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IO. A. 6aTYC0B 

0611lA~ XAPAKTEPHCTHKA PA60TU 

AKTYaJlbHOCTb. 3anyc,c e 1983 roJIY HOBOro HaltOmrreJlbHO-

ycKOPHTeJlbHOro KOMrUe,cca LEAR e UEPH. enepm,ie o6ecne'llf811Ero 

BlilCOKOHHTeHCHBHUe MOHOXJ;)()ManNeCKHe nytilOf aJfllfilJ;)()'l'OHOB HH31CHX ::mepJ"MM, 

fiPH.llaJl HOBLIH HMIJYJlbC HCCJfe.ltOBaHHSIW B3am.tOJteHC'Il3HM aHnmJ;)()'l'OHOB B 

HH3K03Hepre"IWJeCKOH o6.Jl3C'Ilf- JJ.o 3'l'Of0 BpeMeHH aH'IHJlJ;)()'l'OH- sutePHOe 

833.KMOJteHCTBHe 6wro H3)"leHO .ltOBO.llbHO c.aa6o. 

HayqeHHe B33HMO.lteHCTBHSI aH'IHJlJ;)()'l'OHOB HH310fX 3Heprmi C Sll(l)aMH 

rucryaJ!bHO lC3K C 'l'Otl!Of apeHHSI SllfePHOH q;K3HKH, 'I3lC H ~H!Of 3JfeMeffl'aPfil,IX 

lJaCnfi.t. flpH aHHHrHJlS!I.O{H Me.MeHI-IOro aH?-'ffllp()'IOHa Ha HYJC,JIOHe B 51JU)e. B 

He60JlblllOM 061>eMe BLUie.JrSJe'ICSI notnlf 2 f38 3HeprHH C Ma.lWM nepe.llaHHl,A,I 

HM!lYJlbCOM. OOJlblOOH mrrepec Bbl3l,IBaeT eonpoc. lC3K Ha 3'1'0 pean1pyeT SUUX>-

flpH 3'1'011 B03W%HO nJ;)()5!B.lleHHe HOBLlX HeHa)"reHHYX «>eHOMeHOB nma 

~ep6o.iroe. M)'JlbTHqipaJ"MeH'J:aUKK, MY.lbnmHOHHoro B3am«>JteHCTBKSI. C 
JU)YfOH C'IOJ;)()Hl,I, HCCJfe.ltOBaHHe attnmJ;)()'IOH- SllfePHOfO 83aHMOJteHCTBHSI W%eT 

npoJrH'l'b CBeT H Ha MeX3HH3M attnmp()'l'OH- HYJC,JIOHHOro B33HMO.lleHCTBHSI, B 
' . -

lJaCnfOC'Ilf • OHH 51El.l151D'ICSI Ba%HblM HC'l'O 'lHHJCO M C Be.zreHHM o6 Jn 
B3aID40JteHCTBHH- ~)'Hltalleffia.JlbHOe 3Ha'leHHe HMeeT eonpoc O 'l'OM, KaJroe 

BJGISIHHe oKaal>IB3eT. Ha npouecc 3HHHrHJlSll.O{H SllfePHaSI cpe..ira. flpeJlC".raBJ[SleT 

60JlblllOH mrrepec ITOHCK H HCCJfe.ltOBaHMe aHHHrRJISl10M aHnmJ;)()'l'OHa Ha 
HeCKOJlbKHX HYJCJ[OHaX SIJU)a. · 0:EK.lli3.e'ICSI, trI'() B 3'l'MX pe.lt!OfX npoueecax 

cYJ]teCTBeHHYD po.lib Hrpam ,ceap1eom.ie cnmeHH ceo6om. · 
.ltJm Bl:ilSlBJreHHSI MeXaHH3Ma aH'IHJlJ;)()'IOH- Sl.zrePHOro B3aHWJteHCTBHSI, a 

Tata:e .ltJrSI nporpecca B H3)"leHHH 3.lleMeffl'aPHOro jiN - 833HMOJteHCTBHSI BaZHY 

HCCJre.ltOBaHHSI HMeHHO JrerJCHX. Sl.zreP, :ralOfX KaK 'He. feJDtii - JrounaiaHaSI 

SllfePH3SI CHCTeMa, X3P3KTePH3YJ)m,asl:SI OOJlblOOH 3HeprHeH CBmH HYJC,JIOHOB, ·H 

003'1'0MY, o6yCJrOBJleHHble HaJ!HtmeM 3'1'0.H CBSl3H 3~KTH. ec.JIH OHH 

CYJ)teCTBYl)T, HaH6oJree SIPIOO .ltOJCCHLI 3JteCb ITJ;)()SIBJISll'bCSI- C JU)YfOH C'l'OJ;)()HY. 

B JreflCHX SIJU)3X MeX3HH3M B33HMOJteHCTBHSI MeHee ecero MaCIQfpyen:SI 

empH'ilil,IMH npoueccaMH. 

UeJlb1> .ztHcceDT3llHoHHoA pa6o™ SIBJlSie"ICSI K3Y'feHHe ocHoema: 

XapaKTepHC'IlfK B33HWJteHCTBHSI rummJ;)()'l'OHOB HH3KHX 3HePI"MM C ~ 

reJrHSI : onpe.zreJreHHe MHO%eCTBeHHOCTeH 33PSIXel!l)YX lJaCTW.\. lt;3MepeHMe 

ceqeHIDi Heynpyroro .• ~~HC~?1Sf-r,JC-:XJJPY;rQf.P;' »accestHHSI, onpe.zreJreHMe 
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ceqeHH~ 6esaHHHrHJ151W10HHOrO pasBaJia H HCCJie,lloBaHHe 
H30CnHHOBO£i 

saBHCHMOCTI! aHHHrHJ151W1H. 

HaY'{Ha~ HOBH3Ha H npaKTI!qecKa~ ueHHOC'lb- PesyJlbTa.Tbl, COCTa.BHBIIMe 

ocHOBY nHCcepTa.1..1,HH, no~eHbl B 3KcnepHMeHTe PS-179 UEPH. ,l\o :noro 

3KcnepHMeHTa B3aHM0.1te£icTBHe aHn1npoTOHOB C re~eM 6bl.JIO coBepmeHHO He 

HsyqeHo- CeqeHH~ Heynpyroro BsaHMone£icTBH~, nHwqiepeHl..l,HaJlbHOe ceqeHHe 

ynpyroro pacce~H~. MHOl!CeCTBeHHOCTI!, OTHOCHTeJlbHble Bl,IXO.lll,I pa3~qtt!,IX 

KaHa.JIOB peaKl..l,HH - BCe 3TI1 3KCnepHMeHTa.JlbHl,Je pesyJlbTa'Thl 6blJI!ll no~eH!,J 

BnepB!,le. OHH . npe,llCTa.BJ151l()T npaKTI!qecKYJ(J ueHHOC'lb ~ n.na.HHPOBaHH~ 

6y.llYID,11X 3KcnepHMeHTOB no H3yqeHHIO xapaKTePHCTI!K aHTI!npoTOH- ~epHoro 

B3aHMO.lle£icTBH~ H ~ nocTpOeHH~ TeOPHH, aneKBaTHO onHCb1Ba10mei1 3TI1 

B3aHMO.lle£icTBH~- B qacTHOCTI! M~ pa3BHTI1~ TeopHH aHTHHYKJIOH-HYKJIOHHOrO 

B3aHMO,lleHCTBH~ MO:llCeT 61,J'lb no.Jie3HO 3KCnepHMeHTa.JibHOe YKa3aHHe Ha 

CHJlbHYJ(J H30CnHHOBYJ(J saBHCHMOC'lb aHHHrHJ1511J.HH B BblCIIMX napl..J,HaJlbH!,IX 

BoJIHax. 

Anpo6alll::I~ H nY6.JIHKaIJ.l::IH· PesyJlbTa.Tbl nHCCepTal..l,HOHHO£i pa60Tbl 

npe,llCTa.B~~Cb Ha Mel!CnYttaPOnHOM ceMHHape no npo6.JieM3M qiH3HK!ll Bl>ICOKHX 

3HeprH£i (,l\y6Ha, 1988), Ha IX Me:J1CnYttapontto£i KoHqiepeHl..l,HH no qacwuaM H 

~aM (KHOT0,1987) H Ha Mel!CnYttaPOnttO£i KOHqiepeHI..J,HH no Ma.JioqacTI1qtti,JM 

CHCTeMaM (<POHTeBpo,1987), ,llOKJia.lll,IBa~cb Ha HayqttblX KOHqiepeHl..l,H~ OSl<P AH 

CCCP (MocKBa, 1987 Ill 1988 rr.) H Ha Ha~blX ceMHHapax JISlfl 0115!11. flo 

MaTepHaJia.M nHCCepTa.1..1,Hlll ony6~KOBaHO 7 pa6oT-

CTDYKTYDa H o6'beM .m,1ccepTa.IJ.l::IH· ,l\HccepTa.1..1,H~ COCTOHT lll3 BBe,lleHHS'I, 

n~ r.na.B, saK~qeH!ll~ H cnHCKa l..l,HTHPYeMO£i ~TepaTYPbl, BK~qa10mero 92 

HaHMeHOBaH!ll~- 06beM nHccepTa.1..1,HH 96 CTPaHHU, BK~qa~ 27 pHCyHKOB H 15 

Ta.6~u-

CO,l\EPJH:AHl1E PA60TM 

Bo BBeJieHH!ll KpaTKO nepeqHCJieHl,J OCHOBHble H3BeCTHhle CBO£iCTBa 

aHwnpoTOH- HYKJIOHHOrO H aHwnpoTOH- ~epHoro B3aHMO,lle£iCTB!ll~, 

o6ocHOBaHa aKTYaJlbHOC'lb TeMbl, H3.JIO:llCeHa CTPYKTYPa nHCCepTa.1..1,H~I-

flepsa~ r.nasa nHccepTa.1..1,Hlll nocssnn,eHa MeTOnHqecK!llM sonpocaM. 

paccM3TP!llBaeTC~ 3KCnepHMeHTa.JibHa~ ycTa.HOBKa, xapaKTBPHCTHK!ll 

CTPHMePHO£i KaMep1,1, onHci,JBaeTC~ cnoco6 no~eH!ll~ aHwnpoTOHHblX 

B Hei1 

pa6oThl 

nyqKOB 

Ha LEAR B CERN. 
3Kcnep!llMeHTa.JlbHa~ ycTa.HOBKa BK~qaeT B ce6~ CTPHMePHYJO KaMepy, 
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P11Jc.1. CxeMa 3KcnepHMeHTa.JlbHo£i 

YCTa.HOBKH. SC - CTPHMepHa~ 

KaMepa, :EX - 3~KTpoMarHHT, 

C - Cl..l,HHTH~OHH!,Je cqeTqHK'1, 

we - npoBOJIOqH!,Je KaMepbl, M -
TOHKHe CTeHKH, HVPG - HMITYJlbC

H!,J£i reHepaTOp BhlCOKoro Hanp~

l!CeHH~, TP - nJia.TWOPMa ~ 

nepeMe~HH£i-

3JieKTPOM3rH!llT Ill TP!llrrePHYJO CHCTBMY, COCTO~ lll3 Cl..l,HHTH~OHH!,IX 

cqeTqllJKOB- Ee cxeMa npHBeneHa Ha PHC-1. CTPHMepHa~ KaMepa pa3MepaMH 

90:x?OXl.8 CM
3 

HanoJIH~Cb re~eM ITP!ll aTMocqiepHOM naBJieHHH- Be~qHHa 

MarHHTHoro noJI~ ycTa.HaB~Ba.nacb paBHoA 0,2 TJI, 0,415 TJI, 0,63 TJI H~ 

0 ,8 TJI B 3aB!llCHMOCTH OT Be~qHHi,J HMITYJlbCa rryqKOBl,IX aHTHITPOTOHOB

<Po~orpaqiHpoBa~!lle o6'beMa KaMep1>1 npoH3BOnHJIOCb ns~ qioTOarrnapaTa.MH. 

CHrHaJI sarrycKa B1,Jpa6aT1,JBaJIC~ Kal!C.IJl,JH pas, Korna rryqKOBhlH aHTI!ITPOTOH 

ITPOXOnHJI qepes Cl..l,HHTH~OHHl,Je cqeTqHKH c2 Jll c.. , MHHY~ "l!ClllBhle" 

KO~MaTOPbl c. Ill c,. Ha BXO,lle B KaMepy, H He rrorranaJI B Cl..l,HHTH~OHH!,J£i 

cqeTqHK c,, Ha BblXO,lle !ll3 KaMep1,1. Ha Ka:llC,llOM CHHMKe Ha6~na.Jic~. KaK 

rrpaBHJIO, 0.llHH ITyqKOB!,J£i aHTHITPOTOH. 

K ,llOCTOHHCTBaM KaMep1,1 CJienyeT OTHeCTH MaJIYJ(J ' ITJIOTHOC'lb 

HarroJIH~mero ee rasa (TOJimHHa MHmeHH paBHa 15 MrlcM
2 

np!ll HarroJIHeHH!ll 

re~eM-4). 6.narOMP~ 3TOMY B Hei1 MOl!CHO ,lleTeKTHPOBa'lb TpeKH oqeHb 

MeMeHHblX qacwu. TaK, xopomo 3aMeTHhle CJie.m,1 ~HOH 1 CM B KaMepe 

IIJMeIOT ITPOTOHl,J C 3Heprnei1 170 K3B Ill a-qacwl.(l,J C :rneprHeA 300 K3B. 

Ycrremttoe OCYmeCTBJieHHe 3KCrrepHMeHTa CTa.JIO B03MO:llCHblM 6.naronap~ 

Ha~qllJ(O lllHTeHC!llBHOrO ( ~ 105 aHT!llITPOTOHOB B ceKyH,lly), MOHOXPOMaTJllqHOro 

( t.p/p ~ 10-3 ) ITyqKa aHT!llITPOTOHOB LEAR, rronepeqttl,JB pasMep1,1 KOTOporo Ha 

BXO,lle B KaMepy COCTa.B~ rrop~a 1 CM-

Bo BTODOH. r .na.Be pacCMaTP!llBaIOTC~ BOITPOCbl, CBIDaHHhle C orrpe,lleJieH!lleM 

MHOl!CeCTBeHHOCTeH sap~eHH!,IX qaCTJllU B · p'He , p"He B3aHMO,lleHCTB!ll~ Ill 

ceqeH!llH B3a!llMOnBHCTB!ll~ Me~HH!,IX aHTHITPOTOHOB C ~aMH 'He. 

B pesyJlbTa.Te npocMoTpa ~- 90000 Ka,llPOB qioTOrrJieHK!ll, conep:z:ameA 

C06blT!ll~ B3alllMO,llei1cTB!ll~ aHTI1npoTOHOB B rase CTPIIJMepHOH KaMepbl, 6blJI!ll 

onpe,lleJieHbl MHOl!CeCTBeHHOCTI1 sap~eHHi,JX qaCTI1U BO B3a!llMO,lleHCTB!lllll 
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PY!C. 2. Pacnpe,n:eJieHY!e no MHOJICeCTBeHHOCTYl 3apmceHHhlX 4aCTI11..( Neb 

B aHHY!rY!JISll..(Y!Yl aHTYlnPOTOHOB Ha Sl,lij)aX 
4
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PHc. 3. Pacnpe,n:eJieHY!e no 
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PY!c.4. Pacnpe,n:eJieHHe no MHol!CecT
BeHHOCTYl 3apmceHHhlX qaCTYll..( Yl %-
Me30HOB B aHHY!rYlJI~Yl aHTY!npoTo
HOB Ha Sl.lU)aX 3 He B noKoe. 

aHTY!npoTOHOB C Sl.lU)aMY! 4 ffe npY! qeThlpex 3HaqeHY!~ KY!HeTY{qecKOH 3HeprY!Yl 
T: Ha CTaTYlCTY!Ke 2677 B3aY!MO.l{eHCTBY!H npYl aHHYlrY!JISll..(YlYl B noKoe. 609 
B3aHMo.n:eHCTBY!H npH T = 16,9 M3B, 1097 B3aY!Mo.n:eHCTBY!H npH T = 48,9 M3B 
Yl 3124 B3aY!MO.l{eHCTBY!H npY! T = 179 ,6 M3B. a TaKllCe MHOl!CeCTBeHHOCTYl 
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3apmceHHblX qaCTY!I..( B p"He aHHYlrY!JISll..(YlYl B noKoe Ha CTaTYlCTY!Ke 3125 
C06bITl1H. KpoMe.TOro 6bIJ!Yl nOJIYlleHhl pacnpe.n:eJieHY!~ no MHOl!CeCTBeHHOCTY! ~
Me30HOB B aHHYlrHJI~J,f aHTYlnpOTOHOB Ha Sl.lU)ax "He J,f 'He npY! 3HaqeHH~ 
KHHeTY!qecKOH 3HeprHH, nepeqJ,fCJieHHhlX Bblllle. Pe3YJ!bTaThl npY!Be.lieHhl Ha 
PHC-2-4. BH.D:HO, qTQ pacnpe.lieJieHH~ no MHOJICeCTBeHHOCT~ He 3aBHCfil OT 
3HeprHH npH ee J.f3MeHeHY!J,f OTO .n:o 180 M3B. 

nocKOJ!bKY nOJIHb!i1 3ap~ (p'He) CHCTeMhl paBeH +1.. npH aHHHrYlJISll..(YlYl p 
Ha 'He qeTHoe qJ,fCJIO 3apmceHHhlX qaCTY!I..( 06pa3yeTC~ TOJ!bKO B peaKl..(Ylm C 
BblXO.lIOM 

3
He B KOHeqttOM COCTO™Y!J,f. 8 peaKl..(Ylm C HeqeTHhlM qJ,fCJIOM 

3apmceHHblX qaCTYll..( 
3
He o6pa30BbIBaTbC~ He MOllCeT. 3TO no3BOJIY!JIO 

onpe.n:eJIY!Tb Bb!XO.l{ "He B p'He aHHHrHJISll..(YlJ,f P( 
3
He). OH OKa3aJic~ paBHhlM : 

P("He) 
P("He) 
P("He) 
P("He) 

(15,5 ± 0,7) % npH 179,6 M3B, 
(20,4 ± 1,4) % npH 48,7 M3B, 
(23,0±2,3)% npH 19,6M3B, 
(22,5±1,5)% snoKoe. 

06HapYJ1CeHo, qTo C POCTOM KHHeTI1qecKOH 3HeprHH aHTY!npoTOHa BhlXO.lI 3He 
Me.D:JieHHO YMeHbl!JaeTC~- COOTBeTCTBYJOIIJ,a~ BeJ!YlqJ,1Ha B %'He B3aY!Mo,n:eHCTBHYl 
cymecTBeHHO (npHMepHo B TPY! pa3a) 60JibWe, qTO MOJICHO paccMaTPHBaTb KaK 
YKa3aHY!e Ha 60J!bWj'JO BeJ!YlqJ.fHY B3aHMo.n:eHCTBJ,f~ B KOHeqttoM COCTO™J,fj,f npY! 
aHHHrHJISll..(YlY! aHTY!nPOTOHOB Ha Sl.lU)e. 

CeqeHH~ Heynpyroro B3aY!MO.l{eHCTBJ,f~ aHTY!npoTOHOB C Sl.lU)aMY! 'He 6blJ!Yl 
J.f3MepeHhl npH Tpex 3HaqeHHm HMnYJ!bCa aHTYlnPOTOHa: 

or= (239,2 ± 5,0) 
or= (293,7 ± 9,1) 
or= (405,6 ± 16,4) 

M6 npH HMnYJ!bce 607,7 M3B/c, 
M6 npH 306,2 M3B/c, 
M6 npH 192,8 M3B/c. 

BeJ!YlqJ,fHa 3TOro ceqeHJ,f~ YMeHbl!JaeTC~ C POCTOM HMnYJ!bCa, qro 
COOTBeTCTByeT noBe.n:eHHID ceqeHH~ pp B3aHMo.n:eHCTBJ,f~. M3MepeHHOe 3HaqeHHe 
ceqeHH~ npH HMnYJ!bCe 607,7 M3B/c He Bhma.n:aeT Yl3 o6mero noBe.lieHH~ A213 
3aBHCHMOCTY! OT aTOMHoro HOMepa Sl.lU)a-MHweHJ,f. 

TpeTu~ rJiaBa nocB~eHa paccMOTpeHHID npouecca 6e3aHHHrHJISll..(YlOHHoro 
pa3BaJia Sl.lU)a 'He. Ha OCHOBe aHaJ!Yl3a 3HepreTI1qecKOH 3aBHCY!MOCTI1 
pacnpe.n:eJieHHH no MHOJIC8CTBeHHOCTY! 3apmceHHhlX '¥1CTY!I..( B p'He 
B3aHMo.n:eAcTBHH noJIYlleHa oueHKa ceqeHH~ 3TOro npouecca npH .lIByx 
3HaqeHHm 3HeprHH aHTY!npoTOHa 

ob= (13,6 ± 12,3) M6 npH T = 179,6 M3B, 

ob= ( 8,9 ± 19,1) M6 npH T = 48,7 M3B. 

3KcnepHMeHTaJ!bHO J.f3MepeHHOe noCTO™CTBO OTHOCHTeJ!bHblX BhlXO.lIOB C06LrrnA 
C .lIB~ J,f Tpe~ aapmceHHhlMY! 4aCTI11..(aMY! n03BOJIY!JIO C.lI8JiaTb BblBO.ll, 'lTO 
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.noJISI :noro npouecca He npeBocxoJtHT 5 - 10 % oT cetieHH$1 Heynpyroro 

B3aHMO,lleHCTBH$1. no cpaBHeHHIO C paaBaJIOM 'He n_POTOHaMH H nHOHaMH,,B TOH 

:ace o6JiaCTH 3HeprHH, 3TOT npouecc. Bb13BaHHbM aHTHnpoTOHaMH, CHJlbHO 

no.naB.11eH. npHtIHHaMH TaKoro no.naBJieHH$1 5IBJISIIOTC$1 6oJlbma$1 Be.lll1tIHHa 

cetieHH$1 pN aHHHrHJISIUHH H MaJIOCTh cpe.l{Hero nepe.naHHOro HM!l:,"JlbCa B 

3JieMeHTaPHOM aHTHnpOTOH- H:,"KJIOHHOM pacceSIHHH- no.naBJieHHe peaKUHH 

paaBaJia $1,llPa He CB$13aHO co cneUHil>HKOH B3aHMO,lleHCTBH$1 aHTHnpoTOHOB C 

re.lll1eM. H n03TOMY .l{OJOICHO 6hlTb xapaKTePHblM .llJISI pacceSIHH$1 aHTHnpOTOHOB 

Ha Jll06 blX $1.l{PaX • 

B '!eTBeDTOH r .11aBe pacCMaTPHBaeTC$1 npo6.11eMa HaocnHHOBOH l 
aaBHCHMOCTH aHHHrHJISIUHH • .l{JISI 3TOro onpe,lleJ!ffiTC$1 OTHOmeHHe Bepo$1THOCTeH _·_ 

aHHHrHJISIUHH aHTHnpoTOHOB Ha npOTOHe H HeHTPOHe B $1,llPe R: 1 

R=~/wf11. ' 

'lC- -Me30HOB B 

cpaBHHBaJil1Cb C 

'MHO:Z:ecTBeHHOCT$1MH, Bbit!HCJieHHb!MH Ha OCHOBe ,llaHHblX no pp H pn 
aHHHrHJISIUHH. 8 pacqen1 B Ka'!eCTBe napaMeTPOB BXO.l!HJ!l1 : R - OTHomeHHe 

Bep0$1THOCTeA aHHHrHJISIUHH aHTHnpOTOHa Ha HeHTPOHe H npoTOHe H WBKC -

Bep0$1THOCTh B3aHMo.neAcTBH$1 aHHHrHJISIUHOHHblX 'lC- Me30HOB C H:,"KJIOHaMH 

$1.l{Pa- OCTaTKa. PaC'!eTbl HaHJIY'!IDHM o6pa30M BOCnpOH3B0.ll$1T 

3KCnepHMeHTaJlbHble pacnpe.ne.11eHH$1 no MHO:l!CeCTBeHHOCTH npH CJie.llYI01IU1X 

3KcnepHMeHTaJlbHO noJIY'!eHHbie MHO:l!CeCTBeHHOCTH 

aHHHrHJISIUHH aHTHnpOTOHOB Ha $1,llPaX . "He H 'He B noKoe 

3Ha'!eHH$1X napaMeTpOB: 

R = 0,35 ± 0,07 

R = 0,48 ± 0,10 

WB~C = 0,15 ± 0,03 

WBKC = 0,08 ± 0,05 

.llJISI "He 

.llJISI 'He 

3TO 03HatiaeT, '!TO B $1,llpe reJIH$1 aHTHnpOTOH ropaa.no qame aHHHrHJil1PYeT Ha 

npOTOHe. '!eM Ha HeHTPOHe. noJIY'!eHHbie BeJil1'!HHhl OTHomeHHH R npHMepHo 

' B,llBOe MeHbme. '!eM npH aHHHrHJISIUHH aHTHnpoTOHOB Ha $1,llpax .neHTepH$1. 3TOT 

(l)aKT MO:l!CHO HHTepnpeTHposaTo HaJil1'!HeM CHJlbHOH H30CnHHOBOH 3aBHCHMOCTH B 

3JleMeHTaPHOH NN aM11Jll1T:,".l{e. npH'!eM • .l{aHHa$1 3aBHCHMOCTh He cy-mecTByeT-B 

S- BOJ!He. a. BH.l!HMO. np0$1BJ!$1eTC$1 B 60.11ee BhICOKHX napUHaJlbHblX BOJIHax : 

B P- HIHJ!l1 D- BOJIHe. B paMKaX MO.lle.lll1 co CTaH,llapTHblM NN nOTeHUHaJIOM 

TaKa$1 3aBHCHMOCTh He npe.ncKa3bIBaeTC$1. 

n$1Ta$1 r.11aBa nocB~eHa H3ytieHHIO ynpyroro pacceSIHH$1 aHTHnpoTOHOB Ha 

'He npH HMllYJlbCe 607,7 MsB/c. B peayJlbTaTe H3MepeHHH H KHHeMaTH'!ecKoro 

aHaJIHsa 6b1JIO BhI.ZieJieHo 2345 co6blTIIIH ynpyroro pacceSIHH$1. 8hl'lHCJieHHble Ha 

HX OCHOBe 0 ,llH(l)(l)epeHUHaJlbHbie ceqeHH$1 ynpyroro pacceS!HH$1 npHse.neHb! Ha 

PHC. 5. 113 3TOro PHC:,"HKa BH.llHO. '!TO pacceSIHHe HMeeT J!H(l)paKUHOHHb!H 

xapaKTep, H '!To pactieT no Mo.ne.lll1 r .11ay6epa Hen.11oxo onHChIBaeT 

3KcnepHMeHTaJlbHble TO'!KH-
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PHc.6. 3aBHCHMOC'l'b cetieHH$1 ynpy

roro pacceS1HH$1 OT KBa.npaTa nepe

.llaHHOro HM!l:,"JlbCa. ■ - p'He npH 

sHeprHH 180 MsB. • - 1C'He npH 

174 MsB. • - p'He npH 200 MsB. 

3KcnepHMeHTaJlbHO noJIY'!eHHoe .nH(l)(l)epeHUHaJlbHOe ceqeHHe ynpyroro 

pacceSIHH$1 (l)HTHPOBaJIOCb CJ!e.llYIOIIU1M Bb!pa:l!CeHHeM: 
' 2 

do/cin = I FCoul + FNucl I • 
r.ne Fcoul - KYJIOHOBCKa$1, a FNucl - $1,llepHa$1 aM11Jll1TY.lla pacceSIHH$1. 113 
(l)HTa 6b1JIH onpe.ne.11eHh!: no.110:l!CeHHe nepsoro .nH(l)paKI.WOHHoro MHHHMYMa 8m1n= 
(38.1 ± 0,5)

0
• OTHOIDeHHe peaJlbHOH K MHHMOH '!aCTH $1.llepHOH aM!lJIHTY.llhl p = 

0 .40 ± 0 ,07 H BeJil1tIHHa HaKJIOHa B JtH(l)(l)epeHUHaJlbHOM cetieHHH pacceSIHH$1 

Bnepe.n B = (66,1 ± 3,3) (fsB/c)-2 .B pe3:,"JlbTaTe HHTerpHpOBaHH$1 $1,llepHOH 

aM!lJIHTY.llb! B npe.ne.11ax oT O :a.o 180 rpa.nycoB · noJIY'!eHa Be.lll1tIHHa 

noJIHoro cetieHH$1 ynpyroro pacceS1HH$1 

oel = (119,9 ± 2,5) M6. 
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3TO noaBOJllll~o onpe.Z1:eJ1111To noJIHoe cetieHHe BaaHMO.ll:eHCTBH~ 

crtot = (359.1 ± 5.6) M6-

CpaBHeHHe c ~wwepeHIJ,HaJ!bHb!MH ceqeHH~ ynpyroro pacce~H~ nHoHoB 
H npOTOHOB Ha 'He npH 6Jllll3KHX 3HaqeHH~ 3HeprHH (pHc.6) o6HapyxHBaeT 

noqTH noJIHoe coBna.Z1:eHHe B npe.ll:e~x 3KcnepHMeHTaJ!bHhIX onrn6oK 
aHTHnpoTOHHhIX ~HHhIX C nHOHHhIMH. H HX OTJllll~e OT npOTOHHhIX-

B aaKJIIOqeHHH CWOPMYJIIIIPOBaHbl OCHOBHbJe peayJ!bTaThl ~ccepTaIJ,HH: 

1. MaMepeHbl pacnpe.ll:e~eHH~ no MHOllteCTBeHHOCTH aap5DICeHHhIX qacTHu,. 
06paayronu,1xc~ npH HeynpyrHX B3aHMO.ll:eHCTBH~ aHTHnpoTOJ-tOB C ~paMH 'He. 

H pacnpe.ll:e~eHH~ no MHOllteCTBeHHOCTH ~- -Me30HOB B p'He aHHHrH~H npH 

3Heprn~ 179,6 M3B, 48,7 M38, 19,6 M38 H B nome, a TaKllte npH 

aHHHrH~H OCTaHOBHBllrnXC~ aHTHnpOTOHOB Ha ~ax 
3
He. 06HapyxeHO, qTQ 

npH H3MeHeHHH 3HeprHH aHTHnpoTOHa OT O .ll:0 180 M3B MHOllCeCTBeHHOCTH 
npaKTHqeCKH He MeHsnoTC~-

2. MaMepeH BhIXO.ll: 

aHTHnpoTOHOB C ~aMH 'He 
aHTHnpoTOHOB: 

~ep 
9
He - P(

9
He) npH B3aHMO.ll:eHCTBHH 

npH qeTblpex 3HaqeHH~ KHHeTHqecKOH 3HeprHH 

.P(
9
He) = (15.5 ± 0,7) % npH 179,6 M3B, 

P(
3
He) = (20.4 ± 1,4) % 'npH 48, 7 M3B. 

P("He) = (23,0 ± 2,3) % npH 19.6 M38, 

P(
3
He) = (22.5 ± 1,5) % B nome. 

3. MaMepeHbl ceqeHH~ Heynpyroro B3aHMO.ll:eHCTBH~ aHTHnpoTOHOB C 
~aMH 'He npH Tpex aHaqeHH~ HMnYJ!bca: 

or= (239.2 ±.5,0) M6 npH HMnYJ!bCe 607,7 M38/c, 
or = (293. 7 ± 9 ,1) M6 npH 306 ,2 M38/c, 

or = (405,6 ± 16,4) M6 npH 192,8 M38/c. 

4. MaMepeHo ~wwepeHIJ,HaJ!bHoe ceqeHHe ynpyroro pacce~H~ 
aHTHnpOTOHOB Ha ~pax 'He npH HMnYJ!bCe 607,7 M38/c • 

5. MaMepeHo noJIHoe c01.JPHHe ynpyroro p'He pacce~H~ npH 3HeprHH 
aHTHnPOTOHOB 179,6 M38: 

oel = (119,9 ± 2,5) M6, 
a TaKllCe noJIHoe cetieHHe B3aHMO.ll:eHCTBH~ 

crtot = (359,1 ± 5,6) M6. 
6. Onpeii:e~eHO OTHOWeHHe Bepo~OCTH aHHHrH~H aHTHnPOTOHa Ha 

HeHTPOHe K Bepo~OCTH aHHHrH~H Ha npOTOHe B ~ax 'He H 3 He B 
noKoe: 

R = 0,35 ± 0,07 
R = 0,48 ± 0,10 

~ 3He 
~ 'He. 
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no~eHO YKa3aHHe Ha CHJ!bHYJ() H30CnHHOBYJO 3aBHCHMOCTh aHHHrH.1151Ll,HH B 

BhlCllrnX napLI,HaJ!bHhIX BOJIHaX. 

7. 06Hapyxerna Ma~OC'Ib npou,ecca 6e3aHHHrH~OHHorq paaBa~ 

'He aHTHnpoToHaMH. no~eHa ou,eHKa ceqeHH~ 3Toro npou,ecca npH 
3HaqeHH~ 3HeprHH aHTHnpOTOHOB 

Ob= (13,6 ± 12,3) M6 
Ob = ( 8 .9 ± 19 ,1) M6 

npH T = 179,6 M38, 

npH T = 48.7 M3B. 
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