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6y,!UllllOB lO.f. HAP· 
J1cc11eAOBam1e MexaHH3MOB peaKU.HH npSIMOro Bhl6HBaHHSI nap 
npOTOHOB H3 S1Apa ,yr11epot1a npOTOHaMH C 3Heprwew 660 M3B 

Pl-92-512 

TipeACTaBJICHbI pe3y11hTaThl 11cCJ1eA0BaHHS1 MexaHH3MOB peaKU.HH ( p, Jp) 
npSIMOro Bb1611saH11S1 nap npOTOHOB H3 SIACP yrnepo)la npOTOHaMH C 3Heprnew 
660 M3B B KHHeMaTH4eCKH nOJIHOM OnbITC, BbinOJIHeHHOM Ha cpa30TpOHe 
OH.5111 c noMOll(blO Tpexn11e<rnoro 11cKposoro cneKTpoMeTpa. B onhlTe 3aperu
CTp11posauo CBbillle 1000 co6blTHH, nonaAalOll(HX B HHTepBaJI cyMMapHOH 3Hep
rHH Tpex BTOpH4HbIX npoTOHOB Tc= 590 + 650 M3B. Ha HX ocuose 

onpCAeJieHbl AHcpQ)Cpettu.11aJJbHblC CC4CHHSI peaKU.H11, 3HepreTH4eCKHC cneKTpbl 
BTOpH<IHblX npOTOHOB 11 HMnyJJbCHble cneKTpbl OCTaT04HblX S!Aep AJISI Tpex reo
MCTPH11 OnbITa, a TaK)KC CAeJJaHa ou.eHKa cetteHHSI AJJSI 4eTBCpTOH reoMeTpHH 
onhlTa npH HattaJibHOH 3HCprirn npOTOHOB 350 M::iB. TipoBeAeHO cpaBHeHHC 
:>KcnepHMeHT3JlbHblX pacnpeAeJJeHHH C COOTBCTCTBYIOU(HMH pactteTHbIMH AaH
HblMH AJJSI pa3Jll14HblX MexaHH3MOB peaKU.1111. Jl,aHHbie OnbITa He HCKJIIOttaJOT 
HaJJH411SI MexaHH3Ma OAHOCTynCH4aToro B3aHMOAeHCTBHSI H3JICTaJ011.(ero npo
TOHa C S!AepHOH pp-napoi-1. 

Pa6oTa BbinOJIHeHa B Jla6opaTOp1rn S!AepHblX npo611eM 0115111. 

npenp~IIIT O6-hCAHHCIIIIOl'O HHCnnyTa ~;1ept1L,IX HCCJte)l0Bamti-'t. )ly6Ha 1992 

TiepeBOA M.11.TioTanosa 

Budyashov Yu.G. et al. 
Study of Mechanisms for the Reaction of Knock-On of Proton 
Pairs from the Carbon Nucleus by 660-McV Protons 

Pl-92-512 

The paper presents the results obtained in a kinematically full experiment 
carried out at the JINR phasotron with a three-arm spark spectrometer for 
studying mechanisms for the ( p, Jp) reaction of knock-on of proton pairs from 
the carbon nucleus by 660-MeV protons. Over 1000 events in the range of total 
energy of three secondary protons Tc= 590 + 650 MeV were recorded in the 

experiment. They were used to find differential cross sections for the reaction, 
energy spectra of secondary protons and momentum spectra of residual nuclei 
for three experimental geometries. The cross section for the fourth experimental 
geometry with initial proton energy 350 McV was estimated. The experimental 
distributions are compared with the relevant calculations for different reaction 
mechanisms. The experimental data do not exclude a mechanism of. single-step 
interaction between an incident proton and a nuclear pp-pair. 

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

Preprint or the Joint Institute for Nuclear Research. Dubna 1992 



HaCTOSII.QaSI pa6oTa .SIBJI.sieTCSI IlPOAOJDKem1eM HCCJieAOBaHHSI MexaHH3MOB 

peaKU:HH ( P, 3p) np.sIMOro BhI6irnaHHSI nap npOTOHOB 03 .sIApa yrJiepoAa npOTOHa

MH C 3Hepmeii 660 MsB Ha cpa30TpOHe 0115111 C IlOMOIIJ,blO Tpexnii:eqHoro HCK

poBoro cneKTpOMeTpa. MeTOAHKa HCCJieAOBamrn IlOAp06Ho OilHCaHa paHee [1 ]. 
C U:eJihlO o6ecneqeHH.sI B03MO)KHOCTH AJISI paaAeJieHH.sI BKJiaAOB B peaKU:HIO 

pa3JIHlfHbIX MexaHU3MOB, npeACTaBJieHHbIX Ha pttc.1, H3MepeHHSI BblilOJIHeilhI B 

Tpcx reoMeTpHSIX OilbITa " 6bIJIH HatiaThl B •IeTBCpTOH reoMeTpHn. Bo Bcex reo

MCTPHSIX HCilOJib30BaJiaCb rpa<pUTOBaSI MHllleHb TOJIIIJ,HHOH 0,85 r/ CM
2

• IloApo6-

HOe H3JIO)KeHHC IlOJIY'ICHHblX peayJihTaTOB COAep)KHTCSI B coo6m,emrnx 0115111 
[2 ]. B HaCTO.sIIIJ,CH ny6JrnKaU:HH npHBOASITCSI OCHOBHhie AaHHbIC. 

a) 6) B) r) 

P1-1c.l. Ha6op,!\HarpaMM wui om1ca111-111 peaKI.\HH (p, 3p) 

3KCTTEPl1MEHT AJibHbIE PE3Y JlbTATbl 

n epBa.sI reoMeTpHSI OilhITa 

YrJIOBhle H 3HCpreTHlfeCKHe HHTepBaJibl H TeJieCHble yrJibl pernCTpau;HH BTO

puqHbIX npOTOHOB cneKTpoMeTpOM AJISI nepBOH reOMeTpHH OilblTa HMeIOT CJieAY

IOIIJ,He 3HaqeffHSI: 

6. Tl = 6.Tz = 80 + 240 MsB; 6.T3 = 260 + 420 MsB; 

6.'21 = 6._~2 = 0,0241 cp.; 6.Q3 = 0,0584 cp. 

~. ti:,1.ni,n(llriffl HHCiKTJT I 
l ua-:i;;wx acc.:i~aot1uml 
f 6WSnt,iOTEHA , -- ----



3Ta re0Me-rpm1 .11BJrneTCSI Hau6oJiee s<P<PeKTHBHOH ,nJISI perncrpau.un KaHaJia 

peaKU.HH (pHc.la) ABYXKpaTHOI'O KBa3Hynpyroro pp-paCCCSIHHSI, B TO BpeM.11 KaK 

BKJiaJJ;bI i,;pyrnx KaHaJIOB peaKU.HII MaJibl .• BKJiaA KaHaJia C 11 + -ll306apoH B npo

Me)KyTOtJHOM COCTOSIHHH (pHc.16) npaKTHtJeCKU IlOJIHOCTblO no,naBJieH H3-3a TO

ro, tJTO BTOPHlIHbiii npoTOH, o6pa3yIO~HHCSI BMeCTe C 11 + -H306apott B nepBOM 

pp-coy,napeHHH, nMeeT, KaK noKa3hIBae-r pactJeT, yroJI BbIJICTa MCHbIIIe 35,5°. 

BKJia.llhI Kam1.Tla c o6pa30BaHHeM·n°-Me3oHa H noCJie,nyIO~HM 3axaaTOM ero oT

ACJlhHbIM si,nepHbIM HyKJioHOM (pnc.lB) H KaHaJia OJJ;HOKpaTHOro coy.napeHH.51 Ha

Jie-ra10ll.(ero npoTOHa c TeCHo KoppeJIHpoaaHHOH 2i,;epHoi1 pp-napoi1 (pHc.lr) He

BeJIIIKH, TaK KaK cetJeHHe po)KJJ;eHlrn Jr
0 
-MC30Ha B nepBOM pp-coyi,;apeHHH Ha no

PAAOK MeHbIIIe cetJemrn ynpyroro pp-pacce.5IHH51, a 3qJqJeKTHBHOe tJHCJIO 

.51AepHbIX TeCHO KOppeJinpoBaHHbIX pp-nap MeHbIIIe tJHCJla npOTOHOB B 51,npe yr

Jiepoi,;a notJTH Ha ,nna nop2,nKa. K TOMY )Ke (pnc. l B) 3axBaT n° -Me3otta OTAeJih

HhIM 51.!lCPHhIM HyKJIOHOM CHJlbHO IlO):\aDJICH HHTCHCHBHO HJlYll.(HMH KOHKypupy

lOll.(HMH npou.eccaMH ero 3aXBaTa napaMH si,nepHbIX HYKJIOHOB H pacce.5IHH51 

st,nepHbIMH HyKJIOHa.t\,tH. 
Ha pnc.2 npe,ncraBJieH cneKTP cyMMapHott sHepnrn Tpex BTOpHtIHhIX npoTo-

HOB noCJie DhllJHTaHH.51 Q)OHa, nocrpoeHHbIH Ha OCHOBC 1005 3aperncTpHpOBaH

HbIH co6hITHH peaKU.HH. <l>ott He npeBhIIIIaeT 15%. Cpe,nH.5151 norpeIIIHOCTb H3Me

peuu~ cyMMapHOH sueprnu cocTaBJI.5IeT 11Tc = 15 + 17 MsB. Bepxu22 rpaHHU.a 

cneKTJ)a uaxo,nuTC.51 npn 3HatJeHHH sHeprnn Tc= 630 MsB, tJTO cooTBeTcTByeT 
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aw6uaam110 .nayx npoTOHOB c P-o6oJiotJKH SI.upa yrJiepo.na. fpaHnl..(a cneKTpa, 

COOTBCTCTBYIO~aSI BbI6HBaHHIO .!lBYX npOTOHOB c S-o6oJIOlJKH, pacnoJiaraeTCSI 

npn 3Heprnu T = 590 MsB. IlosTOMY, 3a.uanaSI B AaJibHCHUJCM aHaJin3e Tpex-c 
npoTOHHhIX co6wTHH HHTepnaJI cyMMapuo11 sHepnm 11Tc = 590 + 650 MsB, MhI 

OT6npaeM B no,naBJISIIO~CM tJHCJIC CJiytJaeB TOJlbKO COOblTHSI, Kor.na o6pa30BaB

UJUern B pe3yJihTaTe .nnyx KBa3nynpyrnx pp-pacceSIHHH npOTOHbl BhlJICTaIOT H3 

si.npa 6e3 ITOCJie,nyIO~HX coy.napemu1 C SI]lCpHbl!'.fH HYKJIOHaMH. O6JiaCTb cneKTpa 

T =s 590 MsB o6yCJioBJieHa KaK pa3BHTHeM KacKa,na a 2.upe-MnUJeHn, TaK 11 
C 

SI]lCpHbIM B3aHMO]lCHCTBHCM BTOpHtIHbIX npoTOHOB B Q)HJlbTpax ynpaBJISIIO~HX 

TCJICCKOilOB H B aJIIOMHHHeBbIX 3JICKTpo.uax HCKpOBbIX KaMep cneKTpOMCTpa. 

3KcnepHMCHTaJihHblC pacnpe.ne.1eHHSI - 3HeprenttJCCKHC CilCKTpbl BTOpHtI

HblX npOTOHOB n HMITYJibCHbIH CITCKTp OCTaTOtJHblX SI.!lCP, noCTpOCHHbIC no 511 
co6bITHSIM, uaxo,l\st~HMCSI B nuiepBaJic 11T = 590 + 650 MsB, - npe.ncrnaJie-c 

Hbl Ha puc.3. Cpe,nHSISI norpelllHOCTb H3MepeHHSI ::meprHH npoTOHa 11T = 
=8+10 MsB, cpe,nHstSI norpeUJHOCTb onpe,l\eJICHHSI HMITYJibCa OCTaTotJHoro AAPa 

11P = 30 + 35 MsB/ c. Ha pttc.3 TpeyroJihHHKaMH noKa3aHbI pactJeTHhie 
OCT. 

pacnpC]lCJICHHSI ]lJISI MeXaHH3Ma .!lBYXKpaTHOI'O KBa3nynpyroro pp-pacCCSIHHSI, 

IlOCTpOCHHb!C Ha OCHOBe 496 TpexnpOT0HHbIX co6hITHH, Bbl1IHCJICHHbIX no Me'fO

.!lY CJiytJaHHhIX ucnhITaHHH. IlpH Bb1 1111CJ1emrn co6hITHH pp-coy.napeHHSI pac-

. CMaTpHBaJIHCb KaK <<CB060.UHblC>>, HO C YtJCTOM HMITYJibCHOI'O pacnpe,nCJICHHSI 

SIJlCPHbIX HYKJI0H0B (3 ), 3HepruH CBSl3H BhI6irnaeMblX HYKJIOHOB B SI]lpe H HC-

6oJihllJOH 3Heprnn, nepe.naaaeMott ocTaTOtJHOMY MPY· Ilpuae,neHHhie Ha pttc.3 

3KcnepnMCHTaJibHblC norpCUIH0CTH ,I\JISI paC'lCTHblX pacnpe,nCJICHUH npaKTHtJC

CKH COBna,naIOT C 3KCnepUMCHTaJihHbIMH 11 Il03TOMY Ha pucyHKC He IlOKa3aHhl • 

KaK Blf.!lHO H3 pttc.3, paC'lCTHhIC pacnpe,l\e.JICHHSI xopOUJO corJiacyIOTCSI C 

3KCnepHMCHTaJibHhIMH. 3To corJiaCHe SIBJ15ICTCSI IlO]lTBep)KJJ;CHHCM TOI'O, lJTO 

rJiaBHhIH BKJia,n B TpextJacTHtJHhie co6bITHSI B HHTepsaJie 11Tc = 590 + 650 MsB 

.naeT MCXaHH3M .!lBYXKpaTHOro KBa3nynpyroro pp-pacce.srnm1. B tJaCTHOCTH, Ha 

3KCnepHMCHTaJihHOM HMITYJibCHOM CilCKTpC OCTaTO'lHblX AACP OTCYTCTByeT 

IlO]l'bCM ITOCJIC 3HatJCHHU /1P = 300 + 350 MsB/c, KOTOpb!U ,I\OJl)KCH HMCTh 
OCT. 

MCCTO, CCJIH BKJia,I\ MCXJHH3Ma peaKl..(HH (p, Jp) C PO)K]lCHHCM HCHTpaJibHOro 

IlHOHa H ero ITOCJIC.!lYIO~HM 3axBaTOM OT,I\CJibHbIM SI]lCpHhIM npoTOHOM cy~ecT

BCH. IloCKOJlhKY yKa3aHHhIH IlO]lbCM OTCYTCTBYCT H Ha HMilYJlbCHbIX cneKTpax 

OCTaTOtJHhIX .SI]lep WI.SI noCJie,nyIO~HX reoMeTpuu, ,naJiee BOD poc O BKJia,ne B peaK

U.HIO (p, Jp) MexaHH3Ma (pHC. 1B) He 6y,neT o6cy)K,I\JThCSI. 

.lI,HqJQ)epeHl..(HaJihHOC CC1ICHHC peaKl..(HH, OTHCCCHHOe K ITOJIHOMY CITCKTPY 

cyMMapHOH SHepnm 11T = 430 + 650 MsB, cocrnsJisteT 
C 

d a -28 2 3 
dQ . dQ ·dQ = (7,6 ± l,9)·10 CM /cp. 

I 2 3 
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P11c. 3. ITepaan reoMeTp1111. 3KcnepHMCHTaJlbHblC 3HepreTl1'1CCKHe CnCKTpbl BTOPH'IHblX npOTO

HOB H l1MnyJJbCHblH cneKTp OCTaTO•IHblX 11,nep (+). Pac'ICTHble pacnpe.ue.ne111111 .!IJIII ,l\Hat'PaMMhl 

pHc.la (0) 

TTorpeIIIHOCTb orrpeJJ;eJieHU.11 ce4eHH.II CKJiaJJ;hIBaercSI H3 CTaTUCTHlleCKOro OTKJIO
HeHHSI H rrorpeIIIHOCTeH orrpeJJ;e.nemrn: IIOTOKa rrpOTOHOB Ha MHIIIeHh, BhllIHTaHHSI 
Q)OHOBbIX co6bITHH, BbI4HCJieHHSI rrorrpaBKH Ha SIJJ;epHoe B3aHMOJJ;eHCTBHe BTO
pUl!HbIX rrpoTOHOB B Bew,eCTBe qmJihTpoB ynpaBJISIIOUJ,HX TeJieCKOOOB cneKTpO
MeTpa. C ylleTOM nonpaBKH Ha tteyrrpyroe SIJJ;epHoe B3aHMOJJ;eHCTBHe BTOpH'IHhIX 
npOTOHOB B 3JleKTpOJJ;ax HCKpOBhIX KaMep celfeHHe peaKIJ,HH, OTHeCeHHOe K HH
Tepsany ATc = 590 + 650 M3B, cocTaBJrneT: 

da -28 2 3 
dQ . dQ . dQ = (6,1 ± 1,7)· 10 CM /cp. 

I 2 3 

I-13 cpaBHemrn celfeHnii: WISI HHTepBMOB tiTc = 430 + 650 M3B H t1Tc = 590 + 

650 ~faB cneJJ;yeT, 'ITO o6naCTh crreKTpa cyMMapHoii 3Hepnrn ti Tc 5:. 590 M3B B 

OCHOBHOM o6yCJIOBJIHBaeTCSI HeyrrpymM SIJJ;epm,1M B3aHMOJJ;ettCTBHeM BTOPHlf
Hb!X npoTOHOB C nerueCTBOM 3JleKTPOJJ.OB HCKpoBbIX KaMep'. 
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nonpaBKH Ha SIJ.J.epHoe B3anMOJ.J.eiiCTBHe BTOPHlfHbIX rrpOTOHOB JJ;JlSI OTJJ;eJJh
HhIX TpexrrpOTOHHhIX co6hITIIH OKa3aJJHCh OJJ;HHaKOBhIMH C T04HOCTbIO OKOJIO 
3 % . TT03TOMY H3 cpaKTa cornaCHSI 3KcnepnMeHTaJlhHhIX H paclfeTHbIX pacnpeJJ;e
JieHHH (pnc.3) CJJeJ.J.yeT, lfTO nornow,eHne BTOPHlftthIX rrpoTOHOB s 51JJ;pe-MHIIIettH 
He J.J.ecpopMttpyeT 3aMeTHhIM o6pa30M 3HepreTHlfeCKHe cneKTpbl BTOPHlIHbIX 
npOTOHOB H HMTTYJibCHI,IH cneKTP OCTaTOlfHbIX SIJJ;ep. 

BTopasi reoMeTpttsi onhITa 

t10, = 31 °+ 400; t102 = 16° + 25°; t103 = 72° + 86°; 

t1T1 = t1T2 = t1T3 = 140 + 300 M3B; 

t1Q1 = t1Q
2 
= 0,0241 cp.; ti.Q3 = 0,0584 cp. 

BTopaSI reoMeTpH.11 Ha cpa:'loTpOHC 6JJU3Ka K rrepBOH reoMeTpHII OilhITa, npo
BeJ.J.eHHOro Ha CHHXpOU,IlKJIOTpOHe [ 1 ]. 113MepeHH.II B Heit CJJ;eJiaHhI C IJ,eJlhIO rrpo
sepKH BOCnpOH3BOJJ;HMOCTil pe3yJihTaTOB. 

Bo BTOpoit reOMCTpHH, B OTJIIllfHe OT nepsoit, IlOJ.J.aBJiem1e BKJiaJJ;a B peaK
IJ,HIO ( p, 3p) JJ;HarpaMMbI ABYXKpaTHOro Heyrrpyroro B3aHMOJJ.eHCTBHSI C ti.+ -H30-

6apoit B npOMC)KyTo•mOM COCTOSIHHH CHHMaeTCSI, TaK KaK 6bICTpbIH rrpOTOH, 06-
- A+ 6 ~ pa3ylOUJ,HHC.II BMeCTe Cu -H30 apon B nepBOM pp-coyi:i.apeHHH, MO)KCT nonaCTh 

KaK B yrJionoit HHTepsaJI ti.0
2

, TaK n B yrnoBoit HHTepBaJI ti.0
1
• CpeJmee 3Halle-

HHe ::meprnu 3TOr~ npOTOHa JIC)KHT BHYTPII 3HCpreTHlfeCKOI'O HHTepnana ti.T z 
HJJH ti.T1 pemcTpau,Hu npoTOHOB cneKTpoMeTpOM. 

PaClfCTHa.11 3q:JqJCKTHBHOCTb perncTpau,IIH TpexnpOTOHHbIX co6hITHH JJ.JI.sI JJ.H
arpaMMbl puc.1 a npu nepexoi:i.e OT nepBOH rCOMCTpHH KO BTOpoii YMCHhIIIaeTC.11 s 
7-pa':3J9TO,YMCHhllICHIIC CB513aHO C TCM, lfTO 3Ha4CHHC CpeJJ;HCH 3HCpruu npOTOHa 
0~ 1rreI,Bdr61c6yitfipeHn.11, rrorraJJ;aIOIIIero n yrJiosoit HHTepnan ~01 uJin ti.02, Jie-

--Jqn:a;q .:XTdHT~..;P'JGQ trr::HJHUJ:.., . 
)KUT BhIIIIC sepxHCH f,P?,~IlIJhI,;mepreTnlfCCKOro HHTCpBaJia pemcTpau,IIH npoTO-

, ./..H,.,,.., ..... l~.iL.1; J:,,.t(0,1.. 

H_q~RfiPJ3?Ir.J~~~1;9B.~1~q0d]fWAtltfl ~Hf.:f.TPOMeTpa. . 
• ~ HatluHa.11 co BTOPOH rCOM~TPHH., BTOpIIllHble npOTOHhl, perucTpupyCMble 

.j f~i h:i\.(HJbq }.tl 'Y)i i.:Cd {qhUOt.H }.:_)Af'.l 

TP,7J~li!11f1i38~0M1~USI)'[PRflWT,PJln~JfdH~1H-\fYMYJI.11TuBHbIMH. 
3a BhilleTOM cpoHa BO BTOPOH rCOMeTP,11H ,3aperucTpupoBaHO 606 Tpexnpo-6 .0,"1 l,, 

T8tlJillfaP0 l~~1!l~i,;l;J,r,'.1If-f1~WirJ:Ifi{lf~~fi1TI~if~';!l;m?l!?" 3HCpmH BTOpU'IHbIX rrpo: 
T(!f!1~RJ:?B~(KJ-?J!.i~ff1ntW~TT~1'\e},t~H~mW,Bf:WJf!tI~tPi~W~_PeJJ.eJieHneM ll.Jl.11 nepBOH 

rw?l'?J1ll1flPWtJJ~ J1 L Hx?.RrJ6WYr,Wf~?: ilf fr :)11P:ll~SW1I&51x Id h. 

-c 1 l i: fi~i;J~P~itlftlTilfl~f~15 dUri13nyn~.r,.f,i;< fIJ1, :fi!lfl5:Bfl1nc??::?:~J,~mbIX II~OTO~OB II 
n~!H~-l}~fl!~m5Pi1l5~Re\P,9'ifT&;JH~N'rfflSJi'i~P.'r1tR%~m r¥i0S~91~~90 co bITHH, 3a
K,11,!B~[~~lP1~;~k~~ffR,,~f,£.~[~qu ~gg t:f?~R~~!~,:im~~g~~iF~uWTHH B yKa3aH-
HOM IlHTCpBane 1Meiff;IIle: 10o/o'. 1}],ucpcpepeHU,Ha:ll:bHblerceqei_nrn peaKIJ,HH, OTHC-

5'.) 



ceHHhle K HHTepBaJiaM !!..T = 430 + 650 M3B u !!..T = 590 + 650 M3B, c yt.JeTOM 
C C 

nonpaBOK Ha SI)'.lepHoe B3aUMO)'.leiicTBHe BTOpH4HbIX npoTOHOB COOTBCTCTBCHHO 

paBHhl: 

d a -28 2 3 
dQ . dQ . dQ = (2,00 ± 0,40)· 10 CM /cp , 

l 2 3 

da -28 2 3 
dQ . dQ . dQ = (1,90 ± 0,45)· 10 CM /cp • 

l 2 3 

l13MCpCHHhIC CCl.JeHUSI B npe)'.ICJiax norpeIIIHOCTCH OilhITa HC 0TJIH4aIOTCSI OT 

COOTBeTCTByrom;ux )'.laHHhIX, IlOJIY4CHHbIX )'.IJISI nepBOH rcoMCTpuu OilbITa [ 1 ] Ha 

CHHXpOU,HKJIOTpOHC, CCJIH noCJie)'.IHHC npHBCCTU K TCM )KC UHTCpBaJiaM cyMMap

HOH 3HCpruu BTOpH4HblX npOTOHOB, 1.JTO U BO BTOpoii reoMCTpHH OilhIT.:t Ha cjJa-

30TPOHe. 

ITpu nepexo,1:1c OT ncpBott reoMeTpuu onhna Ha cjJa3oTpoHe KO BTopott u3Me

peHHhie cet.JeHHSI pcaKIJ,UU YMCHhIIIaIOTCSI Il04TH. B 1.JCTbtpe pa3a, a paC4CTH3SI 

. 3cjJcjJeKTHBHOCTb pcruCTpau,HH TpexnpOTOHHhIX co6hITHH ,l.lJISI )'.IHarpaMMbl 

puc.la, KaK YK33bIBaJIOCb BhIIIIe, na)'.laeT B ceMh pa3. 3TOT cjJaKT SIBJISieTCSI )'.10-

TIOJIHHTCJibHhIM TIO)'.ITBep)K)'.leHHCM C)'.leJiaHHOro 33KJII04CHUSI O TOM, 1.JTO B ncpBoii 

reoMeTpuu OTihITa Ha cjJa30TPOHe rJiaBHbIH BKJI3)'.I B pcaKIJ,UIO ,1:1aeT MCXaHlt3M 

J:IBYXKpaTHOro KBa3uynpyroro pp-paCCCSIHlISl. Ha pttc.4 cpaBHHBaIOTCSI 3KCncpu

MeHTaJihHhle pacnpC,l.lCJICHUSI - 3HepreTH4CCKHC cneKTpbl BTOpHl!HbIX npOTO

HOB U UMilYJihCHhie cneKTpbI OCTaT04HbIX SI,l.lep - C pact.JCTHbIMU pacnpe)'.ICJICHH

SIMU )'.IJISI )'.IHarpaMM pttc. la " 16, IlOCTPOCHHblMH Ha 0CH0Be 130 "504 BhI4HCJICH

HhIX no MeTOJ:IY CJiyt.JaiiHhIX HCilhIT3HUH TpcxnpOTOHHhIX co6hITUH. 

3KcnepUMCHTaJihHhle cneKTpbl noKa3aHhl Ha pttc.4 KpCCTaMH, a pact.JCTHbie -

CBCTJlhIMU KPY)KK3MU ,l.lJISI ,1:1uarpaMMbl puc. la H TpeyroJihHUK3MH ,l.lJISI )'.IHarpaM

Mbl puc.16. ITorpeIIIHOCTU pact.JeTHbIX pacnpc)'.leJieHHH )'.IJISI )'.IHarpaMMhl pHc.16 

paBHbl 3KCnepttMeHT3JlhHhIM norpemHOCTSIM, norpeIIIHOCTH pact.JeTHblX pacnpe

)'.ICJICHHH )'.IJISI )'.IHarpaMMbI pHc. la B )'.IBa pa3a 6oJihme IlOCJIC)'.IHHX. 

IT pH po3h1rph1me ncpBoro B3aHMOJ:ICHCTBHSI )'.IJISI )'.IHarpaMMhI pHc.16 y1.JHTh1-

BaJI0Cb YrJIOBOC pacnpC)'.ICJICHHC POJ:IHBIIIUXCSI H3o6ap, B3SIT0C 03 pa60Thl [ 4 ]. 

Cet.JeHue po)K)'.ICHHSI u3o6ap !!.. + B pp-coy,l'.lapeHHSIX npH 3Hcpruu 660 M3B co

CTaBJISieT, corJiaCHO 3TOH pa6oTe, 3 M6. 

KaK BH)'.IHO U3 pttc.4, pact.JCTHhIC ,l.laHHblC )'.IJISI )'.IHarpaMMhl J)HC. 16 xopomo 

OilHChIB3IOT 3KCnepHMeHTaJibHhIC pacnpe)'.ICJICHHSI. Ha OCHOBC TaKoro )KC corJia

CHSI 3KCnepUMCHTaJihHhIX pacnpe)'.ICJICHUll, IlOJiyt.JeHHhlX B nepnoii rC0MCTpuu 

OilbITa Ha CHHXpOIJ,HKJIOTpOHC, C pact.JCTHhIMH pacnpe)'.ICJieHHSIMU ,l.lJISI MeXaHU3-

Ma (puc.16) MhI B pa6oTc [ 1 ) CJ:ICJIMH BhIBO'A o TOM, 4T0 ocHOBHOii BKJia,1:1 B pcaK

u,uro ,1:1aeT HMCHHO 3TOT MCXaHH3M. O)'.IHaKO npu npO)'.I0JI)KCHHH 0ilbITa y Hae B03-

HHKJIH COMHCHUSI B npaBOMCpH0CTH 3TOro BhIB0)'.la no ABYM npH4HHaM. 
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Puc.4. BTOpa11 reoMeTpu11. 3KcnepuMeHTaJibHh1e u pac•1eT11b1e pacnpe;ieJie11u11 J1Jl!I ;iuarpaMM 
puc.la (0) H puc.16 (L'1) 

Bo-ncpBbIX, cpaBHCHHC 3KCncpHMCHTaJihHbIX pacnpC,l.lCJICHHii C pact.JCTHbI

MH AJISI MCX3HU3Ma ABYXKpaTHOro KBa3uynpyroro pacceSIHHSI (puc.4) IlOKa3hI

B3CT, l{TO HCJih3SI HCKJIIOl.JHTh BO BTOPOH reoMCTpuu OilbITa BKJia,l.l B peaKIJ,HIO 

yKa3aHH0ro Mexamt3Ma, TaK KaK60JibIIIOH pa36poc T04CK Ha pact.JCTHOM 3Hep

reTH4CCK0M cneKTpe BT0pU4HbIX np0T0H0B, perucTpupyeMhIX BTOpoii UCKPOBOii 

KaMepoii' 43CTU4H0 M0)KCT 6bITb o6yCJIOBJICH HC,l.l0CTaT04H0CTbIO CTaTUCTHKH 

Bbll.JHCJICHHhIX co6bITHH. 

Bo-BTOpbIX, Il0CJIC ony6JIUKOB3HHSI pc3yJihTaTOB Harnero OilhITa Ha CUHXp0-

11,UKJIOTpOHC IlOSIBUJI3Cb Te0pCTH4CCKaSI pa6oTa (5 ), B KOTopoii B npu6JIH)KCHHH 

0t].H0ilHOHHOro o6MeHa Bbll.JHCJICHbl CC4CHHSI o6pa30B3HHSI !!,. + - II !!,. + + -H3o6ap B 

pp-coy,1:1apemrnx, a TaK)KC CCI.JCHUSI B33UMO)'.ICHCTBHSI H306ap C HYKJI0H3MU B 33-

BHCHMOCTH OT, 3Hepruu. Bbll.JHCJICHHhIC cet.JCHHSI pmK)'.ICHHSI H3o6ap !!,. + H 

!!.. ++ OKa3aJIUCh B xop0IIICM corJiacuu C Il0SIBHBIIIHMHCSI Il03t].HCe 3KCilCpHMeH

TaJihHbIMH ti.aHHhIMH [ 4 ). 

.ll,JISI H3o6aphl C 3HCprueit 160 M3B, K0TOpaSI 6JIH3Ka K cpe,l'.IHeii 3HCpruH 

H306ap, PO)K)'.13IOIIJ;HXCSI npu coyti.apeHHH HaJICTaromero npoT0Ha C SI)'.lepHbIM 
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npOTOHOM npH 3Hepnrn 660 l\faB, Bbll{l!CJleHHhle ce'!eHIHI IIOrJIOIII,emrn, ynpyro

ro H 06Me1rnoro paccesrnml Ha npOTOHe paBHbl 10, 50 H 173 M6 COOTBeTCTBeHHO; 

aHaJIOrH'!Hble CC'!CHJUI Ha HCitTpOHC paBHbl 40, 18 H 193 M6. no ,AaHHblM p03bir

pbiilla cpeAHSISI Macca H3o6apbl COCTaBJISICT 1160 M3B, TaK 'ITO npu 3Heprnu 

160 M3B ee cpeJlHee BpeMsi )KH3HH pasHo -r=l,25 · 10-23 c. J,fa npHBeACHHhlX AaH

Hhlx CJJe.QyeT, 'ITO cpe.QHHH npo6er H3o6apbl B SI]lepHOM BeIII,eCTBe no OTHome

HHIO K paccesrnmo, pacna]ly H norJJOIII,eHHIO COCTaBJISieTA.,=0,32· 10- 13
cM, B TO 

BpCMSI KaK napu,naJihHhlH npo6er H306aphl no OTHOillCHHIO K norJIOIII,eHIUO Sl]lep

HhlM npOTOHOM paaeH A. = 20 • 10-13 
CM. TToJiylfaCTCSI, '!TO H3-3a HaJIH'IHSI HH

TeHCHBHO H.QYIII,HX KOHKypnpyIOIII,HX KaHaJIOB peaKU,HH BepOSITHOCTb nomom,e

mrn .!\ + -H3o6apbI B nepBOM B3aHMO,Aei1CTBHH C SI,AepHbIM npOTOHOM YMCHhmaeT

CSI B -60 pa3. 3TO yMeHhillCHHC o6yCJJOBJIHBaCTCSI B OCHOBHOM paCCCSIHHCM 

H3o6apbI Ha SIACPHbIX HYKJIOHax. 

TTpe,ACTaBJISICT 60JiblllOH HHTCpec cpaBHCHUC BKJia,Aa B peaKU,HIO TaK CHJibHO 

IlO,iWBJISieMoro MCXaHil3Ma (pnc. I 6) C B03M0)KHblM BKJia,AOM MCXaHH3Ma 

(puc.lr). TTpHMeM, lfTO CC'ICHHC o6pa30BaHHSI Tpex npOTOHOB npn coy,1:1apeHHH 

nporoHa c TCCHO KoppeJiuponaHHOH pp-napoi1 panHo ce'leHnIO ynpyroro pp-pac
cesimrn H COCTaBJISICT 25 M6, a 3$$CKTHBHOC lfHCJIO nap (¢JIYKTOHOB) B MPC yr

J1epo,1:1a corJiaCHo paC'!CTaM [6] B03hMCM paBHbIM 0,08. Y'ITSI paC'!CTHblC scpcpeK

THBHOCTH pemcTpau,un TpexnpOTOHHhIX co6hITHH n npe,ADOJIO)KHB, 'ITO BCpOSIT

HOCTb BbIXO,Aa Tpex npOTOHOB H3 MPa 6e3 noc.ne,1:1yIOIII,HX coy,1:1apeHHH 

O]lHHaKOBa }lJISI BCCX paccMaTpHBaeMblX MCXaHH3MOB, Hatt]leM, 'ITO BKJia,AhI MC

X3HH3MOB (pHc.16 H Ir) OTHOCSITCSI KaK 1:2. 

C'!HTaSI, 'ITO 3HCpreTHlfeCKOC pacnpe,ACJICHHC BTOpH'!HbIX npOTOHOB ]lJISI ,AH

arpaMMhl pnc. l r cooTBCTCTByeT cpa30BOMY o6heMy peaKu,nn, Mhl nponCJin pac

'ICThI, pe3yJihTaThl KOTOpbIX cpaBHHBaIOTCSI C 3KCnepHMCHTaJibHbIMH ,AaHHhIMH 

Ha pnc.5. Pac'ICTHblC pacnpel{CJICHHSI, nocrpoeHHbIC Ha OCHOBe 222 TpexnpOTOH

HhlX co6bITHH, Ha 3TOM pncyHKe noKa3aHhl 'ICpHbIMH Kpy)KKaMn. B Ka'ICCTBC 

HMnyJihCHOro pacnpel{CJICHIUI pp-nap B MPC yrnepol{a HCilOJlh30BaJIOCh HM

nyJihCHOC pacnpe,1:1CJICHHC KBa3UACHTPOHOB, noJiy'ICHHOC B [7] no npSIMOMY Bhl-

6nnaHHIO ,1:1ei1TpoH0B H3 Toro )KC Sll{pa npoTonaMn c sHeprnei1 800 MsB. KaK 

BlfAHO H3 pnc.3, corJiacnc MC)KAY 3KCnepnMCHTaJihHblMH H paC'!CTHhlMH pacnpe

ACJICHHSIMH TaKoe .IKC YAOBJICTBOpHTCJlbHOC, KaK n ]lJISI ,1:1narpaMMbI puc.16. no-

3TOMY eCJIH BhllfHCJICHHbIC B pa6oTe (5] CC'!CHHSI o6MCHHOl"O H ynpyroro paccesi

HHSI fl.+ -n3o6ap Ha HYKJIOHax JJ.OCTOBepHbI H CCJIH cym,cCTBYIOT TCCHO KOppCJIH

poaanm,1:e naphl npoTOHOB B MPC, TO BO BTOpoii reOMCTpHH B npmm;nne HC.Tlb3SI 

HCKJ!IOlIHTh HaJIH•me BKJia]la B peaKU,HlO (p, 3p) MeXaHH3Ma (pnc.lr). 

0JJ.HaKO nOCKOJihKY CJJ.e.'laHHbIC OI.l,CHKH OTHOCHTCJlhHhIX BKJia]I.OB a peaK

I.l,HlO AHarpaMM pttc.la, 16 n lr HMCIOT cyry6o npu6nmKCHHhIH xapaKTep, corJia

cne paClICTHbIX pacnpel{CJICHHH JI.JISI MCXaHH3Ma (pnc. l r) C 3KCnepuMeHTaJihHhI

MH pacnpCJJ.CJICHIUIMH HCJ!h3SI CtlHT3Tb JJ.OKa3aTCJihCTBOM HaJIHlfHSI BKJia,Aa yKa-
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P1-1c.S. Brnpa11 reoMCTpH!I. 3KcnepHMCHTaJlb!lblC H pac•ICTHblC pacnpeAC.IICHH!I Ji.~ll AHarpaMMbl 

pHc.lr (•) 

3aHHOl"O MeXaHH3Ma B peaKU,HIO ( p, 3p ). PaBHhIM o6pa30M He..'Ih3SI pemHTh, JJ.eii

CTBHTCJlbHO JIH TaK CHJlbHO nOJ).3BJISICTCSI BKJiaJJ. B peaKU,HIO AHarpaMMbl puc.16 C 
+ -A -H3o6apoii- B npoMe)KyTO'IHOM COCTOSIHHH. CpaBHCHHC 3KCnepHMCHTaJihHbIX 

Ce'ICHHH C paC'ICTHhIMH JJ.JISI JJ.HarpaMM pnc. la H 16 noKa3hlBaeT' 'ITO TaKOC CHJih

HOC IlOJJ.aBJICHHC BKJia]l.a, no BCCH BH]lHMOCTH, OTCYTCTByCT. TaKHM o6pa30M, BO 

BTOPOH reOMCTplm OnbITa OCHOBHOH BKJial{ B peaKU,HIO MOryT J).aBaTb JJ.HarpaMMhI 

pnc.la II pnc.16. BKJiaJJ. JJ.HarpaMMhI pnc.lr MO)KCT cpaBHSIThCR c BKJiaJJ.OM JJ.Har

paMMhI pnc.16 TO,'IhKO npH CHJlhHOM noJ).aBJieHHH nOCJJCJJ;Hero. Ho B 3TOM CJiy'lae 

rJiaBHhIH BKJiaJJ. n peaKU,HIO 6yJJ.CT ]laBaTh .zi:narpaMMa puc.la. 

qT06hl pa3o6paThCSI B B03HHKWCH CHTyau;1m, 6hIJIO pemeHO npoBCCTH H3Me

peHHC Ha cneKTpor.ie-rpe em,e B JI.BYX reoMCTPHSIX: B TpCTbeH reoMeTpHH npu 

<meprnn 660 MsB, Koma BKJia.zi: n peaKI.l,HIO JJ.BYXKpaTuoro KBa3uynpyroro pac

cesrmrn no,1:1asJieH ne Meaee 11eM aa nopHJJ.OK no cpasHeHnIO co BTopoii reoMCT

pneif, H B lfCTBe))Toii reoMCTpnu npu stteprnn 350 M3B, Koma BK.11a.zi: JJ.HarpaM

Mhl pnc.la nOJ).aB,'ICH TaK xce, KaK H B TpCTbeH reoMCTpHH, a BKJia]l JJ.HarpaMMbI 
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pHc.16 naAaeT npHMepHO Ha nopsmoK H3-3a yMeHhUJCHHSI CClJCHHSI o6pa30Bamrn 

A+ -H3o6ap B pp-coyAapemrn. 

TpeThSI reOMCTpHSI Onh!Ta 

1101 = 20,5· + 25°; 1102 = 16° + 20,5°; 110
3 

= 93· + 107°; 

AT1 = AT2 = 150 + 310 M3B; AT3 = 100 + 240 M3~; 

AQ
1 

= AQ
2
= 0,0121 cp.; AQ3 = 0,0584 cp. 

TpeTbSI reoMeTpHSI OnhITa npaKTHlJeCKH COBnaAaeT C reoMeTpHeii KBa3ttyn

pyroro paCCCSIHHSI npOTOHa Ha SIAepHOM KBa3HACHTpOHC. B Heii 3a Bbll!CTOM cpo

HOBbIX co6blTHH Ha6paHO 300 TpexnpOTOHHblX co6b!THH. BKJiaA QJOHOBblX co6hI

THH He npCBbIUJaCT 15%. 3KcnepHMeHTaJihHhie pacnpe,lleJICHHSI ,llJISI HHTepBaJia 

cyMMapHoii :=meprnH ATc = 590 + 650 M3B nocrpoeHhI Ha ocHoae 150 co6b1THH. 

J13MepeHHbIC ,llHcpcpepeHIJ,Ha.TlbHbIC CClJCHHSI ,llJISI HHTepaaJIOB cyMMapHOH 

3Heprnn ATc = 430 + 650 M3B H ATc = 590 + 650 M3B c ytJCTOM nonpaaoK Ha 

SI,llepHOC B3aHMO,llCHCTBHC BTOpHllHbIX npOTOHOB paBHbI: 

da -28 · 2 3 
dQ . dQ . dQ = (2,8 ± 0,7)·10 cM /cp, 

I 2 3 

da -28 2 3 
dQ . dQ ·dQ = (2,0 ± 0,5)· 10 CM /cp. 

I 2 3 

B ,llaHHOM CJiytJae pactJCThI npoBCJlCHhl .llJISI ,llHarpaMM puc.la, 16 H Ir • .ll:JISI 

nepaoro MexaHH3Ma Ha OCHOBC 5780 TbICSllJ HCnhITaHHH noJiytJeHO 85 co6hITHH, 

Y.llOBJICTBOJ)SIIOil.l,HX KpinepHSIM OT6opa no yrJiaM BbIJICTa BTOpHllHbIX npoTOHOB, 

HO cpe,llH HHX He HaH,llCHO HH 0,/lHOro co6bITHSI, Y.llOBJICTBOpSIIOil.l,Cro KPHTCpHSIM 

OT6opa no 3Heprnn. ECJIH npHHSITh, lJTO YCJIOBHIO OT6opa no 3HCprnH Y.llOBJICT

BOpSICT 0,/lHO co6hITHC, TO HaH,llCHO, lJTO npn nepeXOJJ.C OT BTOpoii. rCOMCTpHH K 

TPCTbCH 3cpcpeKTHBHOCTb perncTpall,HH co6hITHH y6hrnaeT B 27 pa3, a no cpaBHC

HHIO c nepaoii reoMeTpneii -:- 6oJiee 'ICM Ha ,llBa nopSI,llKa. B rn6m1u,e npe;jcTaB

JICHO pacnpe,lleJICHHC 85 pa3birpaHHbIX co6hITHH no HMnyJibCY OCTaTOlJHOro SIJJ.pa. 

BIIJJ.HO, lJTO pacnpe,llCJICHHC npaKTHlJCCKH HalJHHaCTCSI TOJlbKO C HMnyJihCa 

6oJiee 80 M3B/ c, aero MaKCHMYM JIC)KHT a o6JiaCTn 200 + 220 M3B/ c. 3THM OHO 

CHJibHO OTJIHlJaCTCSI OT 3KCnCpHMCHTaJihHOro•pacnpe,llCJieHHSI, npC,llCTaBJICHHOro 

Ha pnc.6. B TOM CJiylJae, KOr,lla YAOBJICTBOpSIIOTCSI yCJIOBHSI OT6opa co6hITHH He 

TOJlbKO no yrJiaM BbIJICTa, HO H no 3HeprnSIM BTOPHlJHbIX npOTOHOB, paCXO)K,lle

HHC paClJCTHOro HMnyJihCHOro cneKTpa OCTaTOlJHblX SI,llep C 3KCnepHMCHTaJih

HblM cneKTpOM MO)KCT TOJlbKO ycHJIHTbCSI, TaK KaK HMnyJihCbl Sl,llCpHblX npOTO

HOB, ylJaCTBYIOlll,HX B nepBOM H BTOpOM coy,llapeHHSIX, ,llO coy,llapeHHH ,llOJI)KHbl 

6hITh 6oJihme 300 + 350 M3B/ c. TaKHM o6pa3oM, pactJeTHaSI ou,eHKa BKJia,lla n 
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Puc.6. TpeTbiJ reoMeTpm1. 3KcnepuMe1nanb111,1e H pac•ien1b1e pacnpe.11ene111111 .11n11 mmrpaMM 
puc.16 H puc.l r 

BH,ll HMnyJihCHOro cneKTpa HCKJIIOlJaIOT CKOJibKO-m16yAh 3aMCTHblll BKJia,ll B pc

aKll,HIO ./lJISI TPCTbCH reoMeTpHI! MexaHH3Ma .llBYXKpaTHOro KBa3Hynpyroro pac
CCSIHHSI. 

Ha pllc.6 npoBO,llHTCSI cpaBHCHHe 3KCnCpHMCHTaJibHblX COCKTPOB C paclJCT

HblMH ,/lJISI ,llHarpaMM puc.16 u Ir. B npC,llCJiax norpCUJHOCTCH OObITa u paclJCTa 
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pacnpeAeJiemrn cornacyIOTCSI Me)KAY co6oiL TTo3TOMY BKJJaAbl McxattH3MOB 

puc.16 H Ir no BIIAY pac•1eTtth1x pacnpe,llcJieHHtt pa3ACJIHTh HCJih3SI. 

TToCKOJibKY pac4eTHaSI 3cpcpeKTHBHOCTh perncTpau,HH TpexnpOTOHHhlX co-

6hlTHH ,llJI.SI ,llHarpaMMbl pHc.16 npH nepeXO,llC OT BTOpOtt reOMCTpHH K TPCThCii 

OCTaCTC.SI HCH3MCHHOii, a ,llJISI AHarpaMMbl puc. l r B03pacTaeT Il04Tl1 B TPH pa3a, 

OTHOIIICHHC BKJiaAOB yKa3aHHbIX ,llHarpaMM npH YCJIOBHH cnpaBCAJIHBOCTH C,lle

JiaHHblX npe,llnOJIO)KCHHii s TPCTbCH reOMCTpHH AOJI)KHO 6hITh OKOJIO I :6. O,n:HaKO 

TO OOCTOSITCJlbCTBO, 4TO H3MepeHHblC CC4CHHSI peaKU,HH B npe,llCJiax norpelIIHO

CTett HC OTJIH4a!OTCSI Apyr OT Apyra, He CBH,llCTCJlbCTBYCT B fl0Jlh3Y 04CHb CHJib

HOro no,llaBJieHHSI BKJia,lla B peaKU,HIO MCXaHH3Ma (pnc.16) C 1rno6apott L'.l + B npo

Me)KyT04HOM COCTOSIHHH. Ho AJISI Toro, 4T06hI 3TO 3aKJII04em1e C,llCJiaTh 6oJiee 

onpe,lleJICHHblM, B TPCThCH reOMCTpHH Heo6xOAHMO cyw.ecTBCHHO nOBhlClfTh 

T04HOCTb lf3MepeHHSI ,nucpcpepeHU,IIaJlbHOro CC4CHIISI peaKU,1111. 

4eTsepTasi rcoMeTpnn (T
0 

= 350 M::>B) 

Ll0
1 

= 18°+ 22,5°; L'.l02 = 22,5° + 27°; L'.l03 = 85,5° + 99,5°; 

LlT1 = LlT2 = 90 + 180 M::>B; i'.lT3 = 60 + 120 M3B; 

ilQ1 = ilQ2 = 0,0121 cp.; L'.lQJ~. 0.:05,~.~,~~·-., 
.,·, °'(FJ.;)~ \,1>t~ •1•~~ ,.,,_:,.. ~,-

TTpu H3MCHCHHH 3Hepruu na,lla!OIIJ,HX Ha MHIIICHb npoTOHOB OT 660 AO 

350 M::>B BbIXOA peaKU,HH MC30H006pa30Bamrn Ha si.upe yrn'epo,lla IlOA ACiiCTBIICM 

npOT0HOB na,llaeT 004TH Ha nopSI,llOK. TTpHHSIB TaKyto :-ke 38CprCTll'ICCKYIO 3aBH-
+ . ' ' 

CHMOCTb ,llJI.SI o6pa30BaHHSI L'.l -H306ap, noJiy4aCM ,nm1 CClfCHll.SI pmKACHll.SI yKa-

3aHHbIX 4aCTHU. npu 3Hepmu 350 M3B 3Ha4~mie ~0,'3 M~.04TO KaCaCTC.SI CC4C

HH.SI OAHOKpaTHOro coyAapeHH.SI HaJICT3IOIIlCl'O IlJ)OTOHa C sfaepHOH pp-napott, TO 

ono npu nepexo.n:e OT 3Hepmu 660 M3B K ~ne'pmu 350 M0B, no scett nepo.SITHO

CTH, H3MCHHTC.SI Mano. TTo.n:asneHue ~KJI.:)aJi.:f.n:uarpaMMhI p~bl6 B peaKU.HIO u3-3a • , ~ I 

HaJIH4H.SI HHTCHCHBHO-HJl:YW.HX"'-napa)IJICJibHO;C IlOPJIOW.CH'iiCM H306apbl npoT0-
(·1\~i{Jt_J 1 ~_l~-)\Jr ' 4'Ji:. ~-'"':: ..::;,- l)r;.''.'~"- ,;,;\ ··~>.i '~~ '-..'t° 

HOM KOHKypupy!OW.HX npou,eccos COrJiaCHO Bbl4HCJICHH.SIM (5] npu 3Heprirn 

350 M3B ocrnneTcsi Ha TOM )KC yposHe, 4TO u npn 3nepru11 660 M::>B. Jl,aJiee, KaK 

CJie,ny~1:1 ~13,.\:pCJJaHttPiktiaM,H,OU.CHKJl, ,B JICTBepTOH"fCOM'CTpuµ ,no·cpaBHCHII10,c: 
TPCTbCH nornow.enue BTOpH4HblX npOTOHOB B si.n:pe-MHllICHH YBCJIH4liTCst' i:ipii"-'1 
MCPHO B TPH pa3a, a 3cpcpeKTHBHOCTb perncTpau,uu TpexnpOTOHHbIX co6hITHii. 

AJI_,~, ~1'~f PfUr1N!?!! P.1!<;, t§ Yi!fJmH-~9,-IT~,e; };I.f ~tn~, !JPlWi1-PIY;; ·A.flJ! .~1:1JJCPAM¥f-1: PttG-Jin 

P_",{117r~~~tJt;~;I~:~1t~tff;:i~~:~?J11fJfu~·w~q:;~1;:ti!11~~1t~~;:~:~ 
T!l ~PJH;' ':Pres?~f?Jli5 Il?.f-:T.?,ef!r h?R,~.lrtY.flni (~ :.;'!,'1TJJ,y P,WY JA~•~R~,P,~l<~~tlrf( g,!I?KCH 

Y,~A9'.l'i,TTl?!1r,,1~1?~8 fFJ,1!.9RflA'?fiuF.CA!L~S~9'1Yq'~T,h,j ~'!~(p,rne.1}{~,\t[lr~~J_e:rmmr 

I~! 

J{{o/.) 

20 
18 

16 
1'1 

12 
10 

8 

6 

" 2 
0 

230 250 270 2.go J{O 330 350 370 390 1'c (M3B) 

P11c. 7. tJernepTall reOMCTp11ll. 3KcnepHMCHTaJibHblH CflCKTJ) cyMMapHOH ::mepmH BTOpH'UlbIX npo

TOHOB 

onbITa BKJia,n B peaKU,HIO .u.aeT TOJibKO MexaHH3M (puc.16)' TO BbIXOJl: peaKU,HH B 

4CTBepTOH reoMeTpHH A0JI)KCH ynaCTb 6onee 'ICM Ha .n:sa nopsr.n:Ka. 

l13MCpemrn B 4CTBCpT011 reOMCTpHH He 3aBeplIICHhl. Y,naJIOCb npOBCCTH nce

ro ,n:Ba B0CbMH4aCOBb!X ceaHca Ha ycKOpHTCJie, B xo,ne K0TOphlX 3apemCTpn

posaHO 114 TpexnpOTOHHhlX COOblTHH. 11x pacnpe,n:CJICHIIC no cyMMapHOli 

3Heprirn BTOPH4HhlX npOT0HOB, He ucnpaBJJCHHOe H~ q:>OHOBblC co6blTH.SI, 

npe,n:CTaBJICHO Ha pHc.7. 113 pucyHKa BH,llHO, 4TO npu 3Ha4CHHH cyMMapHOH 

3Heprnn Tc= 320 M3B OT4CTJIHBO npo.S1BJI.S1CTC.S1 sepxH.SI.SI rpam1u,a cneKTpa, 

cooTBCTCTBy10w.a.S1 BhI6nBaHHIO naphl npoT0HOB c P-o6oJIOlIKH .SI,llpa yr

nepo,na. 

BocnOJJb30BaBIIIHCb .!l,aHHblMH paOOTbl (8 ] no CC4CHH.SIM ucnycKaHH.SI .Sl,ilpOM 

yrJiepo,na np0TOHOB no,ll yrnaMH 30° II 40° no.n: ,llCHCTBHCM npOTOHOB C 3Heprnei'1 

350 M3B, Mhl c.n:enanu ou,eHKY .u.ucpq>epeHu,naJihHhlX ce4eHuii peaKU,HH (p, 3p) a 

4CTBepTou reoMeTpun_onhlTa. C y4eToM rronpasoK ua SI,nepHoe B3aIIMo,nei1CTBne 

BTOpH4HblX npoT0HOB noJiytleHHbIC Oll,CHKH CC4CHHH paBHhl: 
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' 3 
d a -29 2 3 

!)..Tc=220+340M::,B: dQ •dQ •dQ s0,8·10 CM /cp, 
I 2 3 

3 d a -29 2 3 
!)..Tc= 280+ 340 M::,B; dQ ·dQ ·dQ = 0,6· IO CM /cp . 

I 2 3 

lfaMepeHHbIC celfeHirn B 30 - 40 pa3 MCHbllle COOTBeTCTBYIOlll,HX CelfCHHH B 

TpeTbeH reoMeTpHH OilbITa. CelfCHH.11 MeHbIIIe 0)KHAaCMbIX All.II CJiylfa.11, KOrAa B 

TpeTbCH reoMeTplm BKJiaA B peaKIIHIO AaeT TOJibKO MeXaHH3M (pnc.lr)' H 6oJib

IIIC O)KffAaCMbIX All.II CJiylfa.11, KOrAa B TPCTbCH reoMeTpHH AaCT BKJiaA TOJlbKO MC

xaHif3M (puc.16). 

XOT.11 Mbl H paccMaTpuaaeM OIICHKH CClfCHHH KaK npCABapHTCJlbHbIC, OHH 

MOryT yKa3hIBaTb, lfTO IlOAaBJiem1e BKJiaAa Mexamt3Ma (puc. I 6) B peaK

IIHIO (p, 3p) CJia6ee, lfCM 3TO CJICAYeT H3 AaHHbIX pa6oTI,I (5] no BbllfHCJICHHIO 

celfettnit B3anMOACHCTBirn !).. + -H3o6ap c HYKJIOHaMH. 

KomllfCCTBO 3aperncrpnpOB3HHbIX TpexnpOTOHHbIX co6hITHH B HHTepBaJie 

cyMMapHbIX 3Heprnit !)..TC = 280 + 340 M::,B OlfCHb Mano AJIII IlOCTpOCHH.11 CKOJib-

KO-HH6yAh H3AC)KHbIX 3HepreTHlfCCKHX cneKTPOB BTOPHlfHblX npOTOHOB. Ho ec

JIH 6bt CT3THCTHK3 co6bITHH 6b1Jla 60JiblllC B 5 - 10 pa3, Otta Il03BOJIHJia 6hI CAC

JiaTb 6onee onpeACJICHHbie 3aKJIIOlfCHH.II, TaK KaK B lfCTBCpTOH reOMCTpHH, co

rJiaCHO npOBCACHHOMY paclfeTy, 3HCpreTHlfCCKHe cneKTpbI BTOpHlfHbIX 

npOTOHOB All.II AHarpaMMbI pttc.16 ll l r Ha lfHHalOT pa3JIHlfaTbCSI. 

3AKJUOqEHHE 

l. UoJiylfeHbl nepabie AaHHblC B KHHeMaTillfCCKH nOJIHOM onbITC no HCCJICAO

BaHHIO MCX3HH3MOB peaKIIHH (p, 3p) np.11Moro BbI6HBaHHSI nap npOTOHOB H3 

.11APa yrnepoAa npoToHaMn c 3Heprneii 660 M::,B c noMOill,bIO Tpexnnelfttoro 

HCKpOBOro cneKTPOMeTpa. Ha OCHOBe aHaJIH3a CBbIIIIe 1000 co6blTHH, nona

AalOllJ,HX B HHTCPBM cyMMapttoii 3HCprHH Tpex BTOPHlfHbIX npoTOHOB 

!)..Tc=590+650 M::,B, CACJiaHbI CJICAYIOlll.He BbIBOAbl. 

- B nepaoii reoMeTpHH OilbITa rnaBHbIH BKJI3A B peaKIIHIO (p,3p) AaeT Me

xaHH3M ABYXKpaTHOro KBa3nynpyroro pp-pacce~IHH.11. 

- Bo BTOpOH reoMeTpHH ttapSIAy C BbIIIIeyKa3aHHhIM MeXaHH3MOM BKJiaA B 

peaKIIHIO MO)KCT AaBaTh MexaHH3M C H3o6apoii /),. + B npOMC)KYTOlfHOM COCT0.11-

HHH. ECJIH CelfeHH.11 ynpyroro H o6MeHHOro pacce.lIHH.11 H306apb1 /),. + HYKJIOH3MH 

HMelOT T3KHC 60JiblllHe 3HalfeHH.II, KOTOpbie IlOJIYlfCHbl B TeopeTHlfeCKOM paClfC

Te [5 ], BKJiaA AHarpaMMbl C H3o6apoii /),. + B peaKIIHIO CHJibHO yMeHhmaeTCSI H 

MO)KeT CTaTh Aa)Ke cpaBHHMbIM C BKJiaAOM MexaHH3Ma OAHOKpaTHOro pacCC.IIHH.11 

npOTOHa TeCHO KOppCJIHpoaaHHOH .IIAepttoii pp-napoii (HJIH IIIeCTHKBapKOBbIM 

cpnyKTOHOM). OAHaKO BCJllllfHHhl ll3MCpCHHbIX CelfeHHH peaKIIHH He CBHACTCJib-
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CTBYIOT B nOJih3Y TaKoro CHJlbHOro IlOAaBJICHIISI BKJiaAa MexaHH3Ma C H3o6apoii + . . . . 
!),. • 

- B TPCTheii u lfernepToii reoMeTpnsix BKJiaA B peaKIIHIO MexaHH3Ma AByx

KpaTnoro KBa3nynpyroro pp-paCCCSIHll.11 npaKTHlfCCKH OTCYTCTByeT. OCHOBHOH 

BKJiaA B peaKIIHIO B AaHHOM CJiylfae AaeT AHarpaMMa pHC. 16 H, B03MO)KH0,AHar

paMMa pnc. l r. 
- Mexamt3M peaKIIHII (p11c.IB) c o6pa30Bam1eM .n°-Me3oHa H noCJieAyIO

lll.HM ero 3aXBaTOM SIACpHbIM npOTOHOM BO Bcex reoMeTpH.IIX OilbITa He AaeT 3a

MCTHOro BKJiaAa B peaKIIHIO. 

- ll,aHHble OilbITa ne npOTHBOpelfaT HaJIHlfHIO MexaHH3Ma OAHOKpaTHOro 

coyAapeHH.11 HaJieT3l0lll,ero npOTOHa C TCCHO KoppenupOB3HHOH .IIACPHOH pp-na
poit (HJIH IIICCTHKBapKOBbIM cpJiyKTOHOM). 

2. TipOAOJI)KCHHe HCCJICAOBaHHH co 3HalfHTCJlhHbIM yaeJiulfeHHCM CTaTHCTH

KH TpexnpoTOHHbIX co6bITHii npeACTaBJISICT 6oJihIIIOH uaylfHblH HHTepec, oco-

6enno C T0lfKH 3pemrn noncKa OAHOCTyneHlJaTOro MexaHH3Ma B3aHMOACHCTBH.II 

H3JICTaIOlll,ero npOTOHa C SIAepuoii pp-napoii (HJill IIICCTHKBapK0BbIM (pJIYKTO

HOM) H IlOJIYlfCHH.11 KOJIHlfeCTBCHHOH OIIeHKH celfeHHH-B33HMOACHCTBH.II 113o6a

pbl D,. + C SIACpHbIMII HyKJIOH3MH. 

ABTOpbl Bbipa)KalOT HCKpeHHIOIO npH3H3TeJihH0CTb MCX3HHK3M H Jia6opaH

T3M JI.M.,lJ,opoIIIeHKo, B.B.EpMaKoBy, P.E.PycaKoBy, P.B.CTOJiynnttou H 

E.E.<l>aAeeBoii 3a o6CJiy)KHB3HHe 3KcnepHMCHTaJihHoii ycTaHOBKH u o6pa6oTKY 

(pllJibMOBOH HHcpOpMaIIHH. 
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