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B3aBMOAe:BcTBBJI qacTB:U BbiCOKBX 3Hepra:B c aTOMHbiMB 

.RAp&MB WBpOKO BCflOJIL3YJOTCJI AJIJI BCCJieAOBaHBJI .RAepHLIX 

CTpyKTyp. 0co6Lii BHTepec npeACTaBJIJIIOT B 3TOM OTHOme­

HBB CTOJIKHOBeHBJI, B KOTOpbiX naAaJOIQaJI 'laCTH:ua B3aBMO· 

AeiCTByeT C OAHBM B3 HYKJIOHOB .RApa MBWeHB, Bbi6BBaJI 

ero B3 JIApa, 6e3 Cy~QeCTBeHHOrO BJIBJIHHJI OCTaJILHLIX 

BHYTPBJIAePHLIX HYKJioHoB 
1 1 I. 

llpeAMeTOM HaCTOJIIQeH pa60TLI JIBJIJieTCJI BCCJieAOBaHBe 

3HepreTB'IeCKHX B yrJIOBLIX pacnpeAeJieHBH npOTOHOB B3 

peaK:uai 7T++Xe:"++Xe->p+7r0 +A' B7T~++Xe--P+ 17°+A' npa 

2,34 F3B/c c :uenLID H3y'leHHJI MexaHB3Ma ax 3MHCCBB. 

llpoBeAeHa TaiOKe o:ueHKa ABCnepcBB pacnpeAeJieHHJI no 

BMnynLcaM BHYTPBJIAepHLIX HeiiTpoHoB B npeAnoJio)KeHBB, 

'ITO HCTO'IHBKOM BCflyCKaeMLIX npOTOHOB JIBJIJIIOTCJI KaHaJILI 

peaK:UBB 

" + + n ( Xe) -+ p + " 0 H "+ + n ( Xe) -+ p + 17 ° . 

Pa6oTa BLiflOJIHeHa Ha CHBMKaX C 26-JIBTpOBOH KCeHOHOBOH 

ny3LIPLKOBoii KaMepw OHJIH /Aanee B TeKcTe - KllK/. 

On14caHue 3KcnepuMeHma 

B AaHHOH pa6oTe acnoJIL30BaH 3Kcnep&MeHTaJILHLiii 

YaTep&aJI, HaKOnJieHHLIH HaMB B 6oJiee paHHHX BCCJieAOBa­

HBJIX 72 •3 /. JiLIJIO OT06paHO 357 C06LITBH, B KOTOpLIX Ha6JIJO· 

AaJICJI OABH CJieA BTOpB'IHOH 3apJI)KeHHOB 'laCTH:uLI, OCTa· 

HaBJIBB&IOIQeBCJI B KaMepe, B 7T 0 -Me 30H. 3TH C06LITBJI 

o6o3Ha'leHLI B AaJILHeiimeM KaK 
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17 + + Xe .... p + 17 o + A ', /1/ 

r,11;e A' - ocTaTO'IHoe JI,IJ;po. )J;ononHBTeJILHO oTo6paHo 84 

C06hlTBJI, conpOBO~,IJ;aBWBXCJI 3MBCCBeH O,IJ;HOH OCTaHaBJIH­

BaJOI.QeHCJI B KaMepe BTOpB'IHOH 'laCTHUhl H TJ 0 
·Me 30Ha, 

pacna,IJ;aroi.QerocJI Ha ,IJ;Ba raMMa·KBaHTa. 0HB o6o3Ha'leHhl 

KaK 

17 + + X e .... p +TJ o + A ' . /2/ 

Cpe,D;B cne,IJ;oB BTOpB'IHhlX JapJI~eHHhlX qacTBU, JaperucTpH­

poaaHHhlX B C06hlTBJIX TBna /1/ H /2/ H H,IJ;eHTHiiJHUHPOBaH· 

HhlX HaMH KaK CJie,IJ;hl npOTOHOB, HMeeTCJI He60JILWaJI, He 

npeahlwaroi.QaJI 2-3%, npBMecL 17- ·Me30HOB B 6onee T~e­

JihlX, 'leM npOTOH, 'laCTHU. 

B Ka~,IJ;OM co6hlTBB 6hlna onpe,D;eneHa 3HeprHJI B yron 

3MHCCBB Ha6JIJO,IJ;aeMhlX BTOPH'IHLIX npoTOHOB. H:x 3HeprHJI 

3aKJIJO'IaJiaCL B HHTepBaJie ,IJ;OCTynHhlX ,IJ;JIJI perHCTpaUHH 

B 26-nHTPOBOH KIIK 3Ha'leHHH, T.e. E kin,p = 15-260 M3B. 
BepxHee 3Ha'leHHe KHHeTH'IeCKOH 3HeprHH npoToHOB, ,IJ;JIJI 

KOTOphlX KaMepa JIBJIJieTCJI ,IJ;eTeKTOpOM 417, paBHO npHMepHO 

170 M3B. OTHOCHTeJILHaJI owH6Ka 3HeprHH npoTOHOB He 

npeBhlWaeT 2CI/o. 0WH6Ka B H3MepeHHH yrJIOB 3MHCCHH npo· 
0 

TOHOB paBHJieTCJI npHMepHO 5 · 

3KcnepUM€H1/IQAbHbl€ pe3yAb1/IQ1/Ibl 

Ha puc. 1 npe,D;cTaaneHo ,IJ;ByxMepHoe pacnpe,D;eneHHe 

C06hlTHH THna /1/ no yrny 3MHCCHH npOTOHOB B Jia6opaTop­

HOH CHCTeMe OTC'IeTa I ,IJ;anee B TeKCTe - na6./' e p•H KH" 

HeTH'IeCKOH 3HeprHH npoTOHOB B na6. E kin,p . TaM ~e Ha­

HeceHa KHHeMaTH'IeCKaJI KpHBaJI, COOTBeTCTBYJOI.QaJI peaKUHH 

"+ +n .... p +17° /3/ 

npH 2,34 T3B/c. BH,IJ;HO, 'ITO 3KcnepHMeHTaJILHhle TO'IKH 

B 3aMeTHOH CTeneHH JIO~aTCJI B6JIH3B KHHeMaTH'IeCKOH KpH· 

BOB, xoTJI yrnhl 3MHCCHH Ha6JIJO,IJ;aeMhlX npoTOHOB pacnpe,IJ;e­

neHhl no BCeMy ,IJ;Hana30HY B03MO~hlX 3Ha'leHHH Op .AHano-
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Puc. 3. To xe, 'IIIlO Ha puc. 1, HO OAJI peaKijUU rr + + Xe _. 
->p+(J7°->2y)+A' npu 2,34 F3B/c. CnAOIUHaJI AUHUJI co­
OIIfBellfcllfeyellf KUHeMOIIIUKe npOIIIOHOB U3 peaKijUU rr+ +0-> p + 77 o 

npu 2,34 F3B/c. 

rH'IHOe pacnpe,neJieHHe, HO 8 CJiyqae ,KOr ,na 3HeprHJI rr 0
- Me 30-

HOB E 77 o He HIDKe 1000 M3B, npuae,neHo Ha puc. 2. Ha 

OCHOBaHHH aHaJIH3a 3HepreTH'IeCKOro pacnpe,neJieHHJI 

rr0
-Me30HOB H3 rr + + Xe B3aHMo,neiicTBHH npH 2,34 F3B/c, 

B KOTOpbiX, KpOMe O,nHOrO Tr
0

- Me 30Ha, HCnycKaeTCJI HeCKOJib­

KO BTOpH'IHbiX 3apJI:lKeHHLIX 'laCTHU, MO:lKHO 3aKJllO'IHTb, 'ITO 

B o6JiaCTH E rro :;; 1000 M 3B OCHOBHOH BKJia,n BHOCJIT npo­

UeCCbl MHO:lKeCTBeHHOH 3MHCCHH 'laCTHU /
4

/ 

)J;ayxMepHOe pacnpe,neJieHHe CJiy'laeB THna 121 no Op H 

Ekin,p ,naHo Ha puc. 3. TaM :lKe npuae.neHa KHHeMaTH'IecKaJI 

KPHBaJI, COOTBeTCTBYI<>IUaJI peaKUHH 

+ 
rr +0-> p +J7o 141 

npH 2,34 F3B/c. 

6 

) 

~ 

06cyxoeHue 3KcnepuMeHIIfaA&H&Jx oaHHbJX 

IlpHHHMaJI BeCbMa ynpOIUeHHyro rHnOTe3y, a HMeHHO, 

npe,nnOJIO:lKeHHe 0 TOM, 'ITO BO B3aHMO,neHCTBHJIX THna 111 
H 121 ,nOMHHHpyroT KBa3HCB060,nHble CTOJIKHOBeHHJI C 06Me­

HOM 3apJI,nOM /5/: 

rr + + o ( Xe) -> p + rr 0 151 

H 

rr + + o ( Xe) -> p + 17 ° , 161 

MO:lKHO H3BJie'lb HH,POpMaUHIO 0 flJepMHeBCKOM ,nBIDKeHHH 

BHYTPHJI,nepHbiX HeB:TpOHOB 11,npa KCeHoHa. Ha B03MO:lKHOCTb 

TaKOH HHTepnpeTaUHH yKa3biBaeT pe3yJibTaT aHaJIH3a yrno­

Boro pacnpe.neneHHJI npoTOHOB H3 peaKUHH I 11 H 121, KOTO­

poe npe,ncTaaneHo Ha puc. 4. Ha 3TOM pucyHKe H3o6pa:lKeHbl 

TaK:lKe HHTepaaJibl KHHeMaTH'IeCKH ,nonyCTHMbiX yrJIOB 3MHC­

CHH npoToHOB H3 peaKUHH l3lul41. PaccMaTpHaaeMblenpo­

TOHbl HMeiOT KHHeTH'IeCKyiO JHeprHIO Ekin, P =30-150 M3B. 
Pacnpe,neneHHJI B3aHMHO OTHOpMHpoaaHbl. BH,nHo, 'ITO MaK­

CHMYMbi pacnpe.neneHHH npoTOHOB H3 peaKUHH 111 c E 77o >_ 
~1000 M3B H peaKUHH 121 Haxo,nJITCJI B KHHeMaTH'IeCKH 

,nonyCTHMLIX HHTepaaJiaX yrJIOB 3MHCCHH, 0603Ha'leHHbiX 

'IHCJiaMH 1 H 2 COOTBeTCTBeHHO, B TO BpeMJI KaK B CJiy'lae 

B3aHMO,neHCTBHH THna I 11' B KOTOpbiX E rro < 1000 M 3B, 
TaKoro coana,neHHJI, KaK H cne.noaano O:lKH,naTb, He Ha6mo­

.naeTCJI. 3Ha'IHTeJibHOe YWHpeHHe 3KCnepHMeHTaJILHO nony­

'leHHbiX pacnpe,neJieHHH no OTHOWeHHIO K yrJIOBbiM HHTepaa­

JiaM 1 H 2 MO:lKHO npHnHcaTb rJiaBHbiM o6pa30M BJIHJIHHIO 

,PepMHeacKoro .naiDKeHHJI BHYTPHJI,nepHbiX HeHTpoHOB, c KO­

TOpbiMH npOH30WJIH CTOJIKHOBeHHJI THna 151 H 161. 
)J;JIJI TOrO, 'IT06bl nOJIY'IHTb OUeHKY ,nHcnepCHH HMnyJibC­

Horo pacnpe.neneHHJI ,PepMHeBcKoro ,nBIDKeHHJI BHYTPHJI,nep­

HbiX HeHTpOHOB B npe,nnOJIO:lKeHHH, 'ITO HMeiOT MeCTO KBa3H­

CB060,nHble B3aHMO,neHCTBHJI 151 H 161, 3TH KaHanhi peaKUHH 

6biJIH npoMo,nenupoaaHbl Ha 3BM. Ilpe,nnonaranocb npu 

3TOM, 'ITO flJyHKUHJI nJIOTHOCTH BepOJITHOCTH pacnpe,neJieHHJI 

3Ha'leHHH ,PepMHeBCKHX HMnyJibCOB PF BHYTPHJI,nepHbiX HeiT­

poHoB HMeeT BH,n 
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Puc. 4.Pacnpei)eAeHUJI ..,uceA W PcAl"'aea a3au.Mooeiicmauii 
11+ +Xe ... p+rr0 +A' u TT +Xe-+P+77°+A' npu 
2,34 T3B/c no yzAaM 3Muccuu npomoHoa (JP . PacnpeoeAe­
HUJI 63aUMHO OlllHOpMUpoaaHbl. 0603Ha"'eHUJI • Ha pucyHKe. 
3awmpuxoaaHbl uHmepaaAbl 1 u 2 ·oonycmuMr.Jx 3Ha"'eHuii 
YZA06 3MUCCUU npOIIIOH06 U3 peaKijUU 11+ + 0-+ p + 11° U 
rr+ + n ... p + 11 ° npu 2,34 T3B/c coo•aemcmaeHHO. 

f( p ) - exp ( -p 2 /2 p 2 ), 
F F 0 

/7/ 

r~e p
0 

- HCKOMoe JHaqeHHe ~HcnepcHH. llpHHHTO Ta~e, 

't{TO ~YHKUHH nnOTHOCTH BepOHTHOCTH pacnpe~eneHHH KOCH· 

HYCOB yrnOB () F Me)K~y BeKTOpOM HMnynbca p F H Hanpaa· 

neHHeM ~BH)KeHHH nepBH't{HOrO 11+ ·Me30Ha 

¢ (cos ()F) = const /8/ 

8 

ao aceM ~HanaJoHe HJMeHeHHH cos() F. Mo~enHpoaaHHe co­

cToHno B Bbl't{HCneHHH no MeTo~y MoHTe- Kapno pacnpe~e­

neHHH yrnOB ()p 3MHCCHH npOTOHOB, KHHeTH't{eCKaH 3Hep­

rHH KOTOpbiX 6blna JaKmoqeHa B HHTepaane E kin, p = 
= 30-;.150 M3B. KocHHYChl yrnoa 3MHCCHH npoTOHOB Bbl· 

't{HCllHllHCb no ~OpMyne 

A k · ./ 2 A2 2 ' 2 (} 
u•w + ·PF .stn(}F yuJ -u + p Fs1n F 

2 2 ·2e 
cos (Jp= /9/ 

r~e 

w + PF. SlO F 

w p + + pF • cos(JF' ~= (E (E ++EF)-{3)/p , 
1T p 1T p 

f3=(m~++ m! +m2P_m20 +2E
77
+EF-2P 71+pFcos(JF)/2, 

Err+' EF, Ep •Prr+ , pF,pp ,mrr+• mn, mp-

nOllHble 3HeprHH, HMnynhCbl H MaCChi 11 + ·Me30Ha, HeiiTpo- · 

Ha H npOTOHa COOTBeTCTBeHHO; m0 • MaCCa 11° • llH60 

11 °- Me JoHa. BenHqHHa k onpe~enHnach cne~yrolUHM o6pa3oM: 

k = /10/ l +1 npH ()F ~rr/2, 

- 1 npH () F > rr I 2 

3HaqeHHH E P 6panHCh KaK H3 paBHOMepHoro pacnpe~eneHHH, 

TaK H H3 pacnpe~eneHHH, H~eHTH't{HOrO 3KCnepHMeHTanbHO 

nonyqeHHOMY B HHTepaane E k. = 30+150 M3B. Bhl-m,p 
qHcneHHble pacnpe~eneHHH yrnOB 3MHCCHH npOTOHOB, COOT· 

aeTCTBYIOIUHe ~aHHOMY JHaqeHHIO ~HcnepcHH Po, conocTaa­

nHnHCh c 3KcnepHMeHTanLHO nonyqeHHbiMH pacnpe~eneHHHMH 

/puc. 4/. B KaqecTBe KPHTepHH cpaBHeHHH 6blna npHHHTa 

aenHqHHa 

2 X (p 
0

) = I 

2 
IWpLN· Wi(p0 ) l 

N. wi (p o) 
/11/ 

r~e Wp· - qHCllO co6LITHH B i ·oM CTOn6ue 3KCnepHMeHTanL· 

HO onpe~eneHHoii rHcTorpaMMbl I puc. 4/; N- nonHoe qHcno 

B3aHMO~eHCTBHH HJyqaeMOrO THna; Wi(p 0 ) - Bbl"'HClleHHOe 

3HaqeHHe nnOTHOCTH BepOHTHOCTH TOrO, 't{TO yron 3MHCCHH 

()p npOTOHa nona~eT B i ·biB HHTepBan 3Ha'tfeHHH ()Pi 

3HaqeHHH ~YHKUHH ~ 2(p 0 ), COOTBeTCTByiDlUHe npe~nonarae· 
MblM KaHanaM peaKUHH /5/ H /6/, npe~cTaaneHhl rpa~H-
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Puc. 5. 3a6ucuMoc•• 3Ha'leHuu 6e.IIU'IUHW l (p0 ), onpet}e­
AeHHOU (JopMyAou /11/, o• eeAU'IUHbl t}ucnepcuu Po flyHK­
IIUU nAo•Hoc•u 6epo.II•Hoc•u pacnpet}eAeHUJI /7 I UMnyAbC06 
6Hy•puJ1t}epHbiX Hefl•pOH06 Jlt}pa KCeHOHQ. 0603H~'IeHUJI • 
Ha pucyHKe. Kpec•uKaMu o6o3Ha'leHw 3Ha'leHUJI x , ew­
'IUCAeHHble HQ OCH06QHUU pa6HOMepHOZO 3HWZe.U'IeCKOZO 
pacnpet}e.lleHUJI npo•oH06 6 uH•epea.lle E kin, P = 30 -
150 M3B/c. qepHwe KPYJICKU coo•6e•c•6YIO• 3KcnepuMeH­
•aAbHO no.lly'leHHOMY pacnpet}e.lleHUIO npo•oH06 U3 peaKIIUU 
rr+ + Xe .... p + rr 0 +A' npu 2,34 F3B/c. Ho.llcHeHUJI -
6 •e~ec•e. 

'leCKH ua puc. 5. 0TAem.uo BW'IHCDeHW 3Ha'leHH. x 2(pJ , 
OTHOCJIIUBec• K B3aHMOAeACTBHJIM /5/, B KOTOpWX 
E"o ~ 1000 M3B H E"o < 1000 M3B, a TaJOKe B cnyqae 
E a> 1000 M3B, KOrAa 3Ha'leHHJI 3HeprHH npoTOHOB pa-
" -

3blrpwsanucL, HCXOA.II H3 pasuoMepuoro pacnpeAeneHH.II 
/ua puc. 5 H3o6p8.)Keuo xpecTHKaMH/ u pacnpeAeneHH.II, 
nonyqeuuoro B 3KcnepuMeHTe /ua puc. 5 - qepuwe xpy)IQ(H/ . 

BHAHO, 'ITO MHHHMaDbHOe 3Ha'leHHe «ilYHKUHH X 2(p O) , 
onpeAeneuuoii: xax AD.II peaxnuii: /1/ u /5/, xorM E "o ~ 
~ 1000 M3B, TaK H AD.II peaKIJ;HH /2/ H /6/, npHXOAUTC.II 
ua uuTepsan 3uaqeuuii: p 0 = 350 M3B/c. He ua6moAaeTc.ll 
3aBHCHMOCTH DOHO:>KeHH.II MHHHMyMa «ilYHKD;HH x2 (p0 ) OT BUAa 
«ilYHKIJ;HH DDOTHOCTH pacnpeAeneHH.II pa3blrpWBaeMWX 3Ha­
qeuuii: 3Hepruu npoTouos. CneAyeT OTMeTHTL, 'ITO noseAeuue 
«ilYHKIJ;HH x 2(p 0 ), onpeAeneHHOH AD.II B3aHMOAeHCTBuH THDa 
/1/, B KOTOpblx E"o< 1000 M3B, HMeeT c~eCTBeuuo Apy­
roii: xapaxTep B uuTepsane Po = 300 7400 M3B/c, qero 
MO:>KHO 6b1DO O:>KHAaTL, TaK KaK COOTBeTCTBYIOIIUIH npou;ecc 
B3aHMOAeHCTBH.II 3aBeAOMO OTDH'IaeTC.II OT npeADOnaraeMOH 

peaKIJ;HH /5/. 
llonytteuua.H uaMH oneuxa senH'IHHbl AHcnepcuu cllyuxnuu 

DHOTHOCTH sepO.IITHOCTH pacnpeAeneHH.II 3Ha'leHHH HMDYDLCOB 
suyTpH.IIAepuwx uyxnouos B .IIApe xceuoua, Po= 350 M3B/c, 
3aMeTuo npeswwaeT HMeiOIIJ;Hec.ll B uacTO.IIIIJ;ee speM.II aua­
noruttuble oneuxu AD.II Apyrux .IIAep 161. 3To pacxo)l(,l{euue 
AOn:>KHO 6blnO 6bl yMeHbWHTbC.II, ecnH ytteCTb 3Ha'IHTenL­
HOe BDH.IIHHe .IIApa Ha xapaKTepHCTHKH DpOTOHOB, B03HHKaiO· 
IIJ;HX B xsa3Hcso6oAHOM axTe /5/ u /6/ III. CneAyeT noA­
qepxuyTL, 'ITO AeTanLHblH auanu3 xapaxTepHCTHKrr0 ·Me3o­
uos, 3MHTTHpyeMblX B peaKIJ;HH /1/, DOKa3an, 'ITO 3HeprHH 
H yrnbl 3MHCCHH 3THX DHOHOB DpOTHBOpettaT KHHeMaTHKe 
peaxnuu /5/ 141 . CneAoBaTenLuo, ucTottHHKOM ua6nroAaeMblX 
npOTOHOB H3 B3aHMOAeHCTBHH /1/ MOryT 6b1Tb BTOpH'IHble 
BHYTPH.IIAepuble npou;eCCbl, B KOTOpbiX AODyCKaeTC.II 3Hattu· 
TenLHO 6onee wupoxuii: uuTepsan yrnos 3MHCCHH npoTouos. 
HaAo TaK:>Ke Ao6aBHTL, 'ITO H3yttaeMble uaMH B3aHMOAeii:­
CTBH.II /1/ H /2/ OTHOC.IITC.II K Knaccy TaK Ha3WBaeMblX 
KBa3H3neMeHTap:qbiX B3aHMOAeHCTBHH, KOTOpwe, cornaCHO 
DpOCTOH CTaTHCTH'IeCKOH MOAenH, DpOHCXOA.IIT rnaBHblM 
o6pa30M B nepucllepH'IeCKOH o6naCTH .IIApa MHWeHH /S/ 

CTonL cunLuoe nepepacce.Huue npoTouos, Aa:>Ke ecnu HMeTL 
B BHAY TODbKO npOTOHbl H3 peaKIJ;HH /2/, Mano BepO.IITHO, 
OC06eHHO B HHTepsane yrnoB 3MHCCHH npOTOHOB (jp > 90'". 
B 3TOH CB.II3H MO:>KeT npeACTaBHTb HHTepec 06CY:>KAaeMOe 
B DHTepaType H H3y'laeMOe 3KCDepuMeHTanbHWM DyTeM 
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