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B HacTosrmett pa6oTe npHeeneH aHanHa acfxllexTHBHbiX Mace KOM6HHauHA 

nap pa3HblX 'laCTHU: raMMa-KBaHTOB 0 TT O -M930HOB0 TT+ -M930HOB H 

+ 
npOTOHOB0 B03HHKa~UlHX npH CTOnKHOB9HHSIX TT -M930HOB C HMnynbCOM 

2,34 fse/c C HnpaMH KC9HOHa. na.lfbl TaK>Ke xapaKTepHCTHKH BTOpH'IHbiX 

npOTOHOB - 'laCTOTbl HX 9MHCCHH 0 pacnpeneneHHSI no yrnaM H no HMnynb-

caM. 

1. 0nHCaHH9 SKCnepHM9HT8 

-. 
B peaynbTaTe npocMoTpa CBbiWe 15000 cTepeocHHMKOB c 26-nHTpoeoA 

KC9HOHOBOA ny3blpbKOBOA K8M9pbl na6opaTOpHH BbiCOKHX 9H9pi'HSI 06'benH

H9HHOI'O HHCTHTYT8 srnepHblX HCCnenoBBHHA 6binO BbiQeneHO 420 cny'I89B 

rr+ - Xe- eaaHMoaeAcTBHA, pacnono>KeHHbiX B onpeneneHHoA ueHTpanbHOA 

o6naCTH K8M9pbl H conpOBO>KQa~UlHXCSI 9MHCCHeA no xpaAHeA Mepe OQHOI'O 

+ 
rr -MeaoHa, pacnaaa~merocH B xaMepe H HtteHTHciiHuHpyeMoro no Ha6n~-

naeMOA uenoqxe aapH>K9HHbiX nponyxToB pacnana rr+ ... P. + ... e + • · B 

9TRX C06biTBaK perHCTpRpOBanRCb T8K>K9 raMMa-KB8HTbl no Ha6n~naeMbiM 

M9KTpOHHO-ciiOTOHHbiM nHBHSIM 0 coanaHHbiM RMH 0 H npOTOHbl• npoTOHHbiMH 

C'IHTanRcb ace ~~~pHbie cnenbi0 oxaH'IllBa~mHecsr B xaMepe. Cpenx TaXHX 

cnenoe MOI'nH 6biTb T8K>Ke C03Q8HHbl9 apyi'HMH 38pSI>K9HHbiMH '18CTHIUlMH0 

8 
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B OCHOBHOM M9Jl119HHbiMH TT -MeaoaaMH. AaanHa noKaaan, OJlHaKo, 'ITO 

npHMeCb TSKHX He npOTOHHbiX C119Jl0B MOJKeT BbiCTynaTb JIHWb B npeHe6pe

JKHMO ManoA Jlone paccMaTpHBaeMbiX cnyqaeB. 

DnHHbi Ha6moJlaeMbiX cneJloB npoToHOB aaxoJlSITCSI B npeJlenax oT 5 JlO 

150 MM1 '19MY COOTB9TCTBYIOT HMnynbCbi npoTOHOB OT 200 JlO 575 MaBle. 

npo6erH aaperHCTpHpoEaHHbiX M9Jl119HHbiX 
+ 

TT ""'M930HOB COJl9pJKaTCSI B 

npe)lenax OT 5 JlO 120 MM H COOTBeTCTBYIOT JlHanaaoHy 3Ha'I9HHA HMnynbCOB 

rr+ -MeaoaoB oT 50 JlO 150 MaBle. faMMa-KBaHTbi1 aa6niO)laeMbie c 

nocToSIHHOA a«P«PeKTHBHOCTbiO, HMeiOT aaeprHH BbiWe aecKonbKHX M aB. DnH 

BCeX aTHX TT+ -Me30HOB H npOTOHOB1 a TaKJKe Jl1ISI raMMa-KBaHTOB HCD01Ib-

30BaHHaSI KaMepa SIB1ISieTCSI )leTeKTOpOM THna 4.TT • 

8cPcPeKTHBHOCTb HaXO)KJleHHSI C06hlTHA B npouecce npOCMOTpa COCTaB

nHeT 90% H He 38BHCHT npaKTH'IeCKH OT JlnHHbi cneJlOB BTOpH'IHbiX 'laCTHU 

B yKaaaaHoM JlHanaaoae JlnHH. 

HaMepeHHSI yrnoB aMHCCHH H JlnHH cneJlOB npoBOJlHnHCb aa MHKpocKo

nax IIeAcc-YMM H YHM-21. To'IHOCTb onpeJleneHHSI yrnoB aMHCCHH aapSIJKeH-

o 
HbiX cneJlOB 6bma He xyJKe 5 • To'IHOCTb onpeJleneHHSI Jl1IHH cneJloB cocTaB-

nSina 1 MM 0 'ITO COOTBeTCTByeT onpeJleneHHIO HMnynbCOB npoTOHOB C TO'I

HOC'rbi01 6nHaKoA 10%, npH HMnynbce 200 MaBle H c TO'IHOCTbiO oKono 1% 

npH HMnynbce 575 MaBle. AaanorH'rt'r!e JlaHHbie JlnSI rr+ -MeaoaoB: OWH6-

xa B HMnynbce oxono 20% npH 50 MaBle H oxo•·v .-':b npH 150 MaBle; 

111 
cpeJlHSISI TO'IHOCTb onpeJleneHHSI aaepi'HH I'aMMa-iU!~ TOB paBHa 20% H 

npaKTH'IeCKH DOCTOSIHHa Jl1ISI BCei'O JlHanaaoHa BCTpeqaeMhlX 3Ha'leHHA aHep

J'HAi cpeJlHSISI OWH6Ka H3MepeHHSI yrnOB aMHCCHH raMM8-KBaHTOB He npe-

o121 
BbiWaeT 2 o· 

2. 8KcnepHMeHTanbHbie LI8HHbie 

BcSI COBOKynHOCTb aKCnepHMeHTaJibHbiX )laHHbiX OTHOCHTCSI K JlBYM 

rpynnaM: K CBeJleHHSIM 06 acP$eKTHBHbiX Maccax KOM6HHaUHft nap pa3l!biX 

4 
J 

L 

BTOpH'IHbiX 'laCTHU H K CBe)leHHSIM1 KaCaiOWHMCSI xapaKTepHCTHK 

Hany'leHHbiX B HCcne)lyeMbiX peaKUHSIXo 

A. 8 «P «P e K T H B H bi e Mac c bi 

PacnpeJleneHHSI acP«PeKTHBHbiX Mace Ha KOM6HHaUHA nap 'lac 

TT O TT + 1 rr 0 p 1 y. TT + t y p t p p 1 rr+p, rr+rr + noKa3al!bi COOT] 

aa pH c. 1-7. B l!eKoTopbiX cny'laSIX pacnpeJleneHHSI CTpoHnHCb H• 

Jl1ISI BCeft COBOKynHOCTH HCCneJlyeMblX C06biTHft1 HO H OTJlenbHO l 

HOA rpynnbi C06biTHft C 'IHCJIOM BTOpH'IHbiX aapSIJKeHHbiX qaCTHU 

6onbWe Tpex. 8TO yKaaaHO Ha COOTBeTCTBYIOWHX pHCyHKax. Co6 

'IHCJIOM BTOpH'IHbiX aapSIJKeHHbiX npOJlYKTOB MOI'YT 6biTb HHTepnp 

peaKUHH TT+ -Me30HOB C KBa3HCB060JlHbiMH HyKnOHaMH SIJlep K 

npHBeJleHHbie I'HCTOl"paMMbi cpaBHHBaiOTCSI C COOTBeTCTByK 

JleneHHSIMH. CJiy'laii:HblX KOM6HHauHA 0 paCC'IHTaHHbiMH no MeTOJlY J 

HopMHpOBKa npoBOJlHnacb K nonHoMy 'IHcny aHanHaHpyeMbiX co61 

KaTeropHH. 

E. X a p a K T e p H C T H K H. n p o T 0 H 0 B 

B Ta6nHue npHBeJleHbi cpenHHe aHa'leHHSI HMnynbcoB npoToJ 

paTopHOA CHCTeMe KOOpJlHHaT H 3Ha'I9HHSI OTHOW9HHSI 'laCTOTbi H 

npoTOHOB Bnepe)l1 F t K 'laCTOTe H31IY'I9HHSI Ha3aJl, B t B 

'IHcny Noh aapSI JKeHHbiX BTOpH'IHbiX npoJlyKTOB Knaccax rr+- X 

Jl9ii:CTBHA. 

Ta6nHua 

Noh < 3 4-t6 7+9 

p (MaBle) 360:!:.20 348:!:.17 350:!;.15 322: 

F/ 
2,4:!;.0.2 1,6:!;.0, 2 

'B 
2,0:!;.0,2 

5 



·, 
"·r. 

BTOpH•UihiX 'laCTHU H K CBeJleHHSIM1 KaCaiOlliHMCSI xapaKTepHCTHK IIpOTOHOB1 

Hany'leHHhiX B HCCne)lyeMhiX peaKUHSIXe 

A. 8 <f> <f> e K T H B H hie MacChi 

PacrrpeJleneHHSI a<i><PeKTHBHhiX Mace H3 KOMOHHauHA rrap 'laCTHU 

17 0 17 + 1 17 0 p 1 y. 17 + 1 y p 1 p p 1 ~p, 17+17 + IIOKaaaHhi COOTBeTCTBeHHO 

Ha pHc. 1-7. B HeKoTophlx cny'laHx pacrrpeJleneHHSI cTpoHnHCb He TonbKO 

JlnSI BCeft COBOKYIIHOCTH HCCneJlyeMhiX COOhiTHH1 HO H OTJlenbHO JlnSI BhiJleneH- . 

HOH rpyiiiihi COOhiTHA c 'IHCnOM BTOpH'IHhiX aapSI>KeHHhiX 'laCTHU N ch He 

oonbllle Tpex. 8TO yKaaaHO Ha COOTBeTCTBYIOlliHX pHCyHKax. CoOhiTHSI C ManhiM 

'IHCnOM BTOpH'IHhiX aapH>KeHHhiX IIpOJlYKTOB MOryT OhiTb HHTeprrpeTHpOB8Hhi K8K 

/3/ 
-Me30HOB C KBa3HCBOOOJlHhlMH HyKnOHaMH Sl)lep KCeHOHa • peaKUHH 17+ 

flpHBe)leHHhie rHCTOrpaMMhi CpaBHHBaiOTCSI C COOTBeTCTBYIOIUHMH pacrrpe

JleneHHSIMH. cny'laHHhiX KOMOHHauHA 1 paCC'IHTaHHhiMH IIO MeTOJlY M OHTe-Kapno. 

HopMHpoBKa rrpoBOJlHnacb K rronHoMy 'IHcny aHanHaHpyeMhiX coohiTHH JlaHHoif 

KaTeropHH. 

B. X a p a K T e pH c T H K H rr poT o HoB 

B TaonHue IIpHBe)leHhl cpeJlHHe 3Ha'leHHSI HMIIynbCOB IIpOTOHOB B naoo-

paTOpHOH CHCTeMe KOOpJlHHaT H 3Ha'leHHSI OTHOllleHHSI 'laCTOThi Hany'leHHSI 

IIpOTOHOB BIIepeJl 1 F 1 K 'laCTOTe H3ny'leHHSI Ha3aJl1 
B 

1 B pa3HhiX IIO 

'IHCny Noh aapH >KeHHhiX BTOpH'IHhiX rrpOJlYKTOB Knaccax 17+- Xe -BaaHMo-

JleifCTBHH. 

TaonHua 

N ch < 3 4-t6 7-t9 10 

p (MaB/c) 360:!;_20 348:!;_17 350:!;_15 322:!;_20 
I</ 2,4:!;_0,2 1,6:!:_0,2 tiJ 2,0:!;_012 
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PacnpeJleneHHSI npoToHoB no HMnynbcaM H no yrnaM B n.c,K. B Knac

cax co6hiTHA C pa3HhiM lfHCnOM 3apsrJKeHHhiX BTOpH'IHhiX npOJlYKTOB noKa3aHhi 

Ha pHC, 8 H 9 COOTBeTCTBeHHO, 3aBHCHMOCTb cpeJlHei'O lfHCna npOTOHOB 

jj t H3nyqaeMhiX BO B3aHMOJleACTBHSIX 
p 

11 +- Xe npH 2,34 faB/c, OT lfHCna 

N ch noKaaaHa Ha pHC, 10. 

3. 06cymneaHe peaynbTaToB 

Ha conocTaBneHHSI nonylfeHHhiX Ha onhiTe pacnpeJleneHHA a<f><jleKTHBHhiX 

0 
Mace rr p -, y TT + -, y p -, p p -, TT + p -, TT + TT - -KOM6HHauHA 

C pacnpeJleneHHeM COOTBeTCTByJOIUHX CnyqaAHh~X KOM6HHaUHA cneJlyeT, 'ITO 

HeT yKa3aHHA Ha CyiUeCTBOBaHHe <!JH3HlfeCKHX KOppenSIUHA B HCCneJlyeMhlX 

KoM6HaauHsrx nap qaCTHU. B pacnpeJleneHHH 11 ° 11 + -KOM6HHaUHA HMeeTCSI 

npeBhlllleHHe lfHCna cnyqaeB Hall $OHOM B o6naCTH MaCChi p + -Me30Ha, 

3To npeBhiWeHHe 6onee lf~TKO ua6nJOJlae'!CSI B Knacce co6hiTHA c N < 3 • 
ch -

CpeJlHee aHalfeHHe HMnynbca npoToHoB He aaeHCHT B npeJlenax owH6oK 

OT N ch H COOTBeTCTByeT KHHeTH'IeCKOA 9Hepi'HH npoTOHOB, npH6nH3H-

TenbHO paBHOA nonOBHHe MaCChi nHoHa, 0CHOBHaSI JKe lfaCTb npOTOHOB, Hany-

·-qaeMhiX B aeHcnapHTenbHoA cTaJlHH HccneJloBaHHhiX "+ - Xe -B3aHMOJleitcT-

BRA c N > 3 
ch 

, HMeeT HMnynbChl B npeJlenax 200-575 MaB/c (pRe, 8), 

3TO MOJKeT yKa3hiBaTb Ha TO 06CTOSITenbCTBO, 'ITO npOTOHhi H3nyqaJOTCSI B 

OCHOBHOM BCneJlCTBHe JlBYXHyKnOHHOI'O nornoiUeHHSI MeJlneHHhlX nHOHOB BHyT

pH SIJlpa, 3TOT BhiBOJl, KaJKeTCSI, noJlTBepJKJlaeT peaynbTaT HCCneJlOBaHHSI 

o + X 
HMnynbCHOI'O pacnpeJleneHHSI TT -Me30HOB 0 o6pa3oBaHHhlX B TT - e -B3aH-

/2,3/ 
MOJleACTBHSIX npH 2,84 faBle • l1MeHHO npH BOapaCTaHHH Noh HMnynbc-

HhiA cneKTp 
0 

TT -Me30HOB Bee 6onbWe CMeiUaeTCSI B o6naCTb ManhiX HM-

nynbCOB, H3 KOTOpOA nHOHhi oco6eHHO HHTeHCHBHO nornoiUaJOTCSI BHyTpH 

/5/ 
SIJlpa 

6 
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1'1 rt•r( ft1eV) 

+ 
PHc. 1. PacnpeJleneHHe a¢<f>eKTHBHbiX Mace KOM6HHaUHA 17 -MeaoHoB c 

0 
HMnynbcaMH 50-150 Mas/c H 17 -MeaoHoB. ll1TpHxosoA nHHHeil: npeJlcTasne-
Ho COOTBeTCTBy~mee pacnpeJleneHHe, OTHOCHmeeCH K Knaccy B3aHMOJleii:CTBHil: 

c Ncb ::5.. 3 • nnaBHOA nHHHeil: o6oaHa'l:eH <PoH, paCC'IHTaHHbiA no MeTOJlY 
MoHTe-Kapno. PacnpeJleneHHH saaHMHO HopMHpoBaHbi. 

8 
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M, 

PRe. 2. PacnpeJleneHHe ~eKTHBHbiX Mace KoM6RHauHA npo~ 
caMH 200-575 Mas/ c H rr -MeaoHoB. ll1TpHXOBOil: nHHHeA nJ: 
npeJleneHHe JlnH Knacca co6bJTHA c Nch~3 • nnaBHOA nHHR 
<f>oH cny'laii:HbiX KOM6RHauRAo PacnpeJleneHHH BaaHMHO HOpMI! 

9 
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1080 1200 1320 IHO 1560 1680 1800 1910 1040 1160 

M,p {MeV} 

PHC. 2. PacrrpeaeneHHe ~eKTHBHbiX Mace KOM6HH8UHA IIpOTOHOB C HMIIynb
CBMH 200-575 Maa/c H rr -MeaoHoa. llfTpHxoaoA nHHHeA rrpeacTaaneHo pac-
rrpeaeneHHe ansi Knacca C06biTHA c Ncb -;;..3 • nnaBHOA nHHHef!: o603H8'19H 
<fJoH cnyqaftHbiX KOM6HH8UHf!:. PacrrpeaeneHHH B38HMHO HOpMHpOBSHblo 
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N 

100 

so 

.... 

140 

, 
I 
I 
I 
I 

100 

-N=3t,7 

---N•I!J9 

150 300 350 500 

+ PHc. 3. PacnpeaeneHHe s4xileKTHBHbiX Mace KoM6HHauH'I 11 -MeaoHoB c 
HMnyn&caMH 50-150 Mss/c H raMMa-KBaHTOB c sHeprHHMH 6on&we 10 MsB. 
llJTpHxoso'l nHHHeft npeacTasneHo pacnpeaeneHHe, nonyqeHHoe npH Hcnon&

aosaHHH raMMa-K~HTOB1 KOTOpbie B KOppenHUHSIX nap raMMa-KBBHTOB He 
o6pa3yiOT MaCC 77 -Me30HOB B npHHS!TbiX npeaenax OWH60K. nnaBHOft KpH-
BOfl: Hao6palKeH cl>oH, paccqHTaHHbifl: no MeTOJlY MoHTe-Kapno. PacnpeaeneHHH 
BSaHMHO HOpMHpOBaHblo 
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PHc. 4. PacnpeaeneuHe s4xllexTHBHbiX Mace KoM6HuauHA npoTo 
caMH 200-575 Mss/c H raMMB-KBBHTOB c sueprHHMH 6on&we 
xosoft nHHHeft npeacTasneHo pacnpeaeneuHe, nonyqeHHOe npH 
nHWb T9X raMMa-KBaHTOB1 KOTOpbie B KOppenHUHSIX nap raMM 

o6pa3yiOT MaCe 11° -Me30HOB B rpaHHUaX npHHSITbiX OWH60Ko 
soft o6oauaqeu cl>oH, paccqHTaHHbiA no MeTOJlY MoHTe-Kapno. 
B38HMHO HOpMHpOBaHblo 
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PHc. 4. PacrrpeneneaHe sciKPeKTHBHbiX Mace KOMOHHauHA rrpoTOHOB c HMrrynb
caMH 200-575 Mss/c H raMMB-KBBHTOB c saeprHSIMH 6onbllle 10 Mss. lliTpH
xosoA nHHHeli rrpencTaeneao pacrrpeneneaHe, rronyqeaaoe rrpH acrronb3oBaHHH 
nHIIIb T9X raMM8-KB8HTOB1 KOT0pbi9 B KOppenSIUHSIX nap raMMa-KBaHTOB He 

o6pa3yiOT MaCe 11° -M930HOB B rpaHHUaX rrpHHSITblX OIIIHOOKo ilnaBHOI KpH
BOli o6oaaaqea ¢oa, paccqaTaHHbiA rro MeTony MoaTe-Kapno. PacrrpeneneHHSI 

B38HMHO HOpMHpOB8HMo 
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N 
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1880 2000 1100 

N-1678 

N=59 

liDO 

Hpp {H•V) 

Prw. 5. PacnpeaeneHHR s4Mf>eKTHBHbiX Mace KOM6HHauHA nap npoToHoB. lllTpH
~osoA nHHHeA 0603HaqeHo pacnpeaeneHHe, OTHOCRmeecsr K B3aHMOJleACTBHRM

0 
B KOTOpblX qHcno Ha6moaaeMbiX npOTOHOB paBHO 2. DnaBHOA nHHHeA npea

CTaBneH <fJoH, paccqHTaHHbiA no MeToay MoHTe-Kapno. PacnpeaeneHHR saaHM
Ho HOpMHpOBaHblo 
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PHc. 6. PacnpeaeneHHe a¢xjleKTHBHbiX Mace KoM6HHauHA 17 

HMnynbcaMH 50-150 Mas/c H npoTOHOB c HMnynbcaMH 200 
HOA nHHHeA npeJlCTasneH <fJoH cnyqall:HblX KOM6HH8UHA, pace 
TOllY MoHTe-Kapno. PacnpeaeneHHR saaHMHO HOpMHposaHb~ 
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Hi; (lfrV) 

+ 
PHc. 6. Pacrrpe.oeneHHe s¢4leKTHBHhiX Mace KOM6HHauHA TT -MeaoHOB c 
HMrrynbcaMH 50-150 MaB/c H IIpOTOHOB c HMIIynbCSMH 200-575 MaBle. nnaB
HoA nHHHeA rrpe.OCTaBneH ¢oH cnyqaitHhiX KOM6HHSUHA 1 paCC'IHTaHHhiA IIO Me
TO.lly MoHTe-Kapno. Pacrrpe.oeneHHSI B3aHMHO HopMHpoBaHhi. 
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Nl I 

180 3110 •oo 
l'ln•{MtV} 

+ c. 7. Pacnpe.aeneHHe a<IKPeKTHBHbiX Mace KOM6HHaUBA nap IT -M930HOB. 

8BHOil: nBHHeil: npe.acTasneH «JloH cny'laAHbiX KOM6HH8UHA
0 

paCC'IHTaHHbiA DO 
To.ay MoaTe-Kapno. Pacnpe.aeneHHH B3aHMHO HOpMHpoBaHbi. 

14 

• 

Nl 1 
. ., 

i 
I I i 

i 
i 
i 
I 

100 f I --- 4'Nc.,,6 N~369 

- 7(,NcH(,9 N~H5 

NcH~ 10 N•96 

~0 

~ ~ m m m ~ m ~ m m ~ 

PptAB (MeV/c) 

PHc. 8. Pacnpe.aeneHHH npoToHOB no HMnynbcaM BIT+ Xe - saaHMo.aeAc· 
c pa3Hb!MH N ch npH 2,34 ras/c. Pacnpe.aeneHHH B3aHMHO HOpMHpo 
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PHc. 9. YrnoBbie pacnpeJJeneHHSI npoTOHOB c HMnynbCaMH B npeJJenax 

200-575 Mss/c, HanyqaeMbiX B paanH'IHhiX no N ch xnaccax saaHMoJJelcT-

BHlt IT+ Xe npH 2,34 ras/c. PacnpeJJeneHHSI B3SHMHO HOpMHpOB8Hblo 
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PHc. 10. 3asHCHMOCTb oT Noh cpeJJHero 'IHcna npoTOHOB1 nP 1 C HM-

nynbCSMH s npeJJenax 200-575 Mas/c. 
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