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B TeqeHHe nocne,ZUIHX ,I\Byx-Tpex neT nonyqeHw npe
:uJ13HOHHwe ,I\aHHWe 0 cneKTpax )l(eCTKHX Y -KBaHTOB B npo
uecce pa,I\HaUHOHHOrO 3aXBaTa rr -Me30HOB nerKHMH ~,I\pa

MH. rpocc-cTpyKTypa 3THX cneKTpoB Hawna csoe o6h~c
HeHHe B paMKaX H~ll?;nbCHOrO llpH6nH)I(eHH~ Ha OCHOBe 
MO,I\enH o6onoqeK ' 1

· CneKTP B036y)I(,I\eHH~ ~,I\epuoii: 
CHCTeMW, HnH, qTO TO )l(e CaMOe, ClleKTp )l(eCTKHX y -KBaH
TOB CB~3aH C 60llbWHM qucnOM napuuanbHWX nepeXO,I\OB, 
tl>opMHPYIOIUHX ero, H HMeeT cno)I(Hyro CTpyKTypy. ,lJ;OCTHr
HyToe xopowee cornacHe Me)l()\y Teopueii: H 3KcnepHMeH
TOM B OllHCaHHH TOnbKO rpoCC- CTpyKTypw ClleKTpa He 
MO)I(eT paCCMaTpHBaTLC~ KaK llOnHOe llO,I\TBep)l()\eHHe BCeX 
nono>KeHHH TeopHH, KOTopwe nernH B ocHoBy onucaHH~ 

npouecca. 
,D;n~ rny6oKoro noHHMaHH~ MexaHH3Ma npouecca He

o6xo,I\HMO 6onee nonHoe H ,I\eTanLHOe H3yqeHHe MHorux 
ero xapaKTepHCTHK. QenL HaCTO~IUeH pa60TW - 060CHOBaTb 
He06XO,I\HMOCTb H3yqeHH~ HeKOTOpWX KOppen~UHOHHWX xa
paKTepHCTHK npouecca (rr- .y) Ha nerKHX ~,!\pax. Ha Ba>K
HOCTL TaKHX HCCne,I\OBaHHH y>Ke o6paiUanOCb BHHMaHHe 
B pa6oTe13~ B ,I\aHHOH pa6oTe Ha npHMepe peaKuuu16 O(rr-.y) 
MW o6cy,I\HM KOHKpeTHble pe3ynLTaTW pacqeTa KOppen~

:uHOHHWX xapaKTepHCTHK. 
JI,I\po 16o sw6paHo B KaqecTBe o6beKTa uccne.I\OBa

HH~ no TOR npHqHHe, qTo B 3TOM cnyqae Hau6onee nonuo 
y,I\aeTC~ yqeCTb MHOrHe Ba)I(HWe OC06eHHOCTH B036Y>K
,I\eHH~ ruraHTCKoro pe3oHaHca B npouecce (rr- .y) H, B qacT· 
HOCTH, yqeCTb BeTBb pe30HaHca, KOTOpa~ CB~3aHa C nepe
XO,I\OM HyKnoHa qepe3 o6onoqKy /TaK Ha3wsaeMwe 21'lw
B036y)l()\eHH~/. TaKHM nepeXO,I\aM COOTBeTCTByeT CllHH-
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KBa~pynonbuas BeTBb pe3ouauca, o6ycnoBneuuas onepa
TopoM [ax Y2 ] J . Ilpu nocne~oBaTenLHOM y'leTe :noii 

BeTBH B cnyqae HeMarH'IeCKHX JI~ep BCTpe'laiOTCJI 60nbWHe 
TPY~HOCTH. 

Ha ~eTansx pac'leTa xapaKTepHCTHK peaKI{HH 16 0(rr- .y) 
HeT He06XO~HMOCTH OCTaHaBnHBaTbCJI, TaK KaK OHH He~aB· 
HO 6hmH llO~p06HO H3nO)I(eHbl HaMH B pa6oTe 141 .0TMeTHM 
TOnbKO TOT ~KT, 'ITO yqeT KOH~HrypaUHB THna ~Be 'laC· 
THUbl • ~Be ~blpKH npH OllHCaHHH KaK OCHOBHOrO COCTOJIHHJI 
g~pa 16 0, TaK H pe30HaHCHbiX COCTOJIHHB OKa3ancg Ba)I(
HbiM ~ng llOHHMaHHJI OCHOBHbiX 3aKOHOMepHOCTeB npouecca 
(rr- .y): pacc'IHTauuoe 3Ha'leHHe nonuoro BbiXO~a y ·KBau
TOB / RTeop = 2,1~/ uaxo~HTCJI B xopoweM cornacHH 
c 3KcnepHMeilTanLHbiM I R3Kcn. = 2,27±0,24/~ 151

/. Co
rnacyeTCJI H ~opMa cneKTpa, BMecTe c HH3K03HepreTu
qecKoii /Ey = 90-100 M3B/ qacTLIO. 

1. IIu-Me30Hbl nornoiUaiOTCJI s~paMH lp -o6ono'IKH 
/BKniO'IaJI g~po 16 0 I c s- H p-op6HT Me30aTOMa. rpocc
CTPYKTypa cneKTpa B036y)l(~eHHJI JI~epHOB CHCTeMbl B CHnb
HOB CTeneHH 3aBHCHT OT TOrO, C KaKOB Me30aTOMHOB op-
6HTbl npoucxo~HT 3axBaT. Ha puc. 1 npHBe~eHbl paccqu
TaHHble BbiXO~bl Y - KBaHTOB W s (E .Y.) -dR 8 / dEy H W P(Ey ) = 
= dRp/dEy Ha 1 M3B - dR-W~E )dEY npH 3aXBaTe 
1T ·Me30HOB JI~pOM 160 C B- H p ·opt5HT Me3oaTOMa, COOT· 
BeTCTBeHHO. 0CHOBHOB BKna~ B BenH'IHHY W o6ycnoBneH 
CllHH-~HllOnbHbiMH pe30HaHCaMH /CBJI3aHHbiMH C onepaTO· 
poM [a x y1 ] r I s~pa 16 N /eM. TaK)I(e 1110611. 9 pa6o
Tbl /4/ I, OTBe'laiOIUHMH BbiCOK,03HepreTH'IecKoii qacTH y -

cneKTpa. CneKTp y ·KBaHTOB oT 3axBaTa 17 -Me30HOB c 

p-op6HT npocTupaeTcs ropa3~o ~anLwe B o6nacTb MeuL
wux 3Ha'leHHB 3HeprHH ~ , 'leM ClleKTp OT 3aXBaTa 
c s -op6HT - CM. puc. 1. TaKoii 3<}MlleKT o6ycnoBneu Ba)l(
uoii ponLIO pe3ouaucoB nonmKHTenLuoii 'leTuocTH I cnuu
KBa~pynonLuas BeTBb pe3ouauca/ npu nornoiUeHHH nuouoB 
c p-op6HT. AuanorH'IHaJI KapTHHa ~On)I(Ha ua6niO~aTLCJI 

H BO Bcex ocTanLHbiX s~pax 1 p-o6ono'IKH. 
B cuny pa3Horo xapaKTepa B036Y*~euus s~epuoii cuc

TeMbl npe~CTaBnJieTCJI Ba)I(HbiM pa3~enHTb C06b1THJI OT 
3axBaTa rr -Me30HOB H3 pa3HbiX Me3oaTOMHbiX op6HT. Pa3-
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Puc. 1. B&IXOO y - K8aHmo8 8 npoijecce 
16

0 (rr-, y ). Kpu-
8&1e - pe3yll&mam pac'lema, zucmozpaMMa - pe3yll&mam u3-
MepeHUJI 15l. TeopemutlecKue Kpue&le nolly'leHbl 8 npeono
IIOJKeHuu, tlmo KaJKO&Iii pe3oHaHc uMeem 6peum- 8U2Hepo8-
cKyJO tjjopMy u wupuHy, pa8HYJO 2 M3B. H3- 3a xoHe'lHOii 
pa3pewaJOUieii cnoco6Hocmu annapamyp&l pa3M&Im&IMU oKa-
3bl8aJOmCJI u y - AuHuu, om8e'laJOIJIUe nepexooaM 8 C8JI3aH
H&Ie cocmoJIHUJI. B 3moM c/ly'lae wupuHa IIUHUU noAazaAac& 
pa8HOU 1,25 M3B. Kpu8we 1 u 2 coom8emcm8yJOm 30X8amy 
rr -Me30H08 U3 P- u s -Me3oamoMHbiX op6um. IlyHKmupHoii 
Kpu8oii noKa3aH 81<11ao cnuH- ounoA&Hoii /1a/ u cnuw K8aO
pynoA&Hoii /lb/ 8em8eii pe3oHaHca. 

neneuue MO)I(eT 6b1Th ocyiUecTaneuo nyTeM H3MepeHHJI ua 
COBlla~eHHC )I(CCTKOrO y- KBaHTa C peHTrCHOBCKHM OT 2p -ls 

MC30aTOMHOrO nepexo~a. 11.3 3KCnepHMCHTanhHhlX ~au
HhlX /6/ TaKOrO THlla, HMCIOIUHXCJI llOKa TOnhKO Ha Jl~pe 
6 Li, MO)I(HO, no-BH~HMOMY, 3aKniO'IHTh, 'ITO cneKTP *ecT
KHX y ·KBaHTOB B ero HH3K03HepreTH'IeCKOB 'laCTH 3aBH· 
CHT OT TOro, C KaKOB MC30aTOMHOB op6HTbl npOH30Wen 
JaxaaT. 3TOT 34xtleKT npocne)I(HBaeTCJI cna6o ua 

6 
Li . 

B g_npe 160 cnuu-KBa.npynonhHble cocTOJIHHJI ;J.OJI)I(Hhl npo
sansThCJI cHnhuee. C ~pyroii cTopoHbl, cnuu-Kaa.npynonh-
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HYIO BeTBb B npo:uecce 160(rr- ,y) y,naeTCJI paCC'IHTaTL 
.nocTaTo'IHO Ha.ne)KHO, B oTnH'IHe oT cny'laJI 6 Li. ITo3To
MY Hccne.nosaHHe 3TOH BeTBH B npo:uecce 160(rr-,y) npe.n
cTaBnJieT HHTepec. 

2. B o6nacTH 3HeprHH EY"' 120 M3B CTPYKTypa y
cneKTpa /eM. puc. 1/ .nosonLHo cno)KHaJI. KaK cne.nyeT 
H3 pac'leTOB/4/, CDeKTp COCTOHT H3 ,IJ;OBOnLHO 6onLWOrO 
'IHCna OT,nenLHbiX pe30HaHCOB, o6ycnoBneHHbiX CDHH- ,nH
DOnLHbiMH nepexo.naMH. ,lJ,nJI 6onee .neTanLHoro H3y'leHHJI 
3TOH o6nacTH cneKTpa npe,ncTaBnJieTcJI HHTepecHWM pac
'llleHHTL ero. TaKoe pacqneHeHHe MO)KHO ocy~ecTBHTL 

nyTeM Bbl,neneHHJI TOH 'laCTH CDeKTpa, KOTOpaJI 6y.neT CBJI-
3aHa c pacna.noM pe3oHaHCOB TonLKO Ha onpe.neneHHoe 
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Puc. 2. llapijUQAbHblil cneKJIP y - K6aHmo6, C6JI3aHHblil c 
pacnaOOM pe30HQHC06 no HeUIIPOHHOMY KaHaAy C o6pa3o-
6QHUeM JIOpa 15 N 6 OCH06HOM /HUJICHJIJI 'lQCIIb pucyHKa/ 
u 6 6036yJICOeHHoM 3/2- I E * + = 6,3 M3B/ cociiOJIHUJIX 
/6epxHJIJI tlacmb pucyHKa/. R<-> - UHmezpaAbHblil 6blxoo 
y - K6QHII06, C6Ji3QHHbiU C 6036yJICOeHUeM U nocAeOYIOIIIUM 
pacnaooM cnuH-K6aopynoAbHoil /+/ u cnuH-ounoAbHoil/-1 
6ell6eil pe3oHaHca. 
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COCTOJIHHe ,noqepHero .11,npa (A-1). PaCC'IHTaHHWe cneJ<Tpbl 
)KeCTKHX y -KBaHTOB B peaK:UHH 160(rr-,yn)15 N, co
OTBeTCTBYJO~e 3aceneHHIO OCHOBHOrO (1/2-) - COCTOJIHHJI 
JI,npa 15 N H cocTOJIHHJI3/2-:E* = 6,3 M3B/3TH .nsa ypoBHJI 
3acenJIIOTCJI HaH6onee HHTeHCHBHO/, DpHBe,neHW Ha puc. 2. 
Pacna.n Ha COCTOJIHHe 3/2- CBJI3aH C HH3K03HepreTH'IeCKOH 
'laCTLIO /CDHH-,nHDOnLHOH H CDHH-KBa,npynonLHOH/ DOnHOrO 
cneKTpa y-KsaHTa. 

Pacna.n B OCHOBHOe COCTOJIHHe JI,IJ;pa 15 N npaKTH'Iec
KH DOnHOCTLIO o6ycnosneH BbiCOK03HepreTH'IeCKOH 'la~TLIO 
CDeKTpa y-KBaHTOB H CBJI3aH CO CDHH-,IJ;HDOnLHOH BeTBLIO 
pe3oHaHca. B 'laCTHOCTH, HaH6onee cHnLHWH pe30HaHc 
2-/R = 0,36~/, KOTOpoMy COOTBeTCTByeT y -KBaHT C 3Hep
rHeH Ey "" 122 M3B, MO)KeT 6wTL 'leTKO sw.neneH Ha clloHe 
ocTanLHwx, ecnH ciiHKCHposaTL KaHan pacna.na I puc. 2/. 
B nonHOM )Ke cneKTpe I puc. 1/ H3- 3a pacnonmKeHHWX 
pJI.noM pe3oHaHCOB TPYAHO 'leTKo sw.nenHTL 3TOT nHJC. 

CTpyKTypa .nHnonLHWX pe3oHaHcos B nerKHX JI.npax 
OTnH'IaeTCJI OT CTpyKTypw pe30HaHCOB B cpe,D;HHX H TJI)Ke
llbiX JI.npax. B nocne.nHeM cnyqae sonHoBaJI ciiYHK:uHJI npe.n
cTaBn.lleT co6oi cynepno3H:UHIO 6onLworo 'IHcna o.nHo'lac
TH'IHWX KOMDOHeHT C 6nH3KHMH BeCaMH. B nerKHX JI,npax 
BO MHOrHX cny'laJIX CTPYKTypa pe30HaHCa onpe.nen.lleTCJI 
O,IJ;HOH HnH ABYMJI ,IJ;OMHHHPYJO~MH KOMDOHeHTaMH. TaK, 
paccMoTpeHHWH swwe pe3oHaHc 2- npH E .. 122 M3B 
npaKTH'IeCKH ODHCWBaeTCJI cynepD03H:UHeH yTOnbKO ,IJ;BYX 
KOMDOHeHT: 

- -1 -1 ) tf(2 4 )"'0,74(1d 512 1p 312 )+0,63(2sv:fP
312 

+ .... 

Onpe.neneHHe senH'IHHW R(24) .nacT B03MO)KHOCTL Koc
BeHHO npoBepHTL BOnHOBYJO ciiYHK:UHIO 3TOrO pe30HaHCa. 

3. Pe 30HaHcw B 16 N, Bo36y)K,IJ;aiO~ecJI B npo:uecce 
(rr- .y ), pacnono)KeHw swwe nopora pa3sana JI,npa no HyK
noHHOMY KaHany. ITpeHM~eCTBeHHO OHH pacna.naiOTCJI ny
TeM .HcnycKaHHJI HeiTpoHa. ITpose.neHHWH pac'leT HeiTpoH
Horo KaHana OCHOBbiBallCJI Ha cilopManH3Me npHBe,IJ;eHHWX 
WHpHH R - Ma TpH'IHOH TeOpHH 17 I. P aCC'IHTaHHWH nonHWH 
HeiTpoHHWH cneKTP HMeeT pJI.n xapaKTepHwx qepT. Bo-nep-
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BhiX, 3TO Hanaqae B cneKTpe pe3oHaHca npa 3Hepraa HeilT
poHoB oKono 5 M3B, a, so-sTophlx, Hanaqae JaMeTHoro 
BhlXO,na HeHTPOHOB 6onhliiOH I En> 10 M3BI 3HeprHH. 
Bhlxo.n TaKHX aeilTpoaos CBJIJaH co cnaa-Ksa,npynon&HOH 
seTBhiO pe3oHaHca. ,I(eTan&Hee 3TH peJyn&TaThl o6cy*
,naiOTCJI B pa6oTe 181 . 3.nec& *e Mhl o6cy,naM napuaanbHhle 
HeHTpOHHhle cneKTphl, T.e. cneKTphl, CBJI3aHHhle C o6pa3o
BaHHeM ,noqepaero Jl,npa (A-1) B onpe.neneHHOM KOHeqHoM 
COCTOJIHHH. 

Ha puc. 3 npase,neHhl paccqaTaHHhle napuaanbHhle HeilT
poHHhle cneKTphl B npouecce 16 0 (77-, y n) 15 N, CBJIJaHHbie 
C o6pa3oBaHHeM Jl,npa 15 N B OCHOBHOM COCTOJIHHH (112-) 
H B COCTOJIHHH 3IT I E *= 6,3 M3BI. 

0THOCHTellhHhiH BhiXOA HeHTpOHOB paccqHThiBancJI no 

cl>opMyne (±) 
N (±) "" 2 ['i (J o ~!12__ • R i ( E i ) 

0.06 

0.04 

c: 0.02 
0 
0 
i. 
~ 
L 

" ! z 

5 

r: tot R tot 
1 

10 

I I (I I ilf 

N- = 2938 ·10-4 

N+ = 543 ·10- 4 

16o(,.-,rnl1 sN( g.s.l 

0.002 

45 

En (MeV) 

Puc. 3. IIapijUUAbHblii HeiimpoHHblii cneKmp, ceJZ3aHHblii c pac
naooM pe30HUHCOB B OCHOBHOe COC1/IOJZHUe JZOpa 

15 N /1/2-/ 
/HUJICHJZJZ ~acmb pucyHKa/ u Ha ypoeeHb 3/2-I E*=6,3 M3B/ 
jeepXHJZJZ ~aC111b pucyHKa/, nyHK111UpHaJZ KPUBUJZ - BKAUO 
cnuH- OUnOAbHOU ee1118U ZUZUH1/ICKOZO pe30HUHCU. 

8 

CyMMaposaHae se.neTCJI no seeM peJouaHcaM nonO)KHTen&
Hoii: I +I ana OTpaua TenhHOii: I- I qeTHOCTH. ri tot - pac
cqaThiBaeMaJI nonHaJI HyKnoHHas wapaHa i -oro peJoHaH
ca, 1 i ( J 0E 0 ) - napuaan&HaJI wapaHa HyKnOHHoro pacna
.na i -oro peJoHaHca Ha cocTOJIHHe J0E 0 Jl,npa (A-1) ; 
R tot = 2,1·10 - 2 - nonHhiH BhiXO,n y -KBaHTOB B npo-

uecce 16 0(77-,y). 
PeJoHaHcnaJI CTPYKTypa B napuaan&HOM Heii:TpOHHOM 

cneKTpe npocne*asaeTCJI ropaJ,no qeTqe, qeM B nonHOM 
cneKTpe. B nomtoM cneKTpe CTPYKTypa oKa3hiBaeTCJI cMa
JaHHoii: 181 H3- Ja Hano)l(eHHJI HeCKOllhKHX pe3oHaHcos. CnaH
KBa,npynon&HaJI seTBh raraHTCKoro pe3oHaHca He npaso
AHT K B03HHKHOBeHHIO naKoB B Heii:TpOHfiOM cneKTpe. Ee 
npOJIBneHHe CKR3hiBaeTCJI Ha BhiCOK03HepreTHqecKOB qaCTH 
Heii:TpOHHoro cneKTpa. IlpaqeM cnaH-KBa,npynon&Hhle peJo
HaHchl pacna,naJOTCJI c ropaJ,no 6on&weii: sepoJITHOCThiO ua 
B036y)K,neHHOe (3/2-) COCTOJIHHe 15 N, qeM B OCHOBHOe. 
TaKHM o6paJoM pe3oHaHcHaJI CTPYKTypa Heii:TpouHoro cneKT
pa B npouecce ( 77- , y) Ha nerKax Jl,npax onpe.nenJleTCJI 
cnaH-,nanon&Hoii: seTBhiO pe3oHaHca. 

1 4. PaccMoTpeuuhle HaMH xapaKTepacTHKH npouecca 
6 

0 ( 77 -, y) 3RBHCJIT OT CTPYKTyphl OCHOBHOrO COCTOJIHHJI 
Jl,npa-MaweHH, oT CTPYKTYPhl peJoHaHCHhlx cocTOJIHHii: a co
CTOJIHHii: ,noqepuero Jl,npa, Ha KOTOphle a,neT pacna.n. HMeHHO 
no3TOMY HJyqeHHe TaKHX xapaKTepHCTHK n03BOllHT rny6)Ke 
nOHJITh ,neTana Jl,nepHOB CTpyKTyphl. 

1 
PaccMoTpeHHhle xapaKTepacTHKH npouecca 6o(77- ,y ) 

MoryT 6h1Th accne.nosaHw 3KcnepaMeHTan&Ho na6o nyTeM 
H3MepeHaii: Ha cosna.neHae )KeCTKoro a MJlrKoro I E Y = 
= 6,3 M3BI y -KsaHTOB, na6o *eCTKoro y -KsaHTa a Bhl
neTeswero ueii:TpoHa c cl>aKcaposaHHOii: 3Hepraeii:. H XOTJI 

TRKHe H3MepeHHJI CllO)KHhl, TeM He MeHee HX npose,neHHe 
npe,nCTaBnJleTCJI Ba)KHhiM. IlonyqeHHhle ,naHHhle n03BOllJIT 
c,nenaTh HOBhiB War B nOHHMaHHH MeXaHH3Ma HJyqaeMO
ro n:ROUecca H CTPYKTyphl Jl,npa. 

BhlpR)KaeM 6naro.napHOCTh P .A.CaKaesy Ja noMOIUh 
Ha Haqan&Hoii: cTa,naa HacTOJIIUero accne.nosaHHJI. 
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