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BoliTOB A.H. u llP· P15 - 11101 

l1HTepoflepeHUHOIIHbie S!BneHHSI B TOpM03HOM cneKTpe raMM8-KB8HTOB 

ua peaKUHH 
12 C(p ,yp')12 C 

!1ccneAoaanacb aaaHCHMOCTb ¢opMbi cneKTpa TOpM03Horo uanyqeuHSI 

B peaKUHH 12C (p,yp 'Y 2C OT 3HeprHH nBil810IllHX npOTOHOB, l13MepeHHSI npOBO

IlHnHCb npH 3HeprHSIX npOTOHOB, yllaneHHbiX OT 6nH>K8HWHX pe30H8HCOB Sillpll 
13N H8 -400 K38 (qTQ COCT8BnSieT -10 nonHbiX IUHpHH pe30H8HCOB). 

06Hapy>KeHO H3MeHeHHe oflopMbl TOpM03HOrO cneKTpa IlpH 3HeprHSIX 

IlpOTOHOB -1240 K38, npOHCXOilSIIUee H8 HHTepaane nOpSIIlK8 WHpHHbl 6nH>K8H

wero aoa6y>KileHHOf'O CCCTOSIHHSI Slllp8 
13 N C E 0 = 2366 K38. 8 TO >Ke 

BpeMSI AnSI K8H8nOB ynpyroro p8CCeSIHHSI H 38XB8T8 npOTOHOB C 3TOli >Ke 

3HeprHeli H8 Slllpe 12C K8KHe-nu6o oco6eHHOCTH OTCyTCTBYIOT, 06Cy>Kil8eTCSI 

HHTepoflepeHUHOHH8SI npupOil8 H86niOil8eMbiX OC06eHHOCTeli H ee B03MO>KH8SI 

CBSI3b C BpeMeHeM IlpOTeKBHHSI pe8KUHH. 

Pa6oTa BbmonHeHa B na6opaTOpHH HeliTpOHHOli <jJH3HKH Ol1.Hl1. 
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Voitov A,l, et al, P15 - 11101 

Interference Effects in the Gamma.-<fuanta 
Bremsstrahlung Spectrum from the 1 C (p, y p ') 

12
C Reaction 

The dependence of the shape of the bremsstrahlung spectrum 
from the 12 C(p,yp')11b reaction via the energy of incident protons 
was investigated. The protons with mergies different from the exci
tation energy of the nearest resonances of an intermediate nucleus 
13 N by 400 keV were used, i,e, by about 10total resonance widths, 

The shape of the spectrum at a proton energy of 1240 keV 
is observed to change in the energy range about the width of the 
nearest excited state ( E • 2366 kev') of the

13
N nucleus, The 

interference origin ::>f the effect observed is discussed, as well 
as its possible dependence on the time the reaction talEs, 

The investigation has been performed at the Neutron 

Physics Laboratory, JINR. 
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B 1960 r. Aiic6eproM H .IJ.p. /1/ 6blno BbiCKa3aHo npe.IJ.

nono)f{eHHe 0 B03MO)f{HOCTH H3y'ieHHB BpeMeHHbiX XapaK

TepHCTHK B)J.epHbiX peaKUHH nyTeM HCCne)J.OBaHHB CODyT

CTBYIOIUero TOpM03HOrO H3ny'ieHHB. Ilpe)J.DOnaranOCb, 'iTO 

pe3ynbTHpyiD~HH CUeKTp B:)J.epHoro TOpM03HOrO H3ny'leHHB: 

06B:3aH .IJ.BYM npoueccaM: yCKOpeHHOMY )J.BH)f{eHHID 'iaCTHUbl 

npu "sneTe" a B.IJ.po H npu ee "sblneTe". B cnyqae, ecnu 

3a)J.ep)f{Ka 'iaCTHUbi B COCTaBHOM B)J.pe cpaBHHMa C r = h /Ey 
/Ey- 3HeprHB raMMa- KBaHTa/, TO B03MO)f{Ha HHTep4JepeH

UHH Me)f(.IJ.Y aMnnuTy.IJ.aMH 3THX .IJ.BYX npoueccos, onpe.IJ.enB:ro

IUHX TOpM03HOe H3ny'ieHHe. 0)J.HaKO HCCne)J.OBaHHB TaKOrO 

po)J.a llpH)J.eTCB UpOBO)J.HTb UpH BeCbMa ManbiX 3HeprHBX 

y -KsaHTOB, Kor.IJ.a Ey :!:". [' , T.e. lliHpHHe oco6eHHOCTH 

B 4JyHKUH.i B036y)f{)J.eHHB, 'iTO Cy~eCTBeHHO OCnO)f{HB:eT 

3KcnepuMeHT. B To )f{e speMB npu KBaHTOBOMexaHH'iecKoM 

paCCMOTpeHHH HCDyCKaHHB HH3K03HepreTH'iHblX Y -KBaH

TOB B B)J.epHbiX peaKUHBX, C)J.enaHHOM <l>elll6aXOM H EHHH12 I, 

He06XO)J.HMOe H3 KnaCCH'ieCKOrO paCCMOTpeHHB ycnOBHe 

HHTep4JepeHUHH w T -::.1 4JopManbHO OTCYTCTByeT, 'iTO BBnB

eTCH, DO BCeH BepOB:THOCTH, Cne)J.CTBHeM HCDOnb30BaHHH 

CTaUHOHapHOH TeOpHH. Il03TOMY B03HHKaeT BODpOC - UpH

CyTCTByeT nH HHTep4JepeHUHB B TOpM03HOM CUeKTpe, ecnH 

ycnosue wr-::.1 /T.e. Ey-I'/ HapyllleHo? 

B Ka'iecTBe o6'beKTa .IJ.nB 3KcnepuMeHTanbHbiX uccne

)J.OBaHHH 6bina Bb16paHa peaKUHB 12 C ( p , y p' ) l2c UpH 

JaxsaTe npoToHoB c 3Heprueii = 1,2 M:JB Ha pe3oHaHcHoe 

COCTOBHHe 2366 IC:JB B)J.pa 13N. B )J.aHHOM cnyqae B03MO)f{

Hbl TOnbKO ynpyroe pacceB:HHe H 3aXBaT DpOTOHOB, llpH 

3TOM 3HeprHH na.IJ.aiD~Hx npoTOHOB Y.IJ.aneHa OT 6nH)f{aHlliHX 

pe30HaHCOB Ha HHTepsan UOpB:)J.Ka )J.eCB:TH lliHpHH pe30HaHca, 
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T.e. B3aBMO,D,eHCTBBe na,D,aiOmBX npoTOHOB C JI,D,pOM HOCBT, 

B OCHOBHOM, DOTeHIJ,BaJibHblH xapaKTep C BpeMeHeM B3aBMO

,D,eHCTBBJI Tin:: 10'22c. B TO )f(e BpeMJI KOHe'IHOe COCTOJI

HBe - O,D,HO'IaCTB'IHblH DO,D,DOporOBblH pe30HaHC lllBpBHOH 

=36 K3B 1 ~ 1T.e. c apeMeHeM )f(B3HB 2.10'
20c. CxeMa peaK

IJ,BB noKa3aHa Ha puc. 1. 

E 1n 

3511 3/2-

w 

2366 112+ 

0 1/2-

13 N 

Puc. 1. CxeMa ypo(meu Ropa 13N. 

CneKTP raMMa-u3nyqeHBJI I puc. 21 cocTOBT B3 .D.BYX 

KOMllOHeHT - nnaBHOH B pe30HaHCHOH C MaKCHMYMOM B6JIH3H 

:meprHH 

EYo- E PI CMI- 422 K3B, Ill 

COOTBeTCTBYIOlll,eH 3aXBaTy npOTOHa B o6naCTb 3HeprHH 

a6nB3H ypoBHJI 2366 K3B npoMe*YTO'IHoro JI,D,pa 
13 N. Ha

,D,e)f(HO H,D,eHTH~Hll,BpOBaTb BHTep~epeHIJ,BID B HenpepbiBHOM 
'4 I 

cneKTpe O'leHb CJIO)f(H0 1 ',D03TOMY BeJIBCb DOBCKB BHTep-

~epeHIJ,HOHHblX JIBJieHBB npH 3HeprBJIX y -KBaHTOB, COOTBeT

CTBYIOmBx 3aXBaTy B o6naCTb COCTOJIHBJI pe30HaHCa 

4 

I l 
J 

1 
J 

Nl 
eoo 

&oo 

400 

200 

250 

Puc. 2. CneKmp y - KeaHmoe U3 3axeama npomoHoe Ha pe3o
HaHc 2366 K3B e 13 N. N - HOMep KaHaAa, N y- 'lUCAO 
omc'lemoe Ha KaHaA. To'lKU - 3KcnepuMeHmaAbHble pe3yAb
ma1Tibl. CnAowHaJI AUHUJI - pe3yAbmam noozoHKU pe3oHaHcHoil 
'lacmu cneKmpa. IlyHKmupHble Kpueble - noozoHKa nAaeHoil 
KOMnOHeH1Tibl y - U3AY'leHUJI OAJI HeCKOAbKUX Ha6opoe napa
Me1Tipoe. 

2366 K3B, r,D,e cneKTp HMeeT pe3oHaHCHYIO i~JopMy C MaK

CBMYMOM npB E y = 700 K3B ,D,JIJI 3HeprBH npOTOHOB 

=1200 K3B. 
C KJiaCCB'IeCKOH TO'IKH 3peHBJI TOpM03HOe H3Jiy'leHHe 

a peaKU.HH 
12 C(p.yp') 12C o6ycnoaneHo ycKopeHHblM .D.BH

:>KeHHeM npOTOHa npH BJieTe B JI,D,pO B qepe3 BpeMJI T = 
= 2.10'20c - npH ablneTe. B uccne,D,yeMoii: o6nacTB 3HeprBH 

Y -KBaHTOB -=.700 K3B KJiaCCH'IeCKOe YCJIOBHe BHTep~epeH
IJ,BH E -h/r He ablnonHHeTcJI, T .K. E >>r. y y 

fiOCKOJibKY TO'IHOH TeOpBB 0 TOM, KaK ,lJ,OJI)f(Ha BJIBJITb 

• BHTep~epeHIJ,HJI Ha ~OpMy cneKTpa raMMa- KBaHTOB, HeT, 

TO B DOBCKaX BHTep~epeHIJ,HB MO)f(HO BCCJie,D,OBaTb B3Me

HeHBJI ~OpMbl cneKTpa npB He60JiblllBX B3MeHeHBJIX 3HeprBH 

na,D,aromux npoTOHOB, He 3a,D,aBaJICL KaKuM-nu6o aHaJIHTB

qecKBM BB,D,OM ~OpMbl MaKCBMyMa B CDeKTpe. 0,D,HBM B3 

KpBTepBeB H3MeHeHBJI ~OpMbl MaKCBMyMa MO)f(eT 6b1Tb 
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CMemeHHe nono~eHHR UeHTpa TR~eCTH pe30HaHCHOH KpH· 
BOB OTHOCHTenLHO nono~eHHR MaKCHMyMa, onpe~enReMoro 
lllopMynou I 1/. B ~aJI.LHeuweu o6pa6oTKe cneKTpa ~nR BLI
~eneHHR pe30HaHCHOH qaCTH KpHBOH HCllOnL30BanacL npo
ue~ypa HHTepnonRUHH HenpepLIBHOH qacTH ClleKTpa, KaK 
3TO OllHCaHO B pa6oTe 15 /. 

llono~eHHe UeHTpa TH~eCTH pe30HaHCHOH qaCTH KpH· 
BOB Fjcc H WHPHHa r 3Toro pe30HaHca Haxo~HnHCL MeTO~OM 
B3BeWHBaHHR, ~OCTOHHCTBOM KOTOpOrO RBnReTCR OTCyT· 
CTBHe KaKHX- nu6o npe~nono~eHHH OTHOCHTenLHO lilopMLI 
cneKTpa. 

Ha puc. 3 npuae~eHLI, a JaBHCHMOCTH oT 3Hepruu na
~aiOmux npOTOHOB, pa3HOCTH Me~~y HaH~eHHLIMH 3HaqeHHR· 
MH ueHTpa TR~ecTH pe3oHaHca Ecc H 3Heprueu y -nepe
xo~a Ha ypoaeHL 2366 K3B - Ey

0 
• BLiqucneuHou no 4lop

Myne /1/. Ha6nw~aeMaR Ha puc. 3 3aBHCHMOCTL Ey
0 

-Ecc 
OT Ep CBR3aHa C H3MeHeHHeM lilopMLI pe30HaHCHOH KOMno
HeHTLI TOpM03HOrO ClleKTpa, qTO llO~TBep:>K~aeTCR H aHa
noruqHOH lllopMou 3aBHCHMOCTH aenuquH x2 oT Ep npu 

E;-~c 

14 

9 

4 

1200 1300 1400 Ep 
Puc. 3. 3a8UCUMOC111b pa3uoc111u MeJKOy noAoJKeuueM 1.1eH111pa 
11IJ1JK:ec111u pe3ouauca u 3Hepzueii y- nepexooa ua ypo8eH b 
2366 K3B 8 

13 N. E yo - 3Hepzu.JI y - nepexooa /K3B/; 
E cc - 3Hepzu.~~, coo1118e111C1118YKJI/Ia.JI noAoJKeuuro 1.1eH111pa 111JI· 
JKec111u /K3B/; E p - 3Hepzu.JI npo111oHo8 /K3B/. Pa3HbJe 
0603HU'IeHUJI 1110'-leK C001118e111C1118Y10111 pa3AU'IHbiM cepUJIM 
U3Mepeuuii. 
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annpOKCHMaUHH pe30HaHCHOH KOMllOHeHTLI cneKTpa C no
MomLIO Kpuaou JlopeHua 15 /. Bee JTO MO:>KeT paccMaTpuaaTL· 
CR KaK yKa3aHHe Ha npORBneHHe HHTeplilepeHUHH B ClleKTpe 
TOpM03HOrO H3nyqeHHR. 

Ha Haw B3rnH~, 3TO aecLMa y~HBHTenLHLIH pe3ynLTaT, 
llOCKOnLKy, cornaCHO o6~enpHHRTOH TOqKe 3peHHR, C MO" 
MeHTa nona~aHHH npoTOHa a R~po ~o pacna~a npoMe:>KyToq
Horo COCTORHHH C WHpHHOH I'= 36 K3B npOXO~HT apeMR, 
3HaquTenLHO 6onLwee apeMeHH nponeTa npoTOHOM pac
CTORHHR nopR~Ka pa3Mepoa H~pa. B KaqecTae runoTe3LI 
~R 06'LHCHeHHR nonyqeHHLIX HaMH pe3ynLTaTOB MO:>KHO 
npe~nonaraTL, qTo ~nR npRMLIX npoueccoa xapaKTepHLI 
pa~HYCLI B3aHMO~eHCTBHH, cy~eCTBeHHO 6onLWHe peanLHLIX 
pa3Mepoa R~pa /a HaweM cnyqae - Ha nopH~oK/. 
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