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06Wia.R, xapa'K:mepucmur;;a auccepma~uu 

AKTyaJihHOCTh 

I1cc.rre,rr.oBaHHe TIHOH-HYKJIOHHOrO H TIHOH-.H,lJ.epHoro B3aHMO,ll.eHCTBH.H npH HH3KHX H npo

Me)KyTO'IHbIX 9HeprH.HX HMeeT ,ll.OJiryIO Tpa,n;HIJ,HIO. KaK TOJibKO OTITH'IeCKa.H MO,ll.eJib [1] 6nIJia 

ycTaHOBJieHa B 7rp pacce.HHim, TIOCJieAYIOID;He HCCJie,n;oBaHH.H cocpe,rr.OTO'IHJIHCb Ha MO,ll.HcPHKa

I(H.HX TIOTeHIJ,HaJia, CB.H3aHHbIX c KOMTIJieKCaMH HYKJIOHOB (cM. [2]). 9¢¢eKTbI TaK-Ha3bIBaeMOH 

".H,rr.epHOH MaTepmr" 6nIJIH o6Hapy)KeHhI KaK B ynpyroM, TaK H B HeynpyroM pacce.HHHH TIHOHOB. 

KaK OKa3aJIOCh, B036y)K,lJ.eHHe 6.-pe30HaHca B ynpyrnx peaKIJ,H.HX 3aBHCHT OT MaCCbI .H,ll.pa H 

yrJia pacce.HHHH IlHOHa (CM. pa6oTy [3]) B COOTBeTCTBHH c rHITOTe30H KOJIJieKTHBHOro B036y)K

,rr.eHH.H H3o6apHoro pe3oHaHca. I13y'tieHne Heyrrpyrn:x peaKu;n:H BhI.HBHJIO 9¢¢eKTI>r, KOTOpnre 

,n;OJI)KHhI 6hrJIH 6bITh CB.H3aHI>r c H,rr.epHoii: cpe,rr.o:H. TaK, KJJacTepHbre 9¢¢eKTI>r, MHoroKpaTHoe 

pacce.HHHe, norJiom;eHHe TIHOHOB Ha MHO)KeCTBeHHbIX HYKJIOHHbIX CHCTeMax (CM. [4]) TIOCJIY)KHJIH 

HCTO'IHHKaMH 1rn¢opMaIJ,HH 0 KBa3H,lJ.eHTOHHOH H KBa3HreJIHeBOH TIO,ll.CTpyKType .H,rr.ep, BbICBeTH

JIH B036y)K,lJ.eHHe pe30HaHCOB B HeynpyrHX peaKIJ,H.HX, a TaK)Ke c,rr.eJiaJIH B03M0)KHbIM H3y'IeHHe 

s¢¢eKTOB KYJIOHOBCKoro 6apnepa [5]. 

TeM He MeHee, HeCMOTp5I Ha 60JihIIIOe KOJIH'IeCTBO scrrepHMeHTaJihHbIX H TeopeTH'IeCKHX 

pa6oT, .n;o CHX nop He cyru;ecTByeT BCe06'heMJIIOID;ett MO,lJ.eJIH II .H,lJ.epHOH Ma Tep HM II • 

I1H¢0pMaIJ,H.H, ITOJiy'tieHHa.H B 60JihIIIHHCTBe He,rr.aBHHX 9KCrrepHMeHTaJibHbIX HCCJie,lJ.OBaHHH 

[7, 8] B3aHMo,rr.eiiCTBH::H ITHOHOB rrpH 9Hepm.HX B o6JiaCTH 6.(1232)-pe30HaHca H HH)Ke OCHOBaHa 

Ha H3MepeHH.HX HMITYJibCOB H yrJIOB pacce5IHHH ITHOHOB n/HJIH 6hICTpbIX BTOpH'IHbIX rrpOTOHOB. 

Ilp.HMOe H3MepeHHe KHHeMaTH'IeCKHX xapaKTepHCTHK 60JibIIIHHCTBa T5I)KeJihIX CHJihHO HOHH3Y

IOID;HX BTOpH'IHbIX 'tiaCTHIJ, 6nIJIO HeB03MO)KH0. 0TJIH'IHTeJihHOii )Ke 'IepTOH 9THX 9KCrrepHMeHTOB 

6hIJIO HCITOJih30BaHHe .n;eTeKTOpOB, perHCTpnpyIOm;Hx BTOpH'IHhie 3ap5I)KeHHhie 'IaCTHIJ,bI BHYT

pH 6oJihIIIOro TeJiecHoro yrJia (LADS - large acceptance detector system [7]), KaK B cJiy'Iae 

KaMep BHJibCOHa H ,ll.HcPcPY3HOHHbIX KaMep, HCTIOJih30BaHHbIX COBMeCTHO c cPOTOrpacpH'IeCKOH 

TeXHHKOH B 6oJiee paHHHX HCCJie,n;oBaHH5IX (cM., HanpHMep, [4]). 9HeprHH BTOpH'tiHbIX rrpOTO

HOB MOrJIH 6hITh H3MepeHnr, Ha'IHHa.H c rroporoB AJI.H LADS: Tthresh ~ 20 ...;- 30 MaB. 0.n;HaKo, 

pe3yJinTaThI Hamett pa60TbI [4], BbITIOJIHeHHOH c TIOMOIIl;hlO ,lJ.HcPcPY3HOHHOH KaMepbI, IlOKa3hI

BaIOT, 'ITO ,rr.a)Ke npn 9HeprHH rra.n;arom;Hx ITHOHOB, paBHOH 145 MaB, OKOJIO 20 -7-30% rrpOTOHOB, 

pO)K,ll.aeMhIX B peaKIJ,H.HX O,ll.HHO'IHOM rrepe3ap.H,ll.KH TIOJIO)KHTeJihHbIX IIHOHOB, BbI6HBaHH.H HyK

JIOHa, a TaK)Ke npH TIOrJIOIIJ,eHHH TIHOHOB, HMeIOT 9Heprmr HH)Ke 20 MsB, H c.rre,rr.oBaTeJihHO, He 

MOrJIH 6hITb saperHCTpHpOBaHbI ycTaHOBKOH. 

TaKHM o6pasoM, AJI.H BOCC03,lJ.aHHH 6oJiee .HCHO::H KapTHHhl B3aHMO,lJ.eHCTBH.H TIHOHOB, .n;a H 

JII06bIX ,rr.pyrnx 9JieMeHTapHbIX 'IaCTHIJ,, c H,rr.paMH H Boo6m;e AJI.H TIOHHMaHirn CTpOeHHH .s:,rr.pa 

Heo6xo,rr.HMbI HOBhie ,rr.aHHbie, ,ll.JI5I IlOJiy'IeHH5I KOTOpbIX HY)KHbI COOTBeTCTByIOm;ne 9KCrrepHMeH

TaJihHbie ycTaHOBKH. 

IIpe.n;cTaBJI.HeMa.H ,rr.nccepTaU,HH B OCHOBHOM ITOCB.HIIJ,eHa HCCJie,ll.OBaHHIO B3aHMO,ll.eHCTBH.H ITH

OHOB rrpoMe)KyTO'IHbIX 9HeprHM (B o6JiaCTH 50-T150MaB) H aHTHilpOTOHOB HH3KHX SHeprn::H (c 

HMTIYJibCaMH :::; 600 M9B/c, T.e. aHeprHHMH :::; 175, 5 MaB) c .s:.n;paMH H30TOIIOB remrn n Heo

Ha, npH'IeM AJIH TIOJiy'tieHH.H 9KCnepHMeHTaJihHbIX ,rr.aHHbIX C03,ll.aHa H HCITOJih30BaHa OIIHCaHHaH 

B ,lJ.HCcepTaU,HH TeXHHKa caMOIIIYHTHpyrom;nxc.H CTpHMepHbIX KaMep, COBMem;aIOIIJ,HX CBOiiCTBa 

ynpaBJI.HeMbIX TpeKOBbIX KaMep c ¢oTOrpa¢n'IeCKHM C'heMOM HH¢opMaU,HH H npeHMym;ecTBa 

COBpeMeHHOM BH,rr.eo-TeXHHKH pemcTpaII,HH H306pa)KeHHH Ha II3C-MaTpHU,ax. 

)J;nccepTaIJ,H.H TaK)Ke BKJIIO"tJaeT HeCKOJihKO pa6oT, BbITIOJIHeHHbIX c TIOMOIIl;blO .s:,rr.epHOH cP0T0-

9MYJibCHH, B KOTOpo:H, KaK H B CTpHMepHOH KaMepe, BH,lJ.HbI CJie,lJ.hI Bcex 3ap.H)KeHHbIX rrpOAYKTOB 

5!,lJ.epHbIX peaKII,HM. 
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Il;eJIH pa6oThI 

• Pa3pa60TKa H HCIIOJih30BaHHe TeXHHKH caMomyHTHpyro:rn;nxcsr CTpHMepHbIX KaMep, Mory

:rn;Hx O,Il;HOBpeMeHHO CJiy)frnTb yrrpaBJI.HeMhIMH TpeKOBbIMH ,n;eTeKTOpaMH M MHmeH.HMH c 

HM3KOH IIJIOTHOCThIO, ,n;JI.H H3y<JeHM.H B3aHMO,n;efiCTBM.H IIHOHOB rrpoMe)KyTO"tJHbIX 9HeprH:fi 

(507150 M9B) c sr,n;paMH H30TOIIOB nHepTHbIX ra3oB ( 4He, 3He, 20Ne): 

- M3y<JeHHe qm3HKH pa3BHTH.H pa3p.H,n;a B caMomyHTHpyro:rn;efic.H CTpHMepHOfi KaMepe 

M IIOJiy<JeHne B KaMepe .HpKHX JIOKaJIH30BaHHbIX c.rre,n;oB 3ap.H)KeHHbIX <JaCTMII,i 

- pa3pa6oTKa rrpou;e,n;yphr M3MepeHH.H H aHaJinsa cTepeo-<i>oTorpaqmfi co6hITH:fi B3aH

Mo,n;eficTBH.H 7r±-Me3oHOB c sr,n;paMM 4He H 3He, rrponcxo,n;sr:rn;Hx B pa6o<IeM o6'heMe 

CTpHMepHo:fi KaMephI, H TIOJiy<IeHHe <l>n3H<JeCKHX pe3yJihTaTOB ( ce<IeHMH B3aHMO,n;ett

CTBM.H). 

• B paMKax HCCJie,n;oBaHH.H B3aHMO,n;eficTBH.H aHTnrrpoTOHOB c HMIIJJibCaMH ,n;o 600 M9B / c 

c .H,Il;paMM M30TOTIOB reJIH.H H HeOHa M3MepeHHe ce<IeHHH HX B3aHMO,D;eHCTBH.H rrpH HH3KMX 

9Heprrrsrx: 

- C03,D;aHHe ycTaHOBKH co CTpHMepHOfi KaMepott B MarHHTHOM IIOJie ,n;JI.H perHCTpaIJ,HM 

B3aMMO,n;efiCTBH.H aHTMIIpOTOHOB c HHepTHbIMH rasaMH npH aTMoc<J>epHOM ,n;aBJieHHHi 

H3MepeHiie ce<JeHMii B3aHMO,D;eHCTBH.H aHTMIIpOTOHOB c sr,n;paMH 3He, 4He H 20Ne npH 

MMIIYJihCax rv50 M9B/c (9Heprmi rvl,5 M9B). 

• HccJie,D;OBaHirn B3aHMO,n;eiiCTBH.H IIHOHOB H aHTHIIpOTOHOB c sr,n;paMH <i>oT09MJJibCirn: 

Ha6JIIO,D;eHHe o6pa30BaHH.H rHrrep<J>parMeHTOB IIPH aHHHPHJI.HIJ,HH aHTHIIpOTOHOB, OCTa

HOBMBIDHXC.H B sr,n;epHo:ii <i>oT09MYJibCMMi 

Ha6JIIO,D;eHne H aHaJIM3 co6hITHH ,Il;BOHHOfi rrepesap.H,Il;KH 71"+ -Me30HOB B sr,n;epHOH <i>o

T09MYJihCHH. 

• HccJie,n;oBaHne ,D;ByxJiy<IeBhIX co6brTnfi 7r-4He BsanMo,n;eficTBH.H npH 9Heprnn 106 M9B: 

- C03,D;aHHe ycTaHOBKH co CTpHMepHOH KaMepofi B MarHHTHOM IIOJie, CHa6)KeHHOfi BH

,n;eoKaMepaMH, H npoBe,n;eHne 9KCII03HII,Hii Ha IIHOHHOM rry<IKe J1a6opaTOpHH sr,n;epHbIX 

rrpo6JieM OHRH; 

- nsMepeHeHne ou;n<J>poBaHHhIX Bn,n;eo-cHHMKOB co6bITHH 7!"-4 He B3anMo,n;eficTBH.H n HX 

H,D;eHTH<i>HKau;nsr c TIOMO:rn;hIO TeXHHKH HCKJCTBeHHhIX He:HpOHHbIX CeTe:H; 

- orrpe,n;eJieHHe OTHOCHTeJihHhIX BepO.HTHOCTefi pa3JIH"tJHhlX KaHaJIOB peaKI~lilii 

- IIOHCK He06bPIHhIX 9<J><i>eKTOB BO B3aHMO,n;e:HCTBHH IIlIOHOB c .H,n;paMJI 4 He. 

IlpaKTH"l!eCKruI n;eHHOCTh 

• Paspa6oTaHa n peaJIH30BaHa TexHnKa caMomyHTnpyro:rn;nxcsr cTpnMepHhrx KaMep, rrosBo

JI.Hro:rn;asr IIOJiy<JaTb <i>oTO-H306pa)KeHH.H co6hITHH sr,n;epHhIX peaKu;Hfi, B KOTOphIX pO)K,D;a

IOTC.H Me,n;JieHHbie CHJihHO-HOHlI3YIO:rn;He BTOpH<IHbie <JaCTHII,bli B TaKHX KaMepax B03M0)KHa 

perHCTpau;nsr H M3MepeHHe CJ1€,Il;OB Me,n;JieHHhIX <IaCTMII,, KaK HanpHMep, npOTOHOB c 9Hep

rH.HMH rv 1, 0 M9B. IT pH 9'1'0M .HpKOCTb TIOJiy<JaeMbIX xopomo JIOKaJIH30BaHHbIX ( 1-T 2 MM B 

HanpaBJieHHH 9JieKTplI<IeCKOrO IIOJI.H) CJie,D;OB sap.H)KeHHbIX 11aCTHII, B CTpHMepHOH KaMe

pe ,n;eJiaeT B03MO)KHbIM HX <i>oTorpa<J>HpOBaHne c IIOMO:rn;hIO o6hr<JHO:ii He,n;oporOCTO.H:rn;efi 

<i>oTOTeXHHKH: 
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HMIIYJibCa Ha KaMepy c H30JIHpOBaHHbIMH 9JieKTpo,n;aMH coxpamreTca: cpopMa CTpHMepoB, a CJie

,Il;OBaTeJibHO, H HHcpOpMa:a;mr 0 rrpOCTpaHCTBeHHOM IIOJIO)KeHHH TO"tleK HX B03HHKHOBeHH51. MH

Terpa.JibHa.H .HpKOCTb pa3p.H,Il;HbIX KaHaJIOB saBHCHT OT KOJIH"tleCTBa 9JieKTpH'IeCTBa, npoTeKmero 

qepes HHX, H onpe,n;eJia:eTca: He CTOJibKO aMIIJIHTy,n;o:fi HMIIYJibCa, CKOJibKO BbIXO,ll;HO:fi MOID;HOCTbIO 

reHepaTopa H COOTHOIIIeHHeM eMKOCTe:fi reHepaTopa H H30JI5ITOpOB. IlyTeM ,n;o6aBJieHH.H rro,n;xo

,n;a:nwx IIpHMece:H B rasOBbI:fi o6'beM KaMepbI MO)KHO H3MeHHTb pacnpe,n;eJiemrn HHTeHCHBHOCTH 

CBetieHH.H paspa:,n;HhIX KaHaJIOB TaKHM o6pa30M, l:JT06hI pasMepnI a:pKO CBeT.HIIJ;HXC5r u;eHTpOB 

pa3p51,ll;HbIX KaHa.JIOB yMeHblIIHJIHCb ,ll;O d rv ( 1 -7- 2) MMi BeJIHl:JHHa d npaKTH"tleCKH He 3aBHCHT 

OT HanpH)KeHHOCTH 9JieKTpH'IecKoro nomr ( B pa6o'IeM ,n;HanasoHe E). BnepB1>re 9TOT 9cpcpeKT 

6hIJI H3y'IeH H OIIHCaH B ,Il;HIIJIOMHO:fi pa6oTe B.H.BymyeBa [29], BbIIIOJIHeHHO:fi B Jia6opaTOpHH 

51:,n;epHbIX npo6JieM 0 M..HM B 1965 r. 

a 

iO CM 

PHc. 1: <l>oTorpacpnH CJie,n;oB 9JieKTpOHOB npH ,n;aBJieHHH rasa P = 1 aTM: a) B 'IHCTOM reJIHH, 

sa,n;ep)KKa BbICOKOBOJibTHOrO HMIIYJihCa T3 = 0.4 MKCeK; 6) B CMeCH reJIH51: H 0.1% napoB BO,ll;bI, 

T3 = 0.4 MKCeK. 

B HacToa:rn;e:li ,n;HccepTau;HH paccMOTpeHne [19, 30, 31, 32] npo:u;ecca o6pasoBaHHH CJie,n;a 

sapH)KeHHO:fi 'IaCTHD;bI B caMOIIIYHTHpyro:rn;e:fic51: CTpHMepHOH KaMepe H o:a;eHKa pacnpe,n;eJieHH51: 

HHTeHCHBHOCTH CBe'IeHH51 B,ll;OJib pasp.H,ll;HbIX KaHa.JIOB OCHOBaHbI Ha npe,n;cTaBJieHHRX, pasBHTbIX 

9.,IJ;.JiosaHCKHM n 0. B. <l>HpcoBnIM [33] n ytIHThrnarorn;Hx 6oJibIIIoe BJIH.HHHe cpoTOHOHHsau;HH 

Brase (B oco6eHHOCTH HHepTHOM) Ha pasBHTHe paspa:,n;a. 
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,II;a.rree B ,ll;HCCepTall,HH CJie,n;yeT OIIHCaHHe o6pa60TKH KaMepHbIX CHHMKOB H CHCTeMhI rrpo
rpaMM, HarrHcaHH:bIX Ha .H3hIKe FORTRAN H co3,n;aHH1>rx crreu;HaJihHO ,n;Jrn o6pa6oTKH Ha 8BM 
cTepeo¢oTorpaqmit co61>rTHit yrrpyroro 71"4 He- n 7l"3He-pacce.HHIHI B KaMepe CKB,II;. <l>oTorpa
¢npoBaHne rrpon3BO,ll;MJIOCh ,ll,BYM.H KHHOKaMepaMn P<l>K-5, ycTaHoBJieHHhIMH Ha paccT05IHHH 
1 MOT cepe,n;HHbI pa6o'lero o6'heMa CTpHMepHOit KaMepnr. Ha pHC. 2 IIpHBe,n;eHa TIUIH'tJHaa ¢o
TOrpa¢na co61>1TH.H yrrpyroro paccezrHH.H rrHOHa Ha zr,n;pe reJIH.H. 

Pnc. 2: <l>oTorpa¢mr co61>ITHa yrrpyroro 7l" H e-pacceaHH.H B cTpHMepHoit KaMepe BhICOKoro ,n;aB
JieHHH - CKB,II;. ,Il;aBJieHne re;rnzi: B KaMepe P = 4 aTM; paccToaHHe Me)K,n;y u;eHTpa.rrnHhIMH 
perrepHbIMH MeTKaMH paBHO 300 MM. 

IIpocTpaHCTBeHHa.H KapTHHa Ka)K,n;Oro TaKoro co6nITH5I BOCCTaHaBmrna.rracb c IIOMOIIJ;bIO 
nporpaMMhr reoMeTpH'leCKoii peKOHCTPYKD;HH ELASTIC, pa3pa6oTaHHoit HaMH. IIpn rroJiy'le
HHH 9KCIIepHMeHTaJibHbIX pacnpe,n;eJieHifit pa3JIH'tJHbIX KHHeMaTH'l'.JeCKHX rrapaMeTpOB yrrpyroro 
(7l"±4He)-paccesi::HH.H y"tJHTnrna.rrac1> reoMeTpHa ycTaHOBKM [34]. 

TaKMM o6pa3oM, B rJiaBe 2 ,n;1rccepTau;nn 0606iu;eH1>r pe3yJihTaThr HCCJie,n;oBaHHit rrpou;eccoB 
pa3BMTH.H pa3pzr,n;a B CTpHMepHoit KaMepe. Co3,n;aH no cyiu;ecTBY HOBI>rii pe)KHM pa60T1>r reJIHe
BOii CTpHMepHOit KaMephl - pe)KHM caMomyHTHpoBaHirn - H ,n;aHO ero ¢n3HlleCKOe o6'h5ICHeHHe. 
Pa3pa6oTaHa npou;e,n;ypa M3Mepemrn H o6pa60TKH KaMepHbIX CHIIMKOB, IIOJiytiaeMhIX c reJIHe
BOii cTpHMepHoit KaMephI BhrcoKoro ,n;aBJieHH.H ( CKB,II;); o6pa6oTaHo HeCKOJihKO Thrca"tJ co61>rTnii 
yrrpyroro 71"± H e-paccezrHH.a. Pa6oTa BhIIIOJIHeHa no rrporpaMMe H3ytieHII.H paccezrHH.H IIHOHOB Ha 
JierKnx zr,n;pax B paitoHe nepBoro 6apHOHHoro pe3oHaHca .6.33 . 8KcrrepnMeHThr rrpoBe,n;eHI>r B Jia-
6opaTopIIII a,n;epHbIX rrpo6JieM 06'he,ll;IIHeHHOro HHCTIITyTa zr,n;epHbIX HCCJie,n;oBaHIIit. 
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Pnc. 3: CxeMa 9KcrrepnMeHTaJihHOH ycTaHOBKH. EM - 9.JieKTpoMarmu; SC - cTpnMepHa.H Ka

Mepa; HVPG - BhICOKOBOJibTHhr:H: reHepaTop HMIIYJihCHhIX Harrp.H:tKeHn:H:; TP - ,IJ;BH:tKyrn;asrcsr 

IIJiaT¢opMa; ES - 9.JieKTpocTaTn11ecKasr sarn;nTa; WC1_ 2 - rrpoBOJIO"IHhie KaMepnr; 0 1_6 - cu;nH

TMJIJISIJJ;MOHHhie C"tJeT"tJMKMSj M1-5 - TOHKHe CTeHbI. 

B rmme 3 - H3y"'leHHe B3a.HMO,n;e:HCTBH.S:£ a.HTHIIpOTOHOB c .S:l,lJ;pa.MH 3He, 4He 

H 20N e - ,n;JISI M3y"tJeHHSI B3aHMO,IJ;eHCTBHH aHTHIIpOTOHOB c JierKHMH sr,n;paMM B 9KCrrepn:MeHTe 

PS179 Ha LEAR (CERN) rrpnMeHeHhI rrpe,n;cTaBJieHHnre BO BTopo:fi rnaBe ,IJ;MccepTau;nn: pesy.JII>

TaThI HCCJie,IJ;OBaHHSI pa60ThI caMOIIIYHTHpyrorn;e:H:csr CTpHMepHOH KaMepbI. BnIJia BbIIIOJIHeHa 

60.JihIIIaSI rrporpaMMa HCCJI€,ll;OBaHHH B3aHMO,IJ;eHCTBHSI aHTHIIpOTOHOB c a:.n;paMM 3He, 4He H 20Ne. 

06rn;a.H cxeMa 9KCrrepnMeHTaJihHOH ycTaHOBKH. 

YcTaHOBKa 9Kcrrepn:MeHTa PSl 79, B OTJIH"tJMe OT CKB,D;, omrcaHHOH BO BTopo:H: r.JiaBe, rros

BOJISIJia IIpOBO,Il;HTb MarHHTHbIH aHaJIH3 HMIIYJibCOB BCex sapa::tKeHHbIX "tJaCTHD;, y"tJaCTByrorn;nx 

B peaKu;nn. 0Ha 6nr.Jia pasMern;eHa B aKcrrepnMeHTaJihHOM saJie LEAR n rro.n;po6Ho om1caHa B 

pa6oTe [35); cxeMa IIOKa3aHa Ha pn:c.3. YcTaHOBKa BKJIIO"tJaJia co6CTB€HHO CTpMMepHyro KaMepy 

(SC), HaIIOJIHeHHyro pa6o"tJHM rasoM rrpn: ,n;aBJI€HMH 1 aTM, aHaJIM3Hpyrorn;Mli MarHMT (EM) M 

TpnrrepHyIO CHCTeMy, COCTORBIIIYIO H3 CJJ;HHTHJIJIRJJ;HOHHbIX c11eT"tJHKOB C1-6· ,Ll;JISI MOHHTOpH

poBaHHSI CTPYKTYPI>I n rroJio:tKeHn:sr rry"tJKa n:crroJib30BaJIHCb ,n;Be rrporropu;n:oHaJihHI>re rrpoBOJIO"tJ

Hhre KaMepbI w cl-2· MHTeHCHBHOCTh IIY"tJKa aHTHIIpOTOHOB, rrpOXO,ll;.HIIJ;HX 11epe3 KaMepy 6nIJia 

104 ...;- 5 x 104ceK-1 rrpn: n:Mrry.Jince aHTn:rrpoTOHOB, paBHOM 610 M9B/c. 

McIIOJih30BaHHaSI CTpHMepHaSI KaMepa HMeJia BHyTpeHHHH o6'heM 90x70x18 CM3 H pasMe

rn;aJiaCh B MarHHTe; MarHHTHOe IIOJie paBHSIJIOCh rrpnMepHO 0,802 T H 6nIJIO O,ll;HOpO,n;HbIM B 

rrpe,n;eJiax ±2%. Pa60"tJHH ras (re.JIHH HJIH HeOH) IIOCTOSIHHO rrpO,IJ;yBaJIC.H -qepes pa60111r:ii o6'b

eM KaMepbI CO CKOpOCThIO, paBHOH IIpHMepHO 220 Jij"tJ. ,Ll;Ba OKHa ,)];JIR BBO,ll;a (15x31 CM2) H 

BhIBO,n;a ( 15 x 41 CM2) IIY"tJKa 6hIJIH c,n;e.JiaHhI H3 IIOJIH9THJI€HOBOH IIJieHKH TOJIIIJ;HHOH 70 µM ( H 

IIJIOTHOCThIO 0,94 r / CM3. 

Ha BbICOKOBOJihTHhIH aJieKTpo,n; cTpMMepHofi KaMepnr rro,n;aBaJIMCh oTpn:u;aTeJihHhre a.JieKTpn

"tJeCKMe MMIIYJII>Chr c aMrrJIMTy,n;ofi ;:::::140 KB, BpeMeHeM HapacTaHH.H ,..._, 10 HCeK M BpeMeHeM crra.n;a 

,..._, 1 MKCeK. ,Ll;JISI Harrrero 9KCrrepn:MeHTa 6nIJI crrpoeKTllpOBaH reHepaTOp HMIIYJihCHhIX Harrpsr:tKe-
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Pnc. 4: <DoTorpa¢mr MOHHTOpa TB KOHTpOJJbHOH CHCTeMhI, Ha KOTOpofi BH,Il;HO C06bITHe aHHM

rMmm;m1 aHTMIIpOTOHa B HeOHe. 

HMM (rMH) M3 16 ceKll;MH Ha KOH,Il;eHCaTopax ¢n:pMbI Maxwell Laboratories, Inc. eMKOCTM c = 

0,05 rr<D Ka:JK,Il;hifi. B ,n;MccepTawrn rrpHBO,Il;HTC.H rro,z:i;po6Hoe onn:caHMe reHepaTopa HMIIYJJhCHhIX 

HarrpmKeHHH. 

B TpeThe:H rJJaBe ,Il;MCCepTaIJ,MM TaK)Ke rro,z:i;po6Ho OTIMCaHa OIITH"9:eCKaH CMCTeMa cPOTOrpa¢n:

poBaHM.H CTpMMepHOH KaMephI, OCHOBaHHa.H Ha ,Il;BYX cPOTOKaMepax c o6'heKTHBaMM Leitz (Tima 

Summicron; 35,06 MM/2). 0rrTH'1eCKMe ocn o6'heKTHBOB 6bIJJM napa:JJJJMhHhI sJJeKTpH'1eCKOMY M 

MarHHTHOMY TIOJ1.HM, paCCTO.HHMe Me)K,z:i;y HMMH (6a3a) paBHHJJaCb 280 MM. 06'heKTHBbI HaxO,n;M

JIMCb Ha pacCTO.HHMM 105,3 CM OT BepXHMX penepHbIX MeTOK B CTpMMepHOH KaMepe, 'ITO ,n;aBaJIO 

yMeHhmeHne M3o6pa)KeHM.H B 30 pa3. CMcTeMa MexaHM'1ecKofi rrpoT.H)KKM rrJJeHKM (n BpeM.H 

3ap.H,Il;KM BbICOKOBOJ1bTHOrO rMH) II03BOJI.HJ10 IIOJ1y'1aTb HeCKOJibKO CTepeo CHMMKOB B CeKyH

,n;y (36]. PerrepHbie MeTKM BhirpaBMpOBaHhI Ha BHyTpeHHefi TIOBepXHOCTM BepxHero M HM)KHero 

CTeKOJI CTpHMepHOH KaMepbI, M OHM OCBe:lIJ,aJIMCb BCTibiillKOH CKOJib3.H:m;ero CBeTa Cpa3y IIOCJie 

rrepeT5I)KKM TIJieHKM B ,Il;BYX cPOTOKaMepax M cP0TOrpa¢npOBaJJMCb O,Il;HOBpeMeHHO c C'1eT'1HKOM 

Ka,n;poB n MapKaMM BpeHHepa (data box). ,D;irn¢parMa, ncrroJih30BaHHaH rrpM ¢oTorpa¢npoBa

mm co6hITHH B reJJHH, 6bIJia 2,8, TIPM KOTOpofi 6hIJia xopomaH rnyforna pe3KOCTM, B TO BpeM.H 

KaK B CJiy'1ae HeOHa XBaTaJIO CBeTa ,Il;JI.H ,n;na¢parMhI, paBHOH 11. 

,Il;Jrn IIOCTOHHHOro ,Il;HCTaHIJ,HOHHOro BM3YaJibHOro KOHTpOJI.H 3a pa6oTofi CTpHMepHofi KaMepbI 

BO BpeMH Ha6opa ,n;aHHbIX Me)K,z:i;y ,Il;BYM.H cPOTOKaMepaMM 6bIJia ycTaHOBJJeHa TeJieBM3HOHHa.H 

KaMepa c IIJ1IOM6MKOHHOH Tpy6Koii ,Il;JIH rrepe,n;a'1H H 3aTIHCH M306pa)KeHHH o6'beMa CTpHMepHOM 

KaMepbI B KOHTpOJibHYIO KOMHaTy SKCrrepHMeHTa. Xopomee Ka'1eCTBO ,n;eTeKTMpyro:m;efi CMCTeMbI 

MJIJIIOCTpHpyeTC.H cPOTOrpa¢neli C06bITH.H Ha 8KpaHe TeJJeBM3HOHHOfi CMCTeMhI, rrpMBe,n;eHHOfi Ha 

pnc.4. 

Pa6oTa cTpMMepHofi KaMephr. 

KaK 6hIJIO CKa3aHO Bbime, xopomaH JIOKaJIH3aIJ;MH CJie,n;oB COBMeCTHO c BbICOKOH HpKOCTblO 

CTpHMepHbIX KaHaJIOB, ¢opMHpyro:m;Mx CJie,IJ;hI 3ap.H)KeHHbIX "t.J:aCTMIJ; B caMomyHTHpyro:m;efic.H 

CTpHMepHOfi KaMepe, ,Il;OCTMraeTCH BBe,n;eHMeM IIO,Il;XO,IJ;HIIJ;HX npHMecefi B OCHOBHOfi pa60'1HH ra3, 

HaTIOJJHHIOIIJ;MH KaMepy, ,Il;JIH perynnpoBaHMH pacrrpe,n;eJieHMH 5IpKOCTM B,Il;OJib CTpMMepHbIX Ka

Ha.JIOB. Mbr Ham.JIM, 'ITO y,n;oBJieTBopnTeJihHhre CJie,n;hI B KaMepe, HanoJIHeHHOfi reJIMeM, pa6oTa

ro:m;efi B MarHMTHOM IIOJie, TIOJiy'1aIOTC5I npH MCIIOJib30BaHMH TipMMeCM CJIO)KHbIX yrJieBO,Il;OpO,IJ;OB 

Ha ypOBHe <0,1 %, B TO BpeMH KaK B CJiy"t.J:ae KaMepbI, HaIIOJIHeHHOfi HeOHOM, Tpe6yeTC.H rrpMMeCb 

1 1 
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Pnc. 5: <I>oTorpa¢mr co6nrTM.H aHHMI'MJI.HIJ;HM B reJIMM p Ha JieTy c HMIIYJihCOM 610 M3B/c, B 
KOTopoM B reJIHH po)K.n;aeTca H ,n;aJiee pacrra.n;aeTca Ha ,n;Ba rrHoHa K~-MesoH. PaccTO.HHHe Me)KJIY 
BepxHHMH perrepHbIMH KpecTaMH paBHO 20 CM. 

N2 Ha ypOBHe rvl%. 
Ha pnc.5 rrpnBe,n;eHo co6nrTne aHHI1THJI.HIJ,HH p B reJIHH, B KOTopoM po)K.n;aeTca K~-Me3oH, 

KOTOphrfi 3aTeM pacrra.n;aeTC.H Ha ,n;Ba IIHOHa. ,Il;na<l:>parMhI o6'heKTHBOB 6bIJIH 2,8, "t:JTO o6ecrre"t:JH
BaJIO rJiy6nHy pe3KOCTH, rrpeBhrmarorrzyro I'Jiy6MHY caMOM KaMepbI (18 CM). 

CncTeMa 3arrycKa ( TpHrrepa). 
CxeMa Tpnrrepa, rrosBoJI.srBmaa 3aperHcTpIIpoBaTh co6nrTH.H B3aIIMo,n;eiicTBH.H aHTIIrrpoTo

HOB B pa6o"t:JeM o6'heMe CTpnMepHOH KaMephr, IIOKa3aHa Ha pnc.3 II COCTOHT H3 II.HTII CIJ,HHTIIJI
JI.SIIJ,IIOHHhIX C'lfa'IHKOB: ,n;Byx )KlIBhIX KOJIJIHMaTopoB (C1 H Cs), ,n;Byx TOHKHX CIJ,HHTIIJIJI.HIJ,IIOH
HhIX c11eT"t:JMKOB ( C2 n C4) rrepe.n; cTpIIMepHofi KaMepo:H n o,n;Horo ( C5) 3a Heit CnrHaJI Tpnrrepa 
(sarrycKa) ( C1 C2CsC4Cs) Bhrpa6aThIBaJic.sr Ka)K.n;o:H "IaCTIIIJ,eii, rrpoxo.n;.srm;eli -qepes OTBepcTII.H 
)KHBhIX KOJIJIHMaTOpOB M TOHKIIe CII,IIHTIIJIJI.HTOphI, HO He rrorra,n;aBmefi B KOHe"t:JHhiif ,n;eTeKTOp. 

lfaMepeHne co6hITIIH aHHHI'HJI.HIJ,IIH aHTIIIIpOTOHOB, rrpoHcxo.n;.srm;nx B CTpnMepHOH KaMepe. 
B ,n;IIccepTaIJ,MM rro.n;po6Ho o6cy)K.n;aeTc.sr [37] nsMepemrn HMIIYJihCOB H yrJIOB BhIJieTa sapa

)KeHHhrx "t:JaCTHIJ,, y11aCTByrom;nx B peaKIJ,H.HX, a TaK)Ke n,n;eHTHcPHKaIJ,H.H 11acTHIJ, ( orrpe,n;eJieHHe 
HX Mace) B 'laCTHOM CJiy11ae aHHHI'HJI.srwm aHTIIIIpOTOHOB Ha 4 He, rrpH KOTOpofi pO)K)l;aeTC.H 
.n;o 9 sapa)KeHHhrx -qacTIIIJ, B o,n;HOM co6hITMII (BKJIIO"Ia.sr 7r±, K± ,p, d, t n 3He) c HMIIYJinCaMn 
B rrpe,n;eJiax OT 0 n rrpnMepHo .n;o 1000 M3B / c. l{acTHIJ,hI H,n;eHTMcPMIJ,npoBaJIIICh He TOJihKO no 
KHHeMaTMKe co6hITH.H, HO H c IIOMOm;hIO rrpoIJ,e.n;ypnr, OCHOBaHHOH Ha cpaBHeHHH .HpKOCTH CJie
.n;a 11aCTHIJ,hI c H3BeCTHhIM HMIIYJihCOM, HO HeII3BeCTHOH Maccoli, c RpKOCThIO CJie,n;oB Ha TOii 
)1(€ cPOTOrpa<l:>IIII, rrpIIHa,n;Jie)Kam;IIx 11aCTIIIJ,aM c II3BeCTHhIMH IIMIIYJihCaMII II MaccaMII ( 7r- II 
rra.n;arom;IIfi p). 

~JI.H II3Mepemrn II peKOHCTPYKIJ,IIH co6hITHH MhI IICIIOJih30BaJIII CTaH,n;apTHYIO rrpOIJ,e.n;ypy. 
<I>oTOrpa¢m1 co6bITHM rrpoeKTIIpOBaJIHCb c yBeJIH'leHIIe:M:, paBHbIM rrpHMepHO 30, Ha CTOJI II3-
MepIITeJI.H KOOp,n;irnaT nma Benson 6301 (paspemeHIIe: ±0,02 MM, TO'IHOCTh ±0,10 MM). 

IlporpaMMa peKOHCTPYKIJ,MII, HCIIOJih3yrom;aa reoMeTpHIO rraKeTa Hydra [38] 6nrJia cos,n;aHa 
H rrpoBepeHa rrpH BOCCTaHOBJieHIIH co6hITHH, reHepIIHyeMhIX CTaH,n;apTHOM rrporpaMMOH MO,n;e
JIIIpOBaHH.H GEANT [39, 40]. 

Ce11eHH.sr aHHHrHJI.HIJ,HH aHTHrrpoTOHOB c JierKHMM a.n;paMn rrpH HH3Koii 3HeprHn. 
KaK yKasaHo B pa6oTax [41, 42], II3MepeHIIe ce11eHMii aHHHI'HJI.HIJ,HH aHTmrpoTOHOB Ha HYK

JIOHax H .sr.n;pax rrpH 01l€Hh HH3KHX 3Hepnrnx (cKa)KeM. IIMIIYJihCax HH)Ke 100M3B/c) M0)K€T 
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CTIOC06CTBOBaTb TIOHHMamuo aHTHHYKJIOH-HYKJIOHHOI'O B3aHMO,n;eiiCTBH.H KaK B paMKax KBap

KOBbIX MO)l;eJieii, TaK H B paMKax TIOTeHIJ;HaJibHbIX MO,n;e.Jieit 

,D;o Hameii pa60TbI ,n;aHHbIX TIO aHHHI'HJI.HI.J;HH aHTHTipOTOHOB TIPH HMTIJJihCax HH)Ke 100 

MaB/c TipocTo He 6bIJIO. TaK "tITO, HMea: B03MO)KHOCTh HCTIOJih30BaTh TIY'IOK aHTHTipOTOHOB c 

HH3KHMH HMTIJJihCaMH (105,2 MaB/c, 6.p/p = 10-3 (43]) ycTaHOBKH LEAR B CERN JI ra3oByro 

MHIIIeHb HJI3KOH TIJIOTHOCTJI, KaKOBOH .HBJI.HeTC.H caMOIIIJHTJipyrom;a.HC.H CTpHMepHa.H KaMepa, MbI 

JI3MepHJIH ce'tleHJie aHHHI'HJI.HI.J;JIH aHTHTipOTOHOB TIPH JIMTIYJihcax B 06.JiaCTJI ,...., 50 M3B/c (1,33 

MaB) Ha 4He [44], 3He [45] JI 20Ne [46]. ,[l;aHHhre, TioJiytJeHHhre, HaTipHMep, Ha 4He, ,n;oTIOJIH.HIOT 

HaIIIJI pe3yJihTaTbI, TIOJiy"tieHHhre Ha 4He TIPH Tpex HMTIYJihcax 192,8, 306,2 n 607,7 M3B/c, a 

TaK)Ke B IlOKOe [47, 48]. 

11MTIJJibC TIJ'IKa Ha BXO,n;e B CTpHMepHyIO KaMepy TIO,n;6JipaJIC.H TaK, 'IT06hI aHTJITipOTOHbI 

OCTaHaBJIHBaJIHCb B n;eHTpaJibHOH 06.JiaCTJI pa6o-qero 06'heMa (±22, 5 CM BOKpyr cepe,n;JIHbI Ka

Mepbr), r,n;e 3¢¢eKTHBHOCTh per11cTpan;JIH 6JIH3Ka K 100% (cM. pHc.6). Bcern ,n;.irn Ka*,n;oro 

pa6otJern ra3a 6bIJIO TipOCMOTpeHO OKOJIO 9,0 TbICH<J cPOTOCHHMKOB, Ka)K)l;bIH c H306pa)KeHHeM 

O)l;HOI'O e,n;JIHCTBeHHOI'O co6hITH.H aHHHI'HJI.HIJ;HJI p. IlpH HH3KHX 9HeprH.HX e,n;HHCTBeHHOM HeyTipy

roii peaKn;Heii .HBJrneTC.H aHHHI'HJI.HIJ,JI.H, H BepO.HTHOCTb aHHJII'HJI.HIJ,HH B TIOKOe ropa3,n;O BbIIIIe, 

tJeM Ha JieTy. 

Ha pJic.7 TIPJIBe,n;eH TIPJIMep pacTipe,n;eJieHH.H HMTIYJibCOB, H3MepeHHbIX He TipocMoTpOBOM 

CTOJie Ha paCCTO.HHJIH Xo = 22, 5CM OT cepH)l;HHbI KaMepbI (cM. pHc.6). 9TO pacrrpe,n;eJieHHe 

OTpa)KaeT BHyTpeHHHH JIMTIYJibCHbIH pa36poc TIY'IKa Ha BXO,n;e B KaMepy, a TaK)Ke TIOCJie,n;y

rom;ee yBeJIH'IeHHe HMTIJJibCHOI'O pa36poca B pa6otJeM o6'beMe KaMepbI. 3HatJeHH.H JIMTIJJibCOB 

6hIJIH onpe,n;e.JieHhI KaK TIO JI3MepeHH.HM KpHBH3H CJie,n;oB, TaK H TIO JI3MepeHH.HM ,n;JIJIH CJie,n;oB 

(Tipo6eroB aHTHTipOTOHOB), KaK JKa3aHO B pa6oTe [37]. 

BnIJIH TIOJiy"'leHhI CJie,n;yrom;He sHaJieHH.H ce<JeHHH aHHHrHJI.HIJ;JIH aHTHnpoToHoB: 

• O"p4He = 1342 ± 250 M6; 

• O"P3 He = 1850 ± 700 M6; 

• O"p20Ne = 2210 ± 1105 M6. 

l13MepeHHOe TIOJIHOe Ce'IeHHe aHHJII'HJI.HI.J;HH p3He rrpeBOCXO)l;HT Ce'IeHHe )l;JI.H JI30TOTia 4He. IloJiy

'IeHHbIH pe3yJibTaT YKa3hIBaeT Ha TO, 'ITO a:,n;epHa.H CTPYKTypa, BH)l;JIMO, HrpaeT cym;eCTBeHHYIO 

pOJib. 

IloJiy'IeHHOe IIOJIHOe ce<JeHJie aHHHI'HJI.HI.J;HH pNe O"aHH = 2210±1105 M6 He corJiacyeTC.H c 

Q)KH)l;aeMbIM 3¢¢eKTOM MaCCOBOro H KJJIOHOBCKOI'O yBeJIH'IeHH.H cetJeHJI.H, 'ITO TIO)l;TBep)K,n;aeT 

TIOBe,n;eHHe Ce'tleHH.H, KOTOpoe Ha6JIIO)l;aJIOCb Ha 60.Jiee JierKHX a:,n;pax. 

B rJiaBe 4 - HcnOJib30BaHHe .H,zi;epHoii <l:>oT03MYJibCHH ,lJ;JI.H Ha6mo,zi;eHHH 

o6pa30BaHH.H rnnep<l:>parMeHTOB H pe30HaHCa d' - OTIHCaHbI JICCJie,n;oBaHHe o6pa30BaHH.H 

I'HTiep¢parMeHTOB npH aHHHI'HJI.HIJ,HH OCTaHOBHBIIIHXC.H aHTHIIpOTOHOB Ha a:,n;pax B cPOT09MJJib

CHH, a TaK)Ke pe3yJibTaTbI H3ytJeHJI.H pe30HaHCHOro IIOBe,n;eHH.H npH )l;BOHHOM rrepe3ap.H,n;Ke 7!"+ -
Me30HOB Ha a:,n;pax cPOT03MJJibCHJI. KaK H CTpHMepHa.H KaMepa, cPOT03MJJibCH.H .HBJI.HeTC.H Tpe

KOBbIM ,n;eTeKTOpOM, B KOTOpo:H perHCTpHpyIOTC.H (¢0Torpa¢11pyIOTCa) CJie)l;hI 3ap.H)KeHHbIX 'Ia

CTHI.J;. 

06pa30BaHHe rHTiep¢parMeHTOB TIPH aHHHI'HJIHI.J;HH aHTHIIpOTOHOB Ha a:,n;pax B cPOT03MYJibCHH. 

3Ha"tIHTeJII>Hoe tJHCJio Me,n;JieHHbIX A-rmrnpoHoB, o6pa3yrom;Jixca: B pesyJihTaTe Tiepepacce

.HHH.H K-Me30HOB, o6ecrre"'IHBaeT 6JiaroTipH.HTHYIO B03MO)KHOCTh ¢opM11poBaH11a B aHHHrHJI.H

n;HOHHhIX rrpon;eccax r11rrepa:,n;ep. On;eHKH TIOKa3hIBaIOT [49], <JTO "" 10% Bcex A-r11TiepoHoB, 

B03HHKaIOm;Hx rrpH 3axBaTe aHTHilpOTOHOB Ha a:,n;pax, CB.H3bIBaIOTC.H B rHTiepa:,n;pa. 
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PHc. 6: BKJia,n.Ka rroKa3hIBaeT Ha6op CJie,n.oB ocTaHaBJIHBarom;HXC.H 1IaCTHIJ;. KpeCThI - perrepHhre 

MeTKH. OcHOBHoii pncyHoK rrpe,n.cTaBJI.HeT cxeMaTH11ecKoe nso6paLKeHHe rrpoeKn;HH HaCTO.Hm;ero 

co6hITH.H aHHHrHJI.HIJ;HH B rroKoe ( crrJIOIIIHhre JIHHHH). KpHBH3Ha CJie,n.a aHTHnpoToHa cpaBHH

BaeTC5I c KpHBH3HOii perrepHoro ( CTaH,n.apTHoro) CJie,n.a ( IIITpHXOBbie JIHHHH)' IlOCJie,IJ.H.H.H T011Ka 

KOToporo cooTBeTCTByeT HMITYJihcy, paBHOMY 35 MaB/c. CTpeJIKH yKa3hIBaIOT TOt.J:KH, OKOJIO 

KOTOphrx KpHBH3Ha cooTBeTCTByeT 35, 40 H 45 MaB / c. 

70 

Np 60 

so 
c.o 
30 

20 

JO 

01s 4{) "s 50 SS 60 65 

P tMeV/tJ 

Pnc. 7: Pacnpe,n.eneHne HMITYJihCOB 1IaCTHn; rryt.J:Ka, H3MepeHHoe B Ha11ane pa6011ero o6'beMa cTpH

MepHofi KaMepbI (JIHHH5I, COOTBeTCTByrom;a5I Xo Ha pHC. 6). ,lJ;JIHHbI COOTBeTCTBYIOID;HX CJie,II.OB 

aHTHnpoTOHOB MeH5IIOTC5I B paMKax 10-40 CM. AHTHrrpoTOH c HMnyJihCOM 41 MaB / c TepHeT 1 
MaB / c npH rrpoxoLK,n.eHHH rrpHMepHo 0,9 CM, a rrpH HMITYJibce 51 MaB / c p Tep5IeT 1 MaB / c rrpH 

rrpOXOLK,II.eHHH npHMepHO 1,5 CM. 
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9KcnepHMeHTaJihHOe IIO,IJ;TBepiK,IJ;eHHe TaKofi MO,IJ;eJIH o6pasoBaHH.H I'HIIepa,n;ep npH aHHHI'H

JI.HIJ;HH aHTHnpoToHOB B noKoe noJiy1:rnHo Ha ycTaHOBKe LEAR [50, 51]. Ha ocHoBe perHcTpau;nH 

co6bITHfi sa,n;epiKaHHOI'O ,n;eJieHmr, npOHCXO,IJ;.HID;HX B npou;ecce aHHHI'HJI.HIJ;HH Ha .H,n;pax 238 u H 
209Bi, onpe,n;eJieHo, lJTO BepO.HTHOCTb o6pasoBaHH.H TSiiKeJibIX I'HIIepa,n;ep B 9TOM CJiy11ae 3aKJII0-

1IeHa B npe,n;eJiax 8 . 10-4 - 4 . 10-3 [52] Ha O,IJ;HY aHTHIIpOTOHHYIO OCTaHOBKy. 

TaKHM o6pasoM, npou;ecchI aHHHrHJISIIJ;HH aHTHrrpoTOHOB Ha a,n;pax Hapa,n;y c saxBaTOM H 

nepe3ap.H,IJ;KOfi K-Me30HOB [53] MOI'YT paeeMaTpHBaTbC.H KaK e:rn;e O,ll;HH HCTOlJHHK o6pa30BaHH.H 

I'HIIep¢parMeHTOB. 

B pa6oTe [54], npe,n;cTaBJieHHOfi B fJiaBe 4 ,n;nceepTau;nn H .HBJrnro:rn;e:ttea rrpo,n;oJiiKeHHeM 

IJ;HKJia HCCJie,n;oBaHHfi B3aHMO,n;efiCTBH.H aHTHIIpOTOHOB c sr,n;paMH ITO rrporpaMMe 9KCIIepHMeHTOB 

PS-179 I.J;EPH, rrpoBO,IJ.HBIIIHxca ¢oT09MYJibeHOHHhIM MeTo,n;oM, rrpHBe,n;eHbI rrepBhre pesyJihTaTbI 

no HCCJie,n;oBaHHIO npou;eeCOB o6pasoBaHH.H H pacrra,n;a I'HIIep¢parMeHTOB, B03HHKaIOID;HX npH 

aHHHI'HJI.HIJ;HH OCTaHOBHBIIIHXCSI aHTHIIpOTOHOB Ha a,n;pax B cPOT09MYJibCHH. 

IIo,n;po6Hoe OIIHCamrn MeTO,IJ;HlJeCKHX BOnpoeoB, CB.H3aHHbIX c H3I'OTOBJieHHeM H 06Jiy11eHHeM 

cPOT09MYJibCHOHHbIX KaMep, a TaKIB:e ,n;eTaJIH rrpoeMOTpa H H3Mepemifi co6hITHfi norno:rn;eHH.H 

aHTHIIpOTOHOB B cPOT09MYJibCHH rrpHBe,n;eHbI B (55, 56]. 
lfa 4880 saperHCTpHpOBaHHbIX aHHHI'HJI.HIJ;HOHHhIX 3Be3,n;, B KOTOphIX npocJieiKeHhI B npe,n;e

Jiax O,IJ;HOI'O cPOT09MYJibCHOHHOI'O CJIO.H Bee 11epHbie CJie,IJ;bI (b-11aCTHIJ;bI [57])7, TpH paeeMaTpH

BaJIHCb KaK B03MOiKHbie co6bITH.H o6pasoBaHH.H H Me30HHhlfi pacrra,n; I'HIIep¢parMeHTOB, o6pa-

30BaHHbIX B npou;eccax 3axBaTa aHTHIIpOTOHOB .H,n;paMH B cPOT09MYJibeHH (B KalJeCTBe KaH,n;H

,n;aTOB B co6hITH.H c BbIJieTOM I'HIIep¢parMeHTa OT6HpaJIHCb ",n;BOfiHbie 3Be3,IJ;bI" - CJiy11aH, KOr,n;a 

rrepBH"LJHa.H aHHHI'HJI.HD;HOHHa.H 3Be3,n;a CBSI3aHa b-eJie,n;oM c ,n;pyrofi, BTOpH1IHOH 3Bes,n;oli; Beem 

Hali,n;eHO 28 TaKHX co6hITHH). 

Pe3yJihTaThr aHaJIH3a Beex noJiy11eHHhrx sKerrepHMeHTaJihHhrx ,n;aHH:orx rro3BOJI.HIOT yTBep

)K,1l;aTh, lJTO B Harnett pa6oTe BrrepB:ore B rrpou;eecax aHHHI'HJI.HIJ;HH OCTaHOBHBIIIHXe.H aHTHIIpO

TOHOB Ha sr,n;pax B cPOT09MYJihCHH saperHeTpHpOBaHbI TpH co6bITH.H - o6pa30BaHHe, BbIJieT H 

Me30HH:orli pacna,n; JierKHx r1mep¢parMeHTOB ~ H H A_ H. 
BepO.HTHOCTh B03HHKHOBeHM.H TaKHX peaKu;nli Ha o,n;Hy ocTaHOBKY aHTMnpoToHa B ¢oTo

sMyJI:oeMH COCTaBJI.HeT (6, 1±3, 5). 10-4. 

Bee 3aperHCTpHpoBaHH:ore co6hITH.H o6pa3oBaHirn H 7r--Me30HHoro pacna,n;a rnrrep¢parMeH

TOB HH'.l'epnpeTHpOBaHhI KaK aHHHI'HJISIIJ;H.H OCTaHOBHBIIIHXeSI aHTHIIpOTOHOB Ha JierKHX ( c' N' 
0, S) sr,n;pax B ¢oT09MYJihCHH. ITosToMy eeJIH rrpe,n;rroJIOiKHTh, 11To, KaK H B cJiy11ae rrorJio

:rn;eHHSI 7r--Me30HOB, 38% (58] Beex 3aXBaTOB aHTHIIpOTOHOB npOHCXO,IJ;HT Ha JieI'KHX sr,n;pax B 

cPOT09MYJiheMH, TO BepO.HTHOCTb BbIXO,n;a I'HIIep¢parMeHTOB Ha O,IJ;HY oeTaHOBKY B 9THX a,n;pax 

6y,n;eT paBHa (1, 6 ± 0, 9) · 10-3 . 

TaKHM o6pasoM, MOiKHO c,n;eJiaT:o eJie,n;yro:rn;ne Bhrno,n;:or. 

1. BnepB:ore 3aperncTpHpoBaH:or TPH co6:orTH.H - o6pasoBaHne, BhIJieT H Me30HH:o1:tt pacna,n; 

JierKHX rnrrep¢parMeHTOB A_ H H ~ H B npou;eccax aHHHI'HJI.HD;HH oeTaHOBHBIIIHxea aHTH

npoTOHOB Ha JierKHX (C, N, 0, S) a,n;pax B ¢oT09MYJihCHH. 

2. HHiKH.H.H rpaHnu;a Bepo.HTHOCTH o6pasoBaHH.H rnrrep¢parMeHTOB A_ H H ~ H Ha o,n;Hy ocTa

HOBKY aHTHTipOTOHa B a,n;epHOH cPOT09MYJibCHH paBHa (6, 1±3, 5). 10-4, 

3. 9HepreTH1IeCKHH 6aJiaHC TIOJIHbIX HalJaJibHOH H KOHelJHOH 9HeprHH B paceMaTpHBaeMhIX 

peaKIJ;H.HX ,n;aeT OCHOBaHHe ,n;JI.H YTBepiK,n;eHH.H, lJTO HaH60Jiee BepO.HTHbIM MexaHH3MOM 

7HarrOMHHM KJiaccmpHKau;mo CJie,n;oB 'IaCTHD; B a;:i;epHOH cpOT03MYJibCHH: b-'!aCTHD;a - qepHbIM CJie,n;, g-'IaCTHD;a 

- cepbIH CJie,n;, S-'IaCTHD;a - pe.rr.HTHBHCTCKHH CJiep; [56]. 
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pO:>K.U.eHH.H rHrrep¢parMeHTOB .HBJrneTC.H rrepe3ap.H.z:c.Ka o6pa30BaHHbIX B pe3yJihTaTe aHHH
rHJI.HD;HOHHOro rrpou;ecca K- -Me30HOB Ha HYKJIOHax z.n:.pa-ocTaTKa. 0.n:.nHM H3 B03MO:>K
HbIX KaHaJIOB rrepe3ap.H.U.KH rrpe.n:.rroJiaraeTC.H pO:>K.U.eHHe rm1epz.n:.pa Ha MaJIOHYKJIOHHOM 
KJiacTepe [4He]. 

Pe3oHaHcHoe rroBe.n:.emm rrpH .U.BOHHOH rrepe3apz.n:.Ke 7r+ -Me30HOB B ¢oT09MYJibCHH. 
BTopa.H pa6oTa (59), BbIIIOJIHeHHa.H c IIOMOI.IJ;blO .H.z:c.epHOH cPOT09MYJibCHH H npe.n:.cTaBJieHHa.H B 
fJiaBe 4 .n:.nccepTau;1rn, IlOCB.Hm;eHa aHaJIH3Y cneKTpa Mace CHCTeM pp7r- H pp, po:>K.z:c.aeMbIX B 
peaKD;HH ,ll;BOHHOH rrepe3ap.H.U.KH (Double Charge exchange: DCX) IlOJIO:>KHTeJibHO 3ap.H:>KeHHbIX 
rrHOHOB Ha sr.n:.pax 107 Ag H 109 Ag B ¢oT09MYJibCMMi B crreKTpe HHBapHaHTHbIX Mace o6Hapy:>KeH 
TIHK npH Mpp7r- ~ 2.05 fsB. 9HeprHsr na.n:.arom;Hx 7r+-Me30HOB 6hIJia T7r+ = 40 + 140 MeV, 
a pa3perneHHe B HHBapHaHTHOH Macce MPP1r- .n:.ocTHraJio npHMepHo 10 MsB. B TO :>Ke BpeMsr 
B cneKTpe MPP nposrBJI.HeTC.H CHJibHbIH s¢¢eKT Mn:r,n;ana-BaTCOHa B3aMMo.z:c.elicTBH.H B KOHff'I
HOM COCTO.HHHH Me:>K.n:.y ,ll;BYM.H npOTOHaMH. Hamn Ha6JIIO.U.eHM.H IIO.U.TBep:>K.z:c.aroT cym;ecTBOBaHHe 
nceB.z:c.ocKaJI.HpHoro pe3oHaHca N N 7r c T = 0, Ha3BaHHoro d' n: npe.n:.Jio:>KeHHoro .n:.mr o6'h.HC
HeHn:sr MaKCHMYMOB, o6Hapy:>KeHHbIX B Ce"'IeHHH pacceHH.H Bnepe.n:. npH .U.BOHHOH nepe3ap.H.U.Ke 
7r+ (A, Z)-+ (A, Z + 2)7r- rrpH T7r+ ,...., 50 MsB [60]-[62]. 

,Il;BOHHa.H rrepe3ap.H.z:c.Ka (DCX) 7r±-Me30HOB 6bIJia BnepBbie o6Hapy:>KeHa npn HCCJie,n;oBaHHH 
B3aMMO.U.efiCTBHH TIHOHOB c sr.n:.paMH cPOT09MYJibCHH (63]-[68]. B 9THX 9KCnepnMeHTax HCTIOJib-
30BaJIHCb sMyJihCHOHHhre KaMepb1, Ha6paHHbre n:3 CJIOeB NIKFI-BR ToJim;nHo'fi 400 H 600 µM, 
KOTOpbie o6Jiy"'IaJIHCb B ny"'IKax 7r+ - H 7r--TIHOHOB cPa30TpOHa J1a6opaTOplm sr.z:c.epHbIX npo6JieM 
HM. B.II.,D;:>KeJierroBa OI15II1; pa36poc B MMIIYJihcax IIHOHOB B ny11Kax 6hIJI ,...., 3%. Pa3MepbI 
cPOT09MYJibCHOHHbIX KaMep 6hIJIH BbI6paHbI TaKHMH, 11T06bI TIHOHbI c 9Heprne:H 50-60 MsB IIOJI
HOCTblO OCTaHaBJIHBaJIHCb B 9MYJibCHH. 

~N I .6.Mppn• 
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PHc. 8: Pe3oHaHcHoe om1caHHe cneKTpa HHBapHaHTHbIX Mace pp7r- B cpaBHeHHH c 9KcnepHMeH
TaJihHbIMH ,n;aHHbIMH .z:c.,rrz peaKu;n:H 7r+ + 107 Ag-+105 Ag +pp 7r- (CM. TeKcT) 



Co6I>ITHH ~oi:iHoli nepe3apH,n;KH (DCX) B ¢oT09MYJII>CHOHHO:fi KaMepe, o6Jiy-ciaBrneH:csr 7r+ -

Me30HaMH, H,n;eHTHcPHIWPOBaJIHCb no OCTaHOBKaM 71'"--Me30HOB, a B KaMepax, o6Jiy-ciaBIIIHXCSI 

7r- -Me3oHaMH, TaKHe co6nrTHH y3HaBaJIHCh no pacrra,n;aM 7r+ -Me30HOB. 

B CJiytJae DCX 7r+ -Me3oHa ,n;Ba HefiTpoHa .H,n;pa-MHmeHH cTaHOBHTCH npoToHaMH, KOTOpbie 

MoryT ocTaBHTh .H,n;po. HaMH 6I>rno oTo6paHo 224 co6brTH.SI DCX ?r+ -Me30HOB, B KOTOpbIX 6nIJIH 

Hafi,n;eHbI TOJibKO ,!J,Ba npOTOHa H 0,l1;HH 71'"--Me30H B KOHe"CJHOM COCTOHHHH, B TO BpeM.SI KaK He 

6bIJIO HHKaKHX BH,!J,HMbIX CJie,n;oB H,n;pa OT,rr,a-ciH HJIH 6bICTporo 9JieKTPOHa B U,eHTpe 3Be3,LJ;bI. 

B Ka)K,l1;0M H3 3THX OT06paHHbIX co6bITHii H3Mep.HJIHCb yrJibI Me)K,n;y CJie,rr,aMH Bcex BTOpH-ci

HbIX sapa:)KeHHbIX qacTHU. n CJie,n;oM rra,n;a10m;ero 7r-Me3oHa; HMIIYJihChI H aHeprHH -ciacTHU. 6br

JIH TaK)Ke onpe,n;eJieHhI no HX rrpo6eraM. PesyJihTaTbI 3THX H3MepeHHii no3BOJIHJIH onpe,n;eJIHTh 

crreKTp HHBapHaHTHbIX Mace pp7r-. 
0Ka3aJIOCb, 'CJTO pasyMHOe corJiaCHe Me)K,n;y 3KcnepHM8HTaJibHbIMH ,n;aHHbIMH H MO,l1;eJihHbIMH 

pacnpe,n;MeHH.HMH Mpp7r- MO)KHO o6ecrretJHTh TOJII>KO B c.rry-ciae po)K,n;eHHH CHCTeMbI pp7r- tiepe3 

d'-pesoHaHc (7r+ +<AM_g --+(A-2)Ag+d') c rrocJie,n;yrom;HM pacrra,n;oM d' B pp7r- (cM. plic.8). Macca 

pe30HaHca, Heo6xo,n;HMaSI ,l1;JISI OIIJICaHHSI 3KCIIepFIMeHTaJibHOI'O crreKTpa HHBapliaHTHhIX Mace 

Mpp7r-, oKashrnaeTCH paBHott ~ 2,05 feB. IIapaMeTpbI pe3oHaHca, Heo6xo,rr,HMbre .D;JI.SI no,rr,roHKH 

K crreKTpy Mpp7r- COBna,n;aIOT c COOTBeTCTByJO:m;HMH napaMeTpaMH, TIOJiy-cieHHhIMH H3 ,n;aHHbIX 

TIO rrepexo,n;aM Ha ,IJ;HCKpeTHDie ypoBHH npH ,lI,BOfiHOH nepesapsr,n;Ke. 

9¢¢eKTHBHhill cnoco6 IIOJIY"CJHTb 60JibI.IIe HHcPOpMa:U,HH 0 MexaHH3Me pO)K,LJ;eHH.SI CliCTeMbI 

pp7r- B peaKIJ;HH ,!J,BOiiHO:lt nepesapsr,n;KH COCTOHT B HCCJie,n;oBaHJrn pacnpe,n;eJieHlHI HHBapirnHT

HbIX Mace CHCTeMbI pp. Xopomo H3BeCTHO, -ciTo Ha -ciacTb crreKTpa Mpp co cTopoHbI HH3KHX Mace 

oKa3hIBaeT BJIHHHHe a¢¢eKT Mn:r,n;aJia-BaTcoHa Bsa:aMo,n;eiicTBHH N N B KOHe"tJHOM cocTOSIHHH 

(FSI) [69], [70), Kor,n;a ,n;Ba HYKJIOHa HaXO,!J,5ITC5I B OTHOCHTeJibHOM COCTOHHHH S-BOJIHbL 

da/dM . . . P.P 

eo 

50 

40 

D 20 40 60 60 100 

Mpp - 2mp. MaV 

Pn:c. 9: Pacnpe,rr,eJiemm HHBap1IaHTHhIX Mace pp B peaKIJ,HH ?r+ + 107 Ag-+105 Ag +pp 7r-: rro,n;

roHKa ,n;aHHhIX OCHOBaHa Ha ¢opMyJie ,LI.JIH BbI"CJHCJiemlSI atjJtjJeKTa B3aHMo,n;eiiCTBH5I B KOHe'tJHOM 

COCTOSIHHH (FSI) c y'tJeTOM KYJIOHOBCKOI'O OTTaJIKHBaHHH. IlyHKTHpHa.H KpHBaH - pacrrpe,n;Me

HHe no <PasoBoMy o6'heMy ,LI.JISI peaKU,HH 7r+ + 107 Ag--+105 Ag +pp ?r-. 

Ha pnc.9 rroKa3aHo pacrrpe,n;eJieHne HHBapnaHTHbIX Mace pp, yKashrna10m;ee Ha 3HatJHTeJibHOe 

B3aHMO,n;eiiCTBHe pp B KOH€'tJHOM COCTOSIHHH (FSI). 
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Ha6JI10,n;emrn CHJibHOro a<P<PeKTa B3aHMO,rt;e:fiCTBIUI B KOHe'tJHOM COCTO.HHlrn (FSI) BIIOJIHe pa-
3YMHO ,rt;JIH pe30HaHCHoro pOiK)J,emrn: CHCTeMbI pp7r-' ecJIH d' - TIO cyTM 6-TH-KBapKOBbiii o6'beKT 
c THIIH'tJHbIM a,n;pOHHbIM pa3MepoM, paBHbIM "' 1 + 1.5 <PM. 

rJia.Ba 5 - Ha6JIIO,D,eHHe 6.- -pe30HaHCa H O,D,HHO"lJHhlX ')'-KBaHTO:B B 
,n,ByxJiy'leBhIX co6hITHSIX 7r-4He B3aHMo,n,eiicTBHSI npH aHeprHH 106 MaB - rrocB.srrn;e

Ha orrHcaHHIO [71] ycTaHOBKH CTPHMEP, cos,n;aHHO:ii KOJIJia6opa1wett ,ll;YBTO ,rt;.J1sr nsy"tJe
HMH B3aMMO,rt;e:ficTBH:fi IIHOHOB c reJIMeM Ha <PasoTpOHe Jia6opaTOpHH H,n;epHbIX Tip06JieM HM. 
B.II.,ll;)KeJI€IIOBa OM.HM, H IIOJiy"tJeHHbIX c ee IIOMOID;bIO pesyJibTaTOB [72]. 

KaK cKasaHo Bhirne, aTa coBMeCTHaH pa6oTa cPH3HKOB OH.HM H HTaJibHHCKoro MHCTHTyTa 
.sI,rt;epHoii cPH3HKM INFN, a TaK)Ke TYPMHCKoro yHHBepcnTeTa, BbIIIOJIHHeMa.sI B paMKax KOJIJia-
6opau;nn ,ll;YBTO, Ha't!HHaH c 2000 r., cpaKTMqecKH HBJI.sieTCH TipO,rt;OJI)K€HH€M HCCJie,rt;OBaHMH 
B3aHMO,rt;e:fiCTBHH IIHOHOB rrpoMe)KyTO'tJHbIX 9HeprH:fi c re.JmeM, rrpoBe,rt;eHHOro Ha cpa30TpoHe 
JI.HIT OM.HM c rroMOID;hIO TeXHHKM caMomyHTHpyIOm;nxcH cTpHMepHbIX KaMep, co3,n;aHHO:ii B 
JI.HIT B KOHu;e meCTM,IT,eCHTbIX ro,n;oB rrpOIIIJIOI'O CTOJI€THH. 

1285 

PHc. 10: CxeMa cTpHMepHo:ii KaMepbI c pasMepaMH 4 7 x 60 x 16 cM3, rroMern;eHHO:fi B MarHHT 
MC-4A Jia6opaTop1rn .sI,n;epHI>IX rrpo6JieM OM.SIM. 

HoBhIM B ncrroJibsyeMoii ycTaHOBKe CTPHMEP, rro cpaBHemuo c ycTaHOBKOH ceMB,rt;ecsi
TbIX ro,n;oB, SIBJISI€TCSI MaI'HHTHbIH aHaJIH3 HMTIYJibCOB sapH)KeHHbIX "tJaCTHil. H BH,n;eoc'beM co6bI
TH:fi, rrpOHCXO,rt;SIII~HX B pa6o'leM o6'beMe CTpMMepHOH KaMepbI. 3,n;eCb MbI orpaHH'tJHMCSI TOJibKO 

KpaTKHMOIIHCaHH€M ycTaHOBKH. 
YcTaHOBKa CTPHMEP (Fig. 10) rrpe,n;cTaBJIHeT co6oii MarHHTHbIM crreKTpoMeTp c caMo

myHTMpyIOm;eiicsi CTpHMepHOii KaMepo:fi [73)-[77], -qepe3 o6'heM KOTOpo:fi rrpo,ujBaeTCSI pa6o"tJaH 
rasoBasi cMech (THTIH't!HbIH cocTaB: 4 He, CH4 - 0,05%, H20 - 0,1%, Bo3,n;yx - 0,05%), 
o6ecTie"tJHBaIOrn;aH IIOJiy'lleHHe HpKHX xopomo JIOKaJIH30BaHHbIX CJie,rt;OB 3apH)KeHHbIX 't!aCTHU. TIPH 
aTMoccpepHOM ,n;aBJieHnH; KaMepa rroMern;eHa BHYTPh aHaJIMsypy10rn;ero aJieKTpoMarHHTa MC-
4A, cos,n;aHHoro B Jla6opaTopHM H,n;epHhrx rrpo6JieM OH.HM (MsMeHeHMe rroJI.sI BHYTPH o6'heMa 
KaMephr TIO BepTMKaJIH < 13); ,n;Be BH,rt;eoKaMephI (BK) Ha II3C MaTpnn.ax cPHPMI>r SenSys 
Photometrics CJiy)KaT ,n;Jisi sarnicM ,n;Byx cTepeoHso6pa)KeH11::fi si,n;epHbIX co6bITH:fi, TipOHCXO,lJ,H
rn;HX B o6'heMe cTpMMepHoii KaMepnr. CTPHMEP o6Jiy"llaeTcsi Ha IIMOHHOM rry"l!Ke cpasoTpoHa 
OM.HM (pacrroJIO)KeHirn ycTaHOBKH Ha IIHOHHOM rry"l!Ke Jla6opaTopMM .sr,n;epHbIX rrpo6.JieM OH
.HM IIOKa3aHO Ha pMC. 11), a Ha6op CD;HHTH.JI.JIHD;HOHHbIX C'tJeT'tJHKOB (Cl+C9) Bbipa6aTI>IBaeT 
TpHrrepHI>r:ii MMIIYJibC ,n;mr 3arrycKa BbICOKOBOJibTHoro reHepaTopa HMIIYJibCHbIX HarrpH)KeHHM 
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PHc. 11: CxeMa ycTaHOBKH CTPMMEP Ha 11y"tJKe IIHOHOB: cTpHMepHasr KaMepa 47x60xl6cM3 

H ro,n;ocK011 cn;HHTHJJJJ.sru;HoHH:orx c"lleT"llHKOB Cl-;-C9. 

(HVPG). llHTeHCHBHOCTb TIHOHHOro 11y-ciKa, 11poxo,n;.sun;ero -ciepes pa6o-cintt o6'heM CTpHMepHott 
KaMephr paBHHJiaCb 1 --;- 5 · 104 c-1 npn HMTIYJII>ce IIHOHOB B IIY"t!Ke, paBHOM 206 MaB/c. 

IloJJHasr TOJIID;HHa ra3a ( 4 He) B KaMepe paBHa 10, 7 Mr/ cM2 , B TO BpeMH KaK TOJIID;HHbI Bxo,n;
Horo n Bhrxo,n;Horo MaiiJiapOBhIX OKoH paBHhr 1, 38 Mr/ cM2 H 27, 6 Mr/ cM2, cooTBeTcTBeHHo; a¢
¢eKTHBHasr TOJIID;HHa TOHKoro c-cieT"tJHKa ( C4) Ha Bxo,n;e KaMep:or paBHa 120 Mr/ cM2• CTeHKH 
CTpHM€pHo:tt KaMepbI c.zi;eJiaHbI H3 Ma:iiJiapa TOJJID;HHOii 0' 2 MM, TaK "t!TO -qepe3 HHX MoryT IIpO
XO.IJ;HTb IIHOH:or c aHeprne:tt 6 MaB n 11poTOHhr c aHeprneii 18 MaB. 

,ll.Be BH,n;eoKaMepbI IICIIOJih3Y€Mbie B 8KCIIepHM€HTe, CHa6:>KeHhI o6'beKTHBaMH D;e:Hcc (F /2 
16,0 MM) c 6a3ofi Me)K,Jzy 11apaJIJJ€JlhHbIMll OIITH'tJeCKHMH OCHMH, paBHOii 253,0 MM. ,LI;Hac}?par
Ma 06'beKTHBOB, IIoroco.rr.~un;aa: )J;JIH cPOTOrpa¢HpOBamur co6hITHfi B 4H e, 6:oma 2,8, -c,JTO o6ec-
11€lillBaJIO rJiy6HHY pe3KOCTH, npeB:orrnarom;yro rJJy6Jrny "t!YBCTBHT€JibHOro 06'beMa CTpHMepHOH 
KaMepnr, paBHYIO 160,0. Ha pnc. 12 110KasaHo BJI,n;eon3o6pa:>K:eHne TpeXJiytJeBoro co6b1Tnsr B3a
HMo,n;e:ttcTBnsr IIHOHa c .sr,n;poM reJIHSI B CTpHMepHOtt KaMepe. Ha pHC. 13 npe,n;cTaBJI€HbI pac-
11pe,n;eJieHHSI HpKOCTH no11epeK CJie,n;oB Ha 9TOM H306pa:>K:eHHll. BTOpll"tJHbI:ti IIHOH, pacce.HHHbI:tt 
BHH3 rro,n; yrJJOM, paBHbIM IIpHMepHO 100°, -cieTKO rr,n;eHTHcPHIJ.HpyeTC.H TIO HOHH3an;HOHHbIM IIOTe
psrM H HMTIYJihcy, B TO BpeMH KaK n,n;eHTHcPHKan;1rn ,IJ,BYX T.SI:>K:eJihIX BTOpH"t!HbIX "tJaCTHIJ; Tpe6yeT 
)l;aJihHe:f.irnero aHaJrn3a KaK HOHH3an;HOHHbIX IIOTeph, TaK H KHHeMaTHKH. 

Ilpon;e,n;ypa o6pa6oTKH ,n;aHHbIX 9KCrrepHMeHTa ,Il;'YBTO cym;ecTBeHHO OTJJH"tlaeTCH OT 11po
n;e,n;yp:or, 110,n;po6HO OilIICaHHOfi B pa6oTe [78]' TeM, 'tJTO ou;Hc}?poBaHHbie H306pa:>KeHHSI Bcex c¢o
TOrpac}?HpOBaHHbIX sr,n;epHhIX co6:nrTH:ii ,ll;OCTYIIHbI )J;JIH peKOHCTPYKD;HH H KirneMaTH'tJeCKoro aHa
JIH3a He11ocpe,n;cTBeHHO IIOCJie rrpoBe,n;eHHH 9KCrrepHM€HTaJibHOrO ceaHca Ha6opa CTaTHCTHKH Ha 
ycKOpHTeJie; KpoMe Toro, HMeeTCH HHcPOpMan;1rn 0 IIOJIHOfi OCBem;eHHOCTH, 3aperHCTpHpOBaH
HOH Ka:>K,IJ;bIM H3 1317x1035 IIIIKCeJJett II3C-MaTpFIIJ.bI. Ilpn BOCCTaHOBJI€HHH Ka:>K,n;oro CJie,n;a 
qacTHIJ.bI B rrpOCTpaHCTBe HCIIOJib3Y€TCSI B€Cb Ha6op IIHKCeJiett (Bcero, KaK rrpaBFIJIO, 2: 1000) 
B.IJ;OJJb CJie,n;a, KOTop:ore HMeIOT zrpKOCTb, rrpeBbIIIIarom;yro cpe,n;HIOIO SipKOCTb TIO BCeMy II3C
H306pa:>KeHHIO CJie,n;a. 

B ,n;HccepTan;urr rro,n;po6Ho o6cy:>K:,n;aroTC51 Borrpoc:or orrpe,n;eJieHHsr TO't!HOCTH H3M€peHHH HM-
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PHc. 12: BH,n;eoHso6pa)KeHHe TpexJiy"tJe

Boro co6hITHa B3a:aMo,n;eficTBHa 7r4 He. 
CJie,n;bI na,n;arom.ero ( Bxo,n;am.ero cnpa

Ba) H pacceaHHoro (BHH3 Ha ,...., 100°) 
IIHOHOB OTJIH'tJalOTC.$1 OT CJie,IT.OB CHJibHO 

HOHH3Yl01II.HX IIpOJJYKTOB peaKD;HH. 

Pnc. 13: Pacpe,n;eJieHHa (cBepxy BHH3) 

apKOCTH CJie,n;oB co6bITH.$1, IIOKa3aHHO

ro Ha npe,n;hr,n;ym;eM pHcyHKe: 1. na,n;a

rom.Hii IIHOH; 2. nepBa.H CHJibHO HOHH3Y

rom;a.H llaCTlUJ;a; 3. BTOpa.H CHJibHO HOHH

syrom;aH i::iacTHn;a; 4. pacceaHH:bifi nnoH. 

IIYJibCOB H yr.JIOB BbIJieTa Bcex i::iaCTHD;, y"tJaCTByrom;nx B H3y"tJaeMbIX peaKD;HFrnx. 

,ll.ByXJiy"CJeBhre co6nITHH B3a:aMo,n;eiicTBH.H 7T"-4He npH 106 MaB 

c IIOMOID;blO OIIHCaHHOfi BbIIIIe ycTaHOBKH co caMOIIIYHTHpyrom;eiic.H CTpHMepHOii KaMepoii B 

MarHHTHOM noJie 0,65 T MhI rrpoBeJIH HCCJie,n;oBaHne B3a:HMo,rr,eiicTBHH 7r- -Me30HOB c aHeprHeii 

106 MaB H H,n;pa 4He rrpH pO)K,IT.eHHH ,IJ,Byx 3ap.H)KeHHbIX "CJaCTHD; B KOHe"CJHOM COCTOHHHH [72]. 
BnIJIH onpe,rr,eJieHbI OTHOCHTeJihHhie Bepo.HTHOCTH pa3JIH"CJHhIX KaHaJIOB peaKD;HH. IIoJiy"tJeHo 

CBH)l;eTeJihCTBO cym;eCTBOBaHH.H KaHaJia peaKD;HH, B KOTOpOM B KOHe"CJHOM COCTO.HHHH HMeeT

C.H /-KBaHT, a TaKiKe BnepBhie Ha6JI10,n;aJioch npa:Moe po)K,rr,emrn b.--pe3oHaHca. Onpe,n;eJieHhI 

pacnpe,n;eJieHH.H norrepe"CJHhIX ce"'leHHfi ,n;.rra: ynpyroro H KBa3H-ynpyroro KaHaJIOB peaKD;HIL 

B aKcnepnMeHTe, orrHcaHHOM B ,n;nccepTan;nH, Mhr paccMaTpHBaJIH co6h1T1n1 B3aHMo,n;e:M:cTBH.H 

7r-4He c ,Il;BYMH 3ap.HiKeHHbIMH i::iaCTHD;aMH B KOHe"CJHOM COCTO.HHllH (,rr,ByXJiy"CJeBbie co6hITH.$1), o,rr.

Ha H3 KOTOpbIX - CHJibHO HOHH3yrom;ee .H,lI.pO OT)J,a"CJH ( 4He HJIH 3He), npH OTCYTCTBHH BTOpH"CJHbIX 

npOTOHOB. PesyJihTaTbI pa60TbI OCHOBaHhI Ha CTaTHCTHKe 2041 ,n;ByXJiy"CJeBhIX co6bITHii CJie,n;y

IOID;HX KaHaJIOB peaKD;HH 7!"-4He: 

1T"- + 4He ~ 7r- + 4He + /, 
7!"- + 4He ~ 1T"- + 3He + n. 

(1) 

(2) 

(3) 

Ha pHC. 14 BH,IJ;HO THIIHlIHOe 2-JiylleBoe co6hITHe 7r- 4He B3aHMO,n;e:tiCTBHH, npofi3orne,r:r.rnee B 

pa6o'l!eM o6'beMe cTpHMepHoii KaMephr aKcnepHMeHTa ,ll.YBTO. Pa36poc aHeprH:H B nytIKe 6bIJI 

onpe,n;eJieH H3MepeHHeM HMIIYJibCa Ka)K,n;Oro OT)J,eJibHOro na,n;arom;ero IIHOHa H paBH.HJIC.H ±14 MaB; 

yrJIOBO:ii pa36poc IIY'l!Ka Ha BXO,n;e B o6'beM CTpHMepHOii KaMepbI 0Ka3aJIC.H paBHbIM ±3°. 
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PHc. 14: 2-Jiy':IeBoe co6nrTHe 7r-4He B3aHMo,n;e:HcTBH.H B cTpnMepHo:H KaMepe 9KcrrepnMeHTa 

,Il;YBTO. IInoH IJY''IKa BXO,Il;HT B CTpHMepHyIO KaMepy crrpaBa n paccenBaeTC.H BBepx Ha yroJI, 

6JIH3KHH K 90°' CHJibHO HOHH3yrorn;ee .a,n;po OT,IJ;a"TIH pacceHBaeTC.H BHH3 HaJieBO. 

BH,n;eonso6pa:tKemrn co6n1Tn:ii peaKu;n:H (1)-(3) aHaJiorn':IHbI ,IJJ>yr ,IJJ>yry: na,n;arorn;nfi n pac

ceRHHbIH TIHOHbl - CJia6o HOHH3yrorn;ne ':IaCTHIJ;bI, H pacce.HHHbIH IIHOH JierKO OTJIH':IHTb OT 6oJiee 

T.a:tKeJIOH CHJibHO HOHH3yrorn;efi ':IaCTHIJ;bI. 

,Il;JI.H H,Il;eHTn¢nKaII,HH ':IaCTHII, H co6bITHH Mbl HCnOJih3yeM .apKOCTH ( CBeTHMOCTH) CJie,Il;OB, 

CB.H3aHHbie c COOTBeTCTBYIOIIJ;HMH HOHH3aIJ;HOHHbIMH noTep.aMH ':IaCTHIJ; B rase KaMepbI, H KH

HeMaTHKY co6bITHH, aHaJIH3 KOTOpo:H npOBO,Il;HJICH c noMOIIJ;bIO TeXHHKH HCKYCCTBeHHbIX Hefi

pOHHbIX ceTefi. Ha pHc. 15 nOKa3aHo pacnpe,n;eJieHHe HOpMaJIH30BaHHbIX pa3HOCTeH Me:tK,n;y H3-

MepeHHbIMH HMTIYJibCaMH .a,n;ep OT,Il;a':IH H HMnyJibCaMH .a,n;ep 4He, Bbl':IHCJieHHbIMH no KHHeMa

THKe yrrpyroro pacce.aHn.a nHOHOB1. HecMOTp.a Ha TO, ':ITO cpe,n;He-KBa,n;paTH':IHbie OTKJIOHemrn, 

PHc. 15: Pacnpe,n;eneHHe HOpMaJIH30BaHHbIX pa3HOCTefi (P~eas- P~zc) / o- Me:tK,n;y H3MepeHHbIMH 

H Bbl':IHCJieHHbIMH (no HMnyJihCaM H yrnaM pacce.HHHbIX nnoHOB) HMnyJihCaMH H,n;pa OT,Il;a':IH 4 He 

B ynpyrHx co6I>rTn.ax. IIocKOJibKY Ka:tK,n;a.H "tJaCTHu;a B nro6oM co6I>ITHH nsMepHeTc.a HesaBHCHMo, 
2_ 2 + 2 + 2 c o- - o-71"inc. o-71"scat. o-recoil· nJiorrrnaH Kp1rna.a - HOpMaJibHOe pacnpe,n;eneHne no,n;orHaHHOe 

( ¢HTHpOBaHHOe) K 9KCnepnMeHTaJibHbIM TO':IKaM (CT normalized = 1. 085). IIo,n;rOHKa (¢HT) rrpo

Be,n;eHa ,Il;JI.H TO':IeK, Jie:tKarn;Hx BHYTPH 2 er: OTKJIOHeHH.H sa npe,n;enaMH 2 O" BbI3BaHbl npHMeCbIO 

.co6nrTH:ii 7r4He1 cpe,n;H Ha6opa ynpyrHx co6hrTH:ii 7r4He. 

1Cpe,11,He-KBa,rq>aTH'IHOe OTKJIOHeHHe B H3MepeHRSIX yrJIOB 6hIJIO ao ~ 1°, KaK B Harrrnx npe,II,bI,11,yIIJ;HX 3KCIIe

PHMeHTax [79]. 
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BbPU'ICJieHHbie All.SI KaiK,n;oro HH,ll.HBM,Ll;ya.JibHOI'O co6bITH.SI no HMIIYJibCY H AJIHHe CJie,n;a COOTBeT

CTByrom;ero x,n;pa OT,n;a•rn, MOryT pa3JIH'1aTbC5I O'leHb cym;ecTBeHHO, 9KCnepHMeHTaJibHbie TO'tJKH 

CJie,n;yroT HOpMaJibHOMY (rayccoBOMY) pacnpe,n;eJieHHIO B npe,n;eJiax ,n;Byx CTaH,n;apTHbIX OTKJIO

HeHHtt (O"normalized = 1.085), '1TO IIO,ll.TBepiK,n;aeT npaBHJibHOCTb yi:i~ha 3KCIIepHMeHTaJibHOI'O pas

pemeHH.SI. 

Co6b1T11x KaHaJIOB (1)-(3) aHaJIMsypyroTcSI nyTeM cpaBHeHHSI KMHeMaTM'tJeCKHX napaMeTpoB 

H3MepeHHbIX co6bITHH c COOTBeTCTBYIOID;HMH pacnpe,n;eJieHH5IMH AJI.SI MO,U.eJibHbIX co6bITH:ti, no

Jiy'tJeHHbIX c IIOMOID;bIO cTaH,n;apTHOH nporpaMMbI GENBOD (CERN program W515: N-Body 

Monte-Carlo Event Generator [82]). 
0THOCHTeJibHbie BepO.SITHOCTH (BR) pa3JIH'tJHbIX KaHaJIOB peaKI.I,HH, IIOJiy'tJeHHhle nyTeM H,U.eH

TH<i>HKaI.J,HH 3KCIIepHMeHTaJibHblX C06bITHR c IIOMOII.J,bIO HCKYCCTBeHHOH HettpOHHOH ceTH (ANN)' 

OKa3aJIMCb CJie,n;yIOII.J,HMH: ynpyroe pacceSIHHe - 0.51±0.02; pO)K,Ll;eHHe /-KBaHTa - 0.05±0.01; 
BbI6HBaHHe HeiiTpOHa - 0.44±0.02. 

BH,U.HO, 'tJTO cyMMa OTHOCHTeJibH:OIX Bep05ITHOCTeii ynpyroro M pa,n;HaI.I,HOHHOI'O KaHaJIOB 

7r-4 He B3aHMo,n;elicTBH.SI paBHa npHMepHo 60%, 11To corJiacyeTcSI c BeJIH't!HHaMH, noJiy'leHHbIMH 

,Ll;JISI ynpyroro KaHaJia B ,n;H¢<l>Y3HOHHOH KaMepe ,Ll;JI.SI TIOJIO)KHTeJibHbIX IIHOHOB [4]. Ha caMOM 

iKe ,n;Me, co6bITH.SI ynpyroro paccesrnmr, H,U.eHTH<l>HI.J,HpoBaHHbie B npe,n;:or,n;ym;nx sKcnepHMeHTax 

[4, 80], CKOpee BCero BKJII011a.JIH co6bITH5I KaHaJia 7r-4He/, IIOCKOJibKY, KaK yKa3aHO BbIIIIe, ,Ll;JISI 

onpe,n;eJieHHSI IIOJIHbIX He,n;ocTaIOru;HX HMIIYJihCa H sHeprHH peaKI.I,Hn Heo6xo,n;HMO 3HaTh HMTIYJibC 

.s:,n;pa OT,n;a11M. 

Co6bITHSI c /-KBaHTaMH B KOHe~rnoM COCTOSIHHH (KaHaJI (2)). 
Ha pnc. 16 noKa3aHo pacnpe,n;MeHHe OTHomeHH.SI BeJIH't!HH noJIHoro He,n;ocTaroII.I,ero HMTIYJib

ca H IIOJIHOH He,n;ocTaIOII.J,ett 3Heprm1 ,Ll;JISI co6bITHH, H,n;eHTH<i>HII.HPOBaHHbIX KaK co6bITHSI KaHaJia 

(2). KaK H CJie,n;yeT OiKH,n;aTb, mm ,n;Jisr co6:01THfi c o,n;HHO't!HhIMH /-KBaHTaMH B KoHe11HoM co

CTOSIHHH pacnpe,n;eJieH BOKpyr e,n;HHHI.J,bI. 

IIoJiy11eHHhiii B HaCT05III.J,e:tt pa6oTe Ha6op pa,n;HaI.I,HOHHbIX co6hITH:ti He II03BOJISieT onpe,n;e

JIHTb npon.ecc, OTBeTCTBeHHbIH 3a pmK,n;eHHe /-KBaHTOB B peaKI.J,H5IX 7r-4He. 0,n;HaKO, MOiKHO 

paCCMOTpeTb HeKOTOpbie B03M0)KH0CTH. 

• TopM03HOe H3Jiy11eHMe B ?r-4He peaKII.HH npHBO,Ll;HT K po)K,n;eHHIO /-KBaHTOB. B HameM 

CJiy1Iae OTHOIIleHHe MeiK,n;y TIOJIHbIMH BepOSITHOCTSIMH peaKI.J,HH 7r-4 He/ H ynpyrHM pacce

SIHHeM, OKasamrreec.s: paBHbIM 0,1; cpaBHeHHe B03MOiKHO TOJibKO c HM€10IIJ;HMCSI OTHomeHH

eM ,ll.JISI 7rp TOpM03HOI'O H3JIY11€Hirn, H3MepeHHbIM c IIOMOIII.bIO BO,n;opo,n;HOH IIY3bipbKOBOH 

KaMepbl [81] H paBHblM 0,0185. 

• Harne nepBoe Ha6Jiro,n;eHHe peaKIJ,HH 7r-4He ~ 7r-4He1, ocHoBaHHoe Ha aHamrne o6onx 

BTOplPIHbIX sapsriKeHHbIX 1IaCTHI.J,, B03MO)KHO, BbISIBHJIO /-KBaHTbI, KOTOpbie KaK-TO cpo,n;

HM npSIMblM <PoTOHaM, Ha6Jiro,n;aeMbIM B CTOJIKHOBeHHSIX sr,n;ep c sr,n;paMH npn B:OICOKHX 

aHeprHSIX (CM. [83] H npnBe,n;eHH:Oie TaM CCbIJIKH) O,ll.HOBpeMeHHO c <PoHOM TIHOHOB c aHep

I'HSIMH OKOJIO 100 MsB; TaKHe /-KBaHTbI MoryT 6brTb BhI3BaHbI npsrMbIM KBapK-KBapK 

B3aHMO,n;efiCTBHeM H yKa3bIBaTb Ha CXO)KHe B3aHMO,n;eiiCTBHSI BHYTPH SI)J;epHoii MaTepHH 

SI,n;pa 4He. 

Ha caMOM ,n;eJie, poiK,n;eHne <PoTOHOB np11 sHeprH5IX, 3Ha11nTeJI:oHo 6oJiee BbICOKHX, 'leM 

sHepr11sr CBSI3H sr,n;pa 4He (28 MaB) yKashrnaeT Ha To, "'ITO STH <PoTOHbI He srBJISIIOTC~ npo

CTO pe3yJibTaTOM nepexo,n;oB MeiK,n;y SI,n;epHblMH ypOBHSIMH, HO MOI'YT 6bITb pe3yJibTaTOM 
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PHc. 16: Pacnpe,n;eJiem1e OTHomeHHH Pmissl Emiss Be.JnrtIHH IIOJIHOro He,n;ocTarom.ero HMIIYJibCa H 

TIOJIHOi1 He,n;ocTarom.ett 9HeprmI ,ll.JHI C06bITHii, H,n;eHTHqmn;HpOBaHHbIX KaK co6bITHH KaHaJia (2). 
rHCTOrpaMMhI COOTBeTCTBYIOT pacnpe,n;e.JieHHHM ,ll.JIH MO,ll.eJibHbIX C06bITH:ii KaHaJIOB (1) (mTpHX

TIYHKTHpHaH JIHHHH), ( 2) ( cnJiomHasr JI1rnnsr) H ( 3) ( mTpnxoBa.si: JIHHlrn). 

CHHTH.H B036y)K,ll.eHHH B036y2K,n;eHHOii .sr,n;epHOii MaTepHH c y'tlaCTHeM KBapKOBbIX CTene

Heii cBo6o,n;hr. Ha aTo yKa3hrBaeT To, cneKTp aHeprn:M: 1'-KBaHTOB CJie~eT pacnpe,u,eneHHIO 

IlJiaHKa ,n;Jia H3Jiy'tleHH.sr "lepHoro TeJia co cpe,u,Hefi aHeprneii E0=14,4±1,6 MaB. ITony

'tleHHaa OTHOCHTeJihHO HH3KaH TeMnepaTypa, HH)Ke 3Hepnrn CBH3H sr,n;pa 4He, B03MO.:>KHO, 

o6'hHCHSieT H3JiytieHHe 1'-KBaHTOB c BbICOKHMH 9HeprHSIMH 6e3 pa3BaJia .si:,n;pa. 

• Bo3M02KHO, po.:>K,n;eHHe 1'-KBaHTOB CBH3aHo c B036y.:>K,n;eHHeM .6-pesoHaHca H rrocJie~ro

lll.HM CHHTHeM B036y.:>K,n;eHHSI c H3Jiy'tleHJ:IeM 1'-KBaHTa (CM. [84] H rrpirne,u,eHHhie TaM CChIJI

KH). 

Ha6Jiro,n;eHHe KaHaJia peaKIJ.HH, rrpn KOTopoM rrpoHcxo,n;HT BhI6HBaHHe HeiiTpoHa. 

Ha aKcrrepnMeHTaJibHOM pacnpe,n;eJieHMM (TO'l'.JKH) yrna BnaHe (B Jia6opaTopHo:fi cncTeMe Ko

op,n;HHaT) Me2K,n;y HMIIYJihCaMH HeiiTpOHa H H,n;pa 3He ,n;.r.rn: co6bITHfi peaKU.HH 7r-4He~ 7r-n3He 

(KaHa.n: (3)), npe,ll.CTaBJieHHOM Ha p:uc. 17, BH,ll.HO ,IT.Ba 't!eTKHX MaKCHMyMa: O,ll.HH rrpH 60.JibIDHX 

("back-to-back") yrJiax BOKpyr 150°, KaK H CJie~eT 0)KH,ll.aTh, eCJIH TpH BTOpH't!Hbie "laCTHI~bI, 
H3 KOTOpbIX ,n;ae - TH2KeJihie, a TpeThH HaMHOro Jier"tJe, HHKaK He CKOppeJIHpOBaHhI, H BTOpoii 

MaKCHMYM IIpH 6oJiee HH3KHX yrJiax OKOJIO 105°. Co6hITHSI, COOTBeTCTBYIOIIl.He ,ll.BYM pa3HbIM 

MaKCHMyMaM, CKopee Bcero, BbI3BaHbl pa3HbIMH MexaHH3MaMH peaKIJ.HH BbI6MBaHH.H H€HTpO-
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Pnc. 17: Pacrrpe.rr,e.r.reHne yrJioB Me)K.rr.y rroJIHbIM He,n.ocTaJOm;HM HMIIYJihCOM ( T.e. HMIIYJihCOM 
He:ihpoHa) H HMIIYJibCOM H,n;pa 3He B KaHaJie peaKJ:J.HH 7r-4He--+ 7r-n3He. fHCTOrpaMMOtt IIO
Ka3aHO MO,ll.eJihHOe pacnpe,n;eJieHHe no ¢asoBoMy o6'beMy 6es cTpyKTypbr, KOTopa.sr BH,n;Ha B 
9KCrrepHMeHTaJibHOM pacnpe.rr,eJieHHH. 

Ha. B MO,IJ,eJibHOM pacrrpe.rr,e.r.remrn, COOTBeTCTByJOm;eM ¢a30BOMY o6'beMy H rrpe,n;cTaBJieHHOM Ha 
pnc. 17 ( rn:cTorpaMMa) He BH,n;Ho HHKaKofi CTPYKTYPhI. 

MaKCHMYM BOKpyr 150°, CKOpee BCero, CB.srnaH c pa3BaJIOM z,n;pa 4He B COOTBeTCTBHH c <Paso
BbIM o6'beMOM (HJIH c KBa3Hy11pyrHM pacce.HHI'IeM rra,n;aIDm;ero 7r--Me30Ha Ha nepH¢epHl!eCKOM 
He:iiTpoHe). 

MaKCHMYM BOKpyr 105°, cy,n;.si: no BCeMy, CB.H3aH c co6bITH.HMH BbI6HBaHH.H He:iiTpoHa, H,IJ,y
m;ero llepe3 ,n.ByxcTyneHl!aT1>rfi MexaHH3M: cHal!aJia rrepBHlJHhiii rra,u.arom;n:ii rrnoH B036y)K,n;aeT 
.6_--pe3oHaHc Ha BHyTpeHHeM HefiTpoHe .H,ll.pa 4He. BTopHlIHbiii HeiiTpoH, o6pasyIDm;Hfic.sr rrpH 
pacrra.rr,e .6_--pe30HaHca, HHKaK He CKOppeJIHpOBaH c 51,Il;pOM OT.rr,ai:in: 3He. 

TaKoe rrpe,n;rroJIO)KeHHe rro.rr,TBep)K,u.aeTcH pacrrpe,n;eneHHeM (pn:c. 18) HHBapHaHTHbIX Mace 
CHCT€Mbl 7r-n, IIOCTpOeHHOe AJI.H co6bITHH, rrpHHa,n;Jie)Kam;nx umpOKOMY MaKCHMYMY BOKpyr 
105°, H rrpo.s:BJI.si:rom;ee CTPYKTypy, xapaKTepHyJO ~5! 011pe.rr,e.r.reHHo:H Macchr: M7f-n = 1159 ± 
20MaB/c2 . 

B To )Ke BpeM.si: pacrrpe.rr,enemrn HHBapn:aHTHI>rx Mace cncTeMbI 7r-n, rrp1rne,n;eHHoe Ha pn:c. 19 
H IIOCTpoeHHOe ,!I.JI.SI co6bITHtt, rrp1rna,u.Jie)Kam;n:x mmy BOKpyr 150° (pn:c. 17) Ha HMeeT HHKaKOH 
CTpyKTypbI. 

B HameM aKcrrepn:MeHTe aHeprn:.sr ,...., 106 MaB rra,n;aJOm;n:x 7r--Me3oHoB, rrpH KOTopoii Ha re
mrn o6pasyeTCH .6_--pe30HaHC, 3Ha1'.IHTeJibHO HH)Ke 9HeprHH, COOTBeTCTByJOm;efi MaKCHMaJibHOfi 
BepOHTHOCTH o6pa30BaHH.H .6. - -pe30HaHca B CB060,IJ.HOM COCTOHHHH. 

3Hai:ieHne MD. "'1160 MaB MeHhme, "CJeM n:sBecTHaH Macca .6_--pe3oHaHca, paBHaH 1232 MaB, 
'CJTO MO)KeT 6nITb CBH3aHO c a<P<l>eKTaMH H,n;epHOH MaTepHH. IIoXO)KHfi C,IJ.BHr MaCCbI H306apbI 
.6. ++ Ha6JIIO,U.aeTC.H TaK)Ke B pa6oTe [85) B (p, n) peaKIJ.H5IX rrpn: 1,5 faB/ C f98 Ha 12C B 06JiaCTH 
B036Y*,ll.eHHH .6.. M3MepeHirn III:IOH-a:,u.epHoro ynpyroro pacce.si:HH.H rroKa3aJIH HaJII:IlII:Ie TaKoro 
)Ke C,ll.BHra, 3aBHCHm;ero OT yr.rra pacceHHHH IIHOHa II aTOMHOro HOMepa .si:,u.pa-MHIIIeHH (CM. HaIIIy 
6oJiee paHHIOIO pa6oTy [3]). 

Illn:p1rna M7f-n TaK)Ke MeHbme, "tJeM BaKyyMHa.sr nrn:p1rna .6.. TaKHe )Ke a<P<PeKTI>r, BMecTe 
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hist2 J inv.M,-. I 
Entries 20 · · 

r--------------IMean 1159 :i 
RMS 20.15 ti 

PHc. 18: Pacnpe,n;eJieHne HHBapHaHTHhIX 

Mace CHCTeMhI 7r-n, TIOCTpoeHHOe ,ZI,JHI 

C06bITHii, np1rna,n;Jie)Kam;nx IIIHpOKOMy 

MaKCHMYMY BOKpyr 105° (cM.pHC. 17): 
M1T-n = 1159 ± 20 MsB/c2. 

Pnc. 19: Pacnpe,n;e.n:emrn HHBapnaHT

Hhrx Mace CHCTeMbI 1r-n, IIOCTpoeHHOe 

AJIH co6hITH:tt, npHHa,n;.rre)Kanwx y3KOMY 

MaKCHMYMY BOKpyr 150° (cM.pHC. 17). 

co C,Il;BHrOM MaCCbI, Ha6mo,n;a.JIHCb B c.rryqae yrrpyroro IIHOH-H,n;epHOro pacceHHH5I IIPH BbICOKHX 

IIepe,n;a"t:Jax HMIIJJibCa (cM. TY )K€ pa6oTy [3]) B COOTBeTCTBHH c KOJ1JieKT:HBHOii MO,IJ;e.J1b10 H306ap

HOro pe30HaHca. Il03TOMY pe30HaHCHOe IIOBe,n;eHMe M1T-n) Ha6JIIO,n;aeMoe B HaCTOHm;e:tt pa6oTe, 

B03MO)KHO, CB.SI3aHO c B036y)K,I1;€HH€M KOJIJieKTHBHOro pe30HaHca; rrpH 9TOM B03HHKaeT C,Il;Bllr 

TIO Macce H YM€Hhlll€HH€ ero IIIHpHHbI, npII1IeM 06pa3yeTC.H CHCTeMa, KOTOpa5I 6oJiee CTa6HJihHa, 

't:J€M B BaKyyMe. 

Ha,n;o OTMeTHTh, "t:JTO em;e s 1974 r. M.,[(HJIJIMr II M.r.Xep6ep B cTaThe "Cym;ecTsyeT JIM s 

H,n;pax rHI'aHTCKHii (3,3) pe30HaHc 11 (Physics Letters, 48B (1974) 417) OTMe1la.JIH, "ITO CBOiiCTBa 

H,n;epHOI'O pe30HaHca (3,3) ,I1;0.J1)KH:bl CHJ1bHO OTJ1HtJaThC5I OT CBOiiCTB CB06o,n;HOI'O .6.-pe30HaHca II 

"ITO KaK MaKCHMJM, TaK H IIIHpHHa pe30HaHca 6y,n;yT CMem;eHhI B CTOpOHy MeHhIIIHX 3Ha'1em-rii. 

Ha"t:JHHaa c cepe,n;HHhI rrponIJloro seKa, B Jia6opaTopHH H,n;epHbIX rrpo6.JieM OH5II1 nposo,n;HT

CH CHCTeMaTH1leCKHe HCCJ1€,IJ;OBaHH5I pacceHHHH TIHOHOB o6onx 3HaKOB Ha JieI'KHX H,n;pax rrpH 

pa3.JIH'tJHbIX 9Hepnrn:x. Cym;ecTBeHHhIH BKJia,n; B Te HCCJie,n;oBaHHH, KOTOpbie rrpOBO,D;HJIHCb rrpH 

aKTHBHOM y11acnrn aBTOpa HaCTOHm;e:tt ,n;nccepTaII.HH, CB.Sl3aH c HCTIOJib30BaHHeM TpeKOBbIX ,n;e

TeKTOpOB - CTpHMepHbIX KaMep H H,n;epHO:fi ¢oT09MYJ1bCHH, KOTOpbie 6hIJIH HaMH TaK)K€ HCIIOJib-

30BaHbI IIpH H3Y'tJ€HHH B3aHMo,n;eiicTBH5I aHTHIIpOTOHOB c JieI'KHMH H,n;paMH B II;EPHe. Ilo,n;BO,I1;5I 

HTOI'H rrpo,n;eJiaHHOii pa60TbI, MO)KHQ c,n;eJiaTb pH,n; BhIBO,IJ;OB. 

1. Pea.JIHSOBaH TaK-Ha3hIBaeMhifi pe)KHM caMOIIIYHTnpoBaHH5I pa6oThr reJinesnrx cTpnMep

Hhrx KaMep, IlpH KOTOpOM xopOIIIO JIOKaJIFI30BaHHbie HpKHe CJI€,Il;bI sap5I)K€HHbIX 'tJaCTHII. 

IIOJiy'tJaIOTC5I nyTeM ynpaBJiemrn pacrrpe,n;eJieHHeM IlHTeHCHBHOCTH CBe'tleHHH pa3p5I,D;HbIX 

KaHa.JIOB, paCTIOJ10)KeHHbIX B,Il;OJib TpaeKTOpH:H 'tJaCTHII., sa C'tJeT BBe,n;eHH5I B pa60'tJHH o6'beM 

KaMephI COOTBeTCTBYIOIII.HX rrpHMecett. 

2. OrrncaH pac"tJeTHhrli MeTo,n; [86] y11eTa KOHn"t:JecKoro perrpoeKTIIpoBaHirn KaMepHhrx cTepeo

¢oTorpa¢n:tt rrpn orrpe,n;eJieHlrn HMIIJJibCOB sap.H)KeHHhIX 'tlaCTHIJ;, ,Il;BlDKYIII.HXCH B MarHHT-
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HOM noJie. YKasaHHhrii MeT0,11. 6nrJI rrpHMeHeH rrpH H3MepeHHH aHepreTH"tJecKoro cneKTpa 
9JieKTpOHOB, p0)K,1J.aIO:rn;HXC5I npH pacrrn,11.e OTpHrr,aTe.JihHbIX µ-Me30HOB B ,1J.HcPcPY3HOHHOii 
KaMepe [87]. 

3. 06pa6oTaHO HeCKOJibKO TbIC5I"tJ CTepeocpOTOrpa¢Hii co6hITHii yrrpyroro pacceHHH5I TIHOHOB 
Ha a,n;pax 4He H 3He. Co3,n;aHa cep1m nporpaMM [88], npe,1J.H83Ha"tJeHHbIX ,n;Jia BhI"tJHCJieHH.sr 
H KOHTpOJIR napaMeTpOB CHCTeMbI cpoTorpacpupoBaHHR CTpHMepHOii KaMepbI BbICOKoro 
,11.aBJieHH.sr, aHaJIH3a napaMeTpOB rry"C:J:Ka IlHOHOB H reoMeTpH"t!eCKOH peKOHCTpyKIT,HH cpOTO
rpacpnpyeMbIX co6hITHii. Co3,n;aHHhre rrporpaMMhI no3BO.JIHJIH rroJiy"C:J:HTb ,11.HcpcpepeHu;HaJih
Hbre ce"tJeHHa ynpyroro pacce.srH1n1 IIHOHOB Ha a,n;pax 3He H 4 He rrpu pasm,rcrnhrx aHepr1rnx 
B paiioHe pe3oHaHca 6.33 . MsMepeHH.H Ha H,11.pe re.JIH.H-3 BbIIIOJIHeHhI BrrepBhre B MHpoBo:H 
npaKTHKe. 

4. Co3,n;aH cneKTpoMeTp c caMorrryHTHPYIOIII;eiic.H cTpHMepHoii KaMepoii B MarHHTHOM rroJie, 
ucrroJih30BaHHhiii B 9KcrrepuMeHTe PSI 79 Ha LEAR (CERN) ,11.JI.H cncTeMaTH"C:J:ecKoro H3Y
"tJemrn B3aHMO,n;e:HcTBH.H Me)K,n;y aHTHIIpOTOHOB HH3KHX 3Hepruii c .H,11.paMH 2H, 3He, 4He, 
Ne. 

5. IloJiy"tJeHhl CJie,n;yro:rn;He sHa-qemrn ce-qem1ii aHHHrHJIHD;HH aHTHrrpoTOHOB npH HMIIYJII>Cax 

B o6JiaCTH rv 50 MaB/ c ( < 1,5 MaB): O"p4He = 1342 ± 250 M6; O"psHe = 1850 ± 700 M6; 
0"1520 Ne = 2210 ± 1105 M6. IloJiy"tJeHHbIM pe3yJihTaT YKa3hIBaeT Ha TO, "tJTO SI,11.epHa.H CTpyK
Typa, BH,11.HMO, HrpaeT cy:rn;ecTBeHHYIO pOJib. 

6. BnepBhre saperncTpHpoBaHbI TpH co6hrTH.H o6pa3oBaHHH, BbIJieTa H Me30HHoro pacna,n;a 

JierKHX rmrep¢parMeHTOB }. H H ~ H B npou;eccax aHHHrHJIRD;Irn ocTaHOBHBIIIHxc.sr aHTHnpo
TOHOB Ha JierKHX (C, N, 0, S) H,11.pax B cpoT03MYJihCHH. Hau6oJiee Bepo.srTHbIM MexaHH3MOM 
pmK,11.emrn nmep¢parMeHTOB OKa3hrnaeTc.sr nepe3apH,n;Ka o6pasoBaHHhrx B pesyJihTaTe aH
HHrHJI.HIJ;HOHHoro npou;ecca K- -MesoHOB Ha HYKJIOHax .sr,11.pa-ocTaTKa. 0,n;HHM H3 B03MO)K
Hhrx KaHaJIOB nepesapR,11,KH .H:BJISieTC.H pO)K,11,eHHe runepH,n;pa Ha MaJIOHYKJIOHHOM KJiaCTepe 
[4He]. 

7. HamH Ha6JIIO,ll,eHHH, BhITIOJIHeHHhre rrpH aHamme cneKTpa Mace CHCTeM pJYlf- H pp, po)K
,11,aeMhIX B. peaKD;HH ,11,BO:ti:Ho:tt nepesapH,11,KH (DCX) IIOJIO)KIITeJibHO sapH)KeHHbIX IIHOHOB 
Ha H,11.pax 107 Ag H 109 Ag B .sr,n;epHoii cpoToaMyJihCHH, TIO,ll,TBep)K,11.aIOT cy:rn;ecTBoBaHHe nceB
,11,0CKaJIHpHoro pesoHaHca N N7r c T = 0, HasBaHHoro d' H npe,11,JIO)KeHHoro ,11,JIH ofrMICHe
mrn MaKCHMYMOB, o6Hapy)KeHHI>rx B ce'tleHHH paccemrn Bnepe,11, npH ,11,BOiiHoii nepesap.H,11,Ke 
7r+ (A, Z) -7 (A, Z + 2)7r- np11 T1r+ "-' 50 MaB. 

8. BnepBore o6Hapy)KeH KaHaJI B3aHM0,11.eiicTBH.H 7r-4He--7 7r-4He')', B KOTopoM po)K,n;aeTCH 
0,11.HHO"tJHhifi ')'-KBaHT, "t!TO MO)KeT 6bITb BhI3BaHO CHHTHeM B036y)K,ll,eHHH H,11,epHoli Ma
TepmI 4He. 9TOT KaHaJI peaKD;HII Mor 6bITb o6Hapy)KeH TOJihKO npH B03M0)KHQCTH HC
CJie,11,0BaTh IIOJIHYIO KHHeMaTHKY BCex BTOpH'tIHbIX 3apH)KeHHbIX "C:J:aCTHD; B ,ll,ByXJiy'tleBhIX 
KaHaJiax peaKII.HH 71"-4He. 

9. BnepBhre rroJiyr,IeHo aKrrepnMeHTaJihHOe ,11,0KasaTeJihCTBO HaJIH'tlHH ,11,Byx MexaHH3MOB BhI
fornaHHH HeiiTpOHOB B KaHa.rre peaKD;HH 7f'-4He--7 7f'-n3He, npH 0,11,HOM H3 KOTOpbIX peaKII.IIH 
H,11.eT -qepes rrpoMe)KyT011Hoe cocToaHne (.6.--pesoHaHc, Macca KoToporo, nsMepeHHa.sr npH 
aHeprHH OKOJIO T7r ,....., 100 MaB, oKasaJiach paBHOii MA- = 1160 MaB). 
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