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YAK 539. I M-16 

AHAJll13 KHHEMATW\ECIGiX KOP~ B aJlEI\TPOH-iilLEPHOM B3AJ1MO~
CTBID1 IIPH 5 roBIc: IIpelI.i?mIT ~ 18-981 

E.A.Aop0mHeBRq, A.A.Kypa8HROB R ~. - M•• 1998 - 24e. 

B pa60Te aHaJIH3HpyroTCR KHHeMaTlflIeCKHe KoppemrQHH nap BTO
plflIHbIX qaCTHll; (pp, p1r H 1r1r) B 3neKTpoH-R,nepHoM B3aHMo,neHCTBIrn 

16 0(e-+ ) npH 3HeprIrn 5 r3B. IIo,npo6Ho paccMaTpHBaeTcR MeXaHH3M 
B03HHKHOBelIlUl ,naHHOrO THna KOppenRUHH. IIpe,nno)KeH cnoc06, n03BO
nHBillHH no napHlJIM KoppemllUUlM ou,eHHTb QHCnO qaCTHU CB.sI3aHHbIX 
3aKOHOM COXpaHeHHR. 

In the work we analyze kinematical correlations of secondary parti
cle pares (Pp,P1rH 1r1C) in electron-nucleus interaction at 5 GeV. We study 
the mechanism of such correlations appearance. We offer a method to 
estimate the number of particles, united by the energy-momentum conser
vation law, by investigation of secondary particles correlations. 

PRe. - 5. ellHeOK JlltT. - 6 HWIM. 

~ HHCTBTYT TeOpeTMQeCKOi M ~KcllepBMeHTa~bHo! ~B3~KB, 1998 



1. BBEAEHME 

Mccne.n:OBaHIDI B3aHMO)J.eHCTBHH qaCTH.JJ; C MpaMH rrpH BbICOKHX 

3HeprIDIX Be,UyTCH B I1T3<l> y)l(e MHoro neT. OC06bIH HHTepec npe,lJ;CTaB

JUlIOT peaKu,HH, XapaKTepH3ylOIIJ;HeClI 60nbllIHMH rrepe)J.aHHbIMH HMnyJTh

CaMH - rny60Ko-HeynpyrHe .sI)J.epHbIe peaKI.Um. B OTJIHllHe OT B3aHMO

.n:eHCTBHH npH He60nbllIHX nepe,lJ;aHHbIX HMIIYJThCax, KOTophIe xopomo 

OIIHCbIBaIOTClI paCCe.HHHeM Ha OT)J.enbHbIX KBa3HCB060,lJ;HbIX -qaCTHIl;ax, 

COCTaBIDIIOIIIHX .HAPO, B )KeCTKHX IIpolleccax rrpOHBJUleTCH KonneKTHBHoe 

nOBe.n;eHHe H.n:epHOH MaTepHH. TaK, HarrpHMep, 3TO lIpKO npOllBll.sIeTC.sI B 

06pa30BaHHH KyMylliITHBHbIX qaCTHll, pO)l(,lJ;eHHe KOTOpbIX Ha CB060.n;HOM 

HYKllOHe 3arrpeIIIeHO KHHeMaTWIeCKH. I1ccne,nOBaIllIe rny60Ko

Heyrrpyrnx ~epHbIX peaKll;HH n03BOnHeT nOJIY-qHTh HOBy«> HH<pOpMaruno 

o CBOHCTBax H.n;epHOH MaTepHH. 

B ycnoBIDIX OTCyTCTBIDI TeopeT~eCKOH Mo,nenH, KOTOpa.a Morna 

6bI rrpe.n;CTaBHTb rronHOMaCIIITa6HYIO KapTHH)' rny60I<0-HeynpyrHX lI.n;ep

HbIX B3aHMo.n;eHCTBHH, 60JThillOe 3HaqeHHe TIpH06peTaIOT MeTO,l(LI, rro

3BOll.HlOIIJ,He H3Bneqb .n;OIIOJIHHTeJIbHYIO HHq,OPMaIUfiO 06 HX MeXaHH3Me. 

O,lJ;HHM H3 TaKHX HCTOqHHKOB HHq,OpMau:HH H npe,lJ;CTaBJIlIIOTClI H3yqae

MbIe B pa60Te KHHeMaTHQeCKHe KoppeJUIIUUI. 

IIpH aHanH3e lI)lepHhIX B3aHMo.n;eHcTBHH rrpH BbICOKHX 3HeprHHX, KaK 

rrpaBIDIO, HCnOJIb3y«>T W-fl<Jl703U6HblU IIO,lJ;XO,n. IIpH 3TOM, B OTJIHlIHe OT 

3KCKll103U6H020 no.n:xo,lJ;~ pa3illfllHbIe KaJUlJIbI peaKIUlH He BbI,neJUIlOTCH. 

Ha6JIEO,lJ;eHHe Be.n;erClI 3a OT,neJIl>HbIMH BTOPlfllHblMH qaCTIru;aMH, BHe 

3aBHCHMOCTM OT Toro, I<aIGle eme qaCTIIQbI 06pa30BaJIHCb B peaKllHR. 

COCTaBHalI qaCTb HHKJl103HBHOro IIo.n;xo.n;a - 3TO H3y-qeHHe KOppeJlJlljuu. 

B IIIHpOKOM CMbIcne IIO,lJ; 3THM CJIOBOM IIOHHMaIOT B3aHMOCB.H3b Me)l()J;y 

06pa30BaHHeM HeCKOJIbKHX BTOplflHhIX -qacrnll. 

KJIaCCH"tJeCKHH npHMep HCnOJIb30BaHIDI KOppe.IDlIl;HOHHOro no,lJ;Xo

):{a - 3TO aHaJIH3 Y3KUX KOPpeJlJlZlUU, Ha6mo.n;arom;HXC» lIpH MaJIbIX OT



2 

HOCHTeJIbHbIX HMrryJIbCaX napbI -qacTluJ;. ,[{Ba OCHOBHbIX 3cPcPeKTa, 6JIaro

.n;apH KOTOpblM OHM B03HMKalOT - 3TO MHTepcPepeHI.lHH TO)K.n;eCTBeHHbIX 

qaCrnu; M B3aHMO.n;eMCTBMe B KOHe"liHOM COCTOHHMM (CM01'pH, HanpHMep 

[1]). Ba:>KHOe CBOHCTBO Y3KHX KoppemlIl;Hii, n03BOJUIlOll.J;He paccMa'rpH

BaTb HX KaK HCTO-qHHK HHcPopMaUHH 0 MeXaHH3Me B3aHMO,lleMCTBIDI 

HX 3aBHCHMOCTb OT XapaKTepHbIX pa3MepOB 06JIacTH 06pa30BaHIDI BTO

PHqHLIX qaCTHr(. 

,[{aHHaH pa60Ta rrOCB.SIIueHa .n;pyroMY nmy KoppemIIJ:HH, Ha3bIBae

MhIX a3HMYTaJIbHblMH HJIH illHpOKHMH HIm: KUlleMamUlJeCKUMU. Me~ 

06pa30BaHHeM HeCKOJIbKHX BTOPHqHbIX qaCTHI( Bcer.n;a rrpHCyTCTByeT 

B3aHMOCBH3b BCJIe.n;CTBHe 3aKOHa COXpaHeHIDI 3HeprHH-HMrryJIbCa, KOTO

pa» H npHBo,UlIT K B03HHKHoBemno Koppe.IDII(Hit Ha3BaHHe «wupoKUe» 
B03HHKaeT KaK npoTHBOIIOCTaBJIeHHe Y3KHM, nOCKOJlbKY OHH Ha6J1lO.n;a

lOTCB: AJUI Bcex nap qaCTIfiJ;, a He TOJThKO C MaJIbIMH OTHOCHTeJIbHbIMH 

HMnyJIbCaMH. 06paTHM BHHMaHHe Ha HX BIDKHeHmee CBOHCTBO. O"lieBH,n

HO, qTO qeM MeHbme qaCTHIJ; ITpHHHMaeT yqacrne B peaK.I.J;HH, TeM CHJIb

nee HX rrapbI 6y,lJ,yT CBH3aHbI 3aKOHOM COXpaHeHIDI HMrryJThca. IT03TOMY, 

qn:CJlO qaCTHI( - 3TO OCHOBHOH napaMeTp, orrpe,lle.rnnoII.J;HH KHHeMaTH"l£e

CKHe KoppeIDIUHH. ITo TOM :>Ke IIpHqHHe OHH ,lJ,OJDKlIlJ 6hlTh 'lJ)'BCTBHTenb

HbI K MeXaHH3MY rrpOTeKaHIDI peaKI(IDI. HarrpHMep, eCJIH OHa npOTeKaeT 

B HeCKOJIbKO nocrre.n;OBaTenbHbIX 3TarrOB, 3TO .n;OJI)l(HO rrpHBeCTH K yCHJIe

HHIO lliHPOKllX KOppeIDIQHH. TaKHM 06pa30M, KHHeMaTlflIeCKHe Koppellil

U,HH n03BOlliIIOT HaM IIOnyqHTb ,lJ,OIIOllHHTeJIbHbIe CBe.ueHHH 0 MexaHH3Me 

B3aHMo,n;eHCTBIDI. 

qaro;e Bcero ,llJUI aHaJIH3a KHHeMaTHQeCKHX KOppeJUI:QHH paCCMaT

pHBaIOT 3aBHCHMOCTb KOppeJISIIUfOHHOH cPYIlKI.J;HH OT a3HMyTaJIbHOrO 

yrJIa pa3JIeTa napbI qaCTHIJ; R(qJ) (eM. HanpHMep [2,3]). C 3THM CBB:3aHO 

Ha3BaHHe a3UMymaJlbHbZe KOPPe.JlRijUU. K CO:>KaJIeHHlO, HaKJIOH 3aBHCHMO

CTR R(rp) npe.nCTaBJUIeT C060H JIHOIb KaqeCmeHHylO xapmcrepHCTHKY 

urnpOKHX Koppemnndi. OQeHHTb no Heil qHCnO qac~, rrpHIDIBIIIHX 

yqacme BO B3aHMo,lleHCTBHH, MO:>KHO TOJIbKO Ha OCHOBe KOHKpeTHOH 

Mo.neJIH, KaK HarrpHMep 3TO c)l,eJIaHO B [2]. QeJTh .n.aHHoR pa60TbI - HaR
TH cnoc06 KOJIHqeCTBeHHOH, MO)l,enbHO-He3aBHCHMOH oueHKH qHCrra 

qac~, CBB:3aHHblX 3aKOHOM coxpaHeHIDI 3Hepnm-HMnynbca. 

B ,n;aHHOH pa60Te H3yqaIOTCH KHneMalWIeCKHe KOppeJUI:QHH BTO

puqHbIX rrpOTOHOB H IIHOHOB B 3JIeKTpOH - H)l,epHOM B3aHMO)l,eHCTBIflf. B 
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CJIe,lJ.YlOrueM naparpa<pe KpaTKO OrrHCaH 3KCrrepHMeHTaJIbHLIH MaTepHaJI, 

HCnOJIb30BaHHbIH .n.lliI aHaJrn3a. 

2. 3KcnEPMMEHTAnbHbiM MATEPlIIAn 

Pa60Ta 6bIJIa BblnOJIHeHa Ha OCHOBaHHH MaTepHarra, mo6e3Ho 

rrpe.nOCTaBJIeHHOrO KOJilla60pa~HeH ARGUS [4]. YCTaHOBKa ARGUS -

47t-.neTeKTOp, npe.nHa3Ha-qeHHbIH ,lJ.JIH H3YQeHIDI e+e- -B3aHMo.neHCTBHH. 

ARGUS 6bIJI yCTaHOBJIeH Ha 3JIeKTpoH-rr03HTpoHHOM KOJIhue DORIS-II 

B DESY. KpoMe OCHOBHoro MaTepHaJIa, ARGUS 4>HKcHpyeT B3aHMO

.n.eHCTBHH 3JIeKTpoHoB H n03HTpoHOB C OCTaT01JHblM ra30M B BaKyyMHOH 

KaMepe, KOTopbIe HBIDllOTCH <pOHOM )l;JUI OCHOBHoro 3KcrrepHMeHTa. Y c

TaHOBKH TaKoro KJIacca KaK ARGUS, npe.n.Ha3HaqeHHbIe CneUHaJIbHO 

):{JIH H3YQeHIDI .SI)l.epHhIX B3aHMO)l.eHCTBHH, KaK K MOMemy HalIaJIa pa60

ThI, TaK Ii .no HaCTOHmero BpeMeHH, OTCyrcTByIOT. ITo HameH npoch6e, 

KOJIJIa60paUH.SI ARGUS JII06e3HO npe.nOCTaBHJIa HaM 3TH .naHHbIe ):(JI.SI 

<pH3WIeCKoro aHaJIH3a. 

I1pHBe.neM KpaTKYJO XapaKTepHcTHKy yCTaHoBKH H )l;aHHbIX. 3Hep

rHH 3JIeKTpOHOB H rr03HTpOHOB B ARGUSe - 5 r3B. EOJIhIIlaJI lIaCTb 

OCTaTOlIHoro ra3a, KaK rrOKa3bIBaJOT aHaJIH3b1, - rrapbI BO):{bI. BepoaT

HOCTb penfcTpauHH B3aHMo.neHCTBHH C H)l;pOM Bo,n;opo,n;a ropa3)l;o MeHh

me rro cpaBHeHHlO C KHCJIOpO,n;OM, 6JIaro.n;ap.SI yCJIOBIDIM TPHrrepOB Ii 

KpHTepIDIM oT60pa 3JIeKTPOH - MepHbIX B3aHMO)l.eifCTBHH (CM. HIDKe). 

ll03TOM)' Harna MHmeHb .n;lliI 3JIeKTpoHoB - H.n;pa KHCJIOpO,lJ.a, H MbI H3Y
160 ± 160 16 0± .v ±X ± + ±XqaeM peaKUHH: e ~ PPA, e ~ p1r ,e 41r-1r. 

Xonl ARGUS - 3TO rrOlITH 4n-,lJ.ereKTOp, ero reOMeTpIDI, K CO)I(aJIeHHlO, 

He n03BOJUleT <pHKCHpoBaTh -qaCT~hI, BbIJIeraJOIIJ;He no,n; He60JIhillHM 

yrJIOM K HanpaBJIeHHIO rryQKa. H3-3a 3Toro, yCTaHOBKa B 60JIhillHHCTBe 

CJIyqaeB He <pHKcHpyer BTOPWIHhIH 3JIeK'rpOH B eA-B3aHMo,n;eHCTBHH, "liTO 

He n03BOlliIeT HaM onpe.neJIHTh rrepe.n;a.HIIbIH HMIIYJIhC. YtIHTbIBaJl 6bI

cTPoe YMeHhmeHHe ce-qeHIDI 3JIeKTpoMarHHTHOrO B3aHMo,n;eifcTBWI C 

pOCTOM rrepeJ],aHHOrO HMnyJIhCa Q, MO)I(HO cQHTaTh, QTO HaIllH C06hITIDI 

OTHOCHTCH rnaBHbIM 06pa30M K 06nacTH MaJIhIX Q2 « 1(r3B/ci. 
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TpHrrepbl ARGUSa, npe,L(Ha3HaQeHHble ):(.JUI pemcTpcmHH e+e- 
B3aHMo.n;eiicTBHH OKa3hIBaIOT cymecTBeHHoe BJlIDlHHe Ha oT60p c061iITHH. 
3T0 npRBo,nHT K HeKoTopoH cnen;HcPHKe H3~aeMoro Ha60pa C06bITHit B 
ARGUSe HcnOJIb30BaJIOCb cne.n;ylO~e 4 TpHITepa. 
1.	 llOJIHM 3HeprWI, BbmemmillasICH B JIHBHeBbIX KanopHMeTpax B Ka

)J()l;OH 113 Z - nonyccPep (OCb Z HanpaBrreHa B,nOJIL OCR nyqKa), npe

BhllIIaeT 700 M3B. 
2.	 3HeprOBId,lJ.eJIeHRe B O.n;HOM H3 JIHBHeBMX KaJIOpHMeTpoB B 6ap

peJIbHOH 06nacTH npeBbImaeT 1 r3B. (EappeneM Ha3LIBaIOT OCHOB

HYIO lJ,HJIHH,lJ.pIflIeCKYIO qaCTh yCTaHOBKH. B 06JIaCTH 6appeJUI 

(Icosal < 0,75) 3cPcPeKTHBHOCTb perHcTpaI(HH H H,l:(eHTHcPHKaU;HH 
qaCTHlJ, HaH60nee BhIcoKa.) 

3.	 B 6appeJIbHOH o6rracTIf npHCYTCTByroT He MeHee 2-x 3aplDKeHHhIX 
TpeKOB, KaK MHHHMyM no I-MY B KIDK,lJ,oii nonyccPepe. 

4.	 IIpHcyTcTByeT napa 3apIDKeHHbIX qaCTlm;, BIdJIeTeBIIIHX B pa3HbIe 
CTOpOHbI: no)]; a3HMyTaJIbHhIM yrJIOM.n;pyr K .n;pyry > 120°. 

)J;JIH Toro, QT06bI OTJIWIHTb 3JIeK1pOH-R,D;epHLIe co6bITIDl OT 3JIeK

TpoH-no3HTpoHHbIX, 6bIJIH HcnOnb30BaHIiI cne,nylOIUHe KpHTepHH (TIo.n;
p06HO 0 BbI60pe KpHTepHeB CM. [5]). 

1. Eh < 3 r3B, r.n;e Eh ::;: L E - Np • mp , L E - cyMMapHasI 3HeprIDI 

3aperHcTpHpOBaIlIIbIX qaCTHlJ" N p - tIHCnO npOTOHOB cpe,lUl HHX, mp 

- Macca npOTOHa. ..,~!, 

2. 3aperHCTpHpOBaH, KaK MIDIHMYM, 1 npOTOH. 

3. fLESh -ILPzl) /2Eo < 0,07 , r,ne LEsh - cyMMapHaJI 3Hepnrn, 

BbmerrHBillaRCH B JIHBHeBLIX KaJIOpHMeTpax, Eo - 3HeprIDI rryqKa, 

L p z - cyMMapHDIH rrpO,nOJILHIdH HMIIYJILC 3apemcTpHpOBaHHhIX 

qaCTlfll. 

4. CyMMapmdi npO.n;OJIbHbIH HMnyJIbC qacnm;, BhIJIeTeBillHX JIH60 B 

o.n;Hy, JIH60 B .n;pyrylO CTOpOH)' no OCH ~Ka, He .n;OJDKeH npeBbIIIlaTh 
0,6 r3B: 

LPz < 0,6 r3B HJIH LPz < 0,6 r3B. 
~~ Ad 

5. PaccToHHHe OT BepIIIHHbI C06hITWI,n0 OCH rrycnca He 60JIhme 2 CM. 
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6. B Ha60p C06hITHH, KOTOphIH Mhl HCnOJTh30BaJIH, 6hlJIH BKJIJOlJeHhI 

TonLKO Te C06hITHSI, B KOTOpLIX IIpHCyTCTBOBaJIO He MeHee 3-x 3ap5l

)l(eHHbIX TpeKOB. 

fIpHMeCh e+e- B Ha60pe C06LITHH, OTo6paHHhIX no 3THM KpHTepH

HM, COCTaan5leT -7% [5]. lfucno C06hlTHif, oTo6paHHLIX TaIGIM 06pa30M, 

COCTaBHnO 86460. 
)J;nSI aHaJIH3a MbI HCnOJIL30BaJIH lJaCT~, ne)l(aII(He B KHHeMaTH

lJeCKOH o6nacTH, r,n:e 3<l><l>eKTHBHoCTb HX perHcTpaIJ;HH ,n:OCTaTOlJHO BLI

COKa H He HMeeT 3HaQHTenhHhIX HeperyJUlpHOCTeif. ,[J:JUl 3Toro MLI BBeJIH 

cne,n:ylOlllHe OrpaHHlJeHH5l: Ha yron BhlneTa Icos81 < 0.75 (6appeJIbHasI 

o6nacTL) H Ha HMnynbc: ,n:JUI npoTOHoB: 0.3 < P p < 1.2 F3B, H ,n:.JUl IIHO

HOB: 0.08 < P tr < 0.9 F3B. 

3. 05PA50TKA AAHHblX 

B 3TOM naparpa<l>e onHcaHLI o6IIU1e MOMeHTLI npOlle,l.()'pLI o6pa

60TKH ,n:aHHbIX. 

B ARGUSe npOHcxo,n:HT .nBa THlla H)l;epHhIX B3aHMo,n:eilcTBHH: e+A 
He-A. IIpH aHanH3e MbI He pa3,n:eJI5lnH Co6LITIDI no cOPTY nepBHlJHOH 

qaCTHULI. E.nHHcTBeHHIDI npHlJHHa, no KOTOpOH HaM HY)I(HO 6LIno pa3nH

qaTb HX - 3TO Heo6xo,n:HMOCTh nOMeCTHTL HX B o.nHHaKoBylO cHcTeMy 

Koop,n:HHaT, r,n:e OCL Z HanpaaneHa no HanpaaneHHIO ,n:BIDKeHH5l nepBHlJ

Hoil qaCTHllLI. ECJIH He c,n:enaTb 3Toro, npH HCnOJTh30BaHHH MeTo,n:a ne

peMerrnfBaHH5l, HeJIL3H 6hlJIO 6hl nepeMennmaTh 3TH C06LITIDI ,[(pyr C 

,n:pyrOM. MI.I Pa3JIHlJaJIH THn nepBHlJHOH QaCTHI.J;bI no HarrpaBJIeHHIO npo

,n:onhHoif KOMITOHeHTbI cyMMapHoro HMrrynhca 3aperHCTpHpOBaHHhIX 

lJacmIJ:. )J;onH Heo,n:H03HalJHO H.neHTH<l>HIJ:HpOBaHHhIX C06LITHH COCTaBJUI

eT~4%. 

OT,n:eJILHOrO BHHMaHH5l 3aCJIy)l(HBaeT Bonpoc 0 BJIIDIHHH 3<P<l>eK

THBHOCTH ARGUSa Ha HamH pe3YJIhTaThl. BnIDIHHe HCKa)I(eHHH yCTa

HOBKH, OillH6oK H,n:eHTH<pHKaUHH H T.n. Ha perHCTpHpyeMhIe C06hITIUI 

MHHHMaJIhHO. )J;eHCTBHTeJIhHO, MLI CneIUlaJIhHO orpaHWlllJIH KHHeMaTH
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lJecKylO o6JIacTh, r.n;e Mbl Ha6JIIO.n;aeM 'lJaCTHn;bI Tal{, qTO 3<p<peKTHBHOCTb 

perHCTPallHH H H,neHTH<pHKaIUiH lJaCTlrr~ B Heii 3aBe):(OMO BbICOKa. Ilpli 

rrpOBe.n;eHHH HaIIIHX Ou;eHOK MbI HCn0JTh30BaJIH Te 06JIaCTH 3HaqeHIIH 

nepeMeHHDIX, r,n:e 3TH OrpaHH'lJeHIDI OKa3b1BaK>T MHHHM3.JThHOe BJIIDIHHe. 

C .lWyroH CTOpOHbI, B rrOIDIme 3tPcl>eKTHBHOCm TaIOKe BKmo"tJaK>T 

OT6op C06b1THH, oCymecTBIDIeMhrH TPHrrepaMH ARGUSa H HameR rrpo

n;e,Ifj'pOH omopa C06LITHH. 3,nech CHTYaulHI rOp33,ll;O CJIO)I(Hee. ARGUS 

npe.n;Ha3HaQeH .nIDI perHcTpaI.J;HH C06hITHH e+e-. JIHmL He60JILIDIDI ):(OJUI 

npOHCxO,LVIIUlIX B HeM eA-B3aHMO,ll;eHCTBHH perHCTPHPyeTcx ARGUSOM 

II npOXO,nHT npOIJ;e,n;ypy oroopa. II03TOMY H3YlJaeMLIe HaMH C06hITHX 

OKa3hIBaIOTCH oTo6paHbI BeChMa CrreI.J;H<pWIHbIM 06p330M. K CO)l(aJIeHIDO, 

CJIO)I(HOCTh 1'pHrrepOB ARGUSa He II03BOJlliJIa OXapaKTepH30BaTh KJIaCC 

Ha6mo,l(aeMhIX B3aHMO,l(eHCTBHH KaKHM-JIH60 npOCThIM Ha6opOM <pH3H

qeCKHX xapaKTepHCTHK. 3TY lJaCTh 3<p<peKTHBHOCTH HeJIb3X YlJeCTh ,n;OC

TaTOtffiO KOppeKTHhIM 06pa30M, IIOCKOJIhKY TaKasI IIonpaBKa 6Y,l(eT npe.n;

CTaBJUITh C060H 3KCTpanOJUIIJ;HIO .naHHhIX C <pa30BOH 06JIaCTII, B KOTOpOH 

ARGUS pernC1'pHpyeT C06hITHH, Ha BCe <pa30BOe npoC'rpaHCTBo. IIo3TO

MY, MbI BhIHY)I(,ll;eHbI orpalfHqHTh CBOH aHaJIH3 06JIaCTblO C06bITHH, pern

cTPHpyeMbIX ARGUSOM. Ha6JIlO,l(aeMhle .n;IDI HHX KaqeCTBeHHbIe 3aKO

HOMepHOCTH, BepOHTHee Bcero, BepHhI H .wrn Bcex B03MO)I(HbIX C06hITHH 

eA-B3aHMo.n;eHCTBHX, XOTH HX KOJIH1IeCTBeHHhle XapaKTepHCTHKH MOryT 

OTJI}fqaThCH. 
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PHC. 1 I1.rrmocTpal{IDl B3aHMOCBSI3H 3aKOHa coxpaHeHIDI 3Hepnrn - HM

rryJIhca H KapTHHbI <pa30BOrO npocTpaHcTBa. 

4. AHAIl~3 K~HEMATM4ECK~X KOPPEI1j:1UMIf1 

4.1.	 BIU1J1HMe coxpaHeHMJI MMnyIlbca Ha pacnpeAeneHMJI no 
cyMMapHoMy MOTHOCMTel1bHoMY MMnyIlbcaM napbl ~aCTM~ 

PaCCMOTpHM, KaK 3aKOH COXpaHeHIDI 3Hepnrn-HMrryJlbCa onpe,l:(e

JIReT pacrrpe.ueJIeHHe C06bITHH B <pa30BOM rrpOCTpaHCTBe. MHKmo3HBHhIH 

rro,LO{O.ll: K HCCJIe,n:OBaHHIO B3aHMo,neHCTBIDI 03Ha"lJaeT, "lITO MbI Be,n:eM 

Ha6mo,n:eHHe He 3a BceM <pa30BbIM rrpocrpaHCTBOM, a JIHlIIb 3a ero "lJa

CThIO: rrO.ll:rrpOC1paHCTBOM O.n;HOH, ,l:(Byx, H T.,D;. qacTHIJ.. COOTBeTCTBeHHO, 

"lJTo6bI onpe,nenHTb, KaK 3aKOB coxpaHeHIDI 3HeprHH-HMIIyJIbCa CKIDKeTCSI 

Ha HHKJII03HBHOM pacrrpe,neneHHH napbI qaCTHl(, MbI ,nOJDKHl">I paCCMOT

peTh HaKna,ubIBaeMbIe HM orpaHWIeHHR B rrpoeKlUfH Ha no,n:npOCTpaHCTBO 

,D;ByX qaCTHU. 
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Pi 

q 

PIIC. 2 IIpoeKUIDI o6nacTH <pa30BOrO npocTPaHCTBa, B:bI.n;enjIeMOrO 3a

KOHOM COXpaHeHIDI 3HeprHH - HMnyJIbCa Ha «paJOBylO rrnOCKOCTb ,lJ;Byx 

HMnynbcoB. 

MTaK, nyCTb B pe3YJThTaTe HeKoero B3aHMO,lJ;eHCTBIDI o6paJyeTCH 

CHCTeMa H3 n qacnuJ; C HMnyJThcaMH Ph P2, ..., Pn. nIDI HarIDI.n;HOCTH, 

6Y,lJ;eM nOKa C"tlHTaTb, lITO Bce lIaCTHIJ,bI O,lJ;HHaKOBbIe II HepellilTHBHCT

CKHe. OCTaHeMCH IIOKa B CHCTeMe ueHTpa HHepIVlH. TIYCTh cyMMapHWI 

3HeprHH CHCTeMbI <pHKCHpomlHa H paRHa Eo. Tor..u.a 3aKOH coxpaHeHHH 

3Hepnrn-HMnynbca (B HepeJUITHBHCTCKOM cnyqae) 6y.n;eT BbIrJIH,lJ;eTb 

cne.nyroIUHM 06paJOM: 

(1) 

(2) 

KIDK,lJ;0MY C06bITHlO 6y..u.eT COOTBeTCTBOBaTb Toqxa B 3n - MepHoM «paJo

BOM npocTpaHcTBe. YpaBHeHHe (1) BhI,D;eJIHT B HeM c<l>epy paJMepHOCTLIO 

3n-1. YpaBHeHHe (2) OllHCbIBaeT 3n-3 - MepHYlO nOBepxHocTb. Hx rrepe

celIeHHe naCT c<pepy paJMepHOCTLIO 3n-4. Ha pHC. 1 3Ta KapTHHa, ,lJ;IDl 

HarJUI.n:HocTH, npe.n;cTaBneHa .n;nSl rrpocTeihnero CJIYllM. Ha HeM npe.n;

CTaBJIeHO Q:>a30BOe npOCTpaHCTBO l'pex O,lJ;HOMepHbIX HMnyJThCOB. 3aKOH 
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coxpaHeHIDI HMnynbca BbmelliIeT B HeM IIJlOCKOCTb A. Tpe60BaHHe CO

xpaHeHIDI 3HeprHH BbmenHT Ha HeR OKPY)I(HOCTb S. MhI BH,nHM, qTO rro

cKonbKY rrJIOCKOCTh A HaKJIOHeHa OTHOCHTeJIbHO rrJIOCKOCTH (PI' P2 ) , 

rrpoe~IDI S Ha (PI' P2) OKa)l(eTCH C2KaTa B,n;OJIb OCH P, H·H3 OKPY)KHOCTH 

rrO.rrytIHTCJl3JIJIHnC S'(PHC. 2). 
OKa3hIBaeTCR, qTO B 06m;eM c.rryqae CTeneHb 3Toro C)I(aTIDI 6y,neT 

3aBHCeTh OT pa3MepHOCTH epa30BOrO npocTpaHcTBa. Donee Toro, ee 6y,neT 

onpe,n;eJIHTb TOJIbKO COOTHOIIIeHHe pa3MepHOCTeR Bcero epa30BOrO rrpo

cTPaHcTBa, H TOR ero qaCTH, B KOTOpOR MhI Be,neM Ha6rrio,neHHe. .D:eRcT

BHTeJThHO, C nOMoIII;bIO 3JIeMeHTapHbIX BhIKJIa,n;oK, HeTpy,nHo rrOKa3aTb, 

qTO npoeKllHR <pHryphI, 3a,naaaeMoR <popMYnaMH (1,2) Ha no,nrrpOCl'paH-

CTBO k HMnyJIbCOB (Pl'···' Pk) 6y,neT: 

k 1 (k )2LP;2 +- LP; S 2mEo • (3)
;=1 n-k ;=1 

B c.rryqae naphI HMrryJIbCOB (PI' P2 ): 
2 2 1 (-:. -)2 2 EPI +P2+--\Pl+P2 S m o. (4)n-2 

I1nH B nepeMeHHhIX P=PI +P2 H ij =PI - pz : 
n p Z q2

--·-+-s2mE (5)n-2 2 2 o. 

M3 rrOCJIe,nHeH <pOPMyJIbI BH,nHO, qTO 06JIaCTb B <pa30BOM rrpocTPaHCTBe 

rraphI qaCTMll (PI' P2), orpaHH1IeHHaR 3aKOHOM COXpaHeHIDI, 6y,lJ;eT 3JI

nHrrCOH,n, OCM KOToporo 6y.nyT HarrpaBJIeHhI BJ(OJIb HarrpaBJIeHHH P H ij . 

~[2 
OTHomeHHe ero rronyoceH COCTaBHT: V-----;;--n- =V1--;; . IIpe,n;rr.oJIo)I(HM, 

QTO BepOJITHOCTb B03HHKHOBeHIDI C06bITIDI, a Crre,lJ;OBaTeJIbHO, H llJIOT

HOCTb pacrrpeJ(eneHIDI C06bITHR B <pa30BOM rrpocTpaHcTBe, 3aBHCHT TOJIb

KO OT cyMMapHoR KHHeTHqeCKOR 3HeprHH Eo (KOTOpWl B HepeJIHTHBHCT

CKOM cnyqae rrponOpUHOHaJIbHa npOCTO cyMMe KBa.npaToB HMIIYJIbCOB 

qaCTHU). B OCTaJIbHOM )l(e C06bITIDI pacrrpe,n;eneHbI paBHoMepHo B o6nac

TH epa30BOrO rrpocTPaHcTBa, orpaHHqeHHOH 3aKOHOM coxpaHeHIDI 3Hep
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nm-HMrrynbca. Tor,n;a C ~eTOM COxpaHeHIDI HMnyJIbca, CeqeHHe 6y,n;eT 

BIdpIDKaTbCSI <}lopMYnOH: 

dan r ( _2 2) s:3/=.. .... ) 
3.... 3- = In\Pl + ... + Pn ·U \PI +... + Pn , (6)

d PI···d Pn 
r,n;e In - HeKOTOpaSI ~YHKIJ,IDI. KaxOH BH,lJ, 6y,neT HMeTb 3Ta ~oPMYJla, 

eCJIH MbI rrpoHHTerpHpyeM ee no nepeMeHHIdM P3, ... , Pn ? IlocKonbKy 

paCnOJIOiKelllie C06bITHH ,nIDI K~oro Eo Ha cPa30BOH IDIOCKOCTH 

(PI' P2) 6y.n;eT onpe,neIDITbC.sI Q?OPMYJIOH (4), CeqeHHe 06pa30BaHIDI napbI 

-qaCTHQ 6y.ueT HMeTb BH,ll HeKoTopoH cPymanm OT neBoH qaCTH <}loPMYJThI 
(4) HJIH, qTO TO )l(e CaMoe, (5): 

(7) 

TaKHM 06pa30M, HaM y,n06HO nepeHTI1 OT HMrryrrLcoB PI H P2 K 

.n;pyroH nape He3aBHCHMbIX rrepeMeHIII>IX P H q. Kax MbI BImHM, 3TH 

nepeMeHHbIe CHMMeTpHlffihl ,lIJ>yr ,npyry, 3a HCKJIIOqeHHeM Toro, qTO 

MaCillTa6 nepeMeHHOH P OTJIH'laeTClI OT ij B ~1- ~ p33. 3TO, B 'IaCTHO

CTH, rrpHBe.n;eT K TOMY, lITO pacnpe,neJleHHe N(P), (a TaKiKe, nOCKOJIhKY 

3cPcPeKT C)l(aTIDI cOBepmeHHo JIHHeHHbIH, ITO OT,ne.JThHhIM KOMITOHeHTaM: 

N(px), N(pt), ...) OKIDKyTCK CiKaTbI no cpaBHeHHlO C pacnpe,neneHHeM 

N(q). CTerreHb 3Toro CiKaTH.sI COCTaBHT: 

p- =~1_2 (8)
qchar n ' 

r,n;e Pchar H qchar - XapaKTepHble BeJI~HHbI ,nIDI pacrrpe,nerremtii N(p) H 

N(q). 
TaKHM 06pa30M, CpaBHHBaJI pacnpe,neneHIDI N(p) H N(q), MId 
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MO)J(eM onpe,neJIHTh IIOJlHOe qHCJIO "tlaCTHU, 06PaJOBaBllIHXCJl BO B3aHMO

,neHCTBHH. 

06paTHM BHH~HUrne Ha cne,n,yIOIU,Hii <PaKT. ECJIH MhI B03:hMeM Ha 

nJlOCKOCTH (2) <pHrypy mo60H <pOpMhI, He 06K3aTeJIbHO C<pepy, ee rrpoeK-

UIDI Ha nrrOCKOCTh (PI' P2) TOqHO TaIOKe OKIDKeTCS C)J(aTa B,nOJTh OCB p. 
CTeneHh 3Toro C)l(aTHJl 3aBHCHT mOflbKO om pCl3MepHocmu fjJCl308020 
npocmpaHcmea. I103TOMY, onHcaHHbIH 3<PtPeKT 06na,n;aeT ropaJ,[(o 60JIb

meH 06IU,HOCThIO, qeM Te npe.n:nonO)J(eHHJl, KOTophIe MhI, ,[(illI HarJIJl,[(HO

CTH, c.n:eJIaJIH BHaqane. MbI JIerKO MO)l{eM 0606IU,HTh 3TH paccy)l{)l;eHIDI 

Ha peAATHBHCTCKHH Cnytlaii H Ha c.rryqaii qacrnI\ Pa3HOH MaCChI. J(eHCT

BHTeJIbHO, B 060HX CnyliaHX, H3MeHeHIDI 3aTPOHYT nHIIIh c<pepy' (1), npe

Bpanffi ee B 60JIee CJI0:>KHY1O <pHrypy. CYTh )l{e HBrreHHH OCTaHeTCJl HeH3

MeHHoH. 

OTMeTHM TaK)l{e, liTO rrpHBe.neHHbIe paccy)l{)l;eHHJl nerKO 0606

IIUITh Ha cnyqaH KOppeJIJlD;HH k qaCTHl(. B03hMeM nepeMeHH)'1O 

P= PI + P2 + ... + Pk. Bbl6epeM KaKYIQ-JIH60 opTOrOHa.JI:hlJYIO ee nepe

MeHHYIO ij. Macrrrra6 no nepeMeHHoH P 6y,n;eT C)I{aT OTHOCRTeJIhHO 

MaculTa6a ij B ~1- : . 

ROJIee rro.np06HO HY)l{HO paccMoTPeTh cIITyan;mo, Kor.na MhI HaxO

,LJ;RMCJl He B CHCTeMe lleHTpa Macc, H L Pi = P:j:. O. B TaKOM cnyqae 

06JIaCTh <paJoBoro rrpOCTPaflCTBa, onpe.neillIeMaH 3aKOHOM COXpaHeHHJl 

3HeprHH-HMnyJlbCa OKa)KeTCK CMeIU,eHHOH omOCHTeJIhHO Haqana KOOp

ARHaT. Ee npoeKIUUI TaK)J(e CMeCTHTCS B,n;OJlb OCH P. Ho OHa no

npe)I(HeMy OCTaHeTCS C)l(aTOH B,[(OJIh 3TOH OCH. CTerreHh 3Toro C)J(aTHJl 

3aBHCHT OT HaKJIOHa IIJIOCKOCTH (PI' P2) omOCHTeJIhHO (2), KOTOphIH B 

CBOIO oqepe.nh orrpe.neJUIeTCJl HCKJllOqHTeJIhHO paJMepHOCThIO <pa30BOrO 

npocTpaHCTBa. CpaBHHBaR IDHpHHy pacrrpe.n:eneHHH no p H q, MhI CMO

)KeM BhIqHCJlMTh qHCJIO CTeneHeH CB06oAhI. O,ll;HaKO Ha rrpaKTHKe BCe 

MOJKeT OKaJaThCJl He TaK npOCTO. TIpo6neMa 3aKJIlOqaeTCg B TOM, qrO B 

peaJIbHOM 3KcnepHMeHTe cyMMaplffim HMIIYJIbC CHCTeMbI P npaK11{qe
CKH HHKor.n:a He 6hIBaeT cTporo <pHKCFlpOBaH. Pacrrpe.neJIeHIDI )l;M paJ-

HhIX P 6YAYT HMeTh pa3HOe CMemeHHe no OCM p. ITo OCR )Ke q HHKaKOrO 

CMememUI He 6y.n:eT. IIo3TOM)' cyMMapHoe pacnpe.n;eneHHe OKIDKeTCH 
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pa3Ma3aHO B.n;onb OCH p. TaKHM 06pa30M, HeOrrpe.n;eneHHOCTb CYMMapHO

ro HMnynhCa BhI3hIBaeT 3epepeKT, npOTHBOnOnO)KHbIH KHHeMaTWIeCKHM 

KOppenSIIJ;HKM. l.JTo6bI H36e)l(aTb TaKoro «3aMa3bIBaHIDI» 3epepeKTa, Mbl 

.n;on)KHbJ nH60 Bcer.n;a pa60TaTb B CHCTeMe n;eHTpa Macc, JIH60 HCnOJIb30

BaTb .n;JISI aHaJIH3a TaKHe nepeMeHHld:e, KaK Pt, JUt.60 BBO.n;HTb COOTBeTCT

Byronme nonpaBKH. 

KaK BH.n;HO H3 epoPMYJIbI (8), 3epepeKT OT KHHeMaTWIecKHX Koppe

JUIIUIH COBceM HeBenHK .n;IDKe ,l(IDI He60JThIIIHX n, a C ero pOCTOM OqeHh 

6bICTpO cTpeMHTclI K 1. 3<pepeKT OT Heorrpe,l(eneHHOcm nOJIHOrO HM

rrynbca MO)J{eT nerKO ero npeBblcHTb. B 3TOM cnytIae, pacrrpe,l(eneHHe 

N(p) 6y.n;eT IDHpe, qeM N(q). KaK MbI YBH.n;HM ,l(aJIhme, B 3TOM cnyqae 

06bfllHO HCnOnh3yeMoe pacnpe.n;eneHHe R(rp) 6y.n;eT Becm ce611 npomu
60nOllO:JICHO HOpMaJThHOMY 3(j>(j>eKTY mRpoKHX KOppeJISIQHii. I1o.n;o6Hoe 

«HenpaBHnbHoe» IIOBe.n;eHHe KOppeJISIQHoHHOH epYHKIJ;HH Ha6mo,l(aJIOCb 

3KCnepHMeHTanbHO B pa60Te [6], r.n;e H3yqaJIHCb a3HMYTaJThHhIe Koppe

JIlIIJ;HH BO B3aHMo.n;eiicTBHH T~I)KeJThIX HOHOB. )J;JISI nap llHOHOB KOppeJIll

QHOHHaK epYHKIJ;IDI He yMeHbillanaCb, a Hao6opOT pocna C yMeHbIDeHHeM 

a3HMYTaJIbHOrO yrna pa3neTa. KOppeJUlUHOHHaK <PYHKIJ;HSI .n;JIlI nap rrpo

TOHOB Bena ce611, KaK 06bIQHO. EbIJla BbICKa3aHa rHnOTe3a, lITO 3TOT 3ep

epeKT BbI3BaH norno~eHHeM IIHOHOB B H)J;pe. B npHHD;HTIe, Morna HMeTb 

MeCTO CHryaIJ;HSI, CXO)UlaH C ollHcaHHoit 3<p<peKT Mor rrpOKBHTLCSI HMeH

HO Ha IInoHax, IIOCKOJThKY HX HMrryJIbCbI ropa3.n;o MeHLme, lIeM y npOTO

HOB. TaKHM 06pa30M, IIpH aHaJIH3e 3KcnepHMeHTaJThH.bIX .n;aHHbIX 0 KH

HeMaTHlIeCKHX KOppeJISIIJ;11JlX MbI .n;O.JDKHbI IlpHHHMaTb BO BHHMaHHe 

B.l1IDIHHe pa36poca nOJIHoro HMrryJILCa CHCTeMbI qacmD;. 

MTaK, BJIHSIHHe 3aKOHa COXpaHeHIDI 3HeprHH-HMrrynbca Ha HHKJIIO

3HBHhIe pacrrpe.n;eneHIDI 3aKmoqaeTCK B H3MeHeHHH MaCillT3.6a no. nepe-

MeHHOH P OmOCHTeJIhHO opTOrOHaJIbHOH eH rrepeMeHHOH q B 

~1-2/n . 

4.2.	 AHaIIM3 3KcnepMMeHTanbHbiX AaHHblX 0 KMHeMaTM'IeCKMX 

KoppenH~MHX B EA-B3aMMoAeMCTBMM npM 5 r3B 

TIepeH,neM K paCCMOTpeHHlO Toro, KaK OTIHCaHHoe H3MeHeHHe 

MaCillTa6a rrepeMeHHoH p Ha6mo.n;aeTcH B 3KCrrepHMeHTaJlLHLIX .n;aHHWx. 
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KaK y)Ke rOBopHnOCh B IT. 2. , Y Hac HeT B03MO)KHOCTH nepeiITH B CHCTe

MY ueHTpa Macc, nOCKonhKY ARGUS npaKTIftleCKH HHKor.n;a He ¢>HKCH

pyeT BTOPHqHhIH 3neKTpOH B C06hITIDlX eA ~ e' X. B na60paTopHOH 

CHCTeMe 3¢>¢>eKT MO)KeT 6hITh CHJIhHO «3aMa3aH» 1f3-3a pa36poca nonHO

ro HMrryJfhca CHCTeMhI qaCTHIl" KaK 3TO OillicaHO B KOHIl,e n. 4.1. XonI 

BenHtIHHa nepe,naHHoro HMnyJThCa ,1l;JUI 3neKTpoMarnHTHOrO B3aHMO,lleii

CTBIDI HeBeJIHKa IIO cpaBHeHffio C HMrrynhcaMH BTOpWIHhIX qaCTIII(, ero 

,~. pa36poc HMeeT TOT )l(e nOpjI.n;OK, qTO H CaM HMnyJIhC. 3TO BeChMa cyme

\: CTBeHHO B HameM cnyqae, oco6eHHO C yqeTOM Toro, liTO ,llIDKe ,n;nH He-

I 60nhworo qHCna qaCTHQ OTHOCHTenhHoe H3MeHeHHe MacwTa6a HeBenH

KO. II03TOMY 3,lleCb Mhl 6y.n;eM HCn0JIb30BaTh ,n;IDI aHaJIH3a TOJlbKO KOM

nOHeHTbI HMnynhca, JIe)l(amHe B a3HMYTaJIhHOH nJIOCKOCTH. 

Ha plfC. 3a npe.n;cTaBneHbI pacrrpe.n;eneHIDI no cyMMapHoMy Pt If 

OTHOCHTeJlhHoMY qt nOnepeqHhIM HMnyJIbCaM ,n;JIH Pa3JIWIHhIX nap qac

THIl,. MhI BH,n;HM, 1.lTO .n;IDI Bcex nap qacTHU pacrrpe,n;eneHHe no Pt y)l(e, 

qeM no qt.. 3TO cornacyeTCjI C npHBe,n;eHHbIMH BbIwe paccy)J(,n;eHIDIMH. 

reOMeTpIDI yCTaHoBKH H HaIIIH KpHTepHH oT6opa TaKOBbI, liTO MLI He 

perHCTpHpyeM qaCTHIl,hl, BhIneTaromHe no,n He60JThllmM yrJIOM. HMeHHO 

C 3THM CBjI3aHO YMeHhIlIeHHe 3THX pacnpe,n;eJIeHHH .l(JIH He60JIbillHX Pt H 

qt· 
ITolIhITaeMCH OneHHTh qHCJIO CTeneHeH CBo60,llbI CHCTeMLI. Ha 

PHC. 36 npe.n;cTaBJIeHbI Te )l(e pacnpe,n;eJIeHIDI, qTO H Ha pHC. a, O,lU{aKO 

MacuITa6 nepeMeHHOH Pt BhJ6paH TaK, qTo6hI pacnpe,lleJIeHHjI no Pt H qt 
COBna)J.aJllI, no KpaHHeH Mepe, B 06JIaCTH 60JIhIIIHX HMnyJIbCOB. QTo6bI 

orrpe.n;eJIHTb OTHOIIleHlfe MacIllTa60B nepeMeHHhIX Pt If qt Mhl OT<pHTHpO

": BaJIH pacnpe,n;eJleHIDI no 3TlfM nepeMeHHhIM B 06JIaCTIf 60JIhWHX Pt If qt., 
lJ H HaUIJIIf OTHOIIIeHHe HX XapaKTepHhIX BeJIHtIHH. Teneph HCXO,nH H3 Toro 

¢>aKTa, qTO OTHoweHHe MaClliTa60B pacnpe,n;eneHHH no qt H Pt ,n;OJI)l(HO 

6hITh ~1  2/n , Mbl MO)l(eM BhlqHCJIHTh n  qHCJIO qaCTHU, npHHjIBWHX 

yqacrne B peaKIl,HH. 



PHc.3 a) Pacnpe~eJIeHIDI ~JUI Pa3JIHtIHbIX nap qaCTHD; IIO cyMMe H P33HOCTH 1I0nepeQHbIX HMrryJTh

COB. CnrrOlliHbIe JIHHHH - Pt =\Ptl + pt21, nyHKTRpHbIe - qt =IFtl - Ft21. Ha pHcyHKe 6) pacnpe~~

JleHHe N (Pt) paCTjJHYTO no rOpH30HTaJILHOH OCH TaK, 'lTo6bI o6a pacrrpeAerreHIDI COBna,naJIH 'B 06

JIaCTH 60JILIIIHX Pt H qt. Ha pRC 6) H306pIDKeHbI "nepeMemaHHble" paCflpeAeJIeHIDI (CM. fl. 5. ). 
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PHC. 4 lJHCJIO qaCTHU, npHIDIBllIHX yqacTHe B peaKI(HH. Pe3YJIbTaTbI 

O:QeHKH )J)UI CJIe;:orlOmHX Ha6opoB C06bITIIH: Bce C06bITIDI; co6h1TIDI, 

r)l;e 6bIJlo 3aperHcTpHpoBaHo KaK MHHHMYM ;::J;Ba nHOHa; C06hITIDI C 

O,LJ;IIHM, .n;ByM5I, TpeM51 H 60JIee 3aperHcTpHpoBaHHblMH npoToHaMH. 

Pe3YJIbTaTbI TaKOH O:QeHKe npHBe.n;eHbI B Ta6JI. 1. 3.n;ecb llpHBe.n;e

HbI .n;aHHbIe .n;IDI nOJIHOrO Ha60pa C06bITHii, a TaIOKe .n;IDI Ha6opoB Co6bI

TOO C Pa3JIlfqHLIM 1JHCJIOM 3aperHcTpHpOBaHHLIX npoToHoB. 3TH )Ke .n;aH

HhIe rrpe.n;CTaBJIeHbI Ha pRe. 4. KaK MhI BR,IJ;HM, PC3YJIhTaThI OUCHKH no 

Ta6JI. 1 Pe3YJIbTaThI O:QeHKH lIHCJIa qacmu, IIpHlUIBmHX yqa-

CTHe B peaKl(HH no KOppeJI5l:QIDIM nap pp, p~ H ~~ .n;IDI C06bITHH C pa3

JIWIHbIM tIHCJIOM 3aperHcTpllpoBaHHbIX rrpOTOHOB. 

pp P7f 7f7f 

Bce C06bITIDI 8.3 ± 
9.4 ± 

0.4 
1.2 

7.4 ± 0.2 
9.0 ± 0.4 
6.3 ± 0.2 

9.8 ± 0.5 
9.8 ± 0.5 
9.6 ± 0.7 

~2 nHOHOB 

1 npOTOH 

2 rrpOTOHa 6.8 ± 
10.2 ± 

0.4 
0.8 

7.3 ± 0.2 
11.7 ± 1.0 

28. ± 11. 
14. ± 4.~3 rrpOTOHa 
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napaM pp, pil H ilil OKa3bIBaJOTC1l 6JIH3KH ,lJ,pyr K ;n:pyry. MbI BH):(HM TaK

:>Ke, qTO qHCJIO liaCTHIJ; yBeJIHtUmaeTC.SI C pOCTOM qHCJIa 3aperHCTpHpO

BaHHbIX rrpOTOHOB. 

06paTHM BHHMaHHe, qTO pe3YJIbTaT on;emrn: no ,D;aHHbIM 0 napax 

1Z"1Z"OKa3hIBaeTCH HeCKOJIbKO BhIIIIe, qeM pp H pil. B03MO)I(Hoe 06bHCHeHHe 

3Toro 3<p<peKTa - oroop C06blTHH npH OIJ;eHKe no Pa3JIlNHbIM rrapaM 

qaCTHIJ;. ECJIH MbI paccMaTpHBaeM napbI ilJr, MbI TeM CaMbIM oroHpaeM 

C06LITIDI, B KOTOphIX 6hIJIO 3aperHcTpHpoBaHO, KaK MHHHMYM, ,lJ,Ba rrHO

Ha. ):{IDI On;eHKH no rrapaM pJr HaM ,lJ,OCTaTOliHO Ha.JIHtIHH XOT.SI 6LI O,l(Horo 

IIHOHa, a ,lJ,JU1 pp OHH Bo06m;e He HY)I(IIbI. TaKHM 06pa30M, npHBe,lJ,eHHble 

pe3YJThTaThI ou;eHKH qHCJIa liaCTHQ ITO KOppemm;H.SIM Pa3JIH1iHbIX nap 

OTHOC.SITCll K HeCKOJIbKO OTJIHlialOm;HMc» ,lJ,pyr OT ,lJ,pyra Ha60paM C06hI

THH. QT06hI npOBepHTh 3TO, MbI oT06panH C06h1TH», B KOTOphIX 3aperH

ClpHpOBaHO, KaK MHHHMYM, ,l(Ba IIHOHa. ):{eHCTBHTeJThHO, pe3YJThTaTbI 

oUeHoK no napaM pp, pJr H 1r1Z" ,lJ,JIjJ ,lJ,aHHoro Ha60pa C06bITHH OKa3aJIHCb 

npaKTHqeCKH O,1J.HHaKOBbI. 

5.	 3AB~CMMOCTb KOPPEnSU.,tMOHHOM <DYHKL,MM 
OT nEPEMEHHblX p M q 

):{O CHX nop MbI paCCMaTpHBaJIH HHKJII03HBHhle pacnpe,lleneHIDI. 

KmIeMaTlfleCKHe KOppeIDIIJ;HH MOryT BbICTYIIaTb B KaqeCTBe 4>oHoBoro 

3<P4>eKTa npH H3yqeHHH ,lJ,pyrnx HBJIeHHH, ,D;IDI Ha6JllO,lJ,eHIDI KOTOpbIX 

HcrroJlb3yeTC» KOPpe.Mll1UOllllaR rPYllKl1UJl. II03TOMY Ba:>KHO H3ytIHTb Ka

KHM 06pa30M onHcaHIIJilli MeXaHH3M OKIDKeT BJIIDIHHe Ha KoppeAAu;HOH

H)'IO <l>ymauno. 
TIo onpe,lJ,eJIeHHlO, KOPPeJlJll1UOllHCUl fjJYllKtJUR - 3TO:
 

R(p p) = P12(ftl,P2)
 
l' 2 PJ(PJ)·P2<P2) , (9) 

r,lJ,e P12, PI H P2 - HHBapHaHTHble HHKJII03HBHhle celieHHH, COOTBeTCT
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BeRRO, napbI qaCTIiU H Ka)J()(OH: H3 HHX no OT)J.eJIbHOCTH. I1HbIMH cnOBa

MH, KOppeJUIUl10HHfUI cPYHKUHSI -.3TO OTHorneHHe BepOKfHOCTH 06pa30

BaHIDI napbI qaCTHU K Bep05!THOCTH ee 06pa30BaHIDI B TOM c.rryqae, KaK 

eCJIH 6bI qaCTHUbI 06Pa30B.bIBaJIHCb He3aBHCHMO ,zqJyr OT )J.pyra. ECJIH 

qaCTHUbI ):{eHCTBHTeJIhHO 06pMyIOTC5! He3aBHCHMO, TO R == 1. TaKHM 

06pa30M, KoppenSIUHoHHaSI <pyHKUIDI n03BOJISIeT Bbl,lJ.enHTb H3 HHKJllO

3HBHbIX pacnpe)J.enemrn B3aHM03aBHCHMOCTh MeiK,[(y 06pa30BaHHeM 

BTOPWIHbIX qaCTHU. KOppeJISIUHOHHbIH no)J.Xo)J. K H3yqeHHIO B3aHMo,n:eH

CTBIDI KaK pa3 03HaQaer nOHCK TaKHX B3aHMOCBH3eH. 

Ha rrpaKTHKe, BbI~HcnHTb 3aBHCHMOCTh KOppeJUIIJ,HOHHOH <PYHK

UHH OT HeKoTopoH rrepeMeHHoH x H3 3KcrrepHMeHTaJIhHbIX ,n:aHHhIX Heno

cpe)J.CTBeHHO no <popMyne (9) )J.OCTaTOqHO CJIO)l(HO. ):LruI 3Toro pa3pa6o

TaHbI CneUHaJIbHble npHeMbI. MbI HCnOJIh30BaJIH Memoo nepeMeUlueaHUR. 

CYTh ero COCTOHT B cneJlYIOII.\eM. KoppenJIIUfOHHa.SI <PYHKUIDI BWlHCJISI

eTCH KaK OTHomeHHe .n;BYX pacnpe):{enemrn: peanbHoro H nepeMemaHHO

ro: 

R ( ) = N I2 (X) 
12 X N mix (X) (10) 

Ni2 - 3TO 06bIQHOe pacnpe.n;eJIeHHe, .n;JUI nap qacTHU, B3JITbIX H3 o,n:Horo 

C06bITH.SI. ,[(JISI BbIqHCneHIDI nepeMernaHHoro pacrrpe,n;eneHIDI Nmix (Ha3bI

BaeMoro TaIOKe ««P0HOBbIM») MbI 6epeM ~a Pa3JIHlIHhIX C06hITIDI H CO

CTIlBIDIeM Bce B03MO)l{HbIe napbI qaCTHU H3 o)J.Horo C06bITIDI C qacTlmaMH 

H3 .n;pyroro C06bITHH. TaK KaK qaCTHUbI H3 pa3HhIX C06bITHH 06pMyJOTCH 

He3aBHcHMo, Nmix (PI' pz) '-' PI (PI) .Pz (liz) .TIocKonbKy .n;M HaC BIDKHa He 

a6comoTHfUI BeJIHQHHa R, a xapaKTep ee 3aBHCHMOCTH OT pMnlflHbIX 

nepeMeHHbIX, MbI He crpeMHJIHCb orrpe,n:eJIHTh a6COJllOTHYIO HOpMHpOBK)' 

KOppeJISIUHOHHOH <PYHKIJ;HH. HH)I(e OHa npe.n;CTaBJIeHa B YCJIOBHbIX e,n;H

HHU;ax. 

B CJIe.n;YlOmeM rraparpa<pe MbI nOIThITaeMC5I KaqeCTBeHHO onpe.n;e

JIHTb MeXaHH3M BJIHSIHIDI COXpaHeHIDI HMnyJIbCa Ha <POPMY' KoppeMUH

OIDIOH epYHKUHH. 
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5.2. Ka'tecTBeHHbIM xapaKTep 3aBMCMMOCTM KoppenRLtMOHHOM 

~YHK~MM	 OT cyMMapHoro M OTHOCMTenbHoro MMnynbcoB napbl 

lfaCTM14 

B n. 4.1. Mhl onpeAenHnH, ~TO ,lJ;IDI napHoro HHKJl103HBHOrO pac

npeAeneHIDI 3aKOH COXpaHeHIDI HMnynhca 03HaQaeT H3MeHeHHe MaCllITa

6a no OCH P B .JI- 2/n paJ. Ec.r.rn npe,nnonO)JQ{Th, lITO ~aCTHlU>I pac

npe.n;eIDlIOTca paBHOMepHO ITO 06naCTH «paJoBoro npOCrpaHCTBa, orpaHH

tIeHHOH 3aKOHOM COXpaHeHIDI 3HeprHH-HMIIYJThCa, BO BCeM OCTaJIbHOM, 

KpOMe MacUITa6a, OCH P II q CIiMMeTpHtIHhI .n;pyr .n;pyry. (MbI 3,neCb 

CHOBa npe,lJ;IIOnaraeM, tITO HaxO)l;HMCH B uempe HHepUHH.) 

3m BbmO,lJ;bI 6bIJIH c,o:eJIaHIll H3 CaMhIX o6mux npe,lJ;ITOnO)l(eHHH 0 

reOMeTPHH <paJOBoro npOCTpaHCTBa. Onpe.n;eJIHTh 4>opMy' KoppeIDIUHOH

HOB €PYHKUHH MO)l{}lO, Ton:PKO 3HasI 60nee KOHKpeTHO <PopMy' pacrrpe,n;e

neHIDI C06blTHH B 4>aJOBOM npocTPaHcTBe. B cnyqae O,l(HHaKOBhIX, Hepe-

IDITHBHCTCKHX tIaCTHU, pacrrpe,n;eneHHe nap qacTHIJ; N 12-Cp,.q) 6y.n:eT 

onpe,l(eIDIThCa Q>opMYnOH (7). npe)UlOnO)J(HM, lITO «PyHI<:D;IDI 12 MaBHO If 

paBHOMepHO y6bIBaeT. nOIThITaeMCH KaqeCTBeHHO onpe,l(eJIHTb, KaK IIpH 

3TOM 6y,l(eT BeCTH ce6H KoppeIDIUHOHHaH Q>yHKUIDI. 

AHaJIH3 «popM.bI KoppeJUIIUiOHHOH Q>yHK1{Hlf, .n:IDI HarIDI)::{HOCTIi, 

y.n;06HO BeCTH B TepMHHax peaJIhHOrO H «pOHOBoro pacrrpe)l;eneHHH, KO

TophIe nponOpU;HOHaJThHbI COOTBeTCTBeHHO ~HCJllITeJllO H 3HaMeHaTemo 

KOppeJUIUHOHHOH «pym<I:UIH. 1JT06hl CpaBHHTh HX <popMy', COIIOCTaBHM 

CJIe,nylOlIUle <paKThI. Bo-nepBhIX, Mbl onpe.n:e.r.rnnlf, lITO peaJIhHOe pacnpe

.n:eJIeHHe N12 (P,ij) 6y,o:eT C)J(aTO B,[(OJIh OCR P OTHOCHTenLHO q. Bo-

BTOpLIX, ,l(JIH «poHoBoro pacnpe,n;eneHHH Nmix eft, ij) P R ij .n;OJDKHhI 6LITh 
rronHOCTblO CRMMerpWIHhI, rrOCKOJThKY ,l(M nepeMemaHHLIX nap BCaKaH 

B3aHMOCBH3b, B TOM qRCne R Bhl3BaHHaH 3aKOHOM COXpaHeHIDI 3HepmH

HMnyJThCa, OTCyTcTByeT. B-TPeTLHX, rrpoeKlJ,KH pacnpe,l(eneHHH 

NI2 ep, ij) R Nmix ep, ij) Ha OCR PI Ii P2 (HanOMHHM, ~TO P=PI + P2 , 
q == PI - P2) COBnaJ(aIOT. l];eHCTBRTeJIbHO, nro6aH HX 3THX npoeKlUfii eCTb 

npOCTO 06bI'lHOe HMnynhcHoe paCnpe,l(eneHHe OiJflOU qaCnn~. OTCIO)l;a 

MOIKHO 3aKJllOQHTh, tITO illHpHHa Nmix 6y.n;eT HetITO Cpe.n:Hee Me)l(,ny IIIH

pHHOH N12 B,l(Onh HanpaaneHHH P H llIHpHHOH N I2 B,L(Onb q. ECJIH N 12 
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IIJIaBHO y6bIBaeT C pOCTOM HMrryJIbCa, TO B,l(OJIb HarrpaBJIeHIDI P OHO 

6yJ.{eT y6bIBaTh qyTh 6hICTpee, qeM N mix, a B.n;o.JTh q -, Hao6opOT, Me,n;

JIeHHee. I1TaK, KOppemnUiOHHIDI q,yHKI(IDl R(p, ij) 6Y,L(eT YMeHbIIIaTbCH 

B,L(Onb P H paCTH B.n;OJIb q. 
TIpHBe.n;eHHbrli npHMep rrOKa3LIBaeT, qTO KOppeJUlIJ;HOHHaH q,yHK

UIDI CBH3aHa C 3aKOHOM coxpaHeHHH HMnyJIbCa ,L(OCTaTOqJIO cnO)IQ{LJM 

06pa30M. Ero BJIIDIHHe rrpHBO,L(HT K CiKaTHIO B,n;OJIb jJ H pacTH)J{eHHlO 

B):(OJIb ij peanbHoro pacrrpe.n;eneHIDl oTHocwrenbHO «poHoBoro, KOTopbIe, 

HanoMHHM, rrpoIIOpU;HOHaJIbHbI COOTBeTCmeHHO qHCJllITemo H 3HaMeHa

Temo B <popMyJIe (9). TI03TOMy ee q,opMa 6y.n;eT IIOJIHOCTbIO orrPe,n,enWfh-

CR q,OpMOH PI2 (PI ,P2). 3aMeTHM, qTO HaM: CJIeJ.(yeT OiKH):(aTb IIpOTHBO

rrOJIOiKHOrO XapaKTepa 3aBHCHMOCTeH R(p) H R(q) . 

5.3.	 3KcnepMMeHTanbHbie AaHHbie 0 KOppenJl~MOHHOM 

tl>YHK~MM 

PaCCMOTpHM Terrepb 3KCIIepHMeHTaJIbHhIe .LJ;aHHble 0 KOppeJIjlUH

OHHOH «PYHK..QHH OT HaIIIHX rrepeMeHHblX. KaK H B II. 4.2. , MbI 6y,neM 

paCCMaTpHBaTh TOJIb!<O rrOnepeqHyIOKOMIIOHeHTY HMrryJIbca. 

TIpoBepHM CHaqarra, .n;eHCTBHTeJIbHO Jill nepeMeIIIaHHbIe pacnpe

.n;eneHIDl no cyMMe H Pa3HOCTH HMrryJIbCOB COBna.llaIOT. )J;eHCTBHTeJIbHO 

3TO npeKpaCHO rro,nTBep)J():(aeT pHC. 3B, r.n;e Nmix (Pt) H Nmix (qt) HaJIOiKe

HbI O,L(HO Ha .n;pyroe. MOiKHO CKa3aTb, qTO 3TH pacrrpe.n;eneHIDI npe,L(CTaB

JUIlOT C060H «HeqTO Cpe.n;Hee» Me~y peanbHbIMH pacnpe.n;eJIeHWlMH 

N (Pt) H N (qt) , rrpe,nCTaBJIeHHbIMH Ha pHC. 3a 

PaCCMOTpHM Tenepb, KaK H3 JTHX pacnpe,n;eJIeHHH rronyqaeTCH 

KoppeIDIUHOHHIDI q,yHKIJ;IDI. 3TO MOJKHO HarJIjl)l;HO npOCJIe,nHTh Ha PHC. 5, 
r.lle BMeCTe C R npe.n;CTaBneHbI COOTBeTCTBylOmHe pe8.JIbHLIe H rrepeMe

IIIaHHbIe pacnpe.n;eJIeHIDI. PeaJIbHIDI 3KcnepHMeHTaJIbHaJI cHryaUHR ,n;ane

Ka OT TOR ynpom:eHHOH KapTHHbI, KOTOPYlO MbI paCCMaTpHBaJIH B 
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npe.nhI,nymeM rryHKTe. KaK MhI BH,UHM, HMrryJIbCHLIe pacnpe,neneHIDI 

nmlBHO y6hmaroT TOJIbKO B 06nacTH 60nhIIIHX HMIIyJIhCOB. reOMerpIDI 

yCTaHOBKH BMeCTe C HalIIKMH OrpaJIHlIeHIDIMH npelliITcTByeT perHCTPa

UHH qacTHu C He60JIhllIHMH nOnepeqHbIMH HMIIYJIhCaMH. Bcne,nCTBHe 

3Toro, KaK MhI BH,ZJ;HM, )lID! nap PP 410pMa pacnpe,n;eJIeHliH N (Pt ) H 

N(qJ B 3TOH o6nacTH 3HalJHTeJThHO OTJIHQacrcH. TeM He MeHee, pRC. 5 H 

pHC. 3 npeKpacHo HJIJllOCTPHPyIOT MeXaHH3M B03HHKHOBeHIDl 3aBHCHMO

CTH R OT rrepeMeHHblX P II q. ,Z:(eitcTBRTeJIbHO, pacrrpe,neneHHe N (Pt) 

Bcer.n:a HeMHoro y)J(e, qeM N(q). Pacnpe,neneHIDI Nmix(pt) H Nmix(qt) 
O.n:HHaKOBbI, H ne)J(aT Me~ HHMH. II03TOMY <poHoBble pRcrrpe.nerreHIDI 

OKaJhlBaIOTC.sI no Pt nrnpe, a no qt, Hao6opoT, y)J(e peaJIbHbIX. 3TO, B 

KOHeqHOM CqeTe, H npHBO,l(HT K TOM)', 'ITO B cpe,nHeM R(p,) y6hIBaeT, a 

R(q,) paCTeT. He60JIbIIIHe HepaBHOMepHOCTH B nOBe,neHHH R(q,) apH 

MaJIbIX qt, 06bHCIDIIOTC.sI HMeHHO BJIHRHHeM 3«p«peKTHBHOCTH H oT60pa 

qaCTHIJ:. 

6. 3AKntO"'IEHHE 

HTaK., aHaJIH3 HHKJIlO3HBHbIX pacnpe,neneHHH nap qacTHI.I; no ne

peMeHHbIM P=PI + P2 Ii ij =PI - P2' T.e. cyMMapHOMY H OTHOCHTeJIb

HOMY HMIIynhcy napbI qaCTHU, n03BOJUIeT c,n;enaTh KOJIlReCTBeHHylO 

oueHKy. tIHCrra qaCTH~, IIpHIDIBIllHX yqacme BO B3aHMo,neUCTBHH. TaKOH 

aHaJIH3, npOBe;J;eHHhIH ,n;ID! eA-B3aHMo.n:eUCTBHH, Ha6mo)laeMldX B AR
GUSe,,nan O;J;HHaKOBbIe pe3yJIbTaThI)lJUI nap pp, p7!H JrJr. 
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