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OEIIWI XAPAKTEPHCTHKA PAEO'l'H 

AKTy;aJI:bHOCTI, npo6Jrew. B_HaCTO~ee .. BpeMJI dom,moe.BHHMBHH8 Y.It8-

Jlll8TCJI HCCJI8,llOBaHl'lll 8,Iij)OH-H,It8pmlX BSrutMO;ll8HCT:13H! np~ BHCOKRX: 3H8prH~ 

mr. &ro CBJISaHO npelr,J{e Boero. C llOHCKOM 3qxpE!KTOB, B ROTOpl:lX np0.m3JIJI

lOTCJI ItBa.PKOBHe CT8ll8Hl! CBOdo;u;a H,Itepaott Ma.TSP?· ;Y,!Ul~~M mi CYlll8CT

BOBaHR8 Heodlf'l:HliX MHoroKBapKOBl:lX CHCT8M MOllteT CJIYDTb o6Hapyxemi:e 

,llHdapHOHHl:lX (mecTHKBapKOBl:lX) pe30HaHCOB. , 

· · HsBecTHO MHoro_' TeopeTWiecKIDC Mo.IteJieii; '• O~MCHJmlllDC .. llPllPO.JJY .iada-. 
pHOHHl:lX pe30HaHCOB,. HO Hl! O,ItHa K3 mtX IIOJIHOCTI,ID H8 OllHCliBa8T BC8X 

CTOpOH npo6JI8Mll •. · QqeBlW!O, H806XO;llHMHM YCJIOBH8M. JIB.iuieTCJI ·. H8 · TOJII,KO •. : 

coBepneHCTBOBaHHe --reope, HOH ;llaJil,Hettmee:naxoIIJ1emre axcnep:m4eHTa.m,

HHX .itammx ,- llOBHmeHHe ,Il;OCTOB8J)HOCTH H TO'IHOCTR llOJIY'I8HHl:lX pesyJII,Ta-

TO:B."' ::,:;;•· 

IloHCR ,llHdapROHHl:lX COCTOmmil: BO B3a:m40,ll9HCTBWIX Jl6rKIDC'H,Itep 

( d, :4He ) C npoTOHmm 06.n:a,naeT llP8HMYlll8CTBB.MR~, CMSaHH!lMH' 0 MaJIHM 

'IHOJIOM BYKJIOHOB, y,1aoTBymtmt B peamnm 1 'ITO ll03BOJ.IJl8T S Jl;OCTaTO'IBO : if 

Ha.n;eno 'xcKJillllltT1, lf1oa odwmwc npo~eccoB. 

IleJII, padoTiil: 
Y~:: . ;,_;,I 

-·xcCJie.n;oBaHHe xapaxTeJ)BliX ooodeHHoc-re:li Bsmo.n;elcTBlrlt Jie:rIODC 

s;i:t8p O _BO,Il;Opo;llOM I!pR np0118JEyTO'IHHX 
0

SH8prl'Imt, '.:il'F 

· - IIOJ!CK ,llH6ap:a:omm:x OOCTOmmil:, 
, '·. t\ '-") ., ;;a 

.•m·,i:t 
- HSY'{8Hl!8 l)0amu:i paSBBJia llOJIJIPRSOBalIHOro .n;elTpoHa. :·.t~J)(l 

HoBRsHa pa6oTiil ~ Pea.m1soBaHa c:a:cTeMa, llPOI'Jl8M!!1 ,:, paspa~oTaHHM 

Ha OCHOB8 aJirOpRT!IB. aBTOll8.Tlfq8CKOro B!l6opa: 4il!SR'18CKRX rmIOT88, IIO~, 

BOJmBIIIM B. CllaTI,18 opoKR . o6padoTaT!> . CBli!D8 ... 60 . TI,IOJl'I .IieitTpoH-npOTO~

BSBl!MO;ll81CTBmi. . licJIOJI1,30BaBH8 B Ka'l8CTB8 · ;ll8T8KTOpa BO.n;opo,ItHoit _;-r,rn: 

JIYSlip!,KOBOli K8M8pl ,Il;aJIO BOSMOllllOCT]) ROOJI8,JtOBaTl, npaRTl{q8CKR. des JIQ.--:-; 

Tep1, peamnm O O,ItHOI Hehpa.,'ll>BOI 'laCT~eit B ROH8'1HOM c·ocTomnm 
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(nanpm.'10p, pe~ dp ...- ppn, ½ep - dppn H m>,). 
AliaJm:3 'A8fiTpOH-np0TOHHHX B3anMO'A8ilCTBmi nOKa.SaJI, 'iTO np:e: npOM8-

JltYTO'llWX sneprruDC ~ap.lI,l(Y c npeo6~e~ pom,l!J noJIJDCHoro MexrumsMa 
cymecTB8HHlltt BKJI~ 'Aal!JT R ,Iij)yrHe npoueccH: B3anMO'A8fiCTBHe B KOH81iHOM 
cocTomnm, KpaTHoe paccemrne, norJIOIIteHRe ,r -Me3OHa napott HYKJIO-
HOB, B TOM 'iHCJle H o6pa3OBrume npoM8JltYTO'iHOfi 6-H3O6apu. 

BnepBHe B 8KCKJll03RBHOtt nOCTaHOBKe HCCJl8'AOBaHa 6eSM830HHW! peaK
UHJI 4uep - dppn np:e: m.mym,ce 8,6 raB/c. IlOKa3aHO 1 'iTO B BTOM Ka.Ha

Jl8 B nO'AaBJllilJlll8M 6om,lllllHcTBe CJIYllaeB 'A8RTpoH BHCTYIIaeT KaK cneKTaTop 
H pea.KIU!H :H'AST rJ1aBHHM o6pasoM -qepes 'AByxitpaTHO8 B3anM0~8liCTBH8. 

. ,lLJisI noHCKa 'Al!:6ap:e:omrux COCTO.mmil: BO B3a:e:MO'A8RCTBJ!IBX JISr.KRX smep 
C BO~OPO'AOM OTO6paH KJiacc pe~ H OOOCHOBaIIli KPHT8pRR Bli'A8J18HWI. 
KRH8MaTH'!8CKOfi O6JlaCTH, r'Ae o6pa3OBrume CBSI3aHHliX 'AByxHyltJIOHHHX CHC
T8M oJm,ItaeTCJI 60J1ee B8POJITHHM. IlOJIY'l8Hll 'AOCTOB8pH!le CBH):(8T8Jll,CTBa 
cymecTBOBaHRJI Y3IO'IX 'Al!:6ap:e:omrinc COCTOmrnti B dp - H 4ilep -B3aRMO
'A8itCTBWIX. 

_IloKa.SaHa npHMeHHMOCTb BH6paHHOR M8TO'Al!KH B no.n:a:p:e:s~OHH!lX :e:c
CJl8'AOBaHRIDC, 

Hay,masi: U8HHOCTb pa6OTH, ~OllJl8H 6om,mofi 8ltCnepHM8HT8Jll,Hllfi 
MaT8PRaJI no 4uep- (OROJIO 40000 co6HT:e:ti) H d(d' )p .. -B3aRMO'A8RCT
B:wnll ( OKOJIO II5000 co6HTml:). PasBRTa 1148TO'ARKB. IlOHCKa..H aHaJil!ISa 
pa~. H.ltY1ItRX C o6pasoBaHReM 'Al!:6apROHHllX CHCT8114. 

C'AeJlaHa oneHita BeJllI'!RHll BeitTopnott no.n:a:pRsanmt 'A8RTPOHOB H noKa.
sano OTCYTCTBR8 38.M8THOfi 'A8no.n:a:pR3anRR nyqKa B nponecce ycxopeHlllJI H 
6HcTporo BHBO'Aa, 

IlOJIY'l8HH!l8 a1tcnepma:eHT8Jll,llll8 pesyJlbTaT!l CTma:y.impym pa3BRTH8 
HOBliX TeopeTH'!8CIO'IX 1140'A8Jl8ti, nosBOJUillT.YTO'iBBTb CJIOlDlBll188CJI np8'ACT8B
Jl8Bll8 0 CTpyltTJP8 Jl8Maim!mc smep H 1148XaHR31148 RX B3aRMO'A81CTBRJI C ~
poHru.m, Orpa.HliNRBa.DT o6JlaCTb nplDl8BJi!MOCTH psma H3B8CTHliX MO'A8J18A. 

IlpaRTlA8Cltasi: ll8HHOCTb IlOJIY'l8HH!lX pesyJlbTaTOB saRJIJJ'iS8TCJI B TOM, 
'iTO OHR MOrJT 6HTb HCilOJll,SOBSBli np:e: JIJUUmpOBaHRR HOBliX a1tcnepma:eHTOB , 
no q>RSJ!lte BHCORRX aHeprmi, B -qacTHOCTH, no no:e:cey 'Al!:6ap:e:oHHHX peso
HaHCOB, a Ta.ruEe ~ nocTaHOBltR OllliTOB C no.n:a:p:e:~OB8HllllMK nyqit8.MR a,It

p0HOB H smep. 

Anpo6mµm pa6oTH. 0CHOBHH8 pesynTaT!l 'ARCC8PTSUROHHOR pa6oTH 
np8'ACTB.BJWD[Cb Ha Me.s,eyHapo,ttHOA KO*pemtim no q>H3l!lt8 BliCOlO'IX 8H8P
rd B BepcaJ1e (I98I r.) , HR Bceco1>SHOM cewmape "KBapu-84" H ~KBap
ItH-88" B T6HJIHCH {I984 r., I988 r.), Ha YIIl M~apo,ttHOM cemmape 
no npo6Jl8M811 q>RSJ!ltR BliCOltHX aHeprd B JTy6He {I986 r.), Ha Yil M~-
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HapO,IUiOM C1:lMI1O3nyMe no cnRHOBliM .RBJieHIDJM B WH3RK8 BHCOKIDC SHepr:iill 
(IlpoTBRHO, I986 r.), a TaKllte 'AOKJia,lJ;llBaJIHCb Ha COBBUlaHIDIX Me,iozyHapo'A
Horo CoTpy,IUill:'!8CTBa no HCCJIB'AOBaHIDJM Ha O,IUlOMeTpOBOH BOAOPO,IUiOil Ka
Mepe, Ha ceMRHapax: JIB3 OIBll'l H HIIB3 TI'Y. 

II.y6JIHKB.UHH. OCHOBHOe CO'ABplKB.HHe pa60Tli ony6.rrmtOBaHO B ,eypHa.rra.x 
",fmepHasi: WHSHKa", "Z.Physics", B npenpRHTax:, coo6memmx OIBll'l n B 
MaTep:e:aJJaX YITOM/IHYTHX Me,iozyHapo,ll;lillX"KoHwepeHU:iill. 

06'l>eM JlHCCB'PT8UHH. ,1lHccepT8UHJI COCTOHT H3 BBBABHHJI, tteTHpex: 
rJlaB H 3aICJI!()t{8HRJI. 

ABTop sammnaeT: I. Y'iaCTH~ B nOJIYll8HHH H o6pa60TK8 8KCnepHM8H
T8Jll,HOrO MaTepHa.na, CO'ABPJKa.lllero OKOJIO 40000 4Hep -B3aHMOA8HCTBHfi 
npn 8,6 raB/c n II5000 d(d1 )p -B3aHMOAeilCTBHfi npH 3,33 raB/c, 
yqacTH8 B pa3BHTHH H npHMeHeHHH aJlrOPHTMOB aBTOMaTH3l!pOBaHHOH CHCTe
Mli MaT8MaTH'!8CKOli o6pa6oTKH 'AaHHliX. 

2. HcCJl8'AOBaHHe OCHOBHliX M8XaHH3MOB B3aHMO'A8ilCTBHJI smep 4ue 
c npOTOHaMH npn HMilYJll,CB 8,6 raB/c. 

3. Pe3ym,TaTH no Ha6.mo,n;eHHKJ ,1U16apHOHHliX COCTomrntt, noJIYlleHHlie 
rrpH H3y<I8HllH cneKTpoB B~KTHBHliX MaCC AByx HYKJIOHOB BO B3aHMOA9HCT
BIDIX JlerKHX smep C npoTOHaMH. 

t 
4. )lamme, nOJIYll8HHlie npH H3yqeHHH PBaKUHR d p - ppn B rryqKe 

nOJmpH3OBaHH!lX 'A8HTpOHOB. 

CO,UEPJlrAHHE PAEaTH 

Bo BB8.Dj8HHH OTMettaeTCJI aKTJ8Jll,HOCTb n.oHCKa 'Al!:6apHOHHliX pe3OHaH
COB B ~H-sr,nepHHX: B3aHMO'A8ilCTBIDIX npn BliCOKIDC 3HeprIDIX, CWQpMyJIH
poBaHa OCHOBHaJI UBJlb pa6OTH H rrpHB8ABHO KpaTKOS COA8plKB.HH8 'AHCCepTa
UHH. 

B nepBott rJlaBe HSJIOllteH!l M9TO'AHT!8CKH8 Bonpocli 8KCnepHM8HTa. 
3KcnepHM8HTaJlbHliil MaTepHaJI 6HJI nOJIYllSH c nOMO!ItblD O,IUlOMBTPOBOH 

BOAOpO,IUlOH ny3lipbKOBOH KaMepH, 06Jly<IeHHOH smpaMH 4He C HMilYJlbCOM 
8,~ raB/c H 'ABHTPOHaMH C .1-lMJIYJibCOM 3,33 ra:U/c Ha Cr1HXpQWa30TpOH8 JIB8 
OIBIH. IlpHBO,IVITCJI OCHOBHli8 xapaKTepHCTHKH KaMepli. IIo;zrtepKHBa8TCJI, 
t!TO O6J1y<IeHH8'KaM8pli peJJ.IITHBHCTCKHMH smpaMH HMeeT psm rrpeHMYIIteCTB, 
noc1tom,ey MOlKHO Ha6.mo,n;aTb H H3MepJITb npaKTIBIBCKH 683 noTepb 3apmteH
Hli8 wparMeHTH smpa-cHapsma, KoTopue .RBJIJllDTcJI 6HcTpHMH -qacTJmaMH n 
xopomo BH,IUIH B KaMepe. B TO lite BpeMJI o6pa6oTKa WHJ11,MOBOH HHWQpvianHH 
,nocTaTOt!HO CJIOJKHa. B 'iaCTHOCTH, HaH6OJ1ee Tpy,noeMKHM 8TaITOM nponecca 
o6pa60TKH, OCHOBaHHOM Ha TpaAHUHOHHOH MBTO,nRKe, JIBJJ.IIBTCJI WH3ll:'!8CKa.lI 
HHTepnpeTanHJI (HAeHTHWRKanHJI) co6HTHH H3-3a 6om,mmc 3aTpaT pyqHoro 
TpY.na 11 ,nonOJIH11T8.7U,HOro npoCMOTpa qiOTOI17I9HOK. 
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)v.uI aBTOMaT113B.U:IIB npou;e,JzypH oT6opa Wl13WieCKHX rmioTe3 H,IJ;eaJibHO 

6HRO 6H l1M8Tb IDiqx>PMB.UIUO 06 113M8peHHWC,3HaqeHIDDC l10Hl13anHOHH!IX no

Tepb BTOPWIHllX 3apJIJ1t8HHHX qacTHU, 0,IUiaKO 3~ecb B03Hmtal!JT 3aTpy,I\H8HWI, 
CBH3a.HHll8 C OTCYTCTB118M cneQHaJU,HllX 113Mep11Te~HHX ycTpOHCTB, a TaIOKe 
c He~ocTaToqHoH cTaH~PTHOCTbro no.n:y,:raeMoro W~MoBoro MaTep11aJia.Ilo
Ka3aHO, qTo M0'1tHO o60HT11Cb KOHeqHHM ql'{CROM rp~ Bl13YaJibHOH ou;eH
Kll 110Hl138.U:IIB, "3TaJIOHHHM11 B HaII18M c.n:y,:rae 6HR O,IUI03apR,IUIHH rryqKOBHH 

TpeK ~eHTpOHa, KOTOpHH B BO~Opo,I\HOH KaMepe ,naeT CR8~ C MIDIIlMaJibHOH 
. IIOH113anll8H, MOHl138.UIUO BTOPll'IHllX Tp8KOB MH ou;emmaJm: no TP ex6aJlJlb

HOll IIJRaJie Ha CTMllll rrpOCMOTpa. 
CneI.J;llaJibHM nporpaMMa no 38,ll;a.HRllM Kpl1T8Pllil:M OT6opa, 11cno~3YH 

pe3yRbTaTH npoCMOTpa l1 reoMeTpWieCKOH peKOHCTPYKI.J;llll co6HTID1, OT6HPa
Ra eyJKHyIO Wl13ll'!ecKyro rillloTe3y. IlpoBepKa ~op11TMa 6HRa npoBe~eHa B 

. "t.. t 
xo~e o6pa60TR11 ~aHHHX, no.n:y,:reHHHX B ~.11ep - 11 d p -8KcnepllM8HTax C 
o6ml1M qllCROM co6HTllH 6oRee 60 THCJN. 8:jq)eKTllBHOCTb nporpaMMHoro OT-

6opa COCTaBMa 82-90 %. 
C;yMMapHYID CTaTllCTHKY COCTaBMll 38732 4irep-B3aHM0~8HCTBWI 11 

114696 dp-B3aID/I0~8HCTBllH, 113 KOTOPHX 63648 co6HTRH no.n:y,:reHH B no-
~1130BaHHOM rryqKe. 3TOT 8KCnepllM8HT~HHH MaTepllaR.RBMCH OCHOBOH 
.n;M rro.n:y,:reHWI Wl13WiecRHX pe3yRbTaToB, H3ROxteHHWC B ,Ill!ccepTa,u:im. 

BTOpM rRaBa nOCBRm8Ha 113yq8Hl1ID OCHOBHHX M8XaHl13MOB B3811MO,IJ;8H
CTBWI RerRHX M8P ,ne:liTepllJI 11 reRWI C Bo,nopo,noM • .AliaRH3 683M830HHOro 
pa3BaJia STHX M8P c pa~o:li cTeneHbro WparM8HTanllll noKa3aJI HaJillqlle, 
HaPMY C IlORIDCHHM M8XaH113MOM, cymeCTB8HHOro B~a 11 .npyrllX npou;ec
COB: B3aHMO,IJ;8HCTBllJI B KOHeqHoM COCTO.RJIHR, .IJ;ByxKpaTHOro paccemmH, 
rrorRomeHWI IlllOHa napo:li eyKROHOB, o6pasoBaHWI npoMelltyTOqHHX !,. -l130-
6ap. OTMeqeHH T8.Kllt8 8gq>8KTH, CBH3a.HHll8 C nepeBopoTOM cnHHa B peaKI.J;llll 

np -nepesapR.IJ;KH Ha ,neiiTpoHe. 
McMe,IJ;OBaHllJI noKa3aJill, qTO 06m11e CBOHCTBa ,ne:liTpOHOB 113 peaKI.J;llll 

4irep - dppn 6Rl13Kll R xapaKTepllCTHRaM wparMeHTOB, He npHHHMaBIIIHX 
yqaCTllli BO B3allMO,IJ;eHCTBlill. 3TO BH,Il;HO 113 np:ime,neHH!lX IlMUYRbCHllX (pllC, l) 
l1 yrROBHX (pnc. 2) pacnpe,neReHHH ,nefiTpOHOB l1 eyKROHOB, 

HMny~cHoe pacnpe,neR8Hl18 ,nefiTpoHOB l1M88T X8paKT8pHHH MaKCllMYM B 
paHOH8 120 MaB/c ll 6HCTpO cna;itaeT c poCTOM llMllY~Ca, yrROBOe pacnpe
,IJ;8R8Hl18 (p11c. 2a) - 6RH3RO K 1130TPOITHOMY, qTo corRacyeTCH C npe,ncKa-
3aH11JlMll llORIDCHoro M8XaHl13Ma, COOTB8TCTB~ee pacnpe,neR8Hl18 ,IJ;M HYK
ROHOB BHr~llT HHaqe: llMITYRbCH08 pacnpe,neReHlle lllll!)OROe, a yrROBoe 
C~HO BHTReyTO Bnepe,n. 

B pa6oTe llOKa3aHO, qTo pacCMaTpllBaeMM peaKI.J;llR H,Il;8T rRaBHHM o6-
pa30M qepe3 .IJ;ByxKpaTHoe pacceRHHe.Ha p11c. 3 npllBe,neHo IlMUYRbCHoe 
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· P11c. 3, 
11MnyRbCH08 pacnpe,neReHlle CaMO
ro M8,IJ;R8HHOrO eyKROHa B Cl1CT8-

M8 noROH d 1 ,IfymtTll!)OM Il0Ka3a..~ 
cneKTp eyKROHOB-Cll8RTaTOpoB l13 

peaKu;:im dp - ppn np11 
3,33 raB/c. 
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Pllc. 2. YrROB08 pacnpe,neR8Hl18 
,ne:liTpOHOB (a) l1 eyKROHOB 
(6) B Cl1CT8M8 nOKOH Mpa 
4ire. 

pacnpe~eReHlle caMoro Me,IJ;ReHHoro 
eyKROHa B Cl1CT8M8 nOROH d' 
(B npe~CTaBR8Hllll 4ire(d, d')), 
IlOCRe llCKJilO'I8HllR Ha6.mo.naeMoro 

B pe~ll ~eHTpOHa-cneRT8TOpa. 
CpaBHeHl18 no.n:y,:reHHoro cneRT

pa co cneRTPOM eyKROHOB-cneKTa
TOpoB 113 peaKu;:im pasBaJia ~efiTpo

Ha IlO~TBep:amaeT, qTo BMM RBa-
3H,IJ;eHTpOHHOro M8XaHl13Ma (Mac

T8pl138.UWI H.npa 4He Ha .IJ;Ba ~e:li
TpoHa) MaJI l1 o6a M8~R8HHHX HYJt.710-
Ha RBMIDTCH yqaCTHllRaMll B3al1M0-

~8HCTBWI. 
BeJIIDIHHa HaRROHa ,Ill!gq>epeH-



Ulla.JibHoro ceqeHIDI no KB8,llJ)aTy 4-m.mym,ca, nepe'AamIOro OT TI~aD!lero 

TIPOTOHa K JllI.nllPYI001BMY JIYXJIOHY (b = 2,37 ± 0,07 (rsB/cY2), TaKllte 
CBll,It9T9JIJ,CTByeT O ,IUlyxKpaTHOM paccemmw Jll!.IU!PYBlll0li qaCT!UUI Ha HYKJIO
Hax R,JJ;pa 4ire. 

IlpoBe'AeH aHa.JIIl3 a3IlMYTaJll,HllX Koppe.rum;:irn, KOTOplili TIO'ATB0p,1UIJI BH
BO'A O MeXaHll3M9 B3anMO'A9HCTBRfl, TI03BOJilIJI IlpoCJIB'AllTb KilHeMaTmecKYJI) 
CBJI3b Mexmy Tipo~Ta.Mll peaKUnn, a TaKJKe TIOK8.3a.JI BKJI~ 6oJiee CJ!Oll!lillX 
npoueccoB, HanpnMep, B3ailMO'A9HCTBRfl B KOHeqHoM COCTORHilll. 

B TpeTbeil rJiaBe C'ABJ!aH KpaTKilH 063op IlM9Ja11IlXCJI 'AamruX ll rrpe'A
CTaBJIBHH pesym,TaTH llCCJIB'AOBaHilH TIO o6HapyxeH:mo ~6apnomrux COCTOJI-
HnH B dp - ll 4Hep -B3anMO'A9ilCTBRflX, 

B o6sope TIOKa3aHO, qTo B HaCTOmIIBB BpeMR CllTYaIUIJI TIO Ha6.mo,n;eH:mo 
'Ali6apllOHHHX p930HaHCOB B 'AByxHYKJIOHHHX CllCTBMax 'AOBOJll,HO TipOTl!Bope
ql!Ba. ,Il,7m TIOllCKa 'All6apnomrux pe30HaHCOB 6HJ!Il OTo6paHH pearo:um,B KO
TOPHX yqaCTBYBT Ma.JIOe qnqJio qacTnu ll MOlKHO yqeCTb BKJI~ OCHOBHHX 

~arpaMM: 

dp - ppn 

dp - p,r+nn 

4Hep - dppn 

- 47298 co6HTnil, 

- 24124 co6HTM, 

2867 co6HT:irn. 

(I) 

(2) 

(3) 

,ll,a.Jiee,6HJIO HB06XO'AllMO BH'ABJ!liTb co6HTM, B KOTOpliX o6pa30BaHll9 ,IUlyx
HYKJIOHHllX CBJI38HHHX CllCTBM OXH,ItaeTCJI 6oJiee BepoJITHID/1, ,Il,7m peaKUilil 
(I) 3TO COOTBBTCTByeT OT6opy 6eCCTI9KTaTopHHX co6HTnH,M9TO'AOM B~eJie

HM KOTOpliX MOXBT CJIYXUTb o6pe3aHne CHH3Y TIO m.myJibCY CaMOro MBMBH
Horo ll3 Ha6JIIO'AaBM!lX B peaKUHH HYKJIOHOB, 

Ha pnc. 4 H 5 IlPB'ACTaBJieHH paCTIPB'A9Jl9HM TIO 3qq19KTl!BHHM MaCCaM 

.IUlyx Me~eHHHx HyKJIOHOB c o6pe3aHH8M IPsl > 200 H IPs1>350 MsB/c 
~ PBaKUHH TiepesapJWtH H rrpm.toro KaHaJia COOTBBTCTBBHHO. 

B Ta6JII1Ue I TipHB9'A9HH rrapaMBTp!,I oco6eHHOCTeil, TIOJiyq9HHH9 rrpH 
anrrpOKCilM81UIB 3KCTiepHMeHTaJIJ,HHX paCTIPB'A9Jl9Hlrn qiyHKUHeil 

c;lN/clM ~ c:1.'P(M) + ~~ BW,(M), 
I • 

(4) 

r'Ae <p ( M) - <pOHOBOB paCTIP9'A9Jl9HH9, B KaqecTBe KOTOporo HCTIOJ!b30-
Ba.JICJI TIOJ!IlHOM BTOpoil CT9TI9HH. ,Il,7m Mpp -CTIBKTpa 6paJiaCb cyMMa qem
pex qJyHKUHil EpeilTa-BIIl'Hepa (BW ), a~ Mpn -CTIBKTpa - Tpex. 

PeaKUIDI dp - PR+nn HCCJl9'AOBaJl8.Cb ~ TIOllCKa HBHTpa.lII,HllX TiapT
HepoB sapJIXemrux COCTOJ!Hlrn. 

Ha pnc. 6 TIOK83aHO pacTip9'ABJI9Hll9 TIO H9'AOCTaJ!lll0H Macce ,IUlyx Heil
TPOHOB ~ C06HT:irn, B KOTOPHX o6a HeilTpoHa rrpnHilMa.Jlll yqacTne BO B3a
IlMO'A9HCTBilll, Ha6.mo,n;aIOTCJI ,!Ula OT'JeTJIHBHX TIHKa. 
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Ln 

q 60 
C, 

' z 

40 

dp-n(pp) 1 

20 ~ 2080 

2.01 2.16 2.31 

Mpp [flB/c2J 

Pnc. 4. 
Pacrrpe'AeJIBHlle TIO 3qqJ9KTllBHOil 

Macce ,IUlyx TIPOTOHOB peaKUilil 

dp - ppn li3 KaHa.Jia C 
Tiepesap.iwtoil B co6HTIDIX,r'Ae 
m.mym,c o6onx rrpOTOHOB 60Jib
rne 200 MsB/c. TucTorpaMMa -
3KCTIBPHMBHTaJThHHH pesym,TaT, 
CTIJ!OlliHM KpllBaR - pesym,TaT 
anrrpOKCHMaUilll qiyHKUHeil (4). 

. 

80 

N 
u 
iri 60 
"' L... 

E 
d 
'- 40 z 

20 

1.87 2.07 2.27 

Mpn lf,B/c2J 

Pnc, 5. 
PacTip9'A9JI9Hlle TIO sqqieKTl!BHOil 
Macce rrpoToH-HeilTpOHHoil TiapH 

PBaKUHH dp - ppn llll 
rrpm.toro KaHa.Jia B C06HTIDIX, 
r~e m.mym,c o6onx HYKJIOHOB 
6onbme 350 MsB/c. rncTorpaM
Ma - 3KCTIBPHMBHTa.JlbHHH pesym.
TaT,CTIJ!OlliHM KPHBaR - pe3yJII,
TaT anrrpoKcHMauHn ~nett (4l 

,Il,Jm 6oJiee TOqHoro orrpe'AeJieHIDI TiapaMeTpoB cTaTHCTmecKH o6ecTie
qeHHHX COCTOJ!Hlrn CTIBKTW ajxlleKTliBHllX Mace ( Mpp • Mpn ll Mnn ) an
rrpoKcm.mpo_Ba.JlllCb C yqeTOM 3KCTIBPHMBHT8Jll,HHX paspememrii ,IUlyMJI ~ll
J!Mll EpeilTa-BnrHepa. Pesym,TaTH 3TOH aTITipOKCHMaunn rrpl!BOMTC.II B Ta6-
JII1U9 2 ( o6osHaqeHIDI Te xe, qTo n B Ta6Jinue I). 

YqeT 3KCTiepHM9HT8JI1,HOro paspemeHruI TI03BOM9T TIOHU3HTb oueHKy 
BepXHeil rpaHHUil llillpHHH pe30HaHCOB 'AO 20 MsB. 

Pacrrpe'ABJIBHRfl no 3qxlieKTl!BHOil Macce ,IUlyx HYKJIOHOB ll3 peaKUim 
4ilep - dppn TIOKa3aHH Ha pnc. 7. B~o' qTo CTIBKTp ~ pn -cnc

TBMH TIJ!aBHO y6HBaeT 6e3 3aM9THllX CTaTllCTmecKnx OTKJIOH9Hlrn 3KCTIOHeH
Una.JibHOH 3aBllCllMOCTll. ,Il,Jm ,IUlyx rrpOTOHOB B KaHa.Jie C Tiepesap.iwtoil 
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Ta6.mru;a I. Pe3ym,TaTII annpoKcHMarum cneKTpoB aqxj)eKTHBllliX 
Mace pp- n pn -nap pea.mum dp - ppn 
( M , r - Macca n mnpmia ,IO-I6apnoHHoro coc-
TO.fIHIDI, s.n. - 'IHCJIO CTrur,napTllliX OTKIIOHeHHfi) 

Mnn (MaB/c) 2 rnn (MaB/c) 2 s.n. Mpn (MaB/c) 2 rnn(MaB/c) 2 s.n. 
1939 ± I5 27 ± I3 2,2 

2007 ± I5 39 ± I7 4,I 2006 ± IO 25 ± II 5,I 

2090 ± I5 IO± I2 2,0 2080 ± IO 9 ± I2 I,7 

2154 ± I5 3I ± II 5,8 2II8 ± IO I5 ± I3 4,3 
1 'X/ CT,CB. = .2,8/IO 

2, 

'X/ CT.CB, = 6,2/16 

Ta6.mru;a 2 

1 
Pea.ruum Mr rr s.n. Mz r2 s.n. ~ /CT.CB, 

dp - n(pp)20Q9±6 rs±I9 4,I 2153±4 ?±II 5,8 9,6/21 

dp - p (np) 2007±4 s±r2 5,I 2rrs±s s±9 4,3 6,2/23 

dp.,.pn+(nn)2027±5 Is±IB 6,3 2137±4 I7±9 8,2 2I,2/I4 

HaHJIYtJmee onncaHne noJIYtJaeTCH CYMMOH SKCnOHeHIJ;l![8.Jll,HOro ~Hall ~Byx 
qiyHKu:iru EpenTa-BnrHepa. Ilpn STOM: 't-2, /CT.CB. = 27/20 H 

~P = 2035 ± 15 (MaB/c) 2, rpp = 30 ± 23 (MaB/c) 2, 

~P = 2137 ± I5 (MaB/c)2, rpp =·59 ± 20 (MaB/c)2• 

Bw.Ia c~eJiaHa noIIllTKa mITepnpeTHpoBaTb Haln;emme oco6eHHOCTll 
6e3 npllBJietJeHIDI rHITOTe3!I O ~H6apHOHH!IX pe30HaHCax. TaK, HanpllMep, B 
pe~ hA - NNX BHYTPll smpa MOryT npoHCXO,IO-ITb npon;eCC!I THna 
,r "NN" - NN, KOTOp!I.e npn Ma.Jil:IX SHeprHHX IlHOHOB npHBO~ K pe-
30HaHCH!IM S(pl)eKTaM, B 'IaCTHOCTH, cetJeHHe perumHH ,r+d - pp llMeeT 
MaKCllMYM!I B o6JiaCTH yKa3amnlX 3HatJeHHfi Mace. 

PactJeT no S(pl)eKTHBH!IM MaCCaM lf}!!,yx IlpoTOHOB BOCnpOll3BO,IO-IT noJIO
xeHHe Ha6JIIO,IJ;aeMHX nllKOB, O~aKO He onHC!IBaeT mnpmrn STHX COCTO.fIHllli. 
K TOMY xe ~ nOJIYtJeHIDI nepBoro MaKCllMYMa (~p = 2,01 ➔ 2,02 raB/c2) 
npmco~TCH BBO~Tb ~onoJIHHTeJibHOe npe;zmoJIOXeIIBe O HaJill'IHH oco6eHHOC-
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Hnn [r,B/c2J 

PHc. 6. 
Pacnpe~eJieHne no atW>eKTHBHOH 
Macce lf}3yx HeHTPOHOB H3 KaHa
Jia dp - PTI:+nn. rncTorpaM
Ma - aKcnepHMeHTaJIDH!IH pe3yJID
TaT, CilJIOWHM KPHBM - pe3yJib-
TaT annpOKCllMa.IJ;llll. 

;,::; 
~ 
<O 

f 
N 
0 
d 
'
z 

1.9 2.1 2.3 M •• (r3B/c2) 

Pnc. 7. 
Pacnpe,neJieIIBe no atW>eKTliB¥ofi 
Macce lf}3yx Me,nJieHH!IX HYKJIOHOB 
~ npm.mro KaHaJia (BepxHHH 
rncTorpaMMa) n KaHaJia c nepe-
3ap~ofi (HIDKHHH rncTorpaMMa). 

TH B noBe~eHHH BHeaHepreTll'!eCKOH aMilJillTY.wI perumHH fid - NN 
B6JIH3H nopora. 

B tJeTBepTOH rJiaBe ll3JIOXeH!:l pe3yJibTaTII llCCJie~OBaHllli B ny'!Ke 
nOJIBJ)ll30BaHH!IX ~enTpOHOB. IlpHBO~HTCH HeKOTOplle oco6eHHOCTll 06JIYtJe
HIDI BIIK-100 B nytJKe BeKTOpHO nOJIBJ)li30BaHH!IX ,neHTpOHOB C HMilYJibCOM 
3,33 raB/c Ha ~6HeHCKOM CllHXpC>q)a30TpOHe. ThlmyJibc nytJKa 6UJI BU6PaH 
HCXOM H3 lf}3yx coo6paxeHHfi: Bo-nepBHX, B aToil o6JiaCTH aHepr:iru aHa
JIH3RPYJOOlM cnoco6HOCTb BO~opo.na 6JIH3Ka K MaKCllMaJIDHOH,BO-BTOpux, 
yxe EMeJIOCb 6oJibmoe KOJmlleCTBO noJIHOCTb!O o6pa60TaHH!IX dp -B3aHMO
,neHCTBllli Ilpll TOM Xe 3HatJeHHH HMITYJibCa B nytJKe Heno.7IBJ)H30BaHH!IX ~eH
TPOHOB, 

Pac'IeTII, npoBe,nemme K.BHJIK~). noKa3UBaIOT, 'ITO B o6JiaCTll 
HMITYJibCOB qiepMH-lf}!!,UeHIDI HYKJIOHOB .no 200 :.faB/c cnHHH npoToHa H HeHT
poHa opneHTllpoBaH!I no Cn:HHY ,neHTPOHa, 3TOMY y,noBJieTBOpHeT no,naBJl.ff!O

.mM '!aCTb C06UTJIB pearoum pa3BaJia ~eHTpoHa dp - ppn. 

*). Wilkin C. Nucl. Phys., 1987, v. 467A, P• 575, 
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OueHKa CTeneHH no;mpH3auHH IJY'!Ka rrpOBO,l{Wia.Cb Ha CTaTHCTllK9 OKO-
JIO 20 THC.fl'! dp-B3aID110.1teHCTB:im. lliJIO H3MepeHo pacrrpe,neJleHHe no 
a3Hr.fYTaJIIiHOMY yrJIJ BHJleTa HYKJIOHa OT,na'IH dp - ppn • B Ka'l9CTB9 
aHaJIH3npyiomen cnoco6HoCTH Bo,nopo,na ncnom,soB~c1, .namme no no;mpn-
3aullll rrpoTOHOB B yrrpyroM pp- H np -paccemum. IIOJJ:;f'l9HH09 yr
JIOB09 pacnpe,neJ1eHne ,nJUI npoTOHOB 0T.1ta'll'! IIs np.f!Moro KaHMa dp - p(np) 
npe,ncT~eHo Ha pnc. Sa. OHO arrrrpoKCID/lllpOBaJIOCI, Bllpallt9HlleM: 

N('f) a N0 (1 + B-cos'P + C cos2f), 

-:a400 
'° '-

...Jo -...,, 
d 
,300 
z 

Pnc. 8. 

-SO 
~ 
..,J-

~ 
z 40 

i 

LJ 6 

0 lt ,r 
'f[rad] 'f [racil 

0 

A3ID/lYTMbHOe pacnpe,neJleHHe npoTOHOB OT,l{a'IH ll3 
npHMoro KaHaJia peruco;HH dp - p(np) (a) H HefiTpo
Ha oT,naqn H3 peaKUHH nepe3apH,IUtH dp _. n(pp) (6). 

r.ne Koa@muneHT B onpe,neJUieT BeKTOPHYID no;mpnsaumo IJY'!Ka Pz =Bl A 
(<A) = 0,326 ± 0,030 - cpe,nH.fIJI aHaJill3llpYJO[IIM CilOC06HOCTb BO,l{Opo,na), 
a KOaqxpnuneHT C CB.fI3aH C BHCTpoeHHOCTii!O ,neHTpoHa.Pe8YJI1,TaTH arrrrpoK
CIDllaullH np:ime.neHH B Ta6J1HUe 3 ll noKa3aHH B BH,ne cnJIOillHOfi KPHBOfi Ha 
pnc. Sa. 

ITOJJ:;f'l9HHM oueHKa no;mpnsaunn Pz = -0,41 ± 0,09 corJ1acyeTcJI co sHa
'leHneM, ll3MepeHHHM BHYTPH KaMepH YCKOPHTeJUI B TOM xe ceaHce, 'ITO CBH
,neTeJll,CTByeT 06 OTCYTCTBHH SaMeTHOH .neno;mpII3aunn rrpll 6HcTpoM BHBO,ne. 

Ha pnc. 86 noKa3aHO a3HMJTMiiHOe pacnpe,ne.JieHHe HeiiTpoHOB OT,l{a
'IH H3 peruco;nn nepe3apH,IUtH, KOTOpoe OTJIII'laeTC.fI OT COOTBeTCTByxI!lero 
pacnpe,neJ1eHM rrpoToHoB oT,na'lII (pnc. Sa). Pac'leTH, npoBe,neHHHe c 

IO 

Ta~a 3. PesyJII,TaTH arrrrpoKCEM8Ulill aSHMJTMiiHOrO pacrrpe.ne
JleHWI. rrpoTOHOB OT.1ta'ln IIS rrp.f!Moro ruuia.Jia dp - p (np) 

Peruco;WI B C 'X.,. /cT.cB. P z 

dp-+ p(np) -0,13±0,03 0,02±0,03 4,4/7 -0,4l±o,09 

YtJeTOM BMa,n;a D-BOJIHH ll IIPHHUllila IlayAH (KpHBM Ha pnc. 86 ) ' He 
06~.fICH.fIIOT 8KCII8PHMeHTMiiHHe .namme • 

B 8aKJ!lO'l9Hlll'I C(p()PMJAllpoBaH!l OCHOBHHe pesyJI1,TaTH ,nnccepTaullOHHOH 
pa6oTH: 

1. ITpoBe,neHH OOJIY'!eHll.fI lOD-cM Bo,nopo.nttoH IJYSHpiiKOBofi KaMepI B 
IJY'IK8.X peMTllBllCTCKllX JI,nep reAll.fl c HMrryJlbCOM 8,6 raB/c n ,nefiTpoHOB 
- rrpn 3,33 raB/c. 

2. Paspa6oTaHa cncTeMa rrporpaMM, BKJIIO!iaJOO!M aBToMaTll'!ecK:im BH-
6op ~H8ll'l9CKIDC rllIIOT98 Ha OCHOBe aArOpHTMa C IIPHBA9'l9HlleM BllSYaJibHlJX 
oneHOK llOHHSaullll. B ,l{OCTaTO'lHO cxaTHe cpOKII o6pa60TaHO H SaIIllCaHO Ha 
Jl9HTY CYMM8PHHX pesyJII,TaTOB 60J1ee 60000 .nefiTpoH-rrpOTOHHIDC B8allMO,ll;9llCT
B:lfil. 

3. BrrepBHe B 8KCKJilD3llBHOtt IIOCTaHOBK9 llCCJle,ItOBaHa pea:raum 
4-iiep -+ dppn. lI8YtJ9Hll HMIJYJII,CH!l9 CII9KTpI, yrJIOBHe pacrrpe,It9JI9HHJ! 

ll aSHMYTaJibH!l9 KOPP9JIJIUllll BTOPJ!tIHHX 'laCTHU • 
I!OKaSaHO, 'ITO B llSYtJa9MOH peruca;nu rrpeoOJI8,ItallT rrponeccll, B KOTO

pax IJpOTOH llCIIHTHBaeT ,nByxitpaTH09 paccemme Ha HYKJIOH8.X JI.npa ½e, a 
.nettTpOH JIBM9TCJI cneKTaTopoM •. 

4. Bo B8allMO,It9ttCTBllJDC JierKmC JI,nep c npoTOHaMll .nM IIOllCKa ,nn6a
pllOHHIDC COCTO.fIHd OTOOpaH Mace peaKUHtt ll OOOCHOBaH!l KpllT9pllll BH,neJie
Hrui: Kmi9MaTll'IJ9CKOtt OOJiaCTll, r.1te o6pasoBaHHe ,nByxHYKJIOHHHX CllCTeM OD
.naeTca OOJiee B8pOHTHHM. 

5. B dp-B8allM0,1{81CTBllJDC Ha6.nm,neHH Bee BOSMOJBHlie sapJI,nOBH9· 
KOMIIOH9HTH ,nn6apnoHHHX COCTO.fIHml: B ,ll;ByxHYKJIOHHOtt CllCT9M8 rrpll Maccax: 

y"N = 2,01 ~ 2,02 n MNN = 2,12 ~ 2,15 raB/c2 

c nmpHHott.nopJI,nKa 20 MaB/c2• 
06HapyxeHll OC008HHOCTll B pacrrpe,It9JI9lllmX no aqxp9KTllBHOfi Macce 

.,ll;Byx. npoTOHOB B peruco;llll 4-iiep -·dppn Ilpll CJ19,JzylJIIIDC 8Ha'l8HllJDC: 

~p = 2035 ± 15 ll ~- = 2137 ± 15 ~aB/c2• 

6. Pac'IJSTH ,ll;;1Ia peruco;llll . dp - ppn no aqxp9KTRBHHM MaCcaM 
,ItByx HYMOHOB C YtJSTOM IIOB9,1{9HWI rrorrepe'IHOro C8'!8Hl'IJ! nponecca 
n+ d - PP OIIllCHBaDT OOl!lD XO.It pacnpe.neJieHd, HO H8 OOMCwmT nmp:my 
Ha6.nm,na8Mlll OC008HHOCT81, 
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7. IloJIY1IeHa oneHKa.BeKTOpHoil noJIHpHsainm ~eiiTpOHOB (Pz = 
0,41 ± 0,09), qTo CBH,IJ;eTe.nl>CTByeT o MaJioil ~eno.7IRPH8a.IlRR ~Ka B npo-
necce ycKopeHIDI H 6HcTporo BHBo~a. · 

8. Ha6~ro.n;eHa pasH:ima noBe,neHIDI pacnpe,ne~eHRH no aSRMYTa.JII,HOMY 
yrJI.Y ~OHa OT,naqH B npBMOM KaHMe H B nepesap.!I,ItKe. Pac~eTH C ~eTOM 
npRHUlilla Ilaym H BJlli.HHU.fI . D-BO~ ~ peaKURH nepesap.!I,ItKH He BOC-:
npoli3BOMT 3KCnepHMeHTaJII,HHe ,JJ;aHHHe. 
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