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BBe,n;eID'Ie 

B HaCTORmee BpeMH HHTeHCHBHO paSBHBaIDTeH TeOpeT~eCKHe R SKCne
1" pKMeHTanbHUe Rccne,n;OBaHHH SMRCCHH npe,n;paBHOBeCHHX qaCTRU B peaKDnRX 

C THXe~UMM ROHaMH npR sHeprHHX 10-20 MsB/HYKnoH. 
Mccne,n;oBaHRff xapaKTepRCTRK npe,n;paBHOBeCHHX qaCTHU ,n;aIDTBaxHYID 

HHWoPMall»ID o ~aMRKe nOBe,n;eHHH B3aHMO~e~cTBYromeM CHCTeMH Ha paHHeH 
CTa,D;HH peaKllaH .no YCTaHO~eHRff n~Horo TennoBoro paBHoBecHH. OCO
6Ka HHTepec c STOR TOtIRH 3peHRff npe,n;cTaBnHIDT HeRTpoHU, xapaKTepHcTH
KH SMHCCHH KOTOp~ He HC~CH KY~OHOBCKHM naneM B3aHMo,n;e~CTBYromKX 

anep, 
no HaCTORmero BpeMeHH HeT CHCTeMaTHqeCKHX Hccne,n;OBaHHK Buxo,n;a 

6~CTpUX He:t1TpoHOB B 3aBHCHMOCTH OT MaCCOBOro qzcna H.n;pa-rMnlIeH~. ~

HHHe H.n;Pa-~eID'I H3ytIanOCb ~HlliD ~ SMHCCHR sa~eHHHX qaCTHr(I,2 • 
B paocre II 6wro nOKaSaHO, tITO IDIKJII03HBHllí1 BKJIM 6UCTpIlX sapaxeaaax 
qaCTHU OtIeHb cna60 3aBHCHT OT H,1!;pa-MMllieHH. 3KCnepHMeHTU npoBO.n;RnHcb 
n~H B3aHMO,n;e~cTBHH YCKopeHHux HOHO~ 160 (I3 M~B/HYKn0i) c MHllieHRMH 
I C, 56 Fe , 91 l r • Ha OCHOBe STJIX ,n;aHHIlX B paoore li 6WI cnsnan 
BUBO,n; o ne:JnWePHlffioCTH npouecca·H o TOM, qTO H.n;pa-MHIHeHH HrpaIDT poJIb 

"cnereraropa" B npouecce 06paSOBaHHH CíUCTPUX qaCTHU. C ,n;Pyro~ ÇTOpO
HU B pa60Te/ 21 .rr.mr peaKlUf~ c HOHaMR 22Ne (178 MsB) aa anpax I59 Tb , 
I8ITa, 197Au , 232Th 6WIa aaãneaa CMbHM 3aBHCHMOCTb mzxona 6UCT
pux Q( - tIaCTHU OT SHeprHH oT,n;/e~ Hcrryu~eHHoH o(-qaCTHI..J;ll B H.n;Pe-MH
rneHR. TaK KaK B 06eJIX pa60T8X 1,2 Hccne,n;OB~Cb peaKUKH Ha pa3HHX 
MHllieHHX, ~ KOTOpHX SHeprHH OT,n;eJIeHHH' p~rHCTpHpyeMUX qaCTHU CMbHO 
paanRqannCb,TO pasHUe pesY~bTaTu, norryqeHHUe B STHX .n;Byx pa60Tax, 
B03MOJKHO,06MCHmOTCH cyrnecTBoBaIUleM npyrax epaKTopoB, BJrnmrnurx B pa3
HOn CTeneHH Ha BUXO,n; 6UCTPUX qaCTHU B TOM RnH ,n;pyroM cnyqae. 

B HaCTORme~ pa60Te Hccne,n;OBaneH BHXO,n; 6UCTpHX He~poHOB npH 
B3aHMo,n;e~CTBHH YCKopeHHHX HOHOB 12C (105 MsB) c MHilleHffMR HS I2C, 
27 AL , 56 Fe , II4, 124 5 n , I8ITa.. Bu60p STJIX MmIleHeR 06'b.fICHHeTCR 
oonsuoã paaaaneã aaepraã CBfl:SH HeftrpoHoB B Hccne,n;yeMllX anpax (7,6"';
-:- 18,7 MsB). OTHOCHTeJIbHO He60JIDIJ1aH SHepI'IDI: 60Meíap.IUlPYIOO.tHX HOHOB oa
~a Bu6paHa R3 cne,n;yIOmRX co06paxeHHR. Bo-nepBHX, o~anOCb, qTO Rccne
,n;yeMoe BJIIDIID:le SHeprrllI CBIISH HCrryIIleHHHX tIaCTHU B CTanKHBammXCR anpax 
naaconee CHJIbHO 6y,n;eT npo.fIBJIiITbCR npa HHSICHX SHepI'IDIX. BO-:-BTOpUX, STa 
SHepI'IDI: COOTBeTcTByeT SHepI'HH BCíJm3R "nopora" HcrrYCKaHIDI npe,n;paBHOBeC
HHX HeftrpoHOB (CM., HanpHMep, CHCTeMaTHKY 13/), qTO npe,n;cT~eT HH
Tepec. c TOtIKH 3p~HHH Borrpoca o cymecTBOBaHHH HeHCnapHTeJIbHOH ROMilOHeH
TU B ~ccne,n;yeMUX peaKUKrtx. 

IH~! UHCTITY'!' \ 
.......1 1{(":H~JlOnÃU3e 

&",IU-!~~TEKA 

. 

,.. -... 



~ HHTepnpeTaumi BKCnepHMeHTaJILHHX ~aHHHX B HaCTORmett pa60Te 
HCnanL30BanaCL ~YXCTa~KHaH MO~an~ HCrryCKaHRff npe~aBHOBeCH~ HYIt
JIOHOB /4/ (,IJJv1IIH). Be3 nonronxa Ka.KIDC-JIH60 napaaerpoa B paMKaX BTOií . 
~Hro.mqeCROií MO~eJIH MOJKHO paccsaraes a6COJIIOTHl:l8, ~a.i!\I(H ~Q:<IJepeHIur

anLH~e CeqeHRff HCrryCKaHRff npe~paBHOBeCHHX HeitTpoHOB. XOTR 3Ta MO~eJIL 

6ana pa3BHTa ~ 6anee BRCOKHX 3HeprRtt óOM6ap~PYromHX HOHOB 
(~20 MsB/HYKJIOH),nMITH XOpOlliO OnaCUBaeT BHXO~H,yrJIOBHe R sHspreTR~SC
RRe pacrrpe~arreHHH nps~aBHOBeCHHX HefiTpOHOB R npn sHeprllRX 
-10 MsB/HYEJIOH/4~conocTaBllHHpaCqeTH,BHllanHeHH~e no ll~~,c BRcnspR
MeHTanLHW~H pe3YJInTaTaMH,nOJIyqeHHllMH B HacTo~efi pa60Te,MH TaroKe 60
JIee ~eTanLHO MO~eM HCCJIe~OBaTL Bonpoc o npaKTnqeCROM HKmHeM 3Hepre
.TliqeCROM npeneae npliMeH:laMOCTH JlM[ÚI no OTHOlliemuo R miKJII03RBHl:lM ~aH-
HIDJI. 

MeTognKa BRcnepHMeHTa li pe3YJILTaTR H3MepeHHtt 

06J.ryqeIme MHllieHett I2C, 2? Ai , 56 Fe , II4, 124 5 n , I8ITa npo

BO~OCL Ha B~~eHHOM nyqRe HOHOB yrJIepo~a o 3Heprnett 105 M3B yc
ROpHTe~q y-200 KHP OMffM. H3MepeHHe cneRTpoB HettTpoHoB ocymeCTBJIR
JIOCL MeTO~OM BpeM8Hli npoHeTa B ~ana30He 8Heprnn 4+30 MaB. ~ on
pe~eJIeHHH ~Ha OT HeitTpoHOB H ~- Iffi8HTOB lionanLaOBaJIHCL li3MepeHHR 
~TY~Hax pacnpe~8JIeHHfi,a T~e MeTo~n/t - pa3~aneHHfl.Oc060e 

BlU1MB,HHe y~aneHo nonpocy <l>oPMHPOBamtR: ny'tma MOHOB, TaR KaR R0JIJII1
MaTOp li ~awpaI'Ml{ caMH RBJI.mOTC.fl liCTO'tUmItaMl:'l !I>oHOBWC He~poHOB. tIacTL 
,nlIa{f>paI'M ~CTaHrmOHHO YCTaHaB1Ilffi8JIaCL aa BpeMR: HaOTpo:nIm li YÓHpanaCL 
BC BpeMH npoBe~eHHa H3MepeHHA. ~ 06eOneQ8HRa ~eHT~OCTH 3RcnepH
MeHTaJILHIlX YCJIOBllit H3MepeHIDI npoBO,ItWIROL 08p:wIMn, MeJKJ(y ROTOpl:lMH 
OQYm8CT~OL W0HOBRe H ROHTpoJILHH8 H3M8p8~. TOR rryqKa llOHOB 
yrJIl:lpo~a B 3RCneplIMeHTe COCTaBJI.R'JI 100 HA. Bp8M8HHoe paspeueaae erres
rpoaerpa COCTaBJI&]J0 .... 3 HC PI onpenezaxocs B OcHOBHOM MHRPOCTPYKTY
poã rryqKa HOHOB, TaR KaR JI,7IH nanyqeHIDI BpeMeHHOn OTMeTIm acnonsao
BaJIC.fl ~eTeKTOp na ocaose MHRpoKa.HaJI:bHIlX roraorza (MKl1), I<OTOpl:di BH
paóaTUEaJI cTaPTo~ií CllrHaJI npn npoxo~eHHR 0~ep8~oro crycTKa MO

HOB. H3MepeHHH npoBo~cL ~ yrJIOB OT 00 ~o I200 no OTHOllieHPIID K 
HanpaaneImID nyqRa ROHOB. PerncTpaunH aÓCOJIIDTI~ 3Haqe~ nOTORa 
ROHOB, n~aromKX Ha MHllieRD, npoBo~aoL rryTeM H3MepeHRR qnCJIa pac
ceRHHHX HOHOB Ha MHllieIm ~R Ha TOHROa 3OHOTOa ~nre. B 3KCnepHMeH
Te ~ Bcex ~ep li JI,7IH Bcex ~6paHHHX yrJIOB HOnQJIL30BanRCL "TOJIC
TRe" MmUeIm c 1> = 10 MM, a B nesoropsx OJIYqaRX - "roasae", "Tan
crue" MHIIleIm npHMeHRJIHCL JI,7IH nOBRllieHIDI cTaTHCTMlIeCI\Otl: TO~OCTH H 
YJIYqrnemm ~HOBI:tt YCJIOBHit, a "TOHIGte" - ,lJ)IJl 60JIee rounoro onpenene
HRff ~KTHBHOro ceqeHRH 3MHCCHH HeitTpoHOB. ITpH 06paÓOTRe peSYJILTa
TOB", nOJIYqeHIIHX aa "~OJICT~" r.mrneHíIX,HCnOJIL30BaJWCL 8<fxIleKTHBHl:le 
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aaepraa HOHOB yrorepona E'.4 . ,1lJIJI peasnaa I2C+ I8IT8 saaxeaae EJ~; 
onpe~eJIRJIOCL na CpaBHeImJI c HSMepeImJIMll Ha "TOHROR" MHllieHH: 3RCnepPI
MeHT8JILHHe CneKTpH na "TOJICTOií" MIDileHH c xopouieã TO'tffiOCTLID (B IIpe~e
JIax CTaTHCT~eCRO~ OillHÓKH) COBna~8IDT c COOTBeTCTBY~MH Cn8KTpaMM Ha 
"TOHROR" MHllieHH npa ENl&. = 92 M8B~E~t. A6cOJIIDTHaH HOpMPIpOBKa 3RcnePPI
MeHTanLHRX CneKTpOB ,lJ)IJl 3TO:a pea~ nonyqeHa c HCn~:b30B8HHeM 3Haqe
HIDI cexeaaa CJIR.filUffi Mfl E:a~~ , B3RToro lI3 paoora 5/.,Unfl ~YrHX 
peaKUnií E~++ H aÓCORIDTHaR HOpMHpoBRa OneHRBaJIHCn o HCnanL30BaHHeM 
cne~IDmero COOTHOllieHllfl: 

õ(E 3 4> 4» = 5 + ~~:4>!~~) .(6.- õ) , 

r~e Eo - Hi~anLHaR 3HeprnJI PIOHOB R E)o -CeqeHHe CJIHRHEH npn 
3TO:a aneprna /5 ,E - cpe,ItH5IJI aaepraa no CeqeHIDO cnRmlIDi H e
COOTBSTOTBYI<Jl\ee cexenae cn:H.H.HIDI. IIpe~oJIaraeTcfl, T.I'ro CooTHOlUeHHe 

E)t/>./E COXpaHJI8TCJI.nJIJI acex MmIleHeií R COCTaBJIJIeT E"+<I>/E = 1,,2. 
(fr'0 COOTHOllieHHe onpe~eJlJOIOCL B OIWTax c "roaoroã'' H "TOHROA" T8HT8
ROBO~ MHllieHLID. HeTO'IROCTL onpe~eJIeHHR aÓC~IIDTHIiX 3HaqeHHA ~ 

~lfqJepeHIuraJILHllX CeqeHH:H 3Ml1CCIDf HeliTpoHOB c yqeTOM norpennocra B 
onpeneaenaa E~.pr/> ,6'3+; , TOJIIltIDi~ r.mllieHH, S<MeRT:HBHOCTn peracr
pallIDI He~TpOHOB R ~pyrKX MeTo,nnqeCKHX norpeillHOCTeií He npeBRlliaJIa 40%. 

neTeKTHpon8HHe He~TpoHoB npoH3Bo~OCL CUHHT~OHHIiMH 6JIOKa
MPI, R3roTOBJIeHHHMH Ha ocHOBe MOHORPRCTanJIOB.cTRnL6eHa ~ ?OX50 MM H 
Wo'1'0YMHO~TeJIe:tf '1>3Y-82. A6COJIIDTHaR HOpMHpoBKa CBeTOBllXo~a H H3Mepe
HHfl 8~KT:HBHOCTH npOBo~aCL Ha aneKTpoCTaTH~eCKOM reHepaTope BaH
ne-Tpaaéa R HenTpoHHoM reaeparope HT-400 Pazraeaoro IDICTHTYT8 c HO
nanLSOBaHHeM nOTORa MOHOBHepreTHqeCKHX He:tfTpoHoB n3 peaRDnH TCd,n)·He, 
T ( p, n ) J He, D(0/, ti )3He. To~oCTL onpenenenaa aqxpe KTHBHOCTH E" 
cneKTpoMeTpa COCTaBJIJIeT 5~IO%. 

KaJil'IÓpoBKa onesrpoaerpaseczoro HeiíT~HHoro KaHaJIa ocymeCTBJISI
RaCL c nOMo!IlDIO p8.II.HOaKTHBHwc HCTO~ROB T 2 Sn ,I3? Cs , 22 Nq , 
88 Y R (Po - Be). Vf3MepeHIDI IIpoBo.zntJIHCL aa nponerasx 6a38X OT 
100 no 200 eM.• Barracs naanxx, COpTHpoBKa C06HTHH H W0PMHpOBamre 
~YXMepHmr MaTplin a.MII.llliTy,na-BpeMa(A-T) ocymeCTBJIJiJIaCL B pezaae OH
JIaIDI aa CM-3A. llaJILHe}huaJI OÓpaÓOT1\8 zraaaax, a TaroKe rronpanza na 
BpeMeHHoe pa3pellieHHe npOBO,I(WI8CL Ha EC-I033. 

Ha pRC. 2-5 rrpe~CTaBJIeHH pe3YJI:bTaT~ H3MepeHHH ~~peHnnaJILHRX 

CneKTpOB ~enTpoHoB B paccM8TpHBaeMbIX peaRuaax. BH~O, '!TO BO Bcex 
CJIYqaax H8~aIOTCJI no KpattRett Mepe ,1U38 KOMIlOHeHTa, XapaKTepKsyeMHX 
pa3HbIMH HaK7IOHar.rn dõIdE.,. B 06JlaCTH HH3ImX H BhICOIGIX 3HepI'lrtt HeitT
poHOB, nPHqeM H3MeHeHHe HaK7IOH8 npoHCXO~ B 06RaCTH ~ IO.MaB. 3TH 
.n;Be ROMIIOHeHTll COOTBeTCTBYIDT BK7Ia,ny OT paBHoBecHoro H HepaBHoBecHoro 
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HcrrYCK8HRH HeftTpoHOB. 8HepreTH~eCRHe CrreKTpH HcrryCKaeMHX HeMTpOHOB B 
OÓ~aCTH HH3KKX SHeprHR MOrYT ÓHTb OrrnCaHH B paMKaX KaC~oro paBHO~ 

BeCHOrO HCrrapeHRH He~pOHOB B OCHOBHOM lI3 COcTaBHoro ~pa. B CBa3H C 
BHCOIDiM noporox perncrpanaa (4 MsB) 3Ha~TeirbHaH ~aCTb HeRTpoHoB ae 
per.HCTpHpOBanacb lI,booTBeTcTBeHHo,TPY~O OnsHHTb nGnHaa BHXO~ lIcnapH
TeJIbHID{ HeRTpoHOB" H HX Cpe,1UUOIO aaeprzn. ECJm lICrrOJIb30BaTb MfI oueaxa 
BHXO~a paBHOBeCHHX He~TpOHOB B OÓJIaCTH SHeprR~ I~30 MsB M8KCBe~OB
CKOe pacnpeneaenae (N""'exp (- E~ IT) ) c HOpMHpOBKOít rro Y~CTKy cnex
rpa 5..;.. Ia MaB, TO BI:lXO,n paBHQBeCHWC He~pOHOB non' yrJIOM 00 yMeHI>
llIaeTOJI OT 181Ta K 120, a OTHOCHTeJIbHW1 BK7I~ paBHoBecHWC HeRTpoHoB 

B 3TO~ OÓJIaCTH pacTeT li RBJIHeTCfl HalIÓGnblliHM MfI ~ep yrJIepo~a. KaK 
B~O 1I3 SKCneplIMeHTéJIbHHX ,naHHHX,oCHOBHO~ BK7I~ B BHcoKoaHepreTlI~ec
KYIO qaCTb cnexrpa (CBl:llII8 Ia MaB) BHOOJIT Heíh'poHH JK8CTKOro npenpasao
BecHoro KOMITOH8HTa, napaMe!p TeMITepaTypH KOTOpOro 3Ha~TeJIbHO BHllie 
paBHoBecHoro 3HaqeHlIH. Bwco,n np8~aBHoBecHwc HeftTpoHoB c~ecTB~HHo 3a
BKORT OT yrJIa BWIeTa e, 8 lIMeHHO: c YBeJIlI~eHHeM yrJIa peracrpanaa no 
OTHOllIeHHIO K rryqKy HOHOB BUXO,n ~aHHOro ROMITOHeHTa pe3KO rr~aeT. MOJftHO 
OTM8THTh, qTO yrJIOBaR 3aBHCHMOCTb CHJIbHO OTJIHqaeTCH ~ pa3JIHqnwc 
R.nep-MRilleHe~~ t~o, B OCHOBHOM, CBfl38H0 c YBeJIHqeHHeM rrepeHOCHO~ CKO
POCTH anpa, lI3 KOTOPOro rrpoHCXO.n;HT aMHCCIDI Heíh'poHOB. Heooxomeso OT
MeTlITb, qTO rrapaMeTp TeMITepaTypH npe~aBHoBecHoro KOMITOHeHTa 
3aBHCHT KaK OT yrJIa pernCTpamm B ~aóopaTopHoft CHCTeMe, TaK H OT ~
pa-MHlII8HH. HarrpHMep, napaMeTp TeMllepaTY~H JKeCTKO~ ~aCTH cneKTpa MeHH~ 

eTOJI OT 6,6 MaB B crryqae peaK~ 120 + 20,n0 4,8 MaB MfI peaKmnI 
120 + 181Ta (npa 00 ). 

HaMH rrpoBo~ocb cpaBHeHH8 BHXO~OB H 9HepreTlIqeCKHX cn8KTpoB Heft
TPOHOB 1I3 peaKUHa aa asoronax OJIOBa 145 n H 124 Sn c UeJIbID BIDWHe

liRa BnHHHRH HYK7IOHHOro COCTaBa ~a-MHilleHH Ha BepoHTHOCTb 9MHCClfH He
paBHoBecHHX HeftTpoHoB. 8KcnepHMeHTaJIbHHe nanaue (pHC. 5) nosaaasaer, 
qTO HMeeTCH pa3JIH~e KaK B BHXO,nax, TaK H B aHepreTHqeCKHX cnezrpax 
HelTpoHOB. nna OÓOHX H30TonOB OJIOBa HaÓJI~aIOTCa KOMITOHeHTH c TeMITepa
TYPaMH OKOJIO 5 MaB. Buxo,n He~TpoHoB c 9H8prHRMH BHlIIe 15 MaB ~ I24S n 
npemsnaer BHXO~ MfI 114 Sn npaxepno B 1,5-;-.2 pasa. TaImM ocpaaoa, 9K
CnepHMeHTanbHHe ,naHHHe nOKa3lffiaIDT, qTO xapaKTepHCTHKK JKeCTKoro HepaB
HOBecHoro KOMllOHeHTa Heíh'poHHoro crreKTpa saBRCHT OT MaCCH II HYKJIOHHoro 
COCT8Ba ~a-MHlIIeHH. 

AHaJm3 aKCnepHMeHTaJIhHHX ,naHllHX 

B HaCTonmee BpeMH cymecTByeT ÓOJIbmOe KOJIlIqeCTBO Mo,naneft, HCnOJlb

3ye~ ~fl HHTepnp8Ta~ xipaKTeplICTlIK npe.npaBHoBecHux ~aCTHU B pe
aKIJ;MX c TSDKeJIl:lMH HOHaMH 6-28 • TIo osoeâ {f>H3l:1qeCKoit KaPTHHe OHH Kpaft

He pa3JIHqnH. 8TH MO~eJIR MOJKHO KJIaCcHWRU3poBaTb no cooTBeTcTBYIOmHM rrpe,n
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rrOJlOJKeRRRM o poJIlI ~yx~acTH~oro HYK7IOH-HYK7IOHHOro B3aHMo,neRcTBHH. 
O~M KpaA!mM c...1y~aeM HBJImOTCH .paamraase MO,IJ;HePlIKaIJ;m'I MO,neJIH "ropaxe
ro HCTO'tffiHKa" /6-13/, HeJIBHO rrpennoaaramrae ,nOMJiHHPYIOlIlYIO poJIb ~BYX~ 
qaCTlI~HX CTOJIKHOBeHHft, T. e. .D;OCTaTOqnO MaJIYIO ;rr.JIHHY CBOÓO~Oro npo

I • 

óera II ~oe BpeMH peJIaKCaUKH, npHBo~e K oópa30BaHHIO B03óy~eH-
HOa 30HH, CTaTHCTfleCIGi HcrryC.KaI<llUeit qaCTIUJ;bI. Ilapaaerpaaanaa THna 
1I~~meroc.R: ro~ero HCTO"l{HlIKa" (,II:rn) /10-13/ H "ropaxero spananne
roca l1HTHa" crsm 10/ II03BOJIIDOT nOJIytrnTb xopomee COrJIaCHe c 8Kcne~i
MeHTanbHHME ~aHHHMH ,n~e B CJIY~ae KoppanRUaoHHUX H3MepeHH~ /30,3 • 

O~aKo OHM He co,ne~T .n;HHa~m~eCKoro OITlICaHHH BpeMeHHo~ 3BOJIIDUKH HC
TO"l{HHK8, a tf?R3WIecK.Iti1 CM!:lOJI IlO,rçrOHRGMbIX napaaarpoa (nanpzxep , 
"CKOPOCTb HCTo~Ka") BOOÓme He flceH. 

,IWYrHM KpaIDmM CJIY~aeM aBJImoTCfl MO~8J11I opennero nOM, B KOTO
psx pozs .ItBYX1IaCTH"l{Hmc HYI(JJOH-HYK7I()HHUX CTOJIlmOBeIrn~ CBO,nRTCR K {f>op
MHpOBaHHID cpe~ero rrOJlH, B KOTOpOM HYKJIOHH ~HraroTCR KBa3HCBOÓO,nH0. 
K 3TOti xareropza MOJKHO OTHeCTIIIna3JIWlliUe MO,JJ;l1ICPHKaIUm MO~8JIlI "rvIT'HO
BeHHO lICrrymeHH~ -qaCjU" (MWI) 8-23/, KBaHTOBOMeX8HH1!ecKHe onaosac
TH"l{HHe MO~eJIH 24-26 H nOJIHOCTbID caMOCOrJIaCOBamiHft,3aBHCRmHft OT 
BpeMeHH MeTO~ Xaprpa - ~K8 (3BX~)/27 ,,28/, KOTOpu:fd .frBJIH8TCH HaRÓOJIee 
nOOJIe,noBaT6JIbHO~ peaJIM3a~e~ npe~CTaBJIeHHfl MM~. O~aKo Bce aTH 
Mo,neJIH ~aroT CJIHIIIKOM ÓOJIbmyIO aazaoeponzn B yrJIOBI:lX pacnpeneneaaax npen
paBHOBeCHI:lX ~aCTHU. KpOMe Toro. B paxaax 3BXiJ? nOJIY~eHO, tIT~ BHXO~ 

ÓHCTP~ jaCTHn CKnbHO aaBRCHT OT 9HeprHM JBH3H HYKnOHa B HaneTaromeM 
HOHe 29, ~TO nporaaopexar 8KcrrepHMeHT'y 12/. ' 

B ~yxcTa~:aHo~ MO,nenH npe,npaBHoBecHoH 3MHCCHH He~poHOB/4/ 
c~8JIBHa nOllHTKa OÓ~e.nRH8HRH 3THX pa3JIK~ux llpe,ncTaBJIeHHH o M8
xaRR3Me RCnycRaHRH ÓHCTpWC ~aCTRU. 

Mcxo,nHHM rryHKTOM ST~:a: ,IUlHaMWIecKOa MO~6JI1I .R:J3J.LíieTCH rpaererop
nHa: pacser 3BOJIIOIUm cpennero nOJIJI ;rr.JIH naanoã ClICTeMH B 3aBIIICKMOCTlI 
OT nPHU8JIbHoro napaMeTpa/33,34/. PellIaIOTcH KnaCClI~eC.RHe ypasaeaaa ~BH
JKeIDm: .u,JIH KOJIJIeKTID3HHX n~eMeHHWC: paccroanae Me1KJJ.Y ueHTpaMH .ItByx 
H,ZJ;ep, panayc 1II8itIm H Itpmm:m8 me:tiKII. MOMeHT oópa30B8HID1 IIIe~ B 
MO~eJIH crporo onpezsnen. TIpl:l6J:mJKeHHo ero. MOJKHO oxapazrepaaosaes KaK 
MOMeHT. Kor~a O,IT,HO~CTIII~IDl óapbep MeJtm.y B3ffiIMO~ettcTBYromHMH .fJ..Il:paMH 
acseaaer , B MO~eJIlI.l lIMIlH npe,IJ;IIOJIaraIOTCR nse CTa,IJ;IIIH aMHCcmr ÓRCTpHX 
npe~aBHOBecHHX 'iaCTHU. Ha IIepBoi'i CTa,IUm peaKIUm, Kor~a CTMImB8IO-
mneca H,ZJ;pa npoCTpaHCTBeHHO ente ae CMbHO rrepexpaaamoa (~O oõpaao
BaRIDI lIIeftKI!I MeJK,I(y B38lIMO~eilcTBYIOIItHMH ~), sr.mCCRf{ npe~aBHOBeCHWC 

~aCTHU paccxarasaerca aHaJIOI'lPIHO MO~eJIHM MM\!. OCHOBHbIM npennosoaeaa
eM MO,lJ;BJIeil MMq a:BJIJieTCH TO, ~O B KWK.ItHi'i MOMeHT BpeMeIm J/[Mt!YJIbCHOe 
paCIIpe~BJIeHlIe HYI(JJOHOB B ClICT6Me eCTb cyrrepn03HnKff ~yx HeB03~eH

HHX ~e~~-c~ap, C~HHYTHX OTHOCHTa~bHO .npyr .nPyra Ha EMITYJIbC, COOT

5 



BeTCTBYIDmH~ OTHOCRTe~hHO~ CKOPOCTR ~ep B ~ MOMeHT BpeMeHn. O~

HaKO Ha BTOpoft CTanHH,nO~e 06paSOBaHHR meftRH R RC~eSHOBeHKff O~O

qaCTRtIHoro nOT~l.Uf8JIhHOro oapsepa MeJImY JI.npaMn, ~aHHOe npe~nOJIO]KeHHe 

He OnpaB~aHO / • Ha STOR CT~ B3aHMO~e~CTBKff SMnCCRff npe~paBHOBec
HHX qàCTR~ B nMITH npe~nonaraeTcR MS ropaqeft SOHH, paClliHPRIDmeftcR CO 

CKOPOCThID SBYRa B p~8JIhHOM HanpanrreHHH R RMeromeft CRnhHO aHnSOTpon

Hoe pacnpe~eneHHe qa~TRn no CKOpOCTRM. ilpe~rronaraeTcR, ~O MOMeHT BOS

HnKHOBeHKff ropaqeH SOH~ to COBna~aeT C MOMeHTOM BOSHHKHOBeHRa ille~

,HM Me~ BSaKMO~enCTBYIDmKMH ~paMH. AHHSOTPOITHH RMITY~hCHOro pacrrpe~e

~eHHR HY~4/0B RS roPRqe~ SOHU yqRT~aeTCR BBe~eHReM no~ cpe~Ie~ 

CKOpOCTH , 3aBRcRmero KaK OT BpeMeHn, TaK li OT Koop~aT. Bcne~-

CTBRe SToro ~ aCRMMeTpHtIHHX KOM6RHaUHn CT8JIKHBaIDmnxCR ~ep B CRC

TeMe neHTpa MaCC yr~oBue pacnpe~e~eHRH RcrrymeHHHX qaCTHn CRnhHO Han

paaneHH Bnepe~. Haq8JIhHuR pa~yc Ro ro~e~ SOHH B nMITH ~KCHPO
BaH RCXO~ HS Koppe~Rl.UfOHHHX sKcnepRMeHToB /32/ no onpe~e~eHHID ~K
THBHoro p~yca RCTOtIHHKa, RCITY.4'aromero HaRóo~ee óHcTp~e npe~aBHo

BeCH~e qaCTHlUl (R o = 3,6 WM)7 • 

KaK BanHO HS SKcrrepHMeHTOB Ha HsoTonax O~OBa (pRC. 5), BHXO~ 

npe~paBHoBecHHX HeHTpoHoB saBHCRT OT RX 3Heprnn CBR3H B ~pe-MRllie
HH. ITOSTOMY, B OT~Htm:e OT paooru /4/, rne ~ SHepI'IDf CBRSR HeítTpoHa 

Hcnanh30B8JIOCh CTa~apTHoe SHaqeHne Bn = 8 MaB, B HacTOrrmeH paóo

Te SHepI'HR CBRSR xorrycxaeaoro He~poHa Ytm:TlIDMaCh CJle,U'yKlltRM oó~a
SOM: npe~nOJIar8JIOCh. qTO B,., pasna ero aae pI'IDI CBRSR B nnpe I C, 
ecnn aMHCCRH npoRcxo~T qepes nOBepXHocTh H8JIeTanmero ~pa R paBHa 

SHepI'HH CBRSR He~TpoHa B JI.npe-MHWeHH npH 8MRccnn ~epes ero nOBepx

HOCTh. 8T0 IIpe~OJIOJKeHHe. KOHetIHO, repaer CMHcn, ecaa WaPM8 CRCTe

MH rrpHó~eTCR K CWsPHqeCKOH,TO eCTh K COCTaBHOM,y ~py. Ho aHarrHS 

COOTBeTCTBY~ TpaeKTOpHHX paCqeTOB IIOKa3M, ~O BO Bcex 'paCCM8T

pnBaeMHX B HaCTORme~ paóOTe cny~aRX CT8JIKHBaID~eCR ~pa B ÓO~hWO~ 

CTeneHH COXpaHRIDT CBOID RH~any8JIhHOCTh, T.e. HMeIDT cnaóoe npOCT

paHCTBeHHoe rrepeKp~THe BnnOTh ~O MOMeHTa, Kor~a npeKpamaeTCR pac

qeT HepaBHOBeCHO~ 3MHCCHH. 8TOT MOMeHT BpeMeHH COOTBeTcTByeT ~OCTH

~eHRID WPOHTOM ropffqen SOH~ BHeillHeH nOBepXHOCTR ~pa-MRrneHH RJLH 

AJIJI caMI:lX ~erRIDC CRCTeM, rne B CRnY Ó~HSOCTH .InIaMeTpa smpa-MRrneHH KRo 

aTO nponCXO.InIT OqeHh Ó~CTpo. COOTBeTcTByeT MOMeHTY OCTaHOBKH H8JIe

TaIDmero ~pa (HCqeSaeT aHHSOTpollHR HMITY~hCHOro pacnpe~e~eHRR HYKnO
HOB B ropaseã )];BYX'bMepHOíl CHCTeMe). .ll8JIhHennryID aBOJIBJmno K COCTaB

HOMY ~y TpaeKTOpHaR Mo~enh, KOTOpaR HcnonhsyeTcR B nMIIH,He B COC

TO.fIlIim orracasam, t{aCTHIJ,l:l JKe, KOTOpU8 HcrryCRalOTCR aa 3TO~ CT~, Be

poRTHO, HMeIDT YJKe KBaSIDlcrrapRTenhHHH xaparerep H nOqTR ae naor BKJIa

~a ~ Hccne~eMY.ID B~COK03HepreTH~eCKYID qaCTh cneKTpa He~poHOB. 

B pa60Te 74/ nOKaSaHO, qTO nMIIH MOJKHO paCCM8TpHBaTh KaK ~aMH
qeCImit IIO.u;xO~ K HCTOqunKOBUM MO~enHM, T. e. B nMIIH TaKHe nOHRTIDi, KaK 
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It alfxPeKTHBHaR'l resmeparypa, CKOPOCTh HCTotIHHKa H tnIcno HYKJIOHOB B
 

HeM,rrpno6peTaIDT BnO~He onpe~e~eHHUH c~cn, H HX MO~O paCC~TaTh,
 

ycpem~&H COOTBeTcTByromne paCqeTHUe Be~HqnHH no BpeMeHH H npHneJIhHO

MY napaMeTpy. 3TH ycpe~eHHue xapaKTepHCTHKH 3aTeM MOJKHO cpaBHRBaTh 

C COOTBeTCTBYIDmRMM no~rOHo~~m napaMeTpaMM, noxyqeHHHMH B HCTOqHH

KOBbDC MO~eJIRX n:rn RJIR mil. B CBR3R C 3TRM B HaCTO.fIlUei1: paoore nposo
,IJ;HJIOCh ycpennenae TeMIlepaTYpu R qncna HYRJIOHOB"B 'roPRqefi SOHe no 

cPoPMYJIe 
3(t»·CbCt).d/dtC - JbdbfcJt exp(-l/T: Mb(t) (I) 

:tcjlcf>- 5bdbJcH exp (-l/T:'3Ct )) · J/ Mb(t) ,d t 

rne C:3</><P - sqxIJ8KTMBHoe ~CJIO HYKJIOHOB B .ropaxeâ 301-18 A~~,p 

npz CbCt)= A~3(t) ,a npa (!:ICt) = r;3(t) - SqxIJeKTl1BHaR TeM11epaTY

pa ropaxeâ SOHti T"'4>4>. cI/r)-t Mb(t) 0603Ha~aeT .InI!MJepeHI.I;HaJIhHYID 
MHOJiWCTBeHHOCTh HeHTpoHOB B MOMeHT npeMeHH t M.fI CTOJIKHOBeHRH 

nnep c npl1ueJIbHllM napanerpoa "b " • 3RcnOHeHIJ;llaJIhHH:n MHOJKWreJIh B 
qopMYJIe (I) BBeneH ~R TOro, qTOóH yqeCTh TOT W8KT, qTO OÓuquo no~

roHKa B~o~a ÓUCTpHX HYKnOHOB npoBO~MTCR TOJIhKO no B~COKOSHepreTH

qeCKot! qaCTH ( ~ 10 MâB) 'cnexrpa, B TO BpeMR RaK pacxernse MHO

.JKeCTB8HHOCTl1 OUpe~eJUllOTCR, B OCHOBHOM, lUiSK03HepreTHqeCKoi! qaCThIO 

crreKTpa, KOTopan qcpMHpyeTcR COrJI8CHO nMITH Ha 60JIee·n03~e~ CT~ 

B3al1MO)~eHCTBHR, KorAa óuçTp~e He~TpOH~ l1CrrYCKaIDTCR y~e C MaJIoit Be
PORTHOCThlO. Ho na 3TOH cranza TeMIIepaTypa r;3(t) MaJIa, n03.' TOMY n BeCOBOH ~KTOP MaJI. CJIe~oBaTeJIhHO, Ê eCTh HeKHa napaMBTp, 
onpe~eJImOumfi TY anepran, B~e xoropoã ycpenneaae B B~p8JKeHHH (I) 

MeT C YBe~W{8HmIM BeCOM. B '~aJIbHefuueM BHópaHO E = 8 MsB. tITOÓl:l 

onpe~eJIRTb CTerreHh npollsBOJIa npH BHóope napaMeTpa l B paCqeTax 
~ peaKI.Ulli 20 Ne + l8ITa (178 MsB), MUMellilJIR saaseaae napazerpa E 
B npenenax 0-7-12 M3B, npa 3TOM BeJInqRHa T'3~ef:> MeH.fIJIaCh OT 3, 44 no 
4,18 MaB. 

Ha pRC. I npe~CTaBJIeH~ paCCqnTnHH~e no WaPMYJIe (I) 3HaqeHHR 

T'4Jcb ' A:J1'<P ,a raxse AJIJI cpasaeaaa TCN (TeMIIepaTypa COCT8B
soro xnpa rr~h U8HTpaJIhHOM cronsnoseaza aaep, nOJTyqeHHaR npn HcnOJIl>

SOBaHHR napaMeTpa TIJIOTHOCTM a = Al8) IWK WYH~ MaccoRoro ~c-
JIa JI.U.Pa-MmueID'I AT B peaKIJ;IDI C ROHaMM I2C ( Eo = 105 MsB). OT-:-

MeTRM, qTO B MO~~R nMITH ~ BuqJ!IeJIeHRR TeMITepaTYpu RCnOJThsyeTcR na

pazerp IlJIOTHOCTH ypoBHeH RS çIJepMa-raSOBoH MO~~R: a :3(t)= 

= 7T2. A~3(t)/'t EF,g rne r é F = 37 MsB •. 8T0 oonee ooocaoaaao na PaH
He:n CT~ (óonh~e ~b 3Ct J ), qeM BÓJIR3H paBHoBecRR. C 3TRM 

CBRSaHa HeKOTOpaR rrepeOneHKa BHXo~a Me~eHHHX rrpe~paBHoBecHHX ~ac
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PRC. I 
~.KTHBHWI TeMIIepaTypa T~f~ (. ) l! a<MeKTHBHoe lIHCJIO 
HYKJIOHOB HCTO'tlHHKa -A~t#>tP (* ) (npasaa m.K8JIa), paCCqHTaH
Hue rro Il>oPMYJle (1), a TaIOlte TeMlIepaTypa COCTaBHOI'O .fOU>8. Te,., 
( • ) ,n.7IJl U8HTp8JI:bHHX coynapeaaã HS pearomit I2C (I05 MaB)+ 
+ Ar • Ha p.liCYHKe TaIOKe npaaeneas T~1>4> H AiI~+, nOJIy;leHHHe 
MS pac~eTOB no Mo.n;anH ~,H rrapaMeTpll TeMIIapaTypu,saBKc~e OT 
YX8Sa.HHHX na PHC~l\6 yrJIOB,paCC~TaHHH6 no MO,IleJIR rsn (o) ,D;JIH 

pe8K~it I~C + 18 Ta ( B JleBoft ~aCTH) H 20Ne + I8ITa } B rrpaBoft 

~aCTH ). CooTBeTcTBYIDmHe pes~JI:bTaTI:l BSHTU HS paÓOTIl 35/. B/4/ 
.p8MK8X ~ pea~ 20Ne + I I Ta rrO,IlpOÓHee Hsy~eHa B paóoTe • 

TJlJ.r/~ ~TO naer .n;onOJIJmTeJl:bHOe ocaoaaaae ,nJI.fl BBe.n;eHIDI B WoPMYJlY (I) 
BecoBOI'O qla.KTopa. ]I;m peaKIJ;IDlI2C + I2C saaseaae T3 4> 4> ÓJlHSKO K 

TC N "' a A»II ÓJlHSKO K ACN • 3T0 OÓ'.&HCHSIeTCH TeM, tITO yxe B,. aa
liaJI:bHHa MOMeHT OÓpaSOBaHHH ropaseã SOHH to 'llHCJIO HYKJIOHOB A,/ (t) 

ÓJlHSKO K rrOHHOMY l!MCHY ~aCTHU B CHCT8Me. B 3TOft peaK~ y*e sa BpeMH 
15 W c rrOCJIe MOMeHTa to YCTaRaBJIHBaeTCH OóIUWI TeMIlepaTypa BO BCea 
CHCTeMe, a aaTeM ( .n;o OCTaHOBKH HaneTa~ero ~pa) rrpe.n;paBHOBeCHH8. 
HeATpoHU HCrryCRBIDTCH Da aHHSOTpoIIHoft ( .no HMTIYJI:bCaM) CHCTeMH co CJIa
ÓO paCTYllteft TeMIIepaTypoa ( B OT~e OT TSDlteJIl:lX JI,IJ;ep-MmIleHeft). 1I03To
MY BeCOBOa W8KTOP B ypaBHe~"(I) B CHy~ae JlerKHX CHCTeM rrOtITH He .n;ea
orsyer , B TO Bp8MH KBK OH CliJI:bHO rronasaaer BKJIa,n OT HCrryCKaHIDi liaCTHU 

xa rros.ItHeft CTa,zm:R B CJIy~ae TmKeJIlDC ~ep-MIDIleHe:tL c!J CliJIY aroro ;IJ}Ul 

rrocne.n;HHX TtsCtJ CRn:bHO YÓllBaeT co BpeM8HeM, H,KaK CJIe.n;CTBHe 3TO
ro, A~+f H8XOmITCH ÓJIHSKO K Hali8JI:bHOMY ~RCJrY HYKJIOHOB B ropsxeã 
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SOHe, KOTopoe rrpHMepHO COBrra.n;aeT B .n;8HHOM CJIYliae c y~oeHHI:lM ~C


JlOM HYKHOHOB B HaneTaromeM H.n;pe. Ha HaliaJI:bHOM y~acTKe KpRBOH A_+;
 
BospaCTaeT, T~K KaK ~ .ff,I:(ep-MEllieHea, ÓJlHSKHX K yrJlepo.n;y, aBOJIIDunH
 
CRCTeMH n.n;eT rro.n;OÓHO peaK~ I2C + I2C,R rroaTOMY A~~4> ÓJlRSKO
 
K rrOJlHoMY 'llHCJIY anep CHCTeMll. IIo Mepe .n;aJl:bHemnerO YBeJlH~eHIDI AT
 
xapaRTep aBOJlIDUKH CRCTeMll lIJIaBHO MeHHeTCH OT OIIHcaHHoro BHllie rrOBe.n;e

HIDi JIerKHX CHCTeM K rroneneaaio TmKeJIHX CHCTeM. IIo 3TOa npaxaae A:'~4>
 

rrOCJIe rrpOXmK,I(elU:IH MaI\CHM,YMa rrpHA,.~80 Ha~HaeT YMeH:bIlJaT:bCR. 3$IJeK

TRBHaR: TeMIIepaTypa T~+~ MOHOTOHHO YM8H:blIlaeTCH c pOCTOM· AT •
 

Ha pRC. I ,I(JllI cpasaeaaa YKaSaHli TaIOKe uonroaoxnue SHaqeHIDI TeM
neparypa H 'llICJIa HYKJIOHOB B a<W!eKTRBHOM HCTO~FIKe no MO.n;eJIHM .um R . 
rslI ~ peaKunH I2C + I8ITa (I05 MaB) R 20Ne+I 8I Ta (178 MaB). KaK 

BR.n;HO HS pHC. I, COrJlaCHe pac~eToB no nMITH c pesYJI:bTaTaMH rro.n;roHKH 
rro Mo.n;eJIRM .um H rslI .n;OCTaTO~O xopolIlee. 8TO eme pas rro.n;TBep&,I:(aeT, 
liTO nMlIH Mo~eT paccMaTpHBaT:bCH KaK .n;nHaMFIlieCKFIM rro.n;xo.n; K RCTO~KO
BllM MO.n;eJIJIM. 

1I0~y~eHHl:le aKCrrepHMeHT8JI:bHUe .n;aHHHe ~ ~eCTKOn KOMITOHeHTM 
crreKTpa HeftTpoHoB CpaBHHBaJIHC:b c paClieTaMFI, BHrrOJIHeHHI:lMFI rro m~ 

~ Ha~aJI:bHOn 8HepI'IDi HOHOB yrorepona E o = 105 MaB. 3T0 neaaxocs rro 
,IJ;BYM rrpHl!HHaM. Bo-rrepBllX, HeTO~OCTH B orrpe.n;eJleHHFI a~eKTHBHOn aHep
rIm E'!1t/>f/> rro BllXO.n.Y liaCTHU HeCKOJI:bKO saTpy,JUIRIOT BH60p HaqaJI:bHOM 
aHepI'lm HaJIeTaIOOlerO ROHa ,1J,IDl rrpoBe.n;eHHH paclieTa. BO-BTOpWC, O,1UIHaKO
BaR: ~H Bcex peaKU3a Hali8JI:bHaH 3HeprHH .n;aeT BOSMO*HOCT:b rrpOBO.n;HT:b 
.n;aJI:bHetturne CHCTeM8T~eCKHe cpaBHeHHH. Ha pHC. 2 rrpID30.n;HTCR aKcrrepRMeH
TaJI:bHlle .IJ:BaJK,1J;},[ .n;H@JepeHI.J;Han:bHHe cexeuaa 3MHCCIDI HeMTpoHoB B peaxtnra 
I2C + 181 Ta (E '9 f.r/> ~ 92 MaB) R pacxeruse nanase rro nMlIH npa Eo= 
= I05 MaB. HaJIRl!He peSKora HSMeHeIE[.FI KpHBH3HH B paClieTHOM crreRTpe 
CYMMapHOI'O BllXo.n;a HeftTpoHOB HBJIHeTCH OJIe.n;CTBReM BHesaIIHora nepexo,Ua 
B pacxerax OT O,IlHOI'O M6X8HHaM8 K .n;pyraMY B MOMeHT BpeM8HH to • Bo
zee pe8JI:bHO 6WIO ÓH OJKH.n;aT:b ITJIaBHOrO nepexozta ,l\OTopIDi WOpMa.JI:bHO MOJK

HO ocymeCTBHT:b,BBe.n;H Ha rrepBOM CT~ B ~ KOHe~ID Te~epaTYPY B 
FIMIIYJI:bCHOe pacrrpeneaezae HYRJIOHOB CTanKHBaID!lUIXCH .ff,I:(epl'4/, XOTH ,1J,IDl 

aTora B paMRax ~ HeT .n;OCTaTO~iHX OCHOBaHRM. CJIe.n;yeT OTMeTHT:b, ,{TO 
HeÓOJl:bill8H rrepeOueHKa .n;8HHHX rrpH 00 CBHsaHa c OTJI~eM pac~eTHOn Ha-

liaJI:bHO~ saepraa f, OT E~p~ • I1crrOJl:bsYH JlI1He~YID 8HepreTHlieCKYID sa-
BHCHMOCT:b Buxo.n;a 61lCTpHX HeaTpOHOB OT 3HeprHFI (pRC. 6),JlerKO BH,I:(eT:b, 
,{TO 1taK B .n;aHHOM, TaK H BO scex rrOCJIe.n;ylOIItHX CJfy~amc aTO OTJmlfiIe MOJIteT 
OÓ~HCHHT:b rrpeBHilleHHe peSY~:bTaTOB paClieTOB H8,IJ; aKcrrepHMeHTOM rrpHMepHO 
na <PaRTOp 2. 

Ha pRC. 3 npe.n;cTaBJIeHH 3KCrrepHMeHTaJI:bHO HSMe~eHHHe ~ ~e
peHuaaJI~HHe ce~eHHH SMHCCHH HeiTponoB B peaKilnH I C + I2C ( E~~~ ~ 

~ 65 MaB) H peSYJl:bTaTU pacxeroa no JlM[[H )J,1IJI ,IJ;Byx ~mepI'Ha ROHOB 

9 



12C + 181Ta 

f 
• 

101 •	 • 
a. 
~ ,., 
~ 

.~ 10°f 
c 0°
 

W
 
"O c 
a 
~
 
N~ 10.1
 
"O 1 \
 • 

izu 
t 

I	 \ 
1)~ 

O	 10 20 30 
E { M3B ) n 

Pl'IC. 3 

CrreKTpH HeaTpoHoB R3 peaRUHR 
12C + 12C ~ pa&rrH~UX yr~oB B ~a

oopaTopHoD CRCTeMe. KpRBHe RMeIDT TOT 
JKe CMHCJI, 'tlT0 H na pRC. 2. BepXHRe 
(HIDKHHe) JIliUImi ,IT)I.R: xaxnoro 8Heprera
~ecRoro crreRTpa COOTBeTCTBYIDT pac'Ie
TaM c Ha'IaJI:bHOD 8Heprnen 105 (56) MaB. 

PRC. 2 

CrreKTpH Heitl'poHoB WIH peaR
unn 12c + 18ITa ~ yr~oB 
0° R 1200 B ~aoopaTopHoD CMC-
TeMe soopnanar . ( ) 
BK7Ia,n; OT 8MHCCIDI M3 ropa:qe:tt 
30HH, (- - - - -) - cyr.1MB. 
BK7Ia,I(OB nepsoâ H BTOpoit CTa
mm rro JJMITH. 

00 

12C·12c101 

10 20 30 
En ( ~bB) 

yr~epo.n;a: Eo = 105 MaB ME::: 56 MaB, TaR KaR WI.R: ,IJ;aHHoit pea.KIUm 
HeTO~OCTR B oueHRe E~++ HaHOOHnmme. 3Tn .n;Ba 3HaqeHKR: 8HeprEH 
rrpe.n;cTaBH.R:IDT c060:tt BepXHHit H HHXHHft rrpe,IJ;~ ~ HCTHHHOro 3Ha'IeRRR: 
E'~9' rrOTOMY, qTO BUXO.n; OHCTpUX He:ttTpoHOB c sHeprneft paCTeT~

Hefu:J:o /3/, B TO BpeMR: KaR cexenae CJIH.R:HHH pacrer ooaee MeMeHHo• 

J
 
COBrra.n;eHHe aRCrrepHMeHTan:bHUX R paCqeTHUX .n;aHHHX BrrMHe y.n;o~eTBopH


Tan:bHOe, 3a RCK7I~qeHH8M yr~a 1200, r.n;e paC'IeT .n;ae~ BUXO.n; rrpe.n;paBHo

BeCHHX HeilTpoHoB MHoro .OMnnrn:it, 'IeM nozryxeno B 8RCrrepHMeHT8. 3T0 CBSI

3aRO c TeM, qTO npa OITHCaRIDI 8MHCCIDI HeHTpOHOB R3 ropaseã 30~ B
 
,UMIlH HCrrM:b3yeTC.R: nezoropoe OOOÓlJ.{8HHOe l;IlepMH- pacnpeneaeaae 4/ BMec-
TO OTHOmeHRR: WIOTHocTeit ypoBHeit no H rrOCJIe aMHCCHH. TeM caMblM H8 
HC~qaeTC.R: HcrryCKaHRe qaCTHU c 8Heprnetl OM:bme 8HeprKH B036y~eHH.R: 

B ropaxeã 30He. 3HalfilT, paoxeru .n;aIOT ~OJKHmt BK7Ia.n; B Te paHHH8 MOMeHTbI 
BpeMeHH, ~ ROTOpUX ~CCHITBpoBaHHaR: aHeprRR OTHOCHT~:bHOro .n;BREeRRR: 
(8HepI'IDI B03ÓYJK.neHH.R: ropaxeã 30HH) ae .n;OCTHr~a eme paccaarpasaeaoro 
aaepreraxecxoro HHTepBana acrrycsaeasx qaCTHÚ. C .n;pyrotl CTOpoH1l, carso 
rrOIDITRe,	 a TeM oonee pacxer WIOTHOCTH yposaeã HEJC(ÍlepH'I8CROro, CM:b":" 
HO 3aBHC.R:lJ.{el~ (EaR rro qn~ qaCTRU, TaR R no 8HeprHH B030Y~8RRR:) OT 
BpeMeHH H aHH30TpoITHOro no RMITY~:bCHO~ pacnpe.n;~eHHD HCTO'IHHKa COBep
neaao se	 onpenenena. B OCTaJI:bHOM , HeCMOTp.R: na TO, qTO B peaKmm 12C + 
+ 12C MbI .n;OCTRraeM TaKOro po.n;a KHHeMaTR'IeCRoro rrpe.n;e~a rrpHMeHHMOCTR 
nMITH na Ha'Ia7I:bHOM srane 8BMIOInm ropaxeã 30HbI, 8Ta MO.n;M:b lfloPMaJI:bHO 
Heunoxo OIIHCUBaeT 8RCrrepHMeHTaJI:bHHe .n;aHHHe H B aTOM ~'Iae. OCooeH
HO 8TO KaCa8TC.R: mITerpaJI:bHHX xapaKTepHCTRR ObICTpUX HeATpoHOB, B KQ

ropse ~oJltHlÚt BK1Ia.rt B MOMeHTbI BpeMeHH t ~ to HeB~R. OH OOH:bme Bce
ro csasasaercs aa cnezrpax non 3a.n;HHMH ~aOOpaTOpHHMB yr~aMR, rne 
cor~acHO paCqeTaM Ha OMee n03~e:tt CT~ BbICOKOSHepreTR'IeCKR8 Heit
rpoaa .YJlte rrO'ITH He RcrrYCKaIOTC.R:. C POCTOM MaCCOBOro 'mCJIa JI.Itpa-MHme
HH 8HepreTRqeCKHe COOTHOmeHH.R: y~~aIOTC.R:, TaR KaR rrpR aTOM Bce MeH:b
maR: .n;0Jl.R: HaqaJI:bHotl 8HeprHH YXO.n;RT Ha .n;BHXeHHe ueHTpa MaCC. COOTBeT
CTBeHHO rrarry'IaeTC.R: Bce OMee xopomee (CM. pRC. 4,2) cor~aCHe TeopHH 
c aKcnepm~eHToM rrpn 1200• 

Ha pRC. 4 npaseneaa azcne pHMeHTaJI:bHbIe .n;BéiJK,l:lA ,IJ;RqxpepeHIWaJI:bHbIe ce
'IeHH.R: HeATpoHoB H3 peaRrnrli ~2C + 27Al ( E ~+ ~ 71 MaB), 12C + 

t" +56 Fe (E~+. z 76 MaB) ·ITO.n; yr~at.rn: O R 120 rpanycon, Pac-
I	 'IeTbI no .DMITH ITpe.n;cTaB1IeHbI KaR ~ crannaprnoro 3HaqeHHH Ro = 3,6 <fl.i, 

'raR R JJ.7IJI 3HaqeHH' Ro, paCC'IRTaHHUX M3 npocroro BbIpaJIteIDUI, ITOJ!Yt	 
'IeHHOrO B paOOTe 4/ HCXO.n;.R: M3 rpyobIX oueHOR BpeMeHH p~aRca~ 
CHCTeMbI: 

1	 Ro =z. RT (1 - Vs / V~) , (2) 

10	 11 



I 

~.' 
-, 

:::=-=R.-3,6$M 

1ÍC · 27Al 

120· 

t. 

=== R. a 3,6$H	 

,: 

102, 

10~ 

a. 0
~ 10

f"l 
~ 

I I~ 
x 

c.
 

~ lÓ
1
 

cf 
"O 

b 
N 

"O 

1Õ2 

" 

___ R. - 2,54>1.,
--~ R.· 2,o4>M 

lÕ3,	 ,
! I 

O 10 20 30 O 10. 20 30
 

En ( M38)
 

PHc. 4. 
'CrreKTpli Hel1TpoHoB 1'I3 peaICr.m~ I2C + 27AL 1'I I2 C + 56 Fe. 
PaCqeTIi rro m~ ~ Ha~anbHoft 3HeprH1'I 105 M8B rrOKa3aHIi KaK 
,nJlH craanaprnoro SHa'tleHIDI nasaasaoro panayca ropaxeã SOHhI 

Ro = 3,6 ~t, TaK 1'I ~H SHa'tleH1'Itt, KOToplie rroxy'tlaIDTCH RS 
ypaBH8HHJI (2 ). 

rne V = 0,2' C, vp =0,28	 c,rne C -CROpocTbpacnpocTpaaeHllIH SBY-s 
Ka B cpene H wepMH-CKOPOCTb 'tlaCTMU COOTBeTCTBeHHO, a RT ~ 1,15 AI/3 

p~c ~a-MHilleHff. IToxy'tleHHlie o rrOMombID Blip~eRaff (2) 3Ha'tleHHH 
Ha'tlarrDHOrO pannyca rOp.lI'tleit SOHIi ~H T~anHX JIn8p-MHilleHeH OOBrra,n;aDT 
00 oTaH,n:apTHIDv1 B .llMITH SHa'tleHH8M Rco, B TO Bp8MR:, KaIC ,JJ)IH JI8rKmc 
M8p 27 AL R 56 Fe rrOJIy'tlamOH SHa'tl8HIDI Ro = 2,0 cllM li 2,5 WM 
000TB8TOTB8HHO. ITo rrpH'tlHHaM , oóoy~eHnliM B paóoTe 14/; TaKHe Manlie 

Ro H800CTOHT8JIbHbI, Tale 'tlT0 3TH	 paO'tl~TIi CJIe.zry8T paOOMaTpHBaTb JIWIID IKaK I~'tl80TB8HHYro HJIJIIDOTpa~ cnaóoH SaBliOHMOOTR peSYJIbTaTOB nMITH OT 
napaaerpa Ro 

Ha pRO. 5 rrpHBe.n;8HIi 3H8pr8TR'tl801m8 orr8KTpli HeHTpoHoB HS p8aK \f,I 
IJ,ID1: I2C + 114,124 5 '1 (f 3f.1> ~ 90 M8B), liSM8p8HHlie non yrJIOM 00 • lj
BH~o, 'tlTO B saBROHMOOTR OT 8H8prHH OBRSH H8ttTpoHa B H,n:pe-MRill8HH :1\
BliXonbI H8ítTpoHOB, P0JK,I(8HHHX B pesYJIbTaT8 rrp8,1ij>aBHoBeoHoro rrpoueooa, ,,-.Mil 

pasJIH'tlRIi. PaO'tleTIi 8HepreTH'tleOKKX	 OrreKTpoB rrpe~aBHoBeoHliX H8ftTpoHoB, 

12 

____ C + 12'Sn 

\ , ! 

I ~ 

1	 

PHO. 5. == . 12ç • 11L. Sn 
3KorrepHMeHTanbHlie crreKTpli

• 12 HeHTpoHoB rro.n; yrJIOM OOB JIa
óopaTOQHott CHCT8M8 M3 p8aKUKH101 
I2 C + 114,124 5 n M pacxe'r-

Hlie rro nMITH crr8KTpli ~ 00 R 
1200• 

fr 100 
d> 
I'l 
~ -;o-
z: 
c 
~ 10.1 

.{
c 

NO 
"O 

10

10'3, 
10 20 30 L.O
 

En( M3B)
 

nposeneaaae B paxsax ,UMI1H C Y'tl8TOM HH,IJ;lI[BH,I(YanbHIDC SHa'tleHHH Bh 

(10,3 MaB ~ II4.sn~ 8,4 MaE A7IH I24Sn), .rr;.rH OóeHX peasnaã nosaaa
JIH xopomee COrJI8CHe c 8Kcrr8pRM8HTOM, T.e. nMITH BocrrpOH3BOnRT KOJIH- , 
xecrseaao rrpaBR1IbHO pa:3JIH'm8 saxona oacrpax HeHTpoHoB )J)lH pa3JIH'tlH1iX . 
H30TorrOB nnpa-MHilleHH. 

BepHeMcH Terrepb K Borrpocy o S8BHCHMOCTll BliXo.n;a HepaBROBeCHIiX 
HeHTpoHoB OT ~a-MHilleHH.Ha pnc.6 rrpenCTaBneHIi pac~eTHlie MHO~eCTBeH-

HOCTH M"PE 
npenpasaosecaax HeftTpoHoB ( Eo = 105 MaB) )J)lH BceH 

ceEHH peaKnntt HaCTOJIm8tt, pa60TIi, BKJIID'tlaH TaRm8 paC'tleT )J)lH H,IJ;pa-MHm8HH 
23 U, KaK ifJYHKUIDi anepraa B CHc"T8Me U8HTpa MaCC E"'oM. H8,1J; KJ
JIOHOBCKHM oapsepoa Vk na HYKJIOH f =(EL(.Ho - Vk ) I}A (,M -rrpa
Ben8HH08 MaCCOBOe trnCJIo). BH,I(Ho, 'tlTO,!\aK H B CJTy'tla8 HcrryCKaHIDI JIerrmx 
3apameHHIiX 'tlaCTHU 11~ rrpn ~HKCHpoBaHHOH Ha'tlaJIbHOn 8HeprHn Eo MHO
~CTBeHHOCTb CJIaÓO saBHCHT O~ MaCCOBOro q:PJ:CJIa H.IJ:pa-MHilleHH. O.n;HaKO 
CJIe.n;yeT 06paTHTb BHHMaHJl!e Ha TOT W8KT, 'tlTO rrpH .n;BEHOH,OTHOCHTeJIbHO 
HeÓOJIbmO~ 8HeprHH rry'tlKa 8TH peaKunH COOTBeTCTBYIDT CHJIbHO OTJIH'tlaID
mHMCH SHa'tleHMHM aHepran E , rro iOTOPOH rrpHHHTO CHCTeMaTHSHpoBaTb 
BliXOn ~penpaBHOBeCHliX 'tlaCTHn(3,II • DoJIee Toro, 8HeprHH E B pac
CMaTpHBaeMoH cepHH pea~ paCTeT MOHOTOHHO c YMeHbmeHHeM sa~a H.n;
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PHO. 6. 

PaOO'llITaHHhI8 rro )lJlli'1H (o ytleToM 
peaJIHOTH~ecKHX 3Ha~eHHR Bn ) 

rrOHHHe HHKnID3HBHHe MHO~eCTBeH
HOCTH rrpe~aBHoBecHHx He~~

MPE. ) HOB n (. M3 peaKIJ;IDI
1,0 12C (105 MaB) + 12C, 27 AL , 

56 Fe , 114,124 S ri , 18ITa , 
o 

238 u. ( .. ) - nepenopaapo1\ 
C
 

W
 BaHHHe c HcrronnSoBaHHeM ~p-
JliryJlH (3) SHa~eIUU{ M"

PE 
(OM.
 

~c
 i/I TeKCT). (C , o ) - SHa-L 
! 

~eHIDl M"PE. , rrOJIY~eHHHe non
0,5	 / 

roHKoft rro MO,n~H nJM ~ pe111. 

VI
 
aKu;aft 13C + 157Gd H I2 C +
 
158Gd /36/ COOTBeTCTBeHHo.
 

u •• 'F, 
JlHIDlJI, nposeneaaaa xepes SBe3

"'So " 
.n;0~.Kn', YKa3HBaeT na JIHHe.tiHyIO

• 1 
c	 3HepreTH~ecIGID 3aBRCHMOCTD 

naxona npenpaarroaecnax HeftTpoOI / 
O 2 3 4 5 6 7 8 9 HOB npH rHrrOTeTHqeCKO~ SHep

rHH CBRSH HeHTpOHOB~:- V",) (M38/A) 
}J (8~= 8 MaB) ,1VUI scex paccaarpa

BaeMhiX anep, 

pa-MmlleHH (YMeHnIlleHHeM VK), 11: B TOM ze nopanxe T810Ke paCT8T aaeprna 
CB.fI~H HeíiTpoH8 8 n B ·R.D:pe-MHIlIeHH. ECJÍR nepsaa TeH.n;8HlIl1ff aner B CTOPO
HY YBeJIHqeHHR BepORTHOCTH HcrrYCKaHHR, TO BTOpaR YM8HnillaeT aTY BepORT
HOCTn. CJIe.n;OBaTeJlnHO, Ha1t,neHHaR CJI8C58JI SaBHCHMOCTn M~E OT Ar 
8CTD CJIe.n;CTBHe Ko~meHcaUKH aTHX .IJ:BYX TeH.n8H~ H BHBOn paC50TH /1/ O 
TOM, qTO R.n;po-MHilleHn RBJIReTCR "HaC5J1KJ,I:(aTE:lJleM" H peaKI.J;IDI ~CTO rrepHcPe
pR~eCKaR,RaJlteTCR HeCKOJlnKO neonpaananaux , rrOCKOJInIG B TOR cepaa 
peaKu;a~ cHTyauaa rrOJIHOCTDID aHaJIOrH~a. 

MHTepecHO rrOCMOTpeTL, l~K HSMeHRDTCR peSYJlnT8TH HaCTOflmHX pac
qeTOB, eCJIH BMeCTO peaJIHCTH~ecKHX SHaqeHHft B" , yqHTHBa~ HH.n;HBH
,nj'aJIDHOCTD anep, B83.n;e rronarars Bn = 8 MsB (IreR B paC50Te 4/). JIer
KO nOKa38Tn H3 ~PMY~, orrp8,n~ BHXO,n ~CTHU B nMTIH /4/, ~TO pe
3YJInTaTU HaCTOSIll\HX pac~eToB rrpHC5JIHJKeHHO MOJKHO "nepeHOpMHpOBaTn" Ha 
aTOT CJIY~aM,YMHO~ HX Ha WaKTop 

F3 fJ ep = eXPf(Bn-8M~B)/T3<t»1>~,	 (3) 

anecs T3+~ - pac-rernaa a<IxI>eKTHBHaR TeMITepaTypa, nOJIyqeHHaR H3 
ypaBHeHHR (I) (pRC. I). ITPH rrOJIy~eHHH ypaBHeHHR (3) He y~TeHO TO 0C5
CTORTeJlnOTBO, ~O oC5a CTaJI.Kn'BaIDmHXeR R.n;pa HMeIDT pa3J1H~He B" H 
~R oueHOR RcrrOJln31eM SHeprRID CBRSH HeHTpoHa B R.D:pe-MHllieHH. B CJIY
~ae peaK~ 12C + 2C aTo,o~eBM.n;Ho,He HrpaeT ponR, KapTHHa CHJIDHO 
He Hc~aeTCR H B CJIy~ae O~eHn T~eJlHX R.D:ep-MHilleHeft, TaK KaK ~ HHX 

HSJry~aIOIIt8R rrOB8pXHOCTn MHoro C50JlDill8, ~eM y HaJIBTaIOlIlero anpa I C. 
HanC50JInillaR rrorpeillHOCTn rrpRMeHeHHR ypaBHeHHR (3) C HcrronD30BaHHeM 
SHeprnH CBR3R B H,U;pe-MHllieHH OmuJ;aeTCR.n;JI.fI: Ope,lUl8T.mKeJIHX Mep (I I4.sI'l, 
124Sn). "ITepeHOp1mpOBaHHHe" aa 6", = 8 MaB SHa~eHM M ~E .IVUI 
pa3JIH'tlHHX anep OJIOBa B npaanane .n;OJVKHH connanars , rrOCKOJInKY npn aTOM 
TepReTCR HHnRB~aJInHOCTn pa~'tlHHX HSOTorrOB. Pa3HH~ ~ Me~ rrOJlY
~HBnrn:MCR rro (3) _SHa~eHHeM M" E. .rr;ur II4 S n H 124 Sn (CM. 
pHC. 6) eCTn Mepa MaRCMMBJInHO~ rrorpeillHocTH rrpMMeHeHlLa ypaBHeHHR (3). 
ECJIH nocMoTpeTn Ha "rrepeHopr.mpoBaHHue" paClleTH, TO BR,IUiO, ~TO COOT
BeTCTBYIDnme 3Ha~eHIDI M~E (3BesnO~KH) aa pHC. "6 C xopomeã TO'tlHOCTDKl 
JlOEaTnCR Ha rrpRMYID, T.e. CJIe.n;yKlT H3BecTHoR rrpHMepHo JIHHeaRon sHepre
TH~ecRoR 3aBHCHMOCTH /3/.Y~eT peaJIHCTH~ecKHX 3HeprnR CBRSH CTanKHBa
KJIUD{CR anep rrpa OTHOCMTeJlnHO HH3IGIX HaqaJInHHX aHepI'IDIX, KaK MH BM,IleJIH 
B pac~eTax HacToRme~ paC5oTH, B C5OJ1DillO~ CTeneHH KOMITeHcHpyeT aTOT POCT 
M~E C f. . )lorrOJrHE:TeJlnHO na pRC. 6 rrOKaSaHH SHaqeHHR MHOJIteCT
BeHHOCTR rr~~paBHOBeCHHX HeRTPoHoB B pea~ 12C + 158Gd H 13c + 
J57Gd /1 ,rrOJIy~eHHue HS nonroaox rro MOneJlH .rem: , a eaxae COOTBeT

,	 MNCTBYIOOUie "nepeaopaapoaaaaae" 3HaqeHHR FI na BJ"'I = 8 MaB. Ban;H0, 
qTO rrOCJIe,1UU'Ie JIeJK8T C5Jm3Ro K RpHBOn, rrpoBe.n;eHHott ~epe3 "rrepeHOpMH
pOBaHHHe" TO~KH, rrOJry~eHHHe .zvm cepza peaRI.U'I~ HacTOJIlIte~ paC5oTH. 

OTMeTH~ eme, ~TO COrJIaCHO (3) BnHRIDle pasHHUU B SHeprRH CBR3R 
McrryCKaeMOn ~aCTRUU, narrpnaep .zvm pa3JIH~HX MSOTorrOB JI.npa-MHIIIeHH, 
CRJInHO YMeHnlliaeTcR C POCTOM Ha~8JInHOn SHeprHH (T.e. C POCTOM T3.+ ). 
IlosToMY M},[ OJKH,IJ;aeM, lfrO aqxpeKT, nozaaanaaã aa pRC. 5, ae C5y.n;eT Ha
C5JIIO.n;aTnCR npz Eo/A~ 20 MsB. 

B 3aKJIID~eHHH BepHeMCR K K8~eCTBeHHOMY oC5cYJK,lleHRID peSYJlnTaToB 
no SMHCCHH qaCTHU B paC50Tax /1,2/ H cOrrOCTaBneHHID HX C peSYJlnTaT8MH 
HaCTORmeR paC50Tu. IlpH cpaBHHMOM .n;HanaSOHe 3HeprnH CBRSH B R.D:pe-MH
IlIeHH ~ HenTpOHOB B ,aCTo~en paC50Te R npoTOHOB B cepRR peaKUH~, 

HCCJI8nJeMHX B pa60Te" 1/, 3HeprHH é JIeJltaT B npe.n;eJIax OT 3 no 
8 MsB 11: OT 10 .n;o 12 MaB/HY~oH COOTB8TCTB8HHO.B H8illeM CJIyqae rrpoHo
XO.n;HT qaCTH~aR KOMITeHCaUKff MHoxeCTBeHHOCTM sa c~eT OTMeqeHHHX BHllie' 
.n;nyx TeHneHUHn. B CJIY~ae paC50Tu /I! pas6poc rro SHeprRR ~ MeHnille, 
HO, B OTJIH~e OT HaCToRmeH paõcru, BnlUIJUlIe paSJTIPillHX SHeprHR CBR3R 
OCJIaC5JIeHo H3-sa C50JInlIIIDC Ha~aJInHHX sHeprnH, r .e , C50nnlliIDC SHaqelU'lH 

1	 
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T!~~ (OM. ypaBH8HH8 (3»~ B peSY~bTàTe qerO Ta~e HMeeT M80TO 
~OMTIeHoauna 8THX ~BYX ~aRTOpOB. B cnyqae paóoTu /2/ pa3ópoo 8HeprMM 
aa HY.KJIOH nan KY~OHOBOImM oapsepoa H8SHallliTeJIeH" TaR ~o HMeIOl.ItHi!
OH CRn:&HHH pasópoc no 3HeprKHM OT~e~eHHH oL - qaCTHn B ~pe-MMille
HH ~QR~eH O~:&HO CRa3NBaT:&CH. 8TH paCOMOTpeHHH RaqeCTBeHHO OHRt~ 

~~eeCH npOTHBope~e Me~ peSY~bTaTaMH paÓOT /I/H /2/. 

3a.KJIIOqeHHe 
B HacToHmeM paóoTe npe~CTaBneHU pesY~bTaTu HSMepeHHM Buxo~a HeM

TpoHOB B peaRI.J;IDIX 12C npH Haqarr:&HoH 8HeprHH 105 MaB c p~OM ~ep
MIDlI8Hefi OT 12C ~o 181 Ta. Bo ncex CJIYqamc ooaapyaen HBHO BIXPWK8HHhW: 
~OMITOHeHT npe~paBHoB8cHHX HettTpoHoB. Ees no~roHIm RaRHX~Hóo napa
MeTpoB aóoOllIDTHIX8 ~~IX ~~peH~arr:&HIXe ceqeHRH HcrrYCRaHRH ÓIXCTPUX 
HeHTpóHoB Y~OBneTBOpwren:&Ho OllHCHBaIOTCH B paMRaX ~ByxcTa~i1:HoM Mo~e

~H np8~aBHoBecHoH 3MHCCHH HeMTpoHoB (nMITH). IToRasaHo, qTO yqeT pea
~HCTHqeCKHX 3HeprHH CBR3H oÓ~flcHHeT RaR paanH~e B BUXo~ax ÓUCTPUX 
He~TpoHoB ~H pas~H~HX HSOTonOB ~a-MHilleHR, TaR H cnaóyro saBHOH
MOCTb Baxo~a npe~aBHOB8PHHX He~pOHOB OT MaCCOBOro ~cna ~p8-MHllie

HH. B paazax ~aHHOM MO~eJIH fl~pO-MHlliaH:& H8 .fiBJLR:eTCH "HaÓ~~aT8JIeM", 

a npouecoa HcrryCKaHIDI ÓliCTPUX HeRTpoHOB He eCTb HC.KJIIO~T8JI:&HO nepa
wePHqeCIme. ITpH óo~ee BIXCOlmx 3HeprHHX HOHOB BnHHHHe 3HeprEH CBR3R 

B,., na BHXO~ H8HTpOHOB cororacao npe~CRaSaHIDlM lLMIlli CHJI:&HO ocnac
~HeTCH. XOTff WHSHqeCKaR RapTHHa ~UIH npH Haqarr:&HUX 8HeprnHX no~a 

Ia M3B/HYKnOH l~eTCfl ropas~o MeH8e OóocHoBaHHoH, qeM rrpH 8HeprRRX 
~ 20 MaB/HY.KJIOH, B ~aHHoM paóoTe rrOR8saHO, qTO WopManbHOe npHMeHe

HHe aTo'tt MO~eJrn npa OTHOCH'l'8JI:&HO HHSRHX SHeprRRX naer oóHa.n;eiKIm8IO
mH8 pesY~:&TaTH. SaMeTHoe OTlmOHeHH8 paCqeTOB OT 8KcrrepHMeHTaJI:&HHX 
HHKnID3HBHHX .IJ:BWK.nli ~n:<M?epeH~a.n:&H1DC oeqelm'tt nOSIBJImoTCSl TOJl:bRO rorna, 
Ror~8 nMITH, a CRopee Bcero ee BTOpaR CT~ - HcrryCKaHHe He~TpOHOB 

11:3 rop~aii 30Hli, 'Y'M.e ae upRMe:rmMa no 'tillCTO RIDIeM8Tllq8CImM COOÓPWK8
HRRM. 

ABTopli BIXp~IOT ó~aro~apHocTb npOW80COPY ~.U.OrarI8offHY, 

npoweooopy C.C.KoB~eHRo sa KHTepec R paÓOTe H ee no~ep'Fi.~, 

B.A. Pyóqene, IO.A. MySWIIC8, B.li. ilYCTWI:&ImKY 38 nOJI8SHH:e OÓCYJlUt8HIDi 
peSYJI:bTaTOB H3v.epe:rm1i1, IO.li. EeJIsnillny, B.IT. r8BpRJIoBY, A.C. BelIilutoBY, 
A.B. Bopomury, A.H. KysnenoBY, B.li. HOOOIOOiY S8 nOMOliUl. B coanaaaa 
YCTaHOBIm, M. 'Bl!~8pMaHHY 38 HeROTopU8 paCIJ:rn:peHHJI RCnOJI:DsyeMbIX npor
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KoaynHH 3.H. H AP· 
HccneAOaaHHe HCnycKaHMR npeJ1paaHoaeCHWX HeHTpOHOB 
npH aaaHMOAeHCTaHH MOHOa 12 C /1 05 HaB/ C RApaMH 
12c, 27 AI , 68 Fe, 114 8ll, 124 8ll , 181Ta 

P]-86-589 

HHKnOaHaHwe Aaa*AW AH~peH~HanbHWe ce~eHHR 3MHCCHH HeHTpoHoa 6wnH Ha
MepeHw a peaK~HRx 12C/105 HaB/ + 12c, 27Al, 68Fe, 114 sn, 124sn, 1a1Ta. Bo 
acex Cny~aRX, HeCMOTPR Ha HH3KYO Ha~anbHYD 3HeprHO, 6wna OfiHBPY*eHa HepaaHo
BeCHaR 3MHCCHR HeHTpOHOa, KOTOpaR HaHfionee RPKO BWpa*eHa noA nepeJ1HHMH yrna
MH. 3aMeTHOe paanH~He a awxoAaX fiWCTpwx HeHTPOHOB H3 Aayx H30TOnOB onoaa 
yKa3waaeT Ha TO, ... TO AApO-MHWeHb He RBJ1AeTCR 

11 Ha61110AaTe/leM11 
B np01.4eCCe 3MHC

CHH fiWCTPWX 4aCTH~. 3KcnepHMeHTanbHWe AaHHWe XOPOWO BOCnpOH3aOARTCR B paMKaX 
~eHOMeHonorH4ecKOH AayxcTaAHHHOH MoAenM, ecnH HCnonbaoaaTb a pac4eTax 
peanHCTH~eCKHe aHa4eHHR aHeprHH caR3H HeHTpoHa a RApe. AHanHa, npoaeAeHHWH 
a paMKaX 3TOH MOAenH, yKaawaaeT Ha cnafiyD aaaHCHMOCTb BWXOAa npeApaaHoaeCHWX 
HeHTPOHoa OT MaCCW RApa-MHWeHM. npeACKaawaaeTCR yMeHbWeHHe 3~~eKTOa, CaR3aH
HWX C anHAHHeM 3HeprHH CaR3H, npH yaenH~eHHH 3HeprHH 6oMfiapJ1HPY~HX HOHoa. 

Pa6oTa awnonHeHa a na6opaTOPHH RJ1epHwx peaK~HH OHRH. 

DpenpiiiiT ~e&Boro IIIIClJITYTI .a~~epHWX accnenoaaHHii. JzyliQ 1986 

nepeaoA O.C.BHHorpaAoaoH 

Kozul in E.H., et al. P]-86-589 
Investigation of Preequilibrium Neutron Emission from 
the Reactions of 12c (105 HeV) Ions with 12 C, 27Al, 68Fe, 
114.124811 and 181Ta Nuc 1 e i 

For the 12C (105 HeV) + 12 c, 27Al, "Fe, 114•124 &,, and 181Ta reactions 
double-differential inclusive neutron cross sections have been measured. In 
all cases, despite the low incident energy, a non-equilibrium component 
shows up which is most pronounced at forward angles. A significant differen
ce in the last neutron yields for the two tin isotopes indicates that the 
target nucleus does not act as a "spectator" in the process of fast particle 
emission. The fast neutron data are well reproduced by calculations within 
the framework of the phenomenological two-stage model if the realistic va
lues of neutron binding energies are used. The model analysis has shown 
that the dependence of the fast neutron yield on the target mass number 
turns out to be weak. Binding energy effects are predicted to disappear with 
increasing beam energy. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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