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Summary 

. . ' 
.The . absorption. reactions· of stopped "--mesons by 

nitrogen nuclei with the 8 Li production· were studied 
by using the photoemulsion method. Relative probabilities 
of reactions are determined. The energy and angular dis- ~
tributions, as well as distributions over effective masses 
of parti.C::le combinations, were constructed for two reac-. 
tions with th~ most relative probability. The theoretical 
analysis of these reactions has been qarri~d out. The·· .. 
comparison 'o:f theoretical calcuiations with experimental - : 

·data· shows that in the capture .of stopped "--mesons by 
ni tr6ge,n nuclei . with the 8 Li production the absorption on_·. 
(pp) pair and complex clusters ( 3 Li, 5 Li,6 Be)play an essential· 
role. . 
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. Hccne.n;oaaHHe no 
• • t ' • ~ ' 

H,ApaMH C Bbi,AeJieHHe 
Ba)KHbiii: a on poe . o cyw 
B Hhpax; . 
. •. . . B .n;aHiwii: pa6oTe 
H.n;paMH ·14N ·c· o6pa: 

TaKHe. peaKUHH 1 
UHaUHHMH, HBJIHIOIUHMll 
MaMH;· .llpH HCCJie,AOBa 

·, C· o6pa30BaHHeM: 8 _LiJ 
npouecc BHOCHT nornm . ,. 4 

a -qacTHULI; H;npe · 1 
cornacHe COBOKYllHOCT. 
p'ac'leToB /t-31. · .. · . 

. B Hac:roJimeii: . pa 
,AOM; aHaJIH3HPYIOTCH T] 
8 Lf.3Ta pa6oTa HBJIHe· 

,AOBaJIHCL . peaKUHH, .A 
c ·. T- o6pa3HLIM cne.n;oJ 
T- o6pa3HOMY cne.tiy. 

· llocTaHOBKa 3KCJ 
onHcaHLl a pa6oTe /z I .l 

·. pa3HLIM cne.n;oM. 60C1/o c 
BLie co6LITHH. ELmo H~ 
BLix':a-3Be3,A B )J;y6HI 
nporpaMMLI. KHHeMaTH~ 
llOJiy'leHHLIX pe3yJILT~ 

Hli«<>B3. .. 
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Hccne,IJ;oaaHne nornomeHHH ocTaHOBHBIIIHXCH rr ·MeJoHOB nerKHMH 
H,IJ;paMH C Bbi,IJ;eneHHCM KaHanoB peaKIJ;HH ll03BOnHCT pacCMOTpCTb 
Ba)I(HbiH BOllpOC 0. CYil\CCTBOBaHHH pa3nH'IllblX HyKnOHHblX aCCOIJ;HaiJ;HH 

B H~pax~ 
, B -AaHH()H pa6oTe paccMoTpeHbi peaKn;nn nornomeHIIH rr-- Me JoHoB 
H,IJ;paMII · 14N · ·c· o6pa30BaHIICM H,IJ;pa 8 Li B KOHC'IHOM COCTOHHIIII. 

. TaKIIe peaKn;nn · n'oJaoiiHIOT IIJytJ:aTh JaxaaT rr- ·MeJoHoB acco
n;IIan;IIHMII, HBnHIOil\IIMIICH HCCTa6IInbHbiMII MHOrOHyKnOHHbiMII CIICTC • 
MaMII; Ilpn IIccne,IJ;oaaHIIII nornomeHIIH rr- ·MeJOHOB H,IJ;paMH yrnepo,D;a . 

. , c.o6paJoaaHIIeM; 8 L;;/r-3 /6bmo noKaJaHo, 'ITO ocHonHoii BKnaA a :noT·: 
npon;ecc BHOCHT nornOil\CHIIC Ha IIJOTOITII'ICCKOM aHanore B036y)K,Il;CHHOH 
. a -qacTIIU~I; H:npe 4Li. B 3TOM cnyqae y,IJ;anocb nony'IIITb xopoiiiee 
cornacne COBOKYITHOCT,H 3K·cnepiiMCHTanbHblX ,IJ;aHHblX II TCOpCTII'ICCKIIX 

' I I . 
p·actJ:eToB' 1 - 3 • . . 

B Hac:roHmeii. pa6oTc, ahmonHeHHoii tiJoT03MynhCIIOHHhiM Me To
,II; OM, aHanHJHPYIOTCHTpeX • H 'ICTbipexny'ICBbie· C96hlT/HH C o6pll:30BaHl,ICM 
8 Li,3Ta pa6oTa HBnHeTCH npo,D;On)KCHHCM pa6o'f" 

1
-

3 
, B KOTOpbiX HCCne • 

-,IJ;OBanHCb peaKIJ;HH, ,IJ;aiOil\HC O,Il;IIO•,IJ;ByX· II Tpexny'ICBblC a •JBC3,Il;bl 
c T- o6pa3HhiM cne,IJ;oM. JI,IJ;po · 8 Li na,IJ;e)KHO IIACHTIItiJIIn;IIpyeTcH no 

T·o6pa3HOMY cne,IJ;y. .. 
IlocTaHOBKa 3KCnepnM(lliTa, MCTO,Il;HKa npOCMOTpa· H . H3MepeHHH. 

onncaHbiB pa6oTe/1/.HJ o6mero KonnqecTaa18000 a·Jae3,IJ;:c T·o6-
·. pa3HhiM cne,IJ;OM. 600/o cocTaanHIOT Tpexnyqeahie n 30o/o - tJ:eTbipexnyqe· 

Bble C06biTHH. JibinO H3MepeHO l 270 Tpexny'ICBbiX H 920 'ICThlpex.iJyqe ~ . 
. Bhii·;a·3BC3,Il; B ,IJ;y6ne. H ... Col))HH. 06ctJ:eT 3THX co6hiTHH C llOMOIIJ;biO. 
nporpaMMhi · KHHeMaTn'lecKor.o aHann3a /4/ · n ,IJ;a.ribHeiirnaH o6pa6oTKa . 
nonytJ:eHHhiX pe3ynhTaToB npoH3BO,IJ;Hnnch Ha 3BM Ii3CM-6 OHJIH 

n'Hct»B3. 

3 



KaHaJibl peaK~uii paJ,D;eJI.HJIUCh c rroMO~hiO KpuTepu.H x 2 na 
ypoane '2o/o-noii ,D;OCTOBepnocTu ,D;JI.H Tpex.nyqeBhiX u qeThipexnyqeahiX 
C06hiTUii. PeJyJihTaThl aHaJIU3a peaK~UH na aJOTe rrpuBe,D;eHhl B Ta6nu
~e. 

lf3 1270 TpexnyqeBhiX C06hiTUH 940 y,D;OBJieTBOp.HJIU KUHeMa TUKe 
~eaK~UH 6e3 HeHTpoii:a UJIU C BhiJieTOM O,D;HOrO neiiTpOHa, U3 HUX 
780 C06hiTUH U,D;eHTUqlH~UpOBaJIUCh O,ll;H03Haqno. lfJ 920 qeThipexnyqe
BhiX C06hiTUH 830 Y,D;OBJieTBOp.HJIU KUHeMaTUKe peaK~UH 6e3 neiiTpOHa 
UJIU C O,D;HUM HeifTpOHOM, IIpuqeM O,D;H03Uaqno U,D;eHTUciJU~UpOBaJIOCh' 
320 C06hiTUH. BKJia,D;hl KOHKypupyiO~UX ,KanaJIOB ,D;pyr B ,D;pyra o~enu

·aaJIUCh Mo.nenupoaanfseM co6hiTuii MeTO,D;OM MonTe-Kapno _rrpu rro:Mo~u 
rrporpaMMhi FOWL • 1 Co6hiTU.H Tpexnyqeaoro u qeThipexnyqeaoro TU~ 
na, ne y,D;OBJieTBOp.HIO~Ue KUHeMa TiiKe peaK~UH 6e 3 HeHTpona .UJIU ··· · 
c BhiJieTOM o.nnoro neiiTp'ona, B ocnoanoM rrpuna:nne:>KaT peaK~U.HM na 
JierKUX .H,D;pax C BhiJieTOM HeCKOJihKUX HeHTpOHOB. 

OTnocuTeJihHhie aepo.HTnocTu ,D;JI.H Bhi,D;~neHHhix I<
1
a;r.a,noa peaK~uii 

na aJoTe, KOTOphie onpe.nen.HJIUCh, KaK u B pa6oTe 1 , npuae.nenhi 
B Ta6JIU~e. . . 

,LI;JI.H ,D;BYX peaK~UH, UMeiO~UX HaU60JihiiiUe OTHOCUTeJihHhie Bepo
.HTHOCTU, 

1T 
14 + N-> /1/ ST. 4H 

~I+ e + p + n, 

- 14N s 3H rr + -> L + + p + p + n, /2/ 

noJiyqeHhl . :.mepreTuqecKUe U yrJIOBhie pacnpe,D;eJieHU.H BTOpUqHhiX 
qacTu~·. a TaK:>Ke pacnpe.nenenue no JciJciJeKTUBHhiM MaccaM paJnuqnhiX 
KOM6UHa~UH qacTU~ /puc. 1-3 ,D;JI.H peaK~UU /1/ U puc. 5,6 ~JI.H peaK~UU 
/2//. 3KcnepuMenTaJihHhie pacrrpe.nen·eHU.H na 3Tux pucynKax nanecenhi 
B BU,D;e rUCTOrpaMM. Pacnpe,D;eJieHU.H no ciJaJOBOMY 06'heMy IIOKa3aHhl 
nyHKTUpOM. 

H3 3KcnepuMeHTaJihHhiX pacnpe.neneHuii au.nno, qTo ,D;JI.H HeiiTpona 
B o6nacTu 3Hepruii En >40 M3B na6nro.naeTc.H JHaquTeJihHoe npeBhiiiie
nne rucTorpaMMhi Ha,D; ·cllaJoaoii Kpnaoii. 3To .HBJI.HeTc.H yKaJaHueM na 
TO, qTo B ,D;aHHOM npo~ecce B03MO:>KHO npO.HBJienue acco~UaTUBHOrO 
rrorno~eHH.H rr- ·Me30HOB, TaK KaK B 3TOH 3HepreTuqecKOH o6JiaCTU . . 
MoryT ocy~ecTBJI.HThC.H MexaHU3Mhi norno~eHu.H paJnuqnhiMU acco~ 
~Ua~U.HMU .HyKJIOHOB. llpO.HBJieHUeM aCCO~UaTUBHOrO norJIO~eHU.H 

TT- ·Me30HOB MO:>KHO 06'h.HCHUTh TaK:>Ke 3HaquTeJibHhie npeBbiiiieHU.H Ha,D; 
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lhiO KpHTepHH x 2 na 
~x H qeTwpexnyqeBMi 
·e npHBe,D;eHhi B Ta6nH-

JieTBOpHnH KHHeMa THKe 
~o neiiTpona, H3 HHX 
Ib 920 qeThipexnyqe
peaKn;Hii 6e 3 neiiTpona 

> H,D;eHTH$HD;HpOBanocb' 
B ,D;pyr B ,D;pyra on;enH
Te- Kapno _npH noMOIUH 
[qeTwpexnyqeBoroTH
[H 6e3 neiiTpona .HnH 
ra,D;ne)KaT peaKD;HHM na 

EIHhiX Ka~a rroB peaKn;Hii . /1! . .,.. . . 
. 6oTe . , npHBe,D;eHhi 

OTHOCHTenhHbie Bepo-

/1/ 

/2/ 

>e,D;eneHHH BTOpHqHbiX 
>IM MaCCaM pa3nHqHbiX 
a pHc. 5,6 ,D;nH peaKUHH 
~Hx pHcynKax naneceHhi 
)MY · o6'beMy noKa3aHhi ' 

,D;Ho, qTo ,D;nH neiiTpona 
raqHTenhnoe npeBhiWe
BJIHeTCHyKa3aHHeM Ha 
[eHHe accon;HaTHBHoro 
~reTHqecKoii o6na6TH 
IH pa3nHqHhiMH acco
THBHoro nornoiD;eHHH 
hHbie npeBbiWeHHH Ha,D; 
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<lJa3.9B~n4JI ·KpHBhiMH B 3KCnepHM~HTanhHhl~ pacnpe,neneHHHX no 3<1J~e·K~._:.·~ 
THBHhiM, MaCCaM B CHCTeMaX ( Hen), ( _Hepn) ,n;nH peaKU:HH /1/· H·. 
(ppn) ,D;nH peaKU:HH /2/ .. ,lJ;JiH. 3lPtPeKTHBHOH MaCChi (ppn) OTnHt.IHe OT :' 

<baJoBoi(:KpnBoii na6mo.naeTcH B Bn.ne "ocTporo" nnKa. KpoMe Toro, 
HM'eroTC.H . HpKO. Bhlpa:>KeHHhie . npeBhiilleHHH Ha,IJ; 4Ja30BhiMH KpHBhiMH 
a yrnoBhiX KoppenHU:HHx ,n;nH · rex me KOM6nnau:il:ii B o6nacru yrJio·a; 
6o.rii.umx 140 °, .· 

3TH oco6eH~OCTH 3KCnepnMeHTanhHhiX ,naHHhiX yKa3hiBaiOT naTO,. 
tiTO B Ka:>K,IJ;OH peaKU:HH /1/ 77- +14N_; 8 Li-f. 4 He+ p + n H /2/ 

- 14 8 ; 3 . . . . ' .. " + N... Lt + 'H + p + p + n MO:>KeT ocy~ecTBnHThCH necKonhKO ~e- · 
xann.3MOB ·nornoru:ennH, T.e. nornoru:e~HHHapa3nH1.fHhixaccou:uau:nHx 

01.1e111w eepoJlmHocmeu 

KoHel.fHOe COCTOHHHe peaKU:HH /1/ paccMaTpHBaeTCH KaK pe3ynh
TaT cne,nyro~ux npHMhiX npou:eccoB: 

14 12 
" + N...,; B * + p + n /nornoru:enue p p- napoii/, /3a/· 

8 • 4 
... L't+ He 

1T + 14N -• 9Be*+ 4 He+n /nornoru:enue na accou:uau:uu 
8L·. . 

5 
Li I' /36/ 

... t+ p 

- 14N 8 L. 4 H 
77 + -• t+ e+p+n /nornoru:enue na 6Be/. /3B/ 

,D;nH peaKU:HH /2/ MO:>KHO JanucaTh ananornl.fHhie cxeMhi, nanpu-
Mep: 

14 12 . . 
N... B* + p + n 1T + 

... 8 Li+ 3H+p 

77 + 14 N-o "11Be*+P+:JHn 
... 

8 Li + H 

/nornoru:enue pp-napoii/, 

3 
/nornoru:enue na Li/. 

/4a/ 

/46/ 

* Teoperuqecl<liii ananu3 npoueccoB runa /1/ u. /2/, B03MO:>KHhiH 
· .B HaCTOHIIJ:ee Bpe.MH, He MO:>KeT npeTeH,IJ;OBaTb Ha· HCl.fepnhiBaiOIIJ:YIO 

nonno'iy H O,IJ;H03Hal.{HOCTh. O.nnaKO HMeeTCH B03MOmHOCTh rrpe.nno:>KHTh 
TaKyiO cxeMy anann3a, KOTopaH no3BonHeT ou:enHTh BKna.n I<am.noro 
.n3 M·exann3MOB nornoru:ennH. B o6ru:yro BepoHTHOCTh u orrucaTh nau6onee 
xapaKTepHhie ,n;nH .nannoro MexaHH3Ma pacnpe,nenenHH. 
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.'. ': .. :.,lJ;nH OllHCaHHH npou:e1 
nne ,n;nH aMrrnury,nhi 
X 16 •71, rrpu ~ToM·yt{ 

.u 3Hepruii BhrneTarori: 
. · .. ·. u -

.. · · A n : 21 
.M u= M o ( . x) Y-. 

. <A 'r!Aloff o\ 13..M3 '>~; 

-+ -· ' ~ .. <~ ·+ 
r.ne q,.. k1 + k2 ; .. ·k1 
Mhi (X -1); a if,l\f 

3 
-

B H.n;pe. ,ll;nn cnuna 1 

accou:IIaU:IIH ] 0 II yn 
cou:uauiiii Xu .H.n;pa> o 

-+ ' -+ .. - .... "_,. 

A +. ] 0 · • f:.1. ; ./£ · 

. IJI ~A- ocu:}{nmiTopn 
.II H,D;pa OCTaTK~i:: AMI 
X,· c · pa3BanoM a~c 
nach a BII,ne: 

.. 
M lk(? -R 

0 ~.J·c n x-

r.ne 

' ' ' 
-+ x..;.J -+ · 1 
k ---k ·:..:. .:__ 

.- X 1 X 

nornoru:eHHH " ~Me~ 

<I>yHKUHH IJI ( r x ) H IJI, 
B Bonu'oByiO IDY.HKU:H~' 
naH tPYHKU:HHf8l. IlpH 
iexiiHK~npeo6pa3oE 
Momuo JanucaTh Be 
eii Jf: · · · 

dW = · :£ N . (X) 1 
. il,A if, A 

o(E 0 ..:.lE 
ll tl 

·· . 

• ·~·. '1 



erreuu.Hx no 3<P<Pe·i<- . 
H. peaKI.(HH /1/· H. 
l (ppn) OTJIH'IHC OT 
m:Ka. KpoMe Toro, 
l30BhiMH KpHBhlMH 

B o6rracTH yrri'o·a; 

( yKa3hiBaiOT Ha TO, . 
n n /2/ 

,c.H uecKOJihKO ~e- · 
blX aCCOIJ;Hal(HHX 

poii/, /3a/"· 

OI.(Hal(HH 
/36/ 

Be/. /3B/ 

IbiC CXCMhl, HanpH-

apoii/, /4a/ 

:.;if: /46/ 

/.u./2/, B03MO:»nihiH 
ua ucqepnhiBaiOII.(YIO 
)KHOCTh npe,n:JIO:>KIITh 
HTh BKrra.n: Kam.n:oro 
n onncaTh uan6orree 

IIIH. 
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', ._):(rrfl onncaHIIH n'pou:eccoa /3a - 36/ n /4a- 46/ :Hcno~h30Bano Bhlpame-. 
nne ,n:rrH aMnrrnTY.D:hi npHMoro norrroll(eHnH ir-_-Me3oHoB accou:nau:neii 
X 16 •71, npn ~TOM y'IIIThiBarrach. JanncnMOCTh a~nnn'ty,n:hl' oT ni1ny[lhC~ . 

. -II 3Heprnii BhiJIC.TillOII.(IIX 'laCTIIU: 
. · ·· . A% · 21\ 1 . q · . 
·.M if= M·o( ~) .y--+-tj;fA (-)< ]lM£]3M3 .fi Mi·:-. 

. 4rr .. :, q 0 
,·. 

_. -Jio ~, ... _ _,. •u 

r,n:e q.,;, k
1 

+ k2 ;:k1 II k 2 - IIMllYJlhChl HCIITpOHa If I.(CHTpa Mace CHCTe· 
Mbl (X -1); a if, AJ 3 ~ napu:naJibHa'H npnae,n:eHHaH unipuna accou:nal(HH 

. B H,n:pe. ):(nH cnnua uaqanbHoro .H,n:pa li, cnnua Koueqnoro ][ , cnnna 
: acCOI.(IIal(IIII ] o II yrrronoro MOMCHTa 1\ OTHOCIITCJihHOrO .D:BH~CHHH ac

COI.(Hal(IIH X II .H,n:pa OCT aTKa BblllOJIHHCTCH cne,n:yiOII.(CC npaBHJIO: 

__, . -i' .· ..... ''..... .... 4 

A +1v • l:J. ; )E + h ... 1 i · /6/ 

. 'I' ( f\- OCU:IIJIJI_HTOpHaH tPYHKU:IIH: OTHOCIITCJihHOr~ .D:Bll)I(Cllll 11 ac COI.(HaU:Ifll 
.n .ii.n:pa ocTaTKa:·AMnnnTy,n:a Mo ·. norrroll(eHIIH rr -MeJonaaccou:nauneii 

. X,· c' pa3narroM accou:nau:nn ua ueiiTpOH n ocTaToK·(x-1) npe,n:cTannn-

nacb B nn.n:e: 

/7/ 

r.n:e 
->k x..;.J -> . . . . 1 k' .. 
·.=-x-k 1- x 2 

- on epa Top ,n:nyxuyKnounoro 

norrroll(eHHH rr- ~Me3oHa c ·-s- ·urru p-op6HThi .rr--~eJ-~aToMa/8 I; 
<l>yHKI.(HH IJI(rx) II IJI(rx_z}3allHChiBaiOTCH B K~Op.D:HHaTaX . 'JIKo6n/

6
•
7
/ .. 

.B BOJlH.OBYIO ~y:HKI.(HIO 'I' (r x ) BKJIIO'IaCTCH .D:BYXHYKJlOHHaH.KOppeJIHI.(HOH
naH <IJy.nKu:u.ii s/:npn Bhi'IHcneiiuu· uuTerpanoa /7 I y.n:o6uo ucnonLJonaTh 
1-exHHKY ripeo6pa3oaaHHH' i<oop.n:uuaT JIKo6ul7~ Mcnorrh3YH /6/ H /7 I, 
MO:>KHO 3allHCaTh BepOHTHOCTh norJIOII.(CHHH TT ·MC30HOB 

eii X: · 

q 2' 3 3 
-~--) lld p d q. 

2m . . n n 
A.;..X 

accou:uauu·~ 

/8/ 



B Bhipamennn IBI E 0 =Err -E * -11 E, r,IJ;e 11 E - :meprnil, neo6xo,IJ;nMaH 
,IJ;mi y,IJ;anennH accon:nan:nn X H3 H,IJ;pa A, E*- :meprHH no36ym,IJ;eHHH 
H,D;pa ocTa'rKa ·(A -X). B nnTerpane 17 I nee coMHoiKHienH 3anncHT OT 

. E*, n, n·npnnn:nne, na,IJ;o nponecTnnnTerpHponanne no nceM 3naqennHM 
3Heprnn B036ym,IJ;eHHH. O,IJ;naKo, ·ecnn cneKT.P no36ym,IJ;ennH HBnHeTcH 
4JynKn:neii c ,IJ;ononhno y3KHM MaKCHMyMoM, KaK, nanpHMep, B npon:eccax 
3a H 36, TO MOiKHO BOCnOnh30BaTbCH TeopeMOH 0 cpe,IJ;HeM. 3TO 03Ha
qaeT, 'iTO B Bhipa)f(enne 17 I no,IJ;cTaBnHeTCH N u A - cyMMa 34l4leK· 
THBHhiX queen accon:nan:nn no nceM yponHHM B03thm,IJ;eHHH H,D;pa ocTaT
:Ka, naqnnaH c nopora pa3nana (A-X) na 8 U n ,D;pyrne 4JparMeHTbl, 
a n· · o -4JynKn:nro no,IJ;cTannHeTCH E*, pannoe cpe,D;neMy 3naqennro 

. 3H.eprnn no36ym,IJ;ennH. ;
3

; 

BepoHTHOCTH on:ennnannch TaK me, KaK n pa6oTe '• 

W = ~ N ll, A ,t,,t, (X) W (A- X -+ C + D} W en' ( rr- X). 
. il,·A . 3'!''!' £ . -

191 

Wf (A-X ->C+D)- BepOHTHOCTh pacna,IJ;a KOHe..fnoro H,D;pa na qacTHUhi 
Cn D. . 

On:enKa nep,OHTHOCTeii noKa3ana, 'iTO B peaKn:Im 111 npoHnnenne 
nHTH· H. IIIeCTHHyKnOHHhiX l36·3nl MeXaHH3MOB nornOIUeHHH Iio'"ITH 
pannonepoHTno, n TO npeMH KaK nepoHTHOCTh nornmn:enHH na ( p p) -na

. pax l3al B p;na pa3a 6onhme nepoHTHOCTH nHTH- nnn mecTnnyKnonnoro 
MeXaHH3MOB. 

. . llpon:ecc l3al COOTBeTCTByeT nor,JIOLQeHHIO Ha 31 S- H,JIH 33 P-
napax HyKnOHOB C T = 1 H Sz:: 0 HnH T= 1 H S = 1 COOTBeTCTBeHHO. 
JI,IJ;po 

12
B * 'n 3Toii peaKn:nn M:omeT o6pa30BhiBaThCH TOnhKO n cocToH

nnHx co cxeMoii IOnra [4431·], TaK KaK TonLKo B.3TOM cnyqae, cornac
no npannnaM oT6opa/6/ no cxeMaM IOnra, B03Momen ,IJ;anLiteiimnii 
pacna,IJ; 12 B*na 8 Li n 4 He. 

Cornacno npannny 161 B03MOiKHhi 3naqennH A = 1 ,2. 
0THOCHTenhHO He6onLIIIaH pOnh ,IJ;BYXHyKnOH!IOrO MeXaHH3Ma B Ka· 

· Hane l3al CBH3aHa CO Cne,IJ;yiOLQHMH 06CTOHTenbCTBaMH. 
Bo-nepnLrx, 3tPtPeKTHBHLie qncna (pp)-nap npn yqeTe pa3nana 

12 
B* cTaHOBHTCH cpannHMhiMH c 3tPtPeKTHBHhiMII _qncnaMn MnoronyK-

nonnLrx accon:nan:nii . Ha pnc. 4 noKa3aH pacc'iHTaHHLiii n LS -cBH3H 
C HCnOnh30BaHHeM o6onoqe'-iHhiX BO,JIHOBhiX tPYHKUHii/9/ cneKTp B03· 
6ym,IJ;eHHH H,D;pa 12B*c pa3nanoM na 8LJi H 4He •. ~KcnepnMenTanLHLre 
,IJ;aHHLre nanecenLr n BH,D;e rncTorpaMMhi. 

Bo·BTOpbiX, npn MHOronyKnOHHhiX MeXaHH3Max nornoLQeHHH no
HBnHeTCH B03MOiKHOCTh nornoLQeHHH Ha KBa3H,IJ;eHTpOHHhiX napax B 
aCCOUHaUHHX .HyKnOHOB. 

8 

li 
~ 
4 

~ 

On:enKa nepoHTJ 

... 
8 Li+3 H+P+P+n 121 

HrpaiOT ,Il;BYX- H Tpexn· 
TpexnyKnonnoro MexaJ 
nonnoro, : n TO _Bpe~ 

B 5 pa3 6onLme nepoH1 
H nO'iTH B 3 pa3a 6oJ 
'iTO B 3TOM KaHane .Mel 
H,D;ep OCTaTKOB H 3~tPei< 

· HhiX .'inc en 6 Be n Li. 
5 Li npnnnManucL Te1 

3uepzemut.tec 

Ha pnc. 1B H 1r nt 
a- qacTHULI. n neiiTpon 

ThiBanHCb Bee TpH np01 
Hhiii cneKTp onpe,IJ;eJIHJI 
nopMnponancH no nm 
3THX PHCYHKOB BH,IJ;HO, . . 
onncaTh 3KcnepnMeHT< 

4 ' cneKTp He Ka'ieCTBe: 
,IJ;aHIIhiX. 

Ha pnc. 2,3 npe,r 
l3a - 3nl n cncTeMaJ 
yrnonbiX KoppenHn:nii Y.ll 
TanhHLIMH ,IJ;aHIILIMH. IT] 
yrnOBhiX KOppenHUHH ( r. 

,LI;nH yrnonoii Ko 
na ,IJ;ByxnyKnonnoii ( pp) 
Koii Kpnnoii c 3KcnepnM• 

Ha pnc. Sr npnne 
.. 

8 LJi+ 3H +P+P+n. 12/ .. ' 
JIOiKeHHH MeXaHH3.MOB •4< 
c 3KcnepnMenTanhHhiM 
En>30 M3B. 0TnH'"IHeTe 

On:enKn npono,IJ;nr 
c P -op6nThi rr ·Me3oa 
HHTCH, ecnn npe,IJ;nonomJ 



epruk,Heo6xo~HMaH 

repniH B036yiK~eHiur. 
JiKH"f'enH 3aBHCHT OT 

( 

! rio J3ceM 3Ha'IeHHHM 
6yiK~eHIIH HBnHeTCH 
IPHMep, B npo~eccax 
;pe~HeM. 3TO 03Ha· 
'\ • CYMMa 3c)Jc)JeK· 
lK~eHHH H~pa OCTaT· 
~pyrue c)J~arMeHThi, 
;pe~HeMy 3Ha'IeHHID 

·. /3/,. 
•OTe · 

/9/ 

J H~pa Ha qacTH~hi 

UHH /1/ npOHBneHHe 
nornomeHHH no'ITH 

DmeHHH Ha ( p p) -na~ 
H~eCTHHyKnOHHOrO 

Ha 31 S- HnH 33 p • 
1 COOTBeTCTBeHHO. 

:H TOnhKO B COCTOH
OM cnyqae, · cornac
MQiKeH ~anhlteii:umii: 

A=: 1,2. 
Jro :MexaHH3Ma B Ka
laMH. 
~pH y'IeTe pa3Bana 
. 'IHCnaMH MHOrOHYK • 
·aHHhiii B LS -cBH3H 
~Hii:/9/ cneKTp B03" 
)KcnepuMenTanhHhie 

ax nornomenuH no
iTpoHHhiX napax B 

.. ~-· . ·• 

i 

'j 

. - 14N O~eHKa BepoHTHocTeii: MexaHH3MOB B peaK~HII rr + ... 
. _. B[;i+3 H+P+p+n /2/ · nOKa3ana, 'ITO B 3TOM KaHane OCHOBHYID ponb 
urparoT ~Byx- u TpexHyKnOHHhie MexaHH3Mhi nornomeHIIH. BepoHTHOCTh 
TpexHyKnOHHOrO MeXaHH3Ma B 1,5 pa3a 6onhUie BepOHTHOCTH ~BYXHYK" 
nOHHOrO, B TO BpeMH KaK 3Ta iKe,. BepOHTHOCTh npu6nH3HTenhHO 
B 5 pa3 6onhllle BepOHTHOCTII nHTH· IInii llleCTIIHyKnOHHOrO MeXaHII3MOB 
u no'ITH B 3 pa3a 6onhUie qeThlpexHyKnOHHoro. 3To CBH3aHo c TeM, 
'ITO B 3TOM KaHane MeHee iKeCTKHe Tpe6oBaHHH npu Bhi6ope COCTOHHHH 
H~ep OC.TaTKOB II 3~cP~KTHBHhie 'IHCna 

3L;i Ha nopH~OK 60nbUie 3c)Jc)Je~TIIB" 
HhiX queen 

6
Be H Lz. B peaK~IIH /2/ BepoHTHOCTH nornomeHIIH Be II . . . * 5 L;i npuHHManucb TeMH iKe, 'ITO H B peaK~HH /1/ . 

3Hepzemu<~ecKue cneKmPbl u yzAoeble KoppeAJ!lJUU 

Ha puc. 1B ~ 1r npuBe~eHhi Te?pen:_qef
4
KH PfC~'IHJaHHhie cneKTPhi 

a-qacTH~hi u HeHTpoHa ~nH peaK~HII rr + N... [;z + He:tp +n. Yqu
TbiBanucb Bee Tpu.npo~ecca /3a ~ 3B/, npuqeM BKna~ KaiK~oro B non
Hhiii: cneKTp onpe~enHncH no er;o BepoHTHOCTII. TeopeTII'IeCKIIii: cneKTp 
HOpMupoBancH no nnoma~u 3KcnepHMeHTanhHoii: rucTorpaMMhi. lf3 
3TH X pucyHKOB BH.nHo, 'ITO cyMMoii: Tpex MexaHH3MOB y~aeTcH· xopoUio 
onucaTb 3KCnepiiMeHTanhHhiH cneKTp Heii:TpOHOB, a paCC'IHTaHHhiH 
cneKTp 

4 
He Ka'IeCTBeHHO nepe~aeT xapaKTep 3KcnepuMeHTanhHhiX 

~aHHhiX. 

Ha puc. 2,3 npe~cTaBneHhi yrnoBhie KoppenH~IIH ~nH npo~eccoB 
/3a - 3B/ B cucTeMax .( n , ( x -~)). B ~enoM TeopeTII'IecKue pacqeThi 
yrnOBhiX KOppenH~HH y~oBneTBOpiiTenhHO cornacyiDTCH C 3KCnepiiMeH· 
TanhHhiMH ~aHHhiMH. llpu 3ToM Hauny'IUiee cornacue Ha6nro~aeTCH ~nH 
yrnOBhiX KoppenH~IIii: (n, 4He) H (n, 4 He p). 
. ,lJ;nH yrnOBOH KOppenH~IIH (n,p) y'IeT BKna~a OT nornomeHIIH 
Ha ~ByxHyKnonHoii: (pp) -nape B 6 Be yny'IUiaeT cornacue TeopeTuqec
Koii: KpHBoii: c 3KcnepuMeHTanhHhiMII ~aHHhiMII. 

Ha puc. 5r npuBe~eH cneKTp neii:TpOHOB ~nH peaK~IIH rr- / 4 N ... 
... 

8
Ld+ 

3
H+P:tP+n /2/ .. TeopeTH'IecKaH KpiiBaH pacc'IuTana Bnpe~no

noiKeHHII MexaHH3.MOB •4a u 46. KaqecTBeHHoe cornacue TaKnx pacqeTOB 
C 3KCnepHMeHTanbHhiMII ~aHHhiMH na6mo~aeTCH TOnhKO B o6naCTH 
E n)30 M:m. 0Tnuque Teope_TII'IecKoro cneKTpa oT 3KcnepuMeHTanhHoro 

* O~eHKII npOBO~HnHCh B npe~nono~eHIIH nornomenHH niiOHOB 
c P -op6HThi rr -Me3oaToMa .. O~HaKo KapTuna cymecTBenHo He II3Me-. 
HHTCH, ecnu npe~nonoiKHTh nornomeHne c 'S -op6HThi. 

9 



!' 

,, 

.. 

•· ... ' 
.. B "9_6JiaCTH E~ < 30 .M:m, B03MO)I(HO, · CB.SI3aHo c Te·M, "ITO Hrparo·( 

Cy~eCTBeHHYIO pOJih H ,n;pyrue .MHOrOHYKJIOHHble _MeXaHH3Mhl IIOrJIO~e
nun, r.ne .,rrorno~emie rr -Me 30H·a 'rrpoucxo,n;HT 6onee CJIO)I(HbiM.o6pa3oM, 

· qe M a cny'lae peai<uuu /1/. 3KcrrepuMeuTahhHhie yrii(iahle pacrrpe.n;ene
HHH:, ( pp, n) .D:JIH peaKUHH /2/u TeopeTHl.JeCKa.SI KpHBa.SI, paCC'IHTaHHaH 
B IIpe,n;IIOJIO)I(eHHH TpexnyKJIOHHOrO MeXaHH3Ma IIOrJIOIU:eHHH, IIOKa3aHhl 
iia puc . .()r. · · ·. ··· ' 

B .n;auuoM cnyqae na6nro.n;aeTcH y.n;oaneTaopuTeJihHOe cornacue· 
TeopeTH'IeCKHX pac'leToB c JKcrrepuMeHTaJihHhiMH ,n;aHHhiMH. TaKHM 
o6pa30M, . Ha .OCHOBaHHH IIOJiy'leHHbiX JKCIIep~MeUTaJibllbiX ,n;aiiHhiX. 

. ·u npoBe,n;eHHhiX TeopeTH'IeCKliX paC'IeTOB MO)I(IJO YTBep)l(,n;aTb, 'ITO 
. . ' . . 8· .. 

B MHOrO'IaCTH'IHbiX peaKUHHX C o6pa30BanueM ·Li IIPH IIOrJio~eHHH 
. - . 14 TT · -Me30Ha H,n;paMH .N C TO'IKH 3peHHH TeOpHH IIp.SIMbiX .SI,n;epHbiX _ 
peaKU:~IH cy~eCTBeHHYIO pOJih HrpaiOT HeCKOJihKO pa3JIH;,IHhiX nyKJIOHHbiX , 
ac~(muauuii, TaK, uarrpuMep, .nnn peaKU:HH 

TT-+ 14N .... :8 Li t- 4 He+p tn· 

ocnoanyro ponh urpaeT rrorno~enue rr -Me3ouoa ua accouuauunx (pp) , 
5 T.'' 6B . 

ul H · c, · . 
PeaKU:HIO rr- + 

14 N-~ 8 Li + 3 
H+p ~p+n ne y.n;aeTCH. rron~2CThiO 

OIIHCaTb B rrpe,n;IIOJIO)I(eHHH IIOrJIO~eHH.Sl TT- -Me30HOB H,n;pOM N Ha 
accouuau:unx ( pp) 8 3 Li. 

ABTOphi Bhipa)l(aiOT 6naro.napuocTh Kan.nu.na TY lPH3HKO- Ma TeMa TH
'IeCKHX nayK H.C.3enencKoii u rrpo!lJeccopy B.r .Hey,n;aqu:iJy 3a rrone3Hhie 
o6cy)l(,n;enu.SI. . · 
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16, 32 48· 64 

Puc •. 1. 3nepreTH'Iec~ 
TT- + 14 'N .... 8 Li + 4 He . 

.. KPHBhiMH naneceHhi Tee 
· uuauuu 6 Be , 2/ rrornoi 

(pp) -nape, 4/ CYMMapH 
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0 C TeM, 'ITO HrpaiOT, 
~ _MexaHH3Mhi nornoi.Qe
mee CJIO)I(HhiM o6pa30M, 
:e yr.iiO'Bhie pacnpe,!l;ene-
i KpHBaH, paCClJHTaHHaH 
nornoiQ~HHH, tioKa3aHhl . ' . 

~bpu;enhnoe c6rn~bue- · 
:hiMH ,!l;aHHhiMH. TaKHM 
pHMeHTaJihHhiX ,!l;aHHbiX. 
·»rno yTBep)l(,!l;aTh, ~no 

8 .. 
r · 'Li npu nornomeHHH 
opH.H npHMhiX H,!l;e~HbiX 

J pa3JIH'IHhiX nyKJIOHHhiX 

. na accouuauHHX (pp) , 

te )',!l;aeTCH llOJI~OCThlO 

le30HOB H,!J;pOM 
4
N ita 

J;aTy tPH3HKO·MaTeMaTH
.Hey.u.a~HHY 3a none3Hhie 
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N 

. 40 

20 

16. 32 48 

PyKonucb' nocmynu/la 8 U30amellbCKUU omoell 
13uoJt6pJl 1972 zooa. 

71-•'•N ..!Li + 4He + P + n 
N 

20 

10 

24 48 . 72 96 Ep [ MJ6] 

N 

2 

20 

10 

Puc. 1. 3nepreTH'IeCKHe cneKTPhi BTOPH'IHhiX qacTHU ,!l;JIH peaKUHH 
rr-. + 1 4 N -+ 8 l.Ji + 4 He + p + n • . . . 

,KPHBhiMH nanecenhi TeopeTH'IeCKHe pac'leThi: V ~ornOII\enue na acco
uuauuu 6 Be , 2/ nornomenue na accouuauuu Lt, 3/ nornomenue na 
(pp)-nape, 4/ cyMMapnhiH cneKTp; w1 ·: w2 ·: w3 =1':1':2 • .. · 

II 

'i 



fi._•,.N-1Li + 4He~ P~ n 
N ., 

N 

a J 4 

~j 1~ 
20 r-J 

tj~ 
I I I . 
I .., 

I 
I· I 
I L_ 

10 j • • I 10 

1810 ''~ !918 1942 !966 19!10 Mlf. (pn) 4seli 4690 41" 4138 4162 418fS MH. (•H•nJ{H.J8/ 

Nl 
CHI&] 

N , 

"] 
z 

20 A 20 

10 

40 80 !20 160 9°(p,n) 40 IJ() 120 ISO s·c•Hc.nJ 

Puc. 2. Pacnpe~eneuue no 3<l><l>eKTuimLnd Ma9~aM u yrnaM · paJJieTa. 
KOM6unauu:ii ( p, n) u (4 He,n) ~JI.II peaKuuu rr- + N .... 8 Li+ 4 He+ p + n. 

Ha puc. 2B naneceHLI TeopeTuqecKue KPUBLie ~JI.II yrnoJJoii KoppenHuuu 
(p,n): 1/ nor.rlomenue na (pp) -nape B accouuauuu Be, 2/ npHMoe 

norJIOU\eHUe Ha (pp)-nape, 3/ CYMMapHa.II KpUBa.IIi W 1':W2 =1': 10. 

Ha· puc. 2r KpuBoii noKaJaHLI TeopeTuqecKue pacqeTLI ~JI.II nornomenu.II 
na accouuauuu 5 Li. 
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.. 

. 

... ~ 

-I 

N 

40 

20 

1i 

r 
r_,.._.J 

~_J 
,...._r-.J 

5618 5634 5650 5666 

Puc. 3. Pacnpe~en 
KOM6unaumi ( 4 He p, n. 

11 ~ + '14N. 

TeopeTuqecKue pac• 
6 BciialleceHLi B BU~e· 



4 

47J8 4162 47M Mn. (•Hen){HJ&/ 

120 .. 1!0 s·c•Ht.nJ 

a9¥aM H yrnaM paJneTa. 
t. N ... 8 Li+ 4 He+ p + n • . . 

D;ml yrnOJJOH KOppenHUHH 
'uuauuu Be., 2/ npHMoe 
aaHi w1·:w2 =1':10. 

lacqeThi .D;nH nornoxueHHH 

N N 

40 40 

20 20 

r-.r 
. r---.J 

,...._! 

~ 
r--.r-.J 

5618 5634 5650 5666 5682 5698 5714 40 80 120 160 8"(4Hep,n). 

Ma;('}lepn}{M36] 

PHc. 3. Pacn'pe.D;eneHHe no 3<P<PeKTHBHOii Macce H yrny paJJieTa 
KOM6HHaUHH ( 4 He p, n) .D;nH peaKUHH 

11 - + 14N ... ·aLi + · 4 He + p + n. 

TeopeTirqecKHe pacqeThi .D;nH nornoxueHHH 11- -MeJoHa accouua~ut·it 
6 BcHaHeceHhi B BH,D;e KpHBOH. 

13 
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190 'II I I 
80 

40 

.-,, 

,.·. 

. ,. 

--r4 8 ~~-
fi + N-Li.+ He•P+ n 

72 

E"B* [ H16] 

u* Pnc. 4. CneKTp B036y)l():(eHHH H):(pa-ocTaTKa _ B ):(nH peaKQHH 
· . · rr-+ 14N-+ 8 Li+ 4 He+u+n. 
CnnomHLie nnnnn - TeopeTH'IeCKHH pactfeT. 

14 

~; ' >., 

·' 
( ' ... ,~· 

.: 
_;~ 

' 

' 

r., 

.: .. 

i 

-

'.,'' 

40 a 

20 1--'J r-l 

I ~-~ ·. 
I ,I ~ ;--}_ 1 

8 16 . 24 32 

.w1, I · 6 

. ~ r-; 
20 

16 32 48 64 

Pnc. 5. 3nepreTH1fec 
- 14' . 8 

.. rr + . N~ 
Ha pnc. Sr KpHBLIMH 
HHe .Ha aCCOQHaQHH 3 l 
Kpnaanf 11' 1 ':W 2 = 1,5·:. 
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PHc. 5. 3uepreTHlJeCKHe cneKTphi BTOpHlJHhiX qacTHU ,nn.ll peaKUllll 
, . 11- + 1 4 N-o 8 Li + 3 H + p + p + n • · . 

Ha pH c. Sr KPHBhiMH noKa3aHhJ TeopeTn'IeCKlle pacqeThi: I I nor nome· 
HHe .Ha accounaunn 3 Li, 2/ nornoiueune ua (pp)- nape, 3/ cyMMapuaJJ 
KPliBaHi w1 ·:w 2 = 1,5':1. · · 
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PHc. 6. Pacnpe,D;eJieHHe no 3<iJ<I!eKTHBHLIM MaccaM H yrnaM paJJieTa· 
KOM6HHa~Hii ( p, n) H ( pp, n) ,D;JIH peaK~HH rr- + 14 N-. 8 Li +3 H+pt-pt-n. 

Ha pHc. 6r HaHeceHa TeopeTII'IecKaH KpHBaH ,D;JIH norno~eHHH Ha 
acco~Ha~HH 3 Li. 
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TipenpHHTbi H coo5m' 

HMHoro o5Mena, yHHBepcJ 

HayqHbiM rpynnaM H OTJl 

TionyqaTemiM H3Jl8Hl 

RBIITb IIHHUH8THBY B 5ec 

o6M9H8 ITPHHHM8IOTCR H8 

,ny5nHK8Ullll no T9M8THKE 

EJlHHCTB9liRhlfi BHJl 

STO penpHRTbl (OTTHCKH C 
B PRJle cnyqaeB Mbi 

601!99 KpyiTRbiM nonyqaTE 

C1!8Tb H8M K8KHe-nH50 KJ 

>KypR81!b!1 H3Jl8IOUlH9CR B 

ManaTenbcKHfi oTnen 

COB 118 Bb!Cbi1IKY H3Jl8HHi 

YK83b!B8Tb HRJl9KC sanps 

TIHCbM8 no BC9M BOI 

OTJl91IbRbl9 H3Jl8RHR C1!9JlY 

AJlpec Jlllst ITOCb11IKH 

6eCIT1!8THOfi ITOJlhHCKH H8 


