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Pa6oTa BhinOJIHeHa B Jla6opaTopJIH BbiCOKJIX 3HcprHll H Jla6opaTOpHH 

cPJI3HKJI qaCTJIIJ, 06'bC,ll,HHCHHOrO JIHCTJITyTa R,ll,CpHbiX HCCJIC,ll,OBaUHH 

Hay'iHLiii pyKoao,n;HTeJib: 

KaHP,JIP,aT cPJI3JIKD-MaTeMaTl!"ICCKJIX HayK Ilanen l1ropenw1 3apy6JIH 

OQ>H~HaJibHbie onnoHeHTbi: 

,ll,OKTOp cPJI3JIKD-MaTeMaTUqecKUX HayK, 

cTapllluli HayqHbill coTpyp,HuK BopJic BJiap,JIMHponJiq BaTJOHR 

,ll,OKTOp cPJI3JIKD-MaTeMaTJiqecKJIX HayK, 

CTapnmH: uayqHhili coTpyp,HJIK AHp,pell BJiap,JIMHponJiq Jlemmp,on 

Be.n;y~aH opraHH3a~HH: 

Hayquo-JiccJiep,onaTeJibCKJil:t JIHCTHTYT Rp,epHoil cPH3JIKJI MfY 

JIM. ,LJ,.B. CKo6eJibii,bma 

3aliJ,JITa ,ll,llCCCpTaii,JIH COCTOJITCR " " 2002 rop,a B "_" qa

COB Ha 3acep,aHJIJI ,ll,HCCepTaiJ,JIOHHOrO COBCTa )1,-720.001.02 B 06'bC,ll,UIICIIHOM 

JIHCTHTyTe R,ll,CpHbiX JICCJIC,ll,OBaHJil:t npll Jla6opaTOpllll Bb!COKJIX 3Hepruit no 

ap,pecy: 

141980 r. )J,y6na MocKoncKol:t ·o6nacTJI, JIB9 OM5IM. 

C p,JiccepTaiJ,Hell MO)[{HO osuaKOMHTbCR n 6u6mioTeKe JIB9 OM5IM 

AnTope¢cpaT pasocnan "_" 2002 r. 

YttHblfi CCKpeTapb ,ll,llCCCpTaiJ,HOHHOrO COBCTa 

,ll,OKTOp cPli3HKD-MaTeMaTJiqecKHX HayK, 

npo¢eccop ~-~,1(~/r-- JlHxaqen M.<D. 

06w,a.R. xapa1>mepucmu1>a auccepmaquu o: 

HacTOJillJ:C\fi pa6oTa ocHonaHa Ha pe3yJibTaTax nccJie.n.onaHnii, BhiiiOJI

ncHHbiX npn y~IacTnn anTopa n 1998 __:_ ·20.02 rr. B. Jia6opaTopnn Bhiqn(nx 

3Heprnit n .Jla6op~Topm~ cPH3HKn <J~CTIIU. OIUIM. B .n.~ccepra~nn npe.IJ.CTa

B.TieHbi pe3y.TibTaTbl HCCJIC)l.OBaHIUI. M~XaHU3MOB B3~tn:im.n.efiCTBHJI. KB~pKo~ 
n rmoouon npH, 6oJiblllliX HJIOTHOCTJIX R,ll,epuoit cpe)l.bi ua ociione aHaJIH3a 

ir~ 

r.TI06aJibHbiX XapaKTepiiCTHK B3aUMO)l.CfiCTBUtt II Mo.rieJIIIpoBaHIIJI npOIJ.CC-

COB MHO:iKCCT~CHHOrO pO:iK)l,CHHJI qacTHII, B paMKaX nporpaMMbl liCCJIC)l.OBa

HHfi R,ll,pO-R,ll,~pHbiX B3aHMO)l,e.itCTBMii, nJiaHnpyeMbiX Ha ycTaHOB~e "KoM

naKTHblit MJOOHHbiit coJieHOJI)l," (Compact Muon Solenoid- CMS 1), C0,3)1,~

naeMoit )l,JIJI pa6oTbi Ha nyqKax BoJibllloro a,ll,pOHHo~o KOJIJI~lt,ll,ep~ (LlJC), 
IJ;EPH. 

AKTYruibfOCTb TeMbi 

Ocuonuoit nporpecc n noHIIMaHnH cTpyKTYPhi aTOMHbiX H,ll,ep, nx ~3an-
,~. . -

MO)l,efiCTBllfi IIpll Bb!COKHX 3HeprnJIX CBJI3aH C Teopnefi CHJibHbiX B3al!MO-
. . .. ' ' ' _, . ' : 

)l,CfiCTBllfi - K1JaHTOBOfi XpOMO)l,IIHaMHKOfi (KX,IJ;), Ha OCHOBe KOTOpofi CTpO-

RTCJI MO)l,CJIH 1 OllliCbiBa!OliJ,HC pa3JillqHbiC 3aKOHOMepHOCTH Jl,ll,CpHofi .Jl;HHa-

MHKH II TaKIIe 3¢¢eKThi, KaK po:iK)l,eHIIe qacTnu. n KYMYJIJITHBHoit o6JiacTn, 
' ' . 

• ' ' t ~ ' • : .' / ;_,I, 

3KpaHHpOBaHne CTpyKTypHbiX cPYHKII,IIit, raiJlCHIIC crpyit, ,ll,II¢paKIJ,liOHHbie 
i ~ 

npou.eccbi II T.)l,. 
. ' . I_ • • • ,:: 

M3yqeuiie cnoiicTB KX,IJ; B npe.n.eJiax cnJibHoit n cna6oit CBJI3II, KX,IJ; 

npn KOHeqHofi TeMnepaType ll 6oJibillHX llJIOTHOC~JIX Jl,ll,CpHOfi MaTepiin, 

CBOfiCTB CaMOCOrJiaCOBaHHbiX CaMO)l,efiCTBYIOlii,liX rJIIOOHHbiX llOJieit H f>llii

CaHne npOII,CCCOB B3aiiMO)l,CfiCTBHJI JI)l,ep II MHO)KCCTBCHHOro pO)K)l.CHliJf qa-
' . 

CTHIJ, COCTaBJIJICT Ha cerO)l.HRillHHfi npe)l.MCT liCCJIC)l.OBaHHJI npn npOBC)l,~Hllll 

3KCnepHMCHTOB C peJIJITIIBHCTCKHMH JI)l.paMn. ' 
' . ' - . 

1The Compact t-fuon Solenoid, Technical Proposal. CERN/LHCC 94-38 (1994). 
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TaK:tKe o6nmpHbie .ll,IICKycciiii Bhi3hiimeT B03MO)IUIOCTh ¢a3onoro ncpc

xo.n.a Me:tK.n.y a.n.pouuoii MaTepiieii II CIICTeMoii cno6o.n.uhiX KBa)JJwn H r.rnoo

uon;- KBap~-rJUOOHHOii 11Jia3MOii, (J<TJ1), T.e . .ll,OCTIDKCHHR .ll,CKOHCpatil\ICH

Ta a.n.pouuo~ MaTepiiii. Ihyqeuiie cnoiicTn R.ll,epuoti MaTepnn npn BhiCOKHX 

J1JIOTHOCTRX II TeMnepaTypax Ba:tKHO TaK)KC )l,JIR 110HIIMaHIIR <jH13liKII paH

Heit BceJieuuoit II o6pa3onaHIIR uei1TpOHHhiX 3Be3)l,. 

B3aiiMO.ll,ei1cTBIIR yJihTpapeJIRTIIBIICTCKHX R.ll,ep na BoJihiiiOM a.n.poHHOl\1 

KOJIJiait.n.epe MoryT npe.ll,OCTaBIITb JHIIKaJibHJIO B03MQ)KHOCTb .ll,.fiR li3J~Ie

HIIR cnoitcTB KX,II; npll KOHe<JHoit TeMnepaType II BhiCOKIIX nJIOTHOCTRx, 

MeXaHli3MOB MHO:tKeCTBeHHOrO pO:tK)l,eHIIR 'IaCTllll,, 3aKOHOMepHOCTCH o6pa-

30BaHIIR II 110Be)l,eHIJR CHJibHOB036J:tK.ll,eHHOii 11JIOTHOii R.ll,epnoit MaTepiiii II 

B03MO:IKHOCTII )l,OCTII:tKeHIJR XliMII'IeCKII paBHOBeCHOfO II TepMaJIII30BamiOrO 

COCTORHIIR KBapK-rJIIOOHHOii CIICTeMhl- KBapK-rJIIOOHHOit 11Jia3Mhi. J1ocJie

.ll,OBaTeJibHOe_ IICCJie)l,OBaHIIe BCeX CTa)l,IIit 3BOJIIOll,llll KBapK-rJIIOOHHOii_ CII

CTeMbl neB03MO:tKHO 6e3 .n.eTaJihnoro nomtMaHII.H ncex npou,eccon, Ha<JnnaR 

OT CaMbiX paHHIIX BpeMeH o6pa30BaHII.H :tKeCTKIIX napTOHOB, ll 3aKaH'IliBaR 

npotl,eccaMII ¢parMenTall,HII. 

KaK cnn.n.eTeJihCTBJIOT 3KcnepiiMeHTaJihHbie .n.anHhie, noJiy"'IeHHhie B BNL 

na ycTaHOBKax PHOBOS 2, PHENIX 3 u STAR 4, mo6aJibHhie xapaKTepii

c~II~~ (JJaCnpe.ll,eJieHHR MHO:IKCCTBeHHOCTII II 110JIHOii 11011epeqHOi1 3Heprn~) 
.HBJI.HIOTCJI O'ICHb 'IJBCTBIITeJibHbiM liH)l,liKaTOpOM npou,eCCOB po:tK)l,eHIIR II 

~pa~MeHTau,IIn KBapKOB II rmoouon, npou,eccon BTOpii'IHhiX B3aHMo.n.eii

CTBIIii, Mexanii3Mon ¢parMeHTall,IIII, a TaK:tKe reoMeTpiiii R.ll,epHhiX B3aii

MO.ll,eti:cTnnii. 0:tKII)l,aeTcR, 'ITO npii 3HeprliRX BoJibiiioro a.n.ponuoro KOJI

Jiait.n.epa rJI06aJibHbie xapaKTCpiiCTIIKll MoryT 6biTh IICI10Jib30JiaHbi KaK )l,JI11 
L . 

2B.B. Back et a/., Nucl. Phys. A698 (2002) 564; Ph.ys. ·Rev. C65 (2002) 031901. 
3 K. Adcox et a/., Nucl. Phys. A698 (2002) 39; A698 (2002) 559. 
4 ' ' -
I.G. Beraden et a/., Nucl. Phys. A698 (2002) 29; Phys. Lett. D523 (2001) 227. 
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noJIJileiiliJI 'Honoti ·,iKbrepibJeuTaJII>'nOti Iimj:iopl\i<iii.iiii"o' ~it-xiu1Jr3M·ax: ~~-iio~ 

:ii~CC'TBCIIIIOI'O J>O~K.'~(·iiHJJ; i na<iam>'iioti' nJJOTHOCTII- i:·!iooiiOB. 
1
1l. Kllap!~O'fJ;~ iix 

B'Jall~H)/tcticTilllll ;~pyr ("' .ll.J'>yro':-.i; Ii' i: }t1Cjmoti <;jle.:~ofi i3' KOiie•itiO~J coci·o}i~ 

liiii I. wk.'I(·;·~ywm<;ti <iJJ.poHinaiUIIt: · TaK'JI· .:J..lR njJon·c~'llihnii · jffi.'I,a·:-.teifoilt~Ie-

cKnx p}'t'Jpa6o.T<)K. ~j t; ; ' 1 ~ ' ; ' } ' ; I.>\. i. '' ( i·;;. ! '. '~' - : :-: <-: ~ '·l 

,_ IJ:enJ.IOl paooThr RB.liReTc11 H1Y'Ientre <Jm311'Ie<'kux·~~~·x~1·nri3:\IOn ii1)ouh·== 
COB 'l\illO:iKCCTBCIIIIOfO' po:iK)l,eihliJ ''JaCTJII.l. :'l{jl<pf'I..::TOB'JJ,.'lCjlWko 3iqimfi'Ipo:: 

BalJlUI II f'HJII('IIJDI CTpyti 11Jlll B3cllll\IO}J,eticTBJIH ClTO:\IHhlX Jti:J.ep ,V.'lbTpapC.'IR

TIIBHCTCKIIX :·WCJll'llfi II Jl<l3BIITIIC l\i<'TO,.'~OB !\IO}~<'.'lliJlOBaHJIJI :'}TJIX TIJlOU!:'CCOB. 

p<npa6on..::a HJ)orpal\IMhi ucc.rH'li.OBa!luti l'!I06a.'lhllhix·xapaKTepncriii~ B'3<'tll-

1\IO.ll,eti:cnmii Jl.ll,ep npn 3HeprH11X Bo.flbliioro a;~pomtoro KO.'maiill,epa: (LHC) 

na MHOI'Ol~!:'JICBOti: ycTaljOBKe'"Kol\tnaKTHhiti: 1\IIOOHHhlfi COJICHOII;J," (Cl\IS)~; 

HayqHa.H HOBH3Ha H npaKTHqecKaH u;eHHOCTh ·; · 

CncTel\laTWiecKH paccMoTpeHo BJIH11HHc 3cP(}WKToB 31..::pannponamu1 n 

BTO])H'IHblX- B3aHMO)l,eiicTBIIii ~I<j.CTUll, C R.ll,epHofi 'cpe;J,Oti:. Ha l\IIIO:IKCCTBf:>H-

HOe ])O:IK)l,CHIIe 'IaCTHll, B R.ll,pO-.H)I,CJlHbiX' B3alll\101I,CllCTBIUIX· Hpll 3H!:'priiRX 

BoJihiiioro al~poiiHoro KOJIJiaii.n.epa.· -' ·' 

Ha ocHonaHIIII npone.n.enuoro aliaJIH3a MeX<'tiiH31\IOB B'3aJIMo.n.eti:cTBIIR R,ll,l'P 

110Ka3aHO, ~ITO TJI06aJibHbiC XapaKTCJliiCTHKII_ RBJUIIOTCR a)l,CKBaTHhll\f liii

CTpyMeHTOM )I,JIR IICCJIC)I,OBaHII11 OCHOBHbiX 3aKOHOMCJlHOCTefi 1\IHO:IK!:'CTill'II

HOrO pO:tK)l,eHII.H <JaCTllll, B 11.ll,p0-11.ll,C])HbiX CTOJIKHOBCI!l!RX IIJH! 3H!:'Jli'IIJIX' 

BoJihiiioro a.n.pomwro KOJIJiaii.n.epa, .ll,IIBal\lllKII 11/I,CJlllhiX B3alll\to)l,ctkmntL' 

none.n.eiiii11 KX,II; npii Kone~moti: Tel\nwpa:rypc, cnoikrn IIJIOTIIOti JI}I,cpnoti 

cpe.ll,hi. 

OcBoBnaJI n.n.e11 3KcnepnMcBTaJihllhiX H3l\ll'JlPHIIi1 ilciionhmaPTCJI ua IIpo

CTOM C TO'IKH 3]){'111111 OT6opa C06hiTllfi-aiiH.JIII:H' IIO,flllhlX' IIOTOKOil IIOIIPJH''I~ 

IIOfi 3IICJli'HH ll l\IIIO)KCCTBCIIIIOCTH B. l\Ja.KCIIl\l<t.flhiiO IIIIIJ>OKIIX )'I'.'IOilhiX ·II 
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6biCTpoTHhiX H~Tepna.nax. Hu~encimnocTh ny'IKOB Eo.Jlbllloro ,a--l.pmmoro 

KOJIJ"~;afi.uepa (Lpb ~ 1027 ,cm-2c-1
) no3BO.il.HT_ nponecnt na6op ueo6xo;J,Il

l\tofi )lJIR: anamna CTaTUCTHKH B KpaT'JafilliHe C}>OI(U {II<'CKO.JlhKO )Uiefi). 
I , , . ' 

BnepBhie noKa3ana B03l\IO)KHOCTh napyrnemui acnMIITOTWJecKoro no

ne)l.eHHR ¢opMhi ncen.uoohiCTpOTHhiX pacnpe,11,e.neHufi non:uofi nonepe•mofi 

3I;J~Pri~H II; 3apR:,Il,OBOfi l\IHO)I(eCTBe!IHOCTif,. a. TaiGKe onpe)J,CJieHa B03l\IO)K

HOCTb cpa30BOf0 .KBapK-a,Il,pOHUOfO nepeXO)l,a B CTOJIKIIOBeHHR:X JICrKHX JI,Il,ep 

II .B Hell,eHTpaJihHhiX B3aHMO)l.efiCTBIIR:X. 

flpe,Il,JIO)I(eHbl II npopaOOTaHbl CXeMbl MOHIITOpiipOBaHIIR: IIHTCHCIIBHO

CTH R:,Il,pO-R:,Il,epHbiX B3aHMO)l.efiCTBHfi II II3MepeHHR: npHll,eJibHOfO napaMe

Tpa CTOJIKHOBeHIIfi B llOCOOhiTHHHOM aHaJIH3e, a TaK)Ke npo)l.eMOHCTpHpO-

nana IICKJIIO'IIITeJibHaa_ Ba)KHOCTb KaJIOpHMeTpa nepe,11,nero nanpaBJieHHR: 

ycTaHOBKH CMS npH npoBe)l.eHHII aKcnepHMeHTOB na ny'IKax ycKopennhiX 

a,Il,ep.: . 

ITpone)l.eHHhie HCCJie)l.onanHa cnoco6cTBYIOT pa3BHTHIO MeTo)l.oB KaJiopn-

MeTpH'IeCKOfO aHaJIII3a II MeTO)l,OB H3MepeHHR: MHO)KeCTBeHHOCTH B YCJIO

BHR:X 6oJihiilHX 3arpy3oK na pa3JIII'IHhiX aKcnepHMeHTaJihHhiX ycTanonKax. 

Arrpo6an;HH pa6oTbi H rry6JIHKaD;HH . 

Pe3yJihTaThi HCCJie)l,onaniiit, cocTaBHBIIlHX )l.HCcepTaunm, )l.OKJia)l.biBa

JIHCh na nay.'IHhiX ceMHnapax Jla6opaTopHH BhiCOKIIX anepriifi OM5IM, Jla-

6opaTopHH .¢H3HKH qacTIIU OII5IM, MncTIITyTa TeopeTH'IecKofi u 3Kcne

puMeHTaJihHofi cPH3HKH, Hayqno-uccJie)l.onaTeJihCKoro .!1HCTMTyTa R,Il,epnofi 

¢n3HKH MrY, CanKT-fleTep6yprcKoro uncTHTyTa a,11,epnofi cPH3HKn; pa6o

'IMX conell!anuax KOJIJia6opauHu KoMnaKTHhifi MIOOHHhifi coJienou)l., npo

xoff~nrnux n. Il;EPH, OII5IM, IIT9<I>, MrY; na Me)K.n.ynapo,Il,HhiX pa6o

'IHX conell!anuax, IllKOJiax n Kon¢epenuHax: "PeJiaTHBHCTCKaa a,11,epnaa 

cPH3HKa" (,[lj6na, PoccuR: 1997); "1998 European School of High-Energy 

4 

Physics" (Sent-Andrew; Scotland, August 1998), XIV HXVMe)K.n.ynapo,Il,

HhiX C<'l\IIIHapax no npo6JieMaM cPH3HKH BhiCOKHX 3Heprnfi (0115IJI; ,[lj6na, 

anrycr 1998 r. u cenTa6pb 2000r.); "Particle Production Sparming MeV 

and TeV Energies" (Nijmegen, The Netherlands, August 1999), "Relati-, 
vistic Nuclear Physics: From Hundred MeV to Tev" (Stara Lesna, Slqvak. 

Republik 200Q), "LHC Physics atid Detectors" (Dubna 2000), "Actual 

Problem of Pat'ticle Physics" (Gomel, Belorussia, August. 2001), "CMS 

Heavy Ion MPeting" (Dubna 1997, Geneva 1999, Gatchina 2000, Bo~ton 

2002), III H IV Me)K.n.ynapo)l.HhiX KO!J¢epenuiiax 0T)l.eJieniia a,11,epnoit d>n-

3IIKH PAH (MT9<I>, MocKna, no:H6ph 1998 r. II noa6pb 2000 r.):· · 

OcnoBHhie pe3yJihTaThi )l.HccepTaUHII II3JIO)KeHhi B 12 ny6JIHKauHax, onH

coK KOTOpbiX UpiiBe)l,eH B KOHII,e aBTOpe¢epaTa. 

· · 06'beM H CTPYKTypa AHCcepTan;HH 

,il;HccepTali,IIR: COCTOHT lf3 BBe)l,eHHa, 'IeTbipex rJiaB, 3aKJIIO'IeHHR: H:npH

JIO)KeHHR:. CnucoK JIIITepaTyphi co)l.ep)KIIT 158 naHMenonanHit. ·fioJnfhiit 
' ' 

Ob'heM )l,HCCep'fauHH- 168 CTpaHHU, BKJIIO'Iaa 11 TaOJIIIII, If 59 pHCYHKdn. 

Coaep:»emme pa6om'bt 

Bo BBe.n;eHliH OhiJIM o6cy)K)l.eHhi ocnoBnhie npo6JieMhi n 3a)l.a'IH Qpu 

onncannu npoqeccon B3auMO)l.eficTnna aTOMHhiX a.n;ep npu YJihTpapeJiaTu-
• ' ' ' I ~ • • 

BMCTKH~ 3Hepr~R:X. 

0TMe'Ieno, 'ITo ycTanonKa CMS, C03)1.anaeMaR )l.Jia pa6oThi na Bo.Jlh

IIIOM a)l.pOHHO~ KOJIJia:fi)l,epe, MO)KeT o6ecne'IMTb B03MO)KHOCTb. npoBe)l~-
~ ' ~ 

HHa neo6xo)l.MMhiX M3Mepenuit )l.Jia noJiy'Ienua aKcnepHMeHTaJihnoit ut,l-
; 

¢opMali,Hlf 0 MHO)KeCTBeHHOM po)K,!J;eHHM 'IaCTHII,, HeOOXO,!J;MMOfi )l,JIR: nH-

CTpoenua II pa3BMTua TeopHH B3aHMO)l.eitcTBua a.n;ep c no3MIJ.Mfi KX,II; l;t 
I 

M3y'IeHMR: IIJIOTHOfi nea6eJieBOfi cpe,Il,bi B npe,11,e~e HeJIHHeitHhiX CllJI~HOB3d'l 

MMO)l.eficTBYIOll!HX IIOJieit. 
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· dco6oe BHIIMaHIIe y,ll.eJieHO 3Ha'IIIMOCTII rJio6aJihHhlX xapaKTCJlllCTHI{ 

H,ll.pO-H,ll.epHhiX CTOJIKHOBeHIIfi. 

B rnaae 1 paCCMOTpeHhl BOTipOChl noBe,ll.eHIIH KX.II; npn 3KCTpel\Ia.Tih

HhiX ycJIOBIIRX - KOHe'IHOil: TeMnepaType II 6oJihiiiiiX TIJIOTHOCTHX H,ll.CJlllOH 

MaTepnii. 06cy)K,ll.eHhl BapiiaHThl cPa30llhiX nepeXO,ll.OB OT a,ll.pOHHOfi l\I<tTe-

piiii K KBapK- ·rmoolinoil: nJia3Me II KpiiTJI'IeCKIIe 3Ha9eHJIH TervmepaTyphi 

napTOHHOil: CIICTeMhi, npii KOTOphlX TaKoifnepeXO,ll. ll03MO)KeJi. 

IIpone,ll.eH o63op pa3Jili'IHhiX MexaHJI3MOB 5 H,ll.epnoro 3~pannponaHIIH 

KBapKOB II rJIIOOHOB II TIOTeph 3Hepriiii 'I<tCTIIII,aMII B KOHe9HOM COCTOHHIIii 

npii IIX B3aiiMO,ll.eil:cTBIIII c H,ll.epHoii cpe,ll.oil: ( rameniie cTpyil:) 6
• 

06cy)K,ll.aeTCH cyn:t:eCTBeHHhlH poeT npii BhlCOKIIX 3HepriiRX BKJia,ll.a BhiC

IIIIIX nopH,ll.KOB B npoii,eCChl B3aiiMO,ll.eHCTBIIH (B o6JiaCTII 6oJihiiiiiX 3Ha9e

HIIfi nepe,ll.aHHOrO IIMTIYJihCa Q2) II, O,ll.HOBpeMeHHo,· yneJIII9eHIIe ,ll.OJIII npo

II,eCCOB, npOIICXO.Jl.Hn:t:IIX B. o6JiaCTII MaJihiX 3Ha'IeHIIfi 6bepKeHOBCKOH nepe-

MeHHOil: X. 

B rnaBe 2. npe,ll.CTaBJieHhl pe3yJihTaThl anaJIII3a MeTO,ll.OM KOMTihJOTep

HOro MO,ll.eJIIIpoBaHHH npoii,eCCOB MHO)KeCTBeHHOro pO)K,ll.eHHR 'I<tCTIIII, llpll 
' . 

B3aMMO,ll.eiicTBUM aTOMHhiX H,ll.ep npu 3HeprnHx BoJihiiioro a,ll.ponnoro KOJI-

Jmil:,ll.epa. ' B Ka'IecTBe 3KcnepuMeHTaJihHhiX na6JIJO,ll.aeMbiX IICTIOJih3YWT

CH 'rJI06MbHhie xapaKTepiiCTIIKU R,ll.pO-R,ll.epHhiX B3aUMoP.eil:cTBIIfi - fiOJI

HaR honepe'IHaR 3HepriiH n co6hiTIIII Er n MHO)KeCTBeHHOCTh 3apR)KeHHhiX 

a,ll.pOHOB~ 

B nepBOM naparpaciJe npoBe,ll.eHhl pac9eTbl MHO)KeCTBeHHOCTII II none

peq~oil: imepriin B npe,ll.TIOJIO)Kennn He3anncJIMbiX ):lBOtiHbiX HYKJIOH-HYKJIOHHbiX . . 
ri3dnMo.II.ellcrnntt c IIcnoJih30BaHneM HecKoJihKnx MO.II.eJieti n3anMo.II.eiicTniifi 

I' 
5 L.Vc Gribov,·E.M! Levin, M.G. Ryskin, Phys. Rept.' 100 (1983) 1; A.H. Mueller, Nuci.Phys. B3J5 

(1990) 115;F.E. Close, J. Qiu, R.G. Roberts, Phys. Rev. 040 (1989) 2820. . 
61\L Gy~la,;;,y, M. Pliim~r,X.~N. Wang, ·Phys.Rev. 051 (1995) 3436; R. Baier, Yu.L. Dokshitzer, 

S. Peigne, D. Schiff, Phys. Lett. B 345, 277 (1995). 

G 

~ 

) 

(PYTHIA.~, HI.JING ~. VENUS u,, FRITIOF tq),npn :meprtm B3amio.ttefi~ 

cTnnu Hil<'P IS =.5. 5 T3B/nyK.1: [1]. ~'~,~·~,_), ,:~ ,\1 . '.._: ~:.~ ~. 

B Ka'I<'cTn<>.ocHoimoro ncto'-imum (u :-.IOJJ.<'.•uix PYTHIA II HIJING) :-.1iw-

~KCCTB('IIIIOI'O. }>O~K,ll.CHIIH· 'laCTIIIJ. h, R;l.CJlllhiX l33aiiMOlJ.eficTl3111IX ·npn y.'lbTp~• 

ape.TlRTIIBIICTCimX '3Hepr11RX paCC:\IaT}>IIIiaJIOCb .o6pa3onanne ll )KCCTKIIX W 

TIOJIY:iKCCTKllX IIpOII,CCCaX TaK IIa3blllae:\IblX i\IIIIIIICTpyfi. T.e.· CTpyfi C"PT'"' 

2 + 5. f:1B. perncTpatliHI KoTopi,xx n 3Kcnepni\H'Irre 3a:rpy.unena. ·oco6eu

uocTb j)(nKJWIIlUI 1\IIIIIHCTpyfi npn 3HeprnRx LHC ~aK.riJo9aeTCR B TOl\1, 

'-ITO om1 xaimKTelm3yiOTCR I\Ia.f1bil\tn 3Ha'IeJ;~I11lllll nPpei\Iemwfi Bhepx;eua 
. . ' . \ '• 

.r "' 2pT/ IS "' i 0 w-3 
0 Ilpu TaKIIX 311a'IPHll11X ':r ua ll'iiK.TJI0311llHOe ce-

•' ' 
9CHHepO)KlJ.CIIH11 MliHHCTpyfi 6oJihlllOe n.rii!ml1ie OKa:3biBaeT. Bbi6op Ha6opa 

napTOHllbiX CTJlYKTYJlH.hiX <pyi-iKII,Hfi (oT 154 1\16 ,ll.JL~ID01 ,ll.O 1514 1\16 ;J..TI11 
- . . . . 

GRV94L), KOTOJlbie naii6o.r:iee CIIJihHO oT~wiaiOTcn .II.pyr oT .II.pyra n o6.Tia-

CTII MaJihiX ;r. 

Bo BTOj)OM narmrpaciJe iicc-:xe,ll.OBaJIOCh B~TIH11llliC B3Cllll\10lJ.CHCTBII11 9-a-' 

CTUII, B KOHe'IHOM COCT011Hllli C R,IJ:epuofl: cpe,ll.OH Ha r.ri06a.TihHhle xapaKTepll-
·. .. .· ... ' . \ 

CTUKU npoii,ecca CTOJIKHOBeHnn R,ll.ep [2]. Mo.ueJinponaune 1IlJ.pO-R.UepnbiX 

B3aUMO,ll.efiCTBIIfi ocymeCTBJIRJIOCh c TIOMOlllhiO nporpal\11\lhl HIJING c Y'Ie

TOM RBHOil: 3aBHCIIMOCTII Y.ll.CJJhHhiX ~OTepb 3Heprnif dEjd:r (~.e. no~eph 

3HeprUH Ha C,ll.IIHhiJ.Y paCCTOHHIIR, npofi,ll.eHHOI'O napTOHOI\~ ll cpe,ll,e) OT 

3Heprun napToHa. 
,. 

IloTepM 3Hepntu KBapKaMH H rJIJOOUai\BI, Bhl3llCUillbie fi}lOll('CCa:\,111 11<'

pepaccemmn H BhiHY)K.Jl.CHHOI'O J>illJ.Hal~HOJIJIOI'O li3.TIY'IPIIII11 11p11 liX ll}lOXO

)J(,ll.eHUII 'lepe3 IIJIOTilyi~ JI.Ill'PIIYIO cpPJJ..Y (3(}>(pei{T i·{tll~P~U.lJI CTpyfi) IIpiiiio

,ll.JIT i< nepepacnpt',1J.eJiellliiO 'JacTHl~ B Ilct'IIJl06hiCTpoTIIOl\I IIpocTpaiiCTBe II 

7 T. Sjostraild eta/., Cmirput. Phys. Cominrm. 135 (2001) 2:18 
8 M; Gyulassy,,X.-N. \Vang,Compul. Pity.<. Commrm. 83 (l!l!J·_l) :lpi. 

· 9 K ·w.:rner, Phy<. /le[J. 232 (1993) 87. 
100.. Nilsson-Ahnqvist, E. Stenlnnd, Com [Jul. l'hy.<. Commmr, 24 ( IH8J;)..:_l_ll1. 

-':~:;-:~.-. 
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- CTOIITCJibCTBO MO)KCT 6biTb HCOOJib30BaHO )l,JI11 Jl3MepeHIUI HpHU,CJihliOI'O 

napaMeTpa JI MOHHTopnpoBaHH11 JIHTCHCHBHOCTH B3ai1MO)l,C~CCI'IlHR 51,il,('p c 

l 
noMOILI,biO Ka.nop11MeTpa nepe,ll,Hero HanpanJieHI111 ( CM. TJiany 4). 

Bo nTopoM naparpa<f>e nccJie)l,ona.nocb BJII111H11e 3<f>cpeKTa 11,ll,epuoro 3Kpa

HnponaHH11 CTpJKTJpHbiX <j>yHKU,IIfi (C<I>) KBapKOB 11 rJIIOoHbn na pacnpe

)l,CJICHH11 I'JI06aJibHbiX ua6JIIO)l,aeMbiX 11JJ:p0-51,ll,epHbiX B3aiiMOJJ.eficTBHfi [8]. 

Pac'teTbl 6biJill BblllOJIHCHbl B paMKax Op116JIJI)KCHI151 He3aBJICIIMbiX nap

HbiX n3aHMO)l,eficrnnfi Ha ocnonaHI111 MO)l,CJII1 PYTHIA c 11CnbJib30BaHI!eM 

Macm'ia6uoHe3anncnMoii napaMeTp113au,nn 3Kpaunponaul111 MQ 11 n' npe

)l,eJie aachiiLI,CHI111 npn MaJihiX 3Ha'IeHn11x nepeMeHnoti: BbepK~Ha x 11, JJ:JIJI 

napaMeTpn3au,nn EKS 12
, J'IHTbiBaiOILI,eii KX,II;-3BOJIIOU,nio ¢yuKu,l1fi pac-

npe,ll,CJICHH11 napTOHOB; 

PacqeTbi, BblllOJIHCHHhie ua ocuonauun MO)l,eJin 'MQ; OOKa3biBaiOT, 'ITO 

3Kpannponaune CTPYKTYPHhiX ¢YHKU,nfi np11BO)l,HT K yMeHbiDCHI1IO none

pequoii 3Heprnn n MHO)KCCTBCHHOCTH n u,euTpaJibHofi o6JiacTrt lnanMo)l,efi

cTBI111 n 1.2 + 2 pa3a )l,JI11 pa3HbiX Tl1rron CTaJIKHBaiOILI,I1XC11 11,ll,ep ( C a+ Pb) 

(pn,c12). IloJiy'IeHIIhie pe3JJibTaTbi conrra.n:aiOT c npe,ll,CKa3aHI111MH MO)l,e

JIH HIJING, Mo.n:n<j>nii,nponanuoii c yqeTOM 3anncnMocTn Koa¢¢nu,neu

Ta 3Kpaunponaun11 OT cTeneHn u,enTpa.n-bnocTn B3auw))l,efic'I'nu1!. · Y'IeT 

,n:rJIAII
13 

-anoJiwu,nn rrapToHHhiX ¢yuKu,l1ii pacnpe.n:eJieHn11 (~o)l,eJib EKS) 

ll LI,B~THbiX CTCOCHCfi CB060)l,bl napTOHOB OCJia6JI51CT 3<j><j>eKT 3KpaHHpona

Hll51 i3 2-pa3a (p11c.2). Ilpn 3TOM pa3Hbie cu,eHapn11 3KpaiinponaHH11 OKa3bl-' 

BaKn'C11 .He 3aBHC11ILI,liMll OT ua6opa napTOHHbiX CTpJKTJpHbiX <j>yHKU,11fi. 

11
A.H. Mueller, Nuc/_ Phys. B335 (1990) 115; F.E. Close, J. Qiu, R.G. Roberts, Phys. Rev. D40 

(1989) 2820. 
12

KJ.1fskola, V.J: Kolhinen, P. Ruuskanen, Nuc/. Phys. B535 (1998) 351; K.J. Eskola, V.J. Kolhi.nen, 

Sklgado, Eu_r. Phys. J. C9 (1999) 6L 
13

JJ:oKIIIHUep-fpn6oa-JIHnaTOa-AilbTapeJIJIH-IlapH3H: B.H. rpH6on, JI.H. JlHnaTOB, HiJepHWI (JUJUI<a 

(1972} 781; Jl.H._-JIH~aToB, HiJepHWI ,Pu3wca 20 (1974) 181; IO.JI. ,lJ,oKIImnep, )J(9T4J46 (1977} 641; 

Altarelli, G.Pa~isi, Nuc/. Phys. B126 (1977) 298. 
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Puc._ 2: Pacnpe;J,eJJeHHR (a~ a) noJJHoll nonepe•moll 311E'pnm ET H_MHOiKecTB~HHocTu (6, r) 

UO UCeB.D,06btCTpoTe 1J .D,JIR (a, 6) a.D,pOHOa' 11 (a, r) t-mapKOB II r.~IOOIIOB, HOpM!lpOBaHI!ble Ha 

aHaJJOrH'Hible pacnpe.D,eJ!eHHR ,ll,JJH pp--B3a11MO.D,E'l!CTB11l! tlpll TOll iKe 311epnm II Ha 'lit~.~O napHI;IX

HYKJJOII·HYKJJOIIHbiX B3allMO.D,ellcTBIIll Np;rt ::::: 200. Ll,eHTpa.nbl!bte PbPb-B3allMO.D,ellcTBIIR npu 

vs;:;; = 5,5 T3B/ByKJJOI!. CnJJoumaR JJHIIHR ~HE'T 3KpaHHpoaamtR, TO'IKII - 3KpaH1tpoaaHue a_ 
. ,• . . ' ·' 

MQ MO.D,eJm, 3Be3.D,O'IKII - 3KpaHnpoaatme B MO.D,eJJH EKS. 

Pseudorapidity, T) 

B 3aKJIIO'IeHue n rJiane 2 6biJia onpe,ll,eJiena A-:-JanncHl\toCTb 1\IHo:tKe

cTneHHoro po:tK)l,CHI111_ 'IaCTHLI, B .pa.:~JIH'IIIb!X _CI~C'HapiUIX B3al!l\IO)l,ef1cTBII11 

11,ll,ep. ,II;JI11 A-3an'wcHMOCTH 6biJio HcnoJih3oBaHo cTeneHnoe npn6.rm~~e

HHe a AA = A
0
aw. Ilpu OTCJTCTBHI1 .n;~epnhiX ac!><)><'KTon r.rmy6eponcKmi 

MO)l,CJih )l,aeT CCG£ = ~ )l,J111 CJIJ'Ia~l I~('IITpa.ribllbiX B.'!alll\IO~TJ,ef1cTJJIIt\ ~~.!~<'p. 

Y•IcT ac!>(i>cKTa aKpaunponam111 llJHIBOJ~IIT K oc.na6.rH•nmo A-3<lllllelll\tocTII: 

- (\' ~ 1,13 (MOJ~CJih 3Kpanuponamui MQ). ram Pill)(' .CTpyft (2) Bhl3bllliH'T 3a:. 

MeT Hoc yncm-PICIUUI crencn11oro noKa:mTcJUI n: ~ 1 ,52. O;~Honpcl\ICIIIII;Itt 

Y'ICT a<)>cJ>cKTa ramemu1 cTpyti 11 aKpamiponaHIIJIIIJ>llllo;~IIT IW B3mnmoft 
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3ua'IIIT('J"lbllo:\IY HCKa:iKeHliJO U.f'HTj'>a.JibJIOti •IilCTll ilCCB.IJ.06biCTJ>OTHbiX pac

npe)l.eJieHllfi (o6pa3onamno IIInpoKoro nm~a) l\IIIO~KecTneHuorru n n no.'I

nofi;nonepequofi auepnm Er (pncyuoK 1) [3,4], Y•IeT ·::~cj>cpeKTa ramemu1 

CTpyfi .npHBO.IJ.HT K JBeJIII'IeHIIJO nceB)l.06biCTpOTIIOfi fi.TIOTIIOCTH' MHOfKe

CTBeHHOCTH 11 noJiuoii noilepequofi 3Hepnm B 1.9 pa3a )l..rui c.ny•IaR PbPb-

B3aiiMO.IJ.efkTBIIfi. 

1000 

;:; 6) 
0 .... 
"" ~ 
"'ooo 
~ 

.. -Z .. 
T] T] 

PHc. · 1: Pacnpe)l.eJieHHH noJIHoll: nonepeqHoll: 3Hepm11 B co6biTI111 .lVIH (a) PbPb

B3ai!MO)J.ell:cTBI1fi c MIIHI!MaJibHbiM oT6opoM no nplll!,eJibHOMY napaMeTpy rrp11 3Hepr11HX VS= 
: ~ ' ' . ' -

.5,5, 3, 1, 0,5, 0,2 T38/HYKJIOH 11 (6) .lVIH B3ai!MO)J.eficTBI1fi H)J.ep CBIIHIJ,a, HI!06HH, KaJibii,IIH 11 

Kll~b~o)J.a rrpli ;;s~ s;s T3B/HYKJIOH. CnJia'uma.H Jilllli!H COOTBeTCTByeT B3ai!MO)J.ell:cTBI110 c 

Y'IeTOM 3<j><j>eKTa raweHHH cTpyll:, nyHKTHpHaH - 6e3. 

,il,~ee 6biJia H3yqena anepreTH'IecKaR 3aBH<:HMOCTb a¢¢eKTa napyiiie

HHR aCHM~TOTH'IeCKoro llOBe)1,eHHR llCeB)1,06biCTpOTHbiX pacnpe,ll,eJieHHfi rJio-

6aJibHbiX nepeMeHHbiX [2,4,5]. C yMeHbiiieHHeM 3HeprHH CTaJIKHBaiO~HXCR 

R,ll,ep BeJIH'IHHa llHKa CHJibHO yMeHbiiiaeTCR H pacnpe,ll,eJieliHR "BblllOJia)!(H-
~. ~ ~..- ',' : ~- '.: ~ ' . . . ' 

BaiOTCR" (pHCYHOK 1a). 9TO CBR3aHO C pe3KHM COKpametfHeM llJIOTHOCTH 
-•: ' . . ; . .. ' . . . . 

napTOH~B, ,ll,OCTHraeMofi npH 6oJiee HH3KHX 3H~prHRX H, J(aK CJie,ll,CTBHe, 

MeHblliefi BepORTHOCTbiO HX BTOpH<JHb!X B3aHMO,ll,efiCTBHfi, 'ITO, B CBOIO O'!e-
j ; •1, -~ • . . . . . 

{ ~ 
Pe.LJ.h, npHBO.LJ.HT K yMeubmenHIO aneprHn, nepe,ll,anaeMofi napToHaMH npH 

nepepacceRHHH KOHCTHTyenTaM: R,ll,epuofi cpe.LJ.bi. KpoMe Toro, npH yMeub

mennH aneprHn B3aHMO.LJ.efiCTBHR CHJihHO H3MeHRIOTCR ii xapaKTepHCTHKH 

8 

l> 

cpe,ll,bl- KOHCTaHTa 3KpaHHpOBaHIIR U.BeTHOro 3apR,ll,a JLD, Ha'IaJibHbie 3Ha-

'IC'HIUI .n.no:rnpcTu aueprnu Eo 11 Teh<mepaTyphi To, 'ITO TaK)!(e npuno,ll,UT_ K 

yMeHhmenuw y,ll,eJibHbiX noTe ph anepnm dE I dx, 

Kpo;-.Ie ,Toro, 6b!Jla_ npoaHaJIH3Hponana 3aBHCHMOCTb_ ,noJinofi .noTepRH

nofi napTOHaMH 3HeprHII OT_ HHTerpaJibHoro paCCTORHHR, npofi,ll,eHHOfO _B: 

cpe,ll,e. floKa'3aHa CHJibHaR 3aBHCHMOCTb BeJII1'IHHbi HCKa)!(eHHfi OT llp11-

U.eJibHOI'O napaJ\teTpa B3ai1MO,ll,efiCTBHfi H_ aTOMHOrO HOM epa, CTaJIKH~aiO.:

Ili.11XCR R.LJ.ep (3]. MaKCI1MaJibHaR OTHOCI1TeJibHaR BeJIH'IHHa llHKa .LJ.OCTI1-

raeTcR npH U.eHTpaJibHbiX CTOJIKHOB,t!HI1RX R,ll,ep CB11HU.a (pHCJHOK 16). -

TaK)!(e 6biJia Bhi'II1CJieua 3aBI1CHMOCTb llJIOTHOCTH nonepequofi auepr1111, 

llJIOTHOCTH M~IO)!(eCTBeHHOCTH 11 cpe,ll,Hefi nonepequofi 3Hepri1H • OT BeJIH

'IHHbi dE I dx. ,il,JIR u.~nTpaJibHhiX B3a11MO.LJ.eficTBI1fi- R.LJ.ep _ CB11HU.a --_ noKa-

3auo, 'ITO, Hq'II1HaR C dEidx= 3 raBI¢M, pOCT -llJIOTHOCTH 3Heprn:l1 11 

MHO)!(eCTBeHHpCTI1 npeKpamaeTCR 11 3aBI1C11MOCTb BbiXO,l1,11T Ha HaCbiill.eUI1e 

na ypoBHe dEr I d1]=5200 raB 11 dnchl d1]=6200. Pe3yJibTaTbl- pacqeTOB 
I . • 

cpe,ll,nefi nonepeqnoit anepnm (Er) c yqeToM B3aHMO.LJ.efiCTBHfi B KOFfe'I

HOM COCTORHH~ llOKa3biBaiOT1. 'ITO TeopeTH'IeCKHe npe,ll,CKa3aHHR ,ll,JIR auep

rHH LHC _conn~.LJ.aiOT c aKcnepHMeHTaJihHhiMH .LJ.annhiMH RHIC (ycTanoBKH

PHOBOS n PBENIX) n SPS (WA098), 11 neJIH'IHHa (Er) npaKTH'IeCKlf ue 

3aBHCHT OT 3HeprHH B3aHM0)1,efiCTBHR H CTeneHH U.eHTpaJibHOCTH. 

Bhmo noKa3auo [6,7], .'ITO uapyiiienne acHMnToTnqecKoro noBe,ll,eHHR 
I 

pacnpe.LJ.eJiennfi mo6anbHhiX nepeMeHHhiX TaK)!(e B03HHKaeT H_ npn paccMo.:. 

TpennH MexaHJI3Ma a,ll,pon-a,ll,pounoro nepepacceRHHR B paMKax MO.LJ.eJiefi 

VENUS. 
1 

0TMeqeuo, :To BTOpH'IHhie B3aHMO.LJ.efiCTBHR npHBO.LJ.RT K MO.LJ.HcPHKaU.HH 

TOJihKo B u.eu-rpanhnofi qacru nceB.LJ.o6bicTpoTHhiX pa~npe,ll,eJieuuri, oc.J.a

BJIRR o6JiaCTb- 60JiblliHX 1] npaKTH'IeCKH 6e3 H3MeHeHHfi [2,5]. fuo p6-
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KO:\mencau,mt IIX BKJia,IJ,OB B A-3aBHC,IL\IOCTh, 11 )1/UI MO,IJ,e.rm ~IQ 3Ha'IPIIlie 

a ~ 1,29, OKa"JbiBaeTC.H l\Ieiiblllll:\1, 'IC:\IOG£· C ,IJ,pyrofi CTOpOflh.l, ,IJ,~JI :\10-

,IJ,e.riii EKS :no_ "JHa'Ie~IIecocTan.ri.HeT 1,.!6, ,;To np~nbllnaeT am. ho.''Y'Ieii-
. ~.· 

Hb!C 3Ha'ICHH.H a liCCKOJihKO OTJIII'IaiOTC.H OT pe3yJibTaTOI3, Il)>C,IJ,CKa:JbiBae-

.:\lhiX B pa.:\tKaX napTOHHOfi MO,IJ,eJI~i C HaCblll(eHJICl\1 napTOHIIOfi II.f!OT~IOCTII 14 

... ?. 

(a=0,922). 

TaKHM o6pa3oM, a·rJiane 2 noKa3ano, 'ITO pacnpe,IJ,e.riemui mo6a.rihHhiX 

nepeMeHHhiX O'IPHh 'IYBCTBHTeJibHbl K Bb16opy MO,IJ,e.TIH .H,LI,epHOl'O 3KpaHH

poBaHH.H, 'ITO MO:iKeT 6biTb HCI10Jib30BaHO ,IJ,JIJI nponepKH 3THX MO,IJ,eJiefi Ha 

3KCI1epUMeHTC. 

B rnaBe 3 npune,IJ,C.Hbl pac'!eTbi OCHOBHb1X xapaKTepHCTHK KBapK-fJIIOOH

HOfi nJia3Mbi, o6pa3yeMOfi IlpH B3aHMO,IJ,efiCTBHH aTOMHbiX JI,LI,ep npH 3Hep-. . 

nm LHC [9]. 06cy:iK,IJ,aiOTC.H MO,IJ,eJibHa.H 3aBHCHMOCTb 3Tl!X napaMeTpon 11 

B03MO:iKHOCTb HX 3KCnepnMeHTaJihHOfO H3MepeHH.H. 

· · B nepnoM naparpacpe B ru,LI,po,LI,nHaMn'!ecKoM npe,LI,eJie BbepKena 
15 

npo-

Be,IJ,eHbi paC'!eTbi Ha'!aJihHhiX IlJIOTHOCTefi 3HeprHH 11 MHO:iKCCTBeHHOCTH 

KBapK-rJIIOoHnofi cncTeMbi, o6pasyeMofi npH CTOJIKHOBeHHH JI,LI,ep. Ocno

BbiBaJicb tia 'ypanneHHH 3BOJIIOLJ,I1H 11,IJ,eaJihHOfi TIJia3Mhi 

dE e+P 
-+--=0, 
dr .r 

Bbi'IHCJieHa · llJIOTHOCTb 3HeprHH . H TeMnepaTypa ,IJ,JIJI Ha,'!aJibHOfi CTa)J,I111 

(To rv 0.1 cpM) cpopM11pOBaHHJI Krn: 

Eo=_!:.._ dEr 
: . VA -dTJ (TJ = 0), 

To= (~)1/4 
· 3a ' 

VA= 1rR~b..TJTiso' 

f,IJ,eRA- pa,LI,Myc B3aHMO,IJ,CfiCTBYIOILJ,I1X JI,LI,ep, dEr/dTJ- 11CCB,IJ,06biCTpOTHaJI 
•\' . 

llJIOTHOCTb nonepe'!HOfi 3HeprHH B 11HTCpBaJie b..T], a = 81r2 /15, a T;8'o ~ To -
14J.P. Blaziot, A.H. Miiller, Nucl. Phys. 289 (1987) 847; K.J. Eskola; P.V. Ruuskanen, S.S. Rasanen, 

K Tuominen, Nucl. Phys. A696 (2001) 715; Nucl. Phys. B570 (2000) 379 
15J.D. Bjorken, Phys. Rev. D27 (1983) 140. 
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IlJ>Cl\I.H ,L(OCT11{KCIUIJI .KBapK-fJIIOOHHOfi. CI1CTCMOfi ;1130Tp011HI1 B ;11MilYJibCHOM 

UpOCTJ>aHCTBC' .. : .;; 

950 r > ~ !·········· CTEQ5L+MQ 
G) .; ; . . ? 

:IE 900 

..,!' 

~·j /' . 
....... · 

... ·· 
. . ...... 

BOO . .· . . 
:::: ~ .· ·.:~.~-~ ........................................ 

:>······~ t = 0.1 fm/c I (a) 
650-1 

50 100 150 200 

atomic weight 

·!' 

> 
ID 
:!!" 

450 

..·· ..·· 
.. .. 

.... ~ J •• , • •.' • 

! ~ ;, j ~ f j ; : 

.-,._, 
' . -. 

.... <··:~·· 

.·· ' ··············:···· 

:::::::: · r:~·:.::... 1· (6) 

50 100 150 200 

atomic weight 

Puc. 3: Haqa.rr.hHaH Te~nepaTypa npu pa.3JIH'lHhiX 3Ha'leHHHX aTOMH.oro ·HOMepa CTaJIK~·Ba
ro~uxcH H.n;ep, U.eHTpaJihHhle coy.n;apeHHH b=O <j>M, ..,fS =:= 5, 5 T3B/HYKJIOH .li.JIH .speMeH <j>op

MuposaHUH (a) o,l <j>M/c ll (6) 0,5 <j>Mjc. Hpn pac'leTaX llCll?Jih30BaJICH Ha6opcTpyKTYP~hiX 

<j>yHKU.Hfi CTEQ5L c yqeToM napTOHHoro 3KpaHuposaHuH: HeT 3KpaJmposaHHH (cnJIOillHaH Jill

HUH), EKS (lllTPI:IxosaH), MQ (nyHKTupHaH). 

B paMKax MO,IJ,eJiefi 3Kpal!MPOBaHI1JI .. MQ 11. EKS onpe,LI,eJiena. 3aBJ;ICI1-

.MOCTb 3TI1X BfJIHqi1H OT THil(L CTaJIKI1BaiOILJ,HXC.H .H,LI,ep (p11CYHOK 3) 11 np11-

I(eJibHOfO napaMeTpa CTOJIKHOBeHI1fi, a TaK:iKe 3aBI1CI1MOC~b Ha'!aJI~HOfi 

TeMnepaTypbl OT BpeMeHI1 Te~MaJIH3aU,HH KBapK-fJIIOOHHOfi CHCTeMbl. J);JI.H 

Bbi'II1CJieHI1fi 6b1JIH HCI10Jib30BaHbi ,IJ,Ba 3Ha'!eHHJI BpeMeHI1 .TepMaJI113al(HH 

Tiso = 0,1 H 0,5 cpMjc. IloKa3aHo, 'ITO 3HeprH.H rry'IKOB LHC no3BOJl.HeT 

MHOfOKpaTHO' npeB30fiTH Kp11TI1'!eCKI1e 3Ha'!CHI1.H TeMnepaTypb1 cpa30BOfO 
I 
!• 

nepexo,IJ,a - Tcrit = 260 (,IJ,JIJI CI1CTeMbi TOJibKO c rJIIOOHHbiMI1 crenenilMH 

I 
cno6o,IJ,bi) H 170 M3B ( c y'!eTOM KnapKOBbiX cTenenefi cno6o,IJ,bi) - ,IJ,<t ~e 

rrpH B3aMMO,IJ,eUcTBI1H JiefKHX JI,LI,ep 11 np11 HCLI,CHTpaJibHbiX CTOJIKHOBdllH

.HX T.H:iKCJihiX .H.h,ep •. TeM caMbiM npo,LI,eMoHcTpHponana npHHLI,HTII1aJibif~.H 
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'no3Mo)t\HOCTll b6pa30BciHHR ':Hepannoi:Jecnofi 'KPJJ B; u,enTpMbHhiX CT<>'Jii~

HOBCHIUIX JI,ll,ep c A "' 40 n B neu,enTpMhHhiX ( c npnu,eJihllhiM napal\iP

TpOM ~ RA) R,ll,ep c A "' 200. B paMKax MO,ll,eJiefi ::~Kpannpona:JiHR MQ 

n EKS onpe~eJiena 3a:B~cmdo'cTh :=~Tnx nemP-I~m oT Ti1p~' CfaJIKHBaiOIIIJIX-
. '~-- ~ ~.-.. ·~,~.· -·_;-· ~ . : ; ·:: - ,. .--.~·.,: -;· .. ·-- -~ . 

cR JI,ll,ep (pil"q~!l(m:·3) II ·npnri,eJihnoro napa:MeTpa~cToJIKnonethifi. a TaK)K<' 

3a:BHCHMO(,:Th H~~-aJlhHOfi TeMde'pa~yphl OT BpCMCIIII TepMMH'.iaiJ,HH KBapK

rJitoOHHOfi ·~~-CTCMbl. ,lJ;JIR Bhi~~~JlCHHfi 6biJ1H HCTIOJ1h30rla:Hhl ,Ii,na 3Ha9eHmi 

BpCMCHII TCpMMH3aiJ,HH T;80 = 0,1 II 0,5 <jJMjC. IlOKa3a:Ho,' 'ITO 3Hl'j)riUI 

ny'IKOB LHC TI03BOJIJieT MHoroKpaTno npeB30fiTH KpiiTIPICCKne 3Ha9eHnR 

TeMnepaTyp~I . <jla3oBoro nepexo.n.a - Tcrit = 260 (.n.JIR cncTeMhi TOJihKO c 

rJitoOHHhl~_ll· CTeneHJIMII CB060,ll,hl) II 170M::~B ( C yq_eTOl\f KnapKOBhiX CTC

nenefi cno6o,ll,hi) - .n.a1Ke np11 B3aHMo.n.eficTBHH JierKnx R,ll,ep 11 npn neu,en

TJ>MhHhiX CTOJIKnonennRx TJI)KeJibiX R.n.ep. TeM caMhiM npo.n.eMoncTpnpo

nana np11nu,nnnanhna:JI no3MO)KHOCTh o6pa3onannJI nepannol3ecnofi Krrr 

B ii,ekTpa.rihiil>ix CTO.JIKH~BeHnRx RJI.ep c A "' 40 n n neu,en-1-panhHhiX ( c 

npllli,CJrhH~n.:r rrapa:MeTpOM ~ RA) JI,ll,ep c A·"' 200. 

Bo BTopoM naparpa<}Je, IICXO,ll,R 113 noJiyqennhiX Ha'lanhHhiX ycJIOBIIfi, 

paccMOTpeH:a: IipeMCHIIaJI 3BOJ1~IJ,HJI R,ll,epnofi CHCTCMhl II OllpC,ll,CJICHO Bpe

MJI ee )Kli3HH B KnapK-rJiroonnofi <}la3e. Ilpn, pacqeTax B cJiy'Iae npe.n.eJia 

BhepKena IICITOJih30BMHCh npeMennaJI :=~noJirou,nR TeMnepa:Tyj:>hi, nJioTno

CTH ::ineprHR H llJlOTHOCTH napTOHOB: 

T(r) =·r~(_!_)-k 
. . Teq 

E{r) =Eo(_!_)-~ 
Teq 

n(r) =no (.i) -l 
Teq 

IloK<bano, 'ITO ,ll,JIJI Tiso 0,1 <jJMjc .B 3aBHCHMOCTH OT Ha6opa C<'f> 3Ha-

'IC~:IHC BpCMCHH )KH3HH KBapK-fJltoOHHOfi CHCTCMhl JlC)KHT B IIHTCpBMaX 
;; 

7, 5 + 22,5 <}JM/c II 2, 1 + 6, 3 <jJMjC ,ll,JIJI KpiiTII'ICCKOfi ·TeMnepa:Typhl <}Ja-

30BOfO nepexo.n.a Tcrit = 170 n 260 M::~B, cooTBCTCTBenno (tJiyqafi u,en

TpanbHhiX B3aiiMO,ll,CfiCTBHfi R,ll,ep CBIIHIJ,a) •. Ilpn yneJIWieliHH IlpCMCHH Tep-

14 

;\la.iUDaiUIH ;J.O 0,5 (jl:\Ijc, llJlCl\UI :iKJI131111, COOTBCTCTBCHHO; yne.TIIr<UJBaeTCJI 

;~o 1 L 1 + 33,6 (jlill/c II 3.1.+ 9; 4 (jnl/c. B nj>P;~e.~e cno6o.niioro llOTOKa 

f{r)"' (f)-l llJWl\IH :iK1131Ill I\TII cyiill'CTB~IIIIO (ri 3 + 4 pa3a) n(npaCTae-f.'· 

Tm.;:;.Ke no.riY'I<'H~ 3amlcmwcTh. nf>e:O.IPHn :iKIDIIII I\TII or npet.ie1'ni Tep~m~ 

.rnnauuu cucTeMbl. 

CpaBI!l'III!e no.riy'-lemihiX pe3y.rihTaTon (npn Tc,·it= 170 M;B) ·c''npe,.J.

CKa'JJ.Iim<>:-.Ihll\1 BJ>el\IeHel\I ;~ocn6Kemw· no.1noro xinmqeci{oro pamw'necuJI 

( Trq ~ 8 (jni/ C 16 ) ll03BOJU!l'T c;~e.rm'rh BhiBOJl. 'ITO IIC1CTYfi.TICIIJie llO.TIHO_: 

ro XHl\lll'll'CKOI'O panHoneciDI n KnapK-rmooHHofi cucTe:-.Ie1hpn T~rit =' 260 

l\hll II('B03l\IO:ii\:IIO IHI IIJHI KaKHX JC.TIOlHIJIX; )J,.TIJI l\ll'llhllll'I'O 3Ha'ICHIIJI 'Tci-it 

= 170 1VhB (c y•IeTol\1 KBapimnhiX cTem'uefi cno6oJI.hl) 11 r;s~= 0,1 q)M/c 

HaCTYnJICHlH.' XHM~I'ICC~OI'O paBIIOBCCHJI l\IOJKIIO O:iKH,ll,aTh 'T()J]h!~O npn l~eli

TpMhHbiX n3aHI\IO,ll,eficTBHRX TRiKC.TihiX R.n.ep (A;::: ISO) ( c Y'I~Tof.t ~~Mo~ 

ro neccHMHCTH'leCKoro·cu,enapnR - c MQ-::~KpannponauneM). :rrpn ::ITOl\1 

n cJiyqae ::~KpannponannR no EKS-Mo.ne.nu B03l\IO:iKHO noJinoe Xlll\Ill'lecKoe 
' , 

paBHOBCCHC H ,ll,JIJI IJ,CHTpMhHhiX coy.n.apennfi .TICI'KHX R..'l,Cp ·~ nn:noTh ..'1,0 

RJI.cp Ca.' Ilpn yneJinqenlln speMeun TepMaJIH3au,nn .no 0.5 '<l)M/c ocThma-' 

HHC CHCTCMhl 3al\IC,ll,J15ICTCJI, H paBHOB!'CHe CTaHOBHTCR B03l\IO:iKIIbll\1 ',ll,a)l\:(' 

npn neu,enTpMhHbiX CTOJIKnonemuix RJI.ep cnnu~a (npn b ~ R_.t). 

B TJ:ieTheM naparpa<}Je o6cy:il<i:,ll,aeTcJI B03MO:ilmocTh 3KcriPpHMenTa.TibHo.:. 

ro onpe.n.eJiennR Ha'IMhHbiX yGJiosnfi <popMnponallliR .1\TII. · 

rnaBa 4 llOCBRII(CHa M!'TO,ll,Wil'CKIIM BOII}>OCal\1 fiJ>OBl'JI.l'IIlUI 3KC,lll'J>II-

MenTa 11a ycTanonl\:c CMS. 

B nepnoM napat·paq><' .llano Kpa.TKO<' ornlcminC. cl!t"l'<'l\I.IW;reKTopon y<;'rci~ 

HOB!Ot CMS .. PacdtoTpeHhl ociiOilllblt' xa.pa:Kwpii<~i'IIKII., a)\J>oini()i·o II :1.'1('1(-

TJlOMrli'IIHTIIOI'O Kc\JIOpHMCTJ>OB. 

16C.N. Gouranga, A. Oumit.rn·, L. McLerran, \\'. (;r<'in<'r, Nurl. /'hy.<. AG87.(:l0lll) ·1!i7. 
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Bo_sropoM naparpaqJe o6cy:iK)J.aiorcn oco6euuoCTH pa6oTbl K<wopnMe

TPH'.I~cKofi cncre.Mbi Y(;TaHOBKII npn pa6ore ua ny•IKax .n;.~.ep; ITpnuo.rvrrc.H 

pe3y~hT<,tThi peKoncrpyKU.IIII nomwfi nonepe•mofi :meprm1 n PbPb- n pp

croJIKH~BeHHJIX c nol\IOIIJ.b!O. naKeTa CMSI~H20 .. 06cy!J\)I.aercJI ::HjJcpeKT 

BJIIIJIBIUI 1\IarHHTHoro noJin ( 4 T.r1) Ha 3cpcpeKTHBHOCTb peKOHCTPYKU.HU 

3HepriUI H 3clJcPeKT ." MCpTBbiX" 30H B aKC<'HTaHCe KaJIOpl11\IeTpn<IeCKOfi CH

c:el\Ibl .CMS. 3c1JclJeKTHBHOCTb peKOHCTpJKU.HH nonepe•motl 3Hepnm B u.en

TpaJibHOfi o6JiaCTH TICCB)J.06biCTpOT (1171 ~ 2, 0) COCTaBJIJICT 90 7 93 % HpH 

OTCYTCTBHH MarHIITHoro TIOJIJI H 57. 7 70 % npn ero .HaJili'IHH. 

. B TpeTbeM naparpacl>e npe)J.CTaB,JICHa CXeMa MOHHTOpiipOBaHIIJI IIHTeH

CHBHOCTl1.JI.Il.pO~JI)J.epHbiX CTOJIKHOBCHHfi [10, 11). CxeMa OCHOBaHa Ha Bpe-

• 
MCHHblX. COBfla)J.CHHJIX Cli!'HaJIOB B KaJIOpUMeTpe nepe)J.Hero HanpaBJICHH11 

(KITH) ycraHOBKII CMS, pacnoJio)l(eHHoro B o6Jiacrii ·nceB)J.06bicrpor 3 ~ 

1771 ~ 5. B Ka'leCTBe OCHOBHOro CHrHaJia )J.JI11 OT6opa C06biTIIfi npii MOHH

TOpHpOBaHIIII 'lli~Jia,11)J.p0-11)J.epHbiX B3aHMO)J.efiCTBIIfi Mbl npe)J.JiaraeM HC

f!OJib30BaTb.BpeMeHHOe cosna.n:.eHIIe ciiruaJia or )J.ByxnJieq KITH- HF+ u 

H F..,.., Co6biTIIJI C'lHTaiOTC11 oro6paHHbiMH, ecJIH neJIII'lHHa carHaJI{t, T.e. 

BeJIII'liiHa.noJIHOfi Bbi)J.eJIIIBlliefic11 3HeprHII B Ka)I()J.OM Ii3 HJie'l, 60Jibllie He

KOTOporo noporosoro 3Ha'leHII11 Ethr, onpe.n:.eJIReMoro Ko~cTpJKIJ.HOHHhiMII 

oco6eHHOCT11MII KaJiopiiMeTpa. TaKHM o6pa3oM, ycJiosue or6opa 11.II.po-

11.II.epHbiX. B3aiiMO)J.efiCTBIIfi BbirJI11)J.HT CJIC.II.JIOIIJ.IIM o6pa30M: 

(EnF+ 2:: Ethr) 0 (Enp_ 2:: Ethr) 

Ha OCHOBaHIIII MO)J.eJIIIposaHII11 .s paMKax MO)J.eJIII HIJING 6biJia onpe

.Il.CJI(!Ha 3clJcpeK~HBHOCTb ,npe)J.JIO)I(eHHOro MeTO)J.a .B 3aBHCHMOCTH ·QT. 00-
{' 

porosoro 3Ha<JeHH11 3HepriiH s KITH, Koropa11 onpe)J.eJIRJiacb xaK E = 

~;:; • 100%, r)J.e Nthr - 'IIICJIO co6biTIItl, J)I.OBJieTnop11101IJ.II)\ ycJIOBHIO oT6o

pa, Nsim -:- noJiHoe 'IIICJIO CMO)J.eJIIIposaHHhiX co6biTIIt1. BbiJIO npose.n:.eHo 

16 

IICCJIC)J.OBaHJie 3cJlclJeKTHBHOCTH: )J.JIJI •CJIJ'laeB · B3aiiMO)J.efiCTBH11:.11)J.Cp i pa3-

Hb!X rnnos npu 3HeprHw 5,5 T3B Ha nyKJIOH c -MHHHMaJihHhiM ;oT6opoM 

no npnu.eJihHOMY napaMeTpy' (p.ncynoK 4a), •B3aHMO.II.eficTBHH '11.11.ep.csn;nu,a 

npn pa3JIII'lHbiX 3Hepnl11X B CIICTeMe i:J.eHTpa·MaCC H 83aiiMO)J.efiCTBHII"JI)J.ep 

cnnHu.a npu p,a3JIII'lHbiX · npnu.eJihHbiX napaMeTpax • (piicynoK 46) ·' .... 

~ 
,:: 100 ... 
:::: 
-~ 80 
!i=; 
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"' .~ 

!!:: 40 

20 
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1 10. '10

2 
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3 
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' 
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~ 
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:::: 

·:!l H;, 80 

~ 
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.~ 
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!,,. 

1 10 10
2 
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4 

Threshold, f]e V 

PIIc. 4: 3a~llCllMOCT~ ::~<j><j>eKTllBHOCTll o:f6opa co6h1Tllfi OT noporoaoro 3HaqeHI!.H cyMMap~ofi 

::tHepmll a H F + { ll F _) K<Wiopi!MeTp~ · ·,nJIH {a) c~6biTHfi ·AA-B3ai!Mo,n;eficTBllfi ~- MllHIIM~hH~M 

oT6opoM no npm.(~JJhHOMY napaMeTpy: 1 - PbPb, 2 - NbNb, 3 - CaCa, 4 - 00, 5 - aa, 6 

- pp; (6) ~3ai!Mo,n;ellcTB~fi H,n;ep CBIIHI.(a np11 ::tHeprim v's ~ 5; 5 T::~BjHyimo~ c1 'padnlfq~hiMII 

llplll.(eJJhHbiMll napaMeTpaMI!: 1- 0 .. 2 <j>M, 2- 4 .. 6 <j>M,.3- 8 .. 10 <j>M1 4 ~ 10 .. 12 <j>M 1 5 -12 .. 14 

<j>M 1 6 - 14 .. 16 <j>M, 7- 16 .. 18 <j>M. , ; , , 

·I 

B o6JiaCTII ilHa'leH.nfi noporosotl: 3Hepmu OT 1 .n:.o 20 r3B )J.OCTIIraefca 
; _II 

3cpcpeKTHBHOC'h MOHIITOpiipOBaHH11, npaKTH'leCKH He 3aBHC11IIJ.a11 OT nopo-
ra, ua yposne 9~+98 %. ITpa nepexo.n:.e B pa6oqy10 o6JiacTh 3Hepratl: KITH 

(500 + 1000 r3B) 3cpqJeKTHBHOCTh na.n:.aeT C 83 % (.II.JI11 100 r3B) )J.O \3 

% (.II.JI11' 500 r3B), a npu yMeHbllieHHH 3Hepriiii B3aHMO,ri,efiCTBH11 11)J.ep -

BriJiOTh )J.O 55 %, 

IToxo":a<a11 3aKOHOMepHOCTh B llOBe)J.eHIIII Ha6JIIO)I.aeTC11 Ii npu yMeHhirr(\

HIIII aTOMHoro seca CTaJIKHBaiOIIJ.IIXC11 11.IT.ep (pacynoK 4a). B 3TOM cJiyqa~ 
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cTa6HJlbHafl0cPcPCKTIIBHOCTb!OT6opa C06biTIIfi Ha·ypOBfie 98 % )l,OCTJifaCT~ 

CJI ,UJIJI mcex: CJiyqaeB CIIMMeTpii'lHbiX JI,ll,pO~JI,ll,CpHbiX. B3al!IviO)l,CficTBHi1. IH1~ 

quHaJIIClUOpOfOBOfO 3Ha'leHIIJI ;nieprUH 100 n~B; 'lTO 3Ha~IllTCJibHO IHLiKC 

pa6oqero•nopora •• B cJiyqawpp.:, •.n C'aC'a"B3anMo)l.eficTBHi1: r\o)l.o6nmt CTa" 

6IIJibHOCTh'He: Ha6JIIO)l.aeTCJI; ''lTO npHBO)l.HT K ClliC. 60Jibllle\\ty ClllDKCHHIO 

9cPcPCKTJIBHOCTll MOHHTOpiipOBaHJIJI HHTCHCHBHOCTJI B3aHMO,il.ei1CTniii1. 
-·- ~--- ----- -~-------- ,_ • • •.• • f 

.. , ~ 

PbPb 
NbNb 
CaCti 

14 . 16 18 20 

impact parameter, fm 

PIIc. 5: 3aBHCHMOCTh npYll.\eJJbHoro napaMeTpa B3aHMO.D:elkTBHfi b OT noJJHofi nonepe'lHofi 
••• ··' '.· • •• • • • ., • • ., • < 

3HepmH Er. fbPb-, NbNb-, GaGa- B3aHMO.D:eficTBHJI npH 3Hepmn ,fS = 5, 5 T3B/HYKJJOH. . . . . 

Bp~MeHHOe paspellleHHe KIIH.(1 He) no3BOJIJieT c noMOlllhkl npeMeHHhiX 

COBlla,UeHHfi 3acPJIKCIIpOBaTb npO)l.OJibHbiC KOOp)l.UHaTbl TO'lKli · B3aHMO)l.Cfi

CTBUfi C TO'lHOCTbiD )1,0 30 CM., 'ITO MO:iKCT liCllOJib30BaTbCJI )l.JIH llO)l,aBJICHJIJI 

cPOiiOBhiX npOU,CCCOB, o6ycJIOBJICHHbiX · B3aJIMO)l.efiCTBJICM. JI,ll,ep ny'lKOB KaK 

C JI~paMJI OCTaTO'lHOfO rasa B liOHOllpOBO)l.e, TaK ll C 9JICMCHTaMU ycTaHOB

·KII II liOHO!JpOBO)l,a. 

Bo 'leTBepTOM. naparpa¢e npe,ll,JIO:iKeH. MeTo)l. onpe)l.eJieHHH npun,eJihHO

ro,rt().J:>aMeTpa B3anMo)l.eficTBni1 [11, 12]. TaK KaK npnueJihHhifi napaMeTp 
{' 

B3aliMO)I.ei1CTBUJI b He JIBJIJICTCJI npRMO II3MepJieMOfi DCJIH'lHHOfi, !0 Ueo6: 

XO)l.ktMo HafiTJI HCKOTopyro cPH3ll'lCCJ(YID BCJIII'lUIIy, XOpOillO. II3MCpJieMyiO 

B 9KcnepnMeHTe n o.n:H.03Ha~mo cBJI3aHHYIO c npnueJihHhiM m\paMeTpoM. B 
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Ka'ICCTB<' no;.I.o6uofi nenu•nmhi npe~vmraeToi HcnoJib30DaTh no.:myw. none

pe•myto ·:m<'prmo Er ( u.rm nonHyio 911CJ>I'IIIO E)~ m•penocuMyiO •tacnii.I.a~m. 

po~K.LJ.CHIIhnlll n <>}J.II0:\1 Jt.n.po-JI,n:epHm.tcoy,.lapemm. 

DbVIO noKa3auo, 'lT<> cymecTnyeT cn.1hiiaJI Koppe.TJnunn l\Ie~K;:ry no:mofi 

no11epe•mofi ::mepr11el1, 3aperl!cTp11ponaHnol1 n KITH. n npliUC.flhHhnt na-. 

pal\teTpo:-.t ( p11cyuoK 5). ., Kopu.n.op" B03l\IO:iKHhiX 3Ha~wHnfi npnue.1bnoro 

uapal\terpa, cooTBCTCTBYIOlfl.IIX <}mKcuponaHHOfi·9Heprnn B KII!f •. DhnBaH 

.LJ.IIIIal\IH'ICCKill\IH <}myKTYaiUIJil\III 9HC]lrllll II ll03BO.f!HCT OUNII!Tb llpliUC.!Jb

IIblfi napa:\ICT)J C TO'IHOCTbiO }1.0 1 7 2 <]>l\1 (J>IICYHOK 6). 
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Pnc .. 6: liiHpHHa pa:Cnpe,!l;eJJeHHll raycca (a) (a) npH <j>HKCHpoBaHHOM 3H<i'le!IHII 3Hepnm B 

II F KaJJOpHMeTpe (LlE = 0,5 T3B) H OTHOCHT!'Jibllall TO'lllOCTh o = 2ab/b (6) onpe.D:eJiellltll 

HplllJ,eJibHOI'O napaMeTpa .ll:Jill B3aHMO,!l;el!CTBIIt\ li.D:!'p CBIUILJ,a. )J,JJll CMO.D:eJJHpOB3HIIOfi 311epnm 

(Mo.D:eJJb HIJING) H peKOHCTpyHpoBaHH~tl 3;1epr~11 (CMSIM120). 

0T6op co6btTIIti B o6nacn1 ncen.n:o6biCTJ>OT 3 ::; l11l ::;_ ~ o6ecne•IJma

eT 9<f>cl>eKTimnoe MOHIITopuponaunc co6btTiti1 n lliiiJ>OKOl\t ,n:11ana3oii<' mi

TcnciinnocTeti ny~tKOB II ~tyBC'l;JHITe.TibliOCTh TO.TibKO K ft'Ol\I<'T]>IIII JI)J.<']>IIhiX 

CTOJII(nonemifi ne~mDIICHMO O'r JI.HHal\lltim JI;iepiii~J:o( .ll3<llll\IO)].('i1C'TBIIfi. T.e. 

OT .B03~~./KHOrO f!ORBJICHIIH CHfiHWIOB "uonofi'' <]>ii:mkit •. ,!),pyhtl\IIi ·e:r;ona

M~i, npc)l.JIO:iKt'llllbie MCTO)l.bl MOHHTOJHt]>OilatHIH ,· HOil,]WJJ.l\ll~;IIIIH IIJ>IIH<'.ilh-

HOfO napaMcTpa OKa3hiDaJOTC.H 'IYDCTiliiT<'Jihllhll\III TO.ilhKO K fCOl\I<'T]lllll 
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R,UCpHbJX CTO.'JKHOBCHl!ti. 

Mo.ue.rmponaune, Bhmonucunoc c noMOlllhiO naKcTa ~JO,UejuiponaHIDI oT

KnuKa curua.rJa CMSHv1120 17. noKa3ano, 'ITO lliYMhi Kanopnl\lcTplPienmti 

cucTe:O.Ihi, :mepreTu'IecKne noporn u .upyrue 3cpc!.>eKThi ycTanoBKH npmnu

qecKH' ue. BJlHRIOT ua TO'IHOCTh 113:\!epeuuR npnu.enhnoro napal\JeTpa ( pn

cyuoK 6). 

. B 3ai<:nro<JeHHH cc!.>opMynuponaHhi·ocuonuhie pe3yni>TaTbi .unccepTau.u

ouuoti · pa6oThi: 

1. MeTo,n:oM KOMHhiOTepuoro Mo,n:enHponauuR npone.ueuo H3y'Ieuue npo

u.eccon MHOMCCTBCHHOfO pOM,UCHHR 'IaCTHIJ. H pa3pa6oTaHa nporpaM

Ma uccne.uonauui1 rno6anbHhiX xapaKTepncTnK R.Upo-R,n:epnhiX B3au

Mo,n:eticTnnti (MHOMCCTBeunocTH u nonnoi1 nonepe'I~olt ::mepruu) npu 

3HeprHRX Bonhllloro a,n:ponuoro Konnatt.uepa ua ycTq,uonKe KoMnaKT

Hhltt MIOOHHhitt coneuou,n: (CMS). 

2. B paMKax MOIITe-KapnoncKHX Mo,n:eneti HIJING u VENUS nnepBhie 

nOKa3auo, 'ITO BTOpH'IHhiC B3aHMO,UCtlCTBHR TaKne, KaK BhiHYM,UCH

HOC rn10onuoe H3nyqeune .n a,IJ,ponnoe nepepacceRnne, npnno,n:RT K 

napylliCHHIO aCHMnTOTH'ICCKOfO nOBC,UCHHR ct>opMhl nceB,U06biCTpOT

HhiX pacnpe.ue.ireuutt rno6anhHhiX nepeMennhiX dEr/d'TJ n dnch/d'TJ u 

o6pa3oBaHHIO lliHpoKoro MaKcuMyMa B u.enTpanhnolt qacTH I'TJI :::;\2,0 

3THX pacnpe,n:enenuti. 

3. Onpe,n:enena 3aBHCHMOCTh nnoTnocTcti rno6anhHhiX na6n10,n:aeMhiX 

dErfdrJ H dnch/d'TJ H cpe,n:nelt nonepe'IUOfi3neprnu OT Be.rJH'IHHhi y,n:enh-. . . 

n:I>rx n~~eph 3neprnH dE/dx n R,n:epnoti cpe.ue c yqeToM B3auMo,n:ett

eTBHtt. B Ha'Ia.rJhiiOM H KOHC'IHOM COCTORHHH np11 3Hepruu Bonhlli0-

17CMS Si~ulation Package, User's Guide and Reference Manual, September 18 (2000). 
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ro a.n.pC?H\wr,o .. Konnati.uepa .. JloK.a3<!-Ho,. ~~o. ,n:nR .~e~TPaJ1h.~~rx ,!,'3a

Hl\IO,UeiicTnni1,n,n:ep CBHHU.a npu 3Hepruu .JS = 5.5.T9B/ny,Knou ua-
< • ' ' • • • ' ' • • ' • -• ~ ' ' - '. • •• • - • ' • • - •• - ••• }. 

•mnaR c dEjdJ.:~ 3 F9B/c!.>M poeT/ n.n~T~pcr~lt npeKp~lll;(tC';l;CJI.,H 3a-

BHCIIMOCTh BbiXO,UHT Ha HaCblllJ.CHHe Ha ypoBHe dEr/drJ=52QQ r9B H 

· ;,nc;J ~lq=62oo.· ;· ': · ··· · · n:; '·' ,;_.;" · · 

·' • : J : I . j ' I : ~ i •; ; l . 

4., Hccne.uon?-HO nnuRnne R,Uepuoro 9KpaunponaHI1R nap~o~Hhi;'(,CTpyK

TYPHhiX cPYHKU.Hti Ha MHOMecTnenHoe poM,n:enl1e qaCTI1IJ, B R.UpO-;-R,n:ep

HhiX B3aHI\W,UetiC)'BHRX np11 ynhTpape.riRTI1B11CTCKI1X 9Hepr11RX. floKa-
~ 

3aHo, 'ITO yqeT rmooHHhiX cTeneHeti cno6o,n:hi np11 ManhiX x 11 KX,IJ;-

9BOJJIOU.HH ITO:I>. np11BO,U11T K Mcnee BhiCOKoi1 ou.enKe BJJI1RHI1R. 9TO

ro 9c!.>c!.>eKTa (npuMepuo B 2 pa3a) na rno6anhHhie xapaKTCpi1CTI1KI1 

no cpaBHCHI110 C paC'ICTaMI1, BhiOO.rJHCHHhiMI1 B npe,n:ene HaChlllJ.CHI1R 

9KpaH11pOI~~HHR npn MMhiX X (:::; 10-3). 

5. H3y'IeHo an11nH11e 9c!.>c!.>eKTOB raiiieHI1R cTpyi1 11 R,Uepuoro 9KpaH11po-
f . . -

nau11.a ua A-3aBI1CI1MOCTh 11 3aBI1C11MOCTh oT cTeneHI1 n.enTpanhHO-

CTI1. B3anMo,n:ei1cTBHR MHoMecTneuuoro poM,UCHI1R qacT11II."' A 0
,-. llo

Ka3ano, 'ITO ,UJIR li.CHTpa.rihHhiX C06biTI1i1 B3alfMO,Uei1CTBI1R aTpMHhiX 

R,n:ep 9¢¢eKT rallJCHI1R CTpyi1 np11no,n:nT K yc11nen1110 (a= 1,52) A-

3aBI1C11MOCTI1 no cpaBHCHI110 C rnay6epOBCKOi1 MO,UCJ!hiO B3a11MO,Uei1-

CTBI1fi (a F.~), Tor.ua KaK 9¢¢eKT 9Kpau11ponan11e ocna6nReT 9TY 

3aBI1C11MOCTh ,UO a=l,l3. 

6. B r11,n:po,n:I1HaMI1'IecKoM npe,n:ene BhepKena Bhi'II1cneHhi na'IanhHbie 
I 

ycnOBI1R (Ha'Ia.rJhHhiC 3Ha'ICHI1R n.rJOTHOCTI1 9Hepr1111 11 qaCT11U.) ¢qp-

M11pOBaHI1R CI1JihHOB036yM,UeHHOi1 ropRqefi R,Uepuofi MaTep1111 11 Bpe~IR 

MH3HH KBapK-fniOOHHOfi nna3Mhl C yqeTOM pa3.ri11'1HhiX MexaHI13M?-X 

9KpaH11pOBaHHR napTOHHhiX CTpyKTypHbiX ¢YHKU.11i1. flpO,UCMOHCTp11-
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.. <:Cpol3afia!B'o3MMimbcTb 'cpa3o'Bofo 'nepJxo.ri,a If cdCTO.HIIIle' Hrrr :n CJIY'Iae 
\ ~--, ~r· .'-

. ti!;s3aiiM:o.ttefihBHir JierK'I:ix :H.ii,ep·:c•A ··~ 40· H 'iienenTp£J1i>tihix b ~·; RA 

·•'cioJII(IIoB!Hillfi :tipu'9fiephHi:'\f§··=,5.5 T3BjliyKJioii\·\ ·~.·. 

:J~_--J. {](}~•~:--.=.\\\.,\-~ ,\· .,~;!j{-~fj"( •::P "~~p;·:,:i~~-! -., ·-l , !~'-(· -:~ ·r, -_; 

7. IIoKa3ano, 'ITO B u:enTpanbnoti o6JiaCTH nceB.n.o6biCTP?T (l11l s; 2.0) 
;_;;:':..•; . 

rlonepeqna.H 3Hepru.H 1\IO:iKeT 6biTh peKoncTpyupoBana c 3<})c})('KTim

; ;1f6cri;iOl90!7'93% npH~oTcyt'cttmn M:ariinTnorono)tn 1t' 577 70 %'np~I 

·. 'ero' IiMn•ntn.' lhMej)enne nJioTiu)cTir nortepe'iliofi 3Heprnn n · MHO

. ; · · :tk'ecT~eHHOCTH ll03BOJIRT llOJIY'IHTb )J,OllOJIHHTeJibHYIO llllcpopMali,HJO 

· ' o M:exanu3Max BTopu'liihiX B3aHMo.n.eikTBni1 n npoBeCTH 3KcnepnMeH

'TaJii>nym npoBepKy ripe.n.cKa3anni1 ·cyrn.ecrBymrn.ux MO.IJ.eJiefi n)l,epnhiX 

·' B3aHMO)J,efiCTBHii. . 

8. IIpe.n.Jio:iKeH n o6ocnoBan MeTop. MoHnTopnpoBannR nnTencnmwcTu 

R,LI,epHbiX B3anMo.n.eficTBnfi. Ou:enena 3cpcpeKTHBHOCTh npe.n.Jio)KeHno

ro MeTo.n.a, )J,J11l'CTaJIKHBaiOrn.nxc1I R;:i,ep c A ~ 40 ona COCTaBJIR:eT 98%, 

)l.J11I pp.:,B3aHMO,UefiCTBHH -'- 80%. ·ilOKa3aHO, 'ITO xapaKTepHaR: cpopMa 

· · ':KoppeJIRU:Hii: 3Heprnn, 3aperncTpupoBannofi · B .IJ.BYX ·nJieqax Kanopn

!'.leTpa nepe.n.nero nanpaBJieHHR ycTanoBKH CMS; no3BOJiR:eT OTCe'Ih 

cpoHOBbie C06biTH1I, ·o6ycJIOBJieHHbie B3aHMO)J,eHCTBHeM R:)J,ep ny'IKOB C 

1I.IJ.paMnocTaTo'!norora3a n 3JieMeHTaMn ycTanoBKH. BpeMennoe pa3-

. pernenne KaJIOpHMeTpa ( "-'.1 HC) ll03BOJI1IeT 3acpHKCHpOBaTb npo)J,OJlb

IfyiO KOOp)J,HHaTy TO'IKH B3aHMO)J,efiCTBHfi C TO'IHOCTbiO )l,o pa3Mepa 

o6JiaCTH B3aHMO,II,eHCTBHfi .IJ.BYX BCTpe'!HbiX ny'IKOB npoTbHOB ("' 30 
. . . . . ~ ; ' 

~M).' 

9.:(J];JIR aKcnepuMeHTa CMS npe.n.Jio)KeHa u pa3pa6oTana cxeMa 3Kcnepn

. MeHTaJibHoro onpe.n.eJieHHR npnii,eJibHoro napaMeTpa B3anl\io.n.eii:cTBHfi . 

.. IIoKa3ano, .'ITo nonepeqnan 3Heprun Er, perncTpnpyeMa1I KaJIOpnMe-
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TJ>mi nepe.uii<'ro· IIaiipanJiemui; cii:'lbiiO I(o}.lpe:finj>yeT c.npnue.'lbiihil\I 

napal\J<>Tpo:-.J, •no o6ecne•mnaeT TO'IIIOCTh 1131\tepennn npnu:e)Ii>noro 

napa:-.wrpa 1m vponne 1 + 2 c}nt. 0T6op co6bJTnfl n o6micTn ncen-.. ... . . . ,. . 

,.'.l,OObiCTJ>OT 3. 0 s; IIJI. s; 5. 0 no3no:HieT cyrn.enneHIIO IIOHJI311Th n.rm 
. -> ' . . . ' ' ' 

IIOJIIIOCThJO JICK.'IIO'II!Th IICOTIJ><':I,C.'ICIIIIOCTJI. o6yc.'IOB.'I('IIllb!C BTOJ>II'l-

llhnlll inaJii\IO)J,CfJCTillH!l\111. 

B npHJIO)KeHiin npnBe/I,<'IIhi JW3y.'lhTaThi Bhi'IIIC.'lCHJifl ociiOB!IhiX reo

lVI<'TPli'If'CKIIX xapaKT<'j)IICTIIK Clll\I~ICTJ>ll'lllbiX RJI,pO-JI)J,<'j)IIbiX B3aii:\W)J,efi

CTilllfi- q>yiiKIOIII Jl,'l,<'pnoro npocjm.rui. n;wpnoro nepeKphiTnn, •mc.rw yqacT

HHKOil BJaHl\to,ll.efiCTBHfi II 'IHC.TIO nap!lhiX IIYK.'IOH-HyKJIOH!Ib!X CTO.TIKIIOilC

HHfi. Pac'I<'Thl llhinOJIHCHbl na OCIIOBallllll l\IO)J,f'.TIII r.Tiay6epa-CnTeHKO. 
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