Phys.and 
· Nucl.struct.Plenum PreH.N-Y-L,P• 174 (1970) . 

••• B.C.EBceeB R ,n.p~,H~, !,342 (I966); Phys.Lett. §.,332 (1963) 
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BepOJITHOCTI:, )48Jl8H.IDI M8P npn MlO-arurnaTe MOlK8T OllTI:, Bll'lRCJle
Ha, ecJJ.H R3B8CTHa (}yl!KUHJI nosdy;meHnJI MPa (KOTopyIO JlerKO CKOHCT
py.0:ponaTL ·aa ocHOBUHlili .IJ;aHHllX no pacnpe..14eneHnIO BllJleTa pasHoro '!R
ena Hei1TpOHOB npH MI0-3axBUTe) H saB11Cl!MOCTI:, OTHOCHT8J1I:,HOH B8PORT.;; 
HOCTR .n;eneHIDI OT :meprm1 B03dy,meHRR. ,TaKOii cnoco6 pactJeTa CBOdo
.n;eH OT MO.D;eJlI:,HllX npe.n;cTaBJleHnii TaK JKe, KaK n cnocodu;r;ctJeTa 
cpe,naen aHeprlili Boady,mettnJI R,npa npa MIO-saxnaTe (CM. I). OJUiB.Ko 
OTHOCHT8JlI:,HaJI BepoJITHOCTL .neneHIDI pa3JlHtJHa, aanpRMep, .IlJlR .n;eJle
HRR HeiiTPOHaMH H raMMa-KBUHTaMH. Ilb3TOMy cpaBH8Hlie l13MepeHHOH Ha .· 
OnllT8 B8PORTHOCTR ,neJleHHR npR MIO-aaxnaTe C pacctinTaHHot!,.RClCO.nR 
H3 .n;aHHlllC no .Il8Jl8HHIO aeffTPOHaMH Ii raMMa-KBaHTaMR, MOJKeT .ztaTL He
saBRCllMYIO nllipopMawiJO O TOM, KaKOMY li3 3Tl1X nponeccoB ,neneHR8 npli 
MJO-aaxnaTe 6J1Rllte. 

HcnOJ1I:,30B8.HRe ,ll;JlR onpe,neJleHlrn B8POJITHOCTH .n;eneHIDI M8TO.n;HKR, 
CBJI3aHHOH C perRCTPanl\8H HeiiTPOHOB, .naeT pR.n cy~ecTB8HHllX npeHMy
~eCTB no cpaBHeHHIO C M8TO.D;8MH perRCTPanml OCKOJlKOB .n;eJleHRJI. B 
cnyqae RCnOJ1I:,30B8.HliJI Hei1TPOHOB noJlHOCTLIO OTCYTCTByeT npodJleMa 
onpe.n;eJleHHR 'lHCJla OCTaHOBOK MIOOHOB B MID1!8HR, T.K. OHa MOllteT 
61,1TI:, .nocTaTO'lHO MaCCl!BHOH; HeT TaKJK8 npodJleM, . CBl!3aHHblX C dOJlI:,
won sarpy3KOH aJ1I:,!pa_-tiacTRUaMR. 3RcnepllM8HTaJlI:,HllH MaTepaaJl HadR
paeTCR dblCTPO, M8TO.n;HKa BOCCTaHOBJl8HIDI 3HepreTR'l8CKliX Het!TpOHHllX 
cneKTPOB ll3 annapaTypHllX cneRTPOB npOTOHOB OT,natJH xopomo paspa
doTaHa n nponepeHa. 

B HacTo~eM aKcnepH.MeHTe nsMepeHll cneKTPll HeffTEOHOB OT dea
pa;nnaUHOHHllX nepexo.ztOB B 239P&c. a OT MI0-3aXBaTa -B 23-:1p.., B HHTep
Ba.Jle aHeprlili 2,4-10 MaB n BllXO.Il HeiiTpOHOB .Aft, (MrHOBeHHlle + aa
XBaTHlle} Ha O.D;liH aKT OCTaHOBKli M!O-M830Ha B liHTepnane 2,6-8;6 MaB. 
3Rcnepm1eiiTaJ1I:,HM ycTaHoBKa onncaHa B rnane IY~ 

BpeMenn6e pacnpe.neneHne .n;JlR aHeprlili npoTOHOB oT,na'lli Ep=3,1 
MaB a MlUlleHeii ns Pw. , Cal , Bl noKasano Ha puc .17. C nOMo~KJ Me- -
TO.zta Haru.t8HI:,filliX KBa.JJJ)aTOB pa3,neJ1eHll MrHOB8HHM "n sa.n;epJKaHHaR KOlll
llOHeHTll :apeM8HH6ro cneKTpa.·B .ztaJ1I:,HeiimeM 3HatieHHR .0.HTerpaJlOB-llO.Il 
3TllM.0. yqacTRaMli cneKTPOB HCilOJlI:,30BAJlHCI:, .IlJlR llOCTpoemrn annapaTyp
HOro n anepreTntiecKoro cneKTpa npoTOHOB oT.natin n saTeM - ~na nony
'l8HHll 3HepreTH'l8CKoro cneKTpa MrHOB8HHblX H 3a.l(eplltaHHblX aeffTpOHOB 
no M8TO~HKe, OilHCaHHOil B rnaBe rr. 
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Pac.17. Pacnpe.neneHRe BO 
npeMeflH HMilyJll',COB HeiiTpoH
noro·~eTeKTOpa .ztJlR 239Pu, 
B cpaBHeHH.0. c panpe.n;eJ1eHH
eM .D;JlR MHJlleHeii ll3 209Bi 

R Cd. • 

....... ~.-~~~-~~~~..,, 
j 
I 
,r •. 

Pn_c.18. 3HepreTH'l8CKllij 
cneKT.P aeiiTPOHOB R3 perucnmi 
MI0-3aJCBaTa B 239:P~ • 

Ilepe.zt HatianoM nsMepeHHii c P"' 
-- · duno nonytJeHo npeMeHHoe · pacnpe.ztene

HHe ll.MilyJlI:,COB HeiiTpOHHOro·.neTeKTOpa 
· np.0. OCTaHOBKe MIDOHOB B Bi • B TetieHne 

I . 

ncero 3KcnepnMeHTa nepno.ztatJecKn npo-
BO.D;llJlHCb naMepeHllR c MIDIIeHI:,JO ns Cd. 
,l{na Bl oraoweane [; l!HTer.panoB · 
IlO.Il IlHKOM MI'HOBeHHllX H8HTPOHOB Ii 

IlO.Il KPRBO_H. sa.nepataHHllX coBila.neHllli 
nonyqaeTcSI paBHllM ~ ~ 7% B cooT
BeTCTBlin C nony'leHHhlM B padoTe* 
3Ha'leHHeM OTHOCRT8JlI:,HOi1 B8PO.fITHO-,. 
CTR ncnycKaHHR,JlHHe~'laToro cneKTpa 
HeiiTPOHOB OT despa.nlianl\QHHllX nepe-

.. xo.ztoB. MnmeHI:, .is Cd. ncnoJ1I:,sooonac1, . 
.D;JlR ROHTPOJlR sa npliM8CI:,JO OTpnnaTeJlI:,
HllX nROHOB B qncTOM ~KJOHHOM nyqKe, 
IlOCKOJlI:,Ky_B~JleT neiiTPOHOB npn 6es
pa.n;nanHOHHllX nepexo.nax B Me~oaToMe 
Cd. 3HepreTR'l8CKR sanpemeH •. lls .ztaH
HllX, npnBe.n;eHHblX Ha pnc.17, BB.IUlO, 
tJTO .n;JlR MRmeHli ns Ci£ q:°fO. ·· · · 

3nepreTR'l8CKnit cneKTP. neliTPOHOB 
OT MIO-saxnaTa B 239P«. noKasan Ha 
pnc.18. CneKTP MrHOBeHHl:lX neiiTpOHOB 
xapaltTepnayeTCJI T8M JK8 HaKJlOHOM Ii 

ll03T0'1' rllliM R T8M JK8 s;.u., =0,16± 
±0,02 _O, KOTOpoe B 3TID!: ycJlOBliRX 
paBHO OTHOW8Hli!O BblXO.IJ;a MrHOBeHHl:lX 

- neiiTPOHOB R BlllCO.ny .. aa.nepJKaHHl:lX • .nJlR 
napaMeTpa T.zten. ( "TeMnepaTypa") nonyqeno a.liatieHHe 1,29±0, 04. 

llsMepeHHllft cyMMapHllit BllXO.D; HeHTPOHOB Ha o.nny OCTaHoBKy_MlOOHa 
B 239Pu.a B nnTepB8.Jle aneprnH 2,6-8,6 MaB cocTaBJ1ReUft==1,15±0,11. 
Ilpn 3TOM yqTeH ~eKT BTOpl{llHblX .zteneHllti; Bbl31lBa8MHX"H8HTPOHaMR B 
TOJlCTOit MRW8Hli 2 Pu. • TaK RaK R3B8CTHO OTHOmenne MrHOBeHHl:lX net!-
• D.Kessler et al.1 Proc.III Int.Cond.on High Energy Phys.and 

NUcl.Struct. Plenum Press. N-Y-L; p.144 (1970) 
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TPOHOB K sa.neplltaHHHM S:u:="'°ir /Ah,3~.• paB!iOe 0,16±0,02"101. 
TO MOJKHO onpe.neJlll.TI, 1{0Jl.ll'l8CTBO MrHOB8HHlll n sa.neplKaHHHX neilTpOHOB: 
AttM!'. =0,'i6±0,03, ,dh, 3~. =0, 99±0, 12. 

Y'lnTHBaJI, 'ITO cpeAHee 'lllCJlO HeHTpOHOB Ha OJJ.RR aRT .neneHnH ~ 
IlJlYTOHnH npn :rneprnn Bos6yxme1inH G ~ 18 MaB Y = 2, 92+0, 12•, Mu 
nony'lllM .nM Benn'lHHH V tta yqacTRe cne1<rpa nebpoHo; 2,6-8,6 
MsB s11aqe1ine AV = 0, ??5+0, 035. . -

BepomnocTI. despa,nnrumo11Horo n sa,nepJKaHHoro .neneIIBH nocne 
OCTaHOBI<H MIOOHa B 239Pr.c, .: W6p.,neJ1. = Alt,Mr /4y =0,21±0, 04; 
W 3~ • .nen. = VI 6p • .nen. It , r.ne >,.' - OTl!omeHHe MrHOtleHHux .ne

JleHnn K sa.nepJKaHHHM - 6uJ10 nsMepeHo paHee Ha Ra.Mepe . .neneHnH•• n 
COCTaBMeT 0,28±0,04. Tor,na \c,13 ~ • .nen. = 0,74±0,18. 

HepOHTHOCTI, MrHOBeHHoro .neneHHH COCTaBJlHeT 21%, cne,no:aaTem.
HO, B ?9% MBJ-M830H sairnaTu:aaeTCH B 239Pc.c, ' H Ha O,ltHH aRT OCTaHOB
RH npnxo,nnTCH 0,?4 s~eplKaHHIDC .neneHHn, OTRy,na BepOHTHOCTI. s~ep
JKaHHoro .neneHHH Ha o,nnH aKT saxBaTa 0,74±0,18/0,79±0,04=0,94±0,23 
B npe.n;D.OJ10llt8HHH, 'ITO BepOHTHOCTI, pesMnccnn MIO-M830HOB paBHa HyJllJ. 
EcJl.ll npe.n;nonomTI., '!TO nocne MrHOBeHHoro .neJieHH.ll' MBJ-MesoH c Bepo
HTHoc-rMi 100% BHOBI, sax:aaTUBaeTCH .npyr.HM HJIPOM 239p., , TO WI.II Be
pOHTHOCTn · sa,neplltaHHUX .neneHHn Ha aRT sax:aaTa IlOJlY'lHM 3Ha'leHHe 
0,?4±0,18. TrutnM o6pa30M, BepOHTHOCTb sa.neplltaHHoro ,neJieHHH Ha aRT 
saxBliTa · MOllteT MeHHTbCH B npe.nenax 0, ?4±0, 18 ~ ~a.n • .neJI. ~ 0,94± 
±0,23. 

He,naBHO 61mn BHllOJlH8Hl,I npaRTH'l8CKH 6esMo,nem.Hue pacqe.T1,1• • • 
BepomHocTn .neJieHHH ypana n nJiyTOHM npn Mn-sax:aaTe no cxeMe, ns
nollteHHOff B Ha'lane 3TOH rnaBU. EcJIH AM OTHOCRTem.Hon BepoHTHOCTH 
,neJleHIDI RCllOJlbSOBaTb aKcnepHMeHTaJII,HUe ,naHHUe no .nene.HIDJ HeffTpO
HaMH, TO paCC'lHTaHHM BepOHTHOCTb .neJleHHH 239Np npH MI0-38XBaTe 
IlOJlj''laeTCH paBHon 0,29±0,06, a ecJIH HCll0Jlb30BaTb .naHHUe no qJOTO
.neneHHD, TO 0,49±0,12. Ilocne.nHee 3.Ha'leHHe Jlj''lWe COOTBeTCTByeT no
nyqe.HHOMy B a1rnnepHMeHTe O, 74±0, 18. 

• H.H.Kpoman, D.C.3BMHTHH, ATOMHM aHeprnH,29, 95 (1970). 
•• A.Buta et al.,Revue Roumanie de Phys. 1§., 215 (1971) 

••• J.Haderman, K.Junker.,N.P. ~. 521 (1976) 
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• B pa6oTe pacC'lHTaHO Trutxe s!iaqeJIBe BepoHTHOCTH .neneHHH 
238Pa, paBHOe 0,12 n xopomo cor11B.CY1lll188CH c HSMepeHHUM B pa6oTe•• 
H paBHUM 0,15±0,03. 

Cne.no:aATeJII,Ho, n B npouecce .neneHHH npocnelltnBaeTcH attanornH 
M8lKJJ:Y H.!t8PlillMH peaR~HMH MD-SaxBaTa R <}JOTOllOrJlOIJl8HHH. 

B 3aRJIID'\leunn ,nnccepTa~n llO.zt'l8PRRBaeTCH, 'lTO 3RcnepnMeHTaJII,
HOe o6ocHOBaHHe Teopm1 pesoHaHcHoro H.ztepHoro norno!lleHRSI MIOOHOB 
IlOCTaBHJlO Ha npo'\IHYD OCHOBy ne TOJII,RO BCD qJH3HRY H,nepHoro MI0-3a
XBaTa, Hon ueJ1Un PH.It .npyrruc npoueccoB, Be.nynuuc R o6paso:aaHnD 
npocTHX ROJlJleRTHBHlll CTeneHen CBOClo.nu,n llOSBOJlHJlO ycTaHOBnTb, '\ITO 
Bos6yJK,neHHe rnraHTCRHX pesoHattcoB B npoueccax c yqacrneM aneMeH
Taplll,IX '\laCTHU HBJ1H8TCH yHHBepcaJII,HHM CBoncTBOM SI.npa' CB!Isano C 
oco6on qJO!)MOn ROJlJleRTHBHOl'O JUllilK8HHH HJt8pHon MaTepnn 121. 

C nosnunn aTon Teopnn .noun1,1 6HTI. nepecMoTpeHu ooe panee nsy
qaB11rnecH aqlfJeRTH B qinsnRe H.ztepuoro Mn-saxBaTa. 

B 1,1 B O ,It u. 

1. Paspa6oTaHa n BUepnue***n onuTax no MIO-saxBaTy ncnoJII,soBa
Ha MeTO,nHRa nperurnnormon nenTpOHHOtl CllCRTPOCROilHH BHCOROro paspe
memrn C llCllOJlI,30BaHH8M BO,IlOf)O,IlCO,IteJlll(8111HX opraHH'IeCRHX CI~IHTHJlM
TOPOB. 

2. HsMepeHU aHepreTnttecRne cner<Tpu HeiiTponoBns peaRunn no
rno111eHHR MDOIIOB HJJ:PaMli 160, 32 $ n 40ca n HHTepoone 1, 5+14, 0 MaB. 
D cneRTpax neJ;!TpOIIOB o6napyllteHa JlHHeilqaTM CTPYRTypa, T.O. nony'tle
IIO npm1oe n uenocpe,ncTneHnoe .noRasaTeJII,CTBO cnpane.nnnnocTH oc,on-
11ux no1101twnnll Teopirn pesouaucnoro nornolJleHnH MIOOHOB HJtpaMn112 • -

3. IIoRasauo, '\ITO ROJIJleRTHBHHe RBaSHCTa~oHapnue COCTOHHHH 
npoMeJKyTottuoro SI,npa (A, ~-1), nosely~aeMue 13 peaRUHH n.I{epnoro MIO
aaxnara, HBJlHIOTCR l-lSOTOill-!'lecRHMll auanoraMl-1 COCTOHHHI! rnraHTCROI'O 
)IJ1IloJU,Horo pesouauca, nos6yxqneMoro n SI,npe-M1-1menn (Ai e); nonyqe
uo HOJlH'\18CTBeHHOe no,nTB0P7K.11CHHe pacqeTOD IlOJlOJKel!HSI RBa3llCTUIU1011ap
IlUX yporuiell B H.npe 16 N na ocuone Teop1m pesouancuoro norno!llellnSI c 
TO'\ll!OCTI.ll. B I!eCROJlI,KO .necHT!lX .non en MaB ( npn aneprnn COCTOSIHHil 
~ 20 MaD). 

-.~ J.Had.erman, K;Junker, N.P. A256, 521 (1976) 
!!.P.Baertachi et a1.,n.P. A294,7'69 (1978) 

Bee ::mcnepHMellTaJU,Jille pesyJU,TaT11 ,nnccepTaunn nonyqeuu nnepaue, 
lluno,Itu C,Itcnauu raue anepnue. 
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4. 1131Aepem,1 3.Ha'lemm a6coJ1JOTHoro Bmco.na aei!TpOHOB Ha O.ItHH 
aKT MJ0-3:aJCBaTa B 160, 32$, 40ca. 3.Ha'leHlle Bl1XO.ll.a He,TpOHOB B 
'16 o ( VI :.i1<cn. = 0,53±0,07 B nHTepoone :rneprnn HeilTpOHOB 2,5±7 ,5 
i.bE) cornacyeTCfI C pacqeTaMll Ha OCHOBe Teopm1 pe30HaHCHOrO .fl,Itep
llCJI'O nornomemrn MJJOHOB ( V/ Teop. =0,68 B TOM ;;(e :rnepreT11.qec1wM 
,nlilana301ieJ 11 fIBAAeTc.fI ueaaB!lCHMl1M .no1maaTeJll>cTBOM ee cnp1.1Be.n.nn
BOCTn. 

5. OnpeneneH Bep)(llll.ii npe,nen .ll.JL'I ecTecTBeHHoii mnpmUJ 1WJJJ1e1<
nmu11x KBa311CTaIUIO!lap1111x COCTOf!HllH, B03~YlK.D.aeM!1X B peammn nnep
hOro u10-aaxnaTa, paBH11il npuMepHo 0,5 ;,laB; 3TO npe.n.em,noe auaqeHRe 
11e npoTirnope•rnT npe.n.mmaaHn.m.1 Teopm1 peaoaauc11oro 11.nepHoro norno
·~ernrn MIOO!l'.>B. 

6. 1la1Ae~eH11 a11epreT11t1ecrrne cneKTpu neilTponoB 113 peammil MID
anxEaTa B '12 l, Pb 11 

232th. B HHTe~roJle aHeprun 11ei!TpoHoB 1, 5 ... 9 
:·faB n 113 peamurn 1fioTonornou.ieHn11 B 81 Ta, .Pb , 209m 11 232Th B HH
TepBaJJe aueprmt He0TpO!!OB 2+5 MaB. Ha OCHOBe .l{aJIHUX no cneKTpflM 
HeltTpOHOB BWutCJl8H!,i 3Hal!81UIJJ napauerpa IlJIOTHOCTH ypoBHelt H noKa-
3aHO, l!TO .l{JIH peax~HH MD-3axBaTa li ~OTonornomeHHH OTCyTCTByeT pe3-
Kru! 3aBHCHMOCTb napa.uerpa IlJIOTHOCTH OT MaCCOBoro l!HCJla B odnaCTH 
cBnH~a,xapaKTepHaa ,nna a.nepH1,1x peax~nlt, nporeKaDmnx c o6pa3oBaHneu 
cocraauoro a.npa. 

7. COIJM8CTl!Uil anamrn 3KcnepliM6HTaJll>Hl1X .n.aHHIDC no cneKTPaM 
11etlTpOHOB 113 peaKIUiil MJJ-3aJCBaTa ll. tpOTOil0!'Jl0lll8HIDI Il03BOAAeT c.n.e
naTI, B!ilBO.ll. 0 TOM, 'lTO npnpo.na KOJ1Jl8RTUBHUX KBa3l1CTaIUIOHaplll1X co
CTOJIHllil Cyll!eCTBeHHO He MeHf!8TCJI .no RX pacna.n.a .n.alKe B CaMIDC T,rne
Jll:IX a.npax,11 'lTO B aTnx peammruc He npoacxo.ll.HT 3aMeTHoro 06pa30Ea
lilif! COCTaB11oro Mpa. 

8. ll3Mepe!!O yrJlOBOe pacn~C.ll.8Jl8Hl1e npOTOHOB OT,naqu .ll.M Hei1Tpo-
110D 113 peaKIUill. MJJ-3ax:saTa B 3 $ (UHTep:san 3!!epruu npOTO!!OB OT.D,a- . 
qu 2,5+10 MaB) n B 40ca (liHTepron 2+17 MaB). IloRaaano, qTo 311aqe
nn,1 KO:.Jq4'l11Ul8HTa acm,IMeTpll.ll B yrJlOBOM pacnpe.IJ,eJ1eHID1 HeilTpOHOB llll.3-
KllX I1 cpe.naux 3Heprui-l 6JlU3Kll K Hynro; 3TOT Bl1BO,n l!aXO.ll.llTCJI B corna
Clili c npencKaaaHHeM Teop1111 pe3ol!aacHoro JI.D,epHoro nornoQeHnf! Mroo
HOB. 

9. C IlOMOIJll,D HOBon MeTO,ll,aKll 1131,1epem1 a11epreTH'l8CKl1e cneKTPlil 
MI'HOBBHIIHX 11 aa,nepl!ta!iHUX HeilTpOHOB npn OCTaHOBRe MIOOHOB B MHID8HH 

24 

HS 239Pu. u onpe,neneHll adcOJlJOTH!ile BepOfITHOCTll .neneJOOI 239 Np npH 
MJJ-3aJCBaTe Ha O.ll.IIY OCTaHOBRy MIOO.Ha ( W =0, 74±0, 18) n 239pl(, npn 
Cleapa.ll.llarnrnHHwc nepexo.n.ax ( W =0,21±0,01). Ilonyqemme aHaqe1ma 
naxo.wiTc.11 B cornaclili c pact1eTru.m, onnpaIOuu1MHc.11 Ha auaJ1or.nro npo-
neccoB Mn-saxooTa n woToBoaelyllt,Il;eHll.11. • 
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