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K CO)f(aJIeHHIO, CeqeHHH peaKI..:(HH c BhlJIeTC)M npOTOHOB H a ·qaCTHI..:( na 

Cpe,n;HHX H TH)f(eJIhIX anpax cyutecraeaao noziaaneasr H3-3a 6o-JIhlIIOrO KYJIO

HO;SCKOrO õapsepa. TI03TOMY HX aayxeaae rpeõyer MOmHhlX HCTOqHHKOB 

HeHTpOHOB, CneI..:(HaJIhHhlX p;eTeI<:TOpOB (paõoraronrax c 06pa3I..:(aMH, TOJImH

na 1<:0TOphlX 3HatrnTeJIhHO MeHhllle npoõera npOTOHa HJIH a -uacrnnsr B aeute
CTBe) , OHO CTaJlO npOBo,n;HThCH rrauis B nOCJIe,n;HHe nOJITOpa-,n;Ba ,n;eCHTHJIeTHH. 

JIa60paTopHH HeHTpOHHOH <pH3HI<:H HBJIHeTCH nHOHepOM B HCCJIe,n;OBaHHHX 

peaKI..:(HH (n, a) aa pe30HaHCHhlX HeHTpOHax, y,n;~)f(HBa.H B 3TOM nanpaane

HHH aenyutee nOJIO)f(eHHe nOqTH zraa ,n;eCHTKa JIeT .; . 

,Upyroli B03MO)f(HOCThlO YMeHhllleHHH BJIHHHHH KYJIOHOBCKoro õapsepa 

HBJIHeTCH noasnueaae 3HeprHH saxaarsraaer-roro HeHTpoHa. B03MO)f(HOCTh 

no,n;HHThCH anepx no 3HeprHH B036YJI<:,n;eHHH ente na 5-:-10 M3B, HCnOJIh3YH 

nOTOKH õsrcrpsrx HeHTpoHoB, orrcpsraaer HHTepecHYIO nepcnercrany npocrre

,IJ;HTh, KaK B anpe nponcxoznrr nepexon CJIQ)KHhIX KOMnaYJ-l,n;-coCTOHHHH B Ta

KHe rnnsr KOJIJIel<:THBHOro B036Y)f(,n;eHHH, KaK rHraHTCKHe MYJIhTHnOJIhHhle 

pe30HaHChI. qTO 3TO - Bq3BpaI.IJ;eHHe OT "xaoca" K HOBOMY "nopazncy"? 

AJIbcI>A-PACTIA,U KOMTIAYH,U-H,UEP 

qeTBepTh aexa nasan K nOHCKaM peaKI..:(HH (n , a ) na rennoasrx HeHTpo

nax 06paTHJICH ,n;OBOJIhHO IllHpOKHH xpyr HCCJIe,n;oBaTeJIeH, onaarco HX <pH3H

xecxae pesyrrsrarsr OKa3aJ1HCh ,n;OBOJIhHO CKpOMHhlMH - õsrna nonyseaa CJIY

qaHHaH asrõopxa a -IllHpHH ,n;JIH onaoro HJIH HeCKOJIhKHX (c HeH3BeCTHhlMH 

aecasra) pe30HaHCOB. Ilpanna, B.H.AH,n;peeB H C.M.CHpOTI<:HH 121 ,aHaJlH3H

PYH peaynsrari.r CBOHX nOHCKOB pearcuaa (n, a) aa pane anep, npHIllJIH 

K BJ>IBO,n;y O TOM, QTO 06hlqHaH o,n;.HOqaCTH1lHaH r-ronensc-pacnana snecs nenpa

eMJIeMa, no..BH,n;HMOMY, a'-pacnm xor-mayan-anep nozruaaaerca CTaTHCTHqeC

I<:OH MO,n;eJIH. KOJIHqeCTBeHHoe norrraepacneaae 3TO npennonoacenae nOJIyqH

JIO acxope, teor-na B ,Uy6He npOBeJIH nepnsre HCCJIe,n;OBaHHH peaKI..:(HH (n , a) 
na pe30HaHCHhlX HeHTpOHax H anepnsre onpenenarra cpezmae no peaonancasr 

3HaqeHHH a -IllHpHH, C KOTOphlMH onepapyer CTaTHCTHqeCKaH TeOpHH. 

HaJIHQHe CBeTOCHJIhHOrO HeHTpOHHoro cnercrpor-rerpa no BpeMeHH npo

JIeTa na õase HMnYJIhCHOrO peaxropa I1BP H cosnanae oparaaansasrx BhICO

K03<p<peKTHBHhIX zrerexropoa H CneKTpOMeTpOB a -qaCTHI..:( C paõoueã nno

niansro MHllleHeH 10 3 -:-104 CM 2 n03BOJIHJIO B 1966 r. nOJIyqHTh nepnsre pe

3YJIhTaThl no H3MepeHHIO nOJIHhlX a -IllHpHH HeHTpoHHhlX pe30HaHCOB (147 Sm 
149 Sm/ 31 H ), a xepea napy JIeT anepnsre H3MepHTh cnercrpsr a_qaCTHQ B OT

zrensnsrx pesouaacax ( 147 Sm 141 ). 

B ,n;aJlhHeHllleM Kpyr HCCJIe,n;OBaHHhIX B JIH<I> anep nOCTOHHHO pactua

pHJlCH. B peaKQHH (n , a) 6hIJIH H3yqeHhl HeHTpOHHhle pesoaancsr H30TonOB 

Heo,n;HMal 51 H pH,IJ;a ,n;e<popMHpOBaHHhIX anep 161 . EhlJI 06HapY)f(eH H HCCJIe

,n;OBaH a -pacnan KOMnaYH,n;-COCTOHHHH B HOBOH 06JIaCTH anep C 60 .::; A~ 

,:; 125 / 71 , rne HBJIeHHe a -pacnana 6hlJI0 aooõute HeH3BeCTHO. Pe3YJIhTaThl 

nepaoro srana HCCJIe,n;oBaHHH peaKI..:(HH (n, a) na pe30HaHCHhlX neürpoaax 

npaaegensr B 0630pe 181 . 

;,. 

B npyrax JIa60paTopHHX CHCTeMaTHqeCKHX HCCJIenOBaHHH peaKI..J;Hl-J 

(n ,a) na pe30HaHCHhlX HeHTpoHax ne Be,n;eTCH, XOTH nOHBJIHIOTCH Ç>T,D;eJIhHhle 

paõori.r 19,101 . TIO-BH,n;HMOMY, 3TO 06'bHCHHeTCH TeM <p~KTOM, qTO;nOCJIe,IJ;Hee 

BpeMH HeHTpOHHa.H cneKTpOMeTpHH no BpeMeHH nponera paaaasanacs no ny

TH rtoasnneaaa paapemaromeá cnoc06HOCTH, H coaper-remrsre HeHTpoHHhle 

cnercrpor-rerpsr, npeaocxona cnercrpor-rerp aa õase HEP-30 no sneprerauec
KOMY paspeureamo, npoarpsraaror eMY no CBeTOCHJIe B 06JIaCTH pe30HaHCHhlX 

HeHTpoHoB. KpOMe Toro, "Me,IJ.JleHHhlli" HeHTpOHHhlH cnercrpovrerp JIH<I> 

OI1HI1 n03BOJIHeT HCnOJIh30BaTh H "Me,D;J1eHHhle" cnexrpor-rerpsr H ,n;eTeKTO

psr a -qaCTHI..:( (HOHH3aI..:(HOHHhle H nponopuaoaansnsre xar-repsr) C 60JIhlllHMH 

nJIOmmHMH MHllleHeH. 

B peayrrsrare H3MepeHHH 6hlJIH rrorryseasr a -urapansr pacnana OKOnO 

,n:BYXCOT COCTOHHHH' nOtITH .D:BYX ,n:eCHTKOB H,IJ;ep. AHaJlH3 HX noKa3aJI, QTO 

<PJIYI<:TYaI..:(HH napuaansm.rx a -IllHpHH nO,n:trnHHIQTCH pacnpeneneaaro Ilopre

pa-Tor-raca, r'.e. X -xaanpar pacnpenenenaro C trnCJIOM creneneã CBo60,lU>1 

1 / 1v = 1, a ,n;JIH nOJIHhlX a -IllHpHH He06xo,n:HMO HCnOJIh30BaTh v3 41 ~ V , 

yxarsraaiouree KOHKypeHI..:(H1O pa3JIH-tIHhlX KaHaJlOB a -pacnana 1<:0MnaYH,n:

COCTOHHHH. 

Ha pHC. 2 ,n;JlH uiaporcoro xpyra nnep rrpencraanensr OTHoweHHH cpen

HHX 3HaqeHHH axcneparaenransnsrx IllHpHH I<: paccsarasnrsrr-r C HCnOJIb30BaHH

eM naparaerpon KJIaCTepHOH MO,n;eJIH a -pacnana c.r .Ka,n;MeHCKorO H 

<r, )ex p 

<r_>th I I 

10' 

120 1110 160 1101\ 

Puc. 2. 3aaUCUMOCl'b 01' aTOMHOZO eeca otnotueuus stccnepunenransnux 3HatleHUÜ non
uux a -WUPUH [ycpeànenuux OIlR tcascõoeo sõpa no pe30HaHcOM c onpeôenennuu 

suaueuueu cnuua) K cpeõnuu a -WUPUHaM.paCClIUTaHHblM no tcnactepnoü MOOetlU. 
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~ ·~I1BJ1.<I>ypMaHa 121 ~ 3a HCKJIlOqeHHeM .n;aHHhIX .n;JIR Ni (TpeyrOJIhHH-

KH) OCTaJIhHhle 3KCnepHMeHTaJIhHhle pe3YJIhTaThI nonysensr B JIH<1> OH.RM. 

3.n;eCb KpY)KKaMH H TOqKaMH ~OKa3aHhI pe3YJIbTaThI, ycpeziaeaasre OT.n;eJIb

HO no pe30HaHCaM co cnHHaMH 'I + 1/2 H 1 - 1/2, r.n;e}- erma anpa MHl.IleHH. 

OUHJ:6KH oT.n;eJIbHhIX J:0qeK OÕYCJIOBJIeHhI rJIaBHhIM 06pa30M MaJIhIM lillCJIOM 

pe30HaHCOB, no KOTOphIM npoaoziarrocs ycpeznreaae 3KcnepHMeHTaJIbHhIX 

.n;aHHhIX. Y.n;oBJIeTBOpHTéJIbHOe COrJIaCHe 3KcnepHMeH,TaJIbHhIX H reoperasec

'KHX .n;aHHhIX, HJIJIIOCTpHpyeMoe pHC. 2, rOBopHT KaK o CnpaBe,lJ)1HBOCTH CTa

THCTHqeCKoro OnHCaHHR cpenaax BepORTHocTeH a -pacnana KOMnaYH.n;-coCTO

RHHH anep (nocTOHHCTBO ornouranaã] , TaK H 06 y.n;oBJIeTBOpHTeJIbHOH napa

MeTpH3a.u;HH C nOMO~blO KJIaCTepHOH r-roziena (6JIH30CTb OTHOllleHHH K e)l;H

aane) . 
Ilpencraaneansre na pHC. 2 OTHollleHHR a -IllHpHH C TOqHOCTblO .n;o MHO.

)KHTeJIR COBna,u,IDOT C a -qaCTHtIHOH CHJIOBOH cPYHKQHeH .n;JIR "xepaor-o" anpa.. 

ECJIH CpaBHHT~ noaeneaae B 3aBHCHMOCTH 01' aror-raoro Beca anpa CHJIO

BOft cPYHl'UHH a -pacnana HeHTpOHHhIX pe30HaHCOB C aHaJIOrHqHOH 3aBHCH

MOCTblO HeihpOHHOH CHJIOBOH cPYHKQHH (pHC. 3 11a1 ) , TO MO)J(HO 3aMeTHTb 

cym;eCTBeHHYIO pa3HHUY, 06YCJIOBJleHHYIO TeM, sro .n;JIH HeHTpOHOB .n;aHHhIX 

eaepraã anpo RBJIReTCR nOJIynp03palJHhIM, H B .n;onOJIHeHHe K CTaTHCTHqeC~ 

KOMY nonxony anecs nano HCnOJIb30BaTb OnTHqeCKYIO r-ronern, anpa (CM. 

TeOpeTHq.eCKHe KpHBLIe na pHC. 3.) . ,nPyrHMH CJIOBaMH, pHC. 2 H 3 nOKa3hI

BaIDT, qTO ozuroxacrasasre HeHTpoHHhle KOMnOHeHTbI BOJIHOBOH <PYHKUHH 

eme ae nOJIHOCTblO <pparMeHTHpOBaHhI no KOMnaYH.n;-COCTOHHHRM B6JIH3H 

3HeprHH CBR3H HYKJIOHa, B TO BpeMR KaK .n;BYXKBa3HqaCTHlJHbIe, xersrpex
KBa3HqaCTHqHhle H rana "nse KBa3HqaCrnUhI IIJIIOC <pOHOH" BOJIHOBhle <PYHK

UHH' (onpe.n;eJIRIOIUHe a -pacnan B OCHOBHOe COCTORHHe R.n;pa / 141 ) npa 

TeX')Ke 3HeprHRX B03Õ~.n;eHHR rpparraearapoaansr aaasarensao CHJIbHee. 

llH<popMauHR O CHJIOBhIX <PYHKUHRX a -qaCTHU n03BOJIHJIa npouecra 

OT60p cpena pa3JIHlIHhIX MO.n;eJIeH, npeTeH.n;YIOIUHX na ,OnHCaHHe d. -pacna

na xor-mayazr-anep /151 . KpOMe TOrO, ee C ycnexor-r MO)KHO HCnOJIh30BaTb 

,lVIR aHaJIH3a rarcoro RBJIeHHH, KaK HcnYCKaHHe aanepzcaaasrx a -sacrau, 

conpOBO)K)l;IDOIUHX f3 -pacnan HeHTpOHOAe<PHUtiTHhIX H30TOnOB TR)I(eJIhIX 

R.n;ep 1151 ,a TaK)Ke nOJIyqeHHR OpHrHHaJIbHOH'HH<popMaUHH 06 06IUHX CBOH

CTBax Y -nepexonoa Me)K.n;y 

.n;ByMR KOMnaYH.n;-COCTORHHRMH 

H3 aHaJIH3a cnercrpon a -qaCTHU 

B zrayxcryneasaroã peaKUHH 

(n,.y,a)/16,'17/. 
35 45 

o 
IQ.O' 

VI 

xPuc. 3. 3aBucUMocTb OT aTOMH020 Be
-9 

ca s -BOIlHOBbIX HeüTpOHHblX CWlO
1,0 

BblX q;YH1<~Uií.. Kpueue - pacuet no 111iontuuecxoú uoõenu c pa3HbIMU napa

uetpauu nareuuuana. 
;.. ..~ ~~ •• ..!.!..' .!- 1130210 240 270 
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DPOTOHHhlM PACllA,n KÜMllAYH,n-Hp:EP

I1cnYCKaI-me npaTOHOB B .peaKUHRX C Me)J,JIeHHhIMH HeHTpoHaMH OKa3hI

BaeTCH .n;OBOJIbHO perrxar-r RBJIeHHeM, nOCKOJIbKY .n;JIH cTa6IDlbHhIX anep snep

rHI1 CBH3I1 HeHTpOHOB H npOTOHOB OKa3hIBaIOTCH 6JIH3KHM11 li Q (li, p) ..5
S 1 M3B) T.e. nporoansrã pacnan HeHTpOHHhIX pe30HaHCOB CYIUeCTBeHHO 

rronaanea KYJIOHOBCKHM õapsepora. ll03TOMY HMeeTCR aecsvra crpaaasenaaa 

HHcPopMal..J;l1H o nporomrowr rcanane pacnazia KOMnaYM-R.n;ep: peaKUHR (n ) p) 

na pe30HaHCHhIX HellTpoHax õsrna HCCJIe.n;OBaHa JIHlIIh na 3-4 cTa6IDIhHhIX 

anpax. 
B TO )Ke BpeMH TaKaR HHcPOpMau;HH osens HHTepeCHa. ,lLrIR KpaTKOCTH 

OrpaHHlJMMCR rnnns rrepesacneaaesr HHTepeCHhIX np06JIeM: 

- npOTOHHhU1: pacnan HH.n;HBll.n;YaJIbHhIX COCTORHHH rtpn 3Hepn1RX B03

6Y)K)l;eHHR - 10 M3B; 

- OnTi1qeCKHH nOTeHUHaJI .n;JIR npOTOHOB MaJIbIX 3HeprHH; 

- nporonasre CIDIOBhIe <PYHKUHH .n;JIR pa3HhIX Op6HTaJlbHhIX MOMeHTOB; 

- cPparMeHTaUHR npOTOHHhIX oÕOJIOqeI<; 

- nOHcKH"ocTaTKoB" H30TOnHqeCKOH HHBapHaHTHocTH B rrerrcax H 

cpenanx azipax; 
- pOJIb peaKUHH (n, p ] B HYKJIeOCHHTe3e JIerKHX H cpenanx aziep. 

OlJ,HHM as nepcnexraaastx HanpaBJIeHHH H3yqeHHR nporoanoro rcaaana 
pacnana xor-maynn-anep RBJIReTCR nepexon K HCnOJIb30BaHHIO panaoaxrna

HhIX HeHTpOHOJJ:ecPHUHTHhIX R.n;ep-MHllleHeH. 31'0 npaaoznrr K 3aMeTHoH pas

HHue B 3HeprI-dHX CBR3H HeHTpOHa H npOTOHa H n03BOJIReT .n;JIR lJ,OBOJIbHO run
porcoro xpyra azrep HMeTb Q (n, p) nopanrca HeCKOJIbKHX M3B, cnenoaa

TeJIbHO, npOHHuaeMOCTH õapsepa, npaexrrrerasre .n;JIR H3MepeHHH na CBeTOCllJlh

HhIX neárpoam.rx YCTaHOBKax. 

B JIa60paTopHH HeI:lTpOHHOH <pH3HKII OI1.Hll HeCKOJIbI(O JIeT nasan narra
JIHCb CHCTeMaTHqeCKHe HCCJIe.n;OBaHHH rarcoro pozra. no MeTO.n;y BpeMeHH 

nporrera na rryxxax pe30HaHCHhlX HeH1EoHOB llEP-30 npoaeneasr H3MepeHHR 

peaKUHH (n .o ) na anpax-r-rauienax 2 Na (T 1/2 = 2,6 JIeT) 1181 H 36 ce 
(T 112 = 3,0 '10 5 JIeT) ,/191 ,B pe3YJIbTaTe qero H3; 3THX anpax 06HapY)Ke

HhI nepasre HeHTpoHHhle pe30HaHChI (CM. pHC. 4 .n.JIR 36 Ce ) 11 norrysenst 

HX napaxrerpst. Ha H.n;paX-MH1lleHRX 7 Be (T 112 = 53.n;HR) Iml H 40· K 
(Tlf2= 1,3.109·Jl eT ) / 2 V YCTaHOBJIeHO, qTO XO,n CeqeHHH peaKUHH (n ,p) 

n 06JIaCTH 3HeprHH HH)lCe 100 3B noznnmaerca 3aKOHY 1/ If 3aMeTHM., 

lITO pHC. 4 xopoiuo HJIJIlOCTpHpyeT npeHMYIUecTBo .n;BYMepHoro aaanaaa HeH

TpOHHhIX pe30HaHCOB C peracrpanaeã 3HeprHH nporonoa. 31'0 n03BOJIReT ae 

TOJIbKO CHH3HTb 4,>OH , HO H qeTKO H.n;eHTHcpl1-UHpOBaTb pe30HaHChI no HX H30

rormoü rrpHHMJIe)KHOCTH, naxce eCJIH conepzcanae H30TonOB OTJlHqaeTCR na 

ABa nopanxa, KaK 31'0 HMeJIO MeCTO B oõpasue 36 Cf . 
He HMeH B03MO)iCHQCTl1 noztpoõao OCTaHaBJIHBaThCH na nOJIyqeHHhIX pe

3YJJbTaTaX, OTMeTHM, lffO npoaeneaasre H3MepeHlUJ. rr03BOJIRIOT cnerrars corro

CTaBJIeHl1e (aaorzra - YTOlJHeHHe) l..I1KaJI 3Hepnu1 B03ÕY)J()J;eHHH KOMnaYH.n;

nnep, nonyaenut.rx B pa3HhIX peaI<UHHX, H.n;eHTH<pHUHPYH COCTORHHH no rca

!COMY-JIH60 napar-rerpy.uanpar-rep l~) /I~O) B crrynae COCTaB.Horo anpa. 23N/.B~ 
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PuC. 4. 3KcnepUMeHTtLIlbHblU euxoõ npOTOH08 8 peaK14WlX 36 C e(n,p ) 36 S (E := 

= 1,8 M3B) u 35 C e ( n ,p ) 35 S (E =0,6 M3B) 83a8UCUMOCTUOT8peMeHUnpOJlera 

ueürponoe. llwfipbl Y CTpeJlOK - JRepcUU o61;lllpYJlCeHHbIX pesonaucoe. 

nOCJIe.o;HHe rozrsr 60JIblllOl1: anrepec B HeHTpoHHOH epH3Hl<e (na H anep

HOH sooõute) npOHBJIHeTCH K 3epepeKTaM HeCOXpaHeHIDI tIeTHOCTH B anepnsrx 
B3aHMO.o;eHCTBIDIX. 3TH 3epepeKThI, 06HapY:>KeHHhle anepasre na TellJIOBhIX 

neirrpoaax B peaxnaa (n, y ) , HCCJIe.o;OBaJlHCb 3aTeM B H3MepeHHHX nOJIHhIX 

HeHTpOHHhlX CetIeHHH, B peaKUHHX ( n , y) H .o;eJIeHIDI 
/ 221. Onaaxo nOllbITKH 

06HapY:>KHTb aapyuieaae npOCTpaHCTBeHHOH tIeTHOCTH B peaKUHHX c BhIJIeTOM 

a -qaCTHU H npOTOHOB ae .o;aBaJIH nOJIO)lG1TeJIbHhIX pe3yJ1bTaTOB. 

COBMeCTHO C rpyrmoá fll1.H<1> AH CCCP Mhl npezmpmrana HOBYIO no

IThITKY 06HapY:>KHTb 3epepeKT necoxpaaeaan tIeTHOCTH B peaKUHH C BhIJIeTOM 

npOTOHa - 35 CC (n ,p ) 35 S aa nysrce TenJIOBhlX nOJIHpH30BaHHhlX HeHTpO

HOB peaxropa fll1.H<1> AH CCCP 12:Y. EhIJIa C03.o;aHa annaparypa, KOTOpaH 

n03BOJIHJIa Ha,IJ,e:>KHO peracrpapoaars 3epepeKThl aCHMMeTpHH BhIJIeTa npOTO:' 

HOB C aaeprneã 0,6 M3B Ha ypoaae - 10 -5 OT CetIeHHH I1CnYCKaHIDI npOTO

HOB. B pe3YJIbTaTe H3MepeHHH '6hIJI nnepasre 3aperHCTpHpOBaH 3epepeKT P-He

tIeTHOH xoppenanaa BhIJIeTa npOTOHa OTHOCHTeJIhHO cnaaa HeHTpOHa _ a np 

'-(~ri ,i\> ), a TaK)I(e onpeneneaa neao-npasaa aCHMMeTpHH a~p - q, [Pn ,Pp ] 

i] 

nonsre xapaKTepHCTHKH HeHTpoHHhlX pe30HaHCÓB. nOCJIe COOTBeT

CTBYlOmHX nonpaaox 6hIJIH nOJIYtIeHhl cnenyronrae 3HatIeHIDI: a np = - (1,51 ± 
± 0,34)·10 -4 H ag~ = - (2,40± 0,43).10-4 / 23/ . AHaJIH3 3THX peayrn.raroa 

naer ouemcy MaTpHtIHOrO 3JIeMeHTa .o;JIH B3aHMo.o;eHcTBHH, ne COXpaHHlOmerO 

tIeTHOCTb: Wnp = 0,06 3B. 3TO 3HatIeHHe nO\ITH na zrsa nopanxa asnue oue

HOK W , nOJIYtIeHHhIX BH3MepeHHHX nponycxaaaa 11 peaKUHH (n,y) aa TH

:>KeJIhlX anpax. I1HTepecHhIM rrpe.o;CTaBJIHeTCH H TOT rpaxr, tffO nOJ1YtIeHHOe 

3HatIeHHe Wnp .o;OCTHraeT BeJIHtJ,HHhl o.o;HOtIaCTHtIHOH OueHKH MaTpHtIHOr.O 

3JIeMeHTa, OTBeTCTBeHHOrO 3a necoxpaaeaae npOCTpaHCTBeHH0H tIeTHOCTH 

B HYKJIOH-HY«JIOHHhIX B3aI1Mo.o;eHCTBH.fIX. 

He HCKJ1lOtIeHO, tffO TaKOe IlOJIO:>KeHHe zien CMeCTHT axuenrsr B H3YtIeHHH 

3epepeKTOB aapyuieaaa npOCTpaHCTBeHHOH tIeTHOCTH B 06JIaCTb JIerKHX anep, 

rne 3aMeTHYIO pOJIh MorYT arpars peaKUHH C BhIJIeTOM 3apH:>KeHHhlX tIaCTHU,l· 
3epepeKTHBHOC:rb perHCTpaUHH -KOTOphIX 3HatIHTeJIbHO asnue, tIeM MH .y , 
KBaHTOB. A 3TO B CHOlO ouepens nO.o;HHMeT aarepec K pe3YJIbTaTaM HCCJIe.o;O

BaHHH napasrerpoa HeHTpOHHhIX pe30HaHCOB B peaKUHHX (n, P) H (n, a ) . 
I1ccJIe.o;oBaHIDI peaKUHH (n , p) na pe30HaHCHhlX H TenJIOBhlX HeHTpoHax 

IlOKa3aJIl1, tffO .o;nH parta nasce CpaBHI1TeJIhHO CJIO:>KHhIX anep (A - 20'740) 
nporoaasrã KaHaJI pacnana KOMnaYH.o;-coCTOHHHH ziaer aecsr-ra 3aMeTHhlH 

BKJIM. B CBH3H C 3THM B paõore /24/ 6hIJIO BhlCKa3aHO npezmonozceaae O 

cyutecraeaaoã pOJIH peaKUHH (n, p) B HYKJIeOCHHTe3e, B tIaCTHOCTH, npa 

aspsmax CBepXHOBhIX 3Be3.o;. KaK nOKa3aJIH npoaeneaaste B paõore /24/ pac

tIeThI, npa aspsmax CBepxHOBbIX 3Be3.o; na anpax 22 Na H 36 C e. peaKUHH 

(n , p)' .o;DJI:>KHhI 3HatIHTeJIbHO npeaarntpoaars HM eCTeCTBeHHhIM f3 -pacna

.o;OM 3THX anep. 3THM MO:>KHO 06'bHCHHTb aeynasy nOHCKOB aHOMaJIIDf B pac

npoCTpaHeHHOCTH H30Tona 36Ar B MeTeOpHTax, KOTOpaJI O:>KH.o;aJIaCb 

B npe.o;TIOJIO:>KeHHH f3 -pacnana 00 Cr 
Bonsiuae 3HatIeHHH pe30HaHCHhlX HHTerpaJIOB B peaKUHH (n, p) .o;JIH 

HeftrpoHo.o;eepHUHTHhlX anep rOBopHT o cyniecraenaowr 3HatIeHHH 3HaHIDI na

par-rerpoa peaKUHH (n , p) .o;JIH aeurecrn, BXO.,lJ,HmHX B COCTaB KOHCTPYKUHOH

HhIX H .o;eJIHmHXCH MaTepHaJIOB anepasrx H repsronnepasrx peaKTOpOB (CM., 

aanparaep, /251 ), nOCKOJIbKY acnycxaaae npOTOHOB npaaonar K HaKOIIJIe

Hmo aonopona, a CJIe.o;OBaTeJIbHO, K .o;onOJIHHTeJIbHOMY OXPYINHBaHmo KOH

CTpYKUHOHHhlX MaTepHaJIOB. 

TaKOBhl nepasre pe3YJIbTaTbI H3YtIeHHH aonoro (nporonaoro) KaHaJIa 

pacnana HeHTpOHHhlX pe30HaHCOB. 

;~ 
PEAKU.H11 HA EbICTPbIX HE.ATPOHAX 

,J Hapany C HCCJIe.o;OBaHHeM xapaKTepHCTHK pacnana HH.o;HBHAYaJIbHhlX 

KOMnaYH.o;-COCTO.fIHHH no OT.ueJIbHhIM KaHaJIaM uiapoxo HCnOJIb3YIOTCH H KBa

3HMOHoxpOMaTHtIeCKHe nYtIKH epillIbTpOBaHHhIX HeHTpOHOB, n03BOJIHlOmHe 

H3MepHTh naparaerpsr pacnaaa, ycpenaeaasre no 60JIblllOMY tIHCJIY aasansasix ~ 

COCTOflHHH, T.e. Te, rcoropsre MO:>KeT npencxaaars CTaTHCTHtIeCKaJI reopaa, Me

6 7 



iI
 
l. 

TO,n HMeeT li TO npeHMYI.I.J;eCTBO r qTO CYI.I.J;eCTBeHHO YMeHblIlaeT 01IlH6KY onpe

,neJIeHHH cpennax napar-rerpoa, 06YCJIOBJIeHHYIO ycpenaenner-r no MaJIOMY 

lJHCJIY pe30H8.HCOB 1 213. Z71 . 

I1crroJIb30BaHI1e nylIKOB aeárponon c anepraeã B HeCKOJIbKO M3B n03BO

JIHeT ae TOJIbKO nOJIYlJHTb xoporuee ycpenaeaae no HaqaJIbHblM COCTQ.HHHHM, 

HO VI aa HeCKOJIbKO nOpR,nKOB nOBbICHTb, no cpaBHeHHIO c pe30HaHCHhIMH 

neHTpoHaMH, npOHHQaeMOCTb KYJIOHOBCKoro õapsepa anpa nJIH peaKQHH rana 
(n ,p) H (n ,a), a TaK)Ke npOCJIe,nHTb H3MeHeHHe xapaKTepI1CTUK pacnana c 

YBeJIHlJeHHeM 3HeprHH B036Y)K;a;eHIDT anpa no Mepe npH6JIH)KeHRH K 06JIaCTH 

rVIraHTCKHX MYJIbTHnOJIbHbIX pe30HaHCOB. 

3KcnepHMeHTbI B 3TOH 06JIaCTH n03BOJIHIOT H3YlIHTb BKJIa,n H porrs npa
MbIX peaKQHH. Ilpaana, ,nJIH HX aaztexororo pa3,neJIeHHH c nponeccaxra, H,ny

I.I.J;HMH uepes KOMnayu,IJ,-R,npO, He06xo,IJ,HMbI MHoronapaMeTpHlJeCKHe accneno
BaHHH. B 3TOM CJIYlJae mnpo KO HCnOJIb3yeMbIH aKTHBauHOHHbIH MeTO,IJ, OKa

3hlBaeTCH He.n;OCTaTOtIHhIM. He06xo,nHMO pa3BHBaTb r-rerozrsr npHMOH perncr
paQHH H cneKTpOMeTpHH BhIJIeTaIOI~HXlJaCTHQ na rrymce 6hICTphIX HeHTpOHOB. 

HOBaR MeTo,nHKa, XOTH H ae CTOJIb npocra, KaK aKTHBaQHOHHaH, Y)Ke acnorrs
syerca B parte naõoparopnã, TÇ1.K,B paõcre <I>JIOpeKa H np, 1 ffil ÔbIJIH H3Mepe

HhI cnexrpsr a -uacrau B pearcunnx 95 Mo (n ,a) H 143Nd (n ,a) npa 
3HeprHH HeHTpoHoB 3 M3B. 3,necb B KalJeCTBe cnercrpoxrerpa a -lIaCTHQ MC

nOJIb30BaJICH rnôpan H3 ra30ÉOH npOnOpQHOHaJlhHOH dE / dx KaMephl,31a3H

BaJIeHTHOH 1 MKM KpeMHHH, H noaepxnocrao-õapsepaoro Si (Au ) -nerex
Topa (pHC. 5). I13BecTHhI HCCJIe,nOBaHHH CneKTpOB a,·lJaCTHQ B peaKQHHX c 

HeHTpoHaMH 14-=-18 rv:bB nOJIbCKOH rpyrmsr 1 '3)1 ,npo.n;eMOHCTpHpOBaBUlHe 

OCHOBHYIO pOIIb npHMhI.X H nOJIynpHMhIX npOQeCCOB B 06'bHCHeHHH )KeCTKOH 

lJaCTH cnercrpon a -lJaCTHQ npa oõnysemsa HeRTpOHaMH anep pezncoseraens
HOH 06JIaCTH. 

B H3~lJeHHH CneKTpOB 3a

pH)KeHHhIX lJaCTHQ, BhIJIeTaIDI.I.J;HX 

nocne saxaara 6hlCTphIX IÍeHTpo-

HOB, 'nepcneKTHBHOH MO)KeT 

OKa3aTbCH HOHH3aQHOHHaH rca-
Mepa C ,nBYMH ceTKaMH, n03BO-

JIHIOI.I.J;aH npoaornrrt, H.n;eHTHqm-

PUC. 5. Cxeua "2u6pl!ÔH020" rene
cxona, COCTOflU{e20 U3 TOHK020 2a30

B020 nponopuuouansnoeo cuetuutca 
U nOJlynpoBooHUKOB020 cnetctpouet
pa. i - «peuuueeuú àeretctop, 2 U 

3 - npoeonouuue auoõ U KaTOô npo

nOpl1Uo1lrJ.JlbH020 ClJeTIiUKa, 4 - MU

iuens, 5 .- BaKYYMHblU KOJICYX c 
KpblWKOÜ (6), 7 - ifjJla1tel1 nacoca, 

8 - U30/lflTOp. 
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KaQHID H CneKTpOMeTpHIO HH3K03HepreTlilJeCKHX 3apH)KeHHhIX qaCTHQ C' 6JIH3

KOH 3HeprHeH, HO pa3JIHlJHhIMH 3HaqeHliHMH npOH3Be,neHHH HX MaCCM na sa
pan lrol . CneQHaJIbHaH cxer-ra orõopa COBna,nalOI.I.J;HX HMnYJIbCOB 06eCnelJH

naer Ha,ne)KHYIO H)J.eHTHqmKaQlilO H CYI.I.J;eCTBeHHoe yrrysnuenae COOTHOlIleHliH 

3q)(:peKTa H <:pOHa, a TaK)Ke n03BOJIHeT HMeTb nJIOI.I.J;a,nb zierercropa na 'UOPH,nOK 

liJIH ABa 60JIbIlle, lJeM B cnysae nOJIynpOBo,nHHKOBoro renecxona, npasna, 
npoarpsraaa nOCJIe,nHeMY B 3HepreTHlJeCKOM paspemenaa. B03MO)KHOCTb H3- , 

MeHeHHH zraanenaa rasa B HOBOM cnexrpovrerpe 06eCnelJHBaeT rH6KYlO HaCT

POHKY na orrrnraansasre napar-rerpsr ,nJIH perncrpanaa qaCTHQ naaaoro copra 
H 3HeprHH. 

3AKJlI04EHI1E 

,llaJIbHeHIllHH rrpouecc B HCCJIe,nOBaHHHX peAKHX KaHaJIOB pacnana KOM

naynn-anep c BhmeTOM 3apH)KeHHhIX qaCTHQ, BHAHMO, õyner CBH3aH c pa3BH

THeM TeXHHKH CBeTOCHJIbHOH HeHTpOHHOH cneKTpOCKonHH. B nOJIb3Y sroro 
rOBopHT MHOrOJIeTHHH OIlhIT pa60ThI cercropa pemcax peaKQHH B JlH<I> 

OI1.HI1, a TaK)Ke He,naBHO HalJaBlIlHeCH HCCJIe,nOBaHHH nà HOBOM HeHTpOHHOM 

cnexrporaerpe c peKopAHOH CBeTOCHJIOH na õase HaKOnHTeJIbHOrO npOTOHHO

ro l\:OJIbQa Me30HHOH <:pa6PHKH B Jloc-Arravroce 131/. Xopoume nepcnexraasr 
OTKpOIOTCH H nOCJIe 3anYCKa MOCKOBCKOH Me30HHOH <:pa6PHKH, rne ,nJIH 3KC

neparaeararopon nOHBHTCH B03MO)KHOCTb pa3BHTliH HeHTpOHHOH cnercrpoxter
pHH na anpax, y,naJIeHHhIX OT nOJIOChI f3 -cTa6liJIbHOCTH. Ooc6eHHO npHBJIeKa

TeJIbHhIM npe,nCTaBJIHeTCH HCnOJIb30BaHHe HeHTpOHo,ne<:pHQHTHbIX anep B xa
lJeCTBe MHlIleHeH. PaClJeThI norcaasraator, lJTO õyner CYI.I.J;eCTBeHHO pacurapea 
rcpyr aTOMHhIX anep, na KOTOphIX MÇ>)KHO HCCJIe,nOBaTb peaKQHH (n, p) H 

(n ,a ) . . 

KpOMe TOrO, npe,nCTaBJIHIOTCH nepcneKTHBHhIMH nOHCKH ae Ha6JIIO,naB

IllHXCH no CHX nop peaKI..U1H c BhmeTOM lJaCTHQ, 60JIee CJIO)KHhIX, lJeM a -lJaC

THQa. aTO CTaHOBHTCH aKTYaJIbHhIM B CBH3H c 06HapY)KeHHeM rroaoro THna 

eCTeCTBeHHOH panHoaKTHBHOCTH c HcnYCKaHHeM anep 14.C 1321 H parta 
npyrnx. 

Pa3BHTHe TeXHHKH cneKTpOCKonHH na 6hICTphIX HeHTpOHax ae TOJIbKO 

CYI.I.J;ecTBeHHo pacuiapar B03MO)KHOCTH B H3yqeHHH peaKQHH c BhmeTOM sapa
)KeHHhIX lJaCTHQ, HO H n03BOJIHT' nOJIYlJHTb HOBYIO HH<:popMaQHIO o axrranax 
pa3JIHlJHbIX MexaHH3MOB anepnsrx peaKQHH (npar-isre, rronynpavrsre, l1):(yI.I.J;He 

xepea COCTaBHoe azipo H' r.n.) , a TaK)Ke y,nOBJIeTBOpHTb paCTYI.I.J;He B 3TOH 06

JlaCTH 3HeprHH HeHTpoHoB nOTpe6HocTH H,nepHOH H TepMOH,nepHOH aneprera
·KH. 
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Uonoa;IOtn: 
HCcJie,noauute HeHTpoHHbiX pealQlllli c BbiJieToM 
3apmKeHHblX. 'laCTHn "( COCTOHHHe H nepcneKTHBbl) 

PS-87-770 

flpHBO,lVITCR OCHOBHble pe3yJILTaTbl, DOJiytleHHble npH· HCCJie,AO· 
aamm peaKllHH ( n , a ) H ( n , P ) Ha pe30HaHCHbiX aeiirpoHaX. llo:Ka-
3aH01 liTO· DpH 3HeprHH CBR3H HeHTpoHa cpparMeHT&nHR treTbipeXtmC· 
TH'IHbiX COCTOHHHH 0 Ka3biBaeTCR 3Ha1DITeJibHO OOJiee DOJIHOH, qeM 
O..ltHOGCTHIIHbiX. OTMelleHa ponb peaKllHH ( n , p ) a HcCJienoBaHHmr 
aonpoCOB Hecoxpa.HeHHR·qernoCTH·H a aCTpoQlH3HKe. PaccMaTpHBaiOT· 
C$1· DYTH paCWHpeHHR HCCJieAOBaHHR peaKUHH ( n , a ) H ( D , p ) Ha 
pe30H8.H¢HbiX H 6blCTp.hlx HeHTpOHalt. 

Pa6on BbiJJOJIHeHa ·B Jia6opaTOpHH aeH:rpoHHOH QlH3HKH OH.RH. 

Coo6weRHe 06 .. eJUGteHHOI'O lDICTHT)'T1l'RJlepHWX HCCJlellQBaHJdt: JlY6Jia 1987 

fiepeBO;Il aB'h>pa 

PoP9¥Yu~P~ 

Investigation of Neutron Reactions Followed by. 
Qtargwl.Pa:rticle Emission (Status and ·Perspectives) 

P3-87-770 

The main, results of the ( n , a ) and ( n , p ) reactions investigations 
on· resonance neutrons has been considered in the report. It has been 
shown that near ·the binding energy of the nucleon the· fragmentation 
of· four quasiparticle states is considerably· more complete· than that 

· of sin~ particle ones. The TOle of { n , p ) reaction in parity non conser
vation reseal'ch and nuclear synthesis, applications has been discussed. 
The ways of extention of ( n , a ) and ( n, p) reactions investigations 
in the resonance and fast neutrons region are diScussed. 

The investigation has been perfonned at the Laboratory of Neut
ron Physics, JINR. 
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