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B Jla6oparnpnn BLICOKHX 3Heprn:tt OMRM IIQZ(po6Ho nccJie,nyroTCH rrponeccLI B3a

HMo.n;eil:cTBHH IIpOTOHOB H JierKHX H.n;ep C HMIIYJIJ,COM 4, 2 f3B/c Ha HYKJIOH C pa6mmM 

BelI.leCTBOM rrporraHOBOil: KaMepLI, T.e. C H.n;paMn BO.n;opo.n:a H ymepQZ(a. 

qacTnnLI, KoTopLie rrpnHHJIH yqacTne B rrponeccax CHJIJ,Horo B3aHMo.n;eil:cTBHH, rrpn~ 

HHTO Ha3LIBaTb qacTnnaMn-yqacTHnKaMn, a Bee ocTaJibHLie - qacTnnaMn-HeyqacTHHKa

Mn (qacTnnaMn-Ha6mo.n;aTeJIHMH, crreKTaTopaMn.) B .n;aHHoil: pa6oTe rro.n: rroHHTHeM 

"cneKTaTopLI" Bcer.n;a 6y.n;eM HMeTI, B BHJlY TOJIJ,KO cneKTaTOpLI OT HaJieTarom;ero H.n;pa. 

TaK KaK B 3KcnepnMeHTe rroJiyqnTb qi1rnnqecKHe pacrrpe.n;eJieHHH TOJIJ,KO .n;JIH qacTnn

HeyqacTHHKOB B lJHCTOM Bn.n;e HeB03MOHtHO, TO HCIIOJIJ,3YIOTCH HX pacrrpe.n;eJieHnH, IIO

JiylJeHHLie TeopeTHlJeCKHM paclJeTOM. 

B pa6oTax (1,2) IIOJiylJeHLI paclJeTHhle pacrrpe.n;eJieHHH .n;JIH HMIIYJIJ,CHhlX xapaKTe

pHCTHK rrpoTOHOB ncrrapeHHH OT H.n;pa - MHilleHH yrJiepo.n;a H rrpOTOHOB-CIIeKTaTopoB OT 

H.n;pa - cHapH.n;a ymepo.n;a • 

.ll:JIH Bhl.n;eJieHHJI rrpOTOHOB-HeyqacTHHKOB B H.n;epHhlX B3aHMo.n;eil:CTBHHX rrpn HM

rryJIJ,ce rryqKa 4, 2 f3B/c Ha HYKJIOH B pa60Tax rrporraHoBoil: KOJIJia6opannn ncnoJI1,-

3yroTCH CJie,nyrom;ne XapaKTepHCTHKH BTOpH'IHhlX IIpOTOHOB ( Jia6opaTopHaH CHCTeMa 

OTCqeTa): 

a) .ll:JIH Me.n;JieHHhlX IIpOTOHOB, o6pa30BaHHhlX OT B036ym,n:eHHhlX H.n;ep yrJiepo.n;a, rrpn

MeHHIOT ycJIOBHe: HMIIyJIJ,C IIpOTOHa ncrrapeHHH MeHbllJe 0, 30 f3B/c, 

6) .ll:JIH 6LICTphlX rrpOTOHOB rrpnMeHHIOT ycJIOBHH: HMIIYJibC rrpoTOHa 60JIJ,Ille 3, 0 f3B/c 

n yroJI 0 MeHI,nre 4° [3). 
Mem,n:y HMIIYJIJ,CaMH n yrJiaMn 6bICTphlX rrpOTOHOB-HeylJaCTHHKOB nMeeTCH KHHeMaTn

lJeCKaH 3aBHCHMOCTb (2). O.n;HaKO rrpn aHaJIH3e 3KCIIepnMeHTaJIJ,HO:li q>H3HlJeCKO:li HH

q>OpMannn 3aBHCHMOCTI, HMIIyJIJ,C - yroJI He BB0.1J:HJiac1,. TaKJKe OTMeTHM, lJTO BeJIHlJHHhl 

0, 30 f3B/c (.n;JIH Me.n;JieHHhlX rrpoToHoB ncrrapeHnH), 3, 0 f3B/c n yroJI 0 MeH1,nre 4° 
(.n;JIH rrpOTOHOB-crreKTaTopOB) 6bIJIH IlOJiyqeHhl paclJeTHhlM crioco6oM. HaJIHlJHe 60JIJ,

nroro 3KcrrepnMeHTaJIJ,Horo MaTepnaJia nporraHoBoil: KOJIJia6opannn II03BOJIHeT yToqm1T1, 

HCIIOJib3yeMLie BeJIHlJHHI,I .ll:JIH Bhl.n;eJieHHH rrpOTOHOB-HeylJaCTHHKOB, orrpe.n;eJIHTJ, 3aBH

CHMOCTI, HMIIYJIJ,C - yroJI, 6oJiee rro.n;po6Ho H3YlJHTb cocTaB qacTnn-crreKTaTopoB. 

IloJiylJeHHLie pe3yJIJ,TaThl .n;aroT B03MOJRHOCTI, BHeCTH yToqHeHJIH .n;JIH OT6opa qacTnn

yqacTHHKOB B H.n;epHhlX B3aHMo.n;eil:CTBHHX. 

2. MeTO,n;HqecRHe oco6eHHOCTH 3RCnepHMeHTa 

.ll:JIH aHaJIH3a 6bIJIH HCIIOJlb30BaHhl H.n;epHhle B3aHMO.n;eil:CTBHH, IIOJIY'IeHHhle C IIO

MOJIJ;I,IO .zniyxMeTpOBOil: rrporraHOBOil: IIY3hlpbKOBOil: KaMephl, o6eyqeHHOil: Ha CHHxpoqia-

30TpoHe OMRM rrpn HMIIyJIJ,ce 4, 2 f3B/c Ha HyKJioH. KoHKpeTHo, B .n;aHHOil: pa6oTe 

IIpOBO.n;HJICH aHaJIH3 B3aHMO.n;eil:cTBn:tt, IIOJIY'IeHHLIX rrpn .zniyx o6JiyqeHJIHX rrporraHOBOil: 

KaMephl: rryqKOM IIpOTOHOB H H.n:paMH ymepo.n;a. 

TolIHOCTH H3MepeHnil: HMIIYJIJ,Ca BTOpH'IHLIX qacTnn B cpe.n;HeM 12% H ymoB 



0, 5° [4] 
1
• Ofo.J'IHO Ha BeJIB'IHHY 0THOCHTeJibH0H orun6KH HMllJJibCa 'laCTilD;hl H3 B3an

MO,n;eii:CTBHJI HaJiaraJI0Cb Tpe6o»aHne, 'IT06hl 0Ha 61.JJia He 6oJiee 30%. EcJIH B pe3JJib

TaTe ,n;ayx HJIB Tpex Il3MepeHHfi 0TH0CHTeJibHaJI omn6Ka 61.JJia 60Jibille 30%, TO TaKoe 

H3MepeHHe HMllJJibCa B ,n;aHH0M co61.JTilll 0CTaBJIHJI0Cb. O,n;HaKO TaKnx Il3Mep~HH.H 61.JJIO 

0TH0CHTeJibH0 HeMHoro. 1IacTO BCTpe'IaJIIlCb K0p0TKne TpeKH, y K0T0phlX HMIJJJibC 110 

KpHBH3He TpeKa HeB03M0JRH0 61.JJIO H3MepnTh. B ,n;aHH0.H pa6oTe 3Tll TpeKH B pacqe_Thl 

He BKJl!O'laJIBcb. Bee 0Tpnu;aTeJibHhle 'laCTHD;hl C'IRTaJIIlCI, 71"-MHHYC Me30HaMH, ll0JI0-

JRHTeJibHhle qacTHI{hl C HMllJJibC0M 60JI1,rue 1, 0 raB / C C'IRTaJIIlCb npoT0HaMH ( npnMeCb 

71"-IIJII0C Me30H0B cpe,n;n HHX C0CTaBJIHeT 0K0JI0 16%). 

3. YrJionoe pacrrpe.n;eJieHHe crreRTaTopoB 

IlpoTOHhl-CIIeKTaTophl BO B3aHM0,n;efiCTBHJIX yrnepo,n; + nponaH HarJIH,ll;H0 M0JRH0 

BH,n;eTb B »n,n;e 6oJibruoro nnKa B pafioHe 4 raB/c Ha pnc.l, Ha K0TopoM npn»e,n;eHo 

HMIIJJibCHoe pacnpe,n;eJieH.ne qacnIu; B yrne O - 1 ° » Jia6opaTopHofi cncTeMe. 
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P.nc. 1. llMIIJJihCHoe pacnpe,n;eJieHHe npoT0H0B H3 B3aHMo,n;eficTBHH yrnepo,n; + 
nponaH npn 4,2 raB/c Ha HJKJI0H Byrne O - 1 rpa,n;yca 

(Jia6opaTOpHaJI CHCTeMa) 

I )],JIJI qacTnu-cneKTaTopoB TO'IHOCTb naMepeHHJI yrJIOB 61ma JIY'!Ille 0, 5°. 

2 

IlpoToHhl B nnKe rpynnnpyIOTCJI a6JIH3H 3H'aqeHHJI 4 raB/c 2 • Cnpaaa OT 60JI1,ruoro 

lll!Ka npoT0H0B-CIIeKTaTopoB Ha pnc. l M0JRH0 3aMeTRTI, pa3MhlThlll MaKCHMYM B patl.oHe 

8 raB/c n MaJI03aMeTHhltl. 3 npn BeJIIl'IRHe 12 raB/c.' . 

IlpHMJ!O, K0T0paJI coe,n;nH.lleT 'laCTilD;hl ,n;o B3aHMO,D;eHCTBilJI, ycJI0BH0 Ha30BeM 6aao

B0tl.. CneKTaTOphl B Jia6opaTopHotl. CHCTeMe JieTJIT B J3K0M K0Hyce B0Kpyr HanpaBJieHHJI 

qacTilD;hl-CHapJI,n;a. Ilpnae,n;eM 3aBHCHM0CTb IlMllYJibCH0ro pacnpe,n;eJieHnJI np0T0H0B

cneKTaTOp0B OT yrna B » Jia6opaTOpHofi cncTeMe ( pnc.2). Iliar no yrny 61.JJI B3JIT 

paBHhlM 0, 5°. lf3 npHBe,ll;eHHhlX pncyHK0B Bll,ll;H0, 'ITO q:u:cJI0 np0T0H0B-CIIeKTaTopoB 

II0CTeneHH0 HapacTaeT, ,ll;0CTnraeT MaKCHMyMa ,ll;JIH yrno» B = 0, 5 - 1, 5° n ll0CJie yrna 

0, pa»Horo 3°, yMeHbmaeTcJI. floxm1me rpaqmKn 6mm noJiy'leHhl, ecJin npn nocTpoe-
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Pnc. 2. 3aBRCHMOCTI, HMIIYJibCHoro pacnpe,n;eJieHHII rrpoT0H0B OT BeJIIl'IIlHhl 

npocTpaHCTBeHHoro yrna (Jia6opaTopHaJI cncTeMa) 

2TeopeTH'IeCKHe pac'!eTLI, c.neJiaHHlle Ha OCHOBe [2], noKa3llBaIOT, 'ITO npn BBJIH'IHHe HMnyJibCa 

TO'IH0 paBHoro 4, 2 r3B/c cneKTaTOpOB HeT (Ha30BeM 3TO JIBJieHUe "npoBaJIOM"). lfro61,1 cneKTaTopy 

UMeTJ, UMnyJibC, paBHlllt 4, 2 r3B/c, eMy HYJKH0 B CUCTeMe noKOJI HaJieTa10mero 11.npa UMeTI, UMilYJibC 

paBHUlt HYJIIO. O.nttaKO nJIOTHOCTb aepoJITHOCTH cneKTaTOpy HMeTb UMilYJibC paBHlllt HYJIIO TOJKe 

paaHa HYJIIO. Ha-aa OlllU60K U3MepeHUlt TpeKOB B nponaHOBOlt KaMepe "npoaaJI" B HMnyJibCHOM 

pacnpe.neJieHUU npoTOHOB He BH)l.eH. B pH.ne npHBO.D.HMUX .naJiee rpa<f>HKOB MOJKHO Jllllllb yan.neTb 

yKaaaHHe Ha "npoaaJI" B HMnYJibCHOM pacnpe.neJieHHH npOTOIIOB-cneKTaTopoa. 
3EcJIH cTpOHTb pacnpe.neJie111111 He no aeiiH'IHHe 11MnyJI1,ca, a no 6ucTpoTe p =In~. To MaKrH-

MyMu npoJIBJITCJI JIY'Illle. KcTaTH, BeJIH'IHHa y (no <l>eltHMaHy), paanaJI y == 0, 5 *In~~:::, JIBJIJleTC.Jl 

T0JlbK0 npo.D.0JlbH0lt K0Mn0HeHT0lt 6ucTpOTU. 

3 



Hllli pacnpe.n;eJiem1fi BMeCTO yrna () 6LIJia HCnOJih30BaHa BeJIH"lHHa cos() (3TH pHCYHKH 

He npHBO)I.IITCR). 

.LlJI11 aHaJIH3a qacTHI{, KOTOphle Ha pHc. l HaXO)I.IITCH capaaa OT mrna, o6pa30BaHHOf0 

npoTOHaMH-cneKTaTOpaMH (pafioH 4, 2 f3B/ c), BOCllOJIL3yeMCR BeJIH"lHROH 1 / p ( o6paT

Ra.H BeJIH"lHRa HMIIYJILca), a pe3yJILTaT apHBe.n;eM Ra pHc.3. lJaCTHl{hl ,!l;Jl11 rpacpmm 

6LIJIH OT06paHh! H3 o6JiaCTH () :5 4° 4
• Ha pHc.3 xoporno BHJJ;eH npaBh!H IIHK (npOTOHhl

ClleKTaTOphl) H JieBLifi IIHK (.n;eli:TpOHhl-ClleKTaTOpLI). CTpeJIKaMH yKa3aHh! 3Ha"leHHH 
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1/P 
PHc.3. Pacnpe.n;enenHe qacTnn 110 o6paTHOH BeJIH"lHHe HMnyn1,ca. (yroJI Mem,rne 4 

rpa.n;ycoa) · 

BeJIH"lHH 1/p ,!l;Jl11 TpHTHH (t), .n;efiTepHH (d) n: npOTOHOB (p) - Bee cneKTaTOphl 5
• Ha 

pn:cynKe 4 np,rne,n;eHh! pac11pe,n;eJieHHH BeJIH"lHH 1/p B 3aBHCHMOCTH OT yrna () C rna

roM 0, 5° B Jia6opaTopnott CHCTeMe. Jfa pHCYHKOB Bll,!l;HO, KaK 11pI1 B03pacTaHIIII yrna 

IIC"le3a!OT .n;eitTpOHLI-ClleKTaTOphl (nx MaKCHMYM npn 0, 5 - 1 ° ), a TpIITHit-ClleKTaTOp 

n:cqe3aeT ern:e 6LicTpee ( ero MaKcn:MyM 11pn: 0 - 0, 5°). TaK KaR yrnoaoe pacnpe

.n;enenne n.n;ep Tpn:nrn-cneKTaTopoB xapaRTepn:3yeTCR o"leHL MaJILIMH yrJiaMn (no cpaB

neRnIO C aHaJIOfH"lHh!Mll pac11pe,n;eJieHHHMH ,!l;Jl11 ,n.eitTepnn ll llpOTOHOB-ClleKTaTopoB)' 

TO IIOJie3HO ,ll.Jl11 6oJiee "leTKOfO Bh!,n;eJieHHH n.n.ep TpIITIIH paCCMOTpeTL HX yrnoaoe pac

rrpe,n.eJienn:e c 6onee MeJIKHM rnaroM no yrny. Ha pn:c.5 (mar 60 = 0, 1°) rnn:poKHit 

MaKCIIMYM ,ll.Jl11 n,n.ep TPIITIIH BH,ll.eH Jiyqrne. 

4 Iloxoi,mlt rpa<f>HK (no ,!IJIJI 05, 5°) 6UJI npHBe,11ea B (5] npH HCCJie,llOBaHHH <f>parMeHTallHH Jl,llep. 

5 BennqHHl,I 1/p, yKa3aHHUe CTpenKaMH, COOTBeTCTByIOT HMilYJihCY nyqKa 4, 2 r3B/c Ha HYKJIOH. 

4 

60~--------- 60~--------~ 

~ l~ ...... I ~ l.~,L...1 N60 0-0.5• 60 2-2.s• 

0 0.1 0.2 0.J 0.4 0.5 0 0.1 0.2 0.J 0.4 0.5 

60 .---------~ 60 

~ l~::.J ~ L~_I 
0 0. 1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.J 0.4 0.5 

El~ I El ,_,~ I 
0 bW O I l~AdD 

0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 O.J 0.4 0.5 

80 . 80 

~t~~_1 ~L~j 
0 0.1 0.2 0.J 0.4 0.5 0 0.1 0.2 0.J 0.4 0.5 

1/P 
Pnc.4. 3aBHCHMOCTh pac11pe,n.eJieHHH qacTHI{ 110 o6paTHOH BeJIH"lHHe lIMIIYJILCa 

OT 11pocTpaHCTBennoro yrna (na6opaTopHa.n CHCTeMa) 

J,fa pac11pe,n.eJieHIIH Ra pnc.4 MOJKHO oneHHTh COOTROnieHHe n,n.ep p : d : t B pa3-

JIIl"IH!,IX yrJIOBh!X IIHTepBaJiax. Ho npelK,ll.e Ra,n.o oneHHTh ,!l;OJIIO rrpnMeCH n.n;ep MeJK.n;y 

co6oli:. chy Ol{eHRY y,n.aJIOCh 11poBeCTH B yrnax () OT 0° ,n;o 4 °. 

3a o6JiaCTII, OTHOCHrn:HeCR R cneRTaTopaM, 6LIJIII B3HThl HHTepBaJihl : 

,[(JIH p 1/p = 0, 19 - 0, 28, 
.n.JI11 d 1/p = 0, 09 - 0, 14, 

;l'l;IDI t 1/p = 0,06 - 0,09. 

fpaHH"lHLie 3Ha"leHHH 1/p ,n.JI11 crreRTarnpoB 6LIJII1 onpe,n.eneRLI Ha ocHoBe 1/p pacrrpe

.n;eneHIIH ,!l;Jl11 yrJIOB 0- o, 5°. B o6JiaCTII 3THX yrJIOB CIICKTaTOphl BLI,n;eJI1110TCH HaH6oJiee 

"ICTRO. 3aTeM ,ll.JIH p, d, t B 3TOM yrJIOBOM IIHTepBaJie pac11pe,n.eJICHHH cneRTaTopoB an

npoRCHMHpoBaJIHCh COBMCCTHO TpeMH KpIIBhIMlI faycca C noMorn:1,10 MIIHHMlI3Hpyroru:eli: 

nporpaMMLI MINUIT • .ll:JI11 yrnoB O - 0, 5° ,n.JI11 p, d, t-cneRTaTOpoB 6LIJIH nony'leHLI 

BeJilI"llIHhl RX cpe,n.HIIX 3Ha"leHHfi 1/p lI COOTBCTCTBYIOIIlHe .n.ncrrepcnn : 

.D.JI11 p cpe,n.Hee x = 0, 236, u = 0, 036, 

,n.JI11 d cpe,n.Hee x = 0, 122, u = 0, 019, 

,n.JI11 t cpe,n.Hee x = 0,077, u = 0,010 . 

Cpe,n.Hne BeJIIl"lIIHhl X lI ,ll.IICllepcnn u ,ll.JIH yrJIOB O - 0, 5° 6LIJIH B3HThl RaR 6a30BhIC 

,ll.Jl11 OCTaJILHhIX yrJIOBhIX lIHTepBaJIOB (0, 5 - 4°). 83alIMHhle npnMecn cneRTaTOpOB nc

CJie,n.oBaJIHCh BHYTPH HRTepBaJia OT ( x - 3u) .n.o ( x + 3u) ,ll.JIH RalK,ll.OI'O Bil,ll.a cneKTaTopa . 
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. rpa,z:zyc 
YrJioBoe pacnpe,n;eJieH:rre qacT:rr:q-cneKTaTopoB B HHTepBaJie 

OTO 11.0 1 rpa,zzyca (Jia6opaTOpHM CllCTeMa) 

,ll;Jll! yrJIOB O - 4° aHaJI:rr3 noKa3aJI, '!TO BHYTPH llHTepBaJia 0, 19 - 0, 28 (npoTOHhl) 

np:rrMecefi OT 11.efiTep:rrH :rr TpHTilH HeT. BHyTpll llHTepBaJia 0, 09 - 0, 14 (11.efirep:rrfi) 

cpe71.HHH BeJI:rr'!HHa npHMecefi OT npOTOHOB 4, 1 % , a OT HlJ.ep TPHTHH - 3, 2% (no OTHO

meHHIO K 'lllCJiy HlJ.ep 11.efirep:rrH). BHyrp:rr llHTepBaJia o, 06 - 0, 09 (TpHTHfi) np:rrMeceit 

OT npoTOHOB Her, a OT 11.e:lirep:rrH B cpe71.HeM 68, 5% (no OTHOilleHHIO K 'IHCJIY Hll.ep 
TpHTHH). 

IlocJie Bhl'IHTaHHH np:rrMece:li 6h!JIH noJiy'leHhl 'IHcJia H71.ep p, d, t B pa3HhlX yrno

BhlX llHTepBaJiax 11.Jll! B3aHM071.eitcTBH:li yrJiepo11. + nponaH npn HMnJJibCe 4, 2 filB/c. 
Pe3JJibTaThl npnBe71.eHhl B Ta6JinI(e. 

Ta6 
yroJI 0-0,5 0,5-1 1-1,5 1,5-2 2-2,5 2,5-3 3-3,5 3,5-4 0-3 [6] 

p 151 331 368 293 260 214 165 192 64% 79% 
d. 130 273 204 141 95 66 35 29 32,1% 17,6% 
t 23 45 26 9 2 0 0 0 3,7% 3,3% 

Yrnhl np:rrBOlJ.HTCH B rpa71.Ycax. 

Ilp:rr o6Jiy'leH:rr:rr q>OT03MJJibCilll yrnepo71.0M np:rr HMnynr,ce 4,5 f38/c Ha HJKJIOH [6] 

nony'leHo cxo71.Hoe cooTHomeH:rre Bhlxo11.a cneKraropoB (npe11.nocJie71.HHH KOJIOHKa B ra-

6JinIIe 11.Jll! yrJIOB O - 3°. 71.Jll! nponaHOBOit KaMephl n nocJie71.HHH KOJIOHKa B ra6JinI(e 11.Jll! 

cpOT03MJJibcn:rr). 8ro.ll: 6Jin3ocr:rr cnoco6cTByer n cJia6oe B036Jlli11.eH:rre Hll.pa yrnepo11.a -
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rpa,z:zyc 
Pnc.6. YrJioBoe pacnpe71.eJieH:rre qacrn11-cneKraropoB B :irnrepBaJJe O - 4 rpa71.Yca 

(Jia6oparopHaH cncTeMa) · 

MnmeH:rr [1,7]. Ha pncyHKe 6 npnBe11.eHLI yrnoBLie pacnpe11.em'imrn crreiffaropoB p, d, t 
B Jia6oparopHoi1 CllCTeMe KOOplJ.HHaT nocJie BLiqnraHHH npnMeceiL TaK KaK yrnoBLie 

pacnpe11.eneHnH p, d,·t-cneKraropoB oKa3anncr, pa3JIH'IHLIMH, ro 'MexaHH3M o6pa3oBaHnJI 

CIIeKTaropoB 3a C'leT "cmmaHnH" HJKJIOHOB BHYTPll H71.pa He COOTBeTCTByer onhlTHLIM 

71.aHHhlM. 

4. rpaHlPIHhle 3Ha1:JeHHH HMilyJI:&COB 
11aCTHn;-cneKTaTopoB 

Bo B3aHM071.eitcTBllHX yrnepo11. + rrponaH B o6naCTb OKOJIO BennqnHLI' 4, 2 f3B/c 

rrorra71.aIOT npoTOHLI-cneKTaropLI n IIpOTOHM-yqacTHllKII. ,ll;Jll! O'lllCTKll pacnpe,n;eJieHHJI 

B pai:ioHe 4, 2 f38/c OT nporoHOB-yqaCTHHKOB npnMeHHM CJ1e71.YIOIIIYIO npo11e71.Ypy. 

BocnOJJb3JeMcJI co6LITHHMH OT•o6JiyqeHHH nponaHOBOll KaMepLI TIJ'IKOM npOTOHOB rrp11 

TOM }l{e HMnyJir,ce 4, 2 f3B / C. B 3TOM o6JiyqeHnn 'laCTHI(a-cHapllll. JIBJIJ!eTCH npoTO

HOM n 6h!CTpLix npoTOHOB-CIIeKraropoB Her. Ho, C 71.pyrofi CTOpOHLI, 11Me!OTCH ynpyr11e 

B3aHM011.ei1crBnJI npoTOH-IIpOTOH II rrpOTOH-yrnepo11. B nponaHOBOfi !<aMepe, KOTOpLIX 

Her npn o6Jiyqemm KaMepLI ny'IKOM Hll.ep yrnepo71.a. l1b co6Lir11fi rrpoTOHHoro o6ny

'leHHH y71.aJinM 6h!CTphle npOTOHhl OT rrpon;eccoB ynpyroro pacceHHHJI npoTOH-IIpOTOH 

n nporoH-yrnepo11.6 • Ha pncyHKe 7 noKa3aHo nMnyJibCHoe pacrrpe71.eJieHne rrporonoB 

6OT rrpoueccoe rreyrrpyroro B3aHM0,llellcTBHJI IIp0T0H-npoT0H H rrpoT0H-yrnepo,11 HMUYJibCH0e pac

npe,11enerr11e npoT0H0B-ytJaCTHHK0B B na6opaToprron CHCTeMe TJIHeTCJI ,110 BeJIHtJHHbl ~ 2, 5 f3B/c, 

a oT yrrpyroro npouecca 3HatJHTeJibH0 ,11anune. 
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Pnc. 7. 

N 
1600 

14-00 

1200 

1000 
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4-00 

200 
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P, raB/c 

fiMnyJihCHOe pacnpe,n;eJieHHe npOTOHOB H3 B3aHMO,n;efiCTBHH npoTOH + nponaH 

npn nMnynhce 4,2 f:iB/c (,n;JIH TOlJHOCTH H3MepeiinH nMnyJihCa 

0 -10% lI 10 - 20%) 

H3 B3alIMO.n;ettcTBH.li: npoTOH + nponaH. O,n;Ho pacrrpe,n;eJieHne ,ll;JIH TOlJHOCTH H3Mepe

HHH HMIIYJibca BTOpHlJHbIX npoTOHOB B. npe,n;enax 0 - 10% n ,n;pyroe pacnpe,n;eJieHHe 

,ll;JIH TOlJHOCTH H3MepeHHH B rrpe,n;enax 10 - 20%. OTlJeTJIHBO Bn,n;eH H36bITOK, o6yrno

BJieHHblfi C06bITHHMH ynpyroro npoTOH-nporraH pacceHHHH, B o6nacTH HMIIYJibCOB OT 

3 .no 4, 5 f:iB/c (3amTpHXOBaHHaH o6JiaCTb rpaqnrna) • .ll:JIH pacnpe,n;eJieHHH C TOlJHO

CTblO H3MepeHHH 6onee 20% J:136bITKa co6bITHH npaKTHlJeCKH HeT. Ilepexo,n; OT o6JiaCTH 

MeHbme 3, 0 f:iB/c K o6nacTH 6onee 4, 5 f:iB/c 6bIJI annpoKCHMnpoBaH napa6ono.li: 

( npn :iToM tJncna tJacTHII B o6nacTH oT 3, 0 .no 4, 5 f:iB / c nmopnpoBaJIHCh). CyMMap

Hoe KOJIHlJeCTBO co6bITHfi B H36bITKe COCTaBHJIO 1630 co6bITHfi. CornacHo [4] noJIHOe 

lJHCJIO co6bITHfi ynpyroro npoTOH-npoTOHHOro pacceHHHH no rpy6bIM orreHKaM MOrJIO 

COCTaBHTb 1045 co6bITHH. .ll:JIH ,n;aJibHeti:mero aHaJIH3a npOTOH + nponaH B3aHMO,n;e.li:

CTBHH H3 Bcex co6bITHfi 6bIJIO OCTaBJieHO 14042 - 1630 = 12412 co6bITHtt . .LJ:anee 6bIJIH 

nonytJeHhI .n;ByMepHbre pacnpe,n;eJieHHH p* vs Cos0* ,n;JIH yrnepo,n; + nponaH B3anMo,n;eti:

CTBHtt (37939 co6bITHtt), ,ll;JIH npoTOH + nponaH B3aHMO,n;ettcTBntt (12412 co6bITHfi) a 

CIICTeMaX noKOH HaJieTaIOmnx lJaCTIIII- KoJIJilJeCTBO co6bITHfi yrnepo,n; + nponaH 6bIJIO 

HOpMnpoBaHO Ha lJIICJIO co6bITJitt npoTOH + nponaH. 

HatJHHaH c HMnynbca p* ~ 0, 11 f:iB / c ( c maroM 0, 010 f:iB / c no HapacTaHnw HM

rrynhca) 6bIJIO rrpoae,n;eHo BhllJHTaHJie npoTOH + rrponaH co6bITntt H3 lJHCJia yrnepo,n; + 
nporraH co6hITHtt. Ilocne KaJR,n;oro BhllJHTaHnH npoaepHJIOCh yrnoBoe pacrrpe,n;eJieHne 

OCTaBllilIXCH npOTOHOB Ha H30TpOIIHIO yrJioBoro pacnpe,n;eJieHnH. .ll:JIH KOHTpOJIH Ka-
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lJeCTBa H30TponnH yrnoBoro pacnpe.n;eJieHHH BbllJHCJIHJIHCb K03q>q>HIIHeHT aCHMMeTpHH 

JI aepoHTHOCTh coBna,n;eHnH no x2-KpHTepnIO cpe,n;Hero 3HatJeHHH yrnoBoro pacnpe,n;e

JieHHH C q,aKTHlJeCKIIM pacnpe,n;eJieHHeM. 

BhIJIH nonytJeHbI cne,n;yIOmne pe3ym.TaTbI : 

PactJeT ,n;JIH o6nacTn nMnyJihCOB p* :5 0, 15 f:iB/c: 

N ~ 14, 80 ± 2, 70 x 2 = 18, 91 W(x2
) = 2, 6 X 10-2 Ha 9 CT. CB., 

Ko:iq,q>HIIHeHT acnMMeTpnn k = 0, 25 ± 0, 13. 
PaclJeT ,ll;JIH o6JiaCTH HMnyJihCOij p* $ 0, 16 r:iB/c: 

N = 13, 90 ± 5.35 x 2 = 34, 42 W(x2
) = 7, 5 X 10-5 Ha 9 CT. CB., 

Ko:iq,q,nrrneHT acnMMeTpnn k = 0, 59 ± 0, 15. 
N 03HatJaeT KOJIHlJeCTBO co6bITHfi Ha O,n;HH (nI06ott) HHTepBaJI D. cos 0* = 0, 2. 
TaKJIM o6pa3oM, 3a rpaH:uqHoe 3HatJemie nMrrym.ca npoToHa-cneKTaTopa (B cncTeMe 

rroKoH HaJieTawmero H,n;pa yrnepo,n;a) 6bIJIO BbI6paHo 3HatJeHne 0, 15 f:iB/c (cM. pn

cyHoK 8). fi3 CHMMeTpnn yrnepo,n; + yrnepo,n; B3anMo,n;ettcTBntt cne,n;yeT, lJTO rrpoTOHhI 

rrporrecca "ncrrapeHnH" JI3 B036ylK,Zl;eHHoro H,n;pa yrnepo,n;a - MnmeHn TaKJRe ,n;oJIJRHhI 

HMeTb rpaHHlJHoe 3HatJemie m.i:nyJibca paaHoe 0, 15 f:iB/c. Ha pncyHKe 9 np1rne,n;eHbI 

HMnyJihCHble pacrrpe,n;eJieHJrn rrpOTOHOB ncnapeHHH n rrpOTOHOB-ylJaCTHHKOB B o6JiaCTH 

OTO ,no 0, 15 f:iB/c. 

TaK KaK B 3KCnep1IMeHTe B nporraHOBOH KaMepe npOTOHbI He BH,ll;Hbl KaK pa3 .no HM

rrym.ca 0, 15 f:iB/c (n3-3a IIX He6oJibmoro npo6era B JKH.n;KOM nponaHe), TO npaKTHtJe

CKH II~rrapJITeJibHbIX rrpOTOHOB B Jia6opaTopHoti: CHCTeMe Mbl He BH,ll;HM. TeopeTHlJeCKHe 

60 .-------, 60 .------, 60 ~----~ 

N 

50 
p~.14 

50 
p~.15 

50 
p~.16 

40 40 40 

JO JO JO 

20 20 20 

10 10 10 

0 0 0 

-1 0 -1 0 -1 0 

Cos0 

Pnc. 8. YrJIOBOe pacnpe,n;eJieHne npOTOHOB-cneKTaTOpOB B 3aBHCHMOCTH OT 

BeJIHlJHHbI ero HMnym.ca B CHCTeMe nOKOH HaJieTaIOmero H,n;pa 

yrnepo,n;a (nMrrym.chI 0 - 0, 14, 0 - 0, 15, 0 - 0, 16 f:iB/c) 
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P:11c. 9. liIMIIYJThCHOe pacnpe,n;eJiemre npoTOHOB HCIIapeHHJI :11 npoTOHOB

y-cracTHlIROB B o6nacTH 0 - 0, 15 fsB/c (Jia6opaTOpHaJI ClICTeMa): 

npoTOHLI lICIIapeHml, 

P:11c.l0. 
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P, faB/c 
liIMIIYJihCHOe pacnpe,n;eJieHHe qacTHn-cneKTaTopoB B CHCTeMe IIOKOJI 

naneTa10mero JI,n;pa yrnepo,n;a 
10 

l 
(! 

oneHKH [2] TaiOKe yKa3LIBaIOT, qTQ ,n;d 3HaqeanJI HMIIYJihCa 0, 14 rsB/c HMeeTCJI 94% 
BCeX nciiapnTeJihHhIX HYKJiOH0B, a OT 0, 14 ,n;o 0, 17 rsB/c _· eme 4%._ . 

,.QJIJI onpe,n;eneanJI' rpaHH4Horo 311aqeann iieJinqna nMII)'JihCOB ,n;eiiTepnJI JI TpH

THJI, y KOTOpbIX B CHCTeMax IIOKOJI JI,n;pa-caapJI,n;a yrnepo,n;a HMeIOTCJI II30TpOIIHLie yrno

Bble pacnpe,n;eJieHHJI, 6Lina npHMeaeaa· npone,n;ypa, aaaJiorifqHaJI ,n;JIJI· npoTOHOB- cneR

TaTOpoB (ao 6e3 BLiqiuaHHJI co6wTnii npoTOa + nponaa): B nTOre 6Lino noJiyqeao : 

l(JIJI Jiilep ,n;efiTepHJI-CIIeKTaTOpoil p* =·o, 16TsB/c, 

l(JIJI JI,n;ep TpHTllJI-CIIeKT,iTopoB p* ~ 0, 18 fsB/c. 

Ha pncy1rne IO npHBe,n;eHLI pacnpe,n;enemrn no IIMnym,cy cneKTaTOpoB p, d, t B cncTeMe 
noKoJI aaneTa10mero JI,n;pa yrnepo,n;a. 

5. O1'.JHCTKa pacrrpe,D;eJieHHH yrJiepo,ZJ; + rrporraH 
OT IIp0T0H0B-HeyqacTHHK0B 

O6wqao IlCIIOJib3YeTCJI Bbll(eJieHne qacTnn-aeyqacTHHKOB !IO ycJIOBIIJIM: IlMIIYJibC 

6oJibI!Ie 3, 0 fsB/c n yron MeHbI!Ie 4° (na6opaTOpHaJI CHCTeMa). 3aBHCHMOCTb Melli,n;y 

HMIIYJihCOM n yrnoM He paccMaTpHBa1racb. Ha pncyaKe 11 3TH ,n;Ba ycnoBnJI o6pa-

4 

5 
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P, faB/c 
PHc.11. 3aBHCIIMOCTb yroJI - IIMIIYJibC ( na6opaTOpHaJI CHCTeMa) : 

(a) - ,n;JIJI BeJinq:11nLI HMIIYJihca p ~ 3, 0 fsB/c n 

yrna 0 = 4 rpa,n;yca (11poTOHLI), 

(b) - ,n;JIJI nMnynhca p* $ 0,30 fsB/c (npoTOHLI), 

(c) - l(JIJI IIMIIYJibCa p* $ 0, 15 rsB/c (11poTOHLI), 

(cl) - l(JIJI IIMIIYJibCa p* $ o, 16 rsB/c (,n;efiTepllfi), 

(e) - l(JIJI IIMIIYJibCa p* $ o, 18 rsB/c (TpHTnfi) 
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3JIOT IIpJIMOJfOJibHIIK (qmrypa (a)). Bee qaCTIIIlhI, nonaanme no CBOHM napaMeTpaM 

BHY.TPb npHMOJfOJibHHKa, cqn:Ta!OTCJI cneKTaTopaMH II y.naJIJIIOTCJI II3 ql113H'leCKHX pac

npe.neJieHIIll •. O.nHaKO ,ZlOJIJI cneKTaTOpOB cpe.nn: y.naJieHHblX 'laCTIIIl COCTaBJIJieT TOJlbKO 

75 ±2%. 
PacqeTHaJI 3aBIICHMOCTb HMIIJJibC - yroJI ,ZlJIJI tJaCTH!l-CileKTaTopoa IlOKa3aHa Ha p11-

CJHKe u ,ZlJIJI npOTOHOB Kpl!Bb!Mll (b) ll ( c), ,ZlJIJI .nettTepn:JI KpHBOH ( d), ,ZlJIJI TpllTIIJI 

KpllBOii ( e ). Ha Ollb!Te IIOJib30BaTbCJI .3THMII KpHBb!Mll KpaiiHe Hey.no6Ho. ,UJIJI O'lllCTIUI 

pacnpe.neJieHIIll OT qacTII!l-CIIeKTaTopoa BMeCTO BBe,ZleHHJI .nayx napaMeTpOB ( HMIIJJibC, 

yroJI) npe;r:JiaraeTCJI BBeCTll 0,ZlllH napaMeTp, a HMeHHo, rpaHII'lHOe 3Ha'leirne llMITJJibCa 

cneKTaTopa a CIICTeMe noKoJI HaJieTa10mero cHapJI.na - H;r:pa yrnepo.na. B :nott cn:CTeMe 

KOOp,ZlllHaT yrnoaoe pacnpe;r:eJieHn:e ,ZlJIJI cneKTaTopoa JIBJIJieTCJI ll30Tp0IlHblM II IT0.3TOMY 

JCJIOBIIe Ha yroJI BBO,ZlllTb He Ha.no. Ilpu o6cqeTe KplIBll3Hbl TpeKOB JI,ZlpaM .nettTepn:JI 

II TpHTIIJI IIpHIIHCb!BaeTCJI Macca IIOKOJI npoTOHa. ,UJIJI JI,Zlep .neiiTeplIJI no IIIKaJie npo

TOHOB MaKCIIMJM ,ZlJIJI CIIeKTaTopOB 6y,ZleT IIplI llMIIJJibCe HeMHOfO MeHbIIIe 8, 4 f.38 / c, 

,ZlJIJI JI,Zlep TpHTllJI - HeMHoro MeHbIIIe 12, 6 raB/c. TaKIIM o6pa3oM, .ZlJIJI Bbl,ZleJieHn:JI 

IIpOTOHOB-CIIeKTaTOpOB HJlliHO nepeiiTII B CllCTeMy ITOKOJI CHapJI,Zla - JI,Zlpa yrnepo;i:a npn: 

4, 2 raB/c - 3a,ZlaTI, llMIIJJlbC 0, 15 raB/c, ,ZlJIJI .neiiTeplIJI npn: 8, 4 raB/c IIO 

npoTOHY -3a,ZlaTI, IIMIIJJibC 0, 16 raB/c, ,ZlJIJI TPIITIIJI npn: 12, 6 raB/c no npoTOHY -

3a,ZlaTb IIMIIJJibC 0, 18 raB/c. Bee 'laCTllllbl, HMeIOil!He IIMIIJJibC MeHbIIIe rpaHH'lHOro, 

Bb16paCblBaIOTCJI, a OCTaBIIIIIeCJI B03Bpama10TCJI B Jia6opaTOPHYIO cn:CTeMy ,ZlJIJI ,ZlaJib

HeiiIIIeii o6pa6oTKH. 7l"-Me30Hbl cneKTaTopaMH He JIBJIJIIOTCJI ll nepeBO,ZllITb HX B .npyry10 

CIICTeMy II Bbr6paCb!BaTb He Ha,ZlO. 
I-fa piICJHKa 11 BII,ZlH0, 'ITO npoTOHbl-CIIeKTaTOpbl HMeIOT HMIIJJibCbl OT 3, 6 .no 

4, 9 raB/c, MaKcn:MaJibHbili yroJI 0 = 2, 1 ° (Jia6opaTOpHaJI CllCTeMa) • .H;i:pa .neiiTep!IJI

cneKTaTOpbI HMeIOT IIMIIJJibCLI OT 7, 1 .no 10 raB/c ll yroJI 0 = l, 1° (Jia6opaTOpHaJI 

CIICTeMa), JI,Zlpa TpHTHJI-C-IIeKTaTOpbl llMeIOT HMIIJJibCbl OT 10, 3 .no 1514 raB/c ll MaKCll

MaJibHblll yroJI 0 = 0, 8° (Jia6opaTOpHaJI c1IcreMa). Pa3pb1B a RMIIJJibcax no ruKaJie npo

TOHOB OT 4,9 .no 7, l raB/c Ha OIIb!Te He nycrott, a 3aIIOJIHeH npoTOHaMJI-CITeKTaTopaMJI 

II H.ZlpaMH .nettTeplIJI-cneKTa'!'opaMH H3-3a OilllroOK, B03HllKaIOil!llX npn: ll3MepeHHII Kp1I

BII3Hbl TpeKOB B MarHHTHOM'IlOJie. 

Ilo paHee JicnoJib3JeMoii f:XeMe [3] n:3-pacnpe.neJieHn:fi HapR.ny c 'laCTJIIlaMn:-cneKTa

TopaMn: y.naJIJIJIOCb 27 ± 1 % npOTOHOB-y'laCTHHKOB, cpe.nn: ROTOpbIX ,ZlOJIJI Me,ZlJieHHbIX 

npoTOHOB-y'laCTHHROB c llMIIJJibCOM p ~ 0,30 raB/c COCTaBJIJIJia 22 %. Ilo npe.nJia

raeMoii HOBOli cxeMe noTepn: npoTOHOB-yqacTHHKOB MoryT COCTaB1ITb
0 

OKOJIO 0, 6 %. 

6. qaCTHI.J;hl-CileRTaTOphl H cpparMeHTaD;HJI 
JI,nep yrJiepo,na-cHapJI,na 

O6hl'lHO [8] JI,Zlepnble B3alIMO,ZleiicTBIIJI paccMaTplIBaIOTCJI KaK npoHCXO,ZlJIIl!He B ,ZlBe 

CTa,Zlllll. B pa6oTe ·[9] ,ZlJIJI 061,JicHeHIIJI XBOCTa 60JibIIIIIX 3Ha'leHJiii aeJIH'llIH none

peqnoro HMnyJibCa Pl. y O!-'laCTllll OT JI,ZlpO-JI,ZlepHbIX B3aHMO,ZleiicTBllli BbICKa3b!BaeTcJI 

npe,ZllloJiollienne, 'ITO HJ}KHO Bae.nenne .npyroro MexaHH3Ma o6pa3oBaHIIJI a-'laCTHIJ no 

cpaBHeHHIO c O!-'laCTJIIJaMII, HMeIOil!IIMll o6bl'lHble BeJIII'lllHbl Pl.• B pa6oTe [10] ,ZlJIJI 

6oJiee noJIHOro onncannJI JI;r:epHbIX B3alIMO,Zleil:cTBIIll npe;r:JiaraeTCJI R ,ZlBJM CTa;r:HJIM 

12 

I 

.no6aBJITb TpeTblO. B .3TOii ROHeqHoii (TpeTbett) CTa.nnn OCTaTO'lHOe _JI,Zlpo-cnapJI,Zl .ne

JIHTCJI na ,ZlBe llJIH 60JibIIIe 'laCTeii ( qiparMeHTOB). TaK KaK JI,Zlpo yrnepo.na cpaBHII

TeJibHO JierKoe, TO a pOJIII qiparMeHTOB MoryT 6b!Tb npoCTO HJKJIOHbl n R;i:pa .ne.ll:Te

p!IJI. BeJIJI'llIHbl IIOITepeqm,ix HMITJJibCOB HJKJIOHOB-<pparMeHTOB-CIIeRTaTOpOB MOfJT 

OTJIH'laTbCJI OT o6blqHblX BeJIH'lllH nonepe'lHblX llMnyJibcOB npoTOHOB-CIIeRTaTopoB n 

6b!Tb 3HaqJITeJibHbIMII. Ha pncyHRe 12 IIpIIBe,ZleHO pacnpe.neJieHIIe nonepeqHblX HM

IIJJibCOB qacTHIJ-CITeKTaTOpOB OT B3allMO,ZleticTBHJI yrJiepo.n + nponaH. IlpoTOHbl 6b!JIH 

B3JITbl ll3 06JiaCT11 1/p = 0, 19 - o, 28, .nej1Tp0Hbl•II3 o6JiaCTII 1/p = 0, 09 - 0, 14. 

TaK KaK npoTOHbl-CIIeKTaTOpbI no noJiy'leHHblM OIJeHKaM HMeIOT BeJllI'lHHy nonepe'l

HOro IIMITJJlbCa .no o, 15 raB/c, TO npOTOHbl c HMIIJJibCOM Pl. > o, 15 faB/c HJ}KHO 

OTHeCTII R npOTOHaM-qiparMeHTaM-cneKTaTOpaM. ,UoIDI IIOCJie,ZlHIIX COCTaBJIJieT ~ 40% 

OT Bcex npOTOHOB-cneKTaTopoB. AnaJIOfllqHaJI Bem1qI1Ha ,ZlJIJI .nettTpOHOB-q>parMeHTOB

cneRTaTopoa COCTaBJIJieT ~ 59%. IIo-BII,ZlllMOMY, q>parMeHTbl JI,Zlpa, llMeJI y}Ke HeKO

TOpblii norrepeqnhlii HMnyJihC, "IIcnapJIIOT" HJKJIOHbl (.nefiTpOHbI), nplI,ZlaBaJI HJRJIOHaM 

(.neiiTpOHaM) cneKTaTopHblii IIMnJJibC, HO n .no6aBJIJIJI HM eme CHO.ii nonepe'!Hbl.ll: IIM
IIJJibC. 
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Pnc.12. 
P, r3B/c 

Pacnpe.neJieHIIe nonepe'lHblX HMIIJJibCOB ll3 B3aHMO,ZleficTBH.ll: 

yrnepo.n + nponaH ,ZlJIJI npoTOHOB II .ne.ll:TpOHOB 

6. 3aRJIIO'l'.{eHHe 

Ha ocHoae aHaJin3a B3anMo.ne.ll:cTBn.ll: npoTon + nponaH n yrJiepo.n + nponan a 

nponanoaott IIJ3blpbROBO.ll: RaMepe IIPII llMIIJJibCe 4,2 raB/c Ha HJRJIOH IIOJiy'leHbl CJie
,ZlJIOil!He pe3JJibTaTbl : 
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- )J;eTaJll>HO npoaHaJIH3HpOBaHIJ HMnyJILCHJJe H yrnoBJJe xapaKTepncTHKH npoTOHOB

cneKTaTopoB, H)];ep )J;e:fiTepHH-cneKTaTopoB n BriepBLie H)];ep TpHTHH-cneKTaTopoB, 

- onpe)J;eJieHJJ rpaHnqHJJe 3HaqeHHH BeJinqnH HMnyJILCOB qacTHu;-cneKTaTopoB C 

H30TponHLIM yrJIOBLIM pacnpe)J;eJieHHeM (npOTOHLI, )J;efiTpOHLI, TpHTHii:), 

- npe)J;JIOJReH HOBJJii: cnoco6 BJJ)J;eJieHHH qacTnu;-cneKTaTopoB H3 H)J;epHLIX B3aHMO

)J;eii:CTBHii B nponaHOBOii ny3Lip:bKOBOii: KaMepe. 

ABTOpLI 6Jiaro)J;apHT A.A.Ky3Heu;oaa, E.H.KJia)J;HHI\KYIO 3a u;eHHLie 3aMeqaHHH H 

yqacTHHKOB KOJIJia6opau;nn no o6pa6oTKe CHHMKOB c )];BYXMeTpOBOii nponaHOBOii: rry-

3Lip:bKOBOii: KaMepLI JIB8 OHJIH 3a 6om,rnyw pa6oTy no Ha6opy H IIONOTOBKe co6LITHii: 

npoToH + nponaH n yrJiepoA + nponaH. 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 
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EeJI51KOB B.A., Eor.r:1att0Buq E. 
3KcnepHMeHTaJ1hHOe HCCJle,[IOBaHHe qacTHU-CIIeKTaTopoB 
BO B3aHMO,[leHCTBm1x 51,!:lep yrnepo.r:1a B nponaHOBOH 
IIY3blpbKOBOH KaMepe B 06J1aCTH ,meprnfi HeCKOJlhKHX foB 

Pl-98-289 

1IccJ1e,L:1}'10TC51 xapaKTepHCTHKH qacTJII..1-CIIeKTaTOpOB, o6pa30BaHHhIX BO B3aHMO
,[leHCTBH51X 51,!:lep yrnepo.r:1a C HMIIYJlhCOM 4,2 foB/c Ha HYKJIOH B nponaHOBOH IIY3blph
KOBOH KaMepe. 

B CHCTeMe IIOK051 HaJieTaIOIUero 51,!:lpa yrnepo.r:1a onpe,L:1eJ1eHhl BeJiuquHhl HMIIYJlh
C0B qacTHU, HCIIymeHHhIX B npouecce HCIIapeHH51 ,[IJ151 IIpOTOHOB, ,[leHTpOHOB H 5!,[lep 
TPHTH51. 1l3yqeHbl yrnOBhie pacnpe,L:1eJ1eHH51 qacTHU-CIIeKTaTopoB B na6opaTOpHOH 
CHCTeMe K0Op,!:IHHaT. IlpeMO)KeH HOBhIH cnoco6 Bhl.[leJieHH51 qaCTHU-CIIeKTaTOpOB 
H3 qJH3H'IeCKHX pacnpe.r:1eneHHH. O6c~.r:1aeTC51 CB513h Me)K.[ly qaCTHUaMH-CIIeKTaTo
paMH H cpparMeHTaMH 5!.[lpa. 

Pa6ora BhIIIOJIHeHa B Jia6opaTOpHH BhlCCKHX 3Heprnfi OI15I1I. 

Coo6mem1e 061,e)IHHeHHOro HHCTHTyra ll/lepHb(X HCCJle)IOBaHHH. )ly6tta, 1998 

IlepeBO,[I aBTOpOB 

Belyakov V.A., Bogdanowicz J. 
Experimental Investigation of Spectator Particles 
from Carbon Nuclei Interaction 
in the Propane Bubble Chamber in the GeV Area 

Pl-98-289 

The characteristics of spectator particles, produced in interactions of carbon 
nuclei with the momentum 4.2 GeV/c on nucleon in the propane bubble chamber 
are investigated. In the rest system of the incident carbon nucleus particle momenta 
during the evaporation for protons, deuteron and triton are determined. Angular 
distributions of spectator particles in the laboratory system are studied. New way 
of removal of spectator particles from physical distributions is offered. 
The connection between spectator particles and fragments of a nucleus is discussed. 

The investigation has been performed at the Laboratory of High Energies, 
JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1998 


