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.oEmAH,XAPAKTEPHCTHKA.PAEOTW 

AKTVaJibHOCTb npo6JieMbl. HCCJie.l{OBaHHe B3aHMO.l{eHCTBHH. 

aHTHITpOTOHOB C R.npaMH npe.ncTaBJIReT HHTepec KaK .l{JIR DOCTpoeHHR 

a.neKBaTHblX MO.l{eJieH aHTHITpOTOH-R.nepHOH aHHHrHJIRUHH, TaK H .l{JIR 

H3yqeHHR uenoro. pR.na cneuH¢Hqec~HX BODpOCOB, CBR3aHHblX C 

3¢¢eKTaMH B3aHMo.neHCTBHR aHHHrHJIRUHOHHblX Me30HOB B R.nepHOH 

cpe.ne. B caMOM .neJie, npH aHHHrHJIRUHH DOKORmerocR aHTHITPOTOHa, 

. B R.npe Bhl.l{eJIReTCR OKOJIO 2 r3B 3HeprHH, KOTOpaR nepeHOCHTCR' 

6oJiblliHM qJ,jCJIOM Me30HOB. HaCKOJibKO CHJibHO B3aHMO.l{eHCTBHe B 

KOHeqHQM, COCTORHHH aHHHrHJIRUHOHHhIX Me30HOB? IlpOHCXO.l{HT JIH B 

npouecce aHHHrHJIRUHH 3eaq~TeJihHoe "earpeBaHHe" acero R.npa HJIH 

OT.l{eJibHhIX .. era o6JiacTeH? B03MOEHa JIH aHHHrHJIRUHR ea 

MHOroHyKJIOHHblX KJiacTepax?· Bee 3TH BOITpOChI HHTeHCHBHO 

H3yqaIDTCR.B HaCTORmee apeMR. 

AHTHITpOTOH-R.nepHaR aHHHrHJIRUHR C o6pa30BaHHeM CTpaHHhIX 

qacTHU MOEeT .naTb ITOJie3HYID HH¢0pMaUHID O pa3JIHqeoro po.na 

HeTpHBHaJibHhIX. 3¢¢eKTax' qTo' BhI3hIBaeT 60JibW08 HHTepec ' K e.~ 

113yqeHHID. CTpaHHhie qacTHUbl RBJIRIDTCR xopornHM HH.l{HKaTopoM 

B03HHKHOBeHHR B R.npe pa3JIHqHblX 3K30THqecKHX o6pa30BaHH8 

TaK, IlOBblllieHHblH BblXO.l{ CTpaHHblX qacTHU RBJIReTCR 0.l{HHM H3' 

xapaKTepHbIX npH3HaKOB o6pa3oBaHHR KBapK-rJIIDOHHOH ITJia3Mbl HJIH 

MOEeT 6hITb 06'bRCHeH B paMKaX MO.l{eJIH HcnapeHHR ¢a8p6oJia C 

HeHyJieBHM 6apHOHHblM qj,jCJIOM. npe.nJioEeHbl H .npyrHe o6'bRCHeHHR· 

3Toro 3~~eKTa - 3a cqeT npoueccoa nepepaceRHHR Me3oeoi,, 

po.l{HBWHXCR B. nepBHqHQM aKTe aHHHrHJIRUHH. 

B aHHHrHJIRUHH Ha CB06o,nHOM HYKJIOHe poE.neHHe A-rHnepOHOB 

B03MOEHO TOJibKO eaqHHaR C HMDYJibCa Pth = 1435_ M3B/c - · B 

peaKUHH p+p ➔ A+A ( accouHa THBHOe poE.neHHe' THna p+N ➔ A+K, 

3anpemeeo) . B OCHOB y .n-11ccepTau1rn IlOJIOEeHbl HCCJie.l{OBaHHR 

poE.neHHR AB pA aHHHrHJIRUHH B DOKOe H npH HMITYJibce 607 M3B/c, 

T.e. cymecTBeHHO HH~e nopora. 06pa30BaHHe A-rHnepOHOB B 3TOM 

CJiyqae B03MO~HO TOJibKO 'B npoueccax, B KOTOpbIX npHHHMaIDT 

yqaCTHe HeCKOJibKO HYKJIOHOB R.npa. 0Ka3aJIOCb, qTo .naEe npH 

TaKHX MaJiblX 3HeprHRX ea6JIID.l{aeTCR 3Haq11TeJibHOe poE.neuHe A -

Clfl1C.ihot·ll1~-lf~~~ 

u~~nwx e,cJe1011L11Q j 
l:.U~ ru...o1.,,_,....,_ ••• 
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BepOHTHOCTH,0 pa30BaHHH AH Ks npHMepHO paBHhl na~e nnH TaKoro 

nerKoro Hnpa, KaK renHIL H3y'IeHHe' ·rrpH'IHH 3Toro 3cpcpeKTa -

HBJIH8TCH JIH 

aHHHrHJIHUHOHHhlX 

3TO cnencTBHeM npoueccoB nepepacceHHHH 

M830HOB HJIH npoHBJieHHeM KaKHX-JIH6o ,'npyrHX 

3K30TH'I8CKHX MeXaHH3MOB 

3anaqe1L 

HBJIH8TCH aKTyaJihH08 H Ba~H08 

lleJibID pa60Thl 6h!JIO nony'IeHHe 3KcnepHM8HTaJibHhlX naHHhlX 0 

peaKUHHX aHHHrHJIHUHH C o6pa30BaHH8M He8TpanbHhlX CTpaHHhlX 

qacTHU H aHaJIH3 3THX naHHhlX B paMKaX MonenH C nepepacceHHHeM 

aHHHrHJIHUHOHHhlX Me30HOB. B 

H3MepeHHe . ce'IeHH8 H BhlxonoB 

3anaqy HccnenoBaHHH 
0 -4 V -'IaCTHU B p He 

BXOaHJIO 
-3 

H p He 

aHHHrHJIHUHH, onpeneneHHe MHO~eCTBeHHOCTH 3apH~eHHhlX qacTHU B 

TaKHX co6hITHHX, nony'IeHHe HMnynhCHhlX H , 6hlCTpOTHhlX 

pacnpeneneHH8 CTpaHHhlX 'IaCTHU: DpH ~HaJIH3e 3THX ~aHHhIX 

CTaBHJlaCb 3a.U~'Ia npoBeCTH paC'I8Thl·no MO,UeJIH C nepepacceHHHeM 

K-Me30HOB. 

Hay'IHaH HOBH3Ha H npaKTH'IeCKaH ueHHOCTb pa60Thl~ H3y'IeHHe 

o6pa30BaHHH He8TpaJibHhIX CTpaHHhlX 'IaCTHU B aHHHrHJIHUHH 

aHTHnpoTOHOB Ha Hnpax reJIHH npe.urrpHHHTO BnepBhle. Ba~HO. 'ITO 

Hccne.uyeTcH o6nacTb 3HeprH8 HH~e nopora po~neHHH A-rHnepoHoB . 
B pN aHHlffHJIHUHH. OnpeneneHhl · ce'IeHHH H. BhlXO.Uhl He8TpanbHhlX 

CTpaHHhlX 'IaCTHU, H3Y'I8Hhl HX KHHeMaTH'IeCKHe xapaKTepHCTHKH H 

MHO~eCTB8HHOCTH 3apH~eHHhlX 'IaCTHU B .TaKHX co6h!THHX. lla~e nnH 

Ta Kora nerKoro Hnpa, KaK renHR, na6nIDnaeTcH 3aMeTHhl8 Bhlxon 

A-rHnepOHOB. AHaJIH3 3KCnepHMeHTaJlbHhlX naH~hIX noKa3aJI, 'ITO 

npouecch! nepepacceHHHH aHHHrHJIHUHOHHhIX Me30HOB HrpaIDT Ba~HYID 
' ponb B o6pa30BaHHH CTpammx qacTHU B - pA aHHHrHJIHUHH. 3TH 

pe3yJibTaThl npencTaBJIHIDT npaKTH'I8CKYID ueHHOCTb .UJIH 

nnaHHpoBaHHH 3KCnepHMeHTOB no 

B3aHMO.UeHCTBHH 

aHHHrHJIHUHH, 

·H npoBepKH' 

CTHMYJIHPYIDT 

H3y'IeHHID aHTHnpOTOH-Hnepnoro 

Monene8 aHTHnpoTOH-HnepHo8 

HCnOJib30B aHHe rrpoueccoB_ 

nepepacceHHHH .UJIH H3Y'I8HHH 

Oco6h!8 HHTepec npe.ucTaBJIHeT 

o6pa3oBaHHH rHnepH.uep. 

pa3JIH'IHhIX 3K30TH'I8CKHX HBJI8HH8. 

HCnOJib30BaHHe aHHHrHJIHUHH nJIH 
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Anpo6aUHH, pa60TJ,I H rry6JIHKaUHH. Pe3 y JlbTaThl .UHCce"pTaUHH 

.UOKnanirnaJIHCb H o6cy~.uanHCb. Ha Hay'IHhlX KOHcpepeHUHHX OH<I> · AH 

CCCP ( MOCK Ba. 1988 H 1990) H Hay'IHhlX ceMHHapax na66paTOpHH 

H.UepHhlX npo6neM OHHH, npe.ucTaBJIHJIHCb Ha IX Me~.uyHapO.UHOM 

ceMHHape no npo6neMaM ¢H3HKH Bh!COKHX 3HeprH8 ( 11y6Ha, 1988), 

Ha Me~.uyHapO.UHOM ~eMHHape no ¢H3HKe npoMe~yTO'IHhli 3HeprH8 

(MOCKBa 1989),. Ha III Me~.UyHapO.UHOM CHMn03HyMe ITO 

nHOH-HYKJIOHH08 H HYKJIOH-HYKJIOHH08 ¢H3HKe ( raT'IHHa, 1989) , Ha 

Me~nyHaponHOM COBemaHHH no anpoHHhlM cpa6pHKaM H aHTHnpOTOHH08 

¢H3HKe (TypHH, 1989). no MaTepHaJiaM nHccepTaUHH ony6JIHKOBaHO 

6 pa6oT. 

06beM pa6onr. l!HccepTaUHH COCTOHT H3 BBeneHHH. 'IeThlpex 

rnaB H 3aKJIID'IeHHH. 06beM .UHccepTaUHH - 92 CTpaHHUhl, BKJIID'IaH 

15 pHCYHKOB H 15 Ta6JIHU. CnHCOK UHTHpyeM08 JlHTepaTyphl 

BKJIID'IaeT 93 HaHMeHOBaHHH. 

COlIEPZAHHE PAEOT~ 

Bo BBeneHHH OTMetiaeTCH Ba~HOCTb H aKTyaJibHOCTb H3y'IeHHH 

po~neHHH CTpaHHhlX 'IaCTHU B aHTHnpOTOH-H.UepH08 aHHHrHJIHUHH. 

KpaTKO onHcaHhl ocHOBHhle nonxonhl K o6bHCHeHHID MexaHH3Ma Hx 

o6pa30BaHHH H CTaBHTCH uenb HCCJienoBaHHH. PaccMaTpHBaeTCH 

cTpyKTypa nHccepTaUHH. 

IL_II_fil!Jl 08 _ r JI a Be .UHCcepTaUHH ,UaHO KpaTKOe onHcaHHe 

3KCnepHMeHTaJibHOH ycTaHOBKH. PaccMaTpHBaIDTCH KOHCTPYKUHH H 

xapaKTepHCTHKH CTpHMepHOH KaMephl, MarHHTa, CTPYKTypa H'pa6oTa 

TpHrrepno8,CHCTeMhl. 

B HBCTOHmee BpeMH 3KCnepHMeHThl C BHTHnpoTOHaMH HH3KHX 

3HeprH8 npOBO.UHTCH rJiaBHhIM 'o6pa30M B CERN Ha HaKOITHTeJlbHOM 

KOJlbUe LEAR, KOTOpoe o6ecne'IHBaeT HCCJie.UOBaTeJieH YHHKaJibHhlMH 

( .uo io 6 
p/ceKl H MOHoxpoMaTH'IHOCTH no HHTeHCHBHOCTH 

-3 (Ap/p ~ 10 ) ny'IKBMH aHTHnpOTOHOB HH3KHX 3HeprHH. 

lIBHHhle 6h!JIH nohy'IeHhl c noMombID caMomyHTHpyIDmeifcH 

3 



CTpHMepHOH KaMep1,1 pa3MepaMH 90x70x18 CM 3 B MarHHTHOM none, 
3anonHeH08 ra3oM renHH npH aTMoc¢epHoM naBneHHH. 

3KcnepHMeHTanhHaH ycTaHOBKa (CM. pHc.1) COCTOHT H3 CTpHMepHOH 

KaMep1,1 (SC), pa3MemeHHOH B 3neKTpOMarHHTe (EM), 

CUHHTHnnHUHOHHl,IX cqeTqHKOB (Cl-C6) nns opraHH3aUHH TpHrrepa, 

nponopuHoHanhHHX npoBonoqH1,1x KaMep cwc1-wc2 J nns 

MOHHTOpHpOBaHHH nyqKa H CHCTeMH 

BH3yanbHOro KOHTpOnH. 
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¢oTorpa¢HpoBaHHH H 

PHC.1. cxeMa ycTaHOBKH. 

,llnH ¢oTorpa¢HpOBaHHH co6h!THH aHHHrHnHQHH Hcnonh3yeTCH 

cTepeonapa ¢oToannapaTOB, a KOHTponh KaqecTBa H306pa~eHHH BO 

BpeMH pa60Thl ycTaHOBKH npoBonencH C noMomhD TeneKaMephl. 

CHcTeMa TpHrrepa npenna3naqaeTcH nns opraHH3aUHH 

¢oTorpa¢epoBaHHH TonhKO "none3HHX" co6HTHH, Karna annHrHnsue~ 

anTHnpoTOHOB npoecxoneT B pa6oqeM o6oeMe KaMephl. _Ero 3anaqa -

Bupa6aTHBaTh cernan 3anycKa ycTaHOBKH (C1c2c3c4c5 J, qTo6u 

HCKnDqHTb cpa6aThlBanee ycTaHOBKH, ecnH _nyqKQBl,IH aHTHnpoTOH 

npowen qepe3 KaMepy 6e3 B3aHMone8CTBHH. 'MarneTnoe none 6uno 
paBHO 0,4 Tn nns eMnynhca nyqKa 105 M3B/c (ocTaHaBneBaIDmeecs 

B KaMepe aHTHnpoTOHhl) ·e 0,8 Tn - nns 607 M3B/c. 

Ba~Hl,IM npeeMymecTBOM KaMep1,1 C ra30BHM nanonneneeM 

HBnHeTCH B03MO~HOCTb perecTpaQHH TH~en1,1x qacTHU C MaJIUMH 

HMnynhCaMH. HanpHMep, npOTQHl,I c KHHeTeqecKOH 3Hepree8 170 K3B 

HnH aJib¢a-qacTHQl,I c 3Hepree8, COOTBeTCTBeHHO, 300 K3B 

ycneBaDT npOHTH no OCTaHOBKH npeMepHO 1 CM B ra3e renHH. 

__.,., 

4 

r 
i 
{l 

~ 

f> 

BTopa~ rnaBa nocBsmeHa eccnenoBaHHD He8TpanhHHX cTpaHnHx 

qacTHU, o6pa3yDmHXCH B npouecca~ aHHHrHnHQHH. PaccMaTpHBaDTCH 
MeTonHqecKHe Bonpoc1,1 H OCHOBHHe 3Tan1,1 o6pa60TKH o6pa6_0TKH 

0 ' 
co6HTHH C V -qacTHQaMH. 06cy~naDTCH ceqeHHH o6pa3oBaHHH H 
Bl,IXOnl,I He8TpanbHUX CTpaHHl,IX qacTHQ. 

H3yqanHCb peaKQHH C o6pa30BaHHeM ~eHTpanbHl,IX CTpaHHHX 

qacTHU B aHHHrHnHQHH: 

1) OCTaHaBnHBaDmHXCH aHTHnpOTOHOB 
3 0 p + He ➔ A(Ks) + X, 
4 . 0 

p + He ➔ A(Ks) + X; 

2) anTHnpoTOHOB c HMnynhCOM 0,6 rsB/c 

- 4 0 p ~ He_➔ A(Ks) + X. 

npH TaKHX 3HeprHHX HeB03MO~HO o6pa30BaHHe A Ha onnoM HyKnone, 

nocKonhKY nopor peaKQHH p+p ➔ A+A cocTaBnseT pth = 1435 M3B/c 

( accoueaTHBHoe po~nenee A, Tena PtN ➔ A+K, TaKJice 3anpemeno 

3aKOHOM coxpaneHHH 6apHonnoro qecna). 

,llnH nOHCKa co6HTHH aHHHrHnHUHH C o6pa30BaHHeM 
, 4 

HeHTpanbHl,IX CTpaHHHX qacTHU 61,1no npoCMOTpeHO npHMepHO 18·!0 

¢oTorpa¢HH. OKono nonoBHHH ¢oTorpa¢e8 npocMaTpHBanech nBa~n1,1 

nns onpeneneHHH 3¢¢eKTHBHOCTH npOCMOTpa. BHno HaH~eHO H 

o6pa6oTaHO 846 co6HTHH c HeHTpanhHHMH CTpaHHHMH qacTHUBMH. 

Ha8neHHh!e co6HTHH 

ycTpOHCTBaX, IlYOC. 

H3MepHnHCb 

reoMeTpeqecKaH 

Ha nonyaBTOMaTHqecKHX 

peKOHCTpyKUHH H 

KHHeMaTHqeCKHH ananH3 co6HTHH aHHHrHnHQHH npoBonenHCb Ha 6a3e 

MonynhHOH CHCTeMH nporpaMM o6pa60TKH 3KCnepHMeHTanbHl,IX naHHl,IX 

HYDRA. KeneMaTeqecKHH anane3 v0-qacTHU 61,1n npoBenen 

cTannapTHHM nns KaMepHOH MeTonHKH cnoco6oM - no MeTony 

HaHMeHblllHX KBanpaTOB npoBepHJIHCb rHnOTe3H A-renepona (A➔prr-) 
0 0 + -H K -Me3ona ( K ➔rr rr ) . Bu6epanacb Ta rHnoTe3a, nns KOTopoa 

2 . 
BHnonHHJIOCb ycnOBHe X < 11,3, qTQ COOTBeTCTByeT ypoBHD 

3HaqHMOCTH 17.. ,llJIH OKQHqaTeJibHOH HneHTH¢HKaQHH v 0-qacTHU 

npeBneKanach H nononHHTenhHaH Hn¢opMaUHH. B1,1no npoBeneHo 

pa3neneHee npoToHoB H rr-Me3oHOB no HOHH3aUHH HX cnenoB. 

<I>H3HqecKaH HH¢0pMaQHH 0 co6HTHHX, npornenrnHx 

5 



reoM_eTpli'IeCKYIO peKOHCTPYKUHIO H KHHeMa THqecKHA aHanH3, nocne 

HJleHTH¢HKaUHH 3aTTHCHBanach Ha neHTY cyMMapHHX pe3ynhTaTOB 

DST. nanhHeAwaH o6pa6oTKa naHHUX npoBOJlHnach C Hcnonh30BaHHeM 

nporpaMM CTaTHCTHqecKoro aHanH3a HBOOK H HPLOT. 

DpH auqHcneHHH ceqeHHA ,H aepoH~HOCTeA o6pa3oBaHHH 

HeATpanhHHX c7paHHHX qacTHU H nonyqeHHH ¢H3HqeCKHX 

pacnpeneneHHA Heo6XOJlHMO KOppeKTHO yqecTh noTepH v
0

-qacTHU a 

peanhHHX ycnoBHHX Ha6n10neHHH ( HX pacnaJl 3a npenenaMH 

3¢¢eKTHBHoro o6'beMa KaMepu H T_. n. ) . nnH 3Toro 61:rna C03JlaHa 

nporpaMMa pacqeTa 3¢¢eKTHBHOCTH perHcTpaUHH nnH Ka~noro 

co6uTHH c n0Momh10 MonenHpoBaHHH npo~ecca po~neHHH H pacnana 

naHHOA HeATpanhHOA , CTpaHHOA 

3KCnepHMeHTa. EHnH BBeneHH 

qacTHUH B ycnoBHHX Hawero 

nonpaBKH Ha 3¢¢eKTHBHOCTh 

npOCMOTpa, H3MepeHHSI H o6cqeia co6@THA, a TaK~e Ha 
- 0 HeHTpa~hHHe MOJlH pacnana V. 

CeqeHHH o6pa30BaHHH AH K~ B aHHHrHnHUHH aHTHnpOTOHOB Ha 

Hnpax 4He npH 0,6 f3B/c HMe~T cneny10mHe 3HaqeHHH: 

er( Al = 

0 
er(Ksl = 

3,67 ± 0,56 

3,90 ± 0,53 

,M6H, 

M6H. 

nnH peaKUHH aHHHrHnHUHH OCTaHaBnHBaIOmHXCSI aHTHilpOTOHOB 

Ha Hnpax 3He H 4He 6un auqHcneH BUXOJl ·, HeHTpanhHHX CTpaHHHX 

qacTHU. B@qHcneHH@e 3HaqeHHH Y (B npoueHTax) H OTHOllieHHe R = 
0 , 

Y(Af/Y(Ks) npHBeJleHH B Ta6nHue 1. B Ta6nHUY 1 BKn10qeHH TaK~e 
-4 BHXOJlli HeHTpanhHHX: CTpaHHHX qacTHU nnH p He-aHHHrHnHUHH npH 

o,6 f3B/c: Y(Vo)=-er(Vo)/era, rne era = (219,0 ± 6,0l M6H -

ceqeHHe aHHHrHnSIUHH. 

no Hawero 3KcnepHMeHTa o6HnhHOe po~neHHe A-rHnepoHOB 

6uno 3aperHcTpHpOBaHO B pTa-aHHHrHnHUHH npH 4 f3B/c: ceqeHHe 

er(A)' oKa3anoch B 11 pa3 6onhwe era reoMeTpHqecKOH, oueHKH 

., ( COOTBeTCTBYIOmero ceqeHHSI nnH pp aHHHrHnHUHH, YMHO~eHHOro Ha 

A213 i Ha 2 pa3a 6onhwe er(K~). 

B HallieM 3KCrrepHMeHTe 6uno 3aperHcTpHpOBaHO 3aMeTHOe 

nonnoporoaoe o6pa3oBaHHe. A-rHrrepoHoB B pNe aHHHrHnHUHH. npH 

0,6 f3B/c - ;ceqeHHe po~neHHH A ,npHMepHO BJlBOe np~B@lliaeT 

ceqeHHe po~neHHH K~. HacToSimee HccneJlOBaHHe noKa3ano, qTo 
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4 3TOT 3¢¢eKT Ha6n10naeTcH na~e nnH TaKoro nerKoro Hnpa, KaK He 
, 0 

Y( A) "' Y( Ks). ' l13yqeHHe o6pa3oBaHHH CTpaHHHX qacTHU B 

aHHHrHnHUHH Ha HJlpax KCeHnHa IlOJlTBep~naeT 3TH pe3ynhTaTH -

- BHXOJl A npeauwaeT BUXOJl K~ npH aHHHrHnSIUHH B IlOKOe H npH 

0,4-0,9 f3B/c. 

Ta6nHua 1. 3HaqeHHSI BUXOJlOB He~TpanhHHX CTpaHHUX qacTHU B 

aHHHrHnSIUHH aHTHilpOTOHOB Ha SIJlpax renHH. 

nonHoe qHcno Y(%) 

co6@THH Nann 

B IlOKOe 
-3 p He 14319 
-4 p He 72645 

p = 0,6 f3B/c 

-4 p He 

A 

Q f 55 ± QI 11 

1,12 ± 0,12 

1,53 ± 0,22 

Bun npoaeneH pacqeT auxonoa 

aHTHITpOTOHOB B ITOKOe Ha SIJlpax 

npennono~eHHHx: 

KO 
s 

1,59 ± 0,20 

1,07 ± 0,11 

1,63 ± 0,22 

A-rHnepOHOB B 
3 4 · He H He 

R 

0,35 ± 0,08 

1,05 ± 0,16 

0,94 ± 0,19 

aHHHrHnHUHH 

B cneny10mHx 

1) A-rmiepOHH o6pa3ylOTCSI B nepepacceHHHH KaOHOB: 

p + N - KK + X, 

K + N - A+ X; 

2) BepOSITHOCTh HX o6pa30BaHHSI 3aBHCHT TOnhKO OT qHcna 

HyKnOHOB B HJlpe-ocTaTKe. 

Torna. HCITOnh3YSI 3KCnepHMeHTanhH@e naHHUe no po~neHHIO AH KB 

pd aHHHrHnSIQHH, MO~HO B@qHcnHTh BHXOJlH AB 
-3 p He 

Y(A) (0,67 ± 0,11)•10-2 

-4 Hp He aHHHrHnHUHH 

-2 Y(A) = (0,93 ± 0,14)•10 . 

3TH 3HaqeHHSI xopowo cornacyIOTCH C 3KCnepHMeHTanhHHMH JlaHHHMH 

( CM. Ta6nHUY 1 l. 
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B _TpeTbeA' rmiae IIpOBe)leH aHaRH_3 · • 

xapaKTepHCTHK HeA'TpaRbHhlX CTpaHHhlX. qacTHU. 

v
0

-qaCTHU, KaK HMIIYRbC H 6h!CTpoTa, TaK~e 

KHHeMaTHqecKHX 

TaKHe napaMeTphl 

COJlep~aT Ba~HYIO 

HHCtJOpMaumo O B03MO~HhlX MeXaHH3MaX HX o6pa30BaHHH. TT03TOMY, 

6h!RH IIOCTpOeHhl HMIIYRbCHhle H 6h!CTpOTHhle pacnpeJleReHHH 

,HeA'TpaRbHhlX CTpaHHhlX qacTHU H C)leRaHhl pacqeThl 3TH~ CIIeKTpOB B 

paMKaX MO)leRH C nepepacceHHHeM aHHHrHRHUHOHHhlX Me30HOB. 
· 0 -4 

Pacnpe)leReHHH A H Ks, o6pa3yIOIUHXCH B p He aHHHrHRHUHH 

IIpH 0,6 f3B/c, IIO 6h!CTpOTe y = (l/2)•(E-pL)/(E+pL) (E_ -

3HeprHH, PL - IIpOJlORbHhlA' HMIIYRbC) B Ra6opaTOpHOA' CHCTeMe 

IIOKa3aHhl pHC.2. Cpe)lHHe 3HaqeHHH 6h!CTpOT paBHhl: 

<yA> = 0,07 ± 0,03 H <yK> = 0,35 ± 0,06. 

. 0 
AHaROrHqHaH pa3HHUa Me~JlY 6blc;rpoTHhlMH CIIeKTpaMH )lRH A H Ks 

Ha6RIO)laeTCH H B aHHHrHRHUHH aHTHIIpOTOHOB Ha H)lpax TaHTaRa IIpH· 

4 f3B/c H HeOHa IIpH 0,6 f3B/c. 3TO CBH)leTeRbCTByeT O pa3HhlX 

MexaHH3MaX po~)leHHH A-rHnepoHOB H K~~Me30HOB. 

N N 
I 

30 

20 

·10 

PHC.2. 

-0.4 0.0 0.4 
y 

PacnpeJleReHHH 

30 
A 

20 

10 

0.8 

v
0

-qacTHU, 

-0.8 0.0 0.8 
y 

o6pa3yIOIUHXCH 

1. 6 

B p4He 

aHHHrHRHUHH IIpH 0,6 f3B/c, IIO 6blCTpOTe. Pe3yRbTaThl pacqeTa IIO 

MO)lefH C nepep~cceHHHeM K-Me30HOB IIOKa3aHhl CIIROlliHOA' RHHHeA'. 
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AHaRH3 pacnpeJleReHHA' no 6hlcTpoTe B paMKax npeJlIIORo~eHHH 
0 . 

0 TOM, qTo V -qacTHUhl pOJlHRHCb IIpH "
0

HCIIapeHHH" HCTQqHHKa, 

o6pa30BaBmerocH B aHHHrHRHUHH aHTHIIpOTOHa Ha HeKOTopoA' MHllieHH 

( COCTOHIUeA' H3 ~JlHOro HRH HeCKORbKHX HYKROHOB), ,II03BORHeT H3 

qlfCTO KHHeMaTHqecKHX COOTHOllieHHA' onpe)leRHTb Macey TaKOA' 

MHllieHH. TaK. IIPH H3 yqeHHH pTa aHHHrHRHUHH IIpH 4 f3B/c 6h!R 

C)leRaH BhlBO)l, qTQ HMeeTr:!51 )lBa HCTQqHHKa A - IIOMHMO o6blqHhlX 

pN-B3aHMO)leCTBHA' Ha6RIO)laeTCH aHHHrHRHUHH aHTHIIpOTOHOB Ha 

MHllieHH H3 13 HYKROHOB. 

qT06hl npoBepHTb, MO~HO RH C IIOMOIUbIO nepepacceHHHH 

Me30HOB o6~HCHHTb pa3HHUY B 6h!CTpOTHhlX pacnpe)leReHHHX A~- K~ 

6h!RH BhlqHcReHhl CIIeKTphl HMIIY Rb COB H 6h!CTpOT. CqHTaROCb qTQ 

A-rHIIepOHhl o6pa3yIOTCH B JlByxcTyIIeHqaTOM npouecce IIpH 

nepepacceHHHH aHHHrHRHUHOHHhlX KaOHOB: 

p + N ➔ K + K + rr + .•• + rr, 

K + N ➔ A + rr. 
PacqeThl IIpOBO)lHRHCb nyTeM MO)leRHpoBaHHH C yqeTOM cpepMH

)lBH~eHHH HYKROHOB B H)lpe-MHllieHH H 3HepreTHqecKOA' 3aBHCHMOCTH 

ceqeHHH peaKUHH KN ➔ Arr. 

CpaBHeHHe IIORyqeHHRX HMIIYRbCHhlX H 6hlcTpOTHhlX cneKTpOB c 

3KCIIepHMeHTaRbHhlMH (pHC.2) IIOKa3aRO, qTo: 

1) YJlOBReTBOpHTeRbHOe OIIHCaHHe pacnpe)leneHHA' )lRH A MO~HO 

IIORyqHTb B - npe)lIIORO~eHHH, qTQ OHH o6pa3yIOTCH npH 

nepepacceHHHH K-Me3oHoB; 

2) xapaKT8pHCTHKH K~ xopomo OilHCh!BaIOTCH B npe)lIIOR0~8HHH 

06 HX o6pa3oBaHHH B 3R8M8HTapHOM aKT8 aHHHrHRHUHH aHTHIIpOTOHa 

Ha O)lHOM H3 HYKROHOB H)lpa. 

06pamaeT Ha ce6H BHHMaHH8 T
0

0T cpaKT, qTo 3KCII8pHMeHTaRbHO 

Ha6RIO)la8M08 MaROe 3HaqeHH8 6h!CTpOThl JlRH A-rHII8pOHOB 

IIORyqaeTCH IIpH yqeTe nepepacceHHHH K-M830HOB. To 8CTb HS 

Tpe6yeTCH BB8)l8HHH IIOHHTHH O KaKHX-RH6o MHOrOHYKROHHhlX 

KRaCTepax, KOTOphle CRY~HRH 6bl HCTQqHHKaMH A .. 

HMIIYRbCHhle pacIIp8Jl8R8HHH HeA'TpaRbHhlX 
-4 

o6pa3yIOIUHXCH B p He aHHHrHRHUHH B IIOK08, 

CTpaHHhlX qacTHU, 

IlOKa3aHhl Ha pHC.3. 

Heo6XO)lHMO OTM8THTb Ba~Hoe pa3RHqHe B CII8KTpax CTpaHHhlX 

9 



807 I 

::t" i I :s: 
E-< 
C) 60 «l 
::,0 

4011 
0 
t::: 
C) 

:s: 
::,-' 

20lli 
r .., 

0 

I:[ 
Q,) 

ill '0.03 
C'J 
:s: 
0 
0.. 
t::: 

'--" 

~ 0.02 
{) 
0 
::i:: 
E-< 
a: 
0 
0.. 0.01 
Q,) 

Ill 

0.0 

I 
KO 

I 
r -, S 

r ..., I 
I -1 

,-~ - I ~ 1 
I I 
I J 

I - l 

I 
I L, 

o.'2 0.4 0.6 
HMnyJibC (f3B/C) 

R 7] 

0.8 1.0 

R* 

PHC.3. HMnyJibCHhle 

pacnpe.ueJieHHH 

HeHTpaJibHhIX CTpaHHhIX 

qaCTHU, o6pa3yIDmHXCSI 
-4 B p He aHHHrHJISIUHH 

B nOKOe. 

PHC.4. HMnyJibCHhle 

pacnpe.ueJieHHH A, 

o6pa3yIDmHXCSI npH 

nepepacceSIHHH K, ~ H 
-* ' K H3 nepBHqHQH 

aHHHrHJISIUHH. 

0.00 I' { 1 , • , ', . '-y- , 
0.0 0.2 0.4 . 0.6 0.8 1.0 

HMnyJibC A (f3B/c) 

qacTHU. Pacnpe.ueJieHHe HMnyJihCOB A-rHnepoHciB SIBJISieTCSI 6onee 

"MSirKHM" (erci nHK npHXO,llHTC~ Ha O~JiaCTb 200-300 M3B/C), qeM 

10 

COOTBeTCTByIDmee pacnpe.ueJieHHe .UJISI K~-Me30HOB, KOTOpoe HMeeT 

nHK OKOJIO 400 M3B/c ( KaK H B pp aHirnrHJISIUHH). A B MO,ll8JIH 

aHHHrHJISIUH~ C o6pa30BaHHeM ~aHp6oJia C HeHyJieBblM 6apHOHHhIM 

qHCJIOM B = 1 npe.ucKa3h!BaeTCSI .upyraSI Ka pTHHa: o6a HMny JibCHhIX 

pacnpe.ueJieHHSI .llOJIJICHbl HM8Tb MaKCHMYMhl B o6JiaCTH .400 M3B/c H 

A-rHnepOHbl ,llOJIJICHhl HMeTb 60JiblliHH HMnyJibC, qeM K-Me30Hhl .. 

Pe3y'JibTaTbl pacqeTa HMnyJibC!loro cneKTpa A no MO,lleJIH C 

nepepacceSIHHeM aHHHrHJISIUHOHHhIX Me30HOB, npHBe,lleHhl Ha pHC. 4. 

HapSI.UY C nepepacceSIHHeM K-Me30HOB paccMaTpHBaJIHCb npouecchl C. 
-* , nepepacceSIHHeM ~ H K Me30HOB. BH.UHO, , qTo nepepacceSIHHe 3THX 

Me30HOB .uaeT BKJia,ll B pa3Hble o6JiaCTH HMnyJibCHoro cneKTpa 

A-rHnepoHOB. TaK. A OT 

o6JiaCTH MaJih!X 3HaqeHHH 

nepepacceSIHHSI K JieJKaT B OCHOBHOM B 
-* HMnyJibCa, Tor.ua· KaK K .uaIDT A C 

6oJiblliHMH HMnyJibCaMH OKOJIO 700 M3B/c. nepepacceSIHHe ~-Me30HOB 

.uaeT BKJia,ll B o6JiaCTb 400-500 M3B/c. CpaBHeHHe noJiyHeHHhIX 

cneKTpOB C 3KCnepHMeHTaJibHblM noKa3h!BaeT, qTo BKJia,ll .llBYX 

nocJie,llHHX npoueccoB He MOJKeT 6h!Tb 60JiblliHM H .uonoJIHHTeJibHO 

nO,llTBepJK,llaeT. qTo B HarneM 

MOJICHO 6h!JIO orpaHHqHTbCSI 

K-Me30HOB. 

TaKHM o6pa3oM; aHaJIH3 

cJiyqae 

yqeTOM 

npH npoBe.ueHHH pacqeToB 

TOJibKO nepepacceSIHHH 

TaKHX napaMeTpOB v0
-qacTHU, KaK 

HMny JibC H 6blCTpOTa. nO.UTBepl!C,llaeT Bb!BO.ll O TOM. qTo HaH60Jiee 

BepOSITHblM HCT_oqHHKOM A B aHHHrHJISIUHH aHTHnpOTOHOB Ha JierKHX 

H.Upax SIBJISIIDTCSI npoueccbl nepepacceSIHHSI aHHHrHJISIUHOHHhIX 

M830HOB. "MHrKOCTb" HMnyJibCHoro cneKTpa A-rHnepOHOB B 

coqeTaHHH co cpaBHHTeJibHO 60JiblliOH B8JIHqHHOH HX Bh!XO,lla MOJKeT, 

B npHHUHne, npHBO.llHTb K pocTy BepoSITHOCTH o6pa30BaHHSI 

rHnepH.uep. 

B qeTBepTOH rJiaBe npe.ucTaBJieHhl pe3yJibTaTbl H3yqeHHSI 
, . 0 

MHOJKeCTBeHHOCTeH 3apSil!CeHHhIX qacTHU B co6h!THSIX CV. 

Eh!JIH . nocTpoeHbl 

3apSil!CeHHhIX qacTHU B 

CTpaHHhIX qacTHU H .UJISI 

pacnpe.ueJieHHH no MHOJIC8CTB8HHOCTH 

co6h!THSIX C o6pa30BaHHeM He8TpaJibHhIX 

aHHHrHJISIUHH B noKoe 6h!JIH npoBe,lleHbl 

pacqeThl B npe.unoJioJKeHHH, qTo A o6pa3yIDTCSI B npoueccax 

nepepacceSIHHSI aHHHrHJISIUHOHHhIX K-Me30HOB. 
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Uenh pacqeTa 3aKnroqanacb B onpe.n:eneHHH auxo.n:a co6UTHH, B 

KOTOpux Ha6nro.n:aeTCH v 0 H HeCKORbKO 3apHJKeHHUX qacTHU. B 

paMKax cxeMu c nepepacceHHHeM K-Me3OHOB 

pN ➔ K K n ... n, 

KN ➔ An. 

MHOJKeCTBeHHOCTb 3apHJKeHHUX qacTHU 3aBHCHT OT Toro, CKORbKO HX 

o6pa30Banocb B nepBHqHOM aKTe aHHHrHnHUHH H KaK H3MeHHROCb 

3TO qHcno npH nepepacceHHHH K-Me30Ha Ha O,UHOM H3 OCTaBWHXCH 

HYKROHOB H.n:pa. Hcxo.n:HHMH .n:aHHUMH .n:nH pacqeTa HBRHIDTCH: 

1) BepOHTHOCTH aHHHrHRHUHH Ha npOTOHe W HRH HeHTpOHe W 
3 4 P n 

H3 H.n:pa He ( He); 

2) BUXO.UU KaHanoB c o6pa30BaHHeM napu KK c H3BeCTHUM 
+ - -qHcnoM n- B 3ReMeHTapHUX aKTax pp H pn aHHHrHnHUHH; 

3) BepOHTHOCTb KN nepepacceHHHH C o6pa30BaHHeM A, 

K~TopaH 6una onpe.n:eneHa npH pacqeTe auxo.n:oa A. 

Pe3ynhTaTU pacqeTOB pacnpe.n:eneHHH no MHOJKeCTBeHHOCTH .n:nH 

co6UTHH C o6pa3oBaHHeM A-rHnepOHOB npHBe.n:eHU B Ta6nHue 2 

COBMeCTHO C 3KCnepHMeHTaRbHUMH .n:aHHUMH. 

Ta6nHua 2. BuqHcneHHue H 3KcnepHMeHTanbHUe pacnpe.n:eneHHH no 

MHOJKeCTBeHHOCTH 3apHJKeHHUX qacTHU B co6UTHHX C A-rHnepOHOM 
· -3 -4 

.n:nH p He H p He aHHHrHRHUHH B noKoe ( B npoueHTax OT nonHOH 

BepoHTHOCTH aHHHrHnHUHH). 

PacqeT 

3KcnepHMeHT 

PacqeT 

3KcnepHMeHT 

3He 

4He 

1 

qHcno 3apHlKeHHUX qacTHU 

3 5 

0,14 ± 0,02 

0,16 ± 0,06 

0,15 ± 0,02 

0,22 ± 0,04 

12 

0,43 ± 0,07 

0,31 ± 0,08 

0,60 ± 0,09 

0,61 ± 0,07 

0,08 ± 0,01 

0,09 ± 0,04 

0,14 ± 0,02 

0,28 ± 0,04 

B npe.n:enax omH6oK Ha6nro.n:aeTcH xopowee cornacHe ~JlK.UY 

3KCnepHMeHTanbHUMH_ H auqHcneHHUMH pacnpe.n:eneHHHMH, T.e. yqeT 

nepepacceHHHH KaOHOB no3BORHeT o6~HCHHTb pacnpe.n:eneHHH no 

MHOJKeCTBeHHOCTH .n:nH co6UTHH C o6pa30BaHHeM, HeHTpanbHUX 

CTpaHHUX qacTHU. BaJKHO, qTo e.n:HHCTBeHHUMH HaqanbHUMH .n:aHHUMH 

.n:nH pacqeToB HBRHIDTCH BUXO.UU K-Me3OHOB B pN aHHllTHRHUHH H 

BepOHTHOCTb o6pa30BaHHH A-rHnepoHOB B npouecce nepepacceHHHH. 

B 3aKnroqeHHH KpaTKO c~opMynHpOBaHU rnaBHUe pe3ynbTaru 

Hccne.n:oaaHHH. 

1. nonyqeHU BepoHTHOCTH o6pa30BaHHH.HeHTpanbHUX CTpaHHUX 

qacTHU B aHHHrHRHUHH aHTHnpOTOHOB B noKoe Ha H,n:pax 

3He: Y(A) = (0,55 ± 0,11)•10-
2

, Y(K~) = (1,59 ± 0,20)•10-2 ; 

4He: Y(A) = (1,12 ±·0,12)•10-
2

, Y(K~) = (1,07 ± -2 0,11)•10 . 

. -4 
Onpe.n:enem1 ceqeHHH poJK.n:eHHH . 3THX qacTHU B p He aHHHrHRHUHH 

npH HMnynhce 0,6 f3B/c: 

a(A) = (3,67 ±_ 0,56) M6H, a(K~) = (3,90 ± 0,53) M6H. 

TaKHM o6pa30M, o6HapyJKeHO o6HnbHOe o6pa30BaHHe 

A-rHnepOHOB npH aHHHrHRHUHH aHTHnpOTOHOB B o6naCTH 3HeprHH 

3HaqHTenbHO HHJKe nopora o6pa30BaHHH A B 3ReMeHTapHOM axTe 

pN-aHHHrHRHUHH: BUXO.U A B peaKUHH , 3anpemeHHOH Ha O.UHOM 
0 

HYKROHe, OKa3anca cpaBHHMUM C BUXO,UOM Ks-Me30HOB, o6pa3oBaHHe 

KOTopux pa3pemeHo npH acex 3HeprHHX. 

2. H3yqeHU KHHeMaTHqecKHe xapaKTepHCTHKH HeHTpanhHUX 

CTpaHHUX qacTHU, 06pa3yromHXCH B aHHHrHRHUHH aHTHnpOTOHOB Ha 
4 . 

H,n:pax renHH. B p He npH 0,6 f3B/c Ha6nro.n:aeTCH 3aMeTHaH 

pa3HHUa B 6ucTpOTHUX pacnpe.n:eneHHHX A-rHnepoHOB H K~-Me30HOB, 

CBH,UeTeRbCTByromaH O pa3HUX MeXaHH3Max o6pa30BaHHH 3THX 

qacTHU. 

3. nonyqeHU pacnpe.n:eneHHH no MHOJKeCTBeHHOCTH 3apH~eHHUX 

qacTHU B co6UTHHX C o6pa30BaHHeM A-rHnepOHOB H K~-Me30HOB. 
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Cpe.nmrn MHmKeCTBeHHOCTH 3apmKeHHNX qacTHU B co6h!TH.HX C, v0 

IlpHMepHO O,llifHaKOBhl .UJI.H aHHHrHJI.HUHH Ha ir,npax 
3

He Ii 4
He H . He 

. 3aBHC.HT OT 3HeprHH aHTHilpOTOHOB. 
• _o,;'• 

AHaJIH3 3KcrtepHMeHTaJihHhIX .naHHhIX B paMKaX MO,UeJIH C 

nepe·pacce.HHHeM aHHHrHJI.HUHOHHNX Me30HOB IlOKa3aJI CJie,nyIOmee. 

4. 0Ka3aJIOCb B03MOXHhIM IlOJIYtIHT~ Y.UOBJieTBOpHTeJibHOe 

OTIHCaHHe HMTijJihCHhIX H 6~cTpOTHhIX pacnp~.ne~eHHA HeATpaJibHNX 

CTpaHHhIX qacTHU. 3KcnepHMeHTaJibHO Ha6JIIO,naeMoe Manoe 3HatieHHe 

611cTpOTN ,UJI.H A-rHnepOHOB y,naJIOCb BOCilpOH3BeCTH, orpaHHtIHBWHCb 

yqeTOM nepepacce.HHH.H TOJibKO R.cMe30HOB. To eCTb He Tpe6yeTC.H 

BBe.neHH.H TIOH.HTH.H O KaKHX-JIH6o MHOrOHYKJJOHHhIX' KJiaCTepax' 

KOTOpHe CJIYXHJIH 611 HCTOtIHHKaMH A, 

5. nepepacce.HHHe K-Me30HOB BHOCHT OCHOBHOA BKJJa.n B 

npouecc o6pa3oBaHH.H A-rHnepoHoB Ha .H,npax 3He H 4He. . 

6, cxeMa C nepepacce.HHH8M KaOHOB Il03BOJIHeT 06~.HCHHTb 

pacnpe,neJJeHHH no MHOXeCTBeHHOCTH 3ap.HxeHHHX tiaCTHU B co6NTHHX 
0 , 

C A~rHnepoHaMH. H Ks-Me30HaMH. 

Pe3yJJbTaThl nHccepTaUHH ony6JJHKOBaHhl B CJienyIOIDHX pa6~~ax: 
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F., Barbieri R., Bendiscioli G., Rotondi A., Salvini P., 

Zenoni A., Batusov Yu.A., Bunyatov S.A., Falomkin I.V., 

Pontecorvo G.B., Rozhdestvensky A.M., · Sapozhnikov M.G., 

Tretyak V.I., Guaraldo C., Maggiora A., Lodi Rizzini E., 

Haatuft A., Halsteinslid A., Myklebost K., Olsen J.M., 

Breivik F.O., Jakobsen T., Sorensen S.O.,· Study of low 

energy antiproton interaction with nuclei using a self 

shunted streamer chamber in a magnetic field, 

Proceedings of the IX International Seminar on High 

Energy Physics Problems, Dubna, 1988, D1,2-88-652, v.II, 

p.309. 
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