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Jla6opaTopuu BhIC0KllX 3Heprn:ii: O6'h8.l(HHeHHOro llHCTHTyTa H,n:epHhIX 
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C ,n:n:ccepTau,ueii: M0)KHO 03HaK0MHThCH a 6u6nuoTeKe J1B3 OM5IM. 
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__ 

11 
__ 

1
' 2001 ro,n:a 

Y qeHhIH ceKpeTaph 

.n:n:ccepTau.uoHH0ro coaeTa, 

.D:0KT0p <pll3llKO-MaTeMaTHqecKUX HayK, 

npocpeccop ~t-1a:t.-z~ M.<l>.Jluxaqea 

OBIUA5I XAP AKTEPI1CTI1KA PABOTbI 

AKTyarrhHOCTh rrpo6rreMhI. 

PeJI5ITIIBIICTCK3JI 51,n:epHaJI q:>II3IIKa B HaCTOHmee BpeM5I llHTeHCIIBHO pa3;

mrnaeTC5I. C HaqaJia 1970-ThIX ro,n:oB, Kor,n:a Ha c1rnxpoq:>a3oTpOHe J1B3 

OI15II1 BrrepBbie 6bIJIII rrorryqeHbl rryqKII pemITllBIICTCKHX 51,n:ep, uccrre,n:o

Bamre CTOJIKHOBeHIIM BhICOK03HepruqHbIX JI,n:ep C 51,n:paMII CTaJIO 0.l(HOM ll3 

Han6orree aKTyarrhHhIX 3a,n:aq coBpeMeHHOM q:>Ii3nKII [l]. TlyqKI1 6hICTph1x 

aTOMHhIX 51,n:ep rrpe.n:ocTaBJI5IIOT B03M0)KHOCTh II3yqaTh IlOBe,n:eHIIe H,n:ep

HOM MaTepIIII B 3KCTpeMaJibHhIX ycrrOBII5IX BhICOKJIX T8MrrepaTyp II rrnoT- · 

HOCTe:iJ:. 

TeopeTIIqecKoe paccMoTpeHIIe rrpouecca Heyrrpyroro B3anMo,n:e:iJ:cTBIIH 

,n:Byx JI,n:ep ITOKa3bIBaeT, 'ITO. B ycJIOBII5IX CIIJihH0ro C)Ka TII5I U ·BhICOKOM TeM~ 

rrepai'yphl 5i:,n:epHOM MaTepIIII, corrpOBO)K.l(aIOrn;IIX 3TII peaKUIIII, B03M0)K

HO cymecTBOBaHIIe HOBhIX q:>OpM JI,n:epHOM MaTepIIII, B qacTHOCTII, CBepx

IlJIOTHOM II KBapKOBOM [2]. · ' 

CIIcTeMaTIIqecirn:u: rroIIcK TaKIIX JIBJieHIIM rrpoBo,n:IIJICJI Ha c1rnxpoq:ia-

30TpoHe JIB3, II 6hmII rrorryqeHhI rrepBhie pe3ynhTaThI no JI,n:epHOMY KYM

MYJIJITIIBHOMY 3q:>q:>eKTY [3]. Ilo3)Ke rryqKII YJihTpa-peJIJITIIBIICTCKHX JI,n:ep 

6hmII rrorryqeHhr Ha yCKop1ITeJIJIX AGS BNL II SPS CERN c IIMrryrrhcar-.m 

11-15 A r3B/c II 160-200 A r3B/c, COOTBeTCTBeHHO. 

B HaCTOJirn;ee BpeMJI ,n:JIJI rrpo,n:OJI)KeHIIJI n pacnrnpeHHJI IIccrre,n:oBaHIIM 

B o6rraCTII q:>II3IIKII ,peJIJITIIBIICTCKIIX JI,n:ep B JIB3 BBe,n:eH B CTpo:u: C03,n:aH;-. 

HhIII Ha OCHOBe CBepxrrpOBO.l(5IW:IIX MarH,IITOB HOBhIM ycKOpIITeJih HyKJIQ: 

TpOH [4]. 
llo HaqaJia pa6oT Ha,n: ,n:aHHOM .l(IICCepTagne:u:, T_.e. ,no cepe,n:IIHhl 80-x 

ro,n:oB, o,n:HIIM II3 caMhIX IIHTepeCHhIX II ii:~06~1qHhIX OTKphITIIM B o6rrac

TII 3Hepn1:u:, MeHhIIIIIX 1 A r3B, 6bmo Ha6rr10,n:emre cymecTBoBaHIIJI r,.H. 

KorrrreKT~BHhIX 3q:>q:>eKTOB, rrpe,n:CKa3aH~hIX 'rII,n:po.n:~~aMIIqeCKo:u: TeopIIeii 

JI,n:po-JI,n:epIJ;hIX B3aIIMO,n:e:iJ:cTBIIM. B 1955 r. BerreHhKIIM II JlaH,n:ay [5] Brrep

Bhre rrpIIMeHIIJIII rII,n:po,n:IIHaMIIqecKyIO MO,n:eJib K OITJICc,lHIIIO CTOJIKHOBeHHM 

HYKJIOHOB n JI,n:ep. B 1959 r. rJiaccron.n: c COTpy,n:HHKaMII [6] rrpe,n:CKa-

3aJI q:>OpMnpoBamre y,n:apHbIX BOJIH rrpII rrpOXO)K.l(emrn BbICOK03HeprIIqHhIX 

rrpOTOHOB II IlHOHOB qepe3 aTOMHOe 51,n:po co CKOpOCT5IMII, rrpeBhIIIIaIOrn;II

:\UI CKOpOCTh 3ByKa B JI,n:epHOM MaTepIIH. KomreKTIIBHOe rn,n:po,n:IIHclMII

qec1me rroBe.n:eHIIe JI,n:epHo:u: MaTepmr B coy,n:ape1r1rnx BhICOK03HeprnqHh1x· 

JI,n:ep fa.mo nrrepnbre rrpe,n:cKa3aHo IIIen.n:oM [7J. B cnoeiI pa6oTe anTophI 
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o6paTHJUI BHIIMaHIIe Ha nOTOK }l.D;epHOH MaTepIIII B HanpaBJieHIIII, nepneH

.D;IIKyJrnpHOM OTHOCIITeJihHOMY .D;BIDI<:eHIIIO CTaJIKIIBaIOlll;IIXC}l }l.D;ep. Om1 

noKa3aJIII, 'ITO nonepe'IHM rpaHIIIJ;a 30Hhl nepeKphITII}l B3aIIMO.D;eHCTBY

IOmIIx H,nep pacrrrnpHeTCH 6bICTpee, 'IeM npo,nOJihHaH. 

Il03)Ke B TeopeTII'IeCKIIX pacqeTax no rII,npO.D;IIHaMII'IeCKOlI MO.D;eJIII [8] 
6bma npe,ncKa3aHa .D;JIH coy.napeHIIH aCCIIMeTpII'IHhIX aTOMHbIX H,nep co 

cpe.n;HIIMII napaMeTpal\rn y.napa 3MIICCIIH ¢parMeHTOB H.n;pa-cHapH,na no.n 

onpe.nerreHHbIM HeHyJieBbIM yrrroM, KOTOphIH 3aBIICIIT OT npnu;eJihHOro 

napaMeTpa. 8To, T.H., 3qJqJeKT OTCKOKa ¢parMeHTOB HarreTaIOmero H,npa 

("bounce-off effect"). TaKaH 3MIICCIIH ¢parMeHTOB H,npa-cHapH,na conpo

B02K,naeTCH BhIJieTOM qJparMeHTOB H,npa-MIIllleHII no,n yrJIOM OKOJIO 90° B 

rra6opaTOpHOH CIICTeMe. 

IlepBbie 3KCnepIIMeHTaJihHhie yKa3aHIIH Ha B03MO)KHhie npOHBJiemrn 

TaKIIX 3qJqJeKTOB 6bIJIII norryqeHhI B IIHKJII03IIBHhIX 3KCnepIIMeHTaX [9] 
npII aHaJIII3e ,naHHhIX no .D;ByxnpOTOHHhIM KOppeJIHUIIHM B CTOJIKHOBeHII

HX H,nep aproHa c 3Heprneii 800 A M3B c H,npaMII CBIIHu;a. Y6e,nIITeJihHoe 

.D;OKa3aTeJihCTBO cymeCTBOBaHIIH 6oKOBhIX nOTOKOB 'IaCTIIU 6bIJIO norryqe

HO HeCKOJihKO n03)Ke B 3KCnepIIMeHTaX npOBO.D;IIMhIX Ha ycTaHOBKax C 47r 
reoMeTpIIeiI co CTpIIMepHoiI KaMepoiI [10] n c, T,H., "Plastic Ball/Plastic 

Wall" [11] Ha ycKopIITerre BeBarraK B BepKrrn. 8Tn 3KcnepIIMeHTaJihHhre 

pe3yJihTaThI 6bIJIII ycneIIIHO IIHTepnpeTnpoBaHhI Ha OCHOBe rII,npo,nIIHa

MII'IeCKOH MO.D;eJIII [12]. 
KorrrreKTIIBHhie 3qJqJeKThI 3aBIICHT OT napaMeTpa y,napa . .IlrrH IIX 3KC

nepIIMeHTaJibHOro Ha6rr10,neH1I}l Ba2KHO yMeTh OT.D;eJIIITh u;eHTpaJihHhie B3a

lIMO,neiicTBIIH OT 6orree BepOHTHhIX nepII<j)epII'IeCKIIX B3aIIMO.D;eHCTBIIH II 

OT CTOJIKHOBeHIIH co cpe.n;HIIMII napaMeTpaMII y.napa. llcnOJih30BaHHhIH 

HaMII qJOT03MYJihCIIOHHhIH MeTO.D; n03BOJIHeT KOCBeHHO npoII3BO.D;IITh Ta

Koe pa3,nerreHIIe HeCKOJihKIIMII cnoco6aMn, HanpnMep, II3MepeHIIeM cyM

MapHoro 3apH,na cneKTaTOpHhIX ¢parMeHTOB }l.D;pa-cHapH,na IIJIII nOJIHOro 

'IIICJia ¢parMeHTOB H,npa-MIIIIIeHII. 

B npe.nrraraeMoiI ,nIIccepTaUIIOHHOH pa6oTe npe.ncTaBrreHhr pe3yJihTa

ThI CIICTeMaTII'IeCKOro IICCJie.D;OBaHIIH 3MIICCIIII ¢parMeHTOB CTaJIKIIBaIO

mnxcH H,nep II pO)K.IJ;eHHhIX _'IaCTIIU B Heynpyrnx B3aIIMO,neiICTBIIHX BhI

COK03HeprII'IHhIX aTOMHhIX H,nep c H,npaMn (Ag, Br) qJOT03MYJihCIIOHHoro 

,neTeKTOpa B o6rraCTII IIMnyJihCOB }l.D;ep-CHapH.D;OB OT 1 .no 200 A r3B / C. 

Uerrh IIccne,noBaHIIH - noncK 3qJqJeKTOB B H,npo-}l.nepHhrx CTOJIKHOBeHII

Hx, KOTOpbre He onJIChIBaIOTCH npOCTOH cynepn03IIIJ;IIeiI HYKJIOH-HYKJIOHHhIX 
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coy.napeHIIH. llpyrIIMII cnoBaMn: "CymecTBYIOT nn KonneKTIIBHhre 3qJ

<j)eKThr, npe,ncKa3aHHhre paHee rII,npo.n;IIHaMII'IecKoiI TeopIIeiI .D;JIH H.D;po

H,nepHhIX B3anMo,neiicTBIIH npII 3HeprIIHX .no 1 A r3B, n npn 6onee Bhr

coKnx 3HeprIIHx - npII 3HeprnHx ycKopnTerreiI JIB8 Oll5Ill, AGS BHJI II 
SPS B UepHe?". TaK CTOHJI Bonpoc B nepIIo,n Haqana pa6oT, pe3JJihTaThI 

KOTOphIX npe,ncTaBJieHhI B .naHHOH .D;IICCepTaIJ;IIII. 

UeJih pa6oThr: 

- nonyqeHIIe HOBhIX 3KCnepnMeHTaJihHhIX ,naHHhIX no H.D;pO-H,nepHhIM 

B3aIIMO.D;8HCTBIIHM B IIIIIpOKOM .nnana30He 3Heprnii II Mace H,nep-CHap}l.D;OB 

C IICnOJih30BaHIIeM nOJIHOH IIHqJOpMaIJ;IIII no yrnaM II MHO)I{eCTBeHHOCTHM 

BCex BTOpII'IHhIX 3apH)KeHHhIX qaCTIIU B 47r reoMeTpIIII, npe.nocTaBJIHeMOH 

MeTO.D;OM H,nepHhIX qJOT03MYJihCIIHj 

- 3KCnepnMeHTaJihHOe rrccrre,noBaHne MH02KeCTBeHHOCTeH II yrnOBhIX 

xapaKTepIICTIIK ¢parMeHTOB CTaJIKIIBaIOmIIXC}l H,nep II p02K.D;eHHhIX qac

TIIU B 3aBIICIIMOCTII OT MaCChI H 3HeprIIII H,npa-cHap}l,na II npnu;eJihHOro 

napaMeTpa coy.napeHIIH; 

- nOIICK II CIICTeMaTII'IeCKOe II3y'IeHIIe 3qJqJeKTOB KOJIJieKTIIBHOro no

TOKa H,nepHoro BemeCTBa B HenepII<j)epII'IeCKIIX B3aIIMO.D;eHCTBIIHX BhICO

K03Heprn'!HhIX H,nep c H,npaMII (Ag, Br) II Pb e.n;IIHhIM 3MYJihCIIOHHhIM 

MeTO.D;OM. 

HayqmUl HOBH3Ha pa60ThI. 

l. Ilpe.nrro)KeH II IICnOJih30BaH HOBhriI KOMnrreKCHhriI no.nxo.n .nnH IIccrre

,noBaHIIH yrJIOBhIX xapaKTepIICTIIK BTOpII'IHhIX 3apH)KeHHhIX 'IaCTMU 

B H,nepHhIX peaKIJ;IIHX rrpII BhICOKIIX 3HeprIIHX C u;eJihIO IIOIICKa II II3-

yqeHIIH 3qJqJeKTOB KOJIJieKTIIBHOro IIOTOKa }l.D;epHOH MaTepmI. 

2. BnepBhie .D;JIH aHaJIII3a TaKoro po.na 6bIJIII O.D;HOBpeMeHHO IICIIOJih30-

BaHhI BTOPII'IHhie qacTIIIJ;hI Bcex IIMeIOmIIXC}l TIIIIOB - peJIHTIIBIICT

CKIIe ¢parMeHThI }l.D;pa-cHapH.na, pO)K.IJ;eHHhie qacTIIIJ;hI II Me,nrreHHhie 

¢parl'vieHThI H,npa-MnrneHII. 

3. BrrepBhie 6hIJIII rrpoaHaJIII3IIpOBaHhI YHIIKaJihHhie 3KCrrepIIMeHTaJih

Hhie ,naHHhre no H,nepHhIM B3aIIMO.D;eHCTBirnM rrorryqeHHhie e.n;IIHOH Me

TO.D;JIKOH B rnnpoKOM ,nIIana3oHe Mace (A = 1 - 208) II MMIIYJihCOB 

( Po = 1 - 200 A r3B / C) CTaJIKIIBaIOmIIXCH H.D;ep. 8KcrrepnMeHTaJih

Hhie ,naHHhre B 60JihIIIIIHCTBe cnyqaeB 6bIJIII norryqeHhI BIIepBhie. 
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4. IlpIIMeHeHIIe pa3HhIX MeTO.D:OB aHaJIII3a KOJIJieKTIIBHhIX 3cpcpeKTOB II03-

BOJIIIJIO ycTaHOBIITh p5.1,n: paHee HeII3BeCTHhIX CBOHCTB II3yqaeMhIX 5.IB
JieHIIH B o6JiaCTII 3HeprIIH .n:y6HeHCKOro CIIHxpocpa30TpOHa: OTCKOK 

cpparMeHTOB 5.1,n:pa-CHap5.1,n:a II 60KOBOH BhIIIJieCK cpparMeHTOB 5.1,n:pa

MIIIIIeHII BMeCTe C IIX 3MllCCIIeH B rrpOTIIBOIIOJIO:lKHhie CTOpOHhl B a3II

MyTaJihHOH IIJIOCKOCTII. O6a 3cpcpeKTa ycIIJIIIBaIOTC5.I rrpII yMeHbIIIe

HIIII napaMeTpa y.n:apa. 

Hay-<IHruI l'I rrpaKTlPieCKruI 3Ha'Il'IMOCTh. 

Pe3yJihTaThI, IIOJiyqeHHhie B HaCT05.!IUeH .D:IICCepTaUIIII, 5.IBJI5.IIOTC5.I ycTa

HOBJieHHhIMII HayqHhIMII cpaKTaMII, KOTOpbie MoryT CTaTh IICXO.D:HOH 6a-

30H .D:JI5.I IIOCTpOeHII5.I rrporpaMMhl CIICTeMaTIIqecKIIX IICCJie,n:oBaHIIH 5.1,n:po-

5.1,n:epHhIX B3aIIMO,n:eHCTBIIH Ha COBpeMeHHhIX ycKOpIITeJI5.IX. 

MccJie,n:oBaHhl 3aBIICIIMOCTII pa3JIIIqHhlX xapaKTepIICTIIK BTOpIIqHhIX 

3ap5.1:lKeHHhIX qacTIIU OT MaCChl II 3HeprIIII HaJieTaIOmero 5.1,n:pa II rrpII

ueJibHOrO napaMeTpa coy.n:apeHII5.I. 

BrrepBbie rrpoBe,n:eHO e,n:IIHhIM qJOT03MYJihCIIOHHhIM MeTO.D:OM CIICTeMa

TIIqecKoe 3KCrrepIIMeHTaJihHOe IICCJie,n:oBaHIIe rrpoueccoB 60KOBOro IIOTO

Ka 5.1,n:epHoro BemeCTBa B CTOJIKHOBeHII5.IX 5.1,n:ep C orrpe,n:eJieHIIeM IIJIOCKOC

TII peaKUIIII. IIpoueCChl KOJIJieKTIIBHoro IIOTOKa 5.1,n:epHOH MaTepIIII IIMeIOT 
Ba:lKHOe 3HaqeHIIe .D:JI5.I TeopeTIIqecKoro paCCMOTpeHII5.I ypaBHeHII5.I COCT05.I

HII5.I II cpa30BOro rrepexo.n:a a.n:poHHOH MaTepIIII B KBapK-rJIIOOHHYIO IIJia3My. 
IlpaKTIIqecKa5.1 ueHHOCTh pe3yJihTaTOB IICCJie,n:oBaHII5.I orrpe,n:eJI5.leTC5.I B03-

MO:lKHOCThIO IIX IICIIOJih30BaHII5.I .D:JI5.I C03,n:aHII5.I HOBhIX II pa3BIITII5.I IIMeIO

IUIIXC5.I MO,n:eJieH 5.1,n:po-5.1,n:epHbIX B3aIIMO,n:eHCTBIIH II IIJiaHIIpOBaHII5.I HOBhIX 

3KcrrepIIMeHTOB Ha rryqKax HYKJIOTpoHa, LHC II T.,n:. 
Y CTaHOBJieHHhie 3aBIICIIMOCTII MHO:lKeCTBeHHOCTeH II yrJIOBhlX xapaK

TepIICTIIK cpparMeHTOB CTaJIKIIBaIOIUIIXC5.I 5.1,n:ep II po:lK,n:eHHhIX qacTIIU MO
ryT 6bITh IICIIOJih30BaHhl B qJII3IIKe KOCMIIqeCKIIX JiyqeiI IIpII IICCJie,n:oBaHIIII 
IIX COCTaBa II KaCKa.n:a B aTMOCcpepe II rrpII peIIIeHIIII 3a,n:aq pa.n:IIaUIIOHHOH 

6e3orraCHOCTII KOCMIIqecKIIX KOpa6JieH II op6IITaJihHhIX CTaHUIIH. 

4 

Ha 3arn;HTY BhI.D:Bl'IraIOTCj{ crre.n:yrorn;l'Ie pe3yJihTaThI: 

1. HoBbie 3KCIIepIIMeHTaJihHhie .n:aHHhie no xapaKTepIICTIIKaM BTOpIIq
HhIX 3ap5.1:lKeHHhIX qaCTIIU BO B3aIIMO,n:eiICTBII5.IX 5.1,n:ep 84 Kr II 32 S c 

5.1,n:paMn q>OT03MYJihCIIII c IIMIIYJihCaMII 1,55 II 4,5 A I'3B/c, cooTBeT
CTBeHHO . 

2. CpaBHIITeJihHhIH aHaJIII3 BJIII5.IHirn 3HeprIIII II Macchr 5.1,n:pa-cHap5.1,n:a, 

a TaK 2Ke rrpnueJihHoro rrapaMeTpa 5.1,n:po-5.1,n:epHoro coy.n:apemrn, Ha 

MHO:lKeCTBeHHOCTII II yrJIOBhie xapaKTepnCTIIKII BTOpIIqHhIX 3ap5.1:lKeH
HhIX qacTIIU. 

3. Pe3yJihTaThl aHaJIII3a 3cpcpeKTOB KOJIJieKTIIBHOro IIOTOKa 5.1,n:epHoro 
Be•necTBa BO B3aIIMO~eHCTBII5.IX 5.1rrep 12C 160 22 Ne 28 Si 32 S 84 Kr 

.&J.....l, :,,...a. ,'-I, ' ' ' ' ' ' 197Au II 208Pb C 5.1,n:paMII (Ag, Br) II 12C II 24 Mg C 5.1,n:paMII Pb co 

cpe,n:HIIMII rrapaMeTpaMII y,n:apa rrpII 3HeprII5.IX ycKopIITeJieiI EpyK

xeiIBeHa, llapMIIITa,n:Ta, lly6Hhr II UepHa c IICIIOJih30BaHIIeM e.n:irnoro 
3MYJihCIIOHHOro MeTo,n:a. 

Arrpo6au;l'Ij{ pa6oThI. 

OcHOBHhie MaTepIIaJihI, II3JIO:lKeHHbie B .D:IICCepTaUIIII, 6bIJIII orry6JIIIKO
BaHhl B pa6oTax [Al] - [A37]. OHII ,n:OKJia,n:hrnaJIIICh II 06cy:lK,n:am1ch Ha 

Me:lK,n:yHapo,n:HhIX pa6oqIIx coBemaHII5.IX lly6HeHcKoiI, EMU0l II Kp1rnTo

HOBOH KOJIJia6opauIIiI, Ha KOHcpepeHUII5.!X qeIIICKIIX II CJIOBaUKIIX qJII3HKOB 

(Bratislava, 1985; Pardubice, 1987: Zvolen, 1999, 2000), Ha Me:lK,n:yHa

po.n;HhIX ceMIIHapax no q>II3HKe BhICOKIIx 3HeprIIiI (lly6Ha, 1988, 1990, 

2000), Ha Me:lK.n;yHapo,n:HhIX KOHcpepeHUII5.!X "PANIC" (Heidelberg, 1984), 

Ninth European Cosmic Ray Symposium (Kosice, 1984), "ICRC" (l\foc
KBa, 1987), "Multiparticle Dynamics" (Wuhan, China, 1991), "Scientific 

Conference of TU" (Kosice, 1994, 1999), "Hadron Structure" ( B.Stiavnica, 
1993; Kosice, 1994; Stara Lesna, 1996), "Mini Workshop on Relativistic 

Heavy Ion Collis." (Jaipur, India, 1997), "RNP" (Stara Lesna, 2000) 
II 6hIJIII rrpe.n:cTaBJieHbl B BII,n:e CTeH.n;OBhIX .D:OKJia.n;oB Ha .n:pyrux MC:lK,n:y
Hapo.n;HhIX KOHcpepeHUII5.!X. 
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Ily6JIJ1Ka:QJ1J1 . 
Ilo MaTepirnJiaM .1.IJICCepTaIIIIII ony6mIKOBaHO 37 pa6oT. 

06'beM II CTpyKTypa pa6oThl. 
.Ib1ccepTarr1rn cocT0IIT II3 BBe.11eHII5I, qeTbipex rJiaB II 3aKmoqeH1rn. CnII

coK IIIITIIpyeMOM mITepaTypbI co.11ep)KIIT 117 HaIIMeHOBaHIIM. O6uwiI o6b

eM 131 CTpaHIIIIa, BKmoqa51 67 pIICYHK0B II 20 Ta6JIIIII. 

CO.IIEP)KAHME P ABOTbI 

Bo BBe,IJ;eHllll o60CHOBbIBaeTC5I aKTyaJibH0CTb npo6JieMhI II q:iopMyJIII

pyIOTC5I rreJIII pa60TbI. OcHOBHa5I rreJih - n0IICK II IICCJie.ll0BaHIIe K0JIJieK

TIIBHbIX 3q:>q:>eKTOB B HenepIIq:>epIIqecKIIX B3aIIMO.lleMCTBII5IX peJI5ITIIBIICT

CKIIX 5I.llep c 5I.llpaMII (Ag, Br) II Pb B q:>OT03MYJihCII5IX. KpaTKO II3JI0)KeHo 

C0BpeMeHH0e C0CT05IHIIe npo6JieMhI II co.11ep)KaHIIe .llIICCepTaIIIIII. 

B Ilepaoii rrraae II3JI0)KeHa MeT0.llIIKa 3KCnepIIMeHTa II npe.11cTaBJie

HhI H0Bhie .11aHHhie no o6IUIIM xapaKTepIICTIIKaM CTOJIKHOBeHIIM peJI5ITII

BIICTCKIIX 5I.llep npII Po OT 1 A r3B / C .110 200 A r3B / C. 

B §1.1 .11aHbI o6IUIIe CBe.11eHII5I 06 3KCnepIIMeHTe. 8KcnepIIMeHTaJibHbIM 

MaTepIIaJI .llIICCepTaIIIIOHHOM pa60Tbl C0CT0IIT II3 9 aHCaM6JieM Heynpy

rIIX coy.11apeHIIM peJI5ITIIBIICTCKIIX 5I.llep C 5I.llpaMII q:>OT03MYJibCIIII -
84 Kr 

npII Po= 1,55 A r3B/c, 
22 Ne npII Po= 4,1 A r3B/c, 

12C, 160, 28Si 
II 32S npII Po = 4,5 A r3B/c, 

197Au npII Po = 11,6 A r3B/c, 
28Si npII 

Po = 14,6 A r3B/c II 
208 Pb npII Po = 158 A r3B/c. KpoMe 3T0ro B 

pa6oTe IIcnoJih30BaJIIICh 3KcnepIIMeHTaJihHhie .11aHHhre no 
12 C II 

24 Mg 
B3aIIMo.11eiicTBII5IM c 5I.llpaMII CBIIHIIa rrpII P0 = 4,5 A r3B/c. IlpoBe.11eHo 

cpaBHeHIIe II c .11pyrIIMII .11aHHhIMII liy6HeHCKOM II EMU0l KOJIJia6oparrIIiI. 

McnOJih3yeMbie .11aHHbl8 6bIJIII noJiyqeHhI B paMKax Me)K.llyHap0.llHhIX 

KOJIJia6oparrIIiI - .Ily6HeHcKoiI, KpIInTOHOBoiI II EMU0l. ABTOp noJih3y

eTc5I cJiyqaeM m,Ipa3IITb rJiy6oKyIO npII3HaTeJihH0CTb K0JIJieraM no Co

Tpy.11m1qeCTBaM 3a MH0r0JieTHIOIO C0BMeCTHYIO pa6oTy. 

Il poCM0Tp 3MYJibCII0HHbIX CT0n0K np0B0.11IIJ1C5I MeT0.ll0M npocJie)KIIBa

HII5I "B)lOJlb CJie)la" nyqK0B0ro 5I,llpa )l0 ero B3aIIMO)lCMCTBII5I IIJUI BbIX0-

na H3 npocMaTpIIBaeMOII o6JiaCTII. 113Mep5IJIIICh npocTpaHCTBeHHbie (0) 

G 

II a3nMyTaJibHbl8 ( 'P) yr Jlbl BhIJieTa BCex 3ap5I)KeHHbIX qacTIIII B 47f reo

MeTpIIII, 3ap5I,llbl (Z) cneKTaT0pHbIX q:iparMeHTOB 5I.llpa-cHap5I.lla, rrpo6e

ru ¢parMeHTOB 5I.IIpa-MIIIUeHII (R) II IIMnyJihCbI peJI5ITIIBIICTCKHX qaCTIIII 

(pf]c) Ha qacTII CTaTIICTUKII. 

BTopuqHhie 3ap5I)KeHHhie qacTIIIIhl 6bIJIII pa3.11eJieHbl Ha CJie.llyIOIUIIe 

TIInhI: 

l. YepHbie IIJIII b-qaCTIIIIhI, B 0CHQBH0M IICnapIITeJibHbie q:iparMeHTbl 

5I,llpa-MIUUeHII c {3 5:. 0, 23. 

2. Cepble IIJIII g-qacTIIIIhI, B 0CH0BH0M 6bICTpbI8 q:iparMeHTbI 0T,naqn II3 

MIIIUeHII C 0, 23 < {J "5:_ 0, 7. 

YepHbJe II cepbie qacTIIIIbI BMeCTe o6pa3yIOT rpyrrny q:iparMeHTOB 

5I,llpa-MIIIUeHII, T.H. h-qacTIIIIhI, Nh =Nb+ N9 • 

3. PeJI5ITIIBIICTCKIIe 0)lH03ap5I,llHbI8 qacTIIIIhI IIJIII s-qacTIIIIbI C {3 > 0, 7, 
0CH0BHYIO IIX Macey C0CTaBJI5IIOT p0)K)leHHbie qacTIIIIhI, a TaK )Ke cpe

)lII HIIX rrpIICYTCTBYIOT npOB3aIIMO)leikTBOBaBIUile np0T0Hbl 5I.llpa

CHap5I,lla II p8JI5ITIIBIICTCKII8 0,llH03ap5I,llHbl8 qaCTIIIIbI 0T)laqII II3 MII

Ill8HII. 

4. CneKTaTopHbie q:iparMeHThI 5I.llpa-cHap5I.lla c {3 ~ 0, 98 - 3T0 MH0-

r03ap5I.11Hhie C z ~ 3 (f-qacTIIIIbI), .11BYX3ap5I.11Hhl8 (a - qaCTIIIIbI) II 

0.11H03ap5I.11Hhl8 (s'-qacTIIIIbI C 0 < 0Jr, r.11e 0jr - yroJI q:iparMeHTaIIII-

0HH0r0 KOHyca). 

B Ka)K.ll0M co6bITIIII onpe.11eJI5IJIC5I cyMMapHbIM 3ap5I.11 Q, yH0CIIMhIM 

cneKTaTopHhIMII q:iparMeHTaMII 5I.llpa-cHap5I.lla Q = L ZJr, KOTOpbIM qac

T0 IICn0Jib3Y8TC51 KaK y.1106Ha5I 3KCrrepIIM8HTaJibH0 II3Mep5IeMa5I Bem1q1rna 

.11J15I 0II8HKII npIIIIeJibH0r0 napaMeTpa coy,napeHII5I. 

IlpoaHaJIII3IIpOBaHHhIM B .11aHHOM pa6oTe 3KcnepIIM8HTaJihHhIM MaTepII

aJI ymmaJieH no rnIIp0KOMy Ha6opy Mace 5I.llep-cHap5I.llOB II IIX 3HeprIIiI. 

B §1.2 npIIBO,UIITC5I aHaJIII3 MHO)K8CTBCHHOCTeM q:>parMCHTOB o60IIX CTaJI

KIIBaIOIUIIXC5I 51,n:ep II p0)K.llCHHhlX qacTIIII, Heo6xo,n;IIMhIM )lJ15I .11aJihHeiirne

ro aHaJIII3a II rrpe,n;cTaBJI5IIOIUIIII caMOCT05ITeJibHbIM IIHTepec . 

MccJIC)lOBaH xapaKTep 3aBIICIIM0CTII MH0)KeCTB8HHOCT8M BT0pIIqHhIX 

'laCTIIII OT 3HeprIIII II MaCCOBoro 'IIICJia 5I.llpa-cHap5I,n;a II OT npIIIICJibH0-

ro napaMeTpa 51,n:po-2:.11epHoro coy.11apeHII5I. IloJiyqeHo, 'ITO npII q:>IIKCIIpo

BaHH0M MaCCOBOM qncJie 5I.llpa-MIIIlleHII Ar MHO)KCCTBCHHOCTII BT0pII'IHhIX 
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3ap1DK€HHbIX qacTIIU: B03pacTaIOT C poCTOM MaCCbI 51,npa-cHap51,na Ap TeM 

CIIJibHee, '!€M 60JibIII€ IIX cpe,nHIIe IIMnyJibCbI B Jia6opaTOpHOll CHCTeMe 

Koop,nIIHaT. IlpII <pIIKCIIpoBaHHOtt Macce 51,npa-cHap51,na Ap cpe.n:Hee qucno 

JIIIBH€BhIX qaCTIIU: < Ns > 6hICTpO YB€JIII'IIIBa€TC51 C pOCTOM Po, HO 'IIICJIO 

qiparMeHTOB 51,npa-MIIIII€HII npaKTII'I€CKII He H3M€H51€TC51. 

MH0)K€CTB€HHOCTII Bcex TIInOB 3ap51)K€HHbIX qacnin: cymecTBCHH0 3a

BIIC51T OT npun:en1,Horo napaMeTpa 51,npo-51,nepHoro coy,napeHn51, KaqecT

BeHHOtt Mepon KOTOporo 51BJI51€TC51 B€JIH'IIIHa Q. DbIJIO noKa3aHo, 'ITO 'IIIC

Jia (Nh, Ng II Ns) TO)Ke MoryT 6bITh ucnOJib30BaHbI .D:JI51 on:eHKII npun:eJih

HOro napaMeTpa. Pacnpe,neJieHII51 MHO)K€CTB€HHOCTett 6bICTpbIX qiparMeH

TOB 51,npa-MIIIII€HII (g-qaCTIIU:) B 51,npo-51,nepHbIX CTOJIKHOB€HII51X npII .n:y6-

H€HCKIIX 3HeprII51X xopOIIIO onIICbIBaIOTC51 npOCTOll aHaJIIITII'I€CKOll MO

,neJibIO, r.n:e B Ka'IeCTBe IICXO.D:HOH IIH<pOpMaU:HII IICnOJib3yeTC51 pacnpe,ne

JieHIIe g-qaCTIIU:, noJiy'IeHHOe B 3KCnepIIM€HTax no npOTOH-51,nepHbIM B3a

IIMO,nett:CTBII51M. 

B §1.3. IICCJie,noBaHbI yrJIOBbie xapaKTepIICTIIKII BTOpII'IHblX 3ap5I)K€H

HbIX qacTIIU:. 

M3MepeHbI BhIXO.D:hI peJI51TIIBIICTCKIIX 3ap51)K€HHbIX nIIOHOB, npIIXO.D:51-

W:II€C51 Ha O.D:IIH npOTOH - yqaCTHIIK coy,napeHII51, B n:eHTpaJibHbIX 22 Ne + 
(Ag, Br) B3aIIMo,nettCTBII51X npII 4,1 A f3B/c. IIonyqeHo, 'ITO OHII Ha 

45 - 50° / 0 BhIIIIe, 'IeM B nepuqiepuqecKux CTOJIKHOBeHII51X. 

3TOT <paKT yKa3bIBaeT Ha TO, 'ITO MHO)K€CTB€HHOCTb p0)K.lJ:€HHbIX qac

TIIU: 3aBIICIIT OT TOJIW:IIHbI 51,npa-MIIIII€HII Ha nyTII npoTOHa-yqaCTHIIKa 

coy.n:apeHII51. 

3aBIICIIMOCTb cpe.n:Hett: nceB,no6bICTpOTbI < T/s > OT Ng IIMeeT II3JIOM 

npII Ng ~ 24 C nocne,nyIOW:IIM HacumemreM, KOTOpoe yKa3bIBaeT Ha paB

HOMepHoe pacnpe,neneHue 3HeprIIII 51,npa-cHap51,n:a B ero IIeHTpaJibHhIX co

y,napeHII51X c (Ag, Br). 

KoJIJIIIMaU:II51 g-'IaCTIIU: Bnepe.n: B03pacTaeT KaK C YM€HbllI€HIIeM 3Hep

rIIH 51,npa-cHap51,na (npII ,naHHOM Ap) TaK II c yBeJIII'!eHIIeM Macc1,1 51,npa

rnap51,na (npu ,naHHOM Po)-
B yrJIOBbIX cneKTpax Me,nJieHHbIX 3ap51)K€HHbIX qaCTIIU: - npo.n:yKTOB 

pacmenJieHII51 51,npa-MIIIIIeHII o6Hapy)K€HbI IIIIIpOKIIe MaKCIIMYMbI, 6onee 

OT'I€TJIIIBO np051BJI51I0ill;II€C51 B n:eHTpaJibHbIX coy,napeHII51X 51,nep-CHap51,nOB 

C T5I)K€JlbIMII 51,npaMII <pOT03MYJibCIIII. 

OcHOBHbie pe3yJinTaThI no rnaBe I npIIBe,neHbI B §1.4. 

Bo BTOpOH rJiaBe II3Jl0)K€HbI pe3yJibTaTbI KOMnJieKCHoro aHamna Koppe-
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JI51U:UOHHbIX 51BJI€HHII B nonepe'IHOII ( a3nMyTaJibHOH) nJIOCKOCTII 51,npo-

51,nepHhIX B3amv10.n:e11cTBn11. lln5I 3TOH n:enII B pa6oTe ucnOJih30Banuc1,: 

a) IIapHhre a3IIl\ryTaJihHhre yrnhr E = Eij = arccos(Pr,.Pr,/Pr;•PrJ 
Me;.K,ny BeKTOpal\rn nonepe'IHhIX UMnyJihCOB qacTnn: U3 O.D:HOro aKTa coy

.n:apemrn. 

6) Ko3<p<pnn:neHThI a3nMyTaJihHOll aCIIMMeTpnu /31 II KOJIJIIIHeapHOCTII 

/32 B IIH.D:IIBII.n:yaJihHhIX aKTax coy,napemrn 

/31,k = L COSEij//N,.(N,. - 1), 
ifcj 

/32,k = L cos 2E;j/ /Nk(N,. - 1), 
ih 

(1) 

(2) 

r.n:e N,. 2 2 - MHO)KCCTBeHHOCTh qacn1n: paccMaTpnBael'vmro nma B k -
TOM co6bITIIII u3riaeMoro- aHcaMforn; k = 1, 2, ... , N; N - qncno co6brTm'"i: 

B aHcaM6ne; i,j = 1, 2, ... , N,.. 

B) Pacnpe.n:eneHn51 n cpe.n:Hee 3Ha'-IeHne yrna <I> Me)K,ny HanpaBJieHH51l\rn 

npenMymecTBeHHoro ncnycKaHn51 .n;Byx rpynn qacnm H3 o.n:Horo co61,r-

TII51, 

<I>t = arccos ((a1am + b1bm[(af + bf)(a~1 + b~Ji-1/ 2
), (3) 

r.n:e a1 = LiCOS<p;, b1 = Lisin<pi, am= LjCOS<pj, b,,, = LjSin<pj. 

IlpII 3TOM i = 1, ... , N1..1; j = 1, ... , Nk.m H Nk.t, Nk.m 2 1 - MHO)K€CT

B€HHOCTH qaCTHU: i-ro II j-ro Tuna B k-OM co6bITIIH aHCaM6JI51. 

l13yqaJIHCb BHYTPH- II Me)K,nyrpynnOBbie KoppeJI51U:HII [13], T.e. Me)K,ny 

qacTnn:aMH O,nHoro THna IIJIH pa3HbIX THnOB, HO H3 pa3HbIX KIIHeMaTn

qecKHX o6nacTen coy.n:apeHH51. MeTo.n:onorII51 aHaJiu3a onucaHa B §2.l. 

B CJie,nyromeM §2.2. paCCMOTpeHbI KoppeJI51U:HH 1\1€){,.n:y <pparMeHTal\m 

peJI51TIIBIICTCKoro 51,npa 22 Ne npn ero B3anMo,ner'"i:cTBII51X c 51,npal\rn <pOTo-

3MJJihCHII. IloKa3aHo, '-ITO B npon:ecce coy.n:apeHII51 ocTaTo•rnoe 51,npo 22 Ne 
npIIo6peTaeT 3Ha'!HT€JlbHblll: nonepe'IHbill IIMnJJibC, B cpe,nHeM paBHblll 

0,4 f3B/c·. 

3aperIICTpIIpOBaHa 3MIICCII51 <pparMeHTOB 51,nep-cHap51,na II MIIIIIeHn B 

npOTIIBOnOJIO)KHbie CTOpOHbI B a3IIMyTaJibHOII nJI0CKOCTII, K0TOpa51 yBem1-

'-IHBaeTC51 c yMeHbIIIeHIIeM napaMeTpa y,napa (xapar{Tepn3yeMoro Jl\ICHb

IIIemieM Q). 
3MIICCH51 <pparMeHTOB 51,npa-MnrneHII II pmK,neHHbIX •racnrn: o6cy)i,.n:a

eTC51 B §2.3. B HenepnqiepnqecKHX 51,nepHbIX B3anMo,ne11cTBH51X 160, 22 Ne, 
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Ta6n. 1: 3aBllCllMOCTh K03cpqmuneHTOB /3{' f3f ll yrna <l>,h OT cyMMapHOI'O 1apl!.11a crreKTa

TOpHb!X cpparMeHTOB .sr.npa-CHapll.na Q IJ 22 Ne + (Ag, Br) - CTOJIKHOIJeHn.srx rrpn Po= 4, 1 
A f3B/c. 

Kp1ITepIItt < /31 > < /3l > < <l>sh > -n/2 
OT6opa 

o::;Q<2 0, 13 ± 0, 03 0, 10 ± 0, 03 0, 40 ± 0, 04 

(-0, 02) (-0, 03) (0, 17) 

2::;Q<4 0, 08 ± 0, 03 0, 15 ± 0, 03 0,39 ± 0,04 

(-0, 02) (-0, 01) (0,13) 

4::;Q<7 -0,02 ± 0,02 0, 03 ± 0, 02 0, 27 ± 0, 03 

(-0, 10) (-0, 03) (0, 21) 

7:::.;Q<9 -0,01 ± 0,02 -0,05 ± 0,02 0, 22 ± 0, 04 

(-0,11) (-0, 01) (0, 15) 

Q 2: 9 -0,07 ± 0,02 -0,02 ± 0,02 0, 19 ± 0, 04 

(-0, 12) (0, 03) (0, 12) 

28 Si II 32 S C T JDIWJibIMII 51.IlpaMII 3MYJihCIIII rrpII 3HeprII5IX .n:y6HeHCKOro 

CIIHXpocpa30TpOHa o6Hapy)KeHa a3IIMyTaJibHM aCHMMeTpII5I - 6oKOBOe Bhl

TIJieCKIIBaHIIe ("side-splash") s-'laCTIIU II cpparMeHTOB 51,n:pa-MIIIIIeHII. 

Ko3cpq:>IIUIIeHThl a3IIMyTaJibHOH aCIIMMeTpIIII peJI5ITIIBIICTCKIIX S-'laC

TIIU (/3{) II cpparMeHTOB 51.Ilpa-MIIIIIeHII (/Jf) BMeCTe co 3Ha'leHII5IMII yr

Jia <I> sh Me)K.IlY HanpaBJieHII5IMII rrpeIIMymecTBeHHoro IIcrrycKaHII5I s- II h
qacTIIU B 22 Ne + (Ag' Br) - CTOJIKHOBeHII5IX IlpII Po = 4, 1 A r3B / C rrpII

Be,n:eHhl B Ta6JI. 1 B 3aBIICIIMOCTII OT CTerreHII ueHTpaJihHOCTII coy.n:apeHII5I 

(Q). 
3TOT 3cpcpeKT corrpoBO)K.IJ:aeTC5I 3MIICCIIeM peJI5ITIIBIICTCKIIX s-qaCTIIU 

II cpparMeHTOB 51,n:pa-MIIIIIeHII B rrpOTIIBOIIOJIO)KHbIX HarrpaBJieHII5IX B a3II

MyTaJibHOM IIJIOCKOCTII. TeH,n:eHUII5I K rrpOTIIBOIICIIYCKaHIIIO 3TIIX qaCTIIU 

ycIIJIIIBaeTC5I C yBeJIII'leHIIeM ueHTpaJihHOCTII coy.n:apeHII5I. 

Ha6n10.uaeMhIH 3cpcpeKT npe.n;ITO'ITIITeJibHOro HanpaBJieHII5I IIOTOKa qac

TIIU Bbipa)KeH CIIJihHee ecJIII OT06paTb KJiacc co6bITIIM C aCIIMMeTpII'IHOH 

3MIICCIIeM qaCTIIU 0.IlHOro TIIIla (Harrp. S-'laCTIIU) II CMOTpeTb Me)K,n:yrpyrr

IIOBhie KOppeJI5IUIIII cpparMeHTOB 51.Upa-rrapTHepa. 

Mo.ueJihHhie pac•reThI no KacKa,n:Ho-IIcnapIITeJihHOtt MO.IleJIII (Kl/IM)[14] 

He OIIIICbIBaIOT IIOBe.ueHIIe II3Y'IaeMbIX yrJIOBbIX xapaKTepIICTIIK s- II h

'laCTHll OT N1, (IIJIII Q) B HenepIIcpepII'IeCKIIX coy.uapeHII5IX 51.uep 22 Ne c 

IO 

51,n:paMII (Ag, Br) B q:>OT03MYJihCIIII. 

Y BeJIII'lem1e a TOMHOro Beca HaJieTa10mero 51.Ilpa He BJIII5IeT Ha rroBe,n:e
HIIe 3TIIX 3aBIICIIMOCTei1: OT Q. 

IloKa3aHo, 'ITO c yMeHhIIIeHIIeM rrapaMeTpa y.n:apa ycIImrnaeTC5I yrno

Ba5I 3aBIICIIMOCTh KoppeJI5IUIIM. Ha6n10.n:aeMhIM 3cpcpeKT He ITO.IlTBep)K,n:a

eTc5I MO.IleJibHhIM pacqeToM no Kl/IM II yKa3hrnaeT Ha B03MO)KHOe rrpo5IB

neHIIe KOJIJieKTIIBHOro (rn.n:po.uuHaMII'leCKOrO) IIOTOKa 51,UepHOM MaTepIIII. 

BnepBbie 6bIJIII II3MepeHbl xapaKT~pIICTIIKII HenepIIcpepII'IeCKIIX B3aII

MO,UettCTBIIH 51,n:ep 
12 C II 24 lvl g C 51.IlpaMII CBIIHUa rrpII 4,5 A r3B / C II II3-

yqeHbl a3IIMyTaJibHhie KOppeJI5IUIIII Me)K,n:y pa3HhlMII TIIIlaMII BTOpII'IHhIX 

3ap5I)KeHHbIX 'laCTIIU (§2.4.). IlpII 3TOM Ha6JIIO.IlaeTC5I CIICTeMaTII'leCKOe 

(KaK .IlJI5I Mg+Pb, TaK II .IlJI5I C+Pb B3aIIMo,n:eii:cTBIIii:) OTJIII'IIIe OT HYJI5I 

K03q:>q:JIIUIIeHTa a3IIMyTaJibHOH KOJIJIIIHeapHOCTII ,UJI5I S-'!aCTIIU. TaK )Ke 

IIOKa3aHo, 'ITO pOCT MaCCbl 5I.Ilpa-cHap51,n:a B 51,n:epHblX CTOJIKHOBeHII5IX co 

CBIIHUOM IlpII Po = 4, 5 A r3B/c npIIBO.IlIIT K YCIIJieHIIIO 3cpcpeKTOB 60KO

BOro Bh16poca s- II h-qacTIIU II IIX npOTIIBOIICnycKaHII5I B a3IIMyTaJibHOM 
IIJIOCKOCTII . 

B §2.5. rrpIIBe,n:eHbI pe3yJihTaTbl aHaJIII3a 3aBIICIIMOCTII rrapHbIX a3IIMy

TaJibHhIX yrnoB .IlJI5I s-qacTIIU B 22 Ne II 28 Si + Em coy,n:apeHII5IX c Po = 
4,1 II 4,5 Ar3B/c OT IIX IIOJI5IpHoro yrna. 

B §2.6 nepe'IIICJieHhI OCHOBHhie pe3yJihTaThI rnaBhI II. 

B Tp€The:ii r JiaBe OIIIICaHbI IICCJie,n:oBaHII5I 60KOBhIX nOTOKOB 51,Uepno

ro BeTTTeCTBa B CTOJIKHOBeHII5IX 12C 160 22 Ne 28 Si 32 S 84 Kr II 197 Au c 
.LL.I, . ' ' ' ' ' 

T5I)KeJihIMII 51.IlpaMII q:>OT03MYJihCIIII (Ag, Br) nprr P0 = (1 - 15) A r3B/c 

C IICIIOJih30BaHIIeM Tpex pa3HhIX nO.IlXO.IlOB. 

§3.1. IIOCB5III.l;eH IIOIICKaM KOJIJieKTilBHOro IIOTOKa 'laCTIIU MeTO.IlOM pe-
3YJihT:npy10rn;IIX BeKTOpOB [15]. 

1IJI5I cpparMeHTOB 5I.Ilpa-cHap5I,n:a Il 51.Ilpa-MHIIIeHII 6bIJIIl BhI'IIICJieHbI 

cyMMapHhie BeKTOphI Vp II Vr, nocTpoeHHhie :n3 e.n:rrnII'!HhIX BeKTopoB 

B narrpaBJieHIIII BhIJieTa cpparMeHTOB CTaJIKIIBaIOrn:IIXC5I 51,n:ep. 

IlOJI5IpHI~ie yrJihI e p .IlJI5I Vp rrpe.n;cTaBJieHbI B Ta6JI. 2 .IlJ15I 84 Kr, 22 Ne, 
28

Si II 
197 

Au B3aIIMo,n:eii:cTBIIM c 51.IlpaMII (Ag, Br) rrpII Po = (l - 15) A 

r3B/c. B CKo6Kax rrpIIBe,n:eHhI pe3yJihTaThI pac'leTa no Kl/IM [14]. 
BhIJIII rronyqeHbI nenyneBbie yrJibI IIOTOKa cpparMeHTOB 5I.Ilep-CHap5I.IlOB, 

Korophre ne om1chrna10Tc51 KaK pacqeTaMu no Kl/IM, TaK II rrpII IIcnonh-

30BaHIIII "cMernaHHHhIX" C06bITIIM. Ilpn 3TOM yrJibI IIOTOKa cpparMeHTOB 

nepBII'IHhIX 51,Uep yBeJIII'IIIBaIOTC5I C POCTOM ueHTpaJibHOCTil CTOJIKHOBe-
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Ta6n. 2: Yron rroTOKa 0p cpparMeHTOB ll.npa-cnapima B coy.napemrnx 84 Kr, 22 Ne, 28Si 11 
197 Au c ll.npaM11 (Ag, Br) rrpn P0 OT 1, 55 .no 14, 6 A r3B/c. 

Po 51.npo-CHa PH.D. 8p Kpinepnn 
[A r3B/c] B rpa.nycax oT6opa 

1.55 04Kr 1.4 ± 0.1 Ng= 1- 6 
2.0 ± 0.1 Ng 2'. 7 

4.1 '"Ne 0.54 ± 0.03 (0.41) Nh = 7-13 
0.80 ± 0.08 (0.41) Nh = 14 - 27 
1.26 ± 0.40 (0.40) Nh 2'. 28 

4.5 '"Si 0.51 ± 0.04 (0.33) Nh = 7-13 
0.61 ± 0.04 (0.42) Nh = 14- 27 
0.82 ± 0.15 (0.42) Nh > 28 

11.6 "'Au 0.26 ± 0.02 (0.23*) Ns < 100 
0.32 ± 0.02 (0.23*) Ns = 100- 200 
0.47 ± 0.06 (0.30*) Ns > 200 

14.6 "
8Si 0.15 ± 0.02 (0.14) Nh = 8-13 

0.15 ± 0.01 (0.15) Nh = 14-19 
0.23 ± 0.05 (0.17) Nh 2'. 28 

• pac'!eThI no ME 

HH51 n 3Heprnn 51,n:pa-CHap51,n:a B o6rraCTH Po = (l - 15) A raB/c. 3ape

rHCTpnpoBaHa 3MHCCH5I cpparMeHTOB CTaJIKHBaIOIIIHXC51 51,n:ep B npOTHBO

nOJIO)KHbie CTOpOHbI B a3nMyTaJihHOII nJIOCKOCTH. 8TH TeH,n:emrnn He OnII

CbIBaIOTC51 HII MO,n:eJIIIpOBaHIIeM, IICnOJib3JeMbIM "CMeIIIaHHbie" co6bITH5I, 

HII pac'1eTaMII no KaCKa,n:Ho-ncnapIITeJibHOII MO,n:eJIII n HaxO.U5ITC5I B Ka

qeCTBeHHOM corrracnn C npe.n:cKa3aHII5IMII rII,n:po,n:nHaMH'1eCKIIX pac'1eTOB 

,n:JI51 .n:pyrIIx 51,n:ep II 3HeprIIII. 

HeHyJieBhie yrJihI nOTOKa'"l'.JaCTIIII yKa3hIBaIOT Ha TO, '1TO B 3TIIX co6bl

TII5IX nJIOCKOCTh peaKIIIIII onpe,n:eJI5IeTC5I HanpaBJieHII5IMII .UBH2KeHH51 51,n:pa

CHap51,n:a II nOTOKa cneKTaTopHbIX cpparMeHTOB 51,n:pa-cHap51,n:a. 

Onpe,n:eJieHIIe nJIOCKOCTII peaKIIIIH B HenepIIcpepII'1eCKIIX 51.llp0-51.UepHbIX 

CTOJIKHOBeHH5IX peaJIH30BaHo B crreny10meM §3.2. 
8MIICCH5I cpparMeHT0B CTaJIKIIBaIOIIIIIXC5I 51,n:ep 3,n:ech 06cy2K.n:aeTC5I B 

OTHOIIIeHIIII K nJIOCKOCTH peaKIIIIII, nocTpOeHHOII no "peuenTy"' npenrro

)KeHHOMy JlaHIIeJieBH'1 n O,n:IIHHeII B [16]. 
IlJIOCKOCTb peaKIIIIII onpe,n:eJI5IeTC5I HanpaBJieHneM .UBII2KeHII51 HaJieTaIO

mero 51,n:pa II BeKTopa R, KOTOphrII BhI'1IICJI5IJIC51 .UJI51 Ka2K,n:oro cpparMeHTa 

51,n:pa-cHap51,n:a (i) B OT,n:eJihHOCTH no cpopMyJie 

12 

Taorr. 3: Cpe.nnne 111a•H'Hnll < Pn > cpparMCHTOB ll.D;pa-c11apll.na n cpan11e11nn c pacqeTOM 

[]() C:MCWaHHbIM COOb!Tlll!M (A1 E) II 311a•ICHl!ll rrapaMeTpa A, IlOJiy<IeHHOrO rrpn cpnTIIJJOBa

HIIII C(',j,)-pacrrpe.nerremrn cpyHK~ueii: (6) n l!.D;epnhrx B3auMo.neii:cTBl!l!X 84 Kr, 22Ne. 160. 
28 Si, 32 s II 197 Au IlJHI Po OT 1, 55 .no 14, 6 A r3B/c B 3MJJibCHII. 

Po 5Inpo- (PR)EXP (PR)ME ). 

[A raB/c] CHap51.ll [A MaB/c] [A MaB/c] 

1,55 
4,1 
4,5 
4,5 
4,5 
11,6 
14,6 

84J(r 23, 6 ± 2',3 0,6 0, 71 ± 0, 06 
22Ne 16, 1 ± 2, 6 0,8 0, 53 ± 0, 06 

lGQ 12,8±2,8 -0, 7 0, 62 ± 0.09 
2ssi 6, 1 ± 2, 3 0,1 0, 39 ± 0, 10 
32s 18,4 ± 2, 1 1,3 0, 54 ± 0, 07 

197Au 32, 0 ± 1, 8 -0,2 0,62 ± 0,03 
2ssi 7, 2 ± 2, 5 0,5 0,43 ± 0, 10 

_,, Npp _,, 

R; = 1: WjAjPt,j,i = 1,2, ... ,NpF,j -::Ji. 
j=l 

(4) 

T .e. R; cocTaBJI5IJIC5I II3 nonepe'IHhix IIMnJJihCOB ( A,j) Bcex cppan1eH

TOB 51,n:pa-cHap51,n:a B ,n:aHHOM C06hITHII 3a IICKJII0'1eHIIeM i-Toro cppan1eH

Ta. TaKIIM o6pa30M, IICKJIIO'!aJIIICb B03MO)KHbie aBTOK0ppeJI5IIIIIH BhITe

KaIOmIIe II3 npoeKIJIIII nonepeqHoro IIMnyrrhca (.Pt) i-Toro cpparMeHTa Ha 

caMoro ce651. 

Ko3q>q>IIIIIIeHT Wj BBO.UIITC5I C IIeJibIO IICKJIIO'!eHII51 cppanrnHTOB C 60Jib

IIIIIM nonepe'!HhIM IIMnJJibCOM. B HaIIIeM crryqae 3Haqemrn Wj paBHbl eLJ:JI

HIIIIe, nOCKOJibKY B onpenerreHIIH nJIOCKOCTII peaKIIIIII npHHHl\IaIOT yqac

THe TOJibKO JieT5IIIIIIe nnepen cpparMeHTbJ-cneKTaTOpbl 51,n:pa-cHap5Ina. 

Berrn'1IIHa Ai ecTh Macconoe '!IICJIO cpparMeHTa j. IlocKOJihKY n Harnel\1 

3KCnepIIMeHTe H3MepeHHhl TOJibKO 3ap51.llhl cpparMeHTOB Zj, Mhl npenno

rraraJIII, '1TO Aj = 2Zj. 
CpenHIIe 3Ha'1eHirn npoeKIIHII nonepe'-IHhIX nMnyrrhcon cpparMeHTOB Ha

rreTa10mero 51.Upa B nJIOCK0CTII peaKIIIIII np1rneneHhl B Ta6JI. 3. mm B'.m

IIMO.UeIICTBIIII 84 Kr, 22Ne, 160, 28Si, 32S II 197Au B q>OT03MJJibCIIII npu 

Po ,::::; (1 - 15) A raB/c. OHII paBHbl ttymo, eCJIII IIMCCT MCCTO CJiy<raii

HOe pacnpenerreHIIe Pr 113yqaeMhIX •racTIIIJ no a3nMyTaJihHOl\IJ yrny, u 

He paBHhl HJJIIO, ecJIII cymeCTByeT OTKJIOHCHIIC n0TOI,a 3HCprmr OT Hy-
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JieBoro HanpaBJieHIUI. 8To, T.H., OTCKOK cpparMeHTOB HaJieTaIOmero 51,Upa 

(" bounce-off effect"). 

Hanrn ,n:aHHhie nOKa3bIBaIOT, 'ITO 3aperIICTpIIpOBaH 3<p<peKT OTCKOKa 

cpparMeHTOB 51,Upa-cHap5I,Ua B npoeKIIlilI Ha nJIOCKOCTb peaKIIIIII. Beml'!II

Ha 3<p<peKTa npII 3TOM npaKTII'!eCKII He 3aBIIClIT OT MaCCbl 51,Upa-CHap5I,Ua 

B o6JiaCTII nepBII'IHhIX IIMnyJihCOB Po:::::; (1 - 15) A r3B/c. 

Eonee ClIJibHOe np05IBJieHIIe 3<p<peKTa OTCKOKa cpparMeHTOB 5I,Upa-cHa

p5I.Ua BII.UHO B co6bITlI5IX c MeHbllllIM napaMeTpOM y.uapa. 

Ebma OIIeHeHa TO'IHOCTb B onpe.ueneHIIII nJIOCKOCTII peaKIIIIII, KOTOpM 

paBHa npIIMepHO 25° npII .uy6HeHCKOH 3HeprIIII. 

3aperIICTpIIpOBaHa 3MlICClI5I cpparMeHTOB HaJieTaIOllllIX 51,Uep B HanpaB

JieHIIlI BeKTOpa nJIOCKOCTII peaKIIIIII II cpparMeHTOB 51,Uep-MIIIlleHeii B rrpo

TlIBOIIOJIO:lKHhIX HanpaBJieHII5IX. 

8¢cpeKT npOTIIBOIICnycKaHII5I cpparMeHTOB CTaJIKIIBaIOllllIXC51 51,Uep B 

a3IIMyTaJibHOH nJIOCKOCTlI coy.uapeHII51 ycIImrnaeTC5I npII nepexo.ue OT KBa-

3II-nepII<pepII'IeCKlIX K 6onee 11eHTpaJihHbIM 51.UepHbIM B3aIIMO,UeHCTBlI5IM 

c (Ag, Br). 

B yrJIOBhlX pacnpe.ueneHII5IX no yrny 0 Me,n:JieHHbIX cpparMeHTOB 51,Upa

MIIIlleHII B 
22 Ne + (Ag,Br)- B3aIIMO,n:eiiCTBlI5IX npII Po= 4, 1 A r3B/c 

IIMeeT MeCTO MaKCIIMYM, COOTBeTCTBYIOllllIH MX "6oKOBOMy" Bb16pocy. 

OTMe'!eHHhlll 3cp<peKT corrpOBO:lK,UaeTC5I yBeJIII'leHIIeM OCTaTO'IHOro npo-

6era Me,UJieHHhIX cpparMeHTOB 51,Upa-MIIIlleHII (T.e. lIX 3HeprIIII), ucnymeH

HbIX B HanpaBJieHIIlI 60KOBOrO Bb16poca. 

B §3.3 paccMaTpIIBaIOTC5I a3IIMyTaJibHbie K0ppeJI5IIIlIOHHhie <pyHKIIIIII 

LJ:JI5I cneKTaT0pHbIX cpparMeHTOB HaJieTaIOllllIX 51,Uep B HenepII<pepII'IeCKIIX 

51,n:epHbIX B3aIIMO,UeHCTBlI5IX B <pOT03MYJihCIIII npII Po = ( 1-200) A r3B / C. 

MeTO,UOJIOrlI51 aHaJIII3a OnIICaHa B §3.3.1. 
A3IIMJTaJibHa5I K0ppeJI5IIIIIOHHa5I cpyHKIIII5I onpe.uen5IeTC51 CJie.UyIOIIIIIM 

o6pa30M [17]: 
C( 1P) = Pcarr( 1P )/ Puncarr( 1P ), (5) 

r.ue P corr( 1/;) - pacrrpe.ueneHIIe rrapHoro a3IIMyTaJihHoro yrna 1/; KOppe

nupoBaHHhIX nap '!aCTIIII II3 O.UHOro co6hITII5I II Puncarr ( 1/;) - pacnpe.uene

HIIe HeKoppenIIpOBaHHbIX nap '!aCTIIII IIOJiy'leHHhIX lI3 CMelllaHHblX co6hI

TIIH (ME - "mixed events')). 

Pacrrpe.ueneHne Bepo5ITHOCTII P( 1/;) .UJI5I yrna 1/; Me:lK.UY rronepe'IHhIMII 

IIMIIYJibCa~rn .UBYX KOppennpOBaHHblX. 'laCTIIII .uaeTC51 <pOpMynoii 
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! 

P( 1/;) = A2(1 + 0, 5,\2 
cos 1,b), (6) 

r .ue A - IIOCT05IHHblll HOpMIIpOBO'IHbIH cpaKTOp II ,\ 5IBJI5IeTC5I Mepoii a3u

MyTaJibHOH aCIIMMCTplIII Ha6nIO,n:aeMOH B 3KCIIepIIMCHTaJibHblX .uaHHblX. 

l.JeM BCJIII'IIIHa ,\ 60Jihllle, TCM KOJIJICKTIIBHblll n0TOK qacTIIII ClIJihHee. 

? 
'-----"2.25 
u 

1.75 

A <P.> < 0 
• 0 ~ <P.> < 60 
■ <P.> ~ 60 

,:::'.]ft:?~ ··tii;}_!~t 
0.75 i,...,.·::··: ···•· .. : ' ,.-,+ ; .. ..... . · : : : . T 

0.51-

Kr+ (Ag, Br) 
025 I- 1 ,55 AGeV / c 

OO 20 -,.o 60 80 100 120 140 160 1BD 

1/t. deg 

Pttc. 1: 3aBttCllMOCTll C('lj;) OT 'lj; J:IJHI cpparMeHTOB ll.Llpa-cHarrn,L\a B 84 Kr + (Ag,Br) -
coy.L1apeHlll!X B 3MYJibCllll B pa3Hb!X rpyrmax C06bITllH no < PR >, r,L\e PR - npoeKIJ;llll 

rrorrepe'rnoro llMIIYJibCa cpparMeHTa B nJIOCKOCTll peaKIJ;llll, KpllBbie - cpllTllpOBaHtte C('lj;) 
no (6). 

HeKoppenupoBaHHbie napbl qaCTIIII no.uo6paHbI cnyqa:iiHbIM o6pa30M 

II3 pa3HbIX co6bITIIH C O.UIIHaKOBOH MH0:lKCCTBeHHOCTbIO. 

EcnII BCJIII'IIIHa C ( 1/;) > 1 .UJI5I MaJihIX yr JIOB 1/; II C ( 1/;) < 1 .um1 6onh

IllIIX 1P, TO 3TO 5IBJI5ICTC5I rrp05IBJICIIIIeM K0JIJieKTlIBH_oro IIOT0Ka. 

B cnyqa~ 0TCYTCTBII5I KOJIJICKTIIBHOro noTOKa pacnpe.uerreHIIe C(1/;) 
,U0JI)l(HO 6bITb paBHOMepHbIM. BeJIII'IIIHa Ha6JIIO,UaCMOrO II0TOKa 0IIpe,n:e

JI5ICTC5I rrapaMeTpOM >., nony'leHHbIM B pe3yJihTaTe <plITIIpOBaHII51 3KC

nepnMeHTaJihHbIX ,n:aHHbIX <pyHKIIIIeii ( 6). B cnyqae 0TCYTCTBII51 KOJIJICK

TIIBHOro IIOTOKa BCJIIFIHHa >. = 0. 
I3 §3.3.2-§3.3.4 o6cy:,K,n:aIOTC51 pe3yJihTaThI aHaJiu3a 3aBIICIIMOCTeii a3II

MyTaJihHhIX KOppeJI5IIIIIOHHbIX <pyHKIIIIM C ( 'lp) OT 'lp L{JI5l cpparMeHTOB 51,Uep-
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cHap5I,n:OB n3 84Kr-, 32S- II 197Au - coy.n:apemn'i: B 3MJJihCIIII c 51,n:paMn 

(Ag, Br) rrpII Po= 1,55, 4,5 II 11,6 A I'3B/c cooTBeTCTBeHHO. 

3Ha'!eHll5I rrapaMeTpOB). rrpnBe,n:eHbl B Ta6mu1e 3 .[(J15I pa3HhIX KOM6II

HaIIIIH 51,n:ep-cHap51,n:oB n nx 3Heprnii:. B cnyqae B3aIIMo,n:eii:cTBIIH nerKIIX 

HaJieTaIOIIIIIX 51,n:ep rrpII P0 = (4, 1 - 4, 5) A I'3B/c o.n:Ho3ap5I.D:Hhie crreK

TaTopHhie cpparMeHThl 51,n:pa-cHap51,n:a 6hIJIII BKJIIO'IeHhl B aHamI3. 

BII,n:Ho, 'ITO BO Bcex cnyqa51x 3Ha'Iemrn rrapaMeTpa >., rronyqeHHhie rrpII 

<pIITIIpoBaHIIII 3aBIICIIMOCTeH C ( 1P) OT 1P, IIOJIO)KIITeJihHhl II He 3aBIIC5IT 

OT 3HeprIIII II MaCChI 51,n:pa-CHap.H,n:a. TaKIIM o6pa30M, 3aperIICTpIIpOBaH 

CIIrHaJI 3<p<peKTa OTCKOKa cpparMeHTOB .H,n:pa-cHap.H,n:a II 6e3 KOHCTPYKIIIIII 

IIJIOCK0CTII peaKIIIIII. 

Ha pIIC. 1 rrpoBe,[(eHO cpaBHeHIIe 3TIIX pe3yJihTaTOB C MeTO.[(0M aHaJIII3a 

rrorrepe'IHhIX IIMIIJJihC0B qaCTIIII B IIJI0CKOCTII peaKIIIIII (§3). 
IIonyqeHO COBrra,n:eHIIe pe3JJihTaTOB 3TIIX .[(BJX pa3HhIX IIO.[(XO.[(0B o6-

pa60TKll 3KCrrepIIMeHTaJibHhIX .n:aHHhIX. 

DhIJIO TaK)Ke IIOKa3aHO, 'ITO 3<p<peKT KOJIJieKTIIBHOro IIOTOKa cppar

MeHTOB HaJieTa10mero .H,n:pa JCllJIIIBaeTC.H rrpII yMeHbIIIeHIIII rrpIIIIeJibHOro 

rrapaMeTpa. 

OcHOBHhie BhIBO.[(hI, IIOJIJ'IeHHhie rrpII II3J'IeHIIII KOJIJieKTIIBHhIX 3<p<peK

TOB MeTO.[(OM a3nMyTaJibHhIX KOppeJI.HIIIIOHHhIX <pyHKIIIIH rrpIIBe,n:eHhl B 

§3.3.5. 

B "<IeTBepTOM rJiaBe OIIIICaHbl 3KCrrepIIMeHTaJibHhie pe3JJlhTaTbl no 

IICCJie.[(OBaHllIO KOJIJieKTllBHhIX 3<p<peKTOB MeTO.[(OM <t>yphe pa3JIO)KeHII.H a3II

MyTaJibHbIX yrJIOBhIX crreKTPOB B OTHOIIIeHllII IIJIOCKOCTII peaKIIIIll. 

B §4.1 rrpIIBe,n:eHhI OCHOBHhie CBe,n:eHII.H o MeTo,n:e aHaJIII3a. B Ka)K.[(OM 

OT.[(eJibHOM co6hITIIII KOHCTpyIIpyeTC.H IIJIOCKOCTh peaKIIIIll II Bhl'IIICJI5IIOT

C5I a3ttMyTaJibHhie yrJihl ({J II3yqaeMhIX qaCTIIII, Y'IIIThIBa.H BeKTOp IIJIOC

KOCTII peaKIIIIII. 

A3IIMyTaJibHOe pacrrpe,n:eJieHIIe yrJI0B ({) 3aTeM <pIITIIpyeTC.H cne.n:y10-

meii: cpyHKIIIIeii: 

dN 
F( 'P) = - = c[l + 2½ cos 'P + 2½ cos 2({)]. 

d({J 
(7) 

l.JneH cos( 'P) 'IJBCTBllTeJieH K BhIXO,n:y qaCTllII BHJTPII IIJIOCKOCTII pe

aKIIIIII. IIapaMeTep Vi, TaK Ha3hIBaeMhIH "directed flow", xapaKTepII3yeT 

HarrpaBJieHHhIH IIOTOK B OTHOIIIeHIIII BeKTOpa IIJIOCKOCTII peaKIIIIII. 

C .n:pyroii: CTOp0Hhl 'IJieH cos 2({) 'IJBCTBIITeJieH K 3MIICCIIII 'IaCTIIII B 
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TafJJI. 4: TiapaMCTJ)bl \/1 lI Vi IIOiIJ'IeHHbIC IIIJlI qmnfJ)OBaHlilI a3lIMyTaJibHb!X yrJIOBb!X 

CIICKTIJO!l cpparMeHTO!l-CIICKTaTOJ)Oll CTaJIKllllaIOI.UlIXCll ll.Uep cpyHKUlieii (7) B ll.UCpHblX B3a

lIMO.UeilcTIJlillX 
84 Kr. 32 s lI 

197 Au Il 3MYJibClilI 1IplI Po OT 1, 55 .uo 11, 6 A r:iB / c. 

Tnn B3anMo.ueiicTBIIH Vi Vi x"/NDF 
8-IKr+(Ag,Br}, 1,55 A 13B/c 

<f>pan1eHTbl-CI1eKTaTOpbl 
x.upa-cHapx.ua 0, 227 ± 0, 022 -0, 006 ± 0, 023 1,01 
x.upa-M1I1IIem1 -0, 213.± 0, 018 0, 016 ± 0, 018 1,82 

32S+(Ag,Br}, 4,5 A 13B/c 
<f>parMeHTbl-CIIeKTaTOpb! 

x.upa-cnapx.ux 0, 165 ± 0, 019 0, 024 ± 0, 019 1,24 
ll.upa-Mnlllenn -0, 062 ± 0, 016 -0,017 ± 0,016 0,82 

T!lT Au+(Ag,Br), 11,6 A 138/c 
<f>parMeHTbl-CIIeKTaTOpbl 

l!Jlpa-cna1rn.ua 0, 222 ± 0, 013 0, 027 ± 0, 013 1,38 
l!Jlpa-M1IllleH1I -0, 082 ± 0, 013 0, 006 ± 0, 013 0,76 

HarrpaBJieHIIII, rreprreH.[(IIKYJI5IpHOM K BeKTopy IIJIOCKOCTII peaKIIIIII. CooT

BeTCTBJIOIIIIIH rrapaMeTep ½, TaK Ha3hIBaeMbllI "elliptic flow", 5IBJI5IeTC.H 

Mepoii: IIOTOKa 'IaCTIIII B YIIOM5IHYThIX HarrpaBJieHII.HX. 

B §4.2 rrpIIBe.[(eHhl pe3yJihTaTbl IICCJie.[(OBaHII5I a3IIMyTaJibHhIX yrJIOBhIX 

pacrrpe.n:eneHIIH cpparMeHTOB-CIIeKTaTOpOB HaJieTaIOIIIIIX .H,n:ep B o6JiaCTII 

Po~ (1 - 11) A I'3B/c. 

IlJIOCKOCTh peaKIIIIII rrpn 3TOM CKOHCTpynpoBaHa II3 cpparMeHTOB 51.[(pa

CHap.H,n:a MeTO.[(OM, orrncaHHhIM B §3.3. 
CyMMapHhie ,n:aHHhie o rrapaMeTpax Vi II ½, rronyqeHHhie rryTeM cpn

TIIpoBaHII5I 3KCrrepnMeHTaJibHhIX yr JIOBhIX crreKTpOB cpparMeHTOB-crrer-.:

Ta TOpOB CTaJIKIIBaIOIIIIIXC.H .H,n:ep cpyHKIIIIeH (7) ,n:aHhl B Ta6JI. 4 .[(Jl.H Tpex 

pa3HhIX 3Ha'!eHIIH Po. 
XopOIIIO BII.[(HO rrpO.HBJieHIIe KOJIJieKTIIBHOrO 3cp<peKTa HarrpaBJieHH0ro 

IIOTOKa Cil8KTaTOpHOH .H,n:epHOH MaTepIIII - 3MIICCIIIO cpparMeHTOB 51,n:pa

CHap.H,n:a (c Z ~ 2) B HanpaBJieHIIII BeKTOpa IIJIOCKOCTH peaKIIIIH (Vi > 0) 
II caMbIX lVie,n:JieHHhIX cpparMeHTOB 5I,n:pa-MIIIII8HII (b-'IaCTUII) B rrpOTIIB0-

IlOJIO)KHOM HarrpaBJieHIIll ( Vi < 0). 
Pe3yJihTaTbl IlOIICKa 3JIJIIIIlTII'IeCKIIX IlOTOK0B qacTIIII-y'IaCTHIIKOB co

y.n:apemrn npIIBe,n:eHhI B §4.3. 
ll3yqeHa 3MIICCII5I BTOpII'IHhIX 3ap.H)KeHHhIX qaCTIIII - Y'IaCTHlIKOB coy

.n:apeHII5I B Heyrrpyrux B3aIIMO.[(eHCTBII5IX .H,n:ep 
160, 22Ne, 32S, 84 Kr, 197Au 

n 208 Pb c (Ag, Br) rrpII .Ri OT 1 .n:o 200 A I'3B/c e,n:IIHhIM <pOT031\IYJihCII-
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OHHbIM MeTO.D:OM II rrpoBe,n:eH CIICTeMaTH"'leCKIIH <Pypbe aHaJIII3 IIX a3IIMy

TaJihHblX yrJIOBbIX crreKTpOB. 

Bo B3auMo.n:eii:cTBII5IX 84 Kr c 51,n:paMii: (Ag, Br) rrpn 1,55 A r3B/c 3ape

rIICTpIIpoBaH 3<p<peKT BbI.D:aBJIIIBaHII5I ("squeeze-out") peJI5ITIIBIICTCKIIX 

s-qaCTIIU C KBa3II6hICTpOTaMII OKOJIO ueHTpaJihHOH T/CM, r.n:e T/cM· - KBa-

3II6hICTpOTa CM cncTeMbI B na6opaTopHoii: CIICTeMe. 8To - T.H. oTpII

uaTeJihHhIH 3JIJIIIITTIIqecKIIH IlOTOK yqaCTHIIKOB BHe IlJIOCKOCTII peaKUIIII 

("out-of-plane elliptic flow"). 

-G 25 

-0 

i'22.5 

-0 

20 

17.5 

15 

12.5 

2.5 

00 so 

Kr+(Ag, Br) 

1,55 AGeV/c 

-0,6<7),.,<0.6 

100 150 200 250 300 350 

¢, deg 

Pnc. 2: Pacnpe.neJieHne a3ttMyTaJihHb!X yrJIOB s-qaCTllU C -0, 6 < 7/rel < 0, 6 OTHOCllTeJib

HO nJIOCKOCTll peaKUllll B 84 Kr + (Ag' Br) - CTOJIKHOBeHll5IX npll Po = 1, 55 A r::iB / c, 

rllCTOrpaMMa - 3KCnepnMeHT, KpllBM - qmTllpOBaHlle no (7). 

CooTBeTCTBy10r.uee a3nMyTaJihHoe yrnoBoe pacnpe,n:eJieHIIe s-qacTIIU c 

yqeTOM BeKT0pa ITJI0CKOCTII peaKUIIII npnBe,n:eHO Ha pnc. 2 . .D:JI5I 
84 Kr + 

(Ag, Br) - B3aIIMO,n:eii:CTBIIH npII 1,55 A r3B/c. 

Xoporno BII.D:H0 ,n:Byxrop6y10 CTPYKTYPY, yKa3hrna10r.uy10 Ha npeIIMy

r.uecTBeHHYIO 3MIICCIIIO peJI5ITIIBIICTCKIIX qaCTIIU nepneH,n:IIKYJI5IpH0 K ITJI0C

KOCTII peaKUIIII. 

OTHOCIITeJibHa5I KBa3II6bICTpoTa rJrel npn 3TOM orrpe,n:eJieHa COOTHOIIIe

HIIeM T/r,! = (TJ-TJCM) /TJCM' r.n:e T/ - KBa3II6bICTpOTa II3MepeHHOH qacTIIUbl 

B na6op,1T•)pHOH CIICTeMe. 
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Pnc. 3: Pacnpe.neJieHll5I a3ttMyTaJibHb!X yrJIOB s-qacTllU (c 7/ OKOJIO 7/cM) OTHOCHTeJibHO 

nnocKOCTll peaKunn B 32 S + (Ag, Br) - CTOJIKHOBeHni:rx np:ir P0 = 4, 5 A r::iB/c (a) n 
208 Pb+ (Ag, Br) - cTOJIKHOBeHni:rx npn P0 = 158 A r::iB/c, rncTorpaMMa - 3KCnep:irMeHT, 

KpHBai:r - qmTllpOBaH:ire no (7). 

B 51,n:epHblX CT0JIKH0BeHII5IX B <pOT03MYJibCIIII npu 3HeprII5IX ,Uy6Hhl II 

BpyKxeii:BeHa ~ (4 - 11) A r3B/c ne 06Hapy21rnH curnan K0JIJieKTIIBHoro 

Il0Be,n:eHII5I B 3MIICCIIII peJI5ITIIBIICTCKIIX qaCTIIU - y-<IaCTHIIK0B coy.n:apeHII5I 

C KBa3II6bICTpOTaMII 0KOJIO T/CM(puc. 3a). 

B ynhTpa-peJI5ITIIBIICTCKIIX 208 Pb+ (Ag, Br) - B3auMo.n:eii:cTBII5IX npu 

158 A r3B/c rrony-qeno yKa3anue Ha 3MIICCIIIO 51,n:epHoii: MaTepuII - y-qacT

HIIK0B coy,n:apeHII5I (s-qaCTIIU C T/ ~ T/CM) BHJTPII ITJI0CK0CTII peaKUIIII B 

HarrpaBJICHIIII rreprreH,n:IIKJJI5IpH0M K BeKT0py ITJI0CK0CTII peaKuuu(pIIC. 3b). 

8To, T.H., rrono2KuTeJihHhIH 3JIJIIIITTIItieCKIIH rroT0K tiaCTIIU ("in-plane ellip

tic flow"). 

Ilonyqe1:1u JHIIKaJihHhie ,n:aHHhie (puc. 4) 06 3uepreTII'leCKOH 3aBIICII

MOCTII rrapaMeTpa ½ a3IIMJTaJihHbIX yrJIOBbIX cneKTp0B peJI5ITIIBIICTCKIIX 

qacTIIU - yqaCTHIIK0B CT0JIKH0BeHII5I C KBa3II6bICTpOTaMII OKOJI0 T/CM' II3-

MepeHHbIX e,n:IIHbIM <pOT03MYJibCII0HHhIM MeT0.D:0M .D:JI5I IIMilJJibC0B 5I,n:ep

CHap5I.D:0B OT 1 .n:o 160 A r3B/c. 8JIJIIIIlTII'leCKIIll Il0T0K 'laCTIIU - yqacT

HIIKOB coy,n:apemrn MeH5IeT CBOll 3HaK rrpu .n:y6HeHCKIIX 3HeprII5IX C "MIIHY

ca" .D:JI5I HII3IIIIIX 3HeprIIH Ha "IIJIIOC" .D:JI5I 60JihIIIIIX. 8To M02KeT CJIJ)KIITh 

yKa3aHIIeM Ha B03MO)KHbIH cpa30BbIH rrepexo.n: a,n:pOHHOH MaTepuu B COCT0-
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N O'l > Kr+(Ag, Br) (1.55 AGeV/c) 

008 
o S+(Ag, Br) (4.5 AGeV/c) 

11 
. Au+(Ag, Br) (11.6 AGeV/c) 

r Pb+(Ag, Br) (158AGeV/c) 
o.o, O O+(Ag, Br) (4.5 AGeV/c) 

o.o•r * Ne+(Ag, Br) (4.1 AGeV/c) 

••> . . i •+I 
. ¢ 

o[ . 
-002 ~ 

-oo• r ■ ■ Plastic Ball Au+Au 
■ + • E895 Au+Au 

-006 ,l E877 Au+Au 
. 9 T NA49 Pb+Pb I ■ D C+Ne 

-0.08 t,. C+Cu 
■ 0 EOS Ni+Cu 

-0.1 ,o' 10 

P0 , AGeV/c 

P.11:c. 4: 3aBHCHMOCTh rrapaMeTpa Vi OT .11:MIIYJibCa Po 51,n;pa-CHap51,n;a .II: cpaBHeH.11:e C .n;aH

HbIM.11: .n;pyr.11:x 3KCIIep.11:MeHTOB. 

5IHIIe KBapK-rJUOOHHOH rma3Mhl. 

B §4.4 IICCJie,n:yIOTC51 HarrpaBJieHHhie IIOTOKII <IaCTIIU - yqacTHIIKOB co

y,n:apemrn. BrrepBhre e,n:IIHhIM MeTo,n:oM B 51,n:epHhrx B3aIIMo.n:ei'l:cTBII5IX c 

(Ag, Br) rrpII Po ~ (1 - 11) A r3B/c 3aperIICTpIIpOBaH HanpaBJieHHhIH 

IIOTOK qacTIIU - yqaCTHIIKOB coy,n:apeHII5I, T.H., 60KOBOH Bhr6poc ("side

splash"). KoHKpeTHO, II3MepeHa 3MIICCII51 peJI5ITIIBIICTCKHX s-qacTIIU c 

KBa3II6hICTpOTaMII, 6JIII3KIIMII K crreKTaTOpHbIM <pparMeHTaM 51,n:pa-cHap51-

,n:a npeIIMYII.J;eCTBeHHO B HarrpaBJieHIIII BeKTOpa IIJIOCKOCTII peaKUIIII (" posi

tive directed flow"), II 6hICTphrx <pparMeHTOB 51,n:pa-MIIIIIeHII (g-qacTIIU) B 

rrpOTIIBOIIOJIO)KHOM HanpaBJieHIIII (" negative directed flow"). 

B §4.5 npIIBe,n:eHhl OCHOBHhie pe3yJihTaThI, rronyqeHhie npII <Pyphe aHa

JIII3e a3IIMyTaJibHhIX yrJIOBhIX crreKTpOB pa3HhlX TIIIIOB BTOpIIqHbIX qac

TIIU OTHOCIITeJibHO IIJIOCKOCTII peaKUIIII. 
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1 

B 3aKJUO<IeHlUl: C<pOpMyJinpoBaHHbl OCHOBHbie pe3yJihTaTbI H BblBO

.[(bl: 

1. 

2. 

BrrepBbie II3l\IepeHhI xapaKTepIICTIIKII HeyrrpyrIIx B3anMo.n:erkTBIIH 
8
·
1 I{ r H 

32 s C 51.[(paMH q)OT03MYJibCIIH rrpII IIMIIYJihCax 1,55 II 4,5 
A r3B / c, cooTBeTCTBeHHo. IloKa3aHo, qTo MHO)KeCTBeHHOCTu <ppar

MeHTOB 51.[(pa-cHap51.[(a, peJI5ITHBI~CTCKHX s-qacTIIU lI 6bICTpbIX <ppar

MeHTOB 51.[(pa-MIIIIIeHII CIIJihHO 3aBIIC5IT OT CTerreHII pacrn:errJieHII51 51.[(

pa-MIIIIIeHH II OT MaCCbl rrepm1qHoro 51.[(pa. IloBe.[(eHIIe Me.[(JieHHblX 

<pparMeHTOB 51.[(pa-MIIIIIeHII "KOHcepBaTHBHO". 

IIpoBe.[(eHO HCCJie.[(OBamie xapaKTepIICTIIK 51.[(pO-51.[(epHbIX B3aHMO.[(ef1-

CTBIIII rrpn peJI5ITIIBIICTCKIIX 3HeprII5IX B 3aBIICIIMOCTII OT MaCCbl H 

3Hepnrn 51.n:pa-cttap51.r:ia n OT rrpnueJihHoro rrapaMeTpa CTOJIKHOBe

HH51 C IICIIOJih3OBaHIIeM YHHKaJibHOro MaTepuana, IIOJiyqeHHOro rrpn 

yqacnrn aBTOpa .n:nccepTaunn C IIOMOill;hlO q)OT03l\lYJihCHOHHOrO .n:e

TeKTOpa. IlpII 3TOM 6bIJIII IICIIOJib3OBaHbl rryqrrn rrepBnqHbIX 51.[(ep: 

I H 12C 160 2
"
1Mg 28S i II 32S C HMIIYJibCOM 4 5 A r3B/c H 22 Ne C 

' ' ' ' ' 
IIMIIYJihCOM 4,1 A r3B/c Ha CIIHxpo<pa3oTpotte JIB3 OM5H1 (Ily6tta), 
84 I< r c IIMIIYJihCOM 1,55 A r3B / c Ha ycKopIITene SIS (IlapMIIITa.n:T), 
28Si II 

197 Au C IIMIIYJihCaMH 14,6 II 11,6 A r3B/c Ha AGS (BNL) 

n, HaKOHeu, 
208 Pb II 32S C IIMIIYJibCaMII 158 II 200 A r3B/c Ha SPS 

(UEPH). 

3. Ha OCHOBe aHaJIII3a MHO)KeCTBeHHOCTeH II yrJIOBbIX crreKTpOB BTOplI"-1-

HhIX 3ap5I)KeHHbIX qaCTIIU, o6pa30BaHHbIX B yKa3aHHbIX B IIYHKTe 2 
B3aHMO.[(eHCTBII5IX, 06ttapy2KeHbl cne.n:yrorn:IIe 3aKOHOMepHOCTII: 

- Pacrrpe.n:erreHH51 MHO)KeCTBeHHOCTeH 6hICTpbIX <ppan1eHTOB 51.[(pa

MIIIIIeHII B 51.[(pO-51.[(epHblX CTOJIKHOBeHII5IX rrpn .n:y6HeHCKHX 3Heprll-

5IX xopoIIIO OIIHCbIBaIOTC5I rrpOCTOH anaJIIITII'Iecrwii MO.[(eJibIO, r.n:e B 

KaqeCTBe HCXO.[(HOH HH<pOpMaUIIII IICIIOJib3yeTC51 pacrrpe.n:enem1e g

qacTIIU, BO3HHKaIOrn;IIX B peaKUH5IX BbI3BaHHbIX rrpOTOHaMn. 

- KoJIJIIIMaUII51 g-qaCTIIU Brrepe.n: BO3pacTaeT C Yl\IeHhIIIeHHCM 111\1-

IIYJihCa 51.n:pa-cnap51.n:a rrpn .n:aHHOM AJJ II c yBeJinqenneM Macchi 51.n:pa

cnap51.n:a rrpn .n:anHOM Pa. 
- B yrJIOBbIX crreKTpax Me.n:rreHHhIX <pparMeHTOB 51.n:pa-MIIIIIenn (b
qacTIIU) o6napy)KeHbl IIIIIpOKne MaKCIIMYMbI, 6orree OTqeTJIHBO rrpo-

5IBJ15IIOill;HeC51 B uettTparrhHhIX coy.n:apemrnx 51.n:ep-cHap51.n:oB c (Ag,Br). 
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4. IlpoBe,neHo cucTeMaTI1qecKoe 3KcnepuMeHTaJihH0e uccne,noBaHne Kop

pemnun1 no a3nMyTaJibHbIM yrnaM cpparMeHT0B CTaJIKIIBaIOW:UXC5I 

5r,nep II pmK,neHHhIX qaCTUU B nmpOKOM o6rraCTU Mace II 3Hepruii: 

5r,nep-cHap5I,U0B. Ilpu 3T0M o6HapyMeHbI a3uMyTaJibHa5I aCUMMeTplrn 

B 3MHCCUU Bcex TUn0B qacTUU II TeH,neHUirn K MX np0TUB0ncnycKa

HMIO B nonepe•rnoii: nJI0CK0CTII. 

5. B pe3yJihTaTe aHamI3a BHYTPM- u MeTu::,nyrpynn0BhIX KoppenJiunii: 

BT0puqHbIX 3ap5ITu::eHHhIX qaCTUU pa3HhIX C0pT0B ,ycTaH0BJieHo, qT0 

OHM yBeJiuquBaIOTC5I C p0CT0M qucrra HYKJI0H0B-yqacTHHK0B coy,nape

HM5I. Ilpu 3T0M ycuJinBaeTC5I II MX yrnoBa5I 3aBUCUM0CTb. 

6. BnepBbie U3MepeHbI Heynpyrue B3aUMO,neMCTBU5I JI,nep 
12C II 

24 Mg C 

JI.npaMU Pb npu Po=4,5 A r3B/c H n3yqeHbI a3HMyTaJibHbre K0ppe

JI5IUUU MeM.ny pa3HbIMU npo.nyKTaMH 3THX peaKUHM. IIonyqeHO HeHy

JieBoe 3HaqeHne K03cpqrnuueHTa a3HMyTaJihHOM K0JIJIUHeapH0CTH .[IJI5I 

s-qaCTHU. 

7. IlpoBe.neHO .neTaJibH0e uccne,noBaHHe noT0Ka cpparMeHT0B CTaJIKHBa

IOW:HXC5I JI.nep B HenepucpepnqeCKHX coy.napeHH5IX peJI5ITHBHCTCKHX 

JI.nep c ( Ag, Br) B 3MYJihcnn MeTo.noM pe3yirhTnpyIOw:nx BeKTopoB. 

IloKa3aHO, qT0 yrJihI n0T0Ka cpparMeHT0B 5!,npa-CHapJI.na HeHyrreBhre 

H yBeJiuqnBaIOTC5I C p0CT0M 3Heprnn nepBnqHoro 5!.[lpa H CTeneHH 

ueHTpaJihH0CTH CT0JIKH0BeHH5I B o6JiaCTH Po= (1 - 15) A r3B/c. 

8. BnepBbre 6bma ueneHanpaBJieHH0 n CHCTeMaTuqecKH CK0HCTpyupo

BaHa nJI0CK0CTh peaKUHH B Henepn<pepnqeCKHX B3aHMO.[leMCTBH5IX 
12C, 

160, 22 Ne, 28Si, 32S, 84K r u 
197 Au c .H.npaMn (Ag, Br) npn Po= (1-

15) A I'3B/c n npoBe.neH aHaJin3 nonepeqHhIX nMnynhC0B cpparMeH

T0B CTaJIKHBaIOI.IJ;HXC5I JI.nep B nJI0CK0CTH peaKUHH. Ilpn 3T0M 3ape

rncTpnpoBaHhI 0TCK0K cpparMeHT0B 5!,npa-cHapJI.na H 60KOBOM BbI

nnecK cpparMeHT0B-MHIIIeHH BMeCTe C HX 3MHCCneii: B np0THB0no

JI0Tu::HhIX HanpaBJieHH5IX B a3HMyTaJibHOM nJI0CK0CTH. O6a 3<p<peKTa 

ycnrrnBaIOTC.H npn yMeHbIIIeHnn npnuerrhH0ro napal\reTpa. 

9. BrrepBbre rrpoaHaJin3upoBaHa 3MHCCH5I cpparMeHT0B HaJieTarorn;ero 5!.U

pa B HerrepncpepwiecKHX JI.nepHhIX B3aHMO.neii:cTBU5IX c ( Ag, Br) rrpn 

3HeprH5IX ycKOPIITeJiett JlapMIIITa.nTa, Jly6Hbl II BpyKxeii:BeHa Me

T0JJ;0M a3nMyTaJibHbIX K0ppeJI5IUH0HHhIX cpyHKUHM 6e3 K0HCTPYKUIIH 
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IIJI0CK0CTII peaKUIIII. 3aperlICTp1IpOBaH CHrHaJI K0JIJieKTIIBH0ro II0-

T0Ka cpparMeHTOB JI.npa-cHapJI,na II II0Ka3aHo C0Bna,neHIIe pe3yJibTa

T0B aHaJIII3a 3KCrrep1IMeHTaJibHhIX ,naHHhIX .UBYM.H pa3HbIMII no,nxo

.naMH - C KOHCTPYKUIIeii: nJI0CK0CTII peaKI(IIII II 6e3 Hell. 

10. BrrepBbie BbIII0JIHeH0 .neTaJihH0e cpaBHeHIIe rrorryqeHHhIX xapaKTepnc

THK 5!.Llp0-5!.[lepHbIX B3aHMO.neii:CTBIIM no MH0Tu::eCTBeHH0CT5IM, yrJI0-

BhIM crreKTpaM H IIX K0ppeJI5Il(l!5IM C M0,neJihHbIMH pacqeTaMII TIO 

KaCKa.[IHO-IICIIapHTeJibHOM M0,neJIII II C pacqeTaMH no, T.H., CMeIIIaH

HhIM co6bITII5IM. O6a BapliaHTa pacqeT0B He B0CIIp01I3B0.[15IT rrorry

qeHHbie HaMII .naHHbie no u3yqeHIIIO K0JIJieKTHBH0ro II0Be.neHII5I .H.nep

H0r0 Bern;eCTBa II CBII.[leTeJibCTBYIOT 0 KOJIJieKTHBHhIX II0T0Kax cppar

MeHT0B CTaJIKIIBaIOI.IJ;IIXC.H JI,nep H poTu::,neHHhIX qaCTIII(. 

11. IlpoBe.neH CHCTeMaTnqecKHM <Pyphe aHaJIH3 a3HMyTaJihHhIX yrJI0BhIX 

crreKTp0B BT0pnqHbIX 3ap5ITu::eHHhIX qacTIIn;-yqaCTHHK0B coy.napeHH.H, 

II3MepeHHhIX B JI.nepHhIX B3anMo.nettcTBH.HX c (Ag, Br) ,nrr.H pa3HhIX 

5I.[lep-cHap5I.n0B II IIX 3Heprnii:. Ilpn 3T0M IIOJiyqeHbI YHIIKaJibHhie .naH

Hhie 06 3HepreTIIqecKOM 3aBHCIIM0CTII rrapaMeTpa ½ a3nMyTaJibHhIX 

yrJI0BhIX pacrrpe.nerreHHM peJIJITIIBIICTCKIIX qacTHU-yqacTHHK0B CT0JIK

H0BeHII5I, II3MepeHHhIX e.nlIHbIM 3MYJihCII0HHbIM MeT0.[I0M .[IJI5I 3Hep

rnii: JI,nep-cHap.H.n0B OT 1 ,no 160 A I'3B. 3rrrrnrrTnqecKnii: II0T0K qac

TIIn;-yqacTHIIK0B coy.napemrn MeHJieT CBOM 3HaK rrpn ,ny6HeHCKIIX 3Hep

I'II5IX C "MIIHyca" .[IJI.H HII3KIIX 3HeprHM ( T .H.3qJqJeKT BhI,UaBJIHBaHH5I) 

Ha "IIJIIOC" ,UJI.H YJibTpapeJI5ITIIBIICTCKHX 3Hepr1IM ( T .H. "IIOJIOTu::IITeJih

HhilI" 3JIJIIIIITII'IeCKIIII II0T0K B ITJI0CK0CTII peaKI(IIII). 3TO M0Tu::eT 

crryTu::IITh yKa3aHneM na npo.HBJieHne B03M0Tu::Horo cpa30Boro nepexo.na 

a,npOHHOM MaTepnn B C0CT05IHIIe KBapK-rJIIOOHHOM nJia3MbI . 
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