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Hccne~oBaHHe I<Ba3HCBo6o~wx B3aHMo~eiicTBHii 6wcT

pwx 'laCTHU C aTOMHhiMH .ll~paMH .IIBJI.IIeTC.II HCTO'IHHI<OM 

HH4lopMai{HH 0 CTpOeHHH .ll~ep /1/, B OC06eHHOCTH HX nepH4le

pH'IeCI<OH 06JiaCTH, a Tai<)Ke 0 MeXaHH3Me B3aHMO~eHCTBH.II/2( 
Cpe~H MHO)KeCTBa I<aHaJIOB peai<UHii BhiCOI<03HepreTH'Ieci<HX 

'laCTHU C aTOMHhiMH .ll~paMH OC060ii: npoCTOTOH OTJIH'IaiOTC.II 

Tai<He I<Ba3HCB060~hle B3aHMO~eii:CTBH.II, B I<OTOphiX 3MHT

THpyiOTC.II ~Be 'laCTHI{hl B I<OHe'IHOM COCTO.IIHHH. 

B HaCTO.IIIQeii pa6oTe npoBe~eH aHaJIH3 yrnoBhiX H HM

nyJIJ.CHhiX pacnpe~eJieHHH 17+ -ye30HOB H npOTOHOB, 3MHT

THpyeMhiX B 17+ +Xe -B3aHMO~eiiCTBH.IIX npH 2,34 F3B/c, 
B I<OTOphiX HCllYCI<aiOTC.II ~Be 3ap.II)KeHHhle 'laCTHI{hl. QeJIJ.IO 

pa60Thl .IIBJI.IIeTC.II CpaBHeHHe yrJIOBhiX H HMllYJibCHhiX pac

npe~eJieHHH BTOpH'IHhiX 3ap.II)KeHHhiX qaCTHI{ C COOTBeT

CTBYJOIQHMH xapai<TepHCTHI<aMH BTOpH'IHhiX 'laCTHI{ H3 peai<

I{HH 17+ p npu 2,34 F3B/c. Pa6oTa BhlnOJIHeHa Ha CHHMI<ax 

c 26-JIHTpoBoii I<CeHoHoBoii ny3hlpbi<OBOii I<aMepw OHJIH 

/~anee B Tei<cTe - KllK/. 

B pe3yJIJ.TaTe npocMoTpa oi<ono 50 •a.ac. cTepeocHHMI<OB 

c KllK, o6ny'leHHoii B ny'II<e 17 + -Me3oHoB c HMnYJibCOM-

2,34 F3B/c, 6wno oTo6pauo 229 cnyqaeB B3aHMo~eiicTBd, 
ConpOBO~aiOIQHXC.II 3MHCCHeii TOJibi<O ~BYX 3ap.II)KeHHhiX 

qacTHU. 0HH o6o3Ha'leHhl ~anee I<ai< 

17 + + Xe -+ (Ncb = 2 ) . /1/ 
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Cpe~H HHX, B 144 C06LITH.IIX, O~Ha BTOp&qHa.ll 3apJI:>KeHHa.ll 

qacTHila OCTaHaBJIHBaJiaCL B KaMepe H MeHTHciJHilHPOBaJiaCb 

HaMH KaK npOTOH. 3TH C06LITH.II B ~aJILHeiiweM o603HaqeHbl 

KaK 

77+ + Xe --. p + ( Nch ,.. 1 ). /2/ 

Bo scex oTo6paHHLIX co6wTH.IIX H3Mep.BJIHCL yrnw 3MHCCHH 

BTOp&qHLIX 3ap.B:>KeHHbiX qacTHil, a B C06LITH.IIX /2/ · ~o
nOJIHHTeJibHO 3pepra.ll npoTOHOB. Owa6Ka B onpe~eneHHH 
yrJIOB 3MHCCHH BTOp&qHJ.IX 3apJI:>KeHHLIX qaCTHil He npesLI· 

waeT 5° . TO'UJOCTL H3MepeHH.II 3Hepraa npoToHOB npaMepHo 

20/o. KIIK JIBJIJieTC.II ~eTeKTopoM c reoMeTpaeii 4 77 ~JI.II 
npOTOHOB, KHHeTaqecKa.ll 3HeprH.II KOTOpbiX He npeBLIWaeT 

150 M3B. lionee no~po6Ho MeTo~aqecKae sonpocLI, csJI· 

3aHHble C HCCJie~OBaHBeM xapaKTepHCTHK BTOpHqHJ.IX 3apJI• 

:>KeHHLIX qacTHil s KIIK, H3yqanacL aaMH paHee 
131 . 

3KcnepuMeHmallbHbJe pe3yllb11fa11fbl u o6cyxOeHue 

Ha puc. 1 noKa3aHo pacnpe~eneHHe no yrnaM 3MHCCHH 

B JI.C. BTOpHqHbiX 3ap.B:>KeHHbiX qaCTHil H3 peaKu;HH /1/. 
TaM :>Ke ~aHo yrnosoe pacnpe~eJieHHe npoTOHOB c 3Hepraeii 

Eki =30-150M3B, .3MHTTHpyeMLIX so s3aHMO~eiicTBH.IIX /2/. 
n,p 

Ilpe~cTasneHo TaK:>Ke cyMMapHoe yrnosoe pacnpe~eneHHe 

77+·Me30HOB H npOTOHOB H3 peaKilHB 

77+ + p ... 77 + + p /3/ 

/4/ 
npH 2,34 r3B/c . CooTBeTCTBYIOIIlHe ~aHHble JII06e3HO 

npe~ocTasneHLI HaM M.,D;.IllaciJpaHOBLIM. Pacnpe~eneaHJI 
BlaHMHO HOPMHposaHLI. Ba~Ho, qTo rHcTorpaMMLI, cooT

seTCTBYIOIIlBe peaKJlH.IIM /1/ H /3/, COBna~aiOT TOJILKO B 06· 

JiaCTH MaJILIX yrJIOB 3MHCCHH, B TO BpeM11 KaK BTOpOH nHK 

B paiioHe 60JibWHX yrJIOB 3MHCCHH, COOTBeTCTBYIQIIlBH npo

TOHaM H3 peaKilBB /3/, CHJibHO pa3MbiT B CJiyqae peaKilBH 

/1/. MaKCBMYMLI pacnpe~eneHaii no yrnaM 3MHccaa npoTo

HOB H3 peaKu;aa /3/ a /2/ cosna~aiOT. Cne~yeT, o~HaKo, 
~o6aBHTb, qTO MHHHMaJibHOe 3HaqeHBe HMnyJILCa perHCT· 
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Puc. 1. PacnpeOeAeHue no KocuHycaM yzllo8 3Muccuu 
8 II.C. 81/fOPU'IHbiX 30PJIJICeHHbiX 'IOC111Uij U3 peaKijUU /1/ 
u /3//4/ npu 2,34 r3B/c, a maKxe npomoHo8 c 3Hepzueii 
E kin,p= 30-150 M3B U3 830UMoOeiicm8uii /2/. Pacnpec)e
/leHufl 83aUMHO HOpMupo8aHbJ. N - 'IUC/Ia t~acmuij. 

papyeMbiX npOTOHOB B peaKilH.IIX /1/ H /2/ paBH.IIJIOCb 

200 M3B/c H laMeTHO npeBOCXO~HJIO COOTBeTCTBYIOIIlYIO 

BeJIHqBHy, OTHOC.IIIIlYIOC.II K peaKu;HH /3/. II03TOMY B CJiyqae 

ynpyroro pacceJIHB.II THna /3/, HO Ha KBa3HCB060~HbiX 

npoToHax .11~pa KceHoHa, MoryT peracTpHposaTLCJI s KIIK 

TaK:>Ke H O~HOJiyqesble C06b1TH.II: 

77+ + Xe .... (Nch·=l). /4/ 
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Co6biTHH TaKoro THna, KOTOpble He conpOBO)K,ll;allHCb 3MHC

CHeii HH TaK Ha3biBaeMbiX HeiiTpanbHbiX 3Be3,n, HH HeiiT

pallbHblX CTpaHHbiX 'laCTHD;, OKa3allOCb 24, H DO'ITH BCe OHH 

nona.naroT B HHTepaan yrnoa 3MHCCHH cos 0~0,9.Ecnu yqecTb, 

'ITO MHHHMallbHOe 3Ha'leHHe yrna 3MHCCHH B C06biTHJIX THDa 

/4/, perucTpupyeMbiX Ha CHHMKax c KIIK, npHMepHo paBHO 

5°, TO MO)I(HO O)KH,naTb, 'ITO HX AOll)KHO 6b1Tb eiD;e 60llbWe. 

Ha puc. 2 npe,ncTaaneHo HMnynLcHoe pacnpe,neneHHe 

npOTOHOB H3 peaKD;HH /2/ H /3/ /4< a TaK*e H3 peaKD;HH 

~ + 
11+ +P .... p+ 11 + k11°, /5/ 

/4/ 
r.ne k == 1 unu 2 . CneKTpbi B3aHMHO HOpMuposaHbl. MO)KHO 

BH,neTb, 'ITO B HHTepaane HMDYllbCOB, OTMe'leHHOM Ha pH

CYHKe H COOTBeTCTByiOID;eM Bb16paHHOMY HHTepaany KHHeTH

qecKHX 3Hepruii npoTOHOB Ekin, P = 30 - 150 M3B, npuae

,neHHble rHCTOrpaMMbi HC pa3llH'IaiOTCJI B npe,nenax ,nOBOllbHO 

3Ha'IHTenLHbiX owu6oK. B o6nacTH He6onLWHX 3Ha'leHHii 

HMDYllbCOB Ha6nro,naeTCJI TCH,neHD;HJI K YBCllH'IeHHIO 'IHClla 

acnycKaeMbiX npoToHOB B peaKD;HH /2/, aHanorH'IHO TOMY, 

KaK 3TO BHAHO H3 peaKD;HH /5/, yKa3biBaiOID;aJI Ha npHMeCb 

B co6biTHJIX THna I 1/ aKTOB po)K,ll;eHHJI BTopH'IHbiX nHOHOB, 

nornoiD;aeMbiX 3aTeM JI,npoM. 

Ha puc. 3 npe,ncTaaneHo ,nayxMepHoe pacnpe,neneHHe 

npOTOHOB H3 C06biTHH /2/ no yrny 3MHCCHH (jp H KHHCTH

'IeCKOH 3Hepruu Ekin,p B n.c. TaM )KC HaHeceHa KHHeMaTH

qecKaJI KpHBaJI, COOTBCTCTBYIOID;aJI peaKD;HH /3/. Pacnpe

,neneHHC no yrnaM 3MHCCHH npOTOHOB C KHHCTH'ICCKOH 3Hep

rueii E kin, P = 30-150 M3B, npuae,neHO Ha puc. 4. Ha 

3TOM )KC pucyHKe ,naHo aHanorH'IHOe pacnpe,neneHHe npo

TOHOB,3MHTTBpyeMwx BO B3aHMOACICTBHJIX THna 

11 + + Xe .... p + 11 o + A ' /6/ 

npH 2,34 F3B/c 151. 3awTpHxoaaHa o6nacTb KBHeMaTH'IeCKH 

.nonycTHMbiX yrnoa 3MHCCHH npoTOHOB c 3Hepruei Ekin,p = 
.= 30-150 M3B ,nnJI peaKD;HH /3/. Mo)KHO 3aKnro'IHTL,aHano-

. /51 
rH'IHO TOMy, KaK H B cnyqae peaKD;HH /6/ . , 'ITO MaKCHMYM 

yrnoaoro pacnpe,neneHHJI HlytJaeMwx npoToHoB npsxo,nsTcJI 

ua o6naCTb KHHeMaTH'ICCKH .nonycTHMbiX 3Ha'ICHH~ ep. Ecns 
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Puc. 2. PacnpeoeAeHue npomoHo6 U3 peaKijUU /2/, /3/ 
U /5/ npu 2,34 F3B/c no UMnyAbCQM 6 A. C. FUCIIIOZpaMMbl 
630UMHO HopMupo6aHbl 6 o6Aaclllu p p = 250-550 M3B/c. 
BepmuKaAbHbiMU 'lepmo'IKaMu omMe'leHbl npeoeA~>I uHmep-
6aAa KUHemu'lecKux 3Hepzuu U3y'laeMbiX 6 pa6o111e npo•o
H06, Ekin,p = 30-150 M3B. NP- 'IUCAa npo1IIOH06. 

npHHJITb, 'ITO HCTO'IHHKOM 3THX npOTOHOB JIBnJIIOTCJI CTOllKHO· 

BeHHJI nepBH'IHbiX 17+ ·Me30HOB C KBa3HCB060,nHbiMH npOTOHa

MH JI,npa KCeHOHa, KOTOpOe B ,nallbHCHWeM CYID;CCTBCHHO He 

BllHJieT Ha 3HeprHIO H yrnbl 3MHCCHH npOTOHOB OT,na'IH, CO

rnaCHO rHDOTC3C 

11 + + p ( Xe ) .... p + 11 + /7/ 

TO MO)KHO OD;eHHTb 3Ha'leHHC ,nscnepCHHPo pacnpe,neneHHJI 

HMnynLCOB ~epMuescKoro ABH)KCHHJI BHYTPHJI,nepuwx npo-
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Puc. 3. }:f6YXMepHoe pacnpeoeAeHue npomoHo6 u3 peaKijUU 
/2/ no yzAaM ()p 3MUCCUU U no KUHeiiiU'ieCKUM 3HepZUJiM 
Ekin,p 6 A. c. CnAowHaJi Kpu6aJi coom6emcm6yem KUHeMamuKe 
ynpyzozo pacceJiHUJi rr +p npu 2,34 F3B/c. 

TOHOB. C :nOB D;eJJbiO HaMH npOMO,AeJJHpOBaH Ha 3BM KaHaJJ 

/7 I B npe,AnoJJo)KeHHH, tfTO l)yHKD;HJI nnoTHOCTH sepoJITHOCTH 

l)~pMHescKHx HMnyJJbCOB PF HMeeT BH.A: 

W (p F) - exp [ p~ /2 p~], /8/ 

r.Ae p
0 

- HCKOMoe 3HatfeHHe ,AHcnepcss. B pe3yJJbTaTe 

npOBe,AeHHOrO \fHCJJeHHOrO aHaJJH3a, OllHCaHHOrO HaMH pa

Hee/5/, 6hlJJa nonyqeHa sepxHJIJI rpaHHu;a ,AHcnepcHH pac

npe,AeneHHJI l)epMHeBCKHX HMllYJJbCOB npOTOHOB B JI,Ape 

KCeHoHa, Po :: 360 M3B/c. Ha puc. 5 H3o6pa)KeHa senH

tfHHa x 2 , JIBJJJIIOID;aJICJI KPHTepHeM cornacHJI pe3yJJbTaToB 

MO,AeJJHpOBaHHJI C 3KCnepHMeHTaJJbHhlMH pe3yJJbTaTaMH, B 

3aBHCHMOCTH OT 3HatfeHHB ,AHcnepcHH Po. IlpH HCCJJe,AoBaHHH 

yrJJOBhlX pacnpe,AeJJeHHB npOTOHOB H3 peaKD;HH /6/ H peaK

D;HH 

rr+ + Xe -> p + TJ 0 + A ' /9/ 
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Puc. 4. PacnpeoeAeHue npomoH06 U3 peaKijUU /2/, UMeiO
zgux 3Hepzu10 Ekin,p = 30-150 M3B no yzAaM 3MUccuu 
ep 6 A. c. HaHeceHO IIIQKJICe aHaAOZU'iHOe pacnpeoeAeHue, 
coom6emcm6Y10Uiee peaKijUU /6/ /51. CneKmpbl 63aUMHO Hop
Mupo6aHbl. 3aUllllpUX06aHa o6AaCIIIb KUHeMaiiiU'ieCKU oony
CIIIUMbiX 3Ha'ieHuu YZA06 3MUCCUU npomoH06 c Ekin,p = 
= 30-150 M3B U3 peaKijUU ynpyzozo pacceJiHUJi npu 
2,34 F3B/c. W P - 'iUCAa npomoHo6. 

npH 2,34 F3B/c, paHee Mhl nonytfHJJH aHanorHtfHYIO ou;eH

KY sepxHeii rpaHHD;hl ,AHcnepcHH pacnpe,AeneHHJI HMnyJJbCOB 

HeiiTpoHoB JI,Apa KceHoHa p 0 ::350 M3B/c 151 . 
B 3aKJIIO\feHHe CJJe,AyeT C,AeJJaTb BhlBO,A 0 TOM, \fTO 

.ABYXJJytfeBhle C06hlTHJI B3aHMO,AeBCTBHB rr+·Me30HOB C JI,A· 
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Puc. 5. 3a6uc.uJHocmt. 6eAU'IUHbl x2 (p0 ), onpedeAeHHorl 6 Ha
weu npexHerl pa6ome /5{ om 6eAU'IUHbl ()ucnepcuu pacnpe
()e.lleHu.R ~epMUe6cKux uJHny.llt.co6 6Hympu.Rc)epHwx npoiiiOH06 
.Rdpa KCeHOHa U3 peaKijUU /7/. 

paMB KCeBOHa/1/ npB 2,34 F3B/c OT06pa>KaiOT OCHOBHble 

'lepTw peaKQBB ynpyroro pacceJIHBJI /3/. O,nHaKo Heso3-

MO>KHOCTb B3MepJITb npB DOMOIIUI KflK O'leHb MaJible yrJibl 

3MBCCBB "+ -Me3oHos B Manwe BMnynbcbl sTopB'IHbiX npoTo

HOB /pp ~ 200 M3B/c/ ,nenaeT COOTBeTCTBYIOlllYIO 3KcnepB

MeHTaJibHYJO BHcl>opMa:QBIO HenonHoi. BB.nHO TaK>Ke, 'ITO 

pacnpe,neJieHBe DO yrJiaM 3MBCCBB BTOpB'IHbiX npOTOHOB 

3Ha'IBTeJibHO OTJIB'IaeTCJI OT COOTBeTCTBYIOlllero CDeKTpa 

npOTOHOB OT,na'IB B3 peaK:QBB /3/, 'ITO Ha,no OTHeCTB 3a 

10 

C'leT pJI,na JI,nepHwx 3cl>cl>eKTOB. B CBJI3B c 3TBM npe,ncTas

JIJIIOT BHTepec, B 'laCTHOCTB: cl>epMBeBCKOe ,nsB>KeHBe BHYT

pBJI,nepHWX HYKJIOHOB, :Jcl>cl>eKT nepepacceJIHBJI sa HyKnouax 

B KnacTepax BHYTPB JI,npa, a TaK>Ke KYMYJIJITBBHwii :Jcl>
cl>eKT / 6 / · 

AsTopw 6naro,napuw M . .D;.Wacl>pauosy 3a npe,nocTaBJie

HBe 3KCDepBMeHTaJibHbiX ,naHHbiX, KaCaiOIIUIXCJI peaK:QBB 

n.+p npB 2,34 F3Bjc/41 
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